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KomroHysaHHs1 2Hy4kux 8upobHuyux cucmem (FBC) 6azamo 8 YoMy 8U3HaYae MEXHIYHi ma eKOHOMIYHI MOKa3HUKU
pobomu obnadHaHHs QinsHKU, uexy ma nidnpuemcmea 8 uinomy. PoscmaHogka OCHOBHO20 MeXHOM02i4H020 0bra0HaHHS
(OTO) e 'BC susHa4yaembCsi 8UPOBHUYUMU MOXIU8OCMSMU, obcsizaMu rpodyKyii, sska eurycKaembCs, ma xapakmepom
06pobrosaHux demanel. 3azanbHi KOMIOHy8asbHI CXeMu PO3MilyeHHs1 06r1adHaHHS 8U3Ha4YarMbCs OpeaHisayitiHo-mex-
HIYHUMU 8UMO2aMu: MeXHOJI02IHHUMU 38’s13KaMu Mix OinsIHKaMu ma uexamu, CmpyKmypor cucmemu iHcmpyMeHmarbHO20
3abe3mneqeHHs QifSIHOK ma okpeMux Modysiie 06pPObKU, MEXHIYHUMU yMosamu eKcrilyamauii 6ydieesb, criopyd i KOMyHikauil
(Pukhovskiy E.S., Malafeev U.M., Dobrianskiy S.S. (2015)) CmpykmypHO-KOMIOHY8arbHi pilieHHsI 2Hy4Koi asmomamu-
308aHoi dinsHku (TAL) 3anexamb 6i0 opaaHi3auiliHO-MEeXHOMOIYHUX PilueHb Y Uexy, HanpsMKy MamepianbHuX romokis,
muriig 3acmocosysaHUX asmomMamu3o8aHux mpaHcrnopmHux 3acobie (AT3) i npucmpoig ix cmukyeaHHsi, Xxapakmepy cuc-
mem iHcmpyMeHmarnbHo20 3abe3neqyeHHsT ma sudaneHHs 8ioxodie supobHuymea (Increasing of the efficiency of flexible
manufacturing system. (2016)).

3a 03HaKoK HanpsMKy MamepianbHUX Momokie npedmemis i 3acobig npaui 8iI0HOCHO 30H 36epieaHHST ma 30H 06pobui
MOXHa eudinumu maki 0CHO8HI KomnoHyeaHHs1 [BC: padianbHi, niHitiHi, T-rnodibHi, 3aMKHEHI, eepmukarbHi, KOMbIHO8aHI
(Azab A., El Maraghy H.A. (2007); Pukhovskiy E.S. Problemi proektuvannia GVS. (2009)).

3a padianbHUM KOMMaHy8aHHSIM MPaHCOPMHI MOMoKU po3xo0simbcs 8 padianbHOMY Hanpsmi: 8i0 ueHmpanbHo20
Hakonuyysa4ya 0o 0b51a0HaHHS, PO3Mauio8aHO20 HaBKoso 30HU 3bepieaHHs. Take KOMMOHy8aHHs 3pyyHe 07151 06pobntok-
4020 MOOyrisi, SIKUU cKknadaembCs 3 KilbKOX agpeaamig, 30cepedeHuUX HagKoslo cmenaxa 3 npomucaosum pobomom (T1P).
lpu padianbHoMy KOMMaHy8aHHI MPaHCMOPMHI MOMOKU Po3xo0simbCsi 8 padiaribHOMy Hanpsami: 8i0 YUeHmpanbHO20 HaKo-
nuyysada 0o obrnaOHaHHS, pO3Mawo8aHo20 HaBKOsIO 30HU 3bepicaHHS. Take KOMIMOHY8aHHS 3py4YHe A5 06poborY020
Modyrisi, KUl cknadaemsCsl 3 KirbKox azpeaamis, 3ocepedxeHux Haskorno cmenaxa 3 [P (Megrabi M.G., Ulsol A.G., Koren
Y., Heytler R. (2022).

JliHiliHe KOMMOHY8aHHS 3acmoco8yembCS, Hanpukiad, npu mpaHcrnopmysaHHi eaHmaxig wmabenepom cknady be3mno-
cepedHbo 00 8epcmamis, aumsizHymux y fiHito. LLimabenep 8UKOHYE porib MPaHCrIopmHO20 NPUCMpPOoro, KUl 0bcryaosye
ckrnad ma obnadHaHHs 05151 06pobKu. Takuli 8Ud KOMMOHY8aHHS1 A0CUMb MOWUPEHUU, OCKITbKU 8epcmamu MOXYmb PO3-
mauwogysamuck o 00uH abo no obudsa boku 8i0 mpacu 0bc1y208y8aHHS Mpu napanesnbHiti abo nepneHOUKynapHit cxemi
8cmaHosreHHs 8i0HOCHO mpacu (Matta A., Samerato Q. (2006)).

lpu napanensHoMy posmaulyeaHHi eepcmamig y3008X mpacu 3py4YHo sukopucmosysamu 6ydb-sKi agmomamu3oeaHi
mpaHcnopmui 3acobu (AT3) — nidnoeoei ma nidsicHi, npome 0esika po3msigHeHICmMb mpacu ma 36inblieHa y 38'a3Ky 3 Uum
rnompeb6a 8 nowax, nidsuuieHe HagaHMaXeHHs1 Ha mpaHcrnopmHi 3acobu, nompeba 8 ix 0odamkosil KinbKocmi 01 mpaH-
criopmysaHHs1 00 eepcmama iHCMPYMEHMY ma OCHaWEHHST CMEoPHooMb 0esiKi yCKIaOHEHHS | € 20108HUMU HedomiKamu
napanenbHo20 po3mauysaHHs obrnadHaHHs (Design of Flexible Production Systems. (2009)).

