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Crarba nocBsileHa geKoMrno3numn

3agayn MapLupyTU3auun TpaHcnopTa

no 3BPUCTU4YECKUM OL,eHKaM MmeTto4a
Knapka—Paiita. lMpeanoxeHa npoyegypa
NPoOeKTUPOoBaHUs Pa3BO304HOW
aBTOTPaHCMOPTHOMN CUCTEMbI 10 KPUTEPUIO
MUHUMU3aLMN CyMMapHoro oéLyero
npo6era pa3snyHbiMu popmMann3oBaHHbIMU
MerTogamMuv eKOMNno3nunun, B 4aCTHOCTHU,

C [MOMOLLIbIO a/iropuTMa «(yHKLNA BbIrOA4bI»
n popmupoBaHusi 30H (Ky1acTepos,
NMoAMHOXECTB, «KyCTOB») 06C/yXXUBaHUs
TpaHcrnopTHoro cpeacrTea. HarnasaHo
nokasaHsbl npenMyLecTBa npeasaraeMoro
mMeToaa rno cpasHeHUIo C MeTo40M

«I10 MaTpuLe KpaTyanLunxX pacCTOSHUN»

Ha npumepe [A0CTaBKN AeCATU eANHNL, rpy3a
OT rnocraBLUnKa gecsatu norpe6u'rennM

10 O4HOV rPy30BOM eAnHULLe.

S eKT oT cokpaLyeHNss CyMMapHOro
npo6era Ha MOCTPOEHHbIX MapLIPyTax
cocTtaBun 9,45 %.

Knto4yeBble crioBa: 3aaa4va MapLupyTn3aumm
TpaHcnopta, metoa Knapka—Pavita,
«@YHKUMS BbIrOAbl», K1acTep, MeTos
AEeKOMNo3nLmnn, 3BPUCTUYECKas OLeHKa,
marpuLa Kpar4anLumx pacCTOSTHNMA.
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NPOBJIEMBbI YIIPABJIEEIA

HexomMmno3vumna 3apaumn
MapLIpyTU3aunm rno 3BpucTuKam
MmeTtopa Knapka—PauTa

Ilpocoe Cepeeii Huxoaaeeuu — kandudam
mexHu4eckux Hayk, doyenm Mockoecko2o
agmMomMoOUNbHO-00PONCHO20 20CYO0APCMBEHHO20
mexHuueckoeo ynusepcumema (MAIH), Mockea,
Poccus.

Kyzomenkxo Examepuna Anrexcanoposna — cmyoenmga
Mockoeckoeo agmomoburbHO-00POHCHO20
20Cy0apCcmeeHH020 MeXHU1ecK020 YHugepcumema
(MAIIH), Mockea, Poccus.

JIAHUPOBAaHUEM MEPEBO30K MEJTKO-
MapTUOHHBIX TPY30B 3aHUMAETCH
JIOTUCTUKA TpaHcnopTta. B oOuem

TMOHATUU JIOTUCTUKA — 3TO TUIAHUPOBaHUE,

KOHTPOJIb U yIPABJIEHUE TPAHCITOPTUPOBKOM,

CKJIaINPOBAaHUEM U APYTMMU OIEpAlMsIMMU,

COBEpIIAEMbIMU B MPOLIECCE AOBEACHUS Chl-

Pbs M MAaTEPUAJIOB 10 MPEATIPUSTUS, BHYTPU-

3aBOJCKON UX MepepaboTKM, NOBEIEHUS

MPOU3BENEHHOM MTPOTYKIIUU 10 TOTPEOUTEIS,

a Takke Iepenayeit, XxpaHeHueM U 00padboT-

KOH COITyTCTBYIOIIEH MH(POpMAIIAMN.

3amaveil TPaHCTIOPTHOM JTIOTUCTUKY SIB-

JIIeTCs 00ecneYeHue TEXHUYECKOM U TEXHO-

JIOTUYECKOU COMPSIKEHHOCTUA YYAaCTHUKOB

TPaHCIOPTHOTO MPOLIECCA, COMIACOBAHUE UX

5KOHOMUYECKUX UHTEPECOB, UCTOJIb30BAHUE

€IMHBIX CUCTEM TUTaHUpoBaHud. [Ipu aTom
0c000e BHUMaHUE TUIAHUPOBAHUIO MEPEBO30K

MEJIKOTIAaPTUOHHBIX TPY30B OOBSCHSETCS BCE

0GOJBIIMM PAa3BUTUEM TOPTOBBIX CETEH, OT-

POMHBIM KOJIMYECTBOM TOYEK NOCTaBKU. Ta-

KHUe MepeBO3KU OOBIYHO XapaKTEePHBI A1

OOJIBIIMX TOPOIOB U UMEIOT PSI OCOOEHHO-

CTEH:

* HEIMOCTOSIHHOE 00eCcneYeHNe MOJTHOMN
3arpy3Ku aBTOTPAHCIIOPTHOTO CPENCTBA Ha

BCEM TIyTH CJIeTOBAHUS;



* MOBEIIIIEHUE TaprU (OB ITePEeBO3UNKAMU
M3-3a HETTOJTHOM 3arpy3Ku MOJBUXXHOTO CO-
CTaBa;

* KakK IpaBUJI0, KOPOTKUE PACCTOSTHUS
MEXy TIOJTydaTeIsIMU Ha MapIIpyTax;

* HEOOXOOUMOCTD B ITOBBIIIICHHOM BHU-
MaHHWHU CO CTOPOHBI padOYNX TTPU KOMITJICK-
TOBaHWU MMapTU TPY30B;

* TPYZOEMKOCTH BBITIOJTHEHHS TTOTPY3049-
HO-pa3Tpy30YHbBIX paboT.

