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3AT'AJIBHA XAPAKTEPUCTUKA POBOTH

AKTyajbHicTb TemH. [l  37ilCHEHHS  CydacHOI  BUXPOCTPYMOBOI
Ae(pEeKTOCKOMi 3aCTOCOBYIOTh IIMPOKY HOMEHKIATYpy CEepiiHUX MpuiadiB. Aje B
OKpEMOMY BHIIaJKy Mae Miclie crnernudika (CTPyKTYpH 1 BIIaCTUBOCTEH 00'€KTy
KOHTPOJIt0, HWOoro (opMH 1 KOHCTPYKIi TOIIO), sSKa OOYMOBIIIOE HEOOXITHICTH
JOJTATKOBHUX JTOCHTIPKEHb 1 PO3pOOKY CHEIliali30BaHUX 3ac00iB KOHTPOJIO SIKOCTI
npoaykiii. OcoOIMBO 1€ MPOSBIAETHCA MPU KOHTPOJI SIKOCTI BUPOOIB, SIKI MalOTh
nedeKTH CTPYKTYpH, 30KpeMa TOHKHUX HedepomarHiTHux 1miiBok (< 0,01 mxm). [Ipu
NPaKTUYHOMY  3aCTOCYBaHHI  BUXPOCTPYMOBHUX  JE€(PEKTOCKOMIB  BaKJIMBHUM
napamMeTpoM € 3HAY€HHS BIJAHOLIEHHS CUTHai-3aBaja. OKpIM aMIUTITYAH KOPUCHOTO
CUTHAJly 3  BHXpocTpymoBoro  nmeperBoptoBaya (BCII), xapakTepucTuka
NepeTBOpEeHH OOyMOBJIEHA IHIYCTPIAJIbHUMH €JIEKTPOMAarHiTHUMHM  3aBajiaMH,
XapaKTEpPUCTUKAMU CXEM KOHTpPOJIIO, BTparamMu B Kabeni Tomio. Takum YMHOM,
po3poOKa METOAy PE30HAHCHOI BUXPOCTPYMOBOI JA€HEKTOCKONIi Ta CTBOPEHHS
BIJINOBIJTHOTO MPUCTPOIO, 110 3a0€3MeUyI0Th BUSBIECHHS 1€(PEKTIB CTPYKTYPH TOHKHX
He(EepPOMAarHiTHUX TIUIIBOK, € AaKTyaJlbHHUM HayKOBO-TIPAaKTUYHUM 3aBIAHHSIM, SKE
BU3HAYUJIO HATIPSIM JTOCHIKEHB Y IUCEePTaliitHOT pOoOOTI.

3B's130K po0OTH 3 HAYKOBMMH NPOTrpPaMaMu, IVIAHAMH, TEMAMU.

Jucepraiiitna poOoTa BUKOHaHa Ha Kadeapi NPOEKTYBAHHS 1 €KCIUTyaTamii
CJIEKTPOHHUX amapariB XapKiBChKOTO HaIllOHATBHOTO YHIBEPCUTETY
PaAIoOENeKTPOHIKHA BIAMOBIIHO 3 MPIOPUTETHUMH HaIpsiMKamMu pedopMH JEepKaBHOI
MOJMITUKU Y cdepl HAYKU Ta JOCHIJKEHb, IO 3aTBEPJKEHO B YKasl Ipe3ujeHTa
VYkpainu Big 12 ciuns 2015 poxy NoS «Ctpareris ctamoro po3BUTKY YKpaiHU 0
2020 poky», a Takox y pamkax goroBopy Nel31 Bimg 20.07.2011 mpo HaykoBoO-
TEeXHIYHY CHIBIPY>KHICTh 3 HayKoBO-AOCTITHUIILKUM €KCIIEPTHO-KPUMIHATICTUYHUM
nentpom npu ['YMBC Vkpainum B XapkiBchkiii o0macti, ne 3m00yBau OyB
BHUKOHABIIEM OKPEMOT0 PO3iTy, Ta 32 Pe3ylbTaTaMi CIIJIbHUX HAYKOBO-TIPAKTUIHUX
nocmipkens 3 JHBII «O0'ennanns Komynap» (M. XapkiB) Ta JlepkaBHOro
npuianooyaisaoro 3asoay iMm. T. I'. IlleBuenko «Monomit XI'TIO» (M. XapkiB).

Mera i 3amaui gocaimxeHHs. Mera poOOTM — MIABUIICHHS YYTJIUBOCTI
BUSIBJIICHHS J1€(DEKTIB TOHKUX HE(EPOMArHITHUX IUIIBOK Ha JIEJIEKTPUYHINA OCHOBI 32
paxyHOK BHUKOPHUCTaHHS PE30HAHCHOTO EKPAaHHOTO BHUXOPOCTPYMOBOTO METOY
KOHTPOJIIO.

JI1s1 MOCATHEHHS MOCTaBJICHOI METH HEOOX1THO BUPIIIIMTH HACTYIIHI 3a/1a4i:

— TIPOBECTH aHaji3 ICHYIOUMX METOAIB 1 3ac00iB eJIeKTPOMAarHiTHOI
Ne(EeKTOCKOIm1, BUSBUTH iX HEAOJNIKM 1 BHU3HAYUTH HAINPSIMKHA JUCEPTAILIHOIO
JOCIIIKEHHS,

— yaockoHamuTH (izuko-maremaruuni moneni B3aemomaii BCII 3 ToHkoOIO
He(hepOMArHiTHOIO IUTIBKOIO TPH PI3HUX BapiaHTax pPoOOOTH BUXOPOCTPYMOBOTO
MepeTBOpIoBaya 3 TOUKU 30py 3a0e3MeueHHs BUSBICHHS Ae(EKTIB IUIIBOK;

— TEOPETUYHO 1 €KCIEPUMEHTATBHO JOCHIIUTH YMHHUKH, SIKI BIUIMBAIOTh HA
BUSIBJICHHS 1€(PEKTIB IUIIBKA BUXPOCTPYMOBUMHU J1€(PEKTOCKONAMU;

— PO3POOUTH METOJI PE30HAHCHOI BUXPOCTPYMOBOI €KpPAaHHOI JePEKTOCKOII,



AKUN 103BOJIsIE €(DEKTUBHO BUSBIATH Je(EKTH CTPYKTYPH TOHKUX HePepoMarHiTHUX
ILIIBOK;

— po3poOHUTH MaKeT BHXPOCTPYMOBOTO Ie(EKTOCKOMy, Mo 3abe3rnedye
MOJIUBICTh ~KOHTPOJIO TOHKHUX HE()EpOMarHiTHUX IUTIBOK, OIHUTH IOro
MO>KJIUBOCTI.

06'exm O0ocniodiceny — TPOIIEC B3AEMOJIIT €IEKTPOMATHITHOTO TOJS 3 TOHKOIO
He(hepOMarHiTHOIO IIIIBKOIO, B PE3YNIBTATI IKOTO (POPMYETHCS CHUTHAJ, IO MICTHTH
1H(bOpMaIIiO PO HASBHICTH AE(PEKTIB CTPYKTYpH.

Ilpeomem  Oocnioscenp — MeToaum 1 3acobu g AeEeKTOCKOIIi
€JICKTPOIIPOBITHUX BUPOOIB 1 MaTepialliB.

Meromm  pocaimxenn. Ilim 4Yac BUpINIEHHS  TOCTAaBJICHHUX  3a/ad
BUKOPUCTOBYBAJIUCS TIOJIOKCHHS EJCKTPOTEXHIKK (Teopiss (YHKINT KOMIUIEKCHOT
3MIHHOI), METOJM MaTEeMAaTHYHOr0 aHali3y (Teopis QyHKIIiH, Teopis TpaHuIlb 1 PSIIB,
nudepeHIliiHe Ta IHTerpajibHe YHUCICHHS, AU(EpeHIiaNbHl PIBHSIHHS), YHCENbHI
METO/M ApOKCUMALlil PYHKIIA, METOAH €IEKTPUUYHUX BUMIPIOBAHbD.

HaykoBa HOBH3HA 0/1epKAHUX Pe3YJIbTATIB:

1. Bnepuie po3po0ieHO METOJ PE30HAHCHOI EKpPaHHOI BUXOPOCTPYMOBOL
ne(eKTOCKOIIi TOHKUX He(pepoOMarHiTHUX IUIBOK HA JIEJIEKTPUYHIA OCHOBI, SIKAW
BKJIIOUYA€ 30yKEHHS JBOX JIOKAIBHUX €JIEKTPOMArHITHUX TOJIB, OJHE 3 SKHX pearye
Ha HasBHICTHb AE(EKTIB IUIIBOK, a JIpyre HEe pearye Ha HasBHICTb JAE(EKTIB IUIIBOK,
CKaHyBaHHS IUTIBOK 30Yy/UKEHUMH  TOJSIMH, BHU3HAY€HHS 3MIH  aMIUITY]
HaIPY>KEHOCT! EJIEKTPOMArHITHUX TOJIiB, OOYMOBJIEHUX 3MIHAMH  BJIACTHBOCTEMU
IUTIBOK, aHal3 PI3HUIN aMIUTITY] 3a(diKCOBAaHUX CUTHAIIB Ta MPUUHATTSA PIllICHHS
I0JI0 SIKOCTI TUTIBKU 32 BEJIMUYMHOIO PI3HUIN aMIUTITY/] 3a()iKCOBAHUX CUTHAIIB.

2. OrpuMana HOJaidbIINK PO3BUTOK (HI3MKO-MaTEMaTHYHA MOJIEIb IPOLECY
B3a€MO/I1 BUCOKOYAaCTOTHOrO pe3oHaHcHOro ekpanHoro BCII 3 enekrponpoBigHUM
BUPOOOM 3a HAsSBHOCTI JA€(EKTIiB, IO a0 MOXIHUBICTh BUSBIATH JehEKTH
CTPYKTYPH TOHKHX He(pepOMarHiTHUX IJIIBOK.

3. EkcmepuMeHTalbHO BCTAHOBJICHO, IO Uit €(QEKTUBHOTO BHSBIICHHS
Ne(dEeKTIB CTPYKTYpU TOHKHX HE(PEpPOMarHiTHUX IUTIBOK Ha JICJIEKTPUYHIA OCHOBI
JOLIJIBHO BUKOPUCTOBYBATH BUCOKOYACTOTHUH pe3oHaHcHUI BCII expanHoro tumy.

4. TeopeTuduHO OOIPYHTOBAHO Ta EKCHEPUMEHTAIbHO IIITBEP/XKEHO, IO
e(eKTUBHE BHUSBJICHHS AE(PEKTIB HEIOCKOHAJOCTI CTPYKTYpH IUIIBOK TOBIIUHOIO
< 0,01 MxMm 3a0e3meuyeTbes MPU Y4acTOTI 30y/Kyr04oro cTpyMmy pesonancuoro BCIIT
B miama3zoni 10-30 MI 1.

IpakTu4He 3HAYEHHS OJeP:KAHUX Pe3yJbTATIB JJIs AEPEKTOCKOIi TOHKUX
METaJIeBUX TUIIBOK TOJISATAE B HACTYITHOMY:

— pO3pO0JIEHO 1 BHUTOTOBJIEHO Moju(ikaIlii pe30HaHCHUX BHCOKOYACTOTHHX
BCII st BusiBIIEHHS HETOCKOHAIOCTI CTPYKTYPH TOHKUX He(pepOMarHiTHUX IJTIBOK;

— PO3pOOJICHO 1 BHUTOTOBJIGHO MAaKET BUXPOCTPYMOBOTO N€(PEKTOCKOMY IS
BUSIBJICHHS 1€(EKTIB CTPYKTYPU TOHKUX HE(HEPOMArHITHUX IUTIBOK;

— po3po0JieHHi coci0 KOHTPOJIIO TOHKUX He(epOMarHiTHUX IUTIBOK, (MMATEHT
VYkpainu Ne 83392), nmae MOXIJIMBICTh yIOCKOHAIUTH J€PEKTOCKOMIIO CYIIJILHOCTI
CTPYKTYPH TOHKHX He(pepOMarHiTHUX IJIiBOK;


https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%86%D1%8F
https://uk.wikipedia.org/wiki/%D0%A0%D1%8F%D0%B4_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D0%B9%D0%BD%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%82%D0%B5%D0%B3%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%B5_%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D1%96_%D1%80%D1%96%D0%B2%D0%BD%D1%8F%D0%BD%D0%BD%D1%8F
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— po3po0JIeHU CrOCi0 KOHTPOJO SKOCTI TOHKMX He(epOMarHiTHUX IUTIBOK,
(marent VYkpaiam Ne 93969), mae MOXIUBICT, OJIHOYACHOTO  BH3HAYCHHS
€JIEKTPOTPOBIAHOCTI 1 TOBIIUHU TOHKUX HE(PEPOMArHiTHUX ILJTIBOK.

