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ASPOOUHAMUKA
|
Bonpock1 aspoduHamuku kacaomesi

He mornbko epaxdaHckoll aguayuu,

HO u Opyaux eudos mpaHcnopma—
XKene3HoA0POXHO20, a8MOMOBUTbHOR0,
MOPCKO20 U PEYHO20, @ makxe
pa3pabomku HOBbIX MPaHCNOPMHBIX
cpedcmes U mpaHCNOPMHbIX CUCMEM.

XENE3HOJOPOXHbIN

TPAHCMOPT 6
|
B3saumodelicmeue 8bICOKOCKOPOCMH020
noe3da ¢ 8030ywHol cpedoli

U uHgbpacmpykmypol. YucneHHble
mMemodbl, ModenuposaHue

U 3KchepumeHms|. Bbibop
onmumarbHbIX Memodos.

HAYKA U TEXHUKA

HOBBIE
TPAHCMOPTHbBIE

CPE[CTBA 17
|

Paspabomka npoekmog cmpyHHO20
mpaHcnopma u npednazaembix
mpaHcnopmHbIX cpedcms — HUbYcos —
8KIYaem aHanu3

UX a3poOUHaMUYECKUX
xapakmepucmuk. [pedcmaeneH
npoyecc Oukmyemou

umu onmumu3ayuu dulaliHa 8 yensix
CHUXeHUs 8o30elicmaust

Ha OKpyxatowyro cpedy U nogbILeHUs
nomeHyuanbHol 3KOHOMUYecKol
aghhekmueHocMU 3Kcnayamayuu.
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Mup tpaHcnopra. 2022. T. 20. Ne 4 (101). C. 6-16

Pa3paboTka YncneHHon moaenu aapoanHaMmu4ecKoro
B3aMMOJeNCTBUA BbICOKOCKOPOCTHOrO noe3aa,
BO3AYLWHOW cpeabl M 00BLEKTOB UHPACTPYKTYPbI

Hukura NABYTUH

AHHOTALIUA

[poekmupogaHue 8bICOKOCKOPOCMHbIX Kee3HOOOPOKHbIX
maeucmpaneli (BCM) mpebyem obsi3amernbHo20 yyéma Haepy30K
om aspoduHaMuyeckoeo 83aumodelicmeus 8LiKywe2ocs noesoa,
8030ywHoL cpedb U 06bEKMO8 UHGpacmpykmypbi, delicmayro-
WUX KaK Ha KOHCMPYKUUU U COOPYXEHUS, MaK U Ha cam noe3o.
OnpedeneHue xapakmepa U UHMEHCUBHOCMU Hazpy3Kku Haubosee
uenecoobpasHo ocywecmensmb 8 NPo2PaMMHbIX KOMNIeKcax
8bI4UCUMEnbHOU 2udpo2a3odUHaMUKU.

B uensax onpedeneHus onmumarsHoeo nodxoda Kk modenuposa-
HUI NPOLECCO8 a3podUHaMUYECKO20 83aUModelicmaust GBUXYLLe20-
s 8bICOKOCKOPOCMHO20 noe3da u 8030ywHoU cpedsl, a makxe
OUEHKU cmeneHu €20 00CMOBEPHOCMU, 8 NPOPaMMHOM KOMNITEKCe
ANSYS CFX 6bia 8binonHeHa cepusi pacyémos ¢ NpUMEHeHUEM
pa3/u4HbIX N00X0008 K NOCMPOEHUKD pacyémHbix Modenell (vemod

Huxuma Auopeesuy Jlabymun

Ilemepbypeckuil 20cyoapcmeennblil yHueepcumem nymei cooowenus
HUmnepamopa Anexcanopa I, Cankm-Ilemep6ype, Poccusi.
b4 n_labutin@outlook.com.

CKOMb3AUUX CEMOK U Memo0 No2pyxKeHHO20 mena). AHanus ux pe-
3ynbmamos no3gonsiem onpedenums 0bnacme payuoHabHo2o
NPUMEHEHUS paccMompeHHbIX No0xodoe npu pa3pabomke pacyém-
HbIx Moderiell aspoduHamMu4yeckoeo e3aumodelicmaust.

[ina sepucpukayuu paspabomaHHbIx pacyémmbix modenel
6biTU 8bINOMHEHbI 3KCNEPUMEHMabHbIE USMEPEHUS a3poduHa-
MUuYecKo20 8030elicmeus 8bICOKOCKOPOCMHO20 3nekmponoe3da
«CancaH» Ha 8030ywWHyto cpedy. Takxe paspabomaHHble Modenu
Ob1Tu 8epUpULUPOBaHBI NO pPe3yrbmamam aHano2uyHbIX 3apy-
6exHbIX aKcnepumeHmarnbHbix uccnedosanuli. ConocmassneHue
Pe3yrnbmamos YuceHH020 MoOeuPoBaHUSs U KCNEpUMEHMarb-
HbIX UsMepeHull nosgonisem cdename 861800 0 ocmamoyHol
cmeneHu docmosepHocmu pa3pabomaHHbIx pacyémrbIx Modenel
U 803MOXHOCMU UX OarbHelie2o Ucnob308aHus.

Knioyeebie croea: xene3HodopoxHbIl mpaHcnopm, 8bICOKOCKOPOCMHbIE Magucmparnu, 8bICOKOCKOPOCMHOU Nnoesd,
aspoduHamuKa, aspoduHamuyeckoe 83aumodelicmaue, YuCTeHHOe ModenuposaHue, ModeuUposaHUe.

[ng yumuposanus: [Tabymun H. A. Pazpabomka yucneHHol Modenu aspoduHamuyeckoeo 83aumodelicmsusi 8bICOKOCKOPOCMHO20
noesda, 8030ywHoll cpedsl u 06bekmos uHgppacmpykmypsi // Mup mpaHcnopma. 2022. T. 20. Ne 4 (101). C. 6-16. DOI: https://doi.

0rg/10.30932/1992-3252-2022-20-4-1.

MonHbI mekem cmambu Ha aH2nulickoM si3bike ny6nukyemcsi 0 mopoii Yacmu 0aHHO20 8bInycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

BBICOKOCKOPOCTHBIE KEIE3HOJOPOKHBIE
Maructpanu (BCM) npenbsSBisioT KpaifHe BBI-
cokne TpeOOBaHMSA K HAAEKHOCTH, JIOITOBEIHO-
CTH 1 0€30ITaCHOCTH BCEX COCTABIAIOIINX dIIe-
MEHTOB HH]pacTpyKTypsl. YacTs 3THX TpeboBa-
HUH 00yclaBIUBaeTCS HEOOXOIUMOCTEIO yUéTa
TIPY MPOEKTUPOBAHUH Psijia CHICIHATBHBIX Ha-
TPy30K U BO3JCHCTBHUI, UTO HE SABISETCS 00513a-
TENBHBIM TIPH TTPOSKTHPOBAHNU OOBIYHBIX (HE-
CKOPOCTHBIX ) JKENIE3HOMOPOKHBIX THHUH. OTHOM
13 TAKUX HArPY30K SIBISETCS Harpy3Ka OT adspo-
JMHAMHYECKOTO B3aUMOJICHCTBHS IBHKYIIIETOCS
BBICOKOCKOPOCTHOTO ITO€371a, BO3AYIITHOM CPe/ib
" 00BeKTOB HHPpacTpyKTypsI [1; 2]. Ocobyro
Ba)XHOCTh M3YYEHHE a3pPOIMHAMUYECKOTO BO3-
JEWCTBHS, OKA3bIBAEMOTO BBICOKOCKOPOCTHBIM
TTOABIKHBIM COCTaBOM Ha OOBEKTHI MH(PPACTPYK-
TYpBl, JIIOAEH, APyToi MOABUKHOM COCTaB U T.1.,
00peTaeT B CBSI3H C MMPOSKTUPOBAHIEM BBICOKO-
CKOPOCTHOM >KEJIE3HOJOPOKHON MarucTpaiu
Canxkr-IlerepOypr—Mocksa (BCXM-1) ¢ skc-
IDTyaTalliOHHON CKOPOCTHIO 710 360 KM/d.

PE3YNbTATDI
AspoaMHaMH4YecKoe B3auMojelicTBre
JBUKYIIET0Csl BHICOKOCKOPOCTHOIO Moe3/a,
BO31YLIHOM cpeabl M 00beKTOB
HHPPACTPYKTYPHI

JIBIKeHIEe BBICOKOCKOPOCTHOTO TI0€3/a CO-
MPOBOXKIACTCS JTOKATHHBIMHI BO3MYIICHUSIMHU
BO3IYIITHOI CPEIbl, BEIpaKCHHBIMI 00pa30BaHH-
€M BJIOJTb TTO€371a 30H MOBBIIIIEHHOTO (M30BITOY-
HOTO) W TIOHIKEHHOTO (pa3peKeHHOTO) J1aBIe-
Huii. Obpa3oBaHue YTHX oOMacTei 00yciaBIn-
BaeTCs YIUIOTHCHWEM M Pa3yIUIOTHEHHEM BO3-
IYITHBIX Macc B HETIOCPEICTBEHHOW OIM30CTH
OT ABWXKyIIerocs moesna. Peskas cmena oOna-
CTEH MOBBIIICHHOTO Y TMOHMKEHHOTO JaBJICHHI
00pa3yIoT 3HAKOTIEPEMEHHYO OETYIIYI0 BOIYIII-

HYIO BOJHY, ABWXKYIIYIOCS CO CKOPOCTBIO, pPaB-
HOU ckopocTH roe3aa. Hanboree sipko BhIpakeH-
HBIE BO3/1yIIIHBIE BOJIHBI PACIIONIOKEHBI B TOIOBE
1 KOHIIE IToe3/10B. Takrke, aHaJTOrMYHbIC BOJIHBI,
HO ¢ MCHbBIIMMU aMIIJINTyJaMH BEJINYHUH J1aBJIC-
HUH pacIoIaratoTCsl y MEKBarOHHbIX IIPOMEXKYT-
KOB 1 B MCCTaX COCIUHCHUA COYJICHEHHBIX T10-
e3noB [3—5]. [IpunuunuansHblii rpadguk u3me-
HCHUS BCIIMYHWHBI JaBJICHUA B/10JIb OAUHOYHOI'O
BBICOKOCKOPOCTHOTO 3JIEKTPOIIOe3/1a MpUBEIEH
Ha puc. 1.

JIBmoKyImuecs BO3MyIIHbIC BOJHBI 00TEKAIOT
pacroioKeHHbIEe B OM30CTH OT OCH MyTH KOH-
CTPYKIUU U COOPYKEHHUS, YTO MPUBOJMT K pas-
JIMYHBIM BCIIMYHMHAM I[aBJ'IeHI/Iﬁ IO UX KOHTYpY
B MOMEHT BpeMeHHU. Bo3HuKkIast pa3HOCTh J1aB-
JIeHUH 00pasyeT MOJHYI0 a3pPOANHAMHYECKYIO
CUJIy U IOJIHBIA a3pOJMHAMHUYECKUN MOMEHT,
JICHCTBYIOIINE Ha paccMaTpuBaemoe Temno [6].
B T0 ke Bpems mpu 0O0TeKaHUU Pa3IUYHOTO
pofa KOHCTPYKIMH €CTh BEPOATHOCTh BO3HUK-
HOBCHHS JIOKAJIbHBIX SaBHXpeHHﬁ, CHOCO6H]:IX
OKa3aTh BIMSIHME HA JHHAMHYECKYI0 padoTy
paccMaTpuBaeMol KOHCTPYKIIMU U Ha BETPOBYIO
YCTOMYMBOCTb JBUXKYLIETOCS 110€3/1.

Kaxk npasuio, HauboJee 10CTOBEPHBIM CII0-
COOOM H3YYCHHS PA3TMIHBIX a9POTUHAMUUCCKIX
SIBJICHUH SIBIISIETCS] (PU3MYECKOE MOJICITMPOBAHUE
B a’poJMHAMHYECKUX TPyOax M ycTaHOBKax
(puc. 2).

OpHaKo, Tak Kak (PU3NUECKOe MOJEITHPOBa-
HUE sIBJIICTCS KpaliHe TPyA03aTpaTHbIM, a 4acThb
HCCIIeAyeMbIX 3a7ad (Hampumep, MOAEIMpOBa-
HUE TCYCHUU BOKPYT CTaTUYCCKUX TECJI, BBI3BAH-
HBIX JABWXKYUIMMCS TEJIOM) HEpealu3yemMo
B ad9pOJMHAMHYECKUX TpyOax [7], a ux Mojenu-
pOBaHUE Ha CHENHUATU3UPOBAHHBIX YCTAHOBKAaX
JTIOCTATOYHO TPYI0EMKO, HEOOXOIUMO PHOEraTh
K ME€TOAaM YUCJICHHOTO MOJACIIMPOBAHUA B CIIC-
MUAIU3UPOBAHHBIX TPOrpaMMHBIX KOMIIJIEKCAX

Puc. 1. lpuHyunuanbHbIl 2paghuk U3MeHeHUs 8eIUYUHbI 8030YLWHO20 daseHus1 800/1b 8bICOKOCKOPOCMHO20 Noe3da
[pa3pabomaHo asmopom].
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a)

6)

Puc. 2. UcnbimaHus Modenell noe3doe 8 aapoduHamuyeckux mpy6ax: a — anekmponoe3d Ha nnam¢opme Siemens Velaro, 6 - anekmponoe3d
Ha nnamepopme Alstom AGV [https://www.dlr.de/next/desktopdefault.aspx/tabid-6710/11006_read-25184/, https://www.techinsider.ru/
technologies/10632-protiv-vetra-aerodinamika].

BBIUHCIIUTENLHON THAporazoquHaMuky (Compu-
tational Fluid Dynamics, CFD).

Pa3paboTka pacuéTHoii Moaeu

YncrieHHOE MOIETNPOBAHHE B IPOTPAMMHBIX
KOMIUIEKCaX — CPABHUTEIEHO HOBBIA METOJ HC-
CIIEZIOBAHMS adPOANHAMHUKH, ITOTYYHBIIUH 1IN~
POKOE PacIpoOCTPaHEHHE B CBS3U C CYIICCTBCH-
HBIM BO3PACTAHHEM BBIYHCIUTEIBHBIX MOITHO-
cTeil. Memod 4UCIEHHOTO MOJEITUPOBAHUS OC-
HOBaH Ha PEIICHUH CHCTEMBl M3 YPaBHCHUI
HEpa3pbIBHOCTHU BO3AYIIHOMN CPeibl, yPABHEHUH
JIBIDKCHUSI I COXPAHEHHS SHEPTHH, JOMOTHSIE-
MBIX YpaBHEHHSIMH MOJEICH TypOyJIeHTHOCTH
BO3/IYIITHOTO ITOTOKA.

Jns pemieHus cucteMbl ypaBHEHUN Ipo-
TpaMMHBIE KOMIUTIEKCHI UCTIONB3YIOT METOJ KO-
HEYHBIX 00BEMOB, 3aKITIOUAIONITUICS B pa30UTHH
pacuéTHON 00JacTH Ha HEMepeCceKaIonuecs
KOHTPOJIbHBIE 00BEMBI (puc. 3) [8—9].

[Topsinox pereHus 3aja4 BEIYUCIUTEIbHON
THIPOTAa30IMHAMUAKHA MOYKHO Pa3IeNnuTh Ha TPU
OCHOBHBIX 3Tama: MOATOTOBUTEIBHBIN 3Tarl,

OCHOBHOM 3Tam ¥ 3TaIl moctoopadorku. Ha mos-
TOTOBUTEIFHOM JTare pa3pabaTsiBacTcs TPEX-
MepHas TeOMETpUIeCcKast MOZIENb pacCMaTpUBae-
MOH 3a/1auH ¢ €€ IOCIEAYIOLEN TUCKpETU3aH-
el (mocTpoeHue pacu€THol ceTku). Ha ocHOB-
HOM dTalle 3a/1al0TCs MapaMeTphl PacdETHOTO
SKCTIIEpUMEHTa (MOZEeNb TypOyIeHTHOCTH, Ipa-
HUYHBIC W Ha4daJbHBIC YCIIOBHS, BPEMEHHAS
JTUCKPETH3AIHA) C MTOCISAYIOIINM PAaCUETOM.

Ha sTame moctoOpaboTKU BBIMTOJHSAETCS
MTOCTPOCHHNE KaPTHUH paclpeieeH s, TpapKoB
JIaBJICHUN, CKOPOCTEH, KHHETHYECKOM PHEPruun
U IPyTUX TPeOyeMbIX XapaKTEPHUCTHK BO3MYII-
HOM Cpeibl.

B kagectBe mporpaMMHOTO 0OecredeHNs,
TTO3BOJISIFOIIETO BBITOIHUTH MOJTHBIN KOMIUIEKC
paboT Mo YHCICHHOMY MOJACIHPOBAHUIO a3po-
JUHAMHYECKOTO B3aMMOJACHUCTBUS BBICOKOCKO-
POCTHOTO TMO€3/1a, BO3AYIIHON CpPebl M 00BEK-
TOB, PACUETHI ADPOAMHAMHUKH KaK B CTAI[MOHAP-
HOH, TaK U B HECTALlMOHAPHOW MOCTAHOBKE
HHPPACTPYKTYPBI, ObUT BEIOPaH MPOTPaMMHBIN
xomiuiekec ANSYS CFX.

Puc. 3. Cemka KoHmMposnbHbIX 06BLEMO8 ¢ npuesi3kol K yeHmpy siyeex [9]
(o -yeHmp o6bEma, e — y3en cemku, o — cepeduHa 2paHu).
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Puc. 4. BoicokockopocmHoli anekmponoe3d Ha nnamgpopme Siemens Velaro
[https://german160.wordpress.com/author/mytrainmaster/page/7/].

a)

6)

Puc. 5. ®opma 201108H020 06mekamensi 8bICOKOCKOPOCMHO20 noesda: a —ICE3, 6 - 3BC1/2 «CancaH» [https://german160.wordpress.
com/author/mytrainmaster/page/7/, http://femupages.ru/history-technology-highspeed-sapsan.htm; dopabomaro aemopom].

Puc. 6. Paspa6omanHasi 2zeomempuyeckasi MOOesTb 8bICOKOCKOPOCMHO20 Inekmponoe3da «CancaH» [paspabomaro asmopom].

Pa3pa6oTka reomeTpuyeckoii Mmoesn
BBICOKOCKOPOCTHOTO 10e3/1a

PacuéTHBEIM MOABMXHBIM COCTAaBOM OBIIHN
TIPUHATHI BBICOKOCKOPOCTHBIE MIEKTPOIIOE3 1A Ha
miatdopme Siemens Velaro. Ha ceromusmaumit
JeHb T0e3/a, CKOHCTPYUPOBaHHBIE HAa ITOU
atdopme, SKCIUTyaTHPYIOTCSl Ha CKOPOCTHBIX
1 BBICOKOCKOPOCTHBIX Maructpaisix I epmanun
(ICE-3), Ucnnaruu (AVE S-103), Kutas (CRH 3)
u Poccun (OBC 1, OBC 2).

OpHUM U3 IPUHINTHATBEHBIX (aKTOPOB MPH
BBIOOpE PAcUETHOTO 1MOE3/a ABIAIACH IKCIITya-
Tanusi BEICOKOCKOpOocTHOTO moe3xa OBC 1/2
«Carrcany Ha cymecTBYIOIIEH ceTi Poccriicknx
KeNe3HbIX 10por. OZHMM M3 CYIIECTBEHHBIX
ommmunii «Caricanay OT JPyTUX OJHOIIIAT(hOp-
MEHHBIX TT0€3/I0B SIBIISUIOCH H3MEHEHHE (DOPMBI
TOJIOBHOTO o0TeKarens (puc. 5), 00ycinoBieHHOE
POCCHHCKIMHU TPEOOBAHUSIMHU K SKCILITyaTHpYye-
MOMY TOJIBU’)KHOMY COCTaBY.

CocTaB pacu€THOTO 1moe3/1a OBUT IPHHAT 1O
BOCBMHBAaroHHOM cXeMe (JBa TOJIOBHBIX U IIECTh
MIPOMEKYTOIHBIX ).

VIV | j N©O

Pa3paborka TpEXxMepHOU reoMETPHUYECCKOM
MOJIETTH BEICOKOCKOPOCTHOTO MOE3/1a BBINMOJIHEHA
BAutoCAD c nocnenyroieii 10padoTKOM 1 MoI-
rotoBkoi B mporpamme SpaceClaim. /st onru-
MH3aLMN PACUETHON CETKU U COKpAIEHUs Bpe-
MEHHU pacyéTa B reOMETPUYECKOH Monesn Obu1
clleaH psj yIpOUIEHUH, UMEIOIINX JIOKaJIbHbBIN
3¢ (}eKT U He OKa3bIBAIONIUX CYIICCTBEHHOTO
BJIMSIHUS Ha KapTUHY pacIpeesieHus BO3AYIl-
HBIX Macc BOKPYT BaroHoB noeszaa. Paspaboran-
Hasl TeoOMeTpHUUYecKasi MOJeNIb MPUBEICHA Ha
puc. 6.

Pa3paboTka Moe/iu HA OCHOBE MeTOAA
CKOJIB3fIIIIUX CeTOK

[Ipu pemeHnu 3a1a4u a3pOIUHAMUYECKOTO
B3aUMOJICHCTBHUS IBHKYIIIETOCS BEICOKOCKOPOCT-
HOTO I0€3/1a, BO3AYIIHOW cpelbl U 0OBEKTOB
uHGPACTPYKTYpbl Hanbosee ynoOHBIM U KOp-
PEKTHBIM CIIOCOOOM MOJEIMPOBAHUS SIBISCTCS
HCTOJIB30BAaHUE METOJIa CKOJB3AIIUX CETOK
[10—12]. TIpu ucnoap30BaHUM JAaHHOTO METO/A
pacuéTHas MOZETb pa3AesseTcs Ha CTalloHap-
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Puc. 7. lpuHyunuanbHas cxema Modenu Ha 0CHoge Modenu «pomop-cmamop» [paspabomaHa asmopom].

]

\-\a“\‘a\ar\e\“‘e pew

CraumoHapHas pacyéTHas
obnactb

HecTaumoHapHas pacyétHas
obnactb

Puc. 8. Cxema pacyémHoli modesiu Ha 0CHO8e Memoda CKOMb3SAWUX cemok [paspabomaHa asmopom].

HYIO W HECTallMOHapHYI0 cocrasisomue. He-
CTaIlOHAPHAS COCTABIISIIOIIAS MTPEJICTABISICT
co00if 00bEM BO31yXa, U3 KOTOPOTO BBIYTEH
00BE&M, SKBUBAJICHTHBIM MOJEIH TMOE3/a, C 3a-
JTAaHHBIMH HAIPaBJICHUEM U CKOPOCTBIO JIBHDKE-
Hust. CTanoHapHasi COCTABIISIIONIAs TPEACTaB-
aseT coboif ¢pparMeHT BO3AYIIHOMN Cpeisl
C PACIOJIOKEHHBIMI B HEM PacCMaTPHBACMbIMU
00BeKTaMu HH(PPACTPYKTYPHI, B KOTOPOM BBIpE-
3aH «TOHHEJbY» JJIs IBWKEHHS B HEM HECTAIHO-
HapHOW cocTapistomend Mmoaenu. Bzanmoneit-
CTBHUE CTALlMOHAPHOMN M HECTALIMOHAPHOM yacTen
MOJIENN OCYIIECTBISIETCS] Yepe3 CETOUHBIN HH-
tepdetic. Haubonee Tounas paboTa CETOUHOTO
uHTepdeiica qocTUraeTes NpU BpaAIIATEIbHOM
OTHOCHUTEIILHOM JIBIDKEHHH pacuéTHBIX oOnacTeit
(Monerns «poTop—craropy). Takum 00pazoM, TIpu
3a/laHNN JIBMKCHUS! HECTAIlMOHAPHOW YacTh
pacd€THON MOJIENH TI0 OKPY>KHOCTH OOJBIIOTO
panuyca (6oree 1000 kM) MOXKET OBITH CMOJIE-
JMPOBaHO eé MMHeitHoe ABIkeHue (puc. 7).
Taxoit moxxon TpeOyeT KpaiiHe TOYHOH Tpo-
pabOTKH reOMEeTPHH PacuETHON 00IacTH BBULY
KPHBH3HBI ITOBEPXHOCTEH KOHTAKTHBIX MHTEP-
(eticos. Taxoke, JU1s onpeIeNIeHUs a9pOANHAMH-
YECKOW CHJIBI 1 MOMEHTA, JEHCTBYIONINX Ha
M0e37], HEOOXOANMO 33J]aHUe MHANBUITYaTbHON
JMHAMIYECKOH CHCTEMBI KOOPMHAT /IS KAXKI0-
TO BaroHa pacuétHoro rnoesaa. C y4éTom BbIIIe-
MIepEYHNCIEHHBIX (PaKTOPOB OBLIO PEIICHO MpH-
OerHyTh K 3aJJaHHIO IBHKECHHS HECTAIIMOHAPHON
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YaCTH MOZIEJH HE KaK BPAIIATEIBHOTO 10 OECKO-
HEYHO OOJBIIOMY Paanycy, a KaK MOCTyHaTelb-
HOTO C 33/IaHMEM JIBIDKCHUS Yepe3 KOMaH bl Ha
si3pike porpammupoBanust CFX CCL. Ipunnu-
nuajgbHas cxeMa pa3paboTaHHOH pacuéTHOU
MOJIEJIH TIPUBEZICHA HA pHC. 8.

OCHOBHBIM JIOCTOMHCTBOM HCIIOJIB30BAHUS
JTAHHOTO METO/A SBISIETCS BO3MOXHOCTH HPO-
pabOTKM MOTPAHUIHOTO CJI0SI KaK BOKPYT pac-
CMaTPHUBAEMBIX COOPY)KEHHH W KOHCTPYKIHH,
TaK M HETOCPEACTBEHHO BOKPYT CAMOTO JIBH-
KyImierocs moesga. 3ajJaHue TPHUCTEHOYHBIX
CJIOEB y BarOHOB MO3BOJISIET MOTYYUTh KOPPEKT-
HBIW TPAJMEHT NaBICHUH HAa CTEHKaX BaroHOB
1, KaK CIIe/ICTBHE, BETMIMHbI CHIIBI 1 MOMEHTA,
JICUCTBYIOMINX Ha HUX, YTO TTO3BOJISICT Hanboee
KOPPEKTHO pelIaTh 3a7a4y a3pOJHHAMUIECKON
YCTOMUYMBOCTH JIBHKYIIETOCS 110 MOCTaM (MIIH
HACBINSIM) BBICOKOCKOPOCTHOTO T0€3/1a TpH
OGOKOBOM BETpE M 337a4M a3POTUHAMUIECCKOTO
B3aMMOJICHCTBHUS MOE3/1a U MPOJIETHBIX CTPOe-
HUI ¢ €3/1011 MOHU3Yy (HarpuMep, penieTyarsle
(bepmer).

B xagectBe Mozenu TypOyIEHTHOCTH, OITH-
CBHIBAIONICH HEYMOPSIAOYCHHOCTD JABUKCHUS
BO3/YIIHBIX Macc, ISl paCCMaTprUBAEMO 3a/1a491
ObLTa BEIOpaHa HamOoOJIEee YacTO HMCITOIb3yeMast
B 3aJ]a4ax apXUTEKTypHO-CTPOUTEIHLHON a’po-
JUHAMHUKH ¥ a3pOJUHAMUKN TOABHKXHOTO CO-
cTaBa yHHBepcaibHas Mozaeab SST, IeMOHCTpH-
pyIoImas BEICOKYIO TOYHOCTb M JIOCTOBEPHOCTb



KakK B IPUCTCHOUHBIX TEUEHUX, TAK U Ha OT/Ja-
JIEHUSIX OT cTeHoK [13—16].

I[Tpu pa3pabotke Moaen ObUIO CMOACINPO-
BaHO JBIDKEHHE MOE3/1a BIOJIb 3éMHOH MOBEPX-
HOCTH. [IpuHATEINA yPOBEHb 36 MHOM ITOBEPXHO-
CTH COOTBETCTBYET OTMETKE I'OJIOBKH peibca
(1,1 M OT ypoBHSI aBTOCIIEITKH/MACKH TOJIOBHOTO
obTtekarens st anexrponoesna «Carcany). Tak
KaK B pacCMaTpUBaeMOH 3aj1ade OnpeAesoI-
MU SIBIISIOTCS] BEIMYHUHBI SKCTPEMAbHBIX J1aB-
JICHUH FOJIOBHOM U XBOCTOBOM BO3/YIIIHBIX BOJIH,
PACIIOJIOKEHHBIX BBIIIE YPOBHS TOJIOBHOTO 00-
TeKaTessl, MOACTMPOBAHUE BEPXHETO CTPOCHUS
Y HACBINHU ITyTH HE BBIMOIHSIIOCH.

Jlis BepxHel 1 GOKOBBIX I'paHel pacuéTHOTo
BO3JYIIHOrO 00bEMa ObUIM 33/1aHbl OTKPBITHIC
IpaHUYHBIC YCIOBUSI «Openingy, odecreyrnBaro-
IIMe BO3MOXKHOCTh OOpaTHBIX TEYEHHUH Ha I10-
BEPXHOCTU. /[ HMKHEW I'paHu BO3LYIIHOIO
00bEMa (TIOBEPXHOCTH 3eMJIN) 3aJIaHbl TPaHUY-
Hble ycinoBusi «free slip wally, nist moBepxHocTH
ANEKTPONOE3/1a MPUHATO TPAaHUYHOE YCIOBUE
«no slip wally.

Yucno PeliHonbiaca aiis pazpaboTaHHBIX
MOJIeNell HAXOMUTCs B Auamnasone or 12,3¢10°
(mpu ckopoctu moesaa 200 km/4) mgo 15,4¢10°
(npu ckopoctu 250 km/4). Uuciio KOHEUHBIX
00bEMOB pacyEéTHON MOZIEIIH COCTABUIIO 1,2 MITH
JUTsl CTallMOHApHOK o0nacTu U 7,5 MITH AJIA T10-
JBIDKHOM 00macTu. Pa3sMep CeTOUHBIX 2JIEMEHTOB
Ha MOBEPXHOCTH Moe3na He mpesbiman 0,01 m.
Pa3mMep ceTOUHBIX 2I€MEHTOB BO3IyIITHOTO Mac-
cuBa nepemeHHbIN —oT 0,05 10 0,5 M co crymie-
HUEeM B 00acTu IBxKyIerocs gomena. [lorpa-
HUYHBIH CJION y TIOBEPXHOCTEH 110€3/1a ACTaIbHO
He mpopabarbIBajics, TaK KakK €ro 3ajaHue He
ABJISICTCA OMPEEIAIONINM MPH pacdyérax a’po-
JUHAMHUYECKUX Harpy3ok Ha OKpYKaloU[ylo
uHppacTpyKTypy.

3agaga paccMaTpuBaiach B HECTAIIOHAPHOM
MOCTaHOBKE B JIaria3oHe pU3n4ecKoro BpeMeH!
6...10 c. Illar o Bpemenu cocrapmusit 0,005 c.
Yucno Kypanra C, He npeBbImiano 2.

Pa3paboTka moj1e/1d HA OCHOBe MeTOIA
MOTPY’KEHHOI0 TeJia

Mopens Ha OCHOBE CKOIB3SIIIUX CETOK 103~
BOJISICT MOJYYUTh HAHOOJICE MOJHYIO U JOCTO-
BEPHYIO KapTUHY B3aUMOJECHCTBUS BBICOKOCKO-
POCTHOTO MOJBUKHOIO COCTaBa KaK C TOUYKHU
3peHUsI BO3JCHCTBUS HA UH(PPACTPYKTYPY, TaK
U BO3JICHCTBUS Ha MOABIMXKHOM cocTaB. OmHaKko
l'lpl/IMeH€Hl/Ie METOda CKOJIB3ALIMUX CCTOK SBJIA-
€TCsl IOCTaTOYHO 3aTPATHBIM C TOUKU 3PEHUS
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BBIYUCIIUTCIIBHBIX PECYPCOB U BPDEMEHU PCUHICHUSA
3a[a4M, TaK KaKk Ha KaXJOM BPEMEHHOM IIare
TpeOyeTCst mepecTpoiika pacuETHOM CETKH.
Bwmecte ¢ TEM, IIPpH ONPEACIICHUN BEJIMIYNHBI
A9POAMHAMHUYECKOTO BO3/ACHCTBHS TOJIBKO Ha
00BbeKTHl HHPPACTPYKTYPHI 33J]aHUE U MOJIEIIH-
pOBaHUE TPUCTEHOYHOT'O CIIOS BOKPYT BBICOKO-
CKOPOCTHOTO T0e3/la He sIBJsieTCsl 00s13aTelb-
HBIM. I[aﬂﬂoe JONYIIEHUEC MO3BOJIACT NPpUME-
HUTh MOJIEJIb TTOTPY’KEHHOro Tena («immersed
solid»), B koTOpoii MoOJIeNb TIO€3/1a, MPEICTaB-
JICHHOTO TBEPJBIM TEJIOM, ITOMEIIAETCS B pac-
YETHBIM BO3MYLIHBIH 00BEM C 3a/laHUEM eMy
HaIlpaBJICHUA U CKOPOCTU ABUKCHUA B 3TOM
o0béme. [TpuHuMN paboThl JaHHON MOJIENH 3a-
KITIOUACTCs B POPMUPOBAHUU PACUETHOU CETKU
JUTSL BO3IYIIHOM 06JacTu U pacy€THOTO moesa
€ UX JaJbHEUIIUM nepekpeiTueM. Jlanee penia-
TeNb Ha KaXJ0M BPEMEHHOM IlIare onpesenseT
MePEeKPBIBAIOIINECS Y3JIbI BO3IYIIHOW 00nacTu
U YCTAHABIMBAET B HUX CKOPOCTh BO3yXa, paB-
HYIO CKOPOCTH JIBUKEHUS TBEPIOTO Tema.
CyMMapHOE KOTH4eCTBO IIEMEHTOB PacuéT-
HOM Monienu coctasisieT 24,1 mitH stueek. Pazmep
sYeeK pacu€THOM 00JIacTH HAXOJMTCS B JMaria-
3o0He ot 0,5 M 10 0,01 M (crymieHue kK odractu
JIBIXKYIIETocs Tena). MakcuMaibHBIN pa3smep
sneMeHnTa moes3ga cocrtasisieT 0,01m. Yucna
PeiiHomnb/ca 1 ocTasibHbIE TPAHUYHbBIE YCIOBUS
Pacy€THOro BO3AYIIHOIO 00bEMA U IapaMeTphl
HECTallMOHAPHOW MOCTAaHOBKH ((puznueckoe
BpeMsl, IIar BPEMEHH U T.JI.) ONIpe/esIeHbl aHa-
JIOTHYHO 3a/1aue ¢ MPUMEHEHHEM METO/1a CKOJIb-
3stmux ceTok. Yucno Kypanra He mpessimano 3.

JKcnepuMeHTAIbHAS Bepupukanus
pa3padoTaHHBIX PACYETHBIX MoJIeJIel

Jli1 OLEHKH CTENeHH JAOCTOBEPHOCTH pe-
3yJILTATOB, MOJYUYCHHBIX IIPU HWCIOJB30BaHUU
pa3paboTaHHBIX pacuéTHBIX MOJEjcH, OblIa
BBIIIOJIHEHA HX BepI/I(bI/IKaIlI/IH o pe3yjibTaram
OKCIICPUMCHTAJIbHBIX 1/13MepeH1/1171 adpoaAuHaMHu-
YECKOT0 BO3/ACHCTBUS Ha BO3IYIIHYIO Cpeny
BBICOKOCKOPOCTHOTO 3JieKTponoesna «Camncany»
[17].

3KCHepI/IMeHTaJ'II)HLIe N3MEPCHUA OBLIIN BBI-
TIOJIHCHBI Ha OTHACJbHBIX Yy4YaCTKax JKeJIC3HOU
noporu Cankr-IletepOypr—MockBa ¢ ycTaHOB-
JIGHHBIMHU CKOpOCTSIMH JBHeHus ot 200 mo
250 km/4. Beibop MecT u3mepenuii ObLT OCyIIie-
CTBJIEH COBMECTHO C COTpyAHMKaMu MocTtouc-
neitaTeabHoN cranimu Ne 1 OKTsIOpbCKOi sKe-
ne3Hoit noporu. IIpenBaputensHO ObUT BBINION-
HCEH aHaJlu3 [leﬁCTByIOL[lHX YCTaHOBJICHHBIX
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Puc. 9. Cxema pacyémHoli modenu Ha ocHoge Memoda NozpyxeHHo20 mena [paspabomaHo aemopom].

Puc. 10. Mpoyecc usmepeHusi aapoduHaMuyeckozo 8o3delicmeusi om 8bICOKOCKOPOCMHO20 3ekmponoe3da «CancaH»
[ebInonHeHo asmopom].

CKOPOCTECH JIBMKCHUSI M HAJIMYHS BO3MOXKHBIX
MECT U3MCHEHHUS MOE37I0M CKOPOCTH (OIacHBIC
MeCTa, CTaHI[UH, KPUBBIC, pa0OTHI HA MyTH) Ha
paccMaTpUBacMbIX ydacTKax. Takum o0pa3zoM,
onpeeNEHHBIC IS U3MEPEHUN MecTa HaXou-
JIUCh HA y4acTKaX PaBHOMEPHOTO JIBIIKCHUS.
JIOTIOTHUTEIIPHO YYUTHIBAIACH CKOPOCTD JIBHIKE-
HUS TIOC3/I0B TI0 Pe3yJibTaTaM I'pa()iKOB BhIMOJI-
HCHHBIX M3MEPCHHU (110 PACCTOSHUIO MEKIY
TOJIOBHOM M XBOCTOBO BO3AYIIHBIMU BOJTHAMHU ).
OTKIIOHECHUE (PAKTUICCKOM CKOPOCTH IBUKCHUS
OT YCTAaHOBJICHHOW HAa y4YacTKE COCTABJISIIO HE
Oosee 4 KM/4 (B MCHBIIYIO CTOPOHY).

V3amepeHust 0CyIIeCTBISUTICH BBICOKOYACTOT-
HBIMH MEMOPaHHBIMH TATYNKAMH H30BITOYHOTO
JIaBIICHUSI, YCTAHABIMBACMBIMH B HETIOCPEII-
CTBCHHOM OJMM30CTH OT ocH myTH. [Iporecc us-
MepeHHii rpecrasieH Ha puc. 10.

Pesynbrartel W3MepeHUil MPEACTABISIFOT CO-
0oli rpaduKku U3MCHECHUST BETUYUHBI U30BITOU-
HOTO JIaBJICHHS B HCIOJBWXXHOU TOYKE TPHU
MPOXOKICHUU BBICOKOCKOPOCTHOTO TOE3/a.
[Tpumep rpaduka npuBenéH Ha puc. 11.

Vin] \ [ O

[TyTém 00paboTKK pe3ysbTaToB U3MEPEHHH
OBUTH MTOJTY4EHBI KapTUHBI PACTIPEEICHUs dKC-
TPEMaJIbHBIX BEJIMYHH M30BITOYHOTO JIaBICHHS
U JIaBJICHHS Pa3PEIKESHUS UL CKOPOCTEHt IBHKe-
Hust or 200 1o 250 KM/4 B 3aBHCHMOCTH OT
PacCTOSTHHS OT OCH ITyTH 1 BBICOTHI HaJl YPOBHEM
TOJIOBKH pesbcea. [Tpumep pacnipenenenus Benu-
YHHBI N30BITOYHOTO JABJICHUSI TIPU JIBUKEHUN
anekrpornoesna «Carcan» Ha ckopocT 250 km/4a
MIpeJCTaBIIeH Ha puc. 12.

s Bepudukanmy pa3pabOoTaHHBIX pacuér-
HBIX MoOJieJIell B HUX OBUIM 3aJjaHbl YCIOBUS
JIBIDKEHHS [10€3/1a U TOYKH U3MEPEHHsI, COOTBET-
CTBYIOIINE CKOPOCTH JIBMKCHUS K MECTaM ycTa-
HOBKH JIaTYMKOB TIPU HATYPHBIX U3MEPEHHSX.
BpemenHoii niar ObUT yCTaHOBJIEH COOTBETCTBY-
IOIIMM "YacToTe u3Mepenust aardukos (1 kl'm).
Takum 006pazom, ObIIH CMOJIETTMPOBAHBI IPOE3/IbI
moe3na Ha ckopoctax 200, 220 u 250 km/4 ¢ u3-
MEpEeHHEM JIaBJIeHUs B (UKCHPOBAHHBIX TOUKAX.
CpaBHUTENbHBIC KAPTHHBI PACIpe/IeIICHNS J1aB-
JICHUI B YpOBHE TOJIOBBI [0€3/1a JUIS JIBYX pac-
4yE€THBIX MOJIeNel mpuBeieHs! Ha puc. 13—15.



Puc. 11. Fpaghuk uaMeHeHus 8enuYUHbI OasneHust npu deUXeHUU 8bICOKOCKOPOCMHO20 anekmponoe3da «CancaH» Ha ckopocmu
250 km/4 [ebinosiHeHo aemopom] [17].

Puc. 12. PacnpedeneHue genuyuHbl u3bbimo4yHo20 dasneHusi npu 8UXeHUU 8bICOKOCKOPOCMHO20 31ekmponoe3da «CancaH»
Ha ckopocmu 250 kM/4 [8bINOTHEHO a8MOPOM].

a)

6)

Puc. 13. PacnpedeneHue 0aeneHull y nepgo2o 8a2oHa pacyémHoz0 noe3da Ha ebicome 1,1 M npu ckopocmu 200 kM/y
(a— memod nozpyxeHHo20 mena, 6 — Memod CKoMb3AUUX Cemok) [8bINOIHEHO a8MOPOM].

INomy4eHHbIe N300paKEHUST JEMOHCTPUPYIOT
KaueCTBEHHO ITOXOXKYI0 KapTUHY pactpeeIeHus
JIaBJICHUS] BOKPYT IMO€37a, HO, 3a cuéTr Oonee
JETaJIbHOM AUCKPETU3aNH CETKH U TPOPadOTKH
MOTPAaHUYHOTO CIIOSI BOKPYT I10€3/1a, MOJEINb
C MCHOJIb30BAaHMEM METO/Ia CKOJNB3SIINX CETOK
JEMOHCTpPUpPYET Oojee NeTanbHOE M TOTHOE
pacnpesiesieHre 1aBICHNAIN Y TOBEPXHOCTH Baro-
Ha, 4TO MPSIMBIM 00pa30M BIIUSIET HA OIpeierne-
HUE BEJIMYUHBI a3pPOJANHAMUYECCKHUX CHII, JIeii-
CTBYIOIINX Ha MOE3]I.

Pe3ynbraThl COMOCTaBIEHUS YKCIEPUMEH-
TaJIbHBIX M PACUETHBIX BEJMINH SKCTPEMATBHBIX

VIA] ] A NO= . )

JIABJICHUI B TOYKAaX W3MEPEHUS MIPUBEIICHBI Ha
puc. 16 u B Tabm. 1.

Pa3bpoc BemmuuHBI pacxoXkIeHUsT 00y CIIaBIH-
BaeTCA JIOKATbHBIMU YCJIOBUSMU MECTHOCTH
1 OKPYKEHHUsS] Ha MECTaxX 3KCHEPHMEHTAJIbHBIX
M3MepeHnH (HaI4gre B HEOCPEACTBEHHON OMH-
30CTH OT MECT U3MEPEHHH CITy’KEOHBIX TIOMelIIe-
HUH, YCTPOMCTB AMEKTPOCHAOKEHNS, CTAHIHOH-
HBIX ¥ 9KCIUTyaTallHOHHBIX 00yCcTpoiicTB). Makcu-
MaJIbHasl BEJIMYMHA PACXOXKJICHHUS COCTABISET
15 %, cpemnee pacxokaerne He ipeBbimact 10 %.

Taxxe, s BepupuKauu pazpaboTaHHBIX
pacuETHBIX MofieNield B 60JIee IMPOKOM JTHara3oHe
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a) 6)

Puc. 14. PacnpedeneHue 0aeneHull y nepgo2o 8a2oHa pacyémHozo noe3da Ha enicome 1,1 M npu ckopocmu 220 KM/4
(a— memod nozpyxeHHo20 mena, 6 — Memod CKoMb3AUWUX CEemok) [8bINOHEHO a8MOPOM].

a) 6)

Pui

o

. 15. PacnpedeneHue daeneHull y nepgo2o 8a2oHa pacyémHozo noesda Ha ebicome 1,1 M npu ckopocmu 250 km/4
(a - memod nozpyxeHH020 mena, 6 — Memod CKOMb3SIUjUX CeMOK) [8bINOHEHO a8MOPOM].

Tadonuna 1
Pe3yJ'l])TaTbI CONMOCTABJICHUSA IKCIICPUMEHTAJbHBIX U pac‘léTHle
BCJIMYHUH IKCTPEMAJIBbHBIX lIaB.]'leHI/Iﬁ [BBIHOHHCHO aBTOpOM]

CkopocTth Paccrosinne Bricora Pacxoxnenue, %

OT OCH IIyTH, M | Ha/{ yPOBHEM MO/IEIb [IOTPYKEHHOTO Tela MO/IEIIb CKOJIB3SIIIINX CETOK

TOJIOBKM MaKCHMAaJbHOE | MUHUMAIBHOE | MAaKCHMAJIbHOE | MUHUMAIBHOE
peiteea, M JIaBIIEHUE JIABJIIEHUE JaBIICHUE JaBIICHUE

200 33 3,1 9 4 13 10

3.4 2,15 13 12 10 14

3,4 2,5 12 8 8 15

3,8 2,6 14 2 15 11

4 1,3 1 1 12 5

7.1 42 9 12 4 14

7,6 1,35 3 1 13
220 3,5 2,15 15 1 1 7

7,5 3,1 13 13 15 10

7,5 2.4 1 10 14 7

8 2,6 14 9 10 2

8,5 2,15 3 10 2 15
250 2,4 2,7 11 5 11 5

3,1 2,4 14 15 3 12

34 1,7 12 15 7 15

42 1,5 5 15 13 5

9,2 1,5 14 15 2 10

CKOPOCTEH, OBLIIO BEITOIHEHO CpaBHEHME MONydeH-  Tpu ckopoctr 300 km/4 (puc. 17) [18]. Bermnanna
HBIX B NPOrPAMMHOM KOMIUIEKCE PE3yNIbTaTOB  PACXOXKICHMS MEXITY SKCTPEMAIBHBIMHI 3HAUYCHHS-
C JIaHHBIMH 3apyOEKHBIX HKCHEPHMEHTANBHBIX MM COCTABISIET He Oonee 8§ %.

M3MEPEHUH a3pOAMHAMUYECKOTO BO3IEUCTBUS IIPH Taxum 00pa3om, U3 pe3ynbTaToB Bepupuka-
MIPOXO’KACHUHN BBICOKOCKOpocTHOro Toe3na ICE3  mum cremyeT, 4Tto pa3paboTaHHBIE PacUETHEIC

AOVINH I AR AaA3Pd0 KABNCIIEHHO] AIVIOAETIN I P INHAMNYECK! 83dVMOLIEN! BUH



Puc. 16. ConocmasneHue genuyuH u3bbimo4yHo20 AasIeHuUs1 8 KOHMPOJLHO-U3MePUMENbHOU MOYKe, NOMy4eHHbIX YUCTEHHO
U 3KCnepumMeHmasnbHo 07151 8bICOKOCKOPOCMHO20 31ekmponoe3da «CancaH» Ha ckopocmu 250 KM/4 (paccmosiHue om ocu nymu
3,1 M, 8bicoma Had yposHeM 20/108KU pesnibca 2,4 M) [8bINOTHEHO agMOpPOM].

Puc. 17. 'pacpuk eenuyuHbi dagneHusi no AnuHe 8bICOKOCKOPOCMHO20 3/1ekmponoe3da, d8uxyuje2ocs co ckopocmbio 300 km/4 [18]
(no ocu x - dnuxa anekmponoe3sda, y — 8enuyuHa daeneHus).

Mozie I 00J1a/IatoT JOCTaTOYHON CTENEHBIO J10-
CTOBEPHOCTHU U MOTYT OBITh HCIIOJIB30BaHbI ITPU
pELIeHNN 3aJlau adpPOANHAMUYECKOTO B3aUMO-
JeHCTBUS BBICOKOCKOPOCTHOTO MOABUKHOTO
cocTaBa C BO3JYIIHOW cpemod W oObeKTaMu

HHPPACTPYKTYPHI.

3AKNIOYEHUE

B crarbe ObLTH paccCMOTPEHBI pa3IUnYHBIC
MOAXO0ABl K YHUCIECHHOMY MOJAEIUPOBAHUIO
ad9POJIMHAMUYECKOTO B3aMMOJIEUCTBUS BBICO-
KOCKOPOCTHOTO MOJIBUYKHOTO COCTaBa, BO3AYII-
HOW cpeabl U 00BEKTOB HHOPACTPYKTYPHI.
PaspaboranHbic pacuyéTHBIC MOJCITU OBLIU
BepU(HUIIUPOBAHBI HA OCHOBE DKCICPUMCH-
TaJIbHBIX U3MEPEHUN adpOJAMHAMUYECKOTO
BO3/I€HCTBUS BLICOKOCKOPOCTHOIO 3JIEKTPOIIO-
e3na «Carncan» U pe3yJabTaTOB aHAJOTUYHBIX
3apy0eKHBIX HccaenoBanuii. Haubonpmas
BEJIMUMHA PACXOKJCHUS MEXIY PacyETHBIMU
U DKCIIEPUMEHTAIbHBIMU BEJIMUUHAMU COCTAB-
nseT He 6onee 15 %, 4TO MO3BOMSET CaenaTh
BBIBOJI O IOCTAaTOYHOM JOCTOBEPHOCTH paspa-
0OTaHHLIX MOJCICH.

VIA] \ [ \ Y . )

CpaBHeHHUE JByX pa3IMYHbIX TOJIXO0B (Me-
TOJ| CKOJIB3SIIIIUX CETOK U METOJ] IOIPYKEHHOTO
TeJa) K MOJICIUPOBAHUIO A9POJUHAMUKHY IBHKY-
HIerocsl M0e3/1a OTHOCUTENIBHO HEMOABUKHBIX
00BEKTOB aéT BO3MOXKHOCTD CJIENIaTh BBIBOJIBI
0 11e1ec000pa3HOCTH UX IIPUMEHEHUS B 3aBHCH-
MOCTH OT IOCTAaHOBKHU 331a4U.

Taxk, U151 onipesieNIeHNs: BeJIMYKUHBI a9POAUHA-
MUYECKOH CHUJIBI U MOMEHTA, JEUCTBYIOMIUX Ha
BaroHbl pacuéTHOTO MM0e3/1a, He0OXOIUMO HC-
MOJIb30BATh METOJ CKOJNB3AIIUX CETOK, MO3BO-
oMK copMUpOBaTh MOTPAHUYHBIA CIIOH
BOJIM3M CTEHOK BaroHOB U IOJYYUTh HaubOojee
KOPPEKTHYIO KapTUHY PACHpeAeIeHHs BO3AYIL-
HBIX MAacC U, KaK CJIEJCTBUE, JOCTOBEPHHIE Be-
JIMYUHBI BO3/IEIICTBUS Ha MOJBUKHOM COCTaB.

Jlns onpeneneHus CTeNeHU a3poAUHaAMUYe-
CKOTO BO3JICHCTBUSI Ha Pa3IMYHbIe 0OBEKTHI
UHQPACTPYKTYPHI IPEANONATraeTCs HCIOIb30Ba-
HUE METO/Ia IOTPYKEHHOTO Tena. Takoi moaxos
HE MO03BOJISIET CMOAEINPOBATh NOTPaHUYHBIN
CJIOH BOKPYT CTEHOK pacuéTHOTO MOe3/a U, Kak
CIEJCTBUE, NOTYUUTh JOCTOBEPHBIC BETUUMHBI
a9POIMHAMUYECKUX HArpy30K Ha MOABMXKHOM
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coctaB. OgHAKO MPHU ONPEACICHUU CTEIeHU
a’POJMHAMUYECKOr0 BO3ICHCTBUS Ha MH(]pa-
CTPYKTYpY JaHHbII (hakTop HE sIBIsieTCs: 00s13a-
TeJXbHBIM. Takyke METOJ MOTPYKEHHOrO Teja
TpeOyeT CyIIeCTBEHHO MEHBIIINX BIUNCIUTEIb-
HbIX 1 BpEMCHHBIX 3arpar, 4To A€J1acT €T0 Hau-
OoJiee pallMOHAIBHBIM NPU PELICHUU 3ajad
OITpE/ICJICHHUS a9POIMHAMUYECKOTO BO3/ICHCTBHS
Ha KOHCTPYKIMU M COOPY>KEHHUSI
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Ouetka 8bINONHANACH 8 CPaBHUMESTLHOM aHanu3e nokasamenel
08yx ¢hopm ¢ OanbHelWwum usMeHeHueM u nepepacyémom dopa-
bambigaemoli Modenu, cpagHusasnuch 8 nepsylo o4epeds cuna
110608020 CONPOMUBMEHUS U KOIGPULUUEHM cONPOMUBIEHUs
¢hopmbl. B pacyémax npumersinack Modesb 2a3080l AUHaMUKU
Ha ocHose ypasHeHull PeliHonbdca ¢ ucnonb3osaHuem SST-k-w-
modenu neperoca cA8u208kIx HanpsxeHuli Menmepa. [ns pewe-
HUS1 ypagHEHUU C Uerbio HaXoKOeHUSs UCKOMbIX GhyHKUUL Ucnosb-
308anace NPOMUBONOMOYHas cxema Ouckpemusayuu 8mopo2o
nopsidka ¢ npuMeHeHuem npouedypbl ymoyHeHUs «dagneHue—CcKo-
pocmb» 8 pamkax aneopumma SIMPLE [Tama+kapa—CnonduHea;
UCNOITB308arICsa NPO2PaMMHO-8bI4UCTUMENbHbIU KoMnnekc ANSYS
Fluid Dynamics. Pa3amepsi pac4émHoll obnacmu 6binu 8bibpaHs|

c y4émom eeomempuyeckux pasmepos 3D-modenu chopmel.
MdeHmucbukayusi epaHuYHbIX ycrnogull npoussodunack 8 pewa-
mene. ModenuposaHue 8biNOMHANOCH Ons cry4as A8UXeHUs
mpaHcnopma ¢ NOCMOSIHHOL CKOPOCMbIO.

Pacuémbi nokasanu eaxHocme U 8nusHUe 2eoMempuu ne-
PEXOOHbIX y4yacmkoe Kopnyca mpaHcnopmHoeo cpedcmea, 065-
3amernbHOCMb NPUMEHEHUS KonéCcHbIX obmekamenel u npeumy-
wecmea S-0bpa3Ho20 xgocmosuka. [pednoxeHHas onmumu3ayus
KOHCMpyKyuu nossonuna Ha 16,9 % cHu3ums cuny u koaghchuyu-
eHm a3poduHamuyeckozo conpomuesnenus. [lo pesynsmamam
nposedéHHbIX uccrnedosaHuli bbina esibpaHa onmumasnbHasi Mo-
Oenib mpaHcnopmHo2o cpedcmea, obnadarwowas HaUMEHbWUM
K03ghehuyueHmom asapoduHamMu4ecKoeo ConpomueeHuSs, Ymo
N0380/UMO YAY4WUMb 3HEP2EMUYECKYH 3KOHOMUYHOCMb CUC-
meMbI U NOBbICUMb €€ 3KOT02UYHOCMb, KaK criedcmeue — ysenu-
Yums NOMeHYUabHyl0 peHmabenbHOCMb NEPEBO3OYHO20 NPO-
yecca.

Knroyesbie crosa: cmpyHHbIU mpaHcnopm, HUbYC, aspoduHamuka, Modesb, cuna 10608020 CONPOMUBEHUS, KOIhuyueHm
conpomuesieHusi hopmb, pacnpedesnieHue 0asieHus no 106080l nosepxHocmu MoOesU, onmumu3ayusi GhopmMbI MOOEsU.

Lns uumuposanus: FOHuukul A. 3., Apmriowesckuti C. B., Libiprur M. M. Onmumusayusi aapoduHamudeckoli oopMib I MOHOPESTLCO8020
nodsecHozo toHubyca // Mup mpaHcnopma. 2022. T. 20. Ne 4 (101). C. 17-26. DOI: https:/doi.org/10.30932/1992-3252-2022-20-4-2.

MonHbIli mekcm cmambu Ha aH2nulickoM si3bIke ny6nukyemcst 0 mopoli Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE
Onucanue MaTeMaTH4ecKoi MoaeIu
U MeTOIMKA 23POAMHAMMYECKOro pac4yéra

BosneiicTBre HabeTaromero moToka BO3AyXa
co ckopocThio V Ha TparcnopTHoe cpenctso (TC)
CBOJMTCS K Harpys3kam, HETPEPHIBHO pacrpee-
TIEHHBIM TIO €TO TTOBEPXHOCTH. DTH PACTIPEACIEH-
HBIE Harpy3KH MPUBOIAT K PE3yIbTHPYIOMIECH
A’POIMHAMHUYECKON CHJIE, IPUIIOKEHHOM B LIEHTPE
JIABJICHUSA, U a3POJMHAMUYECKOMY MOMEHTY CHIT
BOKpYT IIeHTpa Macc. CyMma CHII JIOOOBOTO COTIPO-
THUBJIEHUS U MOIXBEMHON CHIIBI COCTABIISIIOT adpo-
JHaMITYecKyto crty. Cama cra TJ000BOTO COTIpO-
THBIICHUSI CIIATACTCS M3 COTTPOTHBIICHHS JIABJICHUS
1 COTPOTHBIICHNS TpeHus [1].

[Tpu 06 ryBaHM HOPMBI IIPOMUCXOTUT MTOKA-
THE HaOETaroIIero MOTOKa BO3/LyXa C HABETPEH-
HOM (JT000BOi1) CTOPOHBI ¢ 00pa30BaHHEM 30HEI
MIOBBIIIEHHOTO AaBieHwus. [ToTok Bo3myxa, oote-
Kasi KOHTYD, YCTPEMIIIETCS K €T0 3aJHEH JacTH.
JleficTBue cuJl BA3KOTO TPEHUS BBI3IBAET Hapa-
CTaHHE JTWHAMHYECKOTO MOTPAHUTHOTO CJIOS,
U B JaJbHEHIIEM MPOMCXOIUT OTPHIB MOTOKA
BO3/yXa OT TIOBEPXHOCTH 1 00pa30BaHNE BUXpE-
BOI'O cJiefa 3a HUM. B 3ajHeil yacTu HaXoguTCcs
30Ha OHMKEHHOTO JAABJICHHS, Ky/Ja OCTOSTHHO
OCYIIECTBIIAETCS MO/ICOC BO3yXa.

Cuna COnpOTHBIICHUS JIaBICHUS CO31aETCs
3a cY€T Iepena/ia TaBIeHHs BO3/LyXa Ha JIOOOBYIO
u xkopMmoByto gactu TC. B cBoro ouepens cua
COTIPOTHUBIICHNS] TPEHUS 00yCIOBIICHA «IPHIIH-
MTAHUEM» K TIOBEPXHOCTHU (POPMBI CIIOEB TIEpeMe-
IIAIOIIETOCS BO3/LyXa, BCIEACTBHE YETO BO3AYII-
HBIIl ITIOTOK TEPSIET CKOPOCThb. B 3TOM ciyuae
BEITMYMHA CHJIBI COTTPOTHBIICHHS TPEHHS 3aBHCUT
OT CBOWCTB MarepHaia, KadecTBa U COCTOSHHS
MTOBEPXHOCTH [2].

OwmpiBarne TC BO3ayXOM €O CKOPOCTBIO
B mpenenax 150 km/qa (41,7 m/c) mpoucxomut
B TypOyneHTHOM peknMme (dncio PeitHombaca
Re = 13,5¢10°> 10°). B Takux cmyJasx s pe-
MICHNUS TPAKTUYECKUX 3a/1ad TypOyJIEHTHOTO
00TEeKaHUsI TPUMEHSAETCS CUCTEMa YPaBHEHHUH
Peitronpaca (RANS) u Hepa3pbIBHOCTH HWIIN
AQHAJIOTOB, NMPUMEHSIOMNX METOABI KPYIHBIX
Buxpeii — LES:
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Kalluecs Ha OCHOBE rumoressl byccuHecka
C TIOMOIIBIO TypOYIEHTHOM BA3KOCTH v, [3].
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Ot crannaprHbIX ypaBHeHul HaBbe—Crokca
UX OTJINYAeT MPUCYTCTBUE JOMOJHUTEIbHON
TypOyJIEHTHOH BA3KOCTH V,, MHOTOKDPATHO TIpe-
BOCXOJAIEH MO 3HAaYEHUIO MOJEKYIAPHYIO
BSI3KOCThH HAOETAIOIIEro BO3IyXa.

CornacHo [4], aJist peteHust 3a1a4 BHEITHETo
0o0TeKaHUs PEKOMEHYETCsl MIPUMCHSATh k-®
Mozenu Cappmena—Buikokea, mozenu Crianap-
Ta—AJuIMapeca, MOJENU MEPEHOCa CABUIOBBIX
HarpspkeHuit MenTepa n k-¢ moznens Jlonaepa
n JxoHca JUIsi KHHETHYEeCKOH SHEepTruu Typoy-
JICHTHBIX IyJbcanuii K 1 CKopocTu e€ auccumna-
LU €.

Jl1sl YUCAEHHOTO pelIeHUsl NPUMEHSeTCs
MOZIEJIb Ta30BOM TMHAMUKH, OCHOBaHHAs Ha ypaB-
Hernun Peitnonbaca (RANS nonxon). B nannoit
TIOCTAQHOBKE 33/1a4H OTpe/IEIsIeMbIMU (DYHKIIMSAMH
CITyaT CKOPOCTb OMBIBAHHUS BO3AYILIHBIMH [IOTO-
KaMH ITOBEPXHOCTH IOHUOYyCa U IaBJICHHE Ha €ro
MOBEPXHOCTSIX, MPE/ITIOIAraeTcsi H30TEPMUYHOCTh
1 HEC)KUMAEMOCTh (TIOCTOSIHCTBO TEMIICPaTyphbI
U IUIOTHOCTH) BO3JIYLIHOTO MOTOKA KaK CPEJIbL,
obOrexkatomed Tpancriopr [5]. st periennst ypas-
HeHuii PeliHomnb ica BBIOpaHa MoJienb TypOyJIeHT-
HocTH THra SST-k-w Mozeny rnepeHoca CIBUro-
BBIX HanpsbkeHuit Menrepa [6; 7).

Lenn padoTsl

Lenbro naHHOW pabOTHI SIBJISIOCH MPEJO-
CTaBJIeHHE MH(OPMALINH 110 a9POAMHAMHYECKON
ONITHMM3AIMY MOHOPEIHCOBOTO I0JIBECHOTO
IOHHOYCa CIIOXKHOW reoMeTpuuecKoil (hopMbl
C MCIIOJIb30BaHMEM COBPEMEHHOT'O ITPOrPaMMHO-
BeIancauTensHoro komriekca ANSYS Fluid
Flow [8; 9].

PE3YIIbTATbI
IMoaroroBka MojeJin U npoueaypa
HCCTeTOBAHUS a9POAMHAMUKH (GOPMBI

B xauecTBe ocHOBBI HocTpoenus 3D-monenu
JUTS TIPOBOJIMMBIX PAcYETOB OBLT B3SIT COOPOYHBIN
AIIEMEHT MOHOPEIECOBOTO OIBECHOTO FOHMOYCa
CTPYHHOTO TpaHcmoprta (puc. 1), KOTOPHIH
B JalibHEHIIEM OBLT TOpaboTaH ¢ y4ETOM 0CO-
OCHHOCTEH MOCTPOCHUS PACUETHOW CETKU:
BHYTPCHHUE JICMCHTEHI, HE OKa3bIBAOIIIHE BITHSI-
HHC Ha a’pOJUHAMUKY, YIaJICHbI, BHCIIHHIE
QJIEMEHTHI CIIUTHI B OIHY JCTallb, BHYTPCHHUE
TOJIOCTH 3aIT0JIHCHBI.

Pasmepsl pacuéTHOM 001acTH BHIOUPAIHCH
¢ Y4€TOM reoMeTpuuecKux pazmepon 3D-moze-
mu ¢opmbl. PacuérHast 00nmacTh mpencraBiser
co0oli mapauieieuIe]l ¢ TeOMETPUUCCKIMU
pasmepamu 50,0 x 11,5 x 13,0 M (puc. 2).



Puc. 1. Pa6oyasi 3D-Modesnb (hopMbI MOHOPELEC08020 NOOBECHO20 HOHUGYCA
[ebInonHeHo asmopamu].

Puc. 2. PacyémHas obnacms ¢ Modenb nodeecHo2o toHubyca [8bINOHEHO asmopamu].

s pacuéra mpuHATA CTaHAApPTHAS CHCTEMA
KOODJIMHAT: HaIlpaBJIeHUE ocH X BEIOPAaHO TPO-
THBOIIOJIOKHO HAIIPABIICHHUIO BIKCHISI TPAHC-
TTIOPTHOTO CPE/ICTBA, COBITAIACT C HATIPABICHUEM
CHITBI COTIPOTHBIICHUS IBIKCHHUIO; OCh Y — Bep-
THUKAJIbHAS OCh, HATIPaBIICHHAS BBEPX, COBIIAIa-
€T ¢ NOABEMHON CUJION; OCh Z — HallpaBJeHa
MePIEHANKYIIPHO OCH X B TOPU30HTAIBHON
IIOCKOCTH.

Wnentndukanys rpaHIYHBIX YCIOBHH MPO-
W3BOMIMIIACH B PeIIaTelie KaK YacTH MPOTpaMM-
Horo komiutekca ANSYS Fluent [10]. Moxemnu-
pOBaHHE BBITIONHEHO JJIS CIIydas JBUKCHUS
TPAHCIIOPTA C TIOCTOSTHHOM CKOPOCTHIO, TIPOIOITb-
Hast €€ COCTaBIAIONIAs PaBHIACH CKOPOCTH
Haberaromero moroka [11] m 3amaBajgach Ha
BXOJIHOW TpaHUIIe: CKOPOCTh HaOETaloIIero mo-
toka — 41,7 m/c (150 km/49). OMBIBaHHE TIPOHIC-
XOJTUT ITOTOKOM BO3/TyXa IPH HOPMAJIEHOM aTMO-
ctheprom maenernu 101325 Ila 1 mocTosHHOMN
temneparype, paBHoil 15°C, HUHTEHCHUBHOCTD
TypOyaeHTHOCTH — 5 %, MacITad TypOyJIeHTHO-
ctu — 10. Ha BbIXOIHOH rpaHuile NPUHUMAIINACH

VIV | | N©O

«MSTKHE» TPaHWYHBIE yCJIOBHS BbIXoja. Ha
OOKOBBIX MOBEPXHOCTAX PAacYETHON oOmacTn
CTaBWJINCH YCIIOBHS CTCHKH, HO C HYJIEBBIM Tpe-
HHUEM (yCIIOBHE CKOJIBKEHHS MOTOKA y CTCHKH),
YTO TO3BOJISIIO UMUTHPOBATH PEATIbHBIC YCIOBHS
HEOTPAaHWYECHHOW OOJIACTH B OTPaHUYCHHOM
npoctpancTie [12]. [Inst noBepxHOCTEN MOJENH
(GOpMBI OBUIM TIPUHSATHI YCIIOBHS MPUIHIIAHUS
(oTcyTcTBHE TIpOCKanb3bBaHUs — No-slip).
[MonBrkHOHN cpemol BRIOpaH BO3IYX MpH
20°C. Pa3zmepbl ¥ TUI CETKH IS BCEX PacUETOB
MPUHATE OJMHAKOBBIMH; TIPEABAPUTEIbHBIC
AQHAJIM3BI CTETICHH JPOOJICHUS! CETKH MOKa3aln
HE3HAYNTEIBHOE BIMSHUE HA 3HAYCHUE OTIpeie-
Js1eMoro Kod(QuIeHTa cConpoTuBIeHus. Max-
CHUMaJIbHOE BIIMSIHUE OIPE/IEIIEHO MpH Jipoliie-
HUH CETKH B TIPHCTECHOYHOM 30HE € NCTIOIH30Ba-
HHUEM ITOTPAHIYHOTO CJIOSI C ITPOTPECCHPYIOIIH-
MU pa3MepaMH MEepBOH SUCHKH W ajanTaluu
ceTkH myTéM e¢ polnienns B /1Ba pasa. B pac-
4ETe MPUHATA aAANTALMSI TT0 YHCITy y+ CO 3Haue-
nueM oxuH. [pu y+ =1 cerka ctpemurcs k cu-
TyaI|u, KOT/ia B IPHCTEHOYHOM ciioe popMupy-
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Puc. 3. Modenb Ne 1 [ebinonHeHo asmopamul.

©TCsI HECKOJIBKO Pacu€THBIX y370B. DTO MO3BO-
JA€T YUYE€CTh BJIUAHUEC IMOTPAHUYHOTO CJIO4.
Kamnaﬂ azanranusa CETKU HM3MeJibdyaja B J1Ba
pasa NMpUCTEHOYHYIO 30HY. B pacuére nposenu
YeThIpe aJanTaIiy, IpuOIIKaoMuX y+ K elu-
Hute. [locne yeTBEpTON amanTaluu pe3ynbrar
HCKa)KaeTcs, NalbHelmee ApoOIeHNE CeTKH
TepsieT cMbIcT. [IpearmonoKuTeasHo, ITO CBA3a-
HO C YMCJICHHON OINMOKOH, Tak Kak pa3Mepbl
aJJaIITUBHOM CETKU ITPY YMEHBIIICHUH B JIBa pa3a
MeHstoTest 6ornee yeM Ha 20 %, 4TO TPUBOAUT
K UCKAXXCHUIO TTOJTYUYCHHBIX PE3YJIbTAaTOB. B ka-
YeCTBe JOMYIICHHs IIPUHSTO OTCYTCTBUE A dek-
Ta c)kuMaeMocTH Bo3ayxa. CymecTBeHHOE
nposiBiicHHE 3P eKTa CHKUMACMOCTH TOSBIISICT-
cs npu uucie Maxa Oosbine 1/3, Torma kak
CKOPOCTh 3ByKa B BO3JIyXe IPH 3aJaHHBIX yCIIO-
Busix Onmska k 330 m/c, uto B 2,6 pasa Bl
Pacu€THOM CKOPOCTH JIBUKECHMUSL.

Jnis perenns ypaBHenuit PeitHomnsaca ¢ SS7-
k- Monenpio MeHTepa ¢ LeNbl0 HaXOXKACHUS
HCKOMBIX (YHKIIUI TPUMEHsIAaCh MPOTHUBOIIO-
TOYHAasA CX€Ma JUCKPETU3AIIUU BTOPOI'O MOPsAIKa
C IMPUMEHEHUEM TIPOLEAYPHl YTOUHEHUS «J1aB-
neane—ckopoctb» mo SIMPLE anroputmy Ila-
tankapa—Cnongusra [13; 14].

Nunnumanuzamnus npou3Bouiach Mo napa-
MeTpaM II0TOKA Ha BXOIHOM I'paHULle pacuEéTHON
oOmacTH.

OLIEHKA ASPOAWHAMUYECKUX CBOUCTB
OHCHKa BBIIIOJIHAJIACh B CPABHUTCIIBHOM
aHaJn3e a’POAMHAMUYCCKUX XapaKTEPUCTUK
JIBYX (DOPM C TaIbHEHUIIINM U3MEHEHHEM U Tiepe-
pacyéToM J0pabaThiBACMON MOICIIH.
CpaBHUBAIUCE:
1. ITone pactipeneneHus 1aBIeHISI.
2. Cuna 1060BOTO COMpOTUBIEHHS F .
3. Koagpunuent conporusienus Gopmoi C .
4. Hamnume TypOy/TM3HpOBaHHBIX TOTOKOB.
Pacuér onpenenieHust CUITbI U KO PHUIHCHTA
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Puc. 4. Modenb Ne 2 [ebinonHeHo asmopamu].

A3POJIMHAMHUYECKOTO COMPOTHBIICHHUSI TIPOBOJIHII-
cst B nporpamme ANSYSS Fluent.

Kak m3BecTHO, 1mosie 1aBIeHUs OnpeaesseT
a’POIMHAMHUYECKOE COTPOTUBIICHUE BETPY JIIO-
001 KOHCTPYKITUH; HAOETAIOITUI TOTOK CO31aéT
30HY MMOBBIMICHHOT'O JaBJICHHA Ha nepezmeﬁ
TMOBEPXHOCTU, MAKCUMYM JAaBJICHUA COOTBET-
CTBYCT TOYKE HanOOJIBIIIETO TOPMOXKCHUS ITOTO-
Ka BO31IyXa.

MuyieneBo ceueHHe BO BCEX MOAETISIX CoXpa-
HAJIOCHh OAMHAKOBBIM, JJJINHA U3MCHsJIACh B 1Ua-
ma3one ot 4,85 10 5,03 m.

[lepBast mapa cpaBHUBaeMbIX MOJIEIEHi OTIpe-
JIeTIsIIa NCXO/THbIC XapaKTePUCTHUKH M ITOKa3bIBa-
J1a BIUSTHUE XBOCTOBOTO S-00pa3Horo oorekare-
JIS: B TIEpBOW MOZIeTH OblIa MPUMEHEHa KOMOH-
HaITUs «KHOC—XBOCT» (pHC. 3), BO BTOPOH — «HOC—
HOC» (pHC. 4).

Pesynwrars! pacuétoB it Mmogenu Ne 1 i No 2
MIpeJCTaBICHbI B TA0M. 1.

Pesynbrar nmony4yunacs npoTHBOIOIOXKHBIM
OT OKpIaeMoro —y mMozaeiau Ne 2, HecMOTps Ha
OTCYTCTBHE XBOCTOBOTO S-00pa3Horo oOTeKare-
151, hopma Oosiee adpOTUHAMUTHAS.

[Tocne aHanm3a U CpaBHEHHS PE3yJIBTATOB
JBYX PacyéToB CTaJ0 BHAHO PE3KOE TajeHue
JaBJICHUS Ha OOKOBOI moBepxHOCTH MozeH Ne |
B MECTe, I/Ie HAUWHACTCS PagNyC 3aJHET0 00Te-
karest (puc. 5). B atom ke mecte y mogenu Ne 2
Ha6HIOJIaIOTC${ HE3HAYUTCJIbHBIC U3MCHCHUA
naBienus (puc. 6).

CpaBHHB IreOMETPHIO 3THX JIEMEHTOB, HE00-
XOIUMO OTMETHUTH (pHC. 7), 9TO )KeTaHUe YKOPO-
TUTh XBOCTOBOH oOTekarenb y moxenu Ne 1,
YBEJIMUUB NPSIMOJIMHENHBIN y4acTOK CaJlOHA,
TPUBOJIMUT K YMEHBIIEHUIO IIEPEXOAHOTO PaIny-
Ca M K CPBIBY IIOTOKA C YXYAIIEHUEM adpOJIrHa-
MHYCCKUX XapaKTCPUCTUK 110 CPABHECHUIO C MO-
nenbio Ne 2, HECMOTpS Ha eTo KOPOTKHUif 00TeKa-
TCJIb U HAJTMYUEC JOHHOT'O COITPOTUBIICHUA U3-3a
«TYTIOTO» XBOCTA.



Puc. 5. PacnpedenieHue daeneHus no nogepxHocmu modesnu Ne 1 Puc. 6. PacnpedeneHue daeneHusi no nogepxHocmu modesnu Ne 2
[ebinonHeHo aemopamu]. [ebInonHeHo asmopamu].

Puc. 7. CpasHeHue 2eomempuu mModeneii Ne 1 u Ne 2 [ebinosiHeHo asmopamu].

Puc. 8. UsmeHeHue 2eoMempuu 3adHe20 obmekamensi 8 modensix Ne 3 u Ne 4 [ebinonHeHo aemopamu].

/Al

Puc. 9. Modenb Ne 3 [ebinonHeHo asmopamu]. Puc. 10. Modens Ne 4 [gbinonHeHo aemopamu].
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Tabauna 1 [BbIno/IHeHA aBTOpPaMH| Tabauuna 2 [BbINoJHeHAa aBTOpaMH]|

Homep mMozmenu F.H C. Howmep Mozenu F.H €.
Ne 1 330 0,095 Ne 3 296 0,0845
Ne 2 302 0,086 Ne 4 372 0,1065

Puc. 11. PacnpedeneHue daeneHusi no no6oeoli nogepxHocmu modenu Ne 3 [ebinosHeHo asmopamu].

Puc. 12. PacnpedeneHue 0aeneHusi no no6oeoli nogepxHocmu modesnu Ne 4 [ebinonHeHo asmopamu].

Pexomenmanueii st yiydmeHus KOG Quim- B monenu Ne 3 konéca moaHOCTHIO 3aKphI-
€HTa COMPOTHBICHUS CICAYIOIMNX Mojaeneii Te oOTekarensmu (puc. 9), B momenu Ne 4
CIY)KHT YBEJIMYCHUE TIEPEXOTHOTO panmyca KoJ€ca BRICTYIAIOT 3a MPEAeNbl 00TeKaTeNen

B XBOCTOBOM OOTeKaree. (puc. 10).

B monensax Ne 3 u Ne 4 ObpuTH yUTEHBI pe3yiTb- Pesynbrarsl pacuéroB it Mmogenu Ne 3 u Ne 4
TaThl MPEABIAYIINX PAacuéToB, YBEINYEH Mepe- TPEACTaBICHbI B TA0M. 2.
XOHOH paiiyc B XBOCTOBOM oOTekarene (puc. 8) Pacuér mokazan 3HaYUTENFHOE YXY/IIICHHUE

W TIPOBE/ICHO CPaBHEHHE BIHMSHHUSA OTKPBITHIX  KOI(PQUIHEHTA a9pOANHAMHUYECKOTO COMPOTHB-
1 3aKPBITHIX KOJIEC. nernst (Ha 26 %) mpu OTKPBITHIX KOJIEcax.
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Puc. 13. Modenb Ne 5 [ebinonHeHo asmopamu].

Puc. 15. PacnpedeneHue daeneHusi no OHUWY MpaHCNOPMHO20
cpedcmea modeniu Ne 3 [ebinosiHeHo asmopamu].

JloGoBbIe, DOKOBBIE M XBOCTOBBIE ITOBEPXHO-
ctu mozenei (puc. 11, 12) monsep>keHbI oMHa-
KOBOMY JIaBJICHHIO, IPU 3TOM Mojienb Ne 4 BbI-
DIAaUT 0oJiee «KpacHOI» M3-3a MajeHHs HHXK-
Hero mpenena aasiaeHus c¢ -1,32e + 03 no
-5,81e + 03, B pe3ynbraTe yero «3eyaéHas 30Ha
CMECTUJIacCh BBEPX I10 ILIKAJIE; PA3HUILY CO3MAET
PeNbCOBBIN TOHHENB U KoJéca.

BriBox onHO3HaueH: koiaéca HEOOXOAUMO
3aKpbIBaTh 00TEKATEISIMH.

B monensax Ne 5 u Ne 6 yutens! pe3ynbra-
ThI IPEJBIAYLIUX PACUETOB, B KAUECTBE YIyu-
LMIeHUsI a’pOJAMHAMUKHM U3MEHEH Mepexos
MEepeHET0 U 3aJHEeT0 o0TeKarels K JHHUILY
(puc. 13, 14) u npoBeeHO TOBTOPHOE CpaB-
HEHUE BIUSHUS XBOCTOBOro S-00pa3zHOTro
oOTeKaTes.

Pesynbrars! pacuéros muis mozenu Ne 5 uNe 6
IIpe/ICTaBJICHBI B Ta0M. 3.

Ta0auna 3 [BbINoJHeHa aBTOpaMH]|

Puc. 14. Modenb Ne 6 [ebinonHeHo asmopamu].

Puc. 16. PacnpedeneHue daeneHusi no OHUWY MpaHCNOPMHO20
cpedcmea modeniu Ne 5 [ebinosiHeHo asmopamu].

Pacuér mokasai oJIOKUTEIBHOE BIUSHUC
IJIaBHOTO TIepexoaa OT HOCOBOT'O M XBOCTO-
BOTO OOTeKaresnel K JHUIILY; U3-3a OTCYTCTBUS
pPE3KOTo mepexoja MpaKTUYECKH HPONayu
30HBI HU3KOT'O JIABJICHUS, BBI3BIBAIOIINE CPHIB
MIOTOKOB C TypOyiu3anueii Boznyxa (puc. 15,
16).

B 11060B0O# 4acTH yMeHbIIMIIACh 30Ha BBICO-
koro napieHust (puc. 17), CHU3UB COCTaBIISIO-
LIYIO CHJIBI CONIPOTHUBIIEHUS AaBieHus. Cieayer
OTMETHUTh YMEHBIIICHUE HIDKHETO Mpeieria 1aB-
JICHUSI, YTO TAKXKE MOJIOKUTEIILHO CKa3bIBACTCS
Ha a9pPOIMHAMHYCCKUX XapPAKTCPUCTUKAX.

Pacnpenenenue naBieHUs B XBOCTOBOU
YaCTH MPAKTHYECKH OJIMHAKOBO, 32 UCKIIIOYCHH-
€M JIOHHOTO CONpOTHUBIIEHUS y Mozenn Ne 6,
00yCIIOBJIIEHHOTO «TYIIBIM XBOCTOMY» U Ilepece-
YEHHEM JIBYX ITOTOKOB C OOKOBBIX IIOBEPXHOCTEH.
B monenu Ne 5 3a cuét S-00pa3HOro XBOCTOBHKA

Tadnnua 4 [BbINOJHEHA aBTOPaMH]|

Homep moznenn F.H C Howmep monenn F.H C.
Ne 5 273 070780 No 7 274 0,0782
Ne 6 278 0,0795 Ne 8 272 0,0778
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Puc. 17. PacnpedeneHrue daeneHusi no so6osoli nogepxHocmu mModeneii Ne 5uNe 6 [ebinonHeHo aemopamul.

Puc. 18. Modenb Ne 7 [ebinonHeHo asmopamu].

Puc. 19. Modenb Ne 8 [ebinonHeHo asmopamu].

VIn|]

MTOTOKH HE TIEPECEKAIOTCS, & BBIXOIAT Mapaieib-
HO, 9TO C y4ETOM CHMMETPUYHOCTH MOJEIH
co3MaéT COHAINpaBICHHBIC MMOTOKM BO3IyXa,
IBIDKYIIHAECS C OMWHAKOBOW CKOPOCTBIO, ITH
MpUEMBI YMEHBIIAIOT, & MECTaMHU ITOTHOCTHIO
HCKITIOUAIOT 00pa30BaHNE BUXPEBBIX TOPOKEK
Kapmana.

Mopnens Ne 7 mpezacraBiseT co00i MOIeTb
Ne 5, moBépryTyto Ha 180° (puc. 18) (ompenere-
HHE a’pOIWHAMUYCCKUX XapPaKTEPUCTHK MPHU
JBIDKEHUH 33JHAM XO/IOM); B Mozienu Ne 8 mpu-
MEHEeHa KOMOWHAIHS «XBOCT—XBOCT» (puc. 19).

Pesynbrarel pacuéros it Mmogenu Ne 7 u Ne 8
TIPEJICTaBIICHEI B TA0M. 4.

Pacuérel mokazanm, 9TO YBEIWYCHUE CIUTBI
A3POIMHAMUYECKOTO COTTPOTHBIICHIS TIPH JIBHKE-
HUY 33THAM XOJIOM Ha TAHHBIX CKOPOCTSIX COCTa-
Buo 0,25 %; MO>KHO CKa3aTh, 4TO TPAHCIIOPTHBIE
cpencta ¢ popmoit momenu Ne 5 i Ne 7 crioco0-
HBI TICPEABUTATHCS BIICPE/HA3AT C OJIMHAKOBBEIMHU
APOIUHAMHAYCCKUMHA XapaKTePUCTHKAMU Ha
cKopocTsix V'=41,7 m/c.

Pacuér monenn Ne 8 mokasan He3HAYUTEIb-
HOE YITy4IIICHUE adPOIMHAMHYICCKIX XapaKTepH-
ctuk (te xe 0,25 %), modToMy B CICIYIOIINX



Puc. 20. 3asucumocmu koagh¢huyueHma conpomuenenus C_om ckopocmu 60K08020 eempa
[ebInonHeHo asmopamul].

Puc. 21. 3agucumocmu curnbi conpomusnierus F, om ckopocmu 60k06020 éempa [6bIN0IHEHO agmopamu].

pacuérax ¢ yuéToM OOKOBBIX BETPOB CPaBHHUBA-
JUCh (HOPMBI, TOKA3ABIINEC HAUITYYIITHE PE3YJIb-
Tarbl, — Mojeau Ne 5 u Ne 8.

Jiist onipeienicHust XapaKTEPUCTHK € YIETOM
BJIMSIHUSL OOKOBOTO BETpa MOBOPAYUBAIIACH pac-
yéTHas 30Ha IMPOAYBKH OTHOCHUTCIIBHO TpaHC-
MOPTHOTO CPEIICTBA M CUCTEMbI KOOPAMHAT Ha
yroi 10, 20 u 30 rpatycoB, 4TO COOTBETCTBOBA-
J10 cKopocTH 6okoBOTO BeTpa 7,35; 15,2 1 24 m/c
cooTBeTCTBEeHHO. CKOpPOCTh HabEeraromero mo-
TOKA KaK paBHOJCHCTBYIOLIAs BEJIMUMHA IIPUHS-

na 3Hauenus V= 42,34 m/c, V, = 44,37 m/c
u v, =48,15 m/c.

Kak otenbHas xapakTeprucTHka, HeoOXoaumMast
JUTSI OTIPEJICIICHUS] BETPOBBIX HATPY30K Ha Iy TEBYIO
CTPYKTYpY, ObLiIa OmpezieicHa cria u Ko3hhuiru-
C€HT CONPOTHUBIICHUA (bOprI HEIIOABUXKHOT'O
TPAHCIIOPTHOTO CPEJICTBA IIPU BETPE, HAIIPaBIICH-
HoM 11071 yritoM 90° co ckopocThio V= 24 m/c.

Pesynerarsl pacuéToB st mogenu Ne 5 1 Ne 8
npeicTaBieHbl B Ta0n. 5 U rpaduyecku Ha
puc. 20 u 21.

Tabauua 5 [BbInojHeHa apTopaMu|

Homep CKopocCTh BeTpa CkopocTb BeTpa CKOpOCTb BeTpa CKOpoCTh BeTpa
MOJIENTN 7,35 m/c, 15,2 m/c, 24 m/c, 24 m/c,

ckopocts TC ckopocts TC ckopocts TC ckopocts TC

41,7 m/c 41,7 m/c 41,7 m/c 0 m/c

FXIO’ H CXIO FxZO’ H CxZO ':)(307 H Cx30 FQU’ H CX9O
Ne 5 225 0,062 46,5 0,012 —354 0,076 2229 0,652
Ne 8 239 0,066 139 0,035 =56 0,012 2430 0,699
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Kak nmoxasanu pe3ynsTarsl pacdéra, MOJIENb
Ne 5 3a cuét 3aKkpyIEHHOTO TIEpEeIHETr0 00TEeKA-
TeJNs UMEeT JTyYIlne XapaKTePUCTUKH HECMOTPS
Ha OoJiee BBICOKHE ToKa3areny koddduimenra
1 CHJIBI COIIPOTUBIICHUS IIPU HYJIEBOM 3HAYEHUH
cKopocTH 00KoBOro Betpa. Y mozeinu Ne 8 —rmio-
CKUH JIONAaTo00pa3HbIiA HOC, KOTOPBIH IPU OOKO-
BOM BETpE SBISIETCS CBOGOOPA3HBIM IapycoMm,
yxyauasi o0TekaHne HaOeraouMMHU TOTOKAMH
BO3/lyXa, U YBEJIMYUBAET CHJIIy BO3/ICHCTBHS Be-
TPOBBIX HArPy30K Ha ITyTEBYIO CTPYKTYPY.

OTpuliaresibHble 3HAYCHUST KO PHUIINEHTA
conporusieHust C 1 CuItbl F J1st HEOABUKHO-
TO TPAHCIIOPTAa CBA3AHBI C U3MEHEHHEM Pa3HOCTH
30H BBICOKOTO M HM3KOTO JaBJICHUS B MEpeAHEH
1 3aJJHEY 30HaX B IPUHATOM CUCTEME KOOPUHAT,
C TEOMETPHUYECKUMHU OCOOCHHOCTAMHU (HOPMBI
TPAHCIOPTHBIX CPEJICTB, YTO BUAHO 110 MEHBIIIE-
My BIMSIHUIO Y CUMMETpH4YHON Mozenu Ne 8.

BbiBOAbI

B npouecce uccinenoBanus Obu1a mpoBeieHa
[I0CJIE0BATEIIbHAS ONITUMU3ALMS CIIOKHOM reo-
METPUUECKOH (hOPMBI KOPITyCa MOHOPEIIHLCOBOTO
CTPYHHOT'O TPAHCIIOPTHOTO CPEJICTBA — IOHUOYC.
Pacu€rel okasanu BaKHOCTb U BIUSIHUE TEOMET-
MU TIEPEXOIHBIX YYacCTKOB KOpITyca, 00s13aTelb-
HOCTh IIPUMEHEHHS KOJIECHBIX oOTekarelyei
U NpenMyIIecTBa S-00pa3HOro XBocToBUKa. Bee
9T (HaKTOPBI C Pa3IMYHON CTENEHBIO BIUSIOT Ha
BEJIMYMHY CYMMApHOIO a3pOAUHAMUYECKOIO CO-
MIPOTHBIICHHUS IBIDKEHUIO TpaHcnopTa. [Ipu 3tom
MPEe/UIOKEHHAsT ONTUMHU3ALNS KOHCTPYKIMHU T03-
BouisieT Ha 16,9 % cHU3UTH cuity U KO dUIIHEHT
a’pOIMHAMUYECKOIO conpoTusieHust. I1o pesyib-
TaTaM MPOBEASHHBIX MCCIEOBaHUIl BhIOpaHa
ONTUMAJIbHASL MOJIEJIb TPAHCIIOPTHOIO CPECTBA,
oOnajaronias HAaMMEHBIIUM KOA()QHUIIHEHTOM
A3pPOIMHAMUYECKOTO COMPOTHUBIIEHHS. DTO MO3BO-
JIMJIO YIIy4IIMTh SHEPIeTUYECKYH0 SKOHOMUYHOCTD
CHUCTEMBI U TOBBICUTH €€ dKOJOTHYHOCTb, KaK
CJIC/ICTBUE — YBEJIMYUTh IIOTCHLMAIBHYIO PEHTa-
6enBbHOCTh EPEeBO30YHOTO MpoIIecca.

CMNCOK UCTOYHUNKOB

1. MxurapssH A. M. AspoauHamuka. — M.: DKoIuT,
2013.—-448 c. ISBN 978-5-4365-0050-8.

2. Ksacnosckas H. I1., KBacnockuit A. C. Asponuna-
MHKa COBPEMEHHBIX JIETKOBBIX aBTOMOOMJIEH // ABTOTpaHC-
noptHoe npeanpustue. — 2006. — Ne 3. — C. 51-55.

3. Wilcox, D. C. Turbulence modeling for CFD. 3" ed.
DCW industries, 2006, 522 p. ISBN 978-1-928729-08-2
(1-928729-08-8).

4. Benos 1. A., Ucaes C. A. MonenupoBanue TypOy-
JICHTHBIX TeueHuii: Yued. mocobue. — CII6: banr. roc. TexH.
yH-T.—2001. - 108 c.

5. MonuanoB A. M. Tepmodu3suka v JMHAMUKA JKUJIKO-
ctu ¥ raza. — M.: MAU, 2019. — 152 c. [DnexTpoHHBIH pe-
cypc]: https://k204.ru/downloads/text2019.pdf. Jloctymn
24.05.2022.

6. Menter, F. R., Kuntz, M., Langtry, R. Ten Years of
Industrial Experience with the SST Turbulence Model.
Turbulence, heat and mass transfer, 2003, Vol. 4, No. 1,
pp. 625-632. [DnekTpoHHBIH pecypc]: https:/www.
researchgate.net/publication/228742295 Ten years of
industrial experience with the SST turbulence model.
Joctyn 24.05.2022.

7. Crerupés A. 1O. BbICOKOIIPOU3BOAUTENBHbIE BEIYUC-
JICHUS B TEXHUYECKOH (usnke. UncIeHHOE MOJIEIMPOBaHNE
TypOyJICHTHBIX TeueHHil: Yueb. mocobue. — CII6.: CIIGITY,
2009. — 143 c. ISBN 978-5-7422-2317-7.

8. IOnuxuit A. 3. CTpyHHbIE TPAHCTIOPTHBIE CUCTEMBI:
Ha 3emie u B Kocmoce. — Cunaxpore: I[THB-npunT, 2019. —
576 c. ISBN 978-985-90498-1-1.

9. FOuunxuii A. 3., l'apax B. A., Lipipnun M. U. Ctpyn-
HBII TPAHCHOPT JUIs TOPOJCKHX IIEPEBO30K Maccaxupos // Ha-
yKa 1 TexHuka Tpancnopra. —2021.—Ne 3.—C. 19-25. DOI:
10.53883/20749325 2021 _03_19.

10. ITactyxoB 1. @., Bonocosa H. K., ITactyxos 1O. ®.
ITocTpoeHne HecTalMOHAPHEIX MOAeNed B 000I0UYKe
ANSYS FLUENT: Yue6. noco6ue. — Hopomosmonxk: I1I'Y,
2018. — 46 c. [DnexrponHbIit pecypc]: https://elib.psu.by/
bitstream/123456789/22092/3/IToctpoenne%20HecTario-
HapHBIX%20Moneneit%208%20060m0uke%20F luent%20
WORKBENCH.pdf. Jloctyn 24.05.2022.

11. Aanpeiiunk A. @., [1Imenés A. B., Xaputonunk C. B.
BrusiHEEe MEXK3BEHHOTO MPOCTPAHCTBA HA adPOJHMHAMUKY
MHOT03BEHHOTO aBTOIOE3/1a // AKTyaJIbHbIC BOIIPOCHI MaIlIU-
HosezieHus. — 2015. — Ne 4. — C. 121—124. [DneKkTpOHHbIH
pecypc]: https://elibrary.ru/item.asp?id=29305331. JJoctyn
24.05.2022.

12. Berconxuit M. C., Eerpagos A. H. Aspoaunamuka
KosécHOro TpaHcnopTa. — Munck: benasrorpakropocTpoe-
Hue, 2001. — 363 c. ISBN 985-6637-03-1.

13. Marankap C. B., Cnonaunr JI. b. Ternno- u macco-
0OMeH B IIOTPaHUYHBIX CIOsIX. — M.: Dneprus, 1971.—-128 c.

14. Munsbkos JI. JI., Mouceesa K. M. Uucnennoe perte-
HHe 334 THIPOJHHAMHKH C TIOMOIIBIO BEIYHCIUTEIBHOTO
maketa Ansys Fluent.— Tomcxk: STT, 2017.—122 ¢. ISBN 978-
5-93629-594-2. [OnekrponHbIi pecypc]: https://elibrary.ru/
item.asp?id=29806159. Jloctyn 24.05.2022. (]

WHpopmauus Jolé} asmopax:

FOHuykul Anamonuti 3dyapdosuy - npedcedamens cosema OUPEKMOPO8 U 2eHepasbHbIli koHcmpykmop 3A0 «CmpyHHble

mexHonoeuuy, Muxck, benapyce, a@unitsky.com.

Apmrowesckuli Cepzeli Bnadumuposuy - 3amecmumens 2eHepanbHo20 KoHecmpykmopa no Hayke 3AO «CmpyHHble

mexHonoeuuy, Munck, benapyce, s.artyushevskiy@unitsky.com.

Ubipnun Muxaun Wocugposuy - kaHOUOam mexHuYecKux HayK, eedywuli cneyuanucm HayyHo-uccnedogamenbckoeo omoena
3A0 «CmpyHHbIe mexHonoauuy, MuHck, benapycs, m.tsirlin@unitsky.com.

Cmambs nocmynuna e pedakyuto 04.04.2022, o0obpeHa nocne peyeHauposarus 06.09.2022, npuHsma k nybnukayuu 10.09.2022.

ViA] \ [ NS

VI W1 AMWN3dUNH I NMAHAMNSCCKONED /|



XENE3HOOOPOXHbIN
TPAHCMOPT 28

CoyuarbHble aghghekmel,
conposoxdatowjue passumue,
U UX MOHemapHasi OUeHka.

rOPOCKON
TPAHCNOPT 39

YNPABJIEHUE U SKOHOMUKA

Ouerka naccaxuponomokos
npu nomowu Wi-Fi OanHbIX.

NOMUCTUYECKMUE
OMNEPALIMK 6l

WckycemeeHHb It uHmennekm
01151 OUEHKU NOBPEXOEHHBIX 2PY308.

TPAHCMOPTHBIE
y3nbl 73

TexHonoauu 6rok4edH
npu op2aHu3ayuu NOCMagoK.
Onbim KHP u nepcnekmueb!.

MEXAYHAPO[HbIE
TPAHCMNOPTHbIE

KOPMAOPbI 86
|

Lughposble nnamehopmbi ynpasneHus
nepesoskamu. Skocucmema MTK
8 EAGC.

rOPOACKON
OBLLECTBEHHbIN

ABTOTPAHCMOPT 98
|

BeisieneHue u Memoduka oueHKu
hakmopos, BIUSKOWLX Ha Ka4Yecmeo
06CyXUBaHUS NACCaXUPOB.

rOPOMCKUE

TPAHCMOPTHLIECETM 105
|

Passumue u onmumusayusi 20p00CKUX
mapwpymos. [pumep bpsiHcka.



28

HAYYHAA CTATbA
Y[K 338.26
DOI: https://doi.org/10.30932/1992-3252-2022-20-4-3

Mup tpaHcnopra. 2022. T. 20. Ne 4 (101). C. 28-38

OueHka coumanbHbIX A dektoB, hopmmpyemMbIx
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Wnbs CONHLEB

AHHOTALIUA

OphekmusHOCMb MPaHCNOPMHBIX CUCMEM Ha COBPEMEHHOM
3mane Kak Ha HayUOHalbHOM yposHe, mak u 8 Macwmabe 8bl-
cmpaugaHusi peuoHanbHbIX U MEXPEe2UOHaNbHbIX MOp208bIX
U KoonepayuoHHbIX ces3eli paccMampugaemcs 8 kayecmee 00-
HO20 U3 BaxHelwux hakmopos ycnewHoeo u ycmolyugozo
9KOHOMUYECKO20 passumus.

CosepweHcmeosaHue mpaHCNOPMHbIX CUCMEM 80 MHO-
2ux cryyasx mpebyem peanusayuu KpynHbIx UHgppacmpyk-
MypHbIX NPOeKmos, npednonazalowux MacwmabHble UHee-
CMUYUU U 2eHepupyrwux yenbili pad 3KOHOMUYECKUX U CO-
yuanbHbix aghchekmos. M ecnu nepsbim yxe nocsswéH pso
uccnedosaHull, mo coyuanbHas cchepa noka He nomyyuna
00/IKHO20 BHUMAHUSI.

B 0OaHHol pabome npednpuHsima nonbimka ycmpaHumb
amom npobern, a 8 kavecmse npedmema uccnedosaHusi 8bibpaH
naccaxupckull xene3HodopoXHbIl mpaHcnopm, OUHaMUYHO
pa3sgusarowjutics 8 yenom pside eocydapcms, U Komopomy yoe-
nisemcs 6onbwoe 8HUMaHue 8 cmpameau4eckux 0okyMeHmax,
Kacarouwjuxcsi pasgumusi mpaHcnopmuol ompacsnu 8 Poccutickol
Gedepayuu.

HUnva Bacunvesuu Connyes

Dunancoswuii ynusepcumem npu Ilpasumenscmee PO, Mockea, Poccusi.

Llertb uccredosarus — 8bI8UMb NO3UMUBHb I U He2amUusHbIe
aghehekmbl, hopmupyeMble NPOEKMaMU NO Pa38LMUID KEeNe3HO-
00poXHO20 mpaHcnopma, u npednoxume nodxodb! K Ux Konuye-
CMBEHHOMY U3MEPEHUIO.

B kayecmee memodos asmopom npuMeHéH aHanus akade-
muyeckol numepamypbl U MemoduYecKux Mamepuasnos, yxe
pa3pabomanHbix 3a pybexom u 6 Poccuu, a makxe coomgem-
cmeyrouwux HopmamusHbIx 00KYMEHMO8, eKoyas MemoouKy
OUEHKU COyUarbHO-3KOHOMUYECKUX 3¢h¢heKmos om npoekmos
cmpoumernbcmea mpaHcnopmHoU uHgpacmpykmypsl. Bcé amo
N0380/ILMIO CUCMEMamu3upo8amb 8Ce CyLecmaytouue coyuars-
Hble achchekmbI xene3HO000POXHO20 mpaHchopma no epynnam.

Taroke a8mopom npodeMoHCMPUPOBaHb! NPUMEPLI MOHeMap-
Hol oueHKu OaHHbIX achghekmos, basupyrowuecs Ha nepedosoli
3apybexHol npakmuke. [JaHHble pe3ynbmamsl Mogym bbimb
nonesHs| UHBecmopam u 20cydapcmey 8 pamkax NpuHsmus pe-
WweHul 0 huHaHCUPOBaHUU, @ MaKXe 8 OUeHKe 3ghghekmusHocmu
MpaHCNOpMHbIX NPOEKMO8, YMo 6 UMO2€ NO380IILIM CIKOHOMUMb
brodxemHble cpedcmea, ysenudums omdady 8roxeHul U pewums
uenbliti psd coyuasnbHbix 3aday.

Kntoyesnie crioga: xeneaHodopoxHb Ui mpaHcnopm, 3hgheKmugHOCTb Xee3HoA0POXKHbIX NPOEKMOB, 3QheheKMbI ene3HOO0POX-
HO20 mpaHcnopma, 3ghhekm SKOHOMUU 8PEMEHU, SKO02UYECKUE 3(heheKmbl, SKOHOMUKA MPaHCNOPMa, ypO8eHs WyMa, CoyuarbHasi

UHmeepayus, 5ﬂanﬂOﬂy‘-er.

YicmoyHuKu (huHaHcuposaHusi: cmambs N0020moesieHa 8 pamkax npuknadHow HayyHo-uccriedosamertbckoll paboms «PacuiupeHue
UHCMPYMEHMO8 NOBBIWEHUS COUUATbHO-3KOHOMUYECKO20 YPOBHS pasgumusi meppumoputi nymém eHedpeHUs! UHGPaCcMPYKMYPHbIX
NPOEKMOoe paseumusi Xene3HoO0POXKHbIX MPaHCNOPMHbIX Y3/108», NPOGUHAHCUPOBAHHOU 3a CYém 20CydapcmeeHHo20 3adaHusi

Mpasumenscmea Poccutickoll ®edepayuu.

Lna uumuposarus: ConHues M. B. Ouerka couyuarnbHbIx aghchekmos, hopmupyembix xene3HodopoxHbIM mpaxcnopmom // Mup
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BBEOEHUE

CornacHo Ctpareru pa3BUTHS JKEJIE3HOIO-
poxHoro Tpancnopta B Poccuiickoit @enepanuu
1o 2030 romal, *emxe3HbIe HOPOTH MTO3BOJIST
Poccuiickomy rocynapcTsy, 5JKOHOMHKE 1 001I1e-
CTBY HOJIyYHUTb CIECIYIOMINE PE3YIBTATHI:

* YCKOpPEHHE SIKOHOMHUYECKOTO POCTa;

* CHIKEHHE TPAHCIIOPTHBIX M3/IEPIKEK XO35IH-
CTBYIOIIAX CyOBEKTOB M BHICBOOOXKICHHUE
CPEJICTB JUTS PAa3BUTHSI IPYTUX Cep OTCUECTBEH-
HOM SKOHOMUKH;

* obecrieueHme yCIoBHid Tt (GOpMUPOBAHHS
TEPPUTOPHAITBHBIX IIPOU3BOACTBEHHO-HAYYHBIX
KIIaCTEPOB;

* HUBEJIMPOBAHHUE ANCTIPOTIOPIIUHA MEXPETHO-
HaJIBHOTO Pa3BUTHS;

* o0OecrieueHNE TOPTOBBIX CBS3EH MeEXay
9KOHOMHUYECKUMH [IEHTPaAMH;

* MOBBIIICHNE KOHKYPEHTOCHOCOOHOCTH
POCCUICKON SKOHOMMKH U TPUBJIEKATEIbHOCTH
CTpaHBI JUIsl Pa3BUTHS OM3HECA M TPUTOKA HHBE-
CTHIIHI;

! Crparerust pa3BUTHSI JKEJIE3HOAOPOKHOTO TPAHCIIOPTA
B P® 110 2030 rozna: yreepxkaena Pacnopsbkenuem IIpasu-
tesiberBa PO ot 17 urons 2008 . Ne 877-p. [DnekTpoHHbIH
pecypc]: https://mintrans.gov.ru/documents/7/1010. Joctyn
14.09.2022.

* pa3BHUTHC TPAHCIIOPTHOIO MAIIMHOCTPOE-
HUSI U JPYTHX B3aUMOCBSI3aHHBIX OTpacicit
9KOHOMHKH.

BosbmIMHCTBO HCClIeOBAaHUI MOCBSIIEHO
OIICHKE 9KOHOMHUYECKUX 3(P(PEKTOB kKeIe3HOI0-
POXHOIO TpaHCHoOpTa. B 4acTHOCTH, MOKHO
BobIienuTh pabotsl JI. B. Jlamuayc [1], 1. A. Ma-
yeperta [2], LlenTpa cTparerndyeckux pa3paboTok
[3]11 O. H. ®ponosoii [4]. OqHako, Kak MOKa3bl-
BacT MEKYHAPOIHBII OIBIT, BIUSHUC TPaHC-
MOPTHBIX HHPPACTPYKTYPHBIX MPOCKTOB HE
OrPaHUYUBACTCS YKOHOMHUKOW M 3aTparuBacT
conuanbHyo chepy.

L]eny HACTOSILErO MCCIIEOBAHUS — BbI-
SIBUTB 3 QEKThI, POpMUpPyEMBbIE TPOSKTAMH I10
Pa3BUTHIO XKEJIE3HOAOPOXKHOTO TPaHCIIOpTa
B 9KOHOMHKE U COIMAIIbHOII cdepe, 1 peio-
YKUTH MOJXO/IbI K UX KOJUYCCTBECHHOMY H3Me-
penuto. B kauecTBe Memo0do6 MCIONBb30BAHBI
KOMIIJICKCHBIH TOAXOA M 3MIHUPHKO-
TEOPETUYECKUE METO/IbI, TIO3BOJISIOIINE TIPO-
BECTH HCCJIECIOBAHME Ha OCHOBE COBOKYITHBIX
XapaKTEPUCTUK MPOCKTOB MO PAa3BUTHIO JKe-
JIE3HOJIOPOKHOTO TpaHcmopra. B pabore uc-
MMOJIb30BaHbl OTKPBITHIC CTATHCTHYCCKUEC
JlaHHbIE, TIPOBEIEH aHaJIU3 aKaJeMHUUYEeCKOU
JIATEPATYPbl U METOJUUYECKHX MaTepHAJOB,

Puc. 1. lMonoxumenbHble 3gpghekmbl, hopmupyembie UHhpacmpyKkmypHbIMU NPOeKMamu
Ha Xene3HoO0POXHOM mpaHcnopme [8bINOSHEHO a8MopPOM].

VIA] ] A = D
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y’Ke pa3paboTaHHBIX 3a pyOexoM u B Poccun,
a Tak)Ke HOPMAaTHBHBIX JJOKYMEHTOB, B TOM
Yucle METONMKH OLEHKH COIHUAJIbHO-
IKOHOMHUYECKUX 3(PPEKTOB OT MPOEKTOB
CTPOUTEILCTBA TPAHCIIOPTHON MH(]pacTpyK-
Typsl, yTBepkAEHHOU [locTaHoBIEHUEM IIpa-
ButesnbeTBa PO ot 26 HOs0pst 2019 1. Ne 1512.

PE3YNbTATbI
JKxoHOMHIYecKHe I PeKThI

HccnenoBanusi 3KoHOMHUYECKUX (DPEKTOB
[103BOJISIIOT OLEHUTD JIOJIIO OTAEJIBHOK OTpaciu
B DKOHOMMKE Ha OIpPEACIIEHHbII MOMEHT Bpe-
MEHH U JIAI0T MpeJiCTaBIeHre 00 UX B3aUMOCBSI-
3sx. [Ipu aToM popmupyembie d3pdeKTsl mox-
pa3zessioTes Ha IpsIMbIe U KOCBEeHHBIE. [IepBhie
U3MEPAIOTCS Yepe3 BaJOBYIO J00aBICHHYIO
croumocTts (BJIC), koTopas npencraBiser co-
601 pa3HUIly MEXIY CTOMMOCTBIO MPOTYKIIUU
OTPACIIU U CTOMMOCTBIO PECYPCOB ISl €€ Mpo-
n3BoacTBa. KocBeHHble 3()(heKThl yUUTHIBAIOT
CIIPOC, KOTOPBIA (POPMHUPYETCSI B CEKTOpax,
IIPOU3BOMSILUX PECYPCHI IS HKEJIE3HOLOPOXK-
HOHM oTpacnu u cHaOxkaromux e€. Hanpumep,
JKEJIE3HOIOPOIKHBIN OIIEpaToOp MOXKET pUOOpe-
CTH TEJICKOMMYHHUKAllHOHHOE 000pya0BaHHE,
YTO MOBBICUT CIIPOC B 3TOH 00JaCTH U, B CBOIO
ouepeab, MOTpedyeT MIacTMacchl, METAJIOB
W JIPyTUX MaTepHajoB Jisi IPOU3BOICTBA 000-
pynosanus. [Ipu yBennueHun o0bEMOB mepe-
BO30K MPOUCXOJUT COOTBETCTBYIOIHUH POCT
3aTpaT Ha MPOMEKYTOUHYIO MPOIYKIHUIO (TOI-
JIUBO, BJICKTPOIHEPT U, MAaTEPUAIIBI U 1. ), YTO
MPUBOAMUT K POCTY MPOU3BOJCTBA B CMEXKHBIX
orpacisix. Jlajee uepes 3aTparbl CMEXKHBIX OT-
pacieil IpouCXOIUT POCT MPAKTUYECKH MO Beel
HSKOHOMHKE. YBEIMUEHHE BAJIOBBIX BBITYCKOB
CONPOBOXK/IAIOTCA COOTBETCTBYIOIIUM POCTOM
JIOXOJIOB: HAJIOTOB, 3apIlIat, MIPUOBLIH, KOTOPBIE
nepepacipesesstoTcss U TpaHCHOPMUPYIOTCS
B POCT KOHEYHOTO CIIPOca rocyjapcTna, Ou3He-
ca u HaceneHus [5].

B xayecTBe 01HOTO U3 Ba)KHBIX HAIIPABICHUN
BJIMSIHUSA HY>KHO BBIZICITUTH PIHOK HEABMKUMO-
CTH: CTPOUTENILCTBO HOBOM MH(PACTPYKTYpBHI
MOXET MPUBOJUTH KaK K MaJCHUIO IIEH Ha He-
JIBIDKMMOCTS (3@ CUET yBEJTMUCHUS YPOBHS IIIy-
Msl, U3MEHEHHsI BUJIOBBIX TapaMeTpoB, 3arpss-
HEHHUS OKpY)KaroIlel cpenbl), Tak U K POCTy
(ynydieHue TPaHCIOPTHOW NOCTYHHOCTH
Y DKOHOMHUS BpeMeHH) [6].

COBOKYITHBI SKOHOMHYECKUH P PEKT OT
MHBECTHUIUH CKJIa/IbIBACTCsI U3 IPUPOCTOB BaJIO-
BBIX BBIITYCKOB IO OTpPAacisM KOHOMHMKHU Ha

Vin} \ [ NO

JTare MHBECTUPOBAHUS U dTare (PyHKIIMOHUPO-
BAaHUSI U COCTOUT U3 TPEX IMEMEHTOB?:

1. ITpupocT BasioBoii 100aBIECHHON CTOMMO-
CTH OTpaciH, 00eCIeUnBaroNIeH BBIMYCK i-r0
BMJIa POCCUMCKOM MPOAYKIUH.

2. [IpupocT BasioBoii 100aBIECHHON CTOMMO-
CTH, CO3/1aBaEMOM OTPACIIIMHU TOPTOBIIN U TPAHC-
nopTa, 00eCIeYNBAOIINMHI TOCTABKY i-T0 BHIa
MPOIYKIHH.

3. IIpupocT BajioBoi 100aBICHHON CTOUMO-
CTH, CO371aBaeMON CMEXHBIMH OTPACIISIMH KO-
HOMMKH, O6eCHe’-II/IBa}OH_lI/IMI/I IMpON3BOJACTBO i-FO
BUJIa POCCUICKON IIPONYKLIUU.

Ha skcrutyaTaiiioHHOM CTaInK K HUM 100aB-
JIIETCSl YETBEPTHIN DIIEMEHT:

4. ITpupocT BaJioBO# 100aBICHHON CTOMMO-
CTH, CO3/1aBaCMO HEMOCPEICTBEHHBIM Y4aCTHHU-
KOM MH(PACTPYKTYPHOT'O IMPOEKTa Ha IKCILTya-
TallMOHHOU CTaJUM, KOTOPBIM pacCUUTHIBACTCS
yepes3 CyMMAapHbII IIPUPOCT BBIPYUYKU HEOCPE-
CTBEHHOT'0 y4aCTHUKAa MH(PACTPYKTYyPHOTO
IPOEKTa OT peaju3aliK TOBapOB, padoT, yCiIyr
i-ro BHIA.

ComnanbHbie 3pderTsI

HecmoTps Ha BaKHOCTB OLIEHKH SKOHOMHYE-
ckux 3((heKTOB, HEellb3s1 UTHOPUPOBATh BIUSHHE
JKEJIC3HOJOPOKHBIX MPOEKTOB HA COLUANBHYIO
cdepy. DTO BIUSHAE MOXXET HOCHTh KaK Hera-
TUBHBIN, TaK U MO3UTUBHBIN XxapakTep. Kak
MPaBUIIO, JIFOObIE TPAHCIIOPTHBIE TPOEKTHI aCCO-
UUPYIOTCA CO CIEAYIOIUM OTPHUIATEIbHBIM
BO3JIEHCTBHEM:

* HECYACTHBIC CITy4au;

* 3arpsI3HEHNUE OKPYXKAIOLICH Cperbl;

* U3MEHEHHE KIIMMaTa;

* YBEJIMUCHUE YPOBHS IIIyMa;

* POCT 3aTpaThl Ha IPOU3BO/ICTBO YHEPTUH;

* HETaTUBHOE BIIMSHUE Ha MPUPOIY U JaH-
nradr.

OnHako MpH aJbTEPHATUBHOM BBIOOpE pa3-
JINYHBIE NPOEKTHI (BUABI TPAHCIOPTA) MOTYT
OKa3bIBaTh U MOJIOKUTENbHOE BIUsSHUE (pHC. 1):

* HKOHOMHS BPEMEHHU B MyTH MacCAKUPOB
U TPY30B;

* TIOBBIIICHHE OE30MaCHOCTU MEPEBO30K
MacCaXUPOB U TPY30B;

2 MeToauKa OIEHKH COIHAIBHO-DKOHOMHIECKHUX 2P (PEKTOB
OT NPOEKTOB CTPOUTEIBCTBA (PEKOHCTPYKIIMH) M SKCILTyaTa-
MK 00BEKTOB TPAHCIIOPTHOI HH(PACTPYKTYpPBI, IUTAHUpPYe-
MBIX K pean3alny ¢ IPUBJICYCHUEM CPENICTB (eepaTbHOro
OrofpKeTa, a Takke C MPEIOCTaBICHUEM IOCYIapCTBEHHBIX
rapantuii Poccuiickoit denepanuu ¥ HaJIOTOBBIX JIBIOT:
yrBepxkaeHa Ilocranosinenuem IlpaBurenscrsa PO ot
26 Hos0ps 2019 1. Ne 1512.



Puc. 2. Pacyém MOHemu3upo8aHH020 3¢hghekma 3KOHOMUU 8PEMEHU 8 NYMU NacCaXupos [8bINONIHEHO agMopPOM].

* CHI)KCHHE BBIOPOCOB BPEIHBIX BEIIECTB
1 YpOBHS IIyMa (IIpU BBIOOpE aTbTEPHATHBHBIX
BapHaHTOB);

* rmoJ1e3HbIe 2(p(HEeKTHI 0OIIIeCTBEHHOTO TPaHC-
ropTa, 00yCIOBICHHBIC yBEINIECHHEM (pU3MUe-
CKOM aKTHBHOCTH;

* coIMalIbHAsl MHTETpanus u 6ez0apbepHas
cpena;

* cyOBeKTHBHOE Onaromonyuue (subjective
wellbeing) — BocpusiTHe OKPYKAOIIETO MHpa
WM YPOBEHB CHACTHS.

WtoroBerii a3 dekT oT peannzanny MpoeKTa
MOXET OBITh MOJYYEH ITyTEM COIMOCTABICHHS
MTOTEHIIMATIBHBIX BBITOJ M 3aTPat, B TOM YHCIIC
Yyepe3 CpaBHEHNE Pa3TNIHBIX allbTePHATHB.

MoHeTapHas OIIeHKa MOCIEAHNUX UYETBIPEX
3 PEKTOB OCIOKHICTCS HEMAaTEPHAIbHBIM Xa-
pakTepoM M He IpeaycMoTpeHa MeToauKoi,
yTBepxk1EHHOM [locTtanoBnenuem I[lpaBurens-
ctBa PO o1 26.11.2019 . Ne 1512.

JKOHOMHUS BpeMeHu?

Hanéxuoe u OsicTpoe coobmenHwme (a, cieno-
BaTENBHO, — U BEICOKYIO IOCTYITHOCTH) B KPYTI-
HBIX TOpO/Iax ¢ HaceneHneM ooiree 250 ThIC. Jelr.
MOKET 00€CIeUnTh TOJIBKO 00IeCTBECHHBIN
TPAHCIIOPT, Pa3BUTHE KOTOPOTO IOJKHO OBITH
OpUEHTUPOBAHO Ha JOCTIIKCHHE CIICAYIOIINX
MOTPEOUTETECKUX CBOUCTB [5]:

% T1Ipu OLICHKE HY)KHO yYUTHIBATH BUJI )KEIC3HOLOPOIKHOTO
COOOIIEHNS, B TAHHOM HCCIIC/IOBAHNH PACCMaTPHBAIOTCS
HCKIIIOUUTEIBHO NACCAKUPCKHE IEPEBO3KH.

VIA] ] A = D

* HaA&KHOCTh (TapaHTHPOBAHHAS JOJIS T10-
€37I0K B COOTBETCTBHUHM C IUIAHOBBIM BPEMEHEM
OXHJAHUS 1 TIOE3/IKN);

* TOCTYITHOCTH (Teorpadudeckas i [IeHOBas);

* KoM(}OpT.

B pacuére connanbHO-3KOHOMHYECKHUX -
(EeKTOB OT peaan3alnnuy MPOEKTOB Pa3BUTHUS
CHCTEM TOPOICKOT0 OOIIECTBEHHOTO TPAHCHIOPTA
UCIIOIB3YIOTCSI KOJINUECTBEHHO-N3MEPHUMBIC
TIOKA3aTeNH, HAPSIMYIO CBSI3aHHBIE C MPOEKTa-
MH. B mepByro ouepens kK TakuM mapameTpam
OTHOCHUTCSI YKOHOMHS BPEMEHHU MacCakKHpOB.
JauHbIi 23QdexT hopMupyeTcs CIeayrInMu
JIIeMeHTaMH| (puc. 2):

* BEICBOOOYK/ICHHE BPEMEHH ITaCCa’KHPOB ITPH
peanu3anuu MHPPACTPYKTYPHOTO MPOECKTA —
OIEHMBAETCS B 3aBHUCHMOCTH OT pETHOHA
1 MapuipyTa;

* cpetHeMecsIYHast HOMUHAJIbHAS HAYMCIICH-
Has 3apaboTHas TuTaTa pabOTHHKOB B CyOBEKTE
Poccuiickoif @enepannn, Ha TEPPUTOPUU KOTO-
poro peanuzyercst ”HPpPacTPyKTyPHBIA TIPOEKT.

Taxum 00pazoM, 1Mo OIIEHNBAEMOMY SKEJIE3HO-
JIOPOXKHOMY TIPOEKTY MOXKET OBITh OIICHEHA SKOHO-
MU BpDEMEHH TaCCaKUPOB, TIPUBJICKAEMBIX € aBTO-
MOOWJIBHOTO M C TOPOJICKOTO IMACCa’KUPCKOTO
TpaHcHopTa (METPOTIOIUTEH, HA3EMHBIN TOPOACKOH
TPaHCHOPT ¥ MEXIYTOPOITHNI MAaCCaXKUPCKHIA aB-
ToTpancnopt). KomraecTBerHas orieHKa 3pQexToB
SKOHOMUH BPEMEHH 3aBHCHUT OT psifia (pakTopoB:

* ITyHKTBI OTIIPABJICHUS U HA3HAYCHHS;

* BPEMsI CyTOK, KOT/Ia COBEPIIAIOTCS TTOE3KH;

3



R,

* IPOIYCKHAsl CHOCOOHOCTD U CXeMa J0POK-
HOU CETH;

* PacIONIOKEHNE BOK3aJIOB;

* IEPHOIMYHOCTD HKEJIC3HOOPOXKHBIX TIepe-
BO30K;

* JIOCTYIIHBIC aJIETEPHATHBHBIC BUIBI TPAHC-
nopra: aBTOOYCHI, MEIINE U BEJIOCHIIEIHbIC
MapIIpyThl;

Jlannble (hakTOphI pa3InyaroTCs OT ropojaa
K TOPOJly U MEHSI0TCS CO BpeMeHeM. Kak mpa-
BUJIO, 9 (PEeKTh PKOHOMHH BPEMEHH OlICHHBA-
IOTCSL C TIOMOILBIO MOZENIeH, UMUTHPYIOLINX
TPaHCIOPTHYIO CeTh M €€ HCIIOJb30BaHUE
B KOHKPETHOM ropojie uin mectHoctu. Co-
rinacHo uccienoanuto Deloitte [7], B ABcTpa-
JUM KaXkJas aBTOMOOMJIbHAs T0€3/1Ka, 3ame-
HseMas JKeJIe3HOJOPOKHOM, COKpaIaeT BpeMs
B ITyTH JJIsl OCTAJIBHBIX Y4aCTHUKOB JIOPOXKHO-
ro JIBIJKEHUS MpuMepHo Ha 7-27 munyT. Ha-
npumep, 1 CuaHes 3TO 03Ha4aeT Cleaylo-
Iee: eciIM BCce MOE3AKU OJHOTO yejoBeKa Ha
paboty u ¢ pabOThI IEPCHECTH C aBTOMOOUJIS
Ha )EJIE3HYI0 I0POT'Y, SKOHOMHUSI BPEMEHH JJIsl
JPYTUX YYAaCTHHUKOB JIOPOXKHOTO JIBHIKEHUS
B roj cocTaBuT 3 aHsA M 18 yacos; giasg 1000
gyenoBek — 10 yiet u 3 mecAues.

AJbTepHATHBHBIC 3aTPaThl BPEMEHHU B ITyTH
(KOTOpOE B IPOTHBHOM CIIy4ae MOXXKHO ObLIO Obl
UCITIONIB30BaTh YISl IPYTUX LieJel) Takke MOTyT
ObITH OrleHeHBI. B ABcTpammuu BpeMs AETIOBBIX
noe3nok otieHuBaercs B 129,8 % cpenHero exene-
nensHoro noxona (AWE), a Bpems B myTH Ha pa-
60Ty U ¢ paboTHI, a TAKXKE BCEX OCTANIBHBIX MOE3-
1ok — B 40 %. Ipeamnonaras, uro 10 % moe3nok
COBEPILIAIOTCS C JISJIOBBIMHU IIEIMH, CPEIHEB3BE-
IICHHAs! CTOMMOCTb COKOHOMJICHHOTO BPEMEHH Ha
OJIHY MOe3/IKy orieHuBaercst B 20 1om1apos (4act-
HbIe oe3nku — 16,32, nenossie — 52,96).

MoHeTu3upoBaHHbIH 3PHEKT IKOHOMUHM
BPEMEHH B IIyTH YKOHOMUYECKH aKTHBHOI'O Ha-
CEJICHHUS PACCUNUTHIBACTCSI KAK CYMMa JAMCKOHTH-
POBAaHHBIX 3HAYEHUH YIKOHOMUHU BpeMeHHU. B ka-
YeCTBE CTaBKU JMCKOHTHPOBAHUS MOXKET OBITh
UCIIOIb30BaHa CPEHsIsI CTaBKa KYMOHHOTO J0-
X071a [0 OOJIUTAIMSAM PErHOHA, TIIe Peallu3yeTcs
MPOCKT.

Takoke Hy)KHO YYUTBIBATh, YTO aBTOMOOHIIb-
HBIE 3aTOPbI YBEIMYMBAIOT OTPEOICHUE TOIUIU-
Ba M, KaK CJIEJCTBUE, NPUBOMAT K 3arps3HEHUIO
BO3JlyXa U BBIOPOCAM IAPHUKOBBIX Ia3oB, 4TO
BJICUET JIOMOIHUTENILHBIE PACXO/bI ISl 001Ie-
cTBa B LiesioM. bosee moapoOHo sKoornyeckue
3¢ ¢dekThl OyayT pacCMOTpPEHBI B OTIEIHHOM
paspere.

Vin} \ [ NO

IoBbImIenne 6e30MaACHOCTH

HecuacTHble ciyyan MpPOUCXOAST Ha BCEX
BU/IaX TPAHCIIOPTA M MPUBOJAT K 3HAUMTEIIbHBIM
pacxoaMm, KOTOpBIE AEATCS Ha MATh OCHOBHBIX
KOMITOHEHTOB:

* Onenka 00iHM M CTpaJaHWi, BBI3BAHHBIX
JIOPOKHBIMH POUCIIECTBUSAMH. B ciryuae TpaBm
9TH 3aTpaThl MOKPHIBAIOT 00Jb M CTpajaHus
KEPTBBI, a B CITy4ae CMEPTEIbHBIX NCXOJ0B — I10-
TEPIO TOJIE3HOCTH KEPTBHI.

* MeuIMHCKIE PAcXO/Ibl: PACXO/IbI Ha Jieue-
HHE NTOTEPIEBIINX, BKIFOYas CTOMMOCTb 000py-
JIOBaHMS U JIEKapPCTB. MEIUIIMHCKUE PACXO/IbI
MTOKPBIBAIOT MEPUOJ BPEMEHH C MOMEHTa He-
CUACTHOTO CITy4ast 1O TOJIHOTO BbI3/I0OPOBIICHHS
OT TPaBMbI WJIM, B CIIly4ac HECUACTHOTO CITydas
CO CMEPTENBHBIM HCXOA0M, 10 cMepTH. Bo MHO-
THX CIydYasX 4acThb 3THUX 3aTpaT ykKe ydTeHa
B CTPaxXOBBIX BBITLIATAX.

* AIMUHHCTpPATHBHBIC PACXOABI: PACXOJBI,
ToKphIBarorie pacxonsl monumn, MUC u apy-
THX CITy’KO SKCTPEHHOH MOMOIIH (KpoMe MeIn-
LIUHBI), OKa3bIBAIOIINX MOMOIIb Ha MECTE aBa-
pun. Kpome Toro, B 3Ty KaTeropuio BKIIOYAIOT-
Cs1 Pacxo/ibl, CBSI3aHHBIE C TPABOCYANEM: CyHeO-
HBIE M3JEPKKH, PAacXoabl Ha cyneOHOe
IIpeciIe0BaHNE TIPaBOHAPYIIUTEICH, PAaCcCXO/IbI
Ha cyaeOHbIe Iporneccsl U cTpaxoBanue. Hako-
HEIl, B 3Ty KaTerOpHIO TAKXKe BKIIIOYAIOTCS afl-
MHUHHUCTPAaTUBHBIE PACXOMBI, CBSI3aHHBIE CO
CTPaxOBaHWEM TPAHCHOPTHOTO CPEICTBA WIIN
37I0POBBSL.

* [Ipon3BOACTBEHHBIE TOTEPH: TTOCIIE aBAPUH,
MOCTPAABIINE HE MOTYT Cpa3y BEpPHYThCA K pa-
60Te (71100 yke HUKOT/IA K HEell He BO3BPAIIIaloT-
cs1). DTH 3aTpaThl COCTOST U3 YUCTHIX TPOU3BOI-
CTBEHHBIX TOTEPb, BHI3BAHHBIX COKpAIEHHEM
pabouero BpeMeHH! U 3aTpaT Ha 3aMEIIeHHE e-
JIOBEYECKOTO KanuTana. HecriocoOHOCTS BhITION-
HATH HEPBIHOYHYIO» paboTy, TaKyIo Kak paboTa
T10 JIOMY HJIH BOJIOHTEPCTBO, TAKXKE BKITFOIACTCS
B ATOT KOMIIOHEHT 3aTpar.

* MarepuanbHBIN yIiep0 COCTOUT U3 ACHEK-
HOM CTOMMOCTH IOBPEKIECHUN TPAHCIIOPTHBIX
CpencTB, MHYPACTPYKTYPBI, TPY30B U JTHMYHOTO
HMYIIECTBA B PE3yJIbTAaTe HECUACTHBIX CITyqacB.
[Ipeamnonaraercs, 4TO 3TOT KOMIOHEHT MOJIHO-
CTBIO YUHMTBHIBACTCS] YYACTHUKAMH JIOPOKHOTO
JIBIKCHUSI TOCPEACTBOM CTPAaXOBaHMUS.

* [Ipourie pacxopl: 3Ta KaTETOPHs MOKPbI-
BAET PacXo/ibl, CBI3aHHBIE C 3aTOPAMHU, BO3HHK-
IIMMHU B PE3YNIBTAaTe JAOPOKHO-TPAHCIIOPTHBIX
MIPOUCIIECTBUH, HEAOCTYITHOCTBIO TPAHCIIOPT-
HBIX CPEJCTB M OpraHu3alueil noxopoH. B es-



Taoauna 1

HonpasouyHble k03 puLHeHTHI 1151 y4éTa He3aperucTpupoBaHHbIx JATII

CMepTenbHEIe CITydan

Tsxénble TPaBMEI

JIérkue noBpexaeHus

ABTOMOOMITH, aBTOOYCBHI

1

1,25

2

MoOTOLMKIIBI

1

1,55
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HUcrounuku: [8; 9].

Puc. 3. Pacyém MoHemu3upoeaHHo20 3¢h¢hekma IKOHOMUU 8PEMEHU 8 NYMU NAcCaXUPos [8bINOIHEHO a8MOopPOM].

POIEHCKOM MPAKTUKE 3Ta KATErOpus 3aTpar He
YUUTHIBACTCS, MMOCKOJIBKY OoNblIas UX 4acTh
BKJIIOYAETCS B JIPyTHE KAaTErOPUM BHEITHUX
3arpart, 160 BOOOIIEe HE OTHOCUTCS K BHEII-
HUM.

3arpatsl, CB3aHHBIE C MPEAOTBPALICHHEM
aBapuii, He BKJIIOYAIOTCS B CTOUMOCTh HECHacT-
HBIX CIIy4aeB, MOCKOJIBKY OHHU HE SIBISIOTCS
(IpSIMBIM) CTIEICTBHEM JIOPOXKHO-TPAHCTIOPTHBIX
MPOMCIIECTBUMN, a PeAHA3HAUCHBI ISl YMEHb-
IIeHUs1 KoiauuecTBa aBapuil. Kpome Toro, oHun
(4acTUYHO) BKIIFOUCHBI B PACXO/IbI Ha IOPOKHYIO
uHppacTpyKTypy.

CTOHT OTMETHUTB, YTO KOJIMUECTBO OTUOIINX
U paHeHbIX B O(UIMAIBHON CTaTHCTHKE OTpa-
JKaeT TOJIBKO 3aperuCTPUPOBAHHbBIC HECUACTHBIC
cirydan. OTHaKo 4acTh JOPOKHO-TPAHCIIOPTHBIX
IIPOUCILECTBUH He peructpupyercs. B eBponeii-
CKOM IIPaKTHKE O(HIUATILHBIC JaHHBIC O TOPOXK-
HO-TPAHCHOPTHBIX MPOUCIIECTBHUIX KOPPEKTH-
PYIOTCS C yUETOM 3TUX HE3apETUCTPUPOBAHHBIX
npoucmecTsuid. IIpuMeHseMble ONPaBOYHbIE
K03 PUIIMEHTHI ITpeCTaBICHbI B Ta0. 1.

CornacHo Meronuke, yTBep:ka¢HHoH [Ipa-
BUTENIbCTBOM P®D, ol1eHKa MTOTEPH B pe3ysibTaTe
JIOPOYKHO-TPAHCIIOPTHBIX MPOUCIIECTBUN 0a3u-
pyeTcs Ha cleAyIonmX napamerpax (puc. 3):

* CpEeIHEro/10Basi CyTOYHAs MHTEHCUBHOCTh
JIBMDKCHUS, TACCAKUPOB/CYTKH;

VIA] \ A NS o
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* KOO PHUIUCHT CMEIICHHS [TACCAKUPOIIOTO-
Ka C CYIISCTBYIOIIETO Ha IpearnoiaracMbli
MapuIpyT JIBWXKEHHSI NIPU pean3aiiu nHdpa-
CTPYKTYPHOTO ITPOEKTa;

* CpeAHHUH COIMAIbHO-IKOHOMUYECKUN
yiiep0d OT TMOEIH U paHEHUs B PE3yJbTaTe J10-
POXKHO-TPAHCHOPTHOTO POUCILIECTBUS;

* KOJINYECTBO HOFI/I6HII/IX 1 paHCHHBIX B J10-
POXKHO-TPAHCHOPTHBIX MPOUCIICCTBUAX Ha
1 MITH acca>xupoB B TOJI.

KiroueBoil mepeMeHHON B TaHHOM cCiydae
SIBILSIETCSI KOOP(DUIIMEHT CMETIICHUS TACCAKUPOIIO-
TOKa C CYLIECTBYIONIETr0 Ha MPEAINoaracMbli
MapuipyT naBmxeHus. CokpaiieHue BpeMeHH
BITYTU U MOBBIMICHUE CEPBHCA ITPU UCTIOJIB30BaAaHUN
HKEJIE3HOIOPOYKHOTO TPAHCIIOPTA OKA3bIBAIOT 3HA-
YUTCJIbHOC BJIMAHHUC Ha MPUBJICYCHUC HOIOJIHH-
TEJIHOTO MACCAKUPOIIOTOKA, PaHEe MMMOOUITLHO-
T'O HaCeJIeHs, a TAK)KE YBEJIMYCHNE OJIBUYKHOCTH
CYILIECTBYIOIIETO M TIEPCIEKTHBHOIO HACEIICHHMSI,
TATOTEIOIIETO K YKEJIE3HOTOPOKHBIM JIHHHSIM.

Ixosnoruveckue 3pdeKrTn

B uwactu 7K0JIOrMH MOXKHO BBIZICJINTH HEC-
CKOJIBKO HaHpaBJ’IeHHﬁ BIIMAHUA:

1. BeiOpocsr B atmocdepy.

2. YpoBeHb IIyma.

3. 3arparbl Ha IPOU3BOJCTBO PHEPTHUH.

4. BiusiHue Ha IPUPOAY U JaHmadr.
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Tadauna 2

3anaTI>l, CBfI3aHHBbIE C 3arPA3HEHMEM BO3/yXa

Bupx tpancnopra €-IIeHT / MacCaKUPOKHIIOMETP €-LIeHT / MAIIMHOKWIOMETP
ABTOMOOHIIBE 0,71 1,14

— OCH3MHOBBIH JBUTATEH 0,33 0,53

— IM3€JIbHBIA JIBUTATEIb 1,18 1,9

MoTouKI 1,12 1,17

ABTOOYC 0,76 14,19

MextyropoiHuii aBTo0yc 0,73 14,34

CKOpPOCTHOI MacCcaXXMPCKHUH Moe3. 0,002 0,66

ITaccaskupckuii 21eKTponoess 0,01 1,14

Ucrounuk: [10, c. 50].

Buibpocw sacpazusiiowux eewecms 6 ammo-
cghepy MOTYT TIPUBECTH K HECKOJIBKUM THIIAM
yiep6a [10]:

* BozzelicTBue Ha 310pOBbE: BJIBIXaHHE 3a-
Fpﬂ3HHTeJ’IefI BO3ayXa, TaKUX KaK YaCTHUIbI
PM10, PM2,5 u okcuiel a3ota (NO_ ) MOBBIIAIOT
PHCK PECITUPATOPHBIX M CEPACYHO-COCYIUCTHIX
3a00JeBaHul (HampuMep, OPOHXHUTA, aCTMBI,
paka JIETKuX). DTH HEraTUBHBIC MOCIECTBUS
JJIA 310POBb MTPUBOJAT K pacxoaaM Ha JICUHCHUEC,
MIPOM3BOJICTBEHHBIM TIOTEPSIM Ha paboTe U, B He-
KOTOPBIX CIy4asix, K CMEPTH.

* [Torepu ypoxasi: 030H Kak BTOPUUHbII 3a-
IPpASHUTECIIbL BO3AYyXa U APYTrU€ KHUCIIOTHBIC 3a-
TpA3HUTENN BO3nyxa (Hanpumep, SO,, NO )
MOT'YT HAHOCHUTB yIIEPO CETLCKOXO3SIHCTBEHHBIM
KYJIBTypaM, B TOM YHCJI€ NIPUBOAUTH K CHIKE-
HUIO YPOXKalfHOCTH (HampuMep, MIISHUIBI).

» MatepuanbHbli yiep0 u yuiep0 31aHusIM:
3arpsA3HUTENN BO3yXa MOTYT ITPUBECTH K: a) 3a-
IPSIBHEHUIO TOBEPXHOCTEH 3/1aHMH; 0) MOBpEK-
JneHuto QacajoB 3aHUI M MaTepHalioB M3-3a
IMPOIECCOB KOPPO3UH, BBI3BAHHBIX KUCJIOTHBIMHU
BEIICCTBAMM (Hanmpumep, okcuaamu azora NO_
um okcua cepbl SO,).

* Vrpara OHMOpa3HOOOpa3us: 3arpsS3HUTEIIN
BO3JyXa MOT'YyT HaHECTH yuIepO dKOCHCTeMe —
a) OKHCJIEHHE TIOYBBI, 0CAAKOB M BOABI (Hampu-
mep, NO_, SO,) u 6) 3arpssHeHne BOJOEMOB
Bofiopocysamu (Hanpumep, NO_, NH,).

Paznuunble BUABI TpaHCIIOPTA XapaKTepU3y-
I0TCS1 pa3HBIM YPOBHEM BPEIHBIX BBIOPOCOB. Kak
BHUJHO M3 TaOJ. 2, C TOYKH 3PCHUS IKOJOTHH
JKEJIE3HbIE JIOPOTH O0JIA/IA0T SIBHBIM MPEUMY-
IIIECTBOM.

IIIymo60e usnyuenue OT TpaHCIOPTA TpeS-
CTaBJIsIET c000il pacTyIIyio IKOJIOTHYECKYIO
npoOJieMy M3-3a COYETaHUsI TEHICHIIUH K 00JTb-
el ypOaHu3anuu U yBelMYeHUs 00BEMOB
JBUXKCHUS. B 10 BpEMs KaK YBCIMYCHUEC MHTCH-
CUBHOCTH ABUKCHHA NPUBOIUT K 60.]'[66 BBICO-
KOMY YPOBHIO LITyMa, pOCT YpOaHU3aIH IPHBO-

Vi] | | NO

AT K TOMY, YTO OOJIbIIIEE KOJHMUYCCTBO JIHOMCH
UCIIBITBIBAET TUCKOM(OPT U3-3a myma. B Oymy-
IIeM HeraTUBHBIE 3(QPEKTHI OT JOPOKHOTO IITyMa
MOTYT BBIPACTH, HECMOTPS Ha MOTCHIUATIbHbIC
yAyYIIEHUs B 00JAaCTH COOTBETCTBYIOIIMX Xa-
PaKTEepUCTHUK TPAHCHOPTHBIX CPe/CTB. B riemom
IIyM MOXKHO ONPEAETHTh KaK HeXelaTelbHbIC
3BYKH PA3ITHMYHOI MPOIOIKUTEIEHOCTH U MIHTECH-
CUBHOCTH, KOTOpbIE MPUYUHSIOT (PU3NUECKHIA
WJIU TICUXOJIOTMYECKHUI BpEJl YEIIOBEKY.

VYpoBeHb IIymMa u3Mmepsercs B jenndenax
(nb). B mpexnenax yenoBe4ecKOro guamazoHa
CJIBIIIMMOCTH TITyOOKHE U O4Y€Hb BHICOKHE TOHA
C OIMHAKOBOW MHTEHCHUBHOCTBHIO BOCIIPHHHUMA-
I0TCA KaK MEHee LIyMHbIe. YMEHBIICHUE WU
yBeIuueHHe 00bEMa Tpaduka B [1Ba pa3a IMPUBO-
JUT K U3MEHEHUIO YPOBHS IIyMa Ha 3 b, He3a-
BUCHMO OT TeKYyIIero noToka. To ecTsb, yBenuue-
Hue 00béMa aBmxkenus ¢ 50 1o 100 aBromooueii
MPUBOIUT K TOMY K€ YBEJIMUCHHUIO YPOBHS IIIyMa,
yro 1 yBenuuenue ¢ 500 qo 1000 apromobuItei.
Ba)xHBIM acTIeKTOM SIBIIICTCS BPEMs CyTOK, KOTzia
BO3HUKaeT 1yM. [Ipeanonaraercs, yTo BeuepHuit
Y HOYHOM LITYM JIOCTaBIISIET OOJIbIlE HEYI00CTB,
yem aHeBHOH [11].

IToporu, BbIIIE KOTOPBIX IIYM CYUTAETCA
IIOMEXOH, B HEKOTOPOI CTENEHU IIPOU3BOJIbHBL,
HanbOoJIee YacTO UCTIONB3YFOTC 3HaueHus 50, 55
u 60 nb. IIpu sTOM BBIOOP MOpOra OKa3bIBACT
CYIIIECTBEHHOE BIMSHHUE HA OLICHKY MPEIEIbHBIX
3arpar. CorlacHO JaHHBIM Cpa3y HECKOJIBKHX
UCCIEAOBAHUHN, IIyM OT KEJIE3HOJOPOKHOTO
TpaHCIOpPTa BOCIPUHUMAETCA KaK MEHbIIee
HEynoOCTBO, B CPABHEHUH C IITyMOM aBTOMOOIIb-
HoM noporu. [loaToMy B ompenesneHHH mopora
JKEJIE3HOJJOPOXKHOMY TPAHCIIOPTY MOXKET OBITh
npenocTaBieHa «ckuaka» B 5 1b. OnHako B eB-
pONENCKOM MpaKTUKE TaKOM MOAX0J HE MpUMe-
usiercs [10].

BozneiicTBue 1mryma oka3plBaeT HETaTHBHOE
BJIMSHUE HA 3710pPOBbE U MOJKET IPUBOAUTE K Pa3-
BUTHIO cienylomux 3abonesanuii [11; 12]:



Taoauua 3

3anaTl>l, CBfI3aHHBIE C ITYMOM /JI PA3/IMYHBIX BUAOB TPAHCIIOPTA

Bun tpancnopra €-IIeHT / MacCaXKUPOKHIIOMETP €-IIeHT / MaIIMHOKMIIOMETP
ABTOMOOHIIE 0,6 0,9

— OCH3UHOBBII JBUraTeIb 0,5 0,8

— JU3eJIbHBIN JIBUTATEIIb 0,6 0,9

Mortorukn 9 9.4

ABTOOYC 0,4 8

MextyropoHuii aBTo0yc 0,2 4,7

CKOpOCTHOI MAaCCaXUPCKUI TT0e3]] 0,3 97

ITaccaxupckuii 21eKTponoess 0,8 106

Hcrounuk: [10, c. 81].

UILIeMUYecKast 00JIE3Hb Cep/Ila; MHCYIIBT; C1a00-
yMUE; THIIEPTOHHMST; pa3ipaKeHHe.

Paznpaxenue npesncrasiser coboil Gecro-
KOMCTBO, KOTOPOE UCITBITHIBAIOT JIFOIH, KOT/Ia OHU
MOJIBEPraloTcsl TpaHCopTHOMY mymy. OHO
MOJKET MEILIATh BBIIOIHITH OLIPEIEIEHHbIE Aei-
CTBUSI, YTO MOXKET NPHUBOAMUTH K Pa3IMUHBIM
HEraTUBHBIM PEaKIHsIM, BKIIOYas pa3oyapoBa-
HHe, OECIIOKOWCTBO, UCTOLICHUE U HapyIICHHE
cHa [12]. OgHako pazapaxeHue u3MepseTcs
UHave, 4YeM JIPyrHe «KJIacCH4eCKHe» BO3Jei-
CTBUSI Ha 3]I0POBbE, U TIO3TOMY pacCMarpruBaeTcs
OTAEIbHO. J[OMOIHUTENTLHO MOTYT BO3HHUKATh
clenylonue HeraTuBHbIe dQQEKThI: ToTeps
NPOU3BOJMTENILHOCTH (HApUMeED, U3-3a HOTEPH
KOHIICHTPALIUK), BO3JCHCTBUE TPAHCIIOPTHOTO
HIyMa Ha OKpYXXarollylo cpeay (Hampumep,
BpEJHOE BO3/CHCTBUE HA JIUKYIO IPUPOLY),
npsiMble MaTepUalibHble YOBITKHA B pe3yJbrare
BUOpALHIA.

YToObl UMETh BO3MOYKHOCTH OTHECTH 001U
3aTparsbl, CBSI3aHHBIE C ITYMOM, K KQ)XKJIOMY BHILY
TpaHCIopTa, HEOOXOUMO 3HATh O0Ilee KOJIH-
YEeCTBO KHJIIOMETPOB, MPOMIEHHBIX KaXIbIM
KJIaCCOM TPAHCIOPTHBIX cpencTB. OIHAKO LIy M,
UCXOJISIIIUI OT HEKOTOPBIX THIIOB TPAHCIIOPTHBIX
CpeACTB (HampuMmep, IPy30BUKOB), CUMTAETCS
OoJiee HENPHUATHBIM, Y€M LIyM OT Jpyrux (Ha-
MpUMED, JIETKOBBIX aBTOMOOUIIEH).

[TomuMo IIpsiMBIX BHEIIHHX 3(GEeKTOB, (hop-
MHUPYEMbIX TPAHCIOPTOM, CYIECTBYET LEJIbIN
PSiT KOCBEHHBIX 3aTpat Ha HPOU3B00CHE0 SHep-
euu. TIpou3BOICTBO TPAHCHOPTHBIX CPEJICTB
U CTPOUTEIBCTBO MH(PPACTPYKTYPBI, TEXHHUE-
CKoe 00CIy)XKMBaHHE W yTHJIM3AIMs — BCE 3TO
BeJET K BhIOpOCAM 3arpsi3HUTENCH BO3/ayXa,
NapHHUKOBBIX I'a30B, TOKCUYHBIX BELIECTB U JIpY-
MM HEraTHBHBIM BO3/ICHCTBUSIM Ha OKpYKaro-
11yt cpeay. bezycioBHo, Hanbosnee 3HaYUMBIMU
HOCJIE/ICTBUSIMH SIBIISTFOTCSI BRIOPOCHI, CBSI3aHHbIC
C IIPOM3BOJICTBOM SHEPIUH: 00bIYa HCTOUHHKOB
9Hepruu, oopadorka (Harpumep, nepepadoTka
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WJIU TTIPOU3BOACTBO AIEKTPOIHEPTUH ), TPAHCIIOP-
TUPOBKA U Iepesiaya, CTPOUTEIBCTBO COOTBET-
CTBYIOLIEH MHPPACTPYKTYphl. DPdeKT mpous-
BOJICTBAa PHEPrHH OYEHb BAXKEH B MEPBYIO Oue-
pelb Ul BUJIOB TPAHCIIOPTA C AJIEKTPOIPHBO-
JIOM, MOCKOJIbKY NpH €€ MCIOJIb30BaHUHU
MPAaKTHYECKH OTCYTCTBYIOT BBIOPOCHI.

CymiecTByeT JiBa THUIA BXOAHBIX 3HAYCHHN
JUIs pacuéra CTOMMOCTH 3aTpaT Ha ITPOU3BOJICTBO
SHEPrHH: BBIOPOCHI BPEHBIX BEIIECTB U yIepo
OT MOHETH3aluK BEIOpocoB. [IepBbie BKiIIOUatOT
BBIOPOCHI TAPHUKOBBIX TA30B M 3arpsi3HUTEIICH
BO3/lyXa, BbIpabaThIBa€MbIX B IPOIIECCE MPOU3-
BOJICTBA SHEPrUH. 3arparbl HA MOHETHU3ALHUIO
BBIOPOCOB COCTOSIT M3 3aTpar Ha 3arps3HEHHE
BO3JlyXa M 3aTpar Ha U3MEHEHHUE KIIMMara.

Hezamusnuie s030eticmaus mpancnopma na
npupooy u 1aHOWAghm MOKHO OTIHCATh CIICYO-
M 00pazom:

* Vrpara cpe/ibl OOUTaHuUs: Ui TPAHCIIOPT-
HOM HHPPACTPYKTYPBI TPEOYIOTCS 3EMIIS 1/ HITH
ecTecTBeHHbIE oBepxHOCTH. Clie0BaTeNbHO,
TpaHCHOpTHAsA MHPACTPYKTypa IMPHUBOJUT
K yTpaTe €CTECTBEHHBIX DKOCHCTEM, KOTOphIC
SIBJISIIOTCS €CTECTBEHHOU cpenoil oOuTaHus
pacTeHMii 1 KHUBOTHBIX. YTpara cpesibl oOuTa-
HUSI POUCXOJMUT Ha dTare CTPOUTEIbCTBA
TPaHCIOPTHOW MH(DPACTPYKTYphI, HO OyzeT
MIPOJIOJKATHCS B TEUCHUE BCETO CPOKA CIIYKOBbI
UHPPACTPYKTYPHI.

* dparMeHTanys cpebl OOUTAHMS: TPAHC-
noprtHas MUH(PaCTPYKTypa TaKKe MOXKET UMETh
JIONIOJIHUTENIbHBIE AP(EeKThl (pparMeHTaHH
W pasleseHus JJIsl )KUBOTHBIX. DTH 3()(DeKTh
(parMeHTalMu MOTYT HETaTHBHO TIOBIUSTH Ha
€CTECTBEHHYIO CpPely OOMTaHHMsI ONPECIEHHBIX
BUJIOB U IIPUBECTH K HEOJIArONPHUSTHBIM HOCIIE]T-
cTBUSM Jutsl HUX. DparMeHTanust cpenbl odura-
HUSI OTPULATEIBHO CKa3bIBACTCS HA KPYIHBIX
JIMKUX MJICKOIUTAIOUINX, TAKUX KaK OJICHH,
KpOJIMKH, 0apCyKH M T.JI., a Takke Ha Oosee
MEJIKHX JKUBOTHBIX, TAKUX KaK aM(pHOUH.
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* YXynuieHue cpe/ibl 00MTaHus U3-3a BEIOPO-
COB: Ierpajanus cpeibl OONTaHUs TAKKE MOKET
MIPOUCXOIUTH U3-3a BEIOpOCa B aTMOCdepy Apy-
I'MX TOKCHYHBIX BELIECTB (HampuMep, TAKETBIX
METaJJIOB).

¢ deKkTnl A5 310POBbS

Hcronp3oBaHue 00IIECTBEHHOTO TPaHCHIOPTa
MOXKET OKa3bIBaTh MOJIOKUTEIBHOE BO3ICHCTBHIE
Ha 3[J0pOBbE IPaK/IaH 32 CUET JOMOIHUTEILHON
(u3uyeckoll aKTMBHOCTH, HEOOXOAMMOM ISt
TOTO, 4TOOBI 100paThCs 10 OCTAHOBKHU 00IIe-
CTBEHHOI'O TPAHCIIOPTA M 3aT€M JI0 KOHEUHOTO
MyHKTa HazHadeHusd. Hanpumep, ucnonb3ys
JIAHHBIE ABCTPAITUHICKUX [1aCCAKUPOB OOIIECTBEH-
Horo TpaHcnopra, Barr u ap. [13] oOHapy»xunn,
YTO JOCTYIHOCTH OOIECTBEHHOTO TPAHCIIOPTa
TOJIOKUTEITHHO KOPPEIMPOBalIa ¢ PeKOMEH I0BaH-
HBIMH YPOBHSIMHU X0b0bI. [10h3a /17151 3710pOBBS,
CBsI3aHHAs ¢ (U3UYECKOl aKTUBHOCTBIO, KaK
MPaBUIIO, 3aKJIIOYAETCS B CHIDKCHHH PUCKa cep-
JICYHO-COCYIMCTBIX 3a00JIeBaHu, aAuadeTa 2 TH-
1a, HEKOTOPBIX BUJOB paka M OCTEOINOpO3a.
Jlpyrue npenmyiiecTsa s 3710pOBbs BKIIFOYAIOT
CHI)KEHUE O)KHPEHHSI, BBICOKOIO KPOBSHOTO JIaB-
JICHUS ¥ BBICOKOTO YPOBHSI XOJIECTEPHHA, & TAKKE
TOJIB3Y VISl ICUXUYECKOTO 3/10POBbSL.