Y pasi neprneHAUKynsspHo20 po3matuysaHHsi obrnadHaHHs 0o mpacu docsizatombces binblua KOMIaKmHICMb riaHy8aHHs
i, omxe, MeHwa nompeba y 8UPOBHUYUX niouwax, Moxiusicms 3abesnequmu poboyi micysi 3a 00MOMOo20K 00HO20 MpaH-
CriopmHo20 3acoby 3a20moeaHKaMu, iHCMPYMEeHMaMu ma OCHaWEHHSIM, 8UKOpUCMaHHs 0711 MpaHCopmHux yinel sk
nidnoao8ux, mak i nidsicHux pobomie. Hedonikamu 0aH020 KOMIOHy8aHHS € MidsUWeHe HasaHMaxeHHs Ha AT3, HasigHicmb
dodamkosux gumoez 00 8upobHUYUX oW i cknadHicme opaaHidauii pobomu Ha poboyux micysix (Increasing of the efficiency
of flexible manufacturing system. (2016)).

Y pa3i T-nodibHo20 KoMIoHy8aHHsI mpacu 06cry208y8aHHs 8epcmamie neprneHOUKynspHi 00 mpac 3bepicaHHs. Takul
8UQ KOMIMOHY8aHHS1 36ibuwye 2HydYKicmb cucmemu i cripusie HapouwysaHHro obcsieie 36epieaHHss 0emanel npu 36ifbWeHHI
Macwmabie eunycky mpooyKuil.

Y Kinbyesux KoMroHysaHHsIX mpaca AT3 0oeinbHOi mpaekmopii 3aMkHeHa. 30Ha 30epieaHHs] po3miujeHa y3008X
0insHKU mpacu. Take KOMMOHy8aHHS OyXe 3pyyHe npu pobomi Ha mpaci KiflbKox mpaHcriopmHux 3acobig, OCKinbku dae
3moey po3wupumu 30Hy onmumisauii 06¢y208y8aHHs 8UKIMKYEHHAM MOBEPHEHb | 3MEHWEHHSM wiisixie docmasku 3ago-
moeok i ocHawieHHs (Design of Flexible Production Systems. (2009)).

BepmukanbHe KoMoHysaHHs nepedbayae po3miljeHHs1 30HU 36epieaHHsI ma 06cry208y8aHHs Ha pisHUX pigHsiX. [Tepe-
O0aya 3a20MOBOK i OCHalLeHHs 8i0by8aembCs y 8epmuKarbHill MIOUWUHI.

KombiHogaHi KOMMOHY8aHHS, W0 06°€0Hytomb Kiflbka OiflbHUUb, 3a0e3Medyromb MakcuMarbHy 2HyYKiCmb i MiHiMarbHi
MpaHCropmHi NEPeMIlEHHS y pasi Pi3HO20 PO3MILUEHHS MEXHOM02iYHO20 0br1adHaHHS.

Pospobnstodu komnoHysaHHs1 TBC, mpeba epaxosysamu 6ci napamempu, Wo ennuearoms Ha rnobydosy cucmemu:
mun 0bpobnsaHux demarnel, MapwpymHoO — MeXHOM02iYHI npoyecu suzomosrieHHs demared, Kinbkicms i eudu 0bnad-
HaHHs | pobodux micub, bydieernbHi pitueHHs 8UPOBHUYUX MPpUMiLieHb i Bydigenib, HOPMU MEXHOM02IYHO20 NPOeKMy8aHHsI
(Guash A., Piera M., Figueras J. (2011); Manufacturing Systems. — Theory and Practice. (2005)).
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Mema no6omu: [idsuwieHHs1 echekmugHOCMI 2Hy4YKUX 8UPOBHUYUX CUCMeM 3a PaxyHOK MiHiMi3auji nnowi po3milieHHs
BC, 3meHweHHs1 3ampam Ha mpaHcropmHe 06c¢iy208yeaHHs1 obradHaHHs ma onmumisayii opaaHisayitiHo-mexHiYHUX ma

MEXHOM02IYHUX 38 3Ki6.

Kntoyosi cnoea: komroHysaHHsi, mpaca, rnpomucrosuli pobom, eepcmam, OifbHUUS, MpaHcropmep, wmabenep,

