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HEPEI[MOBA

Hanpnmﬁm XX croplm ‘craito ACHO, mo cyqacm BUMOTH B oGnacn
intopmariky i 38 ST3KY HEMOXKITHBO 3a;10}30nm-1mn ‘33’ ;xor[omomro Tpammmnm(
3ac061B CIEKTPOHIKY, 'HaBiTh an HasmHocn BEJHKHX i Ha,uBennxnx
xmerpanmnx cxeM OCHOBHI/IMH LIIIXaME TIOZOJIaHH ICHy}O‘IKX npoGneM €
IONIYK Ta 3aCTocyBaHH;1 HOBMX anHuHmB nonauns, o6pobku i nepenadi
indopmanii. OII’I‘OCJ‘ICKTpOHlKa € TI/IM HayKOBO-TeXHI‘IHI/IM Hanpxmov sIKuit
Hajae MOMRIMBOCT npnnm«monoro nepeTBopeHrm wHy}ormx quucmosanLHHx
CHCTEM. Cyudacui onroenemponm Opiamd i TexHOJIOI‘ll Bmplamnouca
EKOHOMIUHICTIO, HamilHICTIO, TeXHONOTTHHICTIO, msmucome}o, JOBrOBIUHICTIO i
siniaTiopsictio. Ll XapaKTepUCTHKH, BiANOBINAIOYM  3aIMTAM  CY4acHOTo
m(popmamnﬁoro" cycnmbcnza J{O3BOJLIIOTE onroenempomul 3alfHATH Miune

[ONOKEHHS OJHOTO 3 Haunepcnemnanxumx HaHpHMlB HAYKH TAa TEXHiKH. VY
LBOMY CeHCl HaGyBae CHIIH z(yMKa 6araThoX BIEHUX Ta aHANITHKIB, IO HA 3M1Hy
XX cropiudio — cropiudio Mmpoenex'rpomxn npnuumo XX1 cropivus, sxe
CTaHe CTOPiTYAM ONTOENEKTPOHIKH Ta KOMII'FOTCPHNX TEXHOMNOTIH.
' He BuKIMKae HiSKEX cyMHiBiB e, Mo nouénbmnﬁ po3Bm'01c NPaKTUIHO
yeix ranysen Cy4acHOl HpOMHCHOBOCTl Gyae 3a6e3nequamcsI NEPEXoJIOM JI0
LIEPOKOTO i BeebiuHOrO 3aCTOCYBAHHS HaHOTeXHOJ'IOI‘lPI —  TeXHOIOriH
MaHITY/AN]  OKPEMHMH aTOMaMH  Ta MOIIEKY/IaMH, Y pesynsIati sKaX
chbp}OIo"rbc;I NPHHIUIOBO  HOBI CprKTypH.' Ilepexix  Bin KpeMHieBOT
MIKpOEHeKTPOHIKH [0 HaHOCTEKTPOHIKH MPHUMYIOYE 3BCPTATHCS O HOBHX
MaTepiasiB, TAKHX AK apCeHif raliio, apceni inpito, cpoctpux iHAio Ta IHmNX, sm
CHOTOJHI IIHPOKO BHKOPHCTOBYIOThCA B omroedekTponiui. Lle mosBomse
MporHO3yBaTH, INO MalifyTmi npucrpoi Ta cuCTeMH Nepexadi, oGpobkw,
sbepiranns Ta BinoOpaxenns indopmanii OyxyTs peanisoByBaTHCE 3a
JOIIOMOTOI0 caMe ONTHYIHHX Ta OIITHKO-ENeKTPOHHIX HaHOTEXHOIOTiH,

VYV 3p’M3Ky 3 MM CTa€ OUYEeBUAHHM, IO HiATOTOBKa KBATI(IKOBAHHX
crierianictis B o6nacti onTruHol iH(pOPMATHKH, AKa 3aiMacThcd HpobIeMaMHu
CTBOPEHHSI HOBOIO NOKOJIHHS IBAJKONIIOUNX OHTHYHMX KOMIT'IOTEpiB Ta
ONTHYHHX CHCTEM IITYYHOTO IHTEIEKTY, IIOBHHHA 3iHCHIOBATHCA IOECAHAHHIM
dynnamenTansHol MIATOTOBKA 3 ONTHKH T4 MIATOTOBKH 3 6a30BHX NHCIMIUIH,
MoB’s3aHuX 3 iHGOpMauifHUMM TEXHONOrisMM Ta TeNneKOMyHiKalisMH.
OuroeNeXTpOHHA CXEMOTEXHiKa, SKa OXOIUIIOE IIMTAaHHA BHKOPHCTaHHA



ONTOENEKTPOHHO! e/leMeHTHO] §a3) Juist: 106y AOBY NPHCTPOIB PI3HOMAHITHOTO
‘cbynxuxonanmoro HpHBHa‘{eHHH, € TICIO KOO, | AK2. non B'A3ye ONTHKY 3

IHH.IPIMH TeXHl‘-IHI(IMI/I HaHpHMaMI/I

ZIaHHH HaB‘IaIXBHHH n0016HuK € cnp060> Marepxany 3a

¢ HTOCHCMPOHIKH,

ige

TaKHX K CBlTIIO}llO,ZIH, cbo*romo)m (bomipamncmpn Ta onrpom&,'ra noxaaye K

i omoenemponm ENEMEHTH [I03BOILAIOTE CTBopxoBam npm'rpox 3 nmpongn
@yHKmoHam,HHMH MO)KJ'H/IBOCT}{MH HayKOBO-TeXHMHnn HanpsiM ocaosaM
AKOTO TIpHCBSYEHa 3HAYHA YACTHHA BHKJI&ZIEHOFO y n0016HnKy MaTepanIy,
csoroam He Jmme npencraane Luny HayKOBy mxony, ' OTpHMaB mnpoxe
wmapomie BHSHaHHH ,

AB‘ropn cnozxmalorbca o namm HaB‘iaJILHHPI HOCI6HHK Gyne HlKaBI/IM i
KOPHCHHM K CTYICHTaM, TaK i cnemamCTaM axi 3aHMa}OTbCH npoeKTyBaHHxM
HOBHX 3ac00iB aBTOMATHKY, 3B ;mxy, md)opMaumuo BDIMlp}OBaJIBHI/D{ Ta

OGHHCTIOBATTBHIX CTPYKTYD 3 anopucraHHxM omoenexrponnox eneme}{mm
Gazu.

ABTOPH BHPaXKAIOThH no;mcy KOIIEKTHBY Ka(‘bel{pﬂ ,,Onmqﬂnx Ta ommco-
CIEKTPOHHHX MpHIANiB” Ha.IIIOHaJIBHOI‘O Texmqﬂoro yHiBepcuTeTy praluu
“KuiBcpka momiTexwika” 3a KPHTHYIHI 3ayBa>KeHHx Ta KOPHUCHI MOpajy IOHO
BIOCKOHAICHHS HaBYaILHOrO OCIGHHUKA. | '

. Asropu Bas4Hi acmpaaraw kaenpu ,,Ha3epﬂol Ta OHTOCJICKTpOHHOI
TexHiku” anum,xoro HaHIOHaJILHOFO . Texmquoro yHiBepcuTeTy
KmMKmmllI Ta Ma.HlHOBCBKOMy B.1. 3a J:(onozvmry B migrorosui Ta
OtbopMncmn noc16}_{m<a, ‘



BCTYI -~

. OnroenexkTpoHika — HAyKOBO-TEXHIIHMH ~ HampsM,- . noB’M3aHME 3
BUBUCHHAIM e(eKTiB B3AEMOII MK €ICKTPOMAl'RITHUMH XBUAME OMNTHYHOTO
AiamasoHy Ta eqlemponaMH«Téepzxorﬂo_ Tila Ta CTBOPEHHAM ONTOCIEKTPOHHUX:
HpuiajiB, B SKUX Li eheKTH BUKOPHCTOBYHOTHCH ,unx,(po'pmynaum, nepejadi,
06pobxw, 30epiranns Ta BinoGpaxeHns indopmariii. P

CriouaTKy, ONTOEIEKTPOHIKa pO3IIIsfanacs auile 9K 001acTh eleKTPOHIKY,
B SIKy BKIIOYaIuCHA TUIKHM (oTonpuiiMadi Ta CBiTioBHnpominiosadi. Ilpote
yCrixy, AKi JOCATHYTI OCTaHHIM HacoM y Uil cdepi, CyTTEBO 3MIHMIH PO3YMiHHA
T4 NOHHTTH ONTOSNEKTPOHIKH. 3’ sBusvcs TepMiny  ,,dyHKuioHamEHA
OIITOENeKTPOHIKa”, . ,,6araTodyHKIiOHANbH] .ONTOENEKTPOHAI Moxymi” i T.I.
TaxuM 49HHOM, y HAII 9ac ONTOENEKTPOHiKa crana OaraTorpaHHuM HAayKOBHM
HanpsaMoM, ofnacti 3acTOCYBaHHS. K0T B TexHimi, Oionorii, MemuLMHi BaXKO
nepepaxyBaTy. - o

CyuacHy  ONTOENEKTPOHIKY  SK  HAYKOBO-TEXHigHMH HanpsaM
XapaKTepH3YIOTh TaKi OCHOBHI pHCH:

1. ®izuany. OCHOBY ONTOEIEKTPOHIKH CKIaJal0Th SBHIIA, METOMH Ta
3aco0H, I SKHX TPHHIUIOBHM € IOCAHAHHS T2 HEPO3PHUBHICTE ONTHYHHX Ta
eNeKTPUYHMX NpolieciB. B MaTeMaTHYHIX MOJEIX ONTOETIEKTPOHENX IIpIIajis
BHUKOPHCTOBYIOTECA - DYHKNI], apryMeHTaMH SKMX BHCTYHAlOTh ONTHYHi Ta
€JIeKTPHYHI BEIHIHHH. ,

2. TexniuAy OCHOBY ONTOENCKTPOHIKM BM3HAYArOTh: MiHiaTIOpH3aNis
eNEeMEHTIB; iHTerpanis enemeHTiB Ta GyHKiiH; opicATalis Ha CrHel{iagbHi
HajqHCcTi Marepiany; BHKOPHCTAHHA METOJIB TIPYHOBOL 66po6KH, TaK#x K
emitakcis, @oronitorpadis, Audysis, ioHHA iMIUIAHTAlid, HAHECEHHS TOHKHX
TmiBoK Ta i . . ,

3. dyHKIioHaNbHe NMPH3RAYCHHA OUTOENEKTPOHIKH NOJIATaE y BUpiINeHA]
3af1a4 .- indopmarnxy:  popmysanHs iHpopmanii LIIAXOM TIePEeTBOPEHHS Pi3HHX
30BHIOMHIX BIDIHBIB ¥ BiINOBLAHI ONTHHYHI Ta eXEKTPHYHI CHIHANM; Tepefada Ta
nepeTBopeHHs inGopmManii; 36epiranma indopmanii, sxe BKIOYAc Taki IponecH
sk 3apuc, Gesmocepenie 30epiranHd, 3YUTYBauH, C’I’ﬁpaHHH;.VBilloﬁpa)KeHHZ
iH@opMaui'i,. sKe IONArae. y NepeTBOpeHHl BHXiNHWX CHrHaNIB- indopManifinol
CHCTEMH 10 BUTIILAY, NPHAATHOTO JUII CIIPHHHSTTS JHOJCHEKUM OKOM. ,

Jns BupimeHHs 3a3HadYeHHX 3aad B ONITOCNEKTPOHHUX IPUCTPOSX
BHKODHCTOBYIOTBCSA SK OITH4YHI, Tax i exexTpwuHi curHamu. Ilpn usoMy
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BU3HAYANBHHMM € CaMe ONTHYHi, 4MM i HocAraeTecs Te AKiCHe HOBE, IO i
BiZIpi3Hse ONMTOENEKTPOHIKY BiJ eeKTPOHIKH.

*CTpOro 3AiffCHMTH DO3MEXYBAHHS Y BCIX Ge3 'BHISTKY > KOHKpETHHX
BHNIAZKAX He 3aBKOH BIAEThCH, e B LiNOMy 3a3HadeHi BUille OCOBNMBOCTI
TO3BOJIAIOTE - OKPECIHMTH  KONO THX MPHCTPOIB, cx'emﬁd‘"’pedfiisa'ﬁin‘ ‘»ximx

IRRR T

PO3IIAnacThes ¥ IAHOMY HaBUaJIbHOMY NOCIOHMKY. -

OrnrroenekTpoHiKa CHHTe3ye ¥y co0i HOCATHEHHs Garateox o6:1ac'ren HayI(H
Ta TeXHiKM, Cepej AKHX y TEpuly 4epry MOBHHHI OyTu BuiNeHi KBauTOBa
eNeKTPOHIKa, HAMIBIIPOBIiTHAKOBA TEXHiKa, ONTHKZ, SICKTPOONTHKA, HeminiliHa
ONTHKA, cboroenempomxa, ronor'pa(bm, BONOKOHHA ONTHKa Ta mqlpaqepaona
TEeXHiKa.

HoBuit  momTOBX - 1%  DO3BUTKY ' OITOENEKTPOHIKM = Ja€ pPO3BHTOK
HaHOENIEKPOHIKH, fKa 3apofmnacs B IIHOMHAX MIKPOeNeKTPOHHOI TeXHOOorl
npH ‘CTBOPEHHi HAIBENMKHX iHTErpaibHHX CXeM Ta reTeponasepis, = 1o
XapaKTePH3YIOTECS DI3KMM 3MEHUICHHSIM CICMEHTIB aKITMBHHX T2 NACHBHHX
obnacreit 1o HaHOMeTPiB. OCKINEKH Il BENWYMHA € TTOPIBHAHHAMH 3 PO3MipaMu
aTOMIB Ta JNOBXXHHAMH XBHIb €leKTPOHIB Ta (POTOHIB, BINGYBacThCs mepexin na
HOBi MeTOAX (OpMyBaHHS HaNiBIPOBIHHUKOBHX, HiCMEKTPHYHHX TA METAIEBUX
CTPYKTYD, BIIXiA BIX TpamumidHMX TEXHONOTIl Ta NOMYK HOBHX, - OLIBIN
JOCKOHAIHX TCXHOJNOTIYHUX IIPONECiB Ha aTOMHO-MONEKYIAPHOMY piBHi. Cepen
pisHOMaHITHOCTI ~ po3p0GOK  HAHOENEKTPOHHHX - TEXHOJIOTIH Haibinbiue
TIPaKTHYHE 3aCTOCYBAHHS OTPUMANA peali3amis HAHOCTPYKTYP 38 JOMOMOTOK
ioHHMX Ta MOJICKYJIAPHUX TOTOKIB: i0HHa iMItafitania Ta nitorpadis, nuasMere
HAGHECEHHS Ta TPABNEHHs IUNBOK, MONEKYJAPHO-IPOMEHEBA emiTaKcis
TeTePOCTPYKTYD. '

‘BukopHcTaHHa IOHHMX n})oueciB npy  iHTerpamii HAaHOCTPYKTYp B
‘OYHKUIOHATEHAX MIKpO- Ta ONTOENeKTPOHHWX IIPHIAjax BiIKpPHBAc HOBI
TepcneKTHBE To0ynoBH - HAAIBHAKICHUX HAHOMPOLECOPIP Ha OCHOBI iOHHHX
HAHOTEXHOJOTI# CTBOPEHHS KBAHTOPO3MIPHUX TETEPOTEHHHUX iH(MOPMALIMHHX
CepeIOBHIN B 3¢MHHX T KOCMIYHMX ymosax. ITicis Toro, sk Taxi TexHOMOLii
YBIflyTh y NPaKTHKY, BOHH MOXYTh PeBOMIOLIOHI3yBaTH yci iCHYIOUi: MeTomH

KOHC’I‘p}’}OBaHHﬂ Ta Bnromaneﬂm MiKpoeIIeKTpOHHHX Ta ’onToenerprHﬁx




1 3ATAJIBHI IOJIOKEHHSI OIITOEJEKTPOHHO]
 CXEMOTEXHIKM - .~ .. .

11 OuToeJlelcrpomKa K nepcnem‘unmm HayKOBO-TeXHl‘lHHH

HaupsM no6ynosn mq)opmauumo oﬁqucnmnanmmx cnc’reM ’

"PiBeH5 TEXHIYHOTO NPOrpecy 3HAYHOI MIpOI0 BH3HAYAETECA TEMIIAMH
PO3BUTKY KibepHeTnkH, 30KpeMa 3acobaMH aBTOMATHKH, m(bopMauiﬁHo—
BHMIpIOBATEHOT 1 OGYACITIOBANEHO! TEXHIKH. Xapakrep HayKH a60 BHpOGHHIITBA
y 6imbmocti Bunagkis BHMATae HOCIIIKeHHS npouecm o nponxa.rors y
peansHOMY MacmiTabi Hacy, OTpHMalHS mqaopMauu i3 coTens i 6inpie TOHOK.
Indopmanis, onepmyBaHa Bil aBTOMATH30BaHMX yCTaHOBOK niansrae
BUMIpIOBaHEI T2 IBHAKIE 0GpPO6L. Bupimaisay pom, y Takumx BHIIAgKax
BHKOHYIOTE, 3aCO6H OG‘IHCH}OBBJILHOI TeXHiKY, MO MO)KyTL Yy peaabHOMY Haci
KEpYBaTH Pi3HAMH IPOLIeCaMH. '

Ha pybexi XX — XXI cronits enem‘ponm mQ)opMamnm TCXHOHOHI
JOCHTIH (pymxaMfamanLHHx i TexHIYREX Mex IIPOAYKTHBHOCTI TIpH TpHBalO‘IOMy
POCTY CIOXKHBYOIO IONWTY Ha IIBHAKICTE 1 OBcsr indopmanii, mo
06po6moeTbea Ta IepegacThea. Kimowosnm pimeHHaM jgaHoi npobieMu €
p03p061(a HOBOTO ~ TOKONiHHA mtbopmammlo—'renexowymxaummrx cHCTeM,
OCHOBAaHMX Ha OITOC/ICKTPOHHIX TEXHOTOTIsX. 3mam;cx HOBPIH Hanp;n o
Haliinsm IMHAMIYHO PO3BHBAETBCA Ta BHIHAYAE nporpec CBITOBOI Haykd i
TeXHIKH, - onToin(opmaruka. Bora oxommoe o6nacTh Hayku i TexHikw,
TOB's3aHy 3 HOCHiMKEeHHM, po3pobkoro, CTBopeHﬁﬂM i excmmyatanieto HOBHX
MatepialiB, TEXHONOTiH, IpHNajiB i NPUCTPOIB, CIPAMOBAHHX Ha nepe;xal{y,
npuifoM, o6pofky, 30epexenns i BIJI()GpEDKCHH}I m(bopMaun Ha OCHOBI
OITHYHHX TEXHONOTH. TakuM YrHHOM, omolmbopmamxa 1e CKIAR0Ba iy Toi
K€ Yac, IOMiHyIoYa Ta HeBiI €MHa YacTHHA omoenexrpomm TOIIOBHHUH BEKTOp
PO3BUTKY sKOI Opi€HTOBaHHMM Ha iHTerpamiio ormmnnx mq)opMammmx i
TeNEKOMYHIKalifHuX TexnomOril,

O6'exramu OHTOeJIeKTPOHlKH paray omomtbopMamKu 30KpeMa €
eneMeH'ma 6aza, cneTeMHt, MeTonH, Mareplann i rexzomorii, wo 3a6e3neqy10"r5
ONTHMHY Tiepesawy, rIpImOM oGpoGKy i 36epe>KeHHﬂ m(bopMauu Ha ocnom
ONTHYHUX TEXHOJIOTIH, '



34-ocTanni poku BinGyscs skicHuH pepomouiitnmit cTpr6ox y caiTomii
omToenexTporini. CTBOpeHi NPUHIMIIOBO HOBI ITOKONIHIA N1a3epiB, CBITIOAIONIB,
npnmvxaqm BI/IHPOMIHIOB&HHH ONTHYHHMX  MATepialiB, ONTHYHHX eNEMEHTIB,
npncrpom i CHCTeM CTBopeHo HOBI HANPAMKA B omTHui - mrerpam,na
BOJIOKOHHE, rpamenmamnemmnna ONTHKA, MIKpO- | HAHOOTITHKA, XBHIILOBIAHA
omoenempomxalrn . , . )

Tpannumﬂnn Hanpzmox 3acrocyBaHHz €JIEMEHTIB « onroenempomxa y
pi3HHX OONACTAX HayKM Ta TexHikm - Bisyamisamisz Ta. BinoGpaxenHs
iH(bopmauii. Byns-saxux icromnx‘ahbrepnamla orxToeneKTdeHnM elleMeHTaM y
Hift coepi 3aCTOCYBaHs nofcn .He 3Haﬁneﬁo. TyT BOHM 3HaXOAATHCA 1032
Korxxvpenmexo i ronosne BaBIIaHH}i TONSNae B YAOCKOHANICHH] TEXHIHUX 3ac061n
B1no6pa>xeﬂnx md)opmauu Ha OCHOBI BMKODHCTAHHA AK HOBHX IH/MKATODHHX
eNeMeHTIB, TaK | HOBUX CXEMOTEXHITHHX pileHs.

Ipote npm—mnnom nepeBary €JIeMeHTIB ONTOENEeKTPOHIKH, AKi 6a3yxon,csx
Ha BHKOPHCTaHHi sK HOCllB mfbopmaun E/IEKTPHYHO Hempanwnx doToHiB,
HO3BONAIOTh CYTTEBO DO3LIMPHTH OONAcTi 3aCTOCYBAHHS ONTOENEKTPOHHHX
eneMeHTiB 3aCTocyBaHHﬂ MeTO}:liB Ta 3acobiB  ONTOENEKTPOHIKM B
lH(‘I)Op\'IaI_III/IHO——BHMlp}OBaIIBHHX, O04YMCIIOBATBHUX  Ta  TenekoMyHikauifnnx
CHCTeMaX BiKPHBAIOTD ¥ nopusmmm 3 TpagmIiiHAMH eJIEKTPOHHUMH 3ac0o0aMH
HOBI 6inbli MOXMUBOCTI B mepesadi Ta obpobui inpopmauil 3aBIAKH TaKuM
nepesaram: ' ) Ce _
’ 1) 3a6e3neqeﬂmo ineansHoi enex’rpnqﬁm (ranwamqﬂm) PO3B'SI3KH  MDK
BXOJIaMH i BUXOAaMHY; '
~ 2) peanizauii _6e3i<0HTaKTHc;ro ONTMYHOIO YNpaBliHHA of'eKTamMu T2
00yMOBJIeHa MM Pi3HOMAHITHICTb Ta THYYKICTh KOHCTPYKTOPCHKMX DiltfeHb B
OGYHOBI Kit KEpYBAHHS; ‘ ; o ‘

3) HecUpHHHATIMBOCTI /10 BIUIMBY enexrpomamimux‘ noiis, = sKa
0GYMOBITIOE BHCOKY 3AXMIIEHICTh BiZl 3aBajl TA BUKIIOYAE B3AEMHI HaBEACHHA Y
KOJIax 3B A3KY; ) _ ‘

4) IIAPOKIH qacToTHiH cMy3i. ,nporyiy_cxamm 'ONTHYHHMX ~ KaHAIB,
onHocnpoOBéHiéTb T4 HEe3MIlIyBaHICTH in;dpmauiﬁ}mx TIOTOKIB 06yMOBTIOE

BHCOKY MIBH/IKIiCTH Ta NPOAYKTUBHICTH B 06MiHi iHGopManii;
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5) HesanexHOCTI B péénoscrqucenni CBITIOBHX TIPOMIHIB, MO BiAKpHBae

HOBI MOXUIHBOCTI IAPANENIBHOTO BBEAEHHS T NAPANENBHOT onBéKn iH(bdﬁMaiii'i.

" Bazaui mBAIKOT (napanesneHof) o6pobxu ii{'(bopmaui'i [0 BUMAraroTh
BHCOKOY " IBAMIKOCTI BUKOHAHHS, BHHHKamTL npu  o6pobui aepoxocqumx_
reo(isuuHUX,  pamioNOKALiMHMX < JAHAX, TpH  KepyBaHHi  INBHXKHMH
JMHaMigHAME of'exTamMu  (IIpoLecamu, SIBPImaMH), mpu  oGpobii 30poBuX,
CIyXOBHUX, TaKTHIBHHX i iHIAX 06pasiB. MaNIvHH 3 IOCTIZOBHO BHKOHYBAHHMHA
KOMaHfaMy, MO OyAyIOThCS * HA TpamuuiliHii enemenTHIH 6a3i 1 MaoOTh
TPamuUIiHi CTPYKTYpH, BiEpI3HMIOTHCH HENOCTATHBOIO NPOLYKTHBHICTIO VIS
pilleH s TTepepaxOBaHuX 3a/1ad. ‘ _

HpoayktusaicTs CydacHux 3aco6iB ofpo6xm indopMauii mocsracTses
PO3NAPANIEIORAHHSM TIPOIIECY OGUHCeHb. CTBODIOIOThCA GaraToMammussi i
aratonpolieCopHi oGYHCMIOBaNBHI cHCTeMH. [IPOXYKTHBHICTE TAKWX  CHCTEM
nocsrae coTeHs i Ginpuie Minsionis. onepaiiit y cexynay. Onnax npu noSymnosi
OGYHCTIOBANIBHIX CHCTEM BHHHKAIOTH CKIAAHI IPOGIeMy eheKTHBHOT Bzaemoml
CKJIafoBHX JacTHH BEOM.,

Y paMkax TpamMuifiHux pIIEHR CXeMO- i CHCTEMOTEXHIKH MOXHA
3MIHCHIOBATH TakoX posnapaiemoBanus indopMmaiii uisxom BHKOpHC'i‘aHHﬂ
MOpQOIIOTiYHOTO CTPYKTYPHOTO rxpuHquy "EOM, ocaosy SIKOTO  CKJIAJaIoTh
acouiaTHBHI IIPOIECOPH.

Om¥H 3 NEPCIEKTUBHIX HANPSMKIB ¥ CTBOPEHH] OGYHCIIIOBANEHEX MALIHH
MaifbyTHBOrO TIOB'A3aHMIT 3 PO3POGKOIO CIICHIATI30BAHHMX OGYHCTIOBATLHHEX
IpUCTPOiB 00pobKM 306pakens. IIpH NPOEKTYBaHH TAKMX HPHCTPOIB 3HAUHHX
ycniXiB JO3BONAE NOCATTH ONTOCTEKTPOHHA TEXHONOTIA, SIKa JA€ MOXIHBICTH
BHKODMCTOBYBATH HOBi IPWHIMNE Tiepenadi, IepeTBOpeHHs, o6pobxu i
36epexxenHs iHopManii B peaybHOMY Yaci. )

OnuuM 3 HallBOXIHBIIIMX NMIAXONIB 0 CTBOPEHHS BHCOKOMPONYKTHBHHX
KOMIUIEKCIB 3 MapalelNbHoo 06poGKoio i}l(bépmauii' € anomeaHHx‘ 9HCTO
onTYHKX edextiB. Onruyni oGYUCIIOBAILHI CHCTEMH GYIYIOTHCA Ha OCHOBI
IABHO BIOMMX BaKOHiB;OHTHKPI ONHAK HOBHif MIOIVIAN HA CYTHIiCTh IMX 3aKOHIB
TIPHBIB /(0 HOBHX BAXJIMBHX Pe3y/BTATiB: OABH ronorpaqyu po3polxu nasepis,

mnmpa(lnquux npocmpono YaCTOTHHX (leIBTplB i 6e3mm TIPOCTOPOBO-IACOBUK

Hi
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MOZYnATOpiB ONTHYHOro cHrmamy. Yci ni 3acobu pinHocATRCE X0 -3acoGis
“on'mtmm 06p06KH indopmanii. . e i e
Immm HaIpPIMOK BUKODHCTAHHA NOCSATHEHD CY4acHOI ONTHKH — 06p061<a
onTigHol iBdopManii ananoronnMu ~3acofaMu, MO JIO3BOJIOTH  peali3yBaTH
neperBopenms Openens i (Dyp € 3a IOTIOMOr 00 ONTHYHHAX EICMEHTIB.

CyTTeBHM HERONMIKOM TAKUX ONTHUHHX CHCTEM € Te, 1o, A0 TeXHONOT] i
KOCTYBAHHA ONTHYHHX CXeM Bncynaxo'rbcx.,qoqmsxopc*rrq BnMom, IO 3HAYHO
3BYKye V oﬁnacn ix sactocypanHs i He Hac "paI[PIKaIISHO'I' Nepesarn B
nponykruBrocti EOM. '

Hopu#i mampsmox B omruysii o6qucmonam,nm TeXHili — napanem,na
06p061ca iHpopmaLii onToENEKTPOHHHMH ri6pugnaumn quch}OBaanHMH
3acoGaMH, mo o6’eqHyIOTh 06‘{HCJIIOBaIILHl pecypcH EOM i MoxmmBocti
ONTHYHHX IIPOLECOPIB (@ TAaKoXK MOXJIMBOCTI 3anaM'aTOBYBATTBHUX NPHCTPOIB).
OrnrroenekTponni | riGpuan] 00YHCTIOBATBHL, CHCTEMH yﬁygy}omca» Ha OCHOBI
quncqua;buuX 3ac00iB 3aTalBHOTO NPH3HAYEHHA 3 PO3BHTHMH KaHAiaMH
BBe/ICHH/BUBCIEHHSA | 6a3oBuM nporpaMuuM 3abesneyeHHsM, OPIEHTOBAHUM B
OCHOBHOMY Ha 06pOGKy 300paxeHb, WO 3HAYHO 3BYXYE O6IACTs NPAKTHHHOTO
3aCTOCYBaHHA. : v .

Bl,ZIOMl CHpo0M BHKODHCTOBYBaTH IPHMHIMIIM Iapane’sbHOi 06p061<n
iH(bopmauu B ONTHYHHMX JHUCKPETHHX 3a006ax (na 6a3i KOrepeHTHO! ONTHKH),
O,;mak NPAKTHYHE 3aCTOCYBAHHS NOAIGHHX 2a006i3 yCKIIaHeHe, OCKUTBKA
HeoOXi/lHa Ul LIbOTO eJleMeHTHA 6233 3HaXOTUTECS B CTaJ(il CBOTO PO3BHIKY.

OcranniM  yacoM  BelMKe TOIMPEHHA  OTPHMAIM  0e3niH30Bi
OIITOENEKTPOHHI ITPOLIECOPH 3 ﬁapanen;uoro ~obpobkoro . indopmanii,. Taki
Ipouecopy Ha 0asi MaTpUYHMX ONTOENEKTPOHHMX MPHCTPOIB, AKi BHKOHaH] y
BUTTIAAI MIKpOCKTAZaHb aGo Mlxpomonymn OZIEpKATH HA3BY €ICKTPOOITHIHIX
Mleonpouecopm o . _

Onnak i peaiisauii - TaKMX: MATPHYHMX  €JeKTPOONTHYHHX.
MiKpONIPOLIECOpiB, . HAIPUKIIAL 3 _ ONTHYHHAM ‘ TIOKaJPOBHM
BBC/ICHHSIM/BIBENCHHAM, [OTpi6Ha mofanbmwia pospobka Ginem cxragHOro
KOMIUIEKCY 1PUCTPOIB, 30KDEMa By3la NApaielsHOrO ONTHYHOTO BBeJEHHS
30BHIIIHLOI indopmanii, 1 no0yxosa ,onmengxiponﬂnx - CTPyKTYp.. 3 Oinsum

BIOCKOHAJIEHUMH TNpHHUHMAMH 0bpoOku iHdopmamii 6e3 sacrocysanHs

12



pr)xomcrmxx y | puxomammi i HCTC\{HOIIOI‘X‘IHH‘( Tpa.HCHapaHTlB “wa
q)yﬂxmonynamm AKAX HaKJ'IalIaIOTBCH KOPCTKI OGMeKEHHA. TaKHM YHHOM, IIpH
p°amzauu 'vxeTomB i 3aco6is onrmurof oﬁqncmosa.nbnm TeXHIKH MaIO’I‘b vvncue
Taki cepnoam HEZIOMiKH npnﬂunnoz;oro xapaKTepy, IO . 3HAYHO 3By>x<ym}orr>.
0611acTh IXHEOrO 3CTOCYBAHAN: »

1) >1<0ch1<1 BHMOTH Ro Texnonom i rocrysamm ONTHYHMX YCTAHOB, BeJ'IPXKl
ra6ap1mn po3Mipy TaKHX YCTaHOB, )

2) icHyroqi onTHHHi KepoBaili TPaHCTIapaHTH B p;xzu mmazucm HE MaKoTh
HeoGXiTHuX XapaKkTepucTHK  (WBHAKOAL,  po3miiBHOL 3aTHOCT],
Texﬁoﬁori‘lﬂocri) v' ' ‘ )

HeHTpaJrsHe chue B Knacuq)u(aml npnmme"rbcx JIOTiKO-4acOBil 06p06m
indopmanii onToeneKTponHIMH 3ac06aMH. 3a OIMHHAIIO 1H¢)opMaun TIPH JIOT1KO-
yacosift o0poOLi BHOHpacTHCA dac cupamosaﬂm OFEHOTO €REMEHTAPHOTO
onepaniffHoro enemMeHTa (KBaHTpona) V pesynbrati ofuH GiT iHpopManii Mosxe
TPaKTYBAaTHCS fK BHYTpIlIHSY BNACTHBICTH 3MIHH CTaHy CJICMCHTa, a cama

indopmMaris noaeTECS TPHBATICTIO CBITAOBOTO IMITYIIBCY.

1.2 Ocnonm nonm'm onToenempomkn. Knacndmcanm eJleMeHTHm

Ga3n omoenemponnox cxemorexmxn ‘

Omoenempomxa posin Haym i Texgikm, AKMH BUBYAE K ONTHYHI, TaK
i eNIEKTPOHH] SIBHINA B PEJOBHHAX, iX B32€MO3B'S3KH | NEPETBODEHHS, a TAKOX
fpunaay (eneMeHTH), cxeMH i éucreMn, CTBOpEHi Ha OCHOB] EX ABHIILL.

OnNTOeneKTPOHHUI eeMeHT - NpWNaj, IO BUKOPUCTOBYE IS cBoei
pOBOTH  eeKTPOMATHITHE 'BHNpOMIHIOBAHES OITHYHOIO (BHIMMOTO  abo
HCBH,E[HMOI‘O) Jiarnazony. EnementHa 6a3a ONITOENEeKTPOHHOT CXEMOTEXHIKM
Mlcnm,ycoﬁl Taxi TIpRIAT: o

- cszm/zoeunpommroeaw - rrppmaum, stii nepe’r’aoproxom CNEKTPUUHY
EHEPril0 B EHEprild ONTHYHOTO BnnpOMlmOBamm 3aj1aHOr0 CITEKTPaNBHOTO
CKIany i IPOCTOPOBOTO poznozunemm cmmomnpommosam € OCHOBOIO
IIpaKTH‘IHO 6y me-s1Kol g omoenempomiox CHCTEMH; 33  XapaKTepoM
BHHpOMlH}OBaHHX CBiTnoanx HOTOKIB cm'rnonnnpommosaql 6yBaJ6TL

KOI‘CpEHTHl i Hexorepem‘m (BIHHOBIJIHO Ro IIBOI‘O pO3}IlJIﬂIOTL KOI‘epeHTHy i
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HEKOrepeHTHY on'roenex'rpomxy) KOI‘epeHTHHMH cmmonnnpommoaaqamu €
onTHIHi KBAHTOBI reHepaTopn (naaepiij, a HEKOTePEHTHHMH — caiToniony;

' - daomonpuwuawz - npmla,zm B AKHX, iR ,111610 onmqﬂoro
Bnnpommonanus Bln6ysérorbcx smmn, U0 IO3BOJISIOTE 3aqou<cyBa'm ue
BHNIPOMIHIOBAHHA Ta BHMIDSTH HOTO xaparcrepncnmu' tbomnpnumaqx €
obos’ AIKOBMMH T2 BOHUIMBHMH  ENEMCHTAMH 6ara'rbox OIITOCNIEKTPOHHHX
cHCTEM; 3a TIPHHIHANOM it y01 q)o*ronpnnMam nomn;non,ca Ha Temnosi Ta
(OTOENEKTPUYHI; IIPHHIHIT ;.ux TeIUIOBHX OCHOBAaHUH Ha BPIKOpPICTaHHI qnsmﬂnx
ABHIL (HAIIDHKIIAJ, 3MiHa onopy a6o reHepaum 3ap;my), AKI CIIOCTEPIraloThes ¥
YYTIHBOMY eJeMeHTi IpH 3Mini #ioro TEMIEPATYPH Tl BIUIMBOM NOIIHHYTOrO
BHTIpOMlHIOBaHH}I poGora poToenexTpuuHux Qoronpuiimauis OCHOBAHA Ha
anopncramn 3osmmnboro abo BHyTplIIIHBO]"O qxoroetbemy, B

- Moc)yn;zmopu — TPHITAIH, AKi BBOJIATE m(bopmauuo y CBITJIOBY XBHIIO
33 paxyHOK 3MiHH y 4aci omnel 31 xapamepucmx aManylm 4acToTH, $hasy
260 nonxpnsauu ,

- ()edmexmopu npnna;m AKi JIOSBOJIH}OTL BiJIXUIIATH cm‘rnom l'IpOMeHl,

- onmponu — TpWIAmM, #Ki  MICTATH cmmonnnoommosaq Ta
(boronpnumaq 1O KORCTPYKTHBHO Ta ONTHHO TIOB s3aHi Mix coforo;

- iHOuxamopu — UpPHIaNH, SKi BI,ZL06pa)Ka}OTB lH(I)OpMaIJ,IHHI napauerpm
CHrHaliB y gopmi, iKa MOXe 6ym cnipuiinsTa Ta OliHEeHa IOACLKHM OKOM;

- ONMUYHQ leeZpaJZbHa cxema - MlHlﬁTlOpHI/IH TBep}IOTlJ'IBHHH np}man,
110 CKIANACTHCH 3 THTOCKHX TOHI\OHJIIBKOBHX XBHIIBOBOJIIB (AHANIOTH MeTaleBHX
OpOTiB),  sKi 3a6e3neqymb '3B’30K  MiK  IUIBKOBHMH  AKTHBHWMH
OHTOCJTCKTpOHHHMH €JIEMEHTaMH (cmmosnnpommonaqamn, (bororrpnnmaqamn
Ta iH.), 3a6e3nequ0qH BUKOHAHHS 3a/[AHHX dyHKIis;

- onmoenekmponHi aamqurcu (ceHcopu) IPUITH 3 ONTPOHHOK
CTPYKTYpPOIO, WIO Mlcm'rb cmmonnnpowmoaaq, doTonpuiimad Ta ONTHYHC
CepeROBHIIe MK HUMH, SKe € YYTIHBHM eIeMEHTOM, Bnacmsocn AKOTO
3M1H}OXOTBCS{ nin BILTHBOM 30BHIIIHIX q]amopm' ‘

- ceimnosodu ~ NpHIa/IH, WO YTBOPIOKOTH KAHATA 3B 'A3KY ABIIOTE,
cooom TOHKI HHTKH, BHFOTOBIICHI 3 TIPO30pOro Mareplany, poznoxacronmenwx
CBITIORIX npovnms 0 SKHX OCHOBAHE HA SIBHII TIOBHOTO BHy’I‘plIHHLOI‘O
BllIGI/I’I‘UI



- Onmoenexmponna: cucmema — CYKYIHICTS ONTOCJICKTPOHHHX HPHCTPOIB,
of'eHanEX MiKeJeMEeHTHHUMH' 3B'S3KaMi B OfHe Hiie miA peanisanii meBHHX
dymkumi, -

Inpopmayitina - - -onmoenexmponna. - mepexca  — CYKYITHICTB,
ONTOSNIEKTPOHHMX ~ cHCTeM, 00'¢HaHNX  IPOCTOPOBO—ONTHYHHMH a6o
BONIOKOHHO-ONTHYHUMU  Jidismur. 38'a3ky, Jlimil 3B'@3xy Moxyte O6yTH
OpraHi3oBaHi Ha KOTepeHTHHX (3a HOMOMOTOK Ja3epiB) abo HeKOrepeHTHHX
(BumAMEX 200 HEBHOUMHX CIEKTpax ONTHYHOrO BUNPOMIHIOBAHHA) IKepenax
cBiTia. Koxua crcteMa iHdopManiiiHol OMToeneKTPOHHOT Mepexi MoXe MiCTHTH
Ge3niy 30cepe/KeHnX (JIOKATBHUX) HiICHCTEM.

DyHKyisn onmoenekmporHoL cucmemu — PaButo (abo CYKYIHICTb NPABHIT)
peanisanil pesynsraris, OOYMOBICHHX IPH3HAYEHHSIM CHCTeMH. TakuM 4HHOM,
GYHKIIS CHCTEMH — Ie CYKYMHICTh BHKOHYBAHMX OIITOENEKTPOHHHMX IPOLECIB,
W0 MalTh Micue B onToeneKTpOHHiﬁ cucreMi.. OyHKuil, SAK IpaBHIIO,
BH3HAYAIOTHECA  PO3poGIOBaYaMi  Iepell: MPOEKTYBaHHSM = OHTOSACKTPOHHOL
cucreMr 1 MOkyTh OyTM pisHuME: 30epexeHHs, HepeTBOpeHHSA, oOpobkH,
Tiepefadi, npuioMy i T.10.

Cmpyxmypa onmoenexmponnoi cucmemu — ¢ikcoBana afo Taka, WO
nepebyNOBYEThCS, CYKYIHICTH eneMeHTIB i 3B'M3kiB Mix Humu. CIpykKTypa
OHTOENEKTPOHHO! CHCTEMM BH3HA4ae, 3 AKHX €JICMEHTIB, By3liB abo NpHCIPOiB
BoHa - cKkimamaeThed. Lliero K - CTPYKTYpOIO. BU3HAYAETHCH crocib  3B'3Ky
ONTOENEKTPOHHAX €IEMEHTIB, By3iiB a00 IPHCTPOIB OAWH 3 OJHHM 3 METO
CTBOPEHHS 3arayibHOl apxiTeKTypH cucteMu. IHxeHepHa dopMa BigoOpakeHHS
CTPYKTYPH — ONTOENEKTPOHHA CXEMA. : ' -

Onmoenexmponni - 10ziuni  elemenmy — eJEMEHTH, IO BH3HAYAIOTh
IPWHIKITY * BCTAHOBJIGHHA 3B'A3KIB MK BXiZHAMH | BHXiZHHAMM CHIHalaMH
ONTOENEKTPOHHAX TIPHCTPOIB 1 BifHOCATBCA [JO KIacy CICMEHTapHUX
ONTOENEKTPOHHUX CcXeM. BOHM € CBOrO POZY  ONTOCIEKTPOHHHMHU
nepeTBOpIOBa¥aMH BXiHMX onTHyHuX (abo enexTpuusux) curHanis. OcHosHe
ﬁpH3HaquHﬂ ONTOSNEKTPOHHIX JIOI{YHHX elleMEeHTIB — peaizalis JOTIYHHX
(poctrx a6o criamHMX) onepaniit Hajy ONTHIHAMH abo enexTpudHMMH (a6o

KOMI'UIBKCHHMK) CHTHaIId4MH.
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. Banam’smosyeansii “ONMOGREKMPOHHI - eneMenmiL. = EMEMEHTH,: bchQBHnM
i NPH3HAYEHHAM KX € 3a1aM'STOBYBAHHS OITTHYHUX a60. eleKTPHEHAX CHIHATIB,
WO HAIXOIATh Ha BXiX. XapakrepHa puca LMX eneMeHTiB (Ha BinMiHy: Bin
eICKIPOHHUX) y TOMY, HIO- NPOLECH 3allaM'ATOBYBAHHSA . CYNPOBOMLKYIOThCS
-eexTaMH BisyanbHoOI iHIMKanil. . T

Honomisicni  onmoenexmponni. enemenmu -~ €NEMEHTH,: IO CIIPHAIOTH
YCTaHOBIICHHIO 3'€IHYBAIBHIX PEXUMIB ONTOCTICKTPOHHUX JIOTIYHHX €IEMEHTIB
abo -ememeHTie mam'ari indopmanmil. [lo TakMx eneMeHTiB  BiXHOCATBCH
MiZCHIIOBaYi, MepeTBOPIOBadi. (MOAITEHUKY, MOMHOXYBa4i, cyMaTopd i T.IL),
eNIEMEHTH 3aTPUMKH, IeHepaTOpH, CHHXPOHI3aTOpH i T.J., INO B-3aranbHOMY

o6y 0BaHi Ha 6a3i OITOCNEKTPOHHOT CXCMOTEXHIKH. \

1.3 Anamiz edexTHBHOCTI BHKOPHCTAHHA MeToRiB Ta 3acobiBs

ONTOEJeKTPOHIKH Ta KpUTEPii IX ONiHIOBAHHSA

BigoMo, mo mnapaMeTpH cydyacHHX iHTerpampHMX Mikpocxem (IMC)
B32€MHO TOB’s3aHi 1 BH3HAUAIOTH fK PiBeHb iHTErpauil, Tax i MIUPOTY MOXKIHBUX
IX 3acTOCyBaHb. 4I_[e " TBEPIDKEHHSA ITOBHOIO ~MIpOK BITHOCHTBCI 1 HO
ONTOENCKTPOHHUX €JNEeMEHTIB 1 (QYHKIIOHATPHMX CXeM. Tak, HampukiIag,
30iNpIIeHHS HaBaHTAXYBAJIBHOT 3RaTHOCTI JuIs OIITOENEKTPOHHUX EJIEMEHTIB
(3b6inpmenns kxoedinieHTa ONTHYHOrO a0 ENeKTPUYHOrO - PO3rATYKCHHS 110
BHXOLY) 3HMXYe IUBHIKOMIKO CXeM. i 30iNbluye CHOXHBAHY NMOTYXHIiCTh, a
NIABKINEHHS MIBUAKOAIT 36ian¥e HOTYXHICTB, IO pO3CiloeThes, i, ¥ CBOIO
4yepry, 3HIKYEe piBenp iHrerpanii. ToMy s KOMIUIEKCHOI —OLHKH
cxemorexniynoro Oasucy IMC = gpouinsBO mopsxy 3 IapaMmeTpoM
"IOTYXHICTH - MIBHAKOMIA", MO JJiA 3amaHoi Texsonorii Burotopnenns IMC

3HIIACTRCSA . MOCTIHHAM, BHKOPHCTOBYBaTH Takuii mapaMerp K "dac
38TPHMKH - piBeHb inTerpauii”. 3suvalino pisenb iHTerpamii xapaxTepHsyeTscs
xoediuiearoM K, mo JOpiBHIOE NeCATKOBOMY JorapudMy BiJ 4YHciIa eJIeMEHTIB
(K =logioV =1g V).

Binpm of’exkTHBHY OUiHKY piBHA iHTerpanii aae - BpaxyBaHHA - 4HCIA
BEHTIUIB Ha KpUCTai. ‘

Jns xommiexcHo! oniHKE cxemoTexsidHoro Gasucy HeoOximHO
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IOpiBHIOBATH Taki TpH sAKoCcTL: © *
— thakrop sxocTi Fy= Pcep r,, ne P“,,;-cepe,am CnoKuBaHa no'ly)KchTL

fy 1

t, — cepenHil yac 3aTpHMKH;

IBHAKOJIIO (KIJIBKICTB TePEMHKAHb B OHHHIIO qacy);

IMUTEHICTE eTeMERTIB S, N>

OYHKLUIOHAIBHY IIIIBHICTS KOMIOHYBAHHSA S}

1

THII 32CTOCOBYBaHOI TEXHOJIOTII. *

At Beebiunoi oninky 6a3osux IMC € npniHATHEM NOHATTS A06pOTHOCTI
O, 110 BpaxoBye NOTi4HY THyuKicTe 6a3oBux cxeM L, BI,L[HUCHy 3a3a)mc‘nﬁx:cn,
60U, axrop sKkocTi Fi 1 miinbHicTs KOMITOHYBAHH Sy, T00TO
_ L-&U
Ry wbcn (e
Tlporte ju1s OLIHKH BEMOT i KoJa pO3B’3yBaHHX 38124 ONTOENeKTPOHHHMH
elleMeHTaMH 1 IPUCTposiMu Ginbul 06’ eKTHBHUM cTae. MoxHdiKoBaHHi KpHTepiil
pobpotHocTi  (Jy, 1O - A€ . MOXJIMBICTH OUIHIOBATH - NEpPCIEKTHBHICTH
BUKOPHCTaHHS eneMeHTHOi Gasu. Kpim noxasnukis OU, Fy-i Sy, BiH nosunes
BpaXOBYBaTH MaKCHMAJNBHY TEOPeTHYHY ' IPAHMYHY YacTOTy IepeMHKaHHS
OITOENEKTPOHHUX E€JIEMEHTIB fia, QYHKIIOHANBHY NOBHOTY eneMeHTiB Ko, 4ac
iXHpoi eHepreTHuHoOl  BiJHOBMIOBAHOCTI - !z, TOOTO dYac = BigHOBIEHHH
indopmauiiinoro mnotoky, koedinient kopucroi gii (KKJ) enepreruunoro
nepeTBopeHHs Kz, eQeKTURRICTE eneMeHTiB | npucTpoiB Kie i nokasHuK piBmsa
iarerpanii F;. TaxuM uuHOM, MozubikoBaumit KpuTepiit mOGpOTHOCTI - Mae
BHIJLA;

I
QM=Q‘Fr‘fmu‘K¢’;“‘Ka‘K£w. (1.2)
E
3 Bupa3sy (1.2) Burikae, mo mMoaudikoBanuii Kputepiil gobporHocTi Oy
TAM GLTLINMIA, 94M BHINA ITPAHUYHA YaCTOTa MIepEMUKAHHA €TEMCHTIB,
- 3a OCHOBHHMM MapaMeTpamMu (LIBUIKOMIEIO, CIIOXHMBAHOIO MOTYKHICTIO,
KOHTPONENPHAATHICTIO) e(heKTHBHICTH eneMeHTHOI 0a3y MOXKHA 1€ OIIHIOBATH
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32 JIOMIOMOIOKO YCEepEeHEHOr0 Y3aralbHEHOTO . xpmepixo, AKUH, - BUpaxac
YCEpeHEHy cymy edoeKmBHocren 3a . NAHAMH _TapaMeTpaMu ineansHoro i
PpeanLHOro OITOEJNEKTPOHHOIO MPUCTPOIO, TO6TO . .. | . 1. .
Lo I H - H . H : SIETS SERRE e SN
E==—. 1 I . PR (1.3)
3\ M Iy
ne Iy, Mp, Iy — napaMeTpy  ieaibHOr0 npncrpom 33 IIBHAKOAICIO,
CTIOXMBAHOIO ITOTYKHICTIO 1 Yoqmonenprmarmcm

IIpr, Hpp, Hpg —Ti % cami napaMeTpn piyjet peanLHoro npnchoro

Ihana30H 3MiHn xpurepiro (1 3) [T IPaKTHYHEX (pea.nLHHx) IIPHCTPOB

JEKUTH y Mexax 0 < E< 1.

Kontpoabni naranus

» 1. OxapaxTepusyiiTe nepeBary ONTOENEKTPOHHHX METOMIB Ta 3acobiB.

2. JlaiiTe  TIOSACHEHHS ' 'TAaKHM  IOHATTAM K = ONTOENEKTPOHiKa,
ONTOCACKTPOHHHKH eIIEMEHT; OTITOJIEKTPOHHR CHCTEMA. -

‘3. Jlalite mosicHeHHA TaKMM TOHATTAM: iHpOpMamiiiHa ONTO&NEKTPOHHA
Mepexa, QYHKUis ONTOENeKTPOHHOI "CHCTEMH, CTPYKTYPa OIITOENeKTPOHHOL
CHUCTEMH. ‘

4. Oxapaktepusyiite ¢yHKUiOHaNBHE IIPH3HAYEHHS TaKUX  EIEMEHTIB
ONTOENEKTPOHIKH: . CBITJIOBHNPOMiRIOBaY, - (oToNpHiiMay,  MOmyisTOp,
RednexTop, iHAMKATOp, ONTPOH, = 3amaM’STOBYBAJBHHIA OITTOCNEKTPOHHHI
eNIEMENT. ' :

5. SIxi xpmrepii MoXyTs GyTm 3actocoBami npu OLiHFOBAHH]

e(eKTHBHOCTI ONITOEJIEKTPOHUX MPHCTPOIB? -
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2 EJIEMEHTHA BABA OIITOEJIEKTPOHIKH

K

2 1 ,Z[;Kepe.rxa Bnnpommosannﬂ Ta ix ocHOBHI xapaxc'repnc"mxn -
2.1.1 Oumqne mmpommmnauun TBEPAHX Ti .

Onrmme Bunpommoaa}mx = lle eNeKTpOMarHiTHe Bunpommoaamm 3
noaxcmioro XBHJTB BIII 1M 7o 1 M. Icropmno CKIaN0CH, 10 xapax’repncmm
ONTHYHOIO Bnnpommonamm OLIHIOIOTh EHEPIeTHIHHMA, T2 CBITIIOBHMH
(q)o'romerpmnwn) napamerpawx Euepzemuum JTapaMeTpH XapaKTepH3yioTh
mepommosanm 6e3BinHOCHO zo HOFO ;m Ha Gym,-mcmd TpriiMay
BHIPOMIHIOBAHHS 1 OB’ 132K 3 enepnuo 1o HepCHOCI/ITBCX BI/IHpOMlHIOBaHHH'VI
3a NOMOMOIOW ceimnogux NApaMETPiB OLIHIOIT BHIPOMIHIOBAHHSA, SIKIO B
poni DpuiMaya BHCTYIAe JIOACHKe oko. Y. Tabmuni 2.1 Hasemeni ocHoBHI
CHEpreTHwHi Ta BIANOBigHI 10 HHX. CBiTIOBI  XGPAKTEPHCTHKH  ONTHYHOTO
BHIIPOMiHIOBAHHSAL,

Tabms 2.1 - OcHoBHI eHepreTmm Ta CBITNOBI BETHUNHH

Moznavenns ra )
EuepreriiHa MDA 33 Omunp-| Csitnosa l'Iogﬂaqem-m Ta BHpa3 3a Oaunn-
Be/THYHHA paiza A .| BeJMYMHA O3HAUEHHAM S
O3HAYEHHAM & -
Horix T CaiTnopuii o
3 — —_ - 7
sanpomisio- | @, = @, (A)dA | Br o | F= cb 680 {V(A)0,,(A)dA | .
BaHHA o , s o3
Enepris ! . !
. _ CeiTnona _
Bumposimo- | O, = j@(r)dt ] e | @= [@, @)t e
BaHHA 0 3
Cana Crna
- - . : ) ‘ R
BUTIPOMiHIO- I,=d®,/dQ |Brcp coitna 1, =d®,1d0 K.ua6g
BaHHA , am.cp
Brepretmana Brey ,
ackpasicrs, | L, = I, /{(dA, cosg) [P - Slckpasicts L, =1 /d4 cose)y =~ - 2
TIPOMEHHCTICTS ‘ ) HEs
Eneprerivna
CBITHMICTE, M, =d®, /d4, | Brm? | Caitnmicrs M, =do,/d4, 2
Bunpominro- ) . TIM-M
_BAIBHICTD | -
Ernepretiana E = d@ /A éTM'Z Oceitse-
OCBITICHICTD e et ; HiCTb E,=do,/dd, © K
' - . PN FEE '
Enepremirina | - 7 _ J'E,(t)dt Bragl| Chitiosa CH, = jH,(z)dr
excriosuLiis ¢ €KCNIO3HLIA : . : nKe. -

dA;- rmoma AUTAHKH MOBEpXHI, IO BHIPOMIHIOE; . dA; - NUIOIIa AiNSHKM TIOBEPXHI, BIO OCBITMIOETHCH,
d) = TinecHHI KyT, B AKOMY PO3HOBCIODKYETLCA BHHpOMlH}OBaHHﬂ £— KyT MK Hopmanmo ,uo noaepxm
Ta HAIPAMOM PO3MOBCIOKEHHS CBITIIA ]
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Sk . BumHO. . 3 TaGHHLIi‘ ‘HEepTeTHYHi . .Ta.: CBITHOBI  mapaMerpu
BHNPOMIHIOBAHHS 34 CYTTIO € OAHAKOBUME, npOTe MAIOTh plsm ozmunm BUMIpY.
Kpim iurerpambHux @, =~ ®,,.., TobTO po3r1m11y13amrx B IHHpOKOMy
CIeKTpanbHOMY Jianasoi, enepremqﬂnx Ta CBITNOBHX Bennqnn, B npaxmm

* BUKOPHCTOBYIOTBCS IX CNICKTPANbHI I[IUILHOCTI (De()»), DA, . Hanpuxnan,

D MZAD/AN = dD./dA i T.01. IJIaCTo KOITH acno npo fKi BEJIHIHHH uue MOBa,
ignexcu e (enepremqunn) Tav (Bxayanmnm onycxaxo*rs

‘ "Iepexux Big oG'exmBHm Mo He 3aJIeXUTh Bil BIACTHBOCTEH npnmaqa

BHTIPOMIHIOBAHHS, CHCTCMH eHeprermex BCIHYHH 110 cy6‘€KTHBH01 CBITIIOBO]

CHCTeMH — npOBozmecx Ha OCHOBI CIllBBlJIIIOI.HeHHH Mi CBITJIOBHM IIOTOKOM @,

'Ta HIOTOXOM BPIHpOMlHIOBaHHSI D,
oAz
F=®,=K, [V, (22, eR)
Al

me K, = 680 nmM'Br' - makcuMmansHe 3HaueHHs CTIEKTPaIbHOT
e(beKmBHdcﬁ MOHOXPOMATHYHOTO BHIPOMIHIOBAHHS NS OKA JIOZHHH (na
OOBXHUHI XBuii A = 0, 555 MKM);

Ai... Ay — mianasoH crekTpannHol tIyTJmBocn oKa (3asBanp1 X, 0, 38 MKM,
2=0,76 MrMm); '

V(A) — CUeKTpasibHA XapaKTepuCcTHKA Yy TIHBOCTI OKa.

.

OnrnyHe BUNIPOMIHIOBAHHA MOXe GYTH KOTEPEHTHHM 1 HEKOTepeHTHHM.
Hexozepenmne .BI/IHPOMiHK)BaHHﬂ BUHHUKAE, KOJNH €IeKTPOHM B aroMi, mo
3HAXOJATHCS] HA BUCOKOMY eHepI‘eﬁrl/I‘{HOM}' piBHi, MIMOBIITEHO, Ge3 30BHINIHBOTO
BTpYYaHH MEPEXOAAThH Ha  OiNblr HM3bKHI = eHepreTUYHMIl  piBEHB,
BHUIIPOMIHIOIOYH TIPH LBOMY KBaHT CBITNa. Y pe3yNnTati, KOXKEH aTOM IeHepye
BUIPOMINIOBAHHS CIIOHTAHHO | HE3ANeXHO BiX iHWMX. BHacmizok 1BOTO,
HATPSME HOIAPA3ALIT 1 a3H XBHIb, MO BUIPOMIHIOIOTECS, € pisauMu. OckiTbKy
mpoMiHbE  CBITIA® €  CYNEpPNO3MILE eneKTpOMarHiTHﬁx XBHNE,  sKi
BHIIPOMIHIOIOTBCH  OKPEMHUMHE aTOMaML_i, TO HanmpAM nomspuzanii Ta, ¢asa
PE3yNBTYIOUOTO CBITIOBOTO NOTOKY B OKDEMHX TOYKAX TPOCTOpPY OYAYTH
3MiHIOBATHCA XaOTH4HO. Jing OTpuMaHHs KO2epeHMHO20 Banpowmoaaﬂ}m mo

xapaxrepnsyemca nepezxﬁaquamcno Ta annat!emcno oux - napaMMpm,
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HepexXomH eneKrpomB B aToMax 3 BHIIOFO enepre'rmmoro plBHﬂ Ha me'mn
NOBHHHI GYTH Y3TOMKEHUMH. Isoro MO)KHa HOCArTH npn 'BHKOpHCTAHHI
30BHINIHEOTO BYMIPOMINIOBAHHS 3 enepnero Q)oromB 611}1351(0}0 pite} plBHHLIl
" enepriit euepremumc piBHiB, MK SKHMH 3mucmoe'rr,cx nepexm Feueponane y
pesyILTATi TAKUX EPeXoin Bnnpommosanm AKe HA3UBAIOTE Bmwymexmu a6o
ingyxoBanuM, 6yse MaTH TaKy camy ,uonmmy xBui, (basy, noJspu3anio Ta
HAIPSAM PO3MOBCIOIKEHES, IO i 36YIKYIOUC 30BHIITHE BHIPOMIHIOBAHHA.

XapakTepu3yloun KOIepeHTHE Bnnpomimdaaﬂﬂx, 'BBOJATH TaKi NOHSTTH,
SIK 4acoBa Ta POCTOPOBA KOTepeHTHICT. Yacosa kozepenmuicme BH3HAYAETHCS
3MiHoI0 (asn ciTiIOBOT XBHM Y Yaci y mamiit Touni npoctopy. ITpomixok yacy,
TIPOTATOM SAKOTO 3MiHa (asw CBITIOBOT XBUII € MEHIIOO 3a 7, Ha3UBAIOTH, qacoM
KOTepeHTHOCTI. Hpocmoposa KO2epeHmHicnbo xapaxcrepmyeﬁcx 3MiHow $azu
CRITIOROI XBHJII Mix pi3HHMH TO‘IKaMH IpoCTOpy, depes sKi TPOXOHTH
XBWILOBHHE (})pom‘ SIxmo pisHHIM (})as MI)K m;oma TOUKAMU 3am/1mae'rbcx
IOCTINHO0, TO KAXyTh, IO Mae Micie noBHa Korepemmcn, Sxmo s yMOBa
BUKOHYETECS IUII OYyHB-SKHX Iap TOYOK, TO Taka XBUJIS XapaKTepU3yeThCH
IIOBHOK IIPOCTOPOBOIO KOI‘epeHTHlCT}O

EnexrpomarsiTie BHI‘IpOMIHIOBaHHH OIITHYHOTO JiaNa3oHy OTPHMYIOTE 32
JIOTIOMOTOO nmepen BI/I]‘IpOMlH}OBaHH}I beepena BHIIpOMlHIOBaHHH MOXYTb
GyTH IBOX OCHOBHMX THINB — TeILIOBi T2 mo’vxmecuemm Tennose
BUNPOMINIOEaHHA CTBOPIOETHCS Harpn‘nMn tinamu. Bowno wHye i yeix i,
TeMIeparypa’ SKHx Bmpnmen,cx Bux HynS. IHTCHCHBHICTL i crexrpansHuit
CKJIaJ{ TEIIoBOr0o Bnnpommo}zanm 3aexath Bil TeMnepaTypn Tax, 3rigno 3
3aKOHOM ' CTet})aHa-BonLumaHa Cl‘IeKTpaJIBHa miTBEHICTH eHeprii
BUTIPOMIHIOBAHEA € nponopnmﬂoro qemepromy CTYIHIO a6CO.TH0THO_;1"’
TEMIEpaTypH, a CIeKTpalbHa xapaKTepHCTHKa, AKa BH3HAuae po3moAin
IHTEHCHBHOCTI BHIPOMIHIOBAHHS 10  HOro - cﬁekrpy, npu  36Ginpmenni
TeMIeparypu HocsTae MaK‘cﬁMymy 'Ha MeHIMX JOBXHMHAX XBHIB (3axoH
3MimeHns Bina). k ' -
' OCHOBHHUMM  TEeITIOBUMU mxe;pena&m erdeimosaHHsI € naMm/I
posxaproBanns. Bouu MO)KyTL OytH Bnroromxem nocmz. Mlmanop}mmn ane
MaroTh " noplmmﬂo HU3EKHI KKJl i Bc:mxy mepummcn, I\OHCprKHlﬂ naMrA_

BKITFOYQE BaKyyMHHH 63J'IOH oo TIOTano y31"O}I)Ky€TLCH 3 TGXHOJIOFICK)
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‘ Hanmnpom}muxoanx CXeM. Ho nepesar jamn 'PO3KApIOBAHHS, MOXHA. BITHECTH
:HH3I>Ky Bapncn,, Bucoxy reMHepa'rypHy Ta pamiauifny CTlPIchTB.w Sy

_ Exm,m POSMOBCIOIKEHUMH B CydacHik onroenempomm €. Ixepena
BHHpOMIHTOBaHH}I o BI/IKOpHCTOByIOTI: PisHi BEAK Mominecyenyii. (xonogHoro
CBlTlHHSI) I'Ipn JnoMmecueHuu _eHepris, He06mea AN BUNPOMiHIOBAHHS, Moxe
m,:monnmcs Io Tina 6ym>-mcuM JHETeIOBMM criocoboM. 3a paxyHOK eHepril
30BHIIHBOrO BILTHBY 1acTHHA CNCKTPOHIB TepexomuTs Ha Gilbin Bncom
cnepremqm piBHi. POBcpHeH}m X  eNCKTPOHIB Ha . piBHOBaXHi pisHi
CYNPOBOMKYETCA BHHpOMlH!OBaHHSIM @oroma ®izuka nponecy JroMiHecHeHuiT
Mae aBi ocoBHBoCTi: BY3BKHH CIICKTp BHIPOMIHIOBaHHA Ta BENHKY KLTBKIiCTb
cnoco613 36y11>1<e}mx _

B om‘oenexrpormnx npvmanax Y Hall 4Yac TOJOBHUM YHHOM
BPIKOpPICTOByCTLCSI enempomommecuenum (BHHUKHEHHSA CBITIHHA TR aiero
CIIEKTPUYHOTO  1TONA), Q)oromox_vxmecueﬂum (BUHMKHEHHA CBIiTIHHY mpH
onpriHeHHi doToramu) Ta Ka"ré,uomoMiHecueHuia (BUHHMKHEHHA CBITIHHA NpH
OTPOMiHEHH] IPHCKOPEHHMEH eJICKTpOHaMH)

st OTOENEKTPOHIKH ocoGHBHil iHTEpEC BHKTHKAE
enercrpomoMiHecueHui;x Y  TBEPIOTITBHEX  JDKepenax BHIIPOMIHIOBAHHS,
MaTepla_HOM SAKHX € HaHlBl’IpOBlIIHPIKOBl 3'ennanns. OmHuM 3 pisHOBHAIB
enepromOMmecneHuu € lH)KeKIIlHHa eneKTpomomHecueHum, MEXAHI3M KoL
JQeXHTH B OCHOBI poGorn OCHOBHHX CBITIIOBUNPOMIHIOBAITBHUX ~IPWIAAiB
ONTOENEKTPOHIKH — CB'iThoznidlzxiﬁ Ta ﬁéﬂianposizmmoanx JIa3epHUX JiOMiB.
Inacexumna enempomoMmecueHum BUHHKA€ B pesyaprari pekoMmGinauwii B
06’ evn HamBnpomaHnKa OCHOBHEX Ta HEOCHOBHHX = HOCIiB 3apsny. Taka
TOMiHeCHeHN s Mae Micue, HarpHKIaj, TpH rxponxanm npxmoro CIpyMy uepes
pn nepexm, mo cynpoxzomxyerr:cx m;xemne}o HEOCHOBHMX HOCIiR 3apany:
zupox B n- oﬁnacrL a eJIeKTPOHIB B P ~o6acts.