[To nanubiM Deloitte [7], nemme nporynku
(hopmupyroT BbIroy B nuanasone ot 0,41 1o 2,29
noitapa 3a kuiomeTp (B nenax 2015-2016 rr).
CoBer 1o TpaHCIopTy M HHPpacTpyKkrype AB-
CTpaJIMK Ha OCHOBAHUH UCCIIEJOBAHMUS TOTOBHO-
CTH TUIATUTh ONPEAETHII 3TO 3Ha4YeHue B 2,93
noitapa 3a kuiomeTp (B nenax 2015-2016 rr).
OTa CTOMMOCTb OTpaXKaeT TO 3HAYCHUE, KOTOPOE
JIFOAU I'OTOBBI IJIATUTH 3a CHUXKCHHEC 3a60ﬂeBae-
MOCTHU U CMEPTHOCTH.

OCHOBHasI CIIOKHOCTb 3aKJIIOYAETCs B KOJIU-
YECTBEHHOM OIPEEICHUU OOIIEero rojoBOTo
paccTodHu, HpOﬁHeHHOFO I10JIb30BaTCIsIMHU
noe3noB. Hanpumep, B CujHee OHU MPOIUIH
301 miH kuitometpoB B 2016 romy, 4To MpUHEC-
JI0 TIOJTB3Y 37I0POBbBIO HA 881 MITH JJ0JUTapOB WK
6,62 nmormnapa Ha KakJ0ro rnacca)xupa moesaia.

CouuajbHasi HHTErpamus

TpancrnopTHas HHPPACTPYKTypa UMEET OC-
HOBOIIOJIAraoliee 3HaYeHHEe 11 00eceyeHus
COLMAJILHOW MHTErPaliy 3a CUET CHUKEHUS
6apbepoB, 3aTPYAHSIONINX MMOJHOIICHHOE yda-
CTHE JIIONeH B *KU3HH 0011ecTBa. MOOGUIBHOCTH
SIBJISIETCA KJIKYCBBIM ACIICKTOM COL[HaHbHOﬁ
HHTETPAlMU U XapaKTepU3yeT BO3MOXKHOCTh
JIOCTYTIa K paboTe, 00pa30BaHUIO, MEITUITHHCKO-

Vin} \ [ NO

My 00CITy)KMBaHHIO, Mara3uHam, Apyrum oolie-
CTBEHHBIM yCIyraM M y4acTHIO B COLIMATBHOM
JeSITebHOCTH.

ITo cpaBHEHUIO C MHIUBHyalIbHBIM aBTOMO-
OuJieM MM MOTOIMKIJIOM, KOTOpPBIE TPEOYIOT
OOJIBIINX 3aTpaT, CBSI3aHHBIX C BIAJCHUEM
TPAHCIOPTHBIM CPEACTBOM, perucrpanue,
CTpaxoOBaHHEM, U KOTOPBIH HEAOCTYIEH IS
OYEHb MOJIOJIBIX U MOXKUIIBIX JIFOJCH, JKeNne3HO-
JIOPOKHBIM TPaHCHOPT BHITOJHO OTIUYAETCS.
MunnctepcTBo TpaHcnopTa BennkoGpuranuu
OTpeeNsieT CIASAYIONe OCHOBHBIC T'PYIIIHI,
MOTEHIMAIBHO MOJYYaroIie BBITOAY OT MeCT-
HOTO OOIIECTBEHHOTO TpaHcnopra [14]:

* JIFO/IV C HU3KUMH JIOXO/IaMH ¥ 0e3paboTHEIE,
B TOM UHCJIE JUIa, paboTarouue HEeMOIHBIH
pabouuil 1eHb, U NUIA, TPETCHIYIOLINE Ha TO0-
CylapCTBEHHbBIE TTOCOOUS;

* JIIO/TU, )KUBYILME B OTIANEHHBIX (CEIBCKUX)
paiioHax;

* UHBAJIUBI, B TOM YHUCJIE JIFOAU C OTPaHU-
YEeHHBIMH (PU3UYECKUMHU BO3MOXKHOCTIMHU,
CEHCOPHBIMHU HAPYIICHUSIMHU U JTIOIU C ICUXUYe-
CKHMHU PaccTpOMCTBAMY;

* TIOJKUJIBIC JTIO/IH;

* MOJIOAEKD U JIETH.

MoHeTapHast OlleHKa COIMaIbHON HHTEerpa-
I[MH YaIlle BCET0O MPOBOIUTCS C HCTIOJIB30BAHUEM
METOAMKH TOTOBHOCTH IUIaTHUTh. Stanley u np.
[15] mpoBenu cepuio TMYHBIX UHTEPBBIO B Menb-
OypHe ¢ 443 B3pocibiMu. Pe3ynbsrarsl ompoca
MOKa3aJli, 4TO JIFOAU C MOBBIIICHHBIM PHCKOM
COIIMATIbHON M30JALMH COBEPIIAIOT MEHbIIE
noe3NoK B JieHb. Ilpu cpenHeM ypoBHE noxona
JIOMOX03$51ICTBa TOTOBHOCTh IJIATUTh 32 JIOTOJI-
HUTEJIBHYIO TIOE3/IKY COCTaBIIsIeT 10 20 10/u1apoB
(B mpuBenéHHbIX nieHax 2010 roxa). OTa oreHka
CHIDKAETCS 0 Mepe YBEIMUYEHHUS J0XO0fa, TaK
KaK JIOAM ¢ Oojiee BHICOKUMHM JIOXOJAaMH, Kak
MpaBUIIO, COBEPIIAIOT OOJbIIEee KOJUYECTBO
MOE3/I0K.

Bocnpusitne Mupa u ypoBeHb CHACTbS

HccenenoBanue tak HazbiBaeMoro «wellbeingy
KaK MPaBUJIO CTPOMTCSI HA ONPOCAX HACEJICHHs
W TOTOBHOCTHU I'paXJaaH IJIaTUTh 3a TC WJIN UHBIC
YIy4dlueHus, B TOM YMCJIE U Ha TPAHCIIOPTE.

Tak, Prud’homme u np. [16] pa3paborasu
KPHBYIO 3aTpar Ieperpy’KeHHOCTH 00IEeCTBEH-
HOTO TPAHCIOPTa JUIsl MAapPHKCKOr0 METPO Ha
ocHoBe JaHHbIX 32 2009 rox. PacuérHas rotos-
HOCTh IUIATUTH 32 CBOOOMIHBIN mpoesn (6e3 e-
perpykKeHHOCTH) OKa3anack paBHOU 1,43 eBpo
3a TI0E3/IKY.



Puc. 4. OueHka HezamueHbIX 3¢h¢hekmoe om UHEPacMPyKMypPHbIX NPOEKMO.
8 c¢hepe naccaxupckozo mpaHcnopma e Espone, 2016 [10, c. 160].

HWccnenosanue Clark u mp. [17] mokasaio,
YTO YBCJIMYCHHUE BPEMEHU IMOE3IKH B OIHY CTO-
poHy Ha 10 MUHYT OKa3bIBa€T TAKOE JKE€ BIMSHHIE
Ha YIOBJICTBOPEHHOCTH paOOTOil, KaK CHUYKCHHUE
BaJIOBOTO JIMYHOTO aoxona Ha 19 %. Dto coot-
BETCTBYET cokpaincHuio Ha 4080 ¢hyHTOB cTEp-
JIMHTOB BAJIOBOT'O FOI0BOT0 JINYHOTO J0XO/1a ISt
paboTtHuKa, 3apabdarbiBaroiiero B cpeaaeM 21 600
(YHTOB CTEPJIMHIOB.

ITo manueiM Wu [18], ynyuienue noctyna
K JKEJIE3HOU 0pOre B CPCAHEM OI[CHUBACTCSI
B 528 1oaneii (1 monmap CIIA Ob11 paBeH 6,5
JoaHen IIpU COOTHOIICHWH Ha 1aTy HAIlMUCAHUHU
CTaTbM) B MECSI[. DTO O3HAYAET, UTO yJIy4llle-
HHUE YPOBHs 0J1aromnojyuunst 6arogaps TpaHc-
MOPTHON JOCTYNHOCTH MOJKHO OLEHUTH
B 8,1 % OT cpeaHEMECSIYHOTO JI0X0/4a JTOMO-
xo3siicTBa. [Ipu 9TOM CyObEeKTUBHBIE BBITOIBI
Jutst 6iarococrtostuus (subjective wellbeing)
OT YJIYUYIICHUA JOCTYIMHOCTHU TpaHCIOpTa
3HAYUTEIBHO PA3JUYAIOTCS B 3aBUCUMOCTH OT
YPOBHSI JOXOJ0B HACCICHUS U TOPOICKUX
pationoB. Hanpumep, cpeqHuil mokasaresb
0J1aroCOCTOSHUS ISl TOMOXO03sIUCcTB ¢ 20 %
JI0X0J1a COCTAaBIISIET 0KOJIO 163 toaHel B MecsiIl
Mo cpaBHEHUIO ¢ 898 roaHsAMH IS TOMOXO-
3sticTB ¢ 80 % moxona.
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BbIBO[bI

Wrax, B manHO# paboTe OBLIH PacCMOTPEHBI
conuaibHble 3(Q(EKTrI, HopMHUpyEeMBIC KeTes-
HOJOPOXKHBIM TpaHCHopToM. HecMmoTps Ha To,
YTO Ha MIEPBOHAYATIHLHOM dTare JIObIC TpaHC-
MTOPTHBIC TIPOCKTHI BOCTIPHHUMAFOTCS] HETATHBHO
(Bpe Tst SKOJIOTHH, YBETHICHUE YPOBHS IITyMa
U T.JI.), TyOOKHWi CpaBHUTEIHHBIN aHaJH3 TIOKa-
3BIBACT MPEBOCXOJICTBO KEICIHOAOPOKHBIX ITe-
PEBO3OK TIO TIEJIOMY PSAY TapaMeTpoB (puc. 4).
[Hannsre Deloitte [ 7] monTBep:kaaroT IPEeBOCXOA-
CTBO KEJIC3HOIOPOKHOTO TPAHCIIOPTa B YaCTH
(bopMupyeMBIX F3PPEKTOB:

* Ka)]IbIl KMJIOMETP, IPONUICHHBIN Ha aBTO-
MOOWJIC MJIM MOTOIMKJIE, a HE IO JKEJIe3HOM
JIopore, MPUBOINT K BRIOPOCY TOTIOTHUTETBHBIX
0,05 kr sxBuBanenta CO,;

* IIPY CTOMMOCTH OJTHOM TOHHBI PKBUBAJICHTA
CO2 59,53 pomnapos CLIA KaKIblii KWIOMETP
Ty TH, PO ICHHBII Ha JKEJIE3HOU TOpOTe BMECTO
aBTOMOOMIIS, IO3BOJISICT COKOHOMHUTH Ha BEIOPO-
cax 0,27 nenra;

* CTOMMOCTH aBapuii Ha aBTOMOOWMIEHOM
TpaHcmopTe (momrapos 3a kM) — 0,1062, Ha xe-
ne3HomopokaoM — 0,0139, TO ecTh, aBTOMOOHITH-
HBIN TPAHCIIOPT TCHEPHUPYET ITOYTH B BOCEMB pa3
OoIpIIIe 3aTpaT Ha TOPOKHO-TPAHCIIOPTHEIE
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MPOUCILIECTBHS Ha KUJIOMETP ITyTH, YEM KeJie3-
HOZOPOXKHBIN; KaXkJas MOe3/Ka M0 XKeJIe3HOU
JIOpOTe, 3aMEHSIIOIIas 0e3/IKy Ha aBTOMOOMIIE,
CHIDKAET PacxXojbl Ha HECYACTHBIE CITyYau NpH-
MepHo Ha 1,40 momnapa. CTOUMOCTH OJTHOM
cMmeprenpHOl aBapuu (value of statistical life) —
8,8 MuIH moJI.

BeisiBiienHbie B pabote 3 eKThl T0IKHBI
MPUHAMATHCS BO BHUMaHHE YaCTHBIMH HHBECTO-
paMu ¥ rocy1apcTBOM NP BHIOOPE U yTBEPIKIe-
HHH POEKTOB, a TAKXKE PH IIPUHITUH PELICHUN
0 (puHAHCHPOBAHMH, YTO B UTOT'E TIO3BOJIUT I10-
BBICUTB 3()()EKTUBHOCTH M COKOHOMHTH OFOIKET-
Hble pecypchl. JlanpHeiimue uccieaoBaHus
B 9TOH 00JIACTH MOT'YT OBITh HalpaBJICHbI Ha
pa3paboTKy MOJXOJI0B K KOJIMUYECTBEHHOH 1 MO-
HETapHOU OLIEHKE JaHHBIX dPPEKTOB ¢ yuEToM
CTPaHOBOH M PErHOHAILHON CIICHUBUKH.
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Hukonaii ANIEKCEEB

AHHOTALUA

B cospemerHbIX, bbicmpo pa3gusarowuxcs 20podax Mupa
0151 nocmpoeHust mpaHcnopmHol modenu 20podos mpebyromes
OaHHble 0 naccaxuponomokax. Omcymemeaue makux 0aHHbIX He
No38011siem c80€8PEMEHHO NPUHUMAaMb YNpasieHYeckue PeWeHus
Ha yposHe Ux pacnpedenieHusi, 8 MOM yucnie 8 pamkax 0BUuxX
MPaHCNOPMHbIX NOMOKOB.

Ha OatHbIli MomeHm cywjecmeyiom pasnuyHbie memods! u
cucmembI 0nsi nodcyéma naccaxuponomokos, makue Kak naso-
MEPHbIU, aHKeMHbIU U MarnoHHbIl Memodbi U pa3nuyHbIie aemo-
mMamu3upogaHHble cucmembl. OOHaKo u3gecmHble Memolbl
umerom cgou Hedocmamku.

Mo amotl npuyuHe akmyasnbHol sensemcs 3adaya noucka
anbmepHamueHbIX Memodos U UCMOYHUKO8 OaHHbIX Ons uccne-
008aHUs NACCaXUpONOMOKO8.

[laHHas cmambs onupaemcs Ha akmyanu3uposaHHsle pe-
3ynbmams uccnedosaHusi, nposedEHHO20 8 pamkax N0d20mogKu
asmopom mazucmepckoll duccepmayuu. B e2o npouecce u 8
passumue 6onee paHHUX pabom asmopa, 8 ka4ecmee UCMOYHU-
Kka OaHHbIX ObUTU 8b16paHbI 0aHHbIe 0 NOOKMIYEHUU Naccaxupos
k Wi-Fi poymepam. Tak kak Ha daHHOM 3mane uccredogaHue
nposodunock Ha meppumopuu MocKoscko2o mpaHcnopmHo20

Huxkonaiu IOpvesuu Anekcees

AO Cumponuxc, Mockea, Poccus.

yana, 8 Mempononumere u Ha Mockosckom yeHmparsHom dua-
Mempe, 8 8a20HaX KOMOPbIX yCMaHO8EHO 02POMHOE KONUYECMB0
Wi-Fi poymepos, npu noOKmntoyYeHuU K KomopkIM MOXHO becniam-
HO nonyqums docmyn 8 MIHmepHem, 3mo 3HaqumerbHO paclu-
psem ebibopky Wi-Fi OaHHbIX.

Llenbio daHHO20 uccnedosaHust 8/I9emcs U3y eHue 803MOX-
Hocmeli obpabomku Wi-Fi OaHHbIx, nomyyeHHbix om Wi-Fi ckaHe-
po8, 8 kKa4ecmee UHCMpPyMeHma aHasnu3a NaccaxuponomoKos.

Mo pesynsmamam npogedénHo20 uccredosaHus bbino
onpedeneHo, 4mo 8 cpedHem Ao 40 % naccaxupos, Haxodawuxcs
8 8acoHax MempononumeHa u MLIJ] Ha 0bcnedosaHHbIX NUHUSX
noesook, ucnonb3ylom ekm4YEHHbI Wi-Fi modynb e ceoém mo-
6unbHoM yempoticmee.

Pe3ynbmamsi uccredogarus nodmaepdunu, ymo Wi-FiOaHHble
mo2ym BbImb UCNOMb308aHb| 8 Ka4ecmse UHCMpyMeHma 0N aHa-
1U3a NaccaxxuponomoKos, HO 8 MO Xe 8pems 8bl8UNU He0BX00U-
MOCMb coyemams UX ¢ OpyauMu UCMOYHUKaMU OaHHbIX, MaKke
nokasasnu CurbHyo 3agUcumMocms pe3ynbmamog obpabomku Wi-Fi
om mexHuyeckux xapakmepucmuk Wi-Fi ckaHepa u e2o pacnoroxe-
HUS1 8 MPaHCNOPMHOM cpedcmee npu NPosedeHUU 3aMepos.

B darHom Homepe nybnukyemcsi emopas Yacmeb cmambu.

Knroyeesie crioga: mpaHcnopm, 20p0dckol 06L4ECMBeHHbIL mpaHcnopm, Mempo, 20podckasi XenesHas dopoea, Naccaxuponomox,

aHanuz danHbIx, Wi-Fi aHanumuka.

braeodapHocmu: asmop ebipaxaem UCKPEHHIOK NPU3HamenbHOCMb kaHOuOamy 2eoepaghuyeckux Hayk, cmapuwemy Hay4HoMy
compydHuky HayuoHanbHo20 uccrnedogamenbcko20 yHusepcumema «Bbicwas wkosna skoHomukuy (HUY BLUS) Maeny Bnadumupoguyy
3r03uHy 3a e20 HeoueHUMY0 nomouwib npu nposedeHuU uccredosaHusi U Nod2omoske K nybrukayuu e2o pe3ynbmamos.

[ng uumuposarus: Anexcees H. KO. BbibopouHoe obcedosaHue naccaxuponomoka MmemoOom aHanuaa Wi-Fi 0aHHb Ix 8 MOCKo8CKoM
mparcnopmHom y3ne. Yacme 2 // Mup mparcnopma. 2022. T. 20. Ne 4 (101). C. 39-60. DOI: https://doi.org/10.30932/1992-3252-2022-

20-4-4.

MonHbIli mekcm cmambu Ha aH2nulickoM si3bIke ny6nukyemcst 0 mopoli Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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Muposoii onbIT B o0sactu Wi-Fi
aHATNTUKH

YuutsiBas pactymee korudectBo Wi-Fi
ycrpoiictB 1 Wi-Fi 060pynoBanust Ha TeppuUTO-
pun MOCKOBCKOW arfioMepariii, HeoOXOIMMO
PELINTh 33734y CHCTEMAaTH3aluN CYIIECTBYIO-
X METOOB cOopa maHHEIX B obmact Wi-Fi
AQHATTMTHKH.

Keiic ['OHKOHICKOI0 NMOJIUTEXHUYECKOIo
YHHBepCUTETa

OpHuM U3 KeHcoB MOXeT OBITh ipuMep [ oH-
KOHI'CKOTO MOJUTEXHUUYECKOTO YHUBEPCUTETA
(PolyU). Omnmprdeckue TaHHbIE OBITH COOpaHbI
aBTOPOM B TEPHO]] YI€OHON CTa)KUPOBKHU B Iie-
puox ¢ aBrycra o Hosiops 2018 roma.

Ha teppuroprn yHuBepcuTeTa Ob110 pactiosno-
xeHo aseHanuats Wi-Fi/Bluetooth ckanepos,
TPETHA3HAYEHHBIX JUTsI MOHUTOPHHT A IEMIEXOTHBIX
MOTOKOB. TaksKe MOMNMO YCTaHOBJIEHHBIX CTAINO-
Hapabix Wi-Fi/Bluetooth ckanepos 6611 ycTaHoB-
JIeHBI BUJICOKaMepsl. J[iist mccenoBanus Obln
MPEIOCTABIIEHBI JOCTYIBI KO BCEM JBEHA/IIATH
'Wi-Fi ckanepam, a IMEHHO, K €XKETHEBHOH BBITPY3-
ke Wi-Fi i BumeonanHpIx.

OcHOBHas 3a/1a4a 3aKJ04asach B HCCIE0-
BAaHUH TEIIEXOJHBIX MOTOKOB JI0 CTPOUTENb-
CTBA MELIEXOAHOT0 MOCTA U TIOCIIE €T0 CTPOH-
TeabcTBa. Ha MOMEHT MpOBEACHUS HCCIEN0-
BaHUS MEXIYy OCHOBHBIMU 3aHUSMHU YHUBEP-
CUTETa W aAMHHHUCTPATHBHBIM KOPIIyCOM
HaxXOJUJICS MOJ3EMHBIH MEIIEXOAHBIN IEePEX0
MOJl aBTOMOOMIBHON noporoi. [lemexonnbrit
MOCT cTajl OBl aJbTepPHATHBHBIM CIIOCOOOM
MEPEMELICHNUS MEX/y OCHOBHBIMHU 34aHUSIMU
¥ aJIMUHUCTPATUBHBIM KOPITyCOM.

CyTb UCCIeI0BaHNA 3aKII09aIach B 00pa-
6oTke Tak Ha3pIBaeMbIx MAC-anpecos. MAC-
azipec, Kak U3BECTHO, — 3TO MECTU3HATHOMN KO
yerpoiictBa (AA: BB: CC: DD: EE: FF),
MPUCBAUBAEMBIl MPOU3BOAUTEIEM JaHHOTO
ycTpoiictBa. Kaxprii mpou3BoauTens 060py-
JIOBaHMS, KOTOPBIH NMPOU3BOAUT MPOMYKIHIO,
MpeIHa3HAYCHHYIO AJIS HCIIOIb30BAHUS B CETH
WNuTtepuert, mpucBanBaeT yHUKaabHBIH MAC-
aZipec KakJIOMy BBIIMYIICHHOMY YCTPOWCTBY.
Y KaXJ0TO MPOU3BOJUTENS CYIIECTBYET pa3-
Hoe konmaectBo MAC-aapecos. Ilo mepBbM
TpéM 3HaueHUAM Tr000r0 MAC-anpeca (AA:

BB:CC:_ : : )MOXHO ONPEACINTD IIPOU3-
BoAuTENs oOopynoBaHusa. Crenyroomue Tpu
sHadenus (_ : : :DD: EE: FF) ouens pa3-

HOOOpa3HBl M YHHUKAJIBHBI JJsI KaXIOTO
YCTpOMCTBA.

Vin} \ [ NO

[lepBble 1Ba Mecsia McCIel0OBaHUsT ObUIH
HOCBSILEHBI aHau3y ¥ oopadortke Wi-Fi nan-
HbIX. [l yTBEpXKAEHUs, 4TO MOJYy4YEHHBIN
MAC-anpec npuHaJIEKUT K KOHKPETHOMY
YCTPOMCTBY, @ KOHKPETHOE YCTPOWCTBO, COOT-
BETCTBEHHO, HAXOIMUTCS Y MOTEHIIMAIBLHOTO Tie-
II€X0/1a, U3y4aJIMCh BPEMEHHbIE OTPE3KH U ITPO-
BOJIMJIOCH UX COTIOCTABIICHUE C IAHHBIMU BH/ICO-
kamep. Ha npakTtuke 310 nporcxoquio cienyro-
MM 00pa3om: BeiOMpanuch 1Ba Wi-Fi ckanepa,
KOTOPbIC pacHoJiarajluch, COOTBETCTBEHHO,
B HayaJie U KOHIIE MEUIEXO0HOr0 I0A3EMHOTO
nepexona. Takike, IOMUMO PacIIOIOKEHHBIX
Wi-Fi ckaHepoB B HENOCPEICTBEHHOM OJIM30CTH
OT HUX pacloJiarajuch ABe Buaeokamepsl. Co-
OTBETCTBEHHO, aHAJTM3UPOBAIUCH 1 5—20-MUHYT-
HbIE OTPE3KU BPEMEHH U corocTasiisuinch Wi-Fi
JIaHHbBIC ¥ BUJICO/IaHHbIC. B pesysbrare ynanoch
BBIYMCIIATh 71-KOJIMYECTBO IMENIEX0I0B MO HX
MAC-agpecawm. Ilemexop! ABUTAINCE B Pa3HbIC
CTOPOHBI: KaK B CTOPOHY aJIMUHHUCTPATUBHOTO
3naHus, Tak U obparHo. [lo uroram naHHOTO
UCCJICZIOBAHUsI OBLIM MOJYUYCHBI PE3YJIbTATHI,
MO3BOJIAIONIHE YTBEpK1aTh, 4To 1o MAC-anpe-
Cy YCTPOMCTBA M IOJIy4YEHHON BPEMEHHOU OT-
METKE MOYKHO OIpEIelIsiTh MOTCHIUAIbHbIC T1e-
IIEXO/IHbIC TOTOKU M UX HAIPaBIICHHUSI.

Huble ucToOuHNKH

B cratbe [17] npuBoasaTCs pe3ynbTarsl Uc-
cienoBanus B cronuiie Kennu — HaiipoOu, e
Obutn ycranoiieHbl 42 Wi-Fi ckanepa Bo3ie
TPaHCIOPTHO-MIEPECATOYHOTO y3JIa C LIEIbI0
cOopa u aHanu3a moaydeHHbIX Wi-Fi maHHBIX.
ABTOpaM yIajioch OIPEICIUTh CPEIHEE YUCIIO
MOOMJIBHBIX YCTPOWUCTB C BKIIIOUEHHBIM Wi-Fi
MozayJlieMm, paguyc obHapyxeHus Wi-Fi
YCTPOWCTB, OLIGHUTH KOJIMYECTBO MEIIEXO/0B
(macca)xupoB) U MX BpeMsi OXKUIaHHs Ha 0011e-
CTBEHHBIX OCTaHOBKaX. VICX0/Is 13 IOy YeHHBIX
JIAHHBIX, aBTOPBI MPEUIOKHUIN MECTHBIM Opra-
HaM BJIACTH BHECTH M3MEHEHUsI B IPaBUIIa Opra-
HHM3aLUK aBTOOYCHBIX MapIIPYTOB.

[To cBeneHMsIM, ITONYYEHHBIM M3 OTKPBITBIX
HCTOYHHUKOBY, B OonmbInmuHCTBE ciiydaeB Wi-Fi
CKaHepbl, TaKKe UMerIue Ha3BaHue Wi-Fi
caugeps! (ananmuzaropsl Tpapduxa) u Wi-Fi
panapsl, Ha Tepputopun Poccuiickoii denepa-
[[Y UCTIOJIB3YIOTCS B PUTEIIIE, @ UMEHHO, B TOP-
TOBBIX LIEHTpax JJIsl aHaIN3a MOTEHLIUAIbHBIX
HOKyIIaTesield. B TOproBoii Touke B LIEHTPE 3aJ1a

! Hot-wifi. Caiit npoussoauteneit Wi-Fi pagapos. [Dnekr-
pouusblil pecypc]: https://hot-wifi.ru/radar/. Joctyn
10.04.2022.
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CpaBHuTeJbHbIe XapakTepucTuku Wi-Fi ckanepon
[cocTaBiieHO aBTOpPOM Ha OCHOBE XapaKTePUCTHK 0GopyroBaHusi]®

Meshlium Libelium Scanner

Wi-Fi poyrep TP-LINK

Berpoennoe [10

+

Berpoennas antenna Wi-Fi

+

Bcerpoennast antenna Bluetooth

Buemiusist antenna Wi-Fi

Bueminss antenna Bluetooth

Joctyn x untepdeiicy obopynoBanus

Berpoennsiii PHP ADMIN

|+ ||+ ]+

HOCTyH K UCXOOHBIM JJaHHBIM

ycranaBiuBaeTcs Wi-Fi «pamapy, KOTOpEbIif cka-
HHUPYET BCE BOLIENINE B TAHHOE TIOMEIIECHNE U
BeImeAmue u3 Hero MAC-aapeca yCTpOUCTB.
OCHOBOI1 7151 3TOTO SIBJISIETCS PacIpOCTPaHEH-
HOCTh OecrrarHOoro Wi-Fi B TOProBBIX IIeHTpax
1, COOTBETCTBEHHO, OeCIUIaTHOTO A0CTyMa B MH-
TEpHET, KOT/[a y TOTEHINAIBHBIX ITOKyHaTenen
TIOSIBIISIETCSI BO3BMOXKHOCTD BKiItoueHust Wi-Fi
MOZYJIsI B CBOEM yCTPOWCTBE (Harpumep, B Te-
nedoHe, HOyTOyKe U T.1I.).

B crarse [18] aBTOpHI HCCIIemOBaIN TEXHU-
yeckue xapakrepuctuku Wi-Fi ckanepos,
a MIMEHHO BIMSHHUE aHTEHH Ha Pe3yabTaT Mpu
coope Wi-Fi mannubix. [lomyueHHbIE TaHHBIE
HCIIOJIB30BAIHNCH C LEJBI0 OLICHKH BPEMEHH
B IIYTH JJIs1 TICIIEXO/I0B ¥ BEJIOCHIICIHCTOB.

B npyroii cratse [19] aBTOpamu ObL1a TIpO-
BeJICHa OIICHKAa BPEMEHHU O’KHUJIaHNUS TACCAKUPOB
OOIIECTBEHHOTO TPAHCIIOPTa HA KpyIHEHIIeM
aBTOBOK3as1e ToKHO Ipu momorny aHaim3a Wi-Fi
ycTpoiicTB. UMy OBLT CO3aH METOA OIICHKHU
BpeMeHH IpeOBIBaHMS TACCAKUPOB (TIEIIEX0I0B)
W cJIieNIaH BBIBOJ, YTO AJIS IOJydeHHus: Ooiee
TogHbIX Wi-Fi maHHBIX TpeOyeTrcsl yBenndeHne
MecT HaOmroneHus u Mect coopa Wi-Fi maHHBIX.

B crarpe [20] aBTOpBI yTBEPKIAIOT, YTO JIET-
KUl Joctyn B MIHTEpHET B MYTH CIIEIOBaHUS
nMeeT OOIBIION MOTEHIMAN AJI U3MEHCHUS
JeSITeIbHOCTH TIaCCa’kUpa BO BPEMs IOE3KH.
CoOTBETCTBEHHO, B OOJBIIUX TOPOAAX KOJIH-
YECTBO IOJIb30Bareneil MHTepHeTa BO3pacTaet.
Taksxe cymiecTByeT BEpOSITHOCTb, YTO HOBBIE
TEXHOJIOTHH MOTYT YITy4IIHTh Ka9€CTBO >KM3HHU,
HO YXYZILHTH SKOJIOTHIO.

B crarpe [21] aBTOpBI paccMOTpeIH Oy YeH-
HbIe 0T Wi-Fi yCcTpOHCTB TaHHEIE C IIETBI0 BO3-
MO>KHOCTH MX UCIIOIBb30BAHMS JUIsl pacuéTa mac-
Ca)XKMPOIIOTOKA, OBII CAENaH BBIBOX, YTO IS
JTAHHOTO pacuéra TpedyeTcs OOoNbIIee KOIMYECTBO
Wi-Fi ycrpotict. ITo muernto aBropos, Wi-Fi
JIAHHBIC KOPPENMPYIOT C PEAbHBIMU JIaHHBIMH
0 maccakupax, Ho Wi-Fi TaHHBIX, TI0 IX MHEHHIO,

ViA] A | : | N2 =0

HEJJOCTATOYHO JJIsl OTOOpasKeHHSI TOTHOM KapTH-
HBI KOHKPETHOTO ITACCAKUPOIIOTOKA.

Taxum 06pazoM, B U3y4EHHBIX HCTOUHUKAX
He OBLIO HAWIEHO pEmIeHWH W METOJ0B IO
pacuéTy MapuIpyTOB IepEMeEIIeHNs TOTEHIH-
aJIbHBIX MACCaXUPOB OOIIECTBEHHOIO TPaHC-
MopTa, MoIy4aeMbIX Ha OCHOBE aHanmu3a Wi-Fi
JTAaHHBIX.

B pesynbrare ananusa caiita rocynap-
CTBEHHBIX 3aKYIIOK OBLT OOHapy>KeH 3aKIIo-
4&HHBIA KOHTpaKT B okTsA0pe 2020 roma Ha
152 mumH py6ieii? Ha co3aHMe KOMITIEKCHOM
NH(POPMAIIMOHHOW CHCTEMBI MOHUTOPHHTA
naccaxkupornoroka (KMC MII) B pamkax pas-
BUTHSL MHTEJJIEKTYaJIbHOU TPAaHCHOPTHOMU
cucteMbl I. MockBBI. B pamMKax gaHHOTO KOH-
TpaKTa MOCTABIIUK 00s3aH mocTaBUTH 20
MOOMJIBHBIX yCTPOMCTB MOHUTOPHHTIA Hacca-
xkupomnoroka u 200 cranmonapueix Wi-Fi
ckaHepoB. Taxke, mocTaBImMHUK OBLT 00s13aH
CMOHTHPOBATH JJaHHOE 000pyIOBaHNUE, pa3pa-
0oTaTh MporpaMMHOE oOecriedeHre U IPOBO-
JIUTH CEPBUCHOE 00CITyKUBAaHUE KAK YCTAHOB-
JICHHOTO 000pyA0BaHUs, TAK M IPOTPAMMHOTO
oOecrieuenns. Taxkke MOKEH OBLUI OBITH CO-
31aH MOAYJb OTYETHOCTH, BKIIOYAIOMINN
(bopMHUpOBaHHNE TEIJIOBBIX KapT M OTYETA MO
KOJIMYECTBY II0JIb30BATENEH U AP.

MeToaos0rusi Hecae10BaHus

Jnst nony4yeHus pe3yJbTara, a MMEHHO JIaH-
HBIX O IIACCAXKUPOIIOTOKAX, TPEOOBAIACH CAMO-
CTOsITENIbHAS Pa3paboTKa METONOJIOTHH HCClie-
JTOBaHMSI, B OCHOBY KOTOPO# Bomén Beroop Wi-Fi

2 Co3laHre KOMIUIEKCHOM MH(POPMAIMOHHON CHCTEMBI
MoHuTOpuHra naccaxkuponoroka (KMC MII) B pamkax
Pa3BUTHUS MHTEIICKTYalIbHOH TPAHCHOPTHOI CHCTEMEI
r. MockBbl. OduumanbHbli callT TOCyIapCTBEHHBIX 3a-
Kynok. [DnekrponHnslit pecypc]: https://zakupki.gov.ru/
epz/order/notice/ea44/view/common-info.html?regNumb
er=0173200001420001132. Joctym 10.04.2022.

® Mcnone3yeTcs mocieoBaTe bHas HyMeparus Ta0nig
¢ y4éTOM MepBOii UaCTU CTAThH.

#
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CKaHepa U pa3paboTKa NporpamMMBbl IS aHAIH3a
Wi-Fi nannsix Ha 6a3e Microsoft Excel. Cocrag-
HOM YacTbhl0 METOMOJOTUH SIBISIETCSI BHIOOP
MapupyToB (HCCIEAO0BATEIBCKUX CIydaeB)
W BPEMEHH 3aMepOB.

B pamkax uccieqoBaHus HCIIOIb30BaIOCh
000py/I0BaHUE C apamMeTpaMu, 0003HauUCHHBIMU
B Tabnuue 2.

B pamkax uccnenoanust Wi-Fi ckanep uc-
MOJIB30BAJICS KaK JMHaAMUYecKui. J[uHamuue-
ckuit Wi-Fi ckanep nojjpasymeBaeT HCI0JIb30Ba-
HHE TIEPEHOCHOTO UCTOYHHKA ITUTAHUSI.

BriOpannsiii Wi-Fi ckanep umeer pazinny-
HbIE TEXHUYECKUE MapaMeTpbl, B YaCTHOCTH,
nononauTeabubie Wi-Fi/Bluetooth anTeHHBI,
MO3BOJISIONINE KOppeKTHpoBaTh pabory Wi-Fi
ckaHepa. B paMkax naHHOW pabOThI aHAIM3U-
poBainuck Tosibko Wi-Fi qaHHbIC, TEXHUYCCKUE
napamerpbl Wi-Fi ckanepa HacTpauBajiuch
B MHTEpEcax HMCCIeAOBaHUs, MPOBOAUINCH
OKCIIEPUMEHTBI JUIsl YIYUIICHHUS PEe3yJbTaToB.
B nanHoit padore Bluetooth nanubie He paccma-
TPHUBAIOTCSI.

Wi-Fi ckaHep city>Kusl MCTOYHUKOM HCXO[-
HBIX, a Wi-Fi poytep — oOpaboranubix Wi-Fi
JIAHHBIX.

Wi-Fi ckanep umeeT pa3iiuHble HapaMeTphbl,
BIIMSIIOIME HA KOHEYHBIH pe3ynbraT 00paboTKu
JnaHHbIX. [lepBbIM mapameTpoM sIBIISETCS Bpe-
menHas MeTka (TimeStamp), To ecTh TO Bpems,
B KOTOpOE OblIa pou3BezieHa (hHKCcalusl yCTpoi-
CTBa, a UMEHHO onpenenenue ero MAC-aapeca.
Hcnons3oBannbiit Wi-Fi ckaHep MMeeT HeCKOJIb-
KO BHJIOB MEPUOAMYHOCTH CKaHMpoBaHus. [lo
HemaBHero Bpemenu Wi-Fi ckanep nmesn BO3MOx-
HOCTb CKaHMpOBaHMA Kaxaple 15-90 cekyHn, HO
1py OOHOBJICHUH ITPOTPAMMHOTO 00eCTIeueHHMs
Wi-Fi ckanepa nosiBuiach BO3MOKHOCTh CKaHHU-
pOBaHMsl B pe:KUME OHJaiH. JlaHHBIM BUJ CKa-
HUPOBAaHUA OB BBIOPAH MCXOAS U3 THUIOTE3bI
€ro 3HaYMTEJIbHOTO BIIMSHHS Ha PE3yIbTaThl
cOopa aHHBIX.

BropeiM nmapamerpom, norygaembiM ot Wi-Fi
ckaHepa, sBigercss MAC-aapec. B pamkax naH-
Hoi paboTel MAC-ajipec sSBIISUICS YHUKATbHBIM
apamMeTpoM, MO3BOJISIIOIUM OIPEACIUTh KOH-
kpetrHoe Wi-Fi ycTpoiicTBO, 1 COOTBETCTBEHHO,
MOXXHO OBLJIO BBIYHMCIHTH MMOTEHIIMAIBLHOTO
naccaxupa.

B npouecce ucciaenoBaHus HaKOIUTEIIb-
HBIM MTOTOM coOupasiach 0a3za JaHHBIX H3
MAC-anpecoB npousBoaureiicii o6opyaosa-
HUs, TaKUX Kak, Hampumep, Apple, Samsung
n T.11. COOTBETCTBEHHO, YYUTHIBAsI, YTO JAHHBIC

Vin} \ [ NO

IPOM3BOJUTEIH BBIITYCKAIOT IPEUMYIIIECTBEH-
HO MOOWJIbHBIE YCTPONCTBA, HOYTOYKH U ApY-
rue MepCOoHaNbHbIE T'aJUKEThl, OBbLI CleaH
BBIBO/J] O TOM, YTO IIPH OOHAPYKEHUH yCTPOICTB
C BBICOKOW J10JIell BEPOATHOCTHU JaHHOE
YCTPOWCTBO HAaXOIMTCS Yy IMOJIb30BaTENs,
a UMEHHO, Y NOTEHUIHUAJIBHOTO Maccaxkupa.
U coorBercTBeHHO, MAC-aapec nannoro Wi-
Fi ycTpoiicTBa MOXHO CUMTATh MPU3HAKOM
naccaxupa. baza nanasix nononusaack MAC-
ajipecaMu IPOU3BOJUTENCH CeTeBOro o0opy-
JIOBaHHUsI, TAKOTO KaK POyTepbl, MapUIpyTH3a-
TOpBI U T.J., HapuMep, Takumu kak D-Link
international, Cisco Systems u apyrue.
B nanpneitmem takue MAC-aapeca UaeHTH-
(UIUPOBAIHCH KaK KIITYMBI» U «OUHUIIAIUCHY
B [1EPBOM cTeNeHU PUIbTPAIMH, TAK KaK ceTe-
BO€ 000pYyJOBaHHE HE MOXET COOTHOCHUTBCS
C TIOTEHIMAJIbHBIMH MACCAKUPAMHU.

OIHUM K3 BaOXXHCHUIIHUX BOMPOCOB ObLIa
«pangomusanus» MAC-anpecos* 5, C onpene-
JNEHHOTO BpeMeHH npousBoautenu Wi-Fi
YCTPOWCTB MPOIKUCHIBAIOT B IPOrpaMMHOE obec-
MeYeHHe BO3MOXKHOCTD «paHomuzanum» MAC-
anpeca. JlaHHas TEXHOJIOTHs HarpaBlieHa Ha
3amuTy oT Wi-Fi ckaHupOBaHUsI C LEIbIO allb-
Heleit 00paboTKy U JUIsi CHYOKeHUS 3D (HEeKTUB-
Hoctu aHanm3a Wi-Fi nanseix. Ho B pesynsrare
U3y4YCHUS JIUTepaTypsl [22] u IpoBeaeHU paaa
9KCIEPUMEHTOB 1 aHAJTN3a JaHHBIX BBISICHUIIOCH,
YTO CYIIECTBYIOLIAs PaHJOMH3ALHSI UCIIOIb3Y-
eTcst nayneko He Ha Bcex Android u i0S ycrpoii-
cTBax. Takyke MHOTO€ 3aBUCHT OT ITPOTPaAMMHO-
ro obecrie4eH st yCTPOICTBa U IaThl €r0 BBIITY-
cka. TouHBIX cBeACHUI O TOM, KAKOE YCTPOICTBO
paugomusupyet MAC-aipeca, a kakoe He paH-
JIOMH3UpYET, HeT. boee Toro, B paMKax JiaHHO-
O MCCIIEI0BaHMsI ObLIT OOHAPYKEH YHUKAIbHBIN
MAC-aapec, TouHee NepBbIC €ro TPU 3HAYCHHSI,
XapaKTepU3YIOILUE TPOU3BOAUTENSE 000pyI0Ba-
HUSI, pUHAIIeKamue kommnanuu Google. Jlan-
Hele MAC-anpeca HE OTHOCHJIMCH K KOHKpET-
HBIM [IPOM3BOJUTEIISIM, HO HE M3MEHSIJIH CBOETO
ajipeca 3a BeCh Iepuoj CKaHupoBaHus. B cpen-
HeM, B TeueHne 40—-50 MUHYT, ToKa coOupannch
Wi-Fi nannsie, MAC-anpec, npuHaieKaini
Google, e mensics. To ecTh, CylecTByOLIast
pangomuzaiusi MAC-aipecoB HecOBepIIeHHA
U CYIIECTBEHHO HE BIIUSIET Ha PE3YJIbTaT.

4 Yo Ha caMoM Jielie IPOMCXOIUT ¢ pangomu3anueir MAC-
azipecoB. [DnekTpoHHbIi pecype]: habr.com/ru/post/375057/.
Joctyn 10.04.2022.

® Bcé, uro BbI x0Tenu 3HaTh 0 MAC-aznpece. [ D1eKTpOHHBIN
pecypc]: habr.com/ru/post/483670/. loctyn 10.04.2022.
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Takske, XOTeNOCHh ObI OTMETUTH, YTO MAC-
aJpec SIBISETCS TOHMYECKHM IapaMeTpoM,
HUKaK HC CBA3aHHBIM C NEPCOHAJTbHBIMU
JAaHHBIMU U JaHHBIMHA MO6I/IH])HOFO oreparo-
pa. MAC-anpec HazHauaeTCsl MPOU3BOJUTE-
JeM, NoJb30BaTelib IpuodpeTaeT JaHHOE
YCTPOUCTBO C YK€ ycTaHOBJIeHHBIM MAC-
anpecom® To ecth, MAC-anpec HUKAK HE
CBSI3aH C HOMEPOM MOOMIIBHOTO TeJie(OHa UITH
HOMEPOM TPaHCIIOPTHOTO cpeacTBa. boiee
TOr0, B CJIy4a€ BBIKJIIOYCHUA PEIKUMA MTOUCKA
Wi-Fi B MOOMIIBHOM yCTpPOICTBE YCTPOMCTBO
He Oyner oOHapyxeHo. [lonb3oBarenb camo-
CTOATCIBbHO p€IIacT UMCTh JIU EMY BKJIIOUEH-
Hblii Wi-Fi Moaysb B COOCTBEHHOM YCTpOIii-
CTBE.

Tpetsum napamerpom ssisercst SSID. SSID
(Service Set Identifier) — 3to HasBanue Wi-Fi
ycrpoiictBa. [lo HasBanuro Wi-Fi ycrpoiicTsa
TEOPETUYECKU MOXKHO OIPEIEIIUTh TUIl yCTPOK-
CTBa, HANPUMEP, MOOUJIBHBIN TenehOH HIH
ckanep. [Ipu kaxno0ii moeske ¢ TMHAMHUYECKHM
Wi-Fi ckanepom (pukcrupoBaiaoch O0JIbIIOE KO-
JIMYECTBO JJAHHBIX OT CeTH ¢ HazBaHueM «MT
FREE», 4T0 110 OIIPEJEIICHHUIO SIBIIIETCS Ha3Ba-
HreM Wi-Fi o6opynoBaHus B CETH TOPOJICKOTO
obmecTBeHHOrO TpaHcnopta Mockssl. [Jlanee
nanabie MAC-azipeca ynayisuinuch U He o0pada-
ThIBAJIUCh.

Yerséprriii mapamerp — RSSI (Received
Signal Strength Indicator) — nokazarens ypoBHs
MpUHUMaeMoro curHana. J[anuslii mapameTp
OueHb BaxkeH s aHaju3a Wi-Fi maHHBIX 110
MMPpUYUHE BO3MOKXHOCTU OIMPEACICHUA TPpUMEP-
Horo paccrosinust oT Wi-Fi ckanepa 1o Wi-Fi
ycTpoiictBa. B nccnenoBanuu nmapamerp RSSI
Obu1 B quanazoHe ot -89 no -50 nenmbern. Otu
MOKAa3aTeJId XapaKTepU3yloT TO, YTO BCE TIOTEH-
IHAJIBbHBIC TTACCAXKUPBI HAXOJUJIMCh B HEIOCPCA-
CTBCHHO# Onm3ocTH oT auHamuueckoro Wi-Fi
CKaHepa.

[TsTeiii napamerp —3to Vendor (mpon3Bou-
TeJb), ONIMCAHHBIN BBIIIIE.

Pa3pa6oTka nmporpamMMbI 1JI5 aHAJIA3A
Wi-Fi nannbix Ha 6a3e Microsoft Excel

Baxwueiimum snemenToM aHainuza Wi-Fi
JAHHBIX SBJSICTCS MPOrPaMMHOE 00CCIICUCHHE.
B pamkax naHHOH pabOThI B Ka4eCTBE OCHOBBI
Ui aHanu3a U oopabotku Wi-Fi naHHBIX ObLI
BbIOpan Microsoft Excel.

6 Meshlium Technical Guide. [lJokymenrarus Wi-Fi ckanepa.
[OnexrponHsIii pecypc]: https://development.libelium.com/
meshlium-technical-guide/general. loctyn 10.04.2022.
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Wi-Fi ckanep coOupas JaHHbIE B PEKHME
oHyaiiH. IlonydyeHHbIE BpEMEHHBIE OTMETKHU
(TimeStamp) CHHXPOHU3UPOBAIMCH C OTMETKOM
OTKpbITHS 1Bepeit B BaroHax MILJL u meTpomnonu-
teHa. Wi-Fi ckaHep (ukcupoBan BpeMEHHYIO
ormeTKy ¢ MAC-anpecom. Jlanee oHa cOmmocTas-
JISIaCh CO BPEMEHEM OTKPBITHS ABEPU BarOHOB.
JlaHHbIe 00 OTKPBITUH IBEPEil BaroHa 3aHOCUIIHCh
HCCIIe/IOBATENIEM CaMOCTOSITENILHO B TAOJIHUILY 11O
Ka)JIOMy MapIIpyTy ABMxkeHus1. Takxke uccieno-
Barellb Ha Kaxxaou cranuuu ML wim merpomno-
JIUTEHA 3aMUChIBAJI KOIMYECTBO MACCaXHUPOB,
HaXOJAIIMXCS B TaHHBI MOMEHT BPEMEHH B Ba-
roHe. Takum o6pa3zom HccienoBaTeab BMECTE
¢ Wi-Fi ckanupoBaHHEM UCIIOJIB30BAI TIa30Mep-
HBII METOJ 17151 TO/ICYETA MACCAKUPOB U B JAJIb-
HeHIeM CpaBHUBAJ PeajbHOE KOJMUYECTBO Mac-
caxupoB B BaroHe ¢ Wi-Fi naHHbIMU.

Bce uccnenoBanusi, a MMEHHO cOOp 1 aHAJIN3
Wi-Fi naHHBIX, POBOIMINACH UCKITFOYUTEIBHO
aBTOPOM JJAHHOM PabOTHI.

@OuibTpanus TaHHBIX

HccnenoareneM ObLIU CO3/1aHbI CIEIYIOLINE
9Tarbl GUIBTPALMU JJAHHBIX U aJITOPUTMBI:

1. Ha nepBom aTane GpuiabsTpaum «oTcenBa-
smucky Wi-Fi nannbie ot Bcex Wi-Fi poyrepos
U JIpyrUx crannoHapHbix Wi-Fi ycrpoiicTs.

2. Ha Bropom stane GpuiabTpaln «0TcernBa-
ek Wi-Fi naHHble, UMerolue ojHy BpeMeH-
HYIO OTMETKY.

3. Jlasiee IpOMCXO/IMII dTAll CHHXPOHU3AMN
BpeMeHHoit ormeTkn Wi-Fi co BpemeHeM OTKpbI-
THSI IBEPH BaroHa.

Takoke peranack 3a/1a4a 0T00Opa AaHHBIX JUIs1
OIIPE/ICIICHUS] Pa3JINYHBIX CBOWCTB MACCAXKUPO-
MOTOKOB, TAKMX KaK CPEHsISL aIbHOCTD M10€3/1-
KU ¥ CpeJiHee BpeMs TI0e3KH raccakupoB. COop
JIAaHHBIX MIPOU3BOJMJIICS B YTPEHHHUE YacChl IHK.

Pe3yabTaThl SMINPUYECKOT0 MCCJIEA0BAHMSA

[epuon cbopa naHHbIX: ¢ (eBpas 1Mo Man
2021 roga. YuacTkaMu MPOBEIEHUS UCCIIeI0Ba-
HUS ABJSUTUCH MapIIpyThl MOCKOBCKOTO METPO-
nonutena u MIIJI.

VYka3anHbsle B Tabaumax 3 u 4 MapupyTsl
OBUIN OITPE/IEIICHBI 10 CIICAYIOIM KPUTEPHUSIM.

Bce ueTbipe yuacTka UMEIOT pa3HbIC BBOTHbIC
apaMeTpbl, KOTOPbIE, 0 MHEHUIO aBTOPa, BIHS-
10T Ha MOJy4aeMble Pe3yIbTaThl.

1. Inuna mapuipyTa.

VYyactku Ne 1, 2, 4 UMEIOT AMMHY CBBIIIE
20 xM, a ygactok Ne 3 — 8,8 kM. YuacTok Ne 3
SIBIISICTCSI TTOJTHBIM MapIIPyTOM M UMEET TpaHC-
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Y4yacTku ucci1e10BaHNUS [BBINIOJIHEHO AaBTOPOM|
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Mocksa
1 | MIA-2 ByToBo 3 29,2 00:48:00
Kypckas
2 | 3aMOCKBOpEIKast THHUS Ammva- Benopycckast 3 27,9 00:41:46
AtHHCKasI
Bynunckas Burnesckuit
3 | byroBckas auHUS Y 1 3 8,8 00:16:40
annes HapK
Tarancko-Kpacno-
4 P Korenpanku Bappukagnas | 3 25,1 00:38:00
MPECHEHCKAsT JTINHUS
Taonauna 4
Oco0eHHOCTH BHIOPAHHBIX YYACTKOB [BBIIIOJIHEHO ABTOPOM|
VYuactku | dnuna IIpeumyiiecTBeHHOE Xapaxrep CoOuICHEHHs Pacnionoxenue ckanepa:
Mapuipyra 3aJI0XKEHUE JINHUH MIOJIBIDKHOT'O COCTaBa YPOBEHB I0JIa/BEPXHSIS OJIKA
cBbinie 20 km
1 + Hazemnoe CouieHEHHBIHI cO Bepxuss nonka
CKBO3HBIM [POXOJIOM
2 + ITonzemuoe CME (BaroHHble CLENKH | YPOBEHb I0Ja
6e3 mpoxosia)
3 - Hazemnuoe/ITonzemuoe CME (nByxBaroHHbie YpoBeHs nona
CCeKIUH)
4 + ITonzemuoe CoulIeHEHHBIH CO VpoBeHs nomna
CKBO3HBIM IPOXOJIOM

MOPTHO-TIEPECAJOUHBIN y3en Ha cT. ynauna Cra-
pokaudasoBCcKas ¢ mepexoioM Ha cT. Bymesap
Jmutpust Jonckoro.

2. [IpenmyniecTBEHHOE 3a710)KEHHE TUHUU.

Vuactku Ne 2, 4 gBIAHOTCS MOA3EMHBIMU,
yuacTok Ne 1 HazeMHbIM, a yuacTok Ne 3 — 1 Ha-
3€MHBIM, U NOJ3eMHBIM. JlaHHbIe ydacTku By-
TOBCKOW JIMHUU METPOIIOJINTEHA BHIOWPAIINCH
U3-3a UX Pa3IMYHbIX TEXHUYECKUX XapaKTepu-
CTHK, KOTOPbIE MOT'YT BIIUSITh Ha IIEpelaBacMblil
CUTHAIL.

3. XapakTep COUJICHEHUS! MOJBUKHOIO CO-
CTaBa.

I'maBHOW OCOOEHHOCTBIO IMOJIyYEHHBIX pe-
3yJIbTaTOB SIBISUIOCH TO, YTO B COUIEHEHHBIX
BaroHax pesynerar mocie oopadorku Wi-Fi
JTAaHHBIX OKa3bIBAJICS JIyUIlle, 4eM B IT0e3/ax 0e3
MIPOXOI0B. DTO 00YCIIOBJIEHO CIEeU(HUKON pa-
601b1 Wi-Fi.

4. PacnionioxxeHHe CKaHepa: ypOBEHb Ioja/
BEPXH:Is M0JIKA.

Pacnionoxxenne Wi-Fi ckanepa nmeer onpe-
Jiesisrollee 3HaYeHHe JUIs pe3yabrara Ucciaeno-
Banus. [Ipu pacnonoxennn Wi-Fi ckanepa Ha

VINTO AIH [

BEepxHEH OarakHOW ITOJKe BaroHa (y4acTok
Ne 1) pesynbrar oka3eiBajics OJIM3KHM K HIICATb-
HOMY, a, COOTBETCTBEHHO, IIPH PACIIOJIOKEHUU
Wi-Fi ckanepa Ha roity B moesziax 6e3 nmpoxooB
pe3yabTaT OKas3bIBaJICS HANXY/IINM, HO TOJIBKO
B 3aKPBHITOM BaroHe.

B urore n3 4eThIpéx y4acTKOB HAWITYUIINM
110 MOJIYYCHHBIM M 00pabOTaHHBIM JTaHHBIM
OKazajicsl pe3yJabrar npu pacronoxeHnn Wi-Fi
CKaHepa Ha BepxHel nosike (yyactok Ne 1) u ipu
COYETaHHH COWIEHEHHOIO BarOHa U PacHoI0Ke-
Hust Wi-Fi ckanepa Ha nony (ydactox Ne 4).
CoOOTBETCTBEHHO, HAUXY/IIIUM PE3yJbTaT ObLI
B Ioe3aax 0e3 MpoXo0B ¥ MPH PACHOIOKEHUH
Wi-Fi ckanepa Ha oy (yuactku Ne 2 n Ne 3).

Yuactok Ne 1. ct. Byroso (MI/I-2)—
c1. MockBa Kypcekas (MLII-2)

B mepuox ¢ 1 mo 5 mapra 2021 roma Obut
nipoBeiéH cOop JaHHbIX Ha yuacTke Ne 1, a nmen-
HO oT cT. byroBo (MILI/I-2) mo ct. MockBa-
Kypckas (MLI-2). Jlnura naHHOTO MapuipyTa
cocraBuiia 29,2 kM, a cpefiHee BpeMsi IIPOXOxkKie-
HUS B IIyTH — 48 MUHYT.

-\ KN KA gVie



Puc. 1. U3obpaxerue ysacmka Ne 1. [dnekmporHbiii pecypc]: https://yandex.ru/metro/moscow?scheme_id=sc34974011/. ocmyn 10.04.2022.

Ha myTu nanHOTO MapipyTa CyIecTByeT JiBa
TPaHCIIOPTHO-TIEpecaouHbIX y3i1a — cT. Llapu-
uerHo (MII/I-2) u ct. Tekctunbimkn (MLJI-2).
Koneunoii Toukoii Obu1a BeiOpana ct. Mocksa-
Kypckas (MII-2), kotopast pakTH4ecKu siBisi-
€TCsl TAKXKE TPAHCTIOPTHO-TIEPECATOYHBIM Y3II0B.
Takum 006pa3oM, Ha OIIBITHOM Y4acTKe UCCIIE0-
BaHbI 0COOCHHOCTH IIMPKYJISIIUY JIaHHBIX B 30-
HaxX TPaHCIIOPTHO-TIEPECaAI0YHBIX y3JIOB C BBHICO-
KOH CMEHSEeMOCTbhIO maccaxupoB. Ilomumo
coopa Wi-Fi naHHBIX ITPOBOIMIICS BU3yaJIbHBINA
3aMep KOJIMYECTBa IaCCaKMPOB B BATOHE B KOH-
KPETHBII MOMEHT BPEMEHH, @ IMEHHO BO BpeMs
OTKPBITUS U 3aKpPbITUS JABepeil BaroHa. PukcH-
POBAJIOCH BPEMsI OTKPBITHS IBEPEH 1 KOJIMIECTBO

VIA] ] A NO= =0

MaCCAKUPOB HA MOMEHT 3aKpPbITHs BEpeil Baro-
Ha, TEM CaMbIM MCKJIIOUAIMCh BBIILIEAIINE Mac-
CaXHPBL.

Jlns paBHOMEpPHOCTHU UCCIIEIOBAHUS BCE 3a-
Mepbl NPOBOAUINCE B YTPEHHUE YaChl UK,
B ipomeskyTok ¢ 07:00 o 08:30 B Oynnue aHu.

Jlist ynydimenus pesyasTara Ha yuactke Ne |
JIOTIOJTHUTENIFHO coOupanuck Wi-Fi naHHBIC 10O
IpUOBITHS [10€3/1a BO3JIe TYPHUKETOB Ha BXOJ HA
wiarpopmy MIII-2 o maccaxxupax, BOLIEAIINX
HMMEHHO Ha Ha4aJIbHOU CTAHIMU UCCIIEJOBAHUS —
ByroBo (MII/I-2). Pe3ysibrar 3aBrcen ot pacmo-
noxxenust Wi-Fi ckaHepa 1 MOIITHOCTH aHTEHHBI.
Jlanee uccnenoBarenb M0 NPHOBITHH 1TOE3/1a 3a-
XOJIUJI B BaroH, (PMKCHpOBAJI BPEMsI BXOJ1a B BaroH,

45
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m[laccaxupbl  E[accaxupbl ¢ Wi-Fi ycTponctBamu

Puc. 2. CoomHouweHue peanbHO20 YUC/Ia NACCaXUPO8 C YUCIIOM Naccaxupos ¢ ektoYéHHbIM Wi-Fi modynem (ML Bymoso-Mockea-
Kypckas — ympenHuli Yyac nuk) — 1 mapma 2021 200a [ebIinosiHeHo aemopom].

KpacHblit
Byroso butua Ctpoutens Mokposckoe LapuubiHO Mocksopeube
KyppsiHOBO IlepepBa Jemo JIro6amHO [levaTnuxu

TexCTUIBITUKHA HoBoxoxJtoBckas

Kanutauku

40 40
60 60

Mockaa-
Kypckas

Mocksa-
ToBapHast

Puc. 3. lpoyeHmHoe coomHowieHue Aou naccaxupos ¢ eknrYéHHbIM Wi-Fi modynem (cepbiii/6onee ceemnbili cekmop) u donsi naccakupos
c ebikmoyeHHbIM Wi-Fi modynem (2ony6oii/6onee mémHbIli cekmop) [8bINOTHEHO agmopom].

(hpMKCHpOBaJ KOJIMYECTBO MACCaXXMPOB B BaroHe
n pacrionaran guHamnaecknid Wi-Fi ckanep Ha
BEpXHEH ITOJIKE BAaroHa, HaXOAACh NMPUMEPHO
B cepeuHe BaroHa. Jlanee Ha MpOTSDKEHUN BCETO
MyTH (PUKCHPOBAJIOCH KOJIMYECTBO MACCAKHUPOB
B BaroHE 1 BPEMsI OTKPBITHS JIBEpPEH BaroHa.

ITocme cbopa Wi-Fi maHHBIX HccienoBarenb
TIePEXOIIIT K UX 00paboTke. Vcronb3yst BhIIIIe-
YKa3aHHBIH aJITOPUTM 00pabOTKH TaHHBIX U CTe-
TICHHU (prITBTpAINH, OBIIIN IOy YeHBI OKa3aTellH,
yKa3aHHBIE Ha pHC. 2.

VIMDIPDAHCITOPTANEUZZ 3 32U BNSE (1 U 1) 30

Ha puc. 3 mpezicraBieHo MmporieHTHOE COOTHO-
IIEHWE MEXIY PEeajbHBIM UHCIIOM ITACCAKHUPOB
Y pacUETHBIM YHCIIOM ACCAXKUPOB C BKITIOYEHHBIM
Wi-Fi Mmomynem Ha nx ycrpoiictBax. Kak mokazano
Ha pHC. 3, HA TAaKUX CTaHIMAX Kak KypbsHOBO
(43 %), Iepepna (43 %) u TexcTrmpmmku (45 %)
JI0JI51 IACCAKUPOB C YCTPOUCTBAMH C BKITFOUEHHBIM
Wi-Fi Mmontynem npubnimxanack k 50 %, 9To sBis-
€TCsI JIOCTAaTOYHO BBICOKHM PE3YIIBTaTOM.

Jlanee aHamM3UPOBAIUCH MAPIIPYThI IIOTEH-
IUaIbHBIX naccakupoB. Ilpn momomm Wi-Fi

39200

AJTIEKCECB I U 35 5T0 OPOYHOEIDOCIEZIOBAHVERTACCKVPOTTOTORAIMETOZIOMEEHATIN SAWV ISELFTAHHBTX]

BIVOCKOBCKOMMPDAHCITOPTHOMY STIE I ACT B |
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Bcero nmaccaxKvupoB

Puc. 5. Konuyecmeo naccaxupos Ha y4acmke Ne 1 [ebinonHeHo asmopom].

ckaHepa OBIIM ONpE/IEICHBl HadyaIbHbIE U KO-
HeuyHble BpeMeHHble oTMeTKH MAC-aapecoB
MOOMIIBHBIX YCTPOWCTB, YTO MO3BOJIMIIO OTIpe-
JICNIUTH MOTEHIMAIIbHBIC HAaualbHBIE U KOHEY-
HBIC TOUYKH BXOJ[a M BbIX0/a nmaccaxupa. Cun-
XPOHHU3ALNA BPEMEHHON OTMETKH OTKPBITHS
JIBEpeil BaroHa COIMOCTABIIACh C BPEMEHHOU
ormetkoif ot Wi-Fi ckanepa. B cumy Toro, uto
BpeMeHHas otMmeTka MAC-anpeca yctpoiicTBa
OTIINYAIach OT BPDEMEHHOW OTMETKH OTKPBITHS
JIBEpH, COTIOCTABIICHNE JJAHHBIX OTMETOK OCY-
LIECTBISIOCH ¢ norpemnocTeio B 30—40 ce-
kyHZ. To ecTh, MOTEHIIMANBHBIH MacCaXuUp,
a umeHHo MAC-aapec ero MOOHIBHOTO
YCTPOWCTBA, MOT OBITH OTIPEIEIIEH KaK JI0 BXO-
Jla B BaroH, Tak u mocye. Ho paccmarpuBas
MIEPBYIO 1 KOHEUHYIO BPEMEHHbIE OTMETKH Wi-
FiyctpoiicTBa, cTaio sicHO, 4TO EPHOJ TOCTO-
sHHOTO onpenencHus Wi-Fi ycrpoiicTBa Mexty
Ha4yaJIbHOW M KOHEYHOH TOYKAMU MOT COCTaB-
1471h oT 1,5 10 38 MUHYT.

Takum 00pa3zoM OBIIIH MOy YEHBI MAPIIPYTHI
MOTEHIMAIBHBIX MACCaKUPOB C MX HAaYaIbHBIMU
1 KOHEUYHBIMH BpEMEHHbIMH oTMeTKaMu. OOHa-
pYXEHHE BPEMEHHON OTMETKHM YHHUKAJIBHOTO
MAC-angpeca npyHUMaJIOCh TOUKOH BXO/1a B Ba-
TOH, a €€ MCUE3HOBEHNE — TOUYKOW BBIXOAA W3
BaroHa.

VINPDEIPARC DT URN9

\JTEKCEEB I M BAHNE

BCKOMEPdH! DTHOM N 3TTE 1 dt

CTOUT OTMETHUTH, YTO BO3MOXKHEI CITydau
BrutoueHust Wi-Fi Momyns Ha ycTpocTBe Kak
IOCIIe BXOJ]a B BaroH, TaK M BBIKIIOUCHHE €rO
B 00011 MOMEHT BpeMeHH. VccnemoBarens caén
HYKHBIM pacCMaTpUBaTh JAaHHEIC CIlydad Kak
MTOTPEITHOCTh CUCTEMBI, TaK KaK B JTaHHOU CH-
Tyallnd Ba)XHYIO POJBb HTPal YeloBEUYCCKUN
¢dakrop. Ho B cirydae, eciii MOTCHIIMAIBHEIH
naccaxxup Brirodan Wi-Fi Mmomyns mo3xe Bxona
B BaroH, pacu€T MPOM3BOAMICS C CHHXPOHH3A-
nuel ero ¢ OmKaiiielt BpeMeHHOH OTMETKOMH
OTKPBHITHS JABEPH, a UMCHHO, C ONMKaifmreit
crannueit merpo (MLLJT).

[Ipu momomu co3MaHHOTO ANTOpHUTMA YIa-
JIOCh OTpeNeiuTh 29 MapHIpyTOB KOHKPETHBIX
nosib3oBaresiel Ha yyactke Ne 1 B mepBoM pac-
CMaTpHUBaEMOM CITyJae Ha BCEM IyTH CIIEIOBa-
Hus. Pe3ynpraTel oTpaskeHBI Ha puc. 4.

ITo kaxnomy u3 29 noTeHUMATBHBIX MapII-
PYTOB TTACCaKUPOB OBLITH OTIPE/ICICHEI:

* BpeMs B Iy TH;

° paccTOsIHUE, KOTOPOE TPOEXall ITaCCaXKUp;

* HayaJIbHAasl TOYKa BXoja B BaroH MILJL;

* KOHEYHas TOYKa BhIXoja U3 Barona MIIJI.

[To Bcem 29 MapmipyTaM OBLIH OTIPEICIICHBI:
CpeIHee BpeMs B ITyTH, COCTaBHUBINEE 23 MUHY-
TBl 35 CeKyHI M3 MaKCUMaJlbHOTO BPEMCHHU
poe3Jia BCETo M3MEPSIeMOTO yJ9acTKa B 48 Mu-

ACCA RN RAJVIE [OMEHATIN3aWVITEI ARG C



LapuupbiHo
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KypbsaHoBo
MNepepsa

BbytoBo
butua
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TeKCTUNbLWMKK
HoBoxoxnoBcKas
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W KonunyecTBo Havyan mapLipyTos (%)

B K0/MYeCcTBO OKOHYaHW MapLipyTos (%)

Puc. 6. [fpoyeHmHoe coomHouweHue Konuyecmea Ha4ambIX U 3a8epWEHHbIX Ha daHHOU cmMaHyuu Noe3doK naccaxupos
[ebInonHeHo asmopom].
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Puc. 7. PacnpedeneHue mapwpymoe naccaxupos ¢ Wi-Fi
ycmpolicmeamu om cmaxyuu Bymoeo e 3agucumocmu
om danbHocmu ux noe3dku (%) [8bIN0IHEHO agmopom].

HYT, @ TaKKe CPEeJHsS JaIbHOCTD MTOE3/IKH, CO-
craBuBmas 15,09 kM (13 001IeTO KMIIOMETpaKa,
paBHOTO 29,2 KM).

B cBa3u ¢ nocraBieHHOM 3aaadeil onpene-
JIUTh, KaK MOXKHO OOJIBIIIee KOJIMYECTBO Xapak-
TEpUCTHK (MapaMeTpOB) MACCaKUPOIOTOKA,
Jainee OBIIO MPOAHATU3NPOBAHO KOIMYECTBO
TIacCaKUPOB, COBEPIIAIOIINX MOE3/IKy Ha HCClle-
nyemoM ydactke. Ha puc. 5 otoOpaxeHo Komu-
YECTBO TaKHMX ITACCaKMPOB, a TAKXKE BXOMSIINX
1 BBIXO/ISIINX TACCaKUPOB.

ITo puc. 6 MOXHO ONpEAEINTH, YTO OoJee
40 % maccaxupoB ¢ BKITIOYEHHBIM MoysieM Wi-
Fi Bomwmn Ha cranmmu byToBo mimm o HeE, Tak

VIMDIPAHACTTOPTAMZ UZZ 38 37 U BN i1 U1 ) RUES Y20 U
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Puc. 8. PacnpedeneHue dnuHb1 Mapwpymos npoe3da naccaxupoe
¢ Wi-Fi yempolicmeamu, doexaswux do cm. Mockea-Kypckasi
(koHe4HoU cmaHyuu 3amepa) (%) [ebInonHeHo aemopom].

KakK J[aHHasi CTAHIUS HE SIBISIETCS] HAadaJlbHOM,
n 20 % — na cranuun butna.

Ha puc. 7 npencrasnena nHpopmanus pac-
npenenenns MapupytoB Wi-Fi ycrpoiicTs ot
cTaHK byTOBO B 3aBUCHMOCTH OT JaIbHOCTH
TIOE3/IKH B IIPOIIEHTHOM COOTHOIIEHHH. Kak MbI
BunumM, 6omee 40 % maccaxupor ¢ Wi-Fi
ycTpoiicTBaMH1 U3 JaHHO BEIOOPKH ITPOE3KAIOT
6osee 20 KM, a TaK KaK JJTHHA BCETO MapIIpyTa
cocraBiser 29,2 KM, UX Iy Tb OJIM30K K MPOE31y
TIOJTHOTO MapIIpyTa, TO €CTh 70 IEHTPA TOPOJIa.

Ha puc. 8 mpezacraBineHo pacnpeenenne no
JUTMHE MapHIpyToB naccaxupos ¢ Wi-Fi ycrpoii-
CTBAMM, JOCXABIIUX 0 KOHEYHOH CTAaHIHH

ATICKCEE BTN 35 STOOPOYHOEIO O CIENOBAHNERTACCKNPOTTOTOKAMETONOMEHATTN AWV ISEIFTAHH BTX

BIVVOCKOBCKOMEPHCTTOPTHOMY STTERE ACTHR )
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M Maccaxupbl ¢ Wi-Fi yctpolictBammn

Puc. 9. CoomHoweHue peanbHbIX NacCaXupos ¢ naccaxupamu ¢ eknto4éHHbiM Wi-Fi modynem (ML Bymoeo-Mockea-Kypckas -
ympeHHull yac nuk) — 4 mapma 2021 2. [6bInosIHEHO a8MOpPOM].

Mocksa-Kypckas. Ha HéM nokaszano, 4to 6omnee
50 % maccaxupoB U3 JaHHOH BBIOOPKHU MPOE3-
»aror 0osee 20 KM, 4TO TaKKe SBJISIETCS MTOKa-
3aresieM OM3KUM K ITOJTHOMY MapIIpyTy.

Emé ognum nokaszarenem, KOTOPbIM MOXKHO
HOJY4YHUTh U3 00pabOTaHHBIX AAHHBIX, — 3TO
nonst Wi-Fi ycTpoiicTB, a IMEHHO Macca) xupos,
MIPOEXABIINX BECh yYacTOK, TO €CTb IPOIEHT
CaMbIX JUIMHHBIX MapIIPyTOB Yepe3 BCE CTAHINN
OT O0LIEro yKcia MapuIpyToB BCEX HMPOTHKEH-
HOCTeH, paBHbI 3,45 %.

Taxum 006pazom, KOMOMHHPYS JaHHBIE, BO3-
MOXHO MOJy4YaTh Pa3IU4YHbIC NMapaMeTpPbl
U CBOMCTBA MACCAXHUPOIOTOKOB B 3aBUCUMOCTH
OT MOCTAaBJICHHBIX 3a]1a4.

Jlanee npoaHanu3upyeM JaHHBIC HA BBIILIE-
yKa3aHHOM y4acTke oT cranuuu byroso (MIL/I-2)
1o craniu MockBa-Kypekas (MI/1-2), momy-
yeHHble 4 Mmapta 2021 roma B yTpeHHHH yac MUK
(puc. 9).

B pesynsraTte ucciegoBaHus 4 Mapra
2021 roja ¢ nocnenytoneit 00padoTkoit u huib-
Tpaluel NaHHBIX yAaloCh OOHapyX HUTH 83
MapIpyTa MOTEHIIUAIbHBIX MacCaXUPOB (PHUC.
10).

Kax BuHO 13 Tad1. 5, Ha pe3ysbraT JaHHBIX
0 KOJIMYeCTBE 0OHAPYKEHHBIX MapLIPyTOB I1ac-
Ca)KUPOB OYEHb CUJIBHO BIIUSIET MOILIHOCTD aH-
TeHHBI. [Ipu mpoBeneHUN MEPBOro 3aMepa
(1 mapra 2021 roga) Wi-Fi ckanep He umen
BHEIIHEH aHTeHHBI. [10 3TO! npuunHe pe3ynbrar
B JIaHHBIN JeHb OBUT HU3KUM. B npyrue muu
pe3ynbTaT SIBISICTCS OCTATOYHO BBICOKHM MO

VP PanCHoOPTaR2 022 8 O INOHNT0T

ATIEKCECBIH MU 35 5TOOPOYHOE IO CTIEAOBAHNE!

BIVIOCKOBCKOMEDAHCITOPTHOMNITIC I dCI B

MpUYrHEe 0OHAPYKEHHUST OOJBIIEr0 KOJINYECTBA
00HapyKEHHBIX MapLIPYTOB MaccaxupoB. Taroke
MHTEPECHBIM (haKTOM SIBILIETCS TO, YTO [TOKa3a-
TEJIb 110 CPEAHEH AAITBHOCTH MOE3AKN OTCHIIU-
QJIBHBIX MTACCAXKUPOB OKA3aJCs B IBYX 3aMepax
[OYTH PaBHBIM, U COOTBETCTBCHHO, CPEIHEE
BpEeMs1 [IOC3KH ACcCaXUPOB ObLIN OUCHB OJn3-
KH 10 3HAYCHUSIM.

Yuactok Ne 2: cT. AliMa-ATHHCKasi—
cT. Bestopycekas (3amockBopenkast JUHUS
MeTpo)

Hanee ¢ mpuMeHeHHeM O0TPabOTaHHOTO Me-
ToJa OBLIM MPOAHATU3UPOBAHBI JaHHBIC HA
yuacTke Ne 2 0T CTaHIH MeTpo AMa-ATHHCKas
70 cTaHIK MeTpo benopycckas Ha 3aMOCKBO-
PperKoil TMHNUY (TakKe B yTPEHHUH Yac MUK).

Ha puc. 12 MOXHO BHAETH, 9TO MPOLEHT
o6HapyxeHHbIX Wi-Fi ycTpoiCTB, 10 KOTOPhIM
MOYKHO IIOCTPOUTH MAPIIPYTHI, HIKE, YeM IIPH
aHamuse y4yactka Ne 1. [IpuunHa B TOM, 49TO
BaroHbI 3aMOCKBOPELIKOIT IMHUM METPO 3aKPbI-
ThI, ¥ TIpH NIpoBeieHnK aHann3a Wi-Fi ckanep
pacmojarancs Ha IOy, YTO TOXE CHHXKAJIO
IIPOLICHT COOpaHHBIX NaHHBIX. Takke 3amep
IIPOBOJMIICS B YTPEHHHH NEPHOJ] BPEMEHH
¢ 07:26 o 08:08 20 dpespass 2021 roxna B cyo-
00Ty, SABJIAIONIYIOCS AT OOJIBIIMHCTBA JKUTE-
nieit ropoga MoCKBBI ¥ IPUOBIBAIOIINX B TOPOST
rnaccaxupoB BbIXOIHBIM AHEM. Ho u mpu
aHaJM3e JaHHbIX OT 24 u 26 pespains 2021 ro-
na (paboune nuu) Wi-Fi nanHble moTeHIIMAb-
HBIX [IACCa’KUPOB B IIPOLICHTHOM COOTHOILICHUH

39260

TACCAKNPOTTOTORAMMETOAOMEHATTNIAWVI=EI FTdHHABIX
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Puc. 10. Mapwpymb! nomeHyuanbHbIX Naccaxupos ¢ ekmo4éHHbIM Modynem Wi-Fi Ha yyacmke om cmanyuu Bymoso (MLJ-2) do cmanyuu
Mockea-Kypckas (MU/-2) - 4 mapma 2021 200a [8bIn0sHEHO agmopom].

MTADEPERCITODTE 820228 SO SN0 1) SCRSO 260
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Ta6auna 5

Pe3yabTar uccaenoBanuii Ha yyactke ot cranuuu byroso (MII-2) 1o cranuuu
MockBa-Kypckas (MII-2) 4 mapTa 2021 roaa [BbINOJIHEHO aBTOPOM|

MapupyT OT CTaHIUK Konnuectso Cpenusist Cpennee Hannune BHemHeH
Byroso (ML/I-2) 00OHApYKEeHHBIX JIANBHOCTD TTOE3JIKU | BpeMsI TIOE3/IKU AHTEHHBI
10 cTaHIuH MockBa- MapuIpyToB [1acCa)XupOB [acCaXupoB

Kypckas (MLLJI-2)

01 mapra 2021 1. — 29 13,56 km 0:20:13 -
YTPEHHHH 4ac MHK

04 mapra 2021 . — 83 15,09 xm 0:23:35 +
YTPEHHHH Yac MHK

05 mapra 2021 . — 60 13,3 xm 0:19:48 +
YTPEHHHH Yac MUK

O0mmue cpenHue 3HaueHus: | 57,3 13,98 km 0:21:12

OKa3aJIUCh TaKXKe HUXKeE, ueM Ha yyacTke Ne 1.
W3 aToro cienyer BBIBOJ, YTO PACHOJIOKECHUE
CKaHepa Ha IOJIy U BBICOKAs INIOTHOCTH JIOAEH
B BaroH€ 3HA4YUTCIbHO CHUKACT PE3YJIbTAaTUB-
HOCTb McclieoBaHuA. Takyke Ha pe3yiIbTaThl
MOTYT BJIMATH pa0OTAIOIIME B OJJHOM 4acTOT-

VIME AH NO®T

HoM auanazone’ Wi-Fi poyTepsl 1 MapipyTi-
3aTOPBIL.

" Pexomenaru ot ipoussoutelist Wi-Fi poyrepos Keenetic.
[Dnexrponnsiii pecypc]: https://help.keenetic.com/hc/ru/
articles/213968709-Uro-BiusieT-Ha-padoTy-0eClIPOBOIHBIX-
cereii-Wi-Fi-UTo-MoXeT-SIBIS ThCA-UCTOUHUKOM-TIOMEX-H-Ka-
KOBBI-MX-BO3MOXHbIe-NIprunHbl. Jloctyn 10.04.2022.

Anma-
ATwHckas

Puc. 11. U3o6paxerue ysacmka Ne 2. [SnekmporHbiii pecypc]: https://yandex.ru/metro/moscow?scheme_id=sc34974011/. locmyn 10.04.2022.



Puc. 12. CoomHouweHue peasbHbIX NACCaXxupoe ¢ haccaxupamu ¢ eknto4érHbim Wi-Fi modynem. Yuacmok Ne 2 om cmaHyuu mempo Anma-
AmuHckasi do cmaHyuu mempo benopycckasi — ympeHHull yac nuk (3aMmockeopeykast nuHus) — 20 gheepans 2021 200a [ebINoHEHO a8MOPOM].

B pesynbrare ObutH BBISIBICHBI 33 MapipyTa
MaccaXupoB ¢ BKIOUEHHBIM Wi-Fi Momynem
(puc. 13).

B pesynbrare ObUIM MOJTyUYEHBI CIIETYIOIIIE
3Ha4YeHus (Taom. 6).

Yuacrtok Ne 3. cT. ByHuHcKas ajuiesi—
cT. butnesckuii napk (byroBckasi JTuHMS)
VYyactok Ne 3 saBisieTcss caMbIM KOPOTKHM
(8,8 kM) 110 CpaBHEHUIO C APYTHUMHU OOCIIEIOBAHHbI-
MU ydacTkamu. B panHOoM mccienoBanun Wi-Fi
CKaHep TaK e, KaK ¥ IpH cOope JTAHHBIX Ha y4acT-
ke Ne 2, HaxouIIcs Ha TIOITYy.
TTomyueHHbIe pe3yabTaThl IOKa3aHbI Ha puc. 15.
B pesyasrare ObUTO BhIsSIBICHO 18 Mapipy-
TOB, HCIIOJIB3YEMBIX Maccakupamu (puc. 16).

B pesyinbrare nojy4minch clieyonme 3Ha-
yeHus (Tadi. 7).

Yuactok Ne 4. c1. KoTeabHUKH—
c1. Bappukannas (Tarancko--
KpacHonpecHeHcKkast THHUSI METPO)
Janublil yaactok Ne 4 xapakrepeH 0COOeH-
HOCTBIO CYIIECTBYIOIIUX TPAaHCHOPTHO-
nepecamoyHbiX y310B (cT. JIEpMOHTOBCKUA
MIPOCTIEKT U CT. BBIXUHO).
Ha puc. 18 mpencrasinena auarpamma mpo-
BeaEHHOTO coopa naHHbIx 18 mast 2021 roxaa.
Hapuc. 19 npencrasnen pe3yasrat o0padoT-
KM 58 MapmpyToB MacCcaKupoB.
B pesynbrare ObUTH MOJYYEHBI CIEAYOLIHEe
3HadeHwus (Taod. §).

Taoauma 6

Pe3ysibTaT HcciieqoBaHus HA yyacTke N 2 OT CTAHIIMH METPO
Anma-ATuHCKAs 10 cTaHuuU MeTpo besiopycckas —
yTpeHHuii yac nuk (3aMmockBopeunkast JUHNS) [BHINOJIHEHO AaBTOPOM]

Mapupyt Ne 2 ot craniuu Metpo Anma-Atusckas | KomnuectBo Cpennsist Cpennee

JI0 cTaHIUH MeTpo benopycckast — yTpeHHUI yac | 0OHapyKeHHBIX JTATIBHOCTH MOE3JIKH | BpeMsI MOS3IKHI

UK (3aMOCKBOpELIKAs JIMHUST) MapIIpyToB MacCaKUPOB MacCaXUpPOB
IIaCCaXKUPOB

20 ¢eBpans 2021 r. — yrpeHHHi yac muk* 33 9,4 xm 0:12:28

24 despans 2021 r. — yTpeHHUI Yac MUK 35 8,7 kM 0:11:46

26 ¢eBpast 2021 r. — yTpeHHHIN Yac MUK 32 10,4 xm 0:13:52

OO0uiue cpeiHue 3HaYCHUS 33,33 9,5 kM 0:12:42

Ipumevanue: *20 dpespast 2021 roga — cy6o0Ta.

ViA] A | : | N2 =0
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7:26:29 7:33:02 | 7:34:06 7:36:28 7:39:25 7:41:57 HeT | 7:49:50 | 7:53:06 | 7:55:13 | 7:58:22 | 8:00:16 | 8:02:55 | 8:04:54 | 8:06:32
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Puc. 13. Mapwpymbi naccaxupoe ¢ ekno4éHHbIM Modynem Wi-Fi Ha yuacmke Ne 2 om cmaHyuu Mmempo AnMa-Amurckas o cmaHyuu
mempo Benopycckasi — ympeHHull yac nuk (3amockeopeykas auHus) — 20 gheepans 2021 200a [8bINOHEHO a8MOPOM].

Puc. 14. U306paxeHue yuacmka Ne 3. [3nekmpoHHb1ii pecypc]: https:/lyandex.ru/metro/moscow?scheme_id=sc34974011/. focmyn 10.04.2022.

VINPIDAHCTIOPTA M2 U223 320 INCE (U 1) 3CE5 Y 20U

ATIEKCEEE MU M5 STOOPOYHOE 00 EOBAHNENTACCRNPOTTOTOKAMMETOIOMEIHATIN AWV ISELITAHHBIX]
BIVVOCKOBCKOMEDJHCTTOPTHOMY STTER dCTH 4



Taoaunma 7

Pesynbrar ncesenoBanus Ha yyactike Ne 3 oT craHuuu MeTpo ByHunckast ajiiest 10 cTaHIUH
ButneBckuii mapk (byroBekast munus) — 09.02.2021 roxa [BbIno/iHeHO aBTOPOM|

VYuactok Ne 3 ot craniuu Metpo ByHnunckas annest KommuectBo Cpenusist Cpennee

1o craniuu burnescknii mapk (ByToBckast muHuMs) O0OHApPYKEHHBIX JIaNbHOCTh BpeMsI TIOE3IKN
MapIIpyToB MOC3IKI MacCaKMPOB
MacCaKUPOB [acCaXupoB

09 despans 2021 r. — yTpeHHUIT Yac MUK 18 3,9 km 0:05:15

10 deBpanst 2021 . — yTpeHHHI Yac MHK 23 3,87 km 0:05:48

26 ¢eBpanst 2021 r. — yTpeHHHI Yac MUK 11 4,4 kxm 0:07:14

OOye cperHue 3HAYCHHS 17,33 4,06 kM 0:06:06

HpI/IMC‘iaHI/ICZ Ilo TIOJTy4Y€HHBIM pE3yabTaTaM MOKHO C1€JIaTh BBIBO/I, YTO CPEAHAA AAJIBHOCTD MOC3A0K IPAKTHYCCKHU paBHA

TIOJIOBAHE ITyTH BCETO y4acTKa.
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M [accaxkunpbl M Maccaxupbl ¢ Wi-Fi yctpoiictBamm

Puc. 15. CoomHouweHue peasibHbIX NacCcaXupoe ¢ naccaxupamu ¢ ekntoYéHHbIM Wi-Fi Modynem. Yyacmok Ne 3 om cmanyuu mempo

ByHuHckas annest do cmanyuu bumuyesckuli napk (Bymoeckas nurus) - 09.02.2021 20da [ebinonHeHo agmopom].

bynunckas Yia ByneBap Yina Yia Jleco- burnesckuit
ajutes I'opuakopa VYmakoBa CxkobeneBckass | CrapokayalloBcKasi | IMapKoBast napK
8:17 8:19 8:21 8:22 8:28 8:31 8:33
23 28 37 50 50 49 49

Puc. 16. Mapwpymb1 nomeHyuanbHbIX Naccaxupoe ¢ 8KkMo4éHHbIM modynem Wi-Fi Ha Yyacmke Ne 3 om cmaHyuu Mempo ByHuHckas annes

do cmanyuu Bumyeeckuli napk (Bymoeckasi nuHus) - 09.02.2021 200 [6bINOHEHO agMOpPOM].

VINDRIPDAHCITOPT e UZ 2 38 32 U SN (I U 1) SUSO Y 20U

AJICKCECBI U 3 BTOOPDOHHOCID D CITEOBAHEHId CCKVDOTIO TORAIVIE TOAOM I HATIN AWV IEEIFTAHHBIX

BIMOCKOBCKOMNPAHCITOP THOMSTICSH ACT BN |
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Puc. 17. U3o6paxeHue mapupyma Ne 4. [dnekmpoHHbIii pecypc]:
https:/lyandex.ru/metro/moscow?scheme_id=sc34974011/. Jocmyn 10.04.2022.

3AKINKOYEHKUE 1. Pacniosiosxenue Wi-Fi ckanepa

[To uToram uccienoBaHus ObUTH OTPE/ICTICHBI [pu nposenenunn uccnenoBanus Wi-Fi cka-
IJIaBHBIE OCOOEHHOCTH MOJNYYEHHBIX pe3ylbra- Hep pacHoiaraics in6o Ha noiy BaroHa (byros-
TOB W CJ€JIaHbl BHIBOJBI 110 HCCIEAYEMOMY Me-  CKasl JIMHUS METPO, 3aMOCKBOpELKas JIMHUSL

Toay coopa u aHanuza Wi-Fi qaHHBIX. MeTpo), 1ub0 Ha BEepXHEll MOJIKe BaroHa
90
78
80 75 75 75 75
71
70 65
61
60
% 51 ;1 s
50 3 5 46 My Was Was Was @45 "
39
36
40 35 33
30 53 )
20 16
10 I I
0
I T A N S S )
& &S & O & o & & & & O o & s
& & & MRS & & & & AN C O
oS R R RO S S P N
Cgi‘ Cg!* &Q;% C&:X\ <\Q NS 2 S &
$ S § &
o > P A
& g N
O ] O
S N
R S
N\

M [Maccaxupos M MNaccaxupsbl ¢ Wi-Fi yctpoiictBamu

Puc. 18. CoomHoweHue peanbHo20 Yuc/a Naccaxupos U naccaxupos ¢ kmoyéHHbIM Wi-Fi modynem. Yuacmok Ne 4 om cmaHyuu mempo
KomenbHuku do cmanyuu mempo bappukadHas (TazaHcko-KpacHonpecHeHckas nuHusi) — 18.05.2021 200a [ebInosTHeHO asmopom].

VIMDIPAHCTTOPTAME UZZ 38 87 U BNCTE (11 0 1 ) BUMS Y20 U

ATIERCEEB I MU 35 STOOPOYHOCIOOCIIEAOBdHNENIACCAKNPOITOTORAMMETOAOMEIHATIN AWV ISELFTAHHBTX

BIVIOCKOBCROMEDAHCTIOPTHOMNIJIC I ACTI B |
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5.

Puc. 19. Mapwpymb1 naccaxupos c ekno4érHbIM Modynem Wi-Fi Ha Yaacmke Ne 4 om cmanyuu mempo KomenbHuku 0o cmaHyuu Mempo
BappukadHas (TazaHcko-KpacHonpecHeHckas nuHusi) - 18.05.2021 2oda [ebInosHeHo agmopom].

(ML-2). [Toareepxaena nHpOpManus Ipon3-
Boauresst Wi-Fi poyrepos o Tom, uTo aist 6oree
crabuibHOH padbotsl Wi-Fi ycTpoiicTB pexkomen-
nyertcst pactionarath Wi-Fi ycrpoiicTBa Ha BbI-
core 1-2 merpa. KommdaecTBo oOHApYKEHHBIX

8 O0uMe peKOMEHALMH 110 Pa3MEeIIeHUI0 B KBapTupe NH-
TepHeT-1leHTpa Keenetic st cTabumbHOM U Ka4eCTBEHHON
pa6oter cetn Wi-Fi. [Dnexrponnsiii pecypce]: https://help.
keenetic.com/hc/ru/articles/213968849. loctyn 10.04.2022.

VINDREPAHCITOP T2 022 38 BP0 INE I V1) SCASY 00,

Wi-Fi ycrpoiictB npu pacnonoxennn Wi-Fi
CKaHepa Ha BEpXHEH IT0JIKe BaroHa BBIIIE, Yepe3
npu pacronoxennn Wi-Fi ckanepa Ha momy
BaroHa (ta0. 9).

2. Hauume/oTcyTcTBUE BHEIIHelH aH-
TeHHBI

Ilo pe3ynbraram ucciaen0BaHus ObIIO BBISIB-
JICHO, 4TO HaJM4KMe BHEUIHEH aHTEHHbI 3HAYH-
TEJILHO YBEINUNBACT PE3YJIBTAT, HO IIPHU YCIOBHU

ATIEKCEEB I MU} :j:llo)qu DOCTIEAOBARNERTACCRKNPOTTOTORAMMETOAOMEIHATTN AWV ISEIFTAHH BTIX]

BIIOCKOBCKOMMN P AHCITOPTHOMM/3TIE! :mma 3
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Ta6auna 8

Pe3ysbrar uccienosanus Ha yyactke Ne 4 ot craHuuu MeTpo KoTelbHHKH 10 cTaHIMH
Metpo bappukannas (Tarancko-KpacHonpecHeHckasi TUHUS) —
18.05.2021 roaa [BbINOJIHEHO AaBTOPOM]

VYuaactok Ne 4 ot crannuu merpo Korensauku | Kommaectso Cpenusist Cpennee BpeMmst

1o cranuuu Metpo bappukannas (Tarancko- | 0OHApyKEHHBIX JTAJIbHOCTB MOE3JKH | OE3/IKU MACCAXKUPOB
KpacHonpecHeHcKast JIMHYIS) MapuIpyTOB [TACCAKUPOB | ITACCAKHPOB

17 mast 2021 . — yTpeHHHUIt Yac MUK 26 11,07 km 0:14:30

18 mast 2021 . — yTpeHHHUIt Yac nuK 58 15,95 km 0:21:31

19 mast 2021 . — yTpeHHHUIt Yac nMuK 59 12,47 kxm 0:18:06

O01ue cpetHre 3HaUSHUs 47,67 13,16 km 0:18:02

Taoaunma 9

CpaBuutenbHas Tadauna oopadoranubix Wi-Fi 1aHHbIX [BbINOIHEHO aBTOPOM]

CpezHee KoIM4YecTBO 0OHAPYKEHHBIX MapIIPyTOB T1ACCAXKHUPOB (€1.)

Pacnonoxxenne Wi-Fi ckanepa MIIA-2 3amockBopelkas uHus | ByToBckas JIMHUS
‘YpoBeHb 11012 BaroHa - 33,33 17,33
Bepxusis nonka Barona 57,3 - -

pacmomnoxenuss Wi-Fi ckanepa Ha BepxHEl
TIOJIKE BAaroHa.

3. Tunamuyeckuii / cranmonapHubiii Wi-Fi
cKaHep

IToxazaHo, 4TO MPU MOMOIIN ANHAMHYECKO-
ro Wi-Fi ckanepa BO3MOXXHO MTOTy4aTh JaHHBIC
0 MapHIpyTax MacCa’KMPOMNOTOKOB, M B YACTHO-
CTH €r0 CBOMCTB, TaKUX KaK:

* CpenHsIsl AaTbHOCTD MOE3KH MOTCHINAb-
HBIX TIACCaKUPOB;

* cpeiHee BpeMs Iy TH MTOTEHINAIbHBIX ITac-
Ca)KHPOB.

B naHHOM MCcleIOBaHMH HCIIONB30BANICA
onnH nuHaMudecknid Wi-Fi ckanep, Ho 1 60-
Jiee BBICOKOTO PE3yIIbTaTa HEOOXOANMBI CTAIHO-
Hapusle Wi-Fi ckanepsl. Bonee Toro, mpu pac-
nonokeHnu Wi-Fi ckaHepoB Ha BBIXOJIE U BXOJE
13 METPOIIOJNTEHA U B CAMUX BAaroHax METpPO-
MOJINTEHA, BO3MOXKHOCTB OIIPEAEICHHUS MapIi-
PYTOB ITOTEHIINATIBHBIX TACCAKUPOB 3HAUUTEITh-
HO yBenmuuTcs. Takxke OONbIIyIO poib OymeT

MMeTh HaKomHTeNbHBINH 3ddext. Ecnmun Wi-Fi
JaHHBIX O MaCCaKUPOMOTOKaxX OyHeT OombIie,
TIOSIBUTCSL BOSMOKHOCTh aHAJIN3UPOBATH MOITY-
YECHHBIC JAaHHbBIE C JAJIbHEHIINM MX MPOTHO3H-
pOBaHHEM.

Jnst osrydeHns! KadeCTBEHHOTO Pe3ysibTaTa
0 TACCaXKMPOTIOTOKAX TpeOyeTcsl BHEAPEHUE
1 yCTaHOBKa cTarmoHapHbIX Wi-Fi ckaHepos.
OzxHa M3 NOTCHOMANBHBIX CXEM yKa3aHa Ha
puc. 20.

[To BeImeyka3aHHOU cxeme Tpebyercs
ycranoBka ogHoro Wi-Fi ckanepa Ha BXOIze
B METPOTIOJIMTEH MIIM HA BXOZE Ha IUIaThopmy
MI/, ycranoBka mo ognomy Wi-Fi ckanepy
B KaX/IbIil BarOH METPO M YCTAaHOBKA OJHOTO
Wi-Fi ckanepa Ha BBIXOJe M3 METPOTIOTUTEHA
nu ot matdopmsr M. OcHamenune gomon-
HutenbHBIME Wi-Fi ckaHepamu ymydmuT pe-
3yJBTAThI ¥ IIO3BOJIUT COOMPATH M HAKATUINBATh
nmanasie Wi-Fi nns nx ganpHeieit o0paboTku
1 aHa/In3a.

Puc. 20. Cxema pacnonoxeHrus Wi-Fi ckaHepoe [8binonHeHo asmopom].

:{ DRUE RAJVIE MEHATINSAWVIE AHHB



Ta6auuma 10

Pesyabrar 00padoTku Wi-Fi 1aHHBIX 10 BceM 4eThIPEM yYacTKaM [BBINOJTHEHO aBTOPOM]
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1 |MLA-2 29,2 0:48:00 53 32 13,98 0:21:12
2 | 3amockBoperKas 27,9 0:41:46 28 18 9,5 0:12:42
JTMHYS
3 | ByToBckast nuHMS 8,8 0:16:40 21 8 4,06 0:06:06
4 | Tarancko- 25,1 00:38:00 41 24 13,16 0:18:02
KpacuonpecHenckast
JTMHYS

Ha nansblif MoMeHT Ha TeppuTOpur MOCKOB-
CcKoif aromeparun 30Ha Wi-Fi yBennduBaercs
u3 rozia B ron°. Jlanubiii hakTop UMEET OrpOMHOE
3HAYCHHUE /ISl YBEIMUCHHS] BO3MOXXHOCTH TOITY-
yeHus Oosee kauecTBeHHBIX Wi-Fi TaHHBIX U UX
00paboTKH C HEIbIO MOTYYeHHs JaHHBIX O I1ac-
Ca)KUPOITOTOKAX.

Bonee Toro, Wi-Fi ananutuky MoxHO uc-
T10JIb30BaTh B Ka4€CTBE JOMOJHHUTEIHLHOTO HH-
CTpPYMEHTA JUIsl aHajHM3a MacCaKUPOIIOTOKOB,
Hapsily ¢ TaKMMH KaK BaJHJalusl, aBTOMaTHU3H-
pOBaHHas CCTeMa MOHUTOPHHTA ITACCAXKUPOIIO-
TOKOB, BHJICOAHAINTHKA U JP.

4. IIporpamMma 1Jisi 00padOTKH JAHHBIX.
Panpomu3anmus

BakHeHIInM 37IeMEHTOM MOTyYEeHHS PE3yITh-
TaTOB JaHHBIX O MAaCCAXHPOMOTOKE SIBISETCS
00paboTKa 1aHHBIX. []J1s aHamM3a JaHHBIX B pam-
Kax JaHHOTO HCCIIEJIOBAHUSI MCIOJIBb30BAJIHCh
BO3MOYKHOCTH TporpamMMsbl Microsoft Excel, Ho
pu MacmrabupoBaHuM 00pabOTKH JaHHBIX
nporpammel Microsoft Excel Oynet HenocTaTou-
Ho. [ToTpeOyroTcst nporpaMMbl, OCHOBaHHBIE Ha
sI3BIKAX MPOrpaMMHUPOBaHHMs, TakuX Kak Python,
My SQL u t.1.

Taxke B paboTe ObLIa OMpEeicHa «IIPoo-
JeMay paHJIOMHU3alNH JaHHBIX. BbUTH clienansl
CJIC/TYIOIIME BBIBOIBI: PAH/IOMHU3AIINS KaK TaKo-
Basi HE MemaeT oOpadaThIBAaTh IOJTYYCHHBIC
JlaHHbIe, Tak Kak pangoMu3anus MAC-agpecoB
MIPOUCXOJUT HHU €KEMUHYTHO, HH €KE4acHO,
a eKeJHEBHO, eXKeHe1eNIbHO. B pamkax neproza
HCCIIEIOBaHUS B TeUCHHE 1—2 4acoB paH/IOMU-
3alusl He BIMSCT Ha Pe3yJIbTar.

® Mockogckomy Wi-Fi ncnionuunocs cemb siet / Mocksa 24.
[Onexrponnsit pecype]: https://www.m24.ru/news/mehr-
Moskvy/27092020/134649. Toctyn 10.04.2022.
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5. OMnupuYeckue pe3yabTaThl

ITpoMexyTOUHBIE SMIMPHUIECKIE UTOTH HC-
CJIeI0OBaHMsI TIOKa3aly, 94To B cpeqaem 2045 %
OT PEaTbHOTO KOJIMYECTBA TACCAKUPOB UCTIONb-
3yIOT OTpEeNIIeMble ONMCAHHBIMU METOJaMHU
Wi-Fi ycTpoiicTBa. 9T0 MOXKET CBHUICTEIHCTBO-
BaTh O TOM, UTO HE BCE MMACCAKHUPHI HCTIOTB3YIOT
BrmrouéHHBINH Wi-Fi Mmomymns Ha Wi-Fi yerpoii-
CTBE, KPOME TOTO, B paHHEE BPEMsI CyTOK MHOTHE
MACCaXKHUPBI CIIAIT, COOTBETCTBEHHO, BHIOOpKA
MIOJTyYaeMBbIX JAHHBIX CHIKAETCS M YMEHbBIIACT-
Cs1 YMCII0 OOHAPYKUBAEMBIX MapIIPYTOB MOE3I0K
naccaxupoB. Ho MONOKUTETBHBIM MOMEHTOM
SIBISIETCSI TO, YTO MOTYYEHHbIC JTaHHBIC B IIEJIOM
BO3MOYKHO HCTIOIb30BATh ISl aHAIIN3a [TACCAXKH-
POIIOTOKOB.

B ta6n. 10 yka3an pesynsrar o6padotku Wi-
Fi maHHBIX 11O BceM YETHIPEM ydacTKaM.

ITo Bcem yeTbIpéM ydacTKaM IPOLEHT Cpel-
HEero KoJmdecTBa oOHapyxkeHHBIX Wi-Fi
YCTPOMCTB K peaIbHOMY KOJMUYECTBY MacCaKu-
poB coctaBui 35,75 %, a cpeaHee KOIMIECTBO
MaCCaXMPOB, MPOEXABIINX IPAKTUIECCKH BECh
myTh, — 20,5 %.

CyIecTByIOMNE TEXHOIOTHH MO3BOJISIOT
Pa3IMYHBIMH METOIaMH COOMPATh JaHHBIE O Iac-
caXxupornoTokax. Ho st kadecTBeHHOTO, TO €CTh
OMM3KOr0 K peasbHOMY, & HE IPOTHO3HPYEMOMY
pe3yibTary 1o BBEIOOpKE TaHHBIX, TpeOyeTcs mc-
T0JTb30BaHNE KOMOMHUPOBAHHBIX CHCTEM ITOZICHE-
Ta MacCaKMPOIIOTOKOB, CHCTEeMa cOopa 1 aHaIn3a
BCEX BO3MOKHBIX JIAHHBIX Ha TeppUTOpHN MOCKOB-
CKOT'O TPAHCIIOPTHOTO Y3J1a.

Taxoke TpeOyeTcst coop u ananms Bluetooth-
JTAaHHBIX, KOTOPBIE B Oy/IyIIeM TOXE MOTYT JaTh
MHTEPECHBIE PE3yNBTaThl B 00IACTH HCCIIEI0BA-
HUSI ACCAXKUPOTIOTOKOB.
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WUcnonb3oBaHWe BO3MOXHOCTEN UCKYCCTBEHHOIr0 UHTEJJIeKTa
ans BbisABNIeHUA I'IOBpe)Kp,éHHbIX rpy30B No BHEWHEMY BUAY
ynakoBKU Npu BbINOJIHEHUU NOTUCTUHECKUX onepauMVl
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Maxkcum MATBILLEB

AHHOTALUA

B c8A3u ¢ npozHo3upyemMbim 8 d0120CpOYHOL nepcnekmuse
yeesnuyeHuem 06bEM08 Nepeso3uMbIX 2py308, POCMOM 8IUSHUS
3KOHOMUYECKUX U meppumopuarbHbIX hakmopos Ha mpaHc-
NOPMHbIe NPOUECChI, YCIIOKHEHUEM M02UCMUYECKUX ycrmye u
nosbiweHuem mpebosanull K Ux kKayecmey, pacnpocmpaHeHuem
UHGhOPMAYUOHHBIX MEXHOMo2Ull U CO8epWEHCME08aHUEM UH-
CMPYMEHMO8 UCKYCCMBEHHO20 UHMesiekma npedioxeH nep-
ChekmusHbIll cnocob pacnosHasaHust NOBPEXOEHHBIX 2py308 NO
8HewHeMy 8Udy ynakosKku ¢ NOMowbIo 0byyarouselics HelpOHHOU
cemu.

Llenbto paboms! f8nsemes onucaHue NpUHYUN08 UCNob-
308aHUA UCKYCCMBEHHOU HelpOoHHOU cemu Onsi 8bisieIeHUs
nospexdéHHbIX 2py308 N0 UX BHeWHeMy 8udy. AkmyansHOCMb
npobnembi nodmeepxdeHa daHHbIMU 0 NOBPEXOEHUSIX 2py308
80 8pemMsa mpaHcnopmuposku. B pabome npumererbl memods!
cbopa u aHanu3sa 0aHHbIX, ONUCAHUST U CPaBHEeHUsI Cyu,ecmayio-
WUX U nepcnekmusHbIX mexHonoauti, HabndeHus 3a npoyec-
com epysonepepabomku u ux modenuposaHusi, 0606weHus
pesynbmamos. [IpoaHanusuposaHbl pacnpocmpaHéHHble U
nepcnekmusHble Memodbl npedynpexdeHus U 8bisieNeHUs
nospexdeHutl 2py308. Micnonb3oeaHsl pe3ynbmamsi uccnedo-
saHull 8 obnacmu obHapyxeHusi 0eghekmos Ha pasfuyHbIX

Maxcum Heopvesuu Manviuies

Mockosckuil asmomoounbHO-00PONCHbII 20CYOAPCMECHHbII MEXHUYECKULL
yrugepcumem (MA/U), Mockesa, Poccusi.

NO8EPXHOCMSAX U Pacno3HagaHus 3HaKos U Ugemos 8 08UXeHUU
C NPUMEHeHUeM UHMesnnekmyanbHbIX mexHomoaud.

C nomouwbto ceépmoyHoli HelpoHHOU cemu peweHb! npob-
11eMbl pacno3HasaHusi NO8PEXAeHUL Ha ynakoske 8 CIIOXHbIX U
HebnazonpusmHbIx 0Nl MaWUHHO20 3peHus ycrosusix. B coom-
8emcmauu ¢ NpeOIOKeHHbIM arzopummMomM 3axgam U300paxeHus
ocywecmensemcsi co cmaHOapmHbIX kKamep 8UOeOHabmOeHUS.
M3 8860EHH020 8 HEUPOHHYIO Cemb U306paxeHust no xapakmep-
HbIM NpuU3Hakam 8bi0ensomes hpaemeHmel, KOmopkle NPo8eps-
fomcst Ha coomeemcmeue nammepHam nogpexdexudl. B peyrb-
mame aHanusa KOHMypos nospexdeHull Helipocems npu3Haém
2py3 nospexdéxHbIM. B npouecce 0by4eHust Helipocemu U uHme-
2pauyuu npednoxeHHO20 UHCMPYMeHma no 8cell yenu NOCMasoK
obecneyugaemcs pacno3HasaHue peasbHo NOBPEXOEHHBIX 2py308
U UCKITI0Yarmes OWUBKU, C8A3aHHbIe C He3HaqumenbHbIMu dony-
CMUMBIMU NOBPEXOEHUSMU U 0COBEHHOCMAMU ynakosku. Tped-
TI0XeHHas1 KoHuenyus He mpebyem ycmaHoeKu AoNonHUMesTsHo-
20 obopydosaHusi U He npednonazaem Cyuw,ecmeeHHol cmoumo-
cmu ycrya pacnosHagaHusi NospexoéHHbIX 2py308. lpedcmasne-
HbI U ONUCaHbI NPOUECChI BUOEOhUKCAUUU 2py30N0MoKa, 3a2py3-
KU u306paxeHusi 8 HelPOHHyt0 cemb U Modenb pacno3HasaHus
nospex0EHHO20 2py3a no 8HeWHeMy 8udy ynakosku.

Knrouesnble crioga: epy30eble NEpesosKu, NOUCK NOBPEXAEHHBIX 2py308, COBEPWEHCMBOBaHUE T02UCMUYECKUX NPOUECCO8, CEED-
MOYHbIe HElPOHHbIE cemu, 8UAeOhUKCaLUs 2py30N0MoKa, ynpagreHue UensmMu nocmasok, UHCMPYMEHMbI UHMESTIEKMYalbHbIX

MPaHCNOPMHbIX cucmem.

Lns uumuposanus: Maneiwes M. Y. Vicnonb3ogaHue 803MOXHOCME UCKYCCMBEHHO20 UHMeNNekma Ol 8bISIIEHUS N0BPEXOEHHbIX
2py308 No 8HewHeMy 8Udy ynakosKu npu 8bINOAHEHUU noaucmuyeckux onepayuli // Mup mparncnopma. 2022. T. 20. Ne 4 (101). C. 61-72.

DOl: https://doi.org/10.30932/1992-3252-2022-20-4-5.

MonHbIli mekcm cmambu Ha aH2nulickoM si3bIke ny6nukyemcst 0 mopoli Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

['py3omepepaboTka sBIsSETCS HEOOXOAUMOM
COCTaBIIAIOIIEH JTOOBIX MPOU3BOACTBEHHBIX
MPOIECCOB U JIOTHCTUYIECKON NEATEIBHOCTH.
OOBEMBI TEPEBO30K TPY30B YBEITUUHUBAIOTCS TIPH
yBEITMUYEHUHN 00bEMOB IIPON3BOCTBA 1 TIPOAAK
TOBapoB. PacTér MOTpeOHOCTH B Ka9ECTBEHHBIX
JIOTHUCTHYECKHX yCIyTax.

[epemerenne Tpy30B 1 00MeH HHPOpPMAITH-
€1 OCYyIIECTBIIIOTCS MEK/Ty KOMITAaHNSIMHU, HAXO0-
JUIIIAMUCS B PA3HBIX COLHAIBHO-OKOHOMHIECKHX
YCIIOBHSX, CYIIECTBEHHO YAANEHHBIMU APYT OT
JIpyTa, PacroJIOKEHHBIMUA B TPYJHOJOCTYITHBIX
palioHax WM METaoNNCaX W MPOMBIIUICHHBIX
LIEHTPax, YTO MPUBOJUT K YCIOKHEHHIO TPaHC-
MIOPTHBIX IPOIIECCOB 1 MOBBIIIIEHNIO BEPOSTHOCTH
MOBPEKACHNS TPy3a.

Jloructnueckast cuctemMa Co3IaéTcst U KC-
TUTyaTHPYETCs A1 IPEOCTABICHUS TPY300TIIpa-
BHUTEISAM M I'Py30I0JIydaTesssM 0e30macHbIX
n 3¢ dextuBHBIX yemyr [1].

[Tpu 5TOM OTHMM M3 OCHOBHBIX TPeOOBaHHIA,
MIPEBSIBISIEMBIX K JIOTHCTHIECKUM KOMITAaHUSIM,
SBJIAETCS HAAEKHOCTh NEPEBO3KU M TPAHCTIOPT-
HBIX YCIIyT, KOTOpas B 3HAYUTEIHHON Mepe
OTIPEZIEIIAETCS COXPAHHOCTBIO TEPEBO3NMBIX
U CKJIAAPYEMBIX TPy30B [2; 3].

I'py3 MOXHO CUMTAaTh HCTIOPYECHHBIM B CITydae
M3MEHEHHS B TIPOIecCe TPAaHCHOPTHPOBKU €TO
KaueCTBEHHBIX MM KOJMYECTBEHHBIX XapaKTe-
pucTHK. B pesynbrare mopum rpy3a HaCTyNalOT
HETaTUBHBIC MTOCIIEACTBUS JUTA BCEX JINI, 3anH-
TEPECOBAaHHBIX B KaUECTBCHHON TTEPEBO3KE.

st rpy3ononyyarenei TaAKUMHU HETaTHUBHBbI-
MU MOCIEACTBUSIMUA SIBISIFOTCS yIIepO, cBs3aH-
HBIH ¢ yTpaToi rpy30M TOBapHOI'O BUJA U I10JIE3-
HBIX CBONCTB, U, KaK CIeACTBHE, cOOM B OM3HEC-
npoueccax. s OTBETCTBEHHBIX 3a TIEPEBO3KY
JIMI] — 3TO HEOOXOIMMOCTbH KOMITEHCAIIUH TPY30-
BJIa/ICNbIIaM YOBITKOB, CBSI3AHHBIX C MOpUYEH
Tpy3a, CHIOKEHHE YPOBHS JJOBEPHSI M BEPOATHBIN
YXOJ KIIMEHTOB, TIOTEPS] KOHKYPEHTHBIX TO3UIINH
Ha PBIHKE TPAHCHOPTHO-JOTUCTHIECKUX YCITyT
U T.I.

ITopua rpy3a B mpomecce MpenoCTaBICHUS
JIOTUCTHYECKUX YCIyT HE TOJBKO cama I1o cede
SBJISIETCSI KpalHE HEKETIATeIbHBIM COOBITHEM, HO
1 BIICYET JIOTIONHUTEIBHBIC CIIOKHOCTH KaK JUIs
MOCTABIIMKOB YCIIYT, TaK U JUIS MOJTydaTeneil.

B cootBeTcTBHY ¢ HOpMaMHU ITpaBa B 00JIACTH
TPAHCTIOPTHPOBKH T'PYy30B, NPH IOJDKHOW yTia-
KOBKE M COOJIONECHUM MPOYNX TPeOOBaHHUN CO
CTOPOHBI TPY300TIIPABUTENS Cpa3y MOCIE MpH-
HATHSL ¥ 10 BBIJJAYU TPY30B oOecrieueHue ux

Vin} \ [ NO

vid. =3 \[F 4F Ul BAHWE B! NOXK

COXPaHHOCTH SIBJISIETCS 005I3aHHOCTBIO IIEPEBO3-
YHKa MO0 JIHIa, OTBETCTBEHHOT'O 32 IIEPEBO3KY,
U B 00s3aTEIbHOM MOPSAJKE OrOBapUBaETCA
B JIOTOBOPE MEPEBO3KH [4].

IToBpexneHue rpysa siBJIsieTCS OJHOU U3
NPUYMH MIPETEH3Uil TPy30BIaAeblEB, CBA3AH-
HBIX C TPAHCTIOPTHUPOBKOMU TPy30B [5].

[epeBo34nK MOKET HE OOHAPYKUTH TIOBPEIK-
JICHUA TPy3a U BBIIATh UCIIOPUYEHHBIN TPY3 IPy-
30M0JIyYaTesio, a MoJaydyaTeslb MOXKET y3HaTh
0 TOM, YTO T'py3 MOBPEXKIEH, YK€ Ha CBOEM
CKJIaJie WU OT CBOMX KJIMEHTOB. [lopua rpysa
B HayaJie [e11 II0CTaBOK MOXKET OBbITh BBISIBIICHA
y’Ke B MECTe MPUMEHEHHUS IIEPEBO3MMOT0 TOBapA.

[onyuenue crarucTHYecKoi MHGpOPMALH
00 00l11eM KOJIMYECTBE MOBPEKAEHHBIX B IIPO-
1[ecce MepeBO3KU U BBITOJIHEHUS COIYTCTBYIO-
MIUX OINEepanuil TPy30B U APYTHX CTaTUCTHYe-
CKHUX JIaHHBIX B 9TOH 00JacTH JOCTAaTOYHO 3a-
TPYIHEHO.

[Tpu 5TOM 00 aKTyaabHOCTH MPOOIEMBI I10-
BpPEXKICHUSA T'PYy30B TOBOPUT BO3PACTAIOIIMIMA
CIIPOC Ha CTpaxoBaHHE OOBEKTOB TPAHCIOPTH-
POBKH, B TOM YHCJI€ OT MOBPEXKICHUS B IIPOIIEC-
Cce MepeBO3KU U BBI3BAHHBIX ITUM yOBITKOB.

OO0BEM MHPOBOTO PBIHKA JIOTMCTUYECKOTO
CTPaxOBaHUs €KErOJHO YBEIUYHUBACTCS U, IO
nporxosam, k 2027 rogy MoXeT AOCTUTHYTh
76 mupn nomtapos CHIA [6].

VYBeNMUNBAETCA U KOJIMYECTBO CTPAXOBBIX
Clly4aeB, a IIPU MEPEBO3Kax COOPHBIX I'PY30B
KPYITHBIE TPAHCIOPTHBIE KOMIIAHUHM MOTYT IO
YMOJIYaHHUIO BKJIIOYATh CTPAXOBKY I'PY30B B Ta-
pud Ha iepeBo3ky [7].

VYiiep0 TpaHCHOPTHBIX KOMIIAHUH OT TOPYH
rpy3a Mo pa3HbIM IPUYUHAM B XOJ€ TPAHCIIOP-
TUPOBKH MOYKET COCTABJIATH CYILICCTBEHHYIO
4acThk OT OOIIETO pa3Mepa MOTEpU TPY30B.

B coBpeMEHHBIX Hay4HBIX HCCIIEIOBAaHUIX
B 00JIaCTH KCIUTyaTalld TPAHCIIOPTa U IPy30-
MEepeBO30K MPOCMATPUBACTCS YCTONYMBas TEH-
JICHIIMS K COBEPIIEHCTBOBAHUIO TPAHCIOPTHBIX
U CKJIQJICKUX IMPOLECCOB MyTEM MPUMEHEHMUS
COBPEMEHHBIX TEXHOJIOI'Hil, B OOJIBIINHCTBE
CBOEM CBSI3aHHBIX ¢ IM(POBHU3ALUEH CHCTEMBI
yIpaBJIeHHUs IEPEBO3KaMHU U TPAHCIOPTHOM OT-
pacipio B LEJIOM, a Takxke HuppoBU3ALMCH
0e30MacHOCTH MEPeBO30K [8].

B pesyneraTe mHTErpamuu COBPEMEHHBIX
U (POBBIX TEXHOIOTUI B TPAHCIIOPTHBIH KOMII-
JIEKC BO3MOYKHO OCYIIIECTBIISITH MOJICINPOBAHHE
npoliecca MepeBO30K U PEeryIupoOBaHUE TPAHC-
MTOPTHBIX MIOTOKOB C IIOMOIIIBIO HHTEJIEKTYaJlb-
HBIX CHCTEM.



Camu 110 ceOe UHTEIIEKTyaJIbHbIE TPaHCIIOPT-
Hble cuctemsl (UTC) BMecTe ¢ TakuMH NPOPHIB-
HBIMM TE€XHOJOTHsIMM, Kak VHTepHeT Beuiei,
nudpoBoe yrpaBieHHe, 00JauHble CEPBUCHI,
0oJIbIIINE IaHHbIE, OECITUIIOTHBIN TPAHCIIOPT, MOJI-
HOCTBIO POOOTH3UPOBAHHBIE CKIIA/IBI U TPOYUMH,
HEOOXOMMBI JUTS peaTi3aliii KOHIICTIIUH, ooec-
TMIEUMBAIOIIMX OYKHUIAeMBbIe B Oyj1yIiieM TpeOOBaHMsI
K KaueCTBY JKM3HH M OW3HEC-TIpoLieccaM, TaKuX,
HarpuMmep, Kak yMHbIE TOpPOJia MM aOCOIIOTHO
ABTOMATH3UPOBAHHBIE MMPOU3BOJACTBA, 3D-mpo-
MBIIUIEHHOCTh U HHAYCTpHs 4.0.

WUTC nomxHbl 0becniednBarh 10CTaBKy Ipy-
30B HAAJICXKAIIET0 KauecTBa, 0e3 MOBPEXKICHUH,
4TO, B CBOIO Ouepenb, TpeOyeT Co3aHMs U Uc-
MOJIb30BaHUSI TEXHOJOTHII CBOEBPEMEHHOIO
00OHapy KeHUs TOBPEKAEHHBIX Ipy30B. KoHuen-
IIUHM YMHBIX TOPO/IOB HJIM IIEPEBO30K, yIpaBsie-
Mbix UTC, camu 110 cebe He IpeArnoaraloT Hu
YBEIMYCHUS POOJIEM C TIOBPEXKIEHHBIMH TPY-
3aMH, HU 3HAYUTENIBHBIX 3aTpaT Ha BBIABICHUE
U TIpeIOTBpAIlCHUE TTOBPEKICHUHN IPY30B.

B coorBercTBuM ¢ TpaHCIIOPTHOM cTpareru-
el mpeyCMOTpeH KCIIEPUMEHTAIBHBIN TPOSKT
Ha XeJIE3HOJOPOKHOM TPAHCHOPTE, KOTOPHIif
JIOJKEH 00eCeYnTh YMEHBIIICHHUE IOTePh U TOp-
91 TPY30B B ACCATh pa3 [9]. D10 cymiecTBeHHOE
CHUXXEHHUE MOBPEXKACHUH T'Py30B, HO BCE XKe
MOJTHOE HCKIIIOYCHUE BEPOSITHOCTH MOBPEXKIe-
HUS TPpy3a HE MpenojaraeTcs Aaxe B J0JTo-
CPOYHOH NEPCIEKTUBE.

C dpopmupoBanrem UTC ecth HEKOTOpBIC
cinoxxHOCTU. Ecnu KpymnHbBIE TPAaHCHIOPTHBIE
U TIPOM3BOJICTBEHHBIE KOMITAHUH UMEIOT pecyp-
CBbI JUIsl BHEAPEHHUS HOBBIX LIU(PPOBBIX TEXHOJIO-
THH, TO IEPEeBO3YNKH, HE UMEIOIIIE TaKUX BO3-
MOYKHOCTEH, He CrelaT ux UCoib30Bath [10].

TpaHCTIOPTHO-JTOTUCTHYECKHUE KOMIIAHUU
HUMEIOT MOTEHIHAT MPEJOCTABICHUS MTOJHOTO
Habopa MH(GOPMALMOHHBIX YCIYT, B TOM YHCIIE
COITyTCTBYIOIIUX MEPEBO3KE IPy30B, YAAIEHHO.
OpHako MPUMEHEHNE UMEIOIUXCS TEXHOIOT U
B MOJTHOM Mepe He ocymecTisiercs [11].

370 CBS3aHO C HEOOXOIMMOCTBIO YCTAHABIIHU-
BaTh JIOMOJHUTENBHOE JIOPOroCTOsIee 00opy-
JIOBaHUE U pa3padarbiBaTh WM MPHOOpETATh
nporpaMMHoe o0ecriedeHre, 4To TpedyeT cylie-
CTBEHHBIX BJIO)KEHHH 1 MOXKET HE JaTh MTHOBEH-
HOro sKoHoMmHueckoro 3¢dekra. [To MHEeHHIO
npeJcTaBuTeNel Ou3Heca, B TOM YHCie U B 00-
JIACTH TIEPEBO30K, MHOT/A JIyUllle MOI0XKIaTh,
MOKA TEXHOJIOTUH CTaHYT AOCTYITHBIMHU.

Takum oGpa3om, mopda rpysa BO Bpems
TPAHCIOPTUPOBKHU, XPAHEHUS M BBITOJIHEHUS
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COMYTCTBYIONUX ONEpaIvii sBIAETCS aKTyallb-
HOW MpobseMoit 11 BCeX YYaCTHHKOB TPaHC-
MOPTHO-JIOTUCTUYECKOTO ITPOoIiecca U SKOHOMUKHI
B 11esioM. Pemarh 3Ty mpoGiemy HEOOXOAMMO
BCEM KOMITaHUSM, yYaCTBYIOIIUM B JIOTHCTHYE-
CKOM IIpouecce, IpU4EM HE3aBUCUMO OT pa3me-
pa npenpusTus.

Hawu6onee sdphexTHBHBIMI HHCTPYMEHTAMU
Ut pettieHunst pyHIaMeHTaIbHBIX TPAHCIIOPTHBIX
npo0JieM, B TOM YHCIIE 33/1aui CYILECTBEHHOTO
CHIKEHUS MOPYU I'PY30B U CBOEBPEMEHHOTO
BBISIBJICHUS TIOBPEXK/ICHUH B TPy30IIOTOKE, MOTYT
OBITh TEXHOJIOTUH HCKYCCTBEHHOTO MHTEIICKTA
u MaimuHHOTO 00yueHwus. [Ipu aToM Takue uH-
CTPYMEHTBI JIOJDKHBI OBITh JIOCTYIHBI 20COJIOT-
HO BCEM 3aMHTEPECOBAHHBIM JIMIIAM, a 3HAUYUT
MpeAnogararb UCIOJb30BAaHUE ACIIEBBIX, HO
JIOCTAaTOYHO 3P PEKTUBHBIX TEXHOJIOTUH Oe3
JIOTIONTHUTEIBHOTO 000pYyI0BaHHUS.

B ycnoBusix ycuneHusl OXBaTbIBaIOLICH pbl-
HOK IEpeBO30K I100albHOW KOHKYpPEHLHHU
W BJIMSIHUS JPYTrUX (pakTOpOB IKOHOMHUUECKOTO
pocTa, B TOM 4YHUCJIE OKUAAEMOI0 paclpocrpa-
HeHUs1 AP (EeKTUBHBIX U(PPOBBIX TEXHOJIOTHUH,
CTPYKTYPHOI IepeCcTpOUKH MUPOBOTO X0341CTBA
1 U3MEHEHUS O6ajaHca MEKIy YKOHOMHUECKUMHU
LIEHTPaMH, BO BCEM MUPE BO3PACTYT TPeOOBaHMs
K KQueCTBY JIOKAJIbHBIX, HALIMOHAIBHBIX U MEXK-
JTyHapOIHBIX IPy30MEPEBO30K U COMMYTCTBYIOIIE-
T0, B TOM YHCJIE JIOTUCTHYECKOTO, 00CITY )KUBAHHSI
rpy30B. TpaHCHOPTHOM oTpaciu HeoOXoauMma
TEXHOJIOTHSI, MO3BOJISIOIAS ¢ MUHUMAIbHBIMU
3aTparamMu 00eCIIeUUTh BBISBIICHHE TIOBPEXKIEH-
HBIX TPY30B JI0 UX BBIJAYH MTOIYYaTeIo.

L]envio HACTOALIETO UCCIIEAOBAHUS SIBJIIETCS
pa3paboTka KOHIICMIIHH, CIIOCOOCTBYIOILEH CO-
3/IaHUI0 TAKOW TEXHOJIOTUU.

Hcxonst u3 TOro, 4to TpeOOBaHMS K HAIEK-
HOCTH JIOTUCTHYECKOI CHCTEMBbI, 6€30IacCHOMY
1 3G PEKTUBHOMY TPOIECCY TPAHCIOPTHPOBKU
SIBIIAIOTCS OJJHUMHU U3 OCHOBHBIX U3 4HCIa
MPEIbABIAEMbIX K OpraHU3aTOpaM U Herocpe/i-
CTBEHHBIM HCIIOJIHUTENSM Ipoliecca TpaHCIop-
THUPOBKH I'PY30B, a JaHHBIE O CTPaxOBaHUU
I'PY30B CBHUJIETEILCTBYIOT O CYIIECTBEHHBIX
00bEMax MOBPEXKIEHHBIX B POLIECCE MTEPEBO3KU
TOBApoOB, MPOOJIEMY MOBPEKAEHHBIX I'PY30B
MOYKHO CUHTATh akTyaabHONH. OHUM U3 IpeBa-
JIUPYIOIUX HAIPaBICHUI COBEPIICHCTBOBAHUS
TPAHCIIOPTHBIX MPOLIECCOB SIBIISIETCS LUPPOBU-
3a1us, IpU ATOM IIEPCIIEKTUBHBIMU HHCTPYMEH-
TaMU IPU3HAHBI HHCTPYMEHTHI C UCTIOJIB30BaHH-
€M BO3MOXKHOCTEH UCKYCCTBEHHBIX HEHPOHHBIX
CETEH.
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3aJagyaMy UCCIIEIOBAHNUS ABIISIOTCS BBISBIIC-
HUE BU3YaJIbHO OIPEIEIISIEMBIX ITOBPEXKICHUN
YIIAKOBKM, OIMCAHUE IIPOLECCOB MOJYyUYCHUS
N300paKeHNs, 3arpy3KH B HEHPOCETh U onpe/ie-
JICHUS TIOBPEXKICHU.

METO[bI NCCNEAOBAHUA

HccnenoBaHue BBIMOJIHAJIOCH B COOTBET-
CTBHUH CO CIEIYIOLINM alTOPUTMOM.

[TpoBenén 0030p 1 BHITOIHEH aHATN3 OTKPbI-
TBIX UCTOYHMKOB MH(OpMaIuu (CaiiToB TpaHc-
MOPTHBIX KOMITaHUH, OPraHOB rOCYIapCTBEHHOM
BJIACTH, TEMATHUECKUX U3TJAHUHN U T.1.).

CriennaHbl BBIBOJIBI O HEOOXOMMOCTH ITPUME-
HEHMs UCKYCCTBEHHOTO MHTENJIEKTa U MAaIlHH-
HOTO OOy4YeHHMsI JUIsl pELICHUs BBISBICHHOU
poOJIeMbl B COOTBETCTBHU C TPEHIAMHU B 00-
JIACTH HayKH U TEXHUKH, B TOM YHCJIC CBA3aHHBI-
Mmu ¢ popmupoBanuem UTC u miaHupyeMbIM
MePexoa0M K HHTEHCUBHOMY, HHHOBALIUOHHOMY
TUIY Pa3BUTUS TPAHCIIOPTHON OTPACIU U KO-
HOMUKH B IIEJIOM.

IIpoananu3upoBaHbI pe/IaraéMble Ha PbIH-
K€ TeXHUYECKUE U TEXHOJOTHUECKUE PEIICHuUS,
MIpeHa3HaYeHHbIC JJIS BBISABICHUS MOBpEXKIE-
HUS YITAaKOBAaHHOTO I'py3a 0e3 BCKPBITHS YIIaKOB-
KH.

OcymiecTBnéH 0030p HayYHBIX HCCIEI0Ba-
HUI B 00JIaCTH TPUMEHEHHUS TEXHOJIOT U HCKYC-
CTBEHHOT'O MHTEJICKTa B TPAHCIIOPTHOMN OTpac-
JIM M aKKyMYJTHPOBAHbI 3HAHUSI U3 TAKUX HAIIPaB-
JICHUIl MAIIMHHOTO OOyuYeHHMsl, KaK ITOJydeHHUE
U pacrio3HaBaHUC U300paKeHUH O0OBEKTOB pe-
aJBHOTO MHUpa AJIS UX BU3YaJIbHOM MPOBEPKH
U U3MEpeHull (MallnHHOE 3pEHHE), CO3JaHue
HCKYCCTBCHHOM HEMPOHHOU CETU U IIPUMEHsIC-
MBI€ JUIS 3TOTO HHCTPYMEHTBI, aATOPUTMHU3AIUSL
HeHpoceTeBOro o0y4deHUs: M HCIOIb30BAHHUE
METOJJ0B HACTPOUKHU HEUPOCETH.

[Ipenio’keH NPUHIMIT TPUMEHEHHUS HCKYyC-
CTBEHHOTO MHTEIUIEKTA /IS BBISBICHUS MOBPEXK-
JEHHBIX TPY30B 10 BHEIIHEMY BHUY YIAKOBKH,
3aKJIIOYAIONIHICA B Tiepeiaue Habopy KOMITbIO-
TEPHBIX MPOTPAMM HaBBIKOB CIIEIIHATHCTOB,
HUMEIOIIUX MPOAOIKUTEIBHBIH OIMBIT HEMOCpe -
CTBEHHOH paboThl C Pa3IUYHBIMH I'Py3aMHU
U CIIOCOOHBIX, OCHOBBIBasICh Ha CBOEM OIIBITE,
OpPraHOJENTHYECKUM METOJOM IO BHEIIHEMY
BU/Y YITAaKOBKH OMPEAETSATH CTEIIEHb COXPAaHHO-
CTH Tpy3a U NMPUUYUHY MOBPEXKACHUS B ClIydae,
€CJIM TAaKOBOE UMEET MECTO.

OnperneneHo, Kakue HOBPEXICHUS BUAHBI [0
YIAKOBKE U KaK MEHSAETCS BHEIIHUH B YTIAKOB-
KH IPU HAJTMYUHU 3TUX TOBPEKICHUH.
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BeinonHeHbl onvcanne U rpadguyeckast -
TepIpeTarys Ipolecca BUAe03axBaTa yakoBaH-
HBIX TPY30B, UX PACIO3HABaHUs, BBIABICHUS
MPU3HAKOB MOBPEKICHUS YIIAaKOBKU U COOTHO-
HICHUS COCTOSHUS YMAaKOBKHU C BO3MOXKHBIM
MOBPEKCHUEM Tpy3a.

OB30P NMNOAX0oa0B K MPOBJEME

Bo MHOXkecTBe MPOBENEHHBIX UCCIIEI0BAHUN
B 00JIaCTH IMOBPEIKACHHS I'PY30B ITpodiema rop-
YY1 ¥ yTpaThl TPY30B pacCMaTpUBaeTCs B COBO-
KYITHOCTH C TIpO0JIeMaMy TIOBPEXKICHUS TPAHC-
MOPTHBIX CPEACTB M TPAHCIOPTHBIX €IMHMI
(MHTEepMOIATBHOMN Taphl), B KOTOPBIX EPEBO3U-
JIUCH 3TH I'PY3HI.

B 3ToM cnydae HayuHBIE HCCIICIOBAHUS Ha-
MPaBJICHBI HA BBISIBICHHUE U HCKITIOYCHNE OCHOB-
HBIX TIPUYUH JOPOKHO-TPAHCIIOPTHBIX MPOUC-
HIECTBHH, a TAK)KE CHIPKCHHE PUCKA HECUACTHBIX
CJIy4aeB U [IOTCHLUAJIbHBIX IOBPEXKIEHUM [Ty TEM
NpaBUILHOTO BhIOOPA MOJBMIKHOTO COCTaBa
U MapIIpyTa epeBo3KH, MOHUTOPUHTA COCTOS-
HUS BOJUTENEH, BBIABICHHUS MX aHOMAJBHOTO
noBeneHust u T.1. i1t uckitoueHus: hakTopos,
MPUBOIAIINX K MOBPEXKACHUIO TPAHCIIOPTHBIX
CPEACTB, MPUMEHSAIOTCA TEXHOJOTHH HCKYC-
CTBEHHOTO MHTEJJICKTA.

B nocrnenanue rozel rrybokoe o0yueHne Heil-
pOCETH TaKke MCIOIb30BAIOCH I MOACIHPO-
BaHMs 0E30MACHOCTH JOPOKHOTO JBUIKEHHUS
[12].

OpHako mopua rpysa MOXKET ObITh HE CBS-
3aHa C MOBPEXKACHUEM TPAHCIIOPTHOTO CPEJi-
cTBa. Bo Bpems mepeBO3KM 3HAYUTEIBHYIO
4acTh yuiepda cOCTaBIISIIOT MOBPEXKICHUS,
NPOU3OUIEAIINE B CBSI3U C HENPaBUIbHBIM
pacIoIoKeHUEM M KPETUIEHHEM NepeBO3UMO-
ro rpysa. B mpouecce nepeBo3ku rpy3 Moxer
OBITH MOBPEXKAEH B pe3ylbTare CMEIICHUs
U3-32 CKOJIBXKEHHUS MO MOBEPXHOCTH Ky30Ba
WIN pacKauMBaHUS M MEPEBOPAYUBAHUA IPU
BUOpanuu.

J11st MCKITFOYeHUsI TOAO0OHBIX MTPUYHH TIPe-
JIaraeTcs B MPOLECCce MOrPY3KH KPEMUTh IPy3bl
peMHSIMH, KaHaTaMH, LENsSIMU U T.JA., U TaKUM
00pa3oM pa3Melarh rpy3bl B Ky30Be, YT00bI OHU
OCTaBaJIMCh 3a0JIOKMPOBAHHBIMH BO BpEMsI Iie-
PEBO3KH M HE MEHsUIM CBOEro nonoxkenus. [1pu
(dbopMyITUpOBaHUN PEKOMEHIAIMI 110 Oe3ormac-
HOMY KPEIJICHHIO I'PY30B YUUTHIBAIOTCSA MPOY-
HOCTh MaTepHaloB, U3 KOTOPBIX U3TOTOBJIEHBI
Ipy3bl U YIaKOBKa, a TaK)Ke YCHIIHE 3aTSKKH,
npujiaraeMoe B MPUMEHSEMBIX 3aXXKHMHBIX
YCTPOICTBAX.



CymecTBYIOT MEKJIyHapOJHbIE U HAIHO-
HaJIbHBIC NTPABMIIA KPETUICHHS TPY30B HA pa3iny-
HBIX BUJAaX TPAHCIOPTAa, KOTOpblE HE BCeraa
SIBJISIIOTCS 00513aTeNIbHBIMU, HO COIEPIKAT J10CTa-
TOYHO WH(OPMALUU U UHCTPYKIMH, CIOCOO-
CTBYIOLIMX 0€30I1acHOl MOTrpy3Ke U IEePEeBO3KEe
TPy30B.

Hecmotps Ha mpuHUMaeMBble MepHI, TOBPEXK-
JICHUS TPY30B CIIy4aroTCsl, B CBSI3U C YEM CyIIle-
CTBYET HEOOXOIMMOCTh CBOEBPEMEHHOTO BBISIB-
JIeHUsI TIOBpexkJieHuil. M3 TeXHOJIOrn4ecKux
pereHui mpobneMbl 00HApYKEHUS TOBPEXKIEH-
HBIX TPY30B MOXKHO BBIJICJIUTH KOHTPOJIb raba-
PHUTOB U Beca € MOMOIIBIO CUCTEMBI CKAaHUPOBa-
HUS (MHPPaKpacHOTO, JIa3epHOTo | T.1.). Takoi
KOHTPOJIb OCYIIECTBIISETCS B MOMEHT 3aMepa
pa3MepoB YMAaKOBKU B TPEX M3MEPEHUSAX MpHU
YCTaHOBKE YIIaKOBAHHOTO I'Py3a Ha B3BEIINBAIO-
nree ycrpoiictBo. HecoorBeTcTBHE (haKTHUCCKUX
nmapaMeTpoB pa3MepoB YIAKOBKH MJIM Beca 3a-
JTAHHBIM yKa3bIBACT Ha BO3MOYKHOE ITOBPEXKICHNE
rpy3a (puc. 1).

Taxas TexHoJOTHsI TpeOyeT BHECEHHs B Ta-
MSATh YCTPONCTBA JAHHBIX O KaXKI0M IIpoBepsie-
MOM Tpy3€ U JOMYCTUMBIX OTKJIOHEHMSX, UC-
MOJIb30BAHUS CIEIHAIBHOTO 000PYAOBAHUS
U BBIMOJHEHUS JOTOJHUTEIbHBIX ONepanui
C KaXKIBIM I'Py30M.

JIOBOJIBHO pacrpoCTpaHEHHBIM CIIOCOOOM
KOHTPOJISI I'PY30B SIBIsAETCSH OECKOHTAKTHBIH
aHaJu3 COJEPKUMOTO YHNaKOBKH, HampuMep,
C TIOMOIIbIO PEHTTCHOTEIEBU3HOHHOTO 000pY-
noBanusi. Ho 1anHblif crioco0 npuMeHsieTcs, Kak
MIPaBUJIO, [T BBISBJICHUS ONPEeIEHHOTO BUIa
TOBApOB B 00IIEM IOTOKE I'PYy30B, a HE [UIsl 00-
Hapy>XEHUS TOBPEKAEHHBIX IPYy30B.

J11s BBIBIICHUS TOBPEXKICHUS TPY30B MOTYT
OBITH HCIIOIH30BAHBI MHINKATOPBI COXPAHHOCTH
B BH/I€ JONOJTHUTENIBHBIX ATUKETOK, HaKJIeuBae-
MBIX Ha KaXAYI0 yMakoBKy. Takue 3THKETKH
MEHSIOT IIBET (HarpuMep, ¢ 6eJI0ro Ha KpacHsIi),
€CJIM yTaKOBKa Ipy3a, Ha KOTOPOW OHHU pa3zMe-
HICHBI, MOJBEPIIAacCh BO3JCHCTBUIO YCUIHUS
BCJIE/ICTBHE yJapa BBIIIE YCTAaHOBICHHOTO Ha
9TUKETKe Topora (meperpyske 5G, 50G u 1.1.)
WM BBICOKHMX TEMIIepaTryp, OKa3ajach B CIIHII-
KOM BJIQKHOW Cpesie MM OMacHO OTKJIOHMJIACh
OT BEPTHKAJIBHOTO MOJIOKEHUS U T.IN.

[TonoOHBIE MHIMKATOPBI MOTYT CUTHAIIU3U-
pOBaTh O BO3MOXKHOM ITOBPEXKIECHUH I'py3a, HO
TaKOE PEILICHHUE OIISITh Ke TPEOYeT AOMOTHUTEIb-
HOHM 00pa0OTKH KaXK/0H yITaKOBKH JUIs HaHECe-
HUS 9TUKETKU M KOHTPOJIS COCTOSTHUS MHMKA-
TOpa CO CTOPOHBI CIIEUAINCTA.
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Mopuya rpysos

—{f‘lpe,qynpe)u,qeume‘ ‘ OnpepeneHue ’—

—{ WcknoueHwe TN ‘ KoHTponb
rabaputos u Beca ]
CHUXKEHMe pUCKa
—{  Hec4acTHbIX NasepHoe |
cny4aes CKaHUpoBaHue
|| MpasunbHbIi BeCcKoHTaKTHbIN
Bblbop MNC aHanus —
COLlePKUMOTO
CneposaHue
npasuaam MHAUKaTOpLI
— KpenneHus COXPaHHOCTM
rpy3os

Puc. 1. Cywjecmeyrowjue memoObl U mexHonozauu npedynpexdeHusi
u onpedesneHusi NOpYU 2py308 [COCMaeIeHO agMOPOM].

Hu onun u3 pacnpocTpaHEHHBIX METOIOB
JIaXKe TIPU Mpe/IeIbHOM YCOBEPIICHCTBOBAaHUH
HE MOXET OBITh IPUMEHUM 0€3 KOPPEKTHPOB-
KM IIpoliecca rnepeMeleHus rpysa, npusiede-
HUSI CIIELUAIIMCTOB, HCIIOJIB30BAHUS CIICI[HAIIb-
HOTO 00OPYNOBAaHMS MJIM JOMOJTHUTEIbHBIX
MaTepHualoB, YTO HE COOTBETCTBYEeT 00O03Ha-
YEHHBIM B JAHHOM HCCJIEJOBAHNU TPEOOBaHU-
SIM K pa3padaThIBacMOii KOHISTIIINY BBISIBICHHSI
MOBPEKIEHHBIX I'PY30B.

OpiHaKo B 00JIACTH MCKYCCTBEHHOTO MHTEII-
JICKTa U MalIMHHOTO OOYYEeHHMs CYIIECTBYIOT
TOIXO/IbI U METOJIbl, COBOKYITHOE ITPUMEHEHHE
KOTOPBIX TI03BOJISIET Pa3padoTaTh TEXHOJIOTHIO,
OTBEYAOLIYIO TAKUM TPEOOBAHUSIM.

Pemienus ¢ ncrosb30BaHUEM UCKYCCTBEHHO-
ro MHTEJUIEKTa M MAalIMHHOTO OOy4YeHHs yxKe
3apeKOMEHIOBaIIN ce0sl B TPAHCIIOPTHOM OTpac-
nu. Takue peumeHust 6osiee JEHCTBEHHBI MO
CPaBHEHUIO CO CTaHJAPTHBIMU CIIOCOOAMH T10-
BbIIEHUS d(PPEKTUBHOCTH JIOTUCTUYECKHUX
onepanui.

Jist pacrio3HaBaHUs TOBPEKAEHHBIX IPY30B
BO3MOYKHO IIPUMEHSITh TEXHOJIOT MU MAIIIMHHOTO
3penusi. OHaKO TaKUe TEXHOJIOTH UMEIOT CBOU
HIOAHCBI. MallIMHHOE 3pEHHE MOXKET ObITh HEZI0-
cTaTouHO 3(P(PEKTUBHO B CIOKHBIX MMOTOIHBIX
YCJIOBUSIX, HAIPUMEP, NPU HEIO0CTATOYHOM
OCBEILICHUH, COJTHEUHBIX OJTMKaX WIIH MOTaJaH|uN
00beKTa B TEHb, BBINAJEHUU aTMOC)EpPHBIX
OCaJIKOB U T.[I., YTO YCIOXHSET 0OHapyKeHHE
OTKJIOHCHUI BHELITHETr0 BU/Ia YIIAKOBKH OT HOP-
MBI

[Tpou3BOAUTENBHOCTh OOHAPYKEHHS T10-
BPEXKIEHHBIX TPY30B MOXKET 3HAYUTEIBHO YXY/I-
LIUTBHCS B CIOKHBIX YCIOBUIX [13].
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Ota npobiema ycTpaHseTcs B Ipolecce
HelipocereBoro o0y4yenus. Hanpumep, Ha cMeHy
ABTOMaTHYECKOMY (yJIBTPa3BYKOBOMY, BUXPETO-
KOBOMY H JIp.) KOHTPOJIO >KEIe3HOJOPOKHBIX
pENIbCOB Ha MpeIMeT HAIM4Us MOBPEXKICHHUM
MOXKET PUHATH METOJ] 00pabOTKH M300pakeHHI
CBEPTOUYHOM HEUPOHHOU CETHIO.

Pe3ynbrarsl 9KCIIEpUMEHTOB ITOATBEPIKIAIOT,
YTO MPEJIOKEHHBIE MOZIEIN MOTYT, HallpuMep,
O00OHapyKUBaTh Je(PEKThI MOBEPXHOCTH PEjIbCa
B pEXHMME PEabHOTO BPEMEHH M JIOCTUTaTh
BBICOKOM TOYHOCTH OOHapyxeHus [ 14].

B sTOM cityuae moBpexaeHUsT MOTYT OBITh
pacro3HaHbl IaXke B YCIOBHSIX, HEOIAronpusT-
HBIX JIJIsl MAIIHHOTO 3PEHUSL.

B pesysbrare nmpakTH4ecKoro MmpuMeHEHHs
ITyOOKOM CBEPTOUHON apXUTEKTYPBI HEHPOHHBIX
ceTell yaanoch U3 BHUJECOMOTOKA, MOJy4YeHHOTO
C TOPOXKHOM KaMephl, paclio3HaTh L{BET HaKJIeH-
KH, pacIioJIOKEeHHOM Ha JJ000BOM CTEKJIe aBTO-
MOOMIISt ¥ IU(PBI Ha Hel ¢ TouHOCTHIO OT 90 10
98 % [15; 16].

[Tpu TOM NOBpEXJIEeHNsI Ha 0OBEKTE KOHT-
POJIst BO3MOYKHO OOHAPYKUTH ITPU €0 CKOPOCTU
1o 100 xm/4.

B npouecce pazpaboTku cucteMbl 00HApY-
JKSHUSI TTIOBPEXKACHUH ac(aabTOBOTO MOKPBITHS
JIOPOTH B PEKHME pEasbHOTO BpEMEHH Oblia
BBISIBJICHA B3aHM0O3aBUCHMOCTh TOYHOCTH OIIpe-
JICJICHUS MTOBPEXKAEHHBIX y4aCTKOB JIOPOTH
1 BpEMEHH Ha 00paboTKy HH(OpMAIIHH.

[Mukcenu3zarys v cerMeHTaIus K300paskeHHIA
obecrieyrBaeT BOZMOKHOCTh KiacCHU(UKAILIMH
MOBPEXICHUH, HO TpeOyeT OOJIBIINX BHIYHCIIHU-
TEJILHBIX 3aTpart, YTO MOXKET MPUBECTH K HEOIl-
TUMaJbHOU paboTe B pEKUME «PEajbHOTO Bpe-
MeHm» [17].

[Tpumenenre MHOroMaciTaOHON CBEPTOY-
HOI HEMPOHHOH CETH II03BOJISET 10CTUYb BBICO-
KOIf TOUHOCTH pe3yJIbTaToOB MPH aBTOMATHYECKOM
00OHapy>KEeHUH TPEIINH Ha ac(abTOBOM MOKPbI-
THH TIPH CI0KHOM (one [18].

bnaromapst Mozysr0 OBBIIIAIOIIEH AUCKpe-
TU3aUMU (YyHKIUH HU3KOTO YPOBHS U (pyHKIUH
HEINpepbIBHON CBEPTKU OOBEAMHSIOTCS LISt
peanu3alnuy IPOrHO3MPOBAHMS HA YPOBHE MHUK-
cenen.

O0BbEM pazpaboTOK M PAKTHYECKUE PE3YIib-
Tarhbl, IPECTABICHHBIC B HAYYHBIX UCCIICI0BAHH-
SIX, TTO3BOJISIIOT TPE/IOI0KHTh, YTO Ha JIAHHBIH
MOMEHT CYIIECTBYIOT peajbHbIC PELICHHs, TIPO-
rpaMMHbIe T1aTGOopMbl U OUOIMOTEKH ISl Ma-
IIMHHOTO OOy4YeHHs], KOMITHIIMPYIOLIE MHOXe-
CTBO Pa3JIMYHBIX AJITOPUTMOB U IMO3BOJISIOLIHE

Vin} \ [ NO

€03/1aTh MPOrPaMMHBIH MPOAYKT CIIOCOOHBIN
00y4UTh UCKYCCTBEHHYIO HEHPOHHYIO CETh BBI-
HOJTHATH HEOOXOAMMBIE (PYHKIIH ISl BBISIBICHHS
B IPy30BOM ITOTOKE MOBPEXIEHHBIX Ipy30B [19].

PE3YNbTATDI

B 3aBHCHMOCTH OT IIPUYMHBI TOBPEIKACHHS
Ha yITaKOBKE OCTAIOTCSI pa3jIMuHbIC CIIeAbl. Yuu-
TBIBasI 3Ty 0COOEHHOCTh, MOYKHO CJIeJIaTh MPe-
HOJIOKEHUSI O HAJTMYHMH M [IPUYMHE TOBPEXKICHHS
rpy3a 110 BHEIIHEMY BUJ1Y YITAaKOBKH.

VYnapsl 110 ynakoBKe, B TOM YHCIIE B PE3YJib-
Tare MOBPEX/CHUSI TPAHCIIOPTHOIO CPEJICTBA,
HENPaBUIILHOTO KPEIUICHHUS TPY30B, BbINAICHHS
U3 Ky30Ba U T.JI., MOTYT IIPUBOANTH K €€ nedop-
MHUPOBAHUIO (pHC. 2) WU pa3phIBy (pHcC. 3).

B pe3yibrare Bo3eHCTBYS BIIary, HalpuMep,
JIOXK/IsI, CHETa WIIM MOPCKOW BOJIBI IIPH TIEPEBO3-
K€ BOJIHBIM TPAHCIIOPTOM, OCTAIOTCsl XapaKTep-
HbIE CJIe/bl Ha YITAKOBKE JIaXKe MOCIIe e€ BBICHI-
xaHus (puc. 4).

Jlpyrue mOBpeKACHUS, HAIPUMEp, BCIICA-
CTBHE BO3/ICHCTBHUS HACEKOMBIX MJIM I'PBI3YyHOB,
IUIECEHH, BBICOKUX TEMIIeparyp, XUMHUYECKUX
BEILECTB M T.J. TAK)KE OCTABJISIOT HAa YIAKOBKE
ocobeHHbIe ciefpl (Tad. 1).

Kak BugHO u3 puc. 2—4 u tabn. 1, Bce no-
BPEX/ICHHUSI KaPTOHHOW YIIAKOBKH JIOCTATOUYHO
XOpOIIO 3aMeTHBI BU3yalibHO. Cle0BarelibHo,
UCIIOJIB3Ysl ONBIT 00PabOTKU M300paXKeHUM,
BO3MOYKHO 00Y4HTh HEHPOHHYIO CETh paclo3Ha-
BaTh I'Py3 U BBISBIISITH TIOBPEKACHHS HA YTIAKOB-
Ke.

J1J1s KOMIIBIOTEPHOM 00PabOTKHU U pacIio3Ha-
BaHUS MMOBPEXKJICHUI HEOOXOAMMO IMOJIy4aTh
N300pakeHUs] BU3yaIbHOTO MHpa C CHHXPOHHU-
3UPOBAaHHBIX ¢ HelpoceThio 2D-Buaeokamep,
YCTaHOBJIEHHBIX B MECTax MMOTPY304HO-
pasrpy3ouHsbIx oneparuii [20].

