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AHOTALIS

leanuyx A. B. Meroau Ta 3aco0M MaTeMaTHYHOTO MOJENIOBAHHS TIIPABIIYHUX
BiOpaliiiHux 1 BiOpoymapHux MamuH. — KBamidikaimiiiHa HaykoBa mpais Ha NpaBax
PYKOIIHCY.

Hucepraris Ha 37100yTTS HAYKOBOT'O CTYIEHS JOKTOpa TEXHIYHMX HayK 3a
cunemaiapHIcTIO 01.05.02 «MarteMaTH4YHe MOJIEIIOBAHHS Ta OOUYMCIIOBAIBLHI METOIN». —
BinHunpkuii HallloHAIBHUN TEXHIYHUN yHIBEepcUTET, Binauis, 2020.

Jucepralliss MOpUCBSIYEHA TMHUTAHHAM PO3POOKHA 1 JOCHIKEHHS e(eKTUBHOT
y3arajJiIbHeHOi METOJIONIOTIi 1IeHTH]IKalll MpoueciB (QYHKIIOHYBaHHS TiIpaBIldYHUX
BiOpaliitHuX 1 BIOpOyIapHUX MAIIIKH.

BukopucranHs riipaBiiyHOro BiOpalliiiHoOTo 1 BiOpoynapHOTro oOJagHaHHS y PI3HUX
rajiy3sX IPOMHCIOBOCTI JO3BOJISIIOTh 3HAYHO IHTEHCU(DIKYBAaTH TMPOTIKAHHA PALY
TEXHOJIOTIYHUX TIPOIIECIB, 3a0€3MEeYUTH ONTUMAJIBHICTh MapaMeTpPiB HABAHTAXKEHHS 1
oJlepKaTH pPe3yJbTaT TEXHOJIOTTYHOI OOpOOKM 3 BHCOKMMH SIKICHUMH IapaMeTpamu.
HasiBHa HEpiBHOMIPHICTH CITOKMBAHHS 1 pi3Ka 3MiHA MOTYXKHOCTI B IUX MAaIllMHAX, BUCOKA
gacToTa POOOTH 1 HEBCTAHOBJICHI MPOILECH POOOYMX ITUKIIB 13 MHOKHHOIO POOOUMX
napaMeTpiB — CBIAYMTH IPO MPUHIIUIIOBY CKIIAJHICTh MAaTEMAaTHYHOT'O OMHUCY (PI3HUHHUX
IPOIIECiB JUHAMIYHUX 00 €KTIB, UIsI €()EKTUBHOTO JOCHIIHKEHHS SKHX JOIUIBHUM €
BUKOPHUCTAHHS METOJIB 1 3aC001B MaTEeMaTUYHOTO 1 KOMII' FOTEPHOTO MOICITIOBAHHS.

Benukwuii BB Ha AMHAMIKY poOOTH TiApaBIiyHUX BiOpaIiiHUX Ta BIOpOyIapHUX
MamuH MawTh (i3uyHl TapameTpu eHeproHocis (poboda piguHa). lle 3mymrye
pO3p0o0IIATH MaTeMaTHYHI MOl Ha 6a3l MTYYHOI AMHAMIYHOI MOJENI i3 TMPHUBEACHUMHU
KoedilieHTaMu IS KOJIMBAJIBHOT CUCTEMH, SIKa B OCHOBHOMY € €()EKTUBHOIO JUISI CHUCTEM
HEBHUCOKOi PO3MIPHOCTI, 1 OMHCY€ BIACTUBOCTI OO’€KTIB y BY3bKOMY Jiama3oHi 3MIiHU
pobounx mapametpiB. lle Bege M0 HeBpaxyBaHHS BIUIMBY BCIX MEPEXiTHUX TPOIECIB Y
TIpaBIIYHIA JIaHIN, IO CHPUYHHSE HAKONMWYCHHS HAJIMINKOBUX, HEpealTi30BaHUX
BiOpaliifHOIO 1 BIOPOYJApHOK CHCTEMOIO TEXHOJOT1YHMX pyxiB. JlOCBiI mMoOKa3ye, 110

e(eKTMBHUM € TIOCTAaHOBKAa HOBO1 3a/Ja4l MaTeMaTHYHOT'O MOJCIIOBAHHS TiApaBIIdYHUX
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BiOpaliiHuX Ta BIOpOyIapHUX MAIIMH B POCTOPOBO-HECTAIIOHAPHINA (POpPMI, SIKa BUMAarae
PO3pOOKH HOBUX OUTBII MOBHUX 1 aJIeKBATHUX MaTEMAaTUUYHUX MOJIENCH.

BukopucraHHs ~ ACTEPMIHOBAaHOTO  MIAXOAY /O  MaTeMaTHYHOTO  OMHUCY
TEXHOJIOTIYHUX MPOIIECIB HA OCHOBI TApaBIIYHUX BIOpALIMHUX 1 BIOPOYAAPHUX MAIIHUH €
HEOOXITHUM, aje JajJeKO HEJOCTATHIM 1 CYTTEBO OOMEXYe€ MOXIHUBOCTI MPOEKTYBAaHHS,
TOMY IO HE JO3BOJISIE JOCHUTh TOYHO OMHCYBAaTH 1 BHSIBIATH MHOXXHHY CYTTEBUX
JTMHAMIYHHUX BJIACTUBOCTEH TEXHOJIOTTYHO-00pO0OIIFOBAHOTO cepeioBuIia. Po3B’ss3aHHs 1€l
3a/a4i JIOKUTHh B TUIOIMIMHI MOOYTOBM HOBHUX MAaTEMAaTHYHHX MOJENEH 3 BUKOPHCTAHHSIM
METOJIIB CUCTEMHOT'0 aHalli3y 13 3aCTOCYBAHHSIM IOJIO)KEHb TEOpli HEYITKOi JOTIKH, 10
BUMara€e po3poOKH HOBUX QJITOPUTMIB CHHTE3y BHUPOOHHUYUX OO0 €KTIB B HEUYITKOMY
CepeOBUIIIL.

VY nucepramiiiHii poOOTI BHM3HAYEHO Ta pO3B’A3aHO AKTYaJbHY HAyKOBO-
NMPUKJIAJAHY MPo0JieMy po3poOJIeHHSI €MHOI y3aralbHEeHOT METOM0JIOTiT MaTEeMaTHYHOTO
Ta KOMIT FOTEPHOTO MOJICIIFOBAHHS TMPOoIlieciB (DYHKI[IOHYBaHHS TiIpaBIiuHUX BiOpaIiiiHuX
1 BIOpOoymapHUX MaIllMH 3 ypaxXyBaHHSAM OCOOJIMBOCTEH IIhOTO Kjacy OO0 €KTIB IS
3a0€e3IeueHHs] BUCOKOI €()eKTUBHOCTI MPOEKTYBAHHS BIMOBIIHOTO TUIY TEXHOJOTTYHHX
CUCTEM.

HaykoBa HOBHM3Ha OTPUMAHHMX pe3yJbTATiB MpEJCTaBICHA HAYKOBHMH
MOJIOKEHHSIMU y3arajibHEeHOI MeTOJ0J0rii MaTeMaTUYHOTO MOJICTIOBAHHS IPOIIECIB
GyHKITIOHYBaHHS TiAPABIIYHUX BIOpAIifHUX 1 BIOPOYJApHUX MAIIMH, sIKa CKJIAJA€ThCs 13
BIIEpIIIE PO3POOJICHUX 1 PO3BHHYTHUX METO/IB:

— rpad0-aHaNITUYHOTO BHU3HAYEHHS O00JacTi CTIMKOCTI pPOOOTH TeHepaTopiB
IMITyJIBCIB TUCKY, B IKOMY, Ha BIIMIHY BiJ ICHYIOUHX, 3aCTOCOBY€ETbCS KPUTEPIid CTIMKOCTI
['ypBina st TiHIHHOTO HEOAHOPIAHOTO NU(EPEHINATBHOTO PIBHSHHS TPETHOTO TOPSIKY,
K (GopMH TpencTaBiICHHS MaTeMaTHYHOI MOJEINI pyXy 3amipHOTO eJeMEHTa KiamaHa-
nyJapcaTopa, IO Ja€ 3MOTY BHM3HAUWTH EHEPreTUYHI CIHIBBIAHOIICHHS NPUBOAY IS
BUHUKHEHHS PI3HUX THUIIB KOJIUBAJIHHUX MPOIIECIB;

— CTaTUCTUYHOI JiHeapu3allli, B SKOMY, Ha BIIMIHY BiJl ICHYIOUHX, 3aCTOCOBYIOThCS

KOMIUIEKCHI aMIUNITYyJd Ta IHTerpaj WMoBIpHOCcTeH y Burianl Qgysnkuii Kpammna, o
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J03BOJISIE PO3B’sI3yBaTH JiHINAHI HEOAHOPIAHI AU epeHianbHl PIBHSAHHS APYTroro NOpsSaKy
KOJIMBAIbHUX CHCTEM Yy CTOXaCTUYHHX MAaTeMaTHYHUX MOJENSAX TiapaBIiuyHUX
BIOpOyIapHHX CHCTEM 3a JOTMOMOTOI0 CIEKTPaIbHOI (OPMHU aMILTITYIHO-9aCTOTHUX
XapaKTepUCTUK, A€ (PYHKIIIT CHIIOBOI B3a€MOJII pOOOYMX OpraHiB IMIYJbCHOTO MPUBOJA
MPEACTaBIAIOTh COOOI0 CTAI[lOHAPHUI HOPMAIbHUM BUNIAAKOBUI MPOLIEC;

— YHCEJIBHOTO MOJICNIIOBAHHS TIIPOJMHAMIYHUX MPOIECIB, SIKUM, HA BIAMIHY BIJ
ICHYIOUMX, MPEJCTaBICHUI B 130apaMEeTPUYHO KIHIIEBO-€JIEMEHTHOMY (OpMYJIIOBaHHI Ha
OCHOBI JMICKPETHOTO TPEACTABICHHS PIBHSIHHSI HEPO3PUBHOCTI HEBCTAHOBIEHOTO PYXY
piavHM B HTErpanbHiid ¢opmi I'pina 1 mogudikaiii audepeniiaibHoro piBHaHHS Hap’e—
Crokca HUIAXOM BBEACHHS IITYYHOI CTUCHEHOCTI PiIMHM B audepeHuianbHiid Gopmi
HAJUTUIIIKOBOTO THCKY, IO Ja€ 3MOTY B IJIOMY MIABHUIIMTH TOYHICTH 1IeHTU]IKAIlI]
nporeciB PyHKIIOHYBaHHS T1IpaBIiyYHUX BiOpaIiiHUX Ta BIOpOYJapHUX MAIIIKH.

B ocHOBI 1IuX METO/IIB JI€XaTh BIEpIle pPo3po0sieHl MaTeMaTU4H1 MOJIEINI:

— TiIpaBlivyHUX BiOpamiiHUX Ta BIOpOyJAapHUX MaMIMH Ha 0a3l IMIYJbCHOTO
IPUBO/IA 32 JOTIOMOT'O0 CTAaI[lOHAPHOT HEABTOHOMHOT KOJIUBAJIBHOT CUCTEMU 31 CKIHUCHUM
CTyII€HEM BUIBHOCTI Ha OCHOBI JIHIMHMX HEOJHOPIMIHHX AU(EpPEHIIAIBHUX PIBHSHD
JIPYroro TOPSJIKY, B SKHX, Ha BIIMIHY Bl ICHYIOUHMX, (YHKI[S BUIBHOTO 4YieHa
npeAcCTaBiIeHa y BHIJISAAI JiHeapu3amii GyHKIi 30yIKyr04oi CUIIH SK XapaKTepUCTHKA
BUKOPHUCTOBYBAHOTO THITY TIPUBOAY, a JiHEAPU30BaH1 KOC(IIIIEHTH BUPAKAIOTH SIK TIPYXKHI
1 JUCUIIATUBHI CHWJIOBI 3B’SI3KM €JIEMEHTIB NPHBOAY, TaK 1 PEOJIOTIYHI BIACTUBOCTI
TEXHOJIOT1YHO OOPOOIIOBAHOTO CEPEAOBHINA, 110 AA€ 3MOTY BH3HAYATH O0JIACTI CTIHKOCTI
poOOTH TaHUX THUIIB MaIlIUH;

— BiOpamiiiHuX Ta BIOpOyIapHUX CHUCTEM, SKa, Ha BIAMIHY BiJl ICHYIOUHX,
npeacraBieHa y Qopmi ¢yHKIIT oguHWYHOrO CcTpuOKka XeBicaiima Ta IMITYJIBCHOI
nepexigHoi GyHKIi y BUTIISIAL 3rOpTKU iHTerpany Jlammaca Big 300pakeHHs ormepaTtopa
JTUHAMIYHOI TOAATIIMBOCTI, KA JIO3BOJISAE ITOBHICTIO OMHCATH IPOIEC 3MIHHM BiTHOCHOT
KOODAMHATH TEPEMIIICHHA SK Yy MEpeXiHUX, TaK 1 B YCTAHOBJICHUX PEXKHUMAX PyXy

CHCTCMU.
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{1 matemaTuuHi Mozeni 0a3ylOTbCA Ha BHOEpIIE po3poOJieHINd Kiacu@ikallli THUITIB
KOJMBAJIbHUX CHUCTEM, fKa, Ha BIAMIHY B ICHYIOUMX, (YHKI[IOHAJIBHO TOJaHa B
napaMeTpuyHOMY BUIUISIII  YMOBAaMH  HEOOXIIHOCTI 1 JOCTATHOCTI BUHHUKHEHHS
BIOpaliiHuX Ta BIOPOYAapHHX pPEXKUMIB pPyXy BHKOHABYOTO OpraHy B IO€JIHAaHHI 3
IHTETPATLHOIO XapaKTEPUCTHKOIO (Pa30BOi TUIOMKUHN CUCTEMHU, IO I03BOJISIE CHHTE3yBaTH
Ta 17IeHTU(]IKYyBaTH MATEMAaTHUYH1 MOJIEJI1 3aJIe)KHO Bl TUMY TE€XHOJIOTTUHUX MAIIIHH.

