PEIEH3ISA
Ha aucepraniiiny poborty JKymmana Branucinasa BikropoBuya Ha TeMy
«MaremaTn4He Ta KOMITIOTEpHE MOJIETIOBAHHS KOHTAKTHOI B3aEMOIIT TiJI
CKJIafHOI (opMI», oAaHy Ha 3100yTTs CTYIeHs JoKTopa (pimocodii 3i
crnenianpHOCTi 113 IpHKkiagHa MaTreMaruka

AkTyanbHicTe Temu gociipkenns. [IpoGieMa KOHTAKTHOI B3a€MOLIl € OIHIEH0 3
HalBaXIMBIIKX B MeEXaHili Ae(OpMiBHOrO TBEPAOIO Tila 3 OMISILY HA HIMPOKE KOJIO
nNpakTHYHuX 3ajad. Kiacuuni npari mporo HanpsmMky i3 QyHIaMeHTaIbHUMM
AHAJIITUYHUMHU PO3B’SI3KAMHU HE OXOIUTIOIOTH BCHOTO Pi3HOMAHITTA Cy4acHHX MOCTAHOBOK.
30KkpeMa, Ik TEOPETUYHHM, TaK i MPaKTUYHMI iHTEpEeC CTAHOBJIATD 33/1a4i, KOJIM KOHTAKTHA
30Ha Hamepe] HEBiOMAa. 3aCTOCYBaHHS Cy4YaCHHX CKiHYEHHO-CIEMEHTHHMX IAKETIB €
€(EKTUBHAMY IIPH PO3B’SI3aHHI NMPAKTHYHUX 33124 30KpeMa # KOHTaKTHOI B3aeMOZil, ane
CTaHJapTHHX IiJXOAiB J0 3a[a4 y 3a3HaueHiil MOCTaHOBLi Hapa3i Hemae. OTxe, po3pobKa
BiINIOBIIHAX AJITOPUTMIB Ta IPOrpaMHUX 3ac00iB [UIsl PO3B’si3aHHS KOHTAKTHHMX 3a/1ay i3
HEBiIOMMMHU Hamepel 30HaMH KOHTAKTY € AaKTyaJbHOK MpOOIEMOI0 MeXaHiKu
ne(pOpMiBHOTO TBEPAOIO Tija.

Hucepraniiitna pobora XXymmana B. B. BukoHyBajsiach y BiJNOBIZHOCTI 3
IHIVBidyalbHUM IUIAHOM ITTOTOBKH acripaHTa KadeIpH KOMIT'IOTEPHHX TEXHOJOTIH
JIHIIIPOBCHKOTO  HamioHanbHOro YyHiBepcureTy imeHi Omecs Tonuapa. IlpoBenei
IOCII/KEHHS € YaCTHHOIO iHIliaTHBHHX HAayKOBO-IOCHIAHUX poOiT «MaremaTnuHe Ta
KOMIT'IOTEPHE  MOJEIIOBAHHS  KOHTAKTHOI  B3aeMOJil Tim  CkiIagHOi  GopMm»
(Ne mepxpeectpanii 0119U101053, 2019-2021 p.p.), «JlerepMiHOBaHi Ta CTOXacCTUYHi
QITOPUTMU KOMIT'IOTEPHOTO MOJETIOBaHHS OO0’€KTiB Ta MpOLIECIB Pi3HOI NPUPOIID»
(Ne nepxpeectpanii 01220001467, 2022-2024 p.p.), MO BHKOHYBaJHCS Ha Kadempi
KOMII'FOTepHMX TexHomorii J[HY.

Ilomana no 3axucty aucepraiiitna pob6ora XXymmana B. B. mae Ha memi moOymoBy
HOBHX MAaTEMAaTHYHUX Ta KOMII'IOTEPHMX MOJeNieii KOHTAKTHOI B3a€MOii TiJl CKIaaHOT
(GopMH, NOAANBIINIA PO3BUTOK AHANITUYHUX MiAXONIB A0 PpO3B’SI3aHHS MPOCTOPOBUX
KOHTaKTHUX 3ajad. B Hill peanizoBaHO KOMIUIEKCHHH MiAXiA M0 3a7a4 MOJETIOBaHHS
KOHTAKTHOI B3aeMogii. Y poOOTi CTBOPEHO BIACHMI IIpOrpaMHUil MPOAYKT, IO peati3ye
OTPUMAaHHs aHAJITUYHHUX PO3B’A3KiB, MPOBEICHHS YUCEIbHIUX €KCIIEPUMEHTIB, CTBOPEHHS
€KCIIEPTHOI CHCTEMH JJisl iieHTUdikamii GopMHU IUIOIAAKN KOHTAKTYy i3 3aCTOCYBaHHSIM
CY4aCHOTO MPUKJIATHOTO MPOrpaMHOro 3abe3mnedeHHs. BiAmoBigHO 10 NOCTaBIeHOI METH
cOpMyIBOBaHO I’ ATk 3aBAaHb. HOTHPH PO3/iIH AUCepTaLlii MOBHOIO MipOIO BiI0OpaXkaroTh
BUKOHAHHS KOXXHOTO 3 ITOCTABJICHHUX 3aBlaHb.