Paspenienne n3o0pakeHHs! ONpeaesseTcs
paspereHreM kamepsl. [ nerannzanun o0b-
€KTa KOHTPOJISI ¥ PACTIO3HABAHMSI TPAaHHUIL e (eK-
TOB Ha YIIAKOBKE BUICOKaMePbI JOJDKHBI CHUMATh
BUJICO B JIOCTATOYHO BHICOKOM pPa3pelieHHH
U niepeaBaTh H300paxenue 0e3 cxxarus. Yucio
OWT Ha OJIMH MUKCEJb TOJDKHO OBITh JJOCTATOY-
HBIM JUIs1 ICTAJIM3aLUH BETa U300PaIKESHUSI, UTO
o0ecIieulT pacro3HaBaHHe KOHTYPOB MOBPEXK-
JICHUSL.

Jlyduie MCIoib30BaTh KaMepy C BBICOKHM
paspelieHreM, 4eM pa3padaTbiBaTh U MPUMEHSThH
CBEpXpa3pelIatoUil aIrOpUTM.

JlaHHbIe peKOMEH/IAlMHU CAEIaHbl UCXOJS U3
TOT0, YTO JIy4IIIE UCIIOIb30BaTh OOJIBIIHN 00bEM



HaMsTH JJIsl XpaHEHUsI U300pakeHUs1 U TIOTpa-
TUTH OOJIbIIIE BPEMEHU Ha €ro Inepejpaudy, 4em
YBEIMYUBATH BpeMsi 00pabOTKU M300pakeHMs
Y PaClIO3HABaHUS IIOBPEXKICHUS.

B cnyuae n3meHeHUs] BHELIHUX YCIIOBHIA,
HanpuMep, yXyIIIeHUs BUIUMOCTH, HEHPOCETh
¢ OOJIbILICH TOYHOCTBIO PACIIO3HAET MOBPEXKJIL-
HHUE I'py3a Ha U300paKCHUHU ¢ 0OJIEe BBICOKUM
paspelieHUEM. BBISBICHUIO HE3HAUUTEIIBHOTO,
MaJI03aMETHOTO TOBPEkKACHUS TaKXkKe CIOoCcOo0-
CTByeT 00JIee BBICOKOE pa3pelieHne H300paske-
HUSL.

JI71s1 BBIABICHUS MOBPEXKIEHHON YIIAKOBKU
JOCTaTOYHO H300paKeHHSI, KOTOPOE MOXKHO
IIOJIyYUTh C OJHOW UJIM HECKOJBKHUX Kamep,
YCTaHOBJICHHBIX Ha IIyTH I'Py3a, IEPEMEILAEMO-
ro IPY BBINOJHEHUU IIOIPY30-pa3srpy304HbIX
onepanuii (puc. 5).

B cinywae ycraHoBKM TpEX KaMmep, Kak 3TO
[IOKa3aHO Ha pUC. 5, U NIONAlaHus I'Py3a B 30HY
UX BUJIUMOCTH, OyAyT MOITy4eHbI H300paKeHHs
IIPABOM U JIEBOW CTOPOHBI YIIAKOBKU C Kamep «R»
u «L» cooTBeTCTBEHHO, HPOHTATBHON CTOPOHBI
¢ kamepsl «F» 1 BepXHel CTOPOHBI CO BCEX KaMep
(«R», «L» u «F»).

3aKkpBITBIMH U1 KaMep OCTAIOTCS 3aHAS
«Rear» n HwxkHsst «Under» cTOPOHBI YITAKOBKH.
B ciyuae nepemeleHus CIOKEHHBIX APYTr Ha
Jpyra Wiy NaJJICTUPOBAaHHbIX I'PY30B BUJUMOM
JUIs1 KAMEP MOXKET OCTaThCs JIMILb OJHA CTOPOHA
YIIAKOBKU. B HEKOTOpPBIX cllydasX yHaKOBKa
MOJKET OBITH MOJHOCTBIO CKPBITA OT Kamep.
B Taxoil cutyanuu BeposTHOCTh OOHAPYKEHUS
MOBPEXIEHHOTO Tpy3a cHIpKaeTcs. OnHako mno-
BPEXKJICHUSI MOTYT OBITh OOHAPY)KEHBI MIPH Jie-
NajuleTU3aluy I'Py30B, €CJIU [IONagyT B 30HY
3axBaTta U300paskeHusl.

Hcnonb3yss METOIBL U aJITOPUTMBI IIOUCKA
00BeKTa B BUACOMOTOKE, OCHOBAHHBIC Ha
I100aJIbHBIX U JIOKAJIBHBIX IIPU3HAKAX, HAIIPH-

Puc. 2. JlehopmuposaHHas ynakoseka. [nekmpoHHbIl pecypc]:
https://pravodeneg.net/buhuchet/uchet/primery-izderzhek-
proizvodstva.html. Jocmyn 17.07.2022.

Puc. 3. Pa3pbigbi Ha ynakoeke. [dnekmpoHHbIi pecypc]: https://www.
bansarchina.com/china-quality-control. Jocmyn 17.07.2022.

Puc. 4. Ynakoeka co criedamu HaMoKaHusi. [311eKkmpoHHbIL pecypc]:
https://thegioidat.info/will-recycling-take-wet-cardboard. html.
Hocmyn 17.07.2022.

Mep, mBeTe Wik (Gopme, BO3MOXKHO pacio-
3HaTh rpy3 (kiaaccupuuupoBarb 0OBEKT) 1O
KJIIOUEBBIM TOYKaM (BBECTH M300pakeHue
B HEHPOHHYIO CETh), Kak MOKa3aHo Ha puc. 6.
KiroueBble TOYKHM M 00pa3Lbl BBISIBISIEMBIX
00BEKTOB U3BIIEKAIOTCS U3 HAOOpa ATAIOHHBIX
n300paKeHUN, XpaHIIUXCI B OMOIHMOTEKE
JIAHHBIX.

Taoauna 1

Kuaccudukauus noppexieHnil KApPTOHHOM YIIAKOBKHU [COCTaBJICHO aBTOPOM]

IToBpexaenue BepositHbIE TPHUYKMHBI Bo03MOXKHOCT BU3yanbHOM BosmorkHa nopua rpysa
HAeHTHHKALIH

3arps3HeHue OTKpBITBIH Ky30B Jla Her
PazpeiB BospeiictBue ycunus Jla Ja
IToteproctu Tpenue Ja Her
XuMmuueckoe Bo3/ieiCTBHE TTonaganne XUMHUKATOB Ja Jla
Tepmuueckoe BO31eHCTBHE Ileperpes Ja Ja
HeonnoponHocTh 11BETa HamoxaHue Ja Ja
Bwmsatunbr Vnap Ja Her
Hapyienue reomerpun IManenue Ja Ja
Hapyuienne oMot 3110HaMEpEHHBIE IEHCTBUS Ja Ha
Heunraemas mapkupoBka 3arpsizHeHue Ha Her

VI A H -

ViaJlb CBUVI VI AV

NIBE HEHNWN
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Puc. 5. Budeoghukcayusi 2py3onomoka [cocmaeneHo aemopom].

[TporpammHas ruiaropma Juist MOJIIIUPOBa-
HUSI HEHPOHHOM CETH, KOJIMYECTBO CII0EB U HEH-
POHOB B K&XXIOM CJI0€, KOO(Q(UIIMEHT 10ITyCTH-
MOTO MPUPOCTA MOTPEIIHOCTH, MaKCUMaIbHOE
CUCTEMHOE BpeMsi 0OyueHHs M JApyrue rnapa-
METPBI ONPEACIISIIOTCA U MOJ0UPAIOTCs B MPO-
recce e€ NPOEeKTUPOBAHUS U CO3/IaHUs.

BxosHoit cnoit HelipoHHO# ceTH «1» mpuHu-
MaeT Bce NMuKcean uzodpaxenus. [Ipusnaku
MCKOMOTO 00bEKTa BOCIIPUHUMAIOTCS Helipoce-
TBIO KaK TPYyINa MHUKCEJeH, MpeICTaBIsIOnIX
HauOOJIBIINI MHTEPEC U aHAIM3UPYEMbIX Ha
COOTBETCTBHUE MAaTTEPHAM.

Ha BBIUHCIUTENBHBIX CIOSX TPYMIBI «2»
OCYIIIECTBIISIETCS U3BJICUCHUE IPU3HAKOB Uepe3
¢unpTpel. [To KomMUecTBY W IBETY MHKCENen
OIIpeIeISIIOTCS pa3Mephl U IyOrHa pparMeHTOB.

HelipoceTs conocrasiser 1BeTa yIIaKOBKU
B Pa3HBIX TOYKAX U KOHTYPBI MECT, OTJINYAIO-
IIUXCS 1O [BETY, CPAaBHUBAET C MAaTTepHAMU
[IOBPEXKICHUM.

OObenuHAOMUN cI0H «3» ocTaBaseT
TOJBKO HYXHbIE M300paXXCHUS MMEIOLIUXCS
[IOBPEXKICHUM.

Koneunsie cion «Final layers» aHaausupyror
MPU3HAKK N300paKEHUS M KIaCCH(DUIMPYIOT UX
T10 3aJaHHOMY aJTOPUTMY. DTHU CJIOH COCTOST U3

HaOOpOB HEHPOHOB, KOTOPBIC MPEACTABISAIOT
YacTH M300paKeHUsI YIIAKOBKH I'py3a, HarlpuMmep,
noBpexaéHHbIe ydacTku. Korma nocrarouHoe
KOJIMYECTBO HEMPOHOB, CUTHAJIU3UPYIOIIUX
0 MOBPEIK/ICHUH YIIaKOBKH, OyJIeT aKTHBUPOBAHO,
ylakoBKa OyZIeT OTHECEHA K KJ1accy MOBPEKAEH-
HBIX (puc. 7).

HeiiponHas ceTh Hyxpaaercs B 00y4eHHH
Y MUMEET BO3MOXKHOCTb CAMOCOBEPILICHCTBOBAHUS
B IIPOLIECCE aHAIM3a OTPOMHOIO MacCHBa JIaH-
HbIX. [Ipu 5TOM OCyIIECTBIIsETCS KOPPEKTUPOB-
Ka M3HAYAJIbHO 33JaHHBIX CIy4aiHBIM 00pa3oM
BECOB HelpoHOB. KoppeKkTupoBKa ocyIecTBIs-
€Tcsl 10 TeX IIOp, IIOKAa PEe3yJIbTaTbl HE CTaHYT
NpUEMIIEMBIMH U HE TIO3BOJISIT HelipoceTH (yHK-
IIHIOHHPOBATh aBTOHOMHO. KoHTposb mporieccos
00yueHHs U CaMOCOBEpPLICHCTBOBAHUS HEHPO-
CETH BO3MOYKHO OCYILECTBIISITh IIyTEM IIPOBEPKU
BBIXOJHBIX JIaHHBIX.

OBCYXOEHUE

ITopua rpy3a MoeT MpOU30MTH 1O pas3iny-
HBIM NIPUYUHAM, HallpUMeEp, B pe3yJabTare J10-
POXHO-TPAHCIIOPTHOTO TPUILIECTBUS, U3-3a He-
NPaBUIBHOI'O KPEIJICHUS B TPAHCIOPTHOM
CpeJICTBE, BCIEICTBUE OMIMOOK NepcoHasa npu
OCYILECTBICHUH MOTPYy304HO-PA3TPY30UHBIX
paboT WM BIUSHUS APYTUX BHEIIHUX (paKTOPOB.

[IpuMeHsieMble TEXHOJIOTMH OOHAPYKEHHS
HOBPEXKIEHHBIX IPY30B 00bEANHSIET 00s13aTelb-
HOE IIPUCYTCTBHE CIEIHAIIICTA, OCYILIECTBICHUE
KOHTPOJIS C €70 CTOPOHBI U BBITNOJIHEHHUE JIOTIOI-
HUTEJIBHBIX OIlEpaluii ¢ TPy30M.

B cityuae, korna noBpexacHue rpysa compo-
BOXK/1a€TCs TIOBPEKACHNUEM YIIAaKOBKH, MPEIIO-
JIOKHTB, YTO IPY3 MOBPEXKIEH, MOKHO yXKe 10 €€
BHEIIIHEMY BUJY.

CrienuanucThl, HEMOCPEACTBEHHO BBINOJ-
HSIOIINE OTEpalu ¢ TPy30M, C OMBITOM MOIY-
YaroT HABBIKH, O3BOJISIONINE UM IO BHEITHEMY

Puc. 6. 3a2py3ka usobpaxeHusi 8 HelPOHHYI0 Cemb U 8bisie/IeHUe NOBPEXAEHHOU ynaKosKuU [cOCMasIeHO agMmopoM].

Vin} \ [ NO
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Puc. 7. Modenb pacno3HaeaHusi noepexdéHHO20 2py3a UCcKyccmeeHHol HelipoHHOU cembio [cOCMasieHO agmopoM].

BUJIy YIAKOBKH OIPENEIIsiTh, MOBPEKAEH IPY3
i HeT. OZIHaKO OHU HE BCET/1a 3aMHTEPECOBAHBI
B TOM, YTOOBI TOBPEXKICHUS OBUTH OOHAPYKEHBI,
B TOM YHCIIE U [TOTOMY, YTO CaMU MOTYT H3-3a
MPOU3BOJICTBEHHOW OMIMOKH NOBPEAUTH IPY3.

Ecnu HakoIUIeHHBIH CIIEMAIMCTaMU OIIBIT
nepenarb UTC uepe3 oOyueHHbIE HEHPOHHBIC
ceru, To UTC Oynyt cnocoOHbI 0OHAPYKHBATh
IPy3 ¥ CUTHAJIM3UPOBATh 00 9TOM MEPEBO3YUKY
WIN JPYTHMM 3aMHTEPECOBAHHBIM Y4aCTHHKAM
JIOTHCTUYECKOTO nporecca. [loBpexaenus ymna-
KOBKHM OBIBAIOT HECYIIECTBEHHBIMH, U TPY3
B 3TOM cllydae OCTa&Tcsl HENOBPEKAEHHBIM,
HarpuMmep, Kak rokasano Ha puc. 2. [Ipu oOyue-
HUM HEWPOCETH BO3MOJKHO TaKUM 00pa3oM Ha-
CTPOUTH Beca HEWPOHOB, UTOOBI 3HAYCHUE,
ycTaHoBIIeHHOE B nipeaenax ot 0 1o 1, mo3Boss-
JIO HEe UACHTH)HUIHMPOBATH I'PYy3bl, YIIaKOBKA
KOTOPBIX HE3HAUUTEJIBHO MOBPEKICHA, KaK Be-
POSITHO UCIIOpYCHHBIE.

YrakoBKa rpy30B MOXKET BBITIOJTHSTH pa3iiiy-
Hble pyHKIMH. K OTHUM M3 OCHOBHBIX (DYHKIIHIA
OTHOCHTCS 0OecIieueHIe COXPAaHHOCTH TOBApOB
U ONTUMH3AIMS TPAHCIOPTHBIX IPOIECCOB.
B pamkax HacTOSAIIEro CCIeI0BaHUS yIaKOBKa
MOXET JIOTIOJIHUTh HA0Op MH(OPMAaLMOHHBIX
(byHKUMI, TOATBEPXKast COXPAHHOCTH I'Py3a HIIH
CBOEBPEMEHHO INpEeAyNnpekaas O BEpOSITHOM
HOBPEXKICHUH.

Jns onpenenenyst Tapbl, 1O BHEIIHEMY BHJLY
KOTOPOH IPEATIOYTUTENILHEE BBISIBIIATH TOBPEXKIEH-
HbIE TPY3bl, YIIAKOBKY MOYKHO Pa3eIMTh 110 Ha3Ha-
YEHHIO Ha JIOTIOTHUTEIbHYIO BHEIIHIO, TPaHC-
TIOPTHYIO U TTIOTPEOUTENBCKYIO.

[ToTpeduTenbckas yrakoBKa J10JKHA cOXpa-
HSTb U3HAuYaJlbHbIM BHEIIHUN BUJ, TaK KaK UI-
paer BaXHYI0 MH()OPMALMOHHYIO M 3CTeTHYe-
CKYIO POJIb 1 IEPEXOUT B COOCTBEHHOCTH MOKY-
naress BMecTe ¢ ToBapoMm. MiHorna morpeburesns-
CKasi yIaKoBKa HE MOXET ObITh OT/AeleHa OT
ToBapa. Hekotopble ToBapbl, HapUMeEp, TPOAYK-
ThI, 3aTIPEIIECHO PEATH30BhIBATE B CIydae Hapy-
HICHHS FePMETHYHOCTH MOTPEOUTEIBCKON yIia-
KOBKH.

VIA] \ [ \ Y .
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[{udpoBast nHTEIEKTYyalIbHASI SKCIIEPTHAS
CHUCTEMA CMOKET CJEJIaTh BBIBOJIBI O TOBPEKIC-
HUU I'py3a, €CJIU IOBPEXKAEHHAs YIIAKOBKA I10-
mana B 30HY BuauMmocTH. [lorpeburensckas
YIIAKOBKa B IIPOLIECCE TPAHCIIOPTUPOBKU MOXKET
OBITh CKpBITA TPAHCIIOPTHOM YIIAKOBKOM, B CBSI-
34 € 4eM €€ PACIO3HABAHUE 3aTPYJHEHO.

K nononuutensHOI BHENIHEH yHakoBKe OT-
HOCHTCSI KpylHOTrabapuTHasi Tapa, Hanpumep,
WHTEpPMOJaIbHbIe KOHTEHHEPHI, 00pemeéTKa,
BBIIIOJIHAEMAs 110 MHIMBUYAIIbHBIM pa3MepaM
[IEPEBO3UMOr0 TOBapa, MOAJMOHBI UL IepeMe-
LEHUS I'PY30B BUJIOUHBIMU IIOTPY3UUKAMHU
U Ipyrue BapUaHThbl YIIAKOBKH, 3allULIAIOIINE
I'py3bl OT BO3ICHUCTBUS BHEIIHEH arpeCcCUBHOU
cpellbl U ONTUMU3UPYIOIUE TPAHCIOPTHBIE,
HIOTPY30-pa3rpy304HbIE U CKIIAICKHUE IIPOLIECCHL.

B cBs13u ¢ TeM, YTO HONOJHUTEIIBHAS BHELI-
Hsis yIIAKOBKA B IIPOLIECCE JKCIULyaTalluy HIpU-
oOpeTaeT U3HOLICHHBIN BUJT 0€3 IOTEePH CII0CO0-
HOCTH BBIIIOJHSTH OCHOBHBIE (DYHKLUU U HE
[103BOJISIET BU3YaJIbHO IIPEAIIOI0KUATE COCTOSTHUE
HaxOISAILUXCSl BHYTPU I'Py30B, OHA HE SIBIIAETCA
HIPEAIIOYTUTENIBHOM Ul pacliO3HAaBaHUs [10Bpe-
JKICHUM.

IIpu sTOM, €CIM UMEITCS CYLECTBECHHBIC
BU3YaJIbHO 3aMETHBIC ITOBPEKIEHUS BHEIIHEH
YIaKOBKH, HalpuMep, AehopMaliys Win Clieibl
3aTOIUICHUS] MHTEPMOJAJIbHOIO KOHTEMHepa,
XUMHUUYECKOTIO WJIM TEPMUUYECKOIO BO3IACUCTBUS
Ha YIAaKOBOYHYIO INIEHKY NaJJIETUPOBAHHBIX
I'Py30B, TO TaKHe MOBPEKJICHUS MOTYT OBITh
pacro3HaHbl, U HAXOAAIIUKCA BHYTPU IPy3 MO-
KeT OBbITh MPU3HAH BEPOSITHO MOBPEKIEHHBIM.

TpancnopTHas ynakoBKa IIPENCTaBISIET
c000ii 000JI0YKY JUIsl TPAHCIIOPTUPOBKH TOBa-
POB U 3aLUTHI OT NOBpexkAeHUN. B Tpancnopr-
HOU YNIAaKOBKE MOXKET HaXOLUTHCS OAUH HIIU
HECKOJIBKO TOBapoB. B ornuunu ot norpebu-
TEJILCKON U BHEIIHEW yNaKOBKHU, TOBAP YIIaKO-
BBIBAETCA B TPAHCIIOPTHYIO YIIAKOBKY Ha 3aBEp-
LIAOLIEH CTaJUU IPOU3BOJCTBA, B IIyHKTE OT-
[IpaBJICHUs, HO caMa YIIaKOBKa He Iepetaércs
KOHEYHOMY IOKYIIaTENIo.
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TpaHcnopTHas ymakoBKa MOXKET OBITh pa3-
JUYHBIX pa3mMepoB, GOpPM M KOHCTPYKIHUH,
BBITIOJIHACTCSA U3 JEPEBAHHBIX MaTEpPUAJIOB,
MeTaiuia, Oymaru u ropokapToHa, Mmojume-
POB, CTEKJIA U APYTUX MaTepuaaoB. OJHUM U3
CaMbIX MOMYJSPHBIX BHUIOB TPAHCIOPTHOM
Taphl ABIAIOTCS PAa3IMYHBIC BUbI KAPTOHHOMN
YHAKOBKH.

HecMmorps Ha TO, 4TO BO3MOKHOCTH CUCTEMBI
pacro3HaBaHMsI [IOBPEXKICHUI I'PY30B 110 BHEII-
HEMY BUY YNAaKOBKH ITO3BOJISIOT BBIIBUTH JIIO-
6011 MOBPEKIAEHHBINA I'Py3, €CIH MOBPEKIACHUSL
BU3YaJIbHO 3aMETHBI, HACTOALEE UCCIICOBAHUE
OPUEHTUPOBAHO MMEHHO HA PacIO3HaBAaHUE
HOBPEKACHHON KAPTOHHOH YIIAaKOBKY IIPaBUJIb-
HOH (hopMmBI.

TpaHcrnopTHas yIIakoBKa MOYKET COCTOATH U3
BHEIIIHETO KOPIYCa U BHYTPEHHHUX KPBIIIEK,
BCTAaBOK, BKJIAJbILLIEH, HAITOJIHUTEIIEH, aMOpPTHU-
3UPYIOIIMX MPOKIALO0K U APYTUX JIEMEHTOB.
Bcenencrue 3ammTHBIX QYHKIME 1 0COOCHHO-
CTE! KOHCTPYKLUU TPAHCIIOPTHOM YIIAaKOBKU €€
[IOBPEXkKACHUE HE BCErja IIPUBOJUT K IIOBPEKIC-
HUIO Ipy3a.

TakuMm 06pa3oM, MOBPEXJIECHUS YIMAKOBKU
MOJKHO pa3JelIuTh Ha CBUAETEIbCTBYIOLIUE
0 TOBPEXACHUH Tpy3a, TpeOyrolue T0MOIHHU-
TEJIbHOU IPOBEPKU U HE IIPEIII0JIararoiue mno-
BPEKACHUS.

CrenanucThl, HEMOCPEACTBEHHO BBINOJ-
HSIOIIHE [TOTPY30-Pa3rpy304HbIC PAOOTBHI, C OIbI-
TOM YYaTCsi OTHOCUTbH TOBPEKACHUS YIAKOBKU
K OTHOMY U3 TPEX BUJIOB, UCXOAS U3 COCTOSHUS
nospexeHuil. [lepenars 311 HaBbIKM HHTEILIECK-
TyaJIbHO 3KCIIEPTHOM CUCTEME BO3MOXKHO, OIlpe-
JICJIUB WM YCTAHOBUB KPUTEPUH MOBPEIKICHUIN
YIIAKOBKH, CBUJETEIbCTBYIOIINE O BEPOSTHOM
HIOBPEKICHUS IPy3a.

Takumu napameTpamu, HapuMep, U1 UeH-
TU(UKALMY TIOBPEKICHNH B pe3yJibTaTe BO3/eH-
CTBUSI BHEIIHUX CHJI HA KapTOHHYIO yIIaKOBKY,
MOTYT OBITh JUTMHA U IIHUPHHA pa3pbiBa, TyOuHa
BMSATHHBI, IUIOIIAb HAMOKAHUS, 3HAYCHUE Jie-
dhopmanuu (puc. 8).

[Tpu paspsiBe ymakoBku juinHa 11 Oynmer
YKa3bIBaTh Ha BBHICOKYIO BEPOSITHOCTH MOBPEXK-
JICHUSI Tpy3a BHYTPH YNAKOBKH, jJjuHa 12 — Ha
HEOOXOMMOCTb JIONOJIHHUTEIBHON POBEPKH,
JuinHa 13 He mpearnoaraeT MoBpekKACHUS rpy3a
(puc. 8a).

B cirydae nedopmaruy ynakoBKy COOTHOILIIE-
Hue BbICOT hl m h2 ykaxer Ha MoBpexJIeHHE
rpysa, cootHolureHue Boicot h3 u h4 — Ha HeoO-
XOJIUMOCTb JOIOJHUTEIIBHON IIPOBEPKU, COOT-

Vin} \ [ NO

HoteHue BbicoT hS u h6 — Ha oTcyTCcTBHE TO-
BpeXJIeHus Tpy3a (puc. 80).

IIpu HaMOKaHNU YNIAKOBKH IIJIOIIA/Ib MATHA
sl ykaxkeT Ha MOBpEXJEHHUE I'py3a, MIOLIAAb
$2 — Ha HeOOXOUMOCTb JIOTIOJTHUTENHHOU MPO-
BEPKH, IUIOIIAb S3 — Ha OTCYTCTBHE ITOBPEXK/Ie-
HuA (puc. 8B).

[IpenenbHble 3Ha4YeHus napameTpoB |, h u s
YCTaHABIMBAIOTCS OMBITHBIM IMyTEM, 3aTeM Ha-
CTPaMBAaIOTCS B IIPOLIecce HAKOIIICHUS Helpoce-
TBIO JTAaHHBIX O TOBPEXKACHUSIX YIMAKOBKH, CBU-
JETeIbCTBYIOMMUX O MOBPEXKIACHUU T'PY30B,
U CTAHOBATCS XapaKTEPUCTHUKAMU MATTEPHOB
HOBPEKICHUMN.

ITo pesynapTaTaM mpoBeACHUS B TCUCHUHU
OJIHOTO I'0Z1a 3KCIIEPTHOM OLICHKU IIOBPEXKICHUN
Ipy30B, NMEPEBO3UMBIX B KAPTOHHON yIaKOBKE
C YIJIOBBIMM BCTaBKAMHU M3 BCIIEHEHHOT'O Mare-
pHasa 1 IOTOJHUTENBHO YIIAKOBAHHBIX B TOTpe-
OUTENBCKYIO MOJIUATUIICHOBYIO YITAaKOBKY, BBISIB-
JIEHO, YTO IIPH pa3phiBax ymakoBKH Ooiyee 15
canTuMeTpoB B 80 % ciydaeB rpy3 oka3bpIBaJICs
noBpexaEH. [Ipu paspeiBax meHee 15 canTHMe-
TpoB B 90 % ciyuaeB rpy3 OcCTaBajCsl IIEJIbIM.
[Tpu nHamokanuu 6omnee 30 % ruromamm yrnaxkos-
KM Ha Tpy3e TakXe 0OHapyKHUBaJHCh CIIE/bI
BO3CHCTBUS BIIATrH.

IIpu Hanuuuu BHYTpPEHHEH YIIAKOBKH, B 3a-
BUCHUMOCTH OT €€ BUJia, IOBPEKACHUE BHEIIHEH
YMaKOBKH, CBUAETEIILCTBYIOIIEE O OBPEXKICHUU
rpy3a, MOXKET OBbITh OTHECEHO K ITOBPEIKIACHHIO
YIaKOBKH, TPEOyIOIIeMY TOTIOTHUTEIBHOM Mpo-
BEPKH WM K HE MPEATOaraolieMy moBpex/ie-
HUS Tpy3a.

Bceneactsue Toro, uto myTéM BHU3yalbHOTO
0CMOTpa, 32 UCKIIOUEHUEM OUEBUIHBIX CIyya-
€B, HEBO3MOXXHO JOMOMJIMHHO YCTAHOBUTb,
MOBPEXKEH I'PY3 WU HET, IOBpEXKACHHAs yIIa-
KOBKa YKa3bIBaeT JIHIIb Ha BEPOSITHOCTH MO-
BpexieHusi. CocTosiHue Ipy3a B MOBPEKAEHHON
yIaKOBKe TPeOyeT JOTOITHUTEIILHON IPOBEPKH,
KaK M B ciy4ae 0OHapyXeHHsI OBPEKAEHHOU
YHaKOBKH CIELUATIHCTOM, BBITOTHSAIOLUINM T10-
TrPy30-pasrpy304Hbie paObOTHI.

B nporecce HakomIeHUs ONBITa HEHPOCETh
HAy4YUTCsd PAacloO3HABaTh €/1Ba 3aMETHBIE MO-
BPEKJCHUSI IPy3a U HE3HAUUTENIbHYI0 1edop-
MaIuio.

310 OyaeT CrIOCOOCTBOBATH MMOBHIIICHUIO Ka-
YeCcTBa BCETO Ipoliecca TPAaHCIIOPTUPOBKH I'PY30B,
TaK KaK UCKJIIOUUTH ke MaJeiiiee H3MEHCHNE
BHEIITHETO BHJA YMaKOBKH BO3MOJKHO TOJIBKO
MyTEM COBEPIICHCTBOBAHUS MIPOIIECCa MEPEBO3KH
1 BBITIOJTHEHUSI COITY TCTBYIOIUX ONEPALIUHA C TPy-



30M. CBOEBpeMEHHOE, 10 Iepeayr rpy30moy-
yareo, paclio3HaBaHKEe MOBPEKIEHHON yIIaKOB-
KM CIIOCOOCTBYET MOBBIILIEHUIO 3()(EKTHBHOCTH
BCEX TPAHCIIOPTHBIX IIPOLECCOB JIOIHCTUYECKON
KOMITaHHH.

B HEekoTOpBIX ci1ydasix HEHpOCeTh BBIHYXK e~
Ha Oy/IeT pacno3Harh YIaKoBKY, KOTOpas UMeeT
HCKYCCTBEHHBIEC NMPU3HAKU MOBPEXKICHUS KaK
noppexaEHHy0. Hanpumep, korna HUXKHSA
9acTh YMaKOBKH MMEET PUCYHOK, CXOXKHH CO
ciefaMH HaMOKaHHUA. DTa 3ajada pelraercs
CHUHXPOHHU3AIMEH C M300paKeHNEM YIaKOBKH,
MOJTYYEHHBIM TPH NMOTPY3Ke B MECTE MPOU3BOI-
CTBa TOBapa, YTO B CBOIO o4epenb morpedyer
BHE/IPEHUSI COOTBETCTBYIOIINUX TEXHOJOTHH IO
BCEH LIeNH TOCTABOK U MHTErpalluy HelpoceTe-
BbIX cucTeM B eaunyo UTC.

Buenpenne UTC, criocoOHO#M pacrnio3HaBaTh
MOBPEXKIEHHBIN I'Py3 HE TOJIBKO IIPU €TI0 BbLAAYE,
HO 1 BO BCEX MECTax MEPEBAJIKU U P IOTPy3Ke,
[IO3BOJIUT OIPEAEIUTH, HA KAKOM 3Talle JIOTUCTU-
YeCKOro Iporecca rpy3 OblT MOBPEKAEH.

B ciiyuae, ecnu rpy3 B ynakoBke ObLI1 HCTIOP-
YEeH HE B IIPOLIECCE NIEPEBO3KU, IIPEIUIOKEHHAs
KOHIIETIIXS TI03BOJIIET UCKIIIOUYUTh BUHY Iepe-
BO3UMKA U MMOJATBEPANUTH KaUC€CTBECHHYIO TPAHC-
MOPTHUPOBKY.

IIpenyioxenHasl KOHLENUSA O3BOJISIET HE
yCTaHaBJIMBATh HOBOE IOPOTOCTOsIIIIee 000PY/I0-
BaHue. [Tomrmo kamep BuacoHaONIOACHUS, KO-
TOpPBIE YK€ MOIIIM OBITh YCTAHOBIICHBI B MECTaX
BBITIOJIHEHUSI TPY30BbIX Ollepaluii, HeOOXO MBI
JUIIb yCTpoWcTBa sl QyHKIIMOHUPOBAHUS
HEHpOCeTH.

Kpome Toro, OsIBUTCSI BOBMOXKHOCTH COOU-
path 1 00pabaTkIBaTh OOJBIINE CTATUCTHIECKIE
JaHHBIE O MECTaxX M NMPUYHMHAX MOBPEXKICHUSI
rpy3a, 4TO MOXKET CIIOCOOCTBOBATD CYILECTBEH-
HOMY U3MEHEHMIO CUTYALIUHU C IIOPYEH I'PY30B BO
BpeMsl MEePEBO3KH U BBHIMOJHEHUS TPY30BBIX
oneparui.

Hayunas 5 peKkTUBHOCTh HACTOSIIETO
UCCJICIOBAHMS 3aKIIFOUACTCS B IPUPOCTE 3HA-
HUN B 00JIACTH BBISIBICHUS MOBPEKAEHHBIX
TPy30B IO BHEIIHEMY BUJY YHIaKOBKH B IPO-
[[ecce BBINOJIHEHUS JIOTUCTUYECKHUX ONepanuii
IIOCPEICTBOM MCII0JIb30BAHUS BO3MOKHOCTEH
MAILIMHHOTIO 3pEHUS U CBEPTOUHBIX HEMPOHHBIX
ceTen.

TexHonorunueckast 3pHeKTUBHOCTH Mpeyia-
raeMoro MeTo/ia MOXKET OBITh OIpe/ieeHa Yepe3
CPaBHUTEIBHBIN aHAJIN3 CKOPOCTHU BHITTOIHEHHUS
orepanuii KOHTPOJIS COCTOSIHUA IPy3a U YPOBHS
HeoOX0MMO# KBaTM(UKaLUK [IepcoHaa KOM-

VIA] \ [ \ Y .

vid. CBVI V1 VI BdHVECIB! IVIOZK CVIVICR

Puc. 8. Mapamemps1 nospexdeHull ynakosku [cocmasnieHo
asmopom].

MaHu{ Lenu nocTaBoK. JlaHHBIE MOKa3aTenu
MIOJIOKUTENLHO XapaKTePU3YIOT MPeTI0KEHHBII
METOJI 10 CPABHEHHUIO C JPYTUMHU.

OrneHkKa SKOHOMHYECKOH 3P PeKTHBHOCTH
MpenaraéMoro MeTo/ia BO3MOYKHA C UCTIOIb30-
BAaHHUCM Ka4C€CTBCHHbBIX U KOJIMYCCTBCHHBIX I10-
Kazaresei.

3AKINKOYEHKUE

Hacrostiiee uccnenoBanue mpoaeMOHCTPH-
pPOBaJI0 BO3MOJKHOCTb BBISBIICHUS MOBPEKIEH-
HBIX TPY30B IO BHEIIHEMY BUIY UX YIAKOBKH
C IIOMOUIbIO UCKYCCTBEHHBIX HEPOHHBIX CETEH.

[IpennokeHHass KOHLEMIUS OCHOBBIBACTCS
Ha TEXHOJIOTHSX, MO3BOJISIOINX O0Y4IUTh HEH-
poceTh pacio3HaBaTh MOBPEXKIEHHBIE TPY3bI TAK,
KaK 3TO JIeJIaeT YeJIOBEK, CIeIMAINCT B JAHHOM
00J1acTH, HA OCHOBE CBOMX 3HAHMH M OILITA.
Taxolf moaX0 K BBISBIEHUIO HCIOPYEHHBIX
I'PY30B U NPUYUH MOBPEXKJCHUS HAa JAHHBII
MOMEHT MacCOBO HE MPUMEHSCTCS.

HampaBnenue HacTOAILIEro MCCIEIOBaHUA
COOTBETCTBYET OOLIMM TEHICHLUSM pPa3BUTHUS
I'PY30BBIX IEPEBO30K U JIOTUCTUYECKUX TIpoLiec-
COB C HCIIOJIb30BaHHEM HHCTPYMEHTOB, ITPU3HAH-
HBIX MPOTPECCUBHBIMHU NMPEUMYIIECTBECHHOI
YacThIO0 HAYYHOTO COOOIIECTBRA.

B pesynbrare 0030pa CyIIECTBYIONIMX pa3-
paboTOK B 00JIaCTH PACIIO3HABAHHUSI PA3IMIHBIX
0OBEKTOB, B TOM YHUCJIE CIIOKHON (POPMBI, MaJIbIX
pa3MepoB U YIAalNEHHBIX OT CPEACTB (hUKcALUH
N300pa)KeHHs1, CICNIaHbI BRIBOJIBI O Liesiecoo0pas-
HOCTH NPUMEHEHMsI CBEPXTOUHBIX HEHPOHHBIX

[
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cereit nng obyuenus UTC pacrno3HaBaHUIO
YIOAaKOBKH, JaXE€ HEC3HAYUTCIBHO U3MEHUBIICH
BHEIIHUM BU/I.

B npouiecce uccienoBaHus TakKe OMUCAHBI
XapakTepHbIe PU3HAKH HEKOTOPBIX MOBPEXKIe-
HUU.

B pesysbrare uccienoBanus chopMynupo-
BaHa UACA NPUMCHCHHUA UHCTPYMCHTOB HMCKYC-
CTBCHHOI'0O MHTCJJICKTaA JId pacliO3HaBaHUMA
[IOBPEXKAEHHOTO I'Py3a [0 BHEIIHEMY BUIY
YIaKOBKH.
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Bunuxax 1A

AHHOTALIMA

OhhekmusHble 2py308bie NEPE8OsKU 8 KPYNHbIX MpaHc-
NOPMHBIX y311ax U ynpasieHue UMu UMerom peluaiolee 3HadeHue
01 muposol mopzosnu. Cywecmsyrouue cucmemb| op2aru3ayul
2py308bIX NEPEBO3oK He 0becneyusaom NpPOCIexU8aemMocms,
npo3payHoOCMb, UHGhOPMAaYUOHHYI0 6e30nacHOCMb U HEU3MEH-
HOCMb OaHHbIX, XpaHAWUXCS U 0OMEHUBAIOWUXCS 8 X00€ pa3uy-
HbIX ONepayLOHHbIX NPOUEccos. B pesynbmame 3mo He2amugHO
CcKasblgaemcs Ha npou3goduUMeTbHOCMU MPaHCNOPMHbIX Y3/108.

Ucnonb3osaHue yugpossIxX npunoxeHuli UHGOPMayUOHHO-
KOMMYHUKayuoHHbIX mexHomoeuti (MKT) 8 mpaHcnopmHol om-
pacsiu MoxXem npusecmu K 8bICOKOU asmomamu3ayuu npoyeccos
U 6oriee 3KOHOMUYHbIM PeweHUsM. [py3oebie nepegosku mpeby-
10m ucnonnb308aHuUs 0bmMeHa daHHbIMU 8 PeXUMe pearbHo20
8pEMEHU MeX0y Pa3nUYHbIMU y4acmeyruuMu 8 NPoYecce 3auH-
mepecosaHHbIMU CMopoHamu. TpaduyuoHHbIe 102ucmuyecKue
cucmembi Ha 6ase VKT ucnonb3ytom UeHmpanu3osaHHyto apxu-
mexmypy 0ns pasmeuweHus u 0bpabomku daHHbIX u ycrye. OdHa-
KO UeHmpanu3osaxHble 02ucmuyeckue cucmemsl He Mo2ym
obecneyums be3onacHbiti docmyn k OaHHbIM 8 PEXUME pearnbHo-
20 8pemMeHu, onepamusHyro sudumocme u dosepue Mexdy yya-
CMBYIOWUMU 0p2aHU3auUsaMU.

Honcrotr cocyoapemeennvlii mexuuyeckuil yuusepcumen, Pocmos-na-/{ony, Poccus /
L[3unans, nposunyus [llanedyn, Kumaiickas Hapoonas Pecnyo6nuka.

Asmomamu3ayus pasiu4HbIX OyHKUUL MpaHCNOPMHbIX Y3108
¢ nomowpbto MHmepHema gewell (IoT) u obradHbIX ebMUCTEHUL
MOXem adeksamHO Nosbicume NPoU3sodUMeTbHOCMb onepayuli
MpaHCNOPMHO20 y3/Ta. IMU onepauyuL BKITYaKom asmomamu3auyuro
UHmepcpelica mMpaHCNOPMHbIX cpedcme, KOHMEUHEPHbIX NTOWAdoK,
8HYMPUNOPMOBOL 1102UCMUKU U NYHKMa Npuéma mepmuHarna.

Lenbio uccnedogaHus sensiemes nosbiweHue aghghekmug-
HOCMU Op2aHu3ayuoHHO-PYHKUUOHaNbHOU 0esmensHocmu
MpaHCcnopMHbIX y3/108 NOCPEACMBOM YUpposu3ayuU. 3Ha4uMbI-
MU A8nsmes Memoob! NPUMEHEHUS KOMNIeKcHo20 nodxoda,
coyemarowe2o onpedeneHue yenecoobpasHocmu yqacmus
nopmogozo obbekma 8 06CyKugaHUU 2py30NomoKa ¢ MoYKU
3peHusi docmasKu «MOYHO 8 CPOK» U SKOHOMUYECKOU Uesneco-
obpasHocmu yyacmus 0bbexma 8 kaHare 2py30N0moKo8 8 Uensax
9KOHOMUU 3KCNITyamauuOoHHbIX pacxodos. Paccmomperb 803MOX-
Hocmu On1ft yTyqweHus npouyecca nymém uHmeapayuu uHgopma-
YUOHHO20 06MeHa Mex0y PasfuyHbIMU y4yaCmHUKaMU C UCNOsib-
308aHUEM CK8O3HbIX MEXHOMo2Uli 8 MPaHCNOPMHbIX y3nax, 8
yacmHocmu, KoHuenyuu brokyelH, dns onmumu3ayuu onepayuli
nymém usmezpauuu u obmeHa uHghopmayueli Mexaoy ydacmHu-
KaMu npouecca nepesosKu.

Kniodesble crioga: 2py308bie nepegosku, 6I0K4eiH, uHmennekmyanbHbie mpaHCnopmHbie cucmembl, imepHem gewed, cuapm-

KOHMpPaKm, CK8O3HbIe MEeXHOM02UU, MPaHCNOPMHLIU y3ern.

[na yumuposarusi: JTu BunuxaH. TexHomoeaus 6okqeliH 8 Lenoykax nocmasok mpaHcnopmHbIx y3noe 8 Kumalickoli HapodHou
Pecnybnuke // Mup mpaxcnopma. 2022. T. 20. Ne 4 (101). C. 73-85. DOI: https://doi.org/10.30932/1992-3252-2022-20-4-6.

MonHbil mekcm cmambu Ha aHanulicKoM si3bike ny6ukyemcst 60 emopoil Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.
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BBEOEHUE

[lepexon Kutasi k 5KOHOMUKE, OpUEHTUPO-
BaHHOW Ha MOTpeOIeHNe, B COYETAHNH C YITyd-
IIEHHEM JIOCTYITHOCTH BHYTPEHHHX PETHOHOB,
TMIepeHANpaBmI BHUIMaHHE TPAHCIIOPTHOM OTpac-
JIM OT BHEIIHEH OPHEHTAINH K yIOBICTBOPEHHIO
moTpeOHOCTEl HOBBIX BHYTPCHHUX PHIHKOB. Ha
TakoM OOJIBIIIOM M Pa3HOOOPa3HOM PHIHKE MHO-
THe TPAHCTIOPTHBIE KOMITAHNH JTOOMIIUCH yCTIexa,
9KCTIEPUMEHTHPYSI X Haxo/s cBOTO Hutry. CI1oxk-
HOCTB PBIHKA IPUBOANT K TOMY, UTO KpyTTHEHIIIE
OIIEPaTOPBI C ONITUMHU3UPOBAHHBIMH ITPOLIECCAMU
1 OoIree aanTHPyeMbIMU U MacIITa0HPyEeMBIMHI
OM3HEC-MOIEISIMA OKa3bIBAIOTCS B €Ié Ooliee
BBITOJTHOM TTOJIOKEHUH [ 1].

ITo Mepe pocTa BHyTPEHHHX MOTPEOUTEIH-
CKHUX PBIHKOB M PACIIUPEHNSI HHBECTUIINH B HO-
BbI¢ BHYTPEHHHE PETHOHBI, TPAHCIOPTHAS
u joructudeckas uHppacTpykrypa Kuras
CTAJIKUBACTCS C HOBBIMH ITPOOIEMaMt U HOBBIM
BHUMAaHHEM CO CTOPOHBI OM3HECA W rocyaap-
CTBEHHBIX OPraHOB. BBICOKHE TEMITBI 5KOHOMH-
yeckoro pocra Kuras, cTUMynupys crpoc Ha
JIOTUCTUYECKNE YCIyTH, TAKKE CO3MAI0T MPoo-
JIEMBI AJIsl TOTUCTUIECKUX OIIEPaTopoB.

ITo mepe Toro, Kak B cTpaHe OyIyT pa3BH-
BaThCsl c(hepa yCIyr M BBICOKOTEXHOJIOTHIHBIC
0Tpaciy, KOMITAHUAM TTOTpelyeTcst 6oiree Mo1I-
Hasl JJOTHCTHIECKAst TOCPKKA JJIsI TOBBIICHHS
3¢ dexTHBHOCTH UX paboTel. B cBOO ouepens,
9TO TOTpedyeT OoJiee COBEPIICHHBIX METOIOB
yTpaBieHus, 6oee MUPOKOTO MCHOIb30BAHMS
MH()OPMAITMOHHBIX TEXHOIOTHH U CUCTEM, CIIO-
COOHBIX MHTETPUPOBATH U KOHTPOJINPOBATH II€-
peMeleHne TOBapOB ¥ MaTepPHAJIOB B IIETIOYKAX
MOCTaBOK KaK BHYTPH CTPAHBI, TaK U 3a e€ mpe-
nemamu. Ocoboe BHUMaHHE yaemnseTrcs padore
TPAHCIIOPTHBIX Y3JI0B, TJI€ MepepadaThIBalOTCA
MaTepHaIbHbIE TIOTOKH P TIEPEXO0IE C OJHOTO
BH/JIa TPAHCIIOPTA HA IPYroil.

IToproBast uH(ppPaCTPyKTypa KPyITHBIX TPAHC-
MOPTHBIX y3710B Kutas crpanaer ot psjga Heno-
CTaTKOB C TOYKH 3peHUs d3PPEKTUBHOCTH U 00-
ciyxuBaHus [2]. Bo-miepBBIX, HA MAaTEPHUKOBBIX
mpUYanax B CPEIHEM BEITONHACTCS OT 22 10 27
TepeMeIIeHI KpaHa B 9ac 1o cpaBHEHHIO ¢ 30
B 4yac B [oHKoHre. Bo-BTOPBIX, 4aCTO BO3HUKAIOT
«y3KHE€ MECTay, MOCKOIbKY KOHTEHHEPHI Meq-
JICHHO TIEPETrpy’KaloOTCsl W3 MOpTa Ha JIpyrHe
BU/IbI TPAHCIIOPTA, YTO YacTO TpeOyeT, KaKk MH-
HUMYM, JABYX NEPEMELIEHUI KpaHa JIsl KayKI0H
onepauuu. bropokpaTus sBAsETCS TpEeTbEH
po0IIeMOi, TpensITCTBYIOMmEH 3(h(heKTHBHOCTH.
CynoxoaHbIe KOMITAHUH JJOJDKHBI TTOIy4aTh pa3-
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pelIeHusl OT TaMOXHH, [ 0CyT1apCTBEHHOTO
yIpaBJIeHHs M0 HAA30PY 3a KaueCTBOM, HHCIICK-
IIUM 110 KapaHTHHY, [ 0CyTapCTBEHHOTO ympas-
JICHUS TI0 BAJIOTHBIM OMNEpaIysiM U JIPyTUX To-
CYlapCTBEHHBIX OpraHoB. B-ueTBEPTHIX, HOTEpU
rpy3oB B Kurtae Brinie, yem B ['oHKOHTE MU
Cunranype, U3-3a Kpax 1 moBpexieHnit. Hako-
HeEll, CY/JI0XO/ICTBO BCE elE OCcTaéTcs OTHOCHU-
TEIbHO OTPAaHMUYEHHBIM CEKTOPOM, MHOCTPAH-
HBIM KOMITaHUSIM Pa3pelIeH0 UMETh JIMIIb MU-
HOPHUTAPHYIO OJI0 B KUTAMCKUX MOPTOBBIX
MOIITHOCTSIX.

[Tockonbky HU HeXBaTka Oapk, HU Meperpy-
JKEHHOCTb BOAHBIX NMyTEH HE MPEACTABISIOT
cepbE3HbIX Tpobaem, npaButenbctBo KHP
CTPEMUTCS MOJICPHU3UPOBATh HHPPACTPYKTYPY
BOJIHOTO TpaHcmopra. B HacTosmee Bpems B Ku-
Tae HacuuThIBaeTcs Oonee 1200 mopros, mpen-
nararommux npudainst 115 33 000 cynoB, BKIodas
800 ryGOKOBOAHBIX MPHUUYANIOB, CIIOCOOHBIX
OPUHUMATh CyJda Tpy30MN0aABbEMHOCTHIO
10000 Tonn. Ha 2025 ron 3amiaHMpOBaHO 3HA-
YUTEIbHOE yBEJIMYEHHE MOIIHOCTEH Mo mepe-
BaJIKE KOHTEMHEpOB. [0cyjapcTBEHHbIE OpraHbl
KHP BcTynuim B meperoBopbl ¢ MEKIyHApO/I-
HBIMHU CYJOXOJHBIMHM KOMITAaHUSIMM U B3sUTH Ha
cebs1 00s13aTeILCTBO pa3paboTaTh IpaBHIIA,
TpeOyIolIHe OT CYIO0XOJHbIX JHMHUH MPeoCTaB-
JieHust nHQopManuu o ctaBkax ppaxra. Be€ ato
MPU3HAKU MOBBIIICHUS IPO3PAYHOCTH B OTpac-
.

IIpaButensctBo KHP Taxxke ncmonesyer
MHOCTPaHHBIN HHTEPEC K CTPOUTENILCTBY IIOPTOB.
Anmunuctpanus nopra Illanxail yxe Hadanma
paboty Haj 20-JIeTHUM TPOEKTOM CTOMMOCTBIO
14,5 mapa. nonnapos CHIA, koTopblil mpey-
CMaTpPHUBAET CTPOUTEIBCTBO 52 MPUYAJIOB B0
13-kuaoMeTpoBON HAOCPEIKHOU IS CYIAOB
c ocaJiKoli He MeHee 15 MeTpoB B ITyOOKOBOTHOM
nopty Anmanse. ITpoekrupoBanueM KOHTEHHED-
HOTO TepMHUHAJIa HA MaTepPHUKE 3aHUMACTCS KOM-
nanusi Hamburg Port Consulting, nouepHsis
KOMITaHHsl HeMelkoii rpymnisl Hamburger Hafen
und Lagerhaus-AG [2].

Crarb I100aJ1bHBIM OIIEPaTOPOM TPAHCIIOPT-
HBIX y3710B — 310 BugeHue Hlanxalickoro nopra,
a JanpHellee pa3BUTHE IOPTa C OJHOBPEMEH-
HOM 9KCIIAaHCHUEH B MUP — 3TO OCHOBHAsl cTpare-
rus [llanxaiickoro nopra. Illanxailickuii nopr
coKycupoBajcs Ha JIByX acCHeKTax CTpaTerdu
Pa3BUTHS — alllapaTHOM U IPOTPaAMMHOM, U 3TO
MIO3BOJIUT CJIEeJIaTh OPT OoJiee KOHKYPEHTOCIIO-
coOHbIM. {1 9TOr0 HEOOXOIUMO COCpeoTo-
YUTHCS Ha OINEPALMOHHBIX M YIPABICHUECKUX



Puc. 1. BudsI uMnopmHo-3KcnopmHbIX onepayuli € mpaHcNOPMHOM y3se [ébINOHEHO agMopoM].

acriekTax, Takux kak |T-kommyHHKamuu, cuc-
tema EDI, MapkeTHHT 1opTa, NOJAUTHKA UHTEP-
HaJIM3AINN YISl TIPUBJICYCHHS TTOTEHIIMAIBHBIX
noJsib3oBaresneil mopra. TpaHCIOPTHBIN y3en —
9TO MECTO CTHIKOBKH JIBYX 1 OOJIee BUOB TPAHC-
TOpTa, TEXHOJIOTUYECKOE B3aMMOACHCTBHE KO-
TOPBIX 00ECMEYNBACTCS COOTBETCTBYIOIINM
KOMIIJIEKCOM YCTPOMCTB U CPENCTB, a TaKXke
OpraHu3allMOHHBIMHU Mepamu [3].

CerofiHs ceTh IIeTeH MoCTaBOK XOPOIIO WH-
TErpUpOBaHa C TAKUMH HH()OPMAITHOHHBIMH
TEXHOJIOTHSIMH, KaK IJIAHHPOBAHUE PECYPCOB
mpennpusatus (ERP), RFID, GPS, cencopnsie
TEXHOJIOTHH, BUICOTEXHOJIOTHH 1 TEXHOJOTHS
MTPHUX-KO/10B. O1HAKO B OOJIBITMHCTBE CITydacB
9TH TEXHOJIOTUHU pabOoTarOT M30JIMPOBAHHO 1 HE
CBSI3aHBI MEXIy c000i. UTOOBI mpeogoneTs
BBINICYTIOMSIHYTBIE MTPOOIEMBI, paboTy TpaHC-
TIOPTHOTO y3JIa MOXHO PAJUKAIBHO YITydIIUTh
C TIOMOIIBI0 U(POBU3ALNN U, B YACTHOCTH,
BHEJIPEHHSI TEXHOJIOTHHN OJIOKJEHH.

BricTpopacTyIuie TeMIbl MUPOBO TOPTOBIH
HYKIAI0TCS B 9KOHOMHUYECKH 3P (PEKTUBHBIX,
OBICTPBIX M BBHICOKOHAAEKHBIX TTOPTOBBIX OIle-
pamnusX M CHCTEMax yNpaBJICHUS I'PY30BBIMH
nepeBo3kami. Vcrons3oBanne MuQpOBHIX IPH-
JIOXKeHNH MH(OPMAITMOHHO-KOMMYHHUKAITMOHHBIX
texnonoru#i (MKT) B TpaHCTIOPTHOH oTpaciu
MTOTCHIHAIBHO MOXET MPHUBECTH K BBICOKOH
aBTOMAaTHU3alNH MTPOIECCOB U O0Iee SKOHOMHY-
HBIM peUIeHMsIM [4].

I'py30BbIE IEPEBO3KHM B TPAHCTIOPTHBIX Y371aX
TpeOyIOT MCIOIb30BAHMUSI OOMEHA NaHHBIMU
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B PEXKHMME PEANbHOTO BPEMEHHN MEXIY pas3iiid-
HBIMH Y9aCTBYIOIINMH B ITPOIIECCE 3aMHTEPECO-
BaHHBIMHU CTOPOHAMH. DTO BAXXHO, 0COOEHHO BO
BpeMsI TTEPEBO30K B WHTEPMOJAIBHBIX TpPaHC-
MOPTHEIX y37ax, s Oonee 3pdekTuBHOTO HC-
MOJIb30BAaHUSI PECYpCOB U MH(PACTPYKTYPHI.
TpaaunnoHHBIE TOPTOBBIE JIOTUCTHYECKHUE
cucteMsl Ha 6a3e KT ucmons3yroT 1eHTpanm-
30BaHHYIO apXUTEKTYPY JUTS pa3MeLIeHust 1 00-
paboTky maHHbBIX. OHAKO MEHTPATN30BAHHbIC
JIOTHCTHYECKNE CHCTEMbI HE MOTYT 00ECIIEUNTh
0e30MacHBIi TOCTYT K JAHHBIM B PEXKUME Peallb-
HOTO BPEMEHH, ONEPaTUBHOCTD, MPOCIICKUBAC-
MOCTb U JIOBEpHE MEX/y YIaCTBYIOIIMMH Opra-
HU3AIUSIMH.

TecHass KoopAMHAIMS 3aWHTEPECOBAHHBIX
CTOPOH, y4YacTBYIOIINX B JIOTHCTHYCCKON LIETIH
TPAHCIIOPTHOTO y3Jla, CHOCOOCTBYET pannoHa-
JM3alUH TIPOIECCOB IIAHUPOBAHUS TPY30BBIX
nepeBo3ok. CriejoBaTesbHO, OHA MOXKET o0ecrie-
9uTh 3((HEKTUBHOCTH 33 CYET COKpAIICHUS 00-
IIEr0 BpeMeHH 000pOTa TPAHCIIOPTHOTO Cpef-
CTBa B TPaHCIOPTHOM y3ie. DpPeKTHBHOE
TUTAaHUPOBAHHUE TPY30BBIX TIEPEBO30K U MIPHUHSTHE
penIeHui Takke TpeOyloT 6e30MacHOro 1 Mpo-
3padyHOr0 MH()OPMAIMOHHOTO MOTOKAa MEXIY
Pa3NIMYHBIMU yYaCTHHKAaMH Ipolecca. DTH
oTIepanyy BKJIIOYAIOT aBTOMATH3alUI0 WHTEp-
(eiica TpaHCIOPTHBIX CPEICTB, KOHTCHHEPHBIX
TUTOIIA/IOK, BHYTPHITIOPTOBOH JIOTUCTHKH.

C pocTOM MEX/TyHapOJHOM TOPTOBIH U pa3-
BUTHEM 3KOHOMUKH, 00bEM KOHTCHHEPHBIX I1e-
PeBO30K B TopTax Kutast cTpeMHUTENbHO PacTET.
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Puc. 2. Cmpykmypa 0aHHbIx 6110Kk4eliHa [8bINOSIHEHO agMmopoMm].

FCL u LCL — nBa TepMuHa, KOTOPbIE UCIIOJIB3Y-
I0TCsI B c(pepe MMITOPTHO-IKCITOPTHBIX OTIepaIinit
TIPU MOPCKHX TPpy30mepeBo3kax. Ecmu rpy3omo-
Jy4aTeNb pacroiaraeT OO0 MapTHel ToBa-
POB, KOoTOpasi 3aUMET LBl KOHTEHHEP, TO OH
pesepsupyer FCL. A66peBuarypa pacmmdpo-
BeiBaeTcs kak «Full Container Loady, 4to B mie-
PEBO/IC O3HAUACT «IIONTHAs 3arpy3Ka KOHTEiTHe-
pa». FCL npunaanexutr ogHOMY Irpy300oayya-
Temo. J[axe mpu YacTHIHOH 3arpy3Ke ¥ MPHHA-
Je)XHOCTH OJHOMY 3aKa3uuKy rpy3 OymeT
cuntarbcsi FCL [4].

Ecnu 00BEM mapTum TOBapOB HE MOXKET
3aHATH BECh KOHTEHHED, TPy30II0IyIaTeNb pe-
3epBUPYET TOIHKO MECTO B 00IIIEM KOHTEIHEpeE.
B Takom xoHTeitHEpe epeBO3ATCS TPY3HI IPY-
TUX TPy30TI0IyJaTesIei, KOTOPHIC IIATAT He 3a
BeCh KOHTEIHEp, a TOIBKO 32 MECTO. DTO HA3HI-
Baercs nocraBkoit LCL — anmmmiickas abope-
BHATypa, KOTOpas pacimu(poBEIBacTCS Kak
«Less Than Container Loady», «HemonHas 3a-
rpy3Ka KOHTEHHEpa» W «KOHCOIHUIUPOBAH-
bl koHTelHep». LCL nemesne, yuem FCL.
Wmeet cmbicn 3aka3biBaTh LCL nipu gocraBke
HEeOONBITNX I'PY30B U MapTHIA ToBapoB. busHec-
MIPOIECCH B cepe TIePEeBO30K ¢ MEHBIIEH 3a-
rpy3koif koHTeitHepoB (LCL) B GombpmmHCTBE
moptoB Kutast mo-mpekHeMy O0CTaroTCs CIIOXK-
HBIMH U HEO(PPEKTUBHBIMHU.

biokueiin — 310 CTPYKTypa JaHHBIX, KOTOpast
MpeAcTaBisieT co0oil 3amnuch B OyXTanTepcKoit
KHUTE WM 3aM1Ch 0 Tpar3akimn. Kaxnas TpaH-
3aKIHS TTONMTUCHIBACTCS IIH(PPOBON MOIIHICHIO
IUts o0ecriedeHns e€ OATMHHOCTH. DTO obec-
MEYNBACT IEIIOCTHOCTh OyXTalTepCKOW KHHUTH
U CYLIECTBYIOLIUX TpaH3aKLUui [S5; 6]. DTu 3amnu-
cr mupoBoi OyXTanTEepCKOW KHUTH 3aTeM
pacIpeesIroTCs MKy HECKOIBKIMHU KOMITBIO-
TEepaMU WM CepBEPaMH, KaKIBIA U3 KOTOPHIX
BEICTYTIACT B KAYECTBE y3J1a. DTH JOTIOITHUTEIh-
HBIC Y376l H YPOBHU HH(PACTPYKTYPHI CIYXKAT
U1 o0ecriedeHnsl KOHCEHCYyca OTHOCUTEIBHO
COCTOSIHUS TPaH3aKIIUH B JIIOOYIO CEKYHY; BCE
OHH MMEIOT KOITHH BCEH CYIIECTBYIOIICH ayTeH-
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TU(QHUIPOBAHHON OyXrajTepCKoil KHWTH, pac-
TIPeCIEHHON MEKTY HUMH.

brokueiin ncronb3yeT KpuITorpaduio, 4To-
OBl TapaHTHPOBATh, UTO, €CIIH B ONOK OyIyT
BHECEHBI KaKNE-TN00 N3MEHEHUSI, TIOJIb30BaTEIN
CMOTYT MTHOBEHHO 3aMETHTh 3TH W3MEHECHUS
[7]. DTO cBOKCTBO nenaeT OIOKUCHH HTeaTbHOM
CTPYKTYPOH JaHHBIX JUIS XPAHCHHUS 3aMUCEH.

Kaxk ciemyer u3 Ha3BaHUs, OJIOKYEIH COCTO-
UT U3 1enouky OnoxoB. Kakaplid 610k cocTout
13 JIaHHBIX 3alMCed TpaH3aKIUil U COOTBET-
CTBYIOIIEH nH(OpMaIym, copepxarieiics B Kax-
Joi TpaH3zakuuu. Kaxknas TpaH3akuus nMmeer
METKy BPEMEHH, CBSI3aHHYIO C TEM, KOTJla OHa
Obla 3amucana B 1enouKy 0mokos. [Tocienyro-
e ONOKM TpeOyroT uaeHTU(HUKaropa (UIu
X3I1a) TPEBITYIIEro OI0Ka, U 3TO CChUIKA, KO-
TOpast CBS3BIBACT BCe OIIOKU BMecTe (pHc. 2).

[IpenmymecTBa OmokdelHa mepes cyle-
CTBYIOIINMH CHCTEMaMH OYEBU/IHBI. B Orokueii-
HE TEHEPHUPYETCsl €ANHBIH NCTOYHUK JAaHHBIX
Onaronapsi ICLEHTPAIU3AINK 110 CPABHEHUIO
C CYIIECTBYIOIINMH CHCTEMaMH, KOTOPBIE B OC-
HOBHOM IIeHTpanm3oBaHbl. Kpome Toro, Oiok-
4yeiiH oOecreunBaeT MOBBIMICHHBIH YPOBEHB
0€3011acHOCTH, TTOCKOJIbKY JIaHHBIC HEU3MEHSsIe-
MBI. B cymecTByommx cucremMax JaHHbIE B OC-
HOBHOM TIPOBEPSIIOTCSI M3BHE (HarpuMep, Io-
CPEJICTBOM ay/InTa), B TO BpeMs Kak B OJIOKUEiHE
BHEIIHSS MpoBepKa He Tpedyercs. Jlanuble
B OJIOKUEHHE MMEIOT OTMETKY JaThl 1 BPEMEHH,
KOTOpast CITyXKHT JI0KA3aTeIIbCTBOM MOITBEPIK/IC-
Hus. Bee 9TH TpaH3aKIuuM XpaHATCS OHJIANH
B Onokax. JlaHHasi TEXHOJOTHS TPUMEHSETCS
B KpunroBamorax. Hanmpumep, B Onokueiine
outkonna Caromm (Bitcoin Satoshi) 61oku co-
Jieprkat HH(OPMAIIMIO O TPAH3AKIMAX B OMTKOH-
He [8]. B 6rmoke ykazaHO, KTO M KOMY OTIIPaBIISI-
€T OUTKOMHBI.

[Tockonbky B ONOKYEHHE OTCIIECKNBACTCS
JIBIDKCHUE BCEX OMTKOMHOB C MOMEHTA X CO3-
JIaHusl, 110 OyXTaJITepCKON KHUTE MOXKHO TTPOBE-
PHTB, KOMY UIMEHHO IIPUHAJICKHUT TOT HIITH HHOH
OWUTKOMH B JI000H MOMEHT BpEMEHH. DTOT Me-



XaHH3M BIIQJICHHUS, KOTOPBII IIOMOTaeT OTCIICHKH-
BaTh OUTKOMHBI, HA3bIBACTCS TEKYIIMM «COCTOSI-
HUem» OsiokueiiHa. TpaH3aKuMs IIPOUCXOAUT
TOJIKO TOTJIA, KOIJIa OHa J0OaBsieTcs B OJIOK.
ITo Mepe 100aBICHUST HOBBIX OJIOKOB COCTOSIHUE
Oiokueiina oOHoBIsieTcs. [TockoibKy Bee TpaH-
3aKIMKU OOHOBIISIIOTCS B OJIOKYEIiHE, OJIL30Ba-
TEJIb MOXKET B JIF000I MOMEHT IOJIyYHUTh JOCTYII
K OJIOKYEHHY U TOCMOTPETh, KaKHe TPAH3aAKIHH
6buTH coBepieHsl [9; 10].

biiok4eliH — 3TO HOBasl PEBOJIIOLUOHHAS
TEXHOJIOTHs1, KOTOpasi 00JIeryaeT OJHOPAHTOBYIO
P2P (anm. peer-to-peer, P2P — paBHBIit kK paBHO-
My) Tiepenady HEHHOCTEeH 0e3 HeOOXOIUMOCTH
B IIGHTpajin30BaHHOM nocpeanuke [11]. Texno-
JIorust OJIOKYEHH B IIape CO CMapT-KOHTPAKTaMH —
9TO HaAEKHBIM METOJ] aBTOMaTU3alluy OU3HeC-
HpaBUI B paMKax d(pGEKTUBHOTO U JIOBEPUTEITb-
HOro Mexanusma. CMapT-KOHTPaKT — 3TO CaMo-
UCIOJHSIONUACS parMeHT KoJa, KOTOPBIi
pabotaer Ha ratdopme Oiaokueiin. [Ipemonpe-
JeIEHHBIC TPaBUIIa MEXIY Y4YacTBYIOIIUMHU
OpraHu3aLysIMH EPEBOSTCS B (QYHKIIUH CMApT-
KOHTPAKTa JUIsl yCTAHOBJICHUS JIOBEPUSL.

CyuiecTByeT TpH HOMYJSPHBIX THNA OJIOK-
yeiiHa — myOInuHbIi, (eaepaTuBHbIN 1 MOJHO-
CTBIO NMPHUBATHBIH [12]:

o [IyOauunviii 6nokuein — 3To Haubojee
pactpoctpanéHHas ¢popma OnokueiitHa. B HéM
JIF000M M Ka)KIbIii MMEET BO3MOKHOCTH ITOJI-
TBEPJHUTH WM IIPOCMOTPETH JIIOOYIO TpaH3aK-
LU0, TIPOUCXOJAIIIYIO B CETH, 3arpy3UTh KOJ
U 3aIyCTUTh IyOIMYHBIH y3€l1 Ha CBOEM JIOKaJIb-
HOM YCTpOWCTBE, MOATBEPIKAAsl TPaH3AKIIHU
B CETH M Y4acCTBYs B KOHCEHCYCHOM ITpOIiecce.
Ot0 naér mpaBo y4acTBOBaTh B Ipoliecce, Ko-
TOPBII OIIpeaessieT, Kakue OJ0KH 00aBISIOTCS
B ILIeNIb U KakoBa Tekymas Gopma u pasmep
OnoKueliHa.

Heckonbko COBpEeMEHHBIX TyOJINYHBIX ITPO-
TOKOJIOB OJIOKYEHH, OCHOBAHHBIX Ha QJITOPUTMaX
koHceHcyca Proof of Work, uMeroT oTKpbITHIi
HCXOHBIN KOJI. DTO MOPa3yMEBaCT, 4TO JH000i
JKEJIAIOIIMI MOXKET IPUHSATh B HUX ydacTHe 0e3
paspeiueHusi. B kauecTBe npumepa MOKHO ITpu-
BectH Bitcoin, Ethereum, Monero u fp.

o [lonnocmyuio npusammwiil 6noxuetin. Mexa-
HM3M KOHCEHCYCa IIEHTPAJIM30BaH B PyKax OTHOM
OpraHu3aluy, 3a7a4eil KOTOPOH SIBJIsieTCs ITPOBEP-
Ka 1 7100aBieHre BCEX TPaH3aKIMK B ONOKYCHH.
Cerb, OCHOBaHHasl Ha 4aCTHOM OJIOKuEiiHE, 10-
9TOMY HE HYKIAeTCs B HCIIOJIb30BAaHUU TAKUX
MexaHu3MoB, kak «Proof of Work» wiu «Proof of
Stake», KOTOpbIE CIIOKHBI B peaIU3aliK U JIOPOTH.
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* Dedepamuenvie 610KYelHbl B OCHOBHOM
UCIIONIB3YIOTCSl B OaHKOBCKOM cekrope. OHu
MIPE/ICTABIISIFOT COOOM Pa3HOBUIHOCTH YaCTHBIX
OJIOKUEITHOB, KOTOPBIE KOHTPOIUPYIOTCS HE Of1-
HUM Yy3JI0M, @ HECKOJIBKUMH 3apaHee onpe/ieéH-
HbIME y3namu. [Ipornecc koHceHcyca B (enepa-
TUBHBIX OJIOKYEHHAaX OTIMYAeTCsl OT IMmpolecca
KOHCEHCyca B MyOMMYHBIX OJOK4YeHHaX. 31ech
KOHCEHCYC KOHTpOIIMPYETCs 3apaHee BbIOpaH-
HBIM HabopoM y3i10B. [IpaBo Ha 4yreHHe OIOK-
YeiiHa MOYKET OBITh ITyOIMYHBIM I OTPAaHHYEH-
HBIM ISl y9aCTHUKOB. Takue OJIOKICHHBI TAKKE
M3BECTHBI KaK OJIOKYECHHBI C YaCTHBIM pa3pelie-
HUCM.

B KOHTEKCTE LIEMOYKH MOCTAaBOK Ipo3pay-
HOCTh MOJKHO OTHECTH K HH(OPMAIINH, IOCTYT-
HOW KOMIIaHHSIM, YYaCTBYIOLIMM B CETH IOCTa-
BOK. /{751 Toro 4TOOBI 1IeTh MOCTaBOK OblIa
MPO3pavyHOl, BaXKHO, YTOOBI TPOUCXOKICHHE
MIPOAYKTA UITH YCIYTH MOXKHO OBIJIO TIPOCIIEUTh
OT Hayajia 70 KOHIIA MX YXM3HEHHOTO IUKJIA.
Takum 00pa3zom, MPo3pavHOCTb U TPOCIICIKUBAL-
MOCTb B3aUMOCBSI3aHBI.

Texnonorun 6J0KuYeitH 0OECHIEUUBAIOT I10-
BBIIICHHE TIPO3PAYHOCTH LIETIOYKH TOCTABOK, HO,
410 O0JIee BaKHO, OHU CO3/Ial0T HEU3MEHSIEMBbI
U pacnpenes€HHbIA TUIN 3allUCU O XpPaHEHUHU
B CHJTy MIPHUPOJIBI TPOTOKOJIA, KOTOPBI XOPOIIO
TIOAXO/IUT JJIS IPUIIOKEHUH TI0 OTCIICKUBAHUIO.
OyiHaKo CYIIECTBYIOT MPOOJIEMBI, KOTOpbIE He-
obxonumo npeoponers. OqHa U3 mpodiem 3a-
KITIOYAeTCsl B TOM, KakK OyleT OCYyIIeCTBIATHCS
pa3paboTka 1 ynpaBlieHHEe TEXHOJIOTHEH.

Paspewénnviii Onokueiin — 310 pactpeaeicH-
Hast OyXrajarepckasi KHUIra, KOTopast He SIBISIeTCS
obmenoctynHoi. K HeMy MOryT mony4uthb
JIOCTYTI TOJIBKO ITOJIb30BATEIH C Pa3PELICHUSIMU.
[Tonb30BaTenyt MOTYT BBITIOJHSATH TOJIBKO OMpe-
JIelI€HHbIE JNEICTBUS, pa3pelICHHbIE UM aJMu-
HUCTPATOpPaMH TJaBHOW KHUTH, W JIOJKHBI
nAeHTU(UINPOBATH Ce0s C MOMOIIBIO cepTH(DU-
KaToB WJIM JIpYTrUX HUPPOBBIX cpeactB. Kak
nyONUYHBIC, TAK M Pa3peHICHHBIC OJIOKICHHBI
UMEIOT CBOM OTpaHMYECHHS M MPEHMYIIECTBA.
Heobxonnmo obecriedyuTbh COBMECTUMOCTD pas-
PEHIEHHBIX U MyOIUYHBIX OJIOKYSHHOB, JJIs1 YETO
MOTPEOYIOTCS CTAaHAAPTHI M COTIIAIIICHHUSI.

Emgé omna ceprésnas mpobiema — 3To HOp-
MaTHUBHO-IIPABOBBIC aKThl U 3aKOHOJIATEIILCTBO.
CJI0)KHBII MaCCUB HOPMAaTHBHBIX aKTOB, MOPCKO-
IO IpaBa 1 KOMMEPUECKHUX KOJECKCOB PETyIIUpPYeT
npaBa COOCTBEHHOCTH ¥ BJIAJICHHS Ha MUPOBBIX
MOPCKHX ITyTSIX U B UX MHOTOYHCIICHHBIX IOpHC-
JTUKITUSIX.
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W3 pa3nuuHBIX IpeanaraeMblX MpeuMy-
IeCTB OJIOKYEHHA, KOTOpbIE MbI 00CYyKIanu
paHee, OJJHO Ba)KHOE IIPEUMYLIECTBO 3aKJII04a-
ercst B popMe cMapT-KOHTpakToB. [lox cmapt-
KOHTPaKTOM MOKHO TIOHUMaTh HA0Op aJIrOpUT-
MOB U IPOTpaMM B U(POBOIi cpelie, KOTopbie
MOTYT OBITh YACTHYHO WJIN MTOJTHOCTHIO BBIOJ-
HEHBI WIN NPUBEJCHBI B UCIIOJHEHUE MPH Ha-
CTYIUICHUU ONIPE/IeNIEHHBIX YCIOBUM. B KOHTEK-
cTe OJOKYEHH CMapT-KOHTPAKTHI UMEIOT 3apa-
Hee HAIMCAHHYIO JIOTHKY; XPAaHATCSA U Periu-
HUpPYIOTCs Ha 1uiaropMe pacrpeneaéHHOro
XPaHEHUSI; BBITIOJIHSOTCSI/3aITy CKaIOTCS CEThIO
KOMIIBIOTEPOB U MOTYT IPUBECTH K OOHOBIIE-
HUIO OyxranTepckoil kHuru. B nemoMm onu pa-
60TalOT Ha OCHOBE MOJIOKEHUH «ECIU—TO»,
KOTOPBIE BBIMOJHSIOTCS U MPOBEPSIOTCS MHO-
I'MMH KOMIIBIOTEPaMHU JIJIsl 00ecTiedeH st 10CTO-
BepHOoCcTH. OCHOBHAs (pyHKIMs OoKueiiHa 3a-
KJII0YaeTcs B IPEI0CTABICHUH MOIb30BATEISIM
pacnpeneys€HHOro HaAEXKHOr0 XpaHUJIUILA.
AHaJIOrNYHO, OCHOBHOW (yHKIIMEH cmapT-
KOHTpaKTa SBJISIETCS MPETOCTABICHHE MTOJIB30-
BaTEJISIM PACIPEIEIEHHBIX HANEKHBIX BbIYKC-
JICHUH.

CMapT-KOHTPAKT COCTOUT U3 KOMITBIOTEPHO-
0 KOJia, KOTOPBIil HCIONb3yeTcs A aBTOMAaTu-
3aIMH 4acTel «eCIU—TOrna» TPaJULMOHHOTO
KOHTpakTa. [IpenMyInecTBo KOMIBIOTEPHOTO
KoJIa Ha OJIOKUeHHEe 3aKIIYaeTCs B TOM, YTO
BEPOSATHOCTh MAaHUMYISALUN OYeHb HM3KA, TaK
Kak CyIIECTBYET MEHbIIIE TOTEHIMATIbHBIX CIIOp-
HBIX MOMEHTOB. Koz Bocripon3BouTCs Ha MHO-
T'MX KOMITBIOTEpax U 3aIlyCKaeTCsl TeMHU KOMITBIO-
TepaMH, KOTOPbIE MPUIIJIHN K COTJIAIICHUIO
0 pe3yJbTaTax BBINOJHEHUS KOAIa.

CMapT-KOHTPAKThl 00ECIICUNBAIOT CIIEAYIO-
1€ IpeuMyIIecTBa:

» Camoucnonnarowuecs yciogus. MyHKTHI
«ECIU—TO» CO3J1alT CAMOUCIIOIHSIIOIUNCS
KOHTPAKT. DTO CHUXKAET MOTPeOHOCTh BO B3au-
MOJICHCTBHH YYaCTHUKOB Iporiecca. Eciu onpe-
JIeIEHHBIN HAOOP YCIIOBUIA BBITIOJIHCH, TIPOJIaBEL]
nojiydvaer oruiaty. Ecnu ycrnoBus He BBINOJIHS-
IOTCS, TO OJIHA U3 CTOPOH aBTOMAaTHYECKH MOTy-
qaer mrpad.

¢ bezonachocmb: cMapT-KOHTPAKT 3audpo-
BaH U PaCIpeAeEH MKy y31aMH. JT0 rapaHTH-
PYET, 4TO OH He Oy/eT IOTEePsH WM N3MEHEH.

* Cxopocms 1 cmoumocmy: 6narogaps aBTo-
MaTHU3aIu1 IPOLECC MPOUCXOTUT OYEHB OBICTPO.
Hanpumep, npogasity He Hy>KHO AaTh OILIATHI,
eciu Bcé B mopanke. Kak Tonpko B cmapT-
KOHTPAKTE BBIMOJIHAIOTCS YCIOBUS, TIIATEXK 3a-
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IIyCKaeTCsl aBTOMAaTHYECKH. DTO TaK¥Ke IIOMOra-
€T YCTPaHUTh MTOCPEIHUKOB, YTO SIKOHOMMUT 3a-
TpAaThl.

Hecmotps Ha Ooxblive NMpenMyliecTsa,
y CMapT-KOHTPAKTOB €CTh U HEOCTATKHU:

* Yenogeueckuil ¢pakmop: KOIUPOBAHUEM
U IPOrpaMMHUPOBAHUEM 3aHHUMAIOTCS JIFOIH,
a OTO 3HAYMT, YTO B KOAAX MOTYT 6]:ITI) BO3MOX-
HBIC JIa3eHKU. DTO AenaeT CMapT-KOHTPaKT
BOCIIPMUMYUBLIM K aTaKaM XaKCpoOB.

* 3akonodamenvbuas clOAHCHOCHb: B HACTOS-
mee BpeMs CMapT-KOHTPAKTBI HE OATIaIar0OT IO/
cdepy 3akoHOzaTENbHOTO peryiaupoBanus. On-
HAKO CTPEMUTEIIbHBIN POCT LICH Ha KPUIITOBAJIIO-
ThbI l'[pI/IBéJ'l K TOMY, YTO MHOI'M€ CTpaHbl Ha4YaJIn
peryJupoBaTh KPUITOBAIIOTHYIO HUHIYCTPUIO.
CMapT-KOHTPAKThI — 3TO FOPHIUMYCCKUC TOKY-
MEHTbI, KOTOPbIE Oy/1yT UCTIONHATHCS HA LI PO-
Bo# ruiarhopme. B HacTosiiiee BpeMst OHM Haxo-
JIATCsS. BHE 30HBI HOPMaTUBHO-IIPABOBOTO PeEry-
JIMpOBaHUA, U CTOPOHBI MOT'YT 3aKJIFOYaTh UX Ha
OCHOBE COOCTBEHHOTO MOHNMaHnust. Ecin cmapT-
KOHTPAKTBI OYyT pEryJIMpOBaThCs U IOTPEOYIOT
0ZI00pCHHUS PETYJIUPYIOIIUX OPTaHOB, TO P eK-
THBHOCTH CMapT-KOHTPAKTOB OyIET yTpaucHa.

* Jloco60pHble yCa06UsL: CMapT-KOHTPAKTHI
B OCHOBHOM I10JIE3HBI JJI UCITOJIHEHHWA 110 IIPUH-
UMY «CCIIU—TO». Bo mHorue KOHTPAKTHI CIICIU-
AJIbHO BITMCBIBAIOTCS OT'OBOPKH, YTOOBI CcO31aThb
KaHaJs Juis apourtpaxka. Hampumep, oroBopka
0 (opc-MaKOpHBIX 0OCTOSTEIBCTBAX, KOTOPAs
MPUCYTCTBYET B OOJBUIMHCTBE KOHTPAKTOB Ha
MOPCKHE MEPEBO3KH.

Mpbl paccMOTpeNH pa3jiu4Hble TPOOIEMBbI
LCTIOYKH IMOCTABOK B TPAHCIIOPTHLIX y3JIaX U TO,
KaK pa3nyHble MPUIOKCHHUSI OITOKUCHHA, TAKKe
KaK CMapT-KOHTPAKT, MOT'YT 6I)IT]) I10JIC3HBbI 1JI14
obecriedeHns: IPO3pauHOCTH U IIPOCIIEKUBAEC-
MOCTHU B TCKYHIUX HCIOYKAX IMOCTAaBOK. boiin
BBIJICJICHBI TPU OCHOBHBIC ITPOOJIEMBI IPY300T-
npaBHUTEINCH B [[EMOYKAX MOCTABOK TPAHCIIOPT-
HBIX Y3JI0B: Oapbepbl B TOProBje, BHEAPCHHE
TEXHOJIOTHI B MOPCKOW OTpaciu U Hedpdek-
THBHAs MPAKTHKA 3aKIIOYCHHS KOHTPAKTOB.
OHU NPUBOJAT K TOMY, UTO I'Py300TIPABUTEIH
CTAJKHUBAIOTCS C HEHYKHBIMH 3aJepKKaAMU
U pacxojiaMH HM3-3a MeperpyKeHHOCTH OyMax-
HOU paboToii.

PE3YNbTATDI

As-Is (kak ectb) — IIpouecc gJocTaBku
Texy1uii mporuecc OTrpy3Ku TOBApOB U BaX-

HOCTb HOKYMCHTAIlUMW paCCMOTPCHBI HUXKC Ha

puc. 3.



Puc. 3. Tekywuti npoyecc nepeeosku koHmeliHepos As-Is (Kak ecmb) [8binonHeHo asmopom].

1. 3nech MPOUCXOMUT B3aMMOJIEHCTBHE TIO-
Kynarels ¥ TMpoJaBIia Py IMPOJaKe U IMOKYITKE
TOBapOB:

* [IpomaBen ¥ MOKyMHaTeNlb 3aKIIIOYAI0T CO-
IJIAIMICHAE O TIPOJIaXKe TOBAPOB. DTO IMPOUCXOAUT
MTOCPEICTBOM TPAJIUIIMOHHBIX OyMaKHBIX KOHT-
paktoB. KoHTpaKTHl ToAmMCHIBatOTCS (hruzmde-
CKH, TIOATOMY OOMEH UMH TIPOUCXOAUT C TIOMO-
IIHIO Kypbepa MIIH AKCIIPECC-TIOUTHI.

* B OonbImMHCTBE CiIy4yaeB, KOT/a CIeiKa
MMeeT BEICOKYIO CTOMMOCTD U KOTZ[a ITOKYTIaTelb
¥ TIPOJIaBeI] HE3HAKOMBI APYT C IPYTOM, IIPOJa-
BEIl TIPOCHT TIOKYTIATeNs MPEIOCTaBUTh aKKpe-
mutuB (LOC — Letter of credit) or 6aHka moxy-
marenst. LOC —3To JoKyMeHT OT 0aHKa, KOTOPBI
TapaHTHPYET OTLIATy.

2. [Toxymnarenb 1 MpoJIaBeL B3aUMOJEICTBY-
FOT CO CBOMMH OaHKaMH JUIsl BBITyCKa W TIOJ-
tBepxkaeHust LOC:

* [Toxynarens 3anpammBaer LOC B cBoéM
Oanke. Korma moxymarens 3ampammBaer LOC,
OH TaK)Ke YKa3bIBaeT yCIOBHUS, B COOTBETCTBUH
C KOTOPBIMH JIOJKCH OBITh IPOM3BENEH TUIATEK.
Hampumep, B kakod JIeHb W BpeMs IPOIABEIl
JOJDKEH OTTPY3UTh TOBAp, WIIH U3 KaKOTO IopTa
JOJDKHA OBITH OTTpY’KEHa MPOAYKIHs. B coot-
BETCTBHH C ITHMH YKa3aHWSIMH OaHK BHIIAET
TUTATEXK.

* BaHK-OMHUTEHT 3aTeM HAIpaBISCT KOO
michMa B OaHK IPOJaBIla BMECTE CO CIHCKOM
JIOKYMEHTOB, KOTOpPBIE TOTPEOYIOTCS OT IMPO/IaB-
12 JITST OTIIATHL.

» Korma 6aHk, BeIymuii meperoBOpsI, TO/-
TtBepkaaet craryc LOC, oH coobmiaeT 06 3ToM
nponasiry. [IpogaBiry HEOOXOIIMO BHUIMATEITFHO
n3yunthb ycnoBusa LOC, Tak kak orjiara npous-
BoauTcs Ha ocHoBanuu LOC.
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3. Iocre mozmucaHust JOTOBOPOB U yTBEPXK-
nenus LOC nmponasel; TOTOBUTCSI K OTIIPaBKe
TOBapa:

* [IpoxaBerr HaYMHACT TOJATOTOBKY TOBapa
B COOTBETCTBHHU C OTOBOPEHHBIMU YCIOBUSIMHU
(HampuMep, TUI YIaKOBKH, BHEITHUHA BHJ] TOBa-
pa T.1.). ITH MOMEHTHI OOBIYTHO OTOBAPUBAIOT-
s B IEpPBOHAYAJIBHOM KOHTPAKTE.

* [TapanenbHO POIABEIl TAKXKE UIIET IKC-
TIETUTOPA, KOTOPBIH MTOMOXKET TTOKYIATEIO J10-
cTaBuUTh ToBap. [Ipomaser 0ObIMHO HampaBiseT
3ampoc Ha KOTUPOBKY (paxTa, KOTOPBIH MOKET
OBITH OTIIPABIICH IO JIEKTPOHHOM ITOUTE, TO
TesieOoHy MM B OHIIAlH-(popMe. 3arpoc KOTu-
poBKH (hpaxTa OymeT comepkaTh BCIO HH(pOpMa-
U0, HEOOXOIMMYTO IS TIEPEBO3KH TOBapa.

* Ha ocHOBe npejocTaBieHHON HHPOPMAITIN
9KCIICTUTOP COCTABIISICT KOTHPOBKY Tpy30mepe-
BO3KH, pa30nBast OT/ICIIbHBIE 3JIEMEHTHI JI0CTaB-
KH Tpy3a, BKJIIOYast HAlleHKH. B ux uuce:

—Wndopmanns o MapmpyTe — KyJa 1 OTKyJa
OTHpAaBISIETCS TPY3.

— Crroco0® TpaHCTIOPTHPOBKH U 000py/10Ba-
HHE.

— CBenieHus 0 Tpy3e, BKIIIOUasi pa3Mephl, BEC
1 OTIMCAaHNE TOBapa, HAIPUMeD, SBISACTCS JIH OH
OTIACHBIM.

* [Tocie Toro kKak mpojaBel] MPUHUMAET
TIPE/ITIOKEHNE OT OTIPEICTIEHHOTO HKCIIEIUTOPA,
OH TIPEJIOCTABIISIET EMY CIIC/TYIOIINE JOKYMEHTBI:

— Kommepuecknii cuér-hakTypa: mocraBiu-
KM, TIPOJIAIOIIIIE TOBAPBI UMITOPTEPAM, BBITTHCHI-
BAaIOT KOMMepUecKui cuér-dakrypy. Kak u apy-
rue cuéra-(pakTypbl, OH SIBISETCS J0Ka3aTellb-
CTBOM MpPOJaXXH 1 BKIIOYACT Ty ke MH(pOpMa-
MO, YTO M CTaHAAPTHBINA cuéT-haktypa. Ero
OTIIMYNE 3aKJII0YaeTCsl B TOM, YTO OH TaKXke
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BKJIFOUAeT HHQOPMALHIO O IPy3e, HEOOXOAUMYIO
JUISl TAMOYKEHHOTO 0()OPMIICHUSL.

— CepTuduKaT NpoOUCXOKICHHS: B OOJIBIIHH-
CTBE CTpaH 3TOT JOKYMEHT HEOOXOIUM ISl Ta-
MOXXEHHOTO O()OPMIICHUSI, OTIpE/ICTICHHS BO3-
MOXHBIX ITOIIUIMH, a TaKXKe JUIsl Ipe/IBapUTelb-
HOHM OTUETHOCTH O Tpy3e€.

— [Tacniopr Ge30macHOCTH MarepualioB. ITo
JIeKJIapanys A OMacHbIX TPY30B.

— MHCTPYKTHBHOE MUCHMO TPY300TIIpaBHUTe-
ns1. B HéM conepxuTest mH(GOpMAIKs O IPpy300T-
npaBuTene/rpy3onoiayyarene, HHbopMalus
0 MapupyTuzanuu, MHKoTepMe U T.1.

4. Ilocne Toro, KaK SKCIEIUTOP MOTydaeT OT
MIPOJIaBIia KOHTPAKT M COOTBETCTBYIOIINE JIOKY-
MEHTBHI, OH IIPUCTYTAET K OPOHUPOBAHUIO MOIII-
HOCTEH Yy aBTOTPAHCIIOPTHOM KOMIIAHUU U HECY-
JIOXO/THOM TPAHCIIOPTHOM OpraHu3aIiy o0IIero
HazHaueHuss (NVOCC — Non Vessel Operating
Common Carrier). NVOCC — 310 arperarop,
KOTOPBII cOOMpaeT KOHTEHHEPhI OT HECKOJIBKUX
sxcnieautopoB (FF) umm rpysoornpasureneii,
a 3aTeM OPOHHUPYET MOIIHOCTH.

e FF HanpaBiseT 3anpoc KOTUPOBOK He-
CKOJIBKMM aBTOTPAHCHOPTHBIM KOMIAHUAM
u NVOCC. FF moxeT 3aKkJIIOYuTh KOHTPAKT
¢ aBroTpaHcrnopTHoi komnanueit/NVOCC na
OCHOBE JIOJITOCPOYHOTO KOHTPAKTA Ha CTIOTOBOM
pBIHKE. 3aTeM aBTOTPAHCIOPTHBIE KOMIAHUU
1 NVOCC usyuaroT ycJOBHUS U MOJOXKECHUS
U, COOTBETCTBEHHO, TPUHUMAIOT WJIU OTKJIOHS-
10T 3arpoc. OOBIYHO 3TO JETAETCS 10 AIEKTPOH-
HOU ToyTe.

* NVOCC mnpenoctasnser FF nmoarsepxkae-
HUEe OpPOHMPOBAHUS, KOTOPOE BKIIIOYAET HOMEP
OpOHMPOBaHMUS, pa3Mep U KOJINYEeCTBO 000pyI0-
BaHUS, IUIaH TPAHCIOPTUPOBKU, MapLIpyT 3a-
IPY3KH C yKa3aHHEM BPEMEHHU MPUOBITHS Ipy3a
B IIOPT U T.J1. DTO MOATBEPXKICHUE OTIPABIACTCS
110 2JIEKTPOHHOMU I10YTE.

* FF 3atem nepenaét nHpOpMaIuio npoaas-
Ly I10 3JIEKTPOHHOM I10UTe.

5. Ilocne Toro, kaxk MmpojaBer] NOXy4H UH-
dopmanuto ot FF, rpy3oornpaBurenb roroBUT
TOBap K NMPUEMY I'Py30MEPEBO3UHUKOM.

JlocTaBuyk nprObIBacT Ha O0BEKT MPO/IABLIA,
4T00BI 320park ToBap. OH TaKKe cCOOMpaeT clie-
JIyIOIIUE TOKYMEHTBI:

* BecoBas nexnapanus KOHTeHHepa: JTOKy-
MEHT OyJIeT BKJIIOYaTh JaHHbIC IPY300TIIPaBUTE-
JI51, TaHHBIE TPY30IM0JTydaTessl, Tl KOHTeHHepa,
TOBap, OOIIMI BeC POAYKIIMU U THII TPy3a.

* [ToxTBeprkaeHne OPOHUPOBAHUS, KOTOPOE
FF nosmken ObUT IPEIOCTaBUTh MPO/IABILY.
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6. [Tocne Toro kak ToBap 3a0paH co CKJajia
NpoAaBILa, IPy30IEePEBO3UUK 3a0UpaeT Ipy3 Ha
ckian FF. 3arem skcnenuTop HaYMHAET MOATO-
TOBKY KOHTEHHEPOB, KOTOPBIC OTIPABISIOTCS
B TIOPT JUIsI IOTPY3KU. DKCIIEAUTOP KOHCOIHIU-
pyeT 00ObEMBI OT pa3HbIX KIMEHTOB U TOTOBUT
KOHTEHHEPHI C TOJTHON 3arpy3koil. DTo M0O3BO-
JISIET YBEJIUYHUTHh MPOIYCKHYIO CIIOCOOHOCTH
U MUHHMH3HPOBATh 3aTPaThl:

« FF Taxoke ciienut 3a TeM, 4To0bI yITAKOBOUHBIIHA
JIUCT, COACPIKAIIUI Takyro MH(OpPMALUIO, KaKk
IPY300TIIPABUTEIIB/TPY30II0TydaTelib, 000pyI0Ba-
HHE/TI0JI03bsI/KPaHbl, ACTAIN YIAKOBKH, OITICaHHe
rpy3a u onacHoro rpy3a (HAZMAT), 6611 roToB.

e JlocTaBmuk 3a0upaeT KOHTEHHEpH! A
JIOCTaBKM B TOPT BMECTE C YMAaKOBOYHBIM JIH-
CTOM. YIIaKOBOYHBIN JIUCT U IOATBEPKICHUE
OpOHMPOBAHMSI HEOOXOIUMBI IPY30IIEPEBO3UUKY
JUIA TIOTYYEHUS pa3pelieHHus Ha BbEe3/ B MOPT.

7. 3aTeM Tpy30MepPEBO3UNK MPUOBIBACT
B IIOPT U [TOJTy4YaeT pa3perieHne Ha Bbe3/l, IPEab-
SIBUB COOTBETCTBYIOIINE TOKYMEHThI. OJTHaKO Ha
nanHoM stare y FF Oonbiie paboTsr:

* FF nogaepuBaer cBsA3b C TAMOKHEH, UTO-
ObI pacTaMOXKUTh TOBapbL. JTO CIIOXKHAS 3a/1a4a,
MOCKOJIbKY TAMOKHS IIPOBEPSIET BCE JOKYMEHTBI
1 yOeXJaeTcsl, 4To JeKJIapallii COOTBETCTBYIOT
neiicrBuTenbHOCTH. Ecnu ecTh kKakue-mu0o He-
COOTBETCTBHSI, TOBAP HE 3arpy’kaeTcs Ha CyIHO,
U €CIIH OH OCTa&TCsl B MOPTY, BOSHUKAET CTOU-
MOCTB AeMepeKa.

* FF taxxe nognepxkusaet cBsizb ¢ NVOCC
JUISL COCTaBIICHUSI KOHOcaMeHTa. KoHocaMeHT
(BOL) — 3T0 Ba)KHBIM JOKYMEHT, B KOTOPOM
yKa3aHbl MOJIHBIE CBEACHUSA O TOBape, €ro oT-
IpaBKe, COCTOSHUH U T.J. DTOT JOKYMEHT CIIy-
JKHUT JOKA3aTeILCTBOM TOTO, YTO TOBAP MPOIIET
TAMO>KCHHYIO OUHCTKY ¥ ObUIT OTIIPABJICH B yKa-
3aHHBIE JaTy U BpeMs. JIto0oe HecoOTBETCTBUE
B KOHOCAMEHTE O3Ha4aeT, YTO MOKyIarelb He
CMOKET BCTYNHUTh BO BJIQJICHUE TOBAPOM.

* NVOCC dopmupyet npoektr BOL u ot-
npasisiet ero FF, koTopelii mpoBepseT Bee AeTa-
JIM 1 UCTIPABJISIET JIFOObIE OLIMOKH.

8. ITociie 3aBepieHust Bcex popMaibHOCTEH
u yrBep:keHus FF npoexra BOL, koHTeHHEpHI
Ipy3STCs HA CYAHO U OTIIPABIISIOTCA B PEiC:

* NVOCC Boiaér FF Tpu opurnHanbHbIX
sx3eMiutgpa BOL.

* 9710 OyMa)kKHbIE KOIIMHU, KOTOPBIE JOCTaBIIS-
I0TCSI IPOAIABILY JIMYHO B PYKH UJIH Yepe3 Kyphb-
epckyto cinyx0y FF. DToT mporuecc 3aHumact
BpeMs B 3aBUCHMOCTH OT MECTOHAXOXKICHUS
MIpoJiaBIIa.



9. IMocne nonyuenus konuit BOL nponasen
OCTaBIISIET OAMH IK3EMILLIP Yy ceOsi:

* OH oTmpaBysieT BTOPOI 3K3eMIUIAp B OaHK
Juts onmy4enus miatexa. B BOL ykasbiBaercs Best
BakHast MH(OpMalsi, He0OXoaMUMast IS MoTyde-
HUS TUIaTeXa, HalpuMep, BpeMs OTIPaBICHUS
TOBapa, KOJIMUECTBO, TIOPT OTIPABICHUS U T.1I.

* Tperuil 5K3eMILIIP OTIPABIIACTCS IIOKYTIa-
TEJI0, KOTOPOMY OH HEOOXOAMM JUISI HOTY4EHUS
rpy3a B IIOPTY Ha3HAYEHHs. DTa KOIHs 00BIYHO
OTIpaBISAETCS uepe3 Kypbepa WM IKCIpecc-
MOYTY.

10. Kaxk Tonpko mokynarens nonyuaet BOL,
OH TOTOBUT BCE HEOOXOJMMBIE JOKYMEHTBI, KO-
TOpBIE MOTPEOYIOTCS eMy IS TOJTyueHHs TIpaBa
cobcTBeHHOCTH Ha ToBap. Ilocie mpubwITUS
rpy3a B IOPT Ha3HAUCHUs UMIOPTEPY HEOOXO-
JUMO TIPEIbSIBUTD CIIEAYIOIINE JOKYMEHTHI IS
MOJTy4eHUs Tpy3a:

 TpaHcropTHas HakJaaHas: TPAHCIOPTHAs
HaKJIaJHas ABJISIETCS OJHUM U3 OCHOBHBIX HM-
HOPTHBIX JJOKYMEHTOB JUIsl TAMOYKEHHOTO 0(hOpM-
JIeHUs UMIopTa. TpaHCTIOPTHAs HAKJIaJHas sB-
JISIeTCsI OTHUM U3 TToKa3areliell «olriero oobéma
UCXOAIIUX JCHEXKHBIX MEPEBOJIOB CTPAHBIY,
peryJmpyemMbIX pe3epBHBIM OAHKOM 1 TAMOYKEH-
HBIM JlenapTaMeHToM. Bekcenb AomkeH ObITh
MOJIaH B TEUCHUE TPULATH AHEH Mocie MpUoObI-
THSI TOBApOB HA TaMOXXCHHYIO TEPPUTOPHUIO.
[Tocne 3aBepuIeHHUs] UMIIOPTHBIX TaMOXEHHBIX
(hopMaTbHOCTEIH 10 TAKOH HAKJIAIHOM BHLIAETCSI
«TpHKa3 o npormycke». [Tocne Toro kak uMIop-
TEpP WM €T0 YIIOJTHOMOYEHHBIN areHT Ha TaMOJK-
HE TOJIy4aeT OT COOTBETCTBYIONIETO TaMOXKEH-
HOTO YMHOBHHKA «IIPUKA3 O BBIBO3E», UMIIOPT-
HBIE TOBAPHI MOT'YT OBITh BHIBE3CHBI C TAMOXKHH.

» Kommepuecknii cuér-gaxrypa.

» KonocameHT.

* lIMnoprHas auLeH3us.

» CtpaxoBoii cepTu(HKar.

* 3aKa3 Ha IIOCTaBKY.

* KpenuTHbIi JIHCTOK.

* JItoOble pyrue HajJoroBble JOKYMEHTHI.

11. Ecnu Bce TOKyMEHTHI B IOPSIIKE, TOBAp
OTITyCKaeTCsl U3 MOPTa, U MOKYHaTeNb MOJIy4aeT
ero Bo BnajaeHue. ONHAKO €ClIU B TOKYMEHTax
UMEIOTCS KaKne-TM00 PacXoKACHHs, TOBap He
OTITyCKaeTCs, U MOKYTIaTeNIb HECET JOMOIHUTEIb-
HBIE PacXo/bl B BUJIE JeMepeiKa.

ITponiecc mocraBku As-Is (Kak ecth) numeer
MHOJKECTBO OIPAaHHUUEHUMN, KOTOPHIE JIENIA0T €ro
TPOMO3JIKMM H JIOPOTOCTOSIINM. DTO OOLIMpHAsT
JIOKYMEHTaIHs1, KoTopasi TpeOyeTcsl Ha KaJ0M
stane. Kak npaBuiio, KOHTPaKThI ¢ BBICOKOH CTOH-
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MOCTBIO U BBICOKMM PUCKOM O(OPMIISIOTCS Ha
Oymare, 4TOObI COXPAHUTb FOPHIMYECKHIA CTATYC.
Kpome Toro, Bce 10KyMEHTBI, KOTOPBIE ITPEICTaB-
JISIFOTCSL TSI TAMOYKEHHOTO 0pOpPMIICHHS, 0OBIYHO
TaKXKe MeJaTarTcs Ha Oymare. Yiuiara mrpagos
3a HEJOCTATKU B paboTe sABISAETCS CepbE3HOM
npo0OsemMoil. B GoJIbIIMHCTBE CilyyaeB rpy300T-
MIPaBUTENb WM NEPEBO3YMK HE IUIATAT 3a HEeJ0-
CTaTKM B 00CiyXHnBaHUH. KOHTpakThl, Kak Ipa-
BUJIO, MPE/CTABIISIIOT COO0W CBOOO/IHBIE YCTHBIC
coIIalIeHus], epeHecéHHbIe Ha Oymary [13].

Emé omHuM acnekToM, COo3aronmm dapne-
pBI, SBISIETCS HEOOXOAMMOCTh B OQHKOBCKOM
rapanTuu. Kak npaBuiio, oxxugaercs, 4To MoKy-
maTteiab MPeJOCTaBUT MPOAABLY AKKPEIUTHUB
(LOC) B kauecTBe rapaHTHH TOTO, YTO MPOAABILY
MOCTYNHUT OIUIaTa MOCJE BBHIIOIHEHUS Ompese-
JIEHHBIX YCIOBUH. B 3TOT IIpoLiecc BOBIIEKAIOTCA
0OaHKH 00enX CTOPOH, U ITPOJIaBel] HEe OTIPYKaeT
TOBap, IOKa He OyJeT YIOBICTBOPEH MOTyUCHH-
em LOC. 310 0COOCHHO aKTyaIbHO JJISI MEJIKHX
nokymarenei [ 14].

IIpob6nema 3axmtouaercs B ToMm, uto LOC
OIMHCHIBAET TOJIBKO HEKOTOPHIE 00IINE YCIOBHS,
Takue Kak MOpT OTIPY3KH, BpeMs OTIPY3KH, KO-
JIMYECTBO OTTPY3KH U T.JI., OTHAKO B HEM, Kak
MIPABUIIO, HET YCIIOBHS, TOBOPSIIIETO O KaueCTBE
MOJIy4EHHOTO ToBapa. Takum oOpazom, naxe
€CJIM MOCTABIIUK OTIPY’KaeT OpaKoBaHHBIN TO-
Bap, OH B JIIOOOM ciIydae MOJyYHT IUIaTéX OT
Oanka, eciiu ycioBusi LOC BBIMTOTHEHBI.

CocTosiHIE KOHTEHHEPHBIX TIepeBO30K As-Is
(Kak ectb) sBisiercst HeaQPEKTUBHBIM U JI0PO-
rocrosmiuM. M MMeHHO OJIOKYeHH Kak MHCTpPY-
MEHT MOYKET [IOMOYb PEIIUTh MHOTHE POOJIEMBI
3TOTO Tpolecca U c/iesaTh ero oonee 3hpeKTus-
HbIM. Cxema, oka3aHHast Ha puc. 4, OObsICHSIET,
moyemy OJIOKUYCIHH MOXKET IMOJJOUTH JIJIsl peopra-
HU3aIMH CYIIECTBYIONIETO Mpoliecca.

Hcxons 3 JaHHOM CXeMbl, MBI ONPEIeIu-
JIM, 4TO JUIs HAlllell CyLIeCTBYIOILEH MOJENIH
Heo0X0AMM OJIOKYEHH C 4aCTHBIM pa3pelieHu-
eMm. Hike npuBeneHbl (BhakThl Al TPUHATHS
peuieHusi o Ture OJoKYeiHa, KOTOPBIH HaMm
HYKEH:

* Ham noHano0srcsi 1aHHbIE ¢ BPEMEHHOU
METKOH, U OyIeT HECKOIILKO yYaCTHUKOB, TAKUX
Kak TpofaBell, MOKyINaTelb, SKCIeAUTOp U Ta-
MOYKHSL.

* ¥V Hac HET €MHOI JOBEPEHHOU TPETbEH
CTOPOHBI.

* Bce yuyacTHUKHM H3BECTHBI, HO UM HE JIOBE-
PSIOT.

* MBI He Hy’KJJaeMCsl BO BHEIIIHEM ayIUTe.
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Puc. 4. Cmpykmypa 0151 npuHsimusi pewieHusi 0 Heobxodumocmu 6110kYeliHa [8bINOIHEHO a8MOPOM].

Puc. 5. lMpoyecc To-Be (Kak Bydem) mpaHcnopmupoeKu KoHMelHepos [8bINOHEHO a8MopoMm].

[lepBoIii mIar Kk BHEAPCHHUIO ONOKYCiTHA
3aKJTI0YaeTcs B TOM, UTO ITOKyHaTelNb, Ipojaa-
Bel, skcnenuTop, NVOCC u TaMOXHS Npu-
COCIMHSIOTCS K OJOK4YeiHy. DTOo OyaeT Jact-
HBIH OJIOKYEHH C paspenieHueM, B KOTOPOM
pasHbIe CTOPOHBI MMEIOT pa3HbIe MpaBa J0-
cryna. Hampumep, TaMOXXHS HE MOXET Npo-
CMaTpHUBaTh HHPOPMAIHIO O CEOECTONMOCTH
ToBapa [15].

To-Be (Kak Byaer) — IIpouecc nocraBku

[Ipouecc To-Be (Kak BymeT) cocrout us
CJIE/TYOIIMX ITAIOB:

1. okymnarens U MpoJaBel] 3aKII0YA0T CO-
[IaleHue, KaKk yKa3aHo HUXKeE:

e KOHTpakT BBHIMOJHSIETCS KaK CMapT-
KOHTPAKT 4epe3 OIOKUCHH.

» Bank MoxeT He TpeOOBaThCsl B KAUeCTBE
CTOPOHBI B IJIATPOPME C MOICPIKKOH OIOKUCH-
Ha. CMapT-KOHTPAKT — 3TO CAMOUCTIONHSIOIIH -
Cs1 KOHTPAKT, OCHOBAHHBIN HA OMPEIeIEHHBIX
MOJIOKEHHSIX «eCIU—TO». JIeHbrH MOTYT Xpa-
HUTHCSI B KpunToBamiore. Eciu Bee ycnoBus
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B KOHTPAKTE BBHITIOIHEHBI, TIPOAABEIl TOTYJIaeT
JICHBTH, B TIPOTUBHOM CIIy4ae ICHBIH YICPIKU-
BAaIOTCS B paMKax CIIOpa.

2. IIpomaBert 3akirogaeT JOTOBOP C IKCIISTH-
topom (FF).

3. [Mocrme 3aBepieHwst pabOTHI HAJT TOTOBO-
pom ¢ FF on 3axmtouaer kontpakt ¢ NVOCC
U aBTOTPAHCMOPTHOW KommaHueil. Bes mHbOp-
Marus repeaéres uepes OIIOKJICHH.

4. I'py3omnepeBO3UYHK MMOTydaeT BCIO HEO0OXO-
TUMYI0 HH(OpMAIHIO OT MpojaaBna. Takwe jae-
TaJH, Kak Bpems 3a0bopa Tpy3a, MOapOOHOCTH
1 T.JI. OTTIPABIISIOTCS BOJUTEIIO TPAHCIIOPTHOTO
cpeacta. [ py30nepeBO3UNK MOXKET IIPHCOCTH-
HUTBCS K OJIOKYCHHY, a MOKET M HE TIPUCOCIH-
HUTBCS. [ py30TIepeBO3UNK OOBITHO SIBIISCTCS
CyOTIONPSITINKOM, U €My HE HYXXHO 3arpyKaTh
KaKHe-TIHOO0 CTIeIHABHBIC IOKYMEHTEI, TO3TOMY
MIPOIIECC HE TTOCTPAIACT, ECIH TPy30IIePEBO3UN-
Ka He Oyaer B OJIoKJeiiHe.

5. 3areM rpy30nepeBO3UNK TOCTABISICT TOBAP
Ha cknaj FF, rie koHTelinep noaroraBinBaeTcs
K OTIIPaBKE.



Puc. 6. lMpouecc As-Is (Kak ecmb) u To-Be (Kak 6ydem) [ebinonHeHo asmopom].

6. 3arem nH(popManus nepenaéres NVOCC/
MapTHEPY-OTIIPABUTENIO depe3 OIOKJIeHH. JTa
nHpopmanus Heodxoauma NVOCC mist moaro-
TOBKH KOHOcameHTa. FF Gonpiie HEe HYKHO
AMETh (PU3MYECKHE KOMUU JOKYMECHTOB IS
TIPEeIbSIBICHAUA B MOPTY. Bes HeoOxoammast mH-
(hopmarnus, Takast Kak KOMMEPYECKUH cIET-(pak-
Typa, JaHHBIE 00 YIakoBKe, CIECIH(PUKAIIIS
MaTepuaoB H T.1., MepeqaéTcs B TAMOXKHIO
B DJICKTPOHHOM BHUJIE Yepe3 OIOKYCIHH IKCIICIH-
TOPOM HITH TIPOJIABIIOM.

* [Ipu GnoxyelH-Iporiecce He TpedyeTcs u3-
TOTOBJICHUE (PU3NICCKUX JJOKYMEHTOB. DTO CIKO-
HoMuT BpeMs FF, Tak kak OH CMOXKET MTPOBEPHUTH
JIOKyMEHTHI Ha TAMOYKHE B IIEKTPOHHOM BHJIC.

* [Tocre TOTO KaK Tpy30MepeBO3UUK 3a0Mpa-
eT Ipy3 y IMOCTaBIUKA, OH HAIIPABISCTCS HETIO-
CPEICTBCHHO B MOPT. TaMOXKHS pacroiaraet
Bcel HeoOxommmoi nHpopMmarmeii gepe3 OI0Kk-
yeliH. EAMHCTBEHHBIN JOKYMEHT, KOTOPbII MO-
JKET TOTPeOOBATHCS TPY30MIEPEBO3UNKY, — ITO
MIPOMYCK Ha BBE3.
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* Korza rpy3 HaxomuTcs B TMOPTY, TAMOXKCH-
HBIA YMHOBHUK MOXKET TPOBECTH (pr3mUecKuii
OCMOTp TOBapoB Ha OCHOBE MH(OPMAIIHH, TIpe-
JTOCTaBJIICHHOH TPy300TIIPaBUTENIEM depe3 OJIOK-
YeHH.

7. Ilocne Tamoxennon ounctku NVOCC
TOTOBHUTCA K OTIIpaBKe. KOHOCaMEHT reHepupy-
€TCs B 2JICKTPOHHOM BHUJIC U TIepeaaéTcs Ha Ta-
MOJKHIO TIPOJIaBIIa W TMOKYIATeNs depe3 OIIoK-
4eifH. boripme HeT HeoOXoAMMOCTH B (hU3UUe-
CKOM KOITHH.

8. Korma rpy3 mpuObIBaeT B OPT Ha3HAYCHHS,
MTOKYTIATEIO HEe HYKHO COOMpAaTh BCE TOKYMEH-
TBl. Bce MOKYMEHTHI mepefaroTcsi MOPTOBBIM
BJIACTSIM U TaMOXHE uepe3 OmokueriH. Corpyn-
HUKU TAMO)KHH CBEPSIOT TOBaphI C TOKYMCHTA-
MH, 3arpy’KCHHBIMH 4epe3 OITOKICiH.

9. ITocne MpoBepKH MOKYIATENb BCTYTIAET BO
BJIaJICHUE TOBAPOM.

CpaBHHBas M COITIOCTaBIsAsA 00a mporecca
As-Is (Kaxk ectr) 1 To-Be (Kak Oyner) Ha puc. 6,
MBI MO)KEM YBHJIETH BO3MOXKHBIC YITYUIICHUS.
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KonuuecTBo miaro B mnpouecce COKpaTHiIoCh
c 11 10 9, 9To CBUAETENBCTBYET O MOBBIIICHUI
s pekruBHOCTH. EIIé OMHUM BasKHBIM MOMEH-
TOM SIBJISIETCS TO, YTO OAHK OOJIBILIE HE SIBIISICTCS
YYaCTHHKOM mporecca. Takum o0pa3om, cokpa-
II[AeTCS KOJIMYECTBO MTOCPETHUKOB.

Hasranax 1 u 2 nporecca To-Be Mb1 ncnosns-
3yeM CMapT-KOHTPAKThl MEX/Y MOKyIaTeleMm,
MIPOJIABIIOM U SKCIETUTOPOM BMECTO TpaHIU-
OHHBIX OyMaXKHBIX JOTOBOPOB. DTO JeNaeT
nporiecc oosiee 3GHEKTUBHBIM U TUHAMUYHBIM.
OTO IOMOXKET CBECTH K MUHUMYMY Hed(p(heKTHB-
HYIO IIPAKTUKY 3aKJIFOYEHUS IOTOBOPOB.

Ha srane 7 nponecca To-Be mbl oTmMeuaem,
410 koHocameHT (BOL) tenepsr mepenaércs
yepe3 OJIOKYEHH Kak IPOJIaBILy, TaK U IOKyIare-
a0, 1o KitoueBoe yiyurienue. O0braHo BOL
OTIIPABJISIETCA MO AIEKTPOHHOH MoYTe MOKyIa-
TEJITF0 WK TTpoJaBIyy. Takum o0pas3omM, CyIiecTBy-
eT puck, uto BOL moxer ObiTh yTepsiH. Ecnn
MOKYTIaTeNlb He CMOXeT mpeabsBuTh BOL Ha
TaMOXKHE, TO OH PUCKYET MOJyYHuTh IITpad 3a
MpoCTOi rpy3a B MopTy. B nanHom mporecce
TaKUe PUCKHU OyAyT CBEJCHBI K MUHUMYMY.

B 1iestom, Oraronapst HCIOIb30BaHHUIO OJIOK-
YyeliHa Mbl BUAMM, 4TO JIaHHbIE ObIcTpee Iepe-
MEIIAI0TCs MO IIeTI0YKe, OIPaHUYHBACTCs UC-
MOJIb30BaHUE OyMa)KHOM JIOKYMEHTALUH U T10-
BbILIAETCS 9P PEKTUBHOCTD MPAKTUKH 3aKIIIOUE-
HUsI KOHTpakToB. KpoMme TOro, mockoyibKy
CYIIECTBYET B3aMHOE TOBEPHE MEXK Ty pa3iIny-
HBIMU y4YaCTHHKaMH, He TpeOyeTcsi BHEIIHEe
MOJTBEPKICHUE TaHHBIX [16].

BHenpenue O6iokueiiHa B rporecc J0CTaBKu
MOKET UMETh MHOKECTBO MPEUMYIIECTB. 3Ha-
YHUTEIILHO CHUXKAETCSl OTPEOHOCTh B (hu3mue-
ckoil njokyMeHTtanuu. [Iponasen u nokymnareiab
MOT'YT COKOHOMHUTH MHOTO BPEMEHHU Ha 0(opM-
JICHUM JIOKyMEHTaluu. Best TokyMeHTanus re-
penaércst B 3JIEKTPOHHOM BHJI€ TAKUM HapTHE-
pam, kak skcrieautop, NVOCC u, camoe ras-
Hoe, TaMO)kHe. COTPYAHUKU TAMOKHH IOy 9IatoT
JIOKYMEHTBI B DJICKTPOHHOM BHJI€ Ha KayK/Ibli
rpy3.

Cyl1ecTBEHHBIM ITPEUMYILECTBOM OJIOKUEH-
Ha 3/1€Ch SBJIAETCS TO, YTO TAMOXHS MOXKET J0-
BEpSTH IIepe/iaBaeMbIM AaHHbIM. [laHHbIe, 3arpy-
JKaemble B OJIOKYEHH, OyJyT UMETh OTMETKY
Jatel 1 BpeMeHu. Kpome Toro, ecinu TaMoxHs
Wi J1r00asi U3 CTOPOH 3aX0uUeT OTPEIaKTUPO-
BaTh JIOKYMEHTBI HJIM U3MEHUTh OTMETKY Bpe-
MEHH, UM NPHUAETCS MOJIYyYUTh 0J00peHue
OOJIBLIIMHCTBA YYaCTHUKOB B cHCTeMe. Takum
00pa3oM, HU TAMOYKEHHUK, HU JPyTHUe CTOPOHBI
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HE CMOTYT JIETKO BHECTH M3MeHeHus. bynet
BECTUCH yUET BHECEHHBIX U3MEHEeHUH. B cymie-
CTBYIOIIUX CHCTEMAax MBI MOJKEM JOCTHYb Ta-
KOTO YPOBHS pa3pelIeHUM, OJHAKO CHUCTEeMa
ocTaéTcs LeHTpaau3oBaHHOU. Pa3Huia, Koto-
pyto OJIOKYEHH MPUBHOCUT B CHCTEMY, 3aKIIIO-
yaeTcsl B ACLEHTPAIN3AlUU U B TOM, 4TO BCE
CTOPOHBI JTOJKHBI IPUNHTH K COIIaCHIO Mepen
BHECCHUEM U3MEHEHUM.

B noxnane mopkoMuTeTa MO II00AIBHBIM
[EeNsIM MOCTaBOK TaMOXXEHHOTO KOMHUTETa IO
komMmepueckuM oneparusaMm CIIA (2017 r.)
Obl1a JlaHa OLEHKA IIPUMEHUMOCTH HCII0JIb30Ba-
HUs OJIOKYeiHa ]ISl BeIeHHs] TOPTOBBIX Orepa-
1uit. PaGouas rpynna npeyiokuia 14 BapruanTton
UcTob30BaHus 6iokueitna [ 17]. OHu BKiIrO9aIu
TaKWe UJIeH, Kak cOOp M OTCIIC)KUBAHUE JIMLICH-
3UH, pa3pelleHUN U JIMIEH3UN NapTHEPCKUX
rOCyJapCTBEHHBIX YUPEIKIEHUH, OTYETHOCTD 110
cepTuduKaTtaM MPOUCXOKACHUS U KBaauduKa-
[HsI TPOAYKIIMH 10 COIVIALICHHUSM O CBOOOIHOM
toprosie, kHmkkn MJIIT (CARNET TIR) u ot1-
CJIC)KMBAHUC MTEPEMCIICHUS OOIUraIuil.

Kpome Toro, Mpl MOXeM MHHUIUHUPOBATH
IUIATeXH, OCHOBAHHBIC Ha PE3yNbTaTax padoThI.
I'py3ooTnpaBuTeny U NepeBO3YNKH OOBIYHO HE
MOJTYYaroT IUIaTy 3a HeKa4eCTBEHHbIE YCITyTH HU
C OJIHOM M3 CTOPOH. DTOT BOIPOC MOXKET OBITh
pemeéH ¢ MOMOIIbI0 CMapT-KOHTpakToB. [lo-
CKOJIbKY B CMapT-KOHTPAKTaX I OCYIIECTBIIE-
HUS TUTATeXKeH HCIONIb3yeTCs OrOBOPKa «ECIH—
TO», JTF00ast U3 CTOPOH MOXKET (PMHAHCOBO «Ha-
Ka3aTb» JPYTyl0 CTOPOHY Ha OCHOBaHMHU HENO-
CTaTKOB MpejcTaBlIeHHON yemyru [18].

BbiBOA

Hama MOJZECJIb MPUMEHCHUSA TCXHOJOTUHN
OJIOKYEHH B LIEMOYKaX IIOCTABOK TPAHCIIOPTHBIX
y370B TpeOyeT, 4uTOObl BCE BOBJICUEHHBIE CTO-
POHBI IPUHSIIN OJTOKYEHH. DTO MOXKET OKa3aTh-
Csl CIIOKHOM 3a/1aueii, 0COOEHHO eCli pedb HIET
0 TaMO)kHe. Bo-mepBbIX, TaMOXHS KaxJ10i
CTpPAaHbI JOJDKHA BHEIPUTH OJIOKYEHH U IPUHU-
MaTh 4epe3 Hero JOKYMEHTBI. ITO MOXKET OBbITh
CBs3aHO C MHOI'OYHCJICHHBIMU COITIACOBAHUSAMU
U moTpedyeT BpeMeHU. BO-BTOPBIX, TAMOXKHS
CTpaHbl HA3HAYCHUA TAKKE JOJKHA 6I)ITI) CBs-
3aHa C TaMOYXHEHM CTpaHBl MPOMUCXOXKICHHUS,
4T00OBI 00ECIEYNTH OECIPENSITCTBEHHBIN TOTOK
uHpopMaruu. ITO NOIHMUMAET BOIIPOC O COBME-
CTUMOCTH.

B Hacrosmee Bpems pasHble OIOKUYCHHBI
HECOBMECTHMBI, YTO O3HAYAET, YTO OJOKUEHH,
HCIOJB3YIOIINN B KAYECTBE BaJFOThI OUTKOUHBI,



HE MOXKET TOpProBarh ¢ OnokueiiHom Ha Ethereum,
KOTOPBIA KCIIOJB3YET BAIOTY B 3dupax. Emy
npuaETCS KOHBEPTUPOBATH OMTKOWH B (PUATHYIO
BaITtoTy ((praTHoOl BaIFOTOM Ha3bIBACTCS BAJIIOTA,
OOBSIBIICHHAS! IPABUTEILCTBOM 3aKOHHBIM IlIa-
TEXHBIM CPEJICTBOM, HO HE 0OeCIIeUeHHasl TOBa-
pOM), a 3aTeM Ha ATy (PUaTHYIO BAIIIOTY MTOKYTIATh

3¢upsL.

bilokueilH MOKET BBICTYIIaTh B Ka4€CTBE
BCIIOMOT'aTEJIbHOIO CPECTBA U YIYUIIUTh CyLIe-
CTBYIOIIMI ITPOLIECC B TPAHCIIOPTHOM OTpaciiy.
brnaronaps HeuameHsieMoli ipupoye O10K4eliHa,
OH oOyaZiaeT MOTEHLUAIOM Ul YKPEIJICHUS
JIOBEpUsl MEKIY YYaCTHUKAMU II€PEBO30UHOIO
mpouecca, TAKUMU Kak TaMOXHsI, IPy300TIIpa-
BUTEJIM, KCIIEAUTOPHI U T.A. Taxxke, IOCKOJIBbKY
3HaHHE BOBMOXKHOCTEH MH()OPMAIIMOHHBIX TEX-
HOJIOTUH SIBJISETCS BaXXHBIM MOMEHTOM IpPH
NPOCKTUPOBAHUU MHTETPUPOBAHHOIN MH(pOpMa-
LIMOHHOM CUCTEMBI YIIPABICHHS TPAHCIIOPTHOIO
y371a, B IPOLECCE UCCIIEIOBAHNI aHAIIM3UPYIOT-
Cs1 M TEXHOJIOTMH, TOCTYIIHBIE JUIs OTCIICKUBAHUS
IPYy30B U TPAHCIIOPTHBIX CPEICTB, CBSI3U U yIIpaB-
JICHUS [IEPEBO30YHBIM KOMIIJIEKCOM.
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KoHuenTyanbHble 1 opraHU3aLuOHHO-TEXHONOrMYecKue
pewueHmns no popmmupoBaHuto LpoBbIX NNaTopm
ynpaBneHus nepeBo3Kamu N0 MeXayHapoaHbIM
TPaHCMOPTHbLIM Kopuaopam

FanuHa BYEHOBA Anexcanap Bopeitko

AHHOTALINA

Co3daHue u pazgumue 3KOCUCMEM Ha mMpaHcnopme U 6 110-
2UCMUKe HepaspbIBHO C853aHO C hopMUPOBaHUEM UUGPPOBLIX
nmamgopm, UHMe2pUpPyoWUX NPoUeccsl UHGHOPMayUOHHOO
obmeHa u obecneyusarwux g3aumodelicmgue y4acmHUKO8
OaHHbIX bu3Hec-akocucmem. B amom KoHmekcme Co8peMeHHbIe
busHec-aKocucmembl 8 chepe mpaHcnopma U M02UCMUKU cma-
Hogsmces Ho8oU (hopMoll opaaHU3ayuL y4yacmHUKO8 Nepego3oy-
HO20 npouecca (y4aCmHUKog ueneli nocmasok), a exaujue 8 ux
0CHoge Yuehposble nnameopmbl — YUGPO8bIM UHCMPYMEHMOM
obecneyeHus Ux KOOPOUHaUUU U IGhheKMUBHO20 ynpagneHus.

B Hacmosiwee spemsi hopmuposaHue YughposbIx nnameopm
8 pamkax nocmpoeHusi 6U3HeC-3Kocucmem Ha mpaHcnopme U
8 1102UCMUKe, 8 MOM Yucne MexXOyHapoOHbIX MPaHCNOPMHbIX
Kkopudopos, npoucxodum 8 2ocydapcmeax Espocorosa, psde 20-
cydapcme A3uu, a makxe 8 Egpa3sutickoM 5KOHOMUYECKOM COrO3e
(EA3C). Peanusayus daHHbIx npoekmos mpebyem gbipabomku
Hay4HO 060CHOBaHHbIX N00X0008 8 Yacmu onpedeneHust NPUHYU-
nos nocmpoeHus daHHbIX YLghpoBkIX NIampopmM, a makxe pas-
pabomKu Op2aHU3aUUOHHBIX U MEXHOM02UYECKUX pelweHull 0ns
obecneyeHust ux co30aHust U (OyHKUUOHUPOBAHUSI.

Lenbto npogedeHus npedcmasneHHO20 8 paMKax Ha-
cmoswel cmambu uccnedosaHus ObIo U3yyeHue opaHu3a-

Tanuna Buxmoposna Byonosa',

Anexcandp Eezenvesuu Bopeiiko?

Y Poccutickuii ynueepcumem mpancnopma, Mockea,
Poccus.

2 000 «Humernekmyaibnvie mpaHcnopmuble
mexnono2uuy, Mockea, Poccus.

04 2 Alexborei@inteltech.center:

UUOHHBIX, MEXHOM02UYECKUX U NPagosbIx 80NPOCO8 MynbMu-
MOo0asbHbIX NePeso3oK N0 MexAyHapOOHbIM MPaHCNOPMHbIM
kopudopam (MTK), HanpaeneHHoe Ha 8bIpabomKy KOHUenmy-
anbHbIX U Op2aHU3aUUOHHO-MeXHOM02UYeCKUX peweHul,
obecneyusanwux NocmpoeHue, yHKUUOHUPO8aHUE U pas-
sumue yugposbIx nnamgopm ynpasneHus nepegoskamu no
MTK, coomgemcmeywux peanbHbiMm nompebHocmsam
MpaHCNOPMHO-102UCMUYeCK020 KoMNiekca, 0elicmeyouwum
HopMam npasa, CO8PEMEHHOMY U NEPCNeKMUBHOMY YPOBHIO
passumus YughposbIx MexHono2uli Ha mpaxHcnopme.

Aemopamu cmambu npednoxeH cocmas ymoYHEHHbIX
NPUHYUNO8 (hopMUpPO8aHUs LUGposbIx nnamgopm 0515 obec-
neveHus passumusi MexOyHapoOHbIX MPaHCNOPMHbIX KOPU-
0opos, 8 Mom yucne 8 pamKax 3Kocucmemsl Yugphposbix
mpaHcnopmHbix kopudopos EASC. o pe3ynbmamam uccne-
0ogaHusi paspabomaHbl 8epxXHeypOBHEBbIE apXUmeKmypHble
PeleHUs, KITloyesble napamMmempbl UHOPMayUOHHO20 obme-
Ha Mexdy yugposbIMU nTamgopmamu IKocucmemb! Yugpo-
8bIX mpaHcnopmHbIX kopudopos EASC e pamkax peanuaye-
M020 8 Hacmoswee 8pems Npoekma hopmupo8aHus yugppo-
80U nnamgopmbi MeXOYHapOdHbIX MPaHCNOPMHbIX KOPUAo-
pos.

Kmtoyesbie crioga: L{Ud)pOSble mpaHCnopmHo-yioeucmu4yeckue cucmems, uud)poeb/e nnamd)oprl Cf)OpMUpOGaHUFI u passumus

MexOyHapoOHbIX MPaHCNOPMHbIX KOPUAOPO8.

Onsa uumuposanus: bybHosa I. B., bopeliko A. E. KoHyenmyanbHble U 0peaHu3ayUOHHO-MEXHOM02UYeCcKUe peweHus no
hopmupoBaHUIO UUPOBLIX NTamepopm ynpasrieHusi nepeeoskamu no MexAyHapoOHsIM MpaHCNopMHbIM Kopudopam // Mup mparcnopma.
2022. T. 20. Ne 4 (101). C. 86-97. DOI: https://doi.org/10.30932/1992-3252-2022-20-4-7.

MonHbIl mekcm cmambU Ha aH2nulickoM si3bIike ny6auKyemcsi 8o mopoli yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

[poucxomsmas mudposas Tpanchopmanms
TPAHCIIOPTHO-TIOTUCTHIECKUX CHUCTEM OTIpesie-
JsIeT HeOOXOTMMOCTb CMEHBI HAyYHOH Tapajiur-
MBI YIPABJICHUS TPAHCTIOPTHBIMH CHCTEMaMHU
1 KOMITJIEKCAMH, TTONCKa HOBBIX MOX0JI0B K Op-
TaHW3AINH TIEPEBO30YHOTO TIporecca 1 dhdek-
TUBHOMY B3aMMOJCHCTBUIO BCEX YYaCTHUKOB
LEMOYKH TTOCTaBOK, HaUMHAsl OT MOCTaBIIMKA
KOMITIEKTYIOIINX ¥ ITPOU3BOANTENS IPOLYKIIHH,
JOTUCTUYECKUX M TPAHCTIOPTHBIX KOMIIAHHH,
1 3aKaH9IMBAast OIIEPATOPOM MapKeT-TuIeiica 1 Ko-
HEYHBIM TOTpeduTenem ToBapa. KimodeBbiM
TPEHIOM B ATOW IMUGPOBON TpaHCHOpMAITUU
ABrsgeTcs GOpMUPOBaHNE OM3HEC-IKOCHUCTEM,
B MIEPBYIO OUeperib, B chepe MMEKTPOHHOH KOM-
MEpINH, a TAKXKE B CMEKHBIX OTPACIISIX HKOHO-
MUKH.

BaxxHelIMM NPUHLOHUIIOM JEATENbHOCTH
TaKUX ON3HEC-IKOCHUCTEM, TI0 HAIllIEMy MHEHHIO,
ABJIACTCS. OTXOJ OT MOJIENN MPSMON KOHKYPEH-
LUK ¥ TIEPEXo/l K MOAEN! cOalaHCHPOBAHHOTO
KOHKYPEHTHOTO COCYIIIECTBOBAHMS 1 B3aNMOBBI-
TOAHOTO MapTHEPCTBA.

Kpowme toro, popmupoBanne u GyHKIIHOHHU-
poBaHHE OM3HEC-3KOCHCTEM HEBO3MOXHO 0€3
pa3paboTku U POBHIX IIAaT(HOPMEHHBIX peTe-
HUM, KOTOPBIE CErO/IHs PEBPAILAIOTCS B HOBBIN
BUJl NHCTPYMEHTOB MHTETpanuu OM3HEC-
TIpOIIeCccoB M (YOPMHUPOBAHUS HOBBIX OpraHU3a-
OHOHHBIX (HOPM — «IH(DPOBBIX MOHOTIOIHITY.
BxoxneHue B JaHHYIO SKOCHCTEMY HOBOM KOM-
MMaHWM, TPOAYKTa MJIM CEpPBHCA COMPSIKEHO
C CYIIECTBEHHBIM 0apbepoM BXO/ia (B TOM UHCIIE,
10 TIPUHIIAITY «CBOM — 9yx)oi»). Emé Gomee
TIPOOIEMaTHYHBIM SIBIISIETCSI BEIXO] M3 DKOCHCTE-
MBI, 00€CIIEUNBAIOIIEH MPOIBIKEHHE TPOTyKTOB
1 CEPBHCOB, BKIFOYask BOIPOCHI 3aKa3a, TOCTaB-
KM ¥ OTUTaThI TOBAPOB MJIN YCITYT, TMOCIETPOIaXK-
HOTO 00CTy>KHBaHUS M CEPBUCHOTO 00OCITY)KHBa-
HUSI KIINEHTOB.

B MupoBoii HayyHOI JIuTEpaTrype UMeEeTCst
3HAUUTEJIFHOE KOJIMYECTBO MyOIMKaInii Mo Te-
MaTuke (GOPMHUPOBAHUSA M Pa3BUTHSA OW3HEC-
skocucteM. OmHAKO, KaK MpaBUIO, JaHHBIC
ITyONMKAIMK KAacaroTCs MPOIIECCOB, CBSI3aHHBIX
C DKOCHCTEMaMH B cepe OaHKOBCKOH /1eATeIb-
HOCTH, TEJIEKOMa W WHAYCTPUH Pa3BICUCHUI.
ITpn 5TOM IpaKTHYECKH OTCYTCTBYIOT ITyONnnKa-
MU, OTHOCSIHECS K Pa3sBUTHIO OM3HEC-
9KOCHCTEM B c(pepax TPaHCIIOPTA U JTOTUCTHKH.
Bompocs! pa3BUTHS TaHHBIX OM3HEC-IKOCUCTEM,
a TaKXKe KITF0YEBBIX (DAKTOPOB, CBSI3AHHBIX C X
(hopMupoBaHHEM 1 PYHKIIMOHIPOBAHHUEM, BKITIO-
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Yasi cO3/laHHe M MCI0JIb30BaHUE LHU(POBBIX
T1aTOPMEHHBIX PEeIICHUH, PACKPBITHI, HA HAIIl
B3IVISIJI, HE B TIOJIHOM O00BEME.

Henocrarounas npopaboTaHHOCTH KOHIIC-
TYaJIbHBIX MOJIXOJIOB K BOIIPOCaM (pOpMUPOBAHUSI
OM3HEC-9KOCUCTEM B TPAHCIIOPTE M JIOTUCTHUKE,
MIPUMEHEHUsI IU(PPOBBIX M1aT(GOPM yIIpaBIeHHs
MIepeBO3KaMH, B TOM YHCJIE [T0 MEKTYHAPOIHBIM
TPaHCIIOPTHBIM KOPHIOpaM, 3aMeJJISFOT IIpoliec-
CBI IM(POBU3ALMHN B OTEUECTBEHHOM TPAHCIIOPT-
HO-JIOTHCTHYECKOM KOMILJIEKCE M 3aTPYIHSIOT
BBIPaOOTKY NPOEKTHBIX PEHICHHI MO MPUMEHe-
HUIO HH(POBBIX HHCTPYMEHTOB YIPaBICHUS
MIePEBO3KAMH.

KiroueBbie TpeHIbI H BEeKTOPHI Pa3BUTHA
MHPOBOI0 TPAHCIIOPTA M JIOTUCTHKHU

B HacTosmuii MOMEHT MUPOBasi TPAHCIIOPT-
HO-JIOTHCTUYECKAs CUCTEMA, KJIFOUEBbIM JJIEMEH-
TOM KOTOPOMH SIBJISETCS CETh MEXIYHapOIHBIX
TpaHcnopTHEIX KopupopoB (MTK), npoxonut
MepuoJl KapAWHAIBHBIX IpeoOpa3oBaHuii, cBs-
3aHHBIX C IPOSIBIICHUEM CJISTYIOIIUX KITFOUEBBIX
(bakTopoB:

1. IIpoucxozsiiue reonoIuTHYECKUE U3Me-
HEHUs, pe3Kasi MOJUTHU3ALUSA MEXKTYHAPOIHBIX
OTHOIIICHUH U BBEICHHE OTJICIbHBIMHU CTPaHAMHU
OJJTHOCTOPOHHUX HEOOOCHOBAHHBIX OIPAHUUCHUI
U pECTPUKLMI, 3aMopakuBanue ((akruueckas
KOH(HCKAIMs1) aKTUBOB, 3allPeT Ha OCYIIECTB-
JICHUE JeSTEeIbHOCTH, BKIII0Yas BOIMPOCH Opra-
HU3AIUK [1epeBO30K. [7100ambHOCTh U AOJITO-
CPOYHOCTb JAHHOTO TPEHIA HE BBI3BIBAET COMHE-
HUH, paBHO KaK U IIyOMHA BIMSHUS Ha emié
BUYEpa HE3BIONEMBbIC «IIPaBHJIA UTPH», B TOM
YHCIIe B 4aCTH OpraHu3anuu nepeo3ok no MTK.

2. Bnusuune nangemun COVID-19 Ha mupo-
BYH0 D9KOHOMHUUYECKYIO CUCTEMY B LIEJIOM U TPAHC-
HIOPTHO-JIOTUCTUYECKYIO OTPACIIb B YACTHOCTH.
Kazapmieecst «He3HaAUYUTEIBHBIMY BO3MYIIICHHE
BBUTMIIOCH B «HJICANBHBIN IITOPM», KapAuHAIIb-
HO M3MEHUBIINI HE TOJIBKO CTPYKTYpPYy TOBapO-
TPAHCIIOPTHBIX TOTOKOB ¥ CTOMMOCTb IEPEBO3KU
o MTK, HO Takxe NpUBENIO K TOJITOCPOUHBIM
U yCTOMYMBBIM U3MEHEHUSAM B MUPOBOU TpaHC-
MIOPTHOIl cucTeMe, BKIIOUasi MepeOopPHUEHTAINIO
I'PYy30I0TOKOB Ha aJIETEPHATHBHbIE BHIbI TPAHC-
MOpTa U HAIIPABJICHUS IEPEBO3KHU.

3. PazBute nH(pOPMaLMOHHO-KOMMYHH-
KaI[MOHHBIX TEXHOJIOTHUH, IN(POBBIX CEPBUCOB
3aJI0KMUJI0O OCHOBY IPUHIUNHUAIBHO HOBOIO
crocoba opraHu3aIiy, yrpaBaeHUs U KOHTPOJISI
HEPEeBO30YHOTO IIPoLecca, 00eCIeUNIIO CO3NaHUE
MHHOBAIIMOHHBIX KAHAJIOB U MHCTPYMEHTOB
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KOMMYHUKAI[UH MKy 3aKa34UKOM U IIPOU3BO-
JUTENIeM, MEXJy KIHMEHTOM M IEepPEBO3UHUKOM,
cjenaB ux «OyKe» JApYr K Jpyry ¥ M3MEHHB
COCTaB U YCTOSIBIIMECS POJIM abCOIIOTHO BCEX
Y4aCTHHMKOB ITEPEBO30YHOTIO IIpoIiecca.

COBOKYIMHOCTh JAHHBIX NEPBOCTENEHHBIX
(hakTOpOB, KAPUHAIBHBIX IIPHYHMH CTaJIa OCHO-
BOH Ui ()OPMHUPOBAHUSI M Pa3BUTHUSI HOBBIX
MEXaHU3MOB ¥ METOOB PALMOHAIBHON OpraHu-
3allMU MEepeBO30K, B TOM YHCIE, [0 MEXIyHa-
POAHBIM TPAHCHOPTHBIM Kopuaopam. PaxkTuye-
CKHUMHU TIPOSIBIICHUSAMH 3THX U3MEHEHHUH cTau:

1. CyuiecTBeHHbIC U3BMEHEHHUS B 001IIeH cuc-
TEME U B [IPaBUJIaX OPraHU3aLUU MEXKTyHapO/I-
HBIX PKOHOMHMYECKHX OTHOIIECHHH Ha (oHe
MaKCHMaJIbHOTO YCUJICHUS UX «OJSIPU3ALIINY.
[Ipouncxonsmue n3MEHEHUs B IPaBUIIAX U yCIIO0-
BUSIX OPTaHU3ALIUH MEX/TyHAPOAHBIX IEPEBO30K,
COIPOBOJKIAIOIINECS 3a4aCTYIO C MPSMBIM (ax-
TUYECKUM 3alPEeTOM IJIM OIPaHUYCHUSIMHU Ha
OT/ICJIbHBIE BUJIBI MEXKAYHAPOIHBIX COOOIICHUN
(xak, HampuMep, 3amnpeT POCCUHCKUM aBTOMO-
OMIBHBIM TPAHCIIOPTHBIM KOMIAHHSIM OCYIIe-
CTBJIATH NepeBo3ku B EBpocoro3e) mnu 3amper
Ha UCIIONb30BaHue MH(PACTPyKTYphI (aHAJIOTHY-
HBII 3allpeT Ha 3aX0Jl POCCUMCKUX CYJIOB B €B-
porieiicKkue MopTHI).

2. YcunuBaromuecs U3MEHEHHs CTPYKTYPBI
1 HaIIpaBJICHUH TOBApO-TPAHCIOPTHBIX TOTOKOB,
a TaKXe YCJIOBHH OCYIIECTBICHHS NEPEBO3OK,
B TOM YHCJIE IO MEXYHapOIHBIM TPAaHCIOPT-
HBIM KOpHJIOpaM, CyIECTBEHHBIH TPEH] HA HC-
MOJb30BaHUE HAa3€MHBIX BUAOB MEPEBO30K
1 TIEPEHOC Ha CyXOITy THBIE MapIIpyThl BCE Oosiee
CYIIIECTBEHHBIX 00BbEMOB, paHEe NePEBO3UBILIUX-
€Sl MOPCKUM TPAHCIIOPTOM.

3. O0s13aTenbHOE UCTIOIBb30BaHHE IU(DPOBBIX
MHCTPYMEHTOB JIJIs OpPraHU3aliy ¥ o0ecriedeH st
OCYULIECTBICHHUS MEPEeBO30YHOIO IMpolecca,
BKJIIOYAst IOCTPOCHUE HU(PPOBBIX CETEBBIX IIAT-
(hopMeHHBIX pelieHui 1 (POpMHUPOBaHHE OU3HEC-
9KOCHUCTEM, OXBATBHIBAIOLINX BCEX YYACTHHKOB
LIEMIOYKH ITOCTABOK, OT TOBAPOIPOU3BOAUTEIIEH,
TPAHCIIOPTHO-JIOTUCTUYECKUX KOMIIAHWMH, OTe-
paropoB UH(PACTPYKTYPBI U 10 KOHEUHBIX I10-
TpeOuTenei.

OTMeTuM, 4TO BBUIY BBICOKOI TUHAMUYHO-
CTH JaHHBIX IPOIIECCOB Hay4HbIE pa3pabOTKH
B 00JIaCTH TEOPUM M METOAOJOTHHU CO3TaHHS
U(POBBIX TPAHCIIOPTHO-JIOTUCTUYECKUX CHUC-
TeM, OJICP’KUBAIOIINX OPTaHU3AIMIO U PALIO-
HaJIbHOE yTIpaBJICHUE TPY30BBIMHU ITEPEBO3KAMU
M0 MEKIYHAapOAHBIM TPAHCIOPTHBIM KOPHUIO-
paM, He YCIEBaroT 3a IPUKIIAJHBIMHU PEIICHUSAMH,

Vin} \ [ NO

peanu3yeMbIMU Ha npakTuke. Mmeromee Mecto
HE3HAYUTEIbHOEC KOJMYECTBO HAyUHBIX ITyOIH-
KAl 1Mo AaHHOW MpobieMaTHKe HOCHUT B OC-
HOBHOM IPUKJIAAHON XapakTep.

Bmecte ¢ TeM KOHLlENTyalbHbIE OCHOBBI
TaKMX W3MEHEHHH B MEXaHU3MaxX M METoJax
OpraHM3aIiK IEePEeBO30K M0 MEXAYHapOIHBIM
TPaHCIIOPTHBIM KOPHI0paM, (pyHIaMeHTaIbHbIC
Hay4YHbIC HCCIIEI0BAaHHUS HEOOXOIMMBI 711 OIIpe-
JieNieHns Oyy11ero o0IMKa He TOJIbKO MUPOBOM
TPAHCIIOPTHOM OTPACIIU, HO ¥ BCel I1100aIbHOM
9KOHOMHUYECKON CUCTEMBI. B CBSA3U ¢ 3TUM JJ1s1
BBIPA0OTKHM Hay4yHO OOOCHOBAHHBIX ITOJIXOJIOB
K PasBUTHIO MEXJYHApOIHBIX TPAHCIIOPTHBIX
KOPUJOPOB B COBPEMEHHBIX YCIOBHAX, a TAKKE
unrerpamun Poccuniickoit dexepannu B 00HOB-
JNEHHYIO CHUCTEMY TPAaHCIIOPTHBIX KOPUIOPOB
TpeOyeTcs MpoBeieHHe yriryOJIEHHOTO aHaIu3a
KJIFOYEBBIX PUYUH M OCHOBHBIX MOCIEICTBHIA
MPOUCXOSAIINX TI00ATBHBIX TIpeoOpa3zoBaHni
MHUPOBOM TPaHCHMOPTHO-JIOTUCTUYECKON CHC-
TEeMBbI, BKJIoYas npoliemMbl GOpMUPOBaHUS
1 (poBLIX MIATGOPM ISl 00eCTIeYSHHUS PaLHo-
HaJbHOHM TpaHChOpPMAIMK MEXAYHAPOIHBIX
TPAHCIOPTHBIX KOPUAOPOB.

B pamkax ucciaemnoBaHus, IpOBEIEHHOTO
aBTOPAMHU HACTOSIIIEH CTaThH, OBIJIO OCYIIECTB-
JICHO M3y4YEHUE OPraHU3alMOHHBIX, TEXHOJO-
THYECKHX U MPABOBBIX BOIPOCOB MYJIBTHMO-
JalIbHBIX MEPEBO30K MO MEXKIAYHapOIHBIM
TpaHcopTHEIM Kopuaopam (MTK), yersvio xo-
TOPOTO SIBJISIACh BBIPA0OTKA KOHLIENTYaJIbHBIX
U OPraHU3aI[MOHHO-TEXHOJOTHYECKHUX pele-
HU#, 00€CIICYMBAIONIUX TOCTPOCHUE, PYHKITHO-
HUPOBAaHUE U Pa3BUTHE LUPPOBBIX MIATHOPM
ynpasieHus nepesoskamu no MTK, u coorset-
CTBYIOIIIMX peaJbHBIM MOTPEOHOCTSIM TpaHC-
IOPTHO-JIOTUCTUYECKOrO KOMILIEKCA, JeH-
CTBYIOIIMM HOpPMaM IpaBa, COBPEMEHHOMY
U IIEPCIIEKTUBHOMY YPOBHIO Pa3BUTHS LU(PPO-
BBIX TEXHOJIOI'MI HAa TPAHCIIOPTE.

PE3YNbTATDI

Onuum u3 Hauboree sIPKUX MPOSIBICHUHN MPO-
HCXOAALIMX U3MEHEHUH B MUPOBOM TPAHCTIOPTHO-
JIOTUCTHIECKON CHCTEME SIBIISICTCST (JOPMUPOBAHHE
HU(POBBIX OM3HEC-IKOCUCTEM, B TOM YHCIIC
B paMKax MpOoIECCOB MEPEBO30K MO MEXKTyHAPOI-
HBIM TPAHCHIOPTHBIM KOPHUIIOPaM H B IIETIOM B I1e-
TISIX TIOCTABOK OT TOBAPOIIPOU3BOIUTEIS 10 KOHEY-
HOTO 1oTpeduTes ToBapoB. bonee Toro, HadIO-
JIaeTCsl YCKOPEHHOE Pa3BUTHE TPOIIECCOB CO3MAHUS
TaKUX OU3HEC-IKOCUCTEM B Pa3HBIX FOCYIAPCTBAX
U PETHOHAIBHBIX OOBEIUHCHHUSX, & TAKKE UX UH-



Terpaun CO CMEXKHBIMU 3KOCUCTEMaMU, B TOM
yycrie B cepax AJIeKTPOHHOH KoMMepLuH, (puHaH-
COB, MPOU3BOJICTBA U JPYTHX.

Hawnbosnee gacTo ucrons3yemoe u, moxanyi,
camoe émkoe ornpezescHue [ 1] TpakTyer ousHec-
9KOCHUCTEMY KakK «Ha0Op COOCTBEHHBIX HIIM
MapTHEPCKUX CEPBUCOB, O0bETUHEHHBIX BOKPYT
OJTHOM KOMITaHUH (CTPYKTYPBI)».

Hpyrue uccnenosarenu [2] TpakTyrOT OU3-
HCC-3KOCUCTEMY KaK JTUHAMUYHBIC U TIOCTOAHHO
Pa3BHBAOLIMECS COOOIIECTBA, KOTOPBIE CO3AI0T
HOBYIO LICHHOCTb Y€pe3 COTPYAHUYECTBO U KOH-
KyPCHIIHIO.

B pamMkax 0T€4eCTBEHHOIO HOPMATHBHOTO
HOJISL TIPUHSTO CJEYIOIIee OnpeeseHne ous-
HEC-3KOCHCTEMBIY: 3TO COBOKYITHOCTH KOMILIE-
MEHTApPHBIX YCIIYT U CEPBUCOB, KOTOPbIE 3a CUET
COBMECTHOM MHTErpauuu (POpMHUPYIOT AOTIOIHH-
TEJIbHYIO IEHHOCTh JIsl HOTpeOuTesel mpu ux
UCIIOJIb30BaHUH.

BHe 3aBHCHMOCTH OT MCIIOIB3YEMOTO OIpe-
JIeJICHUSI, OCHOBHO# 0COOEHHOCTBIO JIaHHOTO
SKOHOMHYECKOro ¢eHomeHa (Ou3HEC-
9KOCHCTEMBI) SIBJISETCS TO, YTO B X0/1e (HOpMU-
POBaHMS U Pa3BUTHsI OU3HEC-IKOCHCTEM ITPOHC-
XOIUT IEPEX0/L OT MOJEIIH IIPSIMOU KOHKYPEHIMU
K MOJIEJIM COCYIIECTBOBAHMSI U B3aMMHOTI'O pa3-
BUTHSA YYaCTHUKOB PbIHKA. IIaHHbIe IMPOLECCHhI,
B TOM YHCJIE, COPOBOKIAIOTCSA MEPEXOIOM OT
JUHEHHOHM (HOPMBI OpraHu3aIuy B3auMOJICH-
CTBUSl K ()OPMHPOBAHHIO CETEBBIX CTPYKTYD,
XapaKTCpU3YIOMUXCSI MHOKCCTBCHHBIMU CBA35-
MH MEXJy JIeIOBBIMH CTPYKTypaMH (y4acTHHU-
KaMH SKOHOMHUYECKHUX OTHOILIEHUIH).

B nacrosiee Bpems HabIroaeTCs yCKOPEH-
HOe (popMUpOBaHUE OM3HEC-IKOCHUCTEM, B TOM
YUCJIC, B CCTMCHTE MEKIYHAPOAHBIX IEPEBO30K,
XapakTepU3yrlleecss y4acTUeM B JIaHHBIX DKO-
CHUCTEMax BCEX YYaCTHUKOB IEPEBO30YHOIO
npoliecca, BKII0Yas TPAHCIOPTHBIE, IKCIICIH-
TOPCKHEC KOMITAHWU, KOMITAHUH HpOI/ISBO,Z[HTeHeﬁ,
Tpy30BIaAEIbLEB U 3aKa34UMKOB IepeBo3KkH. [1pu
9TOM B YCJIOBHSIX COBPEMEHHOU TypOYJIEHTHOCTH
MHUPOBBIX SKOHOMUYCCKUX OTHOLICHUM y4acTt-
HUKH OKOCUCTEMbI JIUHAMHWYHO JOIIOJHAOT APYyT
Jpyra, obecnieunBas aJbTEPHATUBHBIC CBSI3H
1 KaHaJIbl TOCTaBOK B YCJIOBUAX MeH)HOLLleIZCH
JIEJIOBOU Cpe/ibl.

