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l'ocynapctBennslii yauepcutetr Akaku Lleperenu

Hay4Hblil pyKOBOAUTEJIb Ipunon I'ormamsuiau - Ilpodeccop
Hay4Hblil COPYKOBOAUTE/Ib: I'oua JlekBenmBun-acou. Ilpogeccop
OdunmanbHbie ONIIOHEHTHI: Axaxu I'mpreimanu- IIpodeccop

Panu Yadykuanu- Emeperyc

Manxa3 MeoypumBuiau- acoil. Ilpogeccop

3ammTa 1uccepTauuu COCTOUTCS 8 HosOps B 14w

Ha 3aceJaHMM JIMCCEPTAlMOHHONM  KOMMCCHM CO3JaHHOTO JluccepTallMOHHBIM  COBETOM
WH)KEHEPHO-TeXHUYEeCKOoTO (hakyiapTeTa 10 aapecy:4600, , r. Kyraucu, yn. Tamap mede 59, I

Kopmyc, aya. Nel114.

C nmmccepranueid MOXXHO O3HAaKOMUThCS B OuOmmoreke [ocymapCcTBEHHOTO YHHBEpPCUTETA

Axaxu Leperenu no agpecy:4600, , r. Kyraucu, yia. Tamap mede 59, I koprye, aya. Nel114.

ABropedepar pazocan " 03" 10 2019r.

CCKPLCTapb JUCCCPTALIMOHHOTO COBCTA,

aco. I[Ipodeccop /H. CaxanGepunze/
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OBHIASI XAPAKTEPUCTHUKA PABOTBI

AKTyalbHOCTH MccJieioBaHus. JlanpHeliniee pa3BUTHE aBTOMOOHMIM3AIMM CTPAHBI
3HAYUTEIbHO YBEIMYMBACT BO3MOXKHOCTH OOIIECTBA, HO CTAaBUT M HOBBIC CJOXHBIC 33/1a4H,
CBSI3aHHBIE C YJAYYIIEHHEM KaK COCTOSHUS OKpYKalIlled cpeapl, TaKk U  YCIOBHH
KHU3HEIEATSITLHOCTH YeJIOBEKA.

[Ipu mepexoae SKOHOMHKH CTPaHbI Ha PHIHOYHBIE OTHOIICHHS COKPAIIAIOTCS JKU3HEHHBIC
OUKIBl  W3JENUH, YMEHBIIAIOTCA  pa3Mepbl MapTHid  Tpy3a, (QopMupyercs  pbHIHOK
aBTOTPAHCIOPTHBIX ~ YCIYyT  Ha  BHYTPHUTOPOJICKMX  IE€PEBO3KaxX,  BO3pacraeT o0beMm
MEJIKOMIAPTHOHHBIX TEPEBO30K, HAOIIOJACTCS POCT YHCIA TOPTOBBIX TOYEK M MPEIbIBIISIOTCS
Ooiee jxkecTKMe TpeOOBaHMA K JOCTaBKE TIPY30B COIJIACHO YCIOBHIO «TOYHO B CPOK».
OcoOeHHOCThIO TaKMX NEPEBO30K SIBISETCA OONbIIOE KOJUYECTBO IYHKTOB peau3allud Ha
TEPPUTOPHUN HACEICHHBIX ITYHKTOB, a TAK)KE ITUPOKHA aCCOPTHUMEHT, JUISl TIOIEPKaHHs KOTOPOTO
3aBO3 TPOJYKIWU OCYHIECTBISIETCS OT pasHBIX Npou3BoauTeneil. Bompocamu nocraBku
MEJIKOTIAPTHOHHBIX TPY30B 3aHUMAIUCh MHOTHE COBETCKHE M 3apyOekHble YdYeHble, U B
HACTOsIIIee BpEeMs MPOBOMSATCS WCCIECIOBAHUS, OIHAKO JO CHX TIOP YPOBEHb OpPraHHU3alUU
JAHHBIX TIEPEeBO30K HemocTaTouHOo 3 dextuBeH. [loaTomy HE0OXOAWM IMOMCK HOBBIX HAy4YHO-
MPAKTUIECKUX PEIICHHU, METOJIOB U MOJIEJIeH ONITUMH3AIINH TIEPEBO30YHOTO Tpoliecca. B cBsi3u ¢
ATHM HCCIIEIOBAaHUS B JTAHHOM 00JACTH SBISIOTCS aKTyaIbHBIMH, YTO M TPEAONPEICITIIO BEIOOD
TEMBbI IUCCePTALlMOHHON PadOTHI.

e auccepranMoOHHON padoThl — UCCIIEA0BAHNE CYIIECTBYIOIIENH CUCTEMBI OpTraHU3alnu
MEPEBO30K MEIKOTIAPTHOHHBIX TPY30B aBTOMOOWIBHBIM TPAHCIIOPTOM M COBEPIICHCTBOBAHUE
METOJIKH TUTAHUPOBAHUS M OPraHU3aINU ITUX MEePEeBO30K. J{JIs1 TOCTHYKEHUS TIeTH TTOCTABIICHBI 1
peleHb! CIEAYIOIINE 3aa4u:

> pa3paboTaHbl METOJMKA COBEPIIICHCTBOBAHUS METOa «BETBEH M TPAHUID) U
KOMIBIOTEpHAs TIporpamMmma i €€ MpakTUIeCKOW peann3aliuy;
> co3JaHa  MOJEJIb  COBMEIIEHHOIO MapuipyTa JIOCTaBKH rpy3a oOT
JIBYX TIPOU3BOAUTENCH;
> MPEIIOKEH MOKa3aTellb 11e71€CO00Pa3HOCTH 3ae3ga
ABTOMO OIS 3a JIONOJTHUTEIIbHBIM TPY30M;
> pazpaboTaHa METOIMKA OTIPECIICHHS ITYHKTa MapIIpyTa, ¢ KOTOPOTO MOKHO

OCYIOECTBIJIATD 3a€3] aBTOMOOMJIA 3a JOIIOJTHUTCIBHBIM I'PY30M;
> IIPOBCACHBI SKCIIECPUMECHTATIbHBIC NCCIICAO0OBAHNA U JaHAa OLICHKA 3(1)(1)6KTI/IB' HOCTHU

IIOJIYYCHHBIX PE3YJIbTATOB.

