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MPOEKTYBAHHS IMITAIIMHOI MOJEJII POBOTH
3EPHOBOI'O 3BUPAJIBHO-TPAHCITIOPTHOI'O KOMIIVIEKCY

Anomayis. CyuacHe CLIBCBKOTOCTIOIAPChKE BUPOOHHUIITBO
XapaKTepU3y€EThCS 3HAYHUM 3pOCTaHHSIM 00CATY NepeBe3CHHS BaHTaxiB. Ha
TpaHCHIOPTHI Tporecu npunaaae a0 35% Bcix 3arpat nparii 1 70 40% 3aTpar
eHeprii. Ha cyyacHoMy eTami pO3BHTKY CLIBCHKOTOCIIOAAPCHKOTO
BUPOOHUIITBA OCHOBY TPAaHCIIOPTHUX 3aCO0IB CTAHOBUTH aBTOMOOUIHHHIA
TpaHCOPT. Ha BHYTPINIHBOTOCHIOMAPCHKUX IEPEBE3CHHSAX TOpST 3
aBTOMOOUIPHUM TPAHCIIOPTOM IIUPOKO BHUKOPUCTOBYIOTH TPAKTOPHUH
TPaHCIOPT. 3HAYHUM 00CAT, 0COOJMBO Y BECHSIHO-JIITHIN 1 OCIHHIN Mepiojy,
NpUIIaJIa€ Ha MepeBE3eHHs MPOAYKIIi raimy3i pOCIMHHUIITBA, 1€ HEOOX1THUHN
TEXHOJIOT1YHUN  TpaHcmopT s Toro, 1o0 o0 ’eanatu  GyHKIIT
TPAHCIIOPTHUX 1 TEXHOJIOTTYHUX MAIIUH (30MpaHHS 3€PHOBUX, IIYKPOBOTO
OypsIKy, KYKYPY/3H, 3arOTiBJIs CiHA, COHSIITHUKY, CUIIOCY TOIIIO).

Oco6mBa poJib TPAHCIIOPTY B CLILCHKOTOCIIOIAPCHKOMY BUPOOHHUIITBI
MOSICHIOETBCSI THM, 1110 TPAHCIIOPT Pa30M 3 arperaraMu 0e3rnocepenHbo oepe
y4acTh y BUKOHAHHI TEXHOJIOTTYHUX IPOIIECIB, orneparii. Bin nmpaBuibHOT
oprasizartii nepeBe3cHb, OCHAIIIEHOCTI CLTBCBKOTOCITOAAPCHKHIX
MIANPUEMCTB CYJaCHUMH TPAHCIIOPTHUMH 3aco0aMH Ta iX €(EeKTHBHOTO
BUKOPHUCTAHHS 3aJICKUTh CBOEYACHICTh BUKOHAHHSI CUTBCHKOTOCTIOIAPCHKUX
poOIT y BCTAaHOBJIECHI arpoCTPOKH, MPOAYKTUBHICThH 1 PiBEHb COOIBApTOCTI
MIPOYKITIi.

B po6orti Oyio BUKOHAHO MPOEKTYBAaHHS IMITaAIlIHHOT MOAENl poboTH
3€pHOBOTO  30MPATBLHO-TPAHCIIOPTHOTO KOMIUIEKCY 3 BHUKOPUCTAHHSIM
cucremu moxaemoBaHHsI GPSS (General Purpose Simulating System). 3a
nomomoroto GPSS mMu MokeMO CTBOPIOBATH MOJIENI K y Oe3nepepBHOMY
CEpEeNloBHIIIl, TaK 1 B AUCKpeTHOMY. Po3pobiiena Mmojens Oyae BUKOpUCTaHa
JUTSL TIPOBEACHHST €KCIIEPUMEHTAIBHOTO JOCTIKEHHSI pOOOTH 3€pHOBOTO
30UpaNbHO-TPAHCTIOPTHOTO KOMIUIEKCY 3a PI3HUX CIleHapiiB. EkcnepumeHT
OyZe CympoBOKYBATHCS CTATUCTUYHUM OIPAIIOBAHHSIM pe3ynbTaTiB. Lle
MO/ICJIFOBaHHS TaCTh MOXKJIMBICTh MOKpaImaTd €(eKTUBHICTh Ta SAKICTh
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poOOTH 36pHOBOTO 30MPaTHLHO-TPAHCIIOPTHOTO KOMILIEKCY.

