


MIHICTEPCTBO OCBITU | HAYKW YKPAIHW

HALI,IOHAI'IbHvI/II7I TEXHIYHNW YHIBEPCUTET
«XAPKIBCbKWN MONTEXHIYHNN IHCTUTY T»

Cepisa «®Pi3nyHa Ta biomegnyHa eneKTPOHiKa»

NA3EP | 310POB’SA

3a 3arasibHoto pefakuieto npodecopa A. B. KineHCbKoOro

Xapkis
KomyHasibHe nignpremMcTso «MicbKa ApyKapHs»
2024



YK 615.831:615.47

ni7

ABTopcbkuii konekTus: KineHcbknii A. B. (KepiBHUK), BacunbeBa-JliHeubka J1. 4.,
Byiiuik Banbgemap, 3a6onotHa H. 1., KaHanosa H. M., Kosanb /1. ., KonicHuk 1. @,
Komaposa O. C., KyniueHko B. B., Jlncnyerko M. J1., Mukutiok 3. M., Masnos B. C.,
MaenoB C. B., PycaHoBa €. I'., CangaH . P., CywuHcbkuit O. €., Tumunk C, B.,
TyxaHcbkuin C. €., XoniH B. B., LUTodens A. X.

PeueHseHT: O. I. ABpyHiH - [OKTOP TeXHIYHWMX HayK, npodecop, XapKiBCbKuii
HaLiOHaNbHWI YHIBEPCUTET pafioeneKTPOHIKM.

H. B. Aparomupeubka - JOKTOP MeANYHMX HayK, Npoecop, 3aCny>XeHUi Aisy HayKu i
TEXHIKM YKpalHW, YKpaTHCbKUIA HaYKOBO-A0CNIAHWIA IHCTUTYT MeAUUHOT peabinitauii Ta
KypopTonorii MO3 YkKpaiHu.

My6nikyeTbcs 3a piweHHAM BueHoi pagn HTY «XIMI»
(npoTokon Ne 9 Big 31 >koBTHs 2023 p.)

N17 nNasep i 3q0poB’s. Cepia «PisnyHa Ta 6iomeguyHa eneKTPoHiKa» : MOHorpadis /

A. B. KineHcbkuit, /1. A. BacunbeBa-JliHelpbKa, Byiilik Banbgemap Ta iH.
3a 3ar. ped. A. B. KineHcbkoro. — XapkiB : KomyHasnbHe nignpremcTso «Micbka
ApyKapHs», 2024. 387 ¢. — In. 203. bibniorp.: 158 Has3B.

ISBN 978-617-619-293-0
HaBefeHo BigomocTi npo TBopumii wnax A. M. Kopo6osa, 0A4HOro 3 thaxisLiB
3aCTOCYBaHHS (POTOHHUX TEXHONOTIN Y 6ionorii Ta MeanLMHI.
HagaHo iH(opMaLito nNpo ®i3nyHi OCHOBM (DYHKLIOHYBaHHSA nasepiB i
BUMNPOMIHIOKOUMX  Aaiogis.  lMpoaHanizoBaHO  B3aEMOAiII0  OMTMYHOIO
BUMPOMIHIOBaHHA 3 GionoriyHumy  06’ekTamu.  HaefiegHO npuknagn
3aCTOCYBaHHS Na3epHUX i CBITNOAIOAHUX anaparTiB y Pi3HUX rany3ax 6ionoril,
MeULMHI i CiNbCbKOro rocnogapcTaa.
MoHorpadis Moxe OyTW KOPUCHOH (axiBugMm Yy ranysi MeguMyHoro

npunagobyayBaHHs, CTYAeHTaM TEXHIYHUX | MEANYHMX 3aKNafiB BULLOT OCBITH, &
TaKOX MeAMYHUM NpaLiBHUKaM.

YK 615.831:615.47

MoHorpadito ony61ikoBaHO B eN1eKTPOHHOMY peno3iTapii HayioHanbHOro TexHiYHoro

YHiBEpPCUTETY «XapKiBCbKNUA NONITEXHIYHUA IHCTUTYT»
(ISSN2409-5982). PenosiTapiii 3apeecTpOBaHO y peecTpax Ta AMPeKTopiax

akageMiyHux pecypcis BigkpuToro goctyny (OpenDOAR, ROAR, ROAD, ROARMAP).

MeTagaHi penosiTapito iHTerpytoThcsa 4o npoekTy OpenAire
Ta CORE, a Tako>K iHfeKkcyl TbheA cucTemoto Google Scholar.