cknao.
DOI https://doi.org/10.32782/msnau.2023.1.12

BuknageHHA ocHOBHOro martepiany. 3aBepLuanbHUM
eTanoM cuHTesy CTpykTypu BC € po3MmilLleHHs OCHOBHOTO
i JonomixHoro obnagHaHHs, TO6TO CTBOPEHHS NMaHyBaHHs
BC. AeTomaTtu3alis npouecy CUHTe3y NnaHyBaHb — aKTy-
anbHe 3aBAaHHS, Tak SK 4O CUX Nip Npy NPOEKTYBaHHiI LiEXiB
i OiNbHULB MexaHoO0OPOGHOr0 BMPOOHMLTBA BHUKOPWCTOBY-
0TbCS TPAAMLINHI METOAN OTPUMAaHHS NnaHyBaHb 3a JOMo-
MOrot0 LLabroHiB (TaMMETiB), BUPI3aHMX 3 MNOCKOro MaTe-
piany. Cuctema aBTOMaTU3aLlii NPOEKTYBAHHS MaHyBaHb
(CAIP-IT) nepenbayae aBToMaTM3aLit0 NPOLIECY OTPUMAHHS
rpachiyHoro 306paxeHHs nnaHyBaHHsi [BC i3 3acTocyBaH-
HAM OMTMMIi3aLiiHMX Mpoueayp, Wo 3abe3neyvyioTb pauio-
HanbHe PO3MILLEHHsI obnagHaHHs i MigBULLEHHST edbekTuB-
HOCTi BaraTOHOMEHKNaTypHOrO BMPOBHMLTBA 3a paxyHOK
€KOHOMii BUpOOHMYMX nroL. AHani3 MeTodiB aBToMaTu3allii
CUHTE3Y NaHyBaHb MigpOo3A4iniB MexaHi4HOI 06po6KK Nnoka-
3y€ BiCYTHICTb €ANHOrO Niaxo4y A0 BUPILLEHHS Mpobnemu.
B OCHOBHOMY BMKOPUCTOBYHOTLCS HACTYMHI KpUTEPIT OLiHKK
AKOCTi NNaHyBasibHOro pileHHs MBC: MiHimisauis BUpoOHu-
Yoi MnoLLi; MiHIMi3aLlisi BAHTaXOMOTOKIB ab0 TPaHCMOPTHUX
nepemiweHb B BC, Ha ginsHui, B LeXy; MiHiMi3aLis BapTo-
CTi TPAHCMOPTHOI CMCTEMMU; MiHIMi3aLis BTpaT, NOB'A3aHMUX
3 NPOCTOSIMM TPaHCMOPTHMX 3acobiB. Po3cTaHoBKa ycTaTKy-
BaHHs1 B MpoekToBaHoi BC 3anexuthb Big il TEXHOMNOrYHOro
npu3HayeHHs. Ha ainsHkax TexHonoriyHol cneuianisauii
00CAr BaHTaXOMOTOKIB HE3HAYHWI, TOMY 3aBAaHHs mna-
HyBaHHs1 obnagHaHHs 3BOAWTLCS OO MOAENi PO3MILLEHHS
HeB3aemonoB'a3aHmnx o06'ektiB (Migel A.S., Vagner G.M.
(2019)).

[insHKM NnpegMeTHOI cnevianisauii BigpisHATLCS He0O-
XiGHICTIO MiHIMi3aLil BaHTaXKOMOTOKY 3 METO0 MiABULLIEHHS,
MPOQYKTVBHOCTI 3@ PaxyHOK CKOPOYEHHS TPaHCMOPTHMX
nepemilleHb deTanei B npoueci obpobku. Ha pginsHkax
GaraToOHOMEHKNaTypHOro BMPOOHWLTBA B 3anexHOCTi Bif
HOMEHKNaTypu 06pobntoBaHNX AeTanen, obesris ix BUMYCKY
Ta po3Mmipy napTil 3anycKy 3yCTpivaroTbCs Taki opraHisauii-
HO-TEXHOMOriYHi CUTYyaUil: OCHOBHE TEXHOMOriYHe YycTaT-
KYBaHHSI PO3TaLLOBYETHCS BiAMNOBIAHO A0 MPUWHATOI opra-
Hi3aLiiHOI OpMK TEXHOMOTNYHMX MPOLIECIB; 0BnagHaHHs
pO3TaLLOBYETLCS 3 ypaxyBaHHAM TUNy o6paHoi TpaHCnopT-
HOi cucTeMu (koHBeep, Tpaca pyxy MNP i T. n.); obnagHaHHs,
PO3MILLYETHCS AOBISNIbHO 3 BUKOPUCTaHHAM T3, WO nepemi-
LLYIOTbCS MO OOBIMbHUM TpaekTopisM. [Mpy NpoeKTyBaHHi
BC 6araToHOMEHKNaTypHOro BUPOBHMLITBA 3aBAaHHS pO3-
MilLleHHs 0bnagHaHHS BUPILLYHOTLCS BiAMOBIOHO 3 Tak 3Ba-
HUM CXEMHWM BapiaHTOM, Npu SKOMY KOMMOHYBaHHS Tpac
obcnyroByBaHHs1 0bnafHaHHS TpaHCMOPTHUMKU 3acobamm
BM3HA4YeHO 3asganerigb. Ha noyaTkoBomy eTani CuHTesy
nnaHyBaHb MBC BUpillyeTbCA NUTaHHA NPO PO3nodin aeta-
ne-onepauii Mo KOHKPETHWM BepcTatam, TobTo dopmy-
€TbCS MATPYLIA 3aKpiNneHHs AeTane-onepaLin 3a OKpeMnmm
oauHMUAMK obnagHaHHa TBC (1abn. 1). B sikocTi WinboBoi

yHKUiT NpUAMAETbCA MiHIMyM CyMapHOi OOBXWHW TpaH-
CMOPTHUX NepemMilleHb, SKi NPOXoaaTb BCi AeTani B NpoLeCi
ix 00pobku. Bubip BapiaHTy KOMMOHYBANbHOK CTPYKTYpH
'BC 3pjiicHI0eTECA 0C00010, Sika NpUINMAaE pilleHHs, Ha nig-
CTaBi JaHWX NpO 3aCTOCYBaHHS TUMOBMX KOMMOHOBOK, MOMi-
LLeHKX B crielianizoBaHy 6a3y AaHux, 3 ypaxyBaHHSM LaHWX
MPO MPIOPUTETM 3aCTOCYBAHHS Pi3HMX TPAHCMOPTHUX 3aco-
6iB y MBC (Tabn. 2). Y pasi, aKwo HeobxigHO BUOpaTK KOM-
MOHOBOYHY CXeMy Ansi 3aJaHoi BUPOOHMYOI nroLi, obpaHy
KOMMOHOBKY MPOEKTYIOTb Ha 3a4aHy MioLLy.

