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AKTyaJIbHiCTL TeMH. Pi3HOMaHITHI 4YacTOTHOCEIEKTHBHI CTpykTypu HBY
BUKOPHCTOBYIOTBCSI B 0araThbOX Tally3siX €JIEKTPOHIKH, 30Kpema s peai3aiii
CTUIbHUKOBOTO 3B'SI3Ky, [JISi 3aJI0BOJICHHS TOTpeO BIMCHKOBOI MPOMHUCIOBOCTI Ta
OCBOEHHSI KOCMoOCYy, Tomo. OjHak po3BUTOK 1HGOPMAIIMHUX TEXHOJIOTINH BHUMAarae
CTBOPEHHsSI HOBHUX, OUIbII €()EKTUBHUX KOHCTPYKLIINA wyacToTHOcenekTuBHUX HBY
MPUCTPOIB, B TOMY 4HuCHl 1 KepoBaHUX. OJIHUM 13 MEPCIEKTUBHUX NUISIXIB BUPIIICHHS
i€l 3amadl € Ppo3poOka YacTOTHOceneKTUBHUX mnpuctpoie HBY 3  ontuuHum
kepyBaHHsIM. ONTHYHE KepyBaHHS Mae€ psj TepeBar: BHCOKA 3aBaJIOCTIMKICTB,
BIJICYTHICTh €JIEKTPUYHOTO 3B'SI3KY MDK KEpPOBAHOIO Ta KEpYIOUOI CXeMaMi,
MOXJIMBICTh 1HTErpAIlii 3 ONTOBOJIOKOHHOIO JIIHIEIO TIepeayi, TOIIO.

3B's130Kk po00OTH 3 HAYKOBMMH MporpamMamMu, IJIaHAMH, Temamu. PobGorty
BUKOHAHO Ha Kadenpi MIKpoeneKTpoHIKM HalioHanbHOro TEXHIYHOTO YHIBEPCUTETY
VYkpainu «KuiBChKkHil MOTITEXHIYHUN IHCTUTYT» B paMmkax iHiniatusHoi H/IP "KepoBani
yacToTHOCENeKTUBHI pucTpoi HBY Ha ocHOBI Bipi3kiB HeoqHOPIAHUX JiHIKA". Homep
nepxpeectparii 0117U006755.

Mera i 3agaui pgocaimxenHs. Meroro gaHoi poboTH €  peamizarlis
yacTOoTHOCENEKTUBHUX HBY CcTpyKTyp 3 ONTUYHUM KEpyBaHHSIM.

JI1st nOCATHEHHS LI€T METH CJI1JI BUPIIIUTH HACTYTHI 3aBJIaHHS:

- BUOIp JiHIT Iepenayl 1Jisi CTBOPEHHS CTPYKTYPH

- MOJICTTIOBAHHS OCHOBHHX TapaMeTPiB YaCTOTHOCEIIEKTUBHOI CTPYKTYpPH

- BUTOTOBJICHHSI Ta €KCIIEPUMEHTAIIbHE JTOCIIKCHHS MaKETIB

- aHaJI3 OTPUMAHUX PE3yJIbTaTIB

BupiienHs ux 3aBlaHb AaCThb MOXKJIMBICTh OTPUMATH ONTUMAJIbHY MIHIATIOPHY

KEpPOBaHY YaCTOTHOCEJIEKTUBHY CTPYKTYPY 3 BEIUKUM €KOHOMIYHUM MOTEHIIAIOM.



O0'ektamMu  fgocaigxkeHHA  jnaHoi  poOOTM €  ONTHYHO  KEpOBaHI
4acTOTHOCENEKTUBHI  cTpykTypu HBY Ha OCHOBI  HEOMHOPITHUX  BiJPI3KIB

MIKPOCMYKKOBUX JIHIH.

IIpeamerom JocC/izKeHHSI € €JIEKTPOJMHAMIYHI BJIACTHBOCTI KEPOBAHHUX

¢insTpie HBY.

MeTtoanka HAyKOBHX [JOCHiI:KeHb BKIIOYAa€: aHajli3  BJIACTUBOCTEH
MIKpOXBUJILOBUX MaTepiajliB, METOAM BHPIIICHHS MaTeMaThuyHux 3amad Ha EOM,

aHATITUYHE 1 HAaTYpPHC MOACIIOBAHHAI.

HaykoBa HOBHM3HA OJIEp)KaHMX PE3YJbTATIB MOJISITAE B TOMY, IO JOCIHIJIKEHO

HOBI CIIOCOOM peati3ilii KEPOBAHUX YaCTOTHOCEIEKTUBHUX CTPYKTYP.

IIpakTuyHe 3HA4YeHHsl OJep:KaAaHUX Ppe3yabTaTiB. OTpuUMaHi pe3ynbTaTH
MOKa3aJld, M0 CIPOEKTOBaHI CTPYKTYpH MOXKYTh OyTH BHUKOPHUCTaHI ISl peaizarlii

HOBOTI'O KJIaCy KEPOBaHUX YaCTOTHOCEJIIEKTUBHUX npuctpois HBY.

Amnpobania pesyabratiB podoru. Pesynbratm poOoTu mnpeactaBieHi X
MixHapoH1i HAYKOBO-TEXHIUHIN KOH(pEpeHIii Mojaoaux BueHux «EnexTponika-2017»

ta Ha XXXVIII MixkHapoaHiit HaykoBiit koH(pepenIii "EnexkTpoHika Ta HAaHOTEXHOIOT11

(ELNANO-2018)"

Knwuosi  cnosa: YaCTOTHOCEJEKTUBHA  CTpykTypa, HBY,  diabTp,

HEOJHOPIAHICTh, ONITUYHE KePYBaHHS, MIKPOCMY>KKOBA JIiHIsI.



Abstract

Structure of work: 92 pages, 33 figures, 31 tables, 22 references.

Actuality of theme. Various frequency-selective microwave structures are used
in many fields of electronics, in particular for the implementation of cellular
communication, to meet the needs of the military industry and the development of
space, etc. However, the development of information technology requires the creation
of new, more efficient designs of frequency-selective microwave devices, including
those that are controlled. One of the promising ways of solving this problem is the
development of frequency selective optical microwave microwave devices. Optical
control has several advantages: high noise immunity, lack of electrical connection
between controlled and control circuits, the ability to integrate with the fiber-optic

transmission line, etc.

Relationship of work with scientific programs, plans, themes. The work was
carried out at the Department of Microelectronics of the National Technical University
of Ukraine "Kyiv Polytechnic Institute" in the framework of the initiative research work
"Managed frequency selective devices of microwave based on segments of

heterogeneous lines". State registration number 0117U006755.

The aim and tasks of the study. The purpose of this work is the implementation

of frequency selective microwave structures with optical control.

To achieve this goal, the following tasks should be addressed:

- select a transmission line to create a structure

- simulation of the basic parameters of the frequency-selective structure
- manufacturing and experimental research of models

- analysis of the results
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Solving these problems will enable to obtain an optimal miniature controlled frequency-

selective structure with great economic potential.

Objects of research of this work are optically controlled frequency-selective

structures of microwave based on heterogeneous segments of microstrip lines.

The subject of the study is the electrodynamic properties of controlled

microwave filters.

The methodology of scientific research includes: analysis of the properties of
microwave materials, methods for solving mathematical problems on a computer,

analytical and full-scale simulation.

The scientific novelty of the obtained results is that new methods of realization

of controlled frequency-selective structures have been investigated.

The practical value of the results. The obtained results showed that the designed
structures can be used for the implementation of a new class of controlled frequency-

selective microwave devices.

Approbation of the results of the research. The results of the work are presented
at the X International Scientific and Technical Conference of Young Scientists
"Electronics-2017" and at the XXXVIII International Scientific Conference "Electronics
and Nanotechnologies (ELNANO-2018)"

Keywords: frequency-selective structure, microwave, filter, heterogeneity,

optical control, microstrip line.
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AUX — aMIIJTITyTHO-4aCTOTHA XapaKTEPUCTUKA
BY — Bucoki gactotu

JBY - ny»xe BUCOKI 4aCTOTH

JIHY - my>xe HU3BKI 4acTOTH

JACTY — nepxaBHuii craHgapT Y KpaiHu
3® — 3aropoaKyBadbHUN (DUIBTP

IC — inTerpanpHa cxema

KCX — koedilieHT CTOsT01 XBUI1

MCP — MIKpOCMY>KKOBUI PE30OHATOP
MCIJI — MiKpOoCMY>KKOBa JIiHIS

HBY — HangBucoOK1 4acTOTH

HY — Hu3bK1 4acTOTH

C® — cmyroBuit GUIBTP

CU — cepenni yacToTH

VYBUY - ynbTpa BUCOKI YaCTOTH

®BY — Gu1bTp BEpXHIX 4aCTOT

®OHY — GiabTp HUKHIX YACTOT

10
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BCTYII

B nmanuii gac cdepa 3acTOCyBaHHS PaIiOEICKTPOHHUX 3aC001IB CTa€e BCE MIMPIIOTO,
KOMIUIEKCH PaJlIOCUCTEM CTalOTh OUIBII CKJIQJHUMHU, 11€ MOBHICTIO BIAHOCHUTHCA 1 J0
texaiku HBY miamasony. VY 3B'S3ky 3 pO3MIMPEHHSM MOXIUBOCTEH €JIEKTPOHHOT
amapaTypu B 0araTboX BHIAJKaX IMOTPIOHO HE TIILKM BUIIPOMIHIOBATH Ta NpPUHAMATH
HBUY curnan, ane Takok BUKOHYBaTH HOro oOpoOKy 1 neperBopeHHs, Tomy HBY cxemu
YCKJIAIHIOIOThCSI 1 B MOMNEPEJHHOMY BHKOHAHHI CTAalOTh TpPOMI3AKMMU. Bunukae
HEOOXIJTHICTh CTBOPEHHSI MIHIATIOPHUX CXeM, KOTpi mpaioroth B HBY mianmazowi.
MiHiaTiopu3aniss CXeMHUX pIIIEHb B €JIEKTPOHILI B JaHUW Yac peani3yeTbcs 3a
JIOTIOMOT'OI0 TIOpUJIHUX IUTIBKOBUX 1 TBEPAOTUILHUX MikpocxeM. Haitbinpun ycmixu B
[bOMY TUIaH1 JOCSTHYTI B 00JacTi HU3BKUX 4YacToT. OJHAK METOAM KOHCTPYIOBAHHS 1
TEXHOJOTISl BUTOTOBJIGHHS HHU3bKOYACTOTHHUX CXEM HE MOXYTh 3HATH CBOE
BukopuctanHsa B HBY nmiana3oni, Tak sk MDK MMM MPUCTPOSIMH B MIKPOBHUKOHAHHI
ICHy€e 3HayHa KUIbKICTH BiAMIHHOCTEH. Jlo enekTpoHHux mnpuctpoiB HBY miamazony
BHUCYBAIOThCSl JKOPCTKI BUMOTH IIOJ0 3HWKEHHS I[IHU, MIJABUIIEHHS HaJIMHOCTI,
3MEHIIeHHs Baru 1 rabaputiB. CboroHi Bara 1 rabapuTu CTaJM TUMH YMHHUKAMU, 1110
oOMexyroTh 3actocyBanHss HBY npuctpoiB, a 0co011MBO B MOOIJTLHUX YCTAHOBKAX - Ha
OOpTYy BOJHOIO 1 HA3eMHOTO TPAHCIOPTY, TaKOX Ha JITaJbHUX amapartax. Tomy
BUKOPHUCTaHHS MiHIaTIOpH3allii eJemMeHTiB 1 By3niB Ha HBYU B cydacHiil enekTpoHili €
aKTyaJIbHUM 3aBJIaHHSM.

OcoOnuBy yBary ciiJl NPUAUTMTH YaCTOTHOCENIEKTHBHUM cTpykTypam HBY.
Pi3HOMaHITHI (DUIBTPU BUKOPUCTOBYIOTHCA B 0ararbox rajly3sx €JEeKTPOHIKH, 30Kpema
JUIsS  peanmi3ailii CTUIbHUKOBOTO 3B'SI3Ky, Ui 3aJI0BOJIEHHS TMOTped BIMCHKOBOI
MIPOMHUCIIOBOCTI Ta OCBOEHHS KOCMOCY, Tomo. CTaHOM Ha ChOTOJHI HEKEpOBaHI
YaCTOTHOCEJIEKTUBHI CTPYKTYpHU OCBOEHI Ha JIOBOJII BUCOKOMY DiBHI, IPOTE KEpPOBaH1
CTPYKTYPH MOXYTb 3HaTH CBOE 3aCTOCYBaHHS, 30KpeMa MPU HE3HAYHIN 3MiHI YaCTOTH
nepeayi CUrHany. 3Ha4HI pe3yJbTaTh B IIbOMY HAIIPSIMKY MpelCcTaBiieHi B pooori [16].

ABTOpH pPO3pOOMIIM CHUCTEMY €JIEKTPOMEXAaHIYHOTO KepyBaHHA (UIbTPOM, NpPOTE
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rabapuTy TaHUX MPUCTPOIB € HEMPHUITYCTUMO BEIMKUMH. TOMY OCHOBHHM 3aBIaHHSIM
JTaHO1 pobotu € JIOCIIKEHHS MOKJIUBOCTI peamizartii KepyBaHHS
gacTtoTHOcenekTnBHOIO HBUY cTpykTyporo iHmmM crocobom. [[nsi qOCSTHEHHS ITi€l
METH CJI1JT BUPIIIMTH HACTYITHI 3aBIaHHS:

- BUOIp JHIT Iepeaayi Ak CTBOPEHHS CTPYKTYpPH

- aHaJT13 MOYKJIMBUX METO/IIB KEPYBAHHS CTPYKTYPOIO

- pO3paxyHOK OCHOBHHX MapaMeTPiB YaCTOTHOCEIEKTUBHOIT CTPYKTYPH

- BUTOTOBJICHHSI MaKETy

- MPOBEJICHHS €KCTIEPUMEHTAIILHUX JTOCIIKCHb

- aHaJI13 OTPUMAHUX Pe3yJIbTaTIB

BupimeHHs uX 3aBlaHb AACTh MOXKJIUBICTh OTPUMATH ONTHUMAJIbHY MIHIATIOPHY

KCPOBAHY YdCTOTHOCCIICKTUBHY CTPYKTYPY 3 BCIUKHUM €KOHOMIYHHUM HOTGHHiaJ'IOM.
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1. JIHII IEPEJTAYI HBY

BuBdyeHHS ¥ TEXHIYHE OCBOEHHS BCE HOBHUX, OLIBII KOPOTKOXBHUIHLOBUX
Jiana3oHIB €JNEKTPOMArHiTHUX XBHJIb € OCHOBHMM HAIpPSIMKOM PO3BUTKY Cy4acHOI
CJIEKTPOHIKH, OCKIJIbKU 301IbIICHHS] YaCTOTHU CUTHAITY, 1110 NMEePEAAETHCS IPU3BOIUTH 10
3pOCTaHHs MBUAKOII. Benuki ycnixu 0CTaHHBOTO Yacy — OCBOEHHSI KOPOTKOXBHIIbOBOT
YaCTHHU CAHTHMETPOBOIO Jlala3oHy, a TaKOX MUIMETPOBHUX, CYOMITIMETPOBHUX Ta
ONTUYHUX J1ala30HIB — 3aCBIIUYIOTh PO IIKaBICTh PO3POOHUKIB 10 JAHOTO HAMPIMKY
€JICKTPOHIKH, 1, BIAMOBIJHO, HWOr0 €KOHOMIYHY JOIIJIBHICTh. BH3HA4YHYy I11KaBICTh
MPE/ICTABIIIE OCBOEHHS J1alla30HY y>KE€ JOBTUX EJIEKTPOMArHiTHUX XBWJb. L1 nBa
HaIpPSAMKH TOPEJICTAaBISIOTh COOO0I0 KapTUHY MIEJIEKTPUYHOI LLIICHOCTI PO3BUTKY SIK
CJIEKTPOHIKH, TaK 1 HAYKH B I[IJIOMY.

YKOpOUEHHS TOBKWHU XBUJI1 MTOB'A3aHO, SIK YKe OYJI0 3a3HAUYEHO 3 HEOOX1HICTIO
pI3KOro TMIJBUIIEHHS IIBUJAKOCTI mepemadi iHdopmaiii. Bigomo, 1o MBUAKICT
nepeaaydl CUrHaJly MPOMOpIiiHAa CMy31 4acTOT A® CUTHATY. 3BHYaHOIO BHUMOTOIO JI0
JHIT Iepeaayl SBISE€ThCS MaJIICTh BIIHOIMIEHHS CMYTH A® JI0 AC€SKOI CEPEIHhOI YaCTOTH
curHairy : Ao/o << 1 . BoHO 3acHOBaHe Ha 3a0e3MCUCHHI MIHIMAJIBLHOTO BILTUBY
JucTiepcii JHiT nepeaadi Ha CUTHAI.

301IbIIEHHS PO3AUIHHOI 31aTHOCTI Pal0aCTPOHOMIYHUX, PAAI0JIOKAIIMHUX 1 T.1I.
CHUCTEM BHM3HAYAEThCS [larpaMOI0 HAMpPaBJICHOCTI AaHTEHH, KOTpa NpOIOpIliiiHa
BiTHOIIEeHHIO A/D, e A — 11e 1oBKKMHA XBWI, D — 3Ha4YeHHS anepTypu aHTeHH. [{ikaBum
NPUKJIAJOM BUKOPHCTAaHHS KOPOTKOXBWJIBOBOTO [iama3oHy HJsl Tepenadl BeTHKUX
00'emiB iH(OpPMAIIii ABISIOTHCS ONTO-BOJOKOHHI JiHIT 3B's13Ky. [2] B nanmii yac mmpoko
BUKOPHUCTOBYIOTH JIiHII Mepeadi, NPOTSAKHICTIO B COTHI KIJIOMETpiB. BTpaTtu ckiaaaroTh
BEITMYMHY TIOpSAJIKA JMEKUIbKOX Aeruben Ha kimomerp. OkpiM mepenadi CUTHAIIB Ha
3Ha4yHl BIJCTaHl, BOJOKOHHI CBITJIONPOBOAM MOXKYTh 3aCTOCOBYBATHUCA B CHCTEMax
3B'SI3KYy BCEpeAuHI MEeBHOro 00'ekTy (BUpPOOHHMIUTBO, JTakk, KoOpalii, MeIuyHa
amaparypa), BIUIMBAlOYM ICTOTHOMY PO3IIMPEHHIO MPOMYCKHOI 3/IaTHOCTI KaHally

3B'SI3KYy, €KOHOMIi MeTajy 1 6arato 4oMy 1HIIOMY. [HIIMMU MpUKIagamMu 3aCTOCYBAHHS
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KOPOTKHUX XBUJTh € JOCTIKEHHS BJIACTHBOCTEH PEUOBUHY,
OIIIHKM BIUIMBY €JICKTPOMArHiTHUX BHUIIPOMIHIOBaHb Ha XI1J XIMIYHUX 1 O10JOTIYHHUX
peakitiii.[3]

[Ile omHiero TeHACHIIEI PO3BUTKY enekTpoHiku HBY € migBuieHHs piBHS
MOTYXHOCT1 BUIIPOMiHIOBaHHS. Llelt Hampsim € 1o0pe BUAMMHUM, X04a 1 HE OYEBUIHUM.
Hacnpasni 3011bII€HHS JaIBHOCTI JIIHIN TIepead B 3B'3Ky J1HCHO BUMarae, Ha TepIIuii
MOTJIS]], HEMEPEPBHOTO 30UTBIIEHHS MTOTYKHOCTI pajiionepeaaBaibHUX npuctpois. Ille B
OUTBIIIA Mipi € OOIPYHTOBAHOK HEOOXIMHICTh 30UTBIICHHS TMOTY)KHOCTI JIHIA B
IPOMUCIIOBUX amaparax, siki € IpU3HaAYeHUMHU JIJIs1 BUCOKOYACTOTHOTO HAarpiBy, 3BapKH,
IJIaBKH, CYIIKH , pi3aHHsA. OCTaHHIM YacoM 3'SBIISIEThCA 1H(QOpMaIlia Mpo HaA3BUYAHI
IpOrpaMu 3 KOCMIYHOI €HEPTeTHKH, TEPMOSIEPHOTO CUHTE3Y, B KOTPUX TMepen0adaroTh
3acTOCOBYBaTH Besuki moTykHocti HBY. B Toi1 e yac 3po3ymisio, 1110 SKIIO BiTHOCHO
Manuil piBeHb notyxHocTi HBY BumpomiHIOBaHHS HE TpelCTaBiisge HeOe3neku adbo
HaBITh POOUTh KOPUCHUI BILJIUB Ha UBI OPraHi3MU, TO BEJIMKUN PIBEHb MOTY>KHOCTI
BUIIPOMIHIOBAHHSI € IIKITUBUM.[4]

Bignosigno no ACTY niniero nepenaui HBY e npuctpiid, mo oomexye 001acTh
PO3MOBCIOJKEHHSI ~ €JIEKTPOMArHITHUX  KOJIMBaHb 1 SKUM  HampaBisge  MOTIK
CJICKTPOMArHITHOT €Heprii B TEBHOMY 3aJaHoMy Hampsmi. Hanpsim nommmpeHHs
BU3HAUYAETHCSI B3a€EMHUM PO3TAIIYBAHHSIM JDKEpeNia EeIeKTPOMArHiTHUX KOJMBaHb 1
HABAHTAXKEHHA B JIiHIT niepenayl. J>KepesoM eneKTpOMarHiTHUX XBHIIb MOXKE CITY>KUTH,
HaIpUKJIaJ, TeHepaTop, M0 MIAKIOYEHUI 10 JiHIi nepenayi, aHTeHa A npuiiomy abo
OpucCTpid  Jisi  30y/UKEHHs JIHIT mepenayi, IO BIAOMpae TIEBHY YacCTHUHY
€JICKTPOMArHITHOT €Heprii Bij 1HIIOT JiHIi nepenayl abo iHmoro npuctporo HBY. Ponb
HAaBaHTAXXEHHS JIiHII Tepegayl MOXKE€ BHUKOHYBATH TMPUCTPIA, WO TMEPETBOPIOE
CJICKTPOMATHITHY €HEPTrili0. BHIPOMiHIOIOYA (TepelaBajibHa) aHTEHa, BXIJHI KoJja
npuitmaya 1 Tomy momione. o HBY-mpuctpoiB BimHOCATH JiHIT Tepemaui 1
nepetBoproBauli HBU-eneprii, GiasTpu , BiAranyxyBadi, BEHTHII 1 TaK AaJIl.

