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AHOTAIISA

Tema kBamidikariinoi poborn OakanaBpa «Imitamiiine MoJETIOBaHHS
3aBaHTaKEHOCTI MOOUIBHOTO MEIMYHOTO IIMUTAIII0 B YMOBAaX BOEHHOTO CTaHY».

[TosicHroBanbHA 3amUCKa CKIAAAE€ThCA 31 BCTYIY, 3 PO3ALIIB, BUCHOBKIB, CIHCKY
BUKOpPUCTAaHUX JpKepen 13 97 HaliMeHyBaHb, JOJATKIB. 3arajibHUM 00cCsSr podoTH —
134 ctopinku, y ToMy uuciai 62 CTOpIHKH OCHOBHOTO TEKCTy, 15 CTOpIHOK chucky
BUKOPHUCTAHUX JIKEPEIL, 57 CTOPIHOK TOAATKIB.

AKTyanbHICTh pOOOTH NOJISATAE B TOMY, IO B YMOBAaX BOEHHOT'O CTaHy Ha TEPUTOPIi
VYKpaiHu CTBOPIOIOTHCS JTOIATKOBI HaBAaHTAXXEHHS Ha ICHYIOUl MEAW4YHI ycTaHOBHU. Lle
OPU3BOAUTH JI0 HECTaul PECYpCiB 1 3HIKEHHS €(EeKTUBHOCTI HaJaHHS MEIUYHOT
JIOTIOMOTH HACEJIEHHIO Ta BOEHHUM. B Takux yMoBax, ICHYIOUl MEJUYHI CUCTEMHU MICT
NOTPeOyIOTh BBEACHHS JIOMOMIXXHUX MOOUIBHMX MEAUYHUX TOYOK ISl 3a0€3MeYeHHS
BYACHOTO HAJAaHHA MEIWYHOI jJonoMord. Tomy akTyaJdbHOIO 3aJauel0 € CTBOPEHHS
JIOCTOBIPHOI KOMIT’FOTEPHOI MOJIEN, TPUAATHOI ISl pO3paxyHKy apaMmeTpiB MOOUTbHUX
mnuTatiB. Lle 103BOAWTH 3aBYACHO MIATOTYBATUCSA A0 OUIKYBAHMX HABAaHTAXKEHb 1
e(heKTUBHO BUKOPUCTOBYBATH MOOLUIbHI METUYHI CUCTEMU 3a TOTPeOaMHU.

Mera poOoTH: po3poOKa IMITALIIIHOI MOAENl, NMPU3HAYEHOI HIJisi PO3PaXyHKY
KUIBKOCTI JIKKOMICIIb Ta TIEPCOHANY Y BIJAUIAX MOOUTBHOTO MEIUYHOTO INMUTAIIO Y
3aJIEKHOCTI BIJl IHTEHCUBHOCTI BX1JIHOTO MOTOKY MOPAHEHUX.

Pesynpratn po0OOTH BHUKOPUCTOBYIOTHCS y HaBYaibHOMY mporeci CyMCBKOTO
JIep’KaBHOTO YHIBEPCHUTETY Ha Kadenpi iHpopMaIliiHUX TEXHOJIOTIH y paMKax TUCITUTUIIH
«MopnemntoBanHs cuctem» Ta «Teopist pUUHATTA PILLICHBY.

Pesynbrati poGoTH Oynu AOKIIaAeH! Ha 5-TU MIXHAPOAHUX HAyKOBO-TIPAKTUIHUX

KOH(EPEHIIISIX, OCHOBHUI 3MICT pOOOTH OMMyOIIIKOBAaHO Y § HAyKOBHX POOOTaX.

KirrogoBi ciioBa: iMiTaIiiHa MoOJIeib, MOOLTEHUM IITTATAJb, ONTUMAJILHE PIIICHHS,

EKCIIEPUMEHTH, MPOT1H MOJIEII1, PO3PaXyHOK PECYpCIB.
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BCTYII

AkTyanabHicTb Temu. Ha teputopisx Vkpainu, ne BeayThes O0oioBi i,
CTBOPIOIOTHCSA JOAATKOBI HABAHTAXKEHHS HA ICHYIOY1 MEIMYH1 YCTAaHOBH, 110 IPU3BOJUTH
JI0 HECTadl pecypcCiB 1 3HIKEHHS €()EeKTUBHOCTI HAJaHHSI MEIUYHOI JoToMord. B Takmx
yMOBaX, ICHyl0Ya MEIUYHA CHUCTEMa MOTpeOye BBEACHHS JOMOMIXHUX MOOUIBHUX
MEIMYHUX TOYOK JJIsi 3a0e3MeueHHs] BUACHOTO HAJaHHS MEIMYHOI JomoMoru. Tomy
aKTyaJbHOIO 33J1aU€l0 € CTBOPEHHS JOCTOBIPHOI KOMIT FOTEPHOI MOJIENI, MPUAATHOL 1Jis
PO3paxyHKy IMapaMeTpiB MOOUIHPHUX MIMUTATIB. Lle 703BONMHMTHL 3aBYaCHO MiATOTYBATHCS
JI0 O4IKYBAHHMX HABAaHTAXEHb 1 €)EKTUBHO BUKOPHUCTOBYBATH MOOLITbHI MEANYHI CUCTEMU
3a nmoTpedamu.

ImiTaniiiHa Mozenb 3a0e3MeYuTh MOXIIMBICTH BUBEIEHHA 1HGOpMaLii mIpo
MOXJIMBE HABAaHTAKEHHS HA OKpeMl MIAPO3AUIM MOOUIBHOTO IIMUTANIO, J03BOJIUTH
IIBUIKO BUKOHYBATH PO3PAXyHOK MOTPIOHOT KUTBKOCTI JIKKOMICIIb Ta MEPCOHATY 1, Y
3aJIEKHOCTI B1Jl IHTEHCUBHOCTI HaJXO/KEHHS BX1JHOTO MOTOKY MOPaHEHUX, NpUMMATH
e(eKTHBHI PIIICHHS Y PEKUMI pEabHOTO Yacy.

Jani nns noOynoBu Mojeli Oyiau OTpUMaHi y pe3yibTarl aHali3y JOBIAKOBHX
MaTepialiiB, TAKOXK HaJaBAJMCS MPONO3ULII Bl OKPEMUX MEIUYHUX opradizauii M. Cymu
Ta 00MOBUX MEIHKIB.

Mema pooomu i 3a0aui docniorycenns. MetToro poOOTH € po3poOKa iMITaLIHOT
MOJIeJTl, MPU3HAYEHOT JIsi PO3PAXYHKY KUIBKOCTI JIKKOMICIIH Ta MEPCOHANY y BiiIax
MOOLTBHOTO MEIUYHOTO IIMHUTAII0 y 3aJIeKHOCTI Bl IHTEHCUBHOCTI BX1JIHOTO HOTOKY
MOpaHEHUX.

JIy1st moCATHEHHS MOCTaBIEHOT METH HEOOX1THO BUPIIIUTHA HACTYTHI 3a/a4i:

— BUSBHUTH ICHYIOYI NpOOJIEeM y MEAMYHUX CUCTEMaX B YMOBaX BOEHHOIO
CTaHy;
— o0Oparu MeToau Ta 3aco00M peaizarlii iMITalliifHOT MOJIETIi;

— pO3poOUTH KOHIENTYaJIbHY MOAENIb MOOIIBHOTO METUYHOTO HITUTAJIIO;
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—  pO3pOOUTHU MaTeMaTUYHY MOJIEIb JIJIsl PO3PaxXyHKY KUIBKOCTI JIDKKOMICIIh Ta
NepCcoHaNy y BIIJLIAX IIMUTAIIO;

— po3pobutu 6azy BXIIHUX JAHUX MOJIENI Ta BUKOHATH MPOTpaMHy peatizaiiio
IMITALIHOT MOJIENI;

— BHKOHAaTH PO3pPaxyHOK KUIBKOCTI JIKKOMICIb Ta MEPCOHANY MpPH PI3HUX
3HAYEHHSAX IHTEHCUBHOCTI BX1JHOTO MOTOKY MOPaHEHUX;

— BUKOPHUCTaTH MOJENb JIJISi TIPOBEJCHHS EKCIIEPUMEHTIB Ta ONTHMIi3allii 3a
KPUTEPISIMH €(PEKTUBHOCTI.

06’°ckm Oocnidxcenns — cucteMa 3a0€3MEYCHHS MEIUYHUMHU TMOCIyTaMH
MOPAaHEHUX Ta MOCTPAXKJAIUX OCI0 B yMOBaX BOEHHOTO CTaHy Ta HaJ3BUYANMHHUX
CUTYaLlIi.

Ilpeomem oOocnioxycenna — iMmiTaniina Mojenb (YyHKIIOHYBaHHS MOOLIBHOTO
MEIMYHOTO HIMUTATIO.

Memoou Oocnioxycenna 06a3yr0TbC HA BUKOPHCTaHHI METOJIB IMITAI[IHHOTO Ta
CUTYaTUBHOI'O MOJICJTIOBAHHS.

Haykoea noeuzna ompumanux pe3yibmamig NoJisArae B TOMY, 110 Ha BIIMIHY B1J]
ICHYIOUMX IMITAI[IHHUX MOJIENIEH, sIKI peai3oByIOTh aHaji3 MOKA3HUKIB 32 MPUHIIUIIOM
«1110 Oygie, SKIo?...», 3aPONOHOBAaHUN METO/I KPIM PO3paxyHKIB:

~ aBTOMAaTH4YHO NepeOyn0By€e MOAECID JIsl pO3PaXx0BaHO1 KIJILKOCTI pECypPCiB;
— BUPIIIYE 3a7a49y ONTHUMI3aIli.

Ilpakmuune 3HaueHHA OMPUMAHUX pe3YIbMAMIE BU3HAYAETHCS TUM, IO
OTPUMaHO HOBY IMITAIIHHY MOJIETb, TPUAATHY JIJISl ONIEPATUBHOTO PO3PaXyHKy MOTPIOHOT
KUTBKOCTI JIDKKOMICITh Ta TIEPCOHATY MOOUTPHUX MEAUYHUX CHCTEM Yy 3aJICKHOCTI Bif
IHTEHCUBHOCTI HAJIXOJ[KEHHS BX1IHOTO IMMOTOKY MTOPAHEHUX.

Bnposaoxncenna. Po3pobOnena iMmiTaiiifHa MOJAEIb BHKOPUCTOBYETHCS Y
HaByasibHOMY mipoueci CyMCBhKOrOo  J€p>KaBHOIO  yHIBepcuTeTy Ha  Kadeapi
1H(hOpMALIIITHIX TEXHOJIOTIN y paMKax nIucuuIuii «MoaemtoBaHHs cucteM» Ta « Teopis
NPUIHATTS pimeHb». Matepianu poOOTH BUKOPUCTaHI MPHU MIATOTOBII METOAMYHUX

BKa3iBOK [ 1, 2]. Komist akTy BripoBakKeHHS Y HaBYaIbHUM MpOolLieC HaBeAeHa y 1oaarky B.
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Anpobauia pezynemamie pooomu. Pe3ynbratu po6oTu Oyiv JIOKIJIaJICH] Ha 1T SITH
MDKHAPOJHUX HAYKOBO-TPAKTUYHUX KOH(PEPEHIIISIX:

1. 17th International Conference on ICT in Education, Research and Industrial
Applications. Integration, Harmonization and Knowledge Transfer. Kherson, Ukraine,
September 28 — October 2, 2021.

2. MixHapoaHa HayKOBO-TIPAaKTUYHA KOH(EpeHIis 3100yBadiB BUIIOI OCBITH 1
Mostiofux yueHux: CydacHi TEHJCHIlI PO3BUTKY 1HXKEHEPii, TEXHOJIOT1M Ta TPaHCIOPTY.
XwmenpHubKkui, 8-19 xxoBTHS 2022 p.

3. MixkHapogHa HaykoBa KoH(epeHIss wMojoaux YyueHux: IHdopmaruka,
MaTtemaruka, apromaruka. Cymu-Hyp-Cynran, 18-22 kBitHsa 2022 p.

4. MixHapogHa HaykoBa KoH(epeHIliss wMojonux yuyeHux: I[Hdopmaruka,
MaTtemaruka, apromaruka. Cymu-Hyp-Cynran, 24-28 kBitHsa 2023 p.

5. MuixnHapoaHa HaykoBa KoHdepeHliss Monoaux ydeHux: IHdopmatuka,
MareMaruka, aBroMatuka. Cymu-Actana, 22-26 kBitHs 2024 p.

Ilyonikayii. 3a pe3yapTaraMu 10CTIKEHb OMyOIIKOBaHO § HAYKOBUX POOIT, 3 HUX
6 Te3 y 30ipHMKax MarepialiB KoH(pepeHiid [3-8], ogHa cTarTs, MO0 IUTYEThCA Y
Scopus [9] 1 omna crarTs y (axoBomy BumanHi kareropii b [10]. Komii myOmikairiit
HAaBEAECHO B 1oAarky I.

Yuacmv y Bceykpaincokux KoHKypcax cHyOeHmMCHIbKUX HAYKOBUX poOim.
Marepianu poboTu Oynu rpeacTanieHi Ha 2-X BeceykpaiHChKHUX KOHKYpCax CTYICHTChKUX
HaykoBHuX poOiT. Komii numiomiB nepeMoxis (1-mme miciie ta 3-T€ Miciie) HaBeJeHl y

nonarky /Jl.



1 AHAJII3 IPEMETHOI OBJIACTI

1.1 AKTYaJBHICTH Ta aHAJI3 iCHYI0UYOI IPO0IeMH

3 MOMEHTy MO4YaTKy BOEHHUX i Ha TEPUTOPil YKpaiHW Tepen METUIHOIO
CITY’>K0010 TIOCTa€ 3ajiada y CTBOPEHHI Ta MIiJBHUIICHHI €()EKTUBHOCTI 1 SKOCTI POOOTH
CHEIlai30BaHUX MOOUIbHUX MEAUYHUX (OpMyBaHb, MPU3HAYCHUX JUIsI HAJIaHHS
KBaI1(p1KOBAHOT MEAMYHOI IONOMOT'M HACEJIEHHIO 1] YaC MacOBaHUX 0OCTPLIIB, BUOYXIB,
MOKEXK Ta IHIIMX HAJ3BUYAMHUX CUTYalllid, CIPUYMHEHUX BOEHHUMU J1SIMU.

30Kkpema, 10 TaKuX MEIUIHUX (POPMYyBaHb BiTHOCATHCS:

—  MeIWYHI MOOLJIBHI IIITUTATI;
—  MeIW4YHI MOOUJIbHI 3arOHU.

JisnpHicTh AaHuX (opMmyBaHb pernmaMmeHTyeThesl "[lonoxkenHsM npo Jlep:kaBHy
cinyxO0y MeaunuHu kKaractpod', 3arBepmkeHuM [locranoBoro KaGinery MiHicTpiB
VYkpainu Big 11.07.2001 p. Ne 827. V 9-My MyHKTI YMHHOTO MOJIOKEHHS 3a3HAYEHO, 1110
110 MeInYHUX opMyBaHb Haiexars [11-13]:

—  MOOIJBHI 3aTOHU;

—  MOO1JIBHI TOCITITAIII;

—  MEeIW4YHI OpUraay MOCTIHHOT TOTOBHOCTI MEPIIOT Yepru - OpUraau mBHIKOT

MEJIUYHOI JIOIIOMOTH;
—  CIeUiaJli30BaHl MEIMYH1 OpUraju MOCTIMHOI TOTOBHOCTI IPYTOi YEPTH.
3okpeMa, y chepi ynparmiaats MHC VYkpaiau cTBopeHO MOOUIBHHN METUYHHUI

rocmiTanab, SKUM OpaB yyacTh y oOprasizaimii JIiKBifaiii HacIHiIKIB HaJI3BUYaWHUX
CUTYyaIlil, y 3a0e3MeueHHl MeIMYHIUX MaCOBUX 3aX0/[iB, MEIMYHUX HaBYaHb B YKpaiHi Ta
3a KopaoHoM [ 12].

MoO1inpH1 Opuragu JikapiB HaJaBajld MEAUYHY JOMOMOTY y HACEJIIEHUX IMYHKTaX
KuiBman micns aeoxymamii bydi, Ipnento, boponsHku, Ta B 1HIIMX MOCTPaXIATIAX

perionax [14].
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VY cBOiii OUTBIIOCTI MEUKU MPALIOIOTh Ha BOJIOHTEPCHKUX 3acajax abo y pamkax
crieniajibHUX MpoekTiB. Tak, Ha JIHIMPONETPOBILKHI JAIFOTH MOOUTHHI METUYHI OpUrajy,
10 cTBOpeHi 3a miaTpumku ToBapuctBa UepBonoro Xpecra Ykpainu [15].

V¥ xoBTHI 2023 poky Ykpaina oTpumasa nepiuii nojJb0BUi MOOUTEHUN TOCIITATh
Bix HiMerbkoi koMmanii "Rheinmetall ZMS" 3aranpHOMO BapTicTio 9 MitH. €Bpo [16]. ¥V
CHUCTEMYy BXOJSITh BINJIJICHHS HEBIAKIAAHOI JOMOMOTH, OIEpalliiiHi, 1HTCHCHBHOI
Tepamii, anteku. I[IpuUCyTHI HamMeTu [JIsi PO3MIMIEHHS MEAUYHOTO T[EepCOoHAITY,

aJIMiHICTpaTUBHOI YaCTUHHU, 30HU OUiKyBaHH (pHc.1).

dl]‘@"“
Jiﬂ!di]i]?&'_!'

Pucynok 1.1 — [TonpoBuii rocmiTanb Bij HiMelbkoi kommanii "Rheinmetall ZMS"[16]

VY kBiTHI 2024 poky Ha CymiuHi y MicTi OXTUpKa BIIKPUTO MOJYJIbHY CTaHIIIO,
NpU3HAUYEHY JUIsl HaJaHHS €KCTPEHOi J0NoMOrd Ta y ceii Xyxpa OXTUPCHKOro pailony
BCTAHOBJIICHO MOJIYJIbHY MequuHy amOymaropito [17] (puc. 1.2).

HeoOxiaHICTh y pO3ropTaHHl TaKUX MOJHOBUX MEIMYHHMX IIMUTAIIB BUHUKAE I11€
1 y 3B’53Ky 3 THM, 1110 HA OKPEMHUX TEPUTOPISAX 3pyHHOBAHI 3aKJIaJd OXOPOHH 370POB's,

TEXHIKa, MEJIUYHI 3aCOOH.
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Pucynok 1.2 — AMOynaropist MoaypHOTO THITY B M. OXTHpKa [17]

Oco0nuBoi yBaru mnoTpedye cHUTyallis, M0 CKJIAJAA€ThCS HA MPUKOPAOHHUX
TEPUTOPISX HA MIBHOYUI Ta cxoil Hamoi kpainu. Ha mpukmami Cymchkoro paioHy
BUKOHAHO aHAJII3 CUCTEMU 3a0€3MeUeHHSI MEAMYHUMH MOCITyTaMH MOTOKY MTOPAHECHHUX.

Pesynwrar anamni3y npezcTaBieHo Ha puc. 1.3 y BUIIIsAI y3araabHeHOI CTPYKTYPHOT
CXeMHU, IO BiAOOpaXkae OpraHi3aliifHO-TEXHIYHY CUCTEMY PyXy MOTOKY MOpaHEHHUX 0
ICHYIOUMX CTaIllOHAPHUX MEIUYHHUX YCTAaHOB JIAHOTO PETIOHY.

IcHyroua MeauyHa cucTeMa Mae psiji HEJIOMIKIB:

— HE3PYYHICTh 3 TOYKH 30pY JIOTICTHKH IO TMPUYUHI PI3HOTO PO3TAIlyBaHHS
MEIMYHUX YCTAaHOB HA MICIIEBOCTI;

— CTBOPEHHS JIOMATKOBUX HAaBAaHTAXKEHb HAa MEIWYHI YCTAHOBHU 1, SIK HACIHIJIOK,
HecTaua NOTPIOHUX pecypcCiB.

Otxe, icHylOYa oOpraHizalliiHO-TEXHIYHA CHUCTeMa He 3abe3rnedye TMOTpiOHI
MOKa3HUKU €()EKTUBHOCTI JJII CBOEYACHOTO HAJaHHS MEIMYHOI JIOMOMOTH MOPAHEHUM.
[To wit mpuurHI MeIWYHA CHUCTEMa PETiOHY MOTpelye HAasBHOCTI HOBUX OO €KTIB, fAK1

OyIyTh IPEACTABISATH COOOIO JOTOMIXKHI MOOLTHHI METUYHI TOUKH.
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Pucynok 1.3 — CTtpykTypa oprasizamiiiHO-TEXHIYHOI CUCTEMHU 3a0e3eueHHS

MEIUYHUMU NOoCcIyraMu nopaHeHux y CyMCbKOMY perioHi

EdexTrBHE BUKOpUCTAHHS MOOUIBHMX MEAMYHHUX TOYOK IMOTPeOye HIBHUIKOTO
BUKOHAHHSI PO3paxyHKIB MapaMeTpiB Ta PECYpCHUX MOXKIMBOCTEW Yy 3aJ€KHOCTI BIJl
MOTOYHUX OOCTABUH Ta MOXKJIMBOTO HAIUIMBY MOPAHEHUX JUIs 3a0e3MeyeHHs MOoTpiOHO1
MOTY>KHOCTI Ta MPOMYCKHOT 3/[aTHOCTI KOMIUIEKCHOI CUCTEMHU MEIMYHOI JOTIOMOTH MICTA.

VY nanuii yac MpOMUCIIOBICTh YKpaiHU HE 3aCBO1IA BUITYCK MOO1TLHUX JIIKYBaJIbHO-
J1arHOCTUYHHUX KOMILICKCIB 3 BUCOKMM PIBHEM TEXHIYHOTO OCHAIICHHS, €PTOHOMIYHICTIO
BHYTPIIIHIX NPUMIIIEHb Ta KOMPOPTHUMU YMOBaMU poOOTU. MoBa iijie mpo CTBOPEHHS
CHeliali30BaHUX TMEePeCyBHUX MEIUYHUX IIMUTANIB, MNPU3HAYCHUX [UIsI HaJaHHS
KBaJT1(hiKOBaHOT MEAMYHOI IOTTIOMOT U

— B yYMOBax 00HOBOT 0OCTaHOBKH;

— B EKCTpPEMaJIbHUX CUTYaIlisIX, CIPUIMHEHHX MAaCOBAaHUMHU 00CTpijamMu;
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— B HACEJICHUX IMyHKTaX IicIs ACOKyTIalii;

— 'y HaJ3BUYAHHUX CUTYaIliIX MHPHOTO 4acy.

ToMy 3amaua HaHOTO MOCHIKEHHS TMOJATa€ y KOMIT IOTEPHOMY MOJAETIOBaHHI
nporecy (pyHKIiOHyBaHHS MOO1IbHOTO MeauuHoro komruiekcy (MMK) nns mamanHs

BYACHOI OIEPaTUBHOI MEAUYHOI JOIIOMOI'M ITIOPAHEHUM.

1.2  OrJsaja oCTaHHIX XOCJIIKeHb i myOuikanin

VY nocnikeHHSX, MPOBEAECHUX 3a OCTaHHI POKM B YKpAIHCHKIM BIHCHKOBIiH
MEIUYHIN akajemii MeToJAaMH KOMIT IOTEPHOTO MOJIETIOBAHHS, B OCHOBHOMY,
MPUALIATIACS yBara BUPIIICHHIO HACTYITHUX 3a]1au:

— OLIHIOBaHHA €(PEKTUBHOCTI pOOOTH MeINYHUX 3akiaaziiB [18];
— YIIOCKOHAJICHHSI CTPYKTYp MeAu4HuX (hopMmyBansb [19];
— pallioHaJbHUM PO3NMOALT MEeAUYHOTO nepconay [20].

JochipkeHHs, 10 TOB’s3aHl 31 CTBOPEHHSM MOOIUIBHUX IIMHUTAIIB MICTSITh
TEOPETUYHI aCMeKTH Ta PEKOMEHMAliiHui Xapakrep. ToMy BUHUKAaE HEOOXITHICTh
JTOCTIKEHHSI MOMJIMBOCTI TMPAKTUYHOTO 3aCTOCYBaHHS TMEPECYBHUX MEIUYHUX
HIMUTATIB B TENEPINIHIX YMOBaX.

MenuuHi CUCTEMH BIJHOCSTHCA JI0 THUIy CEPBICHHUX CHUCTEM, iX poOOoYl Mpolecu
MOXXHa TMPEJICTaBUTU MEPEXKEI0 MACOBOTO OOCIYroBYBaHHS, J0 CKJIAIy SKOi BXOISTh
00CITyroByI0Y1 KaHaJu — poO0Yi pecypcH (JIKKOMICIS, MEIMYHE 00JaHaHHS, TIEPCOHAT
Ta 1H.) Ta Yepru, Ji¢ Bi0OyBae€ThCs OUIKYBaHHS HAJaHHS MEAUYHOI IOTTOMOTH.

JInst mOCHipKeHHST CUCTEM MacOBOTO OOCITYTOBYBaHHS BHKOPHCTOBYIOTHCS JIBa
OCHOBHHX METOJIY JIOCIIPKEHHS €()EKTHBHOCTI CHCTEM — aHAJIITHYHHMMN Ta IMITAI[iHHAM,
110 nependavae JOCTIKEHHS CUCTEM Ha KOMIT IOTEPHUX MOJICIISIX.

VY HaykoBHX myOINiKalisiX OMMCAaHO BHUKOPUCTAaHHS METOAIB Ta MIAXOAM, IO

3aCTOCOBYIOThCS I JOCHIKEHHSI MEIMUHUX cucTeM. Tak, y [21] BupinryeThcs 3a1ada
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MOKpAIICHHS TIOKa3HUKIB CEPEeIHBOI JOBXKMHU 4Yepr, 4Yacy OYIKyBaHHS METOIOM
CreliaJIbHOI opraHizallli yepr y MeIu4Hii cucteMi 3 AediluToM pecypciB, IpH [bOMY
poboul mpolecu NPEACTaBIAIOTbCS MapKiBCHbKUMH TPOIECaMU, BUKOPHCTOBYETHCS
quceJbHE MOJCIIOBAHHS 3a IONIOMOTOI0 MporpamMHoro 3adesnedeHHs ProModel.

Y crarti [22] And MeIWYHUX CEpPBICHUX MEIMYHUX cucteM Tunmy M/M/1,
aHATITHYHUMH METOAaMU JOCHTIKyBaslacs TPUBATICTh OYIKyBaHHs Wi Yac HaJaHHS
MEIMYHUX MOCITYT MallieHTaM 3 PI3HOIO YaCTOTOIO iX MPUOYTTS.

Y nocaimxenHi [23] mpeacTaBieHi aHaTITHUHI MOJIENI Ta BUPIIIYIOEThCS 3aj1aua
MPUCKOPEHHSI TMPOIIECIB pearyBaHHS 3 YpaxyBaHHSM MiCII€3HAXO/KEHHS TMAIll€HTIB 1
MaIllMH HEeBIIKIAIHOT MEIUYHOT T01ToMOTH. [1opiBHIOIOTHCS JIBa IMIIXOW: aHAIITUHYHHH 1
METOJI ONTHUMI3allll 3 BUKOPUCTAHHSIM T'€HETUYHUX alroputmiB. J[oBeneHO, MO0 METOA
onTUMI3aIlli Mo)Ke JaBaTh OUIBII TOYHI pIIMICHHS, IOPIBHAHO 3 aHATITHYHUMU
po3paxyHKamMu. TakoXX pO3MISIIAIOTHCS KUIbKa TMOKAa3HUKIB €(EeKTUBHOCTI, IS SKUX
MO’KHA 3HANTH ONTUMAJIbHI PIIICHHS TUIBKY 3 BUKOPUCTAHHSIM METOJY ONTHUMI3AIli.

B [24] po3pobneHo imiTallliiHy MOMAETh MEIUYHOTO 3aKJIaJy MOBOIO
nporpamyBanHs GPSS. Meauuna cucrema, 1o BigoOpaxae nporec (yHKIIOHYBaHHS
MEIUYHOTO IEHTPY, MPEJCTaBICHA MEPEKEI0 MACOBOTO OOCIYrOByBaHHS BiJIKPUTOTO
THUITY, 10 CKJIAJAETHCS 3 5 OKpEMUX BY3IiB, AKI € CACTEMaMHU MaCOBOTO OOCITyTOBYBaHHSI.
Mogenb onTrMizoBaHa 3a KpUTepieM €(PEKTUBHOCTI CUCTEMHU: MPU 30epexeHH1 o0cAry
BX1JTHOTO TOTOKY 3asiBOK MIHIMI30BaHO KIJBKICTh BIIMOB Ta CKOPOYEHO JO MIHIMyMY
JTOBKHUHY Yepr Ha MPUHOM JI0 JTiKaps.

PobGorta [25] mpucBsiueHa BHUPIIMIEHHIO 3ajadl PalliOHAJBLHOTO PO3TAIlyBaHHS
KaHaJiB OOCIyroByBaHHS y MEIUYHINA CUCTEMI B YMOBaX HeCTaul MepCcoHaIy, MEAUYHOTO
oOnaJiHaHHS Ta 1HIIMX pecypciB. IMiTalliiiHe MOJAEIIOBaHHS BUKOHAHO Yy TMPOrPAMHOMY
cepenoBuI Arena. 3anpOIIOHOBAaHO METO/T HaJlaHHS €(pEKTHBHOI JIOTIOMOTH TTaIliEHTaM B
yMOBax poOOTH MEIMYHOTO 3aKIaxy 3 0OMEKEHUMHU PEeCypPCaMHU.

TakuM 4YMHOM, y Teopli MacOBOTO OOCIyrOByBaHHSI BHUKOPHUCTOBYIOTHCS JIBa

OCHOBHUX MiJIXO/IM HIO0 AOCTIKEHHS €()eKTUBHOCTI CUCTEM, Y TOMY YHUCI1 METUYHHX:
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— aHAMNTUYHUN (3 BHUKOPHUCTAHHSAM METOMIB Teopii MWMOBIPHOCTEH Ta
MaTeMaTH4HO1 CTAaTUCTHKH);

— IMiTamiitHu#, mo mnependadae MOCTIHKCHHS €(EeKTUBHOCTI pOOOTH CHUCTEM
3aco0aMu KOMIT FOTEPHOTO MOJCITIOBAHHS.

AHaJITHUHI JOCHI/DKEHHS CHCTEM MAacoBOTO OOCIYTOBYBaHHS HE 3aBXKIU
MPU3BOIATH IO OYIKYBAaHMX PE3yJIbTaTiB, OCKUIBKH 3BOIATHCS O BUBUCHHS CKIIATHUX
CTOXaCTUYHUX MOJICIICH, IS AKX CKJIaJHO 3HAUTH pillieHHs [26].

Jlnst MomemtoBaHHS (PYHKIIIOHAIBHUX MOXKJIMBOCTEH TIEPECYBHUX MEIUIHHUX
CUCTEM aHAJIITUYHI MOJENI HEe MPHUJATHI, OCKUIBKHM B yMOBA IIBUIKOI 3MIHM CHUTYallii,
KOJIM IHTEHCUBHICTh NTOTOKY IMOPAHEHUX MOKE IIBHUJIKO 3MIHIOBATUCS MOTPIOHE IIBUIKE
pearyBaHHs, 1 IIBHIKHH pPO3PAaxXyHOK 3aTpeOyBaHUX pECypCiB I 3a0e3leUcHHS
BYACHOTO HAJIAaHHS MEIUYHOI JJOTIOMOTH.

