PELHEH3IA
Ha JIUCepTaliifny podoTy
Bpecnasig Onekcist AHapiiioBu4a
«Hanmo6potHi konuBanHs B HBY pe3oHaHCHUX CTPYKTYpax 3 METAJICBUMU Ta A1CICKTPUIHUMH
HEOIHOPITHOCTIMI,
noJaHy Ha 300yTTs HAYKOBOTO CTYIEHs JOKTopa ¢inocodii 3 ramysi 3Hans 10 — [Ipupoannyi

HayKu 3a crenianbHicTio 104 — ®@i3uka Ta acTpoOHOMIs

AKTYaJIbHICTD J0CJTiIZKeHHSA

Hapasi o06’emui HaaBucokoudactoTHi (HBY) pe3oHaHCHI CTpyKTypu Ta pe30HAHCHI
METANOBEPXHI 3 MICNEKTPUYHUMU Ta METAJEBUMH HEOIHOPITHOCTSAMU MPHUBEPTAIOTH 3HAYHUUN
HAyKOBUW 1 TPaKTUYHUN I1HTEpEC, SK aKTyaJlbHI JJIS 3aCTOCYBAaHHsS Yy PI3HHUX TEXHOJOTIYHUX
HaIpsiMKax, B SIKMX 3aCTOCOBYIOTBCS CEHCOPH, YaCTOTHI (IIBTPH, MOAYIATOPH, padapu. OHI€EO 3
npoOJieM BU3HAYEHHS CIEKTPAIbHHUX XapaKTePUCTUK, HAMPUKIAA, TNPH BUKOHAHHI YacTOTHOI
¢inbTpanii, € HEOOXITHICTh YpaxyBaHHS YMOB BUHHUKHEHHS PI3HOMAHITHUX PE30HAHCHUX SBUIIL, 10
(GbOpMYIOTh KPUBY BIKOH MPO30POCTi. SIK HACTIIOK, ICHYE MOTpeda MOJaNBIIOT0 PO3BUTKY 00’ €MHHUX
HBY pe3oHaTopiB 1 METanmoBEepXOHb IUISAXOM EKCHEPUMEHTANIbHOIO JIOCHIHPKEHHS BIUIMBY
HEOJTHOPITHOCTE Ha PpE30HAHCHI SBUIIA Ta BHUSABICHHS 3aKOHOMIPDHOCTEH 1 MEXaHi3MiB,
BiJIOBIAILHUX 32 IIi SBUIIA. AKTYaJIbHICTh TEMU JUCEPTAIIHHOT pOOOTH, IPHUCBIYEHOT BUBUCHHIO
pe3oHaHcHuX siBUIT B 00’ eMHnX HBY pe3onaTopax 1 MeTamnoBepxHsIx, 00yMOBJICHA K IPAKTUIYHUM
IHTEpPECOM, TaK 1 BOXKJIMBICTIO 3 TOYKU 30pYy QyHIAMEHTAJIBLHUX IOCIIKEHb B Tany3i paaiodi3uku
Ta JieNeKTpoMeTpii. A came, akKTyaJbHICTb TOJSIra€ B HEOOXIAHOCTI BUBYEHHS BIUTUBY
HEOJTHOPITHOCTEH 1 CTIOTBOPEHb (JOPMU PE3OHAHCHUX CTPYKTYP, MEPCICKTUBHUX AJIS MPAKTUIHOTO
3aCTOCYBaHHs, Ha iXHI CHEKTpajbHI XapaKTEPUCTUKU Ta BCTAHOBJICHHI OCHOBHUX MEXaHI3MIB,

BIJIMOBIIAJILHUX 32 111 (HI3UYHI TIPOIIECH.

Metoro auceprTauniiiHoi po00TH € BHBYCHHS pe30HAHCHUX sBUll B 00’emHnmx HBY
CTPYKTypax 1 B pE30HAaHCHMX METallOBEPXHAX 3 JICNIEKTPUYHUMU Ta  METaJIEeBUMU
HEOJMHOPITHOCTAMU. JIJIs MOCATHEHHS MeTH OyJ0 BHKOHAHO HACTYMHI 3aBIaHHS: OCHIIKCHHS
eJIEKTpOMarHiTHUX konuBanb y HBY pe3onatopax s 3amadi BUMIPIOBAHHS JieNEKTPUYHOT
NPOHUKHOCTI TBEPAOTUIFHUX 3pa3KiB y IIMPOKOMY Jlialla30Hi JieIeKTPUYHOT IPOHUKHOCTI ax 110 20
ONMHUIb 3 HAJAMAIMM TaHTEHCOM KyTa JiedeKTpHYHMX BTparT ax g0 5x10°; nocmimxenns
€JICKTPOMAarHiTHUX KOJIMBaHb y pe30HaTopax y (popMi Tis1 06epTaHHs TOBUIBHOI (JOpMHU; BUSBIICHHS
O3HaK SBHILIA XBUJIHOBOTO XaoCy Ha NpUKIaAl 3akputoro mwiinapuunoro HBY pesonaropa 3

