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AHHOTaN M

PaccMarpuBaroTCsi 0COGEHHOCTH pellleHUs JIOTUCTUYECKUX 33Jau C TIOMOI[bI0 COBPEMEHHBIX CPE/ICTB KOMIIbIOTEPHOTO
MofienipoBaHus. IIpuMeHeHue CrelUaJM3uPOBAaHHOTO TIPOrPAMMHOTO 00eCreueHust MO3BOJISET MOAYUUTh Pe3y/IbTaThl
ONTUMU3AIMY WM OLIEHKU PUCKOB TIPH YTIPaB/IEHUU JIOTUCTUKON B MaKCHMaJIbHO KOPOTKUE CPOKU. B paboTe aHaIM3UPYOTCS
pa3/MuHble TAKeThl TMPUK/IAJHBIX TPOrpamMM, TpeJHa3HayeHHble [ 3TOM Iie/i. PaccMmoTpeHsl mpoOieMbl pa3paboOTKu
Mo/jeJieil JIOTUCTHUKY, HallpUMep, CJIOKHOCTh JaHHbIX, YTO MOXKET 3aTPYAHUTh MX aHa/lM3 U UCIO/b30BaHUE [/l TIOCTPOEHUs
Mogienel, Heomnpe/e/IeHHOCTb HEKOTOPBIX (DaKTOPOB, MCIOMb3yeMbIX B TIOJOOHBIX MOJE/SIX, TAKUX KaK M3MeHEeHUsl B CIIpoce,
TPAHCIIOPTHBIE 33/IePXKKA WM TPO6JIEMbI C TOCTAaBKaMH, UTO YC/IOXKHSIET MPOTHO3UPOBAaHUE U TUIAHWPOBAHUE, KPOME TOrO
JIOTUCTUYECKHUE CETU MOTYT ObITh OUeHb OOMBIIMMU M CJIOXKHBIMH, UTO TPeOyeT YUUTHIBaTb MHOXECTBO TEPEMEHHBIX U
orpaHuuenui. IlpeicTaB/ieHa MeTOAWKA peIleHHsl 3ajilau JIOTUCTHKU B cucTeMe Stamm 4.3, oCHOBaHHasi Ha OOBEKTHO-
OpUeHTUPOBaHHOM Mozaxoe, UML-MoenupoBaHiy U TabIMUHON UMUTALUH.

KiiroueBble C/I0Ba: HMWUTALMOHHOE MOJENMPOBAHWe, JIOTMCTHKA, ONTHMU3AlMsl YIpaB/AeHHs 3armacamy, OOBEeKTHO-
OpUEHTUPOBaHHbIN 1ogx0];, UML-MofenvpoBaHue.
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Abstract

The specifics of solving logistics problems with the help of modern computer modelling tools are examined. The use of
specialized software allows to obtain the results of optimization or risk evaluation in logistics management in the shortest
possible time. The work analyses various application software packages designed for this purpose. The problems of developing
logistics models are discussed, such as the complexity of data, which can make it difficult to analyse and use them to build
models, the uncertainty of some of the factors used in such models, such as changes in demand, transport delays or supply
problems, which complicates forecasting and planning, in addition logistics networks can be very large and complex, which
requires taking into account many variables and constraints. A methodology for solving logistics problems in Stamm 4.3 based
on object-oriented approach, UML modelling and table simulation is presented.

Keywords: simulation modelling, logistics, inventory management optimization, object-oriented approach, UML
modelling.

BBepenue

Vcrionb30BaHre KOMIIBIOTEDHOTO MOZIe/IMPOBaHMsl TIPM  pellleHHM 3afilaud ONTHMM3aLMM JIOTUCTHKM TpejriosaraeT
HekoTopble ocobenHoct [1], [2], [3], [4]:

1. Apromatu3auus Tipoliecca MPUHATUS pelieHud. KoMIblOTepHOe MOZeNIMpOBaHWe TO3BOJseT OBICTPO CO3[aBaTh U
aHa/IM3MPOBATh pa3/IMuHble CLieHapHH, UYTO YIIPOIIaeT MPOLeCC MPUHSATHS pPelleHHH.