Ons  copmanisauii 3aBgaHHS BBOAUTLCA MOHATTH

rpadpa KOMMOHYBaHHSA, KW HaWOINblL adeKBaTHO Bifo-
Bpaxae posTallyBaHHa 0bnagHaHHS Ha BUPOBOHMYIN NNOLL;
ITIC i po3Bonsie BpaxyBaTU PO3MipW TPaAHCMOPTHMX Npo-
i3giB Mix psgamy obnagHaHHS | HasBHICTb TOYOK PO3BO-
poTy T3, HeobxiaHWx ans obcnyroByBaHHS MPUBEPCTATHUX
HaKonmu4yBauiB, a TakoX Npy nepegadi getanemn Mk okpe-
MUMU OOMHWUUAMU 0OnagHaHHA po3rsfaTv TiMbKU 30HM
KOHTaKkTy obrnagHaHHs (Mpu-BepcTaTHi HakonuvyBavi, oce-
Peaku cknagy ans npuinomy i Buaadi 3i cknagy i T.n.) 3 T3.
CTpykTypa rpaca B13Ha4aeTbCs BijobpaxeHHsIM 0OpaHoi
KOMMOHYBAsNbHOK CXEMW THYYKOr0 BMPOOHMYOI AifbHUL
(puc. 1). BiactanHio 1A (1 ], 1=1,2, ..., K] =1, 2,
N, N — 4yncrno oaMHKMLb OCHOBHOMO TEXHOMOrYHOro obnag-
HaHHsa (OTO) B cknagi npoektoBaHoi MBC mixk BepLUnHamm
a,i a rpacdha KOMNOHYBaHHS Ha3MBaETbCS AOBXMHA HalKo-
POTLUOrO NaHLora, Lo 3'eHYE Li BEPLUMHK (MiF SOBXMHOK
naHutora po3ymieTbCs Cyma JOBXWH pebep, Lo BXoasTb A0
Hei). Matoun B CBOEMY PO3NOPSKEHHI TaMMneTh 3 Heob-
XigHMMK po3mipamu, TOBTO nnaHu mogenen obnagHaHHS,
Lo BxoaaTh 4o cknagy MBC, MoxHa Ans KOXHOro BapiaHTy
PO3MILLEHHSI BEpCTaTiB B MEXaX PO3rMAHYTOr0 KOMMOHY-
BaHHS CKNMacTu MaTpuuio BigcTaHen L = || Iij || po3mipHi-
ctio N x N (tabn. 3). EnemeHTamm matpuui € BigcTaHi Mix
KOHTaKTHUMW 30Hamu obnagHaHHs, a TakoX BigCcTaHi Mix
obnagHaHHaM Ta cknagom. Ha nigcTtasi NpURHSATHX CXeM
06po6kn AeTane-onepaLin rpyny, Nporpamm BUNyCcKy aeTa-
new i gaHnx maTpuui 3akpinneHHs getane-onepauin Moxe
OyTV cknageHa MaTpuus iIHTEHCUBHOCTI nepenavi getanen
MiX pisHUMK oguHULSMK yeTaTkyBaHHs [BC A =||aij||, ene-
MEHTaMMN SKOi € iHTEHCUBHOCTI nepepadi getanen sig 1-i
OAVHWLI obnagHaHHS go j-1:

D
=1

o, =a, = {1/1,[m, (W) +m,00) |}

w

ne m(W)im, (W) - uncno petaneit W-ro HaitMeHyBaHHs,
nepedaHux BiAMOBIAHO BiA i-i no3uuii 4O j-i | HaBnaku 3a
PO3MMAHYTUA NnaHoBui nepioa t; D — 6e3niy HailmeHyBaHb
[eTanemn, Lo YTBOPOOTb HOMEHKNATypy, 3akpinneHy 3a [BC.
Y Takit nocTaHoBLIi 3aBAaHHS PO3MILLEHHS SIBNSIE COOOH0
KBaZpaTW4Hy 3adadvy Npo NpU3HAYeHHs, sika 3a CKnagHicTio
BigHocuTbCa Ao knacy NP ontumisauinHnx 3agad. 3aransHa

KinbKicTb BapiaHTiB nepebopy B 3agavi fopieHioe N!.
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MaTtpuus 3akpinneHHs geTane-onepawii rpynu 3a OKPeMUMKU OQUHULIAMU 0ONagHaHHSA