© ABTOPCbKMiN KonekTue, 2024
ISBN 978-617-619-293-0 © HTY «XMl», 2024



1. «JTA3EP | 3JOPOB’A» B XAPKOBI, YKPAIHI TA 3A KOPAOHOM.............
Cnncok mkepen iIHPOPMALLIT A0 PO3AINY L...ooiviiireiee e st
2. PI3NYHI OCHOBWV ¢ YHKLUIOHYBAHHSA NNA3EPIB,
IX KNACU®IKALIA TA TIAPAMETPWU......oovvieeeeeeeeeeee e
2.1. ®i3n4yHi OCHOBM PYHKLIIOHYBaHHSA Nna3epis
2.2. BnacTMBOCTI Na3epHOro BUNPOMiHIOBaHHS
2.3. Knacuikauisi Ta NapameTPU NA3EPIB.....cveveireereeieitesreeiestesteeeesresresraesaesresnas
2.4. BM3Ha4eHHs A0o3u ONTUYHOIO BUNPOMIHKOBAHHS
2.5. TexHika 6e3MneKn NPy 3aCTOCYBAHHI MTA3EPIB.......ccecveereeierrerieeie s e e
Cnucok mkepesn iHPOPMALLT A0 POBAINTY 2...vccveiveeeeieeiieieereiesresieesiesresreereesaesreesaeses
3. B3AEMOAIA NA3EPHOIO BUNMPOMIHKOBAHHA
3 BIOJTIOTTYHOK TKAHUHOMD ...t
3.1. MeToaM Na3epPHOTO OMPOMIHEHHS . .....ccveiveiveiereieite e e ieesresteereesrestesreeraenaesaeenes
3.2. ®oTOb6IONOriYHI etheKTH, SIKi BUHUKAOTb Y BI0TKaHUHI
nif BNAVBOM N123€PHOM0 BUMPOMIHIOBAHHS......veeveeieeieeiteeieeieeieeseeeseeeseeeneens
3.3. [1is HU3bKOIHTEHCMBHOIO 123€PHOr0 BUMPOMIHIOBaHHS
HA BIOMOTTUHY TKAHUHY ......cvviviiiiiieiie it eteeiesie e esee st ste e resbesta e sresreenaenresre s
3.4. bioisnyHWUIA MexaHi3m AiT Na3epHOro BUNPOMIHIOBaHHS Ha GiOTKaHUHY....
3.5. HeniHiiHi onTUYHI BNaCTMBOCTI ONPOMIHEHNX BIONOTIYHNX TKaHMH
3.6. MatemaTuyHi Mogeni B3aeMOfii 1asepHOro BUNPOMiHKOBaHHS
i3 GIONOMIYHUMU TKAHUHAMM PIBHOTO TUMY....veeveiveiieiieiresiesteeiesresveereeiesresneas
Cnincok mxepen iIHPOPMAaLLT 10 POSAIMTY 3.....covcviieiierieiiecteeee ettt
4. 3ACTOCYBAHHSA NA3EPHOIO BUNMPOMIHKOBAHHA
MAJI0T TA CEPEHbBOI MOTYXXHOCTI B PIBHUX FA/TY3AX
MEOVLH TA BIOTTOTN ..o
4.1. OCHOBHI MeIMKO-TEXHIYHI BUMOTY [0 MEANYHUNX Na3epHUX CUCTEM
4.2, NA3EPHA TEPAMIS. ..veeuveereeieeiteeieeieeteeseeesteesteasteesteeaeeseeeseeesteeteenteenseeseeesseesees
4.3, J1a3EPOMYHKTYPA. 1 eteeieeeerireesieeiieeesteeesseeessaeessaeessteeansesessesassenessesessseessessnsensns
4.4, NTa3EPU B TEMATOMON . .c.veiueeieiie et se et sttt s sae e re s
4.5. Na3ePU B AEPMATOMNOTI...c.veiuieieiiecieeie e sttt ste ettt sre e ere s
Cnncok mxepen iHDOPMALT 0 PO3AITY Lu.ocveeieeeceeceecee e s st sree e e
5. BACTOCYBAHHSA NTASEPHOI O BUMPOMIHKOBAHHSA BUCOKOT
MOTY>XHOCTI B PIBHUX FANY3AX MEANLUWHW TA BIONOT 1T
5.1. lazepHa niToTpumncis

