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Annomayus: B cTaTbe ONMCAH IMOJIXOJ K NMOCTPOCHHUIO MMUTALMIOHHON MOJENHU CKJaJla BPEMEHHOIO
xpanenus (CBX) B TpaHCIIOPTHO-JIOTMCTHYECKOM KOMILIeKce. Monens peanu3oBaHa B cpene AnyLogic
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ctH U 3¢ dexktuBHOCTH padboTsl CBX npu pa3nuuHbIX napamerpax (Tpy30M0TOK, ypOBEHb aBTOMaTH3a-
AU, KOJIMYECTBO PECYPCOB).
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BBEJEHUE

B coBpeMeHHBIX LEMsAX MOCTABOK CKOPOCTh
1 HaAE)KHOCTH pabOThl TPAHCTIOPTHO-JIOTUCTHYE-
CKHX y3JIOB UM€EET KpuTHueckoe 3HaueHue. C yBe-
JUYEHUEM IPy30I10TOKa (0COOEHHO Ha MOrpaHny-
HBIX MEPEeX0/laXx) U YCIOKHEHHEM TEXHHUYECKHX
orepanuii BO3HUKAET HEOOXOAMMOCTh TE€CTHUPO-
BaHMS M ONTHUMHU3ALUN aPXUTEKTYPhl CKIIAJICKUX
cucreM. JIro00#l ckiiaz SIBISIETCS YaCThIO ILENU
[IOCTaBOK OPraHM3all{, U UMUTALHOHHOE MO-
NeIMPOBAHUE MOXKET IOMOYb ONTHMHU3HPOBATH
CKJIaJICKMe olepanuu, Kak U padoTy Mpodux
UHQPACTPYKTYpPHBIX pecypcoB. JluckpeTHo-co-
OBITUITHOE MOJENIMPOBAHUE IO3BOJISIET ONUCATh
OM3HEC-NPOIIECChl B BHJIE MOCIIEI0BATEIBHOCTU
Pa3oBBIX COOBITHI (HampuMep, NpUOBITHE IPYy30-
BHKa, pa3rpy3Ka U 0Tbe3/). Takol Mmoaxo mupo-
KO MPHUMEHSIETCS] B MPOU3BOJCTBE U JIOTMCTHKE,
oOecrieunBast HaNEKHYIO U YPPEKTUBHYIO OICH-
Ky CHCTEMHOTO TOBEIeHUsI 0e3 HeoOXOIUMOCTH
MOJICTHPOBATh (hU3HUECKHE JeTanu (TEOMETPHIO

NBUKEHUS areHTOB, YCKOpPEHHE TpaHCIopTa u
T1) [1, 3].

Llenb HacTosmeil paboTsl — pa3paboTaTh U
JOKYMEHTHPOBaTh METOJAUKY MOCTPOEHUS IHC-
KPETHO-COOBITHITHOW MOJIETH CKJIaJa BPEMEHHO-
ro xpanenus Ha 1uiarpopme AnylLogic, onmcarb
BBIOpaHHYIO ApXUTEKTYpy, TEXHUYECKHE pellle-
HUS U JaTh PEKOMEHJAIUU MpaKTUKaM. 3ajadu
WCCIIEIOBaHMs BKJIIOYAIOT: Pa3pabOTKy CTPYK-
TYypbl MOJENINM C Y4YETOM OCHOBHBIX OIeEpalui
(mpuém, XpaHeHHME W BblJauya TPY30B), BBIOOp
KOMITOHEHTOB AnyLogic 1 TOMOTHUTEIbHBIX OU-
OIMOTEK, peajau3alyio JIOTUKU TOTOKOB I'Py30B
U TPaHCIIOpPTa, HACTPOWKY MapaMeTpoB, a TAKXKe
aHaJI3 pe3y/bTaToB MMHTALMU. B nanpHenmeM
9TH METOAMYECKHE pEIIEHUs MOTyT OBITh HC-
M0JIb30BaHbl IPU MOJEIMPOBAHUU aHATOTMYHBIX
JOTUCTUYCCKUX CHCTEM U LIU(PPOBBIX TBOHHUKOB!

(2, 4].

APXUTEKTYPA MOJAEJIN U PABMETKA ITPOCTPAHCTBA

[TocTpoenHass Mozenb OTpa)kKaeT OCHOBHBIC
(GyHKIMOHATIBHBIE 30HBI W MPOLECCHl CKIIajaa
BpeMenHoro xpanenusi (CBX) B cocraBe TpaHc-
noptHo-yoructuaeckoro komiiekca (TJIK). B
MOJIEJIH BBIICNICHBI TPU KITIOUEBbIE MOACUCTEMBI,
COOTBETCTBYIOLIUE JIOTHYECKUM HaIPaBICHUSIM
nesitebHOCTH: (1) JKeIe3HOM0pOoKHAS TTOICHCTE-
Ma — NOCTYIIJICHUC KOHTefIHepOB Imoe3gaMm 1 ux
neperpyska Ha aBTOTPaHCHOPT; (2) aBTOMOOMIIb-
HadA MoACHUCTEMA — JABMIKCHUC aBTOIIPUIICIIOB I1O
TEPPUTOPUHU KOMIUIEKCA, UX pa3rpy3ka/3arpyska
1 Mapupytusanus; (3) ckiiaackasi moJicucTeMa —

