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BOTNPOCHI TEGP

OcobeHHOCTM
LLMK/INYEeCKOro pasBuTtus
aBTOMOOUNEeCcTpoeHuns

Hartanbs FABPUJIEHKO

Natalia G. GAVRILENKO

Features of Cyclical Development
of Automotive Industry

(TekCT cTarbu Ha @Hrl. §13.—

English text of the article — p. 12)

TpaHCrnopTHbIN KOMIJIEKC CTPaHbI
co3naer ycsioBUs AJis POCTa 9KOHOMUKM,
AOCTaBJ/IIeT rpy3bl U CIIEeLNasincToB

B MecTa rnpou3Bo4CTBa TOBapOB U yCJIyr,
BbICTyrnaeT MOLLHbIM KaTain3atopom

y cnyXxut a¢ppeKTUBHbIM CPe[CTBOM
peLieHns1 reornoJIMTUYECKnUx 3aaay.

B craTbe cogepykatcs TeopeTu4ieckue
OCHOBBbI LIUKJIN4€CKOro pa3BuTus
3KOHOMMYECKUX OO BEKTOB OTPACJIN.
Moka3aHa 3akOHOMepHasi CBSI3b
AUHaMUKU rnepuoagnyecKkux cnagos

u nogbEmMa 3KOHOMUKU U NoKa3saresien
XXU3He[eaTesIbHOCTU aBTOMOOU/IbHOIO
TpaHcrnopTa, Nnogpo6HOo npeacTaB/eHb!
IMOJIHBIN XXN3HEHHbIN LUKJ1 CyLL,eCTBOBaHUS
CUCTEeMbI I TaK Ha3biBaeMbli BJINHHbIA
UMK NPOAOJIKNTENNIbHOCTbIO 40—60 ner.
UHHOBaLnOHHbIN pakTOp onpenenéx
npu 3TOM KakK KJ1l04eBOWV B Pa3BUTUN
aBTOMOOU/IbLHOIrO TPaHCMopPTa.
CoOTBETCTBEHHO eMy OL,eHUBaeTcs
WHTEeHCUBHOCTb 3BOJIIOLMOHHOIO npoLecca
MoBbILLATE/IbHOM U MOHWXKATEJ/IbHOU BOJIH
AJIMHHOIO LiUKA.

KntoyeBbie c/ioBa: aBTOMOOWIIbHbIV TPDAHCIIOPT,
BKOHOMWMKA, UNK/IMYECKOE pa3BuTme,

BBOJIIOUMS, UTHHOBaLMM.
|

Taspuaenxo Hamaavsa Iennadveena — xandudam
IKOHOMUHECKUX HAYK, 00UeHm Kageopbl SKOHOMUKU
u ynpasnenus Ha npednpuamuu Cubupckoi
20¢y0apcmeenHot agmomoOUAbHO-00PONCHOUL
akademuu, Omck, Poccus.

BTOMOOWJILHBII TPAHCIOPT KaK COC-

TaBJISIOIIAS TPAHCITOPTHOTO KOMILIEK-

ca UTpaeT KJIIOYEBYIO POJib B OBCE/ -
HEBHOI XXM3HU OOJIbIIEH YacTU HaceJIeHUsI,
C HAM YEJIOBEK CTAJIKWUBAETCH Yallle BCETO.
B otnnume ot Apyrux BUAOB TpaHCIOPTa aB-
TOMOOMJIA B 3HAUYUTEJIbHOM KOJIMUYECTBE Ha-
XOASTCS B COOCTBEHHOCTU YAaCTHBIX JIUII
M YaCTHBIE Xe JINLA yIpaBisiioT uMu. UMeHHO
U3MEHEHUSI, Kacalllyuecss aBTOMOOUIBHOTO
TpaHcnopTa, HanboJiee 3aMeTHBI JJ151 9KOHO-
muku. [TogunHssICh €€ 3aKOHaM, OH B CBOIO
ouepelb MepexuBaeT MepUoOIbl MoabeEMa,
MUKa pa3BUTHSI, PELIECCUU U Kpu3uca. DTa
3aKOHOMEPHOCTh BMOJHE 0OOCHOBBIBAETCS
TEOPETUYECKMU.

UUKJ1bl U NTEPUOODI

IpencraBieHHbIE B IMHAMMKE TIOKA3aTe TN
rpy30000pOTa 1 MACCAXKUPOOOOPOTA ABTOMO-
OuibHOTO TpaHcmopra P® 3a mociegHue
24 roga (puc. 1, 2) [1] myumrocTpupyroT JocTa-
TOYHO OMpEAeeHHYI0 LHUKIUYHOCTD. [1pu
9TOM AMHAMKKa TPy30000pOTa OTpaxaer
3KOHOMUYecKue Kpu3uchl 1998, 2008 u 2014
romoB. ITaccaxupooGOpOT Xe MOKA3bIBAET
HUCXOJSIIYIO BOJIHY B CBOEM Pa3BUTUU, OC-
HOBHOM1 cniazg HaGmomaercs B 2006—2007 ro-
Jax. 3HaYMMOI OCOOEHHOCTBIO SIBJISIETCS TO,

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 6-15 (2017)
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Puc. 2. lMoka3aTenb naccaxnpoobopoTa aBTOMOGUIbLHOro TpaHCcNopTa obLuyero nonb3osaHns PO
3a nepuon 1991-2014 rr., MapA nacc. -kKm.

YTO TEMIT IPUPOCTA IMapKa JIETKOBBIX aBTOMO-
Ouseit B COOCTBEHHOCTH B 3TOT MEPUOJ KaK
pa3 Haubosbiuit (9,8 %) 3a nociaennue 24
roga (puc. 3). CiremoBaTeIbHO, MOXKHO TIpeI-
MOJIOXKUTh, UYTO OJHA U3 OCHOBHBIX MPUYUH
YMEHbIIIEHHUS MacCaXXnupoodbopoTa — 3TO MPH-
pOCT TmapKa JUYHBIX aBTOMOOUJICH, OTYEro
M BOTIPOC O BO3MOXKHOCTH CMEHBI HaIpaBJie-
HUS BOJTHBI OCTAETCS OTKPBITHIM.
PaccmoTpum pakTop HUKIMYHOCTH OoJiee
moapo6Ho. MakTop MOBTOPSIEMOCTH OTHUX
M TeX Xe IMPOILIeCCOB Yepe3 CPaBHUTEIbHO
paBHBIE MPOMEXYTKH BPEMEHU TIPUCYTCTBYET

45

MPaKTUIECKU BO BceX chepax Halllel KU3HU.
LUyt — 5TO XU3HEHHBIA NEPUOI TOU WU
WHO (hopMaITy OT MOMEHTA 3aPOKICHMUSI 10
MOMEHTA pa3pylIeHUs U NepepokaeHUS
[2]. Kaxxmomy aTarty mpucyiy CBOM 0COOeH-
HOCTH, OTKY[Ia OCHOBHAas 1ieJib B U3yYEHUU
LIMKJIOB — BBIPA0OTKA Mep BO3AEHCTBUS Ha
npoliecc Ajs MoJy4YeHUs MaKCUMaJIbHOTO
pe3yJibTata Ha TOM WJIA MHOM 3Tare [IUKJIIA.
B sKOHOMUKY MOHSTHE UUKIIOB MPUIILIO
B XVIII Beke. PacripocTpaHeHue Xe [UKIU-
YECKME CXEMBbI MOTYYWIN OJINKEe KO BTOPOM
€ro MOJIOBUHE, PU ATOM U3HAYAJIBHO BBIJIE-
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Puc. 3. Yucno nerkoBbix aBToMo6GUIElN (Ha KOHeL roga) B COGCTBEHHOCTH rpakaaH, MJIH LUT.
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FaBpuneHko H. . OCOGEeHHOCTU LIUKITNYECKOro pa3BuUTnS

aBTOMOOUNIECTPOEHUS



3aKOHbI Pa3BUTUSI TEXHUYECKNX
cuctem

3akoH avHaMusauum

[1oNrocpoUHbIit NPOrHO3 pasBUTUs
aBTOMOGMIBHOMO TpaHcnopTa

Cragus umkna

Mep aBTOMOGUNS No
N0BLIM TBEPALIM NOKPLITUSM

Crapws «pacuBeT»

BaKoH MOJIHOTbI YacTeln CUCTEMbI

ocTb aBTOMO6MNS Ge3s
yyacTus yenoseka

yng

yacTb cTaaumn
«pacuseT»

BakoH nepexoga «MoHo-6u-nonu»

OTpaxaeT Ucronb3oBaH1e
HECKOMNbKMX BWAOB TONNMBA, BUAOB
LOPOXHBIX NyTewn

CTa‘:lVIR «CTapoCTb».
WcyesHoseHne aBToMo6uibHOrO
TpaHcnoprta

B3aKoH yBenuyeHus crenexn
naeanbHOCTN

MepewmelyeHme B NPOCTPaHCTBE
6e3 TPaHCNOpTHOTO CpeacTBa

Vicue3HoBEHME TPaHCNOPTHBIX
cuctem

Puc. 4. 3tanel pa3BuTns aBTOMOOGUIIBHOIO TPAHCMOPTA.

JISIZICST OOWH BUI LIMKJIA — CPETHECPOUHBIN.
JlaHHBI LMK el Ha3bIBaIu «IIPOMBIIIICH-
HBIV» WK «eaoBoi» (K. 2Krormap, K. Mapkc).
B Hauvane XX Beka MosiBUIMCH YIIOMUHAHUS
0 pa3TyHbIX BUaax uukios (M. [lymmerep),
HaJIMIUU 9KOHOMHMYECKUX KOJIeOaHU TIPo-
IODKUTEIbHOCTRIO 3,5 roma (k. KutuuH),
20 et (C. Kysnen) u 50 netr (H. Konnpatbes).
ITocne Bropoiit MupoBOit BOIHBI aHATU3UPO-
BaJIMCh CBEPXIOJITOCPOUYHBIC IIMKINUCCKIE
npotieccel 10 300 sreT, ux el Ha3bIBaIN UK~
JIBI TETEMOHUH M TeHEpaIbHBIX BOITH (A. ToiiH-
ou, U. Yomnepcraitn, JIxx. [onncraitH u np.),
«JorucTuueckme nukiael» (P. KamepoHn),
«BeKOBbIe TpeHAbl» (P. bponenb) u T.1.

DKOHOMMYECKHNE IUKIIBI MHTEPECOBAIN
YMBI OOJIBIIIOTO YK CJIa M3BECTHEUIIIMX YICHBIX
XIX u XX BekoB. bputaHcKuii ICTOPUK BKO-
HoMUYecKoi MbIcau Mapk biayr B cBoux
npousBeaeHUSIX «100 BETUKNX 9KOHOMUCTOB
no Keitaca» n «100 BeIMKUX SKOHOMUCTOB
mocie KeitHca» cchopMmupoBal CIIMCOK HaM-
0oJiee 3HAUMMBIX JUISI 9DKOHOMUKM UMEH |3, 4].
IIpoananu3mpoBaB OCHOBHBIE pabOTHI 000-
3HAYCHHBIX bi1ayroM yuyeHBIX, MOXXHO C BBICO-
KOW JOJIEU YBEPEHHOCTHU YTBEPXIATb, YTO
¢ cepenutbl XIX Beka 0k0J10 35 % 13 HUX B TOI
WA MTHOI Mepe MOCBSITAIN CBOY TPYIbI ITPO0-
JIeMe IIUKJIOB.

BonpmmmHCTBO aBTOPOB B KauecTBe (hak-
TOPOB, BBI3BIBAIOIINX IIUKJIMIECKOE PA3BUTHE
SKOHOMUKH, Ha3bIBaeT ACHEKHO-KPEIUTHOE
MaHUIYJIMPOBaHUE CO CTOPOHBI TOCYIapCTBa
B OoJiee paHHME CPOKH U BCE YaIlle B TIOCIEI -
Hee BpeMsI — HaydHO-TeXHMYECKUI ITporpecc.

HHTepeceH TOT (pakT, YTO pa3BUTHE TEO-
pUH [UKJIOB TOJYYMJIO CBOC HAYajlo OTHOB-
pPEMEHHO C TTOSIBICHUEM aBTOMOOMJIBHOTO
tpaHcropta. Umenno B XVIII Beke Oblna
n300peTeHa aHIMYaHuHOM JIkeiiMcoM Yat-
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TOM mapoBasi MaiurHa (1769 ) u dpaHiLy3-
ckuMm nHxeHepoM Hwukosns KioHbo TpExkKo-
JIecHas mapoBast moBo3ka (1770 1), a mo yka-
3aHHOTIO Iepuoga B 1672 rony @eparHaH
Bepoucrt, uneH ne3yntckoii oommHel B Kurae,
TIOCTPOUJI TICPBBIIA aBTOMOOMIb HA TTAPOBOM
X0y, HO B KQ4€CTBE BCETO JIMIITb UTPYIIKHU TSI
KuTaiickoro umieparopa. MaxkT ogHOBpeMeH-
HOCTH IIPOMCXOISIINX COOBITHIT MOXHO CBSI-
3aTh KaK pa3 ¢ COCTOSTHUEM SKOHOMMUKH, T10-
CKOJIBKY TIPH OIIPEIeICHHOM YPOBHE pa3BU-
THUSI TIPOM3BOACTBA aBTOTPAHCIIOPTHHIX
CPEICTB, MHTCHCU(UKAIINN JEJIOBBIX U TOP-
TOBBIX IIPOIIECCOB, TPEOYIOIINUX OBICTPOTO
TIPEOIOJICHUSI PACCTOSIHUI, OHA 3aBHCEsa OT
Tporpecca TpaHCIIOPTa M BMECTEe C HMM ObLTa
ToaBepKeHA TIePUOINISCKIM dTaraM claaa
M pocCTa.

CX02KyT0 MBICJTb BIIEPBBIC OTPA3UJI B CBOMX
pabotax u Mapkc. OH cITpaBeIJTUBO 3aMETHII,
YTO 10 Havajga (MpuOIM3UTEIbHO B KOHIIE
XVIII Bexa) mpOMBITIUICHHOI PEBOIOIIAN HE
CYIIIECTBOBAJIO HUKAKWX PETYJISIPHO IIOBTOPSIIO-
IIIXCST OYMOB M ACTIPECCHit: «DTOT cBoeoOpa3-
HBIN XXW3HEHHBIA MYTh COBPEMEHHOU MpPO-
MBIIIUICHHOCTH (MMeroIIuit (popMy aecsITh-
JICTHETO IMKJIa TIEPUOIOB CPEITHETO OKUBIIC-
HUS, TIPOM3BOICTBA IO BBICOKMM JIaBJICHUEM,
KpHU3HCa W 3aCTOsI, IIMKJIA, TIPEephIBAEMOTO
0oJree MEJTKNMU KOJIEOAHUSIMU, KOTOPOTO MBI
He HaOJogaeM HUA B OOHY M3 TIPEXKHMUX 3II0X
YeJI0BeYeCTBA) OBLT HEBO3MOXKCH U B ITIEPHUOT
JIETCTBA KAITMTATUCTUICCKOTO ITPOU3BOICT-
Ba...» [5].

UMHHOBALMOHHO-LUUKJTUYECKOE
PA3BUTUE

PaccmarpuBast aBTOMOOMIIL KaK TEXHUYE-
CKYIO CHCTEMY, MOXKHO IIPEAMNOJIOXUTh, YTO
€ro >KM3HEHHBIM LIUKJ MOAYUHEH 3aKOHY

raepunexko H. I. OCOGEeHHOCTY LIUKANYECKOro pa3BUTUS aBTOMOOUNIECTPOEHUS



S-o6pazHoro pazputusi (o I. C. AnsTinyie-
py) [6]. CoracHo 3TOMY 3aKOHY, aBTOMOOWJIb-
HBII TPAHCTIOPT AOJKEH TIPONTH TPU CTaTUU —
«JIETCTBO», «PaCIBET» U «CTAPOCTh», IIPUUEM
MOCTIEMHUI 3Tan 3aKaHYMBAETCS BUIOU3ME-
HEHWEM TPaHCIIOPTHOTO CPe/ICTBA WJIA BOOO-
111€ TIepEPOXAECHUEM B UHOW BU/I.

TTosHBI XKU3HEHHBIN UK aBTOMOOWITh-
HOTO TPaHCITOPTa KaK pe3yJIbTaT HayIHO-TeX -
HUYECKOTO Mporpecca COCTOUT U3 0oJiee KO-
POTKMX HUKIOB. OCco0y0 3HAUMMOCTD MPU
M3yYeHUU eTO OCOOCHHOCTE il UMeeT MHHOBA -
IIMOHHO-TIUKJINYECKAsl TeOpUsl IKOHOMUYE-
ckoro pa3putud Llymnerepa—KoHnpaTeesa.
Ha ocHoBe 3TOli Teopuu, B YaCTHOCTH, TI0-
cTtpoeHbl KoHuenuuu akagemuka C. FO. na-
3bEBa, KOTOPBI pacCMaTpUBaeT HIUKJINIECKHE
MPOIIECCHI, aKIIEHTUPYSl BHUMaHUE Ha COBO-
KYITHOCTSIX TEXHOJIOTMYECKH COTPSIKEHHBIX
TIPOU3BOJICTB, COXPAHSIONINX 1IEJTOCTHOCTh
B TIPOILIECCe CBOETO Pa3BUTHS, B YCIIOBUSIX TaK
Ha3bIBaeMbIX TeXHOJIOrMYecKux ykaanos (TY).

VYUEHBIN yTBepXKIaeT, YTO KU3HEHHBIN
K TY oxBaThIBae€T OKOJIO CTOJNETHSI, TIPU
3TOM TTEPHOJI €T0 JOMUHUPOBAHNS B Pa3BUTUH
9KOHOMUKU cocTaBiseT oT 40 mo 60 jer
(mo mepe yckopenuss HTII u coxkpaiueHust
JUTUTETLHOCTH HAyIHO-TIPOU3BOICTBEHHBIX
IIMKJIOB OH ITOCTEIeHHO coKpaiaercs). Ha
TTOBEPXHOCTU SKOHOMUYECKUX SIBJIEHUI 3TOT
TePUOI TTPOSIBIIIETCS B (popMe UTMHHBIX BOJTH
9KOHOMWYECKOU KOHBIOHKTYPBI, TIEPUOINY-
HOCTb KOTOPBIX ObLjIa BIIEPBbIE YCTAHOBJIEHA
H. . KonapatbeBbIM.

ITo muenuto C. O. IlazpeBa, MbI Tiepe-
XOIUM K IIeCTOMY TeXHOJIOTUIECKOMY yKJIa-
1y (LMKJY), 0COOEHHOCTbIO KOTOPOTO SIBJISI -
FOTCSI CUCTEMBI UICKYCCTBEHHOTO MHTEJIIEKTA,
m1o0anbHble MHOOPMAIIMOHHBIE CETU, WH-
TErpUPOBAHHBIE BHICOKOCKOPOCTHBIE TPAHC-
MOPTHBIE CUCTEMBI, (POPMUPOBAHUE HETIPE-
PBIBHOTO MHHOBAIIMOHHOTO Tpoliecca U T.]I.
B kauecTBe KJII0UeBBIX (PaKTOPOB LIECTOrO
TexHoJoruueckoro ykijaaaa (2010—2050 rr.)
aBTOP Ha3bIBae€T HAHOTEXHOJIOTUU U KJIETOU-
Hble TeXHOJOTUHU, B Ka4YeCTBE MPEUMY-
IIECTB — PE3KOe CHUKEHUE IHEPTO- U MaTe-
PUATOEMKOCTH TTPOU3BOJICTBA, KOHCTPYHUPO-
BaHME MaTeprajioB U OPraHN3MOB C 3apaHee
3aJJaHHBIMU CBoiicTBamu [7].

CHIXEeHME 2HEPTOEMKOCTH KacaeMo aB-
TOMOOMJILHOTO TPAHCIIOPTA BEPOSITHEE BCETO
MPUBENET K CMEHE UCTOYHUKA dHepruu. [1pn
3TOM HEOOXOJIMMO OTMETHTD, YTO TTPEUMYIIIE-
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CTBaMU MSITOTO TEXHOJIOTUYECKOTO YKjana
(1970—2010) 6pUTM MPU3HAHBI UHAUBUAY AT~
3alMs TPOU3BOMCTBA U MTOTpebeHus. A 3Ha-
YUT, €CTh OCHOBAHUS MPEATIOT0XUTH, YTO
WHAVMBUIAYaTU3aIvs TTOTPEOIeHUST KaK pa3
Y MIpUBeJia K MaIeHUI0 MacCcaXnupoodopoTa Ha
PBIHKE aBTOMOOMJTbHBIX TIEPEBO30K B YCJIOBH -
SIX pOCTa YKciia aBTOMOOUIIEH TMYHOTO MOJTb-
30BaHMUS.

Hcxonst U3 CIOXUBIIUXCST TEHACHIIUA,
WHHOBAIIMOHHAS COCTABJISTIONIAsI UTPAeT Iep-
BOOYEPENHYIO POJIb B Pa3BUTUN TPAHCIIOPTA,
U, CJIeA0BaTeIbHO, (POPMUPOBAHUE CUCTEMBI
aBTOMOOWJILHOTO TPAHCTIOPTa KaK MHHOBAITU -
OHHOI1 TTO3BOJIUT eif Haubosiee 3P HEKTUBHO
MPOrpeccupoBaTh B TPaHUIIAX TUKINIECKU
pa3BUBAIOUIETOCS 9KOHOMUYECKOTO MPO-
CTpaHCTBa.

NOBbIWAKLUE U MOHUXXAKOLLUE
BOJIHbI

XapakTepusys MOHATUE UHHOBALIMOHHOM
cuctembl, C. MeTkaid ornpenesnisieT MTHHOBaA-
LIMOHHYIO CUCTEMY KaK COBOKYIMHOCTb pa3-
JIMYHBIX UHCTUTYTOB, KOTOPbIE COBMECTHO
U KaXbIA B OTACIBbHOCTU BHOCAT CBOI BKJIAJ
B CO3[1aHUE U PACMIPOCTPAHEHNE HOBBIX TEX-
HOJIOTU, 00pa3yst OCHOBY, CIyXalllylo mpa-
BUTEJILCTBAM 151 (DOPMUPOBAHUS U PeaTU-
3aLUY NOJUTUKHU, BIUSIONIEH HA UHHOBALIU -
OHHBII mpouecc. Kak TakoBas, aTa cucrema
npeIHa3HadyeHa 1Jis TOro, YToObl CO3/1aBaTh,
XpaHUTb U MepenaBaTh 3HAHUS, HaBbIKU
U apTeaKThl, ONPEAESIOIINE HOBbIE TEXHO-
joruu [8].

K. ®pumeH BUAUT MHHOBAIIMOHHYIO CUC-
TeMy CJIO0XHOU CUCTEMOU PKOHOMUYECKUX
CYyOBEKTOB U OOLIECTBEHHBIX UHCTUTYTOB
(Takux, KaK IEHHOCTU, HOPMBI, TPaB0), yya-
CTBYIOLIUX B CO3MaHUU HOBBIX 3HAHWUM, UX
XpaHEHUU, PACPOCTPAHEHU U, TPEBPALIEHUUN
B HOBbIE TEXHOJIOTUU, TPOAYKTHI U YCIYTH,
MOTpeOIIsieMBIe OOIIECTBOM [9].

H. . UBaHOBa nmoJ MHHOBALIMOHHO
CUCTEMOU MOHUMAET COBOKYMHOCTb B3au-
MOCBSI3aHHBIX OpTaHU3ALUUN (CTPYKTYP),
3aHSITBIX TPOU3BOJCTBOM U KOMMEPYECKOM
peanu3auuei HaydHbIX 3HAHUWA U TEXHOJIO-
TMi B mpeaesax HalMOHAJIbHBIX FPaAHUL] —
MEJIKME U KPYMHbIe KOMITAHUU, YHUBEPCU-
TEThl, TOCIA00PATOPUU, TEXHOMAPKU U UH-
ky6aTtopst [10].

CyTb MHHOBAIIMOHHOW CUCTEMbI — COBO-
KyMTHOCTb UHCTUTYTOB U OpraHU3aluid, OCy-

FaBpuneHko H. I. OCOGeHHOCTN LUKJINYECKOro pa3BUTUS aBTOMOOUNEeCTPOEeHUs




Taommna 1

DBoJIIONNS ABTOMOOMIIBHOTO TPancnopTa [12]

OpUEeHTUPOBOY-
HbIE TIEPUOJIBI

OcoOEeHHOCTH pa3BUTUSI aBTOMOOMJIBHOTO TpaHCIIOpTa

Cou3MepuMOCTb MHTEHCUBHOCTU
pPa3BUTUSI M HATIPABJICHUSI BOJTHBI
JUTMHHOTO 1IMKJIa

TToBbilIaTEb-
Hasl BOJTHA
1770—1810 rr.

TMosiBnenue (1769) n Havano paboT MO COBEPLICHCTBOBA-
HUI0 aBToMOOWIs (B AHTINK, ®panimu, Poccuu, CLLIA
co3IaHbl TPEXKOJIECHBIE MapoBble MoBo3ku, B CIIIA mna-

poBasi 3emiieyepraika-aMMuoNst U KOJIECHBII TapOXOx).

MHTEHCUBHOCTH KOHCTPYKTOPCKUX
pa3paboTOK CKOpee HEBBICOKAs TIPU
JIOCTATOYHO BBICOKOM IOKa3artesie
BHEIPEHUS B IIPOM3BOJICTBO.

TToHmxaresnb-
Hasl BOJIHA
1810—1840 rr.

TIpoBonsrcs ucciaenoBaHus mo paszpadorke IBC (®paH-
uwmst, LIBeitapust), BBOASTCS B XU3Hb MapOBble OMHUOY-
cbl (AHTHst). 1834 rom — cozmaHue 3MeKTPOMOOUIIS.

MHTEHCUBHOCTb KOHCTPYKTOPCKUX
Ppa3paboTOK 1I0CTATOYHO BbICOKASI,
MOKa3aTeJib BHEAPEHUS — HIKE
CpEeIIHEero.

TToBbilIaTEb-
Hasl BOJIHA
1840—1870 rr.

1860 rox — co3maH ABYXTaKTHBIM IBUTaTeIb BHYTPEHHE-
ro cropanust (benbrust), yepes Tpu roa HaJIaXeHO ero
MaccoBOE TIPOU3BO/CTBO, MTOSIBUIICS YETHIPEXTAKTHBII
neuratens (OpaHiust).

MHTEeHCHBHOCTH KOHCTPYKTOPCKUX
pa3paboTOK CKOpEe HEBBICOKAS TIPU
JTOCTaTOYHO BBICOKOM TTIOKa3aTesie
BHEIPEHUSI B IIPOU3BOJICTBO.

TToHuxarenb- TTorck BO3MOXHOCTHU MCIOJIb30BaHMS OEH3UHA, U30- MHTeHCUBHOCTB pa3paboToK
Hasl BOJIHA OpeTeHbl AMHAMOMETD, TPEXKOJIECHBIN 2JIEKTPUUECKUIT | JOCTaTOYHO BBICOKAs!, BHEAPEHUE
1870—1885 rr. aBTOMOOWJIb, pabOTAIOIINI OT aKKyMyJiaTopa (AHIJIMS). | B IPOM3BOICTBO — HEBBICOKOE.
Tosbimarens- | B lepmanun u @paHumy HaaakeHO TIEPBOE IIPOU3- MHTEHCUBHOCTb KOHCTPYMPOBaHUS
Hasl BOJIHA BOJZCTBO aBToMobuIeit, K 1900 rony MoxKHO TOBOPUTH BBICOKasl, yDOBEHb BHEPEHUS —
1885—-1914 0 HAllMOHAJIbHOM aBTOMOOWIBHOM MPOMBILIUIEHHOCTH BBICOKUIA.

B IECSITU CTPaHax TPEX KOHTUHEHTOB. [TosiBuIMCh MHEB-

MaTHYeCcKue IIUHBI, 3aMTaTeHTOBAaHbI IUCKOBbII TOPMO3

U 2JIEKTpUYECKUi cTapTep, B 1885 roay coznaH kapbopa-

TOPHBIN ABUTATEb.
TToHuxarenb- M300peTeHbl aBTOMaTHYeCKast TPAHCMUCCHST, TUIPaB-
Hasl BOJTHA JINYECKUI TOPMO3, YCUJTMTEITb PYJisi, OOJIBIIMHCTBO U3
1914—1930 rr. TEXHOJIOTUIA MEXaHUKHU, UCTIOJIb3YEMbIX U CETOTHSI.
TToBbimatens- | K 1930 romy KonnuecTBo Mpou3BOAUTENCH aBTOMOOM -
Hasl BOJTHA JIell pe3K0 COKPATUIIOCh B pe3yJibTaTe KOHCOIUIAIINNA

1930—1950 rr.

U B3POCJICHUsI aBTOMOOWJIbHO TPOMBILIEHHOCTH,
oTyacTy Giarozaps BIMSIHUIO BenmKoil nenpeccui.

IMonmxarenb- | M300peTeH MPUHILUIT IBUXKXEHUS HA BO3MYLIHOMN MOy~
Hasl BOJIHA Ke. [ToBbIlIanach MOITHOCTD ABUTrATEIsI, POCIa CKOPOCTD
1950—1970 rr. TpaHCITopTa.

IMosbimarens- | Hauanoch MHTEHCMBHOE pa3BUTHE aBTOITPOM3BOICTB
Hasl BOJIHA B HOBBIX CTpaHax, Mpek/Ie BCEro a3uaTcKoro peruoHa.
1970—1990 . [ToBbICUIOCH BHUMaHKE K O€301TaCHOCTH aBTOMOOWITS.
Ionmxkarens- | TeHAEHLNK K YIYIIIEHUIO 9KOJIOTHIECKUX U DKOHO-
Hasl BOJTHa Muueckux rnokasareseit JIBC, co3naHuio ruOpuIHbIX
1990—2010 rr. CHUCTEM, YJIy4YIIEHUIO XOJ0BbIX KAUECTB, «MHTEJIEKTya-

JIU3alMK» aBTOMOOMJIS.

LLIECTBJISIOIIMX MPEBPAIIEHUE HAYUYHbIX 3HA-
HUi1 B HOBbIE BUJIbI KOHKYPEHTOCTIOCOOHOI
MMPOIYKIMU W YCIYT B ILIEJISIX 00eCIeueHUs
COLIMAJIbHO-2KOHOMUYECKOTO POCTa, YTBEPXK-
nmaet A. @. Cyxoseii 1 M. M. Tonosa [11].

[To accommanmu ¢ 3TUMU OTIpEICICHUSIMU
MOXHO 3aKJIIOUMTb, YTO MHHOBALIMOHHAs
aBTOTPAHCIIOPTHASI CUCTEMA — BTO COBOKYII-
HOCTb MHCTUTYTOB, MOJAEPXKUBAIOIIMX MTPO-
1IECC CO3MIaHUs U PACIPOCTPAHEHUST HOBBIX
3HAHWUI U TEXHOJIOTUM, CBSI3aHHBIX C OKa3a-
HUEM aBTOTPAHCITIOPTHBIX YCIIYT.

[IpaBOoMepHO BMECTE C TEM BBIIBUHYTH
U TUIIOTE3Y, UYTO 1 CaM MPOLECC BOZHUKHOBE-
HUS MTHHOBALIMI MOIYMHEH 3aKOHAM JIJTMHHbBIX
LIMKJIOB. Pa3BuTHE aBTOMOOMJIBHOIO TpaHC-
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opTa ¢ MOMEHTA 3apOKACHUSI IIPOXOIUT KaK
ObI CBOEOOPA3HBIMU TOJTYKAMU, TIPEITIOJIOKI -
TEJIbHO YCUJIMBAsSICh Ha 3Tamax AJUHHOTO
LUKIIa mepuoandHocThio 40—60 et u 3ame-
JISISICh Ha 3Tamnax crajga. JlocTUTHYB TOUKU
oudypKaluu, JanabHeIIee pa3BUTHE ITPOIOII-
KaeTcs JJaBUHOOOPAa3HO M HE3aBUCUMO OT
daswl gmuHHOTO LMKJIa. COOTBETCTBUE MH-
TEHCHMBHOCTHM 3BOJIOILMOHHOIO TIpoliecca
MOBBIIIATEIbHON Y MOHUXATEJIbHOM BOJH
JJIMHHOTO LMKJIa MJUTIOCTpUPYET Tadauua 1.

Ha ocHoBaHUM npecTaBIeHHOM TaOIUIIbI
9BOJIIOIMOHHYIO aKTUBHOCTbh MOXHO pa3sjie-
JINTh Ha TPU CTAJINN.

Ilepsas cmadus — n300peTeHUE aBTOMO-
OuIst M OCHOBHBIX ero yacteii (1770—1930 rr),

.6-15(2017)
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MepUoI TEXHOJIOTUUECKUX OTKPHITHIA. Ha
aTalle MOHMXKATeIbHOW BOJHBI MHTEHCHUB-
HOCTb KOHCTPYKTOPCKUX pa3pabOTOK J0CTa-
TOYHO BeJIMKA IPY HEBBICOKUX TTOKA3aTeNIsIX
BHEAPEHUS B IIPOM3BOICTBO, Ha 3TaIle ITOBHI-
11aTeJbHOM BOJIHBI HabJtofaeTcsl oOpaTHas
TEHICHIINS.

Bmopas cmaodus — THTEHCUBHOE BHEIPEHIE
aBToMo6mis B xku3Hb (1930—1970 rr.), MoxXHO
TOBOPHUTH O HAIIMOHAJIEHOM aBTOMOOMIIEHOM
TIPOMBIIIUIEHHOCTH BO MHOTUX CTpaHaxX v BO3-
HUKHOBECHHUU TIEPEeBO30YHOIO IIpoliecca Kak
TakoBoro. bosblie aBromoduieit crauo mpo-
JIABATHCS HE QHTY3MACTaM, a8 OOBITHOMY TIOTpe-
outento. 1930 rog MOXXHO 0003HAUUTh Kak
TOUKY OM(ypKaLIMK, N3MEHEHNE HATIPaBIICHUS
JUTMHHOM BOJTHBI BHU3 HE KOCHYJIOCh aBTOMO-
OUJIbHOTO TpaHcropTta. BHelrHue dakTopshl,
CIePXKUBAIOIINE Pa3BUTHE SKOHOMUKH, BKITIO-
Yass MUPOBBIC BOIHEI, HEe SIBIIMCH COCPKIBa-
FOIIIMMU IIJIST aBTOMOOMIJIECTPOCHUS, Pa3BUTHE
MPOIOJIKAJIOCh JABUHOOOPA3HO JIaKe B IepH -
on Benukoii nenpeccun.

Tpembsi cmadusi — IMUPOKOE pacrpocTpa-
HeHue apromobunectpoeHus (1970—2010 rr.),
a C HUM U POCT TToKazarejeil rpy30000poTa
M TTaccaknpooOopoTa MPaKTUUECKU BO BCEX
cTpaHaxX. Ha3peBaeT MOTpeOHOCTh B HOBBIX
BUIAX TpaHCIIOPTA.

BbIBOAbl

Wrak, ecTtb Bce OCHOBaHMSI 3aKJTIOUUTh, YTO
aBTOMOOWJbHBIM TPAHCHOPT, CYLIECTBYS
B 9KOHOMMWYECKOM MPOCTPAHCTBE 1 BBITTOJTHSIS
B HEM CBS3YIOLIYI0 (DYHKIIWIO, TTOABEPXKEH,
KaK Y BECb SKOHOMUYECKU OpraHn3M, BO3-
JNEVCTBUIO LINKJINYECKUX NU3MEHEHUI.

Mo2KHO BBIAEIUTD MOJHBIN LUK pa3BUTUS
aBTOMOOMJILHOTO TPAHCIIOPTA OT MOMEHTA €T0
TMOSIBJICHUSI 1O MOMEHTA MCYE€3HOBEHUST WU
MepepoXaeHMsT B HOBBI BUI, OTKyAa 0c0b0e
3HaUYEeHUE MPUOOPETAIOT MPOLIECCHl MOAEPHU-
3allMM TTOJBUXKHOTO cocTaBa. MIMeoT MecTo
OBITb U MPOMEXYTOUHBIE DTallbl KpU3uca
M POCTa, CBSI3aHHbIE C TTaJIcHEeM 1 TOIbEMOM
SKOHOMWKH TOCYIApCTBa, a B CBI3U C 3TUM
U C YBEeJIMUEHUEM WJIU YMEHbILIEHUEM MTOTPe0-
HOCTH B MIEPEBO3Kax.

M HTEeHCUBHOCTH Mpolecca BOZHUKHOBE-
HUS MHHOBALIMI TaKXXe BEPOSITHEE BCETO 3a-

BUCUT OT HAIlpaBJI€HUSI BOJHbBI TJIMHHOTO
uukia. [ToHMMaHMe MPOXOXIEHUST TaKUX
TPOLIECCOB MO3BOJISIET BBICTPAMBATh OoJee
TOYHBIE TTPOTHO3BI [IJIsI CTPATETUU PA3BUTHSI
CUCTEeMBbl aBTOMOOMJIBHOTO TPAaHCIIOPTA,
a BMECTE C TeM U BbIOUpaTth bosee ahdhekTrB-
HbI€ HaIlpaBJIeHUs e€ peann3aliuu.
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FEATURES OF CYCLICAL DEVELOPMENT OF AUTOMOTIVE INDUSTRY

Gavrilenko, Natalia G., Siberian State Automobile and Highway University, Omsk, Russia.

ABSTRACT

The transport complex of the country creates
conditions for economic growth, delivers cargo and
employees to the places of production of goods and
services, acts as a powerful catalyst and serves as
an effective means for solving geopolitical tasks. The
article contains the theoretical foundations of cyclical
development of the economic objects of the industry.
The regular connection between the dynamics of

periodic recessions and the rise of the economy and
indicators of vital activity of motor transportis shown,
the complete life cycle of the system’s existence and
the so-called long cycle with duration of 40—60 years
are presented in detail. The innovation factor is
determined at the same time as a key factor in
development of road transport. Accordingly, the
intensity of the evolutionary process of upward and
downward waves of the long cycle is estimated.

Keywords: road transport, economy, cyclic development, evolution, innovations.

Background. Road transport as a component of
the transport complex plays a key role in the everyday
life of a large part of the population, the person most
often meets with it. Unlike other modes of transport, cars
in a significant amount are owned by private individuals
and private individuals manage them. It is the changes
concerning road transport that are most noticeable for
the economy. Obeying its laws, itin its turn is experiencing
periods of recovery, peaks of development, recession
and crisis. This pattern is fully justified theoretically.

Objective. The objective of the author is to consider
cyclical development of automotive industry, essentially
at the example of its developments in Russia.

Methods. The author uses general scientific and
engineering methods, comparative analysis, economic
assessment.

Results.

Cycles and periods

Dynamic indicators of freight turnover and
passenger turnover of road transport in Russia
during the last 24 years (Pic. 1, 2) [1] illustrate a
rather definite cyclicality. At the same time, the
dynamics of freight turnover reflects the economic
crises of 1998, 2008 and 2014. Passenger turnover
also shows a downward wave in its development,
the main decline is observed in 2006-2007. A
significant feature is that the rate of growth in the
fleet of cars in ownership during this period is the
largest (9,8 %) in the last 24 years (Pic. 3).
Therefore, it can be assumed that one of the main
reasons for decrease in passenger turnover is the
increase in fleet of private cars, and therefore the

question of possibility of changing the direction of
the wave remains open.

Let’s consider the cyclicity factor in more detail. The
factor of recurrence of the same processes through
relatively equal intervals of time is present practically in
all spheres of our life. A cycle is a life span of a particular
formation from the moment of initiation to the moment
of destruction or degeneration [2]. Each stage has its
own peculiarities, from which the main goal in the study
of cycles is development of measures of influence on
the process for obtaining the maximum result at this or
that stage of the cycle.

In the economy, the concept of cycles emerged in
18" century. The cyclic schemes became more
widespread closer to its second half, while initially one
type of cycle was identified — the medium-term one. This
cycle was also called «industrial» or «business»
(C. Juglar, K. Marx). At the beginning of 20" century,
various types of cycles were mentioned(J. Schumpeter),
the existence of economic fluctuations lasting 3,5 years
(J. Kitchin), 20 years (S. Kuznets) and 50 years
(N. Kondratiev). After the Second World War, ultra-long-
term cyclic processes were analyzed for up to 300 years,
they were also called cycles of hegemony and general
wars (A. Toynbee, I. Wallerstein, J. Goldstein, etc.),
«logistics cycles» (R. Cameron), «age-old trends»
(F. Braudel), and so on.

Economic cycles interested the minds of a large
number of famous scientists of XIX and XX centuries.
The British historian of economic thought Mark Blaug in
his works «Great economists before Keynes...» and
«Great economists since Keynes...» formed a list of the
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most significant names for the economy [3, 4]. Analyzing
the main work of scientists designated by Blaug, one
can state with a high degree of certainty that from the
middle of 19" century about 35 % of them devoted to
some extent their work to the problem of cycles.

Most authors, as factors that cause cyclical
development of the economy, mention monetary
manipulation on the part of the state at an earlier time
and, increasingly, recently, scientific and technological
progress.

Aninteresting fact s that development of the theory
of cycles finds its origin simultaneously with the advent
of road transport. It was in 18" century that a steam
engine (1769) was invented by an Englishman James
Watt and a three-wheeled steam wagon by the French
engineer Nicolas Cunho (1770), and until that time in
1672, Ferdinand Verbiest, a member of the Jesuit
community in China, manufactured the first steam
engine car, but as a mere toy for the Chinese emperor.
The fact of simultaneity of the events can be linked
precisely to the state of the economy, because at a
certain level of development of the production of
vehicles, intensification of business and trade processes
that required rapid overcoming of distances, it
depended on the progress of transport and along with
it was subjected to periodic stages of decline and
growth.

A similar idea was first reflected in the works by Marx.
He rightly remarked that before the beginning of the
industrial revolution (around the end of 18" century)
there were no regularly recurring booms and
depressions: «This peculiar life path of modern industry
(in the form of a ten-year cycle of periods of medium
revitalization, high pressure production, crisis and
stagnation, cycle interrupted by smaller fluctuations,
which we do not observe in any of the earlier epochs of
mankind) was impossible even in the period of childhood
of capitalist production» [5].

Innovative-cyclical development

Considering a car as a technical system, we can
assume that ts life cycle is subject to the law of S-shaped

development (according to G. S. Altshuller) [6].
According to this law, road transport must go through
three stages — «childhood», «flourishing» and «old age»,
with the last stage ending with modification of the vehicle
or in general degeneration into another kind.

The full life cycle of road transport as a result of
scientific and technological progress (STP) consists of
shorter cycles. Of particular importance in the study of
its features is the innovation-cyclical theory of economic
development of Shumpeter—Kondratiev. On the basis
of this theory, in particular, the concepts of academician
S. Yu. Glazyev are built. He considers cyclic processes,
focusing on the aggregates of technologically coupled
industries that preserve integrity in the process of their
development, under the conditions of so-called
technological modes (TM).

The scientist claims that the life cycle of the TM
covers abouta century, while the period of its dominance
in development of the economy ranges from 40 to 60
years (as STP accelerates its advancement, and the
duration of scientific and production cycles decreases,
the mentioned period gradually decreases). On the
surface of economic phenomena, this period manifests
itselfin the form of long waves of economic conjuncture,
the periodicity of which was first established by
N. D. Kondratyev.

According to S. Yu. Glazyev, we are moving to the
sixth technological mode (cycle), the features of which
comprise artificial intelligence systems, global
information networks, integrated high-speed transport
systems, formation of a continuous innovation process,
etc. As the key factors of the sixth technological mode
(2010-2050), the author identifies nanotechnologies
and cellular technologies, as advantages — a sharp
decrease in the energy and material consumption of
production, the design of materials and organisms with
pre-determined properties [7].

Reducing energy intensity with regard to road
transport is likely to lead to a change in the source of
energy. It should be noted that the advantages of the
fifth technological mode ( 1970-2010) were recognized

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 6—15 (2017)

Gavrilenko, Natalia G. Features of Cyclical Development of Automotive Industry




Table 1

Road transport evolution [12]

Reference periods

Features of road transport development

Commensurability of development
intensity and direction of the long

cycle wave

Upward wave Appearance (1769) and beginning of work on Intensity of design development is
1770—1810 improving the car (in England, France, Russia, rather low, implementation rate is

the United States three-wheeled steam wagons high.

were created, in the United States a steam dredger-

amphibian and a wheel steamer appeared).
Downward wave | Research is being carried out on development of ICE | Intensity of design development is
1810—1840 (France, Switzerland), steam omnibuses (England) are | rather high, implementation rate is

being introduced. 1834 — creation of an electric car

below average.

Upward wave
1840—1870

In 1860, a two-stroke internal combustion engine was
created (Belgium), three years later its mass production | rather low, implementation rate is
was set up, and a four-cycle engine appeared (France).

Intensity of design development is

quite high.

Downward wave
1870—1885
a battery (England) were invented.

Search for possibility of using gasoline, a
dynamometer, a three-wheeled electric car, powered by | quite high, implementation rate is

Intensity of design development is

low.

Upward wave

In Germany and France, the first production of cars

Intensity of design development is
high, implementation rate is high.

1885—1914 was set up, by 1900 it was possible to talk about the
national automobile industry in ten countries on three
continents. There were pneumatic tires, patented disc
brake and electric starter, in 1885 a carburetor engine
was created.

Downward wave | Automatic transmission, hydraulic brake, power

1914—1930 steering, most of the mechanics technologies used
today, were invented.

Upward wave By 1930, the number of car manufacturers had fallen

1930—1950 dramatically as a result of consolidation and growth of
the automotive industry, in part due to the impact of
the Great Depression.

Downward wave | The principle of motion on an air cushion was

1950—1970 invented. The power of the engine increased, the speed
of transport increased.

Upward wave The intensive development of automotive production

1970—1990 began in new countries, primarily in the Asian region.
Attention to the safety of the car increased.

Downward wave | Tendencies to improvement of the environmental

1990-2010 and economic performance of ICE, creation of

hybrid systems, improvement of driving performance,
«intellectualization» of the car develop.

as individualization of production and consumption. So,
there is reason to assume that individualization of
consumption just led to a drop in passenger turnover in
the market of road transportation in the face of an
increase in the number of cars for personal use.

Based on the prevailing trends, the innovative
component plays a primary role in development of
transport, and consequently, formation of road
transport system as innovative will allow it to achieve
most effectively progress within the boundaries of a
cyclically developing economic space.

Upward and downward waves

Describing the concept of an innovation system,
S. Metcalfe defines the innovation system as a set
of different institutions that jointly and individually
contribute to creation and expansion of new
technologies, forming the basis that serves
governments to formulate and implement policies
that affect the innovation process. As such, this
system is designed to create, store and transmit
knowledge, skills and artifacts that determine new
technologies [8].

C. Freeman sees the innovation system as a
complex system of economic actors and public
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institutions (such as values, norms, law) involved in
creating new knowledge, storing, disseminating,
transforming into new technologies, products and
services consumed by society [9].

According to N. I. Ivanova the innovation system
is understood as a set of interrelated organizations
(structures) engaged in production and
commercialization of scientific knowledge and
technologies within national borders — small and large
companies, universities, state laboratories,
technology parks and incubators [10].

The essence of the innovation system is a set of
institutions and organizations that are transforming
scientific knowledge into new types of competitive
products and services in order to ensure socio-
economic growth as stated by A. F. Sukhovei and
I. M. Golova [11].

By association with these definitions it can be
concluded that an innovative transport system is a set
of institutions supporting the process of creating and
disseminating new knowledge and technologies
related to the provision of road transport services.

It is legitimate, however, to put forward a
hypothesis that the very process of emergence of
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innovations is subject to the laws of long cycles. The
development of road transport from the moment of
origin passes like a kind of jerks, presumably
increasing at the stages of a long cycle with a
periodicity of 40-60 years and slowing down during
the recession stages. Having reached the point of
bifurcation, further development continues avalanche-
like and regardless of the phase of the long cycle. The
correspondence of intensity of the evolutionary
process of upward and downward waves of the long
cycle is illustrated in Table 1.

Based on the presented table, evolutionary
activity can be divided into three stages.

The first stage is invention of the car and its main
parts (1770-1930), the period of technological
discoveries. At the stage of the downward wave, the
intensity of the design developments is quite high at
low rates of implementation, at the stage of the
upward wave there is a reverse trend.

The second stage is intensive introduction of the
car into life (1930-1970), we can talk about the
national automobile industry in many countries and
emergence of transportation process as such. More
cars were sold not to enthusiasts, but to the ordinary
consumer. 1930 can be designated as a bifurcation
point, a change in the direction of the long wave
downward did not affect road transport. External
factors restraining the development of the economy,
including world wars, were not a deterrent to the
automotive industry, development continued to be
avalanche, even during the Great Depression.

The third stage is widespread use of automotive
industry(1970-2010), and it is followed by the growth
in turnover and passenger turnover in almost all
countries. There is a growing need for new modes of
transport.

Conclusions. So, there is every reason to
conclude that road transport, existing in the economic
space and carrying out a binding function in it, is
subject, like the entire economic organism, to the
effects of cyclical changes.

It is possible to single out a full cycle of
development of motor transport from the moment of
its appearance to the moment of disappearance or
degeneration into a new species, from which the
processes of modernization of vehicles acquire
special significance. There are also intermediate
stages of crisis and growth associated with fall and
rise of the national economy, and in connection with
this, with the increase or decrease in the demand for
transportation.

The intensity of the process of origin of
innovations is also most likely dependent on the
direction ofthe wave of the long cycle. Understanding
the passage of such processes allows to build more
accurate forecasts for the strategy for development
of the road transport system, and at the same time
to choose more effective directions for its
implementation.
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BOTPOCHI TEGP

AOCOJIIOTHbIN NEepBbIA
LLeHTPaNIbHbIU MOMEHT
CJly4YauHbIX BeJINYUH

AnaTtonuii T'YCEB

Anatoly I. GUSEV

The Absolute First Central Moment
of Random Variables

(TeKCT cTaTtbu Ha aHrJl. 3. —

English text of the article — p. 24)

B crarbe paccMoTpeHbI
reomeTpu4ecKkuii, myacCoHOBCKUN

v OUHOMUAJIbHBIV 3aKOHbI
pacnipegenenvs. [ns kaxxgoro N3 HUX
BbIBOAUTCS aHanuTnyeckas popmyna
ab6CoJIIOTHBIX NepPBbIX LleHTPaIbHbIX
MOMEHTOB, 4TO N03BOJIIET HAUTU
CpeaHIo 30HYy pacnpesesieHusl.
Pabora Hocut pyHaaMmeHTanbHbIi
XxapakTep U MO)XeT ObITb UCMOJIb30BaHa
B uccsie4oBaHUsIX Mo Teopuu
BEpPOSITHOCTEM, B NMPUKJIaAHbIX 3a4a4aXx,
rae npuUcyTCTBYIOT yKa3aHHbI€ 3aKOHbI
pacrnipegesneHus.

Kno4yeBbie croBa: ciyqariHasi

BEJINYMHA, 3aKOHbI PACPEAEsIEHNS,
mMaremMaTrn4eckoe oxuaaHue, AMCrnepcys,
cpeaHekBaapaTndHOEe OTKIIOHEHME,
MOMEHTbI CJIyHarviHbIX BEJINYUH.
|

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 16—29 (2017)

Iycee Anamoaui Heanosuw — Kanouoam @usuxo-
Mamemamuyeckux Hayk, douyenm Mockosckozo
20¢y0apcmeenHo20 yHugepcumema nymei coooueHus
(MHUHT), Mockea, Poccus.

YCTh B35ITa HEKOTOpasl cllyyailHas

BeJanurHa X (HEBaXKHO KakKasi, HeTrpe-

pBIBHAsI WJIW AUCKPETHAs), HATIpU-
Mep, 3apruiata pabodero. MaremaTuieckoe
oxuaanue MX (6epéM TOTbKO BEIUYUHBI
C KOHEYHbIM 3HaueHueM M X) xapaktepusyeT
cpelHee 3HAYCHUE CIYYalHOU BEJIMYUHBIL.
ITpu olleHKe OTKJIOHEHUS CyYailHOU BeJU-
YUHBI OT CPEITHEro 3HAYeHUs B OOLIMPHOMI
JIUTepaType Mo TeOpUuU BEPOSITHOCTEN [CM.,
B yacT., 1—3] paccMaTpuBalOT AUCTIEPCUIO
cayvaitHoit BenmuuHbl J(X) = M(X—MX)?,
3aTeM BBOJST MOHATUE CPEAHEKBAIPATUYHO-
ro otkionenus o(X) =+/A(X) urosopsr, 4to

o(X) 1 ecTb OTKJIOHEHHE CITyyaiiHOI BeTU4r-
HBbl OT MaTeMaTHYeCKOro oxumaHus. Yto
MMEHHO XapaKTepu3yeT MOJydeHHOE OTKIIO-
HeHUe, He 0YeHb ITOHSITHO, ITOITPO0yeM pa3o-
OpaTbcsl.

TPU 30Hbl SHAHYEHUYA
ITycTh 3apaboTHas mata uMeeT 3aKOH
pacripeaeneHus, moka3aHHbIi B Tadauie 1.
CpenHss 3apaboTaHHasl riaTa

MX =10+ +30.L 4 90.L ¢
5705

+150-l + 170-l =90.
5 5



H C B
MX - A(X) WX MX + A(X)
Puc. 1. 3oHbI 3Ha4YeHNii NPON3BOJIbHOW C/Ty4ariHOV BeINYNHbI.
Tabmma 1
X (TBICSY pYO.) 10 30 90 150 170
P 1/5 1/5 1/5 1/5 1/5
Taomuna 2
X(TeICSTY PYO.) 10 22 34
P 4/6 1/6 1/6
Ta6amma 3
X (TBICSY pYO.) 12 24 36
P 1/6 1/6 4/6
Taoimuna 4
X 1 2 3 n
P P Pq rq’ pq™!
Hucnepcust COOTBETCTBEHHO MMEEM 30HY HU3KHUX

A(X)= 80°+L +607+ L+ 602+ 8021 = 4000,
5 5 5 5

a o(X) = V3560 = 63,25.

Tenepp BBIYMCAMM MCTUHHOE CpeaHEE
OTKJIOHEHME CIAy4alHOMU BEJIUYMHBI OT MaTe-
MaTUYEeCKOTo OXUIaHUs, T.€. Haiimem abco-
JIXOTHBIA MEPBBIM LEHTPAJIbHBIM MOMEHT JIJISI
X (o6o3HayaTh ero oymaem A(X)):
A(X)=M|X - MX|=
= 80-1+60-1+60-1+80-l =56.

5 5 5 5

Kaxk BugHo,pacxoxaeHue Mexay o(X)
u A(X) 6onbiioe — 7,25 (ThiC. py0.). BozbMem
cJlydaifHble BEIMYMHBI, Y KOTOPBIX A(X) — KO-
HevyHoe yucio (ecau A(X) = 0, Toraa cayvaii-
Hasl BeJIMYMHA X — KOHCTaHTa), MpU 3TOM
o(X) MOXeT paBHAThCS oo (Hampumep, X

n

NPUHMUMAET 3HAYECHUS T 5 CBEPOATHOCTBHIO
n"
1
F, n= 1; 2;...; }’l)

PaccmoTpuM 17151 TpOM3BOJIBHOM CITydaii-
HOW BEJWYUHBI TPU 30HBI €€ 3HAYCHUN
(puc. 1).

Hwuzmasg 3ona H: x < MX—A(X).

Cpennsisi 3oHa C: [MX—A(X); MX+A(X)].

Breicmas 3oHa B: x > MX+A(X).

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 16-29 (2017)

3apabOTKOB MpU ypOoBHE MeHblIe 34, 30HY
cpenHero 3apabotka ¢ 34 10 146 u 30Hy BbIC-
LIKMX 3apabOTKOB IPY YPOBHE BhIlIe 146. 3a-
pabotok B pa3mepe 30 nomnagaeT B HUBLIYIO
30HY, OJTHAKO €CJIM OPUEHTUPOBATHCS 110
CcpeaHeKBaIpaTUUHOMY OTKJIOHEHUIO 6(X), TO
3apaboOTOK MOMAAAET B CPENHIOI 30HY. Bo3-
MOXHO, YTO CJIyJaiiHast BeJIMYMHA TPUHUMA-
€T TOJNbKO nBa 3HaueHUuss MX—A(X)
n MX+A(X), Torna JIerko JomyCTUTh, YTO
BEPOSITHOCTH IPUHSATHS 3TUX 3HAYeHWIA = 1/2.
B 10 ke Bpemsi, Koraa cirydaiiHasi BeJIMYK-
Ha IIpMHKMMaeT 0oJiee IBYX 3HAYEHMIl, BHYT-
PEHHOCTh CpelHel 30HbI BCErma He IycTa.
3oHa H moxeT ObITh TTycTa, Toraa 3oHa B He
mycTa (M 9TO 03HaYaeT, YTO B HAJTMIMU TOJTHKO
CpelHME U BBICILINE 3apabOTKU, TO €CTh, XO-
polie, KOTopble 0JIaTONPUSITHBL 11 00-
mectBa). U 3nece MX = 16; A(X) = 8. [Ipumep
TAaKOTO pacrpeeeHus aaet Tabauia 2.
Ecnu, nHao6opot, 3oHa B — mycra, Torna
30oHa H — He mycra (3TO 03HayaeT, 4To €CTh
TOJIBKO CPEeTHNE W HU3KUE 3apabOTKH, U peUb
yKe O TTOXOM COCTOSTHMU o01IecTBa). B Tad-
Jiie 3 mpeacTaBiieH IpUMep TaKOTO pacrpe-
nenenus, rae MX = 30; A(X) = 8.
W3 obuieit Teopun ciaeayeT, 4To U IS
JUCKPETHBIX, ¥ JUTSI HETTPEPBIBHBIX CITyYaifHBIX
BennuuH o(X) > A(X), onHaKO IS pacrpo-
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Ta0amna 5

P L P N | al
P p p V4 V4
p pq pq’ pq!
Taoauna 6
1 1 1
X_l l—1 —-2 ——h ——(n+1) (n+2)—l
pl | P b p » p
p pq pq"! pq" pq"*!
Ta0amua 7

3navenns ¢(X), A(X) u 6(X) — A(X) 17151 reOMeTPHIECKOr0 3aKOHA pacnpeeieHns

p 5] A S-4

1 W] 0 0
0,9 0,351364 0,2 0,151364
0,8 0,559017 04 0,159017
0,7 0,782461 0,6 0,182461
0,6 1,054093 0,8 0,254093
0,5 1,414214 1 0,414214
173 2,44949 1777778 0,671712
174 3,464102 2,53125 0,932852
15 4472136 3,2768 1,195336
176 5477226 4,018776 1,45845
177 6,480741 4, 758833 1,721907
178 7483315 5497743 1,985572
19 8485281 6,235909 2,249372
1710 9486833 6,973569 2,513264
1720 15,49359 14,33944 5,154152
1730 29,49576 21,69969 7,796072
1740 39,49634 29,0586 10,43824
1/50 49, 49747 36,41697 13,08051
1/60 59,4979 43,77508 15,72282
1770 69,4982 51,13304 18,36516
1780 79,49843 58,4909 21,00752
1790 89,4936 65,84871 23,6499
17100 99,49874 73,20647 26,29228

Ta6umna 8
0 1 2 n
e’ Ae? Ale™ Ale™
2! n!
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Tabamma 9

|X -4 A 1-2 2-1 n-2a
P e—ﬂ. /Ie—l lze"l l"e“ﬂ
2! n!
TaGmmma 10
X-4 |4 A-1 A-n | a=(n+l) | (n+2) - A
P e’ de™* et Artle™ A2
n! (n+1)! (n+2)!

CTPaHEHHBIX CTyYalHBIX BEJIMYMH KeIaTeTh-
HO 3HaTh 3aBUCUMOCTb UX B Bume o(X) =
KA(X) (t.e. sBHOE 3HAUeHUE KOA(DbUIIMEHTa
K). BunoMuanbHblii, MyacCCOHOBCKUY U T€0-
METPUUYECKUI 3aKOHBI PACTIPEIETICHUST ITUPO-
KO HCTIOB3YIOTCSI B PAa3JIMYHBIX 00JIACTSIX,
MOATOMY 1ieJIecoOO0pa3HO HAUTH 1151 HUX a0-
COJIIOTHBIN MEPBBIA LEHTPAJIbHBIA MOMEHT
A(X).

BAPUAHT ON9 rEOMETPUYECKOIO
3AKOHA

TeoMeTpuueckuii 3aKOH pacrpenae/ieHus
(Tabnuiia 4) UMeeT YHCIIOBBIC XapaKTePUCTH-

G(X)=£.
P

bl

1
ki MX=—; 1(X)=-L;
p p

1
Teopema 1. Iycts n<—<n+1, torma
p
A(X) = 2nq", n = 1; 2;... loka3aTeJbCTBO
1
MPOBEIEM 0 MHAYKLKHK 110 n. [Tpn 1<—<2
p

“MeeM BapMaHT TaOIUIIbI 5.

1
——1 npencrasum B Buze
p

l—1=l—l+2[l—lj, Torma

p p P

MX—l =l—l+2[l—lJp=2—2p=2q
pl PP p

YIOBJIETBOPSIECT TOKa3bIBacMOM (popmyiie.

1
Ilycts npu n£;<n+1 nmeeMm A(X) =

2nq" (cM. Tabauiy 6), TOKaxeM, 4TO MpHU

n+1$l<n+2A(X)=2(n+l)q"“.
p

1
=5 (n + 1) MPEACTaBUM B BUIE
p

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 16-29 (2017)

1 1
n+l1)——+2| ——(n+1) |, Torna
( ) p (P ( )]

M‘X—l‘ =2nq" +2[l = (n+1)qu" =
p p

=2ng" +2¢" -2(n+1)pg" =
=2(n+1)g" -2(n+1)pg" =
=2(n+1)g"(1-p)=2(n+1)g"",

4TO U TpeﬁOBaJ'[OCb J0Ka3aThb.
3ameyanue. Jlerko IIPOBEPUTDH, YTO B TCO-

1
peMe MOXHO 3aMeHUTh n<—<n+l Ha
p

1
n<—<n+1,1e. A(X) — HenpepbIBHASA (DYHK-
p

1M OT .

Hnst cpaBHeHus o(X) u A(X) B BapuaHTe
reOMETPUYECKOT0 3aKOHA pacripeaeeHUs
cocraBJieHa Tabiuia 7.

BAPUAHT O0J19 SAKOHA
PACNPEOENEHNYA MYACCOHA

PaccMmotpum 3akoH pacnpeneneHus Ily-
accoHa (tabauua 8).

CnyvaiiHas BeJIMUMHA, paclpeaeaeHHast
no 3akoHy IlyaccoHa, uMeeT 4MCIOBbIE Xa-
paktepuctiki: MX =1; JI(X) = A; o(X) = VA.

Teopema 2. IMyctb n < A < n + 1, Toroa
2 ln+l e—/l

A(X)= p

,n=0; I; 2;.... lokasaren-
CTBO MpPOBeJAeM Mo MHAYKLUUU 1o n. [lpu
0 <A <1 wumeeM BapuaHT TaOJULBI 9.

A mipeactaBum B Bune A = (0—L)+2A, Tor-
na M|X—A| = A—A+2ke™* = 2he™* =
A—A+2\e™ — 4TO yIOBIETBOPSIET 1OKA3bIBa-
emoii (popmyiie.

IMyctb mpu n <A <n +1 umeem
B 21n+le—ﬂ
ol

A(X)

l'yceB A. . AGCONIOTHBIN NEPBbIV LIeHTPasibHbIi MOMEHT Clly4alHbIX BEJINYUH




Ta6mmua 11
3unavenus o(X), A(X) u o(X) —A(X) nas 3akona pacnpenenenus Ilyaccona
A =] A -4
1 1 0,735759 0,264241
2 1,414214 1,082682 0,331531
3 1,732051 1,344251 0,3878
a4 2 1,562935 0,437065
3 2,236068 1,754674 0,481394
] 244949 1,927478 0,522012
7 2,645751 2,086039 0,559712
a8 2,828427 2,233385 0,595043
9 3 2,371602 0,628398
10 3,162278 2,502201 0,660077
20 4472136 3,553413 0,918723
30 5477226 4358072 1,119154
40 6,324555 5,035763 1,288792
20 7,071068 5,632501 1,438567
B0 7, 745967 b,171809 1,574157
J0 &8,3666 6,667639 1,698961
a0 8,944272 7, 129067 1,815205
=11 9,486833 7,562392 1,924441
100 10 7,972199 2,027301
Ta6mauma 12
0 1 k n
q" npqn—l anpkqn—k »'
Ta6muna 13
|X _ np| np 1-np k-np n-np
qn npqn—l C,prkq"_k pn
Ta6mmma 14
|X _ np| np np-1 np-k k+1-np n-np
P qn npqn—l anpkqn—k C:+1pk+1qn—k—l pn
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Taommua 15

3unauenus o(X), A(X) u o(X) — A(X) /151 OMHOMHATBLHOTO 3aKOHA pacnpenesieHus npu n = 100

p o]

1] U]
0,01 0,994987
0,02 14
0,03 1,705872
0,04 1,959592
0,05 2,173449
0,06 2374868
0,07 2,55147
0,08 2,712932
0,09 2861818

0,1 3
0.2 a
0,3 4,582576
0.4 4,898979
0.5 3
0,6 4,898979
0,7 4,582576
0.8 4
0,9 3

1 0

(cMm. Tabauny 10), mokaxkeMm, 4TO IIpHU
2ﬂn+2e—l
(n+D)! -~
A—(n+1) nmpeacrtaBuM B Buae (n+1)—
AT2(A—(n+1)), Torna

n+1<A<n+2A(X)=

Zﬂ,nﬂ -4
M|X - 4|= n!e +2(A = (n+1))s
lmle—l 2ﬂn+2e—/l

(n+1)l (n+D!”

YTO 1 TPpeOOBAJIOCH OKA3aTh.
3ameuyaHue. JIerko mpoBepUTh, YTO B T€O-
peMe MOXHO 3aMeHUTb n <A <n+lHan<A <
n+1, T.e. A(X) — HenpepbIBHAs GYHKLMS OT A.
Hns cpaBHeHus o(X) u A(X) B BapuaHTe
pacnipenenenus [lyaccoHa cocraBieHa Ta0-
Juua 11.

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 16-29 (2017)

A 6-A

0 0
0,732064683 0,262923
1,071782533 0,328217
1,323899422 0,381973
1,531303658 0,428288
1,710169359 0,46928
1,868659559 0,506209
2,011576301 0,539893
2,142031945 0,5709
2,262177211 0,59964
2,373576243 0,626424
3.177606874 0.822393
3,64492232 0,937653
3,89851896 1,000461
3,979461869 1,020538
3,39851396 1,000461
3,64492232 0,937653
3,177606874 0,822293
2,373576243 0,626424
0 0

BAPUAHT N9 BUHOMUAJIBHOIO
3AKOHA

PaccmoTpuM GMHOMUATBHBIN 3aKOH pac-
npeaeneHus (Tadbauma 12).

CiyvaifHas BeJIMUMHA, pacrpeneiéHHas
110 OMHOMMAJIbHBIN 3aKOHY, UMEET YMCIIOBbIE
xapakrepuctuku: MX = np; I(X) = npq;

o(X)=+/npq.

Teopema 3. ITyctb k—1 <np <k, k=1; 2;
...n, Torga A(X)= 2kC,ic g, JlokazaTesb-

CTBO mpoBeaeM 1o uHaykuuu no k. IMpu k=1,
T.€. 0 <np < 1, uMeeM BapuaHT TabauLbI 13.
3aech np npeactaBuM B Buae 0—np+2np,
torga M|X—np| = np—np + 2npq" = 2npg" —
YTO yAOBJIETBOPSIET JJOKa3bIBaeMoii (popmyie.
ITyctb npu k-1 < np <k umeem
A(X)=2kC} p*q"™" (cm. a6ty 14).
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R

3navenus ¢(X), AX) u o(X) —

p 5]

0 0
0,001 0,9995
0,002 1,412799
0,003 1,729451
0,004 1,995996
0,003 2,230471
0,006 2,44213
0,007 2,636475
0,008 2,817091
0,009 2,986469

0,01 3,146427
0,05 6,892024
0.1 9,486833
0,15 11,29159
0,2 12,64911
0,25 13,69306
0.3 14,49138
0,35 15,0831
0.4 15,49193
0,45 15,73213
0.5 15,81139

Joxaxem, yto mpu K < np < k+1

A(X) — 2(k + 1)C:+1pk+1qn_k .

np—k mpencraBuM B BuUge np—k =

k—np+2(np—k), Torma numeem

M|X —np|=2KC} p*q"**" +

2(np-k)C; pq"* =

=2npC: p*q"™* +2kCt p*q"*(g-1)) =

_ 2nckpk+l n—k 2k k k+1 n k

— 2(n k)ckpk+l n— k

Ck ( k) k+1 _n-k
— 2(k + I)Ck+1pk+l n— k

YTO U TPeOOBAJIOCH 10KA3aTh.

Hna cpaBHeHMs o(X) u A(X) B BapuaHTe
OMHOMUATBHOTO 3aKOHA PACIIPEIEICHUS COC-
TaBJeHbI ABe Tabauubl: npu n = 100 u npu
n = 1000.

BBuy cuMMeTpuu SICHO, YTO ITPU CUMMe-
TPUYHBIX 3HAYEHUSAX P Pe3yJbTaThl OYIyT
OIMHAaKOBbI, HarpuMep mpu p=0,6 up=0,4

=2k +1)2

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 16—29 (2017)

Taoamma 16

A(X) 119 OMHOMHAJIBHOTO 3aKOHA pacnpeaeeHus npu n = 1000

A 6-A

0 0
0,735391 0,264109
1,081599 0,3312
1,342233 0,387218
1,559805 0,436191
1,750281 0,43019
1,921686 0,520445
2,078724 0,557751
2,224432 0,532659
2,360903 0,625566
2,439656 0,65677
5,489858 1,402166
7,563022 1,923811
9,004249 2,287341
10,08812 2,560995
10,92154 2,771524
11,55882 2,932555
12,03117 3,051933
12,35751 3,13442
12,54925 3,182887
12,61251 3,198879

(cM. Tabnuiy 15). I[Moatomy Tabiuia 16 coc-
TaBiaeHa go p = 0,5.

BAPUAHT AJ1 KJIACCUYECKUX
HEMPEPbIBHbIX CJTYHYAUHbIX
BEJIN4YUH

B sToMm paszesie HaxonsaTcs abCOIIOTHBIE
NEPBbIE LIEHTPAIbHBIE MOMEHTBI /ISl PABHO-
MEPHOTO0, NMOKa3aTeJbHOTO U HOPMaJbHOIO
3aKOHOB pacIpe/e/eHUs.

Pasnomepnbwtil 3axon pacnpedeaenus
CnyyvaiiHag BeiuyrHa X, paBHOMEPHO
pacrnpeneneHHasl Ha oTpe3ke [a, b], umeer

1
MJIOTHOCTh P(X), paBHYI0O —— , Ha OTpe3Ke
6—a

|a, b], BHE — 0. I1pn a3TOM

MX:a—i—e

_6—a
243
Boraucium A(X) (pe3yabrat, KOHEUYHO,

6—a
OYEBUJIEH U PAaBEH 4 ):
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“eatz 7 7
1 x> a+e |

'e—a(T_ 2 )Lﬂ»_
2

(a+6')2 (a+3)2

_1 4 8 _

6-al g+g¢ d°
— a J—

2 2
i_aﬂz 3
1|2 2 B
6—a (a+3)2+(a+6’)2

8 4

2
__ 1 f(ate) | _s-a_
6—a 4

~ 0,866 o(X).
ITloxazameavnuii 3aKon pacnpedesenus
ChyyaiiHag BenuurHa X, pacripefeeHHas
110 TTOKa3aTeIbHOMY 3aKOHY, UMeeT IJIOTHOCTh
p(x), paBHYyIO Ae™, mpu X > 0 U HYJIEBYIO
TIOTHOCTH Ipu X<0.

1 1 1
MX=—; D(X)=—; a(X)=—
A ( ) A? (X) A
Boeruuciaum A(X) (pe3ynsraT 31ech, KOHEU-
HO, HE OYEBUJICH):

1
1 o
AX) = [(==x)e ™ dx + (x——}e’“ dx =
I\ Jx-z
A

1 1
= j-e”l"dx = j-x/le’“dx + Tx/le"{"dx = J.e"{"dx =
0 0 1 1

P A
1

1

t —-Ax t —Ax 1 €
= 2_[e dx —2Ix/1e dx +——

0 0 A =2

—ax |®

0

1 1

A 1 A
=2J.e"1"dx+2 xe - Je"" dx |=
0 0

= i ~0,7360(X).
el

Hopmanavnouii 3axon pacnpedeaenusn
CiryqaitHast BenmrunHa X, pacrpeneieHHast
10 HOPMaJTbHOMY 3aKOHY, MMEET TIJIOTHOCTh

_(x-a)?

e ¥ MX=a,

P(X) =
N

DX)=0’, c(X)=0.

MoxHo cuutaTh, 4To a = ( (MHa4Ye BO3b-
MeM CJIyJyaiiHylo BEeJMYMHY X—a, KOTopas
nMmeet Takoii xxe A(X)).

Boruncium A(X):

N
e 2 dx=

A(X)=2fr—2

2ro

0 X

1 ey
=

, 2
-2 | o \E o ~0.7980.
\/%0' T
0
SAKJIOMEHUE
B cTaTbe BbIBeeHbBI aHATUTUYECKHE (POp-
MYJIbI a0COJIIOTHBIX TePBBIX LIEHTPaAbHbBIX
MOMEHTOB JIJIsI TeOMETPUYECKOro, OMHOMMU-
aJIbHOTO U ITyaCCOHOBCKOTO 3aKOHOB pacripe-
JIeaeHUsI. DTO TMO3BOJISIET HAUTU CPeIHIOI0
30HY pacIpeeaeHuii, BaKHYIO JJIs1 pacyeTOB
B MIPUKJIaJHBIX 3a1a4ax. PaboTa MoxkeT ObITh
HCIIOJIb30BaHa U B UCCIIEAOBAHUSIX 10 TEOPUU
BEPOSITHOCTEIA.
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ABSTRACT

The geometric, Poisson, and binomial distribution
laws are considered in the article. For each of them an
analytic formula of the absolute first central moments is

deviation, moments of random variables.

Background. Let a random variable X be taken
(no matter which, continuous or discrete), for example,
the worker’s salary. The mathematical expectation MX
(we take only quantities with a finite value MX)
characterizes the average value of the random variable.
When estimating the deviation of a random variable
from the mean value in an extensive literature on
probability theory (see, in part. [1-3]), the dispersion
ofthe random variable D(X)=M(X-MX)? is considered,
then the notion of the mean-square deviation

o(X)=+/D(X) is introduced and o(X) is called the

deviation of the random variable from the mathematical
expectation. What exactly characterizes the obtained
deviation is not very clear, let’s try to figure it out.

Objective. The objective of the author is to
consider the absolute first central moment of random
variables.

Methods. The author uses general scientific
methods, mathematical apparatus, scientific
description.

Results.

Three zones of value

Let the salary have the distribution law shown in
Table 1.

The average salary
MX =10-2 +30-1 4902 1 150.L 4 170.L = 90,
5 5 5 5 5
The dispersion
D(X) = 802-1+602-1+602-1+ 802-1 =4000,
5 5 5 5

a o(X)=+/3560 =63,25.

Now we calculate the true mean deviation of the
random variable from the mathematical expectation,

THE ABSOLUTE FIRST CENTRAL MOMENT OF RANDOM VARIABLES

Gusev, Anatoly I., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

derived, which allows us to find the average distribution
zone. The work is of a fundamental nature and can be
used in studies on probability theory, inapplied problems
where these distribution laws are present.

Keywords: random variable, distribution laws, mathematical expectation, dispersion, root-mean-square

that is, we find the absolute first central moment for
X(we denote itby A (X)):

A(x):M|X—MX|:soi+60-1+60-1+80-1=56.
5 75 75 5

As can be seen, the discrepancy between c (X)
and A (X) is large — 7,25 (thousand rubles). We take
random values for which A (X) is a finite number (if
A (X) = 0, then the random variable X is a constant),
while c (X) can be equal to « (for example, X takes
values i% with probability% ,n=1;2;...;...n).

For an arbitrary random variable, we consider
three zones of its values (Pic. 1).

The lower zone H: x < MX-A(X).

Middle zone C: [MX-A(X); MX+A(X)].

The higher zone B: x > MX+A(X).

Accordingly, we have a zone of low earnings at a
level of < 34, a zone of average earnings from 34 to
146, and a zone of the highest earnings at a level
above 146. Earnings of the amount of 30 fall into the
lower zone, but if we judge by the standard deviation
of o (X), then earnings fall into middle zone. It is
possible that a random variable takes only two values
of MX=A(X) and MX+A(X), then it is easy to assume
that the probabilities of accepting these values = 1/2.

At the same time, when a random variable takes
more than two values, the interior of the middle zone is
always not empty. Zone H can be empty, then zone B is
notempty(thatis, it means that only average and higher
earnings are available, they can be called good, as it is
favorable for society). And here MX = 16; A(X) =8. An
example of such a distribution is given in Table 2.

If, on the contrary, zone B is empty, then zone H is
notempty (this means that there are only medium and

Table 1
X (thous. rubles) 10 30 90 150 170
P 1/5 1/5 1/5 1/5 1/5
Table 2
X(thous. rubles) 10 22 34
P 4/6 1/6 1/6
Table 3
X (thous. rubles) 12 24 36
P 1/6 1/6 4/6
H C B
MX - A(X) MX MX + A(X)

Pic. 1. Zones of values of an arbitrary random variable.
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Table 4

X 1 2 3 n
p P pq pq’ pq™!
Table 5
‘X_l‘ 1 | . al
p p p p p
p P pq pq’ pq™!
Table 6
‘X_l‘ LA 1, . 1 e |@e-1
p p p p P p
p p pq pq™! Pq pq""!
Table 7
The values of 5(X), A(X) and (X) — A(X) for the geometric distribution law
4} o] i o-4A
1 0 ] i}
0,9 0,351364 0,2 0,1513064
0,8 0,559017 04 0,159017
0,7 0,732461 0,6 0,182461
0,6 1,054093 0,8 0,254093
0,5 1,414214 1 0,414214
173 2,44949 1777778 0,671712
174 3464102 2,53125 0,932852
15 4472136 3,2768 1,195330
16 2477226 4018770 1,45845
1/7 6,480741 4, 758833 1,721907
1/8 7483315 5,497743 1,985572
19 B8,485281 6,235909 2,249372
1710 9, 486833 B,973569 2,5132064
1720 19,49359 14,33944 5,154152
1730 29,49576 21,69969 7, 796072
1740 39,49684 29,0580 10,43824
1/50 49,49747 36,41697 13,08051
1/60 59,4979 43, 77508 15,72282
1770 69,4982 51,13304 18,365160
1/80 79,49843 58,4909 21,00752 Zgi £ |
1/90 89,4986 65,84871 23,6499 Hee
1100 99,49874 73,20047 26,29228
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? 6 Table 8
Hee X 0 1 2 n
P e Ae™ Ale™ Ale™
2! n!
Table 9
|X -4 A -2 2-2 )
P et de? Ale” Ale
2! n!
Table 10
|X—;L| y: A-n A—(n+1) n+2)- A
P e Ale™* Arle™ Ale
! (n+1)! (n+2)!
Table 11
The values of 5(X), A(X) and (X) —A(X) for the Poisson distribution law
A ] A G-4
1 1 0,735739 0,264241
2 1414214 1,082682 0,331531
3 1,732051 1,344251 0,3878
4 2 1,562935 0,437065
5 2,236068 1,754674 0,4813594
] 2,44949 1,927478 0,522012
7 2,645751 2,086039 0,559712
k) 2,828427 2,233385 0,595043
9 3 2,371602 0,628398
10 3,162278 2,502201 0,660077
20 4472136 3,553413 0,918723
30 3477226 4,358072 1,119154
a0 6,324555 5,035763 1,288792
a0 7071068 5,632501 1,438567
60 7,745967 6,171809 1,574157
70 8,3666 6.667639 1,698961
80 8,944272 7.129067 1,815205
a0 9,486833 7.562392 1,924441
100 10 7.972199 2,027801
Table 12
X 0 k n
P q" npq"! Cip'q"" P
Table 13
|X - np| np L-np k-np n-np
P q" npg"”! Cira"" ?
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Table 14

‘X _ np‘ np np-1

np-k k+1-np n-np

P qn

n-1

npq

Ck k n—k Ck+lpk+l n—k—1 “ee n
n

q p

low earnings, and we are talking about unsatisfactory
situation in society). Table 3 shows an example of such
a distribution, where MX =30; A (X) = 8.

From the general theory it follows that both for
discrete and continuous random variables o (X) > A(X),
however, for prevailing random variables it is desirable
to know their dependence shown in the form
o(X) = KA(X) (i.e. the explicit value of the coefficient
K). The binomial, Poisson, and geometric distribution
laws are widely used in various fields, so it is expedient
to find the absolute first central moment A(X) for them.

Variant for the geometric law

The geometric distribution law (Table 4) has

1
numerical characteristics: MX=; ; D(X)—*2 ;

V4
o(X)= \/—

1
Theorem 1. Let nS;<n+l, then A(X) = 2nq",

1
n=1;2;... The proofis by induction onn. For 1< ; <2,

we have the variant of Table 5.

1
; -1 is represented in the form

l—1 :l—l+2[l—lj, then
p p p
1 1 1 1

‘ +2(;—1]p=2—2p=2q satisfies
the formula to be proved.

1
Letat n< ; <n+1 wehave A X)=2nq"(see Table 6),

n+l

1
we prove that at n+1 §;<n+2A(X):2(n+l)q

—(n+1) is represented in the form
(n+1)—l+2[i—(n+1)j, then
P P

M‘X—l‘=2nq" +2[l = (n+1)qu" =
p p

=2ng" +2¢" -2(n+1)pg" =
=2(n+1)¢" —2(n+1)pg" =
=2(n+1)g"(1-p)=2(n+1)g"",

which was to be proved.
Note. Itis easy to verify thatin the theorem we can

1 1
replace nS;<n+1 by nS;SnH, i.e. A(X) -

continuous function of p.

To compare o(X) and A(X)Table 7 is compiled in
the variant of the geometric distribution law.

Variant for the Poisson distribution law

Let’s consider the Poisson distribution law
(Table 8).

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol.

A random variable distributed according to the
Poisson’s law has numerical characteristics: MX = A;

DX)=%; o(X)=~14 .
Theorem 2. Letn<)\<n+ 1, then
zﬂ’nﬂe—l
|

o(X)= ,n=0;1;2.... We carry out the proof
by induction on n. For 0 <\ < 1 we have the variant of
Table 9.

A is represented in the form A = (0-1)+2A, then
M|X-L\| = A-A+2he™* = 20e™* = A-A+2)e™ — which
satisfies the formula to be proved.

_ 2in+le71
Letforn<x<n+1wehave AX)= o (see
Table 10), we prove that for
n+2 -4
n+1< A<n+2AX)= G .
(n+1)!
A—(n+1) is represented in the form
(n+1)-A+2(A~(n+1)), then
ﬂnﬂ - ﬂmlew{ 21/&2671

M|X - 4|= +2(1— (n+1))

(n+1)l (n+D)°

which was to be proved.

Note. Itis easy to verify that in the theorem we can
replacen<i<n+1byn<i<n+1i.e. A(X)iscontinious
function of A.

For comparison of o(X) and A(X) in the Poisson
distribution variant Table 11 is compiled.

Variant for the binominal distribution law

Let’s consider the binominal distribution law
(Table 12).

A random variable distributed according to the
binomial law has numerical characteristics: MX = np;

D(X) = npg; o(X)=+/npq.
Theorem 3. Let k-1 < np <k, k= 1;2;...n, then
A(X) =2kC! p*q"™**. We carry out the proof by induction

onk. Fork=1,i.e. 0<np <1, we have the variant of
Table 13.

Here np is represented in the form 0-np+2np,
then M|X-np| = np-np + 2npq" = 2npq" — which
satisfies the formula to be proved.

Let for k=1 < np < k we have A(X)=2kC: p*q"*"
(see Table 14). Let us prove that for k < np < k+1
AX) =2k + 1)C,’,C+1pk+lqn—k ]

np-k is represented in the form np-k = k-
np+2(np-k), then we have

M|X —np|=2kC* p*q"*" +2(np—K)C* pq"* =
_2npck k nk+2kckpk nk(q 1))_
_2nckpk+l n—k 2k k k+l n—k_2(n k)ckpk+l nek _

Mpkﬂ n—k 2(k+1)ck+1pk+l - k
(k+1)
which was to be proved.
For comparison of o(X) and A(X) in the variant of

the binominal distribution law two tables are compiled
forn =100 and for n = 1000.

=2(k+1)
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Values of 5(X), A(X) and o(X) —

8] &

1] 1]
0,01 0,994587
0,02 1.4
0,03 1,705872
0,04 1,959592
0,05 2,175449
0,06 2,374868
0,07 2,55147
0,08 2,712932
0,09 2,861818

0,1 3
0.2 4
0,3 4,582576
0,4 4,898979
0,5 3
0,6 4,898979
0,7 4,582576
0,8 4
0,9 3

1 1]

Table 15

A(X) for the binominal distribution law for n = 100

A 6-A

0 0
0,732064633 0,262922
1,071782533 0,328217
1,323299422 0,381972
1,531303658 0,428288
1,710169353 0,46928
1,868659559 0,506209
2,011576901 0,539893
2,142031945 0,5709
2,262177211 0,59964
2,373576243 0,626424
3.177606874 0.822393
3,64492232 0,937652
3,89851896 1,000461
3,979461869 1,020538
3,89851896 1,000461
3,64492232 0,937653
3,177606874 0,822393
2,373576243 0,626424
0 0

In view of the symmetry, it is clear that for
symmetric values of p the results will be the same, for
example, at p = 0,6 and p = 0,4 (see Table 15).
Therefore, Table 16 is made up to p = 0,5.

Variant for classical continuous random
variables

In this section we find absolute first central
moments for uniform, exponential and normal
distribution laws.

Uniform distribution law

A random variable X, uniformly distributed on the

1
interval [a, b], has density p(x), equal to Pyt onthe
interval [a, b], and equal to 0 outside it. In this case
2
(6-a) 6-a
D(X)= s —_—.
&9 12 243
Let’s calculate A(X) (the result is, of course,

MX=(1+8

o(X) =

2
_ 1 ((‘”3) _aB]:"‘“ ~ 0.866 o(X).
6—a 4 4

Exponential distribution law
A random variable X, distributed in exponential
order, has density p(x), equal to Le, atx>0and zero

, 1 1 1
density at x < 0. MX=I, D(X)=7, G(X)=z.

Let’s calculate A(X) (the result here is, of course,
not obvious):

1
obvious and equal to % ): A(X)= j'(l x)e ™™ dx+.|'( ) T dx =
5 A A
7
B a+e a+e 7 7
A A ©
A(X) I( —x) dx+ I =Ie’“dx .[ xle l"dx+J.x/1e Hdx — e dx =
a a-;-s ) ) 1 1
+6 4 g
1 a+e xt |2 1 x a+e | % % ax|?
_ _X EEa - . ) 1
e—a( 2 2 )a 6 a( 2 2 X)ﬂ =2_[e - dx—ZJ.xle “ dx+z—e—/1 =
2 0 0 o
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Table 16

The values of 6(X), A(X) and ¢(X) — A(X) for the binominal distribution law for n = 1000

P 8]
0 0
0,001 0,9995
0,002 1,412799
0,003 1,729451
0,004 1,935996
0,005 2,230471
0,006 2,44213
0,007 2,636475
0,008 2817091
0,009 2,986469
0,01 3,146427
0,05 6,892024
0,1 9,486833
0,15 11,29159
0,2 12,645911
0,25 13,69306
0,3 14,45138
0,35 15,0831
04 15,49193
0,45 15,73213
0.5 15,81139
7 L3
=2J‘e"xdx+2 xe"’oI - J.e’b‘ dx |=
0 0

el =0,7360(X).
el

Normal distribution law
A random variable X, distributed according to the
normal law, has density

] e
p(x)=mo_e 20" MX=a,

D(X)=0’, o(X)=0.

We can assume that a = 0 (otherwise we take a
random variable X-a, which has the same A(X)).
Let’s calculate A(X):

2 2

.ol 5 1 55
A(X)zzlxmae 2 dx=\/ﬁaj;e 7 d(x*) =

i -4

0 0
0,735391 0,264109
1,081599 0,3312
1,342233 0,387218
1,559805 0,436191
1,750281 0,48019
1,921686 0,520445
2,078724 0,557751
2,224432 0,592659
2,360903 0,625566
2, 489656 0,65677
5,489858 1402166
7,563022 1,923811
9,004249 2,287341
10,08812 2,560995
10,92154 2, 771524
11,55882 2,932555
12,03117 3,051933
12,35751 3,13442
12,54525 3,182887
12,61251 3,198879

e

20°

e
= e =,|—0o ~0.7980.
2o K \/;

Conclusion. The analytical formulas for the
absolute first central moments for the geometric,
binomial, and Poisson distribution laws are derived.
This allows us to find the average distribution zone,
which is important for calculations in applied
problems. The work can also be used in studies on
probability theory.
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THEORY

@[K 519.6:311

Bar6aatap AABAALOPX
Batbaatar DAVAADORZH

t0puii KPAKOBCKUM
Yuri M. KRAKOVSKY

Fuzzy Numerical Probability Analysis
of Rail Fastenings Reliability

(TekcT cTatby Ha aHIJ. 3. —

English text of the article — p. 36)

B kayecTBe BepOSiTHOCTHOW MoAenn
BbIYUCJIEHUSI MOKa3aTesier HaféXHOCTU
pesibCOBbIX CKPErJiIieHUii UCNoJib3yeTcs
TpeyrosibHoOe pacnpeaesieHue ¢ 4ByMs
napamMmeTpamMu — MakCuMasibHbIM U Hanbéosee
BeposAITHbIM. He4ETKnii YNCIIeHHbINA
BEPOSITHOCTHbIN aHaJIN3 C NPUBJIEHEHUEM
UMUTaLNOHHOIO MOA4E/INPOBAHUS
npeagnonaraeT, YTO 3KCNepTbl C MOMOLYbIO
nMeroLericst Y HUX CTaTUCTUYeCKOM

" 3KCNepTHOW NHPOPMaLUU MOTYT YACJIEHHO
OL€HUTb MaKCUMaJibHOe 3Ha4YeHue
HapaboTKu, a AJisi BTOPOro 3Ha4eHus

(Mopabl) NpeAsIoXNTb JTULLIL MHTEPBAaJl ero
n3ameHeHus. 3To Hanbosiee peasnbHas
cuUTyauusl B NPaKkTU4eCKnX npusioXeHusx

B YCJIOBUSIX HEOMNPEeaes1€eHHOCTU NCXO4HbIX
AaHHbIx. [peanoxeH anropuTm He4YETKOro
aHanusa, KOTopblii anpobupoBaH Ha OCHOBE
aKcnepTHou nHopmaunu.

KnioyeBbie c/108a: pesibCoBbIE CKPErIeHUs,
riokasaresi HaAExXHOCTU, YUCIIEHHbIN
BEPOSITHOCTHbIV aHasin3, UMUTaLNOHHOE

mogesipoBaHue.
|
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BOTNPOCHI TEGP

He4yEéTKnn YMcJieHHbIn
BEPOATHOCTHbIA aHAaNNU3 HA[EXHOCTU
penbCoBbIX CKpenjeHnm

Kpaxoeckuii FOpuii Meuecaasosun — doxmop
MexXHU4ecKux HayK, npogeccop Kageopwl
UHGOPMAUUOHHBIX CUCMEM U 3aUUMbL UHGOpMayUuU
Hpkymckoeo eocyoapcmeenoeo yHugepcumema
nymeii cooouernus, Upkymck, Poccus.

Jlasaadopyac bambaamap — compyonux Yaan-
Bamopckoii aceaesroii dopoeu, achuparnm HpKymckoz2o
20Cy0apcmeeHH020 yHugepcumema nymeti coooujeHus,
Yaan-bamop, Moneoaus.

pU CO3JaHUU XKEJIE3HOLOPOXKHOTO

IyTU UCTIOJIb3YIOTCS PA3IMYHBIE KOM-

TIOHEHTBHI, BKJIIOYAs PEJIbCHI, IITATbI,
MNOIKJIaAKKU, 0aIacT U 3€MJISTHOE MOJIOTHO.
CoennHSIONNM 3JIEMEHTOM 3TOM CUCTEMBI
CJTyXart peJIbCOBbIe CKperuieHus. B nocnennue
roJbl TPU OPraHU3aLMU MYTEBOrO XO3SCTBA
UM YJeJIeTcs 00JIbIIOE BHUMAHUE, UTO OTPa-
JKE€HO B PA3JIMYHBIX HAyYHBIX U HOPMATUBHBIX
pabotax [1-5].

OcHOBHasl 331a4a TAKUX TTPOMEKYTOUHBIX
KOHCTPYKIIMI — COXpaHEHUE TEOMETPUYECKUX
napamMeTpoOB PEIbCOBOM KOJIEW MPU Mepeaaye
U TAlllEeHWU CWJI OT AUMHAMUYECKOTO BO3AEH-
CTBUS MOABMKHOTO cocTasa. [1pu aToM cBOii-
CTBA CKPEMJIECHUS NOJKHBI YYUTHIBATH HE
TOJIKO CTaHAAPTHBIE YCJIOBUS PAOOTHI MyTH,
HO Y HETaTUBHBIE BO3ICHICTBUS TPAHCITIOPTHOMN
Harpy3Ku Ipyu HEPABHOMEPHOM pacIipesesie-
HUW YCUJIUM HA PEJIbCOBBIE HUTU BO BpPEMS
BIACBIBAHUS TTOJABUKHOTO COCTaBa B KPUBOU
yuactok [4]. [Ipyrast 3amaya CKpernaeHus: —
3JIEKTPOU3OJISILIUS PEJIBCOB OT MOAPEIbCOBO-
0 OCHOBAaHMUSI, YTOOBI MUHUMU3UPOBATH T10-
TEPI0 CUTHAJIOB PEIbCOBBIX 3JEKTPUYECKUX
Liernen.

Tun ckperuieHus 3HaYUTETbHO BIUSIET HA
CTOMMOCTHBIE XapaKTEPUCTUKU CTPOUTEIb-
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Puc. 1. lncTtorpamma 4acToT A1 TPEYrosibHOro pacnpeneneHus.

HOTO M 2KCIJIyaTallMOHHOTO KOMIIJIEKCOB
JKeJIe3HOMOpOoXKHOTo ImyTh. OMHUM M3 Tepc-
TEKTUBHBIX TUIIOB, MCIIOJIb3YeMbIX Ha YiIaH-
baTtopckoii xene3Hoil mopore, SIBASICTCS
APC — ympyroe 6ecnionkianodHoe 0e3pe3b-
00BOE CKpeIlICHUE C Hepa3IeIbHBIM aHKEPOM,
3aMOHOJMYECHHBIM B 1many. CKpeIieHus
APC moanepXuBamTCI U KOHCTPYKTUBHO
pa3BuBatorcs crienuaniucraMmu MUHNT, koto-
pble MIPOBOAAT MOHUTOPUHI Ha 26 ydacTKax
BOCBMU KEJIE3HBIX JOPOT B PA3TUYHBIX KC-
TUTyaTallMOHHBIX YCJIOBUSX [1].

C TOYKM 3peHUS TeOPUU HAAEXKHOCTHU
pPEIbCOBBIC CKPEIICHUSI MOXHO OTHECTH
K HEeBOCCTaHaBJIMBaeMbIM OOBEKTaM, MO0
B CJTyyae BOSHUKHOBEHHUS OTKa3a OHU HE TTOI-
JIeXKaT BOCCTAaHOBJICHUIO (MOTYT 3aMEHSIThCS
JINIT> OCHOBHBIC Y3JIBI COSAMHEHUS). A T0-
CKOJIBKY OTKa3bI IIPOUCXOMIST IO CAMBIM pa3-
HBIM IPUYMHAM, BOZHMKAET 3a1ada ompe/e-
JICHUS TIOKa3aTesiell HalEsKHOCTH JIJIST PETbCO-
BBIX CKPEIICHUI B YCIIOBHSIX HEOTIPEICACH-
HOCTH IIPY MajJioM 00BEME CTaTUCTUYCCKUX
TAHHBIX.

MOJEJIN BbIMUCJIEHUSA
NOKA3ATEJIEM HALEXKHOCTU

B paGore [6] B KauecTBe BepOSITHOCTHOM
MoJeId HapaOOTKM IJIsl CKPEeIUICHUM TUIla
APC nipeuioxXeHo TpeyrojibHOe pacripeaeie-
HUE

2ot

, 0<t<t,
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MaremaTrnueckoe oxXugaHue 151 HEro
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DKCHIepThl, UMesT HEKOTOPYIO CTaTUCTHIC-
CKYI0 MTH(MOPMAIIIIO, OIICHUBAIOT HANOOJITBIIICE
3HaueHue (7, ) 1 HanboJIee BEPOSTHOE 3HAYEHUE
(¢ ), KOTOpOE Ha3bIBAIOT MOIOI. DTH Mapame-
TPbI ONPENESIIOTCS HA OCHOBE CTATUCTUYECKOM
U 3KCTIEepTHOM MHMOpMaLu, UMeloLIeics
B JIUTEpaType U HOPMATUBHBIX JOKYMEHTaX.

Tax, B [3, 5] onmucaHbl ONBITHBIE YYACTKHU
IMyTHU, KOTOPBIE PAaCITOJOXEHBI Ha CaMBIX
CJIOXKHBIX U TPY30HAIPSKEHHBIX HarpaBie-
HUSIX. 3aMephl TapaMeTPOB COCTOSTHUS TIPO-
BOJISITCS] COTJIACHO METOIMKE CPABHUTEJIbHBIX
9KCIUTyaTallMOHHBIX UCIBITAHUI KOHCTPYK-
LMK TPOMEXYTOUHBIX PEJIbCOBBIX CKpEILIe-
Huii. [TogoOHBIE 3aMephbl AeNalOTCs U Ha
VYB2XK]I Ha yyacTKax ¢ MaJlbiIM pPaguycoM
1 OOJIBILION TPY30HANIPSKEHHOCTBIO.

B HameM mccnenoBaHuM MakCUMallbHAS
HapaboTKa peTbCOBOTO CKPETJIEHUS TPUHSTA
550 MJIH T * KM, @ HauboJiee BEpOSITHOE 3HaYe-
Hue 200 MaH T* kM. B KauecTBe eqMHUILIBI
U3MepeHust NpuHATO 50 MJIH T * KM, 3TO
U OTIPEACIMIIO 3HAYCHUSI UCXOTHBIX TaHHBIX:
t, =11 (550 MIH T * KM),

1 =4 (200 MIH T * KM). 3)

Mg mapametpoB (3) MaTeMaTH4eckKoe
oxungaHue (2) paBHO 5.

CrenyeT NoMYEpPKHYTh, YTO ONKUChIBAEMOE
HCClIeI0BaHMEe HOCUT METOIMYECKUM XapakK-
Tep W HE MPEeTeHAYyeT Ha TOYHOCTb OLICHKU
mapaMeTpoB A HapaOOTKHU PeIbCOBHIX
CKPETUIEHUI.

B paGore [6] a1 9TOro pacmnpeneaeHus:
MTOJTyYEeHBI aHAJTUTUIECKUE BBIPAKCHUS I
CJeAyIOIIMX MoKa3aTeael HaaeXKHOCTH:

1) BeposiITHOCTb O€30TKa3HOI paboTHI (Be-
POSITHOCTb TOI'O, YTO A0 BPEMEHHU ! OTKa3
00BEKTa He TTPOU30IIeT);

Kpakoeckumn 0. M., laeaapopx batoaatap. He4E€TK1U YNCNEHHbI BEPOATHOCTHBIN aHaNN3 HafeXXHOCTU
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2) UHTEHCUBHOCTb OTKA30B;

3) cpenHsist HapaboTKa 10 0TKAa3a;

4) raMmMa-TIpoIIeHTHBII pecypc — cymMMap-
Has HapaboTKa, B TeYeHUE KOTOPOH OOBEKT
He IOCTUTAET MPEACTIbHOIO COCTOSIHUS C Be-
POSITHOCTBIO V;

5) cpeaHuit OCTaTOYHBIM pecypc A0 0TKa3a;

6) raMMa-TIPOLIEHTHBI OCTATOYHBIA pe-
CypC IIJIs1 BEPOSITHOCTH Y.

IlepeuncneHHbIe TOKa3aTEIN PEKOMEHA0-
BaHbI B Pa3JIMYHBIX UCTOYHUKAX, HAIIPUMEP
[7, 8].

B paborax [9, 10] st TpeyroiapHOro pac-
Tpesie/ieHs HapabOTKM TOJTyYeHbl YMCIIEH-
HbIE aJITOPUTMBI BBIUMCIICHUS TIOKa3aTeseit
Ha/E€XXHOCTU, OCHOBaHHBIE Ha pe3yJibTaTax
WMUTAIIMOHHOTO MOJIEJIMPOBAHUSI M HAYUHBIX
pekoMeHmanusx [11—-13].

Junsa pacnpenenenus (1) anroputm Moje-
JINPOBAaHUS BpEMEHU HapaOOTKU KakK Ciiydyaii-
HOIt BeJIMUMHBI UMeeT Buj, [9]:

!
1 otyer, 0<rst—°; 0<r<t,

t=1t, =t (, —1,)1-r),

14
t—°<r<1; t,<t<t,.

m

4

3nech r — 3HAUYEHUE TICeBAOCTyYaliHOM
BEJIMYMHBI, PABHOMEPHO pacIipeieIeHHOM Ha
untepsaie (0, 1).

Ha puc. | npuBeaeHa rucrorpaMmma 4acTor,
MOJTy4eHHAas UMUTAIITMOHHBIM MOJIEINPOBa-
HHueM 1o dopmyie (4) mrsg mapameTpoB (3).
Bumna xopotiast CBSI3b ¢ TPEYroJbHBIM pac-
npeaeneruem (1).

AJITOPUTM BEPOATHOCTHOIO
AHAJTU3A

Heuérkuii yMcaeHHbIN BEPOSITHOCTHBIN
aHaJM3 C MPUBJICUCHUEM MUMUTAIIMOHHOTO
MOIETMPOBAHUS IIPEIITOJIAraeT, YTO SIKCIICPTHI
Ha OCHOBaHUU UMECIOIIEHCS Y HUX CTATUCTH -
YECKOM M 3KCTIEPTHOM MHMOPMAIIMU MOTYT
YHCJIEHHO OIICHUTh MaKCUMaJIbHOE 3HaUCHIE
HapaGoTKu (7,), a IUld BTOPOro 3HAYEHUA
(MOOBI) TIPEMIOXUTD JIMIIb UHTEPBAI €T0
usMeHeHus (a, b). Oto Hanbosee peasbHast
CUTyallsI B TIPAKTUICCKUX ITPUIIOXKCHUIX
B YCJIOBUSIX HEONPEACICHHOCTH MCXOTHBIX
JMaHHBIX. Yl Hamo MCXOMUTh U3 TOTO, YTO MOJa
HapabOTKU SIBJISIETCS CIIyYailHOU BETUUMHOMN
C PaBHOMEPHBIM pacIIpeAeICHEeM 1 U3BECT-
HBIMU 3HAYCHHUSIMU MaTEMaTHUYECKOTO OXU-
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nanus (1,) 1 ko3dduIrenTa Bapuain (k).

Bri6op koadduimenta Bapuanum 00yciIoB-
JIEH TeM, 9YTO 3TO HOPMUPOBAHHAs BETMINHA,
KOTOPYIO MOXHO MEHSITh MPU MPOBEICHUN
nccienoBanusl. MaremMaTnieckoe oxXumaaHue
MOJIBI OTIPEIETISIETCSI METOJJOM MOMEHTOB U3
¢dopMyIEl (2) IO BEIOpAaHHOMY 3KCIIEpTaMU
OXUMIAHUIO HApaAOOTKM, a KOI(DGDUIIMEHT Ba-
pUaly Ha3HAYAETCST IKCTIEPTHBIM TTyTEM.

Marematuueckoe oxxugaanue ( £,) ciaydaii-

HOW BEJWYMHBI, UMEIOLIEN paBHOMEPHOE
pacmipeneneHue, KoaGUIIMEHT e€¢ Bapuaiun
(k) n uHTepBasbl U3SMEHEHNUH (a, b) CBA3aHbI
3aBHCHUMOCTBIO

a=T(1-3k); b=T,(1+3:k). (5

ANTOPUTM MOJAEIUPOBAHUS 3HAYECHU
CJIy4YaiHOI BEJTMYUHBIL:
tqo=a+(b—a)-r. (6)

IMpemtoxen caenytomuii aroput™ (M/I)
JUUISI HEYETKOTO YMCIEHHOTO BEPOSITHOCTHOTO
aHaaM3a ¢ MPUBJIEUYEHUEM UMUTALUOHHOTO
MOJETUPOBAHUS:

1. 3Hasg MaTemaTHyecKoe oxumaHue (7 )

HapabOTKNU METOJOM MOMEHTOB U3 (POPMYJIBI
(2), monyyaeMm 3HaYeHHE MATEMAaTHIECKOTO
OXXUIAHUST MOJIbI
[ =311,

(7)

2.3Has 3HaYeHNE MaTeMaTUIeCKOTO 0K~
naHust Monbl (7) KaK CaydaliHOM BEeJTMYMHBI
1 KoapduumeHt e€ Bapuauuu (k), 1o dop-
myie (5) ompenessseM IUana30H U3MEHEHUS
MonHl (a, b).

3.11o popmysie (6) onpenessieM BLIOOpOU-
HOE 3HaueHMe MOJIbI HApaOOTKMU KaK Cliydaii-
HOW BEITMIMHBI (tqo).

4.T1o dpopmyre (4) onpenesnsseM BHIOOPOU-
HOe 3HaYeHNEe HapaOOTKU (tq).

5.T1yHKTHI 3, 4 MOBTOPSIEM # pa3, B Pe3yilb-
TaTe Yero co3aaeTcs MCKoMasi BbI0OOpKa Hapa-
00TOK 00BEMA 7
1 (e U (198 8)

Bri6opxka (8) odpabaTsiBaeTCsl CTIieIIAIb-
HBIMU YUCJICHHBIMU aJIFOPUTMAMU AJIsI TIOJTY -
YyeHUsI MoKa3aTesieil Haa€XKHOCTH, OIMCAHHbI-
mu B [9, 10]. JlomomHUTEIbHO HAXOISTCS TO-
YyeyHast OLeHKA MaTeMaTUYECKOTO OKUIaHUS
HapaGoTKu (7 ) U 1OBEPUTEbHBIII HHTEPBA

IUIsl MATEMaTUIECKOTo oxXuaanus (7,5 1,) [8]:

F=LS s =78 =745 )
n

gq=1

Kpakoecku 0. M., flaeaapopx bat6aaTtap. HEYETKUIA YNCIIEHHbI BEPOATHOCTHbBI aHaNnu3 HageXHOCTU
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Puc. 2. lncrorpamma 4acTot A1 HApaboTKkn, He4ETKNIF BEepOSITHOCTHBINA aHann3.

(10)

3aech’, — BBIOOPOYHBIE 3HAUCHUST HAPAOOTKU
(8); %, — KBaHTHJIb HOPMUPOBAHHOTO HOP-
MaJIbHOTO pacipeae/ieHus 1Jist JOBEPUTEIb-
HOW BEPOSITHOCTH ; § — OLIEHKA CPEeTHEKBA/I-
pPaTUYECKOIrO OTKJIOHEHMUSI.

Ha puc. 2 npuBeaeHa ructorpaMma 4acTor,
MOJIydeHHasl B pe3y/ibTaTe UMUTALMOHHOIO
MOJICIMPOBAHUS 110 MPEIJI0XKEHHOMY ajro-
purmy MJI (4—8): £ =5, ¢ = 11, 0GbeM BbI-
6opku n = 20000, kosdduLMEHT Bapuauuu
k = 0,50, nnama3oH u3MeHeHHs MOl (5) —
(0,536; 7,464).

JlaHHasi rTUCTOrpaMMa CyIeCTBEHHO OTJI -
YaeTcsl OT TUCTOrPaMMbl Ha puc. 1, TToJTydeH-
HOM [IJIST TPEYTOJIbHOTO pacrpeneieHus, HO
Il «4ETKOTO» 3HAYEHUA MOBI (£ = 4).

Toueunas (9) u unrepBanbHas (10) oueH-
K1 HapaOOTKU IIJIsT BEIOOPKM (8) paBHBI

F=4,922; (t; 1,)=(4,883; 4,961). (11

MateMaTuyeckoe oXUIaHUe t_=5 HC

ITOTTaJI0 B MOBEPUTEAbHBIN MHTEepBan (11).
DTO MO3BOJISIET C/IEJIaTh BBIBOA O TOM, UTO
HEYETKOCTb MOJIBI TIPY YBEJIMYEHUN 3Have-
HUs e€ KoadduuMeHTa Bapualuu CylecT-
BEHHO BJIMSICT Ha MaTeMaTUUECKOEe OXUIaHKe
HapaboTku. [Ipn 3TOM HEUETKOCTH MOIBI
JIOCTATOYHO CYILLIECTBEHHO BJIMSIET U HA OLICH-
Ky Koo duimreHra Bapuanunm HapaboTKn
(k,), oHa 3aMETHO YBEJIUYMBAETCS: HAIPU-

wmep, puk = 0,15 k, =0,485, anipu k = 0,50
k,=0,568 ; k0> PULUMEHT BapHaLUu 4151

pacnpeneneHus (1) npu napamerpax (3) pa-
BeH 0,454,

1 T T T T T

P(). P(t)
N

0.4

6 7 8 9 107 M

Puc. 3. BepossTHOCTH 6€30TKa3HOW paboTsl.
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WHTEHCUBHOCTb OTKa30B

AMPOBALA MOAEJIbHOIO PAOA
[Tpu ncmonp30BaHUM HEYETKOTO BEPOSIT-
HOCTHOT'O aHaJlr3a IToKa3aTe/IM HaJaeKHOCTU
PEIIbCOBBIX CKPEIUICHUI BBIYUCIISTIOTCS 110
YUCJICHHBIM aJIFOPUTMaM, OIMCAHHBIM B [9,
10] ¢ yuéTom pekomeHmanuit [11—13], HO
BbIOOpKa (8) a1 HUX — 110 ajaroputmy MJI.
Ha puc. 3 npencraBieHbl BEpOSITHOCTHU
6e3oTkazHoil pa6oTel (BBP): 1 — BBP mnsa
aHanuTU4YeckKoi monenu [6]; 2 — BBP mna
yuciieHHou monenu [9, 10], Ho mid HeYETKOo
Monbl 1o anroputMy MJI. Heu€TkocTh MOIbI
BIIMSICT Ha 3TY (PYHKIINIO, TIPUYEM C YBETUe-
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Puc. 5. UHTEHCMBHOCTU OTKa30B.

HUeM koadbuUIMeHTa Bapualnu B O0JIbIei
CTeTIeHHU.
YucneHHas cpeHsig HapaboTKa 110 0TKa3a

t_r =4,923. Dra BeJIMUMHA [TOTANAET B JOBEPU-

TeabHbIN uHTepBa (11), yTo MoATBEepXIaeT
KavyeCcTBO MPEIOKEHHBIX aJTTOPUTMOB.
YuciieHHBbIM TaMMa-TIPOLEHTHBIN pecypc
JI0 OTKa3a it Heu€TKou Monbl ipu y = 0,9:
t (0,9) = 1,855. (12)
Jjist aHATMTUYIECKOM MOJIENIN 3TO 3HAYEHME
paBHo 2,098. YuutsiBas (12), HEe4ETKOCTH
MOJIbI TTOBJTMSLJIa HA TaMMa-TIPOLIEHTHBIN pe-
cypc 10 OTKa3za.

Kpakoeckun 0. M., laeaapgopx batoaatap. He4€TK1i YNCIIEHHbI BEPOATHOCTHBIN aHaNN3 HaJeXXHOCTU
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Ha puc. 4 npencraBieHbl BEPOSITHOCTHU
0e30TKa3HOI pabOThI TSI OCTATOYHOT'O pecyp-
ca(BBPOP): 1 — BBPOP nns ananutuyeckoit
moaenu [6]; 2 — BBPOP nisa uuciaeHHol
MOJEJU, HO 11 HEYETKOM MOJIBI IO aJITOPUT-
my MI. HeuéTKocTh MaTEMaTUUYECKOTO OXKU-
NIaHUS BIUSIET HA 9Ty (PYHKIMUIO — OHA HAX0-
JIATCS BBILIE TEOPETUYECKOUN (DyHKIIMU, MO-
3TOMY MPOUCXOAUT U3MEHEHUE U CPEIHETO
OCTaTOYHOTO pecypca, U TaMMa-TPOLEHTHOTO
OCTaTOYHOTO pecypca.

YucaeHHbI CpeIHUIT OCTaTOYHBIN pecypc
0 OTKAa3a U1 HEYETKOM Mozbl — , = 2,876; a

YUCJICHHBI TaMMa-TIPOLICHTHBIA OCTATOYHBII
pecypce — ,(0,9)=0,539. TTpu cpaBHeHUM CO

3HAYCHUSMU, TTOJIydeHHBIMM 110 aHAJIUTHYC-
ckum mogaensim (2,333 u 0,359 cooTBeT-
CTBEHHO), 3TH 3HAYCHUS CYIIECTBCHHO yBE-
JINYVIIHCE.

Ha puc. 5 npuBeneHbl UHTEHCUBHOCTU
otka3oB (MHO): 1 — MHO m1a aHamMTHIeCKOM
monenu; 2 — MHO 1njisg 9uclieHHON MOoAenu
py Heu€TKOo Moze. [pacdmyeckoe rpeacran-
JICHHE MOJeJIeil He COBCEM COBMANAloT, T.C.
HEYETKOCTh MaTeMaTUUCCKOTO OXUIAHMS
BIIMSICT HA 3Ty (DYHKIINIO.

BbIBO4bl

1. B Tom caydae, Korga B yCIOBUSIX He-
OMpEeNeICHHOCTH MCXOMHBIX TaHHBIX HE
ymaeTcsl OMHO3HAYHO OITMCaTh HapabOTKY
KaK clay4aiflHyI0 BEJIMYUHY, KaKHe-TO €&
nmapaMeTpbl MOTYT CTaThb HeYeTKUMHU. [1pu-
MEHUTEJIBHO K TPEYTrOJIbHOMY pacrpeneie-
HUIO TaKUM TapaMeTpOM IPEeaIoKeHO
cuurarh Moay (7).

2. Heu€TKOoCTb MOJBI OIMMCHIBACTCS CIIy-
YalHOW BEJIMYMHON, UMEIOILEN pPABHOMEPHOE
pacrpeaeneHrue Ha nHTepBaie (a, b) c u3BecT-
HBIMU 3HAYECHUSIMU MaTEeMaTHYEeCKOTO OXKU-
JaHug M KoddduimeHTa Bapuauuu. DT
YHUCJIOBBIE XapaKTePUCTUKU BBIYMCIISIIOTCS
9KCIIEPTHO C YUYETOM MMEIOIIMNXCS PEKOMEH-
nalun.

3. HeuéTkoe onmcaHue HapabOOTKM Kak
CIIy4YaiiHOM BEJIMYMHbBI OKA3bIBAET BJIMSIHUE HA
TUCTOTPaMMYy 4YacTOT (MU3MEHSET 3aKOH €&
pacmpeneeHns1), a 3HaAYUT U Ha ITOKa3aTeIn
HaIEXHOCTH PEIbCOBOTO CKPETIICHMS.

4. O1leHKM TIoKa3aTesieil HaI¢KHOCTHU Cy-
IIECTBEHHO MEHSIOTCS MIPY YBEJIMYEHUN KO-
adduLmerHTa Bapuauuy Moabl. YToObI mory-
YUTh OLIEHKHW MoKa3aTejeil HaaEKHOCTHU
PENBCOBBIX CKPETUIEHUI C HY>XHOW TOYHO-
CTbl0, HEOOXOAMMO MCII0Jb30BaTh METOM
MMUTALIMOHHOTO MOJIEIUPOBAHUS.
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FUZZY NUMERICAL PROBABILITY ANALYSIS OF RAIL FASTENINGS RELIABILITY

Krakovsky, Yuri M., Irkutsk State Transport University, Irkutsk, Russia.
Davaadorzh, Batbaatar, Ulaanbaatar Railway, Irkutsk State Transport University, Ulaanbaatar, Mongolia.

ABSTRACT

As a probabilistic model for calculating reliability
of rail fastenings, a triangular distribution with two
parameters, the maximum and the most probable, is
used. Fuzzy numerical probability analysis with the
use of simulation modeling suggests that experts,
using statistical and expert information, can

numerically estimate the maximum value of the
operating time, and for the second value (mode) may
offer only the interval of its change. This is the most
realistic situation in practical applications in
conditions of uncertainty in the initial data. The
algorithm of fuzzy analysis, which is approved on the
basis of expert information, is proposed.

Keywords: rail fastenings, reliability indicators, numerical probability analysis, simulation modeling.

Background. When creating a railway track,
various components are used, including rails,
sleepers, linings, ballast and roadbed. The connecting
elements of this system are rail fastenings. In recent
years, in the organization of track facilities, great
attention is given to them, which is reflected in various
scientific and normative works [1-5].

The main task of such intermediate designs is to
preserve the geometric parameters of the rail track
during transmission and damping of forces from the
dynamic impact of rolling stock. At the same time,
properties of fastenings should take into account not
only the standard operating conditions of the track,
butalso the negative effects of the transport load with
an uneven distribution of forces on the rails while the
rolling stock is curving in [4]. Another task of fastening
is electrical insulation of rails from the under-rail base
to minimize the loss of signals of rail electrical circuits.

The type of fastening significantly affects the cost
characteristics of construction and operational
complexes of the railway track. One of the promising
types used on the Ulaanbaatar railway (UBZD) is
ARS - elastic unlined threadless fastening with an
inseparable anchor bolted to the sleeper. ARS
fastenings are supported and constructively
developed by MIIT specialists who conduct monitoring
at 26 sections of eight railways under different
operating conditions [1].

From the point of view of reliability theory, rail
fastenings can be attributed to non-renewable
objects, because in case of failure they cannot be
restored (only the main connection nodes can be
replaced). And since failures occur for a variety of
reasons, the problem arises of determining reliability
indicators for rail fastenings under conditions of
uncertainty with a small amount of statistical data.

Objective. The objective of the authors is to
consider fuzzy numerical probability analysis of rail
fastenings reliability.

Methods. The authors use general scientific and
engineering methods, mathematical calculation,
evaluation approach, graph construction.

Results.

Models for calculating reliability indicators

In [6], as a probabilistic runtime model for ARS-
type fastenings, a triangular distribution is offered

2-t

, 0<r<t,
sw={"" (1)
2t, 1) ’
——m | f <1<,
Ly, = 1)
Mathematical expectation for it is:
=l
r=§(tm+t0). (2)

Experts, having some statistical information,
estimate the highest value (t ) and the most probable
value(t ), which is called the mode. These parameters
are determined on the basis of statistical and expert
information available in the literature and regulatory
documents.

Thus, in [3, 5], the experimental sections of the
track are described, which are located on the most
complexand cargo-stressed sections. Measurements
of the state parameters are carried out according to
the method of comparative operational tests of the
structures of intermediate rail fastenings. Similar
measurements are made on the UBZD in areas with
a small radius and heavy traffic.

In our study, the maximum operating time of rail
fastening is 550 min tkm, and the most probable value
is 200 min tkm. As a unit of measurement, 50 min tkm
was taken, this determined the values of the initial
data:

t = 11(550 min tkm), t = 4 (200 min tkm). (3)

For parameters (3) mathematical expectation(2)
is equal to 5.
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It should be emphasized that the described study
is methodical in nature and does not pretend to
accurately estimate the parameters for operating time
of rail fastenings.

In [6], analytical expressions for the following
reliability indicators were obtained for this distribution:

1) probability of failure-free operation (probability
that the object will not fail before time t);

2) intensity of failures;

3) average operating time before failure;

4) gamma-percentage resource - the total
operating time, during which the object does notreach
the limit state with probability y;

5) average residual life to failure;

6) gamma-percentage residual resource for the
probability vy.

The listed indicators are recommended in various
sources, for example [7, 8].

Numerical algorithms for calculating reliability
indicators based on the results of simulation and
scientific recommendations [11-13] were obtained
in [9, 10] for the triangular distribution of the operating
time.

For distribution (1), the algorithm for modeling the
operating time as a random variable has the form [9]:

!
t by, 0<rst—°; 0<r<t,
1= ! (4)

t i 1)), ti]<r<1; <1<,

Here r is a value of pseudo-random quantity,
uniformly distributed on the interval (0, 1).

Pic. 1 shows the frequency histogram obtained
by simulation using formula (4) for parameters (3). A
good connection with the triangular distribution (1) is
seen.

Probability analysis algorithm

Fuzzy numerical probability analysis with the use
of simulation modeling assumes that experts can
numerically estimate the maximum value of the
operating time (t ) based on the available statistical
and expert information, and only the interval of its
variation (a, b) for the second value (mode). This is
the most realistic situation in practical applications in
conditions of uncertainty in the initial data.

And we must proceed from the fact that the
operating time mode is a random variable with a
uniform distribution and known values of mathematical

expectation ( 1, ) and coefficient of variation ( k)). The
choice of the coefficient of variation is due to the fact

that this is a normalized value, which can be changed
during the research. The mathematical expectation
of the mode is determined by the method of moments
from the formula (2) according to the expectation of
the operating time chosen by the experts, and the
coefficient of variation is assigned expertly.

The mathematical expectation ( t,) of a random

variable having a uniform distribution, the coefficient
of its variation (k ), and the intervals of variation (a, b)
are related by the dependence

a=1,-(1-\3-k); b=1,-(1+~3:k,) . (5)

Algorithm of modeling of values of a random
variable is:
(6)

t,=a +(b-a)r.

The following algorithm (MD) is proposed for fuzzy
numerical probability analysis with the use of
simulation modeling:

1. Knowing the mathematical expectation(t ) of

the operating time by the method of moments from
the formula(2), we obtain the value of the mathematical
expectation of the mode

T=37-1,. (7)

2. Knowing the value of the mathematical
expectation of the mode (7) as a random variable and
the coefficient of its variation (k ), we determine the
mode variation range (a, b) by the formula (5).

3. Using the formula (6), we determine the
selective value of the operating time mode as a
random variable ( L, )

4. Using the formula (4), we determine the
selective value of the operating time ( tq).

5. Points 3 and 4 are repeated n times, resulting
in the creation of the required sample of operating
time of the volume n
T,=(t,t,... t) (8)

The sample(8) is processed by special numerical
algorithms to obtain the reliability indicators described
in [9, 10]. In addition, there is a point estimate of the

mathematical expectation of the operating time ( f )

and a confidence interval for the mathematical
expectation (t,; t,) [8]:

f=12tq; L=1-6 t,=1+5; (9)
n&
7,8

6 =-"—; , 10,
i (10)
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here t, means selective values of operating time (8);
z, is the quantile of the normalized normal distribution
for the confidence probability y, s is the root-mean-
square deviation estimate.

Pic. 2 shows the frequency histogram obtained
as a result of simulation based on the proposed MD
algorithm (4-8): T =5, t =11, sample size n=20000,
coefficient of variation k_= 0,50, range of the mode
change (5) — (0,536; 7,464).

This histogram differs significantly from the
histogram in Pic. 1, obtained for a triangular
distribution, but for a «clear» mode value (t, = 4).

Spot (9) and interval (10) estimates of the
operating time for the sample (8) are equal to

F=4,922; (1,; 1,)=(4,883; 4,961). (11)
The mathematical expectation T =5 did not fall
within the confidence interval (11). This allows us to
conclude that the fuzziness of the mode with an increase
in the value of its coefficient of variation significantly
affects the mathematical expectation of the operating
time. Moreover, the fuzziness of the mode has a

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 30-39 (2017)

significant effect on the estimation of the coefficient of
variation of the operating time ( k, ), it increases
noticeably: for example, atk = 0,15 k, = 0,485, and at

k =0,50 k, = 0,586; the coefficient of variation for the
distribution ( 1) with the parameters (3) is 0,454.

Approbation of the model range

Using fuzzy probability analysis, the reliability
indicators of rail fastenings are calculated from the
numerical algorithms described in [9, 10], taking into
account the recommendations [11-13], but the
sample (8) for them is determined by the MD
algorithm.

Pic. 3 shows the probability of failure-free
operation (FFOP): 1 — FFOP for the analytical model
[6]; 2 - FFOP for the numerical model [9, 10], but for
the fuzzy mode by the MD algorithm. The fuzziness of
the mode affects this function, and with increasing
coefficient of variation it affects it to a greater extent.

Numerical mean operating time to failure —

1. =4,923. This value falls within the confidence interval

(11), which confirms the quality of the proposed
algorithms.
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The numerical gamma-percentage resource to
failure for the fuzzy mode aty = 0,9:
t(0,9)=1,855. (12)

For an analytical model, this value is 2,098. Taking
into account(12), the fuzziness of the mode affected
the gamma-percentage resource to failure.

Pic. 4 shows the probability of failure-free
operation for the residual resource (FFOPRR):
1 — FFOPRR for the analytical model [6]; 2 - FFOPRR
for the numerical model, but for the fuzzy mode by
the MD algorithm. Unclear mathematical expectation
affects this function — it is above the theoretical
function, so there is a change in the average residual
resource, and gamma-percentage residual
resource.

The numerical average residual resource to

failure for a fuzzy mode is y,=2,876; and the
numerical gamma-percentage residual resource is

7,(0,9)=0,539. When compared with the values
obtained from analytical models (2,333 and 0,359,
respectively), these values have increased
significantly.

Pic. 5 shows the intensity of failures (IF): 1 — IF for
the analytical model; 2 - IF for a numerical model with
fuzzy mode. Graphical representation of models does
not quite match, i.e. fuzziness of the mathematical
expectation affects this function.

Conclusions.

1. In case when itis not possible to unambiguously
describe the operating time as a random variable in
the conditions of uncertainty of the initial data, some
of its parameters may become fuzzy. With regard to
triangular distribution, it is suggested to consider this
mode (t ) as such a parameter.

2. The fuzziness of the mode is described by a
random variable having a uniform distribution in the
interval (a, b) with known values of the mathematical
expectation and the coefficient of variation. These
numerical characteristics are calculated expertly,
taking into account the available recommendations.

3. The fuzzy description of the operating time as
a random variable affects the frequency histogram
(changes the law of its distribution), and hence the
reliability of rail fastening.

4. Estimates of reliability indicators change
significantly with increasing coefficient of mode
variation. To obtain estimates of reliability indicators
of rail fastenings with the required accuracy, it is
necessary to use the method of simulation.
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CcOoO0

AmuTtpuin MAHEPET

Dmitry A. MACHERET

Social Significance of Transportation Speed
(TeKkcT cTatbu Ha aHr. 3. —
English text of the article — p. 48)

B cTartbe oLeHuBaeTcs BUSIHUE CKOPOCTU
TPaHCMOPTHOro coobLeHNs1 Ha CTaHOB/IeHNe

u pa3BuTne 4enoBevyeckoro obuectsa. lMMokasaHo, 4To
nosiBJieHne COBPEeMEHHOIro CKOPOCTHOI 0 TpaHcrnopTa
npUBeJIo K KapAWUHaIbHbIM COLNaIbHbIM U3MEHEeHUSIM:
yckopeHuio ypbaHusaumm, uHTeHcugukaumm
MeXPernoHasibHbIX N MEXKOHTUHEHTasIbHbIX
MUrpaLnoHHbIX MOTOKOB, MOBbILLUEHUIO

Kka4ecTBa xu3Hn. OTMe4eHo, YTO HanpaB/IeHUs

M MUHTEHCUBHOCTb NPOCTPaHCTBEHHBIX NepeMeLLeHNii
JIoA4evi MOXHO paccMaTpuBaTh KaK COLNabHbI
VHAWKAaTOP, arpervupyownn UHANBUAYabHbIe
npeacTaBsieHUs O NPUBJIEKaTeSIbHOCTU TeX UJIN UHbIX
MECT XN3HeAeATeIbHOCTH. [N KonnyecTBEeHHON
XapaKTepUCTUKUN MPOCTPAHCTBEHHO-BPEeMEHHOM
AOCTYMHOCTU BBELEHO NOHSITUE «TePPUTOPUS
M30XPOHHOW JOCTYNMHOCTU», a AJ1s1 COLNaJIbHO-
3KOHOMMNYECKNX OL€HOK MPeAJIoXEeHO UCINOoJIb30BaTh
rnokasaTtesin: YNCJIeHHOCTb HaceJslIeHusl, BaJlOBOW
BHYTPEHHWIA NPoAyKT, 06bEMbI NMPOU3BOACTBA

ycnyr Ha TeppPUTOPUN U3OXPOHHOM [OCTYNMHOCTH.
AansHevilwee yckopeHne TpPaHCNOPTHbIX COOBLLEeHNI
npepgnonaraeT kak POCT CKOPOCTH NepeBO3Ku,

Tak U JIMKBUAZALMIO MOTEPb BPEMEHU Ha «CTbIKax»
MeXxay BugamMu TpaHCropTa, Yemy JO/DKHO
coaeiicTBoOBaTb pa3BUTNeE MyJIbTUMOAAJ/IbHOM
JIOrUCTUKMN.

KnioueBble cioBa: TpaHCopTHOE COObLLEHNE, CKOPOCTb,
006LLecTBO, 4es10Be4ecTBO, ypbaHu3auus, Murpauus,
POCTPaHCTBEHHO-BPEMEHHas! AOCTYMHOCTb, TEPPUTOPUS
M30XPOHHOW AOCTYMHOCTY.
|
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BOTPOCHI TEGP

CoumanbHoe 3HayYeHue
CKOPOCTU TPAHCMOPTHOIO
LLLeHUq

Mavepem JImumpuii Aaexcanoposur — doxmop
SKOHOMUHECKUX HAYK, npogheccop, 3a6edyroujuii
Kaghedpoii «IDkoHoMuKa cmpoumenvHo2o busHeca

u ynpaenerue coocmeeHHocmoio» Mockoeckoeo
20cydapcmeenHo20 yHueepcumema nymeii coooujeHus
(MHUHT), Mockea, Poccus.

aK OTMeYeHOo B pabdore [1], ckopocTh

TPAHCITOPTHOTO COOOILEHUS SIBJISIETCS

SKOHOMWYECKOUW KaTeropueu, mo-
CKOJIbKY OHA OTIPEIeISIeT BAXKHEUIINE COCTaB-
Jswomure 9p@PeKTUBHOCTU TPAaHCIOPTHOM
JIEeITeJIbHOCTU U KaueCcTBa MepeBO30K.

C HEMEeHBIINM OCHOBaHUWEM CKOPOCTb
TPAHCIIOPTHOTO COOOLIEHUSI MOXET OBbITh
Ha3BaHa U KaTeropren counaaibHOM.

TIpexne yeM paccMOTpPETh COLIMATIBLHOE
3HAY€HUE CKOPOCTU TPAHCIIOPTHOI'O CO00-
IIEHUS, HEJb3s, OJHAKO, HE 00PaTUTh
BHUMaHUS Ha TO, YTO B PE3yJbTaTe LIUPO-
KOTO U He BCerja onpaBIaHHOro ynoTpeo-
JIEHUS CJIOBO «COLMAJbHBIN» HE TOJBKO
«BC€ Yallle BBICTYMAET B POJIU CJIOBa «OJa-
roe» npu 0603HaYeHU U BCETO BHICOKOHPAB-
CTBEHHOTO» [2, c. 197], HO U cBSI3BIBaeTCs
C «pacnpeAeNuTeJbHOU crnpaBeaIuBO-
CThIO», YTO «HECOBMECTUMO C KOHKYPEHT-
HBIM PBIHOYHBIM MOPSIAKOM, a TaKXe pocC-
TOM U Jaxe MOAIePKaHUEM CYILIECTBYIOLIEH
YUCJIEHHOCTU HACEJEHUS U NOCTUTHYTOTO
YPOBHS 00raTcTBa», TO €CTh, MO CYTH, «CO-
AaJbHOE» MPEBPALLAECTCS B «aHTUCOLM-
anpHOe» [2, ¢. 203]. B cBSI3M ¢ 5TUM cleny-
€T YTOYHUTh, HAa KAKOM MOHUMAaHUU 00111e-
CTBa M «COLMAJIBHOTO» OYAYT 6a3MpPOBaTHCS
nocJeAyIole pacCcykKaeHUs.
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ABTOD pa3nessieT B3I Ha OOIIECTBO KakK
«00BbeIMHEHNE UHANBUIOB [JISI COBMECTHBIX
YCWINIi» IO TOCTUXXKEHUIO CBOUX Ilejieil Ha
OCHOBE «COTPYIHMYECTBA U B3AUMHO TTOMO-
LU APYT APYTY», «pa3AeeHUs] U COeIUHEHUS
Tpyna» [3, c. 135]. Ucxonas u3 aToro, coumraib-
HOE€ 3HaYeHNEe CKOPOCTU TPAHCIIOPTHOIO CO-
OOIIIEHUS 3aKJII0YAETCS B TOM, UTO OHA CYILIe-
CTBEHHO BJIMSICT HAa BOBMOKHOCTY UHINBUIOB
M0 JOCTUXEHUIO CBOMX 1IeJieli Ha OCHOBE
B3aUMOJENCTBUSA C APYTUMHU JIIOAbMU, MO0
pacimpsieT CIeKTp TaKUX B3aMMOACHCTBUIMA
¥ YBEJIWYMBACT MX MHTCHCUBHOCTh, TEM Ca-
MBIM CIIOCOOCTBYS pa3ie/IeHUI0 U KOOTIEpH-
POBaHMUIO TPY/Ia, KOTOPBIE SBIISIIOTCST KITIOUe-
BBIMM pe3yJIbTaTaM1 OOIIIeCTBEHHOTO pa3BU-
THS I OCHOBO! TTOBBIIIICHUS 0JTATOCOCTOSTHUS
JIIOICH.

PocT ckopocTu TpaHCMOPTHBIX COOOIIIE-
HUI pacIIupsieT MPOCTPaHCTBEHHBIE TPAHUIIBI
yeJIOBEYeCKUX B3aMMOJENCTBUI, obJieryaet
HX U Ief1aeT 0oJiee MI00TBOPHBIMU, & 3HAUMT,
pacuMpsieT MaciTad v nossbiiaeT 3heKTuB-
HOCTBH BCETO KOMIIJIEKCA MEXITMIYHOCTHBIX
B3aMOOTHOIIEHU I, KOTOPBIA 1 «Ha3bIBAETCS
obectBoM» [3, c. 135].

CKOpPOCTh IPy30BOT0 TPAHCIIOPTHOTO CO-
0o01IeHUs, onpeaesoas 00bEM 000POTHO-
ro Kamurasa, «3aMOpaXkuBaeMoro» B IIpoLec-
ce TMepeBO3KU, UMEET TMPEeXe BCEro KOHO-
mudeckoe 3HaueHwue [4, 5]. Ilpu sToMm g
HEIOPOTUX «MAaCCOBBEIX» I'PY30B BaXXHa He
CTOJIBKO CKOPOCTb cama Io cebe, CKOJbKO
TrapaHTUPOBAHHOCTH JOCTABKM B 3aJaHHbBII
CPOK — «CPOYHOCTb BaXXHEE CKOPOCTH», KaK
copmyarpoBai 6oJiee cTa JieT Hazad mpodec-
cop B. MsicoenoB-MBanos |6, c. 77].

CKOpOCTh XK€ MaccaxXupcKoro coodie-
HUs, TO €CTh MepPeMeIIeHNST CaMUX JIIO/IeH,
MMeeT TIPEUMYIIIECTBEHHO COIMaIbHOE 3Ha-
YeHMe, HO BIUSIET M Ha 9KOHOMUYECKOE Pa3-
BUTHE, TaK KaK B X0e COLIMAIHLHOTO B3aMO-
JNEUCTBUS JIIOAU TIPECTEAYIOT U TOCTUTAIOT
B TOM YMCJIe 1 9KOHOMUYECKHE TIeJIN.

POJIb CKOPOCTU NEPEMELLEEHUA
B 3BOJIIOLLUN HEJTIOBEKA

CaMo0 MpPOUCXOXIEHNUE COBPEMEHHOTO
YeJioBeKa B XOJIE BOJIIOIIMOHHOTO Mpolecca,
(dopmMupoBaHNe U pa3BUTHE YEIOBEUECKOTO
0011IecTBAa 3HAYMMO 3aBUCEIN OT CKOPOCTHU
TepeMeIIeHNST, KOTOPYIO MOTJIM UMETh HaIlln
TpeIKy, U PacCTOSTHUI, KOTOPBIE OHU OBUTA
CITOCOOHBI TIPEOI0JIEBATh.
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[To MHEHMIO aHTPOTIOJIOTOB, OKOJIO 2 MJTH
JIeT Ha3ajl y NEPBOOBITHBIX JTI0JeH chopMuUpo-
BaJIOCh «HOBOE 1IEHHOE CBOWCTBO — CMOCO0-
HOCTb K OBICTPOMY M JJIUTEIILHOMY O€ry»,
Onaromapsi YeMy OHU CMOTJIM MPEOAoJeBaTh
OOIIIMPHBIE MTPOCTPAHCTBA aPPUKAHCKUX Ca-
BaHH B MOMCKax IMUIIM U, TAKUM 00pa3om,
TEePBBIMU U3 XKHUBBIX CYIIIECTB IPUCIIOCOOM -
JINCh K YCJIOBUSM CaBaHH, CTAaBIIUM B TOT
MEepUo OCHOBHBIM TUMOM JaHamadra [7,
c. 53]. KiroueBoe 3HaUeHME MPUOOPETO UMEH-
HO COYeTaHWe CKOPOCTU W JUIUTEJbHOCTHU
MepeMeIIeHUs: «<KOHKYPEHTHI OBUIM CKOpee
CIIPUHTEPaMU, KOTOPBIE MOTJIU Je/IaTh KpaT-
KOBpPEMEHHBIE PBIBKU, TIPU 3TOM JTOBOJHHO
OBICTPO ycTaBasi», IMO3TOMY UeJIOBEeK «Opall
BEpPX B TEX CITydasix, KOraa BCE peraiy IouCKu
JI0OBIYY HAa OECKPAHUX TPOCTOPAX CaBAHHbBI»
[7,c.53].

31ech Mbl BUAUMM BaKHEWIIUI acmexkT
COIIMAJILHOTO 3HAYEHMST CKOPOCTH — B3aUMO-
CBsI3b CKOPOCTH, BPEMEHU U ITPOCTPAHCTBA.

C 01HO¥1 CTOPOHBI, TTOBBIIIIEHNE CKOPOCTH
O3HaYaeT pOCT BO3MOXKHOCTH ITPOCTPAHCTBEH -
HOTO IepeMeIeHusT (TIPeoI0JIeHUS ITPOCTPaH-
CTBA) 3a OIpEeNeIEHHbIN OTPE30K BPEMEHU —
MPOCTPAHCTBO KaK ObI «CKUMAETCSI» , «<YTUIOT-
Hsietcsi» [8]. C npyroii CTOpOHBI, MOBBILIEHUE
JUTUTETbHOCTH IBVKEHUST C BBICOKOM CKOPO-
CTBIO pacIIMpPsIeT TPAHULIBI JOCTYITHOTO IPO-
CTPaHCTBA, a 3HAYUT, YBEIMUMNBAET KOJTNIECT-
BO BapMAHTOB MCITOTb30BaHMS TE€X VTN MHBIX
pecypcoB U OTKPBITUSI HOBBIX TTOJIE3HBIX
BO3MOXHOCTEN (DTO B MOJHON Mepe MpOosIB-
JISIETCS U B COBPEMEHHBIX TPAHCITOPTHBIX
coobuieHusX. Tak, 1Jis aBTOMOOMJIMCTA BazK-
HO HE pa3BUTh MAaKCMMaJIbHYIO CKOPOCTh Ha
KaKOM-TO y4acTKe, a UMETh BO3MOXHOCTb
JIBUTAThCSI C BBICOKOW CpeIHEeil CKOPOCThIO
JIOCTAaTOYHO TIPOJOJIKUTETbHOE BpeMs. Jluist
aBMAIIMOHHOTO COOOIIEHUSI BaXKHA HE TOJTHKO
«KpericepcKasi» CKOPOCTb caMoJieTa, HO U UTU -
TEJIbHOCTb €ro O€CIOCajouyHOro MoJjeTa).

Yro ke KacaeTcs 00peTeHMsT HOBBIX BO3-
MOXHOCTE! 10 OCBOGHUIO U MCIIOTb30Ba-
HUIO OKPYKAIOIIEero MpoCTpaHCTBa HATUMU
MpeaKaMu, TO KaK pa3 B TOT MEPUOJ «HACTY-
MMUJI TIEPEJIOMHBIII MOMEHT B 3BOJIIOIIAM»:
poxxjajncs HOBBIM BUI 4yejqoBeka — Homo
erectus (4eJI0BeK MPSIMOXOIAIINiA) [7, c. 54].
DPpeKTyChl MOCTOSTHHO MepeMelaTnuch B Io-
MCKax THUIIM, TIPeooyieBas B ICHb, M0 He-
KOTOpPbIM OlleHKaM, 10 50 KMJIOMETpPOB.
MMeHHO mpencTtaBuUTENIM 3TOTO BUIa HE
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TOJIBKO OCBOWJIM BCIO AQPUKY, HO U BBIIILIU
3a e€ mpeaesbl, Ha mpoctopbl EBpazuu. Tem
CaMBIM «9eJIOBEK BCTYIMJI HAa TTIOPOT HOBOM
3pBI, KOTOpas TIpeBpaTuiIa ero B CyIecTBO
r100aJbHOTO, a 3aTEM U KOCMUYECKOTO
macuirtaba» [7, c. 79].

B xone ocBoenus EBpa3uu Bo3HUKAIMN
M30JIMPOBAaHHbBIE OYaru 3BOJIIOINM, yTpa-
TUBIITHAE KOHTAKT C OCTAJIbHBIM YEJIOBEYECT-
BOM. DTO M CMHAHTPOIIbI, XXUBIINWE HA TEP-
putopuu coBpemeHHoro Kuras [7, ¢. 92—97],
U OTHOCHUTEJBbHO HEJaBHO OTKPBITHIN Ha
octpoBe Dyopec (Munone3nst) Homo flore-
siensis [9, c. 182—200]. U3onsuus Beaa uiun
K KpaiilHeMy 3aMeJJICHUIO Pa3BUTHUS, WU
K Jerpaganuu. Takue MmocieacTBUs U305~
IIMM XapaKTePHBbI HE TOJbKO IJIsI paHHEH
HMCTOPUM YEJIOBEUYECTBA, HO U BCEX TTOCTIEMY-
IOIIMX €€ ATarnoB, BKJIOUYasi COBPEMEHHBINH,
YTO CBUIETEJbCTBYET O CYLIECTBOBAHUU
SMIIUPUYECKU TTOATBEPXKICHHOTO 3aKOHa
00ILIECTBEHHOTO pa3BUTHSI.

OnHaKo TeHACHIIMU ABMKEHUS U B3aUMO-
JIeCTBUST Bcerma Opaau BepX HaJ 3aCTOeM
U uzosguueit. Tak ObUI0 U B paHHEU nCTOpUN
YeJI0BeYeCTBa.

B cpenHem mieiictolnieHe (Teojorndeckast
sT0Xa, HavaBIIascsa npuonusuteapHo 400
TBICSIY JIET Ha3aj), OJarogapsi pocTy Hacee-
HUS U €ro MOABUXKHOCTU, Pa300IIEHHOCTh
Y U30JISIIIMS YeTOBEYECKUX TTOTYIISIIAIN cMe-
HWJIACh pacIIUPEHNEM KOHTAKTOB M CTJIaXM-
BaHMEM MEXITONYISIIIMOHHBIX pasauduii |7,
c. 98]. B aTux npoueccax MOXHO YBUIETb
TepBble TTPU3HAKYU TTPOTOTI00ATM3aluu Ye-
JIOBEYECTBaA.

W, rakoHnen, mpumepHo 30—40 ThIcSY
JIeT Ha3al MPOU30IILJIO CTAHOBJIEHUE TTOBE -
JIeHYEeCKU COBPEMEHHOTO 4ejoBeKa (B OT-
JINYKME OT aHATOMUYECKU COBPEMEHHOTO,
MOSIBUBIIETOCS paHbIle), MOJydyuBIIee
Ha3BaHWE «PeBOIONNM YejoBeKa». Cpenun
BaXXHEUIINUX MPOSIBIEHUN 3TOW PEBOJIO-
LIUU — «OBICTPOE paciIMpeHne TePPUTOPUN
o0uTaHUs, HATMYKMEe OOMEHa MEXTy Pa3HbI-
MM I'PYIIIaMU, YaCTO pa3aeeHHbIMU 00JIb-
UMM PACCTOSIHUSIMU, OCBOEHNE BOIHBIX
npocTpaHcTB» [7, ¢. 169].