Pesynbratu po6OTH BIPOBAIKEHO:

—y BupobHnuy AisuibHicTh JJHBII «O06'eqnanns Komynap» (M. XapkiB) Ta
HepxaBHoro mnpuianoOyaiBHoro 3aBoay im. T.I'. IlleBuenko «Mowuomt XITIO»
(M. XapkiB), mpu po3poOIli 3ac00iB HEPYHHIBHOTO KOHTPOJIIO TEXHIYHOT MPOTYKITI
MIOPUEMCTBA, y BHUIl: TEXHIYHMX TPOIMO3UINIA TIO BHUKOHAHHIO EJIEMCHTIB
KOHCTPYKTHBHHUX CXEM PE30HAHCHHX BUXPOCTPYMOBHUX J€()EKTOCKOIIB; METOJIUK
pO3paxyHKy 1 MOJENIOBaHHS I[apaMeTpiB, pPE30HAHCHUX TMEPETBOPIOBAUIB
BUXPOCTPYMOBHX J€(EKTOCKOITIB;

—B HaBYaJIbHUU Tmporec Kadeapu mnpuiaagiB 1 METOAIB HEPYHHIBHOTO
koHTposto HTY «XIIl», mnpu miaroToBIll CTYJAEHTIB 3a HAMNpPSIMKOM MiATOTOBKH
«[Ipunaam Ta cUCTEMH HEPYHHIBHOTO KOHTpouto» (crerianbHicTh 8.05100305);

— B HaBYaJIbHUI mpouec Kadeapu MpoeKTYBaHHS 1 eKCIUTyaTallii eJIeKTPOHHUX
anapariB  XHYPE 1npu miaroroBui CTyAEHTIB 3a HampsMKOM IIJATOTOBKH
«PamioenexTponHi anapaTtu Ta 3acoom» (crerianpHicts 8.05090201).

OcoOuctuii BHecok 3700yBaya. OCHOBHI HAayKOBl1 pe3yJbTaTd poOOTH
oTpuMaHi  3700yBaueM camocTiiiHO. IIpoaHami30BaHO MNWUTaHHA  PO3BUTKY
KOMILJIEKCHOI aBTOMAaTH3allli HEpYIHIBHOIO KOHTPOJIK BUPOOHUITBA 1 €KCILTyaTalii
BUpPOOIB, JI€ 3aCTOCOBYIOThCA TOHKI HedepomarHiTHi rutBkd. [lokazaHo
HEMOJKJIMBICTh CTBOPEHHS YHIBEPCAJIBHOTO MPHUCTPOI0, NPUIATHOIO JJIsi BUMIPY
napamMeTpiB MeETaJeBUX IUIBOK B MIMPOKOMY Jdlama3oHi JUig PI3HUX MO€IHAHD
Marepiany IUTIBKH 1 migkiaagku. [IpoBegeHo TeopeTHyHUi aHalli3 Ta MOKa3aHo, IO
JUISL KOHTPOJIIO CTPYKTYpU IUTIBKOBHX He(EpOMarHiTHUX MaTepialliB JOIIbHE
3acTocyBaHHA TpaHchopmaropHux HakimagHux 1 ekpannux BCII. Tlokazano, mio
OTpMMaHHS TEPBUHHOI 1H(MOpMAIi y BUIJIAAl EJIEKTPOMArHITHUX CHUTHAIIB,
OE3KOHTAaKTHICTh 1 BHCOKA MNPOAYKTHUBHICTh BH3HAYalOTh IIUPOKI MOKIJIUBOCTI
aBTOMAaTH3allli KOHTPOJIIO, a JJIsi 3MEHIICHHS TMMOXUOKM BUMIPIB 1 30UIbIICHHS
YYTJIMBOCTI JI0 KOHTPOJIbOBAHOI'O MapaMeTpa HEOOXIIHO BUKOPUCTATH METOAM
3MEHIIIEHHS BIUIMBY YHHHHKIB, IO 3aBaaroTh. CHCTEeMaTH30BaHI MPOOJIEMHI
MUTaHHA Teopii anepiogu4HuX Ta pezoHancHux BCII.

Anpobanisa pe3yabraTiB aucepraniiiHoi podoTu. OCHOBHI pe3yJbTaTH
JTUCEPTAaIHOI poOOTH JOmMOBiAAMKCS 1 oOroBoproBasimca Ha: XX MixkHapoIHOMY
HayKoBoMy cumMmmo3iymi «Metrology and metrology assurance» (M. Co301iib,
Bourapis, 2011 p.); Ha VI MixkHapoJHI# HayKOBO-TEXHIUHINA KOH(pEPEHIIiT 1 BUCTABIII
«CyTlaCHl Opuiaau, MaTeplaad 1 TEeXHOJIOTIl Ui HEpyHHIBHOTO KOHTPOJIO 1
TEeXHIYHOI  JIarHOCTUKM  MAIIMHOOYAIBHOTO 1  Ha(pTOrazonpoMHCIOBOTO
yctaTKkyBaHHs» (M. IBaHo-®pankiBcek 2011 p.); va VI i VII PerionansHoi HaykoBO-
MPaKTUYHOT KOH(EPEHIIiT 3 MIKHAPOIHOIO y4acTio «Mojob 1 TiI00aibHI mpobdieMu
cydacHocti» (M. ['yOkin, Pocis, 2011, 2012 pp.); va V MixHapoaHili HayKOBO-
npakTuyHii KoHpepeHiii «CremniagbHa TEXHIKA B MPaBOOXOPOHHIN ISIIbHOCTI»
(M. Kuie, 2011 p.); Ha HAyKOBO-IPAKTUYHOMY  CeMiHapi  «3acTOCyBaHHS
iHdopMmaliiHux TexHojorii B ocBiT» (M. XapkiB, 2012 p.); Ha XX 1 XXI
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MixxHapoH1 HAyKOBO-TIpaKTHUHIN KoH(pepeH i «HpopmalliiiHi TEXHOJIOT1i: HayKa,
TEXHiIKa, TEXHOJIOTisA, OcBita, 3m0poB's» (M. Xapkis, 2012, 2013 pp.); Ha
MixHapoaHili HayKOBO-TE€XHIUHINA KoH(epeHuii monoaux yueHux «HoBi marepianu,
YCTaTKyBaHHA 1 TEXHOJIOTii B mpoMuUcIoBocT» (M. MormnboB, binopycis,
2012, 2013 pp.); Ha HaykoBO-TIpakTH4UHIA KoH(pepeHuii «HaykoBe 3abe3nedeHHs
ci1y>k00B0-0010Bil nisbHOCTI BHYTpimHIX Biiickk MBC VYkpainn» (M. Xapkis,
2013 p.); mHa MixHapo/aHiii HaykoBO-TexHIuHIA KoH(pepeHuli «Nauka dzi$: teoria,
metodologia, praktyka 2013» (Wroctaw: Wydawca: 2013 p.)

IMyoaikanii. OCHOBHI pe3ynbTaTH JUCEPTAIiitHOI poOOTH OmyOIiKOBaH1 y 25
JAPYKOBAaHUX Tpalsx, cepena HuX: | MoHorpadis, 7 crareil y ¢GaxoBUX BHIAHHSIX
VYkpainu, 1 crartd y nepioguyHOMYy BUJAHHI YKpaiHW, 2 CTaTTl y 3aKOPIOHHUX
nepioguyHuXx (axoBUX BUIAHHSX, 2 MAaTEHTU YKpaiHU HAa KOPUCHY MOJenb, 12 -y
Marepiajiax HayKOBHX KOH(EpEHIIIH.

Crpykrypa Ta o0car aumcepramii. Jlucepramis ckiagaeTbcsi 13 BCTYIY,
5—X pO3IIiB, BUCHOBKIB, CHHUCKY BUKOPHCTAaHHMX JKEped 1 JOJATKIB. 3arajibHH
oOcsr nuceprarii ckinagae 196 cropiHok, 3 HUX: 42 pUCYHKaA MO TEKCTY, 8 PUCYHKIB
Ha 6 OKpEeMHUX CTOpiHKaX, 2 TaOJHIIl 1O TEKCTY, CIIMCOK BUKOPUCTaHUX pkepen 3 190
HalilMEHyBaHb Ha 22 CTOpiHKax, 7 JOJATKIB Ha 23 CTOpIHKaX.

OCHOBHMUM 3MICT POBOTH

VY BeTymi 00TpyHTOBAaHO aKTyaJbHICTh BUOpaHOi TeMH, CHOPMYIHLOBAHO METY Ta
3aBAaHHS JUCEpPTaliifHOi poOOTH, HABEAEHO JaHl Mpo ii 3B’S30K 3 HAYKOBUMH
nporpamMamMu, BHUKJIQJ€HO HAyKOBY HOBHU3HY 1 MPaKTHYHE 3HAYEHHS JOCIIIKEHb,
ocoOuCTHI BHECOK 3700yBaya, BKa3aHO BIJOMOCTI MO0 ampoodarlii pe3ysabTaTiB

Y mnepmomy po3aijli BUKOHAHO aHalli3 METOMAIB 1 3aC00iB BHUXPOCTPYMOBOTO
KOHTPOJII0O MatepianiB 1 BUpoOiB. BUKOpHCTAHO HAKOMMYEHHU B JAHOMY HANPAMKY
HAayK{ 1 TEXHIKM HAI[lOHAJIbHUIA Ta CBITOBMMU JOCBiJ, B SIKM 3pOOMIIM CBI BHECOK
HaykoBl  mkoid  mifg  kepiBHUUTBOM:  B. O. Tpoiuskoro, B. B. Kiroesa,
O. M. Kapnamia, 1. C. Kicuta, C. M. Maescbkoro, B. M. YuaniHa, 1 BYeHUX:
I. IT. binokypa, A. C. bakynoBa, B. I'. I'epacumoBa, b. M. I'opkynoBa, P. M. [Ixxana,
M. M. 3anenina, B. 1O. Kyuepyka, B B. Kyxapuyka, B. ®. Myxuupbkoro,
B. II. Ce6ko, B. C. Co6oneBa, I'. M. Cyukoga, W. L. Crennens, 1O. K. TapaneHko,
I0. K. ®enocenko, B. C. Xangenkoro, 1O. M. IlIkapinera, I1. M. IlIxaToBa,
Fr. Forster, T. Theodoulidis, John R.Bowler, N. Harfield, H. Hoshikawa Ta 6ararsox
1H.

[IpoananizoBaHo BiZIOMI METOAM 1 3aCO0M BHUXPOCTPYMOBOT'O KOHTPOIIIO
BUpOOIB 1 MarepianiB, SKi JalOTh MOXJIMBICTh MIABUIIUTH €()EKTUBHICTH
BUXpOCTpyMOBOi nedexrockomii. JlaHa XapaKTepucThKa 3arajdbHUX TPUHIIUIIIB
MOOYZJ0OBU BUXPOCTPYMOBHX J€(EKTOCKOITIB.