OTU 0cOOEHHOCTH 00YCIaBIMBAIOT MPEXIIE
BCETO BbICOKME TapUdbI TEPEBO30K MEJIKO-
MapTUOHHBIX TPy30B. Ha cebecToumMocThb
TPaHCITOPTUPOBKHU 3HAYNTEIIBHOE BIUSTHUAC
OKa3BIBAIOT ITyTH CJICAOBAHUS ITOIBUKHOTO
cocTaBa, IIPOTIKEHHOCTh KOTOPBIX HEITO-
CPEACTBEHHO 3aBHUCUT OT CTEIIEHN KOMIIAKT-
HOCTH B3aMMHOTO PacITOJI0XEHUs ITOTPeou -
TeJielt B 30He 0OCTYKMBaHUSI KaXKI0TO aBTO-
MOOWUJISL M OYEPEMHOCTU 00BE31a KOPPECTIOH-
ITUPYIOIINX TOYEK B CMEHHO-CYTOUYHBIX
3aIaHUsIX BOJUTENEH. A OTCIO/1a M BO3pacTa-
€T TOTPEOHOCTh B METOIMKAX MaPIIPYTU3ALINA
TpaHcropTa, GOPMUPOBAHUS PallMOHAIBHBIX
MapIIpyTOB ABMKCHUS, TTO3BOJISTIOININX BEI-
MOJIHITH JOCTABKY I'PY30B C HAMMEHBIIICH
TPaAHCIIOPTHOM COCTaBJISIONIEH B KOHEYHOM
CTOMMOCTH TOBapOB.

DopmynmpoBKa 3a1aun MapIIPyTU3aLIT
3BYUMT CJIEAYIOIIMM 00pa3oM: HEOOXOIMMO
3alaHHBIM TTAPKOM TTOIBMXKHOTO cOCTaBa 3¢-
(EeKTUBHO ITOCTAaBUTh TPY3 OT OTIIPABUTEIIS
K MMOJIYJaTeJISIM ¢ YIETOM 3aJaHHBIX TeXHU -
YECKMX, TEXHOJIOTUMIECKUX U OpTraHN3aIliOH-
HBIX OTpaHWYeHUA. B Xoe pemeHns 3agaan
OTIpENIENISIeTCST CXeMa PallMOHAIbHOTO 3aKpeT-
JIEHUST TTIOTpeOuTENei 3a MOCTABIIIMKOM, TIPU
KOTOPO# MOTPeOHOCTH Tpy30MoyJyaTesieit
OYIyT MOJIHOCTBIO YIOBIETBOPEHBI C MUHU-
MaJIbHBIMU TPAHCITOPTHBIMHU M3IEPKKAMMU.

METOAbI NJIAHUPOBAHUA
MAPLLUPYTOB

[Tpu nnaHMpOBaHUU NEPEBO3OK UCITOJb-
3yI0TCS TOYHbBIE U TPUOIUXKEHHBIE KJIACChI
METOOB peleHust. JItst moyd4eHusT TOUHBIX
pe3yJBTaTOB UCTIOIB3YIOTCS METO/BI:

* mepedbopa BapuaHTOB;

* JINHEHHOTO ¥ TMHAMUYECKOTO MPorpam-
MUWPOBAHUS;

* BETBEll U TPAHMUIIL.

TTpuGnuxEHHbBIE pelIeHUs MOay4YaloT Me-
TOOAMU:
* CJIy4aliHOTO TIOMCKA;
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* JIOKQJIbHOW ONTUMM3AIINH;
* OBPUCTUYECKUMU;
* SBOJIIOIIMOHHBIMU U TIPOYUMU.

J17151 anIrOpUTMOB TOYHBIX METOIOB XapaK-
TEPHO IMOJyYeHNE ONTUMAIBHOTO pe3yibraTa
10 3aJJaHHOMY KPUTEPUIO ONITUMU3ALINU, HO
3a IJTUTEbHOE BpeMsl (4aCTO HECOBMECTHMOE
CO BpeMeHeM, OTBeAEHHBIM Ha CMEHHO-
CyTOUYHOE TutaHupoBanue). [ToaTromy Takue
METO/IbI IPUMEHSTIOTCS TOJIBKO TTPY PEIICHU N
3a/a4 HeOOJIBIIION Pa3MEPHOCTHU U C HEOOITb-
ITAM YUCJIOM (OTCYTCTBUEM) OTPAaHUYECHUIA.

Yo kacaeTcs NpUOIMKEHHBIX PELLIeHHUIA, TO,
0e3yCJIOBHO, TJTABHBIM WX HEIOCTATKOM SIBJISIET-
€51 TO, YTO TOYHOTO PEIeHUS] OHU HE Ial0T, HO
3TO KOMITEHCUPYETCS OBICTPOTOM pacu€TOB 1
3a7a4 OOJIBIIINX Pa3MEPHOCTEN C MHOXKECTBOM
TEXHUYECKUX, TEXHOJIOTMUECKUX 1 OpraHn3a-
LIMOHHBIX OorpaHuyeHuit. M3 knacca npudu-
>KEHHBIX METOJ/IOB Ha TTPaKTUKe HanuboJbIllee
TIPUMEHEHNE HaXOISAT SBPUCTUUECKHUE U JIOKATTb-
HOW ONTUMU3AINH, KaXKIBII 13 KOTOPBIX CITO-
Cc00€eH Moka3aTh HawIy41yto 3(hheKTUBHOCTh
B pEIICHUN 33/1a4¥ IIIMPOKUM JMaria3oHoM hak-
TOPOB, 3a/IaBaeMBbIX JUISI TUIAHUPOBAHUSI.

CMEHHO-CYTO4YHOE
NIAHUPOBAHUE

B o01eM Buae 3anaya 00JbIINUX pa3Mep-
HOCTE MpU CMEHHO-CYTOYHOM TIJIAHUPOBA-
HUUW Pa3BO30YHBIX MapIIPyTOB pelraeTcs
B TpU JTara.