 Ba3suuait BHHpOMlHIOBaJILHOK) € TiNLKH ofna o6NacTh 110 ONHH 611( p-n
nepexony, HATIPHKIAL, p-061acTh. 3 1i€lo MeTOW B 1-06NMaCTh BBOISTE Ginbe
AOHOPHOI JOMIIIKH, Hix _ 8KUEITOpHO! B p—oGnacn, Y pesyneTati, B -Taxii
crpym*ypx m)xcexmuﬂuu CprM € NPaKTHYHO O,T.IHOGI‘IHHM — 3 n-obnacti B p-
obnacts, i BHHpOMlHlOBBJIBHa peKOMGIHaLUSI qaﬁesrlevzyen)c;x €JIEKTPOHHOIO
cxnajmnoxo I, nosHoTO crpymy 1 E(bexmBmCTL IKeKi BH3HAYA€THCA TUM,

22



HaCKiTBKM CKNafoBa CTPyMy, IO 3afesnedye iHKEKOil0 HEOCHOBHHMX HOCIIB
3apsfly B aKTHBHY (BHIPOMIHIOBANEINY) o6IacTs, y HAHIOMY NpHKIani cIpyMm I,
BigpisaseTsea Bix nosHOrO cTpyMy /. EdekTHBHICTE IHXEKUIT XapakTepusyeThes

KoedhinieHTOM IBKexil y:

THKeKToBaHi B p-0GIIacTh  eNEeKTPOHH PeKOMBIHYIOTs. TaM 3 JipKaMu
nobimsy p-n  nepexomy. IIpm mpoMy @OpAI 3 BHIPOMIHIOBANEHOIO
pexombinanieio, sxa 23a0e3niedye TeHEPAlliic ONTHYHOTO BUIPOMIHIOBAHHS,
icHyrOTE MexaHi3MH 6e3Ban0MiHIOBanLHo'1' peI<0M6iHa1iii BHacnmox SIKMX
BHILIAETECS eHeprid, MO IepeTBOPIOEThCS B TEIUIOB] KOIMBAHHSA KpHCTa.TIl‘IHOI
pemiitkn,  Kinbxicro edextusricte pexomGimauii mnpx  mominecnenuii
XapaKTepH3yIOTh BHYTPIIIHIM , KBAHTOBHM BUXOAOM 7#,, SKHH OHIHIOIOTH
BiMHOIMEHHAM KiTBKOCTI aKkTiB BHIpPOMIHIOBANBHO! pexoMOGiHanmii A0 mOBHOV
KITBKOCT! akTin (BnnpommoBaanm T2 6e313nnpommo}3anm01) pexomGiHarii,
Inomi BHyTpinmi#t KBamroBMiI BHXin BH3HAYAIOTh BmHomeHHﬂM KimekocTi
reHepoBaHUX (GOTOHIB 40 KiNBKOCTI iHXEKTOBaHMX B aKTUBHY obyiacth 3a Toit
CaMHi{ Yac HEOCHOBHIX HOCIiB 3apsiily (y HAamoMy NPHKIaMi — €XeKTPOHIB B p-
obnacts). EdexTupHicTs iMXKeKUiHHOI eNeXTpOIIOMIHECHEHIIT MOXKHA OLIHHTH
TOGYTKOM ¥ 7. -

He yci doronn, sxi 6ymm '3‘reHepOBaHi Y Pe3ysIsTaTi BUIPOMIHIOBANBHO!
pexoMbinanii, BuitayTE i3 mMKepesna BHHpOMiH}OBaHH}I OcHOBHUMI IIPHYMHAMH
HBOrO € TOTJIMHAHHA CBiTaa B 06 emi HamBnpommmxa Ta SBHIJE IOBHOLO
BHYTpiITHBOTO BinbuTTs. OcTanHe o6ymonmoe Te, M0 HA30BHi Bmmyrs nume Ti
CBITJIOBi TIPOMEH, IO PO3MOBCIOIKYIOTHCS B MEXAX KOHYCa 3 IBKyToM & 6is

BepumHu (puc. 2.1).

Pucynok 2.1 — Biz6uTTa i 3a510MNICHHS CBIiT/Ia IpH BUXOI] 3 HAmiBIPOBIAHMKA
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Kyt &) Bu3nagaerncs piBHicTIO
&= arcsin( I/hoj;

A€ np - TIOKa3HHUK 3AIOMJICHHS MaTepiaty, B AKOMY TeHepyeThCs CBITIHHA.

Ocxinbkn He Bei GOTOHM BUXOLATE 3 JUKepeNa BHIPOMIHIOBAHHS, BOHO
XapaKTEPU3Y€EThCH 3OBHIIUHIM KBAHTOBHM BHXOJOM 7., SKHIl MOB’s3anuil i3

BHYTpIiLIHIM KBAHTOBHUM BUXOJIOM 7, CTIiBBIZHOMIEHHSM
nxe:KO.nxa - A (2'1)

ae Ky — Koe(buueHT mo Bpaxonve BTpaTH BHHpOMlHIOBaHHx obymoBieni

TOTVIMHAHHAM Ta BII_IGH’I'I‘XM CBlTﬂa. )

110 HpOTo Yacy MoBa Hiura NP0 FOMOMCpEX O/, To6T0 TIEPEXOTH LIS IKUX
IWHpHHA  3a60poHeHOT 30HH B p- Ta . n- ofmacTsX € oOnHakoBow. B
retepoliepexoaax (pnc 2. 2) " mo YTBOPIOIOTECA  HAlliBIPOBiTHHKOBUMH
3’ €AHAHISME 3 DISHOO HIHpI/IHO}O 3a6op0HeHox 30HY, ICHYIOTb Kpauli yMoBH Ana
reHepanii BHHpOMlHIOBaHHﬂ

Pyx HociiB 3apany y crami piBHOBarm reTepocTyKTypH BU3HAYAETHCH
HOCisMU TinbKM opHOro THmy. ToMy HpH NpuKTagaHH TIpAMOI Haupyru Mac
Mice ogHOGIUHA imxekuis — TiNBKH Hoclis 3ap5;11y 3 IIHPOKO30HHOrO 1apy (Ha
puc. 2.2, a i3 mapy 3 WHPHHOI 3a6oponeHol 30HM E)y ZBy3BK030HHHI‘fI (urap 3
HPHHOIO _3a66poneno'i 30HM E;). ¥V pesymbrari koediuienr imxexuii y B
aKTUBHY (BHIIPOMIHIOBAIBHY) 0GNACTB (#a puc. 2.2 ne ofnacTs 3 WHPHHON
3a60poHeHOl 30HH E])' AN reteponepexofly fopisHioe 1. Baxompo BigMiTuTa,
mo oHOGIYHa iHKeKuis retepornepexosy He NOB’SA3aHa 31 CTYIeHeM heryBaHHﬂ
p- Ta n- ofnactell, K ue Mae Micne y 3BHYaifHOMY (roMOreHHOMY) nepexosi.
Tomy Bona 3GepiraeThes i Ipy 3HAYHUX MITBHOCTSX IIPSMOTO CTPYMY NEPEXOXY.
Hpyroio  0ocobIHBICTIO  BUKOpPHCTAHHA reTeponepexofy €  Te, 1o
BHIIPOMIHIOBAHHS T€HEPYETBCHA y HATIBIPOBINHUKOBOMY MaTepiami 3 BYX4Y0i0
3a00pOHEHOI0  30HOW, TOMY BOHO TIPAaKTHYHO HE [OTTMHAETHCS y

HAMIBNPOBINHAKY 3 GiNBII IHMPOKOK 3a0OpOHEHOK 30HOI, IIpM BHBETCHHI
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BHIIPOMiHIOBAaHHS 9epe3 INMPOKO30OHHHMH HANiBIPOBIAHUK - BAAETECS CYTTEBO
3MEHIIHTH BIPaTH .Ha mnorymeandsg, Ll gBi ocobmiBocTi- rerepomepexoxis

JO3BOJIAIOTE CYTTEBO 301IBIINTH 30BHIIIHIH KBAHTOBHN BUXI 7.

EF EF

6
Pucynox 2.2 — Exepreruusa marpaxvxa OI[PIHapHm (a) Ta nogmmnm )
I‘eTepOCprKTypH

Hopsn 3  opuHaprow |y CBiTHOBano_MiH}oBan_LHHx mionax
BHI(OpHCTOByGTBCH noABiiina reTepocrp);Typé (puc. 2 2, 6) Aka MICTHTH
NONATKOBHH [IHPOKOIOHHHKIE IIap TOFO CaMOTo THITY npom}:[Hocn WO ¥ aKTHBHA
obmactp (Ha puc. 2.2, 6 ue 1ap 3 [HPHHOIO ‘3a6oponenol 30}m E;). Hassaicts
noTeHnianpEoro 6ap’epa Ha ‘Mexi oGHaCTeu i3 IHPHHOIO 3a60p0HeHHx 30H E Ta
E; mepemkomxac BHXOLY HEOCHOBHHX HOCIiB 3apsjly 3 aKTHBHOI O67Iacti.
Y1BOpIOETRCS HOTGHHIEUIBHB. aMa, B saKiif HAKOIHYIOTECS imxexToBaHi 3
LIMPOKO3OHHOTO HamBrrpOBmHHKa HEOCHOBHI HOCH 3apsmy. Hapmumkoea
KOHLEHTpallid 3apsxy B aKTHBHiH obnacti Ta opHOGiuHa mxcer(mﬂ CYTTEBO
HiJBUITYIOTH BHyTpunHu”{ KBAaHTOBHH anm X‘eTepOC’I‘p}’KTypH Ta ii IIBHAKOAIO.

3a J(OTIOMOTOI0 IcrcponepexomB 0TpHMme> He JHIE HEKOTepeNTHe, a i
KOrepeHTHe Bnnpommonamm

30131{11111{114 euepremtmnn BHXI,II mommecuermu (KKII) BH3Ha‘{a€TBC$I K

MehV

.= TV’ 2.2)
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" ;e hv= enepris QOTOHIB;
", eU — eHeprisi €NIEKTPOHIB, 0 TpouITM pisHno ToTeRians U,

Cnin 3asHauWTH, IO BHYTPIlIHiY KBaHTOBHAW BMXIA 7, 2 3HAYMTE i
NOB’s13aHi 3 HUM BHpa3aMH- (2 l) Ta. (2.2) 30BHilHIT KBaHTOBPIPI anm e T2
30BHINIHIN eHepreTHYHMN BHXiZ JOMiHecueHUi 7., 3menmyromcx 3i

361IbIMeHHIM TeMIIepaTypH.

2.1.2 CBiTJionionn Ta HOBi NOKOJIIHHA HAAACKPABHX JKepes

CBITHOBUIIPOMIHIOBAIEHUH Haﬁinnposinﬂnmanﬁ niox (abo csiTnomion)
aBnfe coforo MiOOHY CTPYKTYPY Ha OCHOBI roMo- abo rerTepo- p-n-mepexomy,
IpOTIKAHHA IIPAMOIO CTIpyMy 4uepe3 SKy CYINpPOBOJUKYETHCH TeHepaliero
HEKOCEPEHTHOrO ONTHYHOIO BUIpOMiHIOBaHHSA. [IpuHumMn pobortu ceiTioaiona
OCHOBAHHMH Ha BUKOPHUCTaHHi {IDKeKUiHHOI eleKTpOMmoMiHecUeHi, MeXaHisu
sKoi OyB PO3NLTHYTHI Y MOTIepeARBOMY MiApo3aii.

IHo6 KBAHTH eHeprii — @orouu,"axi 3BLIBHAIOTECS NpH pexoMbGiHanil,
BiANOBiZIa7TM ~ KBaHTaM  BHIUMOIO 1a GmmxHROTO  iHGpauepBOHOTO
BPIIIpOMlH}OBaHHﬂ  LpuHa 3abopoHeHoi  30HH BHKopnéTOByBaHoro
HamBHpom,uHmca NOBHHHA Oytu  BimHOCHO BEJTHKOI0 (Eg> 1,3 eB) Tomy
cBiTnORiONM HalfuacTimme BATOTOBIMOTECS HA OCHOBI 3’€IHAHDL rajito: apceHiny
ranito (GaAs) Ta pocdiny raio (GaP). = °

,Honanariniiw y ﬁarxinnpoainﬂnkosﬂﬁ Marepiay aToMiB AESKHX PEHOBHH
Moxcﬂa 3MIHIOBATH B MEBHHX Me}xax Kouip cBiTiHHA cBiTAOAIOAIB. Hanprkmaz,
Ha OCHOBI q)occbmy rajito, JIeroaHoro meBHOIO KITBKICTIO UHHKY, KHCHIO abo
30Ty, OMEPXKYIOTh CBITIOAIOAH 3eNEeHOTO, JKOBTOTO i 4epPBOHOTO KONKOPIB
CBiTiHEA. ‘ J i} . - ‘

Hepri CBiTnoﬂionH ﬁxo MaJm npOMHCJmBé 3HA4eHHs, OyIH CTBOPEHi Ha
OCHOBI crpyKTyp GaAs/Ga HIKOM meonm}com (CLIA). Kpim HEX Y 60-1 poxn
MHHYJIOTO CTONITTS Gy CTBOpeHl ceiTiogionu Ha ocnosi Ga 3 YEPBOHUM i
JKOBTO-3e/IeHUM CBITiHHSM. 30BHIIHIH KBAaHTOBMI BUXi/I UMX NpHianiB Gys He
Oinprumit 3a O,l%, a CBiTyIOBa éiﬁnaixa He nepeBnmyBaﬂa 1..2 m/Bt. Ockinbku

JOBXXKMHA XBWII BHIIPOMIHIOBaHHS 3HaxoqwIaca 8 Mexax 500...6008M - obnacri
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HraltBumion qunHBocn mo,ucmcoro OKa, nopwmmo HeBeJiKa xcxpamc'rz. ixHBOTO
CBITIHHA 6yna IOCTATHBOIO pis BaCTOC}’BaHHH HX npmxam]s X CHTHAILHAX
ispuKaTopis. _ )

‘ TomansIie BioCKOHANeHHs csimoiriouin npoxoxnfxo 10 ABOX HAnpAMKax -
36UIBMCHAS  30BHIIIHBOTO KBaHToaoro kB'uxoz.ry i POSIIMPEHHS . CHEKTpa
BHNPOMiHIOBaHHA. Belukull BHecox y wo poGory BHeCIIH PajsHCBKI BYeHi,
oxpema JK.I. Ambbopos 3 cme061THHKaMH KLy 70 - POKM MHHYJIOTO
CTOMITIA PO3pobMWIM TaK 3BaHi 6araronpoxmm nomamm re'repocmyx'rypu Ile
NO3BOJNHIO 3HAYHO 36mmnnm 30BHIMIHIM KBAaHTOBMH BHXIX 3a PpaxyHOK
OOMeXeHHA  aKTHBRHOL o611acn peKOMGmaun ' BPIKOpHCTOByBaJIHC}I
TeTepoCTPYKTYpH Ha OCHOBI apceHizis ranuo-amomﬂuo (GaAlAs/GaAs)
30BHIMHIH KBAHTORMI BEXIX HHX OpHianis uocxraB 15% 11}151 4epBOHOI obnacri
criektpa ra 30 % mma indpaveprono. - v

Jocmipkenss  iHmmx TETEPOCTPYKTYP npnsBenn o - CTBOPEHHA
canomomB LHO BHIPOMiHIOIOTEH B mumx o6*1acmx CHeKTpa. Tax, #a nodarky
90-x POKiB MHHYIOro CTOMNITTA 6ynH cTBOpeHi CBITIONiONM Ha OCHOBI
6araTonpoxigHuX moaBiliHIX re'repocrpyKTyp B cucreMi AlGalnP na migxmanxax
3 GaAs abo GaP i3 4EepBOHO- )KOBTOI‘apX'-II/IM, JKOBTHM 1 KOBTO-3eeHUM
KOJIBOpOM cBiTiHHA. Bouu Manu 303}111111{114 KBaHTOBHH BHXiZ fo 55% i cBitnoBy
Bimmagy mo 20 aw/Br, mo 3mauHo TiepeBHIIye CBlTJ'IOBy Blm:(aqy JamIH
po3xcaproBaHHx Tax, cBitnoea Bigmada nammu poaxcameaHHH 3 YEepPBOHHM
CBITIODIILTPOM cKIanae ychoro 3 nM/BT, 13 XOBTHM - - 10 m/Bt y Toill gac K
cyqacHi Ha,uﬂcxpam qepsom csmfomolm JIa1oTE rxonazx 30 aM/BT. Vrim, 1 e He
pexop: Juis xcomo—xcomorapaqnx Ha).mcxpa}mx cm'momomB BXKe JOCATHYTHH
pesymsrat y 100 1M/Br. o ‘

Jlonruii vac PO3BHTOK ‘(':BiTnouioniB CIpHMyiiaBC;I BiICYTHICTIO NIpHNAiB,
o BPIIIpOMlHIOIOTL Y CHHBOMY manasom Hn‘pnmn 3’€¢HaHH: TPyNH A"BY
BIZKPHIM UUIAX 10 CTBOpEHHS BHCOKoe(beKTHBHHx CBlTnomomB i3 3CIEHUM,
cHHiM, dioneroBuM Ta ynLTpa(bloneTOBHM BHﬂpOMIH}OBaHHFfM 3a pomomororo
0araToIapoBUX I'eTepOCTPYKTYp Ha OCHOBi m’rppmy lHJllIO -ranio (InGaN) )i (o]
BI/IHpOMIH}OIOTB Y - CHHBO-3eIeHiH oGnaCTl cneKTpa Bz[anocx ,uoxvxormcx
30BHINIHEOIO ' KBAHTOROTO anozly o 20% i Bnpmyn Ha6nu3mncx 3a

e(heKTHBHICTIC 70 TIOMIHECLIEHTHIX JaMII (cBiTIOBa Bignaya 70...90 aM/BT).
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. CTano MOXTHBHM

Buraxin cmmix cmmomonm 3aMKHyB "RGB KOJIO

T R ORI

6ym>-mcoro KOJIB py y TOMy ‘mc

: OI‘pI/I“aH i 6mom Hpn HOMY

i

"BHKopHcTOBymTch AK OerMl canomozm plBHPIX KOJILOplB JTax i
’I‘pbOXKpHCTaJIle cm’momo}m, mo noe,uny}orb Kpncranu qepnonoro cmn,oro i

’ 3eJ1eHoro KOJIBOplB CBITIHHS B oszMy KOpIIyCI ‘ : '

’ OC}'OBO‘O 61m=m ,uemeBoro vmmomoz[a 6moro kom,opy \cummm €
CTPYKTYpa Ha OCHOBi Hn‘prmy 1H,uuo-ranuo (InGaN), wo. Bnnpommoe Ha
noBxuHi xBrm 470 M (f‘mmx romp), 1E aHCCGHHH 3Bep>\y Ha Hel momiHoQop,
IO BHIIPOMIHIOE B nmpoxomy manazom BHIUMOTO CIIEKTpa, SKAH [OKPHMBAE
3enmeni i YepBoHi mimAHKM cneKTpa Taxi ceitnomions mabarato Aemesi
TPHUKPHCTAIEHUX (TpHKpHCTaJILHI cBiTIomioNy 3a3BHYAi BHKOPHCTOBYIOTECS JJi
CTBOPEHHS IOBHOKO/IE0POBHX 3ac06m BlﬂoGpa)!(eHHﬂ m(bopmauu) MaloTh rapHy
KOJIBOpONepefiady Ta CBiTnOBiIady o 20 JIM/BT sKa € HOpIBHAHHOW 3i
CBITJIOBI/UIAYeI0 JIaMIT pO3KaprOBaHHA. Bixe chopeHm 6ini CBITIOMIONH
noryxcmcno 5Bt 3 IOTOKOM y 120 am.

Iile onun MeToz OTpI/IMaHHX 6iztoro ceitia - 36ymx<eHH;1 T’pHIHapoBOFO (3
YEPBOHMM, 3€JCHHM Ta CHHIM KOJIBOPOM CBITIHH}I) ToMiHOQopa CBlTIIO}IIOIIOM 3
ynbTpacdioneTopmm CIIeKTpOM Bnnpommrosanuz A

Kpim BHcOKol csitnoBoi Bigmaui, mamoro eneprocnommanwx crabxoi
3NEKHOCTI NapaMeTpin Bnnpommosamm Bil TeMmepaTtypu i MOMIHMBOCTI
OTpPIMaHHX Gy AB-KOTO KONBOPY BHI‘IpOMlH}OBaHHﬂ cydacHi cmmomo;m MaroTh
iHIWi CyTTeBi mepeBarw, 30Kpema, cbamacmlmun TepMiH cny>1<6n BupoGuuku
AEKIapYIOTH TepMiH cny>1<6n zo 100 THCAY TOJHH, a6o 11 pokis 6e3nepepBH01
poﬁom Kpim Toro, 3a HOplBHfIHHﬂM 3i 3BmauHHMu mammamm, y ceitoziozis
mncyms{ cKifHa Kkonfa, mo o6yMOBMIOE iX BHCOKY Me€XaHiuHy MilHICTE i
HaZIIHHICTL Maie TeHHOBHIIlJIeHHSI i HM3bKa Hanpyra >KUBIEHHS- TrapanTyrTh
BHCOKFIPI piBeHs Gesrexu ix BHKOpPICTaHHH o ‘

Hepepaxonam BHILE nepeBam OSyMOBIIIOfOTB umpoxe BmcomeaHHa
HaJ ACKpaBUX cmmomozxm y 6ara'rsox cqpepax

~ -aBTOMOGINBHI CTOI‘I cnmann ;

- aBTOMOGmLHI Ta 3aJ113HHT-IH1 csmlmbopn

- Hamramnm CHCTEMU Ha CyHOMNaBHUX pmxax T4 MOPCBKHX NTOPTAX;
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- OGMC)I(yXO‘Il BOTHi Ha BUCOTHHX GYAiBNSX Ta aeporoprax;

;- Benm(oq;opmaml NOBHOKONEOPOB] €KpaHU st BOX3alIiB, aeporopTis,
CTamiOHiB, 10 31aTH BIATBOPIOBATH He JIMLIE TeKCT aGo rpadnxy, a if Bigeo; '
© — CHCTEeMH aTMOC(HEPHOro OITHIHOTO 3B°A3KY;

"~ CHCTEMH JHCTAHLIHHOTO xepyBaHHa

"~ OXOPOHHI CHCTEMH.

He 3Baxxaroun Ha Te, IO Ha OCHOBI CBITIIONiONIB MO)KyTB 6ytn cnaopemn
OCBITIIOBATGHI ~ NPWIAMH 3 MalMM  CHOXHUBAHHSIM eHeprii, MaaHM
TETVOBHJIIEHHAM,  BifICYTHiCTIO ymeTpadioneToBoro BthOMimosaHHx,
BHCOKOIO  BibpocTiiikicTio Ta JOBTOBIUHiCTIO, Bincy'rhicno cneuiam,ﬁizrx
IaTpOHIB Ta BiAGKBa4iB, HOTeNEp BiACOTOK HIepexXoxNy Ha CBITIOAIONH] JuKepena
OCBIT/ICHHA 3aNHINAETECHS HeBeMuKiM. | onoBHa IPHYMHA LBOTO — IIOKH IIO
3aHaATO BUCOKA IliHa. Binomewnns nomap/momer aas  3puwaiinoi JTaMIIH
po3xaptoBaHHi cKnagac mpmbimsno 0,001, ILJm CYy4acHHX Hanﬂcxpaﬁprx
CBITIIOIONIB Iel OKAZHUK JOCATAE JIHIIe 0,1-0,05 gonapa 3a momen.

Croronui A CTBOpeHHS OCBITIIIOBATLHUX npHIaiB anomeOBy}O'r'Lck
CBITIONIONH, B SIKHX MiABRILEHHS CBITIOROI BiANAYi NOCAraeTHCS 260 3a PaxyHOK
00’cOHaHHA KiNbKOX KpHCTamiB B omHoMy Kopmyci, abo 3a PaxyHOK
BUKOPHCTAHHS OJHOTO KPHCTaNa 3i 36iNBMICHOI0 TLIOMmEIo. Koncrpykuis taxmx
CBITIOZIONIB MICTHTE ILIACTHHUATHIE TENNoBI{BIN Ta Bixgbusaui BOKOBOTO
BUIIPOMiHIOBAHHS KpPICTaJIXB, AKi moromkeni 3 mBC(bequHnM HOJ‘IlMepHHM
KYHoJoMm. ' '

Cucrema xapamébncmx Ta IapaMeTpiB CBiTIONIONIE ToriuRo BuIHMBaE 3
dYHKUiOHATBHOTO NpH3HAYeHHs | (izHTHIX IPHHIHEIIB iX po6orr. OCHOBHHMH
CBITJIOBAMH = XapakTepUCTHKAMH  Ta napaMeTpaMy ‘CBiTJIOAiOJiiB, o
X8paKTEePH3YIOTh iX AK JDKEpela ONTHIHOTO BUNPOMIHIOBAHHS €

a) 6UNPOMINIOSAMLHA  XApakmepucmuka = —  3aneskHICTS HOTOKY
BANPOMIHIOBAHHSA (M1 iH(padepBoHux CBITIONiONIB) abo cmmm chiTia (s
CBITIONIO/iB, MO BHIPOMIHIOIOTS BHAHME CBITNO) BiI NpPIMOro CTpymy
CBITIIONIONa; BHNPOMIHIOBANBHA' XaPAKTEPHCTHKA CBmIomomB € TaKo[, IIo
IPaKTHYHO JiHIHOK 3pocTae 3i 36GiTbIeHHSM CIPYMy Y BCBOMY jiama3oHi
pobodnx crpymis; ’ : ‘
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6) cnexmpazibua xapalcmepucmwca ;w4 3ANEKHICTD + : IHTEHCHBHOCTI
BHHpOMlH}OBa}{H}I (TOTOKY . Bnnpommonamm a60 CHIIH - cmrna) BllI JOBXHHH
xnnm Blmpommosaaoro rxo*roxy, ;

B) IHMeHCUGHICTE  GUNDOMINIOBAHNA, ., xapamepmye . IOTYXKHICTB
BUIIPOMIHIOBaHHA Ppy, (17 IH(i)paHQpBOBHXJCBVITI‘IIA()}I}“QJI_U_B).\a,GQr:CHJIy cpitna 1,
(ans  ceimiomioniB, IO BUMPOMIHIOITH BHIHMME. . CBiTno)} Y., Harmpsmi,
TEPICHIUKYILIPHOMY Bnnpommosansnm NOBEpXHi TPH 3aJaHOMY . npaMOMy
CTpyMi; v . . : IR PR L

r) sAckpasicmp — BiIHOWIEHHS CHJIM CBiTNa JO IUIOLYi BUIPOMIHIOBAILHOL
ToBepxHi (MoXKe BK&yﬁamcx JUTH CBITJIOAIOMNIB, 110 BUIIPOMIHIOIOTH BHIMME
¢BiTIIO); ' ; '

1) diazpama cnpsamoeanocmi — XapakTepU3ye 3aIEXHICTL IHTEHCHBHOCTI
B‘I(I‘HPOMiHI-OBaHH}I Binl HanpAMy BUIPOMiHIOBAHHSA (KYTa, IO BiPaxOBYETHCA Bi
HOPMAJI JI0 BUIPOMiHIOBAJIBHOT IOBEPXHi);

€) 008NCUHA XGUNL GUNPOMINIOBAWHA, Amgx —  IOBXKUHA XBWII, sKa
BifIIOBiNde MAaKCUMANbHIH {HTEHCHBHOCTI BUIPOMIHIOBaHHA, TOOTO MOBXHHA
XBHI, Ha SKiH CIIEKTPATbHA XapaKTePHCTHKA Mae MaKCHMYM;

IK) WUPUHQA cnemhpa sunpominioganns. Al — jpianasoH XBHAS B CHEKTpi
BHIPOMIHIOBaHHS, VI SKUX IHTEHCHUBHICTH BHIIPOMIHIOBAHHS € HE HIDKYOIO 32
0,5 MaxcHMyMy CIIEKTPaNbHOI XapaKTepHCTHKH.

IIpn v po3mIsAaHHi  CBiTHOZIORR K QIEeMEHTa eJCKTPHYHOro Koja
BHKOPHCTOBYIOTECS TaKi OCHOBHI XaPaKTEPHCTUKH Ta apaMETPH:

a) BOILM-AMNEPHA XOPAKMEPUCMUKA — 3ANCHKHICTh CHIM CTpyMy, IHO
NpoTiKae gepes CBITIOAION, BiX TIPHKAICHOT I0 HHOTO HalpyTi;

6) nocmilina npama nmanpyea — 3HaYeHHs Hanpyrd Ha CRiTJIOAioAi mpH
TIpoTikaHHi Kpi3k HHOTO HOCTIHHOTO OPSIMOro. CTPyMY; ‘

B) MAKCUMATLHO aonycmwwuﬁ nocmitinull npsmuli cmpym — MakCUMalbHe
3HRUEHHS NOCTIHHOIO CTpyMy, IPH SKOMy 3a0esnedyeTses 3afjaHa HapiHHicTh
TIpH TpABAIiH po6ori; ; _

T) MAKCUMQIbHO — OOMYCMUMUti  IMAYACHULL — NPAMUll  CIMpYM. - —
MakKCMMaJlbHe 3HA4YeHHs CIPYMY, NpPH IpPOTIKaHHI- AKOro IPOTArOM 3aJaHoro
gacy 7 AK IIpH OJHOKpATHil, Tak i mpu nepioawgHii xil, sabesznedyerses 3ajaHa

HaniiHicTs pu TpuBaNii po6ori;
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" n) MAKCUMATBHO di;nyéniuma ééopom’a nocrhiﬁhia Hanpyza -
MaKCHMANLHE 3HATCHHS nocTiinoi Hanpyrn sxa npm(nanena HO CBiTNOAIONA Y

' 3BOpOTHOMy Hanpmvu, npn AKi# 3a6€3neqye’rbca 3alaHa  HamiiEicTs Ipn
: TpuBai pobori; ‘ o L N

'€) MaKcuMansHo J 00nycﬁzwua 3&0pdmua bwhyﬂbcna . manpyaa -
MAKCHMaJIbHE ITIKOBE 3HAYEHHS 3Bopomox HanpyTh Ha cmmozuom, BKJIOYAIOYH
AK OTHOKPATHI BUKHJIH, TaK i Ti, o neplozmqﬂo TIOBTOPIOIOTECS;

XK) MAKCUMATBHO donycmwwa nomyo;cuzcmb pOB’CZlOBaHHﬂ ~— MaKCHManbHa
NOTYHICTh PO3CilOBaHHS, IpH sKiif He HaCTaHe Terosyit npobiit ceitnoniona.

3) weudkodin - BUSHAYAETHCS IMITyTBCHUMH  ITapaMeTpaMu: HacoM
HapoCTaHHSA/CIIaNy IMITYJILCY BHIIPOMIHIOBAHHS TIPH CTpHOKOMOAIOHMX 3MiHax
IpAMOro CTPYMy CBITJIONIONA T2 YacOM 3aTPHMKM IMITYJECY BHITPOMiHIOBAHHS
BiJHOCHO 1O IMIYJIECY CTPYMY.

Kpim 3a3HayennX CBITIOZIONN XapaKTepH3yIOTHCS e KOHCTPYKTHBHHAMH
Ta EKCIUIyaTaliifHUMH napaMeTpamu. Jo OCHOBHHX KOHCTPYKTHBHHX
napaMeTpis  BinHocaTeCA  ¢dopMa Ta posmipm  kopnyca. OCHOBHHMH
excnnyarauiﬁHHMH HOKAa3HHKAMK € MakcuManbHa 1 MiHiManbha po6oua
TeMIepaTypa Ta rapa}_I'iOBaHa AOBroBiYHiCTH (BU3HAUAETECA 33 10, 30 aGo 50%-M
CIazoM iHTeHCHBHOCT] BUIIPOMiHIOBAHHS).

Axiy 65/,115-511(01‘(} IHIIOTO HaMIBIPOBIAHMUKOBOLO €IEMEHTA Y CBITNOIOKIB
icHye 3anexwuicTh ocHOB}_mx ‘HapameTpiB. BiX 30BHIIUHBOI TemiepaTypd. 3i
30LIBIIEHAAM TeMIlepaTypu iF{TEHCHBHiCT}; BHIIPOMIHIOBAHHS T4 CIaj HAIPYIH
Ha caiTmomioni SMCHINYIOTBCS, & HOBXKMHA XBHN BHNPOMIHIOBAHHA AEIIO
3Gifxr,mye'r5cz. Hpu oMy HaHOINBIN CHITBHA TeMIepaTypHa 3aNeXHICTH
chomépirae"rscz y IHTeHCHBHOCTl BUNpOMiHIOBaHHA. Ila sanexuicts e
TPAKTHYHO JiHiMHOW i XApaKTEPU3YETHCS MOXTHBOIO 3MiHOKO iHTeHCUBHOCTI Y
2-3 pasn B iHTepBa poGoan TeMIIepaTyp.

Bonpr-amriepaa xapakTepucTHKa CBITIOZIONA € aHATOTTYHOIO O BOIBT-
al\/rhepno'f XapaKTEepUCTHKH 3BHYAHHOTO erMHiCBOI‘O Aioma: BOHa Ma€ IpsAMY.
,uumm(y, o KpyTo 3poctae. Ha um IXIHHHHI MuHaMivHui omip € MamaM i He
nepesnmye xmsxox Om. Ma.JIHM €i CTam'mHn omip ceitnogiona. ToMy mpu

BMHUKaHHI CBITJ'IOZIIOIIIB B enempnqm I\Oﬂa HGOGXIIIHO BXXWBATH 3aXOMHTH IOUOC
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obMexents npooro CIpYMy, @ AK JKe ena eneKTp

BHKOpHCTOByBaTH zmcepena CprMy

SN R el e S

HOH}’CTI/IMI 3B0p0THl H&prrﬂ IUISI CBITJIOJZIIOJIIB‘ 6 He IIOCT&THBO

BEJIMKMMH, TOMY SKILO cmmomon TOBHHEH npamoBaTH y K i 3MIHHOI‘O
CTPYMY, s 3an061ramm np06010 nocm,uonHo 3 HEM He06xumb BMPIKa’I‘H
BHNIPAMHMI xiox. ‘ .

BaxmuBo1o 0cobauBicTio HamBnpOBmHHKOBHX cmmommpommonanwnx
mionis € npuTamaHHa IM gerpananis, 'r061'o noctiize 3MEHILIEHHS IHTCHCI/IBHOCTI
BHIIPOMIHIOBAHHS ITIpH TpuBanomy nporucanm TPAMOTO  CTYMY. 3HIKeHNS
iHTeHcHBHOCTI BHHpOMlHIOBdHH}I I{epe3 Jerpajialiio nmnopxuxonyemcx
excnoneﬂma.nmowy 3aK0Hy

1

1H=10)-¢,

xe 1(0) — movaTKoBa iHTeHCHBHICTE BUNIPOMIHIOBAHHS,

7 — OCTi}Ha Yacy, Mo XapaKTepu3ye WBHAKICTS Iponecy Zerpanauii.

Iennkicrs ,uerpa,uaun 36GINBIIYETECA 3 TiXBUIICHHSM TeMnepaTypn Ta
npH poGoTi Ha MiABHINEHHX NPAMHX CTPYMax.

Tlopsan 3 po3BUTKOM HANIBIPOBIAHUKOBUX CBITIOMIOAIB OCTAHHIM 4acOM
Ha[3BHIa{HO WIBHAKO PO3BHBAIOTECS DO3POGKM OpraHidHmMX CBITJ'IOlHOlIlB
(OLED — organic light emission diodes). Opramq}mn CBITJIOIO/ CKIA/1a€ThCA 3
pany TOHKMX OpraHiYHMX IUHBOK, sKi po3TamioBaHi  Mix ABOMa
TOHKOITIBKOBUMH NpPOBimRuKaMu. Ilpu TIPOIyCKaHHI uepes opfrauquHﬁ
Marepiall eNeKTPHIHOIO CTPYMY BiH NOYHHAE CBITHTHCH, Komip, ebextusricts
Ta IHTEHCHBHICT CBITIHHS 3aJI€KATh Bijl BAKOPHCTAHMX opramqrmx Matepianib.

Cooronni BHKOPHUCTOBYIOTHCS  fiBa KiacH opramrmnx Matepianis. Lie
noniMepu i Mikpomonexkynu. Tipu nosimepHiit TeXHONorii
CBITIOBUNIPOMIHIOBA/IbH] YAaCTHHKH HAaNAMIOIOTECH HA MAKIAAKY Y pinxomy
BACILAMI, @ NpM MIiKDOMONEKY/SIpHiN, sixa e Halibinem noumpenowo, -
KOHIEHCYIOTBCA 13 mapiL. Mikpombnexynxpui CBiTnonibﬁH nepeBepmyioTb
noniMepsi 3a ed)eKTHBHICTIO Ta TepMiHOM cayx6M, npore ofnanHamHA TN

noniMeprol OLED-rexHon0ri! € MeHuI nopornm.
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epeparamy opranivHmX . cBiTIOAiOAIB € HU3BKI poGoui HANpYTH, BHCOKa
SICKPABICTh CBIiTIHAA, MaJla COXXHWBAHA IIOTYXXHICTE, INMPOKHH Hiarason pobogux
TEMIOEPATYp, BHCOKA TEXHONOIITHICTs, Mala TOBINMHA Ta Bara. KpiM Toro, Ha
_BUIMIHY Bif HAmBNPOBIEMHKOBOrO CBiTHOmioma, AKWi aac TOYKOBY eMiciro,
_OprauiYHEH BUIPOMIHIOE ycielo nosepxmero. Ilpn uLoMy SICKpaBiCTh CBITIHHS
no Beilf mosepxui € pisHoMiproto. Ile K03BONSE O6iiiTHCH Ge3 BHAKOPUCTAHHA
KOpIIyca 3 JIH3010 /U1 GOKYCYBaHHA BHITPOMIHIOBAHHS Y 3aNaHOMY TinecHoMy
OCHOBHMMY HEZONIKAMH OPraHiYHHX. CBIT/IONIONIB € BHCOKA IyTIMBICTH
MO BOJOIOCTi, IIOKM .INe HE NOCTATHEO BHCOKHH TEpMiH cryx0u, TpymHOI
OTpuMaHHs GiIOr0 KOJIBOPY CBITiHHSA.

2.1.3 Hanienposignakosi inzxexuiiini Jazepu

OCHOBHAM JDKEpEeNIOM KOTePEHTHOTO BUIIPOMiHIOBAHHS, fKE IHPOKO
3aCTOCOBYETECA B CHCTEMAX ONTHYHOTO 3B’ A3KY, OINTOENEKTPOHHAX npnc’rpozx
06po6xu Ta 30epiranns gaHEX, € Hamnnpoamﬂmconnn imxexuiiauit nasep.

Hanisnposigankosnii imxexuiitnmit na3epmm Aion sBise coboro niomHy
'CTPYKTYPY Ha OCHOBI. p-n-IIepexony, 1H>1<e1<mx HociiB 3apamy B skilt BHKIHKaE
TeHepaniio BAMYIEHOTO BHIPOMIHIOBAHHSL.,

SIx Byno 3asHaueHo y nyskri 2.1.1, ymosoro Bm{um{elﬁm KOTEPEHTHOTO
BHIPOMiHIOBAHHSA € BPIM}’I!IGHI nepexonu ENEKTPOHIB 3 annx eHEPTETHUHHX
pisHiB Ha mwkul. Taxi nepexomd TOB’s3aHI 3 NiCI0  30BHIUIHBOIO
BunpoMimroBanms. IIpH uBOMy yci "aKkTHBHI aToMM BUIPOMIHIOIOTE Maibke
OIIHOYACHO, B3a€MO3B’s3aH0 1 Tak, mo BI/IIIf)OMiX*ﬁOB&Hi HEME (GOTOHH He
BimpismsmoTses BiA THx, sKi X yTBOpRIM. Iiop;m 3 MpPOLECOM BUMYHIEHOTO
BHIIDOMIHIOBAHHS (OTOHA ENEKTPOHOM, WO 3HAXOMAATHCS HA | BEPXHBOMY
eHepreTHYHOMY PiBHi, BinByBaeThCs MPONeC IOTMHAHHS TAKOTo camoro dotona
ETEKTPOHOM, II0 3HAXOIMTHCH HA HIDKHBOMY eHepreTHIHOMY pisni. Ockinpku
imopipHocTi 06ox nponecis oxmaxosi, A renepanii BKIIpOMlH}OBaHHﬂ
Heobximno, mob Kimskicts 36yzp1<eﬂnx enexTpoHiB Gyna 6inbmoro 3a KlJ‘IBKlCTL
eNeXTPOHIB, Mo nepeGyBaoTh ¥ cTani TemwioBol plBHOBaI‘H. .Hnme TpH 1iid yMOBl
mporec ymopemm HOBHX tboroma 6y11e nepenaxcam Haj npouecom ix
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- TIONIMHAHHS; TOOTO 6yzie MATH MiCLe TAaK 3BaHe ONTHYHE T ACHICHH S - |

. B ymoBax- 'IepMOJIHHaMi‘{HO'f . piBHOBAry" : 3aceNeHicTh €JIEKTPOHAMH
€HepreTHYHMX DIiBHIB MigmopsaxosyeThes  cratdeTHil” Bonbumana) - srigno 3
AKOIO BEPXHi piBHI eHeprii 3aceneHi enexTpoHamu MeHme,” Hix -fmkui. Tlpn
-:B3aeMOJI] BHNIPOMIHIOBAaHHS 3 TAKOIO - PEYOBHHOIO - BiiGYNETECS  HOTIHHAHHS
.:BHTpoMiHIOBaHHA.. [1106 0fepXaTH epeKT ONTHYHOrO NiACHNEHHS, HeoGXiAHO
BXHBATH CHEUIalbHI 3aXOMM. VIS TOr0, 106 KiNbKIiCTh - eneKTpoHiB ‘Ha‘BepXHIX
CHEPreTHYHHX piBHAX Oyna Oimsmoo 3a Ix KiIbKiCTE Ha HiDKHIX. - CTaH
PCHOBHHY, IPH AKOMY: Ha BEPXHIX EHEPreTHYHMX PIBHAX 3HAXOIUTHLCH OLIbIIE
€JIEKTPOHIB, HiX ‘Ha HHKHIX, HA3HBACTBCA CTAHOM 3 iHEEPCIEIo. HaCeNeHoCHel.
Cepenopumie, B sKOMy 3pilicHeHa iHBepcisl HaceleHOCTEH, Ha3WBAETHCH
akmuenum cepedosuugem. Ilponec 36yMKCHHS PEeYOBHHM, U0 IPUBOIUTH O
BUHUKHCHIS AKTHBHOIO CEPENOBUINR, HA3MBACTECS HAKAYKOIO. Jna ycix tunis
nasepua 3HAYCHHA eneprii HaKa‘{KH € HaGaFaTo GIJILIIIHM 3a €Heprilo Jla3sepHoro
mepommosaﬂm I'Ipore nopmu;mo nu3bkui KK FeHepallii BUIPOMiHIOBaHHS
‘HoBHiCTIO 1 KOMIIeHcyETLCH noro ymxa.rmmcno ~ JyKe MMM PO3XOMKEHHIM

cmmonoro nyrnca BHCOKOIO crxp;mosamcno Ta BHCOKOIO MOHOXPOMATHIHICTIO.
lI,nx TOTO, mo6 poarn;mymu ONTHYHHMA INJCHMOBAY IEPETBOPHECS B
nasep — TeHEPaTop BUNPOMIHIOBAHHS, Heo6xumo BBECTH MO3HTHBHMH 3BOPOTHHI
3B’A30K. Heonmmm s TeHepanii 3B0p0THKH 3B’A30K  3MIHCHIOETHCA
j p03MlIIIeHH}IM aKTI/IBHOI‘O CepEAIOBUIIA B OITHIHOMY pesoHaropi, B, sSKOMY
MO)K}’TB 36y;1>1<y13amcx c'romn enempouarm’mx xBuyi. Takuit pesonatop
yTBOpIOCTLCH ABoMa HapaﬂeIIBHHMH A3EpKAJIaMu, OfHE 3 AKX € HAIiBIPO3OPHM
B BHBeHeHH}I Bnnpommonamm Y AKIACH To4Li pe3oHaTOpa HeMUHY4e
7Bl£(6yBa€TBC$I CTOHTaHHHHA nepexin enexrpona aKTHBHOTO ~CepefOBHINA 3
BerHLOl"O piBHs Ha HIDKHIH, T06T0 MHMOBUILHO Bnnycxaerr)cx dorou. ko
pe3oHaTop Hanamrosannu Ha qacmry Uporo. q)orona TO (OTOH HE BUXOIHTH 3
'pesoHaTopa a, 6araTopa3()Bo Bmﬁnnaxotmc:b Big HOX‘O crmoxc, HOPOIXKYE, 6e3mt1
0061 nomGHHx (boronm 10, Y CBOIO Hepry, BIUIHBAIOTE HA AKTHBHY, peqonnny,
Bnmnxa}oqn Bce HOBI aKm BHMYIIEHOTO BHHpOMIHIOBaHHSI TaKHX CaMHX
‘(boroma Yy pesynm*a'rl TaKoro pOBMHO)KBHHH doroniB y pe30HaT0p1
, Haxommyeﬁw;{ enepris, qacmﬂa AKOT BHBOJMTECS HA30BHI Yepe3 HaliBIpo3ope

nsepxano. ﬂKHIO B HKHI/ICB MOMCHT IIOTY)KHICTB 3MYLICHOIro BHHPOMIH}OBZIHHZ
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TIepeBMINYE NOTYXHICTH BTpaT eHeprii Ha' HarpiBaHHA CTiHOK . pe3oHaTOpa,
po3ciloBaHHS BUNIPOMIHIOBAHHS 1 T.IT;,'a TAKOX Ha KOPHCHE BHIPOMIHIOBaHHS B
30BHIIIHIi MPOCTip, TO B PE30HATOPI BEUHMKAIOTH: HE3ATYXAK04i KOMHBaHHS, TO6TO
36yKyeTBCSH TeHepallis. i _ -

V namiBnposigarKoBOMY iHXKexuifiHOMy nazepi, Ha BiIMiHY Bix nasepis
iHmEx  THOIB, BHKODHCTOBYIOTECS BHOPOMIHIOBAIBHI Iepexomy He MiX
i307bOBaHUME PIBHAMH eHepril aToOMiB; MOJIEKY/ Ta iOHiB, a, TaK caMo fK i y
cBiTiofioni, MDK €HEpPreTHIHUMH 30HAMH — 30HOIO HPOBIXHOCTI T4 BAJICHTHOIO
30H010. L5 BinMiHHICTS BH3HAYAE BAXKIIMBY OCOOIHEBICTE JIa3epHOro Aioga — Horo
MiHiaTIOpHICTS. Kpim TOrO, HalliBIOpPOBITHUKOBL .  JNa3epHi nmiogn
XapaKTepU3YIOTLCA BHCOKOIO €(peKTHBHICTIO TIEPETBOPEHHS eNCKTPHIHO] eHepril
B KOrepeHTHE BHIIPOMIHIOBaHHA, Majoro iHepuidmicTio, MoXHBicTIO
BHKOPHCTAHHSA Pi3HUX HaniBIPOBiHHKOBHX 3’ €/[HAHB, 110 AO3BONSIE OTPAMYBATH
BHIIPOMIHIOBAaHHS 3 JOBXHHAMH XBHIb IIUPOKOr0 CHEKTPANEHOro ianasony.:

Hakauxa imxeknifiHOro  nasepa BiOyBacTECA 3a paXyHOK BHCOKHMX DIiBHIB
imxekIii, Mg 9Oro BHKOPHCTOBYIOTH ~ CHIIBHO -JIETOBaHi - HANIBNPOBIIHUKH.
ImxexniffAuit cTpymM BHKIMKae IHBEpCio HaceleHOCTEH, NMPH AKiH HHU3 30HM
OpOBIIHOCTI 3aHOBHEHMH eJieKTpoHamMH y OluslioMy CTyIeHi, HiX Bepx
BaleHTHO! 30HM. POJNp ONTHYHOrO pe3zoHaTOpa BHKOHYIOTH N3€pKalbHi CKONH
rpaHeil KpHCTaya, NEPHeHINKYJSIPHUX IUIOUMMHI p-n-Tiepexoxy. OCHOBHHMY
MatepianaMy M1 BHPOTOBIEHHS IHXEKUiHANX HaniBIpOBIAHMKOBHX jasepis ¢
3’€HAHHA apCeHimy rajio. ‘

Imxexniffamii nasepHmit mioy MoXKe peani3oByBaTHCs Ha  OCHOBI
FOMOTEHHOTO p-n-nepexofy (roMonasep). Y TakoMy nasepi icHyloTh ayxe
BENMKi BTpaTH BUIPOMIHIOBaHHJI B aKTHBHOMY cepejiouuy. Yepes me, mjs
OTPHMaKHA TreHepanii HeoOXigHi “BelMUki cTpyMH, AKi BUKJIHKAIOTEH CHIBHE
HAarpiBaHHsA - KpHCTaNy i mBuixy foro pyhHnanito. ToMy mnpH KiMHATHHX
TeMHepaTyan TOMONA3ePH MOXYTE HPAlIOBaTH JIHIIC B IMITYJIECHOMY PEXHMI;
To6TO BEKOPUCTOBYBATHCS JIHIIE I TeHEpaniii Moo MHOKKX iMIysIsciB. 3HauHo
6inbI eeKTHBHEMM € irKeKuiiHi HaTliBIPOBiAHMKOBI Na3epHi-Hioay Ha OCHOBI
reTeponepexofiiB (rereponasepr), fKi MOTPeGYIOTh 3HAYHO MEHIIMX CTPYMiB
Hakadky. STk rereponepexom MOXyTh BHKOPUCTOBYBATHCS ONMHADHI, IO/BiMHi,
a T4KOX YOTHPbOX T4 IU'STH INAapoBi IreTepoCIpyKTypH. Iloxsiitma
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reTepoCTpYKTYpa it € - KIACHYHOO. ; Y . IOPIBHSHHI ; 3 : OIMHAPHOIO ., BOHA
XapaKTepH3yeTHCH .~ MEHIIMMU. ; éprmaMng 'HaKa4KH. - T4, GUIBII . BACOKHMH
HOTYXXHOCTSIMH -BUNpOMiHIOBaHHs. S0 il nopisHIOBATH 3 qdmpz- abo. i’ sITH-
IapoBOI0, TO BOHA € HabaraTo npocﬁmbro 33 TEXHOJIOTi€X0 BUMOTORNEHHS.
s+ - TlepeBaraMu IHKeKI[iHHUK HaniBIPOBIAHUKOBHX J1a3€PiB €:
- MaJti raGapuTHI po3mipy; ' ,
- pacoxult « KKJI mepeTBOpeHHs  eHeprii  HAaKaukd , B ONTHYHE
BHNPOMiHIOBaHHA (70 50 %), 10 HabMMKAETECA 0 TEOPETHIHOT MEXi;
- HM3BKI . HAmNpyr¥ -Ta CTpyMu 30Y[UKeHHs, CyMiCHi 3 napamerpaMu
iHTEerpaNbHEX CXEM;
‘i .= MOXJIHBICTE KepyBaHHS TOTYKHICTIO - BHIIPOMiHIOBaHHA Ta pobora.B
fesmepepBHOMY PXUME; - . . i ,
47 - MOKITHBICTH. reHepanii: HeoOxiHOI creKTpansHoi ninii (3abeaneuyerses
puGOpoM MaTepiary 3 HeoGXiAHOK MUPHHOIO 3a00POHEHOT 30HH); .
. ri- CYMICHICTB ;3 . TBEPAOTINBHOIO MIKDOENEKTPOHHOI  [PYNOBOK
TeXHoNOTieI0; MmO - 3abesneuye . BUCOKY TPOLYKTHBHICTh, HH3BKY BapTiCcTh
BUTOTORMEHHS T4 CTBOPIOE MOMITHBICTE IHTETpYBaTH JasePHi BHIPOMiHIOBaYi 3
IHINAMHA OPUCTPOAMHL. » - > » - .
Jlo OCHOBHHX HefloNiKiB iixekuifiHnx nasepiB MOXKHE BITHECTH:
- HeZIOCTATHBO BHCOKY KOPePEHTHICTb BUIIPOMiHIOBAHHS (33 MOPIBHSIHHAM
3 FA3OBHMH JIA3ePaMH), 10 OOYMOBIOETECH BHCOKOIO HINBHICTIO AKTHBHOIO
CepeIOBHINA Ta MAJIOIO JIOBKHUHOIO PE3OHATOPA;
.~ BiTHOCHO MaJly NOTY KHICTb r€HepOBaHOTO BUIPOMIHIOBAHHS; . .
- 3MEHIIEHHS . HOTYXHOCTI  BHODOMIHIOBAHHS _ 0pH I[iABHILEHHI
TeMmepaTypu.. ... RIS -
OcHOBHI XapaKTEPUCTHKH IHKeKUIHIX nasepis.
1. Homyoicnicmy eunpomimdeanwz -~ XapakTepH3ye eHeprilo, . HIo
NePEHOCHTHCA BnnpSMiHmBaHHgM B OIMHULIO HaCY. . .-, e
2. Jossicuna xeuni 6unpOMiHIOSaHHS —~ CePENHS. LOBXUHA XBUI CIEKTpa
JIa3epHOrO BATIPOMIHIOBaHH:L. : ) )
3. Llupuna ninii razeprozo 'eur'zpomiﬂloeaunﬂ — pi3HMIIA NOBXKHMH XBHIb,
sxuM Bignosinae 50%  MaxcuManbpHO! IHTEHCHBHOCTI BHIPOMIHIORAHHSA.

PR
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4.. Posxodoicenicmyv eunpominioéannsa — TUIocKwit 60  TinecHu# xyT, 1m0
XapaKTepH3ye KyTOBHH PO3NOALT IOTYXHOCTT BUITPOMIHIOBAHHS.

5. Cnpamoeanicmv 1a3epHO20 6UNPOMIHIOBAHHS — BiNHOIMEHHS KOBXHHY
XBHJIi FEHEPOBAHOT'O BRITPOMiHIOBAHHS KO TiHilHOro posMipy pesoHaTopa.

6. llopozosuii cmpym — MiHIMaTBHHH CTPYM, TIpH SKOMY  IICHIEGHHS
BUINPOMIHIOBAHHS 32 PAXYHOK BHMYILEHHX IIEPEXOAIB JOPIBHIOE #0ro BrpataM,
T06T0  MiHiManBHMH - CIPYM, IpH  AKOMY NOYHHAETBCA = TeHepanis
BHIIPOMiHIOBaHHS. ‘ - '

7. Epexmuenicms abo KK — BinHomeHHs eHeprii -a6o "cepemHnoi
HOTYXHOCTI ~ CBITJIOBOTO ~ BHIPOMIHIOBaHHS, jo eHeprii a6o cepedHBOL
TIOTYKHOCT], IO CIIOXKMBAETHCS Bill e‘nekrpnqﬂgm Kona.

. 8. Yac 2omoserocmi — uac, SKHH HeoOXimEMi MUl HOCATHEHHS Ja3epoM
eKCILTyaTanifHIX MapaMeTpiB 3 MOMEHTY HOro BMHKaHHS,

9. Maxcumdnona wacmoma Modynayii — MakCHMabHa 9acTOTa BXIZHOTO
IMITy.TECHOTO CHTHANY, Ha AKil MOXe NPALIOBATH a3ep. ’ '

Tak camo sx i ams ceiTinomionis, ans iMKeKIiHEEX HAIiBNPOBiHUKOBHX
NasepiB iCHY€ 3amexHICTh Horo napaMerpiB ‘Bin TeMmeparypw, 3MiHa SKOI
NPU3BOAUTE O 3CYBY CHEKTIpa BHOpOMiHIOBaHHA. Bix TeMmepatypu Takox
CYTTEBO 3alCXKHTh TaKWH BAXIMBHH NapameTp a3sepa, SK MOPOTOBHE CTpyM,

sIKui Maibxe NHIHHO 3pocTae 31 36inbIIEH M TeMTIEPATYpH.

2.2 ®oronpniiMaui

IpuiiMadem onTuIHOro BUNPOMiHIOBaHHs (boTompuitMayeM) Ha3sUBaETHCS
ONTOEJIEKTPOHHMH IpWIa], TpPH3HAYeHMH A1 IePeTBOPEHHS CHEPTii ONTHIHOrO
BUIIPOMIHIOBAHHS B €JICKTPUYHY HEpriro.

" B 3aIeXHOCTI Bin DI3MYHEX ABHIL, [OKTANEHHX B OCHOBY po0OTH, Ta
0cobMHBOCTE  KOHCTPYKTHBHOIO BHKOHAHHS yci mpriiMadi  OMTHYHOrO
BHNPOMIHIOBAHHS MOXYTL -OYyTH HOfineHi Ha ’I‘pPI rpymd' toToenexTpuyHi,
QoToenextponHi Ta TEMIOB.

~ ®otoenexTppuHi iTpuitMadi BHPOMIHIOBAHHSA OCHOBAHI HA BUKOPHCTAHHI
3MIH - eleKTpOodisHMHIX TapaMeTpis ' HaIiBIPOBIAHMKOBOrO  IpHiamy, IO

e s R
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-06YMOBJICH], yTBOPEHHAM - NOAATKOBHX. HOCIIB. 3apany -y -HaniBIPOBITHAKY Mij
Hi€I0 OITHYHOTO BUMPOMiHIOBAHHS (BHYTpilHii poToedekt). . - Ceor g
-, . Ilppauun mii $oTOENCKTPOHHNIX IPHIa/iB OCHOBaHWiH Ha BUKOPUCTaHHI
doToemicii enekTpoHiB 3 doTokaTona (30BHIMHIN QoToedeKT). V. ResAKNX BUAAX
GOTOENEeKTPOHHHX < NPUIaliB  BHKOPHCTOBYETBCH - ‘BHyTpiuHi#i- - poToedekT
(pinixoun) i Tennonit edekT (miposigikonn). . . S
..PoGota - TeryioBHX INpHAMadiB  BUNPOMIHIOBAaHHA  OCHOBAHA - HA
BHKOPHCTaHHI TeINoBOro edekTy — 3MiHi ONOpY YyTIMBOTO eJIEMEHTA NPH 3Mini
HOro TeMmeparypH, IIO: € . HACIiAKOM -IMOrTMHAHHA BHIIPOMIHIOBaHHS
(Gonomerpn). Jlo TeroBuX GOTONPHIIMAYIB TAKOXK MOXHA BIXHECTH HPHIAIH,
110 BMKOPUCTOBYIOTE NipOENeKTPUUHHI edeKT — 3aNeXHICTh Bif| TeMIEPATYPH
CIIOHTAHHO! . IONIAPH3ALii - CeTHETOENeKTPHYHNX MaTepiais. Hipoenextpuyni
npuiiMaui MOXKHA PO3IVIAJAATH SK TEHEPATOPH -HANPYTH, BHYTPillHiA OIIip AKHX
Mae eMHICHMI XapaKTep, ToMy BOHM IPHIATHI J7s peecTpauii BHIIPOMIHIOBaHHA
3MIiHHO! IHTEHCHUBHOCT. : o » .
doroenekTpHuHi Ta TemnoBi GOTONPHIMAaUi MOALIMOTECS Ha TIPHIIAIH, IO
JNMUle TEPETBOPIOIOTE ONTHYHE BHIPOMIHIOBAHHS B €JEKTPHYHUHA CHTHAJ, Ta
NpHIaH, AKi KpiM IEOTO 3/IHCHIOITE 06pOOKY OCTaHHBOTO (poronpuiimanbHi
T4 TEILIOBI TPHCTPO]). . ,
Jins OpaKTHYHOTO. ~3aCTOCYBAHHA Y  PO3TNIANYBAaHHX. Y = HaHOMY
HABYANBHOMY TOCIOHHKYy CXeMax iHTepec . BUKIHKAIOTh (DOTOENeKTPHHHI

nipuitmayi, ToMy y nofaisiuoMy GyeMo po3risaaTu came ix.

. T8

. 2.2.1 DoToeaeKTPHIHI ABHIIA Y TBEPAOMY Tili

Ilpu mpoxomxenni cBiTia vepes pedoBuHy -Horo iHTeHCHBHICTS
3HWKYETBCA. B3aeMonis cBiTjia 3 DEYOBHHOIO MOXKe BinOyBaTHCa 0e3 3MiHH
eneprii ¢oTonis i 3i.3Minot0. [pouecy B3aemonil Ges 3Miny eneprii GoToHIB
MmicTare y cobi BinOHTTS, 3alOMIECHHH, pOBCi}OBaHHH,k IpOITyCKaHHs - CBITNA,
obepTaHHA nnbmm{n nonspmsauii Ta imme. Tlpoumecw ' B3aemonil, mo
CYMPOBOKYIOTbCS 3MiHOIO eHeprii . GoToHB, BKTIOYAIOTE y cefe pisHi BHIH
norpHasHA, Vel MexaHisME NOTIMHAHHS MOXHa, PO3ILTATE Ha 1B BeuKi

rpymn. Jlo mepmoi rpymH BiXHOCATECS MPOLECH, NMPH AKMX eHepris (oToHa
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TIePETBOPIOETBCS B iHIIMt BA eHeprii Ge3’ sMiHMKOHIEHTpallil BLNBHAX HOCIIE.
Hanpuxnan, morniHaHHA BHIPOMIHIOBAHHN MOXE -ITPHIBOIMTH IO YTBOPEHHS
¢oTOHIB 3 MEHIIOI eHeprielo,. To6TO 40 BUIPOMIHIOBAHHS CBiTia 3 GiILIIOI0
IOOBXHHOI XBujli. B inmoMy. Bunanxy HMOTTIHHAHHS CBiTNa MOXe PUBECTH 10
yTBOpeHHS (oHOHIB (KBaHTIB eHeprii TemnoBHX KONHBAHE KpUCTAN{uHOL
pimitkn). e oxasM BHIOM TIOTIMEAHHS 63 3MiHK KOHHépraui'fﬁoci'l'B 3apany
€ NOIMHHAHEA BiNEHAMM HOCIAME 3apsilly, Y pe3ymsTali 4oro 3pocTac ix
KiHeTH4Ha eHepris (e/eKTPOHY NePeXOliATh Ha BUII eHepreTHUHI piBHi):

Jo apyroi rpyny BiiHOCATRCS MeXaHI3MH IIOTIMHAHHA, B PE3yIBTAT] AKHX
3pOCTAac KOHUEHTpallis BiNbHUX “HOCI{B 3apsity “— eNeKkTpoHiB Ta Jipok
(BHyTpimmiit poroedexr). Spuma, 10 RITHOCATECS IO i€l rPyNH, HA3WBAIOTECS
toroenexrpuunrMy. [lpu mOrmuHAHHI enem‘fﬁonom dotona 3 cHepriero He
MEHIIOI 33 IMHPHHY 3a00pOHEHO! 30HHM ‘HaNiBIPOBITHMK2, €TeKTPOH Habysae
€HepTio NOCTATHIO A HOro Imepexo/y 2 BATEHTHOI 30HY ¥ 30HY Iposiggocti. ¥
pe3ynsTaTi yTBOPIOETBCS HOBR - Mapa enem‘poﬁ-uipxa; Take norauHaHus
Ha3UBAETRCA anacnum. KpiM BiIacHOTro, MOXIIMBE QoMitikoge TIOTJUHAHHS, IPH
AxoMy eHepris doTonip ine Ha jomisaliio atoMiB moMimku. V LUBOMY BHOANKY
eHepris GOTOHa He NOBHHHA GyTH MEHINOIO 3a ITHGHHY 3a/ISTaHHs JOMIIIKOBOTO
piBHA y 3ab0poHeHil 30mi. OCKinbKM KOHUEHTpaUis HOMINIOK € MEHIIOH 3a
BIacHy KOHIEHTpaUilo, i yci JomimKosi piBHI MPH KIMHATHHX TEMIIEPaTypax € B
OCHOBHOMY ioHizoBaHmMMM, KiNBKiCTH HOBHX HOCIIB 3apsay, IO MOXYTh
YTBOPHTHCS IPH BJIACHOMY UOTIHHAHHI, € Habararo  GiIbIIo0 3a KiTBKicTh
HOCiiB 3apsfy, IO MOXYTh YTBOPHTHCH IpH HoMimkosomy. Tomy ¥y
GoronpuiiMadax 3a3Buuall BUKOPUCTOBYETHCS BIACHE HOTIHHAHHA.

EdextusHicTs npoTikaHHA (OTOENEKTPHIHUK NIPOLECIB XapaKTepH3YEThCS
KBaHTOBMM BHXOHOM 7], SKHMil JOPIBHIOE BiJHOIEHHIO KiNBKOCTI reHepoBaHHX
Tap enexTpOH-AipKa, A0 KibKOCTi NOTNHHeHNX (OTOHIB, . A

Y (oToenexTpHYHMX (OTONpPHAMAYAX BHKOPACTOBYIOTh ABA IPOSBH
BHyTpimHEOro Qoroedexry: edexr GoTompomimHOCTI Ta (oTOranEBARIYHU
edext. Egpexm pomonposionocmi noisirae B yTROpeHHi GOTOHOCITB y pesymbrati
qoro 361m>mye'rr,cx IIpOBl)IHlCTL namsnpomnﬂukosoro ellemenTa (3MeHmymcx

omip). -
YMOBOIO BHHHKHCHHS (OmOzanv6aniunozo  egexmy € HASBHICTS
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BHYTPILIHEOTO eIeKTPHIHOTO [0S, HANPHKIA TIONA p-n-Nepexofy:: BHyTpinHe
EIEKTPUYHE ., TIOJE  PO3ALNAE .. GOTOHOCI,  IMO: yTBOPIOIOTECA ~IIiAl ~ BILTHBOM
OITAYHOTO BUNpPOMIHIOBaHHA. IIpOCTOpOBO . po3ZiNeHi: . hoToHOCIH - pisHuX

3HAKIB.— €NEKTPOHH T4 JipKH — cTBOPIOIOTh oTo-EP.C. - T miviwae

?.Z,Z.Ocﬂosﬂi napaMeTpH Ta XAaPaKTEPHCTAKH GoTonpriMadis . & .,
.E:I{nx' OLHIOBAHHS . TEXHIYHHX - Bnacf_usocTe_ﬁ i edexrusHOCTI
BHKOPHCTAHHS . goTonpuifmMauip | 3aCTOCOBYIOTh CHCTEMY. MAapaMeTpis . i
XapaKTePUCTHK. .
Ocnosni napaMeTpn Q)O'ronpnnma'ma
- L. Yymnusicme - BiIHOWEHHA 3MiHN BHXIHO! ENICKTPUHHOI BENMYHHH
((borocrpymy abo q)OTOHanpyrH) BHKJIHKAHO] . IafalouuM Ha (OTONpHiMaYy
BUTIPOMIHIOBAHHSAM, O KUTbKICHOI XapaKTEPHCTUKE LBOrO. BUNPOMiHIOBAHHI.
OnTrylie  BUNPOMIHIOBAHHA MOXE XapaKTEPH3yBaTHCA CHCPTCTHYHUMH T4
CBITHOBHMH ﬁapame"rpaMx. BignosigHo 40 160ro. po3pi3HAIOTE YYTIHBICTE 10
IOTOKY BUIPOMiHIOBAHHS, JO CBITJOBOTO MOTOKY, JO ONPOMIHGHHA Ta [0
ocBiTieHss. Y 3araibHOMY BHIJKY UYTIHMBICTb 3aJIEXMTh Biil NapaMeTpiB
BUNpoMiHtoBaHHs. [l BpaxXyBaHHA 11ie] 3a1¢KHOCTI BBOJSTH NOHATTS CTATHYHO]
Ta .jpuHaMmiyHoi gndepeHuianbHOl .. uyTnHBocTi. Cmamuuna -uymnueic;hb
BM3HAYAETbCS BIAHOMIEHHAM NOCTIHHMX 3HaYeHb 3a3HAYEHHX. BUUIE BEJIHYHH.
Hugpepenyianona. uymaueicmy BA3HAYAETHCH lziIlHOU.IeHHHM -MaJfX IpHUpPOCTiB
um{ BeMMYHH. UyTNHMBICTR TaKOX 3aieHTb Bil HOBXKHHU XBHJII OITHYHOrO
BHNPOMiHIOBaHHA. TOMy PpO3pI3HAIOTE iHmezpanvHy wymausicms, ToOTO
Yy TIINBICTH 110 HEMOHOXPOMATHYHOTO - (CKAAJHOT0) IOTOKY BHIPOMIHIOBAHHA
3aJIaHOr0 CHEKTPANbHOTO - CKIany, Ta MOHOXPOMOMUYHY HYymaugicms, TOOTO
Y TIIHBICTE 10 MOHOXPOMATHIHOIO BUIIPOMiHIOBAHHH.

2. Kopomxoxeunvosa (()o?‘zoxewzvbosa) Meuca CHeKmpanbHoL
yymnueocmi - wHalimeniua (HaiGinpina) JOBXWHA XBWII MOHOXPOMATHYHOTO
BﬂHpOMinOBaHHﬂ Opy  AKiff MOHOXpOMATHUHA YyTAHMBiCTE GoTompuiiMaya
mopipmoe 0,1 Bin il MaKCHMANBHOTO 3HAYEHHA. .