O0nexTOM HCCJIeJ0BAaHUA ABJIAKOTCA IEPCBO30YHBIC IIpOoLECCChI JOCTaBKHU
MCJIKOIIAPpTUOHHBIX I'PY30B HOTpe6I/IT€H$IM OT HCCKOJBKHUX HpOHSBOHHTeHeﬁ.

Hayqﬂaﬂ HOBM3HAa UCCJIICAOBAHUA .

> MCTOAHKA COBCPIICHCTBOBAHUA MCTO1a «BETBEH U T'paHUID» JJId pCIICHUA 3a1a41n
MapaIpyTu3aluuIpu rnepeBO3KE MCIIKOIIAPTUOHHBIX TI'PY30B B TOPIrOBYIO CCTh;

> MaTeMaTH4eckas MoOJelb, METOJMKa €€ IPUMEHEHHs U IpOorpaMMHOE
oOecrieyeHue, MO3BOJSIONIME (DOPMUPOBATh paIlMOHAIBHBIE MapLIPYThl HpU
JIOCTaBKE MPOAYKIUH OT ABYX IIPOU3BOJAUTENEH;

> k03(pduumeHT a1 OueHKH APPEKTHUBHOCTH OpraHU3alllyd IEPEeBO30YHOI0

Imponecca 1nmpu COBMCIICHUN MapaIpyTOB JOCTABKU MEJIKOIIAPTUOHHBIX I'PY30B.

HpaKTH‘leCKaﬂ SHAYUMOCTD. Hpezmo;erHLIe MCTOJWKHU, MAaTCMaTH4YCCKas MOJACIIbL H
nporpaMmMHOC oOecreucHre TMO3BOJISIOT Ha CTalun TIIJIAHUPOBAHUA TIPO- HECCOB IICPEBO3OK
MCJIKOIMAPpTUOHHBIX T'PY30B OLICHUTH I_[CJ'ICCOO6pa3HOCTL COBMC- MICHUA MApHIpyYTOB U HaWlTH
OINTUMAaJIbHBIH MOpsAaO0K 06’563Ila ITYHKTOB JOCTAaBKH. OpFaHI/IBaI_[I/IH COBMCIHICHHBIX MapIIpyTOB
ABUKCHUA TO3BOJIACT 3HAUYUTCIIBHO COKPATHUTL XOJIOCTHIC HpO6CFI/I aBTOMOOMIICH H, Kak
CICACTBUE, ITIOBBICUTH KOHI(prHTOCHOCO6HOCTL IPOAYKIUH.
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Peasmzanus pe3ysbTaroB ucciaeaoBaHusi. HayuHble, NpakTHUYEeCKHME M HKOHOMUYECKHE
pe3yabTaTtel pabOThl MOKHO HCHOJB30BaTh JJIsi KOHKPETHBIX OpraHu3alid M IMPeInUsITHHA.
Martepuansl quccepTali UCIHOJIb3YIOTCSI B HAyUHBIX HCCIEIOBAaHUAX M y4eOHOM Ipolecce Ha
o0y4eHHe CTYJEHTOB IO CIEHUAIbHOCTU «Opranuszanys NEPeBO30K U YIpPaBIEHHE Ha
TpaHcnopTe» u « T paHCIOPTHAS JTOTUCTHKAY.

Anpobanusi padorbl. OCHOBHBIE IOJIOKEHMSI JTUCCEPTALMOHHOIO HCCIIEIOBaHUS ObUIM
MpEJICTaBICHbl U MOJYYWIM OJOOpEeHHEe Ha  MEXAYHApOJHBIX HAyYHO-TEXHUYECKUX
KoH(pepeHmsx: «MHHOBanmii Mopckoro TpaHcmopTa» (r. barymu 2015, 2016 rr.), MOTAUTO
2015 (r. Codusa, bomerapus, 2015 r.), «HppacTpykTypa Mopckoro tpancmopra» (r. Pura,
Jlatus, 2017r.), MOTAUTO 2017 (r. byprac, Bonbrapus, 2017 r.), Ha Hay4yHBIX CEMUHapax
nenapramenTa TpaHcnopta (r. Kyraucu, 2015,2016,2018 rr.).

My6aukanun. [lo Teme auccepTalMOHHOTO UCCIEAOBAHUS OMyOIMKOBAHO [/ TMEYATHBIX
paboT, B TOM 4ucie 3 B W3JaHUAX, BXOJIIIMX B MEPEUCHb YTBEPIKICHHOUW NUCCEPTAMOHHUM
COBETOM U TIAaTEHT Ha H300peTeHHE.

Ctpykrypa U 00béM paborbl. [luccepramusi COCTOMT W3 BBEACHHS, UYETHIPEX TIJIaB,
OCHOBHBIX PE3yJbTaTOB W BBIBOJIOB W MPHIIOKEHUS, COJMEPKUT 114 cTpaHHIl MaNTUHOIIMCHOTO
tekcrta, 49 tabmmmy w39 pucyHKOB. buOmmorpaduveckwii CIHCOK BKIFOYACT 144
HaUMEHOBaHMIA.

OCHOBHOE COAEP’KAHUE PABOTbI

Bo BBegeHMu 000CHOBAaHAa aKTyaJIbHOCTh TEMBI, CHOPMYIHPOBAHBI IEAb WU 334l
HCCeI0BaHus, AprYMEHTUPYIOTCSI HaydyHass HOBU3HA M MIPAKTUYECKass 3HAYMMOCTb TIOJTy4EeHHBIX
pe3ynbTaToOB.

B nepBoii riaBe mpeacTaBieHbl aHAJIU3 COBPEMEHHOTO COCTOSIHHS TEOPHUH U TPAKTHUKU
MEePEBO30K TPY30B 1O Pa3BO30YHBIM MapIIpyTaMm, a Takke 0030p HAyYHBIX HCCIEAOBAaHUU B
00J1aCTH MEPEBO30K MEIKOTIAPTHOHHBIX TPY30B U METOJIOB PEIICHHS 3a]1a4 MapIIpyTHU3aIud TIPH
TaKOM BHUJIE TIEPEBO30K.