2. Yuer OGonbiioro konuyectBa (akToOpoB. JIOTUCTHYECKHWE CUCTEMBI MOTYT OBbITH OueHb CJIOKHBIMH U BKJIHOUAaTh
MHOXECTBO (DaKTOpOB, TaKUX KaK BpeMsl [JOCTaBKH, CTOMMOCTb TI€DEBO3KH, 00beM rpy3a u T.J. KommbioTepHoe
MO/ie/IMPOBaHMe 1103BO/ISIeT YUUTHIBATh BCE 3T (PAKTOPHI ¥ OIITUMU3UPOBATh paboTy CHCTEMBI B LIeI0M.

3. B03MOXHOCTb TpOBefileHus1 3KcrepuMeHTOB. C TIOMOILbIO KOMITBIOTEPHOIO MOZIe/IUPOBAHUSI MOXKHO IPOBOJUTH
JKCIIePUMEHTBI ¥ TIPOBEPSITh Pa3/IMYHbIe TUIIOTe3bl, UTO TI03BOJISIET YTyULIUTE PAabOTY JIOTUCTUUECKOM CHCTEMBI.

4. Bornee TOUHBIM aHaM3 JaHHBIX. KOMITBIOTEpHOE MOZIe/TUPOBAHKe T03BOJISIET NIPOBOAWTD Oosiee TOUHBINA aHaNIU3 AaHHBIX
U BBISIB/ISITH CKPBITBIE 3aKOHOMEPHOCTH, UTO MOXKET MPUBECTH K Oosee 3¢ eKTUBHON ONTHMU3ALMHY JIOTUCTHUECKOH CHCTEMBI.

5. CHwxXeHWe DHUCKOB. KoMITbIOTEpHOe MOZe/IMPOBaHKE TI03BOJISIET MpeZCKa3aTh BO3MOXKHBIE TIPOO/IEMBI W PUCKH,
CB$I3aHHbIE C JIOTUCTUYECKON CUCTEMOM, UTO 1103BOJIsIeT IPUHUMAaTh MephI [/1s1 UX MUHUMH3aL{1H.

CylecTByeT 3HaUMTENbHOE KOJMYECTBO MPOrPAMMHOIO O0OecrieueHus, KOTOPOe MOXKET HCIMOJIb30BaThCs [JISi PELIeHUs
JIOTUCTHUeCKUX 3afad. OTMeTUM cpeay Haubosiee U3BeCTHBIX, BbIJie/sisl 0COOEHHOCTH:

1. Excel — ofuH 13 cambIX MOMY/ISIPHBIX MHCTPYMEHTOB [J/1s1 T0A00HOM 1jer. OH [103B0JIsIeT Co3/iaBaTh TabMLibl, rpaduku
Y MarpamMMBel, a TaK>Ke ITPOBOJUTh aHa/IN3 IaHHbIX U ONTHMU3ALIIO.

2. MATLAB — MoII[HBI} UTHCTPYMEHT JJIs pellleHusT MaTeMaTHueCKUX 3a/iau, BK/Io4as jioructudeckue. OH MpejocTaBisieT
IIMPOKHUH CrieKTp GyHKLWI 1 MHCTPYMEHTOB [/ aHa/y3a JaHHbIX, MOZIe/TMPOBaHNS ¥ ONTUMHU3aLiiH.
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3. GAMS (General Algebraic Modeling System) — mnporpamMmHoe obecreueHue, KOTOPOe HCIIOAb3yeTCs [ist
MOZIe/IMPOBAaHUs U ONTHUMH3aLMY JIOTUCTUYeCKUX cucTeM. OHO TO3BOJISET CO37laBaTh U pelllaTh CIOKHble MaTeMaTHuecKue
MOZIe/Y C MOMOILbIO0 CIelMaJbHOrO A3blKa MOZ,e/TMPOBaHuSI.