Ha mnporuBary aHamiTUYHOMY, METOJ IMITALIfHOTO MOJEIOBaHHS J03BOJISE
MIBUJKO, OLIBII TOYHO 1 €(PEKTUBHO, 3 BUKOPHUCTAHHSIM MOXJIMBOCTEH KOMIT FOTEPHOI
TEXHIKH, OIIHIOBAaTH 3HAYECHHS TUX XapaKTEPUCTUK CHUCTEMH, JJIA SKUX aHaJIITHYHI
pO3paxyHKu He npunatHi [27, 28].

Tomy, y maniii poOOTi Iyl MOCHIIKEHHS MPOIECIB MEPECYBHOIO MEIMYHOTO
IIMUTAII0 Ta OIIHIOBAaHHS €(EKTUBHOCTI MOro poOOTH 00paHO METOJ IMITAIlHOIO

MOZIETIOBAHHS.

1.3  AmHaJji3 Ta BUOip mporpamMHux 3aco0iB peaJizamii

[Tporpamue 3aco0u, siIKi BAKOPUCTOBYETHCS IS CTBOPEHHS IMITALIITHIX MOJIETIEH,
MO’KHA Ki1acu(ikyBaTH B Takui crocio (puc. 1.2).

VHiBepcaibHI MOBM MPOTpaMyBaHHS HAJalOTh JOCHIJHUKY THYYKICTh TpHU
noOy7OBl  IMITAI[IHHOTO aJTOPUTMY 3a PaxyHOK 3HAYHOTO HA0Opy MPOTPaMHUX

OTIepaTopPiB.
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MOOSIEBAHHA

Pucynok 1.2 — Knacudikarrist 3aco6iB iMiTaIlIHHOTO MOJICTIOBAHHSI

[IporpamHi cUCTEMH IMITALITHOTO MOJICITFOBAHHS MOAUISIOTHCS HA JBA OCHOBHUX
BUJIU: CUCTEMH, IO MIATPUMYIOTh MOBHU IMITAllIMHOTO MOJIETIOBAHHS Ta MPOOJIEMHO-
OpIEHTOBaHI1 CUCTEMH MOJICITIOBAHHS.

MoBH MOJIETTIOBaHHS TPUIYCKAIOTh HAMKUCAHHS KOXy MOJeNi. 31e01IbII0oro
OpIEHTOBaHI Ha MOJCIIOBAaHHS KOHKPETHOTO BUIY CHCTEeM (HAIpPHKIAA, JUCKPETHUX UU
HETEePEPBHUX).

[IpoOneMHO-0piEHTOBAaHI CUCTEMH € OLIbII YHIBEPCAIbHUMH, MPHU3HAYEHI JIJIs
BUPILIEHHS 3a/1a4 MOJEIIOBAHHS Y PI3HUX MpeAMETHUX cepax. Monens peanizyerbes 3
BUKOPHUCTaHHSM O101I0TEYHUX 00’ €KTIB, AKI MalOTh (DYHKIIIOHAJ, 110 HAJIAIITOBYETHCS
nporpamMHo. 3a0e3MeuyoTh JOCTATHIO THYYKICTh MOJEIIOBAHHS MPOLIECIB CUCTEM.

Ha cporomni Hamiuyetbes Oinbine 200 pi3HUX MPOTpaMHUX 3aC001B, TPU3HAYCHHUX
JUIS iMiTaniifHoro MonemtoBanHs [29]. Take pi3HOMaHITTS HMOSCHIOETHCS 3aCTOCYBaHHSIM
IMITaLI{HOTO MOZENIIOBAaHHS B PI3HUX MPEAMETHUX c(epax, OpIEHTALIEI0 HA PI3HI TUIU
CUCTEM (JIUCKPETHI, HETIEPEPBH1), BUKOPUCTAHHSIM PI3HUX METO/IB IMITallii.

Y [29] BUKOHAHO TOPIBHJIBHY XapaKTEPUCTUKY MOMYJISIPHOCTI CUCTEM
IMITAIITHOTO MOJIETIIOBAHHS Yy aKaJeMIYHOMY CEpPEIOBUII, SIKy MOXXHa B1I0Opa3uTH
JlarpaMor0 y BUTJISIZII BIJICOTKOBUX CHiBBIAHOIIEHB (puc. 1.3).

3BUYAIHO, MOMYJISAPHICTE BUKOPUCTAHHS MPOTPAMHHMX IHCTPYMEHTIB y HAyKOBHUX
JOCIIDKEHHAX Ta B akaJeMidyHii cdepl HE € €IUMHWM BHpPIMATHLHUM (PAKTOPOM TPHU
BUOOP1 IHCTPYMEHTY MOJICTIOBAHHS.

Po3poOHrkam Hacammepe BaxIIMBiI Taki KpUTEpIi:
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—  (¢yHKIiOHANBHICTH [13;

— THYYKICTb [IPOTpPaMHu, a OTXKe, 1 IKICTh MOJIEJIEH, 1110 OyAYIOThCS;

—  BUAMW BOyJOBaHMX MaTEeMaTHYHUX METOIB MOJICTTIOBAHHS;

— TOYHICTb 1 JIETKICTh IHTEPIIPETAIlli Pe3yabTaTiB MOJCIIOBAHHS;

— MOXJIHBICTh B3a€EMOOOMIHY JaHWMH 3 IHIIMMH TpOrpaMaMu Ta 3 0azamu
JaHUX;

—  IIHA JieHs31i.

Simulink GPSSWorld
100 954

ExtendSim
10%

Arena
24%

Simio
15%

Simulg FlaxSim
14% 18%

Pucynok 1.3 — BifcoTkoBe CriBBIIHOIIECHHS TIOMYJISIPHOCTI BUKOPUCTAHHS

IHCTPYMEHTIB IMITallIHHOTO MOJIETIOBaHHS [29]

[lepecyBHl MeAWYHI IIMUTANl BITHOCATHCS JIO THUIY CHCTEM MAacOBOTO
00CITyTOBYBaHHS 3 TUCKPETHUMH TIPOIIECaMH, OCKUTBKH CTaH JaHOI CHCTEMH 3MIHIOETHCS
JuIIe B OKpeMi MOMEHTH dacy. ToMy mnpu BHUOOpI MNPOrpamMHOTO 3a0e3MeUCHHS
BiJlJaBajiacsi TepeBara mporpamam, sKi MICTATh BOyJOBaHI MaTreMaTW4YHl METO[H,
MIPU3HAYCHI JIJI1 MOJCIIFOBaHHS JUCKPETHO-MIOAIMHUX mporieciB [30-44].

Cepen cyyacHHX 1 HAMOLIbIII MOMIMPEHUX Y BUKOpUCTaHHI mporpam (puc. 1.3), mo
JTO3BOJISIFOTH  MOJICJTIOBATH JIMUCKPETHI TPOILECH 1 30KpeMa BHUKOPHCTOBYFOTHCS IS
MOJICJIFOBaHHS MEAWYHUX CHUCTeM, MoxkHa Has3Batu HactynHi: GPSS World, Arena,

FlexSim, Simul8, Simio, ExtendSim, Simulink (maker Matlab) [45-52].
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VY Ttabn. 1.1 mpeacraBieHa NMOpIBHsUIbHA XapaKTEPUCTHKA MPOTpaMHUX 3ac00iB
MOJIETIIOBaHHS 3a OOpaHUMHU KPUTEPISIMHU, 110, 3 OAHOTO OOKY, € BAKIMBUMH JIJIS
MOJICTIIOBAaHHS MEAWYHHUX TIPOIECIB, a 3 IHIIOTO — KOPETIOITh 3 MPAKTUIYHUMU

HAaBUYKAMH, OTPUMAHUMU MPU BUBYEHHI JUCHUIUIIH Y OaKkaJaBpChbKOMY UK.

Tabmuus 1.1 — [HopiBHIHHS porpaMHUX 3aC001B MOJIETIOBAHHS

g
B = | o 2 | Z
s S e = .9 g 3
Kpurepit a8 & & | E| E = £
Oz < I %) %) 4 n
Oomin nanumu 3 MS Excel + — + + + + +
[TinkTroueHHS 10 TaHUX Yepes
_ _ + + _ _ _
SQL
BOynoBana MoBa nmporpamyBaHHS n
C++
HasBHicTs miiensii B L
YHIBEPCHUTETI
B BaHO JUCKPETHO-IIOMIMHUN
OyZIOBaHO TUCKPETHO-IIOL N N N N N n n
METO, MOJICTIOBAHHS
HasgsaicTb 010/110TEKH 00’ €KTIB
JJ1A MOJCJIIOBAHHA MEIUYHUX — — + — — — +
IPOIICCIB
IT
PE/ICTaBIICHHS CTATUCTHKH Y B n L L 4 n n
BUIJISAII TpadiKiB 1 iarpam
MonentoBanHs npoteciB y 3D — — + + — — —

3a pesyapTaTaMu MPOBEICHOTO MOPIBHAIBHOTO aHaJli3y BUSIBICHO, IO MPOrpaMHe
3abe3neuenHs FlexSim 3amoBosbHsSE 3agaHuM KpuTepisiM, ToMmy mporpamy FlexSim

oOpaHo i peasizallii iMITalliiHOT MOJIeJl CUCTEMH MePEeCYBHOTO MEIUYHOTO IIMUTAJIIO.
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1.4 IlocraHoBKa 3axaui

Metoro poOOTH € CTBOpPEHHS IMITAIlIMHOI MOJEIl MEPECyBHOTO MEIUYHOTO
MIMATATIO0 Ta JOCHKEHHS e(EeKTUBHOCTI WOro poOOTH TpHU PI3HUX 3HAYCHHSIX
IHTEHCHUBHOCTI BX1JIHOTO TIOTOKY.

JI71st HOCATHEHHS MOCTaBIEHOT METH HEOOX1/THO BUKOHATH HACTYIIHI 3ajayi:

1. Po3poOuTtu CTpyKTypy MEIWYHOTO IIMUTAII0 Ta BUKOHATH OIMUC POOOUYUX
MPOILIECIB CUCTEMHU.

[Ipu po3poOiii CTPYKTYpU NEPECYBHOTO HIMUTAII0 OyJe BHUKOPUCTAHO JOCBIJ,
OMMCaHUM y 3apyOiXKHIM JiTepaTypi, Ji€ BiIOOpaXKEHO MOJICIIOBAHHS CHCTEM,
NPU3HAYCHUX I HaJaHHS MEIUYHOI JOMOMOTM Mpu KaracTpodax Ta I1HIIHMX
HAJ3BUYANMHUX CUTYaIllsIX, B TOMY YHKCJl, B yMOBaxX BO€HHOro crany [16, 17-20]. Taki
CUCTEMHU TMOOy0BaHI MO OJI0YHO-MOAYJIBHOMY TPUHIIMITY, [0 BU3HAYA€ 3PYUYHICTH iX
pO3ropTaHHS Ha MICIICBOCTI B YMOBaX HaJI3BUYaMHUX CHUTYyallii [53-65].

2. BuxoHatu Qopmanizaniro poOOUMX MPOLECIB Yy BUMNISAIAI MEpPEXKI MACOBOIO
00CITyrOByBaHHSI.

BinoOpakeHHs MPOLIECIB CUCTEMHU Yy BUIVISAL CXEMHU € HEOOXIAHUM €TaroM s
M1JITOTOBY MOJIEJ 10 TPOrpaMHoOi peartizaiii [66-74].

3. BusHauutu BXigHI AaHi, HEOOXiAHI I MOOYIOBHM IMITAIlifHOT Mo,
peanizyBaTy BXiH1 AaH1 y BUIVISAI1 0a3u TaHUX.

BXiH1 JaHI BaXKJIMBO PO3MICTUTH CaMe Y BUIIISAI TaOIHIb, OCKUIBKHA HEOOX1THO
nependaunT MOXIIMBICTD X 3MIHM TIiJ] 9Yac MporoHiB Mojeni. [{enTpanizoBanuii crocio
30epiraHHsl JaHUX Yy BUIVISAAI TaOmuupb 3abe3reuye psj IepeBar, HacaMmIiiepen, Iie
3pYUHICTh AOCTYITY 1 MaHIMyIIOBaHHS naHuMU [75-81]. Bxigni gani ans noOynoBu OyayTh
IMIIOPTOBaH1 B MOZICJIb 3 0a3M JTaHUX MIJISXOM MiAKIIOYEHHS 10 JaHuX yepe3 SQL.

4. BwukoHaru mporpamMHy peajizailiro iMiTaiiifHoi MOIEedi.

[Iporpamuy peamnizariito mozem Oyae BUKOHAHO Yy MPOTPAMHOMY CEpPEIOBHIII

FlexSim 3 BukopuctanHs BOymoBaHOi 010mioTeKkn 00°€kTiB. [l HamamTyBaHHS
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dbyHKII0HATY 00’€KTIB OyJle BUKOPUCTAHO MOBY IporpamyBaHHs C++, 1110 BOyJ0BaHa y
FlexSim.

5. 3a moOymoBaHOIO IMITALIMHOIO MOJEIUII0 BUKOHATH JOCHIIXEHHS POOOTH
HIMTATAITIO TIPOTATOM POOOYOTO THXKHS.

VY X011 MOJIETIOBaHHSI TUTAHY€THCS TOCTIUTH Pi3HI BapiaHTH POOOTH MOOIITEHOTO
HIMATATI0 TPU Pi3HIA I1HTEHCHBHOCTI HAIXOKCHHS MoCTpaxaanux. Ilmanyerbcs
JOCTITUTA «BY3bKI MICI» Ta OIIHUTH POOOTY MEIUYHOI CHCTEMU 3a TaKUMH
MOKa3HUKaMU €()EeKTUBHOCTI:

— CepeHl Ta MAaKCUMaJIbHI JJOBKUHU YEPT;
— cepenHii Ta MaKCUMaJIbHUN Yac O4iKyBaHHS B Ueprax;
— cepeaHii yac nepeOyBaHHS MOCTPAXKIATUX Y CUCTEMI;
— 3aBAHTAXKEHICTb POOOUUX MICIb Ta JIOICHKUX PECYPCIB;
— TPOIYCKHA 3aTHICTH IIMTATAITIO.
Ha erami pocnipkeHHS IUIAHYETHCS TPOBECTH EKCIEPUMEHTH Ta BHUKOHATH

ONTUMI3AIII0 CUCTEMH IIMUTAIO 32 BU3HAYEHUMH KPUTEPIIMHU €(hDEKTUBHOCTI.
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2 PO3POBKA IMITAIIMHOI MOJIEJII

2.1 TIpoeKTyBaHHS CTPYKTYPHO-JIOTIYHOI CXeMH NepPecyBHOr0 MeJUYHOI0

MU TAJII0

HananHss nmonomoru y IepecyBHOMY MEIUYHOMY IIMUTAIl € MOJAIOHOK [0
KJIACHYHOT'O BapiaHTy OpraHizallii JaHOTO BUJIY MEIUYHOI IOTIOMOTH 3 BUKOPUCTAHHIM
GyHKIIOHATEHUX TiApo3auTB B HameTax [18-20]. Tomy cTpykTypHO-JIOTiYHA cXema
MEePEeCYyBHOTO  MEIUYHOTO  IIMHUTAI0  [MOOyJ0BaHAa 1O  OJOYHO-MOAYJIHHOMY
npuHIuny (puc. 2.1).

[loTik moTepniaMxX NOTparuisie y MNpUAMaiIbHE BIIJAUICHHS, J€ BilOyBaeTbCs
OpUMMaHHA, OIS, NEPBUHHA J1arHOCTHKA 1 COPTYBAaHHS 3a BHUJOM IOpaHEHHS 1 3a
CTYIIEHEM Ba)KKOCTI.

[TopaneHi 00CITYTOBYIOTECS 32 MPIOPUTETOM:

— 1 — BKpait BaxXKi TOpAHEHHS,

— 2 — BaXKKl1 IOPAHEHH4,

— 3 — cepeaHbOro CTYNEeHIO BaXKKOCTI,
— 4 — nierki nopaHeHHs

[licns mpuiiManbHOTO BIAJUICHHS BiAOYBAa€ThCSI HAIXOMKEHHS TOPAHEHUX Y
BIJIIIOBIIHI BITIJICHHS:

— Y BIIJIVICHHS] CHMIITOMAaTUYHO1 Tepallii HaIX0AuTh 2% MOTEePIiINX BiJ yChOTO
MOTOKY BKpai BaKKHX CTaHIB, Kl € Oe3HAAIMHIMU 1 3aKIHIYIOTHCS JIETAIbHUM KIHIIEM;

— y TepeB’s3yBalbHY [JIS JIETKOTIOPAHCHHWX HAIPABISAETHCA YBECh MOTIK 3
JIETKUMU CTaHaMHU (OKPIM IICUXOT€HHO-PEaKTUBHUX CTaHIB Ta KOHTY31i1);

— Yy TOCHITaJIbHE BIJIUICHHS TEpatii MOTPAIISIOTh TOCTPAXKIAN1 3 ICUXOT€HHO-
PEaKTUBHUMU CTaHAMHU Ta KOHTY31SIMU:

— y mepefonepaliiiHy norpamisiiors: 98% ychoro moTtoky BKpail BaKKUX
NOpaHEHb, YBECh MOTIK BaXKUX NopaHeHb Ta 20% MOTOKY MOpPaHEHUX 13 CEepEelHIM

CTYIEHEM Ba)KKOCTI.
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[Hm1 80% MOTOKY MOpaHEHMX 13 CEPEHIM CTYIEHEM Ba)KKOCTI HAIIPABJISIFOTHCS Y
TOCIITANh Ta PO3MOAUISIOTHCS 1O BIAMOBIIHUM BiIJIUICHHSIM Y 3aJIGKHOCTI BiJl BHIY
HOPAHEHB!

—  TIOpaHEHHs 1 TPaBMH KIHI[IBOK — Y TEpaneBTHUYHE BiI1ICHHS;

—  TIOpaHEHHs 1 TPaBMH IPYIHOI KIITUHU — Y TepaNeBTUYHE BiIAUICHHS;

—  TIOpaHEHHs 1 TPaBMU IOJIOBU — Y TE€PAIEBTUYHE BIJIIIICHHS;

—  TIOpaHEeHHs 1 TpaBMH MICNEMHOI-TUI[LOBOI IUISTHKA — y TEpareBTUYHE
BIJTIJICHHS

—  TIOpaHEHHS 1 TPaBMH OPTaHiB 30py — Yy TEPANEBTUYHE BiJIIIJICHHS;

—  TIOpaHEHHS 1 TPaBMH YE€PEBHOI YACTUHU — y TEPANIEBTUYHE BIAILICHHS;

—  OITIKU — Yy OIMKOBE BIJIIIJICHHS,

—  TIOpaHEHHs 1 TpaBMH XpeOTa — y TepaneBTUYHE BIII1ICHHS.

VY BiAJIIEHH] CUMIITOMATUYHOI Teparii NopaHeHl nepedyBaloTh B CEPEAHBOMY 2
roj. 1 MiCJIs JIETaIbHOTO KIHIII BIAMPABIISIIOTHCS B €BaKyalliiiHe BIIIICHHS.

[Ticns mepeB’si3yBalibHOT ISl JIETKOTIOPAHEHUX TMOTEPHiIl BIANPABISIOTECA B
eBaKyalliiiHe BIIJIJICHHS, a J1aJll — Ha BUX1JI 13 CHCTEMH.

VY nepeponepaniiiHidi BiAOYyBa€eThCS MPOLIEC MIATOTOBKM 10 omnepauiid (MUTTH,
OpuTTs, MpeMeauKalis Ta 1H.), yac nepeOdyBaHHS MNOTEPIIUX B LBOMY BIJAUICHHI
3aJIEKUTH BiJl CTYTICHIO BAXXKOCTI TTOPAHEHHS.

3 nepenoneparliitHoi B onepaniiny HaaxoIATh yCi IOPaHEHI 13 CepeIHIM CTYIIEHEM
BaXXKOCTI 1 70% mopaHeHUX BiJ CyMH MOTOKIB BaXXKHUX CTAHIB 1 BKpail BAKKUX CTaHIB.
[amm 30% Big cyMH MOTOKIB BaXKMX CTaHIB 1 BKpall BaXXKUX CTaHIB HAJAXOIAIThH 13
nepenonepariitHoi y peaHimaliiiny, a moTimMm — B Oneparinny.

B omepamiiiniii  BimOyBaeThcs XipypridHe BTpPy4YaHHS, TPHUBATICTh SKOTO
ONMHCYETHCA TPUKYTHUM 3aKOHOM PO3MOAULY 1 3aJI€KUTh BiJ CTYNEHIO BaXXKOCTI
MOpaHEHHS Ta BiJ BUY MTOpaHEHHS.

VY peanimaiii TpuBamicTh mNepeOyBaHHS 3al€KHUTh BiJ CTYNEHIO BaXKKOCTI 1
BU3HAYAETHCS TPUKYTHUM 3aKOHOM PO3IOLITY.

[Ticns peanimanii mamieHTH, sIKI MOTpanwiId Tyau 3 mnepepomnepauiinoi (30%

BaXXKHX 1 BKpail BAKKHX ), HAAXOJATh y ONEpaIiiiuy.
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3 onepaliifiHol € TpU NUIAXU PyXy HaIll€HTIB:
— Yy peaHiMaIlio;
— 'y BIJUIIJICHHS 1IHTEHCHBHOI Tepalrtii;
— y rocmiTtaib (y BIAMOBIIHE BIATITICHHS).

3 omnepariitHoi y peaHIMaIliio HAAXOASATh BCl MOCTPaKAadi, MO0 MalTh BKpai
BaXKHii ctad 1 70% nocTpaxaaiux, 110 MaloTh BAXKKUHN cTaH (ajie mpy yMOB1 HasIBHOCTI
y peaHiIMaliliHIA BUIBHUX MICIb, Y MPOTHJICKHOMY BHIIQJKy MOCTpaXKIaji, SIKUM He
BHCTAUMJIO BUIBHMX MICIIb HQJAXOMATHh Y BIJIUICHHS IHTEHCHUBHOI Teparii), iHI 30%
MOCTPXKIAIUX 3 BAXKUM CTAHOM OJ[pa3dy HAAXOMATh 3 OIEpalidHOl y BiAAUICHHS
IHTEHCHBHOI1 Teparii.

3 peaHiMaliiHOI y BIJJUIEHHS IHTEHCHUBHOI Tepamii TakoX HaAXOASITh YCI
MOCTpaXKJ1aji, sIKl BKe 2-i pa3 MOTPaIuiId y peaHIMallo.

K10 y BIIJIUIEHHI THTEHCUBHOI Teparlli IPU HaJXOIKEHHI HE BUCTAYa€ BUIBHUX
MICIlb, MOCTPaXAAT HAAXOAATh Y TOCHITadb 1 PO3MOMAUISIOTHCA I10 BIJAMOBIIHUM
BIIJIVICHHSIM Y 3aJIEKHOCTI BiJ] BUy TOPAHEHD:

—  TIOpaHEHHS 1 TPaBMH KiHIIIBOK — y TeparieBTUYHE BIJIICHHS;

—  TIOpaHEHHS 1 TPaBMHU IPYIHOI KJIITUHU — Y TEPareBTUYHE BiIILIICHHS;

—  TIOpaHEHHs 1 TPaBMH IrOJIOBU — Yy TEPANEBTUYHE BIJIIIJICHHS;

—  TIOpaHEHHS 1 TPaBMH MIEJICMHOI-TUI[LOBOI JUISHKA — Yy TepareBTUYHE
B1JUTIJICHHS

—  TIOpaHEHHS 1 TpaBMH OPTaHIB 30py — Yy TEPANeBTUYHE BiJITIJICHHS;

—  TIOpaHEHHS 1 TPaBMH YE€PEBHOT YACTHHH — y TePANeBTUYHE BiIICHHS,

—  OITKU — Yy OIMIKOBE BIJIIJICHHS,

—  TIOpaHEHHS 1 TpaBMH XpedTa — y TepaneBTUYHE BiIIICHHS.

3 onepalliifHoi ofipasy y rocmiTajib HaIXOAATh MOCTPaXKAai 13 CEPEIHIM CTyTIEHEM
BKKOCTI 1 PO3MOAUISIIOTHCS O BIAMOBIAHUM BIIJAUICHHSM Y 3aJ€KHOCTI BiJl BUAY
MIOPAHCHbD:

—  TIOpaHEHHS 1 TPaBMH KIHIIBOK — Y T€paneBTUYHE BIIIICHHS;
—  TIOpaHEHHS 1 TPaBMU I'PYAHOT KIITHHH — Y TEPANEBTUYHE BiIICHHS;

—  TOpaHEHHS 1 TPaBMU TOJIOBU — Y TEPANICBTUYHE BIIIUICHHS;
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— TIOpaHEHHS 1 TPaBMH IIEJEMHOI-IMIBOBOT JUISHKU — y TEparneBTHYHE
BITIICHHS;

—  TIOpaHEHHS 1 TPAaBMH OPTraHIB 30Py — Y TEPANEBTUYHE BIIJICHHS,

—  TIOpaHEHHS 1 TPaBMHU Y€PEBHOT YaCTUHU — y T€pareBTUYHE BiIIIICHHS,

—  OIIIKH — y OITKOBE BIIIIJICHHS;

—  TIOpaHEHHS 1 TPaBMH XpeOTa — y TepareBTUYHE BIIJICHHS.

Yac HajaHHS MEAMYHOI JOMIOMOTH Y BI/IIIJICHHI IHTEHCUBHOI Teparlii BU3HAYa€ThCS
TPUKYTHUM 3aKOHOM PO3MOJILTY 1 3aJI€KUTh BiJI CTYIIEHIO BaYKKOCTI TOPAHEHHS.

['ocmiTanb MICTUTh TP BiJIJIJICHHS:

—  BIAJIUICHHS Tepartii;
—  ONIKOBE BIIIJICHHS;
—  BIAAUICHHS IICUXOJIOTTYHOI JJOIIOMOTH.

Yac nepeOyBaHHS y BIIAUICHHSIX TOCHMITANIO 3aJ€KUTh Bl CTaHY MOTEPHIIOTO 1
OIMUCYETHCS TPUKYTHUM 3aKOHOM PO3MOILTY.

[Ticns mepeOyBaHHsI y omikoBoMy BijauieHHI 60% mnoTepnuiux MNoTpedyoTh
MICUXOJIOTIYHOI JIOTIOMOTH 1 TIEPeXOAiTh 3 OINKOBOTO BIJUIUICHHS Y BUIIUICHHS
MICUXOJIOTIYHOI TOTTOMOTH.

[Ticns mepeOyBanHa y BigauieHHi Tepamii 50% noTepnianMx MNOTPEOyIOTh
TICUXOJIOTIYHOI  JOMOMOTH 1 TMepexoasTh 3 BUIAUIEHHA Tepamii y BiIIUICHHS
MICUXOJIOTIYHOI TOTOMOTH.

[Ticnst mepeOyBaHHs y TOCIITAJ MOTEPIUI HAXOASITh Y €BaKyalliitHe BIIICHHS,

3BIJIKM TPAHCTIOPTYIOThCS Ha BUXI1J 13 CUCTEMHU.

2.2 ®opmaiizania npoueciB GyHKIiOHYBAHHS NEPECYBHOI0 MeIHYHOIO

INIMUTAJII0

BaxnuBum eranoM mnoOyaoBH IMITaliiHOT Mozeni € ¢opmaiizalis MpoleciB

¢dyHkiionyBaHHs cuctemMu. dDopMmaizailisi A03BOJISIE MPEICTABUTH CUCTEMY Y BHUIISIL
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(GbopManbHOTO OMUCY 3 BUKOPHUCTAHHSM CIEIialbHUX 3HAKIB 1 MPaBWII IJI PO3YMIHHS
anropuTMy ii ¢pyHKIioHyBaHHs [82-93].
dopmanizallisi CHCTEM MPOBOJUTHCS 3 METOIO:
—  MIATOTOBKH JI0 MPOTPaMHOT peaizaliii Mojen;
—  aHaJITHYHOTO PO3PaXyHKY IMOKa3HUKIB €()eKTUBHOCTI CHCTEM.
[cHyroTh pi3HI MeToau Ta 3aco0u Qopmainizalii IpoLeciB CUCTEM, SIKI MOXKHA
MIOJIIJTUTH Ha JIBI TPYIINA: MaTeMaTU4HI 1 cxeMaTr4dHi a00 MepexeBi. Kimacudikaris metomiB

dbopmarizailii CUCTEM MpecTaBieHa Ha puc. 2.2.

MeTog dopmanbHOro NpeacTaBNEHHA CHCTEM

— AHan TUUHI —  MeTtoam KnacH4yHOI MaTEeMaTHKW
' Teopia WmoBsipHocTi -
Cramaciasii MartemaTuyHa CTaTUCTHKA
| St MeToan AUCHPETHO! MaTEMaTUKK
Anrebpa noriku
Mpaditni !—- Teopia rpagie |
| _ P P
Mepesesi | Mepemti macosoro obBcnyrosysaHHA |
Mepewi [Mertpi
Oiarpamu OFD

Pucynok 2.2 — Meroau dopmanizariii npoueciB (yHKIIOHYBaHHS CUCTEM

HaiiGinpimn  ¢opMamnmizoBaHUM TPEACTABICHHSIM € TPEACTABICHHS TPOIECIB
CHUCTEMH Yy BUIVISJI MaTeMaTUYHOIO anapary (3 BUKOPUCTAHHSIM aHAJITUYHUX METO/IB,
CTaTUCTUYHMUX, aireOpu Joriku Ta 1H.). MeHm ¢opmMani3oBaHuM, ajie OBl
yHIBEpCAJIbHUM € CIIOCIO MPEeJCTaBJICHHsS MPOIIECIB CUCTEMU Y BUINISI CXEM, IO
B1I00pakaloTh CKJIaJl €JIEMEHTIB CUCTEMH, CTPYKTYPHI B3a€MO3B’SI3KM MK HUMH, PyX
MaTepiaiIbHUX  TOTOKIB 3  TIO3HAUCHHSIMH  PEXUMY  HAIXODKEHHS  Ta
ob6ciyropyBaHHs [94-99].

VY Teopii yepr HaHOUIBII BIAOMUMH 1 MOIIMPEHUMHU CEPE]] CIELIATICTIB 3aC000M

dbopmarizarii mporeciB GyHKITIOHYBaHHS TUCKPETHUX CUCTEM € CXEMH Y BUTIISII MEPEK
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MacoBOTO OOCIYyroBYBaHHsI, IO BIAOOpaXXarOTh CKJIAJl, CTPYKTYPY CHUCTEMH, a TaKOX

MOPSAZOK HAIXOKSHHS 1 TpaBUia 00CIYTOBYBaHHS BUMOT (3asIBOK).

HpG,ZICTaBI/IMO nmpoueccu CUCTeMHU TOCITITAJTIO y BPIFJ]SI,Z[i Mepemi MaCOBOIO

oOciyroByBaHHs (puc. 2.3).

