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Abstract

ESIEIT / PI - Simulation modeling (BB3.2)
2020/2021 Sem. 2

Course Description

The subject of studying is principles and methods of development, implementation and
research of models of complex systems, acquisition of skills of developing algorithms
of simulation of discrete event systems.

The purpose of course mastering the principles of application of empirical methods in
the field of software engineering.

The primary studying goals of the discipline:

1) methods and methods for formalizing models of complex systems,

2) algorithms for simulation of discrete event systems, their verification and validation,
3) ways to use parallel computing in systems modeling,

4) methods for determining the accuracy of imitation algorithms and their complexity,
5) methods of experimental study of imitation models of systems,

6) methods of optimization of discrete-event systems,

7) components of systems modeling software,

8) current trends in systems modeling software development.

Contents: the development of simulation algorithms for complex systems models
based on universal programming languages and the development of models of
complex systems using specialized simulation software.



1 Onuc HABYAJIBLHOI JHCHHUILIIHA

5 Faﬂy3." SHaHb, XapakTepucTHKA
HaiiMmeHnyBaHHs CHetiaIbHICTh, OCBITHA | yapyanLHOT AMCHMILTIHH
NMOKAa3HUKIB nporpama, piseHb BUILIO xenna GopMa naBaaNs
OCBIiTH
['any3b 3HaHB!
Kinbkictb kpemutiB — 5 | 12— IH@QPMaHiﬁHi Bubipkosa
TEXHOJIOT11
MonyiB — 5 Pik miaroroBku:
3MICTOBHX MOJYJIB — 3 2-1
InauBinyannHe : .
Ha);KOSCZI[OCHiI[He CHemaﬂI’HICTBE
121 — ImxeHnepis
3aBJIAHHS — Cemectp
PO3paxyHKOBO- HPOTPAMIOTO
. 3a0e3IeueHHs
rpadiyda podbora
3arajgbHa KUIBKICTB
roauH — 150 4-ii
Jlexkmii
24 Ton.
JlaGopaTtopHni
TwXHEBUX T'OIUH: 16 ros.
ayJIMTOpHHUX — 2,5; OCBITHBO- CamocrTiiiHa podora
CaMOCTIMHOI 1 KBTI (pIKALIIITHUI pIBEHb: 110 rog.
1HIMBIAyallIbHOI pOOOTH OakasaBp InauBinyajabHi 3aB1aHHA:
cTyneHTa — 6,9 PI'P
Bua konrpoutio:
Ex3amen
IHpumirka.

CriBBiTHOIIIEHHSI KUTBKOCTI TOJWH ayJWTOPHUX 3aHATH /IO CAMOCTIMHOI 1 1HIWBIIYyaJIbHOL
po6otu cranoBuTh 40:110=0,36.

3acTocoBaHl CKOPOUYECHHS:

GPSS - General Purpose Simulation System.

[TepemymMOBOIO JIsi BUBYSHHS JUCHUIUTIHA € YCHIIIHE 3aCBO€HHS IuCHUIUTH: «OCHOBH
nporpaMmyBaHHs», «Omepariiiai cuctemu», «KoMm’roTepHi yucieHHs», «Komm’ioTepHa AMCKpeTHA
MaTeMaTHKa.

HalyTi mijg yac BUBYEHHSI NUCUUIUIIHN 3HAHHS € 0A30BUMU I BUBYCHHS TAaKUX TUCIHILIIH,
sK: «OO0’€KTHO-OpIEHTOBaHE TporpamyBaHHsI», «YUucenpbHl metomm». HaOyti 3HaHHSA Ta BMIHHS
3aCTOCOBYIOTHCSI TaKOK y BHUKOHAHHI KYpPCOBHX MPOEKTIB B MOJAIBIINX CEMECTpax Ta BHUITYCKHOI
kBastipikamiitHoi podoTH Gakanaspa.

OO00B’S13K0BOI0 YMOBOIO BHKJIAJIAHHS AUCLUILIIHU € TIPOBEICHHs Ja00paTOPHOTO MPAKTHKYMY
13 3aCTOCYBaHHSIM MOB TMpOTPaMyBaHHs, TMPU3HAYCHHUX JUIS  IMITAIlIHHOTO  MOJIEITIOBAHHS
pi3HOMaHITHHX cucTeM, Hanpukiax GPSS.



3acTocoBaHi CKOPOUYCHHS:

GPSS - General Purpose Simulation System
Arena Rockwell Software

CPNTools

2 MerTa HABYAJBLHOI AMCHHUILTIHA

MeTo10 BHMKIIAJaHHS HaBYAJIbHOI IUCHUILIIHHN ‘“‘Imimayitine moolentosanns’” €
3aKpIIUICHHS Ta PO3BUTOK (HaxOBUX KOMIIETCHTHOCTEH OakajgaBpa CHEIialbHOCTI
«lHorcenepin npoepamuozo 3abe3nedenHsy 13 3aCTOCYBaHHS y TTOBCAKACHHIN TisITBHOCTI
Ta po3poOKH HOBUX METOJIB aHali3y Ta MPOEKTYBaHHsS cucteM. [IpeameT BUBUEHHS —
CYKYIHICTh METO/IIB MOJICTTIOBaHHS Ta MPOEKTYBAHHS CUCTEM.

ITin yac BUBYEHHS AMCIUILIIHU 3100yBay BuUIoi ocBiTH (3BO) Mae Habytn abo
po3mmputu HacTymnHi 3aranbHl (3Kx) ta daxosi (OKx) komneTeHTHOCTI, nepeadadeHi
OCBITHBOIO ITPOTPAMOIO:

3K1. 3natHicTh 70 aOCTPaKTHOTO MUCIICHHS, aHAJII3y Ta CHHTE3Y.

3K2. 3gaTHICTh 3aCTOCOBYBATH 3HAHHS Y MPAKTUYHHUX CUTYAIISX.

3KS5. 3gaTHICTE BUMTHUCS 1 OBOJIO/IIBATH CYYAaCHUMU 3HAHHSIMU.

3K6. 3natHicTh 0 MolryKy, 00OpoOsieHHs Ta aHali3y 1HGOpMaIlli 3 pi3HUX JHKEPET.

3K7. 3n1atHiCTh mpalioBaTh B KOMaH/II.

3K31. 3natHicTh npamoBaT B MIXXKHAPOJHOMY KOHTEKCTI.

@®K16. 3natHicTh OpaTH y4acTb y HPOEKTYBaHHI MPOTrPaMHOTO 3a0e3MeyYeHHS,
BKJIFOYAIOYM TIPOBENICHHS MOJENOBaHHS ((popMaabHUN OMUC) MOro CTPYKTYpH,
MOBEIIHKH Ta MPoI1IeciB GyHKIIOHYBAHHS.