3. Ilopiz uymnusocmi — CepefHe KBa[paTH4He 3HAYeHHs CBITAOBOTO
[IOTOKY, IPH SKOMY CepeflHE KBaIpaTWYHE 3HAYEHHS EeNeKTPHYHOIo cm‘nanyk

JOpIBHIOE CepeAHbOMY KBaJPATHYHOMY 3HAYEHHIO LIYMY. .
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1 4. IIpossna 30amuicmb — BeJWUMHA 3B0POTHA [0 [TOPOTa Ty TIHBOCT].

5. Poboua nanpyza — noctiitHa Haupyra Ha doTonpriimMayi,, K. AKif
3a6e3edyIoThCA  HOMIHAIBH] 3HAuYCHHSA HOro napaMeTpiB. NpH Tpusaiiff poGoTi
3a 3aJ]aHAX EKCILTYaTALiHHX YMOB. ,

-6. Maxcumanvro donycmuma posciiosana nomyofcmcmb — MaKcHMaJbHa
IOTYXHiCTh, po3citoBana. y ¢otompuitmayi, . npu  sAKidl BigxmieHHs Joro.
[IApaMeTPiB Biji HOMIHANBHAX 3HAYEHL HE. IIEPEBHINYE BKA3aHHX IPAHHIG TPH
TpHBaNiil pobOTi B 3alaHAX EKCIITyaTaUIHHAX yMOBAX.

7. Temuoseuii onip — omnip QoronpuiimMada 3a BiCYTHOCTI Namanoydoro Ha.,
HBOTO BUIIPOMIHIOBaHHS B Jiana3oHi #0ro crnexTpaipHol 4y TIHBOCTI.

8. Ceimaosuii onip — omip ¢oronpuiiMaua, BUMIpAHUH Hepe3 IeBHUH
inTepBan wacy micnas mo4arky Xii BHIPOMIHIOBaHHS, $Keé CIBOPIOE Ha
tbomnpnnmaql OIIpOMiHeHiCTDb abo ocmmemcm 3a7aHOTO 3HAYCHHA.

9. Temnosuil cmpym — CprM, 11110 npoxomm, yepes (boronpmmaq npu
BKa3aHil HANpysi Ha HBOMY 3a BIICYTHOCTI NOTOKYy BHMNPOMIHIOBaHHS B
HianasoHi cneKTpaJIbHo'f ‘IyTJIHBOCTi ' 5

10. cDomocmpyM - C‘I‘pyM, 1o IPOXOJHTh Hepes (boronpmmaq IpH
BKa3aHifl Hampysi Ha HbOMy i 06yM03neHnn me}o HOTOKY BnnpOMmeBaHHﬂ i3
33JIAHUM CIICKTPA/IBHAM PO3IOMINCHHAM.

11. ]"pauutma yacmoma - 49acToTa CHHYCOINAIbHO-MOLY/ILOBAHOTO
OTOKY BHIPOMIHIOBAHHS, NpPH $Kii UyTIHBICTE (oTompHiiMaya mazae 0
snavenns 0,707 Big 4y TAMBOCTI IPH HEMOTYNBOBAHOMY BHIIPOMiHIOBAHHI. '

OcHOBHI XapaKTepuCTHKH QoTonpuiiMayis.

1. Cnexmpanvha xapaxmepucmuxa Ymaugocmi — 3al1eXXHIiCTh 9y TIMBOCTI
toronpuiiMaya Bifl TOBXKHHEH XBHJII MOHOXPOMATHYHOTO BHIPOMIHIOBAaHHSA, 1O
najac Ha Hboro. BoHa Biu3Ha4ae ClieKTpaibHy 00J1acTh 3aCTOCYBaHHS NPHIIALY.

2. Enepzemuuna (ceimnosa) xapakmepucmuxa — 3aleXHIicTh GoTocTpyMy
(hoToHAmpYTH) il NOTOKY BHIIPOMIHIOBAHHS, IO axae Ha horonpuiiMad. Inoxi
Tij{ eHePTETHYHO XapaKTePHCTHKOK PO3YMIIOTE 3aeXHICTh iHTerpanpHoi a6o
MOHOXPOMATIYIHOI IyTIHBOCTI BiJj IHTEHCUBHOCT] BUIIPOMiHIOBaHHSL.

3. Borem-amnepna - - ’xapa'xmepucmuxa. — - 3ANEKHICTE-- - CTPYMY
doronpuiimMada’ BiZl - NPUKIANEHOT 1O HBOTO HANDPYIH . NIPH 3aJaHOMY IOTOMi®

BHHpOMlHIOBaHHH
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4" Yacmomna' Xapakmepucmuxa — 3anekHICTh 1y TIIMBOCTI: BllI 9acTOTH

MO).'l}’JUIHll BHIIPOMIHIOBAHHS 60 TPHBANOCT] iMITYNECIB.
KpiM * ‘“sasuademux  (oTonpuitmawi- -XapaKTepuUsyloThCs: - IIE
KOHCTPYKTHBHMMH Ta eKCIUTyaTatifirumn mapamerpamu. - Jlo-" OCHOBHHX
KOHCTDYKTHBHUX IApaMeTpiB BiHOCATECS GOpMa Ta' PO3MIPH KOpITyCa, 8 OTHEM
3 OCHOBHHX eKénjiyaTéuiﬁan TIOKa3HUKIB € Jiana3oH poGouHX TeMIepaTyp.
" Vi doTonpuitMadi MOXHa TOAUMTH Ha AMCKpeTHi (OZHOENeMeHTHi) Ta
GaratoeneMenTHi. Jlo MHCKpETHHX Hanexars (oTopesucropy, orogioay,
doTOTpaH3nUCTOpH Ta HOTOTHPHUCTOPH. BararoeseMeHTHIMH GOTONpUiiMatamMu €

(OTOUYTIMB] NpUNaM i3 3apATOBMM 3B’ SI3KOM.

2 2. 3 (I)O"ropezucmpu _

<Dorope3ncrop - onToeneKTpOHHuu Hamanpommmxoauu upuitmas
BunpOMlmoBamm, TIPYHITATT ml SKOTO ocHOBaHnn Ha BHKOPHCTAHHI etbemy
dotonposigHoCTI. IHmEME  croBamu, (boropemcmp sBnge  coGolo  omip,
3HAYEHHS AKOTO 3MIHIOETBCA il BILTHBOM onmqnoro Bnnpommmsamm Jins
BHIOTOBIICHHS (bo*ropesncmpls BHKOpHCTOByIOTI: Hanmnpomnﬂnxn 3 OmHAM
THIIOM npomnﬂocn, 3a3BHYAN eJIEKTPOHHIM. o ' ‘ :

HepenaraMn dortopesucropiB € nimiftnicTs BOII‘BT—aMHepHO'f
XapaKTepHCTHKI‘I Ta ,I(BOCTOpOHHSI IPOBIAHICTE, OCHOBHHM HENONIKOM — Mala

mBnm(omx _ B

2.2.4 ®oTonioan -

‘Poroaion — oronpuiiMad, GOTOUYTIHBHIA €IEMEHT AKOTO Ma€ CTPYKTYPY
HaniBHPOBIMHUKOBOrO AioAa.

Knacnunuii $oTozion ‘Mae CTPYKTYpy Ha OCHOBI p-n mepexony. Ilpu
OCBIT/IEHHI p-n TEPEXONy Y. HbOMY  BHHHKaIOTb €IEKTPOHHO-IiPKOBI napﬁ, ki
PO3MULTIOTECS  BHYTDIIUHIM- €JeKTPUYHHM TONeM Mepexony. BHyTpimmHe
eNeKTpHYHE TIo/e TiepeXxony. K, SKe CTBOPIOETECS {0HAME ATOMiB AOMIMIKH, i€
Ha BieHi Hocil Tak,. 10O 3reHepoBaHi CBITAOM elEKTPOHH HAKOMHIYIOTECA
nobnusy nepexony B #-o61acti; a nipku ~ B p-obnacti. Lle#t npouec CXEMATHIHO

300paskenunii Ha puc. 2.3,
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Posgineni mnonem E,, i Haxomrqem noGJmsy nepexoz[y doTonocii
CTBOPIOKOTH mone Ejp, siKe CcrpsaMOBaHO npomnexcﬂo nomo Ee,, PeaynsTyxoqa
HaNPYXEHICTs  eNEeKTPUYHOTO HOMNS 3MeHIIIy€’1‘BCSI, BHacmnox HOTO BHCOTa
' IOTEHUiaNbHOTO 6ap’epa Ha p-n-Tiepexox. 3HH)KY€TLCSI. “Takum YHHOM, I Hmiero
CBITIIA Ha Iepexofi BHHUKAE @oroenempopymm’ma cnﬁx;x (doro .EPC), sxa

3Millye NepexiX y NpsMoMy HampsiMi. - o

EBH
p g-@‘@g n
29193
210|® e
2| O|® o
Ee

Pucynox 2.3 — Ctpyxrtypa Q)éronibnd 1IpY Aii BHOPOMIHIOBAHHS

Sxmo doroaiox ysiMxkuyTn B enempuéﬂé kono, TO Y KOJIi IIPH OCBITAEHH]
dorogiona 6yne mpoTikaTH QoTOCTpYM, YTBOpeHHH pyxoM HociiB 3apsamy, mio
BHHMKAIOTh y HANBOPOBIAHMKY Mif M€ ONTHIHOrO BHIIPOMiHIOBaHHS.
OCKUII:KI/I 3reHepOBaHi CBITIIOM CICKTPOHH m;( Ai€lo. . BHYTpIINHBOrO
enempmmoro nonst Eg, pyxatotscsi y Gik n- oGnacn a ;ipku ~ y 6ik p-obmacri,
TO HanpsM (OTOCTPyMy 36iractscs 3 HampsaMoM 3Bop0'moro CTpyMy  p-n-
Hepexomny. o
" BombT-amnepha xapaxkTepucTHka (oToiona OIHCYETHCS BHPa3OM:

v

=1 (<D) I e —1| . C@3)

ne I¢(<15) - (bOTocrpyM, mum € @yHKme}o lHTCHCHBHOC’I‘l 30BHINIHBOTO .

ocBiTIerLT,; L e

Iy ~ renyoBHit (3BopoTHHIA) crpyM p-n-hépexony;

o
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q- enemeHTapHHﬁ sapag .o , -
U—Hanpyra Ha fioni; I e : L
k- ToCTiiHa BonLumaHa" - '
‘ T aﬁcomoTHa TeMIneparypa.
CiMeitctBo BONBTa-aMIepHuX xapaxcrepncmx (porqggoga Mmo
BiZOBi/AIOTE PI3HUM PiBHSM 30BHINHEO! OCBITAEHOCT], 3o6pa>t<eHe Ha puc. 2. 4,
Ipu BincyTHOCTi 30BHINIHROrO OCBITHEHHS 1;(®P) nopismioe Hymo, i
BONIGT-aMIIEPHA XapaKkTepUCTHKA (boromo,ua HIYHM He BiAPi3HAETHCS Bl BONBT-
aMIepHoi xapamepncmxv 3BHYaifHoro ,zuo;xa

14

eV

‘ (152><I)1

Pucynok 2.4 ~ BonbT-amnepri xapakreprcruxy hotomioja
§ . . . . . ‘l )
Ipu HeratHBHHX nanpyrax Ha mom 3Haqemm excnoneHm y Bnpasl (2 3)
Maixke He Bl}lpl3H5I€TI:-C${ mzx Hy”s i pe3ynbryroqnu CTpYM ,uopmmoe

I=1,(®)+1,. ) o v('2-4)

Uum Ginelia IHTEHCHBHICT: CBITIIOBOTO MoToKy, TuM Oinbine Hociis
3apaiy BUHUKAc Y HaMiBOPOBIAHHKY B OJHHHLO 4acy, a 3HAYMTb THM GLIbIe
3HayeHHs (OTOCTpyMy. SIK NpaBWio BKe NpM HE3HA9HHX iHTEHCHBHOCTSX
ONTHYHOTO Bpmpommosamm (I)OTOC’IpyM 1¢(<D) Ha6araro nepeamnye TeILTOBUi
ctpyM I, ToMy B  ymOBaX  oCBITIEHHS 3B0p0THHH CTpyM (bommona
BHU3HAYRETHCS 3HAYCHHAM QOTOCTpYMY.
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[Ipu ne3naunux IIpﬂMHX Hanpyrax (JaCTKH BONGTA), IPH SKHX 3HAYCHHS
EKCTIOHEHTH € NOPIBHAHHMM i3 3HaueHHIM (OTOCTPYMY, CTpyM gepes doromion
'BU3HAYAETHCS AK TPHKIAJEHOKO npsnvxoro Hanpyroro ‘Tak i iHTeHCHBHICTIO
-OITTHYHOTO ‘BHNPOMIHIOBaHHSI, ’ : .

Ipy 3HAIHMX TIO3UTHBHUX HAINpYTaX ~3HAYCHHA eKCIOHEeHTH OGyne
Habararo GLIBIIMM 3a 3HaYeHHS QoTocTpyMy. Y pesynbTaTi NPSAMHIL CTPYM, IXO
Tewe wuepe3 (oTomion, 6y,zxe BH3HAQATHCA JIMIIE 3HAYSHHAM nannaneHm
MTO3NTHBHOI HANPYTH. : ‘

Ax supHo 3 rpadikiB Ha puc. 24, TIpy 3HaueHHI crpymy dortozmiona
TaKOMy, T[0 JOPIBHIOE: HYJO, Criai HaNpyTH Ha JIOAI" B. YMOBAX OCBITIEHHS
BiapisEseTscs Bix Hym. Hampyra Ha pioai y nkoMy BUNAAKy NOPIBHIOE HANpy3i
(boToEPC, 3HauenHs AKOI MOXKHa 3HaliTH 3 BHpa;y (2.3), npuitmarowit 1= 0:

Cae I,(@)+1
U, ;Eh{—"’( ) °]
: ]D .

TaxuM d9mMHOM, MiABOZAYH l'IU.[CYMKPI Ga‘mMo II0 BHKOPHCTAHHSA
doToziona A eNeMenTa Yy TIHBOrO O ONTHIHOrO BHIPOMIHIOBAHHS MOKIHBE y
ZBOX BapianTax. Y nepmomy BapiadTi hOTONIO/ BMHKAETECS B @IEKTPHUHE KOJIO
3 TONauel0 Ha HBOTO HETATHBHO! Hampyrd. Taxmit peXXMM Ha3HBAE€ThCS
domodiodnum. YV oTomionHoMy pexumi BHKOPHCTOBYETECS  3aNeXHICTh
3BOPOTHOTO CTPYMy $OTOAIOAA Bi IHTEHCHBHOCTI ONTHYHOIO BHIPOMIHIOBaHHA.
Sk BAAHO 3 pucynka 2.4 B poGOUYOMY Aianas’oHi poGOUHX 3BOPOTHHX HANPYT
{(OTOCTPYM HPAKTHYIHO He BaHe)I(I/ITB'Bi)I 3HAYEHHS HATPYTH.

Y npyromy BapianTi $OTOHION BMMKAETECS B NMACHBHE ENIEKTPHUHE KOO,
mo He MIiCTHTHL juKepena Hampyrm. Taxuit pE)KI/IM BHKOPHCTaHHA (boromona
HA3MBAETECH 8eHmuIbHuM. SIKITIO OMip Koya € ,ZIOCTaTHBO BENHKHM, TO cTpyM y
xormi 6ynme HabmuoxarHcs 110 Hymi. Y uLOMy Bnnam(y Hanpyra y Ko 6y,ue
JOPIBHIOBATH HANpPY3i $oToEPC U¢ 3 3MeHmeHH;m onopy 30BHIIIHBOTO Kona
Hanpyra Ha (boro,zuom 6yz(e 3MeHmyBamc;1, a cIpyM 3pocram Makcumanse
SHRUEHHS CTPYMY 6y,t(e m,zmosmam crpymy chorxoro 3aMHKaHHA |
annaqamcx BHpaBOM (2. 4) BeHmJILHHn pexclm MOKeE Bmopncrosylsamcx zos

v . b EUR N . N
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‘onTHHHOY reHepauii exexTprayoi eneprii (consuni 6atapei).

- Posrsmyti  ocoGmmBocTi - poTomioma Ak  HOTOIYTAMBOTO . EIEMCHTA
1108’ s13aHi 3 HASBHICTIO p-n-TIEPEXOLY, HOJIE AKOTO PO3AiLIe 3reHepoBani' cBiTIIOM
Hocii 3apsy. Ockinpky MMpHHA 06MacTi p-n-IEPEXOTy. € JOCTAaTHBO BY3bKOIO, 4
caM BiH samirac Ha fAeAKif BincTami BiA JIOBepXHI, Ha AKy TOTpamde
BUNPOMIHIOBAHHS, OCHOBHE IOTIIMHAHH: BUIIPOMIHIOBAHHA, & 3HAYMTL |
TIEpEBAXHE YTBOPEHHS eNEeKTPOHHO-IPKOBUX - Nap BiAGyBaloThes B mapi
HamiBnpoBimHuKa p- abo n- ofyactedt. 11i HAMTHIIKOBI €NEKTPOHM Ta AipKH
NOTPAIIMOTh TiJ BIUIMB. p-n-NIEPEXOAY 3 AKTHBHOI (Tiei, MO OCBITIOETHCS)
ofnacti 3a paxyHok mudysiiinoro-a6o mpeiidosoro nepemimenns. Bianosiano
J0-. OBOTO . pospisEmoTs mudysiiui Ta mpeidosi dotomiomm. Jugpysiini
homodiodu ABIMOTE cOGO0 CIPYKTYPY 3 OAHODPITHEM POIIO/IIEHHAM HOMIIIKH
B p- Ta n- obnactax. Tomy B takoMy doTonioni pyx 3reHepOBaHHX CRITIOM
HOCI{B 3apsiTy 10 p-n-TIepexo/y BinGyBacTbCs 3a paxyHoK Hudysil.

Y Opeiigposomy pomodiodi 3acTOCOBYIOTh HEONHODIIHUH PO3MOALT
IOMIINKH, BHACHIZOK 4YOrC BHHUKAE BHYTDIIIHE eNEeKTpHYHE IIONe, SIKe
TIPHCKOPIOE PYX HOCHTB JI0 p-n-niepexony.

EHepreTHina XapakTepHCTHKA mona y (boromo)momy ‘pexuMi |y
poBouoMy fianasoni IHTEHCHBHOCTEH OITHYHOTO BUTIPOMIHIOBAHHS € JiHIKHO.
V  dotoranspaniunoMy = pexumi IIpH’ BEIMKUX 3HAYEHHAX iHTEHCHBHOCT
eHepreTHYHa xapaKTepncha‘ CYTTEBO BiAXHISETHCA Bift NiniiHOIL Ile nos’a3ano
3 THM, IO BHACHIIAOK renepaui’f Q)OToEPC 3MEHLIYETECA Hanpy)xeﬁicn;
€NEKTPHYIHOIO IOMIA Ha p-n- nepexom a 3HAYMTD 3HWKYETBCS ecbemBchL
po3aineHHs enemponﬁo—mpxosnx nap. MaxkcuManbHO MOXIHMBE 3HAYCHHA
Hanpyr# GpoToEPC 06MexyeThest KOHTAKTHOKO Pi3HHLEIO OTEH{aiB.

. lllsuaxopis GoToxiona BH3HAYAETHCH B OCH(‘)BH'OM}’_TpI’IBaJIiC-TIO‘ Ingysii
dororociiB 10 p-n-nepexoty. 36inbIIEHHS WBHAKONIT AOCATAETECSA 3MEHIIEHHAM
TOBIIHHHA aKanHo'i obnacTi, 3a PaXyHOK YOTO 3MCHIIYETHCA BificTaHb Bin micts
renepauii doToHoCiiB A0 obmacti p-n-mepexony. Ilpote mpn TakoMy mizxoxi
ﬁopsm 31 301IBIIEHHSM mBuﬂKoﬁi’i Mae Miéue 3HUKEHHs 4yTiIHBocTi poTomiona,
non A3aHE 31  3BY)XCHHIM mapy HaniianpOBinHHKa B AKOMY MOXYTb
yTBomeamcx enex’rponﬁo—mpxom TapH. Hl)mumemm mBurakozii doroziona

npu BGEPCKCHHI BHCOKOL ‘I}’TJ'IPIBOCTl CTaJI0 MOXIIUBHUM IIpU nepexom o 036
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CKJIATHHX HaNiBIPOBIIHHKOBHX CprKTyp

“P-ien tboromou ‘

®oromion 31 crpymypo;o p in xmme 005010 TORKi HI/ISBI\OOMHI p- T1a n-
ofmacti, MiX sKuMH poa’ramosanmr npommmn 56mnemm z-map Pozmppr
36inHeHOrO" mapy Bnﬁnpaxorscx TaK mo6 y HLOMY TIOMTHEYIOCK yce ONTHYHE
BHIPOMIHIOBAHHS, IO TOCATHYJIO ‘fioro. TTutomuit omip i-obnacti y 105-10’
paaua Oinpiumi, Hix onip ofnacreit p- T8 n- THIB, TOMy rxpaxmno BCst
anKna,ueHa 3BOPOTHA HaNpyTa nazxae Ha i- map1 chop}oxorm o6nacTs CHITEHOTO
HOJIA, IO TPHCKOPIOE yTBopem min niero ONTHYHOTO mepommoaamm HOCll
Taka cTpykTypa cTBOpIOE ocnony T O'rpmvxaum mmnxom}oqoro Ta quJmBoro
(pomnpnimaqa OCKIIBKH nponec nmbyau q)oroHocuB Ji0 p-n-Tiepexomy, Axkuil €
XapaKTepPHHM JUIs 3BHYalHOT AiofHOT CTPYKTYPH, 3aMiHIOETRCS ApeiihoM HOCITB
yepes i-06MacTb y CWIBHOMY eNCKTPHYHOMY IOMi. 3aBASKH WBOMY p-i-n
doronionn € HalbimENI nomnpemmm Q;OTonpunMaanH )i () 3Haxozpm, IHpOKe
3aCTOCYBAHHS.

OCHOBHHMH nepeBaraMu p-i-n TioAis € Tam

- TIO€HHAHHN BHCOKOL UyTIHBOCTI Ta BHCOKOI nnmm(ozm,

- BHCOKa UyTNHBIiCTE y JIOBIOXBIIBOBIH onacti cnex'rpa 06yMOBJ'IeHa
IIFPOKOI0 i-obnactio;

-~ mMana Gap’ epHa €MHICTB;

- Mai poGoui HANpyTH y hoTomionHOMy PEeXHMI.

Jlo OCHOBHHX HEeIOMIKIB p-i-n Q)orozuoma BiIHOCATBCA BHCOKI 'BUMOTH JI0

YKCTOTH i- o6nacr1 Ta TCXHOHOI"IQHB. Hecnycmcrb 3 IHTCI'paIIBHHMI’I CXCMaMI/I

, N

(I)ommou 3 6ap epOM IIIorrm
®oromionu 3 6ap epom Hlorrxi (Komam MeTaJI-HaIIlBIIpOBIIIHHK) € me
OIHHM THIIOM (bOTOIIpHPIMa‘{XB 3 BHCOKOIO LIBHAKOZICIO Ta dyTaMBicTio. [Togi6ai
Gap’epu MOXKYTH 6ym OTpUMaHi Ha pisHEX HaHIBrIpOBl}IHHKOBPIX Marepianax, y
TOMY 9HCII 1 THX, 19 SKHX Hewoxcnmso CTBOPHTH pP-n-TIEPEXOH. , .
Sk HaniBnposinHMKOB MaTep1aJm M peanizauii potozionis 3 6ap’epom
H_IO’ITKI Hau61m,me TpaKTHIHe BUKOPHCTAHHA OTpMMAH XpeMHIlf Ta apcenin
ranito. Sk Meran Hamacnme .BUKODHCTORY€ETHCA IUIBKA 30710T4 TOBUIMHOW O
0,01 MxM.
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Sxmo enexrponmmit HAIBIPOBIAHAK . KOHTAKTYE 3 METAIIOM,: Y IKOTO
poBoTa BUXOAY eneKTpoHiB MeHmIa 3a poGoTy BaXO1y s HamBrIpom):[ana, TO
TIeBHa KLTILKICTB _€JICKTPOHIB NepexoauTh 3 Hanmnpomnunxa B . MeTa.
IomaoBaHa ,uonopna ,uommnca y HaiBIpOBiTHUKY YTBOPIOE LIAP- IO3HTHBHOTO
TPOCTOPOBOro 3ap5my,‘ o mae sucokui omip. ITpu BMHKaHHI Zdioga -y
3BOPOTHOMY Hanpxmxy (MlHyC Ha MeTam) IMpHHA 06J1acn TIPOCTOPOBOTO
sapany 361HLIIIy€TLCSL ‘ , . o

Csitiio Ha npmaz( cnpsmoayxorb 3 6oKy MeTtanesol TUTiBKY. Hpn
nocramso Manii TOBIHHHI HJIIBKH, BOHa memxen,cx TIPaKTHYHO NPO3OPOIO, i
OCHOBHa qacmHa BHHpOMlmOBaHHH TIOrIMHAETbCA B ofmacti [IPOCTOPOBOro
3apany, B AKiH 1c1{ye CHJIBHE €NIEKTPHYIHE TIOJTe. EnechponHo-mpKom napy, ski
BHHHKa}OTL y peaynman nomnnam-m BHHpOMlHK)BaH}I}I WBHAKO PO3AINAIOTECH
TOMeM. » ‘

Ocobnusictio 6ap epua mOTTKi e MOXJIHMBICTS  peectpauii
BUIIPOMIHIOBAHHS 3 €HEPTi€IO (boromB, MEHIIIOM 32 LIHPHHY 3a60pPOHEHO 30HH
HalliBnposimHuka. Take BUIpOMIiHIOBaHHS He YTBOpIo€ y HaniBOpOBiMHHKY
JOZATKOBI €NEeKTPOHHO-/IiPKOBI Tiapy, ane 36y}1>xye SIIeKTpOHH MeTaiy. [lpn
eHeprii oronis, 61JIBLH1H 32 BHCOTY MOTEHL{aNbHOrO 6ap’epa KOHTAKTY MeTaJ-
HANiBIPOBI/HAK, enexrpo;m MeTajly HabyBaloTh CHEprilo, KOCTaTHIO st
TmofoNasHs 6ap’epa i mepexoxy y HariBnpoBigHuK, anomm{o BOBrOXBUIIHOBA
MexXa CHEeKTPaTbHOL ‘IyTJIHBOCTl Goroziona 3 Gap’ €poM H.IOTTK] .3cyBaersea y Gik
OLITBII JOBIHX XBUIb. _

3 inmoro 601<y, Mara T()BIIIHHa ‘MeTanesoi miBKA CTBOp}O€ YMOBH IU1A
reHepauif (boronocu}a 3apsry B°06NacTi 06’eMHOTO 3apANly KOPOTKOXBUIEOBHM
BUNPOMIHIOBAHHAM, JUIS SIKOTO XapaKTepHa Maia erGHHa TOTIMHANHS, Tomy
KODOTKOXBH/IBOBA MeXa cneK'rpam,Hm xapamepncmxu s @oromo;us 3
6ap’epom 10Tk 3HAXOAUTECS HA MEHIIHNX JOBXUHAX XBUb.

TakuM unHOM, 32 noplBHmeM 3 (QOTORIOROM HA OCHOBi p-n-Tiepexoxny,
doromionn 3 xoHTakTOM MeTai- HaHIBIIpOBl)IHHK xapamepnsyromcx 3HAYHO
GLNBIIOIO LIMPHHOIO CTIEKTPAITBHOT X8paKTepUCTHKY.

‘Tammmy BaskuBAME fepeBaramu ‘borofionis 3 Gab’épOM IHorTki € Taki: .

' = MOEOHAHHs BUCOKOY YyTIMBOCTI Ta BHCOKOT IUBHIKOXIT;

- Manui omip; o 3MeHnIye yac nepesapagy 6ap’epHoi emHoCT];
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- NpOCTOTA CTBOPEHHS BUITPAMHHX (boroqymmmx crpymyp Ha pi3HAX
HANIBNPOB{IHMKOBAX  3'€HAHHAX, INO ' Z03BONSE KEePyBaTH  BHCOTOI
noTeHUiaTEHOrO Oap’epa. S ’

- C}’MICHICTB 3 TEXHOJIOTIEI0 mrerpanb}mx CXEM.

®oropion 3 re'reponepexonom ‘

®Gotomiomn 3 rerepocer’rypoxo (re'repoq)oromozm) € OIHHM 3
namrepcnemnsmmnx THIIB Hanmnpoamnnxomx (boronpﬂnmaqm TmmBa
KOHCTPYKIIiA rerepodoroniona 306paxena Ha PHCYHKY 2.5. '

3 Goky ocBiTMIOBaHO! NOBEPXHI 3Héx011mbca map 3 HATTBIPOBi THUKOBOTO
Martepiamy 3 ‘mnpoxomnsaﬁopox{eﬂoro 30HOK T4 Bnéokom KOHLIEHTpaHi€ro
fomimku. 3a IIAPOKOIOHHUM mépOM 3HaXOAUTELCS AKTHBHUH (OTOTYTAMBHI
map 3 MaTepiany 3 BYXH9010 3a00pOHEHOI0 30HOIO. lIani ime xoHTaKTHWI map 3
TEKOI0 # IUMPUHOK 3a00POHEHOT 30HY, 5K I B aKTHBHOMY IHapi, aje 3 6iNbmoro

»

KOHI.[GHTpaI.UCIO JOMILUKH.

W

p* AlGaAs -

e

n 'Ga.As

n*GaAs

Pucynok 2.5 — 3onna miarpama ¢oroniona 3 rereponepexonm

Taxa ctpyxrypa Harajye CTpYKTYpY p-i-n GOTORIONA 3 Tiewo pisHHIE, WO
Ana i peamizauii BuKOpHCTaHi HANIBIPOBIJHMKOBi MaTepianmy 3 pisHoio
HIMPHHOIO 3260pOHeHOT 30HH, '

Ilpn oceitnenni retepooTONiOfa ONTHYHMM BUIPOMIHIOBAHHAM 3
eHeprielo  (OTOHiB, MEHIIOK 3a MMpUHy 3a0OpOHEHOI 30HH NEpLIOTO
MHAPOKO30HHOIO MDY, BOHO 3 MiHIMAalIbHHMH BTpaTaMH JOCATA€ AKTHBHOIO
mapy. ToBumHa akTHBHOIO 'Imapy - BUOMpAeThea - Tak, o6 3abeameunti
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TOTJIMHAHHS Y HEOMY YCHOTO BPIHpOMlHIOBaHHFI
' _,_,_fJ?OToganz .3 TeTePOIIEPEXONOM - ) 36epiraoTs . ocHOBH .~ TepeBaru
POSFISHYTHX BHINE CTPYKTYP -~ MOEAHAHHS BHCOKO! IUBHAKOJIl Ta BHCOKOL
9YTIUBOCTI, Mali pofoui Hanmpyru. ... , —— ’

TammimMu nepesaramu BnKopHCTaHHﬁ rérepocrpvmypn €

= MOXJIHBICTH Tps1 anomszOMy BI/I60p1 HaHlBH})OBlILHHKlB npaumsam y
6y;15-;n<m oﬁnacn cnempa ue 1B’ ;xsaHo 3 THM, 1O poGoqa OBXUMHE XBHI]
BU3HAYAETECA pisHunero B mnpnm 3a6op0HeH01 30HY;

- BHCOKHH KK,E[ mo Ha6nm1<a€rbca )10 100%; ‘

- BeJMKmit TCMHepaTypHHPI mana30n Ta pazuauiynﬂa ctiltkicTs;

- (blsmna Ta Texnonontma cymcmcn, 3 npnnanaMH mTerpanbum
" Ocnosunit HEZOMIK TaxuX rerepo@omnionixa — CKIagHicTh Textrosorii

BHI‘OTOBH CHHA.

Jasununii dporoniox
Jlapunnnii Qoronion BimmocuThCs A0 doTonpHiiMauiB 3 BHYTpINIHIM
mizcwieHusaM. Bin npawoe npu 3Bopomm Hanpy31 11233517 ) npoGuBHm
Bracainox nporo yreopeni rn,u miero ()IITI/I‘iHOI‘O 'BUNPOMIHIOBAHHA HOCHT 3apsiy
TIPHCKOPIOIOTECS CHITBHAM eNeKTPHIHIM T0MTeM, HabyBaro9y 0CTaTHEO! eHeprii
s ynapHoi ioHisanii aromis. EnekTpoHy Ta MipKu, yTBOpeHi MpH 3iTKHEHH, y
CBOIO Yepry NMPOOBXKYIOTE Ipoltec ionizanii. [ponec 36inbluenns KonueRTpauil
HOCI{B 3apsafy, a 3HAUUTH i CTpyMy, Mag narsmxonozu6mu xapakTep. JlaBuxue
MHOEHHS KOHUEHTpaiii Hepmnoaaxcmrx enemponm Ta AipOK Y CHIBHOMY
ENEKTPHYHOMY IO 11apy MPOCTOPOBOIO 3apsAy p-n-NepeXomy 6yae MaTh Micue
TOx, KOMM INMPHMHA 06NacTi NPOCTOPOBOro 3apaAfy TIEPEBUILYE AOBKHHY
BiTEHOrO 1pobiry HOCIiB 3apany.
- Ilincunenns  mepsumnoro- - Qoroctpymy — y . naBuHHOMY  Ajoni

XapaKkTePU3YETHCA KOoehillieHTOM JIABHHHOTO MHOKEHHS:
M= 14/14,0, (25)
~ ze I, — BUXiguu# cTpyM GOTOAIONA 3 BpaXyBaHHAM MHOKEHHS,
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I — BuxigaMi cTpyM doTomiona 6e3 MHOMKEHH:. o

Koeoimienr - naBuHHOrO ' MHOXEHHS - B * TaBMHHOMY dortomioni €
- koedilieATOM mixcwrenns dotoctpymy. KoeditienT nincrenus sanexurs Bix
HANPYTH HA Mepexofli i BU3HAYACTECH 3a'emnipmnoro dopmynoro Minnepa

Mz':l/[ WU, T 26

ne U - ganpyra Ha p-n-niepexofi;
" U,pos— NpOOHBHA HANPYra;
n - koedinienT, wo nputiMae 3Haqemm Bixg 1,5 no 6 B 3aJ1€KHOCTI Bi
MaTeplany doroniona Ta tHy p-n nepexoxy. ‘

3 Bupasy (2.6) Bumnupae, mo koeilieHT MiACHIEHHS 3aM€XKHTH Bif
NPUKIAReHol HANPYTH, IO € He MPUHHATHHM [ Iipax'rmnoro BUKOPHCTAHHS.
Tomy mnst mapiiinoi poGoru nasmuHOr0 BoToniona neobXimHuii nyxe BHCOKHH
CTymiHb cTabinizanii HampyTH XKUBIEHHS.

3 BpaxypanHaM supazis (2.5) Ta (2.6) MoxHa orpnma’m BHpa3 zmx BOJET-
aMIIepHOL xapaxcrepncmxn JaBUHHOT'O moz[a

1¢=1¢0/[ ~(UIU,, 4 )]

3 HaBeseHOro BHpasy BHAHO, L0 ICHYE TEOPETHHHA MOXKIMBICTD
OTPHMaHHS Oy Ih-SIKOT0 3HAYCHHSA Bniiﬁnoro cipyMy IIpote Ha npakTyni uoro
He BiaGynerscd. TIpu Bemuxux 3Baqemmx U cumbauit ctpym Beze o posirpisy
HaniBIposisEuKa. V pesyasTati 361n5mymcx TEMHOBYH CTPYM i 3MEHIIYEThOs
thoTtocTpyM, 10 Beae A0 TIEPCTBOPEHHs ENIEKTPHIHOTO np06010 y Tennosui i, sx
HACTINOK, py#Hauii npunay. ) o ,

- Tepeparamu NABUHHAX cbommoms €: HasBHICT BHYTPIlIHLOTO BETMKOIO
NJCHICHHS Ta BHCOKA msumcomx _
Ocnonm HC}LIOJ’IIKI/I MaBUHHUX (bO'ro,momB.
- CKIGNHICTD Ta YHIKANBHICTH BHMTOTOBNEHHA, & 3HAYMTb, BHCOKA
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RapTiCTS; B P

- BHCOKi poboui Hanpyrﬁ Ta BEJHKi BTPATH HOTYXHOCTI;

- HCO6Xi}1HiCT}3 crabinisanii poGoyol Hanpyru Ta Temueparypy;

* 3HAYHHH PO3KUJ NapaMeTpiB y OKpeMux 3paskax. - .- . e

Hesnaxca}oqﬂ Ha Te, 0 BHKOPHCTAHHY JIABMHHUX cporomoms TOB’A32HO 3
TICBHEMH TPy/IHOLIAMH, BOHH 3HAXOZATH 3aCTOCYBAaHHS AN pCCCTpaIlll ciabxux
ONTHYHUX CHIHANNB, i OCh YOMY. 3HacThes,. M0, BUKOPHCTOBYIOUH YyT/IHBHI
doronpniimad, HaNpUKIAR p-i-n GOTOAION, Ta €NEKTPOHHEHIT ACUITIOBAY 3 yXKe
BCJIMKHM KOe(ilieHTOM IHACHICHHS, MOXHA 3adiKCyBaTH IOCTAaTHBO CnabKuil
curtan. Onnak e wme tax. Hlymu Bximmx;tgacxa;[is T ACHITIOBAYIB € GinbImMu
3a mymu p-i-n dorogionis. ToMy MiHIMaNbHe 3HaYeHHS ONTHYHOIO CUTHATY,
ke moxe 6yTn 3adikcosane y TakoMy BHMaixy, Gyze Biznosinatu pismio, mpu
AKOMY KopucHHMH BHXimumit curman ¢oromiona Oyne 6itbmmit 3a mIYMH
HONepeHEOTO Kackany. Lle 3Havenns Oyne 3HaYHO IEpeBHILYBaTH HOpIr
dymmBocti  doromiona. |V  naBuHHOMY | doTOAiONI TOPAX 3 BHYTpilIHIM
HiICHIEHHSM KOPHMCHOTO CHrHalmy BinOyBae€TbCA Take X IIJCHIEHHS IHIYMYy.
Tomy, sxmo mym napurHOrO GOTOHNIONA BHUABHTHCA HE MEHUIMM 33 HIYM
NONEPeTHEOr0. KaCKafy, TO HOPir YymIMBOCTI cxeMH Oyle NOpPIBHAHHUM 3
NOPOroM YyTIMBOCTI (oToniona. Y 3B’A3Ky 3 UMM JaBMHHI (OTONIONM MAIOTh
mepepard rmepen p-i-n  GOTOZiofAaMM B yMOBax IpHMoMy MiHiMalnHO
PO3pi3HIOBAIEHEX CHIHANIB.

Inexexcnidai Ta S-dotogionu

Imxexuiftui gporozionn BiI[HOC}ITLCSI no QoronpuiiMadis 3 BHYTPLUHIM
TICHACHHAM. CprxTypy nioga XapakTepusye HasIBHICTH ,uosrcn 6aszosol
obnacri. Hosxuna 6a3n 3 BHCOKOOMHOTO HAMNIBIPOBIAHMKA B KiNbka pasiB
nepeBnmye JIOBXKHHY nmbym HEOCHOBHHMX HOCIiB cTpymy. Potoaion mpamoe
TpH TpAMOMY 3MimenHi. ’

YV TeMHOBOMY pexumi Ginblia gactTrsa anKixa;(eHoI IO Jiofa Hanpyré
criafae Ha 6asi. ITpu Aii onTiuBOro BUNPOMiHIOBaHHA HOTOHH, NOTMTHHAIOYNCE Y
6a3i, yTBOPIOIOTL HOBIi HOZATKOBI ,HOCIT 3apsigy. Omip Gasu 3MEHIIYETHCA, U0
NPUBOIUTG IO MNEePepo3MORiTYy HAIPYTH MiX fazoro Ta p-n TiepexonoM. 3
NiABMINEHHAM Hanpyru p-n-nepexii imxextye GLipumit cTpym, sxuii, y cBOIO
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L

qepry, me Ginpuie 3Menuye omp 6asu i 1.1, B peBVIILTaTl HLOI‘O npouecy
BinGyBaeThes iifCHTeH s TIepPBHHHOTG q;orocrpyMy s

‘B imxexuiitamnx (pOTomonax 3 Bncoxoomnoro MaTepxarIy (Ge, Sx GaAs)
9yTIHBicTS Ha 5...6 MOPSAKIB BuIa, HI)K y 3BHYaiHIX Q)oromozma a TIOpOTOBMIA.
CTpYM Ta iHepuiitHicTs nmpuGnHsHO Taxi, K i ¥ fboropeancropm Kpim Toro,
'MOpiBHAHO 3° NABHHHHUMH  (OTORIONAMH * IS  iHKEKIiHHUX (bOTomomB
3HHKYIOTHCS BUMOTH 1o cTabinsHOCT] HANPYTH XHBIEHHS TA CTPYMY.

Crpyxrypa Ta npuHmun Aii S—oronionis ananoriumi imxekuiiinoMy
dorozioxy. QOTOHH CBiTIIA CTBOPIOIOTS HOCIT CTPYMY B IOBriH 6a30Bill 06nacti,
IO CTHMYMIOE picT IHKeKLiiiHoro CprMy Ta NPUBOOHUTE IO NiACHIIEHHsS
dotocTpyMmy. . .

Boner-amnepua xapamepncmlca S—Q)OToﬁiona HaBeACHA HA PUCYHKY 2.6.
Hpu ocpitienni S—doroniona Hanpyra, npu sxiit 3pocTanHs CTPYyMY uepes
GoTOniOxN BinOYBaeThCH 3i 3MEHIIEHHAM ClIaLy Hanpyrﬁ Ha HHEOMY, 3HUXKYETHCH
31 3611 IIEHHAM IHTEHCHBHOCT] OITHYHOTO BHIIPOMIHIOBAHHA. .~ -

)

- PucyHox 2.6 — Boner-amnepna xapaKTepncfnica Sé@o;"o,uiona

Ha S-doronioni 3pyuno creopiosatu - dotopene. . ns msoro Ha
doronpuiimad nonaloTh Hanpyry sMimenHs, Ka. BiHoBiNAE BufpaHoMy nopory
OCBITJIEHOCT], TIpY NEPEBHIIEHHI SKOTO Pi3KO 3pocTae CTpyM :uepe3 S—xion.
q)ofonpnﬁmaq NepexXoNuTh y APYTHii cTikikmii cTan (BepxHs rinka BAX), sxwuii
36epiraerscs nicns 3aTeMHeHHs npuany. .
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2 2 5 (I)OTOTpaHSHcTopH e BT

Cbom"rpansncrop Hanmrrpomnﬂnxomn npnnmaq Bnnpommoaamm, mo
32 CTPYKTYPOIO Mofi6Huii 1o TpaH3HCTOpa Ta 3a663net1ye BHYTDIINHE I ACHICHHS
cnrua,ny.,’@ororpagmcmp MOXHA HpCIACTABUTH TAKHM, INO CKIAJAETHCH 3
"cporoz(iozxa i“TpaHV:fHCT'Opa_. (puc. 2.7). PoToziofoM €. OCBITIOBAHA YaCTHHA
nepexoay (6a3_a'—1<qn‘c1qrcqp, TPaH3UCTOPOM — YaCTHHA CTPYKTYDH,. PO3TALIOBAHA
fesnocepeHBO niﬁ emitepom. Ockinpky ¢oTonion i Koiexropuuii mepexin
TPaH3UCTOPa KOHCTPYKTUBHO 06'eqnadi, TO (OTOCTPYM . MIACYMOBYETRCS 3
KOJICKTOPHIM CTPyMOM. ba3oBuii enekTpos Moke GyTH BUMKHEHHM.

o K

mo
(=2}

)
B

Pucynok 2.7 — Bynosa doToTpar3ucTOpA:
a — CTPYKTYpa #-p-v THITY; 6 — eXBiBaJeHTHA cXeMa.

Tlpn oceitiienHi 0azn B Hilf BUHHKAIOTE €NEKTPOHHO-TIpKOBi mapu. Tak
camo 4K i y doroznioai, mapu, mo Aocarau B p?:aynwari Iudy3il KOJICKTOPHOTO
TepexoJly, PO3AIITIOTECA OJIEM IIePeXO/Ly, HEeOCHOBHI HOCIT 3 a3y PYX8IOTECH B
KOJIEKTOP, NIPH 50My HOI'o CTpyM 36insmyeﬁ>c;1. OcHoBHI HOCIT 3aTUIAIOTECH B
a3, 3HKYIOUN ii rroremnan BIIIHOCHO emitepa. Ilpu mpoMy Ha emiTepHOMY
TIepeXOi CTBOPIOETHCS IOATKOBA np;ma Halpyra, IO BUKINKAE NOHATKOBY
irxexyiro 3 emTepa B Gasy i BiNMOBiNHE 36LIBIIEHHS CTPYMY KONEKTOpa

Hpn BMUKAHHI doToTpanaucTopa B cXeMi i3 3arambHAM eMiTepoM IpH
BUMKHeHii 6a3i, Maemo BUXimuui cTpyM y £ pasis Ginsmuii 3a ctpym gortomiona
(B - xoedinieHT mepenadi cTpymy 6asé TpaH3MCTOpa B CXeMi i3 3araibHHEM
emiTepom). Binnosiano y B pasis 36inpmyerses i gyrmsicrs. Crpym Moxe Gyt
HifICH/IeHHH Y KifbXa COTeHb PasiB, TOMY 4yTIHBICTE (borm:panmcropa y GaraTo

pasis Ginkina 3a 9yTHUBiCTS QoTopiona.
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Ille Ginemme mimcwieHns i, sk Hacuigok, Ime 6inbme 36iNbIeHHs

¢

-9yTIMBOCTI, MOXe GyTH focsrHEHO y cKilazierioMy doToTpamsucTopi (puc. 2.8).

K

Pucynok 2.8 — Curanennit dororpansucrop

KoedinienT nepenaui crpyMy mns cianeHoro doTorpansucTopa

R

A ﬂzﬂl ‘ﬂZ{

.
e S ta B — xoedinientr mepemaui crpymiB 6a3 i KOMIIOHEHTIB
CKNafigHoro (OTOTPAH3UCTOPA,

Y pesynerari YyTIMBICTH CKIaJEHUX (POTOTPAHIUCTOPIB MiABHILYETHCS
3a3BuMali Ginblr Hix y 1000 pasiB B nopipHAHH] 3 Yy TAHBiCTIO hoTOMIOAIE.

CrextpanbHi  XapakTepucTMKM — ¢OTOTpamsucTopiB  Gmuseki g0
XapaxkTepucTHK (OTOAioAiB, BUIOTOBNEHHMX 3 aHAJOIIYHOIO Marepiaty. 3a
TIOPiBHSHAAM 3 (oToAionaM: (OTOTPAaH3UCTOPH MAIOTH TipUIy TeMIepaTypHY
CTablIBHICTE, OCKITBKH OHOYACHO 3 GOTOCTPYMOM MHACHIIOETECS i TEeMHOBHIA
cTpyM. I'paHnyna 4acToTa (OTOTPaH3HCTOpa MEHIIA Bifl IPAHHYHO! YACTOTH
doroniona y S pasis, mo obMexye ofnacts ix 3acTocyBaHHA B OCHOBHOMY B
TIPHCTPOSIX ABTOMATHKH Ta KEPYBAHHA CHJIOBHMH KONAME, ‘

IepeBaraMu GOTOTPaH3UCTOPIB € HASBHICTS BHYTPIIIHBOrO MiACHICHHA
(Bucoka (OTOUYTIUBICTE), - CXEMOTeXHiYHA ' THYYKiCTB, siKa ofymoBnena
HasBHICTIO TPETHOI'O EJEKTPO/Ia. ‘ '

2.2.6 ®otoTHpHCTOPH
" (OTOTHPHCTOP '~ ' HANIBNPOBIAHMKOBMI ' NPHIMaY BHIPOMIHIOBANHS 3

ABOMa - CTIAKHMH CTaHAMH (BUCOKOOMHHM Ta “HH3GKOOMHHM), MEpEMUKAHHS
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AKOTO y CTaH, HU3BKOTO ONOpY BiAGyBaeThcs nm I€I0 ONTHYHOIO® CHTHATY.
C’I‘p)’K’I’ypa q)orompncropa € 1101116H010 J0. CTPYKTYPH 3BHYAHHOrO “THPHCTOpa
(pnc 2.9,a), mo MmicTuTh Tpn D-n-TIEPEXONH, 3 SKAX CepejHiii HATHBAIOTE
KONEKTOPHHM, a JBa KpaiHix — emiTepauMH. 3oBHimHI obnacti HasHBAlOTBCH
eMiTepaMy, a BHYTpimmi — 6azamu. : ,
THPHCTOp BMEKAETECS TaK, mo6 KOJIEKTOpHUIi epexia OyB BBiMKHeRuH y
3BOPOTHOMY HANpPAMKY, a o0ujBa eMiTepHX — y mpsmomy. [Ipu Taxomy
BMUKAHHI [IEPEXOXIB THPUCTOP MOXKHA 306PasuTH Yy BUNIALL IBOX IOCITIIOBHO
BBIMKHEHHX TpaH3UCTOPIB. P-N-p i n-p-n 3 HO3UTHUBHHM 3BOPOTHAM 3B'S3KOM

Hepes saransHi 6asu i xonexropu (puc. 2.9, 6),

y

p W ' VT
J— ~ —»
- n VT1 -
—
QY P = VT2
n

- a 5]

Prcynox 2.9 — Tapucrop: a — ctpykrypa; 6 —ABOTPaH3UCTOPHA MOZEND)

Ilpu 30IIBIIEHH] HANPYTH HAa THPHCTOPI BBopOTHm‘i CTPYM KOJIEKTOPHOTO
TIEPEXOLy, AKHH € CTPYMOM (OTOTHPHCTOpA, 3pocTac. 3POCTaHHs CIPYMY. Befie
RO HaKONHYyBaHH: 06’€MHHMX 3apsaaiB B Gazopux o6nacTsx THpHcTopa. Hipky,
IO {H)KEKTYIOTECS EeMITepHHM IlepexojioM TpaHsucTopa VT 1, -nepenocarscs
TosteM KOJIEKTOPHOTO nepexony y Gasy. Tpansucropa VT2 i cToproroTs Tam
HOSUTUBHAN 3apsfl. AHAIOTIMHO, €NEKTPOHH, WO IHKEKTYKTHCS eMiTepHHM
nepexonowr TpausucTopa VT2, nepenocaTses NosieM KOEKTOPHOTO TIEpexoly y
Gazy TpausucTopa VTL i cTROPIOIOTE TaMm HeraTueHul 3apsf. HakonwyenHs
OCHOBHHX HOCI{B 3apsgy B 0asax TpaH3UCTOPIiB pO3NOYUHAE nponec ix
BinkpuBarHs. IIpu nesxoMy 3maueHHI Hanpyry Ha THPUCTOPi HaKOIUYeHi y
Gasax 3apsmm CTalOTh JOCTATHIMH 7S TOro, wo6 TPaH3HCTOPH MOYATH

NpAliOBATH B aKTUBHOMY PeXHMi. ¥ pesyinbrari xoedinieHT mizcunenns y ko
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3BOPOTHOTO -3B’43Ky cTac-GinmsmmmM. 3a omuHumo. Basosi:ctpyMu TpamaucTopin
NaBHHONOAIGHO -3pOCTaloTh (HesHauHe 36LIbIIeHH 6a30BOTO CTPYMY KOKHOIO
TPaH3KCTOPA 4epe3. KOJO -3BOPOTHONO 3B’S3KYy TIOBEPTAETECA ILIe GiNbIIHM
361aneHHzM) 1 o6mjBa TPAH3UCTOPH LIBUIKO BifkpuBatoTses. JlapunononiGue
3POCTaHHA CTPYMY 4e€pe3 CIPYKTYPY HPH3BOAMTE [0 BiIKpHBaHHS THPHCTOPaE, ¥
Pe3ylIBTaTi HOro yci TpH IICPCXONH BHABMNSIOTECS 3MIMIEHHMH Yy MPAMOMY
HanpaMy, i 3araibHui onip GOTOTAPHCTOpPA CTAE MATTHM.

Jna mepepenenHs (oOTOTHpHCTOpA -y BUCOKOOMHMI CTaH, Heo6XimHo
3MCHIIMTH HOr0 CTPyM MO JesKoro 3HaueHHs. -[Ipu LpoMy poO3mogHeThCH
3BOPOTHHI IPOLEC JIABUHOTIONIOHOTO NIepeMUKAHHS, SKUH 3aBEPITHTECS THM, 1[0
00H/(BA - TPAH3UCTOPH ‘BHABNATHCSH 3aKPUTHMH, a KOJNEKTOpHUH mepexin Gyne
3Mimenni y 3B0POTHOMY HANPAMY. g ‘ :

Cunpnuit no3uTHBHMIT 3BOPOTHHI 38'S30K € NPUYMHOIO ITOSBY HA BOJBT-
amrnepHili XapaxTepucruui GOTOTHPHCTOP2 ALTAHKH 3 HETaTHBHEM AUHAMIYHEM
ommopoM (pme. 2.10). Sx  BHAHO 3 BONBT-AMIIEPHOI* XapaKTePHCTHKH
(OTOTUPHCTOP MOXeE 3HAXONUTHCS B OZHOMY 3 JBOX CTIHKMX CTaHIB, 3aKpHTOMY
BHCOKOOMHOMY i BiikpuTOMY HH35KOOMHOMY. Ilepexin 3 OJJHOTO CTIHKOrO CTaHy
y Apyru#t BinOyBaeThcst crpubkonoxibuo (Ha HeratuBHIM jinsani BAX cranm
npunagy € Hecrifixum). Ilpn neoMy nepexoii omip THpncropa i cTpym wepes
HbOrO 3MimorOTECH Y 105-107 pa3i1§: npu6masao Bix 10° Om (cTpyM Guu3bko
10°A)y 3akpuToMy craiio 107 Om (ctpym — Big 107 10 1 A) —y BigKpHTOMY.

[Ny

Do Pucynox 2.10 — BonpT-amnepHi XapakTepHCTHKY THPHCTOpA
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Hpu  ocsimnenHi -, GoToTHpHCTOPA- . ONTHYHE - BHNPOMIHIOBAHHA
NOTTIHHAETBC B 060X Gasax.. Enextpyune mone :‘xonexroporo ‘mnepexony
posziiie 3renepoBani cpitiom sapsmu. Ile mprckopioe TIPOLIEC HAKONHYEHHS
3apaniB y Gaszax. Y pesynsrari NepeMHKaHHS. QOTOTHPHCTOPA ¥ BiIKpHTHIf cTan
BinbyBaeThcs IpH MEHIIHX 3HAYEHHAX Hanpyr#. 3 pOCTOM - iHTEHCHBHOCTI
ONTHYHOTO BUNPOMIHIOBAHHS HANpyra IEPEMHKAHHS 3MEHIIYEThCH. TaKuM
YHHOM, CBITIO Biflirpac poib KepyIOYOro ENEKTPHUHOIO CHIHATY 3BHYaHHOTO
THPHCTOpa 3 TPETiM BHBOXOM.(Bix 6a3n) i M03RONSE GE3KOHTAKTHUM CHOCOGOM
KePYBATH CTPYMaMH y Pi3HHX €JIEKTPHYHIX KOJIaX,

MiniManeruil yac;, HeoGXimHmi s MMEpeMUKAHHA, HAa3HBACTBCS  YaCOM
3aTpHMKH t,. Bin fopiBmioe cymi wacis audysii HeocHosHMx HOCITB 3apamy depes
Gazu. EXClIepHMEHTAIIBHO BETMYNHA t, BU3HAYAETHCS MiHIMATEHOO TpUBANICTIO
iMnymbey cBitia, mo BMHKae ¢doToTHpHCTOp. 3 POCTOM IHTEHCHBHOCTI CBiTnNa
Hac 3aTpUMKH 3MeHIyeThCcs. Onuiero '3 npuyuH mporo € - 36imbINeHHS
KoedinienTa nudysii IpH BUCOKHX PiBHAX IHXeKWiT HOCITR 3apany

lonosHa  nepepara QoOTOTHPHCTOPIB — CIPOMOXHICTE MEepEMHKAHHS
3HAYHUX CTPYMIB Ta Haupyr cJ1abKUMH CBiTIOBHMHM cHrHagaMy. Y NOpiBHAHHI 3
oToTpaHsHCTOpaMK  POTOTHPHCTOPH  MINTPHMYIOTH - BENHKI ¢ 3HAYCHHS
KOMYTOBaHHX CIPYMIB i Hanpyr, GifbIn BHCOKY y MOPIBHSHEI 31 cknagenmMu
ororpansucTopamu msuaxozio (10-30 mxc). OcHoBHa cepa 3acrocysash
¢oTotHpCcTOpiB | —  KEPYBaHHS  BeJHKHMH CTpyMaMH = B «CHJIOBIi»

OIITOCNIEKTPOHIIH.

2.2.7 BararoesnemenTHi poronpuiimaui

B psni Bunazxis HeoGXizHO He TiNBKH BiAMITHTH HasBHICTH Iy4Ka CBiTia
abo iHoro iHTeHcHpHicTs, ane i 3aikcyBatH GOTOENEKTPHYHUM criocobom
ONTHYHE 300pDAXKECHHS, IO M4€ IeBHML poinonin iATeHCHBHOCT] cBiTIA IO
mronyHi. e MoxHa XocaruyTH, BHIOTOBHBIIM €KpaH, INO MiCTHTL 6araTo
MiHIQTIOpHHX @oronpnﬁMaéiB, AKi TIepPEeTBOPIOIOTE CBITIIOBI NOTOKH y Bimmosiaui
eNEKTPUYH] CHIHal. 3aNHCcaHa TaKuM 4XHOM ONTHIHA iHdopManis Aeskuil Tac

3bepiraerbea, a MOTIM "sumMTyeThes" TAM abo iHmMM cnocobom. Enextpauni
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CHTHAIH BiJl pi3HUX KOMIPOK eKpaHa MoXyTs GyTH TIoCIifoBHO Tiepeiati B inmie
Micue i BUKOpHCTaHi A5 BiATBOpeHHs 306paxeHHs 06’ exra. '

- ChorofiHi Ij11 BBEASHHS 300paxeHs BHKOPHCTOBYIOThCS GaraToeeMeHTHi
(oTonpuitMayi-Ha  OCHOBi Npuyajis i3 3apsnosuM: 38’s3koM (I133). 3 dizuunol
touxu 3opy I133 mikapi TuM, IO eNEKTPHIHHMI CHIHaJl Y HUX IOJaHUM ‘He
cTpyMoM a00 HAmpyroro, sik‘y OGLIBHIOCTI “IHINHMX TBEPNOTUIEHMX NpPHIAAiB, a
3apSIROM. .

Cropomeno Ipmyan i3 3apsA0OBHM  3B'S3KOM  MOXXHA PO3INIAAATH 8K
MaTpHio OJH3BKO DO3TAUIOBAHMX KOHIEHCATOPIB, YTBODEHHX CTPYKTYpPOIO
MeTan-fienexTpuk-Hanisnposinauk (MIOH) (puc. -2.11; a). Ilpu sianosinuiit
nocnigosHocT TAKTOBHX = IMITynbCiB - Hampyrs  Ha - emektpomax MJIH-
KOHZIEHCATOPIB  3apsOoBi . NMakeTH  MOXHa ’ TIEPEHOCHTH > MiX = CYCIIHIMH
enemMeHTaM npmianxy. CTpyKTypa CKIaHaeTbes i3 I1Hapy KPEMHIK N-THITY
(mioknanxa), WIapy HBOOKHCY i30JIOBAIBHOrO KpeMHio i HaGOpy ILTacTHH-

€JIeKTPOoNiB.
MiAa H
Ef- \ E
N qUctqU
2 5o
Evt 1 @ TEr
\‘o — Ey:
d N N Y
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Pncynox 2. l 1- EHepre'qua cxeMa MI[H—C’I’p}’KTprI npn ‘HasBHOCTI Hanpym (a)i
 cepif B3aEMOJIOYHX CIIeMeHTB, 0 AKHX TIpHKJIaCHi p13m
nanpyru (6). Illtpyxopa miHis - rparMms obacTi npocroposoro

3apsi)1y, EVS Ev erGHHH IIOTeHIIla.TILHI/IX M mm mpox

SIxmo B CTPYKTYpi - ipHKIanawoTs Hanpyry U (MiHyc Ha Merani), TO
YacTHHA JOMILIKOBHX €NeKTPOHIB BUBOAMTECS 3 HAIliBIIPOBIOHHKA W-THNY, IUO
MPH3BOJUTE JO HOSBH MIapy NO3UTHUBHOIO.06’€MHOro  3apsiny: TOBIHHOI d.
TOBIIMEA EOTO mapy 36inenryerses 3 pocrom U.

--Enextponw, . sKi - BUHHMKAOTh TpH-. ocBimienHi: MJOH-ctpykryps,
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_BifiBOmATECA B-06’€M . HANBNpOBi/HHKa, & OIpKU HAKOMHYYIOTHCA: Oimt Mexi 3
nienextpukoMm. KinpkicTs - upx :aipoic (To6TO 3aranbHuil - OMTHBHUE 3apsn)
_3alle;KUTh Bin iHTeHcUBHOCTI cBiTna i uacy Horo ail. SIxmo Tennosa reHepanis
nap He3HayHa, HAKOMHMYeHHMH 3apsax (ToGro indopmanis, 3anana cBiTIOM) MOXKe
.36epiratHcs TPHBAIMN Hac, OCKINBKHM . eneKTpoHiB y 36impenil obnmacti Hemae.
Hocii, 1110 reHepyioTEcs 3a MexaMy 36inneHol 06nacTi, NOBINEHO pyXaroThes —
AUQYHAYIOTH 1, peKOMBIHYIOTH Hepul, HiX NOTPAIIMOTS ik Kito noms 36inHeHo]
obnacti. Hocii, mo. reHepyioTbcs wnoGnusy 30imHenol o6nacTi, MOXYyTh
mabyHAYBATH B CTOPOHH. 1 MOXYTh NOTPanMTH Iif cycinmiii enektpon. V¥
4yepBOHOMY # iH()padepBOHOMY AiamasoHax < NOBXHH XBuib 133 - MaoTh
PO3AiNEHY 3MATHICTH ripiry, HiX y BHAUMOMY Aianasowi. Lle obymoBieHO THM,
mo ¢GoroHn iH(GPaYEpBOHOIO Ta YEPBOHOrO BHUIPOMIEIOBAHHS [POHUKAIOTH
rrubuie B Kpncran KPEMHIIO 1 3apsaoBHil TaKeT PO3MHBAETRCA,

Ha puc. 2.11, 6 306paxennit nanmor MJIH-CTpyKTyp, O € YaCTHHONO
paaka GaratoeneMeHTHOrO (OTOUYTIHBOrO eKpaHa. Y BUMAIKy | na cTpyKTypy
He I[IOlaHA 30BHiIIHA Hampyra i HasBHICTE 30iIHEHOrO €NEKTPOHAaMH LIapy
TOBIIUHOIO dy HOB’SI3aHA 3 KOHTAKTHOK pisHuieto norexuianis U, Bunagok II
BiZTIOBifia€ MPHCYTHOCTI 30BHIMIHBOI Hampyrw i OCBITNEHHA CTPYKTYPH Kpisb
HAMIBIIPOBiTHMKOBHMIA MeTaneBuit emekTpon (3arBop). Haxormmwenmit 3a wac
ocsiTnensa 3aps ApoK Moxe 6yTH 3CyHyTHIt B3[OBX JIAHIIOTA CTPYKTYD, AKLIO
Ha Cycimmiit enemeHT nojano Gineul Bucoky Hampyry (unmamok III). ¥V msomy
BUNanxy raubMHA IOTeHUianbHOT aMu A mipox 6insina, 1 BOHH BHACTINOK
audysii mepedAyTH Big OpYroro eneMeHTa A0 TPeThOro. Y NPOMIKKY MiX
3ac/OHAMH 2 i 3 TIpHCYTHE NPUCKOPIOBAaNbHE TIoNe AipKH, SKC NPOHHMKAaE i B
067acTh HAKONMUYEHHS HIipOK, TOMY IlepeTiKaHHS AIipOK RO eneMeHTa 3 MOoxe
OyTi JOCTATHBRO HIBHIKHM. ,

TaKnM YHHOM, enempnqnmu cHrHan six enemenrta 2, NpoNOpLIHHHH
IHTehCHBHOCTI @ { gacy nil cBimia, moO mamae Ha uek elICMEHT, MOXe GyTH
MpOBeNeHUA IO JIAHLIOTY €JeMeHTiB i BHBEACHMIl Yy 30BHIUMHIA JaHLUOL.
AHATOriMHEM YMHOM MOXYTh OyT¥ OTpUMani BimeocurHamu Big iHIIMX
€JEMEHTIB pAOKa 1 eJIEMEeHTIB IHIIMX PSAKiB.

MikpocKomigHi QOTOTy1IHB] eJleMeHTH posmimeni B p;micy TaKk GNu3BKO

(I =3 MxM), IO BOHA MOXYTb B3a€MOJIATH, NEPEAAIOYH OJHH OXHOMY 3apsiiy.
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3sifcH Ha3Ba MOMIGHAX NpHCTPoiB - mpaNany i3 3apamoBum (aGo 06’eMHHM)
3p’siskoM. Lledt 38’530k Mix MJTH-cTpyKTypaMu 3pilficHIOETsCH Hepes’ 3aranLHy
AJis BCIX CTPYKTYD TOBIIMHY HAIIBNPORIAHAKIB.

JBopuMipHHI MacuB (Marpuio) mikcenis ONIEPKYIOTE 34 JOIIOMOIOIO
CTOII-KaHaliB, 10 PO3ALIAIOTS eNeKTPoAHy cTpykTypy I13C Ha croemu. Cron-
KaHalli — I¢ By3bKi oOnacri, cdopMoBami chmerialbHAMH TEXHONOTIYHMMH
npuHoMaMy B IIPHIOBEPXHEBiH 06NacTi, W0 NEPEeMIKOMKAIOTE PO3TIKAHHIO
3apsTy Mg cycifsi CTOBMI. '

Skicts yeix poTonpuiiManbiux Matpuns 1133 3anexuTs Bin edekTHBHOCTI
TEPEHOCY 3apsAiB Bifl' KOMipOK 210 KiHIeBOro miacumoBaua. OCKinbKY 3apsuy 3
HHKCENIB, INO  pO3TAINOBAaHi Jalleko Bif KlHHeBOI"O HiJCHMIOBaYa, ITOBHHHI
IEPEHECTHCS Ha COTHI 1 THesui Kpokis, To e@e}\mumcm nepenayi 3apamis
NOBHEHA OyTH MakcHMameno HabimxeHo0 4o omuuMuwi. Lls BuMora maGysac
0COGIIMBOTO 3HAYEHHS NPH HU3BKUX PIBHSAX 3apsiiB (HAIPHKIAM, TIpH ciabkoMy
OCBiTIICHHi), KONMM Maia BIpaTa 3apsiiiB MOXe MPU3BECTH 1O CYTTEBOTO
CIIOTBOpEHHA 300pakeHn. . '

OcHoBHuMH THHAMEM npHneAiB i3 3apsmosuM 3B'm3xoM ¢ II33 i3
nosepxHesuM KananoM i [133 3 npuxopamum xananom. V T133 i3 nosepxneBHM
KaHQIOM 3apsAmmt  3bepirarorees i hepenoc;rrbcx 6inx  mexi posainy
Hanmuponmnux-menempnx Jing mnosepxHeBoro Wapy XapakTepHa BeNHKa
KiNBKICTE edeKTiB, IO HEraTHBHO BIVIMBAE HA e(bex\"rnnmcn nepeHocy 3apais.
Ockinbku  moBHiCTIO  ycyHYTH  noBepxHeBi  medeKTH  HeMOXKIHEO,
XapaKTepHCTHKH IPWIANIE MOKPALLyIOTh 33 PAXYHOK TOTO, IO 3apsOBi TaKeTH
36ep1raxoTr,csx 1 IepeNaroThes Ha AesKii BllICTaHl Bix mosepxHi. Le peanizyersca
y 1133 3 ipuxoBanuM KaHanoM. 3aBIIKH CIELIaNBHOMY JIEYBaHHIO Mi/KIATKH B
Hil popMyeThCA KaHaN 3 IPOTHIEKHMM THIIOM NMPOBIFHOCTI.