4. Llamasoft — mporpamMmHoe obecrieyeHre, KOTOpOe HCIIONB3yeTCsl [JIsi ONTHMM3alUH JIOTUCTUYeCKHUX CHCTEM WU
yTipaB/ieHust LiensMU 1ocTtaBokK. OHO T03BO/IsSIeT NPOBOAUTL aHaAM3 JaHHbIX, MOZleIMpOBaHMe U ONTHMM3ALMI0, a TakKkKe
TIPeIOCTaBIsIeT UHCTPYMEHTHI /ISl yIIPaB/IeH!s PUCKaMH{ Y TIPUHSTHS PeLIeHHH.

5. Simul8 — mporpammHoe obecrieueHre, KOTOPOe UCIO/b3YeTCs A/ MOZIeTUPOBAHUS M ONITUMHU3aLUK OH3HeC-TporieccoB
W J0rACTUUecKHX cucTeM. OHO TO3BOJISIET CO3/@BaTh WMHTALMOHHBIE MOJe/NY, aHaaU3UpOBaTh JaHHble U IIPOBOJUTH
OINTUMM3ALIUIO.

6. AnyLogic — cpefja UMUTALIMOHHOTO MOZe/IMPOBaHUsl, UCIIO/b3yeMasl [J11 MOJeIMPOBaHUs U ONTUMHU3ALUM CI0KHBIX
cHCTeM, BK/IO4Yasi jloructuueckve. OHa mpefjocTap/sieT IIMPOKUN CIeKTP WHCTPYMEHTOB [l MOZeIMpOBaHUs, aHaad3a U
ONTHMHU3ALMK, a TaK)Ke I103BOJISeT HUCII0/Ab30BaTh pa3/MuHble METOZbl MOZeNHMpPOBaHUs], BK/IIOUasi CUCTEMHYIO AWHAMUKY,
areHTHOe MOZeNTMPOBaHUe U AUCKPETHO-COOLITHIHOE MOZie/TMpOBaHHE.

Kpome TOTO, MeeTcsi MHOTO TIPOTPaMMHBIX TTPOZYKTOB, PELIAlOLX CTPOr0 OrpaHUUeHHbBIN I1epeueHb 3ajay, Halprumep,
WCII0/Ib30BaHKe AWHAMUYECKOTO U CTOXaCTHUeCKOro ITPOrpaMMHPOBaHUsI [jig pellleHus] ONTUMH3aLMOHHBIX 3azad [5],
ONTUMHU3aLYs TIPOLIECCOB M CUCTEM C MCrosb3oBaHueM QyHKuumii MatLab u Excel [6], MopenvpoBaHue 1 onTMu3anys 1iernei
I10CTaBoK [7].

IMTo manubiM Kommnanuu XJ Technologies (mpousBoguTesisi ynoMsiHyTOro Bhillle nakeTa Anylogic), HanbonbIIMM CIIPOCOM
CerofiHs 0/b3yI0TCSl UMEHHO UMUTALIMOHHbIe MOJie/d, pealu30BaHHble /15 06/1acTy JTOTUCTHKY [8].

PaccMOTpeHHBIE BbILIe TAKEThI MPOrpaMM B TOM W/IM WHOM CTeleHW peliaroT 0OO3HaueHHble NPOOIeMbI TPU
KOMITBIOTEDHOM MOZeTMPOBaHUM JIOTHCTUYECKUX 3afad, obsafjasi TIpu 3TOM Orpefie/ieHHBIMU HefjocTaTtkamu. Hampumep, Bce
BBILIENIePeyurC/ieHHOe — 3TO KOMMepuecKue NMPOAYKThI C NMPWINYHOM LIeHOM, KPOMe TOro, B CBfI3M C TIOJIMTHKOM 3amaJHbIX
CaHKIMH B OTHOIIEHWH Poccri MHOTHe W3 HUX TIPOCTO HeAOCTYIHBI HAalllUM TIoTpebuTensam [9].

O0BEKT U METO/bI HCCIEA0BAHHUS

B KauecTBe 00BeKTa UCC/IEIOBAHUS B JJAHHOW paboTe BBLICTYMAIOT THIOBBLIE JIOTUCTHUECKHe 3ajiaud. [l WX pelleHus
WCMO/b3yeTCsl HeKOMMepueCcKui MpoAyKT Stamm 4.3.