HayxoBa HOBH3HA ofepKaHUX pe3yJabTaTiB CHOPMYILOBaHA y BCTYIi poOOTH Ta
HOJISTA€E B TAKOMY:

= OTPUMAaHO aHAJIITHUYHi PO3B’A3KH JUIs 3a/1a4i PO BAABIIOBAHHS B OAHOPIAHUNA
Ta 130TPONMHHUYM NPYXHUM MBOPOCTIp HMMITIHAPUYHOIO AOCOIIOTHO >KOPCTKOTO ILIOCKOTO
JIBO3B’SI3HOTO0 mTamna B (opmi, Onu3pkoi 10 Kijblsg (TPUKYTHOTrO, LIECTUKYTHOTO Ta
BOCBMHKYTHOTO, KOJIX MEXi 00J1acTi KOHTaKTy He € noxiOHuMu). Bnepute Gyno po3B’s13aHo
3a7a4l IS WTaMImiB y Qopmi Kinbl, IpaHumi SKUX OMM3bKI 10 TPUKYTHHKIB,
IIECTUKYTHUKIB, BOCbMUKYTHHUKIB, y BUIVISIII PO3KJIaIaHHS 32 HOBUM MAJIUM N1apaMETPOM.



- pO3po0JIEHO Ho6ée mporpamHe 3a0e3nedeHHs Ha MoBi CH++ juis aHamizy i
Bisyasi3alii aHaJiTMYHOTO pO3B’S3Ky NP0 BIABIIOBAHHS B i30TPONHHUH IPYKHHH
MiBIPOCTIP IMIiHAPUYHOTO abCOMIOTHO JKOPCTKOTO INTAMILY IIONEPEYHHM mepepis sSKoro
3aiiMae 1BO3B’sI3HY 00JIACTE.

-~ énepuie pPO3pOONEHO TpOrpaMHe 3a0e3MeYeHHs [JIsi BHUKOPHCTAHHS Y
CKiHYeHHO-elleMeHTHOMY makeri ANSYS Ha croenubiuniii nponpuiTapHiii MOBI
IporpaMyBaHHsl Ui iHXeHepHHX pimieHb (APDL) 1ns koperyBaHHs mnapaMeTpiB
KOMIT'FOTEpHOI MoJelli 4epe3 (yHKLiOHaN, SAKUH BiACyTHi B mortounomy iHTepdeiici
KOPHCTYyBa4a porpaMHoro komiiekcy ANSY'S.

- CTBOPEHO Ta IPOTECTOBAHO EKCIEPTHY CHCTEMY Ui pO3B’A3aHHs 3ajadi
inenTudikaii GopMu MOMEPEYHOro MePepi3y IITAMILY, IO Ai€ Ha IpyHui miBnpocrip. s
bOro énepuie Oyno 3actocoBaHo mporpamHy cucremy CLIPS i po3pobieHo mporpaMue
3abe3nedyeHHs Ha MoBi nmporpamyBannas COOL mix CLIPS.

- eénepuie Oyno CTBOPEHO MiIXiJ JUIs pO3B’sI3aHHA 3ajadi ineHTudikauii popmu
IIONIEPEYHOT0 Nepepi3y MTaMITy i3 3aCTOCYBaHHIM Cy4aCHUX MareMaTUYHUX aJITOPUTMIB Ta
iHpOpMaLiifHIX TEXHONOTiH, a came, po3pO0IEHO AJTOPUTM, Y IKOMY BHKOPHCTOBYIOTBHCS
aHaNmTHYHI migxomu, mporpamui cuctemu ANSYS, CLIPS, ta pospobGneHo BiacHi
HpOrpaMHi JONATKH, SKi IIOETHYIOTh BCi €TaIH JOCIiIXKEHHS B OMH KOMILTEKCHHM IPOIYKT.