BUIMAJKOBUMHU 00’ €MHUMH HEOJHOPIAHOCTSAMU; JOCHTIDKEHHS TOMIMPEHHS eNeKTPOMArHiTHIUX
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KOJMBaHb B MeETaJ-IICICKTPUUHIA METAIlOBEPXHI 11 BU3HAYCHHS HASIBHOCTI €JIEKTPOMArHiTHOI

1HIYKOBaHOT MPO30POCTi.

CryniHb HayKOBOI 00I'PYHTOBAHOCTI TA HAYKOBAa HOBHU3HA Pe3yJbTaTiB po00TH
JIOCTOBIpHICTh OTPUMAHUX Yy POOOTI E€KCIEPUMEHTAIBHUX PE3YJIBTATIB MIATBEPIKYETHCS

BUKOPUCTAHHSAM anpoOOBaHUX METOMIB 1 METOAMK JOCTIJKeHb Ta BIJMOBIJHOIO CYy4acHOTO

EKCIePUMEHTAIbHOTO 00JIaJHAHHSA, BUKOPHCTAHHIM KaliOpyBaJlbHUX 3pa3KiB B E€KCIIEPHUMEHTaX,

MOPIBHSJILHUM aHAI30M 3 JIAHMMH, OTPUMAHUMH HAYKOBUMH TPYyIaMH, a TaKOXX MyOiKaIisiMy B

pEeUTHHTOBUX (haXOBHX KypHaJaX, AKi BXOAATH 10 MDKHAPOIHUX HAYKOMETPHUYHUX 0a3.

HaykoBa HOBU3Ha aucepraniitnoi podotu bpecnasist O.A. BU3HAYa€THCS HACTYITHUM:

1. Bmnepmie po3paxoBaHO NHapaMeTpPH BIAKPUTHX COHEPUUYHUX PE30HATOPIB ISl BU3HAUYCHHS
JIEJEKTPUIHOI MPOHUKHOCTI y MHUPOKOMY Jiana3oHi ax 1o 20 3 HagMaaIuM TaHT€HCOM KyTa
JieTeKTPUYHHUX BTpAT ax 10 5% 107 TBepanx 3paskiB Mpu ONTHMANBHUX PO3MIpax BiJKPUTOTO
pe3oHaropa y X-aiana3oHi Ta MiHIMaIbHUX po3mipax y L-mianazoni. Takox Oynu BU3HAueH1
ONTUMAJIbHI PO3MIpH 3aKPUTOTO LIIHIPUYHOTO pe3oHaTopa Ha pobodiit moni 7Moo 1.

2. Bnepiie BU3HAY€HO alrOPUTM BUMIPIOBAHHS J1€IEKTPUYHOI MPOHUKHOCTI Ta TaHTeHca KyTa
JIEJEKTPUIHUX BTPAT TBEPAOTO 3pa3ka HEBIJJOMOTO MaTepially y BIIKPUTOMY CPEPHUIHOMY Ta
3aKpUTOMY LWJIIHIPUYHOMY pE30HATOpax Ha OCHOBI IependadyBaHUX KalliOpyBaJIbHHX
XapaKTEePUCTHK PE30HAHCHOI YacTOTH pobodoi Moau Ta A00poTHOCTI pe3oHaTopa. [lokazaHo,
[0 aJTOPUTM JIa€ OIIHKY MOXWOW BuUMiptoBaHHs MeHIT HiXK 10% 1 20% s aienekTpuaHol
MIPOHUKHOCTI ¥ TAaHT€HCA KyTa J1eJICKTPUIHUX BTPAT, BiJIITOBITHO.