BHYTpPEHHHUE ONEpPALUU pa3MEIICHUs] U KOMILIEK-
TOBAHUS I'PY30B Ha KPBITOM CKJIaJI€ U HA OTKPBITON
momaake. Kaxast u3 3Tux yacreil peain3oBaHa
cpenctBamu AnyLogic: ans skene3HOJOopOKHON
yacTu Hcrnois3oBana Rail Library, mis aBromo-
ownpHOM — Road Traffic Library (c moposxHoii ce-
THIO ¥ OJIOKaMHM IBMXKCHHSI TPAHCTIOPTA), U1 BHY-
TpeHHHX IpoueccoB — Process Modeling Library
(6moxu Source, Queue, Service, Delay, Store/
Retrieve u 1p.), a Tak)ke AIEMEHTHI IPOCTPAHCTBA
«Cxmagy u «Creaak» Uit 30HbI XPaHECHUS >,

Pucynok 1. Cxema TpaHCIIOPTHO-JIOTMCTUYECKOTO KOMILIEKCA.

! AnyLogic. JIncKkpeTHO-COOBITHITHOE MMUTAIIMOHHOE MoOJenupoBanue [DnekTponnslii pecype] / Caiit AnyLogic. — Pexum focryma: https:/www.
anylogic.ru/use-of-simulation/discrete-event-simulation/ (zara o6parenus: 01.06.2025).

2 AnyLogic. Improving warehouse efficiency: how to optimize warehouse operations [Dnexkrponssiit pecype] // Bior AnyLogic. — Pexum pocryna:
https://www.anylogic.com/blog/improving-warehouse-efficiency-how-to-optimize-warehouse-operations/ (nara oopamenus: 01.06.2025).

3 AnyLogic. JIHCKPeTHO-COOBITHHHOS MMUTALIMOHHOE MOJeIMpoBanue [DrekTpoHHblit pecype] / Caitt AnyLogic. — Pexum noctyma: https:/www.
anylogic.ru/use-of-simulation/discrete-event-simulation/ (nara o6pamenns: 01.06.2025).
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Ha cxeme monenu (pucyHok 1) Tepputopust
CBX pazneneHa Ha HECKOJIBKO (DyHKITMOHATBHBIX
30H. OTKpbITas IUIOHIaJKa MNpeJHa3HayeHa MJis
XpaHEHUs] KOHTEHHEPOB C F€HEPAIbHBIM IPY30M
BO BpeMs TaMOXXEHHOTOo odopmieHHus (1ebie
aBTOINPULIETIBI U KOHTEWHEPHhl pPa3MElAlTCs Ha
IUIOHIA/IKE COTNIACHO 3aJaHHOMY aJTOPUTMY).
KpsbiTas yacts ckiiaga CiayKUT B TOM YUCIIE KOH-
COJIM/IALIMOHHBIM Y3JIOM [UIsl COOPHBIX T'PY30B.
3/1ech CTaHAAPTHHIE TAPHO-IUTYYHBIE U MAJUIETH-
pOBaHHBIE TPYy3bl NPUHUMAIOTCS, MPOBEPSIOTCA
U pasrpyxarorcsi. BHyTpu KpbITON 30HBI peanu-
30BaHbl TPHU y4acTKa XpaHEHUs IO TUIIAM Ipy3a:
ABTOMATU3MPOBAHHAs SYEUCTasl CUCTEMa XpaHe-
Hus AS/RS (m1st cTaHIapTHBIX KOPOOOK M KOM-
MAaKTHOM MPOIYKIMH), KJIACCUUYECKUE CTEJUIaKu
(1751 mayuIeTHPYEMBIX HECTaHJAPTHBIX IPYy30B) U
OTAeNbHAs IUIONIAJIKa MOJ| KPyHmHOrabapuTHBIE,
HeraOapuTHble Tpy3bl. Takas cermMeHranus co-
OTBETCTBYET JIOTMKE PacHpe/esIeHUs] OTOKOB U
YIOPOIIAET YIpaBJIEHUE pEeCcypcaMu: y KaKJIoro
THIIA TPy3a CBOM IIyTh ABWKECHUS U CBOW METOJ
00paboTKH.

B wurore, teppuropus monenupyemoro TJIK
COCTOMT W3 HECKOJIbKMX OCHOBHBIX (DYHKIIHO-
HaJIbHBIX 30H:

1) OtkpeiTas nonesHas miomans CBX mns
TeHEpaJbHbIX I'Py30B Ha BpEMS MPOXOKICHUS
UMH TaMOXXeHHOTo odopmieHus. B mporecce,
CKJIaJJOM MOTYT OBITh TPEIOCTABIEHBI COIYT-
CTBYIOLLIME YCIYTH B BHJIE NOMOLIU B OpPraHU-
3allMd TaMOXKEHHOT'O J0CMOTpA, BBITPY3KU TO-
Bapa M3 TPAHCIIOPTHOM €IMHUIIBI, COCTABICHUE
€ro OINMCH, NepeynakoBKa, oOpaTHas 3arpyska,
IoMOMpOBaHKUEe, XpaHEHHE 3a BPEeMsl BBINOJHE-
HUS JaHHBIX ONEpAalMi U T.I. DTO TaKKe camas
kpynHas QyHkuuonaneHas 3oHa CBX, Tak kak
OHa JIOJDKHA BBIJIEPKUBATh OCHOBHOM IOTOK pa3-
MELIAEMbIX Ha HEH TPAHCIIOPTHBIX €UHMUII.