Y nockoHameHO MaTeMaTU4yHI MOJIeNl JMHAMIKHM TPOIECIB Ta CHCTEM TiIpaBIldyHUX
BiOpaliifHUX Ta BIOPOYAApHUX MAIINH, Y (POpMI MPOCTOPOBO-HECTAI[IOHAPHOT MOCTAHOBKHU
3a/ayi, Ha 0a3l CUCTEM HENIHIMHUX NU(epeHIlaIbHUX PIBHAHb B YaCTMHHHUX MOXIJTHUX
Har’e—Crtokca 1 yMOBHU HEpPO3PUBHOCTI JUIsl B’S3KUMX PIIMH Ta IHTETPaJbHUX PIBHSIHB
IUHAMIYHUX ~XapaKTEPUCTUK PYXOMHX €JEMEHTIB TipOiMIyJIbCHOTO TMPHUBOAA B
NO€THAHHI 13 OCHOBHMMH TIOJIO)KEHHSIMH TEOpli MPYKHOCTI 1 IJIACTUYHOCTI Ha 0asi
cuctemMu qudepeHialbHIX piBHAHD 1e(OpMOBaHOTO Tijla, 10, HAa BIAMIHY BiJ] ICHYIOUHUX,
Ja70 3MOTy B IIUIOMY HIABUIMATH TOYHICTh iAeHTH}IKAIIT MaTeMaTHYHUX MOJeei
TIpaBIIYHUX BIOpAIiiHUX Ta BIOPOYIapHUX MAIIIKH.

KitouoBUMHU 0COOIMBOCTSIMU TaKOT METOJIOJIOTIT € BUKOPUCTAHHS BIEPILIE:

— 3aMpoONOHOBAHOTO KPUTEPII0 BH3HAYCHHS THUITY TiPaBIivyHUX BIOpaIliiHUX Ta
BIOpOYJIapHUX CHCTEM 3a iX PEKMMOM PyXy BHUKOHABYOI JIAaHKH, KW, Ha BIAMIHY BiJ
iCHyI0UHX, 0a3yeTbcsi Ha CHHTE31 (YHKIIH 30BHINIHBOI IMIYJIBCHOI 1 TapMOHIMHOI
30yDKYIOUMX CHJI 13 BUKOPUCTAHHAM TIOJIOKEHb TEOpii CTepeoOMEXaHIvHOTO y1apy Ha 0asi
JTHIAHOTO HEOMHOPIMHOTO MU(EpPEHIIaTbHOTO PIBHSHHA JIPYrOTO TOPSAIKY IS
KOHCEpBAaTHBHUX CTAl[IOHAPHUX HEABTOHOMHHUX KOJMBAJBbHUX CHUCTEM, LIO JAa€ 3MOTY
CUHTE3yBaTH Ta ICHTU(IKYBATH MaTeMaTH4HI MOJIETI B 3aJIEKHOCTI1 BiJ] TUITY BU3HAYECHUX
CUCTEM;

— po3po0iIeHOT MaTeMaTUYHOI MOJCTI CHCTeMH OIiHIOBaHHS €()EKTUBHOCTI
(GYHKITIOHYBaHHS ~ TEXHOJOTIYHMX  KOMIUIEKCIB  TimpaBiIiyHMX  BiOpamiiHUX  Ta
BiOpOoyZapHMX MalIuH, sKa, Ha BIAMIHY BiJ ICHYIOUHMX, 0a3ye€TbCcs Ha EKCHEPTHHX

npaBuiiax, (poOpMali3oBaHUX Y BUIJISAI HEUITKUX 0a3 3HaHb, 110 Ja€ 3MOTYy BU3HAYATH
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B3a€MO3B 30K MDK IIapaMeTpaMy CTaHy IMIJCUCTEM TEXHOJIOTTYHOTO KOMIUIEKCY 3
SKICHUMH TTOKa3HUKaMHU 00’ €KTa TEXHOJOTTYHOT 00pOOKH.

Y nepumioMy po3aiji nMpoBeeHO aHai3 0COOJIMBOCTEHN TiapaBiIiyHUX BiOpaliitHuX
Ta BIOPOYyAapHUX TEXHOJOTIYHUX MAIIMH, IK 00’ €KTiB MojentoBaHHs. [IpoBeneHo anami3
BIJIOMHUX METOJ[IB MAaTEeMAaTUYHOTO MOJIEIIOBAHHSI TEXHOJOT1YHHUX MPOIECIB OYyiBEIbHOT
rany3i. HaBegeHno BioMi MeTOIM 1 MIAXOAM MaTeMaTHYHOTO MOJEITIOBaHHS, MOB’sS3aHi 3
TEXHOJOTIYHUM MPOLECcOM, IAeHTH(IKAIlT MpoueciB (PYHKI[IOHYBAHHS JOCIIIKYBaHHUX
00’exTiB. BcTaHoBneHO, 1m0 TpU MaTeMaTUYHOMY MOJIENIOBAaHHI TIAPaBITYHHUX
BIOpaliifHUX Ta BIOPOYAApHUX MAIIMH BUKOHYETHCA MEpeXiJl A0 MITYYHOI JUHAMIYHOT
MOJENl 13 TPUBEICHUMHU Koe(DillileHTaMHu Jig KOJMUBAJIBHOI CUCTEMHU, IO HE 3aBXKIU
BINOBIAA€ peanbHOMY (I3MYHOMY Tporiecy. Takuil MiAXiJ BHUMarae y3araJlbHEHHS
HAyYKOBUX 1 METOJOJIOTIYHUX OCHOB a TaKOXX, CTBOPEHHS Ha 0a3i MPUHIIUITIB CUCTEMHOTO
aHajizy Teopii 1 TPAKTUKH MATEeMAaTUYHOTO MOJICJIIOBaHHS pOOOYMX IIPOIIECIB
TiIpaBIIYHUX BIOpAIiiHUX Ta BIOPOYIapHUX CUCTEM.

Y apyromy po3aiii Ha OCHOBI aHaji3y B3a€MO3B’SI3Ky MHOXMH KOHCTPYKTUBHHUX
napaMeTpiB TipaBliyHUX BiOpamifiHUX Ta BIOpPOyAApHUX MAIIUH OOIPYHTOBAHO
CUCTEMHHMM MiAXiJ 10 MOOYTOBM MaTeMaTHYHUX MOJEICH TWHAMIYHHX TPOIECiB Ta
cucteM. BcTaHOBIIEHO 3aKOHOMIpPHOCTI imeHTHIKAIi BiOpaliiHUX Ta BiOpOymapHHX
PEXKUMIB POOOTH TiIPABIIUYHUX TEXHOJOTIYHUX MAIMH. 3alpOINOHOBAHO Kiacu(iKallio
JOCIIJDKYBAaHUX MAaIIMH 32 (YHKI[IOHAJIBHO BHUPAXEHUMH B IMapaMETPUYHOMY BHUTIISIL
peXHUMaMu pyXy BUKOHABUOTO oprany. Po3po0ieHo y3araapHEeHYy METOIONOTI0 MO0y 10BU
MaTeMaTUYHUX MOJENeH TIApaBIIYHUX BIOpamiiHUX Ta BIOPOYAAPHUX TEXHOJOTIYHUX
MaimuH. BUCYHYTI TIITOTE3W CTOCOBHO BH3HAYSHHS 00JacTi CTIHKOCTI poOOTH reHepaTopa
IMITYJIBCIB THICKY 13 3aCTOCYBaHHSIM KpUTepito cTiiikocti ['ypBira.

Y TperbomMy po3aiii OOTpYHTOBAaHO BUKOPHUCTAHHS MPOCTOPOBO-HECTAI[IOHAPHOT
MMOCTAHOBKHU 3aja4l JUIsl YAOCKOHAJIEHHS MAaTEMaTHYHOI MOJENi JWHAMIKKA TPOIECIB Ta
CHUCTEM TiApaBIIYHUX BIOpamiiHUX Ta BIOPOYZApHUX TEXHOJOTIYHUX MAIIUH 13
BUKOPHUCTAHHSAM OCHOBHHUX TIOJIOKEHb TIAPOJAMHAMIKM, B TIOEJHAHHI 13 OCHOBHUMH
MOJIOKEHHSIMU TEOPli MPYKHOCTI 1 MJIACTUYHOCTI TBEPJIOrO TUIA Ta MEXaHOPEOJOT1YHOI

dbeHomeHoor1i.  YIOCKOHAJAEHO MaTreMaTH4YHI MOJeNll TEXHOJIOTITYHMX TMPOIIECIB:



BIOpOTpaHCIIOPTYBaHHS, MOBEPXHEBOIO YUIUIBHEHHS, PYWHYBaHHSA TIPCbKOI MOPOAH 1
3aHypeHHs mnanb. Ha ocHOBI igeHTU(IKaLli MaTeMaTUYHUX MOAENEeH 1HEepLiitHOI
BIOpOTPaMOOBKM 3alpONOHOBAHO MiAX1A A0 OIHKK €(EeKTUBHOCTI (YHKIIOHYBaHHS
TEXHOJOTTYHUX KOMIUIEKCIB 13 BUKOPUCTAHHAM METOJIB CUCTEMHOTO aHalli3y 1 MOJIOKEHb
TEOpii HEYITKOI JIOTI1KH.

Y 4derBepTOMY PO3aiiai po3p06sieHO ePEKTUBHY YUCEIBHY METOAUKY JJISI PO3B’SI3KY
0araToBUMIpHOI CUCTEMH PIBHSHb Hepo3puBHOCTI 1 Hap’e-Ctokca npu mOMIpHHX YHCIIax
Pefinonbzca, sika 3MaTHA JOCUTH TOYHO OMUCATH JIOKAJIbHI BIACTHBOCTI Tediid. Pi3HuIIeBa
cXeMa IbOTO METOJY JI03BOJIIE PO3PAaXOBYBATH IOJIE TeUil 0€3 BUKOPHCTAHHS 3HAYCHD
BUXOPY 1 TUCKY Ha TBepAii moBepxHi. OOIpPyHTOBaHO MAaTEMaTUYHHIA METOJI YHCEIbHOTO
pPO3B’sI3yBaHHsS PIBHSIHb TIAPOJUMHAMIKH JJii TYpOYJIEHTHOTO pexXUMYy pyXy pobOodoi
PIAMHM.

Y m’aTromy po3aiii TPOBEACHO KOMIUIEKCHI EKCIepUMEHTAILHO-TCOPETHYHI
JOCIIJDKEHHST POOOYUX TIPOIECiB 1HEPIIHHOI BIOpOTPaMOOBKH Il TOBEPXHEBOIO
VIIUTBHEHHS TPYHTIB, SIKI JIO3BOJIMJIA PO3POOUTH METOJIUKY EKCIEPUMEHTAIbHOTO
JOCJIJDKEHHSI POOOYHMX MPOLIECIB B T1APOIMITYJILCHOMY IMPHUBO/II, a TAKOXX TEXHOJOTTUHUX
XapaKTEPUCTUK OOPOOIOBAHOTO CEPEJIOBUINA, IO JO3BOJWIO BUKOHATH MOPIBHSIBHUM
aHamiz 13  pe3yiabTaTaMU  4YHCEIbHOrO  MojentoBaHHsS.  CTaTUCTUYHUN  aHaNI3
EKCIIEPUMEHTATBHUX JAHUX JI03BOJIMB BU3HAYMTH ONTUMAJIbHI TEXHOJOTIYHI MapaMeTpu
PEXKUMY pOOOTH TIPUCTPOIO 1T OTPUMAHHS BHCOKHX MOKA3HHUKIB CEPEIHBOI MUIBHOCTI Ta
BITHOCHOTO KOE(IIi€HTa YIILTbHEHHS 00pO0IIOBAHOTO TPYHTOBOTO MaTepiaiy.

Y mocTomy po3aiji po3poOiIeHO METOIUKY MOJICITIOBAHHS Ta il 3aCTOCYBaHHS 0
PO3B’sI3aHHS NMPUKIAAHUX 3a4a4. Po3po0ieHO METOANKY KOMIT IOTEPHOTO MOJEIIOBaHHS
JUHAMIYHUX TPOIIECIB Ta CUCTEM TiAPaBIIYHUX BIOpAIIMHUX Ta BIOpOyIapHUX MaIluH, Ha
OCHOB1 1HTETPOBAHO-PO3PAXYHKOBOTO MPOTPAMHOTO CEPEIOBHUINA 13 BUKOPHCTAHHIM
TEXHOJIOTIi «KITI€HT-CepBic». Po3pobiieHO pexomeHparlii mis MPOEKTHUX PO3PaxyHKiB
TOJIOBHUX TapaMeTpiB reHepaTopa IMIYyJIbCIB THCKY. BukOHaHO aHami3 ageKBaTHOCTI Ta
e(heKTUBHOCT1 pO3POOJIICHUX MAaTEMATUYHUX MOJIEIEH.