BoT nmokasarenbHBIN TpUMeEDp, XapaKTepH-
3YIOIIUIA MacIlITad MPOCTPAHCTBEHHBIX TTEpe-
MEIIEHUH JIIoJIelt M MaTepUaJIbHBIX OJIar B TY
310Xy, 2 BO3MOXHO, CBUIETEJbCTBYIOIINI
0 HAJTMIMK OOMEHa: «... HEKOTOpbIe KAMEHHbBIE
u3aeaus, oOHapy>KeHHbIe Ha APEBHEUIIINX
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BEpXHEIMAJIEOTUTUUECKNX cTosTHKax B Koc-
TEHKax', M3rOTOBJIEHBI U3 KaMHsI, KOTOPBIi
MOXHO ObLTO HaiiTh uib B 100—150 kM ot
CTOSTHKM, a paKyIIKW, HaliJIeHHbIE TaM, MOTJTA
OBITh IPUHECEHBI TOJBKO C YePHOMOPCKHUX
OeperoB, pacToJIOKEHHBIX Ha pacCTOSTHUM
500 km» [9, c. 371].

Yto KacaeTcst IpeoI0IeHUsI BOIHBIX TPO-
CTPaHCTB, HanOoJIee BITEYAT/ISTIOIINM ITpUMe-
POM SIBJISIETCSI MOpeETIaBaHKe. ApXeoyiornye-
CKUe HAaXOJIKW CBUIETEJILCTBYIOT O ITOSIBJICHU
Homo sapiens Ha MHOTrMX ocTpoBax FOxHO
u FOro-BocTouHoil A3uu, OTAEAeHHBIX OT
Marepuka 3HaUYUTEJTbHBIMU PACCTOSIHUSIMU,
yxe 6ostee 30 Teicay et Ha3and [7, c. 191]. Ana
ocTpoBax MeJjiaHe31M, PacIioNOXEHHBIX Ha
3anajie Tuxoro okeaHa, ObUTIO HaJlaXeHO CUC-
TeMaTU4eckKoe TPAaHCIIOPTHOE COOOIIeHNE
C 1IeJIbIO JIOCTaBKM OOCUIMaHa — MaTepuaa
711 MI3TOTOBJIEHMSI Opyauii Tpyaa [7, ¢. 269].

Takum obpa3oM, oOpeTEHHAs HaAIIUMU
MpeKaMu CITOCOOHOCTB K ITTUTETbHBIM Tiepe-
MEILEHUSIM C BBICOKOI CpeIHeil CKOPOCTHIO
ChITpajla UCKJTIOUUTEbHYIO POJIb B OMOJIOTH -
YECKOW M KYJIBTYPHOU 3BOJIONWN YeI0BeKa,
CTAHOBJIEHUM U pa3BUTUM oO1LiecTBa. [TosiBie-
HUE TTEPBBIX TPAHCIIOPTHBIX CPENICTB, BOTHBIX
U CYXOITyTHBIX, HE TOJIBKO ITOBBICHJIO CKOPOCTh
TepeIBYKEHMST, HO U C/IeJIaJIO TOCTYITHBIMU
1151 iofieit HoBbie TeppuTtopud [10].

3HAYEHUE CKOPOCTU COOBLLIEHU4A
ANq OBLLECTBEHHOIO PASBUTUSA

Pa3Butue peryiasspHbIX TPaHCIIOPTHBIX
COOOIIEHNI 1 0OMEHa ITOATOTOBUIIO IIEPEXO.T
K OCEJION KU3HU, UYTO CTaJI0 OCHOBOM IPO-
u3Bosiero xossiictna [11]. Takoe xo3siicT-
BO MOIJIO CYIIIECTBOBATh TOJIHKO IPH YCIOBUU
JIOCTATOYHO OTJIaXKEHHOI TPaHCIIOPTUPOBKHU
TOBapoOB 1, COOTBETCTBEHHO, TTOSIBJIEHMSI JTIO-
Iieid, KOTOpbIe 3aHMMAIOTCs €0 Mpodeccro-
HaJIbHO.

B 10 ke BpeMsI CKOPOCTH TPaHCIIOPTHBIX
COOOIIIEHUI B IPEBHOCTU U CPEIHEBEKOBbE
ObLIY e1€ oueHb HU3KuMH [ 11, 12]. TToaTomy
rmoe3aKa Ha CKOJbKO-HUOYIb 3HAYUTEIbHOE
paccTosiHUe TpeBpaliiajach B HacToslIee
myrelecTBue. Tak, B aHTUYHOE BpeMs, Jaxe
MpU HAJIMYMK MPEKPACHBIX PUMCKUX TOPOT,
«myreniectBre u3 Puma B Heanosp muminock
OT TpEX 1o TIaT! nHei» [13, ¢. 318]. Tlepeme-

! KomIuteke BepXHeTaaeoJIuTUIECKUX CTOSTHOK Ha Tep-
pUTOpUMM HbIHElLIHel BopoHeXckoit 061acT, B KOTO-
pBIX JIoau obutanu 6osee 40 ThIC. JIeT Ha3a B TCUCHUE
JUTMTEILHOTO BPEMEHH.
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IIEHWS Ha AECTBUTENIBHO NaTbHUE PACCTOS -
HUS TpeOOBaIM OT HECKOJIbKUX HEAENb 10
HECKOIbKMX MecsiieB. OTIIpaBUThCS B TAaKOE
MyTeIIeCTBYE 03HAYAJIO HAIOJITO OTOPBATHCS
OT TIPUBBIYHBIX 3aHSITUIA, YTO MOT TTO3BOJIUTH
cebe maneko He Kaxablii. MHOrue 3a BCIO
JKU3Hb HE MOKUIAIN OKPECTHOCTH POJHOTO
ropojia Wiu JIepeBHMU.

Huskast ckopocTh TPaHCTIOPTHBIX CO00-
IIEHWH JeTaeT Moe3IK1 He TOJIBKO TOJTUMU,
HO W PEIKUMU, Pe3KO OrpaHUYMBAsT YeJIOBE-
YeCcKyto MOOMJIBHOCTD. UeloBeK OKa3bIBaeTCs
MPUBSI3aHHBIM K OTIPEICIEHHOMY MECTY, YTO
3aTPYIHSIET CAMOpPEaTn3aInio, OTPaHNIMBACT
COLIMAJIBHBIE CBSI3U M TIO3BOJISIET OOIIECTBY
JIETKO «aTOMU3MPOBATHCSI», TIPEBPATUTHCS
B apXuIiesiar U3 caMoJIOCTaTOYHBIX XO3SHCT-
BEHHBIX «OCTPOBKOB», UTO M IPOMU3OIIIO
B MO3IHIO PUMCKYIO 310Xy 1 CpenrHeBeKO-
BbE.

B EBporne, Koraa «moutu ucyesia... BeJ-
KOJIEITHAs CETh pUMCKUX gopor» [14, c. 165],
MyTeIIeCTBUS CTalu elé 0ojee TPYTHBIMU.
«CpenHeBekoBas Jopora ObuIa yapydaroliine
JoJIroit, MemiieHHo#. <...> JIHeBHBIC 3Tallbl
BapbUPOBAIMCH B 3aBUCUMOCTH OT XapaKTepa
MEeCTHOCTH OT 25 10 60 km» [14, ¢. 166]. Mop-
CKOg ITyTEIIeCTBUE MOTJIO OBITh CYIIIECTBEHHO
0oJiee OBICTPBIM — MPU MOIMYTHOM BETpPE KO-
pabab npeononeBan a0 300 km B cytku. Ho
«IOCTUTHYTas BOJIel ciiydast ObICTpOTA PO~
JIBIDKEHMST MOTJIAa OBITh CBe/IeHa Ha HEeT 0e3-
HaJEKHBIMU I TWISIMU, BCTPEYHBIMY BETPaMU
u TeueHusiMu» [14, ¢. 167].

Curtyanus B KopHe usMeHuiach B XIX Be-
Ke C MOSIBJICHMEM IMapoBoro TpaHcropta. Ecim
«B Havasie XIX Beka CKOPOCTb IepeIBUKEHUST
ObLIa MPUMEPHO TaKOM Xe, KaK W B 2IIOXY
SJIJIMHU3MAa», TO «K Hayany XX Beka 0J1aroaa-
PSI TApOBBIM JIOKOMOTHBAM JIIOW MOTJIH TTy-
TEIIECTBOBATh CO CKOPOCTHIO, JIOXOSIIIEH 10
80 Mmtb Buac» [15, ¢c. 411—412]. Ecim B 1800
rony myteiiectBue u3 [apmxa B Cankr-Ile-
TepOypr mwitock 20 gHeit, To B 1900 rogy oHo
3aHnMalio Bcero 30 yacos [16, c. 567].

«ITosiBIeHne aBTOMOOMICH, CAMOJIETOB
M KOCMMUYECKUX paKeT OCTaBUJIO JAJeKo I10-
3371 9TU JOCTUXKEHUS HE TOJBKO C TOYKHU
3pEeHUST CKOPOCTH MEPEIBIKEHMSI, HO M C TOU -
KU 3peHUs paclIMpeHus] MpOCTPaHCTBA,
JIOCTYITHOTO JIJIS IepeIBMXKEHU I, ¥ THOKOCTH
BBIOOpA TPAHCIIOPTHBIX cpencTB» [15, c. 412].

Braromapst aTomy y Jitofeit CKJIabIBaIOCh
COBEPIIEHHO HOBOE, TJTAaHETApHOE MUPOOIITY-
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LIeHUe, a 3TO BaXKHeWIas cocTaBsoas
COLIMAJIbHOM M 9KOHOMMYECKOU Tiobanu3a-
uuu [17].

Pa3Butue Tpancnopra B XIX—XX Bekax,
MpU BCE OOJIbIIIEM TOBBIILIEHUU CKOPOCTEH,
TPUBEJIO K KapAMHATbHBIM COLIMAIbHBIM W3-
MEHEHMUSIM. Y2Ke MOsIBIIEHME TapOBOToO TPaHC-
MopTa pe3Ko yCKOpWIo ypobaHuszauto. Jironu
130aBUJINCH OT HEOOXOJUMOCTU «CEJIUThCS
PSIZIOM C TIOJISIMU, HAa KOTOPBIX OHU TPYISTCS
U30 JHS B J€Hb, U3-3a OTCYTCTBUS APYroro
TpaHCIIOpTa, KpOMe CBOUX HOr». OHU cTalu
«BOJIBHBI KUTb TaM, TA€ UM XOUYeTcCs... IO
OoJIbIlIe} YaCTH... B TOPOJAX, Kyaa UX MaHST
0oJiee OOIIMPHBIN PHIHOK TPYA U Pa3JINYHbIE
coumanbHble 6aara» [18, c. 277]. ¥ Hux no-
SIBUJIOCH OOJTbIIIE BO3MOXHOCTEH 7151 CBOOOI-
HOTO YCTPOMCTBA CBOEI XXU3HU U YIOBJIETBO-
PEHUST 9KOHOMUYECKUX U COLMATBHBIX T10-
TpedbHocTei. Ho Moam He mpocTo nepedupa-
JIUCh U3 JePEBEeHb B OJIM3JIeXalllue ropoja.
OHU B MOMCKAX HOBBIX IAHCOB I CaMO-
peanu3aluu Nepecessiyiuch B APYyTrue PeruoHbI
U Jaxe UHble yacTu cBeta. M He ToibKoO
B ropojia, HO U ¢ LIeJblo BeleHUs1 Oosiee a¢-
(heKTUBHOV CETbCKOX03SAICTBEHHOM e TeNb-
HOCTH.

SIpKyM TTpUMEPOM SIBJISIETCSI THTEHCUBHOE
ocBoeHue Cubupu u JanbHero Bocroka
B KoHIle XIX — Havane XX Beka, KOTaa 1o
CTPOUTEILCTBO TpaHCCUOMPCKOIA KeIe3HOA0-
POXHOUW Maructpanu. Tyna mepeceisuiuch
MUJIJTMOHBI JIIOIe, pa3BUBAJIOCh CEIbCKOE
XO3SMCTBO, POC/Y CYIIECTBYIOIIUE U BO3ZHU-
Kaau HoBble ropona [19, 20]. AHanoruuyHo
LIJIO U OCBOEHUE 3aMaJHbIX TEPPUTOPUIA
CIHIA. «CTpouTeabCTBO HOBBIX XKEJIE3HbIX
JIOPOT, OCOOEHHO TPAHCKOHTUHEHTAJIBHOM,
CMocoOCTBOBAJIO 60Jiee aKTMBHOMY Mepeme-
IIEHUIO HA HOBBIE 3€MJIM BCEX TE€X, KTO MOT
9TOrO MoxesnaTh. B 4acTHOCTH, 9TO KacaeTcs
10 MJTH HOBBIX MEpeceeHIEB, MPUOBIBIINX
B AMepuKky B nocienHeit yetBeptu [XIX —
I.M.] Beka» [21, c. 209].

A Garogapsi pa3BUTUIO TAPOXOJHOTO CO-
00NIeHNST UHTEHCU(DULIMPOBAIUCH MEXKOH-
TUHEHTAJIbHbIe MUTPAIIMOHHBIE TTOTOKU.
ITpexne Bcero u3 EBpornsl B CeBepHyto AMe-
PUKY U HEKOTOpPbIe paitoHbl FOxxHOT AMepu-
ku, ABctpanuio, Hoyto 3enannuio u FOxxHyo
Adpuxky [22, c.937]. B XX Beke HampaBieHUs
TaKMX MOTOKOB MPETEPIEn CYIlIeCTBEHHbIE
U3MEHEHUSs, HO LIeJIU U CMBICT X COXPaHU-
JIUCB.
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HanpaBieHust ¥ MHTEHCUBHOCTb MUTPa-
LIMOHHBIX TOTOKOB U BOOOIIE MPOCTPAHCT-
BEHHBIX ITepeMeIeHUN — BaXKHbIN COLUATb-
HBI MHAMKATOp. TOYHO Tak, KakK KamuTaa
nepemeliaercs B 60j1ee UHBECTULIMOHHO
MpUBJEeKATeJbHbIE OTPACAU U PETUOHBI,
JIIOAY MEPEMELIAIOTCS B T€ MECTa, KOTOPhIE
TS HUX OoJiee MPUBJIEKATEIbHBI C TOUYKU
3peHUs He TOJIbKO 3apaboTKa, a BCero KOMII-
Jiekca hakTOpOB, ONpPEeAeISIIONINX KAYeCTBO
KWU3HU, IPUYEM U C YUYETOM OXUJIAHUN OT
Oynyuiero. Kaxnaplii yesoBeK mpu 3TOM py-
KOBOJICTBYETCS COOCTBEHHBIMU CyObEKTUB-
HBIMU OLIEHKAMM, HO MPOCTPAHCTBEHHbIE
nepeMelieHnsi MHOXECTBA Jionei, Oyayuu
COLIMAIbHBIMU TTpOLleCCaMU, 0O bEKTUBU3U -
PYIOT 3TU OLIEHKU, KaK PBIHOK OOBEKTUBU-
3UPYET MHOXECTBO CYOBEKTUBHBIX OLIEHOK
MOJIE3HOCTU U M3IEPXKEK MPOU3BOACTBA
TOTO UJIX UHOTO TOBapa B BUE PABHOBECHOM
PBIHOYHOM 1LIEHHBI.

M TouyHO Tak Xe, KaK HEBO3MOXHO Ha
OCHOBE CTaTUCTUYECKUX JaHHBIX PACCUU-
TaTh «IIPABUJIbHBIE» 1IEHBI (BBISIBUTH UX IO
CUJTY TOJIBKO PHIHOYHOMY ME€XaHU3MY), He-
BO3MOXHO M PAaCYETHO COOTHECTU Pa3HO-
oOpa3Hble COLMAJIbHO-2KOHOMUYECKUE
XapaKTEepPUCTUKU Pa3JIUYHBIX PETUOHOB,
rOPOJIOB U PAilOHOB U OTIPEEIUTD, I1I€ JIyY-
1€ XXWUTh, pad0OTaTh, OTAbIXaTh. A HampaBs-
JIEHUS U UHTEHCUBHOCTb MPOCTPAHCTBEH-
HBIX TIepeMElleHU N Joaei, UHTerpupys
MHOTHE ThICSIYM, a MOAYAC U MUJJIUOHBI
WHAWBUAYATbHBIX OLIEHOK, JAIOT BEPHBIA
OTBET Ha 3TOT BOMPOC.

ITpuuém peub UAET HE TOJIBKO O MUTpa-
LIMOHHBIX IMTOTOKAX, HO U €KEeTOAHbIX MTOe3/1 -
KaX Ha OTAbIX, MEPUOAUYECKUX MOe3aKaX,
CBSI3aHHBIX C 00YYEHUEM, JIEUCHUEM U T.II.
71 Takux repemeleHuit pakTop CKOpocTu
ropasuo 6oJiee 3HAYUM, YeM JJIsI MUTPALIM -
OHHBIX, TOCKOJIbKY POCT CKOPOCTH CYIIECT-
BEHHO pacuIupsieT UX MPOCTPaHCTBEHHbIE
rpaHuilbl. bosee Toro, poctT CKOpOCTHU CMO-
co0eH MPUBECTU K 3aMEIIEHUI0 MUTPALIM-
OHHBIX TOE3JA0K Ha peryjasipHble, B TOM
yucie — exXeaHeBHbIe. Ecau, Hampumep,
B XIX Beke (He roBops yxxe o 6oJiee paHHUX
nepuoaax) xejaaHve paboTraTh UJIU YYUTHCSI
B OOJIBIIIOM TOPOJiE, HAXOASIIEMCS Ha pac-
crosiHum aaxe 50—100 kuaoMeTpoB OT MecTa
JKUTEJbCTBA, IJI CBOEl peanu3aluu Tpedo-
BaJIO TepecesieHus Tyda, TO COBPEMEHHbBIE
CKOPOCTHBIE, a TeM 00JIe€ BBICOKOCKOPOCT-
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HBIE CPEeICTBA COOOIICHMUS IMO3BOJIIOT
€XXeTHEeBHO coBepllaTh Takue (1 gaxe 6ojee
JlaJibHUE) TOe3IKHU «B 00a KOHLIa».

M MeHHO ¢ pOCTOM CKOPOCTHU TPAHCIIOPT-
HOT'O COOOIICHUS CBA3aHO, Ha HAIll B3IJISI,
BO3HMKHOBEHUE B psific HauboJjiee pa3BUTHIX
CTpaH ¢ cepeanHbl 1960-X ronoB TeHAEHLIMN
K Ie3ypOaHu3aluu, COKpaIleHUI0 IO
HaceJeHUs, MPOXMUBAIOIIETO B KPYITHBIX
ropoaax [23, c. 30]. Oto Ha camoM gdele
0O3HAYaeT He «ITOBOPOT BCIISITh TEHACHIIUH
K ypOaHU3alMn», a paciimpeHue oaromgapst
CKOPOCTHOMY TPAHCIIOPTY BO3MOXKHOCTEH
JIIOICH «KUTh TaM, TJIe UM X04YeTCsI», pabo-
Tast, KaK IIpaBUJIo, TTO-TIPEKHEMY B KPYITHBIX
ropomax. [IporHO3upyeTcs, 4TO B Oyayiem
MECTO KUTEJILCTBA OCHOBHOM MaCCHI TOPO/I-
CKOTO HaceJIeHHs eIé 0oJice yIaauTcs OT
LeHTpa ropoa, a MoJBMKHOCTh TOPOXKAHU -
Ha BO3pacTeT IO TaKol CTeNeHU, 4TO Mpe-
BPaTUTCSI B «KOYEBYIO MOOUJIBHOCTH» [24,
c. 123].

PocT ckopocT TpaHCIIOPTHEIX COO0IIEe-
HUU caeyiajJ BO3MOXHBIM (hOpMUPOBaHUE
emIé OHOM YePTHl COBPEMEHHOT0, ITOCTUH-
JNYCTPpUAJILHOTO 00I1ecTBa. DTO «IJlo0aIU-
3alUs IPEIOCTABICHUS YCIYT U MEXKIYHa-
pOIHas KOHKYPEHIIMS 3a KJIMEHTOB, KOTaa
00pa3oBaTeIbHBIC U JICUCOHBIC YIPEKICHUS
KOHKYPHPYIOT HE C COCETHUMU IIKOJaAMU
¥ OOJIbHUIIAMU U JaXe He C COOTBETCTBYIO-
IIUMU 3aBeICHUSIMU B CBOEI cTpaHe, a BO
BceM mupe» [25, c. 10].

Takum oOpa3om, eclIn POCT CKOPOCTHU
¥ TaJTbHOCTH II€PEBO3KM TOBApPOB MPUIAET
100aTBbHEIN XapaKTep KOHKYPEHIIMH TOBa-
pPOTIPOM3BOAUTEIIE, TO POCT CKOPOCTH
W JAJTbHOCTH MACCaXXMPCKUX COOOIIeHUI
I00ATM3UPYET KOHKYPEHIINIO B chepe BaK-
Helmux ycayr. M1 To, u apyroe o3Havaer
pacimpeHne CBOOOIBI MOTPEOUTEIHCKOTO
BBIOOpA, CITOCOOCTBYET POCTY KaueCcTBa K13~
HU, COLMAaJbHOMY M DKOHOMHUYECKOMY
pPa3BUTUIO. «DKOHOMHUYECKOE Pa3BUTHUE
HeMbIcIUMO 0e3 cB0o0OoAbl. ONUH U3 acheK-
TOB CBOOOABI — pa3HOOOpa3ye TOBApOB
M YCIIYT, KOTOPBIE MOXKHO IIPUOOPECTH B KO-
HOMUKE, OT MEJIOUEH 10 JKU3HEHHO BasKHBIX»
[26, c. 146—147]. Apyroii acnekT — pa3Ho-
obOpasue BUAOB NeSITCIbHOCTH, KOTOPBIMU
MOXET 3aHUMAaThCS YeJI0BEK, U TeX MECT, THE
OH MOKET OCYIIECTBJISTh CBO BU ACATEITb-
HocTH. To ecTh HAIMIIO pacIIMpeHNE pealb-
HO IIOCTYITHOTO YeJIOBEKY IIPOCTPAHCTBA.
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OLLEHKA NPOCTPAHCTBEHHO-
BPEMEHHOW AOCTYMNHOCTU

BrisiBIeHHOE colMaIbHOE 3HAYEHME I0-
BBIIICHUST CKOPOCTH TPAHCIIOPTHOT'O COOOIIIE-
HUST KaK MHCTPYMEHTA PaCIIMPEHUST TPAHUIL
MPOCTPAHCTBA, TOCTYITHOTO JIJIsI YeJIoBeKa 3a
OIpeNeEHHBIN OTPE30K BPpEeMEHM, TPeOyeT,
BO-TIEPBBIX, Pa3pabOTKM METOIOB KOJINYECT-
BEHHOM OLIEHKU TaKOM MPOCTPaHCTBEHHO-
BPEMEHHOM JOCTYITHOCTH, a BO-BTOPHIX, €&
YBEJMYCHUST Ha OCHOBE OIISITh K€ TTOBBIIIECHUS
CKOPOCTHM TPAHCIIOPTHBIX cooOIeHuid. YTo
KacaeTcsl epBoi U3 3TUX 3a71a4, TO B KA4eCT-
Be HanOoJiee 00IIEero U3MEPUTESIs ITPOCTPaH-
CTBEHHO-BPEMEHHOM MTOCTYIMHOCTH MOXKHO
paccMaTpHUBaTh TEPPUTOPUIO, B JTIOOYIO TOUKY
KOTOPOi1 MOXET ITOIAacTh YeJIOBEK U3 JaHHOM
(HavaJIbHOIT) TOYKM MPOCTPAHCTBA 3a BpeMs,
He npeBbllaloliee 3agaHnHoe (1 yac, 2 yaca, 3
yaca U T.11.). JIpyruMu cJIoBaMu, 3TO TEPPUTO-
pus MI30XPOHHOI TPAHCIOPTHOM TOCTYITHO-
ctu? (Hapsiay ¢ MeTOI0M M30XPOH CYLIECTBY-
[OT ¥ JpyTUe METOABI OLIEHKU JOCTYITHOCTH.
Wx aHanu3 sIBJIsIeTCSI HAyYHOM MPOOJIeMOii,
BBIXOJISIIIICH 32 paMKU TEMBI CTaTbH).

IToHsITHO, YTO B IIpe/esiax 3aJaHHOTIO Bpe-
MEHU YeJIOBEK MOXKET JOCTUYb JIUILb OIPe/Ie-
JIEHHOM TOYKM Ha TEPPUTOPUM U30XPOHHOM
JIOCTYITHOCTH, a HEe BCE BO3MOXHBIE TOUKH
B COBOKYITHOCTH, KOTOpbI€ BIIpaBe BbIOpaTh
uHauBuaI. Y 31ech MBI TIepeXoIUM U3 00J1aCTH
reorpaduu TpaHCIOpTa B 00J1aCTh IIPaKCeo-
JIOTUM — HayKH O YeJI0BEUYECKOM IesSITeIbHOC-
TH, B KOTOPOIi BLIOOD, COBEPILIAEMBbIi1 YeI0Be-
KOM, SIBJISIETCSI OJHOM M3 ONpPEee/IsIONmX
KaTeropuii [3, c. 7, 46]. Ucxons U3 MHTEPECOB
YeJJ0BEYECKOM MeaTeIbHOCTH, TTPOCTPAHCT-
BEHHO-BpPEMEHHasI TOCTYITHOCTh BaxKHa He
cama 110 cebe, a KaK MHCTPYMEHT TOCTVKEHMST
1eJieil MHAWBKIIA BO B3aUMOJCHCTBUH C IPY-
TUMU JIIOAbMU. YesloBeKy, HaXOmSIIeMycCsI
CpeIy TalTH, BPSL JIM OYEHb BaxKeH IOCTYIl
K OOJIbIIIEMY JIECHOMY MPOCTpPaHCTBY. EMy
0oJIee BaskeH JOCTYIT K MECTaM, IJie OH MOT ObI
MOJIYYUTh OTCYTCTBYIOIIME B Talire yCIyru
U BIIEYATJICHMSI.

KoHeuHo, y Kaxaoro 4ejioBeka — CBOM
Ha0OP XeTaTeIbHbIX 1151 CKOPEUIIIEr o JOCTY -
I1a MECT ¥ CBOU ITIPUOPUTETHI 3TOM JKeIaTeIb-
HocTu. Ho B 06IeM ciydae, MOCKOJbKY
JIOCTHXKEHUE IIeJieil OTIeIbHOro YeaoBeKa
O0OBIYHO CBSI3aHO ¢ HEOOXOIMMOCTBIO B3au-

2 I30XpoHa TPaHCITOPTHOM TOCTYITHOCTH — JIMHUSI, CO-
eIMHSIIoNIasl TOUKM PaBHOW BPEMEHHOM JOCTYITHOCTH.
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MOJENCTBUA C APYTUMMU JIOABMU U UCTIOJb-
30BaHUEM Pe3yJbTaTOB 3KOHOMMYECKOM
NI TeTbHOCTH, JIJIST OLIEHKM ITPOCTPAHCTBEH -
HO-BpPEMEHHON HOCTYMHOCTHU IPUTOIHBI
Takue ToKa3aTen, Kak YNCIeHHOCTb Hace-
JICHWSI Ha TEPPUTOPUH U30XPOHHOMN JOCTYII-
HOCTH (ColuabHast JOCTYITHOCTh) Y BAJIOBOI
MIPOIYKT 3TOU TEPPUTOPUU (SIKOHOMHUIECKAS
JIOCTYITHOCTB).

Orciona cpa3y BUJHA pa3HUIIA MEXIY
reorpadyecKUM M COLMAILHBIM U3Mepe-
HUEM TIPOCTPAaHCTBEHHO-BPEMEHHOM
nocTymHocTu. Jist yemoBeka, HaxomsIie-
rocs, Hampumep, B SIKyTcKe, maxe Ipu
PaBHBIX CKOPOCTSIX TPAHCIIOPTHEBIX CO00-
IIEeHUI U COOTBETCTBEHHO paBHOU TeppH-
TOPUU U30XPOHHOM TOCTYITHOCTH COIIMATb-
Has ¥ 95KOHOMMYECKas TOCTYITHOCTH OyIyT
CYILIECTBEHHO HUXE, YeM JJIsI 4yeJoBeKa,
Haxonsuerocss B MockBe unu CaHkr-Ile-
TepoOypre. [ToaToMy BbiCOKass CKOPOCTh
TPAHCHOPTHBIX COOOIIEHUN 0COOEHHO
HYyXHa IJIT PeTHOHOB ¢ HU3KOW TJIOTHO-
CTBIO HACEJICHUSI M1 HEBBICOKOI MHTEHCUB-
HOCTbHIO SKOHOMUYECKON AeATETbHOCTH.

C TOYKM 3peHUs MOTPEOHOCTH B TEX WU
WHBIX BUIaX YCIYT MOXHO MCIIOJIB30BAaTh Ta-
KUe TT0Ka3aTeJIv MPOCTPAaHCTBEHHO-BPeMEH-
HOW IIOCTYITHOCTH, KaK 00BbEM TOPTOBIIH,
MEOUIIMHCKUX, 00pa30BaTeIbHBIX U WHBIX
YCIIYT Ha TEPPUTOPUN M30XPOHHOI TOCTYITHO-
ctu. OmsTh Xe sl KOHKPETHOTO YeJloBeKa
BaXXHBI HEe OO0Iasi YNCJIEHHOCTh HACeJeHUS
1 He OOIIMiI BaJOBOW MPOAYKT JOCTYIMHO
TEPPUTOPUH, 1aKe He 00LLIE OOBEMBI OT/IEb-
HBIX BUJIOB YCJIYT, @ HAJIMYWE JIIOJIEi, ¢ KOTO-
PBIMU OH MOT OBI C TTOJIb301 B3aUMOJEHCTBO-
BaTh, U YCJYT OIpPeNeIEHHOTO KadyecTBa,
JIOCTYI K KOTOPBIM OH XOTEJI OBI TTOJTYYUTh.
KoHeuHo, yem 6oJibliie JIto1eil HaXOAUTCS Ha
JIOCTYITHOM IIPOCTPAHCTBE, YeM BBIIIE TaM
001U 00bEM MTPOM3BOACTBA UJIM OOBEM MTPO-
M3BOJICTBA OTPEIEIEHHOTO BUIA YCIIYT, HETTO-
CPENCTBEHHO MHTEPECYIONIUX TaHHOTO CYOb-
eKTa, TeM IIPU IPOYUX PaBHBIX YCIOBUSIX
0oJIbIIIE Y HETO BOBMOXKHOCTH JIOCTUYb CBOMX
JIMYHBIX Leei. Ho BCE Xe 13 3Toro paccyx-
JIEHUsI BITOJTHE sICHA OTPAaHUYEHHOCTb UCITOJTb-
30BaHUS arperupoOBaHHBIX (MaKpOCOLMAIIb-
HBIX, MAKPOIKOHOMUYECKHUX) TTOKa3aTesei.
ITpu TOM, YTO OHM HECOMHEHHO TT0JIE3HBI, 3TY
OrpaHMYCHHOCTH BCETIa Hago MMETh B BULY,
M TOTIOJTHSTH aHAJIN3 arPeTMPOBAHHBIX ITOKA -
3aTejiell aHaJIM30M, OCHOBAaHHOM Ha JIOTUKE
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YeJIOBEYECKOU AESITeIbHOCTH, JIOTUKE WHIV -
BUIyaJIBHOTO BbIOOpA.

NEPCNEKTUBbI OAJIbHENALLEIO
POCTA CKOPOCTU

Bynem mu MBI paccMaTpuBaTh IIPOCTPaH-
CTBEHHO-BPEMEHHYIO TOCTYITHOCTb C TOYKU
3peHUS] MHAWBUIA WJIN, OIMPasCh Ha arperu-
pOBaHHbBIE TIOKA3ATENH, ISl €€ pacIIMpeHUsT
HEOOXOIMMO TOBBIIIEHUE CKOPOCTH TPaHC-
MOPTHBIX COO0IIeHU. PellieHre sTolii 3anaun
TpeOyeT KaK pocTa CKOPOCTH MEePEBO3KU OT-
IeJTbHBIMU BUOAMM TPAHCIIOPTa, TaK W JINK-
BUIOALIMKA TTOTEPh BPEMEHM Ha «CTBIKAX»
Mexay HUMu. Benb mobast moe3aka ocyiiecT-
JISIeTCS Yallle BCETO C MCIOIb30BAaHUEM JIBYX
W HECKOJIBKNUX TUIIOB TPAHCIIOPTHBIX
cpenctB. [ToaTomMy 171 TTOBBILLIEHUST OO1LEH
CKOPOCTH TaKOU TIOE3IKKN HYXXHBI BBICTpaN-
BaHUE MTHTEPMOJATBHOM (MYTETUMOIAITBHO)
TPOLIECCHOM JIOTUCTUKK U O0EeCTiedeHue Co-
€IMHEHHOCTH Pa3HbIX BUIIOB TPAHCTIOPTA WU
pPa3HbBIX TIEpEMEIeHUI C UCTIOTb30BaHUEM
OITHOTO 1 TOTO ke Bujia. ObecrieueHre Coeim-
HEHHOCTHU CTAHOBUTCSI OCHOBOI TaK Ha3bIBa-
€MOT0 «0eCIIOBHOI0» TPAHCIIOPTHOTO CO00-
menwus [27, 28].

UTo KacaeTcst MapIIPYTHBIX CKOPOCTEl Ha
OTJEJIbHBIX BUIaX TPAHCIIOPTA, OHU B KOHIIE
XX Beka MmoIOUIH K TIpeiesiaM TEXHUKO-TeX-
HOJIOTMYeCcKUX orpaHndeHuit [29]. OgHako
ceifyac B Ka4yecTBe OTBETA Ha OOLIECTBEHHBIN
3ampoc Ha KapaAWHAJIBHOE YCKOPEHUE TPaHC-
ITOPTHBIX COOOIICHUI MOSBISIOTCS HOBBIC
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TeXHUYECKUE UIEU U PelIeHUS KaK B 001aCTU
Ha3eMHOTr0 TPaHCIOPTa (MPOEKThI BAKYYMHO-
JIEBUTALIMOHHBIX TPAHCHOPTHBIX CUCTEM,
CITOCOOHBIX JocTUTaTh cKopoctu 1200 KM/,
a B IEPCMEKTUBE U BbILIE), TAK U BO3AYUIHOTO
(HOBBIE CBEpX3BYKOBBIE CaMOJIEThI, TOTOBBIE
pa3BUBaTh CKOPOCTH cBhIIIe 2300 KM/4, a TaK-
Xe uaeu GyTypucTUYeCKUX JIeTaTeIbHBIX
anmnaparos ¢ enie 00siee BBICOKUMU CKOPOCTSI-
MHU).

Oco0y10 pojib B TIOBBIIIIEHUN CKOPOCTEM
TPAHCIIOPTHBIX COOOIIEHUI MOXKET ChIrpaTh
TuOpUIMU3alIMs TPAHCTIOPTHBIX cpeAcTB [30,
31]. B yacTHOCTH, pe4b MIET O CO3TAHNHN MO-
nesneit, obecreumBaOIIMX CUHEPTUIO HA3EM-
HOTO 1 BO3AYITHOTO TPaHCIOPTa. DTO U pa3-
HOOOpa3HbIE TTPOEKTHI «JIETAIOIIUX aBTOMO-
Ouneit» (HEKOTOpbIE U3 HUX MOTYT OBITh pea-
JIU30BaHbl B OJIMXKaillIeil mepcrneKkTuBe),
U HaXOASIIMICS MTOKa B CTAAUU UIEU «TTOE3/I-
CaMOJIET», COUETAIOLINI CKOPOCTh ABUKEHUS
JIETATeIbHOTO armapara ¢ TMOKOCTBIO XeJe3-
HOIOPOXHOTO TpaHcmopTa [31].

TTonpoOHble TUOPUAHBIE TPAHCIIOPTHBIE
CpeJCTBa COEAUHSIIOT pa3Hble BUIbI TPaHC-
MopTa HEMOCPENCTBEHHO B ce0e, TEM CaMbIM
3¢ deKTUBHO pelasi IpodaeMbl TOTEPh Bpe-
MEHU Ha «CThIKaX» MEXITy BUIAMU U MOBBILLIAS
00111y10 CKOPOCTb TPAHCIIOPTHBIX COOOLIEHUIA.

SAKJIIOMEHUE

Takum o0Opa3oMm, TOBBIIIIEHNE CKOPOCTU
TEepeIBIKEHUST U paclliupeHue 0garomapsi
3TOMY Pa3MepPOB IOCTYIMHOTO MPOCTPAaHCTBA
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C pa3HOOOPA3HBIMU PECYpPCaMU U BO3MOXKHO-
CTSIMU UX UCIIOJb30BaHUS ChITPajio OYeHb
BaXXHYIO POJIb B 9BOJIIOLIMU YEJTOBEUYECTBA,
(opmupoBaHuY 1 pazBuTHU 0obIIecTBa. PocT
CKOPOCTU Y MPOCTPAHCTBEHHO-BPEMEHHOM
JIOCTYITHOCTU CIIOCOOCTBOBAIM KaK SMaHCU-
naluu 4eJJ0BeYECKON TUYHOCTH, TaK U COLU-
aJIbHO-3KOHOMUWYECKO M1o0aiu3aluiu.

B Hacrosiiiee BpeMs CyIIecTBYET CEPbE3-
HBI COLIMATbHO-2KOHOMUWYECKUIA 3aIpoC Ha
JNAJIbHENIIUI KapIMHAIbHBIIA POCT CKOPOCTU
TPAHCHOPTHBIX COOOIIIEHUI, B OTBET HA KOTO-
pBIl pa3BopayuBaeTcsl U300peTaTeabcKas
Y UHHOBALIMOHHAS NESITeJIbHOCTh B 00J1IaCTU
BBICOKOCKOPOCTHBIX U CBEPXBBICOKOCKOPOCT-
HBIX TPAHCIOPTHBIX CPENCTB U cucTeM. Pea-
JIU3alus TaKUX MPOEKTOB MOMOXET CO3JaTh
TEXHUKO-TEXHOJIOTUYECKYIO OCHOBY JUISI €11
OoJIbllIEei MHTErpallM YeJI0BeUeCTBa, C OIHOM
CTOPOHBI, U paCIIUPEHUS BO3MOXHOCTEH 151
caMopeaau3aliy KaxXa0To YeJoBeKa — C Ipy-
roi.
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ABSTRACT

The article assesses the influence of speed of
transportation on formation and development of
human society. It is shown that the emergence of
modern high-speed transport has led to cardinal social
changes, namely to acceleration of urbanization,
intensification of interregional and intercontinental
migration flows, improving the quality of life. Itis noted
that directions and intensity of spatial displacements
of people can be regarded as a social indicator
aggregating individual ideas about attractiveness of
certain places of residence. To quantify the spatial and

temporal accessibility, the concept of «territory of
isochronous accessibility» was introduced, and for
socioeconomic assessments it was suggested to use
a set of indicators as population size, gross domestic
product, and the volume of production of services
within the isochronous availability territory. Further
acceleration of transportation speed implies both an
increase in speed of transportation by different
modes of transport, and elimination of time losses at
the «junctions» between them, which should be
supported by the development of multimodal
logistics.

Key words: transport communication, speed, society, humanity, urbanization, migration, space-time

accessibility, territory of isochronous accessibility.

Background. As noted in [1], the speed of
transportation is an economic category, as it
determines the most important components of
efficiency of transport activities and the quality of
transportation.

With no less reason the speed of transportation
can be called a social category.

Before we consider the social significance of
speed of transportation, one cannot, however, ignore
the fact that, as a result of widespread and not always
justifiable use, the word «social» not only «increasingly
appears in the role of the word «good» in the
designation of all high moral» [2, p. 197], but is also
associated with «distributive justice» that «is
incompatible with the competitive market order, as
well as the growth and even maintenance of existing
population and the level of wealth achieved», that is,
in fact, the «social» turns into an «antisocial» [2,
p. 203]. In this regard, it should be clarified on what
understanding of society and the «social» the following
considerations will be based.

The author shares the approach to definition of
society as of «unification of individuals for joint efforts»
to achieve their goals on the basis of «cooperation
and mutual assistance to each other», «division and
union of labor» [3, p. 135]. Proceeding from this, the
social significance of speed of transportation lies in
the fact that it significantly affects the ability of
individuals to achieve their goals through interaction
with other people, because it expands the range of
such interactions and increases their intensity,
thereby contributing to division and cooperation of
labor that are the key results of social development
and the basis for improving people’s well-being.

The growth of speed of transport links expands
the spatial boundaries of human interactions,
facilitates them and makes them more fruitful, which
means that they expand the scale and increase the
effectiveness of the whole complex of interpersonal
relationships, which is called «society» [3, p. 135].

The speed of freight traffic, which determines the
amount of working capital that is «frozen» during
transportation, has primarily economic importance
[4, 5]. At the same time, for inexpensive «mass»
cargoes, it is not so much speed that is important in
itself as the guarantee of delivery in a given time
period: «urgency is more important than speed», as
professor V. Myasoyedov-Ilvanov formulated more
than a hundred years ago [6, p. 77].

The speed of passenger traffic, that is, movement
of people themselves, has a predominantly social
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significance, butitalso affects economic development,
because in the course of social interaction people
pursue and achieve, among other things, economic
goals.

Objective. The objective of the author is to
consider social significance of speed of transportation.

Methods. The author uses general scientific
methods, historical-retrospective method, scientific
description, comparative analysis.

Results.

The role of speed of movement in human
evolution

The very origin of modern man in the course of
the evolutionary process, formation and development
of human society significantly depended on speed of
movement that our ancestors could have, and the
distances they were able to overcome.

According to anthropologists, about 2 million
years ago primitive people formed a «new valuable
property — ability to run fast and long», so they were
able to overcome the vast expanses of the African
savannah in search of food and, thus, the first of the
living beings, to adapt to the conditions of savannah,
which at that time became the main type of landscape
[7, p. 53]. Of key importance was combination of
speed and duration of movement: «competitors were
more like sprinters who could do short-term jerks,
while quickly getting tired», so the man «took the
upper hand in those cases when everyone decided
to search for prey in the vast expanses of savannah»
[7, p. 53].

Here we see the most important aspect of the
social significance of speed which is interrelation of
speed, time and space.

On the one hand, the increase in speed means an
increase in the possibility of spatial movement
(overcoming space) over a certain period of time — the
space is «compressed», «compacted» [8]. On the
other hand, increased duration of movement at a high
speed expands the boundaries of available space,
and therefore increases the number of options for
using particular resources and opening new useful
opportunities. (This is fully manifested in modern
transportation, as for example, for a motorist it is
important not to develop the maximum speed in any
area, but to be able to move at a high average speed
for a long time. For air flights, not only the «cruising»
speed of an airplane isimportant, but also the duration
of its non-stop flight).

As for acquisition of new opportunities for
development and use of the surrounding space by
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our ancestors, then at that time a «turning point in
evolution» came: a new kind of man was born — homo
erectus(right-browing man) [7, p. 54]. Erectus moved
constantly in search of food, overcoming during the
day, according to some estimates, up to 50 kilometers.
The representatives of this species not only mastered
all of Africa, but also went beyond it, into the expanses
of Eurasia. Thus, «a man entered the threshold of a
new era, which turned him into a being of global, and
then of a cosmic scale» [7, p. 79].

During the development of Eurasia, isolated
centers of evolution emerged that lost contact with
the rest of humanity. These are the Sinanthropus who
lived on the territory of modern China [7, p. 92-97],
and relatively recently discovered on the island of
Flores (Indonesia) Homo floresiensis [9, p. 182-200].
Isolation led either to an extreme slowdown in
development, or to degradation. Such consequences
of isolation are characteristic not only of the early
history of mankind, but also of all its subsequent
stages, including the modern one, which testifies to
the existence of an empirically confirmed law of social
development.

However, the trends of movement and interaction
have always prevailed over stagnation and isolation.
So it was in the early history of mankind.

In the Middle Pleistocene (a geological epoch that
began about 400000 years ago), due to the population
growth and its mobility, the disunity and isolation of
human populations was replaced by the expansion of
contacts and the smoothing of interpopulation
differences [7, p. 98]. In these processes, you can
see the first signs of the proto-globalization of
mankind.

And, finally, about 30-40 thousand years ago, the
formation of a behaviorally modern man (unlike the
anatomically modern one that appeared earlier),
which became known as the «human revolution»,
occurred. Among the most important manifestations
of this revolution was the «rapid expansion of the
habitat, the exchange between different groups, often
separated by large distances, the development of
water spaces» [7, p. 169].

Here is an illustrative example that characterizes
the scale of spatial displacements of people and
material goods in that era, and perhaps evidences the
existence of an exchange: «... some stone products
found at the oldest Upper Paleolithic sites in Kostenki'
were made of stone, which could be found only
100-150 km away from the place of stay, and the
shells found there could be brought only from the
Black Sea coast, located at a distance of 500 km» [9,
p. 371].

As for overcoming of water spaces, the most
impressive example is seafaring. Archaeological finds
attest to the appearance of Homo sapiens on many
islands of South and South-East Asia, separated from
the mainland by considerable distances, more than
30thousandyearsago [7, p. 191]. And on the islands
of Melanesia, located in the west of the Pacific Ocean,
systematic communication was established with the
purpose of delivering obsidian — material for the
manufacture of tools [7, p. 269].

Thus, ability for long movements with high average
speedacquired by our ancestors played an exceptional
role in the biological and cultural evolution of man,
formation and development of society. The
appearance of the first water and land vehicles not

' A complex of Upper Paleolithic sites in the territory
of the present Voronezh region, where people had lived
more than 40 thousand years ago for a long time.

only increased the speed of movement, but also made
new territories accessible to people [10].

The value of speed of transportation for social
development

The development of regular transport links and
exchange prepared a transition to sedentary life,
which became the basis of the producing economy
[11]. Such an economy could exist only under the
condition of sufficiently smooth transportation of
goods and, accordingly, the appearance of people
who are engaged in it professionally.

At the same time, the speed of transportation in
antiquity and the Middle Ages was still very low [11,
12]. Therefore, the journey to some significant
distance turned into a real journey. Thus, in ancient
times, even with the presence of beautiful Roman
roads, «the journey from Rome to Naples lasted from
three to five days» [13, p. 318]. Movement to really
long distances required several weeks to several
months. Engaging into such trip meant that one should
abandon for a long time his usual occupations, that
not everyone could afford. Many people in their entire
lives did not leave the neighborhood of their native
city or village.

The low speed of transport links makes trips not
only long, but also rare, severely limiting human
mobility. A person finds himself tied to a specific place,
which complicates self-realization, restricts social ties
and allows society to «atomize» easily, to become an
archipelago of self-sufficient economic «islets», as it
happened in the late Roman era and the Middle Ages.

In Europe, when «a great network of Roman
roads» almost disappeared [14, p. 165], travel
became even more difficult. «The medieval road was
depressingly long, slow. <...> The daily stages varied
according to the nature of the terrain from 25 to
60 km» [14, p. 166]. Sea voyage could be much
faster — with a fair wind the ship crossed up to 300 km
per day. But «the rapidity of progress achieved by the
will of chance could be brought to nothing by dead
calm, headwinds and currents» [14, p. 167].

The situation radically changed in 19" century with
the advent of steam transport. If «at the beginning of
19" century the speed of movement was about the
same as in the Hellenistic era», «by the beginning of
20" century, thanks to steam locomotives, people
could travel at a speed of up to 80 miles per hour» [15,
pp. 411-412]. If in 1800 the journey from Paris to
St. Petersburg lasted 20 days, then in 1900 it took
only 30 hours [16, p. 567].

«The advent of cars, airplanes and space rockets
left these achievements far behind, not only in terms
of speed of movement, but also in terms of expanding
the space available for movement and flexibility of
selecting vehicles» [15, p. 412].

Thanks to this, people had a completely new,
planetary worldview, and this is the most important
component of social and economic globalization [17].

The development of transport in 19" and 20"
centuries, with ever increasing speed, led to drastic
social changes. The emergence of steam transport
has sharply accelerated urbanization. People got rid
of the need to «settle next to the fields on which they
work day in and day out, because of the lack of other
transport, except their own feet». They became «free
to live where they want... for the mostpart... in cities,
where they are attracted by a broader labor market
and various social benefits» [18, p. 277]. They had
more opportunities to freely organize their lives and
meet economic and social needs. But people did not
Jjust move from villages to nearby cities. They, in
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search of new chances for self-realization, moved to
other regions and even other parts of the world. And
not only to cities, but also with a view to conducting
more efficient agricultural activities.

A vivid example is intensive development of
Siberia and the Far East in the late 19" — early 20"
century, when the construction of the Trans-Siberian
Railway was underway. Millions of people moved
there, agriculture developed, existing ones grew up
and new cities arose [19, 20]. Similarly, the
development of the western territories of the United
States was going on. «The construction of new
railways, especially the transcontinental railways,
facilitated a more active relocation to new lands of all
those who could wish for it. In particular, this applies
to 10 million new settlers who arrived in America in
the last quarter [fo 19" century— D.M.] century» [21,
p. 209].

And thanks to the development of steamship
communication, intercontinental migratory flows
intensified. First of all, from Europe to North America
and parts of South America, Australia, New Zealand
and South Africa [22, p. 937]. In 20" century, the
vectors of such flows have undergone significant
changes, but the goals and their meaning have been
preserved.

Directions and intensity of migration flows and, in
general, spatial displacements are an important social
indicator. Just as capital moves to more investment-
attractive industries and regions, people move to
places that are more attractive to them from the point
ofview of not only earnings, but the whole complex of
factors that determine the quality of life, and taking
into account expectations for the future. Everyone is
guided by their own subjective assessments, but the
spatial movements of many people, being social
processes, objectify these estimates, as the market
objectifies a lot of subjective assessments of the utility
and production costs of a product in the form of a fair
market value.

And just as itis impossible to calculate the «right»
prices based on statistical data (it is impossible to
determine them only by a market mechanism), it is
impossible also to correlate computationally various
social and economic characteristics of different
regions, cities and regions and determine where it is
better to live, work, relax. And the directions and
intensity of spatial movements of people, integrating
many thosand, and sometines million individual
assessments, give the correct answer to this question.

And we are talking not only about migration flows,
but also about annual vacation trips, periodic trips
related to training, treatment, etc. For such
displacements, the speed factor is much more
significant than for migration ones, since the speed
growth substantially expands their spatial boundaries.
Moreover, the speed growth can lead to replacement
of migration trips to regular, including daily ones. If,
for example, in 19" century (not to mention earlier
periods) the desire to work or study in a big city located
at a distance of even 50-100 kilometers from the
place of residence, required «full-time» migration
there, then modern speed, and particularly high-
speed transport vehicles allow to make daily (and even
more distant) «round trips».

It is with the growth of the speed of transport links
that, in our opinion, the emergence of a trend towards
de-urbanization in a number of the most developed
countries, a reduction in the proportion of the
population living in large cities is associated [23, p. 30].
This does notin fact mean «reversing the trend towards
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urbanization», but the expansion through the rapid
transport of people’s opportunities to «live where they
want», working, as a rule, still in large cities. It is
predicted that in the future the residence of the bulk of
the urban population will move even further away from
the city center, and the mobility of the townspeople will
increase to such a degree that it will turn into <nomadic
mobility» [24, p. 123].

The growth of speed of transportation made it
possible to form one more feature of a modern,
postindustrial society. This is «globalization of
provision of services and international competition for
clients, when educational and medical institutions
compete not with neighboring schools and hospitals
and not even with relevant institutions in their country,
but throughout the world» [25, p. 10].

Thus, if the growth in speed and range of
transportation of goods gives a global character to
competition of commodity producers, then the growth
in speed and range of passenger transportation will
globalize competition in the sphere of essential
services. Both of them mean expansion of freedom
of consumer choice, contributes to the growth of the
quality of life, social and economic development.
«Economic development is unthinkable without
freedom. One aspect of freedom is the diversity of
goods and services that can be acquired in the
economy, from small things to vital ones» [26, p. 146—
147]. Another aspect is the variety of activities that a
person can do and where he can carry out his activity.
That is, there is an expansion of a really accessible
space.

Estimation of space-time accessibility

The revealed social significance of increasing
speed of transportation as a tool for expanding the
boundaries of space accessible to a person for a
certain period of time requires, firstly, development
of methods for quantifying such space-time
accessibility, and secondly, increasing it on the basis
of a speed increase of transport vehicles. As for the
first of these problems, as the most common measure
of space-time accessibility, one can consider a
territory to any point of which a person can get from
a given (initial) point of space within a time not
exceeding a given (1 hour, 2 hours, 3 hours etc.). In
other words, this is the territory of isochronous
transport accessibility?. (Along with the isochron
method, there are other methods for assessing
accessibility, their analysis is a scientific problem that
goes beyond the topic of the article).

It is clear that within a given time a person can
reach only a certain point on the territory of
isochronous accessibility, and not all possible points
in the aggregate that an individual has the right to
choose. And here we go from the field of transport
geography to the field of praxeology — the science of
human activity, in which the choice made by man is
one of the dominant categories [3, p. 7, 46].
Proceeding from the interests of human activity,
space-time accessibility is not important in itself, but
as an instrument for achieving the individual’s goals
in interaction with other people. For a person located
in the taiga access to a larger forest area is unlikely
to be very important. Access to places where he could
get services and impressions missing in the taiga is
more important for him.

Of course, each person has his own set of
desirable places for quick access and his priorities for
this desirability. But in general, since the achievement

2 [sochron of transport accessibility is a line connecting
the points of equal temporary accessibility.
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of individual goals is usually associated with the need
to interact with other people and to use the results of
economic activity, indicators such as the population
size in the territory of isochronous accessibility (social
accessibility) and the gross product of this territory
(economic accessibility) are suitable for assessing
the spatial and temporal availability.

From here at once one can see the difference
between the geographical and social dimension of
space-time accessibility. For a person located, for
example, in Yakutsk, even with equal speeds of
transport communications and accordingly equal
territory of isochronous accessibility, social and
economic accessibility will be significantly lower than
for a person in Moscow or St. Petersburg. Therefore,
high speed of transportation is especially needed for
regions with low population density and low intensity
of economic activity.

From the point of view of the need for certain types
of services, it is possible to use such indicators of
space-time accessibility as the volume of trade,
medical, educational and other services on the territory
of isochronous accessibility. Again, for a particular
person, it is not the total population and not the total
gross product of the accessible territory that is
important, not even the total volumes of certain types
of services, but the availability of people with whom he
could profitably interact and services of a certain
quality, access to which he would like to get. Of course,
the more people are in accessible space, the higher is
the total volume of production or the volume of
production of a certain type of services, which this
subject is directly interested in, the other things being
equal, he has more opportunity to achieve his personal
goals. But still from this reasoning the limited use of
aggregated(macrosocial, macroeconomic) indicators
is quite clear. While they are undoubtedly useful, this
limitation must always be borne in mind, and the
analysis of aggregated indicators must be supple-
mented by analysis based on the logic of human
activity, the logic of individual choice.

Prospects for further growth in speed

Whether we consider the space-time accessibility
from the point of view of the individual or relying on
aggregated indicators, to increase it, in any case
speed of transportation must be increased. The
solution of this problem requires both an increase in
speed of transportation by certain types of transport,
and elimination of time losses at the «junctions»
between them. After all, any trip is carried out most
often using two or more types of vehicles. Therefore,
to increase the overall speed of such a trip, it is

necessary to build intermodal (multimodal) process
logistics and to ensure the connectivity of different
modes of transport or different displacements using
the same modes. The provision of connectivity
becomes the basis of the so-called «seamless»
transportation [27, 28].

As for mean route speeds achieved by certain
modes of transport, they reached the limits of
technical and technological restrictions at the end
of 20" century [29]. However, now, as a response
to the public request for cardinal acceleration of
transport links, new technical ideas and solutions
appear both in the field of land transport (projects
of vacuum-levitation transport systems capable of
reaching speed of 1200 km / h, and even higher in
the future) and air transport (new supersonic
aircraft ready to accelerate over 2300 km / h, as
well as the idea of futuristic aircrafts with even
higher speeds).

Hybridization of vehicles can play a special role in
increasing the speed of transport communication [30,
31]. In particular, we are talking about creating models
that provide the synergy of land and air transport. They
include a variety of projects of «flying cars» (some of
them can be implemented in the short term), and
(though itis still at the stage of idea) of a «train-plane»,
combining the speed of the aircraft with the flexibility
of rail transport [31].

Such hybrid vehicles connect different modes of
transport directly in themselves, thereby effectively
solving the problems of time loss at the «junctions»
between modes of transport and increasing the overall
speed of transportation.

Conclusion. Thus, increasing the speed of
movement followed by expanding the size of the
available space with various resources and the
possibilities of using them has played a very important
role in the evolution of mankind, the formation and
development of society. The growth of speed and
space-time accessibility contributed both to the
emancipation of the human personality and to social
and economic globalization.

At present, there is a serious social and economic
request for further cardinal growth of speed of
transportation, in response to which the inventive and
innovative activities in the field of high-speed and
ultra-high-speed vehicles and systems are developed.
The implementation of such projects will help to create
a technical and technological basis for an even greater
integration of mankind, on the one hand, and the
expansion of opportunities for the self-realization of
each person, on the other.
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MOCKBA — OBJIAOATEJ1b MEXXAYHAPOOHOMN
TPAHCNMOPTHOU NPEMUUN GLOBAL PUBLIC
TRANSPORT AWARDS 2017

MockBa crana obJiagaTrejieM MUPOBOW
TPAHCHOPTHOI Mpemun MeKIyHAPOTHOTO CO-
103a oomecTBeHHoro Tpancnopra (UITP).
Harpaxnenne komanapl npaBurenscTsa Mo-
cKBBI cocTosioch 17 Mmas 2017 roga B MoHpea-
ne (Kanana).

IMpemuto «Ocoboe mpu3HaHne» MocKBa
TIOJTy4YNJIa 32 TOCTVKEHUS B Pa3BUTHUM TOPO/I-
CKOT0O TpaHCIIOPTa M TPAHCIIOPTHOI MHOpPa-
CTPYKTYPBI 3a TIOCJICTHUE IIECTh JICT.

IMonsenenue urtoros Global Public
Transport Awards cocTostsioch B pamkax 62-1o
BcemupHOTO caMMKTa OOIIECTBEHHOTO
TpaHCITOpTa, KOTOPKIH mpoiet ¢ 15 1mo 17 mas
2017 roma B Monpeane. B 2017 romy Ha 1ipe-
MU0 OBUTM HOMUHUPOBAHBI TOPOJICKHUE TIPO-
€KTBI, peaJII30BaHHBIC 32 IBA ITOCICTHIX rofa.
Bcero Ha yyacTue B KOHKypCe ObLIO MOIAHO
230 3agBOK, 13 HUX 24 mpouutd B pUHAI.
Kiopu pemniio HarpaauTb MOCKBY eIMHOI

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 53-55 (2017)

IpeMHUEii cpasy 3a HECKOJIBKO IIPOEKTOB, KO-
TOpbIE MPU3HAIN JIYYLIUMU. DKCIEPThI Ha-
3BaJIM PE3YJIbTaThl pa3BUTUS OOLIECTBEHHOIO
TpaHCIOpTa B CTOJIMIIE OOHUMM M3 JYYLINX
B MHUpE.

«B aToMm romy Harpamga «Ocoboe mpu3Ha-
HHE», B OTJIMYKE OT OCTAJIbHbIX HOMUHALIVIA,
Bpy4YaeTcsl He IIPOEKTY, a TOPO/LY 3a KOMILIEKC
TPaHCIIOPTHBIX ITPOEKTOB. MM BriepBhIe cTaia
MockBa, KoTopasi JoKa3aja, 4To B IOCIeIHIE
TOJbI MOJIHOCThIO M3MEHUJIA TTOAXO/ K Pa3BU-
THIO TOPOICKOro TpaHcmopra. Ham mpome-
MOHCTPUPOBAIM OTPOMHBIE TOCTUXEHUS —
CcOo3aHKEe COBPEMEHHOI'0 MapKOBOYHOTO
IIPOCTPAHCTBA, 3aITyCK MacCaKUPCKOM XKeJie3-
HomopoxkHO# nH@pacTpykTypsl MIIK, a Tak-
Ke OOIIYIO CTpaTeruio Pa3BUTHS TPAHCIIOPTA
MocKBbI», — paccKa3zaj reHepajbHbIi ceKpe-
Tapb MexXIyHapOIHOTO COI03a OOIIECTBEHHO-
ro tpancnopta (UITP) Anan ®naym.

Mockea — oonanatens MexayHapoaHou TpaHcnopTHou npemum Global Public Transport Awards 2017
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«Hu oguH MeramoJiic He MOXKET CErOIHs
IOKa3aTh MOJ0OHbBIM MacIITa0 IMOJIOKUTEIb-
HBIX UI3MEHEHUI B chepe TpaHCIIOpTa 3a TAKOIt
KOpOTKMi1 cpok... B MoHpeaie Mbl mpoe-
MOHCTPUPOBAJIM KOMIUIEKCHBIN IMOIXO/I
K Pa3BUTUIO OOIIECTBEHHOTO TPaHCIIOPTa,
a takxke MUK u npyrue nocruxenus. 9t
IPOCKTHI BIIEPBbIE OTMEUEHbBI CTOJIb BHICOKO
MexXnyHapoIHBIM COI030M OOIIECTBEHHOTO
TpaHCITOPTa»,— paccKasall 3aMeCTUTENIb Mapa
MoOCKBHI ITO BOIIPOCaM TPaHCIIOPTa, PyKOBO-
JIATEIb IelapTaMeHTa TPaHCIIOPTa M pa3BU-
THSI TOPOXHO-TPAHCIIOPTHON MH(BPaACTPyK-
Typbl MakcuM JIMKCYTOB.

DKCHepThl OTMETUJIM BaXKHbBIE ITPeoOpa3o-
BaHUSI B CTOJIMIIE, KOTOPbIE OBLIM peain30Ba-
HBI 3a MMOCJIeIHUE IIeCTh JIeT. Tak, ocoboe
BHUMaHUe ObLIO YIEJICHO IJITaBHOMY ITPOEKTY
B cepe pa3BUTUSI TOPOACKOIO TpaHCIOpTa
Poccum u EBporibl 3a ociieiHUE HECKOJIbKO
JIeT — MOCKOBCKOMY LIEHTPaJIbHOMY KOJIbILY
(MIK). ExenHeBHBI MaccaxkupomnoTokK
371eCh cocTaBJsIeT nopsaka 350 Thicsy yeso-
Bek, yxke ceituac MLIK mepesesno 6onee 62
MWLIMOHOB MAacCaXKUPOB.

Taxeke 3a 5T1 TOABI Ha 75 TIPOLIEHTOB 00-
HOBWJIM ITapK FOPOJICKOr0 Ha3eMHOIO Iepe-
BO34MKa «MoOCropTpaHc» — OBIJIO 3aKYIIJICHO
5660 aBTOOYCOB, 529 TposuieitbycoB u 191
TpamBaii. A 1151 MOCKOBCKOI'O METPOTIOJIUTE -
Ha npuodpenan 1600 coBpeMeHHBIX BATOHOB.

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 53-55 (2017)

E1é omHMM 13 BaxKHBIX JOCTUXKEHU cTa-
JIO YBEJIMYEHUE CKOPOCTU IBMKEHMS TPAHC-
nmoprta. 3a 1IecTh JeT oHa BbIpocaa Ha 13
npoueHToB. I1Tpu s3tom konuuectBo JATII
COKpaTujoch Ha 46 nporieHToB. Ha yiyuiire-
HUE JOPOXHON CUTyallMM, B YaCTHOCTH,
0Ka3aJio BIUSHME Pa3BUTHE MAapKOBOYHOTO
MPOCTPAHCTBA.

CnpaBouHo: UITP — mexnyHapomHas
HEKOMMepyuecKasi acCOIUalts, 00beINHSIIO-
1asi BECh CEKTOP OOINECTBEHHOrO TPaHC-
IopTa ¥ BCE €ro BUIBI. DTO OJHA U3 CTapei-
KX OOIIECTBEHHBIX OpraHM3aluii — oHa
ocHoBaHa B 1885 roay. B coctaB UITP Bxonsgt
yJ4acTHUKU u3 6ojee yem 90 cTpaH, cpeau
kotopwix LIBennst, Asctpus, CIIIA, ®pan-
uust, Utanusa, bpasunus u apyrue. LTa6-
kBaptupa UITP naxonutcs B bproccene. Pa3
B aBa roga UITP npoBonut BcemupHbIit
TPaAHCIOPTHBIN (OPYM U BHICTABKY, IJI€ CO-
OupaloTcs TPAHCIIOPTHUKM CO BCEro MMpA.
Y4yacTHUKU caMMMTa y3HAIOT O HOBBIX TEX-
HOJIOTHSIX Ha PBIHKE OOIIIECTBEHHOI'O TPaHC-
rnmopTa, 00CYXIal0T aKTyaJbHbIe BOIIPOCHI
C MUPOBBIMU 3KCIEPTaMU U OIPEICISIOT
HOBBIE BO3MOXXHOCTHU JIJIsI OM3Heca.

ITo cooOenno o(uIMAILHOTO caiiTa
Mapa MoOCKBbI
https://www.mos.ru/news/
item/24171073/ ®
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EXPRESS INFORMATION

MOSCOW HAS GOT ONE OF GLOBAL PUBLIC
TRANSPORT AWARDS 2017

Moscow got one of Global Public Transport
Awards of the International Union of Public
Transport (UITP). Awarding the team of the
Government of Moscow took place on May 17,
2017 in Montreal (Canada).

The Special Recognition award was handed
to Moscow for achievements in development
of urban transport and transport infrastructure
over the past six years.

Handing of the Global Public Transport
Awards took place within the framework of the
62" Global Public Transport Summit, which
was held from 15 to 17 May 2017 in Montreal.
To be nominated for Awards, projects must have
been implemented between 2015—2017. An
international jury selected the 24 finalists from
over 230 applications. The jury decided to
award Moscow with a single award for several
projects that were recognized as the best. The
experts called the results of the development of
public transport in the capital city among the
best in the world.

«This year, the «Special Recognition»
award, unlike other nominations, is awarded
not to the project, but to the city for the
successful implementation of Moscow’s
ambitious and integrated urban transport
strategy. For the first time, Moscow became the
winner, thus proving that in recent years it has
completely changed the approach to
development of urban transport. We were
shown tremendous achievements — the
creation of a unified parking space, completion
of the Moscow Central Circle, as well as the
overall strategy for development of Moscow’s
transport», said Alan Flausch, Secretary
General of the International Union of Public
Transport (UITP).

«No metropolis can show such a scale of
positive changes in transport in such a short
time ... In Montreal we demonstrated an
integrated approach to development of public
transport, as well as MCC and other
achievements. These projects were first noted
so highly by the International Union of Public

Transport», said Maxim Liksutov, Deputy
Mayor of Moscow for Transport, Head of the
Department for Transport and Development
of Road Infrastructure of Moscow.

Experts noted the important transformations
in the capital city, which have been implemented
over the past six years. So, special attention was
paid to the main project in the field of urban
transport development in Russia and Europe
over the last few years — the Moscow Central
Circle (MCC). The daily passenger traffic here
is about 350 thousand people, by now MCC
has transported more than 62 million
passengers.

Also over the years, the fleet of the city land
carrier Mosgortrans has been renewed by 75
percent — 5660 buses, 529 trolleybuses and 191
trams have been purchased. And Moscow
Metro has purchased 1600 modern coaches.

Another important achievement was the
increase in speed of traffic. For six years, it has
grown by 13 percent. At the same time, the
number of road accidents has decreased by 46
percent. The improvement of the traffic
situation, in particular, was influenced by
development of the parking space.

For reference: UITP is an international
non-profit association that unites the entire
sector of public transport and all its modes. It
is one of the oldest public organizations — it
was founded in 1885. The UITP has members
from more than 90 countries, including
Sweden, Austria, the USA, France, Italy, Brazil
and others. UITP HQ are located in Brussels.
Every two years UITP conducts the Global
Transport Forum and an exhibition, where
transport businesses and organizations from all
over the world meet together. The summit
participants exchange opinions on new
technologies in the public transport market,
discuss important issues with world experts and
identify new business opportunities.

According to the official website
of the Mayor of Moscow
https://www.mos.ru/news/item/24171073/ ®
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THEORY
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BOTNPOCHI TEGP

OBOJIIOLUMOHHbIE
3aKOHOMEPHOCTMU
JIOTUCTUKM

Bepa BATUHOBA
Vera V. BAGINOVA

Neonnpg MUPOTUH
Leonid B. MIROTIN

Jles PEQOPOB
LevS. FEDOROV

Mupomun Jleonuo
bopucoeun — dokmop
MexXHU4ecKux Haykx,
npogeccop MAJIH,
Mocksa, Poccus.
bazunoea Bepa
Baaoumuposna — doxmop
MexXHU4ecKux Haykx,
3aeedyrowasn Kagheopoii
«Jloeucmuka u ynpagaenue
MPAHCROPMHBIMU
cucmemamu» MUUT,
Mockea, Poccus

Dedopos Jlee Cepeeesun —
0J0KMOp 3KOHOMUYECKUX
Hayk, npogpeccop MUHUT,
Mockea, Poccus.

Evolutionary Patterns of Logistics
(TekCT cTarby Ha @HI1. 3. —
English text of the article — p. 60)

CtaTbsi OCHOBaHa Ha pe3y/ibTatax
MHOroJIeTHUX NUCCJIEA0BaHUIA

eé aBTopoB B 061acTn 1orucTuku. B Hevi
copmynupoBaHbl MOJIOXKEHUS U BbIBOAbI,
oTpaxkaroLiue 3BOJIIOLUIO Pa3BUTUS
KOHLenunv JIorucCTUKU B nocsiegHue
25-30 ner, korga TpagULNOHHbIe
noaxoAbl KOPEHHbIM 06Pa30M MEHSIJINCH
y TpaHcHOPMUPOBaNINCh OT 6a30BbIX
MOHSITUI, CBA3aHHbIX C yrpaBJieHNneMm
uensiMv NocTaBok, K MTOHUMaHUIO

B YCJIOBUSIX PbIHKA MPUOPUTETHOCTU

AJ151 IOrNCTUKN PYHKUMI yripassieHns:
uenssMu NoTpPeobuTesIbCKoro cripoca.
CeropaHsi IorucTuyYeckuii noaxoa 4OoJ/DKeH
BOIMJIOLLaTbCS Yepe3 coynasibHoe
npegHa3Ha4YeHue fessTesIbHOCTU
yesioBeka. [pv aTom Ansi coBpeMeHHON
JIOrMCTUKN BCe 6osiee 3Ha4YUMbIM
CTaHOBUTCS UH)XXEHEPHbIV acrnekT, B OCHOBE
KOTOPOro sieXar rnpoL,ecCHO-pecypCHbIe
v ceTeBble TEXHOJIOMNUN.

KntoyeBble crioBa: Jliormcrtvika,

WHTPaIorMcTyKa, 3BOJIIOLMS, IOrMCTUYeckasl
MeToza0s10rus, Hopmauus, cepa ycnyr,
CeTeBble TexXHOJI0ru, Jior NCTUHECKNIA
MEeHEeXXMEHT, I/IHTeI'pl/lpOBaHHblﬁ rpouecc,
CETELIEHTPUYHOE yrpaBieHne.
|

€CMOTPSI Ha BCE CIIOKHOCTH CETOIHSIIII-

HET0 3KOHOMMYECKOTO IMOJIOXEHMUS,

JIOTMCTHYECKAast METOIOJIOTHS B ITOCIE/I -
HUE JECSATUIIETUS IOJIy4YnIa KOJOoCCaabHOe
pa3BuTHE. DTO OTMEYAIOCh, B YACTHOCTH, Ha
MOCKOBCKMX MEXIYHAPOIHBIX JTOTUCTUYECKUX
(opymax, MpoOBOAUMBIX KOOPAMHALIMOHHBIM
COBETOM I10 JIOTHCTHUKE, HAy4HO-00pa30BaTe/b-
HBIM LICHTPOM MHHOBAILIMOHHBIX TEXHOJIOTHIA T10
noructuke MAJIN, xadenpoit TOTUCTUKHU
M yIpaBlieHUs] TPAHCIIOPTHBIMU CUCTEMaMu
MUUT.

I

TpaauMOHHBIE TTOAXOIbI BBEACHUS B JIO-
TUCTUKY PE3KO M3MEHUINCh. MHXKeHEepHBIN
aCIEKT JIOTUCTUKM, B OCHOBE KOTOPOTO JIeKaT
COBpPEMEHHBIE TEXHOJIOT UM (PUBHUECKUX 1 CO-
LMAJbHBIX 00bEKTOB, TTOCTPOEH Ha IPOLECC-
HO-PECYpPCHOI OCHOBE KaK YHHBEPCATbHOM
MEeTOJIe TI0OBIX BUMOB AESITEIbHOCTH YEI0BE-
Ka MPH YCIOBUU TOXIECTBEHHOCTH d(deKTa
CHHEPIUM B CUCTEMaX yIpaBieHus U o3 dek-
Ta MPUOBLIN B 9KOHOMUYECKUX CUCTEMAX.
B coBpeMeHHBIX YCIOBHSIX 3TO CTAJI0 BO3MOXK-

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 56-62 (2017)



HBIM IIPU YCTOMIMBOM COLIMATBHO-3KOHOMU-
YeCKOM pa3BUTHHU, BCEMEPHON 3KOHOMUU
MaTepuajbHO-3HEPTETUIECKUX U TPYIOBBIX
pecypcoB, cOOJIOACHUM HOPMATUBHBIX Tpe-
0OBaHMIi, TapAHTUPYIOIIUX KAUYECTBO CPEIbI
obuTaHus, 0€30MaCHOCTH M 3KOJOTUYHOCTU
IIPY SKCIUTyaTalluy TeXHUIECKUX U COIINAITb-
HBIX KOMIUIEKCOB.

TTpu 5TOM Heb3s 3a0BIBATh, UYTO HEIHEIITHEES
TTOCTUHIYCTPUAILHOE OOIIIECTBO OTIMYAETCS OT
JIOVH/TYCTPUATBHOTO Y MHAYCTPUAILHOTO TPEMSI
BaXXHEHUIIMMM OCOOCHHOCTSIMU: OCHOBHBIM
MPOU3BOJCTBEHHBIM PECYPCOM CTaHOBUTCS
WH(bOPMAIIUSI, TPUXOISAIIAS Ha CMEHY CBIPBIO 1
SHEPTUN; KBATM(PUKALIMEN ITPON3BOICTBEHHO-
COLIMAJIbHOM IeSITeIbHOCTH KaK YCIIyTY B OTIU-
e OT JOOBIUM, U3TOTOBIICHNUS; HAYKOEMKIMU
TEXHOJIOTMSIMU, TOT/IA KaK IPEIIIeCTBYIOIINE
001IeCTBa XapaKTepU30BAINCHh TPYIOEMKOM
¥ KaIUTaJ0EMKOM TTPOAYKIIMEH U 3aTpaTaMu
HeMaTepHUaIbHOTO TIPOU3BOACTBA TPU TTPOIMX
paBHBIX ycaoBUsIX. UMeHHO cepa yeyr ceituac
OTHOCHUTCSI K HanOoJIee 3HAYMMbIM BUIAM Jesi-
TeJTbHOCTH, CBI3aHHBIM C (PYHKIIMOHNPOBAHIEM
SKOHOMUKU U yIOBJICTBOPECHUEM XU3HCHHO
BaXXHBIX TIOTpeOHOCTEN YeoBeka. Muposas
MpaKTHUKa CBUICTEIBCTBYET, UTO VICIBHBIN BEC
J00aBJIEHHON CTOMMOCTH B cepe YCIyT cylie-
CTBEHHO BBIIIE, YeM B MPOMBIIIIIEHHOCTH
U CEJIbCKOM XO3SICTBE.

Jloructuueckuii noaxon B Poccun, nmo Ha-
1eMy MHEHUIO, TOJDKSH BOTUTOIATHCS CETOTHST
TIPENMYIIIECTBEHHO Yepe3 COLMATbHOE Pa3BUTHE
JesITeIbHOCTH uesioBeka. OTcrona MUKpocpena
JIOTUCTMYECKOTO MEHEIKMEHTa — 3TO Pa3jiny-
HbIC B3aMMOIEHCTBUS MEXKIY PYKOBOIUTEISIMU
M CITELIMAICTaMU CICTEMBI, HalpaBJICHHEBIC Ha
co3laHue e€ pallMOHAJIbHOU opranuzanuu. Ta-
Kasi OpraHM3aIys IpearoiaraeT: HaTuuue oIl-
TUMaJIbHO CTPYKTYPBI IOI00pa 1 PACCTAHOBKU
KaJIpoB, OPUECHTUPOBAHHBIX Ha HEIIPEPHIBHOE
COBEPIIIEHCTBOBAHNE JIOTUCTUUECKOTO MEHETK -
MEHTa; KOHTPOJIb OCHOBHBIX M BCTIOMOTATe b~
HBIX JIOTUCTUYECKUX MTPOLIECCOB, 3 (PEeKTUBHOE
WCITIOJTb30BaHUE TTPOM3BOJICTBEHHBIX MOIITHOC-
Teif; COKpallleH!e JUTUTeTbHOCTH IIMKJIA BBITION -
HEHMS 3aKa30B; KOOPAMHALIMIO Ha TIPUHITUIIAX
JIOTUCTUKY B3aUMOOTHOIIIEHUH C ITOCTABIIMKA-
MM, TTOTPEOUTEIIMU, TIOCPETHUKAMM U MCITOJ-
HUTEISIMU COLMATbHO OPUEHTUPOBAHHBIX
NeCTBUIA; CUCTEMHOE pellleHre SKOHOMUYe-
CKUX ITPOOJIeM.

TexHoyiornyeckasi COCTaBISAOIIAsT MUK-
POCpEbI IOTUCTUIECKOTO MEHEKMEHTA TIPE/i-
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CTaBJISIET COOOM pa3IUYHbIe BUIbI B3aMMOJIEH-
CTBUSI MEXIY UCXOJHBIMU MaTepurajaMu, He3a-
BEpPILIEHHBIM MTPOU3BOJCTBOM U TOTOBOI MpPO-
TYKIIUEH ¢ MalllMHaMU U MEXaHU3MaMU, MEXITY
MalllMHAMU U MEXaHU3MaMW pa3nyHbIX (a3
JIOTUCTUYECKHUX TIPOLIECCOB, HAMTPABACHHBIX Ha
yiIydllieHue 00CIy>XUBaHUS MOTpeduTeseit,
0OCOOEHHO B LIEMU IMOCTAaBOK TOBAPHOM MPOIYK-
LIV,

DKOHOMUYECKAs COCTABJISIONIAs MUKPOCPE-
bl TOTUCTUYECKOTO MEHEIZKMEHTa — 3TO COBO-
KYIMHOCTb 9KOHOMUWYECKUX OTHOIIEHMIA, Orpe-
JIENISIOIIAX BOBMOXHOCTU CUCTEMBI OCYIIECTB-
JISITh MPOLECCHl CHAOXEHUS U MOAIEPXKKU
MPOU3BOACTBA, 3(PhHeKTUBHOE (HYHKIIMOHUPO-
BaHUeE Ha pbIHKE U B chepe K13Heo0ecTieueH s .

B pa3HbIX ceKTopax HayKu MMEIOTCS CBOU
TpPaaULIMU, COOCTBEHHbIE METO/IbI, 0c0o0ast Tep-
MUHoJorusl. [ToaToMy MeXIUCUUTITUHAPHBIN
MOMIXO/ C ONTOPOii Ha 0O BEKTUBHOCTb BO3MOXKEH
TOJIbKO B ClTy4yae MpsIMOi MPOOJIEMHON cUTya-
LIMM, TPeTyCMaTPUBAIOILEH TIPEXIe BCEro UC-
MOJIb30BaHUE €AVHOI cloBapHON 0a3bl, Koraa
B OCHOBE JIIOOOT0 JIOTUCTUYECKOTO HAYYHOTO
TePMUHA JIEXKUT OTPaXKEHHAs! UM CYIIHOCTb,
a JIOTUCTUKA BOCIPUHUMAETCS KaK UCXOTHAS
OpraHu3alus CUCTEMbI U KOHIIENTYaJIbHO-ITPO-
LIECCHAsI MOJIETb.

M3ydeHue TeopeTUueCKrX BOIIPOCOB B Hay-
Kax MpearnojaraeT paCCMOTPEHUE U OMUCaHUe
Pa3JIMYHBIX TOYEK 3PEHUST HA TOT WU UHOU
BOIIPOC, MOCKOJIbKY CaMbl€ pa3HOOOpA3HbIE WU
JTAKe MPOTUBOIOJIOKHBIE YMO3AKTIOUSHUS P~
BOJATCS K 00IlleMy 3HAMEHATeJ 0 METOAOM
B3aUMOJOIOJHSIIOUIUX KOMILIEMEHTaPHBIX
OLICHOK B aJipec MojepaTtopa (peTpaHciIsITopa)
Hay4YHO! MPOOJIEMBI.

MHoroo6pa3ue ornpeaeneHuin J0TUCTUKN
MpuBeIo K 3 GEKTY TUIepOoIn3auu OJHUX
€€ CYIIHOCTHBIX Ne(PUHULINIA U HETOOLEHKE
npyrux. [1pyu 3ToM M3BECTHO, UTO JIOTOC KaK
HUJeaTbHOE IBUKEHKE B OBITUE ECTh TADMOHUS
U MOPSIIOK B MUPO3AAHUU, BbIpaXaroluics
B ICTEPMUHU3ME IBUXKEHUS MpeaMeTa Tpyaa.
Torna KOHUEMIMS JOTUCTUKHU 3aKTI0YAETCs
B (hOPMUPOBAHUU METOAOJOTUU MPOEKTUPO-
BaHUs1, KOOPAWHAIIMY U HEIPEPBIBHOM COBEP-
IIEHCTBOBAHUU €€ 1eJIeil U 3a7a4, MPU3HAKOB,
CTOPOH, CBOWCTB, TPeOOBAHU, MPUHIIMIIOB,
5JIEMEHTOB, (hopM nposiBaeHus. Yepe3 uHTe-
TPUPOBAHHOCTh TAKOU MOAXO[ MO3BOJUT KO-
OPAMHUPOBATH, PETYIUPOBATH U KOHTPOIUPO-
BaTh 0€30MACHOCTh IBUXXEHMUS PecypC-1IEeHHO-
CTH, TOM K€, HalpuMep, TOTOBOI MPOAYKIIUH,
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Ha BCEM IIyTH OT MPOU3BOIUTENS 1O TOTPEOU -
tens [1, 2].

Cucrema ¢ TOYKM 3pEHUS JJOTMCTUYECKOTO
MEHE/KMEHTA ONUCHIBAETCS C TO3ULIMI TOCTIIKE -
HUS €10 OTpPeNEIeHHON LET WA BBITIOTHEHUS
HEKOTOpOU (hyHKLMU. [TpUHIIMTIBI, UCTIONTB3yeMble
B JIOTMCTUYECKOM MEHEIKMEHTE, He SIBJISIOTCS
KaKUM-TO OTKPBITUEM, KOO OHU BITOJIHE €CTECT-
BEHHBI Y TIPOCTBI, HO MX IIPUMEHEHNE CTAHOBUTCS
TTOBOPOTHBIM MOMEHTOM B TIPAKTUKE XO3SICTBO-
BaHWSI.

[aBHBII Xe METOMOJOTMIECKUN TIPUHITUTT
JIOTUCTUKU 3aKJTIOYAETCS B TAPMOHU3ALIUU UHTE-
PECOB YYaCTHMKOB LIETTM MTOCTABOK TOBapa Ha 0c-
HOBE MHTETPUPOBAHHOTO CUCTEMHOTO IMOIXO/IA TSI
JOCTVDKEHUSI 3aJaHHBIX Ha TJIAHOBBIN TIEPUOT
uenei [9].

CrerneHb MOTPeOHOCTU B JIOTUCTUKE 3aBUCUT
OT YPOBHSI COLIMANIM3ALIAHN JIIO/IEH B OOIIECTBE
(TTOHMMAaHWST COM3MEPUMOCTH 3aTpaT U pe3yJIbTa-
TOB TPy/Ia), XapaKTepa ACHCTBYIOIIMX TPOU3BOIU-
TEJTbHBIX CUJT, TEXHOJIOTH, 00IIIECTBEHHO-TIPABO-
BOU CUTYalLlMX U PIHOYHBIX OTHOLLIEHUH B CTPaHe.

.

JleiiTMOTMBOM Pa3BUTKS IOTUCTUKY 3a pyoe-
3KOM CTaJia TpaHchOopMaIvs XapakTepa roTpeon-
TEJIbCKOTO CITpOca, T.€. €r0 MHAWBUIyAT3aIIHsI.
Torma (haOyJ10i1 KOHLICTILIAY JIOTUCTUKI CTAHOBHT-
Cs1 HEOOXOTMMOCTh 00eCIIeUNTh aleKBaTHOCTh
JIOTUCTUYIECKUX TIOCTPOCHUI TIPETBSIBISIEMOMY
CIIPOCY, a CTPYKTYpa JIOTUCTUIECKON CUCTEMBI
B BUJIE TIETTM TIOCTABOK €CTh CPENICTBO COTJIacOBa-
HUSI CTIPOCA U 11eJIEBBIX YCTAHOBOK Uepe3 BIIMSTHUES
Ha YPOBEHb JIOXONIOB U 3aTpat Ha (PyHKIIMOHUPO-
BaHMe MepamMy (PMHAHCOBOTO, SKOHOMUYECKOTO,
OPraHU3alMOHHOTO U aJIMUHKUCTPATUBHOTO JIaB-
nernst. CyMma M30Mpare/IbHO BOBJICUYEHHBIX BO
B3aMMOJICHCTBIE 3BEHBEB IIETIM BOCTIPUHUMAETCST
OKpyxKarolliel cpenoi Kak eaquHoe 1esoe. [Tomno6-
HbIE CUCTEMBI JIOJKHBI OXBATHIBATH TUTAHPOBAHME
MOTpeOHOCTE Ha OCHOBE BBISIBTIEHHOTO CITPOCa,
o0ecTieunBaTh yIipaBIieHNe KaYeCTBOM TTPOLIECCOB,
a TaKKe TIPUHSTHE PEIICHNI C YYETOM TIpreMIIe-
Moro pucka [7].

MHTerprpOBaHHBII ITPOLIECC JIOTUCTUKY TIPE/T-
TIPUSITHSI TIPU3BAH COJIEHICTBOBATH TIOSIBJICHUIO
TOTPEOUTETTHHOIN CTOMMOCTH C METPUUYECKUMU
(HOPMAaTUBHBIMI) OOIITMMU M3NEPXKKaMU (3aTpa-
tamu). MHTeTprpoBaHHasT IEHHOCTH JTIOOOTO
TIPEIPUSITHSI CO3AETCSI COTJIACOBAHHBIM JIMHET -
HBIM (DYHKIIMOHMPOBAHKEM HabOpa OTIETbHBIX
iporieccoB. To ecTh HampaIMBaeTCcst BBIBOI O He-
00XOMMOCTY 3aMEHBI TIIMPOKO MCIOIB3YeMOTO
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BJIOTUCTHKE TIOHSITUS «YTIPABJIEHUE LIETIbIO TIOCTa-
BOK» Ha 0oJjiee 3HAUMMOE B YCJIOBUSIX NEHCTBUS
PBIHOYHBIX CWJI TIOHSTHE «YIIPaBICHHE IIEITHIO
CIIpOCa», KOTAa IMHEHHOCTb, AETEPMUHU3M, HOP-
MaTUBHOCTb, TMOKOCTh, KOMIUIEKCHOCTb M CBOE-
BPEMEHHOCTb pellieHMs 3a1a4 pernosiaraloT pa-
LIMOHAJTbHOE COYETaHUe U3MEHEHUST CTPYKTYPhI
TPOU3BOJICTBA C U3MEHEHUSIMU YTIPABJICHUS UM,
TOCKOJIBKY B 3BEHbSIX LIETH CIPOca KOHCOMUIN-
pyeTcst camast TOYHasl M ToJTHast MH(opMaImst
0 phIHKe [3].

OCHOBHBIE CBOMCTBA JIOTUCTUKU: CUCTEM-
HOCTb YIIPaBJI€HUYECKHUX PEIIeHUI, hx Oe3omnac-
HOCTb, 9KOJIOTUYHOCTb, aJalITUBHOCTh, CUHXPO-
HM3a1Ms IO TOTOKAM PECYpPCOB-3aTpar C AOCTU-
XKeHueM apdexTa CUHEpruu, HaAEXHOCTh
(GYHKIIMOHUPOBaHUs, (PUHAHCOBOE Obecmeye-
HUeE YIpaB/IeHYECKUX PeLLIeHU !, peTyIMpOBaHLE
B PEXMME pealbHOTO BpEMEHH, 3alliuTa MHMOP-
Malliu ¥ CTPYKTypHU3aIusi WHGOPMAIIMOHHBIX
TTOTOKOB, ITPOTHO3UPOBAHKE CTPATETUN Pa3BH-
tus. s nogsieHus achdekra CHHEPTUM Ha
YPOBHE TIPEATIPUSATUSI HYXXHBI, pa3yMeeTcs,
Yy€TKOe ornucaHue QyHKIUiA, TPoLeccoB, MPo-
1Lenyp, TOHUMaHUe TIepMaHEHTHOM CyTH Pecyp-
COB M HalpaBJIEHUST X IBKEHMS [4].

LlenstMyu MHTErpMpOBaHHOMN JIOTMCTUYECKOM
MOJIEPKKY KU3HEHHBIX LIMKJIOB U3NEIUiA (Cuc-
TeM) SIBJISIIOTCS: OKa3aHWe BIMSHMS Ha UX pa3pa-
0OTKY/TIpOEKTUPOBAHME IS O0eCTIieueHUsT OyIy-
1Ie ONTUMATBHOM SKCIUTyaTalliu, OTNIpeeieHre
U YyTOYHEHME PECYPCOB, UX ITOCTABKA C SKOHOMMU-
yecku 000CHOBAaHHBIMHU 3aTpaTaMM B TEUEHUE
BCEro CpoKa CIIyxObl uznenaus (cuctemsl). [Tpu-
YUHBI U3MEHEHUSI TTOA00HOI MOINEPKKU — 3TO
Ccepbe3Hasi phIHOYHAST KOHKYPEHIIHS, BBIHYK/Iat0-
1asi MPeanpUsITUS. CTPEMUTHLCS K JIUAEPCTBY O
YPOBHIO 3aTpaT U yIIYOJISITh CBOIO CIIELIMATA3ALIAIO
B KJTI0YEBOW [J151 K&XKIOT0 M3 HUX Chepe phIHOUHO
KOMIIETEHIINH, a TAKXKE [100aTU3alys U IPOIyK-
ToBast auddepeHuranms. TeopeTUIecKu ke cy-
LLIECTBOBAHUE EIMHON MHTETPAIILHOM JIOTUCTYE-
CKOM 11eTT1 IpeNPUSITUS MTPeIIionaraeT HaIMIre
MPOIYKTa BCEii LIEMOYKU TPpyAa Uil pean3aluun
€ro MOTPEOUTEIO.

Jloructuka Kak ojiHa U3 COCTABISIIONIMX siapa
IIECTOTO TEXHOJIOTUYECKOTO YKJIaja pa3BUTHS
SKOHOMUKH BBICTYIAET B KAUeCTBE MHCTPyMEHTA
YCKOPEHHOMW COIMATLHON 9BOIOLNH, TaK KaK
TMpeIoKEeHUE OOILIECTBY JTOTMCTUYECKOM KOHIIE-
LMK YK€ CaMo IO ce0e BiIeUeT 32 COOO0i MOBBIIIIEH-
HOE K Hell BHUMaHue, 3aCTaB/IsIeT enlé pa3 3a1y-
MarhCsl 0 BBIOOPE Kypca, IPaBUJIbHOCTY BbIIBUTA-
€MBIX LIEJIEN U 3a1a4.
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[Tpouncxoaut 310 MOTOMY, YTO YeIoBeYecKast
TICUXKKA TIPOSIBIISIET Ce0s1 B BOCTIPUSITAN JICUCT-
BUTEJIBHOCTH TTOCPEIICTBOM CBOETO OIIIYIIEHUST
BOOOPaXKAaeMOTO, CUMBOJIMYECKOTO U OOBEKTHUB-
Horo. BooGpaxkaeMoe — 370 KOMIUIEKC WLTI030p-
HBIX TPEJICTABICHNI, CUMBOJIMUECKOe — chepa
COLIMAJTBHBIX M KYJIBTYPHBIX HOPM U TIPE/ICTaBIe-
HUI, 00BEKTUBHOE — 3TO TO, YTO J]AHO YETTOBEKY
HETOCPEACTBEHHO OMBITOM OBITHS. TOJBKO B TOM
cllyyae, KOraa KOHIIETIIIVSI JIOTUCTUKY yXe WC-
Mpo0OBaHa, MOXKHO CY[IUTh, UTO B HEM TEPBUYHO
(Kak?), a yTo BTOPUYHO (4TO?), T.€. OHA MOJIy4YaeT
CBOE MHTEPAKTUBHOE, SBOJIIOIIMOHHOE W CITU-
pabHOe pa3BuTHe. VI MMEHHO 371eCh yXe Halo
TTOKa3bIBaTh 3HAYMMOCTh JIOTUCTUKY KaK YHUBEP-
CaJIbHOTO MeéXaHM3Ma OpPTraHM3aIK TTPOU3BOI-
CTBa U YTIPaBJIEHNsI, OLICHUBATb TIEPCTICKTHBBI e€
MpYMEHEHHUSI 0/l 3HAKOM COLIMaIbHOM 3¢hdek-
TUBHOCTH.

Ceifyac KJTH0ueBbIMU IPOOJIEMaMU CTAHOBSITCS
JIOCTYITHOCTh MOOVJTBHBIX YCTPOMCTB 1 CEHCOPOB,
pa3BUTHE MPUOBUTLHBIX OU3HEC-MOfEel U 0e3-
oracHocTH [6, 8]. Bce 310 mocTpoeHo Ha HaydHbIX
TEOPUSIX, APXUTEKTYpaxX ¥ MOJIEJISIX TEXHOJIOTUN
CeTeleHTPUIHOTO yrpaeieHus. Lembit psm Mo-
JIeJIeit ke co3NaH (pacIImpsIioIeecs TOTUCTUYe-
CKOE B3aMMOJIEHCTBIE, YITPABIEHUE XU3HEHHBIM
LIMKJIOM JIOTUCTUYECKUX CUCTEM, KOMIUIEKCHAsT
0e30MacHOCTb Lieneli moctaBok). [Tponomkaercs
pa3paboTKa CPENCTB JIOTUCTUIECKON TTOMIEPKKN
CETELEHTPUIHOM TEXHUKH.

MOXHO BBIIETATB CIIEIYIOIINE TIPEUMYIIECT-
Ba TP peaTn3aliy TEXHOIOTUY CETEIIEHTPUIHO-
ro ynpasneHus B PBL-cucteme [5]:

* TIONTOTOBKA ITPEITPUATIEM-TTIOCTABIIUKOM
VICXOIHBIX JAHHBIX JUTS TIOCTABKY 3aIT9acTeil M Ma-
TepUaJIOB B CTAHIAPTHBIX (hopmaTax;

* CHWXXEHHE 3aracoB B OOIIMX 3aTparax
(Ha 3—5 % 151 KaXI0i e IMHALBI TEXHUKIM), OOLLIEE
TTOBBIIIIEHNE TIPOM3BOIUTEIBHOCTH OTIEpaIOH-
HOW CUCTEMBI,

* (hbopMUpOBaHKE eIMHOI 0a3bl JAHHBIX TP/~
TIPUSITUSI-TIOCTABIIMKA U TIOTPEOUTEJISI TIO CEPBUC-
HOMY 00CITy>KMBAHUIO €IMHUIL TEXHUKM CUCTEMOIA
ERP;

* aBTOMATM3UPOBAHHOE 3aTIOTHEHUE (POPMBI
JUTST TIPUCBOEHUST MICHTU(DUKAITMOHHOTO Kona
TMOCTABILMKA U 3aITYaCTeH;

* CHIDKEHME CTOMMOCTH SKCILTyaTalliy TeX-
HUKMU Ha 2—3 % (noBblleHre Kod(duieHTa

OpraHU3alMOHHO-TEXHUUYECKOW TOTOBHOCTHU
K IIPUMEHEHUIO);

* co3maHne 3((PEeKTUBHOI CUCTEMBI CEPBHUC-
HOT'0 00CITY>KMBaHMSI TEXHUKH, OPUEHTUPOBAHHOM
Ha BBICOKYIO IPOM3BOAUTEILHOCTD U CHIDKEHME
3aTpar.

CJemyeT OTMETHUTD, YTO TOSIBUJIACH «MHTPAJIO-
TMCTHKa» (OIepalliOHHAsT JJOTUCTUKA), KOTopast
3HAYMTEIILHO ITPOIBUTAET 3aMKHYThIE JIOTHCTUYEC-
CKMe CUCTeMBI BHYTpU (pMpM U TipeanpusiTiii. OHa
SIBJISIETCST KPUTIMIECKM 3BeHOM OBICTPOPACTYIIIEH
[J100aJIbHOM TPaHCITIOPTHOM LIETIN, KOTOPast He00-
XOIVIMA TSI YCITIOBHIA aKTUBHO TJIO0ATM3NPYIOIIIEe-
ro mupa. MIHTpanorncTrka iaeT BO3MOKHOCTb VTSt
3HAYUTEIbHOM 3KOHOMMU BPEMEHHM, 3aTpat
Y SHEPTUU, UTO JIENIaeT e€ KITIOUEeBbIM (DaKTOPOM
KOHKYPEHIIMU KaK BHYTPU CTpaHbI, TaK M Ha
MEXKIyHAPOIHOM PhIHKE TPAHCIIOPTHBIX YCIIYL.

[MomuepkHeM I1aBHOE: JIOTMCTUYECKUH TIOIXOMT
OTpaXaeT MOTPeOHOCTH OOLIECTBEHHOTO PA3BUTHS
1 IOJDKEH BOILIOIIATHCS ¢ YUETOM COIMATBHOMN
1 KM3HEO0EeCTIeYMBAIOIIEH JIeSITeIbHOCTY Yello-
Beka. [1pu 3TOM [U1s1 COBpEMEHHO JIOTCTUKM BCe
OoJtee BaxkeH MHXKEHEPHBIIA aClieKT, B OCHOBE KO-
TOPOTO IMPOLIECCHO-PECYPCHBIE U CETEBbIE TEXHO-
JIOTHH.
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ABSTRACT

The article is based on the results of long-standing
research conducted by the authors in the field of
logistics. It contains provisions and conclusions
reflecting the evolution of the development of the
concept of logistics in the last 25-30 years, since
traditional approaches have radically changed and
transformed from the basic concepts associated with

supply chain management to understanding of priority
logistics tascs as of managing of consumers’ demand
chains under market conditions. Today the logistics
approach must be implemented through the social
purpose of human action. At the same time the
engineering aspect of modern logistics, which is
based on process-resource and network technologies,
is becoming increasingly important.

Keywords: logistics, intralogistics, evolution, logistics methodology, information, services, network
technologies, logistics management, integrated process, network-centric management.

Background. Despite all the complexity of
today’s economic situation, the logistical methodology
has developed tremendously in recent decades. This
was noted, in particular, at the Moscow international
logistic forums held by the coordination council for
logistics, the scientific and educational center for
innovative technologies in logistics of MADI, the
Department of Logistics and Transport Systems
Management of MIIT.

Objective. The objective of the authors is to
consider evolutionary patterns of logistics.

Methods. The authors use general scientific
methods, comparative analysis, statistical method,
scientific description.

Results.

I

The traditional approaches to introducing logistics
have changed dramatically. The engineering aspect
of logistics, which is based on modern technologies
of physical and social objects, is built on a process-
resource basis as a universal method of any kind of
human activity, provided that the synergy effect in
management systems and profit effect in economic
systems is identical. In modern conditions, this
became possible with sustainable social and
economic development, all-round saving of material,
energy and labor resources, compliance with
regulatory requirements that guarantee the quality of
habitat, safety and environmental protection in the
operation of technical and social complexes.

At the same time, one should not forget that the
current post-industrial society differs from the pre-
industrial and industrial by three important aspects:
information becomes main productive resource
replacing raw materials and energy; nature of
productive and social activities is now mainly qualified
as a service in contrast to mining, manufacturing or
certain activities; science-intensive technologies,
whereas the previous societies were characterized
by labor-intensive and capital-intensive production
and expenditures of non-material production, all other
things being equal. It is the services sector that
currently belongs to the most important activities
related to the functioning of the economy and the
satisfaction of vital human needs. Global practices
show that the share of value added in the service
sector is much higher than in industry and agriculture.

The logistical approach in Russia, in our opinion,
should be embodied today mainly through the social
development of human activities. Hence, the micro
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environment of logistics management should comprise
various interactions between managers and specialists
ofthe system aimed at creating its rational organization.
Such an organization assumes: the existence of an
optimal structure for the selection and placement of
personnel focused on continuous improvement of
logistics management; control of basic and auxiliary
logistical processes, effective use of production
capacities; shortening the duration of the order
execution cycle; coordination on the principles of
logistics of relationships with suppliers, consumers,
intermediaries and actors of socially oriented actions;
systemic solution of economic problems.

The technological component of the micro
environment of logistics management represents
various types of interaction between raw materials,
unfinished production and finished products and
machines and mechanisms, between machines and
mechanisms of various phases of logistics processes
aimed at improving customer service, especially in
the supply chain of commodity products.

The economic component of the micro
environment of logistics management is a set of
economic relations that determine the system’s
capabilities to implement the processes of supply and
support of production, effective functioning in the
market and in the sphere of providing services to
population.

Different sectors of science have developed own
traditions, own methods, special terminology.
Therefore, an interdisciplinary approach based on
objectivity is possible only in the case of a direct
problem situation, which primarily involves the use of
a single vocabulary base, when the underlying
essence of any logistic scientific term lies, and the
logistics is perceived as the initial organization of the
system and the conceptual-process model.

The study of theoretical questions in the sciences
presupposes the consideration and description of
various points of view on a particular question, since
the most varied or even opposite conclusions are
brought to the common denominator by the method
of complementary assessments to the moderator
(transponder) of the scientific problem.

The variety of definitions of logistics led to the
effect of the hyperbolization of some of its essential
definitions and the underestimation of others.
Moreover, itis known that logos as an ideal movement
into being is harmony and order in the universe,
expressed in the determinism of the movement of the

Mirotin, Leonid B., Baginova, Vera V., Fedorov, Lev S. Evolutionary Patterns of Logistics



object of labor. Then the concept of logistics is to
formulate a methodology for designing, coordinating
and continuously improving its goals and objectives,
features, aspects, properties, requirements,
principles, elements, forms of manifestation. Through
integration, this approach will allow coordinating,
regulating and controlling the safety of the movement
of resource value, for example, finished products, all
along the way from the producer to the consumer
[1,2].

The system from the point of view of logistic
management should be described as achieving a
certain goal or performing a certain function. The
principles used in logistics management are not some
kind of discovery, for they are quite natural and simple,
but their application becomes a turning point in the
practice of management.

The main methodological principle of logistics is
to harmonize the interests of participants in the supply
chain of goods on the basis of an integrated system
approach to achieve the goals set for the scheduled
period [9].

The degree of demand for logistics depends on
the level of socialization of people in society
(understanding the commensurability of costs and
labor results), the nature of the productive forces,
technologies, social and legal situation and market
relations in the country.

1.

The leitmotif of the development of logistics
abroad was the transformation of the nature of
consumer demand, i.e. its individualization. Then the
logistics concept becomes the need to ensure the
adequacy of logistical arrangements to the demand,
and the structure of the logistics system in the form
of a supply chain is a means of reconciling demand
and targets through impact on the level of revenues
and costs of functioning by financial, economic,

organizational and administrative measures. The sum
of selectively involved links in the chain links is
perceived by the environment as a whole. Such
systems should cover demand planning based on the
identified demand, provide process quality
management, and make decisions taking into account
the acceptable risks [7].

The integrated logistics process of an enterprise
is designed to promote the emergence of use value
with metric (normative) total costs (expenditures).
The integrated value of any enterprise is created by
the coordinated linear functioning of a set of individual
processes. That is, the conclusion arises that it is
necessary to replace the widely used concept of
«supply chain management» in logistics with the
notion of «demand chain management» which is more
significant in terms of market forces, when linearity,
determinism, normality, flexibility, complexity and
timeliness of problem solving imply a rational
combination of changing of production structure with
changes in its management, since the most accurate
and complete information on the market is
consolidated within demand chain [3].

The main properties of logistics are as follow:
systemic nature of management decisions, their
safety, environmental friendliness, adaptability,
synchronization over resource-cost flows with the
achievement of synergy effect, operational reliability,
financial management solutions, real-time regulation,
information protection and information flow
structuring, forecasting development strategy. For
the appearance of the effect of synergy at the
enterprise level, a clear description of functions,
processes, procedures, understanding of the
permanent essence of resources and the direction of
their movement is needed [4].

The goals of integrated logistical support of the
life cycles of products (systems) are: to influence
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their development / design in order to ensure future
optimal operation, to determine and refine the
resources, and to deliver them with economically
justified costs throughout the life of the product
(system). The reasons for changing such support
are serious market competition, forcing enterprises
to strive for leadership in terms of costs and deepen
their specialization in the key area of market
competence for each ofthem, as well as globalization
and product differentiation. Theoretically, the
existence of a single integrated logistic chain of the
enterprise presupposes the availability of the product
of the whole chain of labor for its commercialization
to the consumer.

Logistics as one of the components of the core of
the sixth technological order of the development of the
economy serves as an instrument for accelerated
social evolution, since an introduction of a logistic
conceptto the society results in increased attention to
it, makes us once again think about choosing the
course, the correctness of the declared goals and
objectives.

This is because the human psyche manifests
itselfin the perception of reality through its perception
of the imaginary, symbolic and objective. The
imaginary is a complex of illusory representations,
the symbolic is the sphere of social and cultural
norms and representations, the objective is what is
given to man directly by experience of being. Only
in the case when the concept of logistics has already
been tried, one can judge what is primary in it(how?),
and what is secondary (what?), i.e. it gets its
interactive, evolutionary and spiral development.
And it is here that it is necessary to show the
importance of logistics as a universal mechanism for
organizing production and management, to evaluate
the prospects for its application under the sign of
social efficiency.

Nowthe key problems are the availability of mobile
devices and sensors, the development of profitable
business models and safety [6, 8]. All this is built on
scientific theories, architectures and models of
network-centric control technology. A number of
models have already been created (expanding logistic
interaction, management of the life cycle of logistics
systems, integrated security of supply chains). The
development of means of logistical support of network-
centric technology is continuing.

The following advantages can be distinguished
when implementing the network-centric control
technology in the PBL-system [5]:

« preparation by the supplier of raw data for the
supply of spare parts and materials in standard formats;

« decrease of stocks within total costs (by 3-5 %
for each unit of equipment), general increase in the
productivity of the operating system;

« formation of a single database of the supplier
enterprise and the consumer for servicing units of
equipment by the ERP system;

« automated filling of the form for assignment of
the identification code of the supplier and spare parts;

« lowering the cost of operating machinery by
2-3 % (increasing the index of organizational and
technical readiness for use);

- creation of an effective system of service
maintenance of machinery, focused on high productivity
and cost reduction.

It should be noted that the «intralogistics» (operational
logistics) appeared, which significantly promotes closed
logistics systems inside firms and enterprises. Itis a critical
link in the fast-growing global transport chain, which is
necessary in terms of an actively globalizing world.
Intralogistics provides an opportunity for significant time,
costand energy saving, which makes it a key competitive
factor both within a country and in the international
transport services market.

Conclusion. Let us emphasize the main thing: the
logistic approach reflects the needs of social
development and should be implemented taking into
account the social and life-supporting activity of a
person. At the same time engineering aspect based on
process-resource and network technology becomes
more and more important for modern logistics.
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Hyperloop: technical risks and prospects
(TekcT cTatby Ha aHiv. 3. — English text of the
article — p. 75)

CraTtbs nocBsLeHa TeXHN4eCcKoMy
aHann3y npoeKkTa BbICOKOCKOPOCTHOIro
HasemHoro TpaHcnopta Hyperloop,
UHTepec K CTPOUTE/IbCTBY KOTOPOro

B rocsiegHee BpeMsi 3Ha4YnTeJsibHO
BbIpoc. KpaTko paccmMoTpeHbl 6a3oBble
TexXHOJ1I0ruu, ¢ MOMoLLbI0 pU3n4eckKmnx
pac4yEToB yTOYHEHbI OCHOBHbIE
KOHCTPYKLUMNOHHbIE XapaKTePUCTUKU.
BbisiB/1IeHbl TEXHUYECKNEe PUCKU,
HeKOTOopbie U3 KOTOPbIX MOI'YT MOB/INSATb
Ha nepBOHaYasibHyI0 KOHpUrypauuio
npoekTa, a apyrue cTaBsiT Nog COMHeHue
camMy BO3MOXHOCTb ero peasan3aymu.
lMpoBexeHHbIe nccienoBaHns MO3BOJNSIIOT
AaTb 3ak/l04eHue o 4esiecoobpa3HocTu
AanbHeliweii paboTsl N0 co34aHUI0
BbICOKOCKOPOCTHOW TPaHCIMOPTHOMN
cucrtembl Hyperloop n cpopmynuposats
nepe4yeHb NepBooYepesHbIX Hay4HO-
vccnenoBaTesibCKux 3a[a4, KOTopble
HeobXxo4uMOo OCyLLEeCTBUTb, YTOObI MPOEKT
cTas ycreLHbIM.

Kntouyesbie crosa: Hyperloop, BakyyMHbivi
rnyTernpoBos, YeJIHOK, BbICOKOCKOPOCTHOWM
TPaHCMopPT, TPAHCMOPTHbIE CUCTEMbI OyAyLLEro,
HOBbIE TEXHOJIOMNN, TEXHNYECKNE PUCKU.
|

HAYKA 1 TEXHWKA

Hyperloop: TexHnyeckue
PUCKM U NepCneKTUBHLI

Cmupnoe Andpeii Barenmunosuu — kanoudam
MeXHU4ecKux Hayk, OoueHm, 3amecmument
HauanvHuka omoenenus Llenmpansroeo
aspoeudpoOUHaAMU1EecK020 UHCIUMyma

um. A. E. 2Kykoesckoeo (LIATH), 2Kykoeckuii,
Mockoeckas obaacms, Poccus.

Eeomun Cepeeii Dédoposur — uncenep LIATU,
Kykosckuii, Mockosckas obaacms, Poccus.

OCT YMCJIEHHOCTHU HaCeJIeHUsT 3eMITn

Hen30eKHO MPUBOJAUT K 000CTPEHUIO

pa3IMYHOTO poaa mpodjieM, B TOM
YHCJIe TPAHCITOPTHBIX. [ToncK peteHust aTux
npodeM MPOUCXOAUT KaK MOCPEACTBOM MO-
JNIEPHU3ALAY CYIIECTBYIOLIECH TPAHCTIOPTHOM
WHGPACTPYKTYPHI, TAK U CO3MaHUST HOBBIX
CUCTEM.

B atom ximoue mpoekT Hyperloop BbI3bI-
BaeT OOJBLION MHTEPEC BO MHOTUX CTpaHax
MUpa, T1ie TeorpadryecKue yCaoBus TpeOyioT
JaJbHEUIIEro pa3BUTUSI TPAHCIIOPTA, HAJIA-
YK MAKCUMAJIBHO TOCTYITHOM U BBICOKOCKO-
POCTHOM CUCTEMBI MEPEMELLEHUS TPY30B
U TTaCCAXUPOB, MO3BOJISIOLIEN 3HAUUTEIBHO
YAYYIIATh B3aUMOCBSI3AaHHOCTb PETUOHOB
U OTAEJIbHBIX TEPPUTOPUI BHYTPU TOCYAAPCT-
BEHHBIX CYyOBEKTOB.

KPATKAYA NPEOBICTOPUSA MPOEKTA
IIpoext Hyperloop ObIT IIpencTaBieH
Wnonom Mackom (Elon Musk) B 2013 romy
M M3HAYAJIbHO MPEIJIOXKEeH K pealu3alun
B mrate Kanudopuusa (CIIIA). B ero ocHo-
BY 3aJlOKeHa OpUTUHATbHAs KOMOWHAIIMS
TEXHUYECKUX PELIeHUH ¢ yyacTueM Tpybo-
MMPOBOJHOTO TPaHCIIOPTa, a3POKOCMUYE-
CKMX TEXHOJOTUH M aJlbTepHATUBHOTO
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3aTpatbl Ha NepeBo3Ky 1 naccaxupa (yca. ea.) U CKoOpoCTb NepemeLLeHns
no BMAAam TpaHcnopTa
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Puc. 1. BagexknapupoBaHHble TEXHUKO-3KOHOMUYeckue xapakrtepuctuku Hyperloop.

Puc. 2. O6wnii Bug pparmeHta nytu Hyperloop.

MCTOYHMKA 9HEPIUU — COJTHEUHOTO U3JTyde-
HUsL.

HeobxonnMo OTMETUTD, YTO Ujes Tpyoo-
MPOBOIHOTO rPY30I1aCCAXKMUPCKOI0 TPAHCIIOP-
Ta (MHAYe TOBOPSI, TPAHCIIOPTA, UCIIOIb3YIO-
LIEer0 TepMETUYHYIO MPOTSKEHHYIO TPYOy
C pa3psLKEHHBIM BO3IYXOM KaK 000JI0UKY ITyTH
JUISL TIepeMelleHUs] OOBEKTOB MEXIY JBYMS
MyHKTaMM cOo001IeHMsT) He HoBa. OHA BOZHMK-
na B koH1e XVIII Beka u Haltia cBoe BOILIO-
LLIEHME B BUIE THEBMOITOUTBI, KOTOpAsI CyLLE-
CTBYET UM MOHBIHE, HarpumMmep, B Poccuiickoit
rOCy/IapCTBEHHOM OMOJIMOTEKE, a TaKKe pas3-
JIMYHBIX OIBITHBIX 00PA31I0B, B YUCJIE KOTOPbIX:

— IHEeBMaTUUYECKUE XKeJIe3Hbie OPOru
Tomaca Pammesutst (JIonaoH, 1864 rom) u Kom-
nanun «buu [MueBmaTuk Tpansut» (Hpio-
Hopxk, 1870 rom);

— BaKyyMHBbIE [10€3[]a Ha MATHUTHOM 110-
nyke Kemnepa (Iepmanust, 1934 ron) u On-
3aBbl (SnoHust, 1969 rom).
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K XX Beky pa3BuTHE TEXHOJIOTHIA ITO3BO-
JIMJIO TIPUBHECTU B UICIO TPYOOIIPOBOAHOIO
TPaHCIIOPTa HOBbIE COCTABJISIIOLINE, KOTOPbIE
JIaloT OcCHOBaHMe roBoputh 0 Hyperloop kak
HOBOM BHJI€ TPAaHCIIOPTa, a I10 3asiBJICHUSIM
camoro Macka — Kak peBOJIIOLIMOHHOM IIPO-
PbIBE B OpraHM3aly TPAaHCIIOPTHBIX IIEPEBO-
30K (puc. 1).

Huxe npuBeneH TeXHUYECKUIT aHAIU3
MPOEKTa. 3a OCHOBY B3T MpeABAPUTEIbHbIIA
koHuent Hyperloop [1]. BonbmmHCcTBO KITI0-
YEeBbIX XapaKTePUCTUK IePENPOBEPEHO.

AHAJIN3 TrOTOBHOCTHU
TEXHOJ10IMM
Hyperloop — 3T0 BBICOKOCKOPOCTHasI TPy~
30I1acCaXUpCcKasl TpaHCIIOPTHas CUCTeMa,
COCTOSIILIAS U3 CIICAYIOIINX OCHOBHBIX YACTEIA.
Ilymenpo6od: cTalibHbIe IUIMHAPUYECKUE
TpyOBI AMAMETPOM 2—3 M U C TOJILLIUHOM CTeH-
K1 2—2,5 cM, cBapeHHbIE B IBa TPYOOITpOBOa

CmupHoe A. B., ErowinH C. ®. Hyperloop: TexHU4eckne pucku n nepcrneKkTuebl




BO3AYXO- motop

AKKYMYNATOpBI

3aDOpHUE  KOMApECCo) KOMNpPECCo,
3 e F 3BYKO- M OrHE- K
FaAWMWTHAR I onopbl BO3OYWHOKW
e 1y neperopogka & MIpOE: NOoOEPHEN

Puc. 3. CxemaTnyeckoe yCcTpo#cTBO naccaxupckoro yenHoka Hyperloop.

(OOWH — 151 ABVIKEHUS «Tya», IPYroi — U1
JIBIDKEHMST «00paTHO») M YCTAHOBJIEHHBIC Ha
OGeTOHHBIE OITOPBI BbICOTOM 6—30 M (puc. 2).
BuyTpu TpyO 4eTHOKM ¢ maccaxkupamu JBU-
JKYTCSI OT CTAHLIMU IO CTAaHLIMU C 3asIBJICHHOM
MEPUOIUYHOCTHIO 2 MUHYTBI. TeXHOIOTHS
CTPOMTEILCTBA HATPYKEHHBIX TPYOOIIPOBOIOB
JIaBHO oTpaboTaHa, HalIpuMep, B HedTerazo-
BOIi IMPOMBIIIJIEHHOCTH, U OCOOBIX CJIOXHO-
CTEil B 9TOM HE MPEABUAUTCS.

Cucmema obecneuenuss HU3K020 6aKyyma
6 nymenpogode: KOMILIEKT BaKyyMHBIX HACO-
COB, C IIOMOII[bIO KOTOPBIX BHYTPY FepMETHUY -
HBIX TPYO CO3IAeTCs U MOJIEPXKUBACTCS JaB-
nenue B 100 ITa, Tak Ha3bIBaeMblii (hOPBaAKyyM.
DTa cucTeMa J0CTaTOYHO JIETKO pealnsyema,
TaK KaK COBPEMEHHBIC IPOMBIIIJICHHbIC Ba-
KYYMHBIE HaCOChl UMEIOT YMEPEHHYIO CTOM-
MOCTb, 00JIaIal0T BBICOKOM HaIEXHOCTBIO
M TOCTaTOYHOM MPOM3BOIUTEIbHOCTHIO
(~1 ky6. M/c Npu yKazaHHOM JaBJCHUU Ha
BBIXOJIE).

Cmanyuu: COOpyKeHUsI, BHYTPU KOTOPBIX
MPOMCXOAMT II0CaaKa,/BbICAJIKa IAaCCAXKUPOB,
nepe3apsiika CUCTEMbI OXJIaKICHUS U aKKYy-
MYJIITOPHBIX 6aTapeil TpPaHCIIOPTHBIX YEJTHO-
KOB. OT 00BIYHBIX TTOCAIOUYHBIX CTAHIIMI OT-
JINYAIOTCS HAJIMYMEM CHCTEMbI ObICTPOACICT-
BYIOIIMX IIUTIO30B Ha CTHIKE C OCHOBHBIM I1y-
TEIPOBOJIOM.

Ipysonaccancupckue ueaHoku: IapK OTHO-
TUITHBIX TPAHCIIOPTHBIX CPEICTB, KAXI0e 13
KOTOPBIX UMEET UMIMHIPUIECKYIO (hOpMY,
JUTMHY ropsiaka 30 M ¥ IJI01HaAb TOIePeYHO-
ro ceueHust okoJjio 1,4 kB. M. KOHCTpYKTUBHO
YeJIHOK OJIM30K K (hro3esisskaM COBPEMEHHBIX
caMoJieTOB. JIBUXXeHME YEJTHOKOB BHYTPU
TPyOOIIPOBOIAa HA OCHOBHOM YYacTKe IyTH
MPOUCXOIUT ITO IPUHIIMITY CYIHA Ha BO3MYIII-
Hoii noayike (CBIT), To ecTh 6€3 UCTIOIB30-
BaHUs Konec (puc. 3). Bo3ayx Ha omopsl
BO3AYIIHOM MOIACPXKKM MOJAETCsI C ITOMO-
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1IBIO JJOOOBOTO BO3/1yX03a00pHUKA M OCEBOI0
KOMIIpeccopa, IMPUBOAMMOTrO B ACHCTBUE OT
GOPTOBBIX AaKKYMYJIITOPOB.

Cucmema pazeoHa u MopMONCEHUSL YEAHOK 0.
IIOCTPOEHA Ha MCIOJIb30BAHUM IIPUHIIMIIA
3JICKTPOMATrHUTHOM MHIYKLIVY TSI TMHEHBIX
poTOpa U cTaTopa, P 3TOM CTaTOP KPEIUT-
Csl Ha CTEHKax IyTeIpoBoja, a pOTOp — 0.
JIHUIIEM 4YeJHoKa. Pa3roH mpoucxogut Ha
y4yacTKe JIMHOI okoyio 10 KM, IIpUMBIKaIO-
LIEM K CTAHIIMU, Jajiee YETHOK JIBUXKETCS 10
HMHEPpLH (YTO JOIYCTUMO B YCIOBUSIX (DopBa-
KyyMa ¢ MUHUMAaJbHBIMU IIOTEPSIMU DHEP-
TMK1), aHAJOTUYHO IPOMCXOIUT U TOPMOXKE-
Hue. Bpems pa3roHa/TopMoOXeHUs, IIpuU
YCJIOBUY OTHOCUTEIHHO KOM(MOPTHOI Iepe-
HOCUMOCTH I1aCCaXUPOM IOPU30HTATIbLHOIO
yckopeHus B 0,5 g, cocTaBiisieT 0KoJio 1 Mu-
HyTbl. HecMOTps Ha TO, YTO 3JIEKTPOMArHUT-
Hasi MTHAYKIIYs UCIIOIb3YeTCs TIOBCEMECTHO BO
BCeX 00J1acTsIX, TIe MPUMEHSIIOTCS 3JIEKTPO-
JBUTATEIU WJIN 3JIEKTPOr€HEepaTOphl, B OMM-
CaHHOM KOH(MUIypallMy — JUHEWHBIC POTOP
M CTaTOp — Ha3BaHHBIN (U3NYESCKUMIT IPUH-
LIMII TOJIBKO HAYMHAET yTBepKIaThcst. OHAKO
€ro yCIIeLIHas OCYIIECTBUMOCTb YXKe 10Ka3a-
Ha B BOGHHOI o0yiacTu (3JIeKTpOMarHUTHasI
katanynbta EMALS aBuanocua «J/xe-
panba P. @opa» [2], 21eKTpOMarHUTHBIE
MYIIKK).

Cucmema 3HepeocHabceHus: PSIObL COM-
HEYHBIX OaTapeil, CMOHTUPOBAHHBIX HaJl
TpeKaMM. 3aI0KeHHasl B IPOEKT MOILIHOCTb,
reHepupyemMasi TaKUMHU OaTapesiMu, COCTaB-
qsget 120 BT/KB. M, 4TO IaeT CyMMapHYIO
MOIITHOCTH 10 285 MBT Ha nuKe coJlHEeYHOM
aKTUBHOCTU, uiu 57 MBT B cpeqHecyTOUYHOM
MCYMCIICHUM, U 3TO ITOJTHOCThIO TTOKPHIBAET
sHepreTHdyeckue norpedHoctu Hyperloop
B 21 MBrT [1]. U30BITOK TTOTIOLIEHHOM COJI-
HEYHOI SHEPTUM U SHEPIUsi, KOHBEPTUPYE-
Mas B 3JIEKTPUYECKYIO IIPU TOPMOXKEHHMHU
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Puc. 4. YcTpoiicTBo BO34yLIHON onopbl yesiHoka Hyperloop.

YeJTHOKA, XPAHATCS B CTAIIMOHAPHBIX aKKY-
MYJISITOPHBIX OaTapesix, 4TO MO3BOJISIET JOC-
TUYb 3asIBJICHHBIX B TTIPOEKTE XapaKTEPUCTUK
sHeprodasaHca.

AHAJTIN3 TEXHUYECKUX PUCKOB

Kak BumHO, IpoeKT npencrasiseT coooi
KOMOMHAIINIO paHee U3BSCTHRIX U B TOM WIIN
WHOU CTEIIEHN OCBOCHHBIX TexXHOMOoruii. Ox-
HaKO KaxyIIasicst TpOCTOTa He JI0JKHA BBO-
IATh B 3a0JIyXKIeHNE: HA CTBIKE TUX TEXHO-
JIOTUIT pOKIAIOTCS HEKOTOPHIC HOBBIE TEXHU-
yecKue pelieHus, TpeOyIolne Cepbe3HOTO
WCCJIeIOBAaHUS A0 Hayajla CTPOUTEbCTBA
tpaccel Hyperloop.

1) YcroitunBocTh MOAIEPKUBAIOMIEH BO3-
JIyHIHO# MOAYIKHU B (hOpBaKyyme.

[1aBHBIMU OTIMYUSMU TOIAEPXKUBAIOLIEN
Bo3AyIIHOM momymku Hyperloop ot apyrux
obJracTeif, B KOTOPBIX IPUMEHSIETCS TEXHOJIO-
rusg CBII, aBinstioTcsT BEICOKAass CKOPOCTH
IBVDKCHUS M HaJTmure (popBaKyyMa B KauecT-
B€ OKpy:Kalollei cpeabl BMECTO OObIUHOI
atMocdepnl. K coxaneHnio, KoHuenrt [1] He
COJIEPXKUT MTOJPOOHOTO OITMCAHUSI BO3IYIITHBIX
OIIOp, a TOJBKO OTACIbHBIC TCXHUUECKUE
TMOAPOOHOCTU KOHCTPYKIINHI 1 XapaKTePUCTH -
KM BO3AYIIHON moaymku. [ToaTomy Oymem
roJiaraTh, 4YTO UCTIOJIb3YETCsI HanboJiee OnTH -
MAaJIbHBI BapUaHT, B3SITBI OT pealbHBIX
CBII — corutoBas cxema ¢ iepudepuitHbIMU
XKECTKMMU coItIaMHt (puc. 4).

Bec yuenHoka Hyperloop ynepkuBaetcs 3a
CYET JaBJICHUS BO3AyXa B BO3MYIIHBIX ITOMYIII-

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 64-82 (2017)

Kax, co3naBaeMoro moj 28 ormopamMu 1o
1,35 xB. M Kaxnasi. CymMmmapHas TIOIa b
OIOp B MPOEKIIMU HA TOPU3OHTATBHYIO TJI0-
CKOCTb — TPUMEPHO 32 KB. M, U CMOHTHPOBa-
HBI OHM MMOTIAPHO BIOJb BCEH TTMHBI YeTHOKA
(14 map).

ITo Tepmunonoruun CBIT [3] 3a30p Mexay
OTOpPOIi U CTEHKOM TpyObl h Ha3bIBAETCS BbI-
COTOM NapeHusi, ¥ OH MPUHITUITUATBHO OTIH -
YaeTcst OT TOJIIMHBI UCTEKAOIIEH B OKPY»Kato-
1Iee MPOCTPAHCTBO YAepKUBarowieii cTpyu h .
B [1] yka3sbiBaeTcs, uto h ~ 0,9 MM, u He
YKa3bIBAIOTCS MPUYMHBI BBIOOPA TAKOW BBICO-
ThI MTAPEHUSI, XOTS JOMOJHUTEIBHO OTMEua-
€TCsl, UTO MPU CKOPOCTH IBUKEHUS YeTHOKA
1200 km/4a (nnn ~ 330 M/C) ¥ TaBIEHUU OKPY-
xkatoiero opsakyyma 100 IMa Ha Bxox Bo3-
Jlyx03a00pHUKA YeTHOKA TTOCTYTAeT BO3IYX
B konuuectBe 0,49 Kr/c, a nyis1 ynepxaHust
BOBIYILIHBIX MOAYIIEK MO BCeMU 28 ormopaMu
nmocratouno 0,2 Kr/c.

OnHuM U3 HakTOpOB, OMpPEACTSIOINIUM
BBICOTY NapeHMsI, KaK pa3 sIBJISIeTCS TOMIIUHA
yaepxupatolueii crpyn h . Casb Mexay huh,
3a/1aeTCsI BBIOOPOM yTjla HaKJIOHA COILIa o
U OoIpenesieTcss ¢ MOMOIlIblo Tpaduka
(puc. 5) [4].

B nanbHemx pacuérax Oynem ynpouieH-
HO cuuTath, yto h_~ 0,5 h.

‘VpaBHeHue O6ajiaHca BXOASILIEH U BBIXOIS -
el Macchl BO3yXa AaeT TOJIIMHY CTPYU

m

b= (1)
I/aneppc N,

on
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Puc. 5. BzaaumocBs3b napamMeTpoB COMJioBoro annapara BO3,qylLlHOﬁ onopbl.

e V_ — CKOpOCTb TeYEeHMsI BO3IYLIHOM CTPYH,
p, — TUIOTHOCTDb BO3yXa CTpyu, N — KOJIM-
YeCTBO BO3AYIIHBIX OIOP, me — TIepUMETP
BO3AYITHOM IMOAYIIKHY (~3 M).

ITockonbKy MCTeKaHWe CTPYM ITPOUCXOIUT
B (bopBaKyyM, Ha BBIXOJE M3-TIOI BO3MYIITHOM
OIOPbI CKOPOCTb UCTEKAHMs V_ IOCTUIaeT Kpy-
tnueckoi V*. Tlpenmnosnarast, 4To BO3IYIIHbIC
KaHaJIbl, BEAyIIIMe OT OaJIJIOHA CO CXKaThIM BO3-
JTyXOM K BO3IYIITHBIM OITOpaM, CIIPOCKTHPOBAHbI
ONTUMAJIBHO, UTO IO OIIBITY KOHCTPYMPOBAHUS
CBII naér norepu nasienus ropsanxa 30 % [3],
a TakoKe IToJIarast, 9To TeYeHMe ra3a JaMIHapHOe
(HE0OXOIMMOE YCIIOBHE YCTOMUMBOIO yaepsKa-
HUS BO3AYLIHOW IMOAYIIKN) U BA3KOE (UTO
BCpPEIHEM 3aME/IAET CTPYIO B2 pasa, V, ~0,5V*),
TOJIB3YSICh THAPOAMHAMUICCKMUI YPaBHEHUSI-
MM TEUECHMSI C:KUMAeMOTO Ta3a, IoIydaeM, 9To
V.= 170 m/c, p_= 0,035 xr/m*, u u3 (1):
h ~0,001 M, w1 h = 0,002 M (2 Mm).

Kazanoce OblI, cpeaHsisT BRICOTA IMapeHUs
YeJTHOKA MOXET OBITh YBeJWUYeHa Oosiee 4eM
BIBOE. B melicTBUTEIbHOCTH OIIPEACIISIIOIINM
daxTOpOM TSI TAMUHAPHOTO TEUSHMS TT0I00-
HOM yAEPXKMBAIOLIEH CTPYU SIBJISETCS YUCIIO
Peitnonbaca:

_ Veehe

Re ,
v

2

rae V, — cpenHsst CKOpOCTh TeUeHUsT CTPYH,
h, — xapakTepHbIi TMHEHHBIA pasmep,
B HalleM cJjyyae — TOJIUIMHA CTPYyH,
v ~0,0006 M?/c — KMHEMaTUIeCKU i KOahdHu-
LIMEHT BS3KOCTU BO3[lyXa B CTPYe C OMUCAH-

HbIMU B [1] mapameTpamu.
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s reyeHnii ¢ HanboJee 03K reoMeT-
pudeckoil KoHpurypauuein KpuTudeckoe
3HaYeHUE Rer ~ 420 [5]. Torna u3 (2) ciaemy-
eT: 9YTOOBI TeUeHUE YIAePKMBAIOIICH CTPYH
HOCWJIO JaMUHAPHBII XapaKTep, HEOOXOIMMO
YMEHBIIUTD 3a30p MEXIY OITOPOM U CTEHKOI
KaK MUHUMYM B 2 pa3a, TO €CTb JI0 IIPUBEACH-
Hoii B [1] Benmuuuabl h ~ 0,9 MM. U 310 orpa-
HUYCHME HETIPETIOXHO.

HamomHuM, 4To IMmpuBeaeHHBIE TEOPETH-
YeCKMe BBIKJIAAKU IMOCTPOCHBI IMPH PSIIe
TIPEATONI0XEHNI, 00YCIaBIMBAIOIINX YCTOM -
YMBOCTb BO3AYIITHOMU Toayinku. boiee Toro,
B otuéte HACA [6], nocBsieHHOM I1po0Jie-
matuke Hyperloop, orMedaeTcsl, 4To UMEHHO
Haauune (popBaKyyMa Crioco0cTByeT (popMU-
POBaHUIO YCTOMIMBOIO TEUCHUSI BO3IyXa IO
BO3IYILIHOM OIIOPOI, M TEUEHUE HE pacliaga-
eTcs Ha 000Cc00JIEHHOE IBUKEHUE OTIEIbHBIX
MoJIeKyJI. JIBIDKEHHE OTOPHI OTHOCUTEIBHO
CTEHKM TPyObI TPUBOIUT TOJIBKO K MICKPHBIIC-
HUIO TIOAYIIKU CUJIaMU TPEHUSI B CTOPOHY,
TIPOTUBOIIOJIOKHYIO HAIlPpaBJICHUIO IBIXKE-
HUsI, HO OITSITH K¢ He TIPUBOIUT K pa3pylle-
HUIO TTOAYIIKH [1].

Ons mpoBepKW MPaBUIBHOCTH 3THUX
YTBEP:KIEeHUI HY>KHBI HE TOJIBKO TOCTOBEPHOE
YHUCIIEHHOE MOJEIMPOBaHNEe, HO U TIPOBEIe-
HUE psila dKCIePUMEHTOB B (popBakyyMe
¢ nerkymucs CBIT, uto sBnsieTcss HOBBIM
B HayKe 1 TeXHHKE.

2) ABTOHOMHASI CHCTEMA OXJIAKIEHMUS.

ITockonbKy YeTHOK OBUKETCS B cpele,
ONM3KOI K COCTOSTHUIO BaKyyMa, a Ha OOpTy
YeJTHOKa paboTaloT pa3Ju4YHBIC arperaThl
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U CUCTeMBbI, TpeOyeTcsl co3gaHue 00pPTOBOI
ABTOHOMHOI CUCTEMBbI OXJIAXKIEHMSI.

3amava co3maHus MOJO00HONW CHUCTEMBI
OTJIMYaeTCsl HOBU3HOI, MO0 JI0 3TOT0 Ha BCeX
MaccaxXMpCKUX TPAHCIOPTHBIX CPEACTBAX
OTBOJI TeTlJIa TIPOU3BOIWIICS B OKPYKAIOIIYIO
cpeny.

Jeio B TOM, UTO 32 BpeMsl ABVKEHUSI Ye-
HOKa BBIIEJIIETCS OOJIBIIIOE KOJIMYECTBO TETl-
Jothl (opsiaka 100 M/Ixx Ha 100 kM 1yTH),
KOTOPYIO CJIe/TyeT OTBOUTh OT KOMITPECCOPOB,
OTIOP BO3IYIIHBIX IMOAYIIEK, KOHIUIIMOHEPOB
cajloHa U JpYrux paboTarolIux arperaTtos,
WHave OHM OYIYT pa30rpeBaThes 10 TeMITepa-
Typ nopsaka 700°C. ITocKOJbKY YETHOK
JIBUXETCS B (DOpBaKyyMe, TO OCYIIECTBUTH
Ternjorepenadyy B OKpPYXamwIlyi Cpemny,
BO-TIEPBBIX, KpaiiHe MPOOJeMaTUIHO — CYM-
MapHasi TEMI0EMKOCTh (popBaKyyMa HEBEJIH -
Ka, a BO-BTOPBIX (axe eciii Obl mepBoe ObLIO
BO3MOXHBIM), YK€ BTOPOI YEeJTHOK, UIYITUIA
3a MEePBBIM, JIBUTAJICSI OBl B HEPACUETHOM pe-
KuMe — B pazorpeTtom jo 6osee 100°C dopsa-
KyyMme. M Tak KyMyJISITUBHO IO HapacTatolei
JUTSI TPETHETO, YETBEPTOTO, TSITOTO. ..

Y1o06bl n30€XaTh KyMYJISITUBHOTO TEIIO-
Boro agdexra, Ha O0pTYy UeJTHOKA YCTAaHOBJIE-
Ha eJMHas CeTh TEIJIOOOMEHHUKOB, Yepe3
TPYOOIIPOBOBI CBSI3aHHBIX C LIEHTPATbHBIM
TEMI000MEHHUKOM, B KOTOPOM MMEETCST 3a-
nac Bogpl m = 290 xr.

KoHcTpyKIIMsI cucTeMbl OXJaXaeHUs
B TIepBOHAYAIbHON KOH(UTYpaLlUK TIPEIITO-
JIOXKWUTEJILHO TIpelycMaTpUBaeT HarpeB BOIbI
1o 100°C, napoobpazoBaHue U AadbHERIIUI
Harpes napa 1o 125°C. CymmapHasi TerioeM-
KOCTb TaKOW CUCTEMBI:

Q'{ = mBOL[hI (CBOIU:I ATI + Cnap + Cp map A’-[‘2)’ (3)
e Com = 4180 Ix/(xr K) — ynenbHas Ter-
JIOEMKOCTD BOJIBI;

AT, =75 K — U3MeHEHHEe TeMIEPaTyphl
BOJbI MpU HarpeBaHuu e€ go 100°C;

Cow = 2260 xJIx/K — ynenbHas TeIiora
napooopa3oBaHus;

Cp wp 2020 Ix/(xr K) — ynenbHas Te-
TUTOEMKOCTb BOJISTHOTO T1apa;

AT, = 25 K — n3MeHeHHre TeMIepaTyphl
napa npu HarpeBaHuu a0 125°C.

Pacuér TertoeMKoCTH TaKoi CUCTEMBI
oxnaxnaenus gaet Q= 760 MJ/Ix, u storo
C 3aracoM XBaTaeT, YTOObI 00ECIIEUYUTh JIBU-
JKeHME YeJIHOKA Ha yJacTKe JJIMHOM 660 KM
6e3 ocranoBOK (MockBa—CaHkT-ITeTepOypr).
ITpuueMm 3amac 3agaH B LIEISX O€30TTaCHOCTH
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Ha CJIy4yail aBapuHBIX CUTyalliii, KOT/Ia ABU-
>KEHUE YEJTHOKOB MpeKpalaeTcss U maccaxu-
paM B OXUIAHUUW 3BaKyalluu MPUXOIUTCS
MPOBOAUTH B YEJIHOKAX ropa3fao OoJibliee
BpeMs, 4YeM 3aIlJIaHUPOBAHO, a CUCTEMA XKU3-
HeoOecrneueHUs1 (KOHIULIMOHEPHI) JOIXKHA
MpU 3TOM padboTaTh 6e3 COOeB.

OnHako B [1] 9BHO HEe TOBOPUTCS, YTO
BOJa KaK OXJIaXXAalolIee BEIIECTBO MEPEXOAUT
U3 XUIKOrO0 COCTOSIHMSI B MapooOpa3Hoe,
XOTSI U yIIOTPEOJISIETCS CIOBO «steam» — «Imap».
YToOBI B 9TOM Clyyae CUCTEMa OXJIaXKIACHUS
paboTaiia, € He00X0IMMO pa30UTh Ha ITOACUC-
TEMBI: BOJHOU MPOUCXOAUT HarPEB OXJIaKIat0-
1€ BOABI, B IPYTON — OXJIAXIEHUE MOCPEeI-
CTBOM KCITapeHUsl, B TPETbEl — HarpeB yxe
BOJSIHOTO Tapa. B HacTosiiliee BpeMs He Cy-
LIECTBYET arperaToB NOJ00OHOTO YPOBHS
CJIOXKHOCTH; TOPa3/io Mpolle YBEIUYNUTh AaB-
JIEHVE B CUCTEME U KOJMYECTBO OXJIaXIaro-
1LIETO BelllecTBa Oe3 MpeBpalleHus ero B Apy-
ro€ COCTOSTHUE.

Kpome Toro, kak crpaBeaiiBo OTMEYEHO
[6], éMKOCTH C TIeperpeThiM MapoM YBETUIM -
JI OBl JUTMHY YETHOKA Ha HECKOJIBKO IECSTKOB
METPOB.

IToaTomy, 4TOOBI yIPOCTUTH (DYHKIIMOHU-
pOBaHUE TPAHCHOPTHOUW CUCTEMBI B CBETE
MPOOIEeMBbI OXJIAXKACHUS ABUXYILETOCS Yes-
HOKa, CYIIIECTBYIOT 00s3aTe/IbHbIE TPOMEXKY-
TOYHBIE CTAHIIUU, IPETYCMOTPEHHbBIE TPOEK-
ToM uepe3 Kaxanle 110 kM. Ha omHOM TakoM
yuyactke mytu Beiaensiercs 1o 100 MIIx, u ato
KOJIMYECTBO TEILJIOTHI BITOJIHE MOXET OBITh
MOTJIONIEHO YKa3aHHBIM 3aracoM BOIbI 0e3
napoo0Opa3zoBaHusI.

ITpu ocTaHOBKaX Ha TUX CTAHIUSIX TOJIK-
Ha MNPOUCXOAUTH Mepe3apsaika CUCTEMbI
OXJIAXXJEHMSI: OIyCTeBLIMIT 0aK C BOAOI U Oak
C TOpsyel BOIOW 3aMEHSIOTCS COOTBET-
CTBEHHO Ha TOJIHBIA 0aK XOJIOMHOU BOABI
U MyCTOM OaK.

OnHako MOCMOTPUM, KakK 3TO CKaxKeTcs
Ha XapaKTepUCTUKaX NBUXEHUS YeTHOKa
(puc. 6).

U B TOM, U B ApYroM ciydasix CyMMapHas
IUTOIIAlb MO KPUBOW MaeT myThb B 550 KM.
Bmecte ¢ TeM, Kak BUIHO, HEOOXOIUMOCTh
MPOMEXYTOUYHBIX OCTAHOBOK 3HAYUTEJIbHO
YMEHBIIIAET CPEAHIOI CKOPOCTb JBUXKEHUS
YeJTHOKOB — 110 750 kM/4. U Torma peanrbHOE
CpaBHEHUE CKOPOCTEM, B OTJIMUKE OT peKiam-
Horo (puc. 1), TOJXKHO COOTBETCTBOBATH
puc. 7.
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Puc. 6. PexnamHbiii [1] n peanbHbiii rpagpukn CKOPOCTH YeJIHOKa Ha y4acTke
Jloc-AHxenec—CaH-®PpaHcucko, S = 550 km.

Takum obpazom, Hyperloop He mmeer
PEBOJIFOIIMOHHOTO BBIMTPHIIIA IO CKOPOCTH
IepeMEeIIeHUS ITacCaXkMpPOB, KaK 3asIBJICHO
B KoHILenTe [1], a MOCTOSIHHBIE pa3TOHBI
1 TOPMOKEHMSI KpaitHe OTpUIIATeIbHO CKa3hl-
BaloTCS Ha KOM(OPTE MOE3IKM.

Bropodem, Hamo OTMETUTDH, YTO YETHOK
MOXET OBITh MEPEeIPOCKTUPOBAH C IIEIbIO
obecrieyeHsT 0€30CTAaHOBOYHOTO IBUKCHMSI.
B aTOM cirygae ero mMacca yBeJIWUUTCS TIPU-
MepHO Ha 10 %, 4yTo mpuBeAeT K HE3HAUM-
TeJIbPHOMY U3MECHEHUIO TIPOYMX ITapaMeTPOB
U XapaKTEePUCTUK IBUXCHUS WM 3aMETHO
YCIIOXKHUT TEXHUKY TIepe3apsaaKu CUCTeMBbI
oxJaxaeHus (BMecTo 6aka ¢ Bogoit B 290 Kr
OymeT MOHTHpPOBAThCs 6ak ¢ 1500 KT BOIBI,
K TOMY K€ pa30rPeThIil ITOYTH J0 TEMIICpaTy-
PBI KUTISITKA).

3) Tpanc3ByKoBoO€e IBIKEHHE TeJ B KaHAJe
CO CKHMAEeMOi cpe/ioi.

JloaroBpeMeHHOE IBMXKCHUE TeJla B TPyOe
CO CKMMAaEMOM CpeIoif Ipu CKOPOCTH, OJIN3-
KO K CKOPOCTH 3BYyKa (CKOPOCTh pacIipocTpa-
HEHUsT BO3MYIICHUIA), SIBJISIETCSI HOBOW TeX-
HUYECKOU 3a7jayeul, penrarb KOTOPYIO paHee
He TpedoBajoCh, TaK KaK HE CYIIECTBYET
TPaHCIIOPTHBIX CUCTEM, B COCTaB KOTOPBIX
BXOAMJIO OBl TOJIOOHOE ABVKEHUE.

- Immmmsssmmmm /50 km/v

> | ' 800 Km/4
@ [ 350 km/y

) [ 130 kmiy

Puc. 7. PeanbHOe cpaBHeHne CKOPOCTeW
nepemetyenus Hyperloop n npo4nx Bugos
TpaHcropTa.
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B [1] ykazaHo, 4yTo B BapuaHTe ¢ Cyryoo
naccaXMpCKUMU YeIHOKaMH Tpyba mmeeT
BHYTPEHHUM quamMeTp 2,23 M (WIn IUIoImagh
TOTIEPEYHOTO CeYeHMST — 3,9 KB. M), B TO Bpe-
MSI KaK 4eJTHOK — okoJio 1 M (1,4 XB. M coOT-
BETCTBCHHO MUJICJIb YCJTHOKA).