2) Kpsitas nonesnas miomans CBX, B Tom
YHUCJIE€ BBINOJHAIONIAS pOJIb CKJIaJa KOHCOJIH-
nanuu Uisi cOOpHBIX Tpy3oB. brmaromapst aBro-
MaTH3UPOBAHHBIM CKIAACKUM cuctemam (AS/
RS), pabora co cTanmapTHBIMU TapHO-IITYYHBI-
MU U NAJIETUPOBAHHBIMU T'Py3aMHU CBEJEHA K
MUHUMYMY. [T1aBHBIM 00pa3oMm, Takhe CUCTEMbI
WCIIONB3YIOTCSA ISl aBTOMAarMYeCKOro ydéra Hu
pa3MelleHUs Ipy3a Ha COOTBETCTBYIOLIUX CTE-
nakax (B HIDKHEH YacTH KPBITOTO CKJajJa Ha

cxeme). OaHako paboTta ¢ HerabapUTHBIM TUIIOM
rpy3a Mo-npexxHeMmy TpedyeT HCIOIb30BaHNE BU-
JIOYHBIX TIOrpy34MKoB. Ecinm ToBap TskenoBec-
HBIM WM ITUHHOMEPHBIN, AS/RS HE cMOXKeT ero
00paboTarhb, U OH HE IOMECTUTCS B CTaHAAPTHBIX
aueiikax cresutaxkend. JJist 3Toro Ha TeppUTOPUHN
KPBITOTO CKJaJa OTBENCHA 30HA NIl XPaHEHUs
HEerabapUTHBIX IPY30B — JOMOJHUTEIbHbII HA0Op
CTeJUIaXeH, eClId Ipy3 MOXKET ObITh Ha HUX pa3-
MeIEH (B IPAaBOIl YaCTH KPBITOrO CKJIAJA Ha CXe-
Me), a TaKKe MPOCTas POBHAs IUIOLIA/IKA, TOBAp
Ha KOTOPOU Pa3sMeINaeTcs psaiaMu, UMUTHPYS Of-
HOYPOBHEBBIE CTEJUIaXH (B JIEBOM YaCTU KPBITOTO
ckiajga Ha cxeme). [lomuMo 3TOro, CKiaa Takxe
HMMEET CTOSIHKY JUIsl BUJIOYHBIX ITOTPY3YUKOB, a IO
COCEJICTBY M CMEXHYIO O(QHUCHYIO 30HY, B KOTO-
poii paboraroT coTpyaHHKH, MeHemxkepbl CBX,
TaMOKE€HHbIE UHCIIEKTOPBI.

3) XKene3HOMOPOXKHBIA TEPMHUHAII TOTPY3-
KH/BBITPY3KH KOHTEHHEPOB C PEJIbCOBBIX IMyTEH,
K KOTOPBIM OBLIT MPUCTPOCH CHENHATBHBIN KO3-
JOBOM KpaH, MEPEeMENIAOINI KOHTEHHEPHI C
NpUOBIBIIETO COCTaBa Ha aBTOMOOWMIIBHYIO TIIAT-
dbopmy, b0 obparHo. B omHOM clieHapuu To-
IPYy’)KEHHOE Ha JIaHHOM TEPMHHAJE€ aBTO Cpasy
CJIeyeT Ha OTKPBITYIO IUIOIIAJAKY JUIsl pa3Mellie-
HUS TaM KOHTEWHepa ¢ reHepaibHbIM Ipy3oM. B
JIpPYrOM CLCHapUM IEpEeUeIUICHHbIM KOHTEUHED
ABISICTCS COOPHBIM, a TIOTOMY aBTO CIEIYET 10
KPBITOT'O CKJIaJia M pa3MeIIaeTcsl B 30HE IPUEMKHU
JUISL BBITPY3KH KOHTEMHEpa U paclpeieeHusl €ro
COZEPKUMOTO IO COOTBETCTBYIOIIUM 30HAM.