I[IpakTHYHe 3HAYeHHS OTPUMAHHUX Pe3YJbTATiB. 3aMpPONOHOBAHO Yy3arajibHEH1

METOJUKH Ta 3aco0M KOMIT'IOTEPHOIO MOJICNIIOBaHHS MpoleciB  (PYHKIIOHYBaHHS
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riipaBaiyHUX BIOpallMHMUX 1 BIOpOyAapHUX MAIIWH, SIKi 0a3yIOTbCS HA OCHOBI CUCTEMU
NIATPUMKU TNPUNAHATTA pIIEHb, $SKAa ABTOMATU3Yy€ HaWOUIbII TPYIOMICTKI omeparii
IHTEJNIEKTYaJIbHOI JAISUIBHOCTI TpPH BHU3HAYEHI OLIHKKA €(EeKTHUBHOCTI (DYHKI[IOHYBaHHS
TEXHOJIOTIYHUX KOMIUIEKCIB Ha 0a3l rigpaBiiuHUX BiOpauiiHUX 1 BIOpOYyJapHUX MAIlIMH.
OcoOnuBICTIO CUCTEMH € Te€, II0 BOHA JO3BOJIAE MPOBOJMTH PAHKYBAaHHSA CTaHIB
TEXHOJIOT1YHOT CHUCTEMH, 3AIMCHIOBATH aHAi3 YYTJIMBOCTI MPUUHATOTO PIIICHHS [0
Bapiallli MOYaTKOBUX JaHUX Ta MPOBOJAUTH 30ip, 0OpoOKy i 30epiraHHs J1arHOCTUYHOT
iH(pOopMaIlii; IHTETPOBaHO-PO3PAXyHKOBOTO MPOTPAMHOTO CEPEOBHINA i3 BUKOPUCTAHHSIM
OKpEMHUX MPOrpaMHUX KOMIUICKCIB i3 3aCTOCYBaHHSIM TEXHOJIOTIl «KIIEHT-CepBEpPY», SKi
pealizyloTh BiAMOBIAHUI YHCEITHHO-PO3PAXYHKOBUH METOJl PO3B’SI3aHHS MaTEMaTHYHUX
MOJIJIeH 13 BUKOPUCTAaHHAM METO(IB IMITAI[IHHOTO MOJIe/IIOBaHHs. Po3p00iieHO METOHNKY
€KCTIEPUMEHTAIBLHOTO JOCHIIPKEHHSI pOO0YHMX MPOIIECIB B TAPOIMIYJIHCHOMY MPHUBOII, a
TaKOXX TEXHOJOTIYHMX XapaKTePUCTHK OOpOOITIOBAHOTO CEpPeOBHINA, SKAa JO3BOJISE
BUKOHYBAaTH TOPIBHSUIBHUM aHaji3 13 pe3yibTaTaMU YHUCEIBLHOTO MOJIEIIOBAHHS, MI00
OTpUMATH OUIBII TOYHY KapTHHY POOOTH TiApaBIIdYHUX BiOpamiitHux 1 BiOpOyTapHHUX
TEXHOJIOTIYHUX MAIIUH 1 BU3HAYATH aJIEKBATHICTh PO3POOJIECHUX MAaTEMAaTUYHUX MOJIEIEH.
Ha ocHOBI pe3ynpTaTiB MaTeMaTHYHOTO MOJCIIOBAHHS PO3POOJIECHO METOJIHUKY
IIPOEKTHOTO PO3PAXyHKY IMITYJILCHOTO IPUBOAY BIOpaIliiHUX Ta BIOPOYAApHUX MAIIWH, 3a
JIOTIOMOTOI0 SIKOi OyB CIPOEKTOBAHUN 1 BUTOTOBJICHHUM JOCHITHUN 3pa30K TeHepaTtopa
IMITYJIbCIB THCKY.

Knrouosi crnosa: Bibpaiiii, ynapHe HaBaHTa)KCHHSI, CHHTE3, T1IPOIMITYJILCHUHN TIPUBII,
MaTeMaTHYHa MOJCNb, iAeHTU(IKAIsI, HEYITKI MHOXHWHHU, IudepeHIiaabHi piBHSHHS,

piBHsHHS HaB’e-CTokca, GyHKIIISI HAIEKHOCTI.

ABSTRACT

Yaroslav Ivanchuk. Methods and Tools for Mathematical Modeling of Hydraulic
Vibrating and Vibro-Impact Machines. — Qualified scientific work on the right of the

manuscript.
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The dissertation is devoted to the development and research of an effective
generalized methodology for identifying the functioning processes of hydraulic vibrating
and vibro-impact machines.

The use of hydraulic vibrating and vibration-shock equipment in various industries
can significantly intensify the flow of a number of technological processes. This ensures
the optimum load parameters and allows to obtain the result of technological processing
with high quality parameters. Uneven consumption and a sharp change in power by these
machines, a high frequency of operation and unidentified processes of work cycles with
many operating parameters indicates the fundamental complexity of the mathematical
description of the physical processes of dynamic objects. For their effective research, it is
advisable to use the methods and means of mathematical and computer modeling.

The physical parameters of the energy carrier (working fluid) have a great influence
on the dynamics of the hydraulic vibrating and vibro-shock machines. This leads to the
development of mathematical models based on an artificial dynamic model with reduced
coefficients for an oscillatory system. This model is mainly effective for low-dimensional
systems, and describes the properties of objects in a narrow range of changes in operating
parameters. This leads to neglect of the influence of all transients in the hydraulic link.
This leads to the accumulation of excess, unrealized vibrational and vibration-shock
system of technological movements. Experience shows that the formulation of the new
problem of mathematical modeling of hydraulic vibrating and vibro-shock machines in a
spatially unsteady form is effective. This requires the development of new, more complete
and adequate mathematical models.

Using a deterministic approach to the mathematical description of technological
processes based on hydraulic vibrating and vibro-shock machines is necessary, but far
from sufficient. This significantly limits the possibilities of design, as it allows you to
accurately describe and identify many of the significant dynamic properties of a

technologically processed environment. The solution to this problem lies in the plane of
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constructing new mathematical models using methods of system analysis using the
provisions of the theory of fuzzy logic. This leads to the development of new algorithms
for the synthesis of production facilities in a fuzzy environment.

In the dissertation, the actual scientific and applied problem of developing a
unified methodology of mathematical and computer modeling of the functioning processes
of hydraulic vibrating and vibro-impact machines taking into account the features of this
class of objects to ensure high design efficiency of the corresponding type of technological
systems is defined and solved.

The scientific novelty of the study is represented by the scientific provisions of
the generalized methodology of mathematical modeling of the functioning processes of
hydraulic vibrating and vibro-impact machines. It consists of first developed and
developed methods:

— graph-analytical determination of the stability region of the pressure pulse
generator. In it, unlike the existing ones, the Hurwitz stability criterion is used for a linear
inhomogeneous differential equation of the third order, as a form of representation of a
mathematical model of the movement of the locking element of the pulsating valve. This
allows you to determine the energy ratio of the drive for the emergence of various types of
oscillatory processes;

— statistical linearization, in which, unlike the existing ones, complex amplitudes
and the probability integral are used in the form of the Crump function. This makes it
possible to solve linear inhomogeneous differential equations of the second order of
oscillatory systems in stochastic mathematical models of hydraulic vibro-shock machines
of systems using the spectral shape of the amplitude-frequency characteristics. In them, the
functions of the force interaction of the working bodies of a pulse drive are a stationary
normal random process;

— numerical simulation of hydrodynamic processes. Unlike the existing ones, it is
presented in an isoparametric finite element formulation based on a discrete representation
of the continuity equation for the unsteady motion of a weakly compressed fluid in Green's

integral form. It is also presented in a modification of the Navier-Stokes differential
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equation by introducing artificial compressibility of the liquid in the differential form of
overpressure, which allows to generally improve the accuracy of identification of the
functioning of hydraulic vibrating and vibro-shock machines.

These methods are based on the first developed one-dimensional mathematical
models:

— hydraulic vibrating and vibro-shock machines based on a pulse drive using a
stationary non-autonomous oscillatory system with a finite degree of freedom. It is formed
on the basis of linear inhomogeneous differential equations of the second order, in which,
unlike the existing, the function of the free term is represented as a linearization of the
function of the exciting force. It acts as a characteristic of the type of drive used, and
linearized coefficients express the elastic and dissipative force connections of the drive
elements and the rheological properties of the process medium. This allows you to
determine the stability areas of these types of machines;

— vibration and vibration shock systems. It, unlike the existing ones, is presented in
the form of the Heaviside unit jJump function and the impulse transition function in the
form of a convolution of the Laplace integral from the image of the dynamic compliance
operator. It allows you to fully describe the process of changing the relative coordinates of
movement in transitional and in established modes of movement of the system.

These one-dimensional mathematical models are based on the first developed
classification of types of oscillatory systems. It, unlike the existing ones, is functionally
expressed in a parametric form by the conditions of necessity and sufficiency of the
occurrence of vibrational and vibrational shock modes of movement of the executive
body. In combination with the integral characteristic and the type of the phase plane of the
system, this allows you to synthesize and identify mathematical models depending on the
type of technological machines.

One-dimensional mathematical models of the dynamics of processes and systems of
hydraulic vibrating and vibro-impact machines in the form of a spatially unsteady problem
statement have been improved. Also improved on the basis of: systems of non-linear

partial differential equations of Navier-Stokes and continuity conditions for weakly



12

compressed viscous liquids, and integral equations of dynamic characteristics of moving
elements of a hydro-pulse drive. They are combined with the basic principles of the theory
of elasticity and plasticity based on a system of differential equations of a deformed body.
Unlike the existing ones, this made it possible to generally increase the accuracy of
identification of mathematical models of hydraulic vibrating and vibro-impact machines.

A key feature of this methodology is the use for the first time:

— the proposed criterion for determining the type of hydraulic vibrating and
vibration-shock systems with their mode of movement of the executive link. Unlike the
existing ones, it is based on the synthesis of the functions of an external pulsed and
harmonious exciting forces. He uses the theory of stereomechanical shock based on a
linear non-uniform second-order differential equation for conservative stationary non-
autonomous oscillatory systems. This allows you to synthesize and identify mathematical
models depending on the type identified with the system;

— the developed mathematical model of a system for evaluating the effectiveness of
the operation of technological complexes of hydraulic vibrating and vibro-impact
machines. Unlike existing ones, it is based on formalized in the form of fuzzy knowledge
bases, expert rules. This allows you to determine the relationship between the state
parameters of the subsystems of the complex with quality indicators of the object of
technological processing.

The first chapter. The first chapter analyzes the characteristics of hydraulic
vibrating and vibration-shock technological machines as objects of modeling. The analysis
of the known methods of mathematical modeling of technological processes in the
construction industry is carried out. The well-known methods and approaches of
mathematical modeling related to the technological process, the identification of the
functioning processes of the studied objects are given. It is established that in the
mathematical modeling of hydraulic vibrating and vibro-shock machines, a transition to an
artificial dynamic model with reduced coefficients for the oscillatory system is performed.
But this does not always correspond to a real physical process. This approach requires a

generalization of scientific and methodological foundations, as well as the creation, on the
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basis of the principles of system analysis, theory and practice of mathematical modeling of
the working processes of hydraulic vibration and shock systems.

In the second chapter, based on an analysis of the relationship between the sets of
design parameters of hydraulic vibrating and vibro-shock machines, a systematic approach
to constructing mathematical models of dynamic processes and systems is substantiated.
The patterns of identification of vibrational and vibration-shock modes of operation of
hydraulic technological machines are established. The proposed classification of the
studied machines according to the functionally expressed in the parametric form of the
movement modes of the executive body. A generalized methodology for the construction
of mathematical models of hydraulic vibrating and vibration-shock technological
machines has been developed. Hypotheses are put forward regarding the determination of
the stability region of the pressure pulse generator using the Hurwitz stability criterion.

The third chapter substantiates the use of a spatially non-stationary formulation of
the problem to improve the mathematical model of the dynamics of processes and systems
of hydraulic vibrating and vibration-shock technological machines. The basic principles of
hydrodynamics are used, in combination with the basic principles of the theory of
elasticity and plasticity of a solid body and mechanorheological phenomenology.
Improved mathematical models of technological processes: vibrotransportation, surface
compaction of soil, destruction of rock and piling. Based on the identification of
mathematical models of inertial vibratory rammers, an approach to assessing the
effectiveness of the operation of technological complexes using the methods of system
analysis and the provisions of the theory of fuzzy logic is proposed.

In the fourth chapter, an effective numerical technique is developed for solving
the multidimensional system of continuity and Navier-Stokes equations at moderate
Reynolds numbers. It is capable of accurately describing the local properties of flows. The
difference scheme of this method allows calculating the flow field without using the
values of the vortex and pressure on a solid surface. A mathematical method is justified for
numerically solving the equations of hydrodynamics for a turbulent regime of movement

of a working fluid.
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In the fifth chapter, comprehensive experimental and theoretical studies of the
inertial vibratory rammer working processes for surface compaction of soils are carried
out. This allowed us to develop a methodology for the experimental study of working
processes in a hydraulic drive, as well as the technological characteristics of the medium
being treated. This allowed us to perform a comparative analysis with the results of
numerical modeling. Statistical analysis of experimental data made it possible to determine
the optimal technological parameters of the device operating mode to obtain high average
density and relative compaction coefficient of the processed soil material.

The sixth chapter is devoted to the development of a modeling technique and its
application to solving applied problems. A technique for computer modeling of dynamic
processes and systems of hydraulic vibrating and vibro-impact machines has been
developed. It is based on the use of an integrated settlement software environment using
the “client-service” technology. Recommendations are developed for design calculations
of the main parameters of the pressure pulse generator. The analysis of the adequacy and
efficiency of the developed mathematical models.