Takoe cooTHOIIIEHNE TMaMETPOB YETHOKA
¥ TPYOBI SIBJIICTCSI OIITUMAJILHBIM JIJIS TPaHC-
3BYKOBOTO JIBIDKCHUS TTOPITHS AuaMeTpoM d
B TIOJIOM LIJIMHAPE C TMaMETPOM CTEHOK D,
HATIOJITHEHHOM CXXMMaeMOl cpeioii (ycIoB-
HO — 3a/ava «IIIpuil»). Paccmorpum Kagect-
BEHHYIO CTOPOHY 3TOTO SIBJICHMUSI.

[Ipu nBMKeHWM MOPIITHS B CXKUMaeMOM
cpezie OH MCIIBITBIBACT IOMOJTHUTEIHFHOE CO-
MPOTHUBJICHUE, CBA3aHHOE C BIMSHHUEM CTe-
Hok: X =X + X, rae X — MojaHoe comnpo-
TUBJIEHUE, X, — a3POAMHAMUYIECKOE U BA3KOE
COIPOTHUBIICHUE CPE/IBI, X — IOTIOIHUTEN b~
HOE CONPOTUBJICHUE, BEI3BAHHOC BIMSHUEM
CTEHOK TPYOBI.

Ecind/D ~ 1, T0o 4ro6b1 X | OBLIO MUHH-
MaJbHBIM, CYIICCTBYIOT IBa PCIICHUS IJIsI
TIOJTyIeHUS ONITUMAJIBHOM CKOPOCTH ITOPIITHS:
TMOPIIIEeHb ABMXKETCS CO CKOPOCTHIO, MHOTO
MEHBIIIEH CKOPOCTU 3ByKa B 3TOU cpelne,
¥ TOPIIEHb ABUKETCS CO CBEPX3BYKOBOI
CKOpPOCTBIO. B TIepBOM cirydae cpefa Ij1aBHO
o0Tekaer rnopileHb. Bo BTopom ciiyyae BO3-
MYIICHHMS OT ABVMDKCHUSI TIOPIITHST HE PacIIpo-
CTpaHSIOTCS BIIepe 1O MOTOKY. [1pu mpome-
JKYTOUHBIX XK€ 3HAUCHHUSIX CKOPOCTU BKJIAM
IOTIOJTHUTEILHOTO COMPOTUBJICHHUS BeChbMa
BECOM: TTOPIIICHD BBIHYKIICH «ITPOTAJIKUBATH»
OOJIBIIIYIO YaCTh CXXMMAeMOM Cpedbl Tepe
C000It M0 MIPUHIINITY IIIPHUIIA. DTO SIBJICHUE
MOXXHO HaOJII0IaTh, HAIIPUMeEp, B METPO: KOT-
Jla Ha CTaHIIIO IIPUOBIBACT IMOE3]1, TO CHavaja
W3 TOHHEJS AyeT BeChbMa MPOIOJIKUTETbHBIN
W UHTCHCUBHBIN BETEP.
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CKOpOGTb ABWXEHUS YernHoKa, ymcrno M

Ecmu xe d/D<<1 (8 mpenene D—o), To
BJIUSTHAE CTEHOK Ha TIOPIIEHb MPAaKTUYeCKN
HYJIEBOE U HaOIto1aeTcs 00bIYHOE OOTEKaHUE
TeJia CPENON.

OueBUIHO, YTO IS paccMaTpPUBaeMOTO
Hamu ciydast d/D < 1 cymecTByeT mpoMexky-
TOYHOE ycJoBHOe cooTHoieHune d/D, pasne-
JIsTIoniee 00TeKaHUsI TIO TIPUHITUITY «BIUSTHUE
CTEHOK €CTh» U «BJIUSIHUE CTEHOK TPaKTUIe-
CKU OTCYTCTBYeT». B [1] yKa3bIBaloT, 4TO 3TO
MPOMEXYTOUHOE 3HAYeHNE MOXET OBITh T10-
JIy4eHO U3 TeopeTuuyeckux pabor AprTypa
Kontposuna (Arthur Kantrowitz). JIns
Hyperlooop d/D =~ 0,6 npu naBieHuu B Tpyoe
100 ITa.

DTO COOTHOIIIEHWE AUAMETPOB ClEeayeT

COOJTIOCTH, YTOOBI MUHUMU3UPOBATh AEUCT-
BUE CXKMMAEMOCTU U CUJI TPEHUsI, KOTOPhIe
BO3HMKAIOT TIPY B3aMMOJIEICTBUU CTEHOK
TpeKa U 4eTHOKa, Iaske HeCMOTpsI Ha (hopBa-
KyyM.
B [6] cchlnatoTcst Ha cOOCTBEHHBIE pac-
YETBI, KOTOPBIE TTOKA3BIBAIOT, YTO JIJIST Peasib-
HBIX BO3/IyX03a00PHUKOB, T/ TPeOyeTCs 3a-
MeJIeHWe BO3IyXa TMepe]l KOMIIPECCOPOM,
JIMaMeTp TPYOBI MOJIKEH OBITh yBETWYEH KaK
MUHUMYM J10 4 M TIPU YCJIOBUY TOCTHKUMOCTH
YEJTHOKOM CKOPOCTH, COOTBETCTBYIOIIIEH YnC-
y Maxa M = 0,8 (~1000 km/4, puc. 8).

IMpusenénnnie pacuétsl HACA cTposiTcst
Ha TIPEIONI0XEHNH, YTO BO3IYyX03a00pHUK
MOCTPOEH MO NpuHLIUIYy 1uddy3opa, a KOM-
TIPECCOP SIBJISIETCST OCEBBIM, TTI03TOMY HEO0XO0-
MO 3aMeJIJIeHe TI0TOKa BO3/yXa Iepest ero
TepBOIi CTYIEHbIO. DTO CBSI3aHO C TEM, YTO
CYIIECTBYIOIINE OCEBbIE KOMITPECCOPHI B CUITY
KOHCTPYKTUBHBIX U MPOUYNX TpeOOBaHUM
WMEIOT OTpaHUYEHUE 10 YUCTy M BXOISIIIEro
notoka M < 0,75. B To ke BpeMsI KOMITpecco-
PBI IPYTOTO TUTIA (HATIPUMeEP, IIEHTPOOEKHBIE)
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CMOCOOHBI YCTOMYMBO PabOTaTh MPU OOJIBIIINX
yuciaax M Bxonsuero notoka. bosee toro,
CTOUT BOITPOC, BO3MOKHO JIM CO3IaHUE MPUH-
LIMITUATBHO HOBBIX KOMITPECCOPOB, PacCUu-
TaHHBIX HA Y3KOCTIELIMATU3UPOBAHHBIE YCII0-
Bus B Hyperloop (puc. 9).

Takum 06pa3oM, Ui OTBETA Ha BOIPOC,
kakoe cooTHotmeHrne d/D HeoOXoauMo BbI-
OpaTh, U KAKOBA 3aBUCUMOCTb JTOCTUKMMOTO
M ot puametpa D, TpeGytoTcs JONOJTHUTEb-
HbIE€, B TOM YHUCJIE€ SKCIIEPUMEHTATbHO-KOH-
CTPYKTOpPCKHUE ucciienoBaHus. be3 atoro
YCpEAHEHHAasi CKOPOCTb YEJTHOKOB OKaXeTCs
emg Huxe, yem 750 km/4.

4) YcTOiYMBOCTh NAPEeHUs YeTHOKA.

Hawubosee cioxHO TeXHUYECKO Mpoo-
JIEMOM, KOTOPYIO MPEACTOUT PEIIUTh MPU
cosznanuu Hyperloop, npeacrapisgercs ycToi -
YUBOCTb MAPEHUS YETHOKA.

XapaKTepUCTUKU YEJTHOKA, TPUBOJUMbIE
B [1] u Apyrux MCTOYHUKAX, PACCUUTAHBI
B MPEINOJIOXEHUU, YTO YETHOK IBUXETCS
MPSIMOJIMHENHO HAJl TIJIOCKOI MOBEPXHOCTHIO,
MPUYEM €TO BEC PABHOMEPHO paclpeesieH o
BceM 28 ormopam.

PaccMmoTpuMm peasibHbIi clTydyaii IBUXKEHUS
YeJHOKA, & UMEHHO, ABUXXEHUE TI0 UCKPUB-
JICHHOU TPAaeKTOPHUH. DTO MOXKET OBITH CITYCK,
MOaBEM, MOBOPOT TPYOOIIPOBOJIA MU €CTECT-
BEHHOE UCKPUBJIEHUE TPYO MOJ NeUCTBUEM
COOCTBEHHOTO BeCa, BCJEICTBUE TEPMUYECKO-
ro pacluMpeHusi, NpocefaHusl TPyHTa MOL
OETOHHBIMU OMOPAMU, YCTAJIOCTHOTO Pa3py-
LHIeHUsd Wiu aeopManuu GETOHHBIX OMOP
U KPETUIeHU TpyO K 9TUM OMOpaM OT MHOTO-
KpaTHOTO BO3AEWUCTBUS 15-TOHHOW yaapHO
Harpy3Ku Mpy MPOXOXACHUU YEJTHOKA, KOJIe-
OGaHuit TpyObI M MPOUYUX MPUYUH.

Ilycth paccmaTpuBaeMblii y4acTOK —
MMOOBEM YeTHOKA (MIJIU TIPOTHO TPYObI BHU3).

CmupHoe A. B., ErowinH C. ®. Hyperloop: TexHU4eckne pucku n nepcrneKkTuebl
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Puc. 9. Anantaums Hyperloop cyLLeCTBYIIOLLNX OCEBbIX KOMMPECCOPOB U MOTPEOHbIV NepcrneKkTUBHbIA
Komnpeccop.

— 30HBI ¢ IOHIDKEHHBIM TaBIEHHEM BO3ITyXa

— 3O0HEI € MOBBIIEHHBIM OABJIEHHEM BO3OVXA

Puc. 10. PopmupoBaHmne BO3AYLIHbIX MOAYLUEK MPU ABUXKEHUS YeJIHOKa
o KpUBOJIMHEViHON TpaekTopuu (npumep N2 1).

71 IpOCTOTHI OyIeM CUMTaTh, YTO omop — 4
mtyku. [Tpu OBIKeHUM YeTHOKA, HE3aBUCH -
MO OT TOTO, SIBJIICTCSI U3TUO TPYOBI TUTABHBIM
WJIN CTYTIEHYaThIM, KaK Ha puc. 10, mpoucxo-
IWT TIepepacipenesieHrne JaBJIeHU BO3myXa
IO OTTOPAMM.

He BmaBasich B C10XXHBIC YpaBHEHUS TBU-
KCHUS YeJIHOKA, MOSICHUM KadeCTBEHHYIO
CTOPOHY SIBIICHUS. YeTHOK TIPeOmOIeT IIpsi-
MOJIMHEMHBIN y4acTOK, U €My HEOOXOAUMO
HayaTh cMelleHne BBepX. Jiasa mpumaHus
YEJTHOKY BEPTUKAIBLHOTO YCKOPEHMS TOJKHO
IIPOM30MTH ITOBHIIIICHNE TaBJICHUS B BO3IYIII-
HBIX MMOIYIIKAX BCJICACTBUC CXKATUSI BO3IyXa,
B ITOKa3aHHOM TIpUMepe — Moj1 oropamu 1 n 4.
DTO cKaTHEe TPOUCXOINT N3-32 YMEHBIIICHUS
TOJIIIMHBI 3a30pa MEXIY TPYOOil M OTOPOIA.
OmHOBpPEMEHHO 3a30p MEXIy OormopaMu 2—3
U CTCHKOU YBEJIMYMBACTCS, 1 JTaBJIICHUE Ta3a
ITOJ HUMH YMEHBIIIACTCS.

To ecTh B onipenesieHHbIII MOMEHT Ha0JI10-
JlaeTcs ClIeayrolnas KapThHA: TaBICHUE IO
ormopaMu 1 1 4 MOBBIIIAETCS W OJIOKUPYET
ITOCTYIJICHUE CXKAaTOro BO3Myxa M3 OajljloHa
IO, 3TU OITOPBI, OMHOBPEMEHHO C 3TUM JIaB-
JIEHHE TIO/I, OTTopaMu 2 1 3 TIOHWKAeTCs.

JpyrumMu cioBaMu, TIPU TIPOXOXKICHUMN
KPUBOJMHEWHOTO yJacTKa «yIep>KUBAIOIIIM -
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MM» CTAHOBUTCS TOJIbKO YaCThb OIIOP, B KOTO-
PBIX OJIOKMpPYeTCs majbHelilee 00pa3oBaHUE
BO3AYIITHOM MOMYIIIKH, B TO BpeMsI KaK OCTaB-
IIMECS OTTOPHI TEPSIOT YA P>KUBAIOIINE CBO -
CTBa.

Ecnu B Teuenue nocnemyrommx 0,005 ce-
KYHOBI (BpeMs IIPEOmOJIeHMS BO3OYIITHOMN
OMOpO¥ PacCTOSHUS, PaBHOTO €& IJIMHE)
KPUBHU3HA TPACKTOPUHM HE McUe3aeT — YCITHOK
MTOIPOCTY «ChE3KAET> C MOALEPKUBAIOLLNX
ero BO3IYIIHBIX MoaymeK 1 u 4 u 3ameBaeT
OITOpoit 1 CTEHKY TPYyOHI.

O1eHKa BeJTMYUHBI BEPTUKAIBHOTO CMe-
IIEeHUS I KPaitHUX OITOP, IIPY KOTOPOM LTSI
HHUX OJOKUPYETCS MOCTYIJICHUE CXAaTOTo
Bozayxa, maet 0,3 mm, uau ~30 % ot cpenHeit
BEJINYUHBI BBICOTHI mapeHus 0,9 mm. g
yeHoKa JIuHOI 30 M 3TO COOTBETCTBYET
TOIYCTUMOMY CMeleHMIo TpeKa 1 MM Ha 100 M
MyTH, WA cMeleHno Tpaekropuu Ha 0,011°
(Tmo-nmpyromy, paguyc KpUBU3HBI TPACKTO-
pum — mopsiaka 150 km).

AHAJIOTUYHYIO KapTUHY MOXHO BUIETH
Ipu U3rnbe Tpyosl BBepX (puc. 11).

Bo3MoxHO 11 co3maHue TpeKa ¢ IIpod-
HOCTHBIMH XapaKTePUCTUKAMM, KOTOPBIC
Morji Obl 00eCIIeYUuTh COOJIOAEHNE DTUX
TpeOOBaHMIi K TpaeKTOPUM?

CMupHoEB A. B., ErowinH C. ®. Hyperloop: TeXHU4YECKne pUcku U nepcrneKTuBbl



— 30HE] C IOHIDKCHHBIM JABICHHEM BO3SIYXA

= 30HE] C [IOBBINEHHBIM OABNEHHEM BO3IYXA

Puc. 11. dopmupoBaHue BO3A[YLLHbIX NOAYLUIEK NMPU ABUXXEHNS YeJIHOKa
o KpUBOJIMHEHON TpaekTopuu (npumep N2 2).

PaccMmoTpuM B KauecTBe MJUTIOCTPAIIAN IBE
BEePOSITHBIC TIPUIMHBI UCKPUBJICHUS TPEKa.

IlepBag npuunHa. PaccuuraeM BeJTUYUHY
MaKCHMaJIbHOTO IIPOrubay, —CTaabHOM TPyObl
nnuHOoM L = 30 M (3Ta BelImMYMHA COOTBET-
CTBYET IIIary YCTAaHOBKM OCTOHHBIX OIIOP)
¥ TOJIIIMHOM CTEHOK 2 CM, JIeXKaIllei Ha IBYX
onopax [7]:

_ 5ql

o =T384 Y

rae q =~ 10,5 Kr/cM — pacripeneeHHas
Harpy3Ka IIpHu IIPOXOXICHNY YeJTHOKA;

E~2,1e10°Kr/KB. CM — MOMIYJIb YIIPYTOCTU
cTaju;

T 2 2
J =6—4(DEHem = Doy ) — MOMEHT Hep-
11U TpyObl, TAe
D, ..D — BHEILUHUI U BHYTPEHHUI

BHYTp
JIMaMEeTPbl TPYObI COOTBETCTBEHHO.

ITocne moacTaHOBKU ATUX YUCIEHHBIX
3Ha4yeHuit nomyyaem y_ = 1,2 cM, uto B 40
a3 MpeBbIIAET AOMYCTUMOE 3HAYEHUE OTKIIO-
HEHWUS TPAEKTOPUU — TPEKU TPEOYIOT MHOTO-
KPaTHOTO YCUJIEHUSI.

Bropag npuuuna. KpaTkoBpeMeHHbIE
NepUOINYECKUE U BMECTE C TEM TOCTATOYHO
CUJIbHBbIE BEPTUKAJIbHbIE BO3AEUCTBUS HA
OETOHHBIE OMOPbI, BOZHUKAIOIIUE TIPU MPO-
XOXIEHUU |5-TOHHOTO YeTHOKa, OyIyT Mpu-
BOOUTb K TOCTENEHHON TpaMOOBKE IPYHTA MO
HUMMU, IPUYEM HEOAUHAKOBOU B CUITy HEO[I-
HOPOOHOCTHU rpyHTa. B psine ciaydyaes npoce-
JlaHue OyIeT elE U TPYAHO BBISIBUTD (CUTYya-
1Sl CpaBHUMA C MPOTUOOM PEIbCOB MOJ
JBUXYLIMMCS MOE340M: B COCTOSIHUU MOKOS
PEeJbCHI MIPSIMBIE, a TIPU MPOXOXKACHUU TTOE3-
na —uzrubatrorcs). YToObl n36exKaTh HEraTUB-
HbI€ MOCJEACTBUS 3TOro (hakTopa, MoTpedy-
eTcs 0oJiblllee PE3ePBHOE YCUJIEHUE TPYOBI.
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Ecmm xe ygectb mpyroit (pakrop, BIHSIO-
WA Ha KCITTyaTalMio TPAaHCITOPTa, — PaCIIi-
peHHne TeJ MPU HarpeBaHWM, TO MOTYIUM
cnenyioee. KoaddumeHT nuHeitHoro pac-
mmpenus 6etona coctapisieT 0,00001 m/(meK).
Ilpu nHeBHOM KoJieOaHUU TeMIepaTyphl
B 10°C m BbIcOTEe OGETOHHOI OTMOPHI OoJice
10 M 3TO maeT exXecyTouHOe M3MEHEHHUE e&
BBICOTHI, a 3HAYMT, U TIepeTa BBICOTHI Tpa-
eKTOpUHU B 1 MM.

CremoBaTeIbHO, UIST TIPOKJIAIKKA TPACCHI
Hyperloop Hy>XHO TIpegycMaTpUBaTh ropas3iao
0oJiee CI0XHBIC MHXKEHEPHBIC COOPYKCHMS,
KOTOPHIE MOTJIN OBI B aBTOMAaTUIECKOM PEXKU -
Me 00ecIieYnBaTh OTKJIOHCHHE TPACKTOPUH
Tpacchl Ha BeaMWYUHBI He 6osee 1 mm/100 m
IyTH B JTI000E BPEeMSI CYTOK JTIOOOTO BpeMEHH
roja.

Kak ckazaHo BBIIIE, TOCICTHSS U3 3THX
MPOOJIeM SIBIISICTCSI KPUTUUSCKOM TSI CHUCTe-
MBI B IICJIOM, TTOCKOJIBKY YBEIMICHME BBICOTHI
mapeHus: GU3NIeCK HEBO3MOXHO M3-3a OT-
paHmdeHus 1Mo ynciy PeitHonsaca. CrenoBa-
TEJIbHO, TPeOyeTCsI OTAEIbHOE UCCIIeIOBaHNE
caMoOii BO3MOXHOCTH aBTOMAaTHU4YEeCKOTO
yrpapieHnst (CAY) 4eTHOKOM IPH IBKEHUHT
0 KPUBOJIMHENHON TpaekTopuu. B oTuéTe
Nnona Macka o co3mannm mogoOHOM cucTe-
MbI, PABHO KaK 1 HEOOXOAUMOCTH €€ CYIIECT-
BOBaHMSI, YIIOMUHAHUI HET.

Ha marnHowMm sTane mpopadotku Hyperloop
MOXHO JINIITb CDOPMYIMPOBATH OCHOBHBIC
TpeOOBaHUS, KOTOPHIM JOJKHA YIOBJICTBO-
psaTh 3Ta CAY:

— TOYHOCTb U3MEPEHUS MOJIOKCHMS YeII-
HOKa B BEpTUKAJBbHOM INTIOCKOCTU — He 0ojee
0,2 mmM;

— OBICTPOACUCTBIE N3MEPEHMS U TTOTAYHN
YIPAaBASIOMINX BO3AECHCTBUN Ha OpPTaHBbI
ympasieHust — He 6oxee 0,005 c.

CmupHoe A. B., ErowinH C. ®. Hyperloop: TexHU4eckne pucku n nepcrneKkTuebl




Bo3MOXHBIMU OpraHamMu yIpaBJIeHUS
YeJIHOKOM MOTYT OBITH MOTIOJHUTEIbHBIC
BO3IYITHBIE OMOPHI, CITOCOOHBIE K KPAaTKOB-
pPEMEHHOMY Pa30BOMY TTOBBILIIEHUIO TABJICHUS
o1 HUMHU. J1J1s1 9TOT0 M30BITOK BO3/IyXa ITOCIIe
koMmmpeccopa (0,29 kr/c) cieayeT cxXuMaTh
cyliecTBeHHO Oousbiie, yeM o 11000 ITa,
U cOOMPATBh B OTHEIbHBIN 0a/UToH. TpeboBaHUs
K KpMBU3HE TPAEKTOPUU MPU 3TOM HE MCUe3-
HYT, a OyIyT TOJIbKO YMEHBIIIAThCs TIPOTIOP-
LIMOHAJIBHO CTETIEHM CXKATUSI JOTIOTHUTEhb-
HOTO BO3/yXa.

Hpyrum crnocobom peleHust TpoodieMbl
Morjia Obl CTaTh MarHUTHAsI JIEBUTAIUSI, WC-
MoJIb3yloliasicsl B 1oe3/ax Ha MarHUTHOM
nonymke (Maraesbl). Ho Torga mpoekTt
Hyperloop nepepoxxaaercsi, o CyTU, B TOT XKe
caMBblii MarJieB, HO TIePeyCIOKHEHHBIN HaIM-
yyeM TpyO 1 BCETO, UTO CBSI3aHO C obecreye-
H1eM (hopBaKyyMa B 3TUX TPYOax, XOTsI v Tat0-
LI BRIMTPBIII B 3aTpaTax dHEPTUU Ha IBU-
JKeHne 4eTHOKOB. CKOPOCTh COBPEMEHHBIX
MO€3/10B Ha MarHUTHOM MOJYIIIKe Iajeka oT
1000 XM/9 B TOM YMCie 10 IPUYMHE yaepKa-
HUS moes3aa Ha TpaekTopuu. U ecim crom-
MOCTb CTPOMTEJILCTBA TPACCHI MarjieBa JI0X0-
nut o 100 mutH USD/kM, To KakoBa OyneT
CTOMMOCTH MarjeBa B BaKyyMHOU TpyOe,
1 HacKOJIbKO TMpaBAONog00Ha OYAET 9KOHO-
MUKa TpoekTa (coriacHo puc. 1) — Bompoc,
TpeOYIOIINI OTIETHHOTO UCCIIETOBAHMSI.

BbiBO4bl

[MposenenHbIit aHamm3 mpoekTa Hyperloop
0OpPUCOBBIBAET KPYT TEXHUYECKUX MPOOJIEM,
KOTOpbIE HEOOXOAMMO PEIIUTh A0 Hayajua
CTPOUTEJIBCTBA ITOJTHOLEHHOW TPAHCIIOPTHOM
CHUCTEMBI. DTO:

— CO3[aHKe HAIEXXHBIX OBICTPOAECHCTBYIO-
IIUX HUTI030B B MECTaX MTPOXOXKIECHUS YETHO-
Ka CO CTaHIIMU B TPEK U OOPaTHO;

— MpoBepKa CMOCOOHOCTU KOMILIEKCA
BaKyyMHBIX HacOCOB 3(P(HeKTUBHO OOPOTHCS
C yTeuKaMU BO3yXa U OIICPKMUBATh paboyee
nasierue 100 [Ta B o0bekTe 00111e#T EMKOCTHIO
bonee 2 Ky0. KM;

— UCCJIeNOBaHNUE YCTOMYMBOCTU MOMAEP-
KUBAIOLLEH BO3LYIIIHOW MOIYIIIKK B YCJIOBUSIX
¢dopBaKkyyma 1 ¢ y4ETOM BBICOKOI CKOPOCTHU
JIBVDKEHWST

— MOJyYeHUE IKCIIEPUMEHTATbHON 0a3bl
C LIeJIbIO PACYETOB KpUTHUYECKOTO uucia Peii-
HOJIb/ICA U1 O0BEMHO-CUMMETPUYHBIX TeUe-
HUIl ¢ KOHbUTrypaluei, COOTBEeTCTBYIOLIEH
dopme ynepxKuBarolen CTpyu;

— CO3/IaHue HAaAEXKHOW aBTOHOMHOW CUC-
TeMbl OXJAXIEHUSI ¢ YYETOM TpeOOBaHMS €€
repe3apsiiKi Ha CTaHIIMU 32 MUHUMAaJIbHO
BO3MOXHOE BPEeMSI;

— ajanTalus CyleCTBYIOIINX WIK pa3pa-
00TKa KOMIIPECCOPOB HOBOT'O TUIIA, CIIOCO0-
HBIX YCTOWYMBO paboTaTh mpu yuciax M
BXOJIS11IeTO IMoToKa He MeHee 0,95;

— W3y4YeHUEe YCTAIOCTHBIX TTPOYHOCTHBIX
XapaKTepUCTUK CTaTbHON TPyObl M TMOIEP-
SKMBAOIINX OTTOP B YCJIOBUSIX KPATKOBPEMEH -
HOTO MHTEHCUBHOTO TIEPUOINIECKOTO HaTrpy-
JKEHUS UX Maccoit mopsiaka 15 ToHH;

— MOATBEPXKIEHNE YCTOMINBOCTH TTaPEHUST
YeJHOKa, OMUPAIONIErocss Ha BO3AYUIHYIO
TTOYIIKY, TP IBVKEHUY 110 KPUBOJIMHEWHOMN
TPAeKTOPUM U B YCIOBUSAX €CTECTBEHHOIO
U3ruOaHUSs TPYOHI.

be3 penieHust 3TUX 3aJa4 BOMPOC peanu-
3yemoctu npoekta Hyperloop ¢ 3asiBieHHbIMU
TEXHUKO-9KOHOMUYECKUMU XapaKTePUCTH -
KaMU OCTAHETCSI OTKPBITHIM.
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HYPERLOOP: TECHNICAL RISKS AND PROSPECTS
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ABSTRACT

The article is devoted to the technical analysis of
Hyperloop high-speed land transport project, interest
in construction of which has increased significantly
recently. The basic technologies are briefly
considered, with the help of physical calculations the
basic design characteristics are specified. Technical
risks are identified, some of which may affect the

initial configuration of the project, while others call
into question the very possibility of its implementation.
The carried out researches allow to give the
conclusion about expediency of the further work on
creation of high-speed transport system Hyperloop
and to formulate a list of priority research tasks which
are necessary to be realized for the project becomes
successful.

Keywords: Hyperloop, vacuum overpass, shuttle, high-speed transport, transport systems of the future,

new technologies, technical risks.

Background. The growth of population of the
Earth inevitably leads to aggravation of various kinds
of problems, including transport problems. The
search for solutions to these problems occurs both
through modernization of the existing transport
infrastructure and creation of new systems.

In this vein, the Hyperloop project is of great
interest in many countries of the world, where
geographical conditions require further development
of transport, availability of the most accessible and
high-speed system for moving cargo and passengers,
which significantly improves interconnectedness of
regions and individual territories within state territorial
entities.

Objective. The objective of the authors is to
consider technical risks and prospects of Hyperloop
project.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical apparatus.

Results.

Brief background of the project

The Hyperloop project was introduced by Elon
Musk in 2013 and was originally proposed for
implementation in the State of California (USA). It is
based on an original combination of technical
solutions involving pipeline transport, aerospace
technologies and an alternative source of energy —
solar radiation.

It should be noted that the idea of pipeline cargo-
and-passenger transport(in other words, a transport
using a sealed long pipe with discharged air as a shell
of a path for moving objects between two points of
communication) is not new. It arose at the end of 18"
century and found its embodiment in the form of
pneumatic mail, which exists to this day, for example,
in the Russian State Library, as well as in various
prototypes, including:

— Thomas Rammell pneumatic railways (London,
1864) and Beach Pneumatic Transit(New York, 1870);

—Vacuum trains on magnetic cushion of H. Kemper
(Germany, 1934) and N. Ozawa (Japan, 1969).

By 20" century, the development of technology
has made it possible to introduce new components
into the idea of pipeline transport, which gives us
grounds to talk about Hyperloop as of a new form of
transport, and, according to Musk himself, as of a
revolutionary breakthrough in transportation
organization (Pic.1).

Below is the technical analysis of the project. The
basis is preliminary concept of Hyperloop [1]. Most
of the key characteristics are rechecked.

Analysis of technology readiness

Hyperloop is a high-speed cargo and passenger
transport system consisting of the following main
parts.

Overpass: steel cylindrical pipes with a diameter
of 2-3 m and a wall thickness of 2-2,5 cm welded in
two pipelines(one for movement «there», the other for
«back» movement) and mounted on concrete supports
with a height of 6-30 m (Pic. 2). Inside the pipes the
shuttles with passengers move from station to station
with a declared frequency of 2 minutes. The technology
of construction of loaded pipelines has long been
worked out, for example, in the oil and gas industry,
and no special difficulties are foreseen in this.

Low vacuum system in the overpass: a set of
vacuum pumps with which a pressure of 100 Pa is
created and maintained inside the sealed pipes, the
so-called forvacuum. This system is quite easy to be
implemented, since modern industrial vacuum pumps
are of moderate cost, have high reliability and
sufficient capacity (~1 m3/s at the indicated outlet
pressure).

Stations: facilities, inside which embarkation /
disembarkation of passengers, recharging of

Costs of transportation of 1 passenger (con. units) and speed of movement for different modes
of transport
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Pic. 1. The declared technical and economic characteristics of Hyperloop [1].
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Pic. 2. General view of the Hyperloop path fragment.
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Pic. 3. Schematic structure of the passenger shuttle Hyperloop.

cooling system and storage batteries of transport
shuttles take place. Unlike ordinary landing stations
they are characterized by the presence of a system
of high-speed locks at the junction with the main
overpass.

Freight-passenger shuttles: a fleet of vehicles of
the same type, each of which has a cylindrical shape,
a length of about 30 m and a cross-sectional area of
about 1,4 sq. m. The shuttle is structurally close to
fuselages of modern aircrafts. The movement of
shuttles inside the pipeline on the main part of the
route takes place according to the principle of an air-
cushion vessel (ACV), that s, without the use of wheels
(Pic. 3). Air to the supports of the air support is fed
with a frontal air intake and an axial compressor,
powered by on-board batteries.

Acceleration and deceleration system of shuttles:
built on the principle of electromagnetic induction for
linear rotor and stator, while the stator is attached to
the walls of the overpass, and the rotor — under the
bottom of the shuttle. Acceleration takes place on a
section about 10 km long, adjacent to the station, then
the shuttle moves by inertia (which is permissible
under forvacuum conditions with minimal energy
losses), and braking occurs in the same way. The
acceleration / deceleration time, provided that the
passenger is relatively comfortable to carry a
horizontal acceleration of 0,5 g, is about 1 minute. In
spite of the fact that electromagnetic induction is used
everywhere in all areas where electric motors or
electric generators are used, in the described
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configuration — linear rotor and stator — the named
physical principle is just beginning to be approved.
However, its successful feasibility has already been
proved in the military field (the electromagnetic
catapult EMALS of the aircraft carrier «Gerald R. Ford»
[2], electromagnetic guns).

Power supply system: rows of solar batteries
mounted above the tracks. The projected capacity,
generated by such batteries, is 120 W / sq. m, which
gives a total capacity of up to 285 MW at the peak of
solar activity, or 57 MW in the average daily calculation,
and this completely covers the energy needs of
Hyperloop of 21 MW [1]. The excess of absorbed solar
energy and the energy converted into electric energy
during the deceleration of the shuttle are stored in
stationary storage batteries, which allows achieving
the declared energy balance characteristics.

Analysis of technical risks

As you can see, the project is a combination of
previously known and to some extent mastered
technologies. However, the apparent simplicity should
not be misleading: atthe junction of these technologies
some new technical solutions are born that require
serious research before the construction of the
Hyperloop route.

1) Stability of the supporting air cushion in
forvacuum.

The main differences between the Hyperloop air
cushion from other areas in which ACV technology is
used are high speed and the presence of forvacuum
as an environment instead of the usual atmosphere.
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Pic. 5. The relationship between the parameters of the nozzle block of the air support.

Unfortunately, the concept [1] does not contain a
detailed description of air supports, but only individual
technical details of the design and characteristics of
the air cushion. Therefore, we assume that the most
optimal variant, taken from real ACV, is the nozzle
circuit with peripheral rigid nozzles (Pic. 4).

The weight of the Hyperloop shuttle is maintained
by the air pressure in the air cushions created under
28 supports of 1,35 sq. m each. The total area of the
supports in the projection to the horizontal plane is
approximately 32 sq. m, and they are mounted in pairs
along the entire length of the shuttle ( 14 pairs).

According to the terminology of ACV [3], the gap
between the support and the wall of the tube h is called
the hover height, and itis fundamentally different from
the thickness of the retaining jet h, flowing into the
surrounding space. Itisindicatedin [1] thath ~0,9 mm,
and the reasons for choosing such a hover height are

not indicated, although it is additionally noted that at
a shuttle speed of 1200 km /h(or~330m /s)and an
ambient forvacuum pressure of 100 Pa air in the
amount of 0,49 kg / s enters the inlet of the shuttle air
intake, and 0,2 kg / s is sufficient to hold the air
cushions under all 28 supports.

One of the factors determining the hover height
is precisely the thickness of the retaining jet h . The
relationship between h and h_ is determined by the
choice of the angle of inclination of the nozzle o. and
is determined by means of the graph (Pic. 5) [4].

In the subsequent calculations we shall simplify
to assume that h ~ 0,5 h.

The equation of the balance of the incoming and
outgoing air masses gives the thickness of the jet

m

b= (1)
I/c Lper pc Nsup
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Pic. 7. Real comparison of the speeds of Hyperloop and other transport modes.

where V_is speed of the air jet flow, p, — air density of
the jet, Nsup is the number of air supports, Lper is the
perimeter of the air cushion (~3 m).

Since the flow of the jet occurs in the forvacuum,
at the exit from the air support, the speed of flow V,
reaches the critical value V*. Assuming that the air
channels leading from the compressed air cylinder
to the air supports are optimally designed, from the
experience of the ACV design this gives a pressure
loss of the order of 30 % [3]. Also assuming that the
gas flow is laminar (a necessary condition for a
stable air cushion retention) and viscous (which
on the average slows down the jet by a factor of 2,
V_ =~ 0,5V*), using the hydrodynamic equations of
the flow of a compressible gas, we find that
V.~ 170m/s, p,~0,035kg/m® andfrom(1):h ~0,001 m,
orh~0,002m(2mm).

Itwould seem that the average hover height of the
shuttle can be more than doubled. In fact, the
determining factor for the laminar flow of such a
retaining jet is the Reynolds number:

Re= @ (2)

where V_is average flow speed of the jet, h_is
characteristic linear dimension, in our case - jet
thickness, v ~ 0,0006 m?/s is the kinematic coefficient
of viscosity of the air in the jet with the parameters
described in [1].

For flows with the closest geometric configuration,
the critical value Re ~ 420 [5]. Then it follows from
(2): for the flow of the retaining jet to be laminar, it is
necessary to reduce the gap between the support
and the wall by at least 2 times, that is, up to the value
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h ~ 0,9 mm given in [1]. And this restriction is
immutable.

We recall that the above theoretical calculations
are based on a number of assumptions that
determine the stability of the air cushion. Moreover,
the NASA report [6] on the Hyperloop problem notes
thatitis the presence of forvacuum that contributes
to formation of a steady flow of air under the air
support, and the flow does not break up into
separate movements of individual molecules. The
movement of the support relative to the wall of the
pipe only leads to curvature of the cushion by
frictional forces in the direction opposite to the
direction of motion, but again does not lead to
destruction of the cushion [1].

To verify the correctness of these statements, not
only reliable numerical simulation is needed, but also
a series of experiments in forvacuum with moving ACV,
which is new in science and technology.

2) Autonomous cooling system.

Since the shuttle moves in an environment close
to the vacuum state, and various units and systems
operate on the shuttle, an on-board autonomous
cooling system is required.

The task of creating such a system is noteworthy,
because previously on all passenger vehicles the heat
transfer has been lead to the environment.

The fact is that during the shuttle movement a
large amount of heat is released (about 100 MJ per
100 km of the track), which should be removed from
compressors, air cushion supports, air conditioners
and other operating units, otherwise they will be
heated to temperatures of 700°C. Since the shuttle
moves in the forvacuum, then it is extremely
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problematic to realize heat transfer to the environment,
firstly, the total heat capacity of the forvacuum is small,
and secondly (even if the first was possible), the
second shuttle going beyond the first would move in
an unbalanced mode — in preheated to more than
100°C forvacuum. And so the increase will be
observed cumulatively for the third, fourth, fifth...
shuttle.

To avoid the cumulative heat effect, a single
network of heat exchangers is installed on the shuttle,
through pipelines connected to the central heat
exchanger, in which there is a water supply m
290 kg.

The design of the cooling system in the initial
configuration presupposes the heating of water to
100°C, steam generation and further heating of the
steam to 125°C. The total heat capacity of such a
system:

water

Osh = mwa(er( waterAT Csteam steam ) (3)
where C, . =4180J/(kg K) is spec:flc heat capacity
of water;

AT, =75 K - change in water temperature when
heated to 100°C;

C.oam = 2260 kJ/K is specific heat of steam
formation;

C, seam = 2020 kJ /(kg K) is specific heat capacity
of water steam;

AT, =25 K is change in steam temperature when
heated to 125°C.

Calculation of the heat capacity of such a cooling
system gives Q_, = 760 MJ, and this is sufficient to ensure
the movement of the shuttle in a 660 km non-stop
section (comparable to the distance from Moscow to
St. Petersburg). And the reserve is set for safety in case
of emergency situations, when shuttle traffic stops and
passengers wait for evacuation in shuttles much longer
than planned, and the life support system (air-
conditioning) must work without failures.

However, [1] does not explicitly state that water
as a coolant passes from a liquid state to a steam
state, although the word «steam» is used. In order for
the cooling system to work in this case, it must be
divided into subsystems: in one there is heating of the
cooling water, in the other — cooling by evaporation,
in the third — heating of water steam. At present, there

are no aggregates of this level of complexity; itis much
easier to increase the pressure in the system and the
amount of coolant without converting it to another
state.

In addition, as rightly noted [6], containers with
superheated steam would increase the length of the
shuttle by several tens of meters.

Therefore, in order to simplify the functioning of the
transport system in the light of the cooling problem of a
moving shuttle, intermediate stations are mandatory,
and they are envisaged by the project at every 110 km.
In one such section ofthe path, up to 100 MJ is released,
and this amount of heat can be completely absorbed by
this water supply without evaporation.

When stopping at these stations, the cooling system
must be recharged: an empty water tank and a hot water
tank are replaced respectively with a full cold water tank
and an empty tank.

However, let’s see how this will affect the
characteristics of the shuttle’s motion (Pic. 6).

In both cases, the total area under the curve
gives a path of 550 km. At the same time, as can be
seen, the need for intermediate stops significantly
reduces the average speed of the shuttle movement —
up to 750 km / h. And then the real comparison of
speeds, in contrast to the advertising one (Pic. 1),
should correspond to Pic. 7.

Thus, Hyperloop does not have a revolutionary gain
inthe speed of transporting passengers, as statedin the
concept [1], and the constant acceleration and braking
is extremely detrimental to the comfort of the trip.

However, it should be noted that the shuttle can
be redesigned to ensure non-stop traffic. In this
case, its mass will increase by about 10 %, which will
lead to a slight change in other parameters and
characteristics of the movement and significantly
complicate the technique of recharging the cooling
system (instead of a tank with water of 290 kg, a tank
with 1500 kg of water will be installed, also heated
during the process up to almost temperature of
boiling water).

3) Transonic movement of bodies in a channel
with a compressible medium.

Long-term movement of the body in a pipe with a
compressible medium at a speed close to the speed
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of sound (the speed of propagation of disturbances)
is a new technical problem, which was not previously
required to be solved, since there are no transport
systems that include such a movement.

In [1] it is stated that in the version with purely
passenger shuttles the pipe has an internal diameter
of 2,23 m(ora cross-sectional area of 3,9 sq.m), while
the shuttle is about 1 m (1,4 sq. m is respectively
shuttle maximum cross-section).

This ratio of the shuttle diameters to the pipe is
optimal for the transonic motion of a piston of diameter
din a hollow cylinder with a wall diameter D filled with
a compressible medium (conditionally, the «syringe»
problem). Let us consider the qualitative aspect of
this phenomenon.

When the piston moves in a compressible
medium, it experiences additional resistance
associated with the effect of the walls: X=X + X,
where X s the total resistance, X, is the aerodynamic
and viscous resistance of the medium, X_, is the
additional resistance caused by the influence of the
pipe walls.

If d/D ~ 1, then there are two solutions for X_,, to
obtain the optimum piston speed: the piston moves at
a speed much lower than the speed of sound in this
medium, and the piston moves with supersonic speed.
In the first case, the medium flows smoothly around
the piston. In the second case, perturbations from the
motion of the piston do not propagate upstream. At
intermediate values of speed, however, the contribution
of additional resistance is quite weighty: the piston is
forced to «push» most of the compressible medium
ahead of itself according to the principle of a syringe.
This phenomenon can be observed, for example, in
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Pic. 10. Formation of air cushions when the shuttle moves along a curved trajectory (example No. 1).

the metro: when a train arrives at the station, a very
long and intense wind blows from the tunnel first.

If, however, d/D<<1 (in the limit D—x), then the
effect of the walls on the piston is practically zero
and normal flow around the body by the medium is
observed.

Obviously, for d/D < 1 in our case, there is an
intermediate conditional relation d/D separating the
flow according to the principles the «wall effect is
present» and the «wall effect is practically absent».
In [1] itis indicated that this intermediate value can
be obtained from the theoretical work of Arthur
Kantrowitz. For Hyperlooop, d/D ~ 0,6 at a pipe
pressure of 100 Pa.

This ratio of diameters should be observed to
minimize the effect of compressibility and frictional
forces that arise from interaction of walls of the
track and the shuttle, even despite forvacuum.

In [6] they refer to their own calculations, which
show that for real air intakes where air retardation
is required in front of the compressor, the pipe
diameter should be increased to at least 4 m
provided that the shuttle achieves a speed
corresponding to the Mach number M = 0,8
(~1000 km/h, Pic. 8).

The above NASA calculations are based on the
assumption that the air intake is built on the
principle of a diffuser, and the compressor is axial,
so it is necessary to slow the flow of air before its
first stage. This is due to the fact that existing axial
compressors, due to structural and other
requirements, have a limitation on the number M
of the incoming flow M < 0,75. At the same time,
compressors of a different type (for example,
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Pic. 11. Formation of air cushions during the movement of the shuttle along a curvilinear trajectory
(example No. 2).

centrifugal ones) are able to work stably at large
numbers M of the incoming flow. Moreover, the
question is whether it is possible to create
principally new compressors designed for highly
specialized conditions in Hyperloop (Pic. 9).

Thus, to answer the question about which d/D
ratio is to be chosen, and what is the dependence of
achievable M on the diameter D, additional
experiments, including experimental design, are
required. Without this, the average speed of the
shuttles will be even lower than 750 km/h.

4) Stability of shuttle hovering.

The most difficult technical problem to be solved
when creating Hyperloop, is the stability of shuttle
hovering.

The characteristics of the shuttle, givenin [1] and
other sources, were calculated assuming that the
shuttle moves rectilinearly over a flat surface, and its
weight is evenly distributed over all 28 supports.

Let us consider the real case of the motion of the
shuttle, namely, motion along a curved trajectory. This
can be the descent, lifting, turning of the pipeline or
the natural curvature of the pipes under the influence
of their own weight, due to thermal expansion,
subsidence under the concrete supports, fatigue
failure or deformation of concrete supports and pipe
fastenings to these supports against multiple impact
of a 15 ton impact load while shuttle is moving, pipe
vibrations and other causes.

Let the considered section be the lifting of the
shuttle (or the deflection of the pipe downwards).
For simplicity, we assume that there are 4 supports.
When the shuttle moves, regardless of whether the
bend of the pipe is smooth or stepped, as in Pic. 10,
there is a redistribution of air pressures under the
supports.

Without going into the complicated equations of
motion of the shuttle, let us explain the qualitative
aspect of the phenomenon. The shuttle overcame the
straight section, and it needs to start shifting upwards.
To give the shuttle vertical acceleration, air pressure
should increase in air cushions due to air compression,
in the example shown — under supports 1 and 4. This
compression occurs due to reduction in thickness of
the gap between the pipe and the support. Atthe same
time, the gap between the supports 2-3 and the wall
increases, and the gas pressure below them
decreases.

That is, at a certain moment the following pattern
is observed: the pressure under supports 1 and 4
increases and blocks the flow of compressed air from
the cylinder under these supports, at the same time
the pressure under supports 2 and 3 decreases.

In other words, when moving on the curved
section, only a part of the supports in which the further

formation of the air cushion is blocked becomes
holding or retaining, while the remaining supports lose
their holding properties.

If the curvature of the trajectory does not
disappear within the next 0,005 seconds (the time
when the air support overcomes the distance equal
toitslength), the shuttle simply «goes down» from the
air cushions 1 and 4 supporting it and touches the
pipe wall with the support 1.

An estimate of the magnitude of the vertical
displacement for the extreme supports, at which the
intake of compressed air is blocked, gives 0,3 mm,
or ~ 30 % of the mean value of the hover height of
0,9 mm. For a 30 m shuttle this corresponds to an
allowable track displacement of 1 mm per 100 m
of track, or a trajectory displacement of 0,011°
(in another way, the radius of curvature of the
trajectory is about 150 km).

A ssimilar picture can be seen when the pipe is bent
upwards (Pic. 11).

Is it possible to create a track with strength
characteristics that could ensure compliance with
these requirements for the trajectory?

Let’s consider two possible causes of curvature
of a track as an illustration.

The first reason. We calculate the value of the
maximum deflection y_ of a steel pipe of length
L = 30 m (this value corresponds to the step of
installing concrete supports) and a wall thickness of
2 cm lying on two supports [7]:

5 qL4
Tmes =T384 EY
where q =~ 10,5 kg/cm is the distributed load during
the passage of the shuttle;

E=~2,1-10°kg/sq.cm is the modulus of elasticity
of steel;

J= e (D : Dimz) is moment of inertia of the pipe,
where
D,,, D, .are external and internal diameters of the

pipe, respectively.

After substituting these numerical values, we get
Yoax = 1,2 €m, which is 40 times higher than the
allowable trajectory deviation value — the tracks
require multiple amplification.

The second reason. Short-term periodic and at
the same time fairly strong vertical impacts on
concrete supports that arise when a 15-ton shuttle
pass, will lead to gradual ramming of the ground
beneath them, which is not uniform due to the
heterogeneity of the ground. In some cases,
subsidence will also be difficult to be identified (the
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situation is comparable with the deflection of rails
under a moving train: at rest, the rails are straight,
and when the train passes, they bend). In order to
avoid the negative consequences of this factor, a
larger backup tube strengthening will be required.

If we take into account another factor affecting the
operation of transport, the expansion of bodies with
heating, we get the following. The coefficient of linear
expansion of concrete is 0,00001 m /(m + K). With a daily
temperature variation of 10°C and a concrete support
height of more than 10 m, this gives a daily change in its
height, and hence a height difference of 1 mm.

Therefore, for laying of the Hyperloop route, it is
necessary to provide much more complex engineering
structures that could automatically ensure the deviation
of the trajectory of the route by values not exceeding
1 mm /100 m of the track at any time of the day of any
season.

As stated above, the latter of these problems is
critical for the system as a whole, since increasing the
hover height is physically impossible due to the
Reynolds number restriction. Therefore, a separate
research of the very possibility of automatic control
(ACS) by the shuttle is required when traveling along a
curved trajectory. Elon Musk’s report on creation of
such a system, as well as the necessity of its existence,
does not mention it.

At this stage of development of Hyperloop only the
basic requirements that this ACS should satisfy can be
formulated:

—accuracy of measuring the position of the shuttle
in the vertical plane — no more than 0,2 mm;

— speed of measurement and supply of control
actions to the control bodies— no more than 0,005 s.

Possible control bodies for the shuttle can be
additional air supports capable of short-term, one-time
increases in pressure below them. To do this, excess
air after the compressor (0,29 kg / s) should be
compressed significantly more than up to 11000 Pa,
and be collected in a separate cylinder. Requirements
to the curvature of the trajectory will not disappear, but
will only decrease in proportion to the degree of
compression of the additional air.

Another way to solve the problem would be
magnetic levitation, used in trains on magnetic cushion
(maglev). But then the Hyperloop project is reborn, in
fact, into the same maglev, but over-complicated by
the presence of pipes and everything related to
providing forvacuum in these pipes, although it gives
a gain in energy costs for the movement of shuttles.
The speed of modern trains on magnetic cushion is far
from 1000 km / h including due to the retention of the
train on the trajectory. And if the cost of construction
ofthe maglev route reaches 100 million USD /km, what
will be the cost of the maglev in the vacuum pipe, and
how feasible the project economy will be (according to
Pic. 1) that is a question requiring a separate study.

Conclusion. The analysis of the project Hyperloop
outlines the range of technical problems that need to
be solved before the construction of a full-fledged
transport system. They include:

— creation of reliable high-speed locks in the places
of passage of the shuttle from station to track and back;

— checking the ability of a complex of vacuum
pumps to effectively combat air leaks and maintain a
working pressure of 100 Pa in an object with a total
capacity of more than 2 cubic km;

— searching for stability of the supporting air
cushion under forvacuum conditions, taking into
account the high speed of movement;

— obtaining an experimental base for calculation
of the critical Reynolds number for volume-symmetric
flows with a configuration corresponding to the shape
of the retaining jet;

— creation of a reliable autonomous cooling system,
taking into account the requirement of its recharging
at the station for the shortest possible time;

— adaptation of existing or development of
compressors of a new type capable of stable operation
with an inlet flow number M of not less than 0,95;

— study of fatigue strength characteristics of steel
pipe and retaining supports under conditions of their
short-term intensive periodic loading by mass of about
15 tons;

— confirmation of stability of hovering of a shuttle
resting on an air cushion, while moving along a curved
trajectory and under conditions of natural bending of
the pipe.

Without solving these problems, the issue of
feasibility of the Hyperloop project with the stated
technical and economic characteristics will remain
open for discussion.
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31 mas 2017 roma MEHHCTP TPaHCTOpPTA
Poccun M. CokoJi0B BBICTYIHJI HA MHHH-
CTEepCKOM Kpyrjiom ctoje «Tpancmopt
H KJimMaT». B padote Kpyrioro croja Tak-
2Ke MPUHSJIM YYacTHe MUHUCTPBI TPAHCTIOP-
Ta Apreatunnl, Peciyommku Kopes, I1se-
nuu, Tynuca u YKpaunsi.

Makcum CoxoJioB nmpouHGOpMUPOBa
KoJuter o ToM, uto 2017 tom B Poccum
00BsIBJIEH TOJIOM 3KoJioruu. Peanusyercs
CTpaTernyecKuil Moaxo/ K peleHU0 K-
MaTUYEeCKOM MpodsieMbl — MPUHSTHI Kutu-
MaTudecKast fokTpuHa Poccwuiickoit De-

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 83-85 (2017)

MexayHapoaHbi TPaHCNOPTHbIV (popyM B Jlennuure

Jepaluu, HallMOHaJIbHbIE TTPOTPaMMBI,
3aKOHOJATeJIbHbIC U HOPMATUBHBIE aKThl,
aIMUHUCTPATUBHBIE MpoLienyphl. B aToM
KOHTEKCTE MPUHUMAIOTCS MEpbl, HalpaB-
JIeHHbIC Ha CHUXKEHME BHIOPOCOB 3arpsi3-
HSIIOIIMX BEIIECTB, BHEAPEHUE TPOEKTHO-
ro Toaxoja B YIIpaBAeHUH, HOBBIX dHEP-
road@eKTUBHBIX TPAHCIOPTHHBIX CPENICTB,
MOBBIIIIEHUE KaYeCTBa TOTUINBA, Pa3BUTHE
3JIEKTPUIECKOTO 1 HEMOTOPU30BAHHOIO
TpaHCITOpTa.

Kak ¢enepasibHbIMU, TaK U MyHULIU-
NajJbHBIMU BJAACTSIMU MPEATTPUHUMAIOTCS




MepBI IT0 0OHOBJIEHUIO IMOIBUKHOTO COC-
taBa. K mpumepy, npaButeibcTBO MOCKBbI
B HacTosi1Iee BpeMsi peajn3yeT IporpaMmmy
KpyIHOMAcCIITAaOHOTO OOHOBJIEHUS TpaM-
BallHOTO MapKa — €XeroaHo BBOIUTCS
B cTpoit mopsaka 100 TpExceKIMOHHBIX
BaroHoOB.

MuHUCTEpCTBOM TpaHcmopTa P®
u IIporpammoii pazsutusgs OOH npwu co-
neiictBuu [106a1bHOTO 3KOJIOTUYECKOTO
¢onma HaunHas ¢ 2012 roga cOBMECTHO
peanusyetcst mpoekT «CokpaleHne BbI0-
POCOB MAPHUKOBBIX TA30B OT aBTOMOOWIIb-
HOTO TpaHcImopTa B ropomax Poccuu».
IIpoexT HampaBJieH Ha CHUXKEHIE BHIOPO-
COB B aTMOchepy MMapHUKOBBIX Ta30B T0-
CPEICTBOM YIyUYIIeHUS TIJTaHUPOBAHUS
1 yIIpaBIeHUS TOPOJICKUM TPAHCIIOPTOM,
co3aHus 9(P@PeKTUBHBIX CUCTEM MOHU-
TOPUHTA U MPOJABUXKEHUS SKOJIOTUUECKHU
YUCTBIX BUJOB TpaHCIIOpTA.

B sToT Xe meHb Ha moJsAx dpopyMma
M. CokoJioB MpoBeJ psifi IBYCTOPOHHUX
BCTpeu. B yacTHOCTH, OH BCTPETUIICS C MU~
HUCTPOM JIOPOT U TpaHcTiopTa MoHroauu
Tan6aTom JlaHra, MUHUCTPOM TpaHCIIOpPTa
ApreHTuHbl [ibepmo JUTpUXOM, MUHU -
cTpoM coobuieHus JlatBuu Yigucom Ay-
ryJIMcoM, MMHUCTpOM TpaHcropra KHP
JIn KcuonuHoM ¥ 1MpeKTOpoM Jernapra-
MeHTa TpaHcriopra EOK OOH EBoii Moii-
Hap, IUPEKTOPOM JAerapTaMeHTa TpaHC-
nopta DCKATO JIu IOBeeMm.

3amMecTUTeTh MUHUCTpA TpaHcropTa PO
Hukonait Acays npuHsi1 yqyacTue B IJieHap-
HOM 3aCeTaHNH «YIIpaBJIeHUEe TPAHCIIOPTOM
B IJ100aJ1bHO 1M (POBOI SKOHOMUKE». OH
€coo0NIMJI, YTO MUHKCTEPCTBO TpaHCIIOpTa
P® 3naunTebHOEC BHUMAaHUE YICISIET pa3-
BUTHIO HOBBIX (popM MHbOpMaATU3ALIUU
U 9KCIUTyaTallui 00bEKTOB TPAaHCIIOPTHOMN
UHOPACTPYKTYPhI, BHEAPEHUIO MHHOBALIU-
OHHBIX pa3pabOTOK U TEXHOJOTUI, COBEp-
IIEHCTBOBAHUIO HOPMATUBHOM MPaBOBOM
0a3bl, peryaupylomieit TaHHbIe MPOLIECCHI.
IIpu aTOM Bea€Tcsl aKTUBHOE pa3BUTHE
nu@poBU3aIUKN TPAHCTIOPTHON OTpaciu,
U3MeHsollee OuzHec-moaeau. TeHaeHIMs
IMGPOBU3AIIMY OTPACTN BKITIOYAECT TaKWe
OCHOBHBIC HallpaBJIeHUS pa3BUTHUS, KaK
«MHTEpPHET Bellleil», 60Jbllie MacCUBBI

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 83-85 (2017)

JaHHBIX 1 MOOMJIbHOE HU(POBOE B3aUMO-
JIeICTBUE C KIIMEHTOM.

C 2007 rona pa3zBepHyTa paboTa mno
CO3JIJaHUI0 OTPaACIeBOl roCcy1apcTBEHHOU
CUCTEMbl MOHUTOPUHTA U yIpaBJIeHUS
TPAaHCHOPTHBIM KoMIJIeKcoM. TexHuue-
CKMI BBOJ CUCTEeMBbI COCTOsIICS | sSTHBapst
2017 roma. ITo MHEHMIO 3aMMUHUCTpA, €€
MOJTHOLIEHHAs pealu3aliusi TO3BOJIUT MO~
BBICUTH 3(PHEeKTUBHOCTh yNpaBiIeHUS
MPOLIECCOM PEeryJupoOBaHUsI.

OaHUM U3 TIPUOPUTETHBIX HampaBJe-
HU SBIISIETCSA CO3IaHME UHTEJIIEKTyalb-
HBIX TPAHCIIOPTHBIX CUCTEM B FOPOACKUX
araoMepalusx 1 Ha denepaibHbIX Tpac-
cax, 4TO OIpeAcIeHO OJHUM U3 LIeJICBhIX
WHIMKATOPOB TpaHCIIOPTHOI cTpaTernu
Poccuiickoit ®egepauuu. Co3maHue
¥ pa3BUTHE OTACIbHBIX CEPBUCOB MOBbI-
mamT 3PPEeKTUBHOCTL U 0€30I1aCHOCTD
MepeBO30K rPy30B U MaccakupoB, MO3BO-
JISIOT UHTETPUPOBATh pa3jiMuHbIe aBTO-
HOMHBIE€ CEepPBUCHI U PECYPCHl B €AUHOE
MH(OOPMAIIMOHHOE TPOCTPAHCTBO — B 00-
nacte UTC.

CrnpaBouHO: MexXayHapOoIHbIi TpaHC-
noptHbIii popyMm International Transport
Forum ODCP gBigercsd MexXIpaBUTEIb-
CTBEHHOI opraHu3alneii ¢ 56 crpaHamMu-
yneHaMu. OH BBICTYIIaeT B KauyecTBe
CTPATErMuecKOTro MO3TOBOTO IIeHTpa
C LIeJIbI0 TTOMOYb C(POPMYIMPOBATH TPAHC-
MOPTHYIO MOJMTUKY Ha II00aJIbHOM YPOB-
He U CII0COOCTBOBATh SKOHOMUYECKOMY
pOCTY, OXpaHe OKpYXKawlIleil cpeabl, co-
LIMAJIbHOW MHTErpaluu U COXpaHEHUIO
JKM3HU U 0J1arornoyuyus yejoBeka. B ocy-
1IeCcTBJIEHUE CBOe MuUccuu MexayHa-
POIHBIN TpaHCTIOPTHBIN OpyM cobupaet
CTaTUCTUKY, TPOBOJAUT COBMECTHBIE MPOT-
paMMBbl UCClIeJOBaHUN U OpraHMU3yeT
€XeroHbII CAMMUT, KOTOPBII OObEeANHS -
€T MUHUCTPOB M BEAYLIMX MPEACTaBUTE-
JIeii MPOMBIIIJIEHHOCTH, I'PaXXJaaHCKOTO
001IeCTBa U HAYYHbBIX KPYTOB K YYaCTUIO
B JebaTax O cTpaTeruu pa3sBUTHUS TpPaHC-
nopTa.

ITo MaTepuaiam npecc-CcryKobl
Munucrtepcrsa Tpancnopra Poccuu
®oto Cepreit 3SOJIbHUKOB @

MeXxayHapoaHbIv TPaHCMOPTHLIN (hOopyM B Jlennuure



EXPRESS INFORMATION

INTERNATIONAL TRANSPORT FORUM
IN LEIPZIG

On May 31, 2017 Minister of Transport of
Russia M. Sokolov spoke at the ministerial round
table «Transport and Climate». The ministers of
transport of Argentina, the Republic of Korea,
Sweden, Tunisia and Ukraine also took part in the
round table.

Maxim Sokolov informed his colleagues that
the year 2017 in Russia was declared the year of
ecology. A strategic approach to the solution of the
climate problem is being implemented — the
Climate Doctrine of the Russian Federation,
national programs, legislative and regulatory acts,
and administrative procedures have been adopted.
In this context, measures are being taken to reduce
pollutant emissions, apply the project management
approach, introduce new energy efficient vehicles,
improve fuel quality, develop electric and non-
motorized transport.

Both federal and municipal authorities are
taking measures to update the vehicles’ fleet and
rolling stock. For example, the Government of
Moscow is currently implementing a program of
large-scale renovation of the tram fleet — about 100
three-sectional cars are put into operation annually.

The Ministry of Transport of the Russian
Federation and the United Nations Development
Program with the assistance of the Global
Environment Facility have been implementing the
project «Reducing Emissions of Greenhouse
Gases from Road Transport in Russian Cities»
since 2012. The project aimsto reduce greenhouse
gas emissions by improving urban planning and
management by creating effective monitoring and
promotion systems for environmentally friendly
modes of transport.

On the same day, on the margins of the forum,
M. Sokolov held a number of bilateral meetings.
In particular, he met with Minister of Roads and
Transport of Mongolia Ganbat Danga, Minister
of Transport of Argentina Guillermo Dietrich,
Minister of Transport of Latvia Uldis Augulis,
Minister of Transport of the People’s Republic of
China Li Xiaopeng and Director of the UNECE
Transport Division Eva Molnar, Director of the
ESCAP Transport Division Yuwei Li.

Deputy Minister of Transport of the Russian
Federation Nikolay Asaul took part in the plenary
session «Transport Management in the Global
Digital Economy». He said that the Ministry of
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Transport of the Russian Federation pays particular
attention to development of new forms,
informatization and operation of transport
infrastructure facilities, introduction of innovative
developments and technologies, and improvement
of the regulatory framework governing these
processes. At the same time, digitalization of the
transport industry is actively developing, changing
business models. The trend of digitalization of the
industry includes such basic directions of
development as «Internet of things», big data and
mobile digital interaction with the client.

Since 2007, work has been initiated to establish
an industry-specific public system for monitoring
and managing the transport complex. Technical
introduction of the system took place on January 1,
2017. According to the deputy minister, its full
implementation will increase the effectiveness of
the management of the regulatory process.

One of the priority directions is creation of
intelligent transport systems in urban
agglomerations and federal highways, and this is
one of the target indicators of the Transport
Strategy of the Russian Federation. Creation and
development of individual services increase the
efficiency and safety of cargo and passenger
transportation and creation of technologies, enable
the integration of various stand-alone services and
resources into asingle information space — the ITS
area.

For reference: The OECD International
Transport Forum is an intergovernmental
organization with 56 member countries. It acts as
a strategic think tank to help formulate transport
policies at the global level and promote economic
growth, environmental protection, social
integration and preservation of human life and
well-being.

In carrying out its mission, the International
Transport Forum collects statistics, conducts joint
research programs and organizes an annual
summit that brings together ministers and leading
representatives of industry, civil society and
academia to participate in the targeted debate on
tomorrow’s transport development strategy.

Based on the materials of the Press Service

of the Ministry of Transport of Russia
Photos by Sergey ZOLNIKOV @
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EBrenuin AHYYK
Evgeny E. YANCHUK

Hukonaii FPUTOPEHKO
Nikolai . GRIGORENKO

Diagnostics of the Road Condition Using
an Unmanned Aerial Vehicle

(TeKCT cTaTby Ha aHIJ1. 3. —

English text of the article — p. 90)

C pocTom TpeboBaHWii K 4OJIrOBE4YHOCTH,
HapaéXHocTu n 6e3onacHocTn
aBTOMOOUIbHBIX [OPOI U UX
MHPPacCTPYKTypbl COBEPLUEHCTBYIOTCS

¥ cnocobbl KOHTPOJIS 3a 3TOV cepoii
TPaHCMOPTHOM XN3HU. B ToM yucne

¥ C npuMeHeHneM 6ecrnnioTHbIX
NleTaresibHbIX annaparos, cpeacTBaMun
as3pogdoToCcbEMKM, MOMOraloLuMn
BbIMOJIHSATb CJ/IE)XXEHUEe 3a 00beKkTamu
MOAKOHTPOJIbHOM CUCTEMbI. ABTOPbI CTaTby
3HaKOMSIT C pa3paboTaHHOW UMW METOANKON
HenpepbIBHOIro aBTOMaTU3npoBaHHOIro
MOHUTOPUHra, KoTopasi peasm3oBaHa

B lMoamockossbe. LLnpokne pyHKUMOHasIbHbIE
BO3MOXHOCTU KoMmruiekca BI1J1A
noaTBepPXXAEeHbI AJs Lesioro psaa
ANarHoOCTUYECKNX U TEXHOJIOrNYeCKNX
3anay.

KntoyeBbie c/ioBa: aBToMObGUIbHAsS Aopora,
reoTexHU4eCKni MOHUTOPUHT, ANarHoOCTUKa
r1oJ10THa, UHPPAaCTPYKTYPbI, reOMaccuBa,
6ecrnuiIoTHbIV neTaTesbHbIV annapar,
aspodoToCLEMKA.
|

HAYKA 1 TEXHWKA

HnarHocTtuka cocTossHU4A
aBTOAOPOrn C NMOMOLLbIO
0ecnUNOTHOro netaTtenbHoro
annapara

Ipucopenxo Huxoaaii Heanoeuu — xandudam
MEXHUYEeCKUX HAYK, HAYYHbII KOHCYAbMAHM

AO «Pobomakc», Mockea, Poccus.

Suuyx Eezenuii Eéeenveeun — kanoudam mexnuveckux
Hayk, enaenblii koncmpykmop AO «Pobomakc»,
Mockea, Poccus

OBpPEMCHHBIN aBTOTPAHCITOPTHBIN

KOMIUIEKC XapaKTepru3yeTcs BCE 00Jb-

el HaCHIIIICHHOCTHIO CBOCH MHGpa-
CTPYKTYPHI Pa3TNIHBIMUA 00BEKTaAMH 1 MHXKE-
HEPHBIMH COOPYKEHUSIMU (MOCTBI, 3CTaKaIbI,
MyTEIIPOBOIbI, TOHHEIN 1 T.11.). OHM HAaXOIsT-
C$1 B pa3HOOOPAa3HBIX TMAPO- U TEOJIOTMYECKUX
YCJIOBUSIX, B palfOHAX C BBICOKOW KOHTPACTHO-
CThIO KJIIMMAaTUYECKUX OCOOEHHOCTEM, MOBbI-
IIIEHHOM CEMCMNYECKOW aKTUBHOCTBIO U OTTac-
HOCTBIO OTIOJI3HEBBIX TpolieccoB. [Ipu aTom
COCTOSIHE€ T€OMAaCCUBOB, HEMOCPEICTBEHHO
TIPUJICTAIOIINX K aBTOMOOMIBHBIM TOPOTaM
¥ X HHPPACTPYKType, B 3HAUUTEITLHOU Mepe
OMpeaesIsieT YypPOBEHb 0€30MaCHOCTH OOBEKTOB,
OpuYéM KakK MpU IKCIUTyaTallMd, TaK M Ha
3Tanax MpOeKTHO-U3bICKATEIbCKUX U CTPOU-
TeJIbHBIX padoT.

AKTyaJlbHOCTh 0003HAYEHHOW TeMaTUKU
BO3pacTaeT MPOMNOPLUMOHAJIBHO TeMIlaM
CTPOUTENLCTBA aBTOIOPOKHOM ceTu. Tpebo-
BaHUS K JOJTOBEYHOCTU COOPYXKEHUI aBTO-
TPaHCHOPTHON MHMPACTPYKTYPH pacTyT
BMECTE ¢ KOHCTPYKTUBHOM CIIOXKHOCTBHIO
M YKeCTOUCHNEM YCIIOBHI UX SKCITyaTaIlnu,
B 3HAYUTEIBbHON CTEIMEHMW 3aBUCIIINX OT
HaaEXHOCTU MpPUJIErarolix reoMacCuBOB.
B cBsI3M ¢ 9TUM KOHTpPOJIb 32 COCTOSIHUEM
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COOPYXXKEHUI U reoMacCUBOB BCE Oosiee cTa-
HOBUTCS HEOTEMJIEMOIA YaCThIO 00eCTIeUEeHUS
BCEX CTaAWi XKU3HEHHOTO LIMKJIa OOBEKTOB.

HenoctratkoM UCIOIB30BaHMS KJTacCUYe-
CKUX METOJ0B TUATHOCTUKU U MOHUTOPUHTA
SIBJIIETCSI HEOOXOUMOCTb MPOBEAEHUS U3ME-
pPEHUII B pyYHOM pexXHMe C MOCen0oBaTeb-
HBIM 00XO/IOM TOYEK KOHTPOJISI U 00s13aTesb-
HBIM 3KCTIEPTHBIM aHAJIU30M IMOJYYEHHBIX
JMaHHbIX. OMHAKO MEPUOINYECKIE U3MEPEHUS
1 OCMOTPBI (PparMeHTOB FreOMacCUBOB U COC-
TOSTHUS aBTOMOOUMJIBHOW MOPOTU HE AAl0T
MOJIHOLIEHHOTO MPEICTaBIEHUS O TMHAMUKE
pPa3BUBAIOLIMXCS B HAX MTPOLIECCOB, a MpUMe-
HEeHHE BBICOKOTOYHOTO CITEIMATU3UPOBAHHO-
ro 000pyn0BaHus TpeOyeT MPUBJICUYEHUS BbI-
COKOKBaTU(MULIMPOBAHHBIX CIIELUATUCTOB,
YTO 3a4acTyl0 ObIBA€T 9KOHOMUYECKU HE
addexktuBHo. HyxXHa agekBaTHas 3agayam
U B TO Xe BpeMsI Majio3aTpaTHas OpraHu3aius
MOCTOSIHHOTO KOHTPOJISI MPU MTPOEKTUPOBA-
HUU, CTPOUTEILCTBE U DKCIUTyaTalluy Kax10-
ro coopyxeHnus [1].

ABTOpamMu peaausyeTcs mporpamma o
CO3IaHUI0 aBTOMATU3UPOBAHHBIX CUCTEM
HeMNpepbIBHOIO MOHUTOPHHTA COCTOSTHUS BCEX
3JIEMEHTOB aBTOMOOWJIBHOUW OOpOTrU U €€
UHGPACTPYKTYpPHI. 3a MOCAeAHUE TOAbI 10-
CTUTHYT 3aMETHBII MPOTpecc B Pa3BUTUU
CIMOCOOOB KOHTPOJISI C MPUMEHEHUEM OeCIu-
JIOTHBIX JieTaTeabHbiX anmnapatoB (BITJIA),
MPOU3BOAUTEIEM KOTOPBIX SIBJISIETCS POCCUIA-
ckag kommnanus. Kommieke BITJIA mo3Bouisi-
€T BECTU ONMEepaTUBHBIN AUCTAHLIMOHHBII
MOHUTOPUHT KaK COOCTBEHHO aBTOMOOWJIb-
HBIX JIOPOT, TaK U MPUJIETAIOLINX TEPPUTOPUI
JUISL TIOJTYYEeHUS TaHHBIX BBICOKOTO U CBEPX-
BbICOKOTO paspetieHus (puc. 1, 2). C nomo-
11110 MH(OpMAIINK, TOTYy4aeMOoii ¢ 6eCIoT-
HOTO amnrmapara, KOOpJUHUpyeTcs pabdora
Ha3eMHOT0 KOMILJIEKCa, TOCKOJIbKY Ha OCHO-
BE MaTepuaioB KPYITHOMACIITaOHO ChEMKU
MOSIBJIIETCSI BO3MOXKHOCTD BJIMSITh HA CUTYa-
LIMI0 B MECTax OOHAPYKEeHUS 3HAYUTETbHBIX
HapyIIEHU.

becnunoTHUKY B CPaBHEHUU CO CITYyTHU-
KOBOU WIN TPaAULIMOHHOM a3p0OTOCHEMKOM
UMEIOT Pl MPEUMYIECTB: BO3MOXHOCTh
noJjryyaTb CHUMKHU Ha BbicoTe 100—500 met-
poB, (DUKCUPOBaTh MeTbYaNIINE DJAEMEHTHI
J11060¥i TOBEPXHOCTU pa3MepPOM B HECKOJIBKO
caHTUMETpOB. [103TOMY BBIITOTHEHUE TTOJIETA
M0 3aJaHHOM MECTHOCTU B aBTOMaTUYECKOM
WJIN TIOJTyaBTOMAaTUYE€CKOM PEXKUME MO3BOJISI-
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Puc. 1. CTpykTypa y4acTka MeCTHOCTH
C aBTOMOOUJIbHOV JOPOrOH.
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Puc. 2. AspocbémMKa aBTOTPacChl Pa3/inyHbIMU
Tunamu BI1J1A.

150m

100m

| 1025m

€T PacCUUTHIBATH HA BHICOKOTOYHbIE N300pa-
JKE€HUS C MPUBS3KOI K reorpauyeckum Ko-
OpIMHAaTaM.

PelieHue mogoOHbBIX 3a7a4 B MHTEpecax
KaK TOCyIapCTBEHHBIX, TAK U KOMMEPUYECKUX
CTPYKTYp. DDDEKTUBHOCTh UCIOIb30BAHUS
anmnapaTHO-IPOrpaMMHOTO KOMILIeKca
BITJIA ObL1a moaTBep:KAeHA UCCAeA0BaHUSI -
MM, TIPOBOAMBIIMMUCS HA MOJOTUYETHON
KoMIaHuu «MocCaBTOIOP» TEPPUTOPUMU.
B [ToaMockoBbe OHa OTBEYAeT 3a PEMOHT
U COAEpXaHWEe PErMOHATbHBIX aBTOMOOWJIb-
HBIX JJOPOT, MPOTSKEHHOCTh KOTOPBIX COCTaB-
JseT 14,5 TBIC. KM.

B xone MoHUTOpUHTA OBUIU MOJTYYEHBI
udpoBbie POTOCHUMKU B KOOPAUHATHOM
npocTpaHcTBe. Ha UX OCHOBE cOCTaBJIEHBI
(oTOIIaHbI yYaCTKOB aBTOMOOUIBLHOM JOPO-
ru. ®parmMeHT oTOIIaHA, TTOJYIEHHOTO
¢ BbIcOThI 300 METPOB, MpeacTaB/ieH Ha pUc. 3.
CbEéMKa o0ecIeunBaeT 10CTaTOYHO LIUPOKYIO
MOJIOCY 3axBaTa BI0JIb aBTOIOPOTHU C MOJTyye-
HUEM U300paKeHU I pa3BSI30K, TPUAOPOXKHOMN
MOJIOCHI U MPWIETAIOIINX K Tpacce OOBEKTOB
MYHULUNATbHOU UHPPACTpyKTypbl. OnHAKO
B JAaHHOM CJIy4yae pa3pelaroliiasi CloCOOHOCThb
CHUMKOB HE COOTBETCTBYET TPeOOBAHUSIM
JleTaJbHOTO nemupupoBaHus AeheKTOB

Mpuropexko H. U., AH4yk E. E. [lInarHoCcTrKa COCTOSIHUSI aBTOA0POrM C NMOMOLLbIO 6€CNUIOTHOrO
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Puc. 3. OprogporonnaH
y4acTtka goporu
C reornpuBsi3Kou.

Puc. 4. NMonepeyHbie
AedeKTbl OPOXHOIro
nosoTHa.

JTOPOKHOTO TIOKPBITHS ¥ MEJTKIX 9PO3MOHHBIX
(opM, pacTioioXKeHHBIX BOJIM3U TOPOKHOTO
MOJIOTHA. DTy MpobjieMy pelraeT chéMKa
¢ BoIicoTHl 150—90 M ¢ mpoCcTpaHCTBEHHBIM
paspelieHreM Mopsiika 2 CM Ha TTUKCETb.

ITo pesynbraram aetrepupoBaHuUs MaTe-
puaizoB a’3poPOTOCHEMKHU B CIIEIMATbHON
TporpamMMe TMoJydeHbl poTocxeMa aBTOI0-
POTHU U PsIi TEMAaTUYECKUX KapT (TUTOIIATHBIX
ne(eKTOB, 9K30TEHHBIX MPOIECCOB U JIP.).
C ToMO1IIbI0 a9POCHEMKHU TOCTOBEPHO OTIpe-
JIEJISTIOTCS TUTOIIAHbIE, IMHEIHbBIE ¥ TOUeY -
Hble neheKThl pa3MepoM 2 CM U KpyITHee,
B YaCTHOCTM OHa ITO3BOJISIET OOHAPYXUTH
ToTnepeyHble TPEINHbI (puc. 4) Ha TOPOXK-
HOM MOKpbeITUM. Ha 6aze TemaTnueckmx
KapTorpaduyecKux MaTepuajioB, TOJIydYeH-
HbIX cpenctBamu [ IC, mnaHupyeTcs cocTaB-
JIEHUE TIPOTHO3HBIX KAPT PUCKOB TTOSIBICHUSI
JeeKToB 1 pa3pyIIeHus TOPOKHOTO MOJIOT-
Ha, a TAaKXe U3ydYeHUue NTMHAMUKU X U3Me-
HEHUI B CBSI3U C Pa3BUTHUEM IK30TEHHBIX
TPOILIECCOB.

Co3naHue TeMaTUIeCKO KapThl M CXEMBbI
JIOPOXHOTO TMOJIOTHA Ja€T BO3MOXKHOCTb OTTe-
PaTUBHO TIOJIy4aTh CTAaTUCTUYECKUE NaHHBIC
pacrpeneseHus TNIOTHOCTEN nedeKToB 10-
POKHOTO TIOJIOTHA JIJIST OTIPE/IETICHHOTO yJacT-
Ka Tpacchl (puc. 5). Tak, HarpuMep, BISIBIIC-

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 86-92 (2017)

37.7510139

TpeumHa

HBl YyYaCTKHU, UMEWIIME 00jiee BBICOKYIO
TUIOTHOCTB 1e(heKTOB.

OmHUM U3 TTePCIIEKTUBHBIX HATIPABJICHU I
HUCIOIb30BaHus a3pocbeéMKu ¢ BITJTA saBns-
€TCs1 ONEePATUBHBIA MOHUTOPUHT MPOTHO3U-
POBaHUS COCTOSTHUS JOPOXKHOTO NoJIoTHA. [To
MarepuajiaM a’podoTOChEMKM XOPOIIO Je-
KUOPUPYIOTCS IK30TEHHBIE TPOLIECCHI, MPO-
TeKal1e B palilOHe PaCTIONIOKEHUS aBTOMO-
6unpHOI noporu. [ToCTOSTHHBIE MOHUTOPUHT
¢ BITJIA u npumenenue 'MC mo3Boasar
OLIEHUTb CKOPOCTb Pa3BUTUS U HAMIPABJICHUE
TaKUX MPOLIECCOB, a B Psie CAy4aeB — ycTa-
HOBUTb MPUYUHBI UX BOSHUKHOBEHUSI.

Ha ocHOBe pe3y1sTaTOB MOHUTOPUHTA ObLIT
BbIpaOOTaH MepeyeHb MEPONPUATUI IO CO-
JIepXKaHUIO JOPOXKHOTO MOKPHITUS, 3eMJISTHO-
0 [MOJI0THA U APYTUX AJIEMEHTOB aBTOMOOWITb-
HOW JTOpOTrv, YTO CIIOCOOCTBOBAJIO MOBbIIIIE-
HUIO 3P PekTUBHOCTU padoThl «MocaBTONO-
pa» 3a CYET OMEePATUBHOIO KOHTPOJIS Ha BCEX
3Tarnax NpoM3BOJCTBEHHOTO MPoLecca U CBOe-
BPEMEHHOTO MPUHSATHS YIIPABJIEHUYECKUX pe-
LLIEHUH.

ITonyyeHHbIE pe3ynbTaThl MOATBEPIWIN
JNeICTBEHHOCTb TPUMEHEHUSI KOMILJIeKca
BIUIA ns peuieHus caenyonux 3a1ay:

* BEICHUS ONMEPATUBHOIO MOHUTOPUHIA
COCTOSTHUS JOPOKHOTO MOJIOTHA;

puropexko H. U., AHuyk E. E. [lInarHoCTUKa COCTOSIHUSl aBTOAO0POIrM C NOMOLLbLIO 0€CNUIOTHOro

JieTaTeJIbHOro annaparta



* KOHTPOJISI 32 CTPOUTEILHBIMU I PEMOHT-
HBIMU pabOTaMM Ha JOPOrax;

* oOHapyxeHUsT 1e(heKTOB TOPOKHOTO
TIOJIOTHA 1 OTIPEIE/ICHUS UX ITapaMeTpPOB;

* TOJIYyYeHUSI MaTepHaJIoB UM POBOt
CBEMKY B BUIUMOM, MH(MPaKPaCHOM U YIIBTpa-
(bmoseToBOM MaNa3oHAax;

* MMOJTy4eHUsI TPEXMEPHOI MOJIETTN TOPOTH
10 cTepeoTnapam;

* BBIITOJHEHUS (hUKCALIMM MapIIpyTOB
adpoCchEMKH ¢ oTobpaxkeHuem B TUC;

* (hopMHpOBaHMS OaHKA JAaHHBIX a9POCh-
€MKU;

* MOJTyYeHMST MHDOPMAIIUH O COCTOSHUM
JIOPOXHOTO TIOJIOTHA, B TOM YHCJIE OTIpeeie-
HUSI TeOMETPUICCKUX ITapaMeTpOoB (IIPOIOJIb-
HBIX U MOTNEePEYHBIX YKIOHOB, PagnycoOB
KPUBBIX B IIJIaHE M MPOQUIIe, BEICOTHBIX OT-
METOK, BUIMMOCTH, IIPOMICHHOTO ITyTH);

* MOJYy4YCHUSI BUACOMHGMOPMALIUN IJIST
JIOPOT U UICKYCCTBEHHBIX COOPYXKEeHUI ¢ pop-
MHUpOBaHNEM OaHKa BUICONaHHbIX;

* (puKcHpOBaHMS OOBEKTOB MHKECHEPHO-
ro o0yCTpOICTBa;

* OompejesieHUs TapaMeTPOB TPAHCIIOPT-
HOTO TTOTOKA.

BbiBO4bl

IIposeneHHast paboTa rmokasaja, 4yTo mpea-
Jraraemas TexHonorus npumeHenusi bITIA gB-
JISIETCSI COBPEMEHHBIM Y SKOHOMUYECKU 3hheK-
TUBHBIM CPEICTBOM UCCIICIOBAHMS COCTOSTHUST
ABTOMOOWJTEHBIX TOPOT Y TIPWJIETAIOIITNX TEPPU-
TOPUIA, a TAKXKE MOKET OBITh COCTABHBIM 2JIEMEH-
TOM 15T (DOPMUPOBAHUY WHTEIIEKTYaTbHBIX
TPAHCTIOPTHBIX CUCTEM TIPU CO3IAHUY €IUHOTO
MH(GOPMAIIMOHHOTO TTPOCTPAHCTBA B OYIYyIIINX
MYJIBTUMOJAJIBHBIX CETSIX.

Puc. 5. Pacnpenenexnne
nnoTHocTeli gedekTos
/A OPO>XKHOIO MoJIOTHA.

B xommiekce BITJIA 3anoxeHa BO3MOX-
HOCTb pacilIMpeHust GYyHKIIMOHAIbHBIX BO3-
MOXHOCTEI 32 CUET BKIIIOUEHHUSI B €I0 COCTaB
reopajapa, JJa3epHOro o0opyJI0BaHUs U TIP.

[IpenycMoTpeHHass METOAMKA TO3BOJISIET
MPOBOIUTH COOP JaHHBIX, OCYILIECTBIISATH Ha-
KOITJICHHE, TIepeaady, aKTyaaInu3alnio MHDop-
MalLIMK O COCTOSIHUM IPYHTOB IOACTUIIAIOLINAX
M ITPUJIETAIONIX T€OMACCUBOB Ha BCEX CTAIM -
SIX SKU3HEHHOTO IIUKJIa 00BEKTOB (IIPOEKTHO-
M3bICKATEJbCKUX PA0OT, MPOCKTUPOBAHUS
COOPYKEHHUI1 1 aBTOIOPOXHOM MHMPACTPYK-
TYPBI, X CTPOUTEIBCTBA, SKCIUIyaTalluN,
conepxKaHus U PEKOHCTPYKIIMK) C IIPUMEHE-
nuem texHojoruiit [JIOHACC/GPS, nudpo-
BBIX TPEXMEPHBIX MATEMATUUECKUX MOIEIICHA.

CienyeT OTMETUTh, YTO M3JI0XEHHbBII
MoAXoA K MHOTO(YHKIIMOHATLHOMY T€0TeX-
HIUYECKOMY MOHUTOPHUHTY TOPOXKHBIX 00bEK-
TOB C MCIIOJIb30BAHUEM ITOCIECAHUX JOCTIKE -
HMI1 B 00J1aCTHU MePeIOBBIX MH(MOPMAIIMOHHBIX
TEXHOJIOTUM U OECITMIIOTHBIX ITTOJIETOB SIBJISI-
eTCsl aKTyaJIbHbIM U BocTpeOoBaHHBIM. Ha
9TOI OCHOBE OYJIyT pellaThes 3a1a4u o0ecTie-
YeHMST KauyeCTBa MPOCKTUPOBAHUS, CTPOU-
TEJIbCTBA M 3KCILIyaTalluu JOPOT, a TakxXe
0e30IaCHOCTH TOPOKHOTO ABVKEHUS M KO-
JIOTUU CPEIIBL.
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DIAGNOSTICS OF THE ROAD CONDITION USING AN UNMANNED AERIAL
VEHICLE

Grigorenko, Nikolai l., JSC Robotex, Moscow, Russia.
Yanchuk, Evgeny E., JSC Robotex, Moscow, Russia.

ABSTRACT

Along with growing requirements for durability,
reliability and safety of roads and their infrastructure,
tools to control technical conditions of roads are
being improved, involving operation of unmanned
aerial vehicles that help to monitor the road

infrastructure with the help of aerial photography. The
authors of the article introduce a method of
continuous automated monitoring developed by
them, which is implemented in Moscow region. The
wide functional capabilities of the UAV are confirmed
for a number of diagnostic and technological tasks.

Keywords: automobile road, geotechnical monitoring, diagnostics of roadway, infrastructure, geomass,

unmanned aerial vehicle, aerial photography.

Background. The modern motor transport
complex is characterized by an increasingly saturated
infrastructure: various objects and engineering
facilities (bridges, overhead roads, overpasses,
tunnels, etc.). They are in a variety of hydro- and
geological conditions, in areas with highly contrasted
climatic features, increased seismic activity and the
danger of landslide processes. At the same time, the
state of geomasses immediately adjacent to roads
and their infrastructure largely determines the level
of safety of the facilities, both during operation and at
the stages of design, survey and construction work.

The relevance of the above topics increases in
proportion to the pace of construction of the road
network. Requirements for durability of structures of
road infrastructure grow along with the structural
complexity and tightening of their operating
conditions, largely dependent on reliability of adjacent
geomasses. In this regard, monitoring the state of
structures and geomasses is increasingly becoming
an integral part of the provision of all stages of the life
cycle of objects.

The drawback of the use of classical diagnostic
and monitoring methods is the need to perform

roadway

Pic. 1. The structure
of a section of terrain
with an automobile
road.

Pic. 2. Aerial survey
of the motorway by
various types of UAV.

1025m

manual measurements with sequential bypass of
inspection points and mandatory expert analysis of
the data obtained. However, periodic measurements
and inspections of fragments of geomasses and the
state of the highway do not give a full idea of the
dynamics of the processes developing in them, and
the use of high-precision specialized equipment
requires the involvement of highly qualified specialists,
which is often not economically effective. We need
adequate and at the same time low-cost organization
of constant monitoring during design, construction
and operation of each structure [1].

Objective. The objective of the authors is to
consider the use of unmanned aerial vehicles (UAV)
for diagnostics of the road condition.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
evaluation approach, graph construction.

Results. The authors are implementing a
program to create automated systems for continuous
monitoring of the state of all elements of the highway
and its infrastructure. In recent years, noticeable
progress has been made in the development of
control methods using unmanned aerial vehicles

amenities

\ separating strip roadside territory
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(UAVs), the manufacturer of which is a Russian
company. The UAV system allows for operative
remote monitoring of both highways and adjacent
territories to obtain high and ultrahigh resolution data
(Pic. 1, 2). With the help of the information received
from the unmanned vehicle, the ground complex is
coordinated, because on the basis of materials of
large-scale survey, it becomes possible to influence
the situation in places where significant violations
are detected.

Unmanned aerial vehicles in comparison with
satellite or traditional aerial photography have a
number of advantages: the ability to take pictures at
an altitude of 100-500 meters, fix the smallest
elements of any surface of a few centimeters in size.
Therefore, performing a flight over a given terrain in
automatic or semi-automatic mode allows to rely on
highly accurate georeferenced images.

The solution of such problems is in the interests
of both state and commercial structures. The
efficiency of using the UAV hardware and software
complex was confirmed by studies conducted on the
territory reporting to the company «Mosavtodor». In
Moscow region it is responsible for repair and
maintenance of regional highways, the length of which
is 14,5 thousand km.

During the monitoring, digital photos were taken
in the coordinate space. On their basis, the
photoplanes of the sections of the motor road were

Pic. 3.
Orthophotomap
of the road
section with
georeferencing.

554929869 37.7510139

garbage

Pic. 4. Transverse
defects of the
roadway.

compiled. A fragment of the photographic plan
obtained from a height of 300 meters is shown in
Pic. 3. The survey provides a sufficiently wide capture
band along the road, with images of interchanges, a
roadside and adjacent municipal infrastructure.
However, in this case, the resolution of images does
not meet the requirements for detailed interpretation
of road surface defects and small erosion forms
located near the roadway. This problem is solved by
shooting from a height of 150-90 m with a spatial
resolution of about 2 cm per pixel.

Based on the results of the interpretation of aerial
photography materials, a special photo scheme ofthe
highway and a number of thematic maps (area
defects, exogenous processes, etc.) were obtained
in a special program. With the help of aerial
photography, area, linear and point defects of 2cm
in size and larger are reliably determined, in particular,
it allows detecting transverse cracks (Pic. 4) on the
road pavement. Based on the thematic cartographic
materials received by the GIS, itis planned to compile
forecast maps of the risks of defects and destruction
of the roadway as well as study the dynamics of their
changes in connection with development of
exogenous processes.

The creation of a thematic map and a roadway
scheme makes it possible to quickly obtain statistical
data on distribution of density of roadway defects for
a certain section of the route (Pic. 5). Thus, for
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Pic. 5. Distribution of density of defects of a roadway.

example, areas with a higher defect density were
identified.

One of the promising areas for using aerial
photography with UAV is an operational monitoring for
forecasting the condition of the roadway. Based on
aerial photographs, exogenous processes proceeding
in the vicinity of the road are well interpreted.
Continuous monitoring with UAVs and the application
of GIS will allow to assess the speed of development
and direction of such processes, and in some cases —
to establish the causes of their occurrence.

Based on the results of the monitoring, a list of
measures was developed to maintain the pavement,
the roadbed and other elements of the highway, which
contributed to increasing the operational efficiency
of «Mosavtodor» through operational control at all
stages of the production process and timely
management decisions.

The obtained results confirmed the effectiveness
of the UAV complex application for solving the
following problems:

+ maintenance of operative monitoring of a
condition of a roadway;

+ control over construction and repair work on
roads;

+ detecting defects of the roadbed and
determining their parameters;

+ obtaining digital imaging materials in the visible,
infrared and ultraviolet ranges;

+ obtaining a 3D-model of the road using
stereopairs;

« fixing of aerial survey routes with mapping into GIS;

« formation of an aerial survey data base;

+ obtaining information about the condition of the
roadway, including the determination of geometric
parameters (longitudinal and transverse slopes, the
radii of curves in the plan and profile, elevations,
visibility, distance traveled);

« obtaining video information for roads and
artificial structures with the formation of a bank of
video data;

« fixing of engineering facilities;

« determination of parameters of the transport flow.

Conclusions. The performed work showed
that the proposed technology of UAV application
is a modern and cost-effective means of studying
the state of highways and adjacent territories, and
it can also be an integral element for formation of
intelligent transport systems when creating a
single information space in future multimodal
networks.

In the UAV complex, the possibility of expanding
the functional capabilities due to the inclusion in its
composition of GPR, laser equipment, etc.

The provided methodology allows for data
collection, accumulation, transmission, updating of
information on the state of the soils of underlying and
adjacent geomasses at all stages of the life cycle of
facilities (design and survey works, design of
structures and road infrastructure, construction,
operation, maintenance and reconstruction) using
GLONASS / GPS technologies, digital three-
dimensional mathematical models.

It should be noted that the outlined approach to
multifunctional geotechnical monitoring of road
facilities using the latest achievements in the field of
advanced information technologies and unmanned
flights is relevant and in demand. On this basis, the
tasks of ensuring the quality of design, construction
and operation of roads, as well as road safety and the
environment will be addressed.
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SKCMNPECC-UHDOPMALINSA
EXPRESSIINFORMATION

VI MEXAYHAPOOHbIAN ®OPYM
«TPAHCIMOPT CUBUPW»

26 mag 2017 roga MUHMCTP TPaHCIOPTA
Poccuu M. CokoJ10B NpHHSLI yYacTue B padorte
VI mexnynapoanoro gopyma «Tpancnopr Cu-
OMpH», a TAKKE OCMOTPEJI ClelraTN3UPOBaH-
HYI0 BbICTABKY MHLyCTPHUH TPAHCIIOPTA, TPAHC-
TIOPTHOI M CKJIAJICKOii JIOTHCTHKH, MH(PACTPYK-
TYPHBIX MPOEKTOB JOPOKHO-TPAHCIIOPTHOTO
komiLiekca «TransSiberia 2017».

B xome ocMoTpa BBICTAaBKM MUHMCTP TO-
cetun creHa OAO «P2K/I», Ha KOTOpOM TMpo-
TECTUPOBAJ TPEHAXEP JUISI MAILTMHUCTOB I10-
e3n0B. [l1aBa MuHTpaHca TakKe 03HaKOMUJI-
Csl C HOBUHKaMU POCCUIMCKOro aBTOIpPOMa,
MpeAcTaBIeHHBIMU KopIiopalueil «ABTO-
BA3», n1egTe1bHOCTHIO MO 00eCIeUyeHUI0

0e301acHOCTH TOPOKHOTO ABVXKEHMSI, B 4aCT-
HOCTH, C MHHOBAllUOHHBIMU YCTPOWCTBAMU
10 (PMKCALIMU CKOPOCTH MIPOE33KAIOIINX aBTO-
mobwueii. OH Takke rnmodecenoBal ¢ MpeacTa-
BUTENSIMU TpaHCTOPTHBIX By30B — CI'YBT
u CI'VIIC, ocMoTpen 3KCMNO3ULIMI0 HOBOCH-
OGupckoro asponoprta «ToiMayeBo», T Mpe-
CTaBUTEJIM a3POITOpTa paccKasain O TepCIiek-
TUBaX Pa3BUTUSI BO3AYIITHOM raBaHMU.

YuactHuKM dopyma o00CYyIUIN BOMPOCHI
obecrieueHMsT 6E€30ITaCHOCTH Ha KeJIe3HOI0-
POXXHOM TPaHCTIOPTE, Pa3BUTHE COBPEMEHHBIX
TPAHCIIOPTHO-JIOTUCTUYECKUX TEXHOJIOT U,
HOBBIX MapILIPYTOB U MHGPACTPYKTYPhI, 0€3-
OIACHOCTB TOPOXHOTO ABUKEHUSI, pa3BUTHE
BHYTPEHHET0 BOJHOIO M OOIIECTBEHHOTO
MMacCaXXMPCKOTo TPaHCIIOPTa, PEMOHT U CO-
Jiep>KaHue aBTOMOOMIIBHBIX IOPOT.

B 3TOT X€ AeHb COCTOSIIIOCH BCEPOCCHUIA-
CKOE CeJIEKTOPHOE COBEIIaHue IO BOIPOCY
peanu3alyu IpUOPUTETHOTO MpoekTa «bes-
OIacHbIE U KAYeCTBEHHBIEC JOPOTH».

ITo MaTepuaiam npecc-ciayKobl
MunucrepcTsa Tpancnopra Poccuu @

6™ INTERNATIONAL FORUM
«TRANSPORT OF SIBERIA»

On May 26, 2017 Minister of Transport of
Russia M. Sokolov took part in 6" International
Forum <«Transport of Siberia», and also visited a
specialized exhibition of the transport industry,
transport and warehouse logistics, infrastructure
projects of the road and transport complex
«TransSiberia 2017».

During the inspection of the exhibition, the
Ministervisited the exposition desk of JSC Russian
Railways, where he tested the simulator for train
drivers. The head of the Ministry of Transport also
got acquainted with the novelties of the Russian
car industry represented by the AvtoVAZ
corporation, the activities aimed at ensuring road
safety, in particular, with innovative devices for
fixing the speed of passing cars. He also talked with
representatives of transport universities, Siberian

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

VI mexayHapoaHbii hopym «TpaHcnopT Cubupmn»
6% International Forum «Transport of Siberia»

university of inland water transport and Siberian
university of railway engineering, inspected the
exposition of the Novosibirsk airport Tolmachevo,
where the airport representatives reported on the
prospects for development of the air harbor.

The forum participants discussed issues of
ensuring security in railway transport, development
of modern transport and logistics technologies,
new routes and infrastructure, road safety,
development of inland water and public passenger
transport, repair and maintenance of highways.

On the same day, the all-Russian conference
call on implementation of the priority project «Safe
and qualitative roads» was held.

Based on the materials of the Press Service
of the Ministry of Transport of Russia ®

.15, Iss. 3, p. 93 (2017)
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Makcum FAUTPOB
Maxim Yu. GAITROV
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Modernization of Heat Supply
System of Railway Stations
(TeKCT cTarby Ha aHrJl. 513.—
English text of the article — p. 99)

ABTOpamMu paccMOTPEH BONpPocC

0 Heob6Xxo4NMOCTU MOAEPHU3aLNN
CUCTEMbI TENJIOCHabXXeHns
JKes1e3HO[40POXXHbIX CTAHUNI B pamMKax
OCHOBHbIX OPUEHTUPOB 3HEePreTu4YeCcKon
cTtpareruu Poccuiickoii degepauynn go
2030 roga. OCHOBHOWV NapK KOTeJIbHbIX
060pynoBaH TeXHUKOW NMPEXHUX J1IeT
BbINycka, KOTOpasi o HeKOTOPbIM
napameTpam He COOTBETCTBYET
CTaHgapTaM 3KOJIOrM4YHOCTH,
6e3onacHoOCTy n 3¢pPeKTUBHOCTH.

B cTaTtbe npeacraBsieHbl OCHOBHbIE
nokasareJsi KOTeJlbHbIX HOBOIro TUMNa.
lMpuBeaeH cpaBHUTEIbHbIV aHAIN3
XapakTepucTUK HOBOM U NMpexxHen
KOTeJIbHOU KaK 3HepreTun4yeckoro
KomMriiekca, ornpenaesieHo CooTBeTcTBue
AOCTUraeMbix rnoka3aresievi opueHTupam
@HepreTun4yeckoii ctparerun PP.

KnroyeBble c/ioBa: Xesne3HoA0poXHas!
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BHepreTnyeckas apOeEKTNBHOCTb, NapoBbIe
KOT/1bl, 6JI0YHO-MOAY/bHbIE KOTesbHbIE, KI1/,
peopraHn3aLmsi CUCTEMBI.
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MoaepHusauung TensioBou
CUCTEMbI XXeNie3HOAOPOXHbIX
CTaHUUU

JImumpenxo Apmyp Baadumupoeuu — doxmop
mexHu4eckux Hayk, npogheccop Mockosckozo
20cydapcmeenHo20 yHueepcumema nymeii coooujeHus
(MHHT), Mockea, Poccus.

Taiimpoe Maxcum FOpvesuu — maeucmpanm MUHUT,
Mockea, Poccus.

OBpEMEHHbIE O0BEKTHI CTAIIMOHAPHON

9HEPreTUKU TPAHCIIOPTHOM CUCTEMbI

(KaK HEePreTUIecKOT0 KOMIIIEKCa)
WCTIBITHIBAIOT HA ce0e Te Ke TPYIHOCTH, YTO
U TIepeCcTpanBaloIasics O, PIHOYHBIE Tpe-
OGoBaHUSsI poccuiicKasi 5KOHOMUKA. ZKene3Ho-
JOPOXHBIE CTAHIIUU W WX TETUJIOBBIE CETHU
JIOJIKHBI YTOBJIETBOPSITH OCHOBHBIM TpeOOBa-
HUSIM DHEpreTuyeckom crpareruu Poccuii-
ckoit ®enepanuu 1o 2030 roga [1-3]. [nas-
HbIE OPUEHTHUPBI CTPATETUN: DHEPTETUYECKASsT
0e30MacHOCTh, dHepTreThUecKast 3¢ PeKTUB-
HOCTb 3KOHOMUKH, OIOmKeTHasT 3PhHeKTHB-
HOCTb DHEPTeTUKHU, IKOJIOTUYECKast Oe30mac-
HOCTb 3HepreTuku. B 3Toli cBsA3U, 000
TMpUMep peasibHOW MOJAEPHU3AINU — TTOBOJ
TPOBEPUTH U OLIEHUTH MPABUIBHOCTD €€ OC-
HOBHBIX HarpasieHUil, 93¢ (HeKTUBHOCTH 10-
CTUTAEMBIX TEXHUYECKUX, IKOJTOTUIECKUX
U1 DKOHOMUYECKUX PE3YTBTATOB.

1. KOTEJIbHbIE, NTOONEXALUUE
MOAEPHU3ALUU

TunuyHbie KOTEJbHbIE OTAILIMBAIOT IIPO-
M3BOJICTBEHHBIC M aIMUHMCTPATUBHBIE [IOME-
LIEHMS, TIOAAIOT ITap U Topsiuee BOAOCHAOXKe -
HUE JUIsi KOMIUIeKca ITPOU3BOACTBEHHO-TEX -
HUYECKUX 3IaHUI XKeJIe3HOTOPOXKHBIX ITOTPE-
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ouresneii. OOBIYHO B CTAHIAPTHOM KOTEJILHOM
YCTAHOBIIEHBl MapoOBHBIE KOTJBI THUIA
OKBP-20—131975 roma BeIITycKa — 2 IIT.
u E-6,5—1,4I'M 1992 roga — 1 . B kauect-
Be TOILIMBA MU MCITOIb3yeTCs Ma3yT. Pezepn-
HOE TOTUIMBO HE IIpeaycMoTpeHo. Bemomora-
TeJIbHOE 000pyIOBaHME KOTEIbHBIX UMEET
BBICOKMI IIPOLICHT U3HOCA.

Cucrema TerIoCHAOXKEeHUS TTOTpeOnTeIei
MIPEANPUSATHS IBYX/TpeXTpyOHast (IBe TPy-
OBl — TTomava/obpaTKa TeTuIo(hNKAIIMOHHOMN
BOIBI HA OTOIUICHHME, BEHTUJISIIINIO; TPEThS
Tpyba — mepemaya rmapa Ha TeXHOJIOTHICCKIE
HYXIBI 0¢3 BO3BpaTa KoHIeHcaTa). [lepemada
napa 1 TeTuIo(pUKaIIMOHHOM BOIBI OCYIIICCTB-
JISIeTCsl TI0 TPYOOIIpoBOIaM C HaI3eMHBIM
(ox0110 95 %) 1 MOA3EMHBIM TUIIOM ITPOKJIALI-
K1, (PyTepOBaHHBIX TETUIOBOI M3OJISIIINCH 13
MUuHepaibHOU BaThl (60 %), acbecToBOI
KPOIIKM U MEHOMOJUMEPHOMN MU30IIIUN
(10 %). O611ast TPOTSKEHHOCTD TAKMX TETLIO-
BBIX ceTeir 9085 MeTpoB, 00IIast MPOTSKEeH-
HOCTB TTaporpoBoaoB 7 105 MeTpoB.

Mas3yTHoe XO03SIMCTBO — KOMIIJIEKC
YCTPOMCTB, 00€CIICUMBAIOIINX IIPUEMKY, Xpa-
HEHME U TT0avy HEOOXOAMMOTro KOJIMYeCTBa
Ma3yTa B KOTEJIbHYIO U ITOATOTOBKY €0 IS
CXKUTAaHUS B TONKAX KOTJIOB. Ma3yT MOXeT
OBITh OCHOBHBIM TOTUIMBOM, PE3ePBHBIM (Ha-
npuMep, B 3UMHEe BpeMs), aBapUHHBIM,
PaCTOIIOYHBIM, KOTJa OCHOBHBIM SIBJISICTCSI
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Mpamas

CXKUTaeMO€ B TTBUIEBUIHOM COCTOSTHUU TBEP-
noe ToriBo. [Tk momayy Mas3yTa K KOTjiaM
MIPUMEHSIOT TPU CXEMBbI: IIUPKYISIINOHHYIO
(TIpU MCTIOJIB30BAHUM BBICOKOBSI3KMX Ma3y-
TOB, KOTa KOTeJbHasI paboTacT MOCTOSTHHO
Ha Ma3yTe M KpaTKOBPEMEHHO Ha rase); TyIu-
KOBYIO (TIpY CXKUTaHUH MAJIOBSI3KMX Ma3yTOB,
KOIma KOoTeJbHasl paboTaeT Ha CTaOMIBHBIX
Harpy3kax, IIPeBBIIIAIONINX CPESIHNE); KOM-
OMHMPOBaHHYIO (TIpU paboTe KOTEIBHOI Ha
IMepeMEHHBIX HaTpy3Kax U 9acThIX ITePeXomax
C Ta30BOTO TOIUIMBA Ha Ma3yT). Perynuposa-
HUe TTogaYM Ma3yTa (IaBJICHMS ) OCYIIECCTBIIS -
eTCsI ¢ TIOMOIIBIO KJIalTaHa ¢ UMITYJIbCOM TI0
IIPOU3BOINTETLHOCTH KOTJIOB VI TaBICHUIO
mapa B KOTJIC.

Kax BuaHO 13 Tabaub! 1, B cTaHIapTHOM
KOTEJIbHOI YCTAaHOBJICHO TPM KOTJIa OOIIEeit
TEIJIOBOI MOLIHOCTBIO 46,5 T/4. Kak Hamu-
CaHO BHIIIIE, pe3ePBHOE TOIUIMBO HE TPEIyC-
MOTpeHO. bobIras mpoTssKeHHOCTh Y U3HO-
IIEHHOCTDH CeTEei BJIEKYT 3a COOOI OOJbIIME
3aTpaThl HA SHEPTOPECYPCH ¥ OOCTYy:KMBaHHE.
Koren IKBP mnsa ymobcTBa 00CTy>KMBaHMS
OCHAIIIEH JIECTHUIIAMU U Tutomankamu. [la-
poBoii kotenn JIKBP-20—13 I'M — BepTukaib-
HO-BOJAOTPYOHBI KOTEN C 9KpaHUPOBAHHOM
TOMIOYHOU KaMEPOU U KUTIATUIIBHBIM ITy4YKOM,
KOTOpPBIE BBIIIOJTHEHBI IT0 KOHCTPYKTUBHOMN
cxeMe «/I». OTIMUNTETLHON YepToil TaHHOM
CXEMBI SIBJISIETCS 00KOBOE PAaCIOJIOXCHUE

Amutpenko A. B., Nantpoe M. 0. MoaepHu3aLumnsa TenJ10BO CUCTEMBbI XKENE3HOA0POXHbIX CTaHLUINA




Ta6muna 1

OcHOBHOe 000pyIOBaHMe CTAHJAPTHOI KOTETbHOII

Todka Bpesku

KOHBEKTUBHON 4acTU KOTJa OTHOCUTEIBbHO
TOIOYHOW KaMephl.

Takum obGpa3oM, aHaIM3 CYLIECTBYIOLIEH
CXEMBbI TeIJIOCHA0XEHUS TTOKa3aJl, 4YTo 60JIb-
11ast TPOTSKEHHOCTh, U3HOILIEHHOCTb 000pYy-
NIOBAaHUS U CETel AeslaloT HeU30eXXHBbIMU
OoJibllIME 3aTpaThl HA SHEPropecypchl U 00-
ciayxuBaHue. M 3HaUUT, MOJepHU3ALIUS TPE-
OyeT He TOJIbKO 3aMeHbl 000pyI0BaHUS, HO
U CYLIECTBEHHOW MEPECTPONKU BCEW TEIIO-
BOW CUCTEMBbI CTAaHLIUMU.

2. PEOPFTAHU3ALMUSA TENJIOBON
CUCTEMbI TUNMUYHON CTAHUUU

Db dexTUBHOCTh MOIEPHU3AIINY TOCTUTA-
eTcs Io-pasHomy [4—6]. B ctom4yHOM peruo-
He TOIUIN Ha 3aKPBITHE Ma3yTHBIX KOTEIbHBIX
JUTSI YMEHBIIEHUS TIOTEPb HA TPAHCTIOPTUPOB-
Ke TeIUIOBOM SHEPTuH, MOBBIIIeHUS 3(hdheK-
TUBHOCTH TETUTOTEHEPalluy U CHIDKEHUsI cebe-
CTOMMOCTHU BBIPAOOTKYU TETIJIOBOW SHEPTUU.
B pamkax peanuzanuu MepoTpusiTUii pecyp-
cocOepekeHusT IPEAYCMOTPEHO CTPOUTENIBCT-
BO TPEX ra30BbIX OJIOUHO-MOIYTbHBIX KOTEJThb-
HBIX (puc. 2): KotenabHyo No 1 «JlecHa-1900»
TETUI0BOM MolTHOCTHIO 1,9 M BT npearaercst
YCTAaHOBUTH B paiioHe Mmapka «A»; KOTeJbHas
Ne 2 (LleHTpanbHas KOTelbHasI) TETLIOBOM
MOITHOCTEIO 9,0 MBT OymeT HaXOmUTHCS PSIIOM
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Ne | Tum xoTa Tum ropenox | Bug Top BBofa | IIpoextHas |JlaBmenne Temme- KIT[
n/n (Torok) TOIUIMBA | B 9KCITya- | MOLIHOCTb | Kr/cM? parypa
TaIMIo T/9ac np/o6p °C
1 2 3 4 5 6 7 8 9
1 JKBP-20-13TM | dpopcys. MasgyT 1972 20 13 130 89 %
2 IIKBP-20-13TM | popcyn. MasyT 1973 20 13 130 89 %
3 E-6,5-1,4TM q)opcyﬂ. MasyT 1992 6,5 10 130 89 %
1u3m.nyto I
Mapk b
Puc.2. HoBasi moaynbHasi
cxema TensiocHabxeHus
JKeJIe3HO[40POXKHBIX
CTaHUWiA. I'IapK A
N
o [ ] r—
E\j wgym

€O CKJIAJIOM TOTLTMBA CTAaHIIMU; KOTeTbHast No 3
MonrHocThIo 1,0 MBT paccunTana Ha 30HY «B».
HoBas cuctema TeriocHaOXeHus ipeTHa3Ha-
YyeHa Il IPOU3BOJICTBA TEIJIOBOY SHEPTUM
B BUJIE TOpsTYEli BOJIBI HA OTOITUTETbHO-BEHTH -
JIIIIMOHHBIE, TEXHOJIOTUIECKIE HYXIbl U TO-
psiuee BOMOCHAOXEHUE W 00eCTICUeHUS UMK
00BEKTOB XKeJIE3HOIOPOXKHOI MH(BPACTPYKTY-
DBl CTaHITUN.

BHenpsiemble 07109HO-MOIYJIbHBIE KOTEJThb-
Hble PadOTAIOT B aBTOMaTUIECKOM pexkume 0e3
o0cTykMBaroIero nepconata. CurHaam3ammst
00 aBapuifHOI cUTyallMuU MepeaaeTcs Mocpe-
cTBOM SMS-c000111eHMIT Ha COTOBBIE TeJIe(hOHBI
aBapuITHO-IMCIIETYEPCKOTO ITepcoHana. Mojmy-
qu Ne 1 u Ne 3 paGoTraioT TOJIbKO B 3UMHEE
BpeMsI (ce30HHbBIE) Ha oTorureHrne. Momyis Ne 1
OTBOIUT TeIUIo K 12 3manusmM, Momyib Ne 2 —
K 32 3manusM, Moayib No 3 — K 14 3maHusim.
INepuoanmyeckuii ocMOTp U 0OCITy>KMBaHUE
KOTEJIbHOM TIPOM3BOIUTCS aBAPUITHO-TUCTIET-
YEpCKUM TIEPCOHAIOM M3 IITaTa TUKBUAMPYE-
MO KOTEJIbHOM, pa3MellieHre KOTOPOTo Mpe/i-
YCMaTpUBAETCS B CYILIECTBYIOIIMX ITPOU3BO/ICT-
BEHHO-OBITOBBIX OMEILEHUSX ACUCTBYIOLIETO
npennpusaTus. OCHOBHBIE XapaKTePUCTUKU
MOJYJIbHBIX KOTEJIbHBIX TaHbI B TA0IUIIE 2.

Kak BUIHO, TpUHUMAaEMBbIil BApUAHT MO-
JIepHU3AIMY 00eCTIeYMBAET POCT TEXHUIECKOM

AmutpeHko A. B., lantpoe M. 0. MoaepHu3aums TENJI0BOW CUCTEMbI XKENe3HOAO0POXHbIX CTaHLUN



Ta6muna 2

OCHOBHBIE TEXHUYECKIIE XapaKTEePMCTUKI HOBBIX MOTYIbHBIX KOTECTbHBIX

Ne Hanmenosanue napamerpa En. KoTtenpbHble
n/n M3M. Ne 1 Ne 2 Ne 3
1 Mapxka 67109HO-MOJY/IbHOI YCTAHOBKI = BbKY-1900 BKY-9000 BKY-1000
2 Kareropus KoTe/bHOI 10 HafIEXHOCTI - BTOpas BTOpas BTOpas
TEIIOCHAOKEH A
3 HomunanbHas TernioBas MOIIHOCTD - 1900 9000 1000
4 OCHOBHOJI BUJI TOIUIMBA - TIPUPOJIHBIN Ta3 | IpUMPOAHBII ra3 TIPUPOJIHBII ra3
5 TernoBas cxeMa KOTE/IbHBIX - IBYXKOHTYPHAsl | ABYXKOHTYpPHas IBYXKOHTYpHas
6 Tun xoT0B = BOJIOTpEIiHbIE BOJIOTpEIiHbIE BOJ[OTpeiiHbIE
7 KornoBoit KOHTYp - 3aKPbITHI 3aKPBITHII 3aKPBITHII
8 JlaBrieHMe MCXOTHOI BOITBI Mmna |0,2 0,2 0,2
9 Koadduiment nonesnoro peiicreus, He | % 92 92 92
MeHee
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Puc. 3. Cxema aBuXeHUs1 ra3os B KOT/ie.

ahdexTuBHOCTH MyTeM yBenmueHus: KITJ1 mo
92 %. OcHoBHast npuunHa yBeanyeHus KI1/]
KOTJIOB 3aKJTI0YAeTCSI B HOBOM UX YCTPOMCTBE.
Koren Polykraft Duotherm [7], BomorpeitHbIi
KapoTpyOHO-IBIMOTApHBIN ¢ PeBEPCUBHOM
TOTIKO¥, BBITIOJTHEH B OJIOUHOM BapHaHTE.
DD DHeKTUBHOCTh KOTEIBHOM YBETMUNBACTCS
¥ 3a CIET HOBOM CHICTEMBI pacIiblia TOILINBA —
bopcyHKH, 0OecIIeuynBaIOIIei JIydIee cMe-
ceoOpa3oBaHue IIpU pabOTe Ha Ta30BOM TO-
wmBe. JlaHHas popcyHKa B ciiydyae pabOTHI
Ha pe3epBHOM TOpoueM AT HEOOXOTMMYIO
TOHKOCTBH PacIibliia TMU3eJIbHOTO TOTUINBA TIe-
pen ero IOJXWUTOM, CO3daBasi TEM CaMBbIM
JIYYIITYIO TTOJTHOTY CTOpaHUsI CMECH U 0oJjiee
9KOJIOTMYHBIN BBIXJIOIN ITO CPABHEHUIO C TIPEK-
HUM Ma3yTHBIM 000pyaoBaHreM. Db PEKTUB-
HOCTbH KOTJIa YBEJIMIMBACTCS 32 CUET UCKYCCT-
BCHHOU MHTEHCH(OUKAIINY TeTIoIepenadn
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IMyTeM YCTaHOBKU TypOyisiTopa (puc. 3).
Kpowme Toro, HoBBIE KOTEIBHBIE 000PYIOBaHBI
JMaTIYNKAMH aBapyii TEXHOJIOTUIECKOTO 000-
pymnoBaHUS U KOHTpoJsT comepxkanus CH
n CO, a Takke IepeKphITUSI TPYOOIIpoBOaa
NoJa4y rasa KjianaHoM IpU aBapuMHOU CH-
Tyalld, 9TO CYIIECTBEHHO MOBBIIIACT 0€3-
OMacHOCTb KOTEIbHBIX. OOMYpOBKa KOTJIa
o0JIeryeHHasl, ¢ UCTIOJIb30BaHNEM MUHEPAJIO-
BaTHBIX MaTOB. OOIIMBKA MeTaJIMIcCKasl.
Kotén pabGoTtaeT Ha MpUpPOAHOM rasze UIU
JIETKOM KUIKOM TOITIUBE (B 3aBUCHUMOCTH OT
THUIIA TOPEJIOYHOTO ycTpoiicTBa). KoHCTpyK-
LTSI BBITIOJTHEHA B TA30TJIOTHOM MCIIOJTHEHUM
1 paboTaeT IO HallIyBOM.

DKkoHOMUYecKast 3(PHEKTUBHOCTh MOIEP-
HU3aIUK 00YCIOBIeHA CHIDKCHUEM 3KCILTya-
TALIMOHHBIX PACXOIOB KOTEJIbHBIX, Pe3YJIBTAThI
MaHbl B TaOIMLE 3.

Amutpenko A. B., Nantpoe M. 0. MoaepHu3aLumnsa TenJ10BO CUCTEMBbI XKENE3HOA0POXHbIX CTaHLUINA




PeSYIIbTaTI)I CHVDKEHVA IKCITYaTallIOHHBIX pacxXogo0B

Ta6muna 3

Ne /o IToxasarenn Epununia nsme- | Benmmunna Bennunna VI3menenue
peHuA IOKa3aTes TIOKa3aTesns ToKasaTers,
710 BHEJIPEHNUSA | TTOC/Ie BHeApe- | (—CHIDKeHue)
(6asoBas HusA (HoBas (+yBenmuenne)
cucTeMa OTO- | CHCTeMa
TJICHUA) OTOIIEHN)
1 TonoBble 3aTpaThl Ha OIIATY TPyAA pyo6. 8115448,39 = -8115448,39
C y4€TOM OTUMCIEHNMIT HA COIMATbHBIE
HYKIBI
1.1 TonoBbie 3aTpaThl Ha ONIATY TPy/AA pyo. 6242652,61 = -6242652,61
KOTEe/IbHOM
1.1.1. TopoBoit GpoHp pabodero BpeMeHn 4acel 31536,00 - -31536,00
KOTE/IbHOM 32 OTYETHDII TIEPUOT,
528 TomoBble pacxozbl Ha OTYMCIEHNA Ha py6. 1872795,78 = -1872795,78
coluanbHble HY)K/IbI KOTETbHOI
2 Tonmso pyo. 36904692,00 |[16609313,99 |-20295378,01
2.1. Ha ITpOYMe HY Kb py6. 6e3s HIC |36904692,00 |16609313,99 |-20295378,01
AR MasyT py6. 6e3 HIC |36904692,00 |- -36904 692,00
2.1.1.1. | masyT TOHHBI 6150,78 - -6 150,78
2.1.1.2. | npupopHblit ra3 py6. 6e3 HOC |- 16609313,99 |16609313,99
2.1.1.3. | npupopHblii ra3 M 3194098,84 3194098,84
3 IIpoune MarepuanbHble 3aTPaThl py6. 6e3 HIC | 2030000,00 1000000,00 -1030000,00
3.1. TonoBbie 3aTpaThl Ha cofiep)KaHMe py6. 6es HIC [ 700000,00 = -700000,00
CK/IaJia Ma3yTa
3.2. TopoBble 3aTpaThbl Ha PeMOHT 1 TexHu- | py6. 6es HIC | 1330000,00 1000000,00 -330000,00
yecKoe 00CTyKIBaHMe KOTETbHOI
4 WTOTO chmxenne pacxoos py6. 6e3 HIC |47050140,39 |17609313,99 |-29440826,40
BbIBOAbl CrelyeT, OIHAKO, OTMETUTb BO3MOXKHBIE ITYTH

B pesynbraTe paccMoTpeHHUsT BoTpoca
0 MOJIEpPHU3AII Y TETJIOBOI CUCTEMBI (KOTEJTb-
HOI) XeJIE3HOOPOXKHOM CTAaHIINY OTIpeesie-
HO, 4TO TpeOyeTcsl He TOJIbKO 3aMeHa M3HO-
IIEHHOTO 00OpYyIOBaHUsI, HO U peopraHu3a-
LIUsI BCEM TETJIOBOM CHUCTEMBI CTAHIIMU.
Kpowme Toro, achhekTuBHOCTh MCTOUHUKA
Terjia MOJEPHU3UPOBAHHOW KOTEJIbHOM,
ompezieNnsieTcsl UBMeHeHUeM pojia TOTUTNBA, Ha
KoTopoM pabortaroT KoTibl. KITI HOBBIX KO-
TeJLHBIX Ha TU3eTBHOM TorumBe Ha 3 % (92 %)
BBIIIIE, YeM Y KOTEJIbHBIX, pabOTaIOIINX Ha
Mmasyte (89 %).

To ecTb mpeamnonaraemMasi MOJACPHU3AIIHS
KOTEJIbHOM 3KeJIE3HOIOPOKHON CTAaHIINU CO-
OTBETCTBYET OCHOBHBIM OPUEHTUPAM SHEpre-
TUYECKOM CUCTEMBI, KOTOpasl JOJIKHA YIOB-
JIETBOPSITH TPEOOBAHUSIM SHEPTETUYECKOM
crparernu Poccuiickoit ®eneparmu no 2030
rojia: dHepreTuyeckasi 6e30MacHOCTb, IHEP-
reTudyeckasi 3p(GeKTUBHOCTh SKOHOMUKHU,
OromKkeTHasT 3P(OEKTUBHOCTh SHEPTETUKH,
9KOJIOoTUYEeCKasT 0€30MacHOCTb IHEPTETUKU.

JIOTIOJTHATEIbHBIX MTHHOBALIMI B BUJIE YTUIn-
3allM1 SHCPIr'U BLIXJIOIMHBLIX Ta30B KOTEJIbHOM
C MOCJICAYIOIIUM O6pa3OBaHI/ICM 3aMKHYTOI'O
OHCPIrETUYCCKOIo IIMUKJIA.
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MODERNIZATION OF HEAT SUPPLY SYSTEM OF RAILWAY STATIONS

Dmitrenko, Artur V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Gaitrov, Maxim Yu., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article considers the need to modernize
the heat supply system of railway stations within
the framework of the main guidelines of the
energy strategy of the Russian Federation until
2030. The main park of boiler rooms is equipped
with the aged machinery that by some features
does not meet the standards of environmental
friendliness, safety and efficiency. The article
presents the main indicators of boiler rooms of a

new type. The comparative analysis of the
characteristics of the new and former boiler rooms
as of an energy complex is suggested. The
conformity of the proposed indicators to the
guidelines of the energy strategy of the Russian
Federation and subsequent innovations is
determined. One of the conclusions of the authors
is that in addition to replacing the equipment, itis
necessary to conduct decentralization of the
station’s heat supply system.

Keywords: energy efficiency, operating costs, steam boilers, reserve fuel, fuel oil, diesel, block-modular

boiler rooms, efficiency.

Background. Modern problems of stationary
power engineering of transport system of railways
(as an energy complex) pose the task of the
evolutionary process of its modernization in general
and of boiler equipment in particular, not only as a
source of thermal energy, but also as of a particular
energy system. Railway stations must meet the
basic requirements of the energy strategy of the
Russian Federation until 2030 [1-3]. The main
targets of the strategy are: energy security; energy
efficiency of the economy; budgetary efficiency of
energy consumption; ecological safety of power
engineering. In this regard, it becomes urgent to
review the ongoing modernization with definition of
its main directions and technical, environmental and
economic indicators to be achieved.

Objective. The objective of the authors is to
consider modernization of heat supply system of
railway stations.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
evaluation approach, mathematical methods,
scientific description.

Results.

1. Boiler rooms subject to modernization.

Typical boiler rooms heat industrial and
administrative premises, supply steam and hot water
for a complex of production and technical buildings
of railway consumers. Typically, in a standard boiler
room, steam boilers of the type DKVR-20-13 of 1975
year of production — 2 pcs and E-6,5-1,4 GM of 1992
year of production — 1 pcs are installed. They use fuel
oil. Reserve power source is not provided. The
auxiliary equipment of the boiler rooms has a high
percentage of wear.

The heat supply system for consumers of the
enterprise is two / three-tube (two pipes — supply/
return of heating water for heating, ventilation, the
third pipe — transfer of steam for technological needs
without return of condensate). The transfer of steam
and heating water is carried out through pipelines with
overground (about 95 %) and underground type of
gasket lined with thermal insulation of mineral wool
(60 %), asbestos crumb and foam polymer insulation
(10 %). The total length of such heat networks is 9085
meters, the total length of the pipelines is 7 105
meters. Fuel oil facilities is a complex of devices that
ensure acceptance, storage and supply of the
necessary amount of fuel oil in the boiler room, and
its preparation for combustion in boiler furnaces. Fuel
oil can be main fuel, reserve (for example, in winter),
emergency, ignition, when the main one is a solid fuel
burnt in a pulverized state. To supply fuel oil to the
boilers, three schemes are used: circulating (using
high-viscosity fuel oil, when the boiler room works
constantly on fuel oil and for a short time on gas);
dead-end (when burning low-viscosity fuel oil, when
the boiler room works on stable loads exceeding the
average); combined (when the boiler room works on
variable loads and frequent transitions from gas to
fuel oil). The regulation of the supply of fuel oil
(pressure) is carried out by means of a valve with a
pulse through the capacity of the boilers or the vapor
pressure in the boiler.

As can be seen from the table above, three boilers
with a total thermal output of 46,5 t/h are installed in
the boiler room. As it is written above, there is no
reserve fuel. The large extent and deterioration of the
networks entail large expenditures on energy
resources and maintenance. The DKVR boiler is

Table 1
Main equipment

Ne | Typeofa Type of Type of fuel | Year of Design | Pressure | Temperature | Efficiency

boiler burners commissioning | capacity | kg/cm? dir/ret °C

(furnaces) t/h

1 2 3 4 5 6 7 8 9
1 DKVR-20- | Spray burner | Fuel oil 1972 20 13 130 89 %

13 GM
2 DKVR-20- | Spray burner | Fuel oil 1973 20 13 130 89 %

13 GM
3 E-6,5-1,4 GM | Spray burner | Fuel oil 1992 6,5 10 130 89 %
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Pic. 2. A new modular heat supply scheme for railway stations.

equipped with stairs and platforms for convenient
maintenance. Steam boiler DKVR-20-13 GM is a
vertical water tube boiler with a shielded combustion
chamber and a boiling beam, which are made
according to the design scheme «D». A distinctive
feature of this scheme is lateral location of the
convective part of the boiler relative to the combustion
chamber

Thus, an analysis of the existing heat supply
scheme has shown that a large length, deterioration
of equipment and networks entail large expenditures
on energy resources and maintenance. Therefore,
modernization requires not only the replacement of
equipment, but the need for decentralization of the
station’s heat supply system.
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2. Modernization of heat supply system of a
typical station

The technological and ecological efficiency of
modernization [4-6] could be achieved through
different approaches. In the city of Moscow it was
decided to proceed with the closure of fuel oil boiler
rooms to reduce losses in transportation of thermal
energy, improve the efficiency of heat generation and
reduce the cost of generating heat. In the framework
of the resource saving actions it is envisaged to build
three gas block-modular boiler rooms, shown in Pic. 2:
Boiler room No. 1 «Desna-1900» with a heat capacity
of 1,9 MW is proposed to be installed in the area of
the park «A»; Boiler room No. 2 (Central boiler room)
with a heat capacity of 9,0 MW is proposed to be
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Table 2

Main technical characteristics of new boiler rooms

Ne Name of a parameter Meas. | Boiler rooms
units
Ne 1 Ne 2 Ne 3
1 Brand of block-model installation - BKU-1900 BKU-9000 | BKU-1000
2 Boiler room category according to reliability of heat - second second second
supply
3 Nominal heat output - 1900 9000 1000
4 Main type of fuel - natural gas natural gas | natural gas
5 Thermal scheme of boiler rooms - two-circuit two-circuit | two-circuit
6 Type of boilers - hot water hot water hot water
7 Boiler circuit - closed closed closed
8 Initial water pressure MPa |0,2 0,2 0,2
9 Coeflicient of efficiency, not less than % 92 92 92
] _[ Turbulator .I. .i-
5 __—-'1 :
1 -

Pic. 3. Scheme of movement of gases in the boiler.

installed next to the fuel depot of the Desna-9000
station; Boiler room No.3 with a rated capacity of
1,0 MW is proposed to install for steam consumers
«B». The new heat supply system is designed to
produce heat energy in the form of hot water for
heating and ventilation, technological needs and hot
water supply to provide the railway infrastructure of
the station with them.

The implemented block-modular boiler rooms
operate in an automatic mode without maintenance
personnel. The alarm signaling about the emergency
situation is transmitted via SMS messages to the
cellular phones of emergency dispatch personnel.
Module N2 1 and N° 3 work only in winter (seasonal)
for heating. Module No. 1 removes heat to 12
buildings, module No. 2 removes heat to 32 buildings,
Module No. 3 removes heat to 14 buildings. Periodic
inspection and maintenance of the boiler room is
carried out by emergency dispatch personnel from
the staff of the liquidated boiler room, the location of
which is envisaged in the existing production and
service premises of the operating enterprise. The
main characteristics of modular boiler rooms are given
in Table 2.

Apparently, the adopted modernization option
provides an increase in technical efficiency, by
increasing the efficiency to 92 %. The main reason for
increasing the efficiency of the boilers is the new boiler

arrangement. Boiler Polykraft Duotherm [7] water-
heating fire-fumigation with reversible furnace is
made in block design. The efficiency of the boiler room
isincreased due to the new fuel atomization system —
spray burner, which provides the best mixture
formation when working on gas fuel. This spray burner,
in the case of operation on reserve fuel, provides the
necessary fineness of the spraying of diesel fuel
before its ignition, thus ensuring a better combustion
completeness of the mixture and a more eco-friendly
exhaust, in comparison with the previous fuel oil
equipment. Also, the efficiency of the boiler increases
due to the use of artificial intensification of heat
transfer by installing a turbulator in the boiler. In
addition, the new boiler rooms are equipped with
alarms for technological equipment and monitoring
the content of CH and CO, closing the pipeline gas
supply with a valve in an emergency situation, which
significantly increases the safety of boiler rooms. The
lining of the boiler is lightweight, using mineral wool
mats. The shell of the boiler is metallic. The boiler
operates on natural gas or light fuel oil (depending on
the type of a burner). The design of the boiler is made
in a gas-tight design and operates under
supercharging.

The economic efficiency of modernization is
explained by a decrease in the operating costs of the
boiler rooms, the results are given in the table.
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Z{ Table 3
! . .
1 Results of reduction of operating costs
\ Ne Indicators Measurement unit | Value of the Value of the Change of
indicator before indicator after | the indicator,
introduction introduction (—decrease)
(basic heating (new heating (+increase)
system) system)
1 Annual labor costs, including rub. 8115448,39 - -8115448,39
social contributions
1.1. Annual expenses for labor rub. 6242652,61 - -6242652,61
payment of the boiler room
1.1.1. Annual fund of working hours of | hours 31536,00 - -31536,00
the boiler room for a reporting
period
1.2 Annual expenses for allocations | rub. 1872795,78 - -1872795,78
for social needs of the boiler room
2 Fuel rub. 36904 692,00 16609313,99 -20295378,01
2.1. for other needs rub.without VAT | 36904 692,00 16609313,99 | -20295378,01
2.1.1. fuel oil rub.without VAT |36904692,00 - -36904 692,00
2.1.1.1. | fuel oil tons 6150,78 - -6150,78
2.1.1.2. | natural gas rub.without VAT |- 16609 313,99 16609 313,99
2.1.1.3. | natural gas m’ - 3194098,84 3194098,84
3 Other material costs rub.without VAT |2030000,00 1000000,00 -1030000,00
3.1. Annual expenses for maintenance | rub.without VAT | 700 000,00 - -700 000,00
of a fuel oil warehouse
3.2. Annual costs for repair and rub.without VAT | 1330000,00 1000 000,00 -330000,00
maintenance of the boiler room
4 TOTAL reduction of costs rub.without VAT | 47050 140,39 17609 313,99 -29440826,40

Conclusion. As a result of consideration of the
issue of modernization of the heat supply system (boiler
room) of the railway station, it is determined that not
only replacement of worn equipment is required, but
also decentralization of the thermal system of the entire
station. In addition, the efficiency of the heat source of
the modernized boiler room is determined by the
change in the type of fuel on which boilers operate. The
efficiency of new boiler rooms with diesel fuel is 3 %
(92 %) higher than that of boiler rooms operating on
fuel 0il (89 %). That is, the proposed modernization of
the boiler room of the railway station corresponds to
the main provisions of the energy system, which must
meet the requirements of the energy strategy of the
Russian Federation until 2030: energy security; energy
efficiency of the economy; budgetary efficiency of
energy consumption; ecological safety of power
engineering. It should be noted, however, that there
are ways of additional innovations in the form of
utilization of the exhaust energy of the boiler room with
subsequent formation of a closed energy cycle.
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EXPRESS INEORMATION

NH®OPMALNA

MOAUDPUKALINA NOE3O0B «JIACTOYKA»

paJibHasl maccaxxupckasi KOMIaHUsI»

(mouepHee ob6ecTBo OAO «P2K]I»)
ITetp UBaHOB, reHepaibHbINi AupekTop AO
«Ipynna Cunapa» Muxauin Xon0poBCKUIA
M TJaBHBIA MCMOJHUTEIbHBINA AUPEKTOP
neraprameHTa MoouabHOCTU «CumeHc AlN»
MoxeH AKXOJIBT TIOATNCATN COTIAIICHNE
0 HaMEPEeHMUSIX [0 CO3IaH1I0 HOBOTO MTOKO-
JIEHUS MacCaXMUpPCKUX BJIEKTPOIMOE310B
«JlacTrouka» majnpHero ciemoBaHus. [lom-
MUCcaHKe COCTOSTOCH B paMKkax [leTepOypr-
CKOTO MEXIyHapOJIHOTO0 9KOHOMMYECKOTO
¢dopyma B nipucytcTBuu npesugeHta OAO
«PXK/I» Onera benosépona.

CTOpOHBI HAMEPEHBI PACCMOTPETh BO3-
MOXHOCTb U3TOTOBJICHMST DJIEKTPOITOE310B
«JlacTouka» Isl KCIUTyaTallui Ha MapIipy-
Tax maccaxxnupckux rmepeBo3ok AO «DITK».
7151 3TOTO TJIAaHUPYETCS COIrJIacoBaTh MPO-
€KT TEXHUYECKOTOo 3aJlaH1sl Ha 3JIEKTPOIIO-
e3na «JlacTouka» pa3TuIHbIX MOAMMUKAIIAI
JUTST 9KCIUTyaTallMy Ha pa3IMIHbIX MapIipy-

r eHepanbHbIi TupekTop OAO «Dene-

Tax JajJbHEro ClAeA0BaHMs, a TAKXKe IMpopa-
60TaTh BO3MOXXHOCTb TTPUOOPETEHUS O -
BUIKHOTO COCTaBa I10 JIM3MHTOBBIM CXEMaM.

ITpou3BOACTBO 3JEKTPOIIOE3I0B OYyAeT
ocyuiecTBasIThbes HAa OO0 «Ypanbckue Jio-
KOMOTHUBBI» (COBMecTHOe npeanpusitue AO
«I'pynna Cunapa» u komnanuu «CumeHc
Al»).

B nacrosiee Bpemss AO «DITK» apeH-
JyeT ajieKTporoesna «Jlactouka» 1jisl 9KC-
IuIyataliuu Ha MapuipyTtax MockBa—Opennt,
MockBa—Kypck, MockBa—HuxHuit Ho-
ropon, Cankr-Ilerepoypr—IleTpo3aBoick,
Annep—KpacHoaap. KypcupoBaHue HOBBIX
MOE3/I0B MOXET OBbITh OPraHM30BaHO KakK I10
JEUCTBYIOIIMM MapIpyTaM, MOJIb3yIOIINM-
CsI TIOTYJISIPHOCTBIO Y MACCaXXUPOB, TaK U 110
HOBBIM, KOTOPBIE OYAYT OIpeaeeHbI TTocie
aHajM3a MOTeHIIMAJIbHOTO MaccaXkuporo-
TOKa.

ITo MaTepuanam npecc-C.IyKobl
OAO «PXK]I» ®

NEW LASTOCHKA MODIFICATIONS

Federal Passenger Company, a

subsidiary of Russian Railways, Mikhail
Khodorovsky, Managing Director of CJSC
Sinara Group, and Jochen Eickholt, Chief
Executive Officer of the Mobility Department
of Siemens AG, have signed an agreement on
their intention to create a new generation of
Lastochka [swallow] long distance electric
passenger trains.

The signing took place in the framework of
the St. Petersburg International Economic
Forum in the presence of Oleg Belozerov,
President of OJSC Russian Railways.

The three parties intend to consider the
possibility of manufacturing Lastochka electric
trains to operate on the passenger transportation
routes of the Federal Passenger Company.

For this purpose, it is planned to agree the
draft technical assignment for Lastochka

P yotr Ivanov, Managing Director of OAO

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Moavdunkauua noe3nos «Jlactouka»
New Lastochka Trains Modifications

electric trains with various modifications for
operation on different long-distance routes and
also to study the possibility of purchasing
rolling stock under leasing schemes.

At present, the Federal Passenger Company
rents Lastochka electric trains for operation on
the routes between Moscow—Orel, Moscow—
Kursk, Moscow—Nizhny Novgorod,
St. Petersburg—Petrozavodsk and Adler—
Krasnodar.

The new trains could be used both along
existing routes which are already popular with
passengers and on new ones following an
analysis of potential passenger traffic.

The Ural Locomotives Limited Liability
Company, a joint venture of the Sinara Group
and Siemens AG, will manufacture the electric
trains.

Based on press releases
of JSC Russian Railways ®

.15, Iss. 3, p. 103 (2017)
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Anna FOPOEEBA
Anna A. GORDEEVA

Nérp HOBOCEJIbLIEB
Petr V. NOVOSELTSEV

Experiment with Sliding

of Locomotive Wheel Sets
(TekcT cTatby Ha aHIJl. 3. —
English text of the article — p. 108)

SkcnepuMeHTasibHble NCCJIe4OBaHuS,
npeAcTaB/IeHHbIe B CTaTbe, BbISIBUIIN,

4YTO BO3HMKAIOLLas B IPOLECCe BEAEHNS
o pesibcam Xesie3HO4OPOXHOro cocrasa
HepaBHOMEPHOCTb ABVWXeHUS1 OTAEeJIbHbIX
ero yacrevi NPUBOANT K NMOSIBJIEHNIO
TOJIYKOB, KOTOpPbI€ MOryT CTaThb npmmuoﬁ
npockanb3biBaHns. OCO6EHHOCTbIO
npeanaraeMoro crioco6a KOHTPOoNs
CUTyauum SIBASIeTCSI TO, 4TO onpeaensercs
abcosiloTHOoe ABMKeHne JIOKOMOTHUBa

10 OTHOLLEHWNIO K HernoABMXXHOI cucrteme,
yCTaHaB/INBaeTCs ero CKOPOCTb,

10 N3MEHEHUIO KOTOPOI BbIYUCIISIETCS
npockasb3biBaHNe, NOCKOJIbKY KaK pa3
YMEHbLLIEeHNEe CKOPOCTU NPV ABWKEHUN

B pexxumMme T8ru yKka3biBaeTt

Ha BO3HUKHOBEHNE OTK/IOHEHMWIA.

KnoyeBbie croBa: xeneaHas gopora,
JIOKOMOTHB, KOJIECO, PEJILC, KacaTesibHasl

cwnia Trv, CKOpoCTb, YCKOPEHUE,

cuna Hepuuu, cuaa cornpoTUBIIEHNS,

CKOPOCTb Mpockasib3biBaHusl abCOoIOTHaSs

Y OTHOCUTEJIbHAS.
|
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IKCNnepuMeHT
C NpocKasnb3biBaHUEM
KOJIECHbIX Nap NOKOMOTUBA

10pwii KYMNLIOB
Yuri A. KUPTSOV

Hoeoceavues Ilemp
Buxmopoeuu — kanou-
dam mexHu4ecKux Hayx,
doyenm Yaan-Yosuckoeo
UHCIMUMYma Jcene3Ho-
dopodicHoeo mparcnopma
(@unuan Upl'YIIC), Yaan-
Y03, Poccus.

Iopoeesa Anna Arek-
CanoposHa — acnupanm
YYUXT (punuan
UpIYIIC), Yran-Yos,
Poccus.

Kynuoe IOpuii Arexce-
eeu4 — cm. npenooasa-
menv YYHXKT (dpuruan
HUpI'YIIC), Yran-Yos,
Poccus.

peny padoT, MOCBSIIEHHBIX UCCIeI0Ba-

HMIO MPOCKaTb3bIBAHMSI KOJICCHBIX Iap,

OJlHa 13 HanuboJIee U3BECTHBIX MPUHAI-
nexut H. H. Menmyruny [1]. B Heli onucaHbl
MacIITaOHbIe SKCIIEPUMEHTHI, TTPOBEICHHBIC
B peaIbHBIX YCJIOBUSIX IKCILTyaTallMi JIOKOMO-
THBa B KOoHILE 1950-x ronos. U Torma ObLIO
YCTaHOBJICHO, YTO OTHOCHUTEIbHAsI CKOPOCTh
MpOCKaIb3bIBaHusI, paBHast 1,5—2 %, cooTBeT-
CTBYeT MAaKCHUMYyMY T10 CLICTUICHUIO 1 HE 3aBUCUT
OT CKOPOCTH IBUXKEHUSI IOKOMOTHBA. OcoOeH-
HOCTBIO T€X DKCIIEPUMEHTOB CTaj0 TO, YTO
CKOPOCTb MPOCKaIb3bIBaHUS OMpEeAeIsiach Ha
OCHOBE CPaBHEHUS CKOPOCTEH NBYDKEHUSI ABYX
KOJIECHBIX T1ap, OHA U3 KOTOPBIX OblIa Harpy-
JKE€Ha TSTOBbIM MOMEHTOM, a Y IPYTOM TSTOBBIA
JIBUTATEJIb ObLT BHIKJTIOYEH.

B 1iesniom psiie uccaenoBaHuil paccMaTpu-
BalOTCS caMble pa3HbI€ BOMPOCH TEOPUU
W TIPAKTUKU CLETUICHUS U TPOCKAIb3bIBAHUS
[2, 3]. B pabore [4] yTBepkaaeTcs, UTO CKO-
POCTh MPOCKaTb3bIBAHUS KOJECHOMN Taphl
CYIIECTBEHHO 3aBHMCHUT OT TEXHUYECKOTO COC-
TOSIHUSI PEJIbCOBOTO IMyTH, B YACTHOCTH €T0
MPOIOJbHOM KECTKOCTH.