Binpmicts Tumin H33-Ma1‘pmi, 0 BHTOTOBJSIOTECS HA NPOMHCNOBIf
OCHOBI, OpieHTOBaHi Ha 3acToCYyBaHHA B TenebaucHHi, Sk TIPaBHITO, TaKi MaTpuIii
CKNamaloTeeA 3 OBOX iAeHTHYHUX ofactell — o6acTi HaKOmMYeHHs Ta o6macTi
sb0epexenns. OO6nacts 36cp¢>1<eimx 3axMIleHa Bil BmIMBY  cBiTHa
CBITIOHENIPOHUKHAM HOKpH’I"DIM.’Hi}l 4ac 3BOPOTHOTO XOMY TPOMEHS KaJpOEBoi
poarobrkn 300paxenHs, cd)opMOBéHe B 00acTi HAKOMHYEHHS, WIBHAKO

TIEPEHOCHTRCST B 0GNACTE 30€pexeHHs i, MOTiM, TOKH eKCIOHYyeThos HaCTYITHHAH
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- Kagp, 39UATYEThCA MOPAAKOBO 3 YAaCTOTOIO PSAKOBOI po3roptku. Taki mpumamn
HasuBaroTees . [I33 i3 KanpOBﬁM, mepeHoCcOM.  3aBHSKHM HHU3bKil LiHi BOHH
3HAXONATh TIHPOKe BHKOPHUCTAHHA B MoOyToBilt BineoTexuini. [Tpote npunanu 3

. KaIpOBHM HEPEHOCOM . MOXH& BHUKODHUCTOBYBaTH JUI1 3HOMOK='y mHobpe
OCBITIICHIX YMOB2X.

Dotonpuiimanshi npuetpol Ha 1133 BHKOPHCTOBYIOTH Mally eHeprilo mim
Y&C 34dTyBaHHs, HoTpebyiorh Hepenukux Hanpyr (10-20. B) i npm kinskocti
eneMeHTiB ~ 1-10° cM™ MOXYTb MaTH Xopolry posnitbHy 3naTHICT (40 niniit Ha
1 Mm). OckinbKY WyTIUBI = eJeMeHTH BHKOPHCTOBYIOThH HE p-n-TICPEXONH, a
moBepxueBi 0ap’epH, moeruryerbes MiaGip obnacTi cneKTpanbHO! JyTAUBOCTI
npunagy IUISIXOM BubOpY Martepiany 3 BIANOBITHOK IMHPHHOK 3af0poHeHOl
30HM (AE < Av).

2.3 Ontponn

OnTpoHOM HA3HBAETBCA ONTOCNEKTPOHHUM npunad, Akud  MICTHTD
JoKepeno i MpUiiMad BHMPOMIHIOBAHHS, 10 ONTHYHO | KOHCTPYKTHBHO ITOR'13aH]
Mix co6oro. ‘ ’ ’

OCHOBHMM JUKEPEIOM BUIPOMIHIOBAHHs, IO BHKODHCTOBYETHCH B
ONTpoHaX, € iH(ppadepBoHH cBiTnosicA. Jlns JeSKHX MPUCTPOIB AK JUKepesa
MOXYTb BUKOPHCTOBYBATHCH HAMiBNpOBiHHMKOBI naszepu. Sk (oTompuiimMay
MOXyTh OYyTH BHKOpHCTaHi (bOTopeapxcmpH,evq)o-ronionn, Q)OToi"pamuc:TopH,
dotorupucTopr. BinmoBimHO MO LBOTO pO3PIZHAIOTE pe3ncTOpHi, RiomHi,
TPaH3UCTOpPHI Ta THpUcTOpHi onrponu. Came (’poronpnﬁMaq € THM OCHOBHHM
eJIEMEHTOM OIITONapH, HIO BH3HAYAETHCSA 11 CXEMOTEXHIMHHM 32CTOCYBAaHHAM.
CepenoBHileM ONTHYHOIO KaHATY MOXKe CIyXHTH HOBITps, CKIIO, MacTMaca ago
iHIma npo3opa pedyoBHHa. Yci eneMeHTH oIToNap HOBUHHI OyTH norozKeHi 3a
CTIEKTPaNbHUMH xapamepnémkaMH, IIBHAKOAI€I0,  TeMIepaTyplHMH
BIACTHBOCTSM, raGapuTaMy. ,

EneMeHTapHuil ONTPOH, IO MICTHTH OIHE JUKEPENo i OXHH HpHiiMad,
Ha3KWBAETECS onmonapor. Birem cknagni onTponH, o6'eAHani B iHTerpanbHAX
MikpocxeMax 3 ozHUM 260 JieKinbKoMa TOTOJIXYBa/IBHHMH TA [1iICHOBATBHUMH

TIPHCTPOSIMM, HA3HBAIOTH ONTOENEKTPOHHUMH IHTErPATbHEMH MiKPOCXEMAMH,
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HNpueuun aif onTonapu ocHoBasuit Ha TTOABIHHOMY, IIepETBOPEHH] eHepril.
Y CBITIOBHNPOMIHIOBZWI  €HEpris - BXIAHOTO  ENEKTPUYHOrO  CHIHAJY

TIEPETBOPIOETEC B ONTHYHE BUIPOMIHIOBaHHS, a Y (DOTONpHIMAYi, HABIAKH,

ONTHYHHMH CHUIHAN BUKIMKAa€E eNeKTPUIHHH cipym abo Hampyry. Takmm YHHOM

orrronapa ABIAE co000 NPHIAN 3 eNeKTPHYHMMH BXiJHHMH Ta BHXIZHUMH
CHTHaNaMH, TOOTO 3B’S30K i3 30BHINIHLOIO CXEMOK0 I ONTONAapH €
eNeKTPUYHUM. Beepennni onTonapy 38’130k BX0O/y 3 BUXOAOM 34iCHIOETHCA 32
JIONOMOTOI0 ONITHYHUX CHTHANIB,

Hpuuuunosi  nepeparw onronap, mo 06yMOBIEHi  BHKOPHCTAHHIM
dotoHnis s Hociis iHbopmauii, nomdraroTs y 3a6e3neueHni BHCOKOT eNnexTpuanof
isomamii Mix BXOZOM Ta BHXOHOM, ONHOCHPAMOBAHOCTI MOTOKY iH(opManii,
MApOKoi CMyrd - mpomyckaHHS. KpiMm 3asHaveHHX, IHIIMMHM - BaXIMBUMH
1lepeBaraMy onTonap €:

- MOXJIMBICTb G€3KOHTAKTHOrO (ONTHYHOIO) KEpyBAHHS ENCKTPOHHMMH
o0’exTaMH Ta OOyMOBNEHi UMM DI3HOMAHITHICTB Ta TIHYHKiCTh piuleHs
YUpaBIiHHS; ' '

- HEUYTIHBICTh ONTH4YHHX KaHAIB 3B’43Ky O Oil eleKTpoMarsiTaux
noniB, IO y BHNAIKY OMTONap 3 hpormanm ONTHYHEM KaHAJIOM obymoBmoe
BHCOKY 32B4/103aXHIIEHICTD, & TAKOXK BUKIIOYAE B3AEMHI HaBEEHHS; '

-  MOMUTMBICTb KCpYBAHHS BHXIJHHM CHIHAIOM OIITONAPH INIIXOM fii Ha
ONTHYHMA KaHan i, AK HACHIZOK, CTBOpEHHsS Di3SHHX AAT4HKIB Ta IHIUHX
IIPUCTPOiB.

OcHoBuuMu nepmonikamu omtomap € Husbknit KKII, mos’ssasuit 3
NOABIMHEM IEpeTBOpPEHHIM eHeprii, Ta 3HaYHa 3aNEXHICTH MapaMeTpiB Big
TEMIepaTypH. -

B cucremi mapamerpis OIITONAp MOXKHA BHIUTHTH YOTHPH rpyrm BXimni
napameTpH (eIeKTpHuHi napaMeTpH BHIIPOMiHIOBaYa), BHXiZHI napameTpu
(enexTpuyni mapamerpn (oTonpuiiMada), nepenatHi uapameTpy (rapameTpu
Tepefadi CHrHATY 3 BXOIY Ha BUXIX) Ta HapaMeTpH i3omanii,

Ilepenatni napéMeTpH xapax'repmy}ors eibemnsnicrb nepexavi
eNIEKTPHYHOTO CHTHATY 3 BXOJT on'ronapu Ha BUXin. E(bemmamcrb nepegadi
eHepril curuary OIHCYIOTS Koe(puuenrom nepenaql (3a3fmqau 3a C’I’pyMOM) a

IIBHIKICTE nepenaql CHrHalty — YacOBUMH napaMeTpaMH
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KoediuienT nepenadi € OCHOBHMM IapamMeTpoM, sIKMH XapaxTepuiye
nepenavy eIeKTPHYHOTO CHIHANY 3 BXOAY ONTONApH Ha i BHXiA, i BU3HaYaeThcs
BiTHOLIEHHAM BHXiJHOTO CTPYMY ONITONApH Iy, HO 1T BXiOHOTO CTpyMY Iy

SaTERKHICTD Loy = f{lex ) HABMBAETECSA TIEPENABATLHO DYHKIIEIO,

Tupucropna onTonapa Hpamoe THIIC Y KIOYOBOMY PeXHMI, i apameTp
K; nna Hel He Mae ceHéy. Ilepenapanbha XapakTepHCTHKa. TYT BH3HAYAETHCH
BXiJHHM CTPYMOM, NpH SKOMY QOTOTHPHCTOp BMUKAETECH,

IIBH/KO/{FO ONTPOHA XapPaKTEPU3YIOTH HaCOM IepPEMUKAHHS
L=ty t Lo,
e I.Tat,,—4vacH HapocTaHHA i cOoagy cCUrHajty Ha BHXOL[i OIITPOHA.

Hisuaxomis TaKOXK MosKe XapaKTCPU3YBATHCS TPAHMYHOIO HACTOTOIO
NepeMHKaHHA. ‘

TTapameTpaMu eneXTPUYHOT i30Ms1ii onromap e: MaKCHMAJIEHO JOIMYCTHMa
1iKOBa Ta CTATHYHA HANPYTH izousuii MiX BXOAOM Ta BUX0A0M, ofmip isomanii Ta
TPOXiHA EMHICTE. k N

B enexTpHYHHX cXeMaX ONTONApH 3HAXOAATH LIMPOKE 3aCTOCYBaHHA #K
€IEMCHTH €NEKTPHYHOI pO3B’43KH 3aBIiAKH TOMY, WO IS iX YCHimIHOro
dbyrxuionyBanHs BHCOKHi KK me € obop’saskosum. Cepen ontomap, ILo
BHKOPHCTOBYIOTECS JUIA PO3B’sI3KH, HAHOLIBII MIMPOKO TMOXaHi Taki, y AK¥X 4K
toronpniiMani 3acrocosani (i)oromamncmp, ¢oropion ta GoroTHpHCTOp.

Jionsi Ta TpaH3uCTOpHI ONTONAPH BnyopHCTOB}{}omci TOJIOBHHM YHHOM
y Koidax nepcaadi uudpoBHX iH(popmauiﬁHHx curnanis. Kpurepiem - sixocti
cmyxuth napamertp Ki/tym(tiam — 9ac 3aTPUMKM PO3NOBCIOMKEHISA CHTHATY). 3a
UM KpUTepieM AiOAHI ONTONApH 3HAYHO Kpami, HDX Tpausucropri. Llum i
o0yMOBIEHO HOMIHYBaHHA HIOZHHX omronap B OOG4MCHIOBANBHIA TexHili,

TexHini nepenadi Ta 06pobxu indopmanii. Cnig 3a3nasuTy, Mo AioaHi onromapu
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-MalTh Manuii- xoediuieHT nepemadi,” i ToMy 10TpeOyIOTH 000B’I3KOBOTO
ni,ucmlemm BUX1IHOTO CHTHAJTY., o e '

~BaxmBuM: pi3HOBHZOM ‘IiOAHMX OITONAp € Tak 3BaHi- JH(epeHuiambHi
-ONTONApH — IPUALH, B AKHX OJMH CBITJIOBHIPOMiHIOBAY Ji€ HA [Ba iNEHTHIHMX
doromiomy. '

. B mpHcTposix 6Ge3KOHTAKTHOTO KEPYBAHHS € 3PYYHHMH TpPaH3HCTOPHI
OITONAapH, a JUIS ONTHYHOI KoMyTalii BHCOKOBOJIFTHHX CHJIBHOCTPYMOBHX Kill -
THPHUCTOPHI.

Cnix 3a3Ha9UMTH, IO 3BONWTH TIDH3HA4YEeHHA ONTONAp TLIBKK JIO
3a0e3neyeHHs eNEKTPHYHOT 1307411 MiX BXiTHUMHM Ta BUXiIHHMH Konamu Gyno
6 He npaBMARHO. BBeXenHa 3a XOHOMOIOIO onTonap ONTHIHOTO KepyBaHHs
J03BONIIE OTPUMATH ENCeKTPOHHI TpHCTPOl 3 0COBIHBAMHA mapaMeTpaMi 1a
XapaKTepHCTHKaMu. BBefeHus elekTpuuHoro Ta (abo) onTHYHOrO 3BOPOTHOrO
3B'I3Ky JO3BOJIIOTH peanizoByBaTH (yHKUil remepanii, 3amaM’sTOBYBaHHA Ta
nesi iHmi.

BomoxosHo-0NTHYHI KaHaMW 3B’3KYy MOXIa PO3TILNATH fAK CBOEPiMHI
OTITONApH, B SKHX - CBITIOBHIPOMiHIOBad Ta (OTOIpUHMAY € PO3HECEHHMH ¥
IpocTopi Ha 3HA4Hi BiICTaHi,

e opHUM THIIOM ONTOMAP € ONTONAPH 3 BIAKPATHM ONTHYHHM KaHAJIoOM,
B SKHMX CBiTJIOBHIIpPOMIHIOBaY Ta (OTOIpPHIMAY 3MOHTOBaHI OKpEMO OJMH Bil
OIHOro, a 3B’430K MiXX HHMMH, Yy IepeBaxHil Ginpmocti, 3xificHioeTsed depes
TIOBITPSL

Hapemri cepenoenme Mixk CBITJIOBHIpOMiMIOBaueM Ta oTompuitMazeM
Moxe OYyTH BHKOHAHO 3 MaTepially, CBITJIONPONYCKaHHSA SKOTO 3MIHIOETHCH Mix

JI€10 30BHIIIHIX BITIMBIB.

Kounrpoanui NHTaHAs

LYy '-IOMy IIoNATace plBHHIIS{ MiK eqepre'mqnnmu Ta CBITIOBHMH
Benunnamu? Un i ICHy€ 3B’A30K Mix HHMH AKIIO TaK, TO AKUH?

2. IlepepaxyiitTe OCHOBHi enepremqm Ta CBiTIOBI XapaKTepUCTUKH
ONTHYIHOTO BPIHpOMlHIOBaHHSI B sxux OZMHHI{STX BOHH BHMxpromTch"

3. ¥V yomy mnossirae plBHKII}I MI)K TEIIOBAMH T4 anlHecueﬂTHHM

65




JDKEpENaMH - BUIIpoMiHIOBaHHA? SIki Bman mommccuermu HaHGLHLHI mnpoxco
BHKOPHCTOBYIOTH B OITOEIEKTPOHIL]?

4. OxapaxTepusyifTe CHOHTAHHE Ta CTHMY;I-OBaHE Bnnpommoaanna Sk
Ha Bally AyMKy, 4YM MOXHA OTPHMATH KOTepeHTHE BHIPOMIHIOBAHHA 3a
JIOIIOMOT'OI0 TETJIOBOTO IKepena?

5. Yn icHye pisHANg -y  30BHINHBOMY  KB23HTOBOMY  BHXOMI
BHIIPOMIHIOBAHHS MIpH {HKEKUilHiil enekTpomomiHecueHuil B roMo- Ta
reTeponepexoni? SIKio Tak, TO 3 9HMM Le OB’ I3aH0?

-6. Bpaxomyioun, 1110 3i 3G1MBLUECHHAM TEMIIEPATYPH IIHPHHA 3a60POHEHOT
30HH HANIBMPOBiHMKA 3MEHUIYETHCS, MOACHICTH AK 1€ MOKe BIUIMHYTH Ha
TOBXHHY  XBHIi . TeHEepOBaHOrO  BMIpOMiHIOBaHHZ Ta Ha KKJ[
€NIEeKTPOMOMiHeC eI,

7. OxapakTepusylite CcBITIOZION fK CBIiTIOBHIpoMiHioBau. Un 6Gyze
CIIOCTEPIraTUCs TEHEpallis OITHYHOIO BHIPOMIHIOBAHHS Y CBiT/OMIOAi NpH
NPUKIaaHH] 0 HBOTO 3BOPOTHOI HApYrH? Biamosige noscHiTs.

8. Oxapaxrepusyiite irmKexuiiinuil nasepHuit oz K
cBimtoBunpomMinioad. Illo cminenoro mixx HuM Ta ceitmozionom? Umm Bomm
BijpisHsOTECA? :

9. Uw Gyxe pisHHUS B JOBXHHI XBUMI ONTHYHOTO BUNPOMIHIOBAHNS, 10
TO3BONKUTE CHOCTEpiratd (OTOENEKTPUYHI #ABHINA Y HAaNiBOPOBIIBUKY OpH
BIACHOMY Ta AoMilllKoBoMy morimuansi?  Bigmosias noscyiTs.

10. YUn MOXNUBE CHOCTEpPEXEHHA Q)OToraJILBaHmHoro edexty y
dotopesucropi? Biznmosigs noACHITE.

11. Tlpy npukmagansi Akux Hampyr. go ¢oTomiona, OpAMHX 44
3BOPOTHUX, MOXJIABE HOIO BHKOpHCTaHHS sK Qoronpuitmaua? Bianosins
MOACHITE.

12, Yomy msuikomis @oroniéna Ha OCHOBI p-n-IIEPEXOJY € MEHIIOK 32
IIBMAKOA{O iHumHX THIIB QoTogioais?

13. Yu sinpisHsioThed cHexTpaibHi Xapaktepuctuxu GoTomiomiB Ha
OCHOBI p-n-Tiepexony Ta Goronionis 3 6ap’epom UlorTki? Sxio Tak, To 3uM Ta
Jomy?

14. 3a smumvu XapaKTepHchaMH i sx QoroTpaHzucTOp BinpisHACTECA BiA

tdoroniona?
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-, 15. Umm  BigpisHsroTses - - GaratoToeneMenTH] . ¢dotonpuiiMagi - Bix

AMCKPETHHX 3 TOYKH 30Dy (yHKUIOHANLHEX MOXTHBOCTEH?

16. OxapakTepusyiite onTomnapy sx onroenempt)HHHﬁ TIpANaf, '

17. Yu 6ynyrs BimpisHATHCS KoedimieHTH nepenam crpyMy Zionsol T4
TPaH3UCTOPHOI orrronapn? Bianorins noscHITE.

18. Yn Gyne BinMinHiCTh y CHIOKHBAHH] HOTYXHOCTI Bij KONa KepyBaHHS
npu  Ge3sKOHTAKTHIH koMyrauil CmIOBHX KinT y BHmagkax BHKOPHCTaHHA
TPaH3HCTOPHOI T4 THPHCTOPHO! onrronap? BifnoBins HoscHITS.
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3 OITOEJIEKTPOHHI CXEMH I3 CBITJIOBHITPOMIHIOBAYAMH

3.1 CxemHu BBiMKHeHH# cBiTJ0gi00iB

CxeMoOTexHiKa BKIIIOYEHHS CBITIOMIONIB Y LHDPOBHX (KIOYOBUX) CXEMAX
MTOBMHHA 330BONIBHATH TaKi OCHOBHI BAMOIH:

~ MaKCHMalbHa MOTY)XHiCTh BUITPOMIHIOBaHHS CITIONIONA;

~ mubuHa Moyl cBiTIOBOrO noro@ 100%;

— MaxKCHMa/bHa JacToTa nepeMuxans jo-1 I'Tn,

Ha puc. 3.1 300pakeni BapiaHTH BBIMKHeHHs cBiTnomionis. JaHi cxemu
HependadaroTh BUKOPHCTaHHA He (HOPCOBaHMX PEXUMIB BMUKAHHA CBITIONIONIB
3a CTPYMOM.

) +F rJ;———ﬂﬁ-E
R R
=
. .4
VT vT -~
‘ a 6
5 +E +E +E
=2 R . R
‘ VT Vf
. R ; VT R2
p1t € X

PucyHok 3.1 — BapianTu BBIMKHEHHS CBITIOMIOAIB y BUXITHMX KacKaaaX

R

OIITOCJICKTPOHHHX I OriYHHX EIEMEHTIR

Onip pesuctopa R B cxeMax Ha puc. 3.1, a,r,1,¢ BUOGHpaeThes BiANOBIAHO
IIo HepiBHOCTI
E-U -U
R> KEH ca ,

3.1
IC,ZZ
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Je £ —Hanpyra JKUBICHHS, -

Uxg y — Hanpyra MibX KOJIEKTOPOM Ta eMiTepoM HACHYEHOTO TPAH3HCTOPa;
Uy — npsmmit cnajr Hanpyry Ha csitnoniond;

Icy — ipsimuii cTpyM uepes ceiTinomion.

B cxemax na puc. 3.1, 6, B omip pesucropa R NOBHHEH 33IOBONBHATH ABI
HEpiBHOCTI!
' ca
E-Ugey
R> ——-—-———KE'H
TgH

R>
(3.2)

e Iy iy — KOJIEKTOPHUIE CTPYM HACHYEHOrO TPaH3HUCTOPA.
. s . '

Ilopismoioau wepiericts (3.1) Ta cucremy (3.2) MoxHa 3poGuTH
BHCHOBOK, IO 0 CXeM lia puc. 3.1, 6,8 BUCYBaIOTECA GiTbII XKOPCTKI BUMOTH y
TOPIiRHAHAI 31 CXeMamM Ha puc. 3.1 ar,1,€ Hanpyra UpEH nmoeunna Oyt
MEHIIOIO 33 HAlpYry 30yMKeHHS CBiTIOAiONA, a cTpyM Iy, TOBUHEH
nepeBHITyBaTH Jcy 15 TOrO, 1006 BHKOHYBamacs HepiBHicTs Uysy < Ugy . Kpim
TOTO, CHOXHBAaHA CXEMaMH Ha  DHC. 3.1 é,r,z(,e cepegmi TIOTYXKHICTh

1 El
P ,_12_:.____ y TOH Yac sIK cepenHsa HOT}’)I(HICTB CIOXKHBaHa CXeMaMH Ha
cPi 2 12

opl ) ) ’
3.1,6,8 Py = il ‘;P = E(]Cﬂgl’(-”), a 3 ormAny Ha Te, o Iy > Icy, OAEPKUMO
Fepy > El gy .

Taxkum 9uHOM, @PH OXHHX | THX e POGOHHX pexcﬁMax cBiTIIOAiona
CepEeNHE CIIOXUBAHHA MOTYXHOCTI CXeMaMy Ha puc. 3.1, 6,8 nepesuiye Ginbine
HIX Y 2 Pa3} eHeproCIOKUBAHHS CXEMAMY Ha puc. 3.1, a,r,n.e.

V cxeMax na pec. 3.1, a,6 piBeHs Hanpyrd BixMUKaHHST Tpansuctopa Uy
Bﬁsﬂai{aemca KOHTAKTHOK Pi3HHANEI0 TOTeHLiaTiB nepexbﬂy 6aza-emitep UK',
TOZI 5K JUIS BiIMHKaHHs TPaH3WCTOpa B cXeMi Ha pnc 318 Tpeba npuknactu
Hanpyly st >|E UCD|+U }I.rm 36y;perHx cmmozuozxa y cxemi puc. 31rma

s
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i Bxin Tpe6a nomati Hanpyry Ug, > Uy + 10 - Ry B Icpo — CIPYM, TIPH AKOMY
caimonion TOYHHAE BUNPOMiHIOBATH.

Ipu BempaswisHO BuGpaHOMy pesncTopi B cxeMi Ha puc: 3.1, B rmbuHa
MOYIALIT CBITIOBOTO MOTOKY He nocarae 100%. ¥V cxemi Ha pnc 3.1, a icnye
30Ha HEYYTIHBOCTI, SKa NPW3BOAMTH RO 3aTpuMku ¢ponTy. Lleft memomix
yeyBaeThes pesncTopoM R; B cxemi Ha puc. 3.1, Xk, omip SKoro BH3HauaeTHCA,

BHXOZAYH i3 33]3HOTC NGYATKCBOTC CIPYMY CBiTnOAION2

E-U'y - R T

0
For =Ry = I’

Jie Uocﬂ - HATIPYTA Ha CBITNOAIOA] IPH OYATKOBOMY CTPyMi Iocg.

Pesycrop R, mubuparots 3 ymosu (3.1). V IbOMY BHMAjKy €MHICTH
BANPOMIHIOBAJIFHOTO  Ji0fa Wi3aps/KacTbes, OTKE, 3MEHIIYETBCH Hac
BMHKaHHS cxeMH. KpiM Toro, micis 3akpuBaHHS TPAHIUCTOPR, EMHICTH
CBITIIOZIONA PO3PSKACTECS HE UYepe3 3aKPUTHH TPaH3HCTOp, SK y cXeMi Ha
prc. 3.1, a, a "epe3 pe3ncTop Ry, Al Mac 3HAYHO MeHUIMHA omip. ¥ pesynprati
iCTOTHO 3MEHIIyeThCS Yac po3psAy EMHOCTI Aioda.

Cxemn Ha puc. 3.1, r-e MaoTh Ti 3 He/IOMIKM MIONO BiHOWIEHHS pofOTH
ceitnomiona, mo i cxema Ha puc. 3.1, a. Ha BigmiHy Big onucaHux cxXem B
cxemax, ki 300pakeHi Ha pHc.3.1,6,i3, CHTHall Ha CBITIORIOAI 3MIHIOETHCH
npoTHBOdAa3HO BXimHOMy CHMrHamy (cxema BHKOHYE ¢yHKIito iHBepeil 3a
CBITJIOBHAM HOTOKOM IIOAO BXxOAay). KpiM Toro, g NHX CXeM MOYAaTKOBUH CTPYM
Kpiss cBiTHORiON, BinpiBH}ICTLgﬂ BiI Hy/id, TOMY 30HH HEUyTIHBOCTI B LMX
cXeMax HeMae.

Oco6uBicTh cXeM Ha puc. 3.1, I,€ - BHCOKHIT BXi/lHUH omip (TpaHsucTop
BBIMKHEHHH 33 CXeMOIO eMiTEPHOTO IIOBTOPIOBaYA).

MOXNHBHH BUNAKOK, KOMH NOTYKHOCTI BHIPOMIHIOBAHHA OHOIO
cBiTNIONiOZA HENOCTATHEO, TOMY HeCOOXIZHO BHKODHCTOBYBATH  KilbKa
cBiTIOAiOAIB, MO mpamooTs cHHGasHo. TyT Moxnmsi nBa cmocobm: Kifbka
cBiTNIONIOAIB BMHUKAIOTECA abo nociioBHo abo mapanensHo. B ofox pumagax
TMOTYKHICTh ~ BUIIPOMIHIOBAHHA 3pocTae y n pasiB (n — KIILKICTD

BHKOPMCTORYBAHMX CRiTORioNiB). [IpoTe, TpH TOCHINOBHOMY BBIMKHEHHI
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IIBHJKOZIA CXEMHM 3MEHIIYETBCS, OCKINBKY Y IIEOMY BHII3JKY 3pOCTaE MOCTiHHa
gacy cxeMu. KpiM TOoro, mpH BENMKOMY # HEOOXimHO MiNBUIIYBATH 3HAUEHHS
HanpyTH SKUBICHH.

Tlpn napanenbHOMY BMHKaHH] NiABAIYBATH HANPYTy XHBICHHS He Tpeba,
npore, Tpeba BHOMpaTH GLIBID MOTYXHUH TPaH3UCTOP, OCKIIBKHM depe3 HBOTO
TOBHHEH NpOTIKaTH CyMapHuii crpyM csiTnomiomi: Ir = ndgy, ne Ir —
KONeKTOpHAUi a00 eMiTepnnit crpyM Tpausucropa; Iy — CIpyM ceiTioniona.

TTpu HeobxigHOCTi MaTH Ha BMXOi MpaMuit i iHBepcHUIt CBITNOBI MOTOKH

BHKOPHCTOBYETBCS ¢XeMa, 300paxkeHa Ha puc. 3.2,

Voo EZ;'CM

PucyHok 3.2 — Cxema 3 IpsAMEM Ta iHBEpCHUM OUTHYHUMH BUXONAMH

" Ilpn- momaui Ha BXi CXeMHM Hampyrd BHCOKOTO piBHS TpPaH3HCTOp
Bimkpupaetscs. CTpyM depes pe3ucTop R, 301IbIIyeThCs], 4 HOTeHIial KOIeKTopa

smenuryersca. Ilpn  BukoRammi yMOBH IpopRo+Ucgy =E-Ug ', ne

Ieinop € Iy, TPAHWYHE 3HAUeHHS CTpyMy cBiTnomioza CJl1, caitnomion CIH.

3acBidy€eThes — 30YIKy€ETRCS NpaMuit onTHYHHi BHXII. v

SIkmo Ha BXiX CXEMM NOJAaHA Hampyra 6au3pKa OO0 HyNd, TPaH3HCTOp
3aKpHBAECTRCA, cfpyM gepe3 pesuctopi R1 i R2 3menmyersca. V pesynpTaTi
TOTEHIiA KONEKTOpa NiABHILYeThCA, Jion VD 3aKPHBAETHCSL. Buacaigox unoro
ceiTnopion CJI1 racureed, a ceitmomion CH2 3aCBiqyeTLc;1. Onruynnii curaan
3’4BJIAETHCA Ha IHBEPCHOMY ONTHYHOMY anoni;

3HauYeHHA ONOPIB PE3UCTOPIB BH3HAYAIOTECH i3 CHCTEMH DiBHAHD .
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ne Ucq, Ugp — HANIPYTH, TIPH SKHX TOYHHAE BANPOMIHIOBATH BignosigHO
nepiimii Ta APYTHH CBITIOMIONY; '
Uz — Hamipyra HacH4eHHs TPAH3HCTOPE;
I, Icp — cTpyM BiATOBiAHO mepmoro i Apyroro cBiTIOAIoNa;
Uy — npsmn#l criaJ HanpyTH Ha JiOAl;

Txmax — MAKCHMAJIBHO JIOMYyCTHMEHN KONEKTOPHKH CTpyM TpaHsucropa.

Jlana cxeMa JO3BOJISE NPALIOBATH 3 HATIPYTOIO XABJIEHHs > 2B. MoxHBo
TAKOX BMKODHCTaHHs HaHel cxemu 6e3 mioma VD, Toal Hampyra XHBJICHHS
OBMexXyeThes 33 3HAYeHHsM 1 cknagae He Oinblie MNOXBOCHOI HanpyrH

36y mxeHHs cBiTIomioA.

3.2 CxeMHM ONTHYHOT Hepeaayi Janux

TMpucTpol onTHYHOI Tepejayi NaHMX NPH3HAYAIOTHCA 1A ICPCTBOPEHHS
eJIEKTPUYHEX CHTHATIB B OUTHHHI Ta mojamsinol mepenadi ix y fiHiio 3B’33Ky.
Brxoas4H 31 cBOro (GyHKLIOHANBHOrO NPU3HAYEHHs, NONibHuA HpHCTPil Mae
elleKTpHYHMNl BXiI Ta ONTHYHUI  BHXiJ, NapaMeTpH AKAX NOBHHHI Oytu
Y3rOMXKEHUMH 3 IDKEPEJIOM eneﬁpmnnx CHTHaJIiB, 3 ofiHOTO OOKY, 13 JKepenoM
BUIIPOMiHIOBAHHS Ta OITHYHOIO JIiHi€K0 3B 43Ky, 3 PYroro.

B oCHOBI MpHCTPOI0 ONTHYHOI Iepesiadi JEXHTh DKEPEe0 ONTHIHOTO
BUINPOMIHIOBaHHA (3BH4AlHO e cBiTiOmioN 260 HAMIBIPOBIAHUKOBUH Tasep), B
sxoMy 6e3rocepe/iHbO 3HiHCHIOEThCA TIEPETBOPEHHS €IeKTPUHHOIO CHTHATY B
omtuaHuil. 3a NMOPIBHAHHAM 3 Jia3epaMy CBITHIOAIONY BINPIZHAIOTECH BEIHKHM
CTpoKOM CTy%O6d, MEHUIOK HyDIHBicTIO Ao aerpanauii, Oinbm crabxoro
TEMIIEPaTYPHOIO 3ANEXHICTIO nmyxmbc*ri BUIPOMIHIOBaHHS, HIKYOK BapTiCTIO
Ta HPOCTHIION EKCINTyaTalliero, IIpoTe BOHM IpOTPAOTh Na3epaM 3a TAKHMH

[IapaMeTpaMu K WIMpHHA CIIEKTPA BHMPOMIHIOBAHHA, eQEKTHBHICTS BBEACHHS
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icTe BUIpOMiHIOBaHHA Ta

”

BHXinHA MOTYXH

BHNIPOMIHIOBaHHS y BOJOKHO,

HIBHAKOMIA,

At |

.

LIKMIOYEHHS CBITIIOAI0ONIB IO BUXOIIB

Prcynox 3.3 — CxeM# MOXIBBOLO 11

.

CTaHJaPTHUX 1HTErPAIBHUX CXEM
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Kle mkepena OHTPI‘IHOFO BHIIpOMlHIOBaHHX OIITI/IHHHPI nepenaBaq

TOBHHEH MICTHTH enex*rpmay cxeMy (mimcumosad, KXoAep, MOIYIATOP,

dbopMyBay), sKa Kepye JKEPEIOM OITHIHOTO BHITPOMiHIOBAHHA 1 Y3ro/uKye Horo
BXizHi eeKTpUdHI NapaMeTpy 3 BUXIIHHMH IIapaMeTpaMu. eNEeKTPOHHOI CXEMH,
KOO QOPMYETHCS eNeKTPUYHUIT CHTHAT, IPH3HAYEHUH nns ﬁepénaqi.

Tlpy  po3podmi  €NeKTPOHHMX  CXeM  KepyBaHI IpKepenoM
BHIIPOMIHIOBAHHA JUIi HPHUCTPOiB onTHuHOI mepenadi LupPOBMX CUTHANB
HeoOXifHO 3aI0BONBHATH PAJL BUMOT:

~ Y3romKeHHs piBHIB BXiHHMX CHTHAIB i3 TTJ1 i MOH, T0o6T0 piBHAMH

inTerpamsHIX MikpocxeM Ha Ginosnsprmnx | MOH-tpansuctopax;

— cTabineRicTh POGOTH BUNPOMIHIOBANBHUX AiOAIB TPH BILTHBI Pi3HHMX
excIIIyaTaliifnux  Qaxropis  (HampHKiAn, nipsumesol  TeMmueparypu
HaBKONMIIHEOTO CePe/IOBHINA);

— ImBHjKe BMHKAHHA | BHMHKaHHs BHIPOMiHIOBATBHUX piomis mpw mif
CHT'HAJIR KepyBaHH;

— migBHMILeHHA 3aBajlocTifikocTi BXIIHMX Kill TlepefaBanbHOrO KiHIEBOTO
TPHCTPOIO.

Ili BuUMOrH JefKOI0 MipOK MOXYTb 3a[OBONBHHTH pisui noriumi
mixpocxeMy. Bapianty  HiAKITIOYEHHA cBiTiofionis Mo pi3HMX THIIB
iHTerpansux cxeM 306paxeHi Ha puc. 3.3.

Buxizumit onip Gitbwocti mupposux MiKpocXeMm y crasi JorigHoro «M
CYTTEBO Bijpi3HAETHCS Bill BHXiZHOTO OlOpY B CTaHi Joridnof «1» i He J03BOIE
oIepXaTH 3ajOBITBHY CHMETPII0 BBIXOAHOrO —Kackaly nepefaBanbHOro
nprcTpolo. BuHATOK cxnaparoTs JTJI-mikpocxemn (pHc. 3.3,i1.). Tx suxigumit
omp y aiamasoni poGoumx cTpyMiB Y crani morigroro «0» (R’ i B crami

noriumoi «1» (R'5y) nexuts y mexax 10—200 Om. I SKINO AOTPAMYETECA yMOBA

C R . —R!
~ Kpnx =~ Kpnx
R =R >>

TO BUXLIHMI KAcKaj MepeaBalbHOro PHCTPO0, 0Oy A0BaHUI Ha OCHOB{ TaKoi

MiKpOCXGMH, MOXHA BBOKATH NPAKTHYHO CUMETPHIHHM.
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- HocarTd - 3amoBiNEHOI* CHMETpil INepelaBalbHOrO - HPHCTPOIO
OINTOCNEKTPOHHOT -JTiHiT. 3B’A3Ky MOXKHA IPW BUKOPHCTAHHI DI3HHX THIIB
MikpocxeM, ane B- IBOMY . BANAAKY THOTpPiGHO - JieSKe YCKIaJHEHHS CXEMH.
- QcHoBROW . pHYHHOIO ‘Tepe6GoiB. NpH Nepenadi cuUrHamiB norigioro «0» i
JorivHol «1» € BimXuiIeHHs napamerpis pexwuMy po6GOTH BHIPOMiHIOBAIBHOTO
mioia 4epe3 TemmeparypHuil poskui #oro BAX, noxuGku 3HadeHHs oHOpY
pesucropa - HaBaHTAXEHHA, AKHM . BMHKAeThCd  MOCHIZIOBHO B @ KOJO
BHIpoMiHIoBaNBHOTO Aiona. Ha puc. 3.4 306pakeHa cxeMa TRIOBOTO HM(MPOBOTO
NepelaBallbHOTO NPUCTPO Nepeaadi’ JOTiMHUX CHrHanis cymicamx 3 TTJI
(TpansucTOpHO-TpaH3uCTOPHA Norika, U'=0.4 B; U'=2.4 B).

7+

ca
—-
—

Pucynok 3.4 = Enempmma cxemMa und)ponoro nepeaaBaasHoOro NPHCTPOI0

Taxwit OpucTpiil BErOTOBIAETHCA B 1HTeI“pa.TII>HOMy BHKOHAHHI 1 38 CBOEIO
CIPYKTYPOIO € aHAIOTiYHUM [0 cTaHaapTHoro imsepropa TTJI (ua puc. 3.4 ns
HaCTUHA NIPHCTPOIO obBesieHa MyHKTHpoM). BiH ckianaeTses 3 BXigHo! YacTHHY
Ha Ttpamsucropi VT, dasoposninsroro xackamy Ha Tpamaucropi VT2,
IBOTaKTHOTO MiACHMOBAaYa Ha Tpamusucropax VT3 Ta VT4 ta Buxigmoro
KacKkajy 3 BIZKPHTHM KOJEKTOpPOM Ha TpaHsuctopi VTS5. Ockinsku . p-n-p
TPAH3HCTOP € TEXHONOTIYHO. HEBMNIPABJAHO CKIGAHMM Ul LM(POBUX
iHTerpanBHAX . cXeM, ;, ABOTAKTHHH BHXimHuil Kackap peani3yerscs ‘Ha
TPAH3UCTOPaX N-P-n THIY, i HA3UBAETHCH, KBa3iKOMIUIEMECHTAPHHM Ha BiAMIRY
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Bill KOMIUIEMEHTApHOTO, IO CKIANAEThCA 3 IIAPY N-p-N'Ta pP-N-p TPAH3UCTOPIB.
Jlns 10¥CproBOro BMHKAHHA BHXINHHX n-p-n: TPAH3HCTOPIB : VT3 Tta- VT4
BUKOPHCTOBYETbCS NIPOMIXHHMI (asoposginswvii kackaz Ha TparaucTopi VT2 i
pesucropax R2 Ta R3. Ileit kackan Mae TBa BUXOHM: KOJIEKTOPHHIL Ta eMiTepHuii,
iMIysnBCH Ha SIKUX € IpoTH(a3sHHMH. 3aBIKH HBOMY 3MiHA NOTeHIiamy Ha 6asi
Tpansuctopa V5. BinOyBaeTbes - 3a PaxyHOK OFHOYAcCHOrO IIEPEMHKAHHA
TparzuctopiB VT3 ta VT4, onuH 3 SKHX 3aKpHBAETHCH, a iHIIN BiAKpHBaETLCA.
IIuM JOCATAIOTECH BHCOKI INBMIKOCTI IEPEeMMKAHHS BUXiHHOTO TPAHIHCTODA
VTS5 3 BigkpuTOro CTaHY Y 3aKpHTHIA i HaBMaKy. -
30BHiI]I}ﬁMI/I KOMITOHEHTaMH cxeMH € pesuctop RS Ta cimnogion CJI.
OCKiNbKY BUXIAHHMI KacKal peali3oBaHHil 3a CXeMO 3 BiIKPHTHM KOJNEKTOPOM,
STIEKTPHYHMI PeXHM poBom ceitnogiona CJ§ 3amaerbes pesucropoM R5. 3
YpaxysaHHSM TEMIIEPaTypHOIO PO3KHMAY BHXIHAX MapaMeTpiB eNeKTpOHHOI

CXeMHM KepyBaHHs, 3Ha4yeHHs onopy pesmcropa R5 BuGupaerbcs i3

cHiBBiAHONMIEHH
1 1
RS = _BHX ~Upxmax
min — I% > OpH tyin
BX max ,
! 1
RS . UBHX - UBXmin
max- , IpH tmax

i
1 BX min

. 3
ae U'gyy - BEXizHa Harpyra B cTaHi joriusoi «1» Ha Buxoai TpaHsucropa VT3,
3amac 3aBagocrilikocTi Bxigmoro konma CJ] BH3HAYAETBCA TpaHMYHUMH

piBHAMHK CTPYMiB CHIpallbOBYBaHHA B cTaHi Joriynoro «0» i norivgof «1»:
6 _ g0 1
Alrp - IBXma.x - IBXmin
1
Nrp - [BXmax _IBXmin
Jlns HamiiHOTO 3aXHCTY = BXIIHHX KiI IHOPOBHX IeperaBalbHUX
OpUCTPOiB  Bi  30BHIIDHIX TepeIlkoj IlepefaBanbHa  XapaKTepHCTHKA

NepeIaBATEHOTO IPHCTPOIO IOBMHHA MATH ricTepesuc, To6TO HANPYTH, PH AKHX

BiaOyBalOTECA NEpeMUKaHHA IIPHCTPOIO 3 BiAKPHTOTO CTaHy Yy 3akpuTHil Ta i3
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33KpHTOTO y Binkputuif nosuuHi. 6yrH- pismumm. Ilpy upoMY ° IIMpHHA
ricrepesucy (pisHMIA MiX HalpyraMu IepeMHUKAHHS) TIOBMHHA GyTH GilbLIOI
33 MaKCHMaIBHY HEPELIKOY, IO CIocTepiracThes Ha GoHI curnany. Tumosoro
. CXEMOIO, TIepeaBajbHa xapak'répncmxa Kol Mae rictepesnc, € Tpurep Himirra.

Tpurep Illmirra ¢ynxnioHanbho sBIsE coBol0 KoMmaparop, piBHI
BMHKAHHS T4 BHMUKAHHA SKOTO He 36irarorscs. Moxiisuit BapiaHT
TepeNaBaNEHOT0 [IPHCTPOIO, peamisoBAHOTO HA OCHOBI TpHrepa Ilvirra,
HABENEHUIt Ha PHCYHKY pHc. 3.5. S '

+E
. R,
U, Ry
]
AV o
UOH
—_ a
U BUX 4
U EMXMax
U 6

BUXmin

Pucynox 3.5 — INepenapanbuuii npuctpiit i3 rictepesucom: enexrpuyna
cxema (a) Ta TepefaBalbHa XapakTepucThka (6)

VY sofpaxeHili cxeMi ricrepesuc NepeMHKaHBHS NOCATAETHCS THM, LIO
KOMIIApATOp OXOIUTIOETECH MTOIMTHBHUM 3BODOTHHM 3B’S3KOM qepeé TOALNBHIK
Hanpyry Rl, R2. Hwxnilt U; Ta Bepxuiit U, nrdpom CIIPAaIFOBAHHS CXEMH
3aleXarth BiJi ONOpiB PE3HCTOPIB i BU3HAUAKOTHCS BUPA3aMK

U -U,
U, =U + BHX max on .
U =U. + BHX min on

et \rym - G4

S




‘3 Bupasis (3.3) Ta (3.4) MOXHa 3HANTH meHHy. ricrepesuca: -

 Untoes = Ui .
U =U,~U, = BHX mex - BHX min . .
R 7Y/ TR 3.5)

3 ’BI/Ip>a3iB 3.3) - € .‘5) Blmﬁo, 1o, aMinioloun Upy Ta BigHowenHs R2/R1,
MOKHA peryJcBaTi TOJIOMKEHHS BepXHBOT i HIXXHBOT TOYOK mepeMukanus U i
23 y IIMPOKOMY fiana3oHi SK HEraTHBHUX, TaK i IOSHTHBHHX 3HAYCHD. »

OxHAM i3 CXeMOTEXHIYHUX IMISXiB 3HHKEHHS Yacy 3aTPUMKM BMHKAHHS €
crioci6 QopcoBaHOro 3apsaay OGap’epHoi €MHOCTI CBiTHOMioZa, HANpPHKIAL,
3aBASKM BHKOPUCTaHHIO opcyBaneHoro RC-xona B KOJI Ilepe/aBajlbHORo

npuctporo (puc. 3.6).
a+E

rs)
5]
1
| P

Rg Vo

Pucynok 3.6 — Ilpenasanbenuit npucTpiit 3 popcoBaHNM BBIMKHEHHAM

cBiTiioniona

CrpymosajaBaibHuH pe3ncTop RS BUOMpaeThcs 3 yMOBM 3abesnedeHHH

HOMIH&JIBHOIO BXiTHOTO CTPYMY:

R5 = U}MX - UBX
I BX

ae Upyy— BUXiHa Hanpyra B ¢TaHi Jorigaol «1»;

Ugx — BXiaua Hanpyra; lsy— BXiOHUH CTpYM.
€wmuicTs dopeysansHOro KoHIeHcaTopa Coop BUOHPAETHCS 3 YMOBH

78



. T U 3 B
’ [(’BX - BAU ‘
C. > oMy T Yex
. (])ap':. ST t : . .
IB 3BM

o Upig Uy

e #3 gy~ HEOOXIMHHH Jac 3aTPHMKM BMHKAHHS, .
Cpx — BXifiHa €MHICTh CBITIIONIONA. |

IhmmM  criocoGoM 3MeHIIEHHS  4acy 3aTpHMKH BMHKAHHS € Cnoci6
ToTiepeanboro 3apsiy Gap’epHoi eMHOCTI cBiTIONiONa X0 3HAYeHHS, GIH3BKOrO
J0 TPaHWYHO! HalPyTH Horo BMuKaHug (puc. 3.7).

VD,

PrcyHok 3.7 - IlepenasanbHuii IpHCTPiH 3 monepenniM 3apsxoM 6ap’eprol
€MHOCTI cBiTIORIONA

3apjsKe BUKOPHCTaHHIO fioAiB VD3 ta VD4 manpyra Ha ceitnomioni e
Moxe OYTH MEHIIOIO; 3a CNaj HAlPYTH Ha NpsSMO 3MimeHoMy giogi VD4, YV
pesynsTari 6ap’epHa eMHICTh CBITIOfi0OA HABITH MpH HaCHMEeHOMY TPaH3NCTOpi
VT4 3anmmacTscs 3apspKeHO0 10 HanpyrH, GIM3bKol 1o Hanpyry . BMUKaHHA
cBiTIOAioNa (e 3aA0BONLHAETECS BiAMOBIAHUM subopom gionis VDI - VD4),
Bhacminox 1poro - npu- 3aMukaHHi BHXinHOTrO TpaHsucropa VT4 BMuxanus
ceiTnopiona Binbysacrscs CKopile, Hix 6e3 nioxis.

Bpaxosyroun Te, wo ceitnomionn 3 ToukM 30py.-cnocoly  36ymKeHHs
TeHepallii BHIIPOMIHIOBAHHS Mallo YMM BiIpI3HAIOTECS Bix HAMIENPOBIANMKOBHX
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NA3¢PHAX NiOMiB, PO3IVIAHYTI BHIIE CXEMH ONTHYHOI nepefadi JaHHX MOXYTh
GyTH y TOMy YH iHIIOMY CTYIEHi IPHCTOCOBaH] JUli KepyBaHHA ilKeKniRHIMA
nasepamu. ITpote, anst Toro, 106 IOBHOO Mipoio peanizyBaTH yci mepeBart, ki
HAJa€ BUKOPHCTAHHA mxepen'  KOTEPEHTHOTO BHIPOMiHIOBaHHS, HeoOXinHo
BpaxoByBaTH neBHI ocoOnmBocti octamHix. Sk Gyno 3a3HAYECHO BHILE,
irkexiifiHi NasepHi faiomd, Ha BimMiHYy Bin _cpiTonionis, MalTh 3HAYHY
3aCKHICTS TOTYXKHOCTI TeHEPOBAHOrO BHIPOMIHIOBAHHS Bil TEMIEDATypH.
Kpim TOTO,, IIEPeXifl B aKTUBHHH pexum BiAGYBacThCA 3 MEBHOI0 3aTPHMKOIO,
3HayeHHs 3KO] MOXe BUABHTACA 3aHANTO BEIMKHM B JIESKHX MNPaKTHYHEX
32CTOCYBaHHSX. ,

TemmneparypHa c*ra61msauu noryxmoon ONTHYHOIO BHAPOMiHIOBAHHA
HaniBIIpOBiAHUKOBOTO nasepHoro giona Moxe Oyt gHocsrkyra KizbKoMa
CXEMOTEXHIYHUMH DIIIeHHAMY. QCHOBHMMH 3 HHX € Taki, o 3abe3nedyroTe
36iTBIEH s CTPYMy HaKaHXH JasepHOro Aiofa NMpH HiABHUIEHH! TeMIEPaTypH.
3aBisKM LbOMY 3MEHIIEHHA HOTYXKHOCTI OITHYHOTO BHIPOMIHIOBAHHS,
[10B’13aHe 3 MiJBUILEHHIM TEMIIEPaTypH, Oy/e KOMIEHCYBaTHC i 361IbIIeRHAM
32 PAXYHOK 3POCTAHHSA NPSMOrO CTPYMy Na3epHOre Aioaa. JIocArTd 323Ha4eHoro
ed)eKTy MOXKITMBO, HAPUKIIAL, IPH BMUKaHH] OTOIPHHMANa Y KOJIO 3B0POTHOTO
3B°43Ky IiACIIIOBAJBHOIO KacKaiy, IO Kepye Ja3epHuM mionom. Ilpn upomy
cnocobl  gacTHHA Bunpoﬁimosanux Ja3epHOro Jioia  CIpAMOBYEThCH Ha
doronpuiiMad. 3HIDKEHHS TOTYXXHOCTI BHXIJHOTO ONTHHHOTO CHTHAIY 6yae

TIPH3BOJMTH [O 3MCHUICHHA 3HAYCHHS BHXIZHOTO €JIEKTPUYHOIO IapaMerpa
¢oronpuiimMada. UYepes xono 3BOPOTHOTO 3B 'S3Ky € 3MEHIIEHHS HaJXONUTh Ha
BXiJ NiACHIIOBAILHOIO Kacxany, BUK/THKAO4H 30inbeHHs HOro BHXiTHOrO
cTpyMy. TlepeBaroro Takoro pillieHHs € Te, 110 iHQOPMATHBHEM 1apaMETPOM, Ha
ICTABI AKOTO BUPOOISETHCS KePyOYHii BILIUB, € OTYXHICTb BUIPOMIHIOBAHHS
NA3ePHOTO Jiofia, MMM JHOCSTAETBCH - BUCOKA -ehekTurHicTs cTabimzanil.
OCHOBHUI HEMONK — BMKOPHCTAaHHS MOATKOBMX eNEMEHTIB JUii PO3ALIeHHS
BHXiJ{HOTO ONTHYHOI'O CHTHAY.

B immoMmy cnocofi, cxeMOTeXHiuHa peajisaiis SKOr0 HaBeleHA Ha
pucyrky 3.8, craGimisanis BuXizHOi ONTMYHOI MOTYXHOCTi AOCAT2€THCA 32
PaxyHOK anopHCTaHHa KpeMHieBHX AIONIB, U0 BMHKAIOTBCA Y BXIJHE KOIO

Hi/ICHTIOBAIBHOTO KaCKa Y, KUl Kepye iKeKuifHiM JIa3epoM.
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Y uifi cxemi nasepmmii mion VD2 XHBUTECA Bifj'.reHepaTopa CTpPyMY
HAKA9KH, Deari3oBaHOro Ha TpaHsucropi VT2,  3HaYeHHS CTpyMy HBOTO
FEHEpaTopa , 3MIHIOETECA B 3aNeXHOCTI Bin TeMmneparypu. Le  nocsraerhes

'BBEJICHHAM y GasoBe Koo TpaHsucTopa VT2 naumjora, o cKiamaeTscs 3

KpeMmHieBHx - gionis - VD3...VD5 i pesucropa R4. CTpyM uepes ueil nanmpor
BUOHpAETECA TaKUM, 106 pofoaa TouKa TioAiB 3HAXOAMIACS HA MiHiHHIH Jith:t: 24
iX BOABT-aMIepHO] XapaKkTepucTHKA. CTPYM KoNeKTopa Tpansucropa VT2, axuit
€ CTPyMOM HaKa4k¥ JIa3epDHOrO Hiona, BH3HAUAETHECH 3HAYCHHAM HANPYrH Ha
pesucTopi R4 Ta 3HaueHHAM onopy pesucropa R3.

Usx R1
O f ]
| I

Purcynok 3.8 — Cxema KepyBaHHS HaMiBIPOBi JHHKOBHUM iHXeKIIHHHM

Na3epom

Tlpy 3mini TemmepaTypu BifOyBaeThCs NeEPEPO3NOMIN HANPYTH Mix
miogamu VD3...VDS5 Ta pesucropom R4. IlinBHmeHHS TeMIepaTyps BHKTHKaE
SMEHUIEHHA HAaNpPYrH Ha fAiojax i 36inblIeHHs Hanpyrw Ha pesucropi. ¥
pe3ynbrati Tpdﬂm@rop . VT2 sinkpusaersca cumbhime. Moro KOJIeKTOpHHI
CTPyM, fKHH € CIpyMOM HakKaiKH JIa3epa, 3pocTac i MiATPHMYE TOTYXKHICTE
OIITUYHOTO BHITPOMIHIOBAHHS nasei)a Ha IONEPENHBOMY PiBHI.

C’I‘yniHL 3aeXHOCTI KOJNEKTOPHOrO CTpyMy _Tpausucropa VT2 (ctpymy
HaKadK{  Ja3ePHOTO mona) Bix _TEMIIEPATypH = BU3HAYACTECH . KiNbKicTIO

BHkOpHCTOBYBaHHX mioxis VD3 ..VD5. TIpu npaannwowy BH60p] KinbKoCTi
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AiofiB BIACTECS JOCATTH Maiike NMOBHOT CTaGiIBHOCT] Y 3HAYEHHAX MOTYXHOCTI
TIPH KOJIMBAHHAX TEMIIEPATYPH:’ »
Mt KepyBaHHS {FDKEKIHHAMM JIa3¢pOM CHIHA 3 MONEPEIHBOTO KACKATY
- IoflaeTECs Yepes pesuctop R1.1a 6a3y Tpamsucropa VT1. Ipu BncoxoMy piBHi
poro chraany (6nusekomy jo +E) Tpamsucropu VTl 1a- VT2 ¢ 3axpnm1\m i
JioJ1 He BATIPOMIHIOE,

Tlpu aMeHmenHi Hanpyra Uy Tpansuctop VTI BinKpHBaéTch. Sxmo npu
IBOMy omip Y JIaHIiOry BiskpuTii Tpamsucrop VTl - pesucrop R2 6yne
MEHIIM 32 OIip pesucropa R3, emitepuuii, a 3Ha4HTH i KONEKTOpPHUH CIPYM
Tpansncropa VT2 3pocre i mion VD2 mepefifie B aKTHBHUM PexuM.

Jlion VDI npHckoproe npouec mepemukasHs Tpausucropa VTl 3
BIIKDUTOTO CTaHy y 3aKpHTHi, IO 3MeHINYe TPUBATICTH 3aQHLOTO (POHTY
¢opmoBaxoro curxany. Lle#t nioa ninGupaetscs Tak, mo6 mpaMui criag Hanpyry
Ha HEOMY OYyB MEHLIMM, HiX NpAMUI Crax HaNpyrd Ha KOJEKTOPHOMY Nepexoni
Tpamsucropa VT1. V. pesynerarti Hachuenrs tpansucropa VT1 6yne nenoBHHM.
Y BimxpuroMy crari BiH Oyme 3HaxomuTHcs Ha Meki akTHsHO! ofjacti Ta
obnacTi HacH4eHHs. 3aBIAKH I[HOMY SHIDKYETbCH HAKOIMYEHHs 3apsafiB y 6asi
TPaH3UCTOpA i, AK HACHIAOK, TNPHCKOPIOEThCA IX PO3CMOKTYBaHHA TpU
nepeMHKaHHI TPaH3UCTOPa Y 3aKPUTHIL CTaH.

Ilpu nesroMy cmiBBisHOmEHH] omopiB pesuctopie R3 Ta R4 MoxHa
JOCATTH TOTO, IO Y HeaKTHBHOMY pexxumi Tparsuctop VT2 Gyne sakpuruit He
TOBHICTIO i HOTO KOJNIEKTOpPHHit cTpyM Gyle TPOXH MEHIUMM, 3a [IOPOTOBHI CTPYM
nasepHoro nioza. Lle 3abesneunts 3HAYHE SMEHINCHHS 4acy Mepexony Jasepa B
PEXHM TeHepalil BUIpOMIHIOBaHHS.

OcHoBHEM  HEJIOMIKOM  POITJIAHYTOro CHocofy —TepMOKOMIEHcAmi
TOTYXKHOCTi J123¢PHOTO BHIIPOMIHIOBAHHA € Te, WO BiH cnabo0 BpaxoBye
3MEHIIIEHHs. NOTYXHOCTi 338 PaXyHOK BIIACHOTO pO3irpiBaHHS KpHCTana gioja.
Ipu posmimerHi Aiomis, MO BXOAATE XO- KOJNA TEPMOKOMIIEHCALI!, MOGIH3Y
11a3epHOTO Aiofa telt HeoMTik 3HAYHOIO MipoIo Moxe GyTH yCYHERHIT,

Kourrpoasni nuranns

1. Mpoananisyiite oCHOBHI = cXeMH BBIMKHeHHs cBimiomiomis. Sk
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BH3HAYAETECA OIIip 06MEXYIOHOro PEsucTopa B KOXKHIM 3 nix cxem? -

2. Ilpoananisyiite cxemy 3 npxm Ta iHBEpCHHUM OIITHYHHMH BUXOIAMH.

3. OxapakrepusyiiTe . NpH3HaYeHHA Ta . IpoaHanizyiiTe ~ BapiaHTH
cxeMOTexHiuHO peanisallii cxem onTHyHO nepenadi JaHMX. o o

4. Tlpoanamnizyiite CXCMOTGXHI‘IH] METOIH 3MeHIlIeHH}I qacy 3anHMKH
BMHKaHHﬂ/BnMHKaHm cmmomoma

5.V uomy TOJTAIAOTH " ocobmuBocTi CXEMOTEXHIYHOIO BHKOPHCTAHHSA
Hanmnpomnﬁnxonnx imxexifHIX nasepus? Sk BOoHH Bpaxosylo'rbcx?

6. Ananisyrouu croci6 TemmeparypHoi crabinizanii ONTHYHOT HOTYXHOCTI
MazepHOro  Jiofa 33 JONOMOTOK  3BHYAHHKX  JiOAIB, 3alpONoHyiTe
CXeMOTeXHIHe pilIeHHs TeMnepaTypHoi cTabinizawii 3a jormomoroo $poTomioxa.

7. SIKMME CXEMOTEXHIUHHMH MeTOJAMH MOXYTE 6yTH MOKpaileHi
TIapaMeTpr MBUJTKOJT TIPUCTPOIO KepyBaﬁHx naéepHnM nmiomom? ’

Y
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4 OITOEJEKTPOHHI CXEMH 3 ®OTOIPUAMAYAMA

. OnToeneKTpoHHI TPHCTPOL;: B SKHX - BAKOPHCTOBYIOTHCS - (JOTONpHiIMAaYi,

- TIPU3HAYAOTECS - A OPMYBaHHA ~eNCKTPUYHOTO CHTHANY i3 ° 3aJaHHMM

napamMeTpaMH  BiATIOBIHO MO 3afaHOro Kepyroqoro BILTUBY, . IO - IIOZAHHI
ONTHIHUM CHIHAJIOM.

) d)OTonpnnManLHnn TIPUCTPi# (quo,ue”reKTop a60 ONTOSNEKTPORHHM

TNepeTBOPIOBAY) Mae ONTHYHHH BXiZl Ta NEKTPUUHMII BHXIJ, ITapaMeTpH SKHX

NOBMEHI GYTH Y3TOIKEHHMH 3 JDKEpenoM BHIPOMIHIOBAHHS Ta ONTHYHOK

TiHIEIO 3B’93Ky, 3 OXHOTO GOKY, T2 3 eNEKTPHIHHM HaBAaHTAXKEHHAM, 3 {HIIOTO.

B ocHoBi doronpuiimansioro npucrpofo NeXHuTh QoronpuiiMay, B AKOMyY
Ge3nocepelHb0  3MINCHIOETBCS — NEPETBOPEHHS  ONTUYHOTO  CHTHAly B
enexkrpuinyii, [nt Toro, mo6 suxigAni curean ¢otonpuiiMaya Habys BHIMIALY,
NPHAATHOrO A4 HOro mNOZanbIIOro BHKOPHCTAHHA K BHMIpIOBAIBHHIL,
indopmaniiinuit abo xepyrouuit curdan, GOTONPUAMATEHAN NPUCTPili MOBHHEH
MICTHTH Oynb-KHHl TEPETBOPIOBAY CNEKTPHYHHX CHTHAJIB: [IACHIIOBAY,
Aexoznep, GopMyBad Ta iH.

VY 1iBOMY PO3JIiii PO3TIISIHEMO OCHOBHI CXeMOTEXHIWHI METOAM peccTpalii Ta
nomepenHsoi oO6poOKM ONTHYHHX CUTH&IB, OCHOBaHi Ha BHKOPHCTAaHHI
HANiBNPOBIIHUKOBHX  JUCKPETHUX  (oTompuiiMayis: dotopesuncTopis,
¢oToxioniB Ta PoToTpanzMCTOPIB. ‘

4.1 Cxemu Ha ocHOBI (hoTopesucTopis

OcroBHMMH cXeMaM¥ BMHKaHHSA (OTOPE3WCTOpIB € CXeMa, HI0 SBILE
coboro mocifoBHe 3’€nHanHs (OTONpHIIMaYa T2 ONOPY HABAHTAKEHHS, MOCTOBA
Ta pudepenmiankHa cxemu (puc.4.1). Ocranni gBi, 5K  mnpasuo,
BHKOPHCTOBYIOTLCS 32 HassBHOCTI JBOX (POTOPE3UCTOPIB, OJH 3 AKHX € POBOTHM,
a JpyTui CIyXKHTB JUIA IIODIiBHSHHS TA& BMUKAHHA B ONOPHMY ONTHYHMI kaHan
npucTpoto. HaBezieHi CXeMH /103BOIIIOTH BEMIPIOBATH iHTEHCHBHICTB OITHYHOTO
BHOPOMiHIOBaHHS, Y HalIpocTiIOMy BHIAAKY BHMIDIOBANBHHN NpHIan
OesnocepenHb0 BMHKE€TBCS B KOJIO NOALIGHHMKA Hanpyrd, MoCTOBOI abo
nvdepeHniagbHOl CXeM.

3a momoMoroIo 3MiHHEX pesucTopiB R1 perymooTs uyrmusicts npunagy
JI0 DOTYXXHOCTI ONTHYHOrO BHHOPOMIHIOBaHHS BIANOBIZHO N0 AianmasoHy smiHu
KOHTPOTLOBAHOIO  CBiTNIOBOTO MHOTOKY. Pesucropamm R2Z  mocrosoi Ta

IaHdepeHiaiEHol CXeM 3AIMCHIOIOTh [OYaTKOBEe BCTAHOBJIEHHS CTPYMY ILleueit
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OpH ONHOYACHOMY OCBiTIeHHI poGouoro Ta JomoMmixHoro doronpHiiMayis
OAHAKOBAMM CBiTNOBHMH moTOKamH. bajnaHcysanHs HeoOxigHe BHACHIIOK
POSKHY napameTpis GoTOpE3NCTOPiB. 34 JONOMOTOI0 TAKHX Iipmla,aiB MOXXHA He
JIMIIe BUMIPATH piBeHb OCBIiTIEHICTD, ase ¥ 3adikcyBarn 3Hax il BixuieHHs Bijy

HOEeAKOro OIIOPHOI'O 3HAYCHHA.

Pucynoxk 4.1 — Cxemu BBIMKHeHHS oTOpe3HcTOpiB:

a— NOTeHLIOMETPHYIHA; 6 — MOCTOBa; B - AndepeHIlianpHa

B pO3rIAHyTHX CXeMaxX BBIMKHEHHS BUMIpPIOBAIEHOTO NpHIaLy (Y RaHOMY
BHIIAAKY aMIepMeTpa) MOXHa 3aMiHHTH NOpOroBuMH abo NmigcHIOBATEHUMU
eneMenTaMu. TakiMu NpUITaNaMu MOKYTh OYTH e/IeKTPOMATHITHI pele, peie Ha
MardiTOKepOBaHHX KoﬁTaKTaX, MaI‘IinTHi‘ nincﬂgposéqi, Tpaﬁancropu, THPUCTOPH,
onepauiiini ’nizxcﬁmonaqi Haii6inem eQeKTHBHUMU Cepejl HUX Ta TAKHMH, IO
IHAXOJIATE Han6m5m TIOLIMpEHe 3ACTOCYBAHHS, € HaIliBIPOBITHUKOBI PHIAZH,
mo MOXYTh BUKOHYBATH 5K (yHKLiT KoMyTawii, TaK i GyHKUT MACYMOBYBaHHA.

3 mosBow0 onepaumnnx nmcnmosaqm 3HaYHOK MIpOI0 YCYHYTi Taki
Vrpammmm HeZIoMiKH HaIHBHpOBlJ.‘(HI/IKOBHX | npunagis K TEMIIEPaTypHa
HCCTa61J'II>HlCTL T2 posmm naoanzxe’xpm Hoxn61<a IHepejlaHHs  CHTHATY
onepauiiHum nizcHmoBateM y mepuy qepry 3aJIEKUTH BiA EIeMeHTIB,
YBIMKHEHVX y BXi/IHI KOJa Ta KOJIO 3BOPOTHOTO 3B’SI3KY IiACHIIIOBAYA, i MEHIIO
MipoIo BiJl BIACHHX IapaMeTpiB MiACHnoBada (Hanpyry 3MiLIeHHS Hy/s, pi3HHNi
BXiHUX CTpyMIB, BEMUMHY  TA Hecraﬁmmocn Koe(bxmema mzxcmlemm
BXiIHOTO onopy)
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Pucynox 4.2 ~ CxeMu BBIMKHEHHS (OTOPE3HCTOPIB B KOJa ONepaniiHiX

(oTopesucropis: a, 6 — IOTEHIIOMETPHYHI; B - MOCTOBA

OcHOBHI CXeMHM BBIMKHGHHS (DOTOPE3MCTOPIB B KOJa OmNepaniiHux
mifcumoBavis HaBeeHi Ha puc. 4.2.