3. Po3paxoBaHO YAaCTOTHHUH CHIEKTP Y PE30HAHCHUX CTPYKTYpax 3 JOBUIbHOIO (POPMOIO Til
o0epTaHHs 3 JOBUIPHO pPO3TAIIOBAaHUM C(HEPUYHUM BKIIOYCHHSM 3a JOTIOMOTOI0 METOAY
IPaHUYHUX YMOB Y JIOKaJbHUX Toukax. OTpuMaHO rapHe CIiBMNAIIHHS Pe3yIbTaTiB pO3paxyHKy
BJJACHMX 4YacTOT 3a JIOINOMOIOI0 IbOIO0 METOJy Ta 3a JOMOMOTOK KOMII IOTEPHOTO
MOJICTTFOBAHHSI METOJIOM KiHIICBUX €JICMEHTIB.

4. B 3akpuTOMy UWJIHAPUYHOMY pE30HATOPI, SKIIO CTPWXKHI PO3TAIIOBAaHO ACHMETPUYHO
BIJIHOCHO IIEHTPaJIbHOI OCi, PO3paxOBaHO Ta EKCIEPUMEHTAIBHO TMiATBEPKCHO HASBHICTH
03HaK XBHJIBOBOT'O XaocCy (PO3MOJIijl iIMOBIPHOCTI MIXKYaCTOTHUX 1HTEPBATIB HAOIMKAETHCS 10
posnoxiny bponi, mo B rpanuni € posmoninom Birnepa). Skmo cTpukHI BiACYTHI a0o
pO3TalIoOBaHI CUMETPUYHO BIJHOCHO IEHTPAJIBHOI OCI CHUMETpii, MiATBEPIKEHO BIJCYTHICThH
03HaK XBHJIBOBOT'O Xa0Cy (PO3MOIiT iIMOBIPHOCTI HAOIMXKAETHCs 10 po3noauty Ilyaccona).

5. PeamizoBaHO pe30HAaHCHY METaN-NICIEKTPUYHY METAllOBEPXHIO, B SKI OTpUMaHO W
EKCHEPUMEHTAIbHO MIJITBEP/PKEHO BHCOKI 3HAYEHHS 3aTPUMKH Yacy 1 YOTUPH CMYTH

€JIGKTPOMArHiTHOI 1HAYKOBaHOI IPO30POCTI.



Cnucox nmyOJikaniii 3100yBaua
PesynpraT aucepranii BUKIAJAEHO B 4 CTAaTTAX, sIKI OMyOJIIKOBaHO B ()aXxOBUX BHUJIAHHSX,
10 BXOJATH J0 HAYyKOBOMETPHUYHHMX MDKHapoaHux 6a3 Scopus, Web of Science 1 Google Scholar,

Ta 13 Te3ax momoBiaeH y 30ipHUKaX Mpalb MDKHAPOIHUX 1 BITYU3HIHUX KOH(PEPECHITIH.

CTpykTypa nuceprauiiiHoi podoTn

3aranpHHU 00CSAT AHMCepTalliifHoi poOOTH CTaHOBUTH 189 cTOpiHOK, 3 skux 149 cTOpiHOK
OCHOBHOTO TEKCTY, BKJITtoUaroun 69 pucyHkiB 1 22 tabnwuii. PoboTa ckiagaeTses 3 aHOTaIlli, BCTyNY,
I’ IThOX PO3/iJIiB, BUCHOBKIB, CIIMCKY BUKOPUCTAHUX JDKEPEN 1 OHOTO JoJaTKa.