Practical value of the obtained results. The proposed generalized methods and
means of computer simulation of the functioning of hydraulic vibrating and vibro-impact
machines. They are based on a decision support system. This system automates the most
labor-intensive operations of intellectual activity when determining the effectiveness of the
operation of technological complexes based on hydraulic vibrating and vibro-impact
machines. Feature of the system: it allows ranking the states of the technological system;
carry out sensitivity analysis of the decision made in the variation of the source data and
collect, process and store diagnostic information; Also based on an integrated computing
environment. It uses separate software systems using the client-service technology. These
complexes implement the corresponding numerical calculation method for solving
mathematical models using simulation methods. The technique of experimental research
of working processes in the hydraulic drive, as well as the technological characteristics of
the processing medium, is developed. It allows you to perform a comparative analysis with
the results of numerical simulations in order to get a more accurate picture of the operation

of hydraulic vibrating and vibration-shock technological machines. It also allows you to
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determine the adequacy of the developed mathematical models. Based on the results of
mathematical modeling, a design methodology for calculating the pulse drive of vibrating
and vibro-impact machines has been developed. Using it, a prototype pressure pulse
generator was designed and manufactured.

Key words: vibrations, shock load, synthesis, hydro-pulse drive, mathematical
model, identification, fuzzy sets, differential equations, Navier-Stokes equations,

membership function.
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BCTYII

AkTyajbHicTh TeMu. Bukopuctanns ['B 1 'BY o6nagHanHa y pI3HHX Taly3sx
MIPOMHUCIIOBOCT] JI03BOJISIE 3HAYHO IHTEHCU(IKYBATH MPOTIKAHHA PALY TEXHOJOTTUHHUX
nporeciB [1]-[4], 3a0e3meynT ONTUMAJIBHICTh MMapaMEeTPiB HaBAHTAKEHHS 1 OJCpIKaTH
pe3yabTaT TEXHOJOTTYHOI OOpOOKHM 3 BHUCOKMMH siKicHUMU Tapamerpamu [1], [5]. Bug
pyxy 1 Taki poboui xapakrepuctuku III, sk yacroTa, aMIuIiTyJa KOJMBaHHS 1 poOoue
3yCWJIJIS Ha BUKOHABYIH JIaHIl B MO€AHAHHI 13 MPOCTOTOIO, HAAINHICTIO B €KCIUTyaTalii i
HEBHUCOKOI)  METAJOMICTKICTIO, BHU3Hauae €(QEeKTUBHICTh BUKOPHUCTAHHS  JIAHUX
BiOpariinux 1 BY MaiuH 115 pi3HUX TEeXHOJIOTTYHUX MTPOIIECIB.

Opnieto 13 poGsem rnpu npoektyBanHi II1 € cyTTeBa HEPIBHOMIPHICTH CIIOKUBAHHS
MOTYXHOCTI 4epe3 SIBHO BHpaxeHy immysibcHy poboty I'B ta I'BY mamun [6]—[8].
301LIBIIICHHS. MUTTEBOI IMOTY>KHOCTI Y BHU3HAYCHHX YMOBAax J03BOJISE 3MCHIIUTH Macy
MalTuHU, 30UTBIIUTH 11 MBUAKOIIO 1 TPOIYKTUBHICTh. Pi3ka 3MiHa MOTY>KHOCTI 1 BUCOKA
gacToTa, MNpu ki poboumit nwukn ['B ta I'BY wMamwmuH ckiamaerbess 13 cymu
HEBCTAHOBJIEHUX TMPOIECIB 13 MHOXHHOI  poOOYMX MapaMeTpiB, YCKIAIHIOE
IPOEKTYBAHHS 1 TOCTIPKCHHS JaHUX MaIliH. AHATI3YI0Yl HEOHO3HAYHICTh JUHAMIYHHUX
BiacTuBocTer enemeHTiB 1, HEOOX1MHO T0aTKOBO BPaXxOBYBaTH PEOJIOTIYHI BIACTUBOCTI
obpobOmoBanoro cepemoBuina [9]-[11], mo CBIAYNTH MPO NPUHIUIIOBY CKIATHICTH
MaTEMaTUYHOTO onucy (izuyHux mpoueciB. Takum unHoM, cydacHi I'B ta 'BY mammmnau
Ha 0a3i II1 BimHOCATH 10 CKIIAIHUX THHAMIYHUX 00’ €KTIB, I €()eKTUBHOIO JTOCIIKESHHS
SKUX, TOIUIBHUM € BUKOPHUCTAHHS METOJIB 1 3aC00IB MAaTEMAaTHYHOT'O 1 KOMIT FOTEPHOTO
MOJICITIOBaHHS.

3aBAsSKM pO3pOOKaM TEXHOJOTIH Ha OCHOBI TiIpaBIIYHMX 1 MHEBMATHIHUX
BiOpamiiftaux 1 BY crucrem ocHOBOIMONOKHUKAMH SKUX € Taki BueHi sk: O. [[. Amimos [1],
C. A. bacos [12], K. B. ®ponor [13], A. I. Mocksitia [14], K. H. IIImaprynos [15],
II. A. boaroxwun [16], b. I'. Tompamretin [17], C. O. Hobporypcekmii [18], F. K. Arndt
[19], R. L. Bullock [20], C. Fairhurst [21], I. E. Sears [11], B. Lundberg [22], J. Meier
[23], cTtano MoxnauBuM po3podbka y BHTY opuriHanbHUX KOHCTPYKIIIN BIOpaliiHUX Ta

BY mamun na 6a3i I'II1. OcHOBHMII BHECOK Y PO3BUTOK TEOPETUYHUX OCHOB PO3PAXYHKY
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Ta pO3pOOKHU TEXHOJIOTIYHUX MpoleciB 1 oomanHanHs Ha ocHOB1 ['1I1 3po0unu Taxi Bimomi
BueHi Ykpainu, sik . b. MatBeeB [24], P. JI. IckoBuu-JloTomwpkuit [25], P. P. OGeptiox
[26], B. A. ITimenin [6], 1. B. Ko [27], M. M. Bipnauk [28], I. B. CeBocTbsiHOB [29] Ta 1H.

VY naHuii yac OCHOBHUM amapaToM MaTeMaTHYHOIO MOJENIOBAaHHS BIOpaLiiHHUX 1
BY nporeciB € TOUH1 METOAM HENIHINHOI MEXaHIKH, SIKI [PYHTYIOThCSI HA PUIIACOBYBAHHI
po3B’si3kiB [30], [31], Akl ONUCYIOTh CYMIXHI IHT€pPBaJIM PyXiB BUKOHABUOro oprany. L1
METOJIM JO3BOJIMJIM JICTAJbHO BHBYHMTH CKJIAQJIHY JWHAMIYHY KapTUHY PYXiB psay
BiOpamiitnux Ta BY Mmammua 1 BusBUTHM OaraTo XapakTepHUX iM (pyHIaMEHTaTbHUX
BiacTuBOCcTe. OTpUMaH1 B IbOMY HANPSIMKY PE3YJIbTaTH 3HAUYHOIO MIPOIO BiOOpaxeH1 y
HaykoBux mparsgx H. H. boromo6osa [32], FKO. A. Mirponoascbkoro [33],
B. 1. ba6iuskoro [34], B. JI. binepmana [35], 1. I. baexmana [36], A. A. KoGpuHcbkoro
[37], B. JI. Paryneckene [38], K. Magnus [39], G. Van Shothorst [40], J. D. Loeb [41], S.
F. Masri [42], D. M. Egle [43], D. L. Sikarskie [44] Ta in. IIpoTe BUKOpHUCTaHHS JaHUX
METOMIB I TOOYIOBU MaTeMaTUYHUX Mojeiel mupokoro crnektpy I'B ta 'BY cuctem
Ha 0a3i II1 € TpymoMicTkuM 1 0OMEXY€EThCs 00JAcTIO 1X 3aCTOCYBaHHS OCOOJIMBO TPHU
30UTBIICHH] PO3MIPHOCTI CHUCTEM, a TAaKOX IPH HEOOXITHOCTI BpaxyBaHHS JOJATKOBUX
HETIHIMHUX (aKTOpIB 1 YCKJIQJAHEHHI XapakTepy 30ypeHb Bim 1ii HemepiogudHux i
BUTIAJIKOBUX CHIL

3araJbHONPUUHIATUM  MIJIXOJAOM JIO MojemoBaHHs BY cucrem € miaxin
ACHMIITOTHYHOTO MPEACTABICHHS PO3B’sA3KIB 3a CTeIeHsIMH Majoro mapamerpy [33], [45]
MIPY aHaTi31 OCHOBHUX TAPMOHIYHHUX CKJIaJIOBUX KOJMBaHb. BiH 0a3yeThcs HA BUAUICHHI 13
iXHBOTO 3arajJbHOTO MaTEMAaTUYHOTO OMHKCY OLIBII MPOCTUX CIIBBIIHOIIEHB MPHU MEPEXOA1
70 CIIEKTpaJbHUX MPENICTaBICHb [46] 1 imei ekBiBaJieHTHOI JiHeapm3alii [47], ane He
JTO3BOJISIE 3HAUTH TIPUUHATHY MaTeMaTUYHY MOJENb JJis BiOpaniitnux cuctem. Lle Beae mo
HEOOX1THOCTI pO3pOOKH HOBUX METOAIB 1 MiAXOIB MOOYIOBH €TAIOHHUX MAaTeMaTHIHUX
moxenerd ['B ta 'BY cucrem st mmpokoro criekrpa BiOpariiaux 1 BY texHomoridamx
MaII1H.

Benukuii BB Ha 30UTBLIEHHS IIBUAKOAll, €HEPrOHACUYEHOCTI 1 KOMIAKTHOCTI
'l pna BiOpamiiinux ta BY MamumH matoTe Qi3udH1 mapameTpu eHeproHocis (pobouda

piauHa) 1 koHcTpykTuBHI mapametpu ['IT [48], sikuii 3a0e3neuye KepyBaHHSIM POOOTHU
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TakuX MamuH. Lle nmpu3BoauTh 10 po3pOOKH MAaTeMaTHMYHUX Mojened y (opmi cucteM
audepeHIiaIbHUX PIBHAHb PYXy KOHCTpYKTHBHUX enemeHTiB III, Ha 0a3l mry4yHOi
JUHAMIYHOI MOJEeNl 13 TPUBEICHUMH Koe(DillleHTaMU JJIsi KOJUBAJIbHOI CHCTEMH.
[IpuBeneHi Koe(dilieHTH ONUCYIOTh MPYKHO-B SI3KICHI XapaKTEPUCTUKHU TiIpaBIIYHOL
JaHKU Ha 0a3l MatematuyHoi Mojeni KenbBina-doxra [49] 3 monanbiioro JiHEeapu3aIlieio
AMHAMIYHUX BIACTUBOCTEH, a caMe: MPUITYIIICHHSI CTAJIOCTi 3B€JIEHOT0 MOAYIIS PY>KHOCTI,
IYCTUHM 1 JAMHAMIYHOI B’SI3KOCTI poOOYOoi piAMHU, a Le BeAe Oe3MocepeHbo 0
HeBpaxyBaHHs XBUIbOBUX mpolueciB [50] y camomy I'IIl. ¥V cBoro yepry HasiBHa cuctema
nudepeHIliaIbHUX PIBHSHD 13 PO3MOAUICHUMHU KOEPIIEHTAMU JIONOBHIOETHCS CUCTEMOIO
nudepeHIianbHUX piBHSAHDb BUTpaT [51] y ¢dopmi YaCTUHHUX IHTErpaJbHUX PO3B’SI3KIB
nudepeHIianbHUX piBHSAHL Hepo3puBHOCTI 1 Hap’e—Crtokca nnst igeanbHOi poOoYOi
piaunu [52].

[lpakTridHa peamizamis TaKOro TiAXOMYy MOXKIMBA JIAIIE JUISI MaTeMaTHYHUX
MOJeJIell B OCHOBHOMY HEBHMCOKOI PO3MIPHOCTI, 1 OMNHCYE BIACTUBOCTI OO’€KTIB Yy
BY3bKOMY [lialma30HI 3MIHM TaKWX poOOUYMX IMMapaMeTpiB, SK aMmIUITyJa 1 YacToTa
konuBaHHs enemeHTiB IIl. A e npuzBoAUTH 10 OOMEXEHHs 00J1acTi BUKOPUCTAHHS
pE3yNbTaTIB MaTeMAaTUYHOTO MOJENIOBAaHHS, B SKUX HE BpaxOBaHW BIUIUB YCIX
NepeXiIHUX TMPOIECIB Yy TiapaBmiuHiki JsaHmi [53], mo Beae A0 HAKOIMMYCHHS
HAJUTUIIIKOBUX, HEpeaTi30BaHUX BiOpalliiHow 1 BY cuctemaMu TeXHOJIOTIYHUX PYyXiB [54].