Ha miacraBl aHamizy HayKOBO-TEXHIYHOI Ta MAaTEHTHOI JITepaTypH,
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y3arajlbHeHb JOCIIKEHb 32 BUOPAHUM HANpPSMKOM, BU3HAYEHO OCHOBHI HEBUPIIIEHI
3aja4i Ta OOIPYHTOBAHO HANPSIMOK TUCEPTALIHHUX TOCIIKEHb.

Jpyruii po3aiji TPHUCBSYEHO TEOPETHUYHUM JOCHIHPKEHHSAM 3 BHSIBJICHHS
nedeKTiB  CTPYKTypH TOHKHX HEePEpOMarHiTHUX IUTIBOK 3a  JOMOMOTOO
anepiognunux BCIL.

B ichyrouiif Teopii amepiognunux Tpanchopmatopaux BCII posrasgaerbces
17eanbHU BUIIAJIOK, TIPU SIKOMY OIip HaBaHTAKEHHS Ta BHYTPIIIHINA OMip JKeperna
KUBJICHHS HE BIUIMBAIOTh HA XapaKTEPUCTHKU MepeTBOpeHHs. HacmpaBni, ToHka
HedepoMarHiTHa IUTIBKa, BMIleHa y BuUMiproBanbHui 3a30p BCII ekpanHoro tumy,
BHOCHUTbH y 30y/KYyBaJIbHY KOTYIIKY JESIKUAN IMIEIaHC, SKUH 3aJIe)KHO BiJ MapaMeTpiB
cuctemu «BCII-1miBkay MOXke B HIMPOKMX MeEXaxX 3MIHIOBaTH HAaBaHTAXKEHHS Ha
JDKEpeio KUBJICHHS. AHAJIOTIYHO 1 BUMIpIOBaJbHA OOMOTKAa BHOCHUTH JOJIaTKOBHIA
IMITeTaHC B 30y KyBaJIbHY OOMOTKY. Ilokazano, 1o 1mi (akTopu 3HAYHOK MipOIO
BIUTMBAIOTh HA MOAYJH 1 a3y BXigHOro cTpymy 1 Hampyru. CTyIiHb IIbOTO BILTUBY
ICTOTHO 3aJIKUTh Bl BHYTPILIHBOTO IMIIEIAHCY JDKEpesa KUBJICHHS 1 IMIEAaHCy
HAaBAHTAKEHHS, a ITHOPYBaHHA 11€i 0OCTaBUHU MPUBOJIUTH 10 MOMITHOI pO301KHOCTI
PO3PaxyHKOBHX Ta €KCTIEPUMEHTALHUX JaHUX.

B skocti monmem anepioanunoro exkpanHoro BCII y po06oTi 3anponoHOBaHO
NPUHITUIIOBY CXeMYy, IpeacTaBieHy Ha puc.l. 00'ekt konTpoio (OK), — npencrasmse
co000 TOHKY He(epOMArHITHY TUTIBKY, III0 Ma€ TOBIIMHY O, €IIEKTPONPOBIAHICTD o i
MarHiTHy MPOHUKHICTb L.

Amnani3 poootu anepiongnyroro BCII BuKkoHaHO: 1715 MOYaTKOBOIO pexumy (y
poOoYoMy 3a30pi — BIJICYTHS IUTIBKA); poOOYOro pekumy (ILTiBKA — 3HAXOAUTHCS Y
pobouoMy 3a3opi); Ta pAy €ISKTPUUYHUX PEKHUMIB (XOJOCTUH XiJ; HaBaHTAKCHHS,
KODOTKE 3aMUKaHHS; PEXHUM 1J€aIbHOTO TeHEepaTropa CTPyMy; PEXUM 17eanbHOI

HaIpyru).

Pucynok 1 — [IpuHnmmnoBa cxema anepioguaHoOro
expannoro BCII,

U ne Ly,I,L, .1, — ingykusuocri i akrussi onopu
30y17IMBO1 Ta BUMIPIOBAJIBHOI KOTYILIOK;
Z,, Z,, —imMmenancy, BHYTPIIIHBOTO JpKepera

JKVBIICHHS 1 HaBaHTaXeHHs; M — Koe(ilieHT

B3a€MOIHYKIIT MK KOTYIIKaMH |-1 Ta |-2 3a

BIJICYTHOCTI B pobouomy 3a3zopi OK;

hl Ta h2 — BIICTaHb B1Jl OJHI€I 3 TOBEPXOHb IJIACTUHU

10 TOPLIB KOTYIIOK |-1 Ta |-2 ; C — BlAcTaHb MiX

TOPISIMHU KOTYIIOK (PoOO0UHii 3a30D)

VY pobodoMy pexuMi BUXIJTHA HANIpyra 3aJaBajacst y BUTJISI1

U.=joM I,F, 1)



ne F —3aranbHa xapaktepucTHka neperBopeHHsi ekpanHoro BCII, mo e ¢yHkiieo
BIJl {4, TA y3araJlbHEHUX MapaMeTpiB ¢, f;

¢=2474:  p=RJwoyu. 2)

Jns  nmaHoro  pexxuMmy — OTPUMAaHO — AHAMITUYHUM  BUpa3  3arajbHOi
XapaKTEPUCTUKHU TIEPETBOPEHHS Y BUTJISIII:

« o 14 K2Q13Q23
G_PaPy | (14Q,)04Q,) .
F 1+ K2Q13Q23 P13 P23
(1+ Q)1+ JQy)
ne P = F / (1+2,./Z,,), Poy = F/ (1+2Z,,,/Z,,) — eKBiBaJCHTHI XapaKTEPUCTHUKH
NEPEeTBOPEHH BXINHOIO 1 BHUXIAHOTrO naHuworie; 2, ,Z.,, Z, ,Z,,— BHOCHMI 1
CKBIBAJICHTHI iMnenancy; Q, =oL/r, =Q/(1+R /1) i

Q,, =wL,/r,, =Q,/(1+R, /r,) — exBiBaneHTHI KOOPOTHOCTI BXIAHOTO i BUXiZHOIO
-3a

nanmroris; Q;, Ta Q,, — no6portHOCTI KOoTymok Ly ta L; K=Kye 4 —koediuient
3B'I3Ky MDK HMMH, Je¢ K, —MakcumalbHE 3HA4eHHs Koe(lLi€HTa 3B'I3Ky IpH

MTOBHOMY 30JIMKE€HHI KOTYIIOK.

Otpumanuii aHaTITHIHUN BUpa3 (3) 3arajbHOI XapaKTePUCTUKU MTEPETBOPEHHS
Ma€ JIOCTaTHBO TPOMI3ZJIKY 1 CKJIAJHY CTPYKTypy, TOMY y PoOOTI MpoaHaiIi30BaHO
K1JIbKa OKPEMUX BHUIIA]IKIB:

a) Pexum xomoctoro xoxy, R, =00, JIns mporo pexumy MaeMo:
Qp=0,2,,=0,Pxn=F, H=hF,;
6) Pexum ineansHOTO TeHepaTopa cTpyMy, Ri =, V mpomy peskmmi:
Q,=0,2Z_=0,Pn=F, H=P,,;
B) PexxuM imeampHoro reHeparopa ctpymy, R, =% Ta xomocroro xony:
Ry=o, H=F.
Otrpumana 3aranpHa xapakrepuctuka mneperBopeHHss BCII mia pexumy

XO0JIOCTOTO XOAY 3 I0AATKOBOIO YMOBOIO €IICKTPOKMBJICHHS 30y )KYBaIbHOT OOMOTKH
BiJl 17I€aJIbHOT0 reHepaTopa Hanpyru R, =0

= : | (4)
_3
1+j 10_Ql ¢1e 20&l
1+ JQ

3anexuicTh (4) uepe3 nmapameTpu (2), Ta MiCas MaTeMaTHIHHUX MIEPETBOPEHb, B
npunymensi, mo R =R, =R, mae urnsan
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: Buet \Jo+ jas?
1 =

3

6,ue4§\/WCh(i\/9+ j4ﬂ2)+(9ﬂ2 +9+ 1'452)3*‘6\/9* j‘wzj

y 1 (5)
Qe (1 Q) (04" -9~ 45" )sn( § VB 147 |
J 2
1+Q

[TokazaHo, 1O JUIsi KOHTPOIIO TOHKUX HE(PEpOMAarHiTHUX IUTIBOK, TOBIIMHA
AKX 3HaYHO MEHIIE pajiyca 30y KyBaJdbHOI KOTYIIKH 1 TIMOMHH NPOHUKHEHHS
IUTOCKOT XBHITI, (TOOTO KOJIM BUKOHYIOThCs yMOBH: { <<1, {f <<1, rz=1), Bupas (5)
CHPOIILYETHCS 1 MPUIIMA€E BUTIISI

P 6 6
1 = - = " " y
6+ jy+ ] KlQl(l_szl) (6+ jA)+ j¥B (6)
1+Q
ne y=(B°=20Rwou, — BBeneHHMIl y3aranbHEHMH mapaMmerp, SKHil IOB’s3ye

reomerpuyHi po3Mmipu BCII Ta #oro enekTpuyHi MOYATKOBI JIaHHI; KOE(IIIEHTH
2 . . .
A=K Q / (1+ Q ) 1 B=1-AQ Bu3HAYaIOTh B3a€MO3B'I30K MarHiTHUX K 1

enexkTpuuHux Q CKIIaIoBUX BUpPa3y.
Moyib i apryMeHT Bupa3sy (6) BU3HAYAIOThCS HACTYITHUM YHHOM:

B 6
J(6+ypA)2+y? B2

. 7B
: = —arct ) 7
23 96+}/A ( )

2

Uytnupicte BCII mo BiJHOIIEHHIO JI0 BUSBIICHHS HECYLUIBHOCTI TOHKHX
. . . ! !
HedepOMAaTHITHUX ITiBOK BU3HAYA€ThCA MOXizHuMu P, Ta @, (puc. 2).

_%‘ Wr!
1 | o002 k @ | =1 K =1 |1
/ /
20 | 0,04 \
)é \‘/?’é // @ = 100K, =1
30 0,06 —
) P ]
a0 | 0,08 B RN ]
0,1 %2& s \%{;21:1;1{1:1
50 ;
0,12 B i T | @s@-1ng=05
60 g
\‘qul;Ql =100, X =0,5 ~—| - \\
70 0,14 \\ T——m A q100: & £ 0,2231
@2 0y 7 100, &= 0,223 = | ———]
g0 | 0,16 |
%!
90 | 0,18
1o | o2 7

0 1 3 5 7 9 11 13 15 17 19 21 23

B
PrcyHok 2 — 3anexuicts (asosoro scysy ¢, = —arctg (%) Ta fforo moximsoi @ = —P? 5

BiJl y3araJbHEHOT0 napamerpy )
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[IpoBeneHuit aHami3 YUCENbHUX 3HAYEHb, J03BOJISIE 3pOOUTH BUCHOBOK PO TE,
10 JUIsl pO3TIIIHYTOI cxeMH (a30BUI METO] BUIIICHHS KOPUCHOT 1HPOpMAIil 3HAUHO
nepeBakae aMILIITyIHUH METO/.

Y TperboMy Ppo3aijli HaBEACHO TEOPETUYHE MOCTIIHKCHHS  BHUSBJICHHS
nedeKTIB CTPYKTYpH TOHKHAX He(PEepOMarHiTHUX IIIBOK 32 JOIIOMOTOI0 PE30HAHCHUX
BCII. Ananiz Ta imXEHEpHUH MiAXiJ NMpU po3paxyHkKy pe3onancHux BCII, mio
3aCTOCOBYIOTHCSL NIl BHSIBICHHSA Ne(EKTIB CTPYKTypH TOHKHX He(epoMarHiTHHX
IUTIBOK, MOTpeOye MOJaNbIIOr0 yJOCKOHaIeHHS. TakuM YMHOM, BHUHUKIA 3aa4a
aJICKBaTHOT'O JIOOMpaIlOBaHHs Teopii pezoHaHCHUX TpaHncPopmaropuux BCII, ogna 3
KOTYIIIOK SIKOTO BKJIIOYEHA B KOJIMBAJILHUW JAHINOT, Ta cMyroBoro Bapianty BCII,
00M/IB1 KOTYIIIKU SIKOT'O CTAHOBJISITH TIOB'sI3aH1 KOJIMBAJIbHI KOHTYPH.