Ha mixcTaBl mpoBeAeHOro MOCHIIKEHHS MPOEKTYBAHHS IMITAI[iiHOT
MOJIe1 3€pHOBOTO 30MPaIbHO-TPAHCIIOPTHOTO KOMILJIEKCY OyJI0 BU3HAUYEHO,
[0 MPU BUKOPUCTAHHI 7 TPAHCHOPTHHUX 3aCO0IB JJIsi 7 3€pHO30MpaTBHUX
KOMOaITHIB 3aBaHTaXEHICTh TPAHCIIOPTHUX 3ac001B JopiBHIOE 99,3%, 1110 €
Jy’K€ TapHUM MOKa3HUKOM €(hEeKTUBHOCTI pOOOTH JAHOTO KOMILIEKTY.

Knwouosi  cnosa: iMiTaiiiiHa MOJAENb, NPOEKTYBaHHS, 3€PHOBHIA
30MpabHO-TPAHCIIOPTHUHN KOMILIEKC, OJ10K-cxema poootu, GPSS.

Ilocmanoska npobnemu. Hectaya TpaHCHOPTHUX 3aCO0IB Y
POCIMHHUIITBI TpHU3Beia 10 YHEMOXJIMBJICHHS BHUKOHAHHS HEOOXITHHMX
00CAriB TPAHCHOPTHUX POOIT B ONTUMAJIbHI CTPOKU, OCOOJIMBO Ha 30UpaHH1
BpOXKAI0 CLILCHKOTOCTIOAAPCHKUX KYJIbTYp. HecBoedacHi mepeBe3eHHs y
CUIBCBKOMY  TOCIIOJIAPCTBI  MPHU3BOJAATH JO TMOPYIICHHS TEXHOJOTI]
BUPOOHUIITBA CLILCHKOTOCIIOAAPCHKOI TPOAYKIi Ta BTpaT 310paHOro
Bposkato 10 30-50%. Yepes HecTady TpaHCTIOPTHUX 3aC001B HA 30MpaTIbHUX
poboTax mpocTOrOBaHHSA 30uMpanbHUX MamuH Moxe csaratu 30-40%
3MIHHOTO Yacy, TOMY HeoOXiJHa MpaBUiibHA OpraHi3allis 301pagbHUX poOiT,
110 3aJIEKUTh BiJl OCHOBHUX Ta IPYTOPSIHUX YHHHHKIB.

TpuBanicTe 30MpaHHsA 3€pPHOBHUX KYJIBTYp 3aJ€KHUTh BiJ: HasSBHOCTI,
TEXHIYHOTO CTaHy Ta pOOOTO3IaTHOCTI 30UPaTbHOT TEXHIKH, TPAHCTIOPTHUX
3aco0iB, opraHizaiii poOOTH 30UPAIBHO-TPAHCIIOPTHUX KOMIUIEKCIB,
HOrOHUX YMOB 1 iHIuX (aktopis [1]. Y mepioa 30upaHHs 3epHOBUX BEJIMKa
KUTIbKICTh KOMOAIHIB MPOCTOIOE 3 TEXHIYHUX MPHUYUH, 10 301UIBIIYE CTPOK
BUKOHAHHS POOIT 1 MPUBOAUTH JI0 BEIMKHX BTpaT 3epHa. B 3aranbHiii
npoOeMi [T IBUILIEHHS po60TO31aTHOCTI TEXHIKH 30UpaIbHO-
TPAHCIIOPTHUX KOMIUICKCIB Ha 30MpaHHI 3€pHOBUX KYJIBTYpP IOCTaBJICHA
3a/1a49a CKOPOYEHHS MPOCTOIB KOMOAIHIB 3 OpraHi3allifHuX, TEXHOJIOTTIHUX
Ta TEXHIYHUX MPUYUH, BHACTIZIOK YOTO — 30UIBIICHHS 1X MPOTYKTUBHOCTI.
Komrmnekcne BupinieHHs 1i€i mpo6ieMy MOXKIMBO MUITXOM OOTpYHTYBaHHS
TEPMiHIB TPOBEACHHS 30UPATBbHUX POOIT 3 JOMYCTUMUMHU BHUTpaTaMU
BpPOKal0, ONTHUMI3AII€l0 CTPYKTYpH Ta CKJIaay TEXHOJOTIYHUX 1
TPAHCTIOPTHUX JIAHOK, OOTPYHTYBAaHHSAM PaIliOHAIBHOTO PE3EPBY 3allaCHUX
YaCTHH Ha PI3HUX PIBHAX 30epiraHHs Ta OpraHi3aiicro peMOHTHO-TEXHITHIX
i i gac 30upanss [1].