! KoHuenuust 06IIero peryiImpoBaHust AesTEIbHOCTH TPYIIT
KOMITAHHH, Pa3BUBAIONINX Pa3INYHbIC HU(PPOBHIE CEPBUCHI
Ha 0a3e oxHOIT okocuctembl. Mait 2021. [DnexTpoHHbIH
pecypc]: https://www.economy.gov.ru/material/file/cb29a7
d08290120645a871be41599850/koncepciya_21052021.pdf.
Joctyn 10.09.2022.
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Kak oTmeualoT mcciieoBaTeld MUPOBOH
koHcanTuHrooi komnanuu BCG [3], coBpemen-
HbIe OM3HEC-3KOCUCTEMBI OTJIMYAIOTCS CyIIe-
CTBEHHBIMH OOLIMMH ITPU3HAKAMU, BKITIOYASL:

1. MonyabHbIM NPUHIUI TOCTPOCHHUS, KOT/1a
B OTJIMYUE OT TPAJULUOHHBIX HEPApXUIECKUX
CTPYKTYP KIMEHTCKHE CEPBUCHI HIIH MPOYKTHI
pa3pabarbIBalOTCs CaMOCTOSITENILHO Pa3InuHbI-
MU HX IPOU3BOAUTENISIMH, HO (DYHKIIHOHHPYIOT
KaK eJJMHOE CBSI3aHHOE 1IeJI0€.

2. Kacromu3zanusi, cyniecTBeHHas aianTaius
MIPOJYKTOB M YCIIYT 110J] KOHEYHOTO IOTpeduTe-
TS,

3. CereBble, MHOTOCTOPOHHHE OTHOIICHUS
MEX]y y4aCTHHKaMH SKOCHCTEMBI, 3aMEHSIIOILIIE
TPaJAMIHOHHOE JIBYCTOPOHHEE B3aUMOJICHCTBHE.

4. KoopauHaiiyst y4acTHUKOB S9KOCHUCTEMBI HE
U3 «aJIMUHUCTPATHBHOTO IIEHTPa», a MyTEM
BHEJ[pEHHs OOIINX MPaBUJI, CTAaHIAPTOB U MPO-
L[ECCOB.

BblIsiBiIeHHBIE B XO/I€ HACTOSILErO MCCIENO0-
BaHMsI XapakTepHbIE YepThl (HOPMHUPYIOIIUXCS
Ou3Hec-IKoCcHCTeM B c(hepe TPaHCIIOpTa M JIOTH-
CTHKH, B TOM uHcIIe B chepe QyHKIMOHUPOBAHHS
MEXJIyHaPOAHBIX TPAHCIIOPTHBIX KOPHOPOB,
B YaCTH NMPUMEHEHHUS COBPEMEHHBIX CPE/ICTB
U METOJ0B LU(POBU3ALUN B3aUMOJEHCTBUS
YYaCTHHKOB TI€PEBO30YHOT0 IPOLIECCa BKIIIOYA-
I0T:

1. Iupokoe nprmMeHeHre nHGOPMAaIIOHHO-
YIPABJISIONIMX CUCTEM Ha Pa3JIMYHBIX YPOBHSIX
yIpaBJIeHUs] IIEPEBO30YHBIM MPOIECCOM I10
MEX/YHApOAHBIM TPAHCIIOPTHBIM KOPHUI0paM,
a TaKKe U YIpaBJIeHHs TPAHCIIOPTHBIM OM3HECOM
B 1IEJIOM.

2. Ilepexoa oT OyMa)KHOTO JIOKYMEHTO000-
poTta K HHPOPMALIMOHHOMY OOMEHY FOPHIHIECKH
3HAYMMBIMH JAHHBIMH, CBEICHUSIMH U JJOKYMEH-
TaMU B JJIGKTPOHHOM BHJIE, TIPU3HABACMBIMH
Pa3IMuHBIME CTOPOHAMH [1EPEBO30YHOIO IPO-
ecca B MPaBoOBOM acIeKTe.

3. Co3naHue 1 UCIojIb30BaHne HH(HOpMaIH-
OHHOM cpeJibl J0BepHs, odecreynBaroieii nH-
(dbopMaMOHHBIH OOMCH M B3aMMOJICHCTBHUC
B JJIEKTPOHHOM BHJIE MEXK/I1y YYaCTHUKAMH Iie-
PEBO30YHOTO Ipoliecca B XO/€ OpraHU3aliH
U YIpaBJICHUs I'Py30- U MAcCaXKUPOIIOTOKAMH,
a TaK)Ke MEXIY KIMEHTAMH U 3aKa34MKaMH Iie-
PEBO30YHOTO ITpoLecca.

4. Pa3zpaboTKa W NPHUHITHE TEXHHYECKHX
TpeOOBaHUH K MHPOPMALIMOHHO-YITPABIISIOIIUM
CUCTEeMaM M X KOMIIOHEHTaM, a TaK)Ke COIIaco-
BaHHBIX IPOTOKOJIOB MH(OPMAIIIOHHOTO 00Me-
Ha, BBICTYIIAIOIINX B KAUYECTBE OTKPBITHIX CTaH-
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JapTOB, a TAKXE UX MOCTOAHHOC pPAa3BUTHEC
1 COBCPUICHCTBOBAHUC.

MupoBbie NpoeKTbl HH(POBH3ANMH
MeKYHAPOIHBIX TPAHCIOPTHBIX
KOpPHI0POB

OnucaHHble TPEH/bI U BEKTOPBI Pa3BUTHUS
MHPOBOT'0 TPAHCHOPTA U JIOTHCTHUKY HAIIUIU CBOE
MPaKTHYECKOE BOIUIOLUICHHE B PEaM3yeMbIX
B MHUpE NPOEKTaxX HU(PPOBU3AILNN MEIKTyHAPOI-
HBIX TPAHCIIOPTHBIX Kopuaopos. Haunbosnee sip-
KMMH TpUMEPAMH IPOEKTOB (OPMHUPOBAHUS
MEXYHapOIHBIX OM3HEC-3KocHCTEM B cdepe
TPAHCIIOPTA U JIOTUCTHUKH SIBIISIFOTCSI:

1. IIpoekt co3nanus HarmonanbsHOM OTKpBI-
TOW HH(POPMAITHOHHOH T1aT(HOPMBI TPAHCTIOPTA
n oructuku KHP (National Public Information
Platform for Transport & Logistics, LOGINK?).

2. TIpoeKT oCTpOeHHs pernoHaILHON ru1ardop-
mbl NEAL-NET® nns obecrieyeHust B3auMozeii-
CTBHSI MEX/Iy HAIlMOHAIBHBIMH JIOTUCTUYECKUMU
cucreMamu Kutast, Sinonnu u KOxnoii Kopen.

3. IIpoext EBponeiickoro Coro3a mo mo-
CTPOCHHIO (he/iepaTHBHOI ceTH oOMeHa HHpOp-
marueit B noructuke (Federated Network of
Information eXchange in Logistics, FENIX*).

4. ITpoexT hopMUpOBaHUS IKOCHCTEMbI LIU(-
POBBIX TPAaHCIIOPTHBIX KOPUAOPOB EBpasuiicko-
r0 9KOHOMHYECKOTO COro3a’.

K nanHomy cnucky (GpopMaibHO MOXHO
n06aBuTh 3asBiIeHHbIe B Poccuiickoit denepa-
UM TPOEKTHI CO3/1aHusl HUPPOBOTO KOHTYpa
JIOTUCTUKH, a TaKxe IHUPPOBOH 11aThOopMBbI
TPaHCIIOPTHOTO KOMIIJIEKCa, BOIIEJIIHNE
B «Crpareruto nuppoBoil Tpanchopmanuu
TpaHcnopTHOU orpaciu Pocculickoit denepa-
un» ® 1 B JleTanbHblil miaH-rpaduK peaansa-
uuu nanHoit Ctpareruu.

2 National Transport and Logistics Information Platform in
China (LOGINK). [DnektponHslii pecypc]: https:/www.
logink.cn/. Joctyn 10.09.2022.

3 Cooperative Mechanism on Northeast Asia Logistics
Information Service Network (NEAL-NET). [DnexrpoHHbIii
pecypc]: https://english.neal-net.net/. Joctyn 10.09.2022.

4 FENIX Network. A European Federated Network of
Information eXchange in LogistiX. [DnekTpoHHbIii pecypc]:
https://fenix-network.eu/. Joctym 10.09.2022.

5 PacniopskeHne EBpasuiickoro MeXmpaBHUTEIbCTBEHHOTO
cosera oT 31 stuBaps 2020 roga Ne 4 «O ¢dopmupoBanun
9KOCHCTEMBI U(POBBIX TPAHCIIOPTHBIX KOPHI0poB EBpaznii-
CKOI'0 3KOHOMHMYECKOI0 COI03a». [DIEeKTPOHHBIH pecypc]:
https://www.alta.ru/tamdoc/20mr0004/. Toctym 10.09.2022.
5 IMTacniopr Crparernu 1udpoBoii TpaHCHOPMALUK TpaHC-
noptHoit orpaciu Poccuiickort @eneparyu. [DneKTpOHHbIH

pecypc]: https://mintrans.gov.ru/documents/8/11374?type=.
Jloctyn 10.09.2022.
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KittoueBbie acrekThl peanu3alnnuy JaHHbIX
HPOEKTOB TTOPOOHO PacCCMOTPEHBI POCCHHCKH-
MU U MEXIYHAPOIHBIMH HCCIe0BaTeNsIMHU [4—
11], B ToM umcie, ¥ aBTOpaMU HACTOSIIIEH CTAThU.
Bmecre ¢ Tem ormMeTHM, 4TO (hOpMHUpOBaHHE
nudppoBbix miaarpopM B pamkax Ou3zHec-
9KOCHCTEM B cepe TpaHCIopTa M JIOTUCTHKU
CYLLECTBEHHO 3aBUCUT OT JCHCTBYIOLICH B KOH-
KPETHOM I'OCY/JapCTBE MM PETHOHAIBHOM 00b-
€/IMHEHNY HOPMaTHBHO-TIPABOBOM 0a3bl, a TAKIKE
NPUHATBIX NPAaBUI U HOPM BeJeHMs OM3Heca,
3a4acTylo HeO(UIMAIIBHBIX, YTO JeJaeT KaKIbIi
U3 IIEPEUHCIICHHBIX BBIIIE MPOEKTOB CYIIECTBEH-
HO YHUKaJIbHBIM, MCKJIIOYAIOUINM TIPOCTOE KO-
NUPOBaHKE CO3/IaHHBIX B XOJIE €0 pean3aliu
TEXHOJIOTMYECKUX HAPaOOTOK U OpraHU3alMOH-
HBIX TIPHHIUIIOB.

CyliecTBeHHOE BIIUSIHHE HA KOHLIEHTYallb-
HBIE OCHOBBI ()OPMHUPOBaHHsI OU3HEC-IKOCHUCTEM,
BKJIIOUasl ONpesesIeHne Leei, 3a1a4, NpUHIH-
IOB OpTraHM3alfH1, a TAKXKE COCcTaBa U (PyHKIHO-
HaJIbHOCTH CO3/1aBaeMbIX IUIAT(OPMEHHBIX pe-
IICHUH, OKa3bIBAIOT CYLIECTBYIOIINE B Pa3iiny-
HBIX CTpaHaX FOPUIMUYECKHE HOPMbBI U OpraHu-
3al[IOHHBIEC MEXaHU3MBI. [IpH 3TOM KOppeKTHOE,
Hay4yHO 000CHOBAHHOE OIpE/IeIeHUE KOHIICNTY-
QJIBHBIX TIOJIOKCHUN M PELICHUH 110 POPMHUPO-
BaHHUIO IIM(POBBIX MIATHOPM MEKTYHAPOTHBIX
TPaHCIIOPTHBIX KOPHIOPOB SBIISIETCS] HEOOXOIH-
MBIM YCJIOBHEM JUIsl IIOCTPOCHHS M )KHU3HECIIO-
coOHOCTH (BOCTPEOOBAHHOCTH) TPAHCIIOPTHO-
JIOTUCTUYECKON OU3HEC-IKOCHCTEMBI, 00ecTed -
BAIOLIEH NMOCTPOCHKE, PALIMOHAIBHYIO OpraHu-
3aIMI0 U Pa3BUTHE MEX/yHAPOIHBIX IIEPEBO30K.

Kak noka3spIBaroT pe3ysibTarhl HalluX HCClie-
JIOBaHUH, aHAIN3 O(UIMAIBHBIX MaTEPHUAIIOB 10
MEXYHApPOAHBIM MPOEKTaM (pOPMHUPOBAHUS
OM3HEC-9KOCHCTEM B chepe TPAHCIIOpTa U JIOTH-
CTHKH, a TAK)KEe HAYUHBIX IyOJIMKALUIA 110 JaH-
HBIM BorpocaMm [12-19], ceronHs B MUPOBOi
NPaKTHKE MCIOJIB3YIOTCSI CIEAYIONINE KOHIIE-
TyaJbHbIE MOJEIN MOCTPOCHUS LHHPPOBBIX
TPaHCIIOPTHO-JIOTHCTHUECKUX CUCTEM:

1. Cucrema LOGINK (KHP) ocymectBnsier-
Csl ¢ YETKO BBICTPOEHHOM BEPTUKAJIBIO B3aUMO-
JICUCTBHS «TOPOA—TIPOBUHLIUS—LIEHTP» C (OKY-
COM Ha CO3[JaHHE MEXaHU3Ma LIEHTPAIN30BaHHO-
IO rOCYJapCTBEHHOTO PETYJIMPOBaHHS TPOLEC-
coB 1udpoBoii Tpancopmaiuu. CireacTBUeM
9TOTO KOHIEINTYaJIbHOTO MOJAX0Ja SBISIETCS
BEPTUKAJIBHO-OPUEHTHPOBAHHOE MOCTPOCHHE
cuctembl LOGINK B KHP, ocHoBanHOe Ha 11i€H-
TPaJIM30BAHHOM IUIAHMPOBAHUU M PEaH3aliU
(Momenb «cBepxy BHU3Y). Kak 310 CBOHCTBEHHO



JUIS TAaHHBIX MOJIeNIeil, Ha BEepXHEM YPOBHE yCTa-
HABJIMBAIOTCS TPEOOBAHUS K CTPYKTYpe U dop-
Maram MHPOPMAMOHHOrO 0OMEHa, ompe/es-
I0TCSI METOJIbI M CIIOCOOBI 0OPabOTKH U UCTIONb-
30BaHMS JAHHBIX B paMKax cuctemsl. Kpome
toro, B pamkax cuctembl LOGINK B KHP
oOecrieynBaeTcs 1IEHTPAIN30BAHHBII 0OMEH
JAHHBIMM M3 HIKECTOAIINX YPOBHEH CHCTEMBI
B BBILIECTOSIIIUE U HAOOOPOT, a TAKIKE HUCIIOJIb-
30BaHKHE MH(POPMAIIMOHHOTO OOMEHa 0 THITY
«IIEHTPAJIM30BaHHAS 3BE3/1a».

2. EBponeiickuii mpoext FENIX Bo MHOTOM
TPaHCIIUPYET IIOJIMTUYECKOE yCTPOCcTBO EBpo-
COI03a M OCHOBAH Ha MOCTPOCHUH TOPU30HTAIIb-
HBIX B3aMMOCBSI3eH MEX/ly yUaCTHUKAMH 3KOCHU-
CTEMBI B paMKax «(deaepaTruBHOW» MOJCIIH.
B naHHOI KOHCTpYKLUU aKLIEHT CIEIaH Ha Of-
HOPAHI'OBbIEC B3aUMOJCHCTBUS «KAXKIBIN C Kax-
OeIM». JlaHHasg Mofenb oTpaxaeT CTPYKTYpY
EBpocotoza, «popmasibHOE» PaBEHCTBO BCEX
BXOJSIIMX B HETO FOCYIapCTB B paMKax 00IIero
PBIHKA U MTOJIUTHYECKOro coro3a. [Ipu 3ToM BBH-
Jly OTCYTCTBHSI (yHKIIHOHAJIBHOTO IIEHTPAJILHO-
ro KOMIOHEHTa, HHPOPMAIIMOHHBIII 0OMEH
OCYIIECTBIAECTCS HEMOCPEACTBEHHO MEXIY
y4aCTHHUKaMH 3KOCHCTEMBI B paMKax MpOeKTa
FENIX, 6e3 y4acTust HEHTPaJIbHOI'O CErMEeHTa.

O4eBUHO, YTO NMPUMEHSEMBbIE B JAaHHBIX
MPOEKTaX KOHIENTyaJbHbIC U OpPraHN3aI[HOHHO-
TEXHOJIOTMYECKHE PEeIleHUs 110 (POPMUPOBAHHIO
1 (pOoBBIX U1aT(HOPM YIpaBIeH s IEPEBO3KaMU
HE B IIOJHOW Mepe MOTYT OBITh MCIIOJIb30BaHBI
JUtst (POPMUPOBAHUST IKOCUCTEMBI U(DPOBBIX
TPaHCIOPTHBIX KopuaopoB EBpasuiickoro sxo-
HOMMYECKOI'O COK03a B 1I€JIOM, a Takxke Poccuii-
ckoil Penepanuu, Kak rocygapcra-diieHa
Co103a, B YaCTHOCTH.

OTMeTHuM, YTO U IOPUIUYECKHI CTaTyc,
1 skoHOMHUeckoe yctpoiictBo EADC cymie-
CTBEHHO OTIM4aroTcs He Tonbko oT KHP kax
YHUTapHOTO rocyapcTBa, Ho Takxke 1 oT EC kak
MOJUTHYECKOTO M HKOHOMHMUYECKOTO CO03a CO
3HAYUTENIBHON CTENEHBIO IIEHTPAIN3aIliH KO-
HOMMKH U OOILIUM PBIHKOM TOBapoOB M YCIYT,
eanHOH BatoTol. OYEeBUIHO, UTO B MIPABOBBIX,
OpPraHU3AI[MOHHBIX U SKOHOMUYECKHUX Peanusix
EBpa3uiickoro 5KOHOMHUYECKOI0 CO034, a TAKKE
¢ y4€TOoM CIIOXKHBILICHCS OM3HEC-TIPaKTUKH,
MPOCTOE KOMMPOBaHHUE JAaHHBIX MOAesel opra-
HH3aLUK IPOEKTOB LU(PPOBU3AINHI TPAHCIIOPTA
1 JIOTUCTHKH HE Oy/leT paboTOCIOCOOHBIM U HE
JIaCT OXKMJIAeMbIX PE3yJIbTaToB.

Kpome Toro, mpaktudeckas peaau3anus
KOHIIENTYaJ bHOW MOJIENIU LU(POBBIX IIATHOPM

VIA] \ [ \ Y 50

MEKTyHapOIHBIX TPAHCIIOPTHBIX KOPUIOPOB Ha
npoctpancTBe EADC Hen3MeHHO CTalKUBaeTCs
C OCTPBIMH BOIIPOCaMH 00eciedeHHs HUPPOBOTO
CYBEPEHHUTETA, a TAKXKE C MPOOIEeMaTUKON OTpa-
YKEHMS1 KaK B apXUTEKType I (POBBIX Iu1arhopm,
TaK U B peaJIU3yeMbIX CXeMax HH(POPMAIMOHHO-
ro oOMeHa 1 B3auMOIECHCTBUS OPTaHU3allMOHHO-
[IPaBOBBIX KOHCTPYKIUI, 3aKPEIIEHHBIX B HOP-
Max npasa EBpa3zuiickoro 3KOHOMHYECKOIO
COr03a.

Takke OTMETHM, YTO COIVIacHO m. 2, CT. 1
Jlorosopa o EBpa3zuiickoM 3JKOHOMUYECKOM COHO-
3¢, Coro3 ABISIETCS MK Ty HAPOJHOMN OpraHn3a-
LMEW peruoHaJIbHOW AKOHOMUYECKON MHTerpa-
UK, 00J1aIAFOIICH MEXKTyHAPOIHOM ITPaBOCYOb-
ekTHOCThI0. B pamxax Coroza cormacro 1. 1, cT. 1
nanHoro JloroBopa obecrieunBaeTcsi cBoOOIa
JIBUKEHUS TOBAPOB, YCIIyT, KanuTaja u padoueit
CHJIBL, IPOBEJICHNE CKOOPIMHUPOBAHHOM, COIvIa-
COBAaHHOM WM €IMHOMU IOJIMTUKU B OTPACIIX
HKOHOMHKH, B TOM YHCIIE U B chepe TpaHcnopra.
Wupivmu ciioBamu, GopMHUpoBaHUE OOIIETO PBIH-
Ka U CO3/IaHUE €IMHON YKOHOMUYECKON CUCTEMBI
yhnpaBieHHusa (aJMHUHUCTPHUPOBAHMS) B PaMKax
EADC octaércst BOIpocoM J0CTaTOYHO OTAa-
nénHoro Oynyrero. PaBHo kak 1 (hopMupoBaHue
eIMHOM MOJIHO(YHKIMOHAIBHONH HH(PPOBOU
Tu1aTOpMbI KOOPIMHALIMK U YIIPaBICHHUS Iiepe-
BO3KaMmH Ha npoctpancTBe EADC.

B cBs3u ¢ 3THM, a Takke ¢ yu€ToM nepexosa
poeKTa (JOPMUPOBAHUSI IKOCUCTEMBI IIU(PPOBBIX
TpaHcnopTHBIX KopuaopoB EADC, peannzyemo-
ro EBpa3uiickoli 2KOHOMHUUYECKOU KOMHUCCUEH
B pamKkax 1u¢pposoii moectku EADCE, k Hemo-
CPEJICTBEHHON NMPaKTUYECKOW peanu3alui,
OCTPO BCTAET BOIPOC BBIPAOOTKH HayyHO 060C-
HOBAHHBIX KOHIIETITYaJIbHBIX MTOJIOKEHU U Ipei-
JIO)KEHUH 110 BBIOOPY MTPOEKTHBIX PELICHHUN JIJIst
(dbopMupoBaHus HUPPOBBIX MIATPOPM MEKITY-
HapOJHBIX TPAHCIOPTHBIX KOPUIOPOB, B TOM
yuciie Ha npoctpancTe EADC. Tlpu stom 3t
MIOJIXO/BI MOTYT OBITH B TOM YHCJIE HCIOIb30Ba-
HBl U TIPU MOCTPOSHHH LUPPOBBIX IIATHOPM
TpaHCIIOpTa U JOorucTuku U B Poccuiickoin ®e-
Jiepanuu Kak B rocynapcrse-aiene EADC.

" JloroBop o EBpa3uiickoM 5KOHOMHYECKOM CO03¢ (¢ n3me-
HeHusiMH Ha | okTs10pst 2019 rona) (penakuust, 1eHCTBYOIIAs
¢ 5 anpenst 2022 roxa). [Dnexrponuslit pecype]: https://docs.
cntd.ru/document/420205962. ocryn 10.09.2022.

8 Perienvie Biciero EBpa3niickoro 3KoHOMHYECKOTO COBETA
or 11 oktsi6ps 2017 . Ne 12 «O06 OCHOBHBIX Harpasiie-
HUSIX peanu3anuu nuppoBoi moBecTkn EBpasmiickoro
9KOHOMHUYECKOTO coto3a 70 2025 roxay». [DaeKTpOHHBIH
pecypc]: https://docs.cntd.ru/document/555625953. [loctyn
10.09.2022
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KitoueBble apXUTeKTYPHbBIE peLieHus 11
(opmupoBaHust 3kocucTeMbI IHPPOBBIX
TpaHCHOPTHBIX KopuaopoB EADC

ITo ntoram peanmsanuu B 2018-2019 romax
Hay4HO-NCCIIE0BATEIbCKON paboThl 1O TeMe
«Pa3paboTka KOHIENIINN 3KOCUCTEMBI I PO-
BBIX TPAaHCHOPTHBIX KOpUA0poB EBpazniickoro
SKOHOMHYECKOTO COI03a», BHITIOJIHEHHOH HpHu
y4acTHUH aBTOPOB HACTOSIIEH cTaTbu AT Ou-
LHUAJbHOTO MCIIONIb30BaHUs EBpa3suiickoil sko-
HOMHYECKON KOMUCCHEH, OBIIIO TaHO CIIeIyIOomee
omperneneHne: « IKoCUcTeMa IUPPOBBIX TPAHC-
MOPTHBIX KOPUAOPOB rocynapcTB-wieHoB EADC
(axocuctema LITK EADC) — 310 camopasBuBaio-
IMasiCsl COBOKYIHOCTh Y4aCTHUKOB, HH(OPMaIH-
OHHBIX CHCTEM U III(PPOBBIX TIIAT(HOPM, UCTIONb-
3yEMBIX B TPAHCIIOPTHO-JIOTHCTUYECKOM CEKTOpE
Coro3a, KOTOpast XapaKTepHU3yeTCsl yCTOHIHBBIM
MHPOPMAITHOHHBIM B3aMMOJICHICTBHEM U 0OMe-
HOM JIaHHBIX MEX/y ¢€ OCHOBHBIMU 00bEKTaMU
U CyObEKTaMM Ha HAllMOHAJIFHOM M HAJHAIHO-
HaJIbHOM YPOBHSIX, @ TaKXKe IeJICHAPaBICHHO
(hopMHpyeTCsl B PETyISITOPHOM M WH(pOpPMALIH-
oHHOM TpocTpancTee EADCy.

ITpu 5TOM OCHOBHBIMH LIENISIMH (POPMHPOBA-
Hust skocrctembl LITK EADC siBiisieTcs co3nanue
YCIIOBUH AJISL:

1. IToBBIIEHNS TPUBIEKATEIEHOCTH MEMKLY -
HApOAHBIX TPAHCHOPTHBEIX KopuaopoB EADC,
YCKOpPEHHE HHTETPallii B MUPOBYIO TPAHCIIOPT-
HYIO CHCTEMY.

2. TloBBIImIeHNS TPOITYCKHOH CIOCOOHOCTH
MEXyHapOAHBIX TPAHCIOPTHBIX KOPHIOPOB,
MPOXOASIIINX 10 TEPPUTOPHUH TOCYIAPCTB-
qreHoB EADC, B ToM 9mcIte 3a CYET COKpAIeHUS
HETIPOM3BOAUTEIBHBIX ITPOCTOEB.

3. IoBeimenus 3pPeKTUBHOCTH (PYHKIIHO-
HUPOBAHUS TPAHCIIOPTHOW MH(PACTPYKTYpHI
rocynapctB-aieHoB EADC.

4. IToBeimieHns 3¢ HEKTUBHOCTH JIEATEIHHO-
CTH KOHTPOJIbHO-HAA30PHBIX OPTAHOB.

ITo ntoram o6o3nauenHoro HNP Obuin BbI-
paboTaHbI IPEATOKEHHS MO KITFOUEBBIM MOJIOXKE-
HUSAM (OPMHUPOBAHUS SKOCHCTEMBI ITUPPOBBIX
TpaHCIOPTHBIX KopuaopoB EADC, a Takxke 1o
KJTFOYEBBIM MOJIOKEHHAM OCTPOEHHS I1atdop-
MEHHBIX PEIICHUH Ha HaJHAIMOHAIBHOM YPOB-
HE U Ha HAI[MOHAJBHBIX YPOBHSIX.

OnHako, ¢ y46TOM yKa3aHHBIX BBIIIC Kap/Iu-
HaJIbHBIX (DAKTOPOB, BIUSIONNX HA COBPEMEH-
HBIE BEKTOPbI Pa3BUTHSI MUPOBOI TPAHCIIOPTHO-
JIOTHUCTUYECKOH CHCTEMBI B LIEJIOM M Pa3BUTHE
MEXIyHapOIHBIX TPAHCIOPTHBIX KOPHAOPOB
B YaCTHOCTH, a TaKXe C y4éTOM pa3BUTHUSA

Vin} \ [ NO

U yriyOneHust eBpa3uiCKOl MHTETpaIuy U Mpo-
UCXOJSIIUX MPOLECCOB U(POBU3AIMU, BHE-
peHust nUGpPOBBIX IIATHOPM B Pa3IMUHBIX
chepax dKOHOMHKH, HA COBPEMEHHOM 3Tare
(hopMHUpPOBaHHsI IKOCUCTEMBI IN(PPOBBIX TPAHC-
nopTHbIX KopunopoB EADC nmpu mpopaboTke
KOHIICTITYaJIbHBIX OJIXO/I0B, HEOOXOIUMBI CY-
IIECTBEHHbIC YTOYHEHHS B paHee chopMymnnpo-
BaHHBIC KOHLENTYAJIbHBIE [TOJOKEHUSI.

C y4éTOM BBIIICONTUCAHHBIX UCCIIEIOBAHUH,
a Takke ¢ y4éroM c(OpMYIMPOBAaHHBIX paHee
aBTOpaMM HACTOSIIEH CTaTby MOAXOJO0B K I10-
CTPOCHHIO LU(PPOBBIX HHCTPYMEHTOB yIIpaBJie-
HUS MEXIYHApPOIHBIMH TPAHCIIOPTHBIMHU KOPH-
nopamu PO-KHP [20], aBTopamu npeioxeH
COCTaB YTOYHEHHBIX KJIFOYEBBIX IPHUHIIMIIOB
(dopmupoBanus IUPPOBLIX 1aT(HopM 11t odec-
HIEYCHHMS! Pa3BUTHS MEXKTyHAPOHBIX TPAHCIOPT-
HBIX KOPHJIOPOB, B TOM YHUCIIE B paMKaxX 9KOCH-
CTeMbl IIM(POBBIX TPAHCHOPTHBIX KOPHIOPOB
EADC, koTopHlit 10IKEH BKITIOYATh CIIEIYIOIIEE:

1. OrtkpbiTocTh. JlomkHa ObITH OOecreueHa
BO3MOXKHOCTh MH(OpMaIMOHHOTO 0OMeHa Ha
OCHOBE OTKPBITBIX IPOTOKOJIOB ITPOTPAMMHOTO
obecneuenus (Application Programming
Interface, API) co cMeXHBIMH BHEITHUMU LIU)-
POBBIMH TUIaT(GOpMaMu, B TOM YHCIIE HA HAJHA-
[IMOHAJIbHOM, HAIIMOHAJILHOM T'OCY/IapCTBEHHOM
Y HAIlMOHAIILHOM KOPIIOPaTUBHOM YPOBHE.

2. CrangapTu3anus HHPOPMAIHOHHOTO 00-
MeHa. JIomKHBI ObITh 00CCIIEUEHBI pa3padoTKa,
rapMOHHM3AIUsl Ha MEXJAYHapOJHOM ypOBHE
U 3aKpernjicHHe Ha ypOBHE HOPMAaTUBHO-
TEXHUYECKUX aKTOB (TEXHUYECKUX PErlIaMEHTOB
U CTaH/JapTOB) KJIOYEBBIX IPOTOKOJIOB HH(OP-
MalMOHHOTO 0OMEHa, B TOM YHCJIe MEXIY IoCy-
JIAPCTBEHHBIMH M KOPIOPATHBHBIMHU IIU(POBBIMU
iarhopMaMu MEXIyHapOIHBIX TPAHCIIOPTHBIX
KOPHJIOPOB, FOPHANYECKH 3HAYUMBIMH JJAHHBIMH,
CBEJICHUSIMU U JIOKyMEHTaMH B IU(PPOBOM BHJIE
0 XOJIe MEPEBO3KH M CBSI3aHHBIX C HEH TpaHc-
HOPTHO-JIOTHCTHYECKUX MPOLIECCax.

3. CoBMeCcTHMOCTB (MHTEPOIEPaAOEIIbHOCTS).
[Tpu noctpoernu nupPoBLIX MI1aTGOPM MEKIY-
HapOJIHBIX TPAHCIOPTHBIX KOPUAOPOB JIOJKEH
COOJTIONAThCS IPUHIIUIT COBMECTUMOCTH (MHTEP-
orepaldesIbHOCTH), KOTOPBIA TpeOyeT peleHus
3aj1a4 peryJsITOpHOM, OpraHn3allMOHHOMN, CeMaH-
TUYECKON (IOKYMEHTAapHOW) M TEeXHUYECKOM
MHTEPOIEpadeIbHOCTH, B TOM YHCIIE M Ha MEX-
JIyHapOJIHOM YPOBHE.

4. Nndopmarnmonnas uaterpanus. Jlomxna
ObITh OOecreueHa HHPOPMAIMOHHAS HHTErpa-
LUsl C TOCYJapCTBEHHBIMH, OOIECTBEHHBIMU



Puc. 1. KoHyenmyanbHas modenb yughposoli mpaHcnopmHo-102ucmuyeckol nnamgopmMbI MeXAyHapoOHbIX MPaHCNOPMHbIX Kopudopos
EA3C [cocmaeneHo asmopamu] [21].

¥ KOPIIOPAaTHBHBIMH ITU(PPOBBIMH IIATHOPMaMU
1 WHPOPMAIMOHHBIMHI CHCTEMaMH, BKITIOYAs
MEXKITyHapOIHBIC, a TAKIKE CO CMEKHBIMHU (DYHK-
[HOHAFHBIME HH(POPMAIIHOHHBIMHU CHCTEMaMH,
BKITIOYast U (PPOBBIC TOPTOBHIC TUTOMIAIKH U Xa-
ObI, B TOM YMCJI€ JJs MOBBIIICHHUS KauyecTBa
7 3QPEeKTUBHOCTH MX PYHKITHOHUPOBAHUS.

5. HUcnonp3oBanne mudpoBoil cpensl ToBe-
pust. [loctpoenne u GyHKINOHUPOBAHHE ITH(]-
POBBIX IIAaT(hOPM MEKIYHAPOIHBIX TPAHCIIOPT-
HBIX KOPHIOPOB ITOKHO OCYIIECTBIATHCS
C MpUMEHEHHEeM IHU(POBOH Cpeasl TOBEpHs,
obecreunBaromeil ocymecTBIeHHEe 00MeHa
FOPUINICCKHI 3HAYMMBIMHE TaHHBIMU, CBEJICHHS -
MU ¥ JOKYMEHTaMH B IU(PPOBOM BHJIE.

6. Umnoprone3aBucumocts. [Ipu nocrpoe-
HAH TMUGPOBBIX TUIATGOPM MEKTyHAPOITHBIX
TPAHCIIOPTHBIX KOPHIIOPOB MPEHMYIIECCTBCHHO
JOJDKHBI UCTIONB30BaThCS OTEYCCTBEHHEBIC pa3-
paboTkH, ToKHA OBITH 0OECIIeYeHAa MAKCHMATTh-
Has He3aBUCHMOCTh OT MHOCTPAHHOTO TIPO-
TPaMMHOTO 1 allapaTHOTO 00eCICUCHHUS.

OTMETHM, 9TO TpeIaraeMbple MPUHITUIIBI
MTOCTPOCHUS MUGPOBEIX IIATPOPM MEKIyHA-
POIOHBIX TPAHCHOPTHEIX KOPHIAOPOB, B TOM
YuciIe MUPPOBBIX TPAHCIIOPTHBIX KOPHUIOPOB
EADC, sBisrorcst 6a30BBIMHE, OTIPEACTISIOIINMA
MOCIEAYIONYI0 TEXHHYSCKYIO pPean3aIuio
W PEryIHpOBaHHE III(PPOBBIX ON3HEC-IKOCUCTEM

VIA] ] A N2 50

B cpepe TpaHCIIOPTa U JIOTUCTHKH, B TOM YHCIIE
mHa MTK.

C yuéroM chopMyITHPOBAHHBIX BEIIIE TIPHH-
IIUTIOB BEpXHEYpOBHEBAsl IIPOTPaMMHAsT apXu-
TEKTypa II(PPOBBIX TIaTHOPM MEKTyHAPOIHBIX
TPAHCIIOPTHBIX KOPUAOPOB JODKHA (HOPMHPO-
BaThCA M0 MEPAPXUIHOMY MPHUHITUITY U BKITIO-
9aTh, B TOM YHUCIIE, CICAYIONINE YPOBHHU TPO-
TpaMMHOH apXHUTEKTYPHI IIUPPOBHIX IIATHOPM
AKOCHCTEMBI MEKIYHAPOIHBIX TPAHCIIOPTHBIX
xopunopoB EADC (puc. 1):

1. HagrannoHabHEIN ypOBEHB — 00eCTIeuH-
BaIOMIHMI B3aNMOJICHCTBIE U MH(POPMAITHOHHBII
00MEH Kak MEXIy yJYaCTHHKAMH 3KOCHCTEMEI,
TaK ¥ ¢ BHCITHUMH, B TOM YHCIIC, MK TyHAPO/I-
HBIMH IIA()POBBIMHU IDIATPOPMaMHA MEKIYHAPOI-
HBIX TPAHCMOPTHBIX KOPUAOPOB, a Takke (op-
MHPOBAHHE U BEICHUE IICHTPAIN30BAHHBIX 00-
IIUX CIIPABOYHUKOB W METAIaHHBIX, MOHUTOPHHT
JIOCTYITHOCTH B pabOTOCTIOCOOHOCTH CEPBUCOB
Ha HaI[HOHAIFHOM ypPOBHE.

2. HanumoHanbHbIN rocyaapCTBEHHBIN ypo-
BEHb — 00€CIEUNBAIOIINI, B TOM YHCJIC, HEMO-
CpEICTBEHHOE TPENOCTABICHHE TOCYIaPCTBEH-
HBIX YCIyT B NU(QPOBOM BHIE, 0OCCIICUCHUE
KOHTPOJIEHO-HA/I30PHOM ISATEIIEHOCTH B cpepe
TPAHCIIOPTA C UCIIOIH30BAHUEM IU(PPOBBIX MH-
CTPYMEHTOB, a TAK)KEe BEJICHHE JIOKAIBHBIX (Ha-
IIHOHAIBHBIX ) CIIPAaBOYHHUKOB.
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Puc. 2. lpednazaemas apxumexmypa yughposbix nnamgpopm mexdyHapodHbIX mpaHcnopmHbix kopudopos EASC Ha HadHayuoHaIbHOM
yposHe [cocmasnieHo asmopamu] [21].

3. HauuoHanbHBIH KOPIOPATUBHBIN ypo-
BEHb — YPOBEHb KOHEUHBIX ITOTPEONTENCH yCiIyT
M MCTOYHHMKOB JAHHBIX IHU(POBBIX MIaTHopm
MEXTyHapOAHBIX TPAHCIOPTHBIX KOPHIOPOB,
00ecTIeunBaIOMIN ITPEAOCTaBICHHE IN(PPOBBIX
CEPBUCOB KOHEYHBIM MTOTPEOUTEISIM (TPy30BIIa-
JIeTbIlaM, 3aKa3drMKaM IEPEBO3KH, BKIIOUAS
(pM3MYIECKUX JIHUIT), @ TAKXKE TEIeMaTHIECKUN
00MeH U(POBBIMH AaHHBIMH OKOHEYHBIMU
ycTpoiicTBaMy (HaBUTAIIMOHHBIMH TEpMHHAJIA-
M, IaTYUKaMH, CPEICTBAMH cOopa MH(pOpMAIN
u 1ip.).

[TpennaraembIM BapHaHTOM BEpXHEYypOBHE-
BOW apXUTEKTYpPBl MOCTPOCHUS HMU(POBBIX
m1aTGOpM MEKIYHAPOIHBIX TPAHCHOPTHBIX
kopuaopoB B pamkax skocuctemsl LITK EADC
Ha HaJHAIMOHAJIFHOM YpOBHE, 00OecIreunBaro-
UM BBITIOTHEHHE TPpeOOBaHUIT HOPM IpaBa
EADC, sBnsiercs BHeApEHUE BUTPUHEI (PyHKITHO-
HAJIBHBIX HAIMOHAIBHBIX CEPBHCOB, KOTOpAs
BBITIOJTHSCT CJICYIONINE (PyHKIIUH:

1. Benenue oOuyx cripaBOYHUKOB ¥ HOpMa-
THUBHOM 0a3bl, NCTIOIB3YEeMOH ITpn (PYHKIIMOHH-
pOBaHMM IHQPPOBBIX MIATHOPM IKOCHCTEMBI
UQPPOBBIX TPAHCIIOPTHEIX KopuaopoB EADC.

2. IlyOnukamnust HaJHAIMOHAIBHBIX U Ha-
IIUOHAIILHBIX CEPBHUCOB, TUMOBBIX MPOTPaMM-
HBIX MOJYJIe M KOMITOHEHTOB JUIsl UX TTOCHe-
JYIOIIETO THPAXUPOBAHUS, a TAKXKE KOHTPOJIb
COTJIACOBAHHOW (YHKIIMOHAJIBHOCTH HajJHa-

Vin} \ [ NO

NUOHAJBHBIX U HAIIMOHAJIBbHBIX CEPBHUCOB
9KOCHCTEMBI IU(PPOBBIX TPAHCIIOPTHBIX KOPH-
nopos EADC.

3. Tekymuit KOHTPOIB TOCTYITHOCTH 1 pabo-
TOCTIOCOOHOCTH HaJHAIMOHAIBHBIX M HAINO-
HaJIbHBIX CEPBHCOB HKOCHCTEMBI IH(PPOBBIX
TpaHCHoOpTHBIX kopugopoB EADC.

4. ®opMHUpOBaHHE CTATUCTHYECKUX JAHHBIX
1m0 (PyHKIMOHWPOBAHMIO YKOCUCTEMBI ITU(PO-
BBIX TpaHCIIOPTHBIX kopuopoB EADC, a rakxke
aHAIUTHYECKOe obecreueHne TPaHCIOPTHO-
noructuueckoi orpaciu EADC u ero rocy-
JIapCTB-WICHOB.

5. Opranusanyst "HGOPMaMOHHOTO B3aUMO-
JeUCTBHS ¥ MH(OPMAITMOHHOTO OOMEHA MEXTY
KOMITOHCHTAaMH Ha/JHAIMOHAJIbHBIX M HAINO-
HaJIbHBIX CEPBHCOB HKOCHCTEMBI IH(PPOBBIX
TpaHcnopTHEIX KopuaopoB EADC, a Takxke
¢ nHpopMarmoHHbIME cucteMamu EADC, B Tom
gucie VHTerpupoBaHHONH WHPOPMAHOHHOMN
cucremoii Coroza (MUC).

6. Opranusaiyst "HHOPMAIMOHHOTO B3aUMO-
JIeUCTBUS ¥ TH(OPMAIIIOHHOTO 0OMEHA C BHETI-
numu UT-cuctemamu B chepe Tpancmopra
1 JIOTHCTHKHN, CMEKHBIMHU 3KOCHCTEMaMH U (-
POBBIMH TUIAT(HOPMAMHU MEKTYHAPOAHBIX TPAHC-
TIOPTHBIX KOPUIOPOB.

[Ipennaraemslii BapuaHT MOCTPOCHUS LU)-
POBBIX TIATGOPM MEKTYHAPOJHBIX TPAHCIOPT-
HbIX kopuaopoB EADC npencrasieH Ha puc. 2.



CTatHeTHYeCKHE 1aHHBIE O
(yHKUHOHHPOBAHIH HKOCHCTEMbE
LITK EADC

AHaIHTHKA, IPOTHO3B!
PekoMeHIalHH 110 Pa3BHTHIO

Jlattibie o (hyHKUHONATBHOM TeCTHPOBAMITH
HALHOHATLHLIX CCPBHCOB

Hirerpuposantas nHopMaLHORHas
cuerema Cotosa (MHC)

ii oGvier oGMH
cnpagowmkamu, HCH n HITA

JlaHHbie 0 MOHHTOPHHTY JIOCTYTHOCTH H

/

PABOTOCTIOCOGHOCTH HALHOHATbHbIX
cepBHCOB Hudopmanmnonno-
o CrarncTuyeckue JaHnbie 0 pabore KOMMYHUKALMOHHAS <BHTPHHAY € 4 Iupposas cpena 1osepus
HalMOHATLHBIX CEPBHCOB P HHUC e ——
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Puc. 3. Cxema uH¢hopmayuoHHO20 06MeHa YugposbIx nnameopm MexAyHapoOHbIX MPaHCNOPMHbIX
kopudopoe EAJC Ha HadHayuoHaIbHOM U HayUOHa/bHbIX YPOBHSX [cocmasieHo asmopamu] [21].

Cxema nHGOPMaNOHHOTO 0OMEHA M COCTaB
O0OMEHHMBAEMBIX JaHHBIX MEXAY HU(PPOBBIMU
Tu1aThOpMaMH MEKTyHAPOIHBIX TPAHCTIOPTHBIX
kopugopoB EADC Ha HajHalMOHAJILHOM U Ha-
[MOHAJILHBIX YPOBHSX MPEJCTABICHA HA pHC. 3.

OTMeTHM, 4TO peaTn3aris peCTaBICHHO-
r0 MH(POPMAIMOHHOTO 0OMEHA JI0JKHA OCYIIle-
CTBIISITBCSI HA OCHOBE OTKPBITHIX MPOTOKOJIOB
nporpammHoro obecrieueHus (API), kotopsie,
B CBOIO OYEPEb, TOJKHBI OBITH OTKPBITO ITy0-
JMKYEMBIMH ¥ JOCTYITHBIMH BCEM YYaCTHHUKaM
9KOCHCTEMBI.

Pa3paboranHast aBTopaMu HaCTOSIIIIEH ITyOmu-
Kally B paMKax JAaHHOTO HAyYHOTO HCCIIE0BAHUS
BEpPXHEYPOBHEBAs APXUTEKTypa IA(POBBIX ILIAT-
(hopM MEeXTyHapOIHBIX TPAHCTIOPTHBIX KOPHIOPOB
EADC 0b1a B ienom oodpeHa 1 mpuHsATa opra-
Hamu ynpasienus EADC nns peanmuzanuu. B yact-
HOCTH, B pamMKax peanmzanun L{udposoii mosect-
xu EADC, Ha mepBoHaYabHOM dTamne GpopMupo-
BaHMS YKOCHCTEMbI IHU(PPOBBIX TPAHCIIOPTHBIX
KOpHI0poB EBpa3niickoro SKOHOMHYECKOTO COI03a
MIa"Hupyercs co3nanne VHPOpMannoHHO-
KOMMYHHUKAIIHOHHON «BUTPUHBD) HAITMOHAIBHBIX
CEpBHUCOB, NMPETHA3HAYCHHON ISl TECTUPOBAHMS
1 MyONMKaiy HalMOHAJIBHBIX CEPBHUCOB, MOHH-
TOPHHTA UX JIOCTYITHOCTH ¥ pabOTOCIIOCOOHOCTH,
a Tarke cOopa CTaTUCTHYECKNX JAaHHBIX 00 WX
(DYHKIIMOHMPOBAHUH.
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Kpome Toro, manoM npoekta (hopMHUpOBaHHS
9KOCHCTEMBI LIU(POBBIX TPAHCIIOPTHBIX KOPHIOPOB
EADC npemycMoTpeHo co3naHue psijia IPOTOTUIIOB
HAIMOHAIIBHBIX CEPBHUCOB, B TOM UHCIIE:

1. Hudposas kapra u 6a3a TaHHBIX Maru-
CTPaJIbHBIX aBTOMOOWMJIBHBIX JIOpOT M MH(]pa-
CTPYKTYPHBIX OOBEKTOB MEXIYHapOIHBIX
TPAHCIOPTHBIX KOPUAOPOB, MPOXOASIINX IO
TEPPUTOPHUSAM TOCYAPCTB-UICHOB.

2. CepBuC MO0 OPOHHPOBAHUIO OOBEKTOB
TIPUIOPOKHON MH(PPACTPYKTYPHI.

3. Cepsuc 1o OpOHNPOBAHUIO OYEPEIH B aB-
TOMOOWIIBHOM ITyHKTE TPOITyCKa ToCy/apcTBa-
YJIeHA.

4. CepBHC IO TPOBEACHUIO MEIUIIMHCKOTO
OCBH/ICTEIILCTBOBAHMS BOJUTEIICH aBTOTpPAHC-
MOPTHBIX CPEACTB JUCTAHIIMOHHO (BKJIIOUAs
MPOQHIAKTHKY U TPEIYNPEKICHHE KOPOHABH-
pycuo#t nadexmnn COVID-19).

5. CepBuC 1O NPUMEHEHHIO AIEKTPOHHOU
MEKIYHAPOIHOH TPAaHCIIOPTHOM HAKIIATHOH (11
JKEIIE3HOJIOPO’KHOTO TPAHCIIOPTA).

6. CepBHC 1O MPUMEHEHHIO AJIEKTPOHHOM
MEKIYHAPOIHOH TPAaHCIIOPTHOM HAKIIATHOH (11
aBTOMOOMIIFHOTO TPAHCIIOPTA).

7. CepBHC O IPUMEHEHHUIO JIEKTPOHHOTO
Ty TEBOTO JINCTA.

8. CepBHC MO IPUMEHEHHUIO JIEKTPOHHOTO
MIPOTOKOJIA BECOrabapuTHOTO KOHTPOJIS.
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9. CepBHC OTCIEKUBAHUS TEPEBO30K C UC-
M0JIb30BAHNEM DIICKTPOHHBIX HABUTAIIMOHHBIX
om0 ([JIsl corylacOBaHHBIX BHJIOB TpaHC-
nopTra).

10. CepBuc uHpOPMAIUOHHOTO OOMCHA
9KOCUCTEMBI LU(PPOBBIX TPAHCHOPTHBIX KO-
punopos Coro3a ¢ cucTeMaMu TPEThUX CTPaH.

Panee npu npopabotke npoekra Gpopmu-
POBaHMSI PKOCUCTEMBI HU(YPOBBIX TPAHCIIOPT-
HbIX KopuiopoB EADC u coznanns unppoBbix
r1atdopm ObLIN CAelIaHbl OLEHKH JOCTUTae-
MBIX B XOJI€ IPOEKTAa LIEJEBbIX MOKa3areien
s dpextuBHOCTH. OTHAKO, C YUETOM I'COMOIH-
THYECKUX U3MEHEHHH, COCTaB JJaHHBIX ITOKa-
3aresiell TpedyeT KOPPEKTUPOBKH, a UX 3Ha-
YEHUS — MEPEOICHKH.

[To MHEHMIO aBTOPOB HacTosel myOu-
KalluH, KIF0YeBBIMU OyIyT cucTeMHbIe 3 dek-
ThI, HallpaBJICHHbIE Ha OOECIIeYeHnEe pHUMe-
HEHUs HU(PPOBBIX MHCTPYMEHTOB YIIPaBICHUS
nepeBo3kamu. [Ipu aToM Hanboiee BaKHBIMU
nokasareiasaMu 3)PEKTUBHOCTU CO3JAaHUS
nUuGpOoBBIX MIaTGopM MEKIYHAPOMHBIX
TpaHcnopTHEIX kKopuaopoB EADC B cospe-
MEHHBIX YCJIOBHSIX OYIyT SIBISITHCS:

» Co3/1aHKe TIPABOBBIX, TEXHOJIOTUYECKHUX
W OpraHu3alMOHHBIX YCIOBHH A oOecrieue-
HUSl IIPUBIIEKATEILHOCTH I1EPEBO30K 10 MEXK-
JIYHapOJHBIM TPAHCHOPTHBIM KOPHIOpPaM,
NpOoXoAsAIuM 10 Teppuropuu Poccuiickoi
®enepanuu u EBpa3suiickoro ’kKOHOMHYECKO-
r'0 CO03a, BKII04as 00ecredeHne HaulyqInx
U MpeacKka3yeMbIX (CTaOUIBHBIX) CPOKOB,
CTOMMOCTH U KaueCcTBa IIePEeBO3KHU Ipu obec-
nevyeHnu 0e30MacHOCTH MEePEBO3KH.

* ObecrieyeHne TEXHOJIOIMYECKON He3a-
BUCUMOCTH ¥ LH(POBOr0 CyBEepeHHUTETA
Poccuiickoii @enepanuu B 4aCTU KPUTUUECKU
BaXXHOH LM (PpOBOI HHPPACTPYKTYPHI, BKIIIO-
yass “”HOOPMAMOHHO-YIPaBISIONIHE CUC-
TEeMBbI 00€eCIIeUeHHsI OPraHU3aUU U KOHTPOJIS
MEPEBO30K 10 MEXKIYHAPOAHBIM TPAHCIIOPT-
HBIM KOPHI0paM.

« O0ecrnieueHue peanu3alnuy TPAHCIOPT-
HOI'0 TPaH3UTHOTO noTeHuuana Poccuiickoi
®denepanun u rocynapct-usienos EADC,
MOBBIIICHUE J0XO0J0B TPAHCIIOPTHOM OTPACIIH.

» Co3zianue ycioBHi aJist yCKopeHus ¢pop-
MHUPOBaHMS €AMHOIO TPAHCIOPTHOTO PHIHKA
EADC, obecrieueHuss IpO3pavHOCTH IEPEBO-
30K M TapMOHU3UPOBAHHOW CHCTEMBbI KOHT-
poJIsl IepeBO30YHOr0 Mpolecca ¢ MpUMeHe-
HHEM PHCK-OPHEHTHPOBAHHBIX MOJXOJ0B
B KOHTPOJIbHO-Ha/I30PHOM AESATEIbHOCTH.

Vin} \ [ NO

 [ToBelmeHne HajoroobgaraemMoii 0aswl,
POCT HaJIOTOBBIX IIaTeXel B OIOKET OT J10-
XOJIOB TPAHCIOPTHON OTPACIIH.

OmnpeesieHne 3HaUu€HUIT LIEJIeBBIX T0Ka3a-
Tenei TpeOyeT mpoBeaeHHA yrIIyOmEHHBIX
HCCIeTOBaHMI, aKTyaln3alud U aHaJlu3a
3HAYUTEIBHOI0 00bEMA CTATHCTUYECKUX JaH-
HBIX, B TOM 4YHCIIe B cepe BHEIIHETOPrOBOH
JeSITETIBHOCTH.

3AKNOYEHUE

C y4éToM AMHAMUYHO NMPOUCXOSIIHNX II0-
0aJbHBIX N3MCHEHHUH B MUPOBOH SKOHOMUYECKOH
cucTeMe, pocTa e€ NoJsIpU3aIiy, a TAaKXKe ¢ pas-
BUTHEM HOBBIX TEXHOJIOIMYECKHX, IIU(PPOBBIX,
METOZIOB ¥ HHCTPYMEHTOB YIPaBJICHHS IEPEBO3-
KaMH, BOIIPOCHI YCKOPEHUSI MHUIIALIUH 1 TIPaK-
THUYECKOH peali3anuy IMpoeKToB no GopMupo-
BaHMIO IU(POBBIX MIATHOPM MEXTYHAPOTHBIX
TPAHCIIOPTHBIX KOPHJOPOB IIPHOOPETAIOT 0CO-
Oyt0 akTyaabHOCTb. [Ipu 3TOM TpedyeTcs riyoo-
KO€ HayYHOE M3Y4dEeHHE KaK MHPOBOTO OIBITA
peaM3alyy aHaJIOTHYHbIX IIPOSKTOB, TAK 1 aHa-
M3 ¥ y4€T 0COOCHHOCTEH MOCTPOCHUS TaKUX
CHCTEM B COOTBETCTBHUM C HOPMaMu IpaBa
U IPUHATON AenoBoil mpaktukoil B Poccuiickoit
®eneparn 1 Ha mpocTpancTse EADC.

IIpennoxxeHHbIE aBTOPaMH KOHIIETITYaIbHbIE
MOAXO/BI K (POPMUPOBAHUIO ITU(PPOBBIX ILIAT-
(opM MeXTyHApOJHBIX TPAHCIIOPTHBIX KOPUIO0-
POB U PEHICHHIO CBSI3aHHBIX C peann3aluei
JAHHBIX TPOEKTOB MPOOJIEMHBIX BOIPOCOB
00eCIeurBalOT JOCTHIKEHHE T'€ONOIUTHUECKUX
1 SKOHOMHYECKHX PEe3yNIbTaToB, BKII0Uas odec-
NeYeHUE TEXHOJIOTMYEeCKOW HE3aBUCHMOCTH
u dposoro cyBepenutera Poccuiickoit dene-
paryu, peau3anuio e€ TPaHCIOPTHOTO TPAH3UT-
HOTO ITOTEHIIMAIA.

[Tpu 3TOM, IO MHEHHUIO aBTOPOB, Haubosee
CyIIECTBEHHBIE (DAaKTOPBI PHCKOB, CBSI3aHHBIX
¢ popMupoBaHHEM TUPPOBBIX IIATHOPM MEXK-
JYHapOJIHBIX TPAHCIIOPTHBIX KOPUIOPOB, JISKAT
B OpPraHM3allMOHHON U MPaBOBOM IJIOCKOCTH,
BKJTIOYasi MHOTOUYHCIICHHbBIE OFOPOKpAaTHYECKHE
TIPOLIETY Pl MEYKBEAOMCTBEHHBIX COINIACOBAHHH.

CMNCOK UCTOYHUNKOB

1. Moore, J. F. The Death of Competition: Leadership
and Strategy in the Age of Business Ecosystems. New-York:
Harper Paperbacks, 1996, 315 p. ISBN 0-88730-850-3.

2. Kelly, E. Business ecosystems come of age. Part of
the Business Trends series. Deloitte University Press, 2015,
120 p. [Onexrponnslii pecypce]: https://www2.deloitte.com/
content/dam/insights/us/articles/platform-strategy-new-
level-business-trends/DUP_1048-Business-ecosystems-
come-of-age MASTER_FINAL.pdf. Jloctyn 10.09.2022.



3. Pidun, U., Reeves, M., Schiissler, M. Do You Need
a Business Ecosystem? Boston Consulting Group,
27 September 2019. [Onexrponusiii pecype]: https://www.
bcg.com/publications/2019/do-you-need-business-
ecosystem. {octyn 10.09.2022.

4. byonosaTI. B., bopeiiko A. E. Lludpossie Tpancnopt-
HbIE KOPHIOPBI KaK KIIFOUEBOI (haKTOP pasBUTUS MEKTyHa-
POIHOHN TPAHCIIOPTHOH CHCTEMBI: AKTyaJbHBIC BOMPOCHI
SKOHOMHUKH TPAHCIIOPTa BEICOKUX cKopocteit // CO. HayuHbIX
crareil HalMOHAIBHOW HayY.-TIpakT. KoH(pepenuwy / [Tox pen.
H. A. Kypasnépoit. — 2020. — C. 24-31. [DneKTpOHHBbIH
pecypc]: https://www.elibrary.ru/item.asp?id=44612347.
Joctyn 27.07.2022.

5. byounosa T B., KypenkoB I1. B., Hekpacos A. I Llu-
poBast JIOTHCTHKA M 6€3011acHOCTS Iieneil nocrasok // Jlorn-
ctuka. — 2017. — Ne 7 (28). — C. 46-50. [D1eKTpoHHBIH pe-
cypc]: https://www.elibrary.ru/item.asp?id=29751354.
Hoctyn 27.07.2022.

6. byonosa I'. B., JIésun b. A. Llupposas norucruka —
MHHOBAIIMOHHBIH MEXaHU3M Pa3BUTHS U 3P(HEKTUBHOTO
(yHKIMOHUPOBAHNUSI TPAHCIIOPTHO-TOTUCTUYECKUX CHCTEM
1 xomIutekcoB // International Journal of Open Information
Technologies. — 2017. — T. 5. — Ne . 3. — C. 72-78. [Dnekrt-
poHHBIH pecypc]: https://www.elibrary.ru/item.
asp?id=28426696. loctyn 27.07.2022.

7. Kynpusinosckwuii B. IT., Kimimos A. A., Cokonos 1. A.,
Iokycae O. H. L{udpossre TpancnoptHbie Kopuaopst EC —
5@, mnaronunr, UTC u Maas // International Journal of Open
Information Technologies. —2019.—T. 7. — Ne 8. — C. 70-86.
[DnexTponnslit pecypc]: https://www.elibrary.ru/item.
asp?id=39256163. octyn 27.07.2022.

8. 3yoxo 1. A. Lludpossle TpaHCIOPTHEIE KOPHIOPHL.
YO «benopycckuil rocynapcTBeHHbIH SKOHOMUYECKUH
YHHBEpPCHTET», I. MuHCK, Bermapych. [DnekrpoHHslii pecypce]:
https://rep.bntu.by/bitstream/handle/data/87085/256-259.
pdf?sequence=1&isAllowed=y. loctyn 27.07.2022.

9. 3y6ko U. A. Lludposbie TpaHCIOPTHBIC KOPHAOPHIL:
MOHSITHE ¥ ITO/IXO/IBI K IIOCTPOCHHUIO. [ DIIEKTPOHHBIH pecypc]:
https://www.cmapt-ckmic.pd/load/global sceince 2019/
zubko i a cifrovye transportnye koridory ponjatie i
podkhody k_postroeniju/5-1-0-127. octyn 27.07.2022.

10. bopeiiko A. E., Byonosa I. B. Metoanueckue non-
XOJ1bI K (JOPMUPOBAHHIO CTPATECT U PA3BUTHS HHCTPYMEHTOB
YIPaBICHHUST MEXKIYyHAPOAHBIMU TPAHCIOPTHBIMU KOPHIO-
pamu «PO-KHP» // DxoHOMHKa *kerne3HbIx gopor. —2020. —
Ne 5. — C. 43-50. [DnexrpoHHEIH pecypc]: https:/www.
elibrary.ru/item.asp?id=42895893. [loctym 27.07.2022.

11. Byonoga I'. B., Bopeiiko A. E. Llu¢ppossie Tpanc-
MOPTHBIE KOPUIOPHI KaK KITFOUEBOi (haKTOp Pa3BUTHS MEXK-
JyHapOIHOW TPAHCIIOPTHON CHCTEMBI / AKTyaJbHbIC BOII-
POCHI PKOHOMHMKH TPaHCIIOPTa BBICOKHX CKOpocTeit //
C6. Hay4yHBIX CTaTel HAIIMOHANHHON Hayd.-TIPaKT. KoH(e-
penrmu / [ox pen. H. A. XKypasnésoii. — 2020. — C. 24-31.
[OnexTponusii pecypc]: https://elibrary.ru/item.
asp?id=44612347. loctyn 27.07.2022.

12. Bopona A. A. KoHuenuus co3aHust 3KOCUCTEMBI
(POBBIX TPAHCIOPTHBIX KOPHIOPOB EBpasuiickoro sko-
HOMHHYECKOTO COr03a // BOIpoCkl 3KOHOMHUKH U yHpaBiie-
Hust. —2019. —Ne 4 (20). — C. 17-20. [DnekTpoHHbIH pecypc]:
https://www.elibrary.ru/item.asp?id=38540810. doctyn
10.09.2022.

13. MscuuxoBa O. B., Tabonuu T. I'. Pazpabotka nox-
XOJIOB K CO3/1aHMIO OPraHU3allMOHHO-(YHKIHOHAIBHON

CTPYKTYPBI 5KOCHCTEMBI LIH(POBBIX TPAHCTIOPTHBIX KOPHIO-
POB €BPA3HICKOr0 3KOHOMHYECKOro coro3a // Llupposas
Tpancpopmanus. — 2020. — Ne 1. — C. 23-35.
DOI: 10.38086/2522-9613-2020-1-23-35.

14. Kcenodonrosa E. M. ®opMupoBaH#e 5KOCHCTEMBI
(POBBIX TPaHCHOPTHEHIX KopugopoB EADC // C6. crareit
110 utoram XV MexIyHapOIHO#H Hayd.-IPAKT. KOH(PEPESHIIN
«CoBpeMeHHBII MEHEDKMEHT: IIPOOIEMBI X ICPCICKTHBBDY
/Tlox pen. E. A. Topbamiko, . B. ®enoceera. CI16.,2020. —
C. 968-974. [Onexrponnslii pecypc]: https:/elibrary.ru/item.
asp?id=44237644. loctyn 10.09.2022.

15. Mensuuxosa T. E., Mensuukos C. E., Makypu-
Ha B. M., Kaxpamanosa C. [IpoGieMbl co31aHUs pEryIIsTop-
HOI 0a3el B mpouecce HU(PPOBU3ALUU aBTOIEPEBO3OK //
TpaHcnopT: Hayka, TeXHHKa, ynpasienue. HayuHsit nuudop-
ManHOHHBEIH cOopHHK. — 2021. — Ne 9. — C. 49-52.
DOI: 10.36535/0236-1914-2021-09-9.

16. Yenepnarsrit A. B., [Tetpos-Pynakosckuii A. I1. Oxo-
cHucTeMa U(PPOBBIX TPAHCIIOPTHBIX KOPUIOPOB EBPAa3HICKO-
r'0 SKOHOMHYECKOTo coto3a / B ¢6.: ABromobuiecTpoeHue:
IIPOCKTUPOBAHNE, KOHCTPYHPOBAHHE, PACUET U TEXHOJIOTHU
pemoHTa 1 npousBoxacTBa. Marepuansl V Beepoccuiickoit
Hay4.-1pakT. koHdepenuun. — Mkesck, 2021. — C. 468-470.
[DnexTponubil pecypc]: https://elibrary.ru/item.
asp?id=47070096. Toctym 10.09.2022.

17. Ky3pmun JI. A. CymecTByIomye U NepCIeKTUBHBIC
MHCTPYMEHTBI LM (POBU3ALUHI TPAHCTIOPTHO-TTOTICTHYECKOM
HH(PPACTPYKTYPBI €BPAZHICKOr0 SKOHOMUYECKOTO CO03a //
DKOHOMHKA U 1peinpuHrUMarenbeTBo. —2021. —Ne 8 (133). —
C. 100-104. DOI: 10.34925/E1P.2021.133.8.013.

18. Konomzéna B. C. UndpopManroHHbIE TEXHOIOTHI
B noructrueckux onepamusix EADC / B ¢6.: AkryanbHble
aCIEKThl Pa3BUTUSI TAMOXKECHHOTO JIeIa M PEryIUpOBAHUSL
BHEIITHETOPTOBOIl ICSTEIPHOCTH POCCHU B YCIIOBHSIX MEX-
JIYHapOJIHOI MHTEerpanyu: DKOHOMHYECKas Oe30MacHOCTh
u pucku riobanmmusammu. Marepuanst [I-111 Bcepoccuiicknx
Hay4.-TIPaKT. MHTEpHET-KOHpepeHunit. — Kanuunurpan,
2021. — C. 71-75. [Dnexrponnslii pecypc]: https://elibrary.
ru/item.asp?id=47280400&pft=1. Joctym 10.09.2022.

19. 3axapos A. H., ®unarkuna E. M. Toproso-
skoHoMuueckoe corpynHuyectBo EADC n ATOC B KoHTEK-
CT€ BHEAPCHUS TEXHOJIOTUH MCKYyCCTBEHHOTO MHTEIICKTA
U CO3JIaHMs IKOCHCTEMbI IIU(POBBIX TPAHCIIOPTHBIX KOPH-
nopoB /B ¢6.: Yipasiernue pa3zBUTHEM KPYITHOMACIITaOHBIX
cucreM (MLSD’2021). Tpynst XIV MexIyHapoiHO#H KOH-
¢epennun / ITox obmr. pex. C. H. Bacunsesa, A. 1. I]Bup-
kyHa. — M., 2021. — C. 999-100. [DnekTpoHHbIH pecypc]:
https://mlsd2021.ipu.ru/proceedings/999—1003.pdf. Joctyn
10.09.2022.

20. bopeiiko A. E., Byonosa I'. B. Metoau4eckue nou-
X076l K JOPMUPOBAHHIO CTPATETHU PA3BUTHS HHCTPYMEHTOB
YIPaBICHHST MEXKIyHAPOAHBIMH TPAHCIIOPTHBIMH KOPHIO-
pamu «PO-KHP» // Dxonomuka xene3Hsix gopor. —2020. —
Ne 5. — C. 43-50. [DnexTponHBIi pecypc]: https://www.
elibrary.ru/item.asp?id=42895893. Jloctyn 27.07.2022.

21. Byounosa I. B., bopeiiko A. E. KonuenryansHbie
MOJIOKEHUS M PELICHHs M0 (GOPMHUPOBAHHIO IU(DPOBBIX
w1atGOpM MEXITYyHAPOIHBIX TPAHCIOPTHBIX KOPUIOPOB /
MexayHapoHas Hay4qHast KOH(pepeHIHs « DKOHOMHKA U -
POBO#T TpaHC(HOpPMAINHE U YCTOHYHBOE PA3BUTHE TPAHC-
mopta», 01.06.2022 r. [DaexrponHslil pecypc]: https://
conferences.science/conferences/edits-2022.html Joctyn
10.09.2022. [}

Uropmayus 0b asmopax:

by6Hoea anuHa BukmopogHa — doKmop 3KOHOMUYECKUX HayK, npogheccop MHcmumyma 3KoHOMUKU U ¢huHaHcos Pocculickoeo

yHusepcumema mpa+cnopma, Mockea, Poccusi, Bubisek@mail.ru.

Bopeiiko AnexcaHOp EezeHbeguy — 2eHeparbHbili Oupekmop OO0 «MHMennekmyarnbHbie MpaHCnopmHsIie MexHomoauu»,

Mocksa, Poccus, Alexborei@inteltech.center.

Cmamssi nocmynuna e pedakyuto 10.09.2022, odobpera nocne peueHsuposarus 19.09.2022, npuHsima k nybnukayuu 20.09.2022.

ViA] A H : | N2 50

97



HAYYHAS CTATbA
YK 656.13
DOI: https://doi.org/10.30932/1992-3252-2022-20-4-8

Mwp TpaHcnopta. 2022. T. 20. Ne 4 (101). C. 98-104

WUccnepoBaHune BNUAHMA (PaKTOPOB Ha Ka4eCcTBO
obcnyxnmBaHua naccaxupos n 3heKTUBHOCTb
UCNOJNb30BaHUA NOABUKHOIO COCTaBa

Onbra MATAHLIEBA Auxna APEJOBA

Wpuna LEFONEBA

Onvea IOpvesna Mamanyesa', Anna Koncmanmunosna Apedosa’, Hpuna Buxkmoposna Illezonesa®

i,

>4 Yomat@niiat.ru.

AHHOTALINA

TpaHcnopmHoe niarHupogaHue npedcmassisiem cobol HacywHyro Onst GonbluuHeMea
cmpaH 3adavy, eKMIYaloUy0 eé peanu3auulo Ha Pe2UOHaNLHOM U STOKarbHOM YpOBHE.
Paspabomka dokymeHmos mpaHCNOPMHO20 NNaHuposaKus 8 cybbekmax Poccutickoll
Dedepayuu akmyansHa u npednonazaem nod coboll docmuxeHue makux yesed, kak no-
8biIlLIEHLIE KaYecmea Nepeso3ok NACcCaXUpPOs U CHLKeHUE pacxodos Ha nepesosku. KaxdbIii
13 AOKyMEHMO8 MPaHCNOPMHO20 NITaHUPOBAHUS 8KITOYaeM nepeyeHb MeponpusMuL, npu

'3 OAO «Hayuno-uccredosamensckutl uncmumym agmomoounsiozo mpancnopmay (OAO « HUUAT»), Mockea, Poccus.

UHMep8arbl 8apbuposaHus Onist kaxdozo chakmopa. JkcnepumeHm, 8 KOMoOPOM peanu-
3yI0MCs 8CE BO3MOXHbIE COYEMAHUs yposHell hakmopos, U3eecmen Kak nomHbll
GhakmopHbILi 3Kkcnep Koaghh I, 8bI4UCTIEHHbIE NO Pe3ySlbmamam 3Kkcne-
puMeHma, ykasbigalom Ha custy enusHus hakmopa. BenuduHa kosghhuyueHma coom-
gemcmeyem eknady 0aHHO20 ¢hakmopa 6 8eMUYUHy napamempa ONMUMU3AUL NP

nepexode (hakmopa C Hy1e8020 yPOBHS Ha 8EPXHUL UNU HUXHUL.

UCNOMHEHUU KOMOPb X N0BbILLAEIMCS Ka4ECMB0 0BCITy)KUBAHUS NACCaAKUPO8 U g
HOCMb UCNONB308aHUS NOOBLIKHO20 COCMaBa.

Llensto cmambu s8nsemcs onpedeneHue CyuwecmeeHHOCMU 8MUSHUS MEXHUKO-
3KCNyamauUoHHbIX hakmopos Ha PesynbmupyloLue nokasamenu kadecmea obeiy-
KUBaHUS Naccaxupos U 3¢hhekmusHOCMb LCNONb308aHUS NOOBUXHO20 COCMasa.
B kayecmee Memoda onpedenieHus Ucnornb308aH Memoo niaHUposaHUsi 3KCNepUMeHma,
onucanHblli 8 pabome fO. [1. Adnepa.

Menonb3yembIii Memod nnanuposaxus aKcnepuMeHma daém 803MOXHOCL No-
Ny<UMb KOMUYECMBEHHbIE OUEHKU 8MUSHUS (hakmopog ¢ makoli e A0CMOoBEPHOCMBIO,
Kak u npu Opyaux Memodax. OueHka nposedeHa 011 He3aeUCUMBIX UMU yCIOBHO He3a-

B pesy uccriedosaHull 6b10 yCMaHoBIEHO, YMO Ha 3ampamb| 8DEMeHU
naccaxupa, KoMopmHoCcmb N0e30KU, NoHOMY ¢60pa 8bIpY4KU 87USKOM NAMB 6a308bIX
(hakmopos, a Ha 3ampamb! NePeso3dUKa Ha Mapwpyme & Cymku nusom Oecamb
¢hakmopos. Cneyucbuka 3adayu cocmoum e mom, 4mo A1 8CeX YembIpéx napamempos
onMUMU3aLUU MOXHO NOCmpoums 00Hy U my xe Mampuuy. [ins nposedeHus noHozo
¢hakmopHO20 3KCNepUMeHMa Npu 8apbuposaHuUL decsmu (hakmopos Ha dByX ypOBHSIX
Heobxodumo nposecmu bonee mbicsyu eapuaHmos pacyémos. OdHako 8 coomeem-
Cmeuu ¢ MemoduKoU MOXHO 02paHUYUMbCS 8 OaHHOM Cllydae MUHUMambHbIM Koude-
cmeom pacyémos. Ha amom ocHosaHuu Bbina nocCmpoeHa Mampuya niaHuposaHus
JKCnepumeHma, no pesynbmamam pacyémos Komopoii Mozym bbimb onpedeneHsl

sucuMbIx Mexdy coboli hakmopos. B daHHOM crtyyae makumu hakmopamu
yucro asmobycos Ha Mapwipyme, OnuHa Mapuipyma, epemsi 06opoma, 8pems npocmos
Ha KOHeYHbIX nyHKmax, donycmumoe OMmKIOHeHUe Om pacnucaHusi, 8pems paboms!
godumeneli, Hynegol npobee cex asmobycos.

[TocCMOsHHBIMU 8 pacyémax NPUHUMAKMCS He3aBuUCUMble (hakmopbI, OMHOCS-
LUECs K Xapakmepucmukam cnpoca Ha Nepesosku, mak Kak npu nposedeHuU Mepo-
npusimuti N COBEPWEHCMBOBaHUI0 Op2aHU3ayuL paboms| a8mobycos Ha Mapuipymax
Ha HUX He Moxem bbimb Oka3aHo enusiHue. 3mo makue (hakmopb, kak paccmosiHue
newezo XoxAeHus Ha Mapwpyme, cpedHsis dambHocmb Noe30KuU naccaxupa Ha Mapu-
pyme u IPONOMOK Ha HO 3a2PYKEHHOM NEPE2OHE.

Memoduka onpedeneHus peanusosaHa & cmamee Ha npumepe delicmaykouie2o
asmobyca Ha mapwpyme. []ns1 8cex 6a308bIx (hakmopoes ycmaHae/iueames 8epXHUL,
HUXHUU U OCHOBHOU ypo8HU. Ha 0cHOge aHanu3sa hakmuyecKux 3HayeHuli mexHUKo-

YUOHHB X NC (i Ha deticmeytoujux Mapupymax Mockosckoll obnacmu
onpedensnuch YUCITEHHbIe 3HAYEHUs! BbILUECKa3aHHbIX yposHell. [lanee ebibupanuch

Koaghehuu 18 yp: p 1U Ons1 Kaxd020 U3 NapaMempos ONMUMU3aYUU.
Koagheh 1 pezp nony Ie npu p. No Mampuye nnaxupogaxus
JKCNEpUMEHMa, CXOXU C MeMu, Kakue MOXHO 6bu1o Bbl nomy4ums 8 pesynbmame
pacyémos no memody HauMeHbLIUX k8aOpamos. Vcxo0s U3 IM020 MOXKHO paccyumbi-
8amb 8Ce CMamuCcMUYecKUe Xapakmepucmuku 6a3oeb X hakmopos, Heobxodumble 071
onpedernieHusi MecHomb ces3u Mexdy hakmopamu U napavmempamu onmumMu3ayuu
u ¢hakmopamu Mexdy coboul.

Memod nnaruposaHus skcnepuMeHma, npuMeHéHHbIL 6 uccriedosaruL, No380muIT
8bI8UMb (haKMOpbI, OKa3bBaloOWUe MUSHUE Ha KaxOblll U3 YembIpéX napamempos
onmumusayuu. B pesynsmame 6b1na nodmeepxdeHa A6Has 3a8UCUMOCTIb NapamMempos
onmumMu3ayuL 0m mako2o hakmopa, kak 4ucsio asmobycos Ha MapLpyme, Ho emecme
¢ mem 6bUTU NPOPaHKUPO8aHb! (hakmopbI N0 CMENeHU UX 8USHUS Ha KOHEYHbIL pe-
3ynbmam. B mo xe epems co Ie nony I 08 pearnbHbIM
U 04e8UOHbIM 3a8UCUMOCMsAM no3sosiem cdenams 8bi800 0 NPaUIILHOCMU 8bIBpaH-
HO20 Memoda U 8epHoli €20 peanu3ayuu.

Knroyesble crioga: 20podckoll nacca)xupcKuli mpaHcnopm, Ka4ecmeo oBCTyXusaHus Naccaxupos, NaHuUPosaHuUe dKcnepuMeHma, mpaHcnopmHoe NaHupogaHue.

[ng uumuposarus: Mamaruesa O. 0., Apedosa A. K., LLlezonesa W. B. Miccnedosarue enusHus hakmopos Ha Ka4ecmeo oBCTyKusaHUs Naccaxupos U aghghekmusHoCmb
ucnonb308aHust nodsuxHo20 cocmasa // Mup mpaxcnopma. 2022. T. 20. Ne 4 (101). C. 98-104. DOI: https://doi.org/10.30932/1992-3252-2022-20-4-8.

MonHb1ii mekcm cmambU Ha aHaulickoM si3bIKe ny6IuKyemcsi 60 8mopoll Yacmu daHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.



BBEJEHUE

B Hacrosiiee BpeMsi akTyaJbHOW SIBIISICTCS
nipodIiema pa3paboTKU JOKYMEHTOB TPAHCTIOPTHO-
TO IUTAHUPOBaHWS B cyObekTax Poccuiickoii Deme-
parn [1; 2]. JIOKyMEHTBI BKITIOYalOT CXEMBI Op-
TaHW3aLUX TPAHCIOPTHOTO OOCTYKUBAHUS Hace-
JICHUSI, CXEMBbI OPI'aHU3aINH JIOPOXKHOTO JIBUIKEHUSI
U TIpOrpaMMbl Pa3BUTHUS TPAHCIIOPTHOH MH(pa-
cTpykTypsl [3-5]. Kpome Toro, cyOBeKThI JOJKHBI
pazpabaTbIBaTh JOKYMEHT ITAHUPOBAHHS PETYIISIp-
HBIX TIEPEBO30K TTACCAKUPOBL.

OCHOBHBIMH LIEJIAIMY, 3aJI0KEHHBIMH B ()OPMHU-
POBaHHUE MEPEUHCIICHHBIX JOKYMEHTOB, SIBJISFOTCS
[6; 7]:

* MTOBBIIICHHE KaYeCTBA MIEPEBO30K MACCAKH-
POB;

* CHIDKEHHE PACXOI0B HA MEPEBO3KU IIPH 3a-
JIAHHOM YPOBHE KaueCTBa TPAHCIIOPTHOTO 00CIIy-
JKUBaHMSL.

Kask1plii N3 JOKyMEHTOB, CBSI3aHHBIX C TPAHC-
TIOPTHBIM IUIAaHUPOBAHHEM, BKJIIOYAET IEPEUCHb
MEpOTPHATHI MO OPraHU3alui W TEXHOJOTHH
TIEPEBO30K MACCAKUPOB.

KauecTtBo 00CITy)KMBaHUS TACCAKUPOB U -
(DEeKTUBHOCTB MCIOJIB30BAHMUS TIOJIBHIKHOTO CO-
CTaBa 3aBHCST OT TEX WM MHBIX BAPHAHTOB BbI-
OpaHHBIX OPraHW3aUOHHO-TEXHOIOTHYECKUX
MepornpusTaii. CaMm 3TOT BBIOOp 3aBUCHT OT MHO-
TOYMCIIEHHBIX (haKTOPOB, IPUUEM MHOTHUE U3 3THX
(haKTOpOB OIHOBPEMEHHO BIIHAIOT KaK Ha KAYECTBO
00CITy)KMBaHUs, Tak U Ha 3G (EKTUBHOCTB HCTIONb-
30BaHMs MOJBMUXKHOTO cocTaBa. Hexotopsle u3
ToKa3aresieil He MOryT ObITh OIIEHEHBI KoJn4e-
CTBEHHO WJIM MX BEJIMUMHA HE 3aBHCHT OT I1EPEBO3-
YHKa, HalIPUMEp, PACcXO/bl TACCAXKUPA HA TIOC3AKY
nm 6€30MacHOCTh Tpyaa BoauTens [8—13].

B xauecTBe MeTOa ONpEAEIeHNs CyIIECTBEeH-
HOCTHU BIMSHUS (DAaKTOPOB Ha PE3yIBTHPYIOIIIE
TIOKa3aTeNN HUCIIOIb30BaH METO]| IIAHUPOBAHUS
IKCIICPAMEHTa, OmmicaHHbIi B padore 1O. I1. Ax-
nepa [14]. larHbIi MeTO TaéT BO3MOXXHOCTH HE
TOJIBKO COKPATUTh YUCIIO BAPUAHTOB PACUETOB, HO
U TOJYYUTh KOJWYECTBEHHBIC OLCHKU BIHSHHS
(hakTOpOB C TaKOH *Ke I0CTOBEPHOCTBIO, KaK M TIPH
JPYTHX METOAaX.

! Meroandeckue peKOMEHAALHH 110 pa3paboTke JJokymeHTa
TUIAaHUPOBAHMUS PETYJISIPHBIX EPEBO30K ACCAKUPOB U Oara-
Ka [0 MyHUIUTTATEHBIM M MEKMYHHUIANAIBHBIM MapIIPyTaM
AaBTOMOOMJIBHEIM TPAHCIOPTOM M TOPOACKUM HA3eMHBIM
EKTPUYECKUM TpaHcropToM (yTB. MunTpancom Poccun
30.06.2020 r.). ITocranonenue [IpaBurenscrBa Poccuiickoit
Deneparmu ot 25 nexadps 2015 . Ne 1440 «O06 yrBepxe-
HUM TPeOOBaHMII K MPOrpaMMaM KOMIUIEKCHOTO PasBHTHS
TPaHCIIOPTHOH HH(PACTPYKTYPHI MOCEICHUH, TOPOICKUX
OKPYyTroB». MeToANYEeCKHEe PEKOMEHAALNN 110 pa3paboTKe
JOKYMEHTOB TPAaHCIIOPTHOTO INTAHUPOBAHHs cyObeKkToB Poc-
cuiickoit @eneparuu, yB. [IpoTokonom 3aceanus pabouei
IPYIIIBI IPOCKTHOTO KOMHUTETA [10 HALIHOHAIBHOMY IIPOCKTY
«be3onacHble 1 Ka4eCTBEHHbIC ABTOMOOHIIBHBIC JTOPOTH) OT
12.08.2019 . Ne TA-63.

VIA] ] A = Le]

PE3YNbTATbI
Bri0op ¢akTopoB u HeeBbIX (PyHKIMI

Jlnst npoBeieHyst aHalTi3a ¢ IIOMOIIBIO METO-
Jla TUTAHUPOBAHUS SKCIIEPHMEHTA BCE BXOSAIINE
(axTops! OBLTH pa3/esieHbl Ha 3aBUCHMBIC U He-
3aBUCHMBIE, JaJ€€ U3 BCEro 4YHcia BXOIIIIUX
(bakTopoB ObUIN OTOOPAHBI HE 3aBUCHMBIE JPYT
OT Jpyra, 1u60 Te, KOTOpble MOXKHO NPUHATH
YCIOBHO HE3aBUCHMBIMHU.

Jlnst oneHKM KadecTBa U 3 (YEKTUBHOCTH aB-
TOOYCHBIX TTEPEBO30K OBUIH MTPOAHATN3UPOBAHBI
cieayronie hakTophl:

1. Yucno aBToOycos Ha MapuipyTe — X,

2. Jlnuna mapipyra — X,

3. Bpewms obopora — X

4. Bpemst IpOCTOSt HA KOHEYHBIX TyHKTaX — X,.

5. JlonmyCTUMO€E OTKJIIOHEHUE OT paclucaHusl,
3371aBacMO€ B COOTBETCTBHUH C HOPMATHBHBIMU
JNOKyMeHTaMu — X

6. CymmapHO€ BpeMsi pabOThI BOAUTEIICH 1O
PasphIBHOMY TpauKy — X .

7. Bpems paboThl BoguTENCH Ha MapIIpyTe B
CyTKH — X,

8. Yacer mpocTost — X;.

9. Yacsl pabOTHI B IPa3IHUIHBIC JTHU — Xy

10. Hounsble yackl paboThI BceX BOIUTEINCH HA
MapIupyTe 3a CyTKH — X .

11. HymneBoit mpober Bcex aBTOOyCcOB Ha
MapIupyTe 3a CyTKU — X .

ITnannpoBaHye SKCIEPUMEHTA — «3TO MPOLELY-
pa BbIOOpa YMCIa U YCTIOBUI TPOBEICHNUS OITBITOB,
HEOOXOIMMBIX U JIOCTATOYHBIX ISl PEILICHHs [IOCTaB-
JICHHOH 33/1au1 ¢ TpeOyeMOoi TOUHOCTBION [4].

B nanHOM cityyae paccUMTHIBAIMCH 3HAYCHUS
9eTHIPEX EeNeBBIX PYHKINH (TTapaMeTpOB ONTH-
MH3aL1K): 3aTPaThl BPEMEHH NacCaXupa, KOM-
(OPTHOCTH MOE3/IKH, TTOTHOTA cOOpa BBIPYUKU
U 3aTpaThl NacCakKMPCKOH aBTOTPAHCIOPTHOM
opranuzauun (ITATII). Ha nepBom srarne pacué-
TOB MO METOJIMKE TNIAHUPOBAHUS SKCIICPIMEHTA
MPE/IIoIaraeTcs IMHEHHAas 3aBUCHMOCTD KaXK10-
I'0 KpUTEPHAJILHOTO M0Ka3aTels 3 heKTHBHOCTH
1 KauecTBa OT 0a30BbIX (PaKTOPOB, T.€. CTPOUTCS
9KOHOMHUKO-CTaTUCTUYECKAs! MOJIETIb B BUJIE:

Y=aX +aX, +.+aXx. (1)

YToOBI TOTYYUTh YHCIICHHBIC 3HAYCHUS [apa-
METPOB JIaHHOM MOJIEITH, HEOOXOIMMO IIOCTPOUTh
MaTpHIly IUIAHHPOBAHMUS SKCIIEPUMEHTA JUTSl TI0-
JIy4eHHUS 3HAUCHUs KQKIOro M3 YeThIPEX mapa-
METPOB ONTUMH3ALUH (3aTPaThl BPEMCHH Iacca-
xwupa (Y,), kompopTHOCTS Moeskw (Y))), momHoTa
cbopa BeIpyuKH (Y, ) u 3arparel IIATII na Maprm-
pyte B cytku (Y,). IlponsBomutcs nsmenenue
3HAYCHUH 0a30BBIX (HAaKTOPOB.

dakTopbl pa3IEINAIOTCS Ha KOJIIMYECTBEHHbIE
U KadecTBeHHbIC. KayecTBEeHHBIM (hakTOpaM He
COOTBETCTBYET YKCIIOBAsI IIIKAJIA KaK JIJIsl KOJIHYe-

9%
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Ta6auua 1

3aBHCHMOCTD PeryJsipHOCTH JABUKEHHUS OT BpeMeHH NMPOCTOS HA KOHEYHOM NMyHKTe [15]

HawnmeHoBaHue mokaszaress

YenoBHOe 0003HaYCHHE

3HaueHUE MOKa3aTeIs

Bpewms mpocTost Ha KOHEYHOM ITyHKTE T

KOH

0 |1 2 3 4 5

Perynsprocts R

0,6 10,71 0,79 (0,85 0,87 0,88

CTBEHHBIX ()AKTOPOB, OJJHAKO MO’KHO ITOCTPOUTH
YCIIOBHYIO TOPSIIKOBYIO LIKaity [4].

Jlnst mpoBeIeHst pacIETOB C MOMOIIIBIO METOTA
TUTAHUPOBAHUS IKCIIEPUMEHTA HEOOXOIUMO W3
BCETO YKCIIa BXOTHBIX (PaKTOPOB 0TOOpATh B3aNMO-
HE3aBHUCUMBIE, JTN0O TaKkhe, KOTOphIE B pacdyérax
MOXXHO HPUHSTH YCIIOBHO HE3aBUCHMbIMH.

B nanHOM ciydae TakuMu (paKTOpamu sBIIsI-
ores X, X, X2 X, X, X, X, X, X, X,..

HezaBucumsie hakTophl, OTHOCAIIHECS K Xa-
PaKTEepUCTUKAM CIIPOCa Ha IEPEBO3KH, TAKHE KaK
(X,,) [ (paccTostHue NeMero X0K/A€HNs Ha MapIil-
pyre), (X,,) le (cpenHsis MANIBbHOCTH TOE3JKU
naccaxxvpa Ha mapipyTe), (X,,) O (maccaxupo-
MOTOK Ha MAKCHMAJTFHO 3aTPY’KCHHOM TIEPETOHE)
B pacy€Tax MPUHUMAIOTCS TIOCTOSHHBIMH, T.K. IPH
MIPOBEACHUH MEPOTIPHUATHIA MO COBEPIIIEHCTBOBA-
HHIO OpraHHu3alu padoThl aBTOOYCOB Ha MapIil-
pyTax pabOTHHUK HKCIUTyaTallMOHHON CITyKOBbI He
MOJKET OKa3aTh BIHMSHHE HA NX 3HAUCHHE.

OcraipHBIC BXOAHBIC (PaKTOPHI PACCUUTHIBA-
I0TCS IO CIEAYIOMNM (hopMyTam:

1) Bpewmst B Hapsize Bcex aBToOyCOB Ha MapIil-

pyre T (X,):
T,=A4T, 2)
rae A — 4ucio aBToO0ycoB Ha MapupyTe;

T — cpejHsisi IPOJOIDKHTENBHOCTE PaboThl
OIHOTO aBTOOyCa Ha MapIIpyTe.

2) MakTHUYECKOe YUCIIO PEHCOB Ha MaPILIPyTe

f(X):
’ (3)

f.=T/T *60,
i) H = 00
rie T . — Bpems obopora.

3) [InanoBoe HHCII0 PEHCOB Ha MapupyTe X,
TIPHHAMAETCS B PACUETAX PaBHBIM X, T.€. TIPEI-
IOJIaraeTCs, YTO BBINOIHAIOTCA BCE 3aIIaHUPO-
BaHHbIC PEHCHI.

4) Hucno peicoB B UCCIELYEMBIH MEPHOA

Bpemenu f, (X )

f“wm _ T;m’ x Ax60 , (4)
T

rae T —wuccieayeMblii Iepruoj BpeMeHH, B pac-

HCCIT
yérax paBeH 1 yac.

B pa6ore [15, Tabmn. 9] mexnay BpemMeHEM
IIPOCTOS HA OTHOM KOHEYHOM IyHKTe T’ W pery-
JISIPHOCTBIO JIBWKEHNUS R TIPUBOAUTCS CICAYOLIAs
B3aUMOCBSI3b (CM. TaOm. 1).

ITockonbky, kak n3BecTHo U3 [15], perymsp-

HOCTb paBHA YaCTHOMY OT ACJICHUS YUCJIa p€I>’ICOB,

2 [TockoIbKY BpeMst 000pOTa 3aBUCHT OT JUTHHBI MapLIPyTa,
TO B MaTPHILy IIEPBOHAYAIEHO [TOICTABIICTCS IKCILTyaTallu-
OHHasl CKOPOCTb, @ 3aTEM MCXO U3 ¢€ BEIMYUHBI PACCUH-
TBIBAETCS BpeMsi 000poTa.

Vin] \ [ O

BBITIOJIHEHHBIX C JIOITYCTUMBIMHU OTKJIOHEHUSIMHU,
f . H& TIIAHOBOE YMCIIO PeHCcOB f , 3HayeHue f
(X,g) B pacu€rax OyJ€eT ONMPENENIThCs CIEMYIO-
M 00pa3oMm:

fn(): R.fnn’ (5)
e R cootsercTByet Benuunne 7' (X,), nenéu-
HOH Ha 1B, T.K. BXOAHOH (akrop 7 (X)) yun-
TBIBAET BPEMsI MPOCTOS Ha 00OMX KOHEYHBIX
MyHKTax B cpenneM. Mcxoast u3 [3], cooTHoIIIE-
HHE MEXIY PETYISIPHOCTBIO R M JOIMYyCTUMBIM
OTKJIOHEHHEM OT pachucaHus A MOXeET OBITh
MIPUHATO CIICAYIOMINM:

R,=A,0,09 (6)
i
fm): frm.o’3A' (7)

Takum 00pa3om, 3HaYSHKE BXOAHOTO (hakTopa
f . onpenensercs mosranuo. CHayana B 3aBUCH-
MOCTH OT BBIOpaHHOTO 3Ha4YeHHsI X4 (BpeMms
IPOCTOSI HA KOHEYHBIX MMyHKTAX), 3aTeM KOppeK-
THPYETCs B 3aBUCUMOCTH OT PHHSTOTO JA0IMYyCTH-
MOTO OTKJIOHEHHsI OT pacrnucanus (B pacuérax
Xy <3 mun).

5) BpeMsi pabOTHI BOAWTENCH HA MapIIpyTe
Beytkn T (X))

T =T+0,3N.,, (®)
JIHH H B o
rae N, — 4ucio BonmTenel, paboraomux Ha
MapIipyTe B CyTKH;
0,3 — TOArOTOBHUTEIHLHO-3aKIIOYUTEIBHOE
BpEMsI Ka)I0T0 BOJUTEIIS.

Bri6op ncxonnoii ungopmanun
JJIs1 pacyéToB

Pacuér mpoBommiics ans aBToOyca MapKu
JINA3-5292.60, B COOTBETCTBHHM C YEM 3a1aF0TCS
3HAYCHUS MPEACTbHON BMECTUMOCTH an (X,
(uucna MecT A CUJICHUS M, (XN) U CBOOOJHOMI
IJIONIA/IM TI01a B casloHe aBTobyca S (X ,).

B coorBeTcTBHM ¢ TpeOOBaHHUSIMH TCOPHH
TUTAHUPOBAHMS IKCIICPUMEHTa OHU TPHHUMAOT
MaKCHMallbHOe W MUHUMAalbHOE 3HaueHus. [yis
Bcex 0a30BbIX (PAKTOPOB YCTAHABINBAIOTCS BEPX-
HUH, HIDKHUI 1 OCHOBHOH (HYJIEBOI) ypOBHH.

YucrieHHbIe 3HAYEHUSs 3TUX YPOBHEH JIIS KaXK 10~
ro (pakTOpa ONpEIeIUTICH HAa OCHOBE aHaJH3a (pak-
THYECKUX 3HAUYCHUH TEXHUKO-IKCILTyaTAIIMOHHBIX
Tokasarereli Ha 71 mapuipyTte MocKOBCKo# 0011acTH.
®axTop X, (4MCII0 aBTOOYCOB) HMEET BEPXHHIA PO~
BCHb, KOTOPBIM COOTBETCTBYET MaKCUMaJIbHOMY
YHUCITy aBTOOYCOB Ha MapIIpyTe U3 YUCIIa PacCCMOT-
PEHHBIX (IPUTOPO/IHBIX U TOPOJICKHX ), TO €CTh LIIECTH,
a HIDKHHUH ypOBEHb COOTBETCTBYET OTHOMY. Bepxuuii



Taoauna 2

Tabauna ypoBHei 6a30BbIX (paKTOPOB [BHINOJHEHO ABTOPaMH]|

VYposHn DakTOphI
X X, (kv) | X, X, 5 X, X X Xyo X, (k)
(1T.) (muH) | (MuH) | (MEH) | ("ac) (gac) (gac) (uac)
OCHOBHOI 3,5 15,7 73.1 6 2 42 6 6 3,84 122,5
157
Wnrepsan 2,5 13,3 61.9 4 1 30 4 4 2,74 137,5
BapbUPOBAHUS 133
BepxHuii ypoBeHb 6 29 135 10 3 72 10 10 6,58 330
290
HwxHuit ypoBeHb 1 2,4 11.2 2 1 12 2 2 1,097 55
24,0
Taoauma 3
YuciieHHbIe 3HAYEHUS IPOU3BOAHBIX BXOAHBIX (PAKTOPOB [BBINIOJIHEHO aBTOPaMH|
H;"H XIZ X7 X14 )(13 X].S )(19
1 |2 3 4 5 6 7
1 12,0 12,3 64,3 64,3 5,36 45,55
2 12,0 12,3 2,48 2,48 0,207 3,78
3 12,0 12,3 30 30 2,5 21,3
4 12,0 12,3 5,33 5,33 0,44 3,78
5 12,0 12,3 37,5 37,5 3,125 29,7
6 12,0 12,3 5,03 5,03 0,4196 1,33
7 12,0 12,3 22,5 22,5 1,87 5,94
8 12,0 12,3 5,03 5,03 0,4196 3,32
9 |72,0 73,8 386 386 32,16 274,06
10 [72,0 73,8 180 189 15 127,8
11 (72,0 73,8 32 32 2,67 22,72
12 |72,0 73,8 225 225 18,75 339,68
13 [72,0 73,8 34,5 34,5 1,21 11,48
14 72,0 72,8 135 135 11,25 35,64
15 [72,0 73,8 30,2 30,2 2,52 7,98
16 [72,0 73,8 14,89 14,89 1,241 10,57

Y HIKHUA ypoBeHb (haktopa X, (Bpemst 06opoTa)
OIpEIeTIeHBI JUIS KaXJ0T0 KOHKPETHOTO 3HAYECHUS
(axropa X, (/IMHa MapIIpyTa) C y4ETOM BBITIOIHE-
HUSI YCIIOBUSL: SKCIUTyaTallMOHHAs CKOPOCTh Ha
MapuipyTe MpUHIMAeT MAaKCHMAIbHOE 3HAYCHHE,
paBHOE 25,7 KM/9ac ¥ MIUHHUMAIbHOE 3HAUCHHUE,
paBHoe 12 km/gac. B pesymsrare (cM. Tabu. 2) Bepx-
HEMY ypOBHIO X, = 29 COOTBETCTBYET BEPXHHMMH
yposerb X, = 290 u HwkHMA ypoeHb X, = 135,
HIDKHEMY YPOBHIO X, = 2,4 COOTBETCTBYET BEPXHHIA
ypoBenb X, =24 v HrokHuH yposerb X, = 11,2,

Janee BBIONpPAIOTCSI HHTEPBAJIBI BAPbUPOBA-
HUs (CBOM A Kaxaoro 0a3oBoro (akropa),
paBHbIE MOJIYCYMME BEPXHEr0 ¥ HIYKHETO ypOB-
Hell (akTopa. DTH ypOBHH U MHTEPBAJIbI BAPbU-
pOBaHUsI IpeJICTaBICHBI B TA0M. 2.

XapaKkTepUCTHKHU CIIPOca Ha MEepeBO3KU Ha
MapuIpyTe OCTAIOTCS MOCTOSTHHBIMH, XapaKTepu-
CTHKa TI0 «CETH» MPHUPABHUBACTCS K HYIIIO,
a OCTaJIbHbIE BXOJIHBIE (JaKTOPbI PACCUMTHIBAIOTCS
B COOTBETCTBHUH C (DyHKIMOHAIBLHBIMH 3aBHCHMO-
crsiMu. Pesynbrarsl pacdéToB 3HaUCHUI 3aBHCH-
MBIX (IIPOU3BOIHBIX) BXOIHBIX (PAKTOPOB MPUBE-
JIeHsI B Ta0I. 3.

AWID
fTKNBdHWA | dAMPOB W

1Bd

ul

IPPEK

[ToHBIM (haKTOPHBIM KCIIEPUMEHTOM, KaK
N3BECTHO, Ha3bIBACTCSI IKCIIEPHUMEHT, B KOTOPOM
peann3yroTcsi Bce BO3MOXKHBIE COYETaHHs YPOB-
Heil ¢axropoB. Eciu umcino ypoBHE#H Kaxaoro
(akTopa paBHO IBYM, TO UIMEEM TTOJHBIH (aKTop-
HBII 9KCTICPUMEHT THMa 2, T7e 2 — YHCIIo YPOB-
Heit, k — gucio daxkropos (cM. Tad. 4).

VYCrnoBus IKCIEpPUMEHTa TPECTaBISIOTCS
B BHJIC TaOJIMIBI — MaTPHILIBI TTIAHUPOBAHHUS, T/1€
CTPOKH COOTBETCTBYIOT PA3IMYHBIM OIIBITaM,
a CTOJIOIIBI — 3HAYCHUSM (HaKTOPOB.

Ko urmeHTs1, BEIYHCICHHBIE TI0 pe3yIIbTa-
TaM 3KCIIEPUMEHTA, YKa3bIBAIOT HA CUITY BIIUSTHUS
¢baxTopa. Bennunna koapdunreHTa cooTBeT-
CTBYET BKJIaJy JAaHHOTO ()aKTopa B BEJIUYHHY
napameTpa oNTHMH3ALMH [TPU 11epexoe Gpakropa
C HYJICBOTO YPOBHSI Ha BEPXHUI WIIM HIDKHHUH.

Pesyabrarbl Mcciiel0BaHMii HA OCHOBE
MeTo/a IVIAHUPOBAHMS IKCIIEPUMEHTA

B pesynbrare uccnenoBanuii ObIO0 YCTaHOB-
JIeHo, uTo Ha Y, Y,, Y, BIUSIOT IATH 0a30BBIX
(axTopos, a Ha Y, — necars. Crenuduka 3anaqu
COCTOHT B TOM, YTO JUI BCEX YCTHIPEX IMapamer-

[EOBAHVE IBITNAHNA KPAK

VIBHOCILEI BSOBdHUA
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Ta6auna 4

Marpuua miaHHpoOBaHusl IKCIIePUMeHTa 2 [BBINOJHEHO aBTOPaMHu]|

Howmep ombita | X; X y Howmep ombrta | X, X, y
1 -1 -1 A 3 -1 +1 Vs
2 +1 -1 Y, 4 +1 +1 \A
Taoauua 5
Manﬂ[Ia IUVIAHUPOBAHHUS IKCIIEPUMEHTA [BLIHOJIHCHO aBTOpaMl/l]
NS Xl XZ X3 X4 X5 X6 XB XQ Xll] X17 YT YN Y17 Y3
/1
1 _ _ _ - + + + + + 23,26 0" 0.905 | 71,47
2 _ + _ _ - - - + + 101,06 |7,39 ]0,88 |53,15
3 _ _ + — _ + + — + 12,28 0 0,92 |[101,63
4 - + + - + - - — + - 99,54 12,27 |0,811 | 103,88
5 _ _ - + - + - - + 27,26 |0 0,898 | 59,73
6 - + - + - + — - - - 103,54 |2,49 [0,806 | 84,85
7 _ — + + - - + + — — 16,18 0 0,91 |[73,57
8 - + + + + + - + — + 203,56 |7,49 (0,606 | 104,85
9 + _ _ _ + - + - - 1332 |0 0,904 | 388,85
10 + - + - - + - — + 8,77 0 0,9 521,1
11 + + + - + — + - - - 4329 12,23 0,813 | 560,32
12 + - - + + - - - + + 1397 |0 0,898 | 271,87
13 + + - + - + + - + - 86,85 |7,64 [0,677 [399,16
14 + - + + - - - + + — 8,86 0 0,901 | 403,76
15 + + + + + + + + + + 4397 12,49 |0,81 |497,33
16 + + _ - - - + + - + 81,51 7,396 0,68 |304,7

* HanonHeHue (YN) paBHoe 0 03HAYAET, YTO BCE MACCAXKUPBI B aBTOOYCE CHIIAT, U HET HU OJJHOTO CTOSIIETO.

POB ONTHMHU3AIUH MOXKHO TIOCTPOUTH OJHY H TY
ke Marpuily. st mpoBeIeHuUs MOITHOTO (paKkTop-
HOTO DKCIICPUMEHTA TIPH BapbHUPOBAHUU JICCATH
(hakTOpOB Ha IBYX YPOBHSIX HEOOXOAUMO MTPOBE-
ctu 21 = 1024 BapuanTtoB pacuéroB. OmHaKo
B COOTBETCTBHH ¢ [ 14, Tabi. 7.2] MOXKHO OrpaHu-
YUTHCS B JAHHOM CITy4ae MCTIoIb30BaHueM 1/64 —
pemwuku ot 2%° u mpoBectu Beero 2100 =24= 16
BapUAHTOB PacUYETOB, TO €CTh B 64 pa3a MCHBIIIE.
Ipu MOCTPOCHUM MATPHIIBI IAHUPOBAHHUS IKC-
MepUMEHTa HEeT HEOOXOMUMOCTH OIICHUBATH (-
(eKThl B3aUMOJCUCTBHUSI (PAKTOPOB, MOCKOJIBKY
3HAUECHMS MMAPaMETPOB ONTUMU3ALUN YI, YN, YH,
Y, 101 Kax 101 M3 CTPOYEK MaTPHUILb OBbLIH OTIpe-
JICTICHBI 3aBUCHMOCTH MEKAY (haKTopamH M Ta-
pamerpamu. J[Jist mpoBeieHNsT PacyETOB B COOT-
BETCTBUH C YCTAHOBJICHHBIMH 3aBUCHMOCTSIMU
nokasarelneid 1 (JakTopoB ObLIX 33/ [aHbI 3HAYCHHST
BCeM (haKTOpam, OTHOCSIIIMMCS K BXOJAHBIM. DTH
3HAYCHUSI IPUHSATHI CJICAYIONUMHE, UCXOMIs U3
paccMaTpUBaeMbIX CTATUCTUYCCKUX JJAHHBIX: TIPU
Xy =24xm X, = 1,8 km; mpu X, = 29 xm X, =
8,9 km; X, = 25 mect; X, = 22 wen. npu X, =
1 aBroGyc; npu X, = 6 asr. X,, = 132 wem; X, =
110 mect; X,,= 0,1 km mpu X, =24 kmu X,, =
0,3875 xm npu X, = 29 xm; T, = 12 wac; N, =
1 vest. Ha KakoM aBToOyce. B Tabi. 5 npusese-
Ha MaTpUIIa MJTAHKPOBAHHMS YKCIIEPUMEHTA C Pac-
CUMTAHHBIMU 110 YCTAHOBJICHHBIM 3aBUCUMOCTSIM

VIV dHC d. IN=
HUCBd [\ APCL0Bd I\ \ O
{d KadeCT B! O

FKNBAHNANIA

| BVIAHL (Bd’

) (P PEKTNBHOCTEM

SHAYCHUAMU MapaMETPOB ONTHUMHU3AIUU O
Ka)KI0H CTPOKH MaTPHUIIBI.

[To pesynbraram pacuyéToB, MpeACTaBICH-
HBIX B MaTPUIIE TNIAHUPOBAHUS HKCIICPHUMEHTA,
MOTYT OBITH OIpeaeieHbl Kod3pGUuumeHTH
B YPaBHEHHSX PErpeccHu sl KaKI0ro u3 ma-
pamMeTpoB onTuMuzanuu u3 Gopmynst (2).
OJtHaKo 1St JAHHOTO MOCJIEI0BaHMs HET HE00-
XOJIMMOCTH CTPOUTH ypaBHEHHUSI pErpeccHi,
MTOCKOJIbKY 31€Ch HEOOXOAMMO OMpPENEIUTh
CTEICHb BIUSHUS KaXJOTO U3 (aKTOpOB Ha
apaMeTpsl ONTUMH3ALNH.

Kak mokasano B [14, riaBa 10] koaddurrien-
TBI PErpeccu, MmojydaeMble Npu pacyérax o
MarpHIe IIaHUPOBAHUS SKCIIEPHUMEHTa, TOXK/1e-
CTBEHHBI T€M, KAKHE MOKHO OBUIO OBl TIOIY4NTh
B Pe3yJIbTaTe pacy&éToB 10 METOMY HANMEHBIINX
KBasiparoB. Mcxons U3 3TOr0 MOXKHO PACCUUTHI-
BaTh BCE CTATUCTUUECKUE XapaKTEPUCTUKH Oa30-
BBIX (haKTOPOB, HEOOXOIMMBIE ISl OIIPEIEIICHUS
TECHOTHI CBS3M MEXAy (akTopaMu M mapamer-
paMy ONTHUMHU3ALNH U (haKTOpaMU MEXIy COOOH.
PesyneraTel pacu€ToB MpeacTaBIeHEI B Ta0M. 6.

3AKITOYEHKE

IIpuMeHEHHBIHN B UCCIIEA0BAaHUM METO ILIa-
HUPOBAHMS DKCIICPUMEHTA [103BOJIUII BBIIBUTH
(akTOpBbI, OKa3bIBAIONIHE BIMSIHUE HA KaXK/IbII 13
YeThIPEX MapaMeTPOB ONTUMH3ALHIH.

[OBaAHNEIBITNAANAXPAK

OBdHWNAH



Taoauua 6

Pe3y.l'll)TaTl>l pac‘léTOB CTATUCTUYECCKUX NMapaMeTpPoOB [B]:ll'lOJ'll-[eHO aBTOpaMI/l]

Craructuaeckas HapaMeTpI,I OIITUMU3AIINHA

XapaKTePUCTHKA |y Y, Y, Y,

v 55,45 2,15 0,832 250,01

X, 35 35 35 35

X, 15,7 15,7 15,7 15,7

X, 6 6 6 6

e 109,36 109,36 109,36 109,36
3

X, 2 2 2 2

X, 21 21 21 21

X, 6 6 6 6

X, 6 6 6 6

— 1.92 1,92 1,92 1,92

XlO

o 96,25 96,25 96,25 36,25
11

o, 25 25 25 2,5

o, 13,3 13,3 13,3 13,3

o, 4 4 4 4

o, 102,36 102,36 102,36 102,36

o, 1 1 1 1

o, 29,85 29,85 29,85 29,85

o, 4 4 4 4

G, 4 4 4 4

. 2,73 2,73 2,73 2,73

o, 136,81 136,81 136,81 136,81

o, 51,72 52,72 0,0849 181,83

T -0,346 - - 0,926

T, 0,773 0,776 -0,843 0,074

T, 0,146 0,073 -0,082 -0,072

T 0,813 0,987 -0,993 -0,037

TS, 0,183 035 -0,28 0,029

T 0,58

Ty, 0,046

T, 0,084

T 0,38

T -0,542 0,499

T 0,534

R 0,812 [0,636 0,579 0,989

[pumevanne: X, , ¥ — cpennss apudpmernueckas enuumna; o
(DULKEHT MapHOI KOPPETSALUH; R — COBOKYIHBINA KO3(DGHUIUESHT KOPPEISLIUH.

Ananm3 ko3 PUIMEHTOB MTAPHON KOPPEISIUH
I0Ka3bIBAET, YTO HAaHOO0JIee CYIIECTBEHHOE BIIMS-
nue Ha Y, Y, ¥, okaspiBaior dakropsr X, n X,,
a, CJIeIOBATEIbHO, W 3aBUCUMBIC OT HUX (DYHK-
aroHaIbHO GaxTopel X, u X, .. Biusnue dakropa

VINPDE PDAaHCITO]

VidTadHOECBdA' H
AAIRANCUILBOIOO0U

TOABVKHOTO

ADECAOBAIANN

TYKNBAHNANITAC

Abd

1ETOTTEBa W1 BB AV1C

xi’

Gy* CpeaHCE KBAaAPaTUICCKOC OTKIIOHCHUE, 7 . — K03(1)'

xiy

X s Ha HaronHeHwue (Y, ) ¥ OJHOTY cO0pa BhIpyY-
k1 (Y,) paccMOTpeHO OT/EIBHO, HOCKOIBKY Ha
JIaHHBIE TapaMeTpPbl, UCXOAS U3 TOTO, YTO OHH
paccUMTHIBAIOTCS I 4acoB IHK, Oonee cyie-
CTBEHHOE BIMSHME OKA3bIBACT HE 00IIee YHCIIO

ICHOBARVICISIINARVIZIRDAR

M B(PPEKTNBEHOCTEWICITOTT!

JPOB'
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aBTOOYCOB Ha MapLIpyTe B 4achl MUK, a KOJIU-
4ECTBO PEFCOB, BHINOIHEHHBIX UMH (X ;) B 3TOT
TIEPHOI.

®axTop X, OKa3bIBAET TAKKE CYIECTBEHHOE
BaMsHUE Ha Y, Y, Y, onHaKko Kod(uumenT
NapHOi Koppesnsiimn 7,1 MMeeT HEBBICOKOE 3Ha-
4eHHe, MOCKOJIbKY MapaMeTp ONTUMH3aLUuK Y,
BKJIIOYAET YETHIPE COCTABIIAIONIME, a pakTop X,
BIIMSIET TOJILKO Ha OJIHY COCTABIISIOLIYIO 3aTpar
Bpemenn naccaxupa (Y7) — T (BpeMs oxuma-
nus1). Ha mapamerp ontummsanuu Y, nanGonee
CYIIECTBEHHOE BIIMSHUE OKa3bIBAIOT (DakTOphI X,
1 X, ;. X0Tsl HOJTy4EHHBIE PE3YIbTaThl II0JITBEPIH-
JIM M3BECTHYIO 3aBUCHMOCTb [1apaMeTpoOB ONTH-
Mu3anuK ot (akropa X, (4ucio aBTo0ycoB), HO
BMECTE C TEM OHHM IO3BOJHIM PaHXHPOBATh
(akTOpbI 110 CTENICHH UX BIMSHUSA Ha KOHEYHBIH
pesynbrar. B To ke BpeMmsi COOTBETCTBHE TOJTY-
YEHHBIX PE3YJbTaTOB PEAIbHBIM U OYEBHHBIM
3aBUCUMOCTSIM IT03BOJISIET CJIEIIaTh BBIBOJI O ITpa-
BIJILHOCTH BBIOPAHHOTO METO/Ia M BEPHOW €ro
pea3aLu.
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CoBepLueHCTBOBaHKe TPAHCMOPTHOrO
obcnyxuBaHus B ropoge bpsaHcke

Bnagumup CUBAKOB Bukrop KAMbIHWH

Nerp TUXOMUPOB

Bnaoumup Bukmoposuu Cusaxos', Bukmop Buxmoposuu Kamoinun?, Illemp Buxmopoeuu Tuxomupog®

123 Bpanckuil 2ocyoapcmeennvlil undicenepro-mexnonocudeckuil ynueepcumem, bpsnck, Poccust.
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AHHOTALNA

Obwexmom uccredosaHusi cmambU S8719€MCs naccaxupckas
mpaHcnopmHas cems 2opoda bpsHcka. CosepweHcmgosaHue
MpaHCNoPMHO20 06CYXUBaHUS HACENEHUS pewaemcs 8 paspe-
3e modepHusayuu cpedcme mpaHcnopma, mpaHcnopmHol
UHpacmpykmypb! U yanybrneHHo20 eHeOpeHuUs Yugposbix
mexHonoeull. Ha ocHoge aHanumuyeckozo memoda nposedeHa
OUEeHKa COCMOsIHUSI mPaHCNOPMHO20 KoMniiexkca 20poda bpsHcka,
8KITK0YaroLast 8 cebs HECKOMbKO 83aUMOC8A3aHHbIX HanpageHul,
obecneyugaloLjux 8bICOKOe Ka4yecmeo mpaHcnopmHo2o obcry-
KueaHUus.. [JaHHble nomydeHbl nymém uccnedosaHusi OmKpPbIMbIX
UHMepHeM-pecypcos, 8 Mom yucrie uHmepHem-calima adMuHu-
cmpayuu 2. bpsHcka, HamypHbIX HabnodeHud.

Pabombi no 06HogneHuI napka MapwpymHbIX mpaHcnopm-
HbiIx cpedcmes npoussodsmces 8 pamkax «KoHuenyuu pasgumusi
mpaHcnopma obwe2o nonb308aHusi 20poda bpsHcka Ha nepuod
2015-2025 200b1», Ymo npugeno 3a nocrnedHue Yemsipe 2oda
K cyujecmeeHHoMy 06HOB/IeHUI0 aemobycHO20 napka cpedHeli
u 6onbwoll gMecmumocmu U CHUXeHuto donu asmobycos manoli
smecmumocmu. Takxe CyuecmeeHHo MoOepHU3UposaHa 00POX-
Hasl ceme.

[poaHanu3suposaHbi ¢ MOYKU 3peHus cmeneHu Oybruposa-
HUS Mapwpymsl 20p00CKO20 Naccaxupckozo mpaHcnopma.
[pednoxeHbl HanpaseHus COBEPWEHCMBO8aHUS Mapwpymos
mpaxcnopmHol cemu.

Krroyesbie crioga: mpaHcnopm, 20podckoli naccaxupckuli mpaHcnopm, mpaHcnopmHas cems, Oy6uposaHue Mapuwpymos,

naccaxupckue nepesosku.

[na yumuposanus: Cusakos B. B., KambiHun B. B., Tuxomupos [1. B. CogepuwieHcmeosaHue mpaHCnopmHo20 obCyxueaHus
8 2. bpsiHcke // Mup mpaxcnopma. 2022. T. 20. Ne 4 (101). C. 105-110. DOI: https.//doi.org/10.30932/1992-3252-2022-20-4-9.

MonHbIli mekcm cmambu Ha aH2nulickoM si3bIke ny6nukyemcst 0 mopoli Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

Bo MHOTHX KpyNmHBIX TOPOAAX CIIOXHIACh
CUTyalusi, KOTZa PsJ MapIIpyToB ayOIupyroT
JpyT Ipyra. JTO MPUBOAUT K U3JIUIIHEN 3arpy-
JKEHHOCTH YJIHI], JOMOJHUTEIBEHBIM BBIOpOCaM
0TpabOTaHHBIX Ta30B, CHIKEHUIO MPHOBLIHHO-
CTH MapIIpyTOB, HEXBAaTKE TPAHCIOPTA JUI Op-
TaHW3AIMH TIEPEBO30K MACCAXKMUPOB B MacIITade
Bcero ropona [1; 2].

Oco0yro akTyalbHOCTh JaHHas IMpodiieMa
nproOpeTaeT B cydae OOIBIION MPOTSHKEHHO-
CTH TOPOJICKMX MapIIPyTOB 1 OOJIBIIOTO macca-
JKHUPOIIOTOKA. DTO B MOJHOH MEpPE OTHOCHUTCS
U K I. bpsiHCKy, BKIIIOYalOLIeMy YeThlpe pailoHa,
yIaNnEHHBIX ApPYT OT Apyra. PalloHbl CBs3aHBI
MarucTpaibHBIMA Joporamu mo 4—6 moioc,
OCHOBHBIE MaPIIPYTHI ITPOXOJIAT IT0 HUM, COETH-
Has bexunkuil, ®okuHckuil 1 Bonogapckuii
pailoHbl B OCHOBHOM Y€PE3 LIEHTPAJIbHBIN palioH
ropona — CoBeTckuii.

MATEPWAIbI U METOAbI

[IpenmeToM HACTOSIIIIETO UCCICIOBAHUS SIB-
JISIETCS OIIEHKA TyOIMpOBaHMS (COBMETIIEHHOCTH)
OTIENBHBIX MapIIPyTOB TPAHCHIOPTHOH CETH
TOPOJICKOTO IMAaCCAKUPCKOTO TPAHCIIOPTa ropoa
BpsiHCKa, maccakupckre mepeBO3KH B KOTOPOM
OCYIIECTBIIIOTCS KaK MyHHUIIUIIATBHBIM TPaHC-
MOPTOM, BKJIIOYAIONIAM aBTOOYCHI OOIBIION
BMECTHMOCTH, paboTaromue 1o 47 Mapiipyram,
U TposuteiiOycel, padoTaromue mo 13 mapmipy-
TaM, Tak ¥ KOMMEpPYECKHUM TPAaHCIIOPTOM, CO-
CTOSIIIIUM W3 MapHIPYTHBIX TPaHCIIOPTHBIX
CPEICTB MaJIoif BMECTUMOCTH, pabOTaIOMIHX 110
40 mapmpyTam [3; 4].

OCHOBO#1 COBEPIICHCTBOBAHHS TOPOACKOTO
accakXnpCKoro TpaHcnopra sipisiercs «Konrer-
U] pa3BUTHS TPAHCIIOPTA OOIIETO TTOIb30BAHUS
ropona bpsircka Ha eproz 2015-2025 rompin?,
B paMKaX KOTOPOH y»e BBIITOJHEH P MEpo-
npusThit: npaktudeckn Ha 100 % 3amenén as-
TOOYCHBIM TapK MYHHIIMIIAJIBHBIX aBTOTIPEI-
TIPUSATHHN, 3aTUTAHIPOBAHEI M BBE/ICHBI B OKCILTya-
TAIMI0 HOBBIE aBTOJOPOTH, MOCTPOCH PN
KOJIBIIEBBIX Pa3Bs30K [3], MPOBEACHBI HCCIEHO-
BaHHS OTICNBHBIX MacCCaXHUPOIMOTOKOB [5]
(HO TONBKO YACTH OT 3aIUIAHMPOBAHHEIX); BHE-
JIpEH psii MEPOTIPUSATHI, TO3BOJIMBILIUX OCYIIE-
CTBUTH NU(POBU3AIUIO TACCAKUPCKUX TTEPEBO-

Tlocranosnenue BI'A 0123.03.2015 . Ne 772-n1 «O6 yTBEp-
K eHnn «KOHIenuun pa3BuTHst TpaHCIIOpPTa OOIIEro MoJib-
30BaHus roposa bpsHcka Ha nepuox 2015-2025 rombi».
[Onexrponnslii pecypce]: http://bga32.ru/uploads/2016/06/
bga32-ru-Post-772_23-03-2015.pdf. Joctyn 10.12.2021.
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30k (ycranoBka GPS/TJTIOHACC npuéMHUKOB,
0TOOpaXKAIOUINX TOJOKEHUE TPAHCHOPTHBIX
CPEJICTB Ha JIEKTPOHHOI KapTe, B MOOMIIBHBIX
NPUIOKCHUSIX; BHEAPCHUE CPEACTB HU(POBOIL
Oe3Hanu4HON orutatel u ap.)? [6]. B HacTosimee
BpeMsi IpopadaThIBacTCs BOIIPOC O 3aMEeHe M0J1-
HOCTBIO M3HOLICHHOTO MapKa TPoJiieiidycoB
(B TOM umcie myTéM IoAauu 3asiBKH 10 (ere-
panbHOI porpaMme) [ 7], maHupyeTcs nproo-
peTeHne cra HOBBIX TpoJIelOycoB (mepBas
napTust yKe 3aKyIuieHa 1 0KuJaeTcst e€ mocTas-
Ka), KOPPEKTUPYIOTCSI MapIIpyThl OOLIECTBEH-
Horo TpaHcropra. [Ipu BeIOOpE TpoIuIeiOycoB
paccMaTpUBarOTCs BapUaHThl PUOOPETEHHUS
YacTH TPOJICHOYCOB C 3aracoM aBTOHOMHOTO
X0J[a. AKTYaJIbHOCTh KOPPEKTUPOBAaHMS Mapii-
PYTOB OOIIECTBEHHOTO TPAHCIIOPTA TOITBEPIXK-
Jaercst paboTaMH Kak OT€U4eCTBEHHBIX aBTOPOB
[8—10], Tak u 3apyoexnbix [11-13].

TEOPETUYECKWE NMPEONOCHINKA

CoBepIIeHCTBOBAHUE MaPIIPYTOB FOPOICKO-
IO MACCAKUPCKOTO TPAHCIIOPTa OOJIBITHHCTBOM
aBTopoM [ 14—16; 18] nmpenmnosaraercsi, B IepByto
odepenib, 3a CUéT HAXOXKICHU Hanbosee 1yonu-
PYEMBIX MapUIpyTOB M HUX HUCKIIOUECHHUS WUIU
KOPPEKTHUPOBKH.

ABtopoMm [17] mpennoxkeH HOBBIH MeTOA
OITpe/IeJICHHS TIOKa3aTess JyOIMpoBaHUs MapIl-
PYTOB € HCIONB30BAaHUEM ITOKA3aTENs CMEXKHO-
CTH MapLIPyTOB, YYUTHIBAIOIIETO HANPaBICHUS
1 00bEMBI KOPPECTIOHACHIIUN TTAaCCAXKUPOB, YTO
MO3BOJISIET, TI0 ero pacuéram, 0ojee KOPPEKTHO
peraTh 3a7a4y TPAHCIIOPTHOTO IIIIAHUPOBAHUS.
OpnHaxko MaHHBIA MeTOJ TpeOyeT MPOBEACHUS
3HAYNTEILHOI0 00bEMa MCCIEqOBaHM, U, Clie-
JIOBaTeNIbHO, BpEMEHHbIX 1 (PUHAHCOBBIX 3aTpaT.
JU1s mepBUYHOM OLIEHKH MapIIpyTOB I1eJI€C000-
pPa3HO BOCIOJIB30BAThCS MEPBBIM METOJOM,
B KOTOPOM MapIIPyTHI IO CTENIEHN MApIIPyTHOM
COBMEUIEHHOCTH (yOJIMpPOBaHMS) BBIACISIOT
B TPHU I'PYIIIIBI, CO3/JaBa€MBbIE O JUIMHE COBIa/Ie-
HUS pacCMaTpUBAEMOT0 MapHIpyTa:

* Ui TIEPBOM I'PYyNIMbI XapakTepHa HU3Kas
ctenens coBnaaeHus (ot 30 1o 50 % ot npors-
KEHHOCTH MapuUIpyTa) ¢ BO3MOXXHOCTBIO CHH-
XPOHM3ALMH PACIICAHUS COBIAAAOIINX MapIll-
PYTOB WM K€ MX OObEIMHEHUs B OJHH, OoJiee
JUTUHHBIH;

* JUIS BTOPOW T'PYMIIbI CTENIEHb COBMAJCHUS
cpeassas (ot 50 10 75 % npoTsHKEHHOCTH Mapli-

2 O¢uumansublii caiit OOIIECTBEHHBII TPAHCIIOPT TOPOJA
BpsiHcka. [DnexTpoHHbIH pecypc]: http://www.transport32.
ru/. Joctym 02.12.2021.



Puc. 1. CxeMa cemu MyHULUNALHO20 NACCaXUPCKo20 mpaHcnopma 2opoda bpsiHcka. ([Catim «Mapwpymesi o6wecmeeHHo20 mpaHcnopma

BpsHckar]. [nekmpoHHbIl pecypc]: https://www.eway24.ru/ru/cities/bryansk. Jocmyn 03.12.2021).

Taodauna 1

MapupyThl I. BpsiHCKa ¢ BBICOKO# CTelleHbI0 COBMELEHHOCTH

Bropas rpymma mapmpyTos (ot 50 1o 75 %)

Tpetps rpymnma mapupyTtos (6omnee 75 %)

M-10 — M-28 (50 %)
M-10 — M-42 (50 %)
M-10 — M-43 (50 %)
M-28 — M-88 (60 %)
M-28 — M-99 (60 %)
M-34 — M-35 (50 %)
M-34 — M-47 (70 %)
M-34 — M-49 (50 %)
M-35 — M-10 (52 %)
M-35 — M-34 (70 %)
M-35 — M-38 (50 %)
M-35 — M-47 (70 %)
M-35 — M-49 (50 %)
M-35 — M-52 (60 %)
M-35 — M-99 (70 %)
M-36 — M-42 (67 %)
M-36 — M-44 (64 %)
M-38 — M-42 (74 %)
M-38 — M-47 (73 %)
M-38 — M-49 (74 %)
M-42 — M-36 (65 %)
M-42 — M-38 (69 %)
M-43 — M-47 (74 %)
M-99 — M-52 (70 %)

M-10 — M-36 (50 %)
M-44 — M-42 (57 %)
M-44 — M-49 (52 %)
M-44 — M-52 (57 %)
M-45 — M-43 (50 %)
M-47 — M-35 (56 %)
M-47 — M-43 (70 %)
M-47 — M-99 (54 %)
M-49 — M-28 (62 %)
M-49 — M-38 (63 %)
M-49 — M-88 (59 %)
M-50 — M-47 (52 %)
M-50 — M-52 (60 %)
M-50 — M-59 (74 %)
M-52 — M-38 (52 %)
M-52 — M-99 (73 %)
M-55 — M-59 (58 %)
M-55 — M-65 (62 %)
M-59 — M-65 (54 %)
M-65 — M-55 (70 %)
M-69 — M-34 (53 %)
M-69 — M-45 (58 %)
M-69 — M-47 (58 %)
M-88 — M-49 (59 %)
T-9 — A-50 (68 %)

M-3 — M-31 (90 %)
M-28 — M-49 (84 %)
M-44 — M-36 (75 %)
M-47 — M-34 (78 %)
M-47 — M-38 (77 %)
M-49 — M-99 (78 %)
M-49 — M-52 (82 %)
M-50 — M-34 (75 %)
A-37 - M-28 (77 %)
A-3—M-36 (91 %)

A-54 — M-36 (30 %)
A-11 - M-38 (85 %)
A-48 — M-43 (75 %)
A-1 - M-52 (99 %)

A-11 - M-52 (95 %)
A-9 — M-55 (91 %)

A-8 — M-59 (86 %)

A-10 - M-76 (93 %)
T-2 — M-43 (96 %)

T-9 — M-50 (81 %)

M-10 — M-35 (100 %)
A-8 — M-99 (83 %)
A-11 - M-99 (81 %)
A-23 — M-99 (80 %)
A-3— A-54 (96 %)
A-54— A3 (97 %)
M-55 — A9 (92 %)
M-38 — A-11 (85 %)
M-10 — A-25 (75 %)
M-35 — A-10 (78 %)
M-69 — A-27 (91 %)
M-3 — A-31 (90 %)
M-34 — A-31 (86 %)
M-47 — A-31 (97 %)
M-43 — A-48 (82 %)
M-65 — M-59 (77 %)
T-1 - T-6 (80 %)
T-6 — A-11 (93 %)
T-2 — M-45 (96 %)
T-9 — T-11 (89 %)

Ipumevanne: M — MapipyTHOE TPaHCIOPTHOE CPEACTBO, A — aBTodyc, T — Tposueiioyc.

pyTa), TpedyeTcst OTMEHA OTHOTO M3 MapIIPyTOB
100 KOPPEKTHPOBKA rpadriKa MX JBIKCHUS;

* ISl TPETHEH TPYTIIBI CBOWCTBEHHA BHICOKAS
CTETICHb COBIAJICHUS (CBBIIIE 75 % TPOTHKEH-
HOCTH MapIIpyTa), YTO HEUenecoo0pasHo, I1o-
9TOMy TpelOyeTcs TOoIpOOHBII MPOCTPAHCTBEH-
HBII aHAJIN3 TAKUX MapIIPyTOB.

IlepBoouepenHoil 3agadueil mpocTpaHCTBEH-
HOTO aHa/In3a SBISETCS M3YYECHHE MapIIpyTOB
¢ OOJBIINM KOJTMYIECTBOM TyOIUPYIOMINX MapIl-
PYTOB, TO €CTh BTOPOH M TPEThEH TPYIITHI.

PE3YNbTATbI U OBCYXOEHUE
CornacHO TaHHOM METOAWKE M JaHHBIM
[18] ocymiecTBieHO pacnpenesieHue Maplpy-

VIA] A H | A =

ABAKOB Ib 3 BMRaMBTHTHID 3 AXOMMU] B =1

TOB T10 CTENEHN AyOnupoBanus. X Busyanu-
3alusl IpeacTaBiIeHa Ha puc. 1. MapuipyTs
C BBICOKOH CTETICHBIO COBMEMIEHHOCTH (BTO-
past ¥ TPeThs TPYMIIBI) MPEACTABICHEI
B Tabm. 1.

PaccmarpuBast MapIIpyThI C BRICOKOH cTere-
HBIO COBMEIIEHHOCTH, HEOOXOMMO OTMETHTh,
YTO HAnOOJIEE YACTO MIPONUCXONT TyOIHpOBAHIE
MapIIPyTHBIX TPAHCIIOPTHBIX CpencTB (48 u3 49
BO Bropoii rpynrie u 10 u3 40 B TpeThelt rpymie,
MYHHUINTAIBHBIA TPAHCIIOPT, MPEICTABICHHBINA
aBroOycaMu W Tpoiuieibycamu, TyOmupyeTcs
MapIIpyTHBIMH TPAHCIIOPTHBIMHU CPEJCTBAMU —
27 u3 40 B TpeTheil TpyIIie, IPU 3TOM UMEETCS
IIECTh TPOJUIEHOYCHBIX MapLIPYTOB, TyOIHpye-
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KonnuecTBo 1y0iupyrommx
MapupyToB

50-55 56-60 61-65 66-70 71-75 75-80 81-85 86-90 91-95 96-100
CreneHb MAPUIPYTHOIi COBMEIEHHOCTH

Puc. 2. PacnpedeneHue yucna mapuipymoe no cmeneHu coemewéHHocmu [CocmaeneHo asmopamu no 0aHHbIM caiima «Mapwpymsi
obuwecmeeHHo20 mpaHcnopma bpsHckar]. [dnekmpoHHbIil pecypc]: https://www.eway24.ru/ru/cities/bryansk. ocmyn 03.12.2021.

Puc. 3. YnuybI ¢ Haubonbwum Konuyecmeom Ay6nupyroujux Mapwpymoe [CocmaenieHo aemopamu no daHHbIM calima «Mapwpymbi
obujecmeeHHo20 mpaHcnopma bpsiHckar]. [AnekmpoHHbIl pecypc]: https://www.eway24.ru/ru/cities/bryansk. focmyn 03.12.2021.

Puc. 4. lMocmpoeHHas 3awumHas dopoza — damba «bpsiHck 1-BpsiHck 2» [CocmaeneHo aemopamu No daHHbIM
cmambUu «B BpsiHCKe Havyanock cmpoumenibcmeo dopo2u om eok3ana do «Mempoyr]. [9nekmpoHHbIil pecypc]:
https://news.nashbryansk.ru/2019/11/13/routine/nachalos-stroitelstvo-dorogi-bryansk-1—-bryansk/. Jocmyn 03.12.2021.

VINPDRDJHACTIOP TV 2, E A% 4.2

ABAROB 1B 15 MKaMBIANIE 35 M T XOMNP OB 11358 SCOBCPIIEHCTEOBaNNEe T PAHCIOP

IOCTTYKNBAHNAH B




Puc. 5. lnaHupyemas dopoza [BbinonHeHo asmopamu no 0aHHbIM cmambu «Bnacmu bpsiHcka
npedcmaeunu npoekm Hogoli dopozu om TeneyeHmpa k YépHomy mocmy. C 08yMsi HOBbIMU «KOMbYaMU»].
[3nekmporHbIil pecypc]: https://bryansk.news/2021/11/22/proekt-dorogi-telecentr. Jocmyn 03.12.2021.

MbIX aBTOOyCaMH U JiBa TPOJLICHOYCHBIX MapIl-
pyTa, IyomupyeMsix Tposuieiioycamu). lyomu-
pOBaHHUE TPOJUICHOYCHBIX ¥ aBTOOYCHBIX MapIil-
PYTOB B HACTOSAIIIEE BPEMs CBA3aHO C HEXBATKON
HUCIPaBHBIX TPOJUIEHOYyCOB, MPHU pEUICHUH
npobJIeMbl ¢ 3aMEHON TposuieiidycHOro mapka
HEo0X0MMO OyJIeT MPOBEICHIE KOPPEKTHPOBKH
JIAHHBIX MapILIpyTOB.

Haubounbiiee koau4ecTBO TyOIHPYOLIIUX
MapIIPyTOB MPOXOIUT Yepe3 OCHOBHBIC TPAHC-
MOPTHBIE apTepuu ropojaa (puc. 3): MPOCHEKT
Jlenuna — 18 mapmpyToB (1), yauiy YibsHoBa —
19 mapuipyToB (2), MockoBCcKkuit mpocnekt — 27
MappyToB (3) u ynuity Kpacnoapmeiickyro — 24
MapuipyTa (4).

Pemenuto mpob6iemMbl ¢ 1yOaupyeMBIMH
MapuIpyTaMu Morjiia ObI TOMOYb OpraHU3aIHs
mpoes3zia B TOpoJe M0 €IUHOMY MPOE3THOMY
JIOKYMEHTY, Harpumep, kak B I. MOCKBe, I, 1o
nanubIM® «c 1 centsiopst 2021 roma B aBToOyCax,
TpaMBasX M MEKTPoOycax MOXKHO COBEpIIATh
nepecagky OecmyiaTHO MPU YCIOBHHU OILIATHI
npoesna kaproit « Tpoiika» o rapudam «Koiue-
néx» nin «Enunaeiit Ha 60 Moe310K» B TEUCHUE
90 mMuH. U cMeHBI MapupyTa. [Ipu moesnke mo
tapudy «Korenéx» 3a mepByo Moe3Ky Cluchl-
Bajoch 42 pyo., 3a mocneaytrouue — 0 py06. [Ipu
noe3zke 1no «EQMHOMY» CHHCHIBACTCSI TOJNBKO
OJTHA TOE3/IKa, CKOJIBKO OBl BHIOB TpaHCIIOpPTa
rnaccaxxup HuU cMeHus». IIpumeHenue Takon
cucTeMbl B I. bpsiHCKe 1103BOJIMIIO OBI C/ienarh
PsI MapUIpyTOB KOpoYe, 0 OCHOBHBIX Iepeca-
JOYHBIX MYyHKTOB (Hampumep, ABTOBOK3al,
1. JIennHa, Asponapk 1 HEKOTOpbIE APYTUE — UX
NepeyueHb YCTAHOBIICH NMPOBEAEHHBIMHU paHEe
uccnenosanusvi [ 18]), yopas nyOnupyroniuecs
MapIpyThl U CHU3UB TPAHCIIOPTHYIO 3arpyKeH-
HOCTh OCHOBHBIX JOPOT.

8 Onnara mnpoesna B Mockse. [DnekTpoHHbIN pecypc]:
https://www.tutu.ru/2read/articles/moscow_fares/. Jloctyn
03.12.2021.
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Jlns pasrpy3ku CyIiecTBYIOIIUX MapIIPyTOB
MTOCTPOEH P HOBBIX JOPOT, HAIIpUMep 3alIlHT-
Hag gopora — namba «bpsuaCK 1-bpsgHck 2»
(puc. 4), csa3aBmas QokuHCKUN 1 BeXUIKuiA
paiionsl, MuHys 1eHTp (CoBeTcKkuii paiioH), 4To
no3Bomio gobuparscs Ha 30—40 % ObicTpee
Mexay paiioHamu. [{jist €€ ucronb30BaHus ropo-
KaHe o0OpaTHIIMCh K OTJENy [0 TPAHCHOPTY
TOPaIMHHHUCTPAIMH C TIPOCHOOH MyCTUTH aBTO-
Oyc mo HOBOMW mopore mMexay Bomomapckum
1 QOKUHCKUM palloHaMu, OPraHU30BaB HOBBIN
MapuIpyT JI100 N3MEHHB CYIECTBYIOIMHNE: «Ms-
coKoMOMHAT—XK.J. Bok3an—/pyx6a (mmu Kawm-
BOJIbHBIN KOMOMHAT)», « MSCOKOMOMHAT—XK. /1. BOK-
3aJI-MUKpopaiion ABrozaBonei» win «bopmo-
Buun—cTtannus CHexxeTbckas» (00benuuenue 19
n 16A mapmpyrtoB). /J[anHOe HampaBieHHE
MTO3BOJIMT Pa3rpy3UTh CaMble JITMHHBIC PEICHI
Ha 31-M mapmpyTe®.

Taxoke TIaHUPYETCs] CTPOUTENIBCTBO HOBBIX
JIOPOT, HAPUMEP, YETHIPEXTIOIOCHON IOPOTH OT
Tenenenrtpa k Mmocty B POKHUHCKUM palioH
(puc. 5) — ¢ HayaJIOM B paiioHe MepecedeHust
¢ 4-m Kapaumxkckum nepeyikom, BHU3 K p. [ec-
He 1 BJ0Jb Oepera ¢ BeIxonoM K ynuie Kanunu-
Ha B paiioHe mocTa. C 00eux CTOPOH MpPeayCcMo-
TPEHBI HOBBIC KOJIBLIEBBIC PA3BSI3KH, a TAKXKE J1BA
HaI3eMHBIX MEMICXOIHBIX Tepexona’.

BbiBOAbI
1. CymecTByromias MapIpyTHast TacCaxup-
CKas TPaHCIIOPTHAs CETh TOPO/A HECOBEPILICHHA

4 B BpsiHCKe mpeaioxuin pa3paborats aBTOOYCHBIN
MapHIpyT AJs HOBOII moporu. [DIeKTpOHHEIH pecypc]:
https://www.bragazeta.ru/news/2021/09/27/v-bryanske-
aktivisty-predlozhili-pustit-avtobusnyj-marshrut-po-novoj-
doroge/?utm_source=yxnews&utm_medium=desktop.
JHocrym 03.12.2021.

® Biractu BpstHCKa IIpe/icTaBrIlK IIPOeKT HOBOM joporu ot Te-
neneHTpa k Yépaomy Mocty. C 1ByMs HOBBIMH «KOJIBLIAMI».
[OnexrponHnsli pecypc]: https://bryansk.news/2021/11/22/
proekt-dorogi-telecentr/. Jloctym 03.12.2021.
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U IpU CBOEM Pa3BUTHUM JOJKHA YUHUTHIBATH
MIEPCTIEKTUBBI Pa3BUTHS YITUUHO-TOPOXKHOM ceTn,
a TaKoke MHEHHS MHULMATUBHBIX TPYIIIT XKHUTENSH
roposa.

2. Ilpu mpoBefeHUH aHAIM3a MapLIPyTHOH
COBMELIEHHOCTH YCTAHOBJICHO HATMYHE OOJIBIIIO-
IO YKcNa JyOIUpyOUX MapIIpyToB 2 U 3 TPyl

3. JIybonupoBaHue TPOJUICHOYCHBIX U aBTO-
OyCHBIX MapIIPyTOB B HACTOSIIEE BPpeMs CBSI3a-
HO C HEXBATKOM MCIPaBHBIX TPOJLICHOYCOB, MU
UX 3aMeHe HeoOXoauMa KOPPEKTUPOBKA JaHHBIX
MapuIpyTOB.

4. Jlnist perieHust poOJieMbl ¢ TyOIMpoBaHu-
€M MapILIPYyTHBIX TPAHCIIOPTHBIX CPEJICTB HEOO-
XOJMMO COBEPILICHCTBOBAThH BBISBICHHBIE TyO-
JUpyeMble MapHIPYTHI, @ TAK)KE BBOJUTH BMECTO
HHUX HOBBIC aBTOOYCHBIC U TPOJUICHOYCHBIC
MapUIpyTHI.

5. llenecooOpa3Ha opraHuzaius mpoesaa
B IrOpPOJIC IO €ANHOMY ITPOE3THOMY JOKYMEHTY,
TMO3BOJISIIOILIEMY COBEpPILIATH IIepecaiku Oecruiar-
HO B TEYEHHE OIPAHUYEHHOTO NIepHO/ia BPEMEHN,
YTO CHU3WIJIO Obl HAarpy3Ky Ha TPaHCHOPTHYIO
CeTh ropoja.

CMACOK UCTOYHKUKOB

1. Basso, L., Navarro, M., Silva, H. Public transport and
urban structure. Economics of Transportation, 2021, Vol. 28,
pp. 100232. DOI:10.1016/j.ecotra.2021.100232.

2. Owais, M., Moussa, G. Optimal circular bus routes
planning for transit network design problem in urban areas.
Journal of engineering sciences, 2013, Vol. 41, pp. 1447—
1466. DOI: 10.21608/JESAUN.2013.114867.

3. Cusaxos B. B., Kambiaun B. B., Tuxomupos I1. B. Co-
BEPILIEHCTBOBAHUE TOPOACKHX MACCAKUPCKUX TEPEBO30K
(na npumepe T. bpsiacka) // Tpancnopt. TpancrnoprtHsle co-
opyxenusi. Jxonorus. —2020. — Ne 4. — C. 61-69. DOI: 10.
15593/24111678/2020.04.07.

4. bopogas K. C., Cusaxos B. B. ccienoBanue TpaHc-
HOPTHOU MHGPACTPYKTYpEI ropona bpsucka (ymuuHo-
JIOPOXKHOM ceTn) // DKkoHOMHKA U Y()(HEKTUBHOCTH OpraHu-
3anuu npoussojcTea. — 2018, — Ne 28. — C. 57-61. [DOnekr-
pouHblii pecypc]: https://www.elibrary.ru/item.
asp?id=36476736. Jocrym 05.08.2022.

5. CusakoB B. B., Tuxomupos I1. B., Kameinun B. B.,
Cyanusia C. C. AHaIU3 pe3yIsTaToB 00CIIeI0BAHYIS [TACCaKH-
POIIOTOKOB Ha OT/IE/IBHBIX MAPIIPyTaX KOMMEPYECKOIO TPaHCc-
nopra B . bpstHCcKe // Mup TpaHCHOPTa U TEXHOJIOIMHYECKHUX
mammH. —2020. — Ne 4 (71). — C. 46-53. DOI: 10.33979/2073-
7432-2020-71-4-46-53.

6. Cusaxos B. B., boposas K. C. Buenpenue nndopma-
LOHHBIX TEXHOJOTHUIl IPH OpPraHU3alUy MACCAKUPCKUX

MapILIPYTHBIX EpeBO30K B I. bpsiacke / TpancnopTHOE 1€mo
Poccun. —2019. —Ne 4. — C. 98-99. [DnexrpoHHblit pecypc]:
https://www.elibrary.ru/item.asp?id=41151692. Jloctyn
05.08.2022.

7. Opakynos W. U., Iepessirun P. 0. I[lepcriekTusbt
pa3BUTHs OOIIECTBEHHOTO TpaHCIOpTa B I. bpsancke
// DxoHOMHKa ¥ 3 PEKTUBHOCTH OPraHU3ALMU IPOU3BOJ-
crBa. —2021.—Ne 34, — C. 19-23. [DnekTpoHHBIH pecypc]:
https://www.elibrary.ru/item.asp?id=47212611. doctyn
05.08.2022.

8. Kysnenona JI. I1., Cemenuxun b. A., Antyxos
A. 10. CoBepuieHCTBOBaHNHE OPraHH3allMH MACCAKUPCKUX
nepeBo3ok Ha Mapmpytax I. Kypcka / Mup Tpancnopra
¥ TeXHOIOrH4Ieckux MamuH. —2016. — Ne 2 (53). — C. 98-104.
[OnexTponnsiit pecypc]: https://www.elibrary.ru/item.
asp?id=25845700. octyn 05.08.2022.

9. I'ynunosa A. B., KpsutatoB A. 0. Ontumunzanus
MapLIpyTHBIX ceTeil 00IecTBeHHOTO Tpancmopra // [Ipomec-
CBI yIpaBIeHUS U ycToHunBocTh. — 2019. — T. 6. — Ne 1. —
C. 414-418. [Dnexrponnslit pecypc]: https://www.elibrary.
ru/item.asp?id=38095797. Jloctym 05.08.2022.

10. Epémun C. B. MHTErpupoBaHHOE TPAHCIIOPTHOE
IUIAaHUPOBAHHUE B YCIIOBUSIX IIEPCIIEKTUBHOTO TEPPHUTOPHAIIB-
HOTO pa3BUTHs ropoaa // Mup TpaHCIIOpTa U TeXHOJIOTHYe-
ckux mamuH. — 2021. — Ne 3 (74). — C. 109-114.
DOI: 10.33979/2073-7432-2021-74-3-109-114.

11. Teodorovi¢, D., Janic, M. Public Transportation
Systems. In book: Transportation Engineering, 2022, pp.
405-522. DOI: 10.1016/B978-0-323-90813-9.00007-2.

12. Kiaer, J. Public transportation. In book: Study Abroad
in Korea, 1st ed. Routledge, 2020, 7 p. eBook
ISBN 9780367824020. DOI: 10.4324/9780367824020-8.

13. Uspalyte-Vitkainiené R., Ranceva, J. Accessibility
of Regional Public Transport. Transbaltica XII: Transportation
Science and Technology, 2022, pp. 726-737.
DOI: 10.1007/978-3-030-94774-3_70.

14. Ozgiin, K., Giinay, M., Basaran, B. [ef al]. Analysis
of Public Transportation for Efficiency. In book: Trends in
Data Engineering Methods for Intelligent Systems,
Proceedings of the International Conference on Artificial
Intelligence and Applied Mathematics in Engineering
(ICATAME 2020), 2021, pp. 680-695. DOI: 10.1007/978-
3-030-79357-9_63.

15. Shankaran, R. S., Rajendran, L. Intelligent Transport
Systems and Traffic Management. In book: Smart Cities:
Concepts, Practices, and Applications, 1* ed., 2022, 48 p. eBook
ISBN 9781003287186. DOI: 10.1201/9781003287186-6.

16. Ibraeva, A., de Sousa, J. F. Marketing of public
transport and public transport information provision.
Procedia — Social and Behavioral Sciences, 2014, Vol. 162,
pp. 121-128. DOI: 10.1016/j.sbspro. 2014.12.192.

17. Enun [1. B. TTonxosl K ONpeiesIeHu 0 ypoBHst 1y0-
JIUPOBaHMs MapLIPYTOB PErySIPHBIX MepeBo3ok // Mup
tpancropra. — 2021. — T. 19. — Ne 1 (92). — C. 210-228.
DOI: 10.30932/1992-3252-2021-19-1-210-228.

18. Cusaxos B. B., Tuxomupos II. B., Kambiaun
B. B. HccnenoBanue MapipyTHOH COBMEIIEHHOCTH macca-
JKMPCKOU cetu ropona bpsiHcka / Mup TpaHcnopTa u Tex-
Hoylornueckux mammuH. — 2021. — Ne 3 (74). — C. 43-49.
DOI: 10.33979/2073-7432-2021-74-3-43-49. (]

WrHpopmauus 06 agmopax:

Cueakoe Bnadumup Bukmopoeuy — kaHoudam mexHuU4ecKux Hayk, doueHm kaghedps! mpaHCNOPMHO-MEXHON02UYECKUX MaLUH
u cepsuca bpsiHCK020 20cydapcmeeHH020 UHXEHEPHO-MEeXHOM02UYeCKo20 yHusepcumema, bpsHck, Poccus, sv@bgitu.ru.

KambiHuH Bukmop Bukmopoguy — kaHOudam mexHuYecKux Hayk, doueHm, 3agedytowjuli kaghedpoll 0bLemexHuUYeckux ucyunauH
U chuuKu BpsHckoeo 2ocydapcmeeHH020 UHXEHePHO-MEXHOMo2UYeCcKoeo yHugepcumema, bpsHck, Poccus, kaf-mim@bgitu.ru.

Tuxomupoe Memp Bukmoposuy — kaHOudam mexHu4yeckux Hayk, doueHm, 3asedyrowull kaghedpol mpaHcnopmHo-
MEXHOMo2UYEeCKUX MaWUH U cepauca, NPOPeKmop no Hay4Ho-uccredosamesbckoll dessmesisHocmu BpsHckoeo eocydapcmeeHHo020
UHXEHEePHO-MEeXHOI02U4ecK020 yHuUgepcumema, bpsrck, Poccus, vtichomirov@mail.ru.

Cmambs nocmynuna e pedakyuto 08.08.2022, o0obpera nocne peyeHauposarus 19.09.2022, npuHsima k nybnukayuu 21.09.2022.

ViW| \ [ (NS

SOBAHNEC



ONTUMU3ALUS
UCMONb30BAHUS

TONNMBA 112
|
3Hepeemuqecxaﬂ OUEeHKa 8IusHuUA
cmeneHu audpamauuu U muna cmecu
Ha ucnosb3ogaHue cmeceli amaHorna

U 6eH3uHa 8 08u2amenisx ¢ UCKpO8bIM
3axueaHuem.

v

BE3OMACHOCTb, YCTOUYMBOCTb, 3KOJ1OIMUA

ABTOMATU3UPOBAHHbIV
TPAHCIOPT:
NMPABOBbBIE

ACTEKTBI 117
|

Kmtoyesbie epynnbi npobnem npasogozo
06ecneqeHUs LCNOTb308aHUS
asmomobureli c a8momamu3upogaHHoU
cucmemoli 8oxdeHusi. CyLHOCMHble

U mexHuyeckue mpebosaHus

Kk 6e3onacHocmu. banaHc
0meemcmeeHHOCMU 3@ NPUYUHEHH I
8ped.