[IpoananizoBani pizHi pexumu podbotu BCII 3 ypaxyBaHHSM BHYTPIIIHBOTO
OTOpy JIKEpelia XKUBJIECHHS 1 ONOpY HaBaHTaxeHHs, cocoou miakmtoueHHss BCII no
mkepena 1 T.11. [IpoBeeHo aHami3 XapaKTepUCTHK, HABEACHO MOPIBHUIbHY OLIIHKY Ta
pexkoMeHanli s cxeMHuXx pimens 1 napametpiB BCII. Otpumani ocHOBHI hopMyau
1 aHaMITH4YHI BHUpA3H [JIsl XapaKTEPUCTUK IEPETBOPEHHS JOBEJIECHO N0 BUIIIALNY,
3pYYHOrO JUIsl IHHKEHEPHUX PO3PaXYHKIB.

Buxonsuu 3 TOro, mo axkTUBHI BTpAaTh y KOHJAEHCATOpPi 30y KYyBaJIbHOTO
KOHTYpy C, HE3HauHl B IOpPIBHSHHI 3 BTpaTaMd B KOTYIULI IHIYKTHUBHOCTI L,
JOOPOTHOCTI KOTYIIKH 1 B IIJIOMY KOJUBAJILHOTO KOHTYPY YMCENIbHO piBHI. BBeneHo
MOHSATTS «100poTHICTE» BCII

Vi=KQ, (8)
ne Q — MakcuMajbHE 3HAaueHHs JI0OpoTHOCTI, K, — MakcHUMajbHE 3HAYCHHS
KoediIieHTy 3B’ 53Ky (3).

OtpuMaHo BUpa3 [y1s XapakTepucTuku nepersopeHHs BCIIT
3

5 6149+ j4/5 §
10 = 3 3
6139+ j4S7ch*\JO+ 457 + (942 +9+ j45%)sh* |9 + j4 57 o)

1

3 :
JKQ, (947 —9~ j4p)sh* /9 + jap
[lokazaHo, 1O JJii TOHKUX He(EPOMArHiTHUX IUNBOK, KOJIM BHUKOHYIOTHCS
ymoBu: { <<1, {f<<1l, u=1, supas (9) moxe OyTu NpeaCTaBIEHO y BUIJISI],

Po=——"—. (10)

X

UytnuBicte pe3oHancHoro BCII 1o  BIgHOIIEHHIO O  BUSIBIICHHS
HECYIUIBHOCTI TOHKUX HE(PEPOMArHiTHUX IJIIBOK BU3HAYAETHCS MOXITHUMU MOIYJIS
ta aprymenty Bupasy (10). Ha pwuc.3 HaBeneHO 3aJIe)KHICTh XapaKTEPUCTUKU
nepeTBopeHHs pesonancHoro BCII Binm mapametpyy.
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\\\ L6 0,16 7150 /
0.7 144 L4 0,14 =100 §
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| SRR
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A

@o¥ 4100
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\\ PIDI‘,V=100 \ PV =50
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Pucynok 3 — 3anexHicTb XapaKTepHCTUKH IepeTBOpeHHs pe3oHancHoro BCII Bix mapamerpy ¥ :
a) —monymo By () ta iioro moxinmoi Plol (7);

6) — aprymenty @,(7) Ta itoro noxinuoi @L(y)

AHnaJti3 3aJ1e)KHOCTI IT0Ka3ye, 10 31 301IbIIEHHAM p QYHKLIA P, 3MEHIIyeThCs,
Ma€ HETaTHBHY MOXiAHY 3 MAKCUMYMOM TI0 HETaTUBHOMY 3Ha4eHHIO TipH y = 0, TOOTO

limP, =-V,/6. (11)

7—0
[opiBHsANBHUE aHaI3 QyHKIIN TEPETBOPEHHS AJIsl PE30HAHCHOI CUCTEMHU P, 1

anepioguyHoi P,

', Tokaszye, mo poboua obmacte BCII, ne moxigHa P/, Mmae

MOPIBHSAHO OUIbIIE 3HAYEHHS, MOMITHO 3MIIIYETHCS B 30HY MaJMX BEJIHYUH
napamerpa j. lle o3Hadae, 10 IS BUSABICHHS HECYIIJIBHOCTI TOHKHX
He(epoMarHiTHUX IJTIBOK, ONTUMAIbHA YaCcTOTA )KHUBJISYOT0 CTPyMy Mae OyTu Ha 1-2
nopsaku Huwkue. [Ipyu ipoMy MakcuManbHe 3HauY€HHs MOXIAHOI P),, 3HA4HO OuiblIe

P, . TakuM unMHOM, MakcuMajbHa 4yTIMBICTH pe3oHaHcHoro BCII Buiue B 2V, pas,

HIXK y arnepiogudHoro.
AHati3 3aJIeKHOCTI apryMeHTy Ta Woro moxinHoi Bix mapamerpa y (puc. 30)

JI03BOJISIE 3POOMTH BUCHOBOK, IO MAaKCHMAaJbHE a0CONFOTHE 3HAYEHHS (p, Mac

. I
Iy'g(}(opo_ % (12)

3 4Oro BHILIMBAE, 10 MAKCHMaJIbHE 3HAUYEHHS MOXIAHOI ApIryMEHTY |¢)|'°10|max B

Mictie mpu y = 0, To6TO

V, pa3 MeHiIe, HiK TTOXiTHIi MOIYITIO |P1'0|max.
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TakuM yMHOM, HA OCHOBI BUKOHAHMX Y PO3/LII IOCHI)KEHb BCTAHOBJICHO, 1110
YHUCeNbHI 3HAYEHHS apryMeHTy 1 #Ooro mMoXigHOi MOpPIBHSHO Maji, BiJIHOCHO
YHCENbHUX 3HAaY€Hb MOAYJS 1 HOro MoXigHOi, Ta MOXXHA KOHCTaTyBaTH, IO JUIs
BUSIBIICHHS HECYIIJIBHOCTI TOHKMX HE(QEpOMarHiTHUX IUIIBOK 3a JIOTIOMOTOIO
pezonancHux BCII pomiapHO 3acTOCOBYBaTH aMILTITYJHHM Croci® BUAUICHHS
iHpopMmarii. Takox BCTAHOBJIEHO, IO TMPH OJHAKOBHX 3HAYCHHSX JOOpOTHOCTEH
KOHTYpIiB 1 KOHCTPYKIii KOTymok cmyroBuid BTII He mae Oinbiioi 4yyTamBoCTI 70
BUSBIICHHS HECYIIBHOCTI TOHKUX He(epoOMarHiTHUX IUTIBOK B TOPIBHSHHI 3
pe3onancauM BTII.

Y 4yerBepTOMY PO37ijii BCTAHOBJICHO, 10 OJHUM 3 OCHOBHUX (DaKTOpIB, SIKUN
BIUIUBA€ Ha pe3yJbTaT BHUMIPIOBaHb Y BUXPOCTPYMOBIN J1€(PEKTOCKOMIi, € BILIMB
HETOCTIMHOCTI poOoUYoro 3a3zopy. Takok MOKazaHO, IO METPOJIOTIYHI IMOKA3HUKHU
BCII 3amexxarp BiJ HECTaOUILHOCTI MapaMeTpiB TOHKUX IUTIBOK, TOOTO 3MiHHU
MATOMOI  €JIEKTPOINPOBITHOCTI, HAABHOCTI  MOPUCTOCTI  CTPYKTYpU  TOHKHUX
He(epoOMarHiTHUX IJIIBOK, XapakTepy Ae(EeKTiB 1 T.I.

301IbIICHHS 3a30py NPU3BOJUTH 0 OCiabJieHHs 3B'sI3Ky MK KoTymikoro BCII
1 TOHKOI HE(PEepOMarHiTHOIO TUTIBKOIO, BIAMOBIJHO OJHAKOBO 3MEHIIYIOUM SIK
aKTUBHY, TaK 1 PEAaKTUBHY CKJIaJoB1 iMrenancy. IIpoBenenuii aHami3 Jq03BOJISIE
BCTAHOBHUTH, II0 HAWOUIBII 4YacTO B JAEPEKTOCKONAX 3aCTOCOBYIOTHCS HACTYIIHI
METOJIY BIICTOPOHEHHS BiJ] BILTUBY pobouoro 3a3zopy BCII:

— BUKOPUCTAHHS KOHCTPYKTUBHHUX OCOOIMBOCTEH 1HAYKIIHHUX KOTYIIIOK;

—3actocyBaHHsl pe3oHaHcHux BCII, siki mpailfoloTh B pexuMi po3iiagHaAHUX
KOHTYPIB;

— 3actocyBaHHs pezoHaHcHuUX BCII gpyroro Bumy, siki BAKOPUCTOBYIOTH Pi3Hi
BaplaHTH BUMIPIOBAJIbHUX Ta KOMIICHCAI[ITHUX KaHAIB.

[TokazaHo, 10 HAWOLIBII MPOCTUMHU BUXPOCTPYMOBHMH MPUIIATAMU 3 TOUYKHU
30py MOMKJIMBOCTEW KOMIICHCAIll BIUIMBY 3MIHM pOO0OYOro 3a30py € MpuiIaau,
3aCHOBaHI Ha BUKOpucTaHHI pe3oHaHcHMX BCII, mo mnpauooTe B pexuMi
PO3JIaTHAHOTO KOHTYPY.

Y m’artoMy po3aisli HaBeACHO pe3ysbTaTH PO3POOKH CHOCOOY KOHTPOIIIO
HECYIIBHOCTI, MOPUCTOCTI TOHKUX HEe(hEPOMArHiTHUX IJIIBOK, Ta EKCIEPUMEHTAIIbHE
MIATBEPIXKEHHS TEOPETUUHUX MOJIOKEHD PO3ALITY.

[loka3aHo, 110 Ha BHUCOKHMX YacToTax ekpaHHid Tpancpopmaropuuii BCII,
AKUW Ma€ KOTYIIKH 1HAYKTUBHOCTI HMJIHAPUYHOI (POPMHU, 3AATHUN BUSBISITH
HEJIOCKOHAIICTh CTPYKTYpU TOHKHUX He(depoMarHiTHUX IUTBOK. Jlanuii crocio
KOHTPOJIIO 3aXUIIECHUN MAaTEeHTOM YKpaiHu Ha KOPUCHY Moenb. [Ipu po3MiieHH1 B
pobodyomy 3azopi expanHoro BCII, ToHkoi HedhepoMarHiTHOI IJIIBKH (TOBIIMHA
<0,01mMkM) 3 nedexkTaMu CTPYKTYpH, y HajamrToBaHoro B moBHMU pe3oHanc BCII

Buxiguuit curman U, 36inbinyeTscss B HOPIBHAHHI 3 OMOPHUM BUXiTHUM CHUTHAJIOM

U, . BignocHe minpumienns curnany U,, ckmano y mpoleHTHOMY BimHOIIEHHI 10
10%.
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[Toka3zaHo, 110 MiJBUIIEHHS BUX1THOTO CUTHATY BUKJIMKAHO HE BIACTUBOCTSIMHU
MOB'I3aHUX KOHTYpIB, skUMH € manuil ekpanHiii BCII (puc. 4), a 3anexuTh BiA
HEJOCKOHAIOCTI CTPYKTYPH ILUTIBKH.

z VA
A 2R, 30yIKyBalibHA A 2Ry
< > KOTYIIKa < -
Fh el [T A <
v >
» P P
7, SITITTHITIIT £ 677 ¢ STty ¢
Y (] ] . :
P 2Ry R BHMIpIOBaJIbHA P 2Ry R
KOTYIIIKa
a) 6)

Pucynok 4 — BCII ekpaHHOro TUIy 3 IMIIHAPUYHUMHI KOTYIIKAMU:
@) — pO3TAalllyBaHHS KOTYILOK;

0) — eJEKTpUYHA CXeMa 3aMIiICHHS

Buxoasun 3 (i3WYHUX AaCMEKTIB CTBOPEHHS E€JIEKTPOMATrHITHUX IOJIB,
ONMHCAHUX BIJIOMUMHU PIBHAHHSIMH MakcBena, OTPUMAaHO CHIiBBIJIHOUICHHS MJis
CUTHAITy BUX1JHOI HAIPyT1 BUMIPIOBAJIbHOT KOTYIIKH ekpaHHoro BCII:

4q,2e* 4
2
(A+0,) e —(A—-q,) e ™

2 H 9] : .
ne O, =+A°+ jowou, —ysaranpHenmii napamerp, A — HapaMeTp iHTErpyBaHHS;
M, —MarHiTHa crana, @ — nukiiusa yacrora; W;,W,, R, R, — uucno BuTkiB 1 pagiycu

Uz == jzu,dWW,RR, I, [ 3,(AR )J,( AR, ) d2 ,(13)
0

30ymKyBasibHOT 1 BuUMIproBanbHOI KoTymok BCII, BimmosigHo; |, —cTpyM, mio
npoTikae B oOMotmi 30ymkyBanbHO1 kotymku BCIL; J,(AR)),J,(AR,) — dyskmii
beccens nepioro mopsiaky Bin aprymentiB AR, AR, , BinnoBigHo; d,0 — ToBImIMHA i
€JIEKTPOIPOBIAHICTh TOHKOI HE)EPOMArHiTHOI MUTIBKU, BIAMOBIIHO; N — B1ICTaHb MIX
korymkamu BCIL.