Paorss(p)

Exp{120)

—— — — —

NeAXaNG 4HoE |

|
|
|
Lo

Triangik,m 1)

Bl
AKIOMOrn

Norm(T,2] Triang]r.th)

o

Triangiz.t,d)

BainesHs |
Tepanil

g 1] |
It = izt

Oinlkooe

| Bl aineHHA

Pucynok 2.3 — Mepexka MacoBOro oOCIyroByBaHHSI CHCTEMH MOO1JTBHOTO METUYHOTO

IIITUTAaJIO

Ha pucyHnky 2.3 BUKOpHCTaH1 Taki yMOBHI O3HAYEHHS:

I1B;

— po6oui micus npuitManbHOro BiaaueHHs (i = /,n);

I1JT;

— po6oui Miclis y epeB’si3yBabHIM 11 Jerkonopanenux (i = 1, k);

CT;

— poOoui MicIls BIAAUICHHS! CHMIITOMAaTU4YHO1 Teparii (i = 1, m);

T10;

— poboui mictis niepenoneparliitnoi (I = 7, 5);

P

— poOoui miclg BiaaAuTy peanimartii (i = I,_r);

OIL;

— poboui Micig onepauiitnoi (i = 1,p);

IT;

— poGoui MicLs Biainy iHTeHCHBHOI Tepanii (i = I,t);

EB;

— po0Ooui MicIls eBaKyalliifHoTo Biaauty (i = I,—h);

1O

— YMOBH Tiepexoy 3 Bininy y Bimain (i = 1,z).
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BxinHuii TOTIK MOpaHEeHMX HAAXOIUTH JO CUCTEMU 3a 3aKOHOM PO3MOILTY
[Iyaccona 1 moTpamise OO0 NPUWMAIBHOTO BIAAUICHHS, /€ BU3HAYAETHCSA CTYIIHB
Ba)KKOCTI MMOPAHEHHS Ta BUJI IOPAHEHHSI.

3a cTyneHeM BaXXKOCTI TOPAaHEHHS MOTEPIILI MOAUIAIOTHCS Ha YOTHUPU KaTeropii:

— Jerki nopaHeHHs — 19 %;

NOPAHEHHS CEPEAHBOI0 CTYIEHIO BaXXKOCTI — 27%);
— BakkoropaHeHi — 42%;
— Jy’Ke BaKKi mopaneHHs — 12%.
3a BUJIOM MMOPaHEHHS MOTEPILUI NOAUIAIOTHCS Ha JEB’ SITh TPYI:
— TMOpaHEHHs 1 TpaBMU KIHIIBOK — 20%;
— TOpaHEeHHs 1 TpaBMU TpyAHoi kmiThuau — 17.5%;
— MOpaHEHHs 1 TpaBMU TrosioBU — 16%;
— MOpAHEHHs 1 TPaBMU LIEJIETHO-IUIBOBOI JUISTHKHA — 9.7%);
— TOpaHEHHs 1 TpaBMU OpraHiB 30py — 9%;
— MOpaHEHHs 1 TPaBMHU Y€PEBHOI YaCTUHU — 8.7%;
— omiku — 8.6%;
— MOpaHeHHs 1 TpaBMu xpedTa — 7.5%;

— MCUXOT€HHO-PEAKTUBHI CTaHU, KOHTY31i — 3%.

Triang(r,t,h) Triang(q,s,q)

J 50%  Triang(b,n,m)
—{BTn _ nat
Triang(vx.c) Lyl l'lﬂzl | 5
] o

>{[]] }{os2 ‘

— OBn

PucyHnok 2.4 — Meperka MacoBOro 00CIyroByBaHHS BlJJIUIEHb TOCIITAIIO
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Ha pucynky 2.4 QopmainizoBaHOIO CXEMOIO ONHCAHO MarepialibHi IMOTOKH Y
TOCITITaM, 0 € OKPEMOIO YACTHHOIO MOOUTHHOTO MmuTamio (puc. 2.1) 1 ckiamaeTbes 3
TPHOX BIJIUICHB: TepaneBTUYHE, OMIKOBE 1 BIAIUICHHS TICUXOJIOTIYHOI JOTTOMOTH.

Ha pucyHky 2.4 BUKOpHCTaHI TaKi yMOBHI TO3HAYCHHS:

BT | — po6oui Micts BiaaiiaeHHs teparii (I = 7, f);

OB; | —po6oui micIis omikoBoro BiaiiaeHHs (I = 1, g);

IJ; | —poboui micIis BiIIIIICHHS TICUXOJIOTI9HO1 AoromMoru (i = ﬁ);
IT; | —poboui micus Binainy intencuBHOI Tepanii (i = 7, t);

<> — YMOBH Tlepexoay 3 BiaAuTy y Bigau (i = 1,v).
TpuBanicTb HajgaHHS MEIUYHOI JOMOMOTH Y BIJJIUIEHHSX, LIO0 OIMCYETHCS
TPUKYTHUM 3aKOHOM PO3IOJLTY, @ TAKOK YMOBH NEPEXOAY 3 OIHOIO BIAJUICHHS Yy 1HIIIE

3aJIe’KaTh BiJl BUY 1 CTYIIEHIO BaKKOCTI TOPAHEHHS.

2.3 MojaeswBaHHs Npolecy BUKOPUCTAHHS iMiTaniliHoT Moaesi

OcCHOBHE MPU3HAYEHHA IMITAIHHOI MOJIEN] MOISITaTUME Y PO3PAXYHKY KUIBKOCTI
JKKOMICIIb Ta IEPCOHAY Y BIIJIIJIaX MOOLIBLHOTO IIMUTA0. TOMY Ha HYJIbOBOMY PiBH1
BHU3HAUCHO KOHTCKCTHY miarpamy (puc. 2.5), sKa ONHUCye MpOIEeC BUKOPUCTAHHS
IMITAIIHOT MOJEII IIMUTATIO JIsl BU3HAYEHHS MOTPIOHO1T KITBKOCTI pOOOYUX PECYPCIB.

Jlexomrio3uirisi PyHKITIOHAIBHOT MOJIENi HYJILOBOTO PiBHS MPECTABICHA HAa PUC.
2.6.

Ha nmiarpami qekomMrio3uinii HyJ1bOBOTO piBHS (pHC. 2.6) BU3HAYEHO HACTYITHI €TaIH
BUKOPUCTAHHS IMITALIITHOT MOJIEN1 32 TPU3HAYEHHSIM:

1. BBeneHHs BXITHUX AaHUX J0 MOJENI: JaHUN OJIOK € HaAUMEePIINM, OCKIITbKU
MOB’SI3aHUM 13 3aJaHHSAM JaHMUX, B SKHUX, 3TITHO MOCTAHOBKHU 3ajJadi, BUKOHYETHCS
PO3paxyHOK — II€ IHTCHCUBHICTh HAJIXO)KCHHS MOPaHEHUX 1 poOoUYe HaBaHTAKEHHS Ha

nepcoHall, BU3HAYEHE 3T1/IHO HOPMATUBHUX JOKYMEHTIB.
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Hdacaizane TI3  Ismivaniitea  TlepconaasEnii
FlexSim  wmogenes  wowm weTep (TTR)

Pucynok 2.5 — KontekcTHa AgiarpaMa HyJIbOBOTO PIBHA

2. Po3paxyHKOBHI ~Mojell mependadae 3amyck MOJeNni, MiJ 4Yac poboTu
BUKOHYIOTBHCSI PO3PAaXyHKH KUIBKOCTI JIKKOMICIB 1 MEPCOHANY y BIIAUIAX, 3HAYEHHS
JTUHAMIYHO 3aIUCYIOThCS 0 TaOJIHIII.

3. ABTOMaTtW4yHe BHECEHHS 3MiH J0 MOjeli, Ha JaHOMY eTari MOJEIb
aBTOMATHYHO Mepe0ya0BY€EThCS M1 PO3pPaxoBaHy KIJIbKICTh PECYPCIB.

4. 3amyck MoOJEeal TMPOTATOM BCTAaHOBJICHOTO 4Yacy 3IHCHIOETHCS IS
JOCIKEHHS TTOKa3HUKIB €()EKTUBHOCTI CUCTEMU IIMTUTAIIO.

5. AHaii3 MOKa3HUKIB €(PEeKTHUBHOCTI mependavae Meperiisay TOCHITHUKOM
rpadikiB 1 Jaiarpam Mo TMOKa3HUKaM MPOIMYCKHOI 3AaTHOCTI CHCTEMH, CEPEIHbOTO Ta
MaKCUMaJbHOTO Yacy OYIKyBaHHA B ueprax BIJJAUICHb IUMUTAI0, TPUBAIOCTI
nepeOyBaHHsI MOPAaHEHUX Y MIMUTAJ Ta iX aHaTi3.

6. Hamanua nmpakTUYHUX PEKOMEHJAIll, MaHWW MPOIEC BUKOHYE IOCIITHUK,
SAKUHM, CIIHUPAIOYMCh HAa Pe3yibTaTH BUKOHAHOTO aHajidy, HaJae peKOMEHJalli 00
BHECEHHSI 3MIH JI0 PEaTbHOI CUCTEMH.

Po3paxyHku, BUKOHaHI IMITAIliiHOI MOJEIIIIO, JO3BOJISIIOTH BU3HAYUTH
HEOOX1IHY KUIBKICTh JDKKO-MICLb Ta MEPCOHANTY y cucTeMi. SIKIo Moaenb, y sKid
BHECEHO PO3paxOBaHI 3HAYEHHS, HA €Tami aHami3y ii poOOTH JOCIITHUKOM, MOKa3ye
HAsIBHICTh «BY3bKHX MICI[b» Y pOOOTI CUCTEMH, JCIITHUK MA€ MOKJIMUBITH MPOBECTHU 3

MOJIEITIOI0 €KCIIEPUMEHTH TUITY «II0 OyJe SKIIO0?...».
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[{e 103BOINTH BUKOHATH TIEPEBIPKY PI3HUX BapiaHTIB KOHGIrypallii IMIMUTAIIO TI0

KUIBKOCTSIM PECYpPCIB Y BIAJILIAX, OLIHUTH 1 00paTH Kpamiuii BapiaHT.

Ha puc. 2.7 nokazaHo KOHTEKCTHA AlarpaMa npouecy NpoBeJEHHS €KCIIEPUMEHTIB

TUITY «110 OyAe, IKIIo ?...».

Déntexeans HA
DVERINOHLT  kimskicrs peovpois y P YHKLioHA
arngedi stollisgosy mooral 113 FlerSim
HmcaoR] IHATEHHE e il
i RONEHI0E R Khikkdors
NAPAMETPIE ERCNEPIMERTY :
2 : Tpanetanis FERKOMICTE TA MEPEORATY
EREI‘I‘EPI[!I!EU"[‘E 3 MO JIETTH =
Jdecaizeveani ookazHIKD
erexTuBmoecT] CucTEMU
F
TMocmiamme o3 Imiranijma MepconaTsami
Flex&im Mogenn  komn'wrep (OE)

Pucynok 2.7 — KoHTekcTHa Aiarpama nepiioro piBHs Mpolecy NpoBEACHHS

EKCTIICPUMEHTIB
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JlexoMITo3uIlisl TIPOIieCy MPOBEACHHS EKCIEPUMEHTIB Ma€ BUTJISI Jiarpamu,

MpEICTaBJICHOI Ha puc. 2.8.
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Pucynok 2.8 — JlekoMmno3uIlisi KOHTEKCTHOI AlarpamMu MPOBEIeHHS EKCIIEPHUMEHTIB 3

IMITAIIAHOIO MOJIEJUIIO

ExcriepuMeHTH 1at0Th MOKJIUBICTD JOCIITHUKY NPAKTUYHO MEPEBIPUTH 1 OLIHUTH
PI3H1 BapilaHTU IPUAHSTTS PIIICHb 010 KIJIBKOCTI JIKKOMICIIh Ta MEPCOHANY Y BiIILIaxX
mmnuTano. Hackibku 11 BapiaHTH Oy yTh BAAJIO BU3HAYEH] 3aJI€KUTh BIJl TPAKTUYHOTO
JIOCBIJIy JMOCTITHUKA. Y pe3ysibTaTl Kpalluid BaplaHT MOxe OyTH He TepeBIpeHHIl B
eKCIIEPUMEHTaX.

s toro, mo0 3HAWTH ONTHMAaJbHE PIIICHHS CEepel MHOXXHHU IOMYCTHUMHX,
3pyYHO BUKOHATH ONTUMI3aIlio imiTamiinoi moneni. KonrtekcTHa miarpama mporecy

NOIIYKY ONTUMAaJIbHUX PIIIeHb MMOKa3aHa Ha puc. 2.9, a ii gexommnosuuis — Ha puc. 2.10.
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Pucynok 2.9 — KontekcTHa giarpaMa mpoiiecy MmouryKy ONTUMaJIbHHUX PIIICHb

OnTuMizaliiss HaJa€e MOXJIUBICTh JOCIIIHUKY 3HAWUTH Takl 3HAYECHHS MapaMeTpiB
CUCTEMH, NpPHU SIKUX IOKAa3HUKU E€(PEKTUBHOCTI CHUCTEMU HAOYBalOThb ONTUMAJIbHUX
3Ha4eHb. JIJIsi mpOBEACHHS €Tamy ONTUMI3allll HeOOXiAHO 3aJaTh 3MIHHI PIIICHHS Ta
YUCJIOBHM [1alla30H 3HAY€Hb, SKUX BOHM MOXYTh HaOyBaTH Ha MpakTULl. Takox
3aJIal0ThCS IUTHOB1 (PYHKII, SIKI MOTPIOHO MiHIMI3yBaTh ab0 MakCHMMi3yBaTH. MOXyTh
JI0JIATKOBO HAKJIAJIaTUCA OOMEXKEHHSI Ha MapaMeTpH, BiJ SIKUX 3a1eXaTh PYHKIIT L.

Jlnst Hamioi 3amayi y SIKOCTI 3MIHHUX pillleHHs OyayTh 3a/laBaTHcCs IIyKaHi
3HAYEHHA K1JIBKOCTI JKKOMICIh Ta TIEPCOHAITY Y BiIIUIAaX mUTa0. [ dyHKiii
OyyTh 0OpaHi HACTYIIHI MOKa3HUKU €(DEKTUBHOCTI: JOBKUHHU YEPT Y BIIJIIAX IIIMTUTAIIO
Ta CEpelHIi 4ac, MPOBEACHUN TOpPAHEHHWM Yy IIMUTaNl, SIKI MOTPIOHO MiHIMI3yBaTH,

MPOIYKTUBHICTh CUCTEMH, SIKY MOTPIOHO MaKCUMI3yBaTH.
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Pucynok 2.10 — Jlekommo3utiist poriecy MouryKy ONTUMaibHUX PilIEHb

Ha puc. 2.11 ta Ha puc. 2.12 BinobpaxeHo AiarpamMu BapiaHTIB BUKOPUCTaHHS 3
TOYKH 30pY JOCIITHUKA Ta PO3poOHMKAa Mojeii BiAmoBigHO. KokeH 3 BHU3HAUYEHHX
aKTOPIB Ma€ CBiM HAOIP PYHKITIH.

[Ipu BU3HAUEHHI BapiaHTIB BUKOPUCTAHHS MOJIEN1 3 OOKY JTOCHITHUKA BBAXKAJIOCH,
110 TOCJTIAHUK HE 3HAETHCS Ha ITpaBUiIax OOy I0BH MOJICIICH 1 HE Ma€ HaBUIOK POOOTH Y
nporpamMHoMy cepefoBui FlexSim, BiH MoXke TiJIbKU TPAIIOBATH 3 TOTOBOK MOJICILTIO
1 MPOBOJUTU JOCHIJKEHHA. 3 OOKy pO3pOOHHMKA MPHUITYCKAJIOCs, 110 BiH BOJOJIIE
TEXHOJIOTIAMHU IMITAI[IfHOrO MojeIoBaHHs y cepenosuii FlexSim i He e ekcrieprom
npeaMeTHoi cdepu, MoB’sI3aH0T 3 MEIUYHIUMH CHUCTEMaMH, TOMY HE MOXE MPOBOAUTU

poOOTYy, MOB’sI3aHy 3 aHAJI30M PE3yJIbTaTiB MOJICIIOBAHHS Ta TPOBEICHHSIM JOCIIIIKECHb.
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Pucynok 2.11 — Jliarpama BapiaHTiB BUKOPUCTaHHS IMITalIHHOT MO/IEJII TEPECYBHOTO

MEAMYHOTO IIMUTAO 3 00Ky JTOCIITHUKA

Ha cxemax (puc. 2.11, puc. 2.12) 38’5130k <include> nampasiienuii Bijg 6a30BOro
BapiaHTy BUKOPUCTAHHS JI0 JOUIPHBOTO 1 IOKA3ye, K1 JOUipHI QYyHKIIIT TOTPiOHO 3a1isITH
JUIT BUKOHAHHS 0a30BOro BapiaHTy. 3B’s30k <extend> wampaBieHU#l BiJ creIiabHUX

BapiaHTIB BUKOPUCTAHHS (HOYIPHIX) 70 6a30BOrO 1 BKa3y€ Ha MOKJIHMBICTH OCOOIHBOIO
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BUKOPHUCTaHHA 0a30BOT0 BapiaHTy, TOOTO BKa3ye Ha MOKJIMBICTh PO3LIMPEHHS 6a30BOTO

BapiaHTy BUKOPUCTAHHS.
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Pucynok 2.12 — Jliarpama BapiaHTiB BUKOPUCTaHHS IMITAIIHHOT MOJIEIII TIEPECYBHOTO

MEIUYHOTO IIMUTAII0 3 00Ky po3poOHHKA

2.4 IlpoekTyBaHHSI MojieJli 0a3u TaHUX

ba3a BXiIHUX JaHUX, HA OCHOBI SKUX OyIye€TbCs MOAENI, BKIIOYAa€ TAONHUL, SIKi
30epiratoTh HaCTYIHY 1H(OPMALIIIO:
— Severity injury table — po3monis mocTpaxkaanaux Mo BiICOTKaM 1 IO TUTIAM Y
3aJIEKHOCTI BiJl BAXKKOCTI TIOPAHEHHS;
— Type injury table — po3moaii mocTpa)kaaaux 1o BiJICOTKaM 1 1Mo MiATUIIAM Y

3aJIe)KHOCTI BiJ BUAY IOPAHEHHS;
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— Data — naHi, 110 3a/1at0Th IHTEHCUBHICTh HAJIXOMKEHHS JI0 IIMUTAIIIO;

— Departments — moyaTkoBa KUTbKICTb JKKOMICITh Ta TIEPCOHANTY Y BiaJijgax
HITUTAIO;

— Time preoperative — cepenHiil yac HaJaHHS JOTIOMOTH Y TIepenonepariinHii
y 3aJIeKHOCTI B/l BAKKOCTI MOPAaHEHHS;

— Time operating — napamMeTpu TPUKYTHOTO 3aKOHY PO3MOJLITY, 10 MOJIEIIOE
TPHUBAIICTD OMEpaIliil y 3aJIe)KHOCTI BiJl BXKKOCTI 1 BUAY TIOPaHECHHS,

— Time resuscitation — mapaMeTpu TPUKYTHOTO 3aKOHY PO3MOALTY, IO
MOJIETIIOE 4ac TepeOyBaHHS y peaHIMallii y 3ajJeXHOCTI BiJl Ba)KKOCTI
MTOPaHCHHS,

— Hospital — KiIBKICTB JIKKOMICIIH Ta MIEPCOHATY Y BiIJI1JIaX TOCHITAIIO;

— Time hospital — mapamMeTpu TpUKyTHOTO 3aKOHY PO3IOJILTY, 110 MOJIEIIOE Yac
nepeOyBaHHs Yy BIAMOBIIHUX BIJUIITIaX TOCHITAIIO Y 3aJIEKHOCTI Bl BAKKOCTI
MIOPaHEHHS,

— Time evacuation department — mapamMeTpu TPUKYTHOTO 3aKOHY PO3IMOALTY,
10 MOJIEITIOE Yac nepeOyBaHHs Y €BaKyallliHOMY B1JIUJICHHI.

BaxxnuBUM 1HCTpYMEHTOM, IO BH3HAuYa€ JIOTIYHY CTPYKTypy 0a3 nanux € ER-
niarpama  (Entity Relationship Diagram). Bona no3Bonsie i1neHTU(diKyBatu Ta
B1JI00pa3UTH 3B'SI3KK MIXK CyTHOCTSIMH 00’ €kTy iH(Dopmaruzariii. KoHrentyansHa MOseb,
npeacTaBieHa Ha puc. 2.13 nae 3MOTy NpeCTaBUTH JIJaHl HA OCHOB1 BUMOT JI0 043U, TAKOX
€ TIPOCTOIO 1 BOIHOYAC €(DEKTHBHOO Bi3yalli3alli€ro JaHUX MOJIETII.

Jloriuna Mojenb JAaHUX, BigoOpakeHa Ha puc. 2.14, neranizye KOHIENTYaJIbHY
MOJIeJIb B YACTHHI BU3HAYCHHS TIEPBUHHUX 1 30BHINTHIX KIIOYIB JUIsI KOXKHOI CYTHOCTI.
Jlana Mojenb MICTUTh OLIbIIy YacTHHY 1H(pOpMAIlli CTOCOBHO CTPYKTYpU JAaHHMX Ta
B32€MO3B’SI3KIB MI’)K HUMH. Y HIKaJIbHICTh 3aMMCIB, 1[0 MICTATH TaOJHUIl Ta 3B’ I3KH MIXK
TaONHISIMU € BaXKJIMBUM aCIIEKTOM YTIPABIIIHHS JAaHUMH, 110 3a0€3MeUyI0ThCS HAsSBHICTIO

BHU3HAYCHUX KJIIOYOBHUX IOJIIB.
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[ToObymoBana ¢iznuna momens maHux (puc. 2.15) mokasye, sk BH3HAYCHI JaHl
30epiraTUMyThCS Ta B3aEMOIIATUMYTh Y 0a3i JaHUX B Mpolieci 11 GyHKIIIOHYyBaHHS.
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Pucynox 2.15 — ®i3uuna Mozenb 60a3u TaHux

TakuM YWMHOM, y JaHOMY pO3IUIl po3po0JieHO Ta MOOYyJAOBAaHO MOAENI s
iH(opMalliitHOT TEXHOJOT1I, sika Oyjae 3akiajJieHa B OCHOBY NPOTrpaMHOI peaizailii

IMITAIIHOT MOJie/ Il MOOIJIBHOTO IITHUTAIIO.
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3 TPOI'PAMHA PEAJIIBALIA IMITAIIMHOI MOJIEJI

3.1 Crpykrypu3auis BXiTHMX JaHUX

BxigHi maHi 10 iMiTamiiHOI Mofeni 30epiraroThCs y TaOMUIIX pesIiiHol 6a3u

JTAaHUX, Ky CTBOPEHO 3 BUKOpUCTaHHSAM BeO-momatky PhpMyAdmin ta CYB/ MySQL

Ha puc. 3.1-3.10 npuBeneHo tabmuill, 110 BXOAATH A0 CKIaAy 0a3u JaHUX, MPU3HAYCHHS

MOoJIiB TaOyuIll onucaHo y taom. 3.1.

Tabmurs 3.1 3HaueHHs moiaiB Ta0JIUIb 0a3u TaHUX

Ha3zsa Ta0éauni

Ha3zsa nmoJss Tadoaunui

HpI/I3Ha‘leHHﬁ IHOJIA

Severity injury table

Severity injury

Ha3Ba kareropii BaXXKoCTI
OPaHEHHS

% _Severity injury

BincorkoBe 3HaueHHSs
MOPaHEHUX BIJMOBITHOL
KaTeropii

Label Severity injury

UYucnosuii i1eHTUdIKATOP
Ba)KKOCTI IOpaHEHHS

Type_injury_table

Type injury

Tun nopaneHHs

% Type injury

BincorkoBe 3HaueHHS
MOpaHEeHHS

Label Type injury

Yucnosuii 11eHTU(DIKATOP
TUITy IOPaHEHHS

Arrival table

Value

CepenHe 3HaUCHHS Yacy MIX
HAIXO/KECHHSIMHU TTOPAHEHUX
710 CUCTEMH

Time symptomatic
treatment

Time avg

CepenHiii yac nepeOyBaHHS y
BIIAJIEHH] CUMIITTOMAaTHUYHOI
Tepanii

Time for lightly
wounded

min

MiHiMalibHHI Yac
nepeOyBaHHS y
nepeB’ si3yBaJbHIN

max

MaxkcumanbHUl yac
nepeOyBaHHS y
nepeB’ si3yBaJbHIN

mean

Cepenniii yac nepeOyBaHHS y
nepeB’ A3yBaJbHIN
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Ha3Ba Tadanui

Ha3Ba mous Tadanui

HpH3Ha‘IeHHH moJist

Time preoperative

Label Severity injury

Yucnoruit ineHTrdikaTop
BaXKOCTI TTOpaHEHHS

Time avg

Cepenniit yac nepeOyBaHHS y
nepeoneparinHii

Time_ operating

Label Type injury

Yucnosuii i1eHTHDIKATOP
THUITY IOPAHEHHS

Label Severity injury

Yucnowuii i1eHTHIKATOP
Ba)KKOCTI TOPAHCHHS

min MiHiMalbHMI yac
nepeOyBaHHs y onepariiHii

max MaxkcumanpHH Yac
nepeOyBaHHs y ornepariiHii

mean Cepenniit yac nepeOyBaHHS y

omnepaniiHii

Time_resuscitation

Label Severity injury

YucnoBuii 11eHTUDIKATOP
BA)KKOCTI MOPAHEHHS

min MinimansHu yac
nepeOyBaHHs y peaHiMallii

max MaxkcumanpHHMN Yac
nepeOyBaHHs y peaHiMalrii

mean Cepenniit yac nepeOyBaHHS y

peanimartii

Hospital

Department number

Howmep BiIisIeHHS TOCTITATIO

Department

HazBa BigaiieHHS TOCIITaII0

Number Beds

KinpKkicThb TKKOMICITH Y
BIIMOBITHOMY BiIUICHH1
TOCIIITAIIO

Number Staff

KinbkicTs epconany y
BIIMOBITHOMY BiIUICHH1
TOCIIITAIIO

Time hospital

Department Number

Howmep BijIisIeHHS TOCTITATIO

Label Severity Injury

YucnoBuii 11eHTUDIKATOP
BAYKKOCTI IOPAHEHHS

Min

MiHIMaJIBEHUNI Yac HaJaHHS
JIOTIOMOTH Y BiJIIOBIIHOMY
BIJIIJIEHH] TOCITITAJIIO
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Ha3Ba Tadanui

Ha3Ba mous Tadanui

HpH3Ha‘IeHHH moJist

Time hospital

Max MaxkcuMaJbHUY Yac HaJaHHs
JIOTIOMOTH Y BIJIMOBIAHOMY
BIIIJIEHH] TOCHITAIIO

Mean CepenHiii yac HaaHHS

JIOTIOMOTH Y BIJIMOBIAHOMY
BIJIIJIEHH] TOCITITAJIO

Time evacuation

Label Severity injury

Yucnowuii i1eHTHIKATOD
Ba)KKOCTI TOPAHCHHS

min MiHimManpHUM Yac eBaKkyarlii
department =
max MakcumanbHMI Yyac eBakyartli
mean Cepenniit yac eBakyaiii
ID department YucnoBuii 11eHTUDIKATOP
BIJIIJIEHHS
Departments Name department Haspa BiieHHs

Number beds

KinpKiCcTh JTKKOMICIIE

Number staff

KisbKicTh IepcoHaTy

Severity_injury

Percent_Severity_injury

Minar injuries 19
Moderate injury 27
Seriously wounded 42
Very seriously injured 12

department_number

Label_Severity_injury

1

2
3
4

Pucynok 3.1 — Tabmums Severity injury table

Parameters Value
Amival_frequency
Time_for lightly wounded

Time_symptomatic_treatment

poissoni5.0)
triangular{7.0, 35.0, 15.0)
exponential(0.0, 2.0)

Pucynok 3.2 — Tabmunsa Data

department
1 Therapy
2  Burning

3 Psychological_help

number_beds

number_staff

40 B
15 4
20 4

Pucynoxk 3.3 — Tabnuus Hospital




Lal bel Severity injury Time_avg

1 NULL
2 10
3 7
4 5

Pucynok 3.4 — Tabmuns Time preoperative

Type_injury Percent Type_injury  Label Type injury
Wounds and injuries to the limbs 20.0 1
Chest wounds and injuries 17.5 2
Wounds and head injuries 16.0 3
Wounds and injuries of the maxillofacial region 9.7 4
Injuries and injuries to the aorgans of vision 5.0 5
Wounds and injuries to the abdominal cavity 8.7 6
Burns 8.6 7
Wounds and injuries of the spine 75 8
Psychogenic-reactive states, contusions 3.0 9

Pucynok 3.5 — Tabnuns Type injury table

ID_department MName_department  Number beds  Number staff

1 Reception 4 2
2 Symptomatic therapy 1 2
3  Dressing room 2 2
4 Preoperative 5 2
5  Operating room g 8
6 Reanimation room 10 7
7 Intensive therapy 10 5
&  Ewacuation 4 2

Pucynok 3.6 — Tabnuis Departments

Label Severity_injury min max  mean
1 NULL  NULL NULL
2 NMULL NULL  NULL
3 120 360 240
4 240 720 430

Pucynok 3.7 — Tabnuus Time resuscitation



La.heI_T},,fpr:ﬂ:_iniuryr Label_Severity_injury min max

1 1 NULL NULL
1 2 30 120
1 3 60 240
1 4 120 300
2 1 NULL NULL
2 2 60 180
2 3 120 300
2 4 120 300
&l 1 NULL  NULL
3 2 60 240
3 3 120 360
i 4 180 480
4 1 NULL NULL
4 2 30 120
4 3 60 240
4 4 120 300
5 1 NULL  NULL
5 2 &0 180
& 3 120 300
5 4 120 300
B 1 NULL  NULL
B 2 &0 180
B 3 120 300
B 4 120 300
7 1 NULL  NULL
T 2 &l 180
7 3 120 300
7 4 120 300
] 1 NULL  NULL
8 2 60 180
] 3 120 300
] 4 120 300

Pucynok 3.8 — Ta6muis Time operating

mean
NULL
&0
120
240
NULL
120
180
240
NULL
120
240
3&0
NULL
&0
120
240
NULL
120
180
240
NULL
120
180
240
NULL
120
180
240
NULL
120
180
240

de:partment_numher Label_Severity_injury min max  mean
1 1 NULL NULL  NULL
1 2 240 480 360
1 3 240 600 480
1 4 240 1440 720
2 1 NULL  NULL  NULL
2 2 240 480 360
2 3 240 600 480
2 4 240 1440 720
3 1 NULL NULL  NULL
3 2 120 300 720
3 3 120 300 240
3 4 240 600 360

Pucynok 3.9 — Ta6nuis Time hospital
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Lﬁbel_Severity_injury min  max mean

1 5 20 10
2 5 60 30
3 30 120 60
4 30 120 60

Pucynox 3.10 — Tabmurs Time evacuation department

O£ s=mple severity_injury_table,

o Severty_injury t warchar{255) ﬂ £ =sampe time_preoperative
# Fercant_Severty injury @int{11} 4 4 Label Seventy_injury :int{11)
@ Lahsl Severity infury @ int{11) & # Time_avg - int{11}
NS
1 " '
I\ 'I.II\ \‘\\ 0O sammpis time_operating | & ==3mp=tiype injury table |
| \ \\ # Label Type_injury : int{11) Type_imjury - wanchar{255)
II \ 4 4 Label Severity snjury - int(H1) it Percent Typsa Enjury ! decimal{%1)
II g min zint{11) | @ Label Type mjury-: int{11)
\ g s int{ 11}
\ Il‘- f mean - int{11) |
| A E
I\ \ \ ﬂ £ Ex=mple 'Ii-me_r\esuscilatinnf
l“l 4 4 Label Severity injury : Int{11)
\ it min it 1)
1 \ g max: ni11)
I\ I"-I # mean :int{11}
v sxample data | \ ) —
{ Parametars : varchar{265) \‘ \ a Risssrmmpin-Gme bosital v B exzmple hospital
-1 Value - fext l"',_t il deparhnenl_ﬁurrjt.er: ""_tt”} ? { @ department mumber > int(11)
\ . J:E:EI;_?;:EW—W'JW AT =) depariment : text
a £ = amp e departments! | : mlzlx : inl.lf'H.I:I # number_beds :.:nt[ft]
# |D_depsrtment - intl 113 \ % mean - intf11) # number_staff - ing( 1)
| Mame_department : fext |
# Mumber beds :int{11)
# Mumber staff Jini{11) | ; = amp e time_evacuation_department

L" #t Label Severty_injury “int[ 11}
& min S ind{11)
# mEint(1)
# riean ; int{11}

Pucynok 3.11 — CtpykTypa 6a3u 1aHux

Bxinni nmani, 30epexeHi B TabmuLsX 0a3u JaHUX, IMIOPTYIOTHCA Yy MPOTrpamMHE
cepenoBuIlle MOOYyIOBH Momeni. 3a mgomoMororo iHcTpyMeHTy Database Connector
(puc. 3.12) BimOyBaeThcsi MIAKIIOUEHHS Oa3u JaHWX 0 MPOTPAMHOTO CEPEIOBHUIIA

FlexSim. Ha puc. 3.13-3.17 noka3zaHo iMOOPT KiJIbKOX CTBOPEHUX TAOJIUIIb.



