BepcTaT Npw NPOEKTYBaHHi i BUTOTOBIEHHI, 3a paxy- | A03BONsie HaginHO 3abe3neunTu KiHLEBUI pesyrnb-
HOK BMKIIOYEHHS HaANMLIKOBOI TOYHOCTI 0Bpobkm | TaT.
abo goBefeHHs i 40 pO3paxyHKOBOrO MiHIMyMYy, LLO

Crniucok eukopucmaHoi nimepamypu:
1.l'yceB A.A. TNpobnembl aBToMaTtm3aumm c6opku U3genuin B CEPUMHOM NPOM3BOLACTBE U NPOrpeccuB-
Hble NyTu ux pewenns/ N'yces A.A. // ABTomMatn3aums n coBpemeHHble TexHonormm. - 1993. - Ne5. - C.2-8.
2.3axapoB H.B. TexHONMOrM4YHOCTb CTPYKTYpbl U3OENUS B YCINOBMSAX aBTOMaTm3aumm c60povHOro npo-
n3soacrtea / 3axapos H.B., Tumodbees HO.B. // ABTOMaTU3NpOBaHHbIE CTAHOYHbIE CUCTEMBI U POOOTU3MPO-
BaHHble nNpou3BoacTea. - Tyna: TMK, 1992.- C.76 - 83.

3axapoe M.H., 3axapoea O.U. UccnedoeaHue moYHOocmu c60PKU MHO20MO3UUUOHHbLIX MEXHO-
Jl02uYecKkux cucmem memasnoob6pabomku pe3aHuUeM rpu Ux peuHxuHupeHae

Paboma nocesiujeHa uccnedosaHu0 moYyHocmu c6OPKU MHO20MO3UYUOHHbIX MEXHOI02UYEeCKUX CU-
cmeMm mMemasioobpabomku pesaHUeM rpu UX PeUHXUHUPeHau. Ha ocHoge 8bIMosIHEHHbIX uccriedogaHuli
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marnel Ha amom 0bopydosaHuu.

Knroyeeble crnoea: MHO20MO3UYUOHHbIU, c60pKa, mexHoIoaus, cucmemsl, npucrnocobeHue.

Zaharov M., Zaharova O. Study accuracy of multiposition metal cutting technology systems in
the reengineering

The workis devoted to research multipositionaccuracy of metal cuttingtechnology systems in the reen-
gineering. Multi-process systems metal cutting, usually designed to the one option implementation, the
method consists of fitting individual parts and components, which greatly affects the possibility of re-
engineering of the equipment. After assembly design process conducted multiple installation and removal
units, fitting, finishing, layout and so on. All this leads to increasing complexity of technological systems as-
sembly multiposition metal machining during their reinzhynirynzi, as well as theoretical and practical unpre-
dictability of the final result. The process of designing and manufacturing of the process equipment not con-
trolled "pass-through" system of quality assessment criteria and approval of the results at each stage. So,
now the question arose of development of science-based methodology design and production process sys-
tems multiposition metal machining during their reinzhynirynzi that will achieve the necessary precision
equipment at the least cost, through harmonization results in all phases of design and production, and thus
provide a predictable end features at the lowest cost. In this case we can speak of process control engineer-
ing and assembly at reinzhynirynzi unique complex technological systems that can significantly improve their
competitiveness, which is relevant.

Keywords: multiposition, assembly, technology, systems, equipment.
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NMPAKTUYHE BUKOPUCTAHHA METOAY NTEEHETUYHUX ANFTOPUTMIB
AnaA PO3B’A3AHHA 3AAAYI KOMIBOAXEPA B TEOIH®OOPMALIMHUX CUCTEMAX