Ha nepBoM 3Tarme ocymecTBisiioT J1eKOM-
ro3uiuio (pa3doreHne) MHOXKECTBA MOTPeOu -
TeJiell Ha TTIOJIMHOXKECTBa (KJIacTepbl, 30HbI,
Ha0OPBbI, «KYCThI»), B KaXIOM U3 KOTOPBIX HE
HapyIIeHbI TIPeIebHbIE TPAHUIIBI 3aTaHHBIX
orpaHuueHuit. Jlajee mepeurcaeHbl CylecT-
BYIOIIME U TIpeiaraeMblii (popMaaTn3oBaHHbIE
U 9BPUCTUUYECKUE METO/bI TIPOBEICHUS Jie-
KOMITO3UIIMY 33/1a4¥ TTIOCTPOEHUST MaPIIPYTOB
B 3aBUCUMOCTH OT 33/IaHHBIX OTPAHUYCHU,
KPUTEPUS ONITUMU3AIMU U TIPEATIONIaraeMo-
TO aJITOPUTMA PeIIeHUs:

* 10 KapTe MeCTHOCTU, OCHOBaHHbIEC Ha
BU3YaJIbHOM OLIEHKE TPUOPUTETA BKITIOUEHUST
MTYHKTOB B «KYCT»;

* 110 rpacdy MOfieJ I TPAHCTIOPTHOM CeTH
(MTC) n HauMeHbIIIeit cyMMe IJIUH pEdep
IO BKJIIOUaeMBbIX B HA0Op TOUEK;

* 10 MaTpuIle KpaTYalilinux pacCTOSTHUMN
(MKP);

° M0 KpaTyaullIeil CBA3bIBAIOLIEH CETU
(KCC);
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* 10 CEKTOPaM C XECTKUMU TePPUTOPH -
aJIbHBIMM FpaHUIIAMU, TIPEIBAPUTEIBHO Ha-
HeCEHHBIMU Ha cxeMy (KapTy, IJlaH) pailoHa
IEPEBO30K 1 OOBIYHO OXBATHIBAIOIIIMMU LIEH-
TpaJbHYIO YacTh TOPOJia 1 OCHOBHBIC Maru-
CTpau;

* 110 pacIpenesIeHUI0 Ha MUHUMAaJIbHO
BO3MOKHOE KOJIMYECTBO SIMHUII IIOABUKHO-
IO cOCTaBa BCero o0bEéMa IpeacTaBIeHHOTO
K TIEpeBO3Ke Ipy3a;

+ MeronoM CBupa;

* 10 MOJIEJIM TPAHCIIOPTHOM 3a1auu JIv-
HEMHOTO MPOrpaMMUPOBAHUS;

* 110 HAOOPY IMYHKTOB B «KYCThI» C ITOMO-
IIBIO BPUCTUK METOIA «(PYHKIINIA BHITOIBI»
(Knapka—Paiita).

Ha Bropom artarie ornpeaesieTcst ouepén-
HOCTb 00be3/1a TYHKTOB B TTOAMHOXECTBaX
(K1acTepax, 30Hax, «KycTax»).

Ha tpetbem aTare popMUpyOTCs CMEHHO-
CYTOYHBIE 3aJaHUsI BOIUTEIISIM.

OueBUIHO, YTO 3((HEKTUBHOCTD PEIICHMS
3a/layd BO MHOTOM 3aBMCUT OT BHIOPAaHHOTO
MeTOJIa IeKOMITO3UIIMH, OCYIIECTBISIEMOTO
Ha IIepBOM 3Talle IJITaHUPOBaHUSI, 110 CTEIe-
HM KOMITaKTHOCTH B3aMMHOTO PaCIOJIOXKECHMS
MoTpeduTesieil B 30He 00CTYKUBAaHUS KaX-
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Puc. 1. Ancnokaums nocrasmka v noTpeburesneii rpy3os.

JIOTO aBTOMOOMUJISI ¥ alropuT™Ma opMrUpoBa-
HUST MapIIPYTOB 00be31a MyHKTOB.

AJITOPUTM OEKOMNO3NULUUN

W3noxuM npoliieaypy neicTBuii Ha mpu-
Mepe. 3aJjaH MyHKT MPOX3BOJCTBA OMHOPOI-
HbIX BUAOB npoaykuuu (I'OIT) u necats,
TUIOTHO PACIIOJIOKEHHBIX IPYT K IPYTY, Ipy-
3ononioiawmux nyHkToB (I'TITT) ¢ o6bEMa-
MU NOTPeOJeHUS IO OAHON eAUHUIIE Tpy3a
(puc. 1). Ipy30BMECTUMOCTb OJJHOTO aBTOMO-
OIS MSATh TPY30BBIX €AMHULL. 3aJaHa MaTPU-
112 KpaTYaIlnX pacCTOSTHUI MEXI1y TOUYKaMU.
Heob6xoanmMo chopMupoBaTh MO KPUTEPUIO
MUHUMYMa CyMMapHOro obiiero rnpoodera
CUCTEeMY Pa3BO30YHBIX MapUIPYTOB MpPU 10-
ctraBke rpy3oB u3 ['OIT B I'TIII.

ITpoBeaém pelieHue 3agaum MpUEMOM
JNEKOMMO3UILIMU TT0 MaTpUlle KpaTyanimx
paccrosiHuii. BHauane mo MKP Bkitouaercs
B «KycT» Haubosee ynanéHHblii ot I'OIT nmo-
TpeouTeab. K nMeromemycst myHKTY 100aB-
JISIeTCSl BTOPOM, OJIMKAWILINI K HEMY, 3aTeM
TPETUiA, UMEIOUIMI HauMEHbIIIee PaCCTOSTHUE
WY OT MepBOro, Wiu oT BToporo. M tak nanee
JEeUCTBUS MPOIOIXKAIOTCS TSI BCEX YXKe UMEo-
IIUXCS B MOAMHOXECTBE rpy3oIrojyJareieit
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Puc. 2. MapwpyTbl Ans «KycToB», Ch)OpMUPOBaAHHbIX METOAOM
AEKOMMNO3ULMM Mo MaTpuLe KpaTyaiLLnX pacCTOSHUIA.