BaxxnuBuM min yac 30upaHHs BPOXKAIO € HE JOMYCTUTH MPOCTOIOBAHHS
3epHO30MPATIbHUX MAIINH Yepe3 BIICYTHICTh TPAHCTIOPTHUX 3ac00iB, a00 kK
MPOCTOIOBAHHSI CAMHUX TPAHCIMOPTHUX 3aC00iB. YHUKHYTH I[HOTO MO>KHA
3aBJISIKY TIPABHIIbHIN OpraHi3allii 30upagbHO-TPAHCIIOPTHUX POOIT, JIJIS 4OTO
PO3pPaxoBYIOTh HEOOXIAHY KUIBKICTh 36pHO30MPaIbHOT TEXHIKH (BIACHOT UM
3aJIy4eHo1), po0oTa AKOi HE IOMYCTUTH ii TPOCTOIOBAHHS.

OnepatuBHE YIPaBIiHHA KOMIUIEKCOM 30UPATbHO-TPAHCIIOPTHUX
poOIT BUMarae BiJ HOTO OpraHizaTopiB JIIKBiAallii MPOCTOIB
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3epHO30MpaIbHUX KOMOAMHIB 1 aBTOTPAHCIIOPTHUX 3aCO0IB Ta Y3rOMKEHHS
TEXHOJIOTIYHUX MapaMeTpiB OOCIYyroByIOUMX MEXaHi3MiB. [ 0JOBHHMIA
pe3yabTaT 3JIaroKeHoi poO0OTH 30UPaTbHO-TPAHCIOPTHUX KOMIUIEKCIB
roCroAapcTB MOJSAra€ B BU3HAYEHHI ONTUMAJIbHUX TEPMIHIB 30MpaHHS
BpPOXKal0 Ta PO3PaXyHKY B3a€MHOI BIIMOBIIHOCTI TEXHIYHUX NapameTpiB
arperariB 1 MEXaH13M1B KOMIUIEKCY [2].

[Ipu  30uIbIIEHHI  BiACTaHI  MepeBe3€Hb 1  BUKOPUCTAHHI
BUCOKOTIPOJYKTUBHUX TPAHCHOPTHUX 3aco0iB s 3abe3meueHHs ix
Oe3nepebiitHOi  poOOTM B~ BUPOOHMYMX  yMOBaX  BiJOYBa€eThCs
HEOOIpyHTOBaHE 30UIbIIEHHS TEXHIYHUX 3aC001B MPH IX HASIBHOCTI, 110 BEJIe
70 TIPOCTOIB OCTaHHIX. 30UIBIIIEHHS TPUBAJIOCTI ONEepalliii MpPU3BOIUTH 10
3MEHIIICHHs e(DEeKTUBHOCTI BUKOPUCTAHHS SIK MPUOMPATHHUX MAIIWH, TaK 1
TPaHCTIOPTHUX 3ac00iB [3].

Ananiz ocmannix docniodxcensy. [lutanHsMH aHamizy poOOTH 36pHOBOTO
(1 He TUIBKHM) 30MPaTBLHO-TPAHCIIOPTHOIO KOMIUIEKCY Ta OOTpYHTYBAaHHS
fioro ckiagay, ocoONMMBOCTEH Ta BU3HAYCHHS TEXHIYHUX XapaKTEPUCTHK, a
TaKOXX MPHUHIIMIIAMH TTOKPAIaHHs Ta MOJINIICHHS €QEeKTUBHOCTI POOOTH
TaKUX KOMIUIEKCIB B Cy4aCHHX yMOBaX OyJI0 YaCTKOBO PO3KPHUTO B Iparlsx
TaKUX 3aKOPJAOHHUX HayKoBIIIB, ik Rogovskii I. L. [4], Arifin Moh Zainal
[5], Kleijnen J. P. C. [6], Harchol-Balter M. [7], Villarreal Gonzalo Lujan
[8].

3apa3 6arato i1 BITUM3HSHUX HAYKOBI[IB TaKOX aKTUBHO 3alMarOThCS
TEOPETUYHUMHU Ta MPAKTUYHUMU aCTIEKTAMU IMITAI[IHHOTO MOJICITIOBAHHS Ta
IpoOJEMAaTUKOI0 POOOTH 30HMPATbHO-TPAHCIIOPTHUX KOMIUIEKCIB, a IIe
Bueni: JIyoko JI. B. [9], 3inoB’eBa O. I'. [9], llapos C. B. [9], Kpaseus I. O.
[10], Baropsincekuii B. I'. [11], Iatikosa T. B. [11], Xopoascekuii B. JI. [11],
Kyzes 1. O. [11], Aomymi . [1], TTerpux A. B. [2], Mamyxka b. [3].