12

HAYYHAA CTATbA
Y[IK 656.2:665.73:621.43:504
DOI: https://doi.org/10.30932/1992-3252-2022-20-4-10

Mup tpaHcnopra. 2022. T. 20. Ne 4 (101). C. 112-116

dHepreTU4ecKoe BRMAHME CTENEHU rMapaTalmm aTaHona
U Ko3aphmumeHTa n3dbITOYHOro Bo3ayxXa (a) Ha MCNONb30BaHUe
cMecen aTaHON-0eH3uHa B ABUraTensX ¢ UCKPOBbLIM 3aXuUraHuem

flpuan PEWEC CYAPEC Banentux BATTABUH

AHHOTALINA

Llens amozo uccrnedosaHus — sHep2emu4ecku oyeHums
enusHue cmeneHu eudpamayuu u muna cmecu (6ozamoll
cmecu a = 0,85 u 6edHoli cmecu a = 0,15) Ha ucnonb3osaHue
cmeceli amaHona u beH3uHa 8 0su2amensix ¢ UCKPOBbIM 3axu-
2aHuem. dkcnepumeHmsi npogodunucsk 6 Jlabopamopuu 08u-
2amenel @akynbmema MexXHUYECKUX HayK [(agaHCKo20 azpap-
Hoeo yHugepcumema (YHAX). Wcnonb3yemsbiii dgueamens
modenu JACTO umeem aghchekmusHyto mowHocms 1,2 kBm.
Yacmoma gpaweHuss — 580 06./MuH, 06bém Kamepsl ceopa-
Husi — 34 cv®. [Teped cxueaHuem onpedensnu cmeneHb 2udpa-
mayuu smaxona (80 %; 85 %; 90 %; 95 %). C yuémom enusHus
npoueHma yucmomsl 3maHona u koaghpuyueHma u3bbimoy-
Ho20 8030yXa (a) Npu UCNOb308aHUU 20PHOYUX cMecel bbinu
nposedeHbl aHanu3bI crnedylouux napamMmempos: COOMHOWEHUE
8030yX-monsueo (c,, ) U coomHoweHue monnueo-o3dyx (c, );
8HyMpeHHsA aHepaus npodykmos czopaHus (U,); konuyecmeo
monel UCXo0HbIX sewecms 8 cmecu 01151 6eH3UHOoBbIX 08u2a-

Apuan Peiiec Cyapect,
Banenmun Huxonaesuu Banaoun?

! [asanckuil azpapuwiil ynueepcumem, Maisibexe,
Ky6a.

2 Poccutickuil ynusepcumem mpancnopma, Mocksa,
Poccus.

>4t yarianrs@gmail.com.

04 2 vbbn2347@gmail.com.

menel (M,) u konuyecmeo mosneli nNpodyKmoe npu caopaHuu
(M,).

Ha ocHoge 8bInonHeHHbIX 3KchepuMeHmarnbHbIX pabom
U 3HEepeemuyecko2o aHanu3a npoyecca c2opaHusi NoKasaHo,
uymo 8 cmecu beH3uHa E-10-EH-80 % codepxanocs 6onbliee
coomHoweHue 8o3dyxa u monnuga, yem Heobxodumo 0ns do-
CMUXeHUs caopaHusi. dmo coomHoweHue docmueaem 11,781 ke
(8030yxa)/ke (monnuga) dna a = 0,85 u 15,309 ke (8030yxa)/ke
(monnuea) dns a = 1,15. Omo cesizaHO ¢ mem, Ymo KOMNOHEHMb!
C N0o8bIWeEHHbIM codepxaHuem 8razu 06e0HAM CMech U 2apaH-
mupytom ny4quiee czopaHue. [Tpu amom 6ozamble cMecu (a =
0,85) okasanucb Haubonee 3HepP203IPPEKMUBHbI N0 NPUYUHE
Y8eMUYEeHUs OKMaH08020 YUC/Ta U COOMBEMCMBEHHO Yy WeHus
aHmuOeMOHayUOHHbIX cnocobHocmell ucnosb3yemoll monnus-
Holl cmecu. OOHaKo, ¢ Opy2oli CMOPOHbI, BOIMOXHO CHUXEHUE
JHepaemuyeckol 3¢hchekmugHOCMU Npu Nosi8eHuUU 0emoHayu-
OHHbIX NPOLECCO8.

Kntoyesble cnosa: mparHcnopm, yeneeodopod, monnueo, 6eH3UH, CMeChk, 3maHor, 3Hepausi, 0gueamerb, 86030y, a3, 2udpamayus,

CeopaHue, 3K0oaus.

Lns yumuposarus: Petiec Cyapec 5., banabur B. H. SHepaemuyeckoe gnusHue cmeneHu eudpamayuu 3maHona u koaghghuyuerma
u36bIMoYHO20 8030yXa (a) Ha Ucnomnb3osaHuUe cMecell smaHon-6eH3uHa 8 dsueamensix ¢ UCKPO8bIM 3axuaaHuem // Mup mpaxcnopma.
2022. T. 20. Ne 4 (101). C. 112-116. DOI: https:/doi.org/10.30932/1992-3252-2022-20-4-10.

[MornHe 1l mekcm cmamb U, UsHa4a/bHO npedcmasieHHb il Ha aHenulickoM 3bIke, ny6/IuKyemcst 80 émopoll Yacmu daHHO20 8binycKa.
The full text of the article originally written in English is published in the second part of the issue.



BBEOEHUE

OO0 yrpo3e NCTOIIEHUS HCKOITAEMBIX YIJIEBO-
JIOPOAOB yke Ooliee UEeTHIPEX NECATUICTUH
TPy NIPEKIAfOT YIEHBIE ¥ Pa3INIHbIC MUPOBBIC
opranuzaiyu. OHU yTBEP)KAAIOT, YTO «HEPTIHON
MHAK» SIBISETCS HEM30EKHOW PeanbHOCTHIO,
U TIPOTHO3UPYIOT €0 Ha pasHble naTel. Ho Bax-
HO TO, YTO HUKTO HE COMHEBAETCS, UYTO ITO
MPOU3OUIET U NPUBEIET K CEPHE3HBIM MOCIEN-
CTBUSIM JJI1 MUPOBOM 9KOHOMUKH [1].

[TocTeneHHoe HCTOIIEHNE 3aTIaCOB HICKOTIae-
MOTO TOTIIIMBA, HEOIIPEACIEHHOCTD IIEeH Ha HETO,
a TaKXKe yXY/IIEHHUE COCTOSHUS OKpY’KaroleH
Cpezibl 3aCTaBIIAET YEJIOBEUECTBO CEPhE3HO 3a-
JyMaTbcsl HaJ dHEPTreTHYECKOW MpodieMon
Y UCKATh aJIbTepHAaTUBHbIEC UCTOYHUKU. [10 aTOM
MpUYMHE B HACTOsIIEe BpeMs HaOmromaercs
0011ast TSHJICHLIUS K ITONCKY ¥ HCIIOJIb30BAaHHIO
BO300HOBIISIEMBIX HCTOYHUKOB SHEPTUH [2].

OnHaKo Takue UCTOYHMKH SHEPTUU — HE
€IMHCTBEHHBIE CpPe MPOUUX JOCTYMHBIX HC-
TOYHHUKOB. B Hacrosimiee BpeMss MHOTHE TPO-
MBIIIJICHHBIC MTPEATIPUATHS TEHEPUPYIOT 00JIb-
10€ KOJIMYECTBO OTXOJOB, KOTOPBIE COAEPIKAT
OILIYTUMBIN TOTEHIUAN JUIS HEPTeTHIECKOTO
ncnonb3oBanus. C moMouipio GU3NUECKUX HITH
XHMHUYECKHUX TPOLECCOB 3TH OTXOABI MOTYT
HCIIONIB30BATHCS [UIsl TIOJyYESHUS] SHEPTUH, 4TO
MO3BOJIIET SKOHOMHUTH HE TOJIBKO MEPBUYHBIC
pecypcbl, HO U 3(h(HEeKTUBHO peIraTh MpoOIeMBl
yhpasiieHust otxogamu [3].

YuuteiBas yrposy, KOTOpYIO MPeACTaBISIOT
HCTOIIEHUE YITIEBOAOPOIOB U N3MEHEHHE KIHU-
Mara, Ha I100aIbHOM ypoBHe ObUTH pa3pabora-
HBI CTAHIAPTHI U METOJIbI, TO3BOJIMBIIHE YD PeK-
THBHO pelIaTh BO3HHUKarommue npoodnemsl. Heko-
TOpBIE COBPEMEHHBIE TEXHOJIOIMUYECKUE pa3pa-
0OTKH yKa3bIBAaIOT HA TEHAEHILIUIO K COKPAIIICHHIO
MOTpeOIeHNsT UCKOTIAaeMbIX YTJIEBOJOPOIOB,
MOCTENEHHOMY TNEepexXoAy K HCIOJIb30BAHUIO
aJbTEPHATUBHBIX BHUJIOB TOIUINBA, TAKHX Kak,
Hanpumep, OHOTOIUIHBO [4].

Ilepexon Ha cMeIIaHHOE TOTUIUBO MTO3BOJISIET
YIy4IINTh TSATOBBIE CBOWCTBA TPAHCIIOPTA, I10-
BBICUTB NTPOU3BOUTEIBHOCTh, CHU3UTh PACXO]
TOIIMBA U YMEHBIINTh KOJIWYECTBO BPEIHBIX
BEIOpOCOB [5—9]. [Ipu aTOM Goratkie cMmecH (o =
0,85) okazanuch Hanbosee FHEProdGHEeKTHBHBI
110 IPUYNHE YBEIWYCHHUS OKTAHOBOTO UYHCIA
U COOTBETCTBEHHO YIIyUIIEHUS! aHTHIETOHALIU-
OHHBIX CHOCOOHOCTEH HCIOJIb3yeMOH TOILIUB-
HOU cMecH. OTHAKO, C IPYTOI CTOPOHBL, BOSMOX-
HO CHWDKCHHE DHEPreTHUCCKOH 3(h(PeKTHBHOCTH

VIV | j N©O

[IPU TOSIBJICHUHU JICTOHAI[MOHHBIX MPOIIECCOB
[10].

C y4é€TOM BBIIIEU3II0KEHHOTO B paboTe npu-
BCJICHBI PE3YJIbTaThl TCPMOTUHAMHYCCKUX UCCIIe-
JIOBaHU MCTIONIb30BaHus cMecelt 6ersuna u 10 %
ATaHOJIA B IBUTATEIISIX C UCKPOBBIM 3)KUTAHUEM.

METOOMKA UCCNEOOBAHUM
1. TeopeTnyeckune 0CHOBBI NpoIecca
cropaHusi

J1u1st aHaIIM3a TEOPETUUECKMX OCHOB TTpoLiecca
cropanwsi ObUIO PaCCMOTPEHO HECKOJIBLKO paboT Ha
oty Temy [11, c. 8-69; 12, c. 8-20; 13, c. 13-42;
14, c. 43-58; 15], B KOTOPBIX YCTaHOBJICHO:

1. TeopeTnyeckoe KOJIMYECTBO BO3JyXa,
HEOOX0MMOE JUIs OKMCIEHUs Toruea (L),
OIIPEIEIISIETCS U3 BBIPAKEHHUS:

1 (C H O

Lozﬁ(ﬁ+7+3—;j, (1)

[Tpu aTOM CpeHsist 10151 COJIepIKaHMsT XUMHU-
YECKHX AJIEMEHTOB B COCTABE MOXKET COCTaBIISITh
nist 6ensunoB: yriepon — C = 0,85; Bogo-
pon — H = 0,15; xucnopon — O, = 0.

2. MonsipHast Macca cMecH JIisi 0EH3MHOBBIX
nsurarenei (M, ):
M=a I+ )

e

e [, — MONIEKYJISpHas Macca TOIUIHBA, U
GensuroB p = 110...120 Kr/kMOIB;

a — ko3 dureHT N30BITKa BO3IyXa.

3. KonuuecTBO MOJ€e NPOAYKTOB HpHU Cro-
panun (M,):

C H
Ecmma<1 MZ=E+7+O,79-OL-LO, (3)
EcnﬂazlA/éZ=§{M2)a=1=1+j, 4)
e (Mz)a:1=ﬁ+?+0,79-L0_ (5)

4. Heobxommmoe kommdecTBO Bozayxa (J)
OTIPEETISIETCS N3 BBIPAKCHHS:
J=(0—1)L, (6)
5. Teopernyeckuit k03(pPHUIHEHT MOTEKY-
JISIPHOI Bapuanuy ONpeersieTCs U3:
My =M,/M,. @)
6. ®akTudecKkuil KOAPPHUIUEHT MOJCKYIISP-
Hoi Bapuaryu () onpenensercs u3:
B:MZJer:M2+M1°cs,=110+6,. (8)
M +M, M+(Q1+c,) 1l+o,

3HaueHue B koiediaeTcs s OCH3MHOBBIX
neurareneit B npenenax — 3 = 1,02...1,12, mus
nu3enbHbIX aeurareneii — = 1,01...1,06.

Huxnss terora cropanus (H ) Tonnusa
COCTaBIISAET JUls OEH3MHOBBIX JiBUraTenei — H =
44000 x/lx/kr; pns ausenbHbIx — H =

13



[BbIMOTHEHO aBTOpaMH|

Taéauna 1

CooTHoUIEHHS «BO3AYX—TOIVIMBO» (€ ) U «TOMIMBO—BO3IYX» (C )

Cmecu

a=0,85

oa=1,15

@©
W
KT BO3IYX/KI' TOILTHBO

/B
KT TOIUTUBO/KT BO3IYX

@
W
KI' BO3YX/KI' TOILUTHBO

C
/8
KT TOTUTUBO/KT BO3OYX

E-10-EH-95 %

11,303

0,088

15,293

0,063

E-10-EH-90 % 11,31 0,088 15,303 0,065
E-10-EH-85 % 11,311 0,088 15,304 0,065
E-10-EH-80 % 11,781 0,085 15,309 0,065

42500 xJIx/xr; a s razoxona (Flex fuel) - H =
26279 xJx/xr.

7. BHYTpeHHsIsI HEPIHsl IPOIYKTOB CTOPAHUS
(U,) onpenensieTcst M3 BHIPAKEHHS:

_ U -c.+U'
L, s, [Uc=0, U] ’ ©
Bl° M(+o,) l+o,

1€ S, — Koo QUIMENT OTpabOTaHHBIX Ta30B. s
OEH3MHOBBIX JBHTATENEH 8, = 0,06...0,12; mns
U3ENILHBIX JBUTaTelIeH 8, = 0,02...0,06;

& — K07 PUIHMEHT UCIIOTH30BAHUS TEIUIA.

B HOMUHATEHOM pEXUME OH COCTABIISICT: IS
OeH3mHOBBIX aBurareneit & = 0,85...0,95; mns
TU3eNbHBIX nBurareneii & = 0,65...0,85;

U, — BHYTpEHHSIA SHEPTUS Ta30B (MOXKET OBITH
B3sTa W3 BO3MyXa) [UIA TEMIEPaTyphl B KOHIIE
cxarust B rpagycax Lemscus (°C);

u" —BHyTpCIjHSI?[ SHEPrust IPOLYKTOB CrOpaHUs
1S KPUTHHYECKOH TEMITEPATYPBI IPOITYKTOB (t ).

2. l'upparauus 3TaHOIA

[laru, KOTOpHIE CIEAYeT YYHUTHIBATH JJIS
MONYUYCHHS PA3IMYHBIX CTEMICHEH THApaTaiiuu
JTaHoJjA:

* U3MEpEHHE C MOMOIIBI0 aTKOTecTepa
CTCICHH THIpATaIlii dTaHONa I dKCIEpH-
MEHTA;

ViW| d| [ (NS
CVC [dPE al >AJIdONHID JHE

[HNEM

* YBEIMUYCHHUE CTENICHH MH/IpaTallii TaHOa
JI0 JKeTaeMbIX 3HAUCHUU MyTEéM J00aBICHUs
TUCTHAJUTAPOBAHHON BOJIBI (HZO) 0e3 mpumeceii.

PE3YNbTATbI
1. DKkcnepuMeHTAIbHbIE HCCIEI0BAHUS
DKCIepuMEHTHI POBOIITHCE B Jlaboparo-
pun nBurateneid PakyiapTeTa TEXHHYECKUX
Hayk ['aBaHCKOTO arpapHOTO YHHUBEPCHUTETa
(YHAX). Ucnions30Bancs OTHOIUITHHAPOBEII
nsurarens mojenad JACTO. Ananus npouecca
cropaHust Ha ocHoBe cMmecell 10 % »TaHONa
u oObraHOTO OeH3uHa kKaTeropun B-85 (E-10).
[lepen coxuranueM OMPEICISITH CTETICHD THT-
patanuu stanona (80 %; 85 %; 90 %; 95 %)
W TUII cMemuBaHus (6oraras cmech o = 0,85
u 6ennas cmech o = 0,15). Vcmomp3yeMbrit
JIBHUTATENb UMeeT I(H(PEKTHBHYIO MOIIHOCTH
1,2 xBt. YacTtora Bpamenus — 580 Mmuu?, 065-
&M KaMepbl cropanus — 34 cm®,
W3Hav9anpHEI POIIEHT YHCTOTHI 3TAHOIA
(EH), mcmonp3yeMoro B 3KCIEPHUMEHTAX,
cocrtasnsin 97 %. W3 Hero monydanu 3TaHON
95 %, 90 %, 85 % u 80 %. C sTumMu npoueH-
TaMH YHCTOTHI BRITOJTHSINCH 3aIJIaHUPOBAH-
HBIC UCCIECIOBAHUEM JKCIECPHUMEHTHl IO
CKUTAHUIO CMECH.

o [H



Taoauma 2

Buyrpennssi sueprust npoaykros cropanus (U).
KosinyecTBO MOJI€H HCXOAHBIX BEIIECTB B CMECH /Uit OEH3MHOBBIX ABHUraresei (M)
U KOJIMYECTBO MOJiel npoayKTos cropanusi (M,) npu 0. = 0,85 u B o0 = 1,15
[BBIMOTHEHO aBTOpamu]

Cwmecn a=0,85
M,, Kr/kmoih M,, kr/kmoib m, § U, k/lx/xmonb

E-10-EH-95 % 28,632 26,113 0,912 0,616 27749,510
E-10-EH-90 % 28,432 25,873 0,91 0,614 28202,971
E-10-EH-85 % 28,230 25,661 0,909 0,612 28664,544
E-10-EH-80 % 28,027 25,420 0,907 0,609 29134,443
oa=1,15

E-10-EH-95 % 21,474 19,606 0,913 0,633 26852,127
E-10-EH-90 % 21,242 19,288 0,908 0,631 27294,547
E-10-EH-85 % 21,009 19,013 0,905 0,629 27744,519
E-10-EH-80 % 20,773 18,779 0,904 0,627 28202,227

2. TepMoaMHaAMMYeCcKMil aHAJIN3
Pe3yJIbTATOB KCNEPUMEHTATbHBIX
HCCIeTOBAHUI Mpoiecca CropaHus

[IpuHIMas Bo BHUMaHHE MaTepHAIIBI U Me-
TOZBI, M3JI0KCHHBIC BHIIE, BIFMSTHAC TPOIICHTA
YHCTOTHI ATAHOJA U KO PHUIIUEHT U30BITOYHOTO
BO3/yXa, IIPH UCIIOIF30BAHUN TOPIOYIX CMecei
TIPOBOJIIJICS aHAJH3 CICIYIOIINX MapaMeTPOB:
COOTHOMIEHHE «BO3TyX—TOTUIMBO» (C,, ) ¥ COOT-
HOIIEHHE «TOTUTMBO—BO3TyX» (C,, ); BHYTPEHHSAS
SHEPTHs MPOAyKTOB cropanus (U ); KOMMIECTBO
MOJICH BEIECTB B UCXOIHON CMeCH ISl OCH3H-
HOBBIX JBHTatenei (M) u KoIu4ecTBO MoneH
HpOYKTOB cropanus (M,).

B cirygae cOOTHOMICHHUS «BO3TyX—TOTLITHBOY
(c,,) ¥ «TOTIHBO-BO3yX» (C ) COOTBETCTBYIO-
e KOd(QQHUIUEHTH MPEICTABISIIOT CO00H OT-
HOIIICHHE MACCHI TOTUTHBA WA BO3yXa, KOTOPBIC
MIPUCYTCTBYIOT B CMECH, K Macce BO3IyXa HIIH
TOIITMBA BO BpeMs cropaHus. bombmmoe xomwm-
YECTBO BO3/yXa C HEOONBITUM KOJIHYECTBOM
TOIITMBA CTAHOBSATCS IPUIHHON OBICTPOTO CTO-
paHUs IPU BBICOKOW TeMIIEpaType, B TO BpeMs
KaK, Ha00OPOT, TP OOIBIIIOM KOJHUYESCTBE TOTI-
JUBA CMECh CropaeT MEIJICHHO W IMpHU Oolee
HU3KUX TemriepaTypax. COOTHOIIICHUE «BO3IYX—
TOITHBO» MeHee 14,7 o3HadaeT OoraTyro CMech,
a cootHomeHne Oonee 14,7 — 00eqHEHHYIO
cmech. KoaddummeHnt m30bITKa BO3MyXa ompe-
nenén paBubM o = 0,85 u o = 1,15, cooTser-
CTBEHHO, 151 cMecu 10 % sTaHosna ¢ npoLeHToM
grcToTh 95 % u 6enzuna (E-10-EH-95 %), 10 %
ATaHOJA C POIIeHTOM YHCTOTH 90 % 1 OeH3nHA
(E-10-EH-90 %), 10 % sTaHONa C MPOIICHTOM-

VIA] A H | A =

gncToThl 85 % n 6ensuna (E-10-EH-85 %), 10 %
ATaHoJa ¢ MPoIeHTOM YUCTOTHI 80 % 1 OeH3nHa
(E-10-EH-80 %) (Tabm. 1).

B coorBeTcTBHY ¢ 1aHHBIME Ta0II. 1, B yKa-
3aHHOU BbIIe cMecu E-10-EH-80 % cooTHo-
IIEHUE BO3IyXa U TOIUIMBA OO0JIbIIIEe HEOOXOIH-
MOTO JUIsl BOCIUIAMEHEHHSI CMECH, OHO JIOCTH-
raet 11,781 kr (Bo3myxa)/Kr (TOILIMBA) IJIs O =
0,85 u 15,309 kr (Bo3myxa)/kr (TOIUINBA) IS
o= 1,15. DTo MPOUCXOAUT MOTOMY, YTO CMECH
COJICP KUT OOJIBIIIE BJIATH U U3-3 TOTO, YTO B €€
COCTaBe MPHUCYTCTBYET OOJIbIIE aTOMOB KHCIIO-
pona. ITo TO, 4TO OOEIHIET CMeCh B obecte-
YHBaeT JIy4lliee KadyecTBO cropanusi. B To Bpemst
npu o = 0,85 COOTHOIIEHHE TOIUINBO/BO3AYX
Goubie, yuem st o = 0,15, Tak Kak Macca BO3-
JlyXa yMEHBIIIAETCS.

B cBoro ouepens, 1o hopmyiie (9) onpemens-
JI BHY TPEHHIOI0 SHEPTUIO MPOJIYKTOB CrOPAHUSI
JUIISL KaK/10M U3 MpOaHaIM3UPOBAHHBIX CMECEH,
MpPECTaBICHHBIX B Ta0I. 2.

AHanu3 1mokasal, 4ToO MPH HUCIOJIb30BAHUU
cmecu E-10-EH-80 % kak B o0oramiéHHbIX, TaK
1 B 00eJHEHHBIX CMECSIX, MOIydaeTcsi Ooblie
BHYTPEHHEH YHEPrUH, 4YeM IPH JPYTUX yCIOBH-
sx. 3Hauenne gocturaet 29134,443 k] x/KxMob
s GoraTeix cMecei u 28202,227 kJ[K/KMOIb
Juisi OCIHBIX CMeCeH, 4TO MPUBOAUT K MaKCH-
MaJlbHOI pa3HHIIE C APYTUMH OOraThIMH CMECs-
mu (B 1384,934 kJI»x/KMOJIb OTHOCHUTEIBHO
cmecu E-10-EH-95 %) u GenHbIMEH cMeCsSMH
(8 1350,1 &JI>x/KMOJIb OTHOCHUTEIIBHO CMECH
E-10-EH-95 %). VYBenuueHue »HEpruu MOKET
OBITH 00YCJIOBJICHO YBEIHUYCHHEM COICPIKAHUS
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BOZIOPO/Ia U KHCJIOPOAA B CMECH 3a CUET j100aB-
JICHUA K 9TaHOJTY BOJIbI.

bojiee BBICOKYIO BHYTPEHHIOIO YHEPTHUIO
JIatoT 6orarble CMECH.

[ToxBost UTOT, MO>KHO CKa3aTh, 4TO HAUOOITb-
11€€ 3HAUCHUE BHYTPEHHEH YHEPIUU IPOLYKThI
CropaHus JOCTUTAIOT IPU UCIIOJIB30BaHUU CME-
cu E-10-EH-80 % nnst 6orareix cMmeceit (o =
0,85). 310 00yCIOBIEHO MOBBIIEHUEM OKTAHO-
BOI'O YHCJIA MCIIOJIb3yeMOW TOIJIMBHOW CMECH,
YTO B IIEJIOM YJIy4YIlaeT KaueCTBO CrOPaHMS.
Crenyer OTMETUTD, 4TO ATO HE O3HAYAET, YTO MO
MeEpe YBEIMYCHUS I'MApaTaluy 3TaHoJla YBEIu-
YMBACTCS BHYTPEHHSS DHEPTHUS.

3AKINKOYEHUE

1. s cmecu E-10-EH-80 % xapakrepHO
OoJibllIee COOTHOLICHNE BO3/yXa U TOIUIMBA JUIsl
JIOCTUIKEHUSI CTOPaHUsI, KOTOPOE JAOCTHTaeT
11,781 kr (Bo3myxa)/kr (torusa) maist o = 0,85
u 15,309 kr (Bo3ayxa)/kr (Torwusa) st o.=1,15.
CMech € MOBBIIICHHBIM YBJIQ)KHEHUEM rapaHTH-
pyer Jiydiliee Ka4ecTBO CrOPaHHUsL.

2. B 6orareix cmecsix (o = 0,85) cootHole-
HHUE TOILTUBO/BO3IYX OOJIBIIC, YeM B OCTHBIX
cmecsax (o = 0,15), moToMy 4TO KOJTMYECTBO
M0/1aBaEMOT0 BO3/1yXa YMEHBIIACTCS.

3. Cmech E-10-EH-80 % st Ooratbix cme-
ceit (o0 = 0,85) okazanach Hauboiee sHepProddh-
(heKTHBHOM, YTO CBSI3aHO C yBEIMYCHUEM OKTa-
HOBOTO YHCJIa U MOBBIILICHUEM aHTHACTOHALH-
OHHOMW CHOCOOHOCTH TIPU OOILEM YIyYICHUN
KayecTBa CrOpaHusl.
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AHHOTALIUA

B ycrnosusix KOpeHH020 U3MEHeHUs NPUHYUNUabHbIX N09X0008 K NOCMPOEHUI0
cucmembl opaaHu3ayuu AOPOXHO20 GBUKEHUS, MPadUULOHHO OCHOBAHHOL Ha ycma-
Hog/1eHUU 0653aHHOCMU 800Umers 06ecneyusams NOCMOSHHbIL KOHMPOITb 3a A0POX-
Holi 06cmaHo8Koli U, COOMBEeMCMBEHHO, NPEe3tMUPO8aHUL 820 OMBemCcmaeHHoOCMU
3a 8ped, NPUYUHEHHBIL UCMOYHUKOM NOBbILIEHHOL onacHocmu, npobiema npasogozo
pe2ynuposaHus NPUMEHeHUs! 8bICOKOa8MOMamU3UPOBaHHBIX MPaHCNOPMHbIX cpedcme,
OCHaUWEHHbIX a8MoMamu3LUposaHHoli cucmemoll 8ox0eHUS, He npedycmampusarouel
ydacmusi odumens 8 OUHaMUYECKOM ynpas/ieHuu asmomobusiem, cmaHosumces He
MObKO akmyarnbHoU 8 MeopemuyeckoM, HO U 0c060 3HaYUMOU 8 NpakmUYecKoM ac-
nekmax.

Llensmu eedyuje20cs agmopamu KOMNIEKCHO20 UCCIEA08aHUS CMaru 8bIFBreHUS
U 8u3yanu3auus Kryesbix 2pynn npobiem npasosozo 06ecneyeHus UCNOb308aHUs
asmomobuneli ¢ asmomamu3uposaHHol cucmemoli 80XAeHusl, hopMynupogaHue
npednoxeHull No UX PEWEHUI0 8 paMKkax nocredyloue2o CUCMEMHO-NPago8oeo Uccre-
dosaHus. B daHHoll nybnukayuu npusedeHs! pesynbmamb| PaCCMOMPEHUs Nepso2o
6710Kka 0603HaYEHHbIX 80NPOCOB.

C ucnonb3o08aHueM MemOOUK CUCMEMHO-NPagosozo nodxoda, (hopManbHo-
1102U4ECK020 U (hopMarbHo-00eMamuyeckoz0 aHausa asmopamu onpedeneHb! Hau-
Goree npobeMHb1e 80NPOCh e2an3ayuL MepMUHOI02UU, UCNOMb3yemoll 8 noaumus-
HOM Npase U HayuHbIX UCMOYHUKaX. B yacmHocmu, npednoxeHbl 6apuaHmb| 8bIA6/IEHUS
CYWHOCMHbIX NP Ipo8aHHbIX agmomoburell 8 uHmepecax
nocnedylouje2o 3akoHodameibHo20 onpedeneHust moeo, kakue asmomobunu O0mKHb!

08 8bICOKOaBMC

6bIMb 0 p , Kakol npoepaMmHo-annapamHsI
KOMN/IeKC MoXem cUMambCsi a8moMamu3uposarHoll CUCMeMol 80KAeHUS U m.n.

IMo pesynsmamam pewerusi Hay4Holl 3adayu, cocmosuel 8 onpedeneHuu Ha-
UL 33KOHOC cmea, pezynupyrouwe2o mpebosaHus k bezonac-
HOCMU mpaHcnopmHsIx cpedcme u npouedypy ux donycka K Skcnilyamayuu k nompeb-
HOCMAM WUPOKO20 8HEAPEHUS! 8bICOKOaBMOMamu3uposaHHbIx asmomoburel, asmo-
pamu cdenaH ebigod, ymo OaHHas paboma Moxem eecmuch 8 08yX HanpaeneHusx
00HOBPEMEHHO: N0 pa3pabomke 8epXHEYPOBHEBbIX, CYUHOCMHbIX mpebosaHuil
Kk 6e3onacHocmu U no ebipabomke MOYEYHbIX, Cy2y60 MeXHUYeCKux mpebosaHuli
Kk a8moMamu3uposaHHbIM CUCMeMam 80XOEHUS, @ makxe no paspabomke Memodorno-
2UU UX ucnbimarud.

B pamkax ocyuw,ecmesieHusi makcoHOMUYECKO20 aHanu3a, OCyUecmenéHHo20
asmopamu 8 uensix onpedernieHust Kpyea npag u 06s3aHHoCmel y4acmHuKos uccnedye-
MbIX OMHowWeHull npednazaemcsi 0cob0 8b10enums npobremy pasepaHudeHus cumya-
yutl, 8 KOMOPbIX 80OUMENTI0 HEOGXOUMO NPUHUMAMB aKMUBHOE yyacmue 8 ynpaeneHuu
asmomoburiem, om cumyayut, 8 KOMopbIX 0m He20 He MpPebyemcs akmuBHO20 8oere-
YeHUs 8 3Mom npoyecc.

Mpu paccmomy 1 80NPOCO8 C HHOCMU 3a 8ped, Np EHHbIU ae-
momoGurnem ¢ agmomamu3uposarHol cucmemoll 8oxJeHus, denaemcs akueHm Ha
HeobxoduMocmb peueHus  npobeMb| 6anarca omeemcmeeHHoCMU é1adenbya asmo-
MoBUMIA U U320MOosUMeNs, YeMy MOXem cnocobcmeosamsb npumeHerue memodos
KoMNapamugHO-NPagogo20 aHamu3a.

1 K 8bICOKOABMC

np 1l ac

Knroyesble crioga: GecnunomHbIli a8momoburis, 8bICOK0a8MOMamu3uposaHHoe mpaHCNopmHoe cpedcmeo, Npasosoe obecneyeHue, cucmema nomousu 8o0Umerto, asmo-

Mamu3auposaHHas 80XAeHUS, aBM(

)8aHHOE 80XKAEHUE, aBMOHOMHOE BOXOEHUE.

QunHaricosas noddepxka: Mccnedosarue 8bInoHeHo npu huHarcogol noddepxke Pocculickozo Hay4HO20 (hoHOa 8 pamkax Hay4Hoeo npoekma Ne 22-28-20334 «[Tpagosbie
cpedcmea obecneyeHus beaonacHocmu ucnonb308aHus becnunomHbix asmomobuneli 8 mezanonuce, https://rscf.ru/project/22-28-20334/.

[ina uumuposaHus: 3emnun A. M., Mameeesa M. A., l'oy E. B., Topwur A. A. [TpobnemHbie 80npoCkI Npagoso2o peeynuposaHus LcnobL308aHus asmomobunel
¢ asmomamu3supogarHol cucmemoli 8oxdeHus // Mup mparcnopma. 2022. T. 20. Ne 4 (101). C. 117-122. DOI: https://doi.org/10.30932/1992-3252-2022-20-4-11.

MonHbIl mekcm cmambu Ha aH2nulicKoM 3bIke ny6nukyemcs 0 mopoll Yacmu 0aHHO20 8bINycKa.
The full text of the article in English is published in the second part of the issue.



BBEOEHUE

TexHONMOTHN OECITUIIOTHOTO BOXKICHUS HAXO-
AT BCE OoJyiee MUPOKOE paclpocTpaHCHHUE
B MHpE 1 TIOJTYJaloT O0Jiee IMPOYHYTO PETyIsToOp-
HYI0 OCHOBY. B 3apy0exHBIX TpaBOMOPSAIKax
HaOIIfOaeTCs aKTUBHBIN TEPEeXoa OT CTaauH
SKCTIEPUMEHTAIBHOTO PETYITHPOBAHNUS («PeTyIIs-
TOPHBIX TIECOYHUI) K CTAIUU OTPAHUICHHOTO
BBEZICHUS BCEOOIIETO PETYINPOBAHHS.

Tak, ¢ 6 utonst 2022 rona B EBponeiickom
Coro3e navan neirictBoBarh Permament (EC)
Esporeiickoro [TapmamenTa u Coseta 2019/2144
0 TpeOOBaHMIX K OE30MTaCHOCTH TPAHCTIOPTHBIX
CpEICTBY, B KOTOPOM CpEIH TPOUYETO BBIIBUTa-
f0Tcs 6a3oBBIe TPeOOBaHMSA K 0€30MaCHOCTH
BBICOKOABTOMATH3UPOBAHHBIX W TMOJHOCTHIO
aBTOMATH3UPOBAHHBIX aBToMoOmIteit (ct. 11). C
1 aBrycra 2022 roma Taxke BCTYIHIO B CHITY
[Tonoxxenue 06 ynpaBIeHIH HHTESIUIEKTYaIbHBI-
MH W TIOAKITIOUEHHBIMI TPAHCTIOPTHBIMHU Cpe/I-
ctBaMH B LIIPHBIKIHBCKOI 0CO00# SKOHOMIYE-
ckoit 30He (KuTaii), B COOTBETCTBHH C KOTOPHIM
BBOIIUTCSI TIOCTOSTHHOE PETYAMPOBAHUE NS BBI-
COKOaBTOMAaTH3WPOBAHHBIX aBTOMOOMIEH C BO-
TUTETIEM 3a PyAEM, a TakKe pa3peracTcs Hc-
TIOJTH30BaHME TIOTHOCTHIO aBTOMATH3UPOBAHHBIX
aBTOMOOMIIEN B CIIEIMAJIBHO OTBEIEHHBIX 30-
Hax?2. 11 mapra 2022 roma HarmonanbsHast aaMu-
HHUCTpAIHs 6€30MTaCHOCTH TOPOKHOTO IBIKCHUS
CIIA niepecmotpena TpedoBanme OeaepaabHBIX
CTaHIapTOB 0E30MaCHOCTH TPAHCIIOPTHBIX
CpencTB 00 00sS3aTEIEHOM TPUCYTCTBUU Py
B KOHCTPYKIIMH aBTOMOOWIIS, TaKUM 00pa3om,
YCTPaHUB KITFOUEBOE PETYIATOPHOE MPETISITCTBHE
JUTS BHEAPEHHSI TIOTHOCTHI0 aBTOHOMHBIX aBTO-
Mobueit®,

Poccuiickas cucrema mpaBoBOIro peryaupo-
BaHUs aBTOMOOMIIEH, OCHAIIEHHBIX aBTOMATHU3H-
POBAaHHBIMU CHCTEMaMM BOXIEHHUsI, BCE elé

! Regulation (EU) 2019/2144 of The European Parliament
and of the Council of 27 November 2019 on type-approval
requirements for motor vehicles and their trailers, and
systems, components and separate technical units intended
for such vehicles, as regards their general safety and the
protection of vehicle occupants and vulnerable road users.
[Daexrponusiii pecypce]: https://eur-lex.europa.eu/legal-
content/EN/LSU/?uri=CELEX%3A32019R2144. Jloctyn
10.08.2022.

2 Shenzhen unveils China’s first regulation on intelligent
connected vehicles. [DnexkTponnslii pecype]: https://www.
globaltimes.cn/page/202207/1269924 .shtml. Joctyn
10.08.2022.

8 The Deputy Administrator of the National Highway Traffic
Safety Administration, Steven S. Cliff. [DnexTpoHHbIH pe-
cypc]: https://www.nhtsa.gov/sites/nhtsa.gov/files/2022—03/
Final-Rule-Occupant-Protection-Amendment-Automated-
Vehicles.pdf. Jloctyn 10.08.2022.

Vin} \ [ NO

HaXOIMUTCS B 3KCIEPUMEHTANBHONW CTaIUHU.
KitroueBbIM HOPMAaTUBHBIM aKTOM, PETYIHPYIO-
MM TECTHUPOBAHUE BBICOKOABTOMATH3MPOBAH-
HBIX aBTOMOOMUJICH, SBISIETCS MOCTAaHOBJICHHE
[IpaButensctBa P® ot 09.03.2022 . Ne 309
«O0 yCcTaHOBJIEHHU IKCIIEPUMEHTAJIBHOTO TIpa-
BOBOTO pexuMa B cepe Hu(ppOBbIX HHHOBAIMIA
U yTBep:kIeHUH [IporpaMMBbl 3KCIIEpUMEHTAITb-
HOTO IPaBOBOTO pexxuMma B cdepe 1udpoBbIx
MHHOBAIIMH 110 AKCILTyaTallui BEICOKOABTOMATH-
3UPOBAaHHBIX TPAHCHIOPTHBIX CPENCTBY. B cooT-
BETCTBUM C YKa3aHHBIM IOCTAaHOBJICHHEM Ha
TeppuTopun I. Mocksbl, I. IHHONIONHMC 1 (ene-
panbHOit TeppuTopun «CHpryc» Obl yCTaHOB-
JIEH SKCIIEPUMEHTAJIbHBINA IPAaBOBOM PEXUM I10
SKCIUTyaTallld BBICOKOABTOMATHU3UPOBAHHBIX
TPAHCIIOPTHBIX CPEJCTB, B paMKaX KOTOPOTO
JIOITyCKAETCs] OrpaHMYCHHAs IKCIIITyaTallusl BbI-
COKOABTOMATHU3NPOBAHHBIX U MOJHOCTHIO aBTO-
MaTH3HPOBaHHBIX ABTOMOOHIICH.

Crnemyer OTMETHUTb, UTO MEPEXO/ OT JKCIIe-
PHMEHTAJILHOTO KO BCEOOILEMY PErYIMPOBAHHIO
TpeOyeT peleHH s LEeJIOTo Psijia HOBBIX POOIeM
MPaBOBOTO XapaKTepa, pelIeHne KOTOPhIX HEBO3-
MOXXHO 0€3 TEeOPETHYECKOTO OCMBICICHHUSI.
K neHTpanbHbIM TeMaM POCCHMCKHUX MPaBOBBIX
UCCIICIOBAaHUH, OIMYOIMKOBAHHBIX Ha TEKYLIUH
MOMEHT, MO)KHO OTHECTH IpoOieMaTuky obec-
neyeHus: 6e30MacHOCTH IKCIUTyaTallul TPaHC-
HOPTHBIX cpeacTB [ 1-3] u npobnemaruky oTBeT-
CTBEHHOCTH 3a BpEJl, IPUYMHEHHBII BICOKOAB-
TOMATHU3UPOBAHHBIM aBTOMOOHIIEM [4—6].

BHumaHue K MpaBOBOMY pPEryIHpPOBAHUIO
NPHUMEHEHHUSI BBICOKOABTOMAaTH3HUPOBAHHBIX
TPAHCIOPTHBIX CPECTB CYIIECTBEHHO BO3POCIIO
B IIEPHOJl PACIPOCTPAHEHHS KOPOHABUPYCHOM
UH(EKIUH, TTOCKOJIbKY IIPUMEHEHUE OeCITHIIOT-
HBIX CPE/ICTB MO3BOJISUI0 MUHUMU3HUPOBATh TaK
Ha3bIBaEMOE «IIEPEKPECTHOE 3apakeHne», obec-
MEYUBAJIO TOCTaBKY MEAUKAMEHTOB, IPOYKTOB
MUTAHUSA U IPOYETO B PaifOHBI C BBICOKUM YPOB-
HEM pucKa 3apaxenus [7-9].

Bwmecre ¢ Tem, B 0TeueCTBEHHOU 1UTEpaType
OTCYTCTBYET, 3@ PEJKUM HCKIIOYCHHEM, CHCTe-
MaTHYECKOe ONMUCAaHUE MPABOBBIX MpobIeM,
KOTOPBIE BOSHUKAIOT B CBSI3H C HCIIOJIb30BaHUEM
aBTOMOOWJICH ¢ aBTOMAaTH3UPOBaHHOM CHCTEMO
BoxaeHus [10]. B nenom peus unér B onpene-
JIEHHOM CMBICIIE U O pa3paboTKe 3aKOHOIaTelIb-
HOM HOBEJIJIBI, YTO, OJJHAKO, MPUMEHUTEIHHO
K IpyT'HM IIpo0JieMaM IPaBoBOT'O PEryIMPOBAHMS
TpaHCcropTa, ObLIO XapakTepHO W JJIsl IPYTUX
9TaNoB Pa3BUTHSA TPAHCIOPTHOTO 0Opa30BaHUS
u Hayku [11-13].



B cBs13u ¢ 3TUM aBTOPEHI CTaBAT CBOEH yenbio
JIaTh 0030p KITFOUCBBIX [TPOOIIEM, CTOSIIUX TIEPET
3aKOHOJATEeJIeM, Ha MYTH K (HOopMUPOBaHHIO
MOJIHOLIEHHOT'O NPAaBOBOIO PEryIUPOBAHUS UC-
TMOJTb30BAHMUS aBTOMOOHJICH C aBTOMATH3UPOBAH-
HOM CUCTEMOI BOXKICHMSI.

PE3YIbTATbI
IIpo6seMHBIe BONPOCHI JerajJu3annu
NMOHSATHIA M TEPMUHOB

K onHol 13 cambix 0a30BBIX POOJIEM B Ce-
pe MpaBOBOTO PETYINPOBAHUSA aBTOMOOMUIIEH,
OCHAIIEHHBIX aBTOMAaTU3UPOBAHHOM CUCTEMOM
BOXK/ICHUS, MOXKHO OTHECTH NPOOJIEMBI TePMHU-
Hostoruu. [Ipobiema ornpenesaeHus: KIHYeBbIX
MOHATHUH B 110001 Hay4HO!N 00IaCTH HCXOTHAS
npobiema JuIsi Havyaja ucciaenoBanuil [14,
c. 189]. Tak, B Hay4HOI1 TUTEpaType OTCYTCTBYET
KOHCEHCYC KacaTeIbHO IPEAIIOYTUTEIbHON TEp-
MHUHOJIOTUH, KOTOpasi AOJDKHA YHOTPEOISAThCsS
B OTHOIIIEHNHU KaK BCEX aBTOMOOHIIEH, OCHAIIEH-
HBIX aBTOMaTU3UPOBAHHON CUCTEMOM BOXKICHMUSI,
TaK ¥ B OTHOLICHHH aBTOMOOUIICH, aBTOMaTH3H-
pOBaHHAasI CUCTEMa BOXKJCHHS KOTOPBIX MO3BO-
JIsIeT 00eCIeYnTh YIpaBIeHUE aBTOMOOHIIEM TIPH
OTCYTCTBUH BOAUTEIIS B CAJIOHE.

B nacrosiiiee Bpems HU B 3aKOHOZIATEINIbCTBE,
HU B HAyYHOM JINTepaType He BBIpabOTaHO eu-
HOE NMOHMMaHHE OTHOCHUTEJIBHO TOTO, KaKHe
MIPOTPaMMHO-aMNapaTHbIE KOMIICKCHI TOJIKHBI
CUNTAThCS ABTOMATH3MPOBAHHBIMU CHCTEMaMHU
BOXK/ICHUSI, & KaKUe JIOJDKHBI ObITh OTHECEHBI
JIMIIB K CHCTEMaM MOMOIIIN BOIUTENH0 . YKa3aH-
HOE pa3rpaHNYCHHUE UMeeT OOJIBIIIOI MpakTHye-
ckuil cmblIci. Tak, cpenu NpOU3BOLUTENICH Bbl-
COKOaBTOMaTHU3HPOBAHHBIX aBTOMOOMIIEH pacTér
00€CIIOKOCHHOCTb B CBSI3H C TE€M, 4TO TIOTpeOu-
TEJIN U 3aKOHOAATENIM YaCTO MEPEOLICHUBAIOT
BO3MOXKHOCTH HPOJBUHYTHIX CHCTEM TOMOIIH
BOJUTEIO M MPUHUMAIOT UX 32 MOJHOLCHHBIE
ABTOMATH3UPOBAHHBIC CHCTEMBI yIIPABICHHS®.
Kpome Toro, penreHne ykazaHHOTO BOIpoca
OyneT Takke MMETh BaXKHbIC PEryIsiTOpPHBIC
MOCIIEACTBYS JJIsl yCTaHOBJIEHHS AudepeHiu-
POBaHHBIX TPEOOBAHMH K BOJUTEIISIM, TIPOIIECCY
OLIEHKH TEXHUYECKOTO COOTBETCTBHS BHICOKOAB-
TOMaTH3MPOBAHHBIX aBTOMOOWIICH, a TaKkxKe s

* Clarification of the boundaries between ADAS and ADS.
[OnexTponnstit pecypc]: https://unece.org/sites/default/
files/2022—01/GRVA-12—17e.pdf. Joctyn 11.08.2022.

5 AAI seeks to reduce ‘persistent confusion” over levels of
vehicle autonomy. [DnekTpoHHBIH pecypc]: https:/www.
repairerdrivennews.com/2022/03/23/aai-seeks-to-reduce-
persistent-confusion-over-levels-of-vehicle-autonomy/.
Joctyn 11.08.2022.
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YCTaHOBJICHUsI CTaHAapTa BUHOBHOUW OTBET-
CTBEHHOCTH BOJIMTEJICH.

IIpo6seMbl A0mMycKa K IKCIIyaTAlHMH
aBTOMOOMJIEl ¢ AaBTOMATU3UPOBAHHOI
CHCTEMOM BOKICHUS

3HAUYMMBIH IJ1aCT IPOOJICM, HAXOSAIINXCS Ha
CTBIKC TEXHOJIOTHI U TIpaBa, BO3HUKACT B CBSI3U
C HEOOXOJIMMOCTBIO MEPECMOTPa CYIIECTBYIO-
IIMX MOJXOM0B K IMPOBEICHHUIO TPOLEAYPHI J10-
MyCKa K DKCIUTyaTallud BhICOKOABTOMATU3HUPO-
BaHHbBIX aBTOMOOMJICH U OLICHKE UX Oe30IacHO-
ctu. Tak, MO CPaBHEHHUIO C HCIOJIB30BaHUEM
aBTOMOOWJICH, HE OCHAIIIEHHBIX aBTOMATHU3UPO-
BaAaHHOM CHCTEMOU BOXJICHMS, UCIIOJIb30BaHUE
BBICOKOABTOMATHU3UPOBAHHBIX aBTOMOOMIICH
HecET B cebe OoIbIIIee KOJIMYECTBO MOTCHIINAIb-
HBIX PUCKOB, CBS3aHHBIX C pabOTOM aBTOMATH3HU-
POBaHHOU CUCTEMBI BOXKICHUS, KOTOPAs B TEKY-
IIUX YCJIOBHUSX HAUMHACT BBIMOIHITH CaMbIi
IIUPOKHUI CIEKTpP 3a/1a4 M0 JUHAMUYCCKOMY
YIPaBJICHUIO aBTOMOOMIEM. B ¢Bsi3u ¢ 3TUM
CYIIECTBEHHO BO3pAcTaeT MHOI000pa3ue TeCTo-
BBIX CIICHAPHEB, KOTOPBIC TPEOYIOT MPOBEPKHU
B paMKax MPOBEICHHS MPOLEAYPhI OIICHKH CO-
OTBETCTBHSI TPAHCIIOPTHBIX CPEICTB U, B YacT-
HOCTH, TPOBEJCHUSI UCTIBITAHUN TECTOBBIX 00-
pasios®. IIpu 3TOM TpaaUIMOHHBIE BOMPOCHI
JIOMyCKa K YIPaBJICHUIO aBTOMOOMIICM, MEIH-
LIUHCKOTO OCBHJIETEIbCTBOBaHUS [15, c. 103—
105; 16, c. 284], onenku npohecCHOHATBHO
BaXXHBIX KauecTB [17] u mcuxonorudeckoit ro-
TOBHOCTH BOJIUTENICH K MPOPECCHH OCTAIOTCS
B aKTyaJIbHOH moBecTke [18].

[Ipencrapnsiercs, uto 0003HAYCHHAS MPOO-
JiemMa TpeOyeT KOMIUICKCHOTO TIEPECMOTPa HbIHE
JIEHCTBYOIIUX MPOLEAYP MPOBEACHUS OLICHKU
COOTBETCTBHUSI aBTOMOOMIICH 0053aTeNbHBIM
TpeOOBaHHSIM TEXHHYCCKHUX PEIIIAMECHTOB, @ PaB-
HO ¥ CaMUX TPeOOBaHUH, COACPIKAIIIMXCS B TEX-
HUYECKUX pernaMeHTax. PerynsaropHas pabora
B TAHHOM HAIPABJICHUU MOXKET CTPOUTHCS, KaK
MHUHHMYM, TI0 JIByM BEKTOPaM.

C 0HO¥ CTOPOHBI, MOT'YT BEIpabaThIBaThCA
U CHCTEMaTHU3UPOBATHCSI CYIIHOCTHBIE TPeOo-
BaHHsI K 0C30MIaCHOCTH aBTOMOOMIICH C aBTO-
MaTH3UPOBAHHON cucteMoi BoxaeHus. K yka-
3aHHBIM TPEeOOBAHHUSM, B YACTHOCTH, MOKHO
OTHECTH TPeOOBaHMS O CIOCOOHOCTH aBTOMa-

® New Assessment/Test Method for Automated Driving
(NATM) Guidelines for Validating Automated Driving System
(ADS) — amendments to ECE/TRANS/WP.29/2022/58, pp.
1-2. [DnexTporHsIi pecypc]: https://unece.org/sites/default/
files/2022-05/WP.29-187-08e.pdf. Joctym 19.08.2022.
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THU3UPOBAHHON CHCTEMBI BOXKIECHHS CHUTHAIH-
3UpPOBaTh O BHIXOJE U3 CPEJIbl CBOEH IITATHOU
AKCIIITyaTalliyd WM MHBIX 00CTOATEIhCTBAX,
CBUJETEIBCTBYIONIUX O HEOOXOAUMOCTH IS
BOJUTENSI MPUHSTH YIIPaBICHNUE aBTOMOOUIIEM
Ha ce0st, 0 HAJIMYUU CHCTEM MOHHUTOPHHIA
1 GuKcanuu TOPOKHBIX COOBITHI U aKTUBHO-
CTH BOJUTENSA U MHBIX COOBITHH, K CHCTEME
BU3yaJIU3aIlu1 BOCIPHUSITUS JOPOXKHOM 0OcTa-
HOBKH anmapaTHbIM KOMIUIEKCOM aBTOMAaTH3H-
POBaHHOW CHCTEMBI BOXKJICHHS B PEXKUME pe-
aITbHOTO BPEMEHH.

C apyroii CTOpPOHBI, MApAIIEIBHO C ITUM
JIOJKHA BECTHCh paboTa Mo BBIPaOOTKE TOYeU-
HBIX, CyTy00 TEXHHYCCKUX TPEOOBAHHI K aBTO-
MaTH3UPOBAHHBIM CHCTEMaM BOXKICHHS, a TAKKE
o pa3pabOTKe METOJOJIOTHU WX HCIBITAHUMN.
‘VkazaHHast paboTa Cpeu POYero MOKeT BKITIO-
4aTh CHCTEMaTU3AIMI0 TECTOBBIX CIIEHAPHUEB
WCIIONIb30BaHUS aBTOMOOMIICH C aBTOMATH3HPO-
BaHHOM CHCTEMOU BOXJEHHS, YCTAaHOBJICHHUE
TpeOoBaHUH K MpoLeaypaM CUMYJISIIMOHHOTO
TECTUPOBAHUS, TECTUPOBAHUS HA TPEKEe W HA
JIoporax O0IIEro MmoJb30BaHUS.

IIpo6seMsbl onpeaeseHnst KPyra npas
U 00513aHHOCTell YHACTHHUKOB /I0POKHOI0
ABUKEHUS

Bcé bomnbinast apromaru3anyst GyHKIHA BOXK-
JIEHUS TTOPOKJIAET BOMPOC O HEOOXOAMMOCTHU
MepecMoTpa Kpyra rpas 1 00s3aHHOCTEH yJacT-
HHUKOB JOPOKHOTO JIBHKEHUS, B KOTOPOE BOBJIE-
YeHBl aBTOMOOMWIN C aBTOMAaTH3MPOBAHHOM
cuctemMoi BoxkeHus. Hanbosee mpoOaeMHBIM
SIBIISICTCS BOIIPOC O TOM, B KAKOM CTETICHH BOAH-
TEJb aBTOMOOWJIS TOJDKEH COXPAHATh KOHTPOJIb
3a TOPOYKHOW 0OCTaHOBKOW Ha BCEM MYTH Clie-
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JOBAaHUS aBTOMOOIISI, OCHAIIEHHOTO aBTOMATH-
3UPOBAHHOM CUCTEMOMW BOXKJICHHUSI, B 3aBUCUMO-
CTH OT CTETICHH aBTOHOMHOCTH TaKOTO aBTOMO-
oI,

Tak, MOXHO 3aMETHTH, YTO KOHEYHAS I1eJIb
CO3/IaHHsl TEXHOJIOTHH OECHUIOTHOTO BOXKIE-
HHUS COCTOHUT B TOM, YTOOBI AEIETHPOBATH
(YHKIIMY 110 aKTHBHOMY YITPABICHHIO aBTOMO-
OmiieM OT YeJI0BeKa MPOrpaMMHO-aNIapaTHOMY
KOMILIEKCY, TO €CTh, HHBIMH CJIOBaMH, B TOM,
4TOOBI ABTOMATH3UPOBATH PYHKIIMIO BOIUTEJISL.
[Ipu 5TOM Ha TEKyIIeM 3Tale CBOET0 Pa3BUTH
BBICOKOABTOMATHU3UPOBAHHBIE aBTOMOOWIN
MOTYT He o0ecrneunBaTh HEOOXOIUMOTO YPOB-
HS TapaHTHH 0€30MacHOCTH, IPU KOTOPOM
BOAMTEIIO MOKET OBITH TIO3BOJICHO HA PETYJIs-
TOPHOM YPOBHE OTBJIEKAaThCSA OT KOHTPOIS 3a
JIOPOYKHON 00CTAaHOBKOH B TEX CIydasx, KOraa
TPAaHCHOPTHOE CPEACTBO HAXOAUTCS TOJ
yIpaBICHHEM aBTOMAaTH3UPOBAHHON CHCTEMBI
BOXJICHUSI B Mpejesiax cpelbl €€ MTaTHOU
9KCIUTyaTalnH.

Tem He MeHee MOBBIIIIEHNE YPOBHS Oe301ac-
HOCTH BBICOKOABTOMATH3UPOBAHHBIX aBTOMOOH-
JIell ¥ COBEPIIIEHCTBOBAHNE aBTOMATHU3MPOBAH-
HBIX CUCTEM BOKJICHUS TPUOIKAIOT HEOOXOTH-
MOCTB PETYISITOPHOTO Pa3TpaHUUCHHUS CHUTya-
Ui, B KOTOPBIX BOJHUTEII0 HEOOXOAUMO
MIPUHUMATh aKTUBHOE Y4YacTHE B YIIPaBICHUHU
aBTOMOOMIIEM, OT CHTYaIllil, B KOTOPBIX OT HETO
He TpeOyeTcss aKTUBHOTO BOBJICYCHHUS B ATOT
mpouecc’.

" Law Commission, Scottish Law Commission. Automated
vehicles: joint report. Law Commission Report No. 404.
Scottish Law Commission Report No. 258, 26 January 2022,
p- 36. [DaexTponHsIit pecypc]: https://www.scotlawcom.gov.
uk/law-reform/law-reform-projects/joint-projects/automated-
vehicles/. Joctyn 11.08.2022.



IIpoGaeMbl 0TBETCTBEHHOCTH 32 Bpe,
NPUYNHEHHBIA AaBTOMOOHISAMHU
¢ aBTOMATH3MPOBAHHOM CHCTEMOM
BOXKICHUSA

Kak ormeuaercst 0Te4eCTBEHHBIMH U 3apy-
OE)KHBIMM HCCIIECA0BATEISIMH, OJHUM U3 Hanbo-
Jee 3HaYMMBIX BBI30BOB JJIsI 3aKOHOJATENCH
U [IPaBONPUMEHUTEIIEH B BOIPOCAX JIECIUKTHON
OTBETCTBEHHOCTH 3a TIPHYMHEHNE BPEZA BHICO-
KOABTOMATH3MPOBAHHBIMU aBTOMOOMIISIMU SIBJISI-
€TCsl CYIIECTBEHHOE CMEIICHUE KOHTPOJIS 3a
pHCKaMM TPUINHEHUS BPE/ia B CTOPOHY M3TOTO-
BHUTEIsI Takoro aBroMoOmnsi®. Tak, ¢ pa3BuTHEM
TEXHOJIOT Ui OECIMIIOTHOTO BOJK/ICHHUS BO3pacTa-
€T poJb MPUYNHHOCTH, CBSI3aHHOU CO cOOsIMU
B [IPOTrPaMMHO-AIIAPATHOM KOMILIEKCE aBTOMa-
THU3UPOBAHHOW CHCTEMBI BOXK/ICHUS, M TP 3TOM
CHMYAETCSI POJIb YEJIOBEUECKOTO (haKTopa, CBsi-
3aHHOTO C BOJAWTEJIEM aBTOMOOMIsA. B cBsizm
C 3THM 00JIee OCTPO MPOSIBISAIOTCS TPOOIEMBI
TTOWCKA CTIPABETUBOTO U 3 (HEKTHBHOTO OaaH-
ca OTBETCTBEHHOCTH BIAJCibIla aBTOMOOMIIS
1 U3TOTOBUTES], KOTOPBIC MOTPEOYIOT PEIICHHS
CO CTOPOHBI 3aKOHOJATENSI U TIPAaBOTPHMEHHTE-
JIel C MOSIBIICHUEM CITydaeB MPUYNHEHUS Bpea
BBICOKOABTOMAaTHU3HMPOBAHHBIMH aBTOMOOHIISIMU.

ABTOPBI IOJIATAIOT, YTO PEIICHUE TIPOOIEMBI
YCTaHOBJICHHSI MEPBI OTBETCTBEHHOCTH BJIA/IEITh-
11a aBTOMOOWJISL ¥ U3TOTOBUTEIS 38 IPUUUHEHHE
Bpe/ia BHICOKOABTOMATH3MPOBAHHBIMH TpaHC-
TIOPTHBIMU CPEJICTBAMH, PABHO KaK N OCHOBAHUH
MIPUBJICUEHHS] YIaCTHUKOB BO3ZHHMKAIOMINX TIPH
3TOM NPaBOOTHOLIEHUH K yKa3aHHOM OTBET-
CTBEHHOCTH, HaXOAUTCSI B INIOCKOCTH ITOMCKa
BO3MOXKHBIX BAPUAHTOB COUETAHUS Mep ITyOITHy-
HO-TIPAaBOBOH (B IMEpPBYIO0 Ouepenb, — aIMUHU-
CTPaTHBHOM) W YaCTHONPABOBOH (TpaXkIaHCKO-
MIPaBOBOI) OTBETCTBEHHOCTHU. [Ipn 3TOM 0C060
3HAUUMBIM SBJISETCSI BOMPOC YETKOTO U OJHO-
3HAYHOTO YCTAHOBJICHUS] HOPMaMH 3aKOHOJa-
TEJICTBA TPABOBOTO CTAaTyca BCEX KAaTETOPHH
CyOBEKTOB, y4aCTBYIOIINX B IIPOLIECCAX, CBA3AH-
HBIX C UCTIOIb30BAHNUEM aBTOMOOMIIEH C aBTOMa-
TU3UPOBAHHON CUCTEMOM BOXKACHHUS.

BbiBOAbI
B pamkax naHHOH CTaThu aBTOpaMu OBLIH
BBIJIEJICHBI KIIFOUEBBIC TPYTIIIBI TPOOIEM ITPABO-

8 Expert Group on Liability and New Technologies. Liability
for Artificial Intelligence and Other Emerging Digital
Technologies. European Union, 2019. P. 35. [Onexrpon-
HbII pecypc]: https://op.europa.eu/en/publication-detail/-/
publication/lc5e30be-1197—11ea-8c1f-0laa75ed71al/
language-en. Jloctyn 11.08.2022.
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BOT0 00ecreueHns UCIOoIb30BaHMs aBTOMOOU-
JIell ¢ aBTOMaTU3UPOBAHHOM CUCTEMOM BOKIE-
HUS, a TaKke cHOPMyYJIMPOBAHbI HAIIPABICHHUS
UX PEIICHHUS.

1. IIpuMeHHUTETHHO K TIpobIeMaM TEPMUHO-
JIOTUM B KadyecTBe Hambojee oCTpoil MOXKHO
BBLJICJIUTD IIPOOJIEMY OIIPEAEIICHNUS TOr0, KaKH1e
MMEHHO aBTOMOOMJIH JI0JKHBI OBITh OTHECEHBI
K BBICOKOABTOMATH3HPOBAaHHBIM. B cBotO oue-
penb, ykazaHHast mpodiieMa BRITCKACT U3 IPO0-
JIEMBI OTIPECNICHUS TOT0, KaKOi IIPOrpaMMHO-
anmnapaTHBIN KOMIUIEKC MOXKET CUUTAThCS aBTO-
MaTU3UPOBAHHON CUCTEMOH BOKICHUS.

2. ABTOpBI OTMEYAIOT, 4YTO Ui IIUPOKOTO
BHEAPEHHSI BBICOKOABTOMAaTH3UPOBAHHBIX aBTO-
MoOumJIeH Takke HeoOxoauma pabora 1Mo ajaar-
THPOBAHUIO 3aKOHO/IATENIbCTBA, PErYINPYIOIIe-
ro TpeOoBaHus K 0€30MaCHOCTH TPAHCIIOPTHBIX
CPEJICTB U MPOIEeTypy UX JOMyCKa K KCILTya-
tanuu. JlanHasg paboTa MOXKET BECTHUCH B JIByX
HalpaBJICHHUSIX OJIHOBPEMEHHO: 110 pa3padoTke
MPUHIUIIAATIBHBIX, CYITHOCTHBIX TpeOOBaHUI
K 0€30IacHOCTH U MO BBIPAOOTKE TOYCUHBIX,
Cyry00 TeXHU4ECKHX TpeOOBaHMH K aBTOMATH-
3UPOBAHHBIM CHCTEMaM BOXKJCHHSI, @ TAK)KE 110
pa3paboTKe METOI0JIOTUH UX UCIIBITAHHUH.

3. B pamkax aHanu3a npoOieMaTiHKy rnepe-
OompejeNeHUs] Kpyra npaB U 00s3aHHOCTEH
YYaCTHUKOB YKa3aHHBIX MPAaBOOTHOIICHUII aB-
TOPBI BBIJCISAIOT IPOOJIEeMy pa3rpaHUuCHHUS
CUTyalui, B KOTOPBIX BOAUTEIIO0 HEOOXOAUMO
MPUHUMATh aKTUBHOE Y4acTHE B YIPABICHUU
aBTOMOOHUIIEM, OT CUTyal[ui, B KOTOPHIX OT
Hero He TpeOyeTcsi akTHBHOTO BOBJICYCHUS
B 3TOT IpOIlEeCC.

4. B cBoto ouepenn, MpU PacCMOTPEHUHU
BOIPOCOB OTBETCTBEHHOCTH 3a BpEJ, IPUYH-
HEHHBIN aBTOMOOMIIEM C aBTOMATU3UPOBAHHOM
CHUCTEMON BOXKJICHUS, ACTACTCS aKLIEHT Ha He-
00X0MMOCTH pelieHus npobiaemMbl OanaHca
OTBETCTBEHHOCTH BIaJeNblla aBTOMOOUIS
1 U3TOTOBUTEJS.

BrineneHHble U cUCTEMaTH3UPOBAHHBIC
IPOOIIEMBI TPABOBOT'O PETrYJIUPOBAHUS UCIIOIb-
30BaHMsI aBTOMOOMIICH C aBTOMAaTHU3UPOBAHHON
CHCTEMOIl BOXJCHHUS, CACTaHHbIE aBTOPAMU
YMO3aKIIOUEHUs He HOCST abCOIIOTHOTO, 3a-
BEPIIEHHOTO, OKOHYATEJIBHOTO XapakTepa, Of-
HAaKO, OHU MOT'YT CTaTb OCHOBOM JJIs HAy4HOU
JUCcKyccuu. bornee netaau3upoBaHHbIe, HAYYHO
000CHOBaHHbIC M MPAKTHYECKU (YHAUPOBAH-
HBIE BBIBOJIBI, BBIPAYKAIOIIHE ITO3ULINIO aBTOPOB
T10 MOIHSATOH B IAHHOM CTaThe Mpodieme, OyyT
MIPECTaBJICHBI B MOCIEYIONNX TyOIHKaLUIX
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PEOAKLMOHHAS APXUBHAA NYBIUKALIUA
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Mup TpaHcnopra. 2022. T. 20. Ne 4 (101). C. 124-132

K Bonpocy 06 o3gopoBneHun Bo3ayxa
B naccaxupckux BaroHax (1891-1892 rogpl)

Ilpecc-apxue

Jannwvlii mamepuan Kpamko 80Cnpou3s00Um 0CHOBHOE COOEPHCAHUE CIAMbU

A. M. Kpuykoeo 6 acypnane «Kenesnodopooicnoe oenon ¢ 1891 u 1892 zodax.

Cam paxm pacmsamnyswielica Ha HeCKOIbKO HOMePO8 U 8eCbMd 00bEMHOTU Ny OIUKAYUU
noKasvleaen, KaKkoe HUMAaHue ObLI0 YOeIeHO 6 CB0E 8peMs 60NPOCY HUCTOMbL 8030YXd
8 JHCeNE3HOOOPONHCHBIX NACCANCUPCKUX BALOHAX.

B mexcme makcumanbHo coXpanersl OpUSUHATbHAS NYHKIMY YU, TEKCUKA

U COKpaujeHus:, npUHAMsle 8 Mo 6Pems.

Knroyesble crioga: )Keﬂe3HO@OpO)KHbIL7 mpaHcnopm, naccaxupckue eacoHbl, UCMOPUS mpaHcnopma, 3K0/102UA.

«Cyotcoenus npuobpemaiom xapaxmep Heooxo0uMocmiu,
K020a 8videpacam 0BOUHOU KPUMUYECKUL NPoyecc

bl PACCMOTpEJIM BKpATIe HA CTPAHHUIAX
3TOro )KypHasa! H3MCHCHUsI, KAKUM MOXKET
[OJIBEPraThCs BO3JYX B MMAaCCAXKHUPCKUX
BaroHax, U BCJIEJICTBHE KOTOPBIX OH JelaeTcs Oomee
WM MEHee BPEIHBIM ISl TpeObIBaHMs B HEM Tac-
Ca)KUPOB.

JanbHelmast 3agaya, KOTOPYIO MPEACTaBIIsSET-
cAa HCO6XO[[I/IMI>IM PCUINTD, 3aKJIFOUACTCS TPEIKIC
BCEro B TOM, YTOOBI, HACKOJIBKO BO3MOKHO, CTPOTO
OTIpEJIeNINTh, KAKKe IPUMECH B BATOHHOM BO3JyXe

1 Cm. «Kenesuomopoxnoe [leno» 3a 1891 1., NeNe 39-40
u 42-43. — Peo.

UBJIONHCEHUST OCHOBAHULL U CO2NACUSL ONBLINOMY.
I'. JIblouc

U B KaKUX NPOLUCHTHBIX OTHOLICHUAX JOJIKHBI OBITh
IPU3HAHBI BPEJHBIMU JUISL ABIXaHUS [ACCAKHPOB
Kak caMH 1o cele, Tak 1 [OTOMY BIIHSIHHIO, KOTOPOE
OHH OKa3bIBAIOT Ha M3MEHEHHE HOPMAIbHBIX OTHO-
ILICHHUIT 31IeMEHTOB Bo3yxa. Pa3 sTa 3aya4a BeIsic-
HEHa, 0CTABAJIOCh ObI MPOM3BECTH KaueCTBEHHBIN
U KOJIMYECTBEHHBII aHAIN3 JJAHHOTO BarOHHOIO
BO3/lyXa, YTOOBI COCTABUTH 3aKIIFOUCHHE O ero Ka-
gyecTBe. PsJ| TAKMX aHAIN30B U IOCIEIYIOINX
00001eHuil Mor Obl MPUBECTU K YIPOILIEHUIO
1 00JICTYEHHUIO PEelLIeHHs BOIPOca 00 OpeieNIeHuH
KauecTBa BO3/lyXa B MACCAKMPCKUX BAarOHaXx.

[Jns uumupoganus: Kpuukuti A. M. K gonpocy 06 0300posneHuu 8o3dyxa 8 naccaxupckux eazoHax (1891-1892 20dwl) // Mup
mpaxcnopma. 2022. T. 20. Ne 4 (101). C. 124-132. DOI: https://doi.org/10.30932/1992-3252-2022-20-4-12.

bnazodapHocmu: pedakyusi 8bipaxaem npusHamensHoCMb compyOHukam 6ubnuomeku Pocculicko2o yHusepcumema mpaHcnopma

3a nomoub 8 No020moske Mamepuarna.

Tekcm apxueHoli cmambU Ha aH2nulickoM si3bIke ny6aukyemcsi 0 emopoll Yacmu 0aHHO20 8bINycKa.
The full text of the archived article in English is published in the second part of the issue.

VIV [ N[O



Crieyromiasi 3a CUM 3a1a4a Oy/IeT 3aKITI09aThCs
B U3BICKAaHUH CPEICTB U CIIOCOOOB NPHBECTH Ha-
3HAYEHHBIH JJISI ABIXaHUS U HCTIOPYSHHBIN BO3IYX
B TaKO€ COCTOSIHUE, B KOTOPOM OH MOT OBI OBITH
npu3HaH O0e3BpeTHbIM! ..

Oro Te OnMKanIme 3a/1a4u, KOTOPBIE JTOJIKHBI
OBITH MpecienyeMbl NPH PEIICHUH BOIpoca 00
03JI0POBJICHUH BO3/lyXa B MACCAKUPCKUX BarOHaX;
O4YCBUAHO, OHU CYHICCTBCHHO Pa3HATCA OT TCX
CPaBHHUTCJIBHO IMIMPOKHUX 3aJad, KOTOPBIC MOI'YT
U JOJDKHBI OBITh MPEABSIBICHBI MPU PEHICHUH
TaKMX BOIPOCOB, KaK BONPOC 00 0370pPOBICHUU
BO3JlyXa B MIKOJAX, JETCKUX OOJBHULAX U T.II.
B nocnennem ciyuae 3aauu CBOJISATCS HE TOJIBKO
K COXPAaHEHMIO U MOJACPKAHUIO KOHCTHUTYIHO-
HaJlbHBIX CBOWCTB OpraHMU3Ma, HO U COOTBET-
CTBEHHO HOPMAalIbHOMY XOIY €ro pa3BUTHs, Ha-
CKOJIKO OHO 3aBHCHUT OT KaueCTBa BO3/yXa B I10-
MEIIeHHSX.

3a pemieHneM BOIpoca OTHOCUTEIBHO YHCTO-
THI BO3/1yXa B JAHHOM TIOMEIICHUH MbI IIPUBBIKITH
oOpalarbCsi K HalleMy 4yBCTBY OOOHSIHUSA, T.C.
MIPUBBIKJIA CYAUTH O CTEHNEHH YHCTOTHI BO3IYyXa
IO 3aMaxy €ro; OUeBHIHO, TAKOH CII0CcO0 BIOIHE
CyOBEKTHBEH, HO K HEMY BoJIeH-HeBoei npuaéT-
cs He pa3 obOpamarbes. [Ipod. IMerrenkodep,
IMOCBATHUBIINI HEMAJo BPEMCHH U3YUCHHUIO BOII-
poca 00 0310pOBJICHUN BO3YyXa B )KUIIBIX TIOME-
HICHUSX, IPU3HABas OLEHKY BO3yXa IO 3araxy
BITOJIHE NIPABUIILHOM, ITOJIArall, YTO CaMO€ paIfo-
HaJIBHOE U ITPUTOM BIIOJIHE OOBEKTHBHOE PEIICHHE
BOINpPOCa O Ka4eCTBE BO3JyXa MOIJIO Obl OBITH
10JIy4€HO, eI ObI MBI UMEJIN B CBOEM pacIopsi-
JKEHUH CTII0CO0 KOHIEHTPUPOBAHHS M HEMOCpeI-
CTBEHHOTO H3MEPEHUS NaxXy4nX BEeIIeCTB, 3aKI0-
qarouuxcs B Bo3ayxe. [lozaneiimme e HaOmoe-
HUS U TaHHBIE TPAKTHKH OKA3aJIH, 4TO 3arax He
MOXET CITY)KHTh BEPHBIM CPEICTBOM ISl OLICHKH
BO3/lyXa B 3aKPBITHIX MOMELICHUSX, BCIEICTBHE
Yero K HeMmy clieJlyeT o0pamarbcsi ¢ KpaiHen
OCMOTpPUTENbHOCTHIO. JlypHOIl 3amax, corjiacHO
ykazaHusM npogeccopa Herenu, conpoBoxaato-
U pa3nokeHue, 1aéT 3HATh JUIIb O TOM, 4TO
3apoJibIieBbie POPMBI €€ Pa3BUBAOTCS O]
BJIMSTHMEM BJIa’KHOTO BO3/1yXa; CAMBIi YK€ ONacHbIN
MOMEHT HacTyHaeT TOTJa, KOTJa BJIa)XHOCTh
YMEHBILIAETCS U 3apOAbIIIEBbIE (JOPMBI, BHICHIXAS,
pacrpocTpaHsIIOTCA B BO3/IyXe B BHJIE TBUIH. 3arax
MpeKpamaercsi, Ho BO3AyX CTAHOBUTCS KpaiiHe
HCIIOPYEHHBIM. . .

O3HaKOMHUBIINCH HECKOJIBKO ¢ paboTaMmu 1o
OIpE/ICIICHHIO KaYeCTBa BO3yXa B TACCAKUPCKUX
BaroHax B 3aBHCHUMOCTH OT COAEP)KaHHs B HEM
YTIEKUCIIOTHI, 00paTuMcs Tereph K OLIEHKE TaKUX
OTIpeIeIeHII BOOOIIIE.

VICTOYHHMKOB YIJIEKHCIIOTHI B BaroHax, KpoMme
TEKYIINX BBIACICHUI OpraHU3Ma, CyIIECTBYET
HECKOJIbKO, HAalPUMeEp, MPOLECChl Pa3JIoKEHHH
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OpPraHUYECKUX COCTUHEHUH BO3MyXa U Pa3BUTHS
MHUKPOOPTaHU3MOB (HEKOTOPBIE yUEHBIE ITOJIaraloT,
YTO yIIIEKUCIOTa MOXKET CIY)KUTh MEPUIOM 3THX
nporeccos?), KypeHue Tabaka, HCKyCCTBEHHOE
OCBEIIEHUE U OTOIUIEHUE BaroHOB; K 3TOMY Clle-
JIyeT IPUCOEIUHUTD TAKXKe OCTaTOUHYO YIIEKUC-
JIOTY, COJEPIKAIIYIOCS B BO3AYXE M OOJIEKAIOIIYTO
IIBIJICBBIE YACTHIIBI U BOJIOKHA TKaHeH. 3BecTHO,
YTO MbUIEBBIC YacTULB! AUDYHAUPYIOT HE OU-
HAKOBO C BO3JIYXOM BOOOLIE U C YIIIEKHCIOTOH,
B YaCTHOCTH, CTEHBI U Jaxe MIeIU QUIBTPYIOT UX,
OHHU OCEJA0T U MOI'YT Majo-IIOMajly OTJIaraThbCsl
CIOSIMH. DTO 00CTOATEIHCTBO OCOOSHHO PE3KO
00HapyXXKUJIOCH MPHU aHAJIU3aX BO3AyXa A-pOM
ToaBUHCKNM B HajaTkax, rae, HeCMOTPs Ha 00JIb-
1IMe Mopsl B mapycuHe (mpoOuBaeMoi Jaxe 10-
K J1EM), BO3AyX ObLI TaK 5k€ HEXOPOIll, KaK U B Ka-
MEHHBIX MOMEIeHHsX. Ha 9T MCTOYHUKH yTIie-
KHCJIOTHI sl 00pamnaro BHUMaHNE TIOTOMY, YTO CY-
[IECTBOBAHUE UX B BAaroHe €CTh TO MMEHHO
00CTOATENBCTBO, KOTOPOE TaK MOAYEPKUBAET
IMerrenkodep, pekoMeHIyst cBOH MacIuTal, 1 ¢ KO-
TOPBIM NIPUXOJUTCA TaK UM UHAYE CUUTATHCS.

Bcé BolenpusejEHHOE U BOOOILE HEYCTOHYU-
BoCTh MeToza [leTTeHKkodhepa MpUBOANT HAC K yoe-
KJICHUIO, YTO CY)K/IEHHE O KaueCTBE BO3IyXa, OC-
HOBaHHOE HA M3MEPEHHUH YIJICKUCIOTH B HEM,
KpaiiHe HeHa1EKHO 1 MOXKET BBOJUTD B CEPbE3HBIE
OIINOKH.

Uro xacaercss HEMOCPEICTBEHHOIO BIIUSHUS
YIJIEKHUCIOTH HA OPTaHNU3M, TO OOJIBITHHCTBO YU&-
HBIX COTJIACHBI B TOM, UTO COZIEpIKaHHE YIIIEKUCIIO-
Thl, OOBIKHOBEHHO OOHAapy»XHBacMOE€ B BO3YXC
[IOMELICHUHN, He MpelcTaBisieT cobo Bpena
U, CIEI0BaTeIbHO, YIVIEKUCIIOTa HE MOXKET OBITH
paccMmaTprBaeMa, Kak siIOBUTAst IPUMECh K BaroH-
HOMY BO3/1yXy. CKOIIJICHHE YITIEKUCIIOTHI 10 6—7 %
MEPEHOCUTCS YacTo 0e3 BCSIKHX JKalno0 Ha Takou
Bo31yx (JIebnan, Cmurt u npyrue). J1-p AnbOunkuit
CBOMMH OIIBITAMHM JIOKA3aJl, 4TO Bpe] U NIyOoKkue
paccTpoiicTBa B OpraHM3Me HaUMHAIOTCS IIPU CPaB-
HUTEIBHO BBICOKOM IPOLEHTHOM COAEpKAHUU
YIJIGKUCIJIOTHI B BO3/1yXe, a UMEHHO Mexay 10 %
u 20 %, a 30 % yrIeKuciaoThl MPOU3BOAUT I10JI0-
KHUTEIbHBIC YAYIIbsl.

Teneps ecTeCTBEHHO POXKIACTCS BOIIPOC, KAKUE
K€ U3 paCCMOTPEHHBIX HAMU IIPUMECEN BATOHHOI'O
BO3JyXa Hau0bojee BPEIOHOCHBI U HET JIU KaKOIro-
JO0 IPYTOTO CII0co0a JUIs ONpeieNIeH s KauecTBa
BaroHHOTO BO3/TyXa.

2 B BU/1y GJIaronpusITHBIX YCIOBUii, UMEIOIMX MECTO B Baro-
HaX I IPOLIECCOB THUEHNUSI U PA3BUTHSI MUKPOOPTaHH3MOB,
a UMEHHO OOJIBIION BIQKHOCTH M BBICOKOH TEMIIEPATyphl
(oxono 20°C), cneyeT U Ha ATOT HCTOUHUK OOPATUTH CePhE3-
HOE BHUMAHME; 3/1€Ch KCTATH 3aMETUTh, YTO C Pa3/I0KECHUEM
OPraHUYEeCKUX BEIIECTB BBIIEICHUE YIIICKUCIIOTEI JaJIeKO He
Beera uaeT napamiensHo (JloOpocnaBun), U 4TO PEANOo-
JKeHHe, IPUBEAEHHOE B CKOOKaX, TpeOyeT MOATBePIKICHUS
OIIBITAMH.
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MEI yke TOBOPHIIH, YTO B BO3IYXE HAXOIAUTCS
MOCTOSIHHO HEKOTOPOE€ KOJHYECTBO CBOOOIHOTO
aMMHaKa, KoJIeOroneecs B BeCbMa 3HAYUTEITbHBIX
nperenax; B BO3IyXe BaroHa 3TO COJCp)KaHUe aM-
MHUaKa yBEJIHYUBACTCS JOBOJIHHO 3HAYNUTENBHO,
Y4acThIO BCIIEACTBHE MTPUOABICHNS K HEMY OeIKo-
BUJIHOTO aMMHaKa, BBIJSISIFOLIETOCS IPH MPOLeC-
cax pasJIoKEeHUsI OPraHUUESCKHX ITBUICBBIX YaCTHUII,
HOCSIIIIUXCS B BO3YXE BaroHa, PaBHO KaK OCEBIINX
Ha CTeHaX, Me0EIH U T.II., WU JKe elI€ He OTHeIEH-
HBIX OT MOBEPXHOCTH KOYKH U CIIM3UCTBIX 000I0UEK
OpraHM3Ma, 4acThIO JKe BCIIEACTBHE MPHOABICHHS
aMMHaKa, COCTABJISIONIETO MPOAYKT Pa3IOKEHHS
MOYH B PETHPAIAX.

Bomnpoc o ToM, kakoe comaepkaHHe aMMHaKa
B BO3/lyXe BaroHa MO>KET OBITh JIOIMYIICHO, KaK He
MpeICTaBILSIIOLIee Bpe/a sl TACCaKUPOB, TpeOyeT
emé paspemeHus. M3BecTHO, YTO KOJIUYECTBO
aMMHaKa B IJI0XO COICPIKAIIUXCST YKUITBIX TOMeEIIIe-
HuUsX gocruraet 10 1 % (3aBapc); KoHeUHO, Takoe
CcoJiep KaHHe 9TOTO Ta3a B BO3/LyXe BATOHA HECMOTPS
Ha OOJIBIIYI0 IPUCHOCOOIEMOCTh OpraHu3Ma, He
MOXKET IPOUTH OECCIETHO.

Omnpenenenue U30bITKa aMMHAKa, CBEPX aTMO-
chpepHOro, B BO3IyXe BATOHOB M XKUJIBIX IIOMEIIIe-
HUIl BOOOIIE, O MHECHHIO HEKOTOPBIX yUEHBIX,
MOJKET CIYXXHUTh MEPHJIOM KayecTBa BO3IyXa
U CTEIICHHU €ro BPEJAOHOCHOCTH; C 3TOIf TOYKH 3pe-
HUSL, TIONPOOHOE H3yYCHUE aMMHUaKa, KaK TIPHUMECH
B BAarOHHOM BO3JyXe€, TPE/ICTABIISACT HECOMHEHHBIH
HHTEpeC, TeM 00JIee YTO CYIIECTBYIOT BECKHE JI0-
Ka3aTebCTBA B I0JIb3Y IIPEHMYIIIECTBA aMMHUAKa,
Kak MEpuja YUCTOTHI BO3AyXa, CPAaBHUTCIbHO
C YIJIEKHUCIIOTOH.

B nacrosuee Bpemst N1aBHBIM (paKTOPOM HOPUH
BO3ayXa HpI/ISHaéTCH TMOYTHU BCEMH OpraHHUYCCKast
MIBUTB, CITyKAIlasi MOYBOH /I pa3BUTHUS MUKPOOP-
raHU3MOB M HOCSIIIIAsl B CBOEM COCTABE 3apOIbILiie-
Bble (hopMBI mocieHnX. IT0CTOsIHHOE CyIecTBO-
BaHUEC B BO3AYXEC TAKUX 3ap0111)1mel71 1 MUKpOOpra-
HU3MOB, CITIOCOOHBIX BBI3BIBATH MTPOIIECCHI OpOXKe-
HUS U THHEHHUS, OBIJIO MOATBEPKICHO
MpeKpacHbIMU ombiTamu 1pod. [Tactepa. Droii TO
MIBUTH IPUIMCHIBAIOT ITIABHBIM 00Pa30M MMaxy4ecTb
BaroHHOT'O BO3JyXa M OTpaBISIONIee JeiCcTBHE
MIOCJIETHETO HA OPTaHM3M.

W3 Bcero BbINIECKa3aHHOTO MBI BUAUM, 0 Ka-
KOH CTENEHH BaKHO yMETh ITOABEPTHYThH UCCIEAO0-
BaHMIO BarOHHYIO IbUIb. DTO MCCIEIOBAaHUE HaU-
JTyqIIUM 00pa3oM IMO3BOJIMIIO Obl HAM CYJIUTH
0 KayecTBe BO3/yXa B BaroHe.

Kpome opranmueckoit mbIIU, MBI JOJKHBI
OCTAQHOBHTH Halle BHUMaHHE M Ha MBUIM BaroHa
BooOIIIe. MBI 3HaeM, YTO TBUIEBBIE YACTHIIBI CIIO-
COOCTBYIOT 3arpsI3HECHHUIO MOBEPXHOCTHU CIIM3UCTBIX
000JI09eK TOPTaHH, KPYITHBIX U MEJIKHX JIbIXaTellb-
HBIX TyTeH U T.J., IPUCTaBast K HUIM U T€M BPEIHO
JEWCTBYsl Ha UX (DYHKIIMOHUPOBAHHE, TPOU3BOMIS
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9acTO BOCIAINTEIBHOE COCTOSTHUE 000I0UEK 1 J1a-
K€ S13BbI, — HE TOBOPIO yKE O TOM Pa3/pakarolieM
JNEeHCTBUH, KOTOPOE MBUIb OKa3bIBAET HA OOIIYyIO
HEpPBHYIO CUCTeMY. BcsikoMy, KOMY MPUXOAMIOCH
€3/IUTh B BaroHax WJIM HaxOJHMTbCS HEKOTOpPOE
BpeMsI B ITBUTGHBIX TIOMEICHUSIX apXHBOB, ONOINO-
TEeK, My3€eB U T.I., XOpOLIO M3BecTeH (akT mepe-
CBIXaHHS 3€Ba, COMPOBOMKAAEMOTO JKaXKIOU, (haKT
BBICBIXaHUs1 HOCOBOM MOJIOCTH, TTOSIBJIEHHE HACMOP-
Ka 1 T.JI.

Uro kacaeTcst CHOCOOOB ONPEIENICHUS Ka4eCTBa
BaroHHOTO BO3/lyXa, OCHOBAHHBIX HA IIPUCYTCTBUU
B HEM OPraHMUYECKUX IBUICBBIX YaCTHUIL], TTOXOKUX
Ha OeJIKOBBIE BEIIECTBA, TO €CTECTBEHHO, MEI
JOJDKHBI OCTAaHOBUTHCS Ha criocodax, donee yao-
OonpUMEHUMBIX 1 OoJiee HaIEKHBIX MPH Cyllle-
CTBYIOILIEH 0OCTaHOBKE B BaroHax.

JlaBHO 3aMeyeHa NMPUYMUHHAS CBSI3b MEXKIY
CYLIECTBOBAHHEM O30HA B BO3YXE M CTEHEHBIO
YHCTOTHI TIOCJIEIHETO; T.€. CTENEHBIO CO/lepKaHUs
B HEM MOCTOPOHHHMX OPraHUYECKUX OCTATKOB,
crocoOHbIX OKucIsAThes. [1o ombiTam D6epmeiiepa
JIa’Ke B 3aBEIOMO YHCTO COACPIKUMOM >KUJIOM I10-
MEILEHUHU HE yAaBaI0Ch 00HAPYKUTH IPUCYTCTBUS
030Ha; TOJIBKO TPH IHUPOKO PACKPBITBIX JJIsl CBO-
0OIHOTO BXOXKACHHS BETPa ABEPSX M OKHAX MOSIB-
JsuIack cnadast 030HOCKONUYECKast peakiusi, KOTo-
pasi ucyesaia, KoJib CKOpO JI0CTYII JUIsi CBOOOTHOTO
BXOXKICHUS BeTpa ObUI IPEKpaliaeM. ..

...OTH 1 MHOTH€E JIpyTHU€ ONBITH YOSKIat0T HAC
B CIIPABEUIMBOCTH PaHblIIE yKa3aHHON IPUUUHHON
CBSI31 MEXK/y HCUE3HOBEHHEM 030HA U OUUILEHUEM
BO3/lyXa OT OPraHMYECKUX OCTATKOB; a ITUM IIO-
CJICIHUM, KaK y»e ObUIO CKa3aHO BBILIE, TVIABHBIM
00pa3oM U IPHUITUCHIBAETCS BPEIIOHOCHOCTh BO3/TY-
Xa IMOMEIEHHH.

Bcé BeimenpuBenéHHoOe JAaET HAM MPaBO AJIs
OIpeJIeIeHUs] KauecTBa BarOHHOT'O BO3/lyXa BOC-
10JIb30BaThCsl O30HOMETPUUYECKUMU HCCIIEI0BA-
HUSIMH €70, B KpaifHEeM clly4yae, C MHOTO MEHbIIIEH
TOYHOCTHIO, 030HOMETPUYECKHM HCCIIEIOBAHUEM
11po0 BO3/1yXa, B3ITOrO B Pa3IMYHbBIX IIYHKTaX Ba-
rona. McciemoBaHus 3TH MOTYT OBITh IPONU3BO/IN-
MBI, BBO/IA B BO3[yX BaroHa ¢ IOCTEIEHHOCTBIO
onpenenéHHOe KOJIMYECTBO 030HA, Pa3BMBAEMOI0
KakuM Obl TO HU ObUIO MYTEM, DIEKTPUUECKUM,
XUMHAYECKUM HJIH Ja)Ke MEXaHUYECKUM, U HaOJIro-
Jasi 32 U3MEHEHUEM IBETa 030HOMETPUYECKHUX
(fomoKpaxMalbHbIX) OyMa)KeK, pactoNIOKEeHHBIX
110 Baromy°.

Omnpenenenue OKUCH yriiepoja B BaroHax
B 3aBHCHUMOCTH OT OTOIUICHHS, & TAK)KE OT Kype-
Hus Tabaka, IpeJCTaBIseT HECOMHEHHBIN HHTE-
pec BBUJY TOrO OTPAaBIAIOLIEIO ACHCTBUSA Ha
OpraHu3M, KOTOPOE OKa3bIBAET JaKe CPABHUTEIb-

3 Crnoco0 mpuroToBIEHHs 030HOMETPUYECKON Oymaru
MoApoOHO U3JI0XEH B Kypce THTHEHHl JloOpociaBuHA.
Wsn. 2. - 4. L.

(d 1B’ 1 KW} INXBd| X $°)



HO Majioe MPHUCYTCTBUE 3TOTO ra3a B BaroHax.
Omeiter ['peana, ['psa3HoBa u apyrux mokasaiu,
YTO NMpHU KypeHHH Tabaka pa3BUBACTCS 3HAYU-
TEJIBHOE KOJIMYECTBO OKUCH YIJIEPO/a, U TOTOMY
3TOT BOIIPOC 3aCIyKUBAET CEPbESHOTO UCCIIENO0-
BaHusA. EcTeCcTBEHHO, HAaC JOJHKHBI HHTEPECOBATh
B BoIpoce 00 03I0pOBICHUH BO3/1yXa B BaroHax
IJIaBHBIM 00pa3oM Te NMPHUMECH, BPEIOHOCHOE
BJIMSIHUE KOTOPBIX MBI IOJJ03PEBAEM; CIO/1a HY K-
HO OTHECTU CEPOBOJOPOJAHBIN ra3, HEKOTOpbIE
OpraHUYeCKHEe KUCIIOTHI U IpoYee; MPUCyTCTBUE
9TUX MOCJIEJHUX B BaroHax, M0 BCEH BEPOSTHO-
CTH, HE MPEBOCXOJUT BECbMa MaJIbIX BEJIMYUH,
a IOTOMY IJIaBHAsl POJIb B 3arpsI3HEHUHN BO3TyXa
OCTaHETCsl Ha CTOPOHE IbLIH.

Tenepp nepeiiéM K pacCMOTPEHUIO BOIIpOCa
0 BJIAXKHOCTH BO3/lyXa B BarOHax.

HckyccTBeHHBIE YCI0BHUSA, B KOTOPbIE IOCTAB-
JIeH YeJOBEK B 3aMKHYTOH aTrMoc(epe BaroHoB,
M3MCHSIOT B OONbIICH MM MEHBIIEH Mepe OT-
MPaBJIEHUs] €r0 OPraHU3Ma U BbI3bIBAIOT KOOPIU-
HUPOBaHMUE UX MEXIy co0ot0. OrpomMHoe 601b-
LIIMHCTBO KOOPJAMHAIUH, BCIEICTBUE UX CIIOKHO-
CTH ¥ pa3HOOOpa3us, He MOXKET ObITh HAMHU 00-
Hapy»KeHO; OJIHAKO PH UCCIEAOBAHUN BIUSHUSA
Ha OpPraHU3M HCKYCCTBEHHO CO3/IaHHBIX YCIOBUH
BCETI/la JI0JIKHO UMEThCS B BUY CYLIIECTBOBAaHUE
W3MEHEHUHN Hu KOOPAUHUPOBAHUC PA3JIUYHBIX
OTIIPABICHUI OpPraHU3Ma, BEI3IBAEMBIX COBOKYTI-
HOCTBIO TaHHBIX yciioBui. C 3TOH TOYKHU 3peHus,
TUTPOMETPHUYECKOE COCTOSHUE BO3IyXa *KHIIBIX
MTOMELICHUH TPEeACTaBIseT HECPAaBHEHHO 00JIb-
IUH MUHTEpEC, YeM 2TO Ka)keTcsl NMpU IepBOM
B3IJISIE HA JEJI0.

Hecmotpst Ha KaxKyl1ytocst IPOCTOTY paccMar-
pHUBaeMOro BOIpoca, OH BCE elié COCTOUT B I'PyTI-
e MaJOMCCIIEJOBAaHHBIX U BpEeMsl OT BPEMEHHU
BO30Y)KJaeT MOJHOE pa3HOoIJacHe BO MHEHHSX,
BEPOSTHO, BCIIEICTBUE HEJIOCTATOYHO IIPaBUIIbHOM
€ro MoCTaHOBKH.

W3 rpaduyeckoii TaOIUIBI BIAXHOCTH, TIOME-
meénnoi B Ne 39-40 «Kenesnonopoxuoro [lena»
1891 1., MOXKHO YCMOTpPETh, KAKUM 3HAYUTEITHHBIM
KoJeOaHMsAM MOABEPraeTcs Kak OTHOCHTENbHAs,
TaK U a0CONIOTHAs BIAKHOCTh BO3AyXa; AJ HAC,
OYEBMJIHO, BaJXHEE BONPOC 00 OTHOCHUTEIBHOMN
BJIQKHOCTH, TaK KaK MPOIIEHTHOE €€ BbIpaKEHHE
JTAET MOHSATHE O TOM, HACKOJIBKO €IE JTaHHBIN BO3-
JTyX MOKET OTHSTB BJIAry OT UMEIOIINXCS BIAKHBIX
npeamMetoB®. Beuto 61 KpaifHe MOCIENTHO, 0CHO-
BBIBasICh HA MOJOOHBIX MPHUBEAEHHBIX CPEIHUX

# CrereHb BIQXHOCTH JAHHOTO BO3/1yXa, KaK 9TO BBISICHHIIOCH
B IOCJIE/IHEE BPEMs1, HAIVIsITHEE BCETO XapaKTepU3yeTcsl Be-
JIMYUHOI HenoyBnaxeHus (Sattigungsdeficit), Bepaxaroreii
0000 KOJIMYECTBO NapoB (B rpaMMax Ha Ky0. MeTp), Kakoe
eIé MOXKeT BOCIIPHHSITH JAHHBIH BO3yX 10 CBOETO HACKIIIIE-
HUS WK )KE, TIPUOIM3UTEIBHO PAa3HOCTh MEKLY AaBICHUEM
MapoB, HACKIIIAIOIINX JAHHBIM BO3/IyX U JaBICHHEM I1apoB,
3aKJIIOYAIONINXCS B HEM B JIeHCTBUTEIILHOCTH.
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BEJIMYMHAX BIIYKHOCTH BO3yXa, B HEKOTOPBIX HIIH
Jlake BO MHOTHX ITYHKTaX, IBITaTbCSl YCTAHOBUTD
HOPMBI BIIQXKHOCTH IS 3aMKHYTBIX [TOMELICHUH
BOOOIIIE U BarOHOB B 0COOCHHOCTH. Biusinue nas-
HOTO TUTPOMETPHUYECKOTO COCTOSIHUS BO3/1yXa Ha
OpraHM3M HUKAK HE MOXET OBITh TOXKECTBEHHBIM
C BIIMSTHAEM TaKOTO YKe TUTPOMETPHIECKOTO COCTOSI-
HUSI 3aMKHYTOT'O BO3/1yXa, KaK 3T0 OyJeTe BBIsICHE-
HO HIKE, — CKOPEE CIIEAYeT 0)KUIaTh 3HAYUTEILHOM
pa3HUIBL.

VYenoBust ipeObIBaHKS B BATOHAX, TOBOPSI BOOO-
11e, BeChMa OJIM3KH MEXIy cOO0I0 B Pa3HBIX JaKe
BEChMa YAAIEHHBIX ITyHKTaX FOCYAapCcTBa, 0COOCH-
HO B T€ TIEPHOABI BPEMEHH, KOT/Ia MBI HAXOAUMCS
11071 HanboJiee MPOAOIIKUTEIILHBIM U HANOOJIBIINM
BJIMSTHUEM 3aMKHYTOI'O BO31yXa, T.C. B TC IEPUOBI,
KOTOpBIE B JAHHOM CJIydae W MPEICTABISIOT Hau-
OOJIBIINI MHTEPEC; MEXIY TEM, U30Upasi HOPMEI
BIQXHOCTH BAaroHHOTO BO31yXa, MBI TOBOPHM
0 CPeIHHMX TOAOBBIX BEIMYMHAX aTMOC(EpHOH
BJI@YKHOCTH, O TOM, YTO CaMa IPUPOJa HaM YKa3bl-
BacT TC WK APYTUC NPEACIIbI, O IPUBLIYKE K TEM
WU IPYTUM KOJIEOAHUSM BIIaYKHOCTH, CYIIIECTBYIO-
[IAM B OTIpeIeIEHHON MECTHOCTH | IIPOY., H ITPOY.
Jlaxxe 3aKIIOUEHUs] O Bpele MM Oe3BPEAHOCTH
TOTO WJIM MHOTO COJIEP)KaHMS TTApOB B 3aMKHYTOM
BO3IyXE JEaloTCsl Ha OCHOBAaHUHU COOOPaKCHHUH,
4TO B IPpUPOAEC B 3J0POBLIX MECTHOCTAX BCTpCUaA-
€TCs TaKas-TO BIKHOCTh, MEXJY TEM 3TH Ipejie-
JIbl BECbMa MIMPOKH, Haripumep, 13 % (Snra, Ce-
BacToIOIb, TamkeHT), 96-90 % u Boimie (Mocksa,
Cumdeponons u npyrue). HeocHoBaTeIbHOCTH
TaKUX COOOpaKCHUU CITUIIKOM OYEBHUJIHA, YTOOBI
00 9TOM PacpoCTPaHATHCS.

Bcenencrere Takol MOCTaHOBKU BOIIPOCA JI0 CUX
TIOp HE BEIPA0OTAHO HOPM BIIQYKHOCTH, C KOTOPBIMH
MOXKHO OBIIO ObI CPaBHHUBATH JJaHHOE THTPOMETPH-
YECKO€ COCTOSIHHE BaroHHOTO Bo3myxa. Kaskmaerid,
KTO HAYMHAET TOBOPUTD WJIU MUCATh 00 9TOM Hpe.-
METE, C paBHBIM IIPpaBOM Ipcurara€T CBOM HOPMbI
U TaK ke, KaK u Apyrue, 6e3 J10CTaTOuHOr0 OCHO-
BaHUSI.

Ipodeccop ABrycT cunTaer BIaXHOCTh HOP-
MaJIbHOM B npezienax ot 45 % 1o 50 %; B bocrone
KOMHUCCHUS CIIELUATNCTOB ONpEAeIniIa CUUTaTh
BJIQXKHOCTb HOpMaIbHOI 0T 60 % 1o 70 %; mpo-
¢deccop Ilomon nma€r it AHIIUM BEITUYUHBI OT
70 % no 80 %; n-p TapaTrkeBud /aJisi HAIIETO KITK-
Mara B CBOoeil paboTe 0 BEHTHJISILIUK BArOHOB ITPH-
3HAET HYKHBIM YCTaHOBUTH HOpMBI B 40—-60 % Ha
TOM OCHOBAaHHUH, UTO Ipeesibl BIaKHOCTH AMepu-
KU U AHINIUY HE MOTYT ObITh IPUMEHEHBI K Hallle-
MY KOHTHHEHTAJIbHOMY KITUMATY, TJIe HapyKHBIH
BO3IyX OOBIKHOBEHHO C MaJIbIM IPOIIEHTOM BJIaK-
HocTH (?).

Bot uro roBoput 3. JIeH1[ 0 BBIOOpE MpeieioB
B COACPIKAHWU BOAAHOTO Imapa JJist )KUJIBIX ITOME-
menuii: Hke 40 % BIaKHOCTh, KOHEUHO, HEIO-
CTaTOYHA; Yepe3 BJIBIXaHHE TAKOro CyXOro BO3-
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Ne o6mr. | Bpemst Yucno %, BIIAKHOCTb °C, Temmeparypa Yucno IMpumeya-
TaoI. HaOII0- | 3aHAT. HaOmrozne- | HUe
(pad. JeHHi MCCT Cpennee | max min Cpenree | max min HUi

Taparke- abcoI.

BHYA) u %

10 11/11 38/55 63,6 77 60 19,3 20,0 17,0 3 Benrui.
11 — 30/45 63,6 72 64 21,9 24,0 19,8 3 OTKPBITEI
12 20/1 42/60 93,5 98 88 16,7 17,0 16,4 2

13 — 45/65 77,0 79 75 19,9 24,0 16,2 2

14 23/1 58/84 85,0 92 79 20,1 22,0 18,4 2

16 16/111 70/100 74,5 79 67 22,9 24,6 18,4 4

17 - - 75,0 79 71 23,0 25,4 20,4 4

18 — 62/90 83,0 85 81 17,9 19,8 16,0 2

19 — 70/100 75,5 78 73 21,4 23,9 19,8 2

20 — — 74,0 77 71 23,0 24,6 21,6 2

21 — 68/97 78,0 78 78 20,0 20,0 20,0 1

22 22/111 47/68 73,6 79 66 19,8 22,0 17,4 3

24 — 50/72 70,0 72 66 21,2 21,2 21,0 3

25 — — 82,0 86 74 19,6 22,4 18,0 3

26 — 58/84 77,0 79 74 20,8 21,6 20,0 3

29 30/111 68/97 78,0 81 75 19,0 20,0 18,0 2

30 — 54/78 79.5 83 76 18,4 19,2 17,6 2

31 — 57/83 81,0 87 78 18,9 20,9 18,0 3

32 — 57/72 78,0 80 77 21,3 22,0 20,2 3

33 — 50/72 78.0 73 78 16,0 16,0 16,0 1

34 4/1V 53/94 74,6 76 73 20,9 23,2 19,0 3

36 — 70/100 67,0 75 62 19,5 20,0 18,4 3

37 — — 77,3 80 75 19,1 20,0 18,4 3

Cpennee n3 Bcex 76,46 80,4 73,09 20,01 21,41 19,48 |59

nyxa JIErkue CIMImKoM Obl Beicoxiu (?)°; Hampo-
THB, BIaXXHOCTh BO3JyXa MOJKET JOCTUTATh
100 % 6e3 ocoOeHHOW HENPUATHOCTH VISl JbI-
mamux 1 6e3 Bpena A 340pOBbs, HO IIPU 3TOM
COBEPILIEHHOM HACBIIICHUU MaJleiiliee TOHMXKe-
HUE TEeMIIepaTypbl MPOU3BOAUTH OCAZTOK HAXO0-
JIUBIIEHCS B Tapax BOJbI, OTYETO BCE IIPEIMETHI,
MIPUHUMAIOIINE BIAKHOCTB, JEIaI0TCS ChIPbIMU;
[I0ATOMY MBI IIPUMEM BBICIIUN MpeesT BIaXKHO-
ctu HuKe 100 %, okomno 80 %.

Ecnu BHyTpenHss Temneparypa 18°C, To npu
80 % Ba)XHOCTH ATOT BO3JyX MOMKET OXJIQAUTHCS
1o 14,5°C, npou3Bo/ist 0caika BOJASHOIO 1apa; Mpu
40 % moxeT 0e3 OCaKICHHUS Mapa OXJIaJAUThCS OT
18° no 4,3°C.

Kaxoga e B 1eiicTBUTETLHOCTH BCTPEYAIoIIas-
Cs1 CTEIIEHb BIIAKHOCTHU B IACCAXKUPCKUX BaroHax?

J-p TaparkeBud npousBén psia HaOmoneHUit
HaJl BJIAXKHOCTBIO B BArOHAX Pa3JIMYHBIX KJIACCOB;
HanOOJIbIIICE YUCIIO OIIPEIEIICHBI: C/IEIaHO B Baro-
HaX TPEThEro KJjacca, MoYeMy W NPHBOXKY 3/1€Ch
MOKA3aHMs BIQXKHOCTH B CBS3M C TEMIEpaTypoi
JULSL BATOHOB TPETHETO KJacca.

5 B I[letepOypre, OTIMYAOIIEMCS CBIPOCTHE) MECTHOCTH, 11O
npod. draBuLKOMY, JTydIIne B FOIY SICHBIE JHU C IPeKpac-
HOM NOTOJI0N M MPUATHBIM 30POBBIM BO3/yXOM COIIPOBO-
JKJIAF0TCSl HU3KUM TIPOLIEHTOM BlIaKHOCTH HUke 50 Y%, ake
npu 30-24 % u HiKe.

VINP dHC DTAME { NO®

NP VLKA 3 i\ BJICHVV IG5t

Hawubonpiias HabOmOmaemMasi BIQXKHOCTb =
98 % npu 17°C, naumenbmas 47 % npu 15,6°C,
nocnenHsis B Baroue I kimacca crapoit KoHCTpyK-
ud. [1oab3ysCh STUMH JaHHBIMH, MOKHO TIPUHi-
TH TOJBKO K TOMY BBIBOIY, YTO BJIAXXHOCTH
B MACCAXUPCKUX BaroHax M B XOJOTHOE BpeMs
roaa (OOJBIIMHCTBO HAOIIOAEHUN NPOU3BOIU-
JIOCHh B STHBape M MapTe) Ype3BbIYaifHO BBICOKA,
npu HEOONBIIOM MOHMXEHUH TEMIIEPATYPBI
BO3IyXa YK€ NMPOUCXOAUT OCAXKACHHE Mapa Ha
CTeHaX, OKHAX ¥ IIPOY.; BMECTE C 3TUM Pa3BUTHE
IPOLECCOB Pa3I0KCHHUS OPraHMYECKOH MBIIH
nAET YHEpruYHee, BCIESICTBHE Yero BO3AYX Ba-
roHa CTAHOBHUTCS MAaxXy4HM U KpaiHe HempHusT-
HBIM.

ITocne 03HAKOMIICHHS BKpAaTIe C THTPOME-
TPUYESCKUM COCTOSHHEM BO3/yXa BarOHOB, HAM
0CTaéTcsl pacCMOTPETh HEKOTOPBIE COOOpaKEHHS
10 BOIIPOCY O BBIOOPE HOPM BIAXKHOCTH. DTOT
BONPOC, UI'PAIOLINI BecbMa Ba)XKHYIO POJIb, I10-
JIararo, MOT ObI OBITH PEIIEH TOJIHKO B 3aBUCHMO-
CTH OT TCIUIOBOIM SKOHOMHH Tela, T.€. OT CTPEM-
JICHHs Halllero OpraHu3Ma MOo/IJIepKUBaTh TEIlIO-
BOC pPaBHOBECHE, HECMOTPS HA PA3JIMYUE BHEII-
HHX YCJIOBUH.

MBpl 3HaeM, 4TO, BCICICTBHE PA3TUUHBIX JKU3-
HEHHBIX NPOIIECCOB, B HAIIEM TeJe 0CBOOOKIa-
€TCsI OrPOMHOE KOJTMYECTBO Teria, 1o [leTTeHko-
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(epy, Oonee 3 MIJUIMOHOB €AWHUIL B CyTKH; ITOH
TerJa0Tol MokHO Obl Harpeth oT 0° mo 100°C
30 ky0. IeUMETPOB BOABI; MPU HEKOTOPHIX 00-
CTOSITENIBCTBAX KOJIMYECTBO OCBOOOXKIaeMOro
TEIUIa MOXET YBEIUYMBATHCS MM YMEHbBIIATHCS
10 50 %; mpu 3TOM IS COXpaHEHHs 310POBbS
HEOOXOIUMO, YTOOBI TETIOTA TeJa CYIIECTBEHHO
HE M3MEHSIAch, T.€. YTOOBI TEIJIOBOW MPUXOJ
BHYTPH OpraHM3Ma U pacxo] Ha nepudepuu ero
HaXOJMJIUCh B HEKOTOPOM PaBHOBECHH.

Kaxum >xe 00pa3om nopaepkuBaeTcs TeIio-
BOE paBHOBecHE opraHuzma?

B nanHOM ciydae Hac MHTEpeCyeT TOJIBKO
BOIIPOC O PAaCXOJOBaHUH TEJIOM H3JIHILIKA Pa3BU-
BaeMOH TEIUIOTHI.

PacxonoBaHue TEIOM TAaKOro T'POMagHOTO
KOJINYECTBA TEIUIa MPOUCXOJUT TPEeMs MyTSAMU:
a) JyuyencnyckaHuem; 0) mepenadeid mocpen-
CTBOM JIPYTUX TeJI; B) MyTEM UCIapeHus. Mexay
STUMHU TPeMs IYTAMHU CYLIECTBYET MOCTOSHHOE
KOOPJAMHUPOBAHUE; YCUICHHOE PACXOJ0BaHUE
TEIUIa OJIHUM IIyTEM COBEPILIAETCS 3a CUET APYTUX
JIBYX 1 Hao0opoT. PacxomoBaHue Teruia myTéM
JY4YEHUCIyCKAaHUA U TEIUIONPOBOJHOCTH NpPHU
HOPMAJIBHBIX YCJIOBHSIX B TOM MJIM MHOH Mepe
CYILIECTBYET INOCTOSHHO; B UCIIAPEHUH XK€ CIIEIY-
€T BUJETb BaKHEHIlee CPeCTBO, HAXOAIIeecs
B PACIOpPSHKEHUH OpraHu3Ma JiJIsi BOCCTaHOBIIE-
HUS HapyUICHHOT'O PaBHOBECHS B €ro TEIJIOBOU
SKOHOMUMU.

Mp1 yxe paHee BHJIEIH, KAKOE KOJIMYECTBO
BOJISIHBIX TTapoOB BblAenseTcs U3 tena. [Ipu onsi-
tax Boiita u [TerreHkodepa ¢ U3BECTHBIM MIOH-
XEHCKHM pEeCIHUpPaTOpoM ObLIO HAWIEHO, YTO
yTEM JIETOYHOTO U KOXKHOTO JIbIXaHUs HcTaps-
ercst Bonbl B 24 yaca ot 900 no 2000 rpammoB
n Oosee, BCIEOCTBUE YETO0 OTHMMAETCS OT Tea
504 000—1 120 000 enuuuI Termia (OAUH TpaMM
BOJBI /IS oOpaiieHust B nap norpediser 560
€JIMHUII TeT1a, 0CBOOOXKIAEMOTO TEJIOM).

Huxenpusenénnas tabiaula, coOCTaBlIeHHAs
o [lerrenkodepy, 1aét MOHATHE O TOW Opa3u-
TEJNBHOM pa3HUIE B KOMMYEeCTBEHHBIX 2 dekrax,
KOTOpas JOoCTUTaeTcs MyTEM HCIapeHus Npu
JEroYHOM JIBIXaHUHU B3pPOCIIOrO 4eJloBeKa, B 3a-
BUCHUMOCTHU OT TEMIICPATYPHI U BJIAXKHOCTH.
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0° 50 % 279090 xai. 13050
0° 100 % 265050 xai. 14040
30° 0% 274050 xai. —
30° 50 % 189720 kau. 84930
30° 100 % 105390 xain. 84330
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YenoBeueckuii opranu3M oOlagaet, mpasna,
OrPOMHOI CTENEHBIO IPHUCTIOCOONSIEMOCTH, HO CIIETY-
€T, OZIHAKO TIOMHHTb, YTO HANPSDKEHHOCTD (hyHKIHO-
HUPOBAHUS KAKUX-JTNOO OPTraHOB W IIPOLOIKUTENb-
Hasl OCITA0JICHHOCTh UX HE MOTYT IPOITH OecCcleHO
B CMBICJIE BJIUSIHUSL HA OOLLEEe COCTOSHUE OpPraHH3Ma.

Tpu cyxoMm ¥ TEMIOM BO3TyXe YCHUITMBACTCS (PyHK-
LIMOHUPOBAHUE COCYIUCTO-IBHIATEILHBIX HEPBOB
1 BMECTE C TeM HCHApEHHUE; YCHICHHOE (DyHKIHMOHH-
POBaHME IPOM3BOAUT U3BECTHBIE OOJIE3HEHHBIC SIBIIC-
HUSl B OpraHU3Me, CTENEHb KOTOPbIX HaXOAUTCS
B [IPSIMOMA 3aBUCHMOCTY OT HAIPSLKEHHOCTH U IIPOJION-
JKUTENTBHOCTH (DyHKIIMOHUPOBAHHSI.

IMpu TémIOM M BIKHOM BO3IYyXE MOICP/KaHNE
TEIUIOBOTO PABHOBECHS B TeJle KpalHe 3aTpyIHseTCs,
TaK KakK BbIIIEYKA3aHHbIE IyTH PacXOIOBaHMs TeIlia
B OOJIbILIEH MJTH MEHBILIEH CTENeHH YrKe ITapaIn30BaHbl.
B 3aBUCHMOCTU OT CTENEHH BIAKHOCTU 3aMKHYTOIO
BO3/IyXa, KOJIMYECTBO BBIIEIISIEMOM TEJIOM BJIary 3Ha-
YUTENBHO COKPAIIAeTCS. DTO KOIUYECTBO JOJDKHO
CUNTaThCs (PYHKIMEH OT BIYKHOCTH OKPYIKAIOLIETO
BO3/yXa, KOTOpasl, K COXAJICHNIO, HEU3BECTHA; JIETKO
BUJIETh, UTO MEXK/Ty STUMHU JIBYMsl BEJIMUUHAMU JI0JDKHA
CYILECTBOBATh 00paTHast 3aBHCHMMOCTD (. JIeHir).
WI30BITOK HAKATUIMBAOIIEHCST TETUIOTHI TIPH TEILIOM
U BIIYKHOM BO3IyX€e M YCHIICHHOE (DYHKIIMOHUPOBaHHE
OpraHOB, CTPEMSIIIIUXCSI BOCCTAHOBHTH PABHOBECHE,
OTpaKaeTCsl U3BECTHBIM OOJIE3HEHHBIM 00pa3oM Ha
OpraHu3Me.

Tenepb paccMOTpHUM, B KakuX JACHCTBUTEIHHO
YCIIOBHSIX HAXOJLITCSl TACCAKUPBI BArOHOB 10 OTHO-
IICHHUFO K TTOJIEPYKAHHIO 1 YPETyTUPOBAHHIO TEIIOBOH
HKOHOMUH TeJa.

JlydenciyckaHue Tesa COBEPILEHHO YCTPAHAETCS
B TECHOTE BaroHa, TaK KaK TeJI0 OKPYKEHO OJIUHAKOBO
TEIUIBIMU TEJIaMU, T.€. IPUXOJ] U PACcXO]] B3AUMHO I10-
KpPBIBAaeTCs, B MECTaX ke OJM3KUX K CTEHAM M OKHaM,
MIPOUCXOIUT KpaiiHe BPEeAHOE HEPaBHOCTOPOHHEE
JIy4EHCITyCKaHHe; TeIUIONPOBOAHOCTD YMEHBIIACTCS
JI0 KpaliHe MaJIbIX Pa3MepOoB, TAK KaK BO3AyX BaroHa,
o0Iaas BecbMa Cl1a00i IOJBIKHOCTBEO M yMEHBIIIEH-
HO, BCIIE[ICTBUE CPABHUTENIBHO OOJIBLIOHN BIAXKHOCTY,
TETUIONPO3PAYHOCTHIO CKOPO MPHOOpPETaeT TeMIiepa-
Typy, OJH3KYIO K TeMIieparype OKpyXKaroiieil oomee
Témoi cpeapl. M Tak miaBHOE pacxonoBaHUE Terlia
MIPUXOAUTCS Ha HCTIAPEHNE BIIark Koxel 1 000s104Ka-
mu. [Ipy BO3BBIIEHHOH TEMIIEPAType 1 HEKOTOPOH, 10
CHX IIOp HEJOCTaTOYHO BBIICHEHHO! CTENEHH BIIAK-
HOCTH BarOHHOTO BO3ITyXa, TOPBI KOKH YPE3BBIYANHO
PaCKPBIBAIOTCS; TyBCTBYETCSI IOTPEOHOCTD B YCHIICH-
HOM TOKE BO3TyXa JUISl BO3MOXKHOCTH YBEIHYCHUS
nepeaaydl HaKOIUISIOIIEHCS TeTIOThl; MEXIY TeM
BO3JyX BaroHa KaXKeTCs HaM HEMOIBIKHBIM COBEp-
IIEHHO®, PACKPBITBIC TIOPbI 3arps3HSIOTCS BATOHHOM

6 1

ITpu ckopocTh MeHee'/, MeTpa B CEKyHTy Mbl 4yBCTBYEM
ce0st OKPYKEHHBIMU A0COJIIOTHO CIIOKOMHBIM BO3YXOM,
TOJIBKO TIPU CKOPOCTH B | METp HaYMHAEM OIIyIaTh ciaboe
JIBIDKCHUE BO3/yXa.
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TIBUTBIO, B KOTOPOH HauMHSETCsl paboTa pasiioxKeH s,
YyBCTBYETCS] HEZIOCTATOK B BO3IYXE, JKaXK/Ia, T.€. T0-
TpeOHOCTB OXJIAXKICHHUST 000JIOUEK, 1 IaKE Ype3MepHast
CYXOCTb; IOCJIE/THEE OOCTOSITEIILCTBO (0OMAaH 4yBCTBA)
HE pa3 HaOIIFoIAJIOCh B TECHBIX YKUJIBIX ITOMEIICHHSIX
C TEIUIO-BIIAYKHBIM BO3/TyXOM.

OOBIKHOBEHHO CTOPOHHUKH 00Jiee BIAXKHOTO
BO3/yXa, a TAKKE CTOPOHHHUKH OoJiee CyXoro Bo3-
JyXa B )KWJIBIX OMEIICHHSAX, IPUBOIIT B 3AILUTY
CBOCTO OJTHOCTOPOHHEIO MHCHUS BJIIUSAHUEC KIIMMa-
Ta Pa3IMYHBIX MECTHOCTEH Ha 310pPOBbE YEIOBEKA.
D10 OrarojapHOe OCHOBAHME 3AIIMUTHI TPeOyerT,
OJIHAKO KpaifHe# 0CMOTPUTEIBHOCTH, BCIEICTBUE
CIIO)KHOCTH UMEFOIIUX MECTO YCIOBHIA .

Bo3znepxuBasice oT paccMOTpeHHs 3TOH CTOPO-
HBI BOIIPOCA, Nepeiily K BBIACHEHHIO TOH poiiH,
KaKyl MOXKET UTPaTh, [10 OTHOLICHHUIO K Oe3Bpe/-
HOMY TpeObIBAHUIO MTACCAKUPOB B BaroHe, U3Me-
HEHHUE NMPOTOPIUH KHCIOPOAA BO BIBIXaEMOM
BO3IYyXeE.

Bhriiie® HamMu GbUIO YKa3aHO HA TO 00CTOSTEb-
CTBO, UTO 00BEMHOE COAEpIKaHHE KUCIOPOJa
B BO3/yX€ BecbMa OJIM3KO K IIOCTOSHHOMY, aMILIH-
TYIBI KOJEOAaHHUH ero 3aKI0YaloTcs B BeCbMa Ma-
neix ipenenax 0,04-0,13 %; mexxay TeM B BO3Iyxe,
COZIepIKaIleM MHOTO OPTraHWYECKHX, JErKO OKHC-
JISIIOINUXCST BEIECTB, UCCIEI0BATENIN HAXOAUIH
MOCTOSIHHO MEHEE KHCIOpOAa.

Borarslil psii TaHHBIX, TOMTYYSHHBIX MIPU aHa-
mu3ax CmuTa B MaHYecTepe U MHOTHX JIPYyTUX
MECTHOCTAX BenukoOpuranny, yka3pIBaeT Ha 110-
CTOSIHCTBO B YMEHBIIEHHN KUCIIOPOA [TPU H3BECT-
HBIX yCcIOBUsIX. Eciu 00paTuth BHUMaHHE, KaKoe
KOJIMYECTBO BO3/IyXa IIPOXOJIUT Uepe3 Halllu JIETKHE,
TO ¥ CPABHUTEIILHO HEOOJIBIION HETOYET B KUCIIO-
polie IacT B CyMMe yXKe 3aMETHYIO yObLITb.

VYMeHbIIEHUE KHCIOPO/a B BO3AYXE MMPOHCXO-
JUT BCIEACTBHE N3MEHEHUS! 0apOMeTPHUYECKOTO
JABJICHUS, BCJIEACTBHE BBITECHEHUS YACTH €T0
BOJSIHBIMU ITapaMHu, pa3jIMYHbIMU I'a3aMHu, TBép}lbl'
MU CYCHECHAUPOBAHHBIMU YACTUIIAMH MBLTHA U T.JI.
BBuy OTCYTCTBUS MPSMBIX OITBITOB HET HUKAKHX
JAHHBIX JUTS CY>KIEHHS 00 3TOM.

Tak kak, Mo Mepe yMEHBIIEHHUsT KHCIOpOoza B CO-
JepKaHUM BO3IyXa, HAa €r0 MECTO MOTYT BCTyNarb
pa3iMyHbIC BPEIHBIC MPUMECH, 0OCTOSTEILCTBO
YMEHBIIICHHS KHCIIOPO/Ia B BATOHHOM BO3ITyX€ JJOJDKHO
o0paruth Ha ceOst cepbE3HOE BHUMAHKE. JTO MOCIIe-
Hee MOXKET yKasaTb Ha CYyIIECTBOBAHHE B BAarOHHOM
BO3/IyXe TeX WJIH IPYTHX HEONAroNpUsITHBIX WITH JTKE
BPEIHBIX YCIOBUH, BUIOW3MEHSIONINX HOPMAIbHBIN
coctaB Bo3ayxa. K coxaneHuto, aHanusbl conepskaHus
KUCIIOPOZIA B BO3IYXE KpaifHe 3aTpyIHUTENBHBI U J0-
CTYIIHBI TOJIBKO ISl XOPOLIO 0OCTaBICHHON J1abopa-
TOPHH, TIO3TOMY OT STUX OIPEIEICHIH B BArOHHOM
BO3/IyXe IIPUXOIHUTCS HAM OTKa3aThCsl.

" ®. Knénen. ®us. reorp. LleneOHble U BpeaHbIC KIMMATHI.

8 Cum. Ne 41-42 «Kenesnomopokroe Jleno» c.r. — Peo.
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Bcé BrIIecka3zanHOe MOKa3bIBAET, YTO UMEIO-
Iiee MeCTO B BaroHHOM BO3JyXe yMEHBIICHHE
KHCJIOPOJIa HU B KOEM CITydae He MOXKET OBbITh Ur-
Hopupyemo. OOCTOSTENbCTBA ITOTO YMEHBIICHUS
B CO/IEP’)KaHUU KHCIIOPOAA, SICHO yKa3bIBalOT Ha
OKOOYHOCTh TOTO MHEHHUS, YTO CYILECTBYIOIAS
B )KIJIBIX TOMEIICHUSX YOBLIb KUCTIOPO/Ia HACTONb-
KO MaJia, 4To el MOYKHO BOOOIIe TIpeHeOperarh, Ha
TOM OCHOBaHHH, YTO B IPHUPOJIE BCTPEUALTCs He-
CPaBHEHHO 0OJIbILIEe YMEHBIIICHUE 3TOI COCTaBHOM
4acTH BO3/yXa, U Mbl BCE-TaKH YyBCTBYeM cels
XOpOMIO.

OcraBisisi B CTOPOHE OrpoMHeiinee hr3Hoo-
THYECKOe BIUSHHE, KOTOPOEe MMEeT Ha Halll opra-
HH3M U3MEHEeHHe aTMOC(EPHOTO TaBIeHHS®, CKaxy
HECKOJIBKO CJIOB O THTUEHHYECKOM 3HAYCHUH CBETA.

3TOT BONPOC CPABHUTEIBHO MOJIOJ, YTOOBI
MOXHO OBUIO NMPUUTH K OE3yCIOBHOMY pEILCHHIO
ero. 13 omnwitoB [Ineka, ®younu, Porka u 1pyrux
BBIICHHJIOCH, YTO CBET YBEINYMBACT BBIICIICHUE
YIJICKUCIIOTHL. B Kakoii Mepe 310 00CTOATEIhCTBO
BJIMACT, B CMBICJIC HpOTI/IBOﬂCf/’ICTBI/Iﬂ CKOIIJICHUIO
W3JIMIIHETO KOJIMYECTBA YIVIEKUCIIOTHI B OpraHu3Me,
yKa3aTh HET JOCTAaTOYHbIX JaHHbIX. JlaBuc u bient
IOKa3aJy, YTO CHIIBHOE OCBEIICHNE HeOmaronpusr-
HO OTpakaeTcsl Ha Pa3sBUTUH HU3LIMX (HOPM KU3HU,
OakTepuii; Ha TOM OCHOBAHWH CBET MPUYHCIISIOT
K OTHOMY M3 Hau0oJiee MOTYILIECTBEHHBIX JIe3UH(U-
LUPYIOIIUX cpeacTB. Ecnu xuiioe mnomemeHue
OOMIIBHO OCBEIIEHO COJTHEYHBIMHU JIy4aMH, TO IPO-
LIECCHI PACTIaJICHHs] OPraHNYECKUX BEILECTB, TIICHUS
Y THHSHUSI 3HAYUTENBHO COKpalaroTcs. bombioe
KOJINYECTBO OKOH B BaroHaX, KOHEYHO, COCTABIISACT
B 3TOM OTHOIIEHUH OTPOMHOE ITPEUMYIIIECTBO CPaB-
HUMOE C JKHJIBIMH IToMelneHusiMy. He rocienHior
POJIb UTPAIOT COTTHEYHBIE JIyYH U B TOM CMBICIIE, UTO,
IIPOM3BOJS MECTHOE HArpEeBaHUE MPEIMETOB HIIH
BO3/yXa, CHOCOOCTBYIOT HapyIICHUIO PAaBHOBECHS
IIOCJICIHETO U BBI3BIBAIOT BO3AYLIHBIC TEUEHUS,
KOTOpBIE CaM 110 cede, MOT'yT TOPMO3HUT POLIECCHI
Pa3BUTHUS HU3LIMX OPraHU3MOB. ..

[Ipuctynum K paccMOTPEHHIO M OLIEHKE TeX
Mep, KOTOpPBIE B TOW HJIM JIPYTO# CTENIEH! NPaKTH-
KYFOTCS JKeJIe3HBIMHU JIOPOTaMH B BHIAX 0310POB-
JICHUS BO3/lyXa IMaCCAKUPCKUX BarOHOB.

OueBUAHO, YTO JJISl TOCTHXKEHUsS Oosiee yao-
BJICTBOPUTEJIBHBIX PE3YJILTATOB HA Y TH K YKa3aH-
HOH 1leJ, HEOOXO0IUMO 11e1eC000pa3HO COUeTaTh
CaMo YCTPOICTBO BaroHOB C COZIEPKaHHEM HX BO
BpeMsI 9KCILTyaTalii. B 9TOM OTHOILIEHUH C/1esIaHo
y’Ke MHOTO€, HO HEMaJIOo OCTaéTCsl ¥ ClIeNaTh, 4To-
6])[ JAOCTUT'HYTb BO3MOXKHOTO YITYUIICHUA BO3yXa,
HA3HAYEHHOTO JIJISI JIBIXaHUsI [TACCAXKHPOB.

Mepbl, NpakTHUKyeMble HAIIUMHU KEIE3HBIMU
JOpOTaMH, HaITPaBJICHBI ITIABHBIM 00pa3oM K yiTyd-

® MdraMMapuoH cuuTaeT Haubosee OIaronpHUsATHO BIHSIO-
UM Ha oOllee COCTOSHHE OPraHW3Ma JaBJICHHE OKOJIO
764 MM pT. CT.
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[IEHHIO KOHCTPYKIIUH BarOHOB BOOOIIIE, K YITydIlIe-
HUIO CUCTEM UX OTOIUICHUS, OCBEIIECHHS 1 BEHTHU-
JSILUY; 32 CHM 3HAUUTENILHO MEHbILCe BHUMAHUE
YACACTCA OYUCTKE BAaroOHOB OT IIbIJIM U I'PA3H,
a TaK)Ke OYUCTKE M JE3UH(EKIHNN PEeTHPAIHUKOB
BO BpEMsI 9KCILTyaTalliy BarOHOB.

CnuimkoM BCE 3TO SICHO, YTOOBI HYKHO OBLITO
e pacrpoCTPaHATHCS 000 BCel BAYKHOCTH COZEp-
JKaHWs BHYTPEHHETO OMEILCHNs BaroHa B YUCTOTE
U ONPSATHOCTH ¥ O HEOOXOIMMOCTH HEMEJJICHHOTO
YCTpaHEHHUS! BCIKUX OOPa30BABLIMXCS, YACTHIO OT
HeJI0CTaTKa YUCTOTHI, YACThIO OT OeCrIeYyHOro oopa-
LIEHHs C Pa3HOTO poJa OTOPOCaMH OYaroB, BBOJISI-
IIMX B BO3AYX BaroHa BPEIHBIX JUII OpraHu3Ma
MacCaKUPOB MPUMeECEHt.

O‘ieBI/I}lHO, 4TO BEHTWIALUA U TIPOBETPHUBAHUC
BCTYIIaeT B CBOM IIPaBa JIMIb TOT/A, KOTa COOIro-
JICHbI TpeOOBaHMUS OTHOCUTEIILHO YHCTOThI BATOHOB,
a JI0 TeX Mop Kak-To, TaK U IPyroe, B OOJIBIINHCTBE
CITy4aeB, OKa3bIBACTCS] HEACUCTBUTEIBHBIM. S yike
paHbllle IPUBOAWI, MPaBaa, Pe3Koe, HO B AAHHOM
Clly4yail BeCbMa METKOE, BbIPQXKEHHE MO CEMY MOBO-
Iy npodeccopa IlerreHKodepa, Teneps xe odparuao
BHMMaHHE Ha HEro, MOTOMY YTO MHOTHE BHJAT
B BEHTHISILIMH [JIABHOE U JJa)Ke SANHCTBEHHOE CPeJI-
CTBO K YITY4IICHHIO BO3yXa BarOHOB, HE TIPHIaBast
BCEMY OCTAJIbHOMY JJOJDKHOTO 3HAUESHHS; OUEBHIHO
M TO, YTO OJIHUM TOJIBKO COOJIOICHHEM Jaxe Oe3-
YKOPHU3HEHHON YUCTOTHI MBI JJAJIEKO HE YHAEM IO
MyTH K Lend. Tam, rie NpuxoauTcss UMETh JeJIo
C HeM30€)KHBIM yCTaHOBHBIIUMCSI, TIEPUOIIECKIM
WM TIOCTOSTHHBIM BBIJIETIEHHEM B BO3/IyX BEIIECTB,
CIOCOOCTBYIOIINX 3arpPsI3HEHUIO MIOCIETHEr0, TaM
MbI JOJI?KHBI O6paTI/IT]>C$1 3a IIOMOIIBKO K BEHTHJISA-
LM, KOTOPasi B TAKOM CJIy4yae OJ{Ha MOXKeT IpHOIIH-
3UTh BO3/IyX BaroHa I10 KauecTBy K Tpedyemomy. Uto
KacaeTcst Ie3nH()EKIINH BATOHOB, TO 9Ta ITOCIIEIHSIS,
IIPY COBPEMEHHOM COCTOSIHHH BOIIPOCA, KaK CaMo-
CTOSITENIbHAS Mepa AJIs HalIMX Lelel, JODKHA
OTOWTH Ha 3a/IHUH IU1aH.

MpbI yxe JTOCTaTOYHO yTBEPAMIIMCH B TOM
MOHSTUH, YTO TIaBHEHIINM (haKTOPOM MOPYH Ba-
TOHHOTO BO3/yXa SIBISIETCS IBUTH U OCOOEHHO
opraHuyeckas. JTo 00CTOSTENbCTBO 3aCTABISET
HAcC MPEKAE BCETO CTPEMHUTHCS K OUHIIEHHUIO BO3-
AyXa BaroHoB OT IbUIH. COBCpH_ICHHO OYHUCTUTH
BO3JIyX OT IBUIM HEBO3MOXHO, HO CYLIECTBYET
MOJIHAasl BO3MOXXHOCTh B 3HAUYUTEJIbHOU Mepe
YMEHBIIUTH €€ KOIMUYECTBO, BOCIOIb30BABIINCH
e€ pU3NUYCCKUMH CBOMCTBAMHU.

ToBopst BooOIIE, OYMCTKA BaroHOB OT IBUIH,
IPSI3U U T.II. BO BPeMsI CITyXKObI MX CTOUT, IIPH OIIpe-
JIeNEHHOM Ha JJAHHOM J0pOre MMacCaXUpCKOM JIBH-
JKEeHWUH, B 3aBUCHMOCTH OT KOJIMYECTBA BArOHOB,
HECYyIIMX CITY’KOy H, BCIIEICTBHE 3TOTO, OOJIee WIIH
MeHee MPOJODKUTENEHOE BPEeMsl HaXOIMIMINXCS
B O)KHMJJAaHUH TTIOCTAHOBKH B 1oe3/1. OTHAKO JaKe Ha
TaKHUX JIOPOTax, IJIe BATOHBI HAXOSTCS BHE TIOE3/10B
JIOCTATOYHOE JJIsl OYMCTKU UX BpeMs, U TJIe UMEIOT-
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Csl CTIeIUANIbHBIE [T ATOW IeNTH apTend pabouux,
OYHCTKA BATOHOB HOCUT XapaKTep CIIy4aiiHOCTH; 3TO
00CTOSATENILCTBO HEOOXOAMMO MPUIHCATh OTCYT-
CTBHIO BCSKOM CHCTEMBI B 3TOM JIEII€; TaM XKe, I/Ie
HET 3TOr0 KOPMYEro, CPE/ICTBA IIOMOTAI0T MaJIo.

He crany ocranaBnmBaThcsi Ha TAaKMX OOBIKHO-
BEHHBIX BeII[aX, KaK MBIThE I10JI0B B BArOHAX, BBIKO-
JIa4MBaHKME U NPOBETPUBAHHUE IMOAYIIEK CHUICHUI,
MIOJIOBUKOB U T.[1.; PallMOHAJIBLHOE yIOTpeOIeHue
9TUX NPAKTUKYEMbIX BCCMHU KCJIC3HBIMU JOpOraMmu
Mep He MPEACTABISIET PELIUTEILHO HUKAKOH CII0XK-
HOCTH. 37IECh 5 XO4y CIIeJIaTh JIMIIb HECKOJIBKO 3a-
MEYaHUH, KOTOpbIE B 3HAUUTEILHOM CTETIEHH MOITIN
OBI IOMOYB JIeTy YMEHBIIECHHS ITbUIN B BarOHAX.

Ipeskne BCero B 9TOM OTHOLIEHHH OOparaioT
Hali¢ BHUMaHUE MATKHUC MOAYIIKH MaCCaKUPCKUX
cunieHnil. BeceM u3BecTHO, 4TO MsTKas MeOeib co-
JIep>KUT B cebe Maccy MbUIH, YTO 3Ta I1bLIb, TOBOPS
BOOOIIE, HE MOXKET OBITh BBIKOJIOYEHA, TaK Kak
U cama BHYTpPEHHsSs HaOWBKa MoAymIeK (BOJIOC,
TpaBa M IMPOY.) MPEICTABISET COOOK KOJIIEKTOP
M TTOCTOSIHHBIN MCTOYHUK MbUIH, JICTKO IMPOHUKAIO-
nieil Hapyxy. Te, KOTOPBIM HPUXOIMIOCH MTPUCYT-
CTBOBAThH IPH MPOIYCKaHHU CTApOTro BOJIOCA Yepe3
TpenajbHyI0 MalIMHY, 3HAIOT, KAKOE BbIJEIACTCA
TIPH ATOM OOJIBIIOE KOJTUYECTBO TOHKOH ITBUTH.

W3BecTHO, 4TO NEPEBSHHBIA OCTOB MOIYIIKH,
B KOTOPOM MOMEUIAETCs, BMECTE C MPYKUHAMH, €€
BHYTPEHHSAsI HaOWBKa Kak CHH3Y, TaK U CBEpXY,
OOBIKHOBEHHO MOKPHIBAETCS PE/IKOM MEHBKOBO HITH
JIBHSTHOW TKaHBIO, HECTIOCOOHOH yIep)KUBaTh bLIb
OT CBOOOJHOTO ITPOHUKAHHUS €€ Hapy>Ky IPH BCSIKOM
yAaape Mo MOAyUIKe, Jake HEOOIbLIIOM, KOTOPBIM
OOBIKHOBEHHO COIIPOBOK/IACTCS CITyCKaHHE Tacca-
KHpa B CHJICHbE, HE TOBOPS yXkKe O MONIOIIECHUN
MSATKOI MeOeITbIo pa3IMYHbIX ra3oB. Be€ 910 ykasbl-
BaeT HAa HEOTIOXHYIO HEOOXOAMMOCThH 3aMEHEI
PEIKO TKaHH TIOTHOU, O€3pa3IMYHO OYJIET JIH ATO
MIPOKPAIICHHBINA TIHIATEILHO OpEe3eHT, 00pOTHAs
KJIEEHKA MJIH YTO-JIMOO IPyroe B 3TOM POJIE; TOIBKO
MOBEPX BO3MOYKHO MEHEE ITPOHUIIAEMOTO JUIsI ITBUIN
IIOKPOBA CJIEAYET HAKJIAIbIBATH YHCTOBYIO OOUBKY,
KOTOpasi B TAKOM CITydae OyJieTe HOKPBIBATHCS, IJ1aB-
HBIM 00pa30M, HApYKHOU MBUIBIO, @ 3Ta IOCIEHIS
MOET OBITh JIETKO BBIKOJIaYMBaeMa U yjaisema
HECKOJILKO BJI&KHOU BETOIIBIO Y,

Bcewm u3BecTHO, YTO B BaroHax, CHaOKEHHBIX
MSATKOHM Me0eIbIo BO3/1yX 1 [OCIIE IPOBETPUBAHUS
Kpaiiae xynoi. Hepenko nmpuxonuiocs, moibs3ysach
o0oHsTHMEM, npu3HaBaTh Bo3ayx I u Il kimaccos,
UIYLIMX, B Moe3ne 0e3 maccaxxupoB (0COOCHHO
9TO 3aMEYAeTCsl B BarOHaX C OTACICHUSIMHM), Xy/I-
muM, 4em B Barose IlI-ro kiacca, HarmoJIHEHHOM
TaK Ha3bIBaeMOH YncTOl myOnukoii. B pabote n-pa

0B Hacrosiiiee BpeMsi Ha aMEPHKaHCKUX JI0pOrax yrnorpeo-
JISIFOT MSTKYIO NIPYKHHHYIO MeOesb 0e3 HaOMBKH, YePTEKH
Takol Me0ear MOXKHO HAiTH B aMEPUKAHCKOM JKypHale
«Nation, Car and Locom. Builder» (1891, Vol. XXII,
Number 5 Supl).
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TaparkeBrua HaX0AMM, YTO BO3yX B Baroxe lI-ro
KJjlacca, IpU COOTBETCTBEHHOM YHCJIE MACCAXKU-
POB, ObLT ObI HECPABHEHHO XYK€, Y€M B BaroHe
[II-ro xnacca. HoBele BaroHsl, yCTpO€HHbIE Ha
HuxosnaeBckoil xene3Hol Aopore, yCTpaHSIOT
BO3MOXKHOCTh MCKaTh IJIABHYIO IPUYUHY 3TOTO
00CTOSITENECTBA B HEIIOTHOCTH OKOHHBIX pam,
JBepeit u T.1I.

HcroyHukaMu nbUIM B BaroHax sIBJISIIOTCS
TaK)Ke Pa3JIMYHOTO POAA MAaHEJNH, OJIOBbIC HACTH-
JBI ¥ 1IpOo4. BepéBouHbIe OJIOBUKH (CMOJISIHBIC)
0e3yCI0BHO HE JIOJKHBI OBITh JI0IIyCKaeMbl B Ba-
roHaX, TaKk KaK OHU BIIMTHIBAIOT B ce0s Maccy
IBLIM, MOJBEpTaoNIeiics Mo BIUSHUEM Biaru,
MOKPOTHBIX OT/EJIEHUN U IPOYETO, Pa3I0KEHHIO,
IbUIb OT YAApOB U TPCHHS HOTAaMU MMOAHUMACTCA
B BO3/IYX U 3apakaeT ero. JIydmumu nojsoBukaMu
HY>KHO IPU3HATH IIOTHBIE OPE3EHTOBbIE, C KOTO-
PBIX JIETKO MOJKHO BpPEeMs OT BPEMEHM CMbIBAaTh
MBUIb M TPSI3b TPSATIKOW WITH IBAOPOH.

Ha HexoTopbIx JOporax npuHATO NPOU3BOIUTH
BpEMs OT BpeMeHH 0OMBIBaHNE BOJOH CTEH U I10-
TOJIKOB 0€3pa3iMyHO JACPEBSIHHBIX MIIM OOMUTHIX
KJIEEHKOM. J{7151 9TOM 11eJTM MOKHO PEKOMEHI0BATh
Oosice ynoOHBIN u 1eaeco00pa3Hblil crmocoo.
B xaxapiii BaroH moo4yepénHo BBOAUTCS pyKaB,
CHAOXEHHBIM METAJUIMYECKON TOJIOBKOW C 4pes-
BbIYAI{HO MEJIKUMH OTBEPCTUSAMHU; IYTEM PaCIbl-
JICHUSI BOZBI YBIIAXKHSIIOT BO3yX, CTCHbI, MeOeIIb
u T.4. Korna neuie ocsaer, Torna oCTOPOXHO CO-
Ouparot e€ ¢ MeOeH BIa)KHBIMH BETOIIKAMH, a CO
CTEH U MTOTOJIKA KaTKaMH, IPEJIOKEHHBIMHU JI-POM
OcBanbi-Bonbhom, 00EpHYTHIMU T'yOKOMH, BaTON
WJIM CYKHOM M IIOMEIIEHHBIMU B BUJIKE, CHA0KEH-
HOU JUIMHHOM PYKOSITHIO; OOMOTKA, OYEBHJIHO,
TpebyeT TIATeIbHONH IPOMBIBKH IO MEPE CBOETO
3arpsi3HEHMS.

Tak Kak MPOBETPUBAHNE BATOHOB, CBOOOIHBIX
OT IIaCCa)KUPOB, UTPAET BECbMa HEMAJIOBAXKHYIO
POJIb B CMBICJIE O3/IOPOBIICHUS BO3/1yXa BarOHOB,
TO HEOOXOIMMO OKHA YCTpauBaTh TaK, YTOOBI UX
BO3MOXHO OBLIO € Y100OCTBOM OTKPBIBATh BO BCS-
Koe BpeMs roja. Jlydmmii Tn B 3TOM OTHOILIE-
HUH — CIIyCKHBIE paMbl. DTOT THUII paM, MPAKTH-
KyeMbIif Ha pa3iMuHBIX JKEJIE3HBIX JOporax, Ha
HukonaeBckoii jopore moxyyus NpaBo rpakiaH-
CTBa.

W3 BBIIEN3II0KEHHOTO MbI BUJIM, YTO 3aJla4u
OOBIICHHOI BarOHHOM Ie3NH(EKIINH TTPY HBIHETITHEM
COCTOSIHMM BOIPOCA CBOISATCS IO MMHMMYyMa, U 4TO
MPUBE/IEHHAS PaHbILIE OYHUCTKA BATOHOB X BEHTUJIALINS,
K KOTOpOI MBI ceifuac 1 nepeiaém, COCTaBIISIOT IIaB-
HbIe c(hepbl, MOIIONIAIOIIKE BCEIENIO HAIlIe BHUMAHE
B BOIPOCE 00 03/10pPOBJICHUH BO3LyXa MACCAKUPCKUX
BAaroOHOB.

brawxaiimas 3agada BEHTUIISILIMK BarOHOB 3a-
KJIFOYAETCsl HE B BOCCTAHOBJICHWH HOPMAaJIbHOTO
cOCTaBa BO3JlyXa, YTO OYEBHUHO, HEJOCTHKUMO,
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a B YIAJICHUH U PACCESTHUH BPEIHBIX MpHUMeECei
BaroHHOTO BO3/yXa, IIABHBIM 00pa3oM, OpraHude-
CKOM MBUIH, CIy’Kalled cpenoil Ajs pa3iudHOTO
poJa opraHM4ecKux MmpoueccoB. Bui3siBaemoe
BEHTWISILIMEH paccerBaHME IbUICBBIX YaCTHIL yXKe
caMo 1o cebe CIOCOOHO JO HEKOTOPOH CTelneHU
0CJTa0UTh YHEPTHUIO MPOLIECCOB PA3BUTHUS H Pa3iIo-
JKeHHs1. JIFOKII0 TOBOPHT, UTO pacCenBaHMeE 3apOJIbl-
el yOMBaeT MX JCHCTBHE; TO JK€ CaMOE HYKHO
CKa3aTrb U O TE€X I'HUJIOCTHBIX rpn61<ax " Criopax,
KOTOpble 00pa3ytoT COOOK0 Leble KOJIOHHHU, HOCS-
1IMecs B BO3yXE BaroHa.

Crienyrorast 3a1a4a BEHTWISILN HEe MEHee Ba-
Hasi, HO Ha KOTOPYIO JI0 TIOCJIETHEr0 BpeMeHH! 00pa-
1aI0Ch BECbMa Majo0 BHHUMAaHUs, COCTOUT B TOM,
4TOOBI ¢ HOMOIIBIO YCTAaHOBUBIIETOCS OOMEHa BO3-
JyXa CIIOCOOCTBOBAaTh HOAIEPKAHUIO TEILIOBOIO
paBHOBecus Tena. [IpeneOperkenue 3Toi ocneanen
3a/1a4eil MMTaeT U 0 CUX IOp TaKue TeOPUH, KaK
TEOPUsI OTOTUICHNS X BeHTUJISILIAN TPETHIM BO3/LYXOM,
JIOBEZIEHHBIM 10 TEMIIEPATyPhI TENA MK AAKE BBILIE.

Paccmotpenne 310t aneko ené HeBbIICHEHHOM
3a/1a41 He BXOJUT B IIPOrpaMMy HACTOSILIEr0 3T/,
1 51 TO3BOJIIO ce0e KOCHYTBCS €€ JIMIIb BCKOJIb3b
IOCTOJBKY, TOCKOJIBKY 3TO HEOOXOIMMO IS CYKIe-
HUS O [IPAKTHKYEMOM B BATOHAX BEHTHJISLIMH TPETHIM
BO3/IyXOM; TEIEPb JKe Mepei 1y K Onmkaiiiieii 3a1a-
Y€ BCHTHUJIALIUHA.

BecbMa MOHSTHO, 4TO B BaroHe, eciu Obl OH
IIPeCTaBIIsLI COOO0 COBEPLIEHHO U30JIMPOBAHHOE,
He cooOIaroneecs: ¢ Hapy)KHBIM BO3LyXOM IIpO-
CTPAHCTBO, HACTYIHJI OBl HAKOHEI JJIS JIBIXAHHMS
KPUTHYIECKHI MOMEHT PaHbILIE WK TTO3XKE — B 3aBU-
CHMOCTHU OT KOJINUECTBA MACCAXKUPOB U OT 00bEMA
BaroHa, paBUJIbHEE CKa3aThb, OT II€PBOHAYAILHOIO
00BbEMaA CBEKETO BO3YXA. ..

Tenepp nepeiiiéM K pacCMOTPEHHUIO TEX MPHU-
CTIOCOOIICHHUH, KOTOPBIMH JJOCTUTI'AETCSI HCKYCCTBEH-
Hasl BEHTWISIUS BATOHOB.

Bce npucnocobiaeHus 3TOro poja pasaesorcst
Ha JIB€ IVIaBHbIE IPYIIIBL: TIEpBasi U3 HUX OCHOBBIBA-
€TCsl Ha HEMOCPEICTBEHHOM BTAJIKUBAaHUH CBEIKETO
BO3/IyXa B BArOH CHJIOW BETpPa, BTOPasi — Ha BBICACHI-
BaHUH U3 BaroHa Tak)Ke CHJIOH BETpa HCIIOPYEHHOTO
BO3/IyXa; TIPU 3TOM IPEATIONAraeTcs, YTo Takoe xKe
KOJIMYECTBO CBEXKETO BO3yXa IOCTYIAeT B BarOH
MyTSIMUA €CTECTBEHHOW BeHTW K. KomOuHamn
BEHTWIALMOHHBIX MPHUCIOCOONeHUI 00enx Tpymil
BCTPEYAIOTCSI PEIIKO.

Mgl 3HaeM, 4To paboTa BCex MOA00HbBIX arapa-
TOB, JACUCTBYIOIINX CHJIOM BO3IYIIHBIX TEUEHUH,
HAXOZAUTCS B TECHON 3aBUCUMOCTH OT 9THX HMOCIIE]-
HUX, ¥ YTO 3TUM 0OCTOATEIILCTBOM 00y CIIaBINBACT-
Cs1 HETIOCTOSTHCTBO X JICUCTBUSI.

A. M. Kpunkuii

(«Kenesnonopoxknoe leno» NeNe 39-40,
41-42, 43—44 n 4546 (1891-1892 roanl)) @
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AHHOTALMA

Cmambs npedcmasnsem coboll peyeH3uto Ha y4yebHUK
«[lpasogoe pezynuposaHue pbIHOYHOU 3KOHOMUKU (Ha npu-
mepe mpaHcnopmHol ompacnu)» 01 cmy0eHmos mpaHc-
NopmHbIX 8y308, 0by4atouwuxcs no npoepamMmam Masucmpa-
mypbl, N0020Mo81eHHbIU KOIekmugomM kagedpb! « TpaHc-
nopmHoe npago» KOpuduyeckozo uHcmumyma Pocculicko2o
yHusepcumema mpaxcnopma nod obwell pedakyuel 3acny-
XeHHo20 desamens Hayku Poccutickol ®edepayuu, dokmopa

npasosoe obecneyeHue.

npu Ilpa

cmee Poccuiickoti @edepayuu, Mockea,

topuduyeckux Hayk, npogeccopa A. U. 3emnuHa. Aemop
ommMeyaem He MOJbKO akmyanbHOCMb meM 8 co0epxaHuu
yyebHUKa, HO U MHO20aCNEKMHOCMb UX OCBEWEHUS: om
meopemuyeckux acnekmos 00 npakmuku ux peanu3ayuu.
Iny6uHa Hay4yH020 nodxo0a, npoOeMOHCMPUpPO8aHHas agmo-
pamu, obecneyugaem nosHoOe U 8CECMOPOHHEE YCBOEHUE
mamepuana, obecneyugasi npakmu4yecky 3Ha4yumMocmb
U homeHyuanbHyt ocmpebosaHHoCcmb yyebHuka. Aemopam
ydanocb onpedenums onmumanbHbIi 06bEm docmamoyHocmu
mamepuarna 8 y4ebHuke dnsi hopmMuposaHusi KomnemeHyul
npagosol HanpaseHHOCMU y cheyuanucmos ebicwel K8a-
nugpukayuu 8 obnacmu mpaHcnopma, a makxe compyOHUKO8
0p2aHo8 20cydapcmeeHHO20 U KOPNopamusHo20 ynpaesieHus,
Heobx00uMbIx On1s ycnewHo20 8bINOMHEHUS UMU AomKHOCM-
HbIX 0653aHHOCMeU 8 YCrI08USAX PbIHOYHOU 3KOHOMUKU.
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OOBITHSI, TIPONCXOASIINE B HACTOSIIIEE BPEeMst

B MHpE, CBS3aHBI C EPEOCMBICICHUEM IeTeit

¥ 337124 Pa3BUTHUs FOCYAPCTB, POJIH OOLIECTBa,
TOCYyapCTBa M IPaBa, COCTOSIHYS COBPEMEHHBIX MEK-
JyHapOIHBIX OTHOILIEHHH, SKOHOMUIECKHX, COINAITb-
HBIX, IPaBOBBIX IpoOieM. HoBble oracHoCTH 1 yrpo-
3BI ISl yCTOWIHMBOTO Pa3BUTHS TOCYIAPCTBA B LIEJIOM,
1 TPAHCIOPTHON CHCTEMBI, B YACTHOCTH, BBI3BIBAIOT
NpHUCTAIbHBIN HHTEPEC MHOTUX OTEYECTBEHHBIX Mpa-
BoBesoB [1-8].

