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BCTYII

BanTaxH1 nepeBe3eHHs BiIIrpaloTh BEJIIUKY PoOJib y (GOPMYBaHHI TPAHCIIOPTHOT
Mepeki Micta Ta KpaiHh. MoOJenoBaHHS TPAHCIOPTHOTO OOCIyTOBYBaHHS 3
BUKOPHCTAHHSM MPOTPaMHOTO KOMIUIeKCy «AnyLogic» momomarae KOpPEKTHO Ta
pallioOHAJIbHO CKJIACTH IPOIEC TEPEeBE3EHHS BaHTaXIB Ta 3amoOirtd (iHAHCOBUM
BTpaTaM Ta BTpaTam 4acy.

Ha3Ba: «CTBOpeHHs IMITAlllMHMX MOJeJeld TPOIECIB B  JIOTICTUYHUX
JIAHIIOTax.

Mera: npoexTyBaHHs, aHai3 1 OI[IHKA apaMeTpiB e(PEKTUBHOCTI JIOTICTUUHUX
MIPOIIECIB.



PO3JILT 1
AHAJII3 ICHYIOYMX METO/IB MOJEJIOBAHHSI TPAHCIIOPTHOT' O
OBCJYTOBYBAHHS 3 BAKOPUCTAHHSIM PI3HUX ITPOTPAMHUX
KOMILJIEKCIB

3aBaHHS

1. IlpoBectn aHa/mi3 ICHYIOUHMX METOIIB MOJICIIOBAaHHA TPaHCIOPTHOIO
00CIIyTOBYBaHHS 3 BUKOPUCTAHHAM P13HUX MPOTPAMHUX KOMILIEKCIB.

2. [lobynyBatn Tpadiky, IO XapaKTEpU3yIOTh IMITallliHE Ta JUCKPETHE
MO/ICTIOBaHHS, BUKOPUCTOBYIOUM BUKOHAHWH B MEPIIOMY ITYHKTI aHAJI13.

3. HaBectn 1o [1Ba MpHUKIAAM BHUKOPHCTAaHHA KOXKHOTO MeTtoay («System
Dynamicsy», «Discrete Event Modeling», «Agent Based Modeling»). Busnauntn critbHi
Ta C1a0K1 CTOPOHU KOXKHOTO METOAY .

4. 3poOuTH BUCHOBKH.



PO3JILI 2
PO3POBKA IMITAIIMHOI MOJEJI JIOTICTUYHUX MTPOIECIB

3aBnaHHs

1. Po3paxyBaTu BiIacHH BapiaHT BUX1IHUX JaHUX.

2. 3aBantaxxutu mouenb «Two Stocks Problemy.

3. 3aMiHUTH KapTy.

4. Hanectu po3TallyBaHHs yYacCHUKIB (areHTIB) MOJENI.

5. 3poOutu cuMyIAIlii 3a BIaCHUM BapiaHTOM

6. IlopiBHATH MOKAa3HUKHW JAJIS1 BapiaHTa 3 MPSAMOIO JOCTaBKOIO Ta BapiaHTa 3
BUKOPUCTAHHSAM PO3MOALIHUOTO CKIIATY.

7. llobynyBatu rpadik 3arajibHUX BUTPAT BapiaHTa BijJ BaHTAXXOIIAHOMHOCTI
aBTOMOOLIIS JUIsl pETriOHAIBHOTO PO3BE3CHHS.

8. 3poOUTH BUCHOBKH.
2.1 Buxiani naHi ajs MoaeJJI0BaHHSA

B cywyacHux ymoBax JIOTICTHYHI MPOIECH BIAIrparoTh BUPIMIAIBHY POJIb Y
3a0e3ne4eHHi e)eKTUBHOTO (DYHKIIIOHYBAaHHS MIANPUEMCTB. Bl mpaBUiIbHOTO BUOOPY
JIOTICTUYHUX CTPATETId 3aJeKUTh SK €KOHOMIYHA €(QEeKTUBHICTh KOMIaHii, TakK 1
3aI0BOJICHICTH KIHIIEBUX CITOKKMBauiB. OrrTuMizariis JIAHIIOT1B HOCTaYaHHs T03BOJISIC
CYTTEBO CKOPOTHUTH BUTPATH HA TPAHCIIOPTYBAHHS, TOKPAIITUTH YIIPABIIHHS 3allacaMu
Ta MABUIIUTH IIBUJIKICTh JTOCTABKH TOBAPIB.

Mertoro pozauty € po3poOka IMITAIliiHOI MOJENl JIOTICTUYHUX MPOLECIB s
onTUMi3alii TpaHcmopTyBaHHS ToBapiB. CTyIEeHT MOBUHEH MPOAHANI3YBaTH Pi3HI
BapiaHTH OpraHi3aiii JaHIOra IIOCTAaBOK Ta BH3HAYMWTH, SKHH 3 HUX € OLIbII
e(eKTUBHUM — TIpsAMa JIOCTaBKa YW JOCTaBKa 3 BUKOPUCTAHHSAM PO3MOIIILYOTO
CKJIamy.

JlocTaBKM BHKOHYIOThCS 13 3ami3HMYHOI craHuii M. IlonTaBa kiieHTam, siKi

nepelyBaroTh y XapKiBCbKiid o0macTi B mictax Ilicouun, [epraui, JIozoBa, [3tom Ta



Uyryis. Posnoaineunii cknax (PC) po3mintyerbes y micti Xapkis. [lapamerpu podoTu

MojieTIi HaBe/eH1 y Tabmmmi 2.1.