Taxoke Tepputopuss CBX Bkirouaer B ce0s u
HECKOJIBKO BCIIOMOTAaTEJIbHBIX 30H, CPEIU KOTO-
PBIX:

* CTOSHKa JIMYHOI'O aBTONIApKa BO BIaje-
Hun CBX, koTOpBIi HEOOXOAUM JIsi TepeMelte-
HUSI KOHTEHHEPOB C KEJIE3HONOPOKHBIX IyTEN Ha
CKJIa/ICKYIO IUIOIIA/b, a TAKXKE JJIsl OKa3aHUs J10-
HOJTHUTEIIBHBIX YCIIYT 1O NEPEMEILEHUIO TPY30B,
a100 UX CPOUHOMY BBIBO3Y JI0 ajpeca KIUEHTa,

* 30Ha YTUIM3AUUH JJIs TPY30B, IPEBBICUB-
IIMX MAaKCHMaJbHBIA CPOK XPAHEHHUS 110 JI0TOBO-
py ¢ CBX, nu6o 11 rpy30B, HE IPOLIEALINX Ta-
MOXXEHHOE 0(OpMIIEHHE, apECTOBAaHHBIX TOBAPOB
U TaK Jalee;

* 30HY XpaHEHHUs BbIIPYKEHHBIX cOOp-
HBIX JKEJIE3HONOPOKHBIX KOHTEHHEPOB, KOTOPBIE
Ipy3ST Ha pa3rpyKeHHbIE M0€3/1a, YTOObI BbIBE3-
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TH UX C TEPPUTOPHUH CKIIaJa HA KEJIEe3HOAOPOXK-
HBII TEPMUHAI,

* CTOJIOBas JUIsl BOAUTEJICH U COTPYAHUKOB
CBX;

* TOCTUHHUIIA JJIsl BOAUTENEH, HeoOXxoqumas
B TEX CIIy4asx, Korjaa opopmileHHne TeHepaTbHOTO
rpy3a 3aTSITUBaeTCs, U aBTO BBIHYXKIEHO >KIaTb
HECKOJILKO CYTOK /10 BO3MOYKHOCTH BBIXOZa C Tep-
puropuu CBX;

* moabe3aHbie qopoknHbie myTH (CBX pa-
0oTaeT ToJIBKO Ha UMMOPT U3 Kurtas);

* JIeKOpaTHBHas MapKoBas 30Ha.

B coBOKymHOCTH JaHHBIE 3JIE€MEHTBI CO-
CTaBJISIIOT COOOM CIIOKHBIM B3aMMOCBS3aHHBIN
MPOIIECC, HAINPaBJICHHBIM HA MAaKCHUMAaJbHO OIIe-
paTUBHYIO0 000pauYnBaeMOCTh MPUXOSIIETO TPy-
30M0TOKA. [ Ppy30Biafenblbl CMOTYT TOJIYYUTh
HanOoJiee TOJHBIN KOMITJIEKC YCIyT M0 padoTe ¢
WX TOBapaMH, KaKk reHepaTbHBIMH, TaK U IIPHUILIES/-
ITUMHU B COCTaBe COOPKHU.

['py3b1 ¥ TpaHCTIOPT B MOJIENH MPEICTABICHBI
areHTaMu COOTBETCTBYIOIIMX KiaccoB. Hampu-
Mep, KKl KOHTEHHEP — KaK areHT-KOHTEeUHEP
¢ mapameTpamu (THN rpy3a, Tabapur u T.1.), Ka-
KJasi TPAHCTIOPTHAs €AMHMIIA — KaK areHT-aBTo-
MOOWJIb WIIM areHT-Norpy34uk. lcrouHukamu
TPAHCIIOPTHBIX areHTOB CIykaT ONloku Source:
OJIOKH reHepaly Moe3a0B (MICTOYHUKU CO CKOJIb-
3SIUM rpaduKOM MPUOBITHS) U TEHEPaTOPhl HO-
BbIX aBTOMOOMIIeH. VlcTouHMKaMM JIJ1s1 BUJIOYHBIX
MOTPY3YUKOB U COTPYIHHKOB KPBITOTO CKJajaa
cayxar 6moku ResourcePool: Bo3HmKaroT B 3a-
JaHHBIX y3JIaX IPOCTPAHCTBA U B ONpeACIEHHOM
KOJIMYECTBE C 3allyckoM mopenupoBaHus. [Toro-
KM TOBapOB MOJEJIUPYIOTCA yepe3 OloKM mepe-
memenus u oxuaanus (Queue, Delay), koTopsie
WHKAIICYJIUPYIOT THITOBBIC Omeparuu (Iorpyska,
BBITPY3Ka, IEPEMEILEHUE).

OIIMCAHUME KJIIOYEBbIX 2JIEMEHTOB MOJEJIN

ABTOMOOMITM B MoOneIn (OPMHUPYIOTCS U3
JIBYX OCHOBHBIX TOYEK F€HEepaIluu: CTOSHKH JTNY-
HOTO aBTOMAapKa KOMILJIEKCA U Bbe3da Ha Tep-
putoputo TJIK. brnox «HoBoeABTo» (Source)
TeHEepUpyeT MAIIMHBI C MapamMeTpaMu TPY30B.
Berpoennsiit Java-kon B 3TOM OJI0Ke peanu3yer
CJIEYIOIILYIO JIOTHKY: C 3aJJaHHON BEPOSTHOCTHIO
areHTy MPHUCBANBAETCS CTATyC «COOPHBIN TPY3»,
MHaue — «reHepabHbIN Ipy3». B ciyyae cOopHo-
ro rpy3a JOMOJHUTEIBHO CIydyallHBIM 00pa3oM
BBIOMpAETCS OAWH U3 TPEX MOATHUIIOB (HEerabapur,
HECTAHJAPTHBIM, CTAHAAPTHBIM) U KOJIMUYECTBO
TPY30BBIX MECT (MMaJIJIET WK KOPOOOK) IO paBHO-
MepHOMY pacnpezenenuto. Hanpumep:

agent.3arpyskeH = true;
agent.tumnl py3a = (randomTrue(BeposiT-
HocteCoopHorol py3a)) ? Tunlpysa.COopHbIii :
Tunl py3a.l enepanbHbIi;
if (agent.tunl py3a == Tunlpy3a.COopHbIii)
{
int 1 = uniform_discr(100);
if (1 < BepositHOCTEHerabapur) {
agent.Tumn = 1;
agent.KOJIM4eCTBO =
uniform_discr(muaHer, makcHer);