®K17. 3paTHICTH PO3POOISITH apXiTEKTYPH, MOJYJII Ta KOMIIOHEHTH MPOTPAMHUX
CUCTEM.

O®K18. 3pmatHicte ¢opmymaoBaT Ta 3a0e3leyyBaTH BHMOTH IOAO SIKOCTI
IIpOTpaMHOro 3a0e3MeUeHHs] y BIAMOBIAHOCTI 3 BHMOTaMHM 3aMOBHHKA, TEXHIYHUM
3aBJaHHSIM Ta CTaH/IapTaMHu.

O®K21. BononiHHs 3HaHHSAMU Tpo 1HGOpMAIiiiHI MOJEIl [aHUX, 3AaTHICTb
CTBOPIOBATHU MpOTpaMHe 3a0e3reyeHHs I 30epiranHs, BUI0OYBaHHS Ta OINpaI[OBaHHS
TaHUX.

®K?25. 3narHicTh peanizoByBaTu (a3u Ta iTeparlii >KUTTEBOTO IUKITY MPOrPAMHHUX
cucteM Ta 1H(OpPMAIIMHUX TEXHOJIOTIH Ha OCHOBI BIAMOBIAHUX MOJEIEH 1 MIIXOIIB
PO3pPOOKH MPOTPAMHOTO 3a0€3MEeUEHHS.

®K26. 3pmatHiCTh 3IIWCHIOBATH MPOIEC IHTETparii CHUCTEMH, 3aCTOCOBYBATH
CTaHAAPTU 1 MPOLEAYpU YIPABIIHHSA 3MIHAMH JJI1 MIATPUMKH HUTICHOCTI, 3arajibHO1
(GYHKIIOHATBHOCTI 1 HAMIMHOCTI TPOTPAMHOTO 3a0€3MeUeHHS.

OCHOBHHMHU 3aBJIaHHSIMH BHUBUCHHS JUCHHILIIHU “Imimayiiine MoOento8ants’” €.

1) O3HaiiOMIICHHS 3 CY4aCHUM CTaHOM 1 TCHICHIIISIMUA MO/ICTIOBAHHS CUCTEM;

2) BuBuenHs METOIB Ta Crioco0iB (popmaizarii MOAeIel CKIaIHUX CHCTEM;

3) BuBYCHHS OCHOB BUKOPHCTAHHS MapasieIbHUX 00YUCIICHb B MOJICIIOBAHHI CHCTEM;
4) BuBUYEHHSI METOJIIB ONITUMI3aIlil TUCKPETHO-TTOIIHHUX CUCTEM.



3 OuikyBaHi pe3yJibTaTH HABYAHHSA 3 AUCUMILIIHU

ITig wac BUBYCHHS QUCHMILIIHHU “Imimayiine mooenrosanns” 3BO Mae mocsartu abo
BJIOCKOHAJIUTH HACTyNHI mporpamui pesyiabTatn HauanHs (IIPH), nepenbaueni
OCBITHBOIO TTPOTPAMOIO:

[TP03. 3HaTu OCHOBHI MpolecH, (pa3u Ta iTeparii JKUTTEBOTO UKy IPOrPaMHOTO
3a0e3MeYeHHs.

ITPO5. 3Hatm 1 3acTOCOBYBAaTH BIAMOBIIHI MaTeMaTHYHI TIOHSATTS, METOIU
JIOMEHHOT'0, CHUCTEMHOTO 1 00'€KTHO-OPIEHTOBAHOTO aHajizy Ta MaTEeMaTUYHOTO
MOJICIIIOBAHHS JUIsl pO3POOKH MPOTPaMHOT0 3a0€3MEUEHHS.

ITP06. YMiHHS BHOHMpaTH Ta BUKOPHUCTOBYBATH BIJIMOBIAHY 3a7adi METOIOJIOTIIO
CTBOPEHHSI POTPAMHOTO 3a0€3MEeUEHHS.

[TP09. 3Hatu Ta BMITM BUKOPUCTOBYBaTH METOAM Ta 3acodu 300py,
(dhopMyIIIOBaHHS Ta aHaJ13y BUMOT JI0 TPOTPAMHOI0 3a0€3MEYCHHS.

[1P11.Bubupatn BuXiAHI AaHl A NPOEKTYBaHHSA, KEPYIOUUCh (POpMaIbHUMU
METOaMH OITUCY BUMOT Ta MOJCITIOBAHHS.

[IP14.3acrocoByBaT Ha MpakTULl I1HCTPYMEHTaJdbHI MporpaMHi 3acodul
JOMEHHOTO aHali3y, NPOEKTYBaHHS, TECTyBaHHS, Bi3yai3alli, BUMIpPIOBaHb Ta
JOKYMEHTYBAaHHS TIPOTPAMHOTO 3a0€3MeYeHHS.

[TP15.MoTtuBoBaHO OoOMpaTH MOBH MPOTPaAMyBaHHS Ta TEXHOJIOTIT pO3pOOKH st
PO3B'sI3aHHS 3aBAaHb CTBOPEHHS 1 CYIPOBOKEHHS IPOTPAMHOTO 3a0€3MeUeHHH.

[IP16.Matin HaBUYKM KOMaHAHOI PO3pOOKH, TOTOMKEHHsS, odopmieHHS 1 1
BUITYCKY BCIX BU/IIB POTPAMHOT TOKYMEHTAIII].

[1P23.BMiT  JTOKYMEHTYBaTH Ta TPE3EHTYBaTH  PE3YJIbTaTH  PO3POOKHU
MPOTPaMHOTO 3a0€3MeUeHHH.