ﬁ | DatabaseConnector 1 |

Connection  Import Export

Database Type |MySQL ~ | [CJEnter Full Connection String

Database Address | localhost | Database Name | example2 |

Login ID | mysal

Test Connection

| Login Password | sonee |

LAy [ ok ]

Cancel

Pucynox 3.13 — [ligkmtoueHHs 10 6a3u JaHUX

ﬁ | DatabaseConnector 1 |

Connection  Import  Export

& [ AX][#][8]

Global Table:

Clabal Table: data | Global Table: time_operating |
Global Table: departments - . -

Global Table: hospital Query SELECT * FROM time_cperating |E|
Global Table: sewverity_injury_t:

Global Table: time_evacuation_
Global Table: time_hospital

Global Table: time_preoperative
Global Table: time_resuscitatior
Global Table: type_injury_table

Import Automatically On Reset
L oAedly | ok

Cancel |

Pucynok 3.14 — Immopt nanux y tabmuiro Time_operating

ﬁ | DatabaseConnector 1 |

Connection  Import  Export

Global Table: time oﬁratini | Global Table: data |

Global Table: departments
Global Table: hospital Query  |SELECT * FROM data |z|
Global Table: severity_injury_t:

Global Table: time_evacuation_
Global Table: time_hospital
Global Table: time_preoperative
Global Table: time_resuscitatior
Global Table: type_injury_table

Import Automatically On Reset
LAy ok

Cancel |

Pucynox 3.15 — Imnopt ganux y Tabmuito Data
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E | DatabaseConnectorl

Connection  Import  Export

[ -[AXI[][e]

Global Table: time_operating

| Global Table: departments

Global Table: data

Global Table: departments

Global Table: hospital Query
Global Table: severity_injury_t:

Global Table: tme_evacuation_

Global Table: time_hospital

Global Table: time_preoperative

Global Table: time_resuscitatior

Global Table: type_injury_table

SELECT * FROM departments

Import Mow Import Automatically On Reset

L ey | oK

Pucynok 3.16 — Imnopt nanux y tabmuito Departments

E | DatabaseConnector 1

Connection Import Export

[ - A]X][2][e]

Global Table: time_operating

Global Table: data | Global Table: hospital

Global Table: departments

Query
Global Table: severity_injury_ti
Global Table: time_evacuation_
Global Table: time_hospital
Global Table: time_preoperative
Global Table: time_resuscitatior
Global Table: type_injury_table

SELECT * FROM hospital

Import Mow Import Automatically On Reset

LAy | ok

Pucynok 3.17 — Immopt nanux y tabmuiro Hospital

3.2 IIporpamua peaJiizauis iMmiTaniiiHoi Mmoaesi MOOLIbHOIO IIMUTAJIIO

[IporpamMua peanizaiis iMiTaliiHOT MOZEIl MOOLTFHOTO HIMUTAJIO BiAOyBanacs y

KUJIbKa eTariB:
~  BIATBOPEHHSI CTPYKTYpU MOJIENI;

—  peaizallis alrfOPUTMIB PyXy MOTOKIB MK BiJI1JIaMU;

— HaJlallITyBaHHS TPUBAJIOCTI HAJAHHS IOTIOMOTH Y Bi/IlIax;
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- mo0OynoBa cxemu ProcessFlow niis kepyBaHHs poOOTOIO pecypceiB Yy BiiIax;

~  po3poOKa Ta peaizallis aJrOpUuTMy PO3PaXyHKY MOTPIOHOT KUTBKOCTI JTIKKOMICITh
Ta MepCoHAIy y Biiax;

~ BUBEJICHHA MOKa3HUKIB €(PEKTUBHOCTI y BUINIAI IpadikiB 1 Aiarpam;

~ HaJAIITyBaHHS Bi3yasi3allii mpoIecis.

BinTBopeHHsT CTpYKTYpH BiJIOYBA€ThCS 3 BUKOPUCTAHHSAM O10710TE€KH 00’ €KTIB.
O06’extn, o Oynu 0OpaHi JUIsi MOOYIOBU MOJENI BIAHOCATHCS IO KJIACy €JIEMEHTIB
MOTOKY, (PIKCOBAaHMUX 1 MOOLJILHUX PECYPCIB.

EnemenTH notoky — 11e 00’ €KTH, SIK1 pyXaroThCsi, 00pOOISIOTHCS, 0OCITYTOBYIOTHCS,
TOMY €JIEMEHTaMH MTOTOKY B MOJIEJIl MMO3HAYaIl MOPAHEHUX, Kl PyXaroTbCs BIJ BIAALTY
70 BIJIUTY 1 3aTPUMYIOTBCSl Y BIJJIUJIaX Ha BIAMOBIIHUNM 4Yac OTPUMAHHS JIKapHSHOI
JIOTIOMOT'H.

Jlixkomicug y BIIJIUICHHSX BiATBOproBalivcs 00’ekTomM Processor, sikuil €
¢bikcoBaHUM pecypcoM. Bin oTpumye eneMeHTH TOTOKY Ha 00pOOKY /10 THX Mip, TOKH HE
Oye JOCATHYTO WOTO MaKCHMaJbHO JOMYCTUMOTO BMicTy. KokeH eleMeHT MOTOKY, 10
HAJXOJIUTh y MPOIECOp, MPOXOAUTH Yac HAJAIITYBAaHHS, 3a SIKUM CIIIy€ 4yac 0OpoOKH.
[licns 3aBepiIeHHd LHMX JBOX IMPOLECIB €IEMEHT IMOTOKY 3BUIBHSAETHCA. SKIIO
MaKCUMaJIbHE 3HAYEHHS KOHTEHTY OUlbllle OJIWHHUILI, €JIEeMEHTH IOTOKY OyayTh
00poOIATHCS TTapasIeTbHO.

Yepru B Momesli BUKOPHUCTOBYIOTHCS JIJISI OYIKYBaHHS CJIEMEHTIB ITOTOKY, KOJH
HACTYNMHHM OO0'€KT B MOJAENI HE MOXE iX TPUUHATH Ha O0O0CIyroByBaHHS. 3a
3aMOBYYBAHHSIM dYepra IMpaIfoe 3a MPUHIUIIOM «IEPIIUM TPUHUIIOB — TEPIIUM
obciyxeHui». Uepra € pikcoBaHUM pecypcoM, 0 MPOAOBKYE OTPUMYBATH €JIEMEHTH
MOTOKY, IOKU HE JOCSATHE MAaKCUMAJIHHOTO 3MICTY.

3aranpHa CTPYKTypa MO BiioOpaskeHa Ha puc. 3.18.
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Ty rn g PLEERRIEER 7 pevy

Pucynok 3.18 — CrpykTypa mmnuranto, BIATBOpeHa y cepenosuii FlexSim

Ha erani BiATBOpEHHS CTPYKTYpPU MOZEINI, KIJTBKICTh J1KKOMICIIb Ta MEPCOHATY Y
BiJI/IIax oOupanacs y JOBUIbHIN KibkocTl. Hanpukian, B peanimaiiii 0yJio BCTaHOBJIEHO
10 mixkomicIib, B ornepariiHii — 8 (puc. 3.19).

Mix 00’€kTaMu y MOJIeN1 ICHYIOTh 3B sI3KH. J{J1s iX 0Oy 10BM BUKOPHUCTOBYBATUCS
BXI1JIHI-BUXigH1 TopTH. [lopT - 1e Touka Ha O0'€KTi, /i€ E€JIEMEHTH ITIOTOKY MOXYTh
Nepe1aBaTrcs 3 OTHOTO 00'€KTa Ha 1HIIMNA. 3'€JTHAHHS MOPTY — LI€ 3'€ AHAHHS MK IOPTaMU
JIBOX Pi3HUX 00'eKTiB. [IopTH CTBOPIOIOTH 3B’A3KM MK O0'€KTamu, K1 IO3BOJISIOThH iM
B3a€EMOJISATH OJWH 3 OJHHM Ta OOMIHIOBATHCS €JIEMEHTAMH IOTOKY. 3B’S3KH Oyio
noOyA0BaHO TaKUM YMHOM, 100 I MOpaHEHUX 3a0e3MeuyBajIncs Mepexoin 1 pyxX Mix
BI/IIJTAMH IIITATAIIIO.

@OyHKIII MepcoHaldy Yy MOJeNl BUKOHYIOTh omeparopu. Omeparopu MOXYTb
BUKJIMKAaTUCh 00'€eKkTamu, Kl OynyTh BUKOPHUCTOBYBATHCS MiJ Yac HaJaHHS MOCIYT
IPOTSTOM BCTaHOBJIEHOTO yacy. BoHu 3anumarbes 3 00'€eKTOM, SIKUN 1X BUKJIMKAB, JOKU
HE CIUIMHE B1MOBIIHUMN Yac. [liciis 3BiIbHEHHS onepaTopy MOXKYTh MPAIIOBATU 3 THIIUM
o0'ekTom. Takok omeparopiB MOXKHa BUKOPUCTOBYBATH [JIsl MEPEHECEHHsI €JIEMEHTIB
MOTOKY MK 00'ekTamu. OnepaTopiB MOXKHA MIAKITIOYATH 0 MEPEXi, SIKIIO IM HEOOX1THO
JOTPUMYBATUCSl MEBHUX MAapUIPyTIB MiJA Yac pyxXy MO MNPUMIIIEHHIO UIIUTANIIO.

OmnepaTtopu BIIHOCATHCS A0 KJIacy BUKOHABIIIB 3a7a4 Y MOJIEJIL.



50

O épau,iﬁua /

Pucynok 3.19 — Onepaniitnuii Ta peaHiMaIiiHuN BTN MITATAIIO

Yac HamaHHS JOMOMOTH Y BIAJIIAX IIMUATAIIO 3aJ€KUTh BIJl TUIY 1 BHUIY
MOpaHEHHS.

Tomy, Ha MoYaTKy HpPOrpaMHOI peanii3anli, MOTIK NOPAHEHHX, IO HAIXOIATH J0
CHCTEMH PO3IMOAUISIOTECS HAa TUMW 1 MIATHIM y 3aJCKHOCTI BIJ BaXKKOCTI 1 BHIY
nopaneHHs. Lleit po3noain Bia0yBaeTbCs y NPpUHMaIbHOMY BIAJAUIEHHI 32 BiICOTKOBUMU
3HAYEHHSMHU, 3aITUCAHUMU Y TaOJIUIISIX 3 Ha3BaMu TsDKKICTh MOpaHeHHs 1 Ty mopaHeHHsI.
Ha puc. 3.20 npencraBieHO Koi, MOB’SI3aHUN 3 PO3IMOALIOM TMOPAaHEHUWX HA THUIHU 1
TI1JITUTIH 33 BAKKICTIO 1 BUJIOM TTOPAHEHHS.

JIist BCTaHOBJIEHHS dYacy IMepeOyBaHHS TMOpPAaHEHUX Yy KOKHOMY 3 BIJJIUTIB
HINUTaN0, Ha (PIKCOBaHUX pecypcax mozen (00’exktu Tuiy Processor) BUKOHYETHCS
BIJIMOBITHUN TIporpaMuuii kon. Hampuximan, Ha puc. 3.20 mpeacTaBiIeHO TMPOrpaMHUI
KOJI, SIKH{ BCTAHOBIIIOE 4yac mepeOyBaHHS MOpPaHEHUX y OMepariiiHoMy Biiii, TOOTO

3a/71a€ TPUBAJIICTDH OMEpallii.
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Pucynox 3.20 — Po3mosin mopaneHruX Ha THIH 1 MiITUTIA 32 BAKKICTIO 1 BUJIOM

IIOPaHCHHA

3minHa y koai (puc. 3.21) 3Ha3Boro Severity injury 30epirac 3HaYEHHS TUILY
Bia 1 10 4 y 3aneKHOCTI Bl Ba)KKOCTI IOPaHEHHS. 3MIHHA 3 Ha3Bol0 Type injury

30epirae 3HaueHHs miATUITY Big 1 10 9 y 3a/eKHOCTI Bl BUILY MTOpaHEHHS.

. 2 ela=
1 37 { _Bwverzity injury == 4}
20bdect current = owne=robieckic); i! iEEguessTine = tiiangalaris, S5, 2]*807
T obyect Ltem = param(l) ;‘_ l_'l
4 int SerPT = paTam (I} = o

B & ILAE (liesuType injury == 1]
x yooes yoes |
EAif: (item.?ypa_injury = 1 || ittem.Tyre injary = 4) 33 LE {4 e DR ey A=
7 L] -u-.rn.ml.:‘:-_‘-\:tﬂ-r;nﬁ = tr gulaedi, i, -3]4Ed;
B ifjltam, 2evarity injury == I 1= Al
% mircmt. ProcoaaTime = foiangulac{G:5. 2, 11463 iE Lf |1 tom, Beverity injury. == 3}
1o else 17 careeunt. Procaseline = 4 ianglar{, 6, 01+E0;
I IT{item. Severity dinjury = 3 a8 alas
1z mmrrmnt - ProcesaTiom = tcisngulacil, 4, 3) =i 15 LF{itemn, Severity injury == 3}
11 olan L =] ourrent. FoocessTine = trimngalasl], I, f}4E0;
14 if{item, Baverity injury == 4] 41t
i3 curesnt ProcessTims = trilasgolac{z, =, £)*&0; 42 =lne
1€ § A34FE (L Illl'u_'!ﬂl_i:jul_lr- - =S 1
17T mlsm 141 .
18 4f (ltem.2ype ionjury = 2 || ltenm.ZTyre injury — 5 || 48 i B lary. &= 2
16 itam.Type induey == £ || dtem.Typs indury == B 4E cirrunt FrocmssTine = Ersmnpularit, 3, 2jeRo;
=0 | a7 alaa
1 bt ST -1}

21 if{item, Savmrity injury = I :2 Lr'_“ S-tven.mi:-g:r . S e i1
a3 cirrent.ErogeasTime = trisngularil, 2, 2j+sdp 5: ourcunt s FrocessTion = triangularid, 4, U11*F
3 -
e 91?" » TN == -2 1 LT {Lrem,; Beyaricy injury == 4}
249 1f.lrn1-hvur1vy___1n:|urz' = il 52 oresnt . FrocexsTine. = brimngulari?, i, 314R0:
i current .ProcesaTime = triangulari{d, 5, ) *&ip £3]

Pucynok 3.21 — TpuBasicTb onepariii y onepamiiHoMy BiAIIJICHH]
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BaxnuBuM eramoM peanizaiii € mooymoBa cxemu Process Flow, 300pakeHa Ha
puc. 3.22. Process Flow — 11e croci6 mporpamyBaHHS iMITaIIfHOT MOJIEITi, MPU3HAYCHUI
JUIST CTBOPEHHSI BJIACHOI MPOTPaMHOI JIOTIKH IJIsl YIPaBIiHHA pecypcamu. Y SKOCTI
pecypciB, SKUMU MH YIIPABISIEMO B HAIIi MOJIEi BUCTYIAIOTh KUTBKICTh JIKKOMICITH 1
KUTBKICTh OJUHUIIL TEPCOHANY y KOXKHOMY BIIAUT mmuTtamio. J[aHa cxema kepye

poboYnMMH TpoIecamMu y BIII1IaX.

Mpwirveanshe Binaineya (B i o
lpwitnnicne pinginenA (MB)  Nepenonepauiiive slnginekss (M0) Bitine-i peasivaut (BP)
s bl o el e el Uy ] :
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@ Amweg Labale & -
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wnn
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Pucynok 3.22 — Cxema Process Flow

Cxema Ha puc. 3.22 ckiagaeTbes 3 OJI0KIB, KOJKEH 3 SKUX Ha MPOTPAMHOMY PiBHI €
GbyHKIII€10, IO IMITY€E pOOOYMI POLIEC B MOJIEIII.
OcHOBHI OJIOKU CXEMH MarOTh TaKe IPU3HAUYCHHS:
~ source — HaJXO/>KEHHsI TOPAHEHOTO Y B,

— acquire bad — iMiTye TIporiec 3alHATTS MOPAaHEHUM JIDKKOMICIIS Y B,
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— acquire staff — imiTye mporec 3alHATTS OAWHHUII MEIUYHOTO IEPCOHAITY
0e3mocepeIHhO y poOOTY 3 MAIIEHTOM;

— travel doctor — kepye pyxom MeanepcoHaTy Mo BiIJINICHHIO;

- wait for Event — ouikyBaHHS Ha IMOI110 3aBEPIIICHHS Yacy HaJaHHS JOITOMOTH
MOPAaHEHOMY Y BIJILIL;

- release bad — 3BiIbHEHHSI MAIIEHTOM JIDKKOMICIIS Y BiJUILII.

3.3 Po3paxyHOK KUIBKOCTI JIKKOMICIb TA MEPCOHAJY Y BilijIaxX HINUATAJIO

Po3paxyHOK KUTBKOCTI JII>KKOMICIb Ta IEPCOHAITY Y BIA1IaX IIITUTAIIO
BUKOHYETHCS B TaK1i MOCI1JOBHOCTI:
~  o0OYHCIIEHHS CEPEeAHBOI0 pOOOUYOTr0 HABAHTAXKEHHSI HA BIUIUIN Ta IEpCOHAI
3a popmynamu (3.1, 3.2);
~  Oo0uucneHHs KITBKOCTI JIKKOMICIL Ta TIEPCOHANY, 3aJeKHO BiJ poOOYoro
HABAaHTA)KEHHS, BCTAHOBJICHOTO 32 HOPMAaTMBAaMU Ta CTaHAapTamu 3a gopmynamu (3.3,
3.4).

Cepenne po6ode HaBaHTAXKCHHS Ha BIJIJILIN MITTATAIIIO:

Z:;kl Tik -100%

Tp06.k

ne k —aomep Bigminy (k=1, ..., N),
N — KIJIBKICTD BIJIUIIB IITTATAIIO
Ny — KUTBKICTh TIOPAHEHUX, 10 HAAXOAUTH 10 k-ro Biamimy (1= 1,..., ng)
T, —yac HalaHHSI IOIOMOTH 1-My MTOpaHeHOMY Yy K-My Biaiii

T

po6.k — 9ac podotu k-ro Binmiity

Cepenne poOoue HaBaHTOKEHHS Ha TMEPCOHAN Yy BUAAUIAX  [IIMUTAIIO

PO3PaxoOBY€ETHCS 32 HACTYITHOKO (hOpMYITOIO:
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= L’ (3.2)

JIe M — BiJICOTOK 3arajlbkHOTO pOO0YOT0 Yacy MepCoHAIY, BIABEACHOTO IS
po0OOTH 3 TAIIEHTOM.

PexoMeHI0BaHa KiJIBKICTH OJUHUIG JIIKKOMICIIb:
yA
KL= =X (3.3)
w

JIe W — BIJICOTOK HaBaHTaXCHHS Ha OJIHE JIDKKOMICIIC BIJI1TY 32 HOpMAaTUBaMH.

PexoMeH10BaHa KIJIBKICTh OMHUILL TIEPCOHATY:
KP= — (3.4)

e V — BIICOTOK HABaHTAXEHHS Ha OJHOTO MEAMNpalliBHUKAa BIIAUTY 3a
HOPMAaTHUBaMH.

Ha puc. 3.23 mnpencraBiieHO TporpaMHHU KOA, SKHW peajizye po3poOieHy
MaTeMaTUYHy MOJIETb PO3PAXyHKY KIJTBKOCTI JIIXKKOMICIb Ta IEPCOHATY B ONepaliiitHOMy
BIJITIJICHHI. AHAJOTIYHO BUKOHYETHCS PO3PaXyHOK pecypciB B I1HIIMX BIITIJICHHSX
U TATIO.

Po3paxyHOK pecypciB 3 BUKOPUCTaHHSM MOJEIl BiJOyBAa€ThCs Yy HACTYIHIN
nocnigoBHOCTI (puc. 3.24). CrnodaTky BBOIATHCA BXIJHI JIaHl JUIsl PO3PaxXyHKY — 1€
3HAYEHHsI KIJIBKOCTI TOpaHEHUX Ha 100y, TaKoX BBOIATHCS JOMYCTUMI 3HAYCHHS
HAaBaHTAKEHb HA OJIHE JIDKKOMICIIE Ta Ha OJHOTO MEMpPAIlIBHUKA JIJIST KOXKHOTO BIJILTY.
3HaueHHs BBOAATHCS B Tabnuill Data Ta Po6oue HaBaHTa)eHHS.

Ha nactynHomy eTari BUKOHYETHCSI pO3PaXyHKOBHUI MIPOTIH MOJENI, Y pe3yJbTaTi
SIKOTO MOJIENb PO3PAaXOBY€ 3HAUYEHHS KUIBKOCTI JIDKKOMICIb Ta TEPCOHANy 1 BUKOHYE

3anmuc 1UX 3Ha4eHb 70 Tabmul 3 Ha3Boto [loTpeda B pecypcax.
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Pucynok 3.23 — [Iporpamuuii Koy po3paxyHKy KIJIBKOCTI JIIKKOMICIb Ta IEPCOHAIY B

orepaliiHoMy BiIJIICHHI

[licnss 3ynuHKHA TIPOTOHY, 3HAYEHHS, PO3PAaXOBaHI B TAOJIHIN, MPOYUTYE CXeMa

Process Flow 1 aBToMaTn4HO BCTAHOBIIIOE 1X B Mojiei. Jlami TOCiIHUK 3aITyCKae MOJICIIb

3 HOBUMH JaHUMHU 1 MOXe€ OL[IHIOBATHU MMOKa3HUKU e(eKTUBHOCTI. [I00ynoBaHy imMiTaliiny

MOJIETIb 3 pealli30BaHUM aJTOPUTMOM PO3PaXyHKY KITBKOCTI JIDKKOMICIh 1 TIEPCOHATY

OyJI0 BUKOPUCTAHO AJI1 PO3paxyHKy MpU Pi3HIA IHTEHCUBHOCTI BXIAHOTO MOTOKY: 80

nopaneHux Ha 00y, 100 i

300.

Toas [TV RO Model ] e
i e i S & Source Pooed el
i Mimspdr iz T i
Tenomeany 16 1
T Soboe emmTER = (Pescmin 70 1 % Azsign Labels
et e T . ey 10 1 _—— A Resnurce bad
— = TR CH_ ot DEQRN [+] &
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Pucynok 3.24 — Cxewma,

110 BijoOpakae eTaru po3paxyHKy pecypciB IJis BIAAUICHb

ITTUTAIIO
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Monens AocmipKyBaiacs MPOTSITOM TIEBHOTO Yacy — OJMH POOOUYUI THXKIICHb.
Pesynpratn pospaxyHky B mporieci pobotu moxeni 3anucaHo g0 tabmuui Ilorpeba B

pecypcax (puc. 3.25).

| neparer  aody |Mopanerns | Aoy o N |Popariesx / posy |
YacToTa NpeSy T | an YarToTa npuEyTTs 100 YacToTa npusyTTA Z00
TTIOTPEGS B HeCYpaDr L. Moos o pete B peCypeR i Model ] TawecTs nop TG TR i pecyR - Moded
| TRAERCTS, o EnERICTE, O | F.!I_b!%!:_!_h:. .
| e N8 T 1 TRk NE 1 Mbkoedcis NB 2
Ilmconanw & i Mepoorany NS 1 Nepeodany M z
| insecrinie 1o 1 (Al i MO0 1 | iknceaE L N0 1
nq-pcouan-,- o 1 l'I pooHany | ‘D 1 ”ED(MM FJO
|ﬂllﬂwﬂ!CU.bCH B TP 9 ANKDICLE 08, B nopan 10 Hmumr.q:.cﬂ N inrlre i L
| Mepooiany OF_semn nopat 0 Mepcokany: OB_smson nopan 11 TEpECaHany CEL Bl nogan 13
s 88 | Mekroracg B 1 FlitCeCLE B2 :§
ki 2 ; ipeswany 8F i MepeoHamy AP
! PR e ! IRfeaett
s : TlapcaHany T 1 Teprosanmy 17
ﬂmu.urm sEanenE N T (FIECRCLE DELINEHNS (1] 9 | Mevkresr i BEyineme M1 25
nml:nmw DA 1 7 Teposany snanenns 2 |HIEReFRI DL Ty 28
ﬂmm:ub s 2 [T RDACLE DniE 3 TIERHOMELE CrRE g
|Mepcoramy oneag 4 fepcotaty Onrﬁ.u 3 :EP{M“V U";Bu ?
i 5 | mmmemre 5 [——— -
|fidataric i i o W = E‘-'.l'l' = o
i o b i e [TibRROPELE: BFEaR i
m:m_m::ma.ufnun 3 T RCRACL BERAR 1
ﬂEp{war.rEaEm 11
nmmhan Bana 3 NEpcoeany BRER. E AR
is . [ ———] _cepea 2
Hmm..m:x' _CEpd 1 L-ah 1 T RCACLE 08 cet:-a.-J. Topa i nﬂ'PaH
2 'l1 o i Tepoosiany OB_cepeq nopaq z
[ Pegciseny O Esped v : ] Ticoicis OB 7w Saml FOpan an
"Iblm I oa_mxv B nopaH 24 ﬂmt(m Dﬁ_m"-“( M.Ihlﬂclpm + = Meprosamy O6_ayse skl nopa a5
25 rl!pn:run,, CIB_,:l-,'ar un.tl.nq::m 24

[ Pepoaramy DB _ayse o nops |
Pucynok 3.25 — Pe3ynbrar po3paxyHKy KITBKOCTI JIDKKOMICITH 1 IEPCOHAITY Y BiJlIiIax

MIMUTATIO (4ac — poOOYHl THIKICHD )

Y wMozeni aBTOMAaTUYHO PO3PAXOBYIOTHCA TMOKAa3HUKK €(QEKTUBHOCTI, SIKI
BimoOpaxkeHo Ha rpadikax i giarpamax (puc. 3.26):
~ CepelHIiid, MIHIMaJbHUN Ta MAaKCUMAJIbHUM Yac nepeOyBaHHS MOpPAHEHUX Yy
HIMUTAJI,;
~ KUIBKICTh OPAHEHUX, 110 OTPUMAJIH JIOTIOMOTY 3a 4ac poOOTH IITUTAIIO;
~ po0Ooya 3aBaHTAXKEHICTh BB MITTUTAJIIO;
~ JIOBXHHU 4epr y BiILIax;
~ Yac OYiKyBaHHsS IOPAHEHUX B Ueprax.
Ha mpaxTuiii moske OyTH cuTyarlisi, KOJIM KEPIBHUK MEINYHOI CUCTEMHU Ma€ Ha METI
NEPEBIPUTH, K PI3HI BapIaHTU BCTAHOBJIEHHS MEBHOI KUIBKICTh JIDKKOMICIHb Y BIJILIAX

Ta OPUAHATTS TEBHOI KUIBKOCTI OIMHMIL TEPCOHANy Yy BIAJIIaX BIJIMBAE Ha
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JOCIIJI)KYBaH! TOKa3HUKH €(PEeKTUBHOCTI. Y TaKOMy BHUIIQJKy 3 MOJEIUII0 MOXHA

IIPOBOJIUTH EKCIIEPUMEHTH.

Jommrwa Sep ¢ pesHmauin

araneHuik Yac NepelyeaHHR NopaHeHUx B cuoTem [ MpuiMansHe BigginexHA [
g laplive WinStaytme Maa Snaysrre W Frocosamy [ Trauvel ety ([ Lce =1 T
() TR X518 Fracesmor] [ | ] !
Oparator! l k ":_._- ——.I
_ a0 o ToT
Yac nepefiyBanHa 8 cHCTEM| N0 THNEM NOPRHEHNX Dotmmne =i ¢ fepe g iecauing
Bt i Siagda Wi By Mk iy MNepenonepaulike BlagineHHs =
| B TR W . A A B Ll r N
il F TR i 800 I Precesting i Toivel sy [ Llaz 4 |da LHWMM*-M‘%-—!Z‘H.'
1 A £ 8.2 L : : i T T —
[ LxB0] IR i N0 | il . |
O% 0% 40% 00%W AD% 100N [omasna w=pra o omeces slgsnentm
e
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Pucynok 3.26 — [loka3Huku epeKTUBHOCTI pOOOTH CUCTEMH IITTUTAIIO

VY sIKOCTI IpUKIIaTy 3 MOJEIUIIO OYJI0 MPOBEAEHO 5 €KCIIEPUMEHTIB 110 50 MporoHiB
y KOXXHOMY creHapii. JlocnmimxyBamucs Taki TMOKAa3HUKHU: KIIBKICTh OOCTYyrOBaHUX
NOpaHEHMX, yac rnepeOyBaHHs Yy CUCTEMI 1 JOBKMHA YEPru B ONEpaliiiHy y 3aJIeKHOCTI
BiJl KIJTBKOCTI JIDKKOMICIIh Y BiJJUIax. Y CIEHapisX 3ajaBajiacid pi3Ha KIUIBKICTh

JKKOMICIIb Ta MEpCOHAIy Yy Bifaitax (puc. 3.27).

|Mvocsacs N8 | Neecwom N0 | Mveossop OF_ sl Moosicye 57 | Moowoeiom IT Moy BN Meoonmioys Ol Moooosiogs BnTe Meeosacys Bafe Moo 08 _c i
1 L 1 1 1 1

[Cepmann i | 1 1 1 9 9 1 1 1 1
Scenana? | 1 1 1 1 10 1 1 1 1 1
Scraod | | 2 2 1 2 i 13 4 + 1 1
Seramnd | 2 1 3 [ 2 ] 5 3 “ 2
|scerano 5 | 1 1 9 1 1 ol 2 50 3 1

& NEEOMICT R D.u_n||'lpprm|anl,f NP |Nepocsany MO Il:lpgnma.ny DB_g|Nepcokany BP | Nepcow@ny Ll . E,Fp.'tm.am_, Bain Nepeoramy OnKk Nepoosany BnTa 1

EI' 7 7 F] 3 3 3 3 1
L 9 9 3 3 28 28 4 4 1
I 25 5 8 5 n 25 11 11 2
2 14 7 8 5 15 8 5 2 &
l B0 1 1 1 1 1 1 1 1

Pucynok 3.27 — HanamtyBanHs cuieHapiiB 1J1s IPOBEACHHS €KCIIEPUMEHTIB ((pparMeHT)

Pe3ynpratu npoBeeHUX eKCIIEpUMEHTIB BiJoOpaskeHo Ha puc. 3.28.
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Cepeanlit yac nepebyeanna y cucremi

Kinexicte ofcnyrosanmx

CEnEg | Scenari ] Sceninio 3 Scengrio 4 Seanario 3

Aosxuna yepri B onepauiiHy

Stenano ] S{Enanc 3 Soenario 4 SLananio 3

Pucynok 3.28 — Pe3ynbTaTi NpoBeAEeHUX EKCIIEPUMEHTIB 3 IMITALIIITHOIO MOJEIIIIO

Halikpamii pe3ynbTaTd mokazaB S5-Ml cieHapiil, npu skoMy 3a0e3nedyeThes
HaMEHIUN cepeqHii Jyac nepeOyBaHHS MOPAHEHUX Yy CHCTEeMI, HalOlabIna KiUTbKICTh
0oOCITyroBaHMX KIIE€HTIB Ta BIJICYTHICTh YEpPTH y OMEpariiiHe BIIIUICHHS, MPO IO
CB1JIUaTh CTOBITYACTI FCTOrPaMH, MpeICTaBIeH] Ha puc. 3.28.