Yci orpumaHi B poOOTI pe3ynbTaTd € HAYKOBO OOIPYHTOBaAaHHMH, IO
3a0e3MMeuy€eThCs BUKOPUCTAHHAM 3arajlbHOBU3HAHMX MOJIOKEHD, CITiBBI IHOIIIEHb T4 METO/IiB
MEXaHik# J1e(OpMiBHOIO TBEPIOTO Tijla; CyBOPICTIO BUKOPHUCTOBYBAaHOIO MAaT€MaTHYHOIO
arnapary; HNOpIBHSHHSM pe3yJbTaTiB 3 OTPUMAHUMH paHillle 3 BHUKOPHCTAHHSM Pi3HUX
METOMiB, 4 TaKOX 3 BIJOMHMH pe3yJlsTaTaMU OOYHCIIIOBAJbHUX EKCIIEPUMEHTIB i
eKCIIEpUMEHTAILHUMH JTAHUMH IHIIIMX aBTOPIB.

IIpakTH4YHe 3HAYEHHS OJEPKAHMX Pe3y/bTaTiB MOJISTae B TOMY, IO PO3po0JIeHi B
JMCepTaNiiiHiii poOOTI HOBI MaTeMaTH4Hi Ta KOMII'FOTEPHI MOZIENi, aJrOPUTMH 1 IMiAXOau
MOXyTb OyTH BUKOPHUCTaHi SIK U NPOBEACHHI O0YMCIIOBATBHUX €KCIIEPUMEHTIB, TaK i Mij
Yac pO3B'A3aHHS NPAKTUYHUX iHXKEHEpHUX 3ajad. BOHM MOXYTh CIIyryBaTd HayKOBO-
METOIUYHOI0 OCHOBOIO ISl IIEPCHEKTUBHUX PO3POOOK B MEXaHilli KOHTAKTHOI B3a€EMOJIii
JUIs PO3B’s3aHHs AaKTyaJbHHX 3aJa4, II0 BUHUKAIOTh B I1HXEHEPHiM MpakTUlli NpU
PO3paxyHKaX KOHTAKTHUX XapaKTEPUCTHUK B KOHCTPYKIISX Ta CIOPYAax.

TeopeTuuHi Ta MPaKTHYHI MOJOXXEHHS POOOTH € CKJIaJI0BOK YaCTHHOIO HaBYaIbHOL
aucnuIuting «KoMm'roTepHe MOJIENTIOBAHHS CHCTEM Ta MpoleciB» (s 3100yBadiB mepIioro
(baxanaBpcpKoro) piBHs BHIIOI OCBiTH crenianbHOCTi 113 Ipuknanna maremaruka OIT
«KoMm’1oTepHe MOJENIOBaHHS Ta TEXHOJOTII MPOrpaMyBaHHsM» Ta AACUMILIIHK «MeToau
Computer modeling and simulation» (mis 3m00yBadiB apyroro (MaricTepchKoro) piBHs
BHIIOI ocBiTH cnenianbHOCTi 113 Ipuknanna maremaruka OIT «IHpopMmaruka»). Okpemi
TEOPETUYHI PE3YNLTATH BMKOPHCTAHI NPH BHKOHAHHI KypCOBHMX Ta AMIUIOMHHX PpOOIT
CTyAeHTaMH (aKynbTeTy npukiaaHoi Maremaruku JTHY.

Anpobanisi pesyabTaTtiB Auceprauii € koM a0ctarHb00. OCHOBHI pe3ysibraru
po6OTH NONOBiNANKCH i 0GrOBOPIOBANUCH HA 7 MiXXHAPOAHMX HAYKOBHX KOH(EPEHILsIX Ta y
oMy — Ha MixkadeapaJlbHOMYy HAyKOBOMY CEMiHapi IpH MOCTiHHOAIIOUOMY ceMiHapi
«AKTyaJIbHi IIUTaHHS ONTHMI3alil Ta JUCKPeTHOI Maremarukm» npu Haykosiit paxi HAH



VYkpainu 3 npobnemu «KibepHeTuka» ¢haxyapTeTy MPUKIaqHOT MaTeMaTuK JIHIIPOBCHKOTIO
HaL[iOHAJILHOTO yHiBepcuTeTy iMeHi Onecs [onvapa.