KonnuecTBO MENKOMapTHOHHBIX IEPEBO30K BO3pPACTaeT BCIEIACTBUE HMX IMHPO- KOTO
WCIIOJIb30BAaHUS IS JIOCTABKH COLMAJIBLHO 3HAYMMBIX TPY30B, MPOJAOBOJLCTBEHHBIX TOBAPOB
T.1. C yBeNMYEHHEM CIPOCa Ha MEPEBO3KU TAKOTO BHJA aBTOMOOMJIBHBIN TPAHCIIOPT 3aHUMAECT
YCTOMYMBOE TOJIO)KCHHE Ha PBIHKE TPAHCIOPTHBIX YCAYr. AKTYyalbHOCTh NPUMEHEHUS
Pa3BO30YHBIX MapHIpyTOB oudeBHAHA. [l03TOMY BOmpOcaMHM MX COBEpIICHCTBOBAHHUS, a TaKKe
SKOHOMHUYECKOTO 00OCHOBAaHMS 3aHUMAJIMCh U 3aHUMAIOTCSI MHOTHe 3apyoekHbie yueHbie: C.P.
Jleitnepman, JLJI. AdanacoeB, A.W. Bopkyr, B.JI. 'eponumyc, B.A. I'ynkos, A.B. BenbmoxuH,
JL.Lb. Mupotun, B.A. XXurko, M. Kpucropunec, C. Ounon, T. T'ackenp, K.B. Kum, Jx.
Jluttn u ap. Ans shdekTuBHOTO ynpaBieHUs: MEPEBO30YHBIM MIPOLIECCOM HEOOXOUMO pellleHre
3a/1a4 MapIIpyTU3ALHH.

OpnHako B HacTosIlee BpeMsi B HOBBIX YCJIOBHSIX XO3AWCTBOBAaHUS Ha aBTOMOOWIHLHOM
TPAHCIOPTE HET YETKO BBICTPOCHHON TEOpUHU IMEPEeBO30K MEJIKOMApTUOHHBIX TPY30B Ha
KOJIBLIEBBIX Mapuipyrax. OpraHuzanuio MEepeBO30YHOTO Mpoliecca CIEeAyeT OCYHIECTBIATh U3
YCIOBUSL MHUHHMH3AIIUM XOJIOCTBIX MPOOEroB, BIHUAMIIMX Ha BeIMYMHY oOmiero mpobera
aBToMOOMWIA. OHUM U3 TyTeil moBbIIeHHs 3)(HEKTUBHOCTH Pa3BO30UYHBIX MAPUIPYTOB SIBISIETCS
COBMECTHAas JIOCTaBKa Ipy30B OT HECKOJIBKUX MPOU3BOAUTENEH, UMEIOIINX BCTPEUHBIE XOJIOCThIE
npoberu.

[IpoBeneH aHaiu3 TNPUMEHEHUsS] HA TMPAKTUKE PA3NIMYHBIX METOAOB IIJIAHUPOBAHMS
MapIIpyToOB JOCTABKH MEIKUX MapTUH TPYy30B, KiIAacCU(PUKAIM KOTOPHIX MPHUBEACHA B paboTe.
BrIsiBNIeHO, U4TO MIMPOKOE paCIpOCTpaHEHUE MOTYyUHIH TPUOIMKEHHBIE METObI, KOTOPBIE Tal0T
pEe3yNbTaT, JHIIb B TOW WIM HHOW CTENEHH ONM3KHI K onTUManbHOMY. [109TOMY anbTepHATHBBI
TOYHBIM METOJIaM pElIeHHUs 3aJayd MaplIpyTU3aluMyd HET. YCIOEeXu U  YBEJIUYEHHE
obicTponeiicTBus u mamsatu [IK, ¢ omHo#l cTOopoHBI, U TpeOOBaHHE PBHIHKA K TOBBIIICHUIO
TOYHOCTH MPOTHO3UPOBAHUSL TPAHCIOPTHBIX YCIYT, C JIPYroil, JNENar0T aKTyaJbHBIM HCHOJIb-
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30BaHHE TOYHOIO MeETOJa «BETBEH M rpaHully. OJHAKO OH HE YYUTHIBAECT MOILMKIBI, T.€.
HEO/JHOKpPaTHOE TIIOCELIEHHE BEpPIIMH U CBA3EH, KOTOpPBIE HMEIOT MECTO B PEAJIbHOU
TPaHCIIOPTHOM CETH ropoAa.

Takum oOpazom, cosgaHue MOAW(UKAIMI TOYHBIX METOJOB SIBJISETCS Hamboliee
IIEPCIIEKTUBHBIM  HAMpaBJICHUEM JUISL  pELIEHUs  3aJad  MapuipyTu3alud  JOCTaBKU
MEJIKOTIAPTUOHHBIX T'PY30B M IO3BOJIIET YCOBEPIIEHCTBOBATH OINEPATHBHOE IIJIAaHMPOBAHUE, a
TEM CaMbIM MOBBICUTH dPPEKTUBHOCTh aBTOMOOMIIBHBIX IIEPEBO3OK.

Bo Bropoii rJaBe paccmarpuBaeTcs  CYIIHOCTh  Pa3pabOTaHHOW  METOJUKH
COBEPULICHCTBOBAHUSA KJIACCHUUYECKOTO METOJa «BETBEH M TpaHUI)» HPU MapLIpyTH- 3aluu
IIEPEBO30K  MEJIKONAPTUOHHBIX TIpy30B. Maesd MeToAMKM 3aKiIlo4aercs BO BBEICHHUU
JIOTIOTHUTEIbHBIX (PMKTUBHBIX Y3JIOB U CBSI3€H MEXJy MYHKTaMH HCCIEIyeMOW TPaHCHOPTHOMN
CETH, KOTJ1a 3TO HE0OX0IUMO.

@OUKTUBHBIM Y3JI0M (IIYHKTOM) Ha3bIBaeTCs JOTIOJIHUTEIBHO BBEJICHHBIN y3€ll, KOTOPOTrO
He ObUIO B MCXOJHOM TpaHcmopTHON cetu (puc. 1). DUKTUBHOI CBSA3BI0 Ha3bIBAeTCS
JIOTIOJTHUTEIBHO BBEACHHAS AYra MEX1y (QUKTUBHBIM Y3JIOM M JEHCTBUTENBHBIM Y3JIOM WJIHU
Mexay (GUKTUBHBIMHU Yy3i1aMmHu. (DUKTHUBHBIE Y3€l1 U CBSA3b 00pa3yloT (UKTUBHYIO BETBb, UJIH
3BeHO. Marpuia, conepxaiias (UKTUBHBIN y3€ll ¢ (PUKTHUBHBIMU CBSI3SIMM, TAK)KE Ha3bIBaeTCs
(UKTUBHOH.

