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PEQWEH3I1

AOKTOpa TeXHi4YHUX HayK, CTapworo HayKOBOrO cHiBpoOiTHuKa

Crankesny Onenn Muxaiininan

Ha uceptaniliny poOoty Camoriii Teranu Cepriisun

«Metogu Ta 3acoOu HelipoMepexkeBoro MOJeHOBaHHA TemsIOMaCOlepeHeceHHsA B
aHiZOTPOMHUX CepeNOBUINAX 3 PpakTaIbHOIO CTPyKTYpPoro»TogaHy JO 3aXxUcTy Ha
306yTTA HayKOBOrO CTyTeHs LOKTOpa hinocodii B ramy3i 3Hanb 12 «Iaopmauiiini

TexHONOrii» 31 cleniambHocTi 122 «Komm’toTepHi HayKH»

AKTyaJIbHicTbh TeMH JOCIiKeHHA

AHI30TPOMHi CepeqOBMUIA 3 (ppakTAabHOLO CTpyKTYPO!O MaIOTb HeMpocTy reomeT-
pio Ta BllacTuBocti. Y Hux BiAGyBarOTECA CKaHi Ipouecu Nepenecenus peyoRUHH Ta
eHeprii, 30Kpema Tera fi BOOTH,IO YCKIa{HIE KlaCH4He MaTeMaTH4He MOJeNOBaHHA,
30KpeMa, JIA ONTHMI3ait MpoleciB cyminHa. BissuticTs BiqOMUX MeTOAUK He 3arHi
TOYHO BIATBOPHTH edeKTH, NpHTaMaHHi @pakTawbHuM cepeOBMIaM, OcoOMMBO y
Bullaqkax OararomMaciiTaOHol CrpyKTypu Ta WMHaMiyHOt 3MinM BacTHBOcTeli y 4aci.
3moyemonaTn eeKTH mam’sTi, aHOMaJbHO! AMdy3ii, npocropoBot HemOKaBHOCTI
MOXKHA 3a JOMOMOTOIO MaTeMaTMYHOrO allapaTy ApoOoBoro 4MCeHHA, a 3alyyeHHA
WITY4HOTO iHTeeKTY, 30Kpema HelipoMepexeBux MeTosiB, Wace 3Mory eceKTuBHO
allpOKCHMYBaTH Ii Mporecu.

Came Tomy, mocrapieHa y qucepraiitniii poOori Camortitt Tersun Cepriisun
HayKOBO-NpakTH4Ha 3ayaia pOspoOJeHHA Ta NOCHIAVKeHHA MeTOAIB MOJeMOBaHHA, AKi
NOELHYIOTh Tpooowe AudepeHiioBanHs 3 HeHipoMepexkeBUMN TiAXONaMu, akTyaNbHa AK
ANA MOTMMOMCHHA TEOPCTHYHUX OCHOB MOeMOBAHHA y PpakTasIbHuX CepeqOBUIIAX, Tak
i QA BUOCKOHAeHHA WpakTH4HUXx iHCTpyMeHTiB KepyBaHHA TemOBONOrOOOMinHUMH
TmpolecaMu y BACOKOYYTIMBUX TeXHOJOTINHUX CHCTeMaXx.

Ouinka Jocrosipnocti Ta o6rpyHToBaHocTi OCHOBHAX NOOKeHb i BUCHOBKIB
AucepTauil, OTPHMaHHs BUMor akajemi4Ho! AOOpouecnocrTi

OcnosHi HaykoBi MoroxKeHHA YucepTanitHot poOoTn, BUCHOBKH Ta peKomensanii
€ TeopeTH4HO OOIpyHTOBaHHMK,He cyllepeyaTb MeTOJaM MaTemaTH4HOl i3MKH, MexaHi-
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KH CHaKOBUX CepeXOBHI Ta APOOoBOrO YUCIIeCHHA, Teopii LITyYHUX HelpOHHUX Meperk,

YMCeNbHUM MeTOJaM pO3B’s3aHHA WpoOoBUX WMepeHWiasbHUXx PiBHAHb, CTAaTUCTHY-

HOMY aHalli3y, 06’ €KTHO-Opic€HTOBaHOMY HiAXxoLy WO pospoOseHHA WporpamuHoro 3a6e3-

nleveHHa.