B namem ciyyae mpenpiaraetcst crocoo
HCCIIEIOBAHUST IPOCKAJIb3bIBAHUST KOJIECHBIX
map TOKOMOTHUBA, COCTOSIIIINI B CIIEMYIOIIEM:

— 9KCTIEPUMEHTAIIBHO OTpPENnessieTcs 3a-
KOH a0COJIIOTHOTO NBUXEHUS JIOKOMOTHBA
OTHOCHUTEJIbHO HETIOBMKHOM CUCTEMbI KOOP-
JIMHAT:

S =£,
rre S — nepeMelieHue J0KOMOTUBA, M;

— 3aTeM, Ha OCHOBE 3TOI 3aBUCUMOCTH (1),

(pukcupyeTcst CKOPOCTh TOKOMOTHBA (M/C):

V'= ds 2

dr =f,®;
— [asiee OIpeNessIeTCs] YCKOPEHUE JIOKO-
MOTHUBa KaK BE€JIMYMHA UBMEHEHUS CKOPOCTU

e))

(M/c):
a'=%=f3(t) : 3)

— BBISIBJISIIOTCS YYaCTKM, Ha KOTOPBIX
YCKOpEeHUE OTpUILIATeIbHOE (TO €CTh BO3HUKA-
€T MPOCKaJIb3bIBaHUE).

Huxe npuBonuTcs mpuMep UCCaen0BaHUs
MPOCKaIb3bIBAHUSI, BHIMOJHEHHOTO Ha MYTSIX
CTaHIMU YiIaH- Y3 Ha MPSIMOM FOPU30HTab-
HOM yyJacTke 1rpu Temnepatype +8°C B cyxyto
norony. McnbelTaHWIO TTOABEPrajcs rpy30Boit
coctaB Maccoii 4370 TOHH ¢ TOKOMOTUBOM
BJI-80" ripu TporaHuu ¢ MecTa.
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Puc. 1. CHUMKu nonoxxeHns
siokomoTusa Yyepes 0,25 c.

PaboTta BeITTOJIHSTACh B 3aJaHHOU TTOCIe-
JIOBAaTEJILHOCTH:

— Ha KOopITycaxX JOKOMOTHBA M TIEPBOTO
BaroHa OBIIM YKPETUICHBI MEPHBIC JICHTHI
¢ 1ieHoit menaeHus 1 MM (puc. 1);

— IIPOTUB HUX, HAa HETTOABIKHBIX OTIOPaX,
OBUIM YKPEIUICHBI ABE IIU(POBLIC KAMEPHI;

— 10 3BYyKOBOMY CUTHaJTy MaIllMHKUCTA Ha
OTIpaBIIeHNE (D POBBIE KaMEPHI OBLITN BKITIO-
YEHBI U BBITIOJIHEHA IM(MDPOBAsT 3aI1Ch Iepe-
MCIIEHUI JTOKOMOTHBA M IIEPBOTO BaroHa
(Ha puc. 1 mpencTaBIeHBI 1Ba CHUMKA MEPHOI
JICHTBI Yepe3 IpoMexkyToK BpemeHu 0,25 ¢).

Takum obGpa3oM, MyThb, IPOMACHHBIN JI0-
KOMOTHBOM 3a 3TO BpEMEHS:

AS' =147,5—138,2=9,3 mm = 0,0093 m.

CpemHsiss CKOPOCTh JTOKOMOTHBA B 3TOM
IIPOMEXYTKE BPEMCHU:
V- AS' =A_S’= 0,0093

-t At 0,25

I[IpocmaTpuBasi MokKaapoBO BUAEO3a-
MUCh, TPOU3BOJAUM CUUTHIBAHNE OCHOBHBIX
rmapamMeTpoB:

— BpeMs /, JaHHOTO KajIpa,

— COOTBETCTBYIOIIYIO KaJpy KOOPANHATY

=0,0372 m/c.

’
S, MonoxeHus JTOKOMOTUBA U KOOPAMUHATY

S T0J10KEHM TIEPBOTO BaroHa;
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i{ii Ta6amua 1
‘ Bpewms Ilepemenie- | [Mepemere- | Pasuuina rme- | Ckopocts | CkopocTh | YckopeHue | YcKopeHue
| HUe HUE pCMeLLlCHI/lﬁ JIOKOMO- BaroHa JIOKOMOTHUBA | BaroHa
JIOKOMO- BaroHa JIOKOMOTHBa | TUBa
THUBa U BaroHa
t, (cex) S/, (w) S, (M) S-S5 |V o) |V (/o) | g, (/e 4", (m/c?)
1 2 3 4 5 6 7 8
0 0 0 0 0,004 0 0 0
0,25 0,001 0 0,001 0,008 0,004 0,016 0,016
0,5 0,003 0,001 0,002 0,018 0,004 0,04 0
0,75 0,0075 0,002 0,0055 0,028 0,004 0,04 0
1 0,0145 0,003 0,0115 0,028 0,008 -5,6E-17 0,016
1,25 0,0215 0,005 0,0165 0,016 0,016 -0,048 0,032
1,5 0,0255 0,009 0,0165 0,026 0,024 0,04 0,032
1,75 0,032 0,015 0,017 0,022 0,028 -0,016 0,016
2 0,0375 0,022 0,0155 0,03 0,02 0,032 -0,032
2,25 0,045 0,027 0,018 0,056 0,024 0,104 0,016
2,5 0,059 0,033 0,026 0,08 0,028 0,096 0,016
2,75 0,079 0,04 0,039 0,096 0,032 0,064 0,016
3 0,103 0,048 0,055 0,128 0,068 0,128 0,144
3,25 0,135 0,065 0,07 0,14 0,08 0,048 0,048
3,5 0,17 0,085 0,085 0,132 0,12 -0,032 0,16
3,75 0,203 0,115 0,088 0,12 0,136 -0,048 0,064
4 0,233 0,149 0,084 0,116 0,136 -0,016 2,22E-16
4,25 0,262 0,183 0,079 0,096 0,14 -0,08 0,016
4,5 0,286 0,218 0,068 0,1 0,112 0,016 -0,112
4,75 0,311 0,246 0,065 0,104 0,112 0,016 4,44E-16
5 0,337 0,274 0,063 0,116 0,108 0,048 -0,016
— BpeMms £, CIIEYIOIIETO Kapa, g
— COOTBETCTBYIOILYIO Kajupy KoopauHaty V, " =—12 v el L)
S| ToI0XeH!s JOKOMOTUBA U KOOPAMHATY ) y &)
V.= S =S
S..,” monoxeHus nNepBoro BaroHa. il At
Jlanee BBIYMCISIEM CPESHIO CKOPOCTH Haxonum yckopeHue T0KOMOTHBA U Baro-
JIOKOMOTHMBA U BaroHa B MPOMEXYTKE Bpeme- Ha Ha 9TOM MHTEpBaJie BpeMEHU:
HI/IOTtl,:ELOtH{: p ZVM'_Vi"
V' = SMA_tSi , il At
" "
1 "_ N ) @ ai,irl =% (6)
At
ITpon3BomnM BBIYMCIICHMS B IIPOrpamMme
3aTreM CUMTHIBaEM C BUACO3AIMUCU KOOP- Excel U pe3y/sTaThi CBOTUM B TAGIHILY 1.
JAMHATHLI JoKoMoTuBa S,,,” u BaroHa S,,,"B IIpu cpaBHEHUM MPEOBIIYIIEH U ITOCe-
MOMEHT BPEMCHH 7, . AyloLmx ckopocteit jokomorusa V; u V)
ITocnie aTOro BEIUUCISIEM CPEAHIOI CKO- BO3MOKHBI BADHAHTI.
pOCTb JIOKOMOTMBA U BaroHa B MPOMEXYTKE . ,
BPEMEHU OT £, JIO I, 1-it Bapuant: V">V, /.
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B aToMm ciryyae yckopeHUMe JIOKOMOTHBA
HaIpaBJIeHO B CTOPOHY ABIKCHUS, a CHJIa
WHEePLY IIPOTUBOITOIOXHA eMy. Ha ocHOBa-
HUM mpuHIOuIa Jaramoepa nMmeem:

F—R—F=0, 7)

rae F, — xacarenbHas cuna taru; R — cuna
COIIPOTUBIICHUS; F — Cuja MHEPLIMH.
ITpeo6pasyem ypaBHeHue (7):
F—R=F.
BEBIBOI: JIOKOMOTHB JIBWKETCSI C YCKOpPE-
HUEM B HOPMAaJIbBHOM PEKUME TSTH.

2-it Bapuant: V, ' <V, .

i+]

31ech yCKOpeHHe TIOKOMOTHBA,

a =— I/Hl’ - Vl '
At

OyIeT OTpUIIaTeTbHBIM 1 HAIIPaBJIEHO MPOTH-
BOIIOJIOKHO HAIpaBieHUIo aBukeHus. Cuia
WHEPIUMY B 3TOM CJIydae COBMANAET C HATIPaB-
JieHreM nBrkeHus1. OCHOBBIBASICh HA TIPUH-
uune Jdanambepa, moydum:
F—R+F=0, (8)
F—~R=-F. )

3HaunT, KacaTejbHasl CUJIa TSITU MEHbIIIE
CUJTBI COTIPOTUBIICHMS IBUKEHMIO. PaBeHCTBO
(8) MOXXET OBITH YIOBIETBOPEHO, KOT/IA:

— YMEHbBIIIAeTCsl KacaTelbHasl CUia TSTU
F,, TO eCTb MPOMCXOAUT NPOCKAJIb3bIBAHKE,;

— YBEJIMYMBAETCSI CUJIA COTIPOTUBIICHUS
IBYKeHUIO R.

[Mpeanonoxum, 4yro cuna F, He U3MEHHU-
nack. Torma cuyia conmpoTuBIeHUsT OyneT
R = F,_+ F. 910 ManoBepoaTHo. Ocraércsa
TPEANOJIOXKHUTh, YTO YMEHBIINIACH KacaTelb-
Hasl CWJIa TSATU M BO3HUKIIO MPOCKATb3bIBAHUE.

AHanM3upys pe3yIbTaThl TAOIULIBI |, MOX-
HO CIIeJIaTh CJIEAYIONINE BbIBOIBI:

1. Ecnu yckopeHust JOKOMOTHUBA U IEPBO-
T0 BaroHa TOJIOKUTENbHBI (B TabauIle TIpu
t=3,25c), TO OHU ABUXYTCS B HOPMaJTbHOM
pexume Taru. B aTOM ciiyuae kacarenbHast
cuna taru F, = R+F. Cuiia mHepumMu cocraBa
CTAaHOBUTCS YaCThIO CUJIBI R COTTPOTUBIIEHUSI
ero nBukeHuto. [Tpockanb3biBaHMST HET.

2. Ecnu yckopeHue JIOKOMOTHBA OTpUIIa-
TeJIbHO, @ YCKOPEHUE TepBOTro BaroHa IoJio-
KUTETBHO (Hampumep, ripu ¢ = 3,5 ¢), To Ka-
careibHag cuna taru F, = R—F. Ilpn aTOM

CHJIa COITPOTUBJICHUA YBEJIMYNBACTCA 3a CUET
CHJIbI MHEPpIMMU COCTaBa, KacaTrcjbHasd CHJia
TATYN YMCHBINACTCA 3a CUET IIPOCKaJIb3bIBaAHHWA,
a abCcoJTIOTHAS BEJTMYMHA CKOPOCTHU ITPOCKaJIb-
3bIBAHUA ITPEACTAHET KaK

V, =V —Vi;=0,140-0,132=0,012 m/c.

HeobGxomnmMo oTMeTuTS, 9t0 ¥V, eCcTh HEKO-
Topasi yCpeAHEeHHas CKOPOCTh MPOCKaIb3bI-
BaHUsI BCEX KOJIECHBIX Tap JOKOMOTHBA, Be-
JIMYMHA B OTIPeAeIEHHOM CTeNEHU YCIOBHAs,
OJIHAKO BeCchMa 3HauYMMasl Jj1s1 MpaKTUKKU Be-
JIeHUS TToe3/1a.

OTHOCHUTETBHYIO CKOPOCTb MPOCKAIb3bl-
BaHUSI OPUEHTUPOBOYHO MOXKHO MPUHSITH
paBHOIA:

V. 0,012
L =——=—"—"-4100 %=8,57 %.
v’ 0,14
1
W ecTb cMBbICT BCIOMHUTL: B padoTe [1]
YKa3bIBaJIOCh, YTO MPU MaJIbIX CKOPOCTSIX
OTHOCHUTEJIbHAsI CKOPOCTh ITPOCKaIb3bIBAHMS

ooutee 2 %.

SAKJITOYEHUE

[pennaraemplii cmoco6 MO3BOSET C TOC-
TATOYHOM TOUHOCTHIO OMPEACIATh aOCOMIOT-
HYIO ¥ OTHOCUTEJIBbHYIO CKOPOCTHU MPOCKAJIb-
3bIBAHMUSI KOJICCHBIX Tap JIOKOMOTHBA U HA €T0
OCHOBE pa3paboTaTh YCTPOMCTBO [IJIsl aBTOMA-
TUYECKOTO MPEAOTBPallcHNsI GOKCOBaHMSI.
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EXPERIMENT WITH SLIDING OF LOCOMOTIVE WHEEL SETS
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ABSTRACT

Experimental studies presented in the article
have revealed that the unevenness of movement of
the individual parts of the train during its driving along
the rails leads to appearance of shocks that could
cause sliding. The peculiarity of the proposed

method of controlling the situation is that the absolute
motion of the locomotive with respect to the fixed
system is determined, its speed is set, according to
the change of which sliding is calculated, since just
decrease in speed when driving in traction mode
indicates the occurrence of deviations.

Keywords: railway, locomotive, wheel, rail, tangential traction force, speed, acceleration, inertia force,

drag force, absolute and relative sliding speed.

Background. Among the works devoted to the
study of sliding of wheel sets, one of the most
famous belongs to N. N. Menshutin [1]. It describes
the scale experiments conducted in the real
operating conditions of the locomotive in the late
1950s. And then it was found that the relative
sliding rate, equal to 1,5-2 %, corresponds to the
maximum in adhesion and does not depend on
speed of the locomotive. The peculiarity of those
experiments was that the sliding speed was
determined on the basis of a comparison of speeds
of two wheel sets, one of which was loaded by the
traction moment, while the other had a traction
motor switched off.

In a number of studies, various problems of the
theory and practice of adhesion and sliding are
considered [2, 3]. In work [4] it is asserted that the
speed of sliding of a wheel set depends essentially on
the technical condition of the track, in particular its
longitudinal stiffness.

Objective. The objective of the authors is to
consider sliding of locomotive wheel sets on the
experimental basis.

Methods. The authors use general scientific and
engineering methods, experiment, mathematical
apparatus, comparative analysis.

Results. In our case, we propose a method for
studying the sliding of wheel sets of a locomotive,
consisting of the following:

— the law of the absolute motion of a locomotive
relative to a fixed coordinate system is determined
experimentally:

S'=1(1), (1)
where S' is displacement of a locomotive, m;

—then, based on this dependence( 1), locomotive

speed(m /s) is fixed:
,_ds’ .
4 ” > (2)

— further, acceleration of a locomotive is
determined as a magnitude of change in speed
(m/s?):
v’

dt

— areas are identified on which acceleration is
negative (thatis, sliding occurs).

Below is an example of a study of sliding performed
on Ulan-Ude station tracks in a straight horizontal
section at a temperature of +8°C in dry weather. The
freight train was tested with a mass of 4370 tons with
the locomotive VL-80F while starting.

The work was carried out in the following
sequence:

a

=f:; (3)

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 104—110 (2017)

—on the bodies of the locomotive and the first car,
measuring tapes with sensitivity of 1 mm were fixed
(Pic. 1);

— against them, on fixed supports, two digital
cameras were fixed;

— according to the sound signal of the driver for
departure, digital cameras were switched on and
digital recording of movement of the locomotive and
the first car (Pic. 1 shows two photographs of the
measuring tape after a time interval of 0,25 s).

Thus, the distance covered by the locomotive over
this time:

AS' =147,5-138,2=9,3 mm = 0,0093 m.

Average speed of the locomotive in this time
interval:

y AS" AS" 0,0093
t,—-t, At 0,25

Looking through the frame-by-frame video
recording, we make reading of the main parameters:
- time t, of this frame;

=0,0372m/s.

- the corresponding coordinate S; ofthe position

of the locomotive and the coordinate S of the

position of the first car;
- time t,,, of the next frame;

- the corresponding coordinate S, of the

position of the locomotive and the coordinate S,,," of

the position of the first car.

Next, we calculate average speed of the
locomotive and the car in the time interval from t, to
t

i+1"

V " Si’+l _Si’
! At
v _qn (4)
V_n:Sm_Si .
! At

Then we read from the video recording the
coordinates of the locomotive S,.,) and the car S,.,"

attimet,,

After that we calculate average speed of the
locomotive and the car in the time interval from t_, to
t,

i+2"

' ’
V.= SHZ _Si+l
i+l T At ’

8. =5,

i+l

(5)
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Pic. 1. Photographs
of locomotive
position in 0,25 s.

We find acceleration of the locomotive and the
car in this time interval:

A
i+1 At >
I el A
afy =~ (6)

We perform calculations in Excel and summarize
the results in Table 1.
When comparing the previous and subsequent

speeds of the locomotive V; and V., the following

options are possible.
1¢toption: V' >V, .

Inthis case, acceleration of the locomotive is directed
towards movement, and inertia force is opposite to it.
Based on the d’Alembert principle, we have:
F~-R-F=0 (7)

where F, is tangential traction force; Ris resistance
force; Fis inertia force.

We transform the equation (7):

F~-R=F.

Conclusion: the locomotive moves with
acceleration in the normal traction mode.

o2rd option: V' <V, .

Here acceleration of the locomotive,

! V;+1, - Vl '
o =—2it Vi
At
will be negative and directed opposite to the direction
of motion. The inertia force in this case coincides with
the direction of motion. Based on the principle of
d’Alembert, we get:
F—~R+F=0; (8)
IFlHEC (9)

Hence, tangential traction force is less than resistance

to motion. The equation (8) can be satisfied when:

;
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- tangential traction force decreases F, i.e.
sliding occurs;

- resistance to motion R increases.

Suppose that the force F, has not changed. Then
the resistance force will be R = F,_+ F. This is unlikely,
therefore it remains to assume that the tangential
traction force has decreased and sliding has
occurred.

Analyzing the results of Table 1, we can draw the
following conclusions:

1. If acceleration of the locomotive and the first
car are positive (in the table att = 3,25 s), then they
move in normal traction mode. In this case, the
tangential traction force F, = R+F. The inertia force of
the train becomes part of the force R of resistance to
its motion. There is no sliding.

2. If acceleration of the locomotive is negative,
and acceleration of the first car is positive (for
example, att=3,5s), then the tangential traction force
F.=R-F. In this case, the resistance force increases
due to the inertia force of the train, tangential traction
force decreases due to sliding, and the absolute value
of sliding speed appears as

V. =V —V!=0,140-0,132=0,012 m /s .

It should be noted that V_is some average speed
of sliding of all locomotive wheel sets, a value to some
extent conditional, but very significant for the practice
of conducting the train.

The relative speed of sliding can roughly be taken
as:

v

—_c

0,012
yr 0,14

i

-100%=8,57% .

c

And it makes sense to recall: in [1] it was pointed
out that at low speeds the relative sliding speed is
more than 2 %.

Conclusion. The proposed method makes it
possible to determine with absolute accuracy the
absolute and relative rates of sliding of wheel sets of

.15,Iss. 3, pp. 104-110 (2017)
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igg Table 1
1 : Time Locomotive | Car Difference in | Locomotive | Car speed Locomotive | Car
! movement | movement movements of | speed acceleration | acceleration
locomotive and
car
t, (sec) | S, (m) S/, (m) S-S, m) |V mfs) | V", (mys) | g, (m/s?) a,", (m/s?)
1 2 3 4 5 6 7 8
0 0 0 0 0,004 0 0 0
0,25 0,001 0 0,001 0,008 0,004 0,016 0,016
0,5 0,003 0,001 0,002 0,018 0,004 0,04 0
0,75 0,0075 0,002 0,0055 0,028 0,004 0,04 0
1 0,0145 0,003 0,0115 0,028 0,008 -5,6E-17 0,016
1,25 0,0215 0,005 0,0165 0,016 0,016 -0,048 0,032
1,5 0,0255 0,009 0,0165 0,026 0,024 0,04 0,032
1,75 0,032 0,015 0,017 0,022 0,028 -0,016 0,016
2 0,0375 0,022 0,0155 0,03 0,02 0,032 -0,032
2,25 0,045 0,027 0,018 0,056 0,024 0,104 0,016
2,5 0,059 0,033 0,026 0,08 0,028 0,096 0,016
2,75 0,079 0,04 0,039 0,096 0,032 0,064 0,016
3 0,103 0,048 0,055 0,128 0,068 0,128 0,144
3,25 0,135 0,065 0,07 0,14 0,08 0,048 0,048
3,5 0,17 0,085 0,085 0,132 0,12 -0,032 0,16
3,75 0,203 0,115 0,088 0,12 0,136 -0,048 0,064
4 0,233 0,149 0,084 0,116 0,136 -0,016 2,22E-16
4,25 0,262 0,183 0,079 0,096 0,14 -0,08 0,016
4,5 0,286 0,218 0,068 0,1 0,112 0,016 -0,112
4,75 0,311 0,246 0,065 0,104 0,112 0,016 4,44E-16
5 0,337 0,274 0,063 0,116 0,108 0,048 -0,016

the locomotive and on its basis to develop a device
for automatic prevention of sliding.

3. Kazarinov, A. V. Measurement of the operational
level of displacement of wheels with rails in braking modes
on freight-stressed sections of Siberia and Zabaikalie
[Izmerenie ekspluatacionnogo urovnja smeshhenija koles s
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Cepreit HECTEPOB
Sergey B. NESTEROV

Vacuum Train: Finding a Niche

in the Passenger Transportation Market
(TekcT cTatby Ha aHIJl. 3. —

English text of the article — p. 118)

Heo6xoanmMoCTs 1 BLIFOA4HOCTb CO3[aHNs
TPaHCNOPTHOM CUCTEMbI CO CKOPOCTSIMU,
kpatHbivmu 1000 km/4 (Bo 6000 km/4),
MOCTOSIHHO 06CYXAal0TCsI MUPOBBIM
Hay4YHbIM coobLyecTBoM. CerogHs
eAMNHCTBEHHbIM CITIOCOOOM MOBbILLEHUS
CKOPOCTU PesibCOBOro TPaHCNopTa A0 Takux
3Ha4YeHU’ BUANTCS B 3aMeHe CUCTEeMbI
KOJs1IeCco-pesibC Ha CUCTEMY MarHUTHOIO
noaseca u 3aMmeHe eCTeCTBEHHOW cpeabl
Ha NCKYCCTBEHHO CO3/aHHYI0, B KOTOPOW
aspoanHaMn4yecKoe cornpoTueeHne

Ans TpaHcrnopTa 6yzet masno. B ctatbe
paccmaTpuBaloTCsl HULLIN TPAHCMOPTHOIO
PbIHKA, KOTOPbIE MOXXET 3aHSTh
BaKyyMHblIii M0€34 B KOHKYPEeHTHoV 60pbbe
C BbICOKOCKOPOCTHbBIM Y BO3AYLUHbIM
TpaHCcropTom.

Krnto4eBble ¢/10Ba: BakyyMHbIV 0e3/,
CPaBHUTE/IbHbIN aHaN3, KOHKYPEHLINS,

MOUCK HULLIY, MarsIeB, BO3AYLLHbIN

TPaHCOPT, Xe/1e3HOA0POXHbIN TPAHCMOPT,
BbICOKOCKOPOCTHbIE 110e34a.
|
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BakyymMHbIn noe34: NOUCK
HULUM Ha PbIHKE NepeB030K
naccaxuvpos

‘Hecmepos Cepeeii bopuco-
6uM — JOKMOP MEXHUMECKUX
HAyK, 3aM. 2eHePANbHOR0
dupexmopa no Hay4Hou
pabome HUHUBT um.

C. A. Bexwunckoeo, Moc-
xe6a, Poccus.

Bopoovée Hean Arex-
canoposus — Karouoam
IKOHOMUHMECKUX HAYK,
2EHEPANbHYILL OUPEKMOp
HUUBT um. C. A. Bexuiun-
ckoeo, Mockea, Poccus.
Kondpamenxo Pum
Onezo6um — Kanoudam
MEXHUMECKUX HAYK, Ha-
uaneHux omoena HUHUBT
um. C. A. Bekwunckoeo,
Mockea, Poccus.

Pum KOHOPATEHKO
Rim O. KONDRATENKO

o oueHkaM OOH, uucno xureneit

niaaHeTbl K 2050 rony HOCTUTHET

9,2 miapa. DTO peKOpAHO BhICOKasi
uudpa, yautsiBas, 4yto B 2009 roay rmokasa-
Teab ObUI 6,8 Mipa, a B 1950 rony Bcero
2,5 mupa. Iputom 70 % 3eMisiH TeCHATCS
B TOpoJiax, cracaTh COOOIIEHNE MEXIY KO-
TOPBIMU ITPU3BAHBI TEIEPh BHICOKOCKOPOCT-
HbIe TPAHCTIOPTHBIE CETH.

AMepuKaHcKas TpaHCHaIlMOHaJbHas
HedTerazoBas kKoprnopauus ExxonMobil
nporHo3upyet, 4yto K 2040 romy crnpoc Ha
TPaHCIIOPTHBIC YCJIYTU YBEAUYUTCS OoJiee
yeM Ha 40 %, B OCHOBHOM 3a CYET IEJIOBBIX
MyTeIIeCTBEHHUKOB.

Macmrabd Tepputopun Poccuu u 6mu-
JKAWIIUX CTpaH, MPOTSKEHHOCTD UX TMTOTEH-
LIMaJbHBIX MaruCTpaieil BHIHYXKIAIOT UCKaTh
CIIOCOOBI YBEJIMYEHHUST CKOPOCTHBIX Xapak-
TepucTuK TpaHcmnopta [1—3]. Tak, Hanpu-
Mep, MPOTSKEHHOCTHL Tpacchl MockBa—ITe-
KWH cocTaBisieT 7769 KM (M moesaka npu
MPOEKTUPYEMBIX CKOPOCTSIX BBICOKOCKO-
POCTHOM KEJIE3HOAOPOXKHOU Marucrpaiu
(BCM) zaiimét He meHee 32,8 yaca).



: A
40

&

S

2 35t~k =)

] \“‘--~~._,_ p=y .

§30 \ -------—--""""——-—

N

[=9

= E‘E\l\\

= 25 o o --'--.

= p==4 e N

5[ \--—-.

& 20 -
10 20 30 40 30 60 70 80 90 100

Paccrosiame 1o meHTpa, KM

Puc. 1. OueHeHHass 3aBUCUMOCTb 3apnaTta AO0X04-PacCTOSSHUE:
1 — EBpona (Ffepmanus, LLUBeyns, Hugepnangbi); 2 — MockoBckasi o6nactb.
Uctounuk aaHHbix — Poccrtar [1].

CTOUT OTMETUTH 1 TPAHCTIOPTHBIE TIPOOJIE-
MBI Ha MaJibix paccrosiHusix. CeromHst B Mo-
ckBe 1 MOCKOBCKOI 00J1aCTH Ha PbIHKE Tpyaa
COXpaHSIeTCsI CYIIECTBEHHOE HEPaBEHCTBO
MEXXJIy LIEHTPOM MeraroJjiica u ero nepude-
pueii. OueBUIHO, UHCTPYMEHTHI MHTETPALlUM
PBIHKOB Tpyna (OIHUM M3 KOTOPBIX SIBJISIETCS
pa3BuTasi CUCTeMa TPaHCTIOPTa) He paboTaloT
C TaKoi1 xxe 3(h(PeKTUBHOCTHIO, KaK HA PhIHKAX
Tpy/la eBpOIENCKNX METraroJucoB.

1000

CpaBHUTENIbHBIE TpaUKUA pacCUYMTAH-
HOI 3aBMCUMOCTHU JOXOJ-PACCTOSIHUE 10
neHTtpa a1 [TonmockoBbst 1 EBponbl npen-
cTaBJeHbl Ha puc. 1.

C noBbitieHreM 3¢ GeKTUBHOCTH 0011Ie-
CTBEHHOI'O TpaHCIOPTa CJeayeT OXUAaThb
WHTETPAallMU PHIHKOB TPYyIa U CTIaKMBaHUS
KpUBOM noxoa-paccrtosinue. B uneane, Kkor-
Jla Hallla TpaHCTIOpTHAas cCUcTeMa 1Mo pa3BU-
TUIO TOTOHUT €BPOTENCKUIA YPOBEHb, MPO-
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Puc. 2. PekopAabl CKOPOCTH A1 HEKOTOPbIX BUAOB TpaHcropTa (ao 2010 roaa): 1 — napoBo3; 2 — 371eKTPOBO3

v TennoBo3; 3 — rpaxxpaHckas aBnauns; 4 —
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noesga Ha OCHOBE MarHUTHOW JIeBUTaLUN.

Hectepoe C. B., BopoobéB U. A., KonapaTteHko P. O. BakyyMHbI NOe3/: MOMCK HALLW Ha PbIHKE MEPEBO30K
naccaxmpos




U30UAET nepepacnpeaeacHue Joaei B Mpo-
CTpPaHCTBE, MOCKOBCKasl arjoMeparnus
C UHTEHCUBHBIMM MPOM3BOJACTBEHHBIMU,
TPAHCIIOPTHBIMU U KYJIBTYPHBIMU CBSI3SIMU
pacIIMpUTCS, TUIOTHOCTh HACEJIEHUST B CPEe/I -
HeM U najibHeM [1oJIMOCKOBbE BBIPACTET.
B nipenene pa3zBuTHE TPAaHCIIOPTHOM CETH 10
eBpOMNeicKOro ypoBHsI CIOCOOHO YMeHb-
IIUTh 3JaCTUYHOCTh M0X0/a IO BPEMEHU
B IIYTU 0 €BPOIEWCKOTO, YTO yBEJIUYUT
3apruiatel B cpeaHeM IlommockoBbe B 1,5
pasa.

CKOpOCTHBIE XapaKTepUCTUKU TpaHC-
MOPTHOTO CPEACTBA, OYyIIb TO CAMOJIET, OE3I,
ABTOMOOWJIb, 3aBUCSIT OT €r0 CITOCOOHOCTHU
U3MEHSIThCS, TIPUCTIOCA0IUBATHCS K OKPY-
Xaroueu cpene:

— MEHSITbh reoMeTpruuecKyto popmy (pop-
Ma (dro3eska camolieta, ¢hopmMa CKOPOCT-
HOTO T10€3/1a U3MEHEHBI B yTO/Iy a3pOIMHA-
MUKE);

— MEHSTh (hOPMY IBUKEHUST CBOUX Yac-
Tell (M3MEeHEeHUEe CTPEJIOBUIHOCTH, TPEI-
KPBUIKYM ¥ 3aKPBUIKK Y caMoJIeTa);

— MEHSITh TpPaHCMUCCUIO (3aMeHa y 1Mo-
e3/1a CUCTEeMBbI KOJIECO-pPeJIbC Ha CUCTEMY
MarHUTHOM JIEBUTAIIMU JIJISI CHUKEHUS TPe-
HUS O PEJIbCHI).

OpnHako ObIBAIOT CiTyvyau, KOraa JaabHe -
11ee MpUCIocoOIeHNE K YCIOBUSIM OKpYXa-
IolIel Cpebl HEBO3MOXHO WJIU SIBISETCS
CIIMILIKOM TPYIOEMKUM (puc. 2).

Hamnpumep, oObI9HAasT CKOPOCTh B Tpax-
JIAaHCKOU aBUAIUM — O0KOJI0 850 KM/4, XOTs
PEKOPAbI CKOPOCTHU JJISI CAMOJIETOB COCTaB-
JISTIOT HECKOJIbKO THhICSY KM/4, a moe3na
MEPEBO3ST MAacCaXMPOB CO CKOPOCTSIMU
80—350 kM/4, XOTSI pEKOPJT CKOPOCTH TIPH-
onmxaercs K 600 km /4.

B 060ux ciydasix MOBBIIIIEHUIO CKOPOCTHU
MelllaeT a3poJAMHAMUYECKOe COIMPOTUBIIE-
Hue. OHO pacTeT KakK KBaJpaT CKOPOCTH,
a HeprosaTparbl — Kak Kyo ckopocTu. Jlo-
ITyCTUM, TIPU YBEJTMIEHU U CKOPOCTH B 2 pa3a
adpPOIMHAMUYECKOE COIPOTUBIIEHNE BO3pa-
cTaeT B 4 pasza, a 3Hepro3aTparsl — B § pas.

Bo3MoxHoe pelieHUe 3TOW MPOOIeMBbl
JUIST pEJIbCOBOTO TPAHCTIOPTa — 3aMEHa OKPY-
JKarolel cpebl Ha MCKYCCTBEHHO CO3MaH-
HYIO, B KOTOPOI a3pOIMHAMUYECKOE COTIPO-
THUBJIEHUE OYIIET MaJio, HalIpuMep, TOMECTUB
COCTaB B TPpYOOMPOBOJ C MOHUXEHHBIM
napyieHueM. JlaHHOe pellieHue He SIBJISIETCS
HOBBIM, OHO OBLIO MpEeIJIOXeHO Oosee cTa

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 112-121 (2017)

JIET Ha3al, MepBbie B MUPE OMBITHI C TIepe-
MEIIeHWEM Tejla B BAKYYMHOM TpyOe 3a CUET
9JIEKTPOMATHUTHOTO TOJS MOCTaBUIJI
B 1911—-1913 romax B ToMCKOM T€XHOJIOTH -
YeCKOM MHCTUTYTE poccuiicKkuii mpogeccop
bopuc Beiin6epr. K ToMmy ke He Takoe yx
OHO Y OPUTUHAJIBHOE, BEIb Y€JIOBEK — €IUH-
CTBEHHOE CYIIIECTBO Ha 3emJie, KOTOpoe He
MPUCITOCca0IUBAETCS K OKPYKaroIIei cpee,
a MeHsIeT e€ moj cebs.

«He Mory 3a0bITh TOTO OIIETOMIISIOIIETO
BIIeYaTJICHUSI, KOTOPOE TTPOU3BET Ha XOJIOM -
HYIO TIETepOYPICKYIO MyOIMKY 3TOT CMEJIbIA
U OPUTUHAJIBHBIN TTPOEKT, KOTIa n300peTa-
TeJIb B OJIECTSIIIEei JIEKITMY HapuCOBaJl Iepej
CIyILIATeNsIMU KapTUHY Oynyiieir 60pbObl
C IIPOCTPAHCTBOM» , — IIUCAJT B «3aHUMATEh-
Holi pusuke» . U. [lepenbpman [4].

PaccMoTpuM HUIIKM, KOTOPBIE MOXET
3aHSTh BAKYYMHBII TTOE3T.

1. MetponoauteH. Huiia He MOXeT OBITh
3aHsTa. [IpeaenbHast CKOPOCTb COOOIIEHUS
MEXIy TTO36MHBIMU CTAaHIIUSIMU, KOTOPYIO
CMOTYT B Oymy1ieM obecTiednBaTh TEXHUYE -
cKu 0oJjiee COBEpIIEHHBIE, YeM CETOIHS,
BaroHbl METPOIIOJUTEHA, HE TPEBBICUT
50 xm/9 [5]. OHa orpaHm4eHa MpeaeibHO
JOITYCTUMBIMHU JIJIST TTACCakupa yCKOPEHUsI -
MU ¥ 3aMeJICHUSIMU BaroHOB, YCJIOBUSIMU
CTaOMJIILHOCTH M 0€30TIaCHOCTH JABWXKEHMUS
moe3a0B U T.11. [Tox cTabuIIbHOCTHIO TBUXKE -
HUS 31eCh TTOHUMAETCs] BO3MOXHOCTD JJIST
MOE3/I0B YCTOMYMBO peajM30BbIBAThH 3aJ10-
KEHHYI0 B TpaUK NBUXKEHUS CKOPOCTh
COOOIIEHUS TaXKe TIPU CITydailHBIX 3aepK-
Kax Ha ctaHuusx. [1pu 3agepxke Ha cTaH-
UM TT0e3] JTOJIKeH 00ecleYyuTh HaroH
YIYIIIEHHOTO BpEMEeHU HeTIOCPEICTBEHHO Ha
cienytoiiem neperote. Eciu emy He ynact-
¢Sl 9TOTO CleaTh, TO Ha CJIeAYIONIei cTaH-
MU ero OyaeT OXuUAaTh OOoJblIee, YeM
00OBIYHO, KOJIMYECTBO MACCaXXUPOB U BEPO-
SITHOCTh OYEpPEIHOM 3aJepXKKN BO3pacTeT.
CrencTBreM TaKoi CUTYallMd MOXET CTaTh
cOoii rpauka IBUXKEHUS.

BHeriaHoBbBIe 3a/iepXKU MOE30B Ha
CTaHIIMSIX B YaChI-ITUK TTPOUCXOISIT PETYIISIP-
HO U cocTtaBiisioT oT S5 1o 10 cexkyna. Heo6-
XOIMMOCTbh UMeTh 10-CeKYHIHBIN 3amac
BPEeMEHH X0Jla Ha HaTOH CJIyYaliHbIX OTI03/a-
HUI B HanOOJIbIIIell CTEIIeHN OTpaHUYNBaeT
BO3MOXHOCTB ITOCTPOEHUSI rpacdrKa JIBUKE -
HUS MMOE3I0B CO CKOPOCTSIMM COOOIIEHMUS
6osee 50 kM/4.

HecTtepoe C. B., Bopo6b€R U. A., KoHapateHko P. O. BakyyMHbI! NOe3A4: MOVCK HULLIN Ha PbIHKE NePEBO30K

naccaxvpos



Ta0muna 1

Topoackoii akcnipecc MockBa—HoBasi Mocksa (40 km)

Baxyywmubliii moe3n | Maries BCM
PaccrosiHre MeXmy OCTaHOBKAMM, KM 40 40 40
YckopeHme pu pasrose, M/c? 1 1 1
MaxkcuMabHast CKOPOCThb, KM/4 720 603 350
Bpewmst B myTtu, MUH 7 7,5 8,5
Bpewmst BbicaaKu-1ocaaku, MUH 5 5 5
ITyTh pasroHa, TOpMoKeHUsl (MPUHUMAETCSI PABHBIM), KM 20 7,8 4,7

Ta6amua 2
MezKpernoHajibHOe COOOLIeHHEe C 0CTaHOBKaMu Kaxpie 100 km
BakyymHBblii moess Marres | BCM

O06111ee pacCTosTHUE, KM 1000 1000 1000
PaccrosiHne Mexay OCTAaHOBKaMU, KM 100 100 100
YckopeHme pu pasroHe, M/c? 1 1 1
MakcuMaibHasi CKOPOCThb, KM/4 1000 603 350
Bpewmst B myTH MexXay OCTaHOBKaMU, MUH 10,6 15,5 18,7
OO611ee BpeMs B IyTH, BKJTIIOYasi BpeMsl BbICAIKU-TIOCAAKM, MUH/4 161/2,6 210/3,5 242/4
Bpewmst BbicagKu-mocaaku, MUH 5 5 5
TTyTb pa3roHa, TOpMoOXKeHHUsl (MPUHUMAETCSI PABHBIM), KM 38,6 7,8 4,7
BpewMst pasroHa, TOpMOKEHMsI 4.6 2,1 1,6
(TIPUHUMAETCS] PABHBIM), MUH

2. T'opoackoii 3KcIpecc M a3po3KCIpecc.
Hwunra He moxer ObITh 3aHgTa. CeromHsa mo-
SIBIISIIOTCSI HOBOCTH O BO3MOXHOCTH TTPUMeE-
HEHMST BAKYYMHOTO Ioe3a B Ka4eCTBE a3po-
akcrpecca [6]. Takoii BuI TpaHCIIOpTa HYKEH
JUTST OOECTICUECHMST YCKOPEHHBIX TPAHCIIOPTHBIX
CBSI3€1 C KPYITHBIMU IMIPUTOPOIHBIMY paliOHAa -
MU, a3pOTIIOPTaMU WJIM TOPOIaMU-CITyTHUKA-
MH C MUHUMAJIBHBIM YKCJIOM OCTaHOBOK Ha
Mapipyte. Hampumep: Topomckoii akempecc
MockBa—HoBass MockBsa, paccrostHue 40 Km.
OnHaKo 13-3a HEOOJIBIIOTO PACCTOSTHUS MEX-
Iy OCTAaHOBKAMM BpeMsI B IyTHU TSI BAKyyM-
HOTO TToe3ma oyaeT cormoctaBuMo ¢ BCM wim
MarjieB. DTa HUIIIA IPEKPacHO IMOIXOIUT IS
HUX, a IpOo0JIeMy IITyMa MOXKHO PEIInTh 00J1ee
SKOHOMMYHBIM CIIOCOOOM — yCTaHOBKOM
3BYKOM3OJISIIIMOHHBIX IMUTOB (Tabimia 1).

3. IIpuropoannie 3aeKTponoe3na. Humra
HE MOXKeT OBITh 3aHsATa. [IpUropogHbIe 31eK-
TpOITOe31a MpeTHa3HAYCHBI IJI TPAHCITOPT-
HBIX CBSI3€il TOPOJIOB C OIVMKANIINMHA TTPU-
ropomaMu, a TaKxKe MeXIy COCeIHUMM Ha-
CEJICHHBIMHU ITyHKTaM1, OHM PacCUMTAaHbI Ha
pacctosguus npuMmepHo 10 200 km. CpegHee
paccTosSHUE MEXIY OCTaHOBKAMM Ha MapIIl-
pyTax, o0CIyXHWBaeMbIX IPUTOPOTHBIMU
BJIEKTPOIIOE31aMU, OOBIYHO OT 2,5 10 5,0 KM.
[To mprumHEe MajJoTO PacCTOSHUS MEXIY

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 112-121 (2017)

OCTaHOBKAaMHU 3Ta HUIIA TOXE HE MOXET
OBITH 3aHSITa BAKYYMHBIM TTO€310M.

4. MexXpernoHalibHble 3JIEKTPOMOE31a
(mecTtHBIc). Humra MoXeT OBITh 3aHSITa Yac-
TUIHO. MeXXpernoHaIbHbIC ITOe31a IIPUMe-
HSIOTCSI Ha MaplmipyTax IIPUTOPOIHOTO
W IaJbHETO COOOINEHMI ¢ YCTOMUYUBBIM
MaccaXXuporroToKoM Ha pacctossHus ot 100
110 1000 KM MeX 1y TOpOJaMU C OCTAHOBKAMU
TOJIBKO B KPYITHBIX HACEJICHHBIX ITyHKTaxX
nau 6e3 MPOMEXXYTOUHBIX OCTAHOBOK. B Ta6-
JIUIIE 2 — BapHaHT MEXPETUOHAJIBHOTO CO-
o0ueHns ¢ octaHoBKaMu Kaxabsie 100 km
u naapHOCTBIO 1000 KM.

5. Iloe3na ganbHero caeaoBanus. Huia
MOXeET OBITh 3aHsITa. Iloe3ma Takoro THIa
clenyioT Ha paccTostHHUS oT 700 KM ¢ ocTa-
HOBKaMH TOJIbKO B KPYITHBIX HacCeJIeHHBIX
MMYHKTaX WIX 0€3 TPOMEXYTOYHBIX OCTaHO-
BOK Ha Mapmpyte. B tabauiie 3 mokasaH
BapMaHT JaJbHEro moe3aa, CACIyIOMN Ha
paccrogaue 1000 kM 06e€3 0CTaHOBOK. DTO
MOXKET OBITh MapIIPYT MEXAY KPYIHBIMUA
ropomamMu ¢ OOJIBIIMM HaceJeHEeM, HaTlpH -
Mep, MockBa—CankTt-Iletepoypr, MockBa—
Kazanp n ap. Tem cambIiM OymeT co3maHa
TpaHCTIOPTHAs MHPpacCTpyKTypa HOBOTO
MMOKOJICHUSI, KOTOpasl TECHO CBSIKET Mera-
MMOJIMCHI U PETHOHBI PD.

Hectepos C. B., BopoobéB U. A., KoHapaTteHko P. O. BakyyMHbI! Moe34: MOUCK HULLN Ha PbIHKE MePeB030K
naccaxmpos




Ta0anma 3

e
1 Ioesna pansuero caenosanus (1000 km)
BakyymHbIi1 oe3n Marnes BCM
OO6111ee pacCTosTHUE, KM 1000 1000 1000
PaccrosiHue Mexy OCTaHOBKaMU, KM 1000 1000 1000
YckopeHue mmpu pasrose, mM/c? 1 1 1
MakcuManbHas CKOPOCTb, KM/4 1000 603 350
BpewMsi B myTH Mex 1y OCTAHOBKaMU, MUH/4 55,4/0,92 135,4/2,3 173/2,9
O611iee BpeMs B IyTH, BKJIIOYasi BpeMsl BbICAAKM-TTOCAAK1, MUH/Y | 85,4/1,4 165,4/2,6 203/3.,4
Bpewmst BbicagKu-1ocaaku, MUH 30 30 30
ITyTb pa3roHa, TOpMoXeHHUsl (MPUHUMAETCSI PAaBHBIM), KM 38,6 7,8 4,7
BpewMst pa3roHa, TOpMOKECHUST 4,6 2,1 1,6
(MpUHKMMAETCSI PaBHBIM), MUH
A Bosnyuinbiii:
3000 147,1 Mapa nkm

g 2493 km

= 2500
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Puc. 3. MexxBngoBasi KOHKYPEHLMs Ha NacCaXXMpPCKOM TpaHcropTe.
Uctounuk paHHbix — Poccrar [1].

IMaccaxupoodopor B 2010 ., MIpA nacc-KHJIOMETPOB

B urtore paccMmatpuBaeMasl TpaHCIIOPTHAsK
cHCTEMAa C YYETOM CITeLIM(DUKI pa3roHa MOXET
3aIlOJIHATh HULLIK:

1. Hemoporux BEICOKOCKOPOCTHBIX ITEPEBO-
30K € OOJIBLLIMM ACCAKUPOIIOTOKOM Ha CpEeAHME
paccrostHus (100—1000 kwm). [Tpu 3TOM KOHKY-
peHIusI OyAeT KaK ¢ BO3MYIIHBIM, TaK 1 ITPUIO-
POIHBIM BbICOKOCKOPOCTHBIM TPaHCIIOPTOM
(puc. 3, 4).

2. BBICOKOCKOPOCTHBIX ITEPEBO30K Ha TaJTh-
Hue pacctossHus (o1 1000 km/4). [Ipu 3TOM
KOHKYpEHLIMsI OyAeT ¢ BO3AYLIHBIM TPAHCIIOP-
ToM (puc. 3, 4).

CrnenyeT 3aMETUTh, YTO MOXHO KCITOJIb30-
BaTh OJIMH ITyTh [UISI BCEX MepeBo30K. Paznuune
TOJIKO B rpadMKe IBMXEHUS] M OCHALCHUU
BaroHOB.
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Hectepos C. B., Bopoobée U. A., KoHapaTteHko P. O.

naccaxvpos

Hecmotps Ha oueBUaHbBIE TEPCIIEKTUBbI
MpUMEHEHUs] BAKYyMHOTO I10e3/a, B HEKO-
TOPBIX HUILIAX TPAHCIIOPTHOM NHOPACTPYK-
Typhl B Poccun, B otiimune ot CLLIA, mpoekT
BOCIIPUHMMAETCS BeCbMa CKEITUYECKH,
OTYACTU 3TO CBSI3aHO C OTCYTCTBUEM IIOJ-
POOHOI0 TEXHMKO-3KOHOMUYECKOIO aHAIM -
3a HOBO# CHUCTEMBI M CBSI3aHHBIX C 3TUM
puckoB. JlaHHBIE BOIIPOCHI B HacTosllee
BpeMsI TOJIbKO HAaYMHAIOT IIPOpabaThiBAThCs
[7, 8].

BbiBO4bl

Hauur mpenBapuTenbHBIN aHATIN3 TOKA3bI-
BAET, YTO ITPU CO3AAHUN TPAHCIIOPTHOM CUC-
TeMbI TpoTsizkeHHOCThIO 1000 KM 0K0I10 90 %
BCEX 3aTpaT yIAIET UMEHHO Ha IPOEKTUPOBA-

BaKyyMHbIVI noe3a: NONCK HULIU Ha PbIHKE NEepeBo30K
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Puc. 4. PaymnoHanbsHble cpepbl MPUMEHEHUS MACCAXKUPCKOro TPAHCMopTa Ha OCHOBE MarHUTHOW 1IeBUTauun
B pa3pexeHHovi cpege. CneBa HanpaBo B COOTBETCTBUU C MUKTOrpaMmMaMmn HaBepxy pUCyHKa: 1 — INYHbIA
aBTOMOGW/Ib; 2 — CKOPbINi PeJIbCOBbIN Ha3€MHbIV TPAHCMOPT; 3 — BbICOKOCKOPOCTHOW PeJsibCOBbIN TPAHCIOPT;
4 — aBnayunsi; 5 — marnes; 6 — BaKyyMHbIVi noe3n.

HUE U NIPOKJIAIKY BAaKYYMHOTO TpyOOIIpOBO-
na. [ToaTomy 0e3 BHeIpeHUs] HOBBIX, JEUCT-
BUTEJIbHO BbICOKOTEXHOJOTUYHBIX PELICHU I
B 9TOi1 00J1aCTH, OCHOBAaHHBIX, B YACTHOCTH,
Ha CHIDXKEHHMHM MaccChl TpyOOIIpOBOIa, C CO-
XpaHEeHUEM MPOCTOTHl U3FOTOBJIEHUST KOH-
CTPYKLMU, MPOYHOCTHBIX XapaKTePUCTUK
U TepMETUYHOCTHU, JAHHBII IPOEKT HE BhIN-
JIET 32 paMKM TECTOBOI'O TPEKa.

B o701 ¢cBA3M HEoOXOAMMa TaJbHENIas
KOoIepalus KOMIETEHTHBIX TPEeANPUsATUR
B 00J1aCTU MarHMTOJIEBUTALIMOHHOIO, a3PO-
KOCMUYECKOT0, XeIe3HOAOPOKHOIO TPaHC-
nopTa, a TakXXe CIelMaJMCTOB M0 BAKyyM-
HOM M KPUOTEHHOM TEXHUKE, adPOIUHAMU -
K€ C LIeJIbIO TTOATBEPXKAEHUS UJIU OTIPOBEP-
XKEHHUS pPeaju3yeMOCTU MNOCTABJIEHHBIX
3a/a4 B KOHCTPYUPOBAHUM U HETTOCPEICT-
BEHHOM CO3/IaHWY BAaKYYMHO-JIEBUTALIMOH-
HOI TPaHCIIOPTHOM CUCTEMBI, OLIEHKHN €&
SKOHOMUYECKO 11eJ1eCO00pa3HOCTH CeTOI -
HS W B OJMKaimeMm OyaymieM, a Takxke
C LI€JIbIO PA3BUTUSI CAMOM UAEU U TOTIOJIHE-
HUS HOBBIMU TEXHUYECKUMU PELICHUSIMU
C YU4ETOM TE€XHOJIOTMYECKOTO Iporpecca.

JINTEPATYPA

1. OueHka KpynHbIX MTHOPaCTPyKTYPHBIX IPOEKTOB.
3anmauu v pemenus // rzd.ru: caiit — Poccuiickue xemne3-
Hble poporu. 2013. [DaekTpoHHbIit pecypce]: http://rzd.
ru/dbmm/download?vp=1&load=y&col_
id=121&id=71716. doctyn 11.10.2016.

2. POITH u PK]] 06cyX1aloT MAIOTHBIE TIPOEKTHI TIO
npuMeHeHuto TexHonoruu Hyperloop // PUA Hooctu.
2016. [DnekTpoHHBIl pecypc]: http://ria.ru/
economy/20160622/1449639464.html. octym 11.10.2016.

3. B Poccuu pabGoTaioT Haj aHaJIoraMy BaKYyMHOTO
noesna Hyperloop // PUA HoBoctu. 2016. [ DeKTpOHHbBII
pecypc]: http://ria.ru/economy/20160520/1436931658.
html. Jocrymn 11.10.2016.

4. IMepenbman £. W. 3anumarennbHas dusuka. [DnekT-
poHHBII pecypc]: http://www.eduspb.com/public/books/
nauch_pop_uch/perelman_fizikal.pdf. Joctym 11.10.2016.

5. laBpuiioB f. M., MHauakaHoB B. A. BaroHsl
METPOTIOJIMTEHA C UMITYJIbCHBIMU IIPEOOPa30BATENIIMU. —
M.: Tpaucnopr, 1986.— 230 c.

6. Hyperloop B MocKBe MOTYT ITyCTUTb B @3pOIIOPTHI
u B HoByio Mocksy// PUA Hosoctu. 2016. [DaekTpoH-
HBI pecypc]: http://ria.ru/moscow/20160617/
1449031333.html. Joctym 11.10.2016.

7. B Poccuu miaHupyoT co3aaTb KOHUEILMIO CUC-
TeMbl «ietaloumx» noesnos // PUA Hosoctu. 2016.
[ DnekrponHslii pecypc]: http://ria.ru/science/20160318/
1392431702.html. Joctym 11.10.2016.

8. Biractit MOCKBBI TIOPYY TN M3yYUTh BO3BMOXKXHOCTh
npumeHeHus: Hyperloop B cronuue // PUA Hosoctu.
2016. [DnekTpoHHBIl pecypc]: http://ria.ru/
economy/20160617/ 1449031025.html. Joctyn
11.10.2016. ®

KoopauHatel aBTopoB: HecTepoe C. B.—- sbnesterov@niivt.ru, Bopo6bée U. A.- Vorobiev@niivt.ru,

KongpateHko P. O.- r.kondratenko@niivt.ru.

Cratbs noctynuna B pegakumio 11.10.2016, npuHaTa k nydnankauum 22.12.2016.

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 112-121 (2017)

Hectepos C. B., BopoobéB U. A., KoHapaTteHko P. O. BakyyMHbI! Moe34: MOUCK HULLN Ha PbIHKE MePeB030K

naccaxvpoe




MARKET

S. A. Vekshinsky, Moscow, Russia.
Moscow, Russia.

S. A. Vekshinsky, Moscow, Russia.

ABSTRACT

The necessity and profitability of creating a
transport system with speeds that are multiples of
1000 km / h (up to 6000 km / h) is constantly being
discussed by the world scientific community. Today,
the only way to increase the speed of rail transport
to such values is seen in replacing the wheel-rail

transport, high-speed trains.

Background. According to UN estimates, the
number of inhabitants of the planet will reach 9,2
billion by 2050. This is a record high figure, considering
that in 2009 the figure was 6,8 billion, in 1950 it was
2,5 billion. In addition, 70 % of earthlings are crowded
in cities, to save the communication between which
high-speed transport networks are now called.

The American transnational oiland gas corporation
ExxonMobil forecasts that by 2040 the demand for
transportation services will increase by more than
40 %, mainly due to business travelers.

The scale of the territory of Russia and the nearest
countries, the length of their potential highways force
us to seek ways to increase the speed characteristics
of transport [1-3]. For example, the length of
Moscow-Beijing route is 7769 km (and the journey at
projected speeds of the high-speed railway (HSR) will
take at least 32,8 hours).

The problems at short distances are worth noting.
Today, in Moscow and the Moscow region, a
significant inequality between the center of the
megapolis and its periphery remains at the labor
market. Obviously, labor market integration tools (one
ofwhich is a developed transport system) do not work
with the same efficiency as in the labor markets of
European megacities.

Compatrative graphs ofthe calculated dependence
income-distance to the center for Moscow region and
Europe are shown in Pic. 1.
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Pic. 1. Estimated dependence salary (income) —
distance: 1 — Europe (Germany, Sweden,
Netherlands); 2 — Moscow region.

The data source is Rosstat [1].
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VACUUM TRAIN: FINDING A NICHE IN THE PASSENGER TRANSPORTATION

Nesterov, Sergey B., JSC Scientific Research Institute of Vacuum Technology named after
Vorobiev, Ivan A., JSC Scientific Research Institute of Vacuum Technology named after S. A. Vekshinsky,

Kondratenko, Rim O., JSC Scientific Research Institute of Vacuum Technology named after

system with a magnetic suspension system and
replacing the natural environment with an artificially
created one, in which the aerodynamic resistance for
transport will be small. The article considers the niche
of the transport market, which can be occupied by a
vacuum train in a competitive struggle with high-
speed and air transport.

Keywords: vacuum train, comparative analysis, competition, niche search, maglev, air transport, railway

With the improvement of public transport
efficiency, one should expect the integration of labor
markets and the smoothing of the income—-distance
curve. Ideally, when the development of our transport
system overtakes the European level, there will be a
redistribution of people in space, the Moscow
agglomeration with intensive production,
transportation and cultural ties will expand, the
population density in the middle and far areas of
Moscow region will increase. In the limit, the
development of the transport network to the European
level can reduce the income elasticity of the time en
route to the European level, which will increase the
average salary in the middle areas of Moscow region
by 1,5 times.

Speed characteristics of a vehicle, be it an
airplane, train, car, depend on its ability to change,
adapt to the environment:

— to change the geometric shape (the shape of
the aircraft fuselage, the shape of the high-speed train
is changed to suit aerodynamics);

—to change the shape of the movement of its parts
(change in sweep, slats and flaps of the aircraft);

—to change the transmission (replacement of the
wheel-rail system by the magnetic levitation system
to reduce the friction on the rails).

However, there are cases when further adaptation
to environmental conditions is impossible or too time-
consuming.

For example, the usual speed in civil aviation is
about 850 km/h, although the speed records are
above several thousand km/h, and the trains carry
passengers at speeds of 80-350 km/h, although the
speed record is near 600 km/h.

In both cases, the increase in speed is impeded
by aerodynamic drag. It grows as a square of speed,
and energy costs as a speed cube. Let’s say that with
an increase in speed by 2 times, the aerodynamic
drag will increase by 4 times, and the energy
consumption — by 8 times.

A possible solution to this problem for rail
transport is the replacement of the environment by
an artificially created one, in which the aerodynamic
resistance will be small, for example, by placing the
train in a pipeline with a reduced pressure. This
solution is not new, it was proposed more than a
hundred years ago, the first experiment in the world
with the movement of the body in a vacuum tube due
to the electromagnetic field was putin 1911-1913 by
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and diesel locomotive; 3 — civil
aviation; 4 — maglev trains.

Table 1
City express Moscow—New Moscow (40 km)
Vacuum train Maglev HSR

Distance between stops, km 40 40 40

Time rate of change, m/s? 1 1 1
Maximum speed, km/h 720 603 350

Travel time, min 7 7,5 8,5
Embarkation-disembarkation time, min 5 5 5

Distance of speeding-up, braking (assumed equal), km 20 7,8 4,7

the Russian professor Boris Veinberg at the Tomsk
Institute of Technology. In addition, it is not so as a
man is the only creature on Earth that does not adapt
to the environment, but changes it for himself.

«l cannot forget that stunning impression that this
bold and original project made on the cold Petersburg
public when the inventor in a brilliant lecture drew a
picture of the future struggle against space before
the audience», Ya.l. Perelman wrote in «Entertaining
Physics» [4].

Let’s consider the niches that a vacuum train can
take.

Objective. The objective of the authors is to
consider possibilities for using a vacuum train in the
Russian passenger transportation market.

Methods. The authors use general scientific and
engineering methods, economic analysis,
comparative method, statistical analysis.

Results.

1. The Metropolitan. The niche cannot be
occupied. The limiting speed of communication
between underground stations, which in the future
subway cars, which will be technically better than
today, will be able to provide, will not exceed
50km /h [5]. Itis limited to the maximum permissible
for the passenger acceleration and deceleration of
cars, the conditions of stability and safety of train
traffic, etc. The stability of traffic here means the
possibility for trains to realize the speed of the traffic
logged in the traffic graph steadily, even with
occasional delays at the stations. If the train is
delayed, the train must ensure that the lost time is
overtaken directly at the next haul. If it fails to do
this, then at the next station more passengers will
wait for it than usually, and the probability of another
delay will increase. A consequence of this situation
may be a traffic schedule failure. Unplanned train
delays at stations during peak hours occur regularly
and range from 5 to 10 seconds. The need to have
a 10-second run-time reserve for overtaking

random delay in the most restricts the possibility of
plotting the schedule of trains with speeds of more
than 50 km / h.

2. City express and aeroexpress. The niche
cannotbe occupied. Today, there are news about the
possibility of using a vacuum train as an aeroexpress
[6]. This type of transport is needed to provide
accelerated transport links with large suburban areas,
airports or satellite towns with a minimum number of
stops on the route. For example: city express Moscow—
New Moscow, distance 40 km. However, due to the
short distance between stops, the travel time for the
vacuum train will be comparable to HSR or maglev. This
niche is perfect for them, and the problem of noise can
be solved in a more economical way — installation of
soundproof shields (Table 1).

3. Suburban electric trains. The niche cannot
be occupied. Suburban electric trains are designed
for transport connections of cities with the nearest
suburbs, as well as between neighboring settlements,
they are designed for distances of up to about 200 km.
The average distance between stops on the routes
served by suburban electric trains is usually from 2.5
to 5.0 km. Due to the small distance between stops,
this niche cannot be occupied by a vacuum train
either.

4. Interregional electric trains (local). The
niche can be partially occupied. Interregional trains
are used on routes of suburban and long-distance
traffic with stable passenger flow for distances from
100 to 1000 km between cities with stops only in large
populated areas or without intermediate stops. Table 2
shows a variant of an interregional communication
with stops every 100 km and a distance of 1000 km.

5. Long-distance trains. The niche can be
occupied. Trains of this type move to a distance of
700 km with stops only in large settlements or without
intermediate stops on the route. Table 3 shows a
variant of a long-distance train following a distance of
1000 km without stopping. This can be a route
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Table 2
Interregional communication with stops every 100 km

Vacuum train | Maglev | HSR
Total distance, km 1000 1000 1000
Distance between stops, km 100 100 100
Time rate of change, m/s? 1 1 1
Maximum speed, km/h 1000 603 350
Travel time between stops, min 10,6 15,5 18,7
Total travel time, including time for embarkation-disembarkation, min/h 161/2,6 210/3,5 |242/4
Embarkation-disembarkation time, min 5 5 5
Distance of speeding-up, braking (assumed to be equal), km 38,6 7,8 4,7
Time of speeding-up, braking (assumed to be equal), min 4,6 2,1 1,6

Table 3
Long-distance trainss (1000 km)

Vacuum train | Maglev HSR
Total distance, km 1000 1000 1000
Distance between stops, km 1000 1000 1000
Time rate of change, m/s? 1 1 1
Maximum speed, km/h 1000 603 350
Travel time between stops, min 55,4/0,92 135,4/2,3 |173/2,9
Total travel time, including time for embarkation-disembarkation, min/h 85,4/1,4 165,4/2,6 |203/3,4
Embarkation-disembarkation time, min 30 30 30
Distance of speeding-up, braking (assumed to be equal), km 38,6 7,8 4,7
Time of speeding-up, braking (assumed to be equal), min 4,6 2,1 1,6

Pic. 3.
Interspecific
competition
in passenger

transport.
The data source is
Rosstat [1].
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between large cities with large population, for
example, Moscow-Saint Petersburg, Moscow—
Kazan, etc. This will create a new generation transport
infrastructure that will closely connect megacities and
regions of the Russian Federation.

As aresult, the considered transport system
taking into account the specificity of speeding-up
can occupy the niches of:

1. Inexpensive high-speed transportation with a
large passenger flow for medium distances (100-
1000 km). At the same time, competition will be with
both air and suburban high-speed transport(Pic. 3, 4).

2. High-speed transportation for long distances
(from 1000 km/h). At the same time, competition will
be with air transport (Pic. 3, 4).
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It should be noted that it is possible to use one
track for all transportation. The difference is only in
the traffic schedule and equipment of cars.

Despite the obvious prospects for the use of a
vacuum train, in some niches of the transport
infrastructure, in Russia, unlike the US, the project is
perceived very skeptically, partly due to the lack of
detailed technical and economic analysis of the new
system and the associated risks. These issues are
only just beginning to be worked out [7, 8].

Conclusions. Our preliminary analysis shows
that when creating a transport system with a length
of 1000 km, about 90 % of all costs will go specifically
to the design and laying of a vacuum pipeline.
Therefore, without the introduction of new, really
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Pic. 4. Rational areas for the use of passenger transport on the basis of magnetic levitation in rare medium.
From left to right in accordance with pictograms on top of the picture: 1 — personal car; 2 — speed rail ground
transport; 3 — high-speed rail transport; 4 — aviation; 5 — maglev; 6 — vacuum train.

high-tech solutions in this area, based, in particular,
on reducing the weight of the pipeline, while
maintaining the simplicity of construction, strength
characteristics and tightness, this project will not go
beyond the test track.

In this regard, further cooperation is needed
between competent enterprises in the field of
magnetic levitation, aerospace, railway transport, as
well as specialists in vacuum and cryogenic
engineering, aerodynamics with the aim of confirming
or refuting the feasibility of the tasks set in the design
and direct creation of a vacuum-levitation transport
system, evaluation of its feasibility today and in the
near future, as well as for the purpose of developing
the idea itself and supplementing it with new technical
solutions taking into account the technological
progress.
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B cTtaTtbe aHann3npyroTcsa o0co6eHHOCTH
CUHAULINPOBAaHHbIX KPEAUTOB

AJ1s1 TPAHCMOPTHbIX KOMMaHUMN.
PaccmartpuBalorcs uenn, Ha KOTopbie
3aéEMLUNKN N3 TPAHCMOPTHOM OTpac/in
npuBsieKaloT cpeacTsa, U TpeboBaHus
K npegocrtaBJ1I€eHUIIoO d)MHaHCOBle

Y MHOPMaLMOHHbIX MaTepunasonB

B paMKax COEJIKU. npe,qcrasnenu
KJ1I04eBble aTanbl ripolecca
npuBsie4eHns1 CUHAULIMPOBaHHOIO
KkpeauTa v PYHKLNN OCHOBHbIX €ro
y4YacTHUKOB, NMpyv 3TOM Kputepuem
ycrewHoOCT! BbICTyraeT CooTseTcTeue
MOJTy4YEHHbIX Pe3yJIbTaToB LieJIsIM
oriepauv n yCtaHOBJIeHHbIM CPOKaM.

Knwo4yeBsbie cioBa: 3KOHOMUKA,
purHaHCUpPoBaHMe TPAHCMOPTHbIX
KOMMaHw, CUHANLMPOBaHHOE
KpeamToBaHmne, 40JIr0OBOM PbIHOK,
KOpropaTtuBHbIE PUHAHChI, YC/I0BUS
caesnku, GrHaHCOBbIVI MEHEKMEHT.
|

duHaHcpoBaHne KoMmnaHum
CUHANLMPOBAHHbLIMM
Kpeautamm

Tapacoe Arexceii Apkadvesun — kanoudam
SKOHOMUHECKUX HAYK, 6edyuiuil npoepammsl Executive
MBA, kagedpa «Konuuecmeennvie memoovt

6 menedxcmenme» Uncmumyma 6usHeca u 0e106020
aomunucmpupoganus Poccuiickoti akademuu
HApoOH020 X035Licm8a U 20cy0apcmeeHHOl cAYHcObl
npu Ilpesudenme PO, Mockea, Poccus.

JIST 3a€MILUMKOB U3 TPAHCIIOPTHOM
OTpaciyv PpIHOK CUHIULIUPOBAHHO-
ro KpeIUTOBAHUS SIBJISIETCS BaX-
IM UCTOYHUKOM MTPUBJICUEHUS JEHEXHBIX
cpenctB. CUHIMUIUPOBAHHBIN KPEAUT
MPUBJIEKAETCS C AOJITOBOTO PbIHKA MyTEM
CUHAUKAIUU CPEIU LIMPOKOW Oa3bl UHBE-
ctopoB [1]. KoMmMyHuKaMs U TMaaTexu
MEXIY KpeAUTOpaMUu U 3aE€MILUKOM OCY-
IIECTBJSIOTCS Yepe3 areHTa Mo KpeauTy
(4TO ympouraetT aiMUHUCTPATUBHYIO U OTle-
PAalMOHHYIO HAarpy3ky Ha BOBJIEYEHHBIE
CTOPOHBI).

B pamkax cMHAMIIMPOBAHHOTO KpeauTa
OaHKM-MapTHEPHI 3a€MILIMKA TPEIOCTaBISI-
IOT CYLIECTBEHHBII 00BEM CPENICTB, MPEBHI-
AU BO3MOXHOCTU IBYCTOPOHHETO
0aHKOBCKOTO KpeauUTa, Ha pa3anyHbIe Ieau
(BKJIIOYAas UHBECTULIAU U CAEJIKU MO CIUSI-
HUSIM U TIOTJIOIEHUSIM).

1. LEJIU U UICTOYHUKHU

KoMmaHuu TpaHCmOpPTHOU oTpaciau
MpuBJieKaoT hMHAHCUPOBAHUE JJIsI pa3-
JVYHBIX 1iefieii. OCHOBHBIE U3 HUX:

* Bpumax-dpuHancupoBaHue (KpaTKo-
cpouHoe). [IpoBoauTcs, ecim KOMIaHUU
HYXHO CPOYHO TIPUBJIEYb CYIIECTBEHHBIN
00BEM CPENCTB IMepel MPUBJICUYEHUEM CUH-
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JUIIMPOBAHHOTO KPEIUTA VJIN pa3MeIleHM -
€M Ha pbIHKaxX KaruTaja BbIITycka o0aura-
LMK UK aKUUid, a TaKXKe JJ1s1 pacu€TOB IO
cIeJIKaM TIpY CIUSIHUM Y MOTJIOIIEeHUH.

* OOwmexkoprnopaTuBHbIE LieJu (Cpem-
HecpoyHoe). YKa3bIBaloTCs, KOraa mpuBJe-
YeHHBIE CPeNCcTBAa KOpIopalus OyAeT uc-
MOJIb30BaTh Ha IMOTOJHEHWE 00OPOTHOTO
KamnuTajga U co3laHue 3armaca JUKBUIHO-
CTH.

* PecdbuHaHcupoBaHue TeKyUIei 3a10J1-
JKEHHOCTH (CpeaHe- U JOJTrOoCpOvYHOe).
Llenbio aBastorces: (1) yBenuueHue cpeaHe-
ro cpoka KpeauTHoro noptdens; (2) npu-
BJICUEHUE KPEIAUTOB IO 00Jiee BHITOJHBIM
crtaBkaMm; (3) nuBepcuduKanus UCTOUYHU-
KOB (pMHAHCUPOBAHUS TIPUBJEUYECHUEM
CPENCTB OT UHBECTOPOB, HE SIBJISIONIUXCS
TeKYIIUMU KPEAUTOPAMU.

* DduHAHCUPOBAHME CIAEJIOK MO CIUSI-
HUSIM U TOTJOILIEHUSAM (JOJTOCPOUYHOE).
Takoro poja CIeJ K1 MOTYT BKJIIOYaTh ITPH -
00pEeTeHUST POCCUMCKUX U MEXKTyHAPOTHBIX
KOPITOpaInii, IBJISIIOMIMXCSI KOHKYPEHTaMU1
(B 1eJsIX TOPU3OHTAJbHOW MHTETpalluu,
pocTa 1071 PhIHKA) WJIM YYaCTHUKAMU Off -
HOM TPaHCIIOPTHOM LEeNOYKHU (IJIs1 MPpeIo-
SKeHWS YCIIYT 110 MYJIBTUMOIATbHBIM TIepe -
BO3KaM).

* @uHaHCUPOBAaHUE UHBECTUIIMOHHOM
nporpamMmsl (IoJarocpouyHoe). Bkiouaet
KamuTaJdbHBIE 3aTPaThl, MOJEPHU3AIUIO
MOJIBMXXHOTO COCTaBa, MPUOOpEeTEHNE HO-
BBIX TPAHCIIOPTHBIX aKTUBOB, MHBECTUIIN U
B TEXHOJIOTUU.

* [IpoexkTHOE (hMHAHCUPOBAHUE (IOJI-
rocpouHoe). CnenuaabHbIi BUI 1151 pa3BU-
THSI OM3HEca, KOT/Ia CpeIcTBa IMPeI0CTaBIsI-
FOTCS TSI peain3aliiy OTAeIBbHOTO ITPOEKTa,
a He HampsMylo KoMmnaHuu [2].

CTpyKTypa KanuTajia KOpIIopaiy CIIy>KUT
WHCTPYMEHTOM CO3JaHUs aKIIMOHEPHOU
CTOMMOCTH TIyTeM peau3alliid WHBECTUIIN-
OHHBIX ITPOEKTOB U ONTUMU3AIINY 3aTpaT Ha
00CyXMBaHUE TPUBJEYEHHBIX CPENCTB
(weighted-average cost of capital, WACC).
Hoctyn K (bMHAaHCUPOBAHUIO SIBJISIETCSI HECOM -
HEHHBIM KOHKYPEHTHBIM TTPEUMYIIIECTBOM.

K mHCTpyMeHTaM KOpropaTuBHOTO hu-
HAHCUPOBAHMS TIPEXIE BCETO OTHOCSITCH:
(1) xpenuThl (0AHKOBCKHUE, CHHAUIIMPOBAH-
Hble, MPOeKTHOe (puHaHcupoBaHue) [3];
(2) obnurauuu (pybaeBbie, eBpoodaUra-
nuu) [4]; akuuum (pa3MenieHHbIe KaK Ha
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POCCUMCKUX, TaK U MEXIYHAPOAHBIX OUP-
xax) [5]. [Ipu aTOM MEHEIKMEHTY Ba>KHO
MOHUMaTh, KakKue UMEHHO (hMHAHCOBbIE
WHCTPYMEHTBI ONTUMAaJIbHO MCIIOJb30BaTh
¢ TOUKM 3peHus: (1) Tekyuiero arama pas-
BUTHUS (SIBJISIETCS JIU KOMIAHUS YaCTHOU
WK NyOJIUYHOU, OOBEM BBIPYYKU U T.1I.);
(2) ueneit duHaHcUupoBaHUS (peanu3alus
WHBECTUILIMOHHBIX MPOEKTOB, CIEIKHU IO
CIIMSIHUSIM U TIOTJIOLIeHUsIM); (3) nocTym-
HBIX UCTOYHUKOB (PMHAHCUPOBaHUS (Cpe-
CTBa aKIIMOHEPOB, JIOKAJTbHBIX U MEXKITY-
HapOIHBIX UHBECTOPOB).

2. OCOBEHHOCTHA
CUHAOANUUNPOBAHHbIX KPEOUTOB

OCHOBHBIE CTPYKTYpPHBIE BJIEMEHTHI
CUHIUILIMPOBAHHBIX KPEAUTOB JJISI TPAHC-
MOPTHBIX KOMTAHUIA:

1. O6BeéM kpeanTa: MeHee 500 MIH pyoO.;
ot 500 maH go 1 mapx py6.; 6omee 1 mapna
pyo.

2. Bamrora kpenuta: pyonu, nomi. CILIA,
€BpO (BO3MOXHO CTPYKTYPUPOBAHUE C/IEI-
KU1, COCTOSIIEN U3 HECKOJIbKUX TPAHIIEMH,
Hampumep — B pyOJISIX U B UHOCTPAHHOU
BaJIfoTe).

3. Cpok KpenmuTa: KpaTKOCPOUHBIN (10
1 Troma), cpemHecpouyHHIA (0T 3 mo 5 JeT),
IOJITOCPOYHEI (6oJee 7 JeT).

4. Ipacduk moraiieHus KpeIuTa: CTPyK-
Typa aMOpTU3aIlnU (eXeKBapTaJlbHbIE UTU
€XeMeCSYHbIE BBITIATHI MPOILIEHTOB U OC-
HOBHOW CYMMBI KpeauTa), JJIUTEIbHOCTD
JIbTOTHOTO TIepUOa, YCIOBUS TOCPOUHOTO
rnoranieHus (KaK mo peueHuto 3aéMIinKa,
TaK ¥ M0 TpeOOBAHUIO KPEAUTOPOR).

5. IlpoueHTHas ctaBKa: GUKCUPOBAH-
Has Wi TjiaBatolias (IpuBs3aHHas K CO-
OTBETCTBYIOLIEH 0a30BOI CTaBKE AJIS1 BAJIO-
THI KPEIUTA U CPOKA MPOLIEHTHOTO TIEPUO-
Jla, HalIpuMep: TpEXMeCIUYHbIE Mocrpaiim
IUTIOC KPEeAUTHAST MapKa).

6. CtpyKTypa obecrneyeHHUs: MOPYyIr-
TEJbCTBA WU TapaHTUU XOJJAUHTOBOU
KOMIaHUM 3a€MINUKA U/UIN TOYEPHUX
MPEeATPUSITUI, 3aJI0T aKTUBOB (ITOJIBUKHO -
ro COCTaBa, CyloOB), YCTyNKa mpaB Tpebo-
BaHUSI TTO KOHTPAKTaM.

7. ®uHaHCOBBIE KOBEHAHTHI: KO3 -
IIUEHT OTHOIIEHUS YMCTOTO JI0JITa K TTOKa-
zarenio EBITDA, koadduuneHT oTHOIIIE-
Hus nokazareiss EBITDA K npolieHTHBIM
BBITIJIATAM.

TapacoB A. A. DuUHaHCUPOBaHUE KOMMaHU CUHAVLUPOBAHHBLIMU KPEAUTaAMN



Taomuua 1
Y4acTHHKH CHHAMIMPOBAHHOIO KPeauTa

YyacTHUK

Onucanue GyHKUIMIA

3aéMuImK

* @opMmynupyeT TpeOGOBaHMSI TTO CTPYKTYpe KpeauTa (CyMMa, CPOK, TpadUK IMOoraIieHust
W T.J.).

* Bener npenBapuTebHBIE IEPETOBOPBI C GAHKAMHM.

* Hasnauaer GaHKM Ha COOTBETCTBYIOIIME POJIU B CHHIULIUPOBAHHOM KPEIUTE.

* YyacTByeT B COIJIacCOBAaHUYM BPEMEHHOTO IpadrKa CIeIKH.

* [lo cormacoBaHMIO C KpeAUTOPaMU Ha3HAYAET IOPUINIECKUX KOHCYIBTAaHTOB CAETKH.
+ CoracoBbIBaeT ¥ MOIMMCHIBACT KPEAUTHYIO TOKYMEHTAIIHIO.

«[lepBUUHBIE»
KPEeIUTOPBI

* DopMUpYIOT «CTapIINii» CHHINKAT.

* Y4acTBYIOT B CTPYKTYPUPOBAHUM CIEITKH.

* [Mosy4aroT cratyc yrmoaHOMOYEHHBIX BEAYIIIX OPraHU3aTOPOB.

+ PaGoraioT HaJ KpeAUTHOM JOKYMEHTALIME.

* BbImaroT Kpeaur, rmepedmcIisist AEHEKHbIC CPEICTBA 3aEMIIMKY Yepe3 areHTa Mo KPeauTy.

KoopauHaTtopst

* OJMH WIK HECKOJIbKO GaHKOB, HazHayaeMbIX 3aEMIIMKOM U3 YuCiia <«IIC€PBUYHBIX» Kp€-
JUTOPOB, YIIPABJIAIOT IIPOLIECCOM peaIM3allu CACIKU.

BykpaHHepbl

* OAMH WIK HECKOJIbKO OaHKOB, Ha3HaUaeMbIX 3aEMILIMKOM U3 YUCJIA «IEPBUYHbBIX» Kpe-
JIUTOPOB, YIIPABJISIOT MTPOLIECCOM CUHIMKALIMK KPEIUTa Ha phIHKE OaHKOBCKOTO KPEIUT-
HOTO KanuTaja, B3aMMOJICHCTBYIOT C KPEAMTOPAMU Ha CTaAUU «O0ILEH» CUHAMKALIMM.

KpenuTtopsl, mpu-
COEIMHSIIOLIECS

K CIIeJIKE Ha CTaiuu
«O0LLIEe» CUHIN-
Kaluu

* QOpMUPYIOT «OOIUiT» CHHAMKAT.

* MIMeloT cTaTyc ymoJHOMOYEeHHBIX BEAYLINX OPraHU3aTOPOB.

* [TonnuceIBaloT KPEAUTHYIO JOKYMEHTALIMIO.

* Bpimaior KpenuT, nepevrcsisi [eHeXKHbIe CPeCTBa 3a€MIINKY Yepe3 areHTa Mo KpeauTy.

ATEHT 110 IOKYMEH-
Tauu

* HasHauaeTcst 3aéMILIMKOM M3 YKCIa «TIEPBUYHBIX» KPEIUTOPOB.
* BMmecre ¢ 1opMINYeCKUMM KOHCYJIBTAHTAMU U KOOPAMHATOPAMU CIEJIKU, YUUThIBasI MHE-
HUS «TIEPBUYHBIX» KPEIUTOPOB U 3a€MIIMKaA, paboTaeT Hall KPEIUTHOM TOKYMEHTALIMEHA.

ATEHT 10 KpeauTy

» Hasnauaetcst 3aéMILIMKOM U3 YKCIIa «[TEPBUYHBIX» KPEIUTOPOB.
* Yepes areHra 1o KpeauTy MPOXOIsT BCe PACYETHI MEXKTY 3a€MIIIUKOM U KPEIUTOPaMU,
a TakKe KOMMYHUKaLUs 1 00OMeH MHpOpMaLmeii.

FOpunnyeckuii
KOHCYJIBTAHT KPeIy-
TOPOB

* HasHauaeTcst 3a€MILIMKOM T10 COIJIACOBAHUIO C aT€HTOM I10 TOKYMEHTALIMK U IPYTUMU
KpeIuTopaMu.

* PabGoTaer HaJl MOATOTOBKOM KPEAUTHOIM JOKYMEHTAIIMU BMECTE C arT€HTOM I10 JTOKYMEH-
TalUU.

IOpuanyeckuii KOH-

* Hasnaugaercs 3aéMIIIUKOM.

CYJBTAHT 3aéMInnKa | * PaGoraer BMecTe ¢ 3aéMILIMKOM HaJl aHATM30M TTOJATOTOBICHHOM KPeIUTHOMN TOKYMEH-
Taruu.

HesaBucumbie * TOTOBST aHATMTUYECKUI 0030 PHIHKOB, HA KOTOPBIX OCYLIECTBIISIET CBOIO AESITEIbHOCTD

KOHCYJIBTAHThI KOpIOparus.
* B HEKOTOPBIX ClIydasix (HarpuMep, Mpy IeOI0THBIX CIEIKaX) MPEIOCTaBISIIOT OTYETHI 110
OTepaMOHHON U (PUHAHCOBOM AESITETBHOCTH.

OLIEHIIIMKYT + Eciu B CTPYKTYpE CIENKHU MPUCYTCTBYET 3aJI0T (AKTMBOB, aKIIMii U T.11.), TOLIA KOPIO-

palyd foJKHaA MPEI0CTaBUTh NHBECTOPaM OTYET C OLIEHKOH 3aKJIaIbIBAEMBbIX aKTHUBOB,
KOTOprfI J1e1acTCA HE3aBUCUMBIMU OLICHIIIMKaMMU.

8. O01IMe KOBEHAHThI: OTpaHUYEHUS Ha
BBITLJIATY AUBUIACHIOB, MPOAaxKy aKTUBOB,
CIEJIKM MO CUSTHUSIM Y MOTJIOIIEHUSIM U T. /1.

9. Ipoune ycnoBus: IpeABapUTEIbHbIC
Ha BbIJAa4y KpeauTa, 3aBEepeHUs] U TapaH-
TUMU, PAaBHO3HAYHOCTh U UAEHTUYHOCThH
00s13aTeIbCTB 3aéMIMKA Mepe] KpeauTo-
pamu, ciaydau gedoira.

10. IIpumMeHUMOE 3aKOHOIATENbCTBO:
POCCHUIICKOE, aHTJIMCKOE UM MHOE MPaBO.
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IIpu Mcmosb30BaHUM AHIVIMMCKOIO IpaBa
[6] mOKyMeHTal s COOTBETCTBYET IMPUHSI-
TBIM Ha pbIHKE cTaHIapTaM AccCOoLMaluu
KkpenutHoro peiHKa (Loan Market Associa-
tion, unu LMA).

Js npuBjeYeHUS] CUHAULKMPOBAHHOIO
KpeauTa OJHUM U3 OIpeae/somux hakTo-
POB YCIIEIIHOM CIEJKHU SIBJISIETCS IIOATOTOB-
Ka HeoOXoaMMbIX (PMHAHCOBBIX U UH(MOP-
MauuMoHHBIX MaTtepuanoB [7]. [IpumepHoe

Tapacog A. A. DuHaHCUpOBaHNE KOMMNaHN CUHAULIMPOBaHHBLIMY KpeanTamMun



Ta0umua 2
CrpykTypa MH(OPMALHOHHOIO MEMOPAHAYMA

Pasnen KomuuectBo | Kpatkoe onucanue
CTpaHMIL

BBenenue 5 KooueBast uH(popmalius KacateJibHO OM3Heca KOMIIaHUK, (PUHAHCOBBIX

pe3yJabratax, pelHKax u crpareruu. SWOT-aHanus.
00630p Kpenura 10 OCHOBHBbIE MTapaMeTPbl KPeIUTa, BOBJICUEHHbBIE B CICJKY CTOPOHBI.
OrnucaHue 25 WcTopust pa3BuTHs KOMIIAHUHU, aKIIMOHEPOB, PHIHKOB, OU3HEC-IPOLIECCOB,
KOMIIaHUU AKTUBOB, JOYEPHUX KOMITAHUI, TOCTABIIMKOB U KIINEHTOB.
AHanuz 10 DuHaHCOBbIE MTOKa3aTeM KOMIIAHUU, KCTOPUYECKasl AMHAMKKA, KITIO-
(HMHAHCOBBIX yeBble KO3 duiMeHThl. JJaHHbIe 0 KpeIUTHOM MopTdee, KpeauTopax
pe3yJIbTaToB M CTPYKTYpE JOJTa.
®uHaHCcoBast 10 AHAIM3UPYIOTCS TIPEATTONIOKEHNS ¥ CTPYKTYPa MOJIEITH, TIPUBOISITCS KITIO-
MOJICITh YeBbIe Pe3yJIbTaThI.
0O030p pbIHKa 10 PaccmarpuBaloTcst OCHOBHBIE XapaKTEPUCTUKU PhIHKA (MM PHIHKOB),

rJie ACHUCTBYET 3aEMIIIMK, OMUCHIBAIOTCS] KOHKYPEHTHbIE MPEUMYILeCTBA

U TIEPCTICKTUBBI.
Ipacduk peanuzauuu | 1-2 'YKazbIBalOTCS JaThl Mpolecca CMHAMKALMU, TTOAIMCAHUSI CIEIKU, BHIOOP-
ceKu KU JIEHEXHBIX CPEJICTB.

comepxXaHue MHGOPMAIIMOHHOIO ITaKeTa
IUJTSI TPAHCIIOPTHBIX KOMITAHUIA:

» duHaHCcoBast OTYETHOCTD 3a TPU T'oja
3aéMIIUKa U MMOPYIYUTEJICH IO KPEaUTYy,
MOATOTOBJIEHHAs] B COOTBETCTBUU C POC-
CUMCKUMU CTaHAapTaMU OyXraJaTepCKOTO
yuyéTa, a TakXe KOHCOJIMIUPOBAHHAS OT-
YETHOCTD IPYIIITBI KOMOAHUM (MU XOJIUH-
TOBOM KOMMOAaHWHU), B KOTOPYIO BXOIUT
3aéMIIUK, COTJIACHO MEXIYHapOIHBIM
craHmapTaM ¢MHAHCOBOI OTUETHOCTH.

* KpeauTtHsiii mopTdenb ¢ TaHHBIMU
0 CTPYKTYyp€ IoJTra 3aéMIINKa 1 pacipene-
JICHUM OOJTOBOII HATPY3KM II0 IOPYUHUTE-
JIIM (BKJTF0Yast MH(POPMAIIAIO TI0 KaXKIOMY
U3 JOJITOBBIX UHCTPYMEHTOB: TUI, O0BEM,
BaJIloTa, JaTa BbIJIAyM, JaTa IOTAIICHMUS,
MIpPOIICHTHAs CTaBKa, 00eCIeYeHNE, NUCTOY -
HUK (pMHAHCUPOBAHMUSA).

» duHaHCcOBast MOJIEJIb HA CPOK KPEar-
ta roc 1—2 roga. OHa J0JIKHA coaepkaTh
OCHOBHBIC OJIOKH: TIPEATIONOXEHUS, OTUET
O MpUOBIIAX M YOBITKAaX, 0ajxaHC, OTYET
O IBUKEHUHU ICHEKHBIX CPEICTB.

* OTuéT O pe3yabTarax olepalMoHHON
NIesITeIbHOCTH 3aéMIIMKa, BKJIFOYasl TaHHbIe
0 TPAHCIIOPTHBIX CPEeICTBax, reorpaduu
O0u3Heca, IMHAMUKE W CTPYKTYpe MpoIax,
OCHOBHBIX KJIMEHTAX, MOCTAaBIINKAX.

* AHAJIUTUYECKUI 0030p PBIHKOB (OU-
HaM1Ka 00bEMOB U LIEH, TIPOTrHO3bl, KOHKY-
peHIIMS ), Ha KOTOPBIX paboTaeT 3aéMIIUK.
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* HezaBucumasi olicHKY 3aKjiaaabIBac-
MBIX aKTUBOB.

[ToaroroBieHHBIC 3aEMIITUKOM YCIOBUS
KpeauTa U MH(POPMAIMOHHBIN MaKeT Ha-
IIPaBJISIFOTCS 0aHKaM, KOTOPBIE C ITIOMOIIIBIO
9TUX MaTepHaJIOB IOJIYy4YaloT OJ00peHUE
KPEeIUTHBIX KOMUTETOB Ha YYacTHE B CIIET-
Ke.

3. NOAroToOBKA KPEAUTA
N YHYACTHUKU COEJNTIKU

[IpenBapuTeabHas OATOTOBKA K CIIEJIKE
BKJIIOYAET ONpejesieHue Leseii (hpuHaHCH-
pOBaHMs, CTPYKTYyPpUpPOBAaHUE YCIOBUM
U IIPOXOXKIEHNE HEOOXOAMMBIX BHYTPUKOP-
MOPaTUBHBIX MPOIECCOB.

BHyTpuKOpIIOpaTUBHBIE ACITEKThI — 3TO
YTBEPKIEHUE CTPYKTYPhl U IJIaHA peaiu-
3allMU CIEJIKU, CIIUCOK YYaCTHMKOB U MX
ponu (0aHKM, OPUCTBI, KOHCYJIbTAHTHI),
aHaJIM3 PUCK-MEHEIXKMEHTa, OI0IKETUPO-
BaHue (ocTaBjeHME rpaduKa ABUKECHUS
JIEHEKHBIX CPEJCTB, IJIaHUPOBAHUE PACX0-
JIOB I10 OOCJYyXXMBaHUIO MPUBJIEKAEMOIO
¢uHaHCUpOBaHUS), TTOTyYEeHUE IOpUANYE-
CKHUX OHOOpeHM (BKIIOYasl coTacue ak-
LIMOHEPOB KOPITOPAIIUN).

IMonyyuB oT 6AHKOB COOTBETCTBYIOLINE
3aKJIIOYEHMST, 3aEMILMK Ha3HAYaeT OJMH WUJIn
HECKOJIbKO 0aHKOB KOOpPAMHATOpPaMu
n OyKpaHHepaMu cAeaKu, GopMUpPYET
«CTaplIuii» CUHAMKAT U3 «IIE€PBUYHBIX»

TapacoB A. A. DuUHaHCUPOBaHUE KOMMaHU CUHAVLUPOBAHHBLIMU KPEAUTaAMN




K chenke, 4—5

Ta6mmna 3
IIpouecc npuBieYeHNs] CHHAMIMPOBAHHOTO KPeauTAa
Drar, KoJi-BO YyacTHUKM HeiictBus
Heaelb
IToarotoska 3aéMILIUK * [IpuHsiTHE peLIeHys O MPUBJICUYEHUN CUHANIIMPOBAHHOTO KPEUTA.

« [penBapurebHOE CTPYKTYPUPOBAHUE CICITKH.

+ CocraBjieHHe CIHMCKA MOTEHIMATbHBIX YYACTHUKOB CICTKH.

« T[IpoxoxkneHue rmporecca pUcK-MeHeKMEHTa.

+ CocrasiieHue rpaduka IBUXKEHHsI TIPUBICYEHHBIX TEHEXKHBIX
CpeCTB.

Bsaumoneiicteue
¢ bankamu, 3—4

3aéMIIUK, «ITepBUY-
HbIE» KPEAUTOPbI

+ 3aéMIIUK HarpasiseT 0aHKaM MH(GOPMALIMOHHBIH MaKeT U Tpe-
BapuUTEIbHbBIC YCIOBUS CIEJIKK ISl BBISIBJICHUSI MHTepeca K KPEIUTY.
* baHku HanpaBIAIOT 3aEMIIMKY MUChbMa, COIEPXKAIIUE PEIICHUS
0aHKOB 00 yUacTUU B CEJIKE.

+ 3aéMIIMK Ha3HavYaeT 0aHKU Ha COOTBETCTBYIOIIIKME POJIU B CHEIIKE.
» PazpaboTka 1 moanucaHue MaHIaTHOTO MUChMa.

* HasHauyeHue opuan4ecKux KOHCYJIbTaHTOB.

TTpouecc cuHan-
Kaiuu, 4—5

BykpaHHepbl, Kpe-
JIATOPBI, TIPUCOEIM-
HSIIOIIMECS K CIETKE
Ha CTauM «OOIIei»
CHUHIVKALUU

+ CocraBiieHHe «IJIMHHOTO» CIHCKa OAHKOB.

» BykpaHHepbl HaNpaBJISIOT GaHKaM U3 «IJIMHHOTO» CIUCKA MTMChbMO
C MPUTJIAIICHUEM [TPUHSATH Y4acTHe B CAENKe, a TAKxKe MH(popMarim-
OHHBIII MEMOPAHIYM.

* baHku nprHUMAIOT pelieHue 00 yyacTue B CIeIKe U 3ayCKaloT

K CHIeJIKE.

MPOoLECC MOYYEHUsT KPEIUTHOTO O00PEHMS.
* ®opMUPYETCS «<KOPOTKHUI» CITUCOK OAHKOB.
* [MonyuuBime KpeanTHOE 0100peHe GaHKU MPUCOSTUHSIIOTCS

TMonroroBka kpe- | FOpunuueckue

* [ToaroToBKa KpeaIMTHON TOKYMEHTALIMKM OCYILIECTBIISIETCS Mapasi-
JIUTHOM TOKYMEH- | KOHCYJIBTAHTBI, areHT | JIeJIbHO MPOLECCY CUHIMKALIMHN.

C/ICJIKM U Bbl1aya
Kpeawra, 1—2

CYJBTaHThbI, ar¢HT 110
JOKYMEHTAILIMM, ar€HT | KpeauTa.

PbI, 3aEMILMK

Tauuu, 4—5 1O TOKYMEHTAaLlUM,
KPEIUTOPHI, 3aéMILUK
IMoanucanue IOpuanyeckue koH- | * TloanucaHue KpeAUTHOM TOKYMEHTALIU.

* BrimosnHeHue 3a€MUIMKOM MTPEABAPUTENbHBIX YCIOBUNA BbIAAYN

O KPenuTy, KpeauTo- | * Bblgaua kpeauTa.
« [TyGnukauus mpecc-pesusa.

KPEAUTOPOB, KOTOPHIE ITOJyYyaloT CTATyC
YIOJHOMOYEHHBIX BEAYIIUX OPTaHU3aTOPOB.
W3 3Toro nyna 6aHKOB IeIETUPYIOTCS areHT
10 JOKYMEHTALMU, areHT 110 00eCIeYeHUIO
M areHT 10 KpeauTy. Jlajgee areHT Mo JI0KY-
MEHTAallMM TOTOBUT MaHAATHOE MUCHMO,
B KOTOPOM IOpUANYECKH 0OPMIISIETCS Ha-
3HaueHue 6AHKOB Ha OTBEJACHHBIC UM POJIU
U PEryJIMPYIOTCS YCIOBUSI U ITPOLIECC paboThl
Hap caenkoil. [TpuioxeHueM K MaHIaTHOMY
MMUMCbMY UAYT OCHOBHBIC YCIOBMSI CIEJIKU.
ITrcbMO MTOAMUCHIBAIOT «[IEPBUYHBIE» Kpe-
nuTopsl u 3aéMmiuk. 1o cormacoBaHuio
¢ 0aHKaM¥ 3aEMIIUK BbIIEISIET CBOETO 0P~
JIMYECKOTO KOHCYJIBTAHTa U I0PUINYECKOTO
KOHCYJIbTaHTa KPEAUTOPOB.

4. CUHAUKALNA U KPEOUTHASA
AOKYMEHTALIUA

Ha pblHKe KpeauTHOro Kanurana CUuH-
JUKauus MPOBOANTCS OYKpaHHEPaMHU Clell-

® MUP TPAHCMOPTA, Tom 1

K1. BykpaHHepbl COBMECTHO ¢ 3a€MIITMKOM
COCTaBJISIIOT «IJUHHBbI» CIIUCOK OaHKOB,
KOTOpbI€ HE BOULIM B CHEJKY Ha CTaauu
«CTapliero» CMHAMKATa, HO TeM He MeHee
MOTYT CTaTh y4aCTHMKAMU KpeauTa Ha cTa-
IUu «o01ei» cuuaukauuu. Kak npasuio,
Takue OaHKU SIBJISIFOTCSI €BPOIIEMCKUMU WU
a3MaTCKUMMU YHUBEPCAJIbHBIMU, UM KOM-
MEPYECKUMMU, BLIOOPOYHO y4aCTBYIOIIUMU
B ClIEJIKaX JJIsI POCCUMCKUX 3a€MIIMKOB.
PaccMOTpUM OCHOBHBIE 3TaMbI IPOLIEC-
ca cuHaukauuu (tabauna 3). Ha nepBoMm
aTane OyKpaHHEpbl HAMIPaBISIOT OaHKaM U3
«JIMHHOTO» CIIMCKa MKUChMO C IpUIJialie-
HUEM MPUHSATH y4acTHUE B CIEJIKE, a TaKXKe
MHGOPMALIMOHHBIA MEMOPAHIYM.
MemopaHayM conepKUT onucaHue 6u3-
Heca U (PUMHAHCOB 3a€MINMKaA, MOJHYIO
MH(GOPMALMIO KacaTeJbHO OCHOBHBIX YC-
JIOBUI KpeauTa M peaau3alMu CHEIKU.
O0béM ero coctasnsieTr 75—100 cTpaHuI.

Tapacog A. A. DuHaHCUpOBaHNE KOMMNaHN CUHAULIMPOBaHHBLIMY KpeanTamMun




ITpumepHas cTpyKTypa nH(GOpPMaIIMOHHO-
ro MeMopaHayMma npuBeacHa B Tabyuulie 2.

Ha BTopom 3Tamne cuHaAMKaIuu U3 6aH-
KOB, TIPUHSIBIIIUX PeIlIEeHNE CTaTh KPEIUTO-
pamu, GOPMUPYETCST «KOPOTKUI» CITUCOK.
BykpaHHepbl aKTUBHO B3aWMOIEHCTBYIOT
Cc 3TUMM OaHKaMU, TIPENOCTaBIsIsI Tpeodye-
MYI0 MH(MOpPMAIIUIO U COTJIAaCOBBIBAsI YCIIO-
BUSI MX Yy4acTUsI B ClieJIKe Ha OCHOBaHWU
KPeIUTHOM JOKYMEHTAIIUH.

Ha TpeTbeM 3Tare mosyunBIINE KPEIUT-
Hoe oJ00peHne OaHKU MPUCOEAUHSIOTCS
K ClIeKe B Ka4eCTBE KPEAUTOPOB U TOJIY-
YaloT CTaTyC OPraHU3aTOPOB KPeJauTa.

KnoueBbIM acrmekToM peaau3alunu
CHEJIKM sIBJIsIeTCs paboTa Haa KpeauTHOM
TOoKyMeHTanuel. B makeT mokymMeHTalum
CUHIMIIMPOBAHHOTO KPEJAUTA BXOIAT:

* KpeauTHbIil 1OTOBOP: OCHOBHOI I0pU-
IVUYECKUI JOKYMEHT, COlepXKalluil Bce
JleTaJIiv CAEJIKM U YCJIOBUS KpeauTa.

* JloroBOpbI MOPYYUTETHCTB UJIU FapaH-
TUU: €CJIU B CAEJKE MMPUCYTCTBYIOT ITIOPYUH -
TeJIM UJIW BBIIAIOTCS TapaHTHUU, TOT/Ia TAKUe
JIOKYMEHTHI pa3pabaTbiBaloTCs MTapajiesib-
HO KPEJIUTHOMY JIOTOBODY.

* ObecneuuTenbHass JOKYMEHTALU:
B 3aBUCUMOCTH OT CTPYKTYPBI CIIeJIKHA 00ec-
MeYeHne MOXET BKJIFOYATh TOTOBOPHI 3aJ10-
ra akKTMBOB, KOHTPAKTOB, 0AaHKOBCKUX
CUETOB.

* JlomoJHUTENbHAST TOKYMEHTAIIUSI:
BKJIIOUAET I0pUINYECKNE 3aKJIIOUEHUS Ka-
caTeJbHO MPAaBOMOYHOCTH CIEJIKU OT He3a-
BUCUMBIX IOPMINIECKUX KOHCYIBTAaHTOB.

Hapg moaroTroBkoii KpeaAuTHOM JOKYMEH-
Taluu paboTaeT IPUANIYECKUN KOHCYJIb-
TaHT KPEJIUTOPOB COBMECTHO C aT€HTOM I10
nokymeHTanuu. Kaxnas u3 Bepcuit 1OKy-
MEHTOB HaIpaBJIsIeTCsS KPeIUTOPaM, KOTO-
pble TIPEeJIOCTaBISIIOT CBOM KOMMEHTapUu
areHTy 1o JOKyMEeHTaIuu. 3a€MIIMK TaKKe
3aHUMaeTCs JOKyMEHTaMU CO CBOMM IOpH -
IMYECKUM KOHcyabTaHTOM. CpOK MOATo-
TOBKHU OyMar 3aBUCHUT OT CJIOXKHOCTH CHEN -
KM M KOJIMYeCTBa UTepaluii TOKyMeHTa-
MU, BO BpeMs KOTOPBIX COOMpaloTCs
KOMMEHTapUMU YYaCTHUKOB Tpollecca.
B cpenneM aTo 3aHuMaet 4—5 Henesb, IpU-
yeM Je0I0THBIE CIEeJIKU, KaK MpaBuio,

TpeOyIOT 0O0Jibllie BpeMeHU. 3aMeTUM, YTO
MMOATOTOBKA KPEAMTHON HOKYMEHTALIMK
WUIeT TapaieJIbHO CUHIUKAIIUY.

5. SAKPbITUE COEJIKA

DuHaTBHBINA 3TaN CAETKA HAaUMHAETCS
C MOAINUCAHMUS KPEAUTHON TOKYMEHTALIUU.
I[Tonnucanue KOHTPOJUPYETCS IOpUIUYE-
CKUM KOHCYJBTAHTOM KPEAUTOPOB U CUU-
TaeTcd KII04eBOW IOPUINYECKO ITPOLIeay-
po¥i, B KOTOPOW NMPUHUMAIOT YYacCTUE BCE
BOBJICUEHHBIE B CHAEJIIKY CTOPOHBI.

ITocne moanmucaHus KpeaUTHOW MOKY-
MEHTAllUU U BBINOJHEHUS 3a€MIIUKOM
MpeaBapUTEbHBIX YCIOBUM BbIAAYU Kpe-
IUTa, yKa3aHHBIX B 1OTOBOPE, KpeAUTOpA-
MU OCYIIECTBIISIETCS BblAaya KpeauTa. Bee
pacyé€Thl, a TakKXKe KOMMYHUKALUS MEXIY
3a€MIIMKOM U KPEAUTOPAMU, TPOXOISAT
yepes areHTa o Kpeaury.

3AKJTIOHEHUE

B cratbe ObLIM pacCMOTPEHBI 0COOEH-
HOCTU CUHIULMPOBAHHBIX KPEAUTOB, OC-
HOBHBbIE 3Tamlbl MPOLEAYp MO MpUBJIeYE-
HUIO 3a€MIIIMKOM TPAHCIIOPTHOM oTpaciu
KPEOUTHBIX CPENCTB C yYyacTUEM OaHKOB-
CKUX CTPYKTYp. 3aMeTUM, UTO TJaBHBIM
KPUTEPUEM YCIIEIIHOCTHU CIETKHU SBIASIETCSI
MOCTUXEHNUE MOCTABJIEHHBIX MPU MJIAHU-
pPOBAaHUMU L€l MPUBJIIEYEHUSI KpeauTa
U COOTBETCTBUE YCTAHOBJIEHHBIM BPEMEH -
HBIM paMKaM.
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ABSTRACT

The article analyzes the features of syndicated
loans for transport companies. The purposes for
which borrowers from the transport sector raise
funds, and the requirements for provision of
financial and information materials within the

transaction are considered. The key stages of the
process of attracting a syndicated loan and
functions of its main participants are presented,
while the success of the project is determined as
the consistency of the results with the objectives of
the operation and the set deadlines.

Keywords: economy, financing of transport companies, syndicated lending, debt market, corporate

finance, transaction conditions, financial management.

Background. For borrowers from the transport
industry, the syndicated loan market is an important
source of fund raising. Syndicated loan is attracted
from the debt market through syndication among a
broad investors’ base [1]. Communication and
payments between creditors and the borrower are
carried out through a loan agent (which simplifies the
administrative and operational burden on the parties
involved).

In the framework of a syndicated loan, the
borrower’s partner banks provide substantial amounts
of funds that exceed the possibilities of a bilateral bank
loan for various purposes (including investments and
mergers and acquisitions).

Objective. The objective of the author is to
consider financing of transport companies with the
help of syndicated loans.

Methods. The author uses general scientific
methods, economic assessment methods,
comparative analysis.

Results.

1. Goals and sources

Transport companies attract financing for various
purposes. The main ones are:

« Bridge financing (short term). It is carried out if
the company urgently needs to raise a significant
amount of funds before attracting a syndicated loan
or placing bonds or shares on the capital markets, as
well as for settlements in mergers and acquisitions.

+ General corporate goals (medium-term). They
are indicated when the corporation will use the
borrowed funds to replenish working capital and
create a stock of liquidity.

* Refinancing of current debt(medium-term). The
goalis:(1)anincrease in the average term of the loan
portfolio; (2) attracting loans at more favorable rates;
(3) diversification of funding sources by raising funds
from investors that are not current lenders.

« Financing of mergers and acquisitions (long-
term). Such transactions may include acquisitions of
Russian and international corporations that are
competitors (for horizontal integration, market share
growth) or participants in the same transport chain
(for offering multimodal transportation services).

« Financing of the investment program (long-
term). Includes capital costs, modernization of rolling
stock, acquisition of new transport assets, investments
in technologies.

* Projectfinancing (long-term). A special kind for
business development, when funds are provided for
implementation of a separate project, and not directly
to the company [2].

The corporation’s capital structure serves as a
tool for creating shareholder value by implementing
investment projects and optimizing the costs of
servicing the borrowed funds (weighted-average cost

of capital, WACC). Access to financing is an undeniable
competitive advantage.

The instruments of corporate financing primarily
include: (1) loans (bank, syndicated, project
financing) [3]; (2) bonds (ruble, eurobonds) [4];
shares (floated on both Russian and international
exchanges) [5]. At the same time, it is important for
management to understand which financial
instruments are best used in terms of: (1) the current
stage of development (whether the company is
private or public, total revenue, etc.); (2) financing
objectives (implementation of investment projects,
mergers and acquisitions transactions); (3) available
sources of financing (funds of shareholders, of local
or international investors).

2. Features of syndicated loans

The basic structural elements of syndicated loans
for transport companies:

1. The volume of the loan: less than 500 million
rubles; from 500 million to 1 billion rubles; more than
1 billion rubles.

2. Currency of the loan: rubles, US dollars, euro
(it is possible to structure a transaction consisting of
several tranches, for example —in rubles and in foreign
currency).

3. Term of the loan: short-term (up to 1 year),
medium-term (from 3 to 5 years), long-term (more
than 7 years).

4. Repayment schedule of the loan: depreciation
structure (quarterly or monthly payments of interest
and principal amount of the loan), duration of the
grace period, terms of early repayment (both at the
borrower’s decision and at the request of creditors).

5. Interest rate: fixed or floating (tied to the
corresponding base rate for the loan currency and
the term of the interest period, for example: 3-month
Mosprime plus credit margin).

6. Collateral structure: suretyship or guarantees
of the borrower’s holding company and / or
subsidiaries, pledge of assets (rolling stock, vessels),
assignment of contractual rights.

7. Financial covenants: ratio of net debt to
EBITDA, ratio of EBITDA to interest payments.

8. General covenants: restrictions on payment of
dividends, asset sales, mergers and acquisitions, etc.

9. Other conditions: preliminary for crediting,
representations and warranties, equivalence and
identity of the borrower’s obligations to creditors,
cases of default.

10. Applicable law: Russian, English or other law.
Using English law [6], the documentation corresponds
to the market standards of the Loan Market Association
(LMA).

Toattracta syndicated loan, one ofthe determining
factors for a successful transaction is the preparation
of necessary financial and information materials [7].
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Table 1
Participants in a syndicated loan

Participant

Description of functions

Borrower

» Formulates requirements for the structure of the loan (amount, term, repayment
schedule, etc.).

» Conducts preliminary negotiations with banks.

 Assigns banks to the appropriate roles in the syndicated loan.

« Participates in the coordination of the time schedule of the transaction

« In consultation with creditors, appoints legal advisors for the transaction.

» Coordinates and signs credit documentation.

«Primary» creditors

» Form a «senior» syndicate.

« Participate in structuring the transaction.

+ Get the status of authorized leading organizers.

» Work on credit documentation.

« Issue a loan by transferring funds to the borrower through a loan agent.

Coordinators » One or more banks appointed by the borrower from among the «primary» creditors,
manage the transaction process.
Bookrunners One or more banks appointed by the borrower from among the «primary» creditors, manage

the process of loan syndication in the market of bank credit capital, interact with creditors at
the stage of «general» syndication.

Creditors joining the
transaction at the
stage of «general»

» Form a «general» syndicate.
» Have a status of authorized leading organizers.
* Sign credit documentation.

syndication « Issue a loan by transferring funds to the borrower through a loan agent.

Documentation » Appointed by the borrower from among the «primary» creditors.

agent » Together with legal advisors and coordinators of the transaction, taking into account the
views of the «primary» creditors and the borrower, works on credit documentation.

Credit agent » Appointed by the borrower from among the «primary» creditors.

« All payments between the borrower and creditors pass through the loan agent, as well as
communication and information exchange.

Legal advisor to

« Appointed by the borrower in consultation with the documentation agent and other

creditors creditors.
» Works on preparation of credit documentation together with the documentation agent.
Legal advisor to the | * Appointed by the borrower.
borrower * Works with the borrower on the analysis of the prepared loan documentation.
Independent » Prepare an analytical review of the markets in which the corporation operates.
consultants » In some cases (for example, with debut transactions), reports on operating and financial
activities are provided.
Appraisers « Ifthere is a pledge (assets, shares, etc.) in the transaction structure, then the corporation

must provide investors with a report on the valuation of the pledged assets, which is done by

independent appraisers.

Approximate content of the information package for
transport companies:

« Financial statements for three years of the
borrower and guarantors for the loan, prepared in
accordance with Russian accounting standards, as
well as consolidated statements of the group of
companies (or the holding company), which includes
the borrower, in accordance with international
financial reporting standards.

« Aloan portfolio with data on the borrower’s debt
structure and distribution of debt burden on guarantors
(including information on each ofthe debt instruments:
type, volume, currency, issuance date, maturity date,
interest rate, collateral, source of financing).

« Financial model for the loan period plus 1-2
years. It should contain the main blocks: assumptions,
profit and loss account, balance sheet, cash flow
Sstatement.

* Report on the results of the borrower’s
operations, including data on vehicles, geography
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of the business, the dynamics and structure of sales,
key customers, suppliers.

« Analytical review of markets (dynamics of
volumes and prices, forecasts, competition), on
which the borrower works.

» Independent valuation of pledged assets.

The terms of the loan prepared by the borrower
and the information package are sent to banks,
which, through these materials, receive approval
from credit committees to participate in the
transaction.

3. Preparation for the loan and participants
in the transaction

Preliminary preparation for the transaction
includes the definition of the purposes of financing,
structuring of conditions and performance of
necessary intracorporate processes.

Internal corporate aspects are the approval of
the transaction structure and plan, the list of
participants and their roles (banks, lawyers,
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3 Table 2

lHpe Structure of the Information Memorandum
Section Number of pages Brief description
Introduction 5 Key information on the company’s business, financial

results, markets and strategies. SWOT-analysis.

Credit overview 10 The main loan parameters, parties involved in a
transaction.
Company description 25 History of the company’s development, shareholders,

markets, business processes, assets, subsidiaries, suppliers
and customers.

Analysis of financial results 10 Financial performance of the company, historical
dynamics, key coefficients. Data on the loan portfolio,
creditors and the structure of debt.

Financial model 10 The assumptions and structure of the model are
analyzed, the key results are given.

Market overview 10 The main characteristics of the market (or markets) on
which the borrower operates are described, competitive
advantages and prospects are described.

Transaction schedule 1-2 The dates of the syndication process, the signing of the
transaction, the selection of funds are specified.

Table 3
The process of attracting a syndicated loan
Stage, number of | Participants Actions
weeks
Preparation for | Borrower * Making a decision on attracting a syndicated loan.
the transaction, « Preliminary structuring of the transaction.
4-5 « Drawing up a list of potential transaction participants.

« Passage of the risk management process.
* Drawing up the schedule of the movement of the attracted funds.

Interaction with | Borrower, «primary» * The borrower sends to banks an information package and
banks, 3—4 creditors preliminary conditions for the transaction to identify interest in the
loan.

« Banks send letters to the borrower containing bank decisions to
participate in the transaction.

* The borrower assigns banks to the relevant roles in the transaction.
+ Development and signing of a mandate letter.

* Appointment of legal advisers.

Syndication Bookrunners, creditors | * Drawing up a «long» list of banks.

process, 4—5 joining the transaction | ¢ Bookrunners send letters to the banks from the «long» list with an
at the stage of «general» | invitation to participate in the transaction, as well as an information
syndication memorandum.

* Banks decide to participate in the transaction and start the process
of obtaining credit approval.

* A «short» list of banks is being formed.

« The banks that have received credit approval join the transaction.

Preparation Legal advisers, * Preparation of credit documentation is carried out in parallel to the
of credit documentation agent, | syndication process.

documentation, | creditors, borrower

4-5

Signing a Legal advisers, + Signing of credit documentation..

transaction and | documentation agent, | * The borrower fulfills the preliminary conditions for the loan.
issuing a loan, loan agent, creditors, + Issuance of a loan.

1-2 borrower  Publication of a press release.
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consultants), risk management analysis, budgeting
(drafting the cash flow schedule, planning the costs
of servicing the attracted financing), obtaining legal
approvals (including consent of shareholders of the
corporation).

Having received the relevant conclusions from
the banks, the borrower appoints one or several
banks as coordinators and bookrunners of the
transaction, forms the «senior» syndicate from the
«primary» creditors that receive the status of
authorized leading organizers. From this pool of
banks, the documentation agent, the security agent
and the loan agent are delegated. Further, the
documentation agent prepares a mandate letter,
which legally formalizes the appointment of banks to
the roles assigned to them and regulates the
conditions and the process of work on the transaction.
The main terms of the transaction are attached to
the mandate letter. The letter is signed by the
«primary» creditors and the borrower. In coordination
with banks, the borrower allocates his legal adviser
and legal adviser of the creditors.

4. Syndication and credit documentation

In the loan capital market, syndication is
conducted by the bookrunners of the transaction.
Bookrunners together with the borrower make up a
«long» list of banks that did not enter the transaction
at the stage of the «senior» syndicate, but
nevertheless can become participants in the loan at
the stage of «general» syndication. As a rule, such
banks are European or Asian universal, or
commercial, selectively involved in transactions for
Russian borrowers.

Let’s consider the main stages of the syndication
process. At the first stage, the bookrunners send a
letter to the banks from the «long» list with an
invitation to participate in the transaction, as well as
an information memorandum.

The Memorandum contains a description of the
borrower’s business and finances, complete
information on the main terms of the loan and the
implementation of the transaction. Its volume is
75-100 pages. An approximate structure of the
information memorandum is given in Table 2.

At the second stage of the syndication, a
«short» listis formed from banks that have decided
to become creditors. Bookrunners actively interact
with these banks, providing the required
information and agreeing on the terms of their
participation in the transaction on the basis of
credit documentation.

Atthe third stage, banks that have received credit
approval join the transaction as creditors and receive
the status of loan organizers.

The key aspect of the transaction is the work on
credit documentation. The syndicated loan
documentation package includes:

- Loan agreement: the main legal document
containing all the details of the transaction and the
terms of the loan.

- Surety contracts or guarantees: if guarantors
are present in the transaction or guarantees are
issued, then such documents are developed in
parallel with the loan agreement.

+ Security documentation: Depending on the
structure of the transaction, collateral may include
collateral agreements for assets, contracts, bank
accounts.

+ Additional documentation: includes legal
opinions regarding the eligibility of the transaction
from independent legal advisers.

The legal consultant of creditors works together
with the documentation agent to prepare the credit
documentation. Each version of the documents is
sent to the creditors, who provide their comments to
the documentation agent. The borrower also deals
with documents with his legal adviser. The term for
preparation of papers depends on the complexity of
the transaction and the number of iterations of the
documentation, during which the comments of the
participants in the process are collected. On
average, this takes 4-5 weeks, and the debut
transactions, as a rule, require more time. Note that
the preparation of credit documentation does in
parallel with syndication.

5. Transaction’s closing

The final stage of the transaction begins with the
signing of credit documentation. The signing is
controlled by a legal adviser to creditors and is
considered a key legal procedure in which all parties
involved in the transaction participate.

After the loan documentation is signed and the
borrower fulfills the preliminary conditions for issuing
the loan specified in the agreement, the creditors
issuealoan. All settlements, as wellas communication
between the borrower and creditors, pass through
the loan agent.

Conclusion. The article examined the features
of syndicated loans, the main stages of procedures
for attracting borrowed funds for the borrower from
the transport industry with the participation of
banking structures. It should be noted that the main
criterion for the success of the transaction is the
achievement of the goals of attracting loans set in
the planning and compliance with the established
timeframe.
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B cTaTtbe oyeHnBaeTcs BO3MOXHOCTb
uncnosib3oBaHnsl 6e3b6annacTHoi
koHcTpykuuun nyTv (BKIT) npu peannsaymn
KPYMHbIX TPAHCMOPTHbIX OGBLEKTOB B YepTe
ropopga. BKI senseTcs eaMHCTBEHHOM
anbTepHaTUBON TPagULMUOHHOMY NyTU

Ha 6annacte. Takovi BapnaHT o6nagaert
PSA4O0OM NpenMyLLecTB, HO BMEeCTe C TeM

v onpeAesnieHHbIMU HegoCTaTKaMu,
CAEepPXUBaIOLUMU CEroHsl ero MacCoBoe
npumeHeHue. OCHOBbIBasiCb Ha 3apybeXHOM
onbITe U CPaBHEeHUN ABYX KOHCTPYKUMIA
(nyTb Ha 6annacte u BKII), c yyéTom
pacLeHOK Ha PeMOHTbI U TeKyLLee
coaepixaHue aBTopbl NPeAnaraloT CBoe
noHUMaHne 3KOHOMUYECKUX apryMeHTOB
u BbIroA, nosiy4aemMsix OT IKCriyaTayumm
6e36as1/1aCTHOro NyTH.

KnroyeBble caoBa: xesne3HOL0POXHbIN
TPaHCIopT, BEPXHEE CTPOEHNE

nytv, 6e3basnnacTHasi KOHCTPYKLVS,
BbICOKOCKOPOCTHOE ABUXEHME, 3aTparThl,

OKYyrnaemoCTb, 9KOHOMUYECKUI 3D PEKT.
|
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Bbirogbl 6e30annactHom
KOHCTPYKLUM NYTU AN KPYMHbIX
TPaAHCMOPTHbIX OOBLEKTOB

Iotnun Ilasea Eezenveeun — kanoudam
IKOHOMUHECKUX HAYK, 00yeHm Kagedpsl

«DKOHOMUKG cmpoumenbHo20 OGusHeca u ynpagieHue
coocmeennocmvio» Mockoseckoeo 2ocyoapcmeeroeo
yHugepcumema nymeii cooouerusi (MUHUT), Mockea,
Poccus.

Pasyeaee Arexceii /[mumpuesun — cmapuiuii
npenooasamens MUUT, Mockea, Poccus.

K€ HE OJTHO JIECSTUIIETHE TTEPE]I CTIeIa-

JINCTaMU TPAHCITIOPTHOTO CTPOUTEITHCT-

Ba BCTAeT BOMPOC O HauboJiee parro-
HaJIbHOUW KOHCTPYKIIUM BEPXHETO CTPOCHMUS
MyTHU, KOTOpasi Obl OTBEYaJIa BCEM HEOOXOIM-
MBIM YCJIOBUSIM, @ UMEHHO: TIOCTOSTHHO PacTy-
M CKOPOCTSIM IBVKEHUST M HATPy3Ke Ha OCh.
Ewe B Hauane XX Beka 3apyOexXHbIE U OTeYe-
CTBEHHbBIE YUE€HbIE TIBITATUCH TIOJYIUTh CTa-
OWJIbHYIO0 KOHCTPYKIIMIO ITyTH, PABHO TIPUME-
HUMYIO KaK JUTSI IPOMBITIIJIEHHOTO, TAK W TPaK-
NaHCKOTO cooOlieHus. BrnepBbie myTh cO
CTUIOLITHBIM 3KeJIe3006TOHHBIM OCHOBaHUEM
OB TIPE/ITIOKEH Y OCYIIIECTBIICH B PA3TUUHBIX
BapuaHTax B 1909 romy Ha1mmm cooTeuecTBeH-
HUKOM, pycckuM uHxeHepoMm H. E. Jlonro-
BbIM. OCHOBHasI Ujiest — CO3MaHne pabOTOCIIO-
COOHOI KOHCTPYKIMHU 0€3 1Inall U OajiacTa.
VinoxeHHbIe B MyTh KOHCTPYKLINU JloJroBa Ha
ITpunHenpoBCKOi Xeae3HOM Jopore mpociy-
sk oT 20 1o 40 met. B 1924 ronmy simoHcKume
HAllMOHAJIbHBIE XeJIe3HbIE JOPOTU Havyaau
COOpyXaTh MYTh C JIEPEBIHHBIMU OMOPAMU-
BKJIQJIbIIIIAMU, YTOIUIEHHBIMA B MOHOJIUTHOE
Xesne300eToOHHoe ocHoBaHue. B 1926—1929
TO/IbI XeJIe3006TOHHBIE TTOIPEThCOBBIE OCHO-
BaHUS B Bue OJIOKOB YJIOXEHBI Ha OpOTe
IMep-Mapxkett B CIIIA [1].



Ta0imuna 1

CpaBHeHHe KOHCTPYKIIMII MyTH

CBOICTBO KOHCTPYKLIMU [Tyt Ha besbannacr-
basnacre HbII TYTh
Huskue KanuTaabHbIe 3aTPaThl HA CTPOUTEILCTBO + —
Hwuzkue 3aTparhl Ha TeKyllee cofepxkaHue — +
B03MOXHOCTb pery1MpoBKY reOMETPUU PEIbCOBOI KOJIEU + -
Boccranosnenue mytu rocie YC + .
YCeToiYMBOCTb OECCTHIKOBOTO MYTH — +
Manoo0cmyknBaeMOCThb = +
Tamenue uryma v BUGpauu + =
Y1no6cTBO MpUMEHEHUST HA UCKYCCTBEHHBIX COOPYKEHUSIX M B CTECHEHHBIX YCIIO- | — +
BUSIX (MOCTBI, TOHHEJIM, CTAaKabl)
Ta6amua 2
CpaBHHUTEIbHBIN AHAJIM3 OCHOBHBIX MApaMeTPOB peau3aimuu npoekTos BCM B mupe [2, c. 31]
[Tpoexr OKoHuaHMe Jnuna, KM Kon- | Tun mytu Cpennsist
CTp-Ba BO CKOPOCTb,
nyTei KM/4
HS1 (Bennkobpu- 2007 108 2 CMelaHHbIi 225-300
TaHUs1)
HSL Zuid (Hunep- |2009 125 2 BesbannacTHblit 300
JTaH[IbI)
LGV Est (®paniust) | 2007 300 2 BannacTHbIit 320
Kenpn—®pankdypr | 2004 177 2 BesbannacTHbIit 300
(Tepmanust)
Pum — 2009 205 2 bannactHeit 300
Heanons (MTanus)
Manpun—bapcenona | 2008 619 2 BannacTHbIit 300
(Ucnanus)
Krocto—Cunkancen | 2004 127 2 bezbannactHblit 260
(AAnoHwust)
Tait6oii—laocioHb 2007 344 2 BesbannacTHblit 300
(TaiiBaHb)
Iexun—Illanxait 2011 1318 2 91 % — GayutacTHBII; 300 u 250
(KHP) 9 % — Ge3bayIacTHBIN
Ceyn—Tory (FOx. 2007 330 2 B ocHOBHOM 300
Kopes) 0e30a/IacTHBI

Ha cerogusiHuii 1eHb cTpaHaMU-TIepe-
JIOBUKaMU B 3TOI 001acTu sBisitoTcs [epma-
Hust, ABctpus v SimoHust. CylliecTBYIOT 1eCsIT-
KW BapUAHTOB 0€30a/U1aCTHBIX KOHCTPYKIUI
mytu (BKIT) 1 Bce oHU BKITIOYEHBI B cepUitHOE
Mpou3BOACTBO. B monapisionieM OOIbIIMH-
CTBE CBOMX HUCCIIEIOBAHUI 3apyOeKHbIE CTIe-
IIUATUCTHI HE CTYYaifHO OMUPAIOTCS] UMEHHO
Ha CpaBHEHME IBYX KOHCTPYKIINiI myTu (Tad-
nua 1).

I1pu cpaBHEHNY €CTECTBEHHO 3aKJIIOUNTh,
YTO OCHOBHBIM KPUTEPUEM B ITOJIb3y BhIOOpA
BKII craHOBUTCS CTAOWJIBHOCTb TE€OMETPUN
MyTU ¥ HU3Kasi CTOMMOCTh TEKYIIIETO COMIep-
JKaHUST, YTO KaK pa3 ¥ SIBJISIETCS TIPEUMYIIe-
CTBOM Tiepel KOHCTPYKIIMEN MyTH Ha Oa-
nacte. M3psimHOe KomaecTBo padorT [5, 6] 1o
JAHHOU TeMe TO3BOJISIIOT C(hOopMyIMpPOBATH
C DKOHOMUYECKO TOUKHU 3PEHUST HEKYIO 00-

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 132-138 (2017)

1IY10 KOHIIETIITUIO OTHOCUTEIBHO CTPOUTEITb-
ctBa u 3kcmtyatauuu bKII: Beicokue mepBo-
HayaJibHbIe WHBECTUIIMU HAa CTPOUTEIHCTBO
OKYTAI0TCsI OJ1arofapsi CHUXKEHUIO CTOMMOCTHU
TEKYIIETO COIEPXKAHUSI.

PaccMoTpuM 3apyOeKHbBIH OMBIT IO CTPOU-
TEJTHCTBY HOBBIX XeJIE3HOJOPOXHBIX JIMHUH,
MpeHa3HAYEHHBIX TSI BBICOKOCKOPOCTHOTO
MaccaKMpPCKOro coodIeHus (Tadbauiia 2).

OTneabHO CTOUT OTMETHUTBH IBE KOHCTPYK-
uuu BKII, koTtopble MMeOT HanboObllIee
pacnopocTpaHeHue 1Mo BceMy Mupy. B Tabnu-
e 3 mpencrasieHsl KoHcTpykuuu B gl FFB
u Rheda 2000, a Tak>Ke TTOTUTOHBI MX YKIIAIKH.
ITonynsipHOCTb TaHHBIX BUIOB OOBSICHSIETCS
TEM, YTO OHU UMEIOT JOBOJLHOI TTPOJOIKM-
TETBHBIN OMBIT IKCIUTyaTanu — B 1972 rogy
Ha ctaHuMu Pena B [epmaHuu Obuia yjioxkeHa
repBasi Mogo0OHast KOHCTPYKIus [3].
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Tabamnna 3

IMomuron yknaaku BKIT Bogl FFB u Rheda 2000

Bun BKIT CrtpaHa IpOn3BOIUTENb

HaumeHoBanue ydyacCTKa ImIyTu

B gl FFB Tepmanus

Tepmanus. Kapicpys—basens, TyHHenb KaTieHoepr

Tepmanus. Hiopu6epr—WHronbimraat

Tepmanus. Hiopa6epr—96eHchenbai—Dpdypr—
Jleiimur,/Tame

Kwuraii. [Texkun—TI9HBLU3WHB

Rheda 2000 Tepmanust

Temanusg. MaiiHiI—MaHreim.
MopnepHu3zanus TyHHest Anbrep MaiiHuep

Wuaus. Yaxamnyp—CpunHarap—bapamysia

Kwurait. OnbiTHbII yyacTok JuHuK Cyit-10: CyitHuH—YyHumnH

Kaxk ciemyeT 13 TaOIUIIBI 2, Ha CETOMHSIIII-
HUI IeHb 0e30a/UTaCTHBIN MyTh B OCHOBHOM
pacrnipocTpaHeH Ha Boctoke, B Kutae u Ano-
HUU, TOT/Ia Kak B EBporie TpaiuiiMoHHbBIN Ty Th
Ha OaylJTacTe OCTaeTCsi OCHOBHOW KOHCTPYK-
1IMel BEPXHETO CTPOCHUS ITyTH. DTO MOXHO
OOBSICHUTD TEM, YTO OJTHA M3 PAIIMOHAIbHBIX
chep IpuMeHEeHUS 6€30a/UTACTHOTO MyTH —
MyTh Ha 3cTakane. Tak, HEKOTOpbIE JTUHUN
SITOHCKUX BBICOKOCKOPOCTHBIX JKEJIe3HBIX
Maructpaiei mpaktniecku B 90 % ciydaeB
MPOXOMAT TI0 3cTakanaMm. Hepenko myTh Ha
acTakajze o0yCJIOBJIEH HAIMYUEM CIIOXHOTO
penbeda MECTHOCTU, HO TaKXKe OH BITOJTHE
aKTyaJIeH U TIPU TIPOXOXKACHUN KeJIe3HOMIO-
POKHO JIMHUY TT0 MECTaM C YK€ CIIOXKUBILIEH -
csl conManbHON MHQPACTPYKTYpOii [4].

MoHO cKa3aTh, 4YTO 6€30aJI7TaCTHBIN Ty Th
SIBJISIETCST BIIOJIHE «ypOAHUCTUYECKOI KOH-
CTPYKIIMEil» B paMKaX TPAaHCITOPTHOM MH(bpa-
CTPYKTYpHBI Merarojica. Takoit TepMUH BO3-
MOXKEH 0Jlarofapsi OCHOBHBIM TIOJIOXKUTEITb-
HbIM KpuTepusim BKII B ycioBusix BHyTpuro-
POJICKOI opraHu3aluMu ABUXeHUs1. K HuUM
MOXHO OTHECTU: HU3KYIO CTPOUTEIHHYIO
BBICOTY KOHCTPYKIIMH, BO3MOXKHOCTD ITPOITYC-
Ka aBTOTPAHCIIOPTa, TIOJHYI0 MEeXaHU3aIHIo
¥ aBTOMATHU3AIIUIO TTPU CTPOUTEITLCTBE Y CHU -
JKeHME 4aCTOTHI MTPOBOANMBIX PEMOHTHBIX
pabor.

ToBOpst 0 TpaHCTOPTE B UepTe ropona,
CPEeIN CaMbIX TJIABHBIX TTPOOJIEM CTOUT BBI-
JIEJIUTh TIPOOJIEMBI TEKYIIETO COJAEPXKAHMUS,
VMEIOIINE MECTO B YCIIOBUSIX TNTIOTHOM TOPO/T-

CKOW 3aCTPOWKM, U MPOOJEMBl YaCTOTHI
MPOBEIEHUST PEMOHTOB, a TAK3Ke MPEAOCTaB-
JIeHUsI «OKOH». B MockBe Kak pa3 CyllecT-
BYET KPYITHBI TPAHCIIOPTHBINA XKEJIE3HOM0-
POXHBIN 00beKT — MOCKOBCKas KOJIbLIEBas.
W3navanpHo, B 1908 romy, 3aruraHupoBaH-
HBIH 7151 CMETIIIAaHHOTO (B TOM YHCJIe TOPOJI -
CKOTO TTacCcaxknpcKoro) ABMXKeHUs. JJo mo-
CJIeTHEro BpeMeHU (10 Hayaia peKOHCTPYK-
nuu B 2012 roay) Ha KOJBIEBOW HOpOTE
OTCYTCTBOBaJIa KOHTAKTHAs CETh U BCE TIEpe-
BO3KU OCYIIECTBIISITUCH TTPU TTOMOIIIHY TEeTUTO-
BO3HOI Tsirn. KoHCTpyKIUs MyTH TIpU pe-
KOHCTPYKIIMY TaKXKe OblJIa BEIOpaHa Tpamu-
IIMOHHAsI. DTO OO0BSICHSIETCS OTPOMHBIM
HAKOTIJICHHBIM OITBITOM Y HAJIMYUEM OCTa-
TOYHO OOIIMPHON MaTepuaIbHOI 6a3bl, KO-
TOpBIE NIEJAlOT MyTh Ha OajracTe MPOCThIM
U JTOCTYTTHBIM.

Ho Bo3Bpamasich K 3apy0oeskHOMY OITBITY
u 6azoBoit koHuenuuu BKIT, cnenyer paccmo-
TpeTh OCHOBHBIE TIPEMMYIECTBA, 3a CUET
KOTOpBIX 06e30a/1acTHBIN MyTh B Oyayliem
CMOXET 3aHSITh TOMUHUPYIOIIEe TTOIOXKeHNE
TIPU CTPOUTENIHCTBE KPYITHBIX TPAHCITOPTHBIX
00beKkTOB. K 01HOMY U3 TaKUX MPEUMYILIECTB
MOXHO OTHECTH 3¢h(DeKT, TOCTUTaeMBbIii B che-
pe axkcrutyatanmu. K cdepe akcruryaraimm
OTHOCSTCSI PEMOHT IyTU U €T0 TEKYIllee CO-
nepxaHue. B Tabmume 4 mpencraBieHbl 3(d-
(exThl (paccunTaHHBIC TSI BEPXHETO U HUXK -
HETO CTPOCHUS MyTH) B 3aBUCUMOCTH OT pe-
MOHTa M TEKYIIEeTO COAEpXaHUS JUHUU
MKX]I mmuHo# 54 kM, Tae TpaagulMOHHBII

Tabsmna 4
ITosnyyaemslii 3xoHOMUYeCKHii 3(pGeKT Npu CPABHEHNN BADMAHTOB
Neni/m | Cepa aKcrutyataludu myTu DddexT npu conocraBieHUN KOHCTPYKIMIt
nytu o BapuaHTty I u I1, TeIC. pyo.
Cpennnii pemonT (C) 216000
INnaHoBo-npenynpenuTenbHbIi (B) 108000
3 Tekyliee comepaHue 10800

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 132-138 (2017)

LisinuH M. E., Pa3syeaee A. [1. Boirogbl 6e36annacTHON KOHCTPYKLAWN NYTU AN KPYMHbIX TPAHCMOPTHBIX

OOBLEKTOB



nyTh Ha Oamnacte u BKIT Bapuants I u 11
COOTBETCTBEHHO.

Kaxk cnenyer u3 Tabiauiibt 4, TOTIOTHUTEb-
HbIC eIMHOBPEMEHHEBIE 3aTPaThl HA PEMOHTHI
M TeKylllee coiepXaHuUe MyTu BapuaHTa I
(BKIT) no cpaBHeHuto ¢ BapuanToM II (Tpa-
JMUIIMOHHBIN Ha OayijlacTe) AalOT OTpeneseH-
HBI 3KOHOMHWYECKUii 3¢ dekT. XoTsa, 6e3-
YCIIOBHO, CYIIIECTBYIOT W OIpeAcIeHHBIC pU-
CKU TIpU CTPOUTEJbCTBE U BKCIIyaTalluU
BKII BBUIY MagoM3y4eHHOCTH CXEMBI B MO-
CKOBCKHX YCJIOBUSIX.

OxkymnaeMocTh UHGPACTPYKTYPHI KEJIE3HO-
JIOPOKHOTO TPAHCITOPTa MPOUCXOIUT 3a CUET
00bEMa MepeBe3eHHOro rpy3a U KOJUYecTBa
naccaxupoB. OTcrofa ciaenyeT, YTo YeM 00JIb-
11Ie TTacCaKMPOTIOTOK, TEM OOJIbIIIEe U TOXO -
Has cOoCTaBJIsIoNIas. B oT/imume oT ruranupy-
€MBIX K COOPY>KEHMIO JIMTHUI BBICOKOCKOPOCT-
HOT0 cO0O0ILLeHMs (Tae MaccaXKupornoToK OyaeT
HEepaBHOMEPHO paclipe/ieJieH 10 yJyacTKaM)
JIMHUY BHYTPUTOPOICKOTO COOOIIECHUS, He-
COMHEHHO, 001amaioT 6oee paBHOMEPHOM
M TIOBBIIIIEHHO 3arpy>keHHOCThIO. 17151 cpaB-
HEHMST MOXKHO PacCMOTPETh T'O/I0OBbIE Macca-
JKMPOTIOTOKU KPYITHEIX TPAHCIIOPTHBIX 00b-
eKToB. Tak, ONITUMUCTUYECKUI IIPOTHO3UPY-
€MbIli CYMMapHBbIli NAacCaXXUPOIIOTOK Ha Ma-
ructpaiu BCM MockBa—Ka3zanb (¢ yuétom
BCEX OCTAaHOBOYHBIX MYyHKTOB) K 2020 roay
JIOJDKEH cocTaBUTh 10,5 MJIH 4ye0BeK B TOI.
lTomoBoii MaccaxkMpomoTOK MOCKOBCKOTO
meTtpornonuteHa 3a 2015 rox 661 2384,5 MitH
YyeJloBeK, a MporHo3upyeMsbiii Ha 2017 ron
naccaxuponotok M K2KJI mosxkeH cocTaBUTh

ot 75 mo 300 muH yenoBek. CiaeaoBaTeIbHO,
OKYIaeMOCTb BHYTPUTOPOICKOTO TPAHCIIOPT-
HOT'0 00BbEKTa OYJIET OCYIIECTBISTHCS B 10CTa-
TOYHO TIpUEMJIEMbIE CPOKH, a CaMU TIEPEeBO3-
KM OyayT oGsanaTh OOJblIe peHTade IbHO-
croio [2, 7, 8].

Bo3MokHO, B OymyllieM Mpr PeKOHCTPYK-
uuu MKZKJ]I unu peanusaumu mogo0OHbBIX
IPOEKTOB CJISIYeT 3aJyMaThCsT O MPUMEHEHU N
0e30a11acTHON KOHCTpYKUUU nyTU. OHa
BIIOJTHE MOXET CTaTh OCHOBHOM KOHCTPYKIIH -
eli BEepXHEro CTPOCHUS MyTH B YCIIOBUSIX Me-
rarojimca, yIYuThiBass U €€ 3KOHOMUYHOCTD
B ITPOIIeCCe IKCILTyaTalluu.
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OBJECTS

ABSTRACT

The article assesses the possibility of using a
ballastless (or slab) track design (BTD) in
implementation of large transport facilities in the
city. BTD is the only alternative to a traditional track
on ballast. Such an option has a number of
advantages, but at the same time, certain

Keywords: railway transport, track superstructure,
economic effect.

Background. For more than a decade the experts
of transport construction have been facing the issue
of the most rational design of track superstructure
that would meet all the necessary conditions, namely:
constantly increasing speeds of movement and the
load on the axis. Even at the beginning of 20" century,
foreign and domestic scientists tried to obtain a stable
track design, equally applicable to both industrial and
civil traffic. For the first time track with a solid
reinforced concrete base was offered and
implemented in various variants in 1909 by our
compatriot, Russian engineer N. E. Dolgov. The main
idea was to create an efficient design without
sleepers and ballast. Laid on the track designs of
Dolgov on Pridneprovskaya Railway served from 20
to 40 years. In 1924, the Japanese national railways
began to build a track with wooden supports-liners,
submerged in a monolithic reinforced concrete base.
In 1926-1929, reinforced concrete undertrack bases
in the form of blocks were laid on the Per-Marquette
road in the USA [1].

Objective. The objective of the authors is to
consider advantages of ballastless track designs.

Methods. The authors use general scientific
methods, comparative analysis, economic
assessment.

Results. To date, the leading countries in this
area are Germany, Austria and Japan. There are
dozens of variants of ballastless track designs (BTD)
and all of them are included in serial production. In
the overwhelming majority of their studies, foreign
experts do rely on a comparison of two track designs
(Table 1).

When comparing it is natural to conclude that the
main criterion in favor of choosing BTD is stability of
the geometry of track and the low cost of current
maintenance, which is precisely an advantage over

ADVANTAGES OF BALLASTLESS TRACK DESIGN FOR LARGE TRANSPORT

Tsypin, Pavel E., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Razuvaev, Aleksey D., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

shortcomings that restrain its mass application
today. Based on foreign experience and comparison
of two designs (track on ballast and BTD), taking
into account costs for repair and current
maintenance, the authors offer their understanding
of economic arguments and benefits derived from
operation of the ballastless track.

ballastless structure, high-speed traffic, costs, payback,

the track design on ballast. A fair number of works
[5, 6] on this topic allow us to formulate from an
economic point of view a certain general concept
regarding construction and operation of BTD: high
initial investment for construction is paid for by
reducing the cost of current maintenance.

Let’s consider the foreign experience in
construction of new railway lines intended for high-
speed passenger traffic (Table 2).

Separately it is worth noting two BTD designs,
which are the most widely spread around the world.
Table 3 presents the designs of B6gl FFB and Rheda
2000, as well as the polygons for their laying. The
popularity of these types is explained by the fact that
they have a satisfied long operational experience —in
1972 the first such structure was laid at the station of
Reda in Germany [3].

As can be seen from Table 2, to date, the
ballastless track is mainly used in the east, in China
and Japan, whereas in Europe the traditional ballast
track remains the basic design of track superstructure.
This can be explained by the fact that one of the
rational spheres of application of the ballastless track
is the track on overhead road. For example, some
lines of Japanese high-speed railways pass through
overhead roads in almost 90 % of cases. Often the
track on the overhead road is due to the presence of
a complex terrain, but it is also quite relevant when
passing a railway line to places with already established
social infrastructure [4].

We can say that the ballastless track is quite an
«urban structure» within the transport infrastructure
ofthe megalopolis. Such a term is possible due to the
main positive criteria of the BTD in conditions of intra-
urban traffic organization. These include: low
construction height of the structure, the ability to pass
vehicles, full mechanization and automation during

Table 1

Comparison of track designs

Feature of a design

Track on ballast | Ballastless track

Low capital costs for construction

+ —

Low costs for current maintenance

Possibility to adjust the geometry of track gauge

Reconstruction of track after an emergency

+ |+

Stability of continous welded track

Low maintenance

Noise and vibration damping

(bridges, tunnels, overhead roads)

Convenience of use on artificial structures and in cramped conditions —

+
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Table 2

Comparative analysis of main parameters of implementation of HSR projects in the world [2, p. 31]

Project Completion of | Length, | Number | Track type Average speed,
construction | km of tracks km/h
HS1 (Great Britain) 2007 108 2 Mixed 225-300
HSL Zuid (the Netherlands) 2009 125 2 Ballastless 300
LGV Est (France) 2007 300 2 Ballast 320
Cologne—Frankfurt (Germany) |2004 177 2 Ballastless 300
Rome—Naples (Italy) 2009 205 2 Ballast 300
Madrid—Barcelona (Spain) 2008 619 2 Ballast 300
Kyushu—Sinkansen (Japan) 2004 127 2 Ballastless 260
Taipei—Kaosiung (Taiwan) 2007 344 2 Ballastless 300
Beijing—Shanghai (PRC) 2011 1318 2 91 % — ballast; 300 and 250
9 % — ballastless
Seoul—Taegu (South Korea) 2007 330 2 Mainly ballastless | 300
Table 3
Polygon for laying BTD Bogl FFB and Rheda 2000
Type of BTD Manufacturing country | Name of track section
B gl FFB Germany Germany. Karlsruhe—Basel, the Katzenberg tunnel
Germany. Nuremberg—Ingolstadt
Germany. Nuremberg—Ebensfeld—Erfurt—
Leipzig / Halle
China. Beijing—Tianjin
Rheda 2000 Germany Germany. Mainz—Mannheim.
Upgrading the Alter Minster tunnel
India. Udhampur—Srinagar—Baramulla
China. Experimental section of the Su-Yu line: Suining—
Chongging
Table 4
The resulting economic effect when comparing options
Ne Scope of track operation Effect when comparing track design according to option I and
11, thousand rubles
1 Mid-life repair (C) 216000
2 Routine-preventive (B) 108000
3 Current maintenance 10800

construction and reduction of frequency of repair
work.