Ta6muis 2.1 — [Napamerpu poboTr Moei

Ha3zpa mapamerpa 3HavYeHHs
MictkicTh 1-ro ckiamy, T 4 000 - 100%j
MicTkicTh 2-TO CKIaay, T 4 400 - 100%*i
MIiCTKICTh PO3MOALIBUOTO CKIAAY, T 900 + 10*J
Bapticts opennu ckmany 1, moir/mic. 400 - 10*i
Bapricts openau ckimany 2, 107./mic. 180 + 10*i
BapricTth opeHu po3noaiibuoro cKiiay, 1051./Mic. 120 + 10%j
[H1I11 BUTpaTH HA OAHY TOHY, JIOI. 10 + 0,1%*i
BincoTtkoBa ctaBka, % 0,3 +0,1%
PiBenn nmonoBHeHHs ckinany 1, % 40 + 1%j
PiBens nomoBHEHHs cKiaxy 2, % 60 + 2*i
PiBeHb MONMOBHEHHSI PO3MOIIIBYOTO CKIAMy. % 30 + 3*i
Yac nomoBHEHHS CKJIa 1B, JHIB 10 +j
Yac nmonoBHEHHsI pO3MOALIBUOTO CKIIATY, JHIB 1+
BanTaxxomni1ioMHICTh aBTOMOOUISI 17151 MIXKPET10HATBHUX 20 - 1%j
TIepEBE3CHb, T
BanTtaxxoniiiioMHICTh aBTOMOOLIS JIs1 PETIOHAJIbHUX [I€PEBE3EHb, T 5-0,1%i
BapTicTh nanpHBOT MOT3IKH A1 OTHOTO aBTOMOO1IIS, 0. 200 + 10%j
Bapricth perioHabHOT OT3KH JIST OJTHOTO aBTOMOOLIIS, T0J. 10 + 3%j
MiHiManbHa KiITBKICTh 3aMOBJICHB 32 7100y 1
MakcumaiibHa KiUTbKICTh 3aMOBJICHB 3a JJ00Y 3+]
OuikyBaHa KUIBKICTb 3aMOBJIEHb 32 100y 2
MiHiMallbHA BEJIMYMHA 3aMOBJIEHHS, T 5-0,1%i
MakcumanbHa BEIMYUHA 3aMOBJICHHS, T 20 - 1%j
OuikyBaHa BeJIMYMHA 3aMOBJICHHS, T 10 - 0,1%i

[Mpumitka. i, ] — OCTaHHS Ta MEPEAOCTaHHS TUPPH CTYACHTCHKOTO KBUTKA Bi/IITOBITHO.




2.2 Tlpukaax Moaear0BaHHs y nporpami «AnyLogic»

Jlns mpoBeIeHHS MOJIeTTIOBAaHH, HEOOX1THO BUKOHATH TakKi Jii:
1. Binkputu mozenb «Helpy», «Examples model» (puc. 2.1), y criucky obpatu

kareropito «Supply chains and logistics» i1 3uaiitu Momenb «Two Stocks Problem»

(puc. 2.2).

AnylLogic Personal Learning Edition [PERSONAL LEARNING USE ONLY]
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Pucynok 2.1 — Mento «CrnpaBka»

~ Examples (105)
Al models (105}
Manufacturing €11
Supply Chains and Logistics {15)
Healthcare (22
Business Processes (8
Airports, Stations, Malls (53

UsINg »y¥sTem UYNamics approach, namely
that is modeled by several active compone
inventary management policy. The manufa
Dynamics diagram where manufacturing re
the supply chain is implemented this way: 1
consumers from the Demand stock to User

Two Stocks Problem

This model compares two ways of organizi
financial statistics and prowves efficiency of

Elexible Manufacturing Supply Chain

Railways (5

Defense and Security (5 The concept model of a supp\y chain wher
another producer, The production stops wk

Gil and Gas (2 certain threshald, and similarly, raw materi

Market and Competition (73

Project and Asset Management (3)

Social and Eco Dynamics (123
Road Traffic (4
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Models from 'The Big Book of Simulation Modeling

Hrwe-Tr Madele 7120

ordering threshold. A producer (and the er
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cynamics diagram.
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management. The Beer Game supply chain
whaolesaler has to fulfil the retailer's orders,
the beer to fulfil the distributor's orders, Yo

Pucynoxk 2.2 — Bubip moaeni
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2. [licas uporo y penakropi arenra «Main» HEOOX1THO 3aMIHUTH KapTy, siKa

CTOITh 32 3aMOBYYBAaHHSIM, Ha KapTy YKkpainu. J[Jis 11boro moTpiOHO HATUCHYTH JIIBOIO

kHonkoro Muti (JIKM) na xapTy, y BikHi «Properties» BugaanTi 300pakeHHs cTapoi

KapTH 1 1oAatu HOBY (puc. 2.3).

¥ AnyLogic Personal Learning Edition [PERSONAL LEARNING USE ONLY]
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4. Hatuckaemo JIKM nHa Bkmammi «Simulation: Main», y BikHI «CBoiCTBa»

obupaemo BKIanKy «MojenbHoe BpeMsh» Ta BKa3yeMo JaTu IMPOTrOHY MOJENi 3a /iBa

pok# (puc. 2.5).

AnyLogic Personal Learning Edition [MCMO/b30OBATL TONKO B OBPAZOBATENLHBIX LIENAX]
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Pucynok 2.5 — HanamryBaHHs «MoJenpHOE BpeMsi»

5. Ilicas mporo 3amyckaeMo Mojelb, HaTUCHYBIIM F5, 1 BHOCUMO HEOOXimHi

napametpu (puc. 2.6).

4] .