A. M. OHAa, K.(b.-M.H, OOLEHT

I. B. 2KuryniH, 3aBigysay nabopatopisgmu kacdenpun mogentoBaHHs CKNagHUX CUCTEM
C. O. lNeTpoB, K.T.H., CT. BUKNagau

P. O. PyaeHko, cTyaeHT

CyMmCbKUI OepxaBHUI YHiBepCUTET

Y cmammi nposedeHo docnidxeHHs ma adanmauito 2eHeMUYHO20 an2opummMy K e8pucmuyHoO20
memoQy 0ns po3e’sizaHHs 3adaydi KoMmigoskepa. Anzopumm 3acmocogaHo y euansdi web-cepsgicy 2eoiHgo-
pmayitiHOI cucmemu 3 8UKOpUCMaHHSAM KapmogzpadgbiuHoz2o iHmepgbelicy SiHdekc.Kapm.

Knro4voei cnoea. zeoiHgpopmauiliHa cucmema, e8pucmuYHi aneopummu, 3adavya Komigosikepa, ae-
HemuyHul anzopumm, web-cepsic, API, AHdekc.Kapmu.

MoctaHoBKa npo6nemu. Po3BMTOK KapTor- | KiNbKOCTi CepBiciB, WO BCE 4acTille BUKOPWUCTOBY-
padiyHMX, TreonokauinHMx Ta reoiHdopMaLiiHMX | TbCS SK 3BMYAWHMMM KOpUCTyBayYamu Tak i BisHec-
CUCTEM, a TaKOX MOLUMPEHHSA MOGINBHUX NPUCTPOIB, | CTpykTypamu abo nignpuemcteaMu y pisHOMaHITHMX
pPO3KpMBA€E MOXNMBICTb ANSA BNPOBaMKeHHs Benukoi | ranyssax [1]. Taki cepsicn g03BOMsAOTb OKpiM 6a3o-

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety
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BUX (YHKUIN: nNpeacTaBneHHsa pPisHOMaHITHUX KapT
MicLEeBOCTEN, 3HaXOMXKEHHsI reo-o0’ekTiB Ha KapTi
(6byauHkiB, Bynuub, opraHisauii) Ta iH., MalTb MOX-
NMBICTb BU3HA4YaTU MiCLE3HAXOMKEHHS KOpUCTyBa-
Yya, a TakoX npoknagaTtv onTUManbHi MapLIpyTU Mix
nyHkTamn. B cyyacHux ymoBax nocTalTb 3ajadi
NPOKMafaHHA OnMTUMarbHUX MapLipyTiB 3 OOTpU-
MaHHAM JOOATKOBMX YMOB: BpaxyBaHHS LUBUAOKICHO-
ro pexxmMmy, nepeLuKos, AOPOXHbLOI CUTYyaLUii, MOXIK-
BiCTb AOAABaHHA TPaH3UTHMX TOYOK. 3agadi yckna-
OHIOTECA BUKOPUCTAHHSAM TaKWX TEXHOMOrin B iH-
TEPaKTUBHUX CUCTEMAX, B yMOBax OOMEXeHHs1 06-
YUCNIOBANbHMX MOXITMBOCTEN Ta Nam’aATi MOBINbHUX
NPUCTPOIB.

Y BGaratbox NpodecinHUX Ta XUTTEBUX cde-
pax BMHWKAE notpeba cknactn onTuManbHWUiA Map-
WPYT, SKWA MOBUHEH MPOXOAUTU 4Yepe3 MHOXUHY
TOYOK Yy [OBiNbHOMY nopsigky. MeTol pobotn €
CTBOPEHHs web-cepBicy, KM B iHTEPaKTUBHOMY
pexumi 4o3BoNAE foAaBaTh Ha KapTi MPOMDKHI NyH-
KTW NPU3HAYeHHs1 Ta OTPMMyBaTK KapTy OMTMMarlb-
Horo mapupyty. Kputepiem onTumansHOCTI BBaxa-
€TbCHA MiHIMi3aLis CymapHOi OOBXMHM abo 4acy
06’i3gy Bcboro mapuwpyty. [2] LUa 3agaya kombiHa-
TOPHOI ONTMMI3aLil Ha3MBaeTbCA 3aJadeto KOMiBOS-
xepa.