10 IPUHLIMITY MUHMMAaJIbHOIO PACCTOSIHUS
MeE3K1y TOYKaMU C IIPOBEPKOM Ha yIOBIETBO-
peHue 3aJaHHbIM OrPaHUYEHUSIM.

B pexkume cMEHHO-CYTOYHOIO TIAHUPOBA-
HUSI MapIIPYTOB OJHUM U3 CIIOXKHBIX JUIS pea-
JIM3allMKY Ha 3Tare JeKOMITO3ULIMY CTAHOBUTCS
OorpaHuYeHMeE IO BpeMeH! 000poTa Ha Maplii-
pyTax B CpaBHEHUU C BpEMEHEM HaXOXXICHUS
aBromobOwieii B Hapsiae. [IpemioxkeHo Ha Kax-
JIOM I11are TIOCTPOEHUSI «KYCTa» OCYILLECTBIIATh
TPOTHO3MPOBaHNE BpeMeHU 000poTa OyayIe-
ro Mapiipyta. PauioHaabHO 3Ty OIlepaluio
IPOBOIUTh 110 3JICKTPOHHBIM aT/IacaM aBTOIO-
POT, UMEIOILKX B CBOEM COCTaBE MapLIPyTH3a-
TOP JIJIS1 aBTOMATUYECKOM ITPOKJIAIKU TPaeK-
TOPMU OBMKEHMS 110 YJIMLIAM U aBTOA0pOraM
C YYETOM OpraHu3aLmy JOPOKHOIO IBMXKEHUSI.
Takum oOpa3oMm, 10 BKITIOUEHUS TOTPEONTENS
Ipy3a B MIOAMHOXECTBO ITYHKTOB, TUITAHUPYEMbIX
K OOCITYKMBAaHUIO KOHKPETHBIM aBTOMOOMJIEM,
MPOBEPSIETCS] BOBMOXHOCTD PaCILUPEHUSI rpa-
HUIL (popMUPYEMOIi 30HBI OOCTYKMBaHUS
TPaHCHOPTHOTO CPENCTRA.

ITo 3aBepiieHNI0 GOPMUPOBAHUS «KyCTa»
MEPEXOISIT K IOCTPOSHUIO MapIIpyTa BbIOpaH-
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HBIM K MCITOJIb30BaHIIO METOIOM TTOTy4YEeHUS
MpUOIMKEHHOIO (TOUHOro) pereHus. [1pu
OTCYTCTBUU OTPAaHUYEHUI Ha BpEeMsI JOCTaB-
KU (BpeMEHHBIX OKOH) MapIIpyT (haKTUIeCKHU
yKe TTIOCTPOCH Ha IePBOM 3Tarie IUIaHUPOBa-
HUsI, a IPU HAJTUIUU TAKOBBIX MOXET IOTpe-
00BaTbCsl KOPPEKTUPOBKA C 3aMEHOU YacTU
nMmelonuxcs B kiuactepe I'TITT. Pexomenay-
eTcs 10 Hayajaa GOpMUPOBAHUS «KyCTa»
MPeIyCMOTPETh PE3ePBHOE BpeMsI HAXOXIe-
HUSI aBTOMOOMJISI B Hapsiae.
[IpuMeHUTEIBbHO K JAHHOMY IPUMEPY
c(opMUPOBAHO ABa MapLIPyTa ¢ OOIIUM ITPO-
oerom L = 15,3 + 14,33 =29,6 km (puc. 2).
HarnsimHo BUIHO, YTO MpeacTaBAEHHOE pe-
IICHUE He pallMOHaJIbHO, TaK KaK B 00eux
TPaeKTOPUSIX IBUKEHUS COAEPXKATCS 3HAUM -
TenbHO yaaja€éHHblie oT ['OIT Touku, yTo npu-
BOAUT K HEOOOCHOBAHHBIM, 3aBBIIIIEHHBIM
3HAYCHUSIM UX CYMMapHOU MPOTSKEHHOCTH.
Jlanee npoBeaéM pellieHNe 3a1a9u TIpué-
MOM JAEKOMITO3UIIMHU 10 3BPUCTUKAM MeToaa
Knapka—Paiita. JIonmoJHUTENBHO K UCXOTHOM
nHGOpPMAILIM HEOOXOAUMO PacCYMUTATh MaT-
pUIy 9BPUCTUK (OLIEHOK, «(YHKIIUI BHITO-
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TIbI», BRIUTPBILIEH ). BHavasne, Kak v B mepBomM
cinyyae, no MKP BkJtouaeTcst B «kKycT» Hau-
6onee ynanéuusiit or [OIl morpeduTens.
K uMeromemycs myHKTy 100aBasieTcsl Bep-
1MHa, o0beIMHEHNE KOTOPOU, B Tapy C yxke
BKJTIOYEHHOW, UMEET MAaKCUMAIbHYIO OLIEHKY.
3aTeM ¢ UMEIOINMUCS B KJIacTepe NBYyMSI
TOYKAMHU OTIPENENsIeTCs Mapa ¢ HauboJIblIe i
OLIEHKOU UK OT OOBENUHEHUS C TEPBBIM
MYHKTOM, WU cO BTOPBIM. [ToTOM U3 Tpéx
I'TITI, uMerormmxcs B «KycTe», (DOPMUPYIOTCS
Mapbl BEPUIMH U OMPEAEIISIETCS IMMyHKT C Hau-
Oosblieii oueHkoi. M Tak neficTBus npoaos-
XKAKOTCS U151 BCEX YK€ HAXOMSILIUXCS B MO~
MHOXECTBE IPy30T0JIydaTesiei Mo MPpUHIUITY
MaKCHUMaJIbHOTO YUCJIEHHOTO 3HAYEHUS IB-
PUCTUKH, a B CJIy4ae paBeHCTBA «(PYyHKIINN
BBITOJIbI», TO U HAUMEHBIIIETO PACCTOSIHUS
MEXIy MYHKTAMU.