[anHoe mpuo)KeHUe pa3pabaTbiBaeTCsl U COBEpIIEHCTBYeTCs aBTopoM Oosiee 20 /€T, ¥ eC/IM H3HauaJbHO CHCTeMa
TipejHa3HayJasnach Jjisi OpraHu3aly IPOCTEHIIIero MIMUTAMOHHOTO MOZe/IMPOBAHMS C TIOMOIIBIO /IeKTPOHHBIX TabuvL], TO B
HacTosiiijee BpeMsl JOCTYIIHBI Psiff (GYHKIIMI, KOTOPbIe MO3BOJISIIOT PelllaTh caMble pas3Hble 3ajaun [10], [11], [12], [13].

B kauecTBe mprMepa pacCMOTPHM IPOCTEMINYIO 3afiauy ONTHMM3AL[M 3aracoB, peasr30BaHHYIO0 C romoirpio Excel.
[laHHasi MOZe/Tb YUMTHIBaeT OFHOMEPHUOAHYIO MOZeNb YIpaB/eHus 3arnacamu. Heo6XouMo orpesie/iuTh pa3Mep 3aKa3blBaeMO
naptuy Part Ha Kakoi-To Oyfylmii TPOMEXYTOK BpeMeHH, eC/Id W3BeCTHO, uTo crpoc D — ciyyaiiHas BelMuMHa C
HOPMaJIbHBIM 3aKOHOM pacrpefiesieHHsl (CpefjHee 3HaueHUe paBHO Mc, cpefiHee KBaJpaTHuecKoe OTK/IOHeHHe — Sc). B tom
cilydae, eciy cripoc OyzeT MeHbllle TOH TapTUy, KOoTopasi Oblla 3aKa3aHa, TO U3[,epKKU COCTaBsT BeTUUHHY

C=Ch- (Part — D)

rae Ch — cronmMocTh XpaHeHUs eJUHHULIBI TOBapa.

B ciyuae, ecsii 3aKa3aHHOM NMApTHUM OKa)KeTCsl HEZOCTaTOUHO /IS yZ{OBIETBOPEHHsI CIIPOCa, TO 3aTpaThbl OYAyT BKIIHOUYAThH
W37lepXKKH Aedurpra

C=0Cd - (D - Part),

rae Cd — witpad 3a AepULUT eAUHULIBI TOBapa.

3aflaua pelllaeTcsl MHOTOKPaTHBIM IPOWIPbIBAHHMEM CHTYyaljMd Ha CKJaJile C yuyeTOM 33/laHHOIO 3aKOHa pacIipefiesieHus
cripoca. B ciyuae ucrnonb3oBaHusi Excel MMeeT MecTo nceBi0-MMUTALMOHHOE MO/leIMpPOBaHKe, TaK Kak BapbUpOBaHUe CIIPoca
OCYIIIeCTB/ISI€TCS B pe3y/ibTaTe U3MeHeHUsI CBSI3aHHbIX sUeeK B COCeIHMX CTPOKax, a TaKue IapaMeTphl MOJe/IN KaK HavaslbHbIi
yPOBeHb 3araca ¥ 00beM TIPOM3BOJCTBA BBOJATCS B MOAENb BPyuHyH (puc. 1). DTo cBsizaHO C orpaHuueHusimu Excel Ha
WICII0/Ib30BaHe 1ePeKPeCTHBIX CChIIOK.

