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AJITOPUTMBI ONITUMAJIBHOTO ABU>KEHHUS
MOOWJIBHBIX OOBEKTOB IO MEPECCUYCHHON
MECTHOCTHU U TPAHCIIOPTHOMU CETHU

HccnenoBaHbl anropuTMbl IIOCTPOSHHS ONTUMAIBHBIX M KBa3HONTHMAJIBHBIX MapIIPYTOB JBIKEHHMS MOOMIIBHBIX
OOBEKTOB MO NEPECEUCHHON MECTHOCTH M TPAHCIIOPTHOM ceTH. PaccMOTpeHbI airopuTMbl JUisi KOMOMHHPOBAHHBIX
BApUAHTOB JIBIKEHHS. D(QPEKTHBHOCTh TPEIVIOKEHHBIX aJITOPUTMOB HE Xyke 0OaszoBoro airopurma Dopia-
Bennmvana m 3aBHCHT OT CIOXKHOCTH TpaHcHopTHoro rpada. Jlns mocTpoeHus! KBa3sMONTHMAIBHBIX PEIECHHUIH
TNIPEVIOKEH BOJIHOBOM &ITOPUTM C BBIUMCIUTENBHOH 3(P(EKTUBHOCTBIO, MPONOPLHOHATBHON YHCITY Y3JI0B
TPaHCTIOPTHOTO Tpada.

BBenenue

3agaya HaXOXKACHHUS ONTUMAJIbHBIX ITyTeW MO YPOBHIO TPAHCHIOPTHBIX 3aTpaT akTyalbHa
JUIL psifia TEXHUYECKUX TMPUIOKEHUM. B 4aCTHOCTH, K HUM OTHOCSITCS: OLICHKA TPAHCIOPTHOM
JOCTYTIHOCTH JIJIsl TEPPUTOPHATBHO-PACTIPEICIIEHHBIX CUCTEM OXPaHBbI, TNIAHUPOBAHUE ONTHUMAITh-
HBIX MapIIPyTOB JBIKEHUS] POOOTOTEXHIYECKHX CUCTEM Ha MEPeCeUYeHHON MECTHOCTH, MOJICIH-
POBaHE MPOKJIAIKA MaPIIPYTOB B TPEHAKEPaX MOOMIIBHBIX CHCTEM M KOMITHIOTEPHBIX UTPax.

3amaua TIAaHUPOBAHMS ONTUMAIBLHOTO MyTH B OOIIEH MOCTaHOBKE (hopMymHpyeTcs
cienyromuM oopazom. Ha kapTe MecTHOCTH HEOOXOMMO OTIPEIEIUTh MApIIPYT ABMKEHUS OT
CTapTOBOI'O MHOKECTBA TOYEK K MHOKECTBY KOHEUHBIX TOUYEK, 001 Jat0IINi MUHUMAaIbHBIMU
TPAHCHOPTHBIMU 3aTpaTaMU. B Takoil MOCTaHOBKE HayalbHbIE U KOHEYHbIE TOUKH 3aBEIOMO
HE W3BECTHBI U ONPEICISIIOTCS B MpOIEaype pacyera. B yacTHON mocTaHOBKE BO3MOXHBI
CJIEIyIOLIME BapUAHTHI 3a/1a4:
— MPOJIOKHUTH ONTUMAJIBHBIA MapuIpyT OT MHOXKECTBA CTAPTOBBIX TOUEK K 3aJJaHHOU KO-
HEYHOM TOYKE;
—  MPOJIOKHUTh ONTHUMAIBHBIM MapUIPyT OT MHOXECTBA CTAPTOBBIX TOYEK K 3alaHHOMY
MHOECTBY KOHEYHBIX TOUEK;
— IPOJIOKUTh ONTHUMAIbHBIA MAapWIPYT OT 3aJaHHOM CTapTOBOM TOYKM K 3aJaHHOMN
KOHEYHOH TOYKE;
— TOCTPOUTH (PPOHT TPAHCIOPTHOM AOCTYIMHOCTH C 3a/laHHBIM YPOBHEM 3aTpaT MO OTHO-
LIEHUIO K MHOKECTBY CTaPTOBBIX TOYEK.

N3BecTHBIN 0a30BbI aITOPUTM MPOKJIAJAKKA ONTHUMAJIBHBIX MapIIpyTOB OCHOBaH

Ha METOJIe JUHAMHYECKOTO TulaHupoBaHus Popma-bemnmana Ha B3BEHmIEHHBIX rpadax
(1956 — 1958 rr.) [1-3]. B mpunoxeHuu K TPaHCIOPTHOM 3ajauye Ha IMEepPeCceYECHHOU
MECTHOCTH BepIIMHAMU rpada SBISIOTCS HEHTPHI AJIEMEHTAPHBIX YYACTKOB KapThI, a IyTH
COOTBETCTBYIOT MEPEXOJaM MEXKJy LEHTPaMH CMEXKHBIX y4acTKOB. i1 TpaHCHOPTHOM
CeTH BepUIMHaMH rpada SBISIOTCS Y37bl TPAHCIOPTHOM CETH, a AYT'HM COOTBETCTBYIOT
nepexojaM MeXJy y3iaaMu. MHOXKECTBO alrOpPUTMOB, IMPEAJIOKEHHBIX B MOCIEIYIOIINE
ronbl (anroputmsl [letiketpel, Kanaba, A-3Be3qa U Ap.), B OCHOBHOM SIBIISIFOTCSI Bapua-
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UsiIMH  0a30BOTO alrOpUTMa JUIsl YaCTHBIX IOCTAaHOBOK, Oyiarofapsi 4eMy JOCTHUTaeTCs
Oosee BbICOKash BbIUMCIHUTENbHAS 3()()EKTUBHOCTh JAHHBIX aJITOPUTMOB IO CPABHEHHIO C
0a30BBIM ATOPUTMOM.