Speaking about transport in the city, itis necessary
to highlight the problems of current maintenance,
taking place in a dense urban environment, and the
problem of the frequency of repairs, as well as the
provision of repair intervals. If we cite example of
Moscow, then we should mention a large railway
facility which is Moscow Central Circle (MCC). Initially,
in 1908, it was designed for a mixed (including urban
passenger) movement. Until recently (before the
beginning of reconstruction in 2012), there was no
contact network on the circle and all transportations
were carried out by means of diesel locomotives. The
design of the track selected during reconstruction
was also traditional. This is due to huge accumulated
experience and the availability of a sufficiently
extensive material base, which makes the track on
ballast simple and affordable.

But going back to foreign experience and the
basic concept of BTD, one should consider the main
advantages, due to which the ballastless track in
future can take a dominant position in construction of
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large transport facilities. One of such advantages can
be attributed to the effect achieved in the field of
operation. The scope of operation includes repair of
the track and its current maintenance. Table 4 shows
the effects (calculated for track superstructure and
substructure), depending on repair and the current
maintenance of MCC line, 54 km in length, where the
traditional track on ballast and BTD options | and |l
respectively.

As can be seen from Table 4, the additional one-
time costs for repair and current maintenance of track
of option | (BTD) as compared to option Il (traditional
on ballast) give a certain economic effect. Although,
of course, there are certain risks in construction and
operation of BTD due to the poorly understood
scheme in Moscow conditions.

The payback of railway transport infrastructure is
due to the volume of cargo transported and the
number of passengers. Hence it follows that the more
is passenger flow, the greater is the revenue
component. Unlike the high-speed communication
lines planned for construction (where the passenger
flow will be unevenly distributed over sections), the
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lines of intraurban traffic will undoubtedly have a more
even and more congested traffic. For comparison, it
is possible to consider the annual passenger flows of
large transport objects. So, the optimistically
forecasted total passenger flow on Moscow-Kazan
HSR (taking into account all stop points) by 2020
should reach 10,5 million people per year. The annual
passenger flow of Moscow metro for 2015 was 2384,5
million people, and the forecasted for 2017 passenger
flow of MCC should be between 75 and 300 million
people. Consequently, the payback of an intracity
transport facility will be carried out within a reasonably
acceptable timeframe, and the transportation itself
will be more profitable [2, 7, 8].

Conclusion. Perhaps in the future, during
reconstruction of the MCC or implementation of
similar projects, one should think about the application
ofthe ballastless track design. It may well become the
main design of track superstructure in the conditions
of a metropolis, taking into account its efficiency in
the process of operation.
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POCCUNCKO-

SKCMNPECC-UH®OPMALNA

UCIMNMAHCKOE

TPAHCNOPTHOE COTPYAHUYECTBO

22—23 mas 2017 roga cocrosiach padoyas
noe3jika MUHHUCTpPa TpaHcmopTa Poccum
B Manpua. B xone noe3nku M. CokoJ10B npo-
BeJI BCTPeYy ¢ MUHUCTpPOM pa3sutus Koposies-
crBa Ucnanusa Wnuro ne 1a CepHa DpHausom.
CropoHbl 00Cy 11N MUPOKUIi CIEKTP BOMPOCOB
JBYCTOPOHHET0 COTPYAHHYECTBA B 00JaCTH
TPAHCMOPTA M MPU3HAJIH HEOOXOJAMMOCTD
YIIyOJieHUs1 B3aUMOJAECTBHUSA, B TOM YHCJe
B paMKax JearejbHocTH Pagoueii rpynmsi no
TpaHCHoOpTy U B chepe npodeccCMOHAIBHOTO
obpa3oBanusa. OTMeYeH poCT NepeBO30K rpy30B
U MACCAKUPOB MEXKIY CTPAHAMH ABTOMOOMIb-
HbIM TPAHCMOPTOM 32 MOCJEIHUI MePHOI.
Oc000 moxuepKHyTA POJIb KOHCYJIBTALINIA ABHA -
Biaacreit Poccuu u Ucnanum B heBpaie mpou-
JIOTO ro/ia, B pe3yJbTare KOTOPBIX TOCTUTHYThI
JIOTOBOPEHHOCTH, CYHIECTBEHHO PACHIMPUBIINE
npaBa aBUANEPEBO3YMKOB.

MUHUCTPBI Jajld BBICOKYIO OLEHKY
YCIIEITHO peaTn30BaHHOMY ITPOEKTY 3amycKa
B KOMMEPUYECKYIO OKCTUTyaTalMIo XeJIe3HO-
JIOPOKHBIX COCTABOB IMPOU3BOACTBA KOMIIA-
Huu Talgo no mapuipyty MockBa—bpect—
BbepnuH B nekabpe Mpouuioro roaa.
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Poccuincko-ncnaHckoe TpaHCNOPTHOE COTPYAHNYECTBO

B xone mocemenus Maapuackoro mo-
autexHuuyeckoro ynupepcureta M. Coko-
J0B BecTpetuiics ¢ pektopom I. CucHepoc
ITepecom. MuHUCTp pacckasana O CUCTEME
TpaHCMOPTHOIro obpa3oBaHus B Poccuu,
a Takxe o pabote no cosznaHuio Poccuii-
CKOTO YHUBepcuTeTa TpaHcropra. OTMeue-
HBI MEPCTIEKTUBBI COTpyAHUYecTBa Maj-
PUIICKOTO MOJUTEXHUYECKOTO YHUBEPCUTE -
ta ¢ PYT mo Bompocam pa3BUTUS TpaHC-
MOPTHOW HAyKHU.

MuHuUCTp BoICTYOUJI B Maapuackom
MOJIMTEXE C JIEKIIMel 0 mepcrneKTuBax poc-
CUUCKO-UCIAaHCKOTO COTPyIHUYECTBA
B c(pepe TpaHcmiopTa. OH pacckasan o Gop-
MUPOBAHUU €IMHOTO 9KOHOMUYECKOTO
1 TYMAHUTapHOTO MTPOCTPAHCTBA OT ATJIaH-
TUKHU 10 Tuxoro okeaHa, B TOM YucJie CO31a-
HUM 2 HEKTUBHBIX TPAHCTIOPTHBIX KOPUIO-
poB. Tak:ke 6bLIU 3aTPOHYTHI BOMIPOCHI pea-
au3auuu B Poccuu kpymHenmunx uHdpa-
CTPYKTYPHBIX TPAHCIOPTHBIX TMPOEKTOB:
BCM «MockBa—Kazanb», MTK «ITpumo-
pbe-1» u «IIpumopbe-2», kopunopa «EBpo-
na—3anagHberii Kuraii».




Kpome Toro, MUHUCTpP TIPOBET BCTPEUy
¢ nnpe3ugeHToM KoMranuu Talgo Kapiocom
ne [Manacuo OprosoM, Ha KOTOPOI CTOPOHBI
00CYyoIMIN COTPYAHUYIECTBO KOMOAHUN
C POCCUMCKUMU OpTraHU3aAIUSIMU 110 ITPOU3-
BOJICTBY KOMIUIEKTYIOIINX TSI ITIOABIKHOTO
coctaBa. OgHoBpeMeHHO M. CoKOJIOB 03-
HAKOMMWJICS C pabOTO KPYMHEUIITUX UCTIaH-
CKUX TPaHCHOPTHEIX y3/10B. B wacTHOCTH,
OH TTOCETUJI LICHTP YIIPaBJICHUS aBTOTOPOTH
AP-6, OCYIIECTBIISIONIMIA yIIPaBIeHUE IJIaT-
HBIMM aBTOMarucTpaisaMu. [loMuMo 3TorO,
poccuiickas gejeraius nooblia B LEHTpe

YIIPaBJIEHUSI CKOPOCTHBIM XEJIE3HOIOPOXK-
HBIM ABUXXeHUeM McmaHuu, rae rocTu 03-
HaKOMWJIUChH C MEPECANOYHBIM Y3JIOM, CO-
€IMHSIOLIUM CKOPOCTHBIE M0E3/1a 1aJIbHETO
cJIeOBaHUsI, IPUTOPOIHBIE [T0E31a, METPO,
Ha3eMHBbII maccaxkupckuii TpaHcmnopt. B 3a-
BeplleHue ri1aBa MUHTpaHca OCMOTpeN
LIEHTP KOHTPOJS IBUXEHUS CKOPOCTHBIX
MOe3/I0B U LIeHTp yrpasieHus H24.

ITo MmaTepuaaaM npecc-cayxobl
MunucrtepcTBa Tpancnopra Poccuu
®oto K. ITAIIIKOB u K. TEPEXOBA @

EXPRESSIINEFORMATION

RUSSIAN-SPANISH TRANSPORT COOPERATION

On May 22-23, 2017, the Minister of
Transport of Russia made a working visit to
Madrid. During the trip, M. Sokolov held a
meeting with the Minister of Development of the
Kingdom of Spain, Inigo de la Serna Ernaiz. The
parties discussed a wide range of issues of bilateral
cooperation in the field of transport and recognized
the need to expand cooperation, including within
the framework of the Working group on transport
and in the field of vocational education. The growth
of transportation of goods and passengers between
countries by road has been observed over the recent
period. The role of consultations between the
Russian and Spanish aviation authorities was
especially emphasized in February last year, as a
result of which agreements were reached that
substantially expanded the rights of air carriers.

The ministers highly appreciated the
successful implementation of the project to
launch Talgo’s railway trains into commercial
operation on the route Moscow—Brest—Berlin
in December last year.

During the visit to the Universidad Politecnica
de Madrid M. Sokolov met with the rector
G. Cisneros Peres. The Minister spoke about the
system of transport education in Russia, as well
as about the work on creation of the Russian
University of Transport. Prospects of cooperation
of the Universidad Politecnica de Madrid with
RUT on development of transport science were
outlined.

The Minister also delivered a lecture on the
prospects for development of Russian-Spanish
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cooperation in the field of transport. He spoke
about formation of a single economic and
humanitarian space from the Atlantic to the
Pacific, including creation of effective transport
corridors. The issues of realization of the largest
infrastructure transport projects in Russia were
also touched upon: Moscow—Kazan HSR,
Primorye-1 and Primorye-2 ITC, creation of
Europe—Western China corridor.

In addition, the Minister held a meeting with
Talgo President Carlos de Palacio Oriol, at
which the parties discussed the company’s
cooperation with Russian organizations for
production of components for rolling stock. The
Minister also got acquainted with the work of
the largest Spanish transport hubs. In particular,
he visited the control center of the AR-6
highway, which manages toll roads. In addition,
the Russian delegation visited the Spanish high-
speed rail traffic control center, where the
participants got acquainted with a transfer hub
connecting high-speed long-distance trains,
suburban trains, metro, and land passenger
transport. In conclusion, the head of the
Ministry of Transport examined the center for
controlling the movement of high-speed trains
and the control center H24.

On the basis of press releases

of the Press service of the Ministry of Transport
of the Russian Federation

Photos by K. PASHKOV

and Zh. TEREKHOVA @



SKCMPECC-UHDOPMALNS
EXPRESS INFORMATION

MEXAYHAPOAHAY KOH®PEPEHUUA
no PASBUTUIO COTPYOAHUYECTBA HA TEPPUTOPUUA
OT JINCCABOHA A0 BJIAAUBOCTOKA

31mas 2017 roga B Cankr-IlerepOypre crarc-
CeKpeTapb — 3aMeCTUTEIb MUHUCTPA TPAHCTIOPTA
Poccun Cepreii ApuCTOB NPHHSIT y9acTHe B Me-
JKIYHAPOIHOU KOH(epeHIUM N0 PA3BUTHIO COTPYI-
HUYeCcTBa HA TeppuTopuu ot JIluccabona no Baa-
auoctoka. Kondepenuusa npomsia B paMkax
nporpaMmsl «HyJeBoro 1Hs» IleTepOyprckoro
MeXKIyHAPOIHOTO SKOHOMIYECKOro (hopyma. B xo-
Jie IePBOii CeCCHUM MPEICTABUTEHN BJIACTH, OM3He-
ca, a TaKXKe aHAJUTHYECKOro U (huHaAHCOBOTO
CEeKTOpPA NMPeAJI0XKUIN CBOU PellIeHHsI MACHITA0OHOI
U aMOUIMO3HOW 3a7a4u ()OPMHUPOBAHHUS 00IIEro
3KOHOMHMYECKOro nmpoctpancTsa Ha EBpa3suiickom
KOHTHHEHTE.

B cBoeMm BricTymuieHnn C. AprCTOB ITOTIe pK-
HYJ, YTO UMEHHO TPaHCMOPT CBSI3bIBAET BCE
BO3MOXKHbBIE HAMpaBIeHUsI cCOTpyAHUYecTBa. Kak
BEIyIIMe UTPOKU PHIHKA TPAHCTIOPTHBIX YCIIYT OT
ArmanTuku no Tuxoro okeana EADC u EBpoco-
103 HE MOTYT HE COTPyIHMYATh B BOMpOCaX IMO-
cTpoeHus 3(PPEeKTUBHOM eBpa3miicKoil TpaHC-
MOPTHOM CUCTEMbl B CUJIy HaJHALIMOHAJIbHOM’
MPUPOABl TPAHCIIOPTA, HEOOXOAUMOCTH €ro

(YHKLIMOHUPOBAHUSI, HECMOTPSI Ha MMOJIUTUYE-
CKIe, 5KOHOMUYECKUE U IPYrre Oapbephl.
3aMMUHUCTpa 00paTW/l BHUMaHue, 9T0 MuH-
TpaHc Poccnu cucteMHo 1 TToc/ieToBaTeIbHO pabo-
TaeT Ha Pa3JIMYHBIX TUIOLIAIKAX MEXKIYHAPOIHBIX
OpraHM3alii 1 UHTErpallMOHHbIX O0BbEAMHEHMIA
KOHTHHEHTA HaJl 3aa4€ii yITPOILIEHUST [IPOXOXKICHUS
MPOLIEIYP ¥ COKPALLIEHMSI BpeMEHU JIOCTABKY IPY30B
MPU TIepeceueHNH TPAHMII ITyTeM BBIPAOOTKH M-
HBIX HOPM, ITpaBWJI X TPEOOBaHMi1 110 0(DOPMIICHIIO
MepeBO30YHBIX TOKYyMeHTOB. CTaTc-cekpeTapb
0Cc000 BBIAEINI CJIOXKHBIN U PeCypCOEMKUIT BOMPOC
PA3BUTHUSI COBPEMEHHOIA aBTOIOPOXKHOIA, KeJIE3HO-
JIOPOXKHOM, aBUALIMOHHOM MH(PACTPYKTYPhI C 00-
LM JUTST TApTHEPOB HOPMaMU M TPEOOBAHUSIMU.
B 3aBepmienne C. ApMCTOB OTMETUII, YTO IJIs
(hopMUPOBaHUS AMHOTO OYAYIIETro IJ100aTbHOTO
TPAHCTIOPTHOT'O MPOCTPAHCTBA HEOOXOIUMO YXKe
CEero/IHsI 00beIMHUTD YCUITUSI CTPAH 10 [IOATOTOBKE
KBaJIM(DULIMPOBAHHBIX KAIPOB /ISl TPAHCIIOPTHOM
OTpacu.
ITo MaTepuanam npecc-cJayK0bl
Munmucrepcrsa Tpancnopra Poccun @

INTERNATIONAL CONFERENCE ON DEVELOPMENT
OF COOPERATION IN THE TERRITORY FROM LISBON
TO VLADIVOSTOK

On May 31, 2017 in St. Petersburg State
Secretary — Deputy Minister of Transport of Russia
Sergey Aristov took part in an international conference
on development of cooperation in the territory from
Lisbon to Vladivostok. The conference was held within
the framework of the «zero day» program of the
St. Petersburg International Economic Forum.
During the first session, representatives of govern-
ment, business, and the analytical and financial
sectors offered their solutions to the large-scale and
ambitious task of forming a common economic space
on the Eurasian continent.

In his speech, S. Aristov stressed that it is
transport that links all possible areas of cooperation.
As the leading players in the transportation services
market from the Atlantic to the Pacific, the Eurasian
Economic Union and the European Union
cooperate in construction of an effective Eurasian
transport system because of the supranational nature
of transport, the need for its functioning, despite
political, economic and other barriers.

The Deputy Minister drew attention to the fact
that the Ministry of Transport of the Russian
Federation is systematically and consistently
working at various sites of international organizations
and integration associations of the continent over
the task of simplifying procedures and reducing the
time of delivery of goods at the border crossings by
developing uniform rules, rules and requirements
for issuing shipping documents. S. Aristov also drew
attention to the complex and resource-intensive
issue of development of modern road, rail, aviation
infrastructure with common norms and requirements
for partners. In conclusion, S. Aristov noted that for
formation of a unified future of the global transport
space, it is now necessary to unite the efforts of
countries to train qualified personnel for the
transport sector.

On the basis of press releases
of the Press service of the Ministry of Transport
of the Russian Federation ®
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Opuin CTPEHAJTIOK
Yuri V. STRENALYUK

Kum CAMAPOB
Kim L. SAMAROV

Analysis of Technical and Economic
Indicators of Sources of Own Generation
of Energy on Railways

(TEKCT cTaTby Ha aHIJ. 3. —

English text of the article — p. 145)

OnucaHbl 3Tansl CACTEMHOIo aHann3a
TEeXHUKO-3KOHOMMUYECKUX noKasaTesieun,
MO3BOJIAIOLMNX CPaBHUBATb 9P PEKTUBHOCTb
o060opynoBaHNss BO30GHOB/IIEMbIX
UCTOYHUKOB COJIHe4YHOW aHeprum. [TokasaHo,
4TO BHegpeHue reJinoyctaHoBOK Kak
AOrMNMOJIHUTEeJIbHOro UCTOYHUKa A4J1s1 CUCTeMbl
9/1eKTPOCHaBXeHNs HETAroBbIX

1 HeTPaHCMOPTHbIX NOTpebuTenen

(ans o6opynoBaHNs UHPOPMALUOHHO-
BbIYUCJINTEJIbHbIX KOMITJIEKCOB )XKeJ1e3HbIX
A0pOr) AacT BO3MOXHOCTb YMEHbLLUUTb
3aTpartbl Ha @HeproobecneyeHue,
COKpaTUTb 00bEMBI CTPONTEJILCTBA

JIMHMI 3neKkTponepeaay. ABTOpbl CTaTby
yBEepEeHbl, 4TO CUTYaLus B LeHOBOW
MosINTUKE Mo 3HEProHOCUTEISIM Aenaet
0CO0OEHHO Ba)kKHOV 0O6bEKTUBHYIO OLIEHKY
SHepreTN4ecKor OKyrnaeMoCTHU COOPYXXEHUs
resinoycTaHoBOK.

KnoueBbie croBa: xeneaHas gopora,
CUCTEMHbIV aHaIN3, COJTHEYHAsl SHEPI s,
resimoycTaHoBKU, SHepreTu4deckasl
OKYrnaemocTb.
|
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AHaNn3 TEXHUKO-3KOHOMMUYECKUX
nokasaresien UCTOYHUKOB
COOCTBEHHOW reHepaLunm aHeprum
Ha )XeJie3HbIX goporax

Camapos Kum Jleonudosuy — 0oxmop mexnuveckux
Hayk, npogheccop Texnonoeuuecko2o ynusepcumema,
Kopones, Poccus.

Cmpenaaiox FOpuii Benuamunoeus — 0oxmop
mexHu4eckux Hayk, npogheccop Texnonocuueckozo
yHugepcumema, Kopones, Poccus.

1IeJIbI0 CHYDKEHUST 3aTpaT Ha DHEPro-
obecriedeHre 1 TTOBBIIIIEHNE KaueCcTBa
9JIEKTPOIHEPTUM Ha XKEJIE3HOAOPOXK-
HOM TPaHCTIOPTE TPETyCMAaTPUBAETCS PA3BU-
THEe COOCTBEHHOW TeHepaluu SHEPTUU Ha
HETSTOBbIE HYXIbI: JIJIST DJIEKTPOCHAOXKEHMST
HETSATOBBIX M HETPAHCTIOPTHBIX TOTPeOUTENEH
MMyTeM KCIMOJIb30BAHUS HETPAAUIIMOHHBIX
BO300HOBJISIEMbIX UICTOYHUKOB 3Hepruu. 13-
HOC OCHOBHBIX (DOH/IOB IEKTPUUECKUX CETEH
coctabsieT 40 %. Ve TOJNBKO 0 3TOM MpU-
YMHE BHEAPEHUE HE3aBUCUMBIX OT DJIEKTPU-
YECKUX CeTell BO3OOHOBIISIEMBIX ICTOUHUKOB
sHepruu (BUD) axkryanbHo. s pernoHoB
Cubupu u JanpHero Boctoka ¢ BhICOKUM
YPOBHEM COJTHEYHOU WHCOJISIIUY 11eJIeC000-
pPa3HO UCIOIb30BaHME COTHEUHbIX BUD.

B Hamreii cratbe OymyT paccmMoTpeHsl BUD
¢ renuoycrtanoBkamu (I'Y), mpeobpasyioie
COJIHEYHYIO SHEPTUIO B DJIEKTPUUIECKYIO SHEP-
TUIO JJisi 000pynoBaHUST MHOOPMAIITMOHHO-
BbhIUCIuTETbHBIX KoMITIekcoB (MBK) xxenes-
HBIX IOPOT.

O6ecneuenne UBK mpowmbinenHoro
¥ TPAHCIIOPTHOTO Ha3HAYEHU ST ICTOYHUKAMU
JOTIOJTHUTEILHOTO,/Pe3epBHOTO, a TIPU HEOO0-
XOAMMOCTH M aBBTOHOMHOTO 3JIEKTPOCHA0Ke -
HUS JOJDKHO OCYIIECTBIISITHCS C YIETOM Tpe-



0OBaHMI K X TapaHTUPOBAHHOMY BKITIOUE-
HUIO B paboTy, KBIM(PUIIUPOBAHHOMY 00-
CJIYXWBAHUIO W YJYUYIIEHUIO 3KOJOTUH,
K HaJTMYMIO TOTOBBIX K MCITOTh30BaHUIO Mepe-
JIBVKHBIX BBIYMCIIUTEIHBIX MOJTYJIeH (C 9HEep-
rOoyCTaHOBKaMM) TIpU aBapusIX U Ype3BblYaii-
HbIX cutyauusx [1, 2]. B aToil cBsI3u BO3HU-
KaeT 3aJaya TEXHMKO-3KOHOMUYECKOU
olLieHK1 obopynoBaHus BUD ¢ reamoycrtaHoB-
KaM¥ IS Ha€KHOTO (hyHKIIMOHUPOBAHUS
MBK.

TTpenenbHeblit Teopetnyeckuit KIT dhoto-
aJieKTpuueckoro npeobpazosanust (OOII)
npesbiiaer 90 %, mosToMy akTyajibHa IOCTa-
HoBKa 3agauyn noBbiieHnss KITJ ®OIT no
50 % u Gosee B pe3yjabTaTe ONTUMU3ALUKU
cTpykTypsl ¥ TapamerpoB ODOI1 u I'Y. Tenumo-
YCTAaHOBKY C KOHIIEHTPAaTOpaMH YJIaBIUBAIOT
Ha 40 % Gouiblie coJiHeYHOM dHepruu [3, 4].
Ha ocHoBaHUY 3KCIIEpUMEHTATLHBIX TAHHBIX,
noxydeHHbIX B CTeH()OPICKOM YHUBEPCUTETE
[5], MOXHO cesaTh BbIBOJ, YTO MPU UCTOJIb-
3oBaHun OB Ha ocHOBE apceHUIa TayTus
W HUTPpUJA TAJIUS ¢ KOHIICHTpAIMEH JIydu-
croit sHepruu CoJiHIa U 00beAUHEHUEM IBYX
MIPUHIIUIIOB TIPe0Opa3oBaHUsI COTHEUYHOTO
cBeTa B 2JIEKTPUYECTBO — TEPMOIMHAMUYE-
ckoro u ceetoBoro — KIT/I yBenuunBaercs Ha
26 % (B cpeaHem g0 40 % 1o cpaBHEHUIO
C CYILECTBYIOILIUM CPeIHUM 3HaYeHueM 14 %).
TepmonnHamuueckoe npeodpazoBaHue Oa3u-
pyeTcsl Ha UCTIOJIb30BaHUY TEPMOIJIEKTpUYE-
CKOTO U TEPMOAMUCCUOHHOTO MPOLIECCOB.
CBeToBOE IpeobpazoBaHue (MpsiMast KOHBEP-
cust pOTOHOB B TOK TIPW ITOMOIIY TIOJYIIPO-
BOJHMKA) OCHOBAHO Ha MeTonaax (poToaek-
TPUIECKOTO0, (hOTOraJIbBAHNYECKOTO U (pOTO-
SMUCCUOHHOTO MPpeoOpa3oBaHUil. YieabHas
CTOMMOCTD ITPOU3BOJICTBA IHEPTUU C TTIOMO-
mbio ['Y MOXeT OBITh CHIKEHA HE TOJIBKO 3a
cuét noseieHuss KITJI yctaHOBKU U €€ co-
CTaBHBIX 2JIEMEHTOB, CHUKEHUSI CTOMMOCTHU
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VIIPaBJICHHUS €10, HO U 32 CYET UCTIOTH30BaAHUS
I'Y kaKk TONOJHUTEILHOTO MCTOYHMKA TTUTa-
HMSI Y BBIIAYY 3JIEKTPOIHEPTUU B CETh O0IIIE-
IO ITOJIb30BAaHMSI 32 IJIaTy, FapaHTUPOBAHHYIO
MPaBUTETLCTBOM.

OCHOBHBIE KOMIIOHEHTHI B CTPYKTYype
croumocTH 'Y onmuchIBalOTCS MapameTpamu,
3HAYEHUsI KOTOPBIX XapaKTepU3yIOT YPOBEHb
HCITOJIb3YyeMbIX TeXHOJIOTU . CTOMMOCTB COJI-
HEYHOTO BAaTTa 3aBUCHT B TIEPBYIO O4Yepeb OT
CTOMMOCTH TOJTYTIPOBOHUKOBOTO MaTepraa
B ()OTO2JIEKTpUIECKOM IpeobpasoBaree,
a raxke ot KITJI ®BIT (py6./BT):

S _S,.dp
®E cp77<1>3nYlY2 ’

rae .S — CTOMMOCTD MOJTyNPOBOAHKKA [pYO. ],
d — TONIIIMHA UCTTOb3YEeMbIX TUTACTUH [MKM];
p — TUIOTHOCTh MOJIYMPOBOAHUKA [Kr/M3];
E_ —cpenHee 3HaUCHME COMHEYHOM OCBEIIICH-
HOCTH 32 IEHb C yYETOM BEUEPHUX U YTPEHHUX
YacoB M KJIMMAaTUYECKUX YCIOBUIA B pa3iny-
Hble BpeMeHa roja [Br/m?]; ng,, — KIII
@®3II; Y, u ¥, — TexHonornyeckue Koapdu-
LIMEHTBI, XapaKTePU3YIOIIUe BBIXObI TPOLIEC-
COB IepepadoTKU KPUCTAIIOB MOJTYIIPOBO/I-
HUKa B TUIACTUHBI U TJIACTUH B COJTHEYHbIE
9JIEMEHTHI.

W3 cootHoueHus (1) BUAHO, 4TO 4yeM
OoJibllie TIONIAAb COTHEYHbIX TTaHeael, TeM
BbIILIE CTOUMOCTb MOJyIPOBOAHUKA. IMero-
1Iasicsl B HACTOsIIIee BPEMSI U B TIEPCIIEKTHBE
HEONpeleIeHHOCTh B TOCYTapCTBEHHOM 1ie-
HOBOM MOJUTHKE 10 9HEPTOHOCUTEJISIM JieJia-
€T 0OCOOEHHO BaXXHOW OOBEKTUBHYIO OLICHKY
9HEPreTUYECKOol OKYMaeMOCTU COOPYXKEHUS
I'Y. CtouMocTh akKKyMYJSITOPHBIX OaTapeii
(AKB), aBasitoliuxcst 3JIeKTpPOXUMUIECKUMU
HakonuTeasamu sHepruu (HD), cocraBaser
HaunboJiee BECOMYIO J0JTI0 B 00111ei CTOMMOCTH
COJIHEUHBIX 2JIEKTPOYCTAHOBOK. BhICOKYIO
KPaTKOBPEMEHHYIO MOIIIHOCTh MOXHO TMOJTY-
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YUTH TOJBKO TIPU BeCbMa OOJIBIION eMKOCTH
AKDB, 4To 00yc/10BIMBAET OOJIBILINE pa3MEPhI
n Maccy HakormTelsd. K mpyruM HemocTaTKaMm
AKDB oTHOCSTCS HeBbICOKAsI LIUMKJIMYecKas
CTaOWIJIBHOCTH U, CJICIOBATEIbHO, OTPAHNYCH -
HBII CPOK CIIYKOBI, a TAKKe HaJIW4INE B HUX
KHCIIOTBI, CBUHIIA, KAAMHUS M IPYTUX 9KOJIO-
TUYECKH OTACHBIX MaTEPUAJIOB.

Cpoxk okynaemocTt I'Y B 3aBUCMMOCTH OT
€€ ylIeJbHOI CTOMMOCTH [J1eT]:

Sty

oK™ )
EFYST

e S, — croumocts I'Y [py6.]; £, — ronooe
KOJINYECTBO JIEKTPUIECTBA, BHIPAOOTAHHOE
I'Y [kBreu/ner|; S, — CTOMMOCTL S3HEPTUHU OT
TpaIUIIMOHHON 3HEPTOYCTAaHOBKU [py0./
KBtey].

7151 TOro 4TOOBI TETMOYCTAHOBKU OB
peHTabeTbHBIMU, HAJO MOYTH B JBa pa3a
YMEHBIINUTH CTOMMOCTH COJTHEUHOM 9HEPTUM.
[MpenBapuTenbHbIe OLEHKW MCIIOJIB30BAHUS
KOHIICHTpAIIUU JIYIUCTON 9HepTUM [6] ImyTeM
00beIMHEHNS IBYX TIPUHITUIIOB TIPpeo0pa3o-
BaHUSI COJTHEUHOTO CBETa B DJIEKTPUIECTBO —
teruioBoro u kBaHToBoro KIT/ [5], mpumeHe-
Hust B DI comHEeUHBIX KACKATHBIX 3JIEMEH -
TOB [ 1], cHUXXeHus 3aTpaT Ha ynpasieHue ['Y
C TIOMOTIIBIO CIEASINETO 3JIEeKTPONpUBOIa
(CBII), ocymecTBISIONIETO TTOIATOBBIN pe-
KM caexkeHns 3a CoytHIIeM [7], CBUOCTETb-
CTBYIOT O TOM, YTO Ha COBPEMEHHOM 3Tare
pazsutus ['Y cylniecTBeHHOe CHUXEHUE
CTOMMOCTHU COJTHEUHOTO BaTTa CTAHOBUTCS
peaIbHBIM TTPY 00eCTIeYeHN N KauecTBa BbIpa-
0aTbIBaEMOM 2JIEKTPOIHEPTUM HA TpeObyeMoM
ypoBHe [8].

DKOHOMUYECKYIO TIPUOBLIb 32 CUET BO3-
MOXHOCTH BBITIOJTHSITH NTOTIOJTHUTEIbHBIC
(byHKIIMM MOXHO M3BJIEYb C ITOMOIIBIO 10-
noJHUTENbHON 3Hepruu ot ['Y. JJonoaHu-
TEJIbHYIO HEPTHUIO 11eJIECO00PA3HO PEeaTU30-
BBIBaTh TOJIBKO TOT/A, KOTJa CTOMMOCTD 3a-
MEIIaeMOTO 2JIEKTPUIECTBA TPAAUIIMOHHON
SHEPTOCUCTEMBI paBHA WX OOJIBIIIE CTOMMO-
CTU BJIEKTpUYecTBa, BbIpabarbiBaeMoro I'Y.
Ecnu Ha TpaBUTEILCTBEHHOM YPOBHE OyIeT
OpraHu3oBaHa TOIACPXKaA IMPU BHEIPCHUUN
COJIHEUHBIX 9HEPTOYCTAHOBOK, TO CTOUMOCTD
3aMelIaeMoro 3JIEKTPUUIECTBA TOJKHA OCTa-

T 2

BaThCSI UMEHHO TaKOM C Y4ETOM BbIUETA «KBOT
3a BBIOPOCHI» 32 CUET CHUXKEHUSI BBIOPOCOB
yraekucioro raza [9]. CooTBeTCTBEHHO 3a-
MUIleM BbITEKAIOIIUe OTCI0[a HepaBEHCTBA

[py6.]:
S§.28,/E,am S =28,/ (E,—S), (3)
rae S, , — KBOTa 3a BbIOPOCHI.
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ANALYSIS OF TECHNICAL AND ECONOMIC INDICATORS OF SOURCES OF OWN

GENERATION OF ENERGY ON RAILWAYS

Samarov, Kim L., Technological University, Korolev, Russia.
Strenalyuk, Yuri V., Technological University, Korolev, Russia.

ABSTRACT

The stages of the system analysis of technical and
economic indicators allowing to compare the
efficiency of renewable solar energy equipment are
described. It is shown that the introduction of solar
installations as an additional source for a power supply
system for non-traction and non-transport consumers

(for equipment of information and computer
complexes of railways) will make it possible to reduce
energy costs and reduce construction of power
transmission lines. The authors of the article are sure
that the situation in the energy pricing policy makes
an objective assessment of the energy payback of the
solar installation construction particularly important.

Keywords: railway, system analysis, solar energy, solar installations, energy payback.

Background. /n order to reduce the cost of
energy supply and improve the quality of electricity
in rail transport, it is envisaged to develop its own
generation of energy for non-traction needs: to
provide power to non-traction and non-transport
consumers by using non-traditional renewable
energy sources. Depreciation of fixed assets of
electric grids is 40 %. It is only for this reason that
the introduction of renewable energy sources
(RES), independent of electrical networks, is actual.
For regions of Siberia and the Far East with a high
level of solar insolation, it is advisable to use solar
RES.

In our article, we will consider RES with solar
installations (Sl), which convert solar energy into
electrical energy for the equipment of information
and computer complexes (ICC) of railways.

Objective. The objective of the authors is to
analyze technical and economic indicators of
sources of own generation of energy on railways.

Methods. The authors use general scientific
and engineering methods, mathematical
calculations, evaluation approach, comparative
analysis.

Results. Provision of ICC for industrial and
transport purposes with sources of additional/
reserve and, if necessary, autonomous power
supply should be carried out taking into account the
requirements for their guaranteed inclusion in work,
qualified maintenance and improvement of the
environment, availability of ready-to-use mobile
computing modules (with power installations) in
case of accidents and emergency situations [ 1, 2].
In this regard, the task arises of a technical and
economic assessment of RES equipment with solar
installations for the reliable operation of ICC.

The limiting theoretical efficiency of the
photoelectric conversion (PEC) exceeds 90 %,
therefore, the actual task of increasing the
efficiency of PEC is up to 50 % and more as a result
of optimizing the structure and parameters of PEC
and Sl. Solar installations with concentrators
capture 40 % more solar energy [3, 4]. On the basis
of experimental data obtained at Stanford University
[5], it can be concluded that when using PEC on
gallium arsenide and gallium nitride with a
concentration of solar radiant energy and combining
two principles of conversion of sunlight into
electricity — thermodynamic and light — the
efficiency is increased by 26 % (an average of 40
% compared with the current average of 14 %). The
thermodynamic conversion is based on the use of

thermoelectric and thermionic processes. The light
conversion (direct conversion of photons into a
current by means of a semiconductor) is based on
the methods of photoelectric, photovoltaic and
photoemission transformations. The specific cost
of energy production by means of Sl can be reduced
not only by increasing the efficiency of the
installation and its components, reducing the cost
of managing it, but also by using Sl as an additional
source of power and supplying electricity to the
public network for a fee guaranteed by the
government.

The main components in the cost structure of
Sl are described by parameters which values
characterize the level of technology used. The cost
of a solar watt depends primarily on the cost of
semiconductor material in the photoelectric
converter, as well as on the efficiency of PEC
(rub./W):

S.dp

E VY,

where S__ is the cost of the semiconductor [rub.]; d
is thickness of the plates used [um]; p is
semiconductor’s density [kg/m?]; E, is average
value of solar illumination for a day taking into
account evening and morning hours and climatic
conditions in different seasons [W/m?]; n,.. is
efficiency of PEC; Y, and Y, are technological
coefficients characterizing the yields of the
processes of processing semiconductor’s crystals
in plates and plates into solar cells.

It follows from relation ( 1) that the larger is the
area of solar panels, the higher is the cost of a
semiconductor. The current uncertainty in the state
pricing policy on energy carriers makes the
objective assessment of the energy payback of S|
facility especially important. The cost ofaccumulator
batteries (AB), which are electrochemical energy
storage units (ESU), is the most significant part of
the total cost of solar electrical installations. High
short-term power can be obtained only with a very
high capacity of AB, which determines the large size
and mass of the storage unit. Other drawbacks of
AB include low cyclic stability and, therefore, a
limited service life, as well as the presence of acid,
lead, cadmium and other environmentally hazardous
materials.

Payback period of S| depending on its unit cost
[years]:

T S

— SI
PP H
ESlST

(1)

S ppc=

(2)
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where S, is cost of Sl [rub.]; E, is annual amount
of electricity generated by SI [kW+h/year]; S is cost
of energy from a traditional power installation
[rub./ kW-h].

For solar installations to be cost-effective, it is
necessary to almost halve the cost of solar energy.
Preliminary estimates of the use of concentration
of radiant energy of the Sun [6] by combining two
principles of conversion of sunlight into electricity —
thermal and quantum efficiency [5], the use of PEC
of solar cascade elements in the photovoltaic cell
[1], reducing the cost of controlling Sl using a
follower electric drive (FED), implementing the
step-by-step regime of tracking the Sun [7],
indicate that at the present stage of the development
of the SI, a significant reduction in the cost of the
solar watt becomes real while ensuring the quality
of production electricity at the required level [8].

Economic profit through the ability to perform
additional functions can be derived by generating
additional energy from Sl. It is advisable to realize
additional energy only when the cost of the replaced
electricity of a traditional power system is equal to
or greater than the cost of electricity generated by
Sl. If support is provided at the governmental level
for introduction of solar installations, the cost of
electricity to be replaced should remain exactly this,
taking into account the deduction of «emission
quotas» by reducing carbon dioxide emissions [9].
Accordingly, we write down the following inequalities

[rub.]
- SQu)! (3)

Sr2 Ssr/ ESI or STZ Ssz/(Esr
where S, is emission quota.

Conclusions. A technical and economic
assessment of the energy optimization of RES
renewable energy sources with solar installations
has been developed. In order to make the use of
solar installations profitable, it is necessary to
almost halve the cost of solar energy received from
them. With the participation of the state or without
it, but the fulfillment of this task is the main condition
of economically viable projects related to the
introduction of non-traditional types of energy.
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3KCMPECC

NH®OPMALNA

X1l MEXXAYHAPOOHbIN XXEJIEBHOAOPOXXHbIN
BU3HEC-D®OPYM «CTPATETM4ECKOE NAPTHEPCTBO 1520»

Ha XII mexxayHapoaHOM XKeJie3HOA0POXK-
HoM Ou3Hec-dopyme «CTpaTernyeckoe mapr-
HepcTBO 1520» npe3unent OAO «P2XK]I» Oaer
Benosépos, npesunent AO «HanuonanbHast
komnanus «Kazaxcran temup xoJbsl» Kanar
AmnbicoaeB u HavaabHuk I'O «Benopycckas
2KeJjie3Has nopora» Baaaumup Mopo3os noa-
NHCAJM MEMOPAHIAYM O B3aMMOAeiCTBUHU
B 00J1aCTH Pa3BUTHS XKeJE3HOJAOPOKHOTO
TpaHcnopTa B pamkax EBpa3uiickoro 3kKoHo-
MHYECKOro C0103a.

MewmopaHIyM HarpasieH Ha yIIyoJieHue
COTpPYIHUYECTBA B 00JaCTU Pa3BUTUS Xe-
JIE3HOIOPOXKHOTO TPAHCIIOPTA HA TEPPUTO-
puu rocynapctB — wieHoB EADC.

CorlacHO JOKYMEHTY, OMHUMU U3 OC-
HOBHBIX ueneﬁ COTPYAHHNUYECCTBA OOJI2KHBI
CTaTb Bpra60TKa MEXaHU3Ma COBMECTHOTO
HNCITOJIb30BaHMA IMapKa rpy3oBbIX BaroHOB
Ha B3aI/IMOBI:II‘OJ1HOI71 OCHOBC€, BBaHMOHCﬁ-
CTBUC I10 PAa3BUTUIO TPAHCIIOPTHLIX KOPU-
JIOPOB M peaynm3allii TPaH3UTHOTO MTOTEH-
mumana.

B cooTBeTCTBMM ¢ MeMOpaHIyMOM OyneT
cozlaHa COBMeCTHas paboyast rpyrina, KOTo-
past 00ecreYynT B3auMOAECTBUE CTOPOH
¥ TIOATOTOBKY TPEIJIOXKEHUI TI0 COBEPIIIEH-
CTBOBAaHWIO HOPMATUBHO-TIPABOBOI 0a3bl
B pamkax EADC, peanm3allun COBMECTHBIX
TPOEKTOB U TaJIbHEHUIIIeMYy COBEPIIIEHCTBOBA-
HUIO Tapu(PHO TTOJIUTHUKU.

Kpowme toro, mpesumerT OAO «PXKI»,
npe3uaeHT AO «HanmoHanbHass KOMITAHUS
«Kazaxcran Temup Xojbl» 1 HadaabHUK ['O
«Bemopycckas xxeye3Hast Jopora» MoAIICaTn
Ha (hopyMe IPOTOKOJT TT0 BOTIPOCaM JIaTbHEel -
mrero pa3sutust AO «OTJIK».

B 2016 rony 06BéM mepeBo3ok OTJIK
OoJiee yeM BIBOE TIpeBBICUI ypoBeHb 2015
roga u coctaBus 101 ThIC. KOHTEITHEPOB
(A®Y). [MnaH MO TPaH3UTHBIM TTEPEBO3KAM
Ha 2017 rox cocraBmseT yxxe 137,5 ThIC. KOH-
TEHEPOB. YUUTHIBasi UTOTU PAOOTHI KOMITa-
HUM 32 5 MecsIleB TeKYIIEro roaa, MOXHO
OXWIATh MPEBBIIIEHUS 3asIBJIECHHOTO 00bEMa
[IEPEBO30K. L

nioHs 2017 roga B Coun Npe3uaeHT
OAO «PXJl» Oner benosépos
B pamkax XII mexayHapoaHoro
KeJe3HOMOPOXHOTO Ou3Hec-dopyMa
«CTtpaTeruyeckoe nmapTHépcTtBo 1520»
BCTPETUJICS C TIPEACTABUTEISIMU HEMEIIKMX
JIeJIOBBIX KPYTrOB, B YaCTHOCTU KOMITaHMUIA
«Cumenc Al'», «/loitue ban AI'», «IllITpadar
ATD», «®occiio @acrennHr CucreMc IMOX»
u «lsppaep Al'», BXoasmiux B cocTaB
«HeMmenukoit uHumaTuBbl mo BCM».
Ko1roueBoii TeMoii BCTpeun cTajla BO3MOX-
Hasl Koorepaius B IPOeKTax Mo CO3MaHUI0
CeTH BBICOKOCKOPOCTHBIX nopor B Poccumu,
Bkiouass BCM «MockBa—KazaHb» Kak co-
cTaBHO# YyacTy EBpa3uiickoro BHICOKOCKO-
POCTHOTrO TPaHCIIOPTHOTO Kopumopa Mo-
ckBa—IlekuH.
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Y4acTHUKM BCTPEYU OOCYIMIIA COMPSIKE-
Hue MapipytoB «HoBoro II€nkoBoro mytu»
M MEXIYHApOIHOTO TPAHCIIOPTHOIO KOPH-
nopa «Bocrok—3aman», B ToM yncie ¢ TpaHc-
CUOUPCKOM KeJIE3HOIOPOXKHOM Marucrpa-
JIBIO, a TaKXKe JIPYTMMU MapLIpyTaMy 4yepes
Tepputopuio EADC.

«TpaH3UTHBII TOTEHIIMAJ, KOTOPBIi ITO3BO-
Jisiet rpy3am u3 ctpaH EBponibl 1 CHIT Hanpsi-
MYIO BBIXOIUTH K JaJIbHEBOCTOUHBIM POCCHIA-
CKMM MOPCKMM ITOPTaM 1 CyXOITyTHOM TpaHMUIIe
¢ Kuraem, Monronueii u KazaxcraHom, Kojioc-
cajieH»,— nomuepkHyJ Oner beno3épos.

TIpesunent OAO «P2XK/I» oTmMeTn, 4To 3a
MOCJICIHUE TPY FOIa MHOTOKPATHO YBETMIMII-
cs1 00bEM TPaH3UTHBIX KOHTEHHEPHBIX Mepe-
BO30K Mexay EBpomnoit 1 Kutaem, u moreH-
IIMaJI 3TOTO HaIlpaBJeHUs He UcyeprnaH. @

XIl MexxayHapoaHbI XXene3HOA0PO0XHbIN bu3Hec-dpopym «CTpaTernyeckoe naptTHepcTeo 1520»




utoHs1 2017 rona B pamkax XII mexayHa-
POIHOTO XEeJe3HOAOPOXHOIO OU3HeC-
(opyma «Crparernyeckoe mapTHEPCTBO
1520» niepBbiii Bulie-npe3uaeHT OAO «P2K]1»
Asnekcanip MuIiapuH MpUHSIT ydacTue B Tie-
HapHoii nuckyccuu «HoBbiit LIIENKOBBINA MyTh.
1520 B aBaHTap/e €BpOA3UATCKON TOPTOBIIN».
Y4acTHUKM TUCKYCCUUM OOCYIUIU UTOTH
Y TIEPCTIEKTUBBI TPAH3UTHBIX 3KEJIE3HOTOPOXK-
HbIX MepeBo30K Ha MapipyTe Kurtaii—EBporna.
«Poccust, yuacTBys B eBpa3uiicKoi 9KOHO-
MUYECKO MHTErpalud U CTPOUTEIHCTBE
«DkoHoMuueckoro nosica [HIETKoBOro myTu»,
pelaeT cpa3zy HeCKOJbKO 3a1a4: (opMUpOBa-
HHUE HOBOI 9KOHOMUYECKOI MOjeau, Halle-
JICHHOI Ha TpeBpalleHue eBPOa3UTCKOTo

MPOCTpPaHCTBA B HauboJIee yI00OHYIO Cpeay ISt
IBVDKEHUSI TOBAPOITOTOKOB, pa3BUTHE TPAHC-
MOPTHO-JTOTUCTUIECKOM MHMPACTPYKTYPHI,
KOTOpast TT03BOJIUT KalTUTAIU3UPOBATh HAIlle
reorpacrIecKoe MPEeUMYIIeCTBO» ,— OTMETHI
B CBOEM BBICTYIUIEHUN AJleKcaHap MuIapuH.

OH TaK>Ke HaITOMHUJT, YTO JKeJIE3HOTOPOXK-
HBII TPAaHCIIOPT MMEET KOJIOCCATTEHOE TIPEeH-
MYIIECTBO Tepel MOPCKUM — PAacCTOSIHUE
TepPeBO3KM MEHBIIE, a 3HAYUT U CPOKH JI0-
CTaBKU Tpy30B 13 Asnu B EBpomy HaMHOTO
KoMGOpTHEe TSI TPy300TIIPaBUTENICH, IICHS -
IIUX CKOPOCTh. [Ipr 3TOM CTOMMOCTH TIepe-
BO3KM KOHTCHHEPHBIX TPY30B «OT ABEPU IO
IBEPU» XKEJE3HOTOPOXKHBIM U MOPCKUM
TPAHCIIOPTOM COTIOCTaBUMa. °

PASPABOTKA TO0 NPOEKTA HArmyP-CEKYHAEPABALL

1 mons 2017 rona npe3ugent OAO «P2KI»
Ouer beno3épos unocon Nugun B PO r-u [1an-
Ka/pk Capan noanucas M J0roBop MezKay MUHH-
CTEepPCTBOM 3KeJie3Hbix gopor Unauu u OAO
«P2KJI» 0 moAroToBKe 000CHOBAHMS peain3a-
MM CKOPOCTHOTO COOOINEHNSI HA XKeJIe3HOI0-
poxnom yuyactke Harmyp— CekyHuepadan
(Aupus). [Moanucanne cocTOsIOCH B PUCYT-
creum npe3uaenta P® Baagumupa Ilyruna
u npeMbep-munncTpa Mumum Hapenapst Moau,
KOTOpbIii Haxoauics B Poccuu ¢ Bu3uTom.

B pamkax cornamenust xonnuHr «P2KJI»
u nnuiickue xee3Hble JOpOTH JOTOBOPH-
JIUCh O COBMECTHOM JIesITEIbHOCTU TIO pa3pa-
0O0TKE TEXHUKO-3KOHOMUYECKOTO 000CHOBA-

HUST MOJICPHU3AIINY KeJIe3HOIOPOKHOMN JTN-
nun Harmyp—CekyHnepaban (575 km) mist
MTOBBILICHUST CKOPOCTH JABVKEHUST TTACCakup-
cKuX 1moe3moB 10 200 kM/4.

Hanomuuwm, uro 15 oktsi6pst 2016 roxa
B pamkax BockMoro cammuta bPUKC OAO
«P2XK/1» 1 MUHUCTEPCTBO XEJIE3HBIX JOPOT
WHnmy moamucany mpoToKOJ O COTPYIHUYE-
CTBEe B chepe CKOPOCTHOTO XKEeIe3HOA0POXK-
Horo coobiieHus. [IpoTokon 6bu1 cocTaBieH
B pa3BuTHEe MeMopaHIyMa 0 B3aMMOTIOHMMa-
HuU oT 24 mexkabpst 2015 rona.

ITo maTepuanam npecc-ciyKobl
OAO «PXK]I» ®
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Pa3paboTka T9O npoekTa Harnyp—CekyHaepaoapn,



In the framework of the 12" International
Railway Business Forum» Strategic Partnership
1520» Oleg Belozerov, the President of Russian
Railways, Kanat Alpysbaev, the President of
JSC NC Kazakhstan Temir Zholy, and Vladimir
Morozov, the head of the Belarusian Railways
State Enterprise, have signed a memorandum
on cooperation on the development of rail
transport within the framework of the Eurasian
Economic Union.

The memorandum is aimed at deepening
cooperation in the development of rail transport
on the territory of the member states of the
Eurasian Economic Community (EAEC).

According to the document, one of the
main objectives of the cooperation will be

the development of a mechanism for the
joint use of the freight wagon fleet on a
mutually beneficial basis, cooperation on
the development of transport corridors and
the realisation of the EAEC’s transit
potential.

In accordance with the memorandum, a
joint working group will be created that will
ensure cooperation between the parties and
prepare proposals for improving the regulatory
framework within the framework of the EAEC,
implementing joint projects and further
improving the tariff policy.

In addition, the president of Russian
Railways, the president of JSC NC Kazakhstan
Temir Zholy and the head of the Belarusian
Railway Company signed a protocol on the
further development of United Transport and
Logistics Company (JSC UTLC).

In 2016, the volume of shipments carried
by UTLC more than doubled from the level of
2015 and amounted to 101,000 twenty-foot
equivalent unit (TEU) containers. The transit
transportation plan for 2017 already stands at
137,500 containers. Taking into account the
company’s work for the 5 months to the end of
May 2017, the declared volume of traffic is
expected to be exceeded. L4

Oleg Belozerov, the President of Russian
Railways, has met with representatives from
the German business community, in particular
Siemens AG, Deutsche Bahn AG, Strabag
AG, Vossloh Fastening Systems GmbH and
the Schaeffler Group AG, all of which are part
of the German Initiative on High-Speed
Railways.

The meeting’s key topic was possible
cooperation on projects to create a network of
high-speed railways in Russia, including the
Moscow—Kazan High-Speed Railway as an
integral part of the Moscow—Beijing high-
speed International Transport Corridor across
Eurasia. Also under discussion was the
interconnection of the routes of the New Silk

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

Road and the East-West International Transport
Corridor, including the Trans-Siberian Railway,
as well as other routes across the territory of the
Eurasian Economic Union (EAEU).

«The transit potential which gives freight
from Europe and the CIS countries direct
access to the seaports in Russia’s Far East and
Russia’s land borders with China, Mongolia
and Kazakhstan, is colossal», said Oleg
Belozerov.

The President of Russian Railways noted

that over the past three years, the volume of [ ‘

transit container shipments between Europe
and China had increased many times and that
the potential of this direction had not been
exhausted. °
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12 International Railway Business Forum «Strategic Partnership 1520»



* %k %k

Alexander Misharin, First Vice President
of Russian Railways, has taken part in the
plenary discussion «The New Silk Road. 1520
in the Forefront of Eurasian Trade».

The discussion took place in the framework
of the XII International Railway Business
Forum «Strategic Partnership 1520» on 8 June
2017.

The participants in the discussion discussed
the results of, and prospects for transit rail
transportation along the China-Europe route.

«By participating in Eurasian economic
integration and the construction of the Silk
Road Economic Belt, Russia solves several
tasks. It is establishing a new economic model

aimed at making the Eurasian space the most
convenient environment for traffic flows, and
in addition is developing the transport and
logistics infrastructure that will allow us to
capitalise on Russia’s geographical
advantage», said Alexander Misharin in his
speech.

Misharin also recalled that rail transport
has a colossal advantage over the sea route.
The land route is much shorter, so delivery
times for goods from Asia to Europe are much
more convenient for shippers who appreciate
speed.

At the same time, the cost of transporting
containerised goods «from door-to-door» by
rail and sea transport is comparable. )

FEASIBILITY STUDY FOR NAGPUR-
SECUNDERABAD PROJECT

Russian Railways’ President Oleg Belozerov
and the Ambassador of India to Russia
Mr. Pankaj Saran have signed an agreement
between India’s Ministry of Railways and
Russian Railways on the preparation of a
feasibility study for a high-speed rail service
between Nagpur and Secunderabad in India.

The signing took place on 1 June 2017 in
the presence of Russian President Vladimir
Putin and Indian Prime Minister Narendra
Modi, who is in Russia on an official visit.

Under the agreement, Russian Railways
and Indian Railways have agreed to joint

activities to develop a feasibility study for the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 147-150 (2017)

modernisation of the 575 km Nagpur—
Secunderabad railway line in order to increase
the speed of passenger trains to 200 km/h.

Russian Railways and India’s Ministry of
Railways had previously signed a protocol on
cooperation in the field of high-speed rail
services within the framework of the VIII
BRICS Summit on 15 October 2016.

The protocol was drawn up as development
of the Memorandum of Understanding signed
on 24 December 2015.

Based on press releases
of JSC Russian Railways @

12" International Railway Business Forum «Strategic Partnership 1520»

Feasibility study for Nagpur—Secunderabad project



KOOMEPALMSA 152
|

KakoB npoekT — TakoB 3 HeKT.

OBLUECTBEHHbIN

TPAHCMNOPT 160
|
«[letnsa kayecTBa» obeljaet
KOM@OPT.

ONTUMUIALMA 174
|

CBosi cTparteruvsi HyXHa
Y Masio3arpPyXeHHOV JIMHUN.

COOPERATION 152
|

The effects depend
on the projects.

PUBLIC

TRANSPORT 160
|

Quality loop promises comfort.

OPTIMISATION 174
|
Even less operated railroad
needs its own strategy.

technical means are
absent, 3




ADMINISTRATION, MANAGEMENT AND CONTROL

VK 625.72:625.11:550.8

Amma KYSAXMETOBA
EmmaK. KUZAKHMETOVA

Nérp AblAbILLKO
Petr I. DYDYSHKO

Design of High-Speed Combined Motor
Roads and Railways

(TeKCT cTatbu Ha aH1. 3. —
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B cTtatbe paccmartpuBaioTcs npoobsiemMs!
CTPOUTENIbCTBA B CTPaHE BbICOKOCKOPOCTHbIX
COBMELLEHHbIX aBTOMOOW/IbHbIX U X€J1€3HbIX
Aaopor. MpoekTupoBaHue Takmnx 06bLEKTOB
TpebyeT 0co60ro BHUMAaHUS, MOCKOJIbKY

cam o6beKT npeacTassisseT coboli
CJIOXXHEHLLYIO TPaHCMOPTHYIO CUCTEMY,
Ka)kabli 3/71eMEeHT KOTOPOW rnpearnosaraet
MOBBILLUEHHYIO 3KCMJTyaTauUnOHHYIO
HanéxHocTb. [NoaToMy nNpu NPOeKTUPOBaHUN
COBMELLEHHbBIX AOPOI HY)XEH MOJIHbIA YYET
nPUPOAHBIX N TEXHOr€HHbIX BO34ECTBUA

Ha uH>xeHepHble coopyxeHus. Ha

OCHOBe rMpoBeAEHHbIX NCC/Ie0BaHNNA
AaloTcs peKkoMeHaauumn rno MeTogos1orum
NpPOEeKTUPOBaHUS U UHXXEHEPHO-
reosiorn4eckux n3biICKaHui, CTaBUTCsl
BOMpPoOC 0 He06Xx0aMMOCTHU OBGHOBNEHNUS
conyTcTByloLeli HOPpMaTUBHOV 6a3bl.

Knto4eBbie crioBa: BbICOKOCKOPOCTHbIE
COBMELLEHHbIE AOPOIrM, MHXEHEePHO-
reosiornyeckme u3bickaHusl, MPOeKTUpPoBaHue,
CTPOUTENLCTBO, aBTOTPACCa, Xe/1e3Hasl 4opora,
TpaHCcrnopTHasi cuctema.
|
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NPOBJIEMBbI YIIPABJIEEIA

NpoekTupoBaHue
BbICOKOCKOPOCTHbIX COBMELL,EHHbIX
aBTOMOOWJIbHbBIX U XXeJie3HbIX Aopor

Jvtovumro Ilemp Heanoeuu — 0okmop mexnuveckux
Hayk, enaemwlii Hayuubli compyonuk AO «BHUUXKT>,
Mockea, Poccus.

Kysaxmemosa Imma Koncmanmunosna —

00KmMOp mexHu1eckux Hayk, npogeccop Kageopol
«AemomodunvHble dopoeu, aspoopoMbl, OCHOBAHUSL

u gpynoamernmor> Mock08cK020 20cyo0apcmeeHHo20
yHugepcumema nymeii cooouerusi (MUUT), Mockea,
Poccus.

YUCITy TPOTPECCUBHBIX HATIPABICHU N

B 00JIaCTW TPAHCTIOPTHOTO CTPOU-

TEJIbCTBA OTHOCSITCSI BBICOKOCKO-
POCTHBIE U CKOPOCTHBIE XeJIe3HbIE 1 aBTO-
MoOWIbHBIE 1OpOTU. CKOPOCTh ABUXKEHWUS
MOJBUKHOTO COCTaBa Ha BHICOKOCKOPOCT-
HBIX XeJIE3HBIX JOPOTaX JOJIKHA COCTABIISTh
200—400 km/4, Ha aBTOMOOUJIBHBIX — OoJTee
150 km/4.

B mocnenHue roabl MOSIBUACS OTBIT
CTPOUTEJILCTBA COBMEIIEHHBIX aBTOMOOUJIb-
HBIX U KeJIe3HbIX TOpOT. C 1ebI0 yydIeHUSsT
WHQPACTPYKTYPHI B psijie CIyuaeB SKOHOMMU -
YeCKHU U TEXHUIECKH ITO 11eJIeco00pa3Hee nx
pasnenbHOTO cymecTBoBaHus. K mpumepy,
CKOPOCTHAsl COBMEILEHHAsI aBTOMOOUIbHAs
U Xene3Has gopora Amyiep—«Ambnuka-Cep-
Buc» (oc. Kpacnast [Tonstna), koTopas Obuia
OCHOBHOW TpaHCIMOPTHOU apTtepueit Onum-
muaabi-2014. TIpoeKTUPOBIIMKY YUIN OCO-
OEHHOCTHM MPUPOTHOTO JaHAImadTa U TIPo-
JIOXWIIN 3KEJIE3HYIO M aBTOMOOWIBHYIO OPO-
v napasienbHo. [IponyckHas cnocoGHOCTh
PeNIbcOBOM JIMHUM — 6 Map MOe3/I0B B Yac co
cKopocThio aBMXeHus 1o 160 km/4. IIpo-
NyCKHAas CIMMOCOOHOCTh aBTOMOOMJIBHOU
Tpaccel — 11000 aBT./CyT. cCO CKOPOCTHIO
nBuskeHUs 1o 100 kv/4.



HawmeuaeTcs coBMmellleHuEe BBICOKOCKO-
POCTHOM X€JIEe3HOMNOPOXHOW MarucTpaiu
MockBa—Ka3zaHb ¢ miaTHoli aBToTpaccoi
M7. ®enepanbHast M7 — 3TO aBTOMOOMITb-
Has nopora MockBa—Branumup—HuxxHu
Hosropoa—Kazanb—Yda. E€ npoTsKEH-
HocTh 1351 kM. PykoBoactBo OAO «Cko-
POCTHBIE MarucTpajn» CUMUTAET IIeJIECO-
00pa3HbIM COBMEIIEHUE ITUX TOPOT.

* k *

CoBMenI¢HHAss aBTOMOOVUTbHAS U KeJIe3-
Has Jopora (CKOPOCTHAsI WJIM BHICOKOCKO-
pOCTHasl) — CJIOXHEHWIIasi TpaHCTIOPTHAs
cuctema. Hemoyuér ycioBuii onHOM e€ coc-
TaBJISIONICH TIPU MPOCKTUPOBAHUU KOH-
CTPYKIIMHA MOXKET IIPUBECTU K HAPYIICHUIO
paboTocnocobHocTH Bceit cuctemnl. [lo-
3TOMY BaXXHO KOMITJIEKCHOE M3y4eHUe CTe-
TICHU BIUSTHUS IIPUPOTHOTO M TEXHOTEHHO-
TO BO3MIEMCTBUS Ha TTIOBEIEHNE COOPYKEHU
[3, 4, 7]. C 3T0lf HeapI0 HEOOXOAUMO, KaK
MUWHUMYM, CJIeyIolee:

— OLICHUTH 30HY OTACHBIX TEOJIOTUYe-
CKMX TTPOLIECCOB IS aBTOMOOMIBHOM 1 XKe-
JIE3HOW TOpOT;

— YCTaHOBUTH YSI3BUMEBIC MECTa BIUSTHUS
TEXHOTEHHOTO BO3ICHCTBUS;

— OIIPENeINTh YIaCTKN TUITOBOTO M MH-
IVUBUAYAIBHOTO TTPOCKTUPOBAHUS aBTOMO-
OWJIBHOM 1OPOTH;

— OIPEIeIUTh YIACTKHU T'PYIIIIOBBIX pe-
IIeHU 1 THANBUAYAJIBHOTO ITPOSKTUPOBA-
HUS XKEJIE3HON NOpOTH;

— HaMETUTh MeCTa pa3MeIlleHUsT CUCTe-
MBI MOHUTOPHWHTA 32 IMHAMHUKOU pa3BUTHUS
KaK MMPUPOIHBIX, TAK U TEXHOTCHHBIX IIPO-
1IECCOB.

CoctaB 1 00BEM MHXEHEPHBIX U3bICKA-
HUI TOJKeH Ha3HAYaThCs C yUETOM MECT-
BYIOIINX HOPMATUBHBIX JOKYMEHTOB HJIs
ABTOMOOMJIBHBIX M KeJIE3HBIX TOpoT. BMecTe
C TeM Hay4YHbIe MCCJIEOBAHUS B 9TOM Ha-
TpaBJICHUN W TIPAaKTUIECKUI OITBIT CTPOU-
TEJIbCTBA COBMEIIEHHBIX TOPOT (CKOPOCTHBIX
M BBICOKOCKOPOCTHBIX) MOTYT BHOCHUTH CO-
OTBETCTBYIOIINEC KOPPECKTHUPOBKM.

IMposenennbie AO «BHUMXKT» uccrue-
JIOBAaHUS TTO3BOJISIIOT NaTh OMpeeeHHbIE
pexoMeHganuu. [1py BHITTOJTHEHUW WHXKE-
HEPHO-TEOJIOTUYECKUX U3bICKAHUI XeJe3-
HBIX JOPOT B HECJIOXKHBIX YCIOBUSIX M CPE/I-
Hell CJIOKHOCTH TITyOUHY BBIPabOTOK (CKBa-
KWH) CJIelyeT Ha3HayaTh He MEHee YeM Ha
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4 M HIKe PacU€THOM IITyOMHBI TPOMEp3aHMSsT
3eMJISTHOTO MoJ10THA. [PpYyHTOBOE OCHOBaHUE
MO/ HACBITBIO JOKHO OBITh MPOUAEHO BbI-
paboTKaMu Ha T1yOMHY He MeHee 6 M. Ha
KaXIIOM TOTEePEeYHUKE CKBaXXUHBI CJIEAYET
Ha3HayaTh Ha OCU MyTei U B CPeAHE 4YacTU
OTKOCOB.

it MOBBIIIEHUSI TOYHOCTU U UHGDOP-
MaTUBHOCTU U3bICKAHUI HEOOXOAUMO HC-
MOJIb30BaTh T€OPAAUOJTOKAIIMOHHOE 30H-
IupoBaHue (K mpuMepy, reopanap «J1o3a»)
U 2JIEKTPOKOHTAKTHOE TUHAMUYECKOE 30H-
IUpOBaHUE.

Bua v KOHCTPYKIIMIO 36 MJISTHOTO MTOJIOT-
Ha BBICOKOCKOPOCTHBIX XKeJIe3HOA0POKHBIX
U aBTOMOOWMJIBHBIX TOPOT Ha3HAyaloT MpU
TEXHUKO-3KOHOMUYECKOM OOOCHOBAHUU UX
Tpacchl HA OCHOBE aHaJIM3a COCTOSTHUS 00b-
€KTOB B aHAJIOTUYHBIX YCIOBUSIX, U3YYCHUS
reoMop@oJIOTHYeCKUX U KIUMaTUYEeCKUX
yCI0BUiA, JaHAIIA(bTHON XapaKTEpUCTUKU
MECTHOCTHU, MPUPOAHBIX MTPOLIECCOB U SIBJIE-
HUI U IpyTUX MapaMeTpoB. DTU MTOKA3aTeIn
YTOUHSIOT B MpPOLECCe NPOECKTUPOBAHUS
MocJje MPOBENEHUS WHXEHEPHBIX U3bICKa-
Huil. [Ipu NpoeKTUpOBaHUHU clieayeT obec-
MeYrnBaTh HECYIIYIO CIIOCOOHOCTbh TPYHTOB
U YCTOMYUBOCTD 36MJISTHOTO TTOJIOTHA XKeJe3-
HBIX I0POT C YYETOM BUOPOANHAMUYECKOTO
BO3IEMCTBUS MOE310B, aBTOMOOUIBbHBIX
JIOPOT — C yYeTOM AUHAMUYECKOTO BO3/AEli-
CTBMS OT aBTOTpaHcmoprTa [5].

3eMJISIHOE MOJOTHO JOJKHO COXPaHSATh
CTaOMJIBHOCTh BEPXHETO CTPOCHMUS XKese3-
HOJIOPOXHOTO MYTU U pabOTOCIIOCOOHOCTD
JIOPOKHOM 01€XKTbl aBTOMOOWJIBHOI TOPOTU
C LIeJIbI0 peaau3aluy 3alaHHOTO 00bEMa
MEePEeBO30K C PACUETHOU CKOPOCThIO IBUXKE-
HUS TP MUHUMAJBHBIX TUCKOHTHPYEMBIX
CYMMax CTPOUTEJbHBIX U IKCIIyaTalluOH-
HBIX 3aTpaT, MaKCUMaJIbHOM COXpaHEHUU
LIEHHBIX 3€MeJIb U HaUMEHbIIEM yiiepoe
npupoaHoii cpene. [Ipu 3ToM HagO YUYUThI-
BaTh CJIOXHBIE YCIOBUS IKCIITyaTalluM XKe-
JIE3HOI TOPOTU U UHAWBUIYaJIbHbBIE OCOOEH-
HOCTHU I0JIb30BaTeaeil aBTOMOOUIbHOMI
JIOPOTH.

OCHOBHbIE TEXHUYECKUE XapaKTEPUCTU-
KM aBTOMAarucTpaau Mpu COBMEIIEHUU J0-
pOT IOJIKHBI OBITH IMPUHSTH IPUMEPHO
clieytolre: KOJUYeCTBO MOJ0C — HE MeHee
4-X; IUpUHA MOJOCH IBVKEeHUS — 3,75 M;
pasmenuTesbHas mojioca — 6 M; mepeceyve-
HUS B Pa3HBIX YPOBHSIX; MPOEKTHAasI CKO-

Abiabiwko M. U., KysaxmeTtoBa 3. K. lpoekTupoBaHue BbICOKOCKOPOCTHBIX COBMELLLEHHBIX aBTOMOOUITbHbBIX
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Puc. 1. Monepe4Hbivi Npogunib HaCbINN U3 APEHUPYIOLUNX TPYHTOB Ha MPOYHOM OCHOBAaHUU:
1 — HeTKkaHbIli MaTepuas u reoceTka n3 6a3asibTOBOJIOKHA Ha OCHOBHOW nowjaake;
2 — reocetka n3 6a3asibTOBOJIOKHA B HAaCbIiNu; 3 — JIOTOK A5 kabesnen.

Puc. 2. MonepeyHbiii npogunsib HACLINMU N3 IUHUCTbIX TPYHTOB Ha MPOYHOM OCHC 1-

THbIV CJIOM;

2 — rMUHUCTbIE TPYHTbI; 3 — APEeHUpPyoLMe rPYHTbI B OTKOCHOWM 4acTu; 4 — HeTKaHbIVi MaTepuas u reoceTka ns
6a3asbTOBOJIOKHAa Ha OCHOBHOW nuiowjagke; 5 — reocetka n3 6a3asbToOBOJIOKHA B Hacbinu; 6 — 10TOK Ans kabenein.

pocTb — He MeHee 150 kM/4; Harpy3ka Ha
Haunbojee HarpyxeHHywo ocb — 11,5 Tc;
MHTEHCUBHOCTbh ABUXEHMUS Oolee —
7000 aBT./CyT.

TpeboBaHUA K COCTAaBY U COCTOSTHUIO
IPYHTOB MPUHUMAIOTCSI T€ Xe, UTO HaHBI
B CIT 34.13330.2012 «<ABTOMOOUIBbHBIE 10-
poru» [7]. KoaddpuuumeHT ynioTHeHU
IrPYHTa B paboveM CJI0€ 3eMJISTHOTO MOJI0THA
noJikeH ObITh TpUHAT 1—0,98. Te ke Tpedo-
BaHus, yTo u B CIT 34.13330.2012, ocTaror-
Cs1 IS BOMOOTBOAHBIX COOpYyKeHuli. Bomo-
MPOTMYCKHBIE COOPYXKEHUS NS OTBOIA
IPYHTOBBIX BOJ, BO3MOXHO, OyIeT 1eJieco-
0o0pa3Ho mpeaycMaTpuBaTh OOIIME IJIST aB-
TOMOOMIBHOM 1 XKeJIe3HOI TOpOT MO CIeln-
aJbHO pa3paboOTaHHOU METOIMKE.

Ciyyau TUIIOBOTO M MHAMBUAYaJIbHOTO
MMPOEKTUPOBAHUS aBTOMOOUIBbHBIX TOPOT
noJiKHBI ObITH B3AThI 13 CI1 34.13330.2012.
MeToauKu MpoeKTUPOBAHUS MOTYT UCTIOJIb-
30BaTbest, KpoMme Toro, u3 FOCT 33149—
2014 «Jloporu aBTOMOOUJIbHBIE O0IIETrO
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nosib3oBaHusi. [IpaBuaa NpoeKTUPOBAHUSI
aBTOMOOUJIbHBIX JOPOT B CIOXHBIX YCJIOBM -
ax» [1]. B nomonHeHne K HUM CTOUT Y4eCTh
MocJieAHUE HayYHbIe Pa3pabOTKU 110 OLIEHKE
aKTHUBHOM 30HBI CXKaTHsl, BBEIEHUIO OLIEHOY -
HBbIX KpUTEpUEB Hayaja CXaTusl TPYHTOB
B OCHOBAaHUU U (DUIIBTPALIMM TOPOBOI BOJIBI.
Cilyyad MCIOJIb30BaHUSI IPYIIIOBBIX pe-
LIIEHUI MPU MPOCKTUPOBAHUU XKEJIE3HBIX
JIOPOT B CJOXHBIX YCIOBUSX U METOIUKH
MPOEKTUPOBAHMS MOTYT ObITh TPUHATHI 13 CI1T
119.13330.2012 «XKene3Hble JOoporu Kojeu
1520 mm» [8]. B nononmHeHne K HUM JOJKHBI
OBITb YYTEHBI 3aKJTI0OUEHUS crieaancToB AQ
«BHUWMXKT» no Ha3HAYEHUIO KOHCTPYKIIUU
3eMJISIHOT'O TIOJIOTHA XEeJIE3HOM TOpOru, Tpe-
GOoBaHUSIM K T'PYHTaM M MaTepuajiam, I10
YCTPOICTBY 3allIUTHOTO €108, 3((PEKTUBHOCTh
MPUMEHEHHsI KOTOPBIX MOATBEPKIECHA OTeUe-
CTBEHHBIM U 3apy0eXXHBIM ONbITOM. OCHOB-
HbI€ U3 HUX 3aKJII0YAIOTCS B CJICIYIOIIEM.
IIpy npoeKTUPOBAHUMU 3€MJISTHOTO I10-
JIOTHA BBICOKOCKOPOCTHBIX XKeJIE3HOI0POX-
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Puc. 3. Monepey4Hbiii npogusib BbieMKu riiy6uHor 6osee 4 M B r/IMHNUCTbIX TPYHTax Ha MPO4YHOM OCHOBaHUMU:
1 — 3aLNTHBIN C/I0; 2 — APEeHUpPYIoLUME rPYHTBI; 3 — HETKaHbIi MaTtepuasn n reocetka n3 6a3asibTOBO/IOKHA
Ha OCHOBHOJi niowjagke; 4 — reoceTka n3 6a3asibTOBOJIOKHA B 3aLMTHOM CJ10€; 5 — 3aKIOBeTHasi 0JIKa;
6 — yCcTynbl B r/IMHUCTOM rPYHTE OTKOCAa; 7 — NOAKIOBETHbIN APEeHaX; 8 — JIOTOK A5 kabeneii.

Puc. 4. MonepeyHbiri Npogunsb BbIeMKu ri1y6uHON A0 4 M B rIMHUCTbLIX TPYHTax npu e€ pa3paboTke oA Hachirnb:
1 — 3aLNTHBIV CNION; 2 — APEHUPYIOLLNE TPYHTBLI; 3 — HETKaHbIi MaTepuasn u reoceTka u3 6a3anbToBOIOKHA
Ha OCHOBHOV¥A nioLaake; 4 — reoceTka n3 6a3asiLTOBOJ/IOKHA B 3aLLUTHOM CJ10€; 5 — NnpeAKIOBETHasl MNoJIKa;
6 — 3aKioBeTHasi oJika; 7 — YCTYrbl B IMHUCTOM rPyHTe OTKOCa; 8 — NoAKIOBETHbIN APeHaX; 9 — IOTOK As kabesne.

HBIX TMHWUH B pacy€Trax cjaeayeT IpUHUMAaTh
Harpy3Ky OT MOJBMXXHOI'O COCTaBa paBHOM
294 xH (30 TC) Ha OCh YETHIPEXOCHOTO TPy~
30BOTO BaroHa.

ITpu BeIcOTE Hackimneit 6osee 9 M U Ha-
chlneil Ha OoJyioTax IIyOMHOI Oojiee 7 M
cieyeT TpeaycMaTpuBaTh B3aMeH HaChIITU
3CTaKajy, a B3aMeH BhIeMOK IIyOMHOI OoJtee
9 M — yCTpOICTBO TOHHEJEN.

OTCBINKY HACBIMU Ha 6010Tax ITyOUHOMN
1o 7 M, a TakXe Ha CBIPOM M MOKPOM OCHO-
BaHWU, YCTAaHABJIMBAEMOM IO CTEIIEHU yB-
JIaXXHEHU S, CJIelyeT IpOeKTUpPOBaTh U3
JIIPEHUPYIOIINX TPYHTOB C 3aMEHOU I'PYHTOB
B OCHOBAaHWMU Ha 3TU TPYHTHI.

K npeHupyommM mo ycioBUsiM paboTh
3eMJISTHOTO TIOJIOTHA CJIETyeT OTHOCUTD He-
CBSI3HBIE TPYHTBI, UMEIOIINE IMPU MaKCH-
MaJbHOU TJIOTHOCTHU IO CTaHIApPTHOMY
YIUIOTHEHUIO KOO DUIUeHT buabrpanuu
He MeHee 3,0 M/CyT U cofepKaHUe B IpaHy-
JIOMETPpUYECKOM cocTaBe He Gojee 10 %
yacTull pasdmepom MeHee 0,1 MM.

Haceinu BeIcOTOM 10 9 M BKIIOUUTEIBHO
¥ BBIEMKH TIIYOMHOI 10 9 M U MeHee ClieyeT
MPOEKTHUPOBATH IO TPYIIIOBBIM PELIEHUSIM.

I[IInpuHa 3eMJISTHOTO TOJOTHA TTOBEPXY
(OCHOBHOU miaoUaAKKW) MOJXHA OBITh
b = 15,5 M, WIMpUHA MEXAYNYThsl — b =
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5,5 m. TToBepXHOCTH OCHOBHOM TJIOIIAAKKU
HEeOoOXOAMMO TpUAaBaTh IBYCTOPOHHUM
ykJI0H 0,04 OT cepeTMHBI MEXKIYITyThsI B CTO-
POHY OPOBOK 3eMJISTHOTO MOJIOTHA.

KpyTu3sHy OTKOCOB Hachimeil cieayer
npuHuMars ot 1:1,5 1o 1:2 B 3aBUcUMOCTU
OT BUJIa U COCTOSIHUSI TPYHTOB.

B BepxHeil yacTu 3eMJISTHOTO MOJI0THA U3
BCEX BUJIOB INIMHUCTBIX TPYHTOB, a TAKXKE Ha
HYJIEBBIX MECTaX U B BbIEMKaX, CJIOKEHHBIX
MEJIKUMHU U TIBIJIEBATBIMU MTECKAMMU, JIETKO-
BBIBETPUBAIOIIIMMUCS U BHIBETPUBAIOIITUMM -
Cs1 CKaJbHBIMU TPYHTaAMM, HEOOXOIUMO
MpearycMaTpuBaTh YCTPOUCTBO 3aIUTHOTO
cJ10s1. DTOT cIoi yerpauBaloT Ha 0,5 M HUXKe
MaKCHUMaJIbHOU MPOTHO3UPYEMOM TJTyOMHBI
IMpoMep3aHUs-OTTauBaHUsI TOJIIMHON HE
MeHee 2,5 M.

B 3amuTHOM ciioe cienyeT MpUMEHSITh
JIIpeHupyole rpyHThl. [1pn ucnonb3oBa-
HUM TIECKOB B BEPXHE YacTU 3alIUTHOTO
cjiosl (Ha OCHOBHOU mjollagke) U Ha ero
OTKOCAaX 32 UCKJTIOUEHUEM UX HUKHE ! 4acTu
BbIcOTOM 0,8 M Ha3HAYAIOT YKPEIUIEHUE ITUX
neckoB. KpyTu3Hy OTKOCOB MPMHUMAIOT
paBHoii 1:2. CToUT 06paTUTh BHUMAHUE HA
TO, YTO TJIMHUCTBIE TPYHTHI TTOJ 3aIIMTHBIM
CJI0eM B BBIEMKaX, Ha HYJIEBbIX MECTax 1 Ha-
CBIMSX TaKXe MoAJieXaT yKperieHuwo. nsg
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3TOro pa3paboTaH U BKCIEPUMEHTATbHO
HUCHBITAH cOCTaB cMecu [2]. Ykpensemble
CJIOW TOJIXKHBI cofepxkaTb cMmech 3 70 %
necka cpeaHero v 30 % cyriiMHKa, xapakTe-
pPU3YyeMOTO BJIAXXKHOCTHIO Ha TPAHUIIE TEKY-
yectu w, = 0,28. DTy CMECh B €JI0€ TOJIILM-
Ho#t 0,4 M YKPETUISIOT XUIKUMU U TIOPOIII-
KOBBIMU JT00aBKaMU MOJUGUIN3ATOPOB
COOTBETCTBEHHO B KonuuectBe 1,4 n/m?
u 60 xr/M3. [ToBepXHOCTH YKPEIIEHHOTO
IPYHTA TOJ KaXXIbIM IyTeM HEOOXOAUMO
nmpuaaBaTh YKIOH 0,04 B ITOJIEBYIO CTOPOHY.

Ha ocHoBHOI1 myolaake ciaeayeT yKiaa-
JIBIBaTh TOKPBITHE N3 HETKAHOTO MaTepuaia
Maccoii He MeHee 500 /M2 ToOBEpX re0CeTKU
n3 0a3aJbTOBOJOKHA Maccoil He MeHee
1000 r/m2.

B 3ammTHOM CJI0€ HACcBhITIA Ha BCIO IIIH-
PUHY YKJIabIBaIOT T€OCETKY U3 023aJIbTOBO-
JIOKHa yKa3aHHOUW Maccoii yepe3 1 M ux
BBICOTHI (puc. 1, 2).

BriemMku riryouHo# 6ojiee 4 M B TIIMHU-
CTBIX TPYHTAaX, Jieccax, KPYIMMHOOOJIOMOYHBIX
TPYHTaX C IJIMHUCTHIM 3aTIOJTHUTEJIEM, MEJI-
KHUX W TBUIEBATBIX MTecKaX PEeKOMEHIyeTCs
MPOEeKTUPOBATh C 3aKIOBETHBIMU ITOJIKAMU
LIUPUHOI 6 M (puc. 3).

HyneBble MecTa 1 BBIEMKM IJIYOMHOM 10
4 M B INIMHUCTBIX TPYHTAaX CJIeAyeT pa3pada-
THIBATh IO/ HACHITTH (puC. 4).

B OTKOCHBIX YacTSIX HACHINIUA W3 TJIUHU-
CTBIX TPYHTOB HYXXHO ITpenycMaTpUBaTh
YCTPOMCTBO CJI0ST M3 IPEHUPYIOIIUX TPYHTOB
(puc. 4). TommumHAa CI0SI TUX IPYHTOB JOJIK-
Ha coctapnath d,=0,6Z"  rne Z

np—om

pacu€THas rJ1yorHa MpoMep3aHusi-OTTanBa-
HHS 3¢eMJISHOTO IMOJOTHA, CIOXEHHOTO
JIPEHUPYIOIIMMHU IPyHTaMU (11O OCH TTYTH).

B OTKOCHBIX 4acTsIX BBIEMOK, CIOXKCH-
HBIX TIMHUCTBIMU TPYHTAMU U TECKAMH,
MpeaycMaTpuBaeTcsl YCTPOMCTBO CIIOS U3
JAPEHUPYIOIKUX TPYHTOB TOJIIMHOWM

d, =0,6Z"”  (cMm. puc. 3, 4).

np—om

Jlnst obecreyeHUs1 pabOTOCIOCOOHOCTU
3eMJISIHOTO TOJIOTHA HEOOXOAMMO TPYHThI
IMOCJOMHO YIUIOTHATH 0 KoddduiueHTa
yriotHeHus 1,03.

Bce nepeurciieHHbIE IPEIJIOXKEHMS, Kaca-
IolMecss 0COOEHHOCTEM MPOeKTUPOBAHUS

COBMEIIEHHBIX aBTOMOOMIILHBIX U XKeJIE3HBIX
JIOpOT (CKOPOCTHBIX M BEICOKOCKOPOCTHBIX),
HECOMHEHHO, JOJDKHBI OBITh YUYTEHBI ITPU
CO3MaHUU COOTBETCTBYIOIINX HOPMATUBHBIX
JIOKYyMEHTOB. B MHOTOUMCIEHHBIX BBICTYTLIE -
HUSIX YUEHBIX, CIIEIIUAINCTOB, BEIYIITUX ITPO-
€KTUPOBIIIMKOB, pyKOBoIUTeNIeH denepaib-
HBIX TEPPUTOPUATTLHBIX YIIPABJIEHUI aBTOMO-
OMJIBHBIX TOPOT TOBOPUTCS 00 OTCYTCTBUU
TaKWX TOKYMEHTOB.

B co3panuu HOpMaTUBHOI GA3bI IO TIPO-
E€KTUPOBAHUIO U CTPOUTEIBCTBY BEICOKOCKO-
POCTHBIX Aopor Poccusi oTCTaér oT BCero
mupa. IMeHHO 1TO3TOMY HYXKeH KauyeCTBeH-
HBI PBIBOK B 9TOM HampasjieHuu. Tpedyercs
HaWTH ONMTUMAJbHBIN MYTh BKJIIOYEHUS
npeajaraeMbIX peKOMEHIal1ii B pa3padatThl-
BaeMblie cerogHst kak OAO «CKopoCTHBIE
Marucrtpaivi», Tak 1 HaljmoHaabHBIM 00be-
JTWHEHUEM ITPOSKTUPOBIIMKOB CTIEIIMaTbHbBIE
TEXHUYECKUE YCIIOBUS U CBOBI TIpaBuil. [Tpn
3TOM HAaJ0, He OTKJIaAblBasi, OPraHU30BaTh
npodeccuoHaibHOE 00CYXXAeHUE 3aTPOHY-
TBIX BOITIPOCOB, B TOM YKCJIE C IPUBJICYCHUEM
HE3aBUCHMBIX 9KCIIEPTOB.

JINTEPATYPA

1. TOCT 33149-2014 «J/loporu aBTOMOOUIbHbBIE
o6mero moyib3oBaHus. [IpaBuia MpoeKTUPOBAHUS
aBTOMOOMJIBHBIX IOPOT B CJIOXKHBIX YCIOBUSIX».

2. Apipeimiko I1. U., Boponuna H. E., Cyxa-
HoB K. H. u n1p. YkpenieHue ocHoBaHus 6e30asiacT-
"oro mytu // [lyTh m myTteBoe xo3siicTBO.— 2015.—
Ne 3.— C.23-27.

3. KyzaxmeroBa D. K. YcoBepiieHCTBOBaHUE Me-
TOMOJIOTUY MPOTHO3a OCAIKU CUCTEMbI «COOPYKEHUE-
cinaboe ocHoBaHMe» // OcHOBaHUS, GYHIAMEHTHI
¥ MexaHuKa rpyHToB.— 2011.— Ne 6.— C. 16—21.

4. Ky3axmeroBa 3. K. UHHOBallMOHHBIN MOIXOM
K MHAVBUIYATbHOMY MPOEKTUPOBAHUIO MHXEHEPHBIX
COOPYXKEHUI B CIIOXHBIX TPUPOAHBIX yeroBusix // [yt
M myTeBoe xo3siicTBo. — 2010.— Ne 11.— C. 26—30.

5. KysaxmertoBa 3. K. CoBpeMeHHBIE CITOCOOBI
OLIEHKM COCTOSIHUSI TPYHTOB 3eMJISTHOTO TIOJIOTHA BbI-
COKOCKOPOCTHBIX TOPOT Hepa3pylIaloimMu METOIaMu
// be3omnacHocTb ABMXeHUs noe3noB: CO. MmaTepuaion
XVI HayuHO-mpakT. KoHbepeHuuu.— M.: MUNT,
2015.— C. 56-58.

6. Kyzaxmerosa D. K., Ipuropenko H. U. IMogHs-
THE HAyYHOTO YPOBHSI TEXHUYECKOTO COMPOBOXACHMS
TIPOEKTUPOBAHMUSI, CTPOUTEIHCTBA U PEKOHCTPYKIINU
MHXEHEePHBIX coopyxkeHuii // EBpasuiickuii cotos
yaeHbIx.— 2016.— Ne 2—4 (23).— C. 64—65.

7. CIT 34.13330.2012 «<ABTOMOOWJIbHbBIE TOPOTH».
AxTtyanusupoBaHHas pempakiuus CHull 2.05.02—85%*.

8. CIT 119.13330.2012. «XKesne3Hble JOPOrU KOJeU
1520 mm». AkryanusupoBanHas pemnakiust CHull
32-01-95. L]

KoopauHatbl aBTopoB: Abiabiwko M. U.— otdputi@mail.ru, KyzaxmeroBa 3. K.— mkonst39@mail.ru.

CrtaTbsa noctynuna B pegakumio 16.10.2016, npuHaTa k nyénvkauum 17.01.2017.

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 152-159 (2017)

Abiapiwko M. U., KysaxmeTtoea 3. K. lpoekTupoeaHue BbICOKOCKOPOCTHBIX COBMELLLEHHBIX aBTOMOOUIBHBIX

N XeJe3HbIX gopor



DESIGN OF HIGH-SPEED COMBINED MOTOR ROADS AND RAILWAYS

Dydyshko, Petr 1., JSC VNIIZhT, Moscow, Russia.

Kuzakhmetova, Emma K., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article considers the problems of construction
of high-speed combined motor roads and railways
in Russia. The design of these objects requires
special attention, since the object itself is a complex
transport system, each element of which requires
increased operational reliability. Therefore when

designing combined roads a full accounting of natural
and man-made impacts on engineering structures
is required. On the basis of the studies,
recommendations are given on the methodology of
design works and geological surveys, the question
is raised about the need to update the accompanying
legal framework.

Keywords: high-speed combined roads, engineering and geological surveys, design, construction,

highway, railway, transport system.

Background. Speed and high-speed railways
and motor roads are among the progressive trends
in the field of transport construction. The speed of
movement of rolling stock on high-speed railways
should be 200—-400 km/h, on motor roads — more than
150 km/h.

In recent years, the experience has been obtained
in construction of combined motor roads and railways.
In order to improve the infrastructure in some cases,
economically and technically, the combination of
those types of roads is more appropriate than their
separate existence. Forexample, the speed combined
motor road and railway Adler—«Alpika-Service»
(Krasnaya Polyana settlement) was the main transport
artery of the 2014 Olympics. The designers took into
accountthe peculiarities of the natural landscape and
laid the railway and motor road in parallel. The carrying
capacity of the rail line is 6 pairs of trains per hour with
a speed of 160 km/h. The carrying capacity of the
motor road is 11000 buses/day with a speed of up to
100 km/h.

It is planned to combine the high-speed railway
Moscow-Kazan with the toll highway M7. The federal
M7 road is Moscow-Vladimir-Nizhny Novgorod-
Kazan-Ufa highway. Its length is 1351 km. The
management of JSC High-Speed Railways considers
it expedient to combine these roads.

Objective. The objective of the authors is to
consider and generalize under certain aspects
approaches to design of high-speed combined motor
roads and railways.

Methods. The authors use general scientific and
engineering methods, comparative analysis, scientific
description.

Results.

The combined motor road and railway (speed or
high-speed) is a complex transport system. Failure to
take into account the conditions of one of its
components in the design of a structure can lead to
a disruption in operability of the entire system.
Therefore, it is important to study the degree of
influence of natural and technogenic impact on the
behavior of structures [3, 4, 7]. To this end, it is
necessary, as a minimum, to do the following:

— to assess the zone of dangerous geological
processes for a motor road and a railway;

— to identify the vulnerabilities of man-made
impact;

— to identify areas of typical and individual design
of a motor road;

— to identify areas of group solutions and individual
design of the railway;

— to identify the locations of the monitoring system
for the dynamics of development of both natural and
man-made processes.

The composition and volume of engineering
surveys should be assigned taking into account the
existing regulatory documents for motor roads and
railways. However, scientific research in this direction
and practical experience in the construction of
combined roads (speed and high-speed) can make
appropriate adjustments.

The research carried out by JSC VNIIZhT makes
it possible to give certain recommendations. When
performing engineering and geological survey of
railways under uncomplicated conditions and medium
complexity, the depth of excavations (wells) should
be assigned not less than 4 m below the estimated
freezing depth of the roadbed. Ground base under
the embankment must be traversed by excavations
to a depth of at least 6 m. On each diameter the wells
should be assigned to the axis of the tracks and in the
middle part of the slopes.

To increase the accuracy and informative nature
of the surveys, it is necessary to use georadar
sounding (for example, «Loza» geoporadar) and
electrocontact dynamic sounding

The type and construction of the roadbed of high-
speed railways and motor roads is designated in the
feasibility study of their routes on the basis of the
analysis of the state of objects under similar conditions,
the study of geomorphological and climatic conditions,
landscape characteristics of the terrain, natural
processes and phenomena and other parameters.
These indicators are specified in the design process
after the engineering survey. When designing, it is
necessary to ensure the load-bearing capacity of soils
and the stability of the roadbed of railways, taking into
account the vibrodynamic effect of trains, and roads —
taking into account the dynamic impact from motor
transport [5].

The roadbed should preserve the stability of the
railway upper structure and the efficiency of the road
pavement of the motor road in order to realize the
specified volume of traffic with the estimated speed
of traffic with minimum discounted amounts of
construction and operating costs, maximum
preservation of valuable land and least damage to the
natural environment. Atthe same time, itis necessary
to take into account the difficult conditions of
operation of the railway and the individual
characteristics of the motor road users.

The main technical characteristics of the highway
when combining the roads should be taken
approximately as follow: the number of lanes — not
less than 4; the lane width — 3,75 m; separating strip —
6 m; intersections at different levels; design speed —
not less than 150 km/h; the load on the most loaded
axle —11,5 tf; the traffic intensity — more than 7000
cars/day.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 152-159 (2017)

Dydyshko, Petr I., Kuzakhmetova, Emma K. Design of High-Speed Combined Motor Roads and Railways




Pic. 1. Transverse section of
the embankment from draining
soils on a solid base: 1 — non-
woven material and geogrid
from basalt fiber on the main
site; 2 — geogrid from basalt
fiber in the embankment;

3 — cable tray.

Pic. 2. Transverse section of the
embankment from clay soils on a solid
base: 1 — protective layer; 2 — clay soils;

3 — draining soil in the slope; 4 — non-woven
material and geogrid from basalt fiber on the

main site; 5 — geogrid from basalt fiber in the
embankment; 6 — cable tray.

Pic. 3. Transverse section of the excavation, which is more than 4 m deep, in clay soils on a solid base:
1 — protective layer; 2 — draining soils; 3 — non-woven material and geogrid from basalt fiber on the main site;
4 — geogrid from basalt fiber in the protective layer; 5 — back slope; 6 — ledges in the clayey soil of the slope;
7 — back slope drainage; 8 — cable tray.

Requirements for the composition and condition
of soils are the same as those given in SP
34.13330.2012 «Motor roads» [7]. Coefficient of soil
compaction in the working layer of the roadbed should
be taken as 1-0,98. The same requirements as in SP
34.13330.2012, remain for drainage facilities. It may
be advisable to provide common culverts for
groundwater abstraction for motor roads and railways
using a specially developed method.

Cases of model and individual design of motor
roads should be taken from SP 34.13330.2012. The
design methods can be used, in addition, from GOST
33149-2014 «Motor roads of general use. Rules for
designing motor roads in difficult conditions» [1]. In
addition to them, it is worth taking into account the
latest scientific developments on the evaluation of the
active compression zone, the introduction of
evaluation criteria for the beginning of soil compression
at the base and filtration of pore water.

The cases of using group solutions in the design
of railways under difficult conditions and the design
methodology can be taken from SP 119.13330.2012
«Railways of 1520 mm gauge» [8]. In addition to them,
the conclusions of VNIIZhT specialists should be taken
into account for the purpose of the construction of the
roadbed, the requirements for soil and materials, the
construction of a protective layer, the effectiveness
ofwhich has been confirmed by domestic and foreign
experience. The main ones are as follows.

When designing a roadbed of high-speed rail
lines, the calculation should take the load from the
rolling stock equal to 294 kN (30 tf) per axle of a four-
axle freight car.

At a height of embankments of more than 9 m and
embankments in bogs with a depth of more than 7 m,
a bridge overpass should be provided in place of a
embankment, and in place of excavations with a depth
of more than 9 m — the construction of tunnels.

Embankmentfilling in bogs up to 7 m deep, as well
as onamoistand wet basis, established by the degree
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of moistening, should be designed from draining soils
with the substitution of soils in the base for these soils.

The draining soils, according to the work
conditions of the roadbed, should include
unconnected soils having a filtration coefficient of at
least 3,0 m / day and a content in the granulometric
composition of not more than 10 % of particles
smaller than 0, 1 mm at a maximum density according
to standard compaction.

Embankments up to 9 m in height and excavations
up to 9 m in depth should be designed according to
group solutions.

The width of the subgrade at the top (the main
site) should be equal to b = 15,5 m, the width of the
intertrack space — b, =5,5m. The surface of the main
site should be given a bi-directional inclination of 0,04
from the middle of the intertrack space towards the
pads of the roadbed.

The steepness of the embankment slopes should
be taken from 1:1,5to 1:2, depending on the type and
condition of the soils.

In the upper part of the roadbed of all types of
clayey soils, as well as in zero places and in excavations
composed of small and silty sands, easily eroded and
eroded rocky grounds, it is necessary to provide for
the arrangement of a protective layer. This layer is
arranged 0,5 m below the maximum predicted depth
of freezing-thawing with a thickness of at least 2,5 m.

In the protective layer draining soils should be used.
When using sands in the upper part of the protective
layer (on the main site) and on its slopes, with the
exception of their lower part, a height of 0,8 m, the
strengthening of these sands is assigned. The
steepness of the slopes is taken equal to 1:2. It should
be noted that clay soils under the protective layer in the
excavations, at zero places and embankments are also
subject to strengthening. For this purpose, the
composition of the mixture was developed and
experimentally tested [2]. The reinforced layers should
contain a mixture of 70 % medium sand and 30 % clay
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Pic. 4. Transverse section of the excavation, which is up to 4 m deep, in clay soils when it is being developed
under the embankment: 1 — protective layer; 2 — draining soils; 3 — non-woven material and geogrid from basalt
fiber on the main site; 4 — geogrid from basalt fiber in the protective layer; 5 — pre-drain slope; 6 — back slope;
7 — ledges in the clayey soil of the slope; 8 — sub-drainage; 9 — cable tray.

loam, characterized by moisture at the yield point w, =
0,28. This mixture in a 0,4 m thick layer is strengthened
with liquid and powder additives of polyfilizators,
respectively, in an amount of 1,4 I/m® and 60 kg/m®.
The surface of the reinforced soil under each track
should be given an inclination of 0,04 to the field side.

On the main site, a covering of non-woven
material with a mass of not less than 500 g/m? should
be laid on top of a geogrid of basaltic fiber with a mass
of not less than 1000 g/m?.

In the protective layer of the embankment, along
the entire length geogrid is laid from the basalt fiber
with the indicated mass after 1 m of their height
(Pic. 1, 2).

Excavations of more than 4 m in depth in clayey
soils, loess, coarse clastic soils with clay aggregate,
fine and silty sands are recommended to be designed
with back slopes 6 m wide (Pic. 3).

Zero sites and excavations with a depth of up to
4 m in clay soils should be developed under the
embankment (Pic. 4).

In the sloping parts of the embankment from clay
soils, it is necessary to envisage the arrangement of
a layer of draining soils (Pic. 4). The thickness of the

layer of these soils should be d,=0,6Z7,  where

Z} ,is the calculated depth of freezing-thawing of

the roadbed folded by draining soil (along the track
axis).

In the sloping sections of excavations composed
of clayey soils and sands, a layer of draining soils of

thickness d,=0,6Z), is envisaged (see Pic. 3, 4).

To ensure the performance of the roadbed, it is
necessary to consolidate the soils layer by layer until
the compaction factoris 1,03.

Conclusion. All the above proposals concerning
the design features of combined motor roads and
railways (speed and high-speed ones) should
undoubtedly be taken into account when creating the
relevant regulatory documents. Numerous reports by
scientists, specialists, leading designers, heads of
federal territorial roads mention the lack of such
documents.

In creating a regulatory framework for the design
and construction of high-speed roads, Russia has
lagged behind many countries. That’s why we need a
qualitative leap in this direction. It is required to find
the best way to incorporate the proposed
recommendations into the technical conditions and

codes of rules, which are currently being developed
by JSC High-Speed Railways and National Association
of Designers. At the same time, itis necessary, without
delay, to organize a professional discussion of the
issues raised, including with involvement of
independent experts.
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Ha ocHoBe cyLyecTByOLNX OT€4€CTBEHHbIX
u eBponeiickux CTaHAapTOB OLeHKN
Ka4YecTBa B cTaTbe 060CHOBbIBAIOTCS
noaxoAbl K COBePLUEHCTBOBAaHUIO

paboTbl 06LLEeCTBEHHOIO TPaHCMoPTa.
AdemMoHcTpupyeTcs co3gaHHas aBTopamun
mMeToauka aHann3a ¢pakTopos,

BJ/INSIIOLLYMNX HA XapPaKTePUCTUKN
TPaHCMOPTHOIro 06CNY)XUBaHUSI HACENeHUs
¥ YAOB/IETBOPEHHOCTb MAaCCaXkupoB
ycJsiyramum rnnpuropoaHbIX 3J1eKTpornoes3[os

u meTpornonuteHa. [JaHHbie npoBefEHHbIX
OrpoCOB MO3BOJISIOT apPryMeHTUpoBaTh
MO3TarHyo cxemy roBbILLIEHUS] OXXU[AaeMoro
B cucTeme ob6cnyXxuBaHuUs kKa4ecTBa,
KOTOpOe [O0CTUraeTcs rnocpescrsomMm
OCO3HaHHOro Ka4ecTBa, a TO B CBOIO o4Yepeab
perynupyertcsl peasim30BaHHbIM Ka4€CTBOM.
YposeHb nocnepHero onpeagenser mepa
BO34eiCTBUS HA 3KCIJlyaTaLNnoOHHbIe

" UHPPacTPyKTypHbIe PpaKTopsbl.

Knr4yeBbie ciioBa: 00LeCTBEHHbIV

TpaHCropT, MPUropoAHbIE 3/1eKTpornoesaa,
MEeTPOIOJINTEH, KA4ECTBO OOCYXMBaHMS,
Y10BI€TBOPEHHOCTb MAaCCaXnpPOoB.
|
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NPOBJIEMBbI YIIPABJIEEIA

OueHka ynoBneTBOPEHHOCTH
naccampos ycJiyramm
o0LLEeCTBEHHOro TpaHcnopTa

ApTtém LWAKJIEMH
Artem G. SHAKLEIN

Iloxycaes Oaee
Huxkoaaeeuu — kanouoam
IKOHOMUMECKUX HAVK,
douyenm Mockoeckoeo
20¢y0apcmeenHoeo
YVHU8epcumema nymeii
coobuenus (MUUT),
Mockea, Poccus.
0Oscannuxoe Makcum
Jlv6oeuu — cmydenm

| MUHUT, Mockea, Poccus.
l Hlakaeun Apmém
Te6oeun — cmyoenm
MUHUT, Mockea, Poccus.

PUBJIEKATEIbHOCTh OOIIECTBEHHOTO

TPaHCIIOPTa BO MHOTOM OMpEIeIIsIeT-

cq ypoBHEM KoMdopTa MOe3aKH.
KomdopT nipu 3ToM obecrieunBaeTcs He
TOJIBKO MCITOJIb30BaHMEM HOBOT'O ITOJIBUXKHO-
ro cocTaBa, HO M OpraHU3alMeil JOPOXKHOIO
JBIKEHMSI, CO3IaHMEM YI00OHbBIX IIepecaaod-
HBIX Y3JI0B, MHTeTpallueil pa3InuyHbIX BUIOB
TPAHCIIOPTA B €AMHYIO HAEXKHO YIIPABISIEMYIO
CHCTEMY.

ObecrnieueHne koMpopTa ABJIsgeTcs 6a3o-
BbIM MHCTPYMEHTOM ITOBBIILIEHUSI KauyeCcTBa
TPpaHCHOOPTHOro obciyxkuBaHus. [1puHsaTO
CYUTaTh, YUTO B TOPOJCKHUX YCIIOBUSIX Iacca-
JKUPBI KaK JJUMYHOTO, TaK ¥ OOIIECTBEHHOIO
TpaHCIIOpTa JOJIKHBI ITOJIy4aTh YAOBOJIbCTBHE
OT IePEABUKEHMS 10 TEPPUTOPUU ITPOXKMBA-
HUSsI, BpeMsl IPUOBITUS B IYHKT Ha3HAYEHMSI
JIOJIKHO OBITH IIPEACKAa3yeMbIM, a CaM TPaHC-
MOPT — MAKCUMaJIbHO YIOOHBIM.

Jna opMupoBaHus HaMpaBiIeHUH cOBEp-
IIEHCTBOBAHUS PabOTHI OOIIECTBEHHOTO
TpaHCIIOPTa HEOOXOAMMO PETYJISIPHO IPOBO-
JIUTh MOHUTOPUHT yIOBJIETBOPEHHOCTH T1aC-
CaXXMpOB KaueCTBOM OKa3bIBa€MBbIX YCIIYT.
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ABTOpaMM cTaTbM pa3paboTaHa MeTOAMKA
aHaju3a (HaKTOpOB, BIMSIOLIMX Ha KAYeCTBO
TPAHCIOPTHOTO 0OCIYKMBAHUSI HACEJIEHUS
U YIOBJIETBOPEHHOCTh MACCAXUPOB MPUTO-
POIHBIX 3JIEKTPOIOE310B U METPOMOIUTEHA,
MPOBEAEHO MapKEeTUHIOBOE MCCJIeIOBaHUE
B 9TOI c(pepe I. MOCKBHI.

1.

7151 Hayasia CTOUT BCIIOMHUTh HEKOTOPBIE
onpeneneHus, npuseaecHHbie B CTO OAO
«PXI» 1.04.001-2007 «O06cay:kuBaH1E T1ac-
CaXXUpPOB MPOBOAHMKAMU BarOHOB (POPMUPO-
BaHus PDenepaabHON MACCAXKUPCKOM TUPEK-
1. TpeOboBaHMS K KAYeCTBY OOCTY>KUBaHUSI».

KauecTBo 00CTy:KMBaHUS — 3TO COBOKYII-
HOCTb CBOMCTB M TIPU3HAKOB IMPEAOCTaBIISIC-
MOJ YCITyTH, XapaKTepu3yIolux e€ 0coOeH-
HOCTB, IIOJIE3HOCTh, CITOCOOHOCTH YIOBJIETBO-
PSATH TTOTPEOHOCTH TTaccaxkupa.

KoM@opT moe3nku — COBOKYMHOCTH
yIOOCTB, 0J1arOyCTPOCHHOCTU U YIOTa B IIPO-
1ecce Moe3aKMu.

VnoBneTBOpEHHOCTH Maccaxkupa — BOC-
MPUSATHE TTACCAKUPOM CTETICHU BBITTOJTHEHUS
€ro MoTpeOHOCTEI.

EBpomneiickuii cTaHaapT OLIEHKY KayecTna,
npuHAThIA B 2002 romy, 6a3upyercss HA METO-
JIMKE TaK Ha3bIBAEMO «IIETJIM KauyecTBa» (CM.
puc. 1).

IlepemMeHHBIE, pacOIOXKEHHBIE B ITPSIMO-
YTOJIbHUKAX, TOIIAIOTCSI U3MEPEHUIO; pa3HU-
1Ia MEXIY OXUIAeMbIMU U MOJYyYCeHHBIMU
yCIyraMu OIpeesisieT CTeTIeHb YIOBICTBOPEH-
HOCTH MacCaXXPOB KAYECTBOM TPAHCIIOPTHO-
ro o0Cy>KMBaHUSI.

J171s1 OLIEHKY YPOBHS YIOBJIETBOPEHHOCTU
rnaccaKupoB MOKHO TPUMEHUTD hopmyity (1),
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Mokycaee O. H., OecaHHukoB M. J1., LLlaknenH A. I'. OueH
OOLLIECTBEHHOIO TPaHcMnopTa

OCHOBaHHYIO Ha mpuHIMnax EBpormeiickoro
CTaHIapTa OIIEHKM KayecTBa:
V=(1-(5) + 100%, (1
rae Y — UHAEKC yIOBIETBOPEHHOCTH Macca-

JKMPOB Ka4yeCTBOM 00CayXuBaHus, %:;

O — oxumaeMoe KayecTBo, oT 1 1o 10;

B — BocnipuHsiTOE KayecTBo, oT 1 1o 10.

[TomyyaembIii B 3TOM ciiydae ToKa3aTesb
UMeeT PSII HeTOCTAaTKOB. [loTeHIIMaIbHbII
ImaccaXkup BCe eIIE OKUAACT ITOIYUIUTh YCIYTH
CpaBHUTEJIbHO HU3KOTO KaueCTBa, OCHOBBIBA-
SICh Ha TIPEATIOIOKEHU Y, UTO OOIIIeCTBEHHBIH
TPAHCIIOPT alpUOPU MeHee KOM@POPTEH
B CPaBHEHMU C JTUYHBIM aBTOTPAHCIIOPTOM.
[TosTOoMYy IMoKa3areu 0XKUIaeMOTO M BOCTIPH -
HSITOTO KayecTBa He OYIyT CUIIbHO PA3HUTHCS,
a cJIeoBaTeIbHO, ¥ YIOBIETBOPEHHOCTH OyIIeT
BBICOKOM.

Hampumep, 1o maHHBIM ompoca, IpoBe-
JIEHHOTO aBTOpaMM Ha 00BEKTaX IMPUTOPOI-
HOTO XXeJIE3HOIOPOXKHOTO TPAHCITOPTa B KOH-
1e 2015 roma, BOCIpUHATOE Ka4yecTBO 10 Ta-
pametpy «Bpemst paboThI» OBLIIO OLIEHEHO Ha
7,713 10, a oxkxnmaeMoe Ka4ecTBO 0 TOMY Ke
mapameTpy — Ha 7,8 u3 10. ITo dpopmyme (1)
MHJIEKC YIAOBJIETBOPEHHOCTH 99 %, 4TO O3HA-
YaeT MOYTH MOJHYIO YIOBIETBOPEHHOCT.
OmHako TakoW pe3yJbTaT TOCTUTASTCS He 3a
CYET BBICOKMX ITOKa3aTesen 1eiCTBUTEILHOTO
KayecTBa, a 3a CYET HEOOJbIIOI pa3HUIILI
MEXIY OIICHKOI BOCTIPUHSITOTO Y OKUIAEeMO-
ro kadectBa. M rmaBeHCTBYeT TyT, IMOAYEpPK-
HeM, MoKa3aTeJib OXMIaeMOTO KavyecTBa.
MMeHHoO ero clieayeT yBeIUuunBaTh.

[oBbIIIEHME OXKMIAEMOTO Ka4eCTBa TOCTH-
raeTcs 4epes3 MOBBIIICHNE OCO3HAHHOTO Kaye-

Ka yAOBNETBOPEHHOCTU MNAaCCaXUpPOR yCciyramun



VcxoAHas CUTYaLuA C BbICOKOW CTENeHbio

y,D,OBﬂeTBOpéHHOCTM, HO HU3KMM NOKasatenem

0Xnaaemoro Kayecrsa

MoBbileHne peann3oBaHHOrO Ka4ecTsa 3a CYET
YNydleHUa KavyecTBa TPAHCNOPTHOIoO O6CI1y)Kl/IEaHVIﬂ

HaceneHua

MoBbileHWe BOCNPUHATOTO Ka4ecTBa; BOCIPUHATOE
Ka4yecTtsBo 6y,D,QT Bbllle OXXMUaaemoro, noaTomy

yA0BNeTBOPEHHOCTL 6os1ee 100 %

MNoBblweHue 0OXXMJaemoro KavecTtsea; Bo3BpaTt
VH/EKCa YA0BNETBOPEHHOCTH K NMoKasaTento 100 %

Puc. 2. NMoatanHas c.

roBb

0Xupg, Ooro Kka4yecrtBa.

CTBa, KOTOPOE PETYIUPYETCS peaTu30BaHHBIM
KauecTBOM. JlaHHOE yTBepXKIeHME TIOAKPETLIS -
eT IIpeACTaBJICHHAS ITO3TaTHas cxeMa (puc. 2).

J17151 TOBBINIIEHNST pEATM30BAaHHOTO Kave-
CTBa HY>KHO U3MEHSITh CYIIECTBYIOIINE TTapa-
METPBI pabOThI OOIIECTBEHHOTO TPAHCIIOPTA.
[Mpuuem cripaBei7TMBBIM OyIET pa3ne/uTh BCe
YUUTBIBaeMble (haKTOPHI Ha IBa YPOBHSI:

1) axcrutyataiimoHHbie (haKTOPHI, HETIO-
CPEIICTBEHHO BIMSIONINE Ha OLIEHKY Tacca-
SKMPOM BOCITPUHSTOTO Ka4eCTBa M UBMEHEHUE
KOTOPBIX HE TPeOyeT CYyIIeCTBEHHbBIX KaIluTa-
JIOBJTOXKEHW;

2) nHbpacTPYKTypHBIE (PaKTOPHI, OTpaHU -
YMBAIOIIME TUATTa30H U3MEHEHUST OKCTUTyaTa-
IIMOHHBIX (PAKTOPOB: X KOPPEKIIUS TpeOyeT
3HAYUTEJIbHBIX KalTUTaIOBIOXKCHU.

DTO nejeHne MOXHO TIPEICTaBUTh BU3Y-
ajbHO (puc. 3).

K skcruryataiimoHHbIM (DakTOpam ciieayet
OTHECTH, K TIPUMEPY, YaCTOTY OTIIPABICHUS
TMOEe3/I0B CO CTAaHIIUM, CTOUMOCTh TIPOE3/a,
TEKYIIIee TEXHUIECKOE COCTOSTHUE TTOIBIKHO-
TO cocTaBa, ynoOcTBO pacnucanus. MHbpa-

O 00
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Mugpactpykryprsic Gakropst

Puc. 3. SkcnnyaraynoHHble u UHPPacTPyKTypHbIe
pakTopsl.
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CTPYKTYPHBIMH (DaKTOPaMM MOTYT SIBJISITHCS
TaKue MoKa3aTean, Kak KOJIMYECTBO TJIaBHbIX
MyTel, HaJTuYKre COBPEMEHHOTO MOIBVXKHOTO
COCTaBa, pa3BUTOCTb MAPIIPYTHOM CETU, T€X-
HUYECKOe OCHAILlEHWE TPAaHCTIOPTHO-TIepeca-
JIOYHBIX y3JI0B, CUCTEMBI aBTOMATHKM U TEJIC-
MEXaHWKH U T.11.

B cyiiecTByto1ux ycIoBUsIX BO3IEHCTBYE
Ha MHGPACTPYKTYpHBIE (haKTOPHI UMeeT
CMBICJT TOJILKO B TOM CJIydae, €CJIM PecypChl
IUIST I3BMEHEHUSI SKCIUTyaTallMOHHBIX (paKTo-
POB YK€ UCUepIIaHbl.

O4eBUIHO, UTO IKCITTyaTaI[MOHHbIE (haK-
TOPbI MOTYT OBbITh UBMEHEHBI 0€3 OObIINX
3aTpaT ¥ B MUHNMAaJIbHBIC CPOKU. EcTecTBeH-
HO, 3TO BBI3OBET MOJOXUTEIbHYIO PEaKIINIO
MacCcaXkMpoB U MTOBBICUT MTPUBJIEKATEIbHOCTD
00ILIECTBEHHOTO TpaHCHOPTAa.

2.

Hapno 3ameTuTh, 4TO B HacTOs1Iee BpeMs
TPUTOPOIHBIN XKEJIE3HOLOPOXKHBII TPAHCTIOPT
MO OTHEJbHBIM HampaBieHUsIM B MOCKOB-
CKOM Y3JI€ UMEET CYLIECTBEHHbIE PE3EPBbI 1T
YBEJIMUEHUST TIPOBO3HOM CIIOCOOHOCTU B OT-
JIM4ue OT METPOIIOIUTEeHA, KOTOPbIi paboTa-
€T Ha Ipelesie MTPUAAHHBIX €My PECypCOB,
U yBeJIWYEHUE MPOBO3HON CIOCOOHOCTHU
C OHOBPEMEHHBIM CHIXKEHUEM HATPY3KU Ha
OTAEJbHBIE JIMHUY BO3MOXHO TOJBKO IyTeM
BO3IeiicTBHS Ha MHPDPACTPYKTYPHBIE (DAKTO-
poi. Ha puc. 4 mpencrasiena 3arpy3ka JUHUN
METPOIOJIUTEHA HA OCHOBE CPABHEHUSI ITOKA-
3aTenieit (haKTUUECKOM ryCTOTHI U TIPOBO3HOM
CITOCOOHOCTH KaXKI0¥ TUHUM.

Kak BUIHO M3 MpeACTaBI€HHOMN CXEMBI,
TOJIBKO JIB€ JIMHUU MeTpononuTteHa — Co-
KonbHUYeckas u Kamyxcko-Puxckas — ume-

Mokycaee O. H., OecaHHukos M. J1., LLakneunH A. I'. OLleHKa yn,0BNETBOPEHHOCTY MAaCCaXUPOB yCiyramm

00LLEeCTBEHHOIO TPaHCNopTa



3arpyeHHOCTb IIEPErOHOB
— Mamnas
ymepeHHas

BbICOKas

KpUTHYECKas

Puc. 4. 3arpyska nnHwnii
MeTpornosiTeHa.

daktuueckas IIpoBo3nas
rycrora ciocodnocts  Peseps ¥/
Jnnus ThIC. Mace./9ac  ThIC. mace./uac Jeduuut

o CokoJibHUYEeCKast 39,2 43,1 +9
e 3amockBopenKas 61,3 52,2 <3
e ApbGarcko-ITokpoBckast 40,2 40,1 0
e Kanyxcko-Pukckas 485 522 +T
a Tarancko-KpacHonpecHeHckast 73,7 522 -41
 Kanununckas 57.3 46,7 -23
0 Cepryxopcko-TumupszeBckas 64,9 50,5 -29
@ JTrobmuHCKas 539 495 -9

* . 2
HpI/I HOPMAaTUBHOU HAIIOJHAEMOCTH 4,5 CTOSAIIMX IMaccakKupa Ha M~ IUIOIIAAU CalOHA.

0T Pe3epBbl 151 TPHBICYEHNUS JOTTOTHUTE b-
HOTO [TaCCaXXMPOIOTOKA, OJHAKO CTOUT OTME-
TUTh, UTO BTU Pe3ePBbl HUYTOXHO MaJibl
(mo 10 % oT MpOBO3HOI CITOCOOHOCTH JIMHUN).

B Hamuy aHU A1l CHUXXEHMST HArPY3KH,
Hanpumep, Ha KoJbLieBYIO JTUHUIO BEAETCSI
CTPOUTENLCTBO ABYX AYOJIMPYIOLIMX BETOK —
TpeTtbero nepecamouyHOro KOHTYpa 1 MoCKOB-
CKOIO LIEHTPaJbHOro KoJjiblia. OHU CMOTYT
MPUHSITh Ha ce0sl 4acThb MacCaXupornoToKa
¢ KoJiplLieBoit TMHUHA.

Henb3st oTpULIaTh, YTO CUCTEMBI IIPUTOPOI-
HOTO KeJIe3HOAOPOXHOIO TpaHCIIopTa U Me-
TPOITOJIUTEHA MOTYT B3aMMHO JAOIOJHSITh APYT
Japyra. DTo yTBep:KAeHKE MO3BOJISIET CIE/IATh
BBIBOJI O TOM, YTO IOKA3aTeJIb OMHOI0 U3 DKC-

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 160-173 (2017)

IJIyaTallMOHHBIX (PaKTOPOB METPOITOJIUTEHA —
HaceJIeHHOCTb BATOHOB I10€3[10B — ITOAAaeTCs
M3MEHEHUIO 3a CUET peopraHu3aluu padboThl
MIPUTOPOIHOTO XKeJIe3HOAOPOKHOIO TPaHC-
nopta. IToBbImas Hag€XHOCTb M YaCTOTY
JBUKEHUS IPUTOPOIHBIX 3JEKTPOIIOE310B
B 4epTe ropoa, MOXHO TOOUTHCS MOBBIICHMS
MPUBJIEKATEILHOCTH 3TOrO BUAA TPAHCIIOPTA
TSI TOPOICKUX XUTEJIE U TEM CaMbIM Iepe-
BECTH 4aCTh MACCAXKMUPOIOTOKA C METPOIIOJIM -
TEHa.

IMonyyaercst, 4To 3KCIJIyaTallMOHHbIE
(hakTophI yaaCTCs UBMEHUTh, OIIPEICIUB HaK -
0oJiee 3HaYMMBbI€ [UIS CPeIHECTaTUCTUYECKO-
o raccaxupa rnapameTpbl, BIUSIOLINE Ha €ro
yIOBJIETBOPEHHOCTD. [Ipu 3TOM OnpeneneHue
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CrommocTb npoesga
YucroTa B BaroHax

Bpema HaxoxAaeHua B nyTn

KomdopTHas Temnepatypa B casioHe
OuwyLeHve IMYHoM 6e3onacHOCTH B Noe3aax
Hanuume cupsauero mecta gns Kaxgoro
Hanunuve Hasecos Ha nnatdopme oKuAaAHUA
Hanunuue GpopToueK ¢ WMPOKUM NPoemMom
Kauyectso MHPOPMMPOBaHUS NacCcaXkMpos
BekMBOCTb 06CNYKMBAIOLLETO NepcoHana
CrabunbHoe KauyecTBo MOBUIbHOM CBA3N
YacToTa Kypcuposarua noesaos: 15:00-19:00
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OutyLieHre MYHOM 6e30NacHOCTU Ha CTaHLMAX
YacToTa KypcupoBaHua noesnos: 19:00 1 nosxe

Ya06cTBO CMaeHuit
Hannume KoHaMLMOHepa
Hanuune egnHoro Tapuda
Joctyn k WI-FI

Hannuve 6uneTtoneyataioLx aBTOMaToB
Hanuuve nomeLeHmit c KoHTpoNem
MpocToTa 06paTHOM CBA3M C PYKOBOACTBOM
MpoBepKa oniaTtbl Npoesaa KOHTPoépamu
BecnnatHbIii NPOBO3 BENOCUNEA0B

Hanuune 06beKToB TOProsau Ha naatpopme
Hanuune obopyaosaHHbIX MmecT ans 6araxa
Bo3MOXKHOCTb NprobpecTn ey U HAaNUTKK

YacToTa Kypcvposanua noesgos: 10:00-15:00
Hanunume posetok USB ans 3apasKku ycTpoincTs

Puc. 5. BHauynmocTb KpUTEPUEB AJ1S NaccaXxupa.

(daxTOpOB BO3MOXKHO ITyTeM cO0Opa 1 aHaIm3a
CTATUCTUYECKUX TaHHBIX.

ITo pe3ynbsratam 00pabOTKHU MOJTydeHHBIX
B XOJI€ ITOJIEBBIX MCCJIEIOBAHUI TaHHBIX ObLIN
BBISIBJIEHBI 1IECTh Han0OJIee BaXKHBIX KPUTE-
pueB IS TTaccaxupa (B MOpsiaKe yObIBaHUS
3HAYMMOCTH):

1) yacToTa KypCHUpPOBaHMUS MOE3I0B:
06:00—10:00;

2) koM opTHAS TeMIIepaTypa B CaJIOHE;

3) CTOMMOCTBD TIPOE3/a;

4) 9yucToTa B BaroHax ;

5) olrylIeHNe JUIHONW 0€30MacHOCTH Ha
CTAHLIMSX M OCTAHOBOYHBIX ITYHKTAX;

6) omurylleHUe JIMYHON 0e30MacHOCTHU
B 2JIEKTPOIIOE31aX.

JuarpaMma 3HaYMMOCTU KPUTEPUEB JIst
rnaccaxupa B IOpsiike yObIBAaHMS TIPEACTaB-
JieHa Ha puc. 5.

Taxske maccaxupam Ipeaiaraaoch ore-
HUTh KaueCTBO PabOThbl CUCTEMbBI IIPUTOPOI-
HOTO XeJIE3HOJOPOXKHOTO TpaHCIIOpTa 110
TOMY Xe IepeuHio kpurepues. [1o pesysbra-
TaM 00pabOTKH MOJYYEHHBIX B XOJI€ ITOJIEBbIX
MCCJIe0BaHMI TaHHBIX ObLIY BbISIBICHBI IISITh
KPUTEpHUEB, OLIEHEHHBIX ITACCAXUPAMMU BbILLIE
OCTaJIbHBIX (B TTOPSIIKE YOBIBAHMS):

® MUP TPAHCMOPTA, Tom 1

1) wacToTa KypCcHUpOBaHMS TOE3I0B:
06:00—10:00;

2) HaTM4IMe OWIeToNeYaTaIInX aBToMa-
TOB Ha CTAHILIMSIX U OCTAHOBOYHBIX ITyHKTaX;

3) BpeMsI HaXOXIEeHUs B ITyTH;

4) yacToTa KypCHUpPOBAHUS IOE3I0B:
15:00—19:00;

5) yactoTa KypcupoBaHusi oe3nos: 19:00
U TTO33KE;

6) mpoBepKa OILIATHI [TPOe31a KOHTPOJIEpa-
MM.

JluarpaMma OLIEHKY KPUTEPUEB MPUBE/IE-
Ha Ha puc. 6.

ITaccaxupam IpUropoOAHOIO XKeJae3HOI0-
POKHOIO TpaHcmopTa MOCKBBI B IEPBYIO
oyepeab HeoOX0a1MMa BbICOKAsl YaCTOTa Kyp-
CHPOBaHUS MTOE3I0B B yTPEHHUE YaChI-MHUK,
M JAHHbII MOKAa3aTe/Ib OLICHEH BbILIE OCTAJIb-
HbIX. OIHAKO OCTaJIbHbIE MSITh BAXHBIX KPH -
TepUeEB IMOJydYuan oueHkn oT 51,3 go 40,6
(o mkaste ot 1 mo 100), 9To ABIACTCS Kpati-
He HEyIOBJICTBOPUTEJbHBIM MOKa3aTeleM
paboThel cucteMbl. Kpome Toro, Bce IATh
KPUTEPUEB OTHOCSTCS K TPYIINe 9KCILIyaTa-
IUOHHBIX (PaKTOPOB U He TPeOYIOT 3HAUU-
TEJbHBIX KalUTAJOBIOXEHUI 111 U3MEHEe-
HUSI UX COCTOSTHUSL.
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YucroTa B BaroHax
Y006cT80 CHaeHUn

Bpemsi HaxoKAeHMs B NyTH

YacroTa KypcuposaHua noesgos: 06:00-10:00
Hannune Gunetoneyaraowmx aBTomaTos
YacrtoTa KypcupoBaHua noesgos: 15:00-19:00
YacroTa KypcuposaHua noesnos: 19:00 1 no3sxe
MNpoBepKa onaatbl Npoe3aa KOHTPoNEPamu
BekAnBOCTb 06C/NYKMBAOLLETO NEPCOHana
CTabuabHOe KauyecTBo MOBUNLHOM CBA3K
Hannume GpopToyeK ¢ LWMPOKMM MPOEMOM
KomdopTHas Temnepatypa B canoHe
Hanuuue cupayero mecta 4n1s Kaxporo
YacroTa KypcmposaHua noesgos: 10:00-15:00

CToMmocTb npoesaa

Joctyn k WI-FI

Hanuuune eguHoro Tapuda
Hanuune KoHAnUMOHEpPa

OuyuieHne imyHon 6e3onacHoCTM B noesaax
Hanuuune HaBecoB Ha nnathopme OKUAaAHUA
KauecTBo MHGOPMUPOBaHMA NaccaXxmpos
OuyLieHne IMYHOV 6€30MacHOCTH Ha CTaHLMAX
BO3MOKHOCTb NPUOBPECTM €4y U HAMUTKM B NyTH
MpocTtoTa 06paTHOW CBA3M C PYKOBOACTBOM
Hannune 06beKTOB TOProsan Ha nnatdopme
BecnnaTtHbli NPOBO3 BeOCMNEs0B

Hanuume nomelueHnit c KOHTponem

Hanunune obopynoBaHHbIX MecT Ans baraxa
Hanuuue 6unetoneyatatowmx aBToMaTos
Hanuune poseTtok USB an1s 3apaaKu ycTpoicTs

Puc. 6. OueHka kputepues.

it MoBBIIEHUS YAOBIETBOPEHHOCTHU
naccaxKMpoB U MPUBJICUYECHUS TOMOTHUTEb-
HOTO MaccaxKMpoIioToKa ciaeayeT 1001MBaThCs
BBICOKOTO KauyeCTBa OKa3bIBa€MbIX YCJIVT,
KoMdopTa Moe310K B 2JIEKTPOIoe3aax, B TOM
yucie:

1) monaepkKuBaTh B UCTIPABHOM COCTOSTHUU
CUCTEMbl BEHTWJIUPOBAHUS W KOHIUIIMOHU-
pPOBaHUS BO3yXa B BATOHAX 3JIEKTPOINOE310B;

2) yallie ¥ TIiaTejabHee MPOU3BOAUTh yOOP-
Ky TOABMXXHOTO COCTaBa;

3) NpOBOAUTH MEPONPUSTUS TIO U3MEHE-
HUIO Tapru (OB Ha MPOE3T;

4) ycunuBaTh Mepbl 10 00ecreyeHu o 6e3-
OIMACHOCTHU MACCAXUPOB B CAJIOHE MOABUXKHO-
ro COCTaBa, a TAKXKe Ha CTAHLMSIX U OCTAaHO-
BOYHBIX MMyHKTaX.

3.
Peanu3zanus npenjaraeMbiX MEPOTIPUSI-
TUII Ha TIPUTOPOTHOM XKeJIEe3HOIOPOXKHOM
TPaHCTIOPTE MOJIOKUTETBHO CKaXeTCs U Ha

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 160-173 (2017)

pab6ote MOCKOBCKOTO METpPOIOJUTEHA,
OOJIBIIMHCTBO JTUHUI KOTOPOTO TIEeperpy-
KEHO.

B xone mpoBeeHHOTO aBTOpaMU B KOHIIE
2015 roma ucciaeaoBaHUs ObLI BbISIBIEH YpO-
BEHb YI0BJIETBOPEHHOCTHU MaccaxxupoB pabo-
TOI METPOIOJIMTEHA MO OTACJbHBIM (haKTo-
pam. [I71s1 u3MepeHus KauecTBa yCIIyT UCTIONb-
3oBaHa MeToauka SERVQUAL (service
quality), anpobupoBaHHas1 B CTPaxoOBbIX
KOMITaHUSIX, B chepe 0Opa3oBaHUsI U MEIM-
LIMHBI, 0AHKOBCKOM CEKTOpPE, UTO, TI0 HAIlleMy
MHEHUIO, TTO3BOJISIET AIAITUPOBATH METOANKY
U1 UBMEPEHUSI M KOHTPOJIST KauecTBa TpaHC-
TTOPTHBIX YCIIYT.

dakTophl, MojaIexalnue N3MepeHuIo,
TPYMITUPYIOTCS BOKPYT CIEAYIONINX XapaKTe-
PUCTUK:

1) obuiee BnevyaTyieHue,

2) HaIEXHOCTb,

3) cnokolicTBUE,

4) NOMONHUTEIbHbIE TAPAMETPHI.
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OBLLEE BMEYAT/IEHWE

OBYCTPOVCTBO U YHCTOTa BECTHBIONA CTaHMH

(OBYCTPOIACTBO U YNCTOTa Ha NAaThopme

or 3anaxoe 8 [

Ha

\Yucrora canoka BaroHa

DOMMAzeMOE KavecTso

HanonHAemOocTb NoABUKHOrO CocTaBa

OTCYTCTBUE HEMPHATHBIX 33M1aX0B B BArOHe
noespa

TnaBHOCTL X033 N10€373, KOMGOPT CHACHNIA, M
paTypHbili pexm, !

Puc. 7. AnarpaMmma oyeHKU 0XXuaaemMoro N BOCIIPUHSITOro Ka4ecTBa rpynnbl «O6Lyee BrieyaTaeHne».

0

0 2 4 6 8 1
CMOKOWCTBUE HJ.I

OuyeHune 6e3onacHocTv B
TeYeHue NoesaKu

M BocnpuHATOE Ka4yecTso

Y4TUBOCTb, OCBELOMAEHHOCTb U
npodeccMoHanusm nepcoHana

O Okuaaemoe KauecTso

OTCyTCTBME pPa3AparkatoLmx
dakTopos

,

] \

Puc. 8. ﬂnarpaMM.‘a OLeHKN O)XXugaemMoro v BOCIIPUHATOro kad4ecrBa rpynnbl «CnokovicTBue».

0 2

4 4

4 6 8 10

4 4

HAAEMHOCTb

NHbopMMpPOBaHHOCTb

YA06CTBO NOCaZKN-BbICALKM

M BOCMPUHATOE KayecTso

O Oxkupaemoe Ka4yecTso

TexHWYecKaa UCNpaBHOCTb
NoABMXHOTO COCTaBa

MpeackasyemocTb BpemMeHu B H
nyTm ]
J I I \ \

Puc. 9. nuarpamma OLeHKU OXXxugaemMoro v BOCrnpuUHATOro Kka4ecrtBa rpynrbl «HapéxHocTb».

B 1esioM MHIEKC YIOBJICTBOPEHHOCTH
OLIEHMBAETCS BBICOKO (B cpenHeM — 87,5 %),
OJIHAKO JIBE IPYIIIbI (DAKTOPOB — 0011Iee BIIe-
yaTiieHue (MHaeKe — 82 %) U CIOKOMCTBUE
(81 %) — TpebyroT ocoboro BHMMaHus. Pe-
3YJIBTAaThI OLICHKY (PaKTOPOB 3TUX IBYX IPYIIIT
MpUBeEIEeHBI Ha pUc. 7 1 8.

PesynbraThl olleHKH (haKTOPOB JIBYX IPY-
rux rpynn («HanéxHoctb» u «JIpyrue napa-
MeTphbI») Ha puc. 9 u 10.

® MUP TPAHCMOPTA, Tom 1

Hcxons U3 mpencTaBIeHHBIX TaHHBIX,
MOKHO BBIIEIUTH TpU (haKTOpa, UMEIOIIUX
CaMblil HU3KUI YPOBEHD yIOBJIETBOPEHHOCTHA
(B TIOpsIIKE BO3pacTaHUsI 3HAUECHMSI MHIECKCA):

1) HaAITOTHIEMOCTD TTOABMKHOIO COCTaBa
YV =173%);

2) OTCYTCTBUE HETIPUSITHBIX 3aT1aX0B B Ba-
rone noesna (Y =75 %);

3) oTcyTcTBUE pazapaxaroinx hakTopoB
Y=76%).
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YacTora fBiHEHUA

N |

D —————
1 |
I
1 |

MpocToTa nokynKki 1 Baaugawmm bunetos :

B BOCTPHHATOR KateCTBo

|| DOwAaenoe kavecta

LUMTEbHOCTS NOE3H —

PASBETBNEHHOCTS CeTH M_‘

Hanuuue yoBHbIX Nepecaok Ha fpyrue subl —_‘
TpaKcropra

Puc. 10. inarpamma oLieHKM 0XuaaeMoro n BOCIPUHSTOro KayecTsa rpynnsl «Jpyrue napameTpbi».

HamnosHsieMocTh MOABUXHOTO COCTaBa
MOXHO PEryIupoBaTh, HaIlpuMep, 3a CUET
MPUBJICYCHUS TTACCAKUPONOTOKa ¢ MOCKOB-
CKOT0 METPOIIOJUTEHA HAa MPUTOPOIHO-TO-
POJICKOU XKeTe3HOMOPOXKHBI TPaHCTIOPT
(a7exTpomnoes3aa, Kypcupyloliue B yepTe
I. MOCKBBHI).

IBa npyrux (akTopa OTHECEHBI K TPYIIIIe
SKCIUTyaTallMOHHBIX U MOIAAIOTCS BO3ACICT-
BUIO 0€3 3HAUMTEIFHBIX KAITUTAIOBIIOXKCHHUIA.
B yacTHOCTH, LIeec000pa3Ho:

1) yaiie u TIIATEILHEE TPOU3BOIUTH YOOP-
Ky TIOJBMKHOTO COCTaBa, MPEeXae BCETO BO
BpeMs1 000pOoTa COCTaBOB Ha KOHEUHBIX CTaH-
USIX;

2) He JomycKaTh Mpoe3aa MaccaxupoB
B MaykamwlIlei oaexae U 3aHUMAIOLIUXCS
TOTPOIIATHIIECTBOM MJIM HECAHKIIMOHUPO-
BaHHOW TOPTOBJICH.

SAKJIIOMEHUE

Pasymeercst, Heslb3s1 OTPULIATH HEM30EXK-
HOCTb BIIOXEHMUIA B Pa3BUTHE MPUTOPOIHOTO
JKEJIE3HOAOPOKHOTO TPAHCIIOPTA U METPOTIO-
JuTeHa ropoga MockBbl. B HacTostiee Bpemst
BBEJIEHO B 9KCILTyaTali0 MOCKOBCKOE LIEHT-
pasbHOE KOJIBIIO, CTPOSITCS TOITOJHUTETEHEIE
[JIaBHBIE IIYTU HAa FOJOBHBIX Y4aCTKAX HEKO-
TOPBIX HATpaBIeHNT MOCKOBCKOTO KeIE3HO-
JIOPOKHOTO y3J1a, TOTOBATCS K claue TepBble
yuacTku TpeThero rnepecamouHOro KOHTypa
MOCKOBCKOTO METPOITOJIMTEHA, PETYISIPHO
OOHOBJISIETCS TTOJBUKHOI COCTaB.

OmHaKo pe3yabTaThl UCCIENOBAHUS, C KO-
TOPBIMU 3HAKOMMWT CTaThsl, TOKA3aJI1, 4YTO HA
TEKYIIeM 3Tarle TTOBbIIICHNE TTPUBJIEKATEIb-
HOCTHU OOIIIECTBEHHOTO TpaHCTIOpTa (B YacT-
HOCTH, TIPUTOPOTHOTO KEJIE3HOIOPOXKHOTO
TpaHcTiopTa 1 MOCKOBCKOTO METPOTIOJIUTEHA)
cJemyeT obecrieunBaTh MPENMYIIeCTBEHHO 3a
CU€T BO3NEMCTBUS Ha DKCIJTyaTallMOHHBIE
(hakTOpBI, TTOCKOIBKY CETOMHSI UMEIOTCS pe-
CYPCHI JUTSI TIOBBIIIIEHUST Ka4eCTBa OKa3bIBae-
MBIX YCJIYT TP MUHUMAJTbHBIX 3aTpaTax.
W numnb B Tex cirydasix, KOTia Ha dKCITyaTa-
IIMOHHBIE (haKTOPBI BO3JEHCTBOBATH YK€ He-
BO3MOXHO, 11eJIec000pa3Ho TpuderaTh K MO-
JIepHU3ALNY MTHOPACTPYKTYPBI. DTO IPUHIT -
MUATBHBI MOMEHT IIJIST CTPaTeTuy yIpaByie-
HUSI CTOJIMYHBIM TPAHCTIOPTHBIM KOMTLJIEKCOM.
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Z{# & EVALUATION OF PASSENGER SATISFACTION WITH PUBLIC TRANSPORT
z SERVICES

Pokusaev, Oleg N., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Ovsyannikov, Maxim L., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

Shaklein, Artem G., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Based on existing domestic and European
standards of quality assessment, the article justifies
the approaches to improving the work of public
transport. The authors’ method of analyzing factors,
which affect the characteristics of the transport
service of the population and the satisfaction of
passengers with the services of suburban electric

trains and the metro, is demonstrated. The data of
the conducted surveys allow to argue a step-by-step
scheme of improvement of the expected quality in
the quality system, which is achieved through
conscious quality, and that in turn is regulated by
realized quality. The level of the latter is determined
by the impact on operational and infrastructural
factors.

Keywords: public transport, suburban electric trains, underground, quality of service, passenger

satisfaction.

Background. The attractiveness of public
transport s largely determined by the level of comfort
ofatrip. Comfort at the same time is ensured not only
by the use of new rolling stock, but by organization of
traffic, creation of convenient interchange nodes,
integration of various modes of transport into a single,
securely managed system.

Providing comfortis a basic tool forimproving the
quality of transport services, it is considered that in
urban conditions, passengers of both personal and
public transport should enjoy the movement through
the territory of residence, the time of arrival at the
destination must be predictable, and the transport
itself — as convenient as possible.

For formation of areas for improving the work of
public transport, it is necessary to regularly monitor
satisfaction of passengers with the quality of the
services provided. The authors of the article developed
a methodology for analyzing the factors affecting the
quality of public transport services and the satisfaction
of passengers of suburban electric trains and metro,
and a marketing study of Moscow was conducted in
this area.

Objective. The objective of the authors is to
consider evaluation of passenger satisfaction with
public transport services.

Methods. The authors use general scientific and
economic methods, comparative analysis, statistical
method, graph construction.

Results.

1.

To begin with, it is worth remembering some of

the definitions given in the document of JSC Russian

Users Service providers

Expected | Target
I
quality l— I quality
— Y- z/’-__ B
- Evaluation of l Bimiona?

L [ |
|\ satisfaction J W an offer /
- /

" e — -

Cons.c-ious ) LJ‘]
quality |— u

Pic. 1. Quality loop.

£
Realized
quality
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Railways 1.04.001-2007 «Servicing of passengers by
conductors of cars of the Federal Passenger
Directorate. Requirements for quality of service».

Quality of a service is a combination of properties
and features of the service provided, characterizing
its features, utility, ability to meet the needs of a
passenger.

Comfort of a trip is a combination of comfort and
coziness during a trip.

Satisfaction of a passenger is perception of a
degree of fulfillment of his needs by a passenger.

The European quality assessment standard,
adopted in 2002, is based on the so-called «quality
loop» methodology (see Pic. 1).

Variables located in rectangles are measurable;
the difference between the expected and received
services determines the degree of satisfaction of
passengers with the quality of transport services.

To assess the level of satisfaction of passengers,
it is possible to apply a formula (1), based on the
principles of the European quality assessment
standard:

(1)

where S is passenger satisfaction index of the quality
of service, %;

E is expected quality, from 1 to 10;

P is perceived quality, from 1 to 10.

The indicator obtained in this case has a number
of shortcomings. A potential passenger is still waiting
for services of a relatively low quality, based on the
assumption that public transport is a priori less
comfortable in comparison with personal vehicles.
Therefore, the indicators of expected and perceived
quality will not vary greatly, and, consequently,
satisfaction will be high.

Forexample, according to a survey carried out by
authors at suburban railway facilities at the end of
2015, the perceived quality for the parameter
«Working time» was estimated at 7,7 out of 10, and
the expected quality for the same parameter — by 7,8
outof 10. According to the formula( 1), the satisfaction
index is 99 %, which means almost complete
satisfaction. However, such a result is achieved not
at the expense of high indicators of real quality, but
due to a small difference between the evaluation of
perceived and expected quality. And, here, we
emphasize, the indicator of the expected quality is
dominant. It should be increased.

§= (1= (51) « 100%,
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The increase in the expected quality is achieved
through raising the conscious quality, which is
regulated by the realized quality. This statement is
supported by the presented step-by-step scheme
(Pic. 2).

To improve the realized quality, it is necessary to
change the existing parameters of the public transport
operation. And it will be fair to divide all the factors
considered into two levels:

1) operational factors directly affecting the
passenger’s assessment of the perceived quality and
changing of which does not require significant capital
investment;

2) infrastructure factors that limit the range of
changes in operational factors: their correction
requires significant capital investment.

This division can be visualized (Pic. 3).

Operational factors should include, for example,
frequency of trains’ departure from a station, cost of
travel, current technical condition of rolling stock,
convenience of a timetable. Infrastructure factors may
include such indicators as the number of main tracks,
availability of modern rolling stock, development of
the route network, technical equipment of transport-
interchange nodes, automation and telemechanics
systems, and so on.

Under existing conditions, the impact on
infrastructure factors makes sense only if the
resources for changing operational factors have
already been exhausted.

Obviously, operational factors can be changed
without large costs and in minimum time. Naturally,
this will cause a positive reaction of passengers and
increase the attractiveness of public transport.

2.

It should be noted that at present the suburban
railway transport in certain areas of Moscow node has
significant reserves to increase carrying capacity, in
contrast to the metro, which runs on the verge of
assigned resources, and increase carrying capacity
while reducing the load on individual lines is possible
only by influence on infrastructure factors. Pic. 4
shows the load of metro lines by comparing the actual
density and carrying capacity of each line.

As can be seen from the presented scheme, only
two metro lines — Sokolnicheskaya and Kaluzhsko-
Rizhskaya — have reserves for attracting additional
passenger traffic, but it should be noted that these
reserves are negligibly small (up to 10 % of the
carrying capacity of the line).

Today, to reduce the load, for example, on
Koltsevaya line two redundant branches are being
built — the Third transfer loop and the Moscow Central
Circle. They will be able to accept part of the
passenger traffic from Koltsevaya Line.

It cannot be denied that the systems of suburban
railway transport and metro can mutually complement
each other. This statement allows us to conclude that
the indicator of one of the operational factors of the
metro — occupancy of train cars — can be changed
due to reorganization of the work of suburban railway
transport. Increasing reliability and frequency of
suburban electric trains in the city, it is possible to
increase the attractiveness of this type of transport
for urban residents and thereby to transfer part of the
passenger traffic from the metro.