IMoaxknoueHre ouepeIHOTO MOTPEOUTENS
rpy3a B «KyCT» IPOBOIUTCS MOCJIE TPOBEPKUA
Ha YIOBJIETBOPEHUE 3aJAHHBIM TEXHUYECKUM,
TEXHOJIOTUYECKMUM U OPraHU3aLMOHHBIM Orpa-
HUYEeHUSIM. B oTinure oT AeKOMIO3ULIUU IO
MaTpulle KpaTJaiIimx pacCTOSTHUI, TIe Heo0-
XOAUMOCTb BKJIIOYEHUS TOYEK B KJIacTep OLie-
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Puc. 3. MapLupyTsl ansi «KyCTOB», ChOPMUPOBAHHBIX CIIOCOGOM 4EKOMMNO3ULNM 110 3BPUCTUKAM.
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HUBAETCS TOJIbKO B3aMHBIM PACTIONIOXEHUEM
BEPIIMH OTHOCUTEJIBHO JAPYT APYTa, Mpejyiara-
€MbIi1 METO/T yIUTHIBAET U AMCIOKAIIUIO ITyHK-
TOB TI0 OTHOIIEHUIO K TPy3000pa3ytonieMy
myHKTy. @OopMUpOBaHKE TTOIMHOXKECTBA 3a-
KaHYMBAETCSI, KOTJ]a HEBO3MOXKHO TIOKITIOUUTD
OYepenHON MyHKT 0e3 HapyIIeH!s 3aJaHHBIX
orpannueHuit wim Bee ['TIIT o6cmyxeHsl.

B utore chopmupoBaHo aBa MapiipyTa
c mpoberom L = 15,3 + 11,5 = 26,8 km
(puc. 3). BddekT oT cokpanieHUsT cymmap-
HOTO TIpo0era st BHOBb C(POPMUPOBAHHOTO
CMEHHO-CYTOUHOTO IJ1aHa cocTaBisieT 9,45 %.

Ha paccMoTpeHHOM TIprMepe MOXHO 3a-
METWUTh, UTO TPUMEHEHNE IBPUCTUK METOA
Knapka—Paiita moxeTt moBbicuTh 3(pheKTUB-
HOCTb PEUICHUS 3a1a41 32 CYET KOMIUIEKCHON
OLIEHKM PACMOJIOXKEHUST MTYHKTOB IO OTHO-
IIEHUIO IPYT K APYTY ¥ MYHKTY TPOU3BOJCT-
Ba MPOAYKIINH.

J11s1 TpOBEPKU AJITOPUTMA JEKOMITOZULINY
MPOBEIEH TECTOBBIM PACUYET AJ1sI MpaKTUYe-
CKOIf 3a71Ja4¥ CMEHHO-CYTOUYHOTO TIJIAHUPO-
BaHUSI.

Wmeercs ogun ['OIT u 84 T'TIII. Ipyzo-
NOaBbEMHOCTh aBTOMOOMIIST — 1,5 T, Bpems
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norpy3ku — 30 MUH., pa3rpy3ku — 12 MUH.,
BpeMsI HaXOXIEHUSI aBTOMOOWIS B Hapsie He
HOpMHpPOBaHO (HO He Oosiee 10 yacoB), BpeMst
MOATOTOBUTEIBbHO-3aKJIIOUUTETbHBIX OITepa-
it — 18 MuH. 3agaHbl MAcChl 1OCTaBIISIEMbBIX
TPy30B U TEXHUYECKHE CKOPOCTHU B 3aBUCUMO-
CTH OT PaCITOJIOKEHUS MyHKTOB MOTPEOIeHUs
Ha TeppuTopun Mocksbsl. Heobxonumo cdop-
MMPOBATh 110 KPUTEPUIO MUHUMYMa CyMMap-
HOTO 00111eT0 Mpobera CUCTEMY Pa3BO30YHBIX
MapuIpyToB Ipu gocTaBke rpy3oB u3 ['OI1
B IPY30IONIOLIAIOIINE TTYHKTHI.

KOHTpOJIbHBII PAaCUYET ¢ UCMOJIb30BAaHUEM
MeTOJla IEKOMITO3UIUY TTO MaTpulle KpaT-
YalMnx pacCTOSIHUM MoKa3aj, YTo CJAeayeT
MMETh CEMb MapILIPYTOB IOCTaBKU Ipy3a ¢ 00-
M poderom 963,9 km. Pacuérom ¢ geKom-
MO3UIMEN MO IBPUCTUKAM MOJTYYEHO CEMb
MapIuIpyTOB C CYMMapHBIM OOIIUM TTpobe-
rom — 963,5 km.

SAKJIIOMEHUE

KoHTposbHbIE pacUEThI TTOATBEPKIAIOT
npearnoaoxeHue 00 3(h(heKTUBHOCTU UCTIONb-
30BaHUSI TIPEUIOKEHHOTO TIPUEMA IEKOMITO-
3unun. ECTb CMBICT TTPOIOIKUTEL paboTy T10
€ro MCCJIeNOBaHNIO TTyTEM (hOPMUPOBAHUS
CTaTUCTUYECKON 0a3bl CPABHUTEIBHBIX PACUETOB
Ha pa3INIHBIX BapUAHTaX UCXOMHBIX JTAHHBIX.