Amnaniz 3anexnocti (13) miarBepmakye, mo BuxigHa Hamnpyra BCIT 3amexutsb
Bl poOoUMX mapameTpiB (PO3MIpUMB Ta KUIBKOCTI BUTKIB IMWIIHAPUYHUX KOTYIIOK,
BIICTAaHI MIDK HHUMH), CTpyMy 30yIKEHHS, MOro 4YacToTH, TOBIIMHU Ta
EJIEKTPOIIPOBITHOCTI MaTepiany 00'ekta KoHTpouro. [lmiBka 3 nedekTamu CTpyKTypH
Ma€ eJIEKTPOMPOBITHICTD, SIKA BIAPIZHAETHCS BiM EJIEKTPONPOBIAHOCTI CYIIIBHOL
TUTIBKH.

TakuM YHMHOM, MOXIJIMBO CTBEpJKyBaTtH, IO ekpaHHuil BCII, saxuii mae
KOTYIIKH 1HIYKTUBHOCTI UMJIHAPUYHOI (POPMU, 3MATHUN BUSBISTH HEJOCKOHAIICTD
CTPYKTYpH TOHKUX He(hEepOMAarHiTHUX ILUTIBOK.
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Jns miaTBEpKEHHS JTOCTIIKEHHS HECYIIJILHOCTI KOHTPOJIbOBAHUX TOHKHX
He(EepOMarHiTHUX IUTIBOK BUTOTOBJIGHUH MaKeT BUXPOCTPYMOBOIO JeeKTOCKOMa

(puc. 5).

a)

Pucynok 5 — MakeT BUXpOCTpYMOBOI'O 1€(heKTOCKOIIA 1110 JO3BOJISIE KOHTPOJIOBATH
NeeKTH CTPYKTYpPH TOHKHX HEPEPOMArHiTHUX IUTiBOK:
@) — 30BHIIIHIA BiJl MaKeTy J1e(EKTOCKOITY;

0) — ne(eKkTHa ITiBKa

3 #ioro JOMOMOrOK, Ha OCHOBI PEMpPe3eHTAaTUBHOCTI  BHUKOHAHUX
EKCIIEpUMEHTAIILHUX JIOCIKeHb, OTPUMaHi BIMOBII HA TaKi MATAHHS:

— BB okpemux mapamerpiB  BCII Ha OCHOBHY XapaKTEpPHCTHKY
MIEPETBOPECHHS;

— BUOip poOOYOi YACTOTH Ta MONIYK HAHOLIBII AOIIIBHOTO CIOCOOY CTBOPEHHS
KOMITEHCALIMHOT HallpYyTH;

— yTOYHEHHs1  ocobnmuBocTelt  pobotu  Tpanchopmaropuux BCII  Ha
MATIHAPUYHUX 1 TNIOCKUX KOTYIIIKAX;

— BuOip Tuny BCII i cxemu Horo BKIIFOUEHHS;

— TIepeBipKa BIAMOBITHOCTI PO3PAXYHKOBUX TEOPETUYHMUX CITIBBIIHOIIEHDL 3
eKCIIEPUMEHTAJIbHUMH.

JUis  OpakTUYHOTO MIJTBEPIKEHHS TEOPETUYHHX TOJIOXKEHb IPOBEIEHI
HACTYMHI €KCIEPUMEHTAIbHI JOCIIHKEHHS: 3MIHIOBajacs poboya 4acToTa CTPyMy
KUBJICHHS;  3aCTOCOBYBAJIMCS ~ BHMIPIOBaJbHI  KOTYIIKH pI3HOI  BHUCOTH;
BukopuctoByBaymcsi Tpu Tunu BCII (3 nBOMa IIIOCKMMH KOTYIIKaMHU, 3 JIBOMA
WIIHAPUIHAMHI KOTYITKaMH, 3 KOMOITHAIII€F0 TUTOCKOT 1 IMIIIHAPUIHUX KOTYIIOK).

Y IochiKeHHSX 3acCTOCOBYBajIuCA HedepOMarHiTHI MeETaleBl IUIBKH Ha
MOJIIMEPHIN  JieJeKkTpuuHili  ocHOBI  (TaOmmis 1). CTpykTypa BCIX  IUIIBOK
KOHTPOJIIOBAacs PacTpOBUM e€JIEKTpOHHUM Mikpockornom PEM-106M. CyuiibHy
CTPYKTYPY MIPEACTABIISIB 3pa3ok No 5.

Ha puc.6. npeacrapneni tumnoBi xapaktepuctuku BCII 3 mumiHapuuHUMEU
(MyHKTHUpHA JiHIA) 1 TUIOCKMMH (CyI[UTbHA JIiHIS) KOTYyIIKaMu. Pesynbratu
JOCTDKEHb  XapaKTePUCTUKH po3monauty BuxigHoro curHany BCII y3nosx
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BuMiproBaibHoro mpomikky U,(h ) ang mumisapuysmMx KOTYHIOK 1 amroMiHieBHX
3pa3KiB, IIpeJCTaBIIeH] Ha puc.’.

Tabnuus 1 — ExciepuMeHTasbHi CTPYKTYpU BUTOTOBIEHI METOIOM BaKyyMHOI KOHIEHC AL

Howmep 3paszka Yac konzencanii 7, , ¢ ToBummHa, MKM Marepian
1 10 0,005 Al
2 15 0,007 Al
3 18 0,008 Al
4 20 0,009 Al
5 50 0,1 Al
8
S 3,70
510 K\ B e
\ TITTO CK1 1HTY K[ FIHI S 250
0,8 \ KOTYTIIKI
\ _ _ 3,30
0.6 \ — — IQUTIHAPIYHL ——3pasox |
' IHIVKINITHI KOT YK 310 —f— 3Da30K 2
—— 330K 3
0.4 3paszokK 3
2,30 1 —+—13pazok 4
—=—3Da30K 5
0,2 2,70 3pasoK
....... Uag
0,0 2;50 T T T T T
0 015 03 045 06 075 09 0 2 4 6 3 10
Ity, MM
d, MKM v
Pucyrok 6 — TUIIOBI 3a1€KHOCTI MO/TYJTiB PucyHok 7 — Po31oi1 BUXiHOT HANPYTH
XapakTepucTHkK neperBopenHs s BCII pe3onancuoro BCII 3 nuninapuaHuMu
3 IWJIHAPUYHUMH 1 IIIOCKUMHU KOTYILKaMU

KOTyHIKaMU1

VY mporeci eKCrepuMEHTAIbHUX JOCIIKEHb BUSIBIICHO SIBUIIE, MOPOJKEHE
nopucTicTio. SKio 3MiHOBaTH KyT nosioxkeHHs: OK 'y BUMIprOBaJIbHOMY 3a30pi, TO
BEJIMYMHA BUXIJHOTO CUTHAJY 3QJICKUTh Bl OCTAaHHBOTO. Y CylibHUX miiBKkax OK
11e SIBUIIE OYJI0 BIJICYTHE.

AHani3 pe3yNnbTaTiB BUKOHAHUX JOCIIKEHb MMOKa3ye, 110 30UIbIICHHS 3B'SI3KY
MIDXK KOTyLIKaMHu BCII npu BHecenni OK B poGouwmii 3a30p 06yMOBJ'IIOIOTI>C$I
HEJIOCKOHAITICTIO CTPYKTYpH (ocTpiBKOBOi, MOPHUCTOi, CITYACTOi 1 T.i.) TOHKOI
HepepomMarHiTHOI TUTIBKM. TakuM YHMHOM, TPO HASBHICTh MOPHUCTOCTI TOHKUX
He(hepoOMarHiTHUX TJTIBOK, MOXHA CYJIUTH 32 TPhOMa O3HAKaAMH:

— TiepeBHUILeHHs po6o4oi BuxinHoi Hanpyru U, Hax onoproro Hanpyroo U, ;
— TOMITHI 3MIHHM Y (popMi QyHKIIIH pO3NOALTY B HOPIBHSAHHI 3 TEOPETUUHUMHU
(«HOpMaNBLHUMUY );
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— HasBHICTh 3aJICKHOCTI BUX1JIHOI HAmpyru Bij 3MmiHU KyTa moJyioxkeHHs OK vy
BUMIPIOBAJILHOMY 3a30Di.

TakuM YuHOM, pe3ylbTaTH EKCHEPUMEHTATBHHUX JIOCHIIKEHb 3 BHUSBICHHS
AepEeKTIB CTPYKTYpH TOHKHX He(pEepOMarHiTHUX IUIIBOK MiATBEPANIA TEOPETUYHI
MTOJIOKEHHS POOOTH.

OCHOBHI PE3YJBbTATHU TA BUCHOBKHA

VY pe3ynbTaTi BUKOHAHMX TEOPETHUYHUX Ta E€KCHEPUMEHTAIBHUX JOCIHIIKEHb
BUPIIIEHO  HAayKOBO-NIPAKTUYHY  3a/Jady, WI0 TMOJSra€ B  YJOCKOHAJICHHI
BUXPOCTPYMOBOI'O METOZYy KOHTPOJIIO TOHKMX He(epoMarHiTHUX IUTIBOK Ta
CTBOPEHHI 3ac00Yy, sKuii 3a0e3reuye BUSABICHHS Je(PEKTIB CTPYKTYPH.

OCHOBHI pe3yJIbTaTH AUCEPTAIIHHOTO JTOCTIIKCHHSI: .

1. Ha ocHOBI aHamizy JITepaTypHHUX JIKEpEN BCTAHOBJICHO MOKIIUBICTD
CTBOPEHHSI METOMIB 1 MNpUIaAiB sl BUSBJICHHS JE(QEKTIB CTPYKTYpU TOHKHX
He(bepOMarHiTHUX IUIIBOK 1 BHPOOIB 3 HUX 3 BHUKOPUCTAHHSM BHXPOCTPYMOBHUX
MEPETBOPIOBAYIB €KPAHHOTO THITY.