JlocBin Tmoka3ye, IO JJIA TOJOJAaHHS 3a3HAYCHUX TPYAHOIIIB HEOOXiTHA
MOCTAaHOBKAa HOBOI 3a7adi MarematudHoro MozemoBanHs ['B ta 'BY mamun B
MIPOCTOPOBO-HECTAI[IOHAPHIN (PopMi, sika BUMarae po3poOJICHHS HOBHX OULTBII MOBHHX 1
aJIcKBaTHUX MaTEMaTHYHHX MOJIeJel, sKI 3acCHOBaHI Ha CHCTeMi JIH(EpeHIlIaTbHUX
pPIBHAHb B YACTHHHUX TOXIAHUX 13 KoedilieHTaMu y (opMi IHTErpambHUX (QYHKIIN
He3aJIeKHUX 3MIHHUX [55]. He3Baxkaroum Ha Te, 1m0 1el MiAXiJ BUMAarae po3poOKd HOBHUX
iTepaliiHuX 1 BapialliiHMX YHUCEIBHUX METOJMIB, TAKWUH IMJIXIJ JO3BOJUTH: BHU3HAYATH
3HAYEHHS TUCKY 1 BEKTOpa IBHUAKOCTI poO0Y0i PIAMHN Y BEKTOPHOMY MPOCTOPI CUCTEMHU
IT1, ananizyBatu HampyxeHO-Ae(HOPMOBAaHHMI CTaH BUKOHABUYMX OpraHiB BIOpaIliiHUX Ta
BY mamun. binbiie toro, cam npuHiun audepeHuiaibHoi 0araTo3HauHOCT1 J03BOJISIE

OyayBaTh MaTeMaTUYHY MOJEIb TEXHOJOTTYHO-OOPOOIIOBAaHOTO CEpeloBHINA 32
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J0MOMOTo0  (peHOMeHooryHuX Moaeneit [11], [56], mo y cBow uepry AO03BOJIMTH 3
OUTBIIOK TOYHICTIO BU3HAYATU: aMIUINTYIM 1 4acTOTy KoiuBaHb eneMeHTiB III, ymoBu
BUHUKHEHHS KaBiTaiiiuux siBuin [50], [51], cuiy B3aeMojli BUKOHABYOTO OpraHy i3
TEXHOJIOTIYHO-00pOOIIOBAHUM ~ CEpEIOBUIIEM, JTUHAMIYHI  XapaKTEepPUCTUKU  IIApiB
00p00JIFOBAHOTO CEPEIOBHUIIIA.

Binomo, mo BupoOHHui mporecu Ha 6a3i TexHojoriunux I'B ta I'BY mamwun
NPEJICTABISAIOTh COO0I0 CKIQJHY CUCTEMY, B SIKMX TPAAUIIMHUN NEeTepMIHOBAHUM MiAXiA
[57] MmO MaTeMaTHYHOTO OMHCY TEXHOJIOTIYHHUX MPOIECiB € HEOOXiTHHM, ale IaleKo
HEJOCTaTHIM 1 CYTTEBO OOMEKY€E MOKIMBOCTI MPOEKTYBaHHs. Hanmpukiaa, TpaguiiiHuM €
noOysoBa MaTeMaTHUYHUX MOJeNield TMpolieciB ToBepXHeBOoro BiOpamiiiHoro 1 BY
VIIUIBHEHHS TPYHTIB Ha OCHOBI (PEHOMEHOJIOTIYHUX MOJEJeH Yy BHUIJIAAI CHUCTEM
mudepeHIliaNbHUX PIBHSAHb pyXy IIApiB pi3HUX TUMIB IpyHTy. [Ipore Takmii minxig He
JI03BOJISIE JTOCHUTh TOYHO OIMCYBAaTH 1 BHUSBISITH MHOXHHY CYTTEBUX JTUHAMIYHUX
BJIACTHUBOCTEM IPYHTOBOI CHUCTEMH, TaKMX SK YacTOTa BJIACHUX KOJWBaHb. 3TiAHO 3
PE30HAHCHO-CTPYKTYPHOIO Teopi€ro [58], BH3HAYEHHS YAaCTOTH IIMX aBTOKOJUBAHb,
JI03BOJIIE BIUTMBATH Ha map y (a3l 13 Horo BIaCHUMHU KOJHMBAHHSIMH, IO 3a0e3redye
MaKCUMaJbHUNU TEeXHOJOT1UHMN edekT. Po3B’s3aHHsa 1€l 3amadi JIGKHTh B IUIONIMHI
noOy/I0BH HOBUX MaTeMaTUYHUX MOJIEIEH BUKOPUCTOBYIOYH METOJIM CUCTEMHOTO aHai3y
[59], [60] i3 3acTOoCcyBaHHSAM IOJOXKEHBL TeOpii HewiTkoi Joriku [22], [61], mo Beae 10
PO3pOOKH HOBHX aJITOPUTMIB CHHTE3Y BHPOOHMUYMX OO’€KTIB B HEUITKOMY CEpPEIOBHIINI
P KUTBKICHO BUMIPSTHUX BXITHUX 1 HEUITKHUX (SKICHUX) BUXITHUX MapaMeTPiB TOCITITHUX
3pa3KiB TEXHOJOTTYHO-OOPOOIIOBAHOTO CEPEIOBHUINA 13 3aCTOCYBAHHSIM JIIHTBICTHYHHUX
TEPMIiB.

Y uioMy, He3BaalO4M Ha TEBHI JIOCATHEHHS, MPOOJIeMH MaTeMaTUYHOTO
MoOJeIIOBaHHS BiOpamiiauX 1 BY cucTteM 0e3 3acToCcyBaHHS MaTeMAaTHYHHX METO/IIB
npunacoByBands  [30], [31], w™eromiB miHeapu3amii TapaMeTpiB y  CHUCTEMI
mudepeHIlianbHIX PIBHSIHB [62], Ta MPUNYIIEHH MPO 1I€ATBHICT EHEPTOHOCISI B CUCTEMI
I[IT [63], 3anuiIatOTbCsl HEBUPIMICHUMHU a00 JOCHIKEHUMHU HEIOCTATHHO. 3alUIIAETHCA
aKTyaJbHUM MHUTAHHSM MPO MOKJIUBICTH 3aMIHU (DI3UYHOTO EKCIEPUMEHTY YHCEJIbHUM, 3

BUKOPHUCTAaHHSM METOJIB KOMII' IOTEPHOTO MOJENIOBaHHs. ICHyrounii po3puB Mixk
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TEOPETUYHUMHU PO3POOKAMH 1 MOXKJIMBOCTAMH 1X BUKOPUCTAHHS Ha TMPAKTUII € TOMY
M TBEPKEHHSIM.

ToMmy akTyaJbHOI0 € HAyKOBO-TIPUKJIAJHA MpoOsieMa BiJICYTHOCTI y3arajlbHEHOI
METOJOJIOTii ~ MaTeMaTHYHOTO  Ta  KOMIT IOTEPHOTO  MOJCIIOBAaHHA  IPOIIECIB
¢yukuionyBanus I'B 1 'BY mammz 3 ypaxyBaHHSIM OCOOJIMBOCTEH LIBOTO KJacy 00’ €KTiB
st 3a0€3MeYeHHs] BHUCOKOI  €(eKTUBHOCTI NPOEKTYBAaHHA  BIANOBITHOTO  THUITY
TEXHOJIOTIYHUX CHCTEM.

38’530k poOOTH 3 HAYKOBHMH NporpaMaMu, IUIaHAMH, TeMaMH. TemaTuka
poOOTH BIANOBIJA€ BUMOraM BCTaHOBJIEHUM 3akoHOM Ykpainu «lIpo mnpioputeTHi
HanpsiMU PO3BUTKY HaykH 1 TexHiku» (Bia 11 mumus 2001 poky, Ne 2623-111 1 16 ciuns
2016 poky, Ne848-VIIl), y Tomy uncni po3aiiaM «DyHIaMEeHTaIbHI HAYKOB1 JOCIIIKEHHS
3 HaWOUIbII  BAXJIUBUX MPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOTO, COLIAJIBHO-
€KOHOMIYHOT'0, CYCHUIBHO-TIOJIITUYHOTO, JIFOACBKOTO TOTEHIIany sl 3a0e3leueHHs
KOHKYPEHTOCIIPOMO>KHOCT! YKpaiHU y CBITI Ta CTAJIOr0 PO3BUTKY CYCIUIBCTBA 1 IEPHKABU
1 «EHepretrika Ta eHeproeeKTHBHICTHY», a TaKOXK 3akoHy Ykpainu «lIpo mpiopuTerHi
HaIpsIMH 1HHOBAIIMHOT IisuibHOCTI B YkpaiHi» (Bim 8 BepecHs 2011 poky, Ne 3715-VI i
5 rpyans 2012 poky, Ne 5460-VI), y Tomy uucni po3niny «CTpaTteriyHuil IpiopuTETHUN
HarpssM Ha 2011-2021 poku: OCBOEHHS HOBHMX TEXHOJOTIM TPAaHCIOPTYBaHHs CHEPTii,
BIIPOBA/DKEHHS  €HEProeeKTUBHUX, pecypco30epiralounx TEXHOJOTiM, OCBOEHHS
albTEPHATUBHUX JDKEpen eHeprii». JlucepraiiiHe MOCHITKEHHS TPOBOJIMUIIOCA HaA
Kadenpax Tramxy3eBOro MamIMHOOYAyBaHHA 1 KOMII'IOTEPHMX HayK BiHHHUIIBKOTO
HaIlIOHAJILHOTO TEXHIYHOTO YHIBEPCHUTETY BIJIMOBIIHO JO HAYKOBO-IOCITITHOI TEMAaTHKHU
kadeap 3rimHo 3 nepxoOromkeTHIME TeMamu Nel9-J[-331 (Homep mepskaBHOI peecTpartii
0111U001108) «TeopernyHi OCHOBH TiporeciB (a3oBOro po3AUTICHHS AUCIEPCHUX
MatepiaiiB B Moy BIOpOyJapHHUX 1HEPIIMHUX HABAHTAXEHB», CTPOKM BUKOHAHHS SKOi 3
01.01.2011 p. mo 31.12.2013 p.; Ne22 K1 «Mopuemi, METOIH, TEXHOJOTII Ta MPHUCTPOT
IHTEJNEKTyallbHUX 1HQOPMAIIMHAX CHUCTEM YOPABIIHHSA, €KOHOMIKHM, HAaBUYaHHS Ta
KOMYHIKalii» cTpoku BukoHaHHs sikoi 3 01.01.2014 p. mo 31.12.2018 p., a Takox 3rigHO 3
JOTOBOPOM TIPO  TBOpUY cHiBAPYXKHICTH Nel9/7  «MopepHizaiiss yCTaHOBKH  JJIS

BiOpoaOpa3uBHOI 00poOKMU neTaneit» cTpoku BukoHaHHA sikoi 3 01.03.2011 p. mo
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30.07.2012 p. 1 rocmmoroBipHux TeM Ne 1925 (Homep JepkaBHOiI peecTpamii
01105U004105) «Po3pobOka cucteM BimOOpy Temia B YCTaHOBKAaX JUIS yTHIII3arlil
BinxoAiB» cTpoku BukoHaHHs sikoi 3 01.03.2010 p. mo 30.01.2012 p. 1 Ne 1929 (Homep
nepxkaBHoi  peectparii  0115U001155) «Po3pobka  pekomeHAaliii  MOMKIHUBOCTI
BUKOPUCTaHHS BIOpOyJapHMX JUHAMIYHUX TMPOIECIB B MEXaHIYHUX CHCTEMax
TPAaHCIIOPTHUX PO3BAHTAXKYBAJIBHUX MPUCTPOIB» CTPOKH BUKOHAHHSA K01 3 01.03.15 p. mo
29.02.16 p., y BUKOHaHHI IKUX aBTOp OpaB 0€3MOCEpPEHIO yUacTh K BUKOHABEIIb.

MeTo0 po060TH € TIABUIICHHS TOYHOCTI iAeHTHdikauii npoueciB y I'B 1 I'BY
MallH MUJISXOM PO3POOJIEHHS 1 BIPOBAIKEHHSI HOBUX, OUIbII €(PEeKTUBHUX METOJIB 1
3ac00iB IXHBOTO MaTEMAaTHYHOTO 1 KOMII' FOTEPHOTO MOJefoBaHHs. Lle 103BoUTh noCsTTH
HU3KW SIKICHUX TPAaKTUYHUX PE3YyJbTATIB: MIJABUIIECHHS JOCTOBIPHOCTI BU3HAYEHHS
poOOYMX XapaKTePUCTUK IMPU MPOEKTYBAHHI TIAPOMPUBOY; MOKIUBICTH PO3POOKU
CUCTEM 3 IOKPAIICeHUMHU EKCIUTyaTalliiHIMH XapaKTepUCTHUKAMH; 3MEHIIEHHS 4Yacy Ha
BIJIIIPAIFOBAHHS JIEIKUX TEXHOJIOT1H TOIIO.

JInst mOoCSATHEHHS MOCTABJICHOT METH B JAHMCEPTAIliiHIMN poOOTI HEOOX1THO BUKOHATH
TaKi HAyKOBO-TEXHIYHI 3aBIaHHSI:

1. IIpoBecTn OILIIHKY CY4YaCHOTO CTaHy Ta TMEPCIEKTUB PO3BUTKY MpPoOJIeMHU
MaremMatruyHoro moxeiaroBands I'B ta 'BY TexHOJOTIYHUX MalmivnH Ha OCHOBI BHBUYEHHS
iXHIX 0COOJMBOCTEH SK 00’€KTIB MOJICTIOBaHHS, BHOOPY IOB’S3aHOTO 3 TEXHOJOTTUHUM
oJlep KaHHS KITBKICHUX 1 AKICHUX XapaKTEPUCTHK JOCIIKYBaHOTO 00’ €KTa.

