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JKumomupcokuii depixasnuili mexno0ziunull yHieepcumem

EKCIIEPUMEHTAJIBHE JOCJIIKEHHA HABJIMGKEHOI'O
METOY PO3B’SI3AHHS 3ATAJIBHOI 3AJAUI KOMIBOSIJKEPA

IIposedeno  excnepumenmanvne O0CAIONKEHHS GAACMUBOCIEH HAOAUNKEHO20 MemOOyY
po36’ a3anns 3azanrvnol 3adaui xomisosxepa (33K) na eéxionux 0anux éeauxozo posmipy ma
020 nopisusumns i3 6idomumu espucmuunumu i nabauxenumu areopummamu. Habaruxenuil
Mmemod suxonyemuvcs y 06i cmadii. Ha nepwii cmadii 33K noainomiarvno 3sodumvcs 00
cumempuunoi 3adaui xomisosixepa (C3K). Ha Opyezii cmadii 6ukoHyemvcs noiiHOMIAIoHUT
nabauxenui arzopumm C3K, pesyavmam pobomu K020 NePemeopiocmucs Y HAOIUNKEHUI
po3e’ssoxk 33K. Excnepumenmanvina OUiHKA 6ApmMoCcmi HAOAUKEHUX pOo36°s3Kie 0ocumo
cKaaona y 36’a3Ky 3 eKCNOMeHUIANbHOI0 NPUP000I0 3a0ayi KOMIBOSKepd: 6dKKO 3HAUMU
onmumym  OAss  BXIOHUX  OAHUX  GEAUKO20  PO3MIpY. 3a  emanouni  pPo3s’s3Ku
BUKOPUCTOBYBAIUCy Oeaki exsemnaapu 3 6ibaiomexu TSPLIB. Ha e6ciii  MHOXuHI
BUKOPUCTAHUX BXTOHUX OAHUX BIOXUAEHHSI GAPIOCME 610 ONMUMYMY HAOIUKEHOZ0 MEMOOY
33K «xpawa, nix Oosedena awuarimuuna ouinka. Moxauea onmumizayis pearizauii
Habauxenoeo memooda 33K 3 suxopucmanus nam’sami, wo 003604umb po3e’a3yeamu 3d0aui
6ibULOT POIMIPHOCTNT 6 YMOBAX OOMEKEHUX 0OUUCTIOBANLHUX PeCYPCia.

Katouoei caoea: sazanvia 3adaua Komigosikepd; HAOIUKEHUT Memoo.

ITocranoBka npoGJeMH B 3arajJbHOMY BHIJISIAi. IIpoGieMa MapuIpyTH3aiii eHepropecypcis,
indopmarii, TPAHCHOPTHUX TOTOKIB € BAXKJUBOIO /I CYYaCHOTO JEpPKABHOTO YIIPaBJiHHSA,
mpoOMUCJI0BOCTI, Tpaucmopry. Huska 3azav, mo’si3aHux 3 MapIIpyTH3aiieio, (GOpMaIbHO 3BOAUTHCS
J0 sagadi komiBoskepa (3K).

3aranpna 3ajada kKomisoskepa (33K) e ysarampnennsam 3K i Qopmysmoerbes Tak: saganuii
HeopieHToBaHui rpad H =(V, U) 3 N BepumHamu Ta (QyHKIis Bar iforo pebep d:U > Z;, ne Z; —

MHOKMHA IiJIUX HeBig eMHUX uyuces. [loTpi6HO 3HAWTH HAWKOPOTINNN 3aMKHEHWI MapIIpyT, SKWii
nos’s3ye Bci BepuHu V . Y Oyzab-sikomy 3B sisHomy rpadi 33K samxan mae poss’ssok [1, 2].

Icaye nabamkenuit anroput™ po3s’s3annsg 33K, 10 BuKonyeTbes y ABi ctaaii. Ha mepmriit crazii
33K mnoaiHoMiaabHO 3BOAUTBCA A0 CHMeTpHuHoi 3agadi xomiBoskepa (C3K). Ha Apyroi crapuii
BUKOHYETbCS  ToJiiHOMiambuuit  Habmkenuit  aaroputM  C3K, pesynprar  po6OTH  SIKOTO
mepeTBOPIOEThCS v HabamxeHwit po3s’sa30k 33K. Baprictb D(t) mo0ynoBaHuX po3B’s3kiB 33K

oOMesKeHa BeJINYNHOI0
2D(T")-3d,,, (1)

ze D(T*) — BapTicTb ONTUMATBHOTO PO3B’sA3Ky; d,, — MiHiMasbHa Bara pe6pa B rpadi H [3].

n

Ouesnino, 1o skimo rpad H serpuunuii, To po3s’sasku C3K ta 33K 36iraorecs [4, 5, 6].