Puc. 1. DnemenTs! rpada «pUKTUBHBIX BETBei»: a —TPEyTrOIbHBIH dJIeMeHT; 6 — y3/710BOM

JJIEMEHT

Hpo6neMa 3aKJIr049ajJaCb B pa3pa60TKe MCTOAHUKHU H crocoba BBCIACHUA (1)I/IKTI/IBHBIX
BETBEH B MpouccC BbIYUCIICHUA, yTOOBI HE M3MEHUIIACH CYTb KJIACCHUYCCKOTO METOHa «BETBEHU U
T'paHHUID).

[[J'IH PCUICHHUA MOCTaBJICHHOMN 3agauu OBLIT YCOBCPIICHCTBOBAH KJIaCCHUYECKUM AJIrOpuT™M
pacucTa:

1. CocraBisieM HCXOJHYIO MaTpULly  PacCTOSHUM MEXIy ITyHKTaMu Li
HCCIIelyeMOM TPaHCIIOPTHOM CETH.
2. IMTepexoaum K puBeeHHOM MaTpuite —L2:
I—,jj = lj]'— h;, 71=1,23...n,
L’;j = l']]'—]]j j=1,23...m, (2)

Trac h| n hj — MUHHUMAJbHBIN 3JIEMEHT B CTPOKE U CTOJ'I6I_IC, COOTBETCTBCHHO.

3. OmnpenenseM Uist KaXJI0TO 3JIEMEHTA C L,i,j =( OLIEHKY 110 (hopMmyIie
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A=min lj; + minl'S']', 3)
rze,

!

rs o ‘. ’ o .
[l - HAaMMEHBIUWii 57ieMeHT B cTpoke 7; |/ -HavMeHbLIViT 57IeMeHT B CTONOLE J ;
k# j, ks=1,23.n.

4. Haxoqum BeTBb K —S ¢ MakCHMAaJIbHOW OIIEHKOA:
Agg=max A, 1, j=1,23...n. (4)

5. TIlepexogum K HOBOH MaTpuue S ¢ HauOoublIel  OLEHKOW.Lq IyTeEM

a
BbIYEpKUBaHUS U3 L~ CTpOKH.

6. Cosmaem ¢ukrusuble Mmarpuisl @O u  Dg , BBOogt B L1  duxTuBHBE y3mBI K
U S. agnomydeHHeIMM Marpunamu L1, @ u Dg onepauuu NpUBEICHUS M OLECHKH, ONIMCAHHBIC

B ITyHKTaX 2—4.

7.  YcraHaBiuBaeM, 4TO KOJMYECTBO (PUKTUBHBIX y3JIOB PABHO YMCIy BETBEl B y3lle MHUHYC
eAMHUIIA.

8.  OmnpenensieM onTHMaJbHBIA MapIIPyT IyTEM CPABHEHMs] BAPUAHTOB, MCXOJS M3 YCIOBHS
MHUHUMAJIBHON TPAHCTIOPTHOM paOOTHI.

Ha ocHOBaHuMM mpemIoKEHHOTO ajaroputMa Obla pa3paboTaHa KOMIIBIOTEPHAs
porpaMMa, TMO3BOJISIONIAasE aBTOMATH3WPOBATh NPOIECC BBOJA (DUKTUBHBIX Y3JIOB U CBSI3EH, a
TaKKe TPOIECC HAXOXKICHUs IeleBoi ¢yHKIMU. B kadecTBe IeneBOM (PYHKIIMU MOXKHO
MPUHUMAThH BpeMsI HJIM 0OIIni TTpoOer aBTOMOOHIIS:

£(T)=Xt; > min; f(L =23 > 5)
min.

[IpenycMoTpeH KOHTpPOJIb BBOJAA KOJMYecTBa (DMKTUBHBIX Y3JIOB ONEpPATOPOM, YTO IO3BOJISET
COKpPATUTh 3aTpaThl MAIIMHHOTO BpeMeHU. B KOHIIE T71aBbl MpUBEICHBI JBA MPUMEpa pelIeHHs
3aa4 MO MPEeJIOKEHHOM MeTonuke. B olHOM M3 HHMX NOKa3aHO, 4yTo €€ MpPUMEHEHHUE, IO
CPaBHEHHMIO C HCIIOJIb30BAHHEM KIJIACCH- YECKOr0 METOJla «BETBEH W TpaHUI», MO3BOJISET
MOJIyYUTh MEHBIIYIO JIMHY Mapii- pyra. B apyroMm mpumepe paccMOoTpeHa 3ajaya, Korna
MIPUMEHEHHE KJIACCHYECKOT0 METO/Ia HEBO3MOXHO.

Tperbss rjgaBa TmoOCBsAlIeHa pa3pabOTKe MaTeMaTH4YecKOoW MOJenu U [oKaszaress
11e71eco00pa3HOCTH COBMEIIEHUSI KOJBIEBBIX MAapIIPyTOB JBIKEHUS aBTOMOOWIEH, a Takxke
METO/MK OTpeAeTICHHs MyHKTa 3ae3/ia 3a JOIMOJHUTEIbHBIM I'Py30M U OLEHKU 3(deKTuBHOCTH
OpraHMu3aIy TaKOT0 BUJa MAPIIPYTOB.

B coBpemenHoit Teopuu Bompoc 00 OOBEAMHEHMHM MapUIPYTOB HEIOCTaTOYHO pa3padoTaH,
OJIHAKO J0CTaBKa TIpPYy30B OT HECKOJIBKHUX MPOM3BOAMTENECH MpeAcTaB- JsIeT 3HAUYUTEIbHYIO
CIIOHOCTh BBUIY MHOTo0Opa3usi HakIaJblBaeMbIX orpanudeHuii. IlosTomy paccmoTpeH
BApUaHT, KOTJa J0CTaBKa I'Py30B OCYILIECTBISETCS OT JBYX Npou3Boauteneld. MccnenoBanuch
JIBa OCHOBHBIX BOITPOCA:

1. Kakum JOJIXKHO OBITh MaKCUMAJIbHO JOITYCTUMOEC BpPCMs 3ac3/id BO BTOpOfI ITYHKT
IIOT'PY3KH, YTOOBI COBMCHIICHUC OBLITIO I_IeJ'IeCOO6pa3HLIM?