B mactosimieit paGorte paccMaTpuBaeTCs aJIrOPUTM ONTUMAJIBHOTO TUIAHUPOBAHUS
MapuIpyToB B 00Iei noctaHoBke. B oriamuue ot anroputma @opaa-bennmmana mapupyT
CTPOUTCS B BHJI€ MOCIEAOBATENBHO YIyUlIaeMbIX PEUICHUM, IPUYEM Ha MEPBOM STane JJis
MPOKJIAJKK MaplipyTa HCIHOJb3YETCsl BOJHOBOM AJITOPUTM C BBIYMCIHATEIBHOM CIIOX-
HOCTbHIO, MPOIMOPLUUOHAIBHON uHcily y3710B. Ha mocienyrommx stamax MapumipyT yTod-
HSIETCS 32 CYeT IMOCJIEeOBATEIFHOTO OCa0NeHus Ayr. AJTOpUTM 3aBepllaeTcs Mpu
cTabuUIM3alliy HAKOIUIEHHBIX 3aTpaT Uil y3/0B Tpada. B 1enoM BblUMCIUTENbHAS
CJI0KHOCTh QJIFOPUTMa HE MPEBBIIIAET BBIYUCIUTEIBHON CII0XKHOCTH ainroputMma dopaa-
bemimMana, ofHaKO BO3MOXHOCTb IOCTPOCHHUS NPUOIMKEHHBIX PEIICHUH IO03BOJISIET
CYIIECTBEHHO COKPATHTh YKCIIO BBIYMCIMTENBHBIX ONEpaluid B TEX CiIyyasx, KOrja B
KOHKPETHOH 3ajjaue TpeOOBaHMUs K TOYHOCTH PELICHUI MOKHO TOHU3UTD.

B paznene 1 npezacraBieH airoputM BbIOOpa MapuipyTa Mpu ABWKEHHHU T10 TepeceyeH-
HOU MecTHOCTH. B paznene 2 npencrasieH MOAUGUIIMPOBAHHBIN BapUaHT JJIS UCTIOIb30BAHUS
B TpaHCIOPTHOM ceTu. B pazmene 3 oOcyxkmaeTcs MOCTPOCHUE ONTHUMAIBHBIX U KBa3HUOII-
TUMAaJIbHBIX MapLIPYTOB NP KOMOMHUPOBAHHOM JABM)KEHUU MO MEPECEUEHHON MECTHOCTU
Y TPAHCIIOPTHOM CETH.

1. Anroputm BbIOOpa ONTUMATIBLHOTO MapILIPyTa
HAa NIEPECEUYEHHON MECTHOCTHU

1.1. Monens MmecTHOCTH

Kapra MecTHOCTH IpescTaBieHa B BUAE MaTpullpl Z = Z(y,x), II€ KaKIbIM JJIIEMEHT

OIpeeIAeT MaKCUMAaJbHBIE 3aTPAaThl HA NPEOJOJICHUE Y4YacTKa C KOOPAHMHATaMU (y, x).
Y4acTOK MECTHOCTH, COOTBETCTBYIOIIMM 3JIEMEHTY MAaTpPHIBI, CUMTAETCS KBaJApaTOM CO
CTOpPOHOU d , MIPaBHILHO OPHEHTHUPOBAHHBIM BIOJb KOOPAMHATHBIX ocel. [lox koopnu-
HaTaM{ y4acTKa MOHMMAKOTCS MaTPUYHBIC MHJEKCHI: ) — HOMEP CTPOKHM MaTpUUpbl, X —
HOMep cTrojbua. MakcuManibHbIE 3aTpaTbhl COOTBETCTBYIOT MEPECEUEHHIO Y4acTKa II0
nuaroHanu. [Tonaraercs, 9To 3aTpaTsl IpU NEPECEUCHUH BJIOJb JII000H KOOPANHATHON OCH

B 2 pa3 MEHbIIIE MAKCUMAJIbHBIX.

[Ipu mepexone ¢ NAHHOTO ydYacTKa Ha CMEXKHBIM y4acTOK OyJeM CUuTaTh, UYTO
Nepexo]] OCYLIECTBISAECTCA M3 LIEHTpAa OJHOrO ydacTKa B IIEHTP JAPYroro. 3arpaThl Ha
Nepexo]] paBHbI CPEAHEMY 3HAUEHHIO 3aTPaT MO IBYM CMEKHBIM y4acTKaM:

Z1p :(21 +Zz)/2-
3aTparsl Ha MapUIPyTe ONMPENESIOTCS CyMMOM 3aTpar II0 BCEM IMEPEXOAaM MEXIY
TOYKaMH MapLIpyTa:

N-1
Q= Zzi,m )
i=1

rae N — 4ducno Toyek mMapuipyTa. IIpy mocTpoeHnn onTHMaNIbHOTO MapIIpyTa Ha KaXI0M
mare HeoOXOJMMO BHIOMpATh HAMpaBICHUE AAJIbHEHINEro OBMXeHHA. Pe3ynbraT BeIOOpa
Ha3bIBACTCs LIArOBBIM YIPABIEHHEM M 00O3HAdaeTcs c,. YIpaBleHHE BCcel omepanueit
COCTOUT U3 COBOKYITHOCTH LIarOBbIX YIPaBICHHUIA:
C= (cl,cz,...cm_l).

MapuipyTsl 3a7al0TCSI KOOPAMHATAMHU JIEMEHTApHBIX YYaCTKOB KapTbl, IO3TOMY
IIarOBBIC YIPABJICHUS M HAKOIICHHBIC 3aTPaThl IJII MHOXKECTBA MAapUIPyTOB IPECTaB-
msorest B Buge Marpun C = ¢(y,x) 1 O = g(y,x), a maroBoe mepeMeleHue peaTu3yercs B
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Ipesenax Macku pasMepoM 3 X 3. DT0 M03BOJIIET UHTEPIPETUPOBATh MATPUILYy HAKOILJIEH-
HBIX 3aTpaT B BUJE MOJYTOHOBOTO M300pa’K€HHsI M MCIOJIb30BAaTh METOJBI PEKYpPCHUBHOMN
MIPOCTPAHCTBEHHON (PUIBTpAIMHK ISl HAXOXKICHUS ONTUMAIbHBIX MapupyToB. HauansHoe
3al0JIHEHUE MAaTpUllbl HAKOIUIEHHBIX 3aTpaT pPEaUu3yeTCsl BOJHOBBIM aJTOPUTMOM C
YHUCJIOM BBIYUCIIUTEIBHBIX ONEpalid, MPOMOPLUUOHAIBHBIM YUCITY 3JIEMEHTOB MaTpUYHON
kapThl. HauanbHoe 3amnonHeHne 1aeT NepBylo OLIEHKY ONTHUMAaJIbHBIX MapIIpyTOB, KOTOpas
B PslJI€ CIIy4yaeB y>Ke SABJISIETCS YOBIETBOPUTEIIBHOM.