AHani3 ocTtaHHix gocnimxeHb i nyonikauyin.
3apava KomiBoskepa Hanexutb [o knacy NP-
noBHUX 3agady [3], Tomy ii He MOXHa po3B’A3aTh 3a
noniHomianeHMn 4ac. Metog nosHoOro nepeb6opy,
AkMni Mae cknagHicte O(nl), He [o3BoNsAe BMKOHATU
HeobXigHi YMOBM HaBiTb ANS KiNTbKOCTITOYOK GinbLue
10. Bci iHWIi TOYHIi MeTOAM TaKoX MaloTb EKCMOHEH-
UianbHUn Yac poboTu. [1o iHWKX MeToAiB BiAHOCATL-
CA HabnKeHi anropMTMu, WO MakTb Taki €eBpUCTU-
Ku: anroput™m imitauii Bignany [4], MypalunHuia anro-
puTtM™ [5], reHeTnyYHI anroputmMu [6]. [lna po3B’a3aHHs
3afjavi KOMiBosXKepa BUpILLEHO 3acTocyBaTM MeTon
reHeTUYHNX anropuTMmIB, KU Jobpe AocnioKeHWn y
ny6nikadisax [7].

NMoctaHoBKa 3aBAaHHA. B ymoBax noctas-
NeHOI 3aJavi Maemo BUPILLNTM acCMMETPUYHY 3agady
KOMiBOshKepa. Y 3aranbHOMY BUMNaAKy ii MOXHa BUW-
3HAYNTU SK 3HAXOKEHHSI TaMiNibTOHOIO LUKIY Opie-

HTOBaHoro rpada. MaemMo MHOXWHY BepLUUH
V=_{}i=l.n Ta MHOXMWHY pebep
E={(v;,v))},i=l.n,j=1.n, A€ KOXHOMY pebpy Biano-

Binae sHaueHHs BiacTaHi ¢; 20 Ta ¢; =0. MoTpi6HO
3HaWTK TaKy MepecTaHOBKY BEPLUH p=(p;,Pr.Pp)

n-1
rlpM 4| :1’ LU'O6 _Zlcpile +cp/1p1 —>min.
i=

B kiHueBomy Burnsagi web-cepsic mae matu
KniEHT-CepBEPHY apXiTEKTypy, e Ha cepBepHin yac-
TUWHI, 3a gonomoroto iHTepdency CGl, 6yayTb BMKO-
HyBaTUCb OG4YMCNoBanbHi onepadii Ta nepegasatu-
CA KMieHTy pes3ynbTaTu Yy Burnagi web-cTopiHku 3
JavaScript-komnoHeHTaMmn. TakMM 4YMHOM, CepBiC
Ma€ MOXIUBICTb BUKOHYBaTUCb OOHAKOBO LLBUAKO
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HaBiTb HA MOBINTbHUX NPUCTPOSIX.