2. C KaKoro MyHKTa TPaHCTIOPTHON CETH HEOOXOMMO OCYILECTBIATE TOT 3ae31? B KauecTBe
YCJIOBHS LIEJIeCO00Pa3HOCTH COBMEIEHHS MapLIPyTOB IPUHSTO:

At=At™-At>0 (6)
rIe, At - HM3MEHEHHE BPEMEHU ABMXKEHUSA 10 MapLIPYTY,

a
At~ — DKOHOMUS BpEMEHH.
HAa 3a€3/1aX B IIyHKTBI pa3rpy3KHU HECKOJIBKUX I'PY30B, 4.
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P
A" =>"t"(G, -1) 7)
i=1
37IECh t™ BpeMs Ha 3ae3/l B MyHKT Pa3rpy3Ku, 4;
P — KOTMYEeCTBO MMyHKTOB COBMECTHOU pa3rpy3KH, IIT.

M3meHeHne BpeMeHH IBHKEHHS onpeiernsiercs no Gopmyie:
At =t—(t° +1°) 8)
rie, t - BpeMs IBHKCHHUsHA COBMEILICHHOM MapipyTe, (1);
t? - Bpemst IBIKEHNA OCHOBHOM MapmipyTe, (),
t? - Bpemst ABMKEHHS HA IOTIOIHUTEILHOM MapIIpyTe, 9.

B kauecTBe mokxaszaTens 1e1€cO00pPa3sHOCTH COBMELIEHHsS NMPHHATO MAaKCUMAIBHO JIOIyCTUMOE
BpeMsI 3a€3/]a BO BTOPOH IyHKT norpy3ku. OHO onpenensercs: 3 ypaBHEHUs LENeco00pa3HOCTH

COBMCUICHHUA:

I1
3 t(r -1)-t+(t° +t*)=0. )
-1

Bpemss 3ae3ma  Oymer 3aBHCETH OT CXEM MAapUIPYTOB JBMOXKEHHS OCHOBHOTO U
JIOTIOJTHUTEIBHOTO IPY30B MPH MPOYMX PaBHBIX ycioBusx. Ha puc. 2 npencrasieHa 06001eHHas
cXeMa COBMECTHOH JOCTAaBKH I'py30B, KOraa MyHKTBI pa3rpy3kru OCHOBHOI'O W JOIOJHUTCIIBHOI'O
IPy30B HE COBIIAJAIOT M 3a€3]] 3a MOCIECIHUM OCYLIECTBIIETCS ¢ HEKOTOPOTO IMPOMEKYTOUHOTO
IYHKTA 711; OHA MOJIydeHa yTeM 00beIMHEHHS CXEM, IPEICTABIEHHBIX Ha pUC. 3 U 4.

®
©
I

Puc. 3. I'pad ocHOBHOTO MapupyTa
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Puc. 4. I'pad nonomHUTENHHOTO MapIIpyTa

OnTUMI3aUna OCHOBHOMO ONTUMNZALUVA AONONHATENBHO-
| MapwpyTa ¢ UCnonb3oBaHNeM ro MapWpyTa ¢ UCNONb30BaHWeM |—
METOSVKA «BUMKTUBHEIX BETBERY METOONKN «UKTUBHEIX BETBEIY

: ,

@ Ol'lpe,ﬂ.EJ'IEHI-"Ie NyHKTa 3ae3fa

HccneaoBaHwe Ha BMECTU-
MQOCTb Ky30Ba AN NOrpy3aku
JONOMHATENBHOID rpy3a

Y !

1 I 2 Thn:
CeoB0aHOre MecTa HegoCTaTOUHD CeofogHoro Mecta 4OCTATOYHO
1 BatuaHT: 2 BaiHaHTZ BBatVIaHT: 4BathHT:
My HKT NYyHKT 33e343 NYHKT NyHKT 3ae343
3ac3ja nepeHoCUTCH 3aesna nepeHocuTCH
QCTAETCH BNEpen OCTAETCA HAa3ag

l ¥ ¥ h

OnNTUMW3aLUWMA MapLIpyTa nocne
BTOPOC NYHKTA NOTPY3KK Mo

METOLVKE «PUKTUBHbBIX BETBEA»

Y

@ COPMUPOBAHNE COBMELLEHHOrO MapLpyTa
- @ OueHka 3 PeKTUBHOCTM OPraHN3aLMK COBMELLEHNS MapLUPYTOB -—

Puc. 5. brok-cxema popMupoBaHUSA COBMeIIeHHOTO MapuIpyTa

B oOmem ciiydae COBMECTHBIN MapuIpyT JOCTaBKH MEJIKOMAPTUOHHBIX I'PY30B MOKHO
pa3leNnTh Ha TPU XapaKTEPHBIX dTama: MEpBbI — KOIAa pa3BO3AT TOJbKO OCHOBHOW Ipy3,
BTOPOM — KOTJa IPOMCXOAUT COBMECTHAs pa3BO3Ka M pasrpy3ka JIBYX IPy30B M TPETUH —
KOI'/Ia Pa3BO3UTCS TOJIBKO JOTIOJIHUTEIbHBIN TPY3.
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IToxazarens 1enecoo0pa3HOCTH 3a€3/1a 3a JONOJHUTEIILHBIM I'PY30M, OIpPE/ICICHHbIH Ha
OCHOBE ypaBHEeHHUs (9), 10JIy4eH B BUJE:

o TR tE (UM -t8) S e e e o pe
[tmD]z I + 2 P —tpy —tpr +teg + tyn —thh. (10)
=1

rze L — KomM4ecTBO IUKIOB TOCTABKH.

W3 ananusa Beipaxenus (10) ciexyer, 4To MakCUMalbHO JOIYCTUMOE BpeMs 3ae3na
3aBHCUT OT BPEMEHH, 3aTPAuMBAEMOT0 Ha TPY30BbIE, XOJIOCTHIE M HYJEBBIE MPOOETH, a TaKKe
OT BPEMEHH 3ae3/1a B IIYHKTHI Pa3TPy3KU U KOJUYECTBA IUKIIOB JIOCTABKHU.