VY mipcymky 3BO nmoBuHHI

3Hamu :

— METOJIU Ta crocoou dhopmaizallii Mojeei CKIIaJHUX CUCTEM,

— aJTOPUTMHM IMITaIlll AUCKPETHO-TIOAINHUX CUCTEM, iX BepUudiKallito Ta BadiAallio,

— CIOCOOM BUKOPUCTAHHS MapajieIbHUX O0UUCIICHh B MOJICTIOBaHH] CUCTEM,

— METOJIU BU3HAUCHHS TOYHOCTI aJITOPUTMIB IMITAIlli Ta X CKJIQJHOCTI,

— METOJIU EKCIIEPUMEHTAIHHOTO JOCIIIPKSHHSI IMITAIIITHUX MOJICJIEH CUCTEM,

— METOJIH ONTHUMI3allii JUCKPETHO-TTOAINHUX CUCTEM,

— CKJIaJIOB1 KOMITOHEHTH MPOTPAMHOT0 3a0€3MEYCHHS 3 MOJICIIIOBAHHS CUCTEM,

— Cyd4acHI TeHJIEHIIIi pO3BUTKY MPOTPaAMHOTO 3a0€3MEeUEHHS 3 MOJICTIOBAHHS CHCTEM.

emimu '

— ckiagaty hopMalizoBaHi MOJIETI CUCTEM,

— pO3pOOJISITH  aNTOPUTMHU  IMITalllii Ha OCHOBI MOAIMHOTO  MPECTaBICHHS
(YHKIIIOHYBaHHSI CUCTEMH,

— PO3pOOJSITH AJTOPUTMHU IMITAllli Ha OCHOBI MpPEACTaBICHHS (YHKLUIOHYBAaHHS
CUCTEMH CTOXaCTUYHOIO Mepexero [letpi,

— PO3pOOJIATH AITOPUTMHU IMITaIlil 3 BUKOpUCTaHHAM [1eTpi-00’€KTHOT TeXHOJIOT1,



— OIIIHIOBATH TOYHICTh Ta CKJIAIHICTh aJITOPUTMIB IMITAIlli,

— BUKOPHUCTOBYBAaTH TapajeibHi OOYHCIEHHS B  alrOpUTMax imiTamii Ta
EKCIIEpUMEHTAIILHOTO AOCTIHKCHHS CUCTEM,

—  PO3pOONISITH MOJENl CUCTEM 3 BHKOPHUCTAHHSM MPOTpaMHOro 3abe3nedeHHs Arena
Rockwell Software, GPSS, CPNTools,

— pospobistu rpadiuni penakropu mepex [etpi,

— BHUKOHYBATH €KCIIEPUMEHTAJIbHE JOCIHIKEHHS 3 MOJCIISIMU CUCTEM, Y TOMY YHCII 1X
OIITHMI3aIlIO.

4 Kpwutepii oliHIOBAaHHSA pPe3yJbTATiB HABYAHHS

3 tumu 3BO, sK1 10 TPOBEEHHS MIJCYMKOBOIO CEMECTPOBOTO KOHTPOJIO HE
BCTHUIJIM BUKOHATH BC1 000B’SI3KOB1 BUIM POOIT Ta MalOTh IiJICYMKOBY OIIIHKY Bif O 10
19 6auniB (3a KOO OIIHIOBAHHS), TPOBOATHCS TOJATKOBI 1HAUBIAYalbHI 3aHATTS, 32
pe3yibTaTaMu SIKMX BHU3HAYAETHCS, HACKUIBKUA TIHMOOKO 3aCBOEHUN Martepial, Ta 4
HE0OX1/THE TOBTOPHE BUBUCHHSI IUCIUTLIIHU.

JlucumiiiHy MOKHA BBaXKaTH TaKolo, 110 3aCBO€Ha, Ko 3BO:

1) 3nae:

— METOJIU Ta crocoou dhopmaizaiii MoAeIe CKIaIHUX CUCTEM,

— QITOPUTMH IMITalli AUCKPETHO-MOAIMHUX CHCTEM, iX BEpH(QIKaIil0 Ta BaJliJallio,
CIOCOOM BUKOPUCTAHHS MapaiesibHUX 0OYUCIEHb B MOJIENIIOBAHHI CUCTEM,

— METOJIU BU3HAUCHHS TOUHOCTI AJITOPUTMIB IMITAIlli Ta iX CKJIQJHOCTI,

— METOJIM EKCIIEPUMEHTAIIBHOTO JOCIIIKEHHS IMITAlITHUX MOJICIICH CHCTEM,

— METOJIM ONTHUMI3alii JAUCKPETHO-TIOAIMHUX CHCTEM, CKJIAJI0BI KOMIIOHEHTH
IPOrpPaMHOTO 3a0€3MeYEHHS 3 MOJICIIOBAHHS CUCTEM,

— Cy4acHI TeHJIEHIIIi pO3BUTKY MPOTPaMHOTO 3a0€3MeUEHHS 3 MOJICTIOBAHHS CHCTEM.

2) BMi€:

— ckiagaty ¢hopMali3oBaHi MOJIET CUCTEM,

— pO3pOOJISITH  alTOPUTMHU  IMiTallli Ha OCHOBI MOAIMHOTO  MpE/CTaBICHHS
(YHKLIOHYBaHHS CUCTEMH,

— PO3pOOJISITH ANTOPUTMHU IMITAllli HAa OCHOBI TMPEACTABJICHHS (YHKIIOHYBaHHS
CHUCTEMH CTOXAaCTUYHOIO Mepekero Iletpi,

— PO3pOOJIATH aNroOpuTMH IMiTalli 3 BUKOpUCTaHHAM IleTpi-00’€KTHOI TEeXHOJIOrIi,
OIIHIOBATH TOYHICTh Ta CKJIAJHICTh aJITOPUTMIB IMITAIli1,

— BUKOPUCTOBYBAaTH  TMapajiejibHi  OOYMCIIGHHS B  alropuTrMax IMmiTamii  Ta
EKCIIEPUMEHTAIILHOTO JOCTIHKCHHS CUCTEM,

— PO3pOONSITH MOJENl CUCTEM 3 BHKOPUCTAHHSM MPOTpaMHOro 3abesnedeHds Arena
Rockwell Software, GPSS, CPNTools,

— pospobusitu rpadivuHi penaktopu mepex [lerpi,

— BUKOHYBAaTH €KCIIEPUMEHTAJIbHE JTOCHIKEHHS 3 MOJIEIISIMU CUCTEM, Y TOMY YHCII 1X
OTTHMI3aIIIfo.

5 3aco0u AiarHOCTHKH pe3yJbTATIiB HABYAHHS

3acobamu OHiHIOBaHHSI Ta MCETOAAMH JCMOHCTPYBAHHA pGSYJIBTaTiB HaB4YaHHA 3
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JUCIHILUTIHU € TIOTOYHHIA Ta CEMECTPOBHIA KOHTPOJb. [I0TOUHMIT KOHTPOIH CKIIAAA€ThCS
3 ONUTYBaHb, SIKI MPOBOJATHCA MiJl Yac JEKIH, a TaKoX — 3aXHCTy Ja00OpaTOpHUX Ta
pO3paxyHKOBO-TpaiuHUX poOIT. 3amuTaHHS JJIT TOTOYHOTO KOHTPOJIO 3HAXOMIATHCS Y
BIJIMOBITHAX METOJAMYHUX peKoMeHAallisax. CeMecTpoBUH KOHTPOJIb TPOBOAUTHECS Yy
BUTJISAJIl ICTIMTY, 3alIUTAHHS JI0 KOTO Ha MOYaTKy CEMECTPY PO3MIIIYEThCS Ha CTOPIHII
JTUCIMILTIHA B CHCTEMI TUCTaHIliifHOTO HaBuaHHs Moodle. 3anmuranus 10 icUTy TaKox
3HAXOAATHCS B MAKET1 IOKYMEHTAIlli Ha JUCITUTUTIHY.

