PELEH3IA
Ha jcepraiiiiny pobory
borsn Miukosn Cepriiiosiua

Ha TCMYV «ABTOMATH3ALIA NPOLIECY KEpyBaHHs a/anTHBHOK CHCTEMOIO NMEPEPH BHACTOIO

Tenno-3adesneuents OyauHky Ha 0a3l TernI0HacoOCHO! yCTaHOBKI

npeacTaBieHy Ha 3106yTTs crynens jgokropa (isocopii

B rasy3i sHan, 15 - Asromatusaiis ta npunaao0yyBaHHs e

. . - i Ta K ! -IHTer il TEXHONOri»
32 CHeLalbHICTIO 151 « ABTOMATH3ALISA TA KOMIT FOTEPHO-IHTErpoBat LTEsHONOn o

AKTYQJILHICTH TeMH JiMCepTauii,

B cyuacuux ymosax norpeba B MiABMILEHHI eHeproeeKTHBHOCTI Oy/iBEIb
NOCTIHO 3pocTae  uepe3 30UIbLIEHHA BapTOCTI  €HEProOHOCIB, OOMEKEHICThH
MPUPOIHKUX PECYPCiB, a TaKoK EKOJOTIUuHI BHKJIMKH, [OB’A3aHI 3 BHKH/aMH
NAapHUKOBHX Ta3iB. ByaiBii 3aIMIIAIOTHCS OJHMM 13 HAMOUIBLIMX  CIIOMKHBAYIB
TErUIOBOI eHeprii, Ha Akl npunanae 10 40% 3arajabHUX €HEProBUTPAT. 3 OrJisijly Ha
11e, BJIOCKOHAJICHHS CHCTEM OINajieHHs, 30KPeMa I3 3aCTOCYBAaHHAM TEMJIOHACOCHHX
ycraHoBok (THY), € akTyanbHOW0O 3a/1a4€l0.

Ouinka  0o0rpyHTOBAHOCTI HAYKOBHX  pe3yJbTaTiB  jaucepramii, ix
JI0CTOBIPHOCTI TA HOBH3HH.

HaykoBa HOBHM3Ha pe3yJbTaTIiB AMCEPTALIHHOrO JOCHIUKEHHS MNojsrac B
HACTYIHOMY: BMABJIEHO 1 KUIBKICHO OLIHEHO ONTHMAJIbHI 3HAUCHHS [apameTpiB
nepepuBuactoro obirpisy Oyaunky Ha 06asi THY, ski 3abe3neuytors nijiBHIIEHHS
eHepreTMyHol  e(peKTHBHOCTI CHCTEMH KEpyBaHHA  Ten103a0e311eUeHHSAM;
B/IOCKOHAJIEHO CHCTEMY KEPYBaHHsA MEPEPUBHACTHUM OO0IrpiBOM Terio3adesneueHs
Oyamuky Ha Oasi THY, ska BpaxoBye BIUIMB TEMIEPaTypH 30BHIlLIHBOIO
Cepe/l0BHIILa, NPAMOT BOM B YMOBAX 3HHIKEHOrO TEINJIOBOIO HABAHTAIKEHHS, NPAMO]
BOJIM B YMOBAxX pO3IrpiBy, a TaKOX uacy pO3IrpiBY 1 Jac MOKIMBICTL 3HH3MTH
cniozkupanna  enektpoeneprii  THY;  ynockonaneno miaxoam no  inrerpauii
anaJiTHuHUX Ta HEMPOHHKUX MozeseH y cepenosriti MATLAB/Simulink 3a paxyhok
po3p0GJIEHHA CIIEIATIbHUAX aNFOPHTMIB, LIO CYTTEBO 3MEHIIMIIO 3aTPATH MAILIMHHOIO
yacy Ui IMITAUIAHOrO  MOJIENIIOBAHHSA  JIMHAMIMHUX TNPOLECIB Y CHCTEeMAx
Tensio3abesnedentsn; Habyiu NOAQIBLIONO PO3BUTKY MIAXOAHM 10  J0CHUDKEHHS
BBy Tuny pobovoro Tina Ha xapakrepuctikn THY 3a PaxyHOK 1HTerpati
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Oibmiorex 3 nocnijukenns Bractusocreil poGounx Tin B mogeni THY, wio jaio
MOMKIMBICTL OWIHIOBATH eEKTHBHICTL 3aCTOCYBAHHS HOBHX THIIB POOOUMX Tij
(30Kpema cymilieit) Ha auHamiuny xapakrepuerukn THY.