2. Ha ocHOBI JOCHiIKEHHSI BAOCKOHAJIEHUX (P13MKO-MaTEMaTUYHUX MOJeEiei
B3a€EMOJIi  amepioguYHuX, CMyroBux Ta pe3oHaHcHux BCII 3  ToHkumuU
He(epOMarHiTHUMHU IUIIBKAMH JOBEACHO, IO HAHOUIBIIOK YYTIUBICTIO MO0
BUSIBJICHHS  J€EKTIB CTPYKTYpH OO’ €KTIB KOHTPOJIO MalOTh PE30HAHCHI
nepeTBoproBadi. [Ipu iboMy B sIKOCT1 1HPOPMATUBHOTO MPU3HAKY HAABHOCTI Je(DEKTY
CJiI BUKOPUCTOBYBAaTH AaMIUNTYAy HOPUUHATOrO CcuUrHalTy. BukopucranHs
aAMIUTITYTHOTO MPU3HAKY JI03BOJIMJIO MiIBUIIUTH YyTIUBICTH KOHTPOIIIO IPUOIU3HO B
2 pasu. Ilokazano, mo BukopuctaHHs pe3oHaHcHux BCII mae MoxmuBiCTH
BUKOHYBAaTH JE(PEKTOCKOMII0 Ha 4YacToTax Ha 1-2 MOpSAKKA HIDKYOI0, HIK TIPH
BUKOPHWCTaHHI aneploANYHUX MEPETBOPIOBAYIB, IO 3HM)KYE BUMOTH JIO KOHCTPYKITIT
npuiamy.

3. Po3B’s13aHO 3amayy CTBOPEHHS HOBOIO TUIY €(EKTHMBHUX NPUIAAIB IS
BUXPOCTPYMOBOT'O €KPaHHOTO PE30HAHCHOTO KOHTPOJIIO TOHKHX HehepoMarHiTHHX
miiBok. CyTb 11 po3B’s3aHHS Toysirae B 30Y/DKEHHI  JBOX  JIOKAJIBHUX
€JIEKTPOMATHITHUX TOJIB, OJHE 3 SIKUX pearye Ha HasBHICTh AE(EKTIB IUIIBOK, a
Jpyre He pearye Ha HasBHICTh JA€(EKTIB IJIIBOK, CKAHYBAaHHS TUTIBOK 30YKEHUMHU
MOJISIMM, BHU3HAYEHHS 3MIH aMIUITYJ HaMpy>KEHOCTI €JIEKTPOMArHiTHUX TIOJIB,
0O0yMOBJICHX 3MIHaMHu BJIACTMBOCTEH TUTIBOK, aHaNli3 PI3HUII  aMILIITY.
3a(piKCOBAHMX CUTHAJIIB Ta MPUUHATTS PIIICHHS IIOJ0 SKOCTI IJTIBKU 32 BETUYHHOIO
PI3HHIN aMIUTITY] 3a(iKCOBaHMX CHUTHAJIB. BUKOpHCTaHHS PI3HUIIEBOTO CHTHATTy Ta
PE30HAHCHUX BIACTUBOCTEH a0 MOXJIHMBICTh CYTTEBO 30UTBIITUTH  BiTHOIICHHS
KOPUCHOTO CHUTHAJIy TIO BITHOIICHHIO 7O 3aBajJl 1 3a PaxXyHOK IIbOTO IIiJIBUIIATH
YYyTJIMBICTH OLJIbII YUM B 2 pa3H.

4. Pozpobneno BCII, mo m103BOJsi€ MIABUIIUTH YYTJIHUBICTH BUSBIICHHS
nedeKTiB TOHKUX He(EepOMarHiTHUX IUNBOK ToBIIMHOW MeHime 0,01 MxM Ha
JieneKTpUYHuX ocHoBax (mareHT YkpaiHu Ne 93969), a Takoxx aae MOXKIUBICTD
BU3HAYEHHS  IHIIMX MapaMeTpiB  (€JIEKTPOMpPOBIAHICTh, TOBIIMHA) TOHKUX
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He(pepoOMarHiTHUX IUTIBOK.

5. Po3po0neHo MakeT pe30HaHCHOTO €KPaHHOTO 1e()EeKTOCKOMY AJisi KOHTPOJIIO
TOHKHUX He(epoMarHiTHUX ITiBoK (mareHT Ykpainu Ne 83392).

6. PesynpTaTi mucepTariiitnoi poOOTH 3aCTOCOBaHI y BHPOOHHWUIN HiSIIBHOCTI
Xapkisebkoro JIHBIT «O06'eqnannss Komynap» 1 XapKiBCBKOTO JAepKaBHOTO
npwranooyaiBaoro 3aBoay im. T.I'. IlleBuenka «Monomt XITIO». IlomoxeHHs
AUCEepTAIIfHOTO AOCHTIIKEHHS, BUKOPUCTaHI B HaBYAJIbHOMY Mpolleci Ha Kadeapi
npuiaagiB 1 MeToiB HepyiHiBHOro KoHTpoato HTY «XIIl», kadenpi npoekTyBaHHS
Ta eKCIUTyaTalii enekTpoHHux amapartie XHYPE.

CIMIACOK TIPAIb, OITYBJIKOBAHMX 3A TEMOIO JUCEPTAI{

1. Cetnnunuit B. A. BUXpeTOKOBBI KOHTPOJIb TOHKHUX 3JIEKTPOIPOBOSIINX
IJIEHOK M HE3JIEKTPONPOBOASAIIMX MHOKpbITUH: MoHorpadus / 0. E. Xopomaiino,
I'. M. Cyukos, B. A. Ceeminunuii, B. H. EpomienkoB. — Xapkis. : «llleapa caguba
mirocy, 2014. — 228 c.

3006y6auem po32nAHYMO BUKOPUCMAHHA BUXPOCHPYMOBUX BUMIDIOBAILHUX
nepemeopio8auis 0Jisi O0CIIONHCEHH NaApaAMempie MOHKUX HehepoMAasHIMHUX NII8OK.

2. CeiTinnunuii B. A. Hepyitnyrounii KOHTpOJb He(EepOMarHiTHUX IUTIBOK 1
nokputTiB / B. A. Citnuunuii, B. B. Tynynos // Cuctemu 030po€HHs 1 BICbKOBa
texHika. — XapkiB. : XVYIIC im. . Koxemny6a, 2010. — Bum. Ne 3(23). — C. 160-162.

3006y6auem pozenanymo numanHs, No8's13aHi 3 HEPYUHIGHUM BUXPOCMPYMOBUM
KOHMpOaeM HepepomMacHimHUX NOKPUMmis.

3. CeiTinnunuii B. A. KOHTpoJb MOPUCTOCTI TOHKUX HEe(DEPOMArHITHUX TUTIBOK
32 JIOMIOMOTOI0  BHUXPOCTPYMOBOTO BHUMIPIOBAJILHOTO nepeTBoproBaya /
B. A. CeiTiinunuii, B. B. Tynynos // Cucremu ynpaBiaiHHS HaBiramii Ta 3B SI3Ky. —
Xapkis. : XVTIIC im. IBana Koxeny6a, 2010. — Ne 4(16). — C. 176-180.

3000y6auem Buseneni Kpumepii HAAGHOCMI HNOPUCMOCMI CMPYKMYPU |
PO3pobAeHUli CNOCIO KOHMPOTIIO NOPUCMOCTE MOHKUX MEeMAleaux Nilieox.

4, Ceesmunblii B. A. Hekotopbsie 0COOEHHOCTH NMPUMEHEHHUSI BUXPETOKOBOTO
Merona Hepaspymawimiero koHTposisi/ B. A. CBernmuunsiii, . E. Xopormmaitno,
B. M. PaiikoB // DxoHOMUMKa, Hayka, MPOU3BOJICTBO: COOPHUK HAYYHBIX TPYIOB. —
Mocksa : U3natensctBo PI'EOY BIIO «MOCKOBCKMI TOCYIapCTBEHHBIN OTKPBITHIN
yauBepcuteT umenu B.C. Uepnombipaunay, 2011, — Ne 24, — C. 137-141.

3006ysauem e6uznaueni ocobausocmi I NepPCcneKmusu pPo3eUMK) 3aco0is
HepPYUHIBHO20 KOHMPOJIIO.

5. Xopomaitno 0. €. MatemaTuyHa MoJie7h HaKJIaTHOTO TpaHCHOPMATOPHOTO
BuxpoctpymoBoro mepetBoproBada / FO. E. Xopomaitno, B. A. Cernuunbiit //
Bicauk HarionaneHoro texuiyHoro yHiBepcutety «XI1I». — Xapkis. : HTY «XI1N»,
2011. — Ne 19. — C. 127-132.

3006y8auem nposedeHo ananiz mooeui 63aEmMo0ii HAKIAOHO20 Nepemeopro8aid
[ NJI0CK020, 00HOPIOHO20, HehepomacHimHo20 00 'ekma.

6. CeTiinunbiii B. A. Ouenka auana3oHa MU3MEPEHUN HAa OCHOBE KPUTEPHS
JOIYCTUMOM OTHOCHUTENbHOM norpemHocT / B. A. Cetinunsiii, FO. E. Xopomaiino
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/I Cuctemu 06poOku iHpopmariii. — Xapkis. : XYIIC im. IBana Koxeny0a, 2011. —
Bun. 6 (96). — C. 194-197.

30006ysauem docniodxicenuii Kpumepiti OYiHKU Oianazony eUMIpi6 pi3HUX MUnie
BUXPOCMPYMOBUX NEPEMBOPIOBAUIE.

7. CBerninunbiii B. A. [lpuMeHeHne MeTo/la BTOPUYHBIX MCTOYHUKOB JIJIst
pacdeTa KBa3UCTAIIMOHAPHBIX JIEKTPOMArHUTHBIX TOJIEH BUXPEBBIX TOKOB B TOHKUX
HedeppoMarHuTHeIX  mieHkax /  B. A. CBemmunbiii, FO. E. Xopomraiirno,
B. B. Tynynos // Bichuuk HamionanpHOro TtexHiuHoro yHiBepcutery «XIII». —
Xapkis. : HTY «XI1I», 2012. — Ne 40. — C. 131-139.

3000ysauem susHaueHi 0cooOAUBOCMI PO3PAXYHK) €eKMPOMACHIMHUX NOTIE
BUXPOBUX CIPYMIS.

8. Ceitnnunmii B. A. 3acTocyBaHHS BHXPOCTPYMOBHUX J1€(DEKTOCKOMIB B
excrieptHid mpaktuii / B. A. Ceitmmunawmii, I. O. Kaszes // Kpuminamictunaauit
BiCHUK : Hayk.-mpakt. 30. HJIEKI] MBC Vkpainu; HABCY. - Kuis.
ToB. «Enitnpiat», 2012. —Ne 2(18). — C. 131-137.

3006y6auem po3zenanymo SUKOPUCMAHHS GUXPOCHPYMOBUX 0eheKmocKonis y
CY0080-eKCNEPMHIL NPAKMuYi Opeanie 6HympiwHix cnpas Yxpainu.

9. Cerninunbiit B. A. Pacuer aeKTpOMarHUTHBIX MOJIEH B TOHKHMX IUICHKaX /
B. A. Ceerimmunbii, FO. E. Xopomaiino, JI. . KoncrantuHoBa // DKOHOMUKA, HayKa,
MIPOU3BOJICTBO: COOPHUK HAYYHBIX TPYJI0B. — Mocksa. : U3narenscteo ®I'BOY BIIO
«MOCKOBCKUI rOCy1apCTBEHHBIN OTKPBITBIN YHUBEPCUTET VMEHHU
B.C. Uepnombipauna», 2012. — Ne25. — C. 116-122.

3006y6auem poszenanymo OesKi NUMAHHA PO3PAXYHKY eNeKmMPOMASHIMHUX
NoJi6 6 MOHKUX NIBKAX.

10. Cernuunblit B. A.  Ananu3 Mojaenu  anepuogU4ecKoro  KPaHHOIO
BUXPETOKOBOTO MPeoOpazoBaTesis AT KOHTPOJIS TOHKUX He(PEepOMarHUTHBIX TUICHOK
/ B. A. Cermnunbid, FO. E. Xopomaiino, A. E. Opnos // Bicauk HamionansHoro
texHiyHoro yHiBepcutetry «XI1I». — Xapkis. : HTY «XIII», 2013. — Ne 51. — C. 117-
125.