. Two Stocks Problem

‘; A. Twao Stocks Problem : Simulation - AnyLogic Personal Learning Edition

W Virginia Stock capacity
(tonnes)

[ noogl
L oogl
L oogl
L oogl

Port Stack 1 rent

Port Stock 2 rent

W Virginia Stock rent

Related cost per tonne 10.0
Interest rate O 0.1
Port Stock 1 replenishment level _( ) 04
(percents)

Port Stock 2 replenishment level _( > 0.6
(percents)
=0 0.3

WV, Stock replenishment level
(percents)

Lang trip truck capacity 40
(tonnes)

Short trip truck capacity
(tonnes)

Lang trip cost 200
(per truck)

Short trip cost
(per truck)

Min orders per day

Max orders per day

- o
(=1 (=1 =] =] =] o

Mean orders per day

6

Min quantity per order 5.0
Max quantity per arder 200

Mean quantity per order

&

®

=
2 - Rec
Port Stock 1 capacity 5000.0 Port Stock replenishment time 7 Description
(tonnes) (@ays) This model compares two ways 0f organizing a supply zetangle
Port Stock 2 capacity [ =oooo) W, Stock replenishment time 5 £hain fram a port to a number of clients. The macel |
(tonnes) (days) collects financial statistics and proves efficiency of

using a distribution warehouse over direct deliveries s
Clients are animated as small ovals on the model dsize
animation. Clients periodically make orders. In the first

scenario, each order is delivered directly by truck from

the port to a client. Cost of this delivery is relatively high 1
because of significant distance for a truck. After each

delivery the model tests inventory level in the port

warehouse and issues a replenishment request it

needed In the second scenario, arders are deliverad

by trucks from the distribution warehouse. Cost for this

delivery is less because of shorter distance. After

sending orders the model tests inventory level for the

distribution warehouse and for the port warehouse and

makes replenishment if needed

The model collects aggregated expenses which include
transpartation and renting costs. The second scenario
wWith the distrioution warehouse is more expensive at
the beginning due to additiohal renting expenses. As
you could see, after a certain time period the second
scenario becomes more profitable

4 anylogic

model is

Pucynox 2.6 — ITapametpu po6oT Mmojemi
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6. 3amyckaeMo MoJieIb 1 MICHs 1i MPOTOHY MOPIBHIOEMO MOKA3HUKH I BapiaHTa

3 IPSIMOTO TIOCTaBKOIO (puc. 2.7) Ta BapiaHTa 3 BAKOPUCTAHHIM PO3IMOAUIBYOTO CKIIATy

(PC) (puc. 2.8).

Case One

Port Stock 1 Usage

—

Final results

Delivery cost per tonne:
Tonnes delivered:
Capital costs:

Global expenditures:

curmrent 1 _1S&8

@ average 2,022

11.638
16.498
6.166
211,394

Pucynox 2.7 — BikHO pe3ynbTaTiB poOOTH MOJIENI 3 IPSIMOIO JIOCTABKOIO

Case Two

W. V. Stock Usage

h

Port Stock 2 Usage

|

current 622

@ average 576

current 1,460

Final results

Delivery cost per tonne:

Tonnes delivered:
Capital costs:

Global expenditures:

@ average 1,467

11.078
16.4S8
6.233
208,584

Pucynox 2.8 — BikHO pe3ynbTariB poOOTH MOJIENI 3 BUKOPUCTAHHSIM

PO3MOILYOTO CKIIATY

VY Tabnuii 2.2 mopiBHIHO MiACYMKOBI pe3yabTaTH pOOOTH MOJIEII.

Tabmuns 2.2 — IopiBHSAHHS N1ACYMKOBUX pe3yJIbTaTiB poOOTH MOJE]

Bapianr 3 npsimMoro

BapiaHT 3 BUKOpHCTaHHIM

[Toka3Huk .
JIOCTaBKOIO PO3MOILTBYOTO CKITATY
Bapricts nocraBku, A071./T 11,638 11,078
Ycboro nepeBe3eHo, T 16 498 16 498
Kamitanbni BUTpatu, A07. 6 166 6 233
['mo6anbHi BUTpaTH, A0I. 211 394 208 584
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Ha pucynky 2.9 300paxxeHa 3aleXHICTh 3araJlbHMX BHUTpAT sl BapiaHTa 3
BUKOPHUCTAHHAM PO3MOJALIBFYOrO CKIIAAYy BiJ BaHTAKOMIAMOMHOCTI aBTOMOOLIS Iis

pCFiOHaJII)HOFO PO3BC3CHHAI.

. 220 000

J0JI

S

210 000

200 000 \

190 000

I'moGanbHi BUTpaTu

5 10 15 20

BaHTaxom giiOMHICTh aBTOMOO1JIA, T.

Pucynok 2.9 — 3anexxHicTh ri1o0anbHUX BUTPAT BiJl BAHTAXKOIIIHOMHOCTI

perioHaIbHOTO aBTOMOOLIIS

3 pucyHka 2.9 mMoxHa Mo0auuTH, 10 HAWOLIBII BUTIAHO BUKOPUCTOBYBATH
aBTOMOO1T1 BaHTaxkomigiomMHicTI0O 20 ToH. OgHAaK Ha CHOTOAHI Ha IIIIMPHUEMCTBI
BIJICYTH1 Takl aBTOMOOLJIl, TOMY JJIl pETIOHAJIbHUX NIEPEBE3EHb O0MPAEMO aBTOMOO1ITI

BaHTXOMIAHOMHICTIO 10 TOH, sIKi € B HASBHOCTI Y MIAMPUEMCTBA, 1[0 PO3TIISIIAETHCS.
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PO3JILT 3
BUBIP PAIIIOHAJILHOT'O CIIOCOBY OPTAHI3ALII POBOTH
PO3MOALILYOTO CKJIATY

3aBaanns

1. Po3paxyBaTH BIacHUH BapiaHT BUXIAHHUX AaHuX (po3ad. 3.1).

2. 3aBaHTaxuTn Monens «Distribution centery.

