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IHEPEIMOBA

Hampukiami XX cropiyus cramo SCHO, MO CyYacHi BUMOTH B 00JacTi
1H(OPMATHKH 1 3B'I3KY HEMOKJIMBO 33J0BOJIbHUTHU 33 JOTOMOIOI0 TPaJULIAHUX
3acO0IB  €JIEKTPOHIKM, HaBITh MPH HAIBHOCTI BEIUKUX 1 HAJABEIUKHUX
iHTerpanbHux cxeM. OCHOBHUMHU NUIAXaMU TOJOJAHHS ICHYIOUHMX TpoOieM €
MONIYK Ta 3aCTOCYBaHHA HOBUX NPHUHIIMIIB IMOJaHHS, OOpoOKM 1 mepemadi
iHpopMmarii. ONTOENeKTpOHIKA € THUM HAYKOBO-TEXHIYHUM HANpPAMOM, SKHUM
HAJ]a€ MOJKJIMBOCTI MPUHUMUIIOBOTO MEPETBOPEHHS ICHYIOYMX OOYMCIIIOBATIbHUX
cucteM. CydyacHl ONTOENEKTPOHHI MPWIAAXW 1 TEXHOJIOTIl BIJIPI3HIIOTHCA
€KOHOMIYHICTIO, HaJAIMHICTIO, TEXHOJOIYHICTIO, IBUIKOIIEI0, JOBIOBIYHICTIO 1
MiHiaTIOpHICTIO. [l XapakTepucCTHKH, BIAMOBIJAIOYM 3allUTaM CyYacHOTO
"tH(popMmaIIHHOTO" CYyCHIbCTBA, TO3BOJISIOTH ONMTOEICKTPOHII 3alHITH MIITHE
MOJIOKEHHSI OJHOrO 3 HAWIMEpPCHEKTUBHIIIMX HANpSAMIB HAyKW Ta TEXHIKU. Y
IIbOMY CEHC1 Ha0yBa€e CUJIM IyMKa OaraThOX BUYECHUX Ta aHAJITHKIB, 1110 HA 3MIHY
XX CcTOpiu4l0 — CTOPIYYI0 MIKpOENeKTpOHIKH, npuinuio XXI cropivus, ske
CTaHE CTOPIYYSIM ONTOEJIEKTPOHIKU Ta KOMIT FOTEPHUX TEXHOJIOT1H.

He Bukiukae HIIKUX CyMHIBIB T€, 110 MOJAIBIINA PO3BUTOK MPAKTUIHO
yCiX rajgy3el cydacHOi IPOMHCIOBOCTI, Oyzae 3a0e3neduyBaTucs MepexoaoM 10
IIMPOKOr0 1 BCEOIYHOrO0 3aCTOCYBaHHS HAHOTEXHOJIOTIA — TEXHOJIOIN
MaHIMyJSAli OKPEMUMH aTOMaMH Ta MOJEKYJIaMH, Y pe3yJbTarl SKUX
CTBOPIOIOTHCS ~ MPHUHIIMIIOBO HOB1  CTpykTypu. llepexim Big KpeMHIEBOI
MIKPOEJIEKTPOHIKA JI0 HAHOEJEKTPOHIKA MPUMYIIYE 3BEpTATUCA OO0 HOBHUX
MarepialliB, TAaKUX K apCeHiJl Taiito, apceHia iHaio, Gpocdi iHair0 Ta 1HITUX, SKi
ChOTOJHI IIMPOKO BHUKOPUCTOBYIOTHCA B omnroenekTpoHimi. lLle mo3Bossie
MPOTHO3YBAaTH, 110 MaWOyTHI MNPUCTPOi Ta CHUCTEMHU TMepeaadi, 0OpOOKH,
30epiraHHss Ta BigoOpaxkeHHs 1H¢opmaiii OyAyTb peani3oByBaTUCSA 3a
JIOTIOMOT'O0 CaM€ ONTUYHUX Ta ONTUKO-EJIEKTPOHHUX HAHOTEXHOJIOT1i.

VY 3B’S3Ky 3 IIUM CTa€ OYEBUJHUM, IO IMIJrOTOBKA KBaliiKOBaHUX
cremiaiicTiB B 00JacTi onTUYHOI 1HPOPMATUKH, SIKA 3aliMaeThCs MpobdIeMaMu
CTBOPEHHS HOBOI'O TMOKOJIHHS IIBUAKOAIIOUMX ONTHYHUX KOMII'IOTEPIB Ta
ONTHYHUX CHUCTEM IITYYHOTO IHTEJEKTY, MOBUHHA 3JIHCHIOBATHUCS TOETHAHHSIM
dbyHIaMEHTAIbHOI MIJATOTOBKM 3 ONTHKU Ta MIJATOTOBKH 3 0a30BUX JUCIUILIIH,
noB’s3aHUX 3  1HQOpPMALIMHUMU TEXHOJIOTIIMM Ta TEJEeKOMYHIKaIlIsIMHU.