Tabnuus 1

N2 opit- N2 OeTaneonepaLi rpynm
HUL
070
rme 1121314156} 7}6}19]..44d]}..]JD
1 11o0jojt1jojoji1jiojol. 1{.10
2 ojt1jofojof1prjol1f.]04L.41
3 tjojt1jofjofj111jojJol..f1f.]1
4 oj1jo0j1jo0p1]0}0y)1}{. 1].]0
5 1114110 1}jojoj1j0}.101}..10
6 oj1j1jo0jop141j0}0}..]1}L.}1
7 ojojopr{trjyojopt1y]1y. 11.]10
tjojp1jojop1)t]jip1].]0}L.]0
tjo0j110j01j0f1t}j1)].]01.]1
Tabnuuga 2
3HaveHHsA npiopuTeTiB Ana TpaHcnopTHux 3acobis MIC
IHAyK- -
TexHiKko-eKOHOMiYHa Penbco- TUBHO LLitaGe- LenHun ©
XapaKTepucTuka Ponk-raur BWM Bi30OK | KepoBa- nep KOHBeeEp Motopenkc S
HWUW Bi3OK
OnepatunBHICTb 06CNYroByBaHHS 2 4 5 4 3 5 4
BaHTaxo-nignomHicTb 5 2 4 2 5 4 4
MoxnuBicTb BOYL,OByBaHHS
B CUCTEMY J0AATKOBOMO 4 4 5 4 1 3 3
obnagHaHHs
MoxnuBicTb po3BUTKY
TPaHCNOPTHOI 3 4 5 4 2 3 4
cuctemu
MepebynoBa TpaHCMOPTHOTO LLNSAXY 3 4 2 1 2
MOXIMBICTb BUKOPUCTAHHS B SKOCTI 1 1 5 1 4 5 5
BHYTPiLLHbO-32BOACLKOIO TPAHCMOPTY
MOXMBICTb BUKOPUCTAHHS B SKOCTI
HaKoMM4yB. 5 1 2 5 4 3 3
Motpeba y BUpOOHMYIN nnoLi 1 2 3 2 3 5 5
ButpaTtn Ha MOHTax 3 1 5 1 4 1 4
KanitanoBknageHHs 1 3 4 3 2 5 5
[ Crnad ao ]
|
ay ——
| as fl ]
T R
az -
5] - ag ag —
J W
“ ]« 9 @]
Puc. 1. Mpuknap rpacha komnoHyBaHHA ansA NBC
3 YMCINOM OAMHULIb OCHOBHOIO TEXHOMOriYHOro yctatkyBaHHsa N = 10
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Hwkye posrnagaloTecs BiJOMi METOAW pPIlLEHHS KBa-
ApaTuyHoi 3agavi npo npusHadeHHs ( Design of Flexible
Production Systems.(2009); Guash A., Piera M., Figueras J.
(2011); Modeling, Simulation and Control of Flexible
Manufacturing Systems. (1999); Manufacturing Systems. —
Theory and Practice. (2005)).

Tabnuug 3
MaTpuus BiactaHen L :Hll/.H mixx oguHuusimu OTO MIC
( 3 yncnom oauHuub N=10)

j
A 1 2 3 4 5 6 7 8 9110
0laga |aga; laga; |aay [aas |aas |ag; 2pa
a3 laa laa; |aa, |aas laaslae, [aa [aa]aa
B8y 18:8; jag8y |808; J808s |88 |8d |azagla
2333 | 8384 |a38; |8:85 | 8:8; Ja38; | 3i8q] 858
2484 |38; la@s a8 |3, |a:ala,a
253; 1353; |53y Jagdg | asaq) a2
a 258y ]85% | acaga
2,3, |aa a3l 2a
g2 |33,
A4y

Memod penakcauii. MeTon penakcauii nepegbavae pos-
rnsn TPAEKTOPIN TPaHCNOPTHMX 3acobiB, ki 0OCIYroBYHOTL
OAMHWLi TEXHOMNOTIYHOTO ycTaTKyBaHHS 'BC, y BUrnsai npyx-
HUX NiHiA (Npy>uH). Togdi, B cuny BBEAEHOI aHamNOrii, MOXHa
BU3HAYNTU CWITYy TSDKIHHS MK OAMHULAMM OOnmagHaHHs
3rigHo 3akoHy lyka f=k1, ge k — koedilieHT mpyXHOCTI,
AKUIA BM3HAYAETbCA MaTpuULEl IHTEHCMBHOCTEN nepedadi
aetanen Mix Bepctatamu; 1 — NPOTSXKHICTb TPAHCMOPTHUX
nepemilieHb MK OKpeMMMK oguHuusaMi obnagHaHHs MBC.
PileHHs 3aBOaHHS PO3MILLIEHHS MPW TakoMy NiAXOAi Bigno-
Bija€e TakoOMy PO3MiLLEHHIO BepcTariB, konm Bcs MBC xapak-
TEpU3YETbCSA MiHIMaNbHOK KIHETUYHOI eHEprieto.

lNonapHi nepecmaHosku. MeTog nonapHWX nepecTtaHo-
BOK € OOHUM 3 HaWMPOCTIMX METOAIB MOLIYKY OnTUMarb-
HUX pilleHb 3afadi po3mileHHs. [pn Moro BUKOPUCTAHHI
[NS1 KOHKPETHOTO PO3MILLEHHSI TEXHOMOTIYHOMO 0bnagHaHHS
OLIIHIOETBCS 3HAYEHHS LiNbOBOT QoyHKLIT i MOTIM MiHSOTHCS
micusmu asi oguHuui OTO, nicna Yoro o64YUCHIOETLCS HOBE
3HAYEHHS LiNboBOI (PYHKLIi. Y pasi, sKwo Bigdynocs nonin-
LUEHHS 3HAYEHHS LiNbOoBOI (OYHKLI, OCTaHHIN BapiaHT po3-
MilLeHHS NpUAMaETbCs A1 NOAANbLIOr0  AOCHIMKEHHS.
B iHWoOMY BrNagKy BUKOHYETLCSA NapHa nepecTaHoBKa iHLLOT
napu OTO. Y 3aranbHOMy BuMagKy MpoLlec TpuBae A0 TUX
Mmip, Noku BiAOyBa€eTbCA MOMIMNWEHHST 3HAYEHHS LiNbOBOI
doyHKuUiT.