ITyGnikanii. 3a TeMor0 qucepranii aBTOpoM OIMyOikoBaHO 12 HAyKOBHX Ipallb, 3
AKUX: 4 CTATTi — y NPOBiIHMX HAYKOBHX (axOBHUX BUAAHHSX YKpainu (3 — kareropii b, 1 —
Kareropii A), mo BHeceHi 1o BinnosigHoro meperiky MOH Vkpainu, 3oxkpema 1 crarrs y
BHIAHHI, W0 IHACKCYETbC B HAYKOMETPHUHil 6a3i Scopus; 1 cTarrts — y mepioguaHoMy
HAayKOBOMY BHJAaHHI iHILOi A€p>KaBH, IO BXOAUTH JJO MiXXHAPOAHUX HAYKOMETPHYHHX 0a3
nanux Scopus Ta Web of Science Core Collection; 7 Te3 momoime#t Ha MiKHApOIHHX
HAyKOBHX KOH(EpEeHLisX, 10 MOBHICTIO BiINOBia€ BUMOraM 0 myOiKalii, BUKJIaIEHUM
y Iopsaky npUCYIKeHHs CTyneHsl AokTopa ¢inocodii Ta ckacyBaHHS pillIeHHS pa3oBOl
CIIeNiaiiz0BaHOl BYUECHOT pajiv 3aKJIaJy BUILOI OCBITH, HAyKOBOI YCTAHOBH PO NPUCYIKEHHS
CTymneHs fokropa dinocodii, 3arBepmkeHoro nocrasoBorwo Kabinery MinictpiB Ykpainu Bij
12 ciuns 2022 p. Ne 44 (3i 3minamu). OCHOBHHI 3MicT myOJikalliii MOBHICTIO BiamoBimae
3MICTy JUcCepTarii.

VYci OCHOBHI pe3yJIbTaTH AUCEPTaIliifHOT poOOTH OTPHMaHi 3100yBauyeM CaMOCTIiHHO.
B mpansix, HanMCcaHuX y CIliBaBTOPCTBi, 0COOMCTHI BHECOK 3/100yBaya NOJArae B OTPUMaHHi
AQHAIITUYHUX pe3yJbTaTiB, pO3POOIEHHI MPOrpaMHOro 3abe3MeYeHHs, MPOBEAEHHI
YHUCJIOBUX EKCIEPUMEHTIB, iHTepIpeTauii Ta IOPIBHSAHHI pe3yNbTaTiB i3 BiIOMHMH,
OTPMAHUMH IHIIMMH aBTOpPaMH, pO3POOJECHHI EKCIEPTHOI CHUCTEMH, (DOPMY/IOBAHHI
BHCHOBKIB.

Crpykrypa poGoru. [luceprauiliHa po0oTa CKJIAHAE€ThCS i3 BCTYIY, YOTHPHOX
po3ainiB, mo MicTaTh 30 pucyHkiB Ta 1 TabJHIIO, BUCHOBKiB, CIHCKY BHKOPUCTAHUX
mxepen i3 144 HaliMeHyBaHb. 3arannHuii o6csar pobotu craHoBuTh 131 cTopinky, oGcsr
OCHOBHOTO TeKCTy 114 CTOpiHOK, IO BiJAMOBiga€ BHUMOraMm, BCTAHOBJIEHHM OCBITHBHO-
HaykoBol mporpamoro «IIpuknagna wmaremarukay cremiansHocTi 113 Ilpuknamna
MareMarukKa.

Odopmaenns poboru BiAnoBigac YMHHUM BUMoraMm. PoGota noGpe CTpyKTypoBaHa,
Marepian BHKJIAICHO 3p03yMiJIOI0 MOBOIO, PO3iii pOOOTH JIOTIYHO MOB’si3aHi Mixk co06010.
IlpoBeneHi YHWCIOBI EKCIIEPMMEHTH TMPOLMIOCTPOBaHI pHCyHKaMu Ta rpadikamu i3
BiANIOBIJHUMH MOSCHEHHSAMH B TEKCTi, L0 MOJETIIyE CHPHUHATTA Matepiamy. OO6csr
rpagivyHoro Mmarepiany AocTaTHiil. Y TekcTi poOOTH TakoX HaBeAEHO (GparMEHTH KOiB
pPO3pO0JIEHOr0 aBTOPOM  MPOrpaMHOrO  3abe3nedyeHHs, [0 JEMOHCTPYE BHCOKY
kBayigikariro aBropa i B ramysi IT.