EkcriepuMenTasbHa OIiHKa BapTOCTi HAOMMKEHWX PO3B’SI3KiB JOCUTH CKJIQJHA Yy 3B A3KYy 3
eKCIIOHEHIIaJIbHOI0 IIPUPOAOI0 3agadi KoMmiBosmkepa (3K): Bakko sHaiiTm ONTUMYM JJIA BXiJHUX
JlaHUX BeJuKoro po3mipy. bi6aioreka TSPLIB [7] mictuth Benuky KoJjekiiio ekdemiisipis 3K Ta il
Pi3HOBH/IIB, BKJIOUAIOYHM ONTHMAJbHI TYPH, HMKHI TPAHUIl Ta HAaWKpaIli HaOIMKeHI PO3B’SI3KU, SKIINO
BoHM Bifomi. I'padm 3 miei Gi6miorexu, ski BianmosigaioTh BuMoram C3K, Oysu BUKOpPUCTaHi [Jis
€KCIIEPUMEHTAJBHOTO JIOCi/PKEHHS BJACTUBOCTEN HAGIMMKEHOTO aaroputMy po3s’s3anns 33K.

AHaji3 ocrasHHix Aociaimkenb i myOmikamiii. Tocmimkennsm 3K, 30kpema Takux ii pisHOBHIIB, K
cumerpryura 3K ta ramisbronosa 3K, B Ykpaini 3aiiMaiorbes 1.¢.-M.H., ipod. Emernb O.M., A.T.H., pod.
I'pebennik 1.B., m.rt.u., npod. Ilanimer A.B. Ta inmi. Ily6uikarii sK BITYM3HSHHUX, TaK 3aKOPIOHHUX
BUEHUX TI[0/I0 HAOMKEHUX METO/IB Po3B’sidanis 33K aBropy Ha JaHUil MOMEHT He BiIOMi.

IloctanoBka 3aBAaHHs. MeTOI0 [aHOI CTATTi € €KCIEpUMEHTAJbHE [OCJTi/KEHHS HaGJIIKEeHOrOo
Merony 33K: mopiBHAHHS BapToCcTi HAGMMKEHWX PO3B’S3KIB i3 BiJOMUMHU ONTUMATIBHUMH JJIS 33724
BEJIMKOI PO3MiPHOCTi, a TAaKOX MOPIiBHSAHHA i3 aHAJITUYHO BUPA’KEHOIO BEPXHbBOI MEXKEI0 Bi/JIXUJICHHS
Bifl onTHMMyMy [AJs IUX 337a4. KpiM TOro, 1poBe/ieHHSI NMOPiBHSIHHS BapToCTell PO3B SA3KiB MeTOmy
33K Ta BiOMHUX eBpPUCTHYHHUX Ta HAOGJIIKEHUX aJTOPUTMIB.

Buxiagennss ocHoBHoro Mmarepianmy. EkcrnepuMmeHnrtasbHe —[OCTI[PKEHHS BUKOHYBAJIOCh HA
komir’'forepi 3 mporecopom Intel Core Q9000 2 GHz ta 4 T'D oneparuBHOi mam’siti. SIK BXiHi
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nani BukopucroByBasuch rpadu C3K 3 6i6miorekn TSPLIB. IIlasxoM TmOCiZIOBHOTO 3amlycKy
mporpamMHoro 3a6esnedeHHst Ajsi rpadiB pisHoi posmiphocTti Gysno 3’sgcoBano, 1o pecypcu EOM
JIO3BOJISIIOTh PO3B’si3yBatn 3ajaui poamipuictio n < 4000. 3amaui 6ibim0ol po3MipHOCTI BUKJIUKAIN
i/IBUII[EHE BUKOPUCTAHHS BipTyasabHOI maMm’sITi, 1[0 HETaTHBHO BIJIMBAJIO HA INBUAKOIIIO Ta 3HMKAJO

pecypc amapaTHux 3aco06iB.