[IpoTe cydacHe cTaHOBHIIE JaHOI MPOOJEMHOI 00JacTi BU3HAYAE
HEOOXITHICTh 1€ OUTBIINX MOCTIIKEHb Ta TMOIIYK ONTUMAJIbHUX DIICHb
I0JI0 MOKpaIaHHs e(HEKTUBHOCTI pOOOTH TaKMX KOMILJIEKCIB Y KHUTTI.

Takox, He 3Bakaro4M HaA 3HAYHY KUIBKICTh Mpalb MPUCBIUYECHUX
BUBYCHHIO JaHOI MpOOJeMaTHKHU, YUMAJO MUTaHb 3aJUIIAIOTBCS JIOCI
HEBUPIIICHUMHU 1 TOTPEOYIOTh IEPEOCMUCIIEHHS Ta KOPETYBaHHS.

Dopmynrosanns yini cmammi. Meta 1aHOT PpoOOOTH BHUKOHATH
MPOCKTYBAaHHS IMITAIiifHOT MoOMAENi poOOTH 3epHOBOTO 30MpaNBHO-
TPAHCIIOPTHOTO KOMIUIEKCY MJI TOKpAIlaHHS IMOKa3HUWKAa €(EeKTUBHOCTI
Horo po6oTH.

OcHosHa wacmuxa. ABTOMOOUTHHUI TPAaHCTIOPT € OCHOBHHM BHIOM
TPAHCTIOPTY B CLILCHKOMY TOCIIOAAPCTBI, HA YACTKY sKoro npunaaae 10 80%
BCHOT'0 00CSTY IepeBe3eHb. TpaHCIIOPTHI BUTPATH 3aiiMalOTh B 3araJIbHOMY
00cs131 BUTPAT HA BUPOOHUIITBO CUIbCHKOIOCIIOAAPCHKOT MPOYKIIIT 3HAUHE
Miclle — B COOIBapTOCTI CUIbCHKOIOCHOAAPCHKOT MPOAYKII CKIAAAI0Th
15...40% [11].
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[Ipy  Bu3HAueHHI  MOTPIOHOI  KIUIBKOCTI ~ aBTOMOOUIB s
0o0CIIyTOBYBaHHS 3€pHO30MpATIbHUX KOMOAWHIB y CKJIajal 30upaibHO-
TPAHCIOPTHOTO KOMILIEKCY JJIs1 BIANOBIAHUX NPUPOAHO-KIIMATUYHUX YMOB
3a BIIOMUMHU METOAMKAMHU HEBIIOMO, Yi OyJie TPU JaHOMY CITIBBIAHOLIEHHI
KOMOaiHIB 1 aBTOMOOUIIB JdOCSITHyTa e€(EeKTHBHA poOoTa 30UpaIbHO-
TPAHCIIOPTHOTO KOMIUIEKCY, TOOTO UM KOMOaiWHH OYyJIyTh HAIOBHIOBATH
OyHKepHU 3€pHOM, a aBTOMOOLUII CBOEYACHO TPAHCHOPTYBATH 3€PHO Ha TIK
abo0 CKJIaJ iy TOCIoAapCTBa.

[lin yac pyxy no moJyito 3epHO30MpaibHUX KOMOaWHIB y CKJIaji
30MPaTbHO-TPAHCIIOPTHOTO KOMIUIEKCY IOCTIHHO BHHHUKAIOTH 3asBKU Ha
oOcityroByBaHHS (PO3BaHTKEHHS OyHKEpiB HANlOBHEHHWX 3€PHOM B KY30B
aBromoOuts1). Ilicms  3agoBojieHHS — 3asiBKM  Ha  OOCIYroBYBaHHS
(po3BaHTa)KeHHsI OyHKepa) KOMOalH MPOOBKYE POOOTY 1 BUHUKAIOTH HOBI
3asiBKU. Pi3HOMaHITTA (pakTopiB, IO BIUIMBAIOTH HA XiJl 30HpaibHO-
TPaHCIIOPTHUX OTIepalliii, BU3HAYa€ IMOBIPHICHHIA XapaKTep MpoIiecy, 1110, B
CBOIO YEPTy, 3YMOBJIIOE TEXHOJIOTTYHI MPOCTOT aBTOMOOUIIB B OYIKyBaHHI
pPO3BaHTaXKEHHS. SIKIIO TEXHONOTIYHO HEOOXiJHAa BEIMYWHA MPOCTOIB
aBTOMOOLIIB B OUIKYBaHH1 HABAaHTA)KCHHsI HE BPAXOBY€ETHCS MPU BU3HAYEHHI
noTpeOu B PYXOMOMY CKJIaJl TIpH KOMIUIEKTYBaHHI 30HpaibHO-
TPAHCIOPTHUX Opuraj, OyAyTh MPOCTOIOBATH KOMOAtHU, B pe3yJIbTaTi 4Oro
ix BupoOaeHHs 3HU3nuTHCA Ha 10-15% [11].