384



5.2, J1A3EPU B XIPYPITTcueenieieiiieiieie ettt ettt ettt st nne s 147

5.3. J1a3€PMN B OB TATBMOSION T ...ttt 153
5.4. J1a3€PN B CTOMATOTIOTIT. ...ttt 166
CnncoK mKepen IHPOPMALLT 0 PO3LINY S..vvevirriiiieieese et 170
6. SACTOCYBAHHA JTIA3EPIB Y AIATHOCTULI
BIONTOTTUHUX OB’ EKTIB ...t 172
6.1. Oco6nMBOCTI Na3epHUX TEXHOMON I AiarHOCTUKM 6i0NoriYHMX 06’eKTiB
Ha OCHOBI NONSAPUMETPUYHOIO Ta MATPUYHOTO MIAXOLIB. ...vvevvervrevererieerieerenens 172
6.2. MeTo/ Ta cucTema ABOXBWNLOBOI Nla3epHOT NONAPUMETPIT NNIBOK
N1asMu KPoBi NPW OLiHOBaHHI NaToM0riyHMX CTaHiB MOMIOYHUX 3a/103.......... 175

6.3. [BOXBWNLOBI NasepHi NpAMi METOAM Ta CUCTEMU AiarHOCTUKN
OpieHTaLiiHO-(ha30BOT CTPYKTYPW FiCTONOriYHNX 3Pi3iB

BIONMOTTUHMX TKAHUH. ....vevvivieiietesiesie ettt sttt 186
6.4. lazepHWi1 ABOXBU/ILOBUIA METO/, Ta CUCTEMA MIOSINEP-MATPUYHOI
noNApu3aLiiHol AiarHOCTUKM FICTONOTIUHUX 3PI3IB....ccciveciecvicie e 205
B.5. BUCHOBKM. .......viiiiiiiiieeteete ettt 213
Cnucok mkepen iIHPOPMALT 10 PO3AIMY B.....ceevveiveieeieieiteseee e 213
7. ANAPATI | ANTAPATHI KOMIMJIEKCU
ONA CBITNOAIOAHOTN TEPATT ... 217
7.1. HaniBnpoBigHVKOBI JKepena efeKTPOMarHiTHOro BUNPOMIHIOBaHHS .......... 218
7.1.1. ICTOPWUYHI acnekTy po3BMTKY HamMiBrNpOBiAHWKOBNX
BUMPOMIHFOKOUMX [IHOMIB. ....cvvevereeiieriiitisieeie e te st e e sreste e stesresneenesresne e 218
7.1.2. Martepianu Ans CTBOPEHHS BUMPOMIHIOHOUYMX AIOMIB.......ccceevvereirerrrannes 221
7.1.3. TexHiuHi i eHepreTnyHi XapakTepUCTUKIN CBITNOMIOMIB. .....ccvvvvvrvrenenne. 222
7.2. OCHOBHI NpUHLUMNM NOGYA0BM MIKPOMPOLECOPHUX CUCTEM KePYBaHHS
(HOTOHHMMMU BUNMPOMIHIOBAUAMM......c.veiveerrerisieereeeestesteeeessestessaesesresreesaessesneas 229

7.2.1. IMnynbCHa MOAYNALiA CBITNOBOr0 MOTOKY BUNPOMIHIOKUNX fiodis... 229
7.2.2. YHiBepcanbHUiA uudpo-imnynbCHUIA NepeTBoproBaY

C YaCTOTHO-IMMY/IbCHUM 3aKOHOM MEPETBOPEHHS . .....ecveevrererieeteervesiesieeneas 232
7.2.3. YHiBepca/bHUWi1 LnMGpo-iMNynbCHWIA NepeTBoptoBaYy
3 LWUMPOTHO-IMMYNbCHUM 3aKOHOM MEPETBOPEHHS . ....c.veveevecriesreere e, 241
7.3. PeXXNMU ONPOMIHEHHS Y CBITAOMIOAHIN TEPANIT.....cceeveririiieee e 248
7.3.1. DYHKUiA BNAMBY Ta CNOCO6M PeryntoBaHHA ii NapamMeTPiB..........cccve... 248
7.3.2. CkaHyBaHHs napameTpis snaney EMB ans aganTuMBHOro
METOLY (DOTOTEPAMIT.....veevveeeieerieeieereereesreesreesreerreerreereesreeseeeseeeseeeneeeneeenes 251
7.3.3. Y JOCKOHaneHHs KoHuenuii 6iocnHxpoHisauii EMB O/....................... 259
7.3.4. BM3HayeHHs 6i0M10rivyHOro Bigryky Ha Biave EMB.............ccccceeeveee 264
7.3.5. Cuctema afanTMBHOMO BIIMBY EMB........ccooiviviiie e 266
7.4. Anapatypa cepii «bapBa» Ans CBITNOAIOAHOT TEPAMIT....cceveveeeeieie e, 274
7.4.1. AnapaTHuiA KOMMNAeKc ana xpomoTepanii «bapBa-Konop»...........c........ 274
7.4.2. AnapaTHuii komnnekc ans goTtoTtepanii «bapBa-TepaneBT»................. 283