Otpumani pesysbrati nceprauiinoi po6oTH MaioTh i NpakTHdHe 3HaueHHs,
AKC  nojArac B pO3poOiIeHHI  METOAMKM  iHTEerpauii  CKJIQJOBMX — CHCTEMU
Tennosadesneuenns — THY, cucremu onasenns ta Oy Bl — B €JIMHY KOMIIJIEKCHY
MOJZCIL, METO/IKM po3poOku  Helponnoi moxeni THY, ska 36epirac TOYHICThH
QHANTHYHOT MOJENI Ta NMPH 1LOMY ICTOTHO CKOpOUye 4ac OOUMC/IEHb, IO Jlac
MOUIMBICTb e(DEKTUBHO 3aCTOCOBYBATH ii Ul JMHAMIUHONO KEpPYBaHHA CHCTEMOIO
Tenio3adesneyeHns; po3pobieHi aropuTMy NepeprBYacToOro KepyBaHHs pekUMaMu
podorn THY, sikuii minimisye eneprosutparyu ta 3abesneuye koM(GOPTHHIi TEILIOBHIA
pexum y OyaiBii.

Haykosi nocnifukenns Oyan BukoHaHi 3100yBauemM Ha kadeapi aBromarusanii
eHepreruunux npouecis KIII im. Irops Cikopcbkoro B pamkax B pamkax HayKOBO-
TEXHIYHOT POBOTH 3a JepikaBHUM 3aMOBJeHHAM «Po3po0IeHHs THTENEKTyaIbHOI
HU3bKOTEMNEpaTypHOi  cHCTeMHM  Teruio3abe3neueHHss  OyaiBen,  Ha  Oasi
KOHJICHCALlIFHOT  MOay/nbHOI  KOTenbHi» (Haka3 MOH VYkpainn Nel213  Bij
09.10.2023, nepsxaBuuii peecrpauiiinuii Homep 0123U104476) nijg KepiBHUITBOM
npodecopa kadeapu ABToMaTH3aLli eHEPreTHUHUX NMpolecis HaBuanbHO-HAYKOBOTO
IHCTUTYTY aToMHOi Ta TennoBoi eHepretukd KIII im. Irops Cikopebkoro, A.T.H.,
npodecopa Bosouyka Bonoaumupa AHaToniioBrya.

Omxe, B aucepTauiiHiii poGoTi mocTraBieHe HAYKOBE 3aBAaHHS PO3POOIICHHS
aBTOMATH30BaHOI CHUCTEMH KEPYBaHHA = aJalTUBHOID CHCTEMOK) [E€PEPHBYACTOrO
Terio-3abesneueHnss OyauHKY Ha 0a3l  TEIUIOHACOCHOI YCTAHOBKH BHKOHAHO
MOBHICTIO, 3/100yBay MOBHOK MIPOKO OBOJIOIB METO0JIOTIEI0 HAYKOBOI /ISLILHOCTI.

Ouinka 3micTy aumceprauii, il 3aBeplIeHICTb Ta JOTPUMAHHSI NPHHUMIIB
aKkaaeMiuHoT 7100p0OYeCHOCTI.

3a cBoiM 3MicTOM auceprauiiiHa poborta 3po0yBaua Borza M. C. nosuictio
pinosijgac CraHaapTy BHINOI OCBITH 31 cnewjaibHOCTI 151 — «ABromaruzauis ta
KOMI1 FOTEPHO-IHTErPOBAH] TEXHOJIOrI» Ta HANPAMKAM JIOC/IUKEHb BIANOBIAHO /10
OCBITHLOT MPOrpamMK «ABTOMAaTH3aLIs Ta KOMI IOTEPHO-IHTEPOBAHI TEXHOIOM .

Jluceprauiiina pobora € 3aBEpLICHOIO HAYKOBOKO MPALEK 1 CBIAUMTH 11PO
HaABHICTH 0COOMCTOrO BHECKy 3100yBaua y HaykoBud Hanpsm «Enepreruka Ta

eHeproeeKTUBHICTbY.