OcHoBHa BUMOTA JI0 MOOYJOBU MOTOYHHUX MPOLIECIB 30MPaHHS BPOXKAIO
€ B 3a0e3nedeHHl poOOTH 3epHO30MpaTbHUX (Ta 1HIIMX) KOMOaiHIB 0e3
IIPOCTOIB 3 MPUYUH BiJICYTHOCTI TPAHCIIOPTHUX 3aCO0IB.

Taxi cucTemMu BUBYAIOTh MUISIXOM MOJICITIOBAHHS. Y HAIIOMY BUIAAKY
iMiTaIiiiHe  MOJEIIOBaHHSA  Iependadanio  po3poOKy  allfOpUTMY
MOJICTIIOBAHHS Ta BHUKOPUCTAHHS «CHCTEMH MOJIEIIOBAHHS JIUCKPETHUX
cuctem» (GPSS), pospobieHoi mareMaTHKaMH YHIBEPCHUTETY IITATYy
Miyuran, ska € HaWOUIBII TMOIHMPEHOI0 CHUCTEMOIO IMITAI[IHHOTO
MOJICITIOBaHHS y CBITOBIM MPaKTHIII.

[Tporec imiTarrii — me TpoBeACHHS OOYMCITIOBAIBHIX €KCIICPUMEHTIB 3
MOJICIIIMH, SIKI TPEJCTaBJICHI1 K AesSKUil HaOip KOMIT'IOTEPHHUX IPOTpam,
BUKOHAHUX, Hanipukiay, y naketi GPSS World. TTopiBHSIHHS XapaKTepUCTHK
(KOHCTPYKITIH, yNOpaBiaiHb) 00'€KkTa, IO MOJCIIOETHCSA, 3IHCHIOETHCS
[UISIXOM BapiaHTHUX TpopaxyHKiB. OcoOnmMBY poJIb Ma€ MOXKJIHMBICTD
0araTopa3zoBoro BIATBOPEHHS MOJAEIBOBAHMX IMPOLECIB 3 MOAAJBIIO0
iXHBOIO CTATUCTUYHOIO OOpPOOKOIO, 110 J03BOJIIE BPaXOBYBAaTH BHUIIAJIKOBI
30BHIIIHI BIJIMBYA Ha 00'€KT, 110 BUBYA€ThCI. Ha OCHOBI CTATHCTHKH, IO
HAOUPAETHCA B XOJI KOMIT'IOTEPHUX EKCIIEPUMEHTIB, POOJISITHCS BUCHOBKH
Ha KOPHUCTh TOTO YW 1HIIOTO BapiaHTy ()YHKI[IOHYBaHHS, a00 KOHCTPYKIIIi
peanbHOro 00'ekTa, a00 CYyTHOCTI SBHIIIA.

VY cknaal 30MpanbHO-TPAHCIIOPTHOTO JIAHKK — M 3€pHO30MpaibHUX
KoMOaitHiB. Y mpoiieci 30upaHHs 3¢pHOBUX KYJIbTYp BOHU CTAlOTh
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JDKEPESIOM MOTOKY 3asiBOK OOCIYTrOBYBaHHS Y BHUIJISIA1 HAIOBHEHUX 3€PHOM
OyHkepiB. JlJi1 BUBE3€HHS 3€pHA HEOOXITHO NependayuTH TPAHCHOPTHI
3aco0u (KaHaJIu 0OCITYyrOBYBaHHS)