3. 3aMIHUTH KapTy.

4. HanecTu po3TairyBaHHsI yYaCHHUKIB (areHTIB) MOJIEI.

5. 3poOutu cuMyIAIlii 3a BJaCHUM BapiaHTOM

6. [lopiBHATH MOKA3HUKHU JJIsi BapiaHTa 3 MPSIMOIO JIOCTABKOIO Ta BapiaHTa 3
BUKOPHUCTAHHSM PO3MOILTHUOTO CKIIATY.

7. TloOymyBatu rTpadik 3arajbHUX BUTpAT BapiaHTa BaHTAXOIIIHMOMHOCTI
aBTOMOOLIIS SISl pETriOHAIBHOTO PO3BE3CHHSI.

8. 3po0UTH BUCHOBKH.

3.1 Buxiani 1ani 19 MoaeJTIOBAHHSA

PoGora posmominpuoro ckiaaay € KIIOYOBHM €JIEMEHTOM 3a0e3ledyeHHS
e(ekTUBHOrO (YHKIIOHYBAHHS JIOTICTUYHUX JIAHIIOTIB TocTadaHHs. [lpaBuibHa
oprasizaifisi omepariii Ha CKJIajJl BIUIMBA€ HAa IIBUJKICTh BUKOHAHHS 3aMOBJICHb,
00poOKYy BaHTaXIB Ta 3arajbHy €(PEeKTHBHICTh MOCTauyaHb. MeETOI0 IOrO PO3IUTY €
MOJICJIIOBaHHSI pPOOOTH CKJIaAy 3 METOK BH3HAUEHHS ONTUMAJIbHOI KIJTBKOCTI
HAaBaHTaXyBayiB 1 dYacy, HEOOXiHOTO i OOpOoOKM HAasBHUX BaHTaXIB.
BukopuctoBytoun mporpamHe 3a0esmedeHHs «ANnyLogiC», CTyIeHTH MaroTh
MpoaHai3yBaTu pPoOOTY PO3MOAUILYOTO CKIAAY, MOCHTIIUTH, SK BIUIMBAIOTH PI3HI
napaMeTpu Ha e(heKTUBHICTH OTeparliii, 1 BA3SHAYNTH HAHOUIBII palioHATbHI TAXO0IU 10
oprasizaiiii Horo JissIbHOCTI.

3a 10MOMOroI0 MOJENIOBaHHS POOOTH CKJIaly BU3HAUMMO, 3a SIKUU MEepioj yacy

Ta MpHU SKIM KUIBKOCTI HABAHTAXKyBaudiB Ha CKJIaJl MOKHA BHUBE3TH HasiBHUU 00OcCAT

13



BaHTaxy. Y Tabmumi 3.1 HaBeAeH! BUXINHI JaHI s BUKOHAaHHA Mojem. PiBeHb
npuOyTTS aBTOMOOLTIB JJOPIBHIOE KUTBKOCTI aBTOMOO1IIB OTPUMAHOT MICIs ONTHUMI3aIlil
MO/ICIT, a PIBEeHb HAIXO/PKCHHSI 3aMOBJICHB JOPIBHIOE CYyMapHii KUTBKOCTI HEOOX1THUX

00epTiB Ha MapIIPYTi 3a JICHb.

Taomug 3.1 — Buxigai gadi

HasBa mapameTtpa 3Ha4YeHHSA
[ToyaTkOoBE BUKOPUCTAHHS CKIIATY 1
KinpkicTh THHOIB OiJI0HIB 1
KinbkicTh HaBaHTa)XyBadiB, O/I. 14 -
KinbKicTh TOKIB ITiJ] BUBAHTAKCHHS 0+]j
KinbkicTh TOKIB ITi] 3aBaHTaKECHHS 6+1
PiBenp npuOyTTS aBTOMOO1IIB, OJ1./ICHD 4+
PiBeHb HaIXOKEHHS 3aMOBJIEHD, OJ1./1€Hb 8+]j

3.2 ETanu MoaeoBaHHs y nmporpami «AnyLogic»

Jlnst Toro 100 BHU3HAYUTH HEOOXIJHI TMapamMeTpH, MOTPIOHO BUKOHATH
Takl Jaii:

1. TTicns BigkpuTTs nporpamu «AnyLogicy oopatu «Helpy, y BUImagHoMy MEHIO
obOparu BKJIAJIKY «Example models» Ta BHOpaTH MOJICJTh

«Distribution center» (puc. 3.1).

Example Models

Examples (105) Oil Supply Chain By ]
An oil supply chain. Crude oil is deliven

Al models (105}
All models (105] {fueldis pumped through a pipeline ne

Ianufacturing (11 retailers. Demand is randomly varied al
Supply Chains and Logistics (15) inventory policy: once the fuel level fall

10 the nearest terminal to get more fue

Healthcare (22}
and "push” crude oil to ports. This is an

Business Processes (8) agents, The model is configured from t
Airports, Stations, Malls (5 locations that are marked on the maph
Railways (5 values are purely hypothetical.
Defense and Security (5) Distribution Center IDiscrete Bvent
Qil and Gas (21 The madel simulates how the distributi
Wlarket and Competition (7 order assembly. Unloading: truck delive
dock, and then transported to the main
Projectand Asset Management (3) amount of orders for ene truck must ta
Social and Eco Dynamics (12) Order assembly: the order can be asser
Road Traffic (41 pallets can be putin the storage near t

The order is assembled by forklifts. The

Games and Fun (3) i
Games and Fun (3 additional storage zone.