B nepwomy pozdini mpoBeneHO aHami3 3aralbHUX OCOOIUBOCTEH, MepeBar i HEIONIKiB
00’emanx HBY pe3oHaHCHHX CTPYKTYp 1 PE€30HAHCHHX METAllOBEPXOHb 3 TOYKH 30PY IXHBOTO
MPAKTUYHOTO 3aCTOCYBaHHS Ha OCHOBI OTIJISAAY TMOIMEPEAHIX HAyKOBUX poOiT. BusHaueno, mio
BEJIMKHI 1HTEpEeC Mpe/CTaBIIsEe 3a/1a4a BUMIPIOBAHHS JieIEKTPUYHOI IPOHUKHOCTI B MAaKCUMAaJIbHO
MIMPOKOMY Jiara3oHi 3 HaJMaJMM TaHT€HCOM KyTa JIeNeKTPUYHHUX BTPAT TBEPIAMX JICIEKTPUKIB 32
JIOTIOMOT0I0  00’€MHUX PE30HATOPIB 3 MAaKCHUMAaJIbHO €()EKTUBHO PO3PAXOBAHUX 1 BUTOTOBJICHUX
YaCTUH IMX pe30HaTopiB. BU3HaueHO, 0 OCHOBHA HEOOXIMHICTh PO3POOOK B 001ACTI ICHYIOUHX
METO/IB pO3paxyHKy BJIACHHX 4YacTOT PE30HAHCHHUX CTPYKTYp Yy ¢opmi Tin obepTaHHA
NPOJMKTOBaHA TUM, IO BiIOMi pillIeHHs 0OMEKEHO TUIBKA MaJMMH BIAXWICHHSIMH Bifl chepuIHOT
dbopmu (emincoian) Ta MaJMMHU HEOJHOPIAHOCTAMH. Bu3HaueHO, 10 OCHOBHHUMH HEIOJIKAMH
ICHYIOUHMX JIOCII/DKEHb O3HAaK HAasSBHOCTI SIBUINA XBHJIBOBOTO Xa0Cy B 3aKPUTHX PE30HAHCHHUX
CTPYKTYpax € BUKOPHUCTaHHS MEPEBAKHO IBOBUMIPHUX TEOPETHYHUX MOJENIEH 1 METOAMK aHali3y
SBHIA 3a JIOTIOMOTOI0 TNPOMEHIB. BH3HayeHO, 10 TpU MPOEKTYyBaHHI MeTaJl-AieIeKTPUIHUX
METAllOBEPXOHb I 3a/lad OTPHMMAaHHS BIKOH €JEKTPOMAarHiTHOI 1HJAYKOBAHOI MPO30pOCTi
BUHHMKAIOTh TPOOJIEMH MPHU TEPeXo/i Ha OUIBII BUCOKI YacTOTH, IO IOB’sA3aHO 3 HEOOXITHICTIO
3aCTOCYBaHHS IiJIBUIICHUX BHMOT JI0 TOYHOCTI BUTOTOBJICHHS PO3MIpIiB YAaCTUH METAIOBEPXHI Ta
BTPATH B MeTalli, M0 301IbIIYIOTECS. Takok BUSABIEHO OOMEKEHICTh Y JOCATHYTHX KUTBKOCTI CMYT
MPOIMyCKaHHs Ta 3HaY€HH1 TPYMOBOI 3aTPUMKH.

B opyzomy pozoini mucepTarniii BU3SHa4€HO CXeMYy KOMITAKTHOTO BiIKPUTOTO CHEPUIHOTO Ta
3akputoro mmiiHapuuHoro HBY pe3onaropiB A OTpUMaHHS CHEKTPAIbHUX XapaKTEPUCTHK,
ONTUMAIILHUX IS BUMIPIOBAHHS J1€IEKTPUIHOT MPOHUKHOCTI TBEPAOTIIHHUX 3Pa3KiB MiHIMATBHUX
PO3MipiB Y IIUPOKOMY JI1ara30Hi JieIeKTpuIHO1 MpoHuKHOCTI (Big 1 10 20 onuHMIB) 3 HaAMATUM
TAHT€HCOM KyTa JieNeKTpHuHuX BTpar (1o 5x10°), a Takok y HMIMpoKOMYy Jiama3oHi HaIpyru
CJIEKTPUYHOTO TOJII B LEHTpPI pe3oHaropa. Takoxk 3amponoOHOBAHO METOAMKH BHUMipIOBaHHS

JieNIeKTPUYHOI IPOHUKHOCTI Ta TAHTE€HCA KyTa JI1eJIeKTPUYHUX BTPAT.
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Y mpemvomy poszOini nucepTanii BUKJIQJIGHO aHAJI3 pe3ylbTaTiB PO3PAXyHKY BIIACHHUX
yactor 3akputux HBY pesonatopiB y ¢opmi Tin oOepraHHs 31 chepuyHUM HieNCKTPUIHUM
BKIIFOUEHHSIM METOJIOM TPAaHHMYHUX YMOB y OKPEMHUX TOYKAaX Ha TPAHUIl PO3IITY CEpelOBHII, a
HOTO pe3yNbTaT MiATBEPHKEHO 3a JOIIOMOTOI0 METOIIB 30ypeHHs (hopmu Ta cepoinanbHOT BIacHOT
4acTOTH. TakoXX MPOBEICHO TOCIHIDKEHHS 3aJeKHOCTI TOYHOCTI BiJ KIJIBKOCTI MO, 10 OEepyTh
y4acTh Y PO3KJIaJaHHi, 3aJ€KHOCTI TOYHOCTI BiJf KUIBKOCTI TOYOK Ha TPAHUII PO3IUTY CepEeIOBHIII,
BIUIUBY (piykTyariit popmu, 06UnCIIIOBaIBLHOI €PEKTUBHOCTI Ta CTA0IBHOCTI.