Jlns  BU3HAYEHHS TEXHOJOTIYHO HEOOXIMHOr0 Yacy IIPOCTOIO
aBTOMOOLIIB B OYiKyBaHHI HABaHTa)KE€HHSI 3aCTOCOBYETHCS MaTEeMaTUUYHHIM
amapaT Teopii MacoBOro OOCIYroByBaHHS. Y MaTeMaTHYHIM Mojeni
30MpanbHO-TpAaHCIIOPTHA Opuraga (KOMIUIEKC) TMPEICTaBISIEThCA — SK
CUCTEMH  MacOBOTO  OOCIyrOBYBaHHS 3  OYIKYBaHHAM, Yy  AKIA
00CIIyTOBYIOUMM arapatoM € aBTOMOOUIb, THM, II0 OOCIYyTOBY€ETHCS -
KombaifH. CrcteMa MacoBOrO OOCIyrOBYBaHHs 3aMKHYTa, 3 OOMEXKEHOIO
KUTBKICTIO aBTOMOOUIIB. [Ipu poOOTI KOMOaiHIB MOCTITHO BHUHHUKAIOTH
3aMOBJICHHS Ha OOCIYyroBYBaHHS (PO3BaHTa)KEHHS HANOBHEHUX 3EPHOM
OynkepiB). Ilicis po3BaHTakeHHs OyHKepy (3aJ0BOJICHHS BHMOTU Ha
00CIIyroByBaHHS ) KOMOAWH MPOJIOBKYE POOOTY 1 BUHUKAKOTh HOB1 BUMOTH.
Tomy cucremy «koMOaiHH-aBTOMOOUI» CIIJ PO3IIIANATH SIK 3aMKHYTY
CHUCTEeMy MacOBOTO OOCIYrOBYBaHHs, B SKiii BHHUKae 3asBOK Ha
00CITyroByBaHHS B OJMHHMINIO 4Yacy. [Ipy oMy KOKeH aBTOMOOLUTH (KaHAal
00CITyTOBYBaHHS) MOX€ 3aJ0BOJIbHUTH B OJIMHUITIO YaCy L 3asIBOK.

VY CLIBCBKOTOCIIONAPCHKOMY BHPOOHHUIITBI HAWOLIBIIIOTO MOITUPEHHS
HaOyJM CHUCTEMH MacoBOTO OOCIyroByBaHHS 3 ouikyBaHHAM. lle Taki
CUCTEMH, B SKHUX 3asBKa, 10 HaAINIUIa B MOMEHT 4Yacy (BCi KaHalu
o0CIIyroByBaHHS 3alHATI), CTa€ B 4UEpPry 1 4yeKae, MOKU HE 3BUIBHUTHCS
kaHaj. Tak, KoMOaifiH 3 HAIIOBHEHUM OYHKEPOM HE 3aJIUIIAE CUCTEMY 1 YEKAE
Ha YEProBUM aBTOMOO1Ib JIJIT BUBAHTAXKCHHS 3epHA

Bumora, mo nHaxgiiinuia B cuctemy (3ynmMHKa KomOaiiHa 3 TTOBHHUM
OYHKEpOM), SIKIIIO 3aCTa€ BCE aBTOMOOLII 3aHATUMHU 3aBaHTAKCHHAM THIITUX
KOMOaHIB, 3MYIIIEHE YEKATH CBOET YEPTH JI0 TUX MIp, TOKH HE 3BUTBHUTHCS
onuH 3 aBToMOOUTIB. Ilicimsa oGciyroByBaHHS (pO3BaHTa)KEHHs OYHKepa)
KOMOaiHU Yepe3 NesIKUi 4ac 3HOBY CTalOTh Ha OOCIyTOBYBaHHS.

Onuwemo 00KIaOHO npUHYUn pobomu po3pooieHoi Hamu IMImayiuHoi
mooeni. CTpyKTypHa cXema po3poOJIeHOT TporpaMu MOJETIOBaHHS
HaBeJIeHa Ha PUCYHKY 1.

MopentoBaHHS TOYNHAETHCS, KOJIM TPAH3AKT (KOMOAIH) MPUCTYIIA€E 10
30upanus. Kanamamu oOciayroByBaHHsS € TpaHCHOPTHI 3aco0u. Cuctema €
3aMKHYTOI0 0araTOKaHaJbHOI CHCTEMOIO MAacOBOTO OOCIyroBYyBaHHS.
[ToTik BuUMOr (3asBOK) OOCIYroByBaHHS B HIA XapaKTePU3YETHCS
IHTEHCUBHICTIO - A, a MPOMYCKHA CIPOMOXKHICTh KaHaJiB 00CIyrOBYBaHHSI
3asIBOK - IHTCHCHBHICTIO OOCITyTOBYBaHHS - L.