3006y6auem po3enaHymo nUMaHHs meopii anepioouyHux mpancghopmamopHux
BUXPOCMPYMOBUX NEPEMBOPI0BAUIE.

11. lep6akoBckuiit M. I'. [IpuMeHeHHE METOI0B HEPa3PYIIAIOIIETO KOHTPOJIS
py TMPOBEJEHUU CyaeOHOo-ekcnepTHhIX uccnenoBanuii / M. I'. lllepGakoBckutid,
B. A. CBetimnunsbii, O. E. Xopomaitno, FO. H. Onumenko // IlpaBo 1 Oe3meka. —
2011. — Bum. 3 (40). — C. 221-223.

3000y6auem po3enAHYMO BUKOPUCMAHHS GUXPOCMPYMOBUX 0edeKmOCKOnia 8
npakmuyi opeanie HympiuHix cnpae Yxpainu.

12. TIat. 83392 U (Ykpaina), MIIK G 01N 27/90; Pe3onancHwMIA
BUXPOCTPYMOBHI  Ccmoci0  KOHTPOJIO  JOCKOHAJIOCTI  CTPYKTYpPH  TOHKHX
HeepomarniTHux miiBok / FO. E. Xopomaitno, B. A. Ceitnnunuii; XapKiBChKHIA
HalloHaNBHUI  yHiBepcuTeT  pamioenekTpoHiku (UA). —  Neu201302206;
3asB. 21.01.2013; omy6:1. 10.09.2013, 6ros. Ne 17. — 3 c.

3006ysauem 3anponoHo8aHo Cnocib  eneKkmpomacHimuHoi  deghexmockonii
KOHMPOA0 OOCKOHANOCMI CIPYKMYPU MOHKUX HehepoMaHIMHUX NIIBOK.

13. ITat. 93969 U (Ykpaina), MIIK G 01N 27/90, G 01N 22/00,
JIlBomapameTpoBuii crocid KOHTpoto sikocTi ToHkuX tiiBok / FO. E. Xopormmaiino,
B. A. Ceitimmunnii, O. JI. Munsiino, E. O. Jlamin; XapkKiBCbKHM HaI[lOHAJIBHUN
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yHiBepcuteT pamioenektporiku (UA). — Neu201404525; 3ass. 28.04.2014;
omy0. 27.10.2014 , 6ros1. Ne20. — 3 c.

3006ysauem 3anponoHo8aHo 08ONAPAMEMPOBULl CNOCIO eNeKmMPOMASHIMHOL
oeexmockonii moHKUx HeghepoMasHIMHUX NIIBOK.

14. Ceetnuunbiii B. A. Ananus (bakTopoB, OTPaHUYUBAIOIIUX
METPOJIOTHUCCKUE TIOKA3aTeId PE30HAHCHOW BHUXPETOKOBOW nedexkrockonuu [
B. A. Ceemsmunsiii, 0. E. Xopomaiino, FO. H. AnexcannpoB // COOpHUK TOKIAI0B
XXI HayyHOro cuMIIO3MyMa C MEXAYHAapOAHBIM ydactueM «Mertponorus u
meTpojornyeckoe obecrneuenue». — Codus : Texuuueckuit ynusepcurer, 2011. —
C. 152-158.

3000ysauem npogedeHo aHali3 YUHHUKIB, WO O00OMENHCYIomb MemponoiuHi
NOKA3HUKU PE30HAHCHOT BUXPOCMPYMOBOT 0eheKmOoCKOonii.

15. Ceernuunbiit B. A. OcoO0€HHOCTH TPUMEHEHUS BUXPETOKOBOI'O METOa
HEpa3pymIaIIer0 KOHTPOJII NPOMBINUICHHBIX u3nenud / B. A. CBeTIH4YHBIH,
IO. E. Xopomaitno //  CoOopuuk wmarepuanoB VI PermoHaibHOW  Hay4dHO-
MPaKTUYECKOM KOH(EepeHIHs C MEeXIYHApOJAHBIM ydacTueM «MoJlonexp H
riiobanbHble TIPOoOIeMbl coBpeMeHHocTH, T. ['yokun, 21.04.2011 / T'OY BIIO
«MOCKOBCKHI TOCYTapCTBEHHBIN OTKPHITHIN yHUBepcuTeT». — 2011, — C. 7074,

3006y8auem  BUKOHAHO  OOCHIOJNHCEHHA OCOOIUBOCMEN  BUXPOCMPYMOBO2O
Memooy  KOHMpOA,  3ACMOCY8AHHA ~ OCHOBHUX  GUOIB  BUXPOCMPYMOBUX
nepemeopro8ayie 0Jis KOHMpPOAI0 NPOMUCTIOBUX BUPODIS.

16. Cetnmunbiit B. A. Hekotoppie BOMpOCH TMOCTPOCHUS BHXPETOKOBOM
anmapaTtypsl Hepaspymaromniero koutpodisi / B. A. CBetnuunbli // 30ipHUK Te3
nomoBine  3-0i  HAyKOBO-NPAakTU4HOI  KOoH(pepeHmii «Meronu Ta 3acobu
HEPYHHIBHOTO KOHTPOJIIO TPOMHUCIIOBOTO 00NMaHaHHs», M. [BaHO-DpankiBebk, 29-30
muctomana 2011 p. / ®E i IBT, IDHTYHI'. — 2011. — C. 134-136.

17. Ceetnmunbiii B. A. VcciaegoBaHue OCHOBHBIX MaTEMAaTHYECKHUX YCIIOBHM
BUXpeTOKOBOW  nedextockonuu / B. A. CBemmunbiii, O. E. Xopomaiino //
Marepuansr XV MexayHapogHOT0 MOJIOAEKHOTO (popyma «PaanosnekTpoHUKa U
Mosonexb B XXI Beke» — Xapkis. : XHYPD. —2011. — C. 119-120.

3006ysauem nposedeHo aHANI3 OCHOBHUX MAMEMAMUYHUX CXeM Mooelell
BUXPOCIPYMOBUX 0eqheKmOCKONIS8.

18. CeiTnnunwmii B. A. 3acTtocyBaHHsS BUXPOCTPYMOBHX J1€(DEKTOCKOMIB B
excrieptHid nipaktuii / B. A. Ceitnuunuii, O. M. PBavoB // 30ipuuk matepianiB V
MixHapomHOi HayKoOBO-TIpakTU4YHOi  KoH(pepeHnmii «CremiagbHa TEeXHIKA Yy
MPABOOXOPOHHIN NisUTbHOCTI», M. KuiB, 25 nucronanga 2011 p. — Kuis. : Ham. akan.
BHYTp. crpas, 2011. — C. 165-168.

3000y6auem  posenamymo — NpPU3HAYEHHA I HANpAMU  GUKOPUCHAHHSL
BUXPOCMPYMOBUX 0eheKMOCKONI8 8 NPAKMUYI OP2aHié 6HYMPIWHIX Cnpas Ykpainu.

19. Ceernuunbiii B. A. Pacder 371eKTpOMarHUTHBIX MOJIEH BUXPEBBIX TOKOB B
ToHKUX MeHkax / B. A. Cemnmnunsiid, 1O. E. Xopomaitno, B. B. Tynynos // 36ipka
Te3 naomnoBifel ydacHUKIiB XX MIiKHApOAHOI HAyKOBO-TIPAKTUYHOI KOH(EpeHIIil
«IlHdopMariiiHi TEeXHOJOrIi: HayKa, TEXHIKa, TEXHOJIOTis, OCBITa, 3J0pOB’S» —
Xapkis. : HTY «XIlI», 2012. — C. 183.

3000y6auem po32naHYMO 3aCMOCY8AHHA Mmooy IHMeSPAlbHUX DIGHAHL 0/
DO3PAxXyHKY eNeKmMpPOMASHIMHUX NOJII68 BUXPOBUX CIPYMIS.
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20. Crernnunbiii B. A. Biusaue o0bekTa KOHTPOJS Ha BBIXOJHOW CHUTHAI
BuxperokoBoro aedekrockona / B. A. CBemimmunbiid, FO. H. Onumenko // Hosbie
MaTepuanbl, OO0OpYyJAOBaHME W TEXHOJOTUM B MPOMBINUICHHOCTH: MaTepHaIbl
MexnyHapoaHON HayYHO-TEXHHUYECKON KOH(EpEeHIIMH MOJOIBIX yueHbIX / M-BO
obpazoBanus pecm. bemapych, M-Bo oOpazoBanuss u Hayku Poc. ®Deneparuu,
benopyc.-Poc. YH-T. — Morunes : benopyc.-Poc. yu-t, 2012. — C. 171.

3000y8auem po3ensaHymo NUMAHHA GHAUBY 00'€KmMYy KOHMPOO HA 8UXIOHUU
CUSHATL BUXPOCMPYMOBO20 0ePeKmMOCKONY.

21. Ceriinunbiii B. A. TlpumeHeHue BHUXPETOKOBBIX Je(EKTOCKOINOB IpHU
MPOBEACHUH  CyneOHO-dKCIEpPTHBIX  uciaenoBanwii  /  B. A. CBeTIU4HBINA,
1O. E. Xopomaitno // 30ipHHK Te3 AOMOBIAEH HAyKOBO-TIPAKTHYHOI KOH(DEpeHIIil
«3actocyBaHHsl 1H(QOpPMAIIMHUX TEXHOJOTIM y MIATOTOBII Ta MJiSJIBHOCTI CHJI
OXOpOHU TpaBonopsaky» / Axanaemist BHyTpimiHix Biicbkk MBC Ykpainu. — Xapkis. !
ABB MBCY, 2013. — C. 82-84.

3006y6auem  po3enAHYMO NPU3HAYEHHS, NPUHYUN Oli  BUXPOCMPYMOBUX
Ooepexmockonie 0 nompeb op2anié HYmMpIUHIX cnpas YKkpainu.

22. Cetiinunbiii B. A. KOHTpoiabr ¥ JMarHOCTHKA HECIUIONIHOCTH TOHKUX
He(eppomaruuTHeIX TieHOK / B. A. Cetiinunsiii, FO. E. Xopomaitno // 30ipHUK Te3
nomoBine ydacHMKiB XX MDKHaApOJHOT HAYKOBO-TIPAKTUYHOI KOHQEpEeHIii
«IlHdopmMariiini TEXHOJOrIi: HayKa, TEXHIKa, TEXHOJIOTIS, OCBITa, 3J0pPOB’S» —
Xapkis. : HTY «XIII», 2013. — C. 162.

3000ysauem po3enaHyma HeCyYinbHiCMb MOHKUX HepepoMaACHIMHUX NIBOK.

23. Cerimunbiii B. A. Tloka3arenu kauecTBa METAJUTMUECKUX TOHKHUX IIJICHOK
/ B. A. Cetnuunbiii / Hayka ceronns: Teopus, MeToaosiorus, npaktuka/ Nauka dzis:
teoria, metodologia, praktyka,: cOopHuK HaydHBIX HOKIaI0B MeXTyHApHOH HAyIHO-
TexHuyeckoil koH@epenumu. «Nauka dzi§: teoria, metodologia, praktykay,
28.09.2013 — 30.09.2013. — Wroctaw : Wydawca: Sp. z 0.0. Diamond trading tour,
2013. - C. 60-61.

24. Cpetimunbiii B. A, MogenupoBanue — anmepuoAMYECKOr0  dKPaHHOTO
BHUXpETOKOBOTO mpeobdpasonateins / B. A. Ceetnuunsiid, FO. H. Onumenko // Hobie
Marepuaibl, OOOpPYJOBaHHWE U TEXHOJOTUM B TMPOMBIILIICHHOCTH: MaTepHAIIbI
MexayHapOoaHON HayYHO-TEXHUYECKOH KOH(EpPEHIMM MOJOIBIX Y4eHbIX. /| M-BoO
obpazoBanusi Pecn.benapycb, M-Bo oOpazoBanus u Hayku Poc. Dexaepaiiuu,
benopyc.-Poc. yu-1. — Morunes : benopyc.-Poc. yn-t, 2013. — C. 187.