6 IIporpama HaBYAJbHOI IMCUUILTIHH

3micToBuit Moayar 1. bazoBi ¢opmanaizamum onmcy ¢GyHKHiOHYBaHHS
AMCKPETHO-MOAIHUX CHCTEM Ta iX aJITOPUTMHU

Tema 1. IlousitTs moaesi. Cnocodou modynoBu Mmojaesieid. MeToau Moae1I0BAHHS.
TexHoJI0rii MOJZETIOBAHHS.

IToHATTS cUCTEMH Ta O3HAKU CKJIAIHOI CUCTEMH.

[ToustTs Mmozeni Ta ciocoOu npeacTaBiieHHs moaeneid. Knacudikaris moaeneil.

Cnocobu noOynoBu Mozesnei: (pi3nyHi Ta HeP13UUHI MOJENI.

MeToau MOACIIOBAHHS: aHANITUYHE, MAaTEMaTHYHE, IMITAI[ITHE MOJICTIOBAHHS.

BukopuctanHs mporpaMHUX MOJeNiel CUCTEM B 3ajadaxX YIPaBIIHHS Ta MPUAHATTS

pIlLIEHb.

Tema 2. I'enepaTopy BUNIAJKOBHX YHCEJI.

Cnocobu TeHepyBaHHS PIBHOMIPHO posmnoauieHoi B iHtepBaii (0;1) BumagkoBoi
BEJIMYHMHH.

Criocobu reHepyBaHHS BUIIQIKOBOI BETMYMHU 32 33JIaHUM 3aKOHOM PO3IOALTY.
TecTyBaHHS TeHEPATOPIB BUIAKOBUX YHCEIL.

Tema 3. Anroputm iMiTalliiHOr0 MOJACJIOBAHHSA TMCKPETHO-MOAIIHOI CHCTEMHU.
[ToHATTS AMCKPETHO-TMIOAINHOI CUCTEMH.

[ToHSATTS IMITALIAHOTO MOJICTTIOBAHHS.

Etanu iMiTamiftHoro MoaeIrOBaHHS.

Cnocobu noOy10BM aIrOPUTMY IMITALI]].

AJTOpPUTM IMiTallil Ha OCHOBI MOJIMHOTO MPEJCTABICHHS MPOIeCy PYyHKIIOHYBAaHHS
Ta MPOCYBAHHS Yacy J0 HaOIMK4IO1 Oii.

[Ipuknang  po3poOKM  anropuTMy  IMITaIlii  TPOCTOI  CHCTEMH  MAacOBOTO
00CITyrOByBaHHSI.

Bepudixkarist anroputmy imiTarti.

Tema 4. O0’€KTHO-OPiEHTOBAHMI MiAXiA 10 PO3POOKH AJITOPUTMY IMITALIHHOTO
MOJEJTIOBAHHA IMCKPETHO-TMOAIHHUX CHCTEMHU.

V3araibHEHHST €JIEMEHTY MOJENl JIUCKPETHO-MOMINHOI CHUCTEMH Ta #oro

aJTOpUTMI3allisl.

®opMyBaHHA CIIUCKY €JIEMEHTIB. 3B’ SI3KH M1 €JI€MEHTaMH.

IIpocyBaHHsI yacy B 00’ €KTHO-OpIEHTOBAHIN peaizallii airopuTMy iMiTarri.
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VY3arajibHEHHS MO/IeJIi Ha OCHOBI CITUCKY €JIEMEHTIB

Tema 5. ®opmanizauis mnpoueciB (GYHKUIOHYBAHHS IMCKPETHO-NMOAIHMUX
cHCTEM.

Crocobu (¢opManbHOrO MPEACTABICHHS MPOLECiB (PYHKIIIOHYBaHHS JAMCKPETHO-

MOJIMHUX CUCTEM: MEPEKi MacOBOT0 00CITyroBYBaHHS, CTOXacTHYH1 Mepexi [1eTpi.

['padiune npeacTaBieHHs NPOIECiB GYHKITIOHYBAHHS AUCKPETHO-TIOAIHIX CUCTEM.

Tema 6. @opmaJtizMm Mepexk MAaCcOBOT0 00CTYrOBYBaHHS.

O6mactb 3acTOCYBaHHS (popMali3My MEpEX MacoOBOTO OOCITYyTrOBYBaHHSI.

EnemenTu mepexi MacoBOro 00CIyroByBaHHs.

[Mpuknagu dhopmanizaliii mpoiieciB (GYHKIIIOHYBaHHS JUCKPETHO-TIOAINHUX CHCTEM
MEPEKEI0 MACOBOTO 0OCITYrOBYBAHHS.

VYHiBepcanbHUN aJITOPUTM IMITAIllT MEpPEXl MaCOBOT0 OOCITyTOBYBaHHS.

O1uiHKa TOYHOCTI AJITOPUTMY IMITaLli MEpPEXl MAaCOBOTO OOCITYTOBYBaHHS.

OnuiHKa CKJIaJHOCTI ITOPUTM IMITalli JJIsl MEPEXK1 MacOBOTO OOCITYyrOBYBaHHS.

Tema 7. @opmaJiizm croxactuuHux mepex Ierpi.

O06macTh 3aCTOCYBAaHHS CTOXaCTUYHHUX Mepex [lerpi.

[Tonsarts 6a30B0i Mepexi [letpi.

EnemenTu croxactuunoi mepexi [letpi.

Kiacudikariis croxactuuaux mepex Ilerpi.

[Tpuknagu dhopmanizallii mpoiieciB (GyHKIIIOHYBaHHS JUCKPETHO-TIOAINHUX CHCTEM
cToxacTuyHuX Mepex [letpi.

[TopiBusinHg Mepexi [leTpi Ta Mepexi MacoBOTO OOCTYTrOBYyBaHHS.

Tema 8. Anropurm imitanii croxactuuHoi mepesxki Ilerpi 3 6aratokanaJbHUMHU
nepexoaaMu.

Anroputm imiTaiii 6a3oBoi Mmepexi IleTpi.