Cykynuicte HBU-nipuctpoiB, 3'eqHanux meBHUM yuHOM, yTBOproe HBY Tpaxr.
Po3pi3HsAI0Th peryisipHi Ta HEPETyJsIpHI JiHIT nepenaydi. B perynapHoi niHii nepenayi y

MOJIOB)KHBOMY HAMpsIMi CTaJll MONEPEYHUM MEPETUH 1 €JEKTPOMArHITHI BIACTUBOCTI
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CEpEeIOBHILI, 110 3aMOBHIOIOTH JiHIIO. SIKIIO Xo4ya 6 OJHA 3 TAKUX YMOB PEryJSPHOCTI
BIICYTHSI, TO I JIiHIS Tepenadi € HeperyispHoro. JIiHis, 3aloBHEHA OJHOPIIHUM
CepEeIOBHILIEM, HA3UBAETHCA OJHOPINHOI0. SIKIO HI — HeoaHOpiaHoo. JIiHii mepenayi
KJ1acu(IKyIOThCS 3a Jiana3oHaMu 4actoT. [IpuitHara 1 3akpinseHa TepmiHojoris (Tadi.
1.1), sxa BHW3HA4Ya€ JIOBKHHMA XBWJIb 1 4YaCTOTH EJCKTPOMATHITHUX KOJIMBaHb.
[IpuBenena TepMiHOIIOTISE € 00MEXKEHOI0 TIeBHUM JianazoHoM dactoT (Bix 3 k[ qo 300
I'Ti). Taka xnacudikaliiis 3yMOBJIeHAa OCOOJIMBOCTAMH IMOIIMPEHHS €ICKTPOMArHITHUX
XBWIb B PI3HUX JAiana3oHax 4actoT. B Tabmumi. 1.1 miamazony HBY BiamosimaroTh
caHTUMETpOBi XBuiIi. [IpoTe Ha MpaKTHLll came ITUM TePMIHOM BU3HAYAIOTh Jlama3oH 13
3HAYHO WIMPIIUMU KOPAOHAMHM, SIKMA BKJIIOYAE€ Pi3HI XBWJIl BiJl METPOBHUX JI0
MuTiMeTpoBux. JliHIT mepedadl  KIAcU(DIKYIOTBCA 3a TUIIOM BUKOPHCTOBYBAHHMX
€JIEKTPOMArHiTHUX XBUJIb:

e JIiHII Mepe/adi 3 MOMepeyHoo eIeKTpoMarHiTHoIo xBuiero (T-xBuiero);

e JIiHII nepenayvi 3 MardiTHowo xBuiero (H xBunero);

e JIiHII nepeaayi 3 enexkTpuuHoro xsuiero (E xBunero);

e JIiHIT mepeaayi 3 riOpuIHO XBUIICH.[5]
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Tabmums 1.1

YacToTHi 1iana3oHu eJeKTPOMArHiTHUX XBIJIb [6]

JloB)KrHA XBHITI Tepmin YacroTa Tepmin

100...10 xm MipiameTpoBi 3..30xI't Jly’)ke HU3BKI YacTOTH
XBUJI1 MHY)

10...1 km KinomeTtposi 30...300 xI'nt Huzbki yactotu (HY)
XBUJI1

1000...100 m ['exToMeTpoBI 300...3000 xI'ry | Cepenni yactotu (CH)
XBUJI1

100...10 m JekameTpoBi 3..30 MI'n Bucoxi yacrotu (BY)
XBUJII

10...1 m MeTtpoBi XBUIII 30..300 MI'm | [ly’)ke BHCOKI 4acTOTH

(IBY)

100...10 cm JemmmeTpoBi 300...3000 VYipTpa BHCOKI 4YacTOTH
XBUJI MTI'n (YBY)

10...1 cm CanTumeTpoBi 3..30ITn Hansucoxi 4acTOTH
XBHITI (HBY)

10...1 mm CaHTUMeTpOBI 30..300 T Bkpaii BuCOki 4acToTH
XBUJI1 (HBY)

Axio HanmpaBUTH BICh Z NPSIMOKYTHOI CHCTEMH KOOPJWMHAT B3JIOBX JIHIT

nepeaayl KO>KHOTO 13 [IUX TUITIB XBUJII, MOXKHA BUSHAYUTH YMOBH, ITPEICTABIICHI B Ta0JI.

1.2 1 mo HakmamarThcsa Ha momoBxkHI H, 1 E, ckiamarodi BEKTOpiB MarHiTHOIO i

€JICKTPUYHOTO TOJIiB BIAMOBIIHO.
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Tabmums 1.2
YMOBM BU3HAYCHHS THILY €JIEKTPOMATHITHOI XBWJIi
Tunu XBWIb YMOBH Ha MO310BXKHI CKJIa10BI1 IIOJIB
T-xBuimi Ez=0,Hz=0
H-xBum Ez=0,Hz#0
E-xBuni Ez#0,Hz=0
[M6puaHi XBUTI Ez#0,Hz+#0

3 tabn. 1.2 BUTIKae, MmO y T-XBUJI BEKTOPU HAIMPYKEHOCTI EIEKTPUYHOTO 1
MarHiTHOT'O IOJIB JIEKaTh B IUIOLIMHI, NEPIEHIUKYISPHINA HaOpAMKy nomupeHHs; y H
XBUJI1 BEKTOpP HAMPYKEHOCTI MarHiTHOTO IMOJIS Ma€ MO3/I0BXKHIO 1 TOTIEPEYHY CKIIJIOBI,
a caMe€ BEKTOp HAINPY>KEHOCTI €JIEKTPUYHOTO MOJISI Ma€ JIMIIE MONEPEYHY CKIIAJIOBY; Y
E-XBwIl BEKTOp HANpy>XEHOCTI EJIEKTPUYHOIO TOJs Ma€ MOAOBXKHIO 1 MONEPEeYHy
CKJIa/I0Bl, @ BEKTOpP HAIPYKEHOCTI MarHiTHOTO MOJIS JIEKUTh B IUIOUIMHI TONEPEYHOTO
NEpPETUHY JIIHII nepeaayl; y TiOpUIHIA XBUJII BEKTOPU HANPYKEHOCTI €IEKTPUYHOTO 1

MAarHITHOTO TIOJIIB YK€ MalOTh 1 MMOI0OBXHI, 1 TONepeyHi CKIa1oBi. [3]

/{ JIinil nepenad HBY

Kopetri I'ay4xd I
[ Binkpuri 3aKpuTi I
[ dpotaHi ]—_[ CMYyKKOBI ] { KoakcianbHi ]—-[ ITpsMOKyTHI ]
{ JiemeKTpH9HI ]— BonokoHHO- [ Kpyrmi ]— Cxnannoi dopMH
OITTHHHI MOTIEPEYHOTO
{ Keazi-onTi4Hi ]_ epeBy

Puc. 1.1. Knacudikauis niniii nepenauyi
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Ha puc. 1.1 npencrasnena kinacudikais JiHii nepenaui. Jlinig nepenadi, y sikoi
KOHCTPYKLIS HE JOMyCKae IIJJaCTUYHOro a0 TMpPYKHOTO BUTHMHY, Ha3UBAETHCS
YKOPCTKOIO; SIKIIO JOIYCKA€E, TO THYYKOI. XBUJIECBOJAOM HA3WBAETHCA Ta JIHIS Tepeaadi,
10 Ma€ OJHY YM JIEKUJIbKA MPOBIAHUX MOBEPXOHb,13 MONEPEYHUM MEPETUHOM, II0 Ma€
BUIJIAJT 3aMKHYTOTO IIPOBIIHOTO KOHTYPY, KU OXOILIIOE O0JIaCTh PO3MOBCIOKEHHS
eJIEKTPOMArHiTHOI eHeprii. SKio came Takuil MpOBIIHUN KOHTYp MOBHICTIO BIACYTHIH,
TO JIHIS IIepeavi BiKe HA3UBAETHCA BIAKPUTOIO. [2]

Jlo nOpoTSHUX JiHIA Tepenadi BIJHOCHUTHCS [BO- 1 UYOTHPHOXIPOTOBI JIiHI{
nepenavi. B Takux JiHISIX NPOBIAHUKUA MOXKYTh MOKPHBATHCS AICIEKTPUKOM, IIIO
Haliuactinie 1 po6saTe. OCHOBHUM THIIOM XBWJII B Takux CTpykTypax € T-xBwid. B
YOTUPBOXMPOBITHUX JIHISX 30yIKYIOTbCS MONApHO 3'€HAaHI MPOBIAHUKU, HAIPHUKIA]
BEpPTUKAJIbHI, JlaroHaibHI a00 Tropu3oHTaiNbHI. Taki JiHII Mepeaadi 3HAWILIN CBOE
3aCTOCYBaHHS B Jlala3oHax TeKTOMETPOBUX, JAEKAMETPOBUX 1 METPOBUX XBUJb. 1o
CMY’KKOBHUX JIHIM mepenayl BIZHOCATh HECUMETPUYHY 1 CUMETPUYHY CMY’KKOBI JIIHII,
NIUIMHHY 1 KOIUIaHapHY JiHIi. BOHM 3aCTOCOBYIOThCS B Jlala3oHax JACIUMETPOBHUX,
CAaHTUMETPOBHX 1 JIOBFOXBHJIbOBIM YaCTHHI MUIIMETPOBUX XBHWJIb. OCHOBHOIO XBUJICIO
HECUMETPUYHHUX 1 CHUMETPUYHUX CMYKKOBUX JiHIM € T-xBuis. Y KoIjiaHapHik 1
IIUTHHHIN JTiHISIX 0CHOBHOO € H-xBus.[7]

Pi3HOMaHITHI apamMeTpy XapaKTepU3ylOTh €IEKTPOMArHITHY XBUJIIO Ta JIHIKO 1i
nepenadi. Jlam mu OyaeMo oniepyBaTH HUMH.

PerynsipHoto JniHIEIO Nepenayl Ha3MBAIOTh JIIHIIO Mepeaadi, napaMeTpH sIKoi He
3MIHIOIOTBCS B3JI0BXK HANPsIMy MOUIUPEHHS XBHJIL.

OcHOBHaA XBWJISI — XBWJIA, IO CEPEJl YyCIX YaCTOT, Kl MOXKYTh MOUIMPIOBATUCA Y
pEryJsipHiil JIiHII Ma€ HAMMEHIIy KpUTUYHY YacTOTY.

OCHOBHUMHM XBWISSMH Y OJHO3B’SI3HUX JIHISX Tepenadi (XBWJICBOIW, IIUIMHHI
muii) € E a6o H — xBumi, y 06arato3B si3HHX IJiHIsIX 0€3 BTpaT 3 OJHOPITHUM
3aMOBHEHHSM (KOAaKCiaJbH1 JIIHII, CUMETPUYHI CMYXKOBI JiHli) — TEM — xBuisy
0arato3B’sI3HUX JIHIAX 3 HEOJHOPITHUM 3aMOBHEHHAM (HECHMETPUYHI CMYXKOBI JIiHI{
a00 MIKpOCMYkKKOBI JIiHIT) — kBa3li — TEM — xBuist. Yci XBUI 3 OUIBITUMUA KPUTHIHUMU

YaCTOTAMU € XBHJISIMH BHIIUX THITIB 1 BBAXKAIOThCS HeOaxaHUMU (mapa3utamn). [1]
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E — xBunsa (TM - xBuns) - xBWIs y sikoi BekTop H, Mae HyJIbOBY MO3/I0BKHIO
cksanoBy. [Hi ckianoBi BekTopiB E Ta H BiaMiHHI Bl HYJIA.

H — xBuns (TE - xBunst) — xBuiig y sikoi BekTop E, Mae HyJIbOBY MO310BXKHIO
cksaoBy. IHim cknagoBi BekTopiB E Ta H BiaMiHHI Bif HYJIA.

TEM — xBuns ( T- xBuist) — XBUJIS y SKOT MO3A0BXKHI CKJ1a0B1 BekTopiB E ta H
JOPIBHIOIOTH HYIIO, TOOTO BekTopu E Ta H nexaTs y 1uromnuHi, sika IeprneHIuKyIspHa
HaIpsMy MUIIUPEHHS XBUJIL.

Kputnuna yactora T — xBuni nopiBHIO€ Hymro. [lapameTrpu XBuii He 3aiexartb
BiJl YaCTOTH.

KBazi — TEM — xBunsa ( xBazi — T - XxBuwisl) — TiOpuaHa XBUJISA, MO3J0BXKHI
ckianoBl BekTopiB E Ta H sxoi HabaraTo nepeBakaroTh nonepeyHi ckiiagosi. Kputnuna
yacTtoTa kBa3l — TEM — xBuii fopiBHIO€e Hymio. L{st XBUJst Mae 3Ha4UHY JUCTIEPCIIO, aje
Ha HU3BKUX YaCTOTaX BOHA MPAKTHYHO CITIBIA/IAE 1O MapaMeTpam Ta BIACTUBOCTSM 3 T
— XBHJICHO.

I"6puaHa xBUIIS — XBUJIA, yci ckiaaoBi BektopiB E Ta H sikoi BiaMiHHI Bijg HYJIA.
B ycix niHisfxX nepenayi 3 HEOJHOPIAHUM 3alIOBHEHHSM IMOILIUPIOIOTHCS caMe T1OpuIHI

xBuII. [4]

Kputnuna yacrora — fe — AKa, y PEryJIsipHUX MOBHICTIO €KpPAHOBAHUX JHIAX 0€3
BTpAT BiJNOBila€ YACTOTI, Ha AKill cTama nommpeHHs - ! -IOpiBHIOE HYIIIO.

Crana nommupenHs ! - BeJIMYMHA, KA XapaKTepU3ye MPOLEC MOMUPEHHsS XBUIb
B3/IOBXK PeryispHoi JiHii i Moxe 6yrn BusHauena sx/ — & +JB e & — koedimieHT
3racaHHs, b ¢da3oBa crana.

dazosa crama P [1/M ] — BenmuumHa, 10 YKCETHHO JTOPIBHIOE (Da30BOMY 3CYBY,
AKUU HaOyBa€ XBWIS NpPU MPOXOPKEHHI y PperyispHId JiHIi BIACTaHI OJMHUYHOL
JTOBKHHHU.

Koedinienr sracanmns ® - [nb/M] — BennmumHa , MmO O0GEpPHEHO MHPOIOPIIiHHA
BIJICTaHI, Ky TOBHMHHA MPOWTH XBWJIS B3JIOBXK PEryJsIpHOI JiHII sl TOro, moo ii

aMILTITy/1a 3MEHIIWIAcS y € pasiB. [7]
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A

JIoB)kMHA XBWUJl Y JiHII—“* -BeTMYMHA, 110 YUCENbHO [OPIBHIOE BIJICTaHi, SKY

MMOBUHHA TIPOUTH XBHJIS B3JIOBXK PEryJIAPHOI JIiHIi , 100 11 ha3a 3MiHUIACS Ha 2

: Ty . : :

da3oBa MIBHIKICTH - - [m/c]- mBuakicTe nepeMimieHHS GPOHTA XBWII
(moBepxHi piBHMX (a3) B3IOBXK IOB3JOBXKHBOI BICI Z PEryJsipHOi JIiHIi.
HoOpotricte miHIT — Q — 0e3po3MipHa BeTWYMHA,SKAa JAOPIBHIOE BIIACHIN

JOOPOTHOCTI HaIMIBXBUJIEBOTO Pe30HATOPA 3 BiJIpi3Ka JIiHII.

R—‘" — BCJIMYHMHA,JIKa YHUCCIIbHO I[OpiBHIO€ OII0pY,

A

IToBepxHeBuit omip MPOBITHUKA —

110 3yCTpIYae CTPyM y LIiapi MPOBiIHMKA 3 TOBIIMHOIO — Ha yacToTi f=0.

A

['mubunHa ckiH-1apy = - BIICTaHb, IPU MPOXOYKEHHI SIKOT XBUJICIO HAIIPY>KEHICTh
ii IOJIS y MPOBITHUKY 3MEHIIYEThCS B € pa3iB.[2]

Prnax - MOTYXHICTh, MPHU TEpeaadl sIKOi BUHHUKAE

['paHryHa TOTYXKHICTH JIiHI1
€JIEKTPUYHUNA NpoOiil. ['paHWYHA MOTYXKHICTh 1, TAKUM YMHOM EJEKTPUYHA MIIHICTh
JiHIT BU3HAYAIOTHCS MAaKCUMaJIbHOIO HAIIPYKEHICTIO €JIEKTPUYHOTO OIS, IEPEBULIICHHS
SKO1 BeJie 10 POoOoIo.

B panmiocucreMax BHMKOPHCTOBYIOTBHCS PI3HI THIM JIiHII Tepeaadl. Bulip
KOHKPETHOTO  THUMY  JIHIT  BU3HAYAEThCA  TNPU3HAYCHHSIM 1  [apaMeTpamu
pajiocucTeMu,yMOBaMU il  poOOTM Ta BUPINIYIOUMM YUHOM  3aJ€KUTh  BIJ
BUKOPHUCTOBYUYOIO Jlialla30Hy JOBXKHHU XBUJIb 1 TIepeaBarovyoi moTyHOCTI. HalOi1b1

PO3MOBCIOJKEH] THMNHM JIHIA Tepenayl s pi3HUX Jlana3oHIB JOBXHUH XBUJIb

npeacTanieHi Ha puc. 1.2, [5]



JIinii mepemay
HBY

JpoToBi I Pamo%iacmrm ’ -[ XBHUIeBOOH I BinkpHTOTO THITY ’7
kabem
JIBOXIpPOTOBI ] KoakcianbHi ] I\rﬁxpocmymosi] [ JlieneKTpH4Hi ]—
XBHNCBOIOH
I'exTomMeTpoBi, METPOBI Ta JletnmeTposi, MeTtpogi, MiniMeTpoBi
IeTHMEeTPOBI XBIII CaHTIIMETPOBI Ta IEeTIMeTpPOBI Ta XBIUI
MUTIMETPOBI XBILUII  Ta ONITHYHOTO
CaHTIMEeTpPOB1 TiamazoHy
XBILTL

Puc. 1.2. Tunm niHidd nepenadi Juist pi3HUX JTiana3oHiB[5]

JpoTtoBi miHIi nepenay - BIAKPUTI JiHII Tepenayi, MO0 CKIAAaloThCs 3 JIBOX
OJTHAKOBUX TMapajielbHUX MPOBIAHUKIB 3 T-XBuieo, BHUKOPUCTOBYIOThCS Ha
IEeKTOMETPOBUX Ta METPOBUX XBWISIX JJIS MIAKIIOUEHHS aHTEH A0 NMpUHMAIoYuX Ta
nepefaBaibHUX mnpuiaaiB. Ha Okl KOPOTKMX XBWISIX BUKOPHUCTAHHIO JBOX JIHIM
MEPEIIKO/KAE TTOMITHE BUIIPOMIHIOBAHHS, SIKE CTBOPIOE MEPEIIKOAN i pOOUTH O1IBIITUM
3aTyXaHHS.

Koakcianbhi miHii nepeaadi. O0nacTb BUKOPUCTOBYBAHHSA TaKHMX JIHIN OILUIIOE
XBUJI TOBXKUHOIO Bijg 3-5 cm 110 10 m. KoaxkcianbHi XBUIIEBOAH SBIISIFOTH COOOI0 JKOPCTKI
KOHCTPYKIIi 3 METaJeBUX TpyOOK, 3aKpilUIEHUX OJHAa B 1HIIN 3a JOMOMOIOIO
JTIETEKTPUYHUX Mmaid abo MeTaneBuX 130J4TOpiB, a00 MarTh BHUJA THYYKHX
KOaKClaJIbHUX KaOeliB.

CMyXKOBOIO JIIHIEIO Tiepelayl Ha3uBalOTh TaKy JIHIIO, B SKIA TMPOBIIHUK
CMY>KKOBOTO TIepepi3y pO3TalllOBaHWN HA MEBHIN BIJACTaHI HAJ METATIYHOIO TUIACTUHOIO
ab0 K pO3TAllOBaHMM MDK JBOMa METATIYHUMH IlacTuHaMu. [IpocTip Mix
IPOBIJHUKOM Ta IUIACTUHOIO Hal4acTille 3allOBHEHHH A1eEKTPUKOM, ajle MOXe OyTH

3aIIOBHEHHM 1 MOBITPSM.