Haykosi pe3yIbTaTH NiATBeEpKeHO TpakTH4HOIO peatlizallicro, WO BiZOGparxKeHo B

aKTi iX BIPOBaMKeHHA, almpoOalliero Ha HayKOBUX CeMiHapax KadeApu, MbKHapOHUX Ta

BCeyKpaiHCbKWXx HayKOBUX KOHepeHniAx.

Tlepesipka guceprauiitnol poOoru Ha HasBHicTh TeKcTOBUX 36iriB TMATBepauIA

JOTPHMaHHA BUMOr akayeMidHO! WoOpouecHocti. Po6ora BuKOHaHa caMocTiiiHo, 6e3

muariary, dancudixanit, daOpuKayiii aH HerpaBoMipHoro BUKOpMcTaHHA 4“yxKUx

Matepialis; yci IpKepesla KOpeKTHO odopMieHO Ta MpomuTosano. BuKonanns

TMcepraliMHo! poOOTH NOBHICTIO BiAMOBIAae BCTAHOBNCHUM BUMOTaM IIOfO0 aBTopcTsa,

OpHTiHabHOCTI Ta aKaeMIYHO! ETHKU.

Haykopa HOBH3Ha OTPHMAaHHX pe3y.IbTaTiB

ynepue

° pospoOsleHO MeTOX CHHTe3y JBOBMMIpHO! (*paktabHOi (i3M4HO-inopMoBaHoi

HeliponHot Mogeni (fPINN) ua MoyemoBaHHA B3aeMOTIOB’A3aHMX MIporleciB

TeEMIOBONOTONepeHeCeHHA B AHI3OTPONMHHX KarliJIfpHO-MOpucTHxX cepesoBuIax 3

ypaxyBaHHsM (ppaktaJbHoi reometpii, esbeKTiB JOBrOTpMBaO! Mam’ATI Ta TpocTopoBot

HEJIOKAJIBHOCTI;

° OTpMMaHO CKiHYCHHO-pi3HHeBi CXEMM JIA alpOKcuMalil yHKioHatiB BrpaT y

fPINN-mogeni Ia 3aa4i TelmoBomoromepeHeceHHa y  KalliyispHo-nopHcTux

pakTaybHux CepeqOBMMaxX, AKi BpaXxOByOTb edeKTH MaM’sATi Ta MpocropoBoi

HeJOKaJIBHOCTITa iHTerpyIOTHCA Oe3sTOCepeMHbO Y Mporec HaBYaHHA HeiipoHHol Mepexi;

° pospoONeHo MeTO NoeTamHoro HaBYaHHA (pakTasbHO! HelpoHHoi Mepexi, LO

3a0esleyy€ JOCATHEHHA JOMYCTHMOLO piBHA PYHKIMOHAy BIpaT BiMOBIAHO AO 3aqjaHux

KpuTepiiB TOUHOCTI MOsei 3a YMOB po3OaaHcoBaHuXx rpasieHTis, xapakTepHUX JVIA

3a{ay TEMMOBOOrONepeHeCeHHA 3 ypaxyBaHHAM (pakTaJIbHO! CTpyKTypu CepeqoButa;

° aanToBaHO MeTOX aBTOMaTHYHOrO MacuITaOyBaHHA BaroBux KoedilicHTiB y

OaraTOKOMNOHeEHTHUX yHKWiOHaaX BTpat, Wo 3aGesmeuye 36anaHcoBaHHli BIVIMB

KOKHO! PisH4HOT CKIALOBO! Ni Yac HABYAaHHA Moses;

° pospoOseHo HelipomepexeBuli mMeTox igentudixanii napamerpis poOoBux

Olleparopis Mojledi TerOBONOrOMepeHeceHHA, UJO BpaxoBye aM’sATb Ta mpocTopoBi

HeJIOKAJIBHOCTI;



° BCTAHOBNeCHO 3aKOHOMIPHOCTI TerOBouorolmepeHeceHHA y dpakTasbHO-

OpraHi30BaHHX KalliJIfpHO-MOpHCTHxX CepeqOBMax, WO BiqOOparxKaroTBca y B3aeMO-

3B’ A3KY MDK JpoOoBUMU MOKa3HHKaMH Ta CTYIMe€HeM AaHi30TPOMii Mareplasy.