Buknag ocHoBHoro martepiany. [na peani-
3auil kapTorpadiyHoro iHTepdency KrieHTCbKOI Yac-
TMHU CepBiCy NPOMOHYETLCA BUKOPUCTOBYBATU Ja-
vaScriptAPl  AHpgekc.KapT, wo wMmictutb Habip
JavaScript-kOMnNoHeHTiB Ans nerkoro npeacTtaBneH-
HSl iHTEpaKTMBHMX KapT Ha Oyab-skomy cauTti. Mo-
aynb «MapwpyTtusaTtop», Wo € yactuHoo APl AH-
aekc.Kapt, possonse oTpyMmyBaTV HaWMKOPOTLUWIA
MapLUpyT MK ABOMa TOYKaMun Ha KapTi. Takum ym-
HOM, KIiEHTCbKa YacTuHa Ccknagaetbca 3 web-
CTOPiHKKW, WO MicTUTb JavaScript-koMnoHeHTn ans
OTPUMaHHS Bif KOpPUCTyBaya MPOMDKHUX TOYOK Ta
38’a3ky 3 API. Jani doopMyeTbCca maTpuusa CyMiDKHO-
CTi OoTpUMaHOro rpady WNAXoM nepepaxyHKy Hau-
KOpPOTLUMX MapLUpyTiB MiX BCiMa napamu TOYOK.
3anuTu ana nepepaxyHky MapLupyTiB BUKOHYHOTbCS
ACUHXPOHHO B iHTEPAKTUBHOMY peXuMi, L0 403BO-
NSA€ CYTTEBO 3MEHLLMTU Yac ouikyBaHHA. Konu kopu-
CTyBay 3aKiHyye (OpMyBaHHS 3aBOaHHSA, rotoBa
MaTpuus CYMDKHOCTI nmepefaeTbCs OO0 CepBepHOI
YacTuHM 3a gornomororo AJAX-3anuTy.

CepBepHa yacTtuHa mae Burmsag CGl-ckpunry,
Wo HanucaHui Ha MoBi C++, Ta BUKOHYETbCS web-
cepBepom. Llen ckpunt po3s’sisye3agadvy KOMiBOS-
XXepa Ta NoBepTae KiEHTCbKIN YacTuHi NoTpibHMI
nopsgok obxoay BxigHoro rpadpy. KnieHtcbka vac-
TWHa BigoOpaae 3HageHU MapLpyT i KOpUcTyBau
OTpUMye pe3ynbTaT y MOTPIOHIN Ana Hboro dopmi
(BisyanbHO Ha KapTi, y BUrMsAi TEKCTOBOI KapTu Ma-
pwpyTy, 36epexxeHHs Tpeky A58 NOAarnbLIOro BUKO-
pUCTaHHs, 30epexeHHs y BUrNsdi rpadiyHoro gan-
ny abo BuBIA Ha OpPYK).

3aranom cxemy poboTu cepsicy npeacrasrne-
HO Ha pucyHky 1. Hanbinbw pecypcoButpaTHa 4ac-
TWMHa obumncrneHb, Wo noTpebye onTumisalii, Lue 6e3-
nocepeaHb0 PO3paxyHOK ONTUManbHOIo MapLUpyTy.

BxigHoo ymoBOKW AONns po3B’si3aHHA  3ajadi
KOMiBOsIXepa € MaTpuLsa CYMDKHOCTI OpiEHTOBaHOro
NMOBHOroO rpady 3 n BepliMHamMK, 3anoBHeHa BiacTa-
HAMW HANKOPOTLUMX MapLUPYTIB MK KOXHOI Naporo
BepLwuH. Bignosiaaw Ha 3agadvy € nepectaHoBKa 3 n
BEPLUMH, WO Bignosigae nopsgky obxoaoy BepLumH
3HangeHoro mapuwpyTty. BepwuHu rpady 6yaemo
HasmBaTu Mictamu, a byab-AKy nepecTaHoOBKy, LIO
hopMYE 3aMKHYTUA MapLLPYT — TYPOM.

Mepwum eTanomMm reHeTUYHOro anroputMmy €
bOpMyBaHHS  NOYATKOBOI  MONynsAuii  po3mMipom
pop_Sz BMNagKkoBummn ocobuHamu, WO npeacrasns-
toTb Typ. Lli ocobuHu noBuHHI 6yTn 3akogoBaHi nes-
HUM YMHOM. B Hawomy Bunagky 6yaemo ans KoXHo-
ro Mmicta 36epirat NOCMNaHHSA Ha HacTyrNHe MICTO B
LMKITI.

"eHepauis noYaTKoBOI nonynsuii
30iNCHIOETBCS BUNAAKOBO, ane angd nigBULLEHHS
KOHKYPEHTHO34aTHOCTi, HacTyrnHe MIiCTO B Typi 3
OEeSKO MNMOBIPHICTIO obupaeTbes cepeg
HaMGNMX4YMX A0 HbOTO.