CmoxacmuyHi memodu. [owyk NOKanbHOro PpilleHHs
3afadi po3MilLieHHs, 3aCHOBaHMiA Ha 3aCTOCYBaHHI MeToay
MoHTe-Kapno, BMXoAUTb 3 TOro, L0 0bnactb NMPUAHSATHUX
BapiaHTiB PO3MillleHb 3HayHa B 00MacTi BCIX MOXIUBMX
BapiaHTiB, TOOTO MMOBIPHICTb BMMAAKOBOro BUOOPY npu-
MNHATHOrO BapiaHTy PO3MILLEHHS 4OCUTb BUCOKA.

Memo0d einok i mex. 3acHOBaHWI Ha TOMY, LLIO B NPOLIECi
MOCNiZOBHOMO po3ranyxeHHst 6eanivi onyCTUMMUX pilleHb,
BUKIOYAIOTLCSA Ti 3 04ePXKYBaHMX NigMHOXMH, NPO SKi CTano
BiOMO, L0 BOHW HE MICTATb JOMYCTUMMX PilleHb, KpaLmx
[EsIKOro paHillie OTPMMAHOrO.

AHani3 nepesar i HefoONiKiB Pi3HUX METOAIB BUPILLEHHS
KBaZpaTU4HOI 3afadi Npo Npu3HavYeHHs, JO3BONUB 3yNnUHU-
TWUCS Ha 3aCTOCYBaHHi Ansa cuHTe3y poamiweHHs OTO BC
MeToay NonapHUX NepecTaHOBOK.

3aBaaHHs B1OOPY ONTUMAnbHOrO PO3MILLEHHS OQUHULL
OCHOBHOIO TEXHOMOMYHOro 06MnagHaHHs THy4YKoro BUPOBHM-
4Oro AinsiHkK Moxe By T cchopMynbOBaHa Sk 3agava noLLyKy
Ha opieHToBaHOMY rpadi G, B3agMHUX nepecTaHoBok. Mpadh
G, byaytoTb TakuM YMHOM. KOXXHOMY KOHKPETHOMY BapiaHTy
po3mileHHss N oaMHULE TEXHOMOrYHOro obnagHaHHS Mo
BuaineHum N nosuisix Ha AaHin 4insHui nocTaBUMO Y Bigno-
BiAHICTb OAHY BepwnHY rpacdha G,. Takum YMHOM LyKaHWi
rpac xapaktepusyetbcs N! BepwmHamu. [esiky BepLuMHy
rpadha G, Ha3nBatoTb CYCiAHbOIO MO BIAHOLLEHHIO 40 AEAKOl
iHLLIOI BEPLUMHI LbOro X rpadpa, SKLWO po3MilleHHs obnag-
HaHHS, BIMOBIAHE APYrMA BepLUWHi, BUXOAUTb 3 PO3Mi-
LUEHHS 0bnagHaHHs, BigNOBIQHOMO NEpPLUi BEPLUMHI, TiNbKu
OfHi€t0 NepecTaHOBKOK ABOX OAMHULL 0bnagHaHHs. AKLO
Tenep KOXHY BepluHy rpacha G, s'eaHatv ayramu 3 ycima
CycCioHIMM [0 Hel BepLuMHamu, TO OAHO3HAYHO 3aJaeTbCs
rpad G, ans posmileHHs N oauHuLb obnagHaHHs. Y Beix
BEpLUMH rpada G, 0AHaKOBE YNCIIO CYCiaHiX BEpLUMH, TOOTO
KOXHa BepLUMHa rpada 3'eaHaHa pebpamm pisHo 3 N(N-1)/2
iHWWMKW BeplUMHaMK. Ha3BeMO TakuM YUMHOM OTPUMaHUI
rpac rpachom pPO3MiLLEHHS.

Ha puc. 2 HaBeneHo npuknag rpada posmilleHHs ans
N=4. Y uboro rpaga 4! = 24 BepLUNHM i Y KOXHOT BepLUNHN
4(4-1)/2 = 6 cyciOHix BepLUWH.