OHTOGHGKTpOHHa CXGMOTGXHiKa, JAKa  OXOINIOE€ IIMTAaHHA  BHKOPHCTAHHIA



ONTOEJIEKTPOHHOI €JIEMEHTHOI 0a3u i MmoOy/I0BU MPHUCTPOIB PIZHOMAHITHOTO
(GYHKIIOHATPHOTO TPHU3HAYECHHS, € TIEI0 JIAHKOIO, fKa TMOB’SI3y€ ONTHUKY 3
IHIIMMU TE€XHIYHUMU HaMpsSMaMHu.

Jlanuii HaBYaJIbHUI MOCIOHMK € chpoOor 00’€IHaHHS MaTrepiany 3a
OCHOBH CXEMOTEXHIYHOT'0 3aCTOCYBaHHSI OCHOBHUX €JIEMEHTIB ONTOEIEKTPOHIKH,
TaKUX K CBITIOA10/4, GOTOM10AH, POTOTPAH3UCTOPU Ta ONTPOHHU, TA TTOKAZYE 5K
Il ONTOEJEKTPOHHI €JIEMEHTH J03BOJISIIOTH CTBOPIOBATH MPHUCTPOI 3 MIHUPOKUMHU
(GYHKIIOHATFHUMU  MOKJIUBOCTSIMU. HayKoBO-TEXHIYHHMI HampsiM, OCHOBaM
SKOTO TIPUCBSIYEHA 3HAYHA 4YaCTHHA BUKJIAJEHOIO y TOCIOHMKY Marepiany,
ChOTOJIHI HE JIMIIE TPEACTABIAE LIy HAYKOBY IIKONIYy, a i OTpUMAaB ILIUPOKE
MIXKHAPOIHE BU3HAHHS.

ABTOpHY CIOJIIBAIOTHCS, IO JIAHWH HAaBYAJbHUKM MOCIOHUK Oyje IIKaBUM i
KOPUCHUM SIK CTYJEHTaM, TaK 1 CIELIalicTaM, sIKI 3aiMarOThCsl MPOEKTYBAaHHAM
HOBUX 3ac00iB aBTOMATHUKH, 3B’SI3Ky, 1H(OpMaLifHO-BUMIPIOBAIBHUX Ta
OOYHCITIOBAILHUX CTPYKTYp 3 BHUKOPHCTAHHSM OINTOEIEKTPOHHOI €IeMEHTHOI
0a3u.

ABTOpHM BUPAXKAIOTh MOJAKY KOJIEKTHBY Kadenpu ,,ONTHYHHX Ta ONTHKO-
CJEKTPOHHUX TpwiaaiB” HailoHaTbHOrO TEXHIYHOTO YHIBEPCHUTETY YKpaiHu
“KuiBCcpKa MONITEXHIKA” 3a KPUTHUYHI 3ayBa)K€HHSA Ta KOPHUCHI MOpagu IIOAO
BJIOCKOHAJICHHS] HABYAJIBHOTO MOCIOHUKA.

ABTOpM BJIsAYHI acmipaHTaM Kadeapu ,JlazepHoi Ta ONTOENEKTPOHHOI
TEeXHIKU BinHunpkoro HaIllOHAJILHOTO TEXHIYHOT'O YHIBEPCHUTETY
Kmimxkinit [I. . ta ManinoBcekomy B.I. 3a gomomory B MiArOTOBIN Ta

odopMIICHH] TTOCIOHHUKA.



BCTYII

OnToeNeKTpoHIKa — HAYKOBO-TEXHIYHMI  HampsiM,  NOB’SI3aHMM 3
BUBYCHHSM €(EKTIB B3a€MOJII MK €JIEKTPOMATHITHUMH XBUJISIMA ONTHYHOTO
Jlana3oHy Ta €JEeKTPOHaMHU TBEPAOro Tija Ta CTBOPEHHSM OMNTOEIEKTPOHHUX
NpWIaiB, B SKUX L1 €()EeKTH BUKOPUCTOBYIOThCA IJisi (pOpMyBaHHs, mepesayi,
00po0OKu, 30epiranHs Ta BinoOpakeHHs iHdopmarii.

CrioyaTKy ONTOEJIEKTPOHIKA PO3TIIAIaIacs JHIIE SIK 00J1aCTh €IEKTPOHIKH,
B Ky BKIIOYAJINCS TUIbKH (oTompuiiMadl Ta CBITIOBUNpOMiHIOBadi. [Ipore
YCIIXH, K1 JOCATHYTI OCTAaHHIM YacoM Yy Il cepi, CyTTEBO 3MIHUIN PO3YyMIHHS
Ta IOHATTS ONTOEJEKTPOHIKUA. 3 SBWJIMCA TEPMIHU ,,(pyHKIIOHAIbHA
OTITOENIEKTPOHIKA”, ,,0araTOPyHKIIOHATbHI OMNTOENEKTPOHHI MOAYHi” 1 T.IL
Takum 4yMHOM, y Hall Yac ONTOENEKTPOHIKA CTajla OararorpaHHUM HayKOBUM
HaIpsIMOM, 00JIacTi 3aCTOCYBaHHs SIKOi B TEXHilll, 010JI0T1i, MEIUIIMHI BaXXKO
nepepaxyBaru.