B cxemi (puc.4.2, a) onepauiiinmii mACHIOBAY HepeTBOPIOE OIIp
tboTopesuctopa y Hanpyry. DyHKIIisS HepeTBOPeHHS BU3HAYAETECA BHPA3OM:

+

U“"‘" ~—%UO . (.1)

ITpy He3MIiHHAX yMOBaX eKcILTyaTaii yepes MiHIHHICTE BONBT-aMIEpHOL
XapaKTEPHCTHKH OIip (GOTONpHiiMada 3aNeXHuTh JTHUIIE Bif PiBHA OCBITAEHOCTI. 3
POCTOM INTEHCHBHOCTI ONTHYHOTO BUMpOMiHIOBaHHSL Omp (OTOPE3rCcTOpa
IMEHIOYEThCH, @ 3HAUHTh, BimeBinnol no mupasy (4.1), i BHXigHa Harpyra.
3ane>1<mcrn BHXIIHOT HalpyrH BiA ocaneHocn MIOBTOPIOE n}oxcc-GMquy
XapaKTepHCTHKY (OTOPE3HCTOpa, O OITHCYE 3ane>1<mcn, onopy toTopesucropa
BiZ piBHA ocBiTIEeHOCTI. KMo NOMIHATH Micimu pesuctop R1 i doTopesucTop

(puc. 4.2, 6), To BUXifHUIt cHrHaN Gyzie 3MiHIOBATHCS BiAMNOBiAHO X0 HOpMYIH

U =_——U0’

aux
@

T06TO, IOBTOPIOBATH EHEPrETHYHY XaPaKTEPHCTHKY.

Y Mocrosiii cxemi (puc. 4.2, B) BUXifHa HApyTa BU3HAYAETHCH 3 BUpasy
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- R, =R, " R AT
Uy, =—2 % e :
= RI+K, S o - (4.2)

3navenns pesucropis Rl weobximHo BHGHpatn TaKuM, sKe JOPiBHIOE
onopy Ry, ¢oTopesncropa y remuoBOMY pe;iami abo mpu piBHi ocBiTneHOCTI,
WO NpuAMaeTscs 3a BiANIKOBMIA. ‘OnHaK, BHACIIZOK, POIKHLY napameTpis
(bofbpezucmpin, 3yMOBJICHOTO HETOYHICTIO Minbopy Ta perpanalicio, 3HAYCHHS
Roo i R1, 5K npaanno,b Oenio Bin_piaﬁmorsca. Cxema ¢ 36ananconatoro (U,,=0),
Ko Ree=R2+R3. Jlna npsoro Ha HeimBepTylouwit BXin omepaniiHoro
MiACcHTIOBaYa MOCNiI0BHO 3 R; BMuKaeThes 3MiHHK pesucTop Rs, 33 JONOMOTo0
SIKOTO BiﬂGyBaeTLc;x TIOYATKOBE BCTAHOBJIEHHS CXCMH. - -

Y MocToBilt cxeMi BUXiNHMI CHrHAN MPONOPLiHHMIT nuue 3MiHi onopy
doropesncropa i me 3anexurh BiX Horo abcomoTHo! BemmuuuM. Bupas (4.2)
MOXH 3aITHCATH y BHIIAA] .-

AR,
suax = UO ’
RI+R,

ne A Re - 3Mina onopy ¢oTope3ncTopa BiIHOCHO BiATiKOBOro 3HaueHHs Ryp.

3Hak mmoc GepeTbcs, AKIO 3a Rp npuiiMacTses TeMmHOBMH  omip
dboropesucropa Ry abo 3Hauenns, wWo BiANOBiAAE MiHiMambHil OCBITJIEHOCTI;
3HaK MIHYC - npn piBuocti Ry HaliMeHIIOMY onopy $pOTOpe3ncTOpa B pobouoMy
ZHianasoxi, ’

PosrsiHyTa MOCTOBA CXeMa MIiCTUTh OOWH (POTOPE3UCTOP, ANl 3 METOH
xommeHcanii qecrabinisyiounx 30BHIIMAIX BMBIB pesuctopr R2 Ta R3 Moxua
3aMiHATA {HIIMM (DOTOPE3UCTOPOM 3 NApaMeTpaMmy, SKOMOTa GIMKHHME. 10
Tepmoro. '

OcHoBHUMM  HefonmikaMH  (OTOpe3HCTOPIB- € 3HauHa .. iHepHiliHicTs,
HCNIHIAHICTS  MIOKC-aMIEpHOT . XapaKTEPHCTHKH, - 3aleXHICTH ONOpy  Bif
TeMIepaTypH. BkasaHi HeZOMIKH 3HAYHOI MIPOIO. YCYBAIOTHCH 33 JTONOMOTOIO
KODEKTYIOUHX 1epeTBOPIOBatiB, [Tpore ix BUKOPHCTaHHA He 3aBXXIH BANpPaBIaHe.
Hanpuxnman, y Gitbliocti BENAgKis HeOLLIBHO KODEKTYBAaTH JHHaMi4Hi
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XapaKTepUCTHKH (bOTopezncmpm, OCKLIBKH IpOCTillle BHKOPHCTATH iHIIMH THTI
doTonpuiiMada 3 NoTPiIGHOIO MBHAKOIEW.

4.2 Cxemn Ha ocHOBi doTogioain

Sk Oyno 3a3saveno y nynkri 2.2.4, dorogionn MoxyTs npau}osam ¥ ABOX
PexuMax: pOTOAIONHOMY Ta BEHTHIBHOMY. Mpu npomy Tpeba 3asaaqym1 mo y
GoronionHoMy peskumi otomion mae Ginpuwty iHTerpansHy 4yTmBicTs, a y
BOHTHIBHOMY  — MiHIMaJBHEH TeMHOBHI CTpyM, a 3HauMTS, N ABHIERY
TeMIIEPaTypHY CTabinbHICTE.

Q@otomionn edeKTHBHO ©  BHKOPMCTOBYIOTBCE s npuitMaHHg
MOZYIbOBAHOTO BHIPOMIHIORAHHS SK 3 (OHOBHM 3acBIYyYBaHHAM, TaK i 6e3
Hporo. Ha puc.4.3 Hasenemi ocHOBHI cxemMm BBIMKHeHS cbofozﬁozxin y
TICHMOBANLHI KacKal Ha GimosmspHux TPaH3UCTOPAX N-p-n Ta p-n-p THNy. B
POSIVIANlyBaHHX CXeMaX CTpyM (oTofiona NOAINSETECS Ha RBi CKIAZOBi, OmHA 3
AKEX YTBOPIOE Ga3oBMH CTpYM TpaH3wucTopa, a iHma — CTPYM, HIO Teye depes
pesucrop R1. 3uadenns 060X CKNANOBHX 3aeXHTb Bij piBHA oCBiTHeHOCT]

doroniona, a chiBBiAHONIEHHS Mi* HUMHE — Bix oropy pesucropa Rl1.

-E
Yo %o
- VT
Ri
§)

Pucynok 4.3 — Cxemu BKIIOYeHHS doronioxnis y nigcuntopanski xackanu Ha

GimonsapHuX TpaHsMcTOpax

Hpu sincyTrocti omriusoro BEmpoMimoBamHs cTpym, mo Teue qepes
totozion, RopisHIOE TeMHOBOMY cTpyMy. V pesyibTari, TPAH3HCTOP € 3aKPHTHM,
| Hampyra Ha BHXOAi MiNCHIIOBATBHOTO Kackafy nopismoe Hymo. Ipu xif
ONTHYHOTO, BUIPOMIHIOBAHHS 3BOPOTHHH CTPYM (oToxiona spoctac. Tpansucrop
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. BimkpHBaerses; i BUXimHa Hanpyra ‘HabIIKacThCA 33 3HAYEHHAM 110 Hanpym
KUBIEHHS E. . - . -~ Coen . :

UyTimusicts cxemu mponopuiiina onopy pestcropa R1. Yum 6inpmmit oxip,
THM Oillblua Ta cKiagoBa cTpymy. doTomiona, ska ~cTBOpIOE 6a30BMit CTPYM
Tpansucropa. ToMy BiIKpuBauHs TPaH3ACTOpPA HACTAE IIPH MEHUIMX 3HAYCHHSX
IHTEHCHBHOCTI - CBITJIOBOTO - BUIIPOMiHIOBAHHS. Ilpore 3i 36inmbmennsm omnopy
3pocTae noctiifda yacy 3apamy ta po3paxy eMHOCTi hoTomiona. V 38’ 13Ky 3 1EM
MaKCHMajbHe 3HaueHHH omopy pesuctopa Rl o6MexyweTses emHicTio p-n-
TIePeXOJTy | BU3HAYAETHCS BUMOTAMH 1O LIBH/IKOMIT IIPHCTPOK..

Ilo6 exippuit onip akTHBHOIO eneMenTa (doTomiona) He IIyHTYBaB OIip
HaBaHTAXEHH. (OTONPHIMANIBHOIO NPHUCTPOIO, SKUH MOKe 6yTH - IOCHTD
BHCOKHM, y CXeMi Y3IODKEHHS :BUKOPHCTOBYIOTH NONEOBIi Tpansucropd. Ha
PHCYHKY 4.4, a HaBeJeHWN TPUKNAN MOXITHBOIO BUKOPHCTAHHS (oToxiofa y
doTomionHOMY pexuMi B cXemi 3 noaLOBHM TpaH3ucTopoM. OCKiILKY B cxeMmi

BHKOPHCTOBYETECA - IONIOBHIL TPaH3HCTOp, IO NpPAUIOE B pexuMi 36inumenms
P

(HOPMaNBHO BiAKPUTHI - HONBOBHI TPaH3UCTOp), POOGOYMMH HANPYraMH € -

Halpyrd, NpH. AKHX HANpyra 3aTBOP-BHIOK € HETaTHBHOW. BHKoHAHHA wuiel
yMoBH 3abesnedyetses pesnctopom R3.

Prcynox 4.4 — Cxemu BBIMKHEHHS DOTORIOAIB y MiCHTIOBANLHI Kackau
Ha MOJILOBUX TPAH3UCTOPAX

ITpu BincyrHocT BHHpOMlHIOBaHH}I 'Halpyra Ha pesncz‘op. R2 € MeHuolo
3a Hanpyry Ha pesucropi R3. V peayanaTl nommuan 3aTBOpa € MEeHIUIM 3a
nmemnan Bmoxy TpaH3HCTOp e 3axpan 1 anmHa Hanpyra € 61114351(0}0 o

i
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Hyas. Ilpu oceitnenni (boromona Horo -CTpYM -3poCTac. Cnapg Hampyrd Ha
pesuctopi Rl 36inmbniyerscs. LIe oGyMOBmoe 3MEHLIEHHS - a6COMOTHOrO
- 3HAYEHHA noreHuiény éamopa, i, Ax HACNiIOK, 3MEHIIEHHS Pi3HAUL} IOTEHIIANIB
MIX 3aTBOPOM Ta BHTOXOM. Y pésynb'raﬁ CIpyM, SIKHil Teqe: Yepe3’ TpaH3nCTop,
301IBILyETRCH, IO IPU3BOAKTS 10.301IBIIeHHS 1 BUXimHOT Hfmpy'm.

B cxeMi Ha puc. 4.4, 6 doTogion yBIMKHEHO y BeHTHIBHOMY pexumi. ITpa
‘3HavenHi onopy pesucropa Rl mopsamka 1MOM wanpyra’ Ha doromioni
Jopiemioe  Hanpysi - ¢oToEPC” (manpysi  xomoctoro - xomy). -~ Ilepesaroro
BUKOPHCTAHHS BEHTHNBHOrO pexuMy - pobotn dortoxiona e norapupmidHa
3aMeXHICTh BHXIZHOI Hanpyrd BiX (GOTOCTpYMy, INO J03BONAE NpH 3MiHaxX
.botocTpyMy Ha JBa  HOPAAKH OTpHUMATH 3MiHY ' GoToEPC mmime’ na 20-30
BificoTKiB. Y pe3ynnTaTti, cxema ¢GoTonpHHMANEHOIO NPHCTPOK € HEUYTIHBOKO
JI0 PO3KHIY TapaMeTpiB BHKOPHCTOBYBAHMX ENEMEHTIR TA XapaKTEPH3YEThCs
[HJBUINEHOIO CTIMKICTIO O BINIMBY 30BHIIIHIX ()aKTOPIB, 30KpeMa TeMNEPaTypH.
IIpoTe npH. BUKOPHCTAaHHI BEHTHNIHHOTO DEXHMMY MalOTh Micle 3HadHi
CHOTBOPEHHS Tiel YACTHHH CHTHaNy, sKilf BiAMOBinaroTe BeNHKi - 3HAYECHHA
iBTEHCHBHOCT] ~ ONTHYHOTO BHOpoMiHoBanus - (norapudmivyea dyHknis €
HeNiHIAHOIO T4 TA4KOW, IO IUBMAKO YIOBIIBHIOE 3POCTAaHHA TNPH BEITHKHX
3Ha9eHHAX apryMmedTy). KpiM Toro BeHTHIBHMH pEXHM XapaKTepH3YeThCs
NiJBHINEHOK TPHBANICTIC mepexinmux npouecis, ski MaloTe Micme 1pn
BUMHKaHUi BATpoMiHIOBanHs. Lle MOB’s3aHO 3 NOBUTBHMM PO3CMOKTYBaHHAM
HaIMIIKOBUX (oroHociiB 3apsny y dorogiomi. Jng npucKopeHHA LBOTO
nponecy omip pesucropa Rl noeumen GyTH 3MEHIIEHHWH, ane OpH -LBOMY
Yy TAUBICTh IPHUCTPOIO TAKOXK 3MEHINY€ThCA. _

PosranyTi cXeMH € ZOCTaTHBO IIPOCTHMH i MOXYTh Gy'm BHKOPHCTaHi Y
THX BHIAJKaX, KOJIM He BHCYBaioTbes Oyab-siKi 0co6amBi BHMOTH 10 YYTIAUBOCTI
ta meukomil. i THX cXeM, B SKHX napaMeﬁrpu IIBHAKOI{, HYyTIHBOCTI,
ninitiHocTi mepengaTouHoi- QYHKUIT - MOBHHHI 3aJ0BOJNBHATH TNEBHI BHMOTH,
3a3BM4all BMKOPHCTOBYIOTh BEIMKHEHHS (oTtoxmiofiBs y Kona omnepauiiuux
nigcwmoBagis. HaiiGine THIOBI BapiaHTV Takoro BBIMKHEHHS HaBeleHi Ha
pucvm(y4 3. - ,

Ha pucynky 4 5,a 3o6pa>era cxema, B AKi# q)oromoz( BHKOPHCTOBYETBCS

y (bOTOHlOﬂHOMV pC)KHMl B uiit cxemi onepaumnun HI)JCPUTK)BHT-I npaluoe AK
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. IepeTBOPIOBAY . CTPyM-Hampyra, i -TOMY, Hanpyra.: Ha -.JMOro BHXOXI €
. ponopuiiiHolo cTpyMy doroziona Ip: .

Uy 514+ R,

» BMimeo_qu omip pesucropa Rl MoXHa OTpEMAaTH HeoOXixHui piBeHE
BHXIJTHOTO CHTHATY IIPaKTHYHO /s 6Y[b-SKOrO 3HAYEHHS BXIJHOTO ONTHYHOTO
cursany. CxeMa XapaKTepu3yeThCsl BHCOKOI WYTNHBICTIO T2 MalMM BXiZHHM \
OMOpPOM, 3HA9EHHA SIKOTO BU3HAYAETHCH BHPa3QM:

Rpy =R1/>’K.,, .- o I,

ne K — xoedinient nincunenns niacumonaya.

R1

1= Usnx

—o |

+

KX ||Rr2 |
_}_ a ‘

PncyHox 4.5 ~ Cxemu BBiMKHeHHS QOTOMiOIB B KONa onepaumﬂoro
NiACHTIOBaYa: a — QOTOMIOHAI pexuM; .

6, B — BEHTIUILHAN pexcuM
EHEPTCTHYHOT ‘XapaKTePUCTHKY Ta BHCOKY MIBHAKOA{I TepeMHKaHHA. Bepxis

|

|

|

\

|

i

|

l

|

J

)

| |

- Hapanraxenus doromiona wa mamit omip 3a6esneuye nimiitHicTs |
, , s v ]
|

|

|

o I



. TPAHAYHA HacTOTA MEPEMUKAHHSA, OCOGIHBO 'Yy  BHIANKY ' 3aCTOCYBAHHA p-i-n
dortoniona, obMexyeTncs HIBHAKOLIEHO ° onépaﬁiﬁﬁoro " IigcHmOBaus, - axa
MiBAIMYEThCS 31 3MEHINIEHHAM OIIOPY 3BOPOTHOTO 3B’ S3KY.

JonarkoBoro nepeBarolo cxeMH € ciaabka 9yTIMBICTH RO TEMHOBOIO
CTpYMyY, IO NiIBUILYE TeMIIEpaTypHy crabinbnicTs nepersoprosada. Kpim Toro,
y- BHXinmiil -Hampysi BincyTas nocrifina CKJTanoBa, oOyMOBIEHa TeMHOBUM
CTPYMOM. ' Y

VY cxemi Ha puc. 4.5,6 doromion BHKOPHCTOBYETBCS Y Beumni;ho'my
peXHMi AK TreHepaTtop CTPYNY, ~3HAuCHHS SKOr0 € I[IPAMOIMPONIOPLIHHHM
iHTEeHCHBHOCTI ONTHYHOrO BHTIpOMiHIOBaHHA (QoTomion mpawfoe B pPEXHMi

KOPOTKOTO 3aMUKaHHs). Buxinna sanpyra y wilf cxeMi BU3HA4a€ThCS BUPa3oM:
Upuy =1 '(RI + R2),

IlepeBaroro cxemu € 11 HedyINHMBiCTE LO TeMHeparypH, JiHifHiCTb
eHepreTHYHOT XAPAKTEPHCTHKY Ta BHCOKA IIBAAKONIS.

Cxema, sKka HaBedeHa Ha pHCYHKy 4.5B, TakoX BHKOPHCTOBYE
BEHTHIBHMA PEXHM POGOTH fporoniona. Bona moxe GyTH BAKOpHCTaHa y THX
BHIIGJIKAX, KOJH iHTCHCHBHICTE  BXIIHOTO  ONTHYHOTO CUTHAlly MOXe
3MIiHIOBaTHCS ¥ MIMpoKMX Mexax. Onepamifinmii mimcwmosady y nit cxemi
TIPalioe B PEXUMI JOTapudMidHOro nincnnmgaqa, B SKOMY BHKOPHCTOBYETHCA
sorapuMiuHa 3aNEKHICTs MK Halpyroo Gasa-eMiTep Ta CTPYMOM KOJNeKTOpa
TPaH3UCTOPa, BBIMKHEHOTO Y KOJO 3BOPOTHOrO 3B'A3Kky. QOTOCTPYM, LIO
reHepyeTses GOTOMONOM B pexxumi KOPOTKOTO 3aMHKAHHS, NPOTIKAOUM vepes
TPAH3KCTOP CTBOPIOE Ha HOTO eMiTepi (Ha BMxoOAi HincHmoRada) Hanpyry. 1=
Hampyra Oy/le. MEHIIOIO 3a MOTEHUian 3emili HA. BENWUYMHY CHOALY HAIPYTH Ha
mepexofii Oasa-emitep TpaHsucTopa. Y pesyiabTaTi BHUxiiHa Hanpyra Oyge
HpOMOpUilHOIO = HorapudMy - Bif Benuynrd (QorTocTpymy. Jlorapudmiuea
3aNIeXHICTh MK BXiJTHUM Ta BHXIJIHUM CHTHaNaMHM CXEMH [pPM3BOAUTH JIO TOTO,
MO BOHA € BUCOKOYYTIMBOIO M 3MiH B ofzacti Maiux 3HadeHb, i
cnaloayTnuBor0 AN 3MiH 8 OOAacTi BeqWMKUX 3HaueHb.  3aBIAKH IBOMY
nacn_qémm BHXI(HOTO CATHAIY, TOOTO JOCATHEHHS HUM PiBHSA, IIPY SKOMY 3MiHU

BXi[HOTO CHTHAly BK€ HE BIUIHBAIOTH HAa HOI0 3HAYEHHN, Y TIOPIBHAHHI 3
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inmmEMu cxeMaMH BiOYBaeThCs NpH 3HauHO GLIBLIMX piBHAX ocBiTneHocti. ITpu
. Jmomy 9YTIUBICTE CXEMH Ul MainX iHTEHCHBHOCTEH BXiJHOTO ONTHYHOIO

cnmaﬂy 3anmnae"r bCA BUCOKOXO.

: T YCYHEHHS BILIHBY 30BHIIHBO{ TeMIIepa'rypH Ha TIapaMeTpH. CXeM
(bo'ronpnuMMLHHx MOJyJIiB, BUKOPHCTOBYIOTE CXEMH TeMIEpaTypHOi KOPEKIl.
Hannpocnma KOPEKIid 3AilCHIOETBCA 33 HONOMOIOK TEPMOKOMIIEHCYFOTHX

‘enemeHnB, AK Taki BHKOPHCTOBYIOTh. TEPMODE3UCTOPH 3 AONATHHM

K eQ)lmeHTOM onopy abo onHOTHIHI GOTORIOAH, NI0 MPALUCIOTL Y TEMHOBOMY

I

pexmm B posrAfAHYTHX BHINE CXeMax TEPMOKOMIIGHCYIOUE KOJO MOXHA
. YBIMKHYTH noctiziosHo 3 dotoxionoM.

‘ Y Garatpox BHIa/Kax KpiM TeMIlepaTypHO! HecTaGinbHOCTI IPHXKOMUTECK
60pomc;1 i3 ¢onHoBMM 3acBiuyBaHHSAM (OTOYYTIMBOrO eneMeHTa. Xopoumi
_Pe3YNbTaTH IIpM NpUMMaHHI MOIYNBOBAHOTO  BUIPOMIHIOBAHHA 332 YMOB

3HAYHOTrO (JOHOBOrO 3aCBiYyBAaHHA Ja€ BUKOPUCTAHHA BHOIPKOBHX Kid (puc. 4.6).
*

O +F ——o+E
\}@9 -%03 : I-Ecz
C2 VT ' (P VT
| 1 o (.
r U > U
¢l Mg Mgy ™ B F 30 [rr
‘a . 6

PucyHok 4.6 — Cxemu 3 BUGIPKOBUMY KOJIAMH [IS TIpHIHOMY

MOAYJIBOBAHOTO BHHPOMiH}OBaHHH

HapantaxxeHnaMm QoTonioma “€ napalensHU KOHTYD 3  BHCOKOIO
no6poTHICTIO, HACTPOEHHH Ha 9aCTOTY’ CHIHANy, IO NpuiiMaeThes. OCKUTBKH
KOHTYD Ma€ By3bKy CMYTY MpONyCKaHHS;,; TO 3i BCHOTO clekTpa (hOHOBOXO
Bnnpomimosannx BHAOINAETHCS ' JIHINE - JO3BONEHA 9acToTa, i, fK HACIIJOK,
HiABAIIYETHCS BiHOMEHHS CHTHANY HO (OHOBOro 3acBiuysanus. KpiM Toro,
3MCHIIYETHCS PiBeHb IIyMiB Ha BXOJii mifcumoBaya. CyMapHa eMHICTh KOHTYpY
BKIIIO92€ EMHOCTI P-N IePeXoAy Ta BXOAY TPAH3UCTOPA, IO TAKOX € OIHIEI0 3
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IepeBar po3rIAHYTHX CXeM. -~ =

llle oaumM i3 ' CHOCOGIB 'BHINEHHS KOPHCHOTO CHrHamy Ha doui
MOCTifHOTO  30BHIIIHBOTO  3acBivyBaHHA, € "KéMneHcauisi " OCTAHHBOTO.
- Komriencanist oHOBOTO 3acBiuyBanHs Moxe GyTH ZOCATHYTA NpH Buxopncranm
JudepeHNIANLHIX CXeM '3 HOZaTKOBHM (boroanHMaqu AKUH OCBITMIOETBCS
numie GOHOM.

Iopan 3 po3TIAHYTHMH cxeMamd (GOTOMPHAMAIBHHX NOPHCTPOIB, SKi
3MIHCHIOIOTh NEPETBOPEHHS IOTYXKHOCTI OUTHYHOTO CHTHANY B 3HAYCHHS
Hanpyr# abo: CIpyMy, BHKOPHMCTOBYIOTBCS 9acTOTHI (OTOIEpETBOpIOBaNi.
IlepeTBOopeHHs - IOTY’)KHOCTI  CBITJOBOIO HOTOKY B  YacToTy 3MiHHOTO
eNEKTPHYHOTO CHTHANY 3MiHCHIOIOTE 32 HOIIOMOTO0 PelaKCamifiHuX reHepatopis,
¥ 4aco3ajiaBajibHe KONo SKHX BKIOYaIOTh (oTonpuiimad, |

Ha puc. 4.7 waBeneHI cxeMH 4YaCTOTHHX IEPETBOPIOBadiB, B AKHX

doTozion kepye poGoToro 6rokiHr-reHeparopa.

+E

18

VT3

V;@@ VT2

VT1

a . _ - 6 AL

Pucynox 4.7 — @oroeneKTpHYHi YacTOTHI IepeTBOpIOBaYi:
a—3 KepyBaHHAM OJIOKIHT-reHepaTopoM Ha
OinonspHOMY TpaH3HCTOPI;
6 — 3 BUKOpPHCTaHHAM IIOJLOBOrO TpaH3ucTopa ™’
s, y3rojpkeHHs  (Qotonpuitmaya i

OnoxiHr-reneparopa
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4.3 Cxemu Ha ocHoBi doToTpansncropin

@otorionn (3 p-n-TIEPEXONOM Ta p-i-n) € MPEKPACHAMH [ETEKTOPAMH
BUIIPOMIHIOBAHHS B YMOBaX MOPIBHSHO BHCOKHX 3HA49€Hb iHTEHCHBHOCTEH.
IMpote, AKMO IHTEHCHBHICTH ONTHYHOIO CHTHATY € Malol, BHXIIHUA CHrHAX
doTosiofa TAKOXK BUABNAETECA 3aHanTo ManuM. Ilpr Takwx ymoBax Kpalie
BHKOPHCTOBYBAaTH (DOTOTPaH3MCTODH, LI0 MAOTh 3HAYHO Oinpumit BAXiaHHK
CTpyM HiX (oTomionu npn nopiBHSHHEX yMoBax ocgitieHHs. Cnin nam’sTary,
mo migcmwieHHs oTocTpyMy Yy  (OTOTpaH3uCTODi JHIle MOKpaImye ~ ix
BIACTHBICTH JETEKTYBaHHA Aye MANUK PiBHIB OCBIT/IEHHA i HifAK He BIIMBAE HA
Takuii ApaMeTp SIK YyTANBICTh, NOPIr Aol BH3HAYAECTHCA TEMHOBHM CTPYMOM.
3a3HauMMO TAaKOX, INO 33 JIOPiBHAHHAM 3 doTonionamMy GOTOTPaHINCTOPH
XapaKTepH3yIOTHCH MEHIIOO INBUAKOIIEI0. ’

OCHOBHOIO CXEMOIX BMMKAHHS (GOTOTPAH3MCTOPA € CXeMa 13 3aTallbHUM
eMiTepoM, OCKINBKH BOHa ™~ A03BOILIE orpnMaTn Haﬁ6in£me i ACHIEHHS.
Po3pi3HSIOTS /B2 OCHOBHHX CIIOCOGH BBIMKHEHHS Q)OTOTpaHmcropm 3
Bif’enHanoI0 623010 T2 3 IPHEXHAHOIO. ’ S v

Ipu nepmomy crocobi, sxuil € HaﬁﬁpCfCTim}{i‘i; 'il)omrpaﬁgﬁcrop
BHKOPHCTOBYETHCS SIK ABONONIOCHUK, (DoTOmpHitMa xapax'repnsyerscx Tipu
UpOMy  HafGlreImuM  IifcuneHHsM, ane HEBHCOKOIO IHBPIIIKOILICIO Ta
TeMIiepaTypHOIO cTabimpuicTio.

BMmukanns (hOTOTPaH3UCTOPA 3 MPHEAHAHOK 6a30K0 JO3BOJSE KEpyBaTH
MOJIOXKEHHAM PofoUol TOUKM, SMEHIUHTH TeMHOBHI CTPYM 4epe3 KONEeKTOpHHI
Tmepexif, MiOBHWIMTH rpaHudHy 4acToTy. KpiMm Toro, dororpassucrop MOXKE
dynxuionysaty sk gorozion. Hus wsoro, 3a3BU4ail, 3'€AHYiOTh GazoBuil Ta
eMiTepHi eeKTpoaH i anopncmnyxorr: nepexm KOIeKT0p- 6a3a, ILIOHIA SKOTo
Ginsiua 3a MIOMIY eMiTepHOTO nepexony

TopiBuaHo 3 QorogionamMu q)ororpamﬁcu‘opu piIKO BHKOPHCTOBYIOTHCH
J1s poGoTH 3 CaGKUMK CUTHANAaMH, @ Y BUIQAKY NPHAOMY MOMY/IBOBaHMX
CHTHANB CTPOTi BUMOTH CTaBIATBCH JO cfa6ini3aui'1' po6ouoi Touxu. Y Tol xe
Yac IOCHTH BACOKE IICHIICHHS @o—rocipymy, B'pe3yNbTaTi YOro YacTO IHMKAE
HEOBXiMHICTH y  TPOMDKHHX  mincivfioBayaX,  ycrimmHa pobora 3
HEMOXYNBOBAHHMH CHTHATIAMH, 'BHCOKMMH PiBHAMU BUIPOMIHIOBAHHS, CTAIH

IepeIyMOBOIO IIHPOKOTO BHKOPHCTAHHS (HOTOTPAH3UCTOPIB Y Pi3HUX OPOrOBHX
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cXemax. B T o
. ..Ha pucynky 4.8 nokasaui papianTy BBIMKHEHHA QOTOTPaH3UCTOpA.

s +E -

W

U Bux

Prcynok 4.8 ~ Bapiantn BBiMKHeHHS doToTpanzucTOpa

3obpaxeHi cxeMu MOXYTh BHKOPHCTOBYBATHCH K caMocCTiftHO, Tak i
Bncx'ynam Y pomi BXiIHHX Kil NiACHIOBANBLHHX Kackamis. IIpu mepmiomy
BapiaHTi, skull € HAHNPOCTIMIMM, HaBeieHi CXEMH MOXHA DOIIAAATH K
ONTHIHO KEPOBAHHI KJIH0Y, IO MOXeE 3aCTOCOBYBATHCS /IS KOMyTAUil HAPYTH y
cabXoCTpyMOBOMY HaBaHTaXXeHH], sKe Moxe OyIH NigKIOueHe He JHIE A0
BHXOZY CXemy, a § 3aMicTh pesucropa R. o v ‘ ‘

‘ Yy ';xpymMy BapiaHTi, ﬁaBamaxceHHgM € BXixu# omip migcmmoBaya.
SIKWO, HanmpHKIam, K MiACHIOBAY BUKOPHCTATH TPaH3UCTOPHHH Kackajg 3i
CXeMolo i3 3araqbHEM eMiTepoM, To Ipy BHKOpHCTaHHl BapiaHTa, 10 HaBeAeHHH
Ha puc. 4.8, 6, OTpHMaEMO cxeMy q)OTonpunmanLHoro TIPHCTPOIO, aHANOTIYHY 10
cxeMd Ha puc. 4.3,a, 3 Tiew pisHEunero, wo B Hi  3amicTe doTomiona
BHKOPHCTaHUHR (I)OTO’[paH3HCTop.' ,

OcHoBHUM HEZIOMIKOM . pO3TIANYBaHMX  BapiaHTiB . BBIMKHEHHs
doToTpansucTopis, € Te, IO Nif uac IepeMHKAHHA tboroTpaH3MCTOPA, fKeE
CYIPOBOIKYETHCA 3MIHOI0 NOTEHUiany Konexropa (y cxeMi Ha puc. 4.8, a) a6o
Gasn (y cxemi Ha puc. 4.8, 6 noTeHuianmn 6a3n Ta eMiTepa 3MiHIOETECH Maiike
O/IHaK0BO, GO BiAPIHIOTECA Mix cOGOIO Ha MOCTIHHMH CIIAJ HANPYTH Ha IPIMO
3minieHoMy nepexodi 6asa-emiTep), eMHicTL KoNeKTOpHO-6a30BOro nepexony

nepézap;m)xaemcx Bi,aHoéHo Manum. dotoctpymoM Gasu. ToMy ui cXeMmu
' 3HAXOMATH . 3aCTOCYBaHHA IIPH MAlMX YacTOTax NepEeMUKAaHb, HANPHKIAL, B
pisHOManiTHMX ¢oTopene, ge hOTOTPaH3NCTOD = BHKODHCTOBYEThCS LI
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KEPYBAHHA eNeKTPOMeXaH{YHUM pejle abo THpHCTOpOM (pHC. 4.9).

a

Pucynox 4.9 — ®oropene: a - Ha elexTpoMexauisHOMy pese; 6 — Ha THpHCTOpi

HeoGxixnoio ymMoBoro npu noGyzoBi TAKMX CXEM € NepeBUIIeHHS CTpyMy
KOJIEKTOpd, AKMH BiANOBiTa€ MEBHOMY 3HAYEHHIO iHTEHCHBHOCTI ONTHYHOFO
CHTHANY, HaJ IOPOTOM CHpAHIOBAHHA KEPOBAHOTO emeMeHTa. Y cxemi Ha
pucynxy 4.9, a nion saxumae ¢ototpansucrop six EPC caMoimmyxuii pene y
MOMeHT #oro BMMuKanHA. Iopir cnpaupoByBaHHs THpHCTOpa ‘(puc. 4.9, 6)
BCTAHOBNIOETECA omopoM RI. Korméﬂc,amp“ Cl nepemkokae Bignupanmio
THPHCTOpPA TIpH xoporxoqeiCan 3MiHax OCBiTIeHOCTI, CTpHGKAX Hampyru a6o
CIPYMY B Mepexi.

Ilpu xoMyTauii Ginem TIOTYHHX Kil, a TakoX y (bOTopene 3 BEJIHKOIO
4YTIEBICTIO GOTOTPAH3UCTOPH Hepifko BMPIKaIOTL 32 CXEMOI I[apnmrrorxa
(pmc: 4.10). ,

Saranbmmit koedinieHT ni,ucmleHH;I TIEPBUHHOTO (borocmymy cxeM
nopistioe 106yTKy KoedinieHTiB migcHenms (bO‘rmpaHmcropa T4 TPaH3UCTOpA.
Pene P (puc. 4.10, a,6) CHpaupoByioTh IipH HagXOKeHH] cmmosoro cnmany y
CXeMaX 3 TUPHCTOPaMH [TONITHHUKH Hanpyru Rl, R2 32]1a10Th Hampyry Ha
KOJEKTOpax ~ TPaH3WCTODIB, KA 3BMYAlHO 3HAYHO MeEHIIA 3a 3HAYEHHS
KOMYTOBaHO! Hapyru E. ®ortopere, cxema ;ncoro HaBeneHa Ha pHcyHKy 4, 10 B
cnpaur;oaye NOpH OCBITVICHHI q)omrpamncropa a Q)oropene 306pa>ere Ha
pucynky 4.10, T, - mpn Horo satemHenni, <~ - a
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‘Prcynok 4.10 — @oropene 3 BRIMKHEHHSIM (DOTOTPAH3UCTOPIB 33 CXEMOIO
HapinrToHa: 2, 6 — Ha eNeKTPOMeXaHIYHUX peje; B, I — Ha

THPUCTOPAX

Posmmnyrx cxeMH Hpal.(IO}OTB y KJIIOI0BOMY pexuMi, T06To AN HHX
BH3HAYABHUM € Te, 4M € CBIT/IOBHH IOTIK Ha BXoxi, yd Hi, IHO#I BMHHKae
HeoOXiAHICTL BMHKaHHSA HaBaHTAXKEHHS 33 YMOBH JOCSTHEIHS IHTeHCUBHICTIO
cmmoxsoro ‘ rxoroxy HeBHOl"O‘ sHaweHHs. Hanpuxnan, apromarmunoro
BMHKaHHx/BmxaHHﬂ cmma B 3QJIEKHOCTI BiT yMOB 30BHIIIHBOT OCBITICHOCTI.
Hpn uBOMY Tpe6a BpaxyBaTH T€, 0B MOMCHT JOCATHEHHS CBITJIOBHM TIOTOKOM
3HaquHx TOPOTY  CHPAIIOBAHHS CXCMH  MOXYTb CHOCTepiraTHCA BHIAIKOBI
HeBHa'-IHI BIIXWUJICHHS B mreﬂcmmocn Bnnpommoaanﬂx Ha puc. 4.11 nasenena
cxema (bompene 3 TpnrepOM HJMH'ra1 B SKil 3a . paxyHOK ricrepesncHoi
TepeaBaIbHOT xapaK'repnchn yeyBaloThes, xuOHi nepeMuKaHHs pene NpH
HE3HAYHHX KOJIMBAHHAX IHTEHCHBHOCT] ONTHYHOTO BHITPOMiHIOBAHHL.

Ha insepryrounii Bxin onepauijigoro nizcmimosava MOJAEThCs [TOJIOBHHA
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HANDYTH OKHBICHHA, a Ha HemBepry}oqnu T Halpyra, 1O SaieXUTh BiX
OCBITJIeHOCTl (boro‘:panancmpa VTL Pe3HCT0p R4 € onoporvx 3BOPOTHOTO
3B’53KYy. Hpn OCBITJICHOCT] (boronpnnmarxa Hampyra Ha HemBepTyloqomy BXOmi
3pocTac i NpH XOCATHEHHI NONOBHHM HANpPyrH KUBJICHHS  BUXiZ TpHrepa
HNePEeXOfUTh 31 CTAHY HH3BKOTO prHx (~0B) no mucokoro (~E). Ilpu
3MEHIICHH] HANPYIH XMBIEHHS. TyTIUBICTH TpUrepa 3pocrae. Lle oGymoBneno
THM, IO IOPOTOBA HAIIPYra E/2 na pesucropi R1 6yzae gocsrarics npH MeHIIuX
SHAYUCHHAX d)OTOCprMy,,: 8 3HAYNTH | IPU MEHLIMX 3HAYEHHIX IHTCHCHBHOCT
ONTHYHOIO BHIPOMiHIOBaHHA. TicTepesuc Tpurepa  Ilmirra BU3HAUACTHCS

BimHomenHsM R4/R1.
NGV RD
L DA
Y VT2
o
> o
R1 R3

Pucynox 4.11 - @otopene 3 TpI/II‘GpOMVH_[Mi’ITa

Beivkrenns dotoTpanzucropis B PO3IIAHYTHX CXeMaxX, AK Bxke Gyio
343Ha4YeHO BHIUIE, HE BIAPI3HAECTBCS BHCOKOW IIBHAKOXI€. Bitbm BHCOKi
YaCTOTH IIEPEMHMKAHHA MOXHAZ OTPHMATH, SKIIO AOTEHIaNy KoJeKTopa Ta
emitepa  doToTpanzucTopa NiITPUMYBAaTH HOCTiHHHMH, O JIO3BONHTE
nosbaBUTHES BiX HeGaXaHOTO ncpesapsmy EMHOCTI KOJIEKTOPHO-EMiTepHOro
nepexofly.  Lls0ro MOXHa HOCAITH, HANPUKIAX, AKMO B eMiTepHe Xono
dororpansucropa (puc. 4.8,6) 3amicts pesucTopa ‘yBiMKHym TIEPETBOPIOBAY
CTpyM-Hampyra 3 MaluM BXiZHUM ONOpoM. Y pe3ynbTati, moTeHmian eMitepa
TpY 3MiHaX CTPYMy, IO MPOTiKae yepes Tpausucrop, 6yae aMiHoBaTHCA Iyxe
cnabo. B ixeansHOMY - BUITAJIKY, . KOJIK - BUKOPHCTOBYEThCS  NEPETBOPIOBAY 3
HYJBOBHM BXiTHUM OIIOpOM, TIoTeHLian eMiTepa Gyze 3anumarHes mocTifiuum,
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l'[epe'raoplonaq crpyM-Hanpyra, ;nmn 3a " oML )\apal\"repncmaMﬂ
Haﬁ.rmxcae'rscz 1o meam,ﬂoro MO)KC 6y'm peamsoBaHHn ‘Ha OHepaI.IlHHOMy
nifcmTioBasi. Bapmm g mnxmoaemm (bororpaﬂsncmpa 5o TaKOI‘O

‘nepe'raoprosaqa HaBeneme Ha pncymcy 4 12

Usux

§ VT

+E

Pucynok 4.12 — Cxema $oTonpuiiManbHoro npﬁc*rporo 3 I IBAIIIEHOI0

HIBHAKOAICIO

Ha pucynxy 4.13 HapeAcHuli me ONWH IPHKIAN CXeMH 3 TiABUIIEHO
mBHAKOAicI0, B AKiM MOCTifHICT HOTeHWiaTy KoNEKTOpa @or&pamucrdpa
OiATpIMYETECA 33 JOTIOMOTOI0  GiNOAPHOTO TPaH3HCTOPA, BBIMKHEHOro 3a
CXEMOIO i3 3aranpHo0 6a30t0.

+E

T Usux

Pncynox 4.13 ~ Cxema dhoTonpuiiMansHOro IPHCTPOIO 3 mnamneﬂoxo‘ ‘

~IIBUAKOIIEI0
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Bxinnuit onip Tpansucropa VT2 € Manum (kinbka OM a6o Kifbka 1ecaTKiB
Owm), TOMY KONHMBaHHA KOJNEKTOPHOTO CTpyMY totorpansucropa: VT1, mpo
06yMOBIeRI 3MiHOIO IHTCHCHBHOCTI CBITJIOBOrO IOTOKY, Mailke He BHKJIHKAIOTh
3MiH TOTeHUiay J0ro KonexTopa. 3HadeHHs NOTeHLially-  KOJIEKTOpa
¢otorpansucropa VT1 e GinpmmM 3a moTeHmian zemii wa BEIMHMNHY CcHangy
HalPyTH Ha eMiTepHOMY Iepexofi TpausucTopa VT2.

Ilpu BukopucranHi mimkmouenHs 6asoBOro BHBOY ¢oroTpaH3uCTOPiB
MOXYTE OyTH oTpuMasi IIOCTaTHLO.“HpOCTi CXEMH 3 II€BHUMH KODHCHUMH
AxocTamu. Tak, HATIPHMKIAN, MOXHA OTPHMATH ONTHYHO KepoBaHi HpUCTpoi 3

ABOMA CTIMKHMM CTaHAMH, aHANIOT{uHi A0 GoToTHpHCTOPiB 260 TpHrepis.
+B

R1

R3

Prcynox 4.14 - HepeisoprOqu Tpmy' (bOTompnc"rop

Cxema ma pucynky 4.14 dyuxmionye sx (otoTnpucrop. V BuxignHomy
crasi Tpansuctop VT1 sakpurwit, ITpn ocBiTNeHHi doToTpansncropa VT2, foro
KOTIEKTOPHUH CIPyM 3pocTae, BHACHIZOK HOTO TOTEHIian Horo KOIeKTOpa
aMenuryerscs. lLle oﬁyi\aosmoe BIOKDHTTS TpaHsucTopa: VT1. Binxpui'm
TpansucTopa VT1 Ta 36inbimenHs BHACHINOK OBOTO CTPYM y 0T Koui, 301bLIyE
cran  Haupyrn Ha pesucropi R2. Ia wanpyra Gyme - mimrpumysaru
dorotpansucrop VT2 y BinkpuTOMy CTaHi. HaBiTh OpH HpHOWHEHHI - oro
OCBITNIEHH, IO, Y CBOIO YEPTy, 3ATHUINTE Tpansuctop VT1y BinkpuroMy crami.

Tlopir crpanBOByBAaHHS CXEMH . 3a74CTHCH 3HAYCHHSIM oropy R3; uepes
AKUHA nporiicae 4acTHHa. -~ doTocTpyMy. . . Kongencatop C. ycysae XubHi
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CIIPALOBAHHS - TIPHCTPOIO TIpH :Koporkbqécx{'nx- CTpHGKax 'HANPYTH KHBIEHHS.
BumMukaHHsS CXeMH,: TOOTO 114 TepeBefeHHs T Tpanancropm y saxpu'mn cTaH,
BiNGYBAETHCA IPH SMEHIIECHH] HATIPYIY XKHBIEHILS.:

-‘OnHa 3 MOKITUBHX CXeM THITy GOTOTPHIepa HABEIeHA Ha PHCYHKY 4.15.

M

——o +E

X

Usux
—__} ©
VD Y 3
— VT1 R4
S
e

Pucysok 4.15 - CDOTOTpPﬁ‘CP Ha (OTOTPaH3KMCTOPI

Ilpn BiacyTHOCTI - -OCBiTIEHHS Tpansucrop VT2 e sigxkputum. [is
ONTHYHOTO CHTHANXY Ha @oféipaﬂzncmp‘ VT1 s6insurye #oro IconeKTopHnﬁ
ctpyM. Ilpn nmpomy 36inbmryernes i ctpyM 6asu VT2. Tpauzucrop VT2
BinkpuBaeThes. Hanpyra ma pe3n0Topi'R4 spocrae 36inbplIeHHs HANpYr# Ha
pesucTopi R4 Hepes pe3ncTop R3 nepenae’rscx Ha 6a3y ¢ororpansucropa VT1,
me Gimsie BigKpuBaroun Horo. B pesy/pTari TPHTEp NepeKWAAETHCS B Jpyrui
CTiliKui - cTaH, HaBiTh NPH NPUOMHEHHI OCBIiTIEHHS Q)ororpamm'ropa Ihon
3anmobGirae srpataM doTocTpyMy uepes R3.

IIpy 3amwukauni *"KHOIIKK S, (hOTOTPaH3HCTOpP 3aKPHBAETHCS. Horo
KOJNCKTOPHHH CTPYM 3MEHIIYETCS; L0 BUKIMKAE 3aKPHBAHHA TPaH3uCTOpa VT2.
Y pe3synrTaTi cXxema IOBEPTAETHCS Y TIOYATKOBHI CTIHKHH cTaH.

Bukopucranns $OTOTpaH3MCTOPIB [is  CHIPHMHSTTS  MOMTYJTHOBAHOTO
BUIIPOMIHIOBAHHS, ‘SIK YXE  BII3HAYaNOCh, OGMEXYEThCS HeCTaGiIbHICTIO
331aHOTO NONOXEHHS pobouoi Touxy. Tak, 3a HasBHOCTI GOHOBOTO 3aCBidyBaHHS,
IHTEHCHBHICTL ~ SKOTO- - MOXe IMOBiNBHO - 3MiHIOBATHCH, CTPyM TIOKOI0
tororpansucTopa - Takox Gyme ‘smimopatdcs. lle  BHkmHKac CIIOTBOpPEHHA
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CHTHANY, MO npuimaerrea. CrabinisyBaT nonoxesHs poGoT0l TOYKH B YMORaX
()OHOBOTO “3acBi4yBaHHA BAACTHCA '3a PaXyHOK BUKODHCTAHHA HEraTWBHOTO
3ROPOTHOTO 3B°A3KY. IIpHKNANOM MOSKe CITyXHTH eMiTEPHHIT TORTOPIORAY, CXeMa

AKOT0 306paXkeHa Ha pUCYHKY 4.16.

Pucynox 4.16 — BMukanHs GOTOTPaH3HCTOPA 38 CXEMOIO EMITEPHOro
HOBTOPIOBAYa NPH IIPHAOMI MOLYILOBAHOTO

BUIIPOMiHIOBaHHS

Ionosxerns pobov0] TOUKH ¥ TEMHOBOMY PEXHM 3aHA€THCH ITOAUILHIKOM
Ha pesucropax R1, R2. Hassuicts donOBOrO 3ac5iquaHHxv BHK/THKAE
36inbIeHHs cTpyMy, WO NPOTiKae y Ko KonexTop-eMitep Tpansuctopa. Chan
Hanpyrd Ha pesucropi R3 36insmyerses, mo Bee A0 MiABHIUEHHS MOTEHUiaNy
emitepa Qororpansucropa. OCKINBKH moTeHmian 6asu € 3ahikcoBaHMM
HOZTPHMKOM HanpPyTH Ha pesuctopax R1, R2, miasumenns norenmiany emitepa,
BHKIMKAE 3MEHIIEHHS Hanpyrd 06asa-emitep, 1 sK HACHifOK, 3MEHIIEHHS
KOJEKTOPHOT'O Ta eMiTepHOTO CTpyMiB. V pesyisTati Hanpyra Ha pesuctopi R3,
SKa € BI/IXU.IHOIO HaNpYrolo Kackajly, 3MERUIyeThesA. Pesynbryrounit mpupict
BHXiZHO! Hampyrs, - oOyMOBNeHMH HasBHICTIO (OHOBOTO 3acCBidyBaHHS,
BHABIIETECH JOCTATHBO MATUM JUIsl CYTTEBOTO CIIOTBOPEHHSA KOPHCHOTO CUTHAIY,
HAaBiThH npn BHCOKHX 3Ha1erHxx IHTEHCHBHOCTI (JOHOBOTO 3aCBiMyBAHHS -

Sk i B cxemax Ha ppHom dotomionis, B cxeMax 3 (OTOTpaHzHCTOpaMH

IPUXOJUTECS IIATPUMYBATH TOCTIHHICTE NMapaMeTpiB B YMOBAaxX KOJHMBAHHSA
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Temnepatypu. Ik . TCPMOKOMIIEHCYIOYHH ENIEMEHT Y KONax 3 @oromaﬂsucropaz\m
lqacmue BHUKOPHCTOBYIOTBCA OAHOTHITHI toronpuiimaui;::

'

DA ' _ Yeux
/

R1 |R1 | |R4
R2

Prcynok 4.17 — Cxema 3 kopexisiero TeMIIepaTypHoi HectabijpHoCTI
¢oTtonpuiiMaya '

Ha puc. 4.17 (bororpauancropn yBlM‘(HeHI 3a ;m(ioepeﬂmanmoxo CXEMOIO,
Onepanitiamit nmincumosau  migcumoe KOpUCHUH CUTHAN, sAKMH BHHMKaE
BHAC/1iJOK pisHuLi OCBITIIEHOCTel . hoTonpHitMatiB (OAMH 3 HHX MOe Bytn
3ateMHeHut), i purmymrye cunasmi cknagosi, mo sanexars BiJl TeMIepatypu.

Houarxose GanaHcysamms Qasm, sxe' HeoOXiHo - pobutn BHAcTigOK
PO3KHAY miapaMeIpiB  GOTOTpaH3MCTOpa .Ta.  HeimeambHOCT onepauiifioro
nmcmnonaqa 3JilicHIoETECS 32 - onoMororo - noteHuiomMerpa: R2 - (R2<R1).
Koetbxulem i ACHIICHHSA PEryTIOEThCA 3 AOMOMOroko R5.

Kourponnui naranus

1. Tlpoawanisyiite ocrosmi BaplaHm cxeMorexquom BHKODHCTaHHS
dotopesncropis, ‘

2. Tlpoamanizyiite Moxupi BaplaHTPI BBIMKHEHHH q;OTomozuB y
OiICHIMOBANEHT Kackaiy Ha OCHOR] 61nonponx Ta nom,oaux TpaHBHCTOplB,

3. Hpoanamzyn're MOXJTHUBI BaplaHTPI BBlMxHeHHx (poromoma Y kona

onepamnnnx MiACHTIOBAYiB.
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4.. Tpoananisyitre CXeMOTeXHIKy - doTomionHux-
HOTYXHIiCTE onrTHYHOrO BHIIPOMIHIOBaHHSA—Y4CTOTA.
5.

‘nepeTBoproBavin
Ipoananizyiire cxeMbTexﬁiRy‘ nepe‘Mnxans"xgmc TIIPHCTPOTB HA OCHOBI
(borbmpéﬂéxiCTopiB. 3anpononyi7n“e‘ Bapiam;'ﬁyhb-ﬂxoro .3 IUX TpHCTpoiB, B
SAKOMY éaMich d)om'rpanzﬁcropé Bﬁxopncrosyerbcﬁ dorozioxn.

6. Sk Tpeba 3MminuTH cXeMy . poTopene 3 Tpurepom IlMitTa, mio6
BMHKaHHsA HaBaHTaXKEHHS BiszyBahocx TIpH 3MEHIIEHH] ocsimenocri?v Sxi 3minm
TpeGa BHecTH ¥ o cxeMy, 06 MoxHa 6yi10 perymosaru HOpPIT BMUKaHHA?

7. Tlpoananisyiite CXCMOTEXHIYHI METOM KoMIeHcamii
3aCBiMyBaHyp

8.

dbonosux

Sk MOxHa miaBAmMUTH WBHAKICTH cxeM Ha ¢roToTpan3mcTOpax? Sxi
CXeMOTeXHiqH] migxoaH MOXYTh OyTH Burgopucréni a7 usoro?

9. Ilpoamanisyiite cxemy ototpurepa. Un  mowe Boma Oyru
pealisoBana Ha dotomioni? fAxi smimm Tpeba BHECH y Imo CXeMy, mob if
CKUIAHHS TaKOX, AK i BCTaHOBIeHHs, BiabyBajiocs mnix mieio OINTHYHOrO
CHrHay? : : : o

10. Tlpoamanisyiite cxemoTexHiumi METOLH TeMIepaTypHOi Kopekui
¢oronpriiMansinx TIPHCTPOIB Ha OCHOBI ¢ororpansucropis.

11. Yn Moxe cxeMa, mo HaBegeHa Ha' pucynky 4.17, 6yTn Bukopmcrana
Aot KoMnieHcantii Gorosux 3ackivysans? Binopins ITOSACHICT®.,
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.5 OITOEJEKTPOHHI nm(:'rpoi OBPOBKH TH®OPMAIIIT

5.1 On'ro:lemponm normm e.nememn 4 A

BacrocyBaHHs’ om‘enempommx eneMemm - omm i3 numxm CTBOPEHHS
GaraToQyHKIIOHANEHAX OXHOPLIHIX 06qucmoBan5HHx cepenoanm, UIBHAKOAIA
axkux Oyma G Hopaxka 10%...1070 ¢ Ier mmpyrmaun;{ OJ:lHOplﬂHOCTl pu

" no0y0Bi NpUCTPOIB KepYBAHHA pl3HOMaHlTHPIX onroenex’rponnnx onepammmx
cucreM ofipobiTku iHdpopmanii Heobximui omoenempoamvnormm CXEMH.

B -onroenextpormmX @yﬁﬁuiéﬁamrmx nppxé;xpoxx" kepyﬁamm MOXe
3nilficHIOBAaTHCA AK ONTHYHMMHM, TaK i eneKTpuqunMﬁ curnanamy. Ockinbku
eNeKTpWYHUI CcHrHanm Moxe OyTH JerKo MNEpeTBOpeHUH B OITHYHEH 32
JIOTIOMOTOIO  CBITIIONIONR, TO OITOSNEKTPOHH] JIOridHi €ICMEHTH 3 ENIEKTPHYHHEM
Ta ONTHYHHM KepyBaHHsM 6YIyTh PO3PI3HATHCS TUIHKH BXIiJIHHM KOJIOM: JIOri4Hi
REHTWJ 3 €JIeKTPHYHUM KepyBaHHsSM OyayTs MICTHTH Ha BXOAl CBITIORIOZ,
OINTHYHO 3B’I3aHHH ONTHYHO KEPOBAHHM KOMYTYIOTHM CIEMEHTOM, HANPUKIAN 3
oToTpaH3HCTOPOM.

Ha puc. 5.1 3o6pa>xem ONTOENEKTPOHBI CGIEMEHTH, fKi JO3BOJAIOTH
peanizosyBaTH OCHOBHi Jsoriusi ¢yHkUii B HAGPOBHX ONTOENTEKTPOHHMX
NPACTPOsX. Tak, cxeMa, HaBeAeHa Ha puc. 5.1, a, peanisye onepaito JOri9HOrO
MHOXEeHHA, a Ha puc. 5.1, '6_ — Onepaliio JOTiYHOro J04aBaHHs. '

+E e ' 2 +E
Bxt == | VT
a1 = [ vT1 exa [ vT2
ax2 == [ vT2 .
Ui @ Ugyx
. Tr
a N ' 6

Pucynoxk 5.1 — Jloriuni onroeneKTpOHH] eleMeHTH:
a — esleMeHT “I”; 6 — enement “ABO”

V mepmomy Bunanxy euxinHa Hanpyra Upyx Gy/ie MaTu BUCOKHIA piBeHb,
Gmu3bKui 10 Hanpyrd xusieHHs E, Tinbky Akmo ofHasa QOTOTpaH3HCTOPH
6ymyTh yBiMKHEH], TO6TO TOMi, KOMH IOTYXHICTh OIITHYHOTO BHIPOMiHIOBAHHA
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Ha 06ox Bxonax Oyne BimpisHatHes Bin Hyns. V- cxemi'Ha puc. 5.1, 6 BuxinHa
Hanpyra Gyne 3a pieHeM 6rusbkoio 10 E, AKINO  OCBITIIOETECS Xo4a 6 ommn 3
toroTpansucTopiB.: v ER

Jloriuna | onmepauis. “HI” " Moxe - 6yTH peanmizoBana  eneMeHTaMH,
300paxxeHNMM Ha pHC. 5 2 s ‘

+E

R1
BX &

BIX

]

Pucynox 5.2 * Onroenextponnuii enement “HI”

CxeMa Ha pHc. 5.2, a CKIaacTses 3 IBoX Kackanis. Iepumit xackay na
otorpansucropi VT1 Buxonye bynxuii TIOBTOpIOBAYA — HAINPyTa Ha PE3UCTOPI
R1 mae Bucokuit piseHs Npy HasgBHOCTI BXiAHOTO OITHYHOrO CHrEany i Hu3nKHi
piBens npu #oro BincyTHocti. Jipyruit kackan, 3i6panuit Ha TpansucTopi VT2, €
inepryrounm. Ipu Bncoﬁomy piBEi Hampyrn a 6asi Tpamsucropa VT2 (na
pesucTopi R2), TPaH3UCTOP € BiXKPUTHM i BHXigHa Hanpyra Uppx € 613bK010 110
Hyns. Ko manpyra wa 6asi VT2 Gyne NpHONM3HO JOPIBHIOBATH HYIIIO,
Tpansucrop VT2 Gyne saxputuii i Buxinua Hanpyra Gyzac 3a piBHeM 61U3BKOIO
a0 E,

Jna peamizanii inepropa Moxna BHKOPHCTOBYBATH OAWH iHBEpTYIOUMit
Kackay, 3i6panuii 1a dororpanzucropi (puc. 5.2, 6).

-5.2 Bararodyukunionananni ONTOeNECKTPOHHI €TeMeHTH

- OnroeneKTpoHHi- OpHCTPoOi MaroTh O3HAKH - 6araTobYHKIIOHANBHOCTI,
Osnaxn nmpupoaHoi Ta BUMyLIeHO! GaratodyHKIiOHANBHOCT OBUHEI MatH, y
nepuiy 4epry, 6a3oBi _enementn onepammmx cTpyKTYp. Ix ocobmusictio ¢ Te,
1o MHOKKMHA QYHKUIH BHKOHY€ThCH HpH NOPiBHAHO HEBENHKiH KiTEKOCTI BXOOiB
KkepyBaHHsA. CKOPOYCHHA KiNIbKOCTI BXOJIB KepyBaHHS TOCATAETHCS 3a paxyHoK
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BUKOPHCTaHH# crocoGy noxanss indopmauil y Rl MiRIMATBHOIO THCKPETa
"acy, AKHii BA3HAYAETHCA YACOM CPABOBYBAHHSA aKTHBHOTO eICMEHTa ITam ' sTi.

Onepauiiini CTPYKTYPH indopmarnifino-BUMipIOBaNBHUX - T
OBUNCMIOBAIBHUX .- CIPYKTYp-- OyXyroTscd  Ha - 6araToQyHKHIOHATLHEX
ONTOEIEKTPOHHMX MOIy/AX. JUis moGYHOBH Takux MOZYNiB HeoOXimHi Gasuchi
OTITOENTEKTPOHHI SIEMEHTH, 110 NPAIOITE Y PETEPATHBHOMY PeXHMi. OcKiibky
TaKi eNeMEHTH .B _ONTOGIEKTPOHHMX  JIOTIKO-YacOBHX OGUMCIIOBANRHHX
CepelOBMIIAX peani3yloTh NPHHIMI Ieperpopenns indopmauii musaxom
KBAHTYBAHHS 4acy; BOHH OTPHMAIH Ha3BY KBAHTPOHB. Tak#M 4HHOM KBAaHTPOH
€ CTPYKTYyPHMM eNEeMEHTOM OJHOPiIHOTO OGMNCITIOBAIBHOTO CEPENOBHINE, B
KoMy asanorosa Ta uudpoa o06pobka indopMauii CynpoBOMKYETHCH
3anaM’ATOBYBAHHAM Ta iHAUKAIi€Io pe3yIbTaTiB. '

3araneHa CTPYKTYPHA CXeMa ONTOKBAHTPOHa 306paxkeHa Ha puc. 5.3.

; TUS" / [HAMKa IR
/
Csimo-

h¥ae 3 | @oToenemenT | T |sunpominiosay | ——» ﬂnggm:Zro

.

Uec "yp
L o1 * KomyTaTtop

i

PucyHok 5.3 — CtpykTypHa cxeMa ONITOKBAHTPOHA

TIpw otHOYACH H i Ha KBaHmba CBITNIOBOLO MOTOKY 36ymi<eHHﬂ hvys Ta
Hanmpyrd 3acsiuyBamHs U, cipym [, doTtoenementa €Tae JIOCTAaTHIM A1
Tepexofly KOMYTAaTopa i3 3aKpHTOro CTaHy Yy’ Bimkputui. Y pesyasTati
36iNBNIyeTsCA CTPYM, SKUR Tede Kpish CBITIIOBHIPOMIHIOBAY, i; K HACTiZOK,
eNEKTPUYHA EHEpTis [EPETBOPIETECA Y CBITIIOBY. UacTHHA CBITNIOBOrO MOTOKY
BHKOPHCTOBYEThCS A1 YTBOPEHHS 3BOPOTHOIO 3B’ 43Ky, YACTHHA - JU1A iHAMKaLil
CTaHy. KBAaHTPOHA, PEIITa - Ul CTIPALbOBYBAHHS ‘HACTYNHOTO KBaHTpoHa. Yac 1,
33 SKWif . CBITJIOBATIPOMIHIOBAY = MEPEXOAMTH O 30YHXKEHOro CTaHy, (dac
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CHIpankOBYBaHHS. KBRHTPOHR); BH3HAY4E MiHIMaNhHY . TpHBaJIlCTL CBIiTIOBOTO
- IIOTOKY 36y /pKenHs, TOGTO TPUBANICTS OJHOTO KBANTA HACY. -

© SIkmo micns 3aBepiNeHHS Yacy T ONPOMIHEHHS 30BHIilIHIM CBITIOBHM
IOTOKOM 3aKiHJIyeThCs, ONTOKBAHTPOH 3alHINAETHCA B -36ymKxeHOMy craHi,
OCKIIBKH CBITVIOBMIIPOMIHIOBAY, YTBOPIOIOUH Kpi3h (bO’I“OSJ’IEMeHT YaCTHHOIO
CBIT/IOBOTO TIOTOKY 3BOPOTHHH 3B’S30K, HiATPHMYE KOMYTaTop y BiftkpHTOMY
crani. Tomy y cTani 36y/KeHHS ONTOKBAHTPOH MO3XE 3HAXOAUTHCS HEOBMEKEHO
ARoBro. Jina BHBEAGHHA i3 LBOIO CTaHy HeoGXixHO mojaTy iMIyssC HAnpyr
cxkunanns U, skuil sakpue xoMyTaTop. Kou xoMyratop 3aKPHETBCA, CTPYM, 10
Teue Kpi3b  CBITIORMIPOMIHIOBaY, 31viéamm$cx NPaKTHYHO /IO  HYJLL
CsiTnoBHIIpOMiHIOBAY 'Bﬁifme i3 crany 36ymKeHHx i’ sBoporHuii 3B *S130K
posiMKHeThCA. Y UBOMY CTani KBAaHTpoOH Oyze nepeGyBam IO TIpHXONy
HAaCTYIIHOTO CBITIIOBOFO ITOTOKY 30Y/KERHS.

3 HABEOEHOTO ONKCY BHIHO, IO onroksampon dakTHUHO BHKOHYE
dYHKI{T aKTHBHOTO eteMeHTa NamM’sTi, TO6TO IBHYANHOIO TPUrepa, ane 3 ABoMa
CYTTEBHMH BI}IMIHHOCT}IMH To-nepire, TPpHrep He Moxe Gyt noGynorxaHPm Ha
OJTHOMY aKTHBHOMY eJIeMeHTi (Tpamncropl) Ho-zxpyre y tpurepi HeobXxiaHa
HASIBHICTB [IBOX KiJl IO3UTUBHOTO 3BOPOTHOTO 3B’A3KY, & y KBaHTpOHl JOCTATHBO
THIIE OFHOTO.

EnextpuiHa cxema OnToKBaHTpoHA'306pakena Ha puc. 5.4. Horo pexum
BU3HAYAETECA CTpyMOoM critrofiofa (CII), mo samaeThes piBHeM 36ymkeHHs
doroniona (OLT) i koeditienTom mincunenHs Kackafy Ha TpaHsucropi VT."

Hpu Bincytrocti BXigsoro omTdHOrO CHrHATY Iy < Iy (I — rpannune
3HAYEeHHA CTpyMy 306ysoxenns CJI), mo BU3HAYAC BUKTIOUSHHH (1ynposwit) cran
kBaHTpoHa. Crany "BKmoueHO" Bimmosinae HepiBHicTs Icy > I, mo o3Havae
ceitinna CJI npu nosiBi cBiTIOBOro CHIHaNy Ha OITHYHOMY BHXO/i KBAHTDOHA,

HasBricTs ONTHYHHX Ta eneKTPHYHHX BXOMIB i BHXOMIB, ONTHYHOIO
BHYTDIlIHEOrO MO3HTHBHOIO 3BOPOTHOTO 3B’A3KY BH3HAYAE KBAHTPOH 5K
eIeMeHT NaM’aTi i inaukanii. KsaHTpoH Moske NpalosaTn B pexumi reHepaTopa
iMIynsciB 3 enexTPHYEMM | onTHuHIM KepyBaHHSM. YacToTa Takoro reHeparopa
MOXe BapiloBaTHCS B IIMPOKMX MEXaX, a CXeMa He MICTUTb PEaKTUBHUX
€J/IEMEHTIB. co _ . A

MoxnmsicTs O€ZHAHHAS Oynxii mam’sri i inpuKauii y xsanTpoHi
ofymosnena #oro crpykryporo. [TpuHIHMIOBa cxeMa KBaHTpOHA (IuB. puc. 5.4)
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MicTHTh ‘BximHi cBiTmomiomu: CAL, CI12, suxinwuii-ceitnonion CI3, doroxion
OO1, OJA2 panmx  npumifoMy .- ontuyHoi -ingopMmanii, - ¢potomion ®A3 nas
_-3amam'AToBYBaHHA . . intopmanii,,. migcmmosaw - Ha - Tpansucropi VT Ta

:posB’ssyBanbHi giogd VDI, VD2: - - e oo

; Ule " - o
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PricyHok 5.4 — CxeMa ONTOKBaHTPOHA

Hns 3a6esnevenns TPUrepHOro pexuMy. cxemu Ha ii Bxig U, monmaerscs
TIO3HTHRHUM THOoTeHLian, a s 3AificHeHHS ONTHYHOIO 3aIyCKy 3acfocoaye’r5cx
NiJUKUBIEHHS eNeKTpUMHUM curHaitoM U's. JINS BHUHMKHEHHS - TPUTEPHOTO
edeKTy Heobxinuo, o6 koedinieHT mepenaui CTPyMy PO3IMKHYTOIO KOHTYPY
IIO3HTUBHOI'O on'rmm'oro 3BOPOTHOTO 3B'A3Ky OyB

Pas=agp>1,

_zie @ - xoediuiear ceitnosianaui CJI;
. J - xoedimient edexrusrocti OJ;
B - KoedillienT HiJICHICHHS TPaH3HCTOPA.
Hynsosomy crany KBaHTpOHA BifinoBifae HepiBHiCTH
Ao+ Plog <1, . BEERY
ae Ik - 3B0pOTHUH KOJEKTOPHMIX CTPYM TPaH3HCTOPAE;

© Iy~ cTpyM @1 y mpoBinHOMY cTaHi.
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‘Hepishicts  (5.1) Jerxo  BHKOHYEThCH - AN  TEMHOBHX CTpYMiB - I,
¢orozionis, sxi ans xpemmiesnx - mpuitvauis -Jp <1074V pexcumi
BoresOymxenns - Iogp >> I3, - MO. OPHBOINTE [O »3Miﬁli'_' s3Haxa (5.1) ma
HPOTHIIEXKHHIA, ‘YHacnixox 1BOT'0 3pOCTAOTH IMIMOHHA TO3HTUBHOTO ONTHYHOIO-
ssopotsoro 38’a3ky CI{3-®JI3 i komextopHuit crpyM Tpamsucropa VT, mo
WBH/IKO BXONHTE ¥ PEXXAM HAaCHYEHHS. Y IBOMY CTaHi JcKpasicTs cBitinmg C/I3
Aocsarae MakCUMaTbHOrO 3uaveHHs. BinnosimHo no puc. 5.4 crpym BBIMKHEHHS
ONTPOHHOTO KITI04a Dda3-CI3

E-Ug,
I, ~Icmaljl+1n 1,2+ a3]3+1
CA3

g

Js  BUMUKaHHA KBaﬁTpOHa HeoGXiHO NOxaTH €NEKTPUYHUN CHIHAN
cxugannd. Ilpu nwomy cmpamposye ontpon CI2-J[2, nepexin eMitep-Gasa
TPaHSHCTOPA LIYHTYEThCS ManuM omopom DJI2 i TpaH3HCTOpP BHBOXHUTHECH 3
HacHYeHHs Ha aKTUBHY AinsnKy. [Tporec BEHMUKaHHS, 5K i npolec BBiIMKHEHHS,
HOCHTb CTPHOKONOAIOHMI XapakTep, IPH ULOMY CTPYM BHMHKaHHS

Ty =1g=Uegs@y i+ Iy + 1)~ (U, oy j,)=

STy, =1, i 8
o ;ﬂz L12ﬂ+lrl*lrz+173

3 TPHIepHOTO peXUMy KBAHTPOH MOXe OyTH IlepeBefieHHH Y pexuM
TeHEPaTopa PO3PUBHHX KOJTMBAHb, HeTiHIHHMM €NEMEHTOM AKOTO € TPaH3HCTOp
VTI (prc. 5.5). L o B

Y upomy pexuMi Ha Horo Gasy MONAETsCA Bil HEIANEOKHOIO JoKepena
Hanpyra scysy U,,, o (BH3HAYa€ YacTOTy KOJNHBAHHSA reseparopa. Ilpu
YBIMKHYTilt HaIpysi sKHBIEHHS +U » Tpamsucrop VT sHaxomuthea B pesxumi

HAaCHYeHHs, HOr0 KOJNEKTOPHMIA CTpyM:
I,=I,,=/0, =1Icy >1,.