Y eécmyni po6oTu 00TPYHTOBAHO AKTYAIBHICTh TEMH JUCEPTAIlil; 3a3HAYECHO 3B’ 30K
po0OTH 3 HAYKOBUMHU NPOTPAMAMH, TUIAHAMH 1 TeMaMu; chOpPMyJILOBAHO METy H 3aBIaHH:;
JOCII/UKEHHS; BHM3HAQUEHO HAyKOBY HOBH3HY, JOCTOBIDHICTb, INPAKTUYHE 3HAYCHHS
OJCP)KaHUX pE3YJIbTATIB; HABEJECHO BiZIOMOCTI MpO ampolallilo pe3ysbTaTiB PoOOTH,
myOuikarii Ta 0COOUCTHIA BHECOK aBTOPA, CTPYKTYPY Ta 00CAT AucepTarii.

Y nepuiomy po30ini nHaBeneHo aHai3 myOJikalii 3a mpobIeMaTHKOIO JUCepTaIlitHOT
poboTH, a came, NMPUCBAYEHHX MAaTeMaTHYHOMY Ta KOMII'IOTEPHOMY MOJIEIIOBAHHIO
KOHTaKTHOI B3aeMomii Tin ckinagHoi ¢opmu. Po3misiHyTo cydacHi miaxoad J0 MUTaHb
MOJIEJIFOBAHHS KOHTAKTHOI B3a€MOZIi TiJ1 CKIagHOI POpMU, pO3B'A3aHHS KOHTAKTHUX 3a]a4



inenTudikanii GopMy MIOIANOK KOHTAKTY, & TAKOX OLIHKY KOPEKTHOCTI ITOOYHOBaHHX
Moenei. JIoriuHo o6rpyHTOBaHO BUOIp BIACHOIO HANPAMKY JOCiIKEHHS.

Jpyrmii po3ain MIiCTHTh MOCTAHOBKY 3a7a4i KOHTAKTHOI B3a€MOJil IUIOCKOTO
aOCOJIIOTHO JKOPCTKOTO JIBO3B’SI3HOIO B IUIAHI IITAMITY Ta MPY>KHOIO MiBOPOCTOPY. 3a1ady
IIPO BIABIIOBAHHSI B i30TPOIHUIH IIPY>KHMUHM i BIPOCTIP KOPCTKOTO LITAMITY, KOJIH IIOIIA KA
KOHTaKTy 3aiiMa€e JBO3B’sI3HY O0JIAcTh, KOHTYp SIKOi CKJIJAE€ThCA 3 JBOX JIHIM, IO HE
NEPETUHAIOTECS T4 MOXYTh OyTH HEMoAiOHMMH, 3BENEHO IO MOCIIZOBHOCTI 3a1ay s
001acTi KOHTAKTy B (hOpMi KPyroBOIO KiJibIisl. 32CTOCOBAHO BiJOMHI pO3B’SA30K 3aa4i PO
KiIbLEBUH mTamn B ¢opMi NOABIHHOrO psiay, KOeGili€HTH SKOr0 BU3HAYAIOTHCS 3
PEKYPEHTHHX CIiBBiJHOIIEHb. BUKOpHCTaHO METO/ PO3KIIAIY 332 MAJIUM MTAapaMeTPOM, SKHii
MOKe MaTH (i3nyHe 3Ha4eHHS a00 Oy/ab-fKe iHIe, HAPHUKIA, XapakTepusyBaTu Gopmy i
po3MipH IIOINaAKH KOHTakTy. HaBeneHO pO3BMHEHHS MOTEHIlialy IMPOCTOrO LIapy IpH
BiOOpa)KeHHi JBO3B’A3HOI O0NACTi iHTErpyBaHHS HA KpPYroBE KiIbLE 3a JOINOMOTIOKO
IIEPETBOPCHHA 3MiHHMX iHTETPYBAHHS Ta IIEPETBOPEHHA KOOPIUHAT MONoca sapa. B
pe3ynsTari Ofep)KaHO IOCIiJOBHICTh aHAJNOTIYHMX 3a1ad IJISl KPYroBOIO KiJbUS IS
BU3HA4YCHHS QYHKIIH, 10 XapaKkTepU3ylOTh PO3IMO/IiJ HOPMAIBHOIO THCKY IiJ IITAMIIOM B
(GopMi HEKPYTOBOI'O KiJIBIIS, 4 TAKOXK 3aITHONEHHS, IIPOEKILii BEKTOPiB OBOPOTY IITAMITY Ta
MiHi}, ki 0OMEXYIOTh 00J1acTh KOHTAKTY. IIpoBeIeHO PO3paxyHKH JUIs LITAMIIB Pi3HOL
KOHQirypariii, a came y ¢GopMmi Kilbld TpaHMIi SKMX ONU3bKI JO TPUKYTHHKIB,
IIECTUKYTHUKIB, BOCBMUKYTHHKIB T4 IITAMITY JTiHii KOHTYpiB SKOr0 He € moxibui. OrpuMano
AHAIITHYHI PO3B’A3KH JUIS JBO3B’S3HOTO ONM3BKOTO O TPUKYTHOTO, IIECTUKYTHOTO Ta
BOCBMHKYTHOTO KiJIbIIEBUX B IIaHi IITaMIiB (3a paxyHOK IHIIOTO PO3KJIAJaHHSA y psa
KOHTYpY ILITaMIIa).