PozraanyBiid 3BIT NOAIGHOCTI 3a pe3yJbTaTaMH [MEPEeBIPKH JMcepTaliiinoi
po0OTH HA TEKCTOBI CMIBNAAIHHA, MOXKHA 3POOMTH BMCHOBOK, U0 Auceprauiiina
pobora borsn Mukoan CepriiioBuua € pesyJbTaToM CaMOCTIHHHUX JI0CII/KEHb
3100yBaya i He MiCTUTh eieMenTiB anbendikanii, komnsuii, padpukauii, nnariary
1A 3an03uyeHb. BUKOpUCTAHI i7ei, pe3yibTaTH 1 TEKCTH IHIIMX aBTOPIB MAlOTh
HaseaHi ocHIanua Ha BiNOBIAHE JIKEPEO,




Moga Ta ¢THIbL BHKJIAACHHS pe3y/ibTaTiB,

Juceprauiiina pobota Hanucana yKpaiHCbKOI0 MOBOIO.

Jlucepraliis CKiafaeTbest 3 BCTYMy, 5 po3/iijiiB, BUCHOBKIB, CITHCKY JiTepaTypu
Ta 0/aTKiB. 3aransHuil o0car aucepraii 172 cTopiHKH.

Y BeTyni 3a3HaueHe 3pOCTaHHS TMONUTY Ha eHeproeeKTUBHi TeXHOoorii B
YMOBax T00ansHOl TEHACHIIT 10 CKOPOYEHHS BHUKOPMCTAHHSA BHKOIHOIO I1aMBa.
OcobniBa yBara mnpujineHa BIUIMBY IepepHBYACTOTO peXuUMy OOIrpiBy Ha
3MEHLICHHS €HeprocroXuBaHHs. B nepiioMy posaini 3ailicHeHo aHaniTHIHUH OTJIAL
CHCTeM Teruio3abesnedeHHsl Ta MeTOAIB ix ynpasiinus. Januit posain BUCBITJIIOE
OCHOBHI BMKIMKH y chepi Tero3abesneyenns OyniBenb, OKpECIOE MeTy
MOCHiDKeHHsT Ta o6rpyHTOBYe BMOip MeTodiB Ta 3acobiB i peanizauil
eHeproedexTuBHoro ynpasiigusg THY.

Jpyruit po3zain auceprauii npucsyenuii pospobui anamituunoi mozeni THY,
OUiHII edeKTHBHOCTI Ta onTHMi3alii pexuMmiB ekcruiyartauil. Y  posfiii
PO3IISLAIOTECS CydacHi Metoau MozxemoBands THY, ixHi nepeBaru Ta HeJONIKH, a
TaKOX BM3HAYAIOThCS KJIIOYOBI €TaIi CTBOPEHHS aHAJIITHYHOT MOZIEII.

Tpeti#t pozpmin nucepramii npucBsdYeHHit po3pobui Ta iHTerpauii Mopei
MamMHHOro HaBuauHs st THY y cepenosume Simulink. Tpamuuiiiai anamiTHuHi
MOJIelli, He3BaXKAal0YH Ha CBOKO TOYHICTh, MAIOTh 3HAYHI 0OMENKEHHA Y MBUAKOIT, 110
YCKIIQIHIOE 1X BUKOPHCTAHHS IS YIpaBIiHHSA B peajbHOMY uaci. BHUKOpHCTaHH:
METOJIIB MAIIMHHOTO HABYAHHS J03BOJISIE 3MEHIIUTH OGYUCIIOBAIBHY CKJIaIHICTh Ta
ajanTyBaTd MOJENb 10 3MIiHHMX YMOB. Ll MeTomoioris TOEAHY€E TOYHICTB
QHATITHYHUX MofelNeil i3 IUBHAKOIEI0 HEMpOHHMX Mepex, Mo poOuTh i
NEPCIEKTUBHUM MIAXO0JIOM 0 KepyBanHsa THY.

YersepTuii po3nin auceprauii NPHCBAYEHHE po3podLi MojeNni CHCTEMH
Temno3abesnedeHHss OyauHKy. OCHOBHOIO METOIO I[BOTO €Taly € CTBOPEHHS
3aranbHoi Mozeni, sika 00’eqnye THY, cucteMy onanenns ta Oyaismo. Taka Mozens
3abesnedye BiATBOPEHHA NAMHAMIKM TEIUIOBHX DEXHUMIB y OyIUHKY, yepe3 BIUIMB
30BHIIIHIX (haKTOpiB Ta pobOTYy CHCTEMH Teruio3abesnedeHHs. Mozenb ClOXHUBaYa
TEIJIOBOI EHEprii BpaxoBye KOHCTPYKTHBHI OcCOONMBOCTI OymiBmi, Teruiodizuusi
XapaKTEePUCTUKU OrOPOAXKYBaJIbHUX KOHCTPYKIiH, BHYTPILIHI JKepesa TeMIOTH.