OuesnaHo, wo Ha rpaci G, MoxyTb GyTu fioKasbHi
MiHIMyMU, NpUYOMY, NOTPaNMBLUKM B FMOKaNbHUA MiHIMYM,
HEMOXIIMBO BU3HAUUTK, rMOBanbHUIA Yy NOKanNbHUN Lie MiHi-
MYM, MOKM He BU3Ha4YeHO 6esniy BCiX NoKanbHUX MiHIMYMIB.
Po3pobneHo anroputm nokanbHOi onTUMisaLii, Skun Oo3-
BONSIE paLjioHanbHO NPOBOAUTM MOLLYK Gesnivi nokanbHUX
MiHiMyMiB Ha rpadi G, B OCHOBY SKOrO MOKMafeHo MeToA
nonapHWX nepecTaHoBOK. epeMilleHHs 3 BepLnHK rpaga
G, B OfHY i3 CyCiAHIX MO BIJHOLLEHHIO 4O Hei BepLUMH Bid-
noBiJae OfHiN nonapHii nepectaHoBLi. MeTogom nonapHux
nepecTaHoBOK 3 A0BINbHOI NOYaTKOBOI BepLMHM rpaca G,
3HAXOAATb BEPLUMHY, LU0 XapaKTepU3YyeTbCH NOKanbHUM
MakcumymoM. Lle Bignosigae nignomy B BepLUMHY 3 nokarb-
HO-MaKCMasibHUM 3HaYeHHAM LinboBoT PyHKLUT. 13 3Hange-
HOI BEPLUMHU METOA0M MOMNapHUX NepecTaHOBOK MPOBOAMMO
noLuyk 6e3nivi BepLUUH, BiJMNOBIAHMX NIOKANbHUM MiHiMyMaMm
Mo BCiM, L0 BUXOAATb 3 AAHOI BepLUMHK pebpam.

Lle Bignosigae cnycky 3 BEPLUMHK 3 fOKanbHUM MakCu-
MYMOM LiinbOBOI (PYHKLT BEPLUMHK 3 NOKANbHUMKU MiHiMY-
mMamu. [1ignom B BEPLUMHY 3 NTOKaNbHUM MaKCUMYMOM BUria-
HUIA TUM, LLO 3 TAKOT BEPLLUHY NOLUYK BEPLUMH 3 NIOKaNbHAMM
MiHimymamu Ha rpadi G, Oyae 6inbL ecoekTueHAM. beaniv
noKanbHUX MiHIMYMIB, 3HaWAEHWX 3 FNOKanbHOr0 Makcu-
MyMy, Oinbll LUMPOKWIA, HX TOW e 6e3niy, 3HangeHun
3 [I0BINbHOI BEPLUMHW, TaK SK NpW NiZNOMI B BEpLUWHY, Bia-
MOBIZHY NIOKANbHOTO MakCUMyMmy, 6e3niv JOCSHKHUX BEPLLMH
po3wupoeTbCs. B pesynbtati nowyky NoKanbHUX MiHi-
MyMIB 3 YCiX BignoBigHux pebep oTpumyemo aeskuin 6es-
nivy BEPLUMH, BiANOBIOHUA Pi3HUM NOKamnbHUM MiHIMyMaMm.
BubpaBLun 3 Uiei MHOXUHW BEpLUMH BEPLUUHY, BiANOBIQHY

JI0KarnbHOro MiHiMyMy, O XapakTepusyeTbCa HaMeH-
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UMM 3HAYEHHSIM LiNIbOBOI (PYHKLT, OTPUMYIOTb NOKanbHO-
onTMMarnbHe pilleHHs 3agadi PO3MILLEHHS TEXHOMOTYHOro
obnaagHaHHa MBC.
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Puc. 2. NMpuknapg rpachika po3milLleHHs1 OCHOBHOIO
TexHonoriyHoro yctatkyBaHHs ['TIC
3 yncnom oauHuub N =4

5

[MNpy HEOBXIQHOCTI MOXHA NPOLOBXWUTMI MOLLUYK BEPLLMHM
rpaca, LWo BignoBigae OinblW ONTUMANbHOMY  PiLLEHHI
3adavi po3MilLieHHsl, B Takuii cnocib: 3HaxodsdTb Ha rpadi
BEPLUMHY, BIiANOBIgHY NOKanNbHOrO MakcMMyMy, ane Bia-
MiHHY Bif, BEPLUMHM 3 SIKOT BXXe Byrno 3AiiicHEHO NOLWYK Bep-
LUWH, BIiQMOBIQHMX FOKanbHUX MiHiMymam. [MepebyBatoumn
B HOBOMY TOKaslbHOMY MakCyMyMi, 34iACHIOEMO noLuyk 6e3-
Nivi NoKanbHUX MiHIMYMIB, SiKi 4ONOBHATL paHille cchopmMo-
BaHuMI 6e3niy nokanbHUX MiHIMyMIB. AKLO cepen foaaTko-
BMX BapiaHTiB pO3MiLLEHb € Kpalle, HiX paHilLe chopMOBaHi,
PO3MiLLieHHS, TO BUOMPAOTb OT0 B IKOCTi NIOKaNbHO — ONTK-
MarbHOrO pilleHHs 3adadi po3MilLeHHsi obnagHaHHs.

Brok-cxema  po3pobneHoro  anroputMy  MOLLYKY
foKanbHO OMTUMArbHOTO BapiaHTy PO3MILLEHHSI OAMHWLb
OCHOBHOIO TexHonoriyHoro ycraTtkyBaHHs BC npenctas-
neHa Ha puc. 3.

Brok 12 npusHayeHun Ans 34iMCHEHHs 0OOATKOBOI yCTa-
HOBKM okpemux opuHuLe OTO, B Mexax 06paHoi KOMMOHyBarlb-

HOI CXemu, B TUX BUNagKax, Komv BignoBigHi TamnreTy BisyansHoO
NOTpannsoTb B 3a60POHEHI AN po3MiLLieHHs 30HU. [o ymcna
TaKUX 30H BIZHOCATLCS KOMOHM, enexkTpoLlady, Npoisan i T. n.
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Puc. 3. 36inbwweHa 6nok-cxema anroputmy
CMHTE3Yy ONTUManbLHOro Po3MilLieHHA OCHOBHOIO
TeXHoMnori4yHoro ycratkyBaHHs NBC

lNpviBeSeHWI anropuTM MOXe CIyryBaTu sik 6a3oBuii Npu
MOBHiN npoueaypi poamiweHHss OTO Ha 3aBepLuanbHOMY
eTani npoekTyBaHHs [BC.