PucyHok 1 - MogenupoBaHye CUCTEMBI C OJHOTIEPHUOHBIM ITOMO/IHEeHWeM 3ariaca B Excel
DOI: https://doi.org/10.60797/IRJ.2024.143.145.1

B ciyyae norpebHocTy B MHOromaroBoM MoHTe-Kap/io HCIo/b30BaTh Takylo Mojieslb He oueHb y00Ho. DTa e 3ajiaua B
Stamm pellaeTcsi HAMHOTO IPOLL{e 1 BBIMISIAUT KOMITaKTHee (puc. 2).
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Nwer ceTra KoHCTpyMpoBaHHe HeApoceTh ¥NpaEneHne MMUTALMEN TaBAMYHOrO TN Cucrema € of... - [m] x

!h" Tnasras PaBounii e HeiipoceTs TaBANuHas MMATALMA Crune = (@) Auedika -
s
4 > W @ B I |
Ha3ag OcraHosuTe Briepea NapameTpol Opraw BusyaneHeii [paditin
HUMUTALNID Mogenmn YNpaeneHua ™ KOHTpOAB
¥npaenexne KoHTponnepsl
Y= :
Crcremac swb x| -
McxofHele naHHble 3Hayenune C D E [F [
1 Cmoumocme xpanenus. Ch, py6 60
2 Ci degh Cd, py6 160 Mepnog, gaHenn  |Cnpoc, D Ocratox Ha cknage,wt |Hagepxkn, C, pyt
3 HavankHelll ypoeeHs 3anaca, N, wm 5 15 £iel44 1656254 5|0 844746 £ 50 68476 i
4 06wEm npouzeodcmea, Part, wim 40
[ Cpednee 3navenue cnpoca, Mc, wm 40
6 CKO cnpoca, Sc, wim 5
7 |
3 |
9
10
fm\uuuralum 1 AMner 1/

Manene 1 MNaHene 2

PucyHok 2 - MogenvpoBaHue CUCTEMBI C OFHOIIepHUOIHBIM ITOMOJIHeHHeM 3araca B Stamm 4.3
DOI: https://doi.org/10.60797/IRJ.2024.143.145.2

ITpu 3TOM Hab/KOAATH 38 U3MEHEHHEM CHUCTEMbI MOXKHO B OTAENBHOM OKHe, N00aB/sis Ty#a HeoOXoauMbIe AJisi KOHTPOJIS
repeMeHHbIe (puc. 3).

PucyHok 3 - OKHO KOHTpOJIS TapaMeTpOoB NPH Tab/IMYHON UMUTAL{N
DOI: https://doi.org/10.60797/IRJ.2024.143.145.3

Ilpumeuanue: Stamm 4.3

OpHako HanboJsiee yA0OHO pellaTh ONTHMH3AIMOHHBIE 33/laull JIOTUCTUKH, UCTIO/IB3Ysl BeCh TIOTeHIMaa pacCMaTpruBaeMoi
CUCTeMBI. VIMeeTCsl psifi pa3HOIIAHOBBIX 3afilad ONTHMU3AL[UM JIOTUCTHUECKHUX CHCTEM, TeM He MeHee HUMEIOIIUX CXOKUEe
3/1EMEHTHI.

YKpyIHEeHHbI aAropuTM UMUTALMU C TIOMOILBIO siueeK B Tabsuile TMpesycMaTpUBAeT CreAyroljue AedcTBusi (puc. 4).
VHuIManu3alyio epeMeHHbIX BUPTYaJlbHOTO MO/IEJIbHOTO BpeMeHH — HauaibHOro 3HaueHus (T0), koneunoro (Tmax) u miara
MogenupoBanus (AT).
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PucyHok 4 - OCHOBHOH a/ropuT™ TabJMUHON UMHUTALUN
DOI: https://doi.org/10.60797/IRJ.2024.143.145.4

Ilpumeuanue: Stamm 4.3

[lo ucTeyeHUs1 MOZie/IbHOTO BpeMeHH BBITIO/HSIETCS LIUKJI, Ha Ka)k[JOM I11are KOTOPOT'O OIpe/ie/isieTcsl TeKylljee COCTOsIHUE
CHCTEMBI, B TOM UKCJIe BHYTPH IVIABHOTO LMKJ/IA MOZe/IM TIpYU HeO0OXO[UMOCTH VIMeeTCsT B/IO’KeHHbIN LIMKJI, 00padaThIBaroLvii
COCTOSIHHE KOHEUHOT'0 UMC/Ia OJHOTUITHBIX BUPTYaIbHBIX 00beKTOB. Takue 0O0beKThl B COOTBETCTBUU C MIPHUHLUIIAMH 0OBEKTHO-
OPHEHTHPOBAHHOTO MO/Ie/IMPOBAaHNs MMEIOT OfIMHAKOBbIE CTPYKTYpY, Habop MepeMeHHBIX IapaMeTpOB, CBSI3M C APYTHMH
KOMITOHEHTaMH MOZeIH.