BukopucTtaHHs ~ KIIMaTHYHHX  JAHHX  fAKI  T[PEACTABIEHI  TUIIOBUM
METPOJIOTIYHMM POKOM, Ja€ MOXIIMBICTB NOC/IIMTH AMHAMIKY TEIUIOBOTO PEXHMY
OyziBai  BOPONOBXK  ONANIOBAJBHOIO  CE30HY. Pe3ynbraTH  MOJEIIOBAHHS
MiATBEP/KYIOTh BHCOKY TOYHICTB pPO3pOOJIEHOI iHTErpoBaHOI MoJei CHCTEMH
terio3abesneyenHss OyxiBni Ha 6asi THY. Orpumani mani mMoxyts GyTu
BUKOPHCTaHI JUIs TMOJAJBLIOrO BJAOCKOHAJEHHS aITOPUTMIB KepyBaHHS, 30Kpema
IUIAXOM 3aCTOCYBaHHS IPOTHO3YIOYHMX MOZEJNeH i3 3aCTOCYBAHHSAM MAallWHHOTO
HaBYaHHs; JUIS TPOTHO3YBAHHS TEIUIOBHX PEXHMMIB Ta aJaNTHBHOIO PeryJIOBAHHS
poboru THY.
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[T stnit posin aucepranii npucssueno po3pooi Ta JA0CHiIHKEHHIO alropHTMIB
KCpyBaHHs nepepusuacTum obirpisom Ha Gasi THY. Ochosna ysara npujisena
PO3POOLT  a1aNTHBHUX METOMIB KepyBaHHs, SKI JAI0Th MOMIIMBICTD 3IMEHIIHTH
CHEPrOCTIORMBAHHA B HIUHMI NEPIOJ 32 PAXYHOK 3HHIKEHHS TEMIIEPATYPHOI YCTABKH,
a TakoK 3a0e3neunT HEOOXIAHMI piBenb KOM(OPTY B NPUMILIEHHAX /IO MOYATKY
POOOUOIO NS MIIXOM 3aBUACHONO NEPEXO/LY B PEHKHM PO3IrpiBy.

Jlnceprauiiina po6ora oopmiena BiANoOBIAHO J10 BUMOT Hakazy MOH Ykpaitnu

BLL 12 ciuna 2017 p. No 40 «ITpo 3arsepukerns BUMOT 10 O(OPMIICHHS AUCepTaLiiy.

Onpusosenns pesyabraris auceprauiiinoi poGorin.

Haykosi pesynbratin awuceprauii sucpitaeni y 9 HaykoBux rnyOsikaiiinx
3n00yBaua, cepell sIKMX: 4 CTATTI y HAyKOBUX BHJAHHAX, BKJIIOUEHMX HA JIaTy
onyOnikyBaHHa 10 nepeiiky HayKoBuX (DaxoBHX BuaaHb YKpainu; | aBTopchke
CBIJIOLTBO HAa KOMIT'IOTEPHY Mporpamy.

Takox pesynbratn auceprauii Gynm anpoGosani Ha 4 HaykoBMX (haXOBMX
KOH(EepeHLisX.

Takum unnoM, HaykoBI pe3ysibTaTi OnMcaHi B AUCEPTALliiHii poGOTI MOBHICTIO
BMCBITJICHI Y HayKOBUX nyGiikalisx 3100yBaya.

Henoniku Ta 3ayBaenns a0 auceprauiiinoi poGorm.

I. B nmynkti 1.1 nepworo posminy Ha pucynky 1.1 3azHauenuit koediuicHr
tpancopmauii THY (COP) na pisni 3,5. Bigomo, o COP 3anexuts Bij
TEMNEPATYPH HaBKOJIMIIHBLOTO cepeaosuwa. s THY tuny "nositps-posa”
COP 3anexuTh Bi TEMNEPATyPH 30BHILIHLOIO MOBITPSA, 1 3HHIKYETHCA NPH i
3MeHLeHH]. Yepes 1ie BUPOOHHKK OnamoBabHUX Npuaajis Ha ocHosi THY
J0JaTKOBO OCHALIYIOTh iX €JIEKTpHYUHMMHM HarpiBauamu. Ha pucynky 1.1
pouinibHo  Oyno 6 3asHaumtH gificHnid aianason COP ana THY npw
MIHIMaQJbHUX 1 MAaKCHMaJbHHMX PO3PAaXyHKOBHX 3HAUEHHAX 30BHILIHBOIO
MOBITPS.