PesyibTaTH Auceptatil € opHrinasIbHUMH Ta HaslexkaTb 10 iHHOBALIMHUX, OCKIIbKH

TIPOMOHYIOTS HOBUE MiTXiA 1O MOeMOBAHHA CKaHUX (Pi3H4HUX MporeciB y cepesoBu-

Wax, JIA AKUX KNACHUHi IMCesbHI METOM MasloedeKTHBHI ao HelpusaTHi.

I[paxrauna WinnicTe ojepxannx pe3sy1bratis

3anponoHoBanhit asropuTM YMceBHO! peamizaii bpakTanbHoi Hetipomepexesoi

MOJei HEIZOTEPMI4HOTO BOOTONepeHeceHHA Y ABOBUMIpHiit OOmacTi Jae 3Mory Moye-

JIKOBATH JMHAMiky TeMIepatypH Ta BONOTOCTI 3 ypaxyBaHHAM e*exTiB Mam’ATi HM camoop-

TaHizallil, WO BaxKIMBO [UIA KOHTPOMO MIpOLeciB cyMiHHA Ta TenOBO! OOpoOKH Matepia-

JB.

Nponenypa iqentudixanii 1poOoB0-zudepenuiasIbHUX MapaMerTpiB MojeTeM0-

BOJOFONepeHeceHHA y (PpakTaJIbHUX CepeOBMINAaX Ha OCHOBI CHHTeTHYHUX aOO eKCrIe-

PUMECHTAJIbHMX JaHUX CIpHAC MiA{BULCHHIO TOUHOCTI BiAMOBIHUX MaTeMaTH4HHX Mojle-

Jel, a BiJTaK, ONTHMI3aLit TeEXHOJOTiYHUX MpoleciB 3 ypaxyBaHHAM KOHKpeTHUX yMOB

Ta aHUX BUMIpIOBaHb.

PospoOmeHe Mporpamue 3a0e3eyeHHA JIA MOJeIOBAHHA JMHaMiKM TemJIO- Ta

BOJIOOMepeHeCeHHA B KaMiVIAPHO-MOpHCTHX CepeqOBUNax ae 3Mory aHaslizyBaTu

MOBeHKY CHCTeMH B Yaci Ta PopMyBaTH HayKOBO OOrpyHToBaHi peKomMeHsalii W070

ONTHMalIbHOrO KepyBaHHA TexHosoriuAHMy Tapametpamn. Moro MonkHa BAKOpHCTOBy-

BATH AK JIA MOCIIPKeH, Tak i Jit BAPIWIeHHA NpUKTaqHUXx iMKeHepHUX 3ayay.

IIpaxtwuny WinHicTS pe3ylETaTiB yuceprayiitHoi poOoru nigrsepyKeno ix

BIIPOBAaJPKEHHAM Y HaBYAJIbHI MPOWUeCH CTYACHTIB BiANOBIZHOTO OCBITHBOTO HalIpsMKy y

HaionaibHomy yuisepcuteti «JIbBiBcbKa osliTexHika» Ha Kadenpi cucTem

aBTOMATH30BaHOrO MIpOeKTyBaHHA.

Tlopwora Bakaly pesyubTatis AuceprauiiiMol poborTm y nayKoBux

nyOsikaniax

3a pesybTaTaMM OCuipKeHb, Ki BUKaqeHi y Auceptanitinii poGori,
ony6mikoBpano 15 HayKOBHX Hpaltb, 30Kpema, | crartio — y 3aKopyoHHomy (baxoBomy
Tlepioqu4HoMy BuaHHi, Ke iHDeKcyeTBCA y MikHApoHiit HaykKoMeTpw4Hiit 6a3i Scopus
(Ql), 3 crarri — y HayKopux cbaxoBux BuyanHax Vxpainn 3a cneniampyictio 122
«Komm’torepHi Hayku» (kareropis b), a taxox 10 nyOsixaniii y marepianax
MDKHapOIHHX Ta BCeyKpaiHCbKUX KOHepeHUili, 3 7KUX 5 pale inyeKcyrorsca y Scopus.



Ony6.1ikoBani Mpatti MOBHOO Miporo BUCBITIIOIOTS MaTepiamM AucepTauii.