Po3pi3HsAI0TH 1Ba OCHOBHI THUIH CMY>KKOBHUX JIHIH :
e HecuMeTpUuH1 3 jgienekrpuunum(puc. 1.3a) ab6o moiTpsHUM(pHC 1.30)
3aIOBHEHHSM
e cuMeTpuyHi 3 mienekTpuuHuM(puc. 1.3B) abo moBitpsHuUM (puc 1.3r1)

3aIlIOBHCHHIM
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Puc.1.3 Pi3H1 TUIIM CMY’>KKOBUX JIHIH.

Hecumerpuuna cmyxkoBa miHisgs (puc. 1.3 a,0) sBisie co0OK0 TUIACTUHY
JIEJIEKTPUKA, Ha OJIHIM CTOPOHI SIKOT HAHECEHO MPOBITHUKU (IIPOBIIHI CMYKKH) CXEMH,
a Ha 1HIIK - MeTaJIi30BaHE MOKPUTTS, 110 YTBOPIOE MPOBIAHY (3a3eMJICHY) TUIOLIUHY .
Taka miHIZ € JOBOJII MPOCTOI0 B HAJAIITYBaHHI, BUTOTOBJIEHHI Ta eKcIUTyartaiii. B
SKOCTI1 JIEJEKTPUYHOT 00JIaCTI MOXHA BUKOPHCTOBYBATHU JiejeKTpuk (puc. 1.3,a) abo
noBiTps (puc. 1.3,0). [IpoTe sAKIO AIENEKTPUK MAa€ BUCOKY JICICKTPUUHY TPOHUKHICTB,
TO €JEKTPUYHE TO0JI€ KOHIIEHTPYEThCS B OOJACTI MK MPOBITHUKOM 1 3a3€MJICHOIO
TJIACTUHO0, TOMY BTpaTH Ha BUMPOMIHIOBaHHS HeBenuKi. [{ei pakT q03BosIsIE yCMiTHO
BUKOPHCTOBYBAaTH HECHMETpHU4HI JiHII B iHTerpansuux HBUY cxemax, siki Ha3WBarOTh
MIKPOCMY>KKOBUMHU  JIIHISIMM ~ Tlepefad. 3MEHIIeHHS rabapuTHUX pO3MIpIB B

MIKPOCMY>KKOBUX IHTETPAJIBHUX HAJBUCOKOYACTOTHUX CXEMaX 3a0e3leuyeThesl 3a
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paxyHOK BHOOPY Mi€IEKTPUKA 3 BUCOKOIO BIJHOCHOIO JICIIEKTPUYHOIO MPOHUKHICTIO ( &
nopsiaka 10).

B cumerpuuniii cmyxkoBiit miHil (puc. 1.3 B,r) I[EHTpalbHUIA NPOBIAHUK
3HAXOAMTHCS MDK JBOMAa JIEJICKTPUYHUMH ITUTACTUHAMHM 3  METaJliI30BaHHUMU
30BHIITHIMU TOBEPXHSAMH. Taki JIiHIT MalOTh Kpallle eKpaHyBaHHS HI)K HECUMETPUYHI,
IPOTE BOHM MAarOTh Habarato CKIAIHINIY TEXHOJOTII0 BUTOTOBJIEHHA. BoHa HabaraTto
CKJIQJIHIIIIa B HaJAIITyBaHHI, TOTPEOYIOTh TOYHOTO Y3TOJDKCHHS MEXaHIYHOI CHUMETpil
JUIs 3a0e3nevyeHHs Manux BTpar. LleHTpaibHUl MPOBIAHUK CUMETPUYHOI CMYXKKOBOI
JiHIT € aOCOTIOTHO HEAOCTYIHUM JJI HAJNAIITYBaHHA, IO CTBOPIOE MIEBHI HE3PYYHOCTI
P HAJIAIITYBaHHI CXEM.

IcHye Takox TpeTiil TUI CMYXKOBOi JiHIi - BHCOKOA0OpoTHa (puc.l.4). Bonu
3aCTOCOBYIOTBCS TOMl, KOJM HEOOX1MHO W00 JOOPOTHICTh HEHABAaHTAXXEHOI JIiHIi
nepenadi Oyna nocuTh BUcOkow (mopsiaka 2000). BucokogoOpoTHa cMy’KKOBa JiHIS
Mae 00'eM OLIBIIMI HIK CMMETpPHYHA CMY’KKOBA JIiHIA NEepenadl, ajie MEHIIMH, HIK
KOakKclaJibHa JIHIS 4u XBUJEBIJ. Taka JiHis 3a0e3medye yy/oBe eKpaHyBaHHS 1 MEHII
YyTJIUBA JI0 TEXHOJOTTUHHUX 3MIH JIIEJIEKTPUYHOI MPOHUKHOCTI YU TOBIIMHU IM1AKIAIKHU.
BuOip Tumy cMy>XKOBO1 JIIHIi Ma€ NPOBOJUTUCH 3 BPaxyBaHHSIM BHUKOHAHHS psIy
BUMOT: MaJll BTPaTH, MOKJIUBICTh CEPITHOTO BUPOOHMIITBA, MTPOCTOTA HAJAIITYBAHHS,

MaJii rabapuTHI po3MipH Ta Bary, CTa0lIbHICTh apaMETPiB, HU3bKa BapTICTh.

XXX TRRX XXX

Puc. 1.4. Bucoko100poTHa CMY>KKOBa JIiHIS
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[TopiBHsIPHA ~XapaKTEPUCTHKA OCHOBHUX THUIIB MIKPOCMYXKKOBUX XBHIIb
npejcTaBiieHa B Tabnui 1.3.

Taomug 1.3

IopiBHAJIbHA XapaKTEePUCTUKA CMYKKOBHX JIiHIN nepexayqy

Tun cmyxkoBoi | [Tonepeunuii mepepi3 niHii [lepeBaru | Hegomiku

JH1T

Hecumerpuuna Mana Bara | BiacytHicTh

CMYXKOBa JIiHIA — €KpaHyBaHHS,

3 TOBITPSHUM BEJIUKI BTpaTH,

3aIIOBHEHHSIM —————————— norpeda B
KpIIJIEHH1

Hecumerpuuna Mani Benuki BTpatn

CMY’KKOBA JIIHIis rabaputu, |B

3 wMamum ¢ Maja Bara, | HSCUMETPUYHIN

JeTIeKTPHUKa HU3bKa JIHI,

nopsaka 2.. 3) | LXK K XK K X XK X XK | BapricTs, BIJICYTHICTh

MikpocMykKoBa :‘:’.‘:‘:‘:’:‘:‘:’:‘" HE eKpaHyBaHHs

JiHisg (3 X2 X XXX norpebye

BHCOKUM £ KpIIJIEHb

JIeJIEKTPUKA

nopsnka 10)

CumeTpudna EEI——. | Mani Benuki

CMY>KKOBa JIiHis BTpATH, rabapuru,
3 MOBITPSIHUM — Maja Bara | moTpedye
3alIOBHEHHSIM KpITIJICHB
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[Tponosx. Tabm. 1.3

[ToryxHa Bemuka Benuki
1
CUMETPHUYHA rpaHnyHa | rabapuTH,
CMYKKOBA JIIHis MOTY)XHICTh | BUCOKA
I
BapTICTh,
noTpedye
KpITUICHb
CumetpuuHa Mam BinaocHo

CMYXKOBa JIiHIA rabapuTH, | BEIUKI BTPATH,

3 HE 3Ha4Ha Bara

J1eTEKTPUIHUM noTpeodye

3aIIOBHEHHSIM KpITUICHb

Bucokxogo0poTH Mani [ToTpedye

a CMY’KKOBa BTpaTH JT0JTATKOBUX

JTiHis m@m KpIIUICHb,
3HAYH1
rabaputu

MikpocmysxkoBa miHist (MCJI) € HeoHOPIAHOO JIIHIEIO Tepeadi, TaK SK HE BCI
CHWJIOBI JIIHI1 TIOJI MK CMY>KKOBUM MPOBITHUKOM 1 3a3€MJIEHOIO TJIACTUHOIO MPOXOASTh
yepe3 MiIAKIaaKy. ToMy XBUIIS, 10 PO3MOBCIOIKYETHCS B3JOBXK MIKPOCMY>KKOBOT JIHI1,
€ «kBa3l - T-xBunero». EdQexTuBHa [l€IEeKTpUYHA IPOHHUKHICTh Eo, MEHIIE
J1EeEKTPUYHOI MPOHUKHOCTI MiAKIAAKU, TaK K BOHA BPAXOBYE MOJIE M03a IMiIKIaJAKOIO.
Haoune ysiBIeHHS TIPO CTPYKTYPY €IEKTPOMATHITHOTO TOJII B MIKPOCMY>KKOBIW JiHIT

nepezayi aae oro rpadivne 300paxenns (Puc. 1.5). [1]
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Puc.1.5 Po3nosin e1eKTpuyHOoro mojis B MiKpOCMY>KKOBIH JIHIT

Ha mpakTtuili MiKpOCMYKKOBI CXE€MHU PO3MIIIYIOTh B T€PMETHUYHUX KOPITyCax,
130JIFOIOYMX BIiJI 30BHIMIHIX €JEKTPOMArHITHUX ITOJIB 1 BiJ 30BHINIHIX KJIIMAaTHYHHX
BIUIMBIB. XBHWJII OCHOBHOI'O THITY, [0 pO3NOBCIOKYeThcs B MCJI, Biapi3HA€TbCS B
TEM- XBujil HasSBHICTIO TIO3JIOBXKHIX KOMIIOHEHT €JIGKTPOMArHiTHOTO  TOJIs,
OOyMOBJICHMX HECHMETPUYHUM 3allOBHEHHSIM JIIHIT J1€JIEKTPUKOM (HEOIHOPITHUM
JIETIEKTPUYHOI cepeaoBHIleM). [10310BKHI KOMIOHEHTH €JIEKTPOMArHiTHOrO MO
3aJIe’KaTh K Bl TApaMeTpiB CTPYKTYpH (IIUPUHH 1 TOBIIMHUA MIKPOCMY KU, BUCOTH 1
JIEeEKTPUYHOI TPOHUKHOCTI MIAKIAIKHK), Tak 1 BiJ poOoyoro miama3zoHy vactoT. Lle
NPU3BOIUTH JI0 3aleXHOCTI BiuacHuX mnapamerpiB MCJI  (XBUIBOBOTO  OIODY,
e(EeKTUBHOI A1EJIEKTPUYHOT MPOHUKHOCTI, JOBKWHUA XBWJII B JIiHII, BTpAT) BIJ YacCTOTU
(mucnepcii).[4]

MikpocMy>KKOBI JIiHII Tiepenayl 3aCTOCOBYIOThCS B TIOpUIHUX 1 MOHOJITHUX
iHTerpanpHux cxemax HBY pgianazony. B riOpuaHuMX 1HTErpajbHUX CXeMax pi3Hi
JMCKPETHI KOMIOHEHTH (TPaH3UCTOPH, JI10JH, TOIIO) 3aKII0UYEH1 B KOpPIyci abo MOIyJIi
MIKPOCMY>KKOBOT KOHCTPYKIIii. B MOHONITHHX 1HTErpajibHUX CXeMax BCl €JIEMEHTH
CXEMHU pealli3yloThCsl BCEPEANHI 3arajbHO1 HAMiBIPOBIAHUKOBOI IMJIACTUHU 1 YaCTKOBO
Ha ii moBepxHi. ['IOpuIHI cXeMU B TOPIBHSHHI 3 MOHOJITHUMH XapaKTEePU3YIOThCS
KpaluMU  CICKTPUYHUMH XapaKTePUCTUKAMH, IITUPOKOK CMYTO IPOITYCKaHHS,
MaJUMU IIyMaMU BUCOKOIO JOOPOTHICTIO 1 CTaOUIbHICTIO. MOHOJIITHI, B CBOIO YEpry,
MalTh HIDKYY BapTiCTh, MEHIII Ta0apuTH 1 OUIBII TPHCTOCOBaHI JO CEPIAHOTO

BUPOOHUIITBA.
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BucHoBKkH 1o po3ainy:

[IpoananizoBano minHii nmepegad HBY curnamy ta ix ocHoBHI mapametpu. Ha
OCHOBI aHaJi3y 00paHO HEOJTHOPITHY MIKPOCMY>KKOBY JIIHIIO Yepe3 ii TEXHOJIOTIYHICTb,
MOXJIMBICTh KEpyBaTH IMapaMeTpaMH JiHIi, 3MIHIOIOUM XapaKTep HEOIHOPIAHOCTI,

JIEMICBU3HY Ta MOKJIIUBICTh iHTerpartii 3 IMC.
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2. DIJIbTPU HBY

OiIbTPOM HA3UBAETHCA JIHIMHUNA UYOTUPUIIOIIOCHUK, MPU3HAYEHUU I TOTrO,
o0 BUIUIMTH 13 CKJIaAy CKIAJACHOTO €IEKTPUYHOTO KOJUBAHHS, MiABEIECHOTO 0 HOTO
BXOJYy, YaCTOTHI CKJIQJIOBI, III0 PO3TAIIOBaH1 B 3aJaH1i CMy31 IIPoOIycKaHHs (QUIBTPY, Ta
MPUTTYIIATHA YaCTOTHI CKJIAJIOBI B 3a/IaHIM cMy3i (CMyTax) 3aTpUMaHHS.

OUIbTp XapaKTEPU3YEThCS CIAOKUM 3aracaHHsIM JUJIsi CUTHAIIB 3 YACTOTAMH, 1110
3HAXOJATHCS B CMY31 IIponycKkaHHs pinbTpa (11eanbHuil GiabTp Mae 3aracaHHs B CMy3i
NPOIYCKAHHS, PIBHE HYJIO) 1 BEJIMKUM 3aracaHHsM [Jisl CUTHAJIB 3 YacTOTaMH, IIO
3HAXOJATHCS B CMY31 3aTpUMKHU (PinbTpa (17eanbHuil GUIBTP Ma€ HECKIHYCHHO BEJIMKE
3aracaHHs B CMYy31 3aTPUMKH).

[neanbHuii GIIBTP XapaKTEPU3YETHCA TUIBKA CMYyTaMH MPOIYCKAHHS 1 3aTPUMKH,
TOOTO PI3KUM MEPEXOJOM BiJI 3aracaHHs, PIBHOTO HYJIO /10 HECKIHUYEHHO BEJIMKOTO
3aracaHHd. lIpore 1e NpakTUYHO HEpeasbHO. Y peanbHUX (UIBTPIB 3aTyXaHHS
30UTBIIYETHCS MOCTYIOBO BiJl Majoro B CMy3l MPOIMYCKaHHS JO BEIMKOTO B CMYy3i
3aTPUMKH.

Oinstpu HBY po3pi3HsIOTE IO B3a€EMHOMY PO3TAIlyBaHHIO CMYT MPOMYCKAHHS 1
3aTpUMKH, BUAYy JIiHII Tiepenadi, MO0 BUKOPUCTOBYEThCS, MNPUHIUIY  ii,
MIJUTAIITOBYBAHOCTI  CMyT TPONYCKaHHS YW  3aTPUMKH, BHUAY €HeEprii, IIo
BUKOPHCTOBYETHCSI, PIBHIO TOTYXHOCTI, HA SIKOMY Ma€ MpaIoBaT GiiabTp, TOIIO.

3a B3a€EMHHM pO3TallyBaHHSM CMYT TIPOITYCKAaHHS 1 3aTPUMKH PO3PI3HSIOTH
HACTYMHI TUIH (PIIBTPIB:

e GinpTp HU3bKHX YacToT (DHY)
e (uibTp BUcOKUX yacToT (PBY)
e cmyroBuii putbTp (CD)

e pexekTopHuit GuTeTp (PD)
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YacToTHI XapaKTepUCTUKU TaKuX (PUIBTPIB MpEACTaBICHO Ha puc. 2.1

A

Puc.2.1. AMIIITYIHO-4aCTOTHI XapaKTEPUCTUKHU (LIBTPIB

3a BUAOM HAJABUCOKOYACTOTHOI JIiHII mepenayl (UIbTPM NOAUIAIOTHCS Ha
CMY>KKOB1, XBHJICBOJIHI Ta KOAKClaIbHI.

3a MPUHUMIIOM Jii - Ha B1I0MBAarOYl Ta HAMPSMJIIEHI.

3a MOXJIMBICTIO MiJJIAIITOBYBaHHS CMYT 3aTPUMKH Ta TPOITyCKaHHS (GiabTpu
NOAUIAIOTHCS Ha MIAJIAIITOBYBaH1 Ta 3 (JIKCOBAHUMU HANAIITYBAHHAMH.

3a BUJOM €HEprii, 1[0 BUKOPHCTOBYETHCS - €IEKTPOMATHITHOI €Heprii, eHeprii
CIIIHOBHUX XBHJIb, TOIIIO.

Bubip tuny ¢iuipTpa BU3HAYAETHCS TUMU BUMOTaMU, sIKI TOCTaBJIEH] Mepes oro
aMILTITYIHO-4aCTOTHOIO XapaKTEPUCTUKOIO.

Haii0inpm xapakTepHi TOUYKM 1 00JIaCTI YaCTOTHOI XapaKTEPUCTHKU BKAa3aHO Ha

puc 2.1.
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O6macTh MIDK CMYrol0 NpPOMNYCKaHHS Ta 3aTPUMKH Ha3WBAETHCS CMYTOIO
nepexony. DuIbTp MOXKE XapakTEepU3yBaTUCA IMIMPUHOID CMYTH MEPexXoay 4Yu
KPYTHU3HOIO HAPOCTaHHS CMYTH MPOIyCKaHHA. YacToTa, 110 JIeKUTh Ha TPAHUI CMyTH
MPOIYCKAaHHS Ta MepexiJHOoi 001acTi HA3UBAETHCS YacTOTOIO 3pi3y. g cMyroBoro Ta
peXeKkTopHOro (GIIBTPY ICHYE OBl 4acTOTH 3pi3y. YacToTa Ha I'paHHUIll MK CMyramu
nepexoay Ta 3aTPUMKH, 10 BU3HAYAE TOYATOK CMYTH 3aTPUMKH Ha3WBAETHCS YaCTOTOKO
3aTPUMKH. {7151 CMyTroBOTO Ta peKEKTOPHOTO (BiIbTPY ICHYE JIB1 YACTOTH 3aTPUMKHU.

B peanbHux Bunaakax (GuibTpu BUKOPUCTOBYIOTHCS B IEBHOMY Jl1alla30H1 4acTOT.
['panulii bOToO AlanazoHy Ha3WBAIOTHCS BEPXHBOIO Ta HIXKHBOIO POOOUYHMMH YaCTOTaMHU.
[le oOmexeHHsT CyTTEBO cHpolrye 3amady po3poOku ¢insTpa HBY, ocobnuBo skio
BpaxyBaTH TOM (PakT 10 y HUX € MEBHI JOJATKOBI, MAPA3UTHI CMYIH MPOIYCKaHHS 1
3aTPUMKHU.

Jlns po3poOku (ibTpa 3a3BUYall 3a7al0ThCsl HACTYIMHUMH TapaMeTpaMu 4Yu
XapaKTEPUCTUKAMMU:

e cmyra mpoiyckaHss (a0o yactoTa (4acToTH) 3pi3y (piibTpa);
MaKCHUMaJbHHUM PIBEHb 3araCcaHHs B CMY31 IPOITyCKaHHS

e cMmyra (cMyru) 3aTpuMyBaHHS (UIbTpa. 3a3BUYall BKA3YIOThCA JUISHKU,
0oOMEKEeHI1 33aJJaHUMHU YacTOTaMH, B SIKUX PIBEHb 3aracaHHs IMOBHHEH OyTH
HE MCHIIIEC 3aJIaHO1 BEJIMYMHU,

® MIHIMAJIbHUN PIBEHb 3aracaHHs B CMY31 3aTPUMYyBaHHS;

® IiHIS Nepenayl, Ha sIKIi BUKOHAHO (PuIbTp

e BarairaGapurH.

i BuMorHu BU3HA4aIOTh MOKJIUBUI TUT hieTpa HBY.

BucHoBku 1o posaiiny:

[IpoananizoBano Buau ¢iasTpiB HBY. Po3risiHyTo ocHOBHI napameTpu (QiibTpiB.
Ha ocHOBI aHaizy THUIOBUX XapaKTepUCTUK (UILTPIB CPOPMYIHOBAHO BUMOTH 10

KOHCTPYKIIii HEOHOPIAHOT 4aCTOTHOCENEKTUBHOI cTpykTypr HBUY.



31

3. METOIU KEPYBAHHSA ®IVIbTPAMHA

Jlis  TpoeKTyBaHHS KEPOBAHOTO YAaCTOTHOCEJIEKTUBHOTO MPHUCTPOIO  CHiA
JNOTpUMYBaTUCA TeBHUX BUMOT. lLli BuMoOrm 3amaroTh crenu@iky BHKOPUCTAHHS
KEPOBAHOTO MPHUCTPOIO. IX MOKHA cPOPMYTIOBATH HACTYITHUM YHHOM:

e MiHIMaJbHI Ta MaKCMMaJbHI 3HAYCHHS IIMPUHU CMYTU MPOIYCKAHHS MpPH

nepeIamTyBaHH1 Jiana3oHy;

e MIHIMAJIBbHI Ta MAaKCHMaJIbHI 3HAYCHHsS PIBHSA NYJIbCAIlli MPUCTPOIO TIPH

nepesamTyBaHH1 J[1ana3ony;

® MaKCHUMaJbHUH pIBEHb BTPAT B CMY3l MPOIMYCKAHHS Ta MIHIMAJIBHHUA PIBEHb

rapaHTOBAHOI'O IMPOIMYCKAHHS CMYTH 3aTPUMKH B Jlalla30H1 KEPyBaHHS;

e THN anpokcumatlii (3a barrepBoprom, 3a Yebuiiesum, TO1IO);

® HaJIMHICTh KEPYIOUOTO IPHUCTPOIO, MAKCUMAJIbHA MPOCTOTA KOHCTPYKIIIi;

e ONTUMAaJbHI Maca Ta rabapuTH MPUCTPOIO KEPYBAHHS;

® 3aBaJOCTIMKICTh KEPYIOYOTO MPUCTPOIO;

[IpoananizyBaBIId BUMOTHM, 3a3HAU€HI BUINE, MOXHA JIMTH BHCHOBKY, IO BiJ
TOTO, HACKUIBKH CKJIQJHUM € MPUCTPid (1 BiJ MOXKIUBOCTEH BUPOOHUIITBA) HAMPAMY
3aJIeKUTh YCHIX pearizaiii KepoBaHOI 4acTOTHOCENEeKTHUBHOI cTpykTypu HBUY. Ilpu
IbOMY MOJIEpHI3allid ICHYIOUMX 1 3HAxXO/KCHHS Oulblll e(PEeKTHUBHUX CIOCOO0IB
KEpyBaHHS CUTHAJIOM BiIIrpaloTh HAJ3BUYANHO BAXKIIUBY POJIb.