B ciyuae pemtenus 6Gosbloro Xpyra 3afad B 06/7acTé JIOTMCTUKK Ha TPAHCIIOPTe, MOXKHO BbIE/NTh 0OBEKTHI Kilacca
«[ToTpebuTenb pecypcoB». DK3eMILISIPAaMM TaKOrO KJacca MOTYT ObITh, HarpUMep, aBTOMOOW/IH, PacXOAYIOLIUe B MpoLecce
3KCILTyaTal[ii TOIUIMBO, IIWHBI U T.II. TOT pacxof, Y siBiseTcss (GYHKLMI BHEIIHUX U MHBbIX (akTtopoB (X1, X2, ... Xn) u
BpeMeHU. B cBOO ouepe/ib, 3TOT K/1acC MMeeT JjBa NPUHLIMIMAIBHO Pa3sHbIX MPOU3BOJHBIX K/1acca, HeMPephIBHO PAaCXOAYHOIIKX
pecypc € TeueHHeM BpeMeHH U MoTpebsisitoinye ero AUCKpeTHO. K 0coBeHHOCTSIM MOC/eiHEr0 MOXKHO OTHECTH M3MeHeHHe
CBOEro COCTOSIHUS B TpoLiecce noTpebieHus pecypca. [IpumepamMy BTOPOro MOAK/Iacca siB/SIOTCS aBTOMOOUIIH, MeproArde CKH
TIPOXOASIIIVe TVIAHOBOE TeEXHUYeCKoe 00CTy)KiUBaHHe ¥ HyXK/JAIOIecs: B 3aMeHe HeKOTOPBIX JieTaslel, Macia U T.I. Ha pucyHke
5 mpefcTaBieH anroputM 06paboTK 0OBEKTOB Takoro Kjiacca B TaOMMYHON MMHUTAUWK. [JaHHBIN aJrOpUTM, KaK M caM KJ1acc,
AB/IsieTCs1 abCTPAKTHBIM, ero KOHKPeTHast peanu3aliys OyzeT 3aBUCeTh 0T 0CoOeHHOCTel MofieupyeMoro o6beKTa.
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M3MEHEHHE MHIHMEATOPa COCTORHMA

PucyHok 5 - IITabnoH anroputMa «O0beKT OTpebuTeb pecypcoB» B porpamme Stamm 4.3
DOI: https://doi.org/10.60797/IRJ.2024.143.145.5

OcHoBHBIe pe3y/1bTarhl

B mporjecce WMHTALIMOHHOTO MOAE/IMPOBAHUS JIOTUCTHYECKHMX 3a/jau, MPeJyCMaTPUBAOIIMX B KAUECTBE KOMITIOHEHTOB
Mozie/Ii GOJTBIIIOr0 YKC/Ia OJHOTHITHBIX 00BEKTOB, TAKUX Kak aBTOMOOW/IM, C Tie/Tbi0 9KOHOMUH TamsTH 1K HeriesecoobpasHo
HCII0/Ib30BaTh KOMMK K&KJOT0 U3 HUX BO BPeMsl BCeil )KM3HM Moge/i. PaccMarprBaeMast B paboTe MMUTALMOHHAS MOJE/b Ha
6a3ze 3/eKTPOHHBIX TabMIL| TpeaycMarpuBaeT 06pabOTKy Bcex OOBEKTOB Ha KaK/JOM Ilare MO/eJMPOBAHUSI C UTEHUEM
TEKYII[ero COCTOSHUS U3 6a3bl JAHHBIX U A/IbHEHIIIAM COXpaHeHHeM H3MeHeHu# (puc. 4, 5).