3aradbHa xapakTepucTuka AHcepTaiiHol poooTu

Jluceptanifina poOota ckaqaeTbed 31 BCTYMY, YOTHPbOX possiiB, AKi MicTaTb 31

pucyHok, | TaOsmuto Ta 7 MicTHHTiB KOAY, BUCHOBKiB, CIIMcKy iTepatypu, akuii Mac 208

HaliMeHyBaHb, JOWaTKiB. OOcar OCHOBHOrO TeKCTy Wuceptait 3aiimae 175 cropiHoK, a

TOoBHUM OOcar po6otTH — 218 cTopiHoK.

Y ecmyni TlofaHo akTyasbHiCTh TeMM OCIiJMKeHHA, BM3HAYeHO MeTy Ta

copMysIbOBaHO HeOOXiqHi Wa ii TOcarHeHHA 3agayi, poskpuTO HayKoBy HOBU3HYy

poOoTH Ta ipakTHuHy WiHHICTS OTPHMaHUX pesyJIbTATIB.

Y nepwomy po3iiti 3qifcHeHo KOMIVIeKcHHM aHali3 HayKOBMX TiAxoniB 20

MaTeMaTHYHOLO MOJeIOBAHHA IIPOLMeCiB TemMJIO- Ta BOMOTOMepeHeceHHA y (pakTasIbHUXx

cepeyopumax. Tloxa3aHo HeAONIKH KaCH4YHMX MOsesei Ta MO2KIMBOCTI MOXiJHuX

poOoworo NOpAAKy WIA BiNOOpaxKeHHA CKaTHO! MOBEAIHKM (PpakTasIbHUX KarlilApHO-

MlOpHCTHX cucTeM. PosrisHyTO TpaqMuiiHi METOAM pO3B’13aHHA TaKUX 3ajlay Ta OMMCaHo

Tl€pCHeEKTHBM BUKOPHCTaHHA (i3H4HO-iHPOpMOBaHUX HelpOHHHX Mepexk, AKi 3/aTHi

BpaxopyBarH (isHuHi OOMeXKeHHA, TpaloBaTH Ha OOMeXKeHMX aHUx i edeKTHBHO

pO3B’s3yBaTH AK TIpsMi, Tak i OOepHeHi 3azaui.

Cuntesy (pakrabHoi i3v4Ho-inpopmoBaHo! HelipoHHO! Moyesi Termo0- Ta

BOJIOPONEePCHECEHHA Y KalliJIMpHO-NOPHCTHX CepeXOBuUax i3 (bpakTabHOIO oprani3za-

Tico MpHcBsyeHO Opyeuti posdin. 30Kpema, OOrpyHTOBaHO BuOip apxiTeKTypu Helipon-

Hoi Moye3 ypaxyBaHHAM WpoOoBux noxigquux Kanyto ta [pronsanpya-Jlersixosa.

OnmcanHo aBHy MaTemaTHuHy dopMy Lux dyHKuili, aqanToBany AyHeiipomMepexeBoro

HaByaHHA, a TakOoK MOWano ix BiANOBI_HI pi3HHMeBi ampoKcuMartii, aKi BiATBOprOIOTS

e(eKTH aM’ATI Ta MPOCTOPOBO! HeMOKAsbHOCTI B MexKax Helipomepexexol apxiTeKTypu.

3ampononoBaHo HOBy apxiTeKTypy 3 JBOMa He3aIe@KHHMH HelipoMepexamu JIA

anpokcumatii TeMnepaTypHoro Ta BOMOTICHOrO MosiB, a TAKOXK posieHHa dpyHKTiona-

JB BTpaT Wit KOKHOT Pi3sH4HO! BemMunHH. Metog Ppaktambuol is1aH0-inpopmoBaHoi

HelipoHHo! Mepexi aanroBaHo Jo 3ayayi MoJeMoBaHHA y (pakTasBHUXx cepeqoBuMaX
IWJIAXOM 3alIpOMOHOBAHOrO MiTXOy MoeTanHoro HaByaHHA. Ja WiABMIeHHs edeKTUB-

HOCTi HaBYaHHA po3spoOseHO MexaHi3M ajjallTMBHOrO MacurTaGyBaHHa KOMMOHeHT
byuKuiit Brpar.