Jns peanizaiii npouenypu KepyBaHHs napamerpamu npuctporo HBY motpiOHo
BKJIFOUUTH B HOr0 CTPYKTYpYy MEBHY JAMHAMIYHY HEOJIHOPIAHICTh. LI HEOIHOPIAHICTD
Mae e()eKTUBHO BILIMBATH Ha poboTy mpuctporo [10].

BxitoyeHHs, 1m0 3MIHIOIOTH JIEIEKTPUYHY YM MAarHiTHY TPOHUKHICTh ¥y
HaMpPsMKY, M0 € TMEePIEHANKYISIPHUM 10 JIIHIA €JIEKTPUYHOTO0 UM MArHITHOTO TIOJISA €
HalouTb edekTuBHUMHU. BoHM MOXyTh OyTu pizHuMu. lle moxke Oyrtu abo map

CErHETOEJIEKTPUKA, map (epoMarHeTrvka, MOBITPSIHUI 3a30p 3MIHHOI TOBIIWHH, TOILO.
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3MiHa XapaKTEepUCTUK HEOTHOPIAHOCTI PIBHOCHIIbHA 3MiHI XBUJIBLOBOTO OIMOPY JUISIHKH,
sIKa, B CBOIO Yepr'y, 3MiHIOE€ XBHIIbOBHUH omip cuctemu [14].
3a mpUHIMIIOM Jii CIOCOOM KEepyBaHHS MOXYTh MaTh B OCHOBI HAyCTYIHI
MPOLIECH:

O 3MiHa EMHOCTI 32 PaXyHOK 3MIHHU €JIEKTPUYHOTO IOJIS;

O 3MiHa J1eIEKTPUYHOT MPOHUKHOCTI 32 PaXyHOK 3MIHU €JIEKTPUYHOTO TOJIS;

O 3MiHa MJIEJEKTPUYHOI MPOHUKHOCTI 3a PaxyHOK 3MIHU 1HTEHCHBHOCTI
ONTUYHOTO CUTHAIY;

O 3MiHa MarHiTHOT MPOHUKHOCTI 32 paXyHOK 3MiHU MarHiTHOTO TOJIS;

O KOMOIHOBaHI METOIU,

O 3MiHa NPOBIIHOCTI 32 PaxyHOK 3MIHHU €JIEKTPUYHOIO MOJIsl, MarHITHOIO
10JISL YU OCBITJICHHS;

O 3MiHa e(EeKTUBHOI JICIEKTPUYHOI MPOHUKHOCTI 3a PaxyHOK 3MiHH
TFE€OMETpIi CTPYKTYpPH.

SIKII0 MIAKITIOYUTH 10 KOJIMBAJIBHOTO KOHTYPY HaIiBIPOBIIHUKOBUN €JIEMEHT,
€EMHICTH SIKOTO 3aJICKUTh BiJ] 30BHIIIHBOTO €JIEKTPUYHOIO MOJISI, TO MOXHA peali3yBaTh
CIICKTPUIHMH CITOCiO KepyBaHHS eMHicTIO[18].

[limkmtoueHHS A0  KOHTYPY  HENIHIWHOTO  CETHETOCNIEKTPUKA  JTO3BOJISIE
peaiizyBaT METOJ| KEpyBaHHs, KOJIM i BIULTMBOM MPHUKIIAJACHOTO €JIEKTPUIHOTO MO
3MIHIOETHCA JIeNIEKTPUYHA MPOHUKHICTh cucTemu (puc. 3.1). CucremMn Ha OCHOBI TaKUX
CErHETOCJICKTPUKIB MaloTh MEBHI oOMexeHHs 3a dactororo (30...40) [T BHacmigok

3HAYHOTO 3pPOCTAaHHS BTpAT Ha BUIIUX YacToTax [17].



33

e¢‘

|

|

|

|

|

| -
E E

Puc. 3.1. 3anexHICTh A1€AEKTPUYHOT TPOHUKHOCTI HEJIHIMHOTO

CCTHCTOCJICKTPHUKA Bi].'[ IMPHUKIIaICHOT'O 30BHIIIHBOTO CJIICKTPUIHOI'O ITOJIA

[cHYIOTB 1 1HIII CIOCOOM KEepyBaHHA A1€JIEKTPUYHOIO MPOHHUKHICTIO, HE JIMIIE 32
JIOTIOMOTOI0 CETHETOEeNeKTpUKiB. Hampukinaza, 13 3acTOCyBaHHSAM PIIKUX KPHUCTANTIB.
KepyBaHnHs 3acHOBaHE Ha 3aJIe’KHOCTI JIEICKTPUYHOI MPOHUKHOCTI PIAKUX KPHUCTAIIIB
BIJl IpuKIaaeHoro nois. Hemomik Takoro MeTroay - piJiki KPpUCTaJIM MarOTh 3HA4yHI
Butpatu B HBY niamnazoni.

3acTOCYBaHHS CBITJIOYYTJIMBOI KEpaMIKA [O3BOJSE 3MIHIOBATU [1E€JIEKTPUUHY
MPOHUKHICTH Mij Ai€ro cBiTia. [IpoTe B Takux marepiaiiB TakoX BUCOKI BTpaTtu B HBYU
mlamnasoHl.

MarHiTHE  KepyBaHHA  peaji3yeTbCs  3aBASKH  3aJEKHOCTI  YacCTOTH
(dbepoMarHiTHOro pPE30HAHCY BiJI HAMPYKEHOCTI MATHITHOTO ToNst. MOXIHBICTh
3actocyBaHHs peputiB npu HBY Bu3Hauae pe3oHaHCHE TOTJIMHAHHS, 110 BUHHUKAE B
TUX BUIAJKAX, KOJIM HA QepuT, nepeMarHiuyeHrii BUCOKOYACTOTHUM I0JIEM, HAKJIA/ICHE
NepHeHANKyJIgpHe TmocTiiiHe marHiTHe T1one Hy. [le mone Bukiukae mperecito
OpOITaJIbHOTO MOMEHTY €JIEKTPOHa, YacToTa SKOi W, 3MIHIOEThCS TiponopiiitHo Hy.
[Tpu Bu3HaueHiit Hy 3HaueHHs we 30iraeTbCsi 3 4YacTOTOK BUCOKOYACTOTHOTO MOJS, 1
HacTae (EepOMArHITHUNM PE30HAHC, IO BUSIBISETHCS B 3MEHIICHHI W' 1 pocTy W Yy

nesikomy 1HTepBati noist AHg (puc. 3.2).
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Puc.3.2.3miHa i i deputy B yMOBaxX MarHiTHOTO pE30HAHCY

[upuna 1aTepBany AHp € ocHOBHOW xapakrepucTukoro ¢(eputie HBY. Yum
MeHie Oyzae 11 3HA4YeHHS, TUM OUIbIIE 3HAYEHHS TYCTMHHM 1 THUM MEHIIa
Kkpuctasiorpadiuda aHizoTpormis marepiany. IIlo0 opepkatu Taki BIACTMBOCTI CIijJ
BBECTH JO0 CKJIaAy (EepUTy OKCHJ, IO MAa€ KOHCTAHTY AaHI30TPOIii MPOTHUIIEHKHOTO
3HaKy. Tako, Ansi 30UIbLIEHHS TYCTHMHM iX BHUTOTOBJSIIOTH METOJOM CIUIABIJISIHHS
MOPOIIKIB B MOHOKPHUCTaJ, L0 Ma€ Majie 3HaueHHs i1HTepBaily AHy sKuo moctiiiHe

MarHiTHE I10JIe MPUKIAACHS B HAIIPAMKY Ba’XKKOTI'O HaMaFHiIIy'BaHHSI.

Brnacruocti neskux ¢eputis 111 HBY naseneni B Tabdu. 3.1.
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Taomug 3.1

BaacruBocri ¢epuris niiss HBU

DHq (kA/m) ipu wactoti, MI'11

beput mqg Ms, Tn g, °C
9200 3000

1CY1 0,20 270 40 -
3CY4 0,18 200 15,9 -
6CUl1 0,13 150 - 10,3
30CU1 0,13 170 - 12,7
80CY 0,03 120 - 48..3,2

Cam ¢deput nns HBY BuOuparoTh, BpaxoBYIOUYH THUIT TPUCTPOIO, OO0 YaCTOTHUMN
Jiana3oH, pIBEHb TMOTY)KHOCTI Ta KJIIMaTHU4HI YMOBH, 3a SKHX BIH OyJe

34CTOCOBYBATHUCH.

HalicyTTeBilIMM HEIONIKOM LIBOIO METOLY € PO3MIp Ta Maca Kepyruoi CUCTEMH,

OCKUTBKHU TIOTPEOYIOTh HAsIBHOCTI enekTpomarHity [13].

Takox mMaroTh MicIle KOMOIHOBaH1 METO/IH, HAMPUKIIA], OJTHOYACHE BUKOPUCTAHHS
CJIEKTPUYHE Ta MAarHiTHE KepyBaHHSA. TakuM YMHOM MOKHa 30UIBIIMTH Jlana3oH
KepyBaHHs. [IpoTe BOHM BOJIOAIIOTH HEIOMIKAMH 000X METOIB, 110 € 6azoBumu [10].

3MiHa TPOBIAHOCTI 3a PaXyHOK 3MIHU EJIEKTPUYHOTO, MArHITHOTO TIOJIA YU
OCBITJICHHSI 3aCHOBaHa Ha 3aJIEKHOCTI €JIEKTPONPOBIIHOCTI HAMIBIPOBIAHUKIB Bij
pi3HMX YMHHUKIB. [IpoTe 111 METOIM MarOTh HEOMIKH, 30KpeMa 3HIKEHHS JOOPOTHOCTI
Ta HeBEJIMKHH Jiana3oH [8].

Jlis  KepyBaHHA pPE30HAHCHUMH  YacTOTAaMH CHCTEM  BHKOPHUCTOBYIOTH
CJICKTPOMEXaHIYHUHN CTOCI0 yMpaBIliHHS, KWW € Pe3ylIbTaTUBHUM IMPH BUKOPHCTAHHI
METO/IB YNPABIIHHSI €()EKTUBHOIO MPOHUKHICTIO CHUCTEMU 3MIHIOIOYHM ii T€OMETPII0

[UIIXOM B3a€EMHOTO 3CYBYy YaCTHH KEpPOBAaHOI CHUCTEMH. TyT B SKOCTI KEPYyIHOUOTO
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€JIEeMEHTa 3aCTOCOBYIOTh €JIEKTPOMEXaHIYHI CHCTEMHU YIpPaBIIHHS Ha OCHOBI
1’ e3o0akTioaropiB, MEMC cuctem, To1o.

[TepeOymoBy pe30HAHCHOI YacTOTH BiApi3ka MIKPOCMYKKOBOI JIiHII MOKHA
3MIMCHIOBATH MIJISXOM 3MIiHU HOT0 €(peKTUBHOI 1eIEKTPUIHOI MPOHUKHOCTI. JIJ1s1 11bOTO
B MIKPOCMYKKOBY JIIHIIO HEOOXiJHO BHECTH KEpOBaHY HEOMHOPiAHICTh. Ilin
BUKOpHUCTaHHA 1is yrpaiaiaas MEMC abo 1n'e30akTi0aTOpiB pO3yMI€THCS, IO CYTTEBA
nepe0y10Ba YacTOTH PE30HATOpa MOBHUHHA JOCITATUCS TEPEMIIICHHSIMH Ha JCCSTKH-
COTHI ~ MIKpoMeTpiB. TOoMy HEOJHOPINHICTh TMOBMHHA CHJIBHO 30y/KyBaTu
eJIeKTpoMarHiTHe mosie. [ 1boro HeoOximHOo, MO0 MOBEPXHS HEOTHOPITHOCTI Oyia
MePIICHINKYJIIPHA €JIEKTPUYHOMY ITIOJIO, 110 MOIIUPIOETHCS B JIiHIT, a00 HOro 1CTOTHIM
KOMITOHEHTI.

Ha puc. 3.3 mnokaszani JBa NUIAXH peaiizallii Takoi HEOJHOPIAHOCTI s
MIKPOCMY>KKOBOT JIiHI1: BBEICHHSI MOBITPSHOIO 3a30PpYy MK CUTHAJIBHUM EJIEKTPOJIOM 1
nienexktpukoM (puc.3.3, a) abo BBEIEHHS TaKOTO 3a30py MK JiCIeKTPHIHOT

IIKJIAIKOIO 1 3236 MITFOIOUUM €JIEKTpoioM (puc. 3.3, 0).

LAKAKAAAAANANARN
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Puc. 3.3. KoHCTpyKIIii MIKpOCMYKKOBHUX JIIHIN 13 3MIHHOIO €(DEKTUBHOI
JEJIEKTPUYHOI MPOHUKHICTIO: a) 3 PyXOMUM CUTHAJIBHUM €JIEKTPOIOM; 0) 3 pyXOMHUM

CIICKTPOAOM 3a3CMJICHHA.
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Ha puc. 3.4 nokaszaHi 4acTOTHI 3aJIeXKHOCTI MOy s Koe(illieHTa mepeaadi CMyro-
3aropo/KYBAIBHOTO  (UIBTpAa JJI1  PI3HUX BEJIWYHMH TOBITPSHOTO 3a30py MK

CUTHAJIBHHUM €JICKTPOJIOM 1 TiKIaaK0r0[23]
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Puc. 3.4 YactoTHi 3a1€XHOCTI MOYJIsl KoeilieHTa nepeaadyi cMyroBoro GiasTpa

JUTS PI3HUX BEJIMYMH MOBITPSIHOTO 3a30pYy (d) MK CUTHAJIBHUM E€JIEKTPOJOM 1

miaKIaaKo[25]

PesynbraT po3paxyHKIB JaHOrO TUIY KEpyBaHHS CBiAYaTh MpO Te, L0 MpHU
NOMIPHIN TOBIIMHI MiAKIAJAKKA LEH METOJ YIpaBiIiHHSA MOXe 3a0e3MeUnuTd JECATKH
BIJICOTKIB TepeOyJ0BH YaCTOTH BIJHOCHO MajUMHU TEPEMIIICHHSIMU, SKI JTOCTYITHI
cyquacaum MEMC.

PexxektopHuii ¢uipTp Mae 3aryxaHHs noHaa 40 nb Ha pe3oHaHCHINA YacTOTI.
CmyroBuil (UIbTp HA YACTOTI NPOIYCKAaHHS JEMOHCTPYE 3aracaHHsi cUrHaimy 1-2
nb[18].

OpHak rpu A0CUTh BUCOKIN TOYHOCTI, Ta JOOPOTHOCTI JAHOTO METOY KepyBaHHS
BiH HE MIAXOAWTHh JJISI BHKOHAHHS ITOCTaBJICHOTO 3aBIaHHA dYepe3 TPOMI3IKICTD

KOHCTPYKIIIl Ta MEXaHIYHY HECTIMKICTb.
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BucHoBKkH 1o po3ainy:

PosrnsaHyTo icHyro4i METOAM KEepyBaHHS XapaKTEpPUCTUKAMHU  YacCTOTHO
CEJICKTUBHMX MPUCTPOIB HA OCHOBI MIKPOCMY>KKOBHMX JiHIM. AHami3 IMOKa3aB, IIO
ONITUYHUI METOJI Ma€ psiJi epeBar:

® BHCOKY IIBUIAKOIIO;
® BIJCYTHICTb TiCTE€PE3UCY;
® BIJICYTHICTh EJEKTPUYHOTO 3BSI3KY MIDK KEpyIOUOI CHUCTEMOIO Ta

YaCTOTHOCCIICKTUBHOIO CTPYKTYPOILO,
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4. OITUYHE KEPYBAHHSA IBOXPE3OHATOPHUM
PIJIbTPOM

B 3B 53Ky 3 MOSIBOIO HA PUHKY JCIICBUX ONTOCICKTPOHHUX MPHIIAIIB, OMTHYHO
KepOBaHI Mepeki Ha0yBarOTh BCE O1IBIIOrO MOmMpeHHs. [l % TeHIEHITisT CTOCYEThCS 1
HBY npunanis.

[lepeBaru oNnTUYHOTO METO/lY KEPYBaHHSI:

® IMPOKUIA Jiara3oH MijIalTyBaHHS,

® BHCOKA IIBUIKOII;

e 3aBaJOCTINKICTh g0 OutpInocTi HBY 3aBapn;

® TIpOCTa IHTErpallisi 3 ONTOBOJIOKHHUMHU MEPEKaMU;

® JIETKICTh 3aCTOCYBaHHS JCHIEBUX ONTUYHUX KEPYIOUHMX MPUCTPOIB OOPOOKH
CUTHAJIIB.

Tak sgK Kepyroudid ONTUYHWUN CHUTHAJI HaAXoauTh Oesmocepennbo B HBY
NPUCTPIA, HE BUHUKAE MOTPEeOM 3aCTOCOBYBATH KOJIa Y3TOJUKEHHS 4YHM JIOJAATKOBI
KOMIICHCYI0Ui Ta po3B’sA3ytoui eeMenTu [14].

OnTtuyHo kepoBani npuctpoi HBY Mae nepeBaru npu 3acTocyBaHH1 IS

- komyratii HBY curnanis;

- peryJIfOBaHHS ITiICUJICHHS;

- MOMYJAINT Ta CHHXPOHI3allil TeHepaTopiB;

- JIUCTaHIIIITHOTO KEpyBaHHS 3a JIOMIOMOTOK0 ONTOBOJIOKOHHUX JIIHIH;
- 301JbIIEHHS MPOIMYCKHOI 37aTHOCTI Mepex 3B’ 513Ky [13].

IIpu po3poOLi Kepyrodoro HamiBIPOBIIHOKOBOTO €JIEMEHTY CIIiJi BpaxOBYBaTH
Takl TUITH SIBUILLL

O yZIapHa 10Hi3aIlis;
O KOHTaKTHA 1HKCKIIIs;

O (OTOTHXKEKITIS.
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CaMe 1l sBMIA MOXYTh 3MIHIOBAaTH B HaMIBIOPOBIAHHUKOBUX Marepiamax ix
IMITeTaHCH1 BIACTUBOCTI. | TUIbKU Ha sIBUIII (DOTOIHMKEKIi OCHOBAHE ONTOEIECKTPOHHE
KepyBaHHs npuctposimu HBY.

st ontuuHoro KepyBaHHsA cuctemamu HBUY MokHa BUKOpPHCTOBYBaTH pi3HI
€JIEMEHTH, SIK 13 30CPEHKEHUMHU, TaK 1 PO3MOAITIECHUMU Mapamerpamu. Jljis kepyBaHHS B
cucremax HBY BUKOpHCTOBYIOTBCA Taki HAMiBIPOBITHUKOBI €IEMEHTH, SIK OIMOJSpHI
(GOTOTpaH3UCTOPH, TOJALOBI  TpaH3uctopu 3  Oap’epom  Illotki, ¢oTtomiony,
MIKpDOCMYKKOBI JIiHII Ha HamiBOPOBITHUKOBINA miakmaami. OcTaHHI MOXYTb OyTH
BUKOHAHI SK Ha CYIIJIbHIA MIAKIAAMI, TaK 1 Y BUTJSAAI BKIIOYEHHS B MIKPOCMYXKOBY
miniro [14].

Ha ocnoBi GaAs icHye 3HayHa KUIBKICTH p-i-n  (OTOIIONIB,AKI € OJHHUMHU 3
kmoyoBux it HBY cuctem onroenekTpoHHOro kepyBaHHS. MOKIMBO peanizyBaTH
JIBa TUIIU KEPYBaHH 3a JOMOMOTror0 (poToa10/11B: IpsMe Ta mpoMmixkHe. Tum kepyBaHHS,
KOJIM ONTHYHUW CHUTHAJN, IO TOMAEThCS Ha (POTOAION, BHUKOPUCTOBYETHCS MJIS
NEPETBOPEHHS CUTHANy B HANpyry 3MIIICHHS, Ha3UBA€TbCAd MPOMDKHUM. llpu npomy
HaIpyra 3MiIIeHHs, B CBOIO Yepry, Kepye poO0OYOI0 TOUKOI HEMHIMHOrO eJIeMeHTa, 1110
npu3BoauTh 10 KepyBaHHd HBY curnamom. Ilpu mnpoMiKHOMY KepyBaHHI MOXKHa
OKpPEMO MPOEKTYBaTH KEpPOBaHWM OJIOK, O€3 JIAHILIOTIB  PO3B’SI3KH 1 JOJATKOBHUX
pEaKTUBHUX €JIEMEHTIB, Ta Mepexi (oromiona. BxmoueHHs p-i-n poromiona y Koyo
3MilIeHHs HelniHiiHoro enementa HBY € ogHuM 13 BapiaHTIB MPOMIXKHOTO KEepyBaHHSI.
B sikoCTi HENMHIKHOTO eeMeHTa MOKHA BUKOPUCTOBYBATH, HAITPHUKIIA, BapakTop[17].

