O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0825U001396
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 29-04-2025

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aksazy: 10.07.2025 p. N2 917 CT

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KpaBueHko Onekcanap BikropoBud

2. Oleksandr V. Kravchenko

KBasmigikamis:

InenTudikarop ORCHID ID: 0000-0002-7145-4304

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crIeniaIbHOCTI: 105

Ha3zBa HayKoBoi creniaJbHOCTI: [TpukiajgHa disvka Ta HaHOMaTepiany
T'anyss / ranysi 3HaHb!

OCBiTHbo—HayKOBa nmporpama 3i CreniaJbHOCTI: ITpuknanHa Gisuka Ta HaHOMaTepiau
JaTa 3axHcTy: 23-06-2025

CnenianbHICTD 32 OCBITOIO: Mikpo- Ta HAHOCHCTEMHA TEXHIKA

Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi Cleliaai30BaHOI BYEHOI pazu). PhD 8636

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micqesﬂaxon)KeHHﬂ: ByJl. Kupnn4oBa, 6yz. 2, XapkiB, XapKiBCbKU p-H., 61002, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA
MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TeMaTHYHHUX py6puK: 29.19.09.07, 44.37.31, 44.41.35

Tema guceprauii:
1. JocmimkeHHs i po3po6Ka BUCOKOE(MEKTUBHUX OTUHUYHUX KOHLIEHTPATOPHUX NMPUIMadiB Ha KOMOGIHOBaHUX

TEIJIONPOBIIHUX IJIaTaX /1J1s1 FiOpUAHUX COHSIYHUX MOJYJIiB
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Pedepar:

1. Incepraniiina po60Ta IpUCBIY€Ha BUPIlIEHHIO aKTyaJIbHOI HAyKOBO-TIPUKJIAIHOI 337]a4i, [10B'SI3aHOi 3
IIOCTIIKEHHSIM Ta PO3POOKOI0 BUCOKOE(DEKTUBHUX OOUHUYHUX KOHIIEHTPATOPHUX MTPUIIMaYiB [171sl ri6puaHUX
COHSITYHUX MOZYJIB Ha TEIJIONPOBIAHNX KOMOIHOBAaHHUX IJIaTaX 3 BUKOPUCTAHHIM CydacHUX noJiimigaux (T1I)
KOMITO3ULiHUX IJTiBOK 3 MiABUIIEHNMY 3HAaYEHHSIMU TEIIONPOBigHOCTI. O6'€KT JOCTiIKEHHS — MPOLEC BifBoay
TeIlJIa Bifi COHSIYHUX €JIEMEHTIB y OAMHNYHUX KOHIIEHTPATOPHUX [IpUiiMadax Ha KOMOIHOBAHUX TEIJIONPOBITHUX
nnatax. [IpenMeT JocifKeHHs — PyHKIiOHA/NbHI XapaKTePUCTUKU COHSTYHUX KOHLIEHTPAaTOPHUX MIPUIMaUiB,
30KpeMa ix MexaHi3MU BifiBe[leHHSI TeIIa, 10 3a6e3Me4yIoTh CTabiNbHy pOOOTY COHSIYHOTO eJleMeHTa. MeToo JaHoi