Pucynox 3.1 — Bu6ip monemi
14



2. Jlani HeoOX1HO 3a/1aTH HANAIITYBaHHS AJIST MOJIEN, SIK1 BIAKJIIOUATh MpoLec
BUBAHTAXCHHS HAa CKJIaJi, OCKUIBKMA JJIsl BUKOHAHHS 3aBJaHHS CKJIAJ IOBUHEH
NpaloBaTy TUTbKU Ha BUBE3EHHS BaHTaxy. i iboro motpioHo y BikHI «CBOMCTBa»
arera «Main» 3aKOMEHTYBAaTH DPSAOK KOXYy, SKUW BIANOBIJAa€ 32 BHUBAHTAKEHHS
(puc. 3.2) Ta y BikHI peagakTopa areHTa «Main» 3MIHMTH HaJallTyBaHHS OJIOKa

«sourceTruckToUnload» (puc. 3.3).

5] Main 52 | = B8 ||[] Ceoiicrea 52

€ Main - Tun arenTa

[GINTH |Main | O Weknounts

b TMpeps. npocmoTp napameTpos

+ [leficTENA arexnTa

. Mpw 3anycke:

b createTypes(palletTypeshum);
spawnInitialPalletes(initialUtilization);
view3D.navigateTo();
/*sourceTruckTeUnload. inject(20);*/
sourceTruckTolead.inject(28);
setInitialCapacities();
slider.setRange(1l, truckCapacity - 1);
slider.setValue(minOrdersize);
navigate (view3D);

Pucynox 3.2 — 3aKOMEHTOBaHHM PATOK KOIY

L% AnyLogic Personal Learning Edition [NCTI0/1b30BATE TOJIBKO B OBPA3OBATE/IbHBIX LENAX] - X
Qaiin Mpaeka Bug Pucosanme Mogens Wnorpymertel  Cnpaska
-GV mO-s|4 o G| Ny ] S ED: obim -
% Mpoexra 52| B Manwmpa = B ||§ Main % = 8 || Caoiicrsa 2 # =0
v g‘t"b”m" Center” [cloud] * || ® sourceTruckToUnload - Source
Dock

@ Forkiit Whan: sourceTruckToUnload COroBpaxats uua O Wexnrouurs

@ LoadingTruck

& Main MpuGeiator cornacto: =,  Boizosau dyHkuwm inject() v
@ Order
g ;Z!:turceHand\er ___________________ Mecrononoxenme npubsimna: = [Ysencem/TUC v
Truck b
gType Yaen: =, |, sorcelnloading v | 2 13

& UnloadingTruck

nlozdi ‘ Cxopocte: 2| a7 mic v
@ Simulation: Main

£5 Kondmrypaupa sanycka: Main } Arent

[3 Basa pasiene } Cnewwguueckne

Mepesoska_Kansuerko =

} [leictena

} Cneundmueckmne
sourceTruckToUnload } Onncatne

Pucynok 3.3 — HanamryBanus 6s0ka «sourceTruckToUnload»

3. latu mporoHy Mojeni BkazyeMo y BkIanli «MojenbHOE BpeMms» BiKHA
«Propertiesy exkcrnepumenty «Simulation». Cno4atky BHCTAaBISIEMO Ha OJUH

THKIeHD (puc. 3.4).
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AnyLegic Personal Leamning Edition [ICMIONE30BATL TONSKO B OBPA3OBATENbHBIX LIENAX] - X
®siin Mpasks Bua Pucosanme Mopens Wnctpymentsl  Cripaska

B-BEHEYS
% Mpeexrsr i | @ Naaurpa
Two Stecks Problem [cloud]
v Distribution Center™ [cloud]
& Dock
€ Forklift
€ LoadingTruck
& Main
€ Order
& Pallet
€ RescurceHandler
& Truck
& Type
& UnloadingTruck
€ Simulation: Main
&5 Korbnrypauua sanycka: Main
[ Bass asrnon

5O e |4 |
= B || & Main 2 = 8 || Caoiicrea &2 M =0
~

‘@ & Boim ~

8 Simulation - MpocToii skcnepumenT

-,

ArenT epxHers yposHs: Main v

MakeumansHeii pasmep namamn; | Apyrof v M6

} Warehouse capacity

seizeUnloadingDac

o——

sourceTruckToUnload

} Logistics and orders

~ Moenunoe spemn

Pexuns Benonrenms: () BUPTYansHOE BpemA (MaKCMaNbHaR CKOPOCTS)

Unloading |

® Peansroe spema co ckopocteie |5 v

Ocramoaue: Bsaganryo gary v

Hosensmocopens: |0 | 10080
seizelo:
HauanbHan gata: 01.10.2018 [@~ Koreunan gata: 08.10.2018 @~
|
e—©O %

sourceTruckToload

} Cayuaiinocts
¥ Oxno
i 3 W J
Loadlng pri Deiicna Java
} Java pan skcnepros
b Cneundmueckne

» Onucanwe

Initial filling of the stora¢

>

Bl [ | Bpess: sy

Pucynok 3.4 — Bkiagka «MojiensHOE BpeMsi»

4. HactynmHUM KpPOKOM HEOOXIIHO y BIKHI pefaktopa arenra «Mainy BKa3aTH

3HAUYEHHS pIBHSI MNpUOYTTS aBTOMOOLTIB (puC.