1.2. ®unbTpyronyi aaropuTm

[TpuHIMT JMHAMUYECKOTro IUIaHUpoBaHus benMana MOXKHO BBIpa3uTh (hpazoid: «irodast
YacTh ONTHUMAIBbHOW TPAEKTOPHU ONTHMalIbHa». B yacTHOCTH, /U1 TH000M MPOMEKYTOUHOM
TOYKHM ONTHMAJIBHOTO MaplIpyTa MHHHMajbHa CyMMa 3aTpaT OT CTapTOBOIO MHOKECTBA
10 naHHOM Touku. Ha ocHoBe mpuHummna bemiMana MOKHO NpPEASIOKUTH CIIELYHOIINN
BapHaHT aJITOpUTMa peleHust 001Ie 3ajaun ONTUMAJIBHOTO INIAHUPOBAHUS Ty TH.

Haunnas oT TO4eK CTapTOBOrO MHOKECTBA, CTPOUTCS BEEP ONTUMAIBHBIX TPACKTOPHUI
JI0 TeX MOp, OKa HEKOTOpasi ONTUMAaJIbHAs TPAEKTOPHS HE JOCTUTHET KaKOW-TMO0 KOHEUHOH
Toukd. Ha xaxnoM mare aJropurMa 3allOMHHAETCS ONTUMAJIbHOE HAIIPABIICHUE IIEPEXOJa B
TEKYUIyl0 TOYKY (IIaroBO€ YIPaBJIEHUE HA IMPEIIECTBYIOIIEM Ilare), Yyro IMO3BOJISET INPU
JOCTHKEHUU KOHEYHON TOUKH BOCCTAHOBUTH BECH ONTUMAJIBHBIN MapIIpyT.

B mpemraraecmMom anropuTMe MaTpulla HAaKOIUIEHHBIX 3arpar () M MaTpUIla Hampas-

nenuit C MHTEPIPETUPYIOTCS KaKk JBYMEpPHBbIC M300pakeHUs. 3HAYCHUE KaXKIOTrO AIIEMEHTa
MaTpHUIlbl COOTBETCTBYET YPOBHIO SIPKOCTH H300paXeHHWs. AJTOPUTM TIOCTPOCHHUS Beepa
ONTUMAJIBbHBIX TPAEKTOPHI peanu3yeTcss Kak MHOTOCTYIIEHUYAThIi MPOCTPaHCTBEHHBIN Mapa-
METPUYECKHIA PAHTOBBIN (DUIHTP MHHUMYMa C MacKo# pazmepom 3 x 3 (puc. 1).

Qs(x,y) —> FQ g FQ ----- 4 FQ > FQ — Q(X,y)

()

|
)
A
1
o
L]
1
1
'
1
A 4
|
o
v
1
o

Cs(xy) —>

Pucynox 1 — MHoroctyneHuarbiii pUiIbTp ONTUMAIBHBIX 3aTPaT

(-Lx=1) | (r=Lx) | (y-1x+1)
x=1) | (nx) | (hx+1)
(y+1,x—l) (y+1,x) (y+1,x+1)

Pucynok 2 — Macka npocTpaHCTBEHHOTO (hUiIbTpa

@unbTpanys MPOU3BOAUTCS HAJ MaTPULAMH HAKOIUIEHHBIX 3aTpar Q=q(y, x) U
MAaTpHUIIEH aroBbix ynpasiaeHud C = c(y, x). Marpuna Z = z(y, x) ONPEACIISIET TapaMeTp
¢bmtbTpa s Kaxaon Touku (anmementa) matpunr Q u C. Beep Tpaekropuii CTpOUTCS OT
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MHOKECTBA CTAapPTOBBIX TOYEK M PACIPOCTPAHICTCS IO BCEM HANPABICHUAM KapThI.
OddexT mpocTpaHCTBEHHON (UIBTPAIMU MATPHIl SKBUBAJICHTCH OCTA0JICHHUIO AYyr B
anroputme @opna-bemimana.

Pa3zmemienne QuiubpTpyromeil Macku B TOYKE C KOOpAUHATAMHU (y, x) IIOKa3aHO Ha
puc. 2. Uucno cryneHei GuiabTpa 3aBEIOMO HE OMPEETICHO, KaXaash CTYyNeHb yIIydIlaeT
npeaplayliee peuieHue. Marpuna 3atpaT Z COJIEPKUT OTHOCHUTEJIbHBIE 3aTPAThl, IpPH-
BEJICHHBIC K JUAIa30HYy [0,1] (0 — MuHUMaNbHbIE 3aTpaThl, | — MakCUMaJbHbIE 3aTPaThl B
npezenax 30Hbl). Hempeomonnmelie 0051acTH UMEIOT 3HaUeHUE o0. MaTpuiia MOXKET UMETh
HeoOpabaTeiBaeMble 00J1aCTH, KOTOpHIe moMedeHbl cuMBoiioM NaN (cuMBoimka Matma0).
3HAaYeHHUE DJIEMEHTA MaTPHIIbI z(y, x) HCIIOJIB3YETCs KaK IapaMeTp MPOCTPAaHCTBEHHOIO
¢unbTpa B TOUKE (y,x). Matpuia HakomjaeHHbIX 3arpaTQ = q(y,x) UMeeT pa3Mep Mat-
puLBbl Z ¥ COAEPKUT CleAyolue 00IacTu:

— HeoOpaOaTbiBaeMasi 00JacTh — TOUKH noMmedeHbl cumBojioM NaN. Ilpu BeimonHeHUH
IPOCTPAHCTBEHHON (PMIIBTPALIUH 3TH TOUKH MPOIYCKAIOTCS U HE Y4aCTBYIOT B 00paboOTKe;
— CTapTOBBIE TOYKHU (B MpEJesie ITO MOXKET ObITh OJHA TOYKA) OMPEIEINIAIOT IPAHULLY, OT
KOTOpPOH pacimpoCTpaHsETCs BOJHOBOM MPOILIECC HAKOIUICHUWS 3aTpaT. B HauanbHOM coc-
TOSIHUM CTAPTOBBIE TOYKH 3ANOJIHAIOTCS COOTBETCTBYIOIIMMH 3HAYCHUSMU W3 MaTPHIIBI
3aTparZ ;