IcHye 1 1HmMA cnocid peanizamii MPOMIKHOIO ONTHYHOIO KepyBaHHS. Bin
MOJIITa€ 'y BUKOPUCTAHHI p-i-n oromiona y (GoTorajbBaHIYHOMY PEXKHUMIi. 3a TaKOTO
BKJIIOUEHHSI 30BHINIHE JKEPENIO KUBJICHHS HE MOTpIOHE, TaK SK ONTUYHUN CHUTHAI
KepyBaHHS HAMNpsSMy MEPETBOPIOETHCA HA HAMPYTy 3MIIMIEHHS HEMHINHOTO eleMeHTa
[10]. ITpoTe mpomikHuUiT MEeTOX Ma€ i CBOI HEIOMIKH. J[0 HUX BiIHOCSTH HEMOIKIIMBICTH
PO3IIMPUTH A1alla30H, a TAKOXK MIJBUIIUTHA IIBUJKOAIK0 Y MOPIBHSHHI 3 TPaJAUIiHHUM
eJICKTPUYHUM KepyBaHHSIM.

[Ipu BuKopHcTaHHI p-i-n (OTOMI0AA BBAXKAETHCS OLIBII MEPCHEKTUBHUM Came

npsiMe ONTHYHE KepyBaHHSA. 3MiHA €MHOCTI P-N 1mepexoxy NpH ONPOMIHIOBaHHI
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dotomiona CBITIOM € OCHOBOIO MPSIMOTO ONTUYHOTO KepyBaHHS (PuIbTpamu,
dazoobeprauamu, HBU reneparopamu [14]. Lleli edekT n00pe BUAHO MPH BEIUKUX
MOTY>KHOCTSIX OCBITJICHHSI Ta Hampyrax 3MIIICHHA, TyXe OJNM3bKUX 10 HyJs. Y IbOMY
PEXUMI € JIeKiJIbKa BUMOT JI0 P-i-n oToIi0a:

" BHCOKa JOOPOTHICTH;

" Maja MOTY>KHICTh KePyIoUuOro ONTUYHOTO CUTHATY;

"  BHCOKHH KOe(]IIIEHT MEPEKPUTTS IO EMHOCTI.

Buxopuctanus p-i-n ¢oToaiona B SKOCTI BapakTopa Mae Oe3nmiu mepeBar s
ontuyHoro kepyBanHs HBY curnanom, cepes sIKux MOXKHa BUALUTUTH TaKi, SIK ITUPOKUH
miama3oH nepeOymoBu Ta Benuka mBuakomis [13]. [Ipore pazom 3i 3pocToM €MHOCTI
3HAYHO 3HWXKYEThCS omip Qoroxiona. BuxopucroByBatn (oromion B SIKOCTI
dboToBapakTOpa O3HAYA€ 3HMKYBATU JOOPOTHICTH CUCTEMHU.

Koedimient Bigbutrta Qoromiona HAOpsiMy 3aJI€KUTh BiJl CIIBBIIHOIICHHS
JIEEKTPUYHUX TMPOHUKHOCTEH cepeloBUIll OuIsl TOBEpPXHI Marepialy MpuiiMada
BUIIPOMIHEHHS, BiJl CTAaHY MMOBEPXHI NMpUiiMada BUMPOMIHEHHS TOIIIO.

KoedilieHT nornuHaHHA 3aJ€XKUTh BIJ BJIACTUBOCTEM MaTepiany mpuiiMaua
BUMNPOMIHEHHS 1 BiJ 4YacTOTH BHUIpOMiHEHHs. Pi3HI wMarepiaqu MaiTh pPI3HY

CIIEKTPaJIbHY Yy TJIUBICTh (pHC. 4.1).

I

oD

® max

1,0

I

| ZnS |CdS

0,8

0,6

0,4

0,2

0 L1

Puc. 4.1. CniekTpasibHa 4yTIUBICTh PI3HUX HAMIBIPOBITHUKOBUX MaTepiais [8]
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TOMy BAXXJIMBUM € IUTAHHA CIICKTPAJIbHOI'O Y3IOJIKCHHA JKCpPCIa Ta anﬁMaqa

BUNpPOMiHEHHs. HamiBNpoBiTHUKOBI CBITIOMI0OIM Ta Ja3epU € OCHOBHUMHM €JIEMEHTaMU

ocBiTiieHHS B iHTerpanpHii IMC.

XapaKTEePUCTUKH JEIKUX MaTepialliB 3 MTOMITHOIO (DOTOMPOBIIHICTIO HABEICHO Y

Tabn. 4.1.
XapakTepUCTUKH CYJaCHHX HaIliBIIPOBIIHUKOBHX CBITIIONNI0/1B HABEJCHO Y TaOII.
4.2.
Tabmuus 4.1
I[MapameTpu HanMiBNPOBITHUKOBUX MaTepiaiB [4]
Marepian () AEg, eV ,un,\(;n,]: ﬂp’\(;n']:
Cds 5.23/5.29 2.42-2.5 340 110
Cdse |- 1.8 720 75
Zzns | - 3.7 140 5
GaAs 10.86 1.4 9500 450
Ge 15.8-16.5 0.7 3900 1900
Si 11.6 1.12 1400 500
AlAs | e 2.2 P —
S 2.3 190 120
SiC | e 2.4-31 330 600
Tabmuus 4.2
IMapamMeTpu HamiBNPOBiAHUKOBHUX cBiTIOXIONIB[12]
Komip BunpomineHHs I[OB)ITHHa HamniBnpoBigHuKOBUI MaTepian
XBUJI1, HM
VYiberpadionerosii (AIN) (210 nm), (AlGaN),
A <400
(AlGalnN)
dioneToBmit 400 <A <450 | (InGaN)
bnaxutHuit 450 <A <500 | (ZnSe), (InGaN)
Senerii 500 <. < 570 Tpanuiiitaui 3e1eHui:
(GaP),(AlGalnP),(AIGaP)
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[Tpomosx. Tabm. 4.2

brino-3enenuii:
3eneHuit 500 <A <570
(InGaN) / (GaN)
KorTuit 570 <A <590 | (GaAsP),(AlGalnP),(GaP)
OpamxeBuit 590 <A <610 | (GaAsP), (AlGalnP), (GaP)
(AlGaAs),(GaAsP),(AlGalnP),
UepBonwii 610 <A <760
(GaP)
IndpauepBonuit A > 760 (GaAs),(AlGaAs)

XapaKTEepUCTUKH JCSIKUX HAITIBIIPOBITHUKOBUX JIa3epiB HaBEICHO y TaoI. 4.3.

[IIupoko  3aCTOCOBYIOTBCS B  Cy4YacHIM  MIKPOEJEKTPOHIll  KOMOIHAIi

NPEACTABICHUX BHILE CBITJIOAIONIB Ta JIa3epiB 3 MIKPOIPOIIECOPHUM KEPYBAHHIM

(rexnomoriss Chip-On-Board, (COB)). Ilpu npomMy MmoTpiOHO OLIHUTH MaKCHMAaJbHO

MO>KJIMBY TYCTHHY PO3MIIIEHHS JpKepen, iX HarpiB. KpiM Toro, HeoO0XiIHO BpaxyBaTH

IMITYJIbCHUI XapaKTep MPOLECIB NEPEMHUKAHHS JXKEPEN CBITIA, OCKIIBKH 1HEPLINHICTh

npoiiecy (OTOMPOBIIHOCTI MOXKE MPUBOJUTU JI0 3HAYHOTO CHOTBOPEHHS (opmu

1H(OpMAIIHHOTO CUTHAITY.


http://en.wikipedia.org/wiki/Wavelength
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Tabmuns 4.3
ITapameTpu HANMiBNIPOBITHMKOBHUX JIa3epPiB
Tun Hakauku
Tun nazepy I[OB)I.(HHa ] ) CJICKTPOHHMM | JIa3€pHUI
XBUJI1l, HM 1HXXCKII151 . .
IMIPOMIHb IMIPpOMIHb
GaAs 840 * * *
GaSh 1600 * *
InP 900 *
InAs 3100 * *
InSb 5200 * * *
GaPyxAs1« 650-840 *
GaxlnixAs 840-3100 *
InyGaixAs 1000-3200 *
AlGa;4AS 600-1000 *
CdS 500 *
CdTe 800 *
PbS 8500 *

TpaguiiiHo B SAKOCTI KOJMBAJIbHUX CHCTEM BHKOPHUCTOBYIOTHCS OJHOPIIHI
CTPYKTYPH, OCKUIbKM, BOHM MalOTh MEHIII PO3MIpPH Ta MPOCTIlIl B peanizarlii. Ale
PE30HAHCHI YacTOTH TaKHX CTPYKTYp 3ajeXaThb JMILNE BIJ 4acy 3aTpUMKH JiHII, a
CHIBBIJIHOIIEHHSI MK PE30HAHCHUMH YacTOTaMHU 30BCIM HE 3aJIe)KUTh Bl TapameTpiB
ctpykryp. Lle 3Byxye obsacTi ix Bukopucranus [9].

Pe3oHaHCHI 4acTOTH HEOJHOPITHUX CTPYKTYp 3ajiekaTh BIJ XapakTepy 3MiHU
XBUITHLOBOTO omopy. Lle mae momaTkoBi MOMKIMBOCTI JJIsi (JOPMYBAHHS XapaKTEPUCTUK
PE30HAHCHUX CHCTeM Ha iX ocHOBI. Hampukmnan, BHUKOPUCTOBYHOYM CTYIIHYACTI
HEOJHOPIAHOCTI MOKHA PO3PIHKYBATH CHEKTP BIIACHUX KOJMBAaHb PE30HAHCHOTO
Bigpiska JiHii [Ommoka! Mcrounuk ccbuiku He Haiinen.0]. Ille oxHiero mepeBaror
TaKUX CTPYKTYP € MOXJIUBICTb OTPUMATH BEJIMKUH BXITHHH OIIp, YOTO AYXKE BaXKKO
TOOUTHCS TIPY BUKOPUCTAHHI OJHOPIIHUX CTPYKTYP.

[IpoBeneHi JOCHIKEHHST TMOKa3aid, 10 HAa OCHOBI HEOJHOPITHUX CHUCTEM 13
CTYMIHYACTUM  XapakKTepoOM 3MIHH  XBHJIbOBOTO

OMOpYy MOKJIMBE CTBOPEHHS
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cenektuBHux npuctpois HBY 3 pospimkenum cnexktpoMm. Lle cmonykano 1o
NPOBEJCHHS TEOPETUYHHX Ta CKCICPUMEHTAIBHUX JIOCTI[DKEHh BJIACTUBOCTEH
PE30HAHCHUX CHCTEM Ha 1X OCHOBI.

Po3rissHeMoO BIAacTHBOCTI TakWX CHCTEM Ha TPUKIAAl CHCTEMH Ha OCHOBI
KOPOTKO3aMKHEHHUX B1IPi3KiB HEOJHOPIIHOI JIHIT 13 CTYMHYACTUM XapaKTEPOM 3MiHU
iMrieancy. J{ms mpocToTH BHKIaACHHS OyaeMo BBaXKaTH, IO JAaHWUW BIIPI30OK Mae MBIl
00J1acTi 13 pi3HUM XBUJILOBUM omniopoM. KpiM Toro, BBakaTuMeMo, 1110 BTpaTaMH B JIiHI1
MO’KHA 3HEXTyBaTu. Taky JiHII0 MOXHa 300pa3uTH y BUTTSAAL KIJTBKOX BiJPI3KIB JiHIT,
3’€HAHUX TOCHTIIOBHO pucC. 4.2, ne Zy, Z1, Z, — XBUJIBOBI OMOPHU 00JACTI KOPOTKOTO
3aMUKaHHS Ta oOjacTed Bijpi3ka BiamoBigHO [7]. Po3paxyemo BXigHHI OIip IIHOTO

BIJIPI3KY.

Puc. 4.2. CxemaTruHe 300paxeHHs BiJ[pi3Ka HEOHOPIAHOT JiHIi nepenayi[22]

[ToOGymyeMo cripoIieHy aHAIITHYHY MOJISTb TAaKOTO BIJIPI3KY JIHii.
Bigomo, mio omip HaBaHTa)XEHOTO BiApi3Ka JiHIT MOXHA po3paxyBaTH 3a
dbopmyiioro:

Z)+ 2,19 (Bf)

Z. =7 ,
Yzt izZitg (BY)

(4.1)

ne Zin — BX1IHUM XBUJILOBUIN OIIP HABAHTAXKEHOTO BIJIPI3Ka;
Z,, — XBWILOBUH OTIp BijIpi3Ka JiHIT €3 HaBaHTAKEHHS;
Z, — XBUJILOBHUH OIip HAaBaHTAXKCHHS;

| — noBxuHa Bizpi3Ka;
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B - XBHJILOBE YHCIIO.

Binpizok minii 300paxkeHuit Ha puc. 4.2 MOXHa PO3IIIAIATH K CHCTEMY 3 JIBOX
BiIpi3kiB. IIpu 1bOMy HaBaHTKEHHSAM IIEPIIOrO BIJIPI3KY € 00JacTh KOPOTKOTO
3aMHUKaHHs, a HaBaHTAKEHHSM JPYroro BiJpi3Ka € BXiMHWUH OIip CHCTEMHU TEPIIHA
BIJIPI30K-00J1aCTh KOPOTKOTO 3aMukaHHA. Toxi BigmoBigHO 10 (4.1) BXigHUMit orip

KOPOTKO3aMKHCHOTI'O HCOI[HOpiI{HOI‘O Biz[pi31<a BHU3HAYA€THCA BUPA30OM:

J(Zuatg (Bl1) + Zuatg (BL2))
Zyo —Zuatg (Bl1)t9(BL2)

Zino = Zw2 , (4.2)

1€ Zin— BX1ITHUN XBUJILOBUM OIIP KOPOTKO3aMKHEHOTO HEOHOPITHOTO BIPI3KA;
Zi — XBUJILOBUM OITIp 1-01 00J1aCcT1 BiJpi3Ka O€3 HaBaHTAKCHHS;
li — moBxkuHa 1-01 00JIACTI BiApi3Ka.

JInsi BU3HAYCHHS PE30HAHCHUX YacTOT KOPOTKO3aMKHEHOTO HEOIHOPITHOTO
BIJIpi3Ka CKOPUCTAEMOCS] TUM (haKTOM, 1110 Ha PE30HAHCHIN YacTOT1 TaKUi BIJIPI30K MaE
XapakTep TNapajelbHOTO KOHTYpPY, a OTX€ HOoro omp Ha PE30HAHCHIM YacToTi
TEOPETUYHO PIBHUN HECKIHYEHHOCTI. Takuil omip Moxke OyTu 3a0e3neueHuid mpu yMOBI,

1110 3HAMEHHUK Y (4.2) HOPIBHIOE HYJIIO, 3BIIKH MOXHA OTPUMATH PiBHSIHHS:

ZW2 —Zv\ﬂ_tg (Bfl)tg(sz)zo , (43)

Po3p’si3ytoun (4.3) 00UHMCITIIOEMO XBUJIBOBI YHCIIa JAaHOI PE30HAHCHOI CHCTEMH.

AJie 3 eJIeKTPOIMHAMIKHY BiJIOMO:

B=27\/5, (4.4)

f==, (4.5)
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Jie A - JOBXKHHA XBUJIl Y BaKyyMi;
C - IBUJIKICTh PO3MOBCIOJIKEHHS €IEKTPOMArHITHOI XBUJI1 Y BaKyyMi;

f - vacrora KOJINBAHb,

€ JIIeNIEKTPUYHA IPOHUKHICTB;
LL- MarHiTHa TPOHUKHICTh CEPEIOBHUIIIA.

Toni 3a momomoroio BupasziB (3-5) 00UYMCIIIOEMO PE30HAHCHI YaCTOTH Bipi3Ka
JiHii.

JIJist eKCrepuMEHTAIbHOTO JIOCHIIPKEHHS XapaKTEPUCTHK TaKUX HEOJHOPIIHHUX
CTPYKTYp BHIOTOBJCHO 3pa3Kd pPE3OHATOPIB HA OCHOBI KOPOTKO3aMKHEHOTO
HEOJHOPIAHOrO BiJIpi3Ka MIKpOCMYXKOBOi JiHIi. Takuit Bubip Oyno 3yMOBJICHO THM,
10 Ha 1[I OCHOBI MO’KHA peai30ByBaTH ManorabaputHi cenektuBHi npuctpoi HBY B
mpoKoMy nianaszoHi gactot [12]. IIpum mpoMy BOHH MOXYTh OyTH BHUTOTOBIICHI 3a
700pe BianpalboBaHowo riopuHo0 Texnooriero [10]. KpiMm Toro, B Takux CTpyKTypax
JOCHUTB JIETKO 3a0e3MEeYUTH CTYIIHYACTy 3MIHYy XBHIJIBOBOTO OmOpy 3pa3ka (puc.4.3)

(CKUPHOIO KPAITKOIO MO3HAYCHO MiCIIe MiAKIYCHHS (OTOMI0aY).

Y
A
Y

A

® 4 W,

Puc. 4.3. CxematnuHne 300pakeHHs pe30HATOpPA HA OCHOBI MIKPOCMY>KKOBOI JIiHIT 13
CTYIIHYACTOI HEOTHOPIMHICTIO[22]

Ha oOCHOBI pO3rasHyTHX BHUIIE HEOAHOPITHUX CEJIEKTUBHHUX CTPYKTYp 13
CTYIIHYACTOIO 3MIHOIO IMITe/IaHCy Oyio peanizoBaHo JBope3oHaTopHi GinbTpu GSM -
niama3ony [11,0mmobka! UcToUHUK cChIJIKM He HaiaeH.]. CxemaTuyHe 300paKeHHS
Tomonorii aBopesonaroproro ¢instpy HBU 306paskeno Ha puc. 4.4. Ix Teopernuni ta

excriepuMenTanbHl AUX 300paxeHo Ha puc. 4.5.
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Buxiownuti enekmpoo ¢inempa

Heoonopioni mikpocmyosrckosi pezoHamopu

90%%%
5
XXX,

Q
3008,

55

2%0%%%

%

Puc. 4.4. CxemaTuuHe 300paxeHHs1 TONOJOr1i 1Bope3oHaTopHoro ¢punstpy HBY Ha

[16].

cee

OCHOBI MIKPOCMY>KKOBOI JI1HI{ 13 CTYIIHYACTOI HEOHOPIAHICTIO
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Puc. 4.5. Teopetnuni Ta excnepuMenTanbii AUX nBope3oHaTopHUX (PUIBTPIB HA
OCHOBI MIKPOCMY>KKOBOI JIiHI{ 13 CTYIIHYACTOI HEOJHOPIAHICTIO Ha aiana3oH 900 MI'q
(A) ta 1800 MI'tt (b), BUTOTOBICHUX HA MIAKIAII 3 BIIHOCHOIO AI€JIECKTPUIHOIO

IPOHHUKHICTIO £=9.6 1 38 BiAmoBiaHO[16]

Jlna peamizamii ONTUYHO KEPOBAHOTO (IIBTPY 3aMIHMMO KOPOTKI 3aMHUKaHHS

dboromiogamu (puc. 4.6)

Heoownopioni mikpocmyaickogi pezoHamopu

Puc.4.6. Cxema miakmtoueHHS (OTOTIOIB.
s mopnemoBaHHs Oyino obpano GaAs 950 M p-i-n ¢oromion BRWALIN

BUpOOHUIITBA KommaHii Vishay. 3BopoTHs rinka fioro BAX 300paxeno Ha puc. 4.7.



1)

)5 uBriem’

d=050 M

—
=
L=

0.2 mBriewm*

R——

OCTPVM, MEA

0.1 mBr/em?®

0.05 uBr/cu’

LJ

1 L1

(.02 uBr/em?

b= |

1 1 10

L 0d

¥gp— 3sopoTHI HampyTa, D

Puc. 4.7. 3BoportHi rinku BAX ¢otogiona BRWA41LN [21]

3aMiHKMO (POTO/110]] HOTO €KBIBAJIEHTHOIO CXeMOIO (puc. 4.8)

@ [

Puc. 4.8. ExBiBanenTHa cxeMa ¢orojiona
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[Touremo 3 po3paxyHKy Ta MOJENIIOBaHHS (DUIbTpa IJIs 3HAUCHHS OCBITIEHHOCTI 1

MBT1/cM. 13 Texniunoi JokyMenTalii ¢oromiona [21] :
Cy=25nd
R¢=23,8 Om
R=4 Om

S=70 A/Bt
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HeoOxiaHO npu 11bOMy BUKOHYBaTH YMOBH l, ~082l, W, /W, =1/2 OTpHUMaHi
CKCIICpUMCHTAIBHUM IIIXOM[16]. [1y1s 11b0r0 3aBIaHHsI BUPIIIYETHCS B TPH €TAIIH.
3amaroThcsi Tabaputh (QUIBTPY 3a BKA3aHOKO BHINE MPOIOPINi, MPOBOIUTHCS

PO3paxyHOK MapaMmeTpiB €JIEMEHTIB €JEKTPUYHOI CXEMU Ta NMPOBOJAUTUCS KOPUTYBAHHS

rabapuTiB.
3 _ . f, =930-10° Iy
a 3aJaHUM 3HAYCHHSIM: IICHTPAJIBHOI YaCTOTH , CMYTH
6 6
nporyckanms Af =880-10°-980-10°7% = £=98  Gyny miniGpani reomerpuuHi

napamMeTpH PE30HATOPIB 1 3a30P MK HUMH.