C UCIoMb30BaHHEM DPAaCCMOTPEHHBIX TMOAXOAOB ObUIO pa3paboTaHO HECKOIbKO WMHTAIMOHHBIX MOJIeNel B CHUCTEME
Stamm. Haripumep, Mofie/lb ONTUMU3ALIMK 3arlacoB MHEBMOOAIOHOB aBTOOYCOB (pucC. 6).

PucyHok 6 - Mogiesib ONTUMH3aL{|K 3ar1acoB TTHEBMODAJIOHOB B rporpaMme Stamm 4.3
DOI: https://doi.org/10.60797/IRJ.2024.143.145.6

BocripousBesieHre COCTOSIHWSI TTHEBMOIOJBECKA aBTOOYCOB OCYLIeCTBsieTcs B siueiikax A6..J9. [laHHble 0 TeKylem
COCTOSTHUH 110 aBTOOYCY MOZIe/TUPYIOTCS C TIOMOIL[bIO CTeLHaTbHBIX siUeeK-KOHTPOJLIEpOB (puc. 7).
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| Kontponnep ckanmposaria ? *

| Cranupyemeit nuot  BuseslB

3a18TE MMA MWCTE AKTHEHOH KHWTW M CTOAGEL WS KOTOpOro
GyayT KOMMPOBATECA AaHHEIE, Hanpurep Nuct 110

| CRaHMPOBATE Yepes 1

| Kawable 20, MOAENeHOrd BEPEMEHIH

. |
| CyueTom ycnoeua  A=AB i
3anatk yonoBWe OTHOPA AAHHEIX, HANPHMED AYEEIKH KONOHOK
A 1B craHWpyeMoro NMCTa AONHHE! BEME PABHE! AMERKaM |
D5 C7 Texywera [4=05 and B=C7]

| @ 3anuceisate ofpatHo

: C yseTom BeipakeHua =i(dB<1 & bE=0, Cufvalue + ¢k, if{d6<1, Co

PucyHok 7 - fIuelika-KOHTpoJuiep /i/1st 0OMeHa JJaHHbIMU C Tabnurel «Buses»
DOI: https://doi.org/10.60797/IRJ.2024.143.145.7

Copep>xumoe Tabimiipl «Buses» HU3MeHsieTCs TIO KakJoMy aBToOyCy IpH M3MeHEeHHW MOJeNbHOro BpeMeHH (puc. 8).
@akTOphI, BAMAIOIIME HA Pacxoj, pecypca MHEBMOOAOHOB, cofiepxarcsi B siuedikax E1, E2, G2 Tabnuipl, copepikaliei
MMHTAIMOHHYI0 Mozienb «Stock optimisation» (puc. 6), 0HM, B CBOIO OUepe/ib, 3aBHUCST OT TeMITepaTyphl OKpYsKaroliel cpesibl 1
JPYTUX YCJIOBUH 9KCIUTyaTaluy, TIpe/icTaBIeHHbIX B Tab/IMUHOM BUe, mucT «Weather» (puc. 9).