3a JOIOMOIOK CTBOPEHOIO aBTOPOM CIELiAIBHOTO MPOrpaMHOro 3abe3nedyeHHs
(moBoro C++) BHKOHAHO aHali3 Ta Bi3yami3alilo OTpUMaHuX pe3ynbrariB. HaBeneHo
rpadikd po3MOMily HOPMAJBLHOIO THCKY IIiJi OCHOBOIO INTAMINB pi3HOI KOH(irypauil,
Onu3pkUX 10 KinbrneBuX. IIpoBeeHO MOpPIBHSAHHS pE3yNbTAaTiB 3 OTPHMAHMMH paHille
AHAIIITUYHO.

Y po3mimi BUKOPUCTAHO TIOTYXKHHI MareMaTWdHuil amapar Juiss OTPHMaHHS
aHAJITUYHUX PO3B’SA3KiB Ta CTBOPEHO BJIACHE MPOrpaMHe 3a0€3MeUYeHHs], 0 CBiYUTH PO
mIMOOKI TEOPETUYHI 3HATTSA Ta NMPAKTUYHI HABUYKU y rajysi MporpaMyBaHHS, 3aCBO€HI
aBTOPOM pOOOTH.

VY Tperbomy po3aisi po3po6aeHo MoJIeli KOHTAKTHOI B3a€MOI INIOCKUX a0COMIOTHO
OPCTKUX IITaMIIiB 3 IpyxHiM miBrpocTopoM B makeTi ANSY'S. Byno npoBeneHo yucenbHi
€KCIIEPUMEHTH 3 BJIACHE CTBOPEHMMHU MOJENISIMU KOHTAKTHOI B3a€MOJIT JJIsi OXHO3B’ I3HUX
Ta JABO3B’SI3HUX B IUIAHI MITaMIIiB 3a (OPMOIO MOMEPEYHOIO Nepepisy OMU3BKOIO 10 Kpyra,
TPUKYTHHKA, IIECTUKYTHHUKA, KPyTOBOTO KiJIbLisl, KiJIbLS, OJIM3bKOTO 10 TPUKYTHOTO, TOLLO.
BUKOHAHO MOPIBHAHHS OTPUMAHHUX PE3YNILTATIB B CEPEMHI 30HU KOHTAKTY 3 pe3yJIbTaTaMH
AHAIITUYHOTO PO3B’SI3KY, SKE IPOAEMOHCTPYBAJO 3aJO0BiJIbHE Y3TOIKEHHS, 3pOOJIeHO
BHCHOBOK IIPO a/IEKBaTHICTh 3alpONIOHOBaHUX Mojeneit. Ha ocHOBI po3poliennx monesnei
Oy70 CTBOPEHO I'PYIH TAKMX, IO MAJH Pi3HI THUITH 1 CTEMEH] MOMKOIKEHb a00 3HOIIEHHSI.

Po3po6iieno nporpamue 3a6e3neyenns mig ANSYS Ha crienudiuHill nponpuiTapHii
MOBI IIpOrpaMyBaHHA JUIf iHeHepHHX pimeHb (APDL) mns koperyBaHHS mapameTpiB



KOMII'IOTEPHOI Mozelni depe3 (yHKHiOHaN, SKWM BiICyTHiM B moTouHoMy iHTEpdeiici
KopuCcTyBa4a mnporpamMHoro komiuiekcy ANSYS. Otpumano pe3ynsraTd jisl HU3KH
YHCEIbHUX EKCIEPUMEHTIB, sKi Oyau 30epexeHi y 0a3i s momanbiioi mepenadi ix y
cucreMmy CLIPS 11 CTBOpEHHSI €KCIIEPTHOT CUCTEMH.