W, =88-10"x _ ITUPUHA IMAPOKOTO JTUISTHKH.

W, =4,4-10"n _ IITUPUHA BY3bKO1 JUTSTHKH.

l,=09-10"x _ mupuHa JiHii nepeaadyi 3 onopom 50 Om.

| =78-10"x _ JIOB)KHMHA BY3bKOI1 JTUISTHKH.

,=7810"n _ JTIOBKMHA BY3bKO1 JIIJITHKH.

ly=7-10"m _ JOBKMHA IIIUPOKOTO JTUISTHKH.

§=0,03-10"x _ 3230p MK IIUPOKUMU JIJISTHKAMU PE30HATOPIB.
N,oo =1-10%nm

- TOBII[MHA M1IKJIAIKH.

B pesysbrati MmoaemoBants nooynosana AUX dinstpa (Puc. 4.9).
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L, 1B
40.00

20.00

0.00

-20.00

] S~
| // N

oob T T 050 T T T .00 T T " I — " " .00 T " T —

-40.00

filtr2 Y1 ——— filtr2 Y1 —o— F.ITo
dB(S11(ckt=filtr2)) dB(521(ckt=filtr2))

Puc.4.9 I'padix Teopetrunoi AUX ¢inbTpa mpu NOTYKHOCTI BUIPOMIHIOBaHHS

1MBT/cM?

OTpuMaHHI 3HAYCHHS [IEHTPAITBHOT 4acTOTH f, ~938-10°7y 1 CMyTH MPOITYCKAHHSI
Af =883-10° —~996-10° Iy . BigxuiieHHs BiJ JaHOTO 3HAYEHHS HE MEPEBHUINYIOTH 2%, 110

CBIIYUTh MpPO  JIOCTATHIO  TOYHICTh  3aJaHUX TEOMETPUYHUX  MapaMeTpiB

MIKPOCMY>KKOBOT CTPYKTYpPH Ta MapaMeTpiB CXeMH 3aMillieHHs (OoToaio/a.

[TpoBenemMo po3paxyHOK Ta MOJIETIOBaHHS (PiIbTpa JJIsi 3HAUEHHSI OCBITJIEHHOCTI

0.05 MBt/cM®. I3 TexniuHOT moKyMenTarii poTomiona [21] :
C¢=70 nd
R¢=83,4 Om
R~4 Om
S=70 A/Bt

[TpoBenemo moaemtoBanua AUX dinbsTpa (puc.4.10).
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LdE

ey

-1 —

2ob]

AL

008 [E] ] 150 10b 25 F.GHE

filtr2 Y1 —— filtr2 Y1 —0—
dB(S 1 1{cki=filtr2}) dBiS21(cki=filtr2))

Puc.4.10 I'padix Teopetnynoi AUX ¢inpTpa npu NOTYKHOCTI BUIIPOMIHIOBAHHS

50 MxBT/cM?

BucHoOBKM 110 po3ainy:

3anponoHOBAaHO KOHCTPYKIIIIO JBOXJIAIIa30HHOTO MIKPOCMYXKKOBOTO (iIbTpy
HBY 3 auckpeTHMM NepeMUKaHHSM Jlalla3oHiB 3a JOMOMOro p-i-N ¢GhOToMi0/IiB.
[IpoBeneHo MOJETIOBaHHS XapakTepUCTHK PiabTpy. YacToTa Alana3oHiB BiIPI3HAETHCS
B 2 pa3u, 110 JOCATAETHCS 33 PAXyHOK 3MIHM XapakTepy PE30HAHCY 3 MiBXBUJIHOBOTO
IIPU HEOCBITIIEHOMY (DOTOJII0OAM HA YBEPTHXBUILOBUHM NIPH OCBITIEHOMY. BukopucTaHHs
HEOTHOPITHIX PE30HATOPIB AAJI0 3MOTY MO30yTHCS Mapa3uTHUX YaCTOTHUX CKIIAJJOBHX
JI0 4YeTBEpTOi TapMOHIKM BKIIOYHO. [lepeMukaHHs plama3oHiB 31HCHIOBAIOCH 31

30epexeHHsM popmu AUX.
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5. CTBOPEHHS ITPOBIJITHUX ALJISTHOK CMYKKOBOI
JIHII ONTUYHUM METOJ10M

Bigomo, mo Oyap-skuii cerMeHT IPOBIAHOI JIiHIT Ma€ BJIIACHUN KOMILJICKCHUMN

iMnenanc (Z)). Leit imnenanc Moxe OyTy OMMCaHUl HACTYITHUM PiBHSIHHSM:

< T P 22}
Z = _ KZRIJ_ ZO{Jctg[ y n (5.1)
g ——

A

x,k=31m

T

JIOBJKUHA XBWJI B JiHII, €, - CPEKTUBHA A1EICKTPUYHOIO IPOHUKHICTD, C - IIBUIKICT

ne Zgy - XapakTepucTHKa JiHii, | 1e noBxkuHA cermMeHTa, A| =

cBiTia, f - yacrora curHany.

Takum 4MHOM, XapakTep IMIIEaHCY 3aJICKUTh BiJl CIIBBIIHOIICHHS JTOBXKHHU

CErMeHTa 10 JOBXKWUHHU XBWJII B JIIHIT [X_j Taka 3aJIeXKHICTb 11€aJIbHOT J1HIT B pEeKUMI
|

X0JIOCTOTO X0y MOKa3aHa Ha puc. 5.1:
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4
lel ‘k

I 4

——

Puc. 5.1. IneanbHa iMIIeqaHCcHA JI1HIS CETMEHTA 3aJ1€KHO Bl BIHOIIECHHS JTOBXUHA

CErMEHTA JIO JIOBXXKHHH XBUJII B peXKUMi X0JIOCTOr0o X0y.[20]

[ToxiOHa 3ajeXHICTH TaKOX Ma€ Micle IS JiHII B PEXHUMI KOPOTKOIO
3aMHUKaHHA. AJie el PEeKUM BaXKKO BUKOPUCTOBYBATH IPHU PO3B'SI3aHHI MOCTABIICHOI
3ajayi, TOMY HE IIell pexxuMm He Oyae o0O0roBoproBaTHCh. BUKOPHCTOBYIOUU IIHO
3aJICKHICTh, MOKHA CTBOPUTH TACHBHI €JIEMEHTH, a TAaKOXX MAacHMBHI CXEMH, TaKl SK
(G1IBTpH, J1HIT 3aTPUMKH TOLLO.

Hadinpocrimmii BapiaHT - 1ie¢ MIKpOCMYKKOBa JiHIs (puc. 5.2). 3a3emiieHHs
BUKOHYETHCS SIK MeTajli3allis Ha 3BOPOTHIN cTOpoH1 miakianku. [Ipote koHbirypaiiito

CTpiuKH (POPMYBATUMEMO JUHAMIYHO 3a JIOMNOMOTOIO TTOTOKY CBITJIA.
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Ed

Puc.5.2. MikpocMY»KKOBa JIiHIS: & AieJeKTPUUHA IPOHUKHICTD MiAKIaaKH, N -

TOBIIMHA TiAKIaaku; W mupuHa cMyXkH; t - ToBIuHA cMykKu.[19]

Y upoMy BuMaaky (B MPUNYIIEHHI, MmO ! € HECKIHUEeHHO MajluM YHCIIOM)

XapaKTEPUCTHKA JIiHIT MOXke OyTH po3paxoBaHa 3 piBHAHB (5.2-5.7):

zoz[ o0 Jln(@w,%v—v), (5.2)
Eef W h
2
gop = U*L | Bd-l L s 0,041(1—Wj , (5.3)
W
W1 (5.4)
h
7, - 1207 1 ; (55)

N Eef Vk\]/ +1,393+0,667In (Vr\]/ +1, 4444)

_Sd+1 | Ed-1 1 : (5.6)

Eef

>1, (5.7)
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HeTouHicTe po3paxyHKy B IbOMY BHUIIQJIKy CTAHOBUTH MeHIIe 1%.
Hwxue HaBeZleHI KOHKPETHI MPUKIIANd PEaKTUBHUX €JIEMEHTIB.

a) MOCTIOBHO MiIKJIIOYEHA 1HIyKTUBHICTH (puc.5.3.)

L
@ Z Z 7

A
y

A
[

Puc.5.3. Peanizariist iIHIyKTUBHOTO €JIeMEHTa Ha MIKPOCMY>KKOBIH JIiHI{.

Z
:|—8d,|g&, (5.8)
C 8

L

0) mapaJiesIbHO MIIKII0YEHUN KoHaeHcaTop (puc.S5.4)

-L > Z Z Z
C 0 ¢ 0
T

A
A

[

Puc.5.4. Peanizariisi eMHICHOTO €JI€MEHTa Ha MIKPOCMYKOBI# JIiHii.

N
c_fd A (5.9)
Z.C 8

B) TTOCJIIJOBHO MiAKIIIOUCHUI KOHIeHcaTop (puc.5.5)

j 7 Z,

»
>

s
Puc.5.5. Peanizaliis €eMHICHOTO €JIeMEHTa Ha MIKPOCMY>KKOBIH JIiHIi.

8T _wos< (5.10)

TS 8
4(|n(4) +2h)

C=



T') OCIIOBHUM KOJIMBAIbHUIA KOHTYD, MiIKJIIFOYSHH MapaiebHo (puc.5.5)

C

T

Puc.5.6. Peanizariis KoJuBaIbHOTO KOHTYpa Ha MIKPOCMY>KKOBIH JIiHI1.

—

Z()

N

<>

B>

I') mapaJieIbHUN KOJTUBAILHUN KOHTYP, MIAKIIOYEHUN MmapaneabHo (puc.5.7)

C‘E::>L @ Z_

Puc.5.7. Peanizaiisi KOMMBaIbHOIO KOHTYpa Ha MIKPOCMY>KKOBIH JiHI1.

I') IeKUJIbKa KOJIMBAIBHUX KOHTYPIB (puc.5.8)

Z,

\

L, L
—t Y Y\ —t Y Y\
—— I
L L LI §
1 C2 1 C2 1
L C C,
T T T
Z() Z()
| Zt) , Z() Z(J ‘; [:L
< > < > T4
A /
=5

Puc.5.8. Peanizaiiisi KOJIMBaJIbHOTO KOHTYpa Ha MIKPOCMYXKOBIH JIiHI.
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IneanpHa NiHIA Ma€ TUIBKU PEAKTUBHUI iMmenanc (ysaBHA YaCTUHA KOMILIEKCHOTO
iMrienancy). s peanbHOI JiHIT HEOOXIJHO BpPaxOBYBAaTH PE3UCTUBHHUHN IMIIEAHC
(peanpHa dacTuHA). Pe3ucTUBHMI IMIIEaHC JIIHIKHOTO CErMEHTa MOXE OyTH

pO3paxoBaHUii 3 PIBHSIHHS:

r-2 L
tw (5.11)
ne” mnuTOMa PE3UCTEHTHICTh CETMEHTAa CIICKTPONPOBIAHOT JIiHil, | e JIOBXKHHA

CerMeHTa, ! - TOBIIMHA CErMeHTa eJIeKTpomnpoBigHOi JiHii, W - mHpuHa TPOBITHOTO
cermeHTa JiiHii. OCKUIbKH KOH(Irypauis JiHli opMyeTbcsl TUHAMIYHO, PE3UCTUBHHM

OHip CCI'MCHTA B HAINIOMY BHUIIAJIKY MOKHA PO3pPaxyBaTH TaK:

o=l (5.12)
(@)

T(DO
hf

c=an : (5.13)

ne o (poTtonpoBiaHicTh, P, MOTIK BUIPOMIHIOBAHHS BIJ JKepeja BUIPOMIHIOBAHHS, T
KoedillieHT Tepeaavi BUIPOMiHIOBaHHA cucTeMolo, h koncranta [lmanka, f wacrora

BUIPOMIHIOBaHHS 1 « KOE(QIUIEHT MNOIIMHAHHS Marepially, 1€ KBAHTOBHM BHXIJ
BUIIPOMIHIOBaHHS.

PosrnsitnemMo MOXHMBICTH, ()OpMYBaHHS TaKMX MPOBIIHUX JUISSHOK HA OCHOBI
kpuctanie CdS Ta CdTe, 3 ormsay Ha iX NEPCHEKTHUBHI TEOPETHYHI MapaMeTpu Ta
IIPOMUCIIOBY NMPUAATHICTb:

- icnye 11 npuiiomi BupoOHHUITBa CAS Ta CdTe y MacoBHX Ta TOHKHX ILUTIBKAX;

- IIMPOKHUH JAiana30oH po3MipiB 3€pHA JJIsl OJIKPHUCTAIIIB;

- enextpuunuii omip 1-1000 OM * cM, KoHIeHTpamis HociiB 3apsxy 107°-10%°

cM, pyxmuBicTs HociiB 3apsixy 0,1-10 eM®/ V * ¢, nosxuna gudysii 100-300
uM. Haiixpami moiske CdS manu enextpuanmii omip 10° OM * oM, pyxiuBicTh
HoCiiB 3apsiay 150 cm®/ V * ¢;

- cunbHHiT GoToenexTpuanmii omip: 0,001-10" OMm * cm;
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- ONTUYHO TPO30pUN, HAMBHUILMUN PIBEHb CTAPIHHS [JIsl 3€JIEHOTO CBITIa IJIs
CdS Tta uepBonuii ns CdTe;

- Oarato ¢oToenementiB BUTOTOBISIIOTEC 3 CdS Tta CdTe 3 pisHuMu

napameTpamH.

Hampuknan, dortoenement, surotonienuit 3 CdS € enemMeHTOM 3 HalMEHILIUM
OMOpOM, ajieé 4Yac pesiakcalii y HbOIO TaKOX [Iy>K€ BHCOKMHA - aX 5 CeKyHA Npu
ocBiTJIeHH] Ha 21 mokc. | Hemae maHciB 3HAWTH (HOTOPE3UCTOP 3 HIUPOKUM CHEKTPOM
dortopesucrentrocti (10°-107 pasiB) i Hu3bkMM wacom pemaxcamii (dotomiomn i
(GOTOTPAH3UCTOPH € IIIE OJTHAM KJIACOM €JIEKTPOHHUX KOMITOHEHTIB - HAIlIBIPOBITHUKIB,
BOHM HE MOXYThb 3aMIHUTH €JIEKTPUYHUI TMPOBITHUK A peamizaiii MacCUBHUX
KOMITOHEHTIB, OCOOJIBO Ha BiJICTAHSIX, TOBIIUX HiX MEpexia p-n).

Ha mizmcraBi Takux mnapameTpiB MOKHAa 3pOOUTH OUYEBHUIHMIA BUCHOBOK IIPO
HASIBHICTH JESIKUX (I3MYHMX SIBHIII, K1 0OMEXYyI0Th yac peakiiii poroenemenTis (0,001-
25 ¢), poOouynx YacToT (TUMOBHUM 3HAYEHHSIM €MHOCTI (DOTOEJEMEHTIB € JECITKU
nikodapa, 1o IpakTUYHO 00OMEXye BUXIAHY YacToTy a0 mpubdiauszHo 100 kI'1).

Inest nonsirae B ToMy, 1100 CTBOPUTH 3MiHHI B Yaci BHYTPIIIHI B3a€EMO3B'SI3KH MIXK
AKTUBHUMH Ta MMACUBHUMH CIICMEHTAMH B €JIEKTPOHHUX CTPYKTypax 3 BUKOPUCTAHHSIM
JTUHAMIYHUX HEOJHOPiAHOCTEH. MeToI € CTBOPEHHS B3a€MO3B'S3KIB MK 3aJaHUMH
TOYKaMH (€JIEMEHTaMM) €JIEKTPOHHOI CTPYKTYPHU B 3aJlaHUM Yac JiJIsl Tiepeiadl CUTHAITY.

Cxema IociiHO1 yCTaHOBKY TTOKa3aHa Ha puc. 5.9.
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I LASER
Generator A=530nm
f=0...50MHz A=650nm

|| ===

- R=0 OlR Cds/CdTe

Z 1
—7_ / 37 &z [/ — 1
CdS/CdTe/GaAs

> 100 um <
| |

Input Nel
Osciloscope
f<1 Ghz

Input Ne2

Puc 5.9. Cxema nociiiHOT yCTaHOBKHU
Curnan 3 gacrororo 3 kI'1y mepenaeTscst BiJl KOHTakTy 1 10 KOHTakTy 4 uepes
doToinyKkoBaHuii kaHan nodikpuctanigHoro CdS. Ilicnsa vacy penakcaiii cursan 25
k[ Il mepenaeTbest BiJ KOHTAKTY 2 10 KOHTAKTy 3 dyepe3 (POTOIHIYKOBAHUN KaHaIl TOTO XK

nonikpuctaniunoro CdS. IMoka3u ocuunorpada 306paxkeHo Ha puc. 5.10.



0.2B/mop 0.2B/mop

10

MKC./TIOf MKC. TIOT

00
MKC/TI0[0

10
MKC/TIO

10

MKC/TI0[ MKC/TIOf

100
MKC/TI0[

10
MKC/TI0[

[

Puc. 5.10. Curnanu, mo O0yJiu 3apeecTpoBaHi Ha 3pa3kax nojikpuctainiunoro CdS

a - BXiHui curHani, yactora 3kl'1, 0 - BXigHM curHan, yacrota 25k[ 11, B,r - Irymu B

3aTeMHEHIN MiAKIaIL, 1,6 - OHOBI CBITJIIOBI CUTHAIH (3 IIIyMOBHUMH), K,3 - BUX1/IHI

CHUTHaAJIN



63

B Texuiunomy YHiBepcureti [pe3nena Oyno miarorosieHo 2 3paszku CdS Ta 2
3pazku CdTe nns nmonmansiinx BUnpoOyBaHb. CxeMa JOCIIIHOI YCTAaHOBKH 300pa)keHa

Ha puc. 5.11.

T LASER
Generator A=530nm
f=0...50MHz A=650nm
- — R:OO]'R Cds/CdTe
Zz Z | |
O /ﬁ; ‘zf/ — 1
camera £7 L7 -
CdS/CdTe/GaAs
» 100 um <
| |
Input Ne1
Osciloscope
f<1 Ghz

Puc. 5.11. EkcnepumeHTanbHa YCTaHOBKA JJIs1 JOCIIIXKEHHSI TapaMeTPiB KPUCTAIIIB,
R=25 xOwm, UG=7,5 B, Plaser=5.47 mBt

PesynbpraTi BUMiproBaHb 300pa’keHO Ha puc. 5.12.
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|

@ Wi WL WE W W O W W

+

1 A

| B
f=100.000 Hz, U=2V_, CdTe f=100.000 Hz, U=2 V, CdS

Puc. 5.12. Buxinni curHanm npu pi3HUX 4acTOTax BXITHUX CUTHAIIB.

Lle Mexa mpoMUCTIOBUX (POTOETEMEHTIB. AJle epeBipKa BUIIMX YACTOT MOKa3aa,

1o 1ie He Mexa i nomikpuctans CdTe / CdS, puc.5.13.
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Puc. 5.13. Buxigai curHaag npu pi3HUX 9acTOTaX BX1THUX CHTHAIIIB.

[TopiBHsIIPHA XapaKTepUCTHKA (POTOMPOBIAHOCTI 3pa3KiB MpejcTaBieHa B Taou. 5.1.

Taomung 5.1

IHopiBHSUIbHA XapaKTePUCTHKA (DOTONMPOBITHOCTI 3pa3KiB

f=100xI';, CdS/CdTe

1. PexuMm BHCOKOIHTEHCHBHOIO
OTMPOMIHEHHS - CHUTHAJIA MOXYTh OYyTH
OTpUMaHI Ta nepenaHi 6e3 MiJCUICHHS 10
300-500 I (B 5 pasiB mBumie, HIXK
Oyab-sSKMil  ICHYIOUMH  (OTOEIEMEHT),
mutomuit omip - 10* Om * M (micus
OCBITJICHHS) - (DOTOKpHUCTAIM TOTPEOYIOTH
J0JJATKOBOTO JIETYBaHHS, MO0 3MEHIITUTH

el mapameTp Mpu HEOOX1THOCTI.