PimenHs, sxi oTpuMaHi y pe3yJbTaTi pO3paxyHKy KUIBKOCTI JIKKOMICIb Ta
nepconaiy 3a popmynamu (3.1 — 3.4) abo y pe3ynbTari NpOBEACHHS €KCIIEPUMEHTIB HE €
ONTUMAJILHUMHU. J{J11 OTpUMaHHs ONTUMAIbHUX PIllIEHb BUPIIIMMO 3a]a4y ONTHUMI3allii,
110 Ma€ HACTYIHY MOCTAHOBKY.

Heo0xiaHo 3HaiTH 3Ha4YeHHs KUTbKOCTI JibKkKoMicp R; (1=1,...,k) y koxHOMY 1-MYy

BIIUI HITTATAIO.



59

KpuTepii ontumizarii:
~  MiHIMI3allig CepeIHbOTo Yacy nepeOyBaHHs MOPAHEHUX y CUCTEMI:

Thi—Tyi :
Hl Bl - mlTl,
M

ne T,,— MOMEHT 4acy HaJXOKEHHS i-T0 MMOPaHEHOTO 0 IIMHUTAIIO;
Tsi— MOMEHT Yacy BUXOAY 1-TO TIOPAHEHOTO 31 IMIIUTAIIO;
M — KIIbKICTh OPAaHEHUX, 110 BUMIILIK 31 MIMUTAIIO 32 Yac JOCI1I>KEHHS.

—  MakcuMi3allis MpoIyCKHOI 37aTHOCTI CHCTEMH:

M
— >
T max,

ne T— dac T0CIiKEHHS] pOOOTH IIMUTAIIO;

—  MiHIMI3aIlisl CEPETHBOI JIOBKUHU YePT Y BIIIN:

Kb .

ne [; — AoBXKuHa yepru B 1-i Bl wnutaimo (1= 1...k).

OOMeXeHHs HaKJIaJaloThCsl HA KUTBKICTH JIDKKOMICITh Y BIJIIICHHSX IIMTUTAIIO!
1 <KL >N,

1e Vi — BepXHs Mexka KIJTbKOCTI JIDKKOMICIb Y i-My BiaauaeHH1 mmurtano (1= 1...k).
Ha puc. 3.29 noka3zaHo HajJalmTyBaHHsS BIKHA ONTHMI3aTopa Ta pe3yJbTaT MOro
pob6otu. Ontumizatop 3HaimoB 40 pimeHb, K1 Bi3yaJbHO TO3HadeHi Ha puc. 3.29
OKpPEMHUMH TOYKAMH PIi3HOTO KOJhOpY. [[si oTpuMaHHS 3HANAEHWX ONTHUMi3aTOPOM

pILIEHB Yy YUCETBbHOMY BUIIIAIL, X Oys10 iMrmopToBaHo y Ekcelnb.
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®s "% saoee sseesssvas

Thesafasny

PucyHnok 3.29 — HanamtyBanHs Ta pe3yasTaT poOOTH ONTUMI3aTopa

I[J'ISI BHABJICHHA Kpalloro piHIGHHSI 3a BCTAHOBJICHHMMH KpI/ITCpiHMI/I BHMKOHAHO

COpPTYBaHHS, HallKpallMM BUSBWIOCA PIMIEHHS I1J HOMEPOM 26, YMCIOBI pe3ylIbTaTH

SAKOTO IMMPCACTABIICHO PAIKOM KOBTOI'O KOJIBOPY Ha pHUC. 3.30.

VY oTpuMaHOMy pillIeHH1, KpUTEPIi, 3a SIKUMU 3/1MCHIOBAIAcsl ONTUMI3AIlisl MalOTh

Tak1 no3HaueHHs (puc. 3.30):

Objective 1 — cepenniit yac nepeOyBaHHS MOPAHEHUX Y CUCTEMI;

Objective 2 — KUIbKICTh OOCTYroBaHMX MOPAHEHUX 3a 4ac, PIBHUW 4acy

JIOCITIJPKEHHS CUCTEMU;

Objective 3 — cepeHs JOBKMHA YEPTH B OTEpalliifHe BiAI1ICHHS.

JlochipkeHHsT TPOBOAMJIUCS JUIs  OJHOTO POOOYOro  THHKHS.

Yei

XapaKTCPUCTHUKH HpOHeCiB 3aJaHO B OAUHHUIAX MOACIIBHOI'O 4aCy — Y XBHUJIMHAX.

Ibzratiom  Mame
25 Soenin ol 1 1 B5145835 2128 1 1 10 43
1 Scenariol 1 0° B&1.85185 21360365 1 1 26 8
2 Scenan ok 1 0 233926 SER.307EY 167 1 i 1
3 Scenaricd 1 0. ES1.Xf48 Z2136.1555 1 1 50 30
A Seenariod 1 0 dD6S26E1 1TE&SS1S 1384515 1 1 K]
8 Scenariod X 07 ES1.10148 21M.1555 1 1 38 =
fi Soenarios 1 0 G0ZEALM 17TIH.GHde  2NGLNIEN 1 I 24
¥ Scenaile? 1 [ER S T P s 1 1 Bl (]
1 0 BS7.17500 7123.8846 46263231 1 2 a
1 [ = 00 B R e 1 1 10 43
1 07 BEAESDET 134585558 1 1 48 30
T 3] 1 0 BT7RTESA 11702692 127230768 1 28 1]
12 Scenariol2 1 0 ZE4ETS4E  1E79.BQTT 1 1 21 B
13 Seenarlold 1 0 T2RRIGSE 2123.9615 1 1 41 42
14 Scenariold 1 0 AFEZ3601 1500.1154 LO7E3E3 1 a7 3
15 Scenaricl§ 1 G 13572158 POMB.6H5E 1 1 a7 4
16 Scenarinid 1 0 ITIEG3ES 1BA3.6AT5 1 1 3t 4

Frasitde Optral  Objectve ] Ohjectre?  Objective 3 Niegoesins N0 Mssostoye OB pawsinap Nissosicin
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Takum unHOM, po3po0bsIeHa IMiTaIlliiHa MOJEIh MEIUIHOTO MOOUTBHOTO IITTUTAITIO

JI03BOJISIE:

— BHUKOHYBAaTH PO3PaxyHOK PEKOMEHJOBAHOi KIJIBKOCTI JIDKKOMICIL Ta
NEepPCOHANY Y BIJAUICHHAX IIMUTAIIO;

~ TPOBOAUTH EKCIEPUMEHTH 1 MEPEBIPATH AOLIIBHICTH BCTAHOBICHHS PI3HOT
KUTBKOCTI pecypciB (JIIKKOMICITb 1 IEPCOHANY) Y BIUTIJICHHSX MIITTATAIIO;

- BUKOHYBAaTHM OINTHMI3allil0 3a KIJTbKOMa KPUTEPIIMH OJHOYACHO Ta, Yy
BCTAHOBJICHUX MEXKax, 3HAXOIWUTH ONTHMAJIbHI 3HAUEHHS KUIBKOCTI JIKKOMICID 1

MIEPCOHAITY Y BIJITIJICHHSX.
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BUCHOBKHA

Y pesynbTaTi MpOBEACHUX MAOCHIIKEHb Oyl0 BUSBICHO, IO HAa TEPUTOPIAX
VYkpainu, ne TpuBaroTh OOWOBI Ail, MEIWYHI YCTAaHOBH CTHKAIOTHCS 3 JOJaTKOBUM
HaBaHTaXeHHsAM. lle mpu3BoAMTH O HecTadl pecypciB Ta 3HMKEHHS €()EKTHBHOCTI
MEIMYHOI TOTIOMOTH. 3a TaKUX YMOB HEOOX1JHO BIPOBAKYBATH JOMOMIXKHI MOOLITBHI
MEINYHI TOYKU JJISi CBOEYACHOTO HAJAaHHA MeIU4yHOi aonomoru. Tomy B po0OoTi Oyino
PO3pO0IIEHO 1 peali3oBaHO KOMI IOTEPHY MOJIEIb MOOUIBHOTO MEJUYHOTO IITUTAIIO.

[IpakTryHe 3HAYEHHSI OTPUMAHOI IMITAI[ITHOI MOAEII MIATBEPAXKYETHCS THUM, IO
MOJIeNb [IpUIaTHa JUIs:

~  PpO3paxyHKy IMapaMmeTpiB MOOUIBHMUX IIMUTANIB, TaKUX K KUIbKICTb
JDKKOMICIb Ta TEPCOHANy Yy 3aJ€KHOCTI BIiJ IHTEHCHUBHOCTI BXIJHOTO IOTOKY
MOPaHEHUX;

~  aBTOMaTH4HOI NepeOyn0BH MOJIEII JUIsl pO3pax0BaHOI KIJILKOCTI peCypCiB;

~  TPOBEACHHS EKCIEPUMEHTIB 1 MEPEBIPKU JOIIHBHOCTI BCTAHOBIICHHS P13HOI
KUJIBKOCTI PeCypciB (JKKOMICLb 1 MEPCOHANTY) Y BIAIIICHHAX MIMUTAIIO;

~ BUKOHAHHS ONTHMI3allli 32 KUIbKOMa KPUTEPISIMU OJHOYACHO Ta MOILIYKY
ONTUMAJbHUX 3HAYEHb I10 KUIBKOCTI JIDKKOMICIIh 1 TEPCOHANY Yy BIIIUICHHSX, 3
ypaxyBaHHSIM 00MEXeHb, BCTAHOBIICHUX JTOCIITHUKOM;

~  OIIIHIOBaHHSI TIOKa3HUKIB €()EKTUBHOCTI TaKWX, SK MPOMYCKHA 3IaTHICTh
HIMUTAJI0, YaC OYIKYBaHHS B Yeprax, JOBKUHHU 4epr, yac nepeOyBaHHS MOpPaHEHHUX Y
AT,

JlocnmipkeHHST pOOOTH MIMUATAI0 BUKOHAHO MPOTIATOM OJHOTO POOOUYOTO THIKHS.
YacoBi XapaKTEpUCTHKH IMPOLECIB 3aJalOThCS B OAMHMIIIX MOJAEIHHOTO Yacy — y
XBUJIMHAX.

HaykoBa HOBH3HA po0OOTH mMOJdsIrae B TOMY, IO Ha BIAMIHY BiJ ICHYIOYHX
IMITAIlIMHUX MOJIEJICH, K1 Peasi30ByIOTh aHa13 MOKA3HUKIB 3a MPUHITUIIOM «II0 Oy/Ie,
SKILO?...», y poOOTi 3apONOHOBAHO METO/, 110 Nepeadavae:

~  aBTOMaTHYHY mepeOyAoBy MOJIENI MiJl pO3paxoBaHy KUIBKICTh PECYPCiB;
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~  BUpIIICHHS 3aJ1a4i ONTUMI3aIlii.
Buxopucranus imitariitHoi Mojeni J03BOJUTH IIBUIKO BU3HAYATH IOTPIOHY
KUTBKICTh ~ pecypciB, TOTYBaTHUCS JO MOXIWBUX HaBaHTaXEHb, e€()EKTHBHO
BUKOPHCTOBYBAaTH MOOUIBHI IIMKTAJI 32 TOTpeOaMu Ta MpUitMaTu OOTPYyHTOBAHI PIllIEHHS

y PeKUMI peaIbHOTO Yacy.
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1 Ilpu3HayeHHs i MeTa CTBOpPeHHs iMiTaniiiHol moaei

1.1 TIIpu3HadveHHs iMiTaniiiHOI MoeJTi

ImiTamiitHa Mojeh MOBMHHA BIMOOpa)KaTW MPOILIECH MPOXOHKEHHS 1 3aTPUMKH
MOTOKY TOPAaHEHUX Y BIAJUICHHSX MOOITBHOTO IIMUTAIIO I 9ac HaJaHHS MEINYHOT
nornoMord. Mojenb CTBOpeHa ISl TOCHIPKEHHS PI3HOT 1HTEHCHBHOCTI HaIXOKEHb
MOTOKY TOpaHEHUX 1 MPUUHATTSA PIIIEHb IO MIJBUIIEHHIO MPOIMYCKHOI 3JaTHOCTI

ICHYIOUOi MEIUYHOI CUCTEMHU.

1.2 Mera cTrBopeHHs imiTaniiiHol Mogei

ImiTamifina MoJaeNlnb CTBOPEHA I JOCHIDKCHHS 3a TaKUMU ITOKa3HUKaMU
€(EeKTUBHOCTI:

— CepeaHi Ta MaKCUMAaJIbHI JOBKHHU YEpT;

— CepenHid Ta MaKCUMAaJIbHUN Yac OYiKyBaHHS B yeprax;

— cepeaHiil yac nepedyBaHHs MOCTPAXKIATNX Y CUCTEMI;

— 3aBaHTaXEHICTh POOOYMX MICIb Ta JIOJACHKUX PECYPCIB;

— MPOMYCKHA 3[JaTHICTh IIMUTAIIO.
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2 Bumoru 10 imiTaniiiHoi MmojaeJti

2.1 Bumoru 0 imitaniiinoi mojgeJii B nijiomy

2.1.1 Bumoru 10 cTpyKTypHu i (DyHKI[IOHYBaHHS IMITAIlifHOT MO/ET1
Po3po6utu imMiTaliitHy Mojieb, sika BijoOpakae Mpolecu pyxy 1 3aTPUMKH ITOTOKY
MOPAaHEHUX Y TMEpPEeCyBHOMY MEIUYHOMY IIMUTAIl IiJ Yac HAJAaHHS JOMOMOTH.
Pesynpratn MojenioBaHHS Ta OCHOBHI IOKa3HUKM  €(EKTHUBHOCTI  MOBHHHI
BiJIoOpaXkaTuCs y BUTIIANI rpadikiB Ta giarpam, 3a SKMMHU OLIHIOIOTHCS: CEpEeIHl Ta
MaKCUMaJIbH1 JIOBXXUHU YEPr; CEpeAHId Ta MaKCUMaJbHHUI 4Yac OYIKYBaHHS y 4eprax;
cepeiHiii yac nepeOdyBaHHS MOPAHEHUX Yy CUCTEMI; 3aBaHTAXKEHICTh POOOYHMX MICIlh Ta
JIIOJICBKUX PECYPCIB; MPOMYCKHA 3AaTHICTh TA 1H. MOKAa3HUKHU €()EKTUBHOCTI.
ImiTaniiina Mozens MOBUHHA 3a0€3leuyBaTH 3PYYHICTh BBEJICHHS Ta 3MIHU

BXITHUX JaHUX.

2.1.2 CucreMH1 BUMOTH
Jlnst pobGoTH Ta JocHipKeHHsT Mozeni HeoOxiaqHo maTu BeraHoBiieHe [13 FlexSim

He Hkye 2022 poky; onepaiiiiHa cuctema koM torepa Windows 7 abo Buiie.

2.1.3 Bumoru 110 30epekeHHs iHpopMarlii
HaHi, siki yrnpaBisitoTb poOOTO0 MoOjIeNi 30epiraloThes y Tabmusax (pesiiiHux

0a3ax maHux), pobota 3 skumMu BUKoHyeThes 3acobamu CYBJI MySQL.

2.2 Onuc CTPYKTYpPH NEePeCyBHOT0 MeAUYHOTO HINMUTAIIO

2.2.1 CtpykTypa nepecyBHOr0 MEAUYHOTO IIMTUTAIIIO

CrpyKTypa nepecyBHOIO MEIWYHOIO IIMUTAII0 CXEMATUYHO IPEACTABICHA Ha

pucyHky A.l.
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Pucynok A.l1 — CTpyKkTypHa cxema MepecyBHOTO MEIMYHOTO HITTUTAITIO

2.2.2 OyHKIIOHATIBHUN OMHUC NEPECYBHOTO MEAUYHOTO IITUTAIIO

3a JaHOI0 CXeMOI0, MTOPAHEHI MICIs MPOBEJACHHS 3aXOMiB OIVISAY 1 J1arHOCTHUKU
MOJIIJISIFOTHCS] HA YOTHPHU MOTOKH:

— Ti, IO TOTPEOYIOTh KBaTi(P1KOBAHOI XIPYPIi4HOI JOTOMOTH;

— JIETKOTIOpaHEHI;

— Ti, 1[0 MOTPEOYIOTh CUMIITOMATUYHOI TepaITii;

— oco0wu, 5Kl MoTpeOy0Th HaJaHHs CIEIiaTi30BaHO1 XipypridyHOi TOTTOMOTH.

ITix gyac mMomenmtoBaHHS BXIJHOTO IOTOKY IOpPaHEHUX BiJOYBAETHCS PO3IMOMALIT 3a
CTYNEHEM BaXKKOCTI MO BIJICOTKOBUM 3HAYEHHSIM:

— Jerki mopaHeHHs — k %;

— TIOpPaHEHHS CEPEIHBOTO CTYMEHIO BAXKKOCTI — n%;

— BaxkkoropaneHi — m%;

— JIyXe BaXKomopaHeHi — z%.

k+n+m+z = 100%.

TpuBanicTe HaJaHHS JOTOMOTH TOPAHEHWM Yy BIIIIJICHHSM Ta JTUCIUILIIHA
0OCJIyrOoBYBaHHS B Ueprax 3aJIe’KHUTh BlJ] BXKKOCTI MIOPAHEHHS Ta BiJ TUITy TOPAHEHHS 1
BI/IMOBIIa€ piopUTeTy (MEHILIE YUCIOBE 3HAUYCHHSI BIJIMIOBI/IA€ BUIIIOMY MIPIOPUTETY):

1 — BKpaii BayKKi1 TOpaHEHHS,

2 — BaXKKi MOpaHEHHH,

3 — cepeHbOro CTYIMEHIO BaXKKOCTI,



4 — nerki mopaHeHHs

2.3 Bumoru 10 GpyHKIIOHYBaHHSA iMiTANIAHOT MOaeJTi

2.3.1 IloTpedbu KopucTyBaya

[ToTpeOu kKopuCTyBava nMpeACcTaBiIeH] y Tadmmmi A.2.

Tabmuusa A.2 — [ToTpebu kopucTyBaya

HEO0OX1JTHOCTI)

ID IHoTpedn xkopucryBaya dxepeJio
UN-01 ITepernsaa nporecy imiTarrii JlocaigHuK
UN-02 MOXIMBICTh 3MIHU BXITHUX JAaHUX Y MOJEI1 JlocaigHuK
UN-03 | IIpoBeneHHs €KCIIEPUMEHTIB 3 MOIEILTIO Jlocmigauk
UN-04 [Tepermnsig CTaTUCTUYHUX JAHUX MOJEII Jlocmaauk
UN-05 CnpoMOXHICTh 3MIHU CTPYKTypu Mozem (3a | JocmiaHuk

2.3.2 OyHKIIOHAIBHI BUMOTH

Ha ocHoBi motpe6 kopucTyBaya Oyiiu BU3HAYEHI Taki (PyHKI[IOHAIbHI BUMOTH:

—  MOJJIMBICTH 3MIHHM 1HTEHCHBHOCTI HAXO/PKEHHSI TIOPAHEHUX JI0 CHCTEMH,

—  MOJKJIMBICTB 3MIHM BXIJTHUX JIaHHX;

—  TIPOBEACHHS JOCTIIKCHB,

— MOHiTOpI/IHI‘ CTaTUCTUYHHUX OAaHHUX.

2.3.3 CucreMHl BUMOTH
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JlaHuii po3aisl BU3HAYAE, PO3MOAUISIE Ta BKa3ye Ha CUCTEMHI BUMOTHM, BU3HAYCHI1

pO3poOHUKOM. IX Tepernik HaBeneHuit B Tabnumi A.3.



Tabmnig A.3 — CucteMH1 BUMOTH

ID CucremHi BUMOI" IIpiopurer Omuc
SR-01 | HasBuicte iHTepdeiicy M Hanae MO>KJIUBICTh
KOpHCTyBaua KOpUCTYyBauy  3MIiHIOBaTH
BXIIHI JaHl MOJENI
SR-02 | ba3a manux 13 BXIIHUMU M 306epirae BXI1JIH1 IaHi
JTAaHUMA HEOOXiMHI i1 poOoTH
CHUCTEMU
SR-03 | HasBHICTP KOMIIOHEHTA S BignoBimae 3a 30ip Ta
300py CTaTUCTUKHU BUBCJICHHS CTAaTUCTUYHHX
JTAHUX
SR-04 | HasBHICTP KOMIIOHEHTA M Hanae MOKJIUBICTH
VIPaBIIHHS  MPOIECOM 3aIycKaTH, 3YIIUHATH
IMITamii MOJIEJIb, MaciTadyBaTu
MOJICIbHUMN qac 1§(0)
BIIHOILICHHIO JI0 PEaIbHOIO
Ta 1H.
SR-05 |Bizyamizamis y 3D C Hanae MOKJINBICTD
MpoCTOp1 BijloOpakaTud  MOJelb Y
TPUBUMIPHOMY BUTJISIA SIK Y
CTaTUYHOMY CTaHl TaK 1 B
JTUHAMIYHOMY
SR-06 | Moaynbs aHamizy JaHUX M Hanae MO>KJIUBICTh
ExpertFit BUKOHATH  iJCHTH}IKAIIIO
3aKOHY PO3MOLTY

VYMoBHI no3Ha4YeHH B Ta0auid A.3:

Must have (M) — BumorH, siki MOBHHHI OyTH peasli3oBaHi B CUCTEMI;
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Should have (S) — Bumoru, siki MaroTh OyTH BUKOHAHI, ajie BOHH MOXYTh ITOYEKATH

CBO€1 Yepry;

Could have (C) — Bumorm, ski MOXKyTh OyTH peaili30BaHi, ajic¢ BOHH HE €

LEHTPAJIBHOIO LIJUTIO IPOEKTY.

2.4 Bumoru 10 BuIiB 3a0e3meYeHHA

2.4.1 Bumoru 1o iHpopMaIiiitHoro 3abe3ne4eHHs

Peasnizanis it jociiKeHHs IMITaliitHOT MOJIeN1 BIJOYBAETHCS 3 BUKOPUCTAHHSIM:

e FlexSim 2022;
e Mosa nporpamyBanss C++;
e MySQL 8.0;

o ExpertFit — nporpama jyis aHasizy TaHUX.

2.4.2 BuMoru 10 mporpaMHOro 3a0e3nedeHHs
Peanizariis imiTauiiHOi MO/IEI1 B1I0YBAETHCS 3 BUKOPUCTAHHSM:
e FlexSim 2022 a6o Bue;

e Windows 7 abo BuiIe.

2.4.3 Bumoru 10 JIHTBICTUYHOTO 3a0€3MeueHHs
ImiTaniina wmojens Ta iHTepdeilc KopucTyBaya MawTh OyTH

aHrIChKOI0 200 YKPaiHCHKOIO MOBaMHU.

BUKOHAaH1
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3 Ckaap i 3MicT pooiT 3i cTBOpeHHs iMiTAlliHOI MOeJTi

JlokmaiHMiA OMUC €TariB POOOTH 31 CTBOPEHHSI IMITAIlIHHOT MOJIEJIi HAaBEJCHO B

tabauii A.4.
Ta6mumg A.4 — Eranu cTBOpeHHS IMITaIlliHOT MOJIE1
CTtpox po3poOKu
No Cknan 1 3MICT poOiIT
(y poOoumx qHSX)
1 O3HalioMJICHHS 3 TIPEAMETHOIO 00JIACTIO 1 neHp
2 [ToGynoBa KOHIIENTYaabHOI MOJE1 2 nHi
3 [ToOymoBa Mmomeri 2 nHi
4 BuszaueHHs JI0T1KA MOJEIL 2 nHi
5 JlociKeHHST MOJIei 5 mH1
6 BurnpasneHnHs noMuinok 1 nenp
6 JlolaBaHHs ONITUMI3AI[IHHOTO €KCTIEPUMEHTY 5 nmH1
7 Bukonanss orrtuMmizaliiifHol 3amadl 8 neunp
3arajibHa TPUBAIICTb POOIT 26 nHIB

4 BuMoru 0 cKJajay Ta 3MicTy pooiT i3 BBeleHHSIM iMiTamiiiHoI MoaeJti B

eKCILTyaTalilo

JIJisi BUKOpPHUCTaHHS IMITalIiHOT MOJIeNIl KOPUCTYBady MOBMHEH MaTH Ha CBOEMY

KOMIT 10Tep1 BCTaHOBJEHY nporpamy FlexSim Bepcii 2022 a6o Buie.
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JOJIATOK B

IInanyBaHHs poOiT

Meranizanis mern mnpoekty merogom SMART. I[IpoaykTtoM AMIIIOMHOrO
MIPOEKTY € iMiTalliitHa MO/IeNIb (PYHKI[IOHYBAaHHSI TIEPECYBHOTO MEIUYHOTO IIITUTAIIIO.

PesynbraTu geranizaiii merogom SMART po3miiieni y Tadn. b.1.

Tabmums b.1 — [leranizamis met npoekty metonoM SMART

Specific CTBOPUTH KOMIT IOTEPHY MOJIEIb (DYHKIIIOHYBAaHHS MOO1IHHOTO
(KOHKpeTHa)

MEIUYHOTO IIIMUTATIO
Measurable ImiTarniiina Mozienb, sSika BIATBOPIOE MIPOLIECH PYXY Ta 3aTPUMKH
(BUMIpIOBaHA) IOTOKY ITOPAHEHUX y MOOLIBHOMY MEJUYHOMY KOMIIIEKCI 1 IMITy€E

IMponcCu HaTaHHA MGI[I/I‘-IHOI AOIIOMOI'M ITIOPpAaHCHUM

Achievable Jlnst peanizariii mpoeKTy BUKOPUCTOBY€EThes cepenonuiie FlexSim,
(mocsxHa, 1151 podoTamu 3 6azamu nanux — MySQL

y3TO>KEeHa)

Relevant Po3po6xka imiTariiiHoi Mo MOO1TFHOTO MEAUIHOTO IIIITUTATIO
(peanmicTnyHa) JUTSI IPUAHSTTS €(EKTUBHHUX PIIICHb M0 BYACHOMY HaTaHHIO

MEINYHOI JJOTIOMOTH MTOPAaHEHUM B YMOBaxX OOWOBHUX JTiid

Time-framed TepMiH TOCSITHEHHS METH MPOEKTY BU3HAYEHO 3a JOMOBJICHICTIO
(oOMexeHa B M1 3aMOBHHKOM Ta BUKOHaBIEM — KiHellb 4 kypcy (01 uepBHs
uact) 2024 poxy).

IlnanyBanns 3micty podit. WBS (Work Breakdown Structure — lepapxiuna

CTpYyKTypa po0iT) — 11e TpadiyHIil BUITISA €JIEMEHTIB IPOEKTY, AK1 3TpYyIOBaH1 i€papxiero
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y €IUHE IJIe 3 NPOAYKTOM MpoekTy. CTpyKTypa JEKOMIIO3MIli poOIT Opi€EHTOBaHA Ha
JIOCKOHAJIE BUKOHAHHS POOIT MO YaCTHHAM 1 caMma € KIIOUOBOIO YaCTUHOIO MPOEKTY, sIKa
CIpsiMOBaHa Ha OpraHizailito KoMaHaHoi poOoTH. EnemeHTaMu neKoMmo3ullli MOXYTh
OyTH IpOAYKTH, AaHi Ta mocayru. binbie Toro, WBS 3a0e3neuye HeoOXiTHUM KapKacom
IUIA PETENbHOI OIIHKK TEPMiHIB Ta KOHTPOJIIO Ta rpadikiB poOOTH.

Ha naiiBuniomy (mepiiomy) piBHI po3MileHUH NPOIYKT npoekTy. OCHOBHI [ii Ta
3ax0/M, 10 3a0€3Meuy0Th JOCATHEHHS METH MPOEKTY, 3adikcoBaHl Ha JAPYyroMmy piBHI
JexoMIio3uilii. JlekoMrosuilisi poOiT BUKOHYEThCS 10 TUX IIip, TOKU BOHU HE CTaHYTh
eJIeMEHTapHUMHU (IPOCTUMHU ).

EnemenTapni podotu — 1€ Ali, K1 MalOTh OJJHO3HAYHUI YITKUU PE3yabTat, Ha SKi
NpU3HaYeHa BIAMOBIAAJIBHOMY OJHA KOHKpPETHa oco0a, JUIsl AKOI MOXXHA OOYMCIUTH
BUTpATH mpauil 1 TpuBajicTh BuUkoHaHHSA. Ha pucynky b.2 mnpencraBimeno WBS 3
pPO3pOOKH IMITALIMHOI MoOAeal (YHKIIOHYBaHHS PEMOHTHOIO MIJIPO3ALIYy 3acoOiB
3B SI3KY».

IlnanyBaHHA CTPYKTYPH BUKOHABLIB. HacTynmHuM eTanom miciis JeKOMITO3UIIIT
IIPOLIECIB € pOo3po0Ka OpraHi3aliiHol CTPYKTYpH BUKOHaBIIIB a00 OBS, sika BU3Ha4aeThCs
AK TpadiuHa CTpyKTypa BiIOOpaXKeHHS yYaCHUKIB a00 BIANOBIAANIBHUX 0OCIO, sIKi OepyTh
y4acTh y peai3allii IpoeKTy.

VY podi BiAMOBiAIBHUX 0C10 BUCTYIIAIOTh CIIBPOOITHHKH, IO BIIOBIIAIOTH 32
OpraHi3ailil0 1 BUKOHAHHS eJeMEeHTapHoi poOoTu, mo 3a3HadyeHa y WBS. Koxny
eJIEMEHTapHy pOOOTH MOXKHA PO3MIIAATH K OKPEMUH MPOEKT.

Ha pucynky b.2 npeacrasneno opraHizaiiiiHy CTpyKTypy IJIaHYBaHHS MIPOEKTY.

Cnucok BUKOHABIIIB, 1110 (DYHKIIOHYIOTH B TPOEKTI ONMKUCAHO B Tabnuii b.2.
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Tabmunsa b.2 — BukoHaBIii nmpoekty

Ponb

]

IMm’sa

IIpoektHa ponb

Po3po6HuK

3axapoBa A.M.

Po3po6iisie imiTariitHy MOJeb,
TOCITIIKY€E pOOOTY CHUCTEMH,
MPOBOANTH CKCIICPUMEHTH Ta

iHTepdeiic kopucTyBadya

[IpoexTyBabHUK

3axapoBa A.M.

Po3po0iisie KoHIIeNTyalbHY MOJIETh
CUCTEMH, PO3pPOOJIIE CTPYKTYPY
IMITaIifHOT MOJIeIT1, BUKOHYE

MPOEKTYBaHHA 0a3u JaHUX

KepiBHUK MpoeKTy

JlaBpoB €.A.

dopmye 3aBAaHHS Ha PO3POOKY

IIPOEKTY

Menemxep npoeKTy

3axapoBa A.M..