Anroput™m imiTauii Mepexi IleTpi 3 yacoBUMHU 3aTpuMKamu, 3 OaraTOKaHaJIbHUMHU

nepexoaamu, 3 KOHQIIKTHUMU MePEX01aMHu.

VHiBepcanbHUI aIrOpUTM IMITalli cToXacTuyHOi Mepexi [lerpi.

OmuiHKa CKJIaJHOCTI ITOPUTMY IMITallli CTOXaCTU4HOI Mepexi [leTpi.

Or1riHKa TOYHOCTI alITOPUTMY IMITaIlli cToxacTuaHoi Mepexi [lerpi.

OO6UYHCITIOBAHICT AITOPUTMY IMITaIlil cToXacTU4HOI Mepexi [letpi.

Tema 9. MatemaTuuHuii onuc croxactuuHoi mepe:ki Ilerpi.

Martpuusi piBHsSIHHS 6a30B01 Mepexi [lerpi

Hocmimxenns BnactuBocTeit mepex [lerpi. [nBapiantu mepexi [letpi

PiBHsiHHSA cTaHIB cToXacTH4HO1 Mepexi [lerpi.

MartpuuHi piBHSIHHS CTaHIB CTOXacTHUHO1 Mepexi [lerpi.

ExBiBajieHTH1 BIiAHOIICHHS MiX ©0a30BOI0, JETEPMIHOBAHOK Ta CTOXAaCTUYHOIO
mepexamu [leTpi.

Tema 10. IIpouec popMmastizamii JUCKPETHO-MOAIMHOI CHCTEMH.
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[TpoTokonu moii.

Amnani3 nporiecy GyHKIIIOHYBaHHS JUCKPETHO-TIOIIHOI CHCTEMH.

[TonsTrs Process Mining.

CyudacHi TeHzaeHLIi B po3poOiii HOBHX 3aco0iB (opmanizaiii JUCKPETHO-TIOIIHHUX
CUCTEM: iepapXidHi MOieTIi, 0araTopiBHEBI MOJIENI.

3microBuii Moayab 2. ®Dopmagizm Ilerpi-06’ekTHOI Momeai Ta iioro
nporpamMHe 3a0e3ne4eHHs

Tema 11. ®opmanizm Ilerpi-00’ekTHOI MOaei

[TonsitTst [leTpi-o6’exra.

Crpyktypa [lerpi-00’ekTHOT MOEII.

[Tpuknagu 3actocyBanHs I[leTpi-o0’ekTHOro migxomay mias Qopmanizaliii MpoIecis
(YHKIIOHYBaHHS JUCKPETHO-TIOJIHHUX CHCTEM.

Tema 12. MaTtemaTuunuii onuc IleTpi-o06’ekTHOI MOaeTi.
Marematnunuii onuc Iletpi-00’ekTa.

Marematnunuii onuc 3B’s13K1B [1eTpi-00’€KTiB B MOEII.

ExBiBaneHTHICTh piBHAHB cTaHIB [1eTpi-00’€KTHOI MOJIEN] Ta pIBHSHB CTaHIB
croxactuyHoi Mepexi [lerpi.

Tema 13. IIporpamue 3a6e3nedyenHsi IleTpi-06’ekTHOro Mo/1eTIOBAHHS.
Anroputwm imitarttii [letpi-06’ekTHOT MOAEII.

bibmioTeka kiaciB [1eTpi-06’€KTHOTO MOJIETIOBAHHS.

I'padiunmii pegaxrop mepexi [letpi.

I'padiunmii pegakrop [lerpi-06’ekTHOT MOEIII.

3micToBuii Moayab 3. [Iporpamue 3abe3neyeHHst iMiTaniiiHOro Mo/1eIIOBAHHS
CHCTEM

Tema 14. MonenwBanns B GPSS
OcHogHi onieparopu moBu GPSS.
[Tpuknaau peamnizamii moaeneit moBoro GPSS.

Tema 15 MoaemoBanns B Arena Rockwell Software.
OcHoBHI 0J10KH 117151 pO3p0OOKK Mojenel B Arena.
[ToOynoBa iepapxiuyaux Mozesnei B Arena.

EnemenTn animartii mporpamaoro 3a6e3nedeHus Arena.
[Tpuknaau peamnizarii moneneit B Arena.

Tema 16 MopemoBanus B CPNTools.
Po3pobka mozeseit 3acobamu koibopoBux Mepesk [lerpi B CPNTools.
[Tpuxnanu peanizanii moxesneit B CPNTools.
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Tema 17 IlapajienbHi 00uucaeHHs B iMiTaliiHOMY MO/1€JTIOBAHHI.

[TapanenbHi 0OUKCICHHS B €KCIIEPUMEHTYBAHHI 3 IMITAllITHUMUA MOJIETISIMU.
[TapanensHi  oOuuciaeHHS B po3poOIll  Bi3yaldbHUX 3aco0iB  IMITAIIHHOTO
MOJIETTIOBaHHS.

[TapanenbHi oOYMCIIEHHS B PpO3pOOIll aNTOPUTMIB IMITaIil AUCKPETHO-TIOAINHUX
CUCTEM

[Napanensauii anroput™ imitanii [leTpi-06’exTHOT MOzENI

Tema 18 Ilporpamue 3a6e3nedeHHs1 3 iMiTaniiiHOTo Mo/1eJTIOBAHHSA:
[TopiBHsAIBHUHN aHaJI3 3ac001B MOJICITIOBAHHS CKJIAIHUX CUCTEM

3aranpHl CKJIQJOBI CY4YaCHOrO IMPOTpamMHOro 3a0e3neueHHs 3  IMITaliiHOTO
MOJIEJIIOBAaHHS CUCTEM

TenaeHIii po3BUTKY MPOrpaMHOTO 3a0e3MeUeHHs 3 IMITAIlIHHOTO MOJICITFOBAHHS.
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7 CTpyKTypa HABYAJIbHOI TUCUMILTIHU

KinbkicTbh roaus ajs 1eHHoi/3a04Hoi popmu

HABYAHHA
Ha3Bu 3micToBUX MOaYJIIB i TeM % ¥ Tomy i
= Jlek. pak. Jlao. Cam.po0.
1 2 3 4 5| 6 | 7] 8 |9]10] 11 | 12

3micToBuii moay.s 1. bazosi popmastizmu onucy (pyHKIIOHYBAHHA JMCKPETHO-
NOAIMHMX CHCTEM Ta iX AJITOPUTMH