2. Po3poOutu MaTteMaTudHi MOJENl TUHAMIYHUX mporieciB Ta cucteM I'B ta 'BY
MaIlIiH, HA OCHOBI MPUHIIUIIOBOT CXEMHU KOHCTPYKIIIT TEXHOJIOTIYHOT MAIIMHY Ta KPUTEPIiB
imeHTudIKaIii peXuMy pyxy KOJUBaIbHUX CHUCTEM, IO 3a0€3MeYnTh BHU3HAYCHHS yMOB
ICHyBaHHS 1 CTIMKOCTI poOOTH IKMX THUMIB MAIIMH 3a JOMOMOTOI0 aHaJi3y aMILIITyIHO-
YaCTOTHOI XapaKTePUCTUKU MaTeMaTHUYHUX MOJIENEH IOCTiIHKYyBaHMX 00’ €KTIB Ta IXHIX
CKJIQJIOBHX 13 BUKOPUCTAHHIM KPUTEPIAIbHUX PIBHSHb.

3. OOrpyHTYBaTH MOKJIMBICTh BUKOPHUCTAHHS OCHOBHHUX ITOJIOKCHB T'iIPOAUHAMIKH
JUISL MOJICIIIOBAHHS pyXy po0O0YOi PIIMHU B CUCTEMaXxX MPUBO/IIB, PIBHSIHb PYXY €JIEMEHTIB

MPUBOJY B MOEAHAHHI 13 OCHOBHUMHU IMOJIOKEHHSIMU TE€OPIi MPYKHOCTI 1 MJIACTUYHOCTI, 110
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J03BOJIUTh OyAyBaTH HAWOLIBII TOYHI 1 aJ€KBAaTHI MaTEeMaTHYHI MOJENl JUHAMIKU
nporieciB Ta cuctem ['B ta 'BY mamuH.

4, O0rpyHTYyBaTl MiAXil 10 TMOOYAOBM MaTeMAaTHYHMX MOJEJIEH CHUCTEMHU
OLIIHIOBaHHS €(eKTUBHOCTI (YHKLIOHYBAaHHSA TEXHOJIOIYHOIO KOMIUIEKCY Ha 0a3i I'B Ta
['BY mammH Ha OCHOBI HEYITKOTO JIOTTYHOTO BHUCHOBKY Ta MPOBEJIECHHS MapaMeTpUYHOT
inenTu@dikaiii (HaCTpOIOBaHHsS) MOJENI OI[IHIOBaHHS €(QEeKTUBHOCTI, fKa J03BOJUTh
BU3HAUaTU eQeKTUBHI mnapamerpu pexkumiB pobotu II1 nns peanizamii edeKTUBHUX
TEXHOJIOT1YHUX BILJIUBIB HA 00pOOIIIOBaH1 CEpPeOBHIIIA.

5. Po3pobutn  MeTonM  4YMCENBbHOTO  PO3B’A3aHHS  MaTeMaTMYHUX  MOJelel
riIpOAMHAMIYHMX TIpolieciB y cuctemax npuBoAiB ['B ta I'BY mamuu 3 ypaxyBaHHsIM
PI3HUX THUMIB TPAaHUYHUX YMOB Ta 3ac001B IXHBbOI YHMCENIBHOI peanizailii, JOCIIKEHHS
301KHOCTI, CTIKOCTI Ta alnpoKCUMallii pi3HUIEBOT CXEMHU, OCOOJIMBOCTEN PEKUMY PYXy Ta
il y3aranbHeHHs Ha OUTBII MIHUPOKUN KJIac 00’ €KTIB.

6. BukoHaT KOMIUIEKCHI €KCIEPUMEHTAIBHO-TEOPETUYH1 JTOCIIKEHHS POOOUMX
npoiieciB TexHojoriunnx I'B ta I'BY mamme 3 Meroro BH3HA4YeHHS JOCTOBIPHOCTI
pPO3pOOJICHNX MAaTeMAaTHYHUX MOJEJNe 3a JIOMOMOro MOPIBHSJIBHOTO aHaizy 13
pe3yiabTaTaMi YHCEIBHOTO Ta IMITAI[IHHOTO MOJCITIOBAaHHS JIWHAMIYHHMX IIPOIECIB Ta
CUCTEM IMX THUIIIB MAIIIHH.

7. Ha ocHOB1 po3po0JieHOi METOAUKH KOMIT IOTEPHOT'O0 MOJICTIOBAaHHS JUHAMIYHHX
nporeciB Ta cucteM [B Tta I'BY wmammu 3abe3neuntu edeKTUBHY peanizaiiio
PO3pOOJICHNX MaTeMaTUYHUX MOJIENIEH, 3 MOXKIMBICTIO JOLUIBHOTO BHOOPY alrOPUTMIB
CTOCOBHO BJIACTUBOCTEH KOHKPETHOTO 3aBAaHHS, 1 MOXJIMBICTIO BUKOHAHHS MIBUIKUX
CTIMKMX pEKYypEeHTHUX 1 BHCOKOTOYHHUX ITepallifHUX MpOLEayp, 1100 Ha OCHOBI
OTPUMAHUX PE3YJIBTATIB PO3POOUTH PEKOMEHIAIT /TSl TPOEKTHUX PO3PaXyHKIB TOJIOBHUX
napameTtpis ['II1.

8. I[IpoBecTn BIpoOBaKEHHS pe3yabTaTiB HAYKOBUX JAOCTIHKCHb HA MIANPUEMCTBAX
Ta B YyCTAHOBAaX, L0 3aiiMaloThCsl po3poOKor0 i ekcruryaraiiero I'B ta I'BY mammn s
PI3HUX TE€XHOJOTTYHHUX MPOIIECIB.

00’exToM gocaimxeHHs € juHamiudi npomrecu y I'B 1 I'BY  cucremax

TEXHOJIOTTYHUX MAIIHH.
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IIpeamerom IoCJIiIZKEHHS € METOIHU 1 3aCO0M MaTEMaTHYHOTO Ta KOMI FOTEPHOIO
MOJIeIIOBaHHs mpoleciB y npuBoaax ['B 1 'BY texHonoriunux mammuH 111 BU3HAYEHHS
iXHIX poOOYMX XapaKTEPUCTHK.

Metoan pochaigxeHHsl. J{OCHIKEHHS MIPOBEIECHO 13 3aCTOCYBAaHHSAM KIJIACUYHOT
Teopii KOJIMBAaHb MEXaHIYHMX CHUCTEM 1 MEXaHOPEOJOTiuyHOi (PEeHOMEHOJIOr1i CYULIbHUX
CEpellOBUI; €JIEMEHTIB Teopii IHTErpaibHUX Ta AU(PEpEeHIiaJbHUX PIBHSHB, METOIIB
MEXaHIKU CYIUIBHOTO CEpeIOoBHINA — sl MOOYAOBH Mojeniel (Di3UUHUX MPOIIECIB PyXy
c1a00CTUCHEHOTO B’SI3KOT'0 CYIUIBHOTO cepenoBuilla 1 JaedopMyBaHHS TBEpPAUX TiI,
METO/IB CHCTEMHOTO aHaji3y 1 Teopii HEYITKOi JIOTIKK JJIsi MOOYIOBH MaTEeMaTHUYHHX
MozeNiel  OIIHIOBaHHS €(QEeKTUBHOCTI (PYHKI[IOHYBaHHS TEXHOJOTIYHUX OO0’ €KTIB;
eKCTIEPUMEHTAIbHI JOCIIKEHHSI 1 METOAM IMITAI[iIHHOTO MOJCJIOBAHHS IS TEPEBIPKU
aJIeKBaTHOCT1 MoOJIeNiel, aHaJITUYHUX 1 YHUCETbHUX METOJIB aireOpu, po3B’sa3yBaHHS
anapary au@epeHIialbHUX PIBHSAHb 3 YACTHHHUMH MOXIAHUMH IS peajizailii Mojenei
JOCIIHKYBAHHUX MPOIIECIB Ta OJIEP’KaHHA IXHIX YHCIOBUX XapaKTEPUCTHK.

HaykoBa HOBHM3Ha OTpUMAHMX Ppe3yJbTATiB MpeEJCTaBlIeHAa HAYKOBHMH
MOJIOKEHHSIMU y3arajibHeHOI MeTOJ0JI0rii MaTeMaTHYHOTO MOJIETIOBAHHS IPOIIECIB
¢ynakmionyBanus ['B 1 I'BY wmammH, ska ckimagaerbes 13 Brepire po3poOJICHHX i
PO3BHHYTHX METO/IIB:

— rpad)0o-aHaTITUYHOTO BU3HAYEHHs objacti criiikocTi pobotu I'IT, B sikomy, Ha
BIIMIHY BIJ] ICHYIOUHX, 3aCTOCOBYETBhCS KpHUTEepid crikocTi ['ypBima s JiHIHHOTO
HEOJHOPIAHOTO  NU(EpPeHIIaNbHOTO  PIBHAHHS TPETHOTO  MOPSAKY, sK  (opmu
MPEICTAaBICHHS MAaTEMaTUYHOI MOJZIENl PyXy 3allipHOTO €JEeMEHTa KIalmaHa-myJlbcaTopa,
10 JIa€ 3MOT'Y BUSHAYUTH CHEPTETHYHI CITIBBITHOIICHHS MPUBOY JIJIi BUHUKHEHHS P13HUX
THUTIIB KOJMBAJILHUX TPOIIECIB;

— CTaTUCTUYHOI JIiHeapw3allii, B SKOMYy, Ha BIAMIHY BiI ICHYIOYHX,
3aCTOCOBYIOTHCS KOMITJIEKCHI aMIUTITyIM Ta IHTErpall HMOBIPHOCTEW y BUTIISAMI (QYHKIIIT
Kpamma, mo mo3Bosisie po3B’si3yBaTH JIiHIWHI HEOMHOPIMHI audepeHIiaabHl PIBHSHHS
JPYTOTrO TOPSIIKY KOJUBATBLHUX CHCTEM Yy CTOXaCTUYHHMX MaTeMaTHIHUX Mozaensx ['BY

CHUCTEM 3a JIONIOMOTOI0 CHEKTPAIbHOI (POPMHU aAMIUTITYTHO-YACTOTHUX XapaKTEPUCTHUK, JI€
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¢yHkuii cunoBoi B3aeMoAli podounx oprasiB II1 mpeacraBisgioTe co00K0 cTaliOHAPHUI
HOpPMaJIbHUY BUIIAJIKOBUN MPOLIEC;

— YHCENIBbHOI0 MOJICTIOBAHHS TIIPOJMHAMIYHUX TPOIIECIB, SKUH, HA BIAMIHY BiJ
ICHYIOUMX, MPEJCTaBICHUI B 130MapaMEeTPUYHO KIHIIEBO-€JIEMEHTHOMY (OPMYJIIOBaHHI Ha
OCHOBI JHMCKPETHOTO TPEACTABICHHS PIBHSIHHS HEPO3PUBHOCTI HEBCTAHOBIEHOTO PYyXY
piavHM B HTErpanbHiid ¢popmi I'pina 1 mogudikaii audepeniianbHoro piBHaHHS Hap’e—
Crokca NHUIAXOM BBEACHHS IITYYHOI CTHUCHEHOCTI PIIMHU B AudepeHuianbHii (opmi
HAJJIMIIKOBOTO THUCKY, LIO0 JA€ 3MOry B LUIOMY MIJBUIIUTH TOYHICTh 1A€HTU(IKAII]
npoiieciB pyukiionyBanas ['B ta BY mammH.

B ocHOBI 1IuX METO/IIB JI€KaTh BIEpIIe PO3p0o0JIeHI MaTeMaTUYH1 MOJIEIII:

— I'B ta 'BY mammn Ha 6a3i II1 3a gomomororo cramioHapHOT HEABTOHOMHOI
KOJIMBJIBHOI CHUCTEMH 31 CKIHYEHUM CTYIEHEM BUIBHOCTI Ha OCHOB1 JIHIHHUX
HEOJHOPINHUX AudepeHIllalbHIX PIBHSIHb JAPYroro MOpSJKYy, B SIKUX, Ha BIAMIHY BiJ
icCHyrounX, (YHKI[S BUIBHOTO 4YjI€HA TMpeJCTaBieHa y BUIJIAMI JiHeapu3alii QyHkil
30y/KyI0UOl CWJIM, $IK XapaKTepUCTHKA BHUKOPUCTOBYBAHOTO THUIY TMPHUBOIY, a
JiHeapu30BaHl KOE(QIlIEHTH BUPAXalOTh SK MPYXHI 1 JUCUNATUBHI CHUJIOBI 3B’SI3KU
€JIEMEHTIB TIPUBOJY, TaK 1 PEOJOTIYHI BIACTHUBOCTI TEXHOJOTIYHO OOPOOIIOBAHOTO
CepeoOBHIIA, 1110 JIa€ 3MOTY BU3HAYATH 00JIACTI CTINKOCTI POOOTH JaHUX THIIIB MAIIIVH;

— BiOpamiiinux Ta BY cucTtem, sika, Ha BIAMIHY BiJl ICHYIOUHX, NPEJICTABICHA Y
dopmi dyHKIIT omuHMYHOrO cTprOKa XeBicaiiga Ta IMIyJIbCHOI mepeximHoi QyHKIT y
BUDJISIII  3TOPTKM iHTerpany Jlammaca Bim 300pakeHHS omeparopa JUHAMIYHOT
MOIATIUBOCTI, SKa JO3BOJIAE€ TOBHICTIO OMUCATH MPOIEC 3MIHM BITHOCHOI KOOPJIWHATH
MEPEMIIICHHS SIK Y IEPEXITHUX, TaK 1 B YCTAHOBICHUX PEXKUMaX PyXy CHCTEMH.