B paborte paccMOTpeHBI pa3iHyYHBIE CXEMBI COBMEIIECHHS MapIIpyTOB, KOTOpHIE
SIBJISIFOTCSI YACTHBIMU CIIy4asiMU IIPEJICTaBICHHON 0000IIEHHON CXEMBI.

Ha puc. 5 nokazana Oiok-cxema (QOpMHUpPOBaHUS COBMEIIEHHOTO MaplIpyTa M3 JIBYX
KOJIBIIEBBIX MAapIIPYTOB.

‘?; =0,3 r],l =0,5

MB. N :
gm0y > ?{7"\ 3 9=04 4
. 10 //g"'e ‘7‘

f10 Ao |\

\4\2‘
o g
=01 L o
g =02 Z&/\

Puc. 6-9

Ha puc. 6-9 mnpencraBieHbl pe3yapTaThl pELIEHUS 3aJad MapLIpyTH3aluu IO
MPEUI0KEHHON OJIOK-CXeMe Ha pUMepe, KOTJa Y OCHOBHOTO M JIOTIOJIHUTEIHHOTO MapIIpyTOB
nMeercss oaHo Hawaio — ATII, pacnonoxenHoe B BepmuHe 6. I'py30moabEMHOCTD
TPAHCIIOPTHOTO cpexacTBa mpuHATa 1,9 T. B BepmmHax 11 u 3 HaxoaTCs MyHKTHI NOTPY3KU
OCHOBHOTO U JIOTIOJIHUTEIBHOTO I'PY30B, COOTBETCTBEHHO.

Ha puc. 6 u 7 npuBeneHbl pe3yibTaTbl PAcyETOB IO NEPBOMY M BTOPOMY 3Tallam,
cooTBeTcTBEHHO.Ha TperbeM »dTame pemieHus 3aJaud B CXEMY OCHOBHOI'O MapIipyra
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BKJIFOYaeTcs BepiinHa 3 (cM. puc. 8).

HccnenoBanne Ha BMECTUMOCTH (YETBEPTHIA 3Tal) MOKa3alo, YTO MeCTa B Ky30Be
aBTOMOOWIIS JUIsI TIOTPY3KHU JIOTIOJTHUTENIFHOTO Tpy3a A0CTaTouHO. TakuM oOpa3zom, BepimnHa 8
MPHUHATA B KAQUYeCTBE IyHKTA 3ae3na. Ha msaToM srame u3 cXeMbl, IPEJCTAaBICHHON Ha puc. &,
MCKITIOYAIOTCS MyHKTBI IOTPY3KH U Pa3rpy3Kd OCHOBHOTO Ipy3a JI0 BEpIIUHBI 3 (CM. puc. 9).
CoBMemeHHbI MapmpyT ATHHONW 44 KM TOJIydaeTcs MyTeM CIOXKEHHS JJIMHBI Mapuipyra
JIOCTaBKH OCHOBHOTO T'py3a JI0 MMyHKTa 3 (CM. puc. 8) U AJTMHBI MapuipyTa mocie Hero (CM puc.
9): 6-11-7-8-3-9-10-1-2-4-5-4-6.

Jliist pa3MenieHus: Ha Ky30B€ JIOTIOJIbHUTENHOTO TPy3a CO3/1aHa KOHCTPYKIUS Ky30Ba ¢
MeHsmomerncs oobeMoM (puc.10), koTopas 3amuiieHa NaTeHTOM.

S A SSLILILITITTIEL !

A S SRR AR L

o

AT AL LA LS LSS SIS

LA

1%

L J
I Y
¥

Puc.10 KoHCTpyKIMs Ky30Ba C MEHSIOMICHCS 00beMOM

Oco0OeHHOCTBIO JOCTaBKU MEJIKOMApTUOHHBIX TI'PY30B SIBIISIOTCS 3HAUUTENIbHBIE 3aTPaThl
BpEMEHH Ha MpocToil aBToMOOMIs. J{is OlleHKH 3aTpaT Ha mpoder aBTOMOOWIs (cenpMoil Tar)
UCIOJIb3YeTCST TOKUIOMETPOBasl OLIEHKA, a 3aTpaT Ha MpocToil — modvacoBas. ClenoBaTenbHO,
TPaHCIIOPTHBIC 3aTPAThI HA | -M MapIIPyTe CKIAIbIBAIOTCS U3:

d J 0 f
3i:3i +3i+3i +3i, (11)
rae 3? —3arpaThl Ha JBW)KEHHE aBTOMOOWIS (J1apu);
3} —3aTpaThl Ha NPOCTOI aBTOMOOWJIS TI0]] TIOTPY3KOil M pasrpy3Koil (J1aph);
30 — 3aTpaThl, CBA3aHHBIE C OPraHU3AIMOHHBIM MPOCTOEM (JIapH);

3{ — 3aTpaThl Ha 3apa0OTHYIO IJIATy BOAUTENS (JIapH);.
[Tocne mpeobpazoBanus BeipaxkeHue (11) mpuHuMaeT BUA:

P
3 =c/L+c> gyl +c't) +ct +c’t, (12)
i=1
rae L — mimHa e3axu, kM;
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gij — Macca pasrpy’kaeMoro rpysa B KakJIOM IIyHKTE, T;
{jj — Tpy30BOE ILIEYO OT IIyHKTA IIOrPY3KH IPy3a [0 IIyHKTa €ro pasrpysKu, KM;

P — xonM4ecTBO IMYHKTOB pasrpy3KH, LIT;
y _

G

t!‘ — BpeMs 3ae3/1a B IIyHKT pasrpysku, 4Y;

BpeMsI OTIepaIHii, CBSI3aHHBIX C MIOTPY304YHO-Pa3rpy30YHbIMH paboTamu, d;

¢/ (rapw/xm), C! (mapu/T.Km), c' (tapu/4), C (rapu/a) — CTOMMOCTHBIE OKA3aTEIH.

Jlns paccMaTpuBaeMoro IpHMEpa, COTJIACHO pacueTy IO NPEAJIOKEHHON METOJHKE, 3aTpaThl
BPEMEHHU M TPAHCIIOPTHBIE 3aTPAThl IIPH COBMEIICHUH MapIIPYTOB COKPATHIIUCH Ha 25%.