1 Tewma 1. onsrrs Moaeni. Cnocobu o0y moBH 1 4
Mozeneit. Metoau mozentoBaHHs. TexXHOIOTIT
MO/JICITFOBaHHSI.
2 Tema 2. TeHepaTopH BHITA[KOBHX YHCEIL. 1 1 5
3 Tema 3. Anroputm iMiTamiHHOTO 5
MO/ICIIFOBAHHS TUCKPETHO-TIOIIHOT CHCTEMH.
4 Tema 4. O0’eKTHO-OpPIEHTOBAaHHU MiAXiA 1O 1 4
pOo3poOKH ANTOPUTMY iMiTamiiHOTO
MO/JICIIFOBAHHSI IUCKPETHO-MO I ITHUX CHCTEMHU.
5 Tema 5. dopmarizamis TIpOIIeCiB 1 1 5
(bYHKIIOHYBaHHS JIUCKPETHO-TIOIHHUX
CHCTEM.
6 Tema 6. ®opmamisM Mepex MacoBOTO 1 4
00CIIyroByBaHHS.
7 Tema 7. ®opMaii3M CTOXaCTHYHHX MEPExK 1 1 5
[etpi.
8 Tema 8. Anroput™ imiTamlii CTOXacTHYHOI 1 1 5
Mepexi  Iletpi 3 OaratoxaHaJTbHUMHU
MepexoamMu.
9 Tema 9. MareMaTuyHHMIi ONHC CTOXACTHYHOL 1 4
Mmepexi [Terpi.
10 Tema 10. Ipomec ¢opmamizarii AUCKPETHO- 1 4
MOIHOT CHCTEMMU.
Pa3om 3a 3micToBuM mMoayiem 1 60 10 0 5 45
3micTroBuiit MoayJb 2. @opmadizm IleTpi-00’€KTHOI MOaeJTi TA IOT0 MPOrPaMHe
3a0e31eYeHHs
11 Tema ll. dopmainizm [letpi 2 7
12 Tema 12. Maremaruunnii ormc ITerpi 2 2 6
13 Tema 13. [Iporpamue 3abe3neyenns [letpi 3 2 6
Pa3zom 3a 3micToBUM MoayJiem 2 30 7 0 4 19
3micToBuii Mmoayab 3. [Iporpamue 3a6e3nedyenHs iMiTaniiiHOro Mo1e/II0BAHHSA
CUCTEM
14 Tewma 14. MopemoBanns B GPSS 1 2 10
15 Tema 15 Mopemosanus B Arena Rockwell 2 2 10
Software.
16 Tema 16 Mogenroanus B CPNTools. 1 2 10
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17 Tema 17 [TapasenpHi OOYMCICHHS B 1 1 8
IMITaIliTHOMY MOJIETIFOBaHHI.
18 Tema 18 TIporpamne 3abe3medeHHs 3 2 8
IMITaIIHHOTO MOJICITIOBAHHS:
Pa3om 3a 3micToBUM MojyJieM 3 60 7 0 7 46
¥Ycboro roauH 3a gucuiniiny | 150 24 0 16 110
8 Temu J1a60paTOPHUX 3aAHATH
» Kin-
Ha3Ba Temun KICTb
3/m
rOUH

Po3pobka renepaTopiB BUIIaJIKOBUX YHCEJ Ta IX MepeBipKa Ha BiAMOBIIHICTh 3aKOHY PO3IOJILITY.

Po3poOka anroputMmy iMiTamii MoAeli MacoBOTO OOCIyroByBaHHS Ha OCHOBI 00’ €KTHO-
OpIEHTOBAHOTI'O MiTXOaY.

Po3pobka ™Mopmemi cucTeMH  Ha OCHOBI ()OpMalli30BAHOTO OIMUCY MEPEKEId MacOBOTO
oOciyroByBaHHs Ta ii peamizaifis. OIliHKa TOYHOCTI Ta CKJIQJAHOCTI aITOPUTMY IMITaIlil MOJei
MacoBOTO 0OCIyrOByBaHHS

Po3pobka yHiBepCalbHOTO aqropuTMy iMitarlii croxacTuyHoi Mepexi [letpi. OlfiHka TOYHOCTI
Ta CKJIaJHOCTI allrOPUTMY iMiTalii ctoxacTnaHoi mepexi [letpi

Po3pobka mMozeni cucteMrn Ha OCHOBI (JOpPMalli30BaHOTO OITMCY CTOXACTHYHOIO Mepexero [leTpi
Ta T peaizaris

ExcriepuMeHTanbHe TOCIIKEHHS IMITAIIHOT MOZIENI CHCTEMHU.

Po3pobka Mojeneli 3 BAKOPUCTAHHSIM ITporpaMHoro 3adesnedeHns GPSS.

Po3pobka Mozeneit 3 BUKOpUCTaHHSIM mporpamuoro 3abesneuenns Arena Rockwell. Po3pobka
iepapxiuaux Mopeneit B Arena Rockwell. Bizyamizaris imitarii B Arena Rockwell.

Pazom

16

9 Camocriiina podoTa

Ne Hasea remu KinbkicTb
3/ TOJHH

1 |[ToTouHe ompalfoBaHHs TEOPECTHYHOIO MaTepiany 20

2 |[TigroToBka /10 JIAOOPATOPHUX POOIT 40

4 |BukoHaHHS PO3paxyHKOBO-rpadiuyHOi poOOTH 40

5 [[TigroToBKa JI0 iCIIUTY 10

Pazom

110
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10 ImpuBigyaabHi 3aBIaHHS

Pobounm mnmaHoM miepen0avueHO BUKOHAHHS 1HAWBIIyaJbHUX 3aBIaHb 3
JTUCITUTUTIHU Yy BUTIISAII PO3paxyHKOBO-TrpadiaHOl p060T1/1 (PT'P). B niit 3BO HaBOmATH
TEKCTH TIPOTpam, AK1 p03po6J1eH1 BJIACHOPYY BIANOBIAHO 10 OTPHUMAaHHUX BapiaHTIB
3aBJlaHb 1 JOCTIKEHI mia Jac yabopaTopHux pobit. Joxmanna indopmaris npo PI'P
MmicTuTbes B [14.2]. @opmu koHTpOI0 BukoHaHHS PI'P HaBeneHi B Tabumii.