BucHoBku. PospobrnieHa MeToaMKa  pPO3MiLLEHHS
OCHOBHOrO TexHororiyHoro obnagHaHHa MBC, ska n03Bo-
NsSiE aBTOMATU3yBaTK CKNagHi NPOeKkTHi poboTu Ta onTumi-
3yBaty npoueaypy poamiweHHs OTO. OnTumisalis nnaHy-
BaHb [BC [003BOMSIE 3HAYHO NIABULLMTM iX e(PEKTUBHICTb
32 paxyHOK 3MEHLUEHHS BUPOOHWYMX Mnow, MiHimizauii
TPAHCMOPTHMX MOTOKIB Ta 3HWXEHHS KaniTanbHWX BKNa-
LEHb MPW BNPOBaKEHHI Cy4aCHWX THYy4YKMX aBTOMaTN30Ba-
HUX BUPOOHULTB.
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Optimization of placement of equipment for flexible manufacturing systems

The layout of flexible mfnufacturing systems (FMS) largely determines the technical and economic performance of the
equipment of the site, workshop and enterprise as a whole (Pukhovskiy E.S., Malafeev U.M., Dobrianskiy S.S. (2015)).
The arrangement of the main technological equipment (MTE) in the FMS is determined by the production capabilities, the
volume of products and the nature of the parts being processed. General layout schemes for the placement of equipment are
determined by organizational and technical requirements: technological links between sites and workshops, the structure
of the system of tooling of sites and individual processing modules, technical conditions for the operation of buildings,
structures and communications (Increasing of the efficiency of flexible manufacturing system. (2016)). Structural and layout
solutions of a flexible automated site depend on organizational and technological solutions in the workshop, the direction
of material flows, the types of automated vehicles used and their docking devices, the nature of tool support systems
and production waste disposal (Increasing of the efficiency of flexible manufacturing system. (2016)). After sign of the
direction of material flows of objects and means of labor relative to storage areas and processing areas can be distinguished
the following main layouts of FMS: radial, linear, T-shaped, closed, vertical, combined (Azab A., El Maraghy H.A. (2007);
Pukhovskiy E.S. Problemi proektuvannia GVS. (2009)).

According to the radial layout, traffic flows diverge in the radial direction: from the central drive to the equipment located
around the storage area. This layout is convenient for the processing module, which consists of several units centered
around the rack with an industrial robot (IR). With a radial layout, traffic flows diverge in the radial direction: from the central
drive to the equipment located around the storage area. This layout is convenient for the processing module, which consists
of several units centered around the rack with IR (Increasing of the efficiency of flexible manufacturing system. (2016)).
Linear layout is used, for example, when transporting goods by a warehouse stacker directly to machines stretched out into
a line. The stacker acts as a transport device that serves the warehouse and processing equipment. This type of layout is
quite common, since the machines can be located on one or both sides of the service route with a parallel or perpendicular
installation scheme relative to the route (Matta A., Samerato Q. (2006)).

With the parallel arrangement of machines along the route, it is convenient to use any automated vehicles — floor and
suspension, but some stretching of the route and increased in this regard, the need for areas, increased load on vehicles,
the need for their additional quantity for transportation to the machine tool and equipment create some complications and are
the main disadvantages of the parallel arrangement of equipment (Design of Flexible Production Systems. (2009)).

In the case of perpendicular arrangement of equipment to the highway, greater compactness of planning and,
therefore, less need for production areas are achieved, the ability to provide workplaces with the help of one
vehicle with blanks, tools and equipment, the use of both floor and suspended robots for transport purposes. The
disadvantages of this layout are the increased load on the vehicle, the presence of additional requirements for
production areas and the complexity of organizing work in the workplace (Increasing of the efficiency of flexible
manufacturing system. (2016)).

In the case of a T-shaped layout, the machine maintenance routes are perpendicular to the storage routes. This type
of layout increases the flexibility of the system and contributes to an increase in the storage of parts while increasing the
scale of production. In ring layouts, the transport route of an arbitrary trajectory is closed. The storage area is located
along the section of the route. This layout is very convenient when working on the highway of several vehicles, as it
makes it possible to expand the service optimization area by eliminating returns and reducing the delivery routes of
workpieces and equipment (Design of Flexible Production Systems. (2009)). The vertical layout involves placing the
storage and maintenance area at different levels. The transfer of blanks and equipment takes place in a vertical plane.
Combined layouts, combining several sections, provide maximum flexibility and minimal transport movements in the
case of different placement of technological equipment. When developing the layout of the FMS, it is necessary to take
into account all the parameters affecting the construction of the system: the type of parts being processed, the route
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and technological processes for manufacturing parts, the number and types of equipment and workplaces, construction
solutions for industrial premises and buildings, technological design standards (Guash A., Piera M., Figueras J. (2011);
Manufacturing Systems. — Theory and Practice. (2005)).

The purpose of the work: Improving the efficiency of flexible manufacturing systems by minimizing the area of
FMS placement, reducing the cost of transport maintenance of equipment and optimizing organizational, technical and
technological connections.

Key words: layout, route, industrial robot, machine tool, site, conveyor, stacker, warehouse.
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