Crpym I, =1, BPI3Ha‘Ia€ lHTCHCIfIBHlCTL Bnnpommosaﬂmx CH, sxa

noBuRHA GyTH ,uocramsoro s BHKOHaHH,q yMorm ajf> 1, npn ,ZIOCXPHCHHI
AKoi (bopmye'rbca BepH.IHHa uvmym:cy Tpmaamc*rb BEPIIMHY.  IMITYTIBCY
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obMexyeTses irepuifiicTio ®JI; Tporec: PO3CMOKTYBAHHA 3apsfiB’3 obnacti
- Gasu. VT1 Busnadae san}dﬁ:tppom immynsey. Tlpw I;:<l, dopMyeTscd naysa
MK IMIyabcaMH, . TPMBRIICTB. SIKOI:: 3aJIEXHTH Bif -CXeMHOI - pemaxcauii,
06yM0'BneHo'1'~-RC-napa1~1e'rpaMw CJl. 3uavenns xepyrouol Hanpyru = Uy
- BH3HAYa€- 4ac  3apsay - emsocTeil . p-n-nepexoxis CJ{ 1 VT, ynacaifok yoro
- BMiHIOETHCS JACTOTA IPOXOMKEHR IMIYABCIB. 1= -~ - -

o Uy Lo
®h A
Rl [ (&ER)
— VT
ai

Pucynok 5.5+ OnToeneKTposHHi reneparop

*

3minoto 3cyBy TpansucTopa VT2 ONTPOHHMI TeHepaTop MOXE 6yTu
npuBejeHu y pesxxuM ouikysanHs. ITojada HeraTHBHHX iMnysciB Uyz Ha a3y
VT2 NepeBOMTH TPAaH3UCTOP y PEXMM HAacHYeHHs, INo 3abesneuye 3amyck
Tpansucropa VT1. Jlani npouecst $GopMyBaHHS BEPLIMHHM IMITYIECY, 3aJHBOTO
dporTy i maysm Mix immymbcamu BiIGYBAIOTBCH GHANOMIMHO DO3IVIAHYTOMY
pexiMy BU renepaiii. 3 ‘HaIXODKEHHAM Ha Kepyioumit Bxin Uy, iMmymscy
[O3UTHBHO! IOMAPHOCTI Tpaﬂzucropn VTI i VT2 3akpupaioThes. 3aBAsKH
3BOPOTHOMY 3B’S3Ky d4epes pesucrop R4 Tpamsuctop VT2 YTpHMySTBCﬂ B
3aMKHEHOMY CTaHi Mic/s IPUIMHEHHS Ali KepyIodoro iMImysscy.

Pexxrm  04iKyBaJIBHOTO TeHEPATOpa, ~AO3BOJISE takTyBaTH pobory CJI
BIANOBIAHO [0 HauXomkeHHs Kepyiouux immynsciB Uy, Lle poGHTE pexum
inmuKanil kBarwrpoHa 6B THYIKAM i eKOHOMIYHIM.

YacToTa TeHepalii ONTPOHHOrO ~ reHeparopa OGMEXYETsCs —HacoM
pesaxcarti (bOTocrpyMy tporonpnnmaqa Y cysachux msuakoaitounx O uac
BCTAHOBJIEHHSA Q)mocrpyms He NepPEeBHIIye 10%.>107° ¢. Lle BusHavae BY
pesKuM reHepaTopa. I[gm peam3aun HY peRUMY norp16m doTonpuitmayi 3i
36LIBIIEHHM JacoM peaKcaris (borocxpymy SIK, HAIPHKIAJ, Y GOTOPE3HCTODIE.
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¥V npunnmnosi# cxemi HY onrponHOro reseparopa Ha oTopesuctopax (puc.
5.6) BUXOPHCTOBYETRCS Ta X ifes MUHaMiuHOl nam’sTi poTopesucTopis, mo it y
T -Q)inm“pax i KoMMyTquux OIITPOHHHX KIOYax.

+ , -z +E
i
JJ\/Tz P2
o \\ n
(]._Sz/cz

' cal | op

R1

Pucynok 5.6 — OnroeneKTpoHHHIt reHepaTop HA3EKOYACTOTHAX KOJNHBAHE

V uit cxemi sk OCHOBHHH YaCO3a/[Al0MHil TIPOLIEC BHUKOPHCTOBYETHCS
3MeHHIeHH}I CTPYMY, 1o npomcae Kp13B q:ompezncrop ®P! i pesncrop R3, saxuit
3aj1ae pe;ng HONBOBOTO TpaHsucTopa VT2. Imepaan 4acCy, MPOTATOM SKOrO
TPaH3UCTOP VT2 Gyne samxnenui, BU3HAYAETHCS 3HAYCHHAM OTOPY PE3UCTOPA
R3 1 nocTiiHOT 3MeRIEHHS HOTOCTPYMY Ten (boropeaucropa CDPI HuM BHwe
3HAYEHHS Te,, THM GiNBIIHit el inTepBan, mo 06ymoBIIOE OTpPIMaHHS{ nays Mix
iMmynscamu pemukoi Tpusanocti. 3MinioodHM omip pesucropa R3 moxHa
3MiHIOBATH Ty Bift Minicexynn no XBHJIHH. 3mimioouH omip pesucropa Rl, Moxua
aMinioBaty wac csitinmg CH2, a omxe, TPHBANCTL TeHEPOBAHUX IMITYJECIB.
Mopemosannst aunamivsoi mam’ati Ha mpouecax penakcanii dotocrpymis
[03BONIIE  BUKMIOUMTH i3 cxemMH  BenmkoraGapuwrthi  RC-koMmonents,
MiniMisyBatn it yHidikyBaTH cxeMHi pimenss. A '

PoarnsmeMo IpuKIan pospaxyHKy elleMeHTa iHIMKalii 3 maM'aTTio, 1o
Moxe GyTH BMKOPHCTAHHH AK KOMIpKa XWHaMivHOTO Tabiio i’riCTor;paMHOFO
aucruies.

Ha pume. 5.7 306pakeHa NpMHUMOOBA CXEMa eNeMeHTAa iHAWKAlil 3
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Pncyﬂdx 5.7 - EnemenT inmuxanii 3 nam’ATT0

VYV pexumi D-Tpurepa npn nomadi Ha Bxoau Bxl Ta Bx2, kepyroumx
CHIHAIB MO3UTHBHOI TONAPHOCTI 1 HA OAMHMYHMN oONTHYHMI BXix Bx3
CBiTNOBOrO FIOTOKY Kp13b @oromcml D11 (DJ_IZ IIOYHHAE nponxam HOpiBHAHO
Benukuit GorocTpyM. Y pesynbrati Tpan3ucrop VT1 BPIHBHHCTBC}I 3aMKHeHﬂM, a
cBiTIIOZiON cal - HezacBiueHnM. TakuMm ‘IHHOM 3Bopompm omTHuHKif 38’130K
ceiTnoaion C,ZIl (1)0Tomon (DIIB 6yne posuvncHyTHM Ilpn upoMy cursan
KepyBaHHs 3 Bx2 Ha/IXOIUTE qepe3 Bl,I[KpHTHH miog A1 ta doromion OMI1 Ha
6azy TPaHsHCTOpa VT2, sinMukaroun #Horo. BmmKae no3m‘nmmn ONTHYHHHA
38’s30K. TTpn LILOMy TIOBHHHA BHKOHyBa'mcx yMOBa

. R'2 S>> R,,,ﬂ 4
e Ry,-omip @orouiqga OH4.

‘VHpH HesacBigeHOMY cbom;ﬁo,ai o4
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R, = Uy ~Uppy _.Udm o

H

fom .
ne Upy, - Hampyra Ha BXogmi Bx2;
Uy, - cniap Hanpyru Ha nioai J1;

Upm -crian mampyry Ha sacsidenomy doromioni OJI1;
I - ctpym, mo nporixae uepes dorogion OJI1.

CnpanboBye  IO3MTHBHMI  ONTHYHHH  3B’530K, Tpamsuctop VT2 ,
3HAXONUTECS Y BIAKPHTOMY 'CTaHi, i Ha IpAMOMY ONTHYHOMY BHX0Ai Bmxl ‘
3’ABJISETHCS CBITIOBHUHA curnaﬁ, SKu# CBIIYUTE NPO Te, 1O eJIEMEHT 3HAXOAUThCH
B OZIHHAYHOMY 30yIKEeHOMY CTaHi.

»

U)K _Ucaz _UVTZ

4

.

1C122
£ . : :

ne Uy — HallpyTa XXUBIIEHHS;

Ugp — cnian Hanpyry Ha csitnomioni C2;
Uy, — cnan Hanpyry Ha Tpansucropi VT2,

Tpw Binkpuromy Tpansucropi VI2

U =Uyp =Uyry

I VD2

R, =

1e — Uyp, criiay Hanpyry Ha giogl VD2;
Iypy ~ cTpyM, o npoTikac yepes mion VD2,

Ontanuit Bxin Bx3 'y namomy sunanky € D-xomom. Ilpu mopmawi
Ha Bxogu Bx1iBx2 mnortenmianis nosuTHBHOI moONspHOCTI i BigcyTHOCTI
Ha D-Bxoai csimiosoro curHany tpamsuctop VT1 BigMmukaerses, ockimbku
CBiTIOBHH  cHrHan  na ontmyHoMy Bxomi OJ2 sigcytmiit. Ilpu uwomy
ceitnomion CJI1 36y/pKyeThCsl, CHPanbOBYe ONTHYHMI 3BOPOTHHH 3B’130K
ceitnomion CH1 — ¢oronion, ®/3, i ma 6Gasy Tpamsucropa VT2 HamXOmuTs
HyNBOBHH TOTeHniay, 3amuxaioud Horo. -Ha. imsepcuoMmy Buxoxmi Bux2
3'SBISETHCS ONTHYHAN cHrHam, sk CBIJTYATE TIPO Te, IO EIEMEHT 3HAXOUTHCS

115



B HyTEOBOMY — 36y/DKeHOMY. CTaHL, .. -’ :
TTpu saxpuTomy Tparsucropi VT2

_ Uy =Ucni

5 s -

Ly
ae Ugys— craj Hanpyri Ha ceitnonioni CI13;
Icg3 — cTpYM, IO POTiKae Yepes ceitnomion CA3.

- Pesuctopamu R; 18 Ry DOCATAETHCHA noTpibHuit pexum poborn VT1 1 VT2.
3okpema, pesucrop R, 3abesmeuye mnopady 3MilIeHoTo ~ piBHA HYIBOBOTO
noteHuiany Ha 6asy VT2, 110 IPHBOAUTS 1O HOro acTKOBOIO 3aKPUBAHHA.

INpu BigkpuTomy TpansucTopi VT1
Use =Upppym

1

’

Lpm

e Usyyyr1 — CHIajl HAMPYTH Ha Bmxpmomy Tpamnc-ropl VT1;
I — cTPYM, IO TIPOTiKae qepes BinkpaTHi PoTonion (D,Zl2
Ilns HopMankHOI pObOTH eleMenTa iHAMKANi] HEOGXiHE BUKOHAHHSA

YMOBH
107,

IBW‘Z =

e I 5y, — Ga3oBuit cTpyM TpansuTopa VI2;
I 4, — CTPYM, ILO Tede Uepes pesucTop Ry,
Toxi:

Lot = Tpy + g3
T =1y ¥101 5, =11 5y

Ry = Ura .11 Y2,
UIRz I@Dl .
_11(Uexz UVDl—UtD}ZI)
Iabm

Tiox VD1 € po3’s3yBaibHuM i 3abe3nedye noTpiGHuit pexum poboTH 1pH
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nonaui Ha Bx1 i Bx2 HYITBOBAX TIOTEeHILiaMiB.

Bukopucranns enemMenta inamxanii B pexumi D-Tpurepa, cmpuse
nobynosi  omHopinHux  iHGopManiffHO-00UMCIIOBAILHAX — CTPYKTYp, IHO
JO3BOJIAIOTH MPOCTHMH 3ac06amMu pobuTH 06pobKy Ta inauKaniio iHdopmanil.

Ha puc. 5.8 noxazasui npuxﬁa,u eNeMenTa 18/ MKalii Ha JBOKOIBOPOBHX

cBiTHOMIONAX.

. : —a Ux
\/T'l'\’ Ll

-
3 Konektopa V12
nonepenHs0i KOMIpK1

g1 ] —
L A
R T
A [ 11
VT2 H—R__J; | NEURER A
+ N 1y
2 VT3 b IR
em@ L) oo L9
—t

Pucysok 5.8 — EnemenT iHpuKanii Ha JBOKOIBOPOBUX CBITIORIOAAX

Ilpn eigcyTHOCTI BXinHOTO CUTHANLY Ha a3y Tpansuctopa V12 nomaerscs
MOTeHNiQl, NpH SKOMY TPaH3HCTOp 3HAXOOUTLCS Y BimkpuToMy cTaHi. Ilpn

OBOMY

R _U)k“Um“UVrz_Uczzl
1= .

IC,III

Pesucropu R, i Ry 06paHi TakuM ursoM, wo I, > I;,a I, +1; <20 m4.

Y mroMy pexuMi cuia CIpyMy [3 € HERZOCTaTHBOIO Ui BMHKaHHA
ceitnopiona CJII2, a cipymy I, € mocraruboio just BmukanHs CJ[1. Otxe,
ceitnogiog CJI3 Oyne BunpomiHIOBaTH 4YepBoHHH kojip. 3i 30inbmenHsM

BxitHoro curHany. Upy mnoreriian 0Oasw Tpamsmctopa VT2 sMeHIIyeTbes, 1

Tpausucrop VT2 3akpuBaerscs. Ilpu ubomy omip pesucropa. R, IOBMHEH
3a{OBOJIHATH YMOBY
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R. = Uy "Um‘_Ukil"U"éj(z -U, ’
el S ; . T .

T cr

- CtpyM Mix ceitnogionamu CII2 i C/I3 nepepo3nofiiseTses TaK, o Kotip
TXHBOTO: CBITIHHA 3MiHIOETBCSA BiJ YEepBOHOTO 10 3eleHoro. Ilpy BiamosignoMy
nepeMiyBaHHi KONBOPIB MOXHA OEpPXXaTH XOBTHI 1 :KOBTOrapa3uit KOILOPH.

Pesucropu Ry 1 Rs 00paHi TaKuM YHHOM, 1[0
_ U)K - Uo - Uc,as - Ui'rs
=
IR4 i
Uy +Ugps

T Ars
IRS

Anarnoriusi mpouecH BiIOYBarOTLCHA NPH HyJIBOBOMY DiBHI CHTHamy Ha
06’eaHaHAX BUBOLax cBiTIomionis CI4, CIS. TlocninoBHe BMUKAHHSA €JICMEHTIB
iHgukanii mO3BONAE Oprami3yBaTH JABOKONBOPOBHIl pexuM ricrorpaMuo-
nosuifHOro oxaHHs ingopMari,

3 BUKIA[CHOTO BHIUIMBAE, M0 KBaHTPOH — OGaraTodyHKIioHamBHUH
eleMeHT aHANOro-IM(pPOBOro THIY i3 30BHIMHBOI IHMKALIELI CTaHiB.
HastBHiCTS KEPOBAHMX ONTHYHHX impdpmauiﬁ}mk BXozxiB i onTudHOrO andzxy
3abesneuye TanbBaH{YHY PO3B’A3KY Ta CIPOLIYE OPraHi3alliio MiXKpO3pamHEX
38’ A3KiB.

CXeMOTeXHIYHO KBAHTIPOH € npoc:TimﬁM 38 ENEKTPOHHHH CTaTHYHHUHA
eneMeHT nam’ari. YV KBaHTpOHa Ham’sTh OpraHi3oBaHa OJHUM 3BOPOTHHM
OITHYHHM 3B'S3KOM IIPH BHKOPHCTAHHI TifIbKM OZHOrO TpaH3HcTOpa B cXemi, 3a
CHOXMBAHOIO TIOTYXHICTIO KBAaHIPOH € eKOHOMIYHIINMM, HIX NOTeHHiHHI
TPHTEpH, OCKINIBKY Y HYJBOBOMY CTdHI KBAaHTPOH NPAKTHYHO HE crioxuBae
eHeprifo. 3a MBHAKOMIEI0 KBAHTPOH HE IOCTYNAETHCA €NEMEHTAM TaM’sTi,
no6ynosauuM Ha enemenrax TTJI cepil.

. 3asHadyeni XapaKTEPHCTHKW KBAaHTPOHA CBiYaTh NPO NEPCHEKTHBHICTH
fioro 3acTOCYBaHHA K eNeMeHTHOI 0a3|m  ONTOENEeKTPOHHMX  3acobiB
ofuncHioBanbHOi TeXHiKH, y #AKilf eneMenTn BimoOpaxkeHHs :iHQopmanil

o

¢yHuKIioHaNTBHO IHTErpOBaHi 3 JOTIYHO Ii YACTHHOIO.
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5.3 Cxemorexnika OHTOECIEKPOHAHX - dyHRUiOHANLHAX
nepeTBopIoBaviB : o '
OnrToeneKTPOHHI TIepeTBOPIOBaTi 3 KOXKHHM POKOM 3HAaXOLATH yce Gimbie

3acTocyBaHus B iH(OpManifiHO-BUMIpIOBATFHIX i OGYHCTIOBATLHUX CHCTEMAX

HOBOTO TOKOMIHHA. Y TOpiBHAHHI 31 3BHYAHHUMH ‘ TIEPETBOPIOBAYaMK BOHH
MarOTh psiI IPHHITHTIOBHX 0COOINBOCTeH, OCHOBHHMU 3 SKUX € PI3HOMaHITHiCTh
¢byHKHi# nepeTBOpeHHs (K METOAMYHHX, TaK i CXEMOTEXHIUHHX); MOXIIHBICTH
ONTHMANBHOTO CTHKYBAaHHS 3 BENHKOIO KUIBKICTIO 30BHIMHIX (TIEPBHHHMX)
06'exTiB; BHCOKI IOXa3HHUKH TOYHOCTI, 1IBH/KO/IT i HajxiiiHOCTI MepeTBOpeHHS,
HPOCTOTA KOHCTPYKIii, HE3HAYHi BapTiCHi IOKA3HUKH T4 iH,

Oco6muBocTi  (yHKLIOHYBaHHA ONTOENEKTPOHHUX IIEPETBOPIOBAYIB B
TEXHIYHUX DPHCTPOSX CydacHoi pazzioenempdﬂim BH3HAYAIOTh Crenubiky
[IPOIIOHOBAHHX JI0 HHX CXEMOTEXHIYHUX | CHCTEMOTEXHIYHUX BEMOT.

Li - ocobnuBocti, Ge3yMOBHO, NOBHHHI - OyTH BpaxoBaHi INpH CHHTE3i
Garato-(QyHKIIOHATEHUX onToeﬁeKTpOHan MONyMiB, TpPH HPOEKTYyBaHHI
ONTOENIEKTPOHHUX INEpepaxyHKOBUX cxeM, cymaropi, ALUI i - LIAII,
orepanifinix Tabno, iTepaTopiB i IHMIMX ONTOENEKTPOHHUX (YHKIIOHANBHIX
CXEM SIK 3aTaILHOTO, TaK | cleniagbHOTO IpH3HAYeHHS:

5.3.1 Kopmysamms indopmanii B ONTOGNEXTPOHHEX (YHKIIOHATBHHX
IepeTBOPIOBadax

TMopisHsaHo HHU3EKA 3aBALO3AXMIIEHICTS eneKTdean nepéTBopIOBaqu, a
TAKOX MNpHUCTPOiB 0Opobkm indopmanii Ha ixmili ocHoBi, oBymoBIeHa
OJIHaKOBOIO HPHPOAOK HOCIS CHTHAIB - elIeKTPOHA T2 KEPYIOUOT0 CepeOB)IIA -
eleKTprdHoro nonA. OCBOEHHA ONTHYHOrO AIalas’oHy B TEXHIMHHX crcTeMax
PO3IIMpIOE YACTOTHUM Miama3oH Kepyioumx curmams no 10M.10°Tm s
OHOYACHUM 36iTBINEHHIM iH(})opmaniﬁHoY GMHOCTI npubmusto B 10° pas,
IMpobnemn wapifinoro 3s' A3KY B CyuacHi# MiKpOENEXTPOHINI MOXYTh 6ym
3HAYHOI MIpOI0 BUpileHi, SKMO NEPETROPEHHS CHMTHATY 3HiHCHIOETBCA
dotonamu, [pu mpoMy ($OTOCHEKTPHYHOMY IEPETBOPEHHIO BIIACTHBHUI BETHKHA
c*rymm, yHlBepcanwocn ' ‘ ‘

B Haw yac iHTEHCHBHO p03BHBa€TLC$I KiIbKa HANPAMKIB BHKOPHCTAHHS

£

EIEMEHTID  ONTOENeKTPOHIKM /I IepeTBOpeHHS i 06pobkm indopmarii
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OnroeneKkTpoHHi: dynxniosaneHi - ~mepersoproBaui-. - iH$opManiifHo-
BUMIPIOBANBHUX i OGHHCIOBATEHIX CTPYKTYp PO3HiNAIOTECA Ha ABa GCHOBHHX
KIACH:  JMCKpeTHi- H  aHaIoroBmi, Je: 3aCTOCOBYIOTBCH - onroen;:krpoaﬂi
HEKOrepeHTHI i KorepeHTHI NpHHUUNY i 3aco0H HepeTBOpeHHA unbxpernprx abo
aHAJIOFOBHX CHTHAJIB, BiANOBIAHO. S s ,

" . OUTOENCKTPOHHI, - - HEKOTEPEHTHI ~ eNneMeHTH ~ y . QYHKUiOHATBHHX
IIepeTBOPIOBaYax B OCHOBHOMY. CIYXaTh GicTabiNbHAMY - NPHIANAMHE, IO
3MIHCHIOTE K akTHBHI QYHKUIl, Hanpukian. (yHKUIl HepeMHKaHHA (Iepexin
BHXiZHOTO - CBiTIIO/iONa ONTPOHIB -y CTaH.30y/xeHHs abo HaBIakW), Tax i
nacuBHi, Hanpuxiay QYHKUI ranbBaHigHOL. PO3B'I3KH npn s'eaHaiHi eneMeHTiB
(YHKIOIOHAIBHUX CXEM,

OnroeneKTPOHHI KOrepeHTH] ONTHYHI IPHCTPOT B OCHOBHOMY IIPAlfOIOTh Ha
BHKOpHCTAHHI eeKTy raciHHg reHepanii HaniBIPOBLTHHKOBOIO Ja3epa CBITIOM
inmoro aazepa. [Ipy 1BOMY JOCAraeThcs BenHde3Ha IIBHAKOAIA NOTiYHMX i
3anaM'aTOBYBAJLHUX ONTHYHMX eneMeHTiB. OfHaK CKIAHICTE KepyBaHHA
OpOMeHeM Jia3epa, Beluki rabapiuTH 0CTYBATBHIX YCTAHOBOK, IXHS KPUTHSHICT
no pibpanii, 3HaYHa CHOXHBaHA. MOTYXHICTb NasepiB NPH CYJacHOMY piBHi
TexHoyorii 0OMEXYIOTh CTBODEHHS 1 MacoBe BUKOPUCTAHHS . KOT'€PEHTHHX
ONITHYHUX OGMHCITIOBATEHUX MALIHH. '

Benukuil iHTepec BHKJIMKAIOTh AHAJIOTOBI CHCTEMH, B SKHX TIOJIOBHOIO
3agadelo € hépeTBOpBHHSf it ob6pobxa 300pakenb. ¥ LMX CHCTEMax TaKoX
BUKODHCTOBYETBCA KOTEpeHTHe BHIpOMiHIOBaHHs cBiTia. Cunres 3o6paxeHp
BHKOHYETBCAL 3 BHKOPHCTAHHAM Tpancnapaurm, CHCTEM THITy "CEeKBCHTHBHHX
(bmb"rpm , MananHx cxamcmpunx cucteM. Kpim  obMexeHs, BHECEHHX
cxna;mxcno na3epr101 YCTAHOBKH, TIPaKTHYHE BPIKOpPICTaHHFI AHAJIOTOBHX CHCTEM
crpmwye'rscx THM, mo Ime TeXHIYHO HE CTBOpeHi enempmﬂo i omruyHO
KepoBaHi TPaHCIIAPaHTH 3 IPUAHATHIMH xapamepncmxamn N

I{ocm‘s aKTyanbhe TMTAHHA ~ CTAKYBaHHA ontHuHOl maM'sti 3
@ynxmoﬂanbmu«m npucrpom ONTOENEKTPOHHO! cxeMoTexmiku. Tyr BUHHKae
Heoﬁxmmcrb Yy  3aCTOCYBaHHI  ONTOENEKTPOHHIX (by}IKIIIOHaJIBHHX
NepeTBOpPIoBatiB, - ] o '

Tipn opramsaun ONTHYHOI MaM'aTi BEJHKI ycmxn zxocsxmyn B CTBOPEHHi
FIOBrOCTPOKOBHX ronorpa(bmprx NOCTIHHNX 32naM'ITOBYBAIBHAX NPHCTPOIB 3
Benmcmo mmbmc*{m 3amucy m(ioopMauu (mo 1012 61T/CM) i BUCOKOIO
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HanifisicTo. Yac subipky ymcna’ CKJIajia€ OMHUTI ~Mixp6cei<yrt11, y°10* 210° pa3
MeHIIMH, HiX Y CHCTEMAX Ha MarHiTHUX HCKax. ORHAK CTBOPEHHS ONEPATHBHOY
ONTOENEKTPOHHO! MaM'sTi “(KOrepEeHTHOTO ~THITY) chnmye'rLc;x Bmcmicno
Ha/Iii{HIX PEBCPCHBHUX ONTHUHUX CEpeIOBHLY. A

OnTraHi CHCTEMH MOXYTE 3aCTOCOBYBATHCS TAKOX y NIPHCTPOSX BBEIEHHS-
BuBeNeHHA. Born BiZIPI3HAIOTCA HOCHTE BHCOKOIO mBHAKomiero (10%,..10° 6it/c).
Hanpuxnan, rogorpadiuni npuctpoi sBenerns ,,Holotablet” Maiots WWBHAKICTH
10* cropinox/c. Ll HpUCTPOi BHKOPHCTOBYIOTH INPHHUMI Ge3MOCEpeTHBOTO
BBE[leHHS CHMBOJIiB OIEPATOPOM 3a TONIOMOIOI0 PYUKH, 3B'S3aHOT maHTorpadoM
3 JIa3epoM, WO TIOBTOPIOE 3amHC Ha rojorpadiuniif nnactaani. TlepeTsopenus
CHrHaniB y uudposuii xox BinOyBacTbes 3a JONOMOTOK MATPHI KPEMHIEBHX
dotomionis. IcHyIoTh y Ham wac' IPUCTPOI, Y SIKMX Yepes doromatpumo 3a
nonomoroo  pedyrekropa afo MaTpHui NazepiB BBOAATHCS 3 HOCIE, IO
PYXa€ThCs, y NIaM'STh MAIIMHK JaHi 31 meuaxicrio 107 6ir/e.

B omnToenekrpoHHMX nepe";Bomeaqax MOXXHa YCIHIIHO 3aCTOCOBYBATH
HOBHH & KJaC CHCTEM - ONTPOHHI CHCTEMH 3 ONTHYHMM 3B'S3KoM. Omnruuni
3B'I3KH B OCHOBHOMY 3iHCHIOIOTBCSH CKIIOBOJIOKOHHMMM TiHisMu. BomoxonHwmit
3B'I30K e(eKTHBHO 3aCTOCOBYETHCS WA Tiepedaui impopmamii Mix EOM, ii
6iroxkamu Ta ycepenuni 610kiB (MIXBY3NOBHIA BoNOKOHHHI 38's30K). 18 LBOTO
BKpall BaXJIMBI TaKi IepeBard ONTHYHOIO 3B'S3Ky, SK LIMPOKOCMYXKHICTE,
rajbBaHiyHa pPO3B'A3KAa BXONY 1 BUXOHY, OZHOCHPAMOBAHICTB, 'BiCYTHIiCTH
"KOPOTKHX 3aMHKaHb", HafifiHicTs, piske 3MeHmeHHA Mach kaGenis y
NOpIiBHSHHI 3 MiANHMH NpoBojaMH (Ha HOPSIOK), He3HAYHA BapTIiCTh (3aMiHa
Mifli ZelieBHM CKIIOM) | HeTyTIHBICTD N0 CIEKTPUIHHX IIEPENKOL.

Cdepa 3acTOCYBaHHS ONTPOHIB HEKOTEPEHTHO! CXCMOTEXHIKH AOCHTH
umpoka. Y 3B'SI3KY 3 YHIKANEHMMH OCOOGIMBOCTSAMM, OLTbHICTE 3 HMX
CIpAMOBaHZ Ha 3a0e3NedYeHHS ENeKTPUYHOT poza 'S3KM  CHJIOBHMX Kil Bix
cnabKoCTPYMOBHX KEPYIOUMX CHTHAIIB.

3HauHe MiClle cepesl ONTOENCKTPOHHHX (YHKIIOHATLHHX NEPeTBOPIOBaYiB
3afiMaoTh NMepeTBOproBati, pofoTa SKMX OCHOBAaHA Ha 3aCTOCYBaHHI TIPHHLAITY
KBaHTYBAHHS 4acy CBIiTIOBMM npoMeHeM. Lleif mpunmmm nossormse mo-HoBoMy,
Oinbm ediexkTHBHO BHpimyBaTH 6Garato 3amay Ha OCHOBI ONTOENEKTPOHHO]
cxeMoTexnixi, XapakTep TPUHIEITY KBaHTYBaHHA YACy BIUIHBac Ha criocoGH
KOXyBaHHS iHOpMaLlii B ONTOETEKTPOHANX (yHKIOHANBHAX IEPETBOPIOBAYAX.
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[MprHIMO KBAHTYBAHHA 9acy TOIArac B nepeTBOPEeHH], 4acoBoro iHTepBaly

KiTBKiCTIO, . cnpa;ﬁosanmm; TIOCJi/IOBHO . ONHH 33 .OJJHHM -3 OHAKOBAM  4acCOM
_IlepeMUKaHHA, nuéxpemnx OTITOENEKTPOHHMX  EIEMEHTIB . ~  KBAHTPOHIB, - TIPH
Tojati Ha HUX CHTHAY HpO TIOYATOK IepeTBOpeHHs. TakuM. HHOM, TPHBANICTD
4acoBOro . -iHTepBaNy, IO (IKCYETBCH . ACOM il -BXiJHOTO ~ CHUTHAIY,
[IEpEeTBOPHUTECH B ﬁncbpomﬁ Ko, Lo Biguosigae Kimbkocti 30ymKeHHx 3a uek
HaC eNeMeHTIB IepeTBOPIOBaYa. - - . . S ,
» 3a3yageHuil CrOCi0 KBaHTYBaHHS HACy € OCHOBOIO AU MONAHIL JAHHX B
ONTOC/CKTPOHHIX @yamioaanbnm{_,nepg'gnoproaaqax. Bix zossoise cTBOPHTH
Taknif yHiBepcanbHui GaraToQyHKUiOHANBHUA MOy, 3aCTOCYBAHHA AKOIO
cnpuse peanisanii sk aHANIOTO-IM(POBHX . IEPETBOPIOBAYIB, TaK i OIHOPIHAX
069HCIMOBATBHUX Cepe/IOBUII i3 npucTposMu BBeneHHs, 0OpPOOKH i BUBeJEHH
indopmanii, e rami, WO 3Hng}0’be$I, 3 marduKiB B aHanoromifi ¢opmi,
0Bpo6NsAIOTECH B JIACKPETHHX IIPUCTPOAX, @ Ppe3yibTaTH MOAAIOTECT 32
JIOTIOMOTOI0 NPsAMOI IHAHKaALT B IECATKOBOMY BHITISAL. v

EdexTuBHICTS cHCTeM uncieHHs y GyHKUIOHATBHHX MNEPETBOPIOBadax
OLIHIOETHCA 3 YPAXyBaHHAM Takux (haxTopis:

1) ckmagsocTi anropuIMiB NEpeTBOPEHHA NPH npuitoMi gawux 1 Bupadi
Pe3yNbTaTiB; _ , ’

.2) 3pydHOCTI A1 6e3nocepe;mnoro 4TaHHA H ONIHKW MO/ YucHa HOro
3HaKa,

3) cKNARHOCTI MONAHHS WCeN Yy -3a]IeKIoCTi  Bif - Buxopucrosysanm
CHCTEMH e1eMeHTIB; . : C e

4) cknamHocTi 1 WBHAKOAIL npncrpoua BUKOHAHHS apH(METHIHUX | THIIHX
THIOBHX MAIIMHHAX ONepalii HAJT qHCIaMHU, 4

. Homuperss JBiiKkOBOI ; CHCTEMM  HHCJICHHA mop'szako 3 il
3araIbHOBIOMHMA NepeBaraMi Ipu BUKOHaHHI Ornepaliil 10/aBaHHs, JerkocTi
HOJAHHA [BOX CTiMKHX CTaHiB 114 Bll{OGpEDi(eHH}I mudp 011 B omHOMY po3pami
mpiiikoBoro wucaa. v :

‘ Heoﬁxizmicrr, MOJIAHHs JaHUX Y BUrMSOl JECATKOBHX 4HCeN BU3HAYACTHCA
nepen6adyBaHoro OGNACTIO BUKODHCTAHHS, IOB'I3aHOI0 3 BHKOHAHHAM 3akad
npnepeimso’f o6pobku HaHEx 3 GesnocepeHbo0 Bisyarisauieo pe3ynbTaTiB y
3BHYHIN UIs KopHCTyBaya Gopmi. Ockineky B 3a1ayax 00po0KY JaHKX Ha OfiHE
BBEJCHE-BUBEJICHE YHCHO  IPHXORHTHCA BIJHOCHO . HEBENNKA - - KUTBKIiCTh
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apHdMETHIHUX onepalii, nepeBeleHHA YHCEN IpH BBEJCHHI.Ta BHBEJCHHI 3
OIHI€l CHCTEMY B iHINY € HENOUINEHEM,
OCHOBHHMH KDHTEpiAMH Hia BHOODY CHCTEMH YHCIEHHS MOXYTh GyTH

CKIAJHICTh aNTOPHTMIB TEPETBOPEHHS NPH BBEICHHI-BUBEACHHI i 3pydHicTH

GesnocepenHboro yuraHus indopmanii. ONiHEMO, KA CHCTEMa HHCISHHS €
OLIBII ONITHMANBHOIO 33 MEPITUM KPHTEPIEM.

Konysanns nngp BH3HaYae crocid B3aeMOOHO3HAYHOI BIANOBLAHOCTI Mik
MOXCTHBEMH 3HaUeHHAMHE mudp i CTaHaMH (bisiiqaim cHciem  (3BHyaliHo
e/IEMEHTIB MaM'sITi), BUKOPHCTOBYBAHHX IS ﬁiuo6pa>r<eHH;1 dp HHX YHce,

V sunmajKy HONaEHSA UKHCia A B CHCTEMI YHCIEHHHA 3 OCHOBOIO F, Ae GyIb-
Axa nudpa g; npuiimace 3navenns 0, 1, 2,..., 7 -1, KozlyBa_HH;i 1udp 3BOTUTLCS A0
OZHO3HAYHOrC BH3HAYEHH BiMIIOBiHOCTI ™

(5.2)

me fra F - QyHKUil KOAyBaHHs, IIO BH3HAYAIOTH BiAMOBiHO npasuia
KOJYBaHHS 7 3HAYCHb 4; CTAHaMK OKPEMOIO eNIeMEHTA IaM'ATi.

Kinekicts # enxemMentis nam'sti 3 m cTaHaMH, AKa HeoOXigHA 14 MOTAHHS
uudpH a; , MO Mae 7 - 3HAYeHb, BU3HAYAETHCA 3 BUpAa3sy

B =r

‘max

n =[log,, 7]

(5.3)

A€ Ppin, Pax, - LI THCIIO, IPHYOMY [0 ¥ < M < (logn¥) — 1.

BrxoprcTanus eneMcHTIB nam'stri 3 aBoMa CTilKUME cTaHaMu 06YMOBIIOE
OUTHMANBHUM BUKODHCTaHHS JBifkoBol cHcTeMn wucneHHs. EnementapHo
BHKOHYETBCS KOZyBAHHS B JBiIKOBOMY andaBiTi CHCTEM WHCIICHHS 3 OCHOBOIO
r=2 1, rne =2, 3, ... 1 cucrems MoXXHA PO3TVISHATH AK MOXijHi ABilKOBOT
CHCTEMH YMCJIEHHH, IO BKIIIOYAIOTH BIANOBIAHO mo 2, 3 i T.40. ABiHKOBHX
PO3psLB.

CxnanuicTs BHHHKAE NPH KOAYBaHHI B CHCTEMAX YMCICHHS 3 IHIIMMU
OCHOBaMH, Hampuknag npa  » = 10. Y IbOMY BHIAAKY Hum = 4, & My = 10,

Sxuio A xomyBaHHS NHGD BUKOPUCTOBYETECS #  OBIHKOBUX €NEMEHTIB,
TO BCBOTO JUIs CHCTCMH HHCIIEHH 3 OCHOBOO r  icHye 2” n! (2" - r)! MOXIHBHX
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¢noco6iB ‘KORYBaHHA - 1P, KOKHUH 3 IKUX XapaKTepu3yeTses - Ma"rpuuero
BurARy [r, n}: el e
o Dr=p T L (54)

Ay Gl el

r-1,n-1
ze aye{0,1).

Ma’rpmm yTBOpK)ETbCSI TITSXOM 3icTaBJdeHHx 'KOKHOrO  MOMKIIBOTO
3HAYEHHS umbpn a; pxsrmmn HdGOpaMn q(w) lIBlHKOBHX KOJIlB (bu(cosanox
OOBXHHH . '

Oco6yuBHil nimxnac ‘D~'KOI[iB SBISIOTH 06010 KOMﬁnemeHTapHi: KOOH, mo
326e3MeyIOTE ONEPXAHHS 3BOPOTHOTO KOAY MHGPH IPOCTHM iHBEpTYBAHHSM
onHOro abo Hekinbkox ABilikoeux pospamis maGopy  g(o). Heobximmicts y
TAKHX KOJaX BHKIHKAHA BHUMOIOK 3aMinm omepamii BigHiMaHHA omepauieto
DONAaBaHH, 1[0 BHKOHYETLCA Y 3BOPOTHOMY 1 JOAATKOBOMY KOZaX.

Cepen D-xoqiB Tinek#t NOPIBHAHO HEBEIHKA YaCTHHA MAE BIACTHBICTE, 10
KOKHOMY panaky marpuni (5.4) MoxHa anCBomBam il 3HAYEHHs (Bam) O
Tax, 10 KOKHE 3HAYEHHS NUDPU MOKHA 306pa3m.4 y Burmm

n-1

q = Zai../ RZ
7=0

Taxi xoam 3py4ni Ons ouniHKM IXHiX 3HaYeHB i MpocTO peanizyroThCa B
O0YHCIIFOBAIBHUX CXeMaX. )

Takum umHOM, i3 yciel Gesmiui D-xomis  oco6mmshii iHTepe‘C 1Lt
BijoOpaxenHs wuucnopol indopmauii BHKIHKae nNiAMHOXMHA - D-KomiB 3
NOCTIHHMME BaraMy po3psfis, IO MaiOTh BIACTHBOCTI KOMIUIEMEHTaPHOCTI,
'roﬁi‘o KO, Zs bs{Km_'( Bn}_cdﬂyIOTch YMOBH.,

g =q@)=2a, o th (5.5);
J=0
wa)+p(r-1-a)=r-1 (5.6),

ne h = 0 - Hine 4ncno, HasBaHe HaJIMIIKOM aGo HeCTavero;
;- 3HAUEHHA j -TO po3psny . i -i uubpw;
(p; - Bara j -ro pospsay;
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‘w(ay, w(r-l1-a) - 3na4eHHs BiENOBiAHO HpiMOro:i 3BOpOTH01"0 KOJiB s
Gy in-9KOro 3HaYeHHs umbpn an” '

EKOHOMquicTL nojaHHd Iudp 3a JAONIOMOTOKW. eleMeHTiB nam'ati 3i
CTifKUMY CTAaHAME MOXXKH PO3IVISIATH SK IIPOLEHTHE CIiBBiOHOIICHHS

Y= P/rrax"'r/mnmin,

ae P, - kinnkicTs HeOOXITHUX CTAHIB eeMEHTIB mam'saTi;
P,..c - MAKCUMAILHA KIJILKICTH MOXJTHBUX CTaHiB,

Posrisialoun HOro mpu m =2, s CHCTEM UHCIEHHA 3 OCHOBAaMH 7 = 2,
r =3, r =10 orpumaeMo, BinnosinHo Y, = 100%, Y;=75%, Y, =62,5%.
ToMy B cucTeMax YHCICHHA 3 OCHOBOIO ¥ > 2 GaxxaHo 34CTOCOBYBATH EIEMEHTH
nam'sTi 3 YHCIIOM CTaHiB, PIBHUM OCHOBI CHCTGMH UHC/ICHHS 7.

TaxuM uiHOM, IUIs BioGpaxeHHs AecaTKOROT nudpH HeoOXigHa HagBHICThR
eJIeMEHTa nam'sti 3 jecsTeMa CTIMKHMM cTaHamMu abo HECATH 6icTabinsHuX
elIeMEHTiB (HampHKIAJ, €JeKTPOHHHX TpHurepie abo ONTOSNeKTPOHHHX
KBaHTPOHIB), '

Tlpyn BUKOpHCTAHHI MaKCHMAaNbHO! KiNBKOCTI ABIMKOBHX eleMeHTiR mam'aTi
Hme= 10 1011 BinoOpaskeHHs AecATKOBHX P, MaTpund (5.4) npuiiMe BUTISL

5.7)

,_."......_...,...,...._.._.Qo
eI e = = R =T =
e o oo o O
e e - o oo oo @
'Hw—oooo’iooio"
T D O OO0 OO0 O
—o o ® O o oo o

QO OO0 O O o

Je panxs 300paXkaroTh BiANOBIAHI KOAH AecaTKOBRHX nubp «; € {0, 9}, a crosm
Y3TOUKYIOTECA 3 pospsaamy j = 0.9 KoxHoro xoxy signosizuol uutdpu. Ipu
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_posrasnaHHi koxiB uudp.y Matprni (5.7), movuHa04H 3.1-T0 JI0 9-T0 PO3PALY,
MOXH2 BU3HAYMTH BiCh CHMETPii, 10 IPOXOIMTS Mo AiaroHani marpuni. Takum
YHHOM, HaBeNCHHMH CIoci6 KOMYBaHHS Mae€ BIACTHBOCTI KOMIUIEMEHTapHOCT],
OCKINLKY HONAaTKOBHIA [0 IEB'ITH KOA MOXKHA OAEPKATH, SKIIO NPOIHBEPTYBaTH
yci po3psAmM TPAMOrO KOAY® i pO3pAIH: JIOMATKOBOIO * KOAY HYMEPYBATH B
3BOPOTHOMY TIOPAAKY BIHOCHO po3psxiB  mpamoro xoxy. Hapenenui
KOMILIEMCHTApHHM KOA Mae - BIACTHBICTE niHiﬁHOCTi, TOMY 11O I HBOTO
BAKOHYCTBCS YMOBa @; < @iy — (@) < w(aiy).

Crioci6 xomypaums, 300paxenuii wmartpuuelo (5.7), € OHMHHYHHM
KOLYBAaHHAM, CyTh SKOFO, HOJNATa€ B. TOMY, IO UH(pa . BA3HAYAETHCA
MiCIe3Hax0[UKEeHHAM TEBHOIO KOy TaKAM YUHOM, INO TIPH CYCLAHIX MicIsx
posTalryBaHHs IMQp IXHi KOAH pigpisuatoTees Ha omupumo. Omie, A
OFMHHYHOTO KOy BUKOHYEThCS yMOBA

7-1

oSace, . 6B
=0
e a;¢€ {0, 1}, =10,
_’ik'npb;j>0‘ ‘
7710 mpuj=0"

- ONMEMYHUA KOJ - €  HAJUIMUIKOBHM MOSHINMHAM KOAOM 3 MOCTIHHMMH
BaraMy po3psaais. Baru pozp;mia onnﬁnquoromony, HOYHHAKIOYH 3 1-ro 1o 9-i,
ABISHOTH COBOI0 ONMHHYHUI IUCIOBUI psn: Ll,..,1.. e (1)

Ockinpkn ounnntmuﬁ p;ux, NOpsA 3 ABIHKOBMM UHCIOBHM pAAOM 2!
(I =0,1,...), nopy4 3 K.TIaCPI'-IHI/IM pszoM ®iGonaui i HaTypaJbHHM PAROM HHCE
CKIIANiac pAMH p-THCen DifoHATYi, TO ONUHUUHHII KO MOXKHA BBKATH OKPEMIM
BHNAZAKOM y3arajbHEHMX p-komis. - ®iGonawdi mpu p=oco. OcobausicTio
OJIMHWIHOTO KONy € Te, o Gyaps-axa uudpa a; BiA0GPaKa€ThCs NOCHIAOBHICTIO
OMHHLG, TOYMHAIOYH 3 1-r0 i Ko #-ro pospsxy {n € [0,1,..., r -11}, cyma AKux
BU3HAYAE 3HAUSHHS BiANOBiAHO! uudpu. OTKe, IPABHIIO KOMYBAHHS JUIs J@HOTO
criocofy MokHa 300pasUTH Y TAKOMY BHTIIAML:

=1

CE= Zau @ = Z“u ¢1+Za,d 901 (59

. J-O - -n+
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1 0 _

e ay;=1l,a ;=0

# - n-f.po3pAN B ONHHUYHOMY [IOAaHHI HAQpPH; IO BiHTOBiige THCIOBOMY
3HAYEHHIO 1aHol UudpH a;.

Bynp-sike HaTypalibHe ‘IHCJIOi'M(’)X(Ha 300pa3HTH 33 JOHOMOTOI0 LIMHX
HEBIA'e€MHUX wuCen Y cucremi p - Hucen @iﬁonaqqi. Buxomuts, 6ynb-axy
IecATKOBY LU®pPY a;, 1IO. BXOAUTH y HarypanbHuit psa uucex 0,1,2, ...,
MmoxAa 300pazuty B Oyne-sxoMmy P-xoal PiboHawdi 3a JONOMOICH HiNHX
HEHEeraTUBHUX 4YMCEJ 7 Ta A TaKKX, IO BUKOHYIOTLCA CHiBBiHOMICHHA

a =@, +h, 0<hs<l, (5.10)

3

e ¢,=n mpune {0,1, ....r-l}._

Buipas (5.10) € pekypeHTHIM CIIiBBITHOLIEHHSM, 1O OPOKYE HATYPATBHAA
pan gucen 0,1,2,.... TAKHM 9HHOM, Y Pesy/IBTaTi OTPHMAEMO BUPa3.

ai:z(;ali.j'("j=0’izol¢j=“:'¢’n ) N CR2S)
_ =0 = -

me o; - ONMHMYHMHN Mapkep, o;=I;
(n - Bara 7-ro po3psay ONHHHYHOTO MO3UIIIHOTO KoY.

Bupas BI/II‘.II}IIIy

=20, S (512
P = R ~ , SR

HA3UBAETHCH (POPMYJIOKO 3TOPTKH 33 RHATOTIE0 3 NONIGHOIO omepalliero B ABiliKOBii
CHCTEMI YHCIEHHS, OCKINBKH B pe3yibTaTi JaHoi onepaiil B. OQUHIYHHX  KOZax
TOCMiZIOBHICT 3 N OXMHHUUB 3aMIHIOETECA ONUHMYHMM MapKepoM y n - i rosumii
KOmoBOT 'I{:OMSiHaui'i mudpy. a;, Hassemo xon, y SxoMy. BarH pospsnis 306paxaiors
HarypalbHui paj uucen 0, 1, 2, ... , OXHMHUMHNM NO3HIIHANM KOIOM Ha BiMiHY Big
OIMHUYHOr0 HOPMAILHOTO KOJY, BATH PO3PAAIB AKOTO BU3HAYAIOTHCA BHDa30M (5.8).
Taxum. ‘; YMHOM, I€peXiX Bil NOJaHHA [ECATKOBHX IHMOP B OMMHIMHOMY
HOPM&IBHOMY KOAI [0, OJMHHMMHOIO MOSHI({HOTO KOXY BHKOHYETECH 3
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BHKOPHCTAHHSM CIIiBBiJHOIIEHHS (5.12).
..-MaTpHIg KOMyBaHHS JECATKOBUX LGP B OXMHHIHOMY. nozmunnomy Koz Mae
TaKu BUTIIS

1000000000
010000000 0.
601000000 0
00061000000
'D]':(n);o Q"o‘vo-l o»o‘"oio 0 (5.13)
000001000 0
0000 000 1-0°0 0
0000000100
0000000010
0000000001

3 marpuui (5.13) BumHO, MO NPH ONMHMYHOMY NO3MUIHHOMY KOAYBaHHI
HECATKOBHX LMQP BHKOPUCTOBYETHCA nosnmm—xpm TPHHIWMI 10JAHHS muop.
Tpa}mumno SaCTOCOByBaHI/IM B EOM € mamx(cn;e no3uLiiiHe ‘mcnemm B AKOMY
uudpa HyNb MONAETHCA SK BIACYTHICTH CHTHANY, 8 ONHHHLS — MPHCYTHICTB.
Hose nopanes asifikoBux mudp B EOM IOBHHHO 33J0BOJBHATH OCHOBHY
BHMOTY - OyTH HesalexKHHM A5 HyNs ¥ oxuHuni, Bianosiggo mo unoro o6uzBi
nsifikosi HHGPH oqHOIO PO3PAMY ITOBHEH] OyTH 306paxeHi CHMBOIOM, 3HAUEHHES
AKOTO BH3HAYACTHCA HOMEPOM f03HLiT ycepetuni po3psany, y kil ueit CHMBON y
Jauuii  MOMEHT 3Haxomuthesl. OCKUIBKHM  NO3KUINHE - WHCHEHHS = Mae
KOHTPONE3NATHICTS, TO 1 mMosuuiliHe mNomaHHs Moro wudp Mac Ty X
KOHTPONE3/ATHICTL 3 TI€H0 K O3HAKOI0 MPABHNBHOTO 3amucy ItMdp: B OJIHOMY
po3psaAi moBHHHO OyTH 3aHcano He MeHme | He Gimbwe oxsoro wEdpoBoro
cHTHANY. AHATOTIYHO U1 TOSHIIHHOTO NONAHHA nudp i3 ocHosowo r > 2
HeoOXinHa HAsABHICTH €AMHOTO CHMBOIY i r mo3uMLii.

Onuum i3 npHKmafgiB  cTPyKTYpHO!I peamizamil  po3MIAHYTHX — BHAIB
OIHHUYIOrO KOXYBAHHS € IOJAHHS YHMCIOBOi indopmanii B TOTIKO-92C0BHX
00UHMCINOBAIBHHX CEPEJOBHINAX 3 BUKODHCTAHHAM TIPMHIMIY KBAHTYBAHHS
vacy. Tyt mq)opmanmnma napaMeTpoM Bncrynae 4acoBHi{ KBaHT, iHBapiaHTHHI
L0 eleMeHTHOI 6a3m.

" Hali6inpm rIpPIPIHS{THPIM "KOZOM IofaHHA iH(opMauii, 3agaHol y BurIAmi
TPUBAJIOCTI.  acOBOrO  iHTepBaly, B - OJHOPIAHOMY - OGYUCIIOBANEHOMY
CEpelIOBHINI, B OCHORI SKOTO JlexaTh OaraTOBHUMIpHi 3cyROBi CTPYKTYpH, €
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ONMHHYHAH KOX. K Gy/0 po3riIfHYTO BHIle, iCHYe JBa Pi3HOBH/IM OXMEMIHOIO
KOAY: ONHHHYHUM HOPMAallbHUH KOJ, KU BH3HAYCHHI K KOX Jacy HOpMaJIbHUH
(KYH), i oqumirynuit nosuuiiamit Koz, a60 Kox Yacy no3unitinuii (KYIJ).

BianoBizno 10 ocHOBHHX KpUTepiiB, TAKUX. AK IIBHAKOAIA, EHEPIOEMHICTD i

3aBaIOCTIHKICTh, NPHMHIMI 3alUCy 3 BHKOPHCTAHHSM KUH Busenaerses
HafGINBIN IMBHAKOR{IOTNM, a 3 BHKOPHCTaHHM KUI] - HaHMEHII eHEPTOEMHEM,
Ienye xomGinopammit mixxix mo xomyBaHHS, Te6TO 3alIpONOHOBAHKHI KOJ I
nofakHs iHdopManii B oxHopiasomy cepenosmig. Lleit KOJX OTPHMaB Ha3By
noriko-gacosoro xoxy (JIUK). Jloriko-yacosuii Koz BUKOpHCToBye kon IKUH npu
samnci ingopmanii, a kon KUII - ams. 36epexends 3anmcanol indopmanii. V.
PE3YNIBTATi, JIOTiKO-4aCOBMA KOZ € MPOGNEeMHO OpICHTOBAHMM Ha MOCSTHEHHS
MakCHMAIIbHO MOXITMBOI CXEMOTEXHiUHOI WIBHAKOAI NpH 3amuci MaruwmHOf
inpopmanii i MmimiManeHO MOXIMBOT  CrOXHBAHOL IIOTYXKHOCTI mpH  ii
30epexenHi. . .

Hns  maounocti  posrisHeMo TIPUKAa  BigoOpaxeHHS  JAECATKOBOY
inpopmanii B oxHOpimHOMY OOYHCTIOBANBHOMY CEpefIOBHII  3a3HAYCHUM
criocoGoM. Jlnst mosaHHs AecATKOBOI LE(PH 33 AONOMOIOK JTOTiKO-4aCOBOTO
KOZy HeolXi/Ha HasBHICTS NiHIHKY 3 AECATH OCTIOBHO 3'€MHAHUK KBAHTPOHIB.
Tpaxran 306paskeHHs XecsSTKOBOT mudipu 7 3a JIOIIOMOTrOI0 MOIYJIA B 42aCOBOMY
i IpocTOPOBOMY BitHOMIEHH] ITOKa3aHHMIE Ha PHCYHKY 5.9.

:Tlowarropit cTan

STTT I
01 2

345 678239

Dasa samch Cran "g"
asza cy D
C1 234 5§67 BIQI CT%T.
Daza 30¢piranys
LI T T T T IXIT]
01 23456728399

Pucynox 5.9 — Ipuxnan Bigo6paxeHHs uHtpH 7 3a DONOMOroo
ONTOEJIEKTPOHHOIO MOy IS

Ksantpon, mo sHaxonutscs y HyJIbOBOMY DPO3psii JiHiiKK, Bkasye Ha
03RaKy poGoTH moxyis. Yucno B miamasomi +1..+9 306pakaerscs B mimiitni
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(Momyni) fiocriosuicTio 3 BifioBixHOI KiNbKOCT OIVHHIE, IO TOYMHAIOTECH
iiBa; Uiicno. B “miamasoHi -1..-9 306paxacrbes’ B MiHIANI nocnifosHicTio 3
BimTOBiAHO! ~KUTBKOCTI -~ ONMHMIb, INO - NOYMHAIOTECA  crpasa.. Umeno: "o"
[IOfIAETECS BIACYTHICTIO OMHHILG. T

"B onHopizmoMy CEpENIOBHILI 3a JIOTIOMOTOK0 NECATKOBHX HMCEN MOXIHNBE
TAKOX BifoOpaKeHHN TleancIIOBOT iH(opMarii, 10 SKOT BIIHOCHTECA CHMBOIBHA i
rpadiuna. ITpn npoMy HeOGXiIHO Bi3HAYMTH, IO BHKOPHCTOBYBAHE B IAHOMY
BHIANKY KOAYBaHHS iHQopmauii TakoX € JIOTIKO-4aCOBHM. Tpadigna i
cuMBOIbHA indopManii moxarThed Ha OfIHOPIMHOMY CepelOBHINI 3 JOBLILHEM
po3TamyBaHH;{M' HyJis 1 onHHAIE B 06paHoMYy Macurrabi auckpernsanii.

5.3.2 Cunre3 GaraToQyHKIIOHATEHIX MOZYIIB Ha KBAHTPOHAX 1 MPHKIANH
ix peanisauii ' '

-Osnauenns 1. 3amuc Bxipmoi ingopmanii, npH fKoMy 3AiHCHIOETHCH
HOCNiZOBHe = 3aram'siToByBaHHs  iHbopmanii, - Ha3uBaeTbCA "II'ITOPKOBHM"
NPHHIAIIOM 3aucy iHhopManii. : ‘

Busegemo xapax’repncmqﬂe pisusgns xBamtposa (puc. 5.10). 3 ujeto
METOI0 CKJaZieMo TIOBHY Tabmuuo repexonis (tabn. 5.1). jaHoro KBaHTPOHA i
KapTy MiETepMiB (puc. 5.11) s cxafanHs HOro XapakTepuCTHHHOr0 piBHAHHA,
{0 Ma€ TAKUH BHATISAA:

Q=0 +Tx (5.14)

—T+Ex
e

T

Xy~ ZN ZS“:-:ﬁZCJI '
I
. R

Prcynox 5.10 — KBanTpoH Moxym 3 "ITOPKOBYM" IIPHHLMIIOM 3arrﬁcy imbopxgxaui‘f
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Pucynoxk 5.11 — Kapta miaTepMiB kBanTpoHa MOyns 3 "INTOPKOBHM"
MIPUHIHKIIOM 3aIHCy IHpopManii

Tabmmus  5.1- lloBma Tabnmius nepexodiB KBAaHTPOHAa MOAyNs 3
"UITOpKOBUM" 3aNHCOM IHGOpMaNi]

(2

2
on

——m—moc oo | O
£ 4

—_0 e O D e D H

[ e i = N T

[l N o B o B B o)

3rinno 3 (5.14) oxnunuumuM# ontMuHMH BXix X, &aHOTO KBaHTpOHA
KepyeThes 3a enekTpudHuM BxogoM T . ' '

3 MeTOH0 NOMmyKy PiBHAHE BXOZIB KBRHTPOHIB MOMYJIS CKIANEMO CKOpOYeHy
Tabnuio mepexomie (puc. 5.12), y sxilf BpaxomyroTecs mepexomu Q' — Q!
TiMBKM WiA BIIMBOM X;. -

Q| x| Q" f L X ] f, | X
ol ol o o o] o o | o
0 1 1 o | 01 0,1 | 1 X
1 0 1 1 o 1 o 1~
1 1 1] 1 B | X B | X

Pucynok 5.12 ~ TleperBopenns ckopo4eHoi TabMuIIi TIEPeXOIiB Y CIOBHUK
Mofyns 3i "mrTopkosum” 3anucom iHGopManii
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Buxonsdu 3 o3HauCHHA IIITOpKOBOl‘O NpYHUMIY 3anucy  iHdopmatii
mofamo rpad mepexonis Tpnposp;mﬂoro mojityns (puc. 5.13), 3a sKUM CKnageMo
Tabmumo omuciB  {Tabm. 5.2). cyOCHCTEMH ONTOENEKTPOHHOTO MOZRYJA 3i
"IITOpKOBMM" IIPHHIMIIOM 3aIrlucy mq;opmauu Hesixi cTtanu Momyns, IIo He
BILIHBAIOTH Ha OpTraHi3alilo NMpUHIHIIIB 0GY/I0BH MOYJIB, HE POTIAITHCS,
Jbia takux cyGCHCTEM BOHH € HeBH3HAYEHHMY.

g 1’ A
\001) \1011

N ™~

\—

\.a

Pucynox 5.13 — I'pac nepexozis cyGeyrcreMu Moy 3i "IUTopkosuM”

TIPUHIIHIIOM 3aITHCY iH(popMamii

Tabauug 5.2 — Onne Moyt 31 "mtopkoBuM" 3anHcOM iH$opmail

2

Homep t tt1]

CTaHy A B C A B C
1 0 0 0 a 0 0
2 1 0 0 + 1 a 0
3 1- 1 0 1 1 a
4 1 1 1 X X X

b

SAx purmmBae 3 1abn. 5.2, y Takuit cybcHereMi IpH HAasBHOCTI 9acoOBOI
inpopmanii T sinbysaeTncs nocminopHui 3amuc oguHMLI YacoBol indopmanii B
KBAHTPOHH MOIyIsA 3a cxeMoio A—sB—C. Ilepiomn dynxuiit 4™/, B C*™/
BH3HQ49UMO 32 JOTIOMOIOK) 3aHECEHHS 3HAUCHb CHMBONIB Y KJITHHKU Aiarpam
Beiiua (puc. 5.14) signosiaxo fo crosruka (puc. 5.12).

Tparcmondanis aiarpam Beifya (pnc. 5.15) y piBHSIHHA BXOAiB KBaHTPOHA 3i
"IITOPKOBMM " TIPHHUHUIIOM 3anucy indopMauii npHBOJNTE JO BUpPa3y



_A_
Bl 1| XX} X Bl L ['X!| X|X Bil ¢ | X XI X
11X X|o a|X| X0 X|X{0
C C C
Pucynoxk 5.14 — Kapra MiHTepMIB CTaHIB KBAHTPOHOB MOAYIA 3i
"IITOPKOBUM" IIPHHIMIIOM 3amicy iHdopManii
A | ' A - A
B|X|Xx|X|X| B||X[X]|x|x| Bsl|LIX][X]X
X X[X]|X 1/ X|X|0 0 X{X| 0
c . C T Cc
X=X Xip=A Xic=B

Pucynok 5.15 — Kaptu MiHTepMiB QyHKIil BXONIB KBAHTPOHIB
Momyna 3i "INTOPKOBHM" NIPHHIMIIOM 3&IIHCY
indopmanii

HommpenHs OTpUMaHMX BHPa3iB Ha JOBIIBHE YHCO poO3psiB -
KBAHTPOHIB ~ Hac  MOXIMBiCT  moOyJAyBaTH  CTPYKTYPHY  CXeMy
ONTOENEKTPOHHOTO MOAY/S 3i "ITOPKOBUM" MPMHIMNOM 3amucy iHdopManii

(puc. 5.16).
T o—

Ky Kp K¢

Pucyrok 5.16 — CTpykTypHa cxema Mozyss 31 "mropkosam”

3amucoM iHQopManii



Osnauennsa 2. 3amuc  BXigHoi iHdopmauii, mnpu skiif . modeproso
3MiHCHIOETBCA  MOCTiNOBHE éanaM'm-quBaH‘rm inpopmanii i 1 crupanns
HA3UBAETHCA "MapKepHHM" IPUHLMIOM 3aIHcy iHdopMmanil.

Hagenemo xapax'repucmqﬂeipimmmvi, KBaHTpoHa (puc, 5.17) ana myns 3
"MapKépﬁmx" MIPHHLANOM 3arucy indopmarii. : }

T °+By T °+E o
AN/
om _om | om o
X— 78 R ~N/CR X;— 7N N =—/CA
‘ 2 [ Tp
. I R . - Xz—" ZS (I’JI3
1 a 6

PucyHok 5.17 — KautpoHU MOIYJIs 3 "MapKepHUM" NIPUHIUIIOM 3aITHCY
ingopmanil

Cnig  3a3HaYWTH, WI0 CKUAAHHS KBaHTpPOHAa Moxe BiaOysatHca
€NEeKTPHYHUMH abo onTyHum# curHanamp. Ha pue. 5.17, a, 6 naBepmeni ngi
GYHKIIOHANBHI CXeMH, IO BIIHOBIAAIOTH ABOM MOAHMIKALiIM KBGHTPOHIB.

, - v
Tabnuus 5.3 — Tabmuia 1epexofiB KBaHTPOHA 3 MOXJIMBICTIO CKHOAHHA
€NeKTPHUHHM  CHTHAJIOM MOAYIs 3 “"MapKepHHM"
TIPUHLMIIOM 3anucy indopmarii

T | Q| X |Q" f
0 0 0 0 0
0 0 1 0 0
0 1 0 0 B
0 1 1 0 B
1 0 0 0 0
1 0 1 1 o
1 1 0. 1 1
1 1 1 1 1
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Cxnamemo Tabnuui nepexoxis (tabm. 5.3 i1 5.4) nammx moxudixauii
KBaHTPOHIB 1 KapTH MiHTepMIB it XapaKTepHCTHYHOTO piBHAHHA (pre. 5.18 i
5.19), a noTiM nepeTBOpMMO 1X y BiANOBiNHI CIOBHUKK (puc. 5.2015.21).