¥

else if (i < (BeposiTHOcTEHeraba-
put + BeposTHOocTEHecTanmapr)) {
agent.Tum = 2;
agent.KOJIMYECTBO =
uniform_discr(muaHec, makcHec);
}
else {
agent.Tun = 3;
agent.KOJIMYECTBO =
uniform_discr(MuaCrany, makcCrann);
}
}
agent.BapuanTlIpuOsiTus = Bapuantllpu-
OBITHS. ABTO;

JlaHHBI KOJI TMO3BOJISIET pEATM30BaTh Ie-
HEepaluio aBTOMOOUIIEH ¢ HYXHBIM COYETaHHEM
BEPOSITHOCTEW Tpy30B, YMpoIlas BETBICHHE B
cxeme Onokos. Ilocie renepauuu aBTO CieayeT
6ok Queue (oKUAaHUE PA3TPy3KH) U J1ajiee pas3-
BETBJICHUE IO TUIy Tpy3a. [eHepanbHbIe TPY3HI,
MPUOBIBIIME ABTONPHIICTIOM, HANPABIISIIOTCS Ha
oTKphITYyIO0 TuIomanky CBX, a cOopHble rpy3bl —
B 30HY pa3rpy3Ku KpPbITOrO CKJIaja.

B Touke pa3rpy3ku KpbITOro CKjajaa CoTpyua-
HUKWA M TEXHUKA 00pabaThIBarOT COOPHBIN TIpy3.
3nech MO0 TPHUOBITUIO aBTO MOACIUPYETCS MPO-
BEpKa BHUJA I'py3a B KOHTECUHEpPE: CTAHAAPTHBIM,

https://Iscm.elpub.ru/jour
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MajyIeTUPyeMblii HEeCTaHIapT Wi Heradaput. B
3aBUCHMOCTHU OT THIA BBIOUPAETCS YY4acTOK Xpa-
HeHusi: AS/RS, cTremnaku WM OTKpBITas IUIO-
maaka. J{ius pa3rpy3Ku UCHONB3YIOTCS PECYPChI:
BWJIOUHBIE MTOIPY3YUKH WM YEJIOBEYECKUHN TPYA.
B peanpHoii cucteme AS/RS yacTe TapHO-1ITYY-
HOTO Tpy3a pasrpykaeTrcsi aBTOMaTH3UPOBAHHO,
HO B MOJIEJIU JIJIsl IPOCTOTHI MPUHST HOAXOJ «TH-
OpUIHOTO CKJIa/la»: BECh TAPHO-LITY4HbIN cOOp-
HBII TPy3 KOMIUIEKTYETCS BPYUHYIO OIIEpaTOPOM.
Takast popmynupoBKa ynpoiaeT MoJeNb, CHUMAast
HE00XOIUMOCTD B JOTIOJIHUTEIbHBIX aBTOMATHU3H-
POBAHHBIX Y3JIaX, XOTSI HECKOJIBKO OrPAHUYHUBAET
TOYHOCTb.

B cBoto ouepenp, Kene3HONOpOKHAs YaCTh
MOJIENIH JeMCTBYET MO MPHUHIIMITY BbI30Ba 3ajaH-
HOTO KOJIMYECTBA BarOHOB C KOHTEHHEPaMH C BbI-
OpaHHOI NEePUOIUYHOCTHIO. BBI3BaHHBINA MOE3]

OCTAHABIIMBAETCS B 30HE MOTPY3KH/Pa3rpy3Ku U
O’KMJAET COOTBETCTBYIOLIUX JEUCTBUH OT KO3-
JOBOro Kpana. Jlanee mpoucxXoauT mnepemerte-
HUE KOHTEHHEPOB C KEJIE3HOJTOPOKHOTO COCTaBa
Ha aBTOIPHULEIN M3 COCTaBa JIMYHOI'O aBTOIApKa
TJIK. Ilocne moiaHOM BBIFPY3KH COCTaBa, KO3J10-
BOU KpaH MEPEXOUT K €ro 3arpy3Ke reHepaibHbI-
MU KOHTEWHEpaMHU, NPOUIEAIINMHA TaMOKEHHOE
o(opMIIeHHE U TOTOBBIE K JaJIbHEHIIIEMY JBUXKE-
Huto 1o Poccuu. Ilo Mepe 3aBepiiieHus 3arpy3Ku
KOHTeWHEepaMH, Moe3/] BO30OHOBIISIET JABUKEHUE
U MOKHJAeT Mojenb. Peann3oBaHa OgHOBpEMEH-
Has MOJJEPKKa 10 YEThIPEX MOE3/10B IO YEThI-
PEM Iy TsIM.