I{i maTemaTnyHi Mojeni 06a3yrOThCsS Ha BIepIne po3poOieHid Kimacudikallii THUIIIB
KOJMBAIBHUX CHUCTEM, SKa, Ha BIAMIHY BiJl ICHYIOUHMX, (DYHKI[IOHAJBHO TIOJIaHa B
napamMeTpUuyHOMY BHIJISIII  yMOBaMH  HEOOXIMHOCTI 1 JIOCTATHOCTI BUHUKHEHHS
BiOpariitnux Ta BY pexuMiB pyxXy BHKOHABYOTO OpPraHy B TMOEIHAHHI 3 1HTETPATHHOIO
XapaKkTEepPUCTUKOIO (ha30BOi IUIOMIMHUA CHCTEMH, IO JO3BOJISIE CHHTE3yBaTH Ta

11eHTU(IKyBaTH MaTEMAaTUYH1 MOJIEJ1 3aJIEKHO B1Jl TUITY TEXHOJIOTTYHUX MAIIUH.
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VY aockoHaneHo MaTeMaTU4HI MOJENl JUHaMIKu mporeciB ta cucreM ['B ta I'BY
MaluH, y (opMi HpOCTOPOBO-HECTAI[IOHAPHOI MOCTAHOBKM 3a/ayi, Ha 0a3l CUCTEM
HEeNIHINHUX IudepeHLiaNbHUX pIBHAHb B YacTUHHUX NoxigHux Hap’e—Crtokca 1 yMoBHU
HEPO3PUBHOCTI JJI B’ A3KUX PIAUH Ta IHTErPajJbHUX PIBHSAHb JUHAMIYHUX XapaKTEPUCTHK
pyxomux enemeHTiB ['II] B moeqHaHHI 13 OCHOBHUMHU TOJIOKEHHSIMH TEOPii MPYKHOCTI 1
MJIACTUYHOCTI Ha 0a3i cucteMu AudepeHiaIbHUX PIBHSAHD J1e()OPMOBAHOTO Tijia, 110, HA
BIIMIHY Bl ICHYIOUMX, JaJ0 3MOTYy B IUIOMY MiJBUIIUTA TOYHICTh 1ACHTH(IKAII
MateMatnyHux mojaenei I'B ta I'BY mamun.

KirogoBrMH 0COOIMBOCTSIMU TaKO1 METOJIOJIOTI] € BUKOPUCTAHHS BIIEPIIIE:

— 3ampoIOHOBAHOrO KpuTepilo Bu3HaueHHs Tuny ['B ta I'BY cucrem 3a ix
PEKUMOM PyXy BUKOHABYOI JJAaHKH, SIKAW, HA BIIMIHY BiJl ICHYIOUMX, 0a3y€TbCs HA CUHTE31
(GyHKIIH 30BHINIHBOI IMITYJIBCHOI 1 TAPMOHIUHOI 30yIKYIOUMX CHJI 13 BUKOPHCTAHHIM
NOJIOXKEHb TEOpli CTepeoMexaHIYHOro ynaapy Ha 0a3l JIHIHHOTO HEOJHOPITHOTO
IU(PEPEeHLIaNbHOIO PIBHSIHHA JPYroro MNOpsAKY MAJii KOHCEpBAaTMBHUX CTal[lOHAPHUX
HEaBTOHOMHMX KOJIMBAJbHUX CUCTEM, IO JAa€ 3MOTY CHHTE3YBAaTU Ta 1JEHTH(]IKyBaTH
MaTEeMaTU4H1 MOJIEN1 B 3aJI€)KHOCTI B/l TUITY BUBHAYEHUX CHCTEM;

— po3po0iieHOT MaTreMaTH4YHOI MOJENl CHCTeMH OIliHIOBaHHS €(EKTUBHOCTI
(GyHKITIOHYBaHHS TeXHOJOTTYHUX KoMmiuiekciB I'B ta I'BY wmammn, sika, Ha BiAMIHY Bin
ICHYIOUHX, 0a3yeTbcs HA EKCIIEPTHUX TMpaBmiIaX, (opMai3oBaHUX Yy BHUTJISAI1 HEHITKUX 0a3
3HaHb, 110 Ja€ 3MOTY BHU3HA4YaTH B3a€EMO3B’SI30K MDK MapaMeTpaMu CTaHy MiJCUCTEM
TEXHOJIOT1YHOTO KOMIUICKCY 3 SKICHUMH ITOKa3HUKaMHU 00’ €KTY TEXHOJIOTTIHOI 00pPOOKH.

IIpakTHYHe 3HAYEHHS] OTPUMAHHUX Pe3y/IbTATIB BUZBHAYAETHCS THM, LIO0:

1. Po3po6iieHO y3arajJbHEHI METOJUKH Ta 3aCO0M KOMII IOTEPHOTO MOJICITIOBAHHS
nporeciB pyrkmionyBadas ['B tra 'BY mammun, mo 6a3yroTbes Ha:

— CHCTEMI MIATPUMKHU IPUHHATTS PIlICHb, KA aBTOMATH3Y€E HAMOUTBII TPYJOMICTKI
omepariii  1HTENEKTyadbHOI JISUTBHOCTI TMPHU  BHU3HAYCHI OIIHKA  €(QEKTUBHOCTI
(GyHKITIOHYBaHHS TEXHOJOTIYHMX KOMIUIEKCiB Ha ©0a3i B Tta [I'BY wmammus.
Oco0MMBOCTSIMU CHCTEMH € T€, II0 BOHA JO03BOJIIE€ MPOBOJIUTH PaHXKYBaHHS CTaHIB

TEXHOJIOTIYHOT CUCTEMHM, 3IIMCHIOBATH aHali3 YYTJIMUBOCTI MNPUUHATOTO PIIIEHHS 10
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Bapiallli MOYAaTKOBUX JAHUX Ta MPOBOJUTU 30upaHHs, OOpOoONEeHHS ¢ 30epiraHHs
JiarHOCTUYHOI 1H(pOopMaIlii;

— IHTETPOBAHO-PO3PAXYHKOBOMY MPOTPAMHOMY CEPEIOBUIIl 13 BHKOPUCTAHHSIM
OKpPEMHUX NPOrpaMHHUX KOMIUIEKCIB 13 3aCTOCYBAaHHSAM TEXHOJIOTIi «KJIIEHT-CEpBEpP», SIKI
peanizyoTh BIAMOBIIHUA YHCEIBHO-PO3PAXYHKOBUN METOJI PO3B’SI3aHHS MaTEMaTUYHHUX
MojiesIeH 13 BUKOPUCTAHHSIM METOMAIB IMITAI[IHHOTO MOJICITFOBAHHS.

2. Po3po0s1eHO METONKY €KCIIEPUMEHTATBLHOTO JOCTIIKEHHST POOOYHUX MPOIECIB Y
I'lIT a TakoX TEXHOJOTTYHUX XapaKTEPUCTHK OOPOOIIOBAHOTO CEPEOBHUIIA, KA JO3BOJISIE
BUKOHYBAaTH TOPIBHSUIBHUM aHaji3 13 pe3yibTaTaMU YHUCEIBHOTO MOJEIIOBAHHS, 100
oTpuMaTu OuUTkIl TOouHY iH(MOpMalito po pobory I'B ta 'BY TexHonmoriunux maimuH 1
BU3HAYATHU aJICKBATHICTh pO3POOJIEHUX MaTEMaTHYHUX MOJIEeTIEH.

3. Ha ocHOB1 pe3ynbTaTiB MaTeMaTUYHOTO MOJIEIIOBAHHS PO3POOJIIEHO METOIUKY
npoexktHoro pospaxynky ['II1 BiOpamiiinux ta BY wmammn, 3a gomnomororo sikoi Oyio
CIIPOEKTOBAHO Aociiaauii 3pa3ok ['IT.

HaykoBi Ta mpakThuHi pe3ynbTaTH AUcCepTallii BigoOpa)karoTh y3arajibHEHHSI
0aratopiuHUX OCIIIKEHb, BUKOHAHUX aBTOPOM 3TiHO 3 IJIaHAMU HAyKOBO-AOCTITHUX
poOiIT Kadeap KOMII'IOTepHUX HayK 1 raimy3eBoro mamuHoOyayBanHs BHTY. PesynbpraTn
JMCepTaIliiHOI pOoOOTH BUKOPHCTOBYIOTHCS aBTOPOM Y JICKIIMHUX Kypcax «[impaBiiika,
rigpo Ta mHeBMonpuBoanw», «OcHoBu CAIIP», «Teopis wMexaHi3MiB 1 MalIuny,
«/luckpetna martematukay, «YucenbHi MeToam», «MopemoBaHHS cucTeM», «HediTki
MOJIeNII 1 METOAM OOYHCIIOBAIBHOTO IHTENEKTY», «Teopis MMOBIPHOCTI, HMOBIpHICHI
MPOIIECH Ta MaTEMAaTUYHA CTATUCTHKAY», « CHCTEMHHI aHAII3.

VY BUrIsA1 peKOMEH Al Ta KOMIUIEKCY MPOorpaM i KOMIT IOTEPHOTO PO3PAXyHKY
pe3yabTaTh NOCHIIKEHb BIPOBAKEHO B KOHCTpyKTOpchbkoMmy Otopo IIAT «bapcbkuii
Mmarnr3aBon» (M. bap, Binmauneka obnacte) i kommanii Soft Xpansion GmbH & Co.KG
(M. boxym, Himeuunna); pe3yabTaTdi poOOTH BUKOPHUCTAHO TPU MPOEKTYBaHHI 1
BHT'OTOBJICHI JociigHoro 3paska Ha mianpuemctBi TOB «ACK-MET» (M. Binawms), a
takok Ha mianpuemctBax TOB «BYID®OHAIHBECT» (M. Ilepemumninsinu, JIbBiBChbka
obnactp) 1 TOB «IllnsaxOyn» (M. BinHuULs) 11 BU3HAYEHHS €PEKTUBHUX XapaKTEPUCTUK

TEXHOJIOTIYHUX TporeciB Ha 0a3i I'B Ta I'BY wmammuu; pe3ynprat aucepraniiHoOro
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JOCIIIJKEHHS] YCHIIIHO BUKOPUCTOBYIOTHCS JJIsI BAKOHAHHS HAyKOBO-JOCHIAHUX pOOIT Ha
0a31 [HcTutyTy KibepHeTtuku M. B. M. I'mymikoBa HAH VYkpainu (M. Kuis).

OcoOuctnii  BHecok 3700yBaya. Jlucepraiiss  y3arajabHIOE  Pe3yJbTaTH
JOBTOTPUBAIMX JIOCHIUKEHb aBTOpa 3 TNPOOJEeM MaTeMaTHYHOTO MOJCITIOBAHHS
JUHAMIYHUX MPOIIECIB Ta cucTeM BiOpauiitHux Ta BY Texnonoriynux mamms Ha 6a3i ['1
Po6otu [64]-[71] nanmcaHi camocTiiiHO. B omy0OmikoBaHMX poOOTax y CHIBaBTOPCTBI
0COOMCTO JHMCEPTaHTy HalleXkuTh: [58] — MaTemaTHuHa MOJEib KOJWUBAHHS IUCIIEPCHOT
cucTeMH, K (OpPMHU TPEICTABICHHS PO3BaHTAXXYBaJbHOTO MaTrepiady BaHTaxy npu BY
HaBaHTa)XeHH1; MoHorpadis [72] — po3aum 1, 3 1 migposzainu 2.2, 4.1, 4.2; moHorpadis
[73] — po3minu 3, 5 i migposainu 1.1, 2.5, 2.7, 4.1, 4.3; [74] — metox po3B’s3yBaHHs
croxactuyHoi mMatematuyHoi mozem ['B ta I'BY cucrtem 3 I'lll y cnexrpanbhiilt popmi
aMILUTITYIHO-4aCTOTHUX XapaKTepUCTHK; [75] — MaTeMaTnyHa MOJieb POOOYHX MPOIIECiB
I'lT]; [76] — piBasiHHsA BY cucrem; [77] — MaTemMaTHYHa MOJI€NIb TEXHOJOTTYHOTO TPOIIECY
BiOpoTpancmopTyBanHs, [/8] — uymcenbHuii MeTOa peanizallii MaTeMaTHYHOI MOJEi
TIIPOAMHAMIYHMX  TIPOIECiB, 1[0 0a3yeTbcsi Ha  130MapaMEeTPUYHOMY  KiHIIEBO-
eJleMeHTHOMY (QopMyitoBaHHI 3amadvi; [79] — maTemMaTH4Ha MOJENb TOBEPXHEBOTO
VIIUTBHEHHS TPYHTIB Ha 6a31 MEXaHOPEOIOTIYHOT PeHOMEHOJIOTIi i y3arajJbHEHUX 3aKOHIB
MmexaHiku; [80] — MaTemMaTHyHa MOJAEIh KOHBEKTUBHOTO TeIIooOMiHy; [81] -
MaTeMaTHYHa MOJIe]Ib HaIPYy>KeHO-1e(OpPMOBAHOTO CTaHY Ky30Ba aBTOMOOUISI-CAMOCKH/IA;
[82] — TpuBuMipHa po3paxyHKOBa MOCIb IHEpIIHHOIO BiOpompec-monoTa; [83] —
cUCTeMa KepyBaHHS Ipolecy oxojopkeHHs; [84], [85] — opwuriHampbHa KOHCTPYKIIiS
BiOpo30ymxyBaua ['II1; [86] — cuctema knacudikarii npuBoaiB I'B ta 'BY mammn; [87] —
aHalli3 poOOYMX IMapaMmeTpiB TiApoiIMITyJIbcHOTO BiOpompeca; [88] — iHdopmariitna
TEXHOJIOTiI ~ MaTeMaTHYHOTO  MOJENIOBAaHHS  HAmpyKEeHO-Ie(OPMOBAHOTO  CTaHy
KOHCTpYKIlii aBTOMOOINss npm BY HaBantaxkenni; [89] — xputepii BU3HAYCHHS
ONTUMABHUX TIapaMeTpiB poOOTH TimpoimiyibcHOTO Bidpompeca; [90] — maTemarnmyHa
MOJIEIb TMPOIECY TEIUIOOOMIHY B CHCTEMi OXOJIOMKCHHS IIMUHACIHLHOTO By3ida; [91] —
KpUTEpI ONTUMaNbHOCTI KOHCTPYKTHBHUX NapameTpiB BiOpo30OymkyBaua ['III; [92] —
KpHUTEP1H JOCTOBIPHOCTI PE3yJIbTaTIB YHCEIHLHOTO MOJIeNIOBaHHs; [93] — miaxig Ha OCHOBI