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHiBepcutety
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PucyHok 1 — Cxema poboTtun web-cepsicy.

Big6ip ocobuH ansi onepatopa cxpeLlyBaHHs
BMKOPUCTOBYETBLCSA 3a NPUHLMIOM Kofleca PyneTKy,
wo 0OasyeTbcA Ha paHry ocobuHwW. PaHr ocobuHwm
pO3paxoBYETbCA 3@ 3HAYEHHAM iTHeC-(PyHKLUIT, Wo
€ KpUTepieM BW3HAYeHHS Kpawoi ocobuHM Ta
OOPIBHIOE JOBXMHI Typy. BBegemo noauuito ocobunHm
(pos) y BincopToBaHOMY 3a (hiTHEC-YHKLIE CMNCKY
nonynauii. OcobvHa 3 HaNMEHWWM 3HAYEeHHAM
hiTHEC-PYHKLUIT € HANNPUCTOCOBAHILLOID Ta Mae pPos
= 1, a 3 HanbGiINbWNM 3HAYEHHSIM POS = pPOp_SZ.
Binbip 0ocobuHM 0OMpaeTbcs  BUMAAKOBO 3
MNMOBIPHICTIO MPOMOPLIAHO BaroBOMY paHry, siKUi
obpaxoByeTbCS Tak:
_posTl , ne SP-
pop_sz—1
piseHb cenekuii (1<SP<2), npu uboMy Barosuii
paHr 6yae pgopisHioBatu Big 2-SPoo SP. [5]

OnepaTop cxpeLlyBaHHsi 3aCTOCOBYETLCA AN
BiAibpaHoi 3i Bciei nonynsuii Ha nonepgHbLoOMy eTani
napy ocobuH. Akwo o6uasi 0cobMHM OaHAaKOBI,
TOOTO MalTb OfHAKOBE 3HaYeHHsA iTHec-pyHKL;T,
00 Opyroro Typy-0aTbka 3aCTOCOBYETbCHA MyTaLis.
Lle pobutbca pns Toro, wo6 nonynadia He
Hakonu4yyBanacb OAHaKoBMMWU OCOBUHaMMU.

Cepeq pi3HMX onepaTopiB CXpeLlyBaHHS, K
Hanbinbw edpekTmBHM, 6yB obpaHun meTo4
NoCniAOBHOIMO KOHCTPYKTUBHOINO Kpocosepy [6]. B
pes3ynbTaTi CXpeLlyBaHHSA ABOX OCOBWH 3’ABNAETLCH
HawagoK, sKMA MOEAHYE HanMkpawli sKocTi obox
6aTbkiB. Llen anropntm MoxxHa NnpeAcTaBuTU Tak:

1) BctaHoBnoeEMO no4yaTKoOBE MICTO Typy-

Hawagaka: i=1, p,=1.
2) Obupaemo Hambnwx4ye 3a 06xogom MiCTO
y nepworo  Typy-6atbka, sKe we He
BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurtety

rank(pos)=2—-SP+2-(SP-1)-

BMKOPMCTOBYBANOCb Ta NMO3HA4YMMO Lie MICTO 4epes
«. AHanorivHe wmicto 3 gpyroro Typy-6aTbka

o0bo3Haumnmo Yyepes f.
3) Axkwo

BCTAHOBJIIOETLCA .

HacTynHe MiCTO

, <o
Cpa=Cpp
Piqp=0a .

MiCTO BCTAHOBMIOETLCS B piy =P .