3.5) Ta piBHA HAIXOKESHHS

3aMoOBJIcHb (puc. 3.6).

! AnylLogic Persenal Learning Edition [MCMOMb30BATE TOMBKO B OBPA3OBATENBHELX LEENAX]

Jaiin [Mpaeka Bua Pucosanmne
T-SERIYS
's Mpoexter &2 | [ Manurpa
~ Distribution Center™ [cloud]
© Dock
€ Forklift
(5] LoadingTruck
© Main
€ Order
O Pallet
& ResourceHandler
& Truck
© Type
& UnloadingTruck
@ Simulation: Main

&5 Kongurypauma sanycka: Main

[ Basa ganmex
Mepesozka_Kansuerko

WrcTpymenTel  Cnpaeka

A RN || v '@ & 8oim ~
= 8 || Main 53 = B |0 csoiicrea
* || @ loadingRate - NapameTp
s [A Oroépasare uma [ Neknrouuts
BuanmocTs: @ na
————Parametersof the odet— Tum: Wrrercnenocts v
EAVHNY MMEpEHUA: B AcHb v

(# forkliftsPerUnloadDock

| 3HEYEHWE N0 YMONUaHNKE =, 6
O forkliftsPerOrderAssembling

" )
(@ forkiftsPerOrderReMoving [ Maccue cucrenori ansanuiu

} Pepaxrop sHauenws

b G
G unloadingRate LM i id

: : loadingRate

(® orderRate

} Onucanne

(A truckCapacity
(® minOrderSize
G maxOrderSize
G ordersListMaxLength

Pucynox 3.5 — PiBenb mpubytTs aBTo(«loadingRatey)
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E! AnylLogic Personal Learning Edition [MCMOMb30BATE TONBKO B OBPASOBATENbHLIX LLENAX]

®aitn Mpaska Bwg Pucosanwe Mogene  Mucrpymenter  Cnpaeka

BE-EHR Y|+ R BO-E| 2ig clee V| | EE - ‘@ & Boim -

?;5 Mpoextol 52 | [ Manvtpa = O ||l Main 53 = B ||E Ceoiicrea =
v Distribution Center* [cloud] ~ @ orderRate - Mapametp
© Dock
& Forklift Wran: [ OtoBpaxars uma ] Mckaounts
@ LoadingTruck —
& Main BugnmocTs: C@® pa
€ Order Paramatars of the maodal Tum: HTEHCMBHOCTE w
@ Pallet
€ RescurceHandler Eannnua nsmeperns: B AEHb w
© Truck (# forkliftsPerUnloadDock

SHAYEHUE NO YMONYBHUHE =, 15
& Type @ farkliftsPerQrderAssembling Y
‘j UnloadingTruck ] ]
€ Simulation: Main O forkliftsPerOrderReMoving
&5 Kondurypauma zamycka: Main + Pepaxtop snauenma

:] Baza gaHHex O unloadingRate b Cneumduueckne
Mepesozka_Kansuenko » Onucanue
@ loadingRate

: :)orderRate

et-’uuCanac:t‘y
@ minOrderSize
O maxOrderSize

[ Maceue cuctemnoit guranmim

O ordersListMaxLength

Pucynox 3.6 — PiBenp HagxomkeHHs 3aMoBIieHb («orderRatey)

5. [Jani MoXHa nepexoauTu A0 cumyJsisinii mogeni. Hatuckaemo F5 Ta y BikHI,

110 BIKPHIIOCS, 3a1a€EMO 1HIII BUX1IHI qaHi (puc. 3.7).

A Distribution Center : Simulation - AnyLogic Personal Learning Edition

Distribution Center

This model simulates how a distribution center warehouse operates. Parameters

The principal operations are: unloading, loading, and order assembly. Initial utilization of the storage

The unloading process: e

Truck deliver pallets to an available unioading dock. Pallets are then unloaded
from the truck using a forklift and pallets are placed in the receiving dock area

N f pallet
Additional forklifts then transport the pallets to the main storage racks umbecof paset types

The order assembly process O
The order is assembled from pallets which can be of the same or of different types.

An order can be assembled if the required pallets can be put in the assembly area near
the docks (or if there is not enough space there - in the additional storage zone), and (@)

the main storage has the required number of pallets of required types. The order is 10 12 o
assembled by forklift trucks.

Number of forklifts

Number of unloading docks

The loading process (@)
Once the orders are completely assembled, the orders are assigned the loading dock.
where they were assembled. Truck is then assigned to a loading dock for receipt of
orders. A forklift will fill the orders in the trucks from the assembly area. The total
amount of orders for one truck must take up at least half of its capacity. _—

Number of loading docks

¥ - AnylLogic

This model is © The AnyLogic Company. www.anylogic.com

Pucynox 3.7 — BikHO 3 BUXiTHUMU JAaHUMU

6. Ha pucynky 3.8 HaBenieHo rpadiude 300pakeHHs ckiaay y 3D micist mporony

mopeni. Ha pucynky 3.9 300pakeHo 3HaueHHs Moka3zHuKa «Queuey — yepru 3aMOBJICHb.
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[[lo6 3amoBOMBPHUTH BUMOTY, II€H TIOKa3HMK Ma€ jopiBHIOBaTH S50 3aMOBJICHb

a0o 100 %.