pob60TU € po3po6Ka BUCOKOE(PEKTUBHUX OJMHUYHUK KOHIIEHTPATOPHUX IPUHMAaYiB JJ151 TiIOPUAHUX COHITYHUX



MO/1yJIiB Ha OCHOBi KOMGIHOBAaHUX IJIAT 3 BUKOPUCTAHHSIM TeIIONPOBigHUX [1] KOMIIO3ULIITHUX IIiBOK. 32
pe3yJbTaTaMu JOCIIiIPKeHHSI OTPUMAaHO TaKi HAyKOBi pe3yJibTaTu: — BIieplie B YKpaiHi po3po6yieHo criocobu
BUTOTOBJIEHHS FHYYKUX TEIJIONPOBiAHUX J1akoosIbroBux mapysaTux I11 Mmatepiasis 3 mapamu TOHKUX (25 0 30 MKM)
BHCOKOHAITIOBHEHUX TenonpoBigHux [11 koMnosurtis (40 070 06. %), siKi O3BOJINUAY MiTBULIITH TEMIONPOBigHICTb 11
wapis 3 0,12 0 0,2 Bt /(mxK) no 0,8 o 2,0 Br/(mxK) Ta 6inble; - Brepiue B YKpaiHi 3a1IpOIIOHOBAHO Ta PO3PO06JIEHO
CII0Ci0 BUTOTOBJIEHHS KOMOIHOBaHUX JIPYKOBaHUX ILJIaT Ha aJIlOMiHi€EBUX OCHOBaXx 3 IPOMUCJIOBUMU TOHKUMU
N0J1iiMiZ-PTOPOIIaCTOBUMU TEPMO3BAPIOBAaHUMU IIJIiIBKAaMU 3 TEIIONpoBinHicTio 0 0,46 Bt /(MxK), ski
I03BOJISIIOTh 326€3M1€4NTH BUCOKI €JIeKTPUYHi, MeXaHiuHi Ta TeIyoBi BaCTUBOCTI; — BIEPIIE pO3PO6IEHO HOBY
KOHCTPYKIIi10 KOMOIHOBaHUX ILJIaT Ta METOJ], iX BUTOTOBJIEHHS HA OCHOBI yIOCKOHAJIEHUX BUCOKOTEIJIONPOBITHUX
OJIHOCTOPOHHIX J1aKOQOJIbIOBUX [1i€JIEKTPUKIB, 5IKi CYTTEBO CIIPOCTUJIX Ta 3MEHIINJIM BUTPATU Ha IIPOLIEC
BUTOTOBJIEHHS] KOMOIHOBAHUX I1JIaT i3 3a0€3Me4YeHHSIM iX BUCOKUX TEIMJIOBUX BIACTUBOCTEN MOPIBHIOIOUY 3
BUTOTOBJIEHHS IIJIAT 32 METOLOM TEPMOKOMIIPECI; — BIiepIle 3alpOIIOHOBAHO HOBI MiIXOOU AJIs1 BUTOTOBJIEHHS
BJIOCKOHAaJIEHNX KOMOIHOBaHUX ILJIAT HA ajlOMiHiEBUX OCHOBAaX 3 TOHKMMU Terionposinuumu [11 gienekrpukamu
1751 CPV npuiimadis, IKi J03BOJIMIIM 3a0€311€4YNTH €(PEKTUBHICTb BifJBOMY TEIlJa Bifl COHSIYHUX €JIEMEHTIB 1151
HiATPUMKU iX BUCOKOI HaAiMHOCTI POOOTH Ta MiJIBULIEHHS CTPOKY €KCIlyaralii. [I[pakTuiHe 3Ha4eHHSI OTPUMAHUX
PEe3YJIbTaTiB MOJISIra€ B HACTYIIHOMY: — PO3PO6JIEHO Ta BIIPOBAI’KEHO TEXHOJIOTIUHMI [TPOLIeC BUTOTOBJIEHHS
KOMOIHOBaHMX IJIaT Ha TEIJIONPOBIAHMX OCHOBAX i3 3aCTOCYBAaHHSM TEIJIONIPOBIIHUX 6araTomapoBUX
TepMO3BapIOBAJIbHUX ITiBKax 3 TenaonposiaHicTs 0,12 - 0,46 Bt /(MxK); — po3po6JsieHO Ta BIPOBAIKEHO
TEXHOJIOTIYHMIA TPOLIEC BUTOTOBJIEHHS TOHKUX TEIJIONPOBIIHUX J1IaKo(OIbroBux mapysaTux [11 marepianis 3
mapamMy TOHKUX (25 0 30 MKM) BUCOKOHAIIOBHEHUX TeIIONpPoBiaHuX 1l KOMII03UTiB 3 MiABUILEHUMU 3HAaYEHHSIMHI
teronposinHocTi Bif 0,8 no 2,0 Br/(MxK) Ta 6isblie; — po3po6yeHO Ta BIPOBAIKEHO TEXHOJIOTTYHUIM ITpoLiec
BUTOTOBJIEHHS] KOMOIHOBAHUX I1J1aT i3 3aCTOCYBAaHHSIM TOHKHUX TETJIONPOBIAHMX J1aKO(POIbroBUX mapyBaTux I11
marepiaJiB 3 mapamu TOHKUX (25 0 30 MKM) BUCOKOHAIIOBHEHUX TEIIONPOBinHUX [T KOMIIO3UTIB 3 MifBULIIEeHUMU
3HaUYE€HHSIMU TertonposigHocti Bif, 0,8 no 2,0 Bt /(MxK) Ta 6inbiie; — po3po6sieHO Ta BIPOBAIKEHO TEXHOJIOTTYHUI
npouec BurorosseHHs1 CPV npuiiMadiB 1711 ri6puaHNUX COHSTYHMX MOJIYJIiB HA OCHOBI KOMOIHOBAHHUX IIJIAT i3