Haiinikasimmm, Sk Ha MEHE, € 4eTBEePTHil PO3/1ij AK JOTiYHE MPOXOBKEHHS HEPLIMX
TPBOX, B SKUX OyJO OTPUMAHO aHANITHYHI Ta YHCJIOBI pe3ynbTaTH. ABTOpPOM OyII0
pO3po0JIEHO BIaCHY €KCIEpTHY cucteMy. Jisi CTBOPEHHS i MiATPUMKH i€l cucTeMu Gyio
o0paHno nporpamuuii iHcTpyMeHT CLIPS, 110 103BOJIMB aBTOMATH3yBaTH [TPOLIEC IIPHAHSITTSI
pilleHb Ha OCHOBi Habopy mpaBWJl Ta 3HAHb, SKi OyJIM CTBOpEHi i BHKOpPHCTaHi s
PO3B’sA3aHHA KOHKPETHUX 3aBiaHb. OpraHizoBaHa 0a3a 3HaHb SK KIIOYOBUH KOMIIOHEHT
EKCIIEPTHOI CHCTEMHM, IO MICTUTh iH(GOpPMALI0 NMPO TEOMETPUYHI XapaKTEPUCTHUKHU i
BJIACTHBOCTI MaTepiaiiB IITaMIiB i MBOpPOCTOpY, iHGOPMALI0O IPO HAMPyKEHO-
neOpMOBaHMM CTaH CHUCTEMHM IUTAMI-TIPYXKHHH IMiBIPOCTIp, a TakoXk HaOip mpaBui i
¢akriB. IloOynoBaHa €KCIIEpTHA CHUCTEMa J03BOJIMJIA aBTOMATU3YBaTH iJ1eHTH(iKaILlilo
IONEPEeYHNX IMepepi3iB IITaMIiB 3 IUIOCKOIO TMiJONIBOIO, IO THUCHYTh HA MPYKHHM
HiBIOPOCTIp.

JUis 3a0e3rnedeHHs] 3py4YHOCTI BUKOPHCTaHHS Ta iHTerpauii MporpaMHOi CHCTEMH
CLIPS y po3po0neHuii mpoekT Ha MOBi nporpamyBaHHs C++, OyJ0 CTBOPEHO JOAATKOBI
6i6mioTeuHi daiinu.

Y miJCyMKy 3allpOIIOHOBAaHO BIACHWHA aJrOPHTM JUis 3a[a4 CTBOPEHHS Ta aHai3y
MareMaTHYHUX i KOMIT'IOTEPHHUX MOJENIed KOHTAKTHOI B3a€MOJii aOCONIOTHO KOPCTKOTO
UMIIHAPHYHOIO INTAaMIy i3 IUIOCKOK) OCHOBOK 3 IPYXHIM MiBOPOCTOPOM MiJ Ai€lo
CTUCKAI04O0i cvutd. JIyisl mpuKiaxy po3B’s3aHo 3a/1adi ieHTudikallii reoMeTpruuHoi GopMu
NONIEPEeYHNX Iepepi3iB aOCOMOTHO KOPCTKUX IITAMINB, II0 THUCHYTh Ha MpPYXXHUI
HiBIIPOCTIp, ajie MaIOTh MOLIKOKSHHS, AKi 3a3JaJICTib HE BiToMi.

Bucnoeku chpopMynbOBaHO IO KOXKHOTO pO3AlUTy poOOTH, HalOinbll BaroMi 3 HUX
IOAAHO B KiHLiI poOOTH. 3arajbHi BUCHOBKH BiJI[TOBiAalOTh MOCTABICHUM 3aBIAHHAM Ta
JIOT1YHO BUILTUBAIOTH 3 MPOBEICHOTO JOCIiHKEHHS.

Sk 1 Oynb-sika HOBAaTOpPChKA, OpHUriHANBHA pobota, auceprailis Xymmana B. B. He
11030aB/ICHA IEBHUX HEJIOMiKiB, 30KpeMa:

1. ¥ xyToBHX TOYKaX, SK BiJIOMO, MAIOTh MiCIIe OCOOJIMBOCTI y MONSAX HAMPYKEHb.

Ha c. 74 3a3HaueHo, o «Ha 308HiuHil 2panuyi KOHMAKNMY MAEMO 3HAYHUL po36ie
8 OMPUMAHUX PE3YNbMAmax, ujo MOXCHa 6y110 nepedbauumu 3 NPUYUHU ICHYIOUUX
Pi3HUYb Y NIOX00aX MIHC AHAIMUYHUM § YUCETbHUM PO38 SI3aHHIM MAKO20 KAACY
3a0ay. Taxodxc mpeba mamu HA y6aszi ocobnusocmi, wjo marme Mmicye npu
PO3PaxyHKy Hanpye y KYmoeux 30Hax konmaxkmyroyux miny. | nani: «Pesyremamu
YUCENIbHO20 PO36 A3KY 3HAX00AMbCA 8 pamkax oonycmumux eioxunenvy. Ilo-
Teple, i ABa TBEPLKEHHS Cylepedarh ofaHe omHoMy. [lo-apyre, y uHcenbHHX
po3paxyHkax BapTo Oymo ckopucratucs MoxiauBocTsMd ANSYS, a cawme,
3aCTOCYBAaTH y KYTOBHMX TOYKAaX CIEUiaIbHI CKIHYEHHI eleMeHTU. AJDKe, SKIIO
HneTecd IpO pO3paxyHKH Ha MIIHICT, YyBary CJiJ TMNpUIIATA came
HaliHeOe3neyHi M 00IacTsIM KOHCTPYKILi,