Tpemit posiin Tpuces4eHuli pospo6eHHIO apxiTeKTypu Ta peaizanit mporpam-

HOO 3aCTOCYHKy IA MOJeUIOBaHHA Mpouecis Tens0- Ta BOOroMepeHecenua y dbpak-
TaIbHUX KalIAPHO-NOpHCTUX aHi30TPOMHUX cepesoBMax Ha Oa3i dpaKTanBHoi

(bisH4Ho-iHopMoBaHoi Helipomepexi. [Ipexcrapneno crpyktypay opraxizaiio mpo-
TpaMHHX MO/JIyJB, UO OXOTWNOIOTh BBeeHHA MapaMeTpis, reHepyBaHHsA HaByasIbHUx
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anux, dopmyspanHa (pyHkuiii BIpaT, HaByaHHA Helipomepexi Ta Bi3yasizalliro

pe3yibTatis. OkpeMo BHAieHO Mosysi, AKi 3a0e3Me4yIOTb MOpiBHAIbHe MOJeOBaHHA

i3 3ACTOCYBaHHAM KIaCHUHMX YHMCeIBHUX MCTOLIB Ta aHai3yIOTb HOXHOKH it 30DKHICTB

Moyemi. CTBopeHo cucTemy 30epexKeHHA TapaMeTpiB, Bar MOJeul Ta pe3yJIBTATIB

CHMYJIAIT Tit 3a0€3MC4CHHA BIATBOPIOBAHOCTI eKCIepHMeHTiB. OOrpyHToBaHo BuOIp

610mioTeK, PyHKUWii BTpaT, cTpaTerili HaBYaHHA Ta aHasli3y MOXHOOK.

AnaJi3 pe3yIbTaTIB OCIIDKeHb NoaHo y vemeepmomy po3nisi. BuBueHo BIIHB

apxiTeKTypHHX WapaMeTpiB MOsesi (KVIKOCTI WapiB, KIbKOCTi HelipoHis, THUMB

aKTHBAiHUX PyHKUWii) Ha TOUHICTh MOACIIOBAHHA Ta 30DKHicTS HaByaHHa. Topipxano

Mik CoOo10 perysapH3aiHi crparerii. [loxa3aHo edeKTHBHICTh 3aCTOCyBaHHA aaliTuB-

HOrO Macwita6yBaHHA Bar y (PyHKUil Brpat. IIpoqeMoHcTpoBaHo edeKTHBHICTS MiAXoLy

{PINN aia BupiltieHHaA O6epHeHHX 3ajla4, 30Kpema, iqeHTHikaril APpOOOBMX MOKa3HUKIB

JIMINe Ha OCHOBI YaCTKOBUX CKCIIEPHMeHTAIbHUX a60 CHHTETHYHUX JaHUx.

Y 3araJibHUX BUCHOBKaX CPOPMYJIbOBAHO OCHOBHi HayKOBi pe3yJIbTAaTH, y3araJib-

HeHO e*PeKTHBHICTb Moses, If TOUHICTH, FHYYKICTH, MOTeHIiaT 10 MOAabIIOrO pO3BUTKY

Ta IIpakTHuHOroO BUKOpHCTaHHa.

3araJIoM 3MiCcT Ta OPOpMJIeHHA WHcepraliiHo! poOoru Bi_MOBIAaIOTS BUMOraM JO

HayKOBHX [pals Ha 3Q00yTTA CTyMeHA NoKTopa isocoil Ta cBiqyaTb po HaleKHHii

pipenb ii HayKOBO! WiHHOCTI Ta 3aBeprIeHOCTi.

Hejoaikn Ta 3ayBaxkenna 10 AMCepTauiiinol poOoTu:

1. TouopHuM eyleMeHTOM HayKOBOi HOBM3HH BMKOHaHMX ucepraliitnux

HOcHiWKeH € pospoOsenHa fPINN-Mosemi WIA posB’s3aHHA 3ajja4 TeromMacorepeHe-

CeHHA y PpakTasIbHUX CepeOBMMNAX, OMHAK y poOoTi BiacyTHE OOrpyHTyBaHHA BAOOpy

caMe TakOi MOJleJli, 30KpeMa, Y NOPiBHAHHI 3 iHMIMMM albTepHaTHBHUMH Helipomepexke-

BUMH TiXoamu.