OO0o3HaueHHas JIOTWKA JBMXKEHHUS I0e3]a
peanu3oBaHa B MOJEIH OJHOM apXHUTEKTYpPHOU
BETKOM, MPEJICTABIEHHON HA PUCYHKE 2.

Pucynox 2. ApXuTeKkTypa UMHTAIIMOHHON AUCKPETHO-COOBITUMHON MOJIETTH
(>KeTe3HOOPOKHBIN CETMEHT).

B Gnoke «unallorpyske» BHenpéH Java-kon,
KOTOPBIN MepedupaeT MacCUB OXKHJIAIONIUX KOH-
TEHHEPOB U OCBOOOXKIAET UX MO MEpe 3arpy3Ku
Ha moe3n. Jloruka cienyromas: CyMMHUPYETCs
YHUCIIO CBO60,Z[HLIX BaroHoOB U KOHTeﬁHepOB; [S{e21051
Ha TI0€3/] €CTh XOTs Obl OIUH KOHTEWHEp, TO 3a-
MyCKaeTcs MOrpy3Ka BCeX TOCTYMHBIX; €CIIU Ba-
TOHOB HET — M0e3]] pa30JIOKUPYETCS U Ye3KaeT:

int count = 0;

ArrayList <KoHTeliHep> KOHTEHHEpHI = new
ArrayList<Konreiinep>();

ArrayList <KonTteiitHep> KOHTeHHEPHI2 =
new ArrayList<Konreiitnep>();

for (Konreitaep temp: wait2){
koHTeiHepbl.add(temp);
count+-+;

if (count == xonm4ecTBOBaroHoB)
break;

}
if (count != konuyecTBOBaronos) {
for (Konreiinep temp: oxxunanue-
BriBona) {
koHTeiHepsI2.add(temp);
count++;
if (count == xonuuecTBo-
Baronos) break;
}
}
if (count == 0) oxxuganuellorpysku.
unblock();
else {
for (KoHTeitHep temp: KOHTEHHE-
peI)
wait2.free(temp);

8 https://Iscm.elpub.ru/jour
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for (KonTeiinep temp: KoHTeliHe-
pBI2)
oxumanueBriBoza.
free(temp);

}

OTOT QparMeHT KoJla TapaHTUPYET, 4TO I0-
€371 He OTIPABUTCS paHbIlIe BPEMEHU U YTO pe-
CYpPChI pa3rpy3KH rpy3sTcs OJTHOCTHIO.

OIIMCAHUME BJIOKOB ANYLOGIC U KOMIIOHEHTOB MOJIEJIM

Mopnenp coOpaHa TPEUMYIIECTBEHHO W3
CTaHTApTHBIX OnokoB  Ombnmorekm  Process
Modeling Library. Ha stamax mpuéma u obpa-
OOTKH TPy30B HCIIONB3YIOTCA O10KK Source (1o-
CTYIUIEHHWE KOHTEeHHepa, aBTo, moe3aa), Queue
(ouepenu Ha pa3rpys3ky), Service wiu Delay
(omepammuu  00pabOTKHM, HaAmpuUMeEp pa3rpys3Ka
KOHTEIHepa WM MpoBepKa JTOKYMEHTOB) U Sink

(BeiBOm). st staemcrtoii wact AS/RS 0OBekT
«Rack System» (rackStore) 3amaér cTpykTypy
cremutaxeid. CKirajckasi CeKIus MmoKa3aHa Ha Mac-
MTa0HOM IUIaHE MOJIENH (B pa3MeTKe MPOCTpaH-
ctBa AnyLogic) OTaenbHBIM JIEMEHTOM, BHYTPHU
KOTOPOTO MEPEMEIIAIOTCS areHThI-TOBAPHI 10 3a-
JTAaHHOM CEeTH IyTel (pUCYHOK 3).

Pucynoxk 3. 3oHb1 XpaHneHus Ha kpbeiToM ckiazae TIIK.

JIBukeHue TpaHCHoOpTa B Hpefesiax CcKia-
na 3a1aéres ¢ moMoIbio cetu aopor AnyLogic:
YCTaHOBJIEHbl TOYKM Ha3Ha4YeHUs (BOpoTa pas-
TPY3KH, BBIE3/IbI), & MAITUHBI aBTOMAaTHYECKH T1e-
penBurarorcs 1o goporam. Bes noruka qukeHus
U TIpaBUJI TEpeceueHust T0por obecreunBaeTcs
cpenctBamu Road Traffic Library, ato ynporaer
aHUMALMIO U N30aBISET OT pyYHOrO MPOrpaMMHU-
POBaHUS MapIIPYTOB.