Bun podoru ®opMa KOHTPOJIIO KinbkicTb
0aJtiB

CtpykTypa, OIUC METOY Ta 1. BinnoBigHICTh YMOBaM 3aBAaHHS
MporpaMHa 4acTUHA

2. EkciepuMeHTabHE MATBEPIKEHHS

[TosicHIOBaIbHA 3aMMKMCKA 1. OOrpyHTOBaHICTbH pIllICHb

2. [TocunanHs Ha MepIIOHKEpesa

3. BianoBigHiCTh 0OPMIICHHS BUMOTaM
4. CBO€yacHICTh 31a4l

CleLeee @
SIDNIENITVITMI IR N

3axuct PI'P CaMoCTIfHICTh, BUKOHAHHS (BiAMOBIAI Ha
3aIUTaHHs)

Pazom 0...| 20

11 MeToau KOHTPOJIIO

OminroBanHss 3HaHb 3BO 3miiicHioeThCcs BiamoBigHO 10 «llomokeHHS TIpO
MOTOYHE Ta IMiJICYMKOBE OIiHIOBaHHS 3HaHb 3BO UYepHIriBChKOro HaIliOHAIBLHOTO
TEXHOJIOTIYHOTO YHIBEPCUTETY», MOTOKEeHOro BueHoto paaow UHTY (mpotokon Ne 9
B 26.10.2015 p.) Ta 3aTBepmkeHoro HakazoM pektopa UHTY Bix 29.10.2015 p. Nel81.

3 mucuumiian 3BO moxe HaOpatu 10 60% miACyMKOBOI OIIIHKM 3a BUKOHAHHS
BCIX BUIB pOOIT, 1110 BUKOHYIOTBCSI MMPOTATOM cemecTpy 1 10 40% MiJICyMKOBOI OLIIHKA
— Ha 3aJIKYy.

BukoHaHHS Ta OCOOMCTHMH 3aXHCT yCIX JIaDOpaTOpHHX poOIT, 3a3HAYEHUX Y
poOoUiil HaBYANIbHIM Mporpami 3 JUCIUIUIIHU, € 000B’s3KOBUM. [IoTOUHUN KOHTPOIH
MPOBOJIUTHCA NUIIXOM cCHiakyBaHHs 13 3BO mig dyac nekiiii Ta KOHCYJbTAaIlld Ta
onutyBanb 3BO mig yac 3axucTty 1a00paTOpHUX POOIT.

Pe3ynbratv MOTOYHOrO KOHTPOJIIO 3@ BIAMOBITHUI MOJYJNb OMPHIIIOIHIOIOTHCS
BUKJIaJ]JaueM Ha HACTYNIHOMY ayJUTOpHOMY 3aHATTI. bamu, sxi nHaOpani 3BO mig yac
MOJYJIBHUX KOHTPOJIIB, CKJIa/1al0Th OI[IHKY IIOTOYHOTO KOHTPOJIIO.

CeMecTpoBUl KOHTPOJIb Yy BHUIVISIAL  eKk3aMeHy TPOBOAUTHCA MiJ  4ac
eK3aMeHallliHO1 cecli 3 TpbOMa 3alUTaHHSAMU: JBOMa TeopeTuyHumu (o 10 Oami
MaKCUMyM 3a KOXXHE) Ta OJAHMM npakTuyHuUM (20 OGamiB MakcumyMm). OIlliHka 3a
pe3ynbTaTaMi BUBYCHHS TUCHUIUTIHA (POPMYETHCS IIISXOM JOJABaHHS MiIACYMKOBHUX
pe3yJbTaTiB MOTOYHOTO KOHTPOJIIO JO €K3aMEHAIIMHO1 OIliHKU. B3aeMO03B’S30K MIXK
HaOpaHuMu 0ajaMu 1 OLIIHKOIO HaBeJIeHU y po3aui 12.

B Bumnanky moBTOpHOTO CKJIaJaHHS ICUTY BCl HaOpaHI MPOTATOM ceMecTpy Oanu
aHYJIOIOTBCSA, A TOBTOPHHUM ICIIUT CKIAJA€TbCS 3 TpbOMa MUTAHHSIMHU: JBOMa
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teopetnyHuMHu (1o 30 OasiB MaKCUMyM 3a KOXHE) Ta OAHUM IpakTuuHuMm (40 OaniB
MakcumyM). Ex3ameHartiifai OiJ1eTH 3HaXOAAThCS Y TTAKET1 IOKYMEHTIB Ha TUCITUTIIIHY.

Y Bumagky, skmo 3BO mnporarom ceMecTpy HE BHKOHaB B TIOBHOMY 0OCS31
niepen0aueHnX poOOUOI0 TIPOrPaMoI0 BCIX BHIIIB HABYAIBHOI POOOTH, Mae HEBIAPAIlbOBaHi
JabopatopHi poboTH ab0 He HaOpaB MIHIMAILHO HEOOXiTHY KUTbKiCTh OamiB (20), BiH He
JIOITYCKA€EThCA JI0 CKJIANAHHS ICIIMTY [T 4Yac CEMECTPOBOTO KOHTPONIO, ajié Mae IPaBo
JKBIAyBaTH aKaJeMidHy 3a00proBaHICTh Yy TOPSIKy, mepemndadeHoMy «llomoskeHHSIM TIpo
MOTOYHE Ta MiJICYMKOBE OLliHIOBaHHs 3HaHb 3BO UHTY».

[ToBTOpHE CcKJIamaHHS ICOMTY 3 METOKO ITiJIBUIIEHHS ITO3UTHUBHOI OIIIHKH HE
TI03BOJISIETHCS.

3a pe3ynpTaTaMH CEMECTPY B €K3aMEHAIifHYy BiJJOMICTh BHUCTAaBJISETHCS OIlIHKA
BIIMOBITHO /IO IITKAJIM OIIHFOBAHHS, 110 HaBeJIeHa B HACTYITHOMY PO3JILII.

12 Po3mnoain 6aJuiB, AKi OTPUMYIOTH CTYI€HTH
IIoTOYHMI KOHTPOJIB 38 MOYJISIMU

Moay.ab 32 TEMATHYHHM MJIAHOM AUCHUILTIHM Ta ()OPMA KOHTPOJIIO Klg:::ilgTb
3micTtoBuii MmoayJib 1. ba3osi opmanizmu onucy pyHkuioHyBaHHSs 0... 11
AUCKPETHO-MOAIHUX CHCTEM Ta IX AJITOPUTMHU