7.4.3. doTOTEPANEBTUYHWIA anapaTHUn KOMMNAEKC ANs FiHEKONOriT

KBAPBA-TTHEKOSIOT ... iveeiieiteeiie ettt sttt sttt see e 292
7.4.4. Anapat ans KonbOponyHKTypu «bapBa-Petnekc 7/2»........ccccceeveneee. 303
7.4.5. ®OTOHHWIA NONIXPOMHWIA Be3ynbTpadioneToBuii conspii
«BaPBA-CONAPICITIX ottt 311
Cnucok mkepesn iIHPOPMALIT SO POBLINY 7..veevervireeeieesienieeieeie et 315

8. AHAJI3 EPEKTVIBHOCTI 3ACTOCYBAHHS HN3bKOIHTEHCYBHOIO
ENIEKTPOMAIHITHOIO BUMPOMIHIOBAHHS CBIT/IOAIOAIB
Y CBITOBIV | HALLIOHANBHIV MEAULMHI

MPU PIBHUX MTATONOTNMTYHUMX CTAHAX ..ot 318
8.1. O6I'pyHTYBaHHS METOAMK 3aCTOCYBaHHSA hoToTepanii
3 BUKOPUCTaHHAM CBIT/IOLIOAHNX anapaTis cepil «bapBar.........cccevvrvreense. 319
8.2. EbekTmBHICTb 3acTOCyBaHHA EMB cBiTnogiogis B peabinitauii xsopux
3 FOCTPUMM Ta XPOHIYHMMU 601bOBUMK CUHAPOMaMM Pi3HOT eTIONOrii........ 323
8.3 E(eKTMBHICTb 3acTOCyBaHHA EMB anapaTis cepii «bapBa» Ans NiKyBaHHA
3anaibHUX NPOLECIB PI3HOT eTIONONIT Ta NOKAMIZALLIT......cceeeevievieiecie e, 334
8.4 EKCnepyMeHTa/IbHI Ta KNiHIYHI OCNiKEHHS eheKTUBHOCTI
CBITNOAIOAHOT aHTMGaKTepianbHOT (HOTOAMHAMIYHOT TePanil..........ccccvveneeee. 343
Cnucok mkepen iHPOPMALT 10 PO3AINY 8....covevveiveeieieiie et 355
9. NA3EPHI TEXHONOTIT B CI/TbCbKOMY TOCMOAAPCTBI.........cocvveeee. 361
9.1. ONTWYHI eNEeKTPOTEXHONOTIT B TBAPUHHULITBI....cvveveivrieeiesiesieeie e sie v 361
9.1.1 Y3romKeHHsl NapameTpiB CBITNOTEXHIYHNX YCTaHOBOK
3 4060BUMYM BGiopUTMaMK TBapWUH | TEXHOMOTIYHUMM NPOLIECAMMN. .......... 362

9.1.2. Y3romKeHHsl napameTpiB CBITNOTEXHIYHNX YCTAHOBOK
3 NPUPOAHIMUN PIYHUMW KONMBAHHAMM PiBHS OCBIT/IEHHS

| TPVMBAMOCTI CBIT/IOBOTO [IHS.......ccvviuveieitieiestesteeseestesteereesneresaesnaesee e e 363

9.1.3. Y3roKeHHs! napameTpiB CBITNOTEXHIYHMX i OMPOMIHIOBASIbHUX
YCTaHOBOK B MPUMILLEHHI NPU YTPUMaHHI MONOAHAKA XYA00MW. ............. 364

9.2. 3aranbHi NONOXKEHHS PO3PO6KM i 3aCTOCYBAHHS NTA3ePHUX TEXHONOTIT
B TBAPMHHULITBI. ..c.c.viviveeiieteiteteetete ettt ettt ne st be st ebessese s abenanas 366
9.3. ANIrOpnTM PO3PO6KKN NasepHNX TEXHOSON I B TBAPUHHULTBI.....ccvcevveveneee. 368
9.4. NazepHi TexXHONOTii Ha eTani PenPOAYKLIT MOTOMIB S.......c.cvcvvvereererirerenanen 371
9.5. J1a3epHi TEXHONOTIT B MTAXIBHULITBI......c.cveveveiieriiiereeiete ettt 373
9.6. J1azepHi TEXHONOTii B MONIOYHOMY CKOTAPCTBI....c.coveverrvereieriiiereeieresierennens 376
CnMCoK mKepen iHPOPMALLIT 10 PO3MINY O....vvvveeriieieeieeeeie et 379
FTIOCAPI ..o 380

386