. B nynkri 1.1 nepuoro posmitly Ha pucyHky 1.2 npeacrasieHuii 6110k
"Digital twin", skuil cCXeMaTHUHO 3HAXOAMTHCS HA OAHOMY PIBHI 3 JIHISMH
TEXHOJIOTYHUX  TPyOonposoaiB 1 TexHiuHoro obnaananus. ludposuii
aeifinuk (Digital twin) cucremu ¢ 1ndpoBoo Haabya0BOIO J10 ICHYIOUOI
TEXHIYHOT CHCTEMH, 1 0 HaA0y/10By HEOOXIHO HA CXeMi MOKa3yBaTH M03a
MO3HAYEHHSMH  TEXHOJIOTIYHOrO  O0NaHAHHA, YTBOPIOIOYMH  iepapXiute
300paKeHHA CXEMH,

3. B nynkri 1.2 nepuworo po3ainy Ha ctop. 44-45 i na pucynky 1.4 sraayiorses

"Bunagok 1" 1 "Bunanok 2", ane i3 tekcry auceprauii ne 3pO3yMUI0, SKI
caMe BUIAJAKK MaB Ha yBa3sl aBTop.
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4. B nynxri 1.3 nepuworo posuiny Ha pucyHky 1.6 jyse ckiaaHo posioparu
nianuen  Onokis - mozeni B Simulink, 10 yCKIAAHIOE  PO3YMIHHS
NPCACTABICHOT CXEMH,

5. B nynkri 1.4 nepworo posainy Ha crop. 52 nepiimii KIOYOBHH acnekT
yopasininnug THY 3aznauenmit sik "Onumizaitis TeMnepaTypHoro pexkumy Ha
BUXOAi cuctemu”. Jlane QopmyiopaHns B NpeACTaBICHOMY BHIJIA/L HE
3posymisie 1 norpedye pos’scHenHs, He 3posymuno, npo sKy CHCTEMY
Maerscs.

6. B nynkri 1.5 nepworo posainy Ha pucynky 1.8 nokaszaHo, 1o po3irpis
CHCTEMH OnajieHHs nourHaeTbes 3 9:00, ajie B TEKCTI Auceprai 3a3HaueHo,
110 po3irpiB Mae BiadyTucs 10 8:00, ko nounHaeTbes poOOUHH JICHD.

7. B mianyukri 2.4.2 apyroro po3aijy Ha ctop. 76 3po0iieHO NpUITy IEHHS, 110
Nepexi/iHi npoiecH B Komnpecopi He BiadysaioTses. [lane GpopmysoBaHHs €
HexopekTHUM. [lpaBuiibHie Gyno 6 ckasaTH, 110 B KOMIpecop, Ak 00 €KT
KEPYBaHHS, € CTaTHYHHUM O00’€KTOM, B AKOMY BIJCYTHI IHEpLIHHI
BJIACTMBOCTI, a00 BOHM HACTIJILKKM HE3HAYHI, 110 HUMHM MOKHA 3HEXTYBATH.

8. B nynkri 2.4 apyroro po3ainy BIJICYTHE MNPEACTABICHHS MaTeMaTHUHOI
mojieni THY 3 BM3HAueHMMM YMCIIOBHMH rapameTpamu udepeHuiinnx
PIBHSHB. BIAMOBIAHO He MOXHA BIATBOPUTH, 0a3ylOUMCh HA TEKCTI
Jcepraii, pe3yJbTaTd MOPIBHSAHHS MOJEl 1 €KCIEPUMEHTAIbHUX JIaHHX,
npejcTaBiieHl Ha pucyHKy 2.3. JlowinpHo Oysio O npeacTtaBuTH po3paxyHOK
MaTeMaTHYHOI MOAEII B J0JIaTKy A0 AHUCEepTaLli.

9. B nianyHkti 3.3.2 TPEThOro po3Aijly Ha PUCYHKY 3.5 BIACYTHE po3 ACHEHHSA
napametpiB BxiaHoro mapy LSTM mopent.

10.B nyHkTi 4.2 yeTBepTOro po3aily Ha pucyHky 4.4 ayike ckiaaaHo po3idpaTtH
manucd  OnoKiB - Mozeni B Simscape, 110 YCKIQJHIOE  PO3YMIHHSA
MPEACTaBIIEHOT CXEMH.