IMpennaraercst chopMyanupoBaTh peKo-
MEH/IAIINM 110 BapuaHTaM MIPUMEHEHUS pa3-
JIMYHBIX METOMIOB IEKOMITO3UIINY TIPU pellie-
HWUU 3a1a4 MapuIpyTu3aluy TpaHCTIOpTa
B 3aBUCUMOCTHU OT CTPYKTYPBI, TOCTOBEPHO-
CTU U 00bEMA UCXOAHOU MHMOpMaLIUK, 3a-
JaBaeMoii IS TNTAHUPOBAHMS, @ TAKKE TIJIOT-
HOCTH IUCJIOKAIIUYW KJIUEHTYPHI B pETHOHE
TPAHCTIOPTHOTO OOCITYXXWUBaHUSI.
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DECOMPOSITION OF THE ROUTING PROBLEM BASED
ON THE CLARKE-WRIGHT HEURISTIC METHOD
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Moscow, Russia.

Kuzmenko, Ekaterina A., Moscow Automobile and Road Construction State Technical University (MADI),

Moscow, Russia.

ABSTRACT

The article is devoted to decomposition of the
task of transport routing based on heuristic
estimates with the Clarke—Wright method. A
procedure is proposed for designing an automobile
transport system based on the criterion of minimizing
the total mileage by various formalized
decomposition methods, in particular, using the

«benefit functions» algorithm and formation of
zones (clusters, subsets) of vehicle maintenance.
The advantages of the proposed method are clearly
shown in comparison with the method of «the
shortest distance matrix», at the example of delivery
of ten cargo units from a supplier to ten consumers.
The effect of reducing the total mileage on the
designed routes was 9,45 %.

Keywords: transport routing, Clarke—Wright method, «benefit function», cluster, decomposition method,

heuristic estimation, the shortest distances matrix.

Background. The logistics of transportis involvedin
planning of small-lot shipments. In general, logistics is
planning, control and management of transportation,
warehousing and other operations performed in the
process of bringing raw materials and materials to the
enterprise, in-plant processing, bringing the produced
products to the consumer, as well as transfer, storage
and processing of related information.

The task of transport logistics is to ensure technical
and technological conjugation of participants in the
transport process, harmonize their economic interests,
and use common planning systems. At the same time,
special attention is paid to planning of shipments of
small-batch cargoes due to the increasing development
of trade networks, a huge number of delivery points.
Such transportation is usually characteristic of large
cities and has a number of features:

« failure to provide full loading of the vehicle on the
whole route;

« tariff increase by carriers due to incomplete
loading of vehicles,

+ as arule, short distances between recipients on
routes;

* need for increased attention of employees when
collecting lots of goods for delivery;

« labor intensity of loading and unloading
operations.

These features determine, first of all, high tariffs
for transportation of small-lot cargo. The cost of
transportation is significantly influenced by the length
of the route covered by vehicels, the length of which
directly depends on the degree of compactness of the
mutual location of consumers in the service area of
each carand the order ofthe rounds of correspondence
points in the shift-daily assignments of drivers. And
hence the need for methods of transport routing,
formation of rational traffic routes, allowing to carry out
the delivery of goods with the lowest transport
component in the final cost of goods, also increases.

The wording of the routing task is as follows: it is
necessary to effectively deliver cargo from the sender
to the recipients given the specified fleet of vehicles,
taking into account the specified technical,
technological and organizational constraints. In the
course of solving the problem, a scheme of rational
distribution of consumers regarding the supplier is
defined, following which the needs of consignees will
be completely satisfied with minimal transport costs.

Objective. The objective of the authors is to
consider the issues of decomposition of the routing task.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 16, Iss. 3, pp. 190—-199 (2018)

Methods. The authors use general scientific and
engineering methods, comparative analysis, evaluation
approach.

Results.

Route planning methods

When planning the transportation, exact and
approximate classes of methods of solution are used. To
obtain accurate results, methods are used:

= enumeration of options;

« linear and dynamic programming;

« branches and borders.

Approximate solutions are obtained by methods:

« random search;

* local optimization;

« heuristic;

« evolutionary and other.

For algorithms of exact methods, it is possible to
obtain an optimal result based on a given optimization
criterion, but it takes a long time (often incompatible with
the time allotted to shift-day planning). Therefore, such
methods are used only when solving problems of small
dimension and with a small number (absence) of
constraints.

As for approximate solutions, then, of course, their
main drawback is that they do not give an exact solution,
but this is compensated by the speed of calculations for
large-dimensional problems with a multitude of technical,
technological and organizational limitations. Among
approximate methods, in practice, heuristic and local
optimizations are most useful, each of which is able to
showthe best efficiency in solving a problem using a wide
range of factors specified for planning.

Shift-day planning

Ingeneral, the problem of large dimensions regarding
shift-daily planning of the routes is solved in three stages.

At the first stage, decomposition (splitting) of a set
of consumers into subsets (clusters, zones, sets) is
carried out, each of which does not violate the limits of
the given constraints. The following are the existing and
proposed formalized and heuristic methods for
decomposition of the task of constructing routes
depending on the given constraints, the optimization
criterion and the proposed algorithm for solving:

« following the map of the area, based on a visual
assessment of the priority ofincluding items in the cluster;

« following the transport network model( TNM) graph
and the smallest sum of edge lengths to the points
included in the set;

« through the shortest distance matrix (SDM);

- through the shortest connecting network (SCN);
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Pic. 1. Location of the supplier and consumers of goods.

« through sectors with rigid territorial borders,
previously plotted on the scheme (map, plan) of the
transportation area and usually covering the central part
of the city and the main lines;

« through distribution of the minimum amount of
vehicles for the entire volume of cargo presented for
carriage;

« by Svir method;

« through the model of the transport problem within
linear programming;

« by collecting destination points into the clusters with
the help of heuristics of the «benefit functions» method
(Clarke-Wright).