>

Distribution Center 3D 2D Statisti Orders L Top view Unloading zone Loading zone (] v camers

o
| @ (?l m (\'_ @ * 3asepuweso []

Pucynok 3.8 — I'padiune 306paxenns ckiany y 3D micis nporony mojeni

3aMOBJICHHS

@ uepra 25 (51%)
@ Ouikyors Ha 36ip 15 (31%)

@ 36vpaioteca 5 (10%,)
OuikyoTh 4 (8%)

Pucynoxk 3.9 — Xapakrepuctrka 0OpoOKH 3aMOBJICHb

@

7. OCKUIbKM TpH 3aJaHUX BUXIIHUX JIaHUX YMOBa HE BHUKOHYETHCH,

30UTBITYEMO KUTBKICTh HaBaHTAXKYBayiB JI0 ABAAMATH 1’SITH oquHUI (puc. 3.10) Ta

JMBUMOCS Ha ToKa3HHUK «Queuey (puc. 3.11).

18



Distribution Center

This model simulates how a distribution center warehouse operates.

The principal operations are: unloading, loading, and order assembly.

Parameters

Initial utilization of the storage

The unloading process: E————)
Truck deliver pallets to an available unloading dock. Pallets are then unloaded P 5 1
from the truck using a forklift and pallets are placed in the receiving dock area. Number of pallet types
Additional forklifts then transport the pallets to the main storage racks.
O

The order assembly process: 1 s 18
The order is assembled from pallets which can be of the same or of different types. Number of forklifts
An order can be assembled if the required pallets can be put in the assembly area near
the docks (or if there is not enough space there - in the additional storage zone), and —0
the main storage has the required number of pallets of required types. The order is 10 2 4
assembled by forklift trucks. Number of unloading docks
The loading process: —_0
Once the orders are completely assembled, the orders are assigned the loading dock, : 5 5
where they were assembled. Truck is then assigned to a loading dock for receipt of Number of loading docks
orders. A forklift will fill the orders in the trucks from the assembly area. The total
amount of orders for one truck must take up at least half of its capacity. —_—

1 L] 7

¥ - Anylogic

Pucynox 3.10 — HoBa kiJIbKiCTh HaBaHTa)KyBaviB

3aMOBJICHHS

Yepra 23 (57%)
. OuikyoTb Ha 36ip 1 (29,
. 36upawTbCca & (16%)

OuikywoTs 12 (249%)

Pucynox 3.11 — Xapakrepuctuka 00poOKH 3aMOBJICHD MPH 301IBIICHIN KITBKOCTI

HABAHTAXKYBayiB

8. Ilicns 301IbIICHHS KIJIBKOCTI HABaHTa)KyBayiB yMOBA TaK0K HE BUKOHYETHCS,
TOMY 301JIBIITYEMO JIOBXKUHY J11 MOAEIN1 y BKIaAMi «MoaeIbHOE BpeMsD» J10 IeCATH JTHIB
(puc. 3.12), 3amyckaeMo MOENbh TMPH KUIBKOCTI HaBaHTa)XyBadiB, IO JOPIBHIOE

25-T OIMHUIIAM Ta IUBUMOCS Ha MoKa3HMK «Queue» (puc. 3.13).
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[] Ceofictea 52 " -

& Simulation - MpocToii 3KCNepUMEHT

[LI¥T-H | Simulation | O WcknrounTe

AreHT BEpXHErD YPOBHSA: Main W

MakcumaneHeIid pasmep namatn: | Jpyrod s MG

b+ Warehouse capacity
b Logistics and orders

~ M oaAenbHOE BpEMA

PesiM BoINOAHEHUS: ) BUPTYansHOE BpemA (MakcMMansHan cKopocTs)

(@) PeancHoe BEMA CO CKOPOCTEHE 5 w

JcTaHoBWTE: B zagaHHyto gaty v

HauaneHoe Bpema: 240

Hauanenana gata: 01.10.2018 B~ KoneyHan gata: 11.10.2018 B~

00:00:00 =

il

0000600 =

Pucynok 3.12 — Bknanka «MoaenbHOe BpeMs» (301biieHo 10 10-TH 1HIB)

3aMOBJICHHSA

Yepra 28 (589%)
@ ouikyiors Ha 36ip 2 (4%
.36Mpano'rbcn 0 (19%)

OuikyoTh 9 (19%

Pucynok 3.13 — Xapakrepuctrka o0poOKku 3aMoBieHb i 10-Tu aHIB poOOTH

9. 30umpmMMoO  Ait0 Mojeni Ie Ha aBa AHl (puc. 3.14) Ta mpoaHai3yeEMo

noka3zHuk «Queuey» (puc. 3.15). KuibKicTh HaBaHTaKyBadiB 3aJIMIIAETHCS JIBAISTH

n’sath oguHulb. Ha pucynky 3.15 mokasnuk «Queue» mnopiBHioe 80 % Ta He

3aJ0BOJIBHA€ BUMOTH, aJI€ 3a 3HAYCHHAMU IHITNX MOKAa3HHUKIB MOKHA BCTaHOBUTH, IIIO

I[GB’?ITB 3aMOBJICHb nepe6yBa}0TL y npoueci 3aBaHTAXCHHA Ta OJHC 3aMOBJICHHS IIC

30Upa€ThCs, TOMY MOKHA 3pOOUTH BUCHOBOK, 1110 BUMOTA BUKOHYETHCH.
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Ch i = ﬁ:m; &n Boidtn -