IHaKwe, HacTynHe

4) Akwo i#n-1, To i=i+1 Ta nepexoaMmo Ha
war 2, iHakwe 3akiH4yemo poboTy anropuTtmy.
[Ona niaTpmaHHs MIHAMBOCTI 3 HEBENUKOI

NMOBIPHICTIO 3aCTOCOBYETLCS MyTauis ao
OTPUMaHOro Mmicna cxpelwyBaHHsA Hawagka. [[Ons
UbOro  BMMAZKOBO  OOMpaeTbCsas  MICTO,  siKe
BMOansgeTbCca 3 JflaHulra, Ta  Moro  cycigu

3'egHytoTbCcA Hanpamy. [Jani BunagkoBo obupaeTbes
iHWe MicTo, nepen SIKMM BCTaBMAETbLCS BuaaneHe
MicTO.

OTtpumanumn HallagokK Jjoaaetbcs ao
nonynsAuii Ta npouec Bigbopy, cXpellyBaHHs Ta
MyTaLii MOBTOPKETLCA pop Sz / 2 pasiB, goAakun
00 nonyn4auii CTiNbKK e Hawaakie. [Ana ckopoyeHHs
nonynsauii  BigOupatoTbcA Hawvkpalw, 3a iTHec-
dyHKUiel0 pop_szocobuH, wo OyayTb npuimaTu
yyacTb Y HACTYMHIN reHepauii anroputmy.

3anexHo Big BigBeAEHOro 4yacy Ha pospaxy-
HOK Ta KiNbKOCTi BXiAHWX BEpLUNH BU3HAYaETLCH
KINbKICTb reHepauii anroputMmy. Ha KOXHin Takin
reHepadii monynsuisg NOCTynoBO MOKPALLyETbCA HO-
BMMW OCOBMHaMM, O 3aMiHAOTb HANMEHLU NPUCTO-
coBaHux. [licna 3akiHieHHs npouecy obupaetbcs
Halkpalwa ocobuHa-Typ B KiHUEBIiM nonynsauii Ta
noBepTaeTbCs pe3ynbTar.

MeTon reHeTUYHUX anropuTMiB Mae gekinbka
napameTpiB, Bif 3HA4YEHHSA AKUX 3aneXuTb Yac po-
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00TM Ta BIOXWMEHHS OTPMMAaHOro pe3ynbTaTty Bif
ONTMMarnbHOro pPO3B'A3KY, LUe: po3Mip nonynsuii,
BipOrigHICTb 3acCTOCyBaHHA MyTauii 0O Halagkis,
BipOrigHiCTb BUBOpY Hanbnmxynx MicT Ans novaTko-
BOI MonynsAuisa Ta iH.

[ns 3HaxomkKeHHA ONTUManbHKX 3Ha4YeHb na-

pameTpiB, NPOBEAEHO TeCTyBaHHS poboTn anroput-
My Ha 3paskax 6ibrioTekM cMMeTpUYHNX Ta acnumeT-
pvyHMX 3agadv KomiBosbkepa TSPLIB. Pesynbtatn
BiOXWMNEHHS Bi4 ONTMMAaribHOrO PO3B’sI3KY B 3arex-
HOCTi Bid MMOBIPHOCTI MyTauji Ta NMOBIPHOCTi BMOO-
py HanGnK4Yoro micta HaBefeHi B Tadbnuui 1.

Tabnuusi 1 — 3anexHicTb BiAXUINEHHS PO3B’sA3Ky BiJ napameTpis.

VIMoBipHicTb BUBOPY HaMBrmkumx MicT, % 3 MMOBIpHICTg myTauii, % )
0 6,31 6,40 6,45
10 6,38 6,43 6,45
20 6,31 6,31 6,45
30 6,22 6,40 6,34
40 6,36 6,40 6,43
50 6,24 6,31 6,40
60 6,36 6,33 6,41
70 6,26 6,26 6,24
80 6,29 6,37 6,33
90 6,20 6,20 6,32

HalmeHwe BigxuneHHA BiA oNTMMaribHOro
po3B’a3ky Byno 3acpikcoBaHO Mpu 3HAYEHHi NMOBIp-
HocTi MyTauii 5% Ta iMoBipHOCTI BUGOPY Hanbnvx-
ynx MicT 90%. OnTumanbHi 3HaYeHHS MOXYTb Bigpi-
3HATUCb B 3anexHocTi Big cneuudikm BXigHMX Aa-
HuX. Yac poboTn anroputMmy CYTTEBO HE 3anexuTb
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Bid LUMX napameTpi..