JIn1s1 TOHKOM HACTPOMKH MPOLIECCOB B MOZENb
uHTerpupoBal Java-koa. [Tomumo 610ka «HoBo-

€ABTO», UCIIOJIB30BAJICSA aHAJIOTUYHBIN MOAXO B
Ipyrux Mecrax. Harmpumep, npuBe1€HHBIN BbIILIE
6nok «Hallorpyske» AeMOHCTPHUPYET, KaK BCTPO-
€HHBIM KOJIOM KOHTPOJIMPOBaTh COCTOSIHUE arpe-
TUPOBaHHBIX pECypcoB (IIOE370B U KOHTEIHe-
poB). Takum oOpa3zom, codeTaHue rpaduIeCKUX
61oxkoB AnyLogic ¥ NpOorpaMMHBIX MPOBEPOK
o0ecriedrBaeT THOKOCTh: OOBIYHO MPOCTYIO JIO-
THKY MOJICIUPYIOT OJIOKaMH, a 0coObIe alropuT-
MBI — KOZIOM. DTO IO3BOJIIET JOCTHYb BBICOKOM
HacTPauBaEMOCTHU U BOCIIPOU3BOAUMOCTH.

TEXHUYECKHUE NIPUEMBI U HACTPOUKH

Jlns momenupoBaHusl pacrupefeNeHus: rpy-
30B 10 TUIIAM U MOTOKOB HCHOJBb30BAHBI CTOXA-
ctuueckue meronsl AnyLogic. Tak, co3manue
aBTOMOOMJICH U MOE37I0B MOXKET IPOUCXOIUTH 110
ciydaifHoMy 3akoHy Ilyaccona (Bpemsi mexmay
MPHUOBITUSIME ), @ KOJIMYECTBO MAJJIET B TPY30BUKE
— 10 paBHOMEPHOMY pacnpezaeneHuto. Pacnpene-

JICHUS 33al0TCs Yepe3 mapameTpbl Mojeu (Ha-
pUMeEp, BEPOSITHOCTh COOPHOTO T'py3a WU rpa-
HUIbpl uniform_discr) u Jerko KOPpeKTUPYIOTCS.
KoppekTupyrorcss Bpy4yHYr0 W TIpOYHE THapame-
TPBI JUIsI TOHKOM HACTPOWKH pabOThI MOJICIH, TIPU
MTOMOIITY TIOJI3YHKOB MHTEpdetica (pUCYHOK 4).
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Pucynok 4. Mntepdeiic ympaBneHus MOJENIbIO.

BaxxHol neraypro sIBISIETCS COOp CTaTUCTH-
KM M CUETUYMKOB B XOA€ UMHTAUMU. Mojenb Be-
JET y4€T TaKUX MOKa3aTeen, Kak CpeHee BpeMst
npeObIBaHMs T'py3a, JJIMHA odyepenei B Orokax
Queue u 3arpyska pecypcoB (pucyHok 5). s
storo AnyLogic peocTaBisieT MEXaHU3MbI JTaH-

HbIX U rpaduxoB. Kpome Toro, BBeieHbI yIpaB-
JSIOUIME MapaMeTphl: KOJIMYECTBO PabOTHHKOB
CKJIaJIa, YHCIIO TOTPYy3YHKOB, CKOpocTh AS/RS n
T.J., — YTO MO3BOJISIET MPOBOAUTH KCIIEPUMEHTBI
C pa3sHbIMH CLHCHAPUAMM.

Pucynok 5. Ctatuctuueckne nokasaresii MOJEIH.
IMPUHATBIE YITPOILIEHUA

[Tpu pa3zpaboTke MoeH OBLITH CICIIAHBI PSIJT
JONYIIEHUH JIJIs1 YIPOILIEHUS U YCKOPEHHS MOJIE-
JINPOBAaHMS, HE BIUSIOIINX Ha KJIFOYEBBIE BBIBOJIBI.

Hanpumep: uckiitodeHsl JeTanbHbIE BpEMEHHbIE
3aJIep’)KKM Ha MPOBEPKY JTOKYMEHTOB M IPOXOXK-
JIEHUE TaMOXKHU (MOXHO 33]1aTh (PUKCUPOBaAHHON
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nay3oi, Tak Kak 3TO HE KPUTUYHO i JIOTHUKH
CKJIa/1a); HE MOJAETUPYIOTCS MENKHE OIepaluu
AS/RS (Takue Kak aBTOMaTHYECKHA CIIBUT KOPO-
00K BHYTpPH slU€EK) — BMECTO 3TOTO CYUTAEM, UTO
KaK TOJIbKO KOHTeWHep nmocTymui B AS/RS, ToBap
Cpa3y HauMHAaeT XpaHUThCA. Takxke BCe Ipy300-
OOpOTHI CTPYIMIHUPOBAHbI B HECKOJIBKO KaTero-
puii (CTaHAApTHBIN, HECTAHIAPTHBIN, HETa0aAPUT)
BMECTO JIeTalbHON KiIacCU(PUKAIMK MPOAYKIIHH.
B Monenu He oTpa)keHbl 3KOJIOTHYECKHEe WIIN aBa-
puitHbIE 33IEPKKU — T.€. CUCTEMa CUMTAETCS Ha-
néxuou. [lonxon K ynmpoIueHusiM COOTBETCTBYET
CpelnHel CTeneH! a0CTpaKIUK JUCKPETHO-COOBI-