— TOYKHM, O KOTOPBIX BOJHOBOH ()pPOHT ellle He JOouIea — UMEIOT 3HayeHue . B mpo-
[IECCE BBIMOJIHEHUS AJIrOpPUTMAa 3HAYEHHE 3TUX TOYEK H3MEHSETCS M B KOHIIE IEPBOM
CTYIICHU aJITOPUTMa COJIEPKUT OLICHKY MUHUMAJBbHBIX 3aTPAT Ha ABM)KCHHUE OT MHOXKECTBA
CTapTOBBIX TOUYEK K JAaHHOU TOUKE.

Martpuna maroBslx ynpasieHuil C = c(y, x) uMmeeT pasmepsl mMatpunsl Z . Kaxnas
s;luefiKa MaTpULbl COAEPKUT CTPYKTYpy M3 IBYX KOOpAMHAT. B mporecce BBINOIHEHUS
anroputMa B syeiikax Marpunbl C yCTaHaBIMBAIOTCS 3HAYEHUS KOOPAMHAT, KOTOpBIE
YKa3bIBalOT Ha COCEIHIOI0 INPEAIIECTBYIOIIYI0 TOYKY ONTHMAJIBHOTO MapmpyTa. MoxHO
COKOHOMUTB NaMSATh, €CIIM BMECTO MAapbl KOOPAMHAT B SUEHKE c(y,x) COXPAaHSTh KOJOBBIN
HOMEp HalpaBJIeHUs Ha COCEHIO TOUKY. Takux HampasieHui Bcero 8 (puc. 3).

N

/| N

Pucynok 3 — Bo3mMoxHbBIE BapHaHTHI MIATOBBIX YIIPaBICHUMN

[Ipn npocTpaHcTBEHHON (QUIBTPALMM B KJIACCUYECKOM BapHaHTE MacKa IOCIeNo-
BaTEJIbHO IepeMellaeTcs BJOJb CTPOK M CTOJOLIOB H300pa)KeHus, (OpMHpYs HOBBIE
3Ha4yeHus1 sApkocTu. OFHAKO B JaHHOM Cllyyae Ha TEpBOM CTyNeHW (UIbTpALUU TakKas
peanu3anys okasbiBaeTcss HEd(PPEKTUBHOM, MOCKOIBbKY OOJBIIMHCTBO TOYEK MaTpHubl O

(MMerIUX OECKOHEUHBIE 3HAYEHHsI) HE TPAHUYAT CO CTAPTOBBIMU TOUYKAMH U MO3TOMY HE
W3MEHSIOT CBOE 3HA4YCHHE, HO, TEM HE MEHee, OyIyT MPOCMATPHUBATHCS CKAaHUPYIOIICH
MAacCKOM.

[ToaToMy Ha mepBO# cTynmeHH (QUIBTpPAIMM Macka TEepeMeNIaeTcs TOJIBKO BIOJb
TPaHUIIBI, OTJEISIONICH HACTOAIIEE U MPOIUIOE JBMKECHHE OT Oyayiiero. BHauane rpanuia
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OXBAaTBIBACT TOJIHKO CTAPTOBBIC TOUKH, a 3aTEM, TI0 MEpe MOCTPOCHUS Beepa ONTHUMAIbHBIX
TPACKTOPHIi, OHA PACTIPOCTPAHSIETCS B BUEC BOJIHBI IO BCEH MIIOCKOCTH MATPUIBI (.

[Ipu aBMKEHUHM MACKHU BJIOJIb TPAHUIIBI TOJIHKO YaCTh TOYEK, MOKPHIBAEMBIX MACKOM,
MOKET OBITh UCIOJB30BaHa /IS BBIYMCIICHHS HAKOIICHHBIX 3aTpaT. JTO O3HAYaeT, 4ToO B
MpOoIeCcCce BBIYMCIICHUS MIArOBBIX YIPaBICHUN OyIyT MPOIYIIEHbl HEKOTOPHIC Harpaiie-
HUS U3-3a TOTO, 4TO OyAaylee NBUKEHHE HaM MoKa He u3BecTHO. [locie mepBoii CTyneHu
GwIbTpanuu OyIyT MOJyYeHBI OIICHKH HAKOIUICHHBIX 3aTPaT IS BCEX TOUEK MATPHUIbI
(ouenku mepBoro mpuOmmkenus). [Ipu sToM B MaTpuile HampaBlIeHUIN C(y,x) BCE DIle-
MEHTBI OyIyT COJICpKATh HAIPABJICHUS] MapIIPyTa MEPBOT0 MPUOIUKECHUSI.

[Mocnenyromue cTyneHH QUIBTPAIMH TO3BOJIAIOT YTOYHUThH MIEPBOE MPUOIIKEHUE.
[Tockonbky mociie nepBoit cryneHu Matpuilbl O u C TOTHOCTHIO OMpENeeHbl, TO Ha
MOCIEAYIOMUX CTyNeHsIX (PUIbTpalyi CKaHUPOBAHME MACKOW BBIMONHSIETCS IMOCIIEI0BA-
TEIBHO IO CTPOKAM M CTONOIAM, MpU 3TOM (UIBTP MACKH HUCIOIB3yeT BCE BOCEMb
BO3MOJKHBIX IIATOBBIX yMpaBlieHUH (puc. 3).