Tabmius 5.4 — Tabnuns nepexoniB KBAHTPOHA 3 MOXIUBICTIO CKHAAHHS
ONTHYHHUM CHTHAJIOM MOZIY/A 3 "MapKepHUM" TIPHHIIHIIOM

3anucy iH(i)Op’MdLﬂ'f

T | X | X | Q|Q"]
ool oo oo
oo o111
0olo{1!01/] o010
o0 1t | 1]o01|GB
0] 1100|010
0 't ol 11|
O 1L {10 ]o0o] o0
o 1|1 ]1}o0|p
1 0 0 0 0 0
1 0 0 1 1 1
1 0 1 0 0 0
10| 1 1o | B
1|1 ]01 0] 1]«
110111
11| 1.0 010
1L i1t i1l 10l sp

T

<o) o 1L

) glf 0

X4

Prcynok 5.18- Kapra MiHTepMiB na XapakTepHCTHIHOTO piBHSHHS
‘KBAHTPOHZ 3 MOXIHBICTIO- CKUIAHHA €NeKTPHIHUM
CUTH&IOM MOIyjs 3 "MapKepHHM" NpHHIHITOM
3anucy iHgopmanii
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Pucynoxk 5.19 ~ KapTa MiHTepMIB 11 XapaKTepUCTHYHOTO PiBHAHHSN
' xéaflipOHa 3 MOXCIHBICTIO CKHIAHHS ONTHYHHM
CHTHalnOM MOAyAs 3 "MapKepHUM" IIPHHIHIIOM

3anucy iHthopManii

Ilepexonu aprymenTy dyukuit Crnosuuk 1
f, 1 T | X ' o | T | X
T=0 =0
‘ (1) 0 0,1 (1) 0 X ,
o - - a - -
B 1 B 0 1
Iepexonu aprymeHTy GyHKuii . CroBuuk 2
f T | X ‘ i T | X4
T=1 ’ T=1
0 1 0 0 1 0
1 1 0,1 1 1 X
a 1 1 o 1 1
B | - | - B | - | -

Pucynxo 5.20 — Iepexoan craniB KBaHTPOHA 3 MOXIHBICTIO CKHAAHHESA
7 GNEKTPHYHHMM ~ CHTHANOM Monyns 3 ‘'mapkepHum"
HPHHLANOM 3anKcy indopmauii ta I nepeTsopenns B

CJIOBHUK : '
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Tlepexonu aprymenty gyHxuii : Crosnux 1

f T | X A f, T | X
. 0 101101 0 | X | X

L101] 0 1 X 0

a - - o -

5 1 1 B X 1
Tlepexonu aprymenty ¢ynkrii - Crnoenuk 2

fq X| » Xz ‘ fq . Xl XZ

T=1 T=1
0 [ 01701 ;10 X X
' 1 0,1 0 o1 X 0
a 1 0 a 1 0
B |01 1 B X 1

Pucynox 5.21 — Ilepexonu cTaHiB KBAHTPOHA 3 MOXKIUBICTIO CKUNAHHS
ONTHYHUM  CHTHRJIOM  MOAYJst 3 "MapKepHHM"
TIPHEHIMIIOM 3aITHCy mq)opmauu Ta Il NEepeTBOpPeHHa B
CIIOBHUK

3 xaptu MiHTepMmiB (puc. 5.18) xapakrtepucruine PIBHSHH KBaHTOpHA 3
MOXIHBICTIO CKUAAHHS C/IEKTPHYHHM CHTHANOM M€ TAKHil BHITISL:

Q" =T(@ +X,) . (5.15)

Sk BupHo 3 (5.15), onMHWYHMIA- OTHYHMI BXin KBAHTPOHA KEPYETHCA
CHTHAJIOM Ha eNIEKTPHYHOMY BXoAi T, a nepexm KBaHTPOHA B 30YMkeHNH cTan
a6o itoro cKUIaHHA 3al1eXHTh Bif piBHs cnrHany na Bxozj T.

Buxonsaur 3 osHaueHHs "MapkepHoro" NPUHUKAY 3anucy iHGopmaii
TOKaXeMO rpad IepexoAiB TPUPOPAZHOTO Moxyns (pHC. 5.22), 33 sKHM
ckmafemMo Tabnumo omucis (tabn. 5.5) cy6eucremu Moayns 3 "MapkepHum"
TPHHLIMIOM 3alKcy indopmanii,

137



/ AY
111
\ )

-

Pucynox 5.22 — I'pad nepexogis cybcucTeMu MOIys 3 "MapKepHHM"
MIPUHIMIIOM 3anucy iHdopmanii

Tabnums 5.5 — Onuc momyns 3 "Mapkepuum" 3anucom iHGopmanii

Homep L ttl

CTaHy A B C A B C
1 0 0 0 a 0 0
2 1 0 0 B a 0
3 0 1 0 0 p a
4 0 "0 1 X X X

. . . Ta t+]
AHAJIOriYHO NOTIepeIHEOMY CHHTE30Bi MOAYJIs niepioan QyHKuiH A , B
™1 ¢*™! pu3HAauMMO 3a JIOTIOMOTOI0 33HECEHHS 3HAYEHP Pi3HHLEBHX CHMBOIIB y
KJTHHKH giarpamu Beitua BinnosinHo fo cnoeHuKa (pHC. 5.23)

A AT . BHIQ A cttl
BIIX|X{X]|O0 ]3| XIXIX|P BHX | X|X| @&
BlIX | X|a a|X|X]|0 01X | X

PucyHoK 5.23 — Kaptu MiHTepMiB CTaHiB KBZHTPOHA 3 MOYKIHBICTIO
| CKMIaHHS €EKTPHIHMM CHTHAJIOM

Tpancnonauis giarpam Beitua (puc. 5.24)'y piBHAHHA BXOJiB KBAaHTPOHEZ 3
MOCJIHBICTIO CKMIAHHS €JIEKTPUYHHM CHIHANOM MOIyJAs 3 "MapKepHuM"
NIPUHOUTIOM 3anHcy iHpopManil IPHBOMTEL O TaKUX BUPA3iR:

Ta=l; Tg=L Tc=I; (5.16)
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(X)a=B’; Xp=A: (X)c=B. ... - (5.17)

B

A A e
Bl|x{x|x]|1 Blix|x|x|xl llx|x|x]1
x|x|x|x x| xlx|1 1] x| x|1
c c c
T, 1 Tp=1 Te=1
A A A
B||X|x[x]0 B||IX | X} x| X B|IX | X|X|'T]
XTx %] 1 1 xx[0 olx|x|o
—i= = — : -—-—_C | o —F
X14=B Xp=A Xy =B

. .

Pucynok 5.24 — Kaptu mintepmis ¢ynxniit Bxozis KBaHTPOHA 3 MOMITHRICTIO
CKUZIHHA eICKTPHYHHM CHTHANOM MOy 3 "MapkepHuM"
NPHHIMIIOM 3anucy iHdopManii :

Bupas (X)), = B o3Hauae, mo CHpaHBOByBaHH}I po3psany A BinOysaeTses 3a
YMOBH H636V}1>KeHor0 pospsany B. Inumimu ciopamu, pospsa A mepexosmts y
36YIKeHUit CTaH TiNbKH y BUNaAKy Tofadi Ha HOTo OZMHUYHH ONTHYHHI BXif
CHTHaIy 3aIycKy. o v

TTomnperss oTpuMaHuX BUpPa3iB Ha JOBUIBHE 9HCIO PO3pANiB-KBAHTPOHIB 3
MOXJIMBICTIO IXHBOTO CKHAAHHS . eNCKTPUYHHM CHTHANOM NPUBOAATE O
noOyNOBH CTPYKTYPHOI CXeMH ONTOEJEKTPOHHOIO MOMYJIs -3 "MapKepHuM"
IPHHOUNOM 3anucy indopmanii (puc. 5.25).

Sx BunnuBae 3 KapTH MiHTepMiB (auB. puc. 5. 19), xapakTepucTHuHE
PIBHAHHS KBAHTPOHA 3 Mommmcno CKH/IaHHA ONTHYHHM CHTHAJIOM MOIYyNS 3

"MapKepHUM" IPHHIAIIOM 3aITHCY m(popmaun OHHC)’EJTBCSI B TakHH croci6:

o™ =7l(z(Q‘+ X)) (5.18)

3 MeTOK YCYHEHHs NOMHIOK IIPH CHHTe3i cXem MOZYJIs Ha KBAHTPOHAX
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3aCTOCYEMO HOHATTA "HecyMicHICTR" MOMiH, {0 XapaKTepu3yeThcs po3BikHicTIO
B Yaci CHTHaJIy Ha HyJNHbOBOMY 6nmqnomy BXOXi 3 TAKTOBHM CUFHaNoM. ToMy
1ab11. 5.4 nepexoniB KBaHTPOHA HEPETBOPUTLCS B ABA CIIOBHMKMU: JUIS-CHTHANIB
TIpH HaABHOCTI § BifCyTHOCT TaKTiB,

D S l

K¢

B e

Pucynok 5.25 — CTpykTypHa cxeMa ONTOEIEKTPOHHOTO MOAYINS 3 MapKepHuM"
IpUHLAIOM 3amucy iHopMartii

A A A
X|X|X|X XX x| x XXX 1
B x| x|1] B 1xx x| Bl|x|x|{x|x
c c c
Xa=X Xp=A X =B
A A S . A "
X x| x| x| |X[X[X] T X (X | X} 0
B 1x x|o| Bllolx|x|x 8l xlix]1lx
- c - T C
Xac=C

Xoph Xo3™B

Pucynok 5.26 — Kaptu mMinTepMis QYHKLUIT BXOIB KBAHTPOHA 3 MOXKIUBICTIO
CKHIAaHHS ONTHYHMM CHIHAJIOM MOZyJ1s 3 "MapKepHHUM"
NpHHOMIIOM 3anHcy iHdopmauil

Tpancnossnis iarpam Beitda (puc. 5.26) y piBHsHHI BXOJHiB KBaHTPOHA 3.
MOXJIMBiCTIO CKMIAHHA ONTMYHMM CHCHAlOM MOXYJA 3 "MapKepHuM'
NPHHIMIIOM 3200y iHQopManil IPHBONUTE 0 TaKHX BHpa3is:
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(XDa=X; (X)e=B; Xe=B;- = - . (5.19)
(X2)a=A; (X2)e=B; (X2)c=C. : (5.20)

Ileperroprotoun BHpaz (5 20) s KBaHTPOHIB, AISt HYHOBHX ONTHYHUX
BXOZIB 3HAXOUMO AifcHi ixui 3Haqemm,

(X)a=X; (X2)r=A; (X2)c=B. (5.21)

TTontuperHs OTpUMaHNX BUPA3iB Ha JOBLIBHE YHCIO PO3psiIiB-KBAHTPOHIB 3

MOXIHBICTIO IXHBOTO CKHIAHHA ONTHYHHM CHIHAIOM AosBONsE T0GynyBaTH

CTPYKTYpHY cXeMy (puc. 5.27) momudikopaHoro onToeneKTpOHHoro MOAY.IS 3
"MapKepHHM" IPHHIMIIOM 3anucy iHbopManil. -

T o—
¥ ]
Lo l
— 1 ] > 1
K, Kp K¢
ro o 0"

Prcynox 5.27 — CtpykrypHa cxema momudbikosaroro ONTOENIEKTPOHHOTO
MOZLyJisi 3 "MapkepHUM" IPUHIATIOM 3amHCy iHdopMaLii

3 rpada nepexomip (muB. puc. 5.13 i 5.22) MOZYMiB 3i "wTopkoBHM" i
"MapxepHUM" anHuuﬁaMH 3anucy indopmauii BHHUKAE 3a/ia9a CUHTe3y Takol
cyGcucTeMs, NpOMiIXHI Tepexoou skoi aHamoriymi nepexojfaM KBaHTPOHIB
MoIyss 3i "IITOPKOBMM" NPHHLMIOM 3alHCy, a KiHUeBMH cTan cybcucremMu
BiZNOBijlae KiHIIEBOMY CTaHOBI cyGcncTeMu MOy 3 "MapKepHHUM" NPUHIHIIOM
3anmucy indopManii.

‘Osnavenns: 3. 3anue pxigmoi inpopManii, nin wac sxoi 3AiHcHIOETECS
nocuigosue it 3amaM'ATOBYBaHHs, 1 micis 3aKiHYEHHS - OJHOYACHE CKMOaHHA,
KpiM  octauHBO] omuHuNi  iHQopmaiii, OymemMo HasuBaTH "M TOpPKOBO-
MApKEpHUM" IpHHLHTOM sammcy. '

Cxema kBanTpoHa 3i "IITOPKOBO-MapKepHUM"  MPHHIMIIOM 3anucy
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Pucynok 5.28 — KBanTpos Moy 3i "IITOPKOBO-MAPKEPHHUM " IPAHIIMIIOM

sanucy indopManii -

Tabmats 5.6 — Ta6iTH1A nepexo/iiB KBRHTPOHA 31 "IITOPKOBO-MAPKEPHIM"

NPUHIUIOM 3anucy indopmanil

Qt* i

P e eyt et et

L

— — OO

— e 3

Wloocoooo e e
v.AIO,,OOO.,lll OO
gloo— oo~ 00 110011
.TAOIOIOI,O.. S OO =S~
T [t e
M.QOOOOOH...O (==
MO0 OO OO OO m rt i et
b IO OO O 0“0..0011‘,11
Tn.OO.L..IOOl 0,\0110011
1.01010“1.010.10101,01
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CkmaneMo [ HbOro NOBHY TaGIHLIO nepexonin (rabi. 5 6) i xapry
MlH’I‘eleB g oro xapax*repncmqnoro plBHﬂHHH (pnc 5.29).

Ty T,
, o ix{folojoll1]lo] o
T
oflxitolollt i1 1
| Q!
i [y .
ofltfjojojol[ilo]o

X1 ’ X]
X2

Pucynox 5.29 — Kapru minTepwmis s XapaKTEPHCTHYHOTO PIBHAHHA KBaHTPOHA
cnpoinenoi cyGcuerems Momyns ai "LITOPKOBO-MApKepHEM"
TIPHHIUIIOM 3amucy iHbopmanii

3 XapTW MiHTepMiB XapaKTepHCTHUHE PIBHSHHA KBAHTPOHA MOAYIA 3i
"IITOPKOBO-MapKEPHAM" IIPHHIHIIOM 3anucy iHdopManil 3anHcyeTbes y BUMISA

Q" =0'(X2+T2)+ TX,.
Cunresyemo cnpomeny mMoaudixaino cybeucremu MOIyns 3i "ITOpKOBO-

MapKepHUM" npuHmMnoM 3amucy. [pad mepexonis i omuc JaHol cybcucremu
HaBefieni Ha pUcyHKY 5.30 Ta y Tabauui 5.7, Bignosimno.

Pucynok 5.30 - I'pag nepexozis cnpouerot cybcucremMu Moy 3i
"IITOPKOBO-MapKepHUM” NPHHIHNOM  3amuicy
inbopmanii
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Tabmans 5.7- — Omnme, cripomenoi . cyGeucTeMy: MOAYNA ‘31 "MITOPKOBO-
MapKepHUM" IPHHIMIIOM 3aITHCy iHQopManii

Homep t t+1

CTaHy A - B “C A B C
1 0 | - 0.1 =0 a -0 0
2 I 0 0. 1 a 0
3 1. Bt 0 1 I a
4 1 1 1 B p 1
5 1 X X X

IeperBopenns cxopouenoi Tabmuni mepexomis (Tabn. 5.8) y cnoBHHKM
TIOKa3aHe Ha pHC. 5.31, a KapTH MiHTepMiB cTaHiB i QyHKIIM BXOAIB KBaHTPOHA -
Ha puc. 5.32.

Tabnuws 5.8 — CropoueHa Tabunus nepexonis

T1Q !X X |Q" f
olo]o]olo]o
0 |.0 1 [0 1 o
0! 0] 0 1 0 {0
0 [0 1 1 1 o
o1 0] 0 1 1
0 |1 1 0 1 |1
0 1 0 |1 |1 1
0 1 1 1 1 1
1 t“0 {01 0| 0] 0
1 |0 1 0 1 o
1|0 0 | 1 0| 0
1 0 | 1 1 X | X
1 1 0 0| 1 1
1 1 1 0 1 1
L]t 0 1 0 | B
1 1 1 1 | X I X
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lepexonu aprymenty dynknii Cropnuxk 1

‘ B X X S ey X ‘ X2

iy 0 S0 | =
0] o |01 o o I'x
R 1 [ X | X
o 1 0,1 o | X
i R N

Tepexomn aprymenty GyHkuii -  Cronmie 2
. qu Xy ':_Xz ) fq ‘Xl X,

T=0 T2=‘0

—_— 0 {0101 o x| x
) 0,1 0 — X X .
o 1 O o y 0

Pucynox 5.31 — ITepeTBopeHHs TaGIuLi mepexonis CcrpolueHol cybencremn
’ KBaHTPOHA MOJIYIIS 31 "HITOPKOBO-MapKepHuM"
MPHHIMIIOM 3amHcy iHdopmanii

) t+1

':_FA‘( Atﬂ. R . ‘B” N c
Bl UIBIxX]|xX Bll1{B|X|x Blla|1|X
1x| x| x | X| x| o0 0 X|x
—c : —c Cc

Pucynok 5.32 — Kapru MinTepMiB cTaHiB KBaHTPOHIB cripomeHoT
cybencTeMn MOIyIs 31 "HITOPKOBO-MapKepHuM"
TIPHUHLMIIOM 3anucy iHdopManii

Tpancronsuis. giarpam Bediua (puc. 5.33) y piBHSHHS BXOAIB CHpOMICHOT
CyOCHCTeMH KBAHTPOHA MOLYIS 31 "LITOPKOBO-MapkepHUM" HPHHLIMIOM 3alHCy
isopManii NPHBOAUTE 10 TAKKX BHpasiB: .

o Oi%)A=X; (X)) p=A; (Xx)c:B; (5.22)
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(X2)a=C; (X2)s=C; (X3)c=0. (5.23)

I3 cuHTe30BaHO! CTPYKTYPHOI CXeMH MoIyns 3i "LITOPKOBO~MapKepHUM"
[IPUHIHAIIOM 3aIHCy iH(i)opmauii‘ (puc. 5.34) BRAHO, MO MOMMPEHHST OTPHMAHHX
BHpasiB Ha IIOBIJII:HC YHCTO pO3PAAIB IPHBOAUTE N0 HOOYAOBHM MOAY:s i3
3azganerins 3a/laHIM xoeqnme}rrom nepemope}mx PIBHHM dHCOy fioro
pO3pSAIB.

A A A
X|X|x|X X Xix|x LIXIX]X
B|x|x|x[1]| sl1|xix|o Bllo|x|x|0
C c _ ' C
X=X Xp=A Xic=B
A 7 A A
0]1|x|x 0l1|x]|x 0lolx|x
sllo | x[x 0| 8llolxx|x]| s5l[x[xlx x

Xoa=C . XpC  Xac™0

Pucynok 5.33 — Kapm MIHTEPMiB GYHKUIH BXOJiB KBaHTpOHIB
CIIPOIIEHO] cy6cnc*re\m MOZayns 3i "urropKOBo-
MapKepHHM" HpPIHIlHHOM 3aimcy indopmanii

e et

Pucynok 5.34 — Cripomena cTpykTypHa cxema OIITOENEKTPORHOrO MOy s 3i
"IITOPKOBO-MapKepHAM" NPHHIIIOM 3anucy ingopmanii
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Y papi BHNAAKIB Take NeEpEeTBOPEHHA BHABIAETLCS HeehEKTHBHUM, TOMY
CHHTE3yEMO ONTOCNCKTPOHHEIN MOIYIb 3i "HITOPKOBO-MapKEPHBIM" IPHHLHIOM
3anucy indopmanii 3 JosinsHEM KoedimienTom NepeTBOPEHHH, 3HAYEHHS JKOTO
. MOXE 3MIHIOBATHCS B 3aNeXHOCTI Bil YacOBHX XapaKTepHCTHK BXiIHOTO
curHanty. s uboro HapeseMo TaGiMLIO TIepeTBOpeHHs ‘nepexoaiB KBaHTPOHA
(rabn. 5.9), noBuuii rpad nepexonis CyGCHCTeMK‘ Momyns 3i "mrropkoso-
MapKepHUM" NpHHLMIOM 3amucy indopmauii (puc. - 5.35, 5.36). Onuc
CyGCHCTEMH TaKOTO MOYJif JaHui y- Téﬁﬁﬁui 5.10. -

Tabnung 5.9 — Tabmmus nepexonis

QX | X Q" £
0 0 0 0 0
0 |1 0 1 a
oo |1 ]o]o
0 1 110 0
1 0 0 1 1
1 1T 10 1 1
1 0| 1] 0 B
1 1+ 1 1 1
ITepexonn aprymenty dynxuii CrnoBHEK
fq . X] X2 fq Xl XZ
— - K
0 1010, 0 X I'x
1 0,11 0,1 1 X X
a 1 0 a | 1 0
- B 10,1 1 B X 1

Pucynok 5.35 — IleperBopenns Tabunui NepeXoxiB KBaHTPOHIB 3i "IITOPKOBO-
MapKepHUM". IDHHIUIIOM 3aIIHCy iH(OpMAIil B CTOBHHK
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Pucynox 5.36 — I'pad nepexonis Mo,r_(yn;i 3i "mrropxoBo-MapkepHuM”
IPRHIANOM 3armucy iHpopMantii

Tabmang 5.10 — Omuc cyGcHcTeMy  ONTOCICKTPOHHOPO MOMYNA 3i
"ITOPKOBO-MapKepHHM" TIPHHITUIIOM 3aIucy
indopmanii

Howmep t i+l

CTaHy A| B C D Al B C D
. 0 0 0 0 a a 0 0
2 1101 0] 0! X| X | XX
3 0 1 0 0 X! X1 X1 X
4 1 141 0 0 1 1 a 0
5 0 0 1 0 X X1 X1 X
6 1 0 1 0 X X | X 1 X
7 0|1 1 0 X X | X1 X
8 1 1 1 0 1 1 1 a
9 0 0 0 1 X X[ X 1 X
10 1 0 0 1 X X | X | X
11 0 1 0 1 X{ X1 Xi1X

S 12 1 1 0 17X X1 X | X
13 0 0 1 1 X X1 X | X
14 1 0 1 1 X X1 X1 X
15 0 1 1 1 0 B § 1
16 1 1 1 1 B 1 1 1
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CrirazieMo xapTy MiHTEpMIB CTaHIB KBAaHTPOHIB Moayis (pHc. 5.37) i kapty
MiHTepMiB dyHKIiiH BXOniB KBaHTpOHIB (pHc. 5.38).

t+1 B +1 ct +1

D
A A ‘ A . A . A
a X |X|X o | XXX To|x|x|x 0|X|X|X
x| x| x|x| [x[x|xIx X‘XXXI x| x[x]|x|l
c C c C
xole [ o] IixPeo [ | =l o |[x[t]1]a|
BT B B B
[x]x]x] 1] " x]x]x: [xx]x]«] *[x[x[x]0
Pucynok 5.37 — Kaptv MinTepMiB CTaHiB KBAHTPOHIB MOAYIIS 3i
" IITOPKOBO-MapKepHUM" IPHHLHIIOM 3aITHCY
A A A A
1[X|X|X 1IXix|x X|X|X|X X[X[X|X
D
x|x|xIxl] [x|x|[x|x|| [x[x|x|x X[ X| X | X
C C c o
XIX|X|x X|XIX|X X[X[x[X X|{x|x|1
B B B . B
X|x|x|x xix|xix| Tflixix]x|1 X|X|x|x
D D D D
X1A=X X]B=X ch_B X1D=B
A A A A
0| x|[X|X 0|X|X|X x|[xTx)x X|X|x|x
X|X|[[x|x x| x[x[x x||x|xjx X|X|x|x
C : c c o
X|x||1]x Xx|1]x|x x| x| x XIX{X|0
B B B B
X|X|Ix|x X[ X[ x|x| Thx|x|x|o Ix|x| x| o0
D T D D D
XosA - Xpp=C : Xyc=D Xop~0

Pucynox 5.38 -- Kaptu mintepmis ¢ynxuii BXoais Moayns 3i "mropkogo-

MapKepHUM" IPHHIIMIIOM 3anucy iHdopmanil

Y nauilt cybcuctemi ofMH i3 KBaHTPOHIB (puc. 5.39), Wik BH3HAYEHOCTI - A,
€ fronoMixuAM. Tabauus nepexollis | kKapTa /s CKIGNAHHS XapaKTePHCTHMHOIO
piBHsHHS HaBenieHi B Tabu1. 5.11 i Ha puc. 5.40, BiNIOBiAHO.
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Pucynok 5.39 — JlonoMixH#it KBaHTPOH MOAYJIA 31 "IUTOPKOBO-MAPKCPHUM"
NPHHIHIIOM 3anuCy iHopMaiii

Tabnui 5.11 — Tabruisg nepexonin

T Qt K Qt‘Hv
0 0 0 0
0 0 1 0
0 110 I
1 1 I l
1 0 0 1
1 0 1 0
1 0 1
1 1| 1] 0
K
QT o 1
[P Ay & uilintd o4
0100
T

Prcynok 5.40 — Kapta MiHTepMIB JUTA XapaKT€pPHCTHYHOTO piBHAHHA

,HOHOMi)KHOFO KBaHTpOHa

Big3HaumMo, IO 33KOH (YHKIIOHYBaHHS [OHOMDKHOrO KBAaHTPOHA

3aeXUTh Bif 9acoBoi smiaHol K.
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' -Xapaxrepucmqne PIBHAHHS JOMOMIXHOrO -KBAaHTPOHA -MOKHA 3aIIHCaTH
Tak: ’

O =K(Q' +T)+TQ".

3 miarpamu Beftua (puc. 5.37) BuiunBae, mo piBHSHHSA BXOMIB' KBaHTPOHIB
MOJIyNA 3i "INTOPKOBO-MapKepHUM" NPHHIAIIOM 3aITuCy iHbOopMartil Mae BUMIISL

Ea=X; Kip=X; K)e=B;X)=C; - o (5.24)
(X2)a=A; (Xz)B G (Xz)c =D; (Xz) 0. (5.25)

Koprictytouncs  Bupasamu (5.24) T2 (5.25), HeBaxxo mOGyZyBaTH
CIPYKTypHY CXeMy ONTOENeKTPOHHOTO MOJHyss 31 "IITOPKOBO-MapkepHHM"
IPUHIHNOM 3armucy indopmanii (pné.— 5.41). ’ '

+

0 0 = 0 = 0
l—) ‘ rﬁ —— #

PucyHok 5.41 ~ CTpykTypHa cxeMa ONTOEIeKTPOHHOro MOLYs 3i
"IIITOPKOBO- MapKepHPIM NPUHIMIIOM  3arHcy
1H¢1opMauu '

Takum YMHOM, Ha OCHOBI anapaTy _CHHTe3y HO]"I'{HPIX cxeM HECKIIA/IHO
no6y11yBaTu CprKTyle CXGMH onToeneK'rpOHHﬂx Moz[ymB 3i "IITOPKOBAM",
MapKepHuM i HJTOpKOBO-MapKepHHM" HpHHL{Hl’IaMH 3anncy m(bopmaun
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.+:5.3.3 - JluHaMivyai ‘ONTHYHE ONepaTHRHI 3amaM’ATOBYBANBHI NPHCTpol Ha
BOJI3 ' :
OuTrYHy maM’aTh, AK 1 3BUYaiiHY, MOYKHA PO3ZINHTH Ha KOPOTKOYACHY T

. mosrorpusany. KopoTkouacHa mam’sTe 3abeameuye 36epeKeHHS HEBEITHKOTO
o6’emy iHpopMaLii, 3aBaHTAKYETHCA WBHAKO, 4ac 36epexeHHs — 10 30 cekyH.
JoBrotpusara nam’sTh SBIE cobO0 NOCTIHHY Mam’dTh 3 TPHBAIMM HACOM
36epiragHs 0a3W 3HAHL. Y nomepelHixX miApo3gimax Oy po3miaHyTHH ORHH 3
BapiaHTiB peamizanil . CTATHYHO! , ONIEPATHBHOI. NaM’iTi 3 BHKOPHCTaHHIM
kBantpoHis. OgEMM 3 ' Ha#npocTiux crmoco6iB  molynoBH  juHaMiuHol
_ONEPAaTHBHO! MaM’sTi € 3aCTOCYBAaHHA YACOBUX 3aTPHUMOK, Kl  MOXHA
peanisyBaTd Ha ONTHYHIH eeMeHTHiH 06a3i — BOJIOKOHHO-ONTHYHOMY CBITJIOBOZI.

Sk quHaMIiTHAN ONTHYHWH onepaTHBHuHM 3allaM’sATOBYBANBHHI IPHCTpIH
(AOO3II) BEKOPHCTOBYETHCSA Kimblie 3 BOJOKOHHO-OIITHYHOIO CBITIOBOAR, IO
AKOMY LMPKY:IOIOTE CBITHOBI iMIynbeH (PUCYHOK 5.42). Jina BBejeHHs Ta
BUBEICHHS ONTHYHOT iH(opMallii BHKOPHCTOBYIOTLCA ABa Biaranyxysadi (B).

BON3

ubx, Ubux,

—! —
8 B

- ——

Ubux, Ubx,

Pucynox 5.42 — Crpykrypua cxema Gasosoro enementa JJOO3IT

Buxizunil CHTHaN eeMeHTa HOpIBHIOE  BXIJHOMY CHIHaly, AKMH
3aTpHMaHMi Ha ONMHHUINO dacy. Y BHNaAKy ZHCKPETHOTO BXifHOro curxany f(k)
BuXiHuii curnan 6yne Matu BUNIAA f{k-1), ne k — wacosuit ingexc. Bok—cxema
Ta iMITyThCHA XapaKTepHUCTHKA f(peakui}l 32 IHTEHCUBHICTIO Ha BXimmmil
ivmysbcHuE  cHrHAN) noxasaHi_' Ha pucyHKy 5.43, a. Hepeﬁ6aqae'rscx,' o
[0Ka3HUK 3a/OMICHHS Matepiany BOJIOKHA CKIIafae Bénkquny TIOPSZIKY 1,5. s
i€l yMOBM 3aTpHUMKa DIPH PO3INOBCIOUKeHHI Oyame cxiamaru 6ins Sue/Mm. s
BifBeZIeHHs CBITOBHX CHIHAIB MOMHA CKOPHCTATHCE PI3HMMH IPHCTPOSMH —
HaOpaBleHHMH BiJraNy)XyBaJyamy, 3THHaMHM CBiTIOBOAIB. MarematHiso
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‘BUXiZHMH curHAN Binpissserhed Bim BimHoro B K pas, se K — mesxa.nocriiina
(puc. 5.43, 6).

] Eno«-cxeMé _ o =|Mn§lﬁ;5cha xapakTébM‘cmxa
B ‘ S Bk =S(k=1)
f(k) flk-1)- l ' [ ST L e
et AL s TR e > o
y 0 1k :

a) Co <
f(k) Kf(k) K
—_— K L .

k
6)

PucyHok 5.43 — Bnok cxema Ta IMIOy/bCHa XapaKTepHCTHKE!
a) enél\qeﬂra 3aTPUMKH, 0) eneMeHTa Bi/Iraly KeHHs

Ha OCHOBi OJHOMOJOBOTO CBITNOBOLY Ta HATIPABNEHMX BiATATYKYBadis
MOXHA CTBOPHTH JHHaMiuHW} onTwuHuH enemenT nam’sti  (JOEIT)
(puc. 5.44, a). '

6)

Pucynox 5.44 — Cxema (a) Ta iMITy/scHa xapakTeprcTHKa (6)
' peunpxyzwummx mHn Sa’I‘pHMKH 3 zmoma

BllIFaJIyX(VBa‘{aMH

EJICMCHT OHTH‘lHOl )II/IHﬂMI‘IHOI nam’ ﬂTl CKJTa,I[aFTBCH 3 OIIHOMO)JOBOFO
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* BOJIOKORHO-OITHIHOTO KOHTYpY i3 3atpumioto T, AKAH 3AMKHYTHH caM:Ha ce0e
Yepe3 [ipa HapaBleHHMX Biframykysadi. TIpy nBOMY HacTHHA cBiTiIa 3 APYTOro
Biframyxysada depe3 BOJIOKOHHHH KOHTYp MOCTyNac Hasal Ha mepuuit
BifTamyXypad. BHacniok LBOro ONITHYHI CHTHaNY, 1o nocrynwm Ha BXig X,
noYHyTh 6araTopasoBo IMPKYTIOBATH B KOHTYPi H MpPH LEOMY GynyTb 9acTKOBO
NOTPAIINTH Ha BHXOMH Y;, Y>. IMIymbCHa . XapakTepHCTHKA TaKol CHCTEMH
CKIIANAEThCS 3 PAAY CHAAHMX MAaKCHMYMiB, gKi 3HAXONATHCA Ha OJHAKOBiH
BimcTami ONMH Bif OJHOrO B 4Yaci Ha BENMIHHY 3aTPUMKH B xoutypi T
(puc. 5.44, 6).

3B’130K MK anonom Ta BXOZOM HAIIPABICHOTO Biranyxysada (pHc. 5.45)
MOSKHA OIECATH KOMIDIEKCHOIO IepeIaBANBHOI0 MATPHIIEIO po3MipoM 2x2

(&)l o)(E) 526

" ne (E;, E;) Ta (E3 Ey) KOMITIEKCHI aMIUTITy ¥ BEKTOPiB Hanpyxenocti £,
E,, E3, E4 BianosizHo Ha BX0OA T2 BHXOAI Biaranyxynaya.

E, / E, :
~
B S

%

PucyHok 5.45 — CxeMa BOJIOKOBHO-ONTHYHOTO HAIPABJICHOTO Bijramyxxysaua

OCKinBKY BiITTY/KEHHSM Y 3BOPOTHOMY HAIPSIMKY MOXHA 3HEXTyBaTH, TO
MATPHITO MOXHa 300pasuTH AK AOGYTOK JeAKOro 3arailbHOro aMIUITy XHOTO
xoedillieHTa NPOMyCKaHHA ()" (0.9<y<1) T4 yHiTapHOi MaTpuni. Jins yHiTapHOI
MaTpHIi CIIpaBeUIMBi CIiBBiIHOIIEHHS:

\4f* +|B =|cf +|p[ =1, (527
CA*+DB*=0,
Ze 3ipouKa 0O3HaYaE KOMILIEKCHO CTIPSDKEHY BelMUHHY.

..., Y BUDAAKY CHMETPHIHOIO ‘sigramyxysaya A=D, B=C criBBiTHOMIEHHS
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:(5.26) Moske 6yTH HEePENINCAHO Y BUFAST - -

B (r—rju

ae JK — koedilieHT 38’ 93Ky 32 aMIUTITY QOKO;
Y.

j=+-1 o3sHauae 3cyB (asu curnany na 90°

TIpH BUKOPHCTAHHI HEKOrEpEHTHOTO JUKepeNa 3B’S30K MK IHTCHCHBHICTIO
CUTHAJIy Ha BXOZI Ta BHXOJI MOXHA 300pa3uTH TAKHM BHPA3OM:

( ) ()(I;AK If< M } . (5.29)

ne (I, L) ta (I3 1) — mreuanchn cumany BiAMOBiAHO HA onm T2
BHXOZI BifranyxyBaua; 4 ;

¥ — 3arabHAl KoedillieHT NPOIyCKaHHA 32 iHTEHCHBHICTIO;

K — xoehilieHT 38’43KY 3a IHTEHCUBHICTIO.

Bxig 5 T 2., 12 ] Buxia
y \laNaN" ‘ \ay at ) Ya aol\ M
! . N a3 . g
B Ly 2 rtem e e = 1, 2% L,z % Bxi
uxig T-ay v 1% R g ‘{ (N in

Pucynox 5.46 — ExBigajieHTHa cXeMa BOJOKOHHO-ONTHYHOI CTPYKTYPH N-ro
nopaaxy - 3 (N+1) sigramyxysadem Ta N emeMeHTaMHu
saTpuMiu (L —xoedilieHT HPOIYCKAHHS 33 IHTEHCHBHICTIO Y -
Bignosigni# nauni):- ’

t Ipm nocrimxenns npouecis B JIOO3IT 3actocyemMo MeTon Z-NEPETBOPEHb.
Horo 3actocyBanns BHIPaBIOBYEThHCS THM, WO CHCTeMa, SKa PO3IIIAARETHCA, [10-
nepie, fNixifina i igsapianTHa B Yaci, mo-upyre, AMcKpetHa B 4aci. OctaHHe
06yMOBHIIO MOMKIIUBICTD BBCACHHS HEAKOT 6asosoi 3aTPHMKH Ha yac 7, BITHOCHO
KoL imm 3aTPHMKH 6y11yrb BUPAKATHCH KPATHHMHU YHCIaMH. Inmnvu cnopaM,
iMiynbCHE “XapaKTepucTHka  CACTEMH CKIaNAETHCA 3 PSUTYy MAKCHMYMiB, IO

“hoss



3HaXONATHCA Ha oxgHakosiit Bincrasi. Ile no3sonse crpocTUTH MaTeMaTHIHHH
aHani3 TpHIOYCTHMBINM, IO CHMTHANM B CHCTEMi iCHYIOTH JIMIIE B JMCKDETHI
MoMeHTH 9acy. Ockinbku B IBOMy BHMIOAAKY CHIHAIH Ha BXOAi Ta BUXOZi
OIIHCYIOTBCS )mcxpemnMﬁ MHUTTEBMMH 3HAYEHHSMH, TO TaKi CHCTEMH
Ha3UBAIOTHCA JUCKPETHHMH ab0 iMITyTLCHAMY.

MatemaTenuii anania IMITYJICHUX . CHCTEM B OCHOBHOMY aHesoriduui
aHanisy Oe3nepepBHUX CHCTEM, ale B TOH e gac MpoCTimmif Ta GisuyHo 6isim
HaO9HHUH.

- Z-o6pa3 F(z) curnany f(k) BusHa4aeTses SK pesy/IsTaT Z-IepeTBOPEHH:

F@)= Y fhz*, (5.30)

ko

Ie k — dacoBHi iHAEKC, AKMH HOPIEHIOE AEAKOMY KPATHOMY YHCIY BiX
6azoBsoro uacy satpumku T (k = nI);

z — 3MiHHa IICPETBOPEHHA, fKA ABISE COGOW ODMHHIIO HYaCOBOTO
BUIlepeKCHHS (z'] 3i1_moaiuae O/IMHHIIi 3ali3HEHHS). »

3B’s30K MDK BXiAHHMH Ta BHXiQHUMH CHTHaJaMH ONHCYETBCSH
IepeAaBabHO (YHKIIEIO CHCIeMH, sKa AOpiBHIOE BigHOWIEHHIO Z-00pa3y
BUXiZIHOTO cnrHany 0 Z-00pa3y curHaiy Ha BXoAi. YacToTHy XapakTepHCTHKY
CHCTEMH MOXHE OOYMCIUTH, AKIO MiACTaBUTH B TiepefaBaibHY QYHKLiO
3HageHna z=e’®’ | mo BH3HAYAE KOJNO ODMHMYHOTO paliiycy 3 LEHTpoM Ha
TOYaTKy KoopmuHar Ha - Z-mioumui. [Uis crifikocti cheremm Bei nomoca ii
nepejaBaibHOl QYHKII] DOBHHHI 3HAXONUTHCh B CEPEJUHI" KONa OAUHUYHOTO
paniyca. ITam’saTs Ha BOJOKOHHEX cBiTHOBOZax Oyje CTilikolo, SKINO BOHa He
MICTHTE €IEMEHTIB, IO HAIOTH IMiACHNeHH]. '

3aCTOCOBYIOUH O3HAYEHHS Z-rfépeTBopeHHﬁ (5.30), 3Haiimemo BHpa3 mng
nepepasansaol  Qynxuil H(z)  penupxynaniitnol minil 3aTpumky 3 gBOMa
Bimramyxysauamu (pHc. 5.44). - . ' ‘

a) JUIA CHCTEMH, Y AKOi BXOZOM € X;, & BUXOIOM —1;

A Ny el
H“(z);aﬁ(l 2a)a,lz

) , (53D

-l
1-aa,lz
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e a; T8 ap —KoedillicHTH 3B’ 43Ky BiAranyXyBaya 3a iIHTeHCHBHICTIO;
1; — koedilieHT NPONYCKaHHSI KOHTYPY CHCTEMH 33 iHTEHCHBHICTIO.

STk BHaHO 3 (5.31) crcTeMa Mae €MHHIL HyIb, 110 PO3TAINOBAHHIT B

@a-D

= Gy by s

a

& TAaKOX EMHHMIT moMtoc B Touwl Z = 4, G, /.

6) 17 CHCTEMH, Y AKOI BXOIOM € X, a BEXOROM —Y1;

(1-a) (1-a)i,

Hy (z) =Pt (5.32)
b 1501

N
Ie 1), — xoedilieHT nporyckanss CBITIOBORY 3a iHTCHCHBHICTIO B KaHAmi
IPSAMOTO 3B’SI3KY.

CucTeMa MICTHTB OOMH HyJIb Ha [I0MATKY KOOleHHa’I", a TAKOX O[IMH 10JII0C
BTOUL Z2=a,a,}.

PosrmsHemo niHiify iHBapiaHTHy y 4aci CMCTEMy 3 JBOMa IOpTaMH,
KOXHWH 3 SKHX MicTHTB Ba Bxomu. Ha HepIIOMY Ta APYroMy HMOPTaX NPHCYTHI
cursand (X, Y;) 18 (X, Y;) Bionosigso no puc.5.47,

X o——] 0o Y, Xy Ot o V1

Y, Ot [e—o0 X, oy a—— L

a) 0)
Pucynox 5.47 — JIBonapHa CHCTEMa: a) CXeMa 31 3BOPOTHHM 3B’ A3KOM Ta
0) cxema 3 IPAMHM 3B’ A3KOM

Taxy CTPYKTypy Ha3BeMO /IBONIAPHOI CHCTEMOIO 3i 3BOPOTHHM 3B’J3KOM.
SIKIIO Ha MeplIoMy Ta ApyroMy HOpTax NpUCYTHI curnamu (X;, Xp) 1a (¥, 1)), 1o
TaKy CHCTeMY Ha3BEMO JABOIAPHON CHCTEMOIO 3 NMpsMEM 3B’s3koM. Bxinni (X)
ta puxigni (Y) sMiHE] mOB’s13aHi OZHA 3 OJHOIO 38 JONOMOTIOIO TepefaBaTbHOL
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MATpPHII:
Y(z) H”(Z) Hu(z) X(Z) - AR
(Y (Z)j (Hzx(z) sz(z)) (Xz (z)] SRR (5.33)
Iie Z — 3MIiHHA Z-TIepeTBOPEHHS.

Oyrknis Hy.(z) B (5.33) € nepefasanbHoio (HyHKILEr, WO NOB’M3y€e BXIHY
3MiHHy X, 3 BHXiTHOO 3MiHHOIO Yy,

g eHamisy [BOMApHAX CHCTEM 3i 3BOPOTHHM 3B’S3KOM MOXHA
BHKODHCTATH JHIFOTOBY MAaTpPHIUO, fKa NOB’S3y€ MiK cofoI0 T1apy 3MIHHHX

(X, ¥) ra (X5, Y2):
X(2) =(Gn(z) G, (2) _(Yz(z) J
(Yn(z) J Gy (2) Gzz(z)J X,(2)) (5.34)

Sk mepemaBaNbHA, TAK i JNAHIOTOBA MaTPHIS MalOTh PO3MipH 2x2 #
OJ(HO3HAYHO BU3HAYEH] mf'sx samaius BXiHAX Ta BUXimHAX 3MIHHUX. EneMeHTH
IepeNaBanbHOl MATpUIi JUIA [BOIAPHOI CHCTEMHM 3i 3BOPOTHHM 3B’3KOM
rmop’s3ani 3 el TeMeHTaMH naHmomBm ManHI.Il g Tiel K CHCTEMH TaKHMH
cmnamnomeHHﬂMn i ’

=,————f"”G”'G'_?Gz‘ Hy=Z(539)

SIKIO BUKOHYETRCS ymoBa GGy — G12Gy=1, To cuctema Ha3UBAETHCS
B3aEMHO 3BOPOTHON. Y BUNAJKY KacKaiHo 3 '€ qHAHUX IIBOrlapHPIX cucreM 3i
3BOPOTHUM 3B H3KOM NAHIJIOTORA Ma’I‘pPILIﬂ CKNIafI0BOI CHCTEMH JIOPIBHIOE
JO0YTKY OKpeMHX NaHIFOrOBUX MATPHIIL:

G

total

=GG,Gp Gy . (5.36)

AnarnoridHe mnpaBuno HOOYTKY MAaTpHilh, ane B3ATHX 31 3BOPOTHHM
HOPSIIKOM, CHPaBe/InBe it ans repénaBaNbHO] MATPHI JBOTIAPHOI CHCTEMH 3
TTPAMIM 3B’ S3KOM: S o ' ’ : o
total

H,,=H,. HHH. (5.37)
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Jlns wanmpaBleHOTO  BigranyxxyBada 3  KoedilieHToM 3B’S3Ky 4
nepeaaBajibHa MaTpHIlA He Ta JIAHHUIOTOBa MaTpHIs Ge 3aJar0ThCA TaKUMH

BUPA3aMH: _ »
Hc=[‘“” a ] 5.38)
a l-a ’
1 (! -a . . . )
= ' 39
G I-a(a l—ZaJ’ (5:39)

ABaOriyHo 1A MaTpPHIb HaHTPOCTILNOT CHCTEMH 3 ABOX MiHiM 3aTPHUMKH 3
ONMHWYHIM YacOM 3aTPMMKM 2z ' Ta KO¢OiLIEHTOM TNpOmycKawHs 32
inrencusnictio /3, {;; (puc. 5.48): : s

- {1 0 ) (5.40)
‘ 0 i,z :
_afrooy, ' 541
Ga= hy (0 lnllzz-!} ( )
e
0‘—‘—|— [u

:
| N

[y

Pucynok 5.48 - CrpoleHa CHCTeMa 3aTPHMKH 3 ABOM& JHHIAMY,
l;; ta lj; - KoedillieHT NpPONMyCKaHHA 32
, iHTCHCHBHiCTIé n:epmo'i‘ Ta npyro'f BOJIOKOHHOT

ninii; 27/~ onnﬁwﬂim‘?x Yac 3ai~pHMKH

Enement ontuyHOi IuHaMiyHOl mam’sTi sBise OGO OAHOYACHO xBa
KacKaiHO 3’¢AHaHWX BiATANy’KyBadi Ta JiHilO 3 XBOMAa eHeMeH’faMHIBan%lMKH.
Tomy Ha ocrOBi Bupasis (5.36)—(5.41) MoxHa OGUMCIHTH JAHIIOTOBY MATPHIIO
pempKyJsIiiHol ninil 3aTPUMKY Ta NepeNaBajbHy MATpHIlO JiRil 3aTpUMKH 3
JIBOMa BIITaIlyKyBagaMu:

‘ 1 G, G,
Gb:G 'Gd-G = ———— 1" ~21 ;
e €7 Lil-a)-(1~a,) (G;z "(;;2] (5:42)
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e
G“—l alaolz

Gy =-a~a(0-2a)z" C(543)
Gy =a+(1-2a)alz” o
Gy, =—aa,+(1-2a)(1-2a,)}, 7

a-l;=I; I;; € kxoedilieHT MPOITYCKaHHA KOHTYDY 32 IHTEHCHBHICTIO;
Ge, T& Ge, — NAHIIOrOBi MaTpuii Binfanymysaqa (supaz (5.39)) 3
KoedinicHTOM 3B’5I3KY @, Ta dy;
~ Ge, Gd — JAHIJOTOBA. Marpmm nBoenemeHTHm minii 3anm41<n, sIKa

3amaHa BHpa3oM (5. 41)

KpiM TOro eneMeHTH, IO BiANOBIRAIOTH nepelaBanbHifi  MaTpHIl
MoxyTh GyTH 3Halineni 3 Bupasy (5.35):

H, H
Hb=He,-Hd-Hey=| " 1 _
c‘ ‘CO (HN H22 (5 44)
Hy = (1=b)1-b)I, +bbglz7;
Hy, = b (1= b, +(=5)bpl,2™ (5.45)

Hyy =(1=8)bhy +5,(1~bnz™s
Hy =bybghy +(1-b)(1- bz ™

CKOPHCTYG‘MOCB HaBe}leHI/I\/I IIIJIXOILOM B HOCIIH&HHI 3 METOAOM Z-
nepeTnopeHL 3 METOo OTpYIMaHH}I Bupasm SaFaJIBHOI‘O BHULJIALY A
NepenaBanbHuX GQyHKIIH CTPYKTYP, IO OCITI IKYIOTHCS.

Vi3arannHeHa J'IlHlPIHa CHCTEMA n-TO l'IOpSUle 3 }IHCKpCTHHVI yacoM B
cyqacmn Teopil KepyBaHHs ormcyeTLc;{ B HpOCTOpI CcTaHiB PIBHSHHSIM HEpexoiiB
CTaHIB % BI/IXII{HPIM BUTTIATY )

{x(k+1)=A(k) x(k)+ B(k) u(ky; - (5.46)
- y(k) = C(k) x(k)+ D{k) u{k).

BenrkuMu GyKBamMu [O3HAYeHi MaTpHlli, MaiuMM GyKBamMH — BEKTOPH. Y
pupasi (5.46) BekTop x(k) en - BanpHmI BeKTOp CTaHy, u(k)— m-BUMIpHHH
BekTOp Ha Bxoai, y(k) p-BHMlpHHH BexTop Ha Buxoli, a 4, B, C, D — marpnui
Bi/IIOBIZHOrO po3Mipy (1 X 1), (n X m), (p X n), (p X m). Jlng iHBapiaHTHHX 10
3cyBy (B 4aci) cucTeM BKa3aHi MaTpHIl He 3aiexarh Bif Yacy, a 3amexarh Bi
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napaMerpiB CHCTEMH, TAKUX AK KoehinieHT 38’13Ky aGo KxoedilieHT BTpAT. -

B matemaTugHiii. Mojeni, mo omucyerscs BupasoM (5.46), B 3aranbHOMY
BHNIAAKY nepexbadaeTscd HAABHICTH y CHCTEMI 1 BXOZXIB Ta p BHXOAIB. SIKmio
cHCTeMa Mae elMHUI BXix Ta exunmit BuXif, To Bupas (5.46) npuiiMe BHTIIAA,

. e {x(kfl):AT(k) x(k)+b(k) u(k); : - (5.47)
(k)= c" (k) x(k)+d(k) u(k), e

Oe b Ta ¢ € BeKTOpY, a d — CKalspHA BeIMYHHE,

Baspimn fK napameTpH cTaHy BUXiNHI BeJUYHHM €JIEMEHTIB 3aTPHMKH,
OTPUMAEMO Taki BUpasu Anst Matpunls 4, B, C, D, 110 ONUCYIOTH CTPYKTypH N-ro
HOPSAKY 3 3BOPOTHUM 3B’ A3KOM

N1 N-] .
(a,a,,l, a,(1-a)ad, - aNH(l—a,‘)aol, H(Fa,()aol, (1-ay)t,
- k=l kn}
Nt N1
A={{-a), a,al, aNH(l—a,‘)aol, B= H(l—a,,)aol, [
2 k=2
0 . aN(l‘aan My, :
(-a,_ Ynaya, i, (=ay)ay_idy 0
0 0 ees I-a, i ay
o P R (5.48)
a(1-a,) a(-a)l-a)-; NH(I_ak) . H(l,f‘aK) % :
\ R =] J k=0 4
- Bextopu Ha BXOJIi T4 BUXO/I, 8 TAKOXK BEKTOp CTAaHY Bi/(IIOBIAAIOTh
. X .
D I eel® O (5.49)
.- ye e 5.
X, ) A ’ : S .

Xy

-. 3pocTanns iHAeKCiB BinGyBaeThcs (i3 mepemiiueHHAM 371iBa Ha OpPaBo IO
cxemi. Hecknmayno mOMITHTH, IO BCI €1€MEHTH MaTpulph T4 KOMIOHEHTH
BEKTOPIB € MO3UTHBHUMH BEIMYUHAMY, e O3HAYAE IO CHCTEMA BiJHOCHTBCS 10
MO3WTHBHOI ONITHYHOT cicTemu. Teopis MO3UTHBHMX CHCTEM TICHO TOB’S3aHA 3

TEOPIE0 NO3MTHBHHX: MATPHLE; SKa: PO3BUHYTA AOCHTE BHUCPIIHO, IO JO3BOIAE
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BUKOPHCTOBYEATH Tf Pe3y/BTaTH [if ‘BUBYEHHS BIACTHBOCTEH ‘TOINTHBHIX
citcteM.- Buxonsun 3 moxeni n;ibci'r(')py cTaHiB JuIs MHHIMHHX CHCTEM, NiHifHa
HO3MTHBHA ‘CHCTEMA BU3HAYAETHCH #K “MiHilMHA cHCTeMa, napamerpa craﬂy (a
TAKOX BHXiJiHl CHTHAIH) KO IO3HTHBHI. "

Brpartn eneprii B HalpaBieHHX BiAramyXyBauax H ONTHYHHX BOJOKHAX, a
TAaKOXX BTPATH Iepes Ben'ﬁx'y KIiIBKiCTh BEXOZIB, IIPH3BOAATE J0 HOABH BHECCHUX
BIpAT, AKi He JOPIBHIOIOTE Hy/IH0. BUHHMKAE TIpaKTHUHHMI iHTEpec, fKa KiTbKICTS
CBITI0BOT eHeprii Gyzae JocsATaTH BHXOTY.

JUts pospaxyHKy CBITJIOBOTO NOTOKY Ha BHXOJl IpH 3aaHOMY IOTOLi Ha
BXOJAi 3aCTOCYEMO NepenaBanpRy (yHKIiio cucTeMu H(z), sxa obumncmoerses 3a
BupazaMu (5.31, 5.32). Jlis 1BOTO JIOCTATHEO BPaXyBaTH, IO CBITJIOBHH MOTIK
nponopiiitiauit HynEOBiH cknanosiit criektpa (f=0) B cMy3i 9acToT MO}.IYJIHIIi'l'; B
nepenaBanbHil hyrxuii nifl cxknagosiit signosinae z = I (z = ¢/*"7), orpuMaemo
Take CIIBBIAHOIIERHS MiX 3HAYEHHAMHU CBITIOBOTO NOTOKY Ha BXoji #f BHXomi
CHCTEMH: .
=[H®)]Fi, (5.50)

ne Po, Pi— cBiT/IIOBHI TOTIK BiANIOBIZHO Ha BUXOJ1 Ta BXO/I CHCTEMH.
TakuM YHHOM, BiJHOIIEHHS BHXIJHOTO CBITJOBOrO MOTOKY X0 BXIAHOFO
JOpIBHIOE 3HAUEHHIO NepeaaBatsHol QyHKUI npuz = 1.
%
Po. R . ;
n-—-=H®).- e (551
Pi
Jlna enementa mam’sTi, AKHil moGyjoBaHMi Ha peLMpKyMAUiiHIA TiHI

3aTPUMKH 3 JIBOMA BiATaNyXyBagaMy
~a+(1-2a)a),

5.5
] 1-aa); 652
e nzzw, S (583)
, - aagh : A

. Ji¢ p,—e(QEeKTUBHICTE Y BUNANKY, KOMH X; € BXOAOM , 4 ¥} BUXOAOM;: -

7, —e(eKTHBHICTD ¥ BHNAJKY, KO X; € BXOJIOM , a > BHXO0M;.
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a;, ag— Koe®illieHTH 3B’ A3KY BiAralyKyBadiB 32 iHTEHCHBHICTIO;
I;— xoedinienT nponyckaBHA Kinbls CBITIOBORY 3a IHTEHCUBHICTIO;
l;) — xoedilieHT NpOITyCKaHHA cammnony 38 {HTeHCHBHICTIO B KaHayi

HpﬂMOl"O 3B H3Ky

Tpadiuni sanexsocti 7, =F(a;) ta n, =F(ay) NpH pi3HUX 3HaUEHHAX ap

HaBeleHi Ha puc.5.49 ta pue. 5.50.
12, M

14 .

~o—a0=0.1
-8-a0=0,2
~—30=0,3
-x-a0=0,4
-x-20=0,5
—--20=0,6
—+—a0=0,7
——20=0,8
—a0=0,9
——2a0=1

——a0=0

0,8

0,6 4

0.4 4

S U S PO VP |

0,1 0.2 03 04 . 05 08 07 08 0.9 1
Pucynox 5.49 — I'padix e(bex"mBHocri n, Bim koediuienTa 38’ 43Ky a; npu

13HUX 3HAYeHHAX KoedinieHTa 38’ 13KyY ay (;= 0.99
p HAX KO .

Sk BugHO 3 rpadnxm 31 36IIBINEHHIM apTaq; CBlTJIOBI/II/l TIOTIK Ha anom Y,
3MEHUIYETECs, a Ha BuXomi Y 3poctac. }Ixmo anopncrosysarn nepuini
HanpaBleHHI Biraxyxysad JUIS BBEIEHHS m(popmaumnm MOCIiA0BHOCTI (BXiA
X1), a npyruit auA  BUBEHEHHS 36epe>1{eHd'i onm‘mm mcbopMaumHm
rxocm;xom{ocrl (BuBix Y2) smmo 3 pnc 5. 50 TO Ker)lmeHm 3B’ 513Ky
BIraTy)XyBadiB 32 IHTCHCHBRICTIO @, Ta a noapmm 6ym sAKOMOTa MeHumMH
SIKo BHKOPHCTOBYBATH MEPIIMI HaﬂpaBJIeHHH eranyrcynaq ZUisl BBEACHHS
lIIQ)OpMaLIIHHOl IIOCHiOBHOCTI (me X]) Ta JUIsl BUBEICHHS 366pe>1<euox
onTH4HOI iHpopManiiHOT nocmzxoaﬂocn (BHBI}I Y]) 3rigao. 3 pHc. 5. 50 TO
Koe(plmem 38’43KY 33 mreﬂcnamcno nepmoro BuxranyxyBaqa aj HOBHHHHH
GyTH AKOMOTE 6inbmmm, a JPYTOro era.nyxysaqa ag— ;momora MEHUIMMH.
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"',.1 Lt T . e . . . "’_
i —+20=0,1

0 02" 03 04 - 05 08 07 08 03 1

Pucynok 5.50 - I'padix edexTHBHOCTI 77, Bij KoedinienTa 38’33Ky a; TIpH

Pi3HHX 3HAUEHHIX xoedinienta 38’ 13Ky ap (/,=0.99)

Kourpoabni nnTanus

1. HapeiTh MOXIIMBY CXEMY ONTOENEKTPOHHOrO enemenTa “I”. ToscHiTh
SIK BOHA TIPALlIOE.

2. HaBenm, MOXCIHBY ~ CXeMy omoeneKTpOHHoro eneMenta “ABO”.
TTosicHiTh K BOHA IPALIOE.

3. HapemiTe MOXJIMBI ~ CXeMH - ONTOENEKTPOHHOTO CIEMEHTA “HI”.
TloscHiTE K BOHA TIPAILOHOTE.

4. Hapenite crpyx’rypﬂy cxemy onTOKBaHTpOHa Ta noxcnm ii poﬁoTy

5. Oo AKOTO ‘ eneMeH'ra 1uppoBo] CXEMOTEXHIKH € nom6HHM
OITOKBAHTPOH? qI/IM BOHH B111p13ﬂmo'rbcx‘7 o S '

4 6. HaBeznTL enempmay oxXemy OHTOKBaHTpOHa Ta IIOSICHITB i po60Ty
}IKa yMOBa nonmma BUKOHYBAaTHCS LA naBHHonomGHoro l’IepeMHKaHHﬂ
omomampoua 3 OZHOTO CTAHY B mnmn’?

7. HaBeJ.Il’lI: eneKTpany cxeMy omoenemponﬂoro reHepa'ropa Ha OCHOBI
omoxaampona Hoxcam i p060Ty 3a zxonomororo SIKHX cxeMOTexqunx
plIIIeHL IO CXeMy MOXHA nepeTBopmn B cxeMy ©04iKyBaNBHOTO reHepaTopa?

8. HaBeLllTL | cxemy ' eneMeHTa umm(auu 3 JIBOKOJIBOpOBPIMI/I
cm‘rnomonam HOHCHITL i) po6ory '
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6 KBAHTOBA OIITOEJIEKTPOHIKA

6.1 Texumo-elconomqm OCHOBH HAHOCJIEKTPOHIKH

Pozsurox MiKpOEJIEKTPOHIKH XapaKTEPH3YEThCH 3aKOHOM Mypa, 3a AKHM
KOXHi IBTOpa POKM BinGyBacTBCH “TIOJBOCHHS™ KINBKOCTI eneMeHTIE Ha
kpucrani. Le pocsraerscs 3a paXyHOK YAOCKOHJEHHs icHyI09BX basoBux
TEXHOJIOTIH, TONOBHMM YHHOM 33 PAaXyHOK 3MeHUIGHHS po3MipiB axTHBHHX
KOMIIOHEHTIB . - iHTerpanbHux cxeM: Tlpore ~ Tpanuuiiina - TP&H3UCTOpHA
MIKpOENeKTpoRiKa  mififiia 1o  (isWYHMX T2 TeXHOIOTIYHHX MEX,
00yMOBNEHHX THM, IO BOHA OCHOBAHA HA TeOopii Kil, fKa 3a CBOEK IIPHPOLOIO €
nocninoHo0. Pisuxo-TexHonoriuni MpoGiemMu PO3SBHTKY MiKpOeNeKTPOHiKH
IPU3BONATH . 40 (GYHIAMEHTAIBHUX eKOHOMIYHHX MeX, NOB’S3aHHX 3
KaMiTATLHAMY BKIAAaMH, IIO noctiiiHo 3poc%axo’r5 i moTpibHi ana nomonaHHA
06MeXEHb TPamUILiHHO MiKpOeTeKTPOHIKY, DiSHIHUME 06MEKSHHAMH nepur 3a
BCe € KBaHTOBi edexTH i HEBH3HA4YEHOCTI B 06NacTi HamMamux CTpyMiB.
Texuornoriuni o6MexeHHs 0B’ A3aHi 3 PO3CiOBAHHAM norymnocn, cxnanmcno
TNIPOEKTYBAHH i TYHEIBHAMHE CTPYMAaMH. o

st IOCATHEHHS BHMOT, SKi BHCYBAIOTECA- CHOTONHIIIHIM 9aCOM; MOBHHI
Oyty 3amisHi- HOBI Gi3MdHI NpUEIMIM Ta TeXHOMOT, Tai K BHKOPHCTAHHS
Marepianis A;Bs, aﬁanoronnx, ONTOENEKTPOHHMX, KOMYTaLiMHHX Ta Immmx
HaxXonis. VY ImX - 067acTsX JocsrHyTi 3HauHi pe3ynbTatH, Ipore GasosumMy
HAnpAMKaMH PO3BHTKY € iHTerpallia HOBHX eNeMeHTiB 3 TpauniiinumMu MOH Ta
OINONAPHUMH TPAH3HCTOPHUMH iHTErpATEHHMHE cXéMaMy. Y Ham dac Bimomi zBi
KOHUENIii PO3BHTKY: CHCTeM2 Ha OJIHOMY.- KpHcTani Ta CHCTEMa Ha KimeKox
KPUCTAIAX 3 ONTHYHHM 3B’13KOM MK HEMH, EXxOHOMiYHa HONINBHICTE Bu3HATae
ocTatounMit  BHGIp -TOro WM iHmoro pimenns; ®ipma’ Intel, HanpuKiag,
BAroToBHIa Pentium-npomecop, B sxoMy Jorika Ta nam’sTh posramosam Ha
ONHOMY KpHCTAJI. ‘ '

Bemukoro 1ipo6nemoro € repexpechi 3apanu npn poaramysaﬂm Ha OJIHOMY
KPHCTall - QHANOTOBHX Ta LH(pPOBHX TPHCTPOIB. JUisi Texsonorii ,TepabiT Ha
OZHOMY WHIIi” NOTPiORI ANbTepHATHBHI pilleHHS BXe y HalbmmKyue necampmtm
Taxumu pillenHAME ~ MOXyTH  6yTH onHoeneKTpOHm npnnazm 3
KBAHTOBOPO3MIPHUM TYHETIOBAHHAM, TYHEHO-PE30HAHCHI MO TOID,

ITpHHINNOBO HOBAM pilIeHHAM: € CTBopeHHx KBGHTOBHX npouecopla, AKi
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OCHOBYIOTHCS Ha HOBHX' OBYHCITIOBANEHIX 'i"eiriohbfi;ij{. 3 Gararsox TPONO3HLH
IONO KBaHTOBHX -KOMII'IOTEPIB . HAHGLIBII XATTEBUMH -~ € ONTOSNEKTPOHH]
KBaHTOBO-PO3MIipHI CTPYKTYpH Ha GaraToKOMIOHEHTHHX HamiBNPOBiTHHKAX, siKi
MOXYTb TpAaifOBATH IIpH KIMHATHHX TeMIIepaTypax i JOCATATH IIBHIKOCTEH.y
mianasoni 10-100 ITu. ' L o ,
Poss’s3yBanus npo_ﬁncm_ (by}muiouénbﬂom YCKNAaXHEHHA = IPHCTPOIB
BRENCHHAM [JO HHX €NEMEHTIiB..Ha KBAHTOBO-PO3MIDHHX TIeTepOCTPYKTYpax
HaniBnposiaﬂ_mconm 3’€IHaHp, TAKUX AKX TeTeponasepH i CBITIIOMiONH, 2-TAKOX
cTynins inTerpanii xpemuiepux IC 3 MIKpOHHEMHE Ta HAHOMETPOBHMHE PO3MipaMu
eH¢M¢HriB; sKa MOCTilfHO 3pocTae, mpusBeny X0 30iNbIIeHAS KiNBKOCTI BXOAIB i
BHUXOAIB TaABHY'IpiIHYHiX Mix3’ennanp. Ile upy 36GinblIeHH] TAKTOBOI YacTOTH
CTag CYTTEBOK IIEPEMIKOAOIO JNf MOHOMITHOI - iHTerpanil. -Tomy. riGpmmmi
inTerpaneHi cxeMu Ta GaraTOKpUCTanbHi CKIaZeHHs y LMX BUIAAKAX CTAI0Th
finmnn  exOHOMIYHO - BETAHHMH. KOMIOHYBAHHA ~ ONMHHYHOX - KPHCTANB
3MHCHIOETLCS Ha TOPH3OHTANBHMX ILIATaX, $Ki MOXKYTh MOHTYBaTHCS Y
TpUBMMIpHI MiKpocknajgeHHa. TopusonTanbHi GaraToXpdcTameHi  Moayii
(F'BKM) MOXyTh BHIOTOBJIATHCS Ha KPEMHIEBHX IUIACTMHAX 3 BOYXOBaHUMH B
HEX JasepHEMA abo cBiTIOMioAHMMY BHIpoMiHIOBadaMu i oTonpuiiMatamy, 3a
ZOTIOMOTOI0 AKHX 3AiMCHIOIOTBCS ONTHYHI MIX3 €J(HAHHSA OKPEMHX KPHCTAIIB,
I'BKM a6o niHii BUBeNEHHS TPHBHMIPHUX MOXYJISHHX KOMIUIEKTIiB. [Ipy mboMy
3aCTOCOBYIOTECS Di3HI THIM ONTHYHMX MDK3’€IHaHb: ONTMYHMI CHTHAN Yy
BIMBHOMY IIPOCTOpi; CHPAMOBAHi- (XBMIBOBOMHi, CBIiTIOBOAHI) = OITHYHI
3’¢MHaHHS; onTHYHI 3’cxHanns Mix IBKM i I'BKM; tonorpadiyni onrudsi
3’c¢qHAHHA; BiAOUBHI onTUYH] 3’€AHAHHS, 3’€AHAHHA 31 3MIHHOIO apXiTeXTypoIo;
3’€IHAHHS, KepOBaHi ONTHYHHM TPAHCIAPAHTOM; aKyCTOONTHYHA 460
enempobnmtma appecanlist  3’enuans., Omruusi - 3’equanus -Ge3  TBepamx
MEXaHI9HHX KOHTAaKTiB CIpPOLIYyIOTH CKIZOAHHA 1 PEMOHT KOMILIEKTIB,
CTBOPIOIOTH ~ HOBi  MOXIMBOCTI KOHCTPYIOBAHHA  amapaTypH,. OCOGIHBO
IHBUAKICHOT 1 HaZMIBUAKICHOT. ‘ ’ :
Oco6nm§m‘»‘1 inTepec . BHKIMKAaE  iHTerpais  KBaHTOBO-PO3MipHHX
reTepocrpyxTyp 3 kpemuiesumu IC. Ilpu BHpomyBaHHI KBaRHTOBMX TOYOK Ha
KpemHii Bimanae HeoOXiHICTL. BUKOHYBAaTH. yMOBY i30peUIiTHOCT], - OCKINBKH
BOHA Y IbOMy BHII3JIKy HE € HACTIIBKH CYTTEBOIO. PO3XO/XeHHs B NlapaMeTpax
PEIIiTKM MOXE HaBiTh BHKOPHCTOBYBaTHCA Iisi CAMOOpraHizauii cTpykTyp
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KBAaHTOBHX TOYOK, ILO BmGyBaeTch mpH nepexoni . gsosumipHoi, (2D) y
TpHBHMlpHy (3D) Moxy pocqy, IpY sKiA. yTBOPIOETBCA, CYNiTBHA ILTiBKA
3’enuannd A3Bs ma Si. Hespaaroun Ha TyHeNbHHH: HAUIMIIKOBHA CTPYM Yy
kTaicmc;chyKrypax, BOHM IUIKOM NpPHIATHi Jlx CTBOPSHHA B HHUX INpHIafiB,
RampHKmaz, doronpuitmMayis ma InGaAs, mo PpofuTh -pealsHOI nom{y
MOHOIITHY iHTerpanio npuﬁmanwm monynis BOJI3 #a ocHoBi KpemHieBHx
mrerpanmnx cxeM i QoTonpuiiMansEMX 1 HagWBHAKICHAX eleMEHTIB Ha
3’enuanaax A;B;. I_Ie icroTHo migBmye ‘-Ialle’H{C"L i 3HmXKYye BapTicTs, PO5H${Y-II“
BOHOKOHHO-OHTPI‘{Hy TEXHIKYy TPHIATHOIO [UI . MAacOBHX - 3aCTOCYBaHE .y
PajicONTHUHHX CHCTEMAX i KOMII'IOTEPHHX Mepexax,

JIoc;n‘Hyn yemixu B CTBOPCHHI : HAHOCTPYKTYD | A3B5 Ha Si nokasyoTs
UEPCHEKTHBHICTD BUKODUCTAHHA KpeMHilo fK MaTepialy miAKIafkd s
CTPYKTYpP pi3HOro (YHKLiOHAILHOI'O npu3snavennd. [le obymoBieHo He TiNMBKH
MOJIMBICTIO NONETTICH S iHTerpanii reTepocTpyKTyp i3 kpemuiesumu IC, ane #
HEPCHEKTHBAMH HIHPOKOTo Bnpoéa,uxcemm NpHIafiB HaHOEIEeKTPOHIKH.