Bianoginae 3a po3mnoain ta
TJIaHYBaHHS POOIT, CIIIKYE 32
BUKOHAHHSM 3aBIaHb Y BU3HAUCHI
cTpoku. Bukonye 301p Ta aHai3

JaHUX.
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Hiarpama I'anra. [ToOynoBa kanengapHoro rpadiky (aiarpamu ['anTta) € ogHuM 3

BOXJIMBUX €TaIliB TUIAHYBAHHS MPOEKTY, 10 BUIIIANAE SIK PO3KJIaJl BUKOHAHHS POOIT 3

peasbHUM PO3MOALIOM JaT. 3aBAsIKM MOMY MOXKHA OTPUMATH JOCTOBIPHE YSABIICHHS PO

TPHUBAJIICTh MPOLECIB 3 0OMEKEHHSIMHU Y PECYpPCaX, YPaXyBaHHAM BUXIJTHUX JIHIB Ta CBAT.

Kanennapawuii rpadik mpoekTy mpeacTaBieHo Ha pUCYHKY b.3.
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Pucynok b.3 — Kanennapuuii rpadik npoekty

Yupapiinusa pu3ukaMu npoekty. [1ig yac BUKOHaHHS SKICHOT OIIIHKKA PU3HKIB
Tpeba BU3HAYUTH PU3UKH, SIKI MalOTh OyTH YCyHEH1 sikHaimBuame. B 3anexxHoCTI Bij
CTYIIEHsSI Ba)XJIMBOCTI PU3MKY — pearyBaHHsd Oyne BiamoBigHe. HacTynmHum eranom €
BUKOHAHHS KUJIbKICHOTO OIIHIOBAaHHS pU3HKIB. KiJbKiCHE Ta SIKICHE OI[IHIOBAaHHS MOXXYTh
BUKOHYBATU OJHOYACHO a00 OKPEMO, 10 3aJICKUTh Bijl CTYNEHs 3a0€3MeUEHHS TPOEKTY.
VY tabnumi b.3 HamaHo mepenik pU3MKiB TaHOTO MPOEKTY. Pe3ynbraTtu OIiHKH pU3UKIB
HajaHo y Tabmuni b.4. Tabmuus b.5 npeacrasnsie mkany nis kiacudikaiili pu3uKiB 3a

BEJIMYMHOIO BIUIMBY HA MPOEKT Ta UMOBIPHICTIO iX BUHUKHEHHSI.

Tabnuis b.3 — Pusuku npoexry

Ne pusuky | Ha3Ba (omuc) pusuky

1 HeonTumanbHe BUKOPUCTAHHS Yacy

2 Binkmarouenns mensii FlexSim

3 IToMunku NpoeKTyBaHHS

4 Brpara ganux uepe3 TeXHI4YHI HETOJIAAKU

5 BiacyTHicTh pe3epBHUX KOITii

6 3minu B T3

7 HenpanesnatHicTs po3poOHHKa B 3B’S13KY 31 XBOPOOOIO
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8 HeuiTke 3aBnanHs Ha po3poOKy

9 BumkHeHHs cBiTIIa

10 Hemopo3yMiHHS Mi’k 3aMOBHUKOM Ta PO3POOHUKOM

Tabnuis b.4 — PesynbraTél BU3HaYEHHS TMOBIPHOCTI, BIUTUBY Ta PAHTy PU3HKIB
MIPOEKTY

Ne Ha3sga (ommc) pusuky WmogipHicThb Bruius Paunr

PHU3HUKY (0,1-0,9) (0,05-0,8)

1 Heontumanshue 0.7 0.4 0.28
BUKOPHCTAHHS Yacy

2 BigxmroueHus minensii 0.5 0.2 0.1
FlexSim

3 [Tomunku npoekrtyBanus | 0.5 0.8 0.4

4 Brpara nanux uepes 0.3 0.8 0.24
TEXHIYHI HETIOJIAAKH

5 Bincytnicts pezepBuux | 0.3 0.4 0.12
KON

6 3Mminu B T3 0.5 0.2 0.1

7 HenpanesnaTHicTh 0.3 0.8 0.24
pO3pOOHUKA B 3B’SI3KY 31
XBOPOOOIO

8 HeuiTke 3aBnanfasa Ha 0.5 04 0.2
pPO3pOOKY

9 BuMmKkHeHHS cBiTIIA 0.3 04 0.12

10 Hemnopo3yminus Mix 0.1 0.2 0.02
3aMOBHHKOM Ta
PO3pOOHUKOM

Tabnuis b.5 — [llkana oniHiOBaHHS pU3UKIB 32 HMOBIPHICTIO BAHUKHEHHS Ta
BEJIMYMHOIO BIUIUBY

Ouinka | MmoBipHicTs BnuiuB pusuky Tun pusuxky
BUHUKHEHHS

1 Husbka Husbkuii [TpuitnsartHi

2 Cepenns Cepenniit Bunpasnani

3 Bucoxka Bucoxwnii Henonyctumi
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Jlns Toro, 00 3HU3UTH HETaTUBHUM BIUIMB PU3MKIB HA MPOEKT TpeOa BUKOHATH
IUTAHYBaHHS pearyBaHHs Ha HUX. J[0 HbOro BXOAMTH OLIIHKA HACII1JIKIB BIUIUBY Ha IMPOEKT
1 po3po0Ka BIAMOBIIHUX 3aXOAiB. AHaJi3 BUKOHYETHCS 3a MOKAa3HUKAMH, SIKI OTHCaHi B
tabmuii b.4. V pe3ynbrari miaHyBaHHS 3aXOJIB pearyBaHHS HAa PU3HKHU MPOEKTY OyIi0
OTPUMAHO MATPHII0 WMOBIPHOCTI BUHUKHEHHS Ta BIUTUBY pu3HKiB (puc. b.4). 3enenum
KOJTbOPOM Ha MAaTPHIll MMO3HAYal0Th MPUUHITHI PU3WKH, XKOBTHM — BHUIIpaBAaHi, a

YEpPBOHUM — HEIOMYCTUMI.

IIMoBipHicTh | BB pusnky

BIHHKHEHHA | [Tyxe Manmii CepeHiit Benukmii Ayxe
Mammit BEITHKIIT
0,05 0,1 0,2 0,4 0.8

0,9

0,7 0,14 R1

0,5 0,10 R2,R3,R6,R8

0,1

PucyHok b.4. - Matpuus MMOBIpHOCTI Ta BN/INBY

Kiacudikaris pu3ukiB IpO€EKTY 3a piBHEM, BIJMOBIIHO 10 OTPUMAHOIO 3HAYCHHS
1HaeKey, npeactaBieHa y tabmuii b.5. ¥V Tabmumi b.6 onucano pusmku Ta crparerii
pearyBaHHsI Ha KOXKEH 13 HUX.

Tabnnya b.5 — LLKana ouiHIOBAHHA PU3KKY 33 PiBHEM

No HazBa Mexi Pusuku, siki BXxonatb(HOMEpPa)
1 [TpuiinsaTHi 0,005<R<0,05 10
2 Bumnpasnani 0,05<R<0,14 1,2,3,4,5,6,7,8,9

3 Henonyctumi 0,14<R<0,72
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ID Craryc Onuc pusuky VMoBipHicTD Brus Panr Tun cTparerii [Inan A [lnan b
PHU3HKY BUHUKHCHHS PU3UKY PUBHKY pearyBaHHs
RS 1 | HoBuit Heontumanesne Cepenniit 0.14 3MEHILEHHS CrBopuTH IUIaH 3MiHUTH
BUKOPUCTAHHS BHKOHAHHS pOOIT Ta MIPIOPUTETH
qacy PO3CTaBUTH pooir,
MPIOPUTETH. OIITUMI3yBaTH
JorpumyBarucs poborty
CTBOPEHOTO IIJIaHy
RS 2 | HoBuit BinkiroueHHS Cepenus Cepenniii 0.1 3MEHIICHHS 3BEpHYTHCS /10 3BEpHYTHCS 10
minensii FlexSim 00CITyTOBYFOUHX JTUCTPUO TOTOPIB
CTIELIaNICTIB y IIPOrPaMHOT0
CepBEpHOMY BiJILII 3a0e3MeYeHHs
YHIBEpCUTETY FlexSim
RS 3 | HoBuit [Tomunku Cepenus CepenHiii 0.1 3MeHIICHHS . PozOuBaru 3anmaui va | Jlyist peamizartii
MPOEKTYBaHHS mig3agaqi Ta Mojeni
MOTOJKYBaTH BUKOPUCTATH
pe3ysbTaTé pooiT 3 OCTaHHIO

3aMOBHUKOM
. Buxonysaru
MIOETAITHE
30epekeHHs Ta
BepHUQIKaIiIo

MIPOrpaMHOI Mol

30epexeHy 1
Bepu(dikoBaHy
BEPCiIo
IIPOrPaMHOTO

IMPOAYKTY
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ID Craryc Onuc pusuky VimoBipHicTh
PU3UKY BUHUKHEHHSI
RS 4 | HoBuit Brpara nanux
yepe3 TEXHIYHI
HETOoIa K1
RS 5 | HoBuit BincyTHicTb
pe3epBHUX KOMiil
RS 6 | HoBuit 3minu T3 Cepenns

Bruus

PU3HUKY

CepenHiii

Panr Tun cTparerii [Tnan A [Inan b
PHU3UKY pearyBaHHs
0.12 VYxuneHHs 30epiraru pe3epBHi | Bukopucraru
KOTIii B XMapHHUX pe3epBHY
cxoBHIax abo KOIIiIO,
He3aJIeKHUX 30epexeny y
HOCISX iH(pOpMaIii | XMapHUX
CXOBHUIIAX 200
Ha HE3aJISKHUX
HOCISIX
iH(popMmaii
0.12 YxuneHus Hanamrrysaru UYepes neBHi
aBTOMaTHYHE IHTepBaJIU Yacy
30epeKeHHs BpYyUYHY
pEe3epBHUX KO 30epirati 3MiHI
0.1 3MEHILIEHHS ITepen po3pobkoro | Ilpuitmaru
00roBOpHUTH BUKJIFOUHO
(byHKITIOHAT 3MiHH, K1 HE
IPOIYKTY BILIMBAIOTh HA

OCHOBHUU

(byHKLIOHAT
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ID Craryc Onuc pusuky VIMoBipHicTb Bruus Panr Tun cTparerii [Tnan A [Inan b
PHUBUKY BUHUKHEHHS PU3UKY pU3UKY | pearyBaHHS
RS 7 Hoguii Henpamne3narHict 0.12 3MEHIICHHS [Tonepenutu Buninenus
b PO3pOOHHUKA B BUHUKHEHHS JOJaTKOBOTO
3B’SI3KY 31 XBOpoOU qacy
XBOpP0OOIO
RS 8 Hoguit Heuitke 3aBnanns | Cepemsst 0.1 VxuneHus OO6roBoputH UYitko
Ha po3poOKy BHUMOTH Ta OTHCYBaTH
3aTBEPAUTH HEBIAMOBIAHOCTI
3aBIaHHS Ha Ta CKJIaAaTH
PO3pOOKY 3 MPaBKU
3aMOBHHKOM
RS 9 Hosuit BumMmkHEeHHS Cepenns [TpuiiasTTs CxopucryBarucs Kynntu 3apsanny
CBITIIA MOCITyTaMH MYyHKTY | CTaHIIIO
HE3JIAMHOCTI
RS 10 | HoBuit Henopo3yminus Vxunenus CrBoputHn BusiButu ta
MK 3aMOBHHKOM KOM(OpTHI YMOBU | YCYHYTH
Ta po3pOOHUKOM CITIBIIpaIli MPUINHY

HETIOPO3YMIHHSI
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Abstract

The article deals with the problem of 1caching siudents and practitioners in methods of
searching for reserves to increase the efficiency and rehability of automated control systems
for various purposes. The article shows that in the conditions of the fourth industrial revolution,
the requirements for the efficiency and quality of variant analysis of the “what i type. The
necessity of using a new generation of simulation modeling environments in making
management decisions has been substantiated. The analysis of the simulation modeling
software used i practice and in the educational process of the umversities of the world has
been carried out. The advantages of the FiexSim soflware environment are described and the
expediency of switching to the use of this environment in the practice of variant analysis of
automated systems as well as in the educational process of universities and in the retraining of
specialists 15 shown. A library of typical FicxSim models has been developed, providing
training for a specialist who is able to analyze current probiem situations in the design and
opesation of automated production and control systems. The authors have developed a
methodology for the continuous use of FlexSim in the preparation of IT students. The method
is designed for use in classical and technical universitics, focused on training 1T specialists,
analysts and managers in structures for advanced training and retraining of personnel for
modern automated production as well as for self-education.

Keywords
Simulation model, automated control, adaptive management. optimization, efficiency.
rchiability, training. professional competencics, automated system, information technology

1. Introduction

The Fourth Industrial Revolution is a modern technological strategy that improves the efficiency of
production processes by achicying high flexibility and resource optimization | 1] This coneept is based
on the introduction of ¢yber-physical systems into production [ 2-4].

Technical objects of the production environment, which are cquipped with a commumication
nterface and micgrated information processing capabilities, interacting via the Internet, optimally adapt
their behavior to specific production conditions |5].

This approach is based on the technologics of data mining. the Internct of Things and augmented
reality |4, 6]; it determines the emergence of production systems of a new type, which provide automatic
management of production and sales processes throughout the entire life cycle of a product [7].
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Often, student learning technologics do not keep pace with the modern progress of science and
production[8-12]. Therefore. today more and more often they pose the problem of adaptive learning
[13-16] as well as the problem of rapid variant analysis of possible ways to improve the efficiency of
automated systems [1,3.17].

2. Problem Statement

The integration strategy of modern Internet technologies with physical processes in production was
first initiated by German companics as the central basis of
Industry 4.0 political program [4], and later was adopted by almost all industrialized countries [18]. A
significant advantage of the strategy is to improve the competitiveness of enterprises in their continuous
development through individual adjustment of production by increasing resource efficiency and
reducing costs |19/,

As part of the Industry 4.0 strategy, the simulation is onc of the key technologices [1, 20-22]. For
example, in [20] with the help of simulation models the influence of the properties of different
architecture of decentralized production management on the duration of the production cycle is
evaluated and compared. For research, a simulation model of a production system consisting of four
operating complexes and a robot manipulator was built. Experiments on the model were carried out
using both deterministic and stochastic input data. Based on the analysis, conclusions were made about
how different architectures are suitable for Industry 4.0, and a set of actions to develop production
management facilities in Industry 4.0 was obtained.

Practice has confirmed that simulation modeling is effectively used to solve such tasks [23-24]:

- production reengineering (adaptation of production processes to consumer needs, organization of
production and management based on efficient computerization; uniform distribution of labor and
technological resources);

- production planning (forecasting the objectives and stages of the production process in the
conditions of dynamic changes, expansion of the commodity range. the mtroduction of new
products or services, the use of new equipment; elimination of weak places in the production
system);

- warehouse management (elimination of downtime in warchouse departments: identification of
goods; strategy of their rational placement and grouping: efficient use of warehouse space;
minimization of transportation costs);

- management of material flow and reserves (regulation, rationing, stock control and raw materials;
prediction of material needs, determining the average delivery time and frequency of supplies;
rational distribution of material and industrial stocks).

Currently, there is a wide sclection of simulation programs: MATLAB/Simulink, Arcna, Enterprise
Dynamics, GPSS World, Excel/Solver, etc.[24-27] The most modern tool that is successfully used to
model and analyze production processes is FlexSim software. This program supports all known
modeling methods (discrete, continuous, agent, statistical). it has a three-dimensional medium of
constructing models and is integrated with C'' programming language [28].

The authors of publications [28-29] present practical examples of using simulation models
developed in the FlexSim environment as a result of working with students in higher education
institutions and in the ficld of industry. This program is used in the educational process of universitics;
in particular, it has been introduced into the curricula of the Polish State Eastern European University
in Przemysl [30].

Also known is the practice of its introduction in industrial enterprises. A large automobile company

FIAT used FlexSim to optimize the production line of EURO 5 and EURO 6 engines [31].

It should be noted that the transformation of production sets new tasks for education. It is assumed
that future graduates will be traced with complex problems in the management level |31-33|.

The future specialist must have new competencies in accordance with the requirements of the Fourth
Industrial Revolution |34-36).

In this regard, it is important to pay attention to the emergence of new technologies associated with
Industry 4.0 and take into account them when preparing students of engineering and computer
specialtics in order to form the necessary professional skills and competencics. In [ 1], it is noted that
human resources play an important role for the implementation of the Industry 4.0 concept. Studies
conducted in [10, 37-40] determine the group of key competencies necessary for the development of
Industry 4,0, Also, the authors prove that the use of FlexSIM software in the educational process,
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rescarch projeets, diploma and course works contributes to the development of professional

competencies in the direction of Industry 4.0.

Thus, obvious is the following:

- onc of the most modern software media simulation of complex systems is FlexSim:

- modern automated production by rapid pace introduces approaches of variant simulation using
FlexSIMtechnologies:

- building a learning process to prepare 1T-Direction students m the most rating universities in the
world focuses on the use of FlexSIM simulation technologies, as evidenced by individual
publications;

- in Ukraine there is no practical experience of using FlexSim as well as systematic rescarch on the
methodology and methods of implementing this software technology in the educational process of
universities.

In this regard. the task of this work will be defined as follows - to develop a method of end-to-end
teaching of students, the purpose of which is to master modern tools for analyzing the effectiveness of
the functioning of complex automated systems and finding possible ways to improve it, using the
FlexSim software.

To achieve the goal, you need to solve such tasks:

- investigate the relevance of reorientation of the educational process to the use of FlexSim software:

- describe typical problem situations of decision support in automated production and training-
oriented techniques for using FlexSim simulation models to solve them;

- describe the experience of introducing the methodology of the end-to-end use of the FlexSim
program in the educational process in the preparation of IT students and further prospects for its use.

3. Results
3.1. Analysis of the feasibility of teaching students decision-making
techniques using FlexSim in problems of managing complex automatic systems

We will analyze the feasibility of teaching students decision-making techmiques using FlexSim in
the management of complex automated systems.

FlexSim is an integrated environment for building and examining simulation models. At the initial
stages of modeling, considerable attention is paid to establishing the probability distribution laws that
characterize the input data collected from the modeled system. An incorrectly defined distribution law
leads to an erroncous assessment of the parameters of the system's efficiency FlexSim contains a built-
in ExpertFit tool that automatically analyzes the input data and evaluates it according to a certain
distribution law, The analysis process consists of the following stages: construction of a histogram of
frequencics. sclection of the distribution law. and statistical refinement of the parameters of the
distribution law.

In production systems, the laws of distribution reficct stochastic processes: the speed of operations
(processing, packaging, and assembly), the intensity of the supply of components and raw materials to
the work site. time to repair equipment. etc. Figure 1(a) shows a frequency histogram constructed by
means of ExpertFit on numerical data, describing the length of stay of parts in the intermediate zone
before processing. Analysis of the graphs shows that the Beta distribution law better matches the
histogram pattern.

The calculation according to the criteria of the Kolmogoroy-Smirnov test and the y-square
determines the correspondence of the chosen distribution function and its parameters. If the random
process cannot be described by the parametric distribution law, the FlexSim program provides for the
use of data in tabular format without a functional deseription (Fig. 1, b).

At the stage of building a simulation model. the structure of the system is reproduced. FlexSim 3D
objects are designed to build models contained in a set of standard program libraries, divided into
categories by functionality and determining their ease of use for the implementation of both discrete
and continuous processes. When building models, the principle of visual programming is implemented,
according to which the user creates a model from a set of standard blocks and performs calculations.
For cach object, the corresponding parameters are set to meet the requirements of the simulated system,
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Figure 1:Identification of the law of distribution of sample data: selection of the parametric law (a);
description of empirical data with a table of values (b)

Figure 2(a) shows a model consisting of a source of parts (Source); fixed resources (Processors | and 2
performing processing) and queucs (places of waiting for the overflow of elements before performing processing
operations); and a mobile resource (operator who moves parts for processing). Connections between fixed
resources detenmine the direction of movement of material Nows.
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Figure 2:Example of a simulation model in the FlexSim environment: model with statistics (a), model
tree (b)

Statistics for each object are displayed in text mode. More detailed statistics are shown by graphs
and charts located on information panels. The types of graphs are set by the user and depend on the
studied indicators of the system's efficiency.

Pie charts show resource utilization and help you identify periods with high workloads. The graphs
show the average waiting time for parts in the queue (Staytime 2), processing time (Staytime), work in
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progress (WIP), and system performance (Throughput). A user-friendly software interface, support for
three-dimensional animation, and realistic graphics allow you to analyze production processcs for risks,
mmvolve other specialists and experts in the organization to find problems, interact with project
customers, take into account the proposals of experts and working groups to improve the system
operation, make appropriate changes to the models, and evaluate the effectiveness of these changes.

The model is driven by data. FlexSim can import/export information from other software
environments (for example, MS Excel), read from databases (MySQL. Oracle, SQLite, etc.), and create
global tables with data.

It should be noted that the models of systems in the FlexSim environment are developed on the basis
of object-oriented approach. So in addition to the three-dimensional view, the model can be represented
as a tree structure of hierarchically subordinate objects. The tree model provides an effective tool for
finding and accessing work variables used during startup, experimentation, and model optimization.
Figure 2(b) shows the tree of the model shown in Fig. 2(a). The nodes of the tree model contain data
and functions of objects that determine their properties and actions. The names and symbols of the
nodes depend on the type of data being stored.

Support for an object-oriented approach enables the implementation of agent modeling. FlexSim
does not have special library blocks that provide agent functionality, The built-in FlexScript scripting
language and the C™" programming language are used to describe the rules of interaction and the state
of the system agents. Software commands also set up messaging between objects, ensuring cffective
coordination and management of the model. Thus, there is a possibility of establishing information
flows and feedback between the structural elements of complex systems,

Simulation modcls can be built for single use, for example, in solving the problem of optimal
allocation of resources between departments, or for multiple use - in the development of parallel and
alternative routes of manufacture and processing of products. Disposable models are usually handled
by experienced users who arc familiar with imitation. Specialists and experts in a particular subject area
work with multi-purpose models. This creates the need to implement a graphical interface designed for
casy data entry and results in a clear format. An example of a decision support system model based on
a simulation mode! (Fig. 3) was developed by the Mississippi State University to cvaluate the
performance of the production system as part of the implementation of the coneept of lean production
(Leanproduction). The system was developed in the FlexSim environment using the GUI linker,
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Figure 3:An example of building a DSS model in the FlexSim environment
The model is shown in the center, the input data is entered on the left side of the interface, and the
lower part is intended for displaying system performance indicators i graphical and tabular formats.
This model interacts with databases, analysis and optimization procedures to support the search for
effective solutions.
A key aspect of the Fourth Industrial Revolution is the creation of "Digital Twin" systems that
perform the function of remote monitoring and control of the production process in real time. The use
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of FlexSim for the practical implementation of this approach is provided by the possibility of integrating
the program with information systems of the enterprise SAP (ERP, MRP, CRM, etc.), with databascs.
support for standards of CALS-technologics .

The advantages of FlexSim include the availability of convenient tools for conducting experiments
and calculating their results. The built-in ExpertFit module launches multiple scenarios and the model
runs within each scenario in a single execution.

To conduct experiments, you need to set:

- a number of scenarios (experiments);
- a number of runs (model runs) and their duration within each scenario;
- a warm-up period of the model.

Figure 4(a) shows an example of conducting experiments with a model when investigating the effect
of the number of workpiece assortment on the performance of the system. Three experiments with 20
runs were performed with the model. The warm-up period lasted 80 hours; the duration of the runs was
160 hours. The results of the experiment made it possible to establish that the highest productivity will
be provided with the percentage ratios of the product range of 33% -33% -34% of the Ist, 2nd and 3rd
types of parts, respectively. Thus, according to the results of the experiments carried out. the best
parameters of the system are selected by analyzing possible alternatives. For organizations, this "what
if ..." approach provides significant time and cost savings in decision making. If necessary, the results
obtained can be exported from HTML format as CSV files to create and print reports and for their
further analysis.

The FlexSim experimenter, during operation, automatically distributes program threads between the
available computer processor cores, as a result of which the model runs in parallel. Therefore, the
implementation of experiments for complex systems with a large amount of input data requires minimal
time, Experiments designed to evaluate individual model scenarios are constructed by analysts for
specified input data values. Therefore. experimental results depend on the practical experience of
experts.

The OptQuest optimization tool built into FlexSim uses evolutionary algorithms to find optimal
solutions based on specific criteria. Fig. 4(b) demonstrates the result of the optimizer's work
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Figure 4: An example of model research: experimental results (a), optimization results (b)

The duration of the production cycle was chosen as the objective function, and the parameters of the
system being investigated were the size of the buffer zone and the discipline of service in the queue.
The program found 18 solutions, The graph shows the order in which they were received. The optimal
solution is 13, at which the duration of the production cycle acquires a minimum value of 71 minutes,

The optimizer continucs to run until one of the conditions is met :
- all possible values of the decision variables are considered:

103



- the time interval allotted for the scarch for solutions has ended:

- a given number of solutions has been received.
The analysis shows that FlexSim is a leading softwarc tool for modeling and rescarch of systems.
Significant functionality of FlexSim software includes:

- modeling of complex production situations;

- analysis of workload:

- support for CALS-technology standards:

- integration of models with enterprise information systems and databases;

- optimal distribution of resources between departments:

- multi-agent modeling;

- realistic 3D-animation and visualization of processes;

- availability of convenient tools for analysis, experiments, and optimization of systems.

3.2. Model of end-to-end training of students in the specialty "Computer
Science" using FlexSim software

Given the need of organizations for qualified specialists capable of using modern information
technology to solve production problems. Sumy State University has for the first time introduced a
comprehensive curriculum that provides end-to-end training, using FlexSim software.

The Department of Computer Science has established a Training and Research Center for Simulation
Modeling and Systems Analysis (TRC SMSA) whose activity is to improve the educational process of
student training.

The creation of the training center became possible thanks to the grant activities of the Polish
foundation InterMarium, whose representatives organized and conducted tramning for higher
educational institutions of Ukraine and provided licensed FlexSim software for implementation in the
educational process. The comprehensive program has been tested in the preparation of bachelor's and
master’s degree students in the specialty of computer science. The main goal is to train an IT specialist
with practically oriented competencies necessary for solving problems that are relevant in production
conditions,

Table 1 lists the disciplines and topics required to provide a comprehensive training program,

Table 1
Disciplines included in the program of end-to-end training by means of simulation modeling

fragment)
Disciplines Tedening Topics
course

Organization and ® Analysis of simulation software
processing of 1 e Integrated environment of FlexSim simulation modeling
electronic software
information e The use of simulation for solving practical problems

» Hierarchical architecture of FlexSim software

Fundamentals of » Basics of the FlexScript programming language
object-oriented 2 » Object-oriented programming in the C ++ language
programming e Programming objects and agents in the FlexSim

environment
Computer * Development of 3D objects of simulation models and their
) 2 g

graphics import into the FlexSim environment

Corporate 3 » Methods and tools for integrating simulation models into
information systems corporate systems SAP (ERP, MRP, CRM)

Systems modeling » Modeling and analysis of queuing systems

3 e Simulation of random events
e Discrete-event modeling in FlexSim environment
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* Modeling of continuous processes by means of FlexSim
® Construction of model logic by means of ProcessFlow
* Multi-scenario experiments and model optimization

Organization  of
databases and bases 3

* Ways to organize the input data of the simulation model
eintegration of FlexSim software environment with

of knowledge databases
IT project » Life cycle of simulation modelingand analysis (IMA)
management 4  Distribution of roles and responsibilities in the IMA project
* Modeling project management
Decision theory 5 » Decision support systems based on simulation models

The end-to-end training model combines the key disciplines of the professional and practical
direction from the Ist to the 6th year inclusive and is implemented by the following activities: complex
theoretical training; comprehensive practical training; course design; diploma design; research projects.

The end-to-end training program places great emphasis on the practical component. To ensure the
educational process in the FlexSim environment, a set of 25 basic simulation models of production and
service systems has been developed. Fragments of the models and their brief descriptions are given in

Table, 2.

Table 2

Library of FlexSim simulation models for the learning process (fragment)

Model 1

Scope of application: Service,
Description: The model reflects
the complete set of products for
customers, each of which has its
own order profile. The supply of
certain types of products and the
receipts of customers are
stochastic values.

Results: The mode of operation
of the service resources of the
system has been determined, in
which the time for forming an
order is minimized

Model 2
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Scope of application: Production.
Description: Three types of
products enter the system, enter
the queue zone 1, are processed
by operators on the machines,
through the conveyor belt they are
delivered to the queue zone 2, and
are removed by the conveyor from
the system.

Results: The influence of
different methods of ordering
products in the queue (LIFO, FIFO)
on the system performance was
investigated

Scope of application: Production.
Description: Four types of parts
enter the system, depending on
the type of parts processed on one
of the 4 machines. The roboticarm
performs quality control of the
parts. Defective parts are returned
to the repetition of technological
operations and are processed out
of turn.

Results:  Identification  of
bottlenecks in the system
operation: equipment downtime,
places of accumulation of work in
progress

Model 4

Scope of application: Production.
Description: Operators process 3
types of parts, which are
transported by a conveyor belt to
the queue zone, from where they
are moved by a forklift to the racks
of the warehouse and, depending
on the type of parts, are located on
the  corresponding shelves.
Operators and equipment are easy
to operate.

Results: It was determined how
many work resources (operators
and foprklifts) are needed to
ensure the required system
performance; it is investigated
how the replacement of manual
labor with an automated one
affects the throughput of the
system
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The theoretical and practical parts of the program, in addition to studying development methods,
building simulation models. rescarching and optimizing them, are also aimed at developing skills to
work with customers, prepare technical and user documentation, validate, verify, and provide technical
support for simulation models.

In order to ensure interdisciplinary links, work was carried out to coordinate the working programs
of training courses and developed methods of organizing the educational process. This takes into
account the recommendations of the Council of Employers which includes specialists from leading
companies in the Sumy region. Within the framework of diploma and research works, special attention
is paid to projects, the topics of which are relevant, and the results can be implemented in the practice
of enterprises and organizations.

Graduates who have mastered a comprehensive training program can work as business analysts of
production systems. Such a specialist is able to develop and implement a simulation model within the
chosen methodology, check it for correctness and use it for analysis and optimization of production
processes. Successful work in the field of business process modeling is provided by the formed practical
skills, Implementation and research of simulation models related to production and service processes
develop students' practical competencies related to these areas and allow them to gain the necessary
skills to work with software,

In the course of the educational process, it is recommended to provide students with the opportunity
to experiment with models, implement their proposals and ideas to improve the operation of systems,
which may consist in changing the mutual arrangement of cquipment, reducing or increasing their
number, changing statistical distributions and system parameters, The high flexibility and convenience
of the software environment allows them to quickly evaluate the results of the changes made and arouses
interest in the learning process.

Modeling is an important tool for supporting decision-making processes in solving problems related
to improving systems. Construction and rescarch of the developed typical models in the FlexSim
environment (Table 2) contributes to the development of professional competencies of students.

4. Conclusion

Duc to the inercasing power of computer systems, it is possible to move from complex, imperfect and
little-understood analytical methods to simulation models. There are many information environments
for building modcls. The most widespread programs among them are MATLAB/Simulink, Arcna, and
AnyLogic.

One of the newest and most promising tools for simulation is the FlexSim system.

Studies have shown:

- the usc of FlexSim software in the educational process contributes to the forma-tion of
graduates' key competencies in the field of Industry 4.0,

- in Ukrane, there is no practical experience in implementing the FlexSim program in higher
education institutions.

In this regard, there is a need for effective teaching of students of different courses in basic concepts
and possibilities of simulation,

At the Department of Computer Science of Sumy State University, a comprehensive program of end-
to-end traming in simulation tools was developed using the latest FlexSim software.

The main contribution of this work is to provide practical experience and educa-tional information on
the use of modern computer simulation technologies.