YenenrHoe GyHKIMOHUPOBAHUE TPAHCHIOPTHOM
CHCTEMBI TIPEIIIOIATraeT He TOJILKO 3HAHUE €€ CyObek-
TaM{ HOPMATHBHBIX MPABOBBIX aKTOB, HO U MPaKTH-
YECKYIO OpPraHN3aI[HI0 MEPOTIPUSITHIA 110 00ECIIEUeHHIO
0€301acHOCTH TPAaHCIOPTHOH MH(PACTPyKTYyphl Ha
OCHOBE JIOKTPHHAJIBHBIX OJIX0/I0B, KOMILIEKCA ME/H-
LIUHCKUX U MEIHUKO-COLUATBHBIX MEPOIPUSITHH, Ha-
NpPaBJIEHHBIX HAa CHM)KEHHE PHCKAa BO3HHMKHOBEHHUS
Ype3BBIYAIHBIX CUTYaNHi, Ha MHHIMH3AIAIO METUKO-
CAHUTAPHBIX MOCIEICTBUH U COXPAHEHUE 370POBbS
nropei [9; 10], BbINOJIHEHHUE MEXAYHapOIHO-
NMPaBOBBIX 0053aTENHCTB HANIETO IOCyJapcTBa
B TPAHCIIOPTHOM cdepe, yMEHbIICHHE yiiepda OKpy-
Karolelt mpuponHoii cpene [11; 12] u mHoroe apyroe.

@dopMupoBaHKE U CHCTEMAaTHIECKOE COBEPIICH-
CTBOBAHHUE y CIICIHATHNCTOB TPAHCIIOPTHOU Ceps
BBICIICH KBaIH(pUKALMHU TPO(ECCHOHATIBHBIX KOMITE-
TEHITHH, TO3BOJISIIOIINX UM OCYIIECTBIISITH IIPaBO3HA-
YHMBIE YIPABICHUECKHE AEHCTBHSA ABIACTCS BAYKHOM
3anaueii [13; 14], 0coOCHHO B yCIIOBHSIX PBIHOYHOM
9KOHOMHUKH. CIIOCOOHOCTB BBIITy CKHUKOB 6€30110604-
HO KBaJTH(HINPOBATh IPABOHAPYIICHNUS, HEYKOCHHU-
TEJIbHO 00eCHeYnBaTh UCIIOIHEHHE HOPM CIICLHAIIb-
HOTO, — B TOM YHCJI€, TPAHCTIOPTHOTO, — 3aKOHO/IATeITh-
CTBa B IPOIECCE TMPOEKTHOH AESTENLHOCTH, OCYIIe-
CTBJSTh PYKOBOJCTBO NPOU3BOJACTBEHHBIMH,
TEXHOJIOTUUECKUMH, JIOTUCTHUECKAMH TIPOIECCaMH,
peleHre HHBIX TPOeCCHOHANBHBIX 33/a4 Ha OCHOBE
MOHMMaHMsI CYLIIHOCTH ITPABOBBIX SIBICHHH 1 ITPOLEC-
COB, ITPOOJIEM IIPABOBOTO PETYINPOBAHHUS 1SS TEITHHO-
CTH Ha TPAHCIIOPTE, IPeNonpeieeHa HOTPeOHOCTIMU
peanusanuu 3ajad, NocTaBleHHbIX TpaHcropTHOM
crparerueil Poccuiickoit @enepanuu 1o 2030 roga
¢ IPOrHO30M Ha nepuox 10 2035 roxga.

ITpuHKMMast BO BHUMaHHUE TIOTPEOHOCTH B KOHKPET-
HBIX CHEIHAINCTaX Ha TPAHCHIOPTE, a TAK)KE OCHOBBI-
BasiCh Ha COOCTBEHHBIX 0oJiee paHHUX HAYYHBIX HC-
CJIeOBaHUX M ydeOHoi sureparype [15-18], kon-
JIEKTUB YYEHBIX — NPEACTABUTENCH HAyIHOH IIKOJIBI
«TpancnopTHOE TIPaBO», CO3MAHHON M (DYHKIHMOHU-
pytouieii B FOpunnueckom nHcertutyre Poccuiickoro
YHUBEpCUTETa TPAHCIOPTa, OCTABUII Iepes coboi
aMOUIINO3HYI0 3a7ady — BOCIIOIHHUTH HEZOCTATOK
yueOHOI TUTepaTypbl, HEOOXOANMOI s ITpero/aBa-
HUSI CTYJCHTaM TPAaHCIOPTHEIX 00pa30BaTeIbHBIX
OpraHu3anuii, 00yJaromuMcs Mo IPorpaMMaM Mart-
CTpaTypBhl, a TAKKE CITyLIATEIIM IIPOrpaMM MePENoa-
TOTOBKHU JWCHUILIMH, CBS3aHHBIX C IIPABOBBIM 00ec-
niedeHreM IpoeCcCHOHATBHOH IEITeTbHOCTHU B YCIIO-
BHSIX PHIHOYHON SKOHOMHKH. BbIcoKomnpodeccroHalib-
HBII KOJUIEKTHB aBTOPOB BO TJIaBe C 3aciTy>KEHHBIM
nesitenieM Hayku Poccuiickoit @enepannu, JOKTOPOM
IOPUAMYECKUX HayK, mpodeccopoM AJIeKCaHAPOM
HWropesnueM 3eMIIMHBIM, ONIPEIEIIUB JOCTaTOYHOCTD
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Marepuara, ¢ yCcrexoM CpaBUIIHCh C TOCTaBIEHHBIMU
3ajauaMu, ITOATOTOBHB yueOHMK «[IpaBoBoe peryimu-
pOBaHHE PHIHOYHOH YKOHOMHKH (Ha TIPEMepe TpaHC-
noptHoi oTpacau)» [19].

B yueOHMKe B CHCTEMATH3MPOBAHHOH (hopMe Ipen-
cTapieH Marepuai Kypca «IIpobiaemsr mpaBoBOro pery-
JMPOBAaHMS UMYILIECTBEHHBIX OTHOIICHUI B cdepe
TPAHCIIOPTay, MPENOaBAEMOT0 CTy/ICHTaM TPaHCIIOPT-
HBIX By30B, 00yJarOIIMXCsI 110 MPOrpaMMe MarkcTpary-
pb! o HanpaeieHuto 40.04.01 YOpucnpynennus, mpo-
(o «IIpaBoBBIE OCHOBBI TOCYIAaPCTBEHHOTO H KOPIO-
paTHBHOTO ympaBieHus HU(PpPOBO IKOHOMHUKOH
U TPAHCIIOPTOM», a TAKKe JIONOIHUTEIBHON npodec-
CHOHAIBHOH IporpamMe mepenoarotoBku «IIpaBosoe
PEryJIMpOBaHUE PHIHOYHON SKOHOMUKIY, PEANTN3YEMON
crieruanicTaM B cdepe yrpaslieHUs: Ha TPAHCIIOPTE.

C yIOBIIETBOPEHHEM OTMETY, UYTO COAEpIKAHUE
y4e0HOTO M31aHNUS TOTHOCTHIO COOTBETCTBYET KBAJIU-
(DMKALMOHHBIM TPEOOBAHUSAM MO JIOJDKHOCTSIM CIie-
I[HAJINCTOB, YCTAHOBJICHHBIM B KBanmdukannoHHOM
CIIPABOYHUKE JOJKHOCTEH PYKOBOAUTENEH, CrielHa-
JIMCTOB U JPYTUX CIy’KalUX, yTBEPKIEHHOM I0CTa-
HosieHueM Muntpyna Poccun ot 21.08.1998 . Ne 37
(B pexn. mocranoBieHuss MunTtpyna Poccum ot
21.01.2000 . Ne 7), a Taxoke TpeboBanusimM denepaib-
HOT'O TOCYAapCTBEHHOTO 00pa30BaTeIbHOTO CTaHap-
Ta BBICHIEr0 00pa30BaHMA MO HATPABIECHUIO TTOJTO-
ToBKH 40.04.01 «IOpucnpyneHuus», yreepx JIEHHOr0
npuKa3oM MUHICTEpCTBA HAyKH M BBICIIEro 00paso-
Banus Poccuiickoit @enepannu ot 25 Hos0ps 2020 .
Ne 1451.

CrnexyeT OTMETUTH, YTO NpHU (HOPMUPOBAHUU
CTPYKTYPHI U COIEPKaHUS yuyeOHHKA aBTOpaMH ObLITH
YUTCHBI IOTPEOHOCTH CIELMAIMCTOB Ha TPAHCIIOPTE
B IOJTyYESHUH MPABOBBIX 3HAHUH 110 BCEM HalpaBlie-
HUSAM IPAaKTUYECKOH JeATeNIbHOCTH. B uacTHOCTH,
B y4eOHMK BKJIIOYEHBI JUAAKTHUECKUE OJIOKH, OTpa-
JKaromue MpoOIeMHbIe BOIIPOCH:

* NIPABOBOTO PETYIMPOBAHHS TOCYIapCTBEHHOTO
yIpaBieHus B cepe phIHOUHON SKOHOMUKH;

* IPUMEHEHHST HOPM MEXXIyHapOIHOTO YaCTHOTO
IpaBa B YCIOBHSAX PHIHOYHOH SKOHOMHKH U TIpaBa
ME3KIyHapOIHBIX NE€PEBO30K;

* aJMUHHCTPATHBHO-IIPABOBOTO M YaCTHOIIPABO-
BOTO PETyINPOBaHMs B chepe TPAHCTIOPTa;

* PEryJIMpOBaHUs OTHOLICHUH «pPabOTHUK—Pado-
TOZIATEJIb» B YCIIOBUSIX PHIHOYHON YKOHOMHKH; CIIO-

I RKOHOMWKNIHARM PAHCITOPITE

136



c000B 1 (hOpM 3aIUTH HIMYIIIECTBCHHBIX 1 HEUMYILIE-
CTBEHHBIX IIPaB XO3AHCTBYIONIUX CYyObEKTOB;

* ()MHAHCOBO-TIPABOBOTO 0OECHEYCHUS Pa3BUTHS
TpaHCIOPTHOM cucteMbl Poccuu;

* IPABOBOTO OOECIIEUCHNUS 3aKOHHOCTH, OXPaHBI
¥ 3aIATHI IPaB YYaCTHUKOB TPAHCTIOPTHBIX OTHOIIIE-
HUMH.

Peanm3yst monoskeHus1 y>ke yOMHUHABIIEHCS BEIIIE
Tpancnopthoii ctparerun Poccuiickoit denepanuu
10 2030 roza ¢ nporuo3oM Ha nepuon 1o 2035 rozxa,
ABTOPBI y4eOHHUKA y/ISIHIIN 0c000e BHUMAaHUE BOIIPO-
caM MPaBOBOTO PETYIHPOBAHHS TPAHCIIOPTHBIX OTHO-
HICHUH U (UHAHCOBO-IIPAaBOBOMY 00ECIEYeHUIO
(YHKIIMOHMPOBAHHS TPAHCIOPTHOM CHUCTEMBI Ha
JIOJITOCPOYHYIO TIEPCHEKTHBY.

CrouT TaKke NOAYePKHYTh OIIEPaTUBHOCTH KOJI-
JIEKTHBA aBTOPOB: UCXOJS U3 ITOCTABICHHON MuHu-
cTtpoM TpaHcnopra Poccuiickoit @enepanuu 3agauu
[0 BBINOJHEHUIO POCCHICKMM YHHBEPCUTETOM
TpaHcopTa (yHKIHH 6a30BOr0 OTPAcIEBOrO By3a,
LEHTpa Y4eOHOI U METOIMYECKOI paboThI, B C)KaThIe
CPOKH OB MOJTOTOBIICH PELIEH3UPYEMbIH YUeOHUK
Ha BEICOKOM ITPO(ecCHOHaTBHOM ypoBHE. A. 1. 3em-
JIMH, BBICTYTTUBIIUH PEIAKTOPOM U OPTaHU3aTOPOM,
BJIOXHOBHJI KOJUIEKTHB €MHOMBIIIICHHUKOB — IIpe-
nojaBaresieil kaeipbl, PyKOBOJHUTEIEH 1 Iperoa-
Bateneil apyrux kadenp FOpuamueckoro HHCTUTYTa
PVYT, cnenuanucToB — NpakTHUKOB, SKCIIEPTOB U Ha-
YYHO-TIEJarOTHIeCKUX PaOOTHUKOB 00pa30BaTelIhb-
HBIX OpPTaHU3aIHi Ha MOATOTOBKY HEOOXOAMMOTO
yueOHHKA.

VY6exneHa, 9To MaTepuai yueOHHKa cTaHET 6a30-
BBIM JUISl BCEX TPAHCIOPTHBIX 00pPa30BaTEIbHBIX Op-
raHu3aui U 00ecIeYuT BEIPaObOTKY €ANHOTO MOAX0-
a K COAEpKaHUI0 M METOANKE (pOPMUPOBAHHUS
Y CTYJICHTOB H CITyIIaTeNIei MporpaMM JAOTOTHUTEIb-
HOTo Npo(heCCHOHaIBHOTO 00pa30BaHUs, peanu3ye-
MBIX TPAHCHOPTHBIMH 00pa30BaTEeILHBIMA OpraHHu3a-
IUSMH, TPABO3HAYMMBIX KommeTeHnui. Kpome Toro,
coJiep)KaHKe y4eOHNKa TO3BOJIMT PeaTn30BaTh B 00y4e-
HUM TIPOCKTHEIM U NMPaKTUKO-OPHEHTHPOBAHHBIN
MOAXO/BI, YTO MAKCUMAIBHO 3P(PEKTUBHO CKAKETCA
Ha BBITIOJIHEHUH 3314, TOCTaBJICHHBIX TpaHCciopTHON
crparerucit Poccuiickoit depepannu, UCIOIHEHUN
MHCCHU M TOCTMKEHHH CTPATETMYECKOH eI yHH-
BEPCHUTETA B COOTBETCTBHU ¢ [Iporpammoii pa3BuTHs
OI'AOY BO «Poccuiickuil yHuBepcUTET TPAHCIIOPTa
B paMKax peasi3aIiy MPOTPaMMbl CTPATETHIECKOTO
akagemuyeckoro nuaepcrsa «lIpuopurer-2030»
[20-22].

W3nanune yueOHuKa OyneT criocodcTBoBaTh (hop-
MHPOBAaHHIO TPABOBON KYJIBTYPHI CIEIHAINCTOB
TPaHCIOPTa, SBISIOLICHCSA BaKHEHIIEH COCTaBILAIO-
el ux npodeccruoHanbHOM KynbTypsl [23, c. 403],
yeMy, KaK CIelyeT M3 pe3ysbTaTOB MCTOPUKO-
MPaBOBOTO aHAJIN3a HCTOYHUKOB, TPAUIIOHHO Y/e-
JSII0CH CYIIECTBEHHOE BHIMAaHUE C MOMEHTA CO3/1a-
HUsl VIMIIepaTopcKoro MOCKOBCKOTO HHIKEHEPHOTO
yuuinina [24, ¢. 261; 25, ¢. 248], Tpagunuu KOTOporo
npopoikaeT Poccuiickuii yHUBEpCUTET TpaHCIIOpTa.

PenieH3upyemMoe U3jaHue yCHENIHO BIIUCHIBACTCS
BO BICUATIISIONIHUI MAaCCUB yIEOHNKOB, TIOTOTOBIICH-
HBIX TIPEICTAaBUTEAMH HAyIHOH K0! « TpaHcopT-
HOE IPaBO» B IENSIX 00eCIeUeHHs] Ka9eCTBEHHBIM

Vin] \ [ O

JIMIAKTHYECKHM MaTEePHajIoM CTYICHTOB TPAHCIIOPT-
HBIX BY30B [26-32 u 1p.].

Marepuai, cofeprKaliuiics B yueOHHKe, H3JI0KEH
B JIOCTYITHOW (hopMe, YUUTBIBACT H OTPAXKAET COBpE-
MEHHbIC TEHACHLUH JUHAMHUYHO Pa3BHBAIOLIEroCs
POCCHIICKOTO 3aKOHOIATEIbCTBA, B TOM YHCIIC TPAHC-
[IOPTHOTO; MOCJIEIHAE U3MECHEHHS B HOPMATHBHBIX
[IPaBOBBIX aKTaX, PErYJIUPYIOLINX PHIHOYHYIO IKOHO-
MUKY.

Vuebnuk «IIpaBoBoe peryanpoBaHHe PHIHOYHON
9KOHOMHKH (Ha MPHMEpe TPAHCHOPTHOM OTpaciun)»
MOJTHOCTBIO COOTBETCTBYET (pefiepalibHOMy Trocyaap-
CTBEHHOMY 00pa30BaTe/IbHOMY CTaHIAPTY, HAIUCAH
JOCTYIHBIM, I'PAMOTHBIM IOPHIMYECKUM S3BIKOM,
U, BHE BCSKOTO COMHEHWUs, OyaeT BocTpeOOBaH He
TOJIBKO CTY/ICHTAMHU TPAHCIIOPTHBIX BY30B, aCIHPaHTA-
MH, HAyYHO-IIEIarOrMYeCKIMH 1 PAKTHYCCKUMH pa-
OOTHHKAaMHM, HO M LIUPOKUM KPYT'OM JIHLI, HHTEPECYIO-
IIMXCSL BOIIPOCAMHU [IPABOBOTO PETYJIMPOBAHUS COBpE-
MEHHBIX PBIHOYHBIX OTHOLLleHI/Iﬁ Ha TpaHCIopTeE.
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MaTepuano! «bronnetens OCX[» B nepsom
nonyroguu 2022 roga

Hecmompsi Ha mo, 4mo 21agnuim coobimuem nepgo2o nouyeoous 2022 2ooa ons
Bronnemens Opaanuzayuu compyoHUYecmea Heeiesnblx 00po2 — 0CMagaics e2o
65-nemuuii woounei, Broniemenv OCIKI] npodondican nyonukoeams mamepuaisl 0
HauboIee 3HAUUMBIX COOLIMUSIX 6 HCUZHU OP2AHUSAYUL, KOMOPbIE HECOMHEHHO OYy0ym
npedcmasnsims unmepec u 05 yumameneti « Mupa mpancnopmay.

C coenacus peoaxyuu bronnemens OCIK/ éocnpouszsooum cooepoicanue psoa
Mmamepuanos e2o Homepa 1-2 3a 2022 200.

Kntoyesble cnosa: OCXKL, bronnemers OCXKL, xene3Hble dopoeu.

caoeHHoM Homepe 1-2 bromerenst OCXK]

TPaJIMLIMOHHO ITyOJIMKYIOTCSI CTaTbi M MH-

bopmanust o nesitesbHocTr OCYK] u cTpan
— YICHOB OpraHM3allUu.

Tax, orryOnMKoBaH MaTepHal 0 TPaHCIIOPTHOM
KoMIutekce TypKMeHHCTaHa, B KOTOPOM OTMEJaeT-
Cs1, 4TO B ATOM CTpaHe MPOJIOIHKACTCS IIIMPOKOMAc-
mTabHas peai3aLysi MPOEKTOB 0 CTPOUTEIBCTBY
1 Pa3BUTHIO OOBEKTOB TPAHCIIOPTHOM HH(PACTPYK-
TYPBI C LIETBIO TATBHEHIIIETO YKPETICH S ¥ COBEP-
LIEHCTBOBAHUS €IMHOM TPAHCIOPTHOM CHUCTEMBI
CTpaHbl M €€ WHTETPAIMH B MEXIyHAPOTHYIO
TPAHCIIOPTHYIO CETh PErHOHAa M €BPA3HHCKOTO
IIPOCTPAHCTBA B LETIOM s JAJIbHENIIIET0 YIKOHO-
MHUECKOTO IPOLBETAHUSL.

O peanu3aluu OCHOBHBIX U CaMBIX SPKUX
MPOEKTOB B 3TOI 00JIaCTH paccKa3bIBaeTCs B CTa-
ThE, TIPEIOCTABIEHHOW ATEHTCTBOM TPaHCIIOPTa
U KOMMyHUKanui npu KaOnHeTre MHHHCTPOB
TypxMenucraHa.

[ly6muxyetca napopmanus «UsHaycKoH
JKese3HoaopoxxHoM kopriopatu KXK/I» o xone
paboTHl O MPUAAHHIO KEJIEC3HOJOPOKHOI Ha-
KJIaTHOHM (pyHKIIMH TOBapOpacHOpPSAUTEIHHOTO
JIOKyMEHTA.

«UsHayckas KeJIe3HOIOPOKHAsT KOPIOpaLHs
KK» siBnsiercst oqHuM n3 18 pernoHalibHbIX
nonpaszaenenuit Kopnopanuu KXKJI, koropas
YIPABISET KEJIE3HBIMUA IOPOTaMU MPOBUHIIMIMA
CeruyaH, ['yiwkoy 1 roposia IEHTPaIbHOIO MOJ-
yuHeHus: UyHIMH. DKCIUTyaTallMoHHas AJMHA
JKEJIE3HOJOPOXKHBIX JIMHUM Ha €€ TEpPUTOPUU
cocrapisier okoso 10 Teic. kumomeTpoB. OHa 3a-
HUMAeT TIePBOE MECTO Mo 00BEMaM IPY30BBIX U
MACCAKIPCKUX NIEPEBO3OK B 3aIIaHON YacTH KH-
TaNCKOM JKEJIE3HOOPOKHOM CETH.

«UnHIyCKas HKEIIC3HOMOPOXKHAS KOPITOPALIHS
KK ocyiecTBisieT skene3HOA0pOyKHbIE EPEBO3-
KU I'PY30B B COCTaBe KOHTEHHEPHBIX MOE3J0B B
coobmennu Kuraii—EBpora, ornpasisrormmxcst 13
ropoza YyniuH 1 ropofa UsHy (a AMMHUCTPATHB-
HBIH 1IeHTp npoBuHIMK ChrayaH). [To komrdecTBy
KOHTEHHEPHBIX TMOE3/I0B, OTMPABICHHBIX M3 ITHX
JIByX TOPOZIOB, OHA 3aHUMAET TiepBoe MecTo B Kurae.
B 2020 romy xommaHueli OpraHu30BaHO U OTIIPaB-
nieHo 6omee 4700 KOHTEHHEPHBIX TTOE3/I0B, 9TO CO-
crasisgeT okoio 40 % oT 001Iero KoaMJecTBa KOH-
TEHHEPHBIX TT0e3710B B coodmieHnu Kuraii—EBpora.

C 2018 roxa, rpu COTPYIHUYECTBE C aBUALIU-
OHHBIMH Y BOJHBIMH TPAHCIIOPTHBIMHI KOMITAHFISI-

Lna uumuposarus: Mamepuarei «bronnemens OCXK/» 8 nepgom nony2oduu 2022 2oda// Mup mpaHcnopma. 2022. T. 20. Ne 4
(101). C. 138-141. DOI: https://doi.org/10.30932/1992-3252-20-4-14.

MonHbIli mekem pedakyuoHHOU cmambU Ha aH211UlCKOM si3bIke ny6rukyemcsi 60 8mopoll yacmu aHHO20 ebInycka.
The full text of the editorial article in English is published in the second part of the issue.



MH, & TAKKE KPYITHBIMH KOMMEPYECKIMH OaHKaMH,
UsHycKas sKeNIe3HONOPOKHAS KOPIIOpaIys Hada-
JIa p€ajIn30BbIBATh HMHHOBAIIMOHHBIC ITPOCKTHI 110
npuaarnio HakaaaHoi CMI'C n Hakmagaoi LM/
CMI'C ¢yHKIMH TOBApOPACTIOPSIAUTEIIHHOTO JI0-
KyMEHTa. B pamMKax NMHMIIOTHBIX MPOEKTOB BCETO
opranmzoBaHo 10 oTmpaBok, o0Imast CTONMOCTh
NEePEBO3UMBIX I'py30B IpeBbichiia 400 MUJUITMOHOB
KHUTaNCKHX I0aHEeH.

B marepuaiie 0 HOBOM ITOIBIYKHOM TACCaXKUP-
CKOM cocTase Juisi A3epOaiiKaHCKUX KeIe3HbIX
JIOPOT, TOJITOTOBJIEHHOM 3aMECTHTENIEM Hadajb-
HHKa JlemapraMeHTa naccaKnpCKUx MepeBO30K
3A0 «AX]» X. MamenoBbIM, HauaJIbHUKOM
OTaena opraHu3aIiiy MacCaKMPCKUX MEPEBO30K
Jenapramenra naccaxupckux nepeosok T. ba-
nanoBoi, cnenuanuctom Komuccnn OCX] mo
NH(PACTPYKTYpE 1 MOABIKHOMY COCTaBY, pe-
craBuTeneM AszepOaifkanckoit PecyOmuku B
Komurere OCXK/I A. IllypraHoBoii, oTMedaeTcs,
yto 2015 roj cTan HauaoM HOBOM ApBI B pa3BH-
THH KEJIE3HOIOPOKHON TPAHCIIOPTHOH CTPYKTY-
pbl AzepOaitkanckoit Pecnyonuku, a 3A0
«AzepbaiipkaHCKUE JKEJIEe3HbIE JIOPOTH» CTaln
MO3TAIHO MPEOOPa30BBIBATHECS B CAMYIO IHMHA-
MHYHO Pa3BHBAIOLIYIOCS CTPYKTYPY B PETHOHE.
JKene3sHOMOpOKHUKH, OPUEHTHPYSICH HAa HOBBIC
JOCTIDKEHUSI, IPOBOAST yCIECLIHbIE TPeoOpas3o-
BaHMUS HA JKEJIE3HON JIOPOTre CTPAHbI, IPUMEHSI
caMble COBPEMEHHBIE TEXHOIOTHH. 1 peds uaér
HE TOJIBKO O TIEPEBOJIE YHEPrOCHAOKEHHS C TI0-
CTOSTHHOT'O TOKa Ha IEPEMEHHBIH, 3aKyITKe HOBBIX
CHCTEM CHTHAIIM3ALMM U CBS3H, 030POBICHUN
JIOPOKHOT'O XO3SICTBA, HO 1 O ITPOBE/ICHUH Mac-
mTabHBIX ¥ IAHOMEPHBIX PA0OT MO KOMILIEKC-
HOMY MOBBIIICHUIO KOM(OpPTa ISl TACCAXKUPOB.

C yuéToM corMaTbHOM HOMUTHKH, IPOBOIUMON
rOCY/IapCTBOM, KOTOpasi HallelieHa Ha pedopMbl
MMEHHO B c(epe MacCakupckux nepeBo3ok, 3A0
«AzepOaitDKaHCKHE KEIE3HBIE TOPOTTD) 3aKYIIHIIO
y mBeitmapckoii komnanuu Stadler Rail Group
COBpeMeHHbIE KoMpopTadensHbIe cOCTaBbl. Takum
00pazoM, HauaThl pehopMbI IMEHHO C peaT3aliin
KOHLIETIIINH CKOPOCTHBIX NMACCAXUPCKUX TT0E3/10B
1 yIydIICHHUs CEPBHCA HA XKEJIC3HOJOPOKHBIX
Bok3as1ax. K TakoMy MOJIBIDKHOMY COCTaBy OTHO-
cATCA M AByXdTaxkHble 31ekTpomnoesna KISS,
CIIOCOOHBIE pa3BUBATh CKOPOCTH JI0 160 KM/4.

WHHOBAIIMOHHBIA KOM(OPTAOLSIBHBIN JJIEKT-
POTIOE3]] C ABYXATAKHBIMH BaroHaMu cepun ES2
— 9TO SIpKUH TIpesicTaBuTeNb ceMeiicTBa Stadler
KISS, KOTOpBIit OTIIMYAeTCs YBETUICHHBIME Pa3-
MepaMu 1 6oriee MIMPOKUM Ky30BOM, IOy IUBIINH
0eIyro OKpacKy ¢ 9E€pHOI TOPU3OHTATBEHOH TIOJIO-
coif Mo GoKaM MeXIy psAAaMH OKOH M CEphIMU
TI0JIOCaMH B 30HE OKOH, @ JIBEPH W OKAaHTOBKA
YEPHOM MOITOCHI UMEIOT TEMHO-30JI0TUCTBIN 1IBET.

VIA] \ [ \ Y o

VIATEDP W, ETEHA \ SUTIEPBOM

Pasmemnién marepuai o cocrosBiiencs 25 sH-
Baps 2022 rona B Komutere OCX]] BcTpeue Tpéx
Ipencenareneii Komurera OCX]I, koTOphIE 3aHU-
MaJTi 3TOT MOCT B pa3nuyHOe BpeMs: Mupociasa
Amntonosmnua (¢ 2020 roma mo HacT. Bp.), Tageyma
[o3mer (19982020 r.) m AHmKes [omameBckoro
(1990—-1998 rT.).

PykoBomuTemm pa3iM9HBIX TIOKOJICHHUN 00CY-
JTAJTU BOTIPOCHI IPEEMCTBEHHOCTH B ACSITENBHOCTH
OCX]I, BO3MOKHOCTH MO HOAAEPKAHUIO TEHE-
panbroi muHMK OCX]] ¢ 1enbio BBIMTOTHEHUS
CTOAIINX 3371a4 B YCJIOBUSX JUHAMUYECKH U3Me-
HSIIOLIEHCST 00CTaHOBKU B MHPE, B TOM YHCJIE U B
YCIIOBHSAX OTPAHUYEHU, CBA3aHHbBIX C TAHAEMHUEH.

[Ty6mukyercst nHPOPMAIIMOHHOE COOOIICHHE
Ilyxpara Karomxomxaesa, npecenaresns KOMHC-
crn OCXK]] 1o TpaHCTIOPTHO¥ MOJUTHKE U CTPa-
TETUH Pa3BUTHS, O COCTOSIBIIEMCs 25—27 sHBaps
2022 rona 60-M coBeIaHUKM KOHTAKTHOM TPYIIIIBI
OCXKI-EXA, Temoii kotoporo crano «Cotpya-
HugectBo Mexxny OCXK[ n EXXJIA B oGmactu
[IPOBE/ICHUS AaHAIIM3a B3AUMOCBSI3U MEXKITY JKeJle3-
HOJTOPOXKHBIMU CHUCTEMaMH, BXOMISIIUMHU U HE
Bxomsinmmu B EC, mmpunoit konen 1520/1524 mm
u 1435 Mmmy».

B xoze coBemanus ObUTH pacCMOTPEHBI CJie-
JTYIOIINE BOMPOCHI TOBECTKH THS:

* X071 pabOTHI IO aKTYaTN3AIIN aHATI3A IO/~
cucteM «JIOKOMOTUBBI M MOTOPBAarOHHbIH OJIBHK-
HoM cocTaBy» U «llaccaskupckue BaroHb;

* X071 pabOTHI IO aKTYyaIIM3AIIN aHAJI3 IO
cuctembl «UuppacTpykTypa. [IyTh 1 myreBoe
XO3SHUCTBOY;

* 00MeH cOOTBETCTBYIOLIEH MH(pOpMaImen 1
MPAKTHYCCKUM OITBITOM C IEJIbI0 KOOPIMHAIINU
Mep 0 COXPaHEHUIO U COBEPILIEHCTBOBAHUIO CY-
LIECTBYIOLIEH TEXHUUECKOU U 3KCILTyaTallMIOHHON
COBMECTUMOCTH 1 OECIIPEISTCTBEHHBIX MEK/TyHa-
PPOIHBIX JKENIE3HOIOPOKHBIX TIEPEBO3OK (BKITFOUAS
TpaHCTPaHUYHOE COOOIIeHHe M 0e30MacHOCTh
TIEPEBO30K) U JIp.

B HOMEpeE Taroke myOnmiKyeTcst HHPOpPMaIOH-
Hoe cooOienue crerpanucra Komurera OCXK]]
TI0 TPAHCTIOPTHOM ITOTUTUKE H CTPATETUH PA3BUTHS
Astna MamsbIToBa 0 coctosiBiieMcs 16—18 eBpans
2022 roma B Komurere OCXK]] coBemianun 3Kc-
nieptoB Komuccnn OCX]] 1o TpancnoptHoO# mo-
JIUTUKE U CTpaTeruu pa3Butus mno teme «Harpas-
JICHUSI CTPaTErnueCcKOro Pa3BUTHSI AKEJIE3HOIOPOXK-
Horo TpaHcnopta cTpaH-wieHoB OCK[».

IToBecTka aHS BKIJIIOYaia B ceOs CIICTYIOIINE
BOIIPOCHI:

* M3y4YCHHE HAIMPABICHUI CTPATETHIECKOTO
Pa3BUTHS JKEITIE3HOAOPOKHOTO TPAHCIIOPTa CTPaH
—aneroB OCXK]] 1 mOIroToBKa MpeyIoKeHnH 10
00IIMM TIOXOaM W 3afa4aM CTPATerHIecKOro
Pa3BUTHS KEIE3HOMOPOKHOTO TPAHCIIOPTA;
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* U3yYCHHUE OITbITA U aHAIN3 pehopM Ha JKeIie3-
HOZIOPOXXHOM TpaHcnopTe cTpal — wieHoB OCXK]]
¢ myonukanuei nadopmarn Ha carite OCXK;

* TIOATOTOBKA M M3aHNE MH()OPMALIOHHOTO
cOOpHHKA O TIPOBOIMIMBIX CTPYKTYPHBIX pehopmax
JKEJIC3HOIOPOKHOTO TPAHCIIOPTA B CTPaHAX — dJIe-
Hax OCXK/I;

* paccMOTpEHHE Xoaa paboThl KOHTAaKT-
Holi rpynnsl OCXKA-EXJA no B3aumoneii-
CTBUIO KEJIE3HOJOPOXKHBIX CUCTEM KOJIEHu
1520 Mmm/1435 Mwm;

* [IOJITOTOBKA U corniacoBaHue npoektoB [1nana
u Ilporpammsbl paborsl Komucenn OCXKJ] no
TPAHCIIOPTHOM MOJIMTHKE M CTPATETUH Pa3BUTHSI.

'Y4acTHUKH COBEIIAHUS 3aCITyIIaIH PEe3eHTa-
LMY Y BBICTYIUICHUS NIpeAcTaBuTeneid ot Benrpuuy,
JIuroBckoii PecrryOnmiku, Poccniickoii eneparmm
0 HAINpPaBJICHMSIX CTPATETHIECKOTO PA3BHUTHS XKe-
JIE3HOJIOPO’KHOTO TPAHCIIOPTa B 3TUX CTPaHAX, a
TaKKe TPUHAIN K CBeleHnio nH(popmarmio Ku-
Taiickoii Haposmroit PecrryOnmiku, ipesocTaBieH-
Hyto B Komurer OCX]J], Ha ocHOBaHMH uero
MIPOBEITN JTUCKYCCHIO ¥ OOMEHSUINCH ONBITOM M
MHEHHUSIMH 110 BOIIPOCaM KJIIOUEBBIX CTpaTeruye-
CKHX HalpaBJICHUH Pa3BUTHSI KENE3HOIOPOKHOIO
TpaHcropTa B cTpaHax — wieHax OCXK/I.

B un(bopmMarmoHHOM COOOIIICHIH TpeiceaTe-
151 Komurecnn OCXK]I o ua(pacTpykType u mo-
JIBUJKHOMY coctaBy PagoBana Bonaserkoro orme-
YEHBI pe3yIIbTaThI cocTosBINeTOCs 15—17 deBpaist
2022 roma odepenHoro copermanusi COBMECTHOM
paboueti rpymmsl (CPIY) mo mepepaboTke coBMecT-
HbIX amsiTok OCYKII/MCIXK]I B TpoeKThI Mex/Ty-
HapOIHBIX JKENE3HONOPOXHBIX perternit (MXKP/
IRS).

B pamkax moBecTkH JHS ObUTH PacCMOTPEHBI
CJICTTYIOIIHE BOIPOCHI:

* urpopmarus npencenarens CPI™ 06 urorax
BBITIOJTHEHUS perieHui coernanus CoBMECTHOI
paboueii rpyrms OCYKJI/MCXK]] o nepepabotke
coBmecTHBIX maMsaTok OCXK/I/MCXK/] B ipoeKTst
MEKTyHapPOIHBIX JKEJIE3HOMOPOKHBIX PEIICHUH
(MKP/IRS) (21-23 centsa6ps 2021 roma);

* X011 paboT 1o popmupoBanuro TipoekTa MOKP/
IRS «IlepeBo3ka HEOOBIYHBIX TPY30B B MEXK/TyHa-
POIHOM KEJIE3HOIOPOXKHOM COOOIIIEHNI C yHETOM
MOCTYIHMBILHX 3aMEUAHHUH JKEJIE3HBIX I0POT;

* oocyxnenue npemtoxennii MCX/ o mpo-
eKTy COBMECTHOH paboueii mporpammbl OCXK]/
MCIK]] B obnactu pazpabotku copmecTHbIX MOKP/
IRS u npyrue.

Kaxk ormeuaetcst B uH(OpMaIimoHHOM coo0riie-
umn [pencenarens Komucecrmn OCXK]] mo rpy3o-
BBIM TIepeBo3kaM 3yOaiinpl AcmaeBoi oT 22—25
Mapra 2022 roza: coCTOSUIOCH COBELIAHHUE IO
PaccMOTPEHHIO TeM «AKTyan3anust [ apMonmsu-
poBanHOIT HoMeHKIaTypbl Tpy30B (IHD)» 1 «Axk-
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Tyanu3anys [lepedns rpy30BbIX CTAHLMN JKeIes-
HBIX fopor OCXK/I».

Cooburaercs o mposesienn 18 despast 2022
ro/la KOHCYJBTaTUBHOM BCTPEUHX IIPEACTABUTEIIEH
Komurera OCXK] n Cexperapuara OTU®D. Ot-
KpbiBas BcTpeuy, Ilpencenarens Komurera
OCX]] MupocnaB AHTOHOBHY U [ eHepaTbHBIH
cekpetapp OTU® Bomsgranr Kionmep momnpu-
BETCTBOBAJIM YYAaCTHHKOB M BBIPA3WJIM MHEHHE,
YTO JIaHHBIC IUKIMYECKUE BCTPEUH OyayT Ipo-
JIOJDKEHBI U B Oy/Iy1IieM, pe3ysIbTaToM 4ero Oyzer
JlabHENIIee yCIeHOe pacIupeHne COTPYIHH-
yectBa Mmexxay OCXJI u OTUD, kotopoe Bbipa-
3UTCS B PeabHBIX MOJIOKUTEIIBHBIX PE3yIbTaTax
B pabore 1o yHU(DUKAIUK U FapMOHHU3ALHNU
TPAHCIOPTHOTO IIPaBa JUIsl 00ECIICUCHUS MEX Y-
HapOJIHBIX KEJIE3HOIOPOKHBIX TIEPEBO30K B €B-
pOa3HaTCKOM COOOIIICHHH.

B xypHaie pa3Memén marepral o )KeJlaHu!
Jlaoca crars unenom OCIXK/I, B koTOpoM oT™Mede-
HO, YTO B COOTBETCTBHH C pereHneM [IpaBurerns-
ctBa Jlaocckoit Hapogno-Jlemoxparuueckoit
PecnyOnuku, npuHsateiM 24 mapra 2022 rona,
MHuHHCTEPCTBO O0IIECTBEHHBIX pabOT U TpaHC-
nopra Jlaocckoii HaponHo-/leMokparuueckoit
PecnyOnuku, B BEJCHUH KOTOPOTO HAXOISTCS
Jlaocckue KeJe3HbIe TOPOTH, HAITPABIIIO TMCHMO
B anpec Komurera FOCXK]] ¢ odunumanbHoOiM
nipocb06oit mpuaATh JIH/IP B unensr Opranmnsammu
COTPYAHHUECTBA JKeIe3HbIX Jopor. ITrucemo nox-
MMMCAaHO MUHHUCTPOM OOIIECTBEHHBIX paldoT M
tpancnopra JIH/IP rocnogunom BuenrcaBarom
Cudannone.

B nmamHOM muceMe MuHHCTEPCTBO 00IIIe-
CTBEHHBIX padOT M TPAHCIIOPTA TAKXKE BBIPA3UIIO
CBOE KelaHue craTh cTopoHoi CornaimeHus o
MEXIYHApPOAHOM IaCCAKUPCKOM COOOIICHUH
(CMIIC) u CornameHus 0 MEXIyHapOIHOM
KEJIE3HOJOPOXKHOM TPY30BOM COOOIIEHUHU
(CMI'C) myst obecnieueHust OeCTIpensITCTBEHHBIX
TIEPEBO30K MACCAKMPOB U IPY30B B MEKTyHAPOI-
HOM KeJIE3HOJJOPOKHOM COOOIIICHHH.

B cootBerctBuu ¢ mponenypamu OCXK/,
Borpoc o Berymiennu JIH/IP Gyner paccmoTpen
pyxoBogsmumu opranamu OCXKJI, a okoHua-
TEJIbHOE PELIEHHE 10 JAHHOMY BOIIPOCY JOJKHO
OBITH MIPUHATO B paMKax ceccuu CoBeniaHus
Munuctpos OCXK/I.

CrpaBouHo coobmraercs, uto Jlaocckas Ha-
ponHo-Jlemokparuueckas PecryOnuka pacnoo-
»kena B FOro-Bocrtounoit Asum Ha MupgoxuTaii-
CKOM IOJIyOCTPOBE M TpaHUYHT ¢ TauiaaHmoM,
Brernamom, KamOomxkeii, Kuraem n MbstHMOM.
Crpana He IMEET HEMTOCPEICTBEHHOTO BBIXOIa K
MOPIO, ITO3TOMY Pa3BUTHE JKEJIE3HBIX JOPOT U
MEK/TyHapO/HBIX KEJIE3HOIOPOKHBIX TIEPEBO30K
nMeeT T He€ MepBOCTEIIEHHOE 3HAUCHHE.
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OO1mast MpOTSKEHHOCTD HKEJIEZHOTOPOXKHBIX
JMHUN Jlaoca, HaXONAIIMXCsl B OKCILULyaTaluy, B
HacTosIIee BpeMs CocTaBisieT 425,94 kM, U3 KOTo-
PBIX:

* xene3Has nopora BreHTbsiH—boreH —
422,44 xM (¢ mmpuHOH KoeH 1435 Mm);

* XKenesnast nopora BoenThsiH—TananeHnr —
3.5 kM (¢ mmpuHo# kKoner 1000 mm).

Kak BuiHO, NpOTSKEHHOCTD JKETIE3HOAOPOK-
HOTO y4acTKa OT IIOrPaHNYHOM cTaHiyn boren Ha
KHUTaNCKO-JIA0CCKOH rpaHuIie 10 croiuis! Jlaoca
Brenrbsna cocrapisieT okoao 422 kM, a o0mmas
npoTsx€HHOCTH TMHUM KynemuH (Kutait)—Bren-
ThstH (JIaoc) coctapmiser 1035 km. CTpouTenscTBO
JIMHUH OCYIIECTBISUIOCH HA OCHOBE KHTAHCKHUX
TEXHOJIOTMI U TEXHUYECKUX CTaH1apToB. Beero o
MapIIpyTy JIMHUN TPOJIOXKEHO 167 TOHHENeH u
BO3BEJICHO MHOKECTBO MOCTOB ¥ BHA/[yKOB.

JKernesnas mopora COCTOHT M3 ABYX YJacCTKOB:
KUTacKoro n naocckoro. CTpOUTENbCTBO J1a0C-
CKOTO y4acTKa OT IIPUTPaHUYHOrO ropona boren
1o BeeHThsiHA Havanock B aekadpe 2016 roma, a
CTPOUTENLCTBO KUTANCKOTO y4acTKa OT ropoja
IOiicu no mpurpannynoro ropoga MoxaHb — B
nekadpe 2015 roza.

[Tpu MakcumalibHOM pabouell CKOPOCTH B
160 kM/a Bpemsi Bcero myTu ¢ opopMyICHHEM Ha
rpanure 3aHuMaet okoso 10 gacos. ITo nanHOMY
MapuIpyTy OCYIIECTBIISIETCS] IEPEeBO3Ka Kak Iac-
CaXMpOB, TaK W TPy30B. BBOI B AKCIUTyaTaIlio
HOBOM JINHUH TTO3BOJIUT NTEPEKITIOUNTH 3HAUUTEITb-
HYIO 4acTh 3KCIOPTHBIX TPY30B HA JKEJIE3HYIO
JIOPOTY ¥ CHU3UTh TPAHCHOPTHBIE M3AepKKH. [1o
TIpeABApUTEIIEHBIM pacuéraM, Ha HauaIbHOM JTarle
1o HOBOM Maructpanu u3 Jlaoca B EBpony uepes
Kuraii Oyner eXeroaHo TpaHCIOPTHPOBATHCS
300 ThIC. KOHTEIHEPOB, a B IEPCIEKTHUBE FPY30II0-
TOK MOYKET Bo3pacTu 1o 1,2—1,8 MitH KoHTeHHepoB
B IO,

Vixe 3a epBble 2 ¢ HeOOBIIINM MecsIIa C Ha-
yaJjia SKCIuTyaTauu sxese3Hoi noporu Kuraii—Jla-
0cC TIO HeH mepeBe3eHo Ooee | MITH TTacCaXUpoB
u 500 TBIC. TOHH TPY30B, TIPH 3TOM U3 BCETO 00BE-
Ma repeBe3EHHbIX rpy30B 100 ThIC. TOHH Mpociie-
JIOBAJIO B MEXKTyHAPOHOM COOOIIICHHH.

Emé B ogHOM MH(OpMALMOHHOM co001Ie-
HUU, IOJITOTOBJICHHOM IpejcenareneM Komure-
ta OCX]] MupociaBom AHTOHOBUYEM U CIIe-
nuanuctom Komucenn OCXK/] o nndpacrpyk-
Type W MOABMXHOMY COCTaBYy AHTeIWHON
[IIypranoBoii, oTMe4yaeTcs, YTO IJIABHbIM Keje3-
HOJIOPOKHBIN MHCTUTYT B [loJIbIiie OTMETHIT CBOE
70-netre. 15 mapra 2022 roma mpomia KO0u-
neitHas HaydHas KoHQepeHnws, mocBAmEHHAS
70-neturo MIHCTUTYTaA KEJIE3HOLOPOKHOTO
TpaHcnoprta 1 25-neruto LleHTpa sxcrutyarauuu
WCIIBITATEIBHOTO ITyTH.

VIA] \ [ \ Y o
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Cxema Hoeoll xene3HodopoxHol nuHuu Kumaii-/laoc.

OnuH 13 MaTepruaroB HOMepa TOCBSIIEH CO-
crosiBLueiicst 5 anpens 2022 roga B cekpeTapuare
KCTII B MockBe MeXayHapOAHON Hay4YHO-IIPaK-
TUYCCKON KOH(pepeHIU «IHHOBAIUH JJTST YCTO#-
YHMBOTO Pa3BUTHUS TpaHcHopTa. Pa3Butue yenose-
YeCKOTO KaluTaja.

Opranuzaropamy JAHHOTO MEPOTIPUSATHS BBI-
crynui MexxayHapoaubiii KoopnuHaimoHHbIH
COBET IO TPAHCHEBPA3ZUUCKUM IIEPEBO3KAM
(KCTTI), Poccuiickuii yHUBEpCHUTET TpaHCIIOpTa
(PYT (MUUT)) (mprucoenmHEHHOE TIPEATIPUSITHE
OCX]I) u Accouunamus By30B TpaHCIopTa. B
KOH(epeHIINH MPUHSIH yyacTre Oomee 250 mpe-
CTaBHUTENICH TPAHCIIOPTHBIX, JIOTUCTHICCKUX,
9KCIEIMTOPCKUX KOMIIAHHH 1 accolaluii, oopa-
30BaTebHBIX U HAYYHO-UCCIIE/IOBATENBCKUX yUpe-
JKIICHUI B 00JIaCTH TPAHCTIOpTa U3 A3epOaiipKaH-
ckoit Pecrryonmku, Pecrryomnmku benapyck, Kuraii-
ckoit Haponnoit Pecrniy6nuku, Monromnuu, Poccuii-
ckoif denepanuu M IPYrUX CTPaH, SKCTIEPTH U
crienuanucTel U3 EBponeiickoil 3KoHOMUYeCKoH
xomuccurn OOH (EDK OOH), DxoHOMHUYeCcKOH 1
COLIMAJIBHON KOMHUCCHH Tt A3nn 1 Tuxoro okea-
Ha (OCKATO OOH), Opraau3anuu coTpyIHIde-
cTBa *xkene3HbIX nopor (OCK).

Emg omgHO MHpOpMAIIOHHOE COOOIIICHUE TIO-
CBSILIEHO cocTosiBLIeMycs 17 mapra 2022 roga B
ropoge Bapmase IX CneunanuzupoBaHHOMY
(opyMmy 110 6e30MaCHOCTH Ha HKEJIE3HOIOPO)KHOM
Tpancnopre-2022, opraHu30BaHHOMY YIIpaBJIeHU-
€M KeJe3HOIOpOoXKHOTo TpaHcnopTa [Tonbmm co-
BMECTHO ¢ Komranuen Tor-Audytor.

Cpeny y4acTHUKOB (hopyma ObUTH TPEICTaBU-
TN KOMITAHUH — YIPaBIIAIOMNX HHPPACTPYKTY-
PO}, OIIepaTopoB U MEPEBOZYNKOB, CIICIIHAINCTHI
B 00JTaCTH TEXHIYECKOTO OOCITY>KUBaHHS 1 PEMOH-
Ta, a Takxke B chepe odecriedeHmss 6e30MacHOCTH
YIPaBIICHHUS KEITC3HOIOPOXKHBIM [IBIKCHHCM. @
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Axynuu B. 10. Hanpsxénno-gedopmu-
POBaHHOE COCTOSIHME M YCTOHYMBOCTH paB-
HOBeCHS] HUJIHHAPHYECKUX 000JI04eK NpH
YIOPYruX H ynpyromiactudeckux aegopma-
HHUsSX, B TOM 4YHCJe B3aHMOJeiiCTBYIOIHNX
€ OKPYKaIOIIMM OCHOBaHHEM, ¢ Y4ETOM H3-
MeHeHHsl PacuyéTHOIl MoJeJM BO BpeMeHH /
ABToped. quc... KaH1. TexH. HayK. — M.: PYT,
2021.-24 c.

TOHKOCTEHHBIE AJIEMEHTHI — 000JIOUKH 1IH-
POKO IMTPUMEHSIIOTCS B COBPEMEHHBIX CTPOUTENb-
HBIX KOHCTPYKLUAX. MIX MCHIONB3yIOT B TpaHC-
MOPTHOM, MPOMBIIIICHHOM U TPakKJaHCKOM
CTPOMTENBCTBE IPH COOPYKEHUM OallleH, O1op,
pe3epByapoB, CBOJIOB, TOHHENEH U T.1I.

OO00JI04KH UMEIOT PsiJi TPEUMYILECTB: OHU
CroCOOHBI APPEKTUBHO BOCTIPHHUMATD [TPUIIO-
JKEHHYIO Harpysky 3a cu€T CBOEH reomeTrpuye-
CKO# (hOPMBI, SCTETUYHBI M MPEAIOYTUTEIBHBI
C aPXUTEKTYPHOU TOYKH 3PECHHUS.

Oco0yto poiib 000JI0YCYHBIC IIEMEHTBI UT'-
paloT B MOJA3EMHBIX COOPYKEHHUSX, INI€ YacTO
UCTIONB3YIOT IMJIMHAPUUYECKUE U IpyTHe CBOJ-
gaTble MoBepXHOCTH. [Ipy JO0CTaTOUHO HIMPOKOM
UCCIIEJOBAaHUN OCOOCHHOCTEH paboThl LIMJINH-
JPUYECKUX 000JI0YEK OCTAIOTCs BOIPOCHI MO
YYETY BIMSIHUSA KOHTAKTHOTO B3aMMOJEHCTBUSA
000JI0YKH U OCHOBAHUS, HETUHEHHOCTH MPOHUC-
XOJSIIUX MPOLECCOB U U3MEHEHUIO HaNpPsHKEH-
Ho-nedopmupoBanuoro cocrosaus (HIAC)
000JI0YKH B X0/Ie €€ MOHTaKa, YTO HE IT03BOJISIET
nath peanbhyto ouenky HJIC u yctoitunBocTu
TaKUX KOHCTPYKLHUI OT Hauana CTPOMUTEIbHBIX
paboT /10 MX 3aBepILEHHUs. DTO IPEIONPEIeNIsIeT
AKTyaJIbHOCTB TEMBI HCCIIEA0BAHUS 110 PA3BUTHIO
METOZI0B pacuéra 000I04YeK, B3aUMOACHCTBYIO-
IIUX C OKPY’KAIOIIUM OCHOBAHMEM, Ha IPOY-
HOCTb, YCTOMYMBOCTb U KECTKOCTD.

Henp auccepranimoHHON pabOTHI 3aKiroya-
eTcs B pa3paboTKe U pa3BUTHH METOJIOB pacuéra

Vin} \ [ NO

U aHalIM3e HaNpsHKEHHO-Ie(HOPMUPOBAHHOTO
COCTOSIHUSL LIMJIMHIPUYECKUX 000JI04YeK, B3au-
MOJCHCTBYIOIINX C OKPY>KAIOIIIM OCHOBAHUEM,
B IJIOCKOM M MPOCTPAHCTBEHHOM MOCTaHOBKax
3aad.

Hayunast HOBU3HA HCCIIEJOBAHUS COCTOUT
B ouenke HJIC u ycTOH4YMBOCTH IMIIMHAPHYE-
CKUX 000JI0YeK C Y4éTOM B3aMMOJCHCTBUS
C OKpY>KaIOIUM OCHOBAHHUEM U ATAMHOCTH
CTPOMTENHCTBA, & HMEHHO:

1. ITocTpoeHb! KOHEUHO-3IEMEHTHBIE MOACTH
CUCTEMBI IMJIMHApPHUYECKas 000JI09Ka—OKpy-
JKaroIlee OCHOBAHUEY, N3MEHSIOIINECS BO Bpe-
MCHH, YYUTHIBAIOIINE 3230 MEXKIY 000JI0UKOM
U OCHOBAHHEM Ha 3Tare CTPOUTENILCTBA C IOMO-
IIBI0 OJHOCTOPOHHETO KOHTAKTHOT'O B3aUMOEH-
CTBHS U (PU3UUECKYIO HETMHEHHOCTh Marepua-
JIOB.

2. OnpeneseHsl pa3Mepbl IPOCTPAHCTBEHHO-
ro ¢parMeHTa CUCTEMbl «IHJIHUHIPUYECKAs
000JI04Ka—OKPYXKAOII[ee OCHOBAHKE», HEOOXO-
JUMBIC 171 IOTy4EHUS JOCTOBEPHBIX Pe3yIbTa-
TOB pacyéTa 0caJIKi BEpXHEH MOBEPXHOCTH OC-
HOBaHUS.

3. Pa3pa0oTaH 1 peayn30BaH ajrOpUTM OLICH-
k1 HJIC 1 yCTOWYMBOCTH CUCTEMBI ITUTHHIPH-
geckas 000J104Ka—OKPYKAoIee OCHOBAaHHUEY.

4. IlporpamMma Ha sa3sike PCL B mporpamm-
HoM komruiekce PATRAN uist aBromaruzanuu
rpoliecca co3aHust TBEPAOTEIbHON pacuETHOMN
MOJIEIIH CUCTEMBI «IIWIIMHIpHUYecKas 000I04Ka—
OKpYXaloliee OCHOBAaHHE» C BO3MOXKHOCTBIO
yuéTa CTPOUTEIBHOTO 3a30pa MEXKIY 000I0UKOM
Y OCHOBaHHEM IIPU OJJHOCTOPOHHEM KOHTAKTHOM
B3aUMOJICHCTBUHU.

Jnis pereHus MoCTaBJICHHBIX B AUCCEPTALIU-
OHHOI1 paboTe 3a/1a4 IPUMEHEH METOJT KOHEUHBIX
9JIEMEHTOB B MEPEMEIICHUAX, BKIIOYAIOITUI
IIOCTPOCHME PACYETHBIX MOJEIEH paccMaTpu-
Ba€MbIX CHUCTEM, UX YHCJIEHHbIC JIMHEUHBIN
U TCOMETPHUYCCKH, PU3NICCKU U KOHCTPYKTHBHO
HeJTMHEeHHbIH aHaau3bl. C [eIbio y4&Ta pa3BUTHS
IUIACTUYECKUX Je(OopMaluii MarepuaioB Hc-
MOJIb30BaHa TEOPUsI MIIACTHYECKOTO TEUCHHUS
¢ KputepusMu miactugyHocTH Mopa—Kynona
u JIpykepa—IIparepa.

O06001mEHHBIE Pe3yabTaThl MPOBEIEHHBIX
HCCIIEZIOBAHMI ClIeyIOLIHE.

Pa3paborana unciieHHash METOAMKA y4éra
CTPOUTEIIFHOTO 33a30pa MEXKY [IMITHHAPHUECKOM
000JI0YKOH ¥ OKPYKAIOIINM OCHOBAHHEM, OCHO-
BaHHAs HA MPOCTPAHCTBEHHBIX PACUETHBIX MO-
JIeTSIX C MCIIOJIb30BAHUEM JIBYX CIIOCOOOB CO3-
JTaHWA 3a30pa, TO3BOJIAIONINX YUUTHIBATh «IIO-



TEPSHHBIA 00bEM) I'PyHTA OT pabOTHI TOHHENE-
MPOXOAYECKOTO MEXaHU3UPOBAHHOTO KOMILJIEKCA.
PacuérHbie MOJIEIIH COTTOCTABIICHBI MEXKTY COOOM
1 C U3BCCTHBIM IMOJTYOMIIMPUYCCKUM METOIOM.
Jlyudie pesynbTaThl MOKa3aaa MOJENb C KOH-
TaKTHBIMU 2JIEMCHTaMU, alllIPOKCUMUPYIOIIUMHU
3a30p, B pacuérax IO ONPENEICHUIO 0CAAKU
MOBEPXHOCTH MAacCHBa KaK B MOMEPEYHOM, TaK
U B ITPOJIOJILHOM HaIPaBJICHUSIX K OCH 00O0JIOUKH.

OmnpenesneHsl pa3Mepsl IPOCTPAHCTBEHHOTO
(parmenTa mMaccuBa, HEOOXOIUMBIE JJISI TONTY-
YEHUS IOCTOBEPHBIX PE3yIBTaTOB pacyéra oca-
KU BEPXHEH II0OBEPXHOCTU B IIOIIEPEYHOM U I1PO-
JIOJIbHOM HAlpaBJICHUSAX K OCH O00OJIOYKH MO
pa3paboTaHHBIM PacYETHBIM MOAECTSIM, YUHUTHI-
BaromuM 3a30p. C y4ETOM MOJTyYEHHBIX Pe3yIib-
taroB pacuéToB HJIC cucTeMbl MOYKHO PEKOMEH-
JIOBaTh B IPAKTHUECKUX pacuéTax o omnpeene-
HUIO OCAJIKU MMOBEPXHOCTH MAaCCUBA B MOTIEpey-
HOM HaIIpaBJICHUU K OCHU 060.]'[0‘11([/1 IMpUHUMATh
paccrostHue L oT Kpast 000J0YKH 10 OOKOBBIX
TOPIIOB MaccHBa (B MOMEPEYHOM HATIPABICHUH),
yll0BJeTBOpstouee ycnosuto L > 5D, tne D —
nuaMmetp obonouku. [Ipu onpeneneHnu ocaaku
IMOBEPXHOCTU MacCCHBa B IMPOAOJLHOM HallpaB-
JICHUU K OCH 000JIOUKH MOXHO PEKOMEH/I0BATh
MIPUHUMATH PACCTOSTHUE L OT Kpast 000JI0UKH 10
TOPIIOB MaccHBa (B MPOIOJILHOM HAIIPABIICHUN ),
TaKXe YIOBJIETBOpsoLIee ycioBuo L > 5D.

Pa3paborana nmporpamma Jijist aBTOMATH3aIUH
rpoliecca co3aHus TBEPAOTEIbHON pacuETHON
MOJIEJU LIMJIMHIPUYECKOH 000I0UKH, OKPYIKaro-
IIeT0 MacCHBa U KOHTAKTHBIX AJIEMEHTOB 3a30pa
Ha KoMaHAHOM si3bike PCL, KOTOpBIN CIyKUT
gactbio cuctreMbl MSC PATRAN.

Pemrena npaktudeckas 3aa4a 1o onpesene-
HUIO MYJIBJIbI OCCaHUsA Y4aCTKa IMOBCPXHOCTHU
3€MJIH C 3KCIUTYyaTHPYEMBIMH JKEJIC3HOTOPOKHBI-
MU NyTAMU MOCKOBCKOW KE€JIE3HOU JOpOTH,
PAaCIIOJIOKECHHBIX B IpEAciaX 30HbI BIMAHUA
CTPOUTEIBLCTBA NPOCKTUPYEMBIX IMEPETOHHBIX
toHHenel Kannanucko-CoaHIIEBCKON TUHUM
MocCKOBCKOr0O METPOIOJUTEHA OT CTAaHUHMHU
MeTpo «Pamenkn» 1o ctanuuu metpo «Paccka-
30BKa». HOJ'Iy‘leHHI)Ie PE3YILTAThI CONNOCTABJICHBL
C JaHHBIMHU I'€OAE€3NYCCKOI0O MOHUTOPHHTIA.

Pazpaborana u peanr3oBaHa METO/MKA, OC-
HOBaHHasA Ha MPOCTPAHCTBCHHBIX paC‘{éTHbIX
MOJCIIAX, UBMCHAIOMINXCA BO BpEMEHU, ITO3BO-
JAIOUUX yY4ECTh Pa3HOE KOJIMYECTBO ITAIOB
BO3BCACHUSA HUIMHAPUICCKUX 060)’10‘161(, B3au-
MOJICHCTBYIOIINX C OKPY>KAIOIIUM OCHOBAHUEM.
MOILCJ'II/I YUYUTBIBAOT OAHOCTOPOHHEEC KOHTAKT-
HOE B3aUMOJICHICTBHUE, CTPOUTEIbHBIA 3330
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1 GU3NYEeCKy0 HEIMHEHHOCTh MaTEepHalOB.
Hccenenosano BiMsiHUAE y4€Ta IOJTAIIHOTO BO3-
BegeHus koHcTpykuun Ha HJIC mumuaapuue-
CKOI 000JIOYKHM KOHEYHBIX Pa3MepoB, B3aUMO-
JIEMCTBYIOIIEH C OKPY)KAIOLIUM OCHOBaHHUEM,
C UCTIOIb30BAHNEM YHCIICHHBIX METOJIOB. YcTa-
HOBJICHO, YTO BEJINYMHBI BHYTPEHHUX YCHINI
B TeJie NUIMHAPHYECKOH 000J0UKH CHIIBHO 3a-
BUCAT OT KOJIMYECTBA CTAJUN B pacu€THOM
cinydae. Onupasich Ha HOJTy4EHHBIE PE3YIbTaThI,
PEKOMEHI0BaHO B MPAKTHUECKUX pacyéTax Mpu-
HUMaTh BOCEMb M Ooyiee pacu€THBIX CTaJUl
BO3BE/ICHUS 000IOUKH.

YcraHoBIIEHO, 4TO YUET K03 duLIMeHTa Tpe-
HUSl B CTaJMUHBIX PACUETHBIX CIlydasX 3HAYU-
TEIbHO CHI)KAET BEJIMUNHY MaKCUMaJIbHBIX Ha-
NpsDKEHUH B IIMIIMHApUYEcKoit obomnouke. [Toka-
3aHO, YTO BBEJCHME B PACUET yIpyromiacTuye-
CKOW MOJIeNH Marepuana A 000JI0YKH TaKKe
3aMETHO CHH)KAaeT BEIMYMHY MaKCHUMalIbHBIX
HaIPSHKEHUN.

Ompenenensl ocooennoctu HIC cucremsl,
COCTOSIIIIEH U3 BYX MapaJlIeIbHO PACTIONOKEH-
HBIX LWJIMHIPUYECKUX 00O0JIOUEK U OKpYyKaro-
IIIETO OCHOBAHUS, @ UMEHHO: ONPEJIENIEHO BIINS-
HHe, OKa3bIBaeMOe Ha IIePBYI0 000JI0UKY [To3Tarl-
HBIM BO3BEJCHHEM BTOPOU Onm3iexarieid 00o-
nouky. [ToyueHHbIe pe3ybTaThl OKa3alu, 4To
JTAHHOE BIIUSTHHUE SIBJISETCS B IIEJIOM HE3HAYM-
TEJIbHBIM M MPUPOCT HAINpPSDIKEHUH AT BCEX
PAaCCMOTPEHHBIX KOJIEIl MepBO 0OONOYKH He
npeBbicuil 7,8 %, KpoMe OCTIeTHETO KOJIbIIa, Te
yBeIU4eHHe HanpsokeHuil coctasuiio 116,8 %.

Pa3paboTaHbl 1 peayin30BaHbl METOAHMKA
1 aJITOPUTM MOTyYSHHUS KPUTHUECKUX Harpy30K
1 (OpM NIOTEPH YCTONUHNBOCTH LIMITHHIPUICCKON
000JIOUKH IPH PA3TUIHBIX MOJIENISX MAaTEPUAIOB
U yCIOBUSIX KOHTAKTHOT'O B3aMMOACHCTBUS
¢ OKpyXarouuM ocHoBaHHEeM. COCTaBJICHBI
CTep>KHEBBIE, INIOCKUE M MPOCTPAHCTBEHHBIC
MOJICJIH CUCTEMBI «000J0YKa—OCHOBAHUEY.
IIpocTpaHCTBEHHBIE PACYETHBIE CXEMBI IIOCTPOE-
HBI ¢ yu€ToM 1 0e3 yuéra koahpuLueHTa TpeHHs
MeXay 00O0JIOUKO M OCHOBaHHMEM, a TaKXKe
B paMKax JINHEHHO YIIPYrOi U yIIpyroIulacTuye-
ckoil Mozeneil marepuainos. [IpoBenén uncnen-
HBIM aHAIN3 CUCTEMBI C IENbI0 ONpeAeTICHHUS
KPUTHYECKOU HAarpy3KH, IIPU KOTOPOI KOHCTPYK-
st 000JIOYKH, B3aMMOJICHCTBYIOIIEH C OKpY-
JKAIOIIUM OCHOBAaHUEM, TepsAeT yCTONYMBOCTh
paBHOBecHsl U GOPM IMOTEPHU YCTONUYMBOCTH
B JINHEITHOM U HEJIMHENHOM PACYETHBIX CIIydasiX
C MOCHEIYIOIHUM CPaBHUTEIBHBIM aHAJIU30M
PE3yNbTaToB.
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YcTaHoBIEHO, YTO B pacuy€rax Ha yCTOMYU-
BOCTB TPH OOJIBIIMX MEPEMEUICHHUSIX CHCTEMBbI
HEJIMHEUHBIN pacy€T Iy TEM I1011aroBOro pUiIo-
JKeHMS Harpy3Kd M UTEPallMOHHOM MpOoIeaypsl
MO3BOJISIET OTBICKUBATh 30HBI OTCYTCTBHUS KOH-
TaKTa AIEMEHTOB (00JIaCTh OTIUMAHUS 00OJIOUKH
OT OCHOBAHUS) U ONIPEETIATH H3MEHSIOIIeecs BO
BPEMEHH MOJIOKEHNE 000JIOUKH, YTO UCKITIOYAET
3aBBIIICHHbIC 3HAYCHHSI KPUTUYECKOM HaTrpy3KH,
MOJIydeHHbIE MPHU JUHEHHOM pacdéTe, Korma
nepemeIneHus Maibie. Takxke onpeneneHo, 94To
yuéT koddpuunenta TpeHus obecreynBaer
JIY4IIyI0 COBMECTHYIO paboTy 000JIOUKHU U OKPY-
JKAIOIIero OCHOBAHUS U IMO3BOJIET MOTYUUTh
HECKOJIBKO OOJIbIINE 3HAUCHUSI KPUTHUUIECKOM
Harpy3kd Kak IIpU JIMHEWHOHN yIpyro MoJesnu
Marepuana, Tak ¥ IIpH yIpyromiacTuIeckoi.

UuclleHHBIM aHAJIM30M IIPOCTPAHCTBEHHOM
CHCTEMBI «000JI0UKa—OCHOBAaHHE)» B Clydae
HEOTHOPO/IHBIX (PM3HKO-MEXaHUUECKHX CBOMCTB
OCHOBaHMS BJI0JIb NPOAOJIBHON OCH LUIMHIPU-
4eCKOH OOOJIOUKH YCTAaHOBIIEHO, YTO IOTEPS
YCTOMYMBOCTH 000IOYKH MPOUCXOIUT HA y4acT-
ke Ooree c1aboro OCHOBaHUSL.

2.1.9. — Cmpoumenvuas mexanuxa.
Paboma evinonnena u 3awuwena 6 Poccuii-
CKOM YHUBepcumeme mpancnopma.

Bbynbkosa T. I. [loBblnenue pecypca na-
PBI «KOJIECO—PEJIbC» 32 CHET PAIHOHAJILHOTO
nojdopa cBoiicTB marepuayioB / ABroped.
AucC... kKaua. TexH Hayk. — CIIo.: IIT'VIIC,
2022.-18 c.

Ha ceropnsmnuii 1ens npoGieMa mnoBslie-
HUS IPOU3BOAMTEIBHOCTA U CHUXKCHHS cele-
CTOMMOCTH IIEPEBO30YHOTO ITPOLIeCcca Ha KeJe3-
HOJIOPOYKHOM TPAHCIIOPTE PELLIAeTCsl Iy TEM IOBBI-
LICHHUs OCEBOW HAarpy3Kd M CKOPOCTH JIBUIKECHUS
MOJBMKHOIO cocrasa. [IpakTuka skcrumyaranuu
BArOHHOTO MapKa Moka3alia MOBBIILIEHUE UHTEH-
CHBHOCTH U3HAIIMBAHUA KaK KOJIEC, TAK U PEJlb-
COB, YTO, HECOMHEHHO, OTpa)kaeTcs Ha Oe3ormac-
HOCTHU JIBU)KEHHS TTOE3/I0B I10 YKEJIE3HOA0POK-
HOMY IOJIOTHY. DKCTIEPUMEHTAIbHO YCTaHOBJIE-
HO, YTO U3HOCOYCTOHYMBOCTH TPHOOIEMEHTOB
CHUCTEMBI «KOJICCO—PEIIbC» B OOJBIICH Mepe Xa-
paxkTepusyercsi TBEPAOCTHIO UX MaTEepUaIOB.
MHOro4MCIIeHHbIE OIBITHI 110 BIUSHUIO TBEPIO-
CTH Ha M3HOC HEPEIKO OCYIIECTBIISUIUCH AJIsS
KoJieca U pelibca 000COOJIICHHO IpyT OT Japyra.
CHU3UTH U3HOC KOJieca M Peiabca BO3MOXKHO
NyTEM MOMCKAa ONTHUMYMa B COOTHOIIEHUU

Vin} \ [ NO

MEXY TBEPLOCTBIO KOJECHOU U PEIbCOBOMU
CTajeH.

Ienpb uccnenoBaHus — MOBBIIICHUE pecypca
Haphl «KOJIECO—PEIbC» 3a CUET PAllMOHATIBHOTO
1o100pa CBOMCTB UX MaTepHasoB.

B TCOPCTUYCCKUX HCCIICAOBAHUAX HCIIOJIb-
30BaHbl OCHOBHBIC ITOJIOXKCHHUA TpI/I60ﬂOFI/II/I,
TCOPUHU TIJIAHUPOBAHUA SKCICPUMCHTA U MaTe-
MaTU4YCCKOIro MOACINPOBAHUA. :’)KCHepI/IMeH'
TaJbHas 4acTh pabOThI 6a3UpyeTCsi HA METOIMKE
OTIpeIeTICHNs H3HOCA KOJIeca U pelibca C UCTIONb-
30BaHUEM CIIEUATILHO Pa3paboTaHHOTO 000pY-
AO0BaHUsA, MCTOAUKU OMPEACICHUS TBépJIOCTI/l,
MeTtauiorpadguyeckoro aHajanza. AHajiu3 Moiy-
YCHHBIX HAaHHBbIX l'[pOPI?,BeZ[éH B IIporpaMMHBIX
komiuiekcax ANSYS, Statistica, MathCAD.

Hayunas HoBU3Ha quccepTaimoHHoN pabo-
ThI:

* IOCTPOEHBI MATEMATHYECKHE MOJICIIH 3aBH-
CUMOCTH H3HOCA OT MapaMeTpoB TBEPAOCTH
TPHUOOCHUCTEMBI «KOJICCO—PEIIbCY», ICHCTBYIOIICH
0CEBOI1 Harpy3KH U CKOPOCTH ABHKEHUS BATOHA;

* [IPEJUI0’KEH PallMOHAJIBHBIN 1Malla30H 3Ha-
YEHUM TBEPLOCTU CTaJIECH >KEIE3HOLOPOKHOIO
KoJIeca U pelibca, CHIKAIOIINX UX U3HOC U T10-
BBILIAIOIINX MEKPEMOHTHBIH ITpo0er KoJieca;

* YCTaHOBJICHA 3aBUCUMOCTb H3HOCA Koleca
oT podera J1o 00pazoBaHus MpoKara OpakoBoY-
HOTO 3HAUC€HUA MPHU pa3JIMUHbIX 3HAYCHUAX
TBEPJOCTH CTaJIel Kojeca U penbea;

¢ ONIp€ACJICHbI DKBUBAJICHTHBIC HAITPSAXKCHUA
1 KOHTAKTHBIC 1aBJIICHUA KOJIEC ¢ HOMHHAJIbHOM
W MUHUMAaJILHOMN TOJIIIMHAMHU O6OI[I>CB Ipu Ha-
JIMYUA U OTCYTCTBHUU anuep61/1H1)1.

OcHoBHEBIE Hay4YHBIC U TPAKTUYCCKUEC PE3YIIb-
TaThI JUCCEPTALMOHHON pabOTHI COCTOAT B Clle-
JYIOILEM:

1. ITpounsBenén ananus nedexToB, NCKITFOYEH-
HBIX U3 OKCIUTyaTraliunu KOJIECHBIX Tnap «CtangapT-
HBIX» U «TBEPABIX» KOJEC, KOTOPBII IO3BOIMII
BBIABUTH HCOAHO3HAYHYIO 3aBUCUMOCTDb U3HOCO-
YCTOMYUBOCTH M pecypca TPUOOCUCTEMBI «KO-
JIeco—penbe» OT TBEpaoCTH cTanei. C yBennye-
HHUEM TBEPAOCTHU CTAJIU KOJIECAa CHUMKACTCS
HPOLEHT J1e(hEKTOB — TOHKHI I'PeOCHBb U OCTPO-
KOHEYHBIM Hakar rpe6H91, HO YBCJIIMYHNBACTCA
IMPONCHT OTICIOK ITO IMOJI3YyHaM U BLIHIepGI/IHaM.

2. IpennoxeHa sKcIiepIMEHTaNbHas METOAU-
Ka OMNpeJeNICHNs] PAallMOHAIBHOTO COOTHOIICHHS
TBEPIOCTHU CTAJIEH pellbCa U KOJIeCa, yUUThIBALO-
11as1, IepeMEeHHbIE OCEBBIC HATPY3KH M CKOPOCTH
JIBIDKCHUS TTOJIBMYKHOTO COCTaBa, KOTOPasi O3B0~
JISieT CIIPOTHO3MPOBATh MEKPEMOHTHBIN HEPHON
(mpoGer) Kosieca rpy30BOro BaroHa, U MOXKET



HCIIOJIb30BATLCA MPU MPOCKTUPOBAHUN HOBOI'O
TMIOJIBIKHOTO COCTABA 1 B KAYECTBE PEKOMEH Al
TIPU TIPOU3BOJICTBE JKEJIC3HOAOPOKHOTO IyTH.

3. BeInoiHeHsI 3KCIIepUMEHTaJIbHbIE HCCTIe-
JOBaHUs OLICHKH 3aBUCUMOCTH H3HOCOyCT0171'~IH-
BOCTH U pecypca Mapbl «KOJIECO—PENIbey OT CO-
OTHOILICHUS TBEPJOCTU UX CTAJIEH C UCIIOIb30-
BaHUEM CIPOEKTUPOBAHHOW YCTAaHOBKH.

4. Pa3paboTaHbl MareMaTUYEeCKUE MOJIEIH,
MO3BOJISIOIINE ONPEICINTh HAMMEHBIINN H3HOC
3JIEMEHTOB B CHCTEME «KOJIECO—PENbC» U COOT-
HOIIIEHUE TBEPAOCTH UX CTaJIeH, YUUTHIBAIOIINE
CKOPOCTHU JBUIKEHHUS TOJBUIKHOTO COCTaBa
U JICUCTBYIOLIME OCEBbIE HArpy3ku. BrIsiBIEHO
ONTUMAaJIbHOE COOTHOILIEHHE TBEPOCTH CTaJICH
kojeca u penbea (360/360 HB) npu sro0bIx
YCIOBHSX IKCIUTyaTalllU, KOTOPOE MO3BOJIUT
CHHU3UTb UHTCHCUBHOCTb U3HAILIMBAHUA JaHHBIX
5JIEMEHTOB M MOBBLICUTH PECYPC U MEKPEMOHT-
HBIM TIpoOer Kojeca rpy3oBoro parona B 1,5
paza.

5. OxuaemMplil TOJOBON SKOHOMUYECKUM
3G (deKT npu UCIOIH30BAHUH MPEIIOKCHHOTO
COOTHOLICHUS TBEPLOCTHU CTAJICH KOJIECA U PEJlb-
cacoctaBuT 1,37 ThIC. py0. Ha €TUHUILY TPOAYK-
UM (BarOHHOE KOJIECO).

05.22.07 — [loosudicHoul cocmag sHcene3nvlx
00poe, ms2a noe3008 u ANeKMpuGUKayusl.

Paboma evinonnena u 3awuwena 6 llemep-
Oypeckom 20cy0apcmeenHom yHugepcumeme
nymeti cooowenuss Umnepamopa Anexcanopa I.

Beruanun E. B. KauecTBeHHbIN aHamn3
XapaKTepPHbIX 0CO0eHHOCTEl NMoBeeHUsI I'i/I-
POIMHAMMYECKUX U HETOJOHOMHBIX CHCTEM
¢ NepUOAMYECKMMH YIIPABJIEHUSIMH HA OCHO-
Be KOHEYHOMEpPHBIX MojaeJseii / ABToped.
IHC... 10K. ¢.-Mm. HayKk. — UxeBck: Yal'y,
2021.-38 c.

B Hacrosiiiee Bpemsi, Graroiapsi pa3zBUTHIO
ANIEKTPOHUKH U CXEMOTEXHHKH, OOJIBIIOE BHU-
MaHUe yleysieTcs: pa3paboTke pa3IMyHbIX aBTO-
HOMHBIX U YIPaBIIsieMbIX MOOMIILHBIX POOOTOB,
MepeBUTAIOIMUXCs B BOJHONW (BO3AYIIHOMN)
cpejie WK 110 TBEPABIM MOBEPXHOCTSIM.

TpaqMUMOHHBIM CPEACTBOM CO3JaHHUS TATO-
BOW CHJIBI IIPH TIEPEMEILICHNH B )KUAKOCTH SIBJISI-
I0TCSl TPEOHbBIC BUHTBI, B IPUMEHEHHH KOTOPBIX
OBIJIM JIOCTUTHYTHI CYIIECTBEHHBIE YCIIEXH,
B OCHOBHOM 0J1aroziapst HOTpeOHOCTSIM 000POH-
HO-TIPOMBIIUIEHHOTO KOMILJIEKCa. ABTOHOMHBIE
HeoOuTaeMble MOABOJHbBIE alllaparsl, IpeiHa-

VIVN] | j N©O

3HAYEHHbIE JUISl MCCIEOBaHUsl OKeaHa, Kak
MIPaBUJIO, OCHAIIAIOTCS TPEOHBIMU BUHTAMH.

B nocnenHue nBa IecSTUNETHS M3ydaeTcs
njiesl CaMOTIPOJIBUIKEHHS B JKUJIKOCTH TBEPIBIX
TeJ 3a CUET JBIDKCHUSI BHYTPEHHHX MAacc WM
BpallleHuss BHYTPEHHUX poTopoB. [Ipu Takom
croco0e MepeABMKEHUsI MPEIoaraeTcs, 4To
CHUCTEMa MOXKET BOOOIE HE UMETh BHEIIHUX
TIO/IBMYKHBIX JIeMEHTOB. OTMETHM, YTO JIaHHBIN
croco0 mepeABMKEHUs] BOCXOAUT K paboram
coserckoro nmxenepa B. H. Tomuuna. Cospe-
MEHHbIE TEOPETHYECKUE UCCIICI0BAHMS JAHHOTO
croco0a repeIBUKeHNS TIPEICTaBICHBI, B 4acT-
HocTH, B pabore akanemuka PAH B. B. Kosinoga,
pabore akanemuka PAH @. JI. YUepHoycbko
1 HEKOTOPBIX 3apyOekHBIX padoTax.

Jlist peanuzanuu rnepeiBUKeHNs MeXaHuue-
CKUX CHCTEM I10 TBEPABIM OBEPXHOCTSIM Tpa-
JIMIIMOHHO MCIOJIB3YIOTCSI KOJIECHBIE U I'yCeHHY-
Hble NMpUBOAbI. OHAKO SABISETCS MHTEPECHOI
uzest pa3paboTKu chepudeckux poOOTOB, s
YIIPaBJICHUS IBUKEHUEM KOTOPBIX TAK)KE MOTYT
MIPUMEHSTHCS BHYTPEHHUE POTOPBI U TTOJBHIK-
HbIE BHyTPEHHHE MAaCCHI.

C MareMaTHyecKoi TOYKH 3peHHs 3a1a4a 00
yIpaBJICHUH JIBUKEHUEM MEXaHH4eCKOW CHuc-
TEMBI C IOMOIIIBIO0 BHYTPEHHHUX Macc U pOTOPOB
CBOJIUTCS K BHIOOPY 3aKOHOB M3MEHEHHS I10J10-
JKEHUsI LIEHTPa Macc, MOMEHTOB MHEPIMU U TH-
POCTaTHUECKOr0 MOMEHTa cUcTeMbl. [Ipu aToM
3aKOHBI YITPaBJICHHsI, 00ECIICUMBAIOIINE JIBUKE-
HHUE B OKPECTHOCTH TPACKTOPHIl JasKe MPOCTOU
(dopMmsl (Ipsimasi, Jyra OKpy>KHOCTH), OKa3bIBa-
10TCsI HeTpUBHAIBHBIMH. C MHKEHEPHOH TOUKH
3peHusi HauboJsiee IPOCTHIMU B Pean3alii sB-
JISIIOTCS TIEPUOJMUYECKUE 3aKOHBI YIIPABICHUSI.
OTMeTnM, 4TO IBHKEHHE BHYTPEHHHUX MEXaHU3-
MOB, B YaCTHOCTH, [EPUOJHYECKOE, MOXKET
MIPUBO/IUTH K BOBHHKHOBEHUIO ITapaMeTPHIECKO-
IO PE30HAHCa, PA3IMYHBIX ACUMITOTHYECKU
YCTOMYMBBIX WIIM XaOTHYECKUX PEXKUMOB JIBU-
xeHust. Takum oOpas3om, HapsiLy ¢ 3aa4el 1o-
CTPOCHUS SIBHBIX YNPAaBJICHUI (ITPOrpaMMHBIX
WJIM HAa OCHOBE OOpPAaTHBIX CBsI3€i) TakKe BO3HU-
KaloT 3a7aud MCCIIEJ0BAHUS YCTONYMBOCTH
JIBMDKCHHS M CTAOMIIM3aIIM1 YaCTHBIX JIBHYKCHHH.

Llenbro pabOTHI SIBIISIETCS aHAJIN3 [TOBEICHHS
JMHAMHUYECKHUX CHCTEM C IEPHOAMYECCKUMHU
yIPaBJICHUSIMU Ha OCHOBE KOHEYHOMEPHBIX
Mozenell 00bIKHOBEHHBIX T depeHInanbHbIX
ypaBHEHHIA; BBISBICHHE OCOOCHHOCTEH, Xapak-
TEPU3YIOIINX IIOCKOMapaIeIbHOE ABMKCHHE
B JKUJIKOCTH TBEPJOTO TeJla C BHYTPEHHUM PO-
TOPOM U IEPHOMYECKH N3MEHSIOILIEHCS LIUPKY-
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Jisinuen, TBEPAOro Teja ¢ NOABUKHON BHYTPEH-
HEll Maccoil, coBeplIarlleil nepuoandeckoe
JIBUYKECHUE OTHOCUTEIILHO TeJla, TBEPLOrO Tea,
Ha KOTOPO€ JACHCTBYIOT NEPUOAMYECKUE BHE-
LIHUE CUJIA U MOMEHT CUJIbI, BpallleHUs TBEPLO-
IO TeJla C HENOABMKHON TOUYKOM U IEPUOJUYECKU
U3MEHSIOIIUMUCS MOMEHTAMU MHEPLUH, Kade-
HUS 110 INIOCKOCTU YPAaBHOBELLIEHHOIO U HEYPaB-
HOBEILIEHHOTO C(EPUUECKUX TeJl C MepHoIrye-
CKU U3MEHSAIOLUMUCI MOMEHTAMHU MHEPLUUHU
U TUPOCTAaTUYECKUM MOMEHTOM.

Ha ocHOBe aHanIUTUYECKUX U YUCIEHHBIX
METOJI0B KaUE€CTBEHHOI'O aHAJIN3a UCCIIEI0BAaHO
[IOBEACHUE KOHECUHOMEPHBIX JIMHAMMYECKUX
CHCTEM C IEPUOAMYECKUMH KoddduireHramu,
OIMCHIBAOLIUX:

* [IJIOCKONApaJuIEIbHOE ABU)KEHUE B XKUJIKO-
CTU TBEPAOIO Teja ¢ BHYTPEHHUM POTOPOM IIpU
HaJM4YUU [IEPUOAUYECKU U3MEHSIOLIEHCS Lup-
KYyJISIIUH;

* [IJIOCKOIApaJuIeIbHOE ABUKEHUE B XKUJIKO-
CTU TBEPJOTO TEJIA C IEPUOAUYECKU JBUXKYLICH-
Cs BHYTPEHHEW MacCO MPU HAJTUYHUH ITOCTOSH-
HOI LIUPKYJISALUY;

* [IJIOCKOIApaJuIeIbHOE ABM)KEHUE B KU JIKO-
CTU TBEPIOIO Teja IMOJ ACUCTBUEM BHEIIHMX
[EPUOAUYECKUX CUJIbI U MOMEHTA CWJI IIPU Ha-
JIMYUU TOCTOSSHHOM LIUPKYJISILIUY;

* BpallleHUE TBEPIOIO TENa ¢ HENOABUKHOU
TOUYKOW U NEPUOAUYECKH U3MEHSIOIUMHUCS MO-
MEHTaMU UHEPLUU [IPU MOCTOSIHHOM T'HMpOCTa-
TUYECKOM MOMEHTE;

* KQUEHUE YPAaBHOBELLIEHHOIO U HEYpaBHOBE-
IIEHHOTO C(hEepHUUECKOTO TeJIa IO INIOCKOCTH 0e3
[IPOCKAJIb3bIBAHUS U BEPUEHUS B Cllydae IepUo-
JIUYECKU U3MEHSIOIIMXCS MOMEHTOB UHEPLUU
1 TUPOCTaTUYECKOIO MOMEHTA.

B npenmecTByromux paboTax, MoJI0KEeHHBIX
B OCHOBY JUCCEPTALlMOHHOIO UCCJIEAOBaHUS,
OBLIN TOCTUTHYTHI CIEIYIOUIUE PE3yJbTaThI.
BbINonHeH KaueCTBEHHBIN aHAIU3 JBUXKCHUS
AIUTMIITUYECKOTO NPOdUIIs B UI€aNIbHOM YKHIKO-
CTH NOJ1 JICUCTBHEM IEPUOANYECKUX KOIeOaHHI
pOTOpa B IIPUCYTCTBUM IIOCTOSIHHOW LIUPKYJIS-
nuu. [Toctpoeno npubnnxk€HHOE penieHue
YPaBHEHUH, OIIUCBIBAIOLINX ABUKEHUE KPyTOBO-
r0 PO(UJIS B BI3KOU KUIKOCTH IO ICHCTBUEM
[IEPUOAUYECKOrO YIIPABICHUSA U NEPUOAUYECKU
U3MEHSIOIIEHCS. LUPKYJIALUUA. BBIIOIHEH KOM-
[IBIOTEPHBIN aHAJIU3 IBUKECHUS JUIUIITUYECKOIO
npouiis B BI3KOW KUAKOCTH IMOJ JACHCTBUEM
[IEPUOANYECKOI0 U3MEHEHMSI THPOCTAaTUYECKOIO
MOMEHTA U IEPUOINYECKU U3MEHSIOLIECHCS LUp-
KyJISILLUY.

Vin} \ [ NO

BrinonHeH KOMNbIOTEPHBIM aHANN3 JIBUKE-
HUSI JUTUIITAYCCKOTO IPOQUIIS B BI3KOU HKHKO-
CTU NPU MOCTOSHHOW LMPKYISIUU U TOJ Jei-
CTBHEM KosieOaHUI BHYTpEHHEH MaTepuanbHOMI
TOYKH.

IIpoBenén kauecTBEHHbIN aHAIN3 ABUKECHUS
YPaBHOBEIICHHOTO KPYyrOBOTO MPOQUIISL B UIe-
QJIbHOM JKUJKOCTH MOJ JIEHCTBUEM BHEIIHUX
MIEPUOINIECKUX CUITBI U MOMEHTA cuJl. B padote
aBTOPOM ITPOBE/ICHO AaHAJIUTUYECKOE U YUCIICH-
HO€ UCCJICIOBAHUE JIBUKEHUSI AJUITMITHYECKOTO
npoQuIIs B UACaTbHON U BA3KOU KUIKOCTH MO
JIECTBUEM BHEIIHHUX MEPUOJUUYECKUX CHUIIbI
Y MOMEHTa CHJI, IPOaHAIU3UPOBAHbI UHTETPU-
pyeMBI€ cllydau U UX epUOJUYeCKIe BO3MYIIe-
HUSL.

ITocTpoeHbl TOUHBIE pelICHUS YpaBHEHUU
JIBU>KEHUS] YPaBHOBELIEHHOI'O KPYroBOTO IpO-
(Gbuas B XKHUIKOCTH IMOJ JCHCTBHEM BHEIIHUX
NEPUOAMYCCKUX CHIIBI 1 MOMEHTA CHII B (hopMe
OJTHOKPATHBIX U JIByKPaTHBIX psI0B. B pabote
aBTOPOM HCCJIEZIOBAHO SIBJIEHUE ACHUMITOTHUYE-
CKOM yCTOWYMBOCTH II0 YaCTU II€PEMEHHBIX
B MaTeMaTHYEeCKON MOJENIM, OMHCHIBAIONISH
JIBU?KEHUE YPABHOBELIEHHOI'O KPYroBOTO IPO-
G B uacanbHON KHUIKOCTH O] JICHCTBUCM
MEPUOINYECKOT0 BHEIIHETO MOMEHTA CUJI C He-
HYJIEBOW CPEIHEHN BEIMYMHOM.

HccnenoBana nuHamMuka Tena ¢ HETOJBUXK-
HOM TOUKON U NEPUOANYECKU U3MEHSIOILIUMHUCS
MOMEHTaMU MHEPLUUU U TMPOCTATUYECKUM MO-
MEHTOM, HaiJIeHbl pE€30HAHCHBIE YACTOTHI U 110~
CTPOEHBI JUarpaMMbl YCTOMUUBOCTH.

HccnenoBaHo BAMSIHUE TPEHUS U MOCTOSH-
HOT'O BHEUTHETO MOMEHTA CUJI Ha INHAMUKY TeJa
C HEIIOJIBUYKHOM TOUKOH U IEPUOJUYECKU U3ME-
HAIOIIMMUCSA MOMEHTAMU UHEPLUU.

Ha ocHoBe MeTo1a rapMOHHYECKOTo OasiaHca
AQHAJIMTUYECKU TOCTPOCHBI TpaHUIlbl oOnacTen
HEYCTOMYMBOCTH JIJIs T€JIa C HEOJABUKHOM TOY-
KOM U NEpUOANYECKH U3MEHSIOINMHUCS MOMEH-
TaMH UHEPLIMH.

BrinonHeHa unciieHHas OLleHKa yCTOMYHUBO-
CTHU IJIOCKOMNAapaJIJIIbHBIX JBUKEHUN YpaBHO-
BEIIICHHOTO CHePHUCCKOTO TEIa C IEPHOIIUCCKH
M3MEHSIOLMMHUCS MOMEHTAMU UHEPLIUH U TUPO-
CTAaTUYECKUM MOMEHTOM, KaTSIIETrocs Mo IJI0-
CKOCTH 0e3 MpocKalib3biBaHus U BepueHus. Co-
BMECTHO C COABTOPOM BBIIIOJIHEH KOMIIBIOTEP-
HbI aHalu3 JBUKEHUS yPaBHOBEUIEHHOIO
chepruyecKoro Teja ¢ NePUOAMYCCKU U3MCHSIO-
UIMMHUCS MOMEHTaMU UHEPLUUU U TUPOCTaTHYe-
CKMM MOMEHTOM, I0Ka3aHa HE KOHCEPBaTHUB-
HOCTb JTUHAMUKH.



ABTOPOM BBINOJIHEH aHAJIN3 YCTOWYUBOCTH
BCPXHETO IMMOJIOKCHUA PaBHOBECUA HCYPAaBHOBE-
[ICHHOTO CEePUIECKOTO TeNa, ABIKYIIETOCS MO
IIJIOCKOCTHU 663 IMPOCKaJIb3bIBaAHUA U BEPUYCHUA,
3a CYET MEPUOANIECKU M3MEHSIOIEr0Cs THPO-
CTaTHYECKOTO MOMEHTA, @ COBMECTHO C COABTO-
paMU BBITIOJIHECH aHaJIn3 yCTOﬁ‘IHBOCTI/I HUXKHE-
T'0 IMOJIOKCHU S PABHOBCCHUA HCYPAaBHOBCIICHHO-
ro cepruueckoro Tena, IBIKYIIETOCs MO IJI0-
CKOCTH 0€3 TPOCKAIb3bIBAHUS.

01.02.01 — Teopemuueckas mexanuxa.

Paboma evinonnena na kagedpe meopemu-
yecKoul (husuxu Yomypmeckozo 20¢yoapcmeeHHo-
20 yHugepcumema, sawuwena ¢ Mocrkogckom
asuayuonnom uncmumyme (Hayuonanvnuii
uccreoosamenvckutl ynusepcumem) (MAH).

JyHnaeB A. M. ABTOMaTU3MPOBAHHAS MO/I-
cHUCTEeMA AUATHOCTHPOBAHMSA 3JIEKTPOOOOPY-
J0BaHNs Npeodpa3oBaresieil 4acToTbl / ABTO-
ped. auc... KaHa. TexH. Hayk. — UpKyTck:
HUPHUTY, UpI'VIIC, 2022. - 16 c.

BaxHoii 3amaueil B cdepe aBromaruzaniu
1 yIIpaBJICHUA TEXHOJIOI'MYECCKUMU IpoLcccaMu
" MPONU3BOACTBAMU ABJIACTCA obecreueHue Ha-
IEKHOCTH (QYHKITHOHUPOBAHUS CIIOKHOTO JJICK-
Tpoobopynosanus (J0), K KOTOPOMY IIPUHAITIC-
JKaT CHJIOBBIE MOJIYTIPOBOJHUKOBBIE IPE0Opa3o-
Barenu dacTtoThsl (ITH), BXoxadmue B cocTaB ya-
CTOTHO-PEryJIUPYEMBIX JJIEKTPONPUBOIOB
OOILENPOMBIIUIEHHOTO 3JIEKTPOOOOPYIOBAHHUSL.
K o3HaueHHOM TEXHMKE, B YACTHOCTH, OTHOCST-
Cs1 aCUHXPOHHBIC 3JICKTPOIIPUBObI HOI['I)éMHI)IX
KpPaHOB, KOHBEHEPOB, HACOCOB, BEHTUIISITOPOB,
METAJUIOPCIKYIIUX CTAHKOB U NPOMBIINIJICHHBIX
pobotoB. KpomMe TOro, 3HauMTEIHHOE KOJIU-
YeCTBO TEXHOJIOTHYECKOr0 000pYIOBaHUS IS
NPOM3BOJICTBA M PEMOHTA UMEET B CBOEM COCTa-
BE COBPEMEHHBIE YaCTOTHO-PEryJnupyeMbIe
DIEKTPOIPUBOBI.

[TpeoOpazoBareny 4acTOTHI SIBIISIOTCS CAMBIM
CJIOXKHBIM 3JIEKTPOOOOPYIOBAaHHEM COBPEMEH-
HOT'O YaCTOTHO-PETYJIMPYEMOTO 3JIEKTPOIIPHBO-
J1a, TIOCKOJIbKY MMEIOT B CBOEM COCTABE CHUIIOBBIC
MOJTYIPOBOAHUKOBBIC AWOAbI U TPAH3UCTOPHI,
a TaK)Ke MUKPOTIPOLIECCOPHYIO CUCTEMY YIIpaB-
nenus [1Y, Bkiroyas cuctemy yrpaBjieHHUs BCETO
AIIEKTPOIIPUBO/IA.

Pemennto mpo0ieMbl COKpaIieHHsi CPOKOB
M TMOBBIIICHUA Ka4€CTBa JUAIrHOCTHUPOBAHUMA
O3HAUEHHOTO CIIOYKHOTO 00OPY/IOBAHUSI MOXKET
MOCIYXXHUTb UCIIOJB30BAHUC METOAOB TEXHUYEC-
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CKOH JMarHoCTUku. Jloruueckue ajaropuTmsl
METO/IOB JIAHHOT'O KJIacca MPEACTaBISIOT COO0M
QITOPUTMBI, UCIIOJIB3YIOIIUE allapaT MareMa-
TUYECKOM JIOTMKU. MaTemaTuyeckass MOAesb
oObekTa nuarHoctupoBanus (O/]) paccmarpu-
BaeT O] kak crcTeMy CBSI3aHHBIX MEXKY COOOM
q)yHKIll/IOHaJ'IbHLIX 3JIEMCHTOB, KOTOPbIC MOT'YT
HaXOoqUTHCA B OAHOM U3 JIBYX cocrostauii: 0 — He
B HOpME, | — B HOpMeE.

B Hacrosee Bpemst Harboliee TpyI0EMKUMU
COCTAaBJISIFOILIMU TPOLIECCa IMArHOCTUPOBAHMS
SABJIAIOTCA OLCHKA CUTYalluU U IMIPUHATUC PCLIC-
HUSI, YTO OOBSCHSICTCS MMOCTOSIHHO BO3pacTaro-
UMH 00bEMaMK HHPOPMALIUH, KOTOPYIO HE00-
XOAUMO YUHUTBIBATH [JI TTOBBIICHUA O6’I)CKTI/IB'
HOCTH OLICHKH CUTyalluH, a TAKKE 3BPHUCTUYC-
CKHUM XapaKTepoM 3HAHHH, MO3BOJISIOIINX
9KCIEPTY MOJyYaTh KaueCTBCHHBIC U AP (EKTHB-
HbIC PCHICHUA IMOCTABJICHHBIX 3a1ady. B cBs3u
C JaHHBIMU O6CTOHT€HBCTB3MI/I, BO3HHUKACT HE-
00X0IMMOCTh KOMIUIEKCHOM aBTOMaTH3alHuU
nporiecca coopa MHGOPMAIIMU U IPUHATHS pe-
LIEHUS, JJ1 OCYIIECTBIEHUS KOTOPOU IpeCTaB-
JIAC€TCA MEPCICKTUBHBIM HCIIOJIB30BATh MHTCII-
JIEKTyaJIbHbIE CHCTEMBI, pa3paboTaHHbIe Ha OC-
HOBEC INPUMCHCHU A JIOTUYCCKUX METOAOB TCXHU-
YeCKOM AUArHOCTHUKH MU METOAOJOIUHU
skcrnepTHbIX cuctem (DC).

Llenbro paboTHI SIBIISIETCS CO3/JaHNE aBTOMA-
TI/ISHpOBﬁHHOﬂ MOACUCTEMBI JUaTrHOCTUPOBAHUA
ANIEKTPOOOOPYIOBaHUS peodpa3oBareieii yac-
TOTBI, OBBIMIAOMIEH 3 (HEeKTHBHOCTH ITpolecca
IOMCKa HEUCIIPABHOCTEH.

Hayunast HOBH3HA pabOThl COCTOHUT B TOM,
YTO BIICPBLIC!

1. IIpensiokeHb! JTOTUUECKHUE aITOPUTMBI
JIMarHOCTHUPOBAHUS DIIEKTPOOOOPYLOBaHUS
C YYETOM €ro TEXHHYECKUX COCTOSIHUH, OTIIU-
YJaromuecs OT U3BECTHLIX aJITOPUTMOB IIOJIOBUH-
HOTO JIeJICHUs NpaBHJIaMu BbIOOpa mepBoil
MIPOBEPKU B 0OBEKTE TNArHOCTUPOBAHUSI.

2. Pazpaborana mponeaypa MnocTpoeHus
JiepeBa ONTUMAaILHOTO JIOTHYECKOT0 aJITOpUTMa
JIMarHOCTUPOBAHUSI AIIEKTPOOOOPYLOBAHUSL.

3. [TocTpoeHo AepeBO ONTUMATBHOTO JIOTH-
YECKOro ajJropuTMa JIMarHoCTUPOBaHUS ITPpeoo-
pasoBaresieil 4acTOThl, OTJIMYAIOLIEroCs OT U3-
BECTHBIX aJITOPUTMOB JUATHOCTUPOBAHUA MU-
HUMaJIbHBIM IT0Ka3aTeleM CPeJHUX 3arpar
JAUAarHoCTUPOBAaHM.

4. Paspaborana cTpykTypa 0a3bl 3HAHHI
OKCTICPTHOT'O KOMIUICKCA JJId JTUArHOCTUPOBAHUA
ANIEKTPOOOOPYIOBaHUS TpeoOpa3oBareieii yac-
TOTBI, OIIUparouIasACsa Ha Hpe}IHO)KeHHblﬁ OIITU-
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MaJIbHBIN JIOTUYECKUN aITOPUTM JUATHOCTUPO-
BaHUS.

BbIBOzbI 1 pe3ysbTarhl paboThl MMOTYYEHBI
C HUCIIOJb30BaHHEM MaTeMaTH4YeCKOro armapara
OyrneBoit aJreOpbl, METOI0B ONTUMH3AIIUH, TEXHO-
JIOTUH TIPOTPaMMHUPOBAHUS Ha S3BIKAX BBICOKOTO
YPOBHSI, TEXHOJIOTUU Pa3pabOTKU IKCIEPTHBIX
CHCTEM.

IIpu BBIMOMHEHUN AMCCEPTAIMU MOTYYEHBI
CIIeITYIOIIHE OCHOBHBIC PE3YIIBTaThI:

1. ITpoaHam3upOBaHO COBPEMEHHOE COCTOSTHUE
METOJIOB M CUCTEM JIMar HOCTUPOBAHHSI AJIEKTPOO00-
PYIIOBaHusl, BKJIIOYasi 000pyIOBaHNE EKTPOIPH-
BOJIOB [IEPEMEHHOTO TOKa.

2. Ha ocHOBaHMM BBINOJHEHHOTO aHAIW3a
MPEJIOKEHBI CTPYKTYPa M aJITOPUTMBI (DyHKIINO-
HUPOBAHUS aBTOMAaTU3UPOBAHHON MOJCHCTEMBI
JIMarHOCTHPOBAHHS! AIEKTPOOOOPYIOBaHUS ITPe0d-
pa3oBaresieil YaCTOThI.

3. Pa3paboraHbl HOBBIE JIOTMYECKUE AJITOPHT-
MBI JTUarHOCTHPOBAHUS 3JIEKTPOOOOPYAOBAHNS,
OTIIMYAIOIINECS OT U3BECTHBIX aJITOPUTMOB IIpa-
BUJIaMU BBIOOpA MEPBOI MPOBEPKU M OOIbIICH
3¢ heKTHBHOCTHIO B IPUMEHEHHH K ITpeodpa3oBa-
TEJSIM YacTOTHL.

4. IpensnoykeHa nporeaypa NoCTPOSHUS ONTH-
MaJIbHOT'O JIOTHYECKOTO aITOPUTMA AUarHOCTUPO-
BaHMsI AIEKTPOOOOPYIOBaHMS TIpeodpasoBareleit
4acToThl. Pa3paboTan onTuManbHbIHN JIOTHUECKHiA
QITOPUTM AMArHOCTHUPOBAHUS IpeoOpazoBaTeneit
Y4aCTOTHI, OTIIMYAIOIINIICS MUHUMAJIbHBIMHU 3aTpa-
TaMU BPEMEHU.

5. C onopoit Ha ONTUMAJIBHBIH aITOPUTM pa3-
paboraHa cTpyKTypa 0a3bl 3HAHHI SKCHEPTHOTO
KOMIUIEKCA JUIsl IMarHOCTUPOBAHMSI AIIEKTPO00O-
pyzoBaHus MpeoOpasoBaresieil 4acToThI.

6. B cOOTBETCTBIY C NPEATIOKEHHBIMHU CTPYK-
TYpo# 1 anroputMamu (QyHKLIHOHHPOBAHUsI pea-
JM30BaHa aBTOMATH3MPOBAHHAs MOJCHCTEMaA
JIMarHOCTHPOBaHHMS AIEKTPOOOOPYIOBAHHS ITPe0d-
pasoBaresieif YaCTOThI, UCTIONB3YEMBIX B IIPOMBIIII-
nenHoctH. [Tofcucrema Mo3BOIIsAET OCYILECTBISTh
JIMaTHOCTHUPOBAHUE B PEKUME PEATBHOTO BpeMEH!
U B pKHME KOHCYJIBTAlIMOHHON ITOMOIIIH.

7. Anpobarnysi pealn30BaHHON TIOJCUCTEMBI
TMOKa3aJja, 4To e€ NPHUMEHEHHUE K pealbHOMY 3JIeK-
TPOoOOOPYIOBaHHIO TIpeoOpa3oBaTeseii YacToThl
TMIO3BOJISIET OOECIICUUTh B CPEIHEM TPEXKpATHOE
COKpAIllCHEe BPEMEHH JUAarHOCTHPOBAHUS U Ha-
JIAJTKHL.

2.3.3 — Aemomamuszayus u ynpasienue mex-

HOLO2UYECKUMU NPOYECCAMU U NPOU3E00CEAMU
(mexHuyeckue HayKuL).
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Paboma evinonnena ¢ @edepanrvrom 2ocy-
dapcmeeHnom 6100 cemHoM 06pa308amMeNbHOM
yupescoenuu svicuie2o obpazoeanusi « Uprym-
CKULL HAYUOHATLHBIL UCCTIe008AMENbCKULL MeX-
nuyecxuti ynusepcumemy («MPHUTY »), 3awu-
wena 6 Upkymckom 2ocyoapcmeenHom ynueep-
cumeme nymeti cooougernusy («Upl'VIICy).

Mepmun H. B. ABTomMaTuzanus ynpasJjie-
HHUSl MepeBO3KAMHU C:KH/KEHHOTO NPHPOIHOTO
ra3a MOpPCKHUM TpaHcnopToMm / ABroped. auc...
KaH[. TexH. Hayk. — M.: PYT, 2021. - 23 c.

ApxTudeckas 30Ha, 6orarasi IPHPOAHBIM Ta-
30M, HYXJaeTcsi B co3aaHuu d(heKTUBHBIX
TPaHCIOPTHO-JIOTUCTHYECKUX CUCTEM N0 0e3-
OIIaCHOMY, OecriepeOOHOMY M SKOHOMUYECKH
palMoOHATbHOMY BBIBO3Y YIJIEBOJOPOIHOTO ChI-
pes. PazButne CeBepHOro MOPCKOTO MyTH, Kak
MCTOPUUECKH CJIOKHUBIIEHCS HAllMOHAJIbHOU
€IMHOM TPAHCHOPTHOM KOMMYyHHKauuu Poccuii-
ckoii @eneparivu B APKTHKE, a TAKAKE BO3PACTalo-
mast 1o0bI4a, nepepaboTka U TPAHCHOPTUPOBKA
MPUPOIHOTO Ta3a B JAaHHOM PErHoHE TPeOyIoT
CO3/IaHMs ABTOMAaTH3HPOBAHHOMN CUCTEMBI YIIpaB-
JIeHHs1, 00eCTIeYnBaIOIIeH SKOHOMUUECKH I dek-
TUBHYIO M 0€30MaCHYI0 MEPEBO3KY CIKIKCHHOTO
npupoanoro raza (ganee — CIII), uto onpenens-
€T aKTyaJIbHOCTh JJAHHOTO HCCIICIOBAHMS.

Lenp uccnenoBanus — pa3padoTKa MPHHIH-
OB MOCTPOCHHUS aBTOMATH3UPOBAHHON CHCTEMBI
ynpasnenus nepeBoskamu CIII" Mmopckum TpaHc-
noprom, obecreunBaronieil 0e30MacHyr U KO-
HOMUYECKH (P PEKTHBHYIO JTOCTABKY IIPHPOTHO-
TO rasa.

Hcnonp30BaHbl METO/BI CHCTEMHOTO aHAITH-
3a, TEOPUHU YIPABICHUS, TCOPUU BEPOSTHOCTH,
HCCIeI0OBaHMsl ONepaluii 1 MaTeMaTu4ecKoi
CTaTUCTHUKH, TEOPUU ONTHUMHU3ALINH.

Hayunas HOBHM3HA uccepranuu:

* Ha OCHOBAHMM aHAJN3a CYIIECTBYIOIINX
METO/IOB IUITAHUPOBAHUS U YIIPABICHUS IEPEBO3-
kamu CIII' MOpCKHM TpaHCHOPTOM IOKa3aHa
9KOHOMHUYECKas 11eJeCO00Pa3HOCTh CO3/aHMUs
ABTOMATH3MPOBAHHON CHCTEMBI YIIPABICHHUS;

* BIIEPBbIC MTOKa3aHa 1 000CHOBaHA Ha 0a3e
00pabOTKM CTATUCTHYECKUX JTaHHBIX 3aBUCH-
MOCTb NTPOU3BOJUTEIHHOCTH 3aBOAA 110 MPOH3-
BozicTBy CIII" oT MeTeoponorndeckoro axropa;

* HEOOXOAMMOCTDh Pa3pabOTKH M Pa3BUTHS
ABTOMATH3UPOBAHHBIX CUCTEM YIIPaBJICHUS Iepe-
Bo3kaMu CIII" MOPCKHM TPaHCIIOPTOM BIIEPBHIC
000CHOBaHa pe3yJbraraMu 00pabOTKH CTaTHCTH-
YeCKUX JaHHBIX 006EMOB nioTpedienust CI1TT;



* BIIEpBBIC pa3zpaboTaHa MaTemMaruieckas
MO/IEJIb, [T03BOJISIOIIAs aHAJIU3UPOBATH BPEMEH-
HbI€ IOTEPU IPU B3aUMOJEHCTBUU 3aBOJOB-
U3TOTOBUTEJIEH U IIOIPY304YHBIX OllepaLvil TaH-
KEPOB-Ta30BO30B;

* JUIsL aHAJIN3a AMHAMUKU (DYHKIIMOHHUPOBA-
HUS CHCTEMBI ympasieHus nepeBozkamu CIIT
MOPCKHUM TPaHCIIOPTOM [IPY HAJIMYUU BO3MYLLIE-
HUM OIpEEsICHbl BEPOSITHOCTU HAXOXKICHUS
TaHKEPOB-ra30BO30B Y 3aBOJA 10 IIPOU3BOJCTBY
CIII" B yc10BUSAX BO3MOXHOCTH MX MOJHOII 3a-
Tpy3KH M OTCYTCTBUSI BPEMEHHBIX MOTEPb, MO-
3BOJISIFOILUE BhIpabaThiBaTh COOTBETCTBYIOLIHE
YIIPABJICHUS B aBTOMATU3UPOBAHHON CUCTEME;

* Ha OCHOBE IIPOBEJEHHOIO aHAJIN3a JBUXKE-
HUSl TAHKEPOB-Ira30BO30B B CTCCHEHHBIX BOJAX,
IIPOU3BOJUTEIBHOCTH 3aBOJOB 10 [IPOU3BOJICTBY
CIIT;, croumoctu CIII, execyTouHoit hpaxToBoii
CTaBKM TaHKEPOB-ra30BO30B IIOCTABJICHA U Pe-
IIeHa ONTHMHU3AIIMOHHAs 33/1aua BEIOOpa BpeMe-
HU II0/IX0/la TAaHKEPa-ra30B03a Ha BXOJ B CTEC-
HEHHBIE BOBI, 00ECIEYNBAIONIET0 MUHUMH3A-
LU0 SKOHOMMUYECKHX 3aTpar;

* pazpaboTaHbl 1 00OCHOBAHBI PUHLIUIIBI
IIOCTPOECHHUSI aBTOMATU3UPOBAHHOM CHCTEMBI
ynpasienus nepesoskamu CIII" MopckuM TpaHc-
[IOPTOM, BKJIFOUAIOLIUE aJITOPUTMBI IUIAHUPOBA-
HUSL M CIIOCOOBI peayi3anny BBIIOJIHEHUS Ipa-
(uKa IBHKEHHS TAHKEPOB-Ta30BO30B JIJIsI BEIBO-
3a CIII" B pe’xume peanbHOro BPEMEHH 3a CUET
NOCTYIUICHUSI ONlepaTUBHOW MH(OpMAIUK OT
00BEKTOB [IEPEBO30YHOTO IIpoLecca.

OCHOBHBIE PE3yJbTaThI CIETYIOIHE:

1. ITpoBeAEHHBII aHAIN3 METOAOB TIAHUPO-
BaHUs 1 ynpasneHus nepeso3kamu CIII" Mopckum
TPAHCIIOPTOM I10Ka3aJl HaJIMYUE B HACTOSIICE
BpEMsI METOZIOB Pa3pabOTKHU JIOTHCTUYECKHUX CXEM
nepeBo3ku CIII, mocTpoenus rpadukoB repeso-
30k CIIT, s5koHOMUYEeCKH 000CHOBAaHHOTO CITOCO-
6a tpancnoptupoBku CIII" u3 paiioHOB ¢ cypo-
BBIMH KJIMMaTHYECKUMHU YCIIOBUSIMH, CIIOCOOOB
tpancnoptupoBku CIII. Bmecte ¢ Tem, B Mupo-
BOM IPAKTUKE OTCYTCTBYIOT aBTOMATHU3UPOBAaH-
HBIE CUCTEMBI IIJIJAHUPOBAHUS U YIIPABJICHUS IIe-
pesoskamu CIII" MOpCKUM TpaHCTIOPTOM, B KOTO-
PBIX MOTYT OBITH UCIIOJIB30BaHBI [IEPEUHCIICHHBIC
BbILLIE pa3padoTKy. [IpoBenEHHBII aHAIN3 TI03BO-
T chopMyIIMpoBaTh TpeOOBaHUS K aBTOMATH-
3UPOBAHHON CUCTEME YIIPaBIICHUSL.

2. IIpoBeneHo uccienoBaHUE MPOU3BOIU-
TEIBHOCTH 3aBOJOB Mo mpoussoacty CIIT
(Ha mpuUMepe MPOU3BOACTBEHHOTO KOMILIEKCA
npoekra «CaxaiauH-2», PacroJ0kKEHHOro B II.
IIpuropoanoe Ha octpoBe CaxaiuH), B X0ae
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KOTOPOTO YCTAHOBJICHA 3aBUCUMOCTbH IIPOU3BO-
nutenbHocTu CIII'-3aBoga OT MeTeoposoruye-
CKOro (hakTopa, YTO OKa3bIBAET CYILIECTBEHHOE
BIHMSHHE Ha mpouecc TpaHcnoptupoku CIIT
U JIOJKHO, B OTJIMYME OT M3BECTHBIX METOOB,
YUUTHIBATHCA MPHU MJIAHUPOBAHUM NEPEBO30K
CIII' 1 nocTpoenust rpagUKOB IBUKEHUS TaH-
KEpOB-Ta30BO30B.

3. CratucTUyeckoe UCCIeI0BaHNe JUHAMUKI
norpebnenust CIII" B Mupe nokasaso:

* yBEIMUYEHHUE KOJIMYECTBA MOTpeOnsieMoint
sHepruu ot paccMarpuBaeMbix CIII-Tepmuna-
0B ¢ 2014 mo 2018 rr. Ha 22 % u ckadok
B 2019 1. Ha 45 %, no cpaBuenuto ¢ 2018 r;

* IpeBaIMPYIOLIee BO3CHCTBHE HA IEHOO0-
pazoBanue (umnopt u dxcnopt) CIII croumocTu
He(TH, 110 CPAaBHEHUIO C KOHKYPEHIIMEH HCTOY-
HUKOB T'a3a;

* poct norpebnennst CIII" moxTBep i akTy-
AIBHOCTh U HEOOXOIMMOCTb CO3/IaHHsI aBTOMa-
TU3UPOBAHHOIN CHUCTEMBI YIIPABICHUS MEPEBO3-
kamu CIII" MOPCKUM TPaHCTIOPTOM.

4. Pazpaborana maremaTHueckas MOAEIb
«Tankep-ra3oBo3 — 3aBOJ MO MPOU3BOJCTBY
CKMIKEHHOTO IPUPOIHOTO Ta3ay, 0a3upyrorasi-
Cs Ha TEOPUU MAapKOBCKUX IPOIECCOB, MO3BO-
JISIOINIAs OTIPEJICNINTh BEPOATHOCTH HAXOXKICHUS
TaHKepa-ra30B03a B TOUKE 3arPy3KH CBIPhEM MpU
Pa3IUYHBIX OTOHBIX YCIOBHUIX U BEPOSITHOCTh
manuyus CIIT B pesepByapax 3aBoja-
H3TOTOBUTETI.

5. UccnenoBanue AMHAMUKH (YHKITHOHHPO-
BaHUsI CUCTEMBI yIipasieHus nepeposkamu CIIT"
MOPCKHUM TPAHCIIOPTOM IOKA3aJIo, 4To:

* BeposiTHOCTh Hanmuuus CIIT" Ha 3aBoje Mo
npousBoacTBy CIII" nmpu padote Tpéx TexHOIO-
THYECKUX JUHUNW U HAXOXKJICHUS TaHKepa-
ra3oBosa y 3aBoga mo mpousBoacty CIIT’
B JIETHEE BpEMsI BhIIIIE COOTBETCTBYIOIIEH BEPO-
SITHOCTU Ha 29 %, 10 OTHOLICHMIO K YCIIOBUAM
3UMBI;

* YBEJIUYEHHUE YHUCIIA TEXHOIOTHUYECKUX JIH-
Huil 3aBoja 1o npousBoAcTBy CIII' oT ogHOI 10
JIByX MPHUBOAUT K YMCHBIIECHUIO BEPOSTHOCTU
MIPOCTOsI TaHKepa-razoBo3a Ha 29 % JeToM 1 Ha
35 % 3uMolii;

* YBEJIUYEHHUE YHUCIIA TEXHOIOTHUYECKUX JIH-
Huil 3aBoja 1o npousBoAcTBy CIII' oT ogHOI 10
TpEX NMPUBOIUT K YMEHBIICHUIO BEPOSTHOCTU
MIPOCTOsI TaHKepa-razoBo3a Ha 43 % JeToM 1 Ha
48 % 3uMOIi, 10 OTHOIIICHUIO K OJJHOM TEXHOJIO-
TMYECKOH JINHUMU.

6. IIpoBenéH aHanu3 JBM)KEHUS TaHKEPOB-
ra30BO30B B CTECHEHHBIX BOJaX MPHU PA3ITUIHBIX
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CUIPOMETEOPOSIOTHYECKUX YCIIOBUAX, HA OCHO-
BaHUU KOTOPOI'O IOCTaBJICHA U pELICHA 3ajada
BHIOOPA BPEMEHH MOJIX0/Ia TAHKEPa-ra30B03a Ha
BXOJl B CTECHEHHBIE BOJIBI 110 KPUTEPUIO MUHH-
MyMa 3KOHOMHUYECKHX 3aTpaT METOJ0M ONTUMY-
Ma-HOMHUHAIA.

7. Pa3pabGoTaHbl NPUHLUIBI TOCTPOCHHUS,
CTPYKTYpa, allrOpUTMbI (DyHKIMOHUPOBAHUS
ABTOMAaTHU3UPOBAHHON CHUCTEMBI yIpaBICHUS
[IEPEBO3KAMM CHKUKEHHOI'O IPUPOJHOIO rasa
MOPCKHUM TPaHCIIOPTOM, ITO3BOJISIOIINE CHUXKATh
yObITKH 11pu TpaHcnioptupoBke CIII™ u3 3amep-
3ar0IUX MOpel ApPKTHYECKOH 30HBI MyTEM HC-
KJIIOYCHHS TIPOCTOS TaHKEPOB-Ta30BO30B MpPHU
MOrpy3Ke U OONBIIOrO MO BPEMEHH XPaHEHUs
CIIT" B pe3epByapax M3-3a €ro €XeCyTOYHOMH
HCHAPSIEMOCTH.

8. D ekTUBHOCTH pe3ynbTaToB pabOThHI
MOATBEPKIAETCS UX UCTIOJIB30BAaHUEM B KOMITa-
Husix [pynmsl «["a3npom» 1 BKIIIOYEHHEM B y4e0-

HBII nponecc yHusepcureroB Pocculickont de-
nepain (PI'BOY BO «Cankr-IlerepOyprekuii
ropHbli yauBepcuret», PIAOY BO «Poccwuii-
CKHH TOCyAapCTBEHHBII YHUBEPCUTET He(TH
u raza (HIY) umenu 1. M. I'y6xunay, ®I'BOY
BO «Poccuiickuii rocyrapcTBeHHBIH Tuapome-
TEOPOJIOTHYECKUN YHUBEPCUTETY).

B kauecTBe pexkoMeHAAUMN U MEPCHEKTHB
JanpHenIeld pa3paboTKu TeMbl JUCCepTaluu
MIpeJIaraeTcs perieHrue ONTHMHU3aLMOHHON 3a-
Jlauyl JUIsL TIOJTHOTO ITMKJIA ABMKCHMS TaHKepa-
raszoso3a ot CIII'-3aBoga no CIII'-tepMmunana
¢ pa3pabOoTKOil COOTBETCTBYIOILEH aBTOMATH3H-
POBaHHOMN CHCTEMBI YIIPABICHUS.

2.3.3 — Asmomamuzayus u ynpasienue
MEXHONOSUHECKUMU NPOYECCAMU U NPOU3BO0-
cmeamu.

Paboma evinonnena u 3auuwena 6 Poccuii-
CKOM YHUBEpcumeme mpancnopma. °
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MesxayHaponHoM a3ponopry [lepe-

MEeThEBO OTKpPBLICS HOBBIH Macca-

JKUPCKUI TepMHUHAN «A3podKcHpec-
cay, a TaK¥Ke 3aIyIIEeHO ABHKEHUE [T0E3/10B
ot benopycckoro Bok3ana g0 CeBepHOro
TEePMUHAJIBHOTO KOMILJIEKCA a’ponopTa
(repmunansl B u C). B meponpusitun mnpu-
HSUIM ydacTHe MUHHCTp TpaHcropTa Bura-
nuii CaBenbeB, reHepaibHbli TUPEKTOP —
npencenarens npasiaenuss OAO «PXK»
Omner beno3épos, reHepalbHBI JUPEKTOP
AO «MAIIl» Muxaun Bacunenko u rene-
panbHbli upekrop OO0 «As3posrkcnpecc»
AHJipeit AKUMOB.

Kax noguepknyn Buranuit Capenbes,
3almyck JBHXKEHUs mnoe3noB B CeBepHBbIl
TEPMHHAIIBHBII KOMIUIEKC 0COOCHHO aKTya-
neH. menno B tepmuHanax B u C obciy-
KHUBAIOTCS Bce aBuapeiicsl. Tepmunan B —
COBEpPIIEHHO HOBBIH, OH OBLI OTKPBIT
B 2018 rony, a repmunan C —B 2019 rony
rociie MaciTabHoi pekoHcTpykunu. U yxe
CEroJHs ¢ HOBBIMU T€PMUHAIAMU OPraHH-
30BaHO MPSIMOE MACCAKUPCKOE JKEIE3HO0-

MWP TPAHCIMOPTA. 2022. T. 20. N2 4 (101)

pokHOe coobienue. «Panee noesna «Aspo-
9KCIIpecey MpHUOBIBAIN TOJIBKO B FOKHBIN
TEPMUHAJIBHBINA KOMITJIEKC, I71€ PacIoIoxkKe-
ubl TepmuHaisl D, E u F. YtoOb1 1o0parbcs
110 TepMuHaiioB B u C, Hy>kHO ObII0 IpodTH
10 MEIIEeXOAHBIM TajlepesiM, CIIyCTUThCS
1 BOCIIOJIb30BAThCS TOJ3EMHBIM MEKTEPMHU-
HaJIbHBIM IIATTJIOM — C YeMOJAHAMU TaKoi
IyTh He coBceM y00eH. Terepb naccaskupbl
MOTYT Hanpsimyto n3 Mocksel Oe3 nepeca-
JIOK JoOparkcest 10 TepmuHanoB B u C Ha
KOM(OPTAOENbHBIX ABYXAITaXKHBIX I0€3-
J1ax», — 100aBUII OH.

«CeroiHs 3HaKOBBIIl 1eHb B [EJIOM IS
TPAHCIIOPTHON CHUCTEMBI U JUISl JKEJIE3HBIX
JIOPOT, MOTOMY 4YTO 3aIlyCKaeTCs HOBBII
TEepPMHUHAJI, HOBasl BETKa CIOAa, B a9POIOPT
[lepemeTbeB0. MOCKOBCKUM TPaHCIIOPTHBII
y3€J1 ABJSIETCS OJJTHUM U3 CaMBbIX JIyUIINX 110
KOM(OPTHOCTH U HHTEPMOJAILHOCTU B MH-
pe. Kaxx1pl1ii a11eMeHT uMeeT CBOE 3HaYeHHe,
CBSI3aH C APYTUM, IPHU ITOM MEPEBO3KHU
MIPOBOJATCSA U BHYTpU MoCKBBI, 1 B Mo-
CKOBCKOW oOnacT. B ToM umncie BaxHO
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OBICTPO, YIOOHO U KOM(OPTHO I0OpaThCs
JI0 asporopTay, — ckazan Ouer beno3épos.

CaMm XKeJe3HONOPOKHBIN TepMHUHAI —
9TO COBPEMEHHBIN JBYX3TAXKHBIN Iacca-
JKUPCKUI KOMIUIEKC, ITOCTPOCHHBIN C ITPH-
MEHEHHEM IOCIEIHUX TPAaHCHOPTHBIX
TexHosoruil. B HéM co3nmana abcomoTHO
6e30apbepnas cpena. [lyTte ot moesna 1o
TEPMHUHAJIOB 3aMET He OoJiee 5 MUHYT 110
KOM(OPTHOH MENIexXoHO! raiepee, KOTo-
past BeIE€T MpsIMO Ha ATax BbUIeTa. Takum
00pasom, Terepb NaccaXxHupbl MOTYT CECTh
B «A3poskcnpeccy B MOCKBe U B OyKBaJIb-
HOM CMBICJIE BBIHTH M3 TOe€3aa MpPsIMO
K CTOWKaM perucTpaiuy TOYHO B CPOK, Oe3
cTpecca u mpoOoK.

Bce «Asposkcnpeccs» Ha lllepemerses-
CKOM HallpaBJICHUH TENepb KypCHPYIOT IO
oOHOBIIEHHOMY MapupyTy. [IpexHss cran-
nus B FOTK crana npoMexyTouHOH ocTa-
HOBKOM —1ociie Heé cocTaB cienyer B CTK.
ITaccaxxupsl MoryT BeliiTH B FOxHOM Tep-
MHHAJIBHOM KOMIUIEKCE MJIN TPOCIIEA0BATh
B CeBepHBIil.

WHTepBai ABMKEHNS TIPH 3TOM HE H3Me-
HUJICSI — MT0€3/1a OTHPABIISIIOTCS KaXible
30—40 MUHYT KaK B CTOPOHY a’ponopTa u3
MOCKBBI, TaK ¥ U3 a3pOIOpTa B CTOJIHILY.

® MWP TPAHCIMOPTA. 2022. T. 20. N2 4 (101)

«Anpoakcrpece» yxe 17 et nomoraer
MOCKBHYaM 1 TOCTSIM CTOJIMIIBI YIOOHO U CIO-
KOIHO J0OMpaThes 10 CTOEK PervcTpanuH,
a TaKKe TepBBIM BCcTpedaeT rocrel MocKkBbI
TIPH BBIXOZIE M3 a3POIIOPTOB, HANPSIMYIO CIO-
COOCTBYeT pasrpy3Ke aBTOMarucTpasIeh n yimyd-
IICHUIO aBTOMOOWIBHOTO Tpaduka. 3a Bcé
BpeMsi paboThI ycITyraMu «A3pOdKCIIpecca»
BOCIIONB30BAHCE Ooree 160 MITH maccaxupoB.
Cerozas MapHIpyThI «A3POIKCIIPECCa YIOOHO
MHTETPHPOBAHbI C OOIIECTBEHHBIM TPAHCIIOP-
TOM — ITACCAKMpPaM JIOCTYITHBI TIEPECAIKN Ha
merpo, MUK, MIL/I u npuropoiHeie Hanpas-
JIEHUsI, IO3TOMY OHH MOTYT BBIOpaTh Camblid
YIOOHBII 1 OBICTPBII TSI CEOSt MAPIIPYT.

B 2021 rony aspomnopr lllepemerneBo
obcyskmi 6osee 30 MITH TacCaXXHpoB, MPH
9TOM K)KABIH JEBSTHIN MacCakKup J00Hpa-
cs B IllepemerneBo mim 006paTHO HA «Adpo-
aKcrpeccey. [To mpenBapuTeIbHBIM ITPOTHO-
3aM, HOBBIM TEPMHHAJIOM SKEMECSTIHO OyIyT
nonp3oBarkest 0osee 200 ThICSY MacCaXKMpOB.

ITo maTepuanam npecc-eHTpa
MuHucTepcTBa TPAHCIIOPTA
Poccuiickoii Penepanuu:
https://mintrans.gov.ru/press-center/
news/10271 @
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new Aeroexpress passenger terminal
‘ N has been opened at Sheremetyevo
International Airport, and trains have
been launched from the Belorussky railway
station to the airport’s Northern terminal
complex (terminals B and C). The event has
been attended by Minister of Transport
Vitaly Savelyev, General Director —
Chairman of the Board of JSC Russian
Railways Oleg Belozerov, General Director
of JSC SIA Mikhail Vasilenko and General
Director of LLC Aeroexpress Andrey
Akimov.

As Vitaly Savelyev emphasised, the
launch of trains to the Northern Terminal
Complex is now especially relevant. It is in
terminals B and C that all flights are served
today. Terminal B is brand new; it was
opened in 2018, and terminal C was
reopened in 2019 after a major renovation.
And today direct passenger railway service
had been organised at the new terminals.

® MWP TPAHCIMOPTA. 2022.T. 20. Ne 4 (101)

«Previously, Aeroexpress trains arrived only
at the South Terminal Complex, where
terminals D, E and F are located. To get to
terminals B and C, you had to go through
the pedestrian galleries, go down and use the
underground inter-terminal shuttle — with
suitcases this way is not quite convenient.
Now passengers can get directly from
Moscow without transfers to terminals B and
C on comfortable double-decker trainsy», he
added.

«Today is a significant day in general for
the transport system and for railways since
anew terminal is being launched, a new line
is now here to Sheremetyevo Airport.
Moscow transport hub is one of the best in
terms of comfort and intermodality in the
world. Each element has its own meaning,
1s connected with the other, while
transportation is carried out both within
Moscow and in Moscow region. It is also
important to quickly, conveniently and
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comfortably get to the airporty, said Oleg
Belozerov.

The railway terminal itself is a modern
two-story passenger complex built using
the latest transport trends and technology.
It has an absolutely barrier-free environment.
The way from the train to the terminals will
take no more than 5 minutes along
a comfortable pedestrian gallery that leads
directly to the departure floor. Thus, now
passengers can board the Aeroexpress in
Moscow and literally get off the train right
to the check-in desks on time, without stress
and traffic jams.

All Aeroexpress trains towards
Sheremetyevo now run along the updated
route. The former station in the South Terminal
Complex has become an intermediate stop —
after it the train goes to the North Terminal
Complex. Passengers can get off at the South
Terminal Complex or proceed to the North
Terminal Complex.

At the same time, the interval between
trains has not changed —trains depart every
30-40 minutes both towards the airport
from Moscow and from the airport to the
capital.

® MWP TPAHCIMOPTA. 2022. T. 20. N2 4 (101)

For 17 years, Aeroexpress has been helping
Muscovites and guests of the capital get to
check-in counters conveniently and calmly and
is also the first to meet Moscow guests at the
exit from airports, directly contributing to
unloading highways and improving car traffic.
More than 160 million passengers have used
Aeroexpress services over the entire period of
operation. Today, Aeroexpress routes are
conveniently integrated with public transport—
passengers have access to transfers to the
metro, MCC, MCD and suburban destinations,
so they can choose the most convenient and
fastest route for themselves.

In 2021, Sheremetyevo Airport served
over 30 million passengers, with every 9"
passenger travelling to or from Sheremetyevo
with Aeroexpress. According to preliminary
forecasts, more than 200 000 passengers will
use the new terminal every month.

Compiled based on the news
of the press centre

of the Ministry of Transport
of the Russian Federation:
https://mintrans.gov.ru/ press-
center/news/10271 e
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AERODYNAMICS
|
Problems of aerodynamics refer not
only to civil aviation but to other modes
like rail, road, sea and river transport,

as well as to development of new
vehicles and transportation systems.

RAILWAYS 152
|
Interaction of high-speed train with air
environment and infrastructure facilities.
Numerical methods, digital modelling,
simulation, and testing. Choice of
optimal methods.

SCIENCE AND ENGINEERING

NEW

VEHICLES 163
|

Development of projects based on
string technologies and of relevant
vehicles, called unibuses, implies
analysis of their aerodynamic features.
The goal of the described process of
optimisation of their design based on
simulated aerodynamic performance is
to reduce environmental impact and to
increase the profit potential of
transportation.
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Development of a Numerical Model of the Aerodynamic
Interaction of a High-Speed Train, Air Environment
and Infrastructure Facilities

Nikita A. Labutin

Nikita A. LABUTIN

ABSTRACT

The design of high-speed railway lines (HSR) requires
mandatory consideration of loads from the aerodynamic interaction
of a moving train, the air environment and infrastructure facilities,
acting both on structures and facilities, and on the train itself.
Software systems of computational fluid dynamics are most
expedient to determine the nature and intensity of the load.

To find the optimal approach to modelling the processes of
aerodynamic interaction between a moving high-speed train and
the air environment, as well as to assess the degree of validity of
the simulation, a series of calculations were performed in the ANSYS
CFX software environment using various approaches to the
construction of calculation models (the sliding grid method and the

Emperor Alexander I St. Petersburg State Transport University, St. Petersburg, Russia.
b4 n_labutin@outlook.com.

immersed solid method). An analysis of the results of the performed
calculations makes it possible to determine the area of rational
application of the considered approaches in the development of
computational models of aerodynamic interaction.

To verify the developed calculation models, experimental
measurements of the aerodynamic impact of Sapsan high-speed
electric train on the air environment were performed. Also, the
developed models were verified based on the results of similar
international experimental studies. Comparison of the results of
numerical simulation and experimental measurements allows us
to conclude that the developed computational models are sufficiently
valid and can be further applied.

Keywords: rail transport, high-speed railways, high-speed train, aerodynamics, aerodynamic interaction, numerical modelling,

simulation.
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INTRODUCTION

High-speed rail (HSR) places extremely high
demands on reliability, durability and safety of
all components of the infrastructure. Some of
these requirements are determined by the need
to consider when designing a number of special
loads and impacts, the consideration of which is
not mandatory when designing conventional (not
high-speed) railways. One of these loads is the
load from the aerodynamic interaction of a
moving high-speed train, the air environment and
infrastructure [1; 2]. Of particular importance is
the study of the aerodynamic impact exerted by
high-speed rolling stock on infrastructure
facilities, people, other rolling stock, etc. in the
context of design of the St. Petersburg—Moscow
high-speed rail (HSR-1) with an operating speed
of up to 360 km/h.

RESULTS
Aerodynamic Interaction of a Moving High-
Speed Train, Air Environment and
Infrastructure Facilities

The movement of a high-speed train is
accompanied by local perturbations of the air
environment that cause formation of zones of
increased (excessive) and reduced (rarefied)
pressure along the train. The formation of these
zones is caused by compaction and decompression
of air masses in the immediate vicinity of the
moving train. A sharp change in areas of high and
low pressure forms an alternating travelling air
wave moving at a speed equal to the speed of the
train. The most pronounced air waves are located
at the head and end of trains. Also, similar waves,
but with lower amplitudes of pressure values, are
located at the inter-car gaps and at the places of
coupling of articulated trains [3—5]. The principal
graph of pressure change along a single high-speed
electric train is shown in Pic. 1.

Moving air waves flow around structures and
facilities located in the vicinity of the axis of the
track, which leads to different pressure values
along their contour at a time. The resulting
pressure difference forms the total aerodynamic
force and the total aerodynamic moment acting
on the body under consideration [6]. At the same
time, when air waves are flowing around various
types of structures, there is a possibility of local
eddies that can affect the dynamic operation of
the structure under consideration and wind
stability of a moving train.

As a rule, the most reliable way to study
various aerodynamic phenomena is physical
modelling in wind tunnels and installations
(Pic. 2).

However, since physical modelling is
extremely labour-intensive, and some of the
problems under study (for example, modelling
flows around static bodies caused by a moving
body) are unrealisable in wind tunnels [7], and
their modelling using specialised installations is
rather laborious, it is necessary to resort to
numerical simulation methods. in specialised
software systems intended for computational
fluid dynamics (CFD).

Design Model Development

Numerical simulation in software systems is
a relatively young method for studying
aerodynamics, which has become widespread
thanks to a significant increase in computing
power. The numerical simulation method is based
on solving a system of air medium continuity
equations, equations of motion and energy
conservation, supplemented by equations of air
flow turbulence models.

To solve the system of equations, software
systems use the finite volume method, which
consists in dividing the computational domain

Pic. 1. Principal graph of the change in the magnitude of air pressure along a high-speed train [developed by the author].
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a)

b)

Pic. 2. Tests of train models in wind tunnels: a - electric train
built on the Siemens Velaro platform, b - electric train built on
the Alstom AGV platform [https://www.dlIr.de/next/desktopdefault.
aspx/tabid-6710/11006_read-25184/, https://www.techinsider.ru/
technologies/10632-protiv-vetra-aerodinamika].

into non-intersecting control volumes (Pic. 3)
[8-9].

The procedure for solving CFD problems can
be divided into three main stages: the preparatory
stage, the main stage, and the post-processing
stage. At the preparatory stage, a three-
dimensional geometric model of the problem
under consideration is developed with its
subsequent discretisation (building a
computational grid). At the main stage, the
parameters of the computational experiment are
set (turbulence model, boundary and initial
conditions, time discretisation) followed by
computation.

The post-processing stage is devoted to
construction of distribution patterns, graphs of
pressures, velocities, kinetic energy and other
required characteristics of the air environment.

The ANSYS CFX software package was
chosen as the software that allows to perform a
full range of works on numerical modelling of
the aerodynamic interaction of a high-speed train,
the air environment and infrastructure facilities,
as well as aerodynamic calculations both in
stationary and non-stationary settings.

Development of a Geometric Model
of a High Speed Train

High-speed electric trains based on the
Siemens Velaro platform were accepted as the

Pic. 3. Grid of control volumes with reference to the centre of the cells [9]
(o is the centre of the volume, o is the grid node, o is the middle of the face).



Pic. 4. High-speed electric train based on the Siemens Velaro platform [https://german160.wordpress.com/author/mytrainmaster/page/7/].

a)

b)

Pic. 5. Head fairing shape of a high-speed train: a - ICE3, b - EVS1/2 «Sapsan» [https://german160.wordpress.com/author/
mytrainmaster/page/7/, http://emupages.ru/history-technology-highspeed-sapsan.htm; refined by the author].

calculated rolling stock. To date, trains built on
this platform are operated on speed and high-
speed railways in Germany (ICE-3), Spain (AVE
S-103), China (CRH 3) and Russia (EVS 1,
EVS 2).

One of the fundamental factors for choosing
the calculated train was the operation of the high-
speed train EVS 1/2 Sapsan on the existing
network of Russian Railways. A significant
difference between the Sapsan and other single-
platform trains is the change in the shape of the
head fairing (Pic. 5), due to Russian requirements
for the rolling stock in operation.

The composition of the calculated train is
assumed to be assembled according to the eight-
car scheme (two head and six intermediate cars).

The development of a three-dimensional
geometric model of a high-speed train was
carried out in AutoCAD environment with
subsequent refinement and preparation with
the SpaceClaim software. To optimise the
computational grid and reduce the
computation time, several simplifications

were made in the geometric model, which
have a local effect and do not significantly
affect the distribution of air masses around
the train cars. The developed geometric
model is shown in Pic. 6.

Development of a Model Based
on the Sliding Grid Method

When solving the problem of aerodynamic
interaction of a moving high-speed train, the air
environment and infrastructure facilities, the most
convenient and correct modelling method is to use
the sliding mesh (grid) method [10—12]. When
using this method, the calculation model is divided
into stationary and non-stationary components. The
non-stationary component is the volume of air,
from which the volume equivalent to the train
model is subtracted, with a given direction and
speed of movement. The stationary component is
a fragment of the air environment with the
considered infrastructure objects located in it, in
which a «tunnel» is cut out for movement of the
non-stationary component of the model in it. The

Pic. 6. The developed geometric model of the Sapsan high-speed electric train [developed by the author].
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Pic. 7. Schematic diagram of the model based on the «rotor-stator» model [developed by the author].

interaction of the stationary and non-stationary
parts of the model is carried out through the grid
interface. The most accurate operation of the grid
interface is achieved with rotational relative motion
of the computational domains (rotor—stator model).
Thus, when specifying movement of the non-
stationary part of the calculation model along a
circle of large radius (more than 1000 km), its linear
movement can be simulated (Pic. 7).

This approach requires an extremely precise
development of the geometry of the computational
domain due to the curvature of the surfaces of the
contact interfaces. Also, to determine the
aerodynamic force and moment acting on the train,
it is necessary to set an individual dynamic
coordinate system for each car of the calculated
train. Considering the above factors, it was decided
to resort to setting the movement of the non-
stationary part of the model not as of rotational
movement along an infinitely large radius, but as
of translational motion while setting it through
commands in the CFX CCL command language.
The schematic diagram of the developed
calculation model is shown in Pic. 8.

The main advantage of using this method is
the possibility of working out the boundary layer

both around the structures and facilities under
consideration, and directly around the train.
Setting the near-wall layers close to the cars
allows getting the correct pressure gradient on
the walls of the cars and, as a result, the
magnitude of the force and moment acting on
them, which makes it possible to most correctly
solve the problems of aerodynamic stability of a
high-speed train moving over bridges (or
embankments) under side wind and the problems
of interaction of the train and superstructures
when the train drives below (for example,
through lattice truss bridges).

For the problem under consideration, a
universal SST model, which is most often used
in problems of architectural and construction
aerodynamics and rolling stock aerodynamics
was chosen as a turbulence model describing the
disorder of the movement of air masses, since
SST model demonstrates high accuracy and
reliability both in near-wall flows and at distances
from the walls [13—16].

When developing the model, movement of the
train along the earth’s surface was simulated. The
accepted level of the earth’s surface corresponds to
the mark of the rail head (1,1 m from the level of

Pic. 8. Scheme of the calculation model based on the sliding grid method [compiled by the author].



the automatic coupler/mask of the head fairing for
the Sapsan electric train). Since in the problem
under consideration the values of extreme pressures
of the head and tail air waves located above the
level of the head fairing are decisive, simulation of
the superstructure and track embankment was not
performed.

For the upper and side faces of the calculated
air volume, «opening» boundary conditions
were set, which ensure the possibility of reverse
flows on the surface. For the lower face of the
air volume (earth’s surface) boundary conditions
«free slip wall» are set, for the surface of the
train the boundary conditions «no slip wall» is
assumed.

The Reynolds number for the developed
models ranges from 12,3+10° (at a train speed of
200 km/h) to 15,410° (at a speed of 250 km/h).
The number of finite volumes of the computational
model was 1,2 million for the stationary region
and 7,5 for the mobile region. The size of the grid
elements on the surface of the train did not exceed
0,01 m. The size of the grid elements of the air
array varied from 0,05 to 0,5 m with thickening
in the region of the moving domain. The
boundary layer near the train surfaces was not
studied in detail since its setting is not decisive
for the calculation of aerodynamic loads on the
surrounding infrastructure.

The problem was considered in a non-
stationary formulation in the range of physical
time 6...10 s. The time step was 0,005 s. The
Courant number C  did not exceed 2.

Development of a Model Based
on the Immersed Solid Method

The sliding grid model provides the most
complete and reliable picture of the interaction
of high-speed rolling stock, both in terms of the
impact on the infrastructure and the impact on
the rolling stock. However, the application of the
sliding grid method is quite costly in terms of
computational resources and time for solving the
problem, since at each time step it is required to
rebuild the computational grid.

At the same time, when determining the
magnitude of the aerodynamic impact only on
infrastructure facilities, setting and modelling the
near-wall layer around a high-speed train is not
mandatory. This assumption allows us to apply
the immersed solid model, in which the train
model, represented by a solid body, is placed in
the calculated air volume with set direction and
speed of movement in this volume. The principle

of operation of this model is to form a calculation
grid for the air area and the calculation train with
their further overlap. Next, the solver at each time
step determines the overlapping nodes of the air
domain and sets the air speed in them to be equal
to the speed of the rigid body.

The total number of elements of the
calculation model is 24,1 million cells. The size
of'the cells of the computational domain is in the
range from 0,5 m to 0,01 m (concentration
towards the area of the moving body). The
maximum size of a train element is 0,01 m. The
Reynolds numbers and other boundary conditions
of the calculated air volume and the parameters
of the non-stationary setting (physical time, time
step, etc.) are determined similarly to the problem
using the sliding grid method. The Courant
number did not exceed 3.

Experimental Verification of the Developed
Calculation Models

To assess the validity rate of the results
obtained using the developed calculation models,
they were verified based on the results of
experimental measurements of the aerodynamic
impact on the air environment of the Sapsan
high-speed electric train [17].

Experimental measurements were made on
separate sections of the St. Petersburg—
Moscow railway line with set speed limits from
200 to 250 km/h. The choice of measurement
sites was carried out jointly with the employees
of Bridge Test Station No. 1 of Oktyabrskaya
Railway, preceded by an analysis of the
currently set speeds and of the presence of
possible places where the train had to change
speed (dangerous places, stations, curves,
works on the track) in the sections under
consideration. Thus, the places determined for
measurements were located in the areas of
uniform motion. Additionally, the speed of
trains was considered according to the results
of the graphs of the performed measurements
(according to the distance between the head
and tail air waves). The deviation of the actual
speed from the established one on the site was
no more than 4 km/h (downward).

The measurements were carried out by
high-frequency membrane overpressure
sensors installed in the immediate vicinity of
the track axis. The measurement process is
shown in Pic. 10.

The measurement results are graphs of excess
pressure changes at a fixed point during the
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Pic. 9. Scheme of the calculation model based on the immersed solid method [compiled by the author].

passage of a high-speed train. An example of a
graph is shown in Pic. 11.

By processing the measurement results,
distribution patterns of extreme values of
overpressure and rarefaction pressure were
obtained for speeds from 200 to 250 km/h,
depending on the distance from the track axis
and the height above the level of the rail head.
An example of the distribution of excess pressure
during movement of Sapsan electric train at a
speed of 250 km/h is shown in Pic. 12.

To verify the developed calculation models,
the train movement conditions and measurement
points were set that corresponded to the speed of
motion and the locations of the sensors during
full-scale measurements. The time step was set

to match the measurement frequency of the
sensors (1 kHz). Thus, train passages at speeds
of 200, 220 and 250 km/h were simulated with
pressure measurements at fixed points.
Comparative patterns of pressure distribution at
the points corresponding to the location of the
head of the train for two calculation models are
shown in Pics. 13—15.

The resulting images demonstrate a
qualitatively similar pattern of pressure
distribution around the train, but due to more
detailed grid discretisation and elaboration of
the boundary layer around the train, the model
using the sliding grid method demonstrates a
more detailed and accurate pressure distribution
near the car surface, which directly affects the

Pic. 10. The process of measuring the aerodynamic impact from the Sapsan high-speed electric train [image made by the author].



Pic. 11. Graph of the change in the pressure value during movement of the Sapsan high-speed electric train at a speed of 250 km/h
[performed by the author, [17]].

Pic. 12. Distribution of the overpressure value during movement of the Sapsan high-speed electric train at a speed of 250 km/h
[performed by the author].

identification of the values of aerodynamic
forces acting on the train.

The results of comparing the experimental
and calculated values of extreme pressures at
the measurement points are shown in Pic. 16
and Table 1.

The spread of the discrepancy is determined by
the local conditions of the terrain and the environment

a)

at the sites of experimental measurements (the
presence in the immediate vicinity of the places of
measurements of office premises, power supply
facilities and devices, station and operational
facilities). The maximum discrepancy is 15 %, the
average discrepancy does not exceed 10 %.

Also, to verify the developed calculation
models in a wider range of speeds, the results

b)

Pic. 13. Pressure distribution near the first car of the design train at a height of 1,7 m at a speed of 200 km/h (a - immersed solid method,
b - sliding grid method) [performed by the author].



a) b)

Pic. 14. Pressure distribution near the first car of the design train at a height of 1,1 m at a speed of 220 km/h
(a - immersed solid method, b - sliding grid method) [performed by the author].

a) b)

Pic. 15. Pressure distribution near the first car of the design train at a height of 1,1 m at a speed of 250 km/h
(a - immersed solid method, b - sliding grid method) [performed by the author].

Table 1
Results of comparison of experimental and calculated extreme pressure values
[performed by the author]

Speed | Distance Height above rail | Discrepancy, %
fro_m track | head level, m immersed solid model sliding grid model
ax1s, I maximum minimum maximum minimum
pressure pressure pressure pressure
200 33 3,1 9 4 13 10
34 2,15 13 12 10 14
34 2,5 12 8 8 15
3,8 2,6 14 2 15 11
4 1,3 1 1 12 5
7,1 42 9 12 4 14
7,6 1,35 3 1 13 6
220 3,5 2,15 15 1 1 7
7,5 3,1 13 13 15 10
7,5 2.4 1 10 14 7
8 2,6 14 9 10 2
8,5 2,15 3 10 2 15
250 2,4 2,7 1 5 11 5
3,1 2,4 14 15 3 12
34 1,7 12 15 7 15
42 1,5 5 15 13 5
9,2 1,5 14 15 2 10
NOTId DT Jl ransSport|And jl ransportation w JOIRONSSEI10T) 0P R 52=10.
AbUtinANIKITaARDevelopment br AN umericalviodel brgheaerodynamicinteraction
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Pic. 16. Comparison of excess pressure values at the control and measuring point obtained numerically and experimentally
for Sapsan high-speed electric train at a speed of 250 km/h (distance from the track axis is 3,1 m, height above
the level of the rail head is 2,4 m) [performed by the author].

obtained in the software package were compared
with the data of foreign experimental measurements
of the aerodynamic impact during the passage of
a high-speed train ICE3 at a speed of 300 km/h
(Pic. 17) [18]. The discrepancy between the
extreme values is no more than 8 %.

Thus, the verification results show that the
developed calculation models have a sufficient
validity and can be used in solving problems of
aerodynamic interaction of high-speed rolling
stock with the air environment and infrastructure
facilities.

CONCLUSION

The article has considered various approaches
to numerical modelling of the aerodynamic
interaction of high-speed rolling stock, air
environment and infrastructure facilities. The
developed calculation models were verified
based on experimental measurements of the
aerodynamic impact of Sapsan high-speed
electric train and the results of similar foreign
studies. The largest discrepancy between the
calculated and experimental values is no more

than 15 %, which allows us to conclude that the
developed models are sufficiently reliable.