66

[Iponosx. Tabm. 5.1

Yac HapocTaHHA Ta CIaJaHHs
Menme, HiX 10 Mc - y TOpiBHSIHHI 3

aHaAJIOTTYHUMU 110

dboToeTIEeMEeHTaMH,
3po6uieni 11e B 100-500 pa3iB mBuaIIe Mpu

TaKii caMo YyTIUBOCTI.

f=100kI", CdS/CdTe

2. PexuM  HHU3BKOIHTEHCHBHOI'O
ONPOMIHEHHS - CUTHAJIM MOKHA MpUUMaTH
Ta nepenaBaTh 3a JIOITOMOT 00
BOyaoBaHoro mifcuiaoBada g0 10 MI'1g
(BaXXKO MPAaBWJIBHO TOPIBHIOBATH 3 OYJb-
AKUM dboTope3uctopom),

10° Om *

ICHYIOUNUM
OUTOMUN  Omip M (micns
OCBITJICHHS), MO0 3MEHIIUTH 1€, CIij
JIOJIAaTKOBO abo

JICTYBATH KpucTajin

oOpatu 1HmME Marepian. Yac HapocTaHHS

1 cmagagHs MeHmmid HDK 10 Mc -
HEMOXXJIMBO  TIOPIBHATH 3  IHIIUMH
doToeneMeHTaMu, OCKUIBKH — TOTpiOeH
JTOJATKOBUH IT1ICAIIOBAY.
BucHoBKkH 1o po3ainy:
PosrnsHyTo  METOA ~ ONTHYHOTO  CTBOPEHHS  MPOBIHUX  AUBIHOK — HaA
HAIIBOPOBITHUKOBIM  MIAKIAAI 32  JIOMIOMOTOI0  KOTEPEHTHOTO  JpKepesa

BUIIPOMIHIOBaHHs. BCTaHOBJIEHO, IO I MOJIKpHCTamiyHuX (orokpuctanis CdS

rpaHWYHa 4YacToTa iH(opMamiiHoro curHaiay moxe csaratu 10 MI'n, mis CdTe - 15

MI 1, ane HeoOX1AHO BpaxoByBaTH po3MipHMil edekT. Yac HapocTaHHS Ta CraJaHHS

GbpoHTIB IMITYJIbCIB HE TiepeBulirye 10 Mc ipu 3MiH1 MUTOMOTO onopy Ha 4 mopsiaku . Ha
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OUTBhIII BHCOKMX dYacToTax, Hampukiaan, 50 MIm, curnam 3a3Hae CIOTBOPEHB, IO

noTpedye moAanbIIoi 0OpoOKH.

Buxonsuu 3 oTpuMaHuX pe3yNbTaTiB MOXKHA 3a3HAUUTH MOXIIMBICTH peasizarii
MPOBITHUX JIJISHOK Ha HAIMIBIPOBIIHUKOBIM TMIAKIAANI 3 JOMOMOTOI JDKepelia
BUIIPOMIHIOBaHHS, MPOTE IS peajizaiii 4acTOTHOCENEKTUBHOI cTpykTypu HBY 1ieit

METO/1 HE € JOUUILHUM Yepe3 HU3bKY IIBUJIKOJIII0 YTBOPEHOI CTPYKTYPH.
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6. ONTUYHO-KEPOBAHUM ®IJIBTP HBY HA GaAs IIJTKJIA I

OCHOBHOIO 33/1aU€l0 EKCIIEPUMEHTY OYJI0 IOCITIKEHHS MOKIUBOCTI ONTHYHOTO
KepyBaHHS IMapaMeTpaMu €JIeMEHTY HaJBHCOKOYACTOTHOTO TPAKTy O€3 1CTOTHOTO
3HMKEHHS MOro J0OpOTHOCTI. Y SKOCTI 00’€KTy MOCHIIKEHHS OOpaHO BIAPI30K
MIKpOCMYKKOBOI JIiHIT Ha MK BUCOKOOMHOTO apCeHi1y raiifo.

BumMiproBanHs BiaacHO1 JOOPOTHOCTI JIE€IECKTPUUYHUX PE30HATOPIB BUTOTOBJICHHUX
3 BHCOKOOMHUX Si 1 GaAs mokazadud BHUCOKY JOOpoTHiCTh. OTpumani
EKCIICpUMEHTAIbHI Pe3yIbTaTH Y3TOKYIOTBCS 3 JITEPATYPHUMH JaHAMH TIO0 ITUX

matepianax (tabm. 5.1).

Tabmuus 5.1
JI0GpOTHOCTI HANIBNPOBITHUKOBUX PE30HATOPIB []
Marepian | & Qo Fo(I'T'm) TKe-10°K™
Si 11.9 5000 10 40
GaAs 13.3 5000 10 180

3 nmocmimkyBaHoro GaAs BurortomieHa migkiaanka 20x10x0.4 MM, Ha sKid
chopmoBaHa MikpocMykkoBa 50-omHa JiHis. JociimKeHHs BUKOHaHI 3a JOTIOMOTOIO
NaHOPAaMHOI0 BUMIiproBauda y aiana3zoHi 3 — 6 I'T'u. PezonancHa yactora 3.43 I'T'u, 30/4.
JloOpoTHicTh pe3oHaHCHOTO Binpisky Ha GaAs ckimamana Qp =240. Ha puc. 6.1
CXEMAaTHYHO TIOKa3aHO KOHCTPYKIIID POOOYOTO MAaKeTy, Ha SKOMY IPOBOJHINCH

BUMIPIOBAHHS.
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GaAs migKiTaaka
CHTHanbHA JIiHIT

Tlinkmanka GaAs

MiKpOCMYKKOBHIH
pe30HaTop

Puc. 6.1. CxematuyHe 300pakeHHsI KOHCTPYKI[li poO0YOro MakeTy MIKPOCMYX KOBOT

JiHIT Ha MiIKIaam 3 BEUCOKOOMHOTo GaAs[22]

VY sKocTi JKepena CBITIa B IMONEPEIHIX EKCIIEPUMEHTaX BUKOPHUCTOBYBAIUCH
JaMIIM HaKaJIOBaHHS PI3HOI MOTYKHOCTI, TOOTO PO3IJIAJABCS BapiaHT 3aCBIYYBAHHS
B3JIOBXK YCI€i MIAKIAJKU, OCKUIBKH HaBiTh MPU BUKOPUCTAHHI (OKYCYIOUHX CHUCTEM,
JUISTHKA OCBITJICHHS cKjiaaana npubnuszHo 2-3 M. y giamerpi. [lpm ocBitieHH1
JamMIaMy 3MIHHOTO CTPyMY MOCTIMHO MPUCYTHS MOAYJsUIA TiubuHoo 3 — 4 1b sk y
PE30HAHCHOMY PEKHUMI, TaK 1 y HEpe30HaHCHOMY pexumi.[14]

IIpu oceitienni GaAs MiAKIAIKU CBITIOAI0A0OM 3 (OKYCYIOUOK CHUCTEMOIO,
oJiepKaHo 3MiHYy koedirienty mnepenaui Big 27 ab, 6e3 oceimienus no 21 nb. Ilpu
oMY crioctepiraBcs 1%-uil 3cyB pe30HaHCHOT 4YaCTOTH y 00JIaCTh HIXKYUX YacTOT.

st epekTUBHOI pOOOTH y KIFOYOBOMY PEXHMI, IPHU MOCTIJOBHOMY BKJIFOUEHHI Yy
perynsipHy MIKpPOCMY>KKOBY JIiHIIO JIOKaibHOI AuisHku (GaAs, mepemaa OrnopiB Mae
CKIafgaTh Oulbll HIX JBa mopsaku. OINHUTH 1HTEHCHBHICTh JDKEpesa CBITa,
HEOOXIJHOTO JIJI1 BAKOHAHHS 03HAYCHUX YMOB MOJKHA 3a MaTepiaiamMu poooTH [7].

3MiHy MHUTOMOI TMPOBITHOCTI HAMIBNPOBIAHUKA(AG ) TiJ BIUTMBOM OCBITJICHHS

MOXHa OIIIHUTH 3a JOTIOMOTOI0 BUPA3y:
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Acze(unAnf +HpAp¢ ), (6.1)

me e —3apsig enexrpony (1,6-10™° Ko);
Wn, Hp — BIATIOBIAHO PYXJIMBOCTI €IE€KTPOHIB 1 A1POK;

Ang ,Anp— BIJIMOBIHO 3MiHA KOHIICHTpAIlii €JIEKTPOHIB 1 JIPOK CIPUYMHEHA

OCBITJICHHSIM.
Bpaxysaguim, mo B 06’emi V=SL (ne S — myioia ocBiTII0BaHOT TOBEPXHI 3pa3Ka,
a L — po3mip 3pa3zka y HampsiMi TEpPICHIUKYIIPHOMY JO OCBITIIFOBAHOI IIJIOIIWHU),

2
: L
MOBHE 4MCIO HOCIiB 3apsgy B enemeHTi (Ng) mae O6ytu: Ng =AngV =——n(zen -
FeL,

KBaHTOBMM Buxia). Toai moknabmm s GaAs 3pazka: L = 0,5 cMm; p, = 8500 CM2/(B'C);
n=0,7; nns orpuManng onopy r <0,5 Om, onepxyemo Nc>2,57* 10*.

BianoBiiHy IHTEHCHBHICTh OCBITJIEHHS B IMITYJIbCHOMY PEXHUMI MOXYTh
3a0e3neunTy pi3HOMaHITHI Ja3zepu. OTpuMaHi pe3ysbTaTh, a TAaKOX PE3yIbTaTH 1HIIUX
nociinHuKiB [15] BKa3yroTh Ha MOXIIUBICTh (DOPMYBaHHS Ha TIOBEPXHI (POTOUYTIMBOTO
HaITIBITPOBITHUKA 3a JIOTIOMOTOIO CBITJIa 00JacTel 3 BUCOKOIO MPOBIAHICTIO, III0 BKa3ye
HA MOXJMBICTb CTBOPEHHS ONTHYHOKEPOBAHWUX IUIaHapHuX cTpykryp HBUY.
BuxopucroBytoun BnactuBocTi BiapizkiB diHid HBY (puc. 5.1), MmoxHa (opmyBaTu
HEOOX1THY KOH(]Irypalliro MpOBIIHUKIB JUHAMIYHO B MPOIIeCi POOOTH B 3aJICKHOCTI BiJl

notpedwu [15].

BucHoBKkHM 110 po3ainy:

[ToxazaHoO MOKJIMBICTH MPSIMOTO ONTUYHOIO KEpyBaHHS MapaMeTpamMu IUIaHapHOi
JiHIT Ha HaMIBOPOBIIHUKOBIN minkmanui. [Ipu oCcBITIEHHI JlaMIlaMHd 3MIHHOTO CTPyMY
NOCTIHHO MPUCYTHS MOAYJIALIS TIuONHOI0 3 — 4 b K y pe30oHaHCHOMY peXHMi, TaK 1y

HEPE30HAHCHOMY PEXHUMI.
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[Ipu ocBiTenni GaAs TIAKIAAKKA CBITIOMIONOM 3 (POKYCYIHOUOK CHCTEMOIO,
oJiepKaHo 3MiHY KoedimienTy mepenadi Bijg 27 ab, 6e3 ocpitinenus no 21 nb. Ilpu
pOMY crioctepiraBcs 1%-uii 3cyB pe30HaHCHOT 4aCTOTH y 00JIaCTh HIDKYUX YacCTOT.

Opep>xaHi TOMNEpeAH] pe3yJbTaTh MIATBEPKYIOTh MEPCHEKTUBHICTh JaHOTO
HanpsMKy. OCHOBHUMHM MpoOJieMaMH TPU IIbOMY 3QJIMIIAIOTHCS HU3bKA JOOPOTHICTH
TaKMX CTPYKTYp Ta BHCOKE CHEPrOCIIOKMBaHHS, IO BKa3ye Ha HEOOXiIHICTh

MIPOBEJICHHSI MOJIANIBIINX JOCIIKECHb.



7. PO3POBKA CTAPTAII ITPOEKTY
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Onuc xepoBanoro HBY ¢inbTpy Ha OCHOBI HEOAHOPIAHHUX MIKPOCMY>KKOBHX

pEe30HaTOpIB
Tabmums 7.1
Omnmc igei crapran-npoexkty
3micT imel Hanpsimku Buroau IS
3aCTOCYBaHHS KOpHUCTyBaua
Po3pobka KOHIIETITYaJIbHO 1. 3HUWKEHHS  IIHH,
HOBOI YaCTOTHO-CEJIEKTUBHOI [ epMOKOMITEH ALl  BIOKPAIICHHS
ctpykrypu HBY 3 nominmmenumrexnini HBY. XapaKTEPUCTHUK.
KaHaJIOM YIIPaBJIIHHS. 2. HBY TexHika
JJIS CTITBHUKOBOTO Ta
BIMICBKOBOTO  3B'SI3KY)|
Ta6muis 7.2

BusHayeHHsI CMIIBHUX, CJIA0KUX Ta HEHTPAJIBbHUX XaPAKTEPUCTHK iael

MPOEKTY
(MOTeHL1iiH1 ) TOBapW/KOHLEILII KOHKYPEHTIB
W
TexHniko- (cu
- (s
€KOHOMIYHI JbH
Mii Konkypent | KoHkypeHT Kon | (cmabka | Tpan
XapaKTepUCT a
o MIPOEKT 1 2 Ky-peHT3 | CTOPOH | bHa
UKH 171e1 CTO
a) CTOD
pOH
OHa)
a)
Exonomiuni | 125 y.o. 290 y.o. 426 y.o. 160y.0. +
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[Iponos:x. Tabm.7.2

[Tpusznauenns | HBY HBY HBY HBY +
TEXHIKa TEXHIKa TEXHIKa TEXHIKa
AT I IJIs IJId
CTUIBHUKO | CTUIBHUKOB | CTUJIBHUKOB | CTUIBHHKO
BOTO  Ta | Oro Ta | Oro Ta |BOro Ta
BIMCBKOBO | BINICBKOBOT | BINCBKOBOI | BIHCBKOBO
ro 0 3B'SI3KY 0 3B'SI3KY ro 3B'SI3KY
3B'SI3KY,
TEPMOKOM
TIEHCAIIsT
B TEXHILI
HBY
HaniiinocTi Bukopucr | Bukopucra | Bukopucra | Bukopucr | +
aHHSA HHSA HHSI JIOBOJII | aHHS
HaIIHHOI | HEIOCTATHE | HAMIMHUX 3aBaJIOHEC
3aBaJOCT] | O HAOIMHUX | CHCTEM 3 | TIMKHUX
HUKO1 CUCTEM 3 | MEX. CUCTEM
CUCTEMHU | MEX.KepyBa | KepyBaHHS | KEpyBaHH
HHSAM M i
Texnonoriuni | [Ipocra [Tpuctpiit | [lpuctpiit | [puctpiii +
TEXHOJIOT1 | moTpedye | moTpedye | He
o, MOAANBINNX | TOAANBIINX | TOTpeOye
OPUCTPIA | MiJJIAIITYBA | MIJIAMITYB | TOJAJBIITN
HE Hb aHb X
notpedye HiAJIamTy
1Aty BaHb
BaHb
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[Iponosx. Tabm. 7.2

Epronomiuni | Cucrema | Cucrema Cucrema Cucrema +
KOMITaKTH | HE HE KOMITaKTH
a, 3pydyHa | KOMIIaKTHA, | KOMIIAKTHA, | a, 3py4yHa
B 3pydHa B |3py4YHa B |B
KEepyBaHHI | KEpyBaHHI | KepyBaHHI | KepyBaHHI
Ta Ta Ta Ta
HaJallITyB | HAJalITyBa | HAJallITyBa | HAJAITYB
aHHI HHI HHI aHHI
Opranosnenty | - - - - +
YHI
Tpancrioptad | Mae wmami | Mae 3nauni | Mae 3HauHi | Mae wmani
€JIBHOCTI rabaputu, |rabaputu, |rabaputu, |rabapuTw,
JIETKO aje  JIETKO | aJleé  JIETKO | JIETKO
TPaHCIIOpP | TPAHCIOPT | TPAHCHOPT | TPAHCIIOP
TYETbCS. | YETHCSI. YETHCSI. TY€EThCS.
Exonoriynoc | - - - - +
Tl
besnexu besneuno | besneuno | besneuno | He +
BIZIIIOB1IA
€
JTUPEKTHUBI
ROHS

Konkypent 1:

CTPYKTypa

MexaHi4HO-KepoBaHa (T'€30aKTI0ATOP) YACTOTHOCEIEKTHBHA

Konkypent 2: Mexaniuno-kepoBana (MEMC) 9acTOTHOCEIEKTHBHA CTPYKTypa

KonkypeHT 3: EnekTpuuHO-KE€pOBaHa YaCTOTHOCEIEKTHBHA CTPYKTYpa

TexHonOTIYHUYN ayIUT 171€1 TPOCKTY




75

Taomug 7.3

TexHoJIOrIYHA 3AIIICHEHHICTD i/iel MpoeKTy

/11

Ines Texnounorii HasBHicTb HoctymHic

MIPOCKTY i1 peasnizarii TEXHOJIOT1H Th TEXHOJIOT1H

Texunonoriunicte | [lobymoBa HasiBHa JocTymHo.
Ta HAJIHHICTb. 4aCTOTHO-
CEJIEKTUBHOI1
CTPYKTYpH 3a
TJIaHAPHOIO

TEXHOJIOTIEXO.

Hanmpocra HassHa JlocTynHo.
Kepyro4a
cucrema -

CBITJIOZIO/I.

OOpaHa TeXHOJIOT1s peaizallii 11l MPOeKTy: TUIaHapHA TEXHOJIOT 1

AHai3 puHKOBHX MOXKJIMBOCTEH 3aITyCKy CTapTan-IpoeKTy

[TonepenHs  xapakTepUCTUKAa  MOTEHIIWHOTO  PHUHKY  CTapTaI-MPOEKTY

npejacTaBiieHa B Ta0u. 7.4.
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Tabmums 7.4
IMonepennsi XapaKTePUCTHKA MOTEHUIITHOT0 PUHKY CTAPTAN-NPOEKTY
[Toxa3HuKU cTaHy pUHKY (HaiMEHYBaHHS) XapakTepucTrka
n/
i
KinpKkicTh rOJIOBHHUX TPaBLIB, O]1 3
3aranbHuii 00CsT IPOJAXK, TPH/YM.OJ 3257
Jlunamika pyUHKY (SIKiCHA OIIIHKA) 3pocrae
HasiBHicTh 0OMexkeHb 111 BXoay (BKazaTu Hewmae
XapakTep 0OMEKEHb )
Cnernudiudi BUMOTH JI0 CTaHAapTH3allil Ta Hemae
ceprudikarii
Cepennsi HOpMa peHTa0ENBHOCTI B Taiy3i 250
(abo no puHKy), %
PuHOK € TpuBaOIMBUM JJIS BXOKCHHSI.
Tabmuus 7.5
XapakTepuCcTHKAa NOTCHUiHHUX KJIIEHTIB CTAPTAN-TIPOCKTY
. BiaMminzocTi
[TinpoBa o
_ y TOBEMIHII PI3HUX Bumoru
[ToTpeba, mio | ayauTopis . .
. . MOTCHITITHUX CIIOKMBAYiB 10
dhopmMy€e pUHOK (IimpOBI .
n/m IJTHOBUX Tpyn | TOBapy
CEerMEHTH PUHKY) S
KJTIEHTIB
TepmokommneHcartis, | CTUIbHUKOBI [leBH1 kmeHTH | JlerkicTe B
GbiTpTpyBaHHS Mepexi, MalTh HaJ €000 | KEpYBaHHI,
BXI1JTHOTO CUTHAJTy. | BIACHKOBI, AKOPCTKHM KOMITaKTHICTb,
KOCMIYH1 KOHTPOJIb IIIOJ0 | HAMIMHICTD.
pOrpaMu. BapTOCTI TMPEIMETY

3aKyIIBIII.
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Tabmums 7.6
dakTopH 3arpo3
' MoxuBa peakiris
daxTop 3MiCT 3arpo3u _
KOMIIaH11
/1
KgamidikoBan [Ipoaykr moTpede [Tomyx mnepconainy y

W IEPCOHAT

TOYHOCTI BUT'OTOBJICHHA,

HAyKOBO-TOCITITHAX

TOMY TEXHOJIOTIYHUM | IHCTUTYTaX Ta OpraHizaliisax
nporec Mae
KOHTPOJIIOBAaTH
KBaJi(hikoBaHUI
nepcoHa
TexHomnoriune s CTBOPEHHS 3airy4eHHs 1HBECTOPIB
oOnagHaHHS OPOIYKTY noTpiOHe
CydyacHE  TEXHOJIOTIYHE
oOagHaHHSA 110 JOPOTO
KOIITYE
Tabmuus 7.7
DaKkTOpPU MOKJINBOCTEH
MoxnuBa peakiis
dakTop 3MICT MOKJINBOCTI
KOMITaHii
n/m
Konkypentris Cnonykae YcknagHeHHA
PO3pOOIATH 1 BUPOOJIATH | CTPYKTYpHU Ta
HOBI NPOJYKTH, | PYHKIIOHATBHOI

3HWKYBAaTU BUTPATH  IX

BUPOOHMUIITBA 1 BAPTICTh

HAINlOBHEHOCTI TOBapy
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[Iponos:x. Tabn.7.7

Ilonut IcHyBanHH# PeknamHa OisUIBHICTS,
CTIHKOTO MOTUTY | TPOCYBaHHS ~ TOBapy  Ha
O3Hayae, M0 OLIBIIICTD | TEMATHUYHUX  (Qopymax, B

KJIIEHTIB 3alliKaBJI€HI Y | IHCTUTYTax

BBEJCHH] 1HHOBAIIA

Taomurg 7.8

CryneHneBuii aHAJIi3 KOHKYPEHIil HA PUHKY
Brinus Ha
Oco0nuBoCTI B YoMy | AISUTBHICTh IMIANPUEMCTBA
KOHKYPEHTHOTO MIPOSIBIISIETHCS naHa | (MOXIMBI I  KOMIIaHIi,
cepeaoBuIIa XapaKTEePUCTHUKA 100 OoyTu

KOHKYPEHTOCIPOMOKHOIO)

1. Bkazatu Tun Ha punky npucyrtas [linBuyBaTn
KOHKYPEHITi1 HEBEJIMKAa KUIBKICTh (ipM, | AKICTh TOBapy 3a PaxyHOK
SKi 3aliMalOTHhCS BHITYCKOM | BAKOPUCTAHHS TIEPEIOBUX
OJIITOTIONIS YaCTOTHOCEIEKTUBHUX TEXHOJIOT1M Ta 3aydeHHs
ctpyktyp HBY KBaT1(hiKOBAHOTO
NepCOHATy
2. 3a piBHEM Micuie3Haxo[KEHHS 3anyyatu
KOHKYPEHTHO1 O60pOTHOU bipM He O0OMEXYEThCS | TUCTPUO'IOTOPIB TSt
MI>KHApOIHUN TEPUTOPIATIBHO; odicu | mpogaxiB B PI3HHUX

pPO3MIIIIEHO Yy  PI3HUX

KpaiHax

KpaiHax
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[Iponosx. Tabm.7.8

3. 3a ramy3eBoro
O3HAKOIO
BHYTPIITHBOTATY3€Ba

Exonomiuna
O6opoThba MK  PI3HUMH
TOBapOBUPOOHUKAMH,  SKi

JTIOTh B OJHIM  Tramysi
€KOHOMIKH, BHUPOOJSIOTH 1
peanizyrTh OJIHAKOBI
TOBapH, 110
3a10BOJIBHSIOTh OJIHY U Ty
camy notpely, ajie MaroTb
BIJIMIHHOCTI Y BUPOOHHUYUX
IHI,

3aTparax, SIKOCTI,

TOITO.