At the second stage, the order of the rounds of
destination points in subsets (clusters, zones) is
determined.

At the third stage shift-daily tasks for drivers are
formed.

Obviously, the efficiency of the solution of the problem
depends to a large extent on the chosen decomposition
method implemented at the first planning stage, in terms
of the degree of compactness of the mutual location of
consumers in the service area of each vehicle and the
algorithm for formation of bypass routes.

Decomposition algorithm

We will outline the procedure for the example. The
point of production of homogeneous types of products
(GOP) and ten densely located to each other, load-
absorbing points (GPP) with consumption volumes for
one unitofcargois set(Pic. 1). The cargo capacity ofone
car is five cargo units. A matrix of the shortest distances
between points is given. It is necessary to form, by the
criterion of the minimum of the total mileage, the system
of transport routes when delivering goods from GOP to
GPP.

We solve the problem by using decomposition
method based on the matrix of the shortest
distances. Initially, the most remote from the GOP
consumer is included in the cluster according to
SDM. To the existing point the second is added,
which is the nearest to it, then the third, having the
smallest distance from either the first or the second.
And so on, the actions continue for all consignees

already included in the subset, following the principle
of the minimum distance between the points, and
checking if decisions satisfy the specified constraints.

The mode of shift-day planning of routes meets some
restrictions, and one ofthe mostdifficult forimplementation
at the stage of decomposition is restriction on the time of
turnover on routes in comparison with the time of finding
cars on duty. It is offered at each step of construction of
the cluster to forecast the time of turnover of the future
route. Rationally, this operation should be carried out with
electronic atlases of motorways that have a router for
automatically plotting the trajectory of traffic along the
streets and roads taking into account the organization of
traffic. Thus, before the consumer ofthe goods is included
in a subset of the points planned for servicing by a
particular car, the possibility of expanding the boundaries
of the formed service area of the vehicle is verified.

Upon completion of a cluster, we proceed to
construct the route selected by the method of obtaining
anapproximate (exact) solution. Ifthere are no restrictions
on time of delivery(time slots) the route is actually already
built at the first planning stage, but if there are required
time slots, an adjustment may be required replacing part
of the GPP previously included in the cluster. It is
recommended that before the starting editing of a cluster
to provide for the reserve time of car’s stay on duty.

With reference to this example, two routes with a total
mileage L, = 15,3+ 14,33 =29,6 km are formed (Pic. 2).
It can be clearly seen that the presented solution is not
rational, since the both routes comprise points located
very far from GOP, which leads to unreasonable,
overestimated values of their total length.

Next, we perform the solution of the problem with
decomposition tool using the heuristics of the Clarke—
Wright method. In addition to the initial information, it is
necessary to calculate the matrix of heuristics (estimates,
«benefit functions», wins). At the beginning, as in the first
case, the most remote from the GOP consumer is
included in the cluster according to SDM. To the available
point, a vertex is added, the combination of which, in pair
with the already included GPP, has a maximum score.
Then, with two points in the cluster, the pair with the
highest score is determined, either from the combination
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with the first point or with the second one. Then, from
three GPP in the cluster, pairs of peaks are formed and
the point with the highest rating is determined. And so
actions continue for all consignees already in the subset,
according to the principle of the maximum numerical
value of the heuristic, and in the case of equality of «<benefit
functions», the smallest distance between points has an
advantage.

Connection of the next consumer of cargo to the
cluster is carried out after checking for satisfaction of
the specified technical, technological and organizational
limitations. Unlike decomposition by the shortest
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Pic. 2. Routes for clusters formed by the decomposition method by the matrix of the shortest distances.
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Pic. 3. Routes for clusters formed by the heuristic decomposition method.

distance matrix, where the need to include points in a
cluster is estimated only by the mutual arrangement of
vertices relative to each other, the proposed method
takes into account the dislocation of points with respect
to the load-forming point. The formation ofa subset ends
when it is impossible to connect the next item without
violating the specified constraints or all the GPP are
serviced.

Asaresult, two routeswitharunL, =153+ 11,5=
26,8km were formed(Pic. 3). The effect of reducing the
total mileage for the newly formed shift-daily plan is
9,45 %.
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In the example considered, we can see that the
application of the heuristics of the Clarke—Wright method
can improve the efficiency of solving the problem due to
the complex evaluation of location of the points in relation
to each other and the point of production.

To testthe decomposition algorithm, a test calculation
was carried out for the practical task of shift-day planning.

There is one GOP and 84 GPP. The load-carrying
capacity of the car is 1,5 tons, the loading time is 30
minutes, the unloading is 12 minutes, the time of car’s
stay on duty is not normalized (but no more than 10
hours), the time of preparatory-final operations is 18
minutes. The masses of delivered cargoes and
technical speeds are set, depending on the location of
the consumption points in the territory of Moscow. It is
necessary to form by the criterion of the minimum of
the total mileage the system of transportation routes
when delivering goods from the GOP to the load-
absorbing points.

The control calculation using the method of
decomposition by the shortest distance matrix showed that
it is necessary to have seven routes of cargo delivery with
a total run of 963,9 km. Using a calculation with
decomposition according to heuristics seven routes with
a total combined run of 963,5 km were obtained.

Conclusion. Control calculations confirm the
assumption about the effectiveness of using the proposed
method of decomposition. It makes sense to continue work
onits study by developing a statistical base for comparative
calculations using different versions of the original data.

Itis offeredto formulate recommendations on variants
of application of different decomposition methods for
solving transportrouting tasks, depending on the structure,
reliability and volume of the initial information set for
planning, as well as the density of clientele location in the
transport service region.