1 TIloBHOTA BeleHHS KOHCIIEKTIB 3aHSITh. 0... 3
2 IligroroBieHicTh 10 1a00pPaTOPHUX POOIT. 0... 2
3 CaMOCTIHHICTb Ta CBOEYACHICTh BUKOHAHHS J1a00OpaTOPHUX POOIT. 0... 2
4 3axuct 1ab0paTopHUX POOIT. 0... 4
3microBuii MoayJb 2. ®opmadnizm Ilerpi-06’ekTHOI Moei Ta ioro 0... 11
nporpamMHe 3a0e3ne4eHHst
1 TIloBHOTa BegeHHST KOHCIIEKTIB 3aHSITh. 0... 3
2 IligroroBieHicTh 10 1a0OPATOPHUX POOIT. 0... 2
3 CaMOCTIHHICTb Ta CBOE€YACHICTh BUKOHAHHS J1a0OpPaTOPHUX POOIT. 0... 2
4 3axuct 1ab0paTopHUX POOIT. 0... 4
3microBuii MoayJb 3. [lporpamue 3a0e3neveHHs imiTaniiiHoro 0... 18
MO/IeJIIOBAHHS CHCTEM
1 IloBHOTa BEeIEHHS KOHCIIEKTIB 3aHSATh. 0... 3
2 TligroroBmieHicTh 10 1a0OPATOPHUX POOIT. 0... 3
3 CaMOCTIHHICTb Ta CBOEYACHICTh BUKOHAHHS J1a0OPaTOPHUX POOIT. 0... 3
4 3axuct mabopaTOPHHUX POOIT. 0... 9
Ouinka 3a PI'P 0... 20
CemecTpoBa OLIHKA MOTOYHOI'0 KOHTPOJIIO 0... 60

Hns 3axucmy nabopamopHoi pobomu CTYASHT TOBUHEH BIJMOBICTH Ha BCI
KOHTPOJIbHI 3allUTaHHS 3 METOJUYHMUX BKAa3IBOK Ta Ha JBa 3alMUTaHHS 3a BUOOPOM
BHUKJIaJa4ya 3 JIEKI[IHHOTO KypCy 3a TeMO JlabopaTtopHoi pobotu. s denroi ghopmu
HABYAHHs 32 KOXKHY JIabOpaTOpHY pOOOTY CTYACHT OTPUMYE MEBHY KUIbKICTH OaliB 3
ypaxyBaHHSIM MaKCHUMAaJIbHOI KUIBKOCTI OajiB 3riTHO HaBejeHOoi1 BuIle Tadmuill. [lpu
IIbOMY BPaxOBYEThCS SIKICTh O(OPMIICHHS 3BITY Ta MOBHOTA BIJIMOBIJICH Ha 3alMTaHHS
MIPH 3aXKCTI1 JJaOOpaTOpHOI poOOTH.
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[lim yac ceMecTpoBOTO KOHTPOJIO J0 BHU3HAYEHOI MOTOYHHM KOHTPOJIEM CYMHU
0aniB MO/A€ThCS OLIHKA 3a BIAMOBIAb HAa 3aBJaHHA ICIUTY, IO BiOOpakaeTbcs B
eK3aMeHallHli BimoMocTi. Ex3amMenHartiiiHa OIIHKAa BHUCTAaBIAETHCS BIIMOBIIHO 10
IIKaJIM OI[IHIOBAHHS, HABEICHIM HIXKYE.

IHIkana oninroBanusa: HanioHaabHa Ta ECTS

Cyma bais 3a OuiHKa 32 HANIOHAJIBLHOI0 LIKAJIOK0
BCi BN Ouninka ;
HaBYAJIbHOI ECTS | AJsl eK3aMeHYy, KypcoBoi AL 3Ky
TiAIBHOCTI pobGotH
90 - 100 A BIIMIHHO
82-89 B o6be
75-81 C #100P 3apaxoBaHO
66-74 D 3aJI0BUJIBHO
60-65 E
HE3aJIOBLIHHO 3 HE 3apax0BaHoO 3
0-59 FX MO>KJTUBICTIO IOBTOPHOTO MOKJIMBICTIO
CKJIQ/IaHHS MTOBTOPHOTO CKJIQIaHHS

13 IHcTpymMeHTH, 00J1aJHAHHS Ta MPOrpamMHe 3a0e3MeYeHHsl, BAKOPUCTAHHA SIKHX
nepeadavyac HAB4YAJIbLHA TUCUMILIIHA

Jlexmifinuii Martepiall TOMAEThCSA Y BUIJISAAI IPE3CHTAIIA 3a JOMOMOIroK Meia-
npoektopa. I[lim wac ek aHami3yloTbCcsl TPOOJIEMHI CHUTYyallii, OpraHi3yeThCs
3BOPOTHUHM 3B'SI30K 3 ayJAUTOPIEI0 NUIAXOM (QOPMYNIOBAHHS 3alMUTaHb 1 CTUCIIHX
BIIMOBIIEH 3 000X CTOPIH.

Oco0MuBICTIO BUKOHAHHA JabOpaTOpHUX pOOIT € 3aCTOCYBaHHS CHEIaIbHOTO
oOnagHaHHS Ta TPHUKIAAHOTO TMPOrpamMHOro 3abe3nedeHHs HaBYAJIBHOI JiabopaTopii
«Ananimuynoi 06pooxu inghopmayii ».

14 Metoauune 3a0e3nev4eHH

1. Imitarmifine monentoBaHHsI. MeTOAUYHI BKa3iBKM JI0 BUKOHAHHS Ja0OpaTOPHUX Ta
CaMOCTIMHMX poOOIT sl CTYAEHTIB chemianbHocTi 121 «IHKeHepis mnporpaMHOro
3abe3neuenHs». — Yepniris: YHTY, 2017. — 17 c.
2. Imirtamiitne mojmentoBaHHS. MeTONWYHI BKa3iBKM /10 BUKOHAHHS PO3PaxXyHKOBO-
rpadiuHUX poOIT Ui CTyAEHTIB cremianbHOCTI 121  «IHxeHepiss mporpaMmHOTO
3abe3neuenHs». — Yepniris: YHTY, 2017. — 12 c.

15 PexomeHmoBaHa JjiTepatypa
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1. TomameBcrkuit B. M. MonentoBanns cucteMm. - K: Bunasunua rpyna BHY, 2005. -
352 c.
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. Tomamescekuit B.M., XKnanosa O.I'., KongakoB O.O. BupimeHHss npakTUYHUX
3aBJlaHb METOJIaMU KOMII I0TepHOro MozentoBanHs. — Kuis: “Kopwiituyk” — 2001.
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16 Indopmauiiini pecypcu

Cuctema pauctanuiiiHoro HaBuanHs YHTY. Kypc «MogentoBanHsi cucrem

(MoaC». — [EnexTpoHHMit pecypc]. — Pexum JTOCTYITY
https://eln.stu.cn.ua/course/view.php?id=4773
Arena Simulation Sofrware [Enekrponnuit pecypc]. — Pexum goctymy:

https://www.arenasimulation.com/what-is-simulation

Petri nets World site TGI group at the University of Hamburg, Germany
[Enextponnmii  pecypc]. — Pexum  moctymy:  http://www.informatik.uni-
hamburg.de/TGI/PetriNets/
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