1.3. Peasmm3anus anroputma

Cmynensv 1. Ha mepBoii cTyneHn (GUABTPAIIMN aJTOPUTM PACIPOCTPAHAETCS OT CTap-
TOBBIX TOYEK B BUJE BOJIHbI. DPOHT BONHBI CTPOUTCA CIEAYIOIIMM 00pa3zoM. MHOXKeCTBO
CTapTOBBIX TOYEK pAcCMATPUBACTCS KAaK HaYyallbHBIM (POHT BOJNHBL. Macka MO3UINO-
HUpPYETCSl B CTApTOBYIO TOUKY KapThl M B MaTpulax 3arpar Z, () IMpocMaTpuBaloTCs BCe

TOYKH, IIOKPBIBAEMbIC MAaCKOM. TOYKH, JI1 KOTOPBIX 3HAYEHUs B MAaTpULIC Z PaBHBI ©, a
3HaueHUs B MaTpulle () KOHEUHBI, IEPEHOCATCS B CIIMCOK I'paHUYHbIX ToueK. [IpocMarpu-

BAIOTCSl BCE CTAPTOBBIE TOYKU U CTPOUTCS OOUIMiA criMcOK. Jlanee crucok peaakTHpyercs,
U3 HEero yJausTcsl HOBTOPSIIOIIMECS TOUYKHU (peIaKTUPOBAHNUE MOXKET MPOU3BOAUTHCS U TPU
CMEHE MO3HIINU MacKH). JIornueckue ycioBus MOCTPOCHUSI HOBOTO (hPOHTA UMEIOT BHI:

(v,x)€e Front, ecmn {q(y,x):oo & z(y,x)#w,#NaN & q(y*,x*);too} (1)

r7ie KOOpAUHATBL ¥ U X TPUHAJICKAT MO0 ABUKYILIEHCS MACKHU, y*,x* — KOOP/AMHATHI
TOYEK TeKyIIero ¢poHTa BOJHBL. DUIBTPAIUS BRIMOIHIECTCS ISl BCETO CIHCKA TPAHUYHBIX
Touek. C 9TOM 1eNpl0 Macka MO3UIMOHUPYETCS LEHTPOM B TPAHUUHYIO TOUYKY (y, x) 51
BBITIOJIHIETCST BBIYMCIICHHE HOBOTO 3HAYCHMsI HAKOIUICHHBIX 3aTpaTr MO CJeIyIHIeMy

IpaBUITY:

qly.x)= f{li.n(CJ(y+j,x+i)+Z #(n.x)), 2)

rae j,i= 0, £] — MHAEKCH MAacCKU C HEHYJIEBBIMHM 3HAYEHUSAMH d71eMeHTOB. [lomaraercs,

a10 zg)(y,x)=0. B HeHTpaIbHBIX 0OTACTAX KApThl MATPUIA GUIBTPYIOLIEi MACKH HMEET
BUJL

1

Maska =|1

1 11

Matpuliia Macky HaroJHIEeTCS HyJISIMU IIPU NIEPECEUECHUH TPaHULIbl KapThl. 3HAUEHHE
COOTBETCTBYIOILLETO 3JIEMEHTA MaTPUIIbI IIarOBbIX yNPaBJIEHUI yCTaHABIUBAETCSA 110 MO3HU-
LIUM TOYKU MUHUMYyMa B BBIpAaXKEHUH (2):

11
11

c(v,x)= argrrili,n(q(y +jox+i)+z;(,x)). 3)

B
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[TomyuyenHblii QpPOHT HCMONB3yeTCS Ul MOCTPOEHHsS] HOBOTO CHHCKA TPAHUYHBIX
touek. IIponenypa BosHOBOM (huiIbTpanuu MOBTOPSIETCS Ul HOBOTO CIHCKA TPAHUYHBIX
ToueK. MTepanoHHbIN mpoliecc 3aKkaHYMBAEeTCs, KOIZla HOBBIM (DPOHT HE COIEPKHUT HU
onHOM Touku. [locie BBINOIHEHMS NMEPBOM CTyNEHM BCE TOYKM MATPHIBI HAKOIUIEHHBIX
3aTpaT, KOTOpble ObLTU PAaBHBI 00, MOJIYYaI0T KOHEYHOE MOJIOKUTEIbHOE 3HAUCHHE.

Cmynens 2 u nocnedyrowue. IlocnenoBaTeabHO IPOCMAaTPUBAIOTCS BCE TOUKH KapThl,
JUI1 KOTOPBIX q(y, x);t NaN w BbIonHseTcss koppekuus 3HadeHuit marpuy, QO u C,
cienys popmynam (2) u (3). @unbTpanus 3aKaHYUBAETCS, KOTJa MaTpuibl O ABYX CMEXK-
HBIX CTymneHeil coBmanarT. JlomomHuTenbHBIM Y()PEKT yCKOPEHHs] BBIYMCICHUN TOCTH-
raercs 3a CYeT PEeKYPCUBHOIO MPUHLIUIIA (PUIbTPALIH.

Ilocmpoenue onmumanvrozo mapwpyma. 1lpu mocTpoeHMn mMapumpyTa BO3MOKHBI
CJIEYIOIINE BAPUAHTHI:

1. CrapToBBIX TOUEK HECKOJIBKO. He00X0AMMO MPOJI0KHUTH MAPUIPYT OT OJIMKanIIeH
CTapTOBOM TOYKHU K 3aIAHHON KOHEYHOM TOYKE C KOOpJAMHATAMU (yk , Xp ) B stom ciyuae

TOYKHU MapuIpyTa BOCCTAHABJIMBAKOTCA MO HCIIOYKE MIAr0OBbIX praBJIeHI/If/’Ii

X1 = C(yk’xk ).x, Vi-1= C(yk’xk )-J/-

2. KoneuHas TO4Ka HE 3aJaHa, HO ONPEAEIEHO MHOKECTBO, KOTOPOMY OHA IpPUHAJ-
JeXUT. B aTOM ciyyae Ha 3aJJaHHOM MHOKECTBE HEOOXOIMMO HAWTH TOUYKY, B KOTOpPOH
q(y, x) — min U Aajee NOBTOPUTh AJTOPUTM MyHKTa 1.

3. Ecnn 3amaHbl HayanbHas U KOHEYHAs TOYKU, TO aIrOPUTM HEOOXOJMMO BBINOJ-
HUTBH JJI1 HA4aJbHOTO (PpOHTA, COCTOSILErO U3 OAHON CTAPTOBON TOUKH.