Comparison of two different approaches
(sliding grid method and immersed solid method)
to modelling the aerodynamics of a moving train
relative to stationary objects allows us to draw
conclusions about the appropriateness of their
application, depending on the problem statement.

So, to determine the magnitude of the
aerodynamic force and moment acting on the
cars of the design train, it is necessary to use the
method of sliding grid, which makes it possible
to form a boundary layer near the walls of the
cars and obtain the most correct picture of the
distribution of air masses and, as a result, reliable
values of the impact on the rolling stock.

To determine the degree of aerodynamic
impact on various infrastructure facilities, it is
proposed to use the immersed solid method. This
approach does not allow modelling the boundary
layer around the walls of the design train and, as
aresult, obtaining reliable values of aerodynamic
loads on the rolling stock. However, when
determining the degree of aerodynamic impact

Pic. 17. Graph of the pressure value along the length of a high-speed electric train moving at a speed of 300 km/h [18]
(the x-axis - the length of the electric train, y-axis — the pressure values).
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on the infrastructure, this factor is not mandatory.
Also, the immersed solid method requires
significantly less computational and time costs,
which makes it the most rational in solving
problems of determining the acrodynamic impact
on structures and facilities.
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ABSTRACT

The aerodynamic optimisation of the shape of a monorail
suspended unibus of string transport has been described within the
study on the influence of geometric and structural elements on
aerodynamic characteristics. The estimate was carried out through
a comparative analysis of the features of two shapes of a model
with a further change and recalculation of the model being finalised.
The comparison was focused on the drag force and the shape drag
coefficient. The calculations used a gas dynamics model based on
the Reynolds equations using the Menter SST-k-w (shear stress
transport) turbulence model. To solve the equations to find the
design functions, an upwind second-order discretisation scheme
was used applying the «pressure-velocity» refinement procedure
in the framework of SIMPLE algorithm of Patankar-Spalding with
the ANSYS Computational Fluid Dynamics Software. The

dimensions of the computational domain were chosen considering
the geometric dimensions of the 3D model of the shape. Boundary
conditions were identified in the solver. The simulation was carried
out for the case of motion of a vehicle at a constant speed.

The calculations have shown the importance and influence of
the geometry of the transition sections of the vehicle body, the
mandatory use of wheel fairings and the advantages of the
S-shaped tail. The proposed design optimisation made it possible
to reduce the drag force and coefficient by 16,9 %. The studies
have resulted in selection of the optimal vehicle model which has
the lowest aerodynamic drag coefficient, which made it possible to
improve the energy efficiency of the system and its environmental
friendliness, and consequently, the profit potential of the
transportation process.

Keywords: string transport, unibus, aerodynamics, model, drag force, shape drag coefficient, pressure distribution on the frontal

surfaces of the model, optimisation of the form shape.
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INTRODUCTION

Description of the Mathematical Model and
Methods of Calculation of Aerodynamic
Performance

The impact of the oncoming air flow with a
speed V on the vehicle is reduced to loads
continuously distributed over its surfaces. These
distributed loads result in a net aerodynamic
force applied at the centre of pressure and an
aerodynamic moment around the centre of mass.
The sum of drag and lift forces constitutes the
aerodynamic force. The drag force itself is
composed of pressure drag and friction drag [1].

When the air flows past the model, the
oncoming air flow is compressed from the
windward (frontal) side with formation of a high-
pressure zone. The air flow, sliding across the
contour, rushes to its rear part. The action of
viscous friction forces causes an increase in the
dynamic boundary layer and, subsequently, the
air flow is separated from the surface and a
trailing vortex is created behind it. In the rear
part there is a zone of low pressure, where air
inflow takes place constantly.

The pressure drag force is created due to the
difference in air pressure on the frontal and rear
parts of the vehicle. In turn, friction drag force
is due to the attachment of layers of moving air
to the surface of the model, because of which the
air flow loses speed. In this case, the magnitude
of the friction drag force depends on the
properties of the material, quality, and condition
of the surface [2].

The air flowing past a vehicle at a speed
within the range of 150 km/h (41,7 m/s) occurs
in a turbulent regime (Reynolds number Re =
13,5¢10°> 10°%). In such cases, to solve practical
problems of turbulent motion of flow, the system
of Reynolds equations (RANS), continuity
equations or analogues based on large-eddy
methods, LES, are used:

o, _ o 0, OWH

ox; or  0Ox;
1p 0| (om om) ——

ST ()]
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where u , u;, — Reynolds stress closures based

on the Boussinesq hypothesis with the help of
the turbulent viscosity v, [3].

They are distinguished from the standard
Navier—Stokes equations by the presence of an
additional turbulent viscosity v,, which is many
times greater than the molecular viscosity of the
oncoming air.

According to [4], to solve external flow
problems, it is recommended to use the Saffman—
Wilcox k-w model, the Spalart—Allmaras model,
the Menter shear stress transport model, and the
Launder and Jones k-¢ model for the kinetic
energy of turbulent fluctuations k and its
dissipation rate €.

For the numerical solution, a gas dynamics
model based on the Reynolds equation (RANS
approach) is used. In this formulation of the
problem, the determined functions to be found
are the velocity of air flowing past the surfaces
of the unibus and the pressure on its surfaces; it
is assumed that the air flow is isothermal and
incompressible (constancy of temperature and
density) as a medium flowing around the vehicle
[5]. To solve the Reynolds equations, a turbulence
model of the type of the Menter SS7T-k-w shear
stress transport model was chosen [6; 7].

Objective

The objective of this work was to provide
information on aerodynamic optimisation of a
monorail suspended unibus of complex geometric
shape using the modern Computational Fluid
Dynamics Simulation Software [8; 9].

RESULTS

Model Preparation and Procedure
of the Study on the Aerodynamic
Performance of the Model Shape

Constructing of a 3D model for computation
was based on an assembly element of a monorail
suspended unibus of string transport (Pic. 1); it
was further refined considering the features of
constructing a computational mesh: internal
elements that do not affect aerodynamics were
removed, external elements were merged into a
single part, internal cavities were filled.

The dimensions of the computational domain
were chosen considering the geometric
dimensions of the 3D model. The calculation area
is a parallelepiped with geometric dimensions of
50,0 x 11,5 x 13,0 m (Pic. 2).

For the calculation, a standard coordinate
system is adopted: the direction of the X-axis
is chosen opposite to the direction of movement
of the vehicle, coincides with the direction of
the drag force; Y-axis is a vertical upward axis
that coincides with lift force; Z-axis is directed
perpendicular to the X-axis in the horizontal
plane.

Boundary conditions were identified in the
solver of the ANSY'S Fluent software [10]. The



Pic. 1. Working 3D model of the shape of a monorail suspended unibus [developed by the authors].

simulation was performed for the case of motion
at a constant speed, its longitudinal component
was equal to the speed of the oncoming flow
[11] and was set at the input boundary: speed
of the oncoming flow was 41,7 m/s (150 km/h).
Air flowing occurs at a normal atmospheric
pressure of 101325 Paand a constant temperature
of 15°C, the turbulence intensity is 5 %, the
turbulence scale is 10. «Soft» boundary
conditions of the exit were taken at the output
border. On the side surfaces of the computational
domain, the wall conditions were set, but with

zero friction (the condition of flow sliding near
the wall), which made it possible to simulate
the real conditions of an unlimited domain in a
limited space [12]. For the surfaces of the
model, sticking conditions were adopted (no
slipping — No-slip).

The air at 20°C was chosen as a mobile
(non-stationary) medium. The dimensions and
type of the grid for all calculations are taken to
be the same; preliminary analysis of the degree
of mesh refinement showed a slight effect on
the value of the sought-for drag coefficient. The

Pic. 2. Computational domain with a suspended unibus model [developed by the authors].

165



Pic. 3. Model No. 1 [developed by the authors].

maximum effect is determined when mesh was
refined in the near-wall zone using a boundary
layer with progressively changing dimensions
of the first cell and adapting the mesh by
splitting it two-fold. The calculation assumes
an adaptation by the number y+ with a value of
one. With y + =1, the mesh tends to a situation
where several calculation nodes are formed in
the near-wall layer. This allows considering the
influence of the boundary layer. Each adaptation
of the mesh refined the wall zone two-fold.
Computation comprised 4 adaptations bringing
y+ closer to one. After the fourth adaptation, the
result is distorted, and further refinement
becomes senseless. Hypothetically, this is due
to a numerical error, since the size of the
adaptive mesh changes by more than 20 % when
halved, which leads to a distortion of the results
obtained. As an assumption, the absence of the
effect of compressibility of air is accepted. A
significant manifestation of the compressibility
effect appears when the Mach number is greater
than 1/3, while the speed of sound in air under
given conditions is close to 330 m/s, which is
2,6 times higher than the design speed of
movement.

To solve the Reynolds equations with SS7-
k- Menter model to find the desired functions,
the upstream second-order discretisation scheme
was used using the «pressure—velocity»
refinement procedure according to the SIMPLE
Patankar—Spalding algorithm [13; 14].

Initialisation was carried out according to the
flow parameters at the input border of the
computational domain.

Assessment of Aerodynamic Performance

The assessment was carried out within a
comparative analysis of the acrodynamic
properties of two shapes with a further change
and recalculation of the finalised model.

Pic. 4. Model No. 2 [developed by the authors].

The following indicators were compared:

1. Pressure distribution field.

2. Force of frontal drag F .

3. Shape drag coefficient C..

4. Presence of turbulent flows.

Computation of drag force and coefficient
was conducted in ANSYS Fluent software
environment.

As it is known, the pressure field determines
the aerodynamic wind resistance of any structure;
the oncoming flow creates a high-pressure zone on
the front surface; the maximum pressure corresponds
to the point of greatest stagnation of the air flow.

The midsection in all models remained the
same; the length varied in the range from 4,85 to
5,03 m.

The first pair of compared models determined
the initial characteristics and showed the
influence of the S-shaped tail fairing: in the first
model, the «nose—tail» combination was used
(Pic. 3), the second based on the «nose—nose»
combination (Pic. 4).

Calculation results for the models No. 1 and
No. 2 are shown in Table 1.

The result turned out to be the opposite to
what was expected: the model No. 2, despite the
absence of a S-shaped tail fairing, has got better
acrodynamic performance.

After analysing and comparing the results of
two calculations, a sharp drop in pressure on the
side surface of model No. 1 became evident in
the place where the radius of the rear fairing
begins (Pic. 5). In the same place, model No. 2
shows only slight changes in pressure (Pic. 6).

Comparing the geometry of these elements,
it should be noted (Pic. 7) that the desire to
shorten the tail fairing of model No. 1, increasing
the straight section of the cabin, leads to a
decrease in the transition radius and to stall with
deterioration in aerodynamic characteristics
compared to model No. 2, despite its short fairing



Pic. 5. Pressure distribution over the surface of the model No. 1 Pic. 6. Pressure distribution over the surface of the model No. 2
[developed by the authors]. [developed by the authors].

Pic. 7. Comparison of the configuration geometry of the models No. 1 and No. 2 [developed by the author].

Pic. 8. Change in the geometry of the tail fairing in the models No. 3 and No. 4 [developed by the authors].
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Pic. 9. Model No. 3 [developed by the authors]. Pic. 10. Model No. 4 [developed by the authors].



Table 1 [compiled by the authors]

Table 2 [compiled by the authors]

Model number F.N C. Model number F.N C
No. 1 330 0,095 No. 3 296 0,0845
No. 2 302 0,086 No. 4 372 0,1065

Pic. 11. Pressure distribution over the frontal surface of the model No. 3 [developed by the authors].

Pic. 12. Pressure distribution over the frontal surface of the model No. 4 [developed by the authors].

and the presence of bottom drag due to the
«blunty tail.

To improve the drag coefficient, it was
recommended to increase the transition radius in
the tail fairing of the next models.

The construction of models No. 3 and No. 4
considered the results of previous calculations;

Vv

the transition radius in the tail fairing was
increased (Pic. 8), also the effect of open and
closed wheels was compared.

In model No. 3, the wheels are completely
covered with fairings (Pic. 9), in model No. 4,
the wheels protrude beyond the fairings
(Pic. 10).




Pic. 13. Model No. 5 [developed by the authors].

Pic. 15. Pressure distribution over the bottom of the vehicle of
the model No. 3 [developed by the authors].

Calculation results for the models No. 3 and
No. 4 are shown in Table 2.

The calculation showed a significant
deterioration in the drag coefficient (by 26 %)
with open wheels.

The frontal, lateral and tail surfaces of the
models (Pics. 11, 12) are subject to the same
pressure, while model No. 4 looks more «red»
due to the drop in the lower pressure limit from
-1,32e + 03 to -5,81¢ + 03, as a result of which
the «green» zone has shifted up the scale; the
difference is created by the rail tunnel and the
wheels.

The conclusion is clear: the wheels must be
covered with fairings.

Construction of models No. 5 and No. 6
considered the results of previous calculations:
to improve aerodynamic features, the transition
of the front and rear fairings to the bottom was

Table 3 [compiled by the authors]

Pic. 14. Model No. 6 [developed by the authors].

Pic. 16. Pressure distribution over the bottom of the vehicle of the
model No. 5 [developed by the authors].

changed (Pics. 13, 14), the effect of the S-shaped
tail fairing was compared again.

Calculation results for the models No. 5 and
No. 6 are shown in Table 3.

The calculation showed a positive effect of a
smooth transition from the nose and tail fairings
to the bottom; due to the absence of a sharp
transition, the low-pressure zones, that had
caused flow stall and induced air turbulence,
practically disappeared (Pics. 15, 16).

In the frontal part, the high-pressure zone
decreased (Pic. 17), reducing the component of
the pressure drag force. It should be noted that a
decrease in the lower pressure limit also has a
positive effect on the aecrodynamic characteristics.

The pressure distribution in the tail section is
almost the same, except for the bottom drag in
model No. 6, due to the «blunt tail» and the
intersection of two flows from the side surfaces.

Table 4 [compiled by the authors]

Model number F.N C Model number F.N €.
No. 5 273 0,0780 No. 7 274 0,0782
No. 6 278 0,0795 No. 8 272 0,0778
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Pic. 18. Model No. 7 [developed by the author]).

Pic. 19. Model No. 8 [developed by the authors].

Pic. 17. Pressure distribution on the frontal surface of the models No. 5 and No. 6 [developed by the authors].

In model No. 5, due to the S-shaped tail fairing,
the flows do not intersect, but exit in parallel.
That, considering the symmetry of the model,
creates co-directional air flows moving at the
same speed, these techniques reduce, and in some
places completely eliminate the formation of
Karman vortex streets.

The model No. 7 is the Model No. 5 rotated
180° (Pic. 18) (determination of aerodynamic
characteristics when reversing); in model No. 8,
the «tail-tail» combination was used (Pic. 19).

Calculation results for the models No. 7 and
No. 8 are given in Table 4.

Calculations showed that the increase in the
drag force when reversing at these speeds was
0,25 %; it can be said that vehicles with the shape
implemented in models No. 5 and No. 7 are able
to move forward / backward with the same
aerodynamic characteristics at speeds V'=41,7 m/s.

The calculation of model No. 8 showed a
slight improvement in aerodynamic characteristics
(by the same 0,25 %), therefore, in the following
calculations, considering crosswinds, the shapes
that showed the best results, namely, models
No. 5 and No. 8, were compared.



Pic. 20. Dependences of the drag coefficient C_on the crosswind speed [developed by the authors].

Pic. 21. Dependences of the resistance force F, on the crosswind speed [developed by the authors].

To determine the characteristics, considering
the impact of the crosswind, the calculated zone of
wind-tunnel testing was rotated relative to the
vehicle and the coordinate system at an angle of
respectively 10, 20 and 30 degrees, which
corresponded to a crosswind speed of 7,35; 15,2
and 24 m/s, respectively. The speed of the oncoming
flow as a resultant value took the values V,, =
42,34 m/s, V, = 44,37 m/s and V, = 48,15 m/s.

As a separate characteristic necessary to
determine the wind loads on the track structure,

the drag force and coefficient of the shape of a
stationary vehicle from the wind directed at an
angle of 90° with a speed of V,; = 24 m/s were
determined.

The calculation results for the models No. 5
and No. 8 are shown in Table 5 and graphically
in Pics. 20 and 21.

As the calculation results showed, model
No. 5, due to the rounded front fairing, has better
characteristics, despite the higher coefficient and
drag force at zero crosswind speed. Model No. 8

Table 5 [compiled by the authors]

Model Wind speed Wind speed Wind speed Wind speed
number 7,35 m/s, 15,2 m/s, 24 m/s, 24 m/s,

vehicle speed vehicle speed vehicle speed vehicle speed

41,7 m/s 41,7 m/s 41,7 m/s 0 m/s

FxlO’ N me szo’ N szo szo’ N szo F9o’ N ngo
No. 5 225 0,062 46,5 0,012 -354 -0,076 2229 0,652
No. 8 239 0,066 139 0,035 -56 -0,012 2430 0,699
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has a flat spade-shaped nose, which under a
crosswind becomes a kind of sail, worsening the
flow of the oncoming air, and increasing the
impact of wind load on the track [monorail]
structure.

Negative values of the drag coefficient C and
force F, for vehicle at rest are associated with the
change in the difference between the zones of
high and low pressure in the front and rear zones
in the adopted coordinate system, with the
geometric features of the shape of the vehicles,
as can be seen from the smaller influence
regarding the symmetrical model No. 8.

CONCLUSIONS

The study referred to consequent optimisation
of the complex geometric shape of the body of
amonorail string vehicle, that was a unibus. The
calculations showed the importance and influence
of the geometry of the body transition sections,
the mandatory use of wheel fairings and the
advantages of the S-shaped tail fairing. All these
factors to varying extents affect the value of the
total aerodynamic resistance to motion of a
vehicle. Therewith, the proposed design
optimisation makes it possible to reduce the force
and drag coefficient by 16,9 %. Based on the
results of the research, the optimal vehicle model
was selected, which has the lowest aerodynamic
drag coefficient, allowing to improve the energy
efficiency of the system and environmental
friendliness, and, consequently, the profit
potential of the transportation process.
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INTRODUCTION

According to the Strategy for Development of
Railway Transport in the Russian Federation until
2030%, railways will allow the country, economy
and society to achieve the following results:

* Acceleration of economic growth.

» Reduction of transport costs for business
entities and release of funds for development of
other areas of the domestic economy.

* Provision of conditions for development of
territorial industrial and scientific clusters.

* Levelling of disproportions of inter-regional
development.

» Ensuring trade links between economic
centres.

* Increasing the competitiveness of the
Russian economy and the attractiveness of the
country for business development and investment
inflows.

* Development of transport mechanical
engineering and other interrelated sectors of the
economy.

! Strategy for Development of Railway Transport in the
Russian Federation until 2030: approved by the Order of
the Government of the Russian Federation dated June 17,
2008 No. 877-r. [Electronic resource]: https://mintrans.gov.
ru/documents/7/1010. Last accessed 14.09.2022.

Most of the research is devoted to assessing
the economic effects of railway transport;
namely, the works of L. V. Lapidus [1],
D. A. Macheret [2], of the Centre for Strategic
Research [3] and O. N. Frolova [4] can be
mentioned. However, the international experience
shows that the impact of transport infrastructure
projects is not limited to the economy and affects
the social sphere.

The objective of the study is to reveal the
effects generated by projects for development
of railway transport for the economy and the
social sphere, and to propose approaches to
their quantitative measurement. Methods used
during the study have comprised an integrated
approach and empirical-theoretical methods,
that have allowed to conduct a study based on
the aggregate characteristics of projects for
development of railway transport. The work
has used open statistical data, analysed
academic sources and methodological materials
already developed abroad and in Russia, as
well as regulatory documents, including
methods for assessing the socio-economic
effects of transport infrastructure construction
projects, approved by the Decree of the

Pic. 1. Positive effects generated by infrastructure projects on railway transport [compiled by the author].
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Government of the Russian Federation of
November 26, 2019, No. 1512.

RESULTS
Economic Effects

Studies of economic effects allow us to
estimate the share of a particular industry in
the economy at a certain point in time and give
an idea of their relationships. In this case, the
generated effects are divided into direct and
indirect ones. The former effects are measured
in terms of gross value added (GVA), which is
the difference between the cost of an industry’s
output and the cost of the inputs necessary to
produce it. Indirect effects consider the demand
that is formed in sectors that produce resources
for the railway industry and supply it. For
example, a railway operator may purchase
telecommunications equipment, which will
increase demand in that sector and in turn will
require plastics, metals, and other materials to
manufacture the equipment. With an increase
in transportation volumes, there is
a corresponding increase in the costs of
intermediate products (fuel, electricity,
materials, etc.), which leads to an increase in
production in related industries. Further,
through the costs of related industries, there is
growth in almost the entire economy. The
increase in gross output is accompanied by
a corresponding increase in income: in taxes,
wages, profits, which are redistributed and
transformed into an increase in the final
demand of the state, business, and the
population [5].

The real estate market should be singled out
as one of the important areas of impact:
construction of new infrastructure can lead both
to a fall in real estate prices (due to an increase
innoise levels, changes in scenic view parameters,
environmental pollution) and to their growth
(improvement of transport accessibility and time
saving) [6].

The cumulative economic effect of
investments consists of increments in gross
output by sectors of the economy at the investment
stage and at the operation stage and consists of
three elements?:

2 Methodology for assessing the socio-economic effects
of construction (reconstruction) and operation of transport
infrastructure facilities planned for implementation with
involvement of federal budget funds, as well as with the
provision of state guarantees of the Russian Federation and
tax benefits: approved by Decree of the Government of the
Russian Federation dated November 26, 2019, No. 1512.

1. Growth in the gross value added of the
industry that provides the output of the i-th type
of national products.

2. Growth in gross value added created by
the trade and transport industries that provide the
supply of the i-th type of product.

3. Growth in gross value added created by
related sectors of the economy that provide the
production of the i-th type of national products.

At the operational stage, a fourth element is
added to them:

4. The increase in gross value added created
by the direct participant in the infrastructure
project at the operational stage, which is
calculated through the total increase in revenue
of the direct participant in the infrastructure
project from the sale of goods, works, services
of the i-th type.

Social Effects

Despite the importance of evaluating
economic effects, the impact of railway projects
on the social sphere cannot be ignored. This
influence can be both negative and positive. As
arule, any transport projects are associated with
the following negative impacts:

* Accidents.

* Environmental pollution.

* Climate change.

* Increase in noise level.

» Growth of energy production costs.

* Negative impact on nature and landscape.

However, with an alternative choice, different
projects (modes of transport) can also generate
a positive impact (Pic. 1):

» Travel time saving for passengers and
haulage.

 Improving the safety of passenger and cargo
transportation.

* Reduction of emissions of harmful
substances and noise level (when choosing
alternative options).

* Beneficial effects of public transport due to
increased physical activity.

* Social integration and barrier-free
environment.

* Subjective wellbeing — the perception of the
world around, or the level of happiness.

The final effect of the project implementation
can be obtained by comparing the potential
benefits and costs, including through a comparison
of various alternatives.

The monetary assessment of the last four
effects is complicated by intangible nature and



Pic. 2. Calculation of the monetised effect of travel time saving for passengers [compiled by the author].

is not provided for by the Methodology approved
by Decree of the Government of the Russian
Federation of November 26, 2019 No. 1512.

Time Saving3

Reliable and fast travelling (and, consequently,
high availability) in large cities with a population
of more than 250 thousand people can only be
provided by public transport, the development
of which should be focused on achieving the
following consumer properties [5]:

* Reliability (guaranteed share of trips in
accordance with planned waiting and trip times).

* Accessibility (geographical availability and
price affordability).

» Comfort.

Calculations of the socio-economic effects
generated by implementation of projects for
development of urban public transport systems
use quantitatively measurable indicators that are
directly related to the projects. First, these
parameters include the time saved by passengers.
This effect is formed by the following elements
(Pic. 2):

* Saving of passengers’ time during
implementation of the infrastructure project, that
is estimated depending on the region and route.

» Average monthly nominal accrued wages
of employees in the constituent entity of the

3 The assessment should take into account the type of
railway transport; in this study only passenger traffic is
considered.

Russian Federation where the infrastructure
project is being implemented.

Thus, for the assessed railway project, the
time savings of passengers attracted from road
and urban passenger transport (metro, surface
urban transport and intercity passenger transport)
can be estimated. The quantification of time
saving effects depends on several factors:

* Points of departure and destination.

* Time of day when trips are made.

 Transit capacity and layout of the road
network.

* Location of stations.

* Frequency of railway transportation.

* Available alternative modes of transport:
buses, walking and cycling routes.

These factors vary from city to city and
change over time. As a rule, time saving effects
are estimated using models that simulate the
transport network and its operation in a particular
city or locality. According to a study by Deloitte
[7], in Australia, every car trip that is replaced
by a railway trip reduces travel time for other
road users by about 7-27 minutes. For example,
for Sydney this means the following: if all trips
of a person to and from work are transferred from
car to railway, the savings in time for other road
users will be 3 days and 18 hours per year; for
1000 people it will make 10 years and 3 months.

The opportunity costs of travel time (which
could otherwise be used for other purposes)
can also be estimated. In Australia, business
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Table 1

Correction factors for accounting of unregistered accidents

Deaths Serious injuries Minor injuries
Cars, buses 1 1,25 2
Motorcycles 1 1,55 3,2

Sources: [8; 9].

travel time is estimated at 129,8 % of average
weekly income (AWE) and travel time to and
from work and the time of all other trips is
estimated at 40 %. Assuming 10 % of trips are
for business purposes, the weighted average
value of time saved per trip is estimated at $ 20
(private trips at $ 16,32, business trips at
$ 52,96).

The monetised travel time savings effect for
the economically active population is calculated
as the sum of discounted travel time savings. The
average coupon rate of bonds of the region where
the project is being implemented can be used as
the discount rate.

It should also be considered that traffic
congestion increases fuel consumption and, as
aresult, leads to air pollution and greenhouse gas
emissions, which entail additional costs for the
entire society. Ecological effects will be discussed
in more detail in a separate section.

Safety Improvement

Accidents affect all modes of transport and
lead to significant costs, which are divided into
five main components:

+ Evaluation of pain and suffering caused by
traffic accidents. In the case of injuries, these
costs cover the pain and suffering of the victim,
and in the case of deaths, the loss of the victim’
utility.

* Medical costs: the cost of treating injured
accident victims, including the cost of equipment
and medicines. Medical expenses cover the
period from the time of the accident until full
recovery from the injury or, in the case of a fatal
accident, until death. In many cases, some of
these costs are already included in insurance
payments.

* Administrative costs: costs covering the
costs of the police, the Ministry of Emergency
Situations and other emergency services (except
health services) providing assistance at the scene
of an accident. In addition, this category includes
costs related to justice: legal costs, costs of
prosecution of offenders, costs of litigation and
insurance. Finally, this category also includes

administrative costs related to vehicle or health
insurance.

* Loss of productivity: after an accident,
victims cannot immediately return to work
(or they never return to it). These costs consist
of net production losses caused by reduced
working hours and the cost of replacing human
capital. The inability to perform «non-market»
work, such as housework or volunteering, is also
included in this cost component.

* Property damage consists of the monetary
value of damage to vehicles, infrastructure,
cargo, and personal property resulting from
accidents. It is assumed that this component is
fully considered by road users through insurance.

* Miscellaneous costs: This category covers
expenses related to traffic congestion,
unavailability of vehicles and funeral
arrangements. In European practices, this
category of costs is not considered since most of
them are taken into account through other
categories of external costs, or do not belong to
external costs at all.

Accident prevention costs are not included
in the cost of accidents because they are not
(directly) the result of road traffic accidents but
are intended to reduce the accident rate. In
addition, they are (partially) included in road
infrastructure costs.

It should be noted that the mortality and the
number of injured in official statistics reflect only
registered accidents. However, some road
accidents are not registered. In European
practices, official data on road traffic accidents
are adjusted to account for these unreported
crashes. The applied correction factors are
presented in Table 1.

According to the Methodology approved by
the Government of the Russian Federation, the
assessment of losses resulted from road traffic
accidents is based on the following parameters
(Pic. 3):

* Average annual traffic intensity, passengers/
day.

* Coefficient of displacement of passenger
traffic from the existing to the proposed route



Pic. 3. Calculation of the monetised effect of saving travel time for passengers [compiled by the author].

during the implementation of the infrastructure
project.

» Average socio-economic damage from
fatalities and injuries resulted from road traffic
accidents.

» The number of deaths and injuries in road
traffic accidents per 1 million passengers per year.

The key variable in this case is the offset
coefficient: rate of displacement of passenger
traffic from the existing to the proposed route of
movement. Reducing travel time and improving
service when using railway transport have
a significant impact on attracting additional
passenger traffic, including previously immobile
population, as well as on increasing the mobility
of the existing and prospective populations
gravitating towards railway lines.

Environmental Effects

In terms of environment, there are several
areas of impact:

1. Air emissions.

2. Noise level.

3. Energy production costs.

4. Impact on nature and landscape.

Emissions of pollutants into the atmosphere
can lead to several types of damage [10]:

* Health effects: inhalation of air pollutants
such as PM10, PM2.5 particles and nitrogen
oxides (NO ) increases the risk of respiratory and
cardiovascular diseases (e.g., bronchitis, asthma,
lung cancer). These negative health outcomes
result in medical costs, job losses and, in some
cases, death.

* Yield losses: ozone as a secondary air
pollutant and other acidic air pollutants (e.g.,

SO,,NO ) can damage crops, entail lower yields
(e.g., of wheat).

* Property and building damage: air pollutants
can lead to (a) contamination of building
surfaces; to (b) damage to building facades and
materials due to corrosion processes caused by
acidic substances (for example, nitrogen oxides
NO_ or sulphur oxide SO,).

* Loss of biodiversity: air pollutants can
damage the ecosystem by (a) acidification of soil,
precipitation and water (e.g. NO_, SO,) and by
(b) pollution of waters by algae (e.g., NO_, NH,).

Different modes of transport are characterised
by different levels of harmful emissions. As can
be seen from Table 2, from an environmental
point of view, railways have a clear advantage.

Noise emission from transport is a growing
environmental problem due to a combination of
a trend towards greater urbanisation and an
increase in traffic volumes. While increased
traffic leads to higher noise levels, growing
urbanisation means that more people experience
noise discomfort. In the future, the negative
effects of road noise may increase despite
potential improvements in related vehicle
performance. In general, noise can be defined as
unwanted sounds of varying duration and
intensity that cause physical or psychological
harm to a person.

Noise level is measured in decibels (dB).
Within the human hearing range, deep and very
high tones of the same intensity are perceived as
less noisy. Decrease or doubling the amount of
traffic results in a 3 dB change in noise level,
regardless of the current traffic. That is, an
increase in traffic volume from 50 to 100 vehicles

179



Table 2

Air pollution costs

Mode of transport €-cent / passenger-kilometre €-cent / car-kilometre
Car 0,71 1,14

— petrol engine 0,33 0,53

- diesel engine 1,18 1,9

Motorcycle 1,12 1,17

Bus 0,76 14,19

Intercity bus 0,73 14,34

High speed passenger train 0,002 0,66

Passenger electric train 0,01 1,14

Source: [10, P. 50].

leads to the same increase in noise levels as an
increase from 500 to 1000 vehicles. An important
aspect is the time of day when noise occurs. It is
assumed that evening and night noise causes
more inconvenience than noise during the
daytime [11].

The thresholds above which noise is considered
a nuisance are somewhat arbitrary, with the most
commonly used values being 50, 55 and 60 dB.
In this case, the choice of the threshold has
a significant impact on the estimation of marginal
costs. Several studies have all shown that railway
noise is perceived as less nuisance than road noise.
Therefore, a «discount» of 5 dB can be given to
railway transport when identifying the threshold
rate. However, in European practices, this
approach is not used [10].

Noise exposure has a negative impact on
health and can lead to development of the
following diseases [11; 12]: ischemic heart
disease; stroke; dementia; hypertension;
irritation.

Annoyance is the anxiety that people
experience when they are exposed to traffic noise.
It can interfere with certain activities, which can
lead to various negative reactions, including
frustration, anxiety, exhaustion, and sleep
disturbance [12]. However, irritation is measured
differently than other «classic» health effects and
is therefore considered separately. The following
additional negative effects may occur: loss of
performance productivity (e.g. due to loss of
concentration), impact of traffic noise on the
environment (e.g. harmful effects on wildlife),
direct material losses due to vibrations.

To be able to attribute total noise costs to each
mode of transport, it is necessary to know the

Vv

total number of kilometres travelled by each type
of vehicles. However, noise from some types of
vehicles (e.g., trucks) is considered more
annoying than noise from others (e.g., cars).

Besides the direct externalities generated by
transport, there are several indirect costs of
energy production. Vehicle production,
infrastructure construction, maintenance and
disposal all lead to the release of air pollutants,
greenhouse gases, toxic substances, and other
negative environmental impacts. By far the most
significant impacts are the emissions associated
with energy production: extraction of energy
sources, processing (e.g., refining, or power
generation), transportation and transmission,
construction of related infrastructure. The effect
of energy production is very important, first, for
electric vehicles since there are practically no
emissions during their operation.

There are two types of input values for
calculating the energy production costs:
emissions of harmful substances and damage
from the monetisation of emissions. The former
costs include emissions of greenhouse gases and
air pollutants generated during energy production.
The costs of monetising emissions consist of the
costs of air pollution and the costs of climate
change.

The negative impacts of transport on nature
and landscape can be described in the following
terms:

* Loss of habitat: transport infrastructure
requires land and/or natural surfaces.
Consequently, transport infrastructure leads to
the loss of natural ecosystems, which are the life
environment for plants and animals. Habitat loss
occurs during the construction phase of transport
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Table 3

Noise-related costs per different modes of transport

Mode of transport €-cent / passenger-kilometre €-cent / car-kilometre
Car 0,6 0,9

- petrol engine 0,5 0,8

- diesel engine 0,6 0,9

Motorcycle 9 9,4

Bus 0,4 8

Intercity bus 0,2 4,7

High speed passenger train 0,3 97

Passenger electric train 0,8 106

Source: [10, P. 81].

infrastructure but will continue throughout the
life of the infrastructure.

+ Habitat fragmentation: transport
infrastructure can also have additional effects
expressed in fragmentation and separation for
animals. These fragmentation effects can
negatively affect the natural habitat of certain
species and lead to adverse consequences for
them. Habitat fragmentation adversely affects
large wild mammals such as deer, as well as
rabbits, badgers, etc., and smaller animals such
as amphibians.

» Habitat degradation due to emissions:
habitat degradation can also occur due to the
release of other toxic substances (e.g., heavy
metals) into the atmosphere.

Health Effects

The use of public transport can have a positive
impact on the health of population through the
additional physical activity required to get to
a public transport stop and then to the final
destination. For example, using data from
Australian public transport riders, Barr [et al]
[13] found that public transport availability
positively correlated with recommended walking
levels. The health benefits associated with
physical activity tend to result in reduced risk of
cardiovascular disease, type 2 diabetes, certain
cancers, and osteoporosis. Other health benefits
include reduced obesity, decrease in high blood
pressure and high cholesterol levels, and mental
health benefits.

According to Deloitte [7], walking generates
benefits ranging from $ 0,41 to $ 2,29 per
kilometre (20152016 prices). The Infrastructure
Australia, based on a willingness-to-pay study,

determined this value to be $ 2,93 per kilometre
(20152016 prices). This cost reflects the value
people are willing to pay to reduce morbidity and
mortality.

The main difficulty lies in quantifying the
total annual distance walked by train users. In
Sydney, for example, they walked 301 million
kilometres in 2016, generating $ 881 million in
health benefits, or § 6,62 per train passenger.

Social Integration

Transport infrastructure is fundamental to
achieving social inclusion by reducing barriers
that make it difficult for people to fully participate
in the life of the society. Mobility is a key aspect
of social inclusion and characterises the ability
to access work, education, health care, shops,
other public services and participate in social
activities.

Compared to the individual car or motorcycle,
which are expensive to own, register, and insure,
and are out of reach for the very young and older
people, rail transport looks favourably. The UK
Department for Transport identifies the following
main groups potentially benefiting from local
public transport [14]:

* People with low incomes and the
unemployed, including part-time workers and
people claiming government benefits.

* People living in remote (rural) areas.

* People with disabilities, including people
with physical disabilities, sensory impairments,
and people with mental disorders.

* Elderly people.

* Youth and children.

Monetary assessment of social inclusion is most
often carried out using the willingness to pay (WTP)

181



Pic. 4. Assessment of the negative effects of infrastructure projects in the field of passenger transport in Europe, 2016 [10, P. 160].

methodology. Stanley [ef al] [15] conducted a series
of personal interviews in Melbourne with 443
adults. The results of the survey showed that people
at increased risk of social isolation make fewer trips
per day. For an average household income level,
the willingness to pay for an additional trip is up to
$ 20 (2010 adjusted prices). This score decreases
as income increases since people with higher
incomes tend to make more trips.

Perception of Life and Level of Happiness

The study of the so-called «wellbeing» is
usually based on surveys of the population and
the willingness of citizens to pay for certain
improvements, including in transportation.

For example, Prud’homme [ef al] [16]
developed a public transport congestion cost curve
for the Paris metro based on 2009 data. Estimated
willingness to pay for free travel (without
congestion) was equal to 1,43 euros per trip.

A study by Clark [et al] [17] showed that an
increase in one-way travel time by 10 minutes
had the same impact on job satisfaction as
a 19 % decrease in gross personal income. This
equates to a reduction of £4,080 in annual gross
personal income for an employee earning an
average of £ 21,600.

According to Wu [18], the improvement in
railway accessibility is estimated at an average
of 528 yuan ($ 1 for 6,5 yuan at the ratio as of

the date of writing) per month. This means that
the improvement in wellbeing due to transport
accessibility can be estimated at 8,1 % of the
average monthly household income. At the same
time, subjective wellbeing benefits from
improved transport accessibility differ
significantly depending on the income level of
the population and urban districts. For example,
the average wealth for households with 20 %
income is about 163 yuan per month, compared
to 898 yuan for households with 80 % income.

CONCLUSIONS

The paper has considered the social effects
generated by railway transport. Even though at
the initial stage any transport projects are
perceived negatively (harm to the environment,
increased noise levels, etc.), a deep comparative
analysis shows the superiority of rail
transportation in a number of parameters (Pic. 4).
Data reported by Deloitte [7] confirm the
superiority of railway transport in terms of
generated effects:

» Each kilometre travelled by car or
motorcycle, rather than by railway, results in the
emission of an additional 0,05 kg of CO,
equivalent.

* At a cost of § 59,53 per ton of CO,
equivalent, each kilometre travelled by rail
instead of a car saves 0,27 cents on emissions.



* Cost of accidents on road transport ($/km)
is 0f 0,1062, while on railways it is 0f 0,0139, so
road transport generates almost eight times more
road traffic accident costs per kilometre than
railway; each rail trip that replaces a car trip
reduces accident costs by about $ 1,40. The cost
of one fatal accident (value of statistical life) is
$ 8,8 million.

The effects identified in the work should be
considered by government and private investors
when selecting and approving projects, as well
as when making decisions on funding, which will
ultimately improve efficiency and save budgetary
resources. Further research in this area can be
aimed at developing approaches to the quantitative
and monetary assessment of these effects,
considering countries’ and regional features.
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ABSTRACT

In modern, rapidly developing cities of the world, building an
urban transport model requires traffic data. The lack of those data
does not allow making timely management decisions on distribution
of passenger flows, namely within transport flows.

Currently, there are various methods and systems for counting
passenger flows, such as the manual staff counts, survey and
counted ticketed entries methods, and various automated
technology-based systems. However, those well-known methods
have their drawbacks.

Forthis reason, the task to search for alternative methods and
data sources for the study of passenger flows remains relevant.

This article is based on the updated results of the study
recently conducted by the author during preparation of his
master’s thesis. During the study and developing previous
author’s papers, data on connections of passengers to Wi-Fi
routers were chosen as a data source. Since this phase of the
study was conducted on the territory of Moscow transport hub,

Sitronics Group, Moscow, Russia.

in metro and on Moscow Central Diameters (MCD), where the
cars are equipped with great number of Wi-Fi routers, with free
connection and Internet access, it has increased the sample
Wi-Fi data array significantly.

The objective of the study was to study the possibility of
processing Wi-Fi data obtained from Wi-Fi scanners as a passenger
flow analysis tool.

The study has revealed that, on average, up to 40 % of
passengers in metro and MCD cars on the studied lines use the
WI-FI module turned on in their mobile devices.

The results of the study have confirmed that Wi-Fi data can
be used as a tool for passenger traffic analysis, but at the same
time revealed the necessity to integrate them with other data
sources, as well as the strong dependence of the result of Wi-Fi
data processing on the technical features of the Wi-Fi scanner and
its location in the vehicle during experiments.

This issue contains the second part of the article.
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World Experience in the Field of Wi-Fi
Analytics

Given the growing number of Wi-Fi devices
and Wi-Fi equipment within the territory of
Moscow agglomeration, it was necessary to solve
the problem of systematising the existing
methods of collecting data in the field of Wi-Fi
analytics.

The Case of the Hong Kong Polytechnic
University

A relevant case can be studied using the
example of the Hong Kong Polytechnic
University (PolyU). The empirical data were
collected by the author during academic
internship from August through November 2018.

There were 12 Wi-Fi/Bluetooth scanners on
the territory of the university, designed to monitor
pedestrian flows. Besides the stationary Wi-Fi/
Bluetooth scanners, video cameras were installed.
For the study, the author was provided access to
all 12 Wi-Fi scanners, namely, to the daily upload
of Wi-Fi and video data.

The main task was to study the pedestrian
flows before and after construction of the
pedestrian bridge. At the time of the study, there
was an underground pedestrian crossing under
the highway between the main buildings of the
university and the administrative building. The
pedestrian bridge, once built, would be an
alternative way to move between the main
buildings and the administrative one.

The core of the study was to process the
so-called MAC addresses. The MAC address, as
it is well known, is a six-digit device code (AA:
BB: CC: DD: EE: FF) assigned by the device
manufacturer. Each hardware manufacturer that
manufactures products for use on the Internet
assigns a unique MAC address to each device
that is released. Each manufacturer has a different
number of MAC addresses. The first three values

of any MAC address (AA: BB: CC:_: : )
can be used to identify the manufacturer of the
equipment. The next three values(_ : : :DD:

EE: FF) are rather different and unique to each
device.

The first two months were devoted to the
analysis and processing of Wi-Fi data. To assert
that the recorded MAC address belongs to
a specific device, and a specific device,
respectively, is kept by a potential pedestrian, the
researcher studied time periods and compared
them with video camera data. In practice, this
happened as follows: the researcher chose two

Wi-Fi scanners, which were located at the entry
and at the end of the pedestrian underpass. Also,
in addition to the Wi-Fi scanners there were two
video cameras located in the immediate vicinity
of them. Accordingly, 15-20-minute time lapses
were analysed and then the received Wi-Fi data
were compared with the video data. As a result,
it was possible to identify the n-number of
pedestrians by their MAC addresses. Pedestrians
were moving in different directions, both towards
the administrative building and back. The results
of the study allowed to state that potential
pedestrian flows and their directions can be
determined based on the MAC address of the
device and the received timestamp.

Other Sources

The article [17] describes the results of the
research in Nairobi, the capital of Kenya, where
42 Wi-Fi scanners were installed near the
transport interchange hub to collect and analyse
the received Wi-Fi data. The authors managed to
determine the average number of mobile devices
with the Wi-Fi module enabled, the range of
detection of Wi-Fi devices, and to estimate the
number of pedestrians (passengers) and their
waiting time at public stops. Based on the data
obtained, the authors proposed to local authorities
to amend the rules for organising bus routes.

According to information obtained from open
access sources?, in most cases, Wi-Fi scanners,
also called Wi-Fi sniffers (traffic analysers) and
Wi-Fi radars, are used in the Russian Federation
at retail facilities, namely, in shopping centres to
analyse potential buyers. A Wi-Fi «radar» is
installed in the centre of the hall of a shop and
scans all the MAC addresses of devices of the
owners who enter and exit this particular room.
This is based on the prevalence of free Wi-Fi in
shopping centres, and, accordingly, of free
Internet access, so that potential buyers can turn
on the Wi-Fi module in their device (for example,
in a phone, laptop, etc.).

In the article [18], the authors studied the
technical characteristics of Wi-Fi scanners,
namely the influence of antennas on the result of
collecting Wi-Fi data. The resulting data were
used to estimate travel times for pedestrians and
cyclists.

The authors of another article [19] estimated
the waiting time for public transport passengers

1 Website of manufacturers of Wi-Fi radars. [Electronic
resource]: https://hot-wifi.ru/radar/. Last accessed:
10.04.2022.
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Table 2

Comparative characteristics of Wi-Fi scanners [compiled by the author based on
equipment’s characteristics|

Meshlium Libelium Scanner

Wi-Fi TP-LINK router

Built-in software

Built-in Wi-Fi antenna

Built-in Bluetooth antenna

External Wi-Fi antenna

External Bluetooth antenna

Access to equipment interface

Built-in PHP Admin

|+ ||+ ]+

Access to initial data

at the largest bus station in Tokyo, using the
analysis of Wi-Fi devices. The authors created
a method for estimating the time spent by
passengers (pedestrians) and concluded that for
obtaining more accurate Wi-Fi data, it is
necessary to increase the number of observation
sites and places for collecting Wi-Fi data.

The authors of the article [20] argue that easy
access to the Internet along the route has a great
potential to change the activities of passengers
during the trip. Accordingly, in large cities the
number of Internet users is increasing. Also, there
is a possibility that new technologies can improve
the quality of life but worsen the environment.

The authors of the article [21] studied the
received Wi-Fi data from the point of their
subsequent use to calculate passenger flow and
concluded that this calculation requires a larger
number of Wi-Fi devices. According to the
authors, Wi-Fi data correlate with real passenger
data, but Wi-Fi data, in their opinion, is not
enough to display a complete picture of
a particular passenger flow.

Thus, the studied sources have not allowed
to find solutions and methods to estimate the
routes of movement of potential public transport
passengers that might be obtained based on Wi-
Fi data.

The analysis of the public procurement
website permitted to find a contract concluded
in October 2020 for 152 million rubles? and
aimed at development of an integrated information
system for monitoring passenger traffic (CIS MP)
as part of development of an intelligent transport
system in Moscow. Under this contract, the
supplier was bound to supply 20 mobile devices

2 Official website of public procurement: Creation of an
integrated information system for monitoring passenger
traffic (CIS MP) as part of development of an intelligent
transport system in Moscow. [Electronic resource]: https://
zakupki.gov.ru/epz/order/notice/ead44/view/common-info.
html?regNumber=0173200001420001132. Last accessed:
10.04.2022.

Vv

for monitoring passenger traffic and 200
stationary Wi-Fi scanners. The supplier had to
mount this equipment, develop software, and to
provide maintenance of both installed equipment
and software. A reporting module had also to be
created, including development of heat maps and
of areporting on the number of users, and others.

Research Methodology

To obtain a result, namely data on passenger
flows, it was necessary to independently develop
a research methodology that was based on the
choice of a Wi-Fi scanner and development of
a software for analysing Wi-Fi data in Microsoft
Excel. The methodology integrated the choice of
routes (research cases) and the time of
measurements.

The study applied the equipment with the
features shown in Table 22,

Within the framework if the study, the Wi-Fi
scanner was used as a dynamic one. Dynamic
Wi-Fi scanner implies the use of a portable power
source.

The chosen Wi-Fi scanner has various
technical parameters, in particular, additional
Wi-Fi / Bluetooth antennas that allow adjusting
the operation of the Wi-Fi scanner. As part of this
work, the researcher analysed only Wi-Fi data,
the technical parameters of the Wi-Fi scanner
were adjusted according to the study’s task,
experiments were conducted to improve the
results. Bluetooth data are not analysed in the
work.

Wi-F1i scanner was the source of initial data,
and Wi-Fi router was the source of processed
Wi-Fi data.

Wi-Fi scanner has various parameters that
affect the final result of data processing. The first
parameter is a timestamp (TimeStamp), that is,

® The numbering of the tables consecutively continues the
numbering in the first part of the article.



the time at which a device was deteceted, namely,
when its MAC address was detected. The chosen
Wi-Fi scanner has several types of scanning
intervals. Until recently, the Wi-Fi scanner had
the ability to scan every 15-90 seconds, but with
the update of the Wi-Fi scanner software, it
became possible to scan online. This type of
scanning was chosen based on the assumption
that it has a great influence on the result of data
collection.

The second parameter received from the Wi-
Fi scanner is the MAC address. Within the
framework of the study, the MAC address was
a unique parameter that allowed identifying
a specific Wi-Fi device, and, accordingly,
a potential passenger.

During the study, a database of the MAC
addresses was cumulated referring to equipment
of manufacturers, such as, for example, Apple,
Samsung, etc. Accordingly, given that these
manufacturers mainly produce mobile devices,
laptops, and other personal gadgets, it was
concluded that when devices are detected, with
a high degree of probability, this device is with
the user, namely, with a potential passenger. And
accordingly, the MAC address of this Wi-Fi
device could be considered as an attribute of
a passenger. The database was replenished with
MAC addresses of manufacturers of network
equipment such as routers, etc., for example, of
D-Link international, Cisco Systems and others.
Later, such MAC addresses were identified as
«noise» and «cleared» at the first stage of filtering
since network equipment cannot be correlated
with potential passengers.

Another most important issue was associated
with the «randomisation» of MAC addresses*®.
Since a certain time, manufacturers of Wi-Fi
devices have started to include in the software
section of this device a possibility of
«randomisation» of the MAC address. This
technology is aimed to protect against Wi-Fi
scanning to prevent from processing data and to
reduce the efficiency of Wi-Fi data analysis. But
after studying the sources [22], after a series of
experiments and data analysis, it turned out that
the existing randomisation is not used on all
Android and 10S devices. Also, a lot depends on

4 What really happens with MAC addresses’ randomisation.
[Electronic resource]: habr.com/ru/post/375057/. Last
accessed 10.04.2022.

5 Everything you wanted to know about MAC address.
[Electronic resource]: habr.com/ru/post/483670/. Last
accessed: 10.04.2022.

the software of the device and the date of its
release. There is no exact information about
which device randomises MAC addresses and
which does not randomise. Moreover, within the
framework of this study, a unique MAC address
was discovered, more precisely, its first three
values characterising the manufacturer of the
equipment and attributed to Google. These MAC
addresses were not manufacturer-specific but did
not change over the entire scan period. On
average, within 40—50 minutes when Wi-Fi data
were collected, the MAC address attributed to
Google did not change. That is, the existing
randomisation of MAC addresses is imperfect
and does not significantly affect the result.

Also, it should be noted that the MAC address
is a tonic parameter that has nothing to do with
personal data and mobile operator data. The
MAC address is assigned by the manufacturer,
the user purchases this device with the MAC
address already set®. That is, the MAC address
is not in any way linked to the mobile phone
number or vehicle number. Moreover, if the Wi-
Fi search mode is turned off in the mobile device,
the device will not be detected. The user
independently decides whether he enables Wi-Fi
module in his own device.

The third parameter is SSID. SSID (Service
Set Identifier) is the name of the Wi-Fi device.
According to the name of the Wi-Fi device, it is
theoretically possible to determine a type of
a device, e.g., a mobile phone or a scanner. For
example, during each trip with a dynamic Wi-Fi
scanner, a large amount of data was recorded
from a network called MT_FREE, which, by
definition, is the name of Wi-Fi equipment in
Moscow public transport network. Further, these
MAC address data were deleted and not
processed.

The fourth parameter is RSSI. RSSI (Received
Signal Strength Indicator) is an indicator of the
level of the received signal. This parameter is
very important for the analysis of Wi-Fi data due
to the possibility of determining an approximate
distance from the Wi-Fi scanner to the Wi-Fi
device. In the study, the RSSI parameter was in
the range of-89 to -50 decibels. These indicators
characterise the fact that all potential passengers
were in close proximity to the dynamic Wi-Fi
scanner.

® Meshlium Technical Guide. Documentation of the Wi-Fi
scanner. [Electronic resource]: https://development.libelium.
com/meshlium-technical-guide/general. Last accessed
10.04.2022.
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The fifth parameter is Vendor (manufacturer)
described above.

Development of Software for Analysing Wi-
Fi Data based on Microsoft Excel

The software is the most important element
of Wi-Fi data analysis. In the framework of the
study, Microsoft Excel was chosen as the basis
for the analysis and processing of Wi-Fi data.

The Wi-Fi scanner collected data online. The
received timestamps were synchronised with the
door opening mark in MCD and metro cars. The
Wi-Fi scanner identified the timestamp with the
MAC address. Further, it was compared with the
time of opening the car doors. The researcher
independently entered the data on the opening of
the car doors into a table for each route. Also, the
researcher at each MCD or metro station
recorded the number of passengers in the car at
a given time. Thus, the researcher, along with
Wi-Fi scanning, used a visual method to count
passengers and then compared the actual number
of passengers in the car with Wi-Fi data.

All studies, namely collection and analysis
of Wi-Fi data, were carried out exclusively by
the author of the work.

Data Filtering

The researcher created the following stages
of data filtering and algorithms:

1. The first stage of filtering was intended to
exclude Wi-Fi received from all Wi-Fi routers
and other stationary Wi-Fi devices.

2. The second stage of filtering was intended
to eliminate Wi-Fi data with one and the same
timestamp.

3. Next, there was a stage of synchronisation
of the Wi-Fi timestamp with the time of opening
the car door.

Also, the data were selected to identify
various properties of passenger flows such as the
average travel distance and the average travel
time of passengers. Data collection was carried
out during morning peak hours.

Results of Empirical Study

Data collection period: February through
May 2021. The studied sections included routes
in Moscow Metro and MCD.

The sections described in Tables 3 and 4 were
chosen following the criteria below.

All four sections have different input
parameters, which, according to the author, affect
the results obtained.

1. Route length.

Sections No. 1, 2, 4 are over 20 km long, and
section No. 3 is 8,8 km long. Section No. 3 is
a complete route and has a transport interchange
hub at the Ulitsa Starokachalovskaya station with
a transfer to the Bulvar Dmitriya Donskogo
station.

2. Prevailing location of the line.

Sections No. 2, 4 are underground metro
sections, section No. 1 is ground one, and section
No. 3 is both ground and underground. These
sections of Butovskaya metro line were chosen
due to their different technical characteristics,
which may affect the transmitted signal.

3. Nature of rolling stock coupling.

The main feature of the obtained results was
that in articulated cars the result after processing
Wi-Fi data turned out to be better than in trains
without passages. This is due to the specifics of
Wi-Fi.

4. Scanner location: floor level / upper rack.

Location of Wi-Fi scanner has key importance
for the entire result of the study. When the Wi-Fi
scanner was located on the upper luggage rack
of the car (section No. 1), the result turned out
to be close to ideal, and, accordingly, when the
Wi-Fi scanner was located on the floor in trains
without passages, the result turned out to be the
worst, but only in a car with closed doors.

As aresult, out of four sections, the best result
according to the received and processed data was
the result obtained when the Wi-Fi scanner was
located on the upper rack (section No. 1) and for
a combination of an articulated car and a Wi-Fi
scanner located on the floor (section No. 4).
Accordingly, the worst result was obtained in
trains without passages and when a Wi-Fi scanner
was located on the floor (sections No. 2 and
No. 3).

Section No. 1. Butovo station (MCD-2)—
Moscow Kurskaya station (MCD-2)

Data collection was carried out at the section
No. 1, namely from station Butovo (MCD-2) to
station Moscow Kurskaya (MCD-2) during the
period from 1 to 5 March 2021. The length of
this route was 29,2 km, and the average travel
time was 48 minutes.

There are two transport interchange hubs on
the route: Tsaritsyno station (MCD-2) and
Tekstilshchiki station (MCD-2). The end point
for the study was Moscow Kurskaya station
(MCD-2), that in fact is also a transport
interchange hub. Thus, that experimental section



Table 3

Studied sections [performed by the author]

Sections | Metro line Initial station | Terminal station of the | Number of routes | Length of | Average
of the study on | study on the route processed during | the route | travel time
the route the morning rush | (km)

hour

1 MCD-2 Butovo Moscow Kurskaya 3 29,2 00:48:00

2 Zamoskvoretskaya | Alma- Belorusskaya 3 27,9 00:41:46

line Atinskaya

3 Butovskaya line Buninskaya Bitsevskiy park 3 8,8 00:16:40
alleya

4 Tagansko- Kotelniki Barrikadnaya 3 25,1 00:38:00

Krasnopres-
nenskaya line

was used to study the features of data circulation
in the areas of transport interchange hubs with
a high turnover of passengers. Besides collecting
Wi-Fi data, a visual measurement of the number
of passengers in the car was carried out at
a specific time, namely during opening and
closing of car doors. The time of opening the
doors and the number of passengers at the time
of closing the doors of the car were recorded,
thereby excluding passengers who had
disembarked.

For uniformity of the study, all measurements
were taken during morning peak hours, from
07:00 to 08:30 on weekdays.

To improve the result regarding section No. 1,
the Wi-Fi data were also collected on the
passengers who entered the starting station of the
study (Butovo station (MCD-2)), Those data
were collected some time before the arrival of
the train near the turnstiles at the entrance to
MCD-2 platform. The result depended on the
location of the Wi-Fi scanner and the power of
the antenna. Further, the researcher, upon the
arrival of the train, entered the car, recorded the
time of entry into the car, recorded the number
of passengers in the car, and placed a dynamic
Wi-Fi scanner on the upper rack of the car, being
approximately in the middle of the car. Further,
throughout the entire journey, the number of

passengers in the car and the time of opening the
doors of the car were recorded.

After collecting Wi-Fi data, the researcher
proceeded to their processing. Using the above
data processing algorithm and filtering stages,
the indicators shown in Pic. 3 were obtained.

Pic. 3 shows the percentage ratio between
real number of passengers and calculated number
of passengers with the Wi-Fi module turned on.
Aswe see in Pic. 3 at such stations as Kuryanovo
(43 %), Pererva (43 %) and Tekstilshchiki
(45 %), the ratio of real passengers and passengers
with the Wi-Fi module turned on amounted to
almost 50 %, which is a fairly high result.

The next stage was devoted to the analysis of
the routes of potential passengers. With the help
of a Wi-Fi scanner, the start and end timestamps
of MAC addresses of mobile devices were
determined, which made it possible to identify
potential start and end points of entry and exit of
a passenger. Synchronisation of the timestamp
of opening of car doors was compared with the
timestamp from the Wi-Fi scanner. Due to the
fact that the timestamp of the MAC address of
the device differed from the timestamp of the
door opening, comparison of these timestamps
was made with an error of 30—40 seconds. That
is, a potential passenger, namely the MAC
address of his mobile device, could be detected

Table 4
Features of the selected sections [performed by the author]|
Sections | Route length | Prevailing positioning | Features of rolling stock coupling Scanner location: floor
over 20 km | of the line level / upper rack
1 + Ground Articulated cars with a through passage | Upper rack
2 + Underground CME (coupled cars without a passage) | Floor level
3 - Ground / Underground | CME (two-car articulated sections) Floor level
4 + Underground Articulated cars with a through passage | Floor level
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Pic. 1. Image of section No. 1. [Electronic resource]: https://lyandex.ru/metro/moscow?scheme_id=sc34974011. Last accessed 10.04.2022.

both before entering the car and just after. But
considering the first and end timestamps of the
Wi-Fi device, it became clear that the period of
permanent detection of the Wi-Fi device between
the start and end points could be from 1,5 to 38
minutes.

Thus, the routes of potential passengers with
their initial and final timestamps were obtained.
Detection of a timestamp of a unique MAC
address was deemed to be the entry point to the
car, and its loss was perceived as the exit point
from the car.

It should be noted that there is a possibility
that the Wi-Fi module of the device could be
turned on after entering the car as well as it could

be turned off at any time. The researcher found
it necessary to consider these cases as an error
of the system since in this situation the human
factor played an important role. But if a potential
passenger turned on the Wi-Fi module later than
the at the moment of entering the car, the
calculation was made with the synchronisation
with the nearest door opening timestamp, namely,
with the nearest metro station (MCD).

With the help of the created algorithm, it was
possible to determine 29 routes of specific users
on section No. 1 in the considered case along the
entire route. The results are shown in Pic. 4.

For each of 29 potential passenger routes, the
following parameters were identified:
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Pic. 2. The ratio of real number of passengers to the number of passengers with the Wi-Fi module turned on (indicated further on in the
pictures as «Wi-Fi passengers»). MCD Butovo-Moscow Kurskaya section; morning rush hour. March 1, 2021 [performed by the author].
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Pic. 3. The percentage ratio of the share of passengers with the Wi-Fi module turned on (grey/lighter sector) and the share of passengers with
the Wi-Fi module turned off (blue/darker sector) [performed by the author].

— Travel time of a potential passenger.
The distance travelled by the passenger.
Starting point (entry into the MCD car).

— End point (exit from the MCD car).

So, on all 29 routes the average travel time was
determined to be 23 minutes 35 seconds out of
amaximum travel time of the entire measured section
of 48 minutes, and the average travel distance was
of 15,09 km (out of a total mileage of 29,2 km).

See the task to determine as many
characteristics (parameters) of passenger traffic

as possible, the next step was to analyse the
number of passengers who travelled on the
studied section. Pic. 5 shows the number of
those passengers, as well as the number of
passengers who entered and left the cars at the
stations.

According to Pic. 6, it can be determined that
more than 40 % of passengers with the Wi-Fi
module turned on entered at Butovo station, or
before it, since this station is not the starting one,
and 20 % at embarked at Bitsa station.
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The Pic. 7 shows the information on distribution
of routes for Wi-Fi devices from Butovo station
depending on the distance of their trip as a percentage.
As we can see, more than 40 % of this sample travel
more than 20 km, and since the length of the entire
route is 29,2 km, their path is close to driving the full
route, that is, to the city centre.

Pic. 8 shows the length distribution of trips
of the passengers with Wi-Fi devices that have
reached the end station Moscow Kurskaya. This
picture shows that more than 50 % of this sample
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travel more than 20 km, which is also an indicator
close to the full route.

Another indicator that can be obtained from
the processed data is the share of Wi-Fi devices,
namely, passengers who have travelled the entire
section, that is, the percentage of the longest
routes through all stations of the total number of
routes of all lengths, equal to 3,45 %.

Thus, by combining data, it is possible to
obtain various parameters and properties of
passenger flows depending on the tasks set.
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Pic. 7. Distribution of routes of owners of Wi-Fi devices from
Butovo station depending on their travel distance (%) [performed
by the author].

Pic. 8. Distribution of length of routes of passengers with Wi-Fi

devices, which have arrived at Moscow Kurskaya station (terminal

station of measurement) (%) [performed by the author].
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2022,

Next, we will analyse the data obtained on
the above section from Butovo station (MCD-2)
to Moscow Kurskaya station (MCD-2) on
March 4, 2021, during morning rush hours
(Pic. 9).

As a result of the study on March 4, 2021,
data processing and filtering, 83 routes of
potential passengers were found (Pic. 10).

As can be seen from Table 5, the result of
the data on the number of detected routes of
passengers is very strongly influenced by the
power of the antenna. During the first survey
(March 1, 2021), the Wi-Fi scanner was
without an external antenna. For this reason,
the result on this day was low. On other days,
the result is quite high due to detection of
a larger number of routes of passengers.
Another interesting fact is that, on average, the
average travel distance of potential passengers
is almost equal for two surveys, and,
accordingly, the average travel time of
potential passengers is also very close in terms
of values.

Section No. 2. Alma-Atinskaya station—
Belorusskaya station (Zamoskvoretskaya
metro line)

Further, using the proven method, data were
analysed for section No. 2 from Alma-Atinskaya
metro station to Belorusskaya metro station
(Zamoskvoretskaya line). The data were obtained
during morning rush hour as well.
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Pic. 10. Routes of potential passengers with Wi-Fi module enabled on the section from Butovo station (MCD-2) to Moscow Kurskaya station
(MCD-2). March 4, 2021 [performed by the author].
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Table 5

The result of research on the section from Butovo station (MCD-2) to Moscow Kurskaya

station (MCD-2). March 4, 2021 [performed by the author]|

Route from Butovo station (MCD-2) to Number of Average travel | Average Presence of an

Moscow Kurskaya station (MCD-2) identified routes | distance of travel time of external antenna
passengers passengers

March 1, 2021 — morning rush hour 29 13,56 km 0:20:13 -

March 4, 2021 — morning rush hour 83 15,09 km 0:23:35 +

March 5, 2021 — morning rush hour 60 13,3 km 0:19:48 +

Total averages 57,3 13,98 km 0:21:12

Pic. 11. Image of section No.2. Source: https://yandex.ru/metro/moscow?scheme_id=sc34974011/. Last accessed 10.04.2022.

NoridoTaral



60 55 55 55 55 55

50
50
40
30
20 16 1 17 16
> 14 B
0 I
@ G RS NS @ ) o N o o @ G G
NN ° < 8 (;@Q NN \@‘\ N \&* N \_@ N
N bQT\% F & & &g & & F oéj SN ‘&%
X & @) N5 N O <& & > R RO &2 < N Ny
\{(\'b o°§b ~ <P é&& @{& %O\O AS S\o’v G \\S‘" AS ®@< <®
\a N N > v 9
& N s
L &
%’b
M Passengers M Passengers with Wi-Fi devices
Pic. 12. Ratio of real number of p gers and p gers with Wi-Fi module turned on. Section No. 2 from Alma-Atinskayastation to
Belorusskaya station (Zamoskvoretskaya line). Morning rush hour. February 20, 2021 [performed by the author].
Table 6

The result of the study on section No. 2 from Alma-Atinskaya metro station to Belorusskaya
metro station (Zamoskvoretskaya line). Morning rush hour [performed by the author]

Route No. 2 from Alma-Atinskaya metro Number of identified routes of | Average travel Average travel time
station to Belorusskaya metro station passengers distance of of passengers
(Zamoskvoretskaya line). Morning rush passengers

hours

February 20, 2021 — morning rush hour* 33 9,4 km 0:12:28

February 24, 2021 — morning rush hour 35 8,7 km 0:11:46

February 26, 2021 — morning rush hour 32 10,4 km 0:13:52

Total averages 33,33 9,5 km 0:12:42

* February 20, 2021 — Saturday.

According to Pic. 12, it can be seen that the
percentage of detected Wi-Fi devices that can
be used to build routes is lower than in the
analysis of section No. 1. The reason is due to
the fact that the Zamoskvoretskaya metro line
operates cars without passage and the scanner
was located on the floor during the Wi-Fi
analysis, which also reduced the percentage of
collected data. Also, the measurement was
carried out in the morning period from 07:26
to 08:08 on February 20, 2021, on Saturday,
which is a day off for most residents of
Moscow and passengers staying in the city.
But even when analysing data obtained on
February 24 and 26, 2021, (working days),
Wi-Fi data on potential passengers in
percentage terms were also lower than for
section No. 1. From this it follows that the
location of the scanner on the floor and high
density of people in the car significantly
reduces results. Also, the results can be
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affected by working Wi-Fi routers and routers
in the same frequency range’.

As a result, 33 routes of potential
passengers with the Wi-Fi module turned on
were identified (Pic. 13).

As a result, the following values were
obtained (Table 6).

Section No. 3. Buninskaya alleya station—
Bitsevskiy park station
(Butovskaya line)

Section No. 3 is the shortest (8,8 km)
compared to the other studied sections. In this
study, the Wi-Fi scanner, as well as during
data collection at the section No. 2, was on
the floor.

" Recommendations from the manufacturer of Wi-Fi routers
Keenetic. [Electronic resource]: https://help.keenetic.com/hc/
rw/articles/ 213968709-Uto-iusieT-Ha-paboTy-0eCIIpOBOIHBIX-
cereit-Wi-Fi-UTo-MOKET-ABISATHCSI-HCTOUHUKOM-TTOMEX -Hi-
KaKOBBI-MX-BO3MOXKHBIe-TIpHUnHEI- Last accessed: 10.04.2022.
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Pic. 13. Routes of passengers with Wi-Fi module enabled on section No.2 from Alma-Atinskaya station to Belorusskaya station (Zamoskvoretskaya line). Morning rush hour. February 20, 2021. [performed by the author].



Pic. 14. Image of section No. 3. [Electronic resource]: https://lyandex.ru/metro/moscow?scheme_id=sc34974011. Last accessed 10.04.2022.

60
50
40
30
20
10

50 50 49 49
37
28
23
14 16
9
‘“ . 1l il 5
0
- - | -

’b*’b

B Passengers M Passengers with Wi-Fi devices

Pic. 15. Ratio of the real number of passengers and passenger with Wi-Fi module turned on. Section No. 3 from Buninskaya alleya station to

Bitsevskiy park station (Butovskaya line). February 9, 2021 [performed by the author].
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Pic. 16. Routes of potential passengers with Wi-Fi module enabled on Section No. 3 from Buninskaya alleya station to Bitsevskiy park station

(Butovskaya line). February 9, 2021 [performed by the author].
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Pic. 17. Image of route No. 4. [Electronic resource]: https://yandex.ru/metro/moscow?scheme_id=sc34974011. Last accessed 10.04.2022.

The results are shown in Pic. 15.

As aresult, 18 routes of potential passengers
were identified (Pic. 16).

The results obtained are shown in Table 7.

Section No. 4. Kotelniki station—
Barrikadnaya station (Tagansko-
Krasnopresnenskaya line)

The section No. 4 is characterised by the
existing transport interchange hubs
(Lermontovsky Prospekt and Vykhino stations).

Pic. 18 shows a diagram of data collection
carried out on May 18, 2021.

The result of processing of 58 routes of
potential passengers is shown in Pic. 19.

As aresult, the values shown in Table 8 were
obtained.

CONCLUSION

The study resulted in identification of the
main features of the obtained data, namely in the
following most important conclusions on the
studied method of collecting and analysing
WI-FI data.

1. Location of a Wi-Fi scanner

When conducting a Wi-Fi study, the scanner
was located either on the floor of the car (Butovskaya
metro line, Zamoskvoretskaya metro line) or on the
upper rack of the car (MCD-2). The results have
conformed the information of the manufacturer of
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Krasnopresnenskaya line). May 18, 2021 [performed by the author].
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Table 7

The result of the study on section No. 3 from Buninskaya alleya station to Bitsevskiy Park
station (Butovskaya line). February 9, 2021 [performed by the author]|

Section No. 3 from Buninskaya alleya station to | Number of identified | Average travel distance | Average travel
Bitsevskiy Park station (Butovskaya line) routes of passengers | of passengers time of passengers
February 9, 2021 — morning rush hour 18 3,9 km 0:05:15

February 10, 2021 — morning rush hour 23 3,87 km 0:05:48

February 26, 2021 — morning rush hour 11 4,4 km 0:07:14

Total averages 17,33 4,06 km 0:06:06

Remark: Based on the results obtained, it can be concluded that the average travel distance is almost equal to half the path

of the entire section.

Table 8

The result of the study on section No. 4 from Kotelniki station to Barrikadnaya station
(Tagansko-Krasnopresnenskaya line). May 18, 2021 [performed by the author]

tSOeth:::ﬂz Z.ni f;osrtr; tIi<o (:i?;k;rslg:g_m Number of identified Average travel distance | Average travel
Krasnopresnezskaya i) g routes of passengers of passengers time of passengers
May 17, 2021 — morning rush hour 26 11,07 km 0:14:30

May 182021 — morning rush hour 58 15,95 km 0:21:31

May 19, 2021 — morning rush hour 59 12,47 km 0:18:06

Total averages 47,67 13,16 km 0:18:02

Table 9

Comparison of processed Wi-Fi data [performed by the author]|

Average number of identified routes of potential passengers (units)
Location of a Wi-Fi scanner MCD-2 Zamoskvoretskaya line Butovskaya line
Floor level of the car - 33,33 17,33
Upper rack of the car 57,3 - -

Pic. 20. Layout of Wi-Fi scanners [performed by the author].

Wi-Fi routers indicating that for more stable
operation of Wi-Fi devices, it is recommended to
place Wi-Fi devices at a height of 1-2 meters®. The
number of detected Wi-Fi devices when the Wi-Fi
scanner is located on the upper rack of the car is
higher than when the Wi-Fi scanner is located on
the floor of the car (Table 9).

2. Presence/absence of an external antenna

According to the results of the study, it was
revealed that the presence of an external antenna
significantly increases the result, but provided
that the Wi-Fi scanner is located on the upper
rack of the car.

8 General recommendations for placing a Keenetic Internet
Centre in an apartment for stable and high-quality Wi-Finetwork
operation. [Electronic resource]: https://help.keenetic.com/hc/
ru/articles/213968849. Last accessed 10.04.2022.
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3. Dynamic/stationary Wi-Fi scanner

It was shown that using a dynamic Wi-Fi
scanner it is possible to obtain data on the routes
of passenger flows, and in particular on its
properties, such as:

— Average travel distance of potential
passengers.

— Average travel time of potential passengers.

This study used a dynamic Wi-Fi scanner was
used, but stationary Wi-Fi scanners are required
for better results. Moreover, with the location of
Wi-Fi scanners at the exit and entrance of metro,
and in metro cars themselves, the possibility of
determining the routes of potential passengers
will increase significantly. Also, the cumulative
effect will play a big role. If there will be more
Wi-Fi data on passenger traffic, it will be possible



Table 10

The result of Wi-Fi data processing for all four sections [performed by the author]

Section | Metro line Route | Average Average number | Average number | Average Average
length | travel time | of identified of potential travel travel time
(km) for the Wi-Fi devices passengers who | distance of | of potential
entire route | as per the actual | travelled almost | potential | passengers
number of the entire route | passengers
passengers (%) | (%) (km)
1 MCD-2 29,2 0:48:00 53 32 13,98 0:21:12
2 ﬁﬁ?‘”k""re“kaya 279 |041:46 |28 18 9,5 0:12:42
3 Butovskaya line 8,8 0:16:40 21 8 4,06 0:06:06
Tagansko-
4 Krasnopresnenskaya | 25,1 00:38:00 41 24 13,16 0:18:02
line

to analyse the received data with their further
forecasting.

Also, to obtain a qualitative result on
passenger flows, adoption and installation of
stationary Wi-Fi scanners is required. A possible
scheme is shown in Pic. 20.

According to the above scheme, it is required
to install one Wi-Fi scanner at the entrance to the
metro or at the entrance to the MCD platform,
install one Wi-Fi scanner in each metro car and
install one Wi-Fi scanner at the exit from the metro
or from the MCD platform. Equipping with
additional Wi-Fi scanners will improve the results
and allow collecting and accumulating Wi-Fi data
for further processing and analysis.

At the moment, on the territory of Moscow
agglomeration, the Wi-Fi zone is increasing
from year to year®. This factor is of great
importance to enhance the possibility of
obtaining better Wi-Fi data and processing it to
get data on passenger flows.

Moreover, Wi-Fi analytics can be used as an
additional tool for passenger traffic analysis,
along with such instruments as validation,
automated passenger traffic monitoring system,
video analytics, etc.

4. Data processing software. Randomisation

The most important element in obtaining
traffic data results is data processing. For data
analysis in this study, the author used the
capacity of Microsoft Excel, but when scaling
data processing, Microsoft Excel will not be
enough. Programming languages such as
Python, My SQL, etc. will be more opportune.

The problem of randomisation of Wi-Fi data
was also stated in the work. The following

9 Moscow Wi-Fi is seven years old. Moscow 24.
[Electronic resource]: https://www.m24.ru/news/mehr-
Moskvy/27092020/134649. Last accessed 10.04.2022.

conclusions were made: randomisation itself
does not interfere with processing of the received
data, since randomisation of MAC addresses
occurs neither every minute nor hourly, but daily,
weekly. Within the observation period of 1-2
hours, randomisation does not affect the result.

5. Empirical results

Intermediate empirical results of the study
have shown that, on average, 20—45 % of the
actual number of passengers use Wi-Fi devices
that might be detected by described methods.
This can testify that not all passengers use the
Wi-Fi module enabled on the Wi-Fi device.
Plus, in the early hours of the day, many
passengers sleep, respectively, the sample of the
received data is reduced and, accordingly, the
number of passenger routes detected is reduced.
But the positive thing is that the data obtained
can be used to analyse passenger flows.

Table 10 shows the result of processing Wi-
Fi data for all four sections.

For all four sections, the percentage of the
average number of detected Wi-Fi devices
regarding the actual number of passengers was
35,75 %, and the average number of passengers
who travelled almost the entire route was
20,5 %.

Existing technologies allow various methods
to collect data on passenger flows. But for
qualitative results, that is, close to the real, and
not predicted by the data sample, it is necessary
to use combined systems for counting passenger
flows, a system for collecting and analysing all
possible data on passenger flows on the territory
of Moscow transport hub.

It is also advisable to collect and analyse
Bluetooth data, which in the future can also give
interesting results in the field of passenger traffic
research.
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ABSTRACT

A proposed promising method for recognising damaged
goods by external appearance of packaging using a learning
neural network considers the predicted long-term growth in the
volume of transported goods, the increasing influence of economic
and territorial factors on transportation processes, the complexity
of logistics services and the increase in requirements for their
quality, the spread of information technology and the improvement
of artificial intelligence tools.

The objective of the study is to describe the principles of
using an artificial neural network to identify damaged goods by
their external appearance. The relevance of the problem is
confirmed by data on damage to goods during transportation. The
methods used in the study help collecting and analysing data,
describing and comparing existing and promising technologies,
monitoring and modelling the process of cargo handling, and
summarising the results. The analysis of common and promising
methods of prevention and detection of cargo damage is backed
by the results of research on detecting defects on various surfaces
and recognising signs and colours in motion using intelligent
technologies.

Moscow Automobile and Road Construction State Technical University (MADI),

The problems of recognising damages on packaging in
complex and unfavourable conditions for machine vision are
solved with the help of a convolutional neural network. In
accordance with the proposed algorithm, image capture is
carried out using standard video surveillance cameras. From
the image entered into the neural network, fragments with
characteristic features are distinguished, which are further
checked for compliance with damage patterns. Following
damage contour analysis, the neural network recognises the
cargo as damaged. The process of training the neural network
and integrating the proposed tool throughout the supply chain
ensures the recognition of actually damaged goods and
elimination of errors associated with minor permissible damage
and packaging features. The proposed concept does not require
the installation of additional equipment and does not imply
a significant cost of damaged cargo recognition services. The
paper offers and describes processes of video recording of the
cargo flow, loading an image into a neural network, and a model
for recognising damaged cargo by the external appearance of
the package.

Keywords: cargo transportation, search for damaged cargo, improvement of logistics processes, convolutional neural networks,
cargo flow video recording, supply chain management, tools for intelligent transport systems.
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INTRODUCTION

Cargo handling is a necessary component of
any production processes and logistics activities.
The volume of cargo transportation grows with
an increase in the volume of production and sales
of goods. There is a growing need for high-
quality logistics services.

The movement of goods and the exchange of
information is carried out between companies
located in different socio-economic conditions,
significantly far from each other, in hard-to-reach
areas or megacities and industrial centres, which
leads to the complication of transportation
processes and to an increased likelihood of cargo
damage.

The logistics system is created and operated
to provide safe and efficient services to shippers
and consignees [1].

At the same time, the reliability of
transportation and transport services constitutes
one of the main requirements for logistics
companies, and that is largely determined by
safety of transported and stored goods [2; 3].

The cargo can be considered damaged if its
qualitative or quantitative characteristics change
during transportation. As a result of cargo
damage, negative consequences occur for all
persons interested in high-quality transportation.

For consignees, such negative consequences
are the damage associated with the loss of the
marketable state and useful properties of the
cargo, and, as a result, failures in business
processes. For persons responsible for
transportation, this is the need to compensate
cargo owners for losses associated with damage
to cargo, a decrease in the level of trust and the
likely loss of customers and of competitive
positions in the transport services market, etc.

Damage to cargo during transportation is not
only an extremely undesirable event itself, but
also entails additional difficulties for both
transport service providers and consignees.

In accordance with the rules of law in the field
of transportation of goods, ensuring the safety of
goods with proper packaging and compliance
with other requirements on the part of the
consignor is the responsibility of the carrier or
the person responsible for transportation
immediately after acceptance and before the
release of goods, and is mandatory stipulated in
the contract of transportation [4].

Damage to the cargo is one of the reasons for
the claims of cargo owners related to transportation
of goods [5].

The carrier may not detect damage to the
cargo and hand the damaged cargo to the
consignee, and the recipient may find out that the
cargo is damaged later in its warchouse or from
its customers. Damage to cargo occurred at the
beginning of the supply chain can be detected
much later at the point of use of the transported
goods.

Obtaining information on the total number of
goods damaged during transportation and related
operations and other statistical data in this area
is quite difficult.

Nevertheless, the urgency of the problem of
cargo damage is evidenced by the growing
demand for insurance of transportation objects,
including against damage during transportation
and the resulting losses.

The volume of the global logistics insurance
market is increasing annually and, according to
forecasts, by 2027 it can reach 76 billion US
dollars [6].

The number of insured events is also
increasing, and when transporting groupage
cargoes, large transport companies may by
default include cargo insurance in the
transportation tariff [7].

Harm to transport companies from damage
to cargo for various reasons during transportation
can be a significant part of the total loss of cargo.

Modern scientific research in the field of
transport operations and cargo transportation
steadily tends to improve transportation and
warehouse processes using modern technologies,
most of them being related to digitalisation of
the transportation management system and the
transport industry as a whole, as well as to
digitalisation of transportation safety [8].

Integration of modern digital technologies
into the transport system allows modelling the
transportation process and managing traffic flows
using intelligent systems.

Intelligent transportation systems (ITS)
themselves, together with breakthrough
technologies such as the Internet of Things,
digital control, cloud services, big data, unmanned
vehicles, fully robotic warehouses, etc., are
necessary to implement concepts that meet the
future-expected requirements for the quality of
life and business processes, such as smart cities
or completely automated production, 3D industry
and industry 4.0.

ITS should ensure delivery of goods of proper
quality, without damage, which, in turn, requires
creation and use of technologies for timely



detection of damaged goods. The concepts of
smart cities or transportation managed by ITS,
in themselves, do not imply an increase in
problems with damaged cargo, nor significant
costs for detecting and preventing cargo damage.

Transport strategy adopted in the Russian
Federation provides for pilot project for railways
that should ensure reduction in loss and damage
to cargo by ten times [9]. This means a significant
reduction in damage to cargo, but still a complete
elimination of the possibility of damage to cargo
is not expected even in the long term.

There are some difficulties with development
of ITS. If large transport and manufacturing
companies have the resources to introduce new
technologies, then carriers that do not have such
capacity are in no hurry to use them [10].

Transport and logistics companies have the
potential to provide remotely a full range of
information services, including those related
to transportation of goods. However, the use
of existing technologies is not carried out in
full [11].

This is due to the need to install additional
expensive equipment and develop or purchase
software, which requires significant investments
and may not provide an immediate economic
effect. According to representatives of business,
including transportation business, sometimes it
is better to wait until the technology becomes
available.

Thus, damage to cargo during transportation,
storage and related operations is an urgent
problem for all participants in the transportation
and logistics process and the entire economy. The
problem should be solved by all the companies
involved in the logistics process together,
regardless of the size of an enterprise.

Artificial intelligence and machine learning
technologies can be the most effective tools for
solving fundamental transport problems,
including the task of significantly reducing cargo
damage and timely detection of damage within
cargo traffic. At the same time, such tools should
be available to absolutely all interested parties,
which means that they involve the use of cheap,
but quite effective technologies without additional
equipment.

In the context of increasing global competition
embracing the transportation market and the
influence of other factors of economic growth,
including the expected spread of effective digital
technologies, the restructuring of the world
economy and the change in the balance between

economic centres, there will be worldwide
growth in requirements for the quality of local,
national, and international cargo transportation
and related, including logistics, cargo handling.
The transport industry needs technology to cost-
effectively identify damaged goods before they
are released to the recipient.

The objective of the study is to develop
a concept that facilitates the creation of such
a technology.

The problem of damage to goods can be
deemed relevant since the requirements for
reliability of logistics system, safe and efficient
transportation process are among key
requirements addressing cargo carriers and
forwarders, and that the data on cargo insurance
testify considerable volume of goods damaged
during transportation. Digitalisation is among
prevailing trends in improvement of transportation
processes, and tools based on implementation of
artificial neural networks are among most
promising ones.

The tasks of the study were focused on
revealing visually recognisable damage to
packaging, describing process of image capturing,
its downloading into the neural network and
identifying the damage.

RESEARCH METHODS

The study followed the algorithm described
below.

The conducted review of open sources of
information (websites of transport companies,
government authorities, thematic publications,
etc.) was followed by their analysis.

The trends in science and technology,
including those related to the development of ITS
and the planned transition to an intensive,
innovative type of development of the transport
industry and the entire economy allowed to draw
conclusions on the need to use artificial
intelligence and machine learning to solve the
revealed problem.

The further analysis referred to some of the
technical and technological solutions offered on
the market designed to detect damage to the
packaged cargo, including without opening the
package.

A review of scientific research in the field of
application of artificial intelligence technologies
in the transport industry helped to focus on
specific knowledge from such areas of machine
learning as obtaining and recognising images of
real-world objects for their visual verification

207



208

and measurements (machine vision), creating an
artificial neural network and the tools used for
this, algorithmizing of neural network learning
and the use of neural network tuning methods.

The suggested approach to use artificial
intelligence to identify damaged goods analysing
the external appearance of the package was based
on the transfer of the skills of specialists who
have long experience in direct work with various
goods and are able, based on their experience by
the organoleptic method by the appearance of the
package, to determine the degree of safety of the
goods and the cause of damage in case, if any, to
a set of computer programs.

It was determined what damage is visible on
the packaging and how the external appearance
of the package changes due to these damages.

The study contains a description and graphical
interpretation of the process of video capture of
packaged goods, their recognition, identification
of signs of damage to the package and the
relationship between the state of the package and
possible damage to the cargo.

REVIEW OF APPROACHES TO THE PROBLEM

Many studies in the field of damage to goods
consider the problems of damage and loss of
goods in conjunction with the problems of
damage to vehicles and transport units (intermodal
containers) in which these goods were transported.

In this case, scientific research is aimed at
identifying and eliminating the main causes of
road accidents, as well as at reducing the risk of
accidents and potential damage by choosing the
right rolling stock and transportation route,
monitoring the condition of drivers, identifying
their abnormal behaviour, etc. Artificial
intelligence technologies are used to eliminate
factors that lead to damage to vehicles.

In recent years, deep neural network learning
has also been used to model road safety [12].

However, damage to cargo may not be
associated with damage to the vehicle.
A significant part of the damage during
transportation is caused by the damage that
occurred due to the incorrect location and
fastening of the transported cargo. During
transportation, the cargo can be damaged due to
displacement because of sliding on the surface
of the body or swinging and turning over due to
vibration.

To exclude such reasons, it is proposed to
secure the goods with belts, ropes, chains, etc.
during loading and place the goods in the body

in such a way that they remain blocked during
transport and do not change their position. The
stated recommendations for safe securing of
loads consider the strength of the materials from
which the loads and packaging are made, as well
as the tightening force applied in the clamping
devices used.

There are international and national rules for
securing cargo on vehicles of various modes of
transport, which are not always mandatory, but
contain enough information and instructions to
facilitate the safe loading and transportation of
goods.

Despite the measures taken, damage to goods
does occur, and therefore there is a need for
timely detection of damage. Out of technological
solutions to the problem of detecting damaged
cargo, one can single out the control of dimensions
and weight using a scanning system (infrared,
laser scanning, etc.). Such control is carried out
at the time of measuring the dimensions of the
package in three dimensions when the packaged
cargo is placed on the weighing device. The
discrepancy between the actual parameters of the
package dimensions or the weight to specified
values indicates possible damage to the cargo
(Pic. 1).

This technology requires loading the data
about each checked cargo and permissible
deviations into the memory of a device, as well
as using of special equipment and performing
additional operations with each cargo.

A fairly common way to control cargo is
a non-contact analysis of the contents of the
package, for example, using X-ray television
equipment. But this method is used, as a rule, to
identify a certain type of goods in the general
flow of goods, and not to detect damaged goods.

To detect damage to goods, safety indicators
can be used in the form of additional labels
sticked to each package. Such labels change
colour indicated on them (for example, from
white to red) if the package of cargo on which
they are placed was subjected to a force due to
an impact above the threshold set on the label
(5G or 50G overload, etc.) or to high temperatures,
or to an extremely humid environment, or has
deviated dangerously from an upright position,
etc.

Such indicators can signal possible damage
to the cargo, but such a solution again requires
additional processing of each package (labelling
and monitoring the status of the indicator by
a specialist).
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Pic. 1. Existing methods and technologies of prevention and detection of damage to cargo [compiled by the author].

None of the common methods, even with the
utmost improvement, can be applied without
adjusting the process of moving cargo, attracting
specialists, using special equipment or additional
materials, and so does not meet the requirements
for the developed concept for identifying
damaged cargo, as outlined in this study.

However, in the field of artificial intelligence
and machine learning, there are approaches and
methods, the combined application of which
allows us to develop a technology that meets such
requirements.

Solutions using artificial intelligence and
machine learning have already proven themselves
in the transport industry. Such solutions are more
effective than standard ways to improve the
efficiency of logistics operations.

It is possible to use machine vision
technologies to recognise damaged cargo.
However, such technologies have their own
nuances. Machine vision may not be effective
enough under difficult weather conditions, for
example, when there is insufficient lighting,
precipitation, glare from the sun or when an
object is in the shade, etc., all this making difficult
to detect deviations in the appearance of the
package from the norm.

So, the performance of damaged cargo
detection can be significantly degraded in
difficult conditions [13].

This problem is eliminated in the process of
neural network training. For example, the
automatic (ultrasonic, eddy current, etc.) control
of railway rails for damage can be replaced by
the method of image processing by a convolutional
neural network.

The experimental results confirm that the
proposed models can, for example, detect rail
surface defects in real time and show high
detection accuracy [14].

In this case, damage can be recognised even
under conditions that are unfavourable for
machine vision.

During practical application of the deep
convolutional architecture of neural networks, it
was possible to recognise the colour of the sticker
located on the windshield of the car and the
numbers on it from the video stream received
from the road camera with an accuracy of 90 to
98 % [15; 16].

In this case, damage to the controlled object
can be detected even if its moves at the speed up
to 100 km/h.

In the process of developing a system for
detecting damage to the asphalt pavement in real
time, the interdependence was revealed between
the accuracy of determining damaged sections of
the road and the time for processing information.

Image pixelization and segmentation provides
the ability to classify damage, but requires large
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Table 1

Classification of damage to cartonboard [compiled by the author]

Damage Possible causes Possibility of visual Probability of damage to
detection cargo

Impurity Open body Yes Nor
Rupture Force impact Yes Yes
Worn spots Abrasion Yes No
Chemical impact Chemical agents Yes Yes
Thermal impact Overheating Yes Yes
Colour inhomogeneity Wetting Yes Yes
Dents Impact Yes No
Violation of geometry Fall Yes Yes
Breakage of the seals Malicious acts Yes Yes
Unreadable marking Impurities Yes No

Pic. 2. Deformed packaging. [Electronic resource]: https://

hith

pravndnnng

het/uchet/primery-izderzhek-proizvodstva.

html. Last accessed 17.07.2022.

Pic. 3. Ruptures of the packaging. [Electronic resource]: https://www.
bansarchina.com/china-quality-control. Last accessed 17.07.2022.

Pic. 4. Packaging with traces of soaking. [Electronic resource]:
https://thegioidat.info/will-recycling-take-wet-cardboard.html. Last
accessed 17.07.2022.

computational costs, which can lead to suboptimal
work in the «real time» mode [17].

The use of a multiscale convolutional neural
network makes it possible to achieve high
accuracy of results in the automatic detection of

Vv
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cracks on an asphalt pavement regardless
a complex background [18].

The upsampling module allows combination
of low-level functions and continuous
convolution functions to realise pixel-level
prediction.

The amount of developments and practical
results presented in scientific research suggests
that at the moment there are real solutions,
software platforms and libraries for machine
learning that compile many different algorithms
and allow creating a software product that can
train an artificial neural network to perform the
necessary functions to identify damaged goods
within the cargo flow [19].

RESULTS

Depending on the cause of the damage,
various traces remain on the packaging. Given
this feature, we can assume the presence and
cause of damage to the cargo basing on the
external appearance of the package.

Impacts on the package, including those
resulting from a damage to the vehicle, improper
fastening of loads, falling out of the body, etc.,
can lead to its deformation (Pic. 2) or rupture
(Pic. 3).

Exposure to moisture, such as rain, snow, or
sea water during transportation by water, causes
characteristic marks remaining on the packaging
even after it has dried (Pic. 4).

Other damages such as those due to insect
or rodent attack, mildew, high temperatures,
chemicals, etc. also leave special traces on the
packaging (Table 1).

As can be seen from Pics. 2—4 and Table 1,
all damage to the carton package is quite clearly
visible visually. Therefore, using the experience
of processing images with a convolutional
neural network, it is possible to train the neural
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Pic. 5. Video recording of a cargo flow [compiled by the author].

Pic. 6. Loading an image into a neural network and identifying damaged packaging [compiled by the author].

network to recognise the cargo and detect
damage to the package.

For computer processing and damage
recognition, it is necessary to obtain images of
the visual world from 2D video cameras
synchronised with the neural network and
installed at the places of loading and unloading
operations [20].

Image resolution is determined by the
resolution of the camera. To detail the controlled
object and recognise the boundaries of defects
on the package, video cameras must shoot video
with a sufficiently high resolution and transmit
the image without compression. The number of
bits per pixel should be sufficient to detail the
colour of the image, which will ensure the
recognition of the contours of the damage.

It is better to use a high-resolution camera
than to develop and apply a super resolution
algorithm.

These recommendations assume that it is
better to use more memory to store the image
and spend more time on its transfer than to
increase the time of image processing and
damage detection.

In case of a change in external conditions, for
example, a deterioration in visibility, the neural
network will recognise damage to the cargo in
a higher resolution image with greater accuracy.
Higher image resolution also helps detect minor,
subtle damage.

To identify damaged packaging, it is
sufficient to get an image obtained from one or
more cameras installed on the path of the cargo
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Pic. 7. Model of damaged cargo recognition by an artificial neural network [compiled by the author].

moving during loading and unloading operations
(Pic. 5).

If three cameras are installed, as shown in
Pic. 5, and the cargo gets into their visibility zone,
images of the right and left sides of the package
will be obtained from the cameras «R» and «Ly,
of the front side from the camera «F» and of the
top side from all cameras («R», «L» and «F»)
respectively.

The back (rear) and the bottom («under»)
sides of the package remain hidden for the
cameras. In the case of moving stacked or
palletised goods, only one side of the package
may remain visible to the cameras. In some cases,
the packaging may be completely hidden from
the cameras. In such a situation, the probability
of detecting damaged cargo is reduced. However,
damage can be detected during depalletization
of loads if they fall into the image capture area.

Using methods and algorithms for searching
for an object within a video stream based on
global and local features, such as colour or shape,
it is possible to recognise the load (to classify an
object) by key points (to load an image into the
neural network), as shown in Pic. 6. Key points
and samples of detected objects are extracted
from a set of reference images stored in the data
library.

A software platform for modelling a neural
network, the number of layers and neurons in each
layer, the coefficient of permissible error growth,
the maximum system training time and other
parameters are determined and selected in the
process of its design and development.

The input layer of the neural network «1»
receives all the pixels in the image. The features
of the desired object are perceived by the neural
network as a group of pixels that are of the
greatest interest and are analysed for compliance
with patterns.

The computational layers of group «2»
extract features by filtering. The size and depth

of the fragments will be determined by the
number and colour of pixels.

The neural network matches the colours of the
packaging at different points and the contours of
places that differ in colour that are then compared
with damage patterns.

Merging layer «3» keeps only the desired
images of existing damage.

The final layers analyse the features of the
image and classify them according to the given
algorithm. These layers are made up of sets of
neurons that represent parts of the package image,
such as damaged areas. When a sufficient number
of neurons signalling damage to the package are
activated, the package will be classified as
damaged (Pic. 7).

The neural network needs to be trained and
has the ability to improve itself in the process of
analysing a huge amount of data. In this case, the
initial randomly assigned weights of neurons are
corrected. The adjustment is carried out until the
results become acceptable and allow the neural
network to function autonomously. It is possible
to control the processes of learning and self-
improvement of the neural network by checking
the output data.

DISCUSSION

Damage to cargo can occur for various
reasons, for example, due to a road traffic accident,
improper fastening of cargo in a vehicle, personnel
errors during loading and unloading operations,
or the influence of other external factors.

The applied technologies for detecting
damaged cargo combine the obligatory presence
of a specialist, the exercise of control on his part
and the performance of additional operations with
the cargo.

In the case when damage to the cargo is
accompanied by damage to the packaging, the
assumption that the cargo is damaged can be
made by the external appearance of packaging.



Specialists who directly perform cargo
operations, with operational experience gain
skills that allow them to determine by the external
appearance of the package whether the cargo is
damaged or not. However, they are not always
interested in the damage being detected since,
among other reasons, they themselves can also
damage the cargo due to an error.

If the experience accumulated by specialists
is transferred to ITS through trained neural
networks, then ITS will be able to detect the cargo
and signal this to the carrier or other interested
participants in the logistics process. Damage to
the packaging may be minor, and the cargo in
this case may remain intact, for example, as
shown in Pic. 2. When training the neural
network, it is possible to adjust the weights of
the neurons in such a way that the value set in
the range from 0 to 1 allows not to identify as
probably damaged the goods, the packaging of
which is damaged slightly only.

Packaging of goods can perform various
functions. One of the main functions is to ensure
the safety of goods and the optimisation of
transportation processes. Within the framework
of this study, packaging can supplement the set
of information functions, confirming the safety
of the cargo or timely warning of possible
damage.

To identify the packaging, the external
appearance of which is preferable to identify
damaged goods, the packaging can be divided
by its purpose into additional outer, transport,
and consumer packaging.

Consumer packaging must retain its original
appearance, as it plays an important information
and aesthetic role and becomes the property of
the buyer along with the goods. Sometimes
consumer packaging cannot be separated from
the product. Some goods, for example, food, are
forbidden to sell in case of violation of the
tightness of consumer packaging.

A digital intelligent expert system will be able
to draw conclusions about the damage to the
cargo if the damaged packaging falls into its
visibility zone. Consumer packaging during
transportation can be hidden by transport
packaging, and therefore its recognition becomes
difficult.

Additional outer packaging includes large-
sized containers, for example, intermodal
containers, a skeleton crate made according to
the individual dimensions of the transported

goods, pallets for moving goods by forklifts and
other packaging options that protect cargoes from
the effects of an external aggressive environment
and optimise transportation, loading, unloading
and warehouse processes.

Since additional outer packaging in the
course of transport operations, while not losing
ability to perform basic functions, acquires
aworn appearance and does not allow to visually
evaluate the condition of the goods inside it, it is
not a preferable option for recognition of damage.

Meanwhile, if there is significant visually
noticeable damage to the external packaging, for
example, deformation or traces of flooding of the
intermodal container, chemical or thermal effects
on the packaging film of palletised goods, then
such damage can be recognised, and the cargo
inside can be referred to as probably damaged.

Transport packaging is a casing for
transporting goods and protecting them against
damage. One or more goods may be put in the
transport package. Unlike consumer and outer
packaging, the goods are packed in transport
packaging at the final stage of production, at the
point of departure, but the packaging itself is not
transferred to the final buyer.

Transport packaging can be of various size,
shape, and design, made of wooden materials,
metal, paper and corrugated cardboard, polymers,
glass and other materials. Various types of
cardboard packaging is among the most popular
types of transport containers.

While the cargo damage recognition system
is capable to detect any damaged cargo by its
external appearance of the package if the damage
is visually noticeable, this study is focused on
the recognition of damaged cardboard packaging
of the correct shape.

Transport packaging may consist of an
external body and internal lids, inserts, liners,
fillers, cushioning pads, and other elements. Due
to the protective functions and design features of
the transport package, its damage does not always
cause damage to the cargo.

Thus, damage to the packaging can be divided
into package damage indicative of damage to the
cargo, package damage requiring additional
inspection and package damage not implying
damage to the cargo.

Specialists directly performing loading and
unloading operations and while gaining
experience learn to attribute damage to packaging
to one of three types, based on the state of
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a) Rupture

b) Deformation

c) Soaking

Pic. 8. Parameters of damage to packaging [developed by the author].

damage. It is possible to transfer these skills to
an intelligent expert system by defining or
establishing criteria for damage to the packaging,
indicating the likelihood of damage to the cargo.

Such parameters, for example, to identify
damage caused by external forces to the
cardboard package, can be the length and width
of the breakage, the depth of the dent, the area
of soaking, the value of the deformation
(Pic. 8).

When the package is broken, the length 11
will indicate a high probability of damage to the
cargo inside the package, the length 12 —the need
for additional check, the length 13 does not imply
damage to the cargo (Pic. 8a).

In case of deformation of the package, the
ratio of heights h1 and h2 will indicate damage

to the cargo, the ratio of heights h3 and h4 will
indicate the need for additional check, the ratio
of heights h5 and h6 — the absence of damage to
the cargo (Pic. 8b).

When the package gets wet, the spot area s1
will indicate damage to the cargo, the area s2 —
the need for additional inspection, the area s3 —
the absence of damage (Pic. 8c).

The limit values of the parameters I, h and s
are set experimentally, then adjusted in the
process of accumulation by the neural network
of data on damage to the package, indicating
damage to the goods, and then those values
become characteristics of damage patterns.

According to the results of a year-long expert
assessment of damage to goods transported in
cardboard packaging with corner inserts of foam



material and additionally packed with consumer
polyethylene packaging, it was revealed that
when the package’s rupture is more than 15
centimetres long, in 80 % of cases the cargo is
damaged. With ruptures of less than 15
centimetres, in 90 % of cases, the cargo remained
intact. When more than 30 % of the package area
was soaked, traces of moisture were also found
on the cargo.

In the presence of an inner package, depending
on its type, damage to the outer packaging,
indicating damage to the goods, may be attributed
to damage to the package, requiring additional
inspection or not implying damage to the goods.

Since visual inspection, except in obvious
cases, does not permit to establish for certain
whether the cargo is damaged or not, damaged
packaging indicates only the likelihood of
damage to goods. The condition of the cargo in
the damaged packaging requires additional
checking, as in the case of detection of damaged
packaging by a specialist performing loading and
unloading operations.

While accumulating experience, the neural
network will learn to recognise barely noticeable
damage to the load and minor deformations.

This will contribute to improving the quality
of'the entire process of cargo transportation, since
itis possible to exclude even the slightest change
in the appearance of the package only by
improving the transportation process and the
related cargo operations. Timely made, before
delivery to the consignee, recognition of
damaged packaging helps to increase the
efficiency of all transportation processes of the
logistics company.

In some cases, the neural network will be
forced to recognise a package that has artificial
signs of damage as damaged. For example, when
the lower part of the package has a pattern similar
to the traces of soaking. This task is solved by
synchronisation with the image of the package
obtained during loading at the place of production
of goods, which in turn will require the
introduction of appropriate technologies
throughout the supply chain and the integration
of neural network systems into a single ITS.

The introduction of ITS, capable of
recognising damaged cargo not only at the point
of departure, but also at all points of transhipment
and during loading, will determine at what stage
of the logistics process the cargo was damaged.

If the cargo in the package was damaged not
in the process of transportation, the proposed

concept allows to exclude the fault of the carrier
and confirm high-quality transportation.

The proposed concept allows not to install
new expensive equipment. In addition to video
surveillance cameras, which might already be
installed at the sites of cargo operations, only
devices for the functioning of the neural network
are needed.

Besides, it will be possible to collect and
process large statistical data on the localisation
and causes of cargo damage, which may
contribute to a significant change in the situation
with the damage to goods during transportation
and cargo operations.

The scientific effectiveness of the development
of the concept is associated with the accrued
knowledge in the field of identifying damaged
goods by the external appearance of packaging
in the process of performing logistics operations
through the machine vision and convolutional
neural networks.

The technological efficiency of the proposed
method can be determined through a comparative
analysis of the rapidity of cargo condition control
operations and the level of necessary qualification
of the personnel of supply chain companies.
These indicators positively characterise the
proposed method in comparison with others.

Evaluation of the economic efficiency of the
proposed method is possible using qualitative
and quantitative indicators.

CONCLUSION

The study has demonstrated the possibility
of identifying damaged goods by the external
appearance of their packaging using artificial
neural networks.

The proposed concept is based on technologies
that make it possible to train a neural network to
recognise damaged loads, as this is done by
a person, a specialist in this field, based on his
knowledge and experience. This approach to
identifying damaged goods and the cause of
damage is not currently widely used.

The vector of the study corresponds to the
general trends in the development of cargo
transportation and logistics processes using tools
recognised as advanced by the predominant part
of the scientific community.

Following the review of existing developments
in the field of recognition of various objects,
including those with complex shapes, small sizes
and remote from image fixation tools, conclusions
were drawn about the feasibility of using high-
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precision neural networks to train ITS to
recognise packaging that has even slightly
changed its appearance.

The study also describes the characteristic
signs of some damage.

The study resulted in the idea of using
artificial intelligence tools to recognise damaged
cargo by the external appearance of the package.
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ABSTRACT

Efficient cargo transportation at major transport hubs its
management is critical to global trade. Existing systems for
organising cargo transportation do not provide traceability,
transparency, information security and immutability of data stored
and exchanged during various operational processes. Consequently,
this negatively affects the performance of transport hubs.

The use of digital applications of information and communication
technology (ICT) in the transport industry can lead to highly
automated processes and more cost-effective solutions. Cargo
transportation requires the use of real-time data exchange between
the various stakeholders involved in the process. Traditional ICT-
based logistics systems use a centralised architecture to allocate
and process data and services. However, centralised logistics
systems cannot provide secure real-time data access, operational
visibility, and trust between participating organisations.

Automating various functions of transport hubs with the
help of the Internet of Things (loT) and cloud computing can
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adequately improve the performance of transport hub
operations. These operations include automation of the vehicle
interface, container yards, intra-port logistics, and the terminal
reception area.

The objective of the research is to increase the efficiency
of organisational and functional activities of transport hubs
through digitalisation. Significant are the methods of applying
an integrated approach that combines confirmation of feasibility
of participation of a port facility in servicing the cargo traffic in
terms of delivery «just in time» and of economic feasibility of
participation of the facility in the channel of cargo flows to save
operating costs. Possibilities for improving the process are
considered from the point of view of integration of information
exchange between different participants using end-to-end
technologies in transport hubs, namely, the blockchain concept,
to optimise operations by integrating and exchanging information
between participants in the transportation process.
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INTRODUCTION

The transition of the People’s Republic of
China to a consumption-driven economy,
coupled with improved accessibility of interior
regions, has turned the transport industry’s focus
away from outward orientation towards meeting
the needs of new domestic markets. In such
a large and diverse market, many transport
companies have succeeded by experimenting and
finding their niche. The complexity of the market
results in the fact that the largest operators with
streamlined processes and more adaptable and
scalable business models are in an even better
position [1].

As domestic consumer markets grow, and
investment expands into new interior regions,
China’s transport and logistics infrastructure is
facing new challenges and attracting new
attention from businesses and government
authorities. High economic growth in China,
while stimulating demand for logistics services,
also creates problems for logistics operators.

As the service sector and high-tech industries
develop in the country, companies will need
stronger logistical support to improve their
efficiency. In turn, this will require better
management practices, greater use of information
technology and systems capable of integrating
and controlling movement of goods and materials
in supply chains both within and outside the
country. Particular attention is paid to the
operations of transport hubs, where material
flows are processed when moving from one mode
of transport to another.

The port infrastructure of China’s major
transport hubs suffers from several shortcomings
in terms of efficiency and maintenance [2]. First,
mainland berths average 22 to 27 crane
movements per hour, compared to 30 movements
per hour in Hong Kong. Secondly, bottlenecks
often occur as containers are slowly reloaded
from the port to other modes of transport, often
requiring at least two crane movements for each
operation. Bureaucracy is the third problem
hindering efficiency. Shipping companies must
obtain permits from customs, the State
Administration of Quality Supervision,
Inspection and Quarantine, the State
Administration of Foreign Exchange and other
government agencies. Fourth, cargo loss in China
is higher than in Hong Kong or Singapore due
to theft and damage. Finally, shipping is still

a relatively restricted sector since foreign
companies are only allowed to have a minority
stake in Chinese port facilities.

Since neither the shortage of barges nor the
congestion of waterways are serious problems,
the government of the PRC is striving to
modernise the infrastructure of water transport.
Currently, there are more than 1,200 ports in
China offering berths for 33,000 ships, including
800 deep water berths capable of handling 10,000
tonne ships. A significant increase in container
transshipment capacity is planned for 2025. The
PRC authorities have entered negotiations with
international shipping companies and committed
themselves to develop regulations requiring
shipping lines to provide information on freight
rates. These are all signs of increased transparency
in the industry.

The PRC government is also taking advantage
of foreign interest in building ports. The Shanghai
Port Authority has already begun implementing
a 20-year, $14,5 billion project that provides for
construction of 52 berths along a 13-kilometer
embankment for the ships with a draft of at least
15 meters at Yangshan Deep Water Port. The
container terminal on the mainland is being
designed by Hamburg Port Consulting,
a subsidiary of the German Group, Hamburger
Hafen und Lagerhaus-AG [2].

The vision of the Shanghai port is to become
a global hub operator, and its main strategy is to
further develop the port while expanding to the
world. The Shanghai port has focused on two
aspects of the development strategy, hardware
and software ones, and this will make the port
more competitive. To do this, it is necessary to
focus on operational and management aspects
such as IT communications, EDI system, port
marketing, internalisation policy to attract
potential users of the port. A transport hub is
ajunction of two or more modes of transport, the
technological interaction of which is ensured by
an appropriate set of devices and means, as well
as by organisational measures [3].

Today, the supply chain network is well
integrated with information technologies such as
enterprise resource planning (ERP), RFID, GPS,
sensor technology, video technology, and
barcode technology. However, in most cases,
these technologies work separately and are not
interconnected. To overcome the aforementioned
problems, operation of the transport hub can be



Pic. 1. Types of import-export operations in the transport hub [performed by the author].

radically improved through digitalisation and, in
particular, through introduction of a blockchain
technology.

The fast-growing pace of world trade requires
cost-effective, fast, and highly reliable port
operations and cargo transportation management
systems. The use of digital applications of
information and communication technologies
(ICT) in the transport industry can potentially
result in highly automated processes and more
cost-effective solutions [4].

Cargo transportation at transport hubs
requires the use of real-time data exchange
between various stakeholders involved in the
process. This is important, especially during
transportation in intermodal transport hubs, for
more efficient use of resources and infrastructure.
Traditional ICT-based port logistics systems use
a centralised architecture for hosting and
processing data. However, centralised logistics
systems cannot provide secure real-time data
access, responsiveness, traceability, and trust
between participating organisations.

Close coordination of stakeholders involved
in the logistics chain of the transport hub
contributes to rationalisation of cargo planning
processes. Therefore, it can provide efficiency
by reducing the total turnaround time of a vehicle
in a transport hub. Effective cargo transportation
planning and decision making also requires
a secure and transparent flow of information

between various stakeholders. These operations
include automation of the vehicle interface,
container yards, intra-port logistics.

With the growth of international trade and
development of the economy, the volume of
container transportation in China’s ports is
growing rapidly. FCL and LCL are two terms
that are used in the field of import-export
operations in sea cargo transportation. If
a consignee has a large consignment of goods
that will take up a whole container, then he books
FCL. The abbreviation stands for «Full Container
Load». FCL belongs to one consignee. Even with
partial loading and belonging to one customer,
the cargo will be considered FCL [4].

If the volume of the consignment cannot fill
the entire container, the consignee books only
a space in the common container. In such
a container, goods of other consignees are
transported, who pay not for the entire container,
but only for a space. This is called LCL delivery —
an English abbreviation that stands for «Less-
Than Container Load». LCL is cheaper than FCL.
It makes sense to book LCL when delivering
small loads and consignments of goods. LCL
business processes in most ports in China
continue to be complex and inefficient.

Blockchain is a data structure that represents
a ledger entry or transaction record. Each
transaction is digitally signed to ensure its
authenticity. This ensures the integrity of the
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Pic. 2. Blockchain data structure [performed by the author].

ledger and existing transactions [5; 6]. These
digital ledger entries are then distributed across
multiple computers or servers, each acting as
a node. These additional nodes and layers of
infrastructure serve to provide consensus on the
state of the transaction at any given second; they
all have copies of the entire existing authenticated
ledger distributed among them.

Blockchain uses cryptography to ensure that
if any changes are made to a block, users can
instantly notice those changes [7]. This property
makes the blockchain an ideal data structure for
storing records.

As the name suggests, blockchain consists of
a chain of blocks. Each block consists of
transaction record data and related information
contained in each transaction. Each transaction
has a timestamp associated with when it was
written to the block chain. Subsequent blocks
require the identifier (or hash) of the previous
block, and this is the link that links all the blocks
together (Pic. 2).

The advantages of blockchain over existing
systems are obvious. Blockchain generates
a single source of data through decentralisation
compared to existing systems, which are mostly
centralised. In addition, the blockchain provides
an increased level of security since the data are
immutable. In existing systems, data are mostly
verified externally (for example, through an
audit), while in a blockchain, external
verification is not required. The data on the
blockchain have a date and time stamp that
serves as proof of confirmation. All these
transactions are stored online in blocks. This
technology is used in cryptocurrencies. For
example, in the Bitcoin Satoshi blockchain,
blocks contain information about transactions
in Bitcoin [8]. The block indicates who and to
whom sends bitcoins.

As the blockchain keeps track of movement
of all bitcoins since their creation, it is
possible to check through the ledger who
exactly owns this or that bitcoin at any given
time. This ownership mechanism that helps
keep track of bitcoins is called the current
«state» of the blockchain. A transaction only
happens when it is added to a block. As new
blocks are added, the state of the blockchain
is updated. Since all transactions are updated
in the blockchain, the user can access the
blockchain at any time and see which
transactions have been made [9; 10].

Blockchain is a revolutionary new technology
that facilitates peer-to-peer (P2P) value transfer
without the need for a centralised intermediary
[11]. Blockchain technology paired with smart
contracts is a reliable method for automating
business rules within an efficient and trusted
mechanism. A smart contract is a self-executing
piece of code that runs on a blockchain platform.
Predefined rules between participating
organisations are translated into smart contract
functions to establish trust.

There are three popular types of blockchain:
public, federated and completely private [12]:

* Public blockchain is the most common form
of blockchain. In it, anyone and everyone has the
ability to confirm or view any transaction that
occurs on the network, upload the code and run
a public node on their local device, confirming
transactions on the network and participating in
the consensus process. This entitles a person to
participate in the process that determines which
blocks are added to the chain and what the current
shape and size of the blockchain is.

Several modern public Blockchain protocols
based on Proof of Work consensus algorithms
are open source. This implies that anyone can
take part in them without permission. Bitcoin,



Ethereum, Monero, etc., can be quoted as
examples there-of.

* Completely private blockchain. The
consensus mechanism is centralised in the hands
of an organisation, that is assigned a task to verify
and add all transactions to the blockchain.
A network based on a private blockchain
therefore does not need to use mechanisms such
as « Proof of Work» or «Proof of Stake», which
are difficult to be implemented and expensive.

* Federated blockchains are mainly used in
the banking sector. They are a kind of private
blockchains that are controlled not by a single
node, but by several pre-defined nodes. The
consensus process in federated blockchains is
different from the consensus process in public
blockchains. Here the consensus is controlled by
a pre-selected set of nodes. The right to read the
blockchain can be public or restricted to
participants. Such blockchains are also known
as private permissioned blockchains.

In the context of the supply chain, transparency
refers to the information available to companies
participating in the supply chain. For the supply
chain to be transparent, it is important that the
origin of a product or service can be traced from
the beginning to the end of its life cycle. Thus,
transparency and traceability are interrelated.

Blockchain technologies provide increased
transparency in the supply chain, but more
importantly, they create an immutable and
distributed type of record of custody due to the
nature of the protocol, which is well suited for
traceability applications. However, there are
problems that need to be overcome. An issue how
the technology will be developed and managed
is among them.

* Permissioned blockchain is a distributed
ledger that is not public. Only users with
permissions can access it. Users can only perform
certain actions granted to them by general ledger
administrators and must identify themselves via
certificates or other digital means. Both public
and permissioned blockchains have their
constraints and benefits. It is necessary to ensure
compatibility of permissioned and public
blockchains, which will require standards and
agreements.

Another major problem is associated with
regulations and legislation. A complex array of
regulations, maritime law and commercial codes
govern property and ownership rights on the

world’s shipping lanes and in their multiple
jurisdictions.

Of various proposed benefits of blockchain
discussed earlier, one major benefit refers to the
form of smart contracts. A smart contract can be
understood as a set of algorithms and programs
within digital environment that can be partially
or completely executed or enforced upon the
occurrence of certain conditions. In the
blockchain context, smart contracts have pre-
written logic; stored and replicated on
a distributed storage platform; are executed/
triggered by a network of computers and may
result in an update of the ledger. In general, they
work on the basis of « if-then» statements, which
are executed and checked by many computers to
ensure validity. The main function of the
blockchain is to provide users with a distributed
reliable storage. Similarly, the main function of
a smart contract is to provide users with
distributed reliable computing.

A smart contract consists of a computer code
that is used to automate the «if-then» parts of
a traditional contract. The advantage of
a computer code within a blockchain is that the
likelihood of manipulation is very low since there
are fewer potential disputes. The code is
reproducible on many computers and is run by
those computers that have come to an agreement
on the results of executing the code.

Smart contracts provide the following
benefits:

* Self-executing conditions: «if-then» clauses
create a self-executing contract. This reduces the
need for interaction between process participants.
If a certain set of conditions is met, the seller gets
paid. If the conditions are not met, then one of
the parties automatically receives a penalty.

* Security: the smart contract is encrypted and
distributed between nodes. This ensures that it
will not be lost or changed.

» Speed and cost: due to automation, the
process is very fast. For example, the seller does
not have to wait for payment if everything is
correct. As soon as the conditions in the smart
contract are met, the payment process starts
automatically. It also helps eliminate middlemen,
which saves costs.

Despite the great advantages, smart contracts
also have disadvantages:

* Human factor: People are involved in
coding and programming, which means that there
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Pic. 3. The currently adopted process of transportation of containers As-Is [performed by the author].

may be possible loopholes in the codes. This
makes the smart contract susceptible to hacker
attacks.

o Legislative complexity: smart contracts are
currently not subject to legal regulation. However,
the rapid rise in prices for cryptocurrencies has led
to the fact that many countries have begun to
regulate the crypto-currency industry. Smart
contracts are legal documents that will be executed
on a digital platform. They are currently outside the
legal and regulatory framework, and the parties may
conclude them based on their own understanding.
If smart contracts become regulated and will require
regulatory approval, then the effectiveness of smart
contracts will be lost.

* Contractual terms: smart contracts are
mostly useful for «if-then» execution. Many
contracts are specifically written with clauses to
create a channel for arbitration. For example, the
force majeure clause is found in most shipping
contracts.

We have considered various supply chain
challenges in transport hubs and how various
blockchain applications such as smart contracts
can be useful in bringing transparency and
traceability to current supply chains. Three main
problems for shippers in the supply chains of
transport hubs were identified: barriers to trade,
technology adoption in the maritime industry,
and inefficient contracting practices. They cause
shippers to face unnecessary delays and costs
due to paperwork overload.

RESULTS
As-Is — Delivery Process

The current process of shipment of goods and
the importance of documentation are shown in
Pic. 3.

1. Here is the interaction of the buyer and the
seller in the sale and purchase of goods:

* The seller and the buyer enter into an
agreement for the sale of goods. This happens
through traditional paper contracts. Contracts are
signed physically, so they are exchanged by
courier or express mail.

* In most cases, when the transaction is of
high value and when the buyer and seller do not
know each other, the seller asks the buyer to
provide a letter of credit (LOC) from the buyer’s
bank. LOC is a document from a bank that
guarantees payment.

2. The buyer and seller interact with their
banks to issue and confirm LOC:

» The buyer requests LOC from his bank.
When the buyer requests LOC, he also specifies
the conditions under which the payment must
be made. For example, on what day and time
the seller should ship the goods, or from which
port the goods should be shipped. In accordance
with these instructions, the bank issues the
payment.

* The issuing bank then sends a copy of the
letter to the seller’s bank, along with a list of
documents that will be required from the seller
for payment.



» When the negotiating bank confirms LOC
status, it then informs the seller. The seller needs
to carefully study the terms of LOC since
payment is made based on LOC.

3. After the contracts are signed and LOC is
approved, the seller prepares to ship the goods:

 The seller starts preparing the goods in
accordance with the agreed conditions (e.g., the
type of packaging, the appearance of the product,
etc). These points are usually specified in the
original contract.

* In parallel, the seller is also looking for
a freight forwarder to help the buyer deliver the
goods. The seller usually sends a request for
a freight quote, which can be sent by e-mail, by
phone or in an online form. The freight quote
request will contain all the information needed
to transport the goods.

* Based on the information provided, the
freight forwarder prepares a freight quotation,
breaking down the individual elements of the
freight, including margins. They comprise:

— Information about the route: where and
from where the goods are sent.

— Method of transportation and equipment.

— Details of the shipment, including
dimensions, weight, and a description of the
goods, such as whether they are dangerous.

» After the seller accepts an offer from
a certain forwarder, he provides him with the
following documents:

— Commercial invoice: suppliers selling
goods to importers issue a commercial invoice.
Like other invoices, it is proof of sale and
includes the same information as a standard
invoice. Its difference is that it also includes
information about the cargo required for customs
clearance.

— Certificate of origin: in most countries, this
document is required for customs clearance,
calculation of possible duties, as well as for
preliminary reporting of cargo.

— Material Safety Data Sheet. This is
a declaration for dangerous goods.

— A letter of instruction from the consignor.
It contains shipper/consignee information,
routing information, Incoterms, etc.

4. After the freight forwarder receives the
contract and relevant documents from the seller,
he proceeds to book capacity with the trucking
company and with the NVOCC (Non-Vessel
Operating Common Carrier). NVOCC is an

aggregator that collects containers from multiple
freight forwarders (FF) or shippers and then book
capacity.

* FF sends a request for quotation to several
trucking companies and NVOCCs. FF may enter
into a contract with a trucking company/NVOCC
based on a long-term contract in the spot market.
The trucking companies and NVOCC then review
the terms and conditions and accept or reject the
request accordingly. This is usually done via email.

* NVOCC provides FF with a booking
confirmation that includes the booking reference,
equipment size and quantity, transportation plan,
loading route with arrival time at port, etc. This
confirmation is sent by email.

* FF then sends the information to the seller
via email.

5. After the seller has received the information
from FF, the shipper prepares the goods for
acceptance by the carrier.

The delivery man arrives at the seller’s
facility to pick up the goods. It also collects the
following documents:

* Container Weight Declaration: The
document will include shipper’s data, consignee’s
data, container type, commodity, total product
weight and type of cargo.

* Booking confirmation that FF should have
provided to the seller.

6. After the goods are taken from the seller’s
warehouse, the carrier takes the goods to the FF
warehouse. Then the freight forwarder starts
preparing containers, which are sent to the port
for loading. The freight forwarder consolidates
volumes from different clients and prepares
containers with a full load. This allows increasing
capacity and minimising costs:

* FF also ensures the completeness of the
packing list containing information such as
shipper/consignee, equipment/skids/cranes,
packing details, cargo description and HAZMAT.

» The carrier collects the containers for
delivery to the port along with the packing list.
Packing list and booking confirmation are
required by the carrier to obtain permission to
enter the port.

7. Then the carrier arrives at the port and
receives an entry permit, presenting the relevant
documents. However, FF has more work to do
at this stage:

* FF liaises with customs to clear goods. This
is a difficult task, as customs checks all documents
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Pic. 4. Structure for deciding on the need for a blockchain [performed by the author].

and makes sure that the declarations are correct.
If there are any discrepancies, the goods are not
loaded onto the ship and if they remain in the
port, it causes a demurrage cost.

* FF also liaises with NVOCC for Bill of
Lading. The Bill of Lading (BOL) is an important
document that contains full details of the goods,
their shipment, condition, etc. This document serves
as proof that the goods have been cleared through
customs and shipped on the specified date and time.
Any discrepancy in the BOL means that the buyer
will not be able to take possession of the goods.

* NVOCC issues a draft BOL and sends it to
FF, who checks all the details and corrects errors
if any.

8. After completion of all formalities and
approval by FF of a draft BOL, the containers
are loaded onto the vessel and sent on a voyage:

* NVOCC issues 3 original copies of BOL to
FF.

* These are paper copies delivered to the seller
in person or via FF courier service. This process
takes time depending on the location of the seller.

9. After receiving copies of BOL, the seller
keeps one copy:

» He sends the second copy to the bank to
receive payment. BOL contains all the important
information required to receive payment, such
as time of departure of the goods, the quantity,
the port of departure, etc.

* The third copy is sent to the buyer, who
needs it to receive the cargo at the port of
destination. This copy is usually sent via courier
or express mail.

10. Once the buyer receives BOL, he prepares
all the necessary documents that he will need to
obtain ownership of the goods. After the cargo
arrives at the port of destination, the importer
must submit the following documents to receive
the cargo:

* Bill of lading: The bill of lading is one of
the main import documents for customs clearance
of imports. The bill of lading is a measure of the
«country’s total outgoing remittances» regulated
by the Reserve Bank and the Customs Department.
The bill of exchange must be submitted within
thirty days after arrival of the goods into the
customs territory. After the import customs
formalities are completed, a «pass order» is
issued for such an invoice. Once the importer or
his authorised customs agent receives an «export
order» from the appropriate customs officer, the
imported goods can be removed from customs.

» Commercial invoice.

* Bill of lading.

 Import license.

* Insurance certificate.

* Purchase order.

* Credit sheet.

* Any other tax documents.

11. If all documents are correct, the goods are
released from the port and the buyer takes
possession of them. However, if there are any
discrepancies in the documents, the goods are
not released, and the buyer bears additional costs
in the form of demurrage.

The As-Is delivery process has many
constraints that make it cumbersome and costly.



Pic. 5. To-Be process of transporting containers [performed by the author].

This is extensive documentation that is required
at every stage. As arule, contracts with high value
and high risk are executed on paper to maintain
legal status. Besides, all documents submitted
for customs clearance are usually printed on
paper. Paying fines for shortcomings in work is
a serious problem. In most cases, the shipper or
carrier does not pay for deficiencies in service.
Contracts, as a rule, are free verbal agreements
transferred to paper [13].

Another aspect that creates barriers is the
need for a bank guarantee. Generally, the buyer
is expected to provide the seller with a letter of
credit (LOC) as a guarantee that the seller will
be paid after certain conditions are met. The
banks of both sides are involved in this process,
and the seller does not ship the goods until he is
satisfied with received LOC. This is especially
true for small buyers [14].

The problem is that LOC only describes some
general terms, such as port of shipment, time of
shipment, quantity of shipment, etc., however,
as a rule, there is no condition in it that speaks
of the quality of the goods received. Thus, even
if the supplier ships defective goods, he will
receive payment from the bank in any case, if
LOC conditions are met.

As-Is container shipping is inefficient and
costly. And it is the blockchain as a tool that can
help solve many of the problems of this process
and make it more efficient. The diagram shown

in Pic. 4 explains why the blockchain might be
suitable for re-engineering an existing process.

Based on the diagram above, we have
determined that for our existing model, we need
a private permissioned blockchain. Below are
the facts for deciding on the type of blockchain
we need:

* We will need timestamped data and there
will be multiple participants such as seller, buyer,
forwarder, and customs.

* We do not have a single trusted third party.

* All participants are known but not trusted.

» We do not need an external audit.

The first step towards blockchain
implementation is that the buyer, seller, freight
forwarder, NVOCC, and customs all join the
blockchain. It will be a private permissioned
blockchain where different parties have different
access rights. For example, customs cannot view
information about the cost of goods [15].

To-Be — Delivery Process

To-Be process consists of the following steps:

1. Buyer and seller enter into an agreement
as follows:

* The contract is executed as a smart contract
through the blockchain.

* A bank may not be required as a party to
a blockchain-enabled platform. A smart contract
is a self-executing contract based on certain
if-then clauses. Money can be stored in
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Pic. 6. Process As-Is and To-Be [performed by the author].

cryptocurrency. If all the conditions in the
contract are met, the seller receives the money,
otherwise the money is held within the dispute.

2. The seller concludes an agreement with
a forwarder (FF).

3. After finishing work on the contract with
FF, he signs a contract with NVOCC and
atrucking company. All information is transmitted
through the blockchain.

4. The carrier receives all the necessary
information from the seller. Details such as
collection time, details, etc., are sent to the driver
of the vehicle. The carrier may or may not join
the blockchain. The shipper is usually
a subcontractor and does not need to upload any
special documents, so the process will not be
affected if the shipper is not on the blockchain.

5. The carrier then delivers the goods to the
FF warchouse, where the container is prepared
for shipment.

6. The information is then transmitted to
NVOCC/sending partner via the blockchain. This
information is required by NVOCC to prepare the
bill of lading. FF no longer needs to have physical
copies of documents to submit at the port. All
necessary information, such as commercial invoice,
packaging data, bill of materials, etc., is transmitted
to customs electronically via blockchain by the
freight forwarder or seller:

» The blockchain process does not require
production of physical documents. This will save
FF time as he will be able to check the documents
at customs electronically.

* After the carrier picks up the cargo from the
supplier, it goes directly to the port. Customs has
all the necessary information through the
blockchain. The only document the carrier may
need is an entry permit.

» When the cargo is in the port, the customs
officer can conduct a physical inspection of the



goods based on the information provided by the
shipper via the blockchain.

7. After customs clearance, NVOCC is
preparing the shipment. The bill of lading is
generated electronically and transmitted to the
customs of the seller and the buyer via the
blockchain. There is no more need for a physical
copy.

8. When the cargo arrives at the destination
port, the buyer does not need to collect all the
documents. All documents are transmitted to the
port authorities and customs via the blockchain.
Customs officers control goods against documents
uploaded via the blockchain.

9. After the control, the buyer takes possession
of the goods.

Comparing both processes, As-Is and To-Be,
in Pic. 6, we can see possible improvements. The
number of steps in the process has been reduced
from 11 to 9, indicating an increase in efficiency.
Another important point is that the bank is no
longer a participant in the process. Thus, the
number of intermediaries is reduced.

In steps 1 and 2 of To-Be process, we use
smart contracts between buyer, seller, and
forwarder instead of traditional paper contracts.
This makes the process more efficient and
dynamic. This will help to minimise inefficient
contracting practices.

In step 7 of To-Be process, we note that the
bill of lading (BOL) is now transferred over the
blockchain to both the seller and the buyer. This
is a key improvement. Usually, BOL is emailed
to the buyer or seller. Thus, there is a risk that
BOL may be lost. If the buyer fails to present
BOL at customs, he risks receiving a penalty for
cargo demurrage in the port. In the blockchain
process, such risks will be minimised.

In general, using blockchain, we see that data
move faster along the chain, the use of paper
documentation is limited, and the contracting
practices become more efficient. In addition,
since there is mutual trust between different
participants, no external validation of the data is
required [16].

Incorporating blockchain into the delivery
process can have many benefits. The need for
physical documentation is greatly reduced. The
seller and the buyer can save a lot of time
otherwise lost due to paperwork. All
documentation is transmitted electronically to
partners such as the freight forwarder, NVOCC

and, most importantly, customs. Customs officers
receive documents in electronic form for each
shipment.

A significant advantage of the blockchain
here is that the customs can trust the transmitted
data. The data uploaded to the blockchain will
be date- and time-stamped. Also, if customs or
any of the parties want to edit the documents or
change the timestamp, they will have to get the
approval of the majority of the participants in the
system. Thus, neither the customs officer nor
other parties can easily make changes. Changes
will be kept. In existing systems, we can achieve
this level of permissions, but the system remains
centralised. The difference that blockchain brings
to the system is decentralisation and the fact that
all parties must agree before changes can be
made.

The report (2017) by the Global Supply Chain
Subcommittee of the Customs Operations
Advisory Committee (COAC) has assessed the
applicability of blockchain for trade operations.
The group proposed 14 blockchain use cases
[17]. These included ideas such as collection and
tracking of licenses, permits and licenses from
partner government agencies, reporting on
certificates of origin and qualification of products
under free trade agreements, carnets TIR, and
tracking movement of bonds.

In addition, using the blockchain, we can
initiate payments based on performance. Shippers
and carriers usually don’t get paid for poor service
from either party. This issue can be solved with
the help of smart contracts. Since smart contracts
use an «if-then» clause to make payments, either
party can punish the other party based on the
shortcoming in the service provided [18].

CONCLUSION

The suggested model for applying blockchain
technology to transport hub supply chains
requires all parties involved to adopt the
blockchain. This can be a difficult task, especially
when it comes to customs. First, the customs of
each country must implement the blockchain and
accept documents received through it. This may
involve multiple approvals and will take time.
Secondly, the customs office of the country of
destination must also be linked to the customs
office of the country of origin to ensure a smooth
flow of information. This raises the question of
compatibility.
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Currently, different blockchains are
incompatible, which means that a blockchain
that uses bitcoin as a currency cannot trade with
an Ethereum blockchain that uses Ethereum. He
will have to convert bitcoin into fiat currency
(fiat currency is a currency declared legal tender
by the government but not backed by
a commodity), and then buy ethers with this fiat
currency.

Blockchain can act as an aid to and improve
the existing process in the transportation industry.
Thanks to the immutable nature of the blockchain,
it has the potential to build trust between the
participants in the transportation process, such
as customs, shippers, freight forwarders, etc.
Since knowledge of the capabilities of information
technology is an important point in the design of
an integrated information management system
for a transport hub, the study refers also to
technologies available for tracking cargo and
vehicles, communication and management of the
transportation system.
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INTRODUCTION

The ongoing digital transformation of transport
and logistics systems determines the need to
change the scientific paradigm of transport
systems management, to search for new approaches
to organising the transportation process and
effective interaction of all participants in the
supply chain, from the component supplier,
product manufacturer, logistics and transport
companies, and ending with the marketplace
operator and the end consumer of the product. The
key trend in this digital transformation is formation
of business ecosystems, primarily in the field of
e-commerce, as well as in related sectors of the
economy.

The most important principle of such business
ecosystems, in our opinion, is the departure from
the model of direct competition and the transition
to a model of balanced competitive coexistence
and mutually beneficial partnership.

Besides, formation and functioning of business
ecosystems is impossible without the development
of digital platform solutions, which today are
turning into a new type of business process
integration tool and formation of new organisational
forms of «digital monopolies». Entry into this
ecosystem of a new company, product or service
is associated with a significant entry barrier
(including on the principle of «friend or foe»).
Even more problematic is the exit from the
ecosystem that provides promotion of products
and services, including the issues of ordering,
delivery and payment for goods or services, after-
sales maintenance, and customer service.

International scientific sources contain
a significant number of publications on formation
and development of business ecosystems.
However, as a rule, these publications deal with
processes related to ecosystems in the field of
banking, telecom, and entertainment. At the same
time, there are practically no publications related
to development of business ecosystems in the
fields of transport and logistics. The issues of
development of these business ecosystems, as well
as key factors related to their formation and
functioning, including creation and use of digital
platform solutions, in our opinion, are not
disclosed in full.

Insufficient development of conceptual
approaches to formation of business ecosystems
in transport and logistics, the use of digital
transportation management platforms, including
those along international transport corridors, slow
down digitalisation processes in the domestic

transport and logistics system and make it difficult
to develop design solutions for the use of digital
transportation management tools.

Key Trends and Vectors of Development of
Global Transport and Logistics

Currently, the global transport and logistics
system, the key element of which is the network
of international transport corridors (ITC), is
undergoing a period of fundamental
transformations associated with the manifestation
of the following key factors:

1. The ongoing geopolitical changes, sharp
politicisation of international relations and
introduction by individual countries of unilateral
unreasonable restrictions, freezing (in fact,
confiscation) of assets, a ban on activities,
including organisation of transportation.

The global and long-term nature of this trend
is beyond doubt, as well as the depth of its
influence on yesterday’s unshakable «rules of the
gamey, including in terms of organising
transportation along the ITC.

2. The impact of the COVID-19 pandemic on
the global economic system in general and the
transport and logistics industry in particular.

The seemingly «insignificant» outrage turned
into a «perfect storm» that radically changed not
only the structure of goods transportation flows
and the cost of transportation along the ITC, but
also led to long-term and sustainable changes in
the global transport system, including reorientation
of cargo flows to alternative modes of transport
and directions of transportation.

3. The development of information and
communication technologies, digital services has
laid the foundation for a fundamentally new way
of organising, managing and controlling the
transportation process, ensured creation of
innovative channels and communication tools
between the customer and the manufacturer,
between the client and the carrier, making them
«closer» to each other and changing the
composition and established roles of absolutely
all participants in the transportation process.

The totality of these primary factors and
cardinal reasons has become the basis for
formation and development of new mechanisms
and methods for rational organisation of
transportation, including along international
transport corridors. The actual manifestation of
these changes was:

1. Significant changes in the general system
and in the rules of organisation of international



economic relations against the background of the
maximum growth of their «polarisation».

The ongoing changes in the rules and conditions
for organising international transportation, often
accompanied by a direct actual ban or restrictions
on certain types of international traffic (such as
aban on Russian road transport companies to carry
out transportation in the European Union) or a ban
on the use of infrastructure (a similar ban on the
entry of Russian ships to European ports).

2. Increasing changes in the structure and
directions of commodity and transport flows, as
well as in the conditions of transportation, including
along international transport corridors, a significant
trend towards the use of land modes of transportation
and the transfer to land routes of more and more
significant volumes previously transported by sea.

3. Mandatory use of digital tools to organise
and ensure implementation of the transportation
process, including construction of digital network
platform solutions and formation of business
ecosystems involving all the participants in the
supply chain: commodity producers, transport and
logistics companies, infrastructure operators and
end users.

It should be noted that due to the high dynamism
of these processes, scientific developments in the
field of theory and methodology for creating digital
transport and logistics systems that support
organisation and rational management of cargo
transportation along international transport
corridors do not keep pace with applied solutions
implemented in practice. The small number of
scientific publications on this issue are mainly of
an applied nature.

At the same time, the conceptual foundations
of such changes in the mechanisms and methods
of organising transportation along international
transport corridors, fundamental scientific research
are necessary to determine the future shape of not
only the global transport industry, but of the entire
global economic system. In this regard, to elaborate
scientifically based approaches to development of
international transport corridors under modern
conditions, as well as to integration of the Russian
Federation into the updated system of transport
corridors, there is the need for an in-depth analysis
of key causes and main consequences of ongoing
global transformations of the world transport and
logistics system, including of the problems of
formation of digital platforms to ensure rational
transformation of international transport corridors.

The research conducted by the authors of this
article comprised the study of organisational,

technological and legal issues of multimodal
transportation along international transport
corridors (ITC). Its purpose was to develop
conceptual, organisational and technological
solutions that ensure construction, operation and
development of digital platforms for managing
transportation along ITC, and corresponding to
the real needs of the transport and logistics system,
the current legal norms, the modern and future
developments of digital technologies in transport
industry.

RESULTS

One of the most striking manifestations of
ongoing changes in the global transport and
logistics system is associated with formation of
digital business ecosystems, including within the
framework of transportation processes along
international transport corridors, and, in general,
in supply chains going from a commodity
producer to the final consumer of goods. Moreover,
there is an accelerated development of the
processes of creating such business ecosystems in
different states and regional associations, as well
as their integration with related ecosystems,
including in the areas of e-commerce, finance,
manufacturing, and others.

The most frequently used and, perhaps, the
most capacious definition [1] interprets a business
ecosystem as «a set of own or partner services
united around one company (structure).

Other researchers interpret [2] the business
ecosystem as dynamic and constantly evolving
communities that create new value through
cooperation and competition.

Within the framework of the domestic
regulatory field, the following definition of
a business ecosystem® has been accepted: this is
aset of complementary services that, through joint
integration, form additional value for consumers
using them.

Regardless of the definition used, the key
feature of this economic phenomenon (business
ecosystem) is that during formation and
development of business ecosystems, there is
a transition from a model of direct competition to
a model of coexistence and mutual development
of market participants. These processes, among

! The concept of general regulation of the activities of groups
of companies that develop various digital services based on
one ecosystem. May 2021. [Electronic resource]: https://
www.economy.gov.ru/material/file/cb29a7d08290120645a
871be41599850/koncepciya_21052021.pdf. Last accessed
10.09.2022.
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other things, are accompanied by a transition from
a linear form of organisation of interaction to the
formation of network structures characterised by
multiple links between business structures
(participants in economic relations).

Currently, one can witness an accelerated
formation of business ecosystems, including in
the segment of international transportation,
characterised by participation in these
ecosystems of all the participants in the
transportation process, including transport,
forwarding companies, manufacturing
companies, cargo owners and transportation
customers. At the same time, under the
conditions of modern turbulence in world
economic relations, ecosystem participants
dynamically complement each other, providing
alternative links and supply channels in
a changing business environment.

According to the researchers of the DCG,
a global consulting company [3], modern business
ecosystems have significant common features,
including:

1. The modular principle of the structure,
when, unlike traditional hierarchical structures,
client services or products are developed
independently by their various manufacturers, but
function as a single coherent whole.

2. Customisation, significant adaptation of
products and services to the end user.

3. Networked, multilateral relationships
between ecosystem participants, replacing the
traditional bilateral interaction.

4. Ecosystem participants are coordinated not
by an «administrative centre», but through the
implementation of common rules, standards, and
processes.

Revealed features of emerging business
ecosystems in the field of transport and logistics,
including in the field of functioning of international
transport corridors, in terms of the use of modern
means and methods for digitalising the interaction
of participants in the transportation process
include:

1. Widespread use of information management
systems at various hierarchic levels of management
of the transportation process along international
transport corridors, as well as of management of
the entire transport business.

2. Transition from paper workflow to the
exchange of legally significant data, information
and documents in electronic form, recognised by
various parties to the transportation process from
the legal aspect.

3. Creation and use of an information
environment of trust that provides information
exchandge and interaction in electronic form
between participants in the transportation process
in the course of organising and managing cargo
and passenger flows, as well as between clients
and customers within the transportation process.

4. Development and adoption of technical
requirements for information management
systems and their components, as well as agreed
protocols for information exchange, acting as open
standards, as well as their continuous development
and improvement.

World Projects of Digitalisation of
International Transport Corridors

The described trends and vectors of development
of global transport and logistics have been
practically embodied through digitalisation projects
of international transport corridors being
implemented in the world. The most striking
examples of projects for formation of international
business ecosystems in the field of transport and
logistics comprise:

1. The project to create the National Public
Information Platform for Transport and Logistics
of the PRC (LOGINK?).

2. The project of building a regional NEAL-
NET? platform to ensure interaction between the
national logistics systems of China, Japan and South
Korea.

3. The project of the European Union to build
the Federated Network of Information eXchange
in Logistics (FENIX)*.,

4. The project referring to formation of an
ecosystem of digital transport corridors of the
Eurasian Economic Union®.

This list can formally be complemented with
the projects announced in the Russian Federation
for creating a digital logistics loop, as well as of
a digital platform for the transport complex, which

2 National Transport and Logistics Information Platform in
China (LOGINK). [Electronic resource]: https://www.logink.
cn/. Last accessed 10.09.2022.

8 Cooperative Mechanism on Northeast Asia Logistics
Information Service Network (NEAL-NET). [Electronic
resource]: https://english.neal-net.net/. Last accessed
10.09.2022.

4 FENIX Network. A European Federated Network of
Information eXchange in LogistiX. [Electronic resource]:
https://fenix-network.eu/. Last accessed 10.09.2022.

5 Order of the Eurasian Intergovernmental Council dated
January 31, 2020, No. 4 «On formation of an ecosystem
of digital transport corridors of the Eurasian Economic
Uniony. [Electronic resource]: https://www.alta.ru/tamdoc/
20mr0004/. Last accessed 10.09.2022.



are included in the «Strategy for digital
transformation of the transport industry of the
Russian Federation»® and in the Detailed Schedule
for implementation of this Strategy.

The key aspects of implementation of these
projects are considered in detail by Russian and
international researchers [4—11], including the
authors of the article. At the same time, it is worth
noting that formation of digital platforms within
the business ecosystems in the field of transport and
logistics significantly depends on the regulatory
framework in force in a particular state or regional
association, as well as on the accepted rules and
norms for doing business, which, being often
unofficial, make any of the projects listed above
essentially unique, excluding simple copying of
technological developments and organisational
principles created during its implementation.

A significant impact on the conceptual
foundations of formation of business ecosystems,
including the definition of goals, objectives,
principles of organisation, as well as the composition
and functionality of the created platform solutions,
is exerted by the existing legal norms and
organisational mechanisms in various countries. At
the same time, a correct, scientifically based
definition of conceptual provisions and solutions
for formation of digital platforms of international
transport corridors is a necessary condition for
construction and viability (implemented demand)
of a transport and logistics business ecosystem that
ensures construction, rational organisation, and
development of international transportation.

The results of our research, the analysis of
official materials on international projects for the
formation of business ecosystems in the field of
transport and logistics, as well as scientific
publications on these issues [12—19] show that
currently the following conceptual models for
building digital transport and logistics systems are
used in world practices:

1. The LOGINK system (PRC) is implemented
with a clearly built vertical of interaction «city—
province—centre» with a focus on creating
a mechanism for centralised state regulation of
digital transformation processes. The consequence
of this conceptual approach is the vertically oriented
construction of the LOGINK system in the PRC,
based on centralised planning and implementation
(top-down model). At the same time, as is typical

& Passport of the Strategy for digital transformation of the
transport industry of the Russian Federation. [Electronic
resource]: https://mintrans.gov.ru/documents/8/11374?type=.
Last accessed 10.09.2022.

for these models, the requirements for the structure
and formats of information exchange, methods and
methods for processing and using data within the
system are determined and established at the top
level. Besides, within the framework of the
LOGINK system in the PRC, centralised data
exchange is provided from lower levels of the
system to higher levels and vice versa, as well as
the information exchange is built according to the
«centralised star» type.

2. The European project FENIX largely
translates the political structure of the European
Union and is based on building horizontal
relationships between ecosystem participants
within the framework of a «federated» model. In
this design, the emphasis is on peer-to-peer
interactions of «each with each». This model
reflects the structure of the European Union, the
formal equality of all its member states within the
common market and political union. At the same
time, due to the lack of a functional central
component, information exchange is carried out
directly between the ecosystem participants within
the FENIX project, without the participation of the
central segment.

Obviously, the conceptual, organisational and
technological solutions used in these projects for
formation of digital transportation management
platforms cannot be fully used to form an ecosystem
of digital transport corridors of the entire Eurasian
Economic Union, either of the Russian Federation,
as of a member state of the Union, in particular.

It should be noted that both the legal status and
the economic structure of the EAEU differ
significantly not only from the PRC as from
a unitary state, but also from the EU as a political
and economic union with a significant degree of
economic centralisation and a common market for
goods and services, with a single currency.
Obviously, in the legal, organisational and
economic realities of the Eurasian Economic Union,
as well as considering established business
practices, simply copying these models for
organising transport and logistics digitalisation
projects will not work and will not give the expected
results.

Besides, the practical implementation of the
concept model of digital platforms of international
transport corridors in the EAEU space invariably
faces acute issues of ensuring digital sovereignty,
as well as the problem of respect, both in the
architecture of digital platforms and in the
implemented schemes for information exchange
and interaction, of organisational and legal
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structures enshrined in the rules of law of the
Eurasian Economic Union.

It is also worth noting that according to
paragraph 2 of Art. 1 of the Treaty on the Eurasian
Economic Union’, the Union is an international
organisation of regional economic integration with
international legal personality. Within the
framework of the Union, the paragraph 1 of Art. 1
of this Treaty provides for the freedom of movement
of goods, services, capital and workforce, the
conduct of a coordinated, coordinated or unified
policy in the sectors of the economy, including in
the field of transport. In other words, formation of
acommon market and creation of a single economic
management (administration) system within the
EAEU remains a matter of a fairly distant future.
The same refers also to formation of a single full-
featured digital platform for coordination and
management of transportation within the EAEU
space.

In this regard, and considering also the transition
of the project for formation of an ecosystem of
digital transport corridors of the EAEU,
implemented by the Eurasian Economic
Commission as part of the digital agenda of the
EAEUS, to the stage of direct implementation, the
issue of developing scientifically based conceptual
provisions and proposals for choosing design
solutions for formation of digital platforms of
international transport corridors, including within
the EAEU space, is quite acute. At the same time,
these approaches can also be used for construction
of digital transport and logistics platforms in the
Russian Federation, as in a member state of the
EAEU.

Key Architectural Solutions for Formation
of an Ecosystem of Digital Transport
Corridors of the EAEU

Based on the results of the research work on
the topic «Development of the concept of the
ecosystem of digital transport corridors of the
Eurasian Economic Uniony», carried out in
2018-2019 with participation of the authors of
this article for official use by the Eurasian

" Treaty on the Eurasian Economic Union (as amended
on October 1, 2019) (version effective from April
5, 2022). [Electronic resource]: https://docs.cntd.ru/
document/420205962. Last accessed 10.09.2022.

8 Decision of the Supreme Eurasian Economic Council
of October 11, 20176 No. 12 «On the Main Directions
for Implementation of the Digital Agenda of the Eurasian
Economic Union until 2025». [Electronic resource]:
https://docs.cntd.ru/document/555625953. Last accessed
10.09.2022.

Economic Commission, the following definition
was formulated: «Ecosystem of digital transport
corridors of the EAEU Member States (the
EAEU DTC ecosystem) is a self-developing set
of participants, information systems and digital
platforms used in the transport and logistics
sector of the Union, which is characterised by
sustainable information interaction and data
exchange between its main objects and subjects
at the national and supranational levels, and
which is purposefully formed within the
regulatory and information space of the EAEU».

At the same time, the main goals of forming
the EAEU DTC ecosystem are to create
conditions for:

1. Increasing the attractiveness of the
international transport corridors of the EAEU,
accelerating integration into the global transport
system.

2. Increasing the capacity of international
transport corridors passing through the territory
of the EAEU member states, including by
reducing unproductive downtime.

3. Improving the efficiency of the transport
infrastructure of the EAEU member states.

4. Improving the efficiency of the activities
of control and supervisory bodies.

Based on the results of the designated
research work, proposals were developed on the
key provisions for formation of an ecosystem of
digital transport corridors of the EAEU, as well
as on the key provisions for building platform
solutions at the supranational and national levels.

However, considering the above significant
factors affecting the current vectors of
development of the global transport and logistics
system in general and development of
international transport corridors in particular, as
well as taking into account development and
deepening of Eurasian integration and ongoing
digitalisation processes, introduction of digital
platforms in various sectors of the economy, at
the present stage of formation of the ecosystem
of digital transport corridors of the EAEU,
development of conceptual approaches needs
significant clarifications regarding previously
formulated conceptual provisions.

Considering the above mentioned studies, as
well as taking into account the approaches
formulated earlier by the authors of this article
regarding building digital tools for managing the
Russian Federation—China international transport
corridors [20], the authors have proposed a set
of refined key principles for formation of digital



platforms to ensure development of international
transport corridors, including within the
ecosystem of digital transport corridors of the
EAEU, which should include the following core
principles:

1. Openness. It is necessary to provide the
possibility of information exchange based on
open software protocols (Application
Programming Interface, API) with related
external digital platforms, including at the
supranational, national state and national
corporate level.

2. Standardisation of information exchange.
Development, harmonisation at the international
level and consolidation at the level of regulatory
and technical acts (technical regulations and
standards) of key protocols for information
exchange, including between state and corporate
digital platforms of international transport
corridors, referring to legally significant data,
information, and documents in digital form on
the progress of transportation and related
transport and logistics processes.

3. Compatibility (interoperability). When
building digital platforms for international
transport corridors, the principle of compatibility
(interoperability) must be observed. It requires
solving the problems of regulatory, organisational,
semantic (documentary) and technical
interoperability, including at the international
level.

4. Information integration. It is necessary to
provide information integration with state, public
and corporate digital platforms and information
systems, including international ones, as well as
with related functional information systems,
including digital trading platforms and hubs, to
improve the quality and efficiency of their
functioning.

5. Use of the digital environment of trust. The
construction and operation of digital platforms
of international transport corridors should be
carried out using a digital trust environment that
ensures the exchange of legally significant data,
information, and documents in digital form.

6. Independence from imports. When
building digital platforms for international
transport corridors, domestic developments
should be mainly used, maximum independence
from foreign software and hardware should be
ensured.

It should be noted that the proposed principles
for building digital platforms for international
transport corridors, including the digital transport

corridors of the EAEU, are basic, pre-determining
the subsequent technical implementation and
regulation of digital business ecosystems in the field
of transport and logistics, including for the ITC.

Considering the principles formulated above,
the top-level software architecture of digital
platforms of international transport corridors
should be formed according to a hierarchical
principle and include, among other things, the
following levels of software architecture of
digital platforms of the ecosystem of international
transport corridors of the EAEU (Pic. 1):

1. Supranational level: providing interaction
and information exchange both between
ecosystem participants and with external ones,
including international digital platforms of
international transport corridors, as well as the
formation and maintenance of centralised general
directories and metadata, monitoring availability
and performance of services at the national level.

2. National state level: ensuring, among other
things, direct provision of public services in
digital form, provision of control and supervision
activities in the field of transport using digital
tools, as well as the maintenance of local
(national) directories.