= B || ceoiicrea 23 | o
e * || @ simulation - MpocToi 3KkcnepUMeHT
l1ran: | Simulation | 1 WeckntouuTe
Jock
AreHTt BEEpQXMHEND YD OBHAD | Main i |
sem
Mon MakcumaneHsld pasmep NamaTm: |."—'|.P’_'n'rl'-3*ﬁ V| |'II] | MB
b Warehouse capacity
b Logistics and orders
~ Mopgenbhoe spema
Peskim BEINOAHEHMA: ') BupTyaneHoe BpemA (MaKcHMaNeHaA CKOPOCTE)
(®iPeantHoE BpEMA CO CKOpPOCTEHYE | 3 w
CCcTaHOBKUTE! |B:—La,a,aHHyro,any w |
HauvaneHoe spema: D FoneqwHoe spema: | 288
th HauvaneHana gaTa: 01.10.2018 B~ KoHeuHnan gata: 12.10.2018 B~
00:00:00 ] 00:00:00| 2

Pucynok 3.14 — Bknanka «MojenabHOe BpeMs» (30UIbIIeHO 10 12-TH THIB)

3aMOBJIEHHS

@ uepra 40 (80%)

. Ouikyiotb Ha 36ip () (0%)
@ 3ovpaorben 1 (2%)

. Ouikywrs 9 (18%)

Pucynok 3.15 — Xapakrepuctuka oOpoOKu 3aMOBIIEHb 715 12-T1 JHIB poOOTH
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Ha pucynky 3.16 noka3aHo, 010 CKJIaJl YK€ ITyCTHH.

A, Distribution Center : Simulation - AnyLogic Personal Leaming Edition

Distribution Center 3D

e O

Arival rate of loading —0)
trucks, per hour [El ] 0

m’mdm’ 0—9 :::"mmer ‘W_QE» Amount of orders. Order mix

| | m Y A~, 3asepuweno [ ] £

Pucynok 3.16 — 300paxenss cxiany y 3D micast 12-tu aniB poboTH

Ha pucynky 3.17 300paxxeHO piBE€Hb BHKOPHUCTAHHS KOMIIOHEHTIB CKJIaay

MPOTSATrOM MPOrOHY MOJIETI.

PiBeHb BUKOPUCTAHHA KOMNOHEHTIB CKNapy

A ape 30118 A aw JA4E Y A8 aw SRR 19 ave JA48 7 y
veTivie r UioRT SVIE Vot V0 o ViR el

. BUKOPHCTAHHA ' BUKOPUCTAHHA NOKIB . BUKOPUCTAHHA AOKIB BUKODPUCTaHHA
HABAHTAMYBAUIB — s POIBAHTAMEHHA Q1A JABAHTAMEHHA cknapy

Pucynox 3.17 — PiBeHb BUKOPUCTAHHSI KOMIIOHEHTIB CKJIaJly
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Ha pucynky 3.18 HaBegeHO cepeHii Yac BUKOHAHHS TEXHOJIOTTYHHX MPOIIECIB

Ha CKJIajl.

o

CepenHin Yac BUKOHAHHA NPOUECiB Ha CKnagi

,
¢ P
e —— e P
4
ot 2018 07 oxr 2018 MBocr2018Y Mo 20187 12007 2018
CepepHin vac CepepHin vac CepefHin qac OMIKyBaHHA . Cepepin vac 35opy
BUMBAHTAMEHHA AaBTO 33BAHTAMEHHA AaBTO 350pY 3aMOBNEHHA JaAMOBAEHHA

. CepefiHin 4ac OMIKYBaHHA
33BAHTANEHHA 3AMOBNEHHA

Pucynok 3.18 — Cepeaniii yac BUKOHAHHS TEXHOJIOTTYHHUX MPOIECIB HA CKIIAI1

Ha pucynky 3.19 300pakeHO 3aJeKHICTh BIJICOTKa BUBE3CHHS BaHTaXy 31

CKJIaay BiJ KUTBKOCTI HaBaHTaXyBadiB. Mojenb QyHKITIOHye MpOTsIrom 12-TH AHIB.

BiscoTok BUBEe3€HHS BaHTaXXy 31 CKJIaJy BU3HAYA€ThCS Bi3yalbHO 3a pUCyHKOM 3.16.

110

100 /
/
d

e

10 15 20 25 30
KinbkicTh HaBaHTa)XyBadiB, OJ.

(o)
o

o~
o O

BaHTaXYy 31 cKiamy, %
(@)
S

a1
o

BincoTrok BUBE3EHHS BUBE3EHHS

Pucynox 3.19 — ['padik 3a51e:kHOCTI BIFICOTKA BUBE3CHHS CKJIa Ty BiJl KITBKOCTI
HaBaHTa)KyBayiB
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MIIBEJAEHHS MIICYMKIB

3a mepumM po3aiiIoM: TOTPIOHO MiACYMYBaTH MPOBEACHUN aHaNi3 JiTepaTypH,
3pOOUTH y3arajabHIOBaJIbHI BUCHOBKH.

3a JOpyruM pO3JIJIOM: Ha TIJACTaBl pE3yJbTAaTiB MOJICTIOBAHHS 3pPOOUTH
BUCHOBKH 111010 HAMO1IBIII €KOHOMIYHO €()eKTHBHOT'O BapiaHTa OpraHizarlii JIaHIrora
MOCTaBOK Ta BUOOPY TPAHCIIOPTHUX 3aCO01B.

3a TpeTiM pO3JUIOM: Ha MiJICTaBl MPOBEACHUX CUMYJISIINA 3pOOUTH BUCHOBKHU
II0JI0 ONTHUMAJIBHOI OpraHi3aunii poOOTH CKIaay, KIJIBKOCTI HEOOXIIHHUX PECYpCIB
(HaBaHTaXXyBa4diB, aBTOMOOLIIB) Ta 4yacy, MOTPIOHOIrO JUIsi BUKOHAHHS JIOTICTUYHHMX

oriepartiu.
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