3006ysauem nposedeno awnaniz meopii anepioouyHux mpanchopmamopHux
BUXPOCMPYMOBUX NEPEMBOPI0BAUI8.

25. Ceerimunblii B. A. JI[narHoctka JaKOKpacOYHOTO MOKPBITHS aBTOMOOMIIS
/ B. A. CBetnununbiid, lO. E. Xopomaitno // Hoselilie TEXHOIOTMH pa3BUTHS
KOHCTPYKITUH, TIPOMU3BOJICTBA, DKCIUTyaTaIllii, PEMOHTA U AKCIIEPTU3BI aBTOMOOMIIS '
COOpHUK Te3ucOB MEXKIyHAPOAHOH HAYYHO-TIPAKTUYECKOH KoH(epeHiwn. [
XapKiBChKUI HaIllOHATBHUN aBTOMOOUTHHO-OPOXKHIN YHIBEPCUTET. — XapKiB.
XHALlY, 2014. - C. 168.

3006y6auem po3eNAHYMO BUKOPUCMAHHA BUXPOCMPYMOBUX NPUCMPOI8 O
NnpoBedeHH sl ABMOMEXHIUHOI eKCnepmu3u 1aKopapoHo20 NoOKpumms agmomooiis.
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AHOTALI

Ceitiimunuii B.A. Pe3oHancHa BHXpOCTPyMOBa Ae(eKTOCKONMisE TOHKHX
HedepomarniTHux miaiBok. Ha mpaBax pykonucy.

Jluceprarriss Ha 3M00yTTS HAYKOBOTO CTYIICHS KaHAWIATa TEXHIYHUX HAYK 3a
cremianpHicTIO 05.11.13 — mpuiiagu 1 METOAM KOHTPOJIIO Ta BU3HAYCHHS CKIIATy
peyoBUH. — XapKIBCHbKUM HAIlIOHAJbHUM YHIBEPCUTET pajll0eICKTPOHIKH, XapKiB,
2015 p.

Hucepratiiss npucBsiyeHa po3poOil MeTody 1 npuiagy s e(heKTUBHOTO
KOHTPOJIO 1e(EeKTiB CTPYKTYPH TOHKHX Heq)epOMarmTHHx TUTIBOK.

[TpoBeneno anami3 xapakrepuctuk pizaux BCII, 31aTHUX BUABIATH 3a3HA4YCHI
nedextu. Po3risaHyTi pi3HI pekuMHU poOOTH 3 ypaXyBaHHSM BHYTPIIIHBOTO OMOPY
JpKepena SKUBJICHHS 1 ONOpY HaBaHTaxeHHs, crmocoou miakmodeHHs BCIT no
JDKepenia )KUBJICHHS.

Po3pobineno crnociO, 1110 A03BOJISIE MOMIMIIUTYA BUSIBICHHS AEPEKTIB Y TOHKUX
HeepoMarHiTHUX TuTiBKax. J[OCHiJPKeHO MOJENb OLIHKKA B3a€MOJii pPE30HAHCHOTO
BCII 3 HeepomardiTHOIO TOHKOIO IJI1BKOI0. HaBeeHO aHamiTUYHI CIIBBITHOIIICHHS,
MIPOBEICHO PO3PAXYHKH 3aJIEKHOCT1 BUX1IHOTO curHainy Bij napametpis BCII.

st eKCepUMEHTANbHUX JOCHIKEHb OyB BHUTOTOBJICHHM jabopaTopHUit
MaKeT BHUXPOCTPYMOBOTO A€(PEKTOCKOIa, 3a JIONOMOIOI SKOro 3I1HMCHIOBAIACS
nepeBipka  BIAMOBIAHOCTI  PO3PaXyHKOBUX  TEOPETUYHUX  CHIBBIIHOIIEHb 3
€KCIIEpUMEHTAJILHUMU.

Knwouoei  cnosa:  nedekrockom, TpWiaa  KOHTPOMIO, BUXPOCTPYMOBHIA
MIEPETBOPIOBAY, BUXPOCTPYMOBUM KOHTPOJIb, TOHKI He(EpOMAarHiTHI IUTIBKH, JeheKT

CTPYKTYpPH.

Ceeriimunuii B.A. Pe3oHaHCHasi BHXPETOKOBas [1e(PEKTOCKONMUA TOHKHX
He(epoMarHMTHBIX IUIEHOK. Ha npaBax pykonucu.

Juccepranys Ha COMCKaHWE HAYYHOW CTENEHW KaHAUAATa TEXHUYECKUX HayK
no crnenuanbHocTy 05.11.13 mpubopsl U METOABI KOHTPOJISL U ONPEIEICHHS COCTaBa
BEIIECTB. — XapPbKOBCKUIN HAIIMOHAIBHBIA YHUBEPCUTET PAIMOICKTPOHUKH, XapbKOB,
2015.

HuccepTanus nocssuieHa pa3padoTke MeToaa U npudopa st 3p(HeKTUBHOTO
KOHTPOJISI 1e(h)EeKTOB CTPYKTYpPhl TOHKUX HE(PepPOMarHUTHBIX TICHOK.

PaccmoTtpenst oOuue MTOJIOKEHHUS MIPUMEHEHUS BUXPETOKOBBIX
npeoOpa3oBaresneil B Aedekrockonuu. I[lokazanbl xapakTepHble OOUIUME MPUHIUIIBI
MOCTPOCHUS BUXPETOKOBBIX J1€(PEKTOCKONMOB. YKa3aHbl HamNpaBiCHUS YIydIlIECHUS
METPOJIOTUYECKUX MOKa3aTejaeldl BHXPETOKOBBIX A€(PEKTOCKONOB TOHKUX IJICHOK.
BoinonHeH aHanu3 1eQEeKTOB CTPYKTYpbl TOHKUX HE(PEPPOMArHUTHBIX IJIEHOK HU
METOJI0B KOHTPOJIS Ka4eCTBA.

[IpoBenen ananu3 xapaktepuctuk amnepuoaudeckux BTII, cmocoOHbBIX
BBISIBJIATH YKa3aHHbIE neeKkThl. YTouHeHa Teopus anepuoanyeckux BTII ¢ yuetom
aHalM3a  BIAMSIHUSL ~ HA  XapaKTepUCTHUKUW  mpeoOpa3oBaHUs  BHYTPEHHEIO
CONPOTHUBJIEHUSI NCTOYHUKOB IIUTAHUS U IAPAMETPOB HATPY3KHU.

BrinonHeH aHamyM3 XapakTepUCTUK BUXPETOKOBBIX pe3oHaHCHbIX BTII
MpeIHa3HaYeHHBIX Ul BBISBICHUS AC(PEKTOB TOHKUX HE(EeppOMArHUTHBIX IJICHOK.
Paccmotrpensl  paznmuunble  pexxkumbl  pabotel BTII ¢ ydyetomM BHYTpeHHEro
COMPOTUBJIECHUS MCTOYHUKA TMHUTAHUS U COMNPOTUBJIEHUS HArpy3KH, CIOCOOBI
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noakaroueHuss BTII k ncrouHuky u T.1. BhINOSHEH aHanW3 XapakTEpUCTHK, JAHBI
CpaBHUTEIbHAS OICHKA W PEKOMEHIAIMH, OOOCHOBABIIHE CXEMHBIC PEIICHUS H
nmapamerpsl BTII. Jlokazanbl mnpenmyinectBa pe3oHaHCHbIX BTII oTHOcCuTENbHO
anepuoaNYECKHUX.

[IpoBenen anamu3 (HakTOPOB, BIMSIONIMX HA TOYHOCTH BBISBJICHHS JE€(HEKTOB
TOHKUX He(PEeppOMarHUTHBIX MJIEHOK CPEIACTBAMU BBICOKOYACTOTHOM PE30HAHCHOM
BUXPETOKOBOU Jaedexrockonuu. [lokazaHo, 4TO OAHUM M3 OCHOBHBIX (DaKTOPOB,
BIUSIONINX Ha TOYHOCTh U3MEPEHUI B PE30HAHCHOW BUXPETOKOBOM Ne(EKTOCKOIHH,
SBJISIETCS  HecTaOWIbHOCTH pabouero 3azopa BTII. [Ipennmoken BapuaHT
KOMIICHCAllUM BIIMSAHHUS HM3MEHEHMs] pabouero 3a3opa MpU HUCMOIb30BAaHUU
pezonancHoro BTII HaknanHoro tuna, paboTaroniero Ha AByX pa3jINYHbIX YaCTOTAaX.

Pa3zpaboTan crnoco0 pe3oHaHCHOU N1e(PEeKTOCKONMUH, MO3BOJSIOMIUNA YIYyUITUTh
BbIsIBJICHUE J1e(DEKTOB B TOHKMX HeGeppOMarHUTHHIX MieHkax. MccneqoBana Moaenb
OLICHKM B3auMmojneicTBusi pe3zoHancHoro BTII ¢ HedeppomMarHUTHON TOHKOM
ieHKkou. [IpuBeleHbl aHAaIUTUYECKUE COOTHOLIEHHWS, IIPOBEICHBI PpPacuUEThl
3aBUCHMOCTH BBIXOJTHOTO CHTHaJIa OT mapamerpoB BTIL.

JIns mpakTUYeCKOro MOJITBEPKICHUS AHAIMTHUYECKUX TMOJIOKEHUM padoTh
BBITNOJIHEHBI 3KCIIEPUMEHTAIbHBIC UCCIEAOBAHMS: BIUSHHUE OTHACJIBHBIX MapaMeTPOB
pezonancHoro BTII Ha ero OoCHOBHYIO XapaKTEpUCTUKY IMpeoOpa3oBaHUs; BHIOOD
paboyell 4acTOThl; MOUCK HauboJjee Lenecoo0pa3Horo cmnocodba CO3JAaHHs
KOMIIEHCAIIMOHHOTO HaOpPsHKEHUS, YTOUYHEHUE 0COOEHHOCTEN padoOTEI
tpanchopmatopHeix BTII Ha MUAMHAPUYECKUX M TUIOCKMX KaTyIIKaxX; BHIOOp THMa
BTII u cxemsl ero BximroueHusd. Co3maH AehEKTOCKOI, MO3BOJISIOIIMNA BBIABIIATE
ne(dEKThI CTPYKTYpPbl TOHKUX He(EpPpOMAarHUTHBIX TIJICHOK.

Knwouegvle  cnosa:  nedexrtockon, NpuOOpP  KOHTPOJS,  BUXPETOKOBBIN
npeoOpa3oBaresib, BUXPETOKOBBIA KOHTPOJb, TOHKHE HEGEPPOMArHUTHBHIC IUICHKH,
Ne(EKThl CTPYKTYPBHI.

V. A. Svetlichny. Eddy current resonance flaw detection non-—
ferromagnetic thin films. Manuscript.

Dissertation for the degree of Ph. D. in Engineering Science, specialty 05.11.13
— devices and methods of control and determination of the composition of substances.
— Kharkov National University of Radio Electronics, Kharkov, 2015.

The dissertation is devoted to the development of methods and instruments for
the effective control of defects imperfections film structure

The analysis of the characteristics of various ECP capable of detecting these
defects. Considering the various modes of operation, taking into account the internal
resistance of the power supply and the load resistance, how to connect to a power
source ECP.

Developed a way to improve the detection of defects in non—ferromagnetic thin
films. A model to assess the interaction with non—ferromagnetic resonance ECP thin
film. These analytical ratios were calculated according to the output signal from the
parameters of the ECP.

For experimental research laboratory prototype was manufactured eddy—
current flaw detector by which to check whether the calculation of the theoretical and
experimental relations.

Keywords: flaw detector, device of testing, eddy—current probes, egddy—current
testing, non—ferromagnetic thin film, defect structure. ,