Y uemeepmomy po3dini nuceprallii BU3HAYEHO BIUIMB BUMAIKOBUX METAJCBHX IITHPOBHX
HEOJHOPITHOCTEH Ha PO3MOJUICHHS 1IMOBIPHOCTI MIKYACTOTHUX 1HTEPBATIB YaCTOTHOTO CIIEKTpa
3akpuToro muiiHaApuaHoro HBY pe3onaTtopa O1bsSpIHOTO THITLY.

Y  n’amomy pos3dini mucepramii  po3poOIECHO  PE3OHAHCHY  MeETaj-IlieJIeKTPUIHY
METAITOBEPXHIO JIJIsl OTPUMAaHHS BHCOKUX 3HAYCHD 3aTPUMKH Yacy MPOXOPKEHHS eJIEKTPOMarHiTHOT
XBWII Ta JNOOYTKY TPyMOBOi 3aTPUMKH Ha MPOMYCKHY 3/IaTHICTh, KITBKOCTI CMYT IPOIYCKaHHSI.
[TinTBepAXKEHO MOXKIIMBICTh KEPYyBaHHS BIKHAMU MPO30POCTI 3a JOIIOMOT'0I0 pO3MipiB.

Koxen posnin auceprarii BkiIro4ae B cebe BUCHOBKHM. (OCHOBHI BHCHOBKHM JHCEpTaLlii
HaBEJICHO HAMpUKIHII pPoOoTH. B OCHOBHMX BHCHOBKax C(OpPMYyJIbOBaHO Ta OOTPYHTOBAHO

OTpUMaH1 aBTOPOM PE3yJIbTATH, y3araJbHEHHS Ta MOJIOKEHHS BCIX PO3J1IIB pOOOTH.

[IpakTuyHe 3HAYEHHS] HAYKOBUX pe3yabTAaTiB

OTtpumaHi pe3yibTaTH, a camMe pPO3POOJICHHH aJropuT™M BHU3HAYCHHS JIICJIEKTPUYHOT
MIPOHUKHOCTI Ta HAJMAaJIOTO TaHTEHCA KyTa MICNIEKTPUYHUX BTPAT TBEPIAUX IiCJICKTPUKIB, MOXKE
OyTH BUKOPUCTaHO IPH TPOCKTYBAaHHI MIKPOXBWJIBOBHX IPHCTPOiB, pO3pOOJIEHAa METOIUKa
TPaHUYHUX YMOB Yy JIOKaJbHUX TOYKAaX [JIsi BU3HAUEHHS YACTOTHOTO CIEKTPa B PE30HAHCHUX
CTpyKTypax y dopmi Tin obepTaHHs MoOke OyTH BHKOPHUCTAHOIO B 3aco0ax TeleKOMYyHiKarlii,
BU3HAYCHI YMOBH TIOSIBU XBHJIBOBOTO Xa0CYy B PE30HATOpax 3 BHUIAIKOBUMH HEOIHOPITHOCTSIMHU
MOke OyTH BHKOpPHUCTaHO Yy cdepax O0e3IpoToBOro 3B’SI3Ky Ta JIOKami3alii, po3poOieHa

METAINOBEPXHs TAaKOK MOXe OyTH BUKOPUCTAHOIO B 3ac00aX 1 €JIEMEHTaX TEIeKOMYHIKallii.