YerBepTasi IJjiaBa [MCCEPTAIMOHHONW pabOTHI TMOCBSIIEHA IPOBEPKE Ha  aJeKBAaTHOCTD
pa3paboTaHHON MeTOAuKH. J[Isi ATOro OBUTM TIPOBENEHBI AKCHEPH- MEHTAIBHBIE HCCIICIOBAHMUS, B XOIE
KOTOPBIX OBLIM BBISIBICHBI TEXHUKO-IKCIUTYaTaIll- OHHBIE TIOKA3aTeH M BBITIONHEHA WX CTaTHCTHYECKAs
00paboTKa; TPOBEICHO MOJEIN- POBAHHE COBMENICHHOTO MapIipyTa JOCTaBKM TPY30B OT JIBYX
MPOM3BOJUTENIC M COINOCTABICHHI ~ TEXHHKO-DKOHOMHUYECKHE  TOKa3aTelld  MpPEeUIOKEHHOTO
O00BETMHEHHOTO W CYIIECTBYIOIINX MapIIPYTOB.

B xauectBe 00BEKTa HMCcrenoBaHWW ObLTO BBIOpaHO JBa xyie0o3aBoja.r.barymu. B pesynbraTe
CTaTUCTUYECKON 00pabOTKM TOJYYEHHBIX JaHHBIX YCTAHOBIEHO, 4TO KOA((UIMEHT HCIOJIb30BaHUS
npoOera B cocrasui 0,62, Bpemsi morpy3ku — 1,76 4, ckopocTh IBUKEHUS — 36 KM/4, BpeMsl 3ae3qa B

NYHKT pa3rpy3ku — 3 muH (puc. 11).

18

M = 1,765 18 \M=35.925
16 a = 0,576 16 o = 6,259

14

y? =0,986 . — %7 =0.984
12 12 / \
10
4 \ o /

g N
2 N N-
0 0

1 21 244 27, 7,2 4 4
0,680 0936 1,192 1,448 1,704 1,960 2,216 2472 2728 2984 3,240 80 2 24 6 308 340 372 404 436 468 500
Cropocme, km/y
Bpems nozpy3ku, 4
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16 o = 0,327
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a18 | o= 1.174 12
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003 2
a00 .
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Bpems 3ae3da, MuH. Bpems paszzpy3sxu, 4

Puc. 11. I'paduxu pactpenenenus nuccieyeMbIX BeTUIHH

26



s ouenku 3pPpeKTUBHOCTH 00BETMHEHNS MApIIPYTOB B TabIuIle 1. MpeacTaBIeHb

TCXHUKO-OKOHOMHWYCCKHUC MMOKA3aTCIIM COBMCIICHUA MapIIpPyTOB.

tabaumal
MapupyTsl t, W, Wp, LX B 3, kW
q T | 1.xM/9 iy apu ’
o1
J10 coBMEIIICHHS 15,00 | 0,158 | 1,778 | 33,845 | 0,61 | 3067,5 | 0,007
ITocae coBmernieHus 13,35 | 0,206 | 1,843 | 7,823 | 0,83 | 2733,8 | 0,011
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OCHOBHBIE PE3YJIbTATHBI 1 BBIBO/IbI

1. Paspa6oran MHCTpyMeHTapuii, NO3BOJSIOIMA (GOPMHPOBATL HaubOJEE PALUOHAIBHBIE
MapuIpyThl JOCTAaBKA MEIKONAPTHOHHBIX TPY30B W 32 CYET ATOTO MOBBIIIATH 3()(HEKTHBHOCTH
HEPEBO30OK.

2. MoJepHU3NPOBAH METOJ «BETBEH W TPaHMI, HCIOJB3YEMBIA JUIl pEHICHHMs 3a1ad
MapIlpyTHU3allUd TPY30BBIX IIEPEBO30K, CYTh KOTOPOTO 3aKJIIOYAETCSI B COBEPIICHCTBOBAHUU
KJJACCHYECKOTO aITrOpUTMa pacyera IyTeM BBEACHUS (UKTUBHBIX Y3JIOB M CBA3e B rpad
TPAHCIIOPTHOM CETH.

3. PaspaGorama MaremaTudeckas MOJENTb IUIAHMPOBAHMS  COBMEHIEHHS  KOJBIEBBIX
MapIlpyTOB, COJepIKalliasi psii HOBBIX JIEMEHTOB. B 4acTHOCTH, Mpe/IokKEHBI U HAYyYHO 00OCHOBAHbI
MOKa3aTreab OLEHKU APPEKTUBHOCTH OpPraHU3alMM IEPEBO30YHOrO Ipoliecca MpPU COBMELIEHUU
MapIIpyTOB, a TaKXe MOpAIOK OIpeNeleHMs] IMyHKTa 3ae3/la 3a JIONOJIHUTEJIBHBIM TPY30M IpHU
pEelIeHHH 3aJaud MapHIpyTHU3allMM C  HCIOJIb30BAHMEM  YCOBEPIIEHCTBOBAHHOTO  aJrOpUTMa
MapIpyTH3aLUH.

4.  Pa3paGoTaHHBIE MOJENU, METOAMKA M IPOrPAMMHOE OOECIIEYEHHE MO3BOJIMIN IIPOBECTH
aHaJIW3 MOKa3aTess 1eaecoo0pa3HOCTH COBMEIIECHHUS. Y CTAHOBJIEHO, YTO 3P(PEKTUBHOCTH COBMELICHHS
KOJIBIIEBBIX MAapUIPyTOB TEM BBINIE, YeM OOJbIIeé BEIMYMHA BCTPEYHBIX XOJIOCTBIX W HYJIEBBIX
npoOeroB. Kpome TtOoro, ona Bo3pacTaeT NpH COBMIAJEHUU IIYHKTOB JIOCTaBKH OCHOBHOIO U
JOTIOTHUTEIBHOTO IPY30B, a TAK)KE MPU YBETUUYEHUH UX KOJINYECTBA.