It turns out that the operational factors can be
changed by determining the parameters most
important for an average passenger that affect his
satisfaction. In this case, the determination of factors
is possible by collecting and analyzing statistical data.

satisfaction, but a low indicator of the

The initial situation with a high degree of
expected quality

improvement of quality of transport service

Increase in the realized quality due to
of the population

Increase in perceived quality; the perceived
quality will be higher than expected, so the
satisfaction rate is more than 100 %

Increase in expected quality; return of the
satisfaction index to the indicator of 100 %

Pic. 2. A step-by-step scheme for improving the
expected quality.

Based on the results of processing the data
obtained during the field study, six most important
criteria for a passenger were identified (in decreasing
order of importance):

1) frequency of trains running: 06:00—-10:00;

2) comfortable temperature in the cabin;

3) fare;

4) cleanliness in cars;

5) feeling of personal safety at stations and
stopping points;

6) feeling of personal safety in electric trains.

The diagram of the significance of the criteria for
a passenger in descending order is shown in Pic. 5.

Also, passengers were asked to evaluate the
quality of the suburban railway transport system on
the same list of criteria. Based on the results of the
processing of the data obtained in the course of the
field study, five criteria were identified that were rated
by passengers above the others (in descending
order):

1) frequency of trains running: 06:00—-10:00;

2) presence of ticket-printing machines at stations
and stopping points;

3) time spent in transit;

4) frequency of trains running: 15:00-19:00;

5) frequency of trains running: 19:00 and later;

6) check of payment of travel by inspectors.

The diagram of criteria evaluation is shown in Pic. 6.

Passengers of suburban railway transport in
Moscow primarily need a high frequency of trains
running in the morning peak hours, and this indicator
is rated higher than the rest. However, the remaining
five important criteria were graded from 51,3 to 40,6
(on a scale of 1 to 100), which is an extremely

oNele'
O ® O
O e
O OO
OOO 00

Q OO0

'@malfmy_

Infrastructure factors

Pic. 3. Operational and infrastructure factors.
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Pic. 4. Load of metro lines.

e g s

unsatisfactory indicator of the system performance.
In addition, all five criteria relate to the group of
operational factors and do not require significant
capital investments to change their condition.

To increase passenger satisfaction and attract
additional passenger traffic, itis necessary to achieve
high quality of services provided, comfort of trips in
electric trains, including:

1) to maintain the ventilation and air conditioning
systems in the cars of electric trains in good condition;

2) to clean the rolling stock more often and more
thoroughly;

3) to carry out measures to change the fares;

4) to strengthen measures to ensure safety of
passengers in the cabin of rolling stock, as well as at
stations and stopping points.

3

The implementation of the proposed measures
on the suburban railway transport will positively affect
the work of the Moscow Metro, most of the lines are
overloaded.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 160—-173 (2017)

Load of hauls
Small [
—_— Moderate
High
Critical b
Carrying
. Actual density,  capacity*, Reserve +/
Line thous. pass/h thous. pass/h Deficit - %
o Sokolnicheskaya 30,2 431 +9
e + Zamoskvoretskaya 61,3 52.2 -7
e Arbatsko-Pokrovskaya 402 40,1 0
)  Kaluzhsko-Rizhskaya 485 52,2 7
0 Tagansko-Krasnopresnenskaya 73,7 52,2 -41
@ Kalininskaya 57,3 46,7 23
0 Serpukhovsko - 649 505 29
Timiryazevskaya ) y

&) Lyublinskaya 53,9 495 9

#At standard occupancy rate of 4,5 standing passengers per m> of the cabin’s area.

In the course of the research conducted by the
authors in late 2015, the level of satisfaction of
passengers with the work of the metro was determined
by certain factors. To measure the quality of services,
the SERVQUAL method (service quality), tested in
insurance companies, in education and medicine, in
the banking sector was used, which, in our opinion,
allows us to adapt the methodology for measuring and
controlling the quality of transport services.

The factors to be measured are grouped around
the following characteristics:

1) general impression,

2) reliability,

3) calmness,

4) additional parameters.

In general, the satisfaction index is highly
estimated (87,5 % on average), however, two groups
of factors — general impression (index 82 %) and
calmness (81 %) require special attention. The results
of the evaluation of the factors of these two groups
are shown in Pic. 7 and 8.
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GENERAL IMPRESSION “J—
Arrangement and cleanliness of the ML‘
station lobby
Arrangement and cleanliness on the
platform
No odors in the lobby and platform M—L‘ m Perceived quality
O Expected quality
Cleanliness inside the car ]
Smoothness of running, comfort of M_L‘
seats, temperature, lighting
Occupancy rate of rolling stock MJ—L
No odors in the car M_LL]

10

o
N
I
)
)

CALMNESS

Feeling of safety during a trip —|
M Perceived quality

b O Expected quality

Courtesy, awareness and
professionalism of the staff

Absence of irritants *

0 2 4 6 8 10

RELIABILITY

Awareness

. M Perceived quality
Ease of embarkation and

disembarkation

Predictability of travel time H

O Expected quality

(-

Technical serviceability of rolling
stock

-

Pic. 9. Diagram of evaluation of expected and perceived quality of the group «Reliability».
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ADDITIONAL PARAMETERS

Working hours

—I

Frequency of motion M

Simplicity of purchase and validation of tickets M

Fare M_‘_‘

M Perceived quality

Duration of embarkation M‘

O Expected quality

Duration of a trip

Branching of a network M‘_‘

Availability of convenient transfers to other modes of transport

Possibility to carry luggage M_‘
J

Pic. 10. The diagram of evaluation of expected and perceived quality of the group «Other parameters».

The results of assessment of the factors of the
other two groups («Reliability» and «Other
parameters») are in Pic. 9 and 10.

Based on the data presented, we can distinguish
three factors that have the lowest level of satisfaction
(in order of increasing index values):

1) occupancy rate of the rolling stock (S =73 %);

2) absence of unpleasant smells in the train car
(S=75%);

3) absence of irritating factors (S =76 %).

The occupancy rate of rolling stock can be
regulated, for example, by attracting passenger
traffic from the Moscow Metro to suburban and
urban rail transport (electric trains running within
Moscow).

Two other factors are assigned to the operational
group and can be influenced without significant
investment. In particular, it is advisable:

1) to clean the rolling stock more often and more
thoroughly, especially during the turnover of trains
at the final stations;

2) not to allow passengers to travel in dirty
clothes and those who are engaged in begging or
unauthorized trade.

Conclusion. Of course, one cannot deny the
inevitability of investments in development of
suburban railway transport and the Moscow Metro.
Currently, the Moscow Central Circle is being put
into operation, additional main tracks are being built
on the head sections of some directions of the
Moscow railway junction, the first sections of the
Third transfer loop of Moscow Metro are being
prepared for delivery, and the rolling stock is
regularly renewed.

However, the results of the study, which the
article acquaints with, showed that at the current

stage the increase in the attractiveness of public
transport(in particular, suburban railway transport
and the Moscow Metro) should be provided mainly
through the impact on operational factors, as today
there are resources to improve the quality of
services provided with minimum costs. And only in
those cases when it is already impossible to
influence operating factors, itis advisable to resort
to modernization of the infrastructure. This is a
fundamental moment for the strategy of managing
the transport complex of the capital city.
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Low-Density Lines:

State and Optimization Options
(TeKCT cTaTby Ha aHI/1. 3. —
English text of the article — p. 178)

MeTogosorus n metoabi NpoBeaEHHOIro
uccsenoBaHnsi OCHOBbIBAIOTCS

Ha CUCTeMHOM aHaJiIn3e h Hay4HoOM
00600LeHnn OTe4eCTBEHHOIr o

¥ 3apybesXxHOro onbiTa aKcnayaraunmn

n cogep)xaHust MasiogesaTesibHbIX
JKeJs1Ie3HOAOPOXHbIX IMHNA. [pn aTom

oL eHUBaeTCs He TOJIbKO TeKyLjee
cocCTosiHue B 3Toli cpepe nepeBo30K, HO
n garTcs npegsioXXeHus rno onTuMu3aunmn
NpoLeccoB C UCIO0JIb30BAHUEM CTpaTeruii
TexXHU4eCKoro rnepeBoopy>XeHus,
N3MeHeHNs1 TeXHOJIOrnii, CTUMYJINPOBaHUS
crpoca 3a CYET opraHn3aLmnm HOBbIX
BUAOB cepBuca, npumMeHeHus1 popm
rocyaapcTBeHHO-4aCTHOro napTHEPCTBaA.

Kno4eBbie cioBa: cTtparerus yrpasJsieHus,
ManoaesTesIbHbIE Xee3HOA0POXHbBIE JINHNN,
peHTabesibHas aKkcrsiyaraums, rpy30Bble

W raccaxupckue rnepeBo3Kku, onTumm3aus,
meToaosiorvs, anpoepeHumauymns
Ha3Ha4YeHusl.
|
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Hapexpa EBPEEHOBA
Nadezhda Yu. EVREENOVA Poccus.

ManopnesitenbHble JIMHUN:
COCTOSIHME U BapUaHTbI
onTUMuU3auun

Baxyaenxo Cepeeit
Ilempoeuu — kanoudam
MexXHU4ecKux HaykK,
npogeccop Mockoscko-
20 20cydapcmeeHH020
YVHUBepcumema nymei
coobuenus (MUHUT),
Mockea, Poccus.

Koaun Aaexceii Baaen-
MUHOBUY — HAYANbHUK
HayuHoeo yenmpa MUHT,
Mockea, Poccus.
Espeenosa Hadescoa
FOpveena — kanouoam
MexXHU4ecKux Haykx,
douenm MUHUT, Mockea,

emeHue nmpoodsieMbl 3 HEKTUBHOCTH

HCTIOJIb30BAHMSI MAJIOACSITEIbHBIX JKe-

JIe3HOOOPOXKHBIX TUHMNK (MI2KJT)
B YCJIOBUSIX PHIHOYHOM SKOHOMUKM OfHA U3
TIPUOPUTETHBIX 3a[1a4, CTOSIIIIAS TIepe.T TPaHC-
TMOPTHOM OTPaCJIbIO.

TIpotszxkennocts MIZKIT — 15353 kM, yTO
COCTaBJISIET OKOJI0 18 % OT BCeli CeTH 3KeJIe3HbIX
JIOPOT. DTO OHOITYTHBIE JIMHUM, OOJIbIIAs UX
4yacTh He aieKTpuduLrpoBaHa. Oo1Me cBee-
Husg o MI2KJI mpencraBieHbl B Tabnuie 1.

Ha cetu OAO «P2XK» manonesTenbHbIe
JIMHUU PaCIIOJIOXEHBI IIPEUMYIIeCTBEHHO
B EBponeiickoii yactu Poccun, tam, rue xe-
JIE3HOAOPOKHAsI CeTh UMeeT HauOOJIBIITYIO
rycroty. [Tpmuém toronoruss MJI2KJI He coB-
MagaeT ¢ OCHOBHBIMU BEKTOPAMM TPY30ITOTO-
KOB, KOTOPBIE OOBIYHO JBVZKYTCS B ITUPOTHBIX
HanpaiieHusx. Benp MJI2KJI vaiie Bcero siB-
JITIOTCST pOKAIaMM, COSIUHSIIOIIMMM IIPOT-
HBIC HAIIPaBJICHUS, WIN TYITMKOBBIMU UX OT-
BETBJICHUSIMM.

B 10 xe Bpema MJI2KJI obecrnieunBaoT
CBSI3HOCTh M MAHEBPEHHOCTh CETH, TIOBBIIIIAS
HaIEXXHOCTD €€ PabOTHI B YCJIOBUSIX BO3MOX-



Ta6mma 1 Ta6mamuna 2
O6mme ceexennst o0 MJI2KJT Kpurepun oTHeceHHs KeIe3HOA0POKHbIX
No | [apameTpbl Iokazarenu JIMHMI K MaJI0JeATeTbHbIM
1 TIpoTrsekeHHOCTD 15353 xm No | lokymeHT Kputepuii
2 Honst MIXKIJT ot Bceit 18,2 % 1 ®3 «YcraB xene3Ho- | HeBbIcokast rpy30oHa-
CETH KEJIE3HBIX TOPOT JOPOKHOTO TpaHC- MPSIKEHHOCTD
3 o151 SMeKTPUBUIIPO- 14 % nopta», [1TD PO 1 HU3Kast 9P heKTuB-
i HOCTb paboThI
4 Tons neanextpudumpo- | 86 % 2 Pacnopstxenue OAO | CymMapHbIe pa3Mepbl
I «PX» «O6 yTBep- JIBMIKEHUSI Tacca-
SKIEHUW METOANKHI SKMPCKUX U TPY30BBIX
5 [lonst OnHOTYTHBIX 100 % KiIaccuduKaum oe310B He Gosiee 8 ap
CpenHss MPOTSKEHHOCTh | 55 KM ¥ cTieMan3ain B CYTKU
7 CpelHee 9iCII0 «<HUTOK» | 3,5 Tmapsl KEJIESHONOPOXHBIX | TTpypeieHHas rpy3oHa-
noesoB (Beex Kateropuii) | 2,1 napbl L1k MPSKEHHOCTD
B T.4. TPY30BBIX Ne 3048p or 5,0 MITH T.KM OpYTTO/KM
23.12.2015©

HBIX TEXHOJOTUYECKUX COOEB, CTUXMIHBIX
OeICTBUIA, MPU BO3HUKHOBEHUU JIeduIinTa
TIPOIYCKHBIX CITOCOOHOCTE B TIEPHOIBI PEKOH-
CTPYKIINH, MOICPHU3AIINY OCHOBHBIX Maru-
CTPaJIbHBIX JIMTHUM U T.11.

HecMmotpst Ha To, yto MJI2KJI siBastroTCSt
c1abo 3arpy>keHHBIMU (B cpemHeM 3,5 T1apbl
TIOEe310B Ha JIMHUIO B CYTKI) H, CJICTOBATEIBHO,
YOBITOYHBIMHU, K MIX COIEPXKAHUIO TIPS BSIBIIS-
FOTCSI IIPAKTUIECKH TaKHe 3K TPEOOBAHMS, KaK
¥ K MaruCTPaJTbHBIM.

1o 2015 roma oTCyTCTBOBAJIM €IUHBIC KPH-
TEPUU OTHECEHMS 3KEJIe3HOMOPOKHBIX JTMHUI
K MasiofesITeIbHBIM. HBIHe cylecTByomme
KPUTEPUM MPEICTABIICHBI B TAOIMIIE 2.

PacnipeneneHue cpencTB cUrHaIU3allnT
¥ cBs131 Ha MJI2KJ1 B TpoLieHTHOM COOTHOIIe-
HUM WITIOCTPUPYET puc. 1.

B kxagecTBe cpencTB MHTEPBAIBLHOTO PEry-
JIMPOBAaHUS, CUTHAIM3AINN W CBSI3W MCIIOJb-
3YIOTCST HanboJIee IIPOCThIC CPEACTBA: TTOJTyaB-
ToMaTnuecKast 6JI0KMpoBKa (66 % oT obIeit
MPOTSDKEHHOCTH ), SJIEKTPOKE3IOBAsI CUCTEMA
(12 %), Teneonnnie cpencrsa cBsizu (7 %).
JIumb Ha 11 % npoTSKEHHOCTU JIMHUNA TIPY-
MEHSIETCSl aBTOMaTHU4YecKasi 0JIOKMPOBKA U €11
Ha 7 % — nucrieTdepcKasi HeHTpaIu3aLus. 1o
CBUICTEJILCTBYET O TOM, YTO OOJIbIIAS YacTh
CYIIECTBYIOIINX MaJIOACITCIbHBIX JTUHUMK
u B miponioMm (20—30 yreT Ha3am) SIBISINUCH
TaKOBBIMMU.

AnHanu3 3apy0eXHOro OMbITa TTO3BOJIUIT
BBIICUTH OCHOBHBIC TCHICHITNH B 3KCITTyaTa-
MY XKeJIC3HOIOPOKHBIX TUHUI C MaJIOMHTCH-
CUBHBIM JBIMKeHUEM [1—7]:

— MPUMEHEHNE CITyTHUKOBOW HAaBUTALIMU
IIJIsI YIIPaBJICHUS IBUKEHUEM IT0€310B, UTO
MPUBOINT K OTKA3y OT 3HAYMTEIHHON 9acTh
HamosbHOro obopynoBanust CLIB, mrs koTo-
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B TOJl U MEHEe

TexcpeAacTsa

Tenegon, 1 OTCYTCTBYHOT, 3

Puc. 1. OcHawEHHOCTb cpeaACcTBaMyU CUrHaNN3aunumn
u cBsi3u, B % OT o6y el npoTshkEHHOCTM MAXKJ1.
YcnoBHble 0603Havyenusi: AB — aBTomaTnyeckas

o6nokuposka; [TAB — nonyaBTomaTruyeckas
6nokupoBka; )X — anekTpoxesnoBas cucrema;
AU — aucneTyepckas ueHTpannsauums.

POTo HEOOXOIUMBI JOPOTOCTOSIIIINE KaOeTbHbIE
ceTu (peabCOBBIC HEMU U CYETIYNKU OCEi,
cBeTO(OPHI, TATINKY TOYCUHOU 1 HETTPEPHIB-
Hoit AJIC);

— aBTOMAaTHU3AIIMSI U TeICYIIPaBICHUE CHUC-
TeM IIeHTpaIN3alliN;

— TIpeo0IamaHre COBPEMEHHBIX TEXHOJIO-
ruit (HarmpumMep, 3aMeHa ITOCTOBOTO 1 HATIOJTb-
HOT0 000PYIOBaHMST HA MUKPOITPOIICCCOPHYIO
LEHTPAIN3AIIAI0), YTO TTO3BOJISIET COKPATUTh
00CITyXMBAOIINI TTEPCOHAT U B YCIOBUIX
BBICOKOTO YPOBHSI €BPOTEICKOI 3apabOTHOI
TUIATHI TOCTUYh CYIIICCTBEHHOTO 9KOHOMMYC-
ckoro 3¢ dekra.

Cnoco0Obl moBhIIeHUs 3 (HEKTUBHOCTU
M2KJI, peaninzyemble B 3apyOekKHbIX CTpaHaXx,
MpeCcTaBJIeHbI B TaOIMIIE 3.

Oxkcmuryaraumst MI2KJI B ctpanax EBportst
00XOIUTCST TOPOTO, YTO OOYCIOBICHO OOJIb-
IIMM YHMCJIOM BBITTOJTHSIEMBIX BPYYHYIO OIle-
paumit yrpaBJaeHUS 1 TTOTPEOHOCTHIO B TIep-
COHaJIe TSI IpruéMa U OTIIPaBJICHUS ITOE3I0B

BakyneHko C. I1., KonnH A. B., EBEpeeHoBa H. 0. ManoaeaTenbHbl€ IMHUU: COCTOSSHUE N BapUaHTbl
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gi{# Tab6auna 3
1 [Tyt noBbimenus 3¢eKTHBHOCTH PAOOTHI YIACTKOB

MaJIoAesATEIbHBIX 2KeJI€3HOA0POKHbIX JIMHUIA

No | Kpurepuii | [Tytu noBbimenust acddexkruBnoctu MK Crpana
n/m
1 IIpaBoBoit | 3akpeitiie M/I2KJI 1 nepeBoa nepeBo30oK Ha Apyrue BUIbl TpaHcopTa | [epmaHus
craTyc
Ilepenava B 4aCTHBII CEKTOP Ha KOHKYPCHOI OCHOBE ¢ opueHTauuei | Huaepnanabt
Ha MHTEPMOJaJIbHbIe KOMITAaHUM, BBITTOJIHSIOIINE aBTOMOOUIbHBIC
M K. JI. TIePEBO3KHU
TocynapcTBeHHBIE TTPOTPaMMbI PEOPTaHU3AIIUN TIEPEBO30K CILIA
Crhaua yacTvl JIMHWI B apeHIy, Ipoaxa TpeTbUM JintiaM, usmenenne | CLHA
(OpMbI COOCTBEHHOCTH; B OTJIEIbHBIX CJIy4asiX — 3aKpbITHE
TepeycrpoiictBo M/I2KJT B aBTOMOOMJIbHbBIE JOPOTH Benust
HcnonbzoBanue MJIKJT mist opraHu3aliMy TypuCcTUYECKOTO cepBuca | BenmkoOputaHusi,
HlIBenus
2 Opra- CokpallleHue TTepcoHaa, Yucia ITaTHbIX SAMHUILL Ounnsguaus, Lse-
HU3AIUS vst, DCTOHUS
BUXKEHUS "
A YrpoliieHre AUCTIETYSPCKON IIEHTPATU3AITNT Tepmanust
[MpumeHeHMe CITyTHUKOBOI HaBUTALIMK TS yripaBienus apikenueM | CLLA, Pymbraust
MOe3/10B
3 Nudpa- ABTOMaTH3alMs U TeJeynpaBieHue, MIpUMeHeHe coBpeMeHHbIX Tex- | [IBeiiiapus
CTPYKTypa | HOJIOTMii yripaBjieHus (HalpuMmep, 3aMeHa MoCTOBOrO M HaroJIbHOTO
000pyIOBaHMST HA MUKPOITPOIIECCOPHYIO LIEHTPATU3AIINIO)
VaydieHre COCTOSTHUS MyTH U 3JIeKTpU(UKaIUs yIaCTKOB IIBeuns
4 TMonsuxHo# | Mcionb3oBaHMe CrielIMaIbHOTO MOJBUKHOTO cocTaBa obsieruéHHoro | [epmanus, Llsenus,
COCTaB TUTIA DunaHINsS
5 Tapudst JuddepeHnpoBaHHbI 1TOAX0 K (hopMUpOBaHUIO TapruhOB Tepmanus, LIBerust

Ha ctaHuusx. CokpallleHue 3aTpaT MOXET
OBITh TOCTUTHYTO 32 CYET CHUXKEHUS OTPEO-
HOCTH B TIEpCOHAJIE, YMEHBIIIEHUS YK CIIa Ha-
TOJIBHBIX CUTHAJIOB M OTIPEIeICHUs] TaKOTO
YPOBHS TexHu4ecKoro ocHameHus MJIKII,
KOTOPBII ObLIT ObI TOCTATOYEH IS OOeceye-
HUS 0€30MaCHOCTH.

BHeapeHnue 3apybexxHOro OIbITa Ha CETH
OAO «PX]I», Ha HalI B3rJsa, 1eJIecoo0-
pa3HO B YaCTH:

— OpraHM3aIMy TYPUCTUUECKOTO CEPBU-
ca;

— COKpalleHUs NepcoHana;

— UCITOJIb30BaHMSI CIIEIINATN3NPOBAHHO-
ro MOABUKHOTO COCTaBa 00JIETYEHHOIO TUMA.

ITpu ontTumuzanuu padorsr MJKIT mMo-
TYT OBITH TPUMEHEHBI CJIEMYIOIINE CTPATETUMN:

1) TexHUYecKoe MepeBOOPYKEHUE U U3-
MEHEHUE TeXHOJOTUM, CITIOCOOCTBYIOIMIMNX
MOBBIIIEHUIO 3(PHEKTUBHOCTH 3a CUET COKpa-
IIEHUS YOBITOYHOCTH JIMHUH B 1IEJTOM WJTU UX
OTIIEJbHBIX YIACTKOB;

2) cTUMYJUPOBAHUE CITPOCA HA TIEPEBO3-
KM 3a CYET OpraHu3aIud HOBBIX BUJIOB CEp-
BUCa (TYPUCTUYECKOTO U JIp.);

3) notauuu eaepasbHOTO UIW PEruo-
HaJIbHOTO OIO/IKETOB, APYTUX IOPUANIECKUX
¥ GU3NIECKUX JIUII;
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4) nepenaya MJI2KJI uau ux oTAeabHBIX
Y4aCTKOB B YaCTHYI0 COOCTBEHHOCTh JIMOO
B apeH 1y Ha OaJlaHC 3aMHTEPECOBAHHOM CTO-
POHBI, a TaKKe MCITOJIb30BaHUE MHBIX (POpM
TrOCyIapCTBEHHO-YaCTHOTO TTapTHEPCTBA;

5) B UCKITIOUUTEIbHOM CJly4yae, eCiu HU-
Kakue Ipyrue Mepbl He CITOCOOHBI TTIOBBICUTD
3 HEKTUBHOCTb PabOTHI, MPU COOTBETCTBY-
omeM obocHoBaHUM — 3akpbeiTe M/2KJT
WJIA WX OTAEJTbHBIX y4aCTKOB.

B cooTBeTCTBUY C TIPEIIOKEHHBIMU CTPa-
TerussMu MJI2KJI MoXHO pa3aeuTh Ha He-
CKOJILKO THTIOB MO (PYHKITUSIM:

— 0451 KOMMep4ecKux Hyico — IPUOBITEHBIC
WJIV TTIOTEHIIMAJIEHO TPUOBUTBHBIE, a TAKXKE TE,
B KOTOPBIX 3aMHTEPECOBaHbI TPY30BIaIC/IbIIbI,
TOTOBBIE CO3HATETLHO MTONTH Ha yBeJTUYCHUE
COOCTBEHHBIX U3IEPKEK (B CBSI3U C TIEPEBOIOM
MI2KJI Ha ux 6anaHC) ¢ LeJbI0 COXpAaHEHUS
PBIHKOB TIOCTaBOK M/WJIN COBITA;

— 045 y006/1emBOPeHUSs COUUANbHBIX HYIHCO —
C LIEJIBIO TTO/IIE PIKAH WS KU3HEACATETbHOCTH
Taroreomux K MJI2KJI Hace1€HHBIX MyHK-
TOB;

— UMelolre 000pOHHOE 3HAUYECHUE;

— He 9KCIUTyaTupyeMbie.

BapuaHTb! onrTuMu3annu (GyHKIIMOHUPO-
Banusg MJIKJI npeacrtaBiieHbl B Tabaulie 4.
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Tab6suna 4

Bapuants! ontumusamuu ¢pyHkuuonnposanusa MJIZKJT (yuacTkoB)

PaccmaTpuBaemblit mapa-

Tunsr M2KJT (y4acTKOB) MO BBITOJHSIEMBIM (DYHKIIMSAM

MeTp

JJIT COLTMAJTBHBIX HYXKIT

JUTA KOMMEPYECKUX

Juts benepaabHbIX

HE SKCIUTyaTu-

Jlenmosepo 1—FOmko3epo (Ok-
TS0pbCKas KeJie3Hast 1opora)

557 (KpacHosipckasi
KeJle3Hast Jopora)

HYXIT rOCYIapCTBEHHBIX pyembie
HyX11 (000pOHHast
byHkms)
Bo3MoxxHOe 3auHTEpeco- DenepaiibHble OpraHbl KCIOJI- OAO «PX]1», Denepanbhbie opra- | OAO «PXKI»
BaHHOE JIN1I0/UCTOYHUK HUTEJIbHOI BIACTH, OPTaHbI KOMMepUecKue HBI UCTIOJTHUTEIbHOM
dunancupoBaHus HCTIOJTHUTEIbHOI BJIACTH CyO'b- | OpraHU3aliu BJIACTH
ekToB PD, opraHbl MeCTHOTO (TIPOMBILIUIEHHBIE
caMOyIIpaBIeHUs MPETPUSTHST)
IMpumep Hosropon—Hososucuno, Kansbi6a—pasbesn | Mnbrnno—®ponu- ComHo—Banytu-

i ([oppkoBCKas
JKeJIe3Hast Jopora)

Ho (MockoBcKast
KeJIe3Hast 1opora)

Bo3smoxkHbIe BapuaHTbI

1,2,3,4

1,2,3

1,2,3,4,5

1,2,3,5

CcTpaTeruu oNTUMU3ALUKI
GyHKIMOHUpPOBaHUS

Haubonee nornyHa popma noaaepKKu
JIMHUIA JUIST COLIMATBbHBIX HY X — 000CHOBaHUE
JIOTUPOBAHUS U3 PErMOHAIIBHOTO WK dene-
paJIbHOTO OIOIKETOB.

ITpoBen€HHbBIN aHAIN3 CYIIECTBYIOLIEH
TexHosioruu padotsl MJI2KJT mo3Bonua Beiae-
JIUTh OCHOBHBIE HaNpaBJICHUS TTOBBILIEHUS
3¢ GEKTUBHOCTU UX PaOOTHI.

B obnactu cokpalieHust U3iepKek:

* MOABMXHOW cocTtaB — nepeBon MJIZKJT
Ha 00C/Ty>KMBaHUE PEIbCOBBIMM aBTOOYyCcaMU,
B T.4. HA KOMOMHUPOBAHHOM XO[Y, U TTEPEXO0]T
Ha JIOKOMOTHMBBI MaJIOii MOIIIHOCTH;

* OpraHu3alys IBUKEHUS — COBMEIICHUE
npodeccuii U MOJDKHOCTEl, BHEAPEHNE CUCTE-
MbI 00CTYXXKMBaHUSI MOOUJIBHBIMU OpUTaJaMHu,
MpUMEHEHHE TeXHOJIOTHH «OINHOYHBIN JIOKO-
MOTUB» (OJMH MOE3/] Ha yJacTKe);

* 00c BaHKe MHQPACT, bl — COB-
MelleH e TIpodeccuii 1 JOKHOCTEM, COKpa-
IIEHKE BUIOB U MEPUOJUIHOCTH OCMOTPOB,
BBITTOJIHEHME paboT M0 (DAKTUYECKOMY COCTO-
STHUIO.

B o61acTu oBbILIEHUST JOXONOB:

* OopraHM3allvs TYPUCTUYECKOTO CepBucCa,
BKJTI0Yas1 BbiaeaeHue otaeabHbix MIIZKII mon
€r0 OpraHu3alnIo TIPU COXPaAaHEHWUH COLIMAITb-
HBIX (DYHKLUI JIMHAN 110 06CITY>KMBAHUIO Ha-
CeJIEHHBIX TTYHKTOB. B KayecTBe MUIOTHOIO
MpoeKTa BO3MOKHa TuHUsI bostoroe—Bennkue
Jlyku (c orBeTBIeHMEM Ha TOpKOK), MMeto1Iast
yIauyHOe pacIioyiokeHne — 011M3Ko K MocKBe
u Cankr-IletepOypry, B 30HE TATOTEHUS KOTO-
pOI1 pacIoioKeHbI MOIYJISIPHbIE TYPUCTHYE-
ckue 00beKThl (03epo Cenurep U p.);

¢ YBEIMYEHUE MHTEHCUBHOCTU JIBUXKEHUA
NPUTOPOAHBIX ITOE3A0B C MCITOJb30BaAaHNEM

aBTOOYCOB HA KOMOMHUPOBAHHOM XOJIY.

BbiBOAbl

B uccienoBaHuM poBeIcH aHAIM3 OTeve-
CTBEHHOTO 1 3apy0e>KHOT'O OTIbITa IKCTUTyaTa-
LIMM 3KeJIE3HOTOPOXKHBIX IMHUI ¢ MAJIOUHTEH-
CHUBHBIM JIBMKEHUEM, TaHbI TTPEIUTOXKEHUS I10
ONTUMM3ALINY COAEePKAHUS M TEKYIIIETO TeX-
HUYECKOTO 00CITy>KUBAHUST MaJIOACSITeIbHBIX
YUYaCTKOB.

C y4€TOM MCITONb3yeMbIX CTpAaTETnil aK-
LIEHT caeJiaH Ha Aud depeHmany ¢GpyHKINO-
HaJIbHOTO Ha3HAYeHUS TMHUM, 3(DhEeKTUBHO-
CTM OpTaHM3allMU IBUXEHUS, PEJIbCOBOTO
MOABMIKHOIO COCTaBa U OOCTYKMBaHUST UH-

GpacTpyKTyphl.
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LOW-DENSITY LINES: STATE AND OPTIMIZATION OPTIONS

Vakulenko, Sergey P., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
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Evreenova, Nadezhda Yu., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The methodology and methods of the conducted
research are based on the system analysis and
scientific generalization of domestic and foreign
experience in operation and maintenance of low-
density railway lines. At the same time, not only the

current state in this sphere of transportation is
evaluated, but also suggestions are made with regard
to optimizing processes using technical re-equipment
strategies, changing technologies, stimulating
demand through organization of new types of service,
and use of forms of public-private partnership.

Keywords: management strategy, low-density railway lines, cost-effective operation, freight and passenger
transportation, optimization, methodology, differentiation of destination.

Background. The solution of the problem of the
efficiency of using low-density railway lines (LDRL)
in a market economy is one of the priority tasks,
which the transport industry is facing.

Objective. The objective of the authors is to
consider main issues concerning operation and
optimization of low-density railway lines.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
scientific description.

Results. The length of LDRL is 15353 km, which
is about 18 % of the entire network of railways. These
are single-track lines, most of them are not
electrified. General information on LDRL is presented
in Table 1.

On the network of JSC Russian Railways, low-
density lines are located mainly in the European part
of Russia, where the railway network has the greatest
density. Moreover, the topology of LDRL does not
coincide with the main vectors of cargo flows, which
usually move in latitudinal directions. After all, LDRL
are often lateral roads that connect latitudinal
directions, or are their dead ends.

Atthe same time, LDRL provide connectivity and
maneuverability of the network, increasing reliability
of its operation in the event of possible technological

failures, natural disasters, when there is a shortage
of capacity during the periods of reconstruction,
modernization of the main lines, etc.

Despite the fact that LDRL are low-loaded
(an average of 3,5 pairs of trains per line per day)
and, therefore, unprofitable, almost the same
requirements are imposed on their maintenance as
to the main lines.

Until 2015, there were no uniform criteria for
classifying railway lines as low-density. The current
criteria are presented in Table 2.

The distribution of signaling and communication
facilities on LDRL as a percentage is illustrated in
Pic. 1.

As the means of interval regulation, signaling and
communication, the simplest means are used: semi-
automatic blocking (66 % of the total length),
electric-token system (12 %), telephone
communication (7 %). Only on 11 % of the length of
the lines automatic blocking and on another 7 %
centralized traffic control are used. This indicates
that most of the existing low-density lines were the
same in the past (20-30 years ago).

Analysis of foreign experience allowed to identify
the main trends in the operation of rail lines with low-
intensity traffic [1-7]:

Table 1
General information about LDRL
Ne | Parameters Indicators
1 Length 15353 km
2 Share of LDRL from the whole rail network 18,2 %
3 Share of electrified 14 %
4 Share of non-electrified 86 %
5 Share of single-track 100 %
6 Average length 55km
7 Average number of «threads» of trains (of all categories) 3,5 pairs
Including freight 2,1 pairs
Table 2
Criteria for classifying railway lines as low-density
Ne Document Criterion
1 «Charter of Railway Transport», Operation rules | Low freight traffic and poor performance

of the Russian Federation

the methodology of classification and

December 23, 2015.

2 Order of JSC Russian Railways «On approving

specialization of railway lines» No. 3048r dated

Total volume of movement of passenger and freight
trains no more than 8 pairs per day

Reduced load intensity
5,0 million t » km gross / km per year and less
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Table 3

Ways to improve the efficiency of sections of low-density railway lines

No Criterion Ways to improve efficiency of LDRL Country

1 Legal status Closing of LDRL and transition of transportation to other types Germany
Transfer to the private sector on a competitive basis with a focus on | Netherlands
intermodal companies that perform road and rail transportation
State programs for transportation reorganization USA
Delivery of a part of the lines for rent, sale to third parties, change USA
in the form of ownership; in some cases — closure
Rearrangement of LDRL into motor roads Sweden

Use of LDRL for organization of tourism services

Great Britain, Sweden

2 Traffic Reduction of staff, number of positions Finland, Sweden,
organization Estonia
Simplification of centralized traffic control Germany
Use of satellite navigation to control train movement USA, Romania
3 Infrastructure | Automation and telecontrol, application of modern control Switzerland
technologies (for example, replacement of post and floor equipment
with microprocessor centralization)
Improvement of track state and electrification of sections Sweden
4 Rolling stock | Use of special light-weight rolling stock Germany, Sweden,
Finland
5 Tariffs Differentiated approach to formation of tariffs Germany, Sweden

— use of satellite navigation to control the movement
of trains, which leads to abandonment of a significant
part of the outdoor equipment of the signalling and
blocking division, which requires expensive cable
networks (rail chains and axle counters, traffic lights,
point and continuous ALS sensors);

— automation and telecontrol of centralization
systems;

— prevalence of modern technologies (for
example, replacement of post and floor equipment
with microprocessor centralization), which allows
reducing the staff and in the conditions of a high level
of European wages to achieve a significant economic
effect.

Methods of increasing the effectiveness of LDRL,
implemented in foreign countries, are presented in
Table 3.

The operation of LDRL in Europe is expensive,
due to a large number of manual operations and
the need for staff to receive and send trains at
stations. Cost reductions can be achieved by
reducing the need for staff, reducing the number
of floor signals and determining the level of
technical equipping LDRL that would be sufficient
to ensure safety.

The introduction of foreign experience on the
network of JSC Russian Railways, in our opinion, is
advisable in the part of:

— organization of tourist service;

— staff reduction;

— use ofa specialized rolling stock of a lightweight
type.

When optimizing the work of LDRL, the following
strategies can be applied:

1) technical re-equipment and changes in
technologies that increase efficiency by reducing
the loss ratio of the lines as a whole or their individual
sections;

2) stimulation of demand for transportation
through the organization of new types of services
(tourism, etc.);

3) subsidies of federal or regional budgets, other
legal entities and individuals;

4) transfer of LDRL or their individual sections to
private ownership or lease to the balance of the party
concerned, as well as the use of other forms of
public-private partnership;

5) in the exceptional case, if no other measures
are capable of increasing the efficiency of the work,
with the appropriate justification, the closure of LDRL
or their individual sections.

In accordance with the proposed strategies,
LDRL can be divided into several types according to
functions:

technical means are
absent, 3

Telephone, 1

Legend: AB — automatic blocking;
SAB - semi-automatic blocking;
ET - an electric token system;
CTC - centralized traffic control.

Pic. 1. Equipment with means of signaling and
communication, in % of the total length of LDRL.
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Table 4
Options for optimizing the functioning of LDRL (sections)

Parameter Types of LDRL (sections) by the functions performed
undgr . for social needs for commercial needs for federal state non exploited
consideration needs (defense
function)
Possible Federal executive bodies, JSC Russian Federal executive | JSC Russian
interested executive bodies of the subjects | Railways, commercial bodies Railways
person/source | of the Russian Federation, organizations (industrial
of funding municipal authorities enterprises)
Example Novgorod—Novolisino, Kanzyba—halt 557 Iliyno—Frolischi Soshno—
Ledmozero 1—Yushkozero (Krasnoyarsk Railway) | (Gorky Railway) | Valutino
(October Railway) (Moscow
Railway)
Possible options | 1, 2, 3, 4 1,2,3 1,2,3,4,5 1,2,3,5
of functioning
optimization
strategy

— for commercial purposes — profitable or
potentially profitable, as well as those in which cargo
owners are interested, willing to consciously go to
increase their own costs (in connection with the
transfer of LDRL to their balance) in order to preserve
the markets for supply and/or sale;

—to meet social needs — with a view to supporting
the vital activities of population centers gravitating
towards LDRL;

— having a defensive significance;

— not exploited.

The options for optimizing the functioning of
LDRL are presented in Table 4.

The most logical form of supporting lines for
social needs is the justification of subsidies from the
regional or federal budgets.

The analysis of the existing technology of the
work of LDRL has made it possible to identify the
main directions for increasing the efficiency of their
work.

In the field of cost reduction:

0 rolling stock — transfer of LDRL for
maintenance by rail buses, incl. on the combined
run, and transition to low power locomotives;

0 organization of traffic — combination of
professions and positions, introduction of a mobile
crew service system, application of the «single
locomotive» technology (one train on a section);

0 maintenance of infrastructure -
combination of professions and positions, reduction
oftypes and frequency of inspections, performance
of works according to the actual state.

In the field of increasing incomes:

« organization of tourist services, including
allocation of individual LDRL for its organization while
preserving the social functions of the line for human
settlements service. As a pilot project, Bologoe—
Velikie Luki line (with a branch to Torzhok), which has
a favorable location, is close to Moscow and
St. Petersburg, in the zone of attraction of which are

located popular tourist sites (Lake Seliger and
others);

« increase in traffic intensity of suburban trains
using buses on a combined run.

Conclusions. The analysis of domestic and
foreign experience of operation of railway lines with
low-intensity traffic has been carried out, offers have
been made for optimizing maintenance and current
maintenance of low-density sections.

Taking into account the strategies used, emphasis
is placed on differentiation of the functional
designation of the lines, the efficiency of the traffic
organization, the rolling stock and the maintenance
of the infrastructure.
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Road Network and Waste Problem
(TekCT cTarbu Ha aHrJl. 3. —
English text of the article — p. 185)

ABTOpbI CTaTbyi CUCTEMATU3NPYIOT
npouyeccbl 06pa3oBaHNUsI OTXO40B
aBTOTPaHCMOPTHOIro KOMIJIEKCA Ha
BCEeM NpOoTSHXeHUN XXU3HEeHHOro ynkna
MOCTPOEHHOWM U 3KCITyaTupyemMoii
Aaoporu. Mpu stom gauddepeHumnpyroTcsa
BapuaHTbl HA3€MHbIX, M0A3€MHbIX

1 Hag3eMHbIX JINHWIA, TBepabIX U XUOKUX
BUAOB OTXOA4O0B, a Takke paKTopsbl,
BAMSIIOLME HA UX KOJINYEeCTBEHHbIe
nokasartesin, " oco6eHHOCTU Hanbosiee
oTXxo0[0006pa3yLmnx BUAoB pabor,
OTHOCSALYMXCSI K aBTOA0POXXHOM
oTpacau.

Knoyesbie ciioBa: aBTOA0POXHAs
CeTb, TPAHCIMOPTHLIE MPEanpUsaTS,
CTPOUTEILCTBO, PEKOHCTPYKLMNS,
aKcnyataLmsl, OTXOAbl.
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OpOXHas CeTh C 00beKTaMU aBTO-

TPAHCIIOPTHOTO KOMIJIEKCa 3aHUMa-

€T 3HauUMTeJIbHbIe TeppuTopun. [Ipu
3TOM B pe3yjbTaTe MCIIOJb30BaHUS TpaHC-
TMOPTHBIX KOMMYHUKALIMIA M 3KCIUTyaTalliu
mamuH ¢ JIBC nmpoucxoaut 3arpsi3HeHUE
OKpYXalollel cpeibl OTXOTaM1 aBTOMOOWJIb-
Horo TpaHcropTra. OCHOBHBIMU UCTOYHUKAMU
OTXOIIOB SIBJISIIOTCS] aBTOTPAHCITOPTHBIE TTPeI-
MPUSITUS, 0a3bl JOPOXHO-CTPOUTEIbHOMN
TEXHUKHM, Tapaxku, CTOSTHKH, TTyHKThI MOMKH,
A3C, craHUMU TeXOOCTyXKMBaHUS, a TaKXKe
cama 1opora ¥ MOCTHI. To €CTh 3TO KOMILIEKC-
Has TpobJyieMa pa3BUTHS U CONEPXKaHMS J10-
POXHO-TPAHCITOPTHOM CETH, OOCTYKMBaHUS,
PEMOHTA U 3KCIyaTallid aBTOMOOUJIEH,
MPOU3BOJCTBA TOPIOYMX U CMA30UYHBIX MaTe-
pUaoB.

Jnst aBTOTpaHCIOPTHOM AESITEIbHOCTU
XapaKTePHbI CACIYIOIINE BUIBI OTXOMOB:

1) xxunxue (pacTBOpUTEIN, HEPTETIPOAYK-
TBI, B3BECH, XJIOPUIbI, IPOTUBOTOIOEIHbIE
BellleCTBa) — 00Pa3yIOTCs B MPOLIeCCe MOMKMU,
OUMCTKM JeTajieid, 2JIEKTPOXMMUUECKOU 00-
pabOTKM MaTepuasioB, UCIOJb30BAHUS CIIe-



IIMAIBHBIX COJIEBBIX COCTABOB IS TTO/IIEPKa -
HUS TOPOXHOI CeTU B paboTOCMOCOOHOM
COCTOSTHUU U T.1I. OHU SIBJISTIOTCSI OCHOBHBIMU
3arpSI3HUTEIISIMUA CTOUYHBIX BOJI.

Ha TpaHCTOPTHBIX MpeInpUITUIX
B CpeIHEM Ha eIMHUILY TTOABMXKHOIO COCTa-
Ba npuxoautcs 1o 100 Kr cOpocoB B MOBEpX-
HOCTHBIE BOOEMBI B TOJI, B TOM YMCJIE CYyXOM
ocTaToK — 76, xjiopuasl — 17, cyabdartsl — 4,
B3Becu — 1, octaibHOe — 2 KT [1], GoJblIOE
KOJIMYECTBO MJa W TPSI3U, COMepPKaAIIUX
MHOTO BPEIHBIX IIpUMeceli, BKJIouast Hed-
TETIPOAYKTHI M TSKEITbIE METAJIJIEL.

2) TBepAble — 00pa3yloTcs Kak MpU dKC-
TUTyaTallii TPAHCITOPTHBIX KOMMYHUKAIIUIA,
TaK 1 UCITOTb30BaHUU TPAHCIIOPTHBIX CPEICTB
(BILIOTH IO OKOHYAHUSI CPOKA X XKU3HU). DTH
OTXOJIBI:

— BBIBO3SITCS JIJIST 3aXOPOHEHMST Ha TTOJIN-
TOHBI ¥ CBAJIKM;

— TiepenaloTCs Ha TepepaboTKy WIIN 3aX0-
pPOHEHUE APYTUM IIPEAITPUITUIM;

— UCTIOJIB3YIOTCST JUTS COOCTBEHHBIX HY3KI.

OcrtaHoBuMcs 6osee MOAPOOHO Ha OTXO-
Jlax, 00pa3ylolmXxcsl Ha TIPOTSKEHUN BCETO
SKM3HEHHOTO LIMKJIa TOPOTU — TIPU €€ CTPOU -
TEJIbCTBE, PACIIUPECHUM, PEKOHCTPYKIIUN,
SKCITTyaTaIluu.

CTPOUTEJIbCTBO AOPOI'N

B ropone, rae Bce Tiomanay yxke 3aHsIThl
JIM0O MOCTPOMKAMHU (IePEBIHHBIMU WA KUP-
MMYHBIMU), JTMOO 3eJIEHBIMU HACAXKICHUSIMU,
JI0O0 YK€ TIPOJIOKEHHBIMU TOPOTAMU, CTPOU -
TEJILCTBO HOBOW TPACChl MOXKET BECTUCH B TPEX
BapuaHTax:

a) Ha3eMHBII — CO CHOCOM MEIIaIInX
CTPOECHUU U BBIPYOKOIi I€pEBBEB,

0) NOI3eMHbBII — TOHHEJb,

B) HaJI3eMHBII — 3CTaKa/1a UM MOCT Yepe3
BOJHYIO TIPETPaLy.

[Tpu cTpouTenbcTBe 0Opa3ylOTCs:

1) oTXOmbI 3eMJIN U TPYHTA,

2) OTXOBI 1IEOHS,

3) oTXOMbI TTecka,

4) oTxombl ac(haTbTOOETOHHOI CMECH,

5) oTxombl buTyma,

6) OTXOmBI XKeJie3a,

7) oTxombl OETOHa,

8) oTX0mbl XeIe3006TOHHBIX KOHCTPYK-
LIMIA,

9) 0TXOMbI METAJUTOKOHCTPYKIINIA,
10) BeIpyOJICHHEIC 3¢ICHBIC HACAKICHMS,
11) pa3pylieHHbIE U CHECEHHBIE CTPOEHUSI.

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 182-186 (2017)

B nmpoxksanke moporu 3aaeiiCTBOBaHBI
MHOTHE BUJIBl MHIYCTPUU, Y KOTOPBIX YBETH-
YUBAETCS OOBEM OTXOIOB OT TPOU3BOACTBEH-
HOU nedaTeabHOCTU. DTO U AOObIBaOIIas
MPOMBIIIJIEHHOCTh — Kapbephl IS CHa0XKe-
HUSI TOPOXKHO-CTPOUTEIEHBIMU MaTepraiaMiy
(rpaBuii, 11e0eHb, OYTOBBII KaMEHb, IECOK),
U obpabarbiBatolias (KaMHeApOOUIbHBIE 3a-
BOJIbI, 0a3bl MO MPUTOTOBJIEHUIO TIeCYaHO-
IPaBUIHBIX CMECei, OpPTaHUIECKNX U OUTYM-
HBIX BSDKYIIIAX OMYJIbCHIA, 3aBOJIBI TTO TIepepa-
0OTKe ryapoHa B OMTYM, 3aBOJbI XeJe300e-
TOHHBIX KOHCTPYKIIUI, acHabTOOETOHHBIE).
OCHOBHBIM (haKTOPOM, BIUSIIOLINAM 3[€Ch Ha
MAaccCy OTXO/IOB, SIBJISIETCSI Macca U3AEJIMSI.

PEKOHCTPYKLUWA N PACLLUUPEHUE

B moHsTHE «peKOHCTPYKIMSI» BXOIST pe-
MOHT (KOMILJIEKC Orepaluii Mo BOCCTAaHOBJIE-
HUIO UCIIPABHOCTU) U paCIIUPEHUE TOPOTH.
IIpu 3TOM OCHOBHOII BUJA PabOT — PEMOHT
JIIOPOXKHOTO TIOKPHITUS C MPeaBapUTEIIBHBIM
yIaJeHueM M3HOIIEHHOTO ¢JosT (hpe3epoBa-
HUeM U (popMHUpPOBaHKMEM HOBOTO cJ1os1. B xo-
Jie TaKMX oTepaluii o00pa3yroTcs:

1) oTX0abl B BUJIE CHITOTO BEPXHETO CJI0SI
acdasnbra,

2) OTXOIbI IIEOHST,

3) OTXOMIbI TIeCKa,

4) otxombl achaTbTOOETOHHOI CMECH.

[Tpu pacmmpeHIN TOPOTH PUTYPHUPYIOT TS
K€ BUIBI OTXOJOB, UTO U IIPU CTPOUTEIIBCTBE,
HO B yMEHBIIIEHHOM KOJIUYECTBE, 3aBUCSIIIIEM
OT MacIITabOB MPOU3BOAMMBIX pabOT, U OTXO-
IIBl B BUIE CHSITOTO BEPXHETO CJIos acairbra
C PEMOHTHUPYEMOTO yyacTKa.

SKCNNYATALIMUOHHDbIE OTXO4bl

ITpu skcruTyataliuu U coaepXXaHuu aBTO-
MOOUJILHON 1OpOru 00pa3yroTcs:

1) OTXO/bI OT aBTOTPAHCTIOPTHBIX CPEICTB.

OOBEMBI TBEPABIX OTXOOB B TEXHOJIOTUYE-
CKUX ITPOLIECCaX XKU3HEHHOTO 1IUKJIa 00BEKTOB
TpaHCMOPTA OMPEAETSIOTCH EPUOJUNYHOCTHIO
MPOBEAECHUS PETIAMEHTHBIX PabOT, YPOBHEM
HaJIEXXHOCTU KOHCTPYKIIMU, HOMEHKJIATYPOi
KUCIOJIb3yeMOTO 000PYAOBaHUS, CTENEHBIO
ABAPUITHOCTU TPAHCIIOPTHBIX CPEJCTB.

2) OTXOIbl OT aBTOTPAHCIIOPTHBIX TIPEJi-
MPUATUIA, HAXOOSIUIUXCS HEMOCPEACTBEHHO
Yy IOPOTU U OOCTYXMBAIOIIUX MPOXOISIIAN
TPaHCIIOPT.

ITpu BeITIONTHEHUY OTepaLnii 00CTyK1UBa-
HUS U PEMOHTA TEXHUKU UCIOJb3YIOTCH:

Haniman C. M., Mepeepnee B. 6., MuHranees H. 3. ABTOAOPOXHas C€Tb 1 NpoG/ieMa OTXOA0B
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IPOKAT METAJUIOB (IIPYTKU KPYIJIOrO U IIeC-
TUTPAHHOIO CeYeHUsI, JUCTOBAs CTajlb, CBU-
Hell, 0JIOBO, Me/lb, METAJUIOM3AEIUS U [Ip.),
MHCTPYMEHT, 3JIEKTPOTEXHUYECKUEe U (HPUK-
LIMOHHbBIE MaTepuasbl [2].

3HAYUTEIbHBIM SIBJSIETCS PAcXO[d KOH-
CTPYKLIMOHHBIX MATEPUAJIOB, IPUXOISIIMX -
Csl Ha 3alacHble YacTU, KOTOPbIE HEOOX0-
JHUMBI J1JIsI BOCCTaHOBJIEHUS pab0oTOCIIOCO0-
HOCTH Y3JIOB M JAeTalieii TPaHCIOPTHBIX
cpenctB. B pe3ynbraTe MexaHM4YeCKOM 00-
paboOTKM meTajieil, UX 3aMEHBI, a Takxke
JIPYTUX BUAOB IIPOU3BOACTBEHHOM IESITE/Ib-
HOCTU Ha TPAHCHOPTHBIX HPeInpUsITUIX
00pa3yloTcs B pacuyéTe Ha OMH aBTOMOOMIIb
B ropx [3]:

— 0K0J10 250 KT TBEPABIX OTXOHAOB, BEIBO-
3UMbIX Ha 3aXOPOHEHME Ha MOJUTOHBI
1 CBaJIKK, B TOM uncie: cMeT — 40 %, oTxXoabl
norpebaeHust — 19 %, npeBecHbIC OTXOMIbI
U MakynaTypa — mo 16 %, TopMO3HbIe Ha-
ki1aaku — 4 %, crekioboit — 3 %, pe3uHa
(kpome muH) — 2 %;

— okoJjio 900 Kr oTX0m0B, IeperaBaeMbIX
TPAHCIOPTHBIMU MPEANPUITUSIMU Ha [ajib-
Heli11y10 00pabOoTKY APYTrUM HPEAIIPUSITUIM,
B TOM YHCJIE: JIOM YEPHBIX MeTaIOB — 38 %,
0CaloK OYMCTHBIX coopyxkeHui — 31 %, 1o-
Kkpbiky — 20 %, maciia orpabotaHHbie — 9 %,
JIOM aKKYMYJISITOPHBIX Oatapeit — 2 %.

YacTb 00pa3yrolIuxcsl TBEPAbIX OTXOI0B
HaXOAUT IPUMEHEHNE HEIOCPEACTBEHHO Ha
MPEANPUATUSIX: IPeBEeCHast CTPYXKa — KakK
aJIcoOpOEHT MpU yOOpKe pa3IMBOB He(TEIpo-
JIYKTOB, CepHasi KUCI0Ta — CIMBACTCS U3 He-
HUCIPAaBHBIX aKKYMYJISITOPHBIX OaTapeii, mo-

\

. 2

BepraeTcsl pereHepaliiy ¥ ITOBTOPHO MCTIOJIb-
3yeTCsl.

3) Otxonmst A3C.

4) OTXOIbI TOPTOBBIX U TIPOIOBOJILCTBEH-
HBIX YUPEXKICHUIA.

5) TBepabie OBITOBBIC OTXOIBI YYACTHUKOB
IBIDKEHUS (MYCOPHBIC KOHTEWHEPHI BIOJIb
JIOPOTH).

6) CMET ¢ TeppUTOpUU AOPOTHU, OIHOIM U3
COCTaBHBIX YaCTe KOTOPOTO SIBISIOTCS TIPO-
JYKTBI U3HOCA TPYIIMXCS NeTaIei, UCTUPAHUS
IIMH ¥ TOPMO30B, Pa3pyIIeHUSI JOPOKHOTO
TIOJIOTHA.

Takum o6pa3oM, B 3aBUCMMOCTH OT BUIA
paboT (PEeKOHCTPYKIMS U CTPOUTEIHCTBO)
W BBIOPAHHOTO BapWaHTa BEIEHMS TPacChl
obpa3syeTcs pa3HOe KOJIMYECTBO OTXOJ0B [4].
Cpenu HUX HanOONBIINI 00BbEM 3aHUMAIOT
OTXOBI OT CHATOTO ac(aibTa, IOTyJaroIecs
IpU PEMOHTE JOPOKHOTO IOJOTHA, OTBAJIbI
BBIHYTOTO TPYHTA B XO/I€ 3eMJISTHBIX PaOOT P
MPOKJIAIKe HOBBIX YUACTKOB U CTPOUTEIIBHBIN
MYCOp, OCTAIOLIUICS MPU CHOCE CTPOCHUIA.
CaMBIM OTX0J000pa3yIoIuM BUIOM padboT
SIBJISIETCSI PEKOHCTPYKIIUS TOPOTH 3a CUET
CHSITHSI BEPXHETO JTOPOXKHOTO TTOKPBITHS.
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ROAD NETWORK AND WASTE PROBLEM
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ABSTRACT

The authors of the article systematize the
processes of waste generation of the motor transport
complex throughout the life cycle of the constructed
and operated road. At the same time, variants of land,

underground and aboveground lines, solid and liquid
waste types, as well as factors affecting their
quantitative indicators, and the features of the most
waste-generating activities related to the road
industry are differentiated.

Keywords: road network, transport enterprises, construction, reconstruction, operation, waste.

Background. The road network with the objects
of the road transport complex occupies significant
territories. At the same time, as a result of the use of
transport communications and the operation of cars
with internal combustion engines, environmental
pollution is caused by road transport waste. The main
sources of waste are road transport enterprises, road
construction equipment bases, garages, parking lots,
washing stations, gas stations, service stations, as well
asthe road and bridges. Thatis, itis acomplex problem
of development and maintenance of the road transport
network, maintenance, repair and operation of cars,
production of combustible and lubricating materials.

The following types of wastes are typical for road
transport activities:

1) liquid (solvents, petroleum products,
suspensions, chlorides, antifoaming agents) — are
formed during washing, cleaning of parts,
electrochemical treatment of materials, use of special
salt formulations to maintain the road network in an
efficient condition, etc. They are the main pollutants
of sewage.

In transport enterprises, on average, 100 kg of
discharges into surface water bodies per year are
accounted for by a unit of rolling stock, including a dry
residue — 76, chlorides — 17, sulfates — 4,
suspensions — 1, the rest — 2 kg [1], a large volume
of mud, containing many harmful impurities, including
petroleum products and heavy metals.

2) solid — are formed both in the operation of
transport communications, and the use of vehicles
(until the end of their life). These wastes:

— are transported for disposal to landfills and
dumps;

— are transferred for processing or disposal to
other enterprises;

— are used for own needs.

Let us dwell in more detail on waste generated
during the whole life cycle of the road - during its
construction, expansion, reconstruction, operation.

Objective. The objective of the authors is to
consider waste problem in the road network.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach.

Results.

Road construction

In a city where all the areas are already occupied
by either buildings (wooden or brick), or green
plantations, or already laid roads, the construction of
a new route can be conducted in three versions:

a) ground — with demolition of disturbing buildings
and cutting down trees,,

b) underground - tunnel,

c) aboveground - overpass or bridge across the
water barrier.

During construction are formed:

1) waste of land and soil,

2) waste of rubble,

3) waste of sand,

4) waste of asphalt-concrete mixture,

5) waste of bitumen,

6) waste of iron,

7) waste of concrete,

8) waste of reinforced concrete structures,

9) waste of metal structures,

10) cut down green plantations,

11) destroyed and demolished buildings.

In the laying of the road, many types of industry
are involved, which increase the volume of waste from
production activities. They involve the mining
industry — quarries for supply of road building
materials (gravel, crushed stone, rubble stone, sand),
and processing industry (stone crushing plants, bases
for preparation of sand and gravel mixtures, organic
and bituminous astringent emulsions, plants for
processing tar in bitumen, factories of reinforced
concrete structures, asphalt concrete). The main
factor affecting here the mass of waste is the mass of
the product.

Reconstruction and expansion

The concept of «reconstruction» includes repairs
(a complex of operations for restoration of
serviceability) and expansion of the road. In this case,
the main type of work is repair of the road surface with
preliminary removal of the worn layer by milling and
forming a new layer. In the course of such operations
are formed:

1) waste in the form of the removed top layer of
asphalt,

2) waste of rubble,

3) waste of sand,

4) waste of the asphalt-concrete mixture.

With expansion of the road, the same types of
wastes appear as in construction, but in a reduced
amount, depending on the scale of the work done,
and waste in the form of the removed top layer of
asphalt from the repaired area.

Operating waste

When operating and maintaining a road, the
following are formed:

1) Waste from vehicles.

1) Volumes of solid waste in technological
processes of the life cycle of transport facilities are
determined by the frequency of routine maintenance,
the level of reliability of the structure, the nomenclature
ofthe equipment used, and the degree of accident of
vehicles.

2) Waste from road transport enterprises
located directly at the road and serving the passing
transport.
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During the maintenance and repair of equipment
are used: rolled metals (round and hexagonal bars,
sheet steel, lead, tin, copper, metal products, etc.),
tools, electrical and friction materials [2].

The consumption of structural materials that fall
on spare parts, which are necessary to restore the
efficiency of units and parts of vehicles, is significant.
As a result of machining of parts, their replacement,
as well as other types of production activities in
transport enterprises are formed per car per year
[3]:

—about 250 kg of solid waste, exported to landfills
and landfills, including: sweepings — 40 %,
consumption wastes — 19 %, wood waste and waste
paper — 16 % each, brake linings — 4 %, cullet — 3 %,
rubber (except tires) — 2 %;

— about 900 kg of waste transferred by transport
enterprises for further processing to other enterprises,
including: scrap of ferrous metals — 38 %, sewage
treatment sludge — 31 %, tires — 20 %, waste oil — 9 %,
scrap of storage batteries — 2 %.

Part of the generated solid waste finds its
application directly in the enterprises: wood chips — as
an adsorbent in the case of oil spills, sulfuric acid — is
drained from faulty storage batteries, is regenerated
and reused.

3) Waste of the fuel station.

4) Waste from trade and food institutions.

5) Solid household waste from road users
(garbage containers along the road).

6) Sweepings from the territory of the road, one of
the components of which are products of wear of
rubbing parts, wear oftires and brakes, and destruction
of the roadway.

Conclusion. Thus, depending on the type of work
(reconstruction or construction) and the selected route
option, a different amount of waste is generated [4].
Among them, the largest volume is occupied by waste
from asphalt, obtained during repair of the roadway,
dumps of excavated soil during excavations during
construction of new sites and construction debris
remaining during demolition of buildings. The most
waste-generating type of work is reconstruction of the
road by removing the top pavement.
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NH®OPMALNA

POCCUNCKO-ANOHCKWUN LEHTP NPODPUSIAKTUYECKOMN
MEOWLUHBI U AUATHOCTUKU

pesugeHT OAO «P2XKJI» Ouner be-
JIO3EPOB M 3aMECTUTEIb MUHHUCTPA
3IpaBOOXPaHEHMS, TPyIa 1 01arococ-
tostaust AAnonun Kaszyo @yrarasa moanucanu
corjlaleHue O TMTOATOTOBKE TeXHUKO-3KOHO-
MHUYECKOTO 000CHOBAHUS IIPOEKTA CO3TAHMS
POCCUICKO-SITTOHCKOTO LIEHTpa ITPOGIIaKTH -
YeCKOM MEAULIMHBI M TUaTHOCTUKM.
CTOpPOHBI JOTOBOPHWJINCH ITOATOTOBUTH
9KOHOMUYECKYIO MOAETbh MEIUIIMHCKOTO
IeHTpa Ha 0a3e JOPOXHON KIMHUICCKOU
oompHUIIEI OAO «P2XK]JI» B XabapoBcke.
MenmuiHCKas KOHLETIIHS IICHTPa Mpe/l-
yCMaTpUBaeT CO3MaHNE TMArHOCTHYECKOTO,
poGMIAKTUYECKOTO ¥ PeadINTAIlMIOHHOTO
0JIOKOB, a TaKKe LIEHTPa TeJIeMEINITMHBI TS
TPOBEICHUS UCTAHIIMOHHBIX KOHCYIBTAIINIA
¥ BUICOKOHCUINYMOB C SITOHCKUMM CIIeIINa-
mmctamu. CTOpOHBI HalleIeHBI Ha O0beIMHE -
HUE JYYIINX POCCUUCKMX U SITTOHCKMX TIpa-
KTHUK COXpaHEHUS 3I0POBbS M TUAaTHOCTUKM,
TOBBIIIEHNE Ka4eCTBA MEINIIMHCKOTO O0CTY-
KWBaHU B JlaTbHEBOCTOUYHOM PETHOHE.

IIpencraButenu ctopoH — LleHTpanbpHas
JIUpeKIus 3npaBooxpanenust — punuan OAO
«PXKJ1» 1 MUHUCTEPCTBO 3ApaBOOXPAHEHUS,
TpyHa 1 6J1arococTosTHUS SATTOHNN — IIPOmOJI-
JKaT COBMECTHYIO pabOTy ITO BEIPAaOOTKE KITIO-
4yeBbIX (PMHAHCOBBIX TTOKa3aTeseil MpoeKTa
¥ BBIOOPY MHBECTULIMOHHOTO MTapTHEPA.

B nexabpe 2016 roga mexxay OAO «P2K]I»
¥ MUHHUCTEPCTBOM 3IPaBOOXPAHEHMS, TPyIa
M 61arococTossHUS ATOHNUM ObLT 3aKII0YEeH
MEMOpPAHAYM O COTPYOIHUYCCTBE B 00JIACTH
MEIULIMHEI U 3ApaBooxpaHeHUs. CTOPOHBI
BBIPA3MJI HAMEPEHUE COMECUCTBOBATD IOBBI-
IIEHUIO YPOBHSI ITPOIOKUTEIBHOCTH 30O~
BOM XM3HU TpaxmaH Poccuu m rpaxmaH
SAnoHUN W JOTOBOPUINCH MPUKIIAIbIBATh
HEOOXOIMMBIC YCHITHS TSI JOCTIKEHMS TTPOT-
pecca B 3TOl 00J1aCTH, B YaCTHOCTH, TIPOJIBH -
raTh IIPEBEeHTUBHYIO MEIUIIMHY Ha JlanmpHeM
Boctoke Poccuu, B ToM ynciie B XabapoBcKe.

ITo MaTepuanam npecc-ciyKobl
OAO «PXK]I» @

RUSSIAN-JAPANESE CENTRE FOR PREVENTIVE
MEDICINE AND DIAGNOSTICS

leg Belozerov, President of Russian

Railways, and Kazuo Futagawa, Japan’s

Deputy Minister of Health, Labour and
Welfare, have signed an agreement on the
preparation of a feasibility study for the creation of
aJapanese-Russian centre for preventive medicine
and diagnostics.

The parties agreed to prepare an economic
model for the establishment of a medical centre on
the basis of the Russian Railways’ Clinical Hospital
in Khabarovsk, which is about 800 kilometres north
of Vladivostik in Russia’s Far East.

The centre’s medical concept includes the
creation of a diagnostic, preventive and rehabilitation
unit, as well as a telemedicine centre for remote
consultations and video conferencing with Japanese
specialists.

The parties intend to combine the best Russian
and Japanese preventive healthcare and diagnostics

practices and improve the quality of medical care in
the Far Eastern region.

Representatives of the parties — the Central
Directorate of Health, a branch of Russian Railways,
and Japan’s Ministry of Health, Labour and
Welfare — will continue to work together on
developing the project’s key financial indicators and
selecting an investment partner.

In December2016,a Memorandum of Cooperation
was signed between Russian Railways and Japan’s
Ministry of Health, Labour and Welfare in the field of
medicine and health. The parties expressed their
intention to contribute to increasing the length of healthy
lives for Russian and Japanese citizens and agreed to
undertake the necessary efforts to achieve progress in
this area, in particular, to promote preventive medicine
in the Russian Far East, including Khabarovsk.

Based on press releases
of JSC Russian Railways ®
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BESOINACHOCITE

TexHonorua 6epexnmeoro
npon3BoACTBa U MUHMMU3aLUUNSA
noTepb OT aBapun

Hukonaii KPACUKOB

Nickolay Y. KRASIKOV
|

Lean Manufacturing Technology and
Minimization of Losses from Accidents
(TeKCT cTatby Ha aHiJl. 3. —

English text of the article — p. 193)

B xene3Hoa0pOXHOM gese

cyLecTByeT MHOXeCTBO OMNacCHbIX
Aectabunusunpyrowmnx pakropos. OgHa

N3 caMbix PpacrpoCcTPaHEHHbIX NPo6emM —
CTOJIKHOBEHUE Moe3Aa C 3aCTPSBLUNM

NN BblexaBLLUNM IO HEOCTOPOIXHOCTU
BOAUTEJIS1 Ha XXeJ1Ie3HOAOPOXXHbIN nepees3s
TPaHCMOPTHbLIM CPEACTBOM. B cTatbe
PpaccMoOTpeHbI Criocobbl MUHUMU3aLunN
noteps OT Takoro Buaa asapuu. Umu moryt
ObITb MOCTPOViIKAa TOHHEJIe! 1 NyTenpoBo40B
B MecTax rnepece4eHusi Xesie3Ho[0PO0XHOro
noJsIoTHa M aBTOMOOUIIbLHOW Joporu,
npumeHeHune 3D-na3epHoro pagapa

ANs npeaynpexXxaeHust IOKOMOTUBHOMN
Opuragbl o 3acTpsBLUEM TPaHCMIopPTe.
Kpome TOro, BO3MO>HO Ucrnosib3oBaHne
Beb6-kamep, N306paxxeHne ¢ KOTOPbIX Npu
nomoLu poytepa, ycTaHOBJIEHHOI O 3a

4-5 kM oT nepeesga, nepegaeTcs B KAOUHY
MaLUMHUCTa Ha OTAe IbHbIA AUCHNIe,
4TOObI 3apaHee yBuaeTh 3acTpsiBLIee
TPpaHCrNoOpPTHOE CPeACTBO U 6bI10

BpeMs NMpPUHSATb Mepbl MO 9KCTPEeHHOMY
TOPMOXXEHUIO.

Kno4eBbie cnoBa: 6epexinsoe npon3BoaCcTBo,
¢pakTopbl 6€30M1acCHOCTU, Xe/e3HOAOPOXHbIN
nepeesn, aBapuriHasi CUTyaLusi, 3pUTeIbHOE
Bocnpustue, 3D-na3epHoivi pagap, Be6-kamepa.
|

Kpacuxoe Hukoaaii FOpvesuu — acenm no npooasxcam
[1AO «Pocmenexom», Cankm-Ilemep6ype, Poccus.

orjlacHo onpeneneHuo Koamopumxk-
CKOTO CJIOBaps 1€JI0BOT0 aHIJIMIACKO-
ro s3bika [1], 6epexanBoe Mpous-
BOJICTBO — 9TO OM3HEC, OPUEHTUPOBAHHbBIN
Ha BBIMTYCK TOBApOB B OOJIbIINX 00BEMAX
U UCMOJIb3YIOIIUI METOIbl, KOTOPbIE n30e-
raloT MOSIBJI€HUS OTXOAOB U YMEHbIIAIOT
MOTpavYeHHOE Ha MPOU3BOACTBO BPEMSI.
HcuepnaeMocTh NPUPOAHBIX HENP, TJIO-
OaspHOE MOTeTJIeHUE, TPOJOBOIbCTBEHHbBI
KPU3UC MPUBOMIAT K YIOPOXKAHUIO MPOIYK-
1LIUU Y HEOOXOAMMOCTU 9KOHOMUU BCEX BU-
IoB pecypcoB [2]. [ToaToMy aKTyaJabHBIMU
cTanu pazpaboTKa U BHEAPEHUE pecypcocohe-
perarolux TeXHOJOrui, npuMeHeHue 3¢-
(beKTUBHBIX CTpaTeTHit MAPKETUHTA U LIEHO-
00pa3oBaHUs, MO3BOJSIONIMX CHUXATh 3a-
TpaThl HAa BCEX CTAAUSIX XXU3HEHHOTO LIMKJa
MPOAYKITNH.

AOMUHAHTA COKPALLEHU4A
NMOTEPb

LEAN-TexHOI0THST — «O€epeXXINBOE MPO-
M3BOJICTBO» (OT aHTII. lean — MOCTHBIN, 0e3
XKUpa, CTPOWHBIN; B pycCKOW Bepcuu lean —
JIUH, O0epexkInBOe) — JOTUCTUUYECKAsT KOH-
LEeTIIUsT MEHeIKMeHTa, choKycupoBaHHAs
Ha ONTUMU3alUY OU3HEC-MPOLECCOB C MaK-
CHMAaJIbHOI OpUeHTAIMeil Ha PHIHOK [2].
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Puc. 1. CronknoBeHne KamA3a n naccaxxupckoro noe3za Ha xese3Ho[opoxHom nepeesge B 2015 rogy
B Benropogckovi obnactu [4].

Wpaen GepexiImBOTo MPOU3BOACTBA ITPO-
HUCTEKaIOT U3 husocoduu CHUKEHUS 3aTparT,
ucrnoBeayeMoit Kopropanueit Toyota, cor-
JTACHO KOTOPOIi LIEHBI Ha MTPOIYKIINIO TIpeI-
MPUSITUS TUKTYIOT PBIHOK M TTOKYIIaTEeJH,
a 00beKTaMHU YIIPaBJICHUS CO CTOPOHBI
KOMITaHUM MOTYT OBITh TOJBKO Ce0eCTOM-
MOCTh MPOAYKIIMYU U IMPUOBLIB OT IMPOIax.
IIpu 3TOM B LIEHTpe BHUMAHUS OCTacTCS
COKpallleHe BHYTPEHHMX 3aTpaT Mpearpus-
THS.

Omnupasich Ha UIel0 COKpalleHus cebe-
CTOMMOCTH ITPOIYKIINH, HEOOXOIMMO BHAYA -
JIe YCTAaHOBUTH LIEHY, ITO KOTOPOI ITOKyITIaTe-
JIM COIJIaCHBI MMPUOOpeTaTh MpemaracMblit
TOBap, MOCJIe YeTO BbIUECTh U3 He€ cebecTo-
MMOCTh €r0 U3TOTOBJICHUS, YTOOBI OLIEHUTH
oXugaemMyro NMpuoOblab. OCHOBHON MyTh
K MaKCUMM3aIN TPUOBLIHA, TAKUM 00pa3oM,
3aKJII09aeTCSI B COKpAIIeHUM MOTEePh NP
M3TOTOBJICHUH TTPOILYKIIMH.

ITorepu B LEAN npuHsSTO Noapas3aesiTh
Ha ceMb OCHOBHBIX pa3HOBUAHOCTe [3]:

1) Ilepenpouszsodcmeo. DTO NU3TOTOBJICHUE
JINIITHETO KOJIWYECTBA MTPOAYKLIMU VUIH TIpe-
XKIeBpeMeHHOE €€ TTOSTBJICHUE J0 BOSHUKHO-
BEHUS pealbHOTO CIIpOCa.
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2) Oxcuodanue. JIroboe oxXumaHue — JIfO-
Jeii, JOKYMEHTOB, 000pyIOBaHUS UJIU UH-
dopmaruu.

2) Ypeszmepnasa obpabomka. JINIIHUMU
CUYUTAIOTCS TE ONEePAIIH, KOTOPBIE HE HYKHBI
MOTPEOUTENISIM, HE KeJTalolM Tieperiaam-
BaTh IEHBIY 3a UX BBITIOJTHEHNE.

3) H36b1mounvie 3anacel. XpaHeHUE TaKUX
3aIacoB TPeOyeT MOMOTHUTEIbHBIX TIIOIIA-
Ieif, OHM MOTYT OTPUIIATEJIbHO BIMSITH Ha
0e30IMacHOCTbh, 3aTPOMOXKIast MTPOXOIbI
W IIPOU3BOACTBEHHBIC TIIOIIAIN.

4) Jluwnue dsuxncenus. JIroboe IBUXKe-
HUe, He Tpebylolieecs s YCIEeITHOTo
BBITIOJTHEHUSI pacCMaTpUBaeMOIi oTiepalinm,
cTaHoBUTCS nmoTepeit. YacTo HeaphekTuB-
Hasi opraHu3alius TPydoBOTO Tpolecca
W HelpaBHJbHAS MJaHWPOBKa pabovymx
MECT CJTyXaT MIPUYNHAMU JIUITHUX JBVXKE -
HUM UCITIOJTHUTEIEH — XOIbObI, TOTSATHBA-
HUSI, HAKJIOHOB.

5) Ilomepu om degpekmoé uiu nepedenxu.
3aTpaThl Ha Mepees K1, TOBTOPHOE BBITION-
HeHMe oIlepalnii Mpyu 00HapyKeHNH AedeK-
TOB OTHOCSITCS K KaTeTOPUH MOTEPb, IO~
CKOJIbKY J1100ast paboTa cBepX HEOOXOAUMOI
SIBJISICTCSI JINIITHE .

Kpacwukos H. 0. TexHonornsa 6epexnineoro npon3eoACcTBa U MMHUMU3aL NS NOTEPb OT aBapum




Puc. 2. CtonkHoBeHue noe3aa u 1erkOBOro aBToMobusis Ha xes1e3HoA40POXHOM rnepee3ae B KiovioHre
(ABctpanus)) B 2014 rogy. @oto Bproca MagxuntoHa [5].

6) Tpancnopmuposxa. IlepeBo3ku Ha 6OJTb-
1IM€ PACCTOSIHUS UM CO3aHNE BPEMEHHBIX
MECT pa3MelIeHUs], XpaHeHUST U CKJIaTupoBa-
HWSI, JINIITHYE TIEPEMENIeHUSI C MeCTa Ha MECTO
MaTepuaioB, JItojieli, MHGopMauu WK 10-
KYMEHTOB — BCE 3TO BEZIeT K MOTepsiIM Bpeme-
HU Y SHEPTUHU.

AHANN3 CTOJIKHOBEHUW
HA NEPEE3AOAX

OHOI U3 Cepbe3HBIX ITOTEPD IS Kee3-
HOJOPOXKHBIX MPEANPUSTUI SBISIETCS IIPO-
CTOI1 ITOEe30B 13-3a OJJOKMPOBKU IBUXKEHUS,
BBI3BAHHON CTOJIKHOBEHHUEM COCTaBa
C TPAHCIIOPTHBIMU CPEACTBAMU, IO TEM WU
MHBIM IIPUYMHAM HAXOIMBIIMXCS Ha XKeJie3-
HOJOPOXKXHOM IIepee3/ie B MOMEHT IpuOIIK-
KeHMS moesaa (cM. puc. 1, 2).

J17151 TOJTHOM OCTaHOBKU I'PY30BOMY I10€-
31Ty, IBUTAIOIIEMYCS CO CKOPOCTHIO 88,5 KM/,
HeobOxonmMo He MeHee 1,61 kKuimomerpa
(mo manHbpIM HammonHanpHOTO coBeTa 0e3-
omacHoctu CIIIA). A 3ayacTyro nipssMasi BU-
JMMOCTb JI0 TIEpeCceYeHHsI XKeIe3HOA0POXKHO-
IO IIyTH OTCYTCTBYET, U MALUMHUCT IIPOCTO HE
yCIIeBaeT 3aTOPMO3UTh.

ITo manusiM A. A. ITnatosa [6], cymmap-
HOE KOJIMYECTBO ITOTEPh BpEMEHU Ha BOCCTa-
HoBleHue aBrxkeHus rmocie ATII Ha xxenes-
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HOIOPOXXHBIX Tlepee3nax B Poccum cocras-
ssuto ¢ 1994 o 2003 rox He meHee 100 yacos
(puc. 3). To ecTb TOTEPU BO BpEMEHU CHUXKA-
JIK BOBMOXHOCTb MCITOJIb30BaHUSI XKeJIe3HO-
JTOPOXKHOTO MYTU U MOJIYYSHMS MPUOBLIN.

B cooTBeTCTBMM C 5KOTOTMYECKIM ITOAXOIOM
K 3pUTETBHOMY BOCITPHSITIIO M3BECTHOTO YUEHO-
ro-skcrnepumenTtaropa Jx. [ubcona [7] Bo
BpEMSI ITACCHBHO €31TbI B TPAHCIIOPTE MBIIIICUYHO-
CYyCTaBHbIE OLLYILLEHMSI TTOJIOKEHUSI U IBUKEHUST
OTIEIbHBIX YacTell TeJla OTCYTCTBYIOT. EnuHCT-
BEHHO HaIEXHYI0 MH(POPMALIMIO O CMEIICHUN
IaioT 3pUTEIbHBIC OIIYIIEHHUs. DTO BEPHO
BOCOOEHHOCTH ceituac, KOTjia akTUBHO pPa3BUBa-
€TCSl TEXHOJIOTUST OECCTHIKOBOTO, «0apXaTHOTO
MyTW», U IBMXKEHME 1T0e31a CTAHOBUTCS] HEOObI-
yaifHO MIaBHBIM. [103TOMY €IMHCTBEHHBIM
HaJIEXHBIM UCTOYHUKOM WMHQOpPMALIUU IS
MAIIIMHICTA BBICTYIIAIOT TIOKA3aHMS IIPHOOPOB.

ITo nanusim J1. JI. [TerpoBuy [8], ycmen-
HOCTb «CJIOKHOT'0» CYUUTBIBAHUS TIPUOOPHOI
“HGbOPMaLMKU 3aBUCUT OT KOTHUTUBHO-CTH -
JIEBBIX XapaKTepUCTUK oriepaTopoB. boibiiast
BBIPAXKECHHOCTh ITOJICHE3aBUCUMOCTH COOT-
BETCTBYET 00Jiee BBLICOKMM Pe3yIbTaTUBHBIM
oKa3aTeJIsIM TaKOTO CYUTBIBAaHUS, a 0OJIb-
IIast BBIpaXkKeHHOCTb UMITYJIbCUBHOCTH — 00-
Jiee HU3KUM Pe3yJbTaTUBHBIM MOKa3aTeasIM
MPUOOPHBIX IITKAJI.

Kpacwukoe H. 0. TexHonornsa 6epexnvMeoro npou3eoAcTeEa U MUHMMU3aL s NOTEPb OT aBapun
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Puc. 3. lNoka3atesnn notepb Bo BpemeHn ns-3a [Tl Ha xene3HOAO0POXHbIX Nepee3aax
B Poccum 3a nepuon 1994-2003 rogos [6].

[TosieHE3aBUCUMOCTDL XapaKTepu3yeT
CITOCOOHOCTD YeJIOBEKa HAXOAUTh MPOCTYIO
peJIeBaHTHYIO IeTajlb B CJIOKHOM TEPIICTITUB-
HoM ob6pa3ze. [TojieHe3aBUCHMBIE JIIOIM JIETKO
MPEOL0JIEBAIOT CaMbIii TPYIHBI KOHTEKCT.
ITonezaBucuMble, HANIPOTUB, C TPYAOM
CIIPABJISIIOTCS C 3amavyeid (MM HY>XXHO BpeMs,
YTOOBI YBUIETH JI€TaIb B CJIOXKHOM IIEJIOM).

MMy 1bCUBHOCTh U PeIEKTUBHOCTD
MPOSIBJISTIOTCS B JIIOJSX, KOTa TEM HaJl0 OCY-
ILIECTBUTD IMPABWIbHBIN BEIOOP U3 HEKOTOPO-
ro MHOXECTBA aJIkTepHaTUB. UMMy IbCUBHbBIE
MCIIBITYeMbIe CKJIOHHBI OBICTPO pearupoBaTh
Ha mpo0JieMy, ObICTPO MPUHKUMATh PellleHue
0e3 TwaTeJbHOTO aHalu3a cutyaluu. Ped-
JIEKTUBHBIE — XapaKTEePU3YIOTCs 3aMeUICH -
HBIM TEMIIOM pearupoBaHMsI, pelIeHHE
MPUHKUMAETCSI UMW Ha OCHOBE TIATEIbHOTO
obnymbIBaHuUs [9].

Cnocobbl NPEAOTBPALLEHUSA
ABAPUA

B cootBerctBuu ¢ npuHuunamMmu LEAN
pabOTHI IO MPEAOTBPAILICHUIO CTOJKHOBEHUMN
M0€3[I0B C TPAHCIIOPTHBIMU CPEACTBAMU KaK
J00aBISIONIME LIEHHOCTb 71 IOTPEOUTENS —
0€30IMaCHOCTh MEPEBO30K — MOJKHBI OBITh
pacIIMpPEeHbl, €CJIU XeJe3HOTOPOXKHbBIE KOM-
MaHUU XOTAT MOJIydyaTh NPUOBLIb, HE HECTU
UMUKEBBIX TOTEPD U ObITh KOHKYPEHTOCIIO-
COOHBIMU B OyayLIEM.

EcTb HECKOBKO MyTel KakK 3TO CleIaTh.

OnvH U3 HUX — TOCTPOKa TOHHEJIEH U ITy-
TEMPOBOIOB B MECTaX MEPECEUCHMUST KeJIe3HO-
JIOPOXKHOTO MOJTIOTHA M aBTOMOOWITBHOM TOPOTH.
OnHako, Kak nojiaraipT cnetuatuctel MHCTH-
TyTa MPO0JIEM €CTECTBEHHBIX MOHOTIOIUH, MO-
JIOOHBIIA TTYTEMPOBO MOXET CTOUTH OT OTHOTO
IO IBYX C TIOJIOBUHOIM MWJUTMAPIOB PyOJiei.
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Jpyroii BapyaHT — UCIOJb30BaTh U30-
operenue boiinxu Pamxapama u3z Muauu
(marent P® 2333860) — ycTpoiicTBO Ipeay-
npexaeHus: ctoikHoBeHut (YIIC) nas
MOe3/10B U TPAHCIIOPTHBIX CPEJCTB Ha Oa3e
MUKpPOIIpolieccopa ¢ paauornpuémMoriepenar-
YUKOM, pabOTaroIMM Ha 3aJaHHOM PaccTo-
SIHAM, HaTIpUMep — 2 KM, U UMEIOLIUM He-
3aBUCUMBI UCTOYHUK NUuTaHus. [Mpu
YCTaHOBKE Ha JOKOMOTHUBE, TOPMO3HOM
BaroHe, rnepeesuax, XKeJe3HOA0POXKHOMN U1
10001 MHOM CTaHLIMU YCTPOHCTBO aBTOMA-
TUYECKU TeHEPUPYET CUTHAIBI 1T UHULIM -
UPOBaHUS Pa3IUYHbIX Mep 0€30MacHOCTH.
Hanpumep, Takoit Mepoii MOXXeT ObITh BKJTIO-
YyeHHEe TOPMO3HOM CUCTEMbI IBUXKYLIETOCs
noesaa, YTOObl CHU3UTh €r0 CKOPOCTh 10
0e30macHOro npeaesa Uiy mNoJHOK OCTaHOB-
ku. I[Ipu 3TOM CTOJIKHOBEHUS TMpeaynpex-
naloTcs 0jaroaapsi BKJIIOYEHUIO CUPEH Ha
nepeesaax, Ha KOTOpble 00sI3aHbI OTpearu-
poBaTh BOIUTEIN aBTOTPAHCIIOPTA, a Malllv-
HUCT WY JeXYPHBIH MO nepee3ny MojyyarT
“HOOPMALMIO O MPUOIMXKAIOIIUXCS MOE3-
Jlax, UX MECTOHaXO0XIEHUU, CKOPOCTHU 1O
KaHajlaM CBSI3H.

Eiwi€ onuH MeTon nmpenynpexaeHus: aBa-
pUii — YCTAaHOBKA YCTPOWCTB 3arpaxkaeHust
nepeesaa (Y3I1), OJOKUPYIOLIMX TTPOE3KYIO
YacTbh MOJHSTUEM YCTaHOBJIEHHON Ha IIap-
HUpPax KPbILIKHU.

B fAnonun BocTouHOI Kele3HOI0pOXK-
Hoit kommaHuei [10] 6onee yem Ha 200 me-
peesnax npumeHsieTcst 3D-1a3epHblil ckaHep,
KOTOPBII CKaHUPYET KOHTPOJUPYEMOE MPO-
CTPAaHCTBO B BEPTUKAIbHON U TOPU3OHTATb-
HOI TJIOCKOCTSIX ABaXkabl B ceKyHay. OTpa-
KEHHBIN OT 00bEeKTa CUTHAJl 00pabaThiBaeT-
cs1 KaK HEKOTOpasi COBOKYIMHOCTb TOYEK,
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3aTeM TIpOTpaMMHBIM oOecTieueHueM Jea-
€TCsI BBIBOII O TOM, UTO 3Ta COBOKYITHOCTh
TOYEK — TPAHCIIOPTHOE CPEACTBO, HAXOMsI-
1meecs Ha XXeJIe3HOAOPOKHOM Iepeese.
Eciu B 3TOT MOMEHT npubJnxKaeTcs Mmoes/,
€ro MaIlIMHUCT TYT K€ MoJIyJaeT CUTHAJ Tpe-
BOTH.

B coBpeMeHHOM TSTOBOM MOIBMKHOM CO-
CTaBe MHOTHE IPOLIECCHI IO YITPaBIEHUIO Pabo-
TOM y3JI0B 1 arperaToB, MOIIEP>KaHUIO 3a1aBa-
€MOI MallTMHUCTOM CKOPOCTH JIBVMXKEHUS U €€
CHIDXKEHUIO BBIMIOJHSIOTCSI aBTOMAaTUYECKU.
ABTOMAaTH3alMsI PYTUHHBIX ONepanuil mo
YIPaBJIEHUIO BHICOKOCKOPOCTHBIM I10€310M
TTOBBIIIIAET O€30MTaCHOCTh IBVDKEHUST, TIO3TOMY
3a1aya o0JIerYeHNsT Tpy/Ia MaIlIMHUCTA C 3aMe-
IIEHWEM €To JIEHCTBUI aBTOMAaTUIECKUM WC-
TIOJTHEHUEM OCOOEHHO aKTyaJlbHa. XOTs, KOHEeU -
HO, Jiaxke MPU aBTOBeAeHUU oKojio 10 % mytu
MPOXOAUTCS TOE3I0M B PeXUME PYYHOTO
ynpasieHust [11], a 3HauuT, ocTaércst BocTpe6o-
BaHHBIM U TaKO METOI SJIMMUHUPOBAHUSI
TTOTEPh OT CTOJIKHOBEHMIA TIOE3/I0B C TPAHCIIOPT-
HBIMU CPEACTBaMU, KaK BeO-KaMepbl Ha Hanbo-
Jiee OKMBIEHHBIX XKeJIE3HOJOPOXHBIX Tepe-
e3nax.

Be6-kaMepbl 1OKHBI ObITh YCTOYUBBI K BU-
Opalmu, TOXKIII0, CHETY, BETpY 1 IPyruM Heba-
TOTIPUSATHBIM ITOTOIHBIM YCJIOBUSIM. KM300-
paxkeHue ¢ BeO-KaMephl IIpU TTOMOIITU poyTepa,
YCTAaHOBJIEHHOTO 3a 4—5 KM OT Tiepee3na, repe-
JlaeTcsl B KaOMHY MAIIMHMCTA Ha OTIACIbHBIIN
JTCTIIEN, YTOOBI OH 3apaHee BUJIEIT 3aCTpsIBIIICe
TPaHCIIOPTHOE CPEACTBO U MOT MPUHSATH MEPhI
110 3KCTPEHHOMY TOpMoOXeHMo. HarsanHoe
TIpeaCTaBIeHUEe U300pakKeHUsT ¢ OJIvKaIIero
Tiepee3aa Ha TUCTIIee B KauecTBEe CPeNcTBa MH-
hopMaIM JOKHO YIIPOCTUTD MPOIIECC CUMTHI-
BaHUSI 1 OBICTPOI KaTeropu3aliiy KOHTEHTA.

SAKJTHOYEHUE

B cootBerctBum ¢ mpuHuunamMmu LEAN
MOTEPU OT 33/IEPKEK B CJAETOBAHUU TOE3/I0B,
00YCJIOBJIECHHbIE CTOJTKHOBEHUSIMU C TPAHC-
TOPTHBIMU CPEICTBAMU Ha KeJIE3HOTOPOKHBIX
Tiepee3aax, JOJDKHBI OBITh YCTPAHEHBI C YYETOM
COKPAIIEHUSI COBOKYITHBIX TPOU3BOJICTBEHHBIX
3aTpaTr U MUHUMU3ALUU [TOTEPb.

Kaxoii tMeHHO 13 METONIOB 3A€Ch MPEIoY-
TUTEJIbHEE, 3aBUCUT OT COITYTCTBYIOIINX YCIIO-

Buii. [Ipobnema TpedyeT najbHeiiero uccmie-
JIOBAHMsI ¥ TTMJIOTHOTO TECTUPOBAHUST KAXKJIOTO
METOJa, & TAaKXe CPAaBHUTEJIBHOTO aHAJIN3a
B 3aBUCMMOCTH OT IJIOTHOCTH JIBUKEHMSI, KO-
HOMWYECKMX BO3MOXHOCTEH >KEJIE3HOIOPOXK-
HOI KOMITAaHUW U MPOYUX (haKTOPOB, OTHOCS -
muxcs K cdepe MpUMEHEeHMsT TEXHOJIOrUi Oe-
PEKIIMBOTO MPOU3BO/ICTBA.
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LEAN MANUFACTURING TECHNOLOGY AND MINIMIZATION OF LOSSES FROM

ACCIDENTS

Krasikov, Nickolay Y., PJSC Rostelecom, St. Petersburg, Russia.

ABSTRACT

In railway sector there are many dangerous
destabilizing factors. One of the most common
problems is collision of a train with a vehicle which is
stuck on or entered out of driver’s negligence into a
railway crossing. In the article methods of minimization
of losses from this type of accidents are considered.
They comprise construction of tunnels and overpasses

at the intersections of the railway and the road, use of
a 3D-laser radar to warn the locomotive crew about
the stuck transport. In addition, it is possible to use
web cameras, the image from which, using a router
installed within 4-5 km far from the crossing, is
transferred to the train driver’s cab on a separate
display in advance to see the stuck vehicle and to have
time to take emergency braking measures.

Keywords: lean manufacturing, safety factors, railway crossing, emergency situation, visual perception,

3D-laser radar, web camera.

Background. According to the definition of the
Cambridge Business English Dictionary [1], lean
manufacturing is a business focused on producing
goods in large volumes and using methods that avoid
the occurrence of waste and reduce the time spent
on production.

The exhaustion of natural resources, global
warming, the food crisis lead to a rise in the cost of
production and the need to save all types of resources
[2]. Therefore, development and implementation of
resource-saving technologies, use of effective
marketing and pricing strategies, which allow to
reduce costs at all stages of the product life cycle,
became topical.

Objective. The objective of the author is to
consider lean manufacturing technology and
minimization of losses from accidents.

Methods. The author uses general scientific
methods, economic assessment, psychological
theories, comparative analysis.

Results.

The loss reduction dominant

LEAN technology — «lean manufacturing» (from
English lean —without fat, slender) is a logistics
management concept focused on optimizing business
processes with maximum market orientation [2].

The ideas of lean manufacturing stem from the
Toyota cost reduction philosophy, according to which
the prices for the products of the enterprise are
dictated by the market and buyers, and the company’s
management objects can only be the cost of

production and the profit from sales. At the same time,
the focus is on reducing the company’s internal costs.

Based on the idea of reducing the cost of
production, it is necessary first to determine the price
for which buyers agree to purchase the proposed
product, and then subtract from it the cost of its
manufacturing to estimate the expected profit. The
main way to maximize profits, therefore, is to reduce
losses in the manufacture of products.

The losses in LEAN are generally divided into
seven main varieties [3]:

1) Overproduction. This is the production of
excess quantities of products or its premature
appearance before the emergence of real demand.

2) Expectation. Any expectation — people,
documents, equipment or information.

3) Excessive processing. Superfluous are those
operations that are not needed by consumers who do
not want to overpay money for their implementation.

4) Excessive reserves. Storage of such reserves
requires additional areas, they can adversely affect
safety, cluttering the aisles and production areas.

5) Superfluous movements. Any movement that
is not required for successful execution of the
operation in question becomes a loss. Often
ineffective organization of the work process and
incorrect layout of workplaces are the causes of
unnecessary movements of performers — walking,
reaching, bending.

6) Losses from defects, or reworking. The costs
of reworking, re-performing operations when defects

Pic. 1. Collision of KamAZ and the passenger train at the railway crossing in 2015 in Belgorod region [4].
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Pic. 2. Collision of a train
and a passenger car at
the railway crossing in
Kyuong (Australia) in
2014. Photo by Bruce
Magilton [5].

are detected, are classified as losses, since any work
beyond the necessary is superfluous.

7) Transportation. Transportation to distances
large, or creation of temporary places of
accommodation, storage, unnecessary movement of
materials, people, information or documents from
place to place - all this leads to time and energy
losses.

Analysis of collisions at crossings

One of the serious losses for railway enterprises
is idle hours of trains due to blocking of traffic caused
by the collision of the train with vehicles for one or
another reason located at the railway crossing when
the train approached (see Pic. 1, 2).

To stop, a freight train moving at a speed of 88,5
km/h requires notlessthan 1,61 kilometers(according
to the National Security Council of the United States).
And often there is no direct visibility to the intersection
of the railway track, and the train driver simply does
not have time to brake.

According to A. A. Platov [6], the total amount of
time lost for restoration of traffic after a road accident
at railway crossings in Russia was at least 100 hours
from 1994 to 2003 (Pic. 3). That s, the losses in time
reduced the possibility of using the railway track and
making a profit.

In accordance with the ecological approach to
visual perception of the known scientist-experimenter
J. Gibson [7] during passive driving in transport, the
musculo-articular sensations of the position and
movement of individual parts of the body are absent.
The only reliable information about displacement is
provided by visual sensations. This is especially true
now, when the technology of the seamless, «velvet
track» is actively developing and the movement of the
train becomes extraordinarily smooth. Therefore, the
only reliable source of information for the train driver
is the instrument’s readings.

According to D. L. Petrovich [8], the success of
the «complex» reading ofthe instrumental information
depends on the cognitive-style characteristics of the
operators. The high degree of field independence
corresponds to higher performance indicators of
such a reading, and the high degree of impulsivity
corresponds to the lower scores of instrument
scales.

Field independence characterizes a person’s
ability to find a simple relevant detail in a complex
perceptual image. Field independent people
overcome the most complex context easily. Field-
dependent persons, on the contrary, barely overcome
a complex task (they need time to see the detail in a
complex whole).
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Impulsivity and reflectivity appear when people
need to make a right choice from many alternatives.
Impulsive subjects tend to quickly respond to a
problem, quickly make a decision without a thorough
analysis of the situation. Reflective — are characterized
by a slow response rate, the decision is made by them
on the basis of careful consideration [9].

Ways to prevent accidents

In accordance with the principles of LEAN work to
prevent collisions of trains with vehicles as adding value
to the consumer — safety of transportation — should be
expanded if railway companies want to profit, not bear
image losses, and be competitive in the future.

There are several ways to do this.

One of them is construction of tunnels and
overpasses at the intersection of the railway tracks
and the road. However, according to the specialists
of the Institute of Natural Monopolies Problems such
an overpass can cost from one billion to even two and
a half billion rubles.

Another way is to use the invention of Boyji
Rajaram from India (RF patent 2333860) — a collision
avoidance device (CAD) for trains and similar
transport vehicles, based on a microprocessor with a
radio transceiver operating at a given distance, for
example 2 km, and having an independent power
source. When installed on a locomotive, braking car,
crossing, railway or any other station the device
automatically generates signals for initiating various
security measures. For example, such a measure can
be switching on of the braking system of a moving
train to reduce its speed to a safe limit, or a complete
stop of the train at a safe distance. At the same time,
the collisions are prevented by the switching on of
sirens at the crossings, to which drivers of road
transport shall react, and the train driver or the
crossing’s operator on duty get information about
approaching trains, their location, speed through
communication channels.

Another method of preventing collisions of
vehicles can be installation of crossing’s barrier
devices (CBD), which blocks the roadway by lifting
the hinged lid.

In Japan, on the East Japanese Railway Company
[10], a 3D-laser scanner is used on more than 200
level crossings, which scans the space above the
railway crossing in the vertical and horizontal plane
twice per second. The signal that is reflected from the
objectis processed as a certain set of points, then the
software makes a conclusion that this set of points is
a vehicle located at a railway crossing. If at this
moment the train is approaching, its driver receives
an alarm signal.

Krasikov, Nickolay Yu. Lean Manufacturing Technology and Minimization of Losses from Accidents



]

8

8

1994 19951996 1997 1998 1999 2000 200120022003

In modern traction rolling stock, many processes
for controlling the operation of units and assemblies,
maintaining the speed of the engine set by the train
driver and reducing it are performed automatically. The
automation of routine operations to drive a high-speed
train increases the safety of traffic, so the task of
facilitating the work of a train driver with the replacement
of his actions by automatic execution, especially in
high-speed traffic, is still relevant. Although, even when
auto-driving, about 10 % of the path is traversed by a
train in the manual control mode [11], and it means
that such method of eliminating the losses from
collisions of trains with vehicles as web cameras on
especially busy railway crossings remains in demand.

Web cameras should be resistant to vibration,
rain, snow, wind and other unfavorable weather
conditions. The image from the web camera using a
router installed 4-5 km far from the crossing is
transferred to the driver’s cab on a separate display,
so that he sees the vehicle in advance and could take
emergency braking measures. Visual representation
of the image from the nearest crossing on the display
as a means of displaying information should simplify
the process of reading and quick categorization of the
image from the display.

Conclusion. In accordance with the principles of
LEAN, the losses from train delays caused by collisions
of trains with vehicles at railway crossings should be
eliminated taking into account aggregate costs and
minimization of waste.

Which of the methods is more preferable depends
on the particular conditions. This issue requires further
research and pilot testing of each method, as well as
comparative analysis depending on traffic density, the
economic possibilities of the railway company and
other factors, which relate to application of lean
manufacturing technologies.
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SAFETY AND SECURITY

/YI[K 629.4.077-192

Hukuta MAHYWUJ10B

Nikita . MANUILOV
|

Human Factor Influence on Train Brake
Equipment Reliability

(TeKCT cTaTtbu Ha aHrJl. 3. —

English text of the article — p. 201)

B cTatbe paccMOTpeHO BUsIHNE
yesioBe4ecKoro ¢akropa

Ha 6e30Tka3Hylo paboTy TOPMO3HOIo
obopyaoBaHus Noe3aos.
UccnenoBaHue nposengeHo
aHaJInTU4eCKuM MeTogq0M, onnpasicb
Ha cTaTuCTUKYy OTKa3oB 06opyAoBaHusl,
OL|eHKU BbINOJIHeHUS [eCTBYIOLNX
npaBuJI TEXHUYECKOro 06Cy)XxuBaHus
JKeJsie3HO4OPOXXHOro noaBv>XHOro
cocTtaBa. BbissBneHa npobnema
oTcyTcTBusi 3¢ppeKTUBHOIro yCcTpOKCTBa
ANarHoCTUKN TOPMO3HOM ceTu noe3aa,
KoTOopoe obecne4nBasio 66l KOHTPOJIb
3a e€ Le/IOCTHOCTbIO U MNJIOTHOCTBIO 110
Xxo4y ABVM)KeHUSI U Ha CTOsIHKaXx. BwmecTe
C TeM Heob6Xxo4NuMO 1 COKPaTUTb BPeMs
Ha 3amep nNJIOTHOCTU TOPMO3HOV ceTun
noesna, aBTOMaTU3nNpPOBaTh 3TOT
npouecc.

KnroueBsbie cnoBa: xene3Hasi

zaopora, 6e30rnacHOCTb [IBUXEHMS,
TOPMO3HOE 060pYyA0BaHNE, MJIOTHOCTb
TOPMO3HOV ceTu rnoeszaa, HaaExXHOoCTb,
4es10Be4eckui pakTop.
|
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BESOINACHOCITE

BnunsaHue yenoseyeckoro pakropa
Ha HaAEXHOCTb TOPMOS3HOro
o0opyanoBaHud noespa

Manyuaoe Huxuma Heopeeuu — acnupanm kageopsl
21eKmponodsuNcHo2o cocmasa Mpkymckozo
20Cy0apcmeenHo20 yHugepcumema nymeti cooOueHus.
(UpI'YIIC), Upiymcik, Poccus.

OHSITHE «YeJIOBeUeCKUil (hakTop» xa-

PaKTEepU3YyeTCSd Ype3BbIYAMHONM MHO-

TOrPAaHHOCTBIO U CJIOXHOCTHIO. Teo-
PEeTUYECKHU CIoJa MOTYT ObITh BKJTIOUEHBI BCE
SIBJIEHUSI B OpraHU3alUU 0€30MacCHOCTU
JNBUKEHUS, TaK UM MHAJYe CBSI3aHHbIE C Ye-
JIOBEKOM. JIBMKeHME Toe3a — 3T0 QYHKIIMO-
HUPOBAaHUE CI0XHON OMOMAIIMHHON cucTe-
MbI, B KOTOPYIO BXOJST MOACUCTEMBI: YETOBEK
(MokomoTHBHas1 Opurana), TexHuka (moesnu),
TEXHOJIOTUSI, cpeaa (IMOroAHbIe, KIMMaThye-
ckue ycioBus) [1].

B xone aHanu3a pe3yabTaTOB HAyYHBIX
HUCCIIeNOBaHUI, MPAKTUKUA JIOKOMOTUBHBIX
Opuraj, TaHHbBIX MTOMCKOBBIX SKCMIEPUMEHTOB
W HaOIIOJEHU I 32 pabOTOI TOPMO3HOTO 000-
PYIOBaHUS MOCTOSIHHO MPUXOIUTCS yOex-
JIaThCsl, YTO MPEIJIOKEHUST MO MOBBILIEHUIO
0e30MacHOCTU ABVKEHUS MTOE30B HEOOXOAU -
MO OLIEHUBATb B MTOJTHOW M€pe CUCTEMHO.

Mexay paboToCOCOOHOCTBIO, HAIEXKHO-
CTbhIO, MPOU3BOIUTENBHOCTBIO U IPYTUMU
9KCIUTyaTallMOHHBIMU MTOKA3aTeasIMU pabOThI
TOPMO3HOTO 000PYIOBaHUS UMEIOTCS OIpe-
NeJIEHHbIE CBSI3U, BBISIBIEHUE KOTOPBIX MO-
3BOJIIET KOHTPOJIUPOBATh PYHKIIMOHUPOBA-
Hue cucteMbl. OMHAKO MpeaymnpexaeHne
aBapUIHOCTU U o0ecrneyeHue 0e30MacHOCTU
JBUXKEHUS Ha XOMY MOe3/1a BBIMOJHSIETCS
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Puc. 1. ®@akropsl, Bansowme Ha 6e30nacHOCTb ABUKEHUS MOE3[0B.

JIOKOMOTHMBHOM OpUTraaoii, moaToMy npoose-
Mbl HaJE€XHOCTU €€ NeWCTBUU ocTaloTCs
OIPEICeIIIOIINMHI, 9YTO U HAIIJIO OTPaskeHUE
B obOoO111a01Ielt cxeme, MpeacTaBIeHHOM Ha
puc. 1.

st obecrieueHUsI 6€30TTaCHOCTU IBUKE -
HHS ¥ HaAEXHOTO IEHCTBUS TOPMO3HBIX
pUOOPOB HYKEH HEIPEPBIBHBIN KOHTPOIb
CO CTOPOHBI JIOKOMOTHBHOW OpHUTambl 3a
COCTOSIHMEM BCEW TOPMO3HOW MarucTpajiu:
OT KpaHa MallIMHUCTa OO KOHIIEBOTO KpaHa
TOCJIeTHETO BaroHa, HaXOISIIIEerocsI B COCTa-
BE Moe3/a.

IIpuHONTT KeiicTBUS MTHEBMAaTUICCKUX
TOPMO30B 3aKJII09AeTCS B TOM, UTO TIPU CHU-
JKeHUM JABJICHUS B TOPMO3HOI MarmcTpaim
(mamee — TM) moe3ma TeMIIOM CIy*KeOHOTO
VUTM SKCTPEHHOTO TOPMOXKEHUS KaKIBIIA BO3-
IyXopacIipeaeTUTeIb BaroHa HaIlOJHSIET
CXXaThIM BO3IYXOM M3 3aITaCHOTO pe3epByapa
TOPMO3HOM LUJIWHAP, a MPU MOBBIIICHUN

nmaBiieHNsI B TM — BBIITyCKaeT CXXAThI BO3IYX
n3 muarHApa B atMocdepy. [loesn momkeH
OBITh OCTAHOBJICH B IIpelesiax pacyeéTHOrO
TOPMO3HOTIO IIYTH, IJISI YeTO HEOOXOTUMEI
0e30TKa3HO IeUCTBYIONIIE TOpMO3a [2].
ABTOMAaTHYECKNE 1 SJIEKTPOITHEBMATHUE-
CKMe TOPMO3a XKeJIE3HOAOPOXKHOTO MOABUX-
HOTO COCTaBa JOJIKHbBI COIEPKAThCSI B COOT-
BETCTBUU C HOpPMaMM U TIpaBUJIaMU, 00JIagaTh
VIIPaBISIEMOCTBIO M HaIEKHOCTBIO TECTBUS
B pa3IMIHBIX YCIIOBUSX 9KCITTyaTallni, obec-
IeYNBaTh TUTABHOCTb TOPMOXKEHHUS, 3 aBTOMA-
THUYECKHE — OCTAaHOBKY ITO€3/1a TIPU Pa3bear-
HEHWNU WA Pa3pbIBe TOPMO3HOM MarnucTpan
W TIpU OTKPBITUM cTom-KpaHa [3]. Jlokomo-
TUBHas Opurajaa o0s3aHa KOHTPOJUPOBATh
JlaBJIEHME BO3/1yXa 10 MaHOMETpaM, B cllydyae
OTCYTCTBUSI TaKOTO KOHTPOJIS €CTh BEPOSIT-
HOCTh HECAaHKIIMOHUPOBAHHOTO CHIKCHUS
3apsiiHOro AapieHusi B TM, uto nenaer He-
BO3MOXHbBIM OCTAHOBKY Tlepej 3anpelalo-
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Puc. 2. Cratuctuka oTka3oB TOPMO3HOIro 060pyAoBaHus BaroHos Ha BC)K/ 3a 2015 rop.
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LIIMM CUTHAJIOM, a 3TO BJIEUET 3a COOOI CTOJIK-
HOBEHUE WA KPYIIIEHUE IMOoe3/1a.

CirygaroTcst Kak MeJIKUe HeUCIPaBHOCTH,
TIPUBOASAIINE K CAMOTIPOU3BOJIBHOMY cpada-
THIBAHUIO aBTOTOPMO30B, TaK U IMOJTHBIN OTKa3
aBTOTOPMO3HOro obopynosanus. Ha puc. 2
Tpe/cTaBlieHa CTaTUCTUKA OTKAa30B TOPMO3-
HOTO 00OpyIOBaHUs BaroHoB Ha BocTouHo-
Cubupckoit xejse3Hoi gopore (mangee —
BCXK) 3a 2015 rog.

B cuity oTcyTCTBUSI TMAarHOCTUYECKUX
YCTPOMCTB OOJIBIITMHCTBO OTKa30B TOPMO3HO-
ro ob6opyaoBaHUsI — «CpabaTbIBAHUE» — MPO-
HUCXOJUT TI0 HEYCTAHOBJIIEHHBIM MPUYMHAM.
Puc. 3 wimoctpupyeT HEUCTIPaBHOCTU TOP-
Mo030B 1o mecsiiam Ha BCXK]I.

O4eBUIHO, C HACTYIIJICHUEM MTOHKEHHBIX
TeMITepaTyp KOJMIECTBO OTKa30B TOPMO3HO-
ro o0OpyJIOBaHUs BO3pacTaeT, UTO JAEMOH-
CTPUPYET 3HAYMMOCTD YUETa BHEIITHEN CPEIbI.
M 510 HECMOTPST Ha TO, YTO TIEPe/T OTITpaBJIe-
HMEM T10€3/1a BBITIOJTHSETCS LEeJIbIi KOMIUIEKC
MMPOBEPOK, OXBATHIBAIOIINI MPAKTUYECKHU
KaXIbIi1 TOPMO3HOI TTPUOOP Ha MOABUKHOM
coctaBe. HapyieHusi BOSBHUKAIOT B CCTEME
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Puc. 3. HeucnpaBsHoctu Topmo30B Ha BCXK/[] no mecsiuam.
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Puc. 4. Mpnunubl 0oTKa30B TOPMO3HOro o6opynoBaHuns 3a nocnegHue 15 ner.

«4eJIOBEK — MOe3JI — TeXHOJIOTUs — cpena»
B OOJIBIIIMHCTBE CJIydaeB [0 BUHE YeI0BeKa.
ITprunHBI 0TKA30B TOPMO3HOTO O0OPYIOBa-
HU 3a mocieaHue 15 et mpencraBieHbl Ha
puc. 4.

Oxko710 90 % 5TUX HEeHMCIpaBHOCTEM ara-
THOCTMPYETCS] MAIlTMHUCTOM C TIOMOIIIbIO Ta-
KOTO MapamMeTpa, KaK MJI0THOCTb TOPMO3HOM
cetu. [1JIOTHOCTh TOPMO3HON ceTH moe3na —
BpEMSI CHYDKEHMSI TaBJICHUST B IJTaBHBIX pe3ep-
Byapax ¢ 0,85 MIlIa no 0,8 MIIa.

Yenoseueckuii (pakTop OKa3bIBAET BIUS-
HUE Ha CYIIEeCTBYIONIIYI0O METOIMKY 3amepa
TUTOTHOCTU M TMarHOCTMKY TOPMO3HOMU CEeTH
B IIEJIOM, 9TO OOYCJIOBJIEHO HU3KOI TOYHO-
CTBIO MPUOOPOB M HECOBEPIIIEHCTBOM METOIOB
onpeneeHnsT UCIIPaBHOCTU TOPMO3HOTO
obopynoBaHus. [1IOTHOCTh U3MEPSIOT Yaca-
MU, OTIMPAsCh Ha IMOKa3aHUs MaHOMETpa,
MOrPeIIHOCTh U3MepeHust nocturaet 40 %.
3aMep JesaeTcsi MHOTOKPATHO 3a MOE3/IKY.

B cootBetctBUU ¢ myHKTOM IV «IlpaBui
TEeXHUYECKOTO 00JIy)KMBaAaHUSI TOPMO3HOTO
000pyn0OBaHUsS W yIpaBIeHUS TOPMO3aMU
JKEJIE3HOIOPOXKHOTO TTOABMKHOTO COCTaBa»

MaHyunoe H. U. BnusHue Yenoee4yeckoro ¢akropa Ha HaAEXHOCTb TOPMO3HOIro 060pyAOBaHNA Noe3fa
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Puc. 6. YBennyeHue nioTHOCTU TOPMO3HOW CeTy noe3aa rnpu nepexkpbITun KOHLEBbIX
KpaHoB ¢ uHTepBasiom 10 BaroHos.

3aMep TJIOTHOCTHU ITPOU3BOIUTCS: TIPU TTOJI-
HOM OIpOOOBAaHWM TOPMO30B, IPU COKpa-
IIEHHOM OITPOOOBAaHUM TOPMO30B, TIPU TEX-
HOJIOTUYECKOM OTNPOOOBAHUU TOPMO30B
B TPY30BBIX T0€3/1aX, MpU MpUEMKE KpaHa
MalIMHUCTA, a TakKe nmocie cTostHku 300 ce-
KyH[I (5 MUHYT) u OoJiee [4].

C 11eJ1bo TIPOBEPKM TTPOXOTUMOCTH TOP-
MO3HOW MarucTpaiu Iepea OTIpaBieHUEM
OCYIIECTBJIICTCS TOCTAHOBKA PYYKM KpaHa
YIIpaBJISIONIETO OpraHa B MEpBOE IMOJIOXKE-
HUe — 3apsiiKa TOPMO3HOI Maructpaiu [4].
ITo MHTEHCUBHOCTH 3aBBIIICHUS JTaBICHUS
B TOPMO3HOI MarvucTpaiy TUarHOCTUPYETCS
MEepeKPhITUE KOHIIEBBIX KPAHOB B ITOE3/E.
PacimdpoBka CKOPOCTUMEPHBIX JICHT U ITPO-
BepKa JIOKOMOTMBHBIX OpUTajl ITOKa3bIBAIOT,
YTO 3HAYMTEJIbHAST YacTh PaOOTHUKOB 3TY
Mmpolenypy mpousBoasT GopMaibHO, HE
KOHTPOJIMPYIOT TTOKa3aHUsI MAaHOMETPOB.
Kpymenne Ha neperone Apan—Cumckas
11.08.2011 roma — moaTBEpKAECHUE STOMY.

B npouecce uzyueHust npodyieMbl ObLIO
MPOBEICHO IKCIIEPUMEHTATbHOE NCCIIeI0Ba -
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HUe Ha MpeaMeT 3(PHEKTUBHOCTU ITPOLIETYPbI
IMOCTAaHOBKM KpaHa MalllMHUCTa B IepBOe
MOJIOXKEHME JIUTSI TIPOBEPKM MPOXOAUMOCTH
M 1IEJTOCTHOCTH TOPMO3HOW MarucTpaliu.
JlaHHBIe TIpeacTaBleHbl Ha PUC. S.
OCyIIECTBIISUIOCH ITePEKPHITHE KOHIIEBBIX
KpaHOB Ioe3/1a 3a JOKOMOTHUBOM, TOCIIe Jie-
CSTOrO, ABAALATOro, TPUALATOr0, COPOKOBO-
ro BaroHoB. Ha rpacduke BUIHO, 9TO TIepe-
KPBITHE YK€ 3a IECSATHIM BATOHOM C TIOMOIIIBIO

Hot 50 1o 100 cexynn ®ot 100 o 200 cekynz
"ot 200 10 300 cexynz ™ot 300 no 400 cexyng
ot 400 o 500 cexyHn

Puc. 7. Pe3aynbrartel 3amepa naoTHOCTHN rpy30BbiX
noesnos.
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Puc. 8. 3aBUCUMOCTB NJIOTHOCTU TOPMO3HOW CETU OT KOJINYECTBA OCEVi rPY30BbIX M10€3/40B8.

perJlaMeHTHPOBAHHOTO TeCTa HE BBHISIBUTH
13-3a pocTa 00BbEMa TOPMO3HOI CETH.

B xone sxcniepuMeHTa MPOU3BOIUIICS 3a-
Mep TUIOTHOCTH TOPMO3HOM CeTH moe3aa Mpu
MEePeKPHITUN KOHIEBBIX KPAHOB C MHTEpBa-
JioM 10 BaroHoB, 3TO WJUTIOCTPUPYET pUC. 6.
MOXHO 3aKJTI0YUTh, UTO TUIOTHOCTD YBEIMUM-
BaeTCs C MepeKphITHEM KPaHOB B ITOE31e.

Kpome Toro, B pesynbraTe 3KCIEpUMEH-
TaJbHBIX MOE3I0K B COCTaBEe JOKOMOTUBHOM
Opuragbl Ha yyacTke o0ciykuBaHus Takcu-
Mmo—CeBepobaiikanbck—JleHa mpousBeaeH
3aMep IJIOTHOCTH B IPy30BbIX Ioe3ax (Bo I1-m
MOJIOXKEHUHU YIIPABJSIONIEI0 opraHa KpaHa
MammHucta) aauHoi ot 200 mo 250 oceii.
PesynbraTel nipeacTaBieHbl Ha puc. 7. U3
JIrarpaMMbl BUTHO, YTO TJIOTHOCTD MOE3I0B
mocturaeT 500 cexkyHa. Takoe KoJuM4eCcTBO
BPEMEHU HE 3aJI0KEHO B TEXHOJOTMYECKUIA
Mpoliecc 3aMepa MIOTHOCTU U TeXHOJIOTUYe-
CKYIO OIlepaliuio 1o oopaboTKe 1moe3aia ¢ BbI-
naueit cripaBku (popMbl BY-45 «O6 obecne-
YEeHUH Toe31a TOPMO3aMU U UCIIPAaBHOM UX
HEVICTBUMN».

Hanee cienyeT aHaau3 CIIPpaBOK (HOPMBI
BY-45, nonyyennsix B aeno. Ha puc. 8 n3o0-
pakKeHbl 3HaUCHUS TIOTHOCTU TOPMO3HOM
cetu noesnaa (Bo I1-M rmojoxxeHuM yrpassio-
1IIEro OpraHa KpaHa MalllMHHUCTa), COOTBETCT-
BYIOIIIME JaHHBIM CIIPaBOK.

AHaJIM3 CBUACTEIbCTBYET, YTO TJIOTHOCTh
B cripaBke popmbl BY-45 mMaliMHUCTHI yKa-
3bpIBalOT (pUKTUBHYIO. [IporcxonuT 3To BBUIY
TOTO, YTO Tepel KaXIbIM OTIIpaBJIeHUEM
I'PY30BOTO [T0e3/1a C MPOMEXKYTOUHOI CTAaHIIUMN
WJIM TIeperoHa npu crostHke 6osee 300 cexyH,
(5 MUHYT) MallMUHUCT 00sI3aH MPOBEPUTH
IUIOTHOCTh TOPMO3HOM CETH ¢ OTMETKOM €€

3HavYeHUs Ha obopoTe cripaBku. Eciin oOHa-
PYXUTCSI U3MeHeHne 0osiee yeM Ha 20 %
B CTOPOHY YBEJIMUYECHUS WJIK YMEHBIIEHUS, TO
BpeMsi OCTaHOBKM Bo3pacTaeT Ha 500 ceKyH
[4], yTo He momyckaloT rpaduK IABUXKECHUS
MOE3/10B, BBHIMOJHEHNE XOA0BOM, TEXHUYE-
CKOM, y4aCTKOBOM, MapIIPyTHOU CKOPOCTHU.
Oco0eHHO 3TO aKTyaJdbHO JUISI OMHOITYTHBIX
YUYacCTKOB, IJIe CTOSIHKM Ha CTaHIIMSIX Hanbosiee
yacThle.

SAKJTIOMEHUE

IpoBeaeHHbBIE HCCIEAOBAHUS TTOATBEPAM-
J1 HEOOXOAMMOCTh COBEPIICHCTBOBAHMS
MpOLEAYPhl 3aMepa TIIOTHOCTU TOPMO3HOM
CeTH T0e3/1a, BHEAPEHUSI COBPEMEHHBIX TEX-
HUYECKUX cpeacTB KOHTpouist. C pa3BUTHEM
HayYHO-TEXHUYECKOTO MPOrpecca BIUsSHUE
yeJ0Beueckoro akTopa Ha 6e30MaCHOCTh
JBIKEHUST MOXKHO MUHUMU3UPOBATh, U MIMEH-
HO 9T0i1 3agaue B UpKyTCKOM rocyaapcTBeH-
HOM YHUBEPCHUTETE MyTei COOOIIEHMS TTOTIN-
HeHo co3naHue «CHUCTeMbl TUaTHOCTUKU
TOPMO3HOM CETH MOe3a».
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HUMAN FACTOR INFLUENCE ON TRAIN BRAKE EQUIPMENT RELIABILITY

Manuilov, Nikita I., Irkutsk State Transport University (IrGUPS), Irkutsk, Russia.

ABSTRACT

The article considers the human factor influence
on trouble-free operation of brake equipment of
trains. The study was carried out by an analytical
method, based on the statistics of equipment
failures, assessment of implementation of the current
rules for railway rolling stock maintenance. The

problem of the lack of an effective device for
diagnosing the brake network of a train, which would
provide control over its integrity and density in the
course of traffic and during stops, is revealed. At the
same time, it is also necessary to reduce time for
measuring density of the brake network, the train to
automate this process.

Keywords: railway, traffic safety, braking equipment, train brake network density, reliability, human factor.

Background. The concept of «<human factor» is
characterized by extreme variety and complexity.
Theoretically, it can include all the phenomena in
organization of traffic safety, one way or another
connected with aman. Train movementis a functioning
of a complex biomachine system, which includes
subsystems: a man (locomotive crew), equipment
(train), technology, environment (weather, climate)
[1].

Objective. The objective of the author is to
consider the human factor influence on reliability of
the brake equipment of the train.

Methods. The author uses general scientific and
engineering methods, comparative analysis, scientific
description, evaluation approach, graph construction.

Results. In analyzing the results of scientific
research, the practice of locomotive crews, data from
search experiments and observations of brake
equipment, we constantly have to make sure that
proposals for improving safety of train traffic must be
fully assessed systematically.

Between efficiency, reliability, performance and
other operational indicators of the brake equipment,
there are certain relationships, identification of which
allows to monitor functioning of the system. However,
prevention of accidents and ensuring traffic safety on
the move is carried out by the locomotive crew,
therefore reliability problems of its actions remain
decisive, which was reflected in the generalization
scheme shown in Pic. 1.

To ensure traffic safety and reliable operation of
brake devices, continuous monitoring by the
locomotive crew is required for the state of the entire
brake line: from the driver’s brake valve to the end
valve of the last car in the train.

The principle of operation of pneumatic brakes is
that when the pressure in the brake line (hereinafter
BL) of the train decreases by the rate of service or
emergency braking, each air distributor of the car fills
the brake cylinder with compressed air from the
reserve tank, and when the pressure in BL increases,
it releases compressed air from the cylinder in
atmosphere. The train must be stopped within the
calculated stopping distance, for which faultlessly
functioning brakes are required [2].

Automatic and electro-pneumatic brakes of
railway rolling stock must be kept in accordance with
rules and regulations, have controllability and
reliability of operation in various operating conditions,
ensure smooth braking, and automatic stop of the
train when the brake line is disconnected or broken
and when the emergency brake valve is opened [3].
The locomotive crew is obliged to monitor the air
pressure through manometers, in the absence of such
control there is a possibility of unauthorized reduction
of the charging pressure in BL, which makes it
impossible to stop before the restrictive signal, and
this entails a collision or wreck of the train.

Minor malfunctions, leading to spontaneous
activation of auto brakes, as well a complete failure

Factors that influence traffic safety
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Pic. 1. Factors affecting traffic safety.
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Pic. 4. Causes of failures of the brake equipment over the last 15 years.

of auto-braking equipment occur. Pic. 2 shows the
statistics of failures of braking equipment of cars on
the East Siberian Railway (hereinafter referred to as
«ESR») for 2015.

Due to the lack of diagnostic devices, most failures
of brake equipment — «activation» — occur for
unknown reasons. Pic. 3 illustrates the failure of the
brakes by months on the ESR.

Obviously, with the onset of low temperatures, the
number of failures of brake equipment increases,
which demonstrates the importance of taking into
account the external environment. And this is despite
the fact that before train departure a whole complex
of checks is carried out, covering almost every brake
device on the rolling stock. Violations arise in the
system «man - train — technology — environment» in
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Pic. 7. Results of measuring the density of freight trains.

most cases through the fault of a person. The reasons
for failures of the brake equipment over the past 15
years are shown in Pic. 4.

About 90 % of these faults are diagnosed by a
train driver with the help of such parameter as density
ofthe brake network. The density of the brake network
of the train is time of pressure reduction in the main
tanks from 0,85 MPa to 0,8 MPa.

The human factor influences the existing technique
for measuring density and diagnostics of the brake
network as a whole, this is due to the low precision of
the instruments and imperfection of methods for

determining the correctness of the brake equipment.
Density is measured by hours, based on the readings of
the manometer, the measurement error reaches 40 %.
Metering is done many times during the trip.

In accordance with paragraph IV of the «Rules for
technical maintenance of brake equipment and brake
control of railway rolling stock», the density is
measured: with full brake testing, with reduced brake
testing, with technological testing of brakes in freight
trains, with the acceptance of the driver’s brake valve,
and also after stop for 300 seconds (5 minutes) or
more [4].
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Pic. 8. Dependence of the brake network density on the number of axles of freight trains.

In order to check the passability of the brake
line, the handle of the drive valve is placed in the
first position — charging the brake line before
departure [4]. The intensity of the overestimation
of pressure in the brake line is used to diagnose the
closing of the end valves in the train. The
interpretation of speed bands and the checking of
locomotive crews show that a significant number of
workers perform this procedure formally, do not
control the readings of manometers. The crash on
the haul of Yaral-Simskaya on 11.08.2011 is a
confirmation of this.

In the process of studying the problem, an
experimental study was conducted to determine the
effectiveness of the procedure for placing the driver’s
brake valve in the first position to check the passability
and integrity of the brake line. The data are presented
in Pic. 5.

Overlapping of the end valves of the train behind
the locomotive, after the tenth, twentieth, thirtieth,
fortieth cars was carried out. The graph shows that
the overlap of already the tenth car with the help of a
regulated test cannot be detected due to the growth
of the brake network.

In the course of the experiment, the density of the
brake network of the train was measured while
overlapping the end valves at an interval of 10 cars,
as illustrated in Pic. 6. It can be concluded that the
density increases with the overlapping of valves in the
train.

In addition, as a result of the experimental trips,
density of the freight trains (in the Il position of the
operating body of the driver’s brake valve) in the
length of 200 to 250 axes was measured on the service
section of Taksimo—-Severobaikalsk—-Lena service
station. The results are shown in Pic. 7. The diagram
shows that the density of trains reaches 500 seconds.
Suchamountoftimeis notincludedin the technological
process of density measurement and technological
operation for processing the train with the issuance
of a certificate of the form VU-45 «On providing the
train with brakes and their serviceable operation».

Then follows the analysis of the certificates of the
form VU-45, obtained in the depot. Pic. 8 depicts the
values of the density of the brake network of the train
(in the Il position of the control body of the driver’s
brake valve), which correspond to the data of
certificates.

The analysis shows that the drivers indicate a
fictitious density in the certificate of the form VU-45.
This is due to the fact that before each departure of
a freight train from an intermediate station or a haul
in stop for more than 300 seconds (5 minutes), the
driver must check the density of the brake network
with a mark on the back of the certificate. If a change
of more than 20 % is seen to increase or decrease,
the stopping time increases by 500 seconds [4], which
does not allow the train schedule, running, technical,
precinct, route speed. This is especially true for
single-track sections, where stops at stations are the
most frequent.

Conclusion. The conducted studies confirmed
the need to improve the procedure for measuring the
density of the brake network of a train, the introduction
of modern technical means of control. With
development of scientific and technological progress,
the influence of the human factor on traffic safety can
be minimized, and it is this task at Irkutsk State
Transport University the creation of the «Brake Train
Network Diagnostics System» is subordinate.
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EAVNHAY NHOOPMALIMOHHASAA CUCTEMA XOJIAUHIA
«POCCUNCKUE XXENE3HbIE AOPOIN»

HMPEKTOP 1O MHHOOPMAITMOHHBIM TEXHOJIO-

rusasm OAO «PX» Esrenuit Yapkun

7 utoHs 2017 roga Ha MexmyHapogHOM
XKeJIe3HONOPOKHOM Ou3Hec-opyme «Crpareru-
yeckoe nmapTHEPCTBO 1520» B Xoae AUCKYCCUU Ha
TeMy pa3BUTHSI IMGPOBHIX TEXHOJIOTUI HA TPAHC-
IOpTe IMOMYEPKHYII, YTO «Mbl XOTUM CHEJIaTh TakK,
yToObI X0aauHT «P2K]I» cTam xaboMm, KOTOPBIL He
OopoJicsl ObI ¢ KOHKYpPeHTaMu, a, HAa000pOT, JUIst
yno0OcTBa KJIMEHTa BOBJIEKAJT B OOIILYI0 CUCTEMY BCe
BO3MOKHBIEC BUIBI TPAHCTIOPTA».

[To ero coBam, B HACTOSITIIMIT MOMEHT KOMTIa-
HUU XOJIIMHTA HapaIlIUBaIOT IO IOTUCTUYECKUX
YCJIYT, pa3BUBAIOT UHTEPMOIAIbHbIC TIEPEBO3KH,
MOJKJI0Yast aBBTOMOOWJIbHBIN TPaHCIIOPT.

«KoMImaHust akTHBHO 3aHUMAETCsl MOOMJIbHbBI-
MU TIPWIOXKEHUSIMU, OCBaNBaeT COBPEMEHHBIE
MEXaHU3MBbI OIOBEIIEHUS] KJIMEHTOB O TPY30BBIX
nepeBo3Kax yepe3 MecceHkepbl. Harma ctparern-
yeckasl 1eJIb — CTPEMUTHCS K eNMHOMY MH(popMa-
IIMOHHOMY TIPOCTPAHCTBY»,— cKa3ajl EBreHuit
YapkuH.

OH OTMETWJI, YTO B 00JIACTU YIIPABICHUS 1B~
xeHneM OAO «P2K/1» mepexoauT Ha MHTEJUICKTY-

aJIbHbIE YIIPABJICHYECKIE CUCTEMBI. DTO IMO3BOJIUT
aBTOMaTU4YeCKU HOPMHUPOBATh ONTUMAIbHBIMI
rpacduk 1BuxkeHus roe3nos. Ha ctaguu npopadot-
KW HaXOJIUTCSl GECITMIIOTHOE IBIIKEHUE TI0€310B,
B TIepBYI0 o4epenb Ha MOCKOBCKOM LIEHTPATLHOM
KOJIbLIE.

OH TaKXe COOOIINII, YTO LIU(MDPOBBIE TEXHOTIO-
TMU BHEAPSIOTCS U B MOHUTOPUHIE COCTOSTHUS
UHGPACTPYKTYpbl. Peub naeT 00 nHTerpalumnm cuc-
TEM BUIEOKOHTPOJISI COCTOSTHUSI ITYTH CKOPOCTHBIX
¥ BBICKOKOCKOPOCTHBIX TIO€3[I0B ¥ CCTEM MOHM-
TOpPUHTA ITyTeU3MepUTecii 1 N1e(PEKTOCKOIOB.

OAO «PX]1» mpoBoauT OOJbIIYIO PaOOTY U 11O
YHUGDUKALMKM HALIMOHAJBHBIX CUCTEM 3JIEKTPOH-
HOTO JIOKYMEHTOO000pOTa, B KOTOPYIO BKIIIOUEHO
yxe 6onee 10 cTpaH.

«CeromHsT MbI aKTUBHO CMOTPUM Ha CO3IaHe
3JIEKTPOHHOI'O TPaH3UTHOIo Kopumopa u3 Kuras
B EBpony. CTpouM TeXHOJIOTHUIO TaK, YTOObI KJIM-
€HTY OBbLIO BBITOJIHEE ITOJb30BaThCs YCAyraMu
KeJIE3HOM I0pOru, YTOOBI 3TO ObLIIO ObICTPEE U JIe-
1IeBJie», — pe3toMupoBai EBrenuit YapkuH.

ITo maTepuanaam npecc-ciryzKObI
OAO «PXK]I» ®

UNIFIED INFORMATION SYSTEM OF RZD HOLDING

Technologies at Russian Railways, has

announced that the RZD Holding is working
to create a unified information system which will
combine different modes of transport.

He made his announcement at the International
Railway Business Forum «1520 Strategic Partnership»
during a discussion on the development of digital
technologies in transport on 7 June 2017.

«We want to make the RZD Holding a hub that does
not compete with competitors, but, on the contrary,
includes all the possible modes of transport inacommon
system for the convenience of the client», said Yevgeny
Charkin.

According to the Director of I'T, at the moment the
Holding’s companies are increasing the proportion of
logistics services, developing intermodal transport and
involving road transport.

«The Company is actively developing mobile
applications and mastering modern mechanisms for
alerting customers about freight transportation through
messengers», said Yevgeny Charkin. «Our strategic goal
is to strive for a unified information space».

Yevgeny Charkin, the Director of Information

Charkin noted that in the field of traffic manage-
ment, Russian Railways is moving towards smart
management systems. This will automatically create
an optimal train timetable. Driverless trains are now
in the development stage, in particular for the
Moscow Central Ring.

He also said that digital technologies are being
introduced to monitor the state of the infrastructure,
including the integration of video monitoring systems
for the state of the track used by high-speed trains and
monitoring systems for track geometry cars and fault
detectors.

Russian Railways is also carrying out extensive work
to unify the national electronic document management
systems, which cover more than 10 countries.

«Today, we are actively looking at the creation of an
electronic transit corridor from China to Europe. We
are building technology in such a way that it would be
more profitable for the client to use railway services, so
that it would be faster and cheaper», summed up Yevgeny
Charkin.

Based on press releases
of JSC Russian Railways @
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SAFETY AND SECURITY
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Anekcangp BOFAYEB
Alexander P. BOGACHEV

Jlio60eb XXYPABJIEBA
Lyubov M. ZHURAVLEVA

Reduction of Emergency Risks
with the Help of Intelligent Video
Surveillance Systems

(TEKCT cTatbu Ha aHl. 93.—
English text of the article — p. 210)

B cTarbe paccmaTpuBaeTcs
npumMeHeHue cuctem
WHTeJIIeKTyaslbHOro BugeoHabnogeHns
KakK JOMnoJIHNTEJIbHOU Mepbl

no obecneyeHno 6e30MacHOCTU
ABVDKEeHUS Moe340B Ha OMNacHbIX
y4acTKax )xesnie3HbIx 4opor (nepees3abl,
TOHHEeJIN, CJIOXHbIV pesibeP N T.4.).
lMpepnaraercs gns opraHn3saunn
KaHaJioB CBSI3U UCIOJIb30BaThb PECypPChbl
BOJIOKOHHO-OMNTU4Y€CKOW rnepeaaroLllen
ceTu U YaCTOTHbIN anana3oH

noes3aHoV paguoCcBsi3u NMpu ycsi0BUnN
MoAepHU3aLun CyLeCcTBYIOL e
annaparypbl.

Knro4yeBbie cioBa: xene3Has
aopora, 6e30rMacHOCTb ABUXEHUS,
BuaeoHablogeHne, BbICOKast YETKOCTb,

BygeoaHasinTvika.
|

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 206-212 (2017)

BESOINACHOCITE

CHnxeHue aBapuinHbIX
PUCKOB C MOMOLLbIO CUCTEM
UHTEJIJIeKTYaJNIbHOrro
BUAOeoHabnopeHns

Kypaesaésa Jlrobosw
Muxaiiaoéna — kanoudam
MexXHU4ecKux Haykx,
doyenm, npogheccop
Mockosckoeo
20cyoapcmeeHHo20
YHUgepcumema nymei
coobueruss (MUHUT),
Mockea, Poccus.
boeaues Asexcanop
Ilempoeus — cmapuiuii
npenooasamens MUUT,
Mocksa, Poccus.

Aurueckuii Huxkuma
Baaoumuposun —
cmyoenm MUHT,
Mockea, Poccus.

Hukuta SUKUBCKUNA
Nikita V. YATSKIVSKY

CHOBHBIM KPUTEPUEM OLIEHKU YCUIIMIA

10 TIOBBIILIEHUIO 0€30TTaCHOCTH JIBU-

JKEHMSI TIOE3/I0B SIBJISIETCSI CHIKEHUE
BEPOSITHOCTU aBapMIHOM CUTyalliyi. DTOT ma-
paMeTp oTpaxkaeT mpeaynpexkaecHe U HeTpa-
JIM3AIUIO OOJIBILIOTO YKCIa BEPOSITHOCTEH: OT-
Kaza arnmapaTrypbl, oOpbIBa JUHUM CBSI3H,
OIIMOOK AMCTIeTYEePa Y MAIITMHICTA, OTIOJI3HEH,
KaMHEIIAI0B, 3JI0HAMEPEHHBIX ACCTBUIA U IpY-
TUX HETaTUBHBIX COOBITHIA.

OnHMM 13 crtocoboB obecTieueH s 6e3o1ac-
HOCTHU Ha TOporax Bce YBepeHHee CTAaHOBUTCS
BHEIPEHME CUCTEM MHTEJUIEKTYaIbHOTO BUICO-
HaOOAeHUS. DTU CUCTEMBI MOTYT IMPEeI0TBpa-
TUTb JOPOKHO-TPAHCIIOPTHBIE MIPOMCIIICCTBUS
HaTiepee3aax, aBapyy Ha yJ9acTKax CO CJIOXKHBIM
penbedOoM M ¢ TOBBIIIICHHO! BEPOSITHOCTHIO
OIIOJI3HEM, OIAaCHBIE CUTYyallMX B YCIOBMSIX
TUTOXOM BUAMMOCTH, B CTydae TeppOprCTUYIC-
CKOI1 yrpo3bl B3pbIBOB B TOHHEJISIX M HA APYTHX
OXpaHsieMbIX OObEKTaXx.

KJTACCUDUKALINA CUCTEM
ABTOMAaTMYECKUE U aBTOMATU3UPOBAHHbIE
CUCTEMbI BUIEOHAOIIONEHNS BBITOIHSAIOT POJIb



OTHOM 13 KITFOUEBBIX COCTABJISTIOIIMX KOMIUIEKC-
HBIX cUcTeM Oe3ornacHocTH [1]. 3apava Bumeo-
HaOMIOJeHUS TToApa3yMeBaeT BU3YyalbHbIN
KOHTPOJTh 33IaHHOI 00J1aCT! IMPOCTPAHCTBA TIPU
TIOMOIIN BUAEOKaMep, TTO3BOJISTIOIINX COXpa-
HATh W TIPOCMATPHUBATh IM(POBEIC BUICOIAH-
HbIE, a TAKXKe OLIEHMBATH COCTOSTHUE KOHTPOJIV -
PYEeMOI1 TeppPUTOPUH, BBIIEISIS TAaK HA3BIBAEMBIC
«OXpaHHBIC COOBITHS» , IPUIACTHEIC K TEM WIIA
VHBIM U3MEHEHMSIM HaOTI0IaeMOi 0OCTAaHOBKMU.

Wcroprueckn OCHOBHBIMU (DYHKIIUSIMU
CUCTEM BMJICOHAOIONEHUS SIBIISTIOTCS BHIBOT
WH(GOPMAIIUA B HEIPEPHIBHOM peXUME Ha
IyHKT KOHTPOJIS 1 3anuvch B apxuB. Ha cerom-
HSITHAMA JeHb K TAKUM CHCTEMaM TIPEIbSIBIISI-
[0TCsI OoJiee BBICOKME TPEOOBAHUS IO YaCTH
(byHKIIMOHAA, YTO CTUMYJIMPYET TEPEXO. OT
AHAJIOTOBBIX CTIOCOOOB ITOJTYIeHUsT, OTOOpaXe-
HUST Y XpaHEHMS BUICOMH(OpMAIIH K LI Po-
BbIM (IP-Kamepbl, KOMITBIOTEPHBIE MOHUTOPBHI,
11bpoBbIE 0a3bl JAHHBIX).

CoBpeMeHHBIE pacIpee/ieHHbIE CUCTEMbI
BUJICOHAOTIOICHNSI OCHOBaHBI HA KIIMEHT-CeP-
BEPHOI apXUTEKTYpPe, COTJIaCHO KOTOPOI BUIEO-
IMOTOK OT KaMmep ITOCTyraeT Ha cepBep, Ie
MPOU3BOJUTCS €ro MmepBUYHasi 0O0paboTKa
(cxarue, ourgpoBKa BUJEOCUTHAJIA) U XpaHe-
Hue. Hanuuue crnienmain3npoBaHHOTO TPO-
rpammHoro obecnieueHust (ITO) mst ocyiect-
BJICHUMSI BUZIEOAHATUTUKY — SIIPO BCEl CUCTEMbI
WHTEJICKTYaJIbHOTO BUIIEOHAOIIONCHMS, UTO,
B CBOIO OY€pe/b, OTJIMYAET €€ OT OOBIYHOI CHC-
TeMbl BuaeoHaooneHus. Takoe 1O ncnosb-
3yeT METOJIbI KOMITHIOTEPHOTO 3pEHMsI, KOTOPhIE
TIO3BOJISTIOT BHITIOTHSTH aBTOMATU3UPOBaHHBII
cOOp JaHHBIX C MMOMOIIBIO aHAIM3a MOTOKa
BUI€OU300paXkKeHUIA.

PesynsratoM BUIeOaHATUTUKY CTAHOBSITCST
COO0I1IeHUST 00 OMAaCHBIX 0OBEKTaX WU COObI-
TUSIX, KOTOPBIE TIEPEIAtOTCST OTIepaTopy TOIBKO
B CJTydae OOHapy»KeHUsT TPEBOXKHBIX IIPU3HAKOB,
a TaKKe 3aMChIBAIOTCS B BUIICOAPXHB.

BuneoananmTrika onvpaeTcst Ha aropuTMbl
00paboTKM M300pakeHusl U paciio3HaBaHUS
00pa3oB, TIO3BOJISTIONINE AHATTM3UPOBATH BUICO
0e3 MPSIMOro YJ4acTusl yesoBeka [2].

B 3aBucuMocCTH OT 1iesieit BUaeoaHaIMTHKA
MOXKET BBITTOJIHSITH OTHY WJIN HECKOJTBKO (DYHK-
LIMIA:

1) obHapyxeHHe 0OBEKTOB C MOMOIIbIO
BUJICOJIETEKTOPOB IBVKEHNST

2) crnexeHue 3a OObEKTOM C MIOMOIIbIO He-
CKOJIBKMX BUIEOKAMEP M CITEIUAIbHBIX aJlro-
PUTMOB 00Pa0OTKU;
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3) knaccudukauusi 00beKTOB Ha OCHOBA-
HUU TTPU3HAKOB (POPMBI M pa3MEPOB;

4) upeHTUdUKAINI 00BEKTOB (HAIIpuMep,
JIIOZIeH TT0 OMOMETPUUYECKUM TIPU3HAKAM JIV-
ua);

5) pacriozHaBaHue (OOHAPYKEHUE ) TPEBOXK-
HBIX CUTYalIMii Ha OCHOBE aHaAIN3a MIOBEICHUS
00beKTa HAOMIONEHUSI.