TUHHOTO METO/a: aKIIEHT ClIeJlaH Ha KIIFOUeBBIX
omepanusax M pecypcax, a (pusnMueckue AeTanu
JBUKEHUS U MEJIKUE 3a/I€PKKHU OIYIIIEHBI.
Brnusinue Takux ynpolieHud MpoBEpsUIOCh
TECTOBBIMU MIPOTOHOM: TIOKa3aHO, YTO OHH HE HC-
Ka)Xal0T OCHOBHBIX TOKa3areneil (MpoIyCcCKHYIO
CITOCOOHOCTh M 3arpy3Ky y3JI0B).
JomnonuurtenbHo, (yHKIMOHAN O(GUCHOM
30obl TJIK, c€TONOBOI, TOCTHMHHIIBI, MapPKOBOM
30HBI ¥ TPOYUX JEKOPATUBHBIX 3JIEMEHTOB 3aIpo-
TPaMMHUPOBAaH HE OBUT M CIY>KHT JIMIIb OOIIUM
rpaduyecKuM HaOJTHEHUEM CXEMBI.

PE3VYJIBTATBI U BBIBO/IbI

[TocTpoeHHass Monenab MO3BOJIIET BBINOJI-
HSATh BUPTYyallbHBIE AKCIEPUMEHTHI: OTpadaThl-
BaTh aJTOPUTMBI ABM)KEHUS TPaHCIIOPTA, MOAOH-
parb mapameTphl napka (Hampumep, KOJIU4eCcTBO
MOTPY3YUKOB), OMNPEICNATh LeIeco00pa3HOCTh
pacmupennst AS/RS. TlomoOHast meToquka Mo-
XKeT OBbITh JIETKO aJalTHPOBaHA K WHBIM YCIIO-
BUSM: JOCTATOYHO W3MEHUTH BXOJHBIC JTaHHBIE
(MHTEHCUBHOCTb ITOTOKOB, CTPYKTYPY I'PYy30B, I1a-
paMeTpsl 00OpYIOBaHUS) U UCTIONB30BATh Ty Ke
apxuTeKkTypy 610Kk0B AnyLogic.

Kpome Toro, cam momxon KOMOWHHpPOBa-
Husa 6ubnmorek AnylLogic ¢ Java-kogom mokasaint
CBOIO YHUBEPCAIbHOCTb. DPPEKTUBHBIM SIBIISET-
Csl MOJICJIMPOBAHUE JIOTHCTHYECKUX OOBEKTOB C
COUYETaHWEM CTaHJAPTHBIX OJOKOB (IIsi 0TOOpa-
YKEHUSI TIPoIIecca) M BCTPOCHHOTO KO/Ia JIJIsl 4acT-
HBIX BBIYHCIICHUH, a TAK)KE pa30MCHIE MOJICITH Ha

JIOTHYECKUE MOACUCTEMBI (TPAHCIIOPT, XpaHEHHE,
00paboTka). DTO yIpoIIaeT COMPOBOXKICHUE W
MOBTOPHOE HCTIOIb30BAHUE MOJIEIIH.

B 3akmioueHue CTOMUT OTMETUThH, YTO Me-
TOJMKA IMOCTPOEHUS TAaKOM MOJENU IO3BOJISIET
chopMynupoBaTh MPAKTUYECKHUE PEKOMEHAALINN
M0 Ppa3BUTHIO PEANBHOTO CKJIajga: Harmpumep,
MIpU TMOBBIIEHUU TPYy30I0TOKA, PELINUTh, Tpeoy-
€TCsl I HaHATHh OOJBIIE COTPYIHHUKOB, JTUOO Ke
peanu3oBaTh aBTOMATU3aLMI0. MoJenb MOXKET
CIIy’)KMTb IHU(QPOBBIM JBOWHUKOM OOBEKTa: MpHU
WHTETrpaly ¢ peajbHbIMU JaHHBIMH OHA JAcT
BO3MOXKHOCTh YMPaBIATh CKIAJAOM B pPEXKHUME
«aro-eciim». B manpHelleM MoJenb IUIaHUpPY-
€TCsl pacUIMpUTh IO BHYTPEHHEW JeTalln3alluu,
HO U PacCMOTpPETh BIUSHUE BHEIIHUX (PAKTOPOB
(aBapuu, MOTO/IHBIE 3a/1EPKKH).
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Abstract: the paper describes an approach to constructing a simulation model of a temporary storage
warehouse (TSW) within a transport-logistics complex. The model is implemented in the AnyLogic
environment using a discrete-event approach and is intended to assess the throughput and operational
efficiency of the TSW under various parameters (goods flow, level of automation, number of resources).
The architecture of the model and its main blocks are presented, together with details of their interactions.
Special attention is paid to the integration of several AnyLogic libraries (process simulation, road and
rail transport, AS/RS storage), the use of embedded Java code to control process logic (goods generation,
waiting for full train loading, etc.), and to selected simplifications (for example, omission of minor AS/
RS operations).

Practical techniques for configuring the model (use of probability distributions, conditional transitions,
conveyor logic) are demonstrated to ensure that the methodology is reproducible by other researchers.
The simulation confirmed that even partial automation (AS/RS) substantially improves warehouse
performance. The proposed solutions and recommendations can be applied when developing simulation
models of similar logistics facilities.
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automated storage and retrieval systems (AS/RS); transport-logistics complex; digital twin.
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