TBEPJOTIIILHOIO 1 mapaMerpuuHoro mozentoBanHsi B CAD-cuctemi npu po3poOui ['IT
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BiOpOyIapHOro mpucTporo; [94] — maTeMaTuuHa MOJIENb yAApHOI B3aemoii; [95] — meTon
PO3B’sI3yBaHHS MaTEeMAaTHYHOI MOJIEN1 poOOUYUX MPOLECIB IHEPLIHHOrO BiOponmpec-MoioTa
3 eNeKTporiipasiiyHoo cucreMoro kepyBanHs [III; [96] — xkputepiii onrtumizauii
TexHluHuX napametrpiB cucremu ['III inepuiiinoro BiOpompec-monora; [97] — Kputepiid
i1eHThdIKaiil pexxumiB BiOpauiiiHux Ta BY HaBanTakens; [98] — maTemaTuyHa MOjeIb
auHaMiku nporeciB Ta cucteMm I'B ta I'BY mammn y gpopmi npocTopoBo-HecTaioHapHOi
NOCTAaHOBKM 3a/ladyl Ha OCHOBI CHCTEM HENHIHHUX AudepeHlladbHuX pIBHAHb B
YaCTUHHUX TOX1MHUX Hepo3puBHOCTi 1 Har’e—Crokca; [99] — MaremaTuyHa MOJIENb PYXY
BukoHaBuoro oprany [l npuctporo ana 3oHayBaHHs IpyHTiB; [100] — anami3
EKCIIEPUMEHTAIBHUX JIaHUX TpoIecy (OPMOYTBOPEHHS 3aroTOBOK 3 TOPOIIKOBUX
marepianiB; [101] — knacudikamiss GyHKIIT CUIIOBOrO HaBaHTAXEHHS HA BUXIJIHY poOouy
naHky BiOparmiianx Ta BY mammumn; [102] — matematnyna mojnens BiOpaitiiHoro 1 BY
HAaBaHTAXKEHHS Ha JpioHoaucnepcHi cuctemu; [103] — po3B’A30K  CcHUCTEMU
nudepeHIliaIbHUX PIBHAHb PYXYy JBOMAcOBOTO BiOpamiiHoro sxuBwibHHKa;, [104] —
PO3B’SI30K CUCTeMH JU(DEpeHIiaTbHUX PIBHSAHbL PyXxy poOoyoro oprany BiOpoMOIOTa;
[105] — knacudikaiiis TEXHOJOTIYHMX MAIMH 3a THIOM mpuBoaa; [106] — migxim 10
KOHCTPYIOBaHHS Ha OCHOBI TBEPAOTUIBHOTO, IIOBEPXHEBOIO 1 IMapaMETPUYHOTO
moaemtoBanHs; [107], [108] — miaxin 10 po3poOKu TPUBUMIPHOI pO3paxyHKOBOT MOJICII HA
OCHOBI TMPHUHIMIIB KOHCTPYKTHBHOI mapamerpu3anii; [109], [110] — cucrema
perymoBanns ['IT; [111] — koHCTpykTHBHA (popMa MOBEPXHI YIILUTLHIOBAJIBLHOTO BY3Ia;
[112] — xoucTpykmis 'IT; [113] — maTemaTnyHa MoJielh HaBaHTAKECHHS Ha MOB3IOBXKHI
TSATH TPHOXTOYKOBO1 HaBicky; [114], [115] — marematnyHa Moiensb GUIBTPYBAHHS BOJIOTHX
mucnepcanx cepenoBuny; [116] — xouctpykiis ['IT; [117] — indopmariiiina TeXHOTIOTIsA
YUCEIHLHOTO MOJICITFOBAHHS MpoIieciB ropiHHs; [118] — maTeMarndHa MOJCIb OIIHIOBAHHS
edexTuBHOCTI (DYHKITIOHYBaHHS TexHOJOTiuHOTO KoMmIuiekcy I'B ta I'BY mammn; [119] —
MaTeMaTUIHa MOJIeNTb HaMPYyKEeHO-Ae(OPMOBAHOTO CTaHY Ky30Ba aBTOMOOUISI-CaMOCKH/IA;
[120] — maremaTtnyHa MOEIb TiIPOIWHAMIYHHX TPOIECiB y BiOpo30ymKyBavax; [121] —
KpUTEpid CTIMKOCTI poOoTH BiOpo3OyKyBaui;, [122] — mapameTpudHa MOJENb
TPUBUMIPHOTO 00’ €KTa TEXHIYHUX KOMIUIEKCIB; [123] — MaremaTuyHa mMojelb poOoUMX

MPOIIECIB MHEBMATUYHOTO YJJAPHOTO MPUCTPOIO.
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AnpoOauniss marepianiB aucepranii. OCHOBHI MOJIOKEHHS AucepTauii Oyio,
ONPUIIOAHEHO 1 0OTOBOPEHO Ha TakuX KOH(pepeHUisiX: MiKHapoJHa HayKOBO—TE€XHIUHA
KOH(epeHllisl CTYACHTIB, acHipaHTiB 1 Mojoaux BueHuX «lIporpecuBHi HampsMKu
PO3BUTKY MAIIMHO-TIPUIAAO0YIBHUX Taily3ei 1 TpaHcrnopTy» (M. CeBacromoisb, 11-15
tpaBHs 2010 p.); XI 1 XIV Muixnaponni HaykoBo—TexHIuHI KoHpepenuii AC TII'TI
«IIpomuciioBa rigpaBiika 1 mHeBMaTuka» (M. Menitonons, 15-17 Bepecus 2010 p.,
M. Oneca, 18—19 Bepecust 2013 p.); II Bceykpaincbka MikBY31BChbKa HayKOBO—TE€XHIUHA
koH(pepeHniss «CydacHl TEXHOJOrii B MPOMHUCIOBOMY BUpOOHUUTBI» (M. Cymu, 17-20
kBiTHa 2012  p.); XVII  MbkHapoiHa ~ HAyKOBO-TE€XHIYHA  KOH(epeHIis
«'iapoaepoMexaHika B 1HXKEHEpHIN mpakTuii», (M. Yepkacu, 17-20 kBitHs 2012 p.); 3—4
MixHapogHa HayKOBO—TeXHIYHa KoH(epeHis «Teopis Ta mnpakTHKa paiioHATIBLHOTO
NPOEKTYBAaHHS, BUTOTOBJICHHS 1 €KCIUTyaTallli MaTMHOOYAIBHUX KOHCTPYKIIW» (M. JIbBIB,
7-9 nmucronmaga 2012 p.); 11-#i MiKHApOIHUI CHMIIO31yM YKpaiHCHKUX IHXKECHEPIB—
mexaHikiB (M. JIbBiB, 15—17 tpaBus 2013 p.); IV MixHapoaHa HayKOBO—TIpaKTHYHA
koH(pepeHtiss «TeopeTnyHi 1 eKCIIEpUMEHTANIbHI JOCTIPKEHHS B TEXHOJIOTIAX CYy4acHOTO
MarepiajJo3HaBcTBa Ta MamuHOOynyBaHHs» (M. Jlymek, 3-7 wu4epBas 2013 p.);
MixHapoaHa HayKOBO—TeXHIYHa iHTepHeT—KOH(pepeHiis «HoBi TexHosorii, o0aaHaHH,,
MaTepianay B OyXiBHUITBI 1 HAa TpaHcHopTi» (M. Xapki, 2628 aucronama 2014 p.); 11 1l
MiKHapoaHI HAayKOBO—TEXHIYHI 1HTepHEeT-KoH(pepeHmii «['i1po— Ta MTHEBMOIPHUBOIU
MallliH — Cy4YacHi JOCSATHEHHsS Ta 3acTocyBaHHs» (M. Binawmiy, 22 rpymaus 2014 p. — 11
ciuns 2015 p., 15-16 nmcromama 2016 p.); 75 MikHapogHa HayKOBO—TIpaKTHYHA
koH(pepeniis «[IpobremMu Ta TEPCHEKTUBH PO3BUTKY 3aTI3HUYHOTO TPAHCTIOPTY»
(M. JuimponerpoBcrk, 14—15 tpaBusa 2015 p.); VII 1 X MixHapoaHi HayKOBO-TIpaKTUYHI
koH(pepeniii «KommiekcHe 3a0e3nedeHHs SKOCTI TEXHOJOTTYHUX IIPOIECIB Ta CHCTEM»
(M. Yepniris: 24-27 kit 2017 p.; 29-30 xBitHsa 2020 p.); XVI-XVIII MixuapoaHi
HAyKOBO-TeXHIYHI KoH(epeHirii «Bioparrii B TexHimi Ta TeXHoJorisax» (M. Binauts, 2627
xoBTHS 2017 p.; M. JIsBiB, 11-12 x0BTHa 2018 p.; M. Kuis, 24-25 xoBtHa 2019 p.);
Conference Photonics Applications in Astronomy, Communications, Industry, and High-
Energy Physics Experiments 2018, 1080850 (Wilga, Poland, 1 October 2018); III

Bceeykpaincbka HaykoBO-TexHIYHA KOH(pepeHiliss «CTBOpPEHHS, €KCIUTyaTtailisi 1 PEeMOHT
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aBTOMOOUTRHOTO TpaHcHopTy Ta OyaiBenbHOi TexHiku» (M. llomraBa, 24-25 kBITHS
2019 p.); MixHapoaHa HaykoBO-pakTH4Ha KoH(pepeHuis «lHdpopmarliitHi TexHoIOTII Ta
KOMIT FOTE€pHE MojetoBaHH» (M. IBaHo-DpankiBChbk — M. Apemua, 20-25 tpasus 2019 p);
MixkHapogHa  HAyKOBO-IpaKTUYHA KOH(epeHuis  «lHTemekTyanabHI CHCTEMH  Ta
iHpopmarliitHi TexHozorii» (M. Oneca, 19—24 cepnusa 2019 p.); XXXIX—-XLIX naykoBo—
TEXHIYHI KOH(]epeHlil MnpoPecopCcbKO—BUKIAAAIBKOIO CKIaAy, CIHIBPOOITHUKIB Ta
CTYJICHTIB YHIBEPCUTETY 3 YYacTIO MpAIliBHUKIB HAaYKOBO—JOCJIIAHUX OpraHizaiiii Ta
TH)KEHEPHO—TEXHIUYHUX MpaliBHUKIB NianpueMcts (M. Binauis, 2010-2020 p.).

Iy6aikamii. 3a pe3ynbTaTaMu BUKOHAHMX TEOPETHYHUX 1 EKCIEPUMEHTATHBHUX
JOCIIKeHb o1my0I1ikoBaHO 61 HaykoBy po0OoTy, 3 HuUX 4 mateHTH Ykpainu [109], [110]—
[112], 1 cBimouTBO MpoO peecTparlito aBTOpchKoro npasa Ha TBIp [113]; 2 Mmonorpadii [72],
[73], 5 crareli y HaykoBoMy miepioguuHomy BuaaHHi [117]-[121], npoiHiekcoBaHOMY Y
MDKHApOJHIA HAayKOMETpHUHid 0a3l maHux Scopus; 4 CTaTTli y HAYKOBHUX IMEPIOAHMYHHUX
BUAaHHAX 1HIKX aepxkas [115], [119]-[121]; 27 craTeit y HaykoBUX (axOBHUX BHIAHHIX
VYkpainu, 1o BXOJATh 10 nepeniky, 3arBepmkeHoro MOH VYkpainu [58], [64], [66], [70],
[74], [76]-[78], [84], [86]-[88], [90], [93], [95], [96], [98], [100]-[104], [108], [114],
[117], [118], [122], 25 nyOmikaliiii y 30ipHHKAX MDKHAPOAHHMX Ta BITUM3HSIHUX HAYKOBO-
NpaKTHYHUX 1 HayKoBUX KoHpepenuii [65], [67]-[69], [71], [75], [79], [80]-[83], [85],
[89], [91], [92], [94], [97], [99], [105], [106], [107], [116], [119], [120], [123].
OnHoociOH1 mybTiKalii CKIagaTs 8 HAyKOBUX poOiT [64]—[71]. AHIIIMCEKOIO MOBOIO — 5
myOumikarii [117]-[121].

Ctpykrypa Ta ob6car aucepramii. [ucepraiiis ckiamaeTbes 31 BCTYITY, IIECTH
PO3I1TiB, BUCHOBKIB, IMOCHJIAHHS Ta OJWHAIUATH JOJATKIB. 3arajJlbHUM 00csar poboTh
CTaHOBHTH 578 CTOPIHOK, 13 HUX aucepTarlii 6e3 moxatkiB — 283 ctopinku, 174 pucyHkw,
48 tabnuib, MOCUIAHHS Ha JITEpaTypHI JpKeperna BkiIouae 375 HaliMeHyBaHb Ta 3aliMae

32 cropinku, a Takoxk 11 gomatkiB Ha 219 cTopiHKax.
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