3aCTOCYBAHHSIM TEIIONPOBiAHMX [1] KOMIIO3ULIMHUX [UIIBOK 3 MiIBUIIEHUMU 3HAYEHHSIMU TEIJIONPOBIITHOCTI.

2. The dissertation is devoted to solving relevant scientific and applied problem related to the research and
development of high efficient single concentrator receivers for hybrid solar modules on thermally conductive
combined boards using modern polyimide (PI) composite films with high thermal conductivity. Object of the study
is process of heat dissipation from solar cells in single concentrator receivers on combined heat-conducting
boards. Subject of the study is functional characteristics of solar concentrator receivers, in particular, their heat
dissipation mechanisms that ensure stable operation of the solar cell. Goal of this work is development of high
efficient single concentrator receivers for hybrid solar modules based on combined boards using thermally
conductive PI composite films. Based on results of the research following scientific results are obtained: o for the
first time in Ukraine, methods for manufacturing flexible thermally conductive varnish-foil layered PI materials
with layers of thin (25 - 30 pm) highly filled thermally conductive PI composites (40 o 70 vol%) were developed, what
allowed to increase thermal conductivity of PI layers from 0,12 - 0,2 W /(mxK) up to 0,8 - 2,0 W /(mxK) and more; o
for the first time in Ukraine method of manufacturing combined printed circuit boards on aluminium substrates
with industrial thin polyimide-fluoroplastic heat-welded films with thermal conductivity up to 0,46 W /(mxK),
which provide high electrical, mechanical and thermal properties, was proposed and developed; o for the first time
new design of combined boards and method of their manufacture based on improved highly thermally conductive
single-sided varnish-foil dielectrics were developed, which significantly simplified and reduced cost of
manufacturing combined boards with high thermal properties compared to manufacturing boards using thermal
compression method; o for the first time were proposed new approaches for the manufacture of improved
combined boards on aluminium substrates with thin thermally conductive PI dielectrics for CPV receivers, which
allowed to ensure the efficiency of heat dissipation from solar cells to maintain their high reliability and increase
their service life. The practical significance of the results is as follows: o technological process for manufacturing
combined boards on thermally conductive substrates using thermally conductive multilayer heat-sealing films with



a thermal conductivity of 0,12 o 0,46 W /(mxK) was developed and implemented; o technological process for
manufacturing thin thermally conductive varnish-foil layered PI materials with layers of thin (25 o 30 pm) highly
filled thermally conductive PI composites with increased thermal conductivity values from 0,8 up to 2,0 W/(mxK)
and more was developed and implemented; o technological process for manufacturing combined boards using thin
thermally conductive varnish-foil layered PI materials with layers of thin (25 o 30 pm) highly filled thermally
conductive PI composites with increased thermal conductivity values from 0,8 to up 2,0 W /(mxK) and more was
developed and implemented; o technological process for manufacturing CPV receivers for hybrid solar modules
based on combined boards using thermally conductive PI composite films with increased thermal conductivity
values was developed and implemented.
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VIII. 3ak/1104Hi BiZOMOCTI
BaacHe IlpizBuie Im's ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIJIBHOCTI

XpunyHos ['enHaziint CeMeHOBAY

XpunyHos ['ennazint CeMeHOBUAY

KpaByenko OsnekcaHnnp BikropoBuy

VKpIHTEI

IOpuenko TersiHa AHaToJIiBHA