CninkyBaTu 3a

NPOAYKTaMHU KOHKYPEHTIB

4. KonkypeHiis 3a
BUJaMH TOBapiB:

- TOBApHO-BHA0BA

Koukypenuis  Mix

TOBapaMu OJHOI'O BUIY

[TokpamyBatu

AKICTh TOBapy

5. 3a xapakrepoMm [lepenbavae mpomax [IponaBatu  TOBap
KOHKYPEHTHUX MepeBar POTYKITIT 3a OUIBII | 32 HU3BKOIO IIHOKO.
- I[IHOBA HU3LKMMH  I[IHAMH, HIK
KOHKYPEHTH.
6. 3a IHTCHCUBHICTIO bopoTrba HOCUTh Pexiama  TOBapy,
- MapoOYHa SIBHO BUPAXCHUH | CTBOPEHHS CUMBOJIIKA
MapOYHUN XapakTep, | MPOIYKTY

BEJIMKE 3HAYCHHS HaOyBae

OpeHANHT
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Tabmus 7.9
AHaJi3 koHKypeHuii B raaysi 3a M. Iloprepom
[Mpsmi [Torenui ' Tosa
_ [Tocra Kime
KOHKYPEHTH B | iHI pu-
. YaJbHUKU HTH '
ramysi KOHKYPEHTHU 3aMIHHUKHU
Ck
' “JQL
J1a710B1 ] Tosap '
. Electronics”, Bum 3ami
aHamzy IPOJAETHCS .
“Nowa Hemae oru JI0 | HHUKIB
) JUCTPUO'IOTO '
Microwave”, SIKOCTI HEMae
mn n paMH
MACOM
Bu InTencu ToBa O6m
CHOBKH: | BHICTb JJOCHTb [locta |p Mae OyTH | €XKEHb
BUCOKa, 00 YJaJIbHUKU HE | AKICHUM Ta | HEMae
IPOIYKT € Hemae | nMKTYyIOTBH JIeIEBUM
HayKOEMKHM 1 YMOBH
TOMY HE podotn  Ha
KOXHa (ipma PUHKY

3/1aTHA
po3poouTH

TaKUM

MPOIYKT

Jlnst Toro, o6 OyTH KOHKYPEHTOCIIPOMOKHUM Ha PUHKY JJISI PO3POOKH TOBapy

MOTPiOHO

3a]lydaTd BUCOKOKBaII(DIKOBAaHUX CIEIIANICTIB Yy Taly3i

IIPOTrPaMyBaHHSI.

HAayKu Ta



81

Taomung 7.10

OO0rpyaTyBaHHs (aKTOPIiB KOHKYPEHTOCIPOMOXKHOCTI

dakTop

KOHKYPEHTOCTIPOMO>KHOCTI

OOrpyHTyBaHHs (HaBEACHHS YMHHHUKIB, 110 POOJISTH
dakTop N MOPIBHSHHS KOHKYPEHTHUX IPOEKTIB

3HAYYIIHM)

Cryninb 3a/10BOJICHHS

notped KopucTyBaya.

[IpoaykT Mae MaTH 3py4HHUI MEXaHi13M KepyBaHHS.

SkicTe po3poOKH 3 TOYKU
30py ONTUMAJILHOCTI

MOKA3HUKIB HAIUHOCTI1

[IpoaykT mae mpariiBaTi cTaOUILHO TIPU MOMIPHOMY
30BHIIIHBOMY THCKY, BOJIOTOCTI Ta MEXaHIYHUX

KOJIMBAaHHSX.

HassHicTh HaykoBuX | HeoOximHi kBamipikoBaHl Kaapu IS ONTHUMI3AII]
pecypciB pO3paxoBaHUX JAHHUX.

ExonomiuHMit (mina | [{ina ToBapy He Mae OyTH 3aHAATO BHCOKa, 100
TOBapYy) 3HAUTH TOTEHIIWHUX TOKYMIB Ta chopmyBaTu

IMIJTK (ipMu.

Taomung 7.11

I[HopiBHAJIbHMHA aHATI3 CWIBHHUX TA CJA0KHX CTOPiH NPOCKTY

Peiitunr TOBapiB-

banu 1- | KOHKYpEHTIB
DaKkTOop KOHKYPEHTOCIIPOMOKHOCTI

20

-3 /-2 |-1 10 (1 (2 |3
Cryninp  3amoBojieHHS  motpel | 15
KOPHUCTYBaya. X
Sxicte po3pobku 3 Touku 30py | 14
ONTHUMAJIBHOCTI MOKa3HHKIB X
HaAJIWHOCTI
HasiBHICTh HayKOBHX pecypciB 17
X
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[Tpomosxk. Tabm. 7.11

Exonomiunwmii (11iHa TOBapy) 20

Taomung 7.12

SWOT- anaJji3 crapran-npoexkTty

CunpHi  CTOPOHH:  E€KOHOMIYHA

(11iHa ToBapy).

Cnabki CTOPOHHU: CTYIIIHb

3aJOBOJICHHS HOTpC6 KOpHUCTYyBava.

MO>IHMBOCTI: 3HUKYBATH BUTPATH

Ha BUPOOHHUIITBO

MPOYKIIi,

NOKpaIllyBaTH AKICTb IPOIYKTY;
(opMyBaHHS TONHUTY y KOPHUCTYBayiB 3a

PaxyHOK PEKJIaMHOT 1sUTbHOCTI.

3arpo3u: moTpiOHO 3HAWTH JIFOIEH 3

IEBHAMU HAaBAYKAMM 1 3HAHHIMH 1

3apONOHYBATH  BUTIHI YMOBH IS

CHIBOpAIll JO TOro SK 1€ 3po0isaTh
KOHKYPEHTH; TEXHIYHE 3a0e3NedeHHs Ta
MIEBHI YMOBH

I TCCTYBAaHHS

npane3aaTHOCTI TPOIYKTY.

Tabmuua 7.13

AJIbTEPHATHUBU PUHKOBOI'0 BIIPOBA/I’KEHHS CTAPTAN-IIPOEKTY

AnbTepHaTHBA

(OpIEHTOBHUI KOMILIEKC

HNMoBIpHICTB

Ctpoxku peamizartii

3aX0/iB) PUHKOBOI | OTpPUMAaHHS PECypCiB
MOBEAIHKU
JocnixeHHs 95 % 1 pik

ITOBCJIHKM  CIIOJKUBAYIB,

MOIIYK HAYKOBUX
pecypciB, CTBOPEHHS
peKJiaMu, B3aEMOIS 3
opraHamu JEPKABHOI

BJIQJIH.




JlocnimkeHHs

IMOBCAIHKY  CIIO’KMBAYIB,

MOIIYK 1HBECTOPIB,
TIOIITYK HaYKOBHX
pecypcis, CTBOPCHHS
IPOrPaMHOTO
3a0e3neueHHs,
TEeCTyBaHHS

80%

2 poku

OO6pano anbrepHatuBy Ne 1.

Po3po0iieHHa pUHKOBOI CTpaTerii MPOeKTy
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[Iponosx. Tabma. 7.13

Tabmanig 7.14

Bu0ip uyiboBUX rpyn noTeHUiiHUX CIIO0KUBAYIB

Omnuc _ Opient

. I'oToBHI1
npodiiaro OBHUH ITOIUT [utencu
. ) CTh . IIpocro
LLJTbOBOT _ B MeXax | BHICTh

CIIO’KMBAYiB ' . Ta BXOAY Y

rpynu [1JIbOBOT KOHKYpEHLI B

. CIPUNHATH _ CEerMEHT
MOTEHLIHHUX rpynu CErMEHTI
. IIPOAYKT
KJIIEHTIB (cerMeHTy)

HepxaB ['oToBi Bucoxku Cepenn Cepenn
HI YCTaHOBH 17} A s

[TpuBar ['otoBi Bucoku Cepenn Cepenn
Hi i s b
IiIpPUEMCTBA

ki uiboBi rpynu 00paHo: oOpaHo HUTbOBY rpymy Nel ta Ne2.
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Taomung 7.15

BusHauenHsi 0a30B0i cTpaTerii pO3BUTKY

O6pana _
Kirouosi
anbTep
KOHKYPEHTOCIPOMO
HATUBA ' . ' baszosa
Crpareris ~ OXOIUICHHS | JKHI MO3UIII1 '
PO3BUT _ . CTparteris
PUHKY BIJIIIOBI/THO 10
Ky ) pPO3BUTKY™
oOpaHofi
POEKT
aJIbTepHATUBH
y
1 3a paxyHOK BEJIMKHX Butpatu  Ha Crpareris
MOXJIMBOCTEH 1O  00’eMax | BAPOOHUITBO JiaepcTBa Ha
30yTy  ToBapiB  (moptdens BUTpATax
YKJIaJ€HUX  KOHTPAaKTIB  Ha
MOCTa4aHHs) 1 MPOAYKTHUBHOCTI
HIANPUEMCTBO MOXKE JTOOUTHUCSA
MEHIIUX BUTpPAT
2 Hananns TOBApYy dopmyBaHHS Crpareris
BAXIIMBUX 3 TOYKH 30pYy | HOMUTY y | nudepenmiarii
CIIO’KMBaya BIIMITHHX | KOPUCTYBauyiB 3a
BJIACTUBOCTEH, SIKI  POOJSATH | paXyHOK
TOBap BIAMIHHUM BIiJ TOBapiB | CIEIIAIBHOTO
KOHKYpeHTIB. Taka BIIMIHHICTb | (YHKIIOHATY Ta
MOXE OazyBaTucs Ha | BUCOKOI1 SKOCTI
00’ €EKTUBHUX abo | ToBapy

CyO’€KTUBHMX, BIJUYTHUX 1
HEBITUYTHUX BJIACTUBOCTSIX
TOBapy OyTH peaiabHOIO a0o

YSIBHOIO.

OOpaHo cTpareriio JiAepcTBa HA BUTPATAX.
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Taomung 7.16

BusnauenHsi 60a30B0i cTparTerii KOHKYPEeHTHOI NOBEAIHKH

Uu Oyne
Yu oyne '
. KOMITaH1st
KOMIIaHIsl IIyKaTH _
KOIIIOBATH .
Yu € mpoexT | HOBUX _ Crpareris
, . OCHOBHI
«TIEPIIONPOXIALEM» | CIIOKHMBAUIB, a00 KOHKYPEHTHOT
XapaKTEePUCTUKU _
Ha PUHKY? 3a0upaTtu MOBEIIHKH*
_ TOBapy
ICHYIOUHX y '
. KOHKYPEHTA, 1
KOHKYPEHTIB? .
AK1?
Hi Tak Tak, HacninyBan
OCHOBHHUH HA JIiepa
byHKII10HAT 1
AKICHI TOKa3HUKU
Tabmums 7.17
Bu3zHa4yeHHs cTparerii HO3UMLIOHYBaHHSA
Kirouosi Bubip acoriarmii,
Bumorn 1o ba3oB | koHKypeHTOCTIpOMO | sIKi MaroTh CGHOPMYBATH
TOBapy LIJBOBOI | @ CTpaTeris | »KHi MO3ULIi | KOMIUIEKCHY  TO3HIIII0
ayuTopii PO3BUTKY BJJACHOTO CTapTall- | BIACHOIO IPOEKTy (TpH
IIPOEKTY KJIFOUOBHX )
OntruHa po3B’s3ka Jigep Huspka 1iHa, OnrumanbsHe
HBY cucremun 3i|cTBa Ha | IPOCTE KEepyBaHHS, | CIIBBIIHOIICHHS
CXEMOIO BUTpAaTax. KOMIMAKTHICTb. I[1HA/SIKICTh,
YIpaBITiHHS, HAyKOEMHICTb,
3MEHILECHHS BIUIUBY CHIBITpaLIs.

OJIHI€1 Ha 1HITY.
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Tabmuusa 7.18

BusHauyeHHsI KJIIOY0BHUX MepeBar KOHUENIil MOTeHUiHHOro TOBapy

Burona, Kittouosi nepeBaru nepe
[Totped ' ' .
AKy TPONOHYeE | KOHKypeHTamu (icHyroui abo Taki, 10
a
TOBap MOTPIOHO CTBOPUTH
[Tpocto KOMTIaKTH BuxopucTtanHs JemnieBux MaTepiais,
Ta KEpyBaHHA | ICTh BHCOKA HAJIIHHICTh.
Ta  ONTHUYHA
pO3B’s3Ka

Omnuc TpbHOX PiBHIB MoOJeJIi TOBapy

Tabmuusa 7.19

PiBH1 TOBapy

CyTHICTh Ta CKJIaJIOB1

I. ToBap 3a

YacTOTHOCEJIEKTUBHA Ha OCHOBI

CTPYKTypa

HEOJHOPITHUX

3ayMOM MIKPOCMY>KKOBUX JIHIA 31 CTYNIHYaTOI HEOJHOPITHICTIO Ta
KEPOBAHUMH XapaKTEPUCTHKAMHU.
II. ToBap y | BracTuBocTi/XapakTepUCTUKI M/Hm | Bp/Tx
pearbHOMY /Tn/E/
BUKOHAHHI Op
1. CymicHicts 3 cyuacaumu HBY cucremamu. M
2. Hu3pka mina 125 y.o. M
3. BukopucTaHHs MEXaHI13My K€pyBaHHs M
4. Cucrema 3pyyHa B KepyBaHHI Ta|M
HaJIaIITYBaHHI.

III. ToBap i3

Jlo mpopaxy: rapaHTis, HaJaHHS KPEIUTY.

T IKPITUICHH

AM

[Ticns mpogaxy: MOHTax, , TOCTaBKa, 00CITyTOBYBaHHS.
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Tabmuus 7.20
Bu3zHaueHHsI Me:K BCTAHOBJIEHHS I[iHN
PiBenr 1muH | PiBenp 1110 | PiBeHn noxomdiB | BepxHs Ta HIWKHA Mexi
Ha TOBapW- | HA TOBApH- | UILOBOT TPy | BCTAHOBJICHHS  IIHM  HaA
3aMIHHUKHA | QHAJIOTH CIIO’KMBaviB TOBAp/TIOCTYTY
- 200 — 1000 | 10000 y.o. 1 BumIE 100 — 500 y.o.
y.O.
Tabmuns 7.21
D®opMyBaHHA CHCTEMH 30yTy
Cneundika '
. ) OyHkIii  30yTy, AKi
3aKyI1BEJIbHOI I'mubuna OnrtumaiibHa
' . Mae BUKOHYBATH
MOBEAIHKUA  IUIHOBHUX KaHally 30yTy | cuctema 30yTy
o MOCTavaJIbHUK TOBAPY
KITIEHTIB
3amMOBIEHHA  TOBapy | BctaHoBIEeHHA Kanan Huctpub'rotop
Ha caiiTi abo Yy | KOHTaKTy, epuIoro 30yBae
JIOKAJIBHOTO 1H(hOpMyBaHHS, MOALL, | PIBHSA IPOIYKIIIO
TUCTpuO'toTOpa 30epiraHHs, MOKYTILISIM
COpPTYBaHHS
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Tabmms 7.22
KoHuenuisst MApKeTHHIOBUX KOMYHIKALIIi
Kanammu KirouoBi
Cnenudika KOMYHIKamii, |mo3uiii, | 3aBmaHHS
[IOBEIIHKHU AKUMU o0OpaHi peximamuoro | KoHmeniiis pekjiaMHOTO
IITHOBUX KOPUCTYIOTBC | JIJIS MOBIZIOMJICH | 3BEPHEHHS
KJIIEHTIB i IJI6OBI | HO3UIIIOH | HI
KJIIEHTH yBaHHSI
Buxopucrann | Onocepenkos | Huzbka [TommpeHHs | 3BEpHEHHS 3aCHOBaHE Ha
s TOBapy Yy |aHl - KaHai |IliHa, BIJIOMOCTEH | BIIMIHHOCTSIX MIDXK
LUTAX KOMYHIKaIlii, | IpocTa PO  CEPBIC, | pEKJIAMOBAHUM TOBapOM
(1IBTPYBaHH | KOJIU cucTeMa | IGMOHCTpall | 1 TUM, IO MPONOHYIOThH
o HBUY | indopmarris KEpyBaHH | s KOHKYPEHTH.
CUTHAIIIB  Ta | MEPEIAEThCA | 5 COJIITAPHOCT | 3BEPHEHHS TPYHTYETHCS
TEPMOKOMIIEH | BIJ 1 HA TOMY 4YH IHIIOMY
carrii. iHpopmaTOopa HIAMNPUEMCT | MOTHBAILITHOMY TT1JIXO/,
10 B, MOKJIMKAHOMY BIUTMBATH
1H(opmMoBaHO1 0€3yMOBHOT | HA CIOXXHMBYl TIEpeBaru
ocobm  yepe3 0 BUKOHAHHS | MOKYIIIIB - HaMpHUKJIa,
TucTpuO'IoTOp B3STUX  Ha | PyHKIIOHAIbHY
a. cebe nepeBary, 3aJ0BOJICHHS,
3000B'A3aHb; | IMIJDK, 3aXOIUICHHA 1
iHpopMaIlis | ambTpyi3m.
po
BUINIPOOYBaH

HS TOBapy 1
IOJIIIIIEHHS
Horo 3amia

CIIOKMBAYiB.
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BucHOBKH 110 po3aiay:

Po3rnssHyTo mOpuHIUI TOOYJOBU Ta PO3POOJIEHHS CTapTam MPOEKTY IS

kepoBaHoro ¢inbTpa HBY Ha 0CHOBI HEOTHOPITHUX MIKPOCMYKKOBUX JIHIH.

OTpuMaHHUN pe3ynbTaT € JOCUTh HEMOTaHWM Y TMOPIBHSHHI 3 ICHYIOUMMH

KOHKYpPEHTaMH, 1 TOMY, MO>K€ BIIPOBAP)KYBaTHCh Ha PUHOK.



89

BUCHOBKH

B pe3ynbpTaTi BUKOHaHHS POOOTH 3allpONOHOBAHO 2 KOHCTPYKIlli ONTUYHO
KEpPOBAaHUX YaCTOTHOCENEKTUBHUX CcTpykTyp HBY Ha OCHOBI HEOJHOPIIHUX

B1JIP13KiB MIKPOCMY>KKOBHUX JIHIH:

- KOHCTPYKIIIO JBOXIIaNa30HHOTO MiKpocMykkoBoro ¢inetpy HBY 3
JUCKPETHUM TEPEeMHUKAHHSIM Jialla30HIB 3a JOMOMOrow p-i-N  ¢oTtomaionis.
[IpoBeneHo MoOjenOBaHHS —XapakTepucTUK  uIbTpy. YacToTa mgiama3oHiB
BIJPI3HAETHCS B 2 pa3H, IO JOCATAETHCS 3@ PaXYHOK 3MIHU XapaKTepy PE30HAHCY 3
MIBXBWJIBOBOTO TIPU HEOCBITIIECHOMY (OTOAIONM HA YBEPTHXBWIBOBHI IpHU
OCBITJIECHOMY. BUKOpHCTaHHS HEOAHOPIAHUX PE3OHATOPIB JAJO 3MOTY MO30yTHCS
NapasUTHUX YAaCTOTHUX CKJIQJOBUX JO YETBEPTOi TapMOHIKM  BKJIIOYHO.

[lepemukaHHs A1ama3oHIB 3/11HCHIOBAIOCH 31 30epexkeHHsIM hopmu AUX;

- KOHCTPYKII0 (inbTpa Ha ocHOBI GaAS MIKpOCMYXKOBOTO PE30HATOpA.
KepyBaHHA 3A1MCHIOBAJIOCH JAEKIIBKOMA CIOCOOAMHU: 3a JIOMOMOIOI0 JIaMIU
3MIHHOTO CTPyMY Ta 3a IOTIOMOTO0 CBITJIO/I0A.

[Ipu oCBITIIEHH1 JIaMITaMH 3MIHHOTO CTPYMY MOCTIHHO MPUCYTHS MOAYJSALIS
rbuHoI0 3 — 4 b sIK y pe30HaHCHOMY peX1Mi, TaK 1 Y HEPE30HAHCHOMY PEXHMI.

ITpu ocBiTinenHi GaAs MIIKIAIKH CBITIOMI0I0M 3 (DOKYCYIOUOI CHCTEMOIO,
oJiepKaHo 3MiHy KoediiieHTy nepenadi Bix 27 nb, 6e3 ocBimienns a0 21 nb. [Ipu
npoMy crnocrtepiraBcsa 1%-uil 3cyB pe30HAaHCHOI YacTOTH Yy 0OO0JacTb HUKYHMX

qacCTOT.
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