2. HanoBHeHHs 6a3u 3HaHB, 110 NIEPE/ye CTBOPEHHIO OY/Ib-SKOI EKCIIEPTHOI CUCTEMM
— IIMTaHHS Y4 HEe HAWrojoBHime. Y poOoTi 1ie HalOBHEHHS MPOBOAMIIOCS IILIIXOM
OTPUMAaHHS [aHWX IIONEpPEAHIX YHUCENbHUX EKCIIEPUMEHTIB Ta OIKMCAHO SK
«OTPUMAaHHS JAQHMX 3 YMOBHMX JaT4MKiB». XOTijocs 6 MOYYTH HA 3aXUCTi IPO
MOXJIVBI TIPAKTUYHI IUIIXH HAMOBHEHHS 1€l 6a3u 3HAHb.
3. Cepen TexHiUYHMX HENONIAAIB Bif3HAYy BHUKOPUCTAHHA IIOHATTS «HAMPYTH»
3aMiCTb «HaNpyxeHH"» (C. 74), opdorpadiui MOMUIKKM HA KIUTAIT «HANIEHUX)»
3aMicTh «3HaAeHHX» (cc. 96, 97), po3pUBH B Ha3BaX PUCYHKIB ab0 BiapuBH Bin
HuX camux (puc. 3.8, 3.9, 3.11, 3.12, 3.13) Tomo.
IIpore mi 3ayBakeHHs HOCATH CKOpillle Xapakrep mobGaxkaHb Ta HE 3HHXKYIOTh B
LILJIOMY BHCOKO{ OLIIHKH BUKOHAHOI aBTOPOM pOOOTH.

3araabHuMi BHMCHOBOK. BBaxaro, mo 3m00ysad JKymman B. B. B pesynbrari
BUKOHAHHA JMCEpTaliiHOl po0OTH MOBHICTIO OBOJIOAIB METOMOJIOTIED HAYKOBOI
JISUIBHOCTI, OCOOMCTO OTpHMaB BaroMmi HaykoBi pesynsrard. Jluceprauis Kymmana
Brnagucnasa BikropoBuua Ha TeMy «MareMaTHyHe Ta KOMITIOTEPHE MOAETIOBaHHS
KOHTaKTHOI B3a€MOZIl Tiin ckiaaaHOT (GOPMU» € OPUTiHAIBHOK 3aKiHUEHOH HAayKOBOKO
palel0, BUKOHAHOI0 Ha CydyacHOMY HaykoBoMy piBHi. PoGora BimmoBizae BciM BUMoOram
Ilopsaky NpHUCyIKEHHsS CTyINeHs JOKTopa ¢inocodii Ta ckacyBaHHs pilIE€HHA pa3oBOl
crienianizoBaHoO1 BICHOT paJiy 3aKJialy BUIOI OCBiTH, HAYKOBOI YCTaHOBHU IIPO NPUCYI>KEHHS
CTyneHs nokropa dinocodii, 3arBepmreHoro moctanoBoro Kabinety MinicTpiB Ykpainu BiJ
12 ciunsg 2022 p. Ne 44 (3i 3miHamu), a ii aBTOp 3aciyroBye Ha NPHCYIXKEHHS CTYIEH:
Aokropa ¢inocodii 3a cnenianbHicTiO 113 IIpuknaaHa MareMaTuka.

PenieHseHT:

JIOLEHT Kadeapu TEOPETUIHOT

Ta KOMII'FOTEPHOI MEXaHiKH
JIHIIPOBCHKOTO HAL[iOHAJIBHOIO
yHiBepcuTeTy iMeHi Onecs ['oHyapa
KaHAuJAT Qi3UKO-MaTEeMAaTUYHUX HAYK,
JOLEHT

Terasna XOJAHEH

IIpopexrop 3 HayKOBOI po60Tn
Oner MAPEHKOB