REFERENCES

1. Aksenova, O. A., Prosov, S. N. Model of the assignment
problem in heuristic algorithms of transport routing with time
intervals of delivery [Model’ zadachi o naznacheniyah v
evristicheskih algoritmah marshrutizatsii transporta s
vremennymi intervalami dostavki). Vestnik MADI, 2017, Iss. 3,
pp. 127—134.

2. Atrokhov, N. A., Andronikova, L. N. Algorithm for
solving the problem of transporting small consignments of
cargoes taking into account restrictions on the movement of
cargo road transport [Algoritm resheniya zadachi perevozok
melkih partii gruzov s uchetom ogranichenii na dvizhenie
gruzovogo avtomobil’nogo transporta). Avtomatizatsiya
i upravlenie v tehnicheskih sistemah, 2015, Iss. 2, pp. 73—82.

3. Atrokhov, N. A., Moroz, D. G. Alternative technologies
of transportation of small consignments of cargoes
| Alternativnie tehnologii perevozok melkih partii gruzov|. Vestnik
MADI, 2017, Iss. 4, pp. 92—100.

4. Gorev, A. E. Freight road transportation: study guide
|Gruzovie avtomobil’nie perevozki: Uchebnoe posobie). 5" ed.,
rev. Moscow, Academia publ., 2008, 287 p.

5. Moroz, D. G., Prosov, S. N. Decomposition model of
routing cargo transportation in small lots taking into account
the storage of rolling stock [Dekompozitsionnaya model’
marshrutizatsii gruzov melkimi partiyami s uchetom mest

hraneniya podvizhnogo sostava|. Avtotransportnoe predpriyatie,
2014, Iss. 5, pp. 47—49.

6. Moroz, D. G., Prosov, S. N. Methodical recommenda-
tions on planning of small-lot cargo transportation with a lot
of final points of the route network [ Metodicheskie
rekomendatsii po planirovaniyu perevozok melkopartionnyh
gruzov s mnozhestvom konechnyh punktov marshrutnoi seti].
Avtomatizatsiya i upravienie v tehnicheskih sistemah, 2014,
Iss. 12, pp. 103—110.

7. Mirgorodsky, M. A., Vitvitskiy, E. E., Afanasyev, N. D.
Selection of rolling stock for carriage of goods by small
shipments in the cities: Monograph [Vybor podvizhnogo
sostava pri perevozke gruzov melkimi otpravkami v gorodah:
Monografiya]. Omsk, Polygraphic center of KAN, 2012,

42 p.

8. Melnikova, T. E., Filippova, N. A. Methodical
materials of practical (seminar) classes on discipline (module)
«Theory of transport processes and systems» | Metodicheskie
materialy prakticheskih (seminarskih) zanyatii po distsipline
(modulyu) «Teoriya transportnih protsessov i system»|. Moscow,
Techpoligraphcentr publ., 2017, 87 p.

9. Prosov, S. N. Designing of motor transportation
delivery systems: study guide [ Proektirovanie avtotransportnyh
system dostavki: Ucheb. posobie]. Moscow, MADI publ., 2017,
100 p.

10. Filippova, N. A., Belyaev, V. M. Methodology of
organization and functioning of cargo delivery systems in the
northern regions | Metodologiya organizatsii i funktsionirovaniya
system dostavki gruzov v severnie region|. Moscow,
Techpoligraphcentr publ., 2015, 208 p.

11. Filippova, N. A., Shilimov, M. V., Koshkarey, P. P,
Suslakova, T. I. Problems of road transport during traffic in a
large city [ Problemy avtomobil’nogo transporta pri dvizhenii v
krupnom gorode). In: Science today: experience, traditions,
innovations / Proceedings of international scientific and
practical conference. Moscow, 2017, pp. 46—48.

12. Prosov, S. N., Gayazova, Z. M. A modification of the
method called «sum» with the time constraints of delivery of
goods. International journal of advanced studies, 2016, No. 4,
pp. 56—62.

13. Aleman, R. E., Hill, R. R. A tabu search with
vocabulary building approach for the vehicle routing problem
with split demands. International Journal of Metaheuristics,
2010, Vol. 1, Iss. 1, pp. 55—80.

14. Berbotto, L., Garcia, S., Nogales, E G. A randomized
granular tabu search heurstic for the split delivery vehicle
routing problem. Annals of Operations Research, 2014,
Vol. 222, pp. 153—173.

15. Duhamel, C., Lacomme, P., Prodhon, C. Efficient
frameworks for greedy split and new depth first search split
procedures for routing problems. Comp. Oper. Res, 2011, Vol.
38, Iss. 4, pp. 723—739.

16. Ropke, S., Pisinger, D. A unified heuristic for a large
class of vehicle routing problems with backhauls. European
Journal of Operational Research, 2006, Vol. 171, Iss. 3,
pp. 750-775.

17. Vacic, V., Sobh, T. M. Vehicle Routing Problem with
Time Windows. International Journal of Computing, 2004,
Vol. 3, Iss. 2, pp. 72—80.

18. Vidal, T., Crainic, T. G., Gendreau, M., Prins, C. A
Unified Solution Framework for Multi-Attribute Vehicle
Routing Problems. Eur. J. Oper. Res, 2014, Vol. 234,
Iss. 3, pp. 658—673. °

Information about the authors:

Prosov, Sergey N. — Ph.D. (Eng), associate professor of Moscow Automobile and Road Construction State
Technical University (MADI), Moscow, Russia, sergeypros@mail.ru.
Kuzmenko, Ekaterina A. — student of Moscow Automobile and Road Construction State Technical University

(MADI), Moscow, Russia, kateya97@mail.ru.

Article received 02.04.2018, accepted 21.06.2018.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 16, Iss. 3, pp. 190-199 (2018)

Prosov, Sergey N., Kuzmenko, Ekaterina A. Decomposition of the Routing Problem based on the Clarke—

Wright Heuristic Method