Bubip poamipy nonynsuii 3anexutsb Big 6axa-
HOro BigXWrneHHs1 abo Yacy pobotu (pucyHok 2). Ons
obmexeHHs 4vacy pobotn oo 400 mc edbekTuBHiLE
BMKOpMCTOBYBaTU po3mip nonynsuii 500, Big 400 mc
no 1400 mc — 1000, 6inbwe 1400 mc — 2000.
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Yac poboTH, MC
PucyHok 2 — Pe3ynbtaTin pob0TH anroputmy B 3aneXHOCTI Big po3Mipy nonynsuii.

PesynbTatn TecTyBaHHA ONA KOXHOrO OKpe-
mMoro 3paska TSPLIB acumeTpnyHoi Ta CUMETPUYHOI
3ajadvi KomiBoshkepa HaBefeHi B Tabnuusx 2 1a 3.
TecTyBaHHS NpOBOAMIOCH Ha KOMM'OTEPI 3 mpoue-
copom IntelPentiumDual-Core 2.00 Ty Ta onepatu-
BHOI nam’aTi 2,00 I'b nig ynpasniHHam OC Windows
7 WnNsXOM 3anycKy Ta nepesipku koxHoro Tecty 20
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pasiB Ta hikCyBaHHS CepefHiX 3HayeHb OTPUMaHUX
pO3B’sI3KiB, Yacy MepLUOro 3HaxXOMKEHHS OTPUMaHMX
pO3B’A3KiB Ta 4yacy NOBHOI poboTu mporpamu npwu
Taknx napameTpax anroputMmy: WMOBIPHOCTI MyTauii
5%, nmoBipHOCTI BMGOpPY Hanbnwxkumx mict 90%,
po3mipy nonynsauii 2000, KinbKoCTi reHepauii anro-
putmy 800.
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Tabnuus 2 — Pe3ynbTaTn TECTYBaHHA AN acMMeTpUYHKUX 3paskis TSPLIB.

Tect TSPLIB | Kinbkictb mMicT | OnTnM. po3B'a3ok | 3Hang. po3s'sasok | BigxuneHHs | Yac 3Haxomx. onTuM. posB. | Yac po6oTu anroputmy
br17 17 39 39 0,00% 81mc 1214 mc
ftv33 34 1286 1370,5 6,57% 312 mc 1372 mc
ftv35 36 1473 1498,35 1,72% 400 mc 1391 mc
ftv38 39 1530 1579,65 3,25% 687 mc 1433 mc
p43 43 5620 5629,9 0,18% 471 mc 1619 mc
ry48p 48 14422 15315,35 6,19% 1269 mc 1485 mc
ft53 53 6905 7702,65 11,55% 1167 mc 1626 mc
ftvs5 56 1608 1719,8 6,95% 543 mc 1670 mc
ftve4 65 1839 1966,7 6,94% 1055 mc 1828 mc
ftv70 71 1950 2110,5 8,23% 847 mc 1948 mc
kro124p 100 36230 40645,05 12,19% 2038 mc 2558 mc
ftv170 171 2755 3215,65 16,72% 3347 mc 4008 mc
Tabnuusi 3 — Pe3ynbTaT TECTYBaHHA AN cuMeTpudHux 3paskis TSPLIB.
Tect KinbkicTb onTum. 3Hana. BigxuneHH Yac 3HaxomK. onTuMm. Yac poboTu
TSPLIB MicT PO3B'A30K PO3B'A30K A po3B. anropuTmy
gr17 17 2085 2085 0,00% 40 mc 1101 mc
fri26 26 937 937 0,00% 22 Mc 1245 mc
dantzig42 42 699 723,95 3,57% 1055 mc 1437 mc
berlin52 52 7542 7834,892 3,88% 1261 mc 1568 mc
eil76 76 538 569,2262 5,80% 1762 mc 2048 mc
kroA100 100 21282 23596,67 10,88% 2144 mc 2535 mc
bier127 127 118282 123231 4,18% 2688 mc 3037 mc
kroB150 150 26130 28806,72 10,24% 2997 mc 3568 mc
brg180 180 1950 1982 1,64% 628 mc 4248 mc
a280 280 2579 2863,889 11,05% 5099 mc 6654 mc