Komb6aiin, 3anoBHeHui 3epHOM, crtaHOBUTHCS B depry (CHER) na
OUIKyBaHHSI BUIBHOT'O TPAHCIIOPTHOTO 3ac00y.
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CETMEHT | CEMEIT 2

ADVANCE SAVEVALUE )

4 Tch QTSCHER |

QuEUE ¢
C SAVEVALUE )
J

ENTER [ Lch QTSCHER
TRAN

( SAVEVALUE ) .

| BUNKER I

X$BUNKER 0

E
W
DEPART

:

LEAVE l

— )

TRAN

¥

ADVANCE
Exponential(1,0,1/Mu)

Pucynok 1. CTpykTypHa cxema iMiTaIiiHoi Moaeni

[Tpu BxomxeHHi B mpuctpiii oo6cmyroByBanHs TRAN BiH po3miniye B
BUNKER (kxomipky mam’siTi) OTMHHUIIIO 1 3aTPUMYETHCS 10 THX TP, TTOKH IIsI
KoMipKa He OyJie qopiBHIOBaTH HYJtO (purc. 1).

BussuBmu mopoxniiit BUNKER, komb6aitH oapa3y >k BUXOIUTH 3
MPUCTPOIO 1 3BUIbHAE Micle HacTynmHOMY. CTaTHUCTHUKA OYIKyBaHHS
TPaHCIIOPTY JIJIs1 KOMOaHIB 30upaeThes 3a qonomororo 6oky CHER. Jlaui,
MICHIsT 3aTPUMKHA HA PO3BAHTAKEHHS, TPAH3AKT MOBEPTAETHCS B TMOYATOK
nukay. Ilicns 3akiHYeHHS 3MIHW, TpPaH3aKTH BHUAAISIOTBCS 3 MOJENI
(imiTarris 3aKiHUCHHS POOOTH).
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3a gomomororo OmokiB SAVEVALUE Tp(QT$CHER+1/Mu) i
SAVEVALUE Lch QA$SCHER Bu3Ha4yaroThcst BiIMOBIIHO Yac OYiKyBaHHS
KOMOAIHIB B 4ep3i Ta CepeaHs JOBXKHHA YePIr'd, TOOTO KUTbKICTh KOMOAHIB,
sSIK1 OUIKYIOTh TPAHCIIOPTHHMI 3aci0 (puc. 1).

Ilpumimka. B paHiii Mojaeni MH HE BpaxOBYEMO IE€pPEBE3CHHS
TPAHCIOPTHUMU 3ac00aMu 3epHa Ha MPUUMAaIbHUNA MYHKT 1 PO3BaHTAKEHHS
iX, Xoua JJIS MOBHOTH €KCIIEPUMEHTY HEOOX1JTHO BpaxyBaTH BCi (akTopu.
Mu o0MeXHMOCh TUIBKM PO3MOJALIOM KOMOaiHIB 3a TpaHCIOPTHUMU
3acobamu.

BianoBigHo 1o 11i€i 6J10K-cXxeMu nporpamuuii ko B nmaketi GPSS Oyne
BUTJISIaTH HACTYTHUM YMHOM (AMUBUCH HUXKYE).

JIicTHT KOy porpamu:

In EQU 15.85
Mu EQU 1.79
TRAN STORAGE 9
GENERATE ,,,7
A ADVANCE (Exponential(1,0,1/In))
QUEUE CHER
ENTER TRAN
SAVEVALUEBUNK, 1
TEST E X$SBUNK, 0
DEPART CHER
LEAVE TRAN
ADVANCE (Exponential(1,0,1/Mu))
TRANSFER , A
GENERATE 12
SAVEVALUE Tp (QTSCHER+1/Mu; cepenniit yac mpocTow TexHiku
SAVEVALUE Lch QASCHER; cepenHs HOBXuHA 4YepIu
TERMINATE1

[Ticns mporoHy Mojeni MU OTPUMYEMO JIaHi TPO KUIBKICTh BXOJIiB
TPAaH3aKTIB B KOXKEH OJOK MOjeii, KOe(iIlieHT 3aBaHTaXEHOCTI KaHAIB
oOCIyroByBaHHS, CepeaHId yac mepeOyBaHHS TpaH3aKTIB B MOJEII,
CEPENIHIO KUTHKICTh TPaH3aKTiB, IO OYIKYIOTh Ha OOCITYrOBYBaHHS.

@®parMeHT JICTUHTY pOOOTH POTPaMH HABEJACHO HA PUCYHKY 2.