Pesyabratu po6oru Habauxenoro merogay 33K s rpadiB i3 BioMuM OnTUMAJbHUM PO3B’SI3KOM
IoKa3aHo B tabuui 1.

Tabruys 1
Pesyrvmamu pobomu nabauxenozo memody 33K, nopieuano 3 onmumMaisHumu po3e’ azkamu
Im’st - Baprictp Baprictp daxTuyne Bingxunenns
PoswmipHicTb . . .
rpada y HaGJIKEHOTO dpin | onTumasbroOro | Bigxuiaenus Bix | suavenus (1) Bix
TSPLIB rpaca po3B’a3ky 33K pPO3B’SI3KY OIITUMYMY, ONTUMYMY, %
wi29 29 30983 75 27603 12,25 123,67
dj38 38 6777 5 6656 1,82 103,41
xqf131 131 663 1 564 17,55 134,57
qal94 194 11733 1 9352 25,46 150,89
xqg237 237 1209 1 1019 18,65 137,00
pma343 343 1683 1 1368 23,03 145,83
pka379 379 1692 1 1332 27,03 153,83
bcl380 380 1879 1 1621 15,92 131,65
pbl395 395 1716 1 1281 33,96 167,68
pbk411 411 1742 1 1343 29,71 159,20
pbn423 423 1785 1 1365 30,77 161,32
pbm436 436 1920 1 1443 33,06 165,90
xql662 662 3353 1 2513 33,43 166,73
rbx711 711 3911 1 3115 25,55 151,01
uy734 734 104744 6 79114 32,40 164,77
rbu737 737 4308 1 3314 29,99 159,90
dkg813 813 4196 1 3199 31,17 162,24
21929 929 119480 3 95345 25,31 150,62
1im963 963 3611 1 2789 29,47 158,84
1u980 980 15697 1 11340 38,42 176,82
pbd984 984 3789 1 2797 35,47 170,83
xit1083 1083 4650 1 3558 30,69 161,30
dka1376 1376 6193 1 4666 32,73 165,39
dca1389 1389 6761 1 5085 32,96 165,86
dja1436 1436 6989 1 5257 32,95 165,84
icw1483 1483 6064 1 4416 37,32 174,57
fra1488 1488 911 1 4264 38,63 177,18
rbv1583 1583 7517 1 5387 39,54 179,02
rby1599 1599 7434 1 5533 34,36 168,66
fnb1615 1615 6691 1 4956 35,01 169,96
rw1621 1621 39887 1 26051 53,11 206,21
djc1785 1785 8419 1 6115 37,68 175,31
dec1911 1911 8710 1 6396 36,18 172,31
dkd1973 1973 8899 1 6421 38,59 177 14
mul979 1979 116644 1 86891 34,24 168,48
djb2036 2036 8607 1 6197 38,89 177,73
dcb2086 2086 8680 1 6600 31,52 162,98
bva2144 2144 8720 1 6304 38,32 176,60
xqc2175 2175 9131 1 6830 33,69 167,34
xpr2308 2308 9575 1 7219 32,64 165,23
ley2323 2323 11418 1 8352 36,71 173,38
rbw2481 2481 10511 1 7724 36,08 172,13
pds2566 2566 10448 1 7643 36,70 173,36
mlt2597 2597 11152 1 8071 38,17 176,31
bck2217 2217 9449 1 6764 39,70% 179,35%
irw2802 2802 11517 1 8423 36,73% 173,43%
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Im’s - Baprictp BapricTtp daxruyne Bingxunenus
Poswmipnictb . . .
rpada y HAGJIMKEHOTO dyin | onrumanbhoro | Biaxuienns Bix | snavenns (1) Bix
rpa¢a ) ) 0, o,
TSPLIB po3B’sisky 33K pO3B’sI3KY ONTUMYMY, % onTUMyMY, %
dbj2924 2924 13414 1 10128 32,44 164,86
nu3496 3496 138527 1 96132 44,10 188,20
d1b3694 3694 15407 1 10959 40,59 181,15

BiaxuneHHs Big
ontumymy, %
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Puc. 1. Pesyavmamu pobomu nabauxenozo memody 33K,
NOPIEHAHO 3 ONMUMATILHUMU PO3E’ AIKAMU

[dnsa pesxux exzemmysapis 3K 3 TSPLIB ontumym 1me HeBigomuii, Tomy OyB TPOBEJCHMUI
TMOPiBHSJIBHUN aHATi3 MO0 HaMKpamoro BioMOTO Po3B’sA3Ky. Pe3ysabraTém ekcnepuMeHTATbHOTO
JOCJTi/IPKEHHS TIPEICTaBJIEHO B TaOIHIl 2.