BucHoBkM. ["eociHopMaLinHi cuctemm 3i 3po-
3yMinuM  iHTepencoMmkopucTtyBsaya Ta BESMKOIO
KINbKICTIO MOXNMBOCTEN HabyBalTb BCe Oinbluy
NonynspHiCTb, 0COBMMBO Ha PUHKY MOBINbHMX Npu-
CTpOIB.

3apava, Wo gocnimkeHa B poboTi, HaNexuTb
ao «knacy NP-noBHuMx 3agay, Tomy Agna i
pO3B’si3aHHSA A0LUiNbHO BUKOPUCTOBYBATU €BPUCTUKY.

BubpaHun eBpUCTUYHUIA MeToL, PO3B’'sI3Ky 3a-
Jadi € [OOoUinNbHMM, OCKiNbKM HaIBHMWA nigxig Ao ii
PO3B’A3KY NpXU HasABHOCTI 6araTbox NPOMKHUX MyH-

KTiB CTaHOBWUTb Bigomy npobnemy kombiHaToOpHOI
onTumisadii, WwWo noTpebye 3Ha4yHMX OobYMcnoBarb-
HWX pecypciB.

LBmakicTe ob64ncneHb Ta 4OCTYMHICTb PO3po-
GneHoro cepgicy Ha baraTbOx cucTeMax OoCAraeTb-
Cs1 3aBASAKM KNiEHT-CEPBEPHIN apXiTeKTypi.

B nepcnekTuBi MOXHa BWKOpPUCTOBYBATU Me-
TOO TEHETUYHWUX anropuTMiB 6esnocepedHbO Ha
MOBINbHUX NPUCTPOSIX, obnagHaHux GPS-
HaBiraTopom.
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HOHoa A.H., Xueynuu WU.B., lNempoe C.A., PydeHko P.A. [lpakmu4eckoe ucrojsib308aHue
mMemooda 2eHemu4yecKux anzopummoese ons peuweHust 3adayu KOMMUeBoOsi)Kepa e
2e0UHOopPMayUOHHbIX cucmemax

B cmamebe nposedeHo uccnedosaHue u adanmauiio 2eHemu4YeCKo20 an2opumma Kak 38pecmu4eckKo-
20 memoda 0ns peweHuUs1 3adadqyu KoOMMUgBosiKepa. Anm2opumm rMpuUMeHWeHo 8 sude web-cepsuca 2e0UH-
opmayuoHHOU cucmemMbl peanu3ogaHHo20 Ha base uHmepdghetica HHdekc.Kapm.

Knroyeenie cnoea. eouHhopMayuoHHass cucmema, especmudeckue aneopummesl, 3adadya KOMMU-
gos)Kepa, eeHemu4vecKul anzopumm, web-cepsuc, API, SHdekc.Kapmu.

Unda A.N,, Zhygulin I.V., Petrov S.A., Rudenko R.A.,The genetic algorithms application to solve
the traveling salesman problem in geographic information systems

The paper investigated and improved the genetic algorithm like an heuristic method for solving the
traveling salesman problem. Algorithm implemented as a web-service in framework of geographic infor-
mation system based on Yandex.Maps interface.

Keywords. geographic information system, heuristic algorithms, traveling salesman problem, genetic
algorithm, web-services, API, Yandex.Maps.
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