3 pe3ymbTariB  poOOTH  PO3POOJICHOI TpOrpaMu y  CHUCTEMI
moxaemoBanHss GPSS BugHO, 1m0 mpu BUKOPUCTAHHI 7 TPaHCIOPTHHUX
3aco0iB 17151 7 3epHOOMpPATEHUX KOMOANHIB 3aBaHTAXKEHICTh TPAHCTIOPTHUX
3aco06iB gopiBaIOE 99,3% (0,993). [Ipu oMy B cepeHBROMY 3a 3MiHY 6,9
KOMOAWHIB  OYIKYIOTh BHWBAHTaXEHHS 3€pHA, IO CBIIYKATH TIPO
HEJIOCTAaTHICTh TPAHCIIOPTHHUX 3aCO0IB /11 00CITYyrOByBaHHSI KOMOaiHIB.

Bucnoexu. BUkOHaHO TPOEKTYBAaHHS IMITAlIMHOI MoOJeNl pPoOOOTH
3epHOBOTO 30MPATTBHO-TPAHCTIOPTHOTO KOMIUIEKCY 3a JIOMTOMOTOI0 CUCTEMHU
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QUEUE MAX CONT. ENTRY ENTRY(0) AVE.CCNT. AVE.TIME AVE. (-0) RETRY

CHER 7 7 7 0 6.953 11,919 11,919 0
STORAGE CAP. REM. MIN. MAX. ENTRIES AVL. AVE.C. UTIL. RETRY DELAY

TRAN 7 0 0 7 7 1 €.953 ). 993 ) )
SAVEVALUE RETRY VALUE

BUNKER 7 1.000

TP 0 12.478

LCH 0 €.953
FEC XN PRI BDT ASSEM CURRENT NEXT PARAMETER VALUE

9 0 24.000 9 0 11

Pucynok 2. ®parMeHT JiCTUHTY pOoOOTH pO3pO0JIEHOT MporpamMu

MITamiHoro moaeaoBanus GPSS.

Ha mincraBi mpoBeaeHOro MPOEKTYBaHHS IMITalliiiHOT Mozeni
3€pHOBOT0 30MPaTBLHO-TPAHCIIOPTHOT'O KOMIUIEKCY OyJI0 BU3HAYEHO, 110 IIPU
BUKOPUCTaHH1 / TPAaHCTIOPTHUX 3aCO01B [Isl / 36pHO30MPATLHUX KOMOAHIB
3aBaHTAXCHICTh TPAHCIOPTHHUX 3aco0iB gopiBHIoe 99,3% (0,993), mo €
rapHUM  [IOKa3HUKOM IOJIMUIEHHS €(EeKTUBHOCTI POOOTH  JTaHOTO
KOMILJIEKCY.
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DESIGN OF A SIMULATION MODEL OF GRAIN HARVESTING
AND TRANSPORTATION COMPLEX

Summary

Modern agricultural production is characterized by a significant increase in the
volume of cargo transportation. Transport processes account for up to 35% of all labor
costs and up to 40% of energy costs. At the current stage of development of agricultural
production, the basis of means of transport is road transport. Along with road transport,
tractor transport is widely used for intra-farm transportation. A significant volume,
especially in the spring-summer and autumn periods, is accounted for by the
transportation of crop production products, where technological transport is necessary in
order to combine the functions of transport and technological machines (harvesting of
grain, sugar beet, corn, harvesting hay, sunflower, silage etc).

The special role of transport in agricultural production is explained by the fact that
transport, together with aggregates, directly participates in the execution of technological
processes and operations. The timeliness of agricultural work within the established
agricultural terms, productivity and the level of production cost depend on the correct
organization of transportation, the equipment of agricultural enterprises with modern
means of transport and their effective use.

SBTSATU. 13.1.42
500


http://www.tsatu.edu.ua/tstt/naukovyj-visnyk-tdatu/
http://www.aacademica.org/marisa.de.giusti/23

HayKkosuit BicHuk TOATY Bun. 13, Tom 1
5013

The design of the simulation model of the operation of the grain collection and
transport complex using the GPSS (General Purpose Simulating System) modeling
system was carried out. With GPSS, we can create models in both continuous and discrete
environments. The developed model will be used to conduct an experimental study of the
operation of the grain collection and transport complex under various scenarios. The
experiment will be accompanied by statistical processing of the results. This simulation
will provide an opportunity to improve the efficiency and quality of work of the grain
collection and transport complex.

On the basis of the conducted study of the design of the simulation model of the
grain harvesting and transport complex, it was determined that when using 7 vehicles for
7 grain harvesters, the load of the vehicles is equal to 99.3%, which is a very good
indicator of the efficiency of this set.

Key words: simulation model, design, grain collection and transport complex, block
diagram of work, GPSS.
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