6.2 Ksanrosi komMn’r1oTepu

lIonni wamoTexsomorii HO3BOMTIOTE - hopMyBaTH HaHlBHPOBUIHHKOBl
HAHOCTPYKTYpH 3 OGYMCTIOBANEHOI 3NATHICTIO, KA Ha KiibKa | Hopsxis
TNEpPEBUIYE  Tpalyuuilini TpansucTopHi eneMentn. ' CTac ~pealbHOK0 3ajaua
no6ynoBY KBAHTOBOIO KOMIT’10Tepa.

Moxmisi nBa mimxomm mis CTBOPEHHS KBAHTOBOIO KOMIT'IOTEpa:
BHKODHCTaHHS ~KBaHTOBHX €JEMEHTIB Yy TpPaAMIIMHHX KOMI’'IOTepax |
3aCTOCYBAHHA NPHHIIUIIB KBAaHTOBOT MEXAHIKH A7 0GYHCICkHD.

HAnst peanizanii KBaHTOBOTO KOMI'IoTepa B 060X BHNAmKax 3BUYAMHO
BUKODHCTOBYIOTh OINTHKY, SKa € 3pYYHOK /UIA CTBOPEHHS B MNpocTopi
TapanenbHuX  CIPYKTYP.  KnacHaumM “NPUKIafoM Mepumioro mixxofy' npH
CTBOPCHHI - KBAHTOBOTO KOMIT'IOTEpa € TIEPETBOPEHHS KAPTHH y KOTepEHTHHX
ONTHYHEX 06uMCMoBadax. B pyromy BapianTi’BHKOPHCTOBYRITHCS TeHeTHUHI
QITOPUTMH, 33 JONOMOrOK SAKMX TeHEePYEThCH  KApTHHHO-BITHOBIHOBANBHA
MacKa. KopryckynspHo-xBriboBRil * qyamisM - kBaHTOBOT MeXaHiKH NONATac B
HEMOXUIMBOCTI  ONHO3HAYHO nepeu6aqprru pesyisTaTH B 4HCnoBOMYy abo
mompmcnomy ceHel,
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~Knachumi nocmima - '3'i’ﬁpoxbﬁménﬁm"viﬁ&‘rbﬁié' ' qe"jiea  aBi Imnmm
TOKAa3YIOTE MOSJIHBICT *OTPHMAHHS BIANIOBIT  6e3 npone,ueﬂnﬂ qucnemmx
ﬂpOMDKHHX ‘orepantiil.’ ' BizoMo, mo- eq)excrmamc'rs 3BUYARHUX - KOMH wrepm
(cynepxoMn’10TepiB) oOMeEXyeTBCA npoGnemaMH JMCHTIAIIT Terra. Teope'mtmo
KOXXHa Omepamis 61Hapﬂ01‘0 BCHTHJI}I BHMarae BH’I‘pa’I‘ eHepm npm{aﬁmm no
T+ In2 . BUKOPHCTOBYIOUH MaTeMaTHYHi 'METOIH, 5Ki HasHBAIOTHCS reHe’l‘H‘IHPIMH
ANTOPHTMAMH, MOXIHBO anﬂaqam HOBi pellenTOpH (I‘CHOMH) i mnxxcm
HOpIiBHAHHSA BHMIPIOBATH KiHmesHit pesyieTar Ge3 ydacti QizuuHuX nontmnx
penTis. IIpocTo “ReTeKTYIOTECA Binnosimi Bin ,,oﬁpa}mx ‘Gatekin”. Y HOMY
BUIIAIKy eHepris Ha BEHTWIH iCTOTHO “HiDkda Teopernumoi mexi T-In2. 'V
KBaHTOBHX ONTHYHHX KOMIT'JoTepaX VC¢i TIKCeNH NpalioloTh NapanelbHo, 1o
CYTTEBO IIJBHUIYE IIBHIKONIIO CHCTEMH, 3MEHIIye cnomnnaﬁy' eHepriio,
TiBHILYE TOUHICTE | HARIAHICTE. ' '

ONTHUHI KOTepEHTH] - KOMI'IOTEpH 3ACTOCOBYIOTECSH B THX 0GacTsX, A
HeO6XiZHO BHKOHYBAaTH BeIHKi 0GCArH ofumclieHb, sKi He BUMATAIOTH BECOKO!
tousocti. Y HHX mocsraethes wBmaxicrs 107 - 10 OiT/c, AKa HeNOCHIKHA
3BHYAHHUMHE MIKPOENEKTPOHHAMH MEeTO/IaMH, IIPH . eKOHOMIYHO -, BATIPaBRaHUX
BUTpartaX. Y KIaCHYHHX O0OHHCIIOBaYaX 3aCTOCOBYIOTBCS [a30Bi JIa3epH, LIO
MaroTh BHCOKY YacOBY i IIPOCTOPOBY KOP€PEHTHICTH. JiaMeTp CBiTIOBOrO myduKa-
IDKepeNa 3a0BOJILHAC CHiBBIMHOIIEHHS - EPI

a=122:417

Jie A - IOBKHHA XBHII CBiTNa; , ‘
- (okycHe 9HCNO, K¢ LOPiBHIOE: BifHOMEHHIO (OKycHOI BiACTaHi 1o
anepTypH.

Ha Bxoxi onrtHuHOro xomm’iorepa (OK) po3ramoByeThes IPOCTOPOBO-
wacoBuil MOXYJITOD, HA BHXOZAI — Marpuus ¢oronpuiiMadis, ska NepeTBOPIOE
CBiTNO .B eneKTpu4Hi curHany. Ocnosunmu.enemenTaMu OK € omTwyHi niHsw,
sAKi BUKOHYFOTB TaKi MaTeMaTHYHi IIPOLERYPH:

-. OfiHO- abo -OaraTokaHanubHMi aHami3 crekTpa B OJHOMy ab0 JBOX
.BUMIpax; .

- ogHO- abo  OaraToxaHanpHa IPOCTOPOBO-YACTOTHA - TOTOJKEHA
Gdinprpanis;
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- KOpEJNALiA, - ¢ 5 0 ava Lot :
B omrmunilt ninsi sinGysaerhcs nBoBHMipHe Myp’e-nepeTBOpeHHS
POSIIOALTY aMILTITYIM CBITJIa; SIKE ONHUCYETHCS piBHiIHH}IM: o

-

Ez (wx’ w,}=Cy _UE (xn yl)exP[ (w X+ WyJ’x )]dxdy,

ne Ey iE - posno;xum a*vmmryan enempnlmoro nons y Bxigmili i
BHXiHiH rmompmax BIITIOBIIHO; ) v )

W i @, - KyTOBi IIPOCTOPOBi 4acrorH, sikd 3B’ s3ani 3 }\oop,unHaTaMH
anmnm TUIOIMHA Wy = 272/ AF, @, = 2n'y2/,{F

F - doxycua BilICTaHb.

v HeKOPepeHTHHX ONTHYHHX KOMII'IOTEPaX BHUKOPHCTOBYETHCS posnozin
IHTeHCHBHOCT! NPOTKHMX JoKeper cBiTa. BOHH He MOXYTH 3ailCHIOBATH
NPOCTOPOBO-4acTOTHY (insTpaniio, mpoTe ANs oNepaniif TPOCTOPOBO-YACTOTHOT
KOpessLii BOHH YaCTO BHABISIOTCH GLTBIN MPOCTHMH, Hix ‘KOTepeHTHi,

- TlpuHnMIOBi NepeBary ONTHYHKX KOMITIOTEpIE — TapanensHicTs poGoTH,
TONAHHS NaHHMX Y BHIISLAL lIBOBI/IMlpHHX 06pa318, KOMYTaLis "y ~BiIsHOMY
TPOCTOPi — BUABIIOTHCS HAWYACTIIE He KOHKYDEHTHO3AATHIMH TIOBHOK Miporo
depe3 BHCOKMH TeXHONOTiYHMI piBeHb HAMBHPOBIHHKOBHX = HANBENHKIX
inTerpansuix cxem. ToMy HaNGIIBIINH edeXT NOCATAETECS B CHOTEMAX, B AKUX
OINTHKA BHKOPHCTOBYETHCS TiNBKM IS KomyTann ApXiTeKTypa Takux cHcTeM
OCHOBAHA * HA TAKWX NPHHLHMNAX MacoBoi OBPOBKH, SK -OGUHCIIOBANBH
Cepe/ioBHMA, KIiTHHHI CTPYKTYpH, CHCTONiuHi 'Matpuii. V - moemmanui’ 3
KOMYTAL€0 y BUIbHOMY npocropx orpmvryen,cx HOBa SKiCTH — HaziBHCOKa
NPOAYKTHBHICTS. * [Tpote y TeXHOJIOI‘l‘lHOMy INMaHi Taki CHCTeMH  icTOTHO
IIOCTYHAIOTHCS METONAM Mucpoenempomxn ' ‘

OcuoBni  npuHUMMH  1OGYZOBM  ONTHYHMX — KOMIIHOTEpiB ,qupe
BiAIpallboBaH] 3 BUKOPHCTAHHAM ra30BHX Ja3epis a6o iHUIHX mxepen cBitna,
Ongax: OcTaHHl' noczmemm TeTepoeNeKTPOriKy, sKi HO3BOSIOTE crnop}oBaTn
TOUKOBi mxcepena cEiTna it enexcrpomB 3 BUCOKHMH ONTHYHHMY i YACOBHMH
TapaMeTpaMH, OGYMOBJIIO!OTB BUKODHCTAHHS BHCOKHX TeXHonom MleO- '

Teo

Hanoenem'pomxn mm noGy,uOBH oSchmoaaqm, xouxypemnoauamnx 3

"’paHBzICTOpHHMH MleOHpOI.IeCOpaMH He TIJILKPI 3a IIIBHJIKI(.,I‘IO OG‘II/ICJ'ICHB, a 1 38.

sen 3o

cha TeXHIKO CKOHOMI“IHHMPI HOKEBHI’IK&MH

oy
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6.3 TeTepona3sepHi Ta KBAHTOBOPO3MipHi TeXHO.JI0Til::

- Jna cysacoi- indopmaniinol TexHiky XapakTepHi 1Ba Mancrpansﬂnx
HANPAMKH TOGYNOBU OGYMCITIOBANBHHIX TIPHCTPOIB!, Ha:OCHOBi ‘TPaH3UCTOPHUX
eleMeHTIE  KpeMHicBoi  MIKpOeneKTpOHiKH i Ha OCHOBI  TIPHHIIMIIIB
reTepoeIeKTPOHIKH. KOUOBHMM - eJleMEHTaMH TeTEPOENETKPOHIKH €
reTeponasepH, SKi MaioTh 3apa3 Take came peaomoumne 3HaUCHHS B
TEXHOIOTifAX 0GPOBKH CHIHATIS, sKe ¥ cBill gac Ma Tpanancropu, MlxpocxeMH
i Mucponpouecopn

Iries BHKOPHCTAHHSA B HaﬂlBIIpOBl,I[HKKOBHX nazepax rerepouepexoms
panexuts JK. 1. Andsoposy i P.®.Kasapirosy, ski y' 1962 p. y ¢)13m<0-
TexHiTHOMY iHcTHTYTI iM. A.®@. lodde BuHakUM noABIAHY reTEPOCTPYKTYPY.

.. Bigroni mogaimcs inTeHCUBHI po3poGKU HOBHX CTPYKTYP i MaTepianis s
nasepiB, CBITNONIONIB Ta iHNMX TpHIafiB HA TeTEPOCTPYKTYPaX. OcHOBHIM
GI3UKO-TEXHOJIOITHHMM IIPHHITHIIOM CTBOPEHHSA AKICHHX TETEPOCTPYKTYP € 36ir
TapaMeTpiB KpUCTATIMHNX IpaT eImTakcianbHOl INIBKH 1 r;ingnanm, Ha AKiH
pona pocre. Hall6ineu npunarHoro NapoI0 . HAITBIPOBIHIKOBHX Marepianis
BUSIBHIIHCS apCCHil raniro i, TBepAMH PO3YMH apceHidy rayiio-aoMiHIi, AK
BUIIPOMIHIOIOTE Y 6'11;1}151{1171‘ indpavepsoHii i mprerii. yepBoHill 0fnacTiIx
criexTpa. OJIHAaK piBeHb TEXHOJIOTII TOTO Yacy He A03BOJIAB O/EPIKATH Na3epH, ki
NPAITFOIOTh NP KiMHATHIH TeMHepaTyp1 B GesriepepBHOMY PeXHMI.

Ilepmi cBiTHOAIONM HA TBEPAMX PO3YHHAX InGaAsP Gynu orpumaHi B
1964 poui. OcHOBHMMH MaTepiaiaMi ONTOCJCKTPOHIKM - B Haml 4ac €
6araTOKOMIIOHEHTH] TBEPAi, PO3UHHU B cuctemi InGaAsP, ymepme BBeleHi B
enem*pomxy B 1966 p. HammBmmHM BUABUIOCH  Te, IO HTEHCHBHICTH
BUNPOMIHIOBAHHSA JiONIB HA InGaAsP HalyacTime repeBHIIyBana iHTEHCUBHICTD
AHATONIMHUX OB Ha apceHiAi ramo. i Gocdim iHailo, OTPAMAHKX 33 TIEK0 X
TexHONOIiYHOIO cxemoro. JloBxuHA X BHIIPOMiHIOBaHOI  ONTHYHOI XBHJI
B';)morsin_anab _OﬁTH‘IHHM_ nepexpz;giia, gKI ICTOTHO TEPEBUIMYIOTE INMPHHY
3aGoponenoi 3oHu. epes 15 pokis, y 1981 p., BHKOPHCTOBYIOYM CydacHe
POSYMIHH? KBaHTOBO- pO3MIpHUX eeKTiB y KBAHTOBUX JAMaX, NOACHWIM UE
SIBMIIE  KBaHTYBAHHAM piBHIB y TaKMX PeTEPOTCHHHX nanisnposigHuKax. Lle
6y'm neprmi HAHOCTPYKTYPH 3 KBAHTYBaHHAM  €HEpril eIIeKTPOH{B Y
KBaHTOBOPOBMlpHHX sMax. XapakTepHo, IO came B 6araToKOMIOHEHTHIX
MarepianaX, fKi MaiOThb YOTHpM Ta Oimbuie come atoMis, AKI CYTTEBO
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BiAPI3HAIOTECS 332 CBOIMH  ()i3HKO-XIMIYHUMM - BIACTHBOCTAMH B yMoOBax
-IPHPOAHOI  KpHCTaNi3anii, ' YTBOPIOIOTBCH: ~ KBAHTOB] . SIMH,  KBAHTOBI - “TOUKH,
KBa_HTOBi APOTH, OITHYHI Mikpoo6’eMn (cavity) Ta doronni KpHCTANH, :

Ynepue nasepruit edexr y GaraToxoMnoHenTHil cucremi InGaAsP 6yB
OoTpuMaHuit y 1965 poui. Hapani, na ocHosi TREPIHX: po3umnin InGaAsP 6ynu
po3pobrieni nasepni i QoTonpEIMANBHI €NEMEHTH ‘Ha JOBXHHU xBunb 1,371
1,55 MKXM . JUIst - BOIOKOHHO-ONTHYHUX  JTiHiM. 3B’A3KY, Y TOMY ‘uHchi -
HAJIUBAKICHUX KOMIT'IoTepHuX: Mepex. [llsuaxicni i HaJIIBHAKICH] ‘1asepH Ha
InGaAsP mms BOJIC . 3apa3- 3afiMaioTs  TONOKCHHS nifepa 1 - CcKnaaaoTh
npubmzno 70% obcary  Ha PHEHKY - BCiX- THINB  HaniBOpOBiZHHKOBHX,
TBEPIOTINBHUX i rasoBux nasepin. Cyuacki reTeponiasepn Ha ocHOBi InGaAsP
abo iHmmx Marepianis ABAAIOTH o600 GaraToInapoBi CTPYKTYPH 3 aKTHBHOIO
0BIIACTIO 3 ENIEKTPOHHKM | OITHUHIM OGMeXeH M, CTBOPIOBAHHM BiATIOBIIHHM
subopoM cKianis Iapis. I_limmM OCBOCHHH  BUAMMMI i iH¢pavepBoHHii
Aianasony. Yemimmo. poapoﬁnmon,cz na3epHi AioJU Ha OCHOBI CesleHiTy LHHKY i
HiTpUAY ranio I CHHbO-3eMeHOT i dioleToBol obmacTel cnektpa. Ksaurosi
AMH, KBaHTOBi HUTKHM 1 KBAHTOBI TOUKHA SBILIOTH COGO0O MPUKIAIH KBaHTYBAHHS
CTaHiB  EeKTPOHIB -y ABoBUMIpHOMY . (2D), . omHosmmiprOMy  (ID),
HyJIBBPIMipHOMy (OD).opocropi, sinnoinuo, - '

Y 1981 p. BHepuie npopeneHa Knacuikailis reTepOreHHHX MaTepialis y
3QJIEXHOCTI Bix po3mipiB, 7. Mikpo-, - HaHOOGNacTe#l 3 OIHAKOBOIO -ITHUPHHOIO
3200pOHEHOT 30HH: .

=r=(3-10)-a=(1,5 - 5) uM — KBasiroMorenni TBepAi’ posumHM; y
CY4acHOMY PO3yMiHHI 1Ie FeTepOCTPYKTYPH 3 KBAHTOBUMH. TOYKaMy;

-r=(20-50)-a=(10-30) um — "HanpimiTyati” rereporessi “TBEpAI
POSTHHM; )y CYYaCHOMY PO3YMIHHI L€ reTepOCTPYKTYpH 3 KBAHTOBMME AMAMH,

+-r=(0,1 - 10) MxM ~ oIITHYHO reTeporenHi TBEPAi po3unHY; y cyqacnomy
po3yMiHHi 11e PoToHHI MaTepiany. '

3romom  GynmH - OTpHMaHi ‘ OIITHYHO TeTepOreHH! HAIBNPOBINHUKH 3
posmipaMu MikpooGiacTelt TOpSAKY NOBKHHY XBH doronis. Boun semsors
coGOI0. CTPYKTYpPH 3. MiKpoOG’eMamy;: 110 '06MEXYIOTE - (YTPUMYIOTS) (OTOHK
(optical;wavelength - scale structures or- microcavities: confined photons): Taxi
MATepialy . OTpHMANK - HazBy (HOTOHHUX xpuctanis, PBG - (Photonic bandgap
materials).-V.nux Matepianax moxua peani3oByBaTH NpOXOMKEHHS CBITNA' 663
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. BIpar. He [03BOJIsE CTBOPIOBATH CBITJIOAIOAHI -CTPYKTYPH 3 PEKOPAHO BUCOKOIO
. eheKTHRHICTIO HepeTBOPEHAN eNEKTPHIHO] eHepril B OIrTHYHy i GyXyBaTy Ha ix
OCHOBI (QyHKUiOHANBH] - ONTOCNEKTPOHHT eneMenTH 06poOKH ' “i ‘mepenmaui
JABGopMamiil. .o o e s C
. :CrpyKTypH Ha OCHOBi' KBAHTOBHX HHTOK i KB2HTOBHX TOHOK JIO3BONSIOTE
pearnisyBaTH OXHOMOJOBHII . CBIiTIIOMiOAHHIL: pexxiM: BiH' Mae - xorepenTai
RIACTHROCTI 1a3¢piB, alle XapaKTepH3yeThes GLIbINO0 HamifHicTIo i BiAcyTHiCTIO
nopora rexepauii. Taxi cBiTiogiogn’ MaroTh mBHAKICTE MoAymanil Ginemry 3a
10 I'Tu i nudepenniansny KBaHTOBY eeKTHBHICTD GiNbITY-32 50%‘ “(DAKTHIHO B
TaKUX CTPYKTYypax BIpauaescs. pmmux Mix cm’momonom i nasepom i crae
peanbHicTio Ge300poroBuii nazep. o
OcTaHHIM “4acoM iHTEHCHBHO - POIBHBAETECS = €NEKTPOHHA OITHKA B
KOHJCHCOBAHUX CepelOBHINax: ¥ KBaHTOBO-PO3MIPHHX CTPYKTYpax icHye uiTka
AHAJIOTiA MDK OINTHKOIO:'Ta CJIEKTPOHIKOK. J[BOBUMIpHHH kanan B apceHif-
Fami€BOMy - HOJBOBOMY : TPAH3HUCTOPL ' 3 -TETEPOIEPEXONOM ABIsE CobO
€IEKTPOHHAH XBHIBOBIZ, B AKOMY MOXKJIHBA KOJIMallis KiNbKOX €HEPreTHIHHX
CIIEKTPOHHHX -Iy9KiB, (oKycypaHHs 'i BiEOHTTS enekTpoHiB. TyHemoBaHHA
eNleKTpoHIB depes . Gap’ep . eKBiBANCHTHE MPOXOKCHHIO XBHNL B ONTHIU.
EnextporHnii pesonatop ®abpi-Ilepo qaax'mquo peamzye"rsc;{ B aBoGap’epHOMY
Pe30HAHCHOMY TYHCJIBHOMY Hioni. i
Croocrepiraerscs i 3BOPOTHA aHAIOTis, Hanpukaan;, GoToHHi Marepiany Ta
TIPOXOIDKEHHST KBAHTIB CBIT/A 4Yepe3 BY3bKy amepTypy. Xoua KOpITyCKyJSpHO-
XBUITBOBHH Jyamti3M eNeKTPOHIB JaBHO BUKOPHCTOBYETHCS Y BAKYYMHUX JIAMIIAX
i eneKTpOHHHX MiKpOCKONAX, MAHIMymsilil 3 eeKTPOHAMH ‘B KOHJCHCOBAHHX
CEepEeNOBMIAX € -JyXKe IEePCICKTHBHUMY - I 'HaHOeJeKTPoHikn. XBHiboBa i
fanicTUdHA IIOBEJiHKA - €IIEKTPOHIB Y HamiBIPOBIIHUKOBHX, - 0COOIMBO "B
reTeporeHHMX, MaTepianax- BUKIMKAE NOAATKOBI MOMXJIHBOCTI 'iHTerpauii B
MiKpOEJIEKTPOHIIIi. ) SE
Tlponecn enexTponnoi nitorpadii dhakTHIHO NpH3HAYEH] IS CTBOPEHHS
MIKpO- 1 HAHOCTYKTYp. Ha IOBepXHi:Ta B. 00’eéMi HamiBUPOBiAHMKA UL
OOMEXEHHs PyXy. eeKTPOHiB, y HeGaxaHuX -HanpsMKax Ta. iX CIPAMYBaHH: B
oGngHx, KepysanHs  pyXxoM . €NEeKTpOHIB - 3MiHCHIOETBCH:: . 30BHIINHIMU
norenujasaMu Yepes (Qikcosaii CcTpykTypH Mikpocxemu. IIpn npomy mnotik
EJIEKTPOHIB PO3MNIgNAcTbes K. O€3yMMHHMHA PyX YacTUHOK, §e3 BpaxyBaHHA iX
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XBPIIIBOBHX BJIACTHBOCTEH, fAKi, 3a' ananonero 3 onmxoxo "BU3HAYAIOTH [PAHHYHY
POSMUIEHY . 3XATHICTL ~ BaKYYMHHX 6HCKTp0HHI/IX - cHcTeM - (MiKpOCKOTIiB,
eNeKTPOHHHX MiTorpadis). | SR

XBHIBOBA MPUPONIA EMEKTPOHA i BUKOPHCTAHHS KIHIEBHX aNEpTyp 0 ‘LI
06MEKeHHS! [LIMPUHH CNIEKTPOHHOTO TYUKA MPH3BOMSTE IO PO3CIIOBANHS MyUKa,
1o NpoitIoB 06’exT (Mudpakiliza noMHIKa). Pamyc HepiSKOCTl, o6ymoBenHit

nudpaxuiero an Malix KyTax, IopiBHIOE

Ie A - oBXwuHa XBWJi ae bpoitns.
I'panryne pospisHenHst ¢ ofMexyerbcst cdepudno0 i axdpaKuifHOI0
MOMHIKaMH 1 MOKe OyTH BHpaxeHe uepe3 TORKVHY XBHII eJCKTPOHa i noctifiny

cheprsol a6epaui'1' Cog:
' 5 o AP Cm

; HpHHHHl’IOBHM 06Me>KeHH;1M 3MeHHIeHHﬂ 3HaquHx 5,,,,, € ae(boxycyBaHHﬂ
fIKE JOCATAE JOBXKHMHH XBUII CJIEKTPOHa, 1o I.{OplBH}OE KUTBKOM aHrcrpemaM
Buxopncroay}oqn enex"rponm XBHII, MOXKHa Ha KUILKa nopaqu TiABAILATH
NPOCTOPOBY PO3NINIBHY 3MATHICTH xnacnqnnx ONTHHHUX MeTomB 06pobxu
m(bopMauu, sika BU3HAYAETHCA nommmoxo xaum Q)OTomB (y peam,an cHcTeMax
BOHA cma):ae 0, 2 — 1 MKM). '

6.4 DynknioHanLHHIT OOTPOH | .

Amnanizyroun mpolecH ONTOENeKTPOHHKX -TIEPETBOPEHs B ONTPOHAX Ha
novarky 70-x pokis, B. 1. Ocincskuit 3anpononyBas npoBoauTH (yHKUIOHATBHY
o6pobky  indopmanii B  GaraTomapoBMx  CIPYKTypax  Bapi3OHHHX
HANiBIPOBIAHUKIB. Ines ocHoBaHa Ha TOMY, O Y Bapi30HHOMY KpHCTali iCHye
BHYTpIIIHE eJIeKTPHYHE O, Ml Ai€10 AKOTO BinGYBAETbCS. PyX €NEKTPOHIB i
" mipox. Hpﬁ UBOMY IN&PH HANIBIPOBIAHMKA 3aTHI MOIMHATA 1 BUIPOMIHIOBATH
- ONTHYHI : CHIHANH 3. Pi3HHMH JOBXHHAME XBHIb, TIEPETBOPIOIONH iX y HOTIK
-'enexﬁponia i jipoxk, cnpaMOBaHHﬁ Jl0 BY3bKO30HHOI 00nacTi. .- L .

CxeMa ONTHYHMX i €JEKTPOHHUX NEPEXOMIB ¥ KPHCTAli 3 rpamieHToM
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-3a60poHeHOl 30HA NOAABANAcs ; RETKAM - QYHKIIOHANEHAM ONTPOHOM, Y. IKOMY
. YMOBHO MOXXHA' BUALTHTH :Bxinﬁy .o0sacTs. I, BuxinHy obmacts I, i obmacte
nepenadi abo ontuuHoro, abo exekTponHoro 38’a3Ky III. Cxema, HaBeleHA Ha
‘puc. 6.1, a, BigmoBimac onTpoHy:-3 npaMum 3B’s3koM. Ilpm 3mimi BXigHOTO
¢BiTIOBOTO " TOTOKY .. ¥y 3MIHIOETHCA - IHTEHCHBHICTS - TeHEpalll eIeKTPOHHO-
nipkoBux nap. HepiBnoBaxwi Hocil 3apsmy IepeHocaThCs uepe3 obmactp 3i
3MIHHOIO TIMPHHOIO 3a0OpOHEHOI 30HM i TOTIM pexomOinyroTs B ofnacti 7],
CTBODIOIOYH BHXimuuil cBimiopmit morix @,, ammiitTyaa sakoro € GyHKIieo
BXIIHOTO CBITIIOBOTO 110TOKY ;. OBnacTh enexTpOHHO-AipKoBoro meperocy II1
CIYXHTE IepelaBanbHAM cepez(osnmem i MOXe KepyBaTHCH eNeKTPHYHHM
osieM abo csimiom. Takmif onrpoH € GYHKIIOHANHGHHM —IijcHMOBadeM abo
rxepeTBopIOBaqu ceitna, B obmacti Il MOXyTb 6ym copmoBaHi
HaHOCTp}'KTypH KBAHTOBHX HPITOK Toqox, eJICKTpoHHl XBUJIEBOTH THITY KaHaliB
3 JIBOBHMIPHIM eeKTPOHHUM Ta3oM a60 eleKTPOHHI 3] Ta I3epKana.

Pexcarv  mimcumeHES i aHTHCTOKCIBCBKOTO ~IIEPETBOPEHHA MOXKH2
peanmisyBaTH B cxemi, nomawiii Ha pue. 6.1,6. Ilpr antHCTOKCiBCHKOMY
nepemopeHm eHeprm BUTTYIIEHUX KBaHTIB Ginblia 3a eHepmo BXifHOTO
CHIHATY hvy> hvy, TOMY 3a HeBHHX yMOB BmGyBaeTbcx i ICHTEHHS norym{ocn.
Honarkosa eHepm nepenaerr,cg HOCifM 32 paXyHOK 30BHiLIHBOTO EIEKTPHIHOTO
monst abo rpamema KonneHTpaun. V mx msox BUAax <byHKmoHaannx
ompomn ormmmm 3B’A30K € 3OBHIIIIHIM

Jinst peanmizauii BHYTPIIIHBOrO ONTHYHOIO 3B’3KY oGnacn. nepenatn He
TNOBHHHA NOTIIMHATH pexoMOiHaliiiHe BUNPOMIHIOBAHHS, IO BUHHKIO H2 BXOH,
SAKHH eNeKTPUYHO PO3B’s3aHMil 3 BuxomoM. CxeMa, HaBeleHa Ha pHC. 6.1, B,
TIOKa3ye MOXITHBHH BapiaHT peaniéani'f CTPYKTYPH 3 MBKCHMyMOM 3a00poHeHo}
30HK B o0nacTi nepenavi. Topmuna obnacTi mepefadi, yepe3 sxy 3zilicHioeTses
SK MpAMHH, TaK i 3BOPOTHHI ONTHIHMH 3B’S30K, CKJIaJae Kigeka AudysiiiHux
JIOBXKHH. .

Jlerko MOMIiTHTH, N0 BapiaHT (YHKIOHAJEHOTO ONTPOHA 3 BHYTpPimHIM
"ONTUYHEM 3B’A3KoM (puc. 6.1 B) € KoMOiHALi€l0 ONTOENEKTPOHBHX CIPYKTYD
(prc. 6.1, 2,6). B obnacti fiepenaqi curmamy Moxe GyTe sailicHeHa imBepcis
“HaceJeHocTel. - BubopoMm HampsMmky  nii 3B’43Ky ' depes -’ CTUMYJIOBAHHSA
BHIIPOMiHIOBaHHS peamsye’rbcz SIK TIO3UTUBHHM, TaK i HeraTUBHUH onTHYHHIA
3B’ 30K, :
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o0 , L4
: J 2-hv2
d>1—hv1 @ <D1—hv1
Pacynok = 6.1 . — Onruuni  enexrponni  (mipxosi) 1IepexXonu - 'y

QYHKIIOHATBHHX OINTPOHAX Ha  HANIBNPOBITHHKAX 13 . IpajlieHToM
3a00poHeHOl 30HM: a - BXignwi IMHPOKO30HHUH 6ix; 6 - BXigH#Bi
BYSBKO3OHHHH OiK; B - ONTHYHHH 3B A30K Hepes o6nacn, nepenatn 3
M2KCHMYMOM 3a60p0HeHox 30HH; r - onTHanu 38’ 130K qepes
) ,uomunconmr pusem, (plBEHB nacrox), I - nmpoxosonm onacti
CIYKaTh onrmmHMH onnaMH 3aranbHa ByszoonHa o6nacn, -
onqunM a60 enexrpuqrmm anonom )

OHTI/I‘{HI/IH 3BOp0T}IHH 38’ HBOK MO)!(e HpOXOI[I/ITI/I qepes plBeHB HaCTOK

(puc. 6.1, 1). Hpsnvmn enemponnnu (mpxomm) 33 A30K Ml)K BXOHOM i BI/IXOI(OM

ONTPOHA CTBOPIOE B obmacri I Hannnmxosy Konuempauno HCOCHOBHHX HOCllBV

axi 3axonmoxor1,cx NacTKaMH i BI/IHpOMlHIOBaJIBHO peKOM61Hy10TB 3 eneprxem
KBautin HoMirmkosoi CMyFH hVnP EC Eﬂ> hvl. ﬁxmo pea6cop6aum
110M1m1<onoro BI/II‘IpOMlH}OBaHHH BII_(GYBB.GTBCS{ B o6nacn nop;uncy nmbysumm

LlOB)Kl/IHI/I, 3Bop0Thm71 3B’ ;1301( Howm, onToeneKIpouHun xapaKTep
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Ha puc. 61 X moftana Jiarpama ONTHYHHX' i eJIeKTpOHm»rx mepexofiB B
ompom BH’XOIIOM SKOTO € By3LK030HHa oGnacTr, Kpncra.ua, a on,un MOXXYTB
peamsonynamcx qepes ym MAPOXO30HE] o6nacn _ :

Vi naseneni BapianTH (yHKIiOHATEHEX ompomB MAIOTh OITHYHI BXOJH
i muxonu. TIpoTe MoXHa 3HIHCHHTM ¥ eNEKTPHYHMH BXil, SKWO NOMICTHTH
KpHCTaJl 3 IPajicHTOM 3a00pOHeHO! 30HH Mix o0KIagxaMe KOHIEHcaTopa.
Pobora dyHKIiOHATPHHX ONTPOHIB Ha KpHCTas1ax 31 3MiHHOIO 3a60pOHCHOI0
30HOIO CYNPOBOJUKYETECS  TIEPETBOPCHHAM © CHIEKTPa BHTIPOMIHIOBaHHA i
BHKOPHUCTaHHSIM  PI3KOTO ‘PO3KOKEHHS KOe(ilicHTIB TOMTMHAHHA MEBHHX
o6acTell MOHONITHOT CTPYKTYpH. oo

Haseneni MIpKYBaHHS MOXHA IOMIMPHUTH Ha GINEIN CKIIaIHI CTPYKTYPH, ¥
SKUX OfHa 3 obnacteii a6o BCi ofyacti xpucTala 31 3MIHHOIO 3a00pOHEHOI0
30HOI0 MICTATH KBAHTOBi TOUKH ab0 AMH, Mikponasepui abo cmmomomu
CTPYKTYPH, MiKpo- i Hano@oronpnnmatn Gy ab-aKOro Ty aGo immi Mikpo- i
HaHOCTpyKTypH. Hampuxian, obmacts mepefavyi B CXeMi 3 MakCHMyMOM
3a00pOoHEHOI 30HH MOXeE MicTrTH i-inap,aGo p-n-Tiepexin. Yei wasengeni Ha
pHc. 6.1 eneMeHTapHi CXCMH MarOTh ONTHIHHI BXin Ta Buxix. lpu BBenenHi p-n-
nepexofis afo iHIMX eNEKTPOHHHX CTPYKTYP OITTPOHU MOXYTh MaTH €eKTPH4Hi
BXOIH 1 BHXOJIH, KUTBKICTB SKUX BU3HAYAETLCA peanizoBanoio GyHKijero.

6. 5 Haummmmcm KBaHTom Haﬂonpouecopn .

Hpu p060T1 3 IIBOBHMlpHHMH IHQ)opMamymnMn TIOTOKaMH icHyioTh 1B
MOXJIMBOCTI posnapanemOBaH}m Tponecy oopo6xn TePETROPEHHS 306paens y
napanebHIX IPOCTOPORKX KaHANAX i napanenbﬂa oGpoGKa ONTHYHHX CHIHAMB 3
PISHHME ZOBXWHaMHA XBHIb. B 060X BUmamKax MoxIuBa 0GpoGKa K umbponm
TaK 1 arazoroBoi 1H(1)opMaIm IIpu HHQ)pOBm 06p06u1 Ha BXig @yﬂkmoﬂanmm
M1Kp0CprKTypu IIOJ.IaCTBCSI CBmIOBe noxe, wo mictats 10°-10* 6iT (cropinxa
JHCKPETHOT 1H¢opMauu) lpn aﬂanorOBm o6p06m Ha  BXif HaJIXOIATh
npocmpom 3o6pa>1<eHHx (06pa3n), SIKX noumm{o 06p06nxm Ha OCHOBi
acomamBHHx nanuHmB aHaJIOI‘OBOI JlBOBHM!pHOl JiHiAHOT oﬁpqﬁm
KOTePeHTHHX 60 Hexorepe}{mnx cnmamB ' , ) ' ..

HpHHuHHOBom nepeBarom (byHKmOHaJILHm 06p06Kn B mapax 31‘
3MIHHOIO 3a60pOHEHOI0 30HOIO € MOMUIMBICTh NEPETBOPEHHS cHTRAIB y
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peanbHOMY MacinTabi yacy, To6To PAKTHYHO MHTTEBO 33 4ac ~107°-10%.

Psx 3ana¥ posTsHABaHms OGpA3iB, KePyBaHHs CKNATHHMU CHCTEMAMH,
3ajadyi  MeTeopONOrii, MATEMAaTHUHOT (I3MKM ~“MOXHA BUPIIMTH TiNbKH
 ABOBHMIDHOO i TPHBHMIpHOI 0GpOGKOI- iHpOpMaLii B peaibHOMy Macuitabi
yacy. ITpu [1s0My NoTpi6HA WBHAKORIS Ginbiua 3a 10" onepaiit 3a cekynay, Ky
HeMoxmBO  peanisysary’ B° EOM "Ha TpaHSHCTOPHHX eneMeHtax. Jlmmie
IBOBUMIpHI 1 TPUBUMIpHI CHCTEMH 00poGKH iﬁ(popMaixii' B peaTbHOMY MaciuTall
yacy 3a0€3MeyyioTs NPaKTHYHO MHMTTERE IEPETBOPCHHS BEMKHX ~MAcHBiB
indopmanii y Burmsni mpocTopoBUX 300paXeHs. '

IpumycTiMo, 10 Ha MOBEPXHIO TUTACTHHY HAMiBIPOBiHAKA 3 TPaieHTOM
3a60poHeH0T 30HM HAOXOIUTH ONTHYHUN CHIHAN Yy’ Bn'mﬂzii IBOBHMipHOTO
IPOCTOpOBOIO pembedy iHTeHCHBHOCTI Py(x,)). Y wmapi dz ne caiTiose none
TTOTIMHACTECS, TEHEepYIOUH CNeKTPOHHO-IipkoBi napH. “Tlpoctoposuit pessed
inTencuBHOCTI @g(%, ¥) TIEPETBOPUTBCS B pellbed 3apaARy eneKTpoHiB Jn(x,y) i
mipox Q,(x,y). Hix aieto BOyZOBAHOTO BHYTPIIHBOTO IOMISE NPOCTOPOBI penbedit
0, 1 Q, 3MiHIOIOTECA BiANOBIAHO 10 dynxiii meperBopenns. V HalfnpocTimoMy
BHIIAJIKY IPHITYCTUMO, IO € CUMETPUYHA CTPYKTYpa, aHANOrYHA HaBeseHilt Ha
puc. 6.1, a. V miif depes amGinonsipauit peitd Hociis mix’ miero BHyTpilHBOTO
mos, ofuiBi KapTHHM (eneKTpoHHa i nipkoBa) GyXyTh mepeMmillaTHCS MO
BUXigHOI ofnacti, Ae BOHM HOZAOTHCA. SIKIO Bei mapamerpy M ancambiro
eNeKTPOHIB i XipoK ofHaKoB (Y Mexax MOoXuOKH MeTOMIy), TO BHXIIHMH cyurHan
Byne sBIATH co0GOW0 NPOCTOpoBHil penbed, Mo onncye'rbéﬁ oyHxUieww Dy(x,y),
sIKa € PO3B’A3KOM PiBHAHHA

A Do(x,p) = Dax,p),

ne A — oneparop, To6TO MaTeMaTH4Ha i, IKa 31iiCHIOETECS B CTPYKTYPi
HaJl BXIAHUM CHTHAJIOM.

Ha BHXOXi CTPyKTypH obpas MOKHa 0OpoGmstH (pO3iTisHABATH) AK €fHe
uime .a6o mpoBecTH -#oro AMCKpeTH3aUilo .3a . Oynp-AKOIO O3HAKOW 1A
HOJaNBIIOr0 TOCHiAOBHOTO. a0 MapanelbHOrO BBEJEHHA B  HACTYNHHH
I(HQKp?’I‘HPI‘I‘?LOG‘HrIC'JI}Oﬁaq,. B SAKOMY .IIPOBOAHMTHCS iHINA. omepallif, ONUCYyBaHa
oneparopoM -B - i- T.i. IlepeTBOpeHH: B €NEKTPHYHI CHUTHAIH. NPOBOIMUTHCS
MaTpHuero . doTonpuiimMatis, - chOPMOBAHOIO - Ge3MOCEpPeNHbO . Ha,  BUXOM
crpyktypr. Crpym doronpuiiMaNbHHX eNeMeHTIB aHaJli3yeThCd JOriYHHMH

xs
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CcxeMaMu 1o Hep3i. ITpn npoMy, B 3aNexHoCTi Bin TIpOrpaMHu aHaisy i xapaktepy
BHBE/JICHHS mq)opmaun (nocmnosnoro a60 IapanensHOro) KiNBKICTs JTOrigHuX
KPOKiB CKIIajlac  3HAMHY. BeTUUMHY, AKa. NpU NOCILNOBHOMY aHamisi omuiel
cropitiku 8 EOM nopismroe 10%-10° xpoxam, . .~ . e e

‘Onucysanmif croci6 dynkuionansHoi _,06pobku JIO3BOTIAE, CYTTEBO
CKODOTHTH  KLTBKICTS. MOTiYHHX - KPOKiB ;i MaKcHMATbHO BUKODHCTOBYBAaTH
TepeBary napanensHoi o6pobku indopmanii, ockinbku onepanii 3aifcHIOOTECS
OIHOYACHO Ha BETHKHM naﬁ_ode 4HCe, SKi XapaKTepH3YIOTh NEPBUHHI 03HAKH
BXIZIHOTO IIPOCTOPOBOrO CBITIIOBOTO IOTOKY,

BixsHawaMo, mo posrmsHyTHit croci6 . amamoriunmii crocoby omTHUHO!
IpOCTOpoBOi  ineTpanii, mpoTe Ha BiaMiny Bil HBOroO 3nilicHIOETBCSH |y
peanbHOMy . Macmura®i 9acy. Yac mepeTBOPEHHS CHTHANIB CKOPOYYETBCA 32
paxyHox 3anporpaMOBa_}mx Y CIPYKTYpi ONTHYHHMX i €N€KTPOHHHX 3B’A3KiB Ta
BHCOKOI IIBRAKOCTI. iX peanmaun AKa A KIACHIHHX CTPYKTYP Ha OCHOBI
apcgm;xy rajito cknanae 107 C, 8 I KBAaHTOBHX - 102,

Hponmosmn obnacte apelidy, Hocil Hagxomsars y Koo q)cpMyBaHHx
BHXiZHOrO curnaiy. Ilepenasansna XapaKTePHCTHKA ABOBHMIPHOIO OITHYHOIO
CHTHATTY, aJEKBATHO NEPETBOPEHOTO B ENEKTPOHHMII penbed), BHIHAYAETHCS
nadysitino-npelidornm  MeXaHizMoM neperocy. [i Moxua ouimmtH 3a

CIiBB] JHOIEHHIM
H(f)=| 1-¢2@d)) /[, €XP( —ad))
: I+al ). 1+aL
ze ‘L!’_ = -1:12— +(27 £,)*- nndysiiiHo-npeiidoBa TORKUHA HEOCHOBHHUX RoOCilB;
0 '
Ly=L,;

d - ToBIMEa obnacti Apelidy;
a- ycepe;meﬁnﬁ xoe«binien’r TODJIMHAHES.

s kpoky p = 10 MM, f; gax = 1/2p 50 mv, Lo =10 MxM i a = 10° e
ofepixyemo H(f; +ix) = 0,65. ‘

B enextponnomy xoni nepernadi souinsHo npopectH CTHCHEHHS CHIHANY
IO PO3MIpiB, AKi BH3HAYAIOTHCA PO3ALIBHOIO 3/IATHICTIO €NEKTPOHHUX CHCTEM,
To6TO O PO3MipiB. - IOPIAKY - HOBKHHH  XBHAi - EIeKTPOHIB 'y -KpHCTam
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HANiBIPOBi/HMKa, AKa CKIagae npubnisHo 0,1 mv. TIpouec o6pobky curuanis
“Oyne BinbyBaTHCs ‘B- HAHOCTPYKTYpax EEKTPOHHOI NaHKM Ha 3 -4 nopsmxu
cKopine y mopiBHAHHI 3i CTPYKTYpaMH :MiKpONpPOLECOpiB Ha TPaH3HCTOPHHX
BEHTHNIAX i Ha 6 - 8 MOpsAKiE MBUAME Y NOPIBHAHHI 3 KiaCHIHUMY onTuqﬁnMp;
TIPOIECOPaMH, IO BHKOPHCTOBYIOTE ',lmcxpemi NMa3ePH Ta OITHIH] JH3H.

- SIKmO B KBAHTOBOMY HAHONPOLECOpi BHXINHHM € ONTHYHHIH cuman y
BUXiHOMYy mapi HeoOXimHO 3abe3meanTh npom‘oposy JexoMmpeciio Ta
eeXTHBHY BHHPOMIHIOBANbHY ~ pekoMOiHamiio. SIKmio K BHXIZHHMH . €
ENIeKTPHHHI CHIHAM, BOHH (GOPMYIOTBCS B KOJIaX 30BHILHIX ThKepen CTpyMy, B
AKI  BKJIIOArOTCA -06nacTi * popMyBaHHs BHXITHHX ' curHanis. OTpUMAHHS
HeoOXi/iHOT ' aMILIITY/ M 'CHIHANIB JOCATAETBCA * 1X  TiACHITCHHSM - y Matpuni
HaHOTPAH3HCTOPIB ab0 B MiACHIIOBAYAX CBiTIa: ‘

illli 3 I
A T
ET OEHFT ET
s | WL/ |
x o &E ® [:,;/}
~A E \ I~
7 B s
7 ¥ A

— E-® ;
] T |
OEHFT

' -anKa OUTHYHOT rbmmpauu (boronus, E- nanxa enexrpmnoro C’I‘p}’M}’, P-E - na}nca
" boTOH-CHEKTPOHHOTO TIEPETBOPEHHS.: .

Pucynok 6.2 — CTpykTypHa cXeMa KBaHTOBOT'O HaHOIIponecopa.
CrpinkaMu noxasaHe BBEICHHS AaJrOPHTMIB
© QYHKUIOHANBHUX '/ [IEPETBOPEHb - - BILIMBOM
FE TS : . ‘cimnoBum: O, enextpmanum E, marwitauM H,
aKycTuyHuM F i TCMIIepaTypHPIM T nonsiMu

Hpouec 06p061m m@opMaun B Taxomy HaHonpouecopl 3pY4HO
rrpomd\nm 3a crpyxrypnom CXeMoIo, sKa 300paxeHa Ha puc. 6.2. Sk iy

BHIAKY TOCHioBHOI 0GPOGKH, MU a3y HapanensHOY 0bpobxu 1H¢)opMau11
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- CTPYKTYpa - po30MBAETBCS Ha PSN JUIIHOK;y. KOXHIH: 3. SKuX - BinbyBaerscs
_,}(bisma ‘B3a€MOJlia aHcaMOmo HociiB iHpopmauii - enexTporis i.doTomis - 3i
_CremianpHO BHPOINEHHMH, HEOIHOPIHOCTAME CKIIAZTy TBepJIOI'O posduny.-KpiM
.TaKoI . 3aIpOrpaMOBaHOi 3MIiHH BIaCTHBOCTe! :CEPEfOBUINE, ¥ PI3HHX. AiNsHKaX
MOXHa [iATH Ha.XapaKTepHCTHKH, 30BHIIIHIX curHani, ‘TakuM HHOM MOXHA
(BILIMBAaTH Ha BXifHy OYyHKOiO PI3HWMH: ONEPATOPAMH . NICPETBOPEHHA, N0’
36epiraror5c}1v B OKDEMHX = €IIeMEHTaX INam’sTi, TOGYZOBAaHHX Ha MACHBI
‘KBZHTOBWX AM a60 TOYOK. 3’€[HAHHA. KBAHTOBHX HAHOMPOLECODIB 3 MaM’ITTIO
Ans. 30epeXeHHA . ONCPATOPiB. JI03BONSE - peanisyBaTH (YHKIiOHATBHI
ONTOENEKTPOHH] . ofumciroBayi, IO - 3a  CBOEK ° NPOAYKTHBHICTIO Ta
TEXHOJIOTIYHICTIO CYTTEBO NEPEBEPUIYIOTE TPAH3UCTOPH] MIKpPOIIPOLECOpH. |

V 6inemr 3arajlbHOMY BHIANKY MHOMUHHA ONTHYHMX CHTHAJIB, KOKHHH 3
SKMX XapaKTepH3YETHCA CBOCIO AOBXHHOK XBHII, Ha BXim Oararomaposol
CIPYKTYpH TOAAIOTECS  CBITIOBI nous, aKi, 3 ypaxyBaHHsIM KoedilieHTiB
Binburra R(x,y,X), ormcyroﬁ:cs KOMITIEKCHEMH QYHKIISIMH BUTTISLY

TP,y 2)= 12:0% (3, espli ol J?)][I‘ = R(x,y,2)]

ne A= (Ayax = Amin)/A - KUIBKICTE CIIEKTPanbHMX KaHAMIB, HI0 MOXYTh
pOSMICTHTHCS B JianasoHi DOBKHH XBHIb, SKi [OMMHAIOTHCA mapamy 3
pisnoio E,. ‘

Bximumii map semsie coboro npoc_:’ropos?xﬁ ontiuHuH  dinbrp. ko
MOnynAUiiHa XapaxTepucTvka (inbTpa BupaxaeTses Ak 1(x,y), To micns
TIPOXOIKCHHS (bim;'rpa CIIEKTD énmany JUIst bixnief noamﬁm XBHI npuitMae
BHIIIAA

B,(%,y)=P(x,)T(%,y)"

Bupomyioun enirakciifHy muiBky 3. BiZDOBigHMM po3mofiIoM ONTHMHAX
KOHCTaHT, HaNpHKaj, ITOKA3HAKA 3alOMIICHHS, MOXHA CHHTE3YBaTH TaKy
NepexifHy ONTHYHY XapaKTepUCTHKY BXigHoro mapy, mo6 y HbOMY
saificHIoBaNOCA HCO6XI,IIHC NEPETBOPCHHS OMTHYHOTO cnrHany

Ocmnsm BXigHa naHKa € IIpOCTOpOBPIM OIITI/I‘IHHM Q)mm*pOM y HBOMY
MO)KJIPIBO K npxme
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F(d>) @ f ”03 x,y)cxp[—zZn(f x+f y }ixdy ,

TaK i oGepHene neperBopenns Gyp’e:

NS

F"(@) D(x,y)= ”(D( )exp[ 127z(f x+f y)}if df‘
k»ne‘ﬁl ih ﬂ - hpocropoéi YacTOTH II;I;! Beix JIOB)KHH XBHIIb Bxinﬂéi;o

CHIHANY.

3a3HaueMo, - O B OKPEMOMY BHIIAAKY A HEKOTEPEHTHOrO : ONTHYHOTO
curxaity inQopmartis 3axsiafieHa B iHTEHCHBHOCTI CBITIIOBOT XBHI; Mij Ti€r gxol
‘Ha TTHOMHI Z B OXYMHHIIO Yacy reHepyeTr,c;f"lg(x, ,2)dz eNeKTPOHHO-IIPKOBHX
‘map.. QyHKnig . reHepauii '-g(x:j),»z) JUIst  HaNiBNpPOBiMHUKA - 3. TocTiiiHoWw £,
BUPKAETBCA €KCIOHEHTOI0, & JUIA HamiBIPOBIAHMKA 3 niniAEAM I'pajiieHTOM
Ey- nssononopiGroro" sanexHicto. Cunresyrounm dynxuii renepauii, MOKHA
3NIHCHATH 3ajaHi NeperBOpeHHs curHanis:: Pismi  dysxuii reHepatii
Peajli3yloThCs HPOTPaMHOI0 3MIHOIO CKI21y HATiBIIPOBiTHUKOBOrO TBEPLOTO
posunny i, orxe, KoedinieHta norTHHaHHST. OCKLIBKH byHknis renepauii
BU3HAYAETHCA Ker)mleHTOM NOr/MHARKA, HOTO 3HAYEHHA MOXHA 3MIHIOBATH
;EJIeKTpH‘ZHPIM abo TeMIepaTypHHM noueM Kle TOTO, npocmposnn poznomn
TeHEPOBAHHX enexrpoauo—mpxoaux nap nerKo 3MIHIOBATH CBlTJ'IOBI/IM nozneM Tief
% a60 IHIOY, Hisk OCHOBHHI CHIHAI, NOBKUHH XBHI, MaFHlTHHM, enexrpanHM
aﬁo aKycmqnnM IOJISAMH. R ;
" Teneponani enemponn i mpKu cTBOp}O}OTL noamm enexrpwmmi 3ap;m,
I TBHICTS AKOTO BiAMOBiAHO A0 piBuanms ITyaccona JIOPiBHIOE
p(x;y,z) #'din,

e D=c¢g, E - enekTpuyHa IHAYKIS,
& - HieNeKTpUYHa POHUKHICTE MaTepiany;
- MieNeKTPHIHA IPOHAKHICTD BaKyyMy; ‘
v E < nanpyxericts enextpramoronions. ... -

- EneKTpoxm A, mipxn . m;( ziero ( BHYTpIIUHBOTO  TIONIs,  0GyMOB/EHOTo

e rdd
S

I'PaJHEHTOM - Egy: ‘npembyxom Y. »y3BK030HHy -4gCTHHY Kpm'rana Ha. . Apetidh
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ENeKTPOHIB i mpox po3mm>Ho 'MOXHa BIUTUBATH #K sasnanermb 33iaHNM
3aKOHOM posnomny BHy‘I'pll.HHBOI‘O ‘Mo, TaK. i BBOASUE BiAMOBiMHI anropHTMH
(hyHKIiOHATEHHX TepeTBOPEHD ¢n3m1-mMn BILTHBAMH, 3pytmmvm nus 'rexmqnox
peanisarii.

OCOGJII/IB]CTB BXiJIHOTO ,mapy 3 rpaniestoM Eg monsra€ B TOMY, 1O B
HBOMY MOXKIHBA (innmpaum 33 JIOBKHHOKO xsmn, 10670 Q)ymcmx TIPOITyCKaHHA

3aJIeXUTD Bu); AT (x,y) T’(?\.) I[nx Hemonoxpomam'mom Bxumoro CHIHAIY
O(x..2)=[0(5. (1)

'Y Koni OITHYHOT IPOCTOPOBOT (inbTpallii MOXK/IMBE BBEICHHS aITOPUTMIB
06poOKM 3OBHIMHIM ENEKTPHYHHM - noneM. abo 3MiHOH0O Temmepatypd. VY
npuAmAn MOXHBi M. iHmi Qisuumi BIUIMBH, OJHAK i OINTHYHHMX CHUTHAMIB,
MardiTHOTrO H QKYCTHYHOrO IIOJIB' 3MiHIOIOThH xapalcrepncmm IIPOITYCKaHHA
HAIiBIPOBITHUKIB JIy’Ke Majo.

IIpHKIafanAs eIeKTPHYHOro - MONS A0 HaniBNpOBiAHUKA : 3MIHIOE Kpaid

-(tYHIIaM€HTaJIBHOI‘O IIOTTIMHAHHA B.. - R S .

K/Ky =1+ p(hvE) pas,

\ ne Ky=4 (Rv Eg)”2 ‘-‘ xoecplmem nornHHaHHz npxmoaomioro
Hanmrxpomzx}mxa 6e3 enexrpmnoro no:m,
A- ﬂapaMeTp, ;na«m BH3Haqa€T‘BCX Hepes. | xoncranm Ma*replany i cnaGKo
3aeHHTE Bil eHepril q)oronm
¢ - dysKuis, mo quncmoeTLc;[ Hepes. lHTeI‘paJ'IH EPIpl ie (pymcmero
exeprii GoToHiB i eneKTpmHoro nonx

f

Hakia/ieHHs TeMIepaTypHOro oM 3MiHIOe Kpall IIOMIHHARHA B GiHapHuX
3’€/[HAHHAK MPONOPIiHHO TeMIepaTypriit 3MiHi Eg, Axuit fopiBHIOE

E, =E,(0)-al*/(I +6)

1€ @ - eMIipHYHa KOHCTaHT3;
6 — neGaeBChKa TEMITEPATYpa IpH TeMIepaTypi 26COMOTHOro HyJIs.

" Buximgumit CHTHal € pesyIsTaToM (YHKIioHambHOi 06pobku npH
TIPOXOJUKEHH] CHIHANY [epe3 CUCTEMY 3 ICpeaBabHO0 YHKLIE0
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H(f,,f) lH(f,,f) (,,,f)JH (f,,f)

I

Ibm H30YHOCTI IIOKa)XeMO, SIK 32 JOMOMOI0I0 cbynxmonanwux KBaHTOBHX
HporecopiB Ha HANIBOPOBiAHHKAX 3 rpa,meHmM WHPHEN 3a60p0HeH01 3orm
MOXXH2 BUKOHYBAaTH J€sKi MaTeMaTH4Hi onepariy. : '

L  Honasanns curnamis @ (x, y, )i Gy, ¥, 4) snificHIoeThC nonaqe}o Ha
CTPYKTYpY (prc. 6.1, ) 06ox cHrHanis 3a wac, Habarato MeHIHi 3a 1ac ,apemby
HOCI{B 0 06J1acn .peectpanil. , S

2, lIoGyTox. ABOX. CHTHamB _31iHCHIOETHCA B CTPYKTYpI, y AKi¥ ofua
CHIHAll CTBODIOE Jpe¢ enexTponis, a imwmil. npeiid mipox. Toxi Ha Bxoxi
ONIEPIKHMO, CHTHaJI, np,onopuyiﬁ}mﬁ ;xc}ﬁy*rxy XHiX KOHUEHTpanii, HOL[&IO‘H_/I et
CHIHaN Ha BXifA [, a inmmit (Tperiil) curHan Ha Bxiz II, MoxeMo NOCHiI0BHO
OZIEPIKATH Pe3YbTAT MHOKEHHS Tpsbx cursanis i 1.1 Koediuient nponycxanms

SKTy  IPOXOJUKEMIIA OUTHYHOIO CHTHANMY HeoOXifHO . SMIHIOBATH IHIIHMH

CHIHAJIAMH 32 33KOHOM, SIXUH BH3HAYAETHCA (YHKIIIME, WO TIEPEMHOXKYIOTBCS.

v Ansa uporo 3py4HO CKopHcTatHCA ediexroM Pparia-Kenauma 3 nponopnix‘»‘mum
KEPYBaHHSM CBIiTIOM. o .

3. Ilmpepeﬂuuonannm ONHOBHUMIpHOTO . curHamy = @, y) MOXHa
30iHCHHUTH, BUKOPHCTOBYIOUH CIiBBiZIHOLIEHHS. (zmx ONHOBHMIPHOTO BHIIANKY): -

@ = [f(x)exp(~i2x £ Jdx =~i2aS( 1)

3 HaBeneHol GopMymu BuTiKae, mo Tpeba chopmysaru (Dyp e-oﬁpas S
BXiZHOTO CHTHANY i MOTIM MOMHOMHTH HOTO ﬁ, MHoxcemm MOJKHA snmcm»rm
OIHCAHNM BHIIE CIIOCOGOM. ) o

- 4. IuTerpyBaHHs CHrHANY 37iHCHIOETHCA an Horo (bOTOH-eJIeKIpOHHOMy
TIEPETBOPEHH] B 3aJaHNX MeXax:

I(t)=a HCD( %,y )Q0(x,y )dxdy

“E nét-uac iHTerpymanHs;

111, KOHTYpH BXI/IHOTO CBITIIOBOTO Tons;

figa nocm»ma E
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3aJIMIATHCA HocTiltaoK0 abo 3MngqBanicx;‘ Sxmoe. 3008 00poGKY 3MIHIOETHCA B
yaci B Iponeci o6po6Ki, To MOXHa OTPUMATH PO3TOPHEHASA npoxecy o6po61m B
gaci,* AKI00 UIBHAKICTE - 3amicy cnrnany GmLma 3a msnmcxcrs 3MiHM 30HH
~0OpobKH. oo ‘ '

5. PosnisHabanns o6pasis 3BONMTRCA 1O BRAUIEHHT 3 BXIIHOTO CHTHATNY,
AKHH MICTHTh KODHCHHH i CTODOHHiH-CHIHANH, JUIIe KOPHCHOT HOro YacTHHH.
-Jlns uporo posnisHaBaHmMil 06pa3 TondeTRCA Ha BXin J cTpYKTYpH pHc. 6.1, 1, a
opas nopistsrms — Ha Bxin II. Tlpn 36iry ofpasin ‘cenextismmii tetextop Ha
BHXOI] 3apeecTpye BeNuKuil -CBITNOBWI CHTHAN, TOmi SK npn Bmcymocn
po3MisHaBaHoro 00pa3y BEIHIMHA CHTHAY Oyzde MaJIoko.

Hapereni NpUKIag@ JMIIE JEMOHCTPYIOThH NEpEBArH  (yHKIIOHATBHOI
-06po6xu indopMallii B KBAHTOBYMX HAHOTIPOLECOPAX 31 3MiHHOM 3a6OPOHEHOI0
30HOIO i He PO3KPHBAIOTE YCHOTO Pi3HOMAHITHICTH MOMKIIMBEX 1X 3aCTOCYBaHb.

Onucanwit -~ BHINe - MPUHOMN  (OPMYBAHHS TNpHEATHMH K  JUIA
HEKOTCPEHTHUX ONTHYHMX CHIHANIB, TAK i JUIA KOTEpeHTHHX. Y mpyromy
‘BUNafKy =y BXiggifl ‘TrommEi cIpykrypH Moxe OyTH | copMoBaHa
inTepdepenuiiina kapTuHa 0Gpo6MIOBaHOrO 306paXeHHs, 1O iCHYe Y BHMIAAL
pensedy amcambimio eNeKTpOHIB' i AIipOK 1 mix” Aier0 BHYTPINIHBOTO IO
nepeMilnyeTsest 10 By3bKO30HHOI YacTHHA HaIIIBHpOBIHHHKa ae nepe'mopn'rbcx
B ONTHIHiE 460 eNeKTPUYHII CUTHAT.

Binomo, mo iHTepdepeHLiiiHi rpaTH Ha BiTBHMX HOCIfAX y KpeMHii He
TpHBENd 10 NPAaKTHIHOTO 3aCTOCYBAHHs HANIBIPOBIHUKIB SK CEPENOBHIL, IO
peempyforb, "Iepeav Maﬂﬁﬁ 4ac iCHyBaHHA 300paXCHHs B MOPIBHSAHHI 3 YacoM
peectpaii. TTocXHAHHS  ONTHIHOTO PEECTPYBANBHOTO . CEPENIOBHING
KBaHTOBOPO3MIPHHX ener_chqHH_mf HaHOCTPYKTYP i MiKOCEKYHHUX NPUHMaYiB B
OJTHOMY MOHOKpHCTéJIi KBAHTOBOTO HaHOMpolecopa 31 3MiHHOIO 3a60pPOHEHON
30HOIO BiAIKpHBAa€ MIMPOKI MOMUIMBOCTI Jns royorpagiunoi o6pobku indopmauii
B peabHOMY Macmradi gacy. \

SIx BUINIMBAE 3 HABEJEHOTO AHANI3Y IS CTBOPEHHN BHYTPILTHBOFO OIS
E=gqlEg/dx mna eneKkTpOHIB NOTPiOHO CTBOPIOBATH I'PANIEHT - KPAIO 30HM
IOPOBiAHOCTI, TOAI 5K JUIA J1pOK — rpa)lieurixpaio BaJIeHTHO] 30HH. Texnonorivno
e Moxe GYyTH HOCATHYTO 3MiHOI0 3MiCTy y TBEpIOMY PO3YMHI aTOMIB TPeThOl
(n’srof) rpynm y mOTpiHHX TBEpAMX po3dnHax abo JOTHPBOX COPTIB aTOMiB y
cucteMax Tuny InGaAsP. EnitaxciansHa TexHONOris TOBHHHA 3alesnegypaTu

184



mnpom JiarmasoH TOBLIMH, Bm COTHI MleOHlB Jo OfHHHMUG HaHOMeTpiB. Le
 BUMArae JOCHTH - CKIaHOTO HOGIIHaHHSI pisHHX eriTakcialbHax TexHonorii i
' KOMI'IOTEPHOTO KEPYBAHHs IIPOLECAMH POCTY. O;maK OIiHKH IOKa3yiOTh, IO
-€KOHOMIYHO 1€ TONiNBHiIIe HiX CTBOPCHHS Ha,zmennxnx IHTCFpaIIBHHX cxeM Ha
TPaH3HCTOPHHX BEHTUISX 3 HAHOMETPOBUMH PO3MipaMu efleMeHTiB. Binbi ToTO,
bynxuionaneni KBaHTOBI HaHOMpOUECOPH HO3BOJAIOT 3HATH QizuuHi i TexHiko-
eKoHOMiuHi ofMexeHHs Mikponponecopis Ha TPAH3UCTOPDHHX . BEHTUIIAX, IO
BHHAKAIOTE TIPH HeoSxianocTi o6poSku Hagseukux iHgopMANiitHIX HOTOKIB y
peanbroMy Macmrabi yacy.

- Konrpoabsi nuTanns _ ,

. Oxapakrepuayiite - (bi3HKO-TeX};0jIOFi‘IHi o oGMekceHHx  Axi
HEPEIIKOIKAIOTE nonanmeMy PO3BUTKY Tpa}lHHlHHOI Mmpoenempomxn.

2. SIxi HOBi TexHoorii MOXYTB “3a6esneunTH” ‘omanpmmit 'PO3BHTOK
ENeKTPOHHO-06UHCIOBATLHIX 3ac06iB? Po3KpuilTe CyTh KOXKHOT 3 HHUX.

3. Sxi, migxoan MOXyTh 6yTH BI/IKOpHcTaHl me CTBOpeHHs KBAHTOROTO
KOMII xoTepa? Po3kpuiiTe cyTh KOXHOTO 3 HHX. '

‘4.  Ha3BiTh OCHOBHI eNleMEHTH ONTHYHOrO KOMIT 1otepa, Ski OCHOBHI

YHKIIT BOHH BUKOHYIOTB?
5. PoskpuiiTe OCHOBHI NpPHHIMITN, IO J€XaTh B OCHOB] criocoly
BI/ICOKOI]JBI/II(KICHOI (byHKmOHanBHm oGpoGKH 1H(1)opmaml AKUH peamayencx y
KBaHTOBUX HaHONPOLECOPax.
6. SIxi- ocHosHi onepaun "MOXyTh OYTH BHKOHaHI Y KBaHTOBHX

HaHonporiecopax? SIkuM 4HHOM BOHH peamsy}orbcsx‘?
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