5. TlonmydeHHBIE MOJENM M METOAMKA TO3BOIMIM pa3paboTaTh palMOHATBHBIE MapHIPYThI
JBKEHUSI aBTOMOOMJICH TIpU TOCTaBKe XJIE000YTOYHOM MPOAYKIIUM OT ABYX XJ1e003aBOIOB T. batymu.
VYcTaHOBIIEHO, YTO B pe3yJabTaTe COBMEIICHMSI MapIIPyTOB B CPEAHEM MOBBIIAIOTCS: KO3(pPUImeHT
WCTIONb30BaHus mpobera — Ha 30-36 %, mnpouwsBomuTenbHOCTh B T/ — Ha 5-30 %,
MIPOU3BOIUTENBHOCTD B T-KM/4 — Ha 4—5 %, KO3(hPUIIMEHT OTHOCUTENFHOW MPOU3BOAUTEIHLHOCTH — Ha
33-57 %. Ilpu 3TOM coKpalaloTcs: BEIMYMHA XOJOCTHIX MpoOeroB aBToMobuieil — Ha 57-76 %,
BpeMsi pabOThl aBTOMOOWJISI Ha MapIIPyTe U 3aTpaThl B pyossax — Ha 5—11%.
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Description

-The actuality of the research. The modern process of automotive system growth
significantly contributes to satisfying the public demand, but at the same time threatens the
environment and human viability, so any further development should be accompanied by the
planning process that will keep the traffic safe for the environment.

The development of market economic relations reduces the size of the supply cargo, which is
conditioned by the development of small and medium size entrepreneurships on the market.
Consequently, in transportation services the demand for transportation within the city cargo routes
increases dramatically; there is also an increase in trade points and strict requirements for supplying
products "exactly in time™ are set. It is also important to mention that the trade points in the
settlements have requirements not only in terms of delivery but also for the range of products.
Consequently, this issue can be positively solved in collaboration with various manufacturers.

-The goal of the dissertation work- researching existing organizational systems for small
cargo shipment by motor transport and perfection of the existing efficiency enhancing methods.

In order to achieve these goals, the following tasks were resolved:

* The "branches and boundaries" method is reworked and computer software for its practical
implementation is created;

* The mixed route model is designed for transportation of cargo from two different
manufacturers;

* Feasibility indicator of vehicle's additional loading is developed;

* Methods are developed, which determine the point on the route for additional loading of
vehicles.

* Experimental studies have been conducted and the effectiveness of the obtained results is
evaluated.

The research object is the process of transportation of goods in small quantities from several
suppliers.

The scientific novelty is:

* Modified method of “branches and boundaries “to solve the problem of routing during
shipments in small quantities of goods;

» Mathematical model, methodology and software, that allows making a rational route for
transportation of the goods from the two suppliers;

* Introduction of the efficiency assessment coefficient during the merger of routes for
shipments in small quantities.

-Publication. Around this dissertation 7 printed articles are published, including 3 in
international referencing journals and one positive decision on granting a patent.

-Structure and volume. The thesis consists of the introduction, four chapters, main results,
conclusions and appendix. It contains 115 pages, 43 tables, 39 drawings and 144 items for the
literature used.
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Content

In the introduction the actuality of the issue, goals and objectives of research, scientific
innovation and practical value of the results obtained are described.

In the first chapter of the work, the analysis of research carried out in the direction of cargo
transportation routes is provided; modern states of theoretical and practical studies, also a brief
overview of the conducted work are discussed.

In the market economy, where the structure of the transport industry has been rapidly
modified, there is no consistently established theory that would allow us to study the characteristics
of cargo transportation in small quantities on circular routes. The shipment process should be
completed by minimizing the unnecessary flow of the vehicles, because through this the vehicle's
overall mileage is directly affected. Efficient transportation of cargo on routes in modern conditions
is possible by shipping cargo from several manufacturers using interconnected routes.

Analysis of common methods of cargo transportation practice is made. It has been established
that approximation methods have found extensive use, which in some cases are close to the optimal
solution of the problem. Therefore, usage of accurate methods in the process of studying the routing
tasks does not have any alternative. One of these approaches represents the method of branches and
boundaries. It should be noted that this method does not take into account the arrival at the same
point several times, which occurs in real life transportation scheme.

The second chapter deals with the essence of the processed method in the routing process,
which is the full representation of "boundaries and branches “classical method. The main strength of
this approach is the existence of additional nodes and connections between the transport network
points, in cases when such conditions are required.

The fictional node (point) is called an additional node that was not present in the initial
transport network (Fig. 1). The fictional connection is called the arc between the fictional and the
real node or the two fictional nodes. The fictional node and connection creates a fictional branch.
Consequently the matrix received from such branches and nodes is fictional.

The third chapter deals with mathematical modeling and justifies the merger of circular
routes. The location of the additional cargo loading is determined.

The task of combining routes is less researched in the theory of transportation processes.
However, cargo handling and shipping from several manufacturers can be a very difficult task, as
transportation process is accompanied by some restrictions. Therefore, the task is given in which the
cargo is shipped from two suppliers. The following two issues were discussed:

-What should be the maximum possible loading time at the loading location in order to make
the merger of routes feasible?

- From which point of transport network should this process be carried out?

The fourth chapter presents the results of the experimental research, in particular how the
methods worked out in real life conditions. Experimental surveys are conducted to evaluate the
adequacy of the processed methodology, during which technical and economic indicators are
observed and statistical processing is performed; the combined route of the cargo shipment is used
by two manufacturers and technical and economic indicators of the existing and combined routes
are compared.
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Key conclusions

1. The tools are offered, that allow forming a rational route when shipping cargo in small
quantities, resulting in increased shipping efficiency.

2. The classic method" branches and boundaries “has been modernized, which introduces new
fictional nodes and connections in the transport network.

3. A mathematical model of circular route merger is developed, which contains a number of
new elements. Specifically, the coefficient to assess the efficiency of the shipping process is
proposed, as well as the sequence of movement for shipping additional cargo is determined by
perfecting the routing algorithm.

4. Developed models, methodology and software provided enabled us to take advantage of the
merger of routes.

5. The reworked models and methods allowed us to conduct research on transportation routes
in case of shipping bread products. It is established that during the route merger: the value of the
covered mileage coefficient is increased by 15-30%, the performance (ton/hour) is increased by 5-
20%, the productivity (ton.km/ h) is increased by 4-5%, also unproductive movement of the vehicle
is reduced by 50-55%, driving time on.
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