air buses b x|
A B © D E F G H I J
1 1 6493.292485 |4617.904036 |1863.267245 |74494.653682 |10465.268514 |68360.030105 |75832.607214 |2100.58857  |0.0974177881 |
2 2 76475 254842 |76003 355192 |73692 325674 |3451.349192 9229 160652 (8283493186 (414504208 |67661.848543 |0.9667552624 |(
3 3 5112429271 |3064 428494 |77391257163 |69586.15618 |4192 627909 |76477 99637 (6026281955 |76477 99637 |0.0711157858 |(
14 4 73675.53813 |231.019163  |666.78761 72961.349555 |70883.693225 |5684.270259 |67677.507173 |0 0.9384054064 |(
5 5 8073341745 |75211 234644 |75669 4665567 |73558.38972 |1866 477539 (76127 101054 (73325 077155 78703 992504 |0.1214573356 |(
6 6 77084 876297 |5051.135174 |1582 475005 |2255023158 1365890057 |5758 637037 (2255023158 |77084 876297 |0.9727678269 |
7 7 75357.945912 |69629.04215 |704.341766  |66403.803511 |73509.129309 |70555.962124 |76769.751737 |75357.945912 |0.9720495208 |(
8 8 75346 721455 |73960 905786 |2944 143826 |77011.303977 |68183.144382 |6157 344532 (76518 259827 (8685074754 |0.9731552641 |(
9 9 6650155863 |3028 96286 1412195131 |3486.46304 |75157 433282 |8282 865919 (923708738  |70301.087379 |0.0983613635 |(
| 10 10 75034.45921 |11658.400369 |74356.298566 |3641.686899 |5531.219582 |8126.206053 |69279.423975 |75456.419159 |0.9992050645 |(
| 11 " 2517655983 |70686 661642 |67448 614633 |73378 431173 |76338.680327 |6707 506867 |74758 185628 (70899 024356 |0.0324742761 |(
12 12 1822 579731 |3006.658465 |903 415345 |75791.401631 |74201.460062 2286 73988 (70044358151 12847 780162 |0.0175723849 |(
13 13 75209.177296 |76798.225978 |74979.290249 |684.366775  [3203.510194 |454 662856  |684.366775  |73801.330951 |0.9960232840 |(
[z 14 77110 419566 |72210.0212  |5736.44431  |5494 609573 |15671.053242 |77760.370218 (4336 608878 |4336.608878 |0.9622465593 |(
15 15 510193593  |7869.020162 |70677 566622 |77045 574867 |75685.158412 |930.768092  [4186.575085 |66725 780501 |0.0861957625 |
16 16 65064.545185 |76186.96976 |4416.5768394 |62974.938203 |75731.593625 [72308.95371 |1110.656837 |74180.108434 |0.8045927448 |(
‘ |4 [+ |\ Stock optimisation £ Graphs data { Weather £Failure ) Buses /

PucyHoK 8 - JIUCT ¢ akTyanbHbIMH JJ@HHBIMU O COCTOSTHUH aBTOOYCOB «Buses»
DOI: https://doi.org/10.60797/IRJ.2024.143.145.8

PucyHok 9 - JIuCT c IpOrHO3HBIMYU JIaHHBIMU O 110r0/le U MHTEHCUBHOCTH 3KCIITyararuu « Weather»
DOI: https://doi.org/10.60797/IRJ.2024.143.145.9

C unCrosb30BaHUEM aHATIOTUYHBIX AJTOPUTMOB pa3paboTaHbl TakKe MOZENM YIpaBieHWsl JIOTHCTUKOW TIpU PEMOHTe U
o6cy>kvBaHuM BepTosieTHOro napka «HOTetip» Ha CeBepe TromeHckol obactu (puc. 10) u psifi APyTUX.
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PucyHok 10 - TabmuyHast IMUTALIMOHHAS] MOZIENb «YTIPABJIeHHE JIOTUCTUKON OCHOBHBIX arperaToB K Mectam 0a3upoBaHUs
BEPTOJIETOB»
DOI: https://doi.org/10.60797/IRJ.2024.143.145.10

3ak/iroueHue

[Mpexo)keHHbIe METOJbI OpPraHW3ald UMUTALMOHHBIX MOJenel TabIMYHOro TUIA TMO3BOJIAT COKPAaTUTh BpPeMsl Ha WX
pa3paboTKy, a TakKe MCIO0/b30BaTh 0a3y JAHHBIX TEKYIIIEr0 COCTOSIHUSI OOBEKTOB B XO/Ie UMMTAIJMOHHOTO KCIIePUMEHTA ISt
JIOTIOJTHUTETbHOTO aHa/n3a U TIPUHATUS pellleHHH KakK B XOJle MOJe/IMPOBaHusl, TaK W TNPHU ero 3aBepiieHuu. [lomydyeHHBIe
pe3yJIbTaThl JIETKO MOTYT OBITH MepeHeceHbl 13 pabourx JIMCTOB Stamm B APyTHe TIPUIOXKeHsI, Harpumep, Excel.
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