Buneoananntrka MOXeT UMETh JIOTIOJTHH -
TeJIbHBIE (PYHKIIUU, HATTPUMED:

1) nporHo3upoBaHue MOBENECHUS OOBEKTA;

2) WHTEJUIEKTYalbHOE CXXaTue BUICOKOH-
TeHTa (TiepeaaeTcsl TOJIbKO BUIEO0, CollepKalliee
TPEBOXXHBIE CUTYallMM), YTO YMEHbIIIaeT Ha-
Ipy3Ky Ha KaHaJI CBS3U U OTlepaTopa BUIeOHa-
OtoAeHUS

3) paHxxrpoBaHue (onpeaeaeHue MpUopu-
TeTa) COOBITUI BUIEOAHATTUTUKH, YTO TTO3BO-
JISIET OTIepaToOpy COCPEAOTOYNTh BHUMaHUE
TOJIKO Ha BaXKHBIX COOBITHSIX M HE OTBJIEKATh-
Cs1 Ha BTOPOCTETIEHHBIE CUTYaIlH.

C TOUKM 3peHUsT TPUMEHEHUST pa3INyaloT
CJIeyIOIIMe TUTTHI BUIEOAHATUTUKMY:

1) mepuMmeTpabHast (OXpaHa MPOTSKEHHBIX
YUYaCTKOB);

2) cuTyallOHHas (pacro3HaBaHUE TPEBOXK-
HBIX CUTYyallUii, CBSI3aHHBIX C MOBEACHUEM
JIIOZIeH, IBVDKEHEM TPAHCTIOPTHBIX CPEJICTB);

3) buomerpuueckas (MACHTUDUKALIUS
JIAIL);

4) Ou3Hec-aHAJIUTHKA (YIIpaBIICHUE Opra-
HU3alueit).

C TOYKM 3peHMsI arapaTHO-TTPOrPaMMHOM
apXUTEKTYphl HanboJiee U3BECTHBI TPU THUTIA
CHCTEM BUICOAHATUTUKU:

1) cepBepHas BUIeoaHATUTHKA MTPEATNoa-
raeT LeHTpaJIn30BaHHYIO 00pabOTKy BUIIEO-
JTAHHBIX Ha LIEHTPaJIbHOM TIpOIIeccope, HeTpe-
PBIBHYIO TIepefayy BUIEO OT MCTOYHUKA WH-
dopmaiu Ha cepBep;

2) BCTpOEHHAs1 BUIEOAaHATTUTUKA peaTu3y-
€TCsl B UCTOYHUKE BUIIEOJaHHBIX (BUIEOKAME-
pe), paboTaeT Ha BBIIEIEHHOM TPOILIECCOpe,
repeaaeT NaHHble 00 0ObEKTE BMECTE C BUIIE-
OTIOTOKOM Ha OOIIWIA JUTST BCEX KaMep cepBep
00paboTKU, BUACOAHAIN3A U XPAHEHMS;

3) pacmpezie/ieHHasI CUCTeMa peain3yeTcst
KaK TUOPWIHBINM BApUAHT CEPBEPHOI 1 BCTPO-
€HHOU BUICOAHATUTUKM.

[J1aBHBIM HETOCTAaTKOM MHOTHMX BAPUAHTOB
BUJICOAHATTUTUKY CIMTAETCSI BBICOKAST YaCTOTA
JIOXHBIX CpabaThIBaHUIA. DTa MpobsieMa mocrte-
TIEHHO PEeIaeTCs IyTeM COBEPIIIEHCTBOBAHUS
aJITOPUTMOB BUIeOaHAIN3A.
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OPTAHU3ALUA
MUHTEJNINEKTYAJIbHOIO
BUAOEOHABJIIOAEHUA

WHnTeekTyanbHOe BUACOHAOTIONEHNE 3a
JIBUDKEHUEM TI0€3/I0B MOXHO OPTaHU30BaTh
C TIOMOIIIHIO BOJIOKOHHO-OTNTHYECKOM CUCTEMBI
nepemaun (BOCII), npenHasHaYeHHON IS
CUTHAJIOB OTIEPATUBHO-TEXHOJIOTUECKOI CBSI-
31, ¥ ITU(DPOBOIA CUCTEMBI TIOE3THOM PaINOCBSI-
3u (ITPC).

Cxema OpraHM3alliy CUCTEMbI UHTEJUIEKTY-
ITLHOTO BUICOHAOITIONICHYST HA JKEJIE3HOIOPOXK-
HOM TpaHCIIOpTe, TIPEICTaBIeHHasl Ha puc. 1,
UMeeT cienyrolue oobozHaueHus: BK — Buneo-
KamMmepa co BCTpoeHHO# BA (BumeoaHaamTH-
koit); MUX — arnmapaTHbIif KOMIUIEKC, BKITIO-
YaloNMil B ce0sT MyJBTUTIIIEKCOP TTEPBUYHON
CEeTU M KOMMYTAIIMOHHYIO CTAHIINIO, 00eCTie -
BAIOIIYIO TTOKITIOUEHUE BUIEOKaMep 1 Pafvio-
cTaHImii K cetu moctyna; PC — paquocranimst
crauuroHapHast; PB — paguocTtaHuus Bo3umasi;
APM JIHII — aBromaTu3upoBaHHOE pabouee
MecTto noe3aHoro aucneryepa; EALYIT —equ-
HBIW JTOPOXHBIN LIEHTP YITPABJICHUS TMIEPEBO3-
KaMM, KOTOPBIi pacrioiaraeTcsi Ha CTaHIUN
ynpasneHust goporu; CY — cucrema ynpasie-
aust; CI1J] — ceTh mepenaum qaHHBIX; TTPSIMON
KaHaJl — 9TO KaHaJl Tepenayu BUACOMOTOKa
c Kamep Ha cepBep BA n APM JIHII; o6paTHBII
KaHaJl — 9TO KaHaJI Tepenayu BUACOMOTOKA
¢ cepBepa BA B kabmHy MaImmHuCTa (BKITIO9aeT
KpOMe IPOBOIHOTO yJacTKa panrokaHai [TPC).

OnnHa Wi HecKonbKo Bunaeokamep (BK)
YCTAaHABJIMBAIOTCST B MECTAX ITOBBIIIIEHHOM OTtac-
HOCTH: Ha y4acTKax C OTOJI3HSIMU, CJIOXKHBIM
penbehoM, TIIOXOU BUIMMOCTBIO, TIepee3aaMu,
TOHHEJISIMU (Ha BXOJE Y BBIXOJIE) U T.1I.

Bcrpoennas Buneoananmutuka (BA), peanm-
30BaHHAsI C IIOMOIIILIO BUIEOITPOIIECCOPA B Ka-
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Tpsvoii Karan

Mepe, aBTOMaTUIeCK! (DOPMUPYET YIpaBIIsSTIO-
MW CUTHAJT VTS Havyasla M KOHIIA TPAHCIISIIINKI
Bugeon3odpaxenus ot BK Ha cepsep, pacmo-
JIOXKEHHBIN Ha CTAaHLIMM YIIPABICHUS TOPOTH,
TIpU TTOSIBJICHUY OMACHOTO O0BEKTa B IOJE
3peHust Kamepsl. [loce oOHapyKeHUsT BUICO-
n300pakeHe 00hEeKTa I METaTaHHBIE C OITHCa-
HHUEM colepKaHMs KaxkIoro Kamapa (MecToro-
JIOXeHUe, NISHTU(NKAIMSI 00beKTa, BpeMs,
TPaeKTOPHsI, CKOPOCTh IBYDKEHUS U T.11.) TIepe-
JAIOTCS Ha CepBep.

B cepBepe ocytiecTBisieTcs AeKOTMPOBaHKE,
CpaBHEHUE M300pakeHUS OT HECKOJbKMX Ka-
Mep, BUICOAHATIN3, MHIEKCUPOBaHUE, OlIHKa
CTETICH! OMACHOCTU COOBITHSI, XpaHCHUE WH-
dopmaum u T.0. 3aTeM U300paxkeHNE BbIBO-
JIATCST Ha 9KpaH aBTOMAaTU3UPOBAHHOTO pabo-
Yero MecTa orepaTopa WIr IOe3MHOTO AUCTICT-
yepa (JIHLI).

Jncneryep MpMHUMAET pellieHre O HEOOXO0-
IMMOCTH TIepeayy UPKYJISIPHOTO BbI30Ba 00
OITaCHOM OOBEKTE MJTH COOBITUYM BCEM YJaCTHHU-
KaM IIBIDKEHMS! (MAIIMHUCTaM JIOKOMOTHBOB,
nexxypHbiM 1o ctanimu JICIT u np.) u orepa-
TOpaM MoapasaecHui (IyTH, SHeprocHaoxke-
HUSI, CUTHAIM3alMU U OJOKMPOBKU M T.II.),
HaXOJISIIIMXCS Ha €T0 yJacTKe XKeJIe3HOI Jopo-
ru. Takoil cCUTyallMOHHBIN peXXUM Tepeaadyn
Bugeon3odpaxenus or BK mosBossieT acdek-
THMBHO MCTIOIh30BaTh KaHAJIbI CBSI3U, HE HArpy-
JKaeT oreparopa, yMeHbIIAeT 00bEM XpaHUMOM
BUIEOMH(MOPMALIVY U T.]I.

JIOmOTHUTETBHO MOXHO Pean30BaTh C I0-
MOIIBIO KAHAJIOB MOE3IHOM NUCIETYEPCKON
ces3u (ITJ1C) u moesnHoit paguocssizu (ITPC),
B CJTydae HEOOXOIMMOCTH, Tiepeaavdy BUIEOr300-
paxkeHUsI OITAaCHOTO 00BbEeKTa B CXKaToM (hopma-
T€ MAaIIMHUCTAM JIOKOMOTHUBOB, TTOJHOCTHIO
WCIIOJIB3YS BBIACICHHBIN AUAITa30H 4acTOT
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mubposoii [TPC Ha npuéM 1 iepenavy (1LmMpu-
Ho¥ B 6 MI11). [l peayiM3aliyiy 5TOr0 BapyuaH-
Ta MOTpedyeTCcs MOAEPHU3ALIMS TPUEMO-TIEPE-
JAIoLIeH anmaparypbl CTAllMOHAPHBIX U JIOKO-
MOTUBHbBIX PATUOCTAHIIUI WU CO3IAHKE HOBBIX
IIUPOKOIIOJOCHBIX pafrocTaHUuii. B aToM
cllyyae COXpaHseTcs pacy€THasl Tpacca s
pacripoctpaHeHus paguocurHana [TPC B Bblne-
JIEHHOM [IJIS1 2K€JI€3HOIOPOXKHOTO TPAHCIIOPTa
nvana3oHe 4yacToT (aHTeHHO-GbuIepHbIE
YCTPOICTBA, BBILIKU IS YCTAHOBKW aHTEHH,
0a30BbIC CTAHLIUN).

Bo3MoxeH BapuaHT TpaHCSILUUA BUACO-
U300pakeHus1 Ha JOKOMOTHUBBI 3a 2 KM OT MeCTa
YCTaHOBKU BUJIEOKAMED B ClTydyae 0OHAPYKEHUS
OMacHOro o0beKTa /I CBOEBPEMEHHOIO TOP-
MOXeHUs oe3na. s aTux uesneit morpedyercst
CO3JlaHUe KOMIUIEKTOB MpUEMOIepenatoei
arnmapaTypbl B CBOOOJHOM JMara3oHe 4acTOT
(2,41 T'Tix) m ycTaHOBKA JTOITOJTHUTEIBHBIX BbI-
1LIeK JUTs1 aHTeHH |[3].

Wcnonb3oBaHWe 1 OCHOBHOIO KaHaja
nepenayv BUIEOU300pakKeHUs] HA CTaHIIUIO
yIpaBIeHUsI JOPOTY BOJIOKOHHO-ONTUYECKUX
CUCTEM Nepenavyu nHOOpMaluu JaeT BO3MOXK-
HOCTb peaju30BaTh METalUKCETbHYIO0 BUOEO-
AHAJIMTUKY BbicoKoi yéTkoctu (HD), mo3so-
JISTIOILYIO CHU3UTH OOBEM BUIIEONAHHBIX B 5 pa3
10 CPaBHEHMIO CO CTAHJAPTHBIMU CUCTEMaMU
1 00€CIeYnThb BBICOKYIO AETATU3ALNIO O0OBEK-
Ta HabJoneHUs 1J1d 0ojiee KaYeCTBEHHOTO
JETEKTUPOBAHUS, COTTPOBOXKIECHUS, UHAEHTU-
(ukanum u Kiaccubuxkaluu 1eaeil B aBToma-
THYECKOM pexxnme [4].

BbiBO4bl

Hawnbombieit 3¢ HeKTIBHOCTHIO TS TTOBBI-
IIeHUs 60e30MacHOCTH IBMKCHUS TOE3I0B
o0J1aiaeT cucTeMa MHTEJUIEKTYaIbHOTO BUJEO-
HaOJIOCHUS C apXUTEKTYPOM, COENUHSIOIIEH
AJITOPUTMEI BCTPOCHHOU M pacIpeaeIeHHON
BUIeOAHATUTUKU. Takas cxema OyneT nepena-
BaTh MH(OPMALIHIO TOIBKO B CITyIae BO3HUKHO-
BCHMST TPEBOXHBIX COOBITHI, YTO TTO3BOJIUT
TIOAKJTIOUNTE K OMHOMY KaHATY CBSI31 HECKOJTh-
KO JIeCSITKOB BUJIEOKAMEDP U 00JIETYUTh padoTy
oneparopa (JIHLI).

B kauectBe obpaTHoro kaHazna ot JIHILI
K MAIIMHUCTY MOXHO MCIIOJTb30BaTh KaHAITBI
TTPC. B mpocreiitieM citydae TiepenaBaTh peue-

BYI0 MH(OPMAIINIO B PeXKUME LIUPKYJISIPHOTO
BbI3oBa. B Oosiee CIOXHBIX BapraHTax Mpery-
CMOTpETH Tiepeaady BUICOCUTHAIIOB B KaOUHY
JIOKOMOTHBA B AMATIa30HE YaCTOT KeJIe3HOMO-
POKHOTO TPAHCIIOPTa UM CO3MIaBaTh IS 3TUX
11eJ1el CaMOCTOSITENIbHYIO CUCTEMY PAIOCBSI3H,
HETOCPEICTBEHHO CBSI3aHHYIO C BUICOKaMepa-
M.

OCHOBHBIMU (DYHKIIMSIMU CUCTEMBI BUIEO-
HaOTI0AeHYS TOJKHBI ObITh:

— oOHapyXeH1e 0ObEKTOB,

— CIIeXXeHHe 32 HUMU C TIOMOIIBIO CITCIIH-
aJIbHBIX AJITOPUTMOB 00PaOOTKH;

— uIeHTU(UKALMS U KJIaccuduKauus 00b-
€KTOB;

— PaHXUPOBAHUE COOBITHUIA;

— pacrio3HaBaHWE TPEBOXHBIX CUTYalIMiA Ha
OCHOBE aHaJIM3a MOBEICHMS 00beKTa HabTtoIe-
HUS,

— IIPOTHO3MPOBAHUE COOBITUI TS IIPEIOT-
BpAILLIEHUS] aBAPUAHBIX CUTYaLIAMN.

Orpomusbie BodamoxkHoctu BOCIT no mmpu-
He rtoJtockl mportyckanust (6osee 20 TTir) u cos-
peMEeHHBIE TEXHOJIOTH BOJTHOBOTO YIUIOTHEHMSI
TTO3BOJISIT PeaIn30BaTh MHTEJIEKTyaIbHOE BU-
JleoHa0TI0IeH e BBICOKOM YETKOCTHU, KOTOpOe
obecrneunT 0oJiee KaueCTBEHHOE JeTEeKTUPOBa-
HUE OOBEKTOB HAOMIOACHUS U OOHAPYKEHUE
OIACHBIX CUTYaLIUH.
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SURVEILLANCE SYSTEMS

ABSTRACT

The article considers the use of intelligent video
surveillance systems as an additional measure to
ensure the safety of train traffic on dangerous
sections of railways (crossings, tunnels, complex

Background. The main criterion for assessing
efforts to improve the safety of train traffic is to reduce
the likelihood of an emergency. This parameter
reflects the prevention and neutralization of a large
number of probabilities: failure of equipment,
breakage of communication lines, operator’s and
driver’s errors, landslides, rockfalls, malicious acts
and other negative events.

One of the ways to ensure safety on the roads is
the introduction of intelligent video surveillance
systems. These systems can prevent road accidents
at crossings, accidents in areas with complex terrain
or with an increased likelihood of landslides,
dangerous situations in conditions of poor visibility, in
case of terrorist threat of explosions in tunnels and
other protected sites.

Objective. The objective of the authors is to
consider reduction of emergency risks with the help
of intelligent video surveillance systems

Methods. The authors use general scientific and
engineering methods, comparative analysis,
evaluation approach.

Results.

Classification of systems

Automatic and automated video surveillance
systems act as one of the key components of
integrated security systems [1]. The task of video
surveillance involves visual control of a given area of
space using video cameras that allow storing and
viewing digital video data, as well as assessing the
state of the monitored territory, highlighting the so-
called «security events» that are involved in various
changes in the observed situation.

Historically, the main functions of video
surveillance systems are the output of information in
a continuous mode to the point of control and
recording into the archive. To date, these systems
have higher requirements for functionality, which
stimulates the transition from analogue methods of
obtaining, displaying and storing video information to
digital (IP cameras, computer monitors, digital
databases).

Modern distributed video surveillance systems
are based on the client-server architecture, according
to which the video stream from the cameras goes to
the server, where it is first processed (compression,
digitization of the video signal) and stored. The
availability of specialized software for the
implementation of video analytics is the core of the
entire intelligent video surveillance system, which, in
turn, distinguishes it from the conventional video
surveillance system. Such software uses computer
vision techniques that allow automated collection of
data by analyzing the flow of video images.

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 206—212 (2017)

REDUCTION OF EMERGENCY RISKS WITH THE HELP OF INTELLIGENT VIDEO

Zhuravleva, Lyubov M., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Bogachev, Alexander P., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Yatskivsky, Nikita V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

terrain, etc.). It is proposed to use the resources of
the fiber-optic transmission network and the
frequency range of train radio communication for
organization of communication channels, provided
that the existing equipment is modernized.

Keywords: railway, traffic safety, video surveillance, high definition, video analytics.

The result of video analytics are messages about
dangerous objects or events that are transmitted to the
operator only in case of detection of alarm signs, and
also recorded in the video archive.

Video analytics relies on algorithms for image
processing and pattern recognition, which allow
analyzing video without direct human participation [2].

Depending on the goals, the video analyst can
perform one or more functions:

1) detection of objects using video motion detectors;

2) tracking the object with the help of several video
cameras and special processing algorithms;

3) classification of objects on the basis of signs of
shape and size;

4) identification of objects (for example, people
according to the biometric features of the person);

5) recognition (detection) of alarm situations on the
basis of an analysis of the behavior of the object of
observation.

Video analytics can have additional functions, for
example:

1) prediction of the behavior of the object;

2) intelligent compression of video content(only the
video containing alarming situations is transmitted),
which reduces the load on the communication channel
and the video surveillance operator;

3) ranking (prioritizing) the events of video
analytics, which allows the operator to focus only on
important events and not be distracted by secondary
situations.

From the point of view of application, the following
types of video analytics are distinguished:

1) perimeter (protection of extended areas);

2) situational (recognition of anxiety situations
associated with human behavior, movement of vehicles);

3) biometric (identification of persons);

4) business intelligence(organization management).

From the point of view of the hardware-software
architecture, three types of video analytics systems are
best known:

1) server video analytics assumes centralized
processing of video data on the central processor,
continuous transmission of video from the source of
information to the server;

2) built-in video analytics is implemented in the video
data source (video camera), works on a dedicated
processor, transmits data about the object along with
the video stream to a common processing, video
analysis and storage server for all cameras;

3) distributed system is implemented as a hybrid
version of server and embedded video analytics.

The main disadvantage of many variants of video
analytics is the high frequency of false positives. This
problem is gradually solved by improving the
algorithms of video analysis.

Zhuravleva, Lyubov M., Bogachev, Alexander P., Yatskivsky, Nikita V. Reduction of Emergency Risks with
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Pic. 1. Scheme of organization of an intelligent video surveillance system in railway transport.

Organization of intelligent video surveillance

Intelligent video monitoring of the movement of
trains can be organized with the help of a fiber optic
transmission system (FOTS), designed for signals of
operational and technological communication, and a
digital system of train radio communications (TRC).

The scheme of organization of the intelligent video
surveillance system in railway transport, presented in
Pic. 1, has the following designations: VC - video
camera with built-in VA (video analytics); MUX —
hardware complex, including a multiplexer of the
primary network and a switching station, which
provides the connection of video cameras and radio
stations to the access network; RS — stationary radio
station;, RM — mobile radio station; AWP DNC -
automated workplace of the train dispatcher;
SRTCC - single road transport control center, which
is located at the road control station;, CS — control
system; DTN — data transmission network; a direct
channel is a channel for transmitting a video stream
from cameras to an VA server and AWP DNC; a reverse
channelis a channel for transmitting the video stream
from the VA server to the driver’s cabin (includes the
radio channel TRC in addition to the wire section).

One or several video cameras (VC) are installed
in places ofincreased danger: in areas with landslides,
difficult terrain, poor visibility, crossings, tunnels
(at the entrance and exit), etc.

Built-in video analytics (VA), realized with the help
of a video processor in the camera, automatically
generates a control signal for the beginning and end
of the video transmission from the VC to the server
located at the road control station when a dangerous
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object appears in the camera’s field of view. After
detection, the video image of the object and metadata
describing the contents of each frame (location,
object identification, time, path, speed, etc.) are
transmitted to the server.

In the server decoding, image comparison from
several cameras, video analysis, indexing, event risk
assessment, storage of information, etc. are
performed. Then the image is displayed on the screen
of the automated workplace of the operator or train
dispatcher (DNC).

The dispatcher makes a decision on the need to
send a circular call about a dangerous object or event
to all participants of the movement (locomotive
drivers, station duty officers SDO, etc.) and to the
operators of the units (of track, power supply,
signaling and blocking, etc.) located on his section of
the railway. Such a situation mode of video image
transmission from VC allows to effectively use
communication channels, does not burden the
operator, reduces the amount of stored video
information, etc.

In addition, it is possible to implement with the
help of train dispatch communication (TDC) and train
radio communication (TRC) channels, if necessary,
the transmission of a video image of a dangerous
objectin a compressed format to locomotive drivers,
using the allocated frequency band of a digital TRC
for reception and transmission (6 MHz wide). To
implement this option, modernization of the receiving
and transmitting equipment of stationary and
locomotive radio stations or creation of new broadband
radio stations will be required. In this case, the
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calculation path for propagation of the radio signal of
TRC in the frequency band allocated for the railway
transport (antenna-feeder devices, towers for
antenna installation, base stations) is retained.

Itis possible to transmitvideo images to locomotives
2 km away from the installation site of video cameras in
case of detection of a dangerous object for the timely
braking of the train. For this purpose, the creation of sets
of transceiver equipment in the free frequency band
(2,41 GHz) and the installation of additional towers for
antennas is required [3].

The use of a fiber-optic data transmission system
for the main channel of video transmission to the road
control station enables megapixel high-definition (HD)
video analytics to reduce the amount of video data by
5 times compared to standard systems and provide
high detailization of the object for better detection,
tracking and classification of targets in automatic
mode [4].

Conclusions. The most effective for improving
the safety of train traffic is the intelligent video
surveillance system with an architecture that connects
the algorithms of built-in and distributed video
analytics. Such a scheme will transmit information
only in the event of alarm events, which will allow
connecting several dozens of video cameras to one
communication channel and facilitate the operator’s
work (DNC).

As a reverse channel from the DNC to the driver,
one can use the TRC channels. In the simplest case,
transmit voice information in the circular call mode.
In more complex versions, provide for transmission
of video signals to the locomotive cabin in the
frequency range of the railway transport or to create
for these purposes an independent radio
communication system directly connected with the
video cameras.

The main functions of the video surveillance
system should be:

— detection of objects;

— tracking them with the help of special processing
algorithms;
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— identification and classification of objects;

— ranking of events;

— recognition of alarm situations based on the

analysis of the behavior of the object of observation;
— prediction of events to prevent emergencies.
The huge capabilities of FOTS over the bandwidth

(more than 20 THz) and modern wave-sealing

technologies will allow the implementation of

intelligent high-definition video surveillance that will

provide better detection of objects of observation and

detection of dangerous situations.
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B craTtbe npeanpuHATa rnonbiTka pa3peLunTb
HeKoTopbie Mpo6sieMbl MOBbILLEHUSI Ka4eCTBa
noaroToBKuU u atrecTaunm Hay4yHbIX KagpoB
AJ1s1 BbICLUE LUKOJIbI, a TaK)Xe MarncTpaHToOB
o rpuanNYeCcKou cneunasibHOCTH.
IMoka3aHbl 06beKTUBHbIE NMPEeAnoCblIKA
npouyecca coBepLIeHCTBOBaHWNSI BYy30BCKOW
npakTUKu B YCJIOBUSIX, KOrAa BCE ocTpee
nposiBisioT cebs o4eBUaAHbIEe NPOTUBOPEYUS
BosioHcKoV cucTembl 06pa3oBaHUs,
cepbE3HO ycyryouBLueli KBanngdukaLnoHHbIA
YPOBEHb CMeLnasncToB, MPeemMCcTBEeHHbIA
Xapaktep y4eOHbIX nporpamMmm

v TpaHCNapeHTHOCTH npeasiaraemMbix

npy o6y4yeHun 3HaHnii. Oco6oe BHUMaHue
aBTop yaensier cpeacTsam gopmannsaunm
OLeHKU Ka4ecTBa Hay4HbIx pabor,

WX OPUrMHaJIbHOCTU U JOCTOBEPHOCTH.

Knroyesbie cnoBa: bonoHckas cucrema, BbiCLLIEe
obpasoBaHue, marucTparypa, bakanaBpuar,
arrecTaumsi Hay4yHbIX KaapoB, acrvpaHTypa,
cuctema «AHTunaarnar», noaroToBka
avccepTaumii 1o 1puanYecKor cneumasnbHOCTY.
|
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OBPASOBAHVE VI KAL

K BOnpocy o0 KayecTBe NoAroToBKuU
M aTTecTauum Hay4HbIX KaapoBs,
acnMpaHToOB U MarucTpaHToB

Mas3yp Cepeeii Quaunnosuu — 00Kmop 10puoU4ecKux
Hayk, npogheccop Kaghedpsl epaxcoancKoeo

npasa u epaxcoarckoeo npoyecca Mockogckoeo
20cydapcmeenHo20 yHueepcumema nymeti coooujeHus
(MHUHT), Mockea, Poccus.

a poxoauBLeM 7—8 nekadps 2016 rona
B MOCKOBCKOM TOCYTapPCTBEHHOM YHU -
BepcuTeTe KoHrpecce « IHHOBaLoOHHasT
MpaKTyKa: HayKa Tutoc ousHec» pekrop MIY
akaneMuk B. A. CagoBHUYMIA 3asIBUJT, UTO Mepe-
xon Poccun Ha bonoHckyto cuctemy oopazoBa-
Hus (4eThIpe roaa bakaiaBpyara, TUIIoC 1Ba — Ma-
ructparypa) Owi1 ommbkoii. O6pazoBaHue
B BBICIIICH IIIKOJIE JOJDKHO COCTAaBIIAATD, IO €r0
MHEHMIO, MsITh, Aaxe 11ecTh jeT'. Henb3s He
COIJIACUTBCSI C 3TOM TOYKOM 3peHMUsI (0 UEM TaKKe
TOBOPSIT U MHOTHE JAPYTUE YYEHbIE U MPAKTUKU
Hateli crpanbl). OTHAKO TPYIHO IaXKe MPeICTa-
BUTh, CKOJIBKO CUJI, CPEJICTB U, TJIABHOE, BpEMe-
HU TETIePb YT Ha XOTS ObI YaCTUYHBIN BO3BpaT
K CHCTeMe TIOATOTOBKY CIELMATMCTOB BhICIIEH
LLIKOJIBI, T €€ TIaBEHCTBYIOLIMM 3BEHOM ObLT
Obl, KaK KOraa-To, ClieLIMaIUTeT.
CuuTalo, 4To OCHOBHOI (hOPMOIA TIOATOTOB-
KU JIOJKEH CTaTh UMEHHO CITEIIUATTUTET (32 CUET
3HAYMTEIHHOTO IPeoOpa30BaHMsI OaKaIaBpHa-
Ta, B TIEPBYIO o4epenb akagemudeckoro). [Tpu-
KJ1aJHOU OaKataBpuaT UMeeT, KOHEUHO, MPaBo
Ha CyILIECTBOBAHUE, HO B MEHbIIIECH CTENEeHU,
YyeM ceituac, a MarucTpaTypa JI0JDKHa ObITh Cy-
MECTBEHHO COKpaleHa (B 3aBUCUMOCTHU OT
TOT0, B KAKOI Mepe BBICIIIas IITKOJIA Hy>KIaeTCsI
B OyIyIIMX YYEHBIX U pOTALIMU PO ECCOPCKO-
npenoaaBaTeIbCKOro coctana). Ilpomomku-
TEJIbHOCTb 00YYEHUSI B CTICLIUATIUTETE HE MOXKET
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COCTABJISITh MEHEE TISATH JIET (@ JI7Is1 OTIETbHBIX
CITELIMATbHOCTEI — B TICPBYIO OYepenb TeXHMU-
YECKUX — IIIECTh JIET).

TpynHo npeacTaBuTh cede IMOATOTOBKY CITe-
LIMAJTMCTOB C BBICILIMM 00pa30BaHUEM B TpaHC-
TMOPTHOM BY3€ (a2 TpaHCHOPT, KaK M3BECTHO,
MMeeT CTpaTernyeckoe 3HaueHue, TeM Oosee
B Hallleii HEOOBSITHOI CTpaHe) IO TIporpamMme
OakanaBpraTa — CIIMIIKOM CEpbe3HBIC 3aMaun
CTOSIT TIepe/1 BHITYCKHUKAMU, YTOOBI TOBOJIBCT-
BOBAaThCS 3aBEIOMO YCEUEHHbBIMU, 0€3 JOJKHO-
ro ynnameHTta 3HaHusiMu. [TpomosxkeHue
O0OyJeHUsT B MarucTparype, pa3yMeeTcsi, CBOIO
TIOJIB3Y TIPUHOCUT, HO B CHJTY Pa3HbIX IIPUINH
HEe BCEM JIOCTYITHO U, TJIABHOE, TPEOYeT OOJIBIIINX
JOTIOJTHUTEJIBHBIX YCHIIMM 1 pacXOI0B, TaK YTO
ropasao 0oJjiee peHTabeIbHBIM CITOCOOOM MOJTY-
YEHUS TTOJTHOLIEHHOTO BBICIIET0 00pa30BaHUs
TPECTABIISIETCS TOIBKO CITEIAINATET.

[Mpenmnomnaraemoe B FOpuanueckom HHCTH-
tyre MUUWT pelieHne o0 yCTaHOBJIEHUM BbI-
MYCKHBIX KBATM(PUKALIMOHHBIX PA0OT (IUTLIOM-
HBIX VTSI TeX, KTO UX PaHee He TOTOBWJT) BUIUTCS
a0COJTIOTHO BEPHBIM, 3HAYMTETHLHO MOBBIIIAI0-
IIAM OTBETCTBEHHOCTh KaK CAMUX BBIITYCKHU-
KOB, TaK 1 IPOheCCOPCKO-TPETIONABATETbCKO-
ro coctaBa. Tomy ke TIpU3BaHO TTOMOYb U BBE-
JIEHUE OIOJIHUTEIBHOTO TOCy1apCTBEHHOIO
3K3aMeHa 10 HalpaBJieHMIo «JloKyMeHTOBeIe-
HHe U apXUBOBeIeHHEe» (PO b — «JIoKyMeH-
TOBeNIEHNE 1 TOKYMEHTAIIMOHHOE O0ecTieYeHIe
yIpaBJieHUsS» ). ETMHCTBEHHO UTO HEOOXOIUMO
3aMETUTD B 3TO CBSI3U: BBIITYCKHUKU JTOJIKHBI
OBITh 3apaHee YBEIOMJICHBI O TAKOM 3HAUUTEITb-
HOM YBEJIMYEHUU Harpy3Ku U CTOJIb CEPhE3HOM
ucnbiTaHuu. Jlymaercsi, 4To TaHHOE pelleHue
(B cItydae ero IMpUHSITHST) CTAHET TIEPBBIM I11arOM
K TIpeo0pa30BaHUIO YaCTH OaKkajlaBpraTa B CIie-
UAJTATET.

UYto xe KacaeTcss MarucTpaTypbl, TO OHa
JIOJDKHA HEe Ha CJI0BaX, a Ha JieJie CTaTh peajlbHOM
CTYTICHBIO BbIpAILIMBAHUS KaIpOB /IS BbICILIEH
LLIKOJIbI (Hapsiiy C aCMPaHTYPOil U TOKTOpaH-
Typoii). Marucrepckasi quccepraiusi He MOXeT
OCTaBaThCsl OOBIYHOI BBIITYCKHOM KBaJIM(pUKa-
LIMOHHOI paboToii oOyyJaroiierocs: (Kak 3T0O
MacCOBO ITPOUCXONUT B HACTOsIIIIEE BpeMs), eil
MpenHa3HaueHo ObITh HaydHO-KBaTM(UKALIN-
OHHOI1 pabOTOM, Pe3yJIBTATOM HAyYHOTO, TeO-
PEeTUKO-TPUKIATHOTO MCCIenoBaHus (KakK
W IACCEPTALINN HAa COMCKAHNE YICHBIX CTETICHE
KaHOuIaTa U JOKTOpa Hayk).

HemanoBaxxHoii mpo0JieMoit 1Ji1st CUCTEMBbI
BY30BCKOI MOJATOTOBKU CTaJI0O OTCYTCTBUE
3aIipeTa Ha ITOCTYITICHIE B MAaTUCTPATYPY JIIT
¢ kBanuduKaumen «bakaaaBp» MO0 «crenma-
JINCT» HE TI0 MPOMDUIBHON CIIeIUATbHOCTH
(T.€. ©6€3 COOTBETCTBYIOIIETO 0a30BOr0 0Opa-
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30BaHus). 3akoH «O0 obpazoBaHuu B Poc-
cuiickoit @enepanun» [1] He MPeENSITCTBYET
TaKOMY BapMaHTy 1 TEM CAMBIM CTIOCOOCTBYET
MacCOBOI1, He TOOOIOCH 3TOTO CJIOBA, IMCKBa-
JMbUKAIMY TOTOBSIILIUXCS B By3e Mpodeccuo-
HaJIoB, NTpodaHupyeT U 0€3 TOro CIOXKHBINI,
BeKaMu anpoOrpoBaHHbIN mpoiiecc. [Tpuuém
€CJTM BY3 M3HAYAJIbHO OCYIIECTBIISIET TIOJIO0-
TOBKY CIICIIMAIMCTOB MO MOJHOMY IIMKITY
«baKajlaBp—MarucTp», 3TO €IIé HEeIJI0XO0,
MMOTOMY UTO OOJIBLIMHCTBO KeJIaIoIIMX CTaTh
MarucTpaMu OyayT COCTaBJsITh OakajaBphl,
TTO/ITOTOBJICHHBIE 10 TAaHHOM CTICIIUAIbHOCTH.
Cutyanus xyxe Tam, Te TOTOBSIT TOJTbKO
MarucTpoB, KaK MHOTHIC BEIOMCTBEHHBIC BY3bI
MMPaBOOXPaHUTEIbHBIX OpraHoB. B Takux
YUEOHBIX 3aBEICHUSIX KOHTUHICHT OyayIInX
MaructpoB Ha 100 % cocTaBiIsIIOT Jula, He
umerolre 6a3oBoro NPoMOUILHOTO BICIIETO
o0pazoBaHusl.

KomMeHTapuu, Kak TOBOPUTCS, U3JTUIITHH,
XOTsI CYIIIECTBYET HEMaJIO OOBEKTUBHBIX ITPH-
YUH, JaIOLIMX TOBOJ TPOJIOJIKATh TEMY. 31eCh
MOT ObI OBITh TMOJIE3€H OMBIT HEKOTOPBIX Be-
nyumux By30B ctpaHel (MT'Y, MTUMO),
TPOM3BOMASIIINX HAa TOIMYHBIX Kypcax IpeBa-
PUTEIBHYIO IICJIEBYIO TIPABOBYIO TTOATOTOBKY
aOUTYpPUEHTOB B MarucTparypy AJjs jJull 6e3
0a30BOT0 BBICILIETO OPUANYECKOTO 00pa3oBa-
HUS.

Teriepb OTHOCUTEJIBHO I11aTOB TT0 TIOBBIIIIE-
HUIO KauecTBa MOATOTOBKU MaruCTPaHTOB
M OTHOTO M3 BAXKHEMIIMX MOKA3aTEIE MPOn3-
BOIVMMOM MMU pabOThl — MarucTepCcKoi IMC-
cepTralum.

TTomumo 1ies1oro psifa PUANIECKUX AUC-
LIATUTAH UX Y4eOHbBIE TTPOrpaMMBbI TTpelycMaTpy -
BalOT CEMUHAPCKUE 3aHATUS, HAYyYHO-UCCIE0-
BaTEJIbCKYIO U HAyYHO-ITearOTMYECKYIO TTpaK-
TUKY, Ha TIPOBEIEHUE KOTOPHIX OTBOIMUTCS
3HAUYUTEIBbHOE KOJIMYECTBO YaCOB ayqUTOPHOI
Harpy3ku. OIHaKO IMOCKOJIbKY HbIHE BO MHOTOM
yTpaueHa pa3padoTaHHasi COBETCKOM IIKOJION
IOPUCTIPYJCHIINY MJIest Hepa3pbIBHOCTU TEOPU U
¥ TIPAKTUKU TIPU TTOATOTOBKE IIPAaBOBEIOB,
MPEACTaBISIETCSI HEOOXOMUMBIM, BO-TIEPBBIX,
YCUJIUTD TIPAKTUUECKYIO COCTaBISIIONIYIO O~
TOTOBKM OyIyIIIMX MarviCTPOB M MarMCTEPCKUX
JIMCCePTaINiA, & BO-BTOPbIX, BCIIOMHUTH OTTBIT
TPENOIaBaHUsl BBIMYCKHUKAM IOPUINIECKUX
BY30B TaKMX CIICIIATBHBIX TUCIUIUIAH U Kyp-
coB, Kak «[IpobGseMbl rpaxknaHCKOro mpaBa»,
«[Tpobaemsl yrosoBHoro npasa», «[Ipobdaembl
aIMUHUCTPATUBHOTO TpaBar. [lone3HpiMu
MOTJIU OBl CTaTh, B YaCTHOCTH, TIPEIMETHI YacT-
HO-TIPaBOBOTO Mpodwist Ha Kadeape opraHu-
3a1m (QMHAHCOBO-9KOHOMIUYECKOTO, MaTepH-
aTbHO-TEXHUYECKOTO ¥ MEAMIIMHCKOTO 00ec-
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nevyeHust Akanemuu yrpasiaeHust MBI Poccuu.
Bripouem, 3T0 TOTBKO MOyMEPhI, KOTOPhIE HI
B KOEW MEpe HE 3aMEHSIT TOJHBINA KypC TOATo-
TOBKM CIIEIIMAJIMCTOB BhICIIICH KBaIUDUKaAIIIT
Mo cucTteMe «bakajlaBp—Maructp». OoyueHue
MarucTpaHTOB (Iaxe C BBICIIUM HeNmpoduiib-
HBIM 00pa30oBaHNEeM 1 PaOOTAIOIINX ITO CITCIIN -
ATBHOCTH) B TEUCHUE ABYX—IBYX C TIOJIOBUHOM
JIET He paBHOIICHHO ITOJTyICHHIO 3HAHUI 1 KOM-
TETEHIINI B TeYSHHE IIIECTU BY30BCKUX.

Kak u3BecTHO, MarnucTepckas auccepTaimst
SIBJISIETCSI BBICLIE ! (hOpMOI MCCIIeIOBaTEILCKOMN
MUCbMEHHOM pabOThI, BHITTOJIHSIEMOM B MPOLIEC-
ce o0y4yeHus B By3e. OHa 3aBepIIIaeT MOAroTOB-
KY ¥ ITOKa3bIBaeT MpoheCCUOHATBHBIN YPOBEHD
MarucTpaHTa, €ro ClioCOOHOCTb TPAMOTHO pPe-
1IaTh TEOPETUYECKHUE U MPAKTUIECKE 3a1auM.
Ilepgeiiime TpedboBaHUS K aBTOpPY AUCCEPTa-
LMW TTIOJTHOTA OCBEIICHUS Y TITyOMHA HayIHOTO
aHajm3a ucclieyeMoii mpoOJieMbl; yMEHUE
BBIXOIUTH Ha TEOPETUUECKME OOOOIICHNS, e~
JIaTh IIPAKTUIECKUE BHIBOMIBI, BHOCUTh apTyMEH-
THPOBAHHBIE PEKOMEHAALIMU U MPEIIOXKEHNSI;
JIOTUYECKM TOCIeI0BaTEIbHOE U3JIOXEHUE
MaTepuaa; 000CHOBaHHOCTb ITPEIOKEHU T 110
COBEPILIEHCTBOBAHUIO TMIPABOBOTO PETYJINPOBA-
HUS UCCJICAYEMbIX OTHOIICHU M TPAaKTUKKA
pear3aiuy IIpaBoBbBIX HOPM; MCTIOIb30BaHUE
JIOCTOBEPHBIX (haKTOB I HOPMATUBHBIX aKTOB,
JEACTBYIOIIUX B TTOCJAETHEN peIaKIIUN; Biaae-
HMe COBPEeMEHHBIMM IIPUEMaMH ITOMCKa, 0TOO-
pa, oOpabOTKM 1 UCMOJb30BAHMSI MaTEpPUAJIOB
MH(OOPMAIIMOHHBIX MTPABOBBIX 0a3 TaHHBIX;
yMeJasi 3aluTa CBOeil MO3UIINU T10 TUCKYCCU-
OHHBIM TTPO0JIEMaM TeMbl MarMCTEPCKOI IucC-
cepTaluu.

Bonee Toro, mpencraBisieTcst CyIecTBEH-
HBIM HOPMATHUBHO 3aKPETIUTh OCHOBHEIC Tpe-
0oBaHUSI, IPEIbIBIICMbIC K MaruCcTepCKOM
IUccepTaluu U e€ oopMIIeHUIO (a ISl Ipo-
deccopcko-TpernonaBaTeIbCKOro cocTaBa
YTOYHUTBH eIE 1 €€ OCHOBHbBIE OTJIMYHMS KaK OT
JTATUTOMHBIX pabOT CIICIINATICTOB, TaK M IVC-
cepTalliii Ha COMCKaHWE YICHON CTeIeHU
KaHIUIaTa FOPUINICCKIX HayK), COICPsKaHUIO
M TITyOMHE IPOBEIEHHOTO UccenoBaHus. Juc-
KYCCHIO YaCTO BbI3bIBAIOT ME€Pa CaMOCTOSITE b~
HOCTU HayYHO-UCCJIENOBaTEIbCKON ACSATENb-
HOCTHM MarWCTpaHTa B paMKax 3alllWIIacMOi
ICCcepTallin, KPUTEPUU OLICHKU e€ Pe3yIbTa-
TOB, XapaKTep MyOIMKaIlMii B HAyYHBIX M3/1a-
HUSIX, BBICTYIICHUI HAa HAyYHO-TTPAKTUIECKIX
ceMuHapax 1 KoHdepeHiusix. Hemano Bornpo-
COB U I10 TTOBOJTY ITPU3HAKOB HAYYHOI HOBU3HBI
HCCIIEIOBAHUS, OCHOBHBIX €TO ITOJIOXEHUIA,
BBIHOCHMBIX Ha 3aIlIUTY.

Beccropra cama HEOOXOIUMOCTD YKECTO-
YeHMS TPeOOBAHMI TTPU TTOATOTOBKE CIIeIra-
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JINCTOB BEICIICH KBATN(PUKAIIIA U HaBeACHUS
mopsIiIKa B Mpoliecce TMIPUCBOCHUS YIEHBIX
creneHeli v 3BaHunii. Ho 310 He maeT HaM OCHO-
BaHMI U151 IOMKHU BCEM pOCCUMCKOUN CUCTEMBI
MOJArOTOBKM HayUYHBIX KaapoB (J1100ast peop-
Ma JIOJKHA BECTH JIUIIb K YIyYIIEHUIO CUCTe-
MBbI). B HBIHEIITHNX YCIIOBHUSIX OTBETCTBEHHOCTh
32 IPUCYKICHNE YICHBIX CTCTICHEI €CTeCTBCH-
HBIM 00pa3oM IepeMelnaeTcs Ha YPOBEHb
JIHUCCEePTALIMOHHBIX COBETOB, a TAKXKE BY30B
n HUMW, npu koTopbix oHu co3aaHbl. Y BaxkHO
OCO3HAaTh: TMOBBIIIAETCS PeMyTallMOHHAs OT-
BETCTBEHHOCTb BCEX JIMII, BOBJICUCHHBIX B ITPO-
1ecC 3alINTHI TUCCEPTALIIA.

B Hameit ctpaHe moka TOJbKO KaxKIblit
TPETUM-YETBEPTHIA BBINYCKHUK ACIIUPAHTY-
pBHl UAET Ha 3alIUTy AUCCEPTALUU U MY
MpuCcBaMBaeTCsl B ciyyae €€ ycrexa ydyeHas
cTeleHb KaHanaata Hayk. MemepalbHBII
3aK0H «006 obpazoBaHum B Poccuiickoit De-
Iepari» He 3aKpeTUIsieT 3alIuTy TruccepTa-
LMY TIpU OKOHYAHUM OOYYEHMS B acIIMpaH-
Type B KauecTBe 00s3aTeJIbHOTO dJIEeMEHTa.
OueBUAHO, YTO TOCYIAPCTBO JOKHO CTUMY -
JINPOBATH BY3HI 1 CAMUX aCITUPAHTOB K TOMY,
YTOOBI TPUIIOXKUTD BCE YCUITHS [IJIST TOCTHKE -
HUSI UICKOMOM I1eJTM — TIOATOTOBKM U ITyOJ T4 -
HOTO 3aBepIIeHNUs KAYECTBEHHOT'O HAyYHOTO
Tpyaa. A AJsl 3TOro, AyMaeTcs, Topasao
peHTabebHee ObLIO Obl COKpallleHWe Yucia
00yJaIoIIMXCs B aCITUPAHTYype IIPU OTHOBpE-
MEHHOM TOBBIILIEHUU €€ HayYHOI pe3yJibTa-
TUBHOCTHU. [TOBBIIIICHNIO KauecTBa HAyYHBIX
HUCCIeA0BaHUI MOIJIO ObI TaKXe MOCTYXUTh
BBeJ€HUE aHajJora MpUHSATHIX Ha 3amajie
y4yeHbIX cTeneHeit DBA (mokTop OusHec-a-
muHuctpupoBanus) u DPA (mokTop rocy-
JIApCTBEHHOTO yIIpaBJieHNs ). DTO, HaBepHOE,
TOMOTJIO OBl pa3rpy3UTh HAYYHOE COOOIIECT-
BO OT M30BITOUHOTO AABJICHUS] HBIHEITHUX
MHOTOYMCJEHHBIX COMCKaTeneil yuYeHbIX
cTeneHei u3 cepbl Kak KpymHOro npeamnpu-
HUMAaTEJbCTBA, TAaK U TOCYIapCTBEHHOTO
YIIpaBJICHUS Ha TUCCEePTAIIMOHHBIC COBETHI.

B Hacrosee BpeMst Bce HaydHBIC CTaThH,
pedepaTthbl, KypCcoBbIe 1 BHIITYCKHbIE KBAJT(U-
KallOHHbIE paOOThI, AUTUIOMBI U AUCCEPTALIMU
MOABEPraoTCs MpeaBapUTEeIbHON MPOBEpKe Ha
OPUTUHAIBHOCTD X TEKCTa CETeBBIMU MH(OP-
MallMOHHBIMU CHUCTEMaMU «AHTHILJIarAaT».
BwMmecte ¢ TeM HyXXHO cKa3aThb, BO-TIEPBBIX, 00
OrpaHUYEHHBIX BO3MOXKHOCTSIX TTOBBIILICHUS
KayecTBa HayYHBIX MCCAEIOBAaHUI MOCPEACT-
BOM TaKUX CUCTeMBbI. Bo-BTOPBIX, X 0000111210~
IIee HAMMEHOBaHNE «AHTUTIIATAAT» HEYIauHO
¥ HEJIMTUTUMHO, He OCHOBAaHO Ha aBTOPCKOM
npaBe. OHU ITOMOTAIOT BBISIBIISITH MACHTHY-
HOCTb, OPUTMHAJIBHOCTD MPOBEPSIEMbBIX TEKC-
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TOB, CAMOCTOSITCIBHOCTh PabOTHI aBTOpa, HO
OTHIONb HE BCETIa PeaslbHBIN IUtaruaT — Ha-
TIpUMED, TIOTOMY, UYTO TU CUCTEMbI IIPU3HAIOT
HE UICHTUYHBIMU U HE OPUTMHATIBHBIMU TeK-
CTbI, COJIEPKalMe LIMTAThI MU UX U3T0KEHUE
¢ coOtoieHueM BceX MpaBUJ/l LIUTUPOBAHUS,
HOpPMAaTHUBHEIE ITPABOBBIC aKTHI, a TAKKE aKThI
TpUMEHEeHUs TTpaBa, hparMeHTBI paHee U3IaH-
HBIX WJIM 3alllAIIEHHBIX COOCTBEHHBIX padoT
(TEeKCThI, Ha KOTOPBIX YaCTO Oa3UpPyeTCsl KOHEU-
Hasl aBTOpCKasl HayuyHast umes).

Mexxy TeM, He OyaeM 3a0bIBaTh, YTO JTH00ast
npaBoBasi HayyHasi paboTa BKJIIOYAET B ceOst
B TOM YHCJIC ¥ aHAJIN3 HOPMATHUBHBIX IIPABOBBIX
aKTOB M aKTOB IIpMMEHEHUs TpaBa. Ja u 1mo-
yeMy Iepeckas U pa3BUTHUE COOCTBEHHBIX
MBbICJIEH JTUIIAEeT UCCIen0oBaTe sl «aBTOPCTBAY,
CTaBUT I10JI COMHEHUE OPUTUHATBHOCTb, TTPU-
HaJIEXKHOCTh TEKCTOB?

[l1aBHBIM HEITOCTATKOM ITPOBEPOYHBIX MH-
(bopMaIIOHHBIX CICTEM SIBJISICTCS X HECOBEP-
IIEHCTBO, BhIpaxkalleecs Mpexae BCero
B YMCTO MEXaHUYeCKON MIeHTU(UKALUU
KOHTEHTAa pa300IlIeHHOCTU, HEY3aKOHEHHOCTU
KpHUTEPHUEB ero olleHKH. Kakne MMeHHO U3
JTAHHBIX CHCTEM MOXKHO TTOJTHOLIEHHO MCITOJTh-
30BaTh M KAKOBO MX COOCTBEHHOE KauyeCTBO?
Wnu, nanmpumep, Kakoi JOJIKEH ObITh MUHU-
MaJIbHBIA TPOLIEHT OPUTMHAIBHOCTH TEKCTa
Hay4YHOI paboThI, 3aMMCTBOBAHU, IUTUPOBA-
HUS U TIe 3TO OIpeAesieHO, B KaKOM HopMa-
TUBHOM IIpaBOBOM akTe? KakoBa cTeIeHb
000CHOBAaHHOCTH KOHTPOJIMPYSMBIX ITOKa3aTe-
nei?

B nammux By3ax, HUW u uzparenbcTBax
OTHOILIEHKE K 9TUM MOKa3aTeJISIM COBEPILIEHHO
HEOTHO3HAYHO, MU ITPUMEHSIIOTCS pa3/Ind-
HBIE CICTEMBI IIPOBEPKN UACHTUIHOCTH TEKC-
TOB, HE CePTUMUIIMPOBAHHBIC B YCTAHOBIICH-
HOM (penepanbHbBIM 3aKOHOM TTopsiake. B cy-
1LIECTBYIOIIMX YCIOBUSIX (hopMalibHAsI OlICHKa
OPUTUHAJIBHOCTU HAayYHBIX PabOT YacTo Ipe-
o0JagaeT Hal WHBIMHU, 0oJiee 3HAUYUMBIMU
(Ha MOI1 B3TJISII) KPUTEPUSIMH MX KadecTBa.
Kpowme Toro, He ceKpeT, 4To TS TOCTYDKCHUS
MOCTaBJICHHO! 1ieJn (HampuMep, YCIIeIIHOMN
3aIIUTHI JUTLJIOMA WU IUCCepTalliM ) COMCKa-
TEJIU HEPEJKO UAYT Ha aMOpaJibHbIe U HeTpa-
BOMEpHBIEC ACHCTBUS, a UMEHHO, JIM0O CaMM
0e33aCTeHUYNBO CIIMCHIBAIOT BCIO MJIW 3HAUM-
TEJIbHYIO YaCTh MCIOJIb3YeMbIX JaHHBIX, JTM0O
MpHOOPETAIOT Ha IIMPOKO YK€ pa3BUBIIEMCS
PBIHKE HaIlMCaHHbIE «100POBOJILHBIMU MO~
MOITHUKaMW» Tpydbl. [TpuyeM npodeccopcko-
TIperoaaBaTeIblcKUA M peIaKTOPCKUIT COCTaB

COYYACTBYIOLIMX B 3TOM YUYPEKIEHUI HE MO-
JKeT, a MUHOTJa U He XOueT (3a4acTylo HeOecKo-
PBICTHO) UM 3(PDEKTUBHO MPOTUBOCTOSTD.

BbIBOAbI

besycioBHO, npeanojaraeMble MEPHI T10
COBEPIICHCTBOBAHUIO TIPOBEPKU PE3YIBTATOB
BCEX BUJIOB yUeOHOI 1 HaydHO-UCCIeA0BATE b~
CKO¥ 1eSITeJTbHOCTH TIOMOTYT HaBEIEHUIO 10K~
HOTO MOopsiAKa B pabOTe BBICIIEH IIKOJIBI, HO 3TO,
Kak IMpeCTaBIIsIeTCs, HEI0CTaTOYHO — HEO0XO0-
JIMMO B TIEPBYIO O4Yepe/ib CYILIECTBEHHOE YJIy4-
1LIeH1 e MOPaIbHO-TICUXOJIOTMYECKOro KJInMaTa
cpear KaK caMIX 00YJaloIIIXCs, TaK U IIpodec-
COPCKO-TIPETNOAABATEILCKOTO COCTABA.

Yro KacaeTcst UCIOIb30BAHUS MH(OpMalI-
OHHBIX CUCTeM «AHTUILIAruaT», TO UX HY>KHO
MaKCUMaJIbHO arpoOMpoBaTh U 3aKpernuTh Ha
3aKOHOAATEIbHOM ypoBHe. OnpeaeuTh, Kakoi
JIOJKEH ObITh MUHUMAJIBHO TOITYCTUMBIH MPO-
LIEHT OPUTMHAIbHOCTU, UACHTUYHOCTHU TEKCTa
MPOBEPSIEMOiT HAyYHOI padOTHI, ypOBEHb 3a1M-
CTBOBAHMIA Y LIMTUPOBAHMS B HUX U151 TOM WJIU
MHOI OLIEHK! KaueCTBa UCCIEI0OBAHMS C YYETOM
criennrKI HayKH, K KOTOPOIl OHO OTHOCHUTCSI.
DTH TTOKA3aTeN N TOKHBI OBITh B TOCTATOYHOI
cTeneHrn 000CHOBaHbI, U 3[1€Ch CBOE BECKOE
CJIOBO 00s13aHBI CKa3aTh YYEHbIE W MPAKTUKU
COOTBETCTBYIOLIEN chepbl 3HAHUIA.
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ON THE ISSUE OF TRAINING AND CERTIFICATION OF SCIENTIFIC PERSONNEL,
PH.D. STUDENTS AND MASTER’S STUDENTS
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Mazur, Sergey F., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

The article attempts to resolve some problems
of improving the quality of training and certification
of scientific personnel for higher education, as
well as master’s students in the legal specialty.
The objective preconditions of the process of
improving the university practice are shown in
conditions when the obvious contradictions of the

Bologna education system are becoming more
acute, thus seriously worsening the qualification
level of specialists, the continuity of the curricula
and the transparency of the knowledge offered in
the training process. The author pays special
attention to means of formalizing the evaluation
of the quality of scientific works, their originality
and reliability.

Keywords: Bologna system, higher education, master’s studies, bachelor’s studies, certification of scientific
personnel, Ph.D. studies, «Antiplagiat» system, preparation of theses on legal specialty.

Background. At the congress held on December
7-8, 2016 in Moscow State University «Innovative
Practice: Science plus Business», the rector of
Moscow State University, Academician
V. A. Sadovnichy said that the transition of Russia to
the Bologna education system (four years of
bachelor’s studies, plus two — master’s studies) was
a mistake. Higher education should, in his opinion,
last for five, even six years'. One cannot disagree with
this point of view (which is also supported by many
other scientists and practitioners of our country).
However, it is difficult to imagine how much effort,
money and, most importantly, time will now go to an
at least partial return to the system of training
specialists in higher education, where its main line
would be, as it once was, specialist’s studies.

Objective. The objective of the author is to
consider main problems in today’s organization of
university study.

Methods. The author uses general scientific
methods, comparative analysis, evaluation approach.

Results. / believe that the main form of training
should be specialist’s studies (due to significant
transformation of bachelor’s studies, primarily
academic). Applied bachelor’s studies have, of
course, arightto exist, but to a lesser extent than now,
and master’s studies should be substantially reduced
(depending on the extent to which the higher school
needs future scientists and rotation of the faculty).
The duration of training in the specialist’s studies
cannot be less than five years (and for individual
specialties — primarily technical — six years).

It is difficult to imagine training of specialists with
higher education in a transport university (and transport,
as is well known, is of strategic importance, especially
in our vast country) under the bachelor’s program —
graduates face serious tasks to be content with
knowledge, which is deliberately truncated and without
proper foundation. Of course, continuing to study in the
master’s programs, of course, brings its own benefits,
but for various reasons, is not available for all, and, most
importantly, it requires a lot of extra effort and expense,
so only specialist’s studies are a much more cost-
effective way to get a full higher education.

The solution, proposed at Law Institute of MIIT, to
establish final qualification papers (graduation theses
for those who did not prepare them before) is
expected to be absolutely correct, which significantly
increases the responsibility of both the graduates
themselves and the faculty. The introduction of an
additional state exam in the direction of «Document
Management and Archival Studies» (profile —

! Rossiiskaya gazeta, 2016, December 8.
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«Document Management and Documentation
Management») aims at the same. The only thing that
should be noted in this regard: graduates should be
informed in advance of such a significant increase in
the load and such a serious test. It seems that this
decision (in case of its adoption) will be the first step
towards transformation of part of bachelor’s studies
into specialist’s studies.

As for master’s studies, they should not in words,
but in reality become a real step in the growth of staff
for higher education (along with Ph.D. and doctoral
studies). The master’s thesis cannot remain an
ordinary final qualifying work of a trainee (as it is
currently happening massively), itis intended to be a
scientific and qualifying work, the result of a scientific,
applied theory research (like the theses for obtaining
scientific degrees of Ph.D. and D. Sc.).

An important problem for the system of higher
education is the absence of a ban on enrolling for
persons with the qualification «Bachelor» or
«Specialist» not in the profile specialty (i.e. without a
corresponding basic education). The Law «On
Education in the Russian Federation» [1] does not
prevent such a variant, and thereby promotes the
mass, | am not afraid of this word, disqualification of
professionals trained in the university, profaning the
already complicated process, which has been tested
for centuries. And if the university initially trains
specialists for the full cycle of «bachelor-master», this
is still good, because most of those willing to become
masters will be bachelors trained in this specialty. The
situation is worse where only masters are trained, like
many departmental universities of law enforcement
agencies. In such educational institutions, the
contingent of future masters is 100 % of those who
do not have a basic specialized higher education.

Comments, as they say, are superfluous, although
there are many objective reasons that give rise to the
topic. Here, the experience of some of leading
universities of the country (for example, MSU,
MGIMO), where one-year preliminary legal training is
organized for applicants for a master’s degree—
people without a basic higher legal education, could
be useful here.

Let’s now turn to the steps to improve the quality
of training of master’s students and one of the most
important indicators of their work — the master’s
thesis.

In addition to a number of legal disciplines, their
curricula provide for seminars, research and scientific
and pedagogical internship, for which a significant
number of hours of classroom work are assigned.
However, since the idea of inseparability of theory and
practice in training of lawyers, developed by the Soviet
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school of jurisprudence, is now largely lost, it seems
necessary, firstly, to strengthen the practical
component of training of future masters and master’s
theses, and secondly, to recall the experience of
teaching such special disciplines to graduates of law
schools courses, such as «Problems of Civil Law»,
«Problems of Criminal Law», «Problems of
Administrative Laws». In particular, objects of a private
legal profile could be useful at the Department of
Financial, Economic, Material and Technical and
Medical Support of the Academy of Management of
the Ministry of Internal Affairs of Russia. However,
these are only half measures, which in no way will
replace the full course of training of specialists of
higher qualification in the system of «bachelor—
master». The training of master’s students (even with
a higher non-specialized education and working in
the specialty) for two or two and a half years is not
equivalent to gaining knowledge and competence
during six university years.

As is known, the master’s thesis is the highest
form of research written work performed in the
process of studying at a university. It is final stage of
training and it shows the professional level of the
master’s student, his ability to competently solve
theoretical and practical problems. The first
requirements for the author of the thesis: complete-
ness of coverage and depth of the scientific analysis
of the problem under study; the ability to come up with
theoretical generalizations, draw practical
conclusions, make reasoned recommendations and
suggestions; logically consistent presentation of the
material; validity of proposals for improving the legal
regulation of the relations under consideration and
the practice of implementing legal norms; use of
reliable facts and regulations in force in the latest
edition; possession of modern methods of searching,
selecting, processing and using materials of
information legal databases; skilful defense of his
position on the issues of discussion of the topic of the
master’s thesis.

id

Moreover, it seems essential to normatively fix the
basic requirements for the master’s thesis and its
execution (and for the faculty to clarify its main
differences both from the theses of specialists and
Ph.D. (Law) theses), content and depth of the study.
Discussion is often caused by the measure of
independence of the research activity of the master’s
student in the framework of the defended thesis, the
criteria for evaluating its results, the nature of
publications in scientific editions, speeches at
scientific and practical seminars and conferences.
Quite a few questions arise with regard to the signs of
the scientific novelty of the study, its main provisions,
brought to the defense.

It is indisputable that there is a need for stricter
requirements for training of highly qualified specialists
and for establishment of order in the process of
awarding academic degrees and titles. But this does
not give us grounds for breaking the entire Russian
system of training scientific personnel (any reform
should lead only to the improvement of the system).
In the present conditions, the responsibility for
awarding academic degrees naturally moves to the
level of dissertational councils, as well as universities
and research institutes under which they are created.
And it is important to realize: the reputational
responsibility of all persons involved in the defense of
theses increases.

In our country so far, only every third or fourth
graduate of Ph.D. studies goes to the defense of
the thesis and is awarded, in case of its success,
the scientific degree of Ph.D. The Federal Law «On
Education in the Russian Federation» does not fix
the defense of the thesis at the end of Ph.D. studies
as an obligatory element. It is obvious that the state
should stimulate universities and Ph.D. students to
make every effort to achieve the desired goal -
preparation and public completion of a qualitative
scientific work. And for this, I think, it would be much
more cost-effective to reduce the number of Ph.D.
students, while increasing the scientific
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effectiveness of Ph.D. studies. Improving the quality
of scientific research could also be facilitated by
introduction of an analogue of the accepted in the
West academic degrees of DBA (Doctor of Business
Administration) and DPA (Doctor of Public
Administration). This would probably help relieve
the scientific community of the excessive pressure
of the current numerous applicants for academic
degrees from the sphere of both large-scale
entrepreneurship and public administration to
dissertational councils.

Currently, all scientific articles, abstracts, course
and final qualification works, graduation works and
theses are subject to preliminary verification of the
originality of their text by the network information
systems «Antiplagiat». At the same time, it is
necessary to speak, firstly, about limited possibilities
for improving the quality of scientific research through
such a system. Secondly, their generalized name
«Antiplagiat» is unsuccessful and illegitimate, it is not
based on copyright. They help to identify the identity,
the originality of the texts being checked, the
autonomy of the author’s work, but not always the real
plagiarism — for example, because these systems
recognize texts as being not identical or not original
if they contain quotations or their presentation in
compliance with all citation rules, regulatory legal
acts, as well as acts of the application of law,
fragments of previously published or defended own
works (texts on which the ultimate author’s scientific
idea is often based).

Meanwhile, let’s not forget that any legal scientific
work includes, among other things, analysis of
normative legal acts and acts of application of law.
Andwhy does retelling and development of one’s own
thoughts deprive the researcher of «authorship»,
casts doubt on the originality, the ownership of the
texts?

The main shortcoming of verification information
systems is their imperfection, expressed primarily in
purely mechanical identification of content of disunity,
illegality of criteria for its evaluation. Which of these
systems can be fully used and what is their own
quality? Or, for example, what should be the minimum
percentage of originality of the text of scientific work,
loan words, citation and where is it defined, in which
normative legal act? What is the degree of validity of
monitored indicators?

In our universities, research institutes and
publishing houses, the attitude towards these
indicators is quite ambiguous, they use different
systems for checking the identity of texts that are not
certified in accordance with the procedure established
by federal law. Under existing conditions, a formal
evaluation of originality of scientific works often
prevails over other, more significant (in my opinion)
criteria for their quality. In addition, it is no secret that
in order to achieve the set goal (for example, the
successful defense of a graduation work or a thesis),
applicants often go to immoral and illegal actions,
namely, either they shamelessly write off all or a
significant part of the data used, or purchase on a
already widely developed market works written by
«voluntary assistants». Moreover, the faculty of the

institutions participating in this cannot, and sometimes
does not want (often self-centeredly) to effectively
resist them.

Conclusions. Undoubtedly, the proposed
measures to improve the verification of the results of
all types of educational and research activities will
help to establish proper order in the work of higher
education, but this seems to be insufficient — first of
all, a significant improvement in the moral and
psychological climate is needed among both the
students themselves and teaching staff.

As for the use of the information systems
«Antiplagiat», they need to be tested as much as
possible and fixed at the legislative level. It is
necessary to determine what should be the minimum
permissible percentage of originality, the identity of
the text of the scientific work being checked, the level
of loan words and quoting in them for a particular
assessment of the quality of the research, taking into
account the specific nature of the science to which it
relates. These indicators should be reasonably
justified, and here scientists and practitioners of the
relevant field of knowledge are obliged to say their
weighty word.
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BECIJIATHbIE NEPEBO3KWU BOJIEJIbLLUNKOB KYBKA
KOHDEAEPALUUU FIFA-2017

15 wrons 2017 roga Ha POCCHIICKHX IKeJIe3HBIX
JIOPOrax CTapTOBAIM GeCILIATHbIE IIePeBO3KH 00J1eb-
mmkoB Kyoka Kondenepamuii FIFA-2017 noe3namu
JajbHero cienoBanud. Tak, 15 wioHs B peiic oTnpa-
BWJIKCH JIBA 0€3/1a ¢ 0ojebiuKamMu, a 16 mons —
emé 9 noe3nos.

HamomHuM, 1151 TpaHCTIOPTHOTO 00ECTICUECHUST
¢yrooabHoro typuupa OAO «PXJI» coBmecTHO
¢ AHO «TpancmoptHas aupexius-2018» 6bL1
pa3paboTaH U YTBEPKICH rpaduK IBUXKEHUS Iac-
caxXupckux noesnoB Ha nepuona Kyoka Kondene-
paumit FIFA 2017 roma. CorylacHO TaHHOMY rpa-
GuKy, ¢ 15 uoHS 1o 4 U MEXIy ropogaMu-
opraHM3aTopaMy COPEBHOBAHMI ITO IIIECTH MapIi-
pyTam KypcUpyloT 262 MOMOJHUTEIbHBIX MTOe3/1a,
Ha KOTOPBIX OYyIyT OeCIIaTHO MepeMeniaThest 60-
nenbIMKy. IToe3na cocTosT U3 KyIeiHbIX BATOHOB,
BaroHa-pecTopaHa, a B ITaOHOM BaroHe HaXOIuT-
sl CrieLiMaIbHOE KYTIE /151 MAJIOMOOMIbHBIX FPaX-
naH. KyrmeitHbie BaroHbI TOCJASIHUX JIET TOCTPOIi-
K1 000pYI0BaHBI 9KOJIOTUIECKH YUCTHIMU OUOTYa-
JIETHBIMM KOMILTEKCAMM M CCTEMaMU KOHIUIINO-
HUpPOBaHMs Bo3myxa. Ha HeKoTOphIX MapIipyTax
KYPCUPYIOT COCTaBBI M3 IBYXATaKHBIX BATOHOB.

Xoaauarom «P2KJI» yckopeH psii THEBHBIX
M HOYHBIX MOE3[0B, KYPCUPYIOIIUX MEXIY ropo-
MaMM-y4acCTHUKaMU COPEBHOBAaHMIA, a TaKxke
MOATOTOBJIEHBI 23 XeJIe3HOAOPOXHBIX BOK3ajia
B ueTbipéx ropoaax Poccun: Mockse, Cankr-Ile-

Tepoypre, Coun u Kazanu u npyras maccakupckasi
UHGPACTPyKTypa.

MHocTpaHHBIM TpakiaHaM Ha BoK3ajlax Oymer
OKazaHa BCECTOPOHHSAST MH(pOpMallMOHHAs IO~
nepxkka. C 3TOM 1e/1bl0 Ha aHTJIMMCKUM SI3bIK Te-
peBeleHbl HaBUTAIIMOHHBIE yKka3arenu. Kpome
TOTO, ABYSI3bIYHBIMU CTaJIM BCE COOOIIEHUS IO
rpOMKOroBopsiiei cBs13u. BoloHTepbl co 3HaHUEM
AHTJIMIACKOTO SI3bIKa TTOMOTYT OOJIETBIIIKAM COPH-
E€HTUPOBAThCS HA BOK3aJIaXx U B ropoje. B neHb Ha
JIeXKypCTBE OyeT HaxoauThes 0osee 340 BojioHTe-
pOB.

Ha tepputopun Bcex BOK3aJIbHBIX KOMILTIEKCOB
opraHusoBaHa 0e30apbepHas cpeaa il epeaBu-
JKEHUST MAJIOMOOWIIBHBIX TPYTITT HACEJIEHUS: yCTa-
HOBJICHBI MAHAYCHI, TU(THI ¥ CIIELIMAIbHbIC TOIb-
€MHUKHU, OTKPBUINCH YIOOHBIE Kacchl. PaboraioT
cIienabHbIe MeCTa OTIbIXa U CAHUTAPHBIE KOM-
HaTbl. C1aboBUASIIME TTACCAXKUPBI MOTYT OPUEH-
THUPOBATHCS C TOMOIBIO SIPKO-3KEJITOIN TAKTUJIbHOM
TUTATKA. JITOISIM ¢ OTpaHUYEHHBIMKY BO3MOXKHOCTSI-
MM OKa3bIBaeTCsl AOMOTHUTEIbHAS KBATU(DUIIUPO-
BaHHas MOMOIIlb.

TlepcoHasm BOK3aJIbHBIX KOMIUIEKCOB TTPOIIIE]T
MHTEHCHUBHYIO MOJATOTOBKY MO paboTe C yBeJIMUEH-
HBIM MACCaKMpPONOTOKOM, MHOCTPAHHBIMU TPYII-
namMu OOJICTBITMKOB U MaJIOMOOMJIBHBIMU TTacca-
KUPaMHU.

ITo marepuanam npecc-cayxob1 OAO «PXK/1» @

FREE LONG-DISTANCE TRAIN TRANSPORTATION FOR FANS
ATTENDING FIFA-2017 CONFEDERATION CUP

Russian Railways has begun providing long-distance
train transportation free of charge to fans of the
FIFA-2017 Confederations Cup.

On 15 June 2017, the Company laid on two trains
to carry fans to their matches and 9 more trains on 16
June.

In order to provide transport support during the
upcoming competitions to be held in 2017 and 2018,
Russian Railways, together with ANO Transport
Directorate-2018, developed and approved a passenger
train timetable for the period of the FIFA 2017
Confederations Cup.

In accordance with this timetable, the Company
will run 262 additional trains on 6 routes between the
competition’s four host cities and transport fans free of
charge from 15 June to 4 July 2017.

Trains will consist of compartment cars and a dining
car, while the staff car will have a special compartment
for low-mobility citizens. Double-decker carriages will
run on some routes.

Compartment carriages built in the last few years
are equipped with environmentally-friendly bio-toilet
complexes and air conditioning systems.

The RZD Holding has also accelerated a number
of day and night trains running between the cities
participating in the competitions and in addition

undertaken special preparations at 23 railway stations
in four Russian cities: Moscow, St. Petersburg, Sochi
and Kazan. In addition, it has adapted other passenger
infrastructure.

Comprehensive information support will be
provided to international visitors at the stations.
Direction navigation signs have been translated into
English and all messages broadcast on the PA system
will be bilingual. Volunteers with a knowledge of English
will help fans orient themselves at the stations and in
the city. On match days, more than 340 volunteers will
be on duty.

In addition, there is a barrier-free environment for
the movement of low-mobility groups of people on the
territory of all the station complexes. Ramps, elevators
and special lifts have been installed and convenient
ticket offices set up. There are also special recreation
areas and sanitary rooms. Bright yellow tactile tiles help
guide visually impaired passengers. Additional qualified
assistance is provided to people with disabilities.

The personnel of the station complexes have
undergone intensive training to work with increased
volumes of passengers and with foreign fan groups and
low-mobility passengers.

Based on press releases of JSC Russian Railways @
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Intertype Relationship within the Crew
(TEeKCT cTarbu Ha aHrJl. 3. —
English text of the article — p. 229)

AHanu3unpyroTcs pe3ynbtatbl
3KCrMepuMeHTOB, KOTOPbIe NMPOBOASATCS
aBTopom ¢ 2004 roga no HacTosiLjee
BpewMsi ¢ nNpogeccmuoHasibHbIMU
nuaoramMu U cTtygeHTamu YHuBepcuTeTa
rpaxxgaHckou aesmaymn. Llensio
uccnegoBaHus Obisia NPoBepKa
BO3MOXHOCTU UCIOJIb30BaHNS
COLMOHNYECKOV MOAEIN UHTEePTUIMHBIX
OTHOLLIEHWNI C UCIOJIb30BaHNEM TeOopuii
B. B. I'yneHko uT. A. LlynbmaHa

4151 oyeHkn apPeKTUBHOCTHU
B3aumonzenicTBus B ABYXY/I€HHOM
aKunaxe sieraTtesibHOro annapara.

B kayecTBe KpUTepusi UCNoJIb3yIOTCS
AaHHble KOCBEHHOV COLNOMETPUMN.
lMpuBoasaTca cratucTu4eckne
KpuTepunasibHbie 3aBUCUMOCTU. CTaTbs
npoaosKkaeT paHee Ha4aTylo Temy (Cm.
«MT», 2014, N° 5 n «<MT», 2016, N2 1).

KnroueBbie csioBa: rpaxaaHckas aBuaLms,
aKUMax seTatesIbHOro annapara,
B3aUMOLAEiCTBUE MUIOTOB, MHTEPTUIHLIE
OTHOLLIEHUS, COLMOMETPUS, YrpaBIeHne

pecypcamu aKunaxa.
|
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OBPASOBAHVE VI KAL

UHTepTUnHblie OTHOLUEHUS
B 3KMMaxe

Maauweeckuii Aaexceii Baaepveeuu — kanduoam
mexHuuecKux Hayk, douenm kagheopul «Jlémnas
KCnAyamayus u npogeccuoHanvHoe obyuerue
asuayuonnoeo nepcornara» Cankm-Ilemepoypeckoeo
20Cy0apcmeeHH020 YHUBepCUmema epajicoanckoi
asuavuu (CII6I'Y TA), Cankm-Ilemepbype, Poccus.

efoBeveckuii paktop [1] — ato mpu-

yuHa 80 % Bcex aBUALIMOHHBIX MPO-

WCIIeCTBUN. Pa3myHbIe Iy TH CHUKE -
HUs HeraTuBHOTO BusiHus YD Ha Ge3omnac-
HOCTb MOJIETOB paccMaTpuBaIUCh B paboTax
[2—4]. OnuH 13 Takux MyTeit, a UMEHHO T10-
BbIlIeHNE 3P HEKTUBHOCTU B3aUMOICUCTBUS
B DKMITaXe JieTaTeabHOTO ammaparta (JIA),
Halén orpaxxkenue B padorax [4—11]. B nan-
HOW cTaThe, SIBJISIIONIECS TTPOJOKeHUEM
WCCJIeIOBAHMIT aBTOPA U APYTUX YIEHBIX YHU -
BepCUTETA TPaXKIaHCKOW aBUAllMK, KOTOPhIE
ObLIM OITyOJIMKOBaHBI B Tpyaax [S—11], uccrne-
JTyeTcsi 0COOEHHOCTh OLIEHKU 3 (MEKTUBHOCTH
B3auMOJIeicTBUsI B aKumaxe JIA Ha ocHOBe
COLIMOHUYECKOTO MOAXO0/1a, TO €CTh C UCTIOJIb-
30BaHUEM TE€OPUU MHTEPTUITHBIX OTHOIIIEHU
(NO).

ITpu 5TOM, MOCKOJBKY PeUb UAET O COLUO-
HUKE, €CTECTBEHHO, pACCMaTPUBAETCS TOJIBKO
MHOOPMALIMOHHBII aCTIeKT B3aUMOICUCTBUS
MexXay JoabMu. M KpoMe Toro pe3ysnbTaThl
ucclieloBaHUi, OMyOJMKOBAHHbIE paHee
[5—11], HOCAT HECKOJBKO MPOTUBOPEUYNBBII
xapakTtep. Tak, HanpuMmep, MPU UCITOTH30Ba-
auu MO, mpemnoxennsix B. B. Iynenko [12],
aBTOPOM OBUIO BBISIBJIIEHO JIUIIIb HETATUBHOE
BJIUSTHUE HECOBIMAIECHUS Y MCITBITYEMBIX pa-
IIMOHAJLHOTO M MPPAallMOHAJILHOTO Havaja,



Ta0imuna 1

Pe3ynbraTsl 3KcnIepuMeHTOB M TeopeTndecKue nporuo3sl no I. A. Ilyabmany [14]

TUM IIporxHos PesybraThl 9KCIIEPUMEHTOB
no [A. Illyaemany
KommuectBo otpu- | Janusie us [11, c. 231] Hosbie nantbie 2016 roma
LIaTeJIbHBIX 3HaYe- (823 mapmr) (895 map)
HUH KOSQOUUMEHTA | Cyniva panros wist Panrno | CyMMa paHroB JUlsl J1aH- Pamur o
S0z (I 1A 1 e [l nannoro TUM o pe3yab- | Horo TUM 1o oTaenbHbIM pe3yJbTa-
unTeHCBHOCTH MO | e npnpiv cocTapns- | Tatam cocrapnsiionumM CMUO cero | Tam aKcre-
[14, c. 37] oM CMMUO c ero 9KCITEPU- | yUacTUEM pUMeHTa

yyacTieMm MeHTa

CJID 0 1 700 1 464 2

JICD 1 2 756 2 1400 11

nis 12 13 849 3 1557 15

CJIn 9 10,5 979 4 660 4

JIND 4 5 994 5 1504 13

2CH 2 3 1019 6 439 1

JICHN 7 8,5 1090 7 1561 16

CBD 3 4 1136 8 591 3

COHU 11 12 1215 9 1236 9

NIn 13 14 1231 10 788 5

DUD 5 6,5 1267 11 1552 14

JINN 9 10,5 1277 12 1155 8

2CU 5 6,5 1288 13 1357 10

4(CIC] 15 16 1298 14 795 6

DUU 7 8,5 1437 15 1500 12

nsun 14 15 1449 16 1098 7

3nech: JICD — noruko-ceHcopHbIii 3KcTpaBepT; JICU — tornko-ceHcopHblii nHTpoBepT; JIMND — noruko-
MHTYUTUBHBII 9KcTpaBepT; JIMU — 10rMKo-UHTYUTUBHBIM MHTpOBEPT; DCD — 3TUKO-CEHCOPHBII SKCTpaBepT;
DCHU — 3TMKO-CEHCOPHBIi UHTPOBEPT; DD — 3TUKO-MHTYUTUBHBIN 3KcTpaBepT; DUU — sTuKO-uHTYN-
TUBHBIN UHTpOBepT; CJID — ceHcopHo-tornueckuii akctpasepT; CJIM — ceHCOpHO-TOrMUeCKUit MHTPOBEPT;
WJID — uHTYyMTUBHO-JTOTMYeCKUit 9KcTpaBepT; IV — MHTYUTUBHO-JTOTMYeCKUit MHTpoBepT; CDD — CEHCOpPHO-
3TUYECKUI aKcTpaBepT; COU — ceHCOpHO-3TUUYECKU I UHTPOBEPT; MDD — MHTYUTHBHO-3TUUECKUIT IKCTPaBEPT;

NDU — MHTYUTUBHO-3TUYECKUIT UHTPOBEPT.

TO €CTh HECOBIMAIEHMS 110 IICUXOJIOTMYECKOM
nuxoromun (I1J]) «palioHaIbHOCTb-Uppa-
moHanbHOCTh» (P/W). B kauecTBe mpoBepou-
HOTO IToKa3aTeJis IJIsI CpaBHeHUsI ObLila B3sTa
HopMatuBHOCTh (N), omnpenensemMast o Me-
tonuke A. M. Otkunpa [13].

W3 cymiecTByOIIMX B3IJISIIOB Ha TEOPUIO
MO naubosee mpoayKTUBHBIMU MPEICTABISI-
1otcsa HekoTopeie uaeu I. A. Illynpmana [14].
Y4€Hblii MepBBIM BbICKA3aJl KpaiiHe JOrnd-
HYI0, HaJo IoJiarath, uueto o ToM, yto MO
cymectByeT oTHIOAb He 16. Cam Lllynpman
HasbIBaJI YMCJI0 256 ¥ HEOOOCHOBAHHO ITPH-
MUCBIBAJl aBTOPCTBO JaHHOI uaeu A. Ayryc-
TuHaBM4iOTE |14, ¢. 37] (B padore [10] moka-
3aHO, YTO 3TO He TaK). OIHAKO, YUUTBIBAsI, YTO
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OTHOIILICHUSI, HAIIPUMEP, STUKO-CEHCOPHOIO
BKCTpaBepTa C UHTYUTHBHO-JIOTMYECKUM MH-
TPOBEPTOM 3TO a0COJIIOTHO TO XK€ CaMOe, UTO
OTHOIIECHMSI UHTYUTUBHO-JIOTMYECKOIO MH-
TPOBEPTA C ITUKO-CEHCOPHBIM SKCTPABEPTOM,
TO MHTEPTUITHBIX OTHOILIEHUIA OYIeT BCE-TaKK
Jmib 136.

Cor1acHO TUII0Te3€, BBIIBUHYTOM B MOHO-
rpacpum [11], coBnageHue no aoo60i u3 I/
MPEeAIOYTUTEIbHEE HECOBNAACHUS, YTO
B OIIpeIeIEHHOM Mepe Ha TOT MOMEHT IO/~
TBepxkaanock. B padore [11] nng 823 map,
o0Opa3oBaHHBIX U3 81 yedoBeKa, aBTOPOM
OBLIM pacCUMTaHbl COLMOHMYECKNE MOICIN
MHTEePTUITHBIX oTHoIeHuit (CMMUMO) ¢ uc-
nonab3oBaHuem MO 1o B. B. [ynenko [12], Ho



Taoumuna 2

Cylea PAaHroB MO B 3aBHCHMOCTH OT COBNAJICHUA WM HECOBNIAACHUA MO OTACJIbHBIM
NCHUXO0JIOTHYECKNM TUXOTOMHUSIM

na /U J1/3 C/n P/U
ITo nanHeiM 13 [11], Ha Gaze CoBnazneHue 8937 9217 8833 4883
823 map HecoBnaneHue 9048 8768 9152 13102
[To nanubvM u3 [10] CoBrajieHue 9005 9559 8825 5407
Hecosnanenue 8854 8300 9034 12452
Tlo 1aHHBIM HOBOTO 3KCIIEPU- CoBnageHue 8419 8719 8889 8011
MeHTa Ha base 895 nap Hecosnazenne 9238 8938 8768 9646

o BceM 256 MO o I. A. Lllynemany. danee,
HCIOJIb3Ys B KAaYeCTBE KPUTEPUSI TSI OLICHKU
3G GEKTUBHOCTH B3aMMOIEHCTBUS B Mape
HopMaTUBHOCTD (N), onpeneséHHYIO Mo Me-
toauke A. M. Otkunaa [13], Ob11 0003HaUEeH
paHr kaxmporo u3 256 MO. 3arem gaHHbIE
paHru ObUTA TTPOCYMMUPOBAHBI JIUIST KAXKIOTO
u3 16 TunoB MHGOPMALMOHHOIO META00JIM3-
ma (TUM) [11, 15] ¢ uenbio HaWTU, IS Ka-
koro u3 TUM oTHolLLeHUSs ¢ APYTUMU TUTTAMU
HauboJsiee «<koM(popTHBI». [TomydeHHbIe Mpu
5TOM pe3yJIbTaThl IPeACTaBIeHbI B Ta0. 1, rie
HauMeEHbIIIasi CyMMa PaHTOB COOTBETCTBYET
HauOOoJIbIIeH cTerIeH KOM(MOPTHOCTH.

IIpy cyMMUpOBaHUU paHTu 16 TOXIECT-
BeHHBbIX MO yYMTHIBAJIUCh OJHOKPATHO,
a paHru Bcex npounx MO ynBanBaiuch.

Mo Tabnuue K, (x0ohPpULMEHT MHTEH-
CHBHOCTU, MHTEPIPETUPOBAHHbBIN KaK KBa3K-
nudaropoBo pacCTOSIHUE MEXY «THe3AaMU»
THUM B «Ileproagnueckoii cucteMe COLMOHAa»
(ICC) [14, c. 37-39]) nas kaxnoro uz TUM
OBLIO TTOACYMTAHO KOJTMYECTBO OTPULIATEb-
HbIX 3HaYeHuit K, ncxons us npeanonoxe-
HUSI, YTO HAWBBICIIAST «KOM(POPTHOCTH»
B oTHoweHusx oyaeTy TMUM, y KoTopbIX Ta-
KOBBIX MEHBIIIE BCETO (peub, KOHEYHO, O He-
MOCPEICTBEHHBIX KOHTAKTaX, TTOCKOJIbKY TSI
paccMaTpuBaeMoii HaMU CUTYalliM, TO €CTh
B3auMoJeicTBue B nape (akunaxe JIA), xa-
pakTepHBI B MEPBYIO oyepelb MMEHHO OHHU,
a He KOHTaKThl OIMOCPEIOBaHHbBIE).

W3 cpaBHEHUST ABYX MOJYYMBIINXCS BbI-
OOPOK 110 KPUTEPHUIO PAHTOBOM KOPPESLIMU
CnupmeHa [16, c. 208—223] nmoay4yum 3Ha4u-
MYIO PaHTOBYIO KOPPEJISIIUIO CPEIHEN CUITBI
r,=0,5471 (nockonbky misin = 16 u p < 0,05
KPUTUYECKOE 3HAYCHHE Iy, = 0,5[16, c. 340]).

Tak Kak ¢ MOMeHTa U31aHust MOHOTpahuu
[11] mpo1i€n 3HaUnTENbHbIN NEPUOI, U ObLIN
HaKOIJICHbl MHOTME HOBBIE CTAaTMCTUUYECKUE
JIaHHbIE, aBTOPOM OBbLIM MOBTOPEHBI BHIYM -
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ciaeHus, 11s Apyrux 895 map, oGpa3oBaHHBIX
U3 72 yenoBek, AeHCTBYIONIUX MUJIOTOB U CTY-
JIEHTOB-ITWJIOTOB BBIMYCKHOTO Kypca (B pado-
Te [10] 3TU pe3ynbTaThl HE pacCMaTPUBAINCh,
U ¢ Bbibopkamu u3 [10] u [11] oHu He epece-
KawTcs). Pe3yabraThl mpeacTaBiieHbl B TAOJIM-
ue 1.

ITpu 3TOM U3 cpaBHEHUSI HOBOI BBIOOPKU
C MPOrHOCTUYECKON MO KPUTEPUIO PAHTOBOM
koppensguuu Crnupmena [16, c¢. 208—223]
MOJTyYUM JIMIIb HE3HAUMMY10, OUE€Hb CJ1ady10o
paHroByio KoppeJsiuuio rg = 0,1235. A npu
CpaBHEHUMU 3TOI HOBOI BLIOOPKHU C BEIOOPKOIH
u3 [11] paHroBasi KoppeJsiuusi U BOBCE MaJiasi:
r,=0,0676.

EnuHcTBeHHOE, UTO COBIAIAET BO BCEX TPEX
ciyyvasix (1 ¢ naHHbIMM [ 10] TOXKe) 9TO BbICOKAs
creneHb KompoptHoctu aiss TUM CJID. Tlo
MHeHu1o aBropa, TUM CJID neiicTBUTETbHO
JIOJIKEeH OBITh CAMbIM «KOM(POPTHBIM» ISl €70
HOCUTeJNIS. 3[1ECh Y HAC HET PacXOXIEHUI HU
¢ I A [llynemanoM [14], HU ¢ pe3yabraTamu
000X 2KCcrepuMeHTOB. [lanee cTouio Obl
MOCTaBUTh (HO HE BITOJHE MOHSTHO, B KAKOM
nopsake) takue TUM, kak JICD, JIND, CH,
JICU u CJIN. Tyt, ogHaKO, HAUMHAIOTCS pac-
xoxaeHust yxke u ¢ I. A. lllynbmaHoMm, U ¢ pe-
3yJiBTaTaMU 9KcrnepruMeHToB. Hanbonee Hesic-
HbI MOTUBBI, 0 KOTOpbIM LIly1bMaH 1OBOJBHO
«BbIcOKO» B IICC mocraBun TUM BUMN,
«MpsIMO TpoTuBoOIMoJOXHbIH» TUM CJIBD.
YV Hac oH oka3aJicsl «<HeKOMMOpTeH» 1 O TEO-
pUM, U Ha MPaKTUKE, U 10 pe3yJibTaTaM BCeX
BKCIEPUMEHTOB, BKtovas [10].

W3 naHHOrO 9KCrepuMeHTa MOXHO TaKXKe
OLIEHUTb U KOM(MOPTHOCTh pazaudyHbix MO
Mpy B3aUMOIEUCTBUM B Mape, aHAJIOTUYHO
TOMY, KaK 3TO OLIeHMBaNIoCh B [5—11], HO yXe
¢ npuMeHeHuem noaxoga I. A. Illynbmana
[14].

B Tabnuiie 2 mokazaHo, KaK 3aBUCUT CyM-
Ma PaHTOB OT COBITAJCHUSI WM Xe HeCOBIa-

Manuwescknin A. B. UHTepTUNHbIE OTHOLLEHUS B 3KUMNaXxe
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Panru «komdpopraocT» O no nporuno3y [11], pesyasraTtam odcienoBanus 2255 nap nuioTos,
o0pa3oBaHHbIX n3 343 yeoBek [9], u mo manabM 3KcnepumenToB 2016 roxa [10] u HoBoro, Ha
0a3e 895 map, cocTaBJieHHBIX H3 72 YeJI0BEeK

MO no B. B. Iynenko [12] Pesynbrarel akcriepumenToB 2016 romxa Panr no
JAHHBIM

Ne |MO[12] PaHr o W3 [10] Hosbiit skcnepument | [9]

MPOTHO3Y

[11]

gﬂ“ﬁi Wrorosbiit | Cymma HToroBbiit

paHr paHroB paHr

1 TOXIECTBO 1111 |1 773 7 975 3 4
2 KBa3UTOX/IECTBO 1110 1586 13 1132 10,5 11
3 | palMopoICTBO 1101 |3 806 8 970 1,5 1
4 | pamosakas 1100 |11 1628 15 1098 9 10
5 | uppaunoponaCTBO 1011 |2 590 2 982 4 3
6 | mppammosakas 1010 |10 1462 10 1160 12 12
7 | Cynepdro 1001 |4 642 4 970 1,5 2
8 |akTuBauums 1000 |13 1518 11 1132 10,5
9 | HeiiTpanu3anus orer |7 742 5 1040 7 8
10 |3epkajibHOCTH 0110 |12 1598 14 1246 13 15
11 | paunomupax 0101 |6 770 6 998 5 5
12 | uppaunopesusust (0100 |14 1656 16 1260 14 14
13 | uppaunoMupax 0011 |5 626 3 1052 8 7
14 | paunopeBu3us 0010 |15 1448 1302 15 16
15 | nyanuzauust 0001 |8 458 1 1024 6 6
16 | koHbIUKT 0000 |16 1556 12 1316 16 13

JIEHUST B TIape UCITBITYEMBIX IO OTAETbHBIM
ncuxonorudyeckum auxoromusm (IT11): skc-
TpaBepcust / uHTpoBepcus (B/U), noruka /
atuka (JI/D), ceHcopuka / uatyunms (C/N)
M palMOHaJIbHOCTh / UPPALIMOHAJIBHOCTD
(P/N). CoryacHo TumoTe3e, BIABUHYTOMN
B [11], coBnageHue no mawodoit uz I npex-
MOYTHUTEIbHEE HECOBIAJICHMSI.

OpmHako 1Mo pe3yJIbraTaM 3KCIIEPUMEHTOB
3TO OJTHO3HAYHO CITPaBEIMBO (M KaK YBUIUM
Jajee, OIMO0YHO CIIPABEUTMBO) TOJBKO ISt
A P/U, nns tpéx xe apyrux [1]1 runoresa
He BITOJIHE TIOATBEpAMIACh. [Ipyroe aeio, 4To
s [ B/U, J1/D u C/U, B otmmume ot T1/1
P/, monyyeHHBIE CyMMBbI pAHTOB COBITaIat0-
muxX 1 HecoBrnanaoimmnx MO oTHOCUTEIBHO
MaJIo pa3InJaroTcs.

TTo TaGnuiie 2 MOBOBHO CJOXHO OLIEHUTD,
kakue xe MO Haubonee komgpoptHbie. Co-
rJaacHo MporHosy [11], TaKOBBIMU JTOJIKHBI
ObLIM OBl OBITH TOXIecTBeHHBIe (1111), mmo
pe3yJibTaTaM 3KcrnepruMeHTa Ha 6a3e 823 map
HanboJiee KoMGOPTHBIMU A0JKHBI cTaTh MO
uppauuroponactsa (1011), mo naHHbIM U3 [10]
— uppanuomupaxusie MO (0011), a mo naH-
HBIM «HOBOTO 3KCIlepUMeHTa» Ha 0a3ze 8§95
nap — MO paumopoactsa (1101).
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OnHako B akcnepuMeHTe u3 [ 10] upparmo-
mupaxnbsie MO (0011), kak BUIHO U3 TaOIU-
16l 3, OKa3aJINCh JIMIIb Ha TPETbeM MECTe,
yerynuB ayaibHbiM MO (0001) 1 MO uppanmo-
ponctsa (1011). Hanbosbias KoMpOpTHOCTh
nyanbHbIx MO, pazymeeTcs, BIIOJHE COBIAIA-
€T C TCOPETUUECKIUMU MTPEITOChITKaMU A. Ay-
rycTuHaBuyioTe [15], HO IPOTUBOPEUYUT TU-
notese 3 MoHorpaduu [11], cornacHo KoTo-
poit onTUMaabHBIMU B aKkunaxe JIA Oyayt
toxaectBeHHble MO (1111), kak obecrieuu-
Balolle HaWJIy4lllee B3aMMOIIOHUMaHME.
Ecnm xe OpaTh pe3ysbraThl 3KCIIEPUMEHTOB
u3 [9] U «HOBOTO 2KCIEPUMEHTa», TO 31ECh
HauboJjiee KOMPOPTHBIMU oKazaluch MO
pauuopoactsa (1101) u Cynepdro (1001),
a B peaJibHOM aKcnepuMeHTe u3 [ 11] — pauno-
ponctBa (1101) u pyansHbie (0001).

Ecnu (mycTh 3TO U He BIOJIHE KOPPEKTHO)
CJIOKUTDb paHTU 13 TAOJULIBI 3 IO TPEM HeTle-
pecekawiumcs Boibopkam us3 [10], [9]
U1 «<HOBOTO 3KCIeprMeHTa» (Bbioopka u3 [10]
BKJIIOYAET B ce0s1 U BEIOOPKY B 823 maphsl U3
[11]), To HauboJee obelaloIUMU B TOPSIAKE
yobIBaHUSI KoMdopTHOCTU OyayT: Cyrnepdro
(1001), uppauumopoactso (1011), paunopo-
ctBo (1101), myanuzauus (0001), ToxxaecTBO
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BieE | Cpennnii panr 1O B 3aBUCHMOCTH OT COBIAI€HHS WM HECOBIAAECHUS
‘ v no oraeabHbM ITJI nma 823 map [11]
11 9/ 1D T C/ 171 P/1
o 2 =] ) 2 o o 2 o o B 2 o E
= S = = = 5 = E ° g = § o 5 2
E5|E5 |5 |58 |BQ|ze |58 |BES |22 |88 |58 %
g5 |5 SE|(SE|E5CS|8E|g3g8|E2|58 888 25
s8| x| &g2]| &8s EH| & & s 2 EH | s B s = EH | = 3
=3 =] == g = 8= | B E o =] E I E 2 a = E =
a 2 o @ o @ o 0 [ o =) @ = = o g =
Se |2 S 5|3 S S S S 3 SE|S2 S &
) = = = & |z &
C;}’i"a::“:ﬂrp‘[" 38,56 | 50,88 | 78,13 | 41,13 | 5525 | 66,81 | 30,75 | 86,31 | 15,05
|__oxcrpasepcun |
JuhigeYi’i He“"’n‘z[al;‘l{;e“" 53,00 | 69,06 | 91,63 | 56,13 | 71,47 | 83,69 | 41,56 | 102,91 | 35,38
C;’::;éf:”;;‘l" 73,69 | 85,00 | 96,44 | 72,06 | 87,81 | 92,44 | 47,19 | 117,31 | 58,31
C"B‘;‘;ﬁi’:e 101 38,56 | 53,00 | 73,69 43,75 | 5543 | 63,63 | 27,13 | 85,56 | 20,00
391 8) 7 Hem;‘]‘lal;‘;“e“" 50,88 | 69,06 | 85,00 56,56 | 69.69 | 82,06 | 37,38 | 101,69 | 33,25
C°B“:f:::e "ol 7813 | 91,63 | 96,44 76,56 | 91,19 | 98,88 | 59,19 | 120,50 | 57,63
C°::::::§:e“° 41,13 | 56,13 | 72,06 | 43,75 | 56,56 | 76,56 31,63 | 90,63 | 12,56
1 cm Hec";‘;”g;'e“ 5525 | 71,47 | 87.81 | 5543 | 69,69 | 91,19 4225 | 104,81 | 34,13
Col‘:gi‘;;zz"" 66,81 | 83,69 | 92,44 | 63,63 | 82,06 | 98,88 44,94 | 109,19 | 63,61
33‘;122‘:’:{2;‘; 30,75 | 41,56 | 4719 | 27,13 | 37.38 | 59,19 | 31,63 | 42,25 | 44,94
I P He“"l‘_[‘}?“f;”e“o 86,31 [ 102,91 | 117,31 | 85,56 | 101,69 | 120,50 | 90,63 | 104.81 | 109,19
Hpizxzfx’zz;‘c"m 15,05 | 3538 | 5831 | 20,00 | 3325 | 57.63 | 12,56 | 34,13 | 63,61

(13 [10], [9] u «<HOBOTO BKCIIEPUMEHTa») TI0
KPUTEPUIO paHToBO# Koppessiiinu CriupMeHa

(1111), patmomupax (0101), uppaumoMupaxk
(0011) un Hetitpanuzauus (0111). Cpeauuit

YPOBEeHb KOMGMOPTHOCTHU (TaKKe B MOPSIIKE
e€ yObIBaHUs) oOecrmeuynBaloT: aKTUBALIUS
(1000), pauuosaka3 (1100), uppaumnosakas
(1010) u xBazuroxaectBo (1110), a oueHb
IUIOXUMU cTaHyT: pauuopesusus (0010),
koHGAuKT (0000), 3epkanbHocTh (0110)
u uppauuopenusus (0100).

W3 cpaBHeHUs MPOrHO3a U JTaHHBIX 110
TPEM BKCIHEPUMEHTaJIbHBIM BBIOOpPKAM

[16, c. 208—223] MBI BO Bcex 6 clTydyasx Imojiy-
YUM BBICOKO3HAYMMYIO PAHTOBYIO KOpPpEJIsi-
uuio. Ho nst Beioopku u3 [10] oHa okaxeTcst
0e3 BapuaHTOB cpenHei cuibl (rg = 0,6853,
r,=0,6647 ;= 0,6971), a Mexy BeIGOpKa-
MU U3 «HOBOTO 3KCIIEpUMMEHTa», a TaKXkKe
IIPOTHO30M KOPPEJISIIYsI OyIeT CIIBHOI.
bauke Bcero K mMporHo3y pe3yJibTaThl
«HOBOTO 3KcrnepuMeHTa» (rg = 0,9279),
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Taoamua 5

Cpennnii panr 1O B 3aBUCHMOCTH OT COBIIAJI€HUS WJIH HECOBNAIEHUS 10 oTAe bHbIM T1]1

s 895 map (2016)
15/ 119 [ 1 P
° 2 =] =] 2 o o 2 =} o B 2 o &
£=|3 2|2 5 £ 2 .| s ELlE8 | e 5 3
& ] ° ° 2 o o 2 = ] ] = e
=5 |85 |55 |52 |82 |5 |EE|E5|5E|5E|88 |58
RN 22 |3E|55|8:|8¢§|% cs|gs |55 58
s |EHg|S8|Sses|Ex|SE|S2|Ex|<s¢g s = sl <8
= a = = = =] =] E o a = E = == =] 5 =
a2 2 o ® I = o @ @ o o =] @m = s} 8 =
3% |38 SE|S 3 s s S S SE| S8 o &
© = = == &= &
Cosnazenme no 51,19 | 56,25 | 58,63 | 45,19 | 54,50 [ 68,13 | 103,19 | 56,25 | 6,63
OKCTPABECPCHHU
11 > | Hecosnazenue o 69,63 | 73,34 | 72,38 | 59,19 | 71,84 | 8581 [ 107,88 | 80,06 | 17,88
1 5/1
Cosnazenye no 81,00 | 76,38 | 70,13 | 61,38 | 75,81 [ 90,88 | 103,19 | 85,06 | 30,56
HHTPOBEPCHH
Cosnazenneno | 19 | g963 | 8100 52,63 | 66,88 | 85,06 | 88,63 | 82,88 | 17,06
JIOTUKE
1 J1/D He“’l‘i[rj‘:["‘?g”e“" 56,25 | 73,34 | 76,38 56,63 | 69,41 | 83,88 [ 108,38 76,72 | 17,50
C°B":f:::e 10| 58,63 | 72,38 | 70,13 59,06 | 6831 | 77,81 [ 122,38 | 65,13 | 20,88
Cosnanennenio | 4519 | 5919 | 61,38 | 52,63 | 56,63 | 59.06 98,19 | 55,75 | 1525
cencoprke
1 o | Hecosnazeunenio | o o6 | 5y 04 | 7581 | 66,88 | 69.41 | 68.31 107,69 | 75,09 | 16,13
micm
Copmanenneno | oo 13 | g581 | 90,88 | 8506 | 83.88 | 77.81 114,19 | 95,50 | 25.44
MHTYHIHHA
Coemanennenio | 143 19 1 197,88 | 103,19 | 88,63 | 108,38 | 122,38 | 98,19 | 107,69 | 114,19
DALlMOHAJIBHOCTH
171 P/ Hec"‘l’_lr;f/*;["e“" 56,25 | 80,06 | 85,06 | 82,88 | 76,72 | 65,13 | 55,75 | 75,09 | 95,50
Copmazenmenio | ¢ o3 | 1785 | 30,56 | 17,06 | 17,50 | 2088 | 1525 | 16,13 | 2544
HppanroOHaJIbLHOCTH

a HauboJiee TecHass KOPPEeISIIUsI MEXIY
pe3yjibTaTaMM «HOBOTO 3KCIEpPUMEHTa»
u naHHbIMU [9] (rg = 0,9662) (11 n = 16
np<0,01 KpuTnyeckoe 3HaUEeHUNE e 0,64
[16, c. 340]). To ecTb MPOTHO3 BBLITJISAUT
JIOCTaTOYHO oTpaBaaHHbIM. Ho aHanus mo-
JIYIEHHBIX PE3yJbTaTOB BBI3BIBAJ CYIIECT-
BEHHBIE COMHEHMSI.

TToaToMy OBLITO MCCIEAOBAHO APYTOe MPe-
MOJIOKEHHUE, O TOM, YTO HEOOXOIMMO YIUTHI-
BaTh HE TOJILKO COBIMAIcHHE MO0 HECOBIIAIE-
Hue no Toi uiu nHoi I1J1, HoO 1 To, Kakue
MMEHHO TICUXOJIOTUYeCKre (DYHKIIMU WU
YCTaHOBKY COBITAJIH.

B aToM ciydae Mbl iMeeM He 16 = 2x2x2x2
MO, a3x3x3x3 =81 MO, npuuém Koanm4yecT-
BO, TaK cKa3aTh, UCXOAHBIX MHTEPTUITHBIX
otHoteHuii o I A. [llynbmaHy B Kaxka0M U3
81 MO tumna He oguHakoBo. COOTBETCTBEHHO
MO3TOMY B Tabiuuax 4 u 5 yKa3blBaeTCs He
CyMMa paHTOB, a CPEIHUI paHT IO IpyIIIe
ogHoTUMHBIX MO ¢ yyéToM MX KOJUYecTBa.
W BoOT 31ech pe3ysbraThl MOJYIWINCH CYIIe-
CTBEHHO MHTEpECHEE.

PesynbraThl IBYX CXOTHBIX 9KCIIEPUMEH-
TOB «CTaporo» (tadauua 4), onmucaHHOTO
B [11] (823 mapsl, cocTaBieHHBIX U3 81 ye-
JIoBeKa), U «HOBOTO» (Tabjauua 5), mpo-
BeaénHoro B 2016 romy (895 map, coctaB-
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JICHHBIX U3 72 4e10BeK), COBIAIMU JajJeKo He
BO BCEM.

Hawubonee unTepeceH, nmoxanyit, pe3yib-
tat no 11 B/W. Tak, B «cTapoM» 3KCIIEpH-
MeHTe B 100 % cityyaeB coOBITafieHUE 10 9KC-
TpaBepcuu Jiydiie HecoBraaeHus o [T B/U,
HO TO B CBOIO OY€pe/Ib JIYUIlle, YeM COBITaIeHIEe
110 UHTPOBEpCHU. B «HOBOM» 3KCITEepUMEHTE
pe3yJIbTaT MpakKTUYECKU TOT XKe, 32 UCKITIoUe-
HHMEM JBYX CJIy4aeB: COBITaJicHUE TT0 UHTPO-
BEpCHUU TIPU COBMAJCHUM MO ITUKE JIyUllle,
yeM HecoBnanaeHue o [1J1 /U, Ho xyxe, yem
COBITaZIcCHUE 1O 9KCTPABEPCUU, a TAKXKE TTPU
COBITaZICHUM 110 PAIlMOHAILHOCTH; COBITAJIE-
HME 10 3KCTPAaBEPCUM U MHTPOBEPCHUU OIM-
HaKOBO Jyyliie HecoBmaaeHus o [ 5/U.

B «cTapom» skcriepumenTe Takke B 100 %
CJTy4aeB COBITAJICHUE TTO JIOTHKE JTy4IIIe HECOB-
magenus o I1/1 JI/D, Ho To B CBOIO ouepeab
JIydIiie, YeM COBIaIEHHE 10 3TUKE. B «<HOBOM»
SKCITEpMMEHTE TaKasl KapTHa HaOJI01aeTcst
TOJIBKO B UETBIPEX Cydyasix U3 AeBsITU. B Tpéx
ciydasix HaOomaeTcss odOpaTHast KapTUHa,
1 eni€ B ABYX COBMAACHUE 10 JIOTHKE JIyYIle,
YeM COBITaJIcHHE 110 3TUKE, a TO, B CBOIO OUe-
penb, aydie HecoBnaaeHust o [T JI/9.

W B «cTapoM», 1 «HOBOM» DKCIIEPUMEH-
Tax onsATb-Taku B 100 % ciyyaeB coBmase-
HUE 110 CEHCOPUKE 0Ka3aJIOCh JIyJIlle HECOB-




mageHusd o I C/U, HO TO OIATH XKe
0oKa3ajaoch Jyyllle, YeM COBMaJeHUE MO
WHTYUIIAN.

HauGosnbliive pacxoxxaeHus MEXITy ABYMSI
SKCIIepUMEHTaMU oKa3anuch mo I11 P/U.
B 06oux ciayuasgx B 100 % coBmnageHue 1o
UPPALUOHATIBHOCTH OKA3aJIOCh JTIy4IlIe HECOB-
nagenus o [T P/U. B «HoBoM» 3Kcmiepu-
MeHTe HecoBnanenue mo I P/U B 100 %
cllydyaeB 0Ka3aJoCh JIyyllle COBMAAECHUS MO
pPaOHAIBHOCTHU. A BOT B «CTapOM» DKCIIEe-
PUMEHTE TIPY COBIAZICHUSIX TT0 MHTPOBEPCUU
Y MHTYWUIIMW COBTAJIeHUE 10 palluOHAIbHO-
CTHU JIyYllle COBMAAEHUS MO UPPALIUOHATIBHO-
ctu, u B 100 % cinydaeB HecoBnaneHue 1o I1/]
P/ GbL10 XyKe COBMaJeHUSI.

BbIBO4bl

[enatb kakue-1100 OAHO3HAYHbBIE 3aKJTHO-
YEHUS, BUAUMO, MPEXAEBPEMEHHO, HO, YUU-
ThIBasi TOCTAaTOYHO OOJibIIME MPUMEPHO
OIMHAKOBbIE 110 OOBEMY U COCTaBY U HeTlepe-
cekarouuecs BbIOOPKHU, C OMpPeaeIEHHOU
CTEIEHbI0O YBEPEHHOCTU MOXHO TOBOPUTh
0 TOM, YTO TUITOTE3a, BbICKa3aHHAs B MOHO-
rpacdun [11] o IpeBocXoacTBe TOXKIECTBEH-
Heix MO, He monTeepauiack. KaptrHa siBHO
CJIOXHEE.

Bousee unu MmeHee yBepeHHO MOXKHO YTBep-
XKIATh O TOJIOXUTEJIBHOM XapakTepe COBIIa-
JIEHUIi TI0 9KCTPaBepPCUU, CEHCOPUKE, Uppa-
LIUOHAJIBHOCTHU U, B KaKOU-TO CTeNEHU, O
Joruke. Takxke MOXHO TOBOPUTH 00 OTpULIa-
TEJIbHOM XapaKTepe COBITAJEHUI MO MHTPO-
Bepcuu v UHTynIn. OIHAKO CIIeTyeT y4ecCTh,
YTO KOPPEJSLIMU TOCTATOYHO CJIa0ble U HOP-
MaTUBHOCTb KaK KpUTEPUIl CPaBHEHUS BapU-
AHT B TAaHHOM CJIyJae JaJIeKO HE ONTUMAasb-
Hblll. [ToaTOMYy TpeOyeTcs mpomoIkKeHne
WUCCJIEIOBAHUIA C LIEJIbIO TaJIbHEHIIIETO YIIy4-
IIEeHUS MOATOTOBKM sKUMaxei JIA.
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INTERTYPE RELATIONSHIP WITHIN THE CREW

Malishevsky, Alexey V., St. Petersburg State University of Civil Aviation, St. Petersburg State University

of Civil Aviation, St. Petersburg, Russia.

ABSTRACT

The results of experiments conducted by the
author from 2004 to the present with professional
pilots and students of the University of Civil Aviation
are analyzed. The purpose of the study was to test the
possibility of using a socionic model of intertype
relationships using the theories of V. V. Gulenko and

G. A. Shulman to evaluate the effectiveness of
interaction in a two-member crew of an aircraft. As a
criterion, the data of indirect sociometry are used.
Statistical criterial dependencies are given. The article
continues the previously started topic (see World of
Transport and Transportation, 2014, Iss. 5 and World
of Transport and Transportation, 2016, Iss. 1).

Keywords: civil aviation, crew of an aircraft, interaction of pilots, intertype relations, sociometry,

management of crew resources.

Background. «<Human Factor» (HF) [1] is the
cause of 80 % of all aviation accidents. Various ways
to reduce the negative impact of HF on flight safety
were considered in [2-4]. One of these ways, namely,
the increase in efficiency of interaction in the crew of
an aircraft was considered in [4—11]. This article
continues the research of the author and other
scientists of the University of Civil Aviation, which were
published in the works [5—11].

Objective. The objective of the author is to
consider the effectiveness of interaction in the aircraft
crew basing on the socionic approach, that is, using
the theory of intertype relations (IR).

Methods. The author uses general scientific and
mathematical methods, comparative analysis,
evaluation approach.

Results. Moreover, since we are talking about
socionics, naturally, only the information aspect of
interaction between people is considered. But the
results of the studies published in [5-11] are
somewhat contradictory. Thus, for example, using IR
proposed by V. V. Gulenko in [12], the author has
revealed only the negative influence of the discrepancy
of the rational and irrational beginnings of the persons
under tests, that is, the mismatch in the psychological
dichotomy (PD) of «rationality-irrationality» (R/1). As
a verification indicator for comparison, normality (N)
was taken, determined by the method of A. Etkind
[13].

Of the existing views on the theory of IR, some
ideas of G. A. Shulman [14] are presented to the
author as the most productive. G. A. Shulman first
expressed an extremely logical, in the author’s view,
the idea that there are not 16 IR. Shulman himself
called the number 256, and unreasonably attributed
the authorship of this idea to A. Augustinavichyute [ 14,
p. 37] (in work [10] it is shown that this is not so).
However, considering that the relationship, for
example, of an ethical-sensory extravert with an
intuitive-logical introvert is absolutely the same as that
ofan intuitive-logical introvert with an ethical-sensory
extrovert, then IR will still only be 136.

According to the hypothesis put forward in the
monograph [11], the match of any of the PD is
preferable to the mismatch, which was confirmed to
a certain extent at that time. In [11], for 823 pairs
formed from 81 people, the author computed socionic
models of intertype relations (SMIR) using IR
according to V. V. Gulenko [12], but for all 256 IR
according to G. A. Shulman. Further, using the
normality (N), determined by the method of A. Etkind
[13], as the criterion for estimating the effectiveness
of the interaction in a pair, the rank of each of 256 IR
was determined. Then these ranks were summed up
for each of 16 types of information metabolism (TIM)

[11, 15], in order to determine for which of TIM the
relationships with other TIM are most «comfortable».
The results obtained are presented in Table. 1, where
the lowest sum of ranks corresponds to the greatest
«degree of comfort».

(When summing, the ranks of 16 identical IR were
counted one time, and the ranks of all other IR were
doubled.)

According to the table C, (the intensity
coefficient interpreted as the quasi-spiragonal
distance between the «nests» of TIM in the «Periodic
System of the Socion» (PSS) [14, pp. 37-39]) for
each of TIM, the number of negative C, values was
calculated, based on the assumption, that the
highest «comfort» in the relationship will have TIM,
which have the least of them (we are talking, of
course, about direct contacts, since for the situation
we are considering, that is, the interaction in the
pair(the crew of the aircraft), they are primary ones,
and not the indirect contacts.)

From a comparison of two samples obtained using
the Spearman rank correlation criterion [ 16, pp. 208—
223], we obtain a significant rank correlation of the
mean force rg=0,5471(since forn=16and p < 0,05
the critical value r = 0,5 [16, p.340]).

Since a significant period has passed after the
publication of the monograph [11], and many new
statistical data have been accumulated, the author
has repeated the calculations for the other 895 pairs
formed from 72 active pilots and student pilots of the
final year of study (In [10] these results were not
considered, and they do not intersect with the
samples from [10] and [11]. The results are shown
in Table 1.

At the same time, comparing the new sample
with the forecasting by the Spearman rank
correlation criterion [16, pp. 208-223], we obtain
only an insignificant very weak rank correlation
r¢=0,1235. And when comparing this new sample
with the sample from [11], the rank correlation is
evenrg=0,0676.

The only thing that coincides in all three cases
(and with the data [10] too) is a high «degree of
comfort» for TIM SLE. According to the author, TIM
SLE really should be the most «comfortable» for its
carrier. Here we do not disagree with either
G. A. Shulman [14] or with the results of both
experiments. Further, the author would put (but not
quite clearly in what order) such TIMs as LSE, LIE,
SEE, LSl and SLI. Here the discrepancies begin
already with G. A. Shulman and with the results of the
experiments. The motives are most unclear to the
author, according to which G. A. Shulman put rather
«high» in the PSS TIM Ell, «directly opposite» to TIM
SLE?Inour country, itturned out to be «uncomfortable»
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Z q Table 1
1 Results of experiments and theoretical forecasts according to G. A. Shulman [14]
‘ Forecast
according to Results of experiments
G. A. Shulman
Data from [11, p. 231] New data of'the year 2016
(823 pairs) (895 pairs)
TIM ne;ﬁiﬁz of| Sum of ranks for ?:91) & Sum of ranks for 4090 3
. this type of TIM for |.§ < & | this type of TIM for |.§ < §
the coefficient CI o P © 8 . 2 29
o individual s = E individual 5z E
of relative intensity 3325 3325
of IR [14, p. 37] conmonepts .of g g & componeflts .of s 8 &
SMIR withits |5 o ®| SMIRwithits |5 2 ®
participation [~ participation | %
SLE 0 1 700 1 464 2
LSE 1 2 756 2 1400 11
ILE 12 13 849 3 1557 15
SLI 9 10,5 979 4 660 4
LIE 4 5 994 5 1504 13
ESE 2 3 1019 6 439 1
LSI 7 8,5 1090 7 1561 16
SEE 3 4 1136 8 591 3
SEI 11 12 1215 9 1236 9
ILI 13 14 1231 10 788 5
EIE 6,5 1267 11 1552 14
LII 9 10,5 1277 12 1155 8
ESI 5 6,5 1288 13 1357 10
IEE 15 16 1298 14 795 6
EIl 7 8,5 1437 15 1500 12
1EI 14 15 1449 16 1098 7

Here: LSE is a logical-sensory extrovert; LSI is a logical-sensory introvert; LIE is a logical-intuitive extrovert;

LII is a logical-intuitive introvert; ESE is an ethical-sensory extrovert; ESI is an ethical-sensory introvert; EIE is an
ethical-intuitive extrovert; EII is an ethical-intuitive introvert; SLE is a sensory-logical extrovert; SLI is a sensory-
logical introvert; ILE is an intuitive-logical extravert; ILI is an intuitive-logical introvert; SEE is a sensory-ethical
extrovert; SEI is a sensory-ethical introvert; IEE is an intuitive-ethical extravert; IEI is an intuitive-ethical introvert.

in theory, in practice, and in the results of all
experiments, including [10].

From this experiment itis also possible to estimate
the comfort of various IR in the interaction in a pair, in
the same way as was estimated in [5—11], but already
with the application of G. A. Shulman’s approach [14].

In Table. 2 it is shown how the sum of ranks
depends on the match or mismatch in a pair of
persons under tests according to individual
psychological dichotomies (PD) extraversion/
introversion (E/I), logic/ethics (L/E), sensorics/
intuition (S/1) and rationality/irrationality (R/I).
According to the hypothesis advanced in [11], the
match of any of the PD is preferable to a mismatch.

However, according to the results of the
experiments, this is unambiguously true (and as we
shall see later, it is erroneously true) only for the PD
R/I, for the other three PDs the hypothesis was not
fully confirmed. It is another matter that for PD E/I,
L/E and S/1, in contrast to PD R/I, the obtained sums
of ranks of coinciding and non-coinciding IR differ
relatively little.

According to Table 2, it is difficult to estimate
which IR are the most comfortable. According to the
prognosis [11], these should be identical (1111),
according to the results of the experiment on the basis
0f 823 pairs from the same [11], the most comfortable
should be the IR of irratio-relationship (1011),
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according to the data from [10] the most comfortable
should have been irratio-miragy IR (0011), and
according to the data of the «new experiment» on the
basis of 895 pairs — IR of irratio-relationship (1101).

However, in the experiment from [10], irratio-
miragy IR (0011), as can be seen from Table 3, were
only in third place, behind the dual IR (0001) and IR
of irratio-relationship (1011). The greatest comfort of
dual IR, of course, fully coincides with the theoretical
prerequisites of A. Augustinavichyute [15], but it
contradicts the hypothesis from the monograph [11],
according to which the identical IR (1111) will be
optimal in the aircraft crew as providing the best
mutual understanding. If we take the results of
experiments from [9] and the «new experiment», then
the most convenient are the IR of raio-relationship
(1101) and the Super Ego (1001), and in the real
experiment from [11] — ratio-relationship (1101) and
the dual (0001).

If(even ifitis not entirely correct) to add the ranks
from Table. 3 on three disjoint samples from [10], [9]
and the «new experiment» (the sample from [10]
includes a sample of 823 pairs from [11]), the most
comfortable ones in order of decreasing comfort are:
SuperEgo 1001), irratio-relationship (1011), ratio-
relationship (1101), dualization (0001), identity
(1111), ratio-mirage (0101), irratio-mirage (0011)
and neutralization (0111). The average comfort level
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Table 2

The sum of the ranks of IR, depending on match or mismatch
for individual psychological dichotomies

PD EN L/E S/ R/
According to the data from [11], Match 8937 9217 8833 4883
based on 823 pairs Mismatch 9048 8768 | 9152 | 13102
) Match 9005 | 9559 | 8825 | 5407
According to the data from [10] >
Mismatch 8854 | 8300 | 9034 | 12452
According to the data of the new Match 8419 8719 8889 8011
experiment based on 895 pairs Mismatch 9238 8938 8768 | 9646

Table 3

The ranks of «comfort» of IR according to the forecast [11], according to the results of a survey
of 2255 pairs of pilots, formed from 343 people [9] and according to experiments in 2016
from [10] and a new, based on 895 pairs, made up of 72 people

IR according to V. V. Gulenko [12] Results of experiments of the year 2016
Rank . Rank.
. From [10] New experiment | accordin
according
e IR [12] to the | Sumof Sum of glo the
forecast | ranks Final rank ranks Final rank | data [9]
1 [identity 1111 1 773 7 975 3
2 |quasiidentity 1110 9 1586 13 1132 10,5 11
3 |ratio-relationship | 1101 3 806 8 970 1,5 1
4 |ratio-order 1100 11 1628 15 1098 9 10
5_[irratio-relationship | 1011 2 590 2 982 4 3
6 |irratio-order 1010 10 1462 10 1160 12 12
7 |SuperEgo 1001 4 642 4 970 1,5 2
8 |activation 1000 13 1518 11 1132 10,5 9
9 |neutralization 0111 7 742 5 1040 7 8
10 |glassiness 0110 12 1598 14 1246 13 15
11 [ratio-mirage 0101 6 770 6 998 5 5
12 |irratio-revision 0100 14 1656 16 1260 14 14
13 |irratio-mirage 0011 5 626 3 1052 8 7
14 [ratio-revision 0010 15 1448 9 1302 15 16
15 |dualization 0001 8 458 1 1024 6 6
16 [conflict 0000 16 1556 12 1316 16 13

(also in descending order) is provided by: activation
(1000), ratio-order (1100), irratio-order (1010) and
quasi-identity (1110), and very bad will be: ratio-
revision (0010), conflict (0000), glassiness (0110)
and irratio-revision (0100).

From the comparison of the forecast and the data
from three experimental samples (from [10], [9] and
«new experiment») to the Spearman rank correlation
criterion [16, p. 208-223], we obtain a highly
significant rank correlation in all 6 cases. But for the
sample from [10], in all three cases it will be of the
mean force (ry=0,6853, r;=0,6647 andry=0,6971),
and between the samples from the «<new experiment»,
and the forecast, the correlation will be strong.

The results of the «new experiment» (rg = 0,9279)
are the closest to the forecast, and the closest
correlation between the results of the «new experiment»
andthe data of [9](r;=0,9662) (Forn=16andp<0.01
the critical value ry, = 0,64 [16, p. 340]). That is, the

forecast looks justified. But the analysis of the results
obtained raised considerable doubts.

Therefore, the author studied another assumption,
that it is necessary to take into account not only match
or mismatch in a particular PD, but also exactly which
psychological functions or settings coincide.

In this case, we do have not 16 =2 x2x 2 x 2 IR,
but 3 x 3 x 3 x3=81 IR, and the number of so-called
initial IR according to G. A. Shulman in each of IR81
type is not the same. Accordingly, therefore, in Table 4
and 5 not the sum of ranks, but the average rank for
a group of similar IR, taking into account their quantity,
is indicated. And here the results turned out to be
much more interesting.

The results of two similar experiments of the «old»
(see Table 4) described in [11] (823 pairs composed
of 81 people) and the «<new» (see Table 5) conducted
in 2016 (895 pairs compiled from 72 people) did not
coincide in all.
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/7 TV
,Z{#,_.. Table 4
1 The average rank of IR, depending on match or mismatch of individual PDs for 823 pairs from [11]
PD NI PD LE PD S/ PD R/
o s | £ s | £
H 5| & 2 s £ g
=2 |55 3 o < ] g5 E] 8
s8|8a|g:| = |25 2| 2 |24 2| & |55 |=2
2z| 5= kN = 0 = £ e -8 k= S0 |58
=% 5= 20§ | 25| & 5 |58 | 3 s | &= | 8¢
k| = = g g § 58 |=E
Match in extraversion| 38,56 | 50,88 | 78,13 | 41,13 | 5525 | 66,81 | 30,75 | 86,31 | 15,05
PD E/I | Mismatch in PD E/I 53,00 | 69,06 | 91,63 | 56,13 | 71,47 | 83,69 | 41,56 | 102,91 | 3538
Match in itroversion 73,69 | 85,00 | 96,44 | 72,06 | 87,81 | 92,44 | 47,19 | 117,31 | 5831
Matchinlogic | 38,56 | 53,00 | 73,69 43,75 | 5543 | 63,63 | 27,13 | 85,56 | 20,00
PD L/E | Mismatch in PD L/E | 50,88 | 69,06 | 85,00 56,56 | 69,69 | 82,06 | 37,38 | 101,69 | 33,25
Matchinethics | 78,13 | 91,63 | 96,44 76,56 | 91,19 | 98,88 | 59,19 | 120,50 | 57,63
Match in sensorics | 41,13 | 56,13 | 72,06 | 43,75 | 56,56 | 76,56 31,63 | 90,63 | 12,56
PD S/I | MismatchinPD S/ | 55,25 | 71,47 | 87,81 | 5543 | 69,69 | 91,19 4225 | 104,81 | 34,13
Match in intwition | 66,81 | 83,69 | 92,44 | 63,63 | 82,06 | 98,88 44,94 109,19 | 63,61
Match in rationality | 30,75 | 41,56 | 47,19 | 27,13 | 37,38 | 59,19 | 31,63 | 42,25 | 44,94
PDR/ | Mismatchin PDR/ | 86,31 | 102,91 | 117,31 | 85,56 | 101,69 | 120,50 | 90,63 | 104,81 | 109,19
Match in irrationality | 15,05 | 35,38 | 58,31 | 20,00 | 33,25 | 57,63 | 12,56 | 34,13 | 63,61
Table 5
The average rank of IR, depending on match or mismatch for individual
PDs for 895 pairs (2016)
PD E/l PD LUE PD S/l PD R/
=} =} =
5| 3 21|83 |2)|%
£ = L= g - g
8 g | & 5 2 E g B
2|55 gl = |85 = £ 3 = £ 5 | =3
= 3z | g = 2 <= ] <= < ] = = 5] = g
3 £a |38 S =) S S g el 5 g S .S
2E|lzZx |25 : | g~ K] g 2 g k] Z %
S5 |5 | 5= = = £ = = = = = = = E
Match in extraversion| 51,19 | 56,25 | 58,63 | 45,19 | 54,50 | 68,13 | 103,19| 56,25 | 6,63
PDE/I | Mismatch in PD E/I 69,63 | 73,34 | 7238 | 59,19 | 71,84 | 85,81 | 107,88 | 80,06 | 17,88
Match in introversion 81,00 | 76,38 | 70,13 | 61,38 | 7581 | 90,88 | 103,19 | 85,06 | 30,56
Matchinlogic | 51,19 | 69,63 | 81,00 52,63 | 66,88 | 85,06 | 88,63 | 82,88 | 17,06
PD L/E | Mismatchin PD LE | 56,25 | 73,34 | 76,38 56,63 | 69,41 | 83,88 | 108,38 | 76,72 | 17,50
Match inethics | 58,63 | 72,38 | 70,13 59,06 | 68,31 | 77,81 | 122,38 | 65,13 | 20,88
Match in sensorics | 45,19 | 59,19 | 61,38 | 52,63 | 56,63 | 59,06 98,19 | 55,75 | 1525
PD S/ | Mismatchin PD S/1 | 54,50 | 71,84 | 7581 | 66,88 | 69,41 | 68,31 107,69 | 75,09 | 16,13
Match in intuition | 68,13 | 85,81 | 90,88 | 85,06 | 83,88 | 77,81 114,19 | 95,50 | 25,44
Match in rationality | 103,19 | 107,88 | 103,19 | 88,63 | 108,38 | 122,38 | 98,19 | 107,69 | 114,19
PDR/ | MismatchinPD R/ | 56,25 | 80,06 | 85,06 | 82,88 | 76,72 | 65,13 | 55,75 | 75,09 | 95,50
Match in irrationality | 6,63 | 17,88 | 30,56 | 17,06 | 17,50 | 20,88 | 1525 | 16,13 | 2544
The most interesting, perhaps, is the result of the In the «old» experiment, also in 100 % of cases,
PD E/I. So in the «old» experiment in 100 % of cases  match in logic is better than mismatch in PD L/E,
match in extraversion is better than mismatch in PD  but that in turn is better than match in ethics. In a
E/I, but thatin turn is better than match in introversion.  «new» experiment, such a picture is observed only
In the «<new» experiment, the result is essentially the in4 casesoutof9. In 3 cases, the opposite situation
same, except for two cases: match in introversion with  is observed, and in two more match in logic, it is
match in ethics is better than mismatch in PD E/I, but  better than match in ethics, and then, in turn,
worse than match in extraversion, and also in match  mismatch in PD L/E.
in rationality, match in extraversion and introversion And in the «old» and «new» experiments, again in
is equally better than mismatch in PD E/I. 100 % of cases, match in sensorics turned out to be
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better than mismatch in PD S /I, but in turn it turned
out to be better than match in intuition.

The greatest discrepancies between the two
experiments turned out to be in PD R /1. In both cases,
100 % match in irrationality turned out to be better
than mismatch in PD R/I. In the «new» experiment,
mismatch in PD R/l was 100 % better than match in
rationality. But in the «old» experiment with match in
introversion and intuition, match in rationality turned
outto be better than match in irrationality, andin 100 %
of cases mismatch in PD R/l turned out to be worse
than match.

Conclusion. /tis probably premature to draw any
unequivocal conclusions, but considering the
relatively large samples that are approximately the
same in volume and composition and are non-
intersecting, it can be said with certain confidence
that the hypothesis stated in the monograph [11] on
the superiority of identical IR is not confirmed. The
picture is clearly more complicated.

One can assert more or less confidently about
the positive nature of match in extraversion,
sensory, irrationality, and, to some extent, logically.
One can also talk about the negative nature of
match in introversion and intuition. However, it
should be taken into account that the correlation is
rather weak and normative, as a criterion of
comparison, the option in this case is far from
optimal. Therefore, itis necessary to continue these
studies in order to further improve the training of
the aircraft crews.
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Crtartbs nocssiLeHa onbITy

opraHu3aLuun MeXXBy30BCKOIro
coTpyAHMYecTBa u napTHEpPCTBa,
UHTEepHauMUoHann3aunm ooyyeHus

v npenogaBaHusl HA UHHOBAaLMOHHOW
ocHose. Pypckuii ynusepcutet B boxyme
n3BecTeH He Tosibko B lfepmannn

cBoeli NPUBEP)XEHHOCTbIO NepesoBbIM
ob6pa3oBaTesibHbIM TEXHOJIOTUSIM,
cTpemsieHneM pa3BnBaTb MEXAYHapPOoAHbIe
CBSI3U, KY/IbTUBUPOBaTh COBMECTHbIE
y4ebHbie nporpaMmsl ¢ 3apybeXxHbiMu
napTHéEpamMmu, K KOTOPbIM Y)ke HeCKOJIbKO
ner otHocutcsi u MUUT. ABTop noka3sbiBaeT
0CO6EeHHOCTU UHTEPHaLMOHaNn3aunm
y4e6HbIX NporpamMmm, MOOUIILHOCTU
CTyAEeHTOB u npernogasaresieli, ooMmeHa
ucciefoBarTesIsiMU U X KOHTaKTOB

B Ha4asie kapbepbl. [Tpy aTOM OTAE/IBHO
oTMeyeHa npobsiema s13bIKOBOJ cpesbl

v e€ 3HavyeHue A7 ycriexa npernogasaHns
1 uccreno0BaTesibCKoN AesATe/IbHOCTN

B CTEeHax YyHuUBepcureTa.

Knovesbie cnoBa: yHuBepcutet, oby4eHve,
nccnenoBaHvsl, UHTEPHAaLUMOHAIN3aLUNs,
MEXBY30BCKOE COTPYAHUYECTBO.
|

OBPASOBAHVE VI KAL

UHTepHaunoHann3auusa
oO0y4yeHua u npenoagasaHn:
MHHOBALUMOHHbIE HanpaBseHns

Dpaiimae Kopneaus — dokmop, npogeccop,
npopeKmop no 80NPOcam o0y4eHus u
npogeccuonanvroeo paseumus Pypckozo
yHugepcumema boxyma, Iepmanus.

ypckuii yauepcutet B boxyme (PYB) saB-

JISIETCSI MOJIOZIBIM U IMHAMUYHBIM, HCCIIe-

JIOBATeJIbCKUM IO CBOeMy XapakTepy. OH
ObLT TIEPBBIM HEMEILIKUM YHUBEPCUTETOM, OCHO-
BaHHBIM TT0C)Ie BTopoit MupoBoit BoitHbl. OOyde-
HM€ U UCCIIeN0BaHUs Hadannch B 1965 roxy. Cerom-
Hst — 3T0 Gosee 43000 crymeHToB U 1Tat B 6000
yesoBek. PYD npepnaraer — Hapsiny ¢ YHUBEpCHU-
TeToM DpiiaHreH-HiopHOepr — camblii 00IbIION
Ha0Op AUCLIUTIIMH ITO CPABHEHUIO C JTIOOBIM IPYTAM
By30M B [epMaHNM: OT TyMaHUTAPHBIX U COLIAATTb-
HBIX HAyK 10 €CTEeCTBEHHBIX HAayK, MEPETOBBIX
WHXEHEPHBIX HayK U MEAULMHBI. Y4eOHO-1cce-
JoBaTeNbCKylo Muccuio Pypckoro yHuBepcurera
MBI Ha3bIBaeM CIIOBOM «uUniversitas», KOTOpOe
MOXHO MHTEPIIPETUPOBATH KaK «EIMHCTBO 00ydJae-
MOTO ¥ 00yueHUsI». DTO OUeHb CO3BYYHO HAIllEMy
neBusy «[yMaHu3Mm, ctpemiieHre K JOCTUXKEHUSIM,
OTKPBITOCTb MUPY».

Harma akanemuueckast CTpyKTypa COOTBETCTBYET
aHTIIOCAKCOHCKOM Mojiesu Kadeip, a He TpaTuiiMoH-
Hoti Ui [epmanuu Mozenu hakyasTeToB YHUBEPCHU-
TeTa [YMO0bATa. DTO O3HAYAET TUTOCKYIO MePAPXUIO,
JMUCLUTUTMHAPHBIE CEKIIMY, MEXINCIUTUTMHAPHbIE
HCClleoBaTeNIbCKUe MOIpa3ieeHus, OYeHb TECHOE
oOLIeHre Ha TEPPUTOPUM KaMITyca, YeTKUIA aKLEHT
Ha pa3BUTHE MEXIYHAPOIHBIX CBSA3ei Ha KaXKIOM
ypoBHe. Pypckuii yHUBEpCUTET BHIUTPAT U TeTeph
pean3yeT MPOeKTHI 10 ABYM U3 TPeX HaTpaBIeHUIA
(rHaHcHpoBaHUs «MHULIMATUBBI HEMELIKMX YHU-
BEPCUTETOB MO COBEPLIEHCTBOBAHUIO», TO €CTb OH
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cTajl OMHUM U3 16 YHUBEPCUTETOB, MOJYYUBIIMX
SJINTHBIA UTHHOBALIMOHHBIU CTaTyC.

YHusepcuteT B boxyme nMeer 0oratyro UuCTOpUio
MEePBOITPOXOTYECKUX JOCTYDKEHMIT B 00JIaCTH TIO/I-
JEPKKU U TIPOABMXKEHUST MOJIOABIX yueHbIX. [Tpu-
Beny ToJibKo naBa npumepa: (1) PYB onuH 13 aByx
YHUBEPCUTETOB (BTOPOil — 3T0 TeXHUUECKUIA YHU -
BepcuteT MIOHXeHa), KOTOPBIM TTPWHAIJIEKUT
MHUIIMATHBA CO3IaHNS UCCIIEI0BATEIbCKUX LICHTPOB
IIJIST MOJIOZBIX yYeHbIX. Takoii 1eHTp B Pypckom
yHUBepcuTeTe ObL1 OTKPHIT B 2006 roay; (2) Har
YHUBEPCUTET MEPBbIM B [epMaHUU BBEN CUCTEMY
obyueHus mo bosoHcKoit cucteme (bakaiaBpuar-
MarucTpaTypa).

B BOXYME CJ10OKUJIUCb
CBOMU BEKTOPbDI
B UHTEPHALUUOHAJTIU3ALUU
B pamMkax yHUBepCUTETCKOI1 MporpaMMBbI 1O pa-
00Te ¢ THOCTPaHHBIMU CTYJICHTAMM YIETSIeTCs] 00JTb-
1110e BHUMaHue Tpoleccy odydeHus. B aToii crarbe
s1 X049y KOCHYTBCSI TPeX MOMEHTOB, KOTOPBIE YKe pea-
JIM30BaHbI WM HAXOMSATCS B TIPOIIECCE PeaTi3allii:
(1) MHTepHALIMOHAIM3ALIMS B TOMAIITHUX YCIIO-
BUSIX;
(2) MOOWJIBHOCTB CTY/IEHTOB M TIperoaBateieit;
(3) 0OMeHBI U BCTPEUr C MOJIOABIMU YUSHBIMU.
DTH TeMBI 51 BBIOpaia crieruaibHo. OHM ITpeo-
naratot Bzaumoneiicreue ¢ MUUT, ¢ KOTOpbIM MBI
HaXOIMMCSI B TIapTHEPCTBE B TEUCHUE HECKOJIBKMX
MOCJIEHKX JIET. 5l yBepeHa, 4YTO MPHUIILIO BpeMsl JUIS
NagbHEUINX, 6osiee TJI0JOTBOPHBIX COBMECTHBIX
MPOEKTOB.

(1) UHTEPHALMOHAJIU3AL NG
B AOMALUHUX YCJTIOBUAX /
UHTEPHALMOHAJTU3SALNA
YYEBHbIX MPOrPAMM

OTU IBe TECHO CBSI3aHHbIE MEPbl HaMpPaBJICHBI
Ha To, YTOOBI: (a) BCe CTyaeHThl Pypckoro yHuBep-
cuTeTa 3HAJIM, YTO OHU XKUBYT U YIATCS B YCITIOBUSIX
100aIM3alKi ¥ TPaHCHAIIMOHAJIBHOM KOHTEKCTE,
M 3TO TpeOyeT MHTepHAlMOHaIn3auu; (0) mpu-
BJIEYb HEMELIKUX CTYIEHTOB K MEXKYJBTYPHOMY
OOILIEHNMIO BO BpeMsl UX IPEObIBAHUS HA TEPPUTOPUN
KaMItyca; (C) AaTb WUHOCTPAHHBIM CTYIE€HTaM BO3-
MOXHOCTb ITO3HAKOMUTHCS ¢ [epMaHueit, MOrpy3uTh
MX B XKMBYIO Cpedy HEMEIIKOTO sI3bIKa, a TakKXKe
BHECTU CBOI JIMYHBIN BKJIAH B 3aHSTUSI U IpYTrUe
BUIIbI I€SITEIbHOCTH, OOLIAsICh HA POIHOM SI3bIKE.

IlepBast u o011asi Mepa BbI3bIBAET HEOOXOIU-
MOCTb MOBBILLIEHUSI OCBEJOMJIIEHHOCTH O CYILECT-
BYIOIIIEH TTOBCEAHEBHOU U TPEAMETHO-CBA3AHHON
100aJIbHOM B3aMMO3aBUCHUMOCTH KU3HU, 00yYe-
HUS U UCCJIeNOBAaHUI Ha TEPPUTOPUM KaMIlyca
HEMELIKOT0 YHUBEpCUTETa. DTO O3HAUYAET, UTO
JIOJKHA MOSIBUTHCS Cpelia O0ILEHNsI, KOTopasi I03-
BOJIUT €XEJHEBHO JIMLIOM K JIMIY BCTYIATh B MPSsi-
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MO pabouMit KOHTAKT CTYJAEHTOB U ITPO(ECCOPOB.
OHa MO3BOJIUT HATAIUTH TTOVCK HOBBIX aIalTUB-
HBIX (POPM MEXIYHapOIHOI0 B3aMMOIEHCTBUS
B MperofaBaHuM U 00ydyeHUu B PypcKoM yHUBEp-
cUTeTe, HaITpaBJIeHHbIX Ha TPUOOpeTeHNE 3HAHU I
U1 MHTETPALUIO OIbITa, O0ecrieueHue KpUTUYECKOM
OpUMEHTAIMU B OTHOIIIEHUHN y3Ke 60J1ee TII00aTbHBIX
KaTeTOpHil Cripoca U MPEII0KEHMSI.

OnHOI M3 OCHOBHBIX 3a7a4 AeSTeAbHOCTHU
pexTopaTa U MEeXIYHapOIHOIro OI0pO SIBJsSETCS
yBeJUMYEHUE YMClla MHOCTPAHHBIX MpernoaaBaTeseii.
MBI cTpeMUMCST He TOJTBKO MPUTJIAIaTh BCe 60Tb-
11I€ JIEKTOPOB B Hall yHuBepcuTeT. Hata uned eié
COCTOUT M B TOM, YTOOBI CO3/1aTh CIEIIMATbHbBIC
COBMECTHbBIE O0YJaroII1e CEMUHAPBI WU JCKIIUU.
DTO MO3BOJUT MPUBJIEYb CTYAEHTOB K Pa3IUYHbIM
METO/IaM IperofaBaHus U O0yYeHUs U 000raTUT
podhecCUOHAIbHBIN 0OMEH TIPeIoIaBaTeIbCKUM
coctaBoM. Jltst OAIEpKKU U (GDUHAHCUPOBAHUS
3TOM IeATEIBHOCTU PEKTOPAT CO3/1al COOCTBEHHYIO
11eJIEBYIO MIPOrpaMMy M, KpOME TOTO, Mbl aKTUBHO
ucnosb3yeM rporpammy Espocoroza ERASMUS+.

J1o cux nmop cpeacTBa IMCTaHIIMOHHOTO 00yYe-
HUS U apyrue ceteBble (Ludposbie) HOpMBbI, CBS-
3aHHBIE C UCCIIENOBATEIbCKOU U TPEeToaaBaTeTh-
CKOM JeATeIbHOCTBIO, MCIOJIb30BaINCh HEPEry-
JISIPHO U elIE peke C 1eJIbI0 YKPEIJIeHUS ITpoliecca
MHTepHALUMOHAM3aUUU. MBI TTOJIHBI PELIMMOCTH
HCITOJIH30BaTh 3TY BOBMOXHOCTh 00J1e€ MHTEHCHUB-
HO. XOTsI, KOHEYHO, MUCTAHIIMOHHOE O0yuYeHune
BHYTpU [epMaHMU CTaI0 MPUMEHSAThCS Yallle ¥ BO
Bce OOJIbIlIeM KOJUUYECTBE KYPCOB B Pa3IUYHBIX
obsactsax. B MexXayHaponHbIX MporpaMmax moka
TaKoif aKTUBHOCTHU He HAOJI0aeTCs.