3. National corporate level: the level of end-
users of services and data sources of digital
platforms of international transport corridors,
which ensures provision of digital services to
end-users (cargo owners, transportation
customers, including individuals), as well as
telematic exchange of digital data by end devices
(navigation terminals, sensors, information
gathering tools, etc.).

The proposed top-level architecture for
building digital platforms for international
transport corridors within the EAEU DTC
ecosystem at the supranational level, which
ensures compliance with the requirements of the
EAEU law, provides for the introduction of
a showcase of functional national services that
performs the following functions:

1. Maintaining common directories and the
regulatory framework used in the operation of
digital platforms of the ecosystem of digital
transport corridors of the EAEU.

2. Publication of supranational and national
services, standard software modules and
components for their subsequent replication, as
well as control of the coordinated functionality
of supranational and national services of the
ecosystem of digital transport corridors of the
EAEU.
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Pic. 1. Conceptual model of the digital transport and logistics platform of the international transport
corridors of the EAEU [compiled by the authors] [21].

3. Current control of availability and
performance of supranational and national
services of the ecosystem of digital transport
corridors of the EAEU.

4. Formation of statistical data on functioning
of the ecosystem of digital transport corridors
of the EAEU, as well as analytical support for
the transport and logistics industry of the EAEU
and its member states.

5. Organisation of information interaction
and information exchange between the
components of supranational and national
services of the ecosystem of digital transport
corridors of the EAEU, as well as with
information systems of the EAEU, including
the Integrated Information System of the Union
(1IS).

6. Organisation of information interaction
and information exchange with external IT
systems in the field of transport and logistics,
related ecosystems, and digital platforms of
international transport corridors.

The proposed option for building digital
platforms for international transport corridors
of the EAEU is shown in Pic. 2.

The model of information exchange and the
composition of data exchanged between the
digital platforms of the international transport
corridors of the EAEU at the supranational and
national levels is shown in Pic. 3.

It is to note that the implementation of the
shown information exchange should be based on
open software protocols (API), which, in turn,
should be openly published and available to all
participants in the ecosystem.

The top-level architecture of digital platforms
of the international transport corridors of the
EAEU developed by the authors of this
publication in the framework of the scientific
study was approved and accepted by the EAEU
authorities for implementation. In particular, as
part of the implementation of the EAEU Digital
Agenda, at the initial stage of formation of the
ecosystem of digital transport corridors of the
Eurasian Economic Union, it is planned to create
an information and communication «showcase»
of national services, designed to test and publish
national services, monitor their availability and
performance, as well as collect statistical
information about their operation.

In addition, the planned project for formation
of an ecosystem of digital transport corridors of
the EAEU provides for creation of several
prototypes of national services, including:

1. Digital map and database of main roads
and infrastructure facilities of international
transport corridors passing through the territories
of the member states.

2. Service for booking roadside infrastructure
facilities.



Pic. 2. The proposed architecture of digital platforms for international transport corridors of the EAEU
at the supranational level [compiled by the authors] [21].

3. Service for booking a queue at a vehicle
checkpoint of a member state.

4. Service for conducting a medical
examination of drivers of vehicles remotely
(including the prevention of COVID-19
coronavirus infection).

5. Service for the application of an electronic
international consignment note (for railway
transport).

6. Service for the application of an electronic
international consignment note (for road transport).

7. Service for the use of an electronic waybill.

8. Service for the application of an electronic
protocol for weight and size control.

9. Transport tracking service using electronic
navigation seals (for agreed modes of transport).

10. Information exchange service of the
ecosystem of digital transport corridors of the
Union with systems of third countries.

Earlier, during development of the project for
formation of an ecosystem of digital transport
corridors of the EAEU and creation of digital
platforms, estimates were made of the target
performance indicators achieved during project
implementation. However, considering
geopolitical changes, the composition of these
indicators needs to be adjusted, and their values
need to be reassessed.

According to the authors of this publication,
the key systemic effects will be associated with

the use of digital transportation management
tools. At the same time, the most important
indicators of the effectiveness of creating digital
platforms for international transport corridors of
the EAEU in modern conditions will be:

* Creation of legal, technological and
organisational conditions to ensure the
attractiveness of transportation along international
transport corridors passing through the territory
of the Russian Federation and the Eurasian
Economic Union, including ensuring the best and
predictable (stable) terms, costs and quality of
transportation while ensuring safety of
transportation.

* Ensuring technological independence and
digital sovereignty of the Russian Federation in
terms of critical digital infrastructure, including
information and control systems for organising
and controlling transportation along international
transport corridors.

* Ensuring the implementation of the transport
transit potential of the Russian Federation and
the EAEU member states, increasing the income
of the transport industry.

* Creation of conditions for accelerating the
formation of a single transport market of the
EAEU, ensuring the transparency of transportation
and a harmonised system for monitoring the
transportation process using risk-based
approaches in control and supervision activities.

27



238

o Statistical data on the

functioning of the EAEU DTC

Integrated information system
of the Union

[1as of genaral

. Dat:f on functional testing of national \ //' Sicsctories, NS and NLA
SETVICES //
* Data on monitoring the availability and A///
parformance of national servicss — ”
- : - work of a
. :‘.ytan.ﬁu_:al gata on the work of national "showeaze" of national zervices 4 IIS digital trust
SETVICES i t
of data on the prograss
Supranational level of the EAEUDTC — J;‘)‘mv\\ - A A of the teansportation
ecosystem v N N - 53 (a3 part of the
= VAN ~
— —
. - v / 11 A ERN ~1
National state levelof the P vy / \ NN ~ EAEU)
EAEUDTC ecosystem e v I 1 \ NN ™~
B - o + | NN ™~
i X b\ A
Digital platform Digital platform Digital platform | | %, |Digital platform of Digital platform
of the national fof the national of the national the national level of the national
Azresd at the national f=vel the Lexel of the EAFY] llevel of the EAFU Level of the FAFU of the FAEU DTC ie;;; g 15:1:;
composition and scope of DTC ecosyvstem A DTC ecosystem DTIC ecosystem em}.;lem A
anchangad information on 7
functioning of national services \ 4 s L +II
I - "/ 1
1 iy

. B iy - [
National technological level T ifraei|coe s Natim:.;l e National service
of the EAEU DTC ecosystem digital platform digital platform digital platform

‘Information sxchange of
data on the prograss
transportation process

Information exchange of
data on the progras:
transportation procass

User information User information
sysem h = h
T [
[ [

Armenia Belarus

User information
—’_‘ system —’_‘
L
[

Russia

Uoee i . -
systam —H svstam
! [

[ [

Kyrgyzstan

Kazakhstan

Pic. 3. Model of information exchange between digital platforms of international transport corridors of the
EAEU at the supranational and national levels [compiled by the authors] [21].

* Increasing the tax base, the growth of tax
payments to the budget from the income of the
transport industry.

Determining the values of target indicators
requires in-depth research, updating and analysis
of a significant amount of statistical data,
including in the field of foreign trade.

CONCLUSION

Given the dynamic global changes in the
world economic system, the growth of its
polarisation, as well as development of new
technological, digital, methods and tools for
managing transportation, the issues of
accelerating the initiation and practical
implementation of projects to create digital
platforms for international transport corridors are
of significant relevance. At the same time, a deep
scientific study is required, combining analysis
of the world experience in the implementation
of similar projects and of the features of building
such systems in accordance with the rules of law
and accepted business practice in the Russian
Federation and within the EAEU space.

The conceptual approaches to formation of
digital platforms of international transport
corridors and the solution of problematic issues
related to implementation of these projects

Vv i ] |

proposed by the authors could ensure the
achievement of geopolitical and economic
results, including the technological independence
and digital sovereignty of the Russian Federation,
and implementation of its transport transit
potential.

At the same time, according to the authors,
the most significant risk factors associated with
formation of digital platforms of international
transport corridors lie in the organisational and
legal plane, including numerous bureaucratic
procedures for interdepartmental approvals.
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ABSTRACT

The tasks of transport planning are relevant for most countries and comprise
implemenation of solutions at regional and local level. The development of transport
planning documents in the constituent entities of the Russian Federation is an acute
problem and implies the achievement of such goals as improving the quality of passenger
transportation and reducing transportation costs. Each of the transport planning documents
includes a list of measures, the implementation of which improves the quality of passenger
service and the efficiency of the use of rolling stock.

The objective of the article is to determine the significance of the influence of
technical and operational factors on the resulting indicators of passenger service quality
and efficiency of rolling stock use. The research applied experiment planning method
described in the work of Yu. P. Adler.

The experiment planning method used makes it possible to obtain quantitative
estimates of the influence of factors with the same reliability as with other methods. The
evaluation was carried out for independent or conditionally independent factors. In the
researched case, such factors comprise the number of buses on the route, the length of
the route, the turnaround time, the downtime at the terminal points, the allowable deviation
from the schedule, the work hours of the drivers, the zero mileage of all buses.

Constants in the calculations are independent factors related to the characteristics
of the demand for transportation, since when carrying out measures to improve the
organisation of the work of buses on routes, they cannot be influenced. These factors
comprise the walking distance on the route, the average travel distance of a passenger
on the route and the passenger flow on the most loaded haul.

The method is implemented in the article on the example of an operating bus on
the route. For all basic factors, the upper, lower, and main levels are set. Based on the
analysis of the actual values of technical and operational indicators on the existing routes
of Moscow region, the numerical values of the above levels were determined. Next, the
variation intervals for each factor were selected. An experiment in which all possible

combinations of factor levels are implemented is known as a full factorial experiment. The
coefficients calculated from the results of the experiment indicate the strength of the
influence of a factor. The value of the coefficient corresponds to the contribution of this
factor to the value of the optimisation parameter when the factor moves from the zero
level to the upper or lower one.

As a result of the research, it was found that five basic factors influence the time
spent by a passenger, travel comfort, and the completeness of revenue collection, and
ten factors affect the daily costs of servicing the route for a carrier. The specificity of the
problem is that for all four optimisation parameters, one and the same matrix can be
constructed. To conduct a full factorial experiment with varying ten factors at two levels,
it is necessary to carry out more than a thousand calculation options. However, in
accordance with the methodology, in this case, we can limit ourselves to the minimum
number of calculations. On this basis, an experiment planning matrix was built, then,
based on the results of calculations, the coefficients in the regression equations for each
of the optimisation parameters can be determined. The regression coefficients obtained
when calculating the experiment design matrix are similar to those that could be obtained
as a result of calculations using the least squares method. Based on this, it is possible
to calculate all the statistical characteristics of the basic factors necessary to determine
the closeness of the relationship between the factors and optimisation parameters, as
well as between the factors themselves.

The experiment planning method used in the study made it possible to identify the
factors influencing each of the four optimisation parameters. Therefore, the explicit
dependence of the optimisation parameters on such a factor as the number of buses on
the route was confirmed, but at the same time, the factors were ranked according to the
degree of their influence on the result. The correspondence of the obtained results to real
and obvious dependencies has allowed to conclude that the chosen method and its
implementation are correct.

Keywords: urban passenger transport, passenger service quality, experiment planning.
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INTRODUCTION

Currently, the problem of developing transport
planning documents in the constituent entities of
the Russian Federation is quite relevant [1; 2]. The
documents include models of organising transport
services for the population, schemes for organising
traffic and programs for development of transport
infrastructure [3—5]. In addition, entities must
develop a planning document for scheduled
passenger transportation™.

The main goals laid down in formation of the
listed documents are [6; 7]:

* Improving the quality of passenger
transportation.

* Reduction of transportation costs at a given
level of transport service quality.

Each of the documents related to transport
planning includes a list of measures for organisation
and technology of passenger transportation.

The quality of passenger service and the
efficiency of the use of rolling stock depends on
certain options for the selected organisational and
technological measures. This choice itself depends
on numerous factors, and many of these factors
simultaneously affect both the quality of service
and the efficiency of the use of rolling stock. Some
of the indicators cannot be quantified or their value
does not depend on the carrier. For example, the
cost paid by a passenger for a trip or safety of the
driver [8-13].

As a method for determining the significance
of the influence of factors on the resulting
indicators, the experiment planning method
described in the work of Yu. P. Adler [14] was used.
This method makes it possible not only to reduce
the number of calculation options, but also to obtain
quantitative estimates of the influence of factors
with the same reliability as with other methods.

RESULTS
Choice of Factors and Objective Functions

To carry out the analysis using the experiment
planning method, all input factors were divided into
dependent and independent ones, then, from the

! Methodological recommendations for development of the
Planning Document for regular transportation of passengers
and luggage along municipal and intermunicipal routes by
road transport and urban surface electric transport (approved
by the Ministry of Transport of Russia on June 30, 2020).
Decree of the Government of the Russian Federation
of December 25, 2015, No. 1440 «On approval of
requirements for programs for integrated development of
the transport infrastructure of settlements, urban districtsy.
Guidelines for development of transport planning documents
for the constituent entities of the Russian Federation,
approved by the Minutes of the meeting of the working
group of the project committee for the national project «Safe
and high-quality roads» dated August 12, 2019, No. IA-63.

total number of input factors, factors that are not
interdependent selected, or those that can be
considered conditionally independent.

To assess the quality and efficiency of bus
transportation, the following factors were analysed:

1. The number of buses on the route — X

2. The length of the route — X,

3. Turnover time — X,

4. Downtime at the terminal points — X,

5. Permissible deviation from the schedule, set
in accordance with regulatory documents — X

6. The total time of work of drivers with
a discontinuous schedule — X,

7. The total work time of drivers on the route
per 24 hours — X,

8. Downtime hours — X;.

9. Work hours on public holidays — X

10. Night hours of work of all drivers on the
route per day — X, .

11. Zero mileage of all buses on the route per
day - X.

Experiment planning is «a procedure for
choosing the number and conditions for conducting
experiments that are necessary and sufficient to
solve the problem with the required accuracy» [4].

In this case, the values of four objective
functions (optimisation parameters) were calculated:
passenger’s time consumption, the comfort of the
trip, the completeness of the collection of revenue
and the costs incurred by the passenger motor
transport organisation (PATP). At the first stage of
calculations, according to the experiment planning
methodology, a linear dependence of each criterion
indicator of efficiency and quality on the basic
factors is assumed, i.e., an economic-statistical
model is built in the form:

Y=aX +taX +.+aX. (1

To obtain the numerical values of the parameters
of this model, it is necessary to build an experiment
planning matrix to obtain the value of each of four
optimisation parameters (passenger time (Y), travel
comfort (¥, ), revenue collection completeness (¥,)
and the expenses of PATP as for the route per day
(Y,). The values of the basic factors are changed.

Factors are divided into quantitative and
qualitative ones. Qualitative factors do not
correspond to a numerical scale as for quantitative
factors, however, it is possible to construct
a conditional ordinal scale [4].

To carry out calculations using the experiment
planning method, it is necessary to select from the
total number of input factors those that are not
dependent on each other, or those that can be
considered conditionally independent in the
calculations.
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Table 1

Dependence of traffic regularity on downtime at the terminal point [15]

Indicator name Designation

Indicator value

Idle time at the terminal point T 0

term

1 2 3 4 5

Regularity R 0,6

0,71 0,79 0,85 0,87 0,88

In this case, such factors are X, X, X2, X, X,
Xo’ X7’ Xa’ XlO’ Xu‘

Independent factors related to the characteristics
of demand for transportation, such as (X,,) Iwd
(walking distance on the route), (X,,) [ (average
travel distance of a passenger on the route), (X,)
Q. (passenger traffic on the most loaded haul) in
the calculations are accepted as permanent, because
when carrying out measures to improve the
organisation of the work of buses on routes, an
employee of the operational service cannot
influence their value.

The remaining input factors are calculated using
the following formulas:

1) Time on duty of all buses on the route Td
(X,):
T,=A°T,
where A — the number of buses on the route;
T —average duration of operation of one bus on the
route.

2) The actual number of trips on the route f,
(X,)):
fa = Ta/Tzum.60’
where 7, — turnaround time.

3) The planned number of trips on the route X,
is taken equal to X, in calculations, i.e., it is
assumed that all scheduled trips are being operated.

4) The number of trips during the period under
study 1., (X,):

T, X AX 60
oy = 200 )

turn

@)

©)

where 7, —the period under study, in calculations
it is equal to 1 hour.

In [15, Table 9] between the idle time at one
terminal point 7', and the regularity of movement
R, the following relationship is given (see Table 1).

Since, as is known from [15], the regularity is
equal to the number of trips performed with
allowable deviations, f_, divided by the planned
number of trips fpl, the value f (X) in the
calculations will be determined as follows:
oo™ R.pr ©)
where R corresponds to the value 7', (X,), divided
by two, since the input factor 7, (X)) takes into
account the average idle time at both terminal

2 Since the turnaround time depends on the length of the route,
the operating speed is initially substituted into the matrix, and
then, based on its value, the turnaround time is calculated.

Al

points. Based on [3], the relationship between
regularity R and allowable deviation from the
schedule A can be taken as follows:

R,=A 10,09 (6)

or

fallow: fpl'0’3A' (7)
Thus, the value of the input factor f, _is determined

step by step. First, depending on the selected value X,
(idle time at terminal points), then it is adjusted
depending on the accepted allowable deviation from
the schedule (in calculations X, <3 min).

5) Time of work of drivers on the route per day
T, (X):
T, =T+03N, ®)
where N — the number of drivers working on the
route per day;

0,3 — preparatory and final time for each driver.

Selection of Initial Information for
Calculations

The calculation was carried out for
LIAZ-5292.60 bus, in accordance with which the
values of the maximum capacity M__ (X, ) (the
number of seats M_ (X ,) and the free floor area in
the bus cabin SM (X, are set.

In accordance with the requirements of the
theory of experiment planning, they take the
maximum and minimum values. For all basic
factors, upper, lower and main (zero) levels are set.

The numerical values of these levels for each
factor were determined based on the analysis of the
actual values of technical and operational indicators
on 71 routes of Moscow region. Factor X, (number
of buses) has an upper level, which corresponds to
the maximum number of buses on the route from
among the considered ones (suburban and urban),
1.e., six, and the lower level corresponds to one. The
upper and lower levels of X, factor (turnaround
time) are determined for each specific value of X,
factor (route length), taking into account the
fulfilment of the condition: the operating speed on
the route takes a maximum value of 25,7 km/h and
a minimum value is of 12 km/h. As a result (see
Table 2), the upper level X, = 29 corresponds to the
upper level X, = 290 and to the lower level X, =
135, the lower level X, = 2,4 corresponds to the
upper level X, =24 and to the lower level X, = 11,2.

Next, the variation intervals are selected (its
own for each basic factor), equal to the half-sum of



Table of levels of basic factors [compiled by the authors]

Table 2

Levels Factors
X X, X X 5 X, X, X, Xy Xy
(pcs.) | (km) (min) | (min) | (min) | (hour) | (hour) |(hour) |(hour) [(km)
Basic 35 15,7 73.1 6 2 42 6 6 3,84 122,5
157
Variation interval 2,5 13,3 61.9 4 1 30 4 4 2,74 137,5
133
Upper level 6 29 135 10 3 72 10 10 6,58 330
290
Lower level 1 2,4 11.2 2 1 12 2 2 1,097 |55
24,0
Table 3
Numerical values of derived input factors [compiled by the authors]
]V;O X12 )(7 X14 X13 X].S X19
1 2 3 4 5 6 7
1 12,0 12,3 64,3 64,3 5,36 45,55
2 12,0 12,3 2,48 2,48 0,207 3,78
3 12,0 12,3 30 30 2,5 21,3
4 12,0 12,3 5,33 5,33 0,44 3,78
5 12,0 12,3 37,5 37,5 3,125 29,7
6 12,0 12,3 5,03 5,03 0,4196 1,33
7 12,0 12,3 22,5 22,5 1,87 5,94
8 12,0 12,3 5,03 5,03 0,4196 3,32
9 72,0 73,8 386 386 32,16 274,06
10 72,0 73,8 180 189 15 127,8
11 72,0 73,8 32 32 2,67 22,72
12 72,0 73,8 225 225 18,75 339,68
13 72,0 73,8 34,5 34,5 1,21 11,48
14 72,0 72,8 135 135 11,25 35,64
15 72,0 73,8 30,2 30,2 2,52 7,98
16 72,0 73,8 14,89 14,89 1,241 10,57

the upper and lower levels of the factor. These levels
and intervals of variation are presented in Table 2.

Characteristics of the demand for transportation
on the route remain constant, the characteristics for
the «network» are equal to zero, and the remaining
input factors are calculated in accordance with
functional dependencies. The results of calculations
of the values of dependent (derivative) input factors
are given in Table 3.

A complete factorial experiment, as it is well
known, is an experiment in which all possible
combinations of factor levels are implemented. If
the number of levels of each factor is equal to two,
then we have a complete factorial experiment of
type 2%, where 2 is the number of levels, k is the
number of factors (see Table 4).

The conditions of the experiment are presented
in the form of a table (a planning matrix), where
the rows correspond to different experiments, and
the columns correspond to the values of the factors.

The coefficients calculated from the results of
the experiment indicate the strength of the influence
of the factor. The value of the coefficient corresponds

to the contribution of this factor to the value of the
optimisation parameter when the factor moves from
the zero level to the upper or lower.

Research Results Based on the Experiment
Planning Method

As aresult of the research, it was found that five
basic factors affect Y, ¥,, Y. and ten basic factors
affect Y,. The specificity of the problem is that for
all four optimisation parameters, one and the same
matrix can be constructed. To conduct a full
factorial experiment with varying ten factors at two
levels, it is necessary to carry out 2 = 1024
calculation options. However, in accordance with
[14, Table 7.2] in this case, we can restrict ourselves
to using 1/64-replicas from 2% and carry out only
2106 = 24 = 16 calculation options, i.e., 64 times
less. When constructing an experiment planning
matrix, there is no need to evaluate the effects of
the interaction of factors, since the values of the
optimisation parameters Y, Y,, Y, Y, for each row
of the matrix were determined by the dependencies
between the factors and parameters. To carry out
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Table 4

Experiment planning matrix 23 [compiled by the authors]

nomber | ; y nomber | g y
1 -1 -1 A 3 -1 +1 A
2 +1 -1 Y, 4 +1 +1 Y,
Table 5

Experiment planning matrix [compiled by the authors]
jvb Xl XZ X3 X4 X5 X6 XB X9 XlO X17 YT YN YC YE
1 - - - - + + + + + - 2326 |0 0,905 | 71,47
2 _ + — — - - — + + + 101,06 |7,39 [0,88 |53,15
3 _ - + - + + - + + 12,28 0 0,92 |[101,63
4 — + — - - - + - 99,54 2,27 ]0,811 | 103,88
5 - — - + + - + - + 2726 |0 0,898 | 59,73
6 — + - + - + - - - - 103,54 (2,49 0,806 |84,85
7 — — + + — + + — 16,18 0 0,91 73,57
8 - + + + + — + — + 203,56 |7,49 (0,606 | 104,85
9 + — - - + - + - - 13,32 |0 0,904 | 388,85
0 [+ |- |+ |- = 1+ = - [+ [877 o oo [s211
11 + + + — + - + - - - 43,29 12,23 10,813 | 560,32
2 |+ - - + + I PR P + 1397 |0 0,898 [271,87
13 + + - + - + + - + — 86,85 |7,64 0,677 |399,16
w |+ - |- + |+ 886 [0 0901 [403,76
15 + + + + + + 4397 (2,49 0,81 497,33
I - - - - + 81,51 [7,396 [0,68 [304,7

* Occupancy (YN) equal to 0 means that all passengers in the bus are seated and none is standing.

calculations in accordance with the established
dependencies of indicators and factors, values were
set for all factors related to the input. These values
are taken as follows based on the considered
statistical data: at X;=2,4 km X, = 1.8 km; at X, =
29 km X, = 8,9 km; X, =25 seats; X, =22 people
with X, = 1 bus; at X, = 6 bus X, = 132 people;
X, = 110 seats; X,, = 0,1 km at X, = 2,4 km and
X,,=0,3875 kmat X,=29km; 7’ =12 hours; N =1
person in each bus. Table 5 shows the experiment
planning matrix with the values of the optimisation
parameters calculated from the established
dependencies for each row of the matrix.

Based on the results of the calculations
presented in the experiment planning matrix, the
coefficients in the regression equations for each of
the optimisation parameters from formula (2) can
be determined. However, for this sequence, there
is no need to build regression equations since here
it is necessary to determine the degree of influence
of each of the factors on the optimisation parameters.

As shown in [14, Chapter 10], the regression
coefficients obtained by calculations using the
experiment planning matrix are identical to those
that could be obtained as a result of calculations
using the least squares method. Based on this, it is
possible to calculate all the statistical characteristics
of the basic factors necessary to determine the

IVOTIC [ FANSPOTLE]  FANSPOridl

vididl evd, 10N ATEGOVA A ar\

closeness of the relationship between the factors
and optimisation parameters and between the
factors themselves. The calculation results are
presented in Table 6.

CONCLUSION

The experiment planning method used in the
study made it possible to identify the factors
influencing each of the four optimisation parameters.

An analysis of the pair correlation coefficients
shows that the factors X, and X, and, consequently,
the functionally dependent factors X, and X, have
the most significant influence on Y, ¥, Y. The
influence of X, factor on occupancy (Y,) and
completeness of revenue collection (Y,) is
considered separately, since these parameters, based
on the fact that they are calculated for peak hours,
are more significantly affected not by the total
number of buses on the route during peak hours,
but by the number of trips performed by them (X )
during this period.

The factor X, also has a significant effecton Y,
Y,, Y., however, the pair correlation coefficient 7,
has a low value, since the optimisation parameter
Y, includes four components, and the factor X,
affects only one of the components of passenger
time spending (Y,) — 7, . (waiting time). The
optimisation parameter Y, is most significantly



Table 6

Results of calculations of statistical parameters [compiled by the authors]

Statistical Optimisation parameters
characteristic Y, Y, Y, Y,
VA 55,45 2,15 0,832 250,01
T 3,5 3.5 3.5 3.5
72 15,7 15,7 15,7 15,7
74 6 6 6 6
b 109,36 109,36 109,36 109,36
3
Z 2 2 2 2
Ys 21 21 21 21
Ys 6 6 6 6
Yg 6 6 6 6
- 1.92 1,92 1,92 1,92
X
X 96,25 96,25 96,25 36,25
11
o, 2,5 2,5 2,5 2,5
» 13,3 13,3 13,3 13,3
G, 4 4 4 4
G, 102,36 102,36 102,36 102,36
Cs 1 1 1 1
G, 29,85 29,85 29,85 29,85
G 4 4 4 4
G 4 4 4 4
G 2,73 2,73 2,73 2,73
G 136,81 136,81 136,81 136,81
o, 51,72 52,72 0,0849 181,83
T -0,346 - - 0,926
T, 0,773 0,776 -0,843 0,074
T 0,146 0,073 -0,082 -0,072
T 0,813 0,987 -0,993 -0,037
I, 0,183 0,35 -0,28 0,029
T 0,58
I, 0,046
x8y
I, 0,084
x9y
Lo 0,38
I -0,542 0,499
x15y
Ly 0,534
R 0,812 0,636 0,579 0,989

Note: X;, ¥ — arithmetic mean;

0, 0~ standard deviation;

T pair correlation coefficient;

R — cumulative correlation coefficient.
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influenced by the factors X, and X, . Although the
obtained results confirmed the well-known
dependence of the optimisation parameters on the
factor X, (number of buses), at the same time they
allowed us to rank the factors according to the
degree of their influence on the result. At the same
time, the correspondence of the obtained results to
real and obvious dependencies allows us to
conclude that the chosen method and its
implementation are correct.
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ABSTRACT

The object of the study of the article is the passenger
transport network of the city of Bryansk. The task of improving
transport services for the population is solved in the context of
modernising vehicle fleet, transport infrastructure and in-depth
implementation of digital technologies. The analytical method
allowed to assess the state of the transport system of the city of
Bryansk. The assessment touched upon several interrelated areas
that provide a high quality of transport services. The data were
obtained by studying open Internet resources, including the
website of the administration of the city of Bryansk, and through
field observations.

Work on updating the fleet of route vehicles is carried out
within the framework of the «Concept for development of public
transport in the city of Bryansk for the period 2015-2025», which
over the past four years has led to a significant renewal of the
bus fleet of medium and large capacity and to the decrease in
the share of buses of small capacity. The road network has also
been significantly upgraded.

The routes of urban passenger transport have been
analysed from the point of view of the degree of duplication.
Guidelines for improving the routes of the transport network are
proposed.

Keywords: transport, urban passenger transport, transport network, duplication of routes, passenger transportation.
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INTRODUCTION

Many large cities experience a situation
when several routes duplicate each other. This
leads to excessive congestion of streets,
additional emissions of exhaust gases, a decrease
in profitability of routes, a lack of transport for
organising passenger transportation throughout
the city [1; 2].

This problem is of particular relevance in
the case of a large length of urban routes and
a large passenger flow. This fully applies to the
city of Bryansk, which includes four districts
remote from each other. The districts are
connected by main roads of 4-6 lanes, the main
routes pass through them, connecting Bezhitsky,
Fokinsky and Volodarsky districts mainly
through the central Sovetsky district of the city.

MATERIALS AND METHODS

The subject of this study is to assess
duplication (combination) of individual routes
of the urban passenger transport network of the
city of Bryansk, in which passenger
transportation is carried out both by municipal
transport, including large-capacity buses
operating on 47 routes and trolleybuses
operating on 13 routes, and by commercial
transport, consisting of shuttle vehicles of small
capacity, operating on 40 routes [3; 4].

The improvement of urban passenger
transportation is based on the «Concept for
development of public transport in the city of
Bryansk for the period 2015-2025»1, within
which a number of measures have already been
completed: the bus fleet of municipal auto
enterprises has been replaced by almost 100 %,
new roads have been planned and put into
operation, a number of roundabouts have been
built [3], studies of individual passenger flows
have been partially conducted [5]. Several
measures have been introduced that have made
it possible to digitalise passenger transportation
(installation of GPS/GLONASS receivers that
display the position of vehicles on an electronic
map, in mobile applications; the introduction of
digital cashless payment, etc.)?[6]. Currently, the

!, Resolution of the BCA dated March 23, 2015 No. 772-p
«On approval of the «Concept for development of public
transport in the city of Bryansk for the period 2015-2025».
[Electronic resource]: http://bga32.ru/uploads/2016/06/
bga32-ru-Post-772_23-03-2015.pdf. Last accessed
10.12.2021.

2 Official website Public transport of the city of Bryansk.
[Electronic resource]: http://www.transport32.ru/. Last
accessed 10.12.2021.

issue of replacing a completely worn-out fleet of
trolleybuses is being worked out (including by
filing an application under the federal program)
[7]. It is planned to purchase one hundred new
trolleybuses (the first batch has already been
purchased and is expected to be delivered), public
transport routes are being adjusted. When
choosing trolleybuses, options for acquiring
a part of trolleybuses with a power storage
allowing autonomous operation are considered.
The relevance of correcting public transport
routes is confirmed by the works of both domestic
authors [8—10] and foreign ones [11-13].

THEORY AND PREREQUISITES

Improving the routes of urban passenger
transport by most authors [14-16; 18] is
proposed through finding the most duplicate
routes and their consecutive exclusion or
adjustment.

The author [17] proposed a new method for
determining the route duplication indicator
using the route adjacency indicator, which takes
into account directions and volumes of passenger
origin-destination trips, which, according to his
calculations, allows solving transport planning
problems more correctly. However, this method
requires a significant amount of research, and,
consequently, time and financial costs. For
initial assessment of routes, it is advisable to
use the former method, applying which routes
are divided into three groups according to the
degree of route overlap (duplication), classified
according to the length of the coincidence of
the route in question:

* The first group is characterised by a low
degree of coincidence (from 30 to 50 % of the
length of the route) with the possibility of
synchronising the schedule of matching routes
or combining them into a single, longer one.

* For the second group, the degree of
coincidence is average (from 50 to 75 % of the
length of the route), one of the routes needs to
be cancelled or the schedule needs to be
adjusted.

* The third group is characterised by a high
degree of coincidence (over 75 % of the length
of the route), which is inappropriate, therefore,
a detailed spatial analysis of such routes is
required.

The primary task of spatial analysis is to
study roads with a large number of duplicate
routes, i.c., belonging to second and third
groups.



Pic. 1. Map of the network of the municipal passenger transport of the city of Bryansk. [Compiled based on the data of the website:
Routes of public transport of Bryansk]. [Electronic resource]: https://www.eway24.ru/ru/cities/bryansk. Last accessed 02.12.2021.

Table 1

Routes of the city of Bryansk with a high overlapping

The second group of routes (from 50 to 75 %)

The third group of routes (over 75 %)

M-10 — M-28 (50 %)
M-10 — M-42 (50 %)
M-10 — M-43 (50 %)
M-28 — M-88 (60 %)
M-28 — M-99 (60 %)
M-34 — M-35 (50 %)
M-34 — M-47 (70 %)
M-34 — M-49 (50 %)
M-35 — M-10 (52 %)
M-35 — M-34 (70 %)
M-35 — M-38 (50 %)
M-35 — M-47 (70 %)
M-35 — M-49 (50 %)
M-35 — M-52 (60 %)
M-35 — M-99 (70 %)
M-36 — M-42 (67 %)
M-36 — M-44 (64 %)
M-38 — M-42 (74 %)
M-38 — M-47 (73 %)
M-38 — M-49 (74 %)
M-42 — M-36 (65 %)
M-42 — M-38 (69 %)
M-43 — M-47 (74 %)
M-99 — M-52 (70 %)

M-10 — M-36 (50 %)
M-44 — M-42 (57 %)
M-44 — M-49 (52 %)
M-44 — M-52 (57 %)
M-45 — M-43 (50 %)
M-47 — M-35 (56 %)
M-47 — M-43 (70 %)
M-47 — M-99 (54 %)
M-49 — M-28 (62 %)
M-49 — M-38 (63 %)
M-49 — M-88 (59 %)
M-50 — M-47 (52 %)
M-50 — M-52 (60 %)
M-50 — M-59 (74 %)
M-52 — M-38 (52 %)
M-52 — M-99 (73 %)
M-55 — M-59 (58 %)
M-55 — M-65 (62 %)
M-59 — M-65 (54 %)
M-65 — M-55 (70 %)
M-69 — M-34 (53 %)
M-69 — M-45 (58 %)
M-69 — M-47 (58 %)
M-88 — M-49 (59 %)
T-9 — A-50 (68 %)

M-3 — M-31 (90 %)
M-28 — M-49 (84 %)
M-44 — M-36 (75 %)
M-47 — M-34 (78 %)
M-47 — M-38 (77 %)
M-49 — M-99 (78 %)
M-49 — M-52 (82 %)
M-50 — M-34 (75 %)
A-37 — M-28 (77 %)
A-3 —M-36 (91 %)

A-54 — M-36 (80 %)
A-11 - M-38 (85 %)
A-48 — M-43 (75 %)
A-1—M-52 (99 %)

A-11 -~ M-52 (95 %)
A-9 — M-55 (91 %)

A-8 — M-59 (86 %)

A-10 - M-76 (93 %)
T-2 — M-43 (96 %)

T-9 — M-50 (81 %)

M-10 — M-35 (100 %)
A-8 — M-99 (83 %)
A-11 - M-99 (81 %)
A-23 — M-99 (80 %)
A-3 - A-54 (96 %)
A-54 — A-3 (97 %)
M-55 — A9 (92 %)
M-38 — A-11 (85 %)
M-10 — A-25 (75 %)
M-35— A-10 (78 %)
M-69 — A-27 (91 %)
M-3 — A-31 (90 %)
M-34 — A-31 (86 %)
M-47 — A-31 (97 %)
M-43 — A-48 (82 %)
M-65 — M-59 (77 %)
T-1-T-6 (80 %)
T-6— A-11 (93 %)
T-2 — M-45 (96 %)
T-9—T-11 (89 %)

Remark: M — jitney, A — bus, T — trolleybus.

RESULTS AND DISCUSSION

According to this methodology and data [18],
the routes were distributed according to the
degree of duplication. Their visualisation is
shown in Pic. 1. Routes with a high degree of
overlap (second and third groups) are presented
in Table 1.

Considering routes with a high degree of
overlap, it should be noted that most commonly
duplication refers to routes of jitneys (48 out of 49
in the second group and 10 out of 40 in the third

group). Municipal transport, represented by buses
and trolleybuses, is duplicate by jitneys (27 out of
40 in the third group), while there are six trolleybus
routes duplicated by buses and two trolleybus routes
duplicated by trolleybuses. The duplication of
trolleybus and bus routes is currently associated
with a lack of serviceable trolleybuses; to solve the
problem of replacing the trolleybus fleet, it will be
necessary to adjust these routes.

The largest number of duplicate routes pass
through the main transport arteries of the city
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Pic. 2. Distribution of the number of routes by degree of overlap [Compiled by the authors based on the data of the website: Routes of public
transport of Bryansk]. [Electronic resource]: https://www.eway24.ru/ru/cities/bryansk. Last accessed 03.12.2021.

Pic. 3. Streets with the largest number of duplicate routes [Compiled by the authors based on the data of the website: Routes of public
transport of Bryansk]. [Electronic resource]: https://www.eway24.ru/ru/cities/bryansk. Last accessed 03.12.2021.

(Pic. 3): prospekt Lenina — 18 routes (1), ulitsa
Ulyanova— 19 routes (2), Moskovsky prospekt —
27 routes (3) and ulitsa Krasnoarmeyskaya — 24
routes (4).

The solution to the problem with duplicate
routes could be found by organising passenger
transportation in the city using a single travel
document, for example, as in Moscow, where,
according to the data® «from September 1, 2021,
in buses, trams and electric buses it is possible
to make transfers for free, subject to payment by
card «Troikay at the tariffs «Wallet» or «Single
for 60 trips» within 90 minutes and route
changes. When travelling at the «Wallet» tariff,

3 Fare payment in Moscow. [Electronic resource]: https://
www.tutu.ru/2read/articles/moscow_fares/. Last accessed
03.12.2021.

(VOTIO DT NANSPOTLE]  FANSPOTridtic

42 rubles are debited for the first trip, and 0
rubles — for subsequent trips. When travelling at
the «Single» tariff, only one trip is written off,
no matter how many modes of transport the
passenger changes. The use of such a system in
the city of Bryansk would make it possible to
shorten some routes limiting them by the main
transfer points (for example, Bus Station,
ploshchad Lenina, Aeropark and some others —
their list was established by previous studies
[18]), removing duplicate routes and reducing
traffic congestion main roads.

To unload existing routes, several new roads
have been built, for example, a protective road,
Bryansk 1-Bryansk 2 dam (Pic. 4), which
connected Fokinsky and Bezhitsky districts,
bypassing the centre (Sovetsky district), which



Pic. 4. Built protective road, Bryansk 1-Bryansk 2 dam [Compiled by the authors based on the website article: In Bryansk, the construction of
the road from the rail station to the «Metro» store has started]. [Electronic resource]: https://news.nashbryansk.ru/2019/11/13/routine/nachalos-
stroitelstvo-dorogi-bryansk-1—-bryansk. Last accessed 03.12.2021.

Pic. 5. Planned road [Compiled by the authors based on the website article: The authorities of Bryansk presented a project for a new road
from the Telecentre to the Black Bridge. With two new «rings»]. [Electronic resource]: https:/bryansk.news/2021/11/22/proekt-dorogi-telecentr.
Last accessed 03.12.2021.

made it possible to get 30—40 % faster between
districts. To use it, the townspeople turned to the
transport department of the city administration
with a request to launch a bus on a new road
between Volodarsky and Fokinsky districts,
organising a new route or changing existing ones:
«Meat processing plant-railway station—Druzhba
(or Worsted plant)», «Meat processing plant—
railway station—Avtozavodets microdistrict» or
«Bordovichi—Snezhetskaya station» (connection
of routes 19 and 16A). This direction of the route
will unload the longest trips on the 31* route*.

4. In Bryansk it was proposed to develop a bus route
for the new road [Electronic resource]: https://www.
bragazeta.ru/news/2021/09/27/v-bryanske-aktivisty-
predlozhili-pustit-avtobusnyj-marshrut-po-novoj-doroge/
?utm_source=yxnews&utm_medium=desktop. Last accessed
03.12.2021.

It is also planned to build new roads, for
example, a four-lane road from the Telecentre to
the bridge in Fokinsky district (Pic. 5), with the
beginning at the intersection with the 4
Karachizhsky lane, down to the river Desna and
along the coast with access to ulitsa Kalinina near
the bridge. New roundabouts are provided on
both sides, as well as two elevated pedestrian
crossings®.

CONCLUSIONS
1. The existing route passenger transportation
network of the city is imperfect and, in its

® The authorities of Bryansk presented a project for a new
road from the Telecentre to the Black Bridge. With two
new «rings». [Electronic resource]: https://bryansk.
news/2021/11/22/proekt-dorogi-telecentr/. Last accessed
03.12.2021.
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development, should take into account the
prospects for development of the road network,
as well as the opinions of initiative groups of city
residents.

2. When analysing route overlap, a large
number of duplicate routes of groups 2 and 3
were found.

3. Duplication of trolleybus and bus routes is
currently associated with a lack of serviceable
trolleybuses, and when they are replaced, these
routes need to be adjusted.

4. To solve the problem of duplication of
jitneys, it is necessary to improve the identified
duplicate routes, as well as to introduce new bus
and trolleybus routes instead.

5. It is expedient to organise passenger
transportation in the city with a single travel
document that allows making transfers free of
charge for a limited period of time, which would
reduce the load on the city’s transport network.
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Effect of the Degree of Hydration of Ethanol

and the Air Excess Coefficient (a) on the Use of Ethanol-Gasoline
Mixtures in Spark Ignition Engines

Yarian REYES SUAREZ Valentin N. BALABIN

ABSTRACT

The objective of this study was to evaluate energetically
the effect of hydration degree and mixture type (rich mixture a =
0,85 and lean mixture a = 0,15) on the use of ethanol and
gasoline mixtures in spark ignition engines. The experiments
were carried out in the Propulsion Laboratory of the Faculty of
Engineering Sciences of Agrarian University of Havana (AUH).
The JACTO model engine used has an effective power of 1,2 kW,
speed 580 rpm, combustion chamber volume 34 cm®. Before
combustion, the degree of ethanol hydration was determined
(80 %; 85 %; 90 %; 95 %). Taking into account the influence of
the percentage of purity of ethanol and air excess coefficient
(a), when using combustible mixtures, analyses were carried
out on the following parameters: air-fuel ratio (r,) and fuel-air
ratio (r,); internal energy of combustion products (U,); the
number of moles of raw materials in the mixture for gasoline
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engines (M) and the number of moles of products during
combustion (M,). Based on the experimental work performed
and the energy analysis of the combustion process, it was shown
that the mixture of gasoline E-10-EH-80 % received more air
and fuel than ratio necessary to achieve combustion, reaching
11,781 kg (air)/kg (fuel) for a = 0,85 and 15,309 kg (air)/kg (fuel)
for a = 1,15. This is due to the fact that this is a mixture with
increased moisture, because it contains more oxygen atoms,
which impoverishes the mixture, and guarantees the best quality
in the combustion process. But rich mixtures (a = 0,85) were
the most energy efficient, which is associated with an increase
in the octane number, that is, the antiknock ability of the fuel
mixture used, which improves the quality of combustion,
although it reduces the energy output during an explosion
(detonation).
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INTRODUCTION

Scientists and various world organisations
have been warning about the threat of the
depletion of fossil hydrocarbons for more than
four decades. They claim that the «oil peak»
is an inevitable reality and predict it for
different dates. But the important thing is that
no one doubts that this will happen and will
have serious consequences for the world
economy [1].

The gradual depletion of fossil fuel
reserves, the uncertainty of their prices and the
degradation of the environment make humanity
seriously reflect on the energy problem and
look for alternative sources. For this reason,
there is now a general tendency to look for and
use renewable energy sources [2].

However, renewable energy is not the only
source available. New directions of search
should be carefully studied. Today, many
industrial processes generate large amounts of
waste containing the potential for energy use.
Through physical or chemical processes, these
wastes can be used to produce energy, thus
saving not only primary resources, but also
minimizing the problems of managing these
wastes [3].

Given the threat posed by the depletion of
hydrocarbons and climate change, norms and
methods have been developed at the global
level to reduce dependence on them. Some
modern developments indicate a tendency to
reduce the consumption of fossil hydrocarbons,
gradually moving to the use of alternative
fuels, such as biofuels [4].

Switching to mixed fuel makes it possible
to improve the traction properties of transport,
increase its performance, reduce diesel fuel
consumption and reduce the amount of harmful
emissions [5-9].

Studies show that gasoline mixtures with
10 % or 15 % of ethanol have better
environmental and energy performance, due
to the increase in octane, that is, the anti-
detonating ability of the fuel mixture, which
improves the quality of combustion, although
the energy during the explosion (detonation)
decreases [10].

Taking into account the above, the work
shows the results of thermodynamic studies on
the use of gasoline mixtures and 10 %-ethanol
mixtures in spark ignition engines.

RESEARCH METHODOLOGY
1. Theoretical Foundations of the
Combustion Process
To analyse the theoretical foundations of the
combustion process, several works on this topic
were considered [11, pp. 8-69; 12, pp. 8-20; 13,
pp- 13-42; 14, pp. 43-58; 15], which established:
1. The theoretical amount of air required for
fuel oxidation (L) is determined from the
expression:

1 (C H O
= — .
0 0,21[12 4 32) (1

In this case, the average elementary components
of the fuel can be taken, for gasoline: carbon—C =
0,85; hydrogen —H = 0,15; oxygen — O, = 0.

2. Number of moles of raw materials in the
mixture for gasoline engines (M,):

M, =oae I+ @)
where m_ — molecular weight of the fuel, for
gasoline m_ = 110...120 kg/kmol;

a — air excess coefficient.

3. Number of moles of products in
combustion (M,):

C H
o<1 M=+ o+079ar L, 3)
fa>1M=M)ya=1=1+], )
where (M), =-+5-+0.79+ L. )

4. The necessary amount of air (J) is
determined from the expression:
J=(a-1)-L, (6)
5. The theoretical coefficient of molecular
variation is determined from:
H,=M,/M,. (7)
6. The actual coefficient of molecular
variation (B) is determined from:
M,+M, M,+M o, _p,+o, )
M +M, M +Q1Q+c,) 1l+oc, °

B=

The value  fluctuates: for gasoline engines —
B=1,02...1,12, diesel engines — = 1,01...1,06.

The lower heat of combustion (H ) of the fuel
is formed: for gasoline engines — H =
44000 KJ/kg; for diesel - H =42500 KJ/kg; and
for gasohol (Flex fuel) -H = 26279 KJ/kg.

7. The internal energy of the combustion
products (U ) is determined from the expression:

_ U o, U’
RIpT) AHM)+[ .—c,*U,] ’ ©)
Bl° Mdro,) l+o,

where s_— the exhaust gas coefficient. For
gasoline engines s = 0,06...0,12; for diesel
engines s, = 0,02...0,06.
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Air-fuel ratio (r_,

) and fuel-air ratio (r

Table 1
) [compiled by the authors]

f/a

o=0,85 a=1,15
e igfair/kg fuel igafuel/ kg air igfair/kg fuel f(g‘fuel/ kg air
E-10-EH-95 % 11,303 0,088 15,293 0,063
E-10-EH-90 % 1131 0,088 15303 0,065
E-10-EH-85 % 11,311 0,088 15304 0,065
E-10-EH-80 % 11,781 0,085 15309 0,065

& — heat utilization coefficient. For different
engines in rated mode: for gasoline engines & =
0,85...0,95; for diesel engines & = 0,65...0,85.

U, — the internal energy of gases (it can be
taken from air) for the temperature at the end of
compression in degrees Celsius (°C).

U," — the internal energy of the combustion
products for the critical temperature of the
products (t).

2. Hydration of Ethanol

Steps to consider while obtaining different
degrees of ethanol hydration:

* Measurement with an alcohol tester of the
degree of hydration of ethanol for the experiment.

* Increase in the degree of hydration of
ethanol to the desired values by adding distilled
H,O without impurities.

RESULTS
1. Experimental Research

The experiments were carried out in the
Propulsion laboratory of the Faculty of Technical
Sciences of Agrarian University of Havana
(AUH). A single-cylinder engine of the JACTO
model was used. Analysis of the combustion

Vv

process based on mixtures of 10 % ethanol and
conventional gasoline of category B-85 (E-10).
Before combustion, the degree of hydration of
ethanol was determined (80 %; 85 %; 90 %;
95 %), and type of mixture (rich mixture o= 0,85
and lean mixture a = 0,15). The engine used has
an effective power of 1,2 kW; rotation speed of
580 rpm, combustion chamber volume of 34 cm?®.

The ethanol used in the experiments, with
a % purity (EH) of 97 %, of which 95 %, 90 %,
85 % and 80 % were obtained, with this % purity
the various combustion conceived in the study
were carried out.

2. Thermodynamic Analysis of
Experimental Studies of the Combustion
Process

Taking into account the materials and
methods described above, the influence of %
ethanol purity and the air excess coefficient, the
following parameters were analyzed in the use
of fuel mixtures: air-fuel ratio (r ,) and fuel-air
ratio (r,, ); internal energy of combustion products
(U,); number of moles of raw materials in the
mixture for gasoline engines (M,) and number
of moles of combustion products (M,).



Table 2

Internal energy of combustion products (U,). Number of moles of raw materials in the
mixture for gasoline engines (M,) and number of moles of combustion products (M,)
for o = 0,85 and for o = 1,15 [compiled by the authors]

o=0,85

Mixtures

M,, kg/kmol M,, kg/kmol m, B U, kJ/kmol
E-10-EH-95 % 28,632 26,113 0,912 0,616 27749,510
E-10-EH-90 % 28,432 25,873 0,91 0,614 28202,971
E-10-EH-85 % 28,230 25,661 0,909 0,612 28664,544
E-10-EH-80 % 28,027 25,420 0,907 0,609 29134,443
a=1,15
E-10-EH-95 % 21,474 19,606 0,913 0,633 26852,127
E-10-EH-90 % 21,242 19,288 0,908 0,631 27294,547
E-10-EH-85 % 21,009 19,013 0,905 0,629 27744,519
E-10-EH-80 % 20,773 18,779 0,904 0,627 28202,227

In the case of the air-fuel ratio (r, ) and the
fuel-air ratio (r,, ) these coefficients are the ratio
of the kilograms of fuel or air that exist in the
mixture per kilogram of air or fuel during
combustion. Moreover, a large amount of air,
with a small amount of fuel becomes the cause
of rapid combustion at high temperatures,
while on the contrary, with a large amount of
fuel, the mixture burns slowly and at low
temperatures. An air-fuel ratio of less than 14,7
means a rich mixture, while a ratio of more
than 14,7 means an impoverished mixture. This
air excess coefficient is determined as o.= 0,85
and a = 1,15, for a mixture of 10 % ethanol
with % purity 95 % + gasoline (E-10-EH-95 %),
10 % ethanol % purity 90 % + gasoline
(E-10-EH-90 %), 10 % ethanol% purity 85 %
+ gasoline (E-10-EH-85 %) and 10 % ethanol
% purity 80 % + gasoline (E-10-EH-80 %)
Table 1.

As we can see in the Table 1, in the above
E-10-EH-80 % a greater proportion of the air/
fuel needed in order to achieve combustion is
obtained and reaches 11,781 kg (air)/kg (fuel)
for a = 0,85 and 15,309 kg (air)/kg (fuel) for
o = 1,15 this is due to the fact that the mixture is
more hydrated, because it has more number of
atoms of oxygen, which impoverishes the
mixture and provides a better quality of the
combustion process, while for a = 0,85 the fuel/
air ratio is greater, that for a = 0,15 because the
air induction decreases.

In turn, from the expression (9), the internal
energy of the combustion products was

determined for each of the analyzed mixtures
(Table 2).

As we can see in the Table 2, when using
amixture E-10-EH-80 % in rich and lean mixtures,
we get more internal energy than in the mixtures
remaining, reaching a value of 29 134,443 kJ/kmol
for rich mixtures and 28202,227 kJ/kmol for lean
mixtures, resulting in a maximum difference; for
rich mixtures of 1384,934 kJ/kmol in connection
with the mixture of E-10-EH-95 % and for lean
mixtures 1350,1 kJ/kmol with respect to the
mixture E-10-EH-95 %. The increase in energy
may be due to an increase in the hydrogen and
oxygen content of the mixture, the components of
water added to ethanol.

While the higher internal energies in rich
mixtures compared to lean mixtures, this may
mainly be due to an increase in octane, that is,
the anti-detonating ability of the fuel or the fuel
mixture used, which improves the quality of
combustion, although it reduces the energy
capacity during explosion (detonation).

Summing up, in the combustion analysis, the
highest value of the internal energy of the
combustion products is achieved using a mixture
E-10-EH-80 % for rich mixtures (o.=0,85). This
behaviour is due to an increase in the octane
number, that is, the anti-detonating ability of the
fuel used or the fuel mixture, which improves
the quality of combustion, although the energy
during the explosion (detonation) decreases. It
should be noted that this does not mean that as
the hydration of ethanol increases, the internal
energy increases.
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CONCLUSION

1. For a mixture E-10-EH-80 %, we get more
air/fuel ratio needed to achieve the combustion,
which reaches 11,781 kg (air)/kg (fuel) for a =
0,85 and 15,309 kg (air)/kg (fuel) for o = 1,15,
this is because it is a mixture with more
humidification, because it has more oxygen
atoms, which impoverishes the mixture and
ensures a better quality in the combustion
process.

2. Inrich mixtures (o= 0,85), the fuel/air ratio
is higher than in lean mixtures (a = 0,15) because
the supplied air decreases.

3. The mixture E-10-EH-80 % for rich
mixtures (o= 0,85) was the most energy efficient,
due to the increase in octane, that is, the anti-
detonating capacity of the fuel mixture used,
which improves the combustion quality although
itreduces the power of the explosion (detonation).
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ABSTRACT

In the context of a fundamental change in the fundamental approaches
to building a traffic management system, traditionally based on establishing
the driver’s duty to ensure constant control over the traffic situation and,
accordingly, presuming his responsibility for harm caused by a source of
increased danger, the problem of legal regulation of the use of highly
automated vehicles equipped with an automated driving system that does
not provide for participation of the driver in the dynamic control of the car
becomes not only relevant in theoretical, but also especially significant from
practical aspects.

The objective of the comprehensive study being conducted by the
authors was to identify and visualise key groups of problems of legal regulation
of the operation of cars with an automated driving system, to formulate
proposals for their solution as part of a subsequent systemic legal study. This
article is devoted to the results of consideration of the first block of the
identified issues.

Using the methods of the system-legal approach, formal-logical and
formal-dogmatic analysis, the authors have identified the most problematic
issues of legalising the terminology used in positive law and scientific sources.
In particular, options for identifying the essential features of highly automated
cars are proposed with the purpose to further legislatively determine the cars

that should be classified as highly automated, to reveal which software and
hardware complex can be considered an automated driving system, etc.

Based on the results of solving the scientific problem, which consists
in determining the directions for adapting the legislation governing the
requirements for safety of vehicles and the procedure for their admission to
operation for the needs of the widespread introduction of highly automated
vehicles, the research can be carried out in two directions at the same time:
to develop upper-level, essential requirements to safety and to develop
specific, purely technical requirements for automated driving systems, as
well as to develop a methodology for testing them.

As a part of the taxonomic analysis carried out by the authors to
determine, on a fundamentally new basis, the range of rights and obligations
of the participants in the relations under the study, it is proposed to highlight
the problem of distinguishing between situations in which the driver needs
to take an active part in driving a car from situations in which he is not required
to be actively involved. into this process.

When considering issues of liability for harm caused by a car with an
automated driving system, the article focuses on the need to solve the problem
of balancing the responsibility of the car owner and the manufacturer, which
can be facilitated by the application of methods of comparative legal analysis.

Keywords: unmanned vehicle, driverless car, highly automated vehicle, legal support, driver assistance system, automated driving system, automated

driving, autonomous driving.
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INTRODUCTION

Self-driving technologies are becoming more
widespread in the world and gaining a stronger
regulatory basis. In foreign legal systems, there
is an active transition from the stage of
experimental regulation («regulatory sandboxes»)
to the stage of limited introduction of universal
regulation.

So, from July 6, 2022, Regulation (EU) of
the European Parliament and of the Council
2019/2144 on vehicle safety requirements® came
into force in the European Union, which, among
other things, puts forward basic safety
requirements for highly automated and fully
automated vehicles (Article 11). On August 1,
2022, the Shenzhen Special Economic Zone
(China) Regulation on Smart and Connected
Vehicles also came into effect, introducing
permanent regulation for highly automated
vehicles with a driver behind the wheel, and also
allowing the use of fully automated vehicles in
specially designated areas?. On March 11,2022,
the US National Highway Traffic Safety
Administration revised the requirement of the
Federal Motor Vehicle Safety Standards for the
mandatory presence of a steering wheel in a car,
thus removing a key regulatory obstacle to the
introduction of fully autonomous vehicles?.

The Russian system of legal regulation of
cars equipped with automated driving systems is
still in the experimental stage. The key regulatory
act regulating the testing of highly automated
vehicles is Decree of the Government of the
Russian Federation of March 9, 2022, No. 309
«On the establishment of an experimental legal
regime in the field of digital innovations and the
approval of the Program for the experimental
legal regime in the field of digital innovations
for the operation of highly automated vehicles».

! Regulation (EU) 2019/2144 of The European Parliament
and of the Council of 27 November 2019 on type-approval
requirements for motor vehicles and their trailers, and
systems, components and separate technical units intended
for such vehicles, as regards their general safety and the
protection of vehicle occupants and vulnerable road users.
[Electronic resource]: https://eur-lex.europa.eu/legal-content/
EN/LSU/?uri=CELEX%3A32019R2144. Last accessed
10.08.2022.

2 Shenzhen unveils China’s first regulation on intelligent
connected vehicles. [Electronic resource]: https://www.
globaltimes.cn/page/202207/1269924.shtml. Last accessed
10.08.2022.

8 The Deputy Administrator of the National Highway Traffic
Safety Administration, Steven S. Cliff. [Electronic resource]:
https://www.nhtsa.gov/sites/nhtsa.gov/files/2022—-03/
Final-Rule-Occupant-Protection-Amendment-Automated-
Vehicles.pdf. Last accessed 10.08.2022.

In accordance with the said resolution, an
experimental legal regime for the operation of
highly automated vehicles was established on the
territory of Moscow, Innopolis and the federal
territory «Siriusy, within the framework of which
the limited operation of highly automated and
fully automated vehicles is allowed.

It should be noted that the transition from
experimental to universal regulation requires the
solution of a number of new problems of a legal
nature, the solution of which is impossible
without theoretical understanding. The central
topics of Russian legal research published to date
include the problems of ensuring the safety of
vehicle operation [1-3] and the problem of
liability for harm caused by a highly automated
car [4-6].

Attention to the legal regulation of the use of
highly automated vehicles increased significantly
during the period of the spread of coronavirus
infection, since the use of unmanned vehicles
made it possible to minimize the so-called
«cross-contamination», ensured the delivery of
medicines, food, and other things to areas with
a high level of risk of infection [7-9].

At the same time, in the domestic literature,
with rare exceptions, there is no systematic
description of the legal problems that arise in
connection with the use of cars with an automated
driving system [10]. In general, in a certain sense,
we are talking about the development of
a legislative novelty, which, however, in relation
to other problems of legal regulation of transport,
was also characteristic of other stages in the
development of transport education and science
[11-13].

In this regard, the authors aim to give an
overview of the key problems facing the
legislator on the way to the formation of a full-
fledged legal regulation of the use of cars with
an automated driving system.

RESULTS
Problem Issues of Legalisation of Concepts
and Terminology

One of the most basic problems in the field
of legal regulation of cars equipped with an
automated driving system is the problem of
terminology. The problem of defining key
concepts in any scientific field is the initial
problem for starting research [14, p. 189]. Thus,
there is no consensus in the scientific literature
regarding the preferred terminology that should
be used for both all cars equipped with an



automated driving system, and for cars whose
automated driving system allows driving in the
absence of a driver in the cabin.

At present, neither the legislation nor the
scientific literature has developed a unified
understanding of which software and hardware
systems should be considered automated driving
systems, and which should be attributed only to
driver assistance systems*. This distinction has
great practical meaning. For example, there is
growing concern among manufacturers of highly
automated vehicles that consumers and regulators
often overestimate the capabilities of advanced
driver assistance systems and mistake them for
full-fledged automated control systems?®. In
addition, the resolution of this issue will also
have important regulatory implications for
establishing differentiated requirements for
drivers, the process of assessing the technical
conformity of highly automated vehicles, as well
as setting the standard for driver liability.

Problems of Admission to Operation of Cars
with an Automated Driving System

A significant layer of problems at the
intersection of technology and law arises in
connection with the need to revise existing
approaches to the procedure for allowing highly
automated vehicles to operate and assessing their
safety. Thus, in comparison with the use of cars
not equipped with an automated driving system,
the use of highly automated cars carries a greater
number of potential risks associated with operation
of an automated driving system, which in the
current conditions begins to perform the widest
range of dynamic driving tasks. In this regard, the
variety of test scenarios increases significantly,
which require verification as part of the vehicle
conformity assessment procedure and, in
particular, testing of test samples®. At the same
time, the traditional issues of admission to driving
a car, medical examination [15, pp. 103—105;

4 Clarification of the boundaries between ADAS and ADS.
[Electronic resource]: https://unece.org/sites/default/
files/2022-01/GRVA-12—17e.pdf. Last accessed 11.08.2022.

° AAI seeks to reduce ‘persistent confusion’ over levels
of vehicle autonomy. [Electronic resource]: https://www.
repairerdrivennews.com/2022/03/23/aai-seeks-to-reduce-
persistent-confusion-over-levels-of-vehicle-autonomy/. Last
accessed 11.08.2022.

® New Assessment/Test Method for Automated Driving
(NATM) Guidelines for Validating Automated Driving System
(ADS) — amendments to ECE/TRANS/WP.29/2022/58,
pp. 1-2. [Electronic resource]: https://unece.org/sites/
default/files/2022—05/WP.29—187-08e.pdf. Last accessed
19.08.2022.

16, p. 284], assessments of professionally
important qualities [17] and the psychological
readiness of drivers for the profession remain on
the agenda [18].

It seems that the identified problem requires
a comprehensive review of the current
procedures for assessing the conformity of
vehicles with the mandatory requirements of
technical regulations, as well as the requirements
themselves contained in technical regulations.
Regulatory work in this direction can be based
on at least two vectors.

On the one hand, essential requirements for
safety of vehicles with an automated driving
system can be developed and systematized. These
requirements, in particular, include the
requirements for the ability of an automated
driving system to signal the exit from its normal
operation environment or other circumstances
indicating the need for the driver to take control
of the car, the availability of systems for monitoring
and recording road events and driver activity, and
others, systems for visualizing the perception of
the road situation by a hardware complex of an
automated driving system in real time.

On the other hand, in parallel with this, work
should be carried out to develop specific, purely
technical requirements for automated driving
systems, as well as to develop a methodology for
testing them. This work may include, among other
things, the systematization of test scenarios for the
use of vehicles with an automated driving system,
the establishment of requirements for simulation
testing procedures, testing on the track and on
public roads.

Problems of Determining the Range of Rights
and Obligations of Road Users

The increasing automation of driving functions
raises the question of the need to revise the range
of rights and obligations of road users, which
involves cars with an automated driving system.
The most problematic is the question of the extent
to which the driver of a car should maintain control
over the traffic situation along the entire route of
a car equipped with an automated driving system,
depending on the degree of autonomy of such
acar.

So, it can be noted that the ultimate goal of
creating unmanned technologies for unmanned
driving is to delegate the functions of active
driving from a person to a software and hardware
complex, that is, in other words, to automate the
driver’s function. At the same time, at the current
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stage of their development, highly automated
vehicles may not provide the necessary level of
safety guarantees, in which the driver may be
allowed at the regulatory level to be distracted
from traffic control in cases where he is under the
control of an automated driving system within the
environment of its normal operation.

However, increasing the safety level of highly
automated vehicles and improving automated
driving systems brings closer the need for
a regulatory distinction between situations in
which the driver needs to take an active part in
driving a car from situations in which he is not
required to actively participate in this process’.

Problems of Liability for Harm Caused by
Cars with an Automated Driving System

As noted by domestic and foreign researchers,
one of the most significant challenges for
legislators and law enforcers in matters of tort
liability for causing harm by highly automated
cars is a significant shift in control over the risks
of causing harm in the direction of the manufacturer
of such a car® Thus, with the development of
unmanned driving technologies, the role of
causality associated with failures in the software
and hardware complex of an automated driving
system increases, while the role of the human
factor of a car driver decreases. In this regard, the
problems of finding a fair and effective balance of
responsibility between the car owner and the
manufacturer are more acute, which will require
a decision on the part of the legislator and law
enforcers with the appearance of cases of harm
caused by highly automated cars.

The authors believe that the solution to the
problem of establishing the degree of responsibility
of the owner of the car and the manufacturer for
causing harm by highly automated vehicles, as
well as the grounds for bringing the participants
of the legal relations arising in this case to this
liability, is in the plane of searching for possible
options for combining public law measures
(primarily, —administrative) and private law (civil

" Law Commission, Scottish Law Commission. Automated
vehicles: joint report. Law Commission Report No. 404.
Scottish Law Commission Report No. 258, 26 January 2022,
P. 36. [Electronic resource]: https://www.scotlawcom.gov.uk/
law-reform/law-reform-projects/joint-projects/automated-
vehicles/. Last accessed 11.08.2022.

8 Expert Group on Liability and New Technologies. Liability
for Artificial Intelligence and Other Emerging Digital
Technologies. European Union, 2019, P. 35. [Electronic
resource]: https://op.europa.eu/en/publication-detail/-/
publication/1c5e30be-1197-11ca-8c1f-0laa75ed71al/
language-en. Last accessed 11.08.2022.

law) liability. At the same time, the issue of a clear
and unambiguous establishment by the norms of
legislation of the legal status of all categories of
entities participating in the processes associated
with the use of cars with an automated driving
system is of particular importance.

CONCLUSIONS

Within the framework of this article, the
authors identified key groups of problems of legal
support for the use of cars with an automated
driving system, and also formulated directions for
their solution.

1. With regard to the problems of terminology,
the most acute problem is the problem of
determining which cars should be classified as
highly automated. In turn, this problem stems from
the problem of determining which software and
hardware complex can be considered an automated
driving system.

2. The authors note that for widespread
introduction of highly automated vehicles, work
is also needed to adapt the legislation governing
the safety requirements for vehicles and the
procedure for their admission to operation. This
work can be carried out in two directions at the
same time: on development of fundamental,
essential safety requirements and on development
of point, purely technical requirements for
automated driving systems, as well as on
development of a methodology for testing them.

3. As part of the analysis of the problem of
redefining the range of rights and obligations of
participants, the authors highlight the problem of
distinguishing between situations in which the
driver needs to take an active part in driving a car
from situations in which he is not required to be
actively involved in this process.

4. In turn, when considering the issues of
liability for harm caused by a car with an
automated driving system, the article focuses on
the need to solve the problem of balancing the
responsibility of the car owner and the
manufacturer.

As stated, within the framework of this article,
the problems of legal regulation of the use of cars
with an automated driving system are identified
and systematized. Naturally, the conclusions made
by the authors, offered to the interested reader, are
not absolute, complete, final, however, they can
become a basis for a scientific discussion. More
detailed, scientifically substantiated and practically
substantiated conclusions, expressing the position
of the authors on the problem raised in this article,



will be presented in subsequent publications based
on the results of currently ongoing research.
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SKCNPECCHHGOPMALA
EXPRESS INFORMATION

«HYXXHA HALBEXXHOCTb KAXXOOIO JIOKOMOTUBA»

aM He HYyXHa HaJ&XKHOCTb «KaK CPeAHHU
(( H mokasarenb 1o 6onpHUIE». Ham myxHa Ha-

JIEKHOCTD KasKIOTO KOHKPETHOTO TOKOMOTH-
Ba. HeBbImonHeHue 3T0ro mokasarens HEM3MEHHO BbI3bI-
BaeT HEOOXOAMMOCTh COAEPKAHUSA JOMOTHHTEILHOTO
mapka d, Kak CIeJCTBHE, IPUBOAUT K JOIOJHHUTEIbHBIM
3aTpaTam KomnaHum», — 3assui 30 asrycra 2022 roxa
reHepalibHbII AUPEKTOp — Ipeacenarels npasiaeHus OAO
«PXXO» Oner benozépos B xone 3acenanus Cosera 1o
B3aumozeiicteuro OAO «PXK/I» ¢ npeanpusTusMu TpaHc-
MOPTHOrO0 MAaIIMHOCTpOEHHUs, npomenmero Ha OAO
«KomomeHnckuii 3aBoa» (BXOIUT B « TpaHCMAIIXOIIUHTY ).

B xone cBoero Buzura Oner beno3époB 03HaKOMHICS
C IPOU3BOACTBEHHBIMU MOIIHOCTIMH KomomeHckoro 3a-
BOJA, OCMOTpeNn MHXUHUPHUHTOBBIN LEHTP ABUTATele-
crpoenus TMX.

Hwmes Gonee ueM MOIyTOPaBEKOBYIO HCTOPHUIO, CErO-
JIHSI IPEANPHATHE BBIITYCKAeT IIHPOKUI CIIEKTpP HPOIyK-
uuu st PXKJI. IMeHHO U3 ero 1exoB BBIXOJISAT Maru-
cTpanbHble naccaxupckue termoBo3sl TOI170bC, a Takke
nacca)xupckue anekrposossl JI12K.

B Hacrosmee Bpemst KonmoMeHCKHI 3aBOA SIBIISETCS
LEHTPOM KOMIIETCHIUI B 00JIAaCTH JBUraTeIeCTPOCHUS,
OH IIPOHM3BOAUT AU3ENIbHBIC ABHUTATENH M arperarsl I
JIOKOMOTHBOB, KopaOieil 1 Hy>k1 Maaoil aTOMHOI1 sHepre-
TUKH.

Cymmapssle naBecTunuy TMX B TeXHHUECKOE EpeBo-
OpyKEHHUE TIPEAIPHUATUS U YBEIUUCHHE 00HEMOB BBITyCKa
MPOAYKIMHU cocTaBuin Oosee 12,5 mupy pyoueii.

«CeronHs MBI ¢ BAMHU YOGIMUINCH, YTO TTOTEHIUAT IIPe-
HPHATUS TI0-TIPEKHEMY COOTBETCTBYET MHPOBOMY YPOBHIO
U IIPeITIPUSITHE CIIOCOOHO PEIIaTh CaMble CIIOKHbIE HAyYHO-
TEXHUYECKHE M NPOM3BOCTBEHHBIE 3a1aUl», — CKa3aJl [JlaBa
OAO «PXX]1».

TMX npencraBuin CBOM HEPCHEKTUBHbBIE Pa3pabOTKH,
KOTOpBIE BCKOpE MOTYT BBITH Ha ceTh PXK/I: MaHeBpoBbIii
TerioBo3 TOM23 u MarucTpaibHBI TPY30BOH TEIUIOBO3
3TD28, a TakXKe NepCHEeKTHBHbIE TPAHCIIOPTHBIE U YHEPre-
tudeckue apurarenu 16JIA1220 u 1-9TMI.

Tlo cnoBam Omnera Beno3éposa, co3maHue MOIIHOTO TeTl-
JI0BO3a HA OCHOBE AM3EIBHOTO JBUTATENsl HOBOTO IIOKOICHHS
SIBIIICTCS I KOMITAHUH KITIOYEBBIM BOIPOCOM TEXHOJIOTHYE-
CKOH Oe30MacHOCTH MEPEBO30K Ha BOCTOUHOM monurowe.

«MBpbI Bo3naraeM OOJIbIIME HAJIEHK/IbI HA MIPE/ICTABICH-
HBII ceroyiHst MarucTpalibHblid Ternoro3 3TD28. Haneemcs
Ha CBOEBPEMEHHYIO IIOCTAHOBKY €ro Ha IPOM3BOACTBO, TAK
KaK OT 3TOT0 HANPSMYIO 3aBHCST II0Ka3aTean paboThl KOM-
MTaHUM», — TIOTYEPKHYIT OH.

ITo matepuanam npecc-uenrpa OAO «PAK/»:
https://company.rzd.ru/ru/9397/page/
104069?id=276715 @

«WE NEED RELIABILITY IN EVERY SINGLE LOCOMOTIVE»

e do not need reliability «like the average
(( for a hospital». No, what we need is
reliability in every single individual

locomotive. Failure to meet this criterion invariably results
in the need to maintain an additional fleet — and, as a result,
leads to additional costs for the Company», said Oleg
Belozerov, Chief Executive Officer and Chairman of the
Board of Russian Railways.

Belozerov was speaking during a meeting of the Council
for Cooperation between Russian Railways and Transport
Engineering Enterprises, which was held on 30 August 2022
at OAO Kolomensky Zavod, a part of Transmashholding.

During his visit, Oleg Belozerov also became acquainted
with the production facilities of the Kolomna Plant and toured
the TMH Engine Engineering Centre.

With more than a century and a half history behind it,
the Kolomna Plant today produces a wide range of products
for Russian Railways. Its workshops manufacture the main
passenger TEP70BS diesel locomotive, as well as the EP2K
electric passenger locomotive.

The Kolomna Plant is currently a competence centre in
engine construction and manufactures diesel engines and
units for locomotives and ships. And in addition, it also meets
the needs for small-scale nuclear power.

AL i ] ] 1

KHA' [AEX (K, KOM! nBd.

TMH has made a total investment of more than
12,5 billion roubles in carrying out a technical refitting of
the enterprise and increasing production volumes.

«Today we have made sure that the enterprise’s potential
still corresponds to a world-class level and that the enterprise is
able to solve the most complex scientific, technical and
production tasks», said the head of Russian Railways.

TMH presented its promising developments, which may
soon enter service on the Russian Railways’ network, including
the TEM23 shunting diesel locomotive and the 3TE28 mainline
freight diesel locomotive, as well as the advanced transport and
power 16LDG220 and 1-9GMG engines.

According to Oleg Belozerov, the creation of a powerful
diesel locomotive based on a new generation diesel engine is
a key issue for the Company regarding the technological
reliability of transportation in Russia’s eastern region.

«We have great hopes for the 3TE28 main diesel locomotive
which was presented here today. We hope that it will be put into
production in a timely manner because the Company’s
performance directly depends on it», stressed Belozerov.

Compiled based on the news released by the press
centre of JSC Russian Railways: https://eng.rzd.ru/
en/9517/page/104070?id=4753 @
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On the Issue of Cleaning Up the Air
in Passenger Coaches (1891-1892)

News from the archives

This material briefly reproduces the main content of the article by Alexander Kritsky in
the «Railway Businessy» journal in 1891 and 1892. The very fact of a multi-issue and
very voluminous publication shows how much attention was paid at one time to the
issue of air purity in railway passenger cars.

The original punctuation, vocabulary and abbreviations adopted at that time are
preserved in the text as much as possible.
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«Judgments take on the character of necessity,
when they endure a double critical process

statement of reasons and agreement by experiencey.

e briefly examined in the pages of this

journal? the changes to which the air in

passenger cars can be subjected, and as
aresult of which it becomes more or less harmful
to the passengers in it.

The next task that seems to be necessary to
solve is, first, to determine, as far as possible,
strictly what impurities in the car air and in what
percentages should be recognized as harmful to

! See «Zheleznodorozhnoe Delo» [Railway Business], 1891,
No. 39-40 and 42—43. — Ed. note.

H. Lewis

breathing of passengers, both in themselves and
because of the influence that they affect the
change in the normal relations of the elements
of atmospheric air. Once this problem has been
clarified, it would be necessary to carry out
a qualitative and quantitative analysis of this car
air in order to draw up a conclusion about its
quality. A number of such analyses and
subsequent generalisations could lead to
simplification and facilitation of the issue of
determining the air quality in passenger cars.

Acknowledgements: the editors express their gratitude to the staff of the library of Russian University of Transport for their help in

preparing the publication.

For citation: Kritsky, A. M. On the Issue of Cleaning Up the Air in Passenger Coaches (1891-1892). World of Transport and
Transportation, 2022, Vol. 20, Iss. 4 (101), pp. 266-274. DOI: https./doi.org/10.30932/1992-3252-2022-20-4-12.

The text of the archived article originally written in Russian is published in the first part of the issue.
Tekcm apxueHoli cmambUu Ha pyccKoM si3bike ny6auKyemcs e nepeoll Yacmu daHHO20 ebinycka.



The next task after this will be to find means
and ways to bring the spoiled and designated for
breathing air into such a state in which it could
be recognised as harmless!..

These are the immediate tasks that should be
pursued when solving the problem of improving
the air in passenger cars; obviously, they differ
significantly from those relatively broad tasks
that can and should be presented in solving such
problems as the question of improving the air in
schools, children’s, hospitals, etc. In the latter
case, the tasks are reduced not only to preservation
and maintaining the constitutional properties of
the body, but also to a correspondingly normal
course of its development, as far as it depends
on the quality of the indoor air.

For a solution to the question of the purity of
the air in a given room, we are used to turning to
our sense of smell, that is, we are used to judging
the degree of purity of the air by its smell;
obviously, this method is quite subjective, but it
will not be necessary to turn to it more than once.
Prof. Pettenkofer, who devoted a lot of time to
studying the issue of improving the air in
residential premises, recognizing assessment of
air by smell as quite correct, believed that the
most rational and, moreover, quite objective
solution to the problem of air quality could be
obtained if we had at our disposal a method of
concentrating and direct measurement of odorous
substances contained in the air. Later observations
and practical data showed that the smell cannot
serve as a sure means for assessing the air in
enclosed spaces, as a result of which it should be
handled with extreme caution. The bad odor,
according to Professor Naegeli, which
accompanies decomposition, only indicates that
the embryonic forms are still developing under
the influence of humid air; the most dangerous
moment comes when the humidity decreases and
germinal forms, drying up, spread in the air in
the form of dust. The smell stops, but the air
becomes extremely spoiled. ..

Having familiarised ourselves somewhat with
the work on determining the quality of air in
passenger cars depending on the content of
carbon dioxide in it, we now turn to assessment
of such definitions in general.

There are no sources of carbon dioxide in the
cars, except for the current excretions of the body,
for example: the processes of decomposition of
organic compounds in the air and development
of microorganisms (some scientists believe that

carbon dioxide can serve as a measure of these
processes?), tobacco smoking, artificial lighting
and heating of cars; to this should also be added
the residual carbon dioxide contained in the air
and enveloping dust particles and tissue fibers.
It is known that dust particles do not diffuse in
the same way as air in general and carbon dioxide
in particular, walls and even cracks filter them,
they settle and can gradually be deposited in
layers. This circumstance was especially sharply
revealed during air analyzes by Dr. Tolvinsky in
tents, where, despite the large pores in the canvas
(pierced even by rain), the air was just as bad as
in stone rooms. [ draw attention to these sources
of carbon dioxide because their existence in the
car is exactly the circumstance that Pettenkofer
emphasizes so much when recommending his
scale, and which one has to reckon with in one
way or another.

All of the above and, in general, the instability
of the Pettenkofer method leads us to the
conviction that the judgment about air quality,
based on the measurement of carbon dioxide in
it, is extremely unreliable and can lead to serious
erTors.

As for the direct effect of carbon dioxide on
the body, most scientists agree that the content
of carbon dioxide, usually found in indoor air, is
not harmful and, therefore, carbon dioxide cannot
be considered as a poisonous admixture to car
air. The accumulation of carbon dioxide up to
6-7 % is often tolerated without any complaints
about such air (Leblanc, Smith and others).
Dr. Albitsky proved with his experiments that
harm and deep disorders in the body begin with
arelatively high percentage of carbon dioxide in
the air, namely between 10 % and 20 %, and
30 % of carbon dioxide produces positive
asphyxiation.

Now the question naturally arises, which of
the car air impurities considered by us are the
most harmful and whether there is any other way
to determine the quality of the car air.

We have already said that in the atmospheric
air there is constantly a certain amount of free
ammonia, which fluctuates within very significant

2In view of favourable conditions that take place in the cars for
the processes of decay and development of microorganisms,
namely high humidity and high temperature (about 20°C),
serious attention should be paid to this source; here, by the
way, it should be noted that with the decomposition of organic
substances, the release of carbon dioxide does not always go
in parallel (Dobroslavin) and that the assumption given in
brackets requires confirmation by experiments.
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limits; in the air of the car, this ammonia content
increases quite significantly, partly due to the
addition of protein ammonia to it, which is
released during the processes of decomposition
of organic dust particles that are carried in the
air of the car, as well as settled on walls, furniture,
etc., or have not yet been separated from the
surface of the skin and mucous membranes of
the body, partly due to the addition of ammonia,
which is a product of the decomposition of urine
in retirades.

The question of what amount of ammonia in
the air of the car can be allowed as not harmful
to passengers still needs to be resolved. It is
known that the amount of ammonia in poorly
maintained residential premises reaches up to
1 % (Edwars); of course, such a content of this
gas in the air of the car, despite the great
adaptability of the body, cannot pass without
a trace.

Determining the excess of ammonia, above
atmospheric, in the air of cars and living quarters
in general, according to some scientists, can serve
as a measure of air quality and the degree of its
harmfulness; from this point of view, a detailed
study of ammonia, as an impurity in car air, is of
undoubted interest, especially since there is
strong evidence in favour of the advantage of
ammonia as a measure of air purity, compared
with carbon dioxide.

At present, organic dust, which serves as
a soil for development of microorganisms and
carries in its composition the germinal forms of
the latter, is recognized by almost everyone as
the main factor in air damage. The constant
existence in the air of such germs and
microorganisms capable of causing the processes
of fermentation and putrefaction was confirmed
by the excellent experiments of Prof. Pasteur.
This dust is mainly attributed to the odourousness
of car air and the poisonous effect of the latter
on the body.

From all of the above, we see to what extent
it is important to be able to subject the dust of
the car to research. This study would best allow
us to judge the quality of the air in the car.

In addition to organic dust, we must turn our
attention to car dust in general. We know that
dust particles contribute to contamination of the
surface of the mucous membranes of the larynx,
large and small respiratory tracts, etc., sticking
to them and thus adversely affecting their
functioning, often producing an inflammatory

state of the membranes and even ulcers —not I’'m
talking about the irritating effect that dust has on
the general nervous system. Anyone who has had
to ride in cars or spend some time in the dusty
rooms of archives, libraries, museums, etc., is
well aware of the fact that the pharynx dries up
accompanied by thirst, the fact of drying of the
nasal cavity, the appearance of a runny nose, etc.

As for the methods for determining the
quality of car air, based on the presence of
organic dust particles in it, similar to protein
substances, then naturally, we must dwell on
methods that are more applicable and more
reliable under the existing situation in the cars.

A causal relationship has long been noticed
between the existence of ozone in the air and the
degree of purity of the latter, i.e., the degree of
content in it of extrancous organic residues
capable of being oxidized. According to
Ebermeyer’s experiments, even in a deliberately
clean residential area, it was not possible to detect
the presence of ozone; only with the doors and
windows wide open for the free entry of the wind
did a weak ozonoscopic reaction appear, which
disappeared as soon as the access for the free
entry of the wind was stopped...

...These and many other experiments
convince us of the validity of the previously
indicated causal relationship between
disappearance of ozone and purification of air
from organic residues; and to these latter, as
already mentioned above, harmfulness of indoor
air is mainly attributed.

All of the above gives us the right to use
ozonometric studies of it to determine the quality
of car air, in extreme cases, with much less
accuracy, ozonometric study of air samples taken
at various points in the car. These studies can be
carried out by gradually introducing a certain
amount of 0zone into the air of the car, developed
by any means, electrical, chemical or even
mechanical, and observing the change in color
of ozonometric (starch iodine) papers located
along the car?.

The determination of carbon monoxide in cars
depending on heating, as well as tobacco smoking,
is of undoubted interest in view of the toxic effect
on the body that even a relatively small presence
of this gas in cars has. The experiments of Grean,
Gryaznov and others showed that when smoking
tobacco, a significant amount of carbon monoxide

® The method of preparing ozonometric paper is described
in detail in the Dobroslavin hygiene course, 2™ ed., Part 1.



develops, and therefore this issue deserves serious
research. Naturally, we should be interested in the
issue of improving the air in cars mainly with those
impurities, the harmful influence of which we
suspect; here it is necessary to include hydrogen
sulphide gas, some organic acids, ectc.; the
presence of these latter in cars, in all likelihood,
does not exceed very small values, and therefore
the main role in air pollution will remain on the
side of dust.

Now let’s move on to considering the issue of
air humidity in the cars.

The artificial conditions in which a person is
placed in the closed atmosphere of cars change to
a greater or lesser extent the functions of his
organism and cause them to be coordinated with
each other. The vast majority of coordinations,
owing to their complexity and variety, cannot be
discovered by us; however, when studying the
influence of artificially created conditions on the
organism, one should always keep in mind the
existence of changes and coordination of various
functions of the organism caused by the
combination of these conditions. From this point
of view, the hygrometric state of the air in
residential premises is of incomparably greater
interest than it seems at first glance at the matter.

Despite the apparent simplicity of the question
under consideration, it is still in the group of little
studied and from time to time arouses a complete
disagreement in opinion, probably due to its
insufficiently correct formulation.

From the graphic table of humidity, placed in
No. 39-40 «Zheleznodorozhnoe delo» of 1891,
one can see how significant fluctuations are
subjected to both relative and absolute humidity
of atmospheric air; for us, obviously, the question
of relative humidity is more important, since its
percentage expression gives an idea of how much
more a given air can take moisture away from
existing wet objects®. It would be extremely hasty,
based on such given average values of atmospheric
air humidity at some or even many points, to try
to establish humidity standards for enclosed spaces
in general and cars in particular. The influence of
a given hygrometric state of atmospheric air on
the body cannot in any way be identical with the

* The degree of humidity of a given air, as it turned out
recently, is most clearly characterized by the amount of
under-humidification (Sattigungsdeficit), which expresses
the amount of vapor (in grams per cubic meter) that this
air can still absorb before it is saturated, or, approximately
the difference between the pressure of the vapors saturating
the given air and the pressure of the vapors contained in it
in reality.

influence of the same hygrometric state of
enclosed air, as will be clarified below — rather,
a significant difference should be expected.

The conditions for staying in cars, speaking in
general, are very close to each other in different
even very remote points of the state, especially
during those periods of time when we are under
the most prolonged and greatest influence of
closed air, i.e., during those periods that are of the
greatest interest; meanwhile, choosing the norms
of humidity in car air, we are talking about the
average annual values of atmospheric humidity,
about the fact that nature itself indicates to us
certain limits, about the habit of certain fluctuations
in humidity that exist in a certain area, etc., and
so on. Even conclusions about harm or
harmlessness of one or another vapor content in
closed air are made on the basis of considerations
that such and such humidity occurs in nature in
healthy areas, while these limits are very wide, for
example: 13 % (Yalta, Sevastopol, Tashkent),
96-90 % and above (Moscow, Simferopol and
others). The groundlessness of such considerations
is too obvious to be elaborated upon.

As a result of such a formulation of the
question, no humidity standards have yet been
developed with which it would be possible to
compare this hygrometric state of car air. Everyone
who begins to speak or write about this subject,
with equal right, proposes his own norms, and just
like others, without sufficient reason.

Professor August considers humidity to be
normal between 45 % and 50 %; in Boston,
a commission of specialists determined that
humidity should be considered normal from
60 % to 70 %; Professor Chaumont gives values
for England from 70 % to 80 %; Dr. Taratkevich
for our climate, in his work on ventilation of
cars, considers it necessary to establish norms
of 40-60 % on the ground that the humidity
limits of America and England cannot be
applied to our continental climate, where
outside air is usually with a low percentage of
humidity (?).

Here is what E. Lenz says about the choice
of limits in the content of water vapor for
residential premises: below 40 % humidity is of
course insufficient; by inhaling such dry air the
lungs would be too dry (?)5; on the contrary, the

® In Petersburg, which is distinguished by its dampness,
according to prof. Flavitsky, the best clear days of the year
with fine weather and pleasant healthy air are accompanied by
a low percentage of humidity below 50 %, even at 3024 %
and below.
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§/ é § %, Humidity °C, Temperature é

< .2 2 S ©

E E é g ?,3; %0 % = :2;0 e = g 2
Z% E | 28| = E E z £ £ z |2
10 11/111 38/55 63,6 7 60 19,3 20,0 17,0 3 Ventil. open
11 30/45 63,6 72 64 21,9 24,0 19,8 3

12 20/1 42/60 93,5 98 88 16,7 17,0 16,4 2

13 - 45/65 77,0 79 75 19,9 24,0 16,2 2

14 23/1 58/84 85,0 92 79 20,1 22,0 18,4 2

16 16/111 70/100 74,5 79 67 22,9 24,6 18,4 4

17 - - 75,0 79 71 23,0 25,4 20,4 4

18 - 62/90 83,0 85 81 17,9 19,8 16,0 2

19 - 70/100 75,5 78 73 21,4 23,9 19,8 2

20 - - 74,0 7 71 23,0 24,6 21,6 2

21 - 68/97 78,0 78 78 20,0 20,0 20,0 1

22 22/111 47/68 73,6 79 66 19,8 22,0 17,4 3

24 - 50/72 70,0 72 66 21,2 21,2 21,0 3

25 - — 82,0 86 74 19,6 22,4 18,0 3

26 - 58/84 77,0 79 74 20,8 21,6 20,0 3

29 30/11L 68/97 78,0 81 75 19,0 20,0 18,0 2

30 - 54/78 79.5 83 76 18,4 19,2 17,6 2

31 - 57/83 81,0 87 78 18,9 20,9 18,0 3

32 - 57/72 78,0 80 77 21,3 22,0 20,2 3

33 - 50/72 78.0 73 78 16,0 16,0 16,0 1

34 4/1IV 53/94 74,6 76 73 20,9 23,2 19,0 3

36 - 70/100 67,0 75 62 19,5 20,0 18,4 3

37 - - 77,3 80 75 19,1 20,0 18,4 3
Average of all 76,46 80,4 73,09 20,01 21,41 19,48 59

humidity of the air can reach 100 % without any
particular trouble for the breathers and without
harm to health, but with this perfect saturation,
the slightest drop in temperature produces
a precipitate of the water in the vapor, from which
all objects that receive moisture become damp;
so we will take the upper limit of humidity below
100 %, about 80 %.

If the internal temperature is 18°C, then at
80 % humidity this air can cool down to 14,5°C,
producing a precipitation of water vapor; at 40 %,
it can cool from 18°C to 4,3°C without vapor
deposition.

What is the degree of humidity actually
encountered in passenger cars?

Dr. Taratkevich made a number of
observations on humidity in cars of various
classes; the largest number has been determined:

NoridoTaral

it was made in third-class cars, which is why
I give here humidity readings in connection with
temperature for third-class cars.

The highest observed humidity = 98 % at
17°C, the lowest 47 % at 15,6°C., the latter in
an old class II car. Using these data, one can
only come to the conclusion that humidity in
passenger cars is extremely high even in the
cold season (most of the observations were
made in January and March), with a slight
decrease in air temperature, vapor is already
deposited on walls, windows, etc.; along with
this, development of organic dust decomposition
processes is more energetic, as a result of
which the car air becomes odorous and
extremely unpleasant.

After briefly reviewing the hygrometric
state of air in cars, it remains for us to consider



some considerations regarding the choice of
humidity standards. This question, which plays
a very important role, I believe, could be
solved only depending on the thermal economy
of the body, that is, on the desire of our body
to maintain thermal equilibrium, despite the
difference in external conditions.

We know that, due to various life processes,
a huge amount of heat is released in our body,
according to Pettenkofer, more than 3 million
units per day; this heat could be heated from
0°C to 100°C 30 cubic decimeters of water;
under certain circumstances, the amount of
heat released can increase or decrease by up
to 50 %; at the same time, in order to preserve
health, it is necessary that the heat of the body
does not change significantly, i.c., that the heat
input inside the organism and the expenditure
on its periphery are in some balance.

How is the body’s thermal equilibrium
maintained?

In this case, we are only interested in the
question of the expenditure of the excess
developed heat by the body.

The expenditure of such a huge amount of
heat by the body occurs in three ways: a) by
radiation; b) by transmission through other
bodies; and c) by evaporation. There is
a constant coordination between these three
paths; the increased expenditure of heat in one
way is accomplished at the expense of the other
two, and vice versa. The expenditure of heat
by radiation and conduction under normal
conditions is constant to some extent; in
evaporation, one should see the most important
means at the disposal of the organism for
restoring the disturbed balance in its thermal
economy.

We have already seen how much water
vapor is released from the body. During the
experiments of Voight and Pettenkofer with
the famous Munich respirator, it was found
that by pulmonary and skin respiration, water
evaporates in 24 hours from 900 to 2000 grams
or more, as a result of which 504,000-1,120,000
units of heat are taken from the body (One
gram of water for circulation in steam consumes
560 units of heat released by the body).

The following table, compiled according
to Pettenkofer, gives an idea of the striking
difference in quantitative effects that is
achieved by evaporation during pulmonary
respiration of an adult, depending on
temperature and humidity.

Temperature, | Humidity, The amount | Difference
“C in % of heat

released

per day in

calories
0° 0% 293040 cal. |—
0° 50 % 279090 cal. | 13050
0° 100 % 265050 cal. | 14040
30° 0% 274050 cal. |-
30° 50 % 189720 cal. |84930
30° 100 % 105390 cal. |84330

The human body, however, has a huge degree
of adaptability, but it should be remembered that
the intensity of functioning of any organs or their
prolonged weakening could not pass without
leaving a trace in the sense of influencing the
general condition of the body.

With dry and warm air, functioning of the
vasomotor nerves increases and, at the same time,
evaporation; enhanced functioning produces
known morbid phenomena in the body, the
degree of which is in direct proportion to
intensity and duration of functioning.

In warm and humid air, maintenance of
thermal equilibrium in the body is extremely
difficult since the above ways of expending heat
are already paralyzed to a greater or lesser extent.
Depending on the degree of humidity of the
closed air, the amount of moisture released by
the body is significantly reduced. This amount
must be considered as a function of humidity of
the ambient air, which is unfortunately not
known; it is easy to see that there should be an
inverse relationship between these two quantities
(E. Lenz). The excess of accumulating heat in
warm and humid air and increased functioning
of the organs, striving to restore balance, are
reflected in a certain painful way on the body.

Let us now consider the real conditions in
which the passengers of the cars are in relation
to maintenance and regulation of the thermal
economy of the body.

The radiation of the body is completely
eliminated in the tightness of the car, since the
body is surrounded by equally warm bodies, i.e.,
inflow and outflow are mutually covered, but in
places close to walls and windows, extremely
harmful non-equilateral radiation occurs; thermal
conductivity decreases to extremely small sizes,
since the air of the car, having very low mobility
and reduced, due to relatively high humidity,
thermal transparency, soon acquires a temperature
close to the temperature of the surrounding
warmer environment. And so the main expenditure
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of heat falls on evaporation of moisture from the
skin and membranes. At an elevated temperature
and a certain, still insufficiently elucidated degree
of humidity in the car air, the pores of the skin
open up extremely, a need is felt for an increased
air flow in order to increase the transfer of
accumulated heat; meanwhile, the air of the car
seems to us completely motionless®, the open
pores are polluted with car dust, in which the work
of decomposition begins, there is a lack of air,
thirst, that is, the need to cool the shells, and even
excessive dryness; the last circumstance (deception
of feeling) was observed more than once in
cramped living quarters with warm and humid air.

Usually, supporters of more humid air, as well
as supporters of drier air in living quarters, defend
their one-sided opinion on the influence of the
climate of various localities on human health.
This grateful ground of defense requires,
however, the utmost discretion, owing to the
complexity of the conditions involved’.

Refraining from considering this side of the
issue, I will proceed to clarify the role that
a change in the proportions of oxygen in the
inhaled air can play in relation to the harmless
stay of passengers in the car.

Above?®, we pointed out the fact that the
volumetric oxygen content in atmospheric air is
very close to constant, its fluctuation amplitudes
are in very small limits of 0,04-0,13 %;
meanwhile, in the air containing many organic,
casily oxidized substances, the researchers found
constantly less oxygen.

A rich series of data obtained from Smith’s
analyses in Manchester and many other places
in Great Britain indicate a constancy in reduction
of oxygen under certain conditions. If we pay
attention to how much air passes through our
lungs, then a relatively small deficiency in
oxygen will give a noticeable decrease in total.

The decrease in oxygen in the air occurs due
to a change in barometric pressure, due to
displacement of part of it by water vapor, various
gases, solid suspended dust particles, etc. In view
of the lack of direct experiments, there are no
data to judge this.

Since, as oxygen decreases in the air content,
various harmful impurities can take its place, the
circumstance of reducing oxygen in the car air

® At a speed of less than'/, meter per second, we feel
surrounded by absolutely calm air, only at a speed of 1 meter
do we begin to feel a slight movement of air.

"F. Kloden. Phys. geogr. Healing and harmful climates.

8 See No. 41-42 «Zheleznodorozhnoe delo» of 1891. — Ed.

should attract serious attention. This last may
indicate the existence in the car air of certain
unfavorable or even harmful conditions that
modify the normal composition of the air.
Unfortunately, analysis of the oxygen content in
the air are extremely difficult, and are available
only to a well-equipped laboratory, so we have
to abandon these determinations in the car air.

All of the above shows that the decrease in
oxygen in the car air can by no means be ignored.
The circumstances of this decrease in the oxygen
content clearly indicate the fallacy of the opinion
that the decrease in oxygen existing in living
quarters is so small that it can be generally
neglected, on the grounds that an incomparably
greater decrease in this component of air occurs
in nature and we still feel good.

Leaving aside the enormous physiological
influence that a change in atmospheric pressure®
has on our organism, [ will say a few words about
the hygienic significance of light.

This question is relatively young to be able
to come to an unconditional solution to it. From
the experiments of Speck, Fubini, Ronk and
others, it turned out that light increases the release
of carbon dioxide. To what extent this
circumstance affects, in the sense of counteracting
the accumulation of an excessive amount of
carbon dioxide in the body, there is not enough
data to indicate. Davies and Blunt showed that
strong illumination adversely affects development
of lower life forms, bacteria; on this basis, light
is ranked among the most powerful disinfectants.
If the dwelling is abundantly lit by sunlight, then
the processes of decay of organic substances,
smoldering and decay are significantly reduced.
The large number of windows in cars is, of
course, an enormous advantage in this respect
compared with living quarters. Not the last role
is played by the sun’s rays in the sense that by
producing local heating of objects or air, they
contribute to the imbalance of the latter and cause
air currents, which in themselves can inhibit
development of lower organisms. ..

Let us proceed to consideration and evaluation
ofthose measures that are practiced to one degree
or another by the railways in the form of
improving the air of passenger cars.

It is obvious that in order to achieve more
satisfactory results on the way to this goal, it is
necessary to combine arrangement of cars

° Flammarion considers the pressure of about 764 mm Hg to
be the most favorable for the general condition of the body.



themselves with their maintenance during
operation. Much has already been done in this
regard, but much remains to be done to achieve
a possible improvement in the air intended for
breathing passengers.

The measures taken by our railways are
directed chiefly to improving the design of cars
in general, to improving their heating, lighting
and ventilation systems; for this, much less
attention is paid to cleaning the cars from dust
and dirt, as well as cleaning and disinfecting the
retractors during operation of cars.

All this is too clear for it to be necessary to
expand on the importance of keeping the interior
of the car clean and tidy and on the need to
immediately eliminate any fires that have formed,
partly from a lack of cleanliness, partly from the
careless handling of various kinds of garbage,
foci, introducing impurities harmful to the body
of passengers into the air of the car.

Obviously, ventilation and ventilating come
into their own only when the requirements for
cleanliness of cars are met, and until then, both,
in most cases, turn out to be invalid. I have
already cited Professor Pettenkofer’s sharp, but
in this case very apt expression on this subject,
but now I pay attention to it because many people
see ventilation as the main and even the only
means for improving the air of cars, without
attaching due importance to everything else; it
is also obvious that by the mere observance of
even impeccable cleanliness, we will not go far
along the path to the goal. Where we have to deal
with the inevitable steady, periodic or constant
release into the air of substances that contribute
to pollution of the latter, we must turn for help
to ventilation, which in this case alone can bring
the air of the car closer, in quality, to the required
one. As for disinfection of cars, this latter, in the
current state of the issue, as an independent
measure for our purposes, should recede into the
background.

We have already firmly established ourselves
in the concept that the main factor in deterioration
of car air is dust, and especially organic dust.
This circumstance makes us, first of all, strive to
clean the air of cars from dust. It is impossible
to completely clean the air from dust, but there
is a full opportunity to significantly reduce its
amount by taking advantage of its physical
properties.

Generally speaking, cleaning of cars from
dust, dirt, etc. during their service costs, with
a certain passenger traffic on a given road,

depending on the number of cars serving and, as
a result, more or less waiting for setting to the
train. However, even on such roads, where the
cars are outside the trains for a sufficient time to
clean them, and where there are artels of workers
special for this purpose, cleaning of cars has
a character of an accident; this circumstance must
be attributed to the absence of any system in this
matter; where there is no such helmsman, the
means help little.

I will not dwell on such ordinary things as
washing the floors in the cars, knocking out and
airing the seat cushions, rugs, etc.; the rational
use of these measures practiced by all railways
presents absolutely no difficulty. Here I want to
make only a few remarks, which to a large extent
could help the cause of reducing dust in cars.

First of all, in this regard, soft cushions of
passenger seats draw our attention. Everyone
knows that upholstered furniture contains a lot
of dust, that this dust, generally speaking, cannot
be knocked out, since the inner stuffing of pillows
(hair, grass, etc.) itself is a collector and
a constant source of dust, it is easy penetrating
outside. Those who have had to be present when
passing an old hair through a scutching machine
know what a large amount of fine dust is emitted.

It is known that the wooden frame of the
pillow, in which, together with springs, is placed,
its inner stuffing, both from below and from
above, is usually covered with a rare hemp or
linen fabric, which is not able to keep dust from
freely penetrating it outwards with any blow to
the pillow, even a small one, which is usually
accompanied by the descent of a passenger into
the seat, not to mention the absorption of various
gases by upholstered furniture. All this points to
the urgent need to replace the rare fabric with
a dense one, no matter whether it is carefully
dyed tarpaulin, good oilcloth, or anything else of
the kind; only on top of a cover as less permeable
to dust as possible, a fine upholstery should be
applied, which in this case will be covered mainly
by external dust, and this latter can be easily
knocked out and removed with a slightly damp
cloth?0.

Everyone knows that in cars equipped with
upholstered furniture, the air is extremely thin
even after ventilation. Often it was necessary,
using the sense of smell, to recognize the air of

0 Upholstered spring furniture without stuffing is currently
used on American roads, drawings of such furniture can be
found in the American journal «Nation, Car and Locom.
Builder» (1891, Vol. XXII, Number 5 Supl).
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class I and I, going in a train without passengers
(this is especially noticeable in cars with
compartments), worse than in a class I1I car filled
with the so-called pure public. In the work of Dr.
Taratkevich we find that the air in a class II car,
given the corresponding number of passengers,
would be incomparably worse than in a class I11
car. New cars built on Nikolaevskaya railway
eliminate the possibility of looking for the main
reason for this circumstance in the leakage of
window frames, doors, etc.

Sources of dust in cars are also various kinds
of panels, floorings, etc. Rope rugs (resin) should
certainly not be allowed in cars, since they absorb
a lot of dust that is exposed to moisture, sputum,
etc., decomposition, dust from blows and friction
with feet rises into the air and infects it. The best
rugs are thick tarpaulins, from which it is possible
casily to wash off dust and dirt from time to time
with a rag or mop.

On some roads, it is customary to wash walls
and ceilings with water from time to time, whether
wooden or upholstered with oilcloth. For this
purpose, a more convenient and expedient method
can be recommended. A sleeve is inserted into
each car in turn, equipped with a metal head with
extremely small holes; by spraying water, they
moisten the air, walls, furniture, etc. When the dust
settles, then carefully collect it from the furniture
with damp rags, and from the walls and ceiling
with rollers, proposed by Dr. Oswald-Wolf,
wrapped in a sponge, cotton wool or cloth and
placed in a fork equipped with a long handle; the
winding obviously requires thorough washing as
it gets dirty.

Since ventilation of cars empty of passengers
plays a very important role in the sense of
improving the air of cars, it is necessary to
arrange windows in such a way that they can be
conveniently opened at any time of the year. The
best type in this regard is the drop frames. This
type of frames, practiced on various railways,
received the right of citizenship on Nikolaevskaya
railway.

From the foregoing, we see that the tasks of
ordinary car disinfection, in the current state of
the issue, are reduced to a minimum and that
cleaning of cars and ventilation given earlier, to
which we now turn, are the main areas that
completely absorb our attention in the issue of
air sanitation of passenger cars.

The immediate task of car ventilation is not
to restore normal composition of the air, which
is obviously unattainable, but to remove and

disperse harmful impurities in car air, mainly
organic dust, which serves as a medium for
various kinds of organic processes. The scattering
of dust particles caused by ventilation is in itself
capable to some extent of weakening the energy
of the processes of development and
decomposition. Duclos says that dispersal of
germs kills their action; the same must be said
about those putrefactive fungi and spores that
form whole colonies that float in the air of the
car.

The next task of ventilation, no less important,
but to which very little attention has been paid
until recently, is to help maintain the thermal
equilibrium of the body with the help of a steady
exchange of air. Neglecting this last task still
feeds such theories as the theory of heating and
ventilation with heated air brought to body
temperature or even higher.

Consideration of this still far from clarified
problem is not included in the program of this
study, and I will allow myself to touch on it only
in passing insofar as it is necessary for judging
the ventilation practiced in cars with heated air;
I now turn to the next problem of ventilation.

It is quite clear that in the car, if it were
a completely isolated space, not communicating
with the outside air, the critical moment for
breathing would finally come sooner or later —
depending on the number of passengers and on
the volume of the car, more correctly, on the
initial volume of fresh air...

Now let’s move on to the consideration of
those devices that achieve artificial ventilation
of cars.

All devices of this kind are divided into two
main groups: the first of them is based on direct
pushing of fresh air into the car by the force of
the wind, the second — on exhaustion of spoiled
air from the car also by the force of the wind; it
is assumed that the same amount of fresh air
enters the car through natural ventilation.
Combinations of ventilation devices of both
groups are rare.

We know that the work of all such apparatuses,
acting by the force of air currents, is closely
dependent on these latter, and that this
circumstance determines the inconstancy of their
action.

A. M. Kritsky
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ABSTRACT

The article is a review of the textbook «Legal regulation
of the market economics (on the example of the transport
industry)» for students of transport universities studying in
master’s programs, prepared by the team of the Department
of Transport Law of the Law Institute of Russian University of

Financial University under the Government of the Russian Federation, Moscow,

Transport under the general editorship of the Honoured
Scientist of the Russian Federation, D.Sc. (Law), professor
A. I. Zemlin. The author notes not only the relevance of topics
in the content of the textbook, but also multidimensionality of
their coverage: from theoretical aspects to the practices of
their implementation. The depth of the scientific approach,
demonstrated by the authors, ensures a complete and
comprehensive assimilation of the material, ensuring practical
significance and potential relevance of the textbook. The
authors managed to determine the optimal amount of
sufficiency of didactic material in the textbook for formation of
legal competencies among highly qualified specialists in the
field of transport, as well as employees of public agencies and
corporate governance bodies, necessary for successful
performance of their duties in the market economy.

Keywords: market economy, transport, law, legislation, education, students, legal support.

For citation: Bagreeva, E. G. Legal Regulation of a Market Transport Economics as a Legal Discipline. World of Transport and
Transportation, 2022, Vol. 20, Iss. 4 (101), pp. 276-279. DOI: https://doi.org/10.30932/1992-3252-2022-20-4-13.

The text of the review article originally written in Russian is published in the first part of the issue.
Tekcm cmambu-peyeH3uu Ha pycckoM si3bike ny6uKyemcs e nepeoli yacmu daHHO20 8binycka.



ssociated with a rethinking of goals and
objectives of development of states, the role of
society, state and law, the state of modern international
relations, economic, social, and legal problems. New
dangers and threats to sustainable development of the
state as a whole, and the transport system in particular,
are of great interest to many domestic lawyers [1-8].

The successful functioning of the transport system
involves not only the knowledge of its subjects of
regulatory legal acts, but also practical organization
of measures to ensure safety of the transport
infrastructure based on doctrinal approaches, a set of
medical and medical and social measures aimed at
reducing the risk of emergencies, minimizing medical
and sanitary consequences and preservation of
people’s health [9; 10], fulfilment of international legal
obligations of our state in the transport sector,
reduction of environmental damage [11; 12] and much
more.

The formation and systematic improvement of
professional competencies among highly qualified
transport specialists that allow them to carry out
legitimate management actions is an important task
[13; 14], especially in a market economy. The ability
of graduates to accurately qualify offenses, to strictly
ensure implementation of norms of special, including
transport, legislation in the process of project activities,
to manage production, technological, and logistics
processes, to solve other professional tasks based on
understanding the essence of legal phenomena and
processes, problems of legal regulation of activities
in transport, is predetermined by the needs of
implementation of the tasks set by the Transport
Strategy of the Russian Federation until 2030 with a
forecast for the period up to 2035.

Taking into account the need for specific
specialists in transport, as well as based on their own
earlier scientific research and educational literature
[15—18], a team of scientists — representatives of the
scientific school «Transport Law», created and
functioning at the Law Institute of Russian University
of Transport, set an ambitious task is to fill the lack of
educational literature necessary for teaching students
of transport educational organizations studying in
master’s programs, as well as students of retraining
programs for disciplines related to the legal support
of professional activity in a market economy. A highly
professional team of authors headed by the Honoured
Scientist of the Russian Federation, D.Sc. (Law),
Professor Alexander I. Zemlin, having determined the
sufficiency of the material, successfully coped with
the tasks set, preparing the textbook «Legal regulation
of the market economics (on the example of the
transport industry)» [19].

The textbook in a systematic form presents the
material of the course «Issues of legal regulation of
property relations in the field of transporty, taught to
students of transport universities enrolled in the

Ti\e events currently taking place in the world are
a

master’s program 40.04.01 Law, profile «Legal
foundations of state and corporate management of the
digital economy and transport», and as well as an
additional professional retraining program «Legal
regulation of the market economy», implemented by
specialists in the field of transport management.

I note with satisfaction that the content of the
educational publication fully complies with the
qualification requirements for the positions of
specialists established in the Qualification Directory
for the Positions of Managers, Specialists and Other
Employees, approved by the Decree of the Ministry
of Labour of Russia 0f21.08.1998 No. 37 (as amended
by the Decree of the Ministry of Labour of Russia of
21.01.2000 No. 7), as well as the requirements of the
Federal State Educational Standard of Higher
Education in the field of study 40.04.01
«Jurisprudence», approved by order of the Ministry
of Science and Higher Education of the Russian
Federation of November 25, 2020 No. 1451.

It should be noted that when forming the structure
and content of the textbook, the authors considered
the needs of transport specialists in obtaining legal
knowledge in all areas of practical activity. In
particular, the textbook includes didactic blocks that
reflect problematic issues:

* Legal regulation of public administration in the
field of market economy.

* Application of international private law in a
market economy and the law of international
transportation.

* Administrative-legal and private law regulation
in the field of transport.

* Regulation of relations «employee—employer»
in a market economy.

» Ways and forms of protection of property and
non-property rights of economic entities.

* Financial and legal support for development of
the Russian transport system.

» Legal support of legality, protection and
protection of the rights of participants in transport
relations.

Implementing the provisions of the above-
mentioned Transport Strategy of the Russian
Federation until 2030 with a forecast for the period
up to 2035, the authors of the textbook paid special
attention to the issues of legal regulation of transport
relations and financial and legal support for functioning
of the transport system in the long term.

It is also worth emphasizing the efficiency of the
team of authors: based on the task set by the Minister
of Transport of the Russian Federation for the Russian
University of Transport to perform the function of a
basic industry university, a centre for educational and
methodological work, a peer-reviewed textbook was
prepared at a high professional level in a short time.
Dr. Alexander I. Zemlin, being editor, inspired a team
of like-minded people — teachers of the department,
leaders and teachers of other departments of the Law

27
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Institute of RUT, specialists — practitioners, experts
and scientific and pedagogical workers of educational
organizations to prepare the necessary textbook.

I am convinced that the textbook material will
become a basis for all transport educational
organizations and will ensure development of a unified
approach to the content and methodology for
formation of law-significant competencies among
students and listeners of additional professional
education programs implemented by transport
educational organizations. In addition, the content of
the textbook will make it possible to implement
project-based and practice-oriented approaches in
teaching, which will most effectively affect fulfilment
of the tasks set by the Transport Strategy of the Russian
Federation, fulfilment of the mission and achievement
of the strategic goal of the university in accordance
with the Development Program of the Federal State
Autonomous Educational Institution of Higher
Education «Russian University of Transport» in within
the framework of the program of strategic academic
leadership «Priority-2030» [20—22].

The publication of the textbook will contribute to
formation of the legal culture of transport specialists,
which is the most important component of their
professional culture [23, p. 403], which, as follows
from the results of the historical and legal analysis of
sources, has traditionally been given significant
attention since the establishment of the Imperial
Moscow Engineering School [24, p. 261; 25, p. 248],
the traditions of which are continued by Russian
University of Transport.

The publication under review successfully fits into
the impressive array of textbooks prepared by
representatives of the scientific school «Transport
Lawy in order to provide high-quality didactic material
to students of transport universities [26-32, etc.].

The material contained in the textbook is presented
in an accessible form, takes into account and reflects
current trends in dynamically developing Russian
legislation, including transport legislation; recent
changes in regulatory legal acts regulating the market
economy.

The textbook «Legal regulation of the market
economy (on the example of the transport industry)»
fully complies with the federal state educational
standard, is written in an accessible, competent legal
language, and, no doubt, will be in demand not only
by students of transport universities, graduate students,
scientific and pedagogical and practical workers, but
also by a wide range of people interested in the issues
of legal regulation of modern market relations in
transport.
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he double issue 1-2 of OSJD Bulletin

traditionally publishes articles and

information about the activities of OSJD
and the member countries of the organisation.

Thus, a material was published on the
transport complex of Turkmenistan, which
notes that this country continues large-scale
implementation of projects for the construction
and development of transport infrastructure
facilities to further strengthen and improve
the integrated transport system of the country
and its integration into the international
transport network of the region and of the
Eurasian space as a whole for further
economic prosperity.

The implementation of the main and most
impressive projects in this area is described in
an article provided by the Transport and
Communications Agency under the Cabinet of
Ministers of Turkmenistan.

The information of Chengdu Railway
Corporation of China State Railway Corporation
on work progress in adding the railway

Even though the main event of the first half of 2022 for Bulletin of Organization for

Cooperation between Railways was its 65" anniversary, OSJD Bulletin continued to
publish materials on the most significant events in the life of the organization, which
will undoubtedly be of interest to readers of World of Transport and Transportation.

With the consent of the editors of OSJD Bulletin, we reproduce the content of a number
of materials published in its issue -2 for 2022.

consignment note with a function of a document
of title is published.

The Chengdu Railway Corporation is one of
18 regional subsidiaries of China State Railway
Corporation, which manages the railways of
Sichuan, Guizhou and Chongqing. The
operational length of railway lines on its territory
is about 10 thousand kilometres. It ranks first in
terms of freight and passenger traffic in the
western part of China’s railway network.

The Chengdu Railway Corporation carries
out railway transportation of goods as part of
container trains in the China—Europe traffic,
departing from the city of Chonggqing and the
city of Chengdu (the administrative centre of
Sichuan Province). By the number of container
trains sent from these two cities, it ranks first in
China. In 2020, the company organized and sent
more than 4700 container trains, which is about
40 % of the total number of container trains in
the China—Europe traffic.

Since 2018, in cooperation with airway and
waterway transport companies, as well as large
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commercial banks, the Chengdu Railway
Corporation has begun to implement innovative
projects to add the SMGS consignment note and
CIM consignment note with the function of a
document of title. Within the framework of pilot
projects, a total of 10 shipments were organized,
the total value of the transported goods exceeded
400 million Chinese yuan.

In the material about new passenger rolling
stock for Azerbaijan railways, prepared by the
deputy head of the department for passenger
transportation of AZD CJSC H. Mamedov, head of
passenger transportation organisation section T.
Badalova, specialist of the OSJD Commission on
Infrastructure and Rolling Stock, Representative of
the Republic of Azerbaijan at the OSJD Committee
A. Shurganova it is noted that 2015 marked the
beginning of a new era in the development of
railway transport structure of the Republic of
Azerbaijan, with the Azerbaijani Railways CJSC
gradual transformation into the most dynamically
developing company in the region. The railway
personnel, focusing on new achievements, carry
out successful transformations in the country’s
railway sector, using the most modern technologies.
It goes not only about the transfer of power supply
from direct to alternating current, the purchase of
new signalling and communication systems, the
improvement of the railway infrastructure, but also
about the implementation of large-scale and
systematic work to comprehensively improve
passenger comfort.

Considering the social policy pursued by the
state, which is aimed, in particular, at
transformation of the passenger railway
transportation sector, the Azerbaijani Railways
CJSC have procured modern comfortable trains
from the Swiss company Stadler Rail Group.
Thus, the reforms have been launched with the
implementation of all others of the concept of
fast-speed passenger trains and the improvement
of service provided at the railway stations. Such
rolling stock also includes KISS double-decker
electric trains (EMU) capable of running at
speeds of up to 160 km/h.

The innovative and comfortable ES2 EMU
represents a series double-decker electric train
as an outstanding example of the Stadler KISS
family, featuring a larger and wider body, painted
in white colour with a black horizontal stripe on
the sides between the rows of windows and gray
stripes in the window area, while the doors and
the black horizontal stripe edging are dark
golden.

The material is published about the meeting,
held on January 25, 2022 in the OSJD Committee
premises of the three OSJD Committee Chairmen
who held this post at different times: Miroslaw
Antonowicz (from 2020 to the present), Tadeusz
Szozda (from 1998 to 2020) and Andrzej
Golaszewski (from 1990 to 1998).

The leaders of various generations discussed
the issues of continuity in the OSJD activities,
the possibilities of maintaining the general guide
line of OSJD in order to fulfil the tasks set in a
dynamically changing situation in the world,
including the restrictions associated with the
pandemic.

The information message of Shukhrat
Kayumkhodjaev, Chairman of the OSJD
Commission on Transport Policy and Development
Strategy is published about the 60" meeting of the
OSJD-ERA Contact Group, held from 25 to 27
January 2022, on the subject «Collaboration
between ERA and OSJD on the analysis of the
relationship 1520-mm/1524-mm and 1435-mm
rail systems of EU and non-EU statesy.

During the meeting, the following agenda
items were considered:

* Progress of work on updating the analysis
of the subsystems «Locomotives and multi-unit
rolling stock» and «Passenger coaches».

* Progress of work on updating the analysis
of the subsystem «Infrastructure. Tracks and
track facilitiesy.

* Exchange of relevant information and
practical experience in order to coordinate
measures for maintaining and improving the
existing technical and operational compatibility
and unimpeded international railway traffic
(including cross-border traffic and traffic safety),
etc.

The issue also contains the information
message of specialist of the OSJD Commission
for Transport Policy and Development Strategy
Aian Mamytov about the expert meeting of the
OSJD Commission on Transport Policy and
Development Strategy on the subject «Directions
for the strategic development of railway transport
in the OSJD member countries», which was held
on 16-18 February 2022 in the OSJD Committee.

The meeting agenda included the following
items:

 Study of the directions for the strategic
development of railway transport in the OSJD
member countries and preparation of proposals
on general approaches and tasks for the strategic
development of railway transport.
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« Studying the experience and analysis of
reforms in the railway transport of the OSJD
member countries with the publication of
information on the OSJD Website.

* Preparation and publication of an information
collection on ongoing structural reforms of railway
transport in the OSJD member countries.

* Consideration of the progress of the work of
the OSJD/ERA Contact Group on the interaction
of 1520-mm/1435-mm gauge railway systems.

* Preparation and approval of the draft Work
Plan and Work Program of the OSJD Commission
on Transport Policy and Development Strategy.

The meeting participants listened to the
presentations and speeches delivered by the
representatives from Hungary, Republic of
Lithuania, Russian Federation dedicated to the
directions for the strategic development of
railway transport in their countries, and also took
into account the information of the People’s
Republic of China provided to the OSJD
Committee, on the basis of which they held a
discussion and exchanged experience and
opinions on the issues of key strategic directions
for the development of railway transport in the
OSJD member countries.

In the information message Radovan
Vopalecky Chairman of the OSJD Commission
on Infrastructure and Rolling Stock noted the
results of the regular meeting of the Joint Working
Group (JWG) for reviewing and converting the
OSJD/UIC international technical solutions in the
field of railway transport, which was held from 15
till 17 February 2022.

As part of the agenda, the meeting considered
the following items:

* Information of the JWG Chairman relating
to the outcomes in the implementation of the
decisions of the OSJD/UIC Joint Working Group
meeting for reviewing and converting the OSJD/
UIC joint leaflets into draft OSJD/UIC international
railway solutions (IRS) (21-23 September 2021).

* Progress of work for the formation of the
draft IRS solution «Transportation of
unconventional goods in international railway
traffic» taking into account the comments received
from the railways;

* Discussion of UIC proposals on the draft
OSJD/UIC joint work program in the field of joint
IRS developing and others.

As it is noted in the information message of
Zubaida Aspayeva, chairperson of the OSJD
Commission on Freight Traffic, as of 22-25
March 2022: a meeting was held to consider the

topics «Updating the Harmonized Nomenclature
of Goods (GNG)» and «Updating the Catalogue
of Freight Stations of the OSJD Railways».

It is reported about holding on 18 February
2022 of a consultative meeting of
representatives of the OSJD Committee and
the OTIF Secretariat. Opening the meeting,
Chairman of the OSJD Committee Mirostaw
Antonowicz and Secretary General of OTIF
Wolfgang Kiipper welcomed the participants
and expressed the opinion that these cyclical
meetings shall be continued in the future,
which would result in further successful
cooperation expansion between OSJD and
OTIF and would be expressed in real positive
results in the work towards the unification and
harmonization of transport law aimed to ensure
international railway transport in the Eurasian
area.

The journal contains the material about the
intention of Laos to become a member of OSJD,
in which it is noted that in accordance with the
decision of the Government of the Lao People’s
Democratic Republic, adopted on 24 March
2022, the Ministry of Public Works and Transport
of the Lao People’s Democratic Republic, which
is in charge of the Lao Railways, sent a letter to
the OSJD Committee with an official request to
admit the LPDR to the Organisation of
Co-Operation between Railways. The letter was
signed by the Minister of Public Works and
Transport of the Lao PDR, Mr. Viengsavath
Siphandone.

In this letter, the Ministry of Public Works
and Transport also expressed its intention to
become a Party to the Agreement on International
Passenger Traffic (SMPS) and the Agreement
on International Freight Traffic by Rail (SMGS)
to ensure the smooth transport of passengers
and goods in the international railway traffic.

In accordance with the OSJD procedures, the
issue of joining the Lao PDR will be considered
by the governing bodies of OSJD, and the final
decision on this issue is to be taken within the
framework of the OSJD Ministerial Conference
session.

For reference it is reported that the Lao
People’s Democratic Republic is situated in South-
East Asia on the Indochinese Peninsula. It borders
on Thailand, Vietnam, Cambodia, China and
Myanmar. Laos is a landlocked country having no
direct access to the sea, so the development of
railways and international railway traffic are of
paramount importance for it.



The overall operational length of the railway
lines of Laos amounts to 425,94 km, of which:

* Vientiane—Boten Railway (with a track
gauge of 1435 mm) — 422,44 km.

* Vientiane—Thanaleng Railway (with a track
gauge of 1000 mm) — 3,5 km

As it is clearly seen, the length of the railway
section from the Boten border station on the
China-Laos boundary to the capital of Laos,
Vientiane, is about 422 km, while the total length
of the Kunming (China)—Vientiane (Laos)
railway line is 1035 km. The construction of the
railway line was carried out on the basis of the
Chinese technologies and engineer standards. In
total, 167 tunnels have been laid along the route
of the line and a large number of bridges and
viaducts built.

The railway is subdivided into two sections:
Chinese and Laotian. The construction of the Laotian
section from the border town of Boten to Vientiane
began in December 2016, while the construction of
the Chinese section from Yuxi to the border town of
Mohan began in December 2015.

With a maximum operational speed of
160 km/h, the entire journey with border clearance
procedures takes about 10 hours. This route
provides for the transportation of both passengers
and goods. The commissioning of the new line
has made it possible to switch a significant part of
export goods onto the railway and reduce the
transportation costs. According to the preliminary
calculations, at the initial stage, 300,000 containers
will be transported annually along the new railway
line from Laos to Europe through China, and in
the future, the freight flow may increase to 1,2—1,8
million containers per year.

Already in the first two and a half months
since the start of the China—Laos railway
operation, more than 1 million passengers and
500 thousand tons of goods have been transported
on it, while 100 thousand tons of the total volume
of transported goods have been carried in
international traffic.

In another information message prepared by
Mirostaw Antonowicz, Chairman of the OSJD
Committee, and Angelina Shurganova, Specialist
of the OSJD Commission on Infrastructure and
Rolling Stock, it is noted that major railway
institute in Poland marked its 70™ anniversary.
On 15 March 2022 the Jubilee Scientific
Conference was held, dedicated to the 70%
anniversary of the Railway Research Institute
and the 25™ anniversary of the Test Track
Operation Centre.

Map of the new railway line China-Laos.

One of the materials of the issue is dedicated
to the international scientific and practical
conference «Innovations for Sustainable
Development. Development of Human Capitaly,
which was held on 5 April 2022 at the CCTT
Secretariat in Moscow.

This event was organized by the International
Coordinating Council for Trans-Eurasian
Transportation (CCTT), Russian University of
Transport (RUT (MIIT)) (an OSJD affiliated
enterprise) and the Association of Transport
Higher Schools. The conference was attended by
more than 250 representatives of transport,
logistics, forwarding companies and associations,
educational and research institutions in the field
of transport from the Republic of Azerbaijan,
Republic of Belarus, People’s Republic of China,
Mongolia, Russian Federation and other
countries, experts and specialists from the United
Nations Economic Commission for Europe
(UNECE), Economic and Social Commission
for Asia and the Pacific (UNESCAP),
Organization for Co-Operation between Railways
(OSJD).

Another information message is dedicated to
the IX Specialized Railway Safety Forum 2022,
organized by the Polish Office of Rail Transport
together with the company Tor-Andytor, held on
17 March 2022 in Warsaw.

Among the forum participants were
representatives of the companies — infrastructure
managers, operators and carriers, specialists in
the field of maintenance and repair, as well as in
the field of ensuring of safety in railway traffic
management. °
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Akulich, V. Yu. Stress-strain state and
equilibrium stability of cylindrical shells under
elastic and elastic-plastic deformations, including
those interacting with the surrounding base,
considering the change in the calculation model
in time. Abstract of Ph.D. (Eng) thesis
[Napryazhenno-deformirovannoe sostoyanie
i ustoichivost ravnovesiya tsilindrichekikh
obolochek pri uprugikh i uprugo-plasticheskikh
deformatsiyakh, v tom chisel vzaimo-
deistvuyushchikh s okruzhayushchim osnovaniem,
s uchetom izmeneniya raschetnoi modeli vo
vremeni. Avtoref. dis... kand. tekh. nauk].
Moscow, RUT publ., 2021, 24 p.

Thin-walled elements — shells are widely used
in modern building structures. They are used in
transport, industrial and civil construction in
construction of towers, supports, tanks, vaults,
tunnels, etc.

Shells have several advantages: they are able
to effectively absorb the applied load due to their
geometric shape, they are aesthetic and preferable
from an architectural point of view.

Shell elements play a special role in
underground structures, where cylindrical and
other vaulted surfaces are often used. With
a fairly broad study of the features of operation
of cylindrical shells, questions remain regarding
taking into account the influence of the contact
interaction between the shell and the base,
nonlinearity of ongoing processes, and the change
in the stress-strain state (SSS) of the shell during
its installation, which does not allow us to give
a real assessment of SSS and stability of such
structures from the start of construction work to
its completion. This predetermines the relevance
of the research topic on the development of

methods for calculating the strength, stability and
rigidity of shells interacting with the surrounding
base.

The objective of the thesis work is to develop
and develop methods for calculating and
analysing the stress-strain state of cylindrical
shells interacting with the surrounding base, in
planar and spatial formulations of problems.

The scientific novelty of the study lies in
assessment of SSS and stability of cylindrical
shells, considering the interaction with the
surrounding base and the stages of construction,
namely:

1. Finite element models of the «cylindrical
shell-surrounding base» system are built, which
change in time, taking into account the gap
between the shell and the base at the construction
stage using one-way contact interaction and the
physical nonlinearity of materials.

2. The dimensions of the spatial fragment of
the system «cylindrical shell-surrounding base»
are determined, which are necessary to obtain
reliable results of calculating the settlement of
the upper surface of the base.

3. An algorithm for estimating SSS and
stability of the «cylindrical shell-surrounding
base» system has been developed and
implemented.

4. PCL program in the PATRAN software
package for automating the process of creating
a solid-state design model of the «cylindrical
shell-surrounding base» system with the ability
to take into account the construction gap between
the shell and the base with one-sided contact
interaction.

To solve the problems posed in the thesis
work, the finite element method in displacements
was applied, including construction of
computational models of the systems under
consideration, their numerical linear and
geometrically, physically and constructively
nonlinear analysis. To take into account
development of plastic deformations of materials,
the theory of plastic flow with the Mohr—
Coulomb and Drucker—Prager plasticity criteria
is used.

The generalized results of the conducted
studies are as follows.

A numerical method has been developed for
taking into account the construction gap between



the cylindrical shell and the surrounding base,
based on spatial calculation models using two
methods for creating a gap that allow taking into
account the «lost volume» of soil from operation
of a mechanized tunnel boring complex. The
calculation models are compared with each other
and with the known semi-empirical method. The
best results were shown by the model with contact
elements approximating the gap in calculations
to determine the settlement of the surface of the
array both in the transverse and longitudinal
directions to the shell axis.

The dimensions of the spatial fragment of
the array are determined, which are necessary
to obtain reliable results of calculating the
settlement of the upper surface in the transverse
and longitudinal directions to the axis of the
shell according to the developed calculation
models that take into account the gap. Taking
into account the results of calculations of the
SSS of the system, it can be recommended in
practical calculations to determine the
settlement of the surface of the array in the
transverse direction to the shell axis to take the
distance L from the edge of the shell to the side
ends of the array (in the transverse direction),
satisfying the condition L > 5D, where D is the
diameter of the shell. When determining the
settlement of the surface of the array in the
longitudinal direction to the axis of the shell,
it can be recommended to take the distance L
from the edge of the shell to the ends of the
array (in the longitudinal direction), which also
satisfies the condition L > 5D.

A program has been developed to automate
the process of creating a solid-state computational
model of a cylindrical shell, the surrounding array
and contact elements of the gap in the PCL
command language, which is part of the MSC
PATRAN system.

A practical problem has been solved to
determine the subsidence trough of a section of
the earth’s surface with operated railway tracks
of Moscow Railway, located within the zone of
influence of the construction of the planned
distillation tunnels of Kalininsko-Solntsevskaya
line of Moscow Metro from Ramenki metro
station to Rasskazovka metro station. The results
obtained are compared with geodetic monitoring
data.

A technique has been developed and
implemented based on spatial computational
models that change over time, allowing to
consider a different number of stages in
construction of cylindrical shells interacting with
the surrounding base. The models consider one-
way contact interaction, building gap and
physical non-linearity of materials. The influence
of considering the phased erection of a structure
on the stress-strain state of a cylindrical shell of
finite dimensions interacting with the surrounding
base is studied using numerical methods. It has
been established that the values of internal forces
in the body of a cylindrical shell strongly depend
on the number of stages in the design case. Based
on the results obtained, it is recommended to take
8 or more design stages of shell construction in
practical calculations.

It has been established that considering the
friction coefficient in staged design cases
significantly reduces the maximum stresses in
the cylindrical shell. It is shown that introduction
of'the elastic-plastic model of the material for the
shell into the calculation also significantly
reduces the magnitude of maximum stresses.

The features of the SSS of a system consisting
of two parallel cylindrical shells and the
surrounding base are determined, namely: the
influence exerted on the first shell by the gradual
construction of the second nearby shell is
determined. The results obtained showed that this
effect is generally insignificant and the stress
increase for all considered rings of the first shell
did not exceed 7,8 %, except for the last ring,
where the stress increase was 116,8 %.

A technique and algorithm for obtaining
critical loads and forms of buckling of a cylindrical
shell for various models of materials and
conditions of contact interaction with the
surrounding base have been developed and
implemented. Rod, flat and spatial models of the
«shell-base» system were compiled. Spatial
calculation schemes are built with and without
considering the coefficient of friction between
the shell and the base, as well as within the
framework of linear elastic and elastic-plastic
models of materials. A numerical analysis of the
system was carried out to determine the critical
load at which the shell structure interacting with
the surrounding base loses its equilibrium
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stability, and the forms of buckling in linear and
nonlinear design cases, followed by a comparative
analysis of the results.

It has been established that in calculations for
stability at large displacements of the system,
anonlinear calculation by step-by-step application
of a load and an iterative procedure makes it
possible to find zones of absence of element
contact (the area of shell detachment from the
base) and to determine the position of the shell
that changes in time, which excludes overestimated
values of the critical load obtained at linear
calculation when the displacements are small. It
is also determined that considering the coefficient
of friction provides better joint operation of the
shell and the surrounding base and allows
obtaining slightly higher values of the critical
load, both with a linear elastic model of the
material and with an elastic-plastic one.

Numerical analysis of the spatial system
«shell-base» in the case of inhomogeneous
physical and mechanical properties of the base
along the longitudinal axis of the cylindrical shell
found that the loss of stability of the shell occurs
in the area of the weaker base.

2.1.9. — Structural mechanics.
The work was performed and defended at
Russian University of Transport.

Bunkova, T. G. Increasing the resource of
the wheel-rail pair through the rational
selection of material properties. Abstract of
Ph.D. (Eng) thesis [Povyshenie resursa pary
«koleso-rels» za schet ratsionalnogo podbora
svoisty materialov. Avtoref. dis... kand. tekh.
nauk]. St. Petersburg, PGUPS publ., 2022,
18 p.

To date, the problem of increasing productivity
and reducing the cost of the transportation
process in railway transport is being solved by
increasing the axle load and speed of the rolling
stock. The practice of operating the car fleet has
shown an increase in the wear rate of both wheels
and rails, which undoubtedly affects safety of
train traffic on the railway track. It has been
experimentally established that wear resistance
of triboelements of the «wheel-raily» system is
largely characterized by the hardness of their

materials. Numerous experiments on the effect
of hardness on wear were often carried out for
a wheel and a rail separately from each other. It
is possible to reduce wheel and rail wear by
searching for the optimum ratio between the
hardness of wheel and rail steels.

Objective of the study. Increasing the resource
of the «wheel-rail» pair due to the rational
selection of the properties of their materials.

In theoretical studies, the main provisions of
tribology, the theory of experiment planning and
mathematical modelling are used. The
experimental part of the work is based on
a method for determining the wear of a wheel
and a rail using specially designed equipment,
a method for determining hardness, and
metallographic analysis. The analysis of the
obtained data was carried out in the software
packages ANSYS, Statistica, MathCAD.

Scientific novelty of the thesis work:

e Mathematical models of the dependence of
wear on the hardness parameters of the «wheel—
rail» tribosystem, the effective axial load and the
speed of the car are constructed.

e A rational range of hardness values for
railway wheel and rail steels is proposed, which
reduce their wear and increase the wheel overhaul
life.

e The dependence of wheel wear on the run
to formation of rolled products of rejection value
is established for various values of the hardness
of steels of the wheel and rail.

o The equivalent stresses and contact pressures
of wheels with nominal and minimum rim
thicknesses in the presence and absence of a chip
are determined.

The main scientific and practical results of
the thesis work are as follows:

1. The analysis of defects excluded from
operation of wheel sets of «standard» and «solid»
wheels was carried out, which made it possible
to reveal an ambiguous dependence of the wear
resistance and resource of the «wheel-rail»
tribosystem on the hardness of steels. With an
increase in the hardness of the wheel steel, the
percentage of defects decreases — a thin ridge and
a pointed ridge roll, but the percentage of cuts
along sliders and dents increases.

2. An experimental method is proposed for
determining the rational ratio of hardness of rail



and wheel steels, considering variable axial loads
and rolling stock speeds, which allows predicting
the overhaul period (mileage) of a freight car
wheel, and can be used in the design of new
rolling stock and as recommendations in
production of a railway track.

3. Experimental studies have been carried out
to evaluate the dependence of the wear resistance
and resource of a «wheel-rail» pair on the ratio
of hardness of their steels using the designed
installation and acting axial loads. The optimal
ratio of wheel and rail steel hardness (360/360 HB)
under any operating conditions was revealed,
which will reduce the wear rate of these elements
and increase the resource and overhaul life of
a freight car wheel up to 1,5 times.

4. The expected annual economic effect when
using the proposed ratio of wheel and rail steel
hardness will be 1,37 thousand rubles per unit of
production (car wheel).

05.22.07 — Railway rolling stock, train
traction and electrification.

The work was performed and defended at
Emperor Alexander I St. Petersburg State
Transport University.

Dunaev, A. M. Automated subsystem for
diagnosing electrical equipment of
frequency converters. Abstract of Ph.D.
(Eng) thesis [Avtomatizirovannaya podsistema
diagnostirovaniya elektrooborudovaniya
preobrazovatelei chastoty. Avtoref. dis... kand.
tekh. nauk]. Irkutsk, IRNITU, IrGUPS publ.,
2022, 16 p.

An important task in the field of automation
and control of technological processes and
industries is to ensure reliability of operation of
complex electrical equipment (EE), which
includes power semiconductor frequency
converters (FC), which are part of frequency-
controlled electric drives of general industrial
electrical equipment. The aforementioned
equipment, in particular, includes asynchronous
electric drives for cranes, conveyors, pumps, fans,
metal-cutting machines and industrial robots. In
addition, a significant amount of technological
equipment for production and repair includes
modern frequency-controlled electric drives.

Frequency converters are the most complex
electrical equipment of a modern frequency-
controlled electric drive, since they include power
semiconductor diodes and transistors, as well as
a microprocessor control system of the inverter,
including the control system of the entire electric
drive.

The solution to the problem of reducing
time and improving quality of diagnosing the
aforementioned complex equipment can be the
use of technical diagnostic methods. The
logical algorithms of methods of this class are
algorithms that use the apparatus of
mathematical logic. The mathematical model
of the diagnosing object (OD) considers the
OD as a system of interconnected functional
elements that can be in one of two states: 0 —
not normal, 1 — normal.

Currently, the most time-consuming
components of the diagnosing process are
situation assessment and decision-making, which
is explained by the ever-increasing amount of
information that must be considered to increase
the objectivity of the situation assessment, as well
as the heuristic nature of knowledge that allows
the expert to obtain high-quality and effective
solutions to the tasks. In connection with these
circumstances, there is a need for complex
automation of the process of collecting
information and decision-making, for
implementation of which it seems promising to
use intelligent systems developed on the basis of
application of logical methods of technical
diagnostics and methodology of expert systems
(ES).

The objective of the work is to create an
automated subsystem for diagnosing electrical
equipment of frequency converters, which
increases the efficiency of the troubleshooting
process.

The scientific novelty of the work lies in the
fact that for the first time:

1. Logical algorithms for diagnosing electrical
equipment are proposed, taking into account its
technical conditions, which differ from the known
algorithms for half division by the rules for
choosing the first check in the object of diagnosis.

2. A procedure has been developed for
constructing a tree of the optimal logical
algorithm for diagnosing electrical equipment.
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3. A tree of the optimal logical algorithm
for diagnosing frequency converters has been
built, which differs from the known diagnosing
algorithms by a minimum indicator of average
diagnostic costs.

4. A structure of the knowledge base of the
expert complex for diagnosing the electrical
equipment of frequency converters has been
developed, based on the proposed optimal
logical algorithm for diagnosing.

The conclusions and results of the work
were obtained using the mathematical apparatus
of Boolean algebra, optimization methods,
programming technology in high-level
languages, and expert system development
technology.

During the thesis, the following main
results were obtained:

1. The current state of methods and systems
for diagnosing electrical equipment, including
equipment for AC electric drives, is analysed.

2. Based on the performed analysis, the
structure and algorithms for functioning of the
automated subsystem for diagnosing electrical
equipment of frequency converters are
proposed.

3. New logical algorithms for diagnosing
electrical equipment have been developed,
which differ from the known algorithms by the
rules for choosing the first test and are more
efficient when applied to frequency converters.

4. A procedure for constructing an optimal
logical algorithm for diagnosing electrical
equipment of frequency converters is proposed.
An optimal logical algorithm for diagnosing
frequency converters has been developed,
which is characterized by minimal time
consumption.

5. Based on the optimal algorithm, the
structure of the knowledge base of the expert
complex for diagnosing the electrical
equipment of frequency converters has been
developed.

6. In accordance with the proposed structure
and operation algorithms, an automated
subsystem for diagnosing electrical equipment
of frequency converters used in industry has
been implemented. The subsystem allows
diagnosing in real time and in the mode of
consulting assistance.

7. Approbation of the implemented subsystem
showed that its application to real electrical
equipment of frequency converters allows for an
average threefold reduction in the time of
diagnosis and adjustment.

2.3.3 — Automation and control of
technological processes and industries (technical
sciences).

The work was performed at Federal State
Budgetary Educational Institution of Higher
Education Irkutsk National Research Technical
University (IRNITU), defended at Irkutsk State
Transport University (IrGUPS).

Pershin, N. V. Automation of management
of transportation of liquefied natural gas by
sea. Abstract of Ph.D. (Eng) thesis
|[Avtomatizatsiya upravleniya perevozkami
szhizhennogo prirodnogo gaza morskim
transportom. Avtoref. dis... kand. tekh. nauk).
Moscow, RUT publ., 2021, 23 p.

The Arctic zone, rich in natural gas, needs
to create effective transport and logistics
systems for safe, uninterrupted, and
economically rational export of hydrocarbon
raw materials. The development of the
Northern Sea Route as a historically established
national unified transport communication of
the Russian Federation in the Arctic, as well
as growing production, processing, and
transportation of natural gas in this region,
require creation of an automated control system
that ensures cost-effective and safe
transportation of liquefied natural gas
(hereinafter referred to as LNG), which
determines the relevance of this study.

Objective of the study. Development of
principles for building an automated system
for managing LNG transportation by sea,
which ensures safe and cost-effective delivery
of natural gas.

Methods of system analysis, control theory,
probability theory, operations research and
mathematical statistics, optimization theory
are used.

Scientific novelty of the thesis:

e Based on the analysis of existing methods
for planning and managing LNG transportation



by sea, economic feasibility of creating an
automated control system was shown.

e For the first time shown and substantiated
based on processing of statistical data, the
dependence of productivity of the LNG plant
on the meteorological factor.

e The need for development of automated
systems for managing LNG transportation by
sea was for the first time substantiated by the
results of processing statistical data on LNG
consumption volumes.

e For the first time, a mathematical model
has been developed that makes it possible to
analyse time losses in the interaction of
manufacturing plants and loading operations
of gas tankers.

e To analyse the dynamics of functioning
of LNG transportation management system by
sea in the presence of disturbances, the
probabilities of finding gas tankers near LNG
plant in the conditions of the possibility of their
full load and the absence of time losses are
determined, allowing to develop appropriate
controls in an automated system.

¢ Based on the analysis of movement of gas
tankers in confined waters, the productivity of
LNG production plants, the cost of LNG, the
daily freight rate of gas tankers, an optimization
problem was set and solved for choosing the
time for the approach of a gas tanker to enter
confined waters, which ensures minimization
of economic costs.

¢ Developed and substantiated the principles
of building an automated system for managing
LNG transportation by sea, including planning
algorithms and ways to implement the
implementation of the schedule of gas tankers
for LNG export in real time due to the receipt
of operational information from the objects of
the transportation process.

The main results are as follows.

1. The analysis of methods for planning and
managing LNG transportation by sea showed
that there are currently methods for developing
logistics schemes for transporting LNG,
scheduling LNG transportation, an
economically viable method for transporting
LNG from areas with harsh climatic conditions,
and methods for transporting LNG. At the same
time, in world practice there are no automated

systems for planning and managing LNG
transportation by sea, in which the above
developments can be used. The analysis carried
out made it possible to formulate requirements
for an automated control system.

2. The study of productivity of
manufacturing plants has been conducted.

LNG (on the example of the production
complex of the Sakhalin-2 project, located in
the village of Prigorodnoye on Sakhalin
Island), during which the dependence of the
productivity of the LNG plant on the
meteorological factor was established, which
has a significant impact on the LNG
transportation process and should, unlike
known methods, be taken into account when
planning LNG transportation and scheduling
movement of gas tankers.

3. A statistical study of the dynamics of
LNG consumption in the world showed:

e Increase in the amount of energy
consumed from the considered LNG terminals
from 2014 to 2018 by 22 % and a jump in 2019
by 45 % compared to 2018.

e The prevailing impact on the pricing
(import and export) of LNG of the cost of oil,
compared with the competition of gas sources.

e The growth in LNG consumption
confirmed the relevance and necessity of
creating an automated system for managing
LNG transportation by sea.

4. A mathematical model «Tanker-gas
carrier — Plant for production of liquefied natural
gas» has been developed, based on the theory of
Markov processes, which makes it possible to
determine the probability of a gas tanker being
at the point of loading with raw materials under
various weather conditions and the probability
of LNG in the reservoirs of the manufacturer.

5. The study of the dynamics of functioning
of the LNG transportation management system
by sea showed that:

e The probability of presence of LNG at the
LNG plant during operation of three
technological lines and the presence of a gas
tanker near the LNG plant in summer is 29 %
higher than the corresponding probability, in
relation to winter conditions.

e The increase in the number of production
lines of the LNG plant from one to two leads
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to a decrease in the probability of downtime
for a gas tanker by 29 % in summer and 35 %
in winter.

e The increase in the number of production
lines of the LNG plant from one to three leads
to a decrease in probability of downtime of
a gas tanker by 43 % in summer and 48 % in
winter, in relation to one production line.

6. The analysis of movement of gas tankers
in constrained waters under various
hydrometeorological conditions was carried
out, on the basis of which the problem of
choosing the time for the approach of a gas
tanker to enter constrained waters according
to the criterion of minimum economic costs by
the optimum-nominal method was set and
solved.

7. The principles of construction, structure,
and algorithms for operation of an automated
system for managing transportation of liquefied
natural gas by sea have been developed, which
make it possible to reduce losses during
transportation of LNG from the freezing seas
of the Arctic zone by eliminating downtime of
gas tankers during loading and long-term
storage of LNG in tanks due to its daily
evaporation.

8. The effectiveness of the results of the
work is confirmed by their use in the
companies of the Gazprom Group and the
inclusion in the educational process of the
universities of the Russian Federation
(FSBEI HE Saint-Petersburg Mining
University, Federal State Autonomous
Educational Institution of Higher Education
Russian State University of Oil and Gas
(NRU) named after I. M. Gubkin, Russian
State Hydrometeorological University).

As recommendations and prospects for
further development of the topic of the thesis,
the solution of an optimization problem for the
full cycle of movement of a gas tanker from
an LNG plant to an LNG terminal with
development of an appropriate automated
control system is proposed.

2.3.3 — Automation and control of
technological processes and productions.

The work was performed and defended at
Russian University of Transport.

Vetchanin, E. V. Qualitative analysis of
the characteristic features of the behaviour
of hydrodynamic and nonholonomic systems
with periodic controls based on finite-
dimensional models. Abstract of D.Sc.
(Physics and Mathematics) thesis
[Kachestvenniy analiz kharakternykh
osobennostei povedeniya gidrodinamicheskikh
i negolonomnykh sistem s periodicheskimi
upravleniyami na osnove konechnomernykh
modelei. Avtoref. dis... doc. f.-m. nauk].
Moscow, MAI publ., 2021, 38 p.

At present, due to development of electronics
and circuitry, much attention is paid to
development of various autonomous and
controlled mobile robots moving in an aquatic
(air) environment or on solid surfaces.

Propellers are the traditional means of
generating propulsive force when moving in
liquids, in the application of which significant
success has been achieved, mainly due to the
needs of the military-industrial complex.
Autonomous uninhabited underwater vehicles
designed for ocean exploration are usually
equipped with propellers.

In the last two decades, the idea of self-
propelling of solids in a liquid due to movement
of internal masses or rotation of internal rotors
has been studied. With this method of movement,
it is assumed that the system may not have
external moving elements at all. Note that this
method of movement dates back to the work of
the Soviet engineer V. N. Tolchin. Modern
theoretical studies of this method of movement
are presented, in particular, in the work of
Academician of the Russian Academy of
Sciences V. V. Kozlov, the work of Academician
of the Russian Academy of Sciences
F. L. Chernousko and some foreign works.

To implement movement of mechanical
systems on solid surfaces, wheel and caterpillar
drives are traditionally used. However, it is an
interesting idea to develop spherical robots,
which can also be controlled by internal rotors
and moving internal masses.

From a mathematical point of view, the
problem of controlling motion of a mechanical
system with the help of internal masses and rotors
is reduced to the choice of laws for changing the



position of the centre of mass, moments of inertia
and gyrostatic moment of the system. In this case,
the control laws that ensure motion in the vicinity
of trajectories of even a simple form (straight
line, circular arc) turn out to be nontrivial. From
an engineering point of view, the simplest for
implementation are periodic control laws. We
note that the motion of internal mechanisms, in
particular, periodic motion, can lead to the
appearance of parametric resonance, various
asymptotically stable or chaotic modes of motion.
Thus, along with the problem of constructing
explicit controls (program or based on feedback),
the problems of studying the stability of motion
and stabilizing particular motions also arise.

The objective of the work is to analyse the
behaviour of dynamical systems with periodic
controls based on finite-dimensional models of
ordinary differential equations; identification of
features that characterize the plane-parallel
motion in a liquid of a solid body with an internal
rotor and periodically changing circulation,
a solid body with a movable internal mass that
performs periodic movement relative to the body,
asolid body, which is subject to periodic external
forces and a moment of force, rotation of a solid
body with a fixed point and periodically changing
moments of inertia, rolling along the plane of
balanced and unbalanced spherical bodies with
periodically changing moments of inertia and
gyrostatic moment.

On the basis of analytical and numerical
methods of qualitative analysis, the behaviour of
finite-dimensional dynamical systems with
periodic coefficients, describing:

e Plane-parallel motion in a liquid of a solid
body with an internal rotor in the presence of
periodically changing circulation.

e Plane-parallel motion in a liquid of a solid
with a periodically moving internal mass in the
presence of constant circulation.

e Plane-parallel motion of a solid body in
aliquid under the action of external periodic force
and moment of forces in the presence of constant
circulation.

e Rotation of a rigid body with a fixed point
and periodically changing moments of inertia at
a constant gyrostatic moment.

e Rolling of a balanced and unbalanced
spherical body on a plane without slipping and

spinning in the case of periodically changing
moments of inertia and gyrostatic moment.

The following results were achieved in the
previous works, which formed the basis of the
thesis research. A qualitative analysis of motion
of an elliptical profile in an ideal fluid under the
action of periodic oscillations of the rotor in the
presence of constant circulation is performed.
An approximate solution of the equations
describing the motion of a circular profile in
a viscous fluid under the action of a periodic
control and a periodically changing circulation
is constructed. A computer analysis of the
motion of an elliptical profile in a viscous fluid
under the influence of a periodic change in the
gyrostatic moment and a periodically changing
circulation is performed.

A computer analysis of motion of an elliptical
profile in a viscous fluid under constant circulation
and under the influence of oscillations of an
internal material point is performed.

A qualitative analysis of motion of a balanced
circular profile in an ideal fluid under the action
of external periodic force and moment of forces
has been carried out. In work the author carried
out an analytical and numerical study of motion
of an elliptical profile in an ideal and viscous fluid
under the action of external periodic forces and
moment of forces, analysed integrable cases and
their periodic perturbations.

Exact solutions of the equations of motion of
a balanced circular profile in a fluid under the
action of external periodic force and moment of
forces in the form of single and double rows are
constructed. In work the author studied the
phenomenon of asymptotic stability with respect
to some variables in a mathematical model
describing motion of a balanced circular profile
in an ideal fluid under the action of a periodic
external moment of forces with a nonzero average
value.

The dynamics of a body with a fixed point
and periodically changing moments of inertia and
gyrostatic moment has been studied, resonant
frequencies have been found, and stability
diagrams have been constructed.

The influence of friction and a constant
external moment of forces on the dynamics of
a body with a fixed point and periodically
changing moments of inertia is studied.
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Based on the harmonic balance method, the
boundaries of instability regions for a body with
a fixed point and periodically changing moments
of inertia are analytically constructed.

A numerical assessment of stability of plane-
parallel motions of a balanced spherical body
with periodically changing moments of inertia
and gyrostatic moment, rolling on a plane without
slipping and spinning, is performed. Together
with the co-author, a computer analysis of motion
of a balanced spherical body with periodically
changing moments of inertia and gyrostatic
moment was performed, and the dynamics were
shown to be non-conservative.

The author performed an analysis of stability of
the upper equilibrium position of an unbalanced
spherical body moving along a plane without
slipping and spinning due to a periodically changing
gyrostatic moment, and together with co-authors,
an analysis was made of stability of the lower
equilibrium position of an unbalanced spherical
body moving along a plane without slipping.

01.02.01 — Theoretical mechanics.

The work was performed at the Department
of Theoretical Physics of Udmurt State University
and defended at Moscow Aviation Institute
(National Research University) (MAI). ®
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