3ayBaskeHHs 10 JUCePTaliiiHOI po0doTH
1. V derBepromy po3aili He Oyn0 BKa3aHO MEXi MOXUOKH EKCIIEPUMEHTAIbHUX
BHUMIPIOBaHb CIIEKTPA.
2. Y m’aromy posaini OaxkaHo Oymo O sSkOM aBTOp TOKaszaB, SIK MOYKHA KepyBaTu
rmapamMeTpamMH CMYT MTPO30POCTi 3a IOTTOMOTOI0 3aC001B 30BHIIITHHOTO BILIUBY.
3. Takox y W’SATOMY pO3IiNi BIACYTHS KOHKPETHAa MPOMO3ULIS 3aCTOCYBAHHS

3aIlpOMOHOBAHOT META-MIOBEPXHI B KOHKPETHOMY TPHIIA]II.
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Onuak, BKa3aHi HEJOIKM HE CTOCYIOTHCH MPHHLHNOBHX BHCHOBKIB 1 [MOJIOKEHb 1 HE

3HHXKYIOTh HayKOBY Ta MPaKTHYHY 3HAYYLLICTH BUKIAAEHHX B POOOTI pe3yJbTariB.

BiZloMOCTi PO AOTPHMAHHS AKAAeMiTHOT n06poecHoCTi
IlpeacTaBieHi B nuceprauii Bpecnasus O. A. pe3ynbTaTh  HE MOPYYIOTh  MpaBHII
axagemiunoi noopouecnocti. Haseneni B poGOTI pe3ybTaTH IHIIKMX ABTOPIB MAKOTh MOCHIIAHH: Ha

BiJIMOBiHE MIEPIIOLKEPEIIO.

BHCHOBOK 010 BUIMOBIAHOCTI AnCepTALIT HOpMAM

Bpaxato, 1o auceprauiiina pobora bpecnasus 0. A. «Hanno6porni xommsanus B HBY
PE30HAHCHUX CTPYKTYPax 3 METAICBUMH Ta JieNeKTPMYHAMHA HEOJHOPIAHOCTAMMUY € 3aBEPLICHOIO
HAYKOBOIO Tpalleio, AKa MICTHTh HH3KY HOBHX, aKTyalbHHX { JOCTOBIpHMX pe3yNbTaTiB, LIO
cBiuaTh Mpo 11 CKIAMHICTS, CHCTEMATHYHICTD 1 SKi CIPUATHMYTH BHPILICHHIO 3a/1a4, OB’ I3aHUX 3
BHKOPHUCTAHHAM PE30HAHCHUX CTPYKTYP, Y TOMY yucai, y 6e31poTOBHX TEXHOJIOTISX Nepeaayl Ta
06pOGKH CHUTHAMIB, METO/IMLI BH3HAUCHH marepiaiis. Jliceprais NOBHICTIO BIjIMOBIIAC BHMOIAM
nakasy MOH Ykpainu Ne 40 Bix 12.01.2017 p. «Ilpo 3areepkents Bumor 10 oopMaEHHS
pucepTaniiy (3 HaCTYITHUMH aminamu) Ta «[Topsiaky NpUCY/KEHHSA CTYTIEHS J0KTOpa dinocodii Ta
CKAcyBaHHS pilIEHHS Pa30BOl crenianizopanoi BUEHOT pamu 3aKiaay BHLLOI OCBITH. HAYKOBOI
YCTAHOBHU PO MPHCYUKEHHS CTYTEHs JIOKTOPa dinocodiin, 3aTBEPIKEHOr0 NOCTAHOBOIO Kabinery
Mirictpis Vkpainn Ne 44 Bin 12 ciunst 2022 p., a 1i asTop, bpecnaseub Onexciit AnzpifioBud,
3aCITyroBy€ NPHCYIUKEHHS HAYKOBOTO CTYNEH:A A0KTOpd inocodii 3 ranysi suans 10 - [Tpupoanui

HayKH 3a crenianbaicTio 104 — di3uka T2 aCTPOHOMISL.

Peuensent

JlokTop (izuko-MaTeMaTHYHAX HAYK. cTapiiuil A0CTITHHK.

cTapuIHii HAYKOBHH CTIiBPOOITHUK

Biutiny panio(izuKi TBEPAOTo Tina

IPE im. O. 5. Yeukosa HAH Ykpainu Onexcanap BAPAHHUK

[Tizmuc O.A. BAPAHHHUKA 3acBindyio

B.o. BHEHOTO cexpeTaps

IPE im. O.51. Yeukosa HAH Ykpainu

IHCTHTYT
PANIOPIZHKH TA
EJEKTPOHIKH
im. O.H.YCHEKDORA
HAUIOHANLHOY
AKAZIEMIT HAY )
YRPATHM
HTHPIK U HER
o4 0

KaHaMaaT Gi3.-Mar. HayK A Onena KPUBEHKO

14594