The experience gained allows us to state the following:

I The use of FlexSim is possible for end-to-end training of students of computer specialtics from
1 to 5 years inclusive,
2. When preparing bachelors, it is recommended to direct the educational process to:

- methods of collecting and analyzing information about the systeni;

- cstablishing laws for the distribution of input data;

- construction of a conceptual model of the system;

- determining ways to store input data;

- development and implementation of simulation models of the system;
- development of user interfaces:
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- collection of statistics and analysis of modeling results.
3 In the master's cycle it is recommended to pay more attention to:
- validation and verification of simulation models;
- planning and conducting experiments with models;
- single- and multi-criteria optimization of systems;
- interpretation of modeling results;
- development of recommendations for improving the cfﬁciency of systems.
4. The most promising and suitable for gaining practical experience with the FlexSim program
are models that reflect the production and maintenance processes.
The use of the developed basic simulation models, as an element of professional training, makes it
possible to systematize knowledge, taking into account their role and place in solving applied problems
of a particular industry.
There is an opportunity to build a practice-oriented training of specialists aimed at analysis and rescarch,
provides the development of analytical thinking, the formation of skills in applying the acquired skills
m new conditions of activity associated with the introduction of the concepts of Industry 4.0.
The developed typical simulation models in the FlexSim environment and me-thods for their study can
be recommended for mass distribution and implementation in the educational process of higher
education institutions that train specialists for the IT sphere, Man-machine interaction in discrete
automated systems can be well described using models, based on functional networks. Adaptive
changes in man-machine interaction can be reduced to the problem of step-by-step choosing the optimal
fragment of the functional network.
The method adapts the system to the peculiarities of the human-operator and environmental
parameters. The combined model, which consists of a neural network for forming initial data, a
functional network for modeling a dialogue and a neural network for managing the dialogue process
provides a higher level of adaptation to a human operator than the known models built on the basis of
unmanaged functional networks.
The computer program was used in the design process for systems of various purposes and its
effectiveness was shown. Experimental studies have shown the constructiveness of the developed
method.

Models will be usetul for automated control in industry, agriculture and e-learning
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MOEI 115 AHAM3Y BAPIAHTIB TEXHOJIOTTH
CHRIATAHHA BHPOEIBR ¥ MAINMMHOBY TV BAHHI

Cmeopene  cymicni  wmaomesmamuyni  Moderi, o gidofpaxcmoms
KOHCHPVEMOPCLKO-MEXHOTOZTYNT  engcmusocmi  supofy Ma  WaXHOTOZMHE
ocofaueocmi cigdaieHoze npoyecy. Pozpofiteno Memod, cNpAMOSOHME R
nofydosy POyioNaTeNIX  MEXNOROZINHUX Npoyecis cxTadanus.  Janpononoeaus
npospaMyEe F08INSNSHHE Y  SEMOMOMUIOSTHOMY DPENCHMI Ia58INSYYE CUHMET
MONCANEUX eapiaumis nocTidoenocmi ckiadawns eupody. Buxopuemano cyacwi
METHOROZIT IMIMYIINOZ0 MOOJETOSTHHA 09 FMOPISHATERO0Z0 GHATIIY OWPLMaHLT
sapiaumie cKIadauns ma dosedennn s exmusHocmi POIPOATEROS0 MEMO.

MODELS FOR ANALYSIS OF PRODUCT ASSEMBLY
TECHNOLOGY OPTIONS IN MECHANICAL ENGINEERING

Compatible mathematical modsls that rgflect the product's dezigm and
technological propertiss and the assembly process's techmnological features have bean
created. A method aimed at creating rational technological processzes of assembly

has been developed. The offered software in the automated modes provides a synthesis
of possible variants af a sequence of product assembly. Madern simulation modeling

technologies are used to amalyze comparatively the obtained aszembly options and
prove the gifectiveness of the developed method.

OOIMYEY T4 EOPOBATKEHHd HOBHX TexHomorid OcolmHBO me cTocyeThea
Ilippmmesrs  epeETEEEOCTI TEXHOMOTIMHOTO — NPONECY  CENANAHHA
QIDCATAETECH NUTAXOM PeAlizamii pamioHATEEN mocmaoesEccTi. Sk npasrmo,
A oIHCTO 1 TOTO X BEpOOY iCHYE KUNBKA BAPIAHTIE CEIATAHHA, BT ERDODY
AEOTO 3AMEEETE BANAERI DOKATHARH EREpPODHADGOTC OpPOOECY, Tak 4K
BARCTABRCH 3ATAYEI0 £ D00VI0EA PANICHATEHCOTO BapaHTy cEaamamsd [1, 2].
B maEmEA w=ac VBATA MPRJUIHETECH BIOCEOHANEHHED MEeTONIE
(HiSAIHOTO 1 MATEMATHIHOTC MOJSIFEAHREA CEIEJATHHAX TPOIecis.
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OPOIVETHEHICTE THYYEHX ABTOMATHIOBAHAX CEIATATEHHX JIHIH 3 PISHOK
crpyETypoto. PesyieTat® DoEasanmm, mo OpoayETHEHICTE MomEe OyTH
soumsmena Ha 40%. o sHaxoT®eRss OOTEMATEHOTO BEapiaHTy OpPHAHATTH
PIIEHHA 3aCTOCOBYIOTBCA METONH JHHIAHOTO, HeHAHOTO, JHHAMITHOTO
mporpanyeasas [4].

Imomi, Ha DpakTEm DOOYVAOEY MATEMATHIHOI MOJEM BHEOHATH
HEMOFUIHED [0 IPHIHH] 3HAYHOI CEIEAJHOCTI CTPYETYPE BHpPOOY. Ym.n:m{j.r
BHIAJEY BHEOPHCTOEYEOTH METOOH EECHESPEMEHTANLHO] ONTHMIZamii:
mmmnrﬂmymy EENAZEOEOTO HOMYEY. Earml]an:mpﬂnmaﬂamsjr
PospobEa TeXBOWIOTIYHAX NOPONECciE CEJATAHHA DOES3AHA 3 HASBHICTIO
BEHEOTO WHCAOA JIOMNYHHX 3B'W3KIE, HK1I He 34BEIH  INAJAKOTECHE
MATEMATHIHOMY ONECY Y BHNIEAl AHANTHYHAX BiIHOIDEHb. 1OMY
MECHOMIPHOCTL, D0 EBPaXOBYHOTE Takl 3E'ESEH, (DOPMATSVIOTE 34
JOOCAMOTORD METONIE JHCKPETHO] MATEMATHER. TEOpil AMTOPHETMIE, MHEOHHH,
rpadie, MaTeMaTHIEO] JOTIEH, MHETEICTHEH, 3 BHEOPHCTAHHAM METOME
IITY9HOTO IHTETEETY Ta 1. [3, 4]

Bemmroro 3HS i I DOJANGINOre POSEHIEY Teopli 1 METONIE
IpOEETYEAHHA HAOYBEa: pospoDEA MAaTEMATHYHRX MOJETeH, Mo DasyroThCH
HA CHCTEMHOMY IIXOM A0 DPOeETYEAHHA OD'CKTIE EBpoDHANTEA Ta
TEXHOIOTTIHIX OPOHecis.

Icryrom MeTOME 1 MAX0ME 40 DoDYA0ER NOCIOEHOCT] CEIAJARRA He
BpAXOBVIOTE EOMILIEEC (AETOpE, HeoOXITHHMX Ui ABTOMATHIOBAHOIO
BHPIIOERHA JAHOL 3agasi. lody MeTol gasoi pobomE e pospobua
MATEMATHIHHX MOJenel Ta MeTOIy MOJeTIBAHEA BEapiaHTIE NOCTN0BHOCTI
CEJIANIAHHA EHpODY 3 YVpPaXyBaHHAM EOHCTPYETOPCEEO-TEXHOJIOTTIHHX
XAPAKTEPHCTHE JETANEH Ta TEXHOIOMYHEX CCODMHBOCTEH CEIATATRHOIOC
IpomeCy.

CrpysTypy ERpOOY AOMUIEHO OPEICTABRTH MATPHITER:

Mz = [ % 51,

IIe 11 — EUTREICTE JeTANEH, 0 NUPIATANKTE CEIATAHHRD.

1 — FEEOHAHHS 1-TO 3 €JHAHHA DEPeIye |-My
M [1 3] = 2 — MOEIHEE 0JHCYACHE BHEOHAHEN 1-TO 1 |-TO 3 €JHAHHA
3 — \HIm BHEIATEH

Marpamna M, . =[m * m] omscye cTpysTypy erpobsEoi cacTenM: (m—
EUEEICTE ONEPAIIAHAY KOMIUIEECTE ).
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Mec[i f]= 1 — mocmimoese BERopEcTaEE: OK

Marpema Mok = [m * z] (z — ximEKicTs cEnagamsaax onepami (CO) v
EBHpOOI) DOCAHYE EOf CETANANEHOCI Omepami Ta HOMO XapaKTepACTHEH 3
KOJ0M OIEPAEHOTD EOMIDIEECY Ta HOIO TEXHOMOTTIHEME MOBIIHEOCTAMHE.

1 — m¥Imo 1-Ta CENAJATEEA ONEpalid BHKOHYEThCA
M [1. ] = ) 53 j-uy OK<ci
0 —y opoTENEEEOMY BRIATEY

Takl XapaKTepHCTHEH JeTaled HE Maca, TaDapETHI pOSMIpH,
TOYHICTE BHIOTORIEHHA BIUTHEAROTH HAa DOCTOOEHICTE cEIamaEss. Jom
sabesnegeHns BHCOKOL AKEOCT1 BHpOOY B Iepimy 9epry sOHparThCA Ti JETATL
A1 MAKTH OUIEIM MacH, TADAPHTHI POIMIPH T TOUHICT: BHTOTORTeHHA Jlna
BpAXYBAHHY [AHHX  X3PAETepPHCTHE  BEEEOPHCTOBYETRCH — MATPHITH
EOHCTPYETOPCHEC-TEXHOJIOTTIHAX OSHAK AeTaned MiT, enemerTs axoi:

Mm’i.;{:—ﬁ.;—u}= m

MKT; j(i=Tm j=2) = &
MKT; j( i=1m j=3) = K

Je M — THCIOBE SHATEHAT MACH JETA;

g — 9HCI0BE SHAYSHAA Fa0apHTHOTD POSMIPY JeTal,

k — EBamTeT TOYHOCTI BHIOTORIEHHA JETATL.

MaTpauHER ONDBC KOHCTPYETPOCEEO-TEXHONOTIHEX O3HAE BEpODY €
OCHOBOID JUIH DOPOSETYBAHHY TEXHOMONI CEIAJAHHEA. |45HE OOHEC
XAPAKTEPH3YE NPOTPaMHEY CTPYETYPY POSE S3aHHA DOCTABIEHCT 3amaTi.

[lofymoBa BapiaHTIE CENATAHEA 3SHCHIOCTHCE 3 BHEODHCTAHHAM
pospotIeHAX MATEMATHIHAX MOJETEH

Ha 1-my eram pigbyBacTECA JEEOMIOCIHINE BEpOOY HA CETAJATBHI
OIHEHI.

Ha 2-my eTam ERSHA9AIOTHCA TpadlE, Mo MICTATE COUIEH] BEpIIHHH.
Taxi rpajE mocTHYIOTRCE ¥ TPYIH SATeRHAX rpafis. B xosm# sanesmin
TPYII OPOBOAETECE PAHEYEAHHA Ipadik 3 OPACBOCHEAM M MATEMATHIHOTO
paHTY, SEHH BHSHATAS MOPANOE EXODHEHHA CETAJATHHAX OJHHHIE 0
BEpOGY. Pamsypannd DpoBOJETECE ¥ 3 KPOEIB, B HOTO OCHOBY DIOEIANEHO
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TEXHOIOTIOHI DpaBRIa 30opsE. Y pesynbTaTi DpoBEIEHOTO pPaEyBAHHA
BCTAHOBIIOCTHCE MOPHENOE BXOMEEHHT CEMAJATRHHX ONHHHIE N0 EEpOOY.
CEnazamsmi ofHHA 3 OJHAKOERM SHAYCHHAM PARTY MOEYTH BXOTHTH J0
EHpOOY ¥ JOBUEHIE mocmaossocTi. Ha DpakTam saEsaH posriagacThea
MOBJIHEICTE IX [ApatelbH0o] peamsanmi, mo 3abesnedye CEOpOYeHHA
TPHBATIOCT] CEIAAHEA.

Ha 3-uy eTam EH3HAYAETHCE NOCTIOBHICTE 30HPAHAY KEOMIOHEHTIE,
o EXOJATE A0 oEpemMoi cEnagansaol ogaaam. JeTam posTamoByIOTECE Ha
B{IIOBIHAX PIEHAX BiTHOCHO 0A30BOL, DOSOHYHOTHCE ¥ IPYIE BEpIIHH IO
BEpPTHEAT 1 00 TOpPHOHTAM. [pynH BepiiRE mMAJAIOTHCH PAEEYBAHHIO,
(pizEUHEER 3MICT SEOTO IOMIATAE ¥ BHIHATSHH! NOPAJEY BXOKEHHA JeTanel
OO CRIANATEECI OfHHHENL. Y pe3yIbTaTi OpOBeleHAX eTAllE PAHKYEAHHL,
3D0PEH 3MBECHIOCTECHE ¥ IOPAJEY SPOCTAHHA PalTa.

PospobmeERE MeTOJ 3acTOCOBAHO JYIE DOOOYIOEH DOCTAOBHOCTI
cEmagaHHs InamaHa Il crymemro gna wommpecopie I xackamy. V
KOHCTPYEOH EBHpoOY 3rigHC MeTogy BHOUIEHC 3 0asOoBEX JeTam Ta
nobymoEaso 3 MOEIIHERX BapiaHTH CEIANAHHA ElanaHa. Cepen oTpEMaERxX
BAPIAHTIE EHSHAYEHO BapiaHT, IEHH MICTHTR MIHIMATEHY ELUIBKICTD
CEATANGHAX PiEHIE.

Jlna nopieEAHES bazoroTo (ICHYIOWOre) TA MPOSETOBAHOTO CEIAJAHHA
BHEOPHCTAHO TEXHOIOTII IMITAIIHHOTD MOJeIOBAHEA

DarTamiina MOJeIs BISTEOpIOE poDOTY CHCTEMH 3a OJHY 3MIHY (3
rogeE pobotH). [IpoTAToM BCTAHOBNEHOTO 9Yacy EBHEOHAHO POSPAXyHOK
TAEHX [NEASHHEIR. CEpPeHEO] TPHBATOCTI TEXHOIOTIIHOIO PONECY,
ABAHTAREHOCT] CEMAJATRHOTO ODNAJHAHHA, EUIRKOCTI ERTCTOBIEHHX
EHpOOIB, 3aramsHOI Ta cepegEbol coDIBApTOCTI CHIANANEHRX ONEPAIiHE,
OPOTHOSOEAHOTD NPHOYIEY T4 OpOIYETHEHOCTI BHpODHAGOrD OpOmECy 3a
TOMHEY .

(icHY®O90TO) BapiaHTY CEAafAHHEA (BapiaHT [) Ta QM8 BaplaHTy CEIATAHHT,
CHpPOSETORAROTO 34 pospobnermy MeTogoM (BapiadT 1) noxazams (pac. 1):

— 30UIBIIeHAA OpPOOYCERO] 3IATHOCTL TA DPOTHOSOBAHOTO IPHOYIEY ¥
1.5 pasm;

— MAEHIERHA TPOYETHEEOCTL ¥ 1.6 pasa,

— CHOPOYEHHN CepeJHbOI TPHEANOCTI TEXHOMOTTIHCIO mpomecy v 4.25
pasH,

— IMEHIIEHHA 3ABANTAREHOCT] ONepalHHEAY KOMIUIEECIE Ha %o,
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OpOTPAMEOTO  3a0e3DeTeHHY 3 OPOTPAMHAME KOMIDISECAME 3 METOR
ABTOMATHIAM Dpomecy 30HPAEEA Ta BEEJEHHNE BXITHAX JaHHX MO0
KOHCTPYEIN EEpo0Y Ta CTPYETYPE BEPODHAYOL CHCTEME.
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MOJIEJ JUISA ABTOMATH30BAHOT'O NOWYKY PAHIOHA/TLHUX BAPIAHTIB
KOMIIOHYBAHHSA BHPOBIB MAUIHHOBY JIYBAHH

Unbipax 5. L., 3axapona A. M., Jlaspon €. A., Beankoansi [, B., boposak B. O. Moxeai 115 agToMaTHIOBAKOY O
NOMIYKY paniona eunx rapisnrin koMmonyrauns rupobin Mammuodyaysanns. V aawifl poboTi RApINCHO 3ajiaTy
MOZETIOBAHHS  PAIOHANBINY BAPIAHTIB KOMIOHYBAHHS BHPOOIE MAMHHOOYIVBAHHL. 3alIPONOHOBAI MATeMATHWHI Mojem
JOZBOAMIOTH  GOPMATIYRATH NOCTARICHY 3a7a9y, BPAXOBVIOTH CTPYKTYPY | TEXHONOTIYHI 3aKOHOMIPHOCTI BHpOGIH, MO
BIUMBAIOTE M# TOCTUIOBIICT, CRENTINISE. 3aBJAKH  MOTCMETHUIHM MOZCAIM, HOOVJIOBAUHM HR OCHOBI CHTYATHBHOIO
MOZIIOBANHA, TEOPL MATPHLLL, rPpadin 3a6e 31y CIEeE MOCTHBICTL KOMISKITOTO 36epiraniia | 3pyulioro OHepyBaiis BXLIHMI
JIAHMMI Y NOCAHAHAT 3 METEMATHYHOK CYMICHICTIO NOCTARNEHOT 381091 CHHTCYY BapiaHTis ckiajannd. I3 OCHORY Metony,
NPECTABICHOTO B POOOTI, MOKIAJCHO NPABIUT PARKYBARHS, 10 BPAXOBYIOTH KOHCTPYKTOPCEK] T& TCXHOIOTIMHL 0CO0INBOCTI
cruaanoro npolecy. Hepesars MeToy HOBSIRC B TOMY, 10 SUACHIOCTLCA HOMYK BAPIHTIH CRAMIAIIS, PAILOMAILIIN 110
YacoBiil IpuBanocti. Lle JoCaraeIbes SuBEn OHTHMUTBHOMY HOXUIY CIPYKIYPH BHPOGY Hit HERUICKIT CKIILHT O0MHMIL, 11O
MOKVTH 30HPATHCR OHOYACHO, MIHIMIZAIIT KUIBKOCT] CKAATATHHIX TO3HINT Ta MAPATTRHI peanizaii CXIATUTRHIK ONeparmi.
Hit 0¢ioBi Me101y po3spotUeo ai OpHiM, CIpAMOBAIMA Ha KOMI I0TEPHY PERIIILITO SBTOMETHIOBAOI0 [OLIYKY PALIOINIbHIX
BaPIAHTIR KOMIIOHVBAHHA AHPOGIR ManimHoOyIyBamH

KomowoBi ¢ioBa: NOCHUIOBHICTE CEIVIAHHA, BHPIO, MaTpiis GasyRaumsd, MaTpHIE JAOCTYNY, MATPHIE CROJOITIHNX
OOMEKCHL, METPHIL POSMIPIHX 38’ F3K1B, CIPYKTYpa Bitpody.

Chybiriak Y. I, Zakharova A. M., Lavrov E. A., Velvkodnyi D. V., Borovyk V. O. Models for automated search for
rational assembly options for mechanical engineering products. This paper solves the problem of modeling rational assembly
options for mechanical engineering products, The proposed mathematical models allow us to formalize the task at hand, taking
into account the structure and technological patterns of products that affect the assembly sequence. Thanks to mathematical models
buill based on situational modeling, matrix theory, and gmphs, the possibility ol compact storage and convenient operation of input
data is provided, combined with the mathematical compatibility of synthesizing assembly options. The method presented in this
paper is based on ranking rules that consider the design and technological features of the assembly process. The advantage of this
method 1s that it scarches for assembly options that are rational m terms of time duration. This is achieved by optimally dividmg
the pro<luct structure into independent assembly units that can be assembled simultaneously, minimizing the number of assembly
positions, and implementing assembly operations in parallel. Based on this method, an algonthm is developed aimed at computer
implementation of automated search for rational assembly options for mechanical engineering products.

Keywords: assembly sequence, product, base matny, access matrix, environmental constrainl matny, dimensional
relationship matrix, product structure,

Beryn. B ymosax 4-i npomucioBol peBomiouil CYTTEBO MIABHUIVIOTHLCH BHMOTH [0 SIKOCTI
ABTOMATH3IOBAHHX CHCTEM TEXHOMOMYHOI miaroroskn BupoOHuursa [1-3|. Ocranni poxn nos'ssaxi 3
OYMOM  JIOCAIUKEHb, NPHCBSYCHHX MOZCMIOBAHHIO MPOLECIB  BHPOOHHUTBA 1  BOPOBALKCHHIO
IHTENCKTYANBHHUX TexHonoril |4, S| ta cucrem ribpuanoro iarenekry [6]. He ausasuucs Ha Benuky
KUIBKICTB JOCHIAMCHD | 3a1a4d BHOOPY ONTHMANBLHOT CTPYKTYPH TA Oprasizamii podoTH TCXHOMOrUHIX
cHcTeM srpimieHa He 10 kinus, Ocobanso rocTpo noctae npodncmMa BHPIICHHS 32434l ONTHMIZauil
npouecis ckaaaanss. PauioHaibHnil CHHTE? NOCTAOBHOCTI CKAAIAHHA BHPODIB 3 YPAXYBAHHAM HOBHX
BHKJIHKIB MPOMHCIOBOT PCBOIIOUIT, B TOMY 9HCITI CKOMOriyHmuX 1 OC3NCKOBHX, € OAHIEH 3 RO
AKTYANBHUX 33124 15 BBTOMATH30BAHHX CHCTCM TeXHOIOTHHOI NMiArOTOBKH BUPOGHHUTEA.

Busnaucuns nocaigossocti 30opkn BiaHocuThex a0 OararosapianTHOl 3anaui, Bia obGpanoro
BAPIAHTY 3AIC/KATH TAKI TOKAZHIKH HK AKICTH, COOIBAPTICTE, MPOAYKTHBHICTE BHTOTOBJICHHS, TPHBANICTS
TeXHONOriMHOro npouccy. [ana 3anaqa € cnabko CTPYKTYPOBAHOK TA BIZHOCHTHCS A0 KIACY 3a0a€, mio
BAOKKO MAAAr0THCS (hopmanizauii. Binomo, mo asTomMaTH3anis TCXHOTOIYHHX TPOLCCIB JC/KHTE B OCHOBI
MIABHILICHHA SIKOCTI NMPOIYKUIL, TOMY BXKJIHBO MPOCKTYBATH TAKy MOCHIZOBHICTb CKIANAHHA, SKA B
npoucet peanizauii nepeadauac MOAIHBICTE BUKOPHCTAHHS 3ac00iB aBTOMaTH AT,

© YUnbdipax A.1., 3axaposa A.M., Jlagpos €.A., Bemkoaunii [1.B., boposuk B.O.
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Mopemosarss € ceKTHBHHM IHCTPYMCHTOM [OWYKY PALIOHATBHHX 1 HANMEHIN BHTPATHHX
CcrocodIB BHPIICHHN CKAAAHNX OaratoBapianTaux 3axay |7, 8]. Y pesyasTari MOACIOBaHHA TPOLECIB Y
ABTOMATH3IOBAHHUX JIHOAHHO-MALIHHHIX CHCTEMAX MH OTPHMYEMO 1HOOPMALIO, NOTPIOHY A NPHIHHATTS
pimtess B ymosax Hesuzsadesoeti |9, 10). Lt aroMaTin3osasol CHCTEMH TEXHOMOMMHOT MiANOTOBKH
BHPOOHHUTBA HeOOXIIHI HOBI MATEMATHHYHI MOAEAl CTPYKTYPH BHPOOY, TEXHOJOTIMHOTO MPOLECY Ta
BIJIHBY BHPOOHHITBA  HA HABKOJMUIHE CCPCAOBHUIC, IO BH3HAYAIOTH YMOBH BHPILICHHS 3a1a4i
PALIOHLTBHONO CKIAAAHHSL,

Ananis icuyaux gocaiwens a nybaikauiin, Cxaazanis € 3aKIOYHIM eTANOM BHTOTOBICHHS,
TOMY BUI JQHOTO CTanmy 3aiCkHTb sKicTs roropoi mnpoaykuil. O6csr cknazaneHux pobir vy
samwnnoOyaysanni  crasosute  20-40%  Bin 3araneHOl  TPYAOMICTKOCTI  BHROTOBICHHS, ¥
npuaanodyaysaHni ueil nokazuuk € suumm — 10 40-70%. Taka cuTyauis NOACHIOETHCH BIACYTHICTIO
BOPOBAACHHS  HOBITHIX  pospofox Ta  iHGOPMAMIITHEX  TCXHOAOrIH, BIACYTHICTIO NPOrpaMHOro
3aDe3INCYCHAS BHCOKOT HAMIHHOCTI, HCCyMICHICTIO 3acobis obuncmosansrol Texaikn [ 11, 12]. Tomy came
Y CKAANATbHOMY BHPOGHHUTE] CIIOCTCPINAETHCR HHAbKHI PIBCHL MCXAHIZAWIT T4 aBTOMATHRALIT.

Bupobuima npaxTHK) NIATBCPAKYE, WO CKOPOYCHHS TCXHOJOTIYHONO MPOUCCY CRIAJAHHS 110
TPHBATOCTI BAJAHBAE HA JHIDKCHHA TPYAOMICTROCTI Ta coGisaprocti smupodis. [Lob mworo mocsrma
HeoOXIAHO BpaxyBaTH UL xoMnuckce ¢axtopis texsouorissoro mpouecy |[15. 16]. TlopisasHo 3
MEXaHO0OPOGHIM BIHPOOHIIITBOM, ¥ MAammmHOOYAYBAHAI CRIAJAIBHI MPONUECH MOYATH YAOCKORATIOBATH
juauno niswine. Lle Gya0 3ymoBreHo Takumi (DaKTOpaMH: MOMINBICTIO BpyuHy 3i0path BHpIO Ta
CKAQIHICTIO aBTOMaTu3aull crinaganbaux  onepauiit. CikoananbHl  ABTOMATHIOBAHI  KOMIUIEKCH €
HeACUICBHMIL Y BHKOpICTaHHI Ta noTpebytoTs faraTo wacy #a sipodunurso. Boanouac ana supodis, mo
BHITYCKAIOTBCA, CHOCTCPIIAETBCH CKOPOUCHHA SKHTTEBOrO UMKTY. B TaKHX yMOBAX CKIQNATBHE
00AAAHAHHS 333Ha€ OLIbLI WIBHAKOIO MOPAIBHOINO CTAPIHHS Y NOPIBHAHHI 31X (M3nusuM 3H0meHA M |17,
18]. Tomy BuHMKaE noTpeda CTBOPIOBATH FHYHKI CKAMIAJABHI CHCTEMH, 10 34aTHI NEPeHANATOLKYBATHCA
B MIpY 3MiHM BHPOODIB, M0 BUNYCKAIOTHCH, TAKI CKAAJAIBHI CHCTEMH € JA0POrMMH Y npeadaHsi i
BHKOPHCTAHHI, TAKOXK TCXHIMHI 3ac00mM wis 1X peasizauii y npomucnosocri noku mo siacytsi. Tomy
MCPEBAKAE PYHHE BHKOHAHHS OiTBIIOCTI CKAATANBHIX ONCPALIii 13 3aMYHMCHHAM CIeUIanicTiB, PodoTa AKHX
BIAPI3HAETHCH MOHOTOHHICTIO, OHOMAHITHICTIO T4 HH2LKOIO edexTHBHICTIO. K HACHIA0K, roToBl BHPOOH
MAKOTh HU3bKY SKICTh BUTOTOBACHHS | 19],

Yac 1 scicTs MPOCKTYBAHHA TCXHOJNOTIMHHX MPOUCCIB CknganHs Gararo B womy nos’s3aui 3
BHKOPHCTAHHAM 004MCIIOBANBHOT TeXHIKK. Wwo roTpebye (hopmanizopaHoro onucy TCXHONOFIMHOIO
npouccy. Heobxinso susaurn OCHOBHI 33KOHOMIPHOCT] NPOTIKAHHA TCXHOAONTYHOIO NPOUCCY CKAAIAHHS
Ta BHKOHATH 1X MaTemaTiaamnil omice [17, 18, 20-23].

3alpyaHCHHA HABKONMIUHBOIO CCPCAOBHILA € CYHMACHOK npoficMOol, #Ka [0CTaE meped
MamHHOOY AIBHOKO rauty3310. MiHiMISauis mKULTHBOTO BIUTHBY HA CCPCAOBHILC T4 CTAH JIFOACH, JATINHNX Y
BHPOOHHIITBI, € AKTVANBHOIO 3A7A4CI0, AKA MOBHHHA BUPIUTYBATHCS 3d PAXYHOK PO3POOKH 1 BIPOBATKCHHS
HOBHX McToaiB Ta TexHonorii [ 10, 15-18]. st cxnaganbsoro BHpoOHHLITEA 10 CKOMOTTYHO HeGCIneHHIY
BIIHOCATL OTCPaIlil, 5K CYNPOBOLKYIOTBCS IIYMOM, BIOPMISAMH, MABHIICHAMH TEMICPATypPaMH,
paziauier). BHKOPHCTAHHAM TOKCHYHHX martcpianis (kmeis, dapb). Lle onepauii 3 eIHaHHSI 3 HATIATOM,
CKACIOBAHHS, CHAKOBAHHSL, 3BAPIOBAHHI T4 1HUI. BpaxysaHHi BIVIHBY HA €K0A0rK Ta Geaneky podouoro
npouecy € BAAIHBHM (PAKTOPOM MIABHIICHHA TEXHIKO-SKOHOMIMHIX MOKA3HHKIB CKIAIATBHOIO
supoOHIITBA. Ha ans, nia gac pospodk TCXHOIOrIMHIX MPOLECIB CKAAJAHHS MHTAHAA CKOIOTIT Maibke
HE PO3IISAAKTECH,

B sauuii 4ac iCHYE 1B OCHOBHHX MIIXO/IH NPOCKTYBAHHA TEXHOIOMHHHX MPOUECIB: ANTOPHTMIMHHIH
TA EBPHCTHMHUI, ANrOpHTMIMHHIT METOA 3ACHOBAHMIT HA BHKOPHCTAHHI CHCTEMHOrO miaxoay i
MATCMATHYHOrO MoacmoBanHs, [lpockrysanns Texnosmorii ckaananus noasrac s o0podui BXIAHOL
iHopmauii, noGyaoBl Ha il OCHOBI MaTEMATHYHOT MOZCAT BHPOOY. po3pobul  MHOKHHH ONTHMANBHHX
NOCALIOBHOCTEH CKIAJAHHN YV BUANOBIAHOCTI 10 3AKAQNCHOIO QAArOPHTMIMHOIO T4 MPOrPAMHOID
sabeaneqenns [20, 22, 24, Sxwo supib He CRIAAHHIT | MICTHTS HEBEAHKY KUTBKICTh CICMEHTIB, MHOKHHY
ONTHMAIBHUX BapIaHTIB KOMIOHYBaHHS BUPODY MOKHA OTPUMATH LLTHXOM fipocroro mepeBopy. Jas
ckaamuux GaratocacmerTHnx BUPOGIB 3POCTAE KINbKICTH MOMANBHX TICPCCTAHOBOK, TOMY HABITH 3
BHKOPHCTAHHAM NpOTPaMHiX 3acobis Takuil nepedip NpakTHYHO HCMOWKIMBO peatizysati. Y ubomy
BHIAAKY. OB OXOMHTH YCIO MHOKHHY BAPIAHTIB CKJILIAHHA T JOCATTH ONTHMATBHOIO PilICHHA
HCOOX1AHO NODYAYBATH MOACTH CKIATUILHOIO MPOUCCY, AKA 3abC3ncuuTs UUICCAPAMOBAHNH MOMYK
pauionanbHOro Bapianty [20-22].
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Ha npascrimu i sHpimeHHs 331a%1 n00YA0BH PALIOHAIBHOTO BAPIAHTY CKIAAAHHA 32CTOCOBYIOTH
pizu1 Metomn. Cepea METOMIB BIZOMI TEOPIA MIATPHMKH MPHITHATTS PILCHb, HANMPHKIAL, v podotax [21,
24|. Mertoan MAMHHOTO HABYAHHA, TEOPIN MHOKHH, MaTpHlb, rpadiB 3HANILIN NPaKTHHHE
BUKOpHCTAHHSE B podotax |14, 19|, nos's3aHuX 3 NPOEKTYBAHHIM TEXHOMOIIMHHX MPOUCCIB CKAAIAHHI,
CranaapTHi aITOPHTMI PIIEHHS TPAHCHOPTHOI 341241 BHKOPHCTOBYIOTBCA PH BHIHAMCHH] ONTHMATBHIX
BAPIaHTIB NOC/IA0BHOCTI CKIANAHHS Y BHNAAKY BararokoMnoncHTHOro supody. Jlana 3axatua 3BoAHTHCH
A0 MOMWYKY HAHKOPOTIMONO MUXy MK BEpPuHAMu rpada 3 BHKOPHCTAHHAM METOAIE AIHIHHOIO Ta
auHaMiysoro nporpamysanss |18, 21). IMpu ubomy, sepinnun rpada CiTbOBOI MOZETI BLINMOBLIAIOTH
acranam eupody, a pebpam rpada npUCBOIOIOTECH BAIOBI KOCHILIERTH, WO XaPAKTCPUIYIOTH KPHTCPIi
¢hCKRTHBHOCTI, HANPHKIAZ, TPpHBaniCTs Cknazanus, cobisapricts Ta in. [lpn astomarniosanomy
MPOCKTYBAHHI CIIAZAIBHUX TPOLCCIE TAKOX 3ACTOCOBYIOTH MATCMATHYHI MCTOAM TCOPIT ONTHMIauil,
IMOBIPHOCTI, METO/IH OBUNCTIIOBLILHOT Ta AnckpeTHOT maremaruxs [ 16-20]. EdesrusnicTs suxopucranns
MCTOAIB  ONTHMIBAWT TPH  NPOEKTYBAHHI  PAWIOHATILHIX  TCXHOJOTIYHHX MPOLCCIB  BWICKNTE  BiA
MPABIIBHOIO BHOOPY KPHTCPIKO Ta UinsoBoi Pynkuii [22-24].