[1.B nyHkri 4.4 4eTBepTOr0 pPO3AUTY BIJICYTHE IMPEJACTABICHHS MaTeMaTHUHOI
MOJIEJIl  CHOXKMBa4ya TEIUIOBOI  €Heprii 3  BM3HAYEHMMH  YHUCIOBHUMH
napaMeTpamMM, a TaKoX HaJlawTyBaHb OJIOKIB B Mojenl  Simscape.
BianosiaHo He MOKHA BIATBOPUTH, 0a3ylOuHMChb Ha TEKCTI AMCEpTalll,
pe3yJIbTaTH MOJENIOBaHHA Ha pUcyHKy 4.7. JlouinbHo Oyno O npeacraButh
JIETAJIbHIIIE MOJIC/b CTI0KHBAYA TEIJIOBOI €HEPrIi B JIOJIATKY J10 JIMCepTalli.

12.B nyukri 5.3 m’sroro posaijay aouiibHo Oysio O npeactaButd OloK-cxemy
AJITOPUTMY TNIEPEPHBUYACTOrO KEPYBAHHS,

Bpaskaro, 1110 BHCJIOBJIEHI 3ayBaXKEHHs HE € BM3HAUAJILHUMM | HE 3MEHIIYIOThH

3arajibHy HayKOBY HOBH3HY Ta IPAKTHUHY 3HAYHMICTb PE3Y/IbTATIB Ta HE BILIMBAIOTH
Ha NO3UTHBHY OLIHKY JAMCEpTaLiiHOT poOOTH.
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Bucnosox npo auceprauiiiny poGory,

Boaxcaio, mo auceprauiiina poGora 3p06yBaua cryneus gokropa (isocodii
borsu  Mukonn CepriiioBuua  Ha TEMY «ABTOMaTHM3aLisi MHpoLECy KepyBaHHA
AIANTHBHOIO  CHCTEMOIO  NICPEPUBYACTOrO Temjio-3abe3nedeHus OyanHky Ha 0Oasi
TCIIIOHACOCHOT YCTAHOBKH» BMKOHAHA HA BHCOKOMY HAYKOBOMY PiBHI, HE [1OPYIIYE
NPUHLMIIB aKaJeMIYHOT 100pPOUECHOCTI Ta € 3aKiHYeHUM HAYKOBUM JIOCJTIJUKEHHSIM,
CYKYIHICTb TEOPETHUHMX Ta MPAKTHYHUX PE3YJbTATiB AKOrO PO3B'A3YC HAYKOBE
3aB/IAHHA, 110 MAE ICTOTHE 3HAYCHHS /Ul ranysi 3Haub /5 — Aemovamusayis ma
npuaaoooydysanns. Jlnceprauiiina po6oTa 3a akTyabHICTIO, MPAKTHUHOIO HIHHICTIO
Ta HAYKOBOIO HOBM3HOK MOBHICTIO BIJINOBIAA€ BUMOraM UYMHHOIO 3aKOHO/ABCTBA
YKpainu, mo nepeadaueni B m.6 — 9 «llopsaaxy npHCy/UKeHHsl CTYNEHs JIOKTopa
(irocodii Ta ckacysaums PILICHHA Pa30BOi CreNiati3oBaHoi BYECHOI pajM 3aKiiajly
BHLLOT OCBITH, HAYKOBOI YCTAHOBH NMPO NMPHUCYKEHHS CTYIICHS JOKTOpa (hitocodiin,
sarsep/ukenoro Iocranosoto Kabinery Minictpis Ykpainu Bijg 12 ciunst 2022 p. No
44,

3no6yBau borsa Mukona CepriiioBuu 3aciiyroBye Ha MpHCYy/KeHHS CTyMNeHs
nokTopa (utocodii B ramysi 3Hanb 15 — ABTOMATH3aLlsA Ta NPUIAL00VIVBAHHA 32
crielasbHicTio 151 « ABTOMATH3aLIA Ta KOMN IOTEPHO-IHTErPOBAH] TeXHOJIOTIiY.

Peuensenr:
aoueHT kadeapu ABTomaru3zanii
€HEPreTHYHUX npouecis HapuanbHo-
HAayKOBOTO IHCTHUTYTY aTOMHOI Ta
TEIJIOBOT EHEPreTUKH
HanlonansHoro texHignoro
VHIBEpPCUTETY Y KpaiHu
“KWiBCbKMI MONITEXHIYHHUI THCTHTYT
imeHi [ropsa Cikopcekoro”,

K.T.H., JIOIL.
/W Ilasno HOBIKORB

/j

M.IT. « » 2025 poky