Ilocmpoenue ¢ponma mpancnopmnoii docmynnocmu. B MaTpuie HaKOIUIEHHBIX
3aTpar MILYTCS TOUKH, YIOBIETBOPSIOIINE YCIOBUIO: ¢ ( y,x) ~ L, tne L— ypoBeHb 3aTpaT

Ha TUHUK QpoHTa. CTeneHb NPUOIMKEHUS MOKET OBITh 3a/laHa, HAIPUMeEp, B MPOICHTAX
OT ypoBHs L.

2. AropuT™ ONTHUMAIBLHOTO IBUXKEHHS B TPAHCIIOPTHOW CETH

2.1. Mopnens TpaHCTIOPTHOM CETH

TpancniopTHas cetb (puc. 4) NpPEACTaBIAETCS TONMOJOTMYECKOM MOJEIBIO B BHUJE
B3BerieHHoro rpada G. Pebpa rpada cooTBETCTBYIOT OTHOPOJHBIM CETMEHTaM TPAHCIIOPTHOM
CETH, a y3JIbl — TOYKAM BETBJICHHS WJIH UHBIM TOYKaM WHTEpeca (CTapTOBBIM TOUKaM, KOHCUHBIM
TOYKaM, TOYKaM CETH, OMMKAWIIMM K 3aJaHHOMY O0O0BekTy W T.1.). Kaxxmomy pelpy rpada
MIOCTaBJICHO B COOTBETCTBHE 3HAYCHHWE BPEMEHHBIX 3aTpaT Ha TIPEOJOJICHME CErMEHTA.
CerMeHTHbIE 3aTpaThl OMPEEISIFOTCS TEOMETPUYECKOM IMHOM CerMeHTa M CpedHeil CKo-
POCTBIO IBHKEHUSI OOBEKTA B/IOJb CETMEHTA.

IToctraHoBKa 3a/1auy 1O MPOKJIAIKE MapIIpyTa B TPAHCIIOPTHON CETH HE OTINYAETCS
OT 3aJla4¥l MapIIPyTHU3AIMH 110 IEPECEUCHHOI MECTHOCTH.

2.2. Onucanue aropurma

O603HaunM yepe3 S MHOXKECTBO CTAapTOBBIX TOUEK U yepe3 £ MHOXKECTBO KOHeu-
HBIX TOYEK. JlJIg KaX0ro y3JIa CEeTH BBEAEM IIOHATHE HAKOIUICHHBIX 3aTpar. HakomieHHbie
3aTparbl ONPENCIAIOTCS MUHUMAJIBHBIMM CYMMAapHBIMH 3aTpaTaMU Ha INEPEMEIIEHHUE U3
Onvpkaiiiiel cTapTOBOM TOUKU B IaHHYIO TOUKY.

HauuHas oT TO4ek CTapTOBOrO MHOKECTBA, CTPOMTCS BEEP ONTHUMAJIbHBIX TPACKTO-
puif 10 TeX Mop, MOKa HEKOTOpas ONTHUMajbHas TPAEKTOPUS HE JOCTUTHET KaKoH-INO0
KOHEYHOM TOYKH. B KaxaoW y310BOM TOYKE IIPOU3BOAUTCS BBIYMCICHHE MHHUMAJIBHBIX
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HaKOIUICHHBIX 3aTpaT MO OTHOIICHHWIO K Oimkaimiei craproBoid Touke. Kpome Toro
3aIlIOMUHAETCS] CETMEHT ONTUMAJILHOTO MapipyTa (ONTUMalIbHOE LIAroBO€ YIIpaBJiIeHUE Ha
MPEAIIECTBYIOIIEM IIare), YTO MO3BOJISET MPHU JOCTHKEHUH KOHEYHOW TOUYKM BOCCTAHO-
BHUTh BECh ONTHUMAJIbHBIA MAPILIPYT.

Pucynok 4 — TpaHncnopTtHas ceTb

2.3. Peanmu3zanus anropurma

B3Bemennbiii rpad) TpaHCIIOPTHOW CETH 3aJaeTcs KBaJApaTHON MaTpulleld 3aTpar
Z = z(i, J ) Pa3mep maTpuipl onpenensercs yuciaoMm BepmuH B rpade. Kaxaplidi smemeHT
MaTpUIbl IPEICTABISAET COOOM 3aTpaThl HA IEpEMEIEHIE MEXKITY CMEKHBIMU BEPIIMHAMU.
B o0uiem ciydae maTpuiia MOXKET ObITh HE CUMMETPUYHA (z(i, Jj ) # z( J,i )). Ecnu BepmmHbI
HE SBJIIFOTCS CMEKHBIMH, TO 3HAYEHHE DIIEMEHTA MaTpulbl paBHO oo. Kpome Toro
3JIEMEHT MaTpHUIbl MOKeT uMeTh 0, ecnu i = j nim 3HayeHne NaN (cumBoinka Matnal) —
TaKOW CErMEHT HE Y4acTBYET B IOCTPOCHUH ONTUMAJIBLHOTO MaplipyTa.

Haxomniennbie 3atpaThl coxpaHsiorcs B maccuBe (. Kaxaplii 3JeMEHT MaccuBa
COOTBETCTBYET BepuiuHe rpada. [lepoHauanbHO BceM 3JeMeHTaM MaccuBa () IMpHCBau-
BaeTCsl 3HA4YCHHE 00. DJEeMEHTy maccuBa () mpucBamBaeTcsi 3HaueHue NaN, eciau Bce
CErMEHTHI OKPYKEHHUS JJIsi COOTBETCTBYIOLIECH BepIIMHBI rpada nmeroT 3HaueHne NaN.