Tabanug | MiCTHTE PCIYABTATH AHWIIYY MCTOAIB, ¥KI BHEKOPHCTOBYIOTH LIS MOACTHBAHHA
MOCAIIOBHOCT! CRAATAHHA. AHATIZ NOKA3IB, MO 1ICHYE MPAKTHIHHIT A0CBLI Ta BIABICHO 3aKOHOMIPHOCTI
NPOLCCY CHHTE3Y PALIOHANBHIX BApIaHTIB KOMMOHYBaHHi BupoGis. Heponik nonsrae B Tomy, wwmo
BPAXOBAHO HECMOBHHIT KOMIUICKS (DAKTOPIB, HEODXIAHNX [UTA ABTOMATHIOBARONO BAPIICHAA AaHOT 3a1a9i.

Tatn. |. HailGuibiu 3acTocoBHI METOAN A5 HOOYA0BH BAPIAHTIB CKILIAHH BHPOOIB

Meron J:::::‘::::f Mamunne Jiniiine Curyarusue
Bpaxosani xpurepil U HABYAHHS | MPOrPaAMYBAHHS | MOAETIOBAHMS
Ksasirers To4HOCTI AcTaNCH + + + =
Texnika 6esnekn, CROIOrs - = = =
lepapxiusa CTpyKTYpa BUpodY + + + =
Posmipui 38" s3ku v Bupodi - + = +
I"aBapwuTHi posmipn Ta maca _ & _
ACTAICH
38’ A3K1 GazyBaHHA + + + +
38 A3K1 HEpPeaVBAHHS + + + +

Mocranoska 3anayi .

Mero:0 aanoi poborn € po3pobka MATCMaTHUYHHX MOICICH Ta MCTOLY MOJIC/IOBAHHS BAPIaHTIB
NMOCHIIOBHOCTI CKJIANaHHA BHPOOY 3 ypaXyBaHHAM KOHCTPYKTOPCHKO-TCXHOJIOIIMHHX XapakTCPHCTHK
JCTANEH TAa TeXHONOTITHHX 0COOMHBOCTCI CRAAZATBHOIO TIPONCCY.

JIns AOCATHCHHS NMOCTABICHOT MCTH Y PofOTi BHZHANCHO HACTYITHI 3a1aui:

— BukoHaTn (QOpMATIZAUI0 CKIANATLHONO MPOLCCY 3 BUKOPHCTaHHAM McTOais Tcopii rpadis,
MaTPHIIb:

— 3 BHKOPHCTAHHAM TOOYIOBAHHX MATCMATHYHHX MOZCHCH po3pofuTH METON. 1O JOBOJAE
OTPHMATH MHOKHHY BAPIAHTIB KOMNOHYBAHHA BHPOOY;

~  po3pobuTH anropiTMivHe 3abe3neyeH s PiieH s MOCTABIeHOT 3akadi.

Buknan ocHOBHOro MaTepiaay Ta 00rpyYHTYBAHAS OTPHMAHHX PE3YALTATIB A0CTUIKEHHS.

KomniexcHa asromMaTnsauis supoSHHUTEA HANCAHTE J0 AKTYAIBHHX 1 CKIAMHEX HAYKOBUX 33144,
Jltst aBTOMATH3ALT NPOCKTYBAHHI CKAAAATBHUX HPOLECIB HEOOXIAHO NOAATH MATEMATHUHY NOCTAHOBKY,
10 3abe3nesuTh 11 BUPHLCHHS KOMMN I0TEPHIME 3acobamit.

Jns BU3RAYMCHAS BUNOBLIHOCTI CTPYKTYPH BUPOOY BHPOOHMUIH CHCTEMI, N0UIIBHO NPEACTABATH IX
y Burasal marematnunanx moaencii, Crpyxrypy supody soskna npeactasuta rpagom Gy, (puc, 1), y sxomy
BEPLIMHN BIANOBIAAKOTH ACTANAM A00 CKIAAANBHIM OHHMLSIM, @ Pedpa — 3B'S3KaM MIK HHMIL
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Pisui rpacda
I 4

3 | -if piBCHE MICTITH

2 g
MHOKHHY €JIeMEHTIR,

1 10 MIIATAIOTE
CKIIIAHHIO

Pucynox | — Mpuknan rpady Gr, crpykrypu supoGy 3 n'aru gerancii

Crpykrypa supoGuusoi cucremu npeactasasetses rpadom Gre (prc. 2), y sikomy BepuinHam
BLANOB1AA0TL onepaiiiiai komnaexen (OK), a peGpanm — TpaHCHOPTHI MAPIIPYTH MIZK HHMIL

Pucynok 2 — Mpuxnaza rpady Gri ¢, cTPYRTYPH BHPOOHHHOT CHCTCMI 3 BOCBMH ONCPALTHHIX KOMIICKCIB

Ipapur Gry ra Grye, mo ONHEYIOTH CTPYRTYPY BHPOOY T4 BHPOOHHHO! CHCTCMI, AOULTBHO
NPCACTABHTH Y MATPHYHOMY BHIIISIAL
Marpuus cTpykTypH BHPOOY:
Mt, = [k = k|,
ae k — RUBKICTS ACTAnCH ¥ CTPYRTYP BIpoDy.
Enementn Matpii Mty

|, S0 3 €AHAHASA § BHKOHYETBCA MCPC 3 €AHAHHAM |
Mt. [il[j] =52 AKIIO 3 €HAHHA 1 TA j MOKYTE OYTH pcani?.onalfi OJHOWACHO
3 -y iHwnx BMnaakax (i, / — nopsaxosi HOMCpPH 3'€1HAHB ¥ BHPODI)

MaTpuus CTpYKTYpH BHPOOHIHOI CHCTeMI:

Mtuc = [n*n].
1e n — KLbKICTs onepauiiisnx kommnacxcis (OK) y asromarnzosantii Bnpoduutiii cucremi.
Enementi matpuui Mty .

0 — mix i-m 1a j-m OK-mu BiacyTHii 387830k
1 — i-it Moyke OYTH BHKOPHCTAHMIT MCA /-TO
Mt [i.j] = 2— l-i} Ta j-? OK-cu MOYTh 32CTOCOBYBATHCH OZHOACHO ' )
3 — f-it a j-it OK-cn MOMYTh 3aCTOCOBYBATHCS Y NOBIIBHII NOCIAIA0BHOCTI
(4, J — NOPANKOBI HOMEPH ONEPALITIHHIX KOMIUICKCIB)

Jlnst BCTAHOBICHHSR B3AEMO3B A3KY Mix MarpHusMi Mt, 1 Mt, . JOLIIBHO BHKOPHCTOBYBATH MACHB
ONCPALTTHHX KOMITTCKCIB MUy, IO MOB SIVE CKIAAANRHT Onepati 3 TeXHoaoraanMi MokansocTsm OK-
CiB.

M, = [n * 5],

118§ — KiapkicTs ciaaaaneuux onepawii (CO) y sipobi.

Homep OK |

Homep CO
1 1 0
2 1 1

()
=

8 0 0 e 1
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Mt [i][j] = 1 — na j-ay OK-ci moxe Oyt peanizoBasa i-1a CKAa1a1bHA ONepauis
() — y IpOTHASKHOMY BHIAIKY
Marpius 3’eanane Mt, [k * K] moB'ssye HOMSp CKAANAILHOTO cleMcHTAa y BHpoOi 3 KomoM
CKAATAILHOTO 3'¢IHANAY | HOTO XapakTCPHCTHEAMA!

S — AKLUO =12 1 /<T@ ACTANl YTBOPIOIOTH CKIAAIBHE 3 €HAHHA
M. (i} )= (s — K0A cknaAANBLHOT Onepauii)
() — BiACYTHE CKNATANLHE 3 €IHAHHA MK /-0 i j-10 AeTANsAMN

B3a€MO3B’ 430K MK CKIANOBHMH CACMCHTAMM Y BHPODI BHIHAYAETHCH HANBHICTIO MUK X
MOBCPXHAMH 38’ #3KIB CHPsKCHHs 1 noamkenns. [IBl aerani CnparaioTees no CniibHOMY KOHTYPY, SKLIO
MK HUMH ICHYE 3B #130K GazvBanus, 38" a3kn GaszyBaHus NOALIAOTLECH HA OCHOBHI | 1onoMixkui. OcHOBHII
3B’930K Da3yBaHHA MAE MicUe, SIKWIO MK ACTANUMH ICHYE MCBHHIT BHI CRIAIATLHOTO 3 €IHAHHA.
Maremarnana MOACB, O BiA0Dpancae 38 s3kn Dazysanns y supodi nozaavnmo marpuucio Mb [k = k]:

Mb [i][j] = | — SKILO MK F-10 1 j-K0 ACTAIMI ICHYE OCHOBHII 38 530K GasysaHHs
0 — BiacyTHiii 38’ 930K GasyBaHH MiA (-0 1 /-0 ACTaMAMH

Opiedrauis oaHUX JCTANCH BIZHOCHO IHUIHX BHIHAYACTHCS HC JIHLIC HAXBHICTIO KOHTAKTIB MIK
MOBCPXHAMH, d il POIMIPHUMH 3B S3KAMH — JIAMETPAIBHHMM, PAaNiANbHUMH, KYTOBHMH, JIHIHHMIL
PoasMips  CKIAZQTBHOTO POIMIPHOTO JAHIIONA, PeamisyioThCd Y MOCHIAOBHOCTI, MO BHIHAYACTHCH
TOPSAKOM BXOMACCHHA JeTanci y Bipif, Akl yTBOPHOKOTL Ueil JaHuor.

Hasguicts posmipanx 38’9318 y Bupoll npeacrasumo mMarpuucso Mry, [k x k|, eaementu uxoi:

| — 9K NOBCPXHI /-1 1 j-T ACTANCH YTBOPIOKTH CKAATOBY JAHKY POIMIPHOrO
M, [i][j] =—j 7aRmora - .

I — AKIO MOBCPXHI /-1 1 j=I ACTANCH YTBOPIOIOTE 3AMHKAKYY JIAHKY PO3MIPHOTO

JlaHLora

3MIHHA T — UINe YHCAO. 10 HAOYBAE PI3HHX 3HAYCHD 3ANCKHO Bil CNOCOBY JAOCATHCHHN TOHHOCTI
KOMICHCYKOUOT JAHKH CKAAAMIBHON POIMIPHONO JIAHIION,

Ha mocaiioBHICTh KOMMOHYBAHHA BHPOOY BIAMBAIOTH 3B 43KH MEPEAYBAHHA MUK JSTANAMM, SKI
BIZHA4AOTH BIAEMHC OOMOKCHHA J0CTYNY NI 4ac CKIAIAHHN. 3YMOBJICHC KOHCTPYKUIEK BHPoOy Ta
ODIAAHAHHAM, WO 3ACTOCOBYETHCH. | aKi OOMCHKCHHS MOJCHR ONHCATH MATPHLUCI) AOCTYMY,

Encmenta matpuui zoctyny Md [s % s| 3a1ai0Th NOPAIOK BUKOHAHHA CKAAJAINBHIX ONCpatii:

| — AKI10 /~Ta CKAANAABHA OMEPALLN BHKOHYETHCH NEpea j-10

MA [ill]1= = 0 - jra i j-ra cxaazanshi onepauii He MAKOTH CTPOrOT NOCAIIOBHOCT] BUKOHAHHS

Sxwo y supodi NPHCYTHI CKONOTIYAO HEOCIMeyHl onepauil, BHKOHAHHA SKHX CYNPOBOLKYIOTECH
BIGpanicIo, WyMOM, MABHUICHHNM TCMTICPATYPH (38aPIOBaNHs, CKICIOBAHHA, CNMOBANHA) X HCOOXIAHO
MPOBOANTH HA OKPCMHX POBOHHX ALABHHLUNX 3 TOTPHMAHHAM CAHITAPHHX HOPM Ta BHMOT TCXHIKH BCaneku.
Hns spaxysanns nanoro (asropy mia €ac peanizauii cknananus supoly, CKONOTMIYHO HCCHPHETINSI
onepami CTi BAOKPEMITIOBATH Y OKPEMI CKAAAATBHI OXHHHII.

Exonoriuni §akTopn CKIAZaabHOrO MPOLCCY JOUITBHO MPCACTABMTH MATPHLCK CKOIONiYHHX
obmerkens Mt [s = s]:

a— | —i-Ta CKIANATBHA ONEpaLls € eKOIOTTYHO HECTIPHATIIBOIO
Mt [illi] = 7} 0 — y nporuneskromy sumazxy

Onuc cTpykTypn Bipody Ta #l0ro KOHCTPYKTOPCHKO-TEXHOMOTIMHUX O3HAK Y MATpHuHiil (hopmi
HAZAIOTE MOMKAMBICT Y MATCMATHYHOMY BHIAALI (OPMATIZVBATH 33824y BHIHANCHHS TOCHIJOBHOCTI
CIIAAAHHA, TAKOK MATPHII € 3pyuHuME s 30¢cpiranns indopmawii 8 onepaTusHi nam’sti koM oTepa.
Jany opmanizauio MokJaACHO B OCHOBY po3pobkx MeToay nodyaoBH pauioHanbHO! NOCALIOBHOCTI
CKJIAZAHHA TA HOro NporpamMHol peanizauii.
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ToGyaosa BapiaHTIB CKIANAHHA 3AIICHIOETBCA 3 BHKOPHCTAHHAM pPO3IpOONCHHX MATEMATHUHHX
Monenei.

Ha 1-my erani BiaOyBaeThest noain BUpOOy Ha OKpEeMI CKAAAaAbHI OJHMHHIN. 32 MATPHLCIO JOCTYMY
Md [s * §| BH3HAMAIOTHCS HOMEPH ACTAICH, 5Kl MOKYTH BHCTYNATH sk 0A30B1 B KOHCTPYKLUIT BUpoDy. 3a
cxemoro dasysanna Mb |k * k| 20 koknol Gazopol aeTaml 200HPAETHCA MHOXKHHA DAZ0BAHNX EIEMEHTIB.
V peasynsrarti maemo Habip rpagis Gbi(1=1+ m), o BH3IHAYATE MAKCHMATBHHIT 1101171 BHPOOY HA OKpeMi
CKAQAABHI BY3IH (M — KIABKICTS CKAAAATBHIX BYIIE, HA MKY N0ALICHO Bupid) (puc. 3).

Baromi aetani

Basosani geraTi

Pucynok 3 — Tloain enpofy Ha m CKIAJANBHEX BY3IB

Ha 2-my crani ccpea muoxnun rpais Gb(i=1+ m) sussauatorees rpadi 3i cniabHIMH
sepummnavn, Taxi rpadm rpynyrotees y saacasi rpadm, B womuiit ascwsiii rpyni nposoanTses
PaHKYyBaHH rPadis 3 NPHCBOEHHAM M MATCMATHYHOTO PAHTY. HKHI BH3HAYAE NOPANOK BXOLAKCHHN
CKAANANBHIX OAHHUIE A0 BUPoly. PaHKyBAHHA NPOBOIMTLCA Y 5 KPOKIB. B flOr0 OCHOBY MOKIANCHO
TEXHONOTIHHI PaBHIa 350pKH.

| =il KPOK PaHAKYBAHHS NONATAE Y POIPAXYHKY CTYNCHIO 28 M3HOCT] IPahis 32 CHIBBIIHOLICHHSM:

ny

Cspy = Z(ki = 1);
=1

e N, — KLIBKICTS BEPIUKH 1-ro rpady;
kj — KiTBKICTS TPadiB, MO MICTATS J=TY BEPIIHHY.

Slxcuro micis 1-ro KPoky oTpUMaHo rpadit OIHAKOBHX PAHTIB MPOBOAHTECS 2-it KPOK PRHAYBAHHS —
3a ckaaanicTio Oyaosn. [pad, mo micTims GLably KITBKICTS @7eMEHTIB OTPHMYE MEHIUMIT PaHT.

3-ii kpox parzkyBaHsaL: rpad, WO MICTUTE OLIbILY KIIBKICTS POSMIPHHX JAHOK OTPHMYE MCHILIHI
paur (BI3HAYACTHCA 33 MATPHUCH PO3MIPHHX 3B A3K1B Mry. |k * k|).

4-ii KPOK paHKYyBAHRA: 32 Macolo Gazosux netancii. I'pad 3 GinbmOK MACOI KOPEHEROT BEPILIHHN
MAE MCHIUUIT paHr.

5-if KpOK pawxyBaHHs: 3a rabapuTHHME posmipamu 6azosux aeraneit. I'pady, 110 MICTHTHL KOpEHEBY
BEPUIMHY 3 Glabiim rabapuTHUA PO3MIPOM MAE MEHILMIT PAHT.

V kouscuiil rpyni 3an¢KHNX rpadis OCTAHHIN PAHT TPHCBOKETHCH CRAAMAILHIN OAHHNALL, SKA MICTHTE
JAMHKAIOHY PO3MIPHY JaHKY (BH3HAYAETHCH 32 MATPHLICKD PO3MIPHIX 38 53kiB Mr.,. |k = k]). Ha npaxruui
ue 3abesneuye peanizauiin JaMHKAOUOT JaHKH B OCTAHHID 4epry as 3a0eineucHust norpiéHOT ToMHOCTI
POSMIPHOTO JIAHLIOT.

Ha nacTynHOMYy CTamni BHIHAYAETHCA MOCHIIOBHICTh CKAANAHHA AcCTancil B KOWHIN CKIAAaIbHiil
oannn. 3a marpuucio aoctyny 3'easans Md [ % §| cxnagansHi CACMCHTH POSTAOBYIOTHCH BIAHOCHO
0230801 BCPIIMAN HA BUAMOBIAHHX PIBHAX 1€PAPXil 3 YTBOPCHHAM TPYN BEPIIHMH MO TOPH3OHTAT 1 1O
BepTHKA (puc. 4).

I'pyrn nerancit no seprakam MouyTs OyTi 310pani 3 oaniet ckranamsrol nosuuii, Ockimbky rpynn
HC MICTATH COUIBHHX ACTANCH, TOOTO HC3ANCKHI MK COBOI0. NOCAIIOBHICTS IX peanizauil BH3HAYAETECA
PAHIKYBAHHIM.

[NokporoBe pawAyBaHHS M€ HACTYIHC MaTeMmaraune QopMmymoBanus. |-ii KPOK paHiKyBaHHs
NPOBOINTHCA 3 BHKOPHCTAHHAM MATPHI PosMipHuX 38 a3Kie Mry, [k = k.
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Bazona actan,

| =1 rpyma gerasteii o
TOPITOITT T

. 2-rarpymaaeranelino
TOpIOHTATI

3-rRrpyma aeraaeitno

ropironTw
I-marpyna 2-rarpyus 3-rarpyna
Aetanenno AeTineiino Jeranelinn
BepTIEL BCpPTIRAT AcprIKaI

Pucynok 4 — QopMyBaHHY Ipyn ACTANSH N0 FOPHIOHTAN T2 110 BEPTHRANL

BuiHAUA€TBCS KIIBKICTD POSMIPHUX 3B A3KI8, W0 BXOAYTS 40 CKIAY KOKHOL IPYIH 110 BEPTHKA.
['pyna, wo MicTHTb S1AbITY KUTBKICTH PO3MIPHUX JAHOK MAE MCHIIHIT Pasr,

2-i KpOK paHKyBaHH — 33 KIIBKICTIO AeTaneii, 110 MalTh BN KBANTeTH TouHoCTi, [pyni, mo
MICTUTE GLabily KLIBKICTh TOUMHHX ACTANCIH NPUCBOKETHCS MCHILNIL PAHT,

Ha 3-My kpoui pasKysaHHs 3 MATPHLICIO EK0I0TIHHIX oOMexeHb ML, |s * 5| y rpynax no sepruxam
BHAB/LSIOTHCS CKONOTIYHO HecnpusTinsi onepauil, Takum rpynaM NPHCBOIOETHCH OCTaHHIN  pamr,
HE3ANCAKHO BIA MONCPEAHIX pesyabTaris passcysanns, Lle no3sonse sigokpemutn sebeneuni onepauii sia
IHIWMX 1 B MOAATBUIOMY BHKOHYBATH 1X Ha OKpPeMO 00AaaHaHHX AIABHHUMX Y KIHII TEXHOIOTIMHOro
npouecy.

Dinunmii IMICT PAKYBAHHS TOJAATAC Y MIHIMIZALIT CKAAAATLHUX MO3MIII T4 Y BHIHAMCHHT MO3HLIT,
3 MKOT CLL NOMATH MPOLCC CKAALAHHA. Y Pe3yasTari NpoBEIACHOIO PaHKYBAHHN, TPYNAM 1O BEPTHKAII
MPHCBOKCTHCA MOPAAKOBHIT HOMCP, WO BHIHAYAC MOCHOOBHICTH ix peamizawi. ['pyon acrancii, mo
OTPHMAIIN OHAKOBUIT paHT MOKYTH OyTH 316pan] y noBLUILHII nocaioBHOCTI. KO 103B0OIAE CTPYKTYPA
BIPOOHNIHOT CHCTEMH, 3 MCTOK) CROPOYCHHS TPHBATOCT] TCXHOZOTTIHOTO MPOLCCY, 3ABIIIT POSTISAAETECH
MOMIHBICTS 1X NAPAIC/ILHOT peanizauii.

Hacrynauii eran nonsrae y OTpUMasHi MHOKIHH BApiaHTis ciiazanns. Hexait micas aexoMmosnuil
CTPYKTYPH BUPODY Ta MWICAS TMPOBEACHUX CTANMIB PAHIKYBAHAA OTPHMAHO K rpyn sancwunx rpadis 3
KLIBKICTIO panris y koskuii rpyni, pisniii ri (1 = |,.._, k). Koxkes rpad nosHauae okpeMy CKIAIANBHY
onunnuto. [l gopsmysanus |-ro sapianty ciuananss Bupody v xoumHii i-it rpynl y sKocTi BeayuHx
obupaoTees rpadi 1-ro panry, 3 AKHX MOYHHACTHCH TPOLEC 3OMpaHHSL

Jus dopmysanss 2-ro BapianTy ckaanadus y 1-i 3asexsiil rpyni y axocri seayuol o0upaerses
CKIAAAIbHA OMHMUA, AKHT npucsoeno 2-it panr. [lpw msomy vy 2, 3, ..., k-if rpynmax seayanmu
3AMMIIAIOTHCA rpatdu |-ro paury.

[Ticas nepebopy yeix pauris y 1-it rpyni rpadis, sukosyerses nepedip seayunx rpadis 2-i rpynu i
TAK 70 OcTanHbOl K-1 rpymni BRIKYHO,

TaknM HHHOM, 3araTbHy KUILKICTL BAPIAHTIB CKAANAHHS BUPOOY MOJKHA 3anucati yepes 100y 1ok,

K= [lmi.
ae k — KUIBKICTS TPYIT 3anCKAHX MK coB0I0 CRIaIaNbHIX OOHHHLE BHPOGY,
fj — KIIBKICTB PAHTTB, BHIHAMCHUX A5 1-1 3QJCKHOT FPYITH,

Di3NYHO 3MIHA PAHTY Y 3ATCKHHX IPYNAX CKAAIANBHIX OIHHILE BiANO8IAae Bubopy HoBOT Ga3opoi
aerani nia gac 36upadHa Bupody. Bubip Tiel un iHmol 630801 AcTAM BIIHBAE HA BHOIP TCXHOIOITMHIX
D41, BHKOPHCTANHS KOHKPETHOTO BHJLY O0NAMHAHHA, TOUHICTS 3 €AHAHB, KITBKICTL VCTAHOBOK 1 MOJHII,
TpHBATicTE podiT. TakuM HHHOM, 3MiHa 6a30BO1 ACTAN] 3 0AHOrO GOKY NPHIBOINTS 10 YTBOPCHHS HOBOTO
BAPIAHTY CIIRAAHEYN, @ 3 IHUIOrO — 10 3MIHI BAAUIHBIX NOKAIHHKIB TEXHONOIIMHOrO NpoLcecy.

Ha puc. 5 npeactasneno saranbiy CXeMy AIrOPHTMY CHHTE3Y MHOMKHHI BAPIAHTIB CKAAIAHHA, ARl
nofy10BAHO HA OCHORI pO3pOGICHOrO METOLY.

i© Yubipax A.1., 3axaposa A.M., Jlagpos €.A., Bermroaunii [1.B., boposuk B.O.



125

Hayxosui xeyprai "Komn'10TepHO-IHTETpOBaHi TEXHOMOTI: OCBITA, HAyKa, BHPOOHHIITBO"
Hyvisr, 2023, Bunyer Ae 52 39

gwwumnimn
£

3
Popuysanna MITP
2 ]
DOpMYEIHET MEOKRHH
miarpadis
-5 TW_W 12 @
Ha TPYIIH 3B'TIHNX DOPAMYBIHHA MEOAKITHII
marpadis PALIOHATLINX BAPIANTIB
‘ cxaanaasg CO
Raz{RiR:,....R:}

<! g e

T

1=Ry <= R I

PaHEYBIHHA MIpadis ¥
J-1t3n' mueft rpym

DOPAYBAMIS ITIMHOKINTT
PEATIZYCMITX PALIOHATEHIT

s — BAPIAHTIB CRAAIAHHA
3 < m=0; my<r;; my Realfrs, ..., rd

9 T POpMyEEHEA TPYH 110
TOPHIOHTA ¥ Iurpadi
ny-ro panraj-ias’sasoi

DopryBaMns [MUIMHOKINY
1 AHAS TPy 0 0O TOHATBHIIX [0 TPHBAIOCTI

BEPTHEAT B niarpadi IHKTY BAPIANTIB CRANIAHIS
n-ro pasra Rozs (=8 o )

138" A3ROI IpYIR

Pamwypanns Tpym o
BEpTHEAT m:nmommn
I f-l. S S0P
® Co

Pucynox 5 — Cxema anropurMy CHHTEIY BAPIAHTIB CKIAAAHHS BUPOOY

11

PaiioHaTbHUMK  BBAKAIOTHCA TaKl BAPIAHTH CKJIAIAHHA 32 SKMX TOKA3HHKH TEXHOMOM4HOIrO
npouecy HaOyBaOTh OonTHMANBHMX 3HaueHb (Oaox 12, pue. 5). Ha npaxruul cepea MHOKHHN
PALIOHATBHHX BAPIAHTIB 0OHPAIOTHCS Ti, WO MOXKYTH OVTH peaniz0Banl y 3a1aH1ii BHPOOHIMIIT CHCTEMI 3a
J0MOMOroK HausHOro obnaasaxus (baok 14, puc. 5).

Bucuoskn. B gantit poboti po3podacro Metos, Skuii 1038015€ MOJCAIOBATH BAPIAHTH CKIIAAHHM
BHPODY MOCTIZIOBHO 3 YPAXYBAHHAM POIMIPHHX JAHLFOrB, Ba3yBAHAN, T0CTYNY CKAAAATLHIX CACMCHTIS,
CKONOrTUHNX ODMEIKCHD TA 1H. TCXHONOruHIX (PaKTopis,

V npoucci BHPIMICHHA BHKOPHCTOBYIOTECH MATCMATHYHI MOACTI, WO BPAXOBYHOTH OcobimsocT
TCXHONOTTHHOTO MPOLECY Ta OOMEKYIOTH 06/12CTh OWIYKY MOKIHBHX PILICHb.

Pospobncunii MCTOA A03BOANE OTPHMATH MHOKIHY BAPIAHTIB CKAANAHHN BHPODY Y BIANOBIAHOCTI
20  0r0  KOHCTPYKTOPCHKO-TCXHOMOPIMHHX —O3HAK T4  TCXHONOFIMHWX  MOMKAHBOCTCH  3acobis
TCXHONOTHHOTO OCHALICHHA.

[MpakTiune sravcHus peayibTars poOOTH NMOJSTAE B TOMY, WO 33 POIPODACHHM MCTOAOM
PeAMZ0BAHO  QNTOPHTM, TPH3HAMCHHIT 7%  NPOrpamMHOl  peanizauil  aBTOMATHIOBAHOIO  MOLWIYKY
PALIOHAIBHHX BAPIAHTIB CKAAJAHHN,
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Pospobaesitit Meroa Bpaxosye oco0aMBOCTI CTpyKTypH BUpodY, NOAATLINL NOCALDKEHHN OYAyTh
CIIPAMOBAHI HA BPAXYBAHHA KOHKPCTHHX BHPOOHHYNMX YMOB T4 HA MOMYK PAlOHATILHAX BaplaHTIR
cKIanaHHsA BHPOGIB, BHXOANH 13 BHYTPIMIHIX PE3CPBIB BHPOOHIHO] CHCTEMH,

Ipaceavenss i noanka.
Caitniit nam’sTi 10KTOpa TCXHIYHNAX Hayk. npodecopa 3axaposa Mukonu Boaoaumuposnua [25],
sMil Biepiue OOrpYHTYBAB MCTOZONOIIMHI ACAAM BHPIHUCHHS 33a4l, 10O PO3rASAAETHCH, ABTOPH
MPHCBAYYIOTH IO CTATTIO.

) '
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(1958 - 2006)
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