Tabruus 2
Bioxuaenus eapmocmi poss’sasxy 33K wodo naiikpawozo 6idomozo po3e’ a3ky
, L Baprictp . . Binxunennsa Bifg
Im’a rpada PoamipricTs Baprictp Hatikpatoro . .
y TSPLIB rpaca Haé.ZII/DKEHOFO BIZIOMOTO pO3B’S3KY HaI/IKpaLLIf)FO BIL[(S)MOFO
po3B’sa3ky 33K PO3B’sI3KY, %
dea2382 2382 10570 8017 31,84
bch2762 2762 11261 8234 36,76
Ism2854 2854 10914 8014 36,19
xva2993 2993 11540 8492 35,89
pia3056 3056 11511 8258 39,39
dke3097 3097 14160 10539 34,36
1sn3119 3119 12835 9114 40,83
1ta3140 3140 13191 9517 38,60
fdp3256 3256 13980 10008 39,69
beg3293 3293 13423 9772 37,36
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, S Baprictp . . Binxunennsa Bifg
Im’sg rpada PoamipHicTb Baprictp Haiikpaiioro . .
TSPLIB rpaca Ha6JIMKEHOTO BIIOMOTO DO3B'I3KY HaNKPaIoro BiloMOro
Y po3B’sa3ky 33K PO3B’sI3KY, %
dhb3386 3386 15188 11137 36,37
fjs3649 3649 12901 9272 39,14
fjr3672 3672 13088 9601 36,32
1tb3729 3729 16006 11821 35,40
xqe3891 3891 15910 11995 32,64
xua3937 3937 15379 11239 36,84
dkc3938 3938 17234 12503 37,84
dkf3954 3954 17313 12538 38,08
BiaxuneHHs, %
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Puc. 2. Bioxunenus seapmocmi po3ss’asxy 33K wooo naiixpaw0zo ¢idomozo pose’ a3xy

BucuoBku:

1.

Ha Bciit MHOXWHI BUKOPHUCTaHNX BXiJHUX JaHUX Bi/JIXUJIEHHS BApTOCTi PO3B’SI3KY BiJl ONITUMYMY
Habmkenoro Meroay 33K kpaiie, HiXK /oBe/leHa aHATITHYHA OI[iHKA.

Y Mexkax o6UHMCIIOBATBHOTO eKCIIEPUMEHTY BiXuJeHHs BapTocTi po3s’sa3ky 33K Bij ontumymy
He nepeBuInye 44 %, ToJi SIK cepe/He 3HaYeHHS BiIXUJIEHHS CTaHOBUTH 32,26 %.

Eranonni poss’sasku (tabm. 2) OyJlI0 OTPHMAHO 3a [OMOMOTOI0 BCECBITHBO  BiIOMHX Ta
BusHanux espuctuk, takux sk Concorde [9], LKH [10], Tomy Bimxumenus poss’ssky 33K,
o He mepeBuiye 42 Y% BapTOCTi Kpalmioro BiZIOMOTO PO3B’sI3Ky, PasoM 3i CKJAAHICTIO

BUKOHAHHA O(ns), € 3HaYHUM Pe3yJIbTaTOM.

MoskuBa onTumizaiis peadisaiii Habmmwkenoro merony 33K 3 BUKOpUCTaHHS TaM’siTi, IIO
[TO3BOJINTH PO3B’sI3yBatu 3ajadvi GiJIbi0oi PO3MIPHOCTI B yMOBaxX OOMeKeHHX OGYUCIOBATbBHUX
pecypcis.
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JJEBUEHKO Anrton IOpilioBnu — KauawjgaT TexHiYHMX Hayk, acuctednT Kadeapu I[13C

sKUTOMUPCHKOrO /1€PKaBHOTO TEXHOJIOTIYHOTO YHiBEpCHUTETY.
Haykosgi inTepecu:
— KOoMII'10TepHO-iH(popMaIliiiHi TeXHOoJIOoTii;
— KOMGiHATOpHA ONTUMi3allis.
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