Cmynens 1. Ha nepBoil CTyIleHU alropuTMa HaKOIUIEHUE 3aTpaT IPOUCXOANT B BULEC
BOJIHBI OT CTapTOBBIX TOUYEK. DPOHT BOJIHBI CTPOUTCS CIELYIOIIUM 00pazoM. MHOXeCTBO
CTapTOBBIX TOYEK PAacCMaTPHUBACTCS KaK HAYalbHBIM (PPOHT BOJHBL. ANTOpUTM (HOKYCH-
pyeTcs B CTapTOBOM TOYKE, B MaTpHIE BECOB Z M MACCHBE HAKOIUIEHHBIX 3arpar (.
[IpocmatpuBaroTCs BCe CETMEHTHI U y3JIbl OJIMKAUIIEero OKpyKeHHUs. TOUKH, Uil KOTOPBIX
3HauYeHMs B MaccuBe () paBHBI o0, U MPU 3TOM COOTBETCTBYIOIIME 3HAYEHUS B MaTPHULE
CETMEHTHBIX 3aTpaT Z KOHEYHbI, IEPEHOCITCS B CHUCOK T'paHMYHBIX Touek. [Ipocmar-
pUBAIOTCS BCE CTApPTOBbIE TOYKM U CTPOUTCS OOIMMK crhucok. Jlajmee CHUCOK pemaakTH-
pyercs, U3 HEro yjaajsTcsl moBTopstouuecs Touku. Jlormueckas (opmyna mocTpoeHus
HOBOTO ()pOHTA UMEET BUJ:

i € Front ecmm{g(i)= o & z(i, j)# o, NaN}. 4)

Dunvmpayus nepeoii cmynenu’. Aroput™ (GOKyCHPYeTCsl B TPAaHHUYHYIO TOUKY i H
BBITNIOJIHAETCS BBIYMCIIEHNE HOBOI'O 3HAYEHUS HAKOIUIEHHBIX 3aTpart, CJIeAysl IpaBUILy:

C](i)z m}ln (Q(j)+z_ji)- )
Jjeq (i)

! TIpumenuTensHO K rpadhaM UCIIOIB3YeTCs TEPMUHOIOTHS «OCTA0NeHHE TyTy.
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3HaueHUE COOTBETCTBYIOIIErO 3JIEMEHTA MACCHBA 1IarOBbIX YIIPABJICHUI yCTaHABIIU-
BAETCS IO MO3UIUU TOYKH MUHHUMYMa B BbIpaxeHHH (5):

cli)=arg jg}li}b)(CI(j) tZji ) (6)

Korna Bce Touku Tekymiero ¢ppoHTa NpOiiAeHbI, CTPOUTCS HOBBINA (DPOHT MO BHILIE-
paccMOTpEeHHOMY aropuTMy. MTEpalmOHHBIN NpOLECC MEPBOM CTYNEHU 3aKaHYMBAETCH,
KOT/Ia HOBBIM (DPOHT HE CONEPKUT HU OJHOM TOYKHU. [lociie BRIMOTHEHUS TIEPBOM CTYyTICHU
BCE TOYKM MACCHMBAa HAKOIUICHHBIX 3aTpar (), KOTOpble OBUIM paBHBI 00, MOJY4YarOT

KOHEYHOE MOJIOXKUTEIbHOE 3HAUCHUE.
Cmynens 2 u nocneoyrowue. IlocnenoBarenbHO MPOCMATPUBAIOTCS] BCE TOYKH 30HBL, IS
KOTOPBIX q(i) # NaN w1 BbIIONHSETCS KOppeKuus 3HaueHud, maccuBoB O u C, crneays
BeIpakeHUsM (5) u (6). OunbTpaiys 3akaHUMBACTCS JTUOO KOTJIa MACCHBBI JIBYX CMEKHBIX
CTyTIEHEN COBIIA/Iat0T, JTMOO MOCIIE BHIMOIHEHNS 3aJaHHOTO YHCIIA CTyTIEHEH (PUIbTpalvu.
Ilocmpoenue onmumanvnozo mapuwipyma. 1lpu NMOCTpOCHUH MapLIpyTa BO3MOXKHBI
CJIEIyIOIINE BapUAHTBHI:
1. CrapToBBIX TOYEK HECKOJIBKO. HeoOXoaummo MpONOKUTh MapumipyT OT OJrKauIien
CTapTOBOHM TOYKH §; K 3aJaHHOM KOHEYHOH TOYKE e; . B aTOM ciydae y3ioBble TOUKH

MapuipyTa BOCCTaHABIUBAIOTCS 110 LIEMIOYKE IIArOBBIX YIPABICHUM: I, | = c(ik )

2. KoneuHas y370Basi TOUYKa HE 3a7aHa, HO OIPEIEIIEHO MHOXKECTBO, KOTOPOMY OHa TpH-
HAJJIOKUT. B 9TOM cityyae Ha 3aJJaHHOM MHOKECTBE HEOOXOMMO HAalUTH y3JI0BYIO TOUKY, B
KOTOPOI q(i , ) — min ¥ Janee NOBTOPUTH ANTOPUTM MYHKTA .

3. Eciuu 3agaHpl HavajabHAs W KOHEYHAs Y3JIOBBIE TOYKH, TO aITOPUTM (HOPMHUPOBAHHS
MaccHBa HAKOIUICHHBIX 3aTpaT HEOOXOIUMO BBIOJHHUTH JUIs Ha4YalbHOTO (pOHTA,
COCTOSIIETO U3 OJTHOM CTAPTOBOM TOUKH.

Ilocmpoenue pponma mpancnopmmuou 00CmMynHOCMU.

@OpOHT TPAHCIIOPTHOM JTOCTYITHOCTH MPECTABISIET COO0M JIMHHUIO (M30XPOHY), B KXKIYIO
TOYKY KOTOPOH MOHO TIONACTh M3 CTAPTOBOM TOYKU MPUMEPHO MPU OJTHOM U TOM K€ YPOBHE
3atpatr L. B MaccuBe HaKOIUICHHBIX 3aTpaT () MIYTCS TOYKH, YJIOBICTBOPSIOIINE YCIOBHIO:

q(i) ~ L . Crenenb npuOMIMKEHUS TOJDKHA OBITh 33/1aHa (HanmpuMep, B MPOIIEHTaX OT YPOBHA L ).
VY3/I0BBIM TOYKaM HW30XPOHBI COOTBETCTBYIOT KOOPIHHATHI (xl. .V ) [lo »tuM KoOpAMHATAM

MO>KHO NPUOIMKEHHO MTOCTPOUTH (DPOHT TPAHCIIOPTHOM JIOCTYITHOCTH, COEIMHUB UX OTPE3KaMu
NPSAMBIX JTMHUM.