2. Y mucepranii Bapro 6y10 6 HaqaTH MOpiBHAHHA pesybTaTis HelipomMepexeBoi

MOL€JIi 3 KJACHYHHMH YHCIOBHMH MeTOLaM WOO BUTpaT OOUNCIOBabHOrO Yacy Ta
3asIYYCHHA PecypciB OlepaTHBHO! aM’ATi.

3. Y poOori Buxkopuctano cKnaqHi OararoKOMMOHeHTHI yHKuii Brpat, ofHaK

HeJOCTaTHbO BHCBITICHO TIMTaHHA aHasi3y 4yTIMBOCTI MOyeNi JO 3MiHH BaroBHXx

KOe@iMICHTIB Mi, 4ac 1X aanTHBHOrO MaciTaGyBaHHs.

4. Y pospoOlenomy [porpaMHomMy KOMMJIeKci JVId MOyeuIOBaHHA Mmpouecis
TEMMOBOMOFONepeHeCeHHA NepesOaieHO BBELeHHA ApoOoBo-AMdepenwiaswbHUX MWoKa3-
HuKiB 0, B, y (Puc. 3.2). ouinsHo Gyo 6 AonoBHUTH JocTiMKeHHA aHami30mM ixHbOrO

BIVIMBY Ha IWBHKICTh 30iKHOCTi Mogemi. 3oKpema, KopucHO Oyo 6 oninuTH
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OCOGIHMBOCTI HaBYaHHA pospoOseHo! PpaktTasbHO! HelipoHHO! MepexKi 3a 3MeCHINCHHA

MOpAAKy MOXiqHUX y Wiata30nHi 0,1—0,5 aa mapametpa a Ta 1,1—1,5 ana B.

5. Y ueTBepTomy po3aili Wuceptanii MpezcTaBeHo rIMOOKi AOCMiKeHHA BIVIMBY

Ha eeKTHBHicTb poOoTH HelipoHHOoi Mepexi dyHKUii axkTuBalil Helpouis,

ONTHMi3aTOpa, KIJIBKOCTI WapiB MepexKi Ta HelipoHiB y MpHxoBaHoMy api. OqHaK

KiHeBi PeKOMeHAalii WOO OCHOBHUX rilepllapameTpiB Mepexi 3a pe3syBTaTamu

TIpOBEACHOTO MOJEUOBaHHA HE BKJIOYCHO Hi Y BUCHOBKM AO po3sily, Hi B 3araJibHi

BUCHOBKH J10 poOoTH.

Hapeyeni sayBaxkeHHA 3araJiOM He BIVIMBaIOTb Ha OTPHMaHi pe3yETaTH Ta

3poOsIeHi BUCHOBKH.

Bucnosok npo AucepTaniiiny poGoty

Jluceprania Camorili Tetsu Cepriisau Ha temy «Metoyu ta 3aco6u Helipomepe-

%KEBOrO MOJEUIOBAHHA TeIJIOMACOMepeHeCeHHA B aAHI30TPOMHUX CcepeOBMINAX 3

()pakTasbHOIO CTPyKTyPOro»€ 3aBEPIICHOIO HayKOBOHO IIpallero. 3a CTpyKTyPOlO, MOBOIO,

CTHJICM BUKIaeHHA WMcepTailiva poOota BiqmoBiqae BuMoraM TMocTanosu KaGinery

Minicrpis Ypainu Ne44 pig 12 ciana 2022 poxy (si 3Minamu) «IIpo 3arBepmoKeHHa

Tlopayqky MIpucyspKeHHA cryneHi oxropa dinocodii Ta ckacyBaHHA pillieHHa mpo

MIpUcy/PKeHHA CTYMHA LOKTOpa ditocodii», a ti aBropxa, Camoriit Terana Cepriisna,

3aclyroBye TpHcyspKeHHaA iM crymeHa oKTropa dinocopil 3a cretiatbHicTiIo

122 Komi’rorepHi Hayku.

Pewensent:

JOKTOp TeXHiYHUX HayK,

cTapluiMii HayKOBU criBpoOiTHUK,

mpodecop kadexpu cucrem

aBTOMATH30BaHOr0 MpoeKTyBaHHA

HanionasbHoro yHiBepcuTety

«JIBBiBCbKa MIOsiTeXHika»    Onena CTAHKEBYMY

PepenCOREE. OL e