CeronHst Pypckuit yHUBEpCUTET IMpeiaraet
KYpPCHI AMCTaHIIMOHHOTO OOYUEHUS BO BPEMST O3HA-
KOMUTEJIBHOTO IMpeObIBAaHUS ¥ Ha TATIe TIPUOBITHS
MHOCTPAaHHBIX CTYIEHTOB Ha y4eOy WU MpoBe/e-
Hus ucciaenoBaHuii B [fepmanuu. CylecTByerT,
HarpumMmep, BeO-cTpaHuia start@rub.de, KOHCYJb-
TUpYyIomas mo hbopMaJbHBIM M TTPAKTUYECKUM
acreKTaM HOBUYKOB WJTW HEIaBHO MPOKMBAIOIINX
B CTpaHe, KOTOpast BCTPOEHA B OHJIANH -SI3bIKOBO
Kypc.

EcTp 1 npyrue 31eKTpOHHBIE MPEATOXEHMUS,
pa3paboTaHHbIe B Pypckom yHUBepcUTeTE, MOTEH-
LIUAJIbHO TIOJIE3HBIE TSI MHOCTPAHHBIX CTYIEH-
TOB,— TTOATOTOBUTEIbHBIC OHJIAWH-MOIYJIN B 00-
JIaCTU TEXHUKH M HAyKH, KOTOPbIE COYETAIOT B cebe
3HaKOMCTBO C TeXHMYECKON TepMUHOJOTHUECH
(Ha HEMELIKOM sI3bIKe), BBeJIeHHE B 0a30BbIC 3HAHUS
10 COOTBETCTBYIOIIVM TTpeIMeTaM, KOTOPbIe OyIyT
WU3y4JaTh OyayIIve CTYICHTHI.

Kpome Takux sJeKTpOHHBIX BApUAHTOB €CTh
¥ UHBIE (POPMBI TOMOIIIM HOBUYKAM:

* MexnyHapoaHble CTyIeHYEeCKUEe CIYXKOb
Pypckoro ynupepcutera (RUBiss) u «IocreBoii
LIEHTp ISl MccienoBarteneil Pypckoro yHuBepcu-
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TeTa» yKe Ha MPOTSKEHNU MHOTHUX JIET TOMOTAIOT
npuesxkarouM B boxyM, obecrieunBaroT JErkuit
CTapT B yyeOe U KM3HU MHOCTPAHHBIM CTYIEHTaM
¥ MOJIOZIBIM YUEHBIM.

* MexmyHapoIHble CTIOPTUBHBIE KOMaH/IbI
YHUBEPCUTETA OObEANHSIOT MECTHBIX 1 MTHOCTPaH-
HBIX CTYIEHTOB.

» HeMelikue cTyaeHTbI MOTYT BBIOPATD CIIELIM -
aJbHbBIe 00pa3oBaTebHbIE TPOTPAMMBI, YTOOBI
MMOTOM BBICTYNAaTh B KaUeCTBE HACTaBHUKOB IO
nuciuruiHe « HeMerkuii 1361k Kak THOCTPaHHBIN»
B paMKax oOy4deHUsT B OakajmaBpuare, MOJyIeHUsT
KPEeIUTHBIX 0aJIJIOB Ha CBOUX (DaKyTbTaTUBHBIX
Kypcax, MOCBSILIEHHbIX MPUOOPETEHUIO HEIuC-
LUTJTMHAPHBIX, TOMOJHUTEIbHBIX HABBIKOB. Takast
CHCTeMa B3aMOTIOMOIIIM ITOMOTaeT MHOCTPAHHBIM
CTyIleHTaM OBbICTpee OCBOUTH HEMEIIKUH SI3BIK.

* B nporpamme mexayHapoaHOTro oOydeHust
OBLT0 pa3paboTaHO HOBOE HATIPABICHUE IS TIOJTY-
yeHus 30 KpeIUTHBIX 0aJIJIOB, AAIOLIMX MPaBO Ha
JTOTIOJTHUTEJIbHBIE KYPChl B COOTBETCTBUH C aKaJie-
MHUYECKOH yCIIeBaeMOCTBIO U OYIYIIUMK Kapbep-
HBIMU TIpeanouTeHusIMu. CTyIeHTaM, KOTOpbIe He
MMEIOT BO3MOXHOCTH TOexaTh 3a TpaHUIly Ha
TUTUTEIbHOE BpeMsl, IPeAIaraloTcst Kypehl, OCBSI-
LEHHBIE BBEIEHUIO B SI3bIK, KYJIBTYPY, 9KOHOMUKY
Pa3IMYHBIX PETMOHOB, KOTOPbIE MHOT/IA 3aBepIla-
IOTCST 9KCKYPCHEil B COOTBETCTBYIOIINI TOPO]I.

(2) MOBUJ1IbHOCTb CTYAEHTOB
W NPENOOABATEJIEMA

CryneHueckass MOOMJIBHOCTb CUMTACTCSI OHUM
U3 TPAAULIMOHHBIX U HEOOXOJIUMBbIX CPEICTB MH-
TepHalMoHanu3aunu odydeHus. OHa MO3BOJIIET
CTyIleHTaM B KayeCTBE PEryJISIpHON 4acTU CBOMX
WUCCJIEIOBAHUN MPOBOAUTH BpPEMS 3a TPAHULICH.
COOTBETCTBEHHO €ii OTBOAMTCSI 3HaYMMasl poJib
B 0o0ecrieueHur MeXIyHapOIHbIX OOMEHOB U yBe-
JIMYEHUU YUCIIa PEeryJIsIpHBIX CTyIeHTOB B Pypckom
YHUBEPCUTETE.

HenasHue v HOBbIE AEHCTBUS B 3TOI 00acTU
BKJTIOYAIOT B Ce05I:

* Mcnonp3oBaHue B baKkajlaBpyaTe paHee yro-
MSIHYTOM TTporpamMmbl « MexxayHapoHble 00pa30-
BaHUs» ¢ 30-TH OAJIJTBHOM CUCTEMOIA, YTO MO3BOJIUT
CTYICHTaM C JOTOJHUTEIBHOM MOJIb30W MPOBECTA
CeMECTp 3a rpaHulieii, npuyem 0e3 3aaepxkek
B OCHOBHOM Kypce OOy4eHMUSI.

* MexXayHapoIHyIo TporpamMmmy js mpenoaa-
BaTeJIei, KOTOpast OTKPbITA [JIs1 BCEX TUCUMITIMH
W peasiu3yeTcs Mpu MoaIepKKe LeHTPaJIbHbIX
donmoB. OHa Tpennojaraet JINTEIbHOE MPeObl-
BaHUE B HAIIeM KaMITyce 1 Ha3bIBaeTcsl «Mexmy-
HapOIHBII MpernonaBaTebCKuii coctaB Pypckoro
YHUBEPCUTETA».

* [Iporpammy «Jlaboparopusi ooMeHa» ¢ yya-
CTHEM CTYICHTOB, KOTOPbIE, KaK MPaBUJIO0, TIPOBO-
ST 3KCIIEPUMEHTHl B PypcKOM yHUMBepcuUTeTe
W MTHOCTpaHHOM YHHMBepcuTeTe. Kaxkmplii cTyneHT
MMeEeT BO3MOXHOCTh [IO€XaTh B IPYTOil YHUBEPCH-
TeT JUIST IPOBEACHMS UCCIICIOBAHMIA.

(3) OBMEHbI U BCTPE4YU C MOJ1OAbIMU
YYEHBbIMU

Mornonbie yu€Hble, corjacHO HalleMy TTOHU-
MaHMI0, 3TO KaHIMAATHI U TOKTOpA HayK, B TOM
quCle Te, KTO 3aHUMaeT MJIJIINE JOJKHOCTH Ha
Kadeapax 6e3 MOCTOSIHHOM pabOThl B KauyecTBe
npernogaBaTess (T.€. WIM acClIUPaHThI, MJTU MCCIie-
JoBaTeN, UMEIOINe CTeTeHb 10 TOro, KaK OHU
TOJTy4aT TaKyio paboTy).

Ycunus Pypckoro yHuBepcuTeTa, HarpaBJieH-
HbIe Ha MOIIEPKKY MPOIBUXKEHUSI MOJOJBIX YU&-
HBIX, HALIUTA OTPaXeHHUe B MpoeKTe « MTHUIMAaTUBBI
HEMEIKX YHUBEPCUTETOB IO COBEPIIEHCTBOBA-
HUIO» U TIPUBEJN K co3nanuio MccnenoBarenbecKoit
mKoJjiel Pypckoro ynusepcureta (RS) B 2006 romy.
C tex nop RS KxoopanHupyeT u pa3BUBaeT HE TOJIb-
KO TIpOTpaMMBbl, Kacatoluecsi o01iero oopasopa-
HMSI U TTOOIIPEHMS MOJIOJIBIX YYEHBIX, HO M — B TEC-
HOM COTPYIHUYECTBE C MEKIyHaPOIHBIM OIOpPO —
BCE Mepbl, OTHOCSIINECS K MTPUOOPETEHUIO UMU
MEXIyHapPOIHOTO OMbITa U (POPMUPOBAHUIO JTHY-
HOM HayuYHO-UCCIIENOBATEILCKOM Kapbhephbl B paM-
Kax CJIOKMBLICWCSI CeroiHsI MHTePHALMOHAIN3a-
MY 00y4YeHUS U TIPETTOIaBaHMSI.

HenaBHue 1 HOBbIe aKTUBHOCTH B 3TOI 00-
JIaCTH:

» [Iporpammer PLUS B UccrnenoBaTenbcKoit
mKose Pypckoro yHuBepcUTeTa JAOCTYIHbBI BCEM
JnoKTOopaM HayK. OHU TIpeaiaraloT CpeacTsa Jist
JUTUTETBHOTO MTPeObIBAHUS YUYSHBIX B APYTOM CTpa-
He, TIPUTJIAIIeHUS 3apYOeKHBIX KOJUIET K COTPYI-
HUMYECTBY, CPE/ICTBA [JIs1 OPraHU3alMK U ITPOBEJIe-
HMSI MEX/IyHAPOIHBIX HAyYHbIX KOH(EPEHIINIA.

+ TIporpammbl it IPEOJOJICHUS «pa3pbiBa
B JIOKTOPAHTYpE», KOTOPBIE TO3BOJIST JOKTOPAM
HayK MPOJOJDKATE CBOM HayYHbIE MCCIIEIOBAHMS,
OHM CMOTYT HauaThb MPOEKT B 3apy0eskHO1 1abopa-
TOPUU elIE 0 TOTO, KaK 11eJIeBbIe CPEICTBA HA ATOT
MPOEKT OYIYT BbIICICHBI.

WMHTepHauMOHANIM3aMsT OCTAETCSI OAHUM U3
MpHOpUTETOB PypcKoro yHuBepcuTeTa, U Mbl pajbl,
YTO UMEEM BO3MOKHOCTB TIPEACTAaBUTh M OOCYIUTH
HaIlM YCUJIHS B 9TOM 0671acT (internationalization@
home), mpo61eMbl MOOMIIBHOCTH CTYICHTOB U Ipe-
nonasaresieit. I, KOHEUHO, MbI HaJleeMcsl Ha TTPo-
noJpkeHue Haiux otHomeHuit ¢ MUUT, paccun-
TBIBaeM Ha IJIOIOTBOPHBII OOMEH UIesSIMU 1 HOBYIO
COBMECTHYIO JIeSITETbHOCTD. L]

KoopavHaTtel aBTopa: Ppaiitar K.— prorektor-lehre@ruhr-uni-bochum.de.

Crtatbsa noctynuna B pegakumio 06.09.2016, npuHaTa k nyénukauum 19.12.2016.
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INTERNATIONALIZATION OF STUDY AND TEACHING: INNOVATIVE TRENDS

Freitag, Kornelia, Ruhr University Bochum, Germany.

ABSTRACT

The article is devoted to the experience of the
organization of interuniversity cooperation and
partnership, internationalization of study and
teaching on an innovative basis. Ruhr University
Bochum is known not only in Germany for its
commitment to advanced educational technologies,
its desire to develop international relations, and to
cultivation of joint training programs with foreign

partners, to which MIIT has been belonging for
several years. The author comments on
internationalization of educational programs, mobility
of students and teachers, exchange of researchers
and their contacts at the beginning of a career. At the
same time, the problem of the linguistic environment
and its importance for the success of teaching and
research activities within the walls of the university
are also noted.

Keywords: university, training, research, internationalization, interuniversity cooperation.

Background. Ruhr-University Bochum is a young
and dynamic research university. It was the first German
university founded after World War Il. Teaching and
research startedin 1965. With over 43.000 students and
a staff of 6.000, it offers — next to the University of
Erlangen-Nirnberg — the largest range of disciplines of
any German university. Subjects extend from the
humanities and social sciences to the natural sciences,
full-fledged engineering sciences, and medicine. RUB’s
teaching and research mission is the universitas — which
we interpret as ‘the Community of the Learned and the
Learning’ and which is translated into our motto
«humane, accomplished, open to the world>.

Our academic structure follows the Anglo-Saxon
department model rather than the traditional faculty
model of the Humboldtian University. This means flat
hierarchies, disciplinary sections, transdisciplinary
research units, a high degree of co-operation on
campus, and a clear focus on international performance
atevery level. Ruhr University won and is now realizing
projects in two funding lines of the German Excellence
Initiative.

Ruhr-University has a continuing history of
pioneering major advancements in study, research,
and the promotion of early career researchers. To
name just two examples: (1) RUB was one of the two
German universities (together with TU Munich)
introducing a university-wide doctorate college
(in Bochum: the RUB Research School, founded in
2006), which became the blueprint for similar
institutions at many other German universities in the
years thereafter. (2) RUB pioneered the introduction
of the bachelor-master study system (‘Bologna
reform’) in Germany.

Objective. The objective of the author is to
consider innovative trends which are applied within
internationalization of study and teaching at Ruhr
University Bochum.

Methods. The author uses general scientific
methods, scientific description, comparative analysis.

Results.

Trends in the Internationalization of Study and
Teaching at RUB

As part of our all-encompassing international
strategy, internationalization of study and teaching
plays a prominent role. In this article, the focus is on
three measures that have been or are in the process
of implementation over the course of the last couple
of years:

(1) Internationalization@home,

(2) Mobility of Students and Faculty, and

(3) Exchange and Encounter of Early Career
Researchers.

These topics were selected because they are apt
to enter into the discussion with the MIIT. We have

been enjoying a partnership with the MIIT for several
years and think that it may now be the time for further
and stronger joint projects.

(1) Internationalization@home / Internationaliza-
tion of the Curriculum

These two, intricately related measures
encompass actions determined to (a) make all
Bochum students aware of the fact that they are
living and studying in a globalized and transnational
context that allows and demands internationalizing
measures, (b) expose German students to
intercultural experiences while staying on campus,
and (c) allow international students to acquaint
themselves with Germany and the study of German
as well as to contribute to classes and other
activities at RUB in their own mother tongue.

The first and general measure necessitates
raising the awareness of the existing everyday and
subject-related global interconnectedness of
living, studying, and researching on a German
university campus. This means, in particular, to
integrate students’ and professors’ daily face-to-
face and digital international interactions into
teaching and study at RUB. This will require
embedding learning arrangements and teaching
aims into an international context of knowledge
acquisition and exchange as well as securing a
critical orientation with regard to global supply and
demand structures.

One of our major fields of action guided by the
rectorate and the International Office will be to
increase the number of international guest lecturers
who will take over teaching in parts of the curriculum
in various courses. We will not only invite more guest
lecturers to RUB, but the idea is to set up especially
co-teaching seminars or lectures. This will not only
expose the students to different methods of
teaching and learning, but will also enrich the
professional exchange between the local and the
international teaching staff. To support and finance
these activities the rectorate of Ruhr-University has
already set up a special program to increase the
number of international lecturers and, in addition,
we will also use EU programs like ERASMUS+ to
reach this goal.

So far, measures of E-learning and other forms of
research- and teaching-related digitalization have not
yet been used systematically and too seldom in
content courses for the purpose of internationalization.
We are determined to explore this field more intensely
in the years to come. Although E-learning has started
to be used in more and more courses across various
fields, it has rarely been used for the purposes of
internationalization.
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+ Today, Ruhr-University Bochum offers
E-learning courses during the pre-arrival or the arrival
phase in order to familiarize international students
with the conditions of living, learning or doing research
in Germany and at the Ruhr-University Bochum. There
is e.g. the webpage start@rub.de, advising on the
formal and practical aspects of arriving and living in
Germany, which is embedded in an online language
course.

- Other already existing E-offers, developed at
RUB and potentially useful for international students,
are preparatory online modules in the fields of
engineering and science that combine the teaching
of technical terminology (in German) with the
introduction to basic skills of thinking and reasoning
in the respective subjects in self-learning courses for
future students.

Next to existing and developing digital offers,
international students and researchers are assisted
by a variety of established measures.

- After arriving at Bochum, the ‘RUB international
student services (RUBiss)’ and the ‘RUB Welcome
Centre fiir Researchers’, both having been offering
their services for many years, ensure an easy start for
international students and researchers;

« A number of International teams in various
university sports brings together local and international
students.

+ Buddy systems serve the mutual support of
language proficiency.

+ In special courses, German students can
choose to be trained to act as tutors for ‘German as
a Foreign Language’ as part of their undergraduate
course work, receiving credit points in their optional
courses devoted to the acquisition of non-disciplinary,
supplementary skills.

+ Anewtrack ‘International Studies’ was designed
for the 30-credit-points part of undergraduate studies
that is devoted to the acquisition of non-disciplinary,
supplementary skills and can be filled with courses
according to the students’ own academic and later
career preferences ( ‘Optionalbereich’). In this new
track, students who do not have the chance to go
abroad for a longer time are offered two- or three-part
courses devoted to the introduction to the language,
culture, and/or economy of different regions,
sometimes culminating in an excursion to a respective
city. Recent courses took students — prepared by an
introductory and/or a language course and a course
taught by a guest professor from the respective
country — to London, Washington, Krakow, Hong
Kong, and various places in Morocco.

(2) Mobility of Students and Faculty

Student mobility is one of the ‘traditional’ and
indispensable means to further internationalization
for students. It allows them, as a regular part of their
studies, to spend time abroad. Hence, it is one of the
most important tasks of the rectorate and the
International Office to secure sufficient capacity to
increase the number of international exchange and
regular students at RUB.

Recent and new actions in the field include

- Using the newly developed track ‘International
Studies’ in the 30-credit-point part of undergraduate

studies devoted to the acquisition of non-disciplinary,
supplementary skills, mentioned above, to allow
undergraduates to integrate a semester abroad
easily and without further delay in their course of
studies;

« An international lecturer program open to all
disciplines and supported by central funds for longer
stays of guest researchers willing to do research and
teaching on our campus, called ‘The RUB International
Faculty’;

« A ‘Lab Exchange’ program involving students
who, typically, experimentin a lab at RUB and a lab at
an international university. Each student travels to the
other university in order to experiment and co-operate
on research topics.

(3) Exchange and Encounter of Early Career
Researchers

Early career researchers are, according to our
definition, doctoral and postdoctoral researchers,
including the ones holding a junior professorship
without tenure (i.e. Ph.D. students or, (in Russian —
aspiranty) and researchers with a Ph.D. before they
hold a permanent professorial position).

RUB'’s efforts to enhance the promotion of early
career researchers were honored and have been
substantially supported by the successful application
in the German Excellence Initiative and led to the
establishment of the RUB Research School (RS) in
2006. Since then, the RS co-ordinates and develops
notonly all activities concerning the general education
and promotion of early career researchers but also —
in close collaboration with the International Office — all
measures pertaining to their acquisition of international
experience and the development of their personal
international network.

Recent and new activities include:

« The PLUS-programs of the RUB Research
School, funded by the German Excellence
initiative. These programs — accessible to all
doctoral researchers on campus — offer funds for
an extended research stay in another country,
funds to invite international peers for co-operation
on campus, funds to organize and to conduct
international doctoral conferences on research
topics suggested by the Research School or the
early career researchers, and many more
programs;

« Programs to bridge the ‘postdoc-gap’, i.e.,
funds to allow brilliant doctoral researchers who seek
a continuation of their career in research to start a
projectin a foreign guest lab or other research facility
even before funds for their postdoc proposals have
been raised.

Conclusion. Internationalization is one of the top
priorities of Ruhr-University Bochum and we are
happy to have the opportunity to present and discuss
our efforts in the fields of internationalization@home,
mobility of students and faculty, and the
internationalization measures for early career
researchers on the occasion of the anniversary of the
MIIT in Moscow. We sincerely hope to continue our
relationship with the MIIT and are looking forward to
a fruitful exchange of ideas and to new co-operative
activities. L]
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Hukonaii FPUTOPbEB

Nikolai D. GRIGORIEV

«Simplifiedly Stop Remarkably Stop
Sensitive Stop»

(TeKCT cTarbu Ha aHrJl. 3. —

English text of the article — p. 244)

Mérp Hukonaesny4 PbIGKNH — «nepBblii
pagucT», «aenyLuKa COBeTCKUX
PafucToB», OIKarLLINI COPaTHUK
AnekcaHgpa lMonoBa. UmeHHO

Mérp PbibkuH B mapTe 1896 roga

npu nomoLym a3bykm Mop3e nepegasn
nepByio B MUpe paguorpaMmmy —
«FeHpux lepu». B mae 1899 roga
BMecCTe C APYruM acCUCTEHTOM
Monosa, []. C. TpouLkum, OTKpbIS
BO3MOXHOCTb NPUEMa pagnocurHasioB
Ha cayx. Ha ocHoBaHUU 3TOro OTKpPbITUS
6b1s1 pa3paboTaH pagnonpPUEMHNK

c TesiedpOHHOVI TPyOKOV Ans npuéma
pPaganoCUrHasioB.

Knroyessie cioBa: npuém pagnocurHaios
Ha cs1yx, 6ecrpoBOI0YHbIV Tenerpag,
BJIeKTpPpOMarHUTHbIe BOJIHbI,
pPanuonpuéEMHUK, Korepep, PaanocBs3sb,

AeTekTupoBaHue.
|
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KOJIECO NCTOP

«YNPOLLEHHO TYK
3amMeyaTesibHO TYK
YyBCTBUTENbHA TUK»

Ipueopvee Huxoaaii J[mumpueeur — ianoudam
MeXHU4ecKux HayK, doyenm Kagpeopul
«Inexkmposnepeemura mpancnhopma» Mockogckozo
20cydapcmeenHo20 yHueepcumema nymeti coooujeHus
(MHUHT), Mockea, Poccus.

YCCKUI paaiuOTEXHUK, OTKPBIBLIUNA
BO3MOXXHOCTbH ITPUEMa PaJIMOCUTHAJIOB
Ha cayx, [1étp Hukonaesuu PoiOKMH
ponuics B ceMbe reaaroron 14 mas (2 mas 1o
crapoMy ctuitio) 1864 roga B Cankr-Ilerep-
oypre. Ero ponutenu conepxain B CBoeM
JIOME YaCTHYIO IIIKOJTy Ha4aJIbHOTO 00y4YeHUsI,
r7ie MaJbuuK M TOJIyYWJ TIepBOHAaYaJIbHOE
obpaszoBaHue. [Tozxe, yuach yxxe Bo BejeH-
ckoii rumHasuu [leTporpaackoii CTOpoHbI, OH
CaMOCTOSITEJIBHO TIPOIIET TIEPBbIil KYPC BBIC-
mero yuebHoro 3aBegeHus u B 1888 romy
OCJIe TIOJTy9eHUST aTTecTaTa O CpelHeM oOpa-
30BaHUM OBIJT Cpa3y 3aunCiieH Ha BTOPOI Kypc
MaTeMaTU4ecKoro OTaeIeHusT (GPU3NKO-MaTe-
Marmdeckoro dakysreta CaHkT-[letepOypr-
ckoro yHuBepcuteta (CITY). B 1892 romy
cTyneHT PoIOKWH, TOKa3aBIlINil He3aypsiTHbIe
CMOCOOHOCTU BO BpeMsl 00y4YeHMs1, ObLT OCTaB-
nieH ipu CITY g moAroToBKM K CaMOCTOSI -
TEJTbHOW HaydyHOU aesTesbHOCTH. OH OTHO-
BPEMEHHO TTPOXOUJ HAyYHYIO CTAXKMPOBKY
aIbIOHKTOM (MOMOILIHUKOM mpodeccopa)
B [l1aBHOIT hrsmueckoii odocepBaropuu (c 1924
rona [taBHas reodusnueckasi odcepBaTopust
uM. A. W. BoeiikoBa).
BecHoit 1894 rona B MuHHOM oduiiep-
ckoMm kiacce B Kponmranare (MOK) B cBsa3u
c nnepeeznoM H. H. Teopruesckoro B MockBy



0CBOOOIMIIACh JOJKHOCTD JJabopaHTa hU3u-
yecKkoro KabuHeta. Mopckoe BeJIOMCTBO
obpatwiochk B CITY 1 Tam mopekoMeHI0BaIu
MOJIOIOTO TaJaHTIMBOro ¢usuka PeiOKuHa,
MHTEPECOBaBIIIETOCS M3yYeHUEM 3JIeKTpoMar-
HUTHBIX BojH. C 1 mast 1894 rona ero 3a4uc-
auau B MOK Ha mojgxHocTh JlabopaHTa
M aCCHUCTEHTa TperioiaBaTesieil raTbBaHu3Ma
U npakTuyeckoit dpusuku. [Tomumo 3TOoro Ha
TTerpa HukonaeBrya 66110 BO3JI0OKEHO 3aBe-
JoBaHWe (GU3NIECKUM KaOMHETOM, COCTaBJIEe-
HUE KaTaJoTOB MPUOOPOB U MaTepualioB,
a TakKXe MCITOJTHEHUE pa3JIMYHBIX HayIHBIX
rnmopydyeHuii. B aTom, omHOM M3 cTapedmx
y4eOHBIX 3aBe/IeHU pyccKoro ¢JioTa, 00Jbliie
nosiyBeka I[1éTp PIOKMH rOTOBUJI MOPCKHUX
panuocnienuanuctoB. Bmecte ¢ A. C. ITono-
BBIM B husnuyeckom kabuHete 1 B cary MOK
WCTIBITBIBA PabOTY paguoNpuéMHMKA C TTep-
BOIi B MUpe aHTeHHOI. [TpucyTcTBOBaI 7 Mast
(25 anpens o ctapoMy ctuito) 1895 roga Ha
3acegaHuu Pycckoro usmko-XMMUYECKOTO
obmectBa (PD®XO), roe [TommoB mMOJIOXKMI
MPUCYTCTBYIOIIUM 00 M300pETEHUU PATUO
¥ MPOAEMOHCTPUPOBAJI TIEPBBINA PaTUOTIPH -
émHuk. B mapre 1896 roga Ha 3acemaHuu
P®XO PoIOKMH 2J1eKTPOMarHUTHBIMUM CUTHA-
JlaMU TIpU moMoliur a3oyku Mop3se nepenan
Ha TeyierpaHYIO JIEHTY MEePBYIO B MUpPE
paguorpammy «IeHpux Iepu». PaccrosiHue,
npasaa, obu1o Bcero 250 M. Tenerpamma Oblia
nepeaaHa u3 XuMudeckor Jaboparopuu B pu-
3UYECKYI0 ayIUTOPUIO0, TTOMEIIAI0IIYIOCs
B ApyroM 3nanuu CITY.

CBoWU TepBbIE OIBITHI TIEpeaul CUTHAJIOB
Ha pacctosiHum [Tetp HukomaeBud mpoBoau
jgeroM 1897 roga Ha KpoHiutagckoMm peiine
Mexay 6eperoM 1 HeOOIbLIMM CYyIHOM «PhI0-
Ka», a 3aTeM OHU TPOAOIKWINCH B Y4eOHO-
MUHHOM OTpsijae Ha TpaH3yHICKOM peiiae
BOsm3u Beibopra. Anekcanap Ilomos B 3T0
Bpems Haxonuiicad B Huxknem Hosropoge, roe
3aBENOBaAJl 2JIEKTPUUECKON CTAHLIMEN, U py-
KOBOJIWJI OTIbITaMu PBIOKMHA OTTY/1a, aKTUBHO
MepPEeNMChIBasICh CO CBOMM aCCUCTEHTOM.

OKCMEepUMEHThI MPOIUIU yaayHo. [abbl
MMEeTb BO3MOKHOCTb UCITBITATh OECTIPOBOJIOY -
HYIO TIepefady Ha OOJIbIINX PACCTOSHUSX,
OBLIIO PEIIeHO MCITOJb30BaTh Kpeiicep 2-To
paHra «Adpuka» 1 TpaHCIOPTHOE CyaHO «EB-
poma». Ha MauTax 3TUX cylneH oKa3aiocCh
BO3MOXHBIM TMOJIHSTH aHTEHHY Ha BBICOTY
20 M ¥ JaJIbHOCTb NepeJavyu ObLIa MOBBIIIEHA
II0 5 BepCT (5 ¢ AUIIHUM KM). YCHelIHble pe-
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3yJIBTaThI OITBITOB ObUTN J0J0XeHBI MOpCKO-
My TEXHUYECKOMY KOMUTETY, KOTOPbIA ITPH-
HsUI peleHre 0 GMHAHCUPOBAHUU U ITPOAOJI-
KEHUU NaJIbHENIIUX ucciiefoBaHuii B 1898
rofy.

B mae 1899 rona Iletp PouiOkuH BMecTe
¢ npyrum accucteHToM ITomosa /1. C. Tpouii-
KM Ha popTtax «Muntotun» 1 « KoHCTaHTUH»
kpernoctu KpoHIITaAT MpoBeM OMBITHL 110
HWCIIBITAHUIO TIPUOOPOB pamuotesierpada.
IMpnéMHUK MMeNT TPOCTOE YCTPOICTBO: aH-
TeHHa, aKKyMYyJISITOpHasi atapest, rapauielib-
HO BKJIIOUEHHBbIE 3JIEKTPUUECKUIL 3BOHOK
¥ TeaerpadHblil anmmapatr Mop3e, Mo3BOJISIB-
LM BECTU 3alKMCh CUTHAJIOB Ha OYMaXKHYIO
JIEHTY, 3JIEKTPOMArHUTHOE pejie U Korepep
(cTexmsTHHAS TPYOKa C IBYMSI DJIEKTPOIaMH Ha
KOHILIaX, HAaIlOJIHEHHAasl MeTaJJIn4eCKUMU
nopo1kamu). M3-3a mioxmx KOHTaKTOB MEXK-
Iy OTIMWJIKAMU COIIPOTUBJIEHUE KOrepepa ObL1o
BEJIMKO, TIO3TOMY 3JIEKTPUYECKUIA TOK B LIETIN
Ob11 Mas1. Peste He 3amMbIKasio Lenu Teaerpad-
HOTO almapaTta 4 3BoHka. Ilox meiicTBuem
3JIEKTPOMArHUTHBIX BOJIH BBICOKOI YaCTOTHI,
KOTOpbIe MpUHMMAJIa aHTEHHA, B Korepepe
BO3HUKAJIM 3JIEKTPUYECKUE Pa3psiabl MEXIy
OTAEJbHBIMU METAIMYSCKUMU OIMIIKAMMU,
OHM CIEKAJINCh, COMPOTUBICHUE YMEHbIIIA-
sock B 100...200 pa3, 1 OH HAYMHAJ TIPOITY-
CKaTb 2JIEKTPUYECKUI TOK OT aKKyMYJISITOP-
HOIi OaTtapeu, TOCTaTOYHBII JJI cpabaThIBa-
HUS 3JIEKTPOMAarHUTHOIO peJjie, KOTOPBIi
BKJIIOYAJ TejerpadHblii arnmapaTr U 3BOHOK.
Ha tenerpadHoii ieHTe BbIYepUYMBaiach TOU-
Ka WK THPE, a MOJIOTOYEK 3BOHKA YIapsLI I10
KOrepepy, BCTpsIXUBasi €ro MeTa/lInYecKue

Ipuropbes H. [1. «YNpOLLEHHO TYK 3aMmeyvaTesibHO TYK HyBCTBUTEIbHA THK»



omuiku. ClieTuieHre MEeXIy OTTMIKaMU OCIa-
OeBaJio — MPUEMHUK OBIJI TOTOB K PErucTpa-
LIUY CJICAYIOIIETO CUTHAA.

OnHaxXmbl IpU Mepenaye CUTHAJIOB U3
dopra «KoHcraHTHH» B popT « MMITIOTUH» Ha
IBVIKYIIEIcs TeerpadHOI JIEHTE repecTain
BBIYEPUIMBATHCS TOUKM U TUpE. [ToakIounB
Tesle(hOHHYIO TPYOKY K KOrepepy JJIsl POBEP-
KJ MCITPABHOCTHU €0 3JIEKTPUICCKON 1IeTIH,
PpIOKMH ychaplan B HayIIHUKAX BMECTO
OOBIUHOTO IIeJIYKa KOPOTKME U JUIMHHBIC
TYIKH, U3 KOTOPBIX CKJIAABIBAIOCH TIepeIaBa-
eMoe cioBo. MccinenoBaHue 3Toro ¢akTa
ITOKa3aJIo, 9YTO BO BpeMsI pabOTHI IiepeaaTInKa
pa3psauiacs akkymyasaTop npuémHuka. Ilo-
5TOMY KOJIMYECTBO DHEPTUHU, MTOCTYyMAIOIIee
K OIMJIKAM Korepepa, ObLIO HeITOCTaTOYHO,
YTOOBI CBS3aTh UX B MPOBOISIINNA MOCTUK U
TEM CaMbIM 3aMKHYTB LIETIb peJie TeJierpadHo-
ro muirymiero anmapata. [lepemaya mia Ha
HeOOJIBIIION NCKPE C yMEHBILIEHHOM SHEPTHEI,
KOTOPOM XBaTaJIO, YTOOBI YCIIBIIIIATh CUTHAJIBI
B TenedoHHOo# Tpyoke. OO0 3TOM OTKPBITUU
IToroB ObLT U3BEIIEH CPOUHOI TeJIerPaMMOIi:
«Pp10knH Tpouukuii oOHAPYXXUIN HOBOE
CBOWCTBO TPYOKM MPUHUMATH YIIPOIUIEHHO
3aMeYaTeIbHO YYBCTBUTEIbHA».

Ha ocHoBaHMM OTKpHITHS TIpeoOpa3oBa-
HUS 2JICKTPOMArHUTHBIX KOJIEOAHUI B 3ByKO-
BOI cUTHaJ (IeTEKTUPOBaHUsI) 0€3 BCTPSIXM -
BaHUS Korepepa ObLT pa3padoTaH pamruomnpu-
eMHUK C TeseOHHOI TPyOKOM 11T mpruéma
pamoOCUTHAIOB Ha CIIyX, KOTOPHIN 00iamat
0OJIBIIIEI YYBCTBUTEIHFHOCTBIO M HE TPEOOBaI
TeserpadHOTOo anapara IjIs 3aricy IepeaaH-
HBIX COOOIIIEHN I Ha IBIDKYIIIYIOCS OYMaXkKHYO
JICHTY. DTO MO3BOJIMJIO YIIPOCTUTH CXEMY
npuéMHuKa (yonapHUK U IpepbIiBaTedb
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3JIEKTPUIECKON TIEMU CTaIM He HYXHBIMU)
W YBEJIMYUTD NATbHOCTH PAIMOCBSI3U. B MioHe
1899 rona IlomoB coBMecTHO ¢ PhIOKMHBIM
u TpoulKuM ToIaiv 3asiBieHUe Ha TaTeHT
«[TpueMHUK nernen, MOChUIaeMBbIX C TIOMO-
11IbIO BJIEKTPOMATHUTHBIX BOJIH». [1aTeHT ObLI
BbIIAH 3a HOMepoM 6066. IlepBblii B Mupe
armapar JijIst MpuéMa paIoCUTHAIOB Ha CITyX
ObUT 3amaTeHTOBaH B AHIIMK 1 DpaHINN.
B Hacrosiiiee BpeMst 3T0 M300peTeHUE MC-
MOJTb3YeTCsl B IM(POBBIX COTOBBIX CUCTEMAaxX
paguocBsi3u. [Ipuxonsiinast BojiHa BbI3bIBAET
ciabble 2JIEKTPOMAarHUTHBIE KOJebaHMs,
9HEPTUsT KOTOPBIX HE UCTIONB3YETCS TSI TIPH -
éma. Cnabple CUTHAJBI JUIIb YIPaBISIOT
C ITOMOIIIBIO TTOJTYTIPOBOTHUKOBBIX IIPUOOPOB
WCTOYHUKAMU SHEPTUH, TUTAIONIMMHU TI0CTIe-
JYIOIIMe TIEMH, YCWJIMBAIONIME M BOCTIPOU3-
BOZSIIIME TIOJYYeHHYI0 MH(MOPMAIIUIO.

B 1899—1901 romax PwIOKMH mpuHUMAI
y4acTHe B YCOBEPIIEHCTBOBAHUH U B UCTIBITA-
HUSIX OECTIPOBOJIOYHOTO Tesierpacda Ha Mope,
riaBas Ha cynax banrtuiickoro u YepHomop-
cKoro ¢otoB. OcoOeHHO BaxKHBIM JUISI HETO
OBLJIO yJacTHe B ATTOTIEe 110 CTIaCeHUI0 OpOHe-
Hoclia 6eperoBoit 000poHbI «IeHepan-aaMu-
pan AnpakCHH», MOTEPIIeBIIETO KpYyIIeHWe
B ®uHcKoM 3anmBe. B xoHlle HOs1O0ps 1899
rojma BO BpeMsl CHEXHOUW MeTenu KopadJjib
cOMJICST ¢ Kypca M cell Ha KaMHU BO JIbax
y 10XHOTro 6epera octpoBa loriaHn (HbIHE
Cyp-Capn). B 3uMHee BpeMst pUHCKUE MOY-
TaJTbOHBI 1 HAPOUHBIE HE BCET/Ia MOTJIM 00eC-
MEeYMBATh CBSI3b MEXKITy MAaTEPUKOM U OCTPO-
BOM WM3-3a HEMmpouyHoro Jbaa. [1o aToii xe
MPUYMHE MPOJIOXKUTH Kabesib TaKXe ObLIO
HEBO3MOXHO. M3-3a OTCYTCTBUS CBSI3U pabo-
THI TI0 CITACEHWIO CPBIBAJIMCh, YTO T'PO3UIIO
OpoHeHoclly rubenbio. Mopckoe MUHUCTEP-
cTBO nopyuwsio [1onoBy o6ecreyuThb ¢ TOMO-
IIbI0 OECTIPOBOJIOYHOTO TeJerpada perysip-
HYIO CBSI3b MECTa aBapuu ¢ Marepukom. Ha
cranumu Kotka (HerHe HaxoauTcest B DUHIISTH-
Iuun) pykoBoaua pabotamu Ilomos, a Ha
octpoBe [ormtana — PeiokuH. Ha ocTpoB jto-
JIell 1 MaTepHralibl, HEOOXOIUMBIE JISI COOPY-
JKEHMST CTAaHIIMU OECTIPOBOJIOYHOTO TeJlerpa-
da, mepeBes emokos «EpMak», BBIIIEIITNI
B Hauvazne sHBapsa 1900 roma u3 Pepens
(c 1917 .— TannunHH). B MeTenb U MOPO3bI
MaTpOCHI ITOJT KOMaHO0BaHMEM MOPCKUX 0y~
LEepOB U MOJ pyKoBoACTBOM PhIOKMHA 1O
HEOKpeMnIiieMy OUTOMY JIbIy U TIIyOOKOMY
CHETy TepenpaBisiii ¢ JieoKoJia Ha Oeper,
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a TTOTOM Ha OCTPOB TPy3 U CMOHTUPOBAINA
aHTeHHBI. CBS3b 110 0€CITPOBOJIOYHOMY TeJIe-
rpacdy Bo BpeMsI criacaTeIbHBIX pabOT B paay-
yce 50 KM MeXay MaTepuKOM, OCTPOBOM
1 OPOHEHOCIIEM TTOIIEPKUBAJIACH PETYJISIPHO
un 6ecnepedoiino. Jo anpens mecsua 1900
rojia, Korma OpoHeHOCell Bce-TaKu ObLT CHAT
C KaMHeH, ObLIO TIepeIaHo HeCKOJIbKO COTEH
TeJlerpaMM. B ¢BSI3M ¢ ycriexaMu BO BpeMs
cnacarelbHbIX paboT [letpy PeiOKMHY ObLITO
00BsiBNeHO oT ummnepatopa Poccuum Huko-
nag I1 «MoHapiiee 6J1aroBojeH1ue» 1 BbIAAHO
1100 pyGuneit.

B nerHioro kammnanuio 1901 roga PeiOKuH
TPUHUMAJ HETTOCPEACTBEHHOE YIacTHe B 000-
pyIdoBaHUU MepBoit B Poccum NMHUU rpax-
JTAHCKOM pamroCBS3H ST HYXKI peYHOTO Cy-
nJoxonctBa B PoctoBe-Ha-{oHY MeX Ty TOPTOM
¥ CIICLIMaIbHBIM MasIkOM B JejibTe peku JJoH
B BOCBMM KujaoMeTpax oT mopta. Ilo paguo
repeaaBaCh COOOIIeHUsT 00 YPOBHE BOJIbI
B KaHaJe, COCIMHSIONIEM MOpPT ¢ A3OBCKUM
MOpEM, U TeM CaMbIM oOecreurnBaiach 6e3-
OITaCHOCTH CYIOXO/CTBA.

TTocne nmepexona B 1901 roay ITomosa
B Cankr-IletepOyprckuii s1eKTpoTeXHUYE-
CKUI MHCTUTYT PBIOKMH 3aHSJI €ro MecTo
npernoganateass B MOK. OH He mpekpalial
CBOM pabOTEHI ITO COBEPIIIEHCTBOBAHUIO CXEMBI
paguonpuéMHUKaA, T0OMBaics OonblIei
HaEXHOCTU B paboTe, MPOAOIKIUI TaJIbHE -
11I1€ UCTIBITAHUS PAIMOCTaHIINI Ha KOPaOJIsIX.
B 1906 roay ObLT MHULIMATOPOM CO3IaHUS
B MOK mocMepTHOI1 BbICTaBKU MpUOOPOB
W aTrnapaTypsl pagruocBsI3y, Co3MaHHbBIX [1o-
noBbIM. C 1920 roma 1 10 KOHIIA KU3HU 3aBe-
JIOBaJl My3eeM paano. Ha mpoTsckeHnu ot
50 net pykoBoaus paguootnenoMm B MOK,
a3arem lIkonoii cBs3u umenu A. C. IToroBa
B Kponiuranre. Mopsiku bantrku Ha3piBanu
Pri6kuHa «Jlenyiika paauctoBs. [To ero nHu-
nuatuBe B 1922 roma B KpoHiraare Obutn
OpTaHM30BaHbl BEUCPHUE 3JICKTPOTEXHUIEC-
CKMe KYpPCBI, T/Ie OH npernogasan 10 1934 roxa.

Bo Bpems Benukoit OteuecTBeHHO BOHBI
IleTp PoIOKMH BBITIONHSII 3a1aHUsT KOMaHAOBA-
Hus bantuiickoro guota no obopoHe JIeHUH-
rpana, 3a 4To ObLT yaocToeH opaeHa «KpacHast
3Be3na». B mapte 1942 roma 6bUT 3BaKynpoBaH
u3 KpoHinraara u paboTai 10 caMOro OKOH4YAa-

L o

HUA BOVHBI Ha ctaHLwmn MHckasa 3anagHo-Cu-
OUPCKOI KeJIe3HOI TOPOTH B IIIECTH KM BOCTOY-
Hee HoBocubupcka. B 1944 romny Ierpy Poio-
KMHY Oblj1a MPUCYXIeHa BbICIIAs Harpamaa
CCCP —opnen JIeHnHa. A B 3T0 BpeMsl €ro CbIH,
Toxke paauct, Bmagumup IletpoBuy PeIOKMH,
BOeBaJl Ha (PpOHTE.

TMocne Ts3KENOI M MPOJOIKUTENIBHOI 00~
ne3nu [Netp HukomaeBny PeIOKMH ckoHUAJICS
10 saBapst 1948 roma B Bozpacte 83 neT. [Toxo-
poHunm ero B pogHoMm Kponmranre. I[Metpy
HuxonaeBuuy npuHamiexut oonee 30 padot
B 00J1aCTU IIPAKTUKKU U UCTOPUU PATUOCBS3N,
B KOTOPBIX BCEria M 0ECKOMITPOMUCCHO OTCTa-
MBAJICSI IIPUOPUTET PYCCKOM HAyKW B U300pe-
TeHUM OeCTITPOBOJIOYHOTO Tejerpada. 3a rmega-
TFOrMYECKYIO M HAYYHYIO AeSITeJIbHOCTb OH ObLIT
HarpaxaeH opAeHaMu U MeAaIsIMU, UMEHHbI-
MM 4YacaMM OT IPaBHUTEIbCTBA U 3HAYKOM
«[Tou€rnsrii paguct CCCP». Pexxuccep Mapust
KrurmaH cHsi1a ero B JOKYMEHTaTbHOM (DUJTb-
Mme «Poxxnenue panuo» (1941).
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ABSTRACT

Petr Nikolaevich Rybkin is «the first radio
operator», «the grandfather of the Soviet radio
operators», the closest colleague of Alexander
Popouv. It was Petr Rybkin who, in March 1896, with
the help of the Morse code, transmitted the first

Objective. The objective of the author is to
consider life and work of Petr Rybkin, the closest
assistant of Alexander Popov.

Methods. The author uses general scientific
methods and historical-retrospective analysis.

A Russian radio technician who discovered the
possibility of perceiving radio signals with human ear,
Petr Nikolaevich Rybkin was born in a family of
teachers on May 14 (May 2 old style) 1864 in
St. Petersburg. His parents kept a private elementary
school in their home, where the boy received his
primary education. Later, while studying at the
VWwvedensky Gymnasium of the Petrograd Side, he
independently passed the first course of a higher
educational institution and in 1888 after receiving a
certificate of secondary education he was immediately
enrolled in the second course of the mathematical
department of the Physics and Mathematics Faculty
of St. Petersburg University (SPU). In 1892, a student
Rybkin, who showed outstanding abilities during
training, remained with SPU to prepare forindependent
scientific work. He simultaneously underwent a
scientific internship as an adjunct(assistant professor)
at the Main Physical Observatory (since 1924 the
Voyeikov Main Geophysical Observatory).
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«SIMPLIFIEDLY STOP REMARKABLY STOP SENSITIVE STOP»

Grigoriev, Nikolai D., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

radiogram in the world — «Henry Hertz». In May 1899,
together with another assistant of Popov,
D. S. Troitsky, he opened the possibility of perceiving
radio signals with human ear. Based on this discovery,
a radio receiver with a handset for receiving radio
signals was developed.

Keywords: audition of radio signals, wireless telegraph, electromagnetic waves, radio receiver, coherer,
detection.

In the spring of 1894, in the Mine Officers’ Class
in Kronstadt(MOC), in connection with the moving of
N. N. Georgievsky to Moscow, the post of laboratory
assistant of the physical cabinet was vacated. The
Maritime Department applied to SPU and there they
recommended a young talented physicist Rybkin, who
was interested in studying electromagnetic waves.
Since May 1, 1894, he was admitted to MOC as a
laboratory assistant and an assistant lecturer in
galvanism and practical physics. In addition, Petr
Nikolaevich was entrusted with management of a
physical cabinet, compilation of catalogs of
instruments and materials, as well as execution of
various scientific assignments. In this, one of the
oldest educational institutions of the Russian fleet,
Petr Rybkin trained maritime radio specialists for more
than half a century. Together with A. S. Popov in the
physical cabinet and in the garden of MOC he tested
the work of a radio receiver with the world’s first
antenna. He was present on May 7 (April 25 old style)
1895 at a meeting of the Russian Physico-Chemical
Society (RPCS), where Popov reported to the
audience about the invention of radio and
demonstrated the first radio receiver. In March 1896,
at a meeting of RPCS Rybkin, with the help of the
Morse code, transmitted the first radiogram «Henry
Hertz» to the telegraph tape with electromagnetic
signals. The distance, however, was only 250 m. The
telegram was transmitted from the chemical laboratory
to a physical audience located in another SPU
building.

Petr Nikolaevich conducted his first experiments
transmitting signals at a distance in the summer of
1897 on the Kronstadt roadstead between the shore
and a small «<Rybka» ship, and then they continued in
the training and mine detachment on the Tranzund
roadstead near Vyborg. Alexander Popov at this time
was in Nizhny Novgorod, where he was in charge of
an electric station, and supervised Rybkin’s
experiments therefrom, actively communicating with
his assistant. The experiments were successful. In
order to be able to test wireless transmission over long
distances, it was decided to use the cruiser of the 2"
rank «Africa» and the transport ship «Europe». On the
masts of these ships it was possible to raise the
antenna to a height of 20 m and the transmission
range was increased to 5 versts (5-plus km).
Successful results of the experiments were reported
to the Marine Technical Committee, which decided to
finance and continue further research in 1898.

In May 1899, Petr Rybkin, along with another
assistant of Popov, D. S. Troitsky, at the forts «Milyutin»
and «Konstantin» of the fortress of Kronstadt
conducted experiments to test radio telegraphs. The
receiver had a simple arrangement: an antenna, a
battery, an electrical bell connected in parallel, and a
Morse telegraph device, which allowed recording
signals on a paper tape, an electromagnetic relay and
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Mine room of Mine Officers’ Class in Kronstadt.

a coherer (a glass tube with two electrodes at the
ends, filled with metal powders). Due to poor contacts
between the sawdust, the resistance of the coherer
was large, so the electric current in the circuit was
small. The relay did not close the circuit of the
telegraph unit and the bell. Under the influence of
high-frequency electromagnetic waves received by
the antenna, electrical discharges between individual
metal filings occurred in the coherer, they were
sintered, the resistance decreased by 100 ... 200
times, and it began to pass an electric current from
the battery, sufficient to trigger an electromagnetic
relay, which switched on telegraph and telephone. A
dot or dash was drawn on the telegraph tape, and the
hammer of the bell struck the coherer, shaking its
metalfilings. The adhesion between the sawdusts was
weakened - the receiver was ready to register the
next signal. Once, during the transfer of signals from
the fort «Constantine» to the fort «Milutin» on a moving
telegraph tape, points and dashes were no longer
drawn. Having connected the telephone receiver to
the coherer to check the serviceability of its electrical
circuit, Rybkin heard short and long beeps in the
headphones instead of the usual click, from which the
word being transferred was composed. A study of this
fact showed that during the operation of the transmitter
the receiver battery discharged. Therefore, the
amount of energy supplied to the coherer sawdust
was not enough to connect them to the conductive
bridge, thereby closing the relay circuit of the
telegraph writing machine. The transmission was on
a small spark with reduced energy, which was enough
to hear the signals in the handset. About this discovery
Popov was informed by an urgent telegram: «Rybkin
Troitsky discovered a new property of the tube to
receive simplistically remarkably sensitive».

On the basis of the discovery of the conversion of
electromagnetic oscillations into a sound signal
(detection) without shaking the coherer, a radio
receiver with a telephone receiver was designed to
receive radio signals by ear, which was more sensitive
and did not require a telegraph apparatus to record
transmitted messages on a moving paper tape. This
made it possible to simplify the receiver circuitry (the

drummer and the interrupter of the electrical circuit
became unnecessary) and to increase the radio
communication range. In June 1899, Popov, together
with Rybkin and Troitsky, applied for a patent
«Receiver of dispatches sent by electromagnetic
waves». The patent was issued with the number 6066.
The world’s first device for receiving radio signals by
ear was patented in England and France. Currently,
this invention is used in digital cellular radio
communication systems. The incoming wave causes
weak electromagnetic oscillations, the energy of
which is not used for reception. Weak signals only
control the use of semiconductor devices by power
sources that feed subsequent circuits that amplify and
reproduce the information received.

In 1899-1901 Rybkin took part in improvement
and testing of a wireless telegraph at sea, floating on
the ships of the Baltic and Black Sea fleets. Especially
important for him was participation in the epic to
rescue the battleship of the coastal defense «General-
Admiral Apraksin», which was wrecked in the Gulf of
Finland. At the end of November 1899, during a snow
blizzard, the ship lost its course and sat on rocks in
the ice near the southern shore of the island of
Hogland (now Sur-Sari). In the winter time, Finnish
postmen and couriers did not always provide
communication between the mainland and the island
because of the fragile ice. For the same reason, it was
also impossible to lay the cable. Because of the lack
of communication, work on rescue was disrupted,
which threatened the battleship with death. The
Marine Ministry instructed Popov to provide regular
communication between the accident site and the
mainland via a wireless telegraph. At the station Kotka
(now in Finland) Popov led the work, and on the island
of Hogland — Rybkin. To the island, people and
materials necessary for the construction of a wireless
telegraph station were transported by the icebreaker
«Ermak», which was released in early January 1900
from Revel (since 1917, Tallinn). In the blizzard and
frosts, the sailors, under the command of naval
officers and Rybkin’s direction, transported cargo
from the icebreaker to the shore by unstable broken
ice and deep snow, and then to the island and then
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mounted antennas. Communication on wireless
telegraph during rescue operations within a radius of
50 km between the mainland, the island and the
battleship was maintained regularly and
uninterruptedly. Until April 1900, when the battleship
was still removed from the rocks, several hundred
telegrams were transmitted. In connection with the
successes during the rescue Petr Rybkin was
announced from the Emperor of Russia Nikolai Il
«Monarch favor» and was granted with 1100 rubles.

In the summer campaign of 1901 Rybkin took
direct part in equipping the first civil radio
communication line in Russia for the needs of river
navigation in Rostov-on-Don between the port and a
special lighthouse in the delta of the Don River, eight
kilometers from the port. Messages on the water level
in the canal connecting the port with the Sea of Azov
were transmitted via the radio, thus ensuring the
safety of navigation.

After the transition of Popov to the St. Petersburg
Electrotechnical Institute in 1901 Rybkin took his place
as a teacher at MOC. He did not stop his work on
improving the radio receiver circuit, achieved greater
reliability in work, continued further tests of radio
stations on ships. In 1906 he initiated the creation in
MOC of a posthumous exhibition of instruments and
radio communication equipment created by Popov.
From 1920 until the end of his life he was in charge of
the radio museum. For almost 50 years, he directed
a radio department at MOC, and then School of
Communications n.a. A. S. Popov in Kronstadt. The
sailors of the Baltic called Rybkin «The Grandfather
of the Radio Operators». On his initiative, in 1922,
evening electrical courses were organized in
Kronstadt, where he taught until 1934.

During the Great Patriotic War, Petr Rybkin carried
out the tasks of the Baltic Fleet command in the
defense of Leningrad, for which he was awarded the
Order of the Red Star. In March 1942, he was

Electrotechnical room of Mine Officers’ Class in Kronstadt.

evacuated from Kronstadt and worked until the end
of the war at the Inskaya station of the West Siberian
Railway six kilometers east of Novosibirsk. In 1944,
Petr Rybkin was awarded the highest award of the
USSR - the Order of Lenin. And at this time his son,
also a radio operator, Vladimir Petrovich Rybkin,
fought at the front.

Conclusion. After a serious and prolonged illness,
Petr Nikolayevich Rybkin died on January 10, 1948 at
the age of 83 years. He was buried in his native
Kronstadt. Petr Nikolaevich has more than 30 works in
the field of radio communication practice and history,
in which the priority of Russian science in the invention
ofawireless telegraph has always and uncompromisingly
been upheld. For pedagogical and scientific activities,
he was awarded orders and medals of the USSR, watch
with engraved name from the government of the USSR
and the badge «Honorary radio operator of the USSR».
Director Maria Kligman shot him in the documentary
film «The Birth of Radio» (1941).
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MPECC-APXVB

O NMPOEKTE BO3BbILUEHHbIX SJIEKTPU4HECKUX
XEJIESHbIX O0POrI B NETEPBYPTE

1909 romy MUHKCTPOM I1yTeii cOOO1LIE-

Hus C. B. PyxjioBbIM Obiia 00pa3zoBaHa

KOMUCCHSI, TIONl TIPEJCEeNaTeIbCTBOM
cocrtosiiero npu Munuctpe [J1aBHOro MHCHEK-
TOpa, TS PACCMOTPEHUSI POEKTa JEKTPUP -
karu C.-ITetepOyprckoro kene3HoI0pOXKHO-
ro y31a. [Ieso B ToM, 4TO MPUropoaHOE rmacca-
JKUPCKOE JIBMKEHUE Ha ydacTKax KeJIe3HbIX
JIopor, rpuieratoiux K [1etepOypry, yxe camo
1o cebe 00JbII0e, HO, KPOME TOTO, C KaXKIbIM
TOJIOM BCE YBEJIMYMBAETCSI, B CPEIHEM OHO
pacrer Ha 7,6 % B To. B 1908 romy mo npuro-
pomHOoMYy Tapudy 0610 TTepeBe3eHo 20722000
maccaxupoB. B ToM ke romy maccaxuposn
JTAJTbHETO HAa3HAYEHUsI Ha BCEX TIETepOyPICKUX
XK.JI., B TOM YuCJIe U Ha (PUHISIHACKUX, ObLIO
nepesezeHo Bcero 1904000. Bee 3HamT, Kak
TePEeTIONTHEHBI B U3BECTHBIE Yachl, B TAUHBIN
Tepuo, Toe3/1a 1 Kakasi ObIBaeT CYTOJIOKA Ha
BOK3aJIaX. YBEJIMYMBATh YHUCIIO MOE3I0B HEJlb-
351, @ TAKXKe HEBO3MOXKHO YBEJIMUMBAThH U CO-
ctaB noe3noB. [ToaToMy mosaraioch Ha Bcex
MNPUTOPOAHBIX YYACTKAX, a UMEHHO 110 JIoba-
au, [atanHel, OpanneH6ayma n CecTpopenka,
BBECTU JIEKTPUYECKYIO TSTY, U TTIOCTPOUTH
yepe3 BeCh rOpoJl 1B JUHUU, KOTOPbIE,
BO-TIEPBBIX, COEAUHUIN ObI MEXTY COOOIO BCE
JKeJIe3HbIE IOPOTH, a, BO-BTOPBIX, CITYXXKUJTU ObI
CcoOMpaTeIbHBIM alMNapaToM MOCPEICTBOM
pPacToIOKEHHBIX HA HUX TOPOACKUX CTAHITN,
0CBODOOX1ast TAKUM 00pa3oM OT TPUTOPOJHO-
TO IBUKEHUSI CYIIECTBYIOIINE BOK3aJTbI, KOTO-

pble OCTaJIUCh ObI MPUCTIOCOOJIEHHBIMU TS
JTATbHUX TTaCCakKUPOB.

OnHy U3 3TUX JUHUU Mpeanoaaraioch
MPOJIOXUTH OT DJTI0rOBa Iepeyiika (0T ToBap-
Hoit ctaniuu [Tpumopckoit x.1.) mumo Ka-
TOJIMUECKOro KJjiaabuila, mo ApceHajlbHOM
yauie, MuMo TaBpuueckaro ABoplia U caja,
yepes [IpeobpaxeHCcKuUil ial U gajaee mo
JIMroBCKOMY MPOCIIEKTY U OT KOHIIa €T0 110
banTuiickoii x.1. Bropas nuHus npeamnona-
rajjach Takxe ot Diorosa rmepeyiaka 10
p. HeBku, Bnoab He€, mog HeBoro u Mapco-
BbIM ToJieM, aajee mo ExaTepruHUHCKOMY
1 KprokoBy KaHaiaM 1 10 Tol ke bantuiickoii
x. 1. [lepBas MMHUS NMpoeKTHUpoBajach Ha
METAJTMYECKUX U XKeJIe300eTOHHBIX BO3BbI-
LIIEHHBIX 2CTaKaaax, mpuueM yepe3 HeBckuii
MPOCIEKT y 3HAMEHCKOM 1. TPEANnoarajioch
COOPYIUTH BEICOKUI XKeJ1e300€ TOHHBIN MTyTe-
MPOBOJI, TAKOW BBICOTHI, YTOOBI OH HE 3aKPbI-
BaJ BUJAa Ha maMsITHUK MmmnepaTopy Alek-
canapy Il (Bug aToro myrenpoBojaa MpuBO-
auM). JIeACTBUTENBbHO, COOPYXXEHHUE ITO He
TOJILKO HE MOPTUJIO OBl U HE 3aKPbIBAJIO ObI
BUJIa HA MaMITHUK, HO, HA00OPOT, YKpacuao
OBl ero, o0pa3ys Kak paMKy aMsiTHUKa. Bro-
past IMHUS YaCThlO MPOEKTUPOBAJIACH O
3emJieto: ToHHeu o HeBolo, BMecTo MocTa,
noa MapcoBbiM nojieM U B pyciie Exatepu-
HUHCKOTO KaHaia A0 [opoxoBoii yaullel, Mo
OCTaJIbHOM 4YaCTU TAKXe MO BO3BBILLIEHHON
METaJUTMYECKOM U 3KeJIe300€ TOHHOM AcTaKae.
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7151 cHaOXeHUs 2JIeKTPUIECKOM SHepruei
TIPEITOIAarajIoCh BOCITOIB30BAThCS ITOPOTAMU
Ha p. BosixoBe, HaxomsImMMcs OKOJIO cefia
M.-ApxaHrejJbCKOro, pacnogoxeHHoro B 110
BepcTax oT I[letepOypra.

[TpoekT 3TOT BO3HUK MO MHUIIMATUBE
nHxeHepa M. I1. TabypHo u pazpadboTaH UM
coBMecTHO ¢ nHxeHepamu I. O. Ipadrtuo,
I. . benaro u H. B. Pyguutikum!. Ot uH-
JKEHepbl pa3padoTaiu TOBOJBHO NETaTbHBIN
MPOEKT KaK TOPOJCKUX JUHUMI, TaK U TIepe-
CTPOWKU CYIIECTBYIOIIMX YYaCTKOB X.[I.,
MOTPEOHOTO MOABUKHOTO COCTaBa, TMIPO3-
JIEKTPUUYECKUX COOpyKeHUil Ha p. Bosixose,
a TakKe JMHWU Tepeaadu dJIeKTPUIeCKOn
SHEPTYY BEICOKOTO HATIPSKEHUST U TpaHChop-
MaTOPHBIX CTAHIIWIA.

Komuccust paccmoTpesna mpoeKT ¢ TeXHU-
YeCKOU 1 C 9KOHOMUYECKOI CTOPOHBI, BHECIa
CBOU WCIIPABJIEHUs ¥ B TIPUHIIMIIE TIPU3HAJIA
CBOEBPEMEHHBIM TIPOEKT yperyJIrupoBaHUS
naccaxupckoro asuxeHus C.-IletepOypr-
CKOTO XXeJIe3HOIOPOKHOTO y371a. C 9KOHOMU-
YeCKOI CTOPOHBI KOMUCCHSI PU3HAJIA TTPOEKT
BBITOIHBIM, HE TOJIBKO HE TMPUHOCSIIIUM JIe-

TpaHc-MOHroJbCKas XkeJje3Has A0pora.—
Mexay Pycckum 1 Kutalickum npaBUTEIbCT-
BaMU COCTOSUICSI 0OMEH MHEHUI OTHOCUTETb-
HO MPOeKTa coopykeHusI TpaHC-MOHTOJIbCKOM
JKeJIe3HOM Toporu, KoTopast coeauHuT [1ekuH
C OIHOM 13 CTaHIIMIT 3a0aiiKaTbCKOM XKeJle3HOM
noporu. CoryiacHO BbIpaOOTaHHOMY IIJIaHY,
CoopyKeHHUe keye3Hoi noporu ot Kanarana go
batikana nokHO ObITh 3aKOHYEeHO K 1913 rogy.
Hawubonee TpyaHbIM MECTOM TSI COOPYKEHUS
JIMHUU SIBJISIETCS ITyCThIHS 00U, iepexon uepe3
KOTOPYI0, B HAacTosI11Iee BpeMsi, 3aHuMaeT a0 50
JTHE, Torma Kak I1o XKeJIe3HOI Jopore paccTo-
sSIHUE 3TO MOXET OBITh MpoiineHo B 40 yacoB
(«Becr. Iyteit Coobnienust» 1911 . Ne 17).

OueBUIHO, TAKOM XKeJIe3HOI T0poroi Mo-
JKeT OBITh M TOJILKO YTO paccMoTpeHHas B Ko-
MUCCHH O HOBBIX JOpOrax, BHECEHHas Ha
paccMOTpeHKEe YaCTHBIMU JIULIAMU U3 MECTHO-
ro Ksaxtunckoro u HajiraHckoro pycckoro
KyredecTBa, gopora oT ¢T. MbicoBas 3abaii-
KaJIbcKoil foporu Ha Ksaxty u ¥Ypry, ¢ tem,

JAHHOTO MaTepuaa.

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 247-250 (2017)

HEXHOro yiiepba KazHe, Ho, HA000pPOT, Aaro-
M JO0OaBOYHBIN JOXO/I.

MuHUCTp MyTeil COOOIIEeHUs, KaK U3BECT-
HO, BHec IpemioxeHnue B [ocynapcTBeHHYIO
JdymMy 00 aCCUTHOBaHUM €MY CPEACTB JJIsI
TPOM3BOJICTBA TOTIOJTHUTEIbHBIX U3BICKAHWI,
IJIaBHBIM 00pa3oM, Ha M3y4eHUE pexkuma
p. BonxoBa. DTu 1omoHUTEIbHBIE UCCIIENO0-
BaHUsI CKOPO OyAyT OKOHYEHBI; OHU TIPOU3-
BOISATCST YIIpaBjieHUeM BHYTPEHHMX BOITHBIX
MYTEN U ILIOCCEWHBIX JOPOL.

B No 28-m «XKenesnomopoxHoro Jlema»
3a TIPOILLJIBIN TOMT 00 9TOM IMPOEKTE U3TT0XKEHO
HECKOJIbKO noipooHee. M3 3Toro n3noxkeHust
BUJIHO, YTO TJIABHBIM IIPEISITCTBUEM B JIaH-
HOM JIeJIe CJTy>KaT MHTEePECHhl NeTepOyprcKux
JIOMOBJIA/IEJIBIIEB, BCE E1E MMEIOIINX TOMM -
Hupyloniee 3HaueHue B Topoxackoit Tyme
¥ CUMTAIOIINX CBOMX KBApTUPOHAHUMATEJEH
TaKWMW JaHHUKaMU, JUTsI O0JIETYEHUST yIacTh
KOTOPBIX TIpeajiaraeMble Mepbl 0€3 uX, 10-
MOBJIAJIE/IbIIEB, COU3BOJIEHUS HE TOJXKHBI
OBITh IPUHNUMAEMBI.

(ZKene3nonopoxkHoe 1eJ0.—
1911.— Ne 17-19.— C. 142—143) ®

! Bce 9TH 4eThIpe MHXKEHEPa ObLIM PYKOBOIUTEISIMU 110 coopykeHuio C.-I16. a/1eKTpuyecKiX TpaMBaeB.

HOBOCTU

4yTOOBI OT Ypru 10 KanraHa cTpousio ejae3Hyto
nopory Kuraiickoe TipaBUTeIbcTBO. [OBODSIT,
Komuccust onobpuia aTy 1opory, Ho Halia e€
MaJIOJIOXOTHOIO W TIOTOMY-JIe TTOJIEKAIIeIO
ToCTpoiike KazHot. KoHeuHo, 1 Ka3Ha Morjia
OBl BBITTOJTHUTD YKa3aHHBI BBIIIIE ABYXTOOBOI
CPOK COOPYKEHUSI, ECJT COOTBETCTBEHHO CEMY
M3MEHUTH CBOM TTOPSIIKK, M YaCTHAST KOMITAaHUST
MOXET, €CJTU paclieHKa paboT Oy/IeT 10CTaTo4-
HO BBICOKas1. YTo e KacaeTcst MaJIoIOXOIHO-
CTH WX YOBITOYHOCTHU foporu, To Komuccust
B JaHHOM cJIy4yae pa3oliach BO MHEHUSIX
C HEIOCPEACTBEHHO M3YYMBIIMM TOT Kpait
MMOJKOBHUKOM KO3710BBIM, CIIOIBMKHUKOM
ITpxeBanbckoro. E€ npaBuia He J0IycKaOT
TTO/ICYETOB HAa BEPY M B TO K& BPEeMsT HE BEIyT
HEeTIOCPEICTBEHHO K UCTUHE, a JIUITh K MUHU-
MaJIbHBIM TIPEIITOJIOKEHUSIM O TOXOTHOCTH,
KOTOPBIE MOTYT OBITH JIJISI TOCYIapCTBa U BPE/I-
HBIMU, 3a/IEP>KMBast TOCTPOSHME JKeJI. TOPOT.
(ZKene3H010pOKHOE J1€]10. —
1911.— Ne 17-19.— C. 144) ®
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PRESS ARCHIVES

ABOUT THE PROJECT OF ELEVATED ELECTRIC
RAILWAYS IN ST. PETERSBURG

lov, formed a commission, chaired by the

Chief Inspector under the Ministry, to
consider the electrification project of
St. Petersburg railway junction. The fact is that
the suburban passenger traffic on the sections
of the railways adjacent to St. Petersburg is
already large in itself, but, in addition, every
year it increases, on average, it grows by 7,6 %
per year. In 1908, using a suburban tariff,
20.722.000 passengers were transported. In the
same year, only 1.904.000 long-distance
passengers on all St. Petersburg railways etc.,
including those in Finland, were transported.
Everyone knows how crowded are trains at
certain times, in the summer period, and what
kind of mess is at the stations. It is impossible
to increase the number of trains, and it is also
impossible to increase the size of a train.
Therefore, it was assumed in all suburban areas,
namely, to Luban, Gatchina, Oranienbaum and
Sestroretsk, to introduce electric traction and
build across the city two lines that, firstly, would
connect all the railways, and, secondly, would

I n 1909, the Minister of Railways, S. V. Rukh-

The overpass on Znamensky Square against Nevsky Prospekt.

serve as a collective apparatus by means of the
city stations located on them, thus freeing out
the existing stations from the suburban traffic,
which would remain adapted for long-distance
passengers. One of these lines was supposed to
be laid from Flugov Lane (from the Primorskaya
Railway Station) past the Catholic Cemetery,
along Arsenalnaya Street, past the Tauride
Palace and the Garden, through the
Preobrazhensky Platz and further along
Ligovsky Prospekt and from the end to the
Baltic Railway. etc. The second line was also
supposed from Flugov Lane to the river Neva,
along it, under the Neva and the Field of Mars,
further along the Catherine and Kryukov canals
and up to the same Baltic Railway. etc. The first
line was designed on metal and reinforced
concrete overpasses, and through Nevsky
Prospect near Znamenskaya Square it was
planned to build a high reinforced concrete
overpass, so high that it did not block the view
of the monument to Emperor Alexander I11
(the view of this overpassis given). Indeed, this
building not only would not spoil and would
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not block the view of the monument, but,
conversely, decorate it, forming as a frame of
the monument. The second line was partly
designed under the earth: the tunnels under
Neva, instead of the bridge, under the Field of
Mars and in the channel of the Catherine Canal
to Gorokhovaya Street, the rest also along the
elevated metal and reinforced concrete
overpass.

To supply electricity, it was intended to use
the rapids on the river Volkhov, located near the
village of M.-Arkhangelskoe, located 110 versts
from St. Petersburg.

This project arose on the initiative of the
engineer I. P. Taburno and was developed by
him together with the engineers G. O. Graftio,
D. D. Belago, and N.V. Rudnitsky'. These
engineers have developed a fairly detailed
design of both urban lines and the reconstruction
of existing sites etc., required rolling stock,
hydroelectric structures on the river Volkhov,
as well as transmission lines for high-voltage
electric power and transformer stations.

The Commission reviewed the project from
a technical and economic point of view, made

corrections and in principle recognized the
timely settlement of the passenger movement
of the St. Petersburg railway junction. On the
economic side, the commission recognized the
project as beneficial, not only not bringing
monetary damage to the treasury, but, on the
contrary, giving additional income.

The Minister of Communications, as is
known, made a proposal to the State Duma to
allocate him funds for the production of
additional research, mainly on the study of the
r. Volkhov. These additional studies will soon
be over; they are produced by Administration
of inland waterways and highways.

In No. 28 of «Zheleznodorozhnoe delo» last
year, this project was described in more detail.
It is clear from this statement that the main
obstacle in this case is the interests of
St. Petersburg homeowners, still dominant in
the City Duma and considering their tenants as
such tributaries, to facilitate the participation of
which the proposed measures without their,
homeowners, permission should not be accepted.

(Zheleznodorozhnoe delo, 1911,
No. 17-19, pp. 142—143) ®

' All these four engineers were leaders in the construction of St. Petersburg electric trams.

NEWS

Trans-Mongolian Railway.— An exchange
of views took place between the Russian and
Chinese governments on the project for
construction of the Trans-Mongolian railway,
which will connect Beijing with one of the
Trans-Baikal railway stations. According to the
plan, construction of the railway from Kalgan
to Lake Baikal must be completed by 1913. The
most difficult place for construction of the line
is the Gobi Desert, the crossing through which,
at the present time, takes up to 50 days, whereas
by rail this distance can be traversed in 40 hours
(«Vestnik Putei Soobscheniya», 1911, No. 17).

Obviously, such a railway can be and just
considered in the Commission on new roads,
introduced by private individuals from the local
Kyakhta and Kalgan, Russian merchants, the
road from the station Mysovaya of Transbaikalian
railway to Kyakhta and Urga, so that the
Chinese government build the railway from

Urga to Kalgan. They say that the Commission
approved this road, but found it to be of poor
profit and therefore, subject to the construction
with funds of a treasury. Of course, even the
treasury could fulfill the above two-year
construction period, if it changes its procedures
accordingly, and the private company can, if
the rate of work is high enough. As for the low
profitability or unprofitability of the road, the
Commission in this case disagreed with the
Colonel Kozlov, an associate of Przhevalsky,
who studied the region directly. Its rules do not
allow counting on faith and at the same time
do not lead directly to truth, but only to the
minimal assumptions about profitability, which
can be harmful to the state, delaying the
construction of the railway.

(Zheleznodorozhnoe delo, 1911,
No. 17-19, p. 144) ®

The editorial board expresses gratitude to the staff of the Library of MIIT university for their

contribution to preparing this publication.
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JlesuH []. HO. OpraHu3sauuns BaroHornoToKoB Ha
Jxene3Hbix goporax: MoHorpagus.— M.: Yde6Ho-
MeToAnNYeCKNi LLeHTP o 06pa3oBaHUIO Ha
JKesnie3aHo4OoPOXXHOM TpaHcnopTe, 2017.— 443 c.

DyHaamMmeHTanbHbIi TPYL COAEPXUT UCTOPUIO,
CcoBpeMeHHOe COCTOSIHUE U MepPCreKTUBbI
pa3BUTUSI OpraHn3aLny BaroHOrnoToKoB, KOTOPYIO
pernameHTUpyeT nyiaH popMUpOBaHUS NMOE3A0B.
O4yeHb NoapPo6HO chopmMynIMpoBaHbl 3a8a4n
pac4eta nnaHa popMmUpPoOBaHUA Pa3/TNYHbIX
Kkateropun. PaccMOTpeHbI pa3/InyHble PeXuMbl
npowecca HakorseHuss cCocTaBoB. PbIHOYHbIE
ycnoBusi TPEOGYIOT HOBbIX KPUTEPUEB, YTO

HaLLJIO OTPa)KeHne B pac4eTHbIX HOpMaTuBax.
Teopus pacyeta nnaHa popMUpPOBaHUS NPOLLIA
60/1bLLIOV MYTb Pa3BUTUSI, HO COBPEMEHHbIE
ycJs10BUsl TPEOYIOT HOBbIX MeTOAMuK. Ha pa3Hbix
aTanax XU3HU XXeJ1e3HbIX [OPOI MEHSI/IOCh
OTHOLLUEeHUe K MapLUpyTU3aunum nepeBo3Kn
rpysos. B ycnoBusix npusatnsaymnv BaroHoB
U3MEHUIINCb KpuTepun a¢ppeKkTuBHOCTU
MapLupyTtusaynm. Ha paznnyibie oco6eHHOCTU
opraHu3aunm rnopoXXHUX BaroHOMOTOKOB TOXe
HaJIOXWUJIN OTINe4YaToK PbIHOYHbIE YCJ/I0BUSI.
YBenun4yeHvie 4ou rpynnoBbIx Moe3[08
caep>XuBaeT HexBaTka COPTUPOBOYHbIX MyTe.
BonbLuoii NHTepec npeacTasaseT npeasioxeHve
aBTOpa BBeCTU AnCreT4epCcKoe ynpassieHue
opraHu3aumevi BaroHOrnoToKoB.

KnoyeBble cnoBa: opraHu3aimsi BaroHONOTOKOB,
1OPOXHNE BArOHOMOTOKU, ANCIETHEPCKOE
yripaB/ieHue, BaroHO-4achl, raaH popM1poBaHus,
OTMpaBUTEbCKast MapLLPYTU3aLMS,

rpynnoBble rnoesaa.
|
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B 0,0XAUK, XXapy U CTYXY
rpaduk ABUXEHUA HY)XXEH

oHorpadusi HAUMHAETCSI C IepeyHs 3a/1a4,

copmympoBaHHBIX B UHCTPYKTUBHBIX

yKa3aHUSIX 10 OPraHM3alliy BarOHOTO-
TOKOB, U3IAaHHBIX B pa3HbIe rofbl. C HAaKOTUIEHUEM
MPAKTUIECKOTO OTTbITa pa3pabOTKY TUTaHa (hOPMHU-
POBaHMsI TIOE3/I0B YMCJIO 3a/1a4 ITOCTOSIHHO PACTeT.
He noxwunasich pelieHusi OQHUX 3a1a4, XU3Hb
poXmaeT HOBbIe. I3MeHeHre colMaibHO-9KOHO-
MUYECKUX YCIOBUIA BHIIBUTACT HOBbIE KPUTEPUU U
BbI30BbI. B pe3ysibraTe BaxkHbIii pa3aes aKcIuyara-
VY KeJTe3HBIX TOPOT — OpTraHM3aIsl BAarOHOIO-
TOKOB HaXOJUTCSI B TOCTOSTHHOM Pa3BUTUU, TIOMCKE
HOBBIX PeIlIeHUI BOSHUKAIOILIMX 3a/1a4.

Ha nakoruteHre cOCTaBOB MPUXOIUTCS OKOJIO
50 % BpeMeHU HaXOXICHUS TPAH3UTHBIX BATOHOB
¢ nepepaboTKON HAa TEXHUYECKUX CTAHLIMSX.
YcinoBust opraHu3alnu, MPOIECC HAKOTUICHUS
BJIMSIIOT Ha CPOKH JOCTABKH TPY30B, OMIPEICIISIOT
3¢ HeKTUBHOCTH UCTIOJIb30BAHUSI BATOHOB, a IPU
pacuéTte ruiaHa ¢opMUPOBAHUS — HA OOBEM TTe-
pepaboTKK BATOHOB Ha COPTUPOBOYHBIX TOPKaX.
IToatomy B MOHOTrpaduu BompocaM HaKOTUICHUS
COCTaBOB CITPABEIJINBO YIEJIeHO MHOTO BHUMa-
Hust. [TocnenoBaTeIbHO PACCMOTPEHO Pa3BUTHE
HccleOBaHUI Mpolecca HakorieHus. [lomy-
YeHHBIE Pe3YJIbTAThl NCTIOJIb30BAHBI B UCCIIENO0-
BaHUU BIMSIHUS PAa3INYHBIX (DAKTOPOB Ha MOKa-
3aTe/n Mpoliecca HaKOIUICHUs, YTO MO3BOJIUIO
YTOUHUTH aHAIUTUYeCKUEe (POPMYJIBI U TOUHEe
OMnucaTh MPOLeCChl HAKOIJICHUSI B PAa3JIMUHBIX
pexunmax.

Ha opranuzamnuio BaroHOTIOTOKOB BJIUSIET
6ouspiioe yncao dakropoB. [Ipu pacuere ruraHa
(hopMHUPOBaHUS TOE30B 3TO BIMSIHUE YUUTHIBACT-
CsI C TIOMOIIIBIO PACUYETHBIX HOpMaTUBOB. CucTeMa
HOPMaTHUBOB MPOIILIA GOJIILON ITYTh COBEPIIEHCT-
BoBaHUS. TeM He MeHee CIpaBeIMBO YTBEpXKIa-
€TCsI, YTO CUCTeMa PaCUETHBIX HOPMATUBOB TPeOy-
eT MPUBEACHUS CYIIECTBYIOLUIUX HOPMATUBOB
B 3aBUCUMOCTb OT pa3MepoB repepadaTbiBAEMOTO
Ha CTaHIMSIX BaTOHOIIOTOKA U Pa3pabOTKN HOBBIX
HOPMAaTUBOB, MO3BOJISIIOIIMX YUUTHIBATh Niepepa-
0aThIBAIONIYIO CIIOCOOHOCTh CTAHIIMI W YUCIO
COPTUPOBOYHBIX TTYTEIA.

B pacuérax minaHa hopMupoBaHMs TPUHUMAIOT
MOCTOSIHHOM BEJTMUMHOM BPeMst HAXOXKIEHUSI TpaH-
3UTHOTO BaroHa ¢ repepaboTKOi Ha COPTUPOBOU-
HBIX CTaHLIUsIX. XOTSI U3BECTHO, YTO C UBMEHEHUEM

56 (2017)




00BEMA COPTUPOBOYHOM pabOTHI MEHSIETCSI BpEMSI
HaXO0XIEHUsI BATOHOB Ha CTAHLIMU. DTO HE0OXO 11 -
MO YIMTHIBATh TP OTICHKE Pa3TMIHBIX BADMAHTOB
rutaHa OpMUPOBAHUS TTOE3/I0B.

M3MeHeHMe BpeMeHU HaX0XIeHUsI BATOHOB Ha
CTaHIIUM TTPY 3aJlaHHOM ¥ HEM3MEHHOM TeXHUYe-
CKOM OCHAIIIEHUH MPU U3MEHEHUU 00bEMa Tepe-
paboTKU — OAIMH U3 OCHOBHBIX (haKTOPOB, OTpe/e-
JITIOIINX 3HaYeHNEe SKOHOMMH BarOHO-4acOB BCEX
nepepabaTbIBaeMbIX Ha CTAHLUMU BaroHOB TIpU
MpoMycKke paccMaTpyBaeMOro BarOHOMOTOKa 0e3
nepepadoTku. YeM OoJibilie 00bEM MepepadboTKH,
TeM OOJIbIlle BpeMsT OKUAAHUS BBITTOTHEHUS TeX-
HOJIOTUYECKUX Orepaluii. DTO CBUIETEIbCTBYET
0 TOM, 4YTO OIpeleieHne BpeMeH! HaXOXIECHUS
BAaroHOB Ha CTAHIIMU B OTPBIBE OT Pa3MepPOB Iepe-
paboTKM HEMPaBOMEPHO.

[1s peayii3aiiuu ONTUMATBHOTO TuTaHa op-
MMPOBAHUS TTOE3I0B HA TEXHUUECKUX CTAHIIUSIX HE
XBaTaeT 3HAYUTETbHOTO KOJIMYECTBA COPTUPOBOY-
HbIX yTeit. [ToaToMy, paccunThiBast TTaH HOPMU-
pOBaHUSI TIOE30B, HEOOXOIUMO YIUTHIBATH HATH -
Yye Ha CTaHLMSIX COPTMPOBOYHBIX MyTeit. Paspa-
60oTaHbI pacu€THBIE HOPMATUBBI, KOTOPBIE TT03BO-
JISTIOT TIPY COCTaBJIEHWU TIaHa (OPMUPOBAHUS
MOE3/I0B YYUTBIBATh HE TOJBKO 3arpy3Ky CTaHLIMH,
HO ¥ KOJIMYECTBO COPTUPOBOYHBIX TTYTEH.

B cBs3u ¢ moTepeit akTyalbHOCTH OZHOTO U3
OCHOBHBIX KPUTEPUEB CUCTEMbI OPraHM3alluu Ba-
TOHOTIOTOKOB — COKpAIlleHUsI BpeMeHN 000poTa
BAaroHoB TpeOyeT M3MEeHEeHUsI OlleHKa BapUaHTOB
1aHa opMUPOBAHUSI MTOE30B I10 3aTpaTaM «I1pu-
BEJICHHBIX BarOHO-9acoB». OTHUM U3 KPUTEpUEB
OLIEHKM COBPEMEHHOU CHCTEMBl OpraHM3aluu
BaroHOIMOTOKOB MPEI0KEHO BBITMOJIHEHNE CPOKOB
NMOCTaBKM TPy30B. MOXHO TakXe MOMpoOOBaTh
B KQUeCTBE KPUTEPUSI AEHEXKHYIO OLIEHKY.

OueHb NoAPOOHO MPOCIEKEHO Pa3BUTHE TEO-
pun HOpMUPOBAHUS TOE3I0B, HATMHAS OT TTEPBBIX
npemioxenuit A. H. @poJioBa ncronb3oBath hak-
TOpP BPEMEHU B KaY€CTBE KPUTEPUSI TIPU YCTAHOB-
JleHun HaszHauyeHwus noe3nos u M. U. Bacuibesa
0 COMOCTaBJICHUU 3aTpaT BarOHO-4acoB Ha CTaH-
1Msix GOpMHUPOBaHUSI MTOE3/10B C 9KOHOMMUEH Bpe-
MeHH (B BAarOHO-4acax) OT MPOCIeIOBAHUS ITOe3/1a-
MU 6e3 TiepepaboTKU Yepe3 MOMYyTHbIE TEXHUYECKHE
craHUMU. BacuibeB ctasm aBTOPOM METOIMKU
aHAJUTUYECKOTO T1aHa (GOPMUPOBAHUS OJHO
TPYTITHBIX TTO0€310B, B KOTOPOU NJIsT BBIACIECHUS
CTpYyil BarOHOMOTOKOB HYXXHOI Cleluann3anuu
OBLTM MCTIONB30BaHbI 1BA OCHOBHBIX TTOJIOKEHMS,
Ha3BaHHbBIE HEOOXOIUMBIM 1 JJOCTATOYHBIM YCIIO-
BusiMu. [To3z:xe BacunbeB mpeaioxun MeTo aHa-
JINTUIECKUX COTIOCTABJIEHU, B KOTOPOM TIPEIyC-
MaTpUBaIUCh pacuyésl B Tpu 3Tama. Ha mepBom
9Tare BIMOIHSUICS PACUET BAPUAHTOB AJISI OTAEIb-
HBIX CTAaHIIMIA, @ Ha TTOCTISYIOIINX dTarax — pacyéT
ONTUMAaIBLHOTO BApMAHTA TUIaHA [UTSI BCETO paccMma-
TpuBaeMmoro HarnpasiieHus. Ho cam M. U. Bacu-
JIbEB BBICKA3bIBAJI COMHEHUST B TAPAHTUN HAXOXKIIE -
HUST ONTUMAJILHOTO BapraHTa 1Mo pa3paboTaHHOMN
UM METOAMKE.

OcHoBononaratomue ugen A. H. ®ponosa
u U. U. BacunbeBa ohopmun A. I1. [eTpoB B Buje

® MWP TPAHCIOPTA, Tom 15, N2 3, C. 252-256 (2017)

MeToJ1a aOCOTIOTHOTO pacuéra, B KOTOPOM HaMITyd-
LW BapuaHT MJjaHa GOPMUPOBAHUS MOE300B
OTIpeIeNISIeTCs [T0 MUHUMYMY 3aTpaT BATOHO-9acoB
Ha OCHOBE UX MPSIMOTO MOACYETA ITO BCEM BO3MOXK-
HBIM BapuaHTaM. MeTon abCoIOTHOrO pacuéra
WCTIOTB30BAJICS JIJIST HATIPABJIEHU ¢ YMCIIOM COpP-
TUPOBOYHBIX CTAHIIMI He 00Jiee MSTU-IIIEeCTH.

Ha nporsixenuun necsitunetuii A. I1. Tlet-
pPOB BO3IJIABJISIT HAyYHbIE MCCIIEIOBAHUS B 3TOU
00y1acT, ero MeToja ObUT O(PUIIMATBLHO MPU3HAH
MIIC, ero niepy npuHamIeKUT (PyHIaAMEHTATIbHbIM
TPYI IO TeopuH TTaHa GOpMUPOBAHUST, HA KOTO-
pOM OBbLIHM BOCTIMTAHBI MHXEHEPHI HE OIHOTO I10-
KOJIEHUSI.

CoKpaTuTh YMCII0 pacCMaTPUBaEMbIX BapyaH-
ToB nipemtoxu B. I1. YepeHuH, KoTopblii BriepBbIe
MEXaHU3UPOBaJ BbIMIOJHEHWE PACUETOB, a 3aTEM
pa3paboTtan mporpaMMy aBTOMAaTU3UPOBAHHOTO
pacuéra rutaHa opMupoBaHMs TToe310B Ha DLIBM
«Ctpena» 1 BOCM-2 njis HanpaBIeHU OT ceMU
IO IEBSITH CTAHIINIA.

B. I Caenko u b. Jlen Puo pazpaboranu MeTo-
JNIUKY Ha MpeABapUTEIbHOM ONpeneeHUU TPy
BapUaHTOB C OJWHAKOBBIM YKCJIOM Ha3HAYeHUH,
cpely KOTOPBIX HAaXOIWUTCSI ONITUMAIbHBIN BApUaHT
iaHa (OpMUPOBAHUST OMHOTPYITITHBIX MOE310B.
OcTanbHbIe TPYIITBl BAPUAHTOB MCKITIOUAIOTCS U3
paccMOTpeHUs.

K. A. bepHrapa ucciaeaoBall BO3MOXHOCTU
coKpalieHuss 1 YHUhUKAIUYA BBIYUCIIEHUIN TIpU
HaXOXIEHUU ONITUMAJIbHOTO BapyaHTa IJ1aHa TeX-
HUYECKOW MaplpyTU3alru. DTO MO3BOJUIO EMY
pa3paboTaTh METO/] COBMEIIIEHHBIX aHATUTUIECKIX
COMOCTaBJeHUI pacuéra rmiaHa (opMUpOBaHUS
OIHOTPYIITHBIX MMOe310B. MeToa COBMEIEHHBIX
aHAJIMTUYECKUX COTIOCTaBJIEHWII OCHOBAH Ha TO-
claenoBaTebHOM OTOOpPE HAMBBITOMHEMIINX
U UCKJIIOUEHUU HelleJeco00pa3HbIX Ha3HAUYEHUI
10 KPUTEPUIO TIPUBEICHHBIX BATOHO-YaCOB.

B Hos16pe 1958 rona Bo BHUMZKT nocrynuna
rnepBasi Ha XKeJIe3HOIOPOKHOM TpaHcropTe DBM
«Ypain-1». IlepBas 3anaua, Kotopas Obuia pelieHa
Ha ODBM,— pacuér naaHa opMUpoBaHUS TSI TPEX
CTaHLIMI METOIOM abCOJIIOTHOro pacuéTa (aBTOp
nporpamMmbl — [ A. KytykoBa). Hauanocs ucnosb-
3oBaHue DBM s pacuéra miiaHa opMUpOBaHMS
noe310B. B koHite 1960-x ronos C. B. [lyBaist ajist
aBTOMAaTHU3MPOBAHHOTO pacuéra IiaHa (hopMUPO-
BaHUsI OMHOTPYIITHBIX MTOE30B pa3padoTal MeTo-
JNUKY MOCJIeI0BaTEJbHOI0 yJy4yllleHUs MJaHa.
MeTtoarka mo3BOJIsIJIa BBITIOJHSTh PacUEThl IS
BCEil CETH JKeJIe3HBIX JOPOT, MOJIy4yaTh ONTUMATb-
HBII Y ONTUMATIBHO peaIu3yeMblil BApUAHT IJIaHA
(GOopMHPOBaHMS TTOE3I0B, B KOTOPOM YUYNUTHIBAIUCH
OTKJIOHEHMSI BarOHOMOTOKOB OT KpaTyailiero
MyTH TI0 OKPYXXHOCTSIM, OTPAHUYCHUST 110 YHUCITY
MmyTeil ¥ mepepabaThIBarOIIeii CITOCOOHOCTH COP-
TUPOBOYHBIX CTAHIIUIA.

C ucnosb3oBaHueM TporpaMmbl JyBansHa
B ['BLL MIIC exeronto c 1970 rona pa3zpadateiBai-
¢Sl CEeTeBOM IJ1aH (hOPMUPOBAHUS OMHOTPYTITHBIX
noe3noB, cHavasa s 84 (Ha OBM «Ypain-14/1»),
3areM i 170 (ma EC DBM), a ¢ 1982 mo 1993 r.
1151 285 TEXHUYECKMX CTAaHLIUIA.
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LenenanpasnerHast pabora B 06JacTu OTIIpa-
BUTEIbCKOIN MapLIPyTU3aLIMY TTO3BOJMIIA JOOUTHCS,
0cobeHHo B 1960—1970-e rombl, BIIEYATIISIOINX
pe3ynbraToB. B 9TOT mepuon ocBavBainch HOBBIE
KPYIHbIE MECTOPOXACHUS YIisl (DKUOACTy3CKMIA,
Kysneukuit 1 KaHcko-AunmHCKuUil OacceiiHbl)
u HedTH (bamkupus, 3anagHast Cuoupsb), pacrpo-
CTPaHSUIKCH NEPEIOBbIE METO/IbI, HATIPABJIEHHBIE HA
TTOBBIIIIEHE YPOBHS MaplIpyTU3aluU. YPOBEHb
OTMPABUTENBCKON MapUIPyTU3alMK B OOIIEM OT-
TMpaBJIEHUU IPYKEHbIX BArOHOB 1ocTUT o4t 50 %.

IMocne 1991 roma cymiecTBEHHO COKpaTHIICS
00BEM XKeTIe3HOJOPOKHBIX 32Ka30B, YMEHBIINIOCHh
BHUMaHUE K MaplIpyTU3allU MEPeBO30K IPy30B
U COOTBETCTBEHHO YPOBEHb OXBaTa IMMOTPY3KU Map-
LIpyTaMHu.

B HacTosiiiee Bpemsi opraHu3alusl OTIpaBu-
TEJILCKUX MapIIpyTOB TO3BOJISIET CHSTH Iepepa-
060T1Ky okoJio 100 ThIC. BaroHOB B CyTKH. Pe3ynbraTt
CAEPXUBAETCSI TPOTUBOPEUMSIMUA MEXAY MHTEPE-
caMU TPY300TIIPABUTENIC U KeJIE3HBIX TIOPOT.

[Mocne mpuBaTU3alMy BATOHHOTO TTAPKa MapIII-
PYTU3aLMIO MEPEBO30K IPY30B CTAJIO CIEPKUBATh
OTCYTCTBME CHCTEM O0OecTieueHUs TTOTPY3KU I0-
POXHMMU BarOHaAMU, TUIAHUPOBAHMUSI, CTUMYJIHPO-
BaHUSI U KOHTPOJSI MapUIPyTU3aLUU NTEPEBO3KU
IPY30B.

OneHka 3¢ GEKTUBHOCTU MapIIpyTU3alluu
MePEBO30K rPY30B MPEBBILLIEHUEM S9KOHOMUHU B ITy-
TU CJIEIOBAHMUSI TIO CPABHEHUIO C TOTIOJTHUTETbHBI-
MM 3aTpaTaMM Ha OPraHU3alMI0 MaplIpyTOB Ha
CTaHUWU MOTPY3KU U BBITPY3KH, CTAHLUM Ha3Ha-
YeHUs TOXe ToTepsiia aKTyaJlbHOCTh. BaxkHee
cTajo oleHuBaTh 3(PHEKTUBHOCTD MapIIPyTH3a-
LIMU:

— st OAO «P2K]1» cHuXeHreM riepepaboTKn
Ha TeXHUYECKUX CTAHLIUSIX (TIOBBILIIEHUE TPAH3UT-
HOCTH BarOHOMIOTOKOB) NMPY COOJIIOAEHUHN HOpMa-
TUBHOTO CPOKa TOCTAaBKU TPYy30B;

— IIJIS1 OTIepaTOpPOB (TPY30BIaAEIbIIEB) CHUXKE-
HMEM MPOBO3HOI MIaThl U YCKOPEHUEM JOCTaBKU
TPY30B ¥ 000pOTa MTOIBUKHOTO COCTaBA.

OcobeHHOCTU 00pa30BaHUsl, TIepeMEIIeHUS
U MCTOJIb30BaHUSI MOPOXHUX BaroHOMOTOKOB
B MOHOTpahuM MMPOKO MPENCTaBIEHBI pa3pabo-
TaHHBIMU aBTOPOM JOTIOTHUTEIbHBIMU PACUETHBI-
MM HOPMaTUBAaMU, MO3BOJSIIOLIMMU YUUTHIBATh
crienuKy paboThI ¢ TOPOKHUMM BaTOHAMU.

[MpuBaTu3aiiusi BArOHHOTO Mapka BHECHa Cy-
LIECTBEHHbIE KOPPEKTUBBI B OPTraHU3ALINIO [TOPOXK-
HUX BaroHornoTtokoB. Kak u rpyXeHble BaroHsbl,
MOPOXHME CTAJIU CJIEI0BATH MO MOJHBIM IPY30BbIM
nokyMeHTaM. [IpakTuiecku TMKBUANPOBaHA LIEH-
TpaJIM30BaHHAsT PETyIMPOBKA YUETA U JBVKEHUS
MOPOXHUX BaroHOB. CMECTUIINCH aKIIEHThI B OT-
BETCTBEHHOCTH 3a 00eCIIeUeHUE TUIaHA UX ITOTPy3-
KU. OTU U3MEHEHUS TI0OKa He HAlUIA OTPaKeHUs
BTEOpUU OPraHU3aLM U MOPOXKHUX BATOHOMIOTOKOB.

OnHoii u3 Haubosee 3(PpGeKTUBHBIX HOPM
OpraHM3al¥ BATOHOIIOTOKOB SIBJISIIOTCS TPYTITIO-

BbIE 110€3/1a, HO YBEJIMUEHUE X YMCIIa Ha XKEeIe3HbIX
JIOporax CIep>KMBAETCsl HEMPUCIIOCOOIEHHOCTBIO
CTaHIUI K UX (GOPMUPOBAHUIO U OOMEHY TPYIIT
BaroHoB B IyTu ciepoBanus. [Ipencrapisier uHTe-
pec onucaHue OTEYECTBEHHOIO U 3apyO0exXHOTO
oTbITa TOAOOPKY BaroHOB. B kHMTe paccmaTpurBa-
I0TCSI TEXHUKO-9KOHOMMYECKKE PACUETHI B3aUMO-
NEUCTBUS OMHOTPYITITHBIX Y TPYIIIOBBIX TTOE3/I0B
Npy OpraHM3aluu BaroHOmoToKoB. [nsg Gonee
LLIMPOKOTO PacpOCTPaHEHUSI TPYTIIOBBIX TTOE310B
HEOOXOIMMO JIMKBUIMPOBATh AeMUIINAT IMyTell Ha
CTaHIIMSIX, HA COPTUPOBOYHBIX CTAHIIUSIX CO3aBaTh
MapKu MECTHO paboThl U CEKIIMOHUPOBATh YaCTh
COPTUPOBOYHBIX ITyTEH.

Bri3bIBaeT nHTEpEC pas3mesn o IUCTIeTIEPCKOM
yIpaBjieHur BaroHonoTokaMu. PazpadoTka ria-
Ha GOPMUPOBAHMS IMOE3A0B Ha IJIUTEIbHBIN
TMepuoa MpY IMKUPOKOM NHarna3oHe KojebaHuit
pa3MepoB BaroHOMOTOKOB MEPUOIUYECKU MPU-
BOJUT K Hed(D(HEKTUBHOCTHY BHITTOJTHEHUE TIPEITy -
CMOTpEeHHBIX 3agaHnii. CUTyanus 4acto ycyry-
OsisieTcst TPOMO3JKON U MEAJIUTENbHOU COBpe-
MEHHOU TIpOIeaypoil KOPPEKTUPOBKHM IIaHA
dbopmupoBaHUs TTOE310B, U NEHCTBUTENbHO,
ornepaTMBHOM €€ HUKaK He Ha3oBellb. Jucmner-
yepcKoe yInpaBieHUe MO3BOJISIET ONePaTUBHO
pearupoBaTh Ha U3MEHEHUsT pacyETHBIX HOpMa-
THUBOB U BEJIMYMH BarOHOMOTOKOB, YCUJIEHUE WU
CHIDKEHME TeXHUUECKOUM MOIITHOCTH COOPYKEHU I
¥ YCTPOMCTB MHQPPACTPYKTYPHl U MOABUKHOTO
COCTaBa, BpeMEHHbIE 3aTPYAHEHUSI B 9KCILTyaTa-
HMOHHOI pabdote. Ho a1 nmpakTUyecKoro uc-
TOJIb30BAaHUS AUCIIETIYEPCKOTO YIIpaBIeHUs Ba-
TOHOIOTOKAaMU HYXHO eLlé KiaccuuuupoBaTh
BCE BO3HUKAIOIINE 3aa4 1 aBTOMAaTU3UPOBaTh
cbop u nepenavy MHGOpMAaIIMU, CACIATh AeHCT-
BEHHBIMU MPUHSTUE PELICHUI U TOBEeIeHUE UX
IO VICTIOJTHUTEJIeIA.

M3MeHuBIIMECS YCIOBUS pabOTHI JKeJe3HBIX
JIOPOT HACTOSITEIbHO TPEOYIOT BHECEHUSI KOPPEK-
TUB B TPAJIUIIMOHHBIE METONBI TNIAHUPOBAHUS.
Heob6xonumo obecrieunTs HafEXHOE U TTOJTHOE
uH(bOpMallMOHHOE obecrieueHue mpoiecca. Pas-
BEPHYTHIE TUTAHBI TIEPEBO30K HE TTO3BOJISIOT BbISI-
BUTb IPY30IIOTOKH, CJEAYIOIINE Yepe3 KOHKPETHbIE
COPTUPOBOYHBIE CTAHLMU. JLJIs1 TOJTydeHMsI pa3me-
pa Tiepeavyy Mo CTHIKOBBIM ITyHKTaM pa3padaTrhi-
BaIOTCSI CBOM «3TaJOHbI», B KOTOPBIX MOTPy3Ka
U BBITPY3Ka BCEX CTAHLIMI YUYUTBIBAETCS 32 ITUMU
nyHktamu. [1pu Takoii cucreMe 00bIION 00BEM
nHMOpMaImu, 00pa3yroIIuiics Mpy OMpeaeIeHUN
«3TaJIOHOB» O PACYETY MIAHOBBIX BATOHOIIOTOKOB,
COCTaBJIEHUI ceTeBOTO MiaaHa (GOPMUPOBAHUS
TOEe3710B M HOPM Tepeiaull BATOHOB MO CTHIKOBBIM
MyHKTaM, COIEPKUT 3HAYUTETbHBIE TOTPEILIHOCTH.

Eprennii COTHUKOB,
JOKTOP TeXHHYECKHX HAYK,
npoceccop, NIaBHbIN HAYIHbII
corpynauk OAO «BHUMKT»,
Mocksa, Poccus @
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IN RAIN, HEAT AND COLD
THE TRAFFIC SCHEDULE IS NEEDED

REVIEV OF THE BOOK: Levin, D. Yu. Organization of car flows on railways: Monograph. Moscow, Train-
ing and Methodological Center for Education in Railway Transport, 2017, 443 p.

ABSTRACT

Fundamental work describes the
history, current state and prospects for
development of organization of car
flows, which is regulated by a plan for
formation of trains. The tasks of calcu-
lating the formation plan of various
categories are formulated in great de-
tail. Various modes of the process of
accumulation of trains are considered.
Market conditions require new criteria,
this fact is reflected in the settlement
standards. The theory of calculating the
formation plan has passed a long way
of development, but modern conditions

require new methods for calculating the
formation plan. At various stages of
development of railways, the attitude to
the routing of cargo transportation
changed. In the conditions of cars’
privatization the criteria of routing effi-
ciency have changed. The market
conditions left also their mark on various
features of organization of empty car
flows. The increase in the share of group
trains is hampered by the shortage of
marshalling tracks. The proposal of the
author to introduce the centralized traf-
fic control of organization of car flows
is of great interest.

Keywords: organization of car flows, empty car flows, centralized traffic control, car-hours, plan of forma-

tion, sender routing, group trains.

The monograph begins with a list of tasks formulated
in the Instructive Guidelines for organization of car flows
published in different years. With accumulation of
practical experience in developing a plan for formation
of trains, the number of tasks is constantly growing.
Without waiting for the solution of some problems, life
gives birth to new ones. The change in social and
economic conditions raises new criteria for solving
problems. As a result, an important section of railways’
operation — organization of car flows is in constant
development and search for new solutions to emerging
problems.

The accumulation of trains accounts for about 50 %
of time of transit cars’ stay with processing at technical
stations. The conditions of organization, the accumulation
process affect the terms of delivery of goods, determine
the efficiency of using cars, and when calculating the
formation plan - the volume of processing of cars on a
hump yard. Therefore, in the monograph a lot of attention
is paid to the issues of accumulation of trains. The
development of studies of the accumulation process is
consecutively reviewed. The obtained results were used
in the study of various factors on the indicators of the
accumulation process, which made it possible to refine
the analytical formulas and more accurately describe the
accumulation processes in various modes.

The organization of car flows is affected by a large
number of factors. When calculating the plan for
formation of trains, this influence is taken into account by
means of calculation standards. The system of standards
has passed a great way of improvement. Nevertheless,
it is rightly asserted that the system of settlement
standards requires bringing of existing standards to
dependence on the size of the car flows processed at the
stations and development of new standards that allow to
take into account the processing capacity of the stations
and the number of marshalling tracks.

In the calculations of the formation plan, the time of
stay of a transit car with processing at the marshalling
yards is assumed to be a constant value. Although it is
known that with the change in the volume of classification
work the time of stay of cars at the station changes. This
should be taken into account when evaluating the various
options for the train formation plan.

The change in the time of stay of cars at the station
with the given and unchanged technical equipment when
changing the volume of processing is one of the main
factors determining the importance of saving car-hours
of all cars processed at the station when the car flow is
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passed without processing. The greater is the amount of
processing, the longer is waiting time for execution of
technological operations. This indicates that the
determination of the time of stay of cars at the station in
isolation from the size of processing is not justified.

To implement an optimal plan for formation of trains
at technical stations, a significant number of marshalling
tracks lacks. Therefore, when calculating the plan for
formation of trains, it is necessary to take into account
the availability of marshalling tracks at the stations.
Settlement standards have been developed that allow to
take into account not only the loading of stations, but also
the number of marshalling tracks, when drawing up the
train formation plan.

In connection with the loss of relevance of one of the
main criteria of the system of organizing car flows —
reducing the turnover time of cars, the evaluation of the
variants of the train formation plan for the costs of
«reduced car-hours» needs to be changed. One of the
criteria for assessing the current system of organization
of car flows is fulfillment of delivery deadlines. It is possible
to use also a monetary estimate as a criterion.

The development of the theory of formation of trains
has been traced in great detail, beginning with the first
proposals of A. N. Frolov to use the time factor as a
criterion in establishing the appointment of trains and
1. I. Vasiliev on comparing the costs of car-hours at train
formation stations with time savings (in car-hours) from
passing of trains without processing through technical
stations. 1. I. Vasiliev became the author of the
methodology of the analytical plan for formation of one-
group trains, in which two main provisions were called for
the allocation of jets of car flows of the required
specialization, called necessary and sufficient conditions.
Later I. I. Vasiliev proposed a method of analytical
comparisons, which provided for calculations in three
stages. At the first stage, the calculation of options for
individual stations was carried out, and in the subsequent
stages, the calculation of the optimal variant of the plan
for the entire considered direction was carried out. But
1. 1. Vasiliev himself expressed doubts in the guarantee of
finding the optimal variant according to the methodology
developed by him.

The basic ideas of A. N. Frolov and . | Vasiliev. were
finalized by A. P. Petrov in the form of an absolute
calculation method in which the best variant of the train
formation plan is determined by minimizing the costs of
car-hours on the basis of their direct calculation for all
possible options. The method of absolute calculation was
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used for directions with a number of marshalling yards
no more than five or six.

For decades A. P. Petrov was in charge of scientific
research in this field, his method was officially recognized
by the Ministry of Railways, he is he author of the
fundamental work on the theory of the formation plan,
which was the basis for training of engineers of more than
one generation.

V. P. Cherenin, who mechanized the calculation for
the first time, then developed a program for automated
calculation of the plan for formation of trains on Strela
and BESM-2 computers for directions from seven to nine
stations, offered to reduce a number of options
considered.

V. G. Saenko and B. Del Rio developed a methodology
for preliminary determination of groups of variants with
the same number of assignments, among which is the
optimal version of the plan for formation of one-group
trains. The remaining groups of options are excluded from
consideration.

K. A. Bernhard explored the possibilities of reducing
and unifying computations while finding the optimal
version of the technical routing plan. This allowed him to
develop a method of combined analytical comparisons
of the calculation plan for formation of one-group trains.
The method of combined analytical comparisons is based
on the sequential selection of the most advantageous
and elimination of impractical appointments according
to the criterion of reduced car-hours.

In November 1958, VNIIZhT received Ural-1 computer,
the first on the railway transport. The first task, which was
solved on a computer, is calculation of the plan for
formation of three stations by the method of absolute
calculation (the author of the program is G. A. Kutukova).
The use of computers for calculating the plan for formation
of trains began. In the late 1960s, S. V. Duvalan for
automated calculation of the plan for formation of one-
group trains developed a method for sequential
improvement of the plan. The methodology allowed to
perform calculations for the entire railway network, to
obtain the optimal and optimally implemented version of
the train formation plan, which took into account the
deviations of the car flows from the shortest path along the
circumferences, restrictions on the number of tracks and
processing capacity of marshalling yards.

With the use of the Duvalan’s program at MCC of the
Ministry of Railways, a network plan for formation of one-
group trains was developed every year since 1970, first
for 84 (on the Ural-14D computer), then for 170 (on the
ES computer), and from 1982 to 1993 for 285 technical
stations.

Targeted work in the field of sender routing has made
it possible, especially in the 1960s—-1970s, to achieve
impressive results in this area. During this period, new
large coal deposits (Ekibastuz, Kuznetsk and Kansk-
Achinsk basins) and oil (Bashkiria, Western Siberia) were
developed, and advanced methods were used to increase
the level of routing. The level of sender routing in the total
shipment of loaded cars reached almost 50 %.

After 1991, the volume of rail transportation
decreased substantially, attention was lessened to the
routing of cargo transportation and, accordingly, the level
of coverage of loading by routes.

At present, the organization of sender routes allows
the removal of processing of about 100 000 cars per day.
The result is constrained by the contradictions between
the interests of shippers and railways.

After privatization of the car fleet, the routing of cargo
transportation was hampered by the lack of systems to
ensure loading of empty cars, planning, stimulating and
controlling the routing of cargo transportation.

Estimating the efficiency of routing cargo
transportation by exceeding the savings en transit,
compared with additional costs for organization of routes

at the loading and unloading station at the destination
station, also lost relevance. It became more important to
evaluate the effectiveness of routing:

— for JSC Russian Railways by reducing processing
at technical stations (increase in the transit of car flows)
while observing the normative period for delivery of
goods;

— for operators (cargo owners) by reducing freight
charges and accelerating the delivery of goods and
turnover of rolling stock.

Features of formation, movement and use of empty
car flows streams in the monograph are widely
represented by the additional calculation standards
developed by the author, allowing to take into account
the specifics of working with empty cars.

The privatization of the car fleet has made significant
adjustments to organization of empty car flows. Like
loaded cars, empty cars began to follow with the complete
cargo documents. The centralized regulation of empty
cars is almost eliminated. The accents have shifted in
responsibility for ensuring the loading plan forempty cars.
These changes have not yet been reflected in the theory
of organization of empty car flows.

One of the most effective forms of car flow
organization are group trains, but the increase in their
number on the railways is constrained by the inability of
the stations to form them and exchange groups of cars
en route. The description of the domestic and foreign
experience of the car selection is of interest. The book
discusses technical and economic calculations of the
interaction of one-group and group trains in organization
of car flows. For a wider distribution of group trains, it is
necessary to eliminate the shortage of tracks at stations,
to create parks of local work at the marshalling yards and
to partition a part of the marshalling tracks.

The section on centralized traffic control of car
flows is of interest. The development of a plan for
formation of trains for a long period with a wide range
of fluctuations in the size of car flows periodically leads
to inefficiency of the adopted formation plan. The
situation is often exacerbated by the cumbersome and
slow modern procedure of adjusting the plan for the
formation of trains and, indeed, it cannot be called
operational. The centralized traffic control allows to
react promptly to changes in the calculation standards
and values of car flows, increase or decrease in the
technical capacity of infrastructure and rolling stock
facilities and devices, temporary difficulties in
operating work. But for the practical use of centralized
traffic control of car flows, it is still necessary to classify
all the tasks that arise and to automate the collection
and transfer of information, the decision making and
bringing it to the performers.

The changed operating conditions of railways
urgently require the introduction of adjustments to
traditional methods of planning. It is necessary to ensure
reliable and complete information support of the plans.
The detailed transportation plans do not allow us to
identify freight flows that flow through specific marshalling
yards. To obtain the size of the transfer at the division
points, their «standards» are developed, in which the
loading and unloading of all stations is accounted for by
these points. Under such a system, a large amount of
information generated in the definition of «standards» for
calculation of planned car flows for compilation of a
network plan for formation of trains and norms for the
transfer of cars to division points contains significant
errors.
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AndepoBa A. A. OneHKa KayecTBa TPAHCIIOPTHOIO
00CIyKMBAHHUS HA JKeJI€3HOAOPOKHOM TPaHCHOpTe / ABTO-
ped. muc... KaHI. 9KOH. HayK.— M., 2017.— 24 c.

IpennoxeHa cucreMa Tokasaresieil Asl OLeHKHI
KayecTBa TPAHCIIOPTHOTO OOCITYKMBaHUSI TPY30BIIa/Ieb-
1I€B C YYETOM UX BIMSIHUSI HA MAKPO- M MUKPOIIPOLIECCHI
B 9KoHOMUKe. PazpaboTanbl hOpMBI yrpaBieHUECKOM
OTYETHOCTU MEPEBO3UYMKA U OMepaTopa MOABUKHOTO
COCTaBa JUTs TUTAHMPOBAHMST M KOHTPOJISI KauecTBa TPaHC-
MOPTHOTO OOCTYXKMBaHUsI TPY30BIaIebleB, a TAKXKE
MPEUTOKEH AJITOPUTM OIPEIEIICHUST BIUSHUSI PUCKOB
rpy30BIIazesblia Ha (hopMrUpoBaHUE IPy30BOIt Oa3bl Ke-
JIE3HOJOPOXHOTO TpaHcropTa. OLieHeHbl 5KOHOMUYE-
CKMe TOTePH IPY30BJIAeSbLIEB OT HAPYLICHUS MIEPEBO3-
YUKOM COXPaHHOCTHU MEPEBO30K TPYy30B U CPOKOB UX
JIOCTAaBKH, @ TAKXKE HECBOEBPEMEHHOTO NPEI0CTaBIICHUS
OTIepaTOpPOM TIOIBMXKHOTO COCTaBa TOJL IIOTPY3KY.

BaceipoB M. A. DKoHOMIYECKOE 000CHOBaHME MPO-
[ECCHOTO MOXO0/A B YNPABJICHNH JIESATEIbHOCTBIO JKeJie3-
HOJI0POKHOTO KOHTEHEPHOTo onepaTtopa / ABToped. auc...
KaHJ. 9KOH. HayK.— M., 2017.— 24 c.

[pennoxeHbl KOHIENTYaIbHbIE MOJEJH 0 YIPaB-
JICHUIO U3MEHEHUSIMU JeSITEIbHOCTU TIPU TPUMEHEHUN
TPOLIECCHOTO TIOAX0/1a. BhIMOTHEHA TeKOMITO3UIINS Jie-
peBa CTpaTernuecKux Lieseil KeIe3HOIOPOXKHOTO KOH-
TEIHEPHOTO OIepaTopa ¢ MOMOILIBI0 MOAEPHU3UPOBAH-
HBIX KJTFOYEBBIX MTOKa3ateseii ahdektuBHocTr. Pazpabo-
TaHa CUCTeMa IoKa3aTeJiell I aHaju3a pe3yIbTaToB
NesITeIbHOCTH, oTpaxaroiiasi 3h(eKTuBHOCTh Ou3Hec-
MPOLIECCOB U Pe3yJIbTaThl JOCTUXKEHUSI CTPATETMIECKUX
Lesnei.

Baxapes E. B. Dxonomuueckoe 000CHOBaHHE MPOEKT-
HOTO yYNpaBJjeHHs] WHBECTHIMOHHON NesTeJbHOCTbIO HA
JKeJIe3HOJOPOKHOM TpaHcnopre / ABroped. Iuc... KaHa.
9KOH. HayK.— M., 2017.— 24 c.

BrIsiBIIeHBI OCHOBHBIE TEHICHLIMT COBEPIICHCTBOBA-
HUsI MEXaHU3Ma YIIPaBJIeHMsI MTHBECTULIMOHHO AesITeb-
HOCTBIO B YCJIOBUSIX M€peXo/a Ha MPOEKTHBIN MPUHIIUIT
YIpaBJIeHUs Ha XeJIe3HONOPOKHOM TpaHcmopre. Omnpe-
TIeJIEHbI CTPYKTYPHbIC U3MEHEHUST B MHBECTUITMOHHOM
cepe Ha TpaHCIOPTE U JaHa OLIEHKA MHBECTULIMOHHOMN
AKTUBHOCTHU €€ y4aCTHUKOB JUIsl yCTAHOBJICHUSI TPUOPH -
TEeTa ONTUMU3ALINN PECYPCOB MTPH PEATU3aIMK UHBECTH -
IIMOHHBIX MPOEKTOB. [IpeToXKeHbI METOMUIECKIE TTO/T-
XOJIbI ITO COTTACOBAHUIO PECYPCHOTO 0OeCTIeUeH s UHBE-
CTULIMOHHBIX MPOEKTOB Ha TPAHCIIOPTE C CUCTEMOM
OHOIKETHOTO YIIPABJICHUSI.

Bacuibesa JI. H. Yiyumenue ycioBuii Tpyaa JOKOMO-
THBHBIX OPUraji HA OCHOBE CHIKEHHs BJMSIHUS IIyMa B Ka-
Oune T0KOMOTHBA / ABTOpE). THUC. .. KAH/I. TeXH. HayK.— M.,
2017.— 24 c.

Pazpaborana MaTemMaTiyecKasi MOIEJIb OTIPEICIICHHS
9KBUBAJIEHTHBIX YPOBHEH 3ByKa B KAOWHAX IOKOMOTUBOB,
YUYUTHIBAKOIIAST OTIIMYUTEIbHBIE OCOOEHHOCTH cepTrdhU-
KAIIMOHHBIX UCTIBITAHUIA U YCIIOBUH TPy/ia. YCTAHOBJICHBI
3aBUCUMOCTH KBUBAJICHTHBIX YPOBHEI 3ByKa B KAOMHAX
JIOKOMOTHUBOB OT CKOPOCTH JIBUKCHUSI, BO3IEHCTBUS
TEPeroBOPOB IO ALK, CpabaThiBaHMsI AIEKTPOITHEBMA-
TUYECKOTO KJIATaHa, IBUKCHUSI C OTKPHITHIMU OKHAMU.
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PaccuuTtanbl KoabULIMEHTHI TepecyéTa ypOBHS 3BYKa,
TTO3BOJISTIONINE CPABHUTH SKBUBAJICHTHBIC YPOBHU 3BYKa
B KaOMHAaX pa3IMYHbIX TUTIOB JOKOMOTHUBOB, TIOJTYy4EHHBIX
npu cepTudUKalMOHHBIX UCTIBITAHUSIX, C YPOBHSIMU
3ByKa, nosydeHHbIMU ipu COYT, onpenenntb 5KBUBa-
JICHTHBII YPOBEHb 3BYKa B KaOMHE IOKOMOTHUBA B 3aBHU-
CHUMOCTH OT CKOPOCTH JIBVKEHMSI.

ITanauyes O. U. IToBbimeHne Ge3peMOHTHOrO npodera
IPy30BOT0 BArOHA CHIZKEHHEM BHOPOHATPYKEHHOCTH KU~
NaXKHOI yacTu / ABToped. auc... KaH1. TexH. HayK.— M.,
2017.— 24 c.

PexoMeHnoBaHa yTOUHEHHAss MaTeMaTu4yecKas
MOJIeJTb TPY30BOTO BaroHa C TeJIeKKaMu, 000pyIOBaH-
HBIMU aHTU(DPUKIMOHHBIMU U3HOCOCTOMKMMMU MOTJI0-
TUTEJSIMU BUOpaluu (BubpomnoraorurensiMmu). OHa
TO3BOJISIET BBIMOJTHUTH KOJTUYECTBEHHYIO M KAUECTBEH-
HYIO OLIEHKY BJIUSTHUSI BUOPOTIOTJIOTUTEICH Ha TUHAMM-
YecKMe CBOMCTBA TeJIEXKKHU JJIS1 PeabHbIX YCIOBUH Xe-
JIE3HOAOPOKHOTO MYTU B COYETAHUU C MPEAETbHO-/10-
MYCTUMBIMU M3HOCAMM NIeTajeil U y3Jl0B B TeJeXKe,
BBIOpATh pallMOHATBHEIE YIIPYTO-(OPUKIIMOHHEIE TTapa-
METpPBI OTIOPHBIX BUOpOTIOTIIOTUTENeH. BHECeHO yTOU-
HEeHHUEe B MaTeMaTUYeCKHe MOJEJH, OMUChIBAIOIINE
IBUXEHUE BaroHa Ha TPY30BBIX TeJeXKax ¢ yuéToM
0COOEHHOCTEI B3aMMOIEICTBYSI 2IEMEHTOB TUTIA BUO-
POTIOTJIOTUTEIb BO (DPUKITMOHHBIX Y3J1aX, paboTalonnX
B YCJIOBUSIX CYXOro TpeHusl. B pedynbrate npemioxeHsl
TEXHUYECKME PeLIeHUs M0 00eCcneyeHnIo yBeIndeHust
6e3peMOHTHOTO Mpobera U HapabOTKU Ha OTKa3 rpy30-
BOTO BaroHa, KOTOPHIE UMEIOT BHICOKYIO MTPAKTUIECKYIO
3HAUYMMOCTb JIJI51 XKEeJIe3HOAOPOXKHOIO TPAHCIIOPTA U MO-
I'YT OBITb UCITOJIb30BAHBI /U151 000CHOBAHMSI TOBBILLIEHUST
MeXPEMOHTHOTO ITpobera rpy30BOro BaroHa.

IIrymkuna JI. B. CoBepiieHCTBOBAaHHE CHCTEMbI 3a-
LIMTHI OT HA€3/I0B MOJBMKHOIO COCTABA HA MH(PACTPYKTY-
pe XKeJIe3HOI0POKHOro TpaHcnopTa / ABroped. Auc... KaH.
TexH. HayK.— M., 2017.— 24 c.

Pa3paboTaHbl 1 0100pEeHBI K BHEIPEHUIO TeXHUYE-
CKHE peLIeHMsI IS MELIeXOJHBIX TePEX00B yepes Ke-
JIE3HOIOPOKHbIE YT, METOAMKA OTIPeIeICHUS BUANMO-
CTH MPUOJIMKAIOIIErOCsT MOABIKHOTO COCTaBa ISl pa3-
JIMYHBIX ycaoBuid. [TomydyeHbl CKOPpEeKTUPOBAHHBIE
OLIEHKM 0e30IacHOro nepexoia rpaxiaH yepes3 xKejes-
HOJIOPOXHBIE ITyTH B OTHOM YpOBHe. B pe3dynsrare Teo-
pPEeTUYECKNX M IKCIIEPUMEHTAIbHBIX MCCIEIOBAHUI
YCTAHOBJICHBI MAPAMETPhI YCTPOICTBA [JIsl OTPECICHUSI
CKOPOCTH JBMKEHUSI M0e3/1a Ha YYaCTKe MPUOIMKEHMSI
TOCPENCTBOM TIepeavu BHICOKOYACTOTHOTO CUTHAJIA TI0
pennbcy. [TpemtoxeHa cucreMa 060rpeBa Ha MelexX0oaHbIX
repexoax yepes XKeJe3HOJIOPOXKHbIE MYTH [UIsl obecrie-
YeHUs1 6e30MaCHOCTH B 3MMHUX YCIIOBUSIX.

Yeuymn E. C. O60cHOBaHNE PAMOHAJIBLHBIX TAPAMET-
POB MeKBATOHHBIX CBSA3€ii IACCAKMPCKUX BATOHOB NOE3/10B
nocTosiHHOTO (hopMupoBanus / ABroped. AuC. .. KAHI. TEXH.
Hayk.— M., 2017.— 20 c.

[pemioxeHHbIe B paboTe AETATU3MPOBAHHBIE KOM-
MBIOTEPHBIE MOJIEJIH CLIETIA TO3BOJISTIOT YTOYHUTD PE3YJTb-
TaThl OLEHKH TMHAMUUYECKUX MTAPAMETPOB MACCAKMPCKUX
BaroOHOB [TOE3/I0B MOCTOSTHHOTO (POPMUPOBAHUS METO/IA-
MU MaTeMaTH4ecKoro MoaeaupoBanus. [loaTBepkaeHo
YXYIIICHUE TMHAMUYECKUX XapaKTePUCTUK TTaccakup-
CKUX BarOHOB MOE3/I0B TIOCTOSTHHOTO (hOPMUPOBAHMUST TIPH
OTCYTCTBUM B UX KOHCTPYKIMK Oy(hEPHBIX YCTPOICTB.
Pa3paboTaHHbIe KOHCTPYKTUBHbBIC PEIICHMSI MEXKBATrOH-
HBIX CBSI3¢ii 1T0€3/I0B MMOCTOSTHHOTO (hOPMUPOBAHMS T10-
MOTAIOT YJIYYIIUTh AMHAMUYECKHUE XapaKTePUCTUKHU Ba-
TOHOB NP CHIKeHUHU uX Taphl. [1peoxeHa MeToamka,
MMO3BOJISAIONIAST HA CTAMK TIPOSKTUPOBAHUSI OTIPEIETISTh
palroHaIbHbIE 3HaUeHUs KO3 dUIIMEHTa COMPOTHBIIE-
HUSI MEXBarOHHBIX racUTeJeil KoJeOaHUI. °
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Alferova, A. A. Evaluation of quality of transport
services in railway transport. Abstract of Ph.D.
(Economics) thesis. Moscow, 2017, 24 p.

A system of indicators is proposed to assess the
quality of transport services for cargo owners, taking into
account their impact on macro and microprocesses in
the economy. Forms of management reporting of the
carrier and the operator of rolling stock for planning and
quality control of transport service for cargo owners have
been developed, and an algorithm for determining the
impact of cargo owner risks on formation of a freight
base of the railway transport has been proposed. The
economic losses of cargo owners are estimated from the
carrier’s violation of the safety of the carriage of goods
and the terms of their delivery, as well as the untimely
provision of rolling stock for loading by the operator.

Bakharev, E. V. Economic justification of project
management of investment activity in railway transport.
Abstract of Ph.D. (Economics) thesis. Moscow, 2017,
24 p.

The basic tendencies of perfection of the mechanism
of investment activity management in the conditions of
transition to a design principle of management on a
railway transportation have been revealed. Structural
changes in the investment sphere in transport have been
determined, and the investment activity of its participants
hasbeen assessed to determine the priority of optimizing
resources in the implementation of investment projects.
Methodical approaches have been proposed for
coordinating the resource support of investment projects
in transport with the budget management system.

Basyrov, M. A. Economic justification of the process
approach in managing the activities of the railway
container operator. Abstract of Ph.D. (Economics) thesis.
Moscow, 2017, 24 p.

Conceptual models for managing changes in activity
when applying the process approach are proposed. The
tree of strategic goals of the railway container operator
has been decomposed with the help of modernized key
performance indicators. A system of indicators for
performance analysis has been developed, reflecting the
effectiveness of business processes and the results of
achieving strategic goals.

Chechulin, E. S. Substantiation of rational parameters
of intercar connecions of passenger cars of trains of
constant formation. Abstract of Ph.D. (Eng) thesis.
Moscow, 2017, 20 p.

The detailed computerized models of the coupling
offered in the work allow us to refine the results of
estimation of dynamic parameters of passenger cars of
trains of constant formation by mathematical modeling
methods. The deterioration in dynamic characteristics
of passenger cars of trains of constant formation was
confirmed in the absence of buffer devices in their design.
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The developed design solutions for the intercar
connections of trains of constant formation allow
improving the dynamic characteristics of cars when their
tare is reduced. A technique is proposed that allows to
determine, at the design stage, rational values of the
coefficient of resistance of intercar loading dampers.

Panacheyv, O. I. Increase of maintenance-free run
of a freight car by reducing the vibration load of the
carriage part. Abstract of Ph.D. (Eng) thesis. Moscow,
2017, 24 p.

A refined mathematical model of a freight car with
bogies equipped with antifriction wear-resistant
absorbers of vibration (vibration absorbers) is
recommended. It allows to perform a quantitative and
qualitative assessment of the effect of vibration absorbers
on the dynamic properties of the bogie for real conditions
of the railway track in combination with the maximum
permissible wear of parts and assemblies in the bogie,
and to select the rational elastic-friction parameters of
the supporting vibration absorbers. A refinement has
been made to the mathematical models describing the
movement of the car on freight bogies, taking into
account the interaction of elements of the vibration
absorber type in friction units operating under dry friction
conditions. As a result, technical solutions have been
proposed to ensure an increase in maintenance free run
and operating time for failure of a freight car, which are
of great practical importance for railway transport and
can be used to justify the increase in the value of the
overhaul time of a freight car.

Ptushkina, L. V. Improvement of the system of
protection against collisions of rolling stock on the
infrastructure of railway transport. Abstract of Ph.D.
(Eng) thesis. Moscow, 2017, 24 p.

Technical solutions for pedestrian crossings through
railways, a technique for determining the visibility of an
approaching rolling stock for various conditions have
been developed and approved for implementation.
Corrected estimates of the safe passage of citizens
through railways in one level have been obtained. As a
result of theoretical and experimental studies, the
parameters of the device for determining train speed in
the approach area were determined by transmitting a
high-frequency signal along the rail. A heating system is
proposed at pedestrian crossings through railways to
ensure safety in winter conditions.

Vasilieva, D. N. Improving the working conditions of
locomotive crews on the basis of reducing the influence of
noise in the locomotive cab. Abstract of Ph.D. (Eng) thesis.
Moscow, 2017, 24 p.

Mathematical models for determining equivalent
sound levels in cabins of locomotives, taking into account
the distinctive features of certification tests and working
conditions, have been developed. Dependencies of
equivalent sound levels in the locomotive cabs on the
speed of movement, the impact of radio communication,
the operation of the electro-pneumatic valve, movement
with open windows have been established. The sound
level conversion coefficients have been calculated, which
allow to compare the equivalent sound levels in the cabs
of different types of locomotives, obtained during
certification tests with sound levels obtained at SES, to
determine the equivalent sound level in the locomotive
cabin, depending on speed. L
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Areena E. 1O., KoBposckasi JI. A. Bucsiune
¥ BAHTOBBIC MOCTEI: apXUTEKTYPHO-KOHCTPYK-
TUBHBIC OCOOCHHOCTH: Y4eb. mocobue. —
H. Hosropon: HHTACY, 2017.— 115 c.

AnukeeB A. B. I1poBanbl 1 BOpPOHKM OCe-
JNlaHWsI B KapCTOBBIX pallOHaX: MeXaHU3MBbI
00pazoBaHUsl, IPOTHO3 1 OIIEHKA prckKa.— M.:
Poc. yH-T npyx0bl HaponoB, 2017.— 326 c.

baxtusun P. H. u gp. DHuuknonenus
0€30ITaCHOCTU XU3HELEATEIbHOCTU. — M.:
Nedra, 2017.— 826 c.

benam T. A. HeTpanulimoHHbIE CITOCOOBI
celficMO3alUThI TPAaHCITOPTHBIX 3TaHUI 1 CO-
opyXeHuit: Monorpadus.— M.: YMII no
00pa3oBaHMIO Ha X.O. TpaHcropte, 2017.—
176 c.

benam T. A., KazapHosckuit B. C. Dkc-
rnyaTaluus U PEMOHT XKeJIE3HOAOPOXHBIX
3IaHUIA B 0COOBIX IIPUPOTHO-KITMMATIIECKIX
U CeCMMYECKUX YCIOBUSIX CTPOUTEBCTBA:
VYueb. mocodue.— M.: YMILI o od6pa3zoBaHMIO
Ha X.1. TpaHcmopTte, 2011.— 293 c.

benozepos M. H., banaes A. A., baxe-
HOB A. A. DiekTpuuyeckoe obopyaoBaHue
TETJIOBO30B U M13eJIb-TI0e3/I0B; Y4ed. 1moco-
oue.— M.: YML no o6pa3zoBaHUIO Ha X.J.
TpaHcnopte, 2017.— 72 c.

boo6puxkos B. b., Cnupunonosn 3. C. Tex-
HOJIOTUSI, MEXaHMU3allus U aBTOMaTU3aLus
JKEJIE3HOIOPOXKHOTO CTpouTebeTBa. YacTs 1:
Yuyebnuk.— M.: YMII no ob6pa3oBaHuIO Ha
XK. 1. TpaHcropre, 2017.— 377 c.

Bypona A. 0. Ceptudukanys aBuaimoH-
HOM TeXHUKU: Y4eb. mocooue.— M.: URSS,
2017.— 292 c.

BopobbeB A. A. u ap. HagéxHocTb noa-
BIDKHOTO cocTaBa: YueOHuk.— M.: YMII no
00pa3oBaHUIoO Ha X.J. TpaHcropre, 2017.—
301 c.

BopooneB A. A., Iyoenko C. 1., WUBa-
HoB U. A., Konapatenko B. I., KoHo-
Hos /J1. I1., OpnoBa A. M. Pecypc 1 peMOHTO-
MPUTOTHOCTh KOJIECHBIX Map MOABUKHOTO
cocTaBa XeJie3HbIX fopor: MoHorpadus. —
M.: UH®PA-M, 2017.— 264 c.

Bouterskanun U. A. u np. I1pakTukym 1o
BBICIIIEl MaTeMaTUKe JIJIs TEXHUYECKUX CIie-
nuanbHocTelt. — HoBocubupck: CI'VIIC,
2017.— Y. 3.— 323 c.

Tapun B. M. u ap. [1poMbllieHHAs 5K0-
Jiorus: Yue6. mocooue.— M.: YMILI o o6pa-
30BaHMIO Ha X.J. TpaHcmopte, 2017.— 361 c.
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HoBble KHUIrn 0 TpaHcnopTe

Iepacumos 0. M., PoixxoBa JI. B. O HOBbIX
MpaBWJIaX TEXHUICCKOU DKCIUTyaTallMy Ke-
Jie3HbIx gopor Poccuiickoit @eneparmn.— M.
Tpancnoprt, 2017.— 327 c.

Tnanwm /1., JlJamopr ., Mycmano P. Beene-
HUeE B yIripaBjieHue cuctemaMu: [1ep. c aHmI. —
M.: YMII no o6pa3oBaHuIO Ha X.A. TPAHC-
nopte, 2017.— 488 c.

Inei3una . B. [lepeBo3ka rpy30B Ha 0Co-
OBbIX ycloBUsIX: YueO. mocobue.— M.: YMII
o oOpa3o0BaHUIO Ha X. 1. TpaHcTnopTe, 2017.—
108 c.

Koncrantunos B. M., Yenunze 1O. b.
DKooruueckre 0CHOBBI TPUPOIOTIONH30Ba-
HUS: YueOHuK, 18-e u3m., ctep.— M.: Akane-
mus, 2017.— 237 c.

Kynummn WM. JlaitHepsl Ha BoiiHe. «Jly3u-
TaHusi», «Kaitzep Bunbsrenabm gep Ipocce»,
«KynH Dnuzabet» n apyrue.— M.: fy3sa;
Dxemo, 2017.— 206 c.

Jlobanckag 3. I, AnexceeBa K. . Bko-
HOMMKA MHXXEHEPHBIX CUCTEM: Y4eb. Ioco-
oue.— Xabaposck: M3n-8o TOT'Y, 2017.— 88 c.

Muukypos I1. H., Paxmanrynos A. H. u-
HaMMJYecKasl ONTUMM3aIis BarOHOIIOTOKOB:
Mownorpadus.— M.: PYCAUHC, 2017.—
110 c.

HoBakoBuu B. U. beccThKOBOi TTyTh CO
CBEPXIAJMHHBIMU PEJIbCOBBIMU TLIETSIMMU:
YuebHoe nocodue.— M.: YMII o obpazoBa-
HMIO Ha X.J. TpaHcmoprte, 2017.— 168 c.

IMamkesuu M. H. M3yyeHue npaBui Tex-
HUYECKOM 3KCIUTyaTalluM XKEeJIE3HBIX TOPOT
1 0E30IMaCHOCTU IBUKEHMS: YUeOHOe I10COo-
oue.— M.: YMII no oOpa3zoBaHMIO HaA XK.[.
TpaHcnopte, 2017.— 108 c.

ITonomapen B. M., PyouoB b. H. u ap.
Be3omacHOCTh B Upe3BBIYAHBIX CUTYaLIMSIX
Ha XeJIE3HOIOPOKHOM TpaHcIiopTe. OOmii
Kypc: YueoHuk.— M.: YMII o o6pazoBaHMIo
Ha X.1. TpaHcnopte, 2017.— Y. 1. — 244 c.,
Y.2.—449 c.

CecnaBuna E. A., Kapruna JI. A., JIeGene-
Ba C. JI. DneKTpoHHBII OM3HeC: YueOHOe
nocobue.— M.: YMII o o6pazoBaHUIO Ha
XK. 1. TpaHcmopte, 2017.— 196 c.

V3nun A. M. u 1p. DKOHOMHUKA CeficMO-
CTOWKOro CTpouTeabcTBa: MoHoTpadus.—
M.: YMII no o6pa3zoBaHUIO Ha X.JI. TpaHC-
nopre, 2017.— 176 c.

®eodunoB A. H. OnTumanbHoe yrpaB-
JICHHE TTapKOM I'Py30BbIX BATOHOB B CUCTE-
M€ XXeJIe3HOAOPOXHOTO TPaHCIIOPTHOTO
obcayxuBaHus: MoHorpadus.— M.: YMI
Mo o0pa3oBaHUIO HA X.JI. TpPAHCIIOPTE,
2017.— 276 c.

IMoarorosuna H. OJIEMHUK @
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Ageeva, E. Yu., Kovrovskaya, L. A. Hanging and
cable-stayed bridges: architectural and constructive
features: Educational guide [Visjachie i vantovye
mosty: arhitekturno-konstruktivnye osobennosti:
ucheb. posobie]. Nizhny Novgorod, NNGASU publ.,
2017, 115 p.

Anikeev, A. V. Depressions and subsidence
craters in karst areas: mechanisms of formation,
forecast and risk assessment [Provaly i voronki
osedanija v karstovyh rajonah: mehanizmy
obrazovanija, prognoz i ocenka riskal. Moscow,
RUDN University, 2017, 326 p.

Bakhtizin, R. N. [ef a/]. Encyclopedia of life
safety | Enciklopedija bezopasnosti zhiznedejatel’nosti].
Moscow, Nedra publ., 2017, 826 p.

Belash, T. A. Non-traditional methods of seismic
protection of transport buildings and structures:
Monograph [ Netradicionnye sposoby sejsmozashhity
transportnyh zdanij i sooruzhenij: monografija).
Moscow, TMC for education on railway transport,
2017, 176 p.

Belash, T. A., Kazarnovsky, V. S. Operation and
repair of railway buildings in special natural climatic
and seismic conditions of construction: Educational
guide [FEkspluatacija i remont zheleznodorozhnyh
zdanij v osobyh prirodno-klimaticheskih i sejsmicheskih
uslovijah stroitel’stva: ucheb. posobie]. Moscow, TMC
for education on railway transport, 2011, 293 p.

Belozerov, 1. N., Balaev, A. A., Bazhenoy, A. A.
Electrical equipment of diesel locomotives and
diesel-trains: Educational guide [Elektricheskoe
oborudovanie teplovozov i dizel’-poezdov: ucheb.
posobie]. Moscow, TMC for education on railway
transport, 2017, 72 p.

Bobrikov, V. B., Spiridonov, E. S. Technology,
mechanization and automation of railway
construction. Part 1: Textbook [7Tehnologija,
mehanizacija i avtomatizacija zheleznodorozhnogo
stroitel’stva. Chast’ 1: uchebnik|. Moscow, TMC for
education on railway transport, 2017, 377 p.

Burova, A. Yu. Aviation equipment certification:
Educational guide [ Sertifikacija aviacionnoj tehniki:
ucheb. posobie]. Moscow, URSS publ., 2017, 292 p.

Feofilov, A. N. Optimal management of freight
wagons’ fleet within the system of railway services:
Monograph [Optimalnoye upravlenie parkom
zheleznodorozhnyh wagonov v systeme
zheleznodorozhnogo transportnogo obsluzhivaniya:
monographiya]. Moscow, TMC for education on
railway transport, 2017, 276 p.

Garin, V. M. [et al]. Industrial ecology:
Educational guide | Promyshlennaja ekologija: ucheb.
posobie]. Moscow, TMC for education on railway
transport, 2017, 361 p.

Gerasimov, Yu. M., Ryzhova, L. V. About new
rules of technical operation of railways of the Russian
Federation [O novyh pravilah tehnicheskoj ekspluatacii
zheleznyh dorog Rossijskoj Federacii]l. Moscow,
Transport publ., 2017, 327 p.

Giani, D., Laport, D., Musmano, R.
Introduction to system management (translation
from English) [Vvedenie v upravlenie sistemami

(perevod s anglijskogo)]. Moscow, TMC for education
on railway transport, 2017, 488 p.

Glyzina, I. V. Transportation of goods on special
conditions: Educational guide | Perevozka gruzov na
osobyh uslovijah: ucheb. posobie|. Moscow, TMC for
education on railway transport, 2017, 108 p.

Konstantinov, V. M., Chelidze, Yu. B. Ecological
foundations of nature use: Textbook, 18" ed., ster.
[Ekologicheskie osnovy prirodopol’zovanija:
uchebnik]. Moscow, Akademia publ., 2017, 237 p.

Kudishin, I. Liners in the war. «Lusitania»,
«Kaiser Wilhelm der Grosse», «Queen Elizabeth»
and others [ Lajnery na vojne. «Luzitanija», «Kajzer
Vil’'gel’m der Grosse», «Kuin Elizabet» i drugie).
Moscow, Yauza: Eksmo publ., 2017, 206 p.

Lyubanskaya, Z. G., Alekseeva, K. I.
The Economics of Engineering Systems:
Educational guide | Ekonomika inzhenernyh sistem:
ucheb. posobie]. Khabarovsk, [zd-vo TOGU, 2017,
88 p.

Mishkurov, P. N., Rakhmangulov, A. N. Dynamic
optimization of car flows: Monograph | Dinamiches-
kaja optimizacija vagonopotokov: monografija).
Moscow, RUSAINS publ., 2017, 110 p.

Novakovich, V. I. Jointless track with super long
rail strings: Educational guide [Besstykovoj put’ so
sverkhdlinnymi relsovymi pletyami: uchebnoe posobie).
Moscow, TMC for education on railway transport,
2017, 168 p.

Pashkevich, M. N. Learning of rules of technical
operation of railways and traffic safety: Educational
guide [lzuchenie pravil tekhnicheskoy expluatatsii
zheleznyh dorog i bezopasnosti dvizheniya: uchebnoe
posobie]. Moscow, TMC for education on railway
transport, 2017, 108 p.

Ponomarev, V.M., Rubtsov, B. N. [ef al]. Safety
and security in emergency situations at railways.
General Course. Textbook. Parts 1 and 2. [ Bezopas-
nost’ v chrezvychainyh situatsiyah na zhelezno-
dorozhnom transporte. Obschiy kurs]. Moscow, TMC
for education on railway transport, 2017, 244 p. and
449 p.

Seslavina, E. A., Kargina, L. A., Lebedeva, S. L.
Electronic business: Educational guide | Elektronny
biznes: uchebnoe posobie]. Moscow, TMC for
education on railway transport, 2017, 320 p.

Uzdin, A. M. [ef al]. Economics of earthquake
resistant construction: Monograph [Ekonomika
seismostoykogo stroitelstva: monographiya|. Moscow,
TMC for education on railway transport, 2017,
176 p.

Vorobyov, A. A. [et al]. The reliability of rolling
stock: Textbook | Nadezhnost’ podvizhnogo sostava:
uchebnik]. Moscow, TMC for education on railway
transport, 2017, 301 p.

Vorobyov, A. A., Gubenko, S. 1., Ivanov, . A.,
Kondratenko, V. G., Kononov, D. P, Orlova, A. M.
Resource and maintainability of wheel sets of
rolling stock of railways: Monograph [Resurs
i remontoprigodnost’ kolesnyh par podvizhnogo sostava
zheleznyh dorog: monografijal. Moscow, INFRA-M
publ., 2017, 264 p.

Vylegzhanin, 1. A. [ef al]. Practical tasks on
higher mathematics for technical specialties
| Praktikum po vysshej matematike dlja tehnicheskih
special’nostej]. Novosibirsk, SGUPS publ., Part 3,
2017, 323 p.

List compiled by N. OLEYNIK @

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 259260 (2017)

Newly Published Books on Transport and Transportation