3. AJITOpUTM MPOKIAJKU ONTUMAIBLHOTO MapIipyTa
pyU KOMOMHUPOBAHHOM JIBUXKCHUU

KOM6I/IHI/IpOBaHHOC JABMOKCHHNEC COCTOMT M3 OTalla ABMKCHMA II0 TpaHCHOpTHOﬁ CCTHU C
HCIIOJIB30BAHHUEM TPAHCIIOPTHBIX CPECACTB U STalla ABMKCHUA 10 HGpCCC‘IGHHOfI MCCTHOCTHU.

3.1. ITocTpoeHue nepBoro NpuOINKEHUS

1. C moMouipi0 BOJIHOBOI'O AJFOPUTMA OMPEAENIAIOTCS TOCTHXKMMBIE 3aTpaThl Ha
NEPEMELIEHUE U3 CTAPTOBOIO Y3J1a BO BCE Y3JIbl TPAHCIIOPTHOM CETH.

2. Y3kl TPaHCIOPTHOM CETH PAaCCMATPHUBAIOTCS KAaK CTAPTOBBIE TOYKH JUI ONTUMAJIb-
HOT'O JIFOPUTMA JIBWKEHUS 10 NEPECEUEHHON MECTHOCTH, MPUYEM JJIsl CTAPTOBBIX TOUYEK 3a7a-
€TCsl HAYAJIbHBIM YPOBEHb 3aTPaT, MOJIyYEHHBIN IIPU pacyeTe IBUKEHHS 110 TPAHCIIOPTHOM CETH.

3. C moMouIpi0 BOJHOBOTO aJrOpPUTMa PACCUUTHIBAETCS ONTUMAJbHBIA MapUIpyT
JBUKEHMSI 110 TIEPECEUEHHON MECTHOCTH OT MHOXKECTBA CTAPTOBBIX TOUYEK.
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4. Beensercs onTtuMmalibHas CTapTOBasi TOYKa (y3€J TPAaHCIIOPTHOM CETH, NMPHHAJJIe-
AL ONTUMAaTbHOMY MapIIPyTY).

To4yHOCTH NEpPBOro NPUOIMKEHNUS ONIPENENIETCS] MAaKCUMAaIbHBIM PACCTOSTHUEM MEXITY
ONTUMAJILHOU CTAPTOBOM TOUKOW U CMEKHBIMH C HEH y3JIaMHU.

3.2. YTOYHEHUE peLICHUS

1. CerMeHTbHl TPaHCHOPTHOW CETH, UHLMJEHTHBIE ONTUMAJIbHOW CTApTOBOM TOUKE,
JETANU3UPYIOTCS JOTOIHUTENbHBIM YHUCIOM Y3JIOB.

2. C nomolIpl0 BOJIHOBOTO aJIrOpUTMa OMNPEAENAIOTCS JIOCTHKHMMBIE 3aTpaThl Ha
NepeMeIleHue U3 CTapTOBOIO y3Jla K BHOBb OOpa30BaHHBIM JOMOJHHUTEIBHBIM Y3JIaM
TpancnopTHON ceTu. C moMoIpio ATanoB (GUIbTpauu (OCIabJIeHus] IyTr) YTOYHSETCS
pelIeHre Ha TPAHCIIOPTHOM CETH.

3. MHOX€ECTBO [IONOJHHUTEIbHBIX Y3JIOB CETH BMECTE€ C ONTUMAJIbHOM CTApTOBOM
TOYKOM paccMaTpUBAeTCA€ KaK CTapTOBblE TOYKM JUIsI ONTHUMAJIbHOIO ajJropuTMa
JBUKEHHUS 110 MEPECEUYEHHON MECTHOCTH, ITPUYEM JJIsSI CTAPTOBBIX TOUEK 33J]a€TCs YPOBEHb
3aTpar, NOJIy4YeHHBIN IIPU pacyeTe JBUKEHUS 10 TPAHCIIOPTHOM CETH.

4. C noMmoIlbi0 BOJHOBOTO AIrOPUTMa PACCUUTHIBAECTCS ONTHUMAJIbHBIA MapIIpyT
JBUKEHUS 110 IEPECEUEHHON MECTHOCTH OT MHOXKECTBA CTAPTOBBIX TOYEK.

5. Beigensercs onTuMalibHas CTAPTOBAS TOYKA.

6. IIpu HEOOXOIMMOCTH MOCTPOCHUSI TOYHOTO MAPIIPYTa BBHIIOIHSAIOTCS ATANbl (PUIHT-
palyu B alTOPUTME JBUKEHUS 110 IEPECEUEHHON MECTHOCTH.

3aKIIr0uYeHuE

I[IpencraBieHHbIC ANTOPUTMbI OKPHIBAIOT MPAKTUYECKH 3HAYMMBbIE BAPUAHTHI MPOKIIA/I-
KU ONTUMAJIBHBIX MaplIpyToB. beicTpozeiicTBre anropuTMOB 3aBUCUT OT TpeOyeMoi TOUHOCTH
HIOCTpOeHUsT MapmipyTa. [Ijisi mocTpoeHHs! KBa3HONTHMAIBHBIX PEIICHH JTOCTaTOYHO Orpa-
HUYUTHCSI BOJIHOBBIM aJITOPUTMOM. B 3TOM cilydyae BbIMUCIMTENbHBIE 3aTpaThl MUHUMAIBGHBI U
MPONOPLMOHAIBHBI YUCITY Y3J10B TPAHCIOPTHOro rpada. JlonoaHUTEeNbHbIE 3Talbl (GUIBTPALIN
(ocnabrienus ayr) 00ECTICUMBAIOT YITyUIIEHHE PELIEHHH B IIpeiesie 10 ONTUMAIBHOTO, IPH 3TOM
BBIUMCIUTENbHAS A(PPEKTUBHOCTh MHTEIPATIHHOTO aJITOpUTMa OyJeT HE Xyke 0a30BOro ajro-
purma @opra-benvana. Yucno AOMOIHUTENBHBIX 3TAOB (PHIBTPALIMN 3aBUCUT OT CIIOKHOCTH
TpaHcnopTHoro rpacga. IlostoMy Ui KOHKpETHOM 3aJaud HMCHOJIb30BAHHE MPEIIOKEHHBIX
AITOPUTMOB MOXKET OKa3aThCs 3HAYUTEILHO Ooriee (peKkTHBHBIM, YeM UCIIOIB30BaHUE 0a30-
BOT'0 aJITOPUTMA.
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