Cyuacny ONTOEJEKTPOHIKY AK HAyKOBO-TEXHIYHUI HaIpsm
XapaKTepU3yIOTh TaKi OCHOBHI PUCH:

1. ®i3udHy OCHOBY ONTOCJICKTPOHIKM CKJIaJalOTh SBHUINA, METOIU Ta
3aco0u, M SIKUX TPUHIIMIIOBUM € TIO€IHAHHSA Ta HEPO3PUBHICTh ONTUYHUX Ta
EJIIEKTPUYHHX TPOIIECiB. B MaTeMaTHUHUX MOJESIX ONTOCIEKTPOHHUX MPUIIAJIIB
BUKOPHUCTOBYIOThCSl (PyHKIII, apryMeHTamMu SKHX BHCTYNAlOTh ONTHYHI Ta
CJICKTPUYHI BEJIMYNHHU.

2. TexHiuHy OCHOBY ONTOCJICKTPOHIKM BHM3HAYalOTh: MiHIATIOPHU3AIIis
€JIEMEHTIB; 1HTEerpauis ejeMeHTIB Ta (YHKIH; OpleHTalis Ha CHelialbHI
HaJ4MCTI MaTreplajy; BUKOPHUCTAHHA METOJIB IPYIOBOI OOpOOKHM, TaKUX SK
emitakcis, ¢otomitorpadiss, nudysis, i0HHA IMIUIAHTaLisg, HAaHECEHHS TOHKHUX
TUTIBOK Ta 1H.

3. ®OyHKIIOHAJIBFHE MTPU3HAYEHHSI ONTOEJIEKTPOHIKU MOJIATAE Y BUPIIIECHHI
3ama4y 1HQopMaTuku: (popmyBaHHs 1HGOpPMAILT HUISIXOM MEPETBOPEHHS PI3HUX
30BHIIIHIX BIUIMBIB Y BIAMNOBIJHI ONTHUYHI Ta €JIEKTPUYHI CUTHAJIM; Mepeaya Ta
nepeTBOpeHHs iHGopmarrii; 30epiranHs iH(opmariii, ke BKIIIOYA€ Taki MpolLecu
K 3amuc, OesnocepenHe 30epiraHHs, 3YUTYBaHHs, CTHUPAHHS; BiAOOpa)KeHHS
iH(popMallli, sgKe Mojsrae y NepeTBOPEHHI BUXIJHUX CUTHAIIB 1HQOpMaLIHOI
CUCTEMH JI0 BUTJISLY, IPUAATHOTO JIJISl CIPUAHSTTS JIFOJICBKUM OKOM.

JInsg BUpIIEHHS 3a3HAUYEHUX 3a/7ad B ONTOEJEKTPOHHUX MPHUCTPOSIX

BUKOPUCTOBYIOTHCA SIK ONTHYHI, TaK 1 €JeKTpU4Hi curHaiu. l[lpu 1mpomy
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BU3HAYAJbHUMH € CcaM€ ONTHYHI, YMM 1 JOCATAEThCS Te SAKICHE HOBE, IO 1
BIJIPI3HSIE ONTOEIEKTPOHIKY BiJl €JI€KTPOHIKH.

Crtporo 3A1HCHUTH pPO3MEXKYBaHHS y BCiX 0€3 BHUHATKY KOHKPETHHX
BUMAJKaX HE 3aBXJMU BIAEThCA, ajie B I[IJIOMY 3a3HA4y€Hl BUIIE OCOOJIMBOCTI
JO3BOJISIIOTE  OKPECIMTH KOJIO THUX MPUCTPOIB, CXEMHA peaii3amis sSKUX
PO3IIIAIAETHCSA Y TaHOMY HaBYAJIbHOMY IOCIOHHKY.

OnToeneKkTpoHiKa CHHTE3YE Y cO01 TOCATHEHHS 0araThoX o0iacTeil HayKu
Ta TEXHIKH, cepell SKUX y IepIly 4epry IOBHHHI OyTH BMJIUJICHI KBaHTOBA
€JIEKTPOHIKa, HAIIBIPOBITHUKOBA TEXHIKA, ONTHKA, €JICKTPOONTHKA, HEIiHIHHA
ONTHKA, (POTOENEKTPOHIKA, rojorpadis, BOJOKOHHA ONTHKA Ta 1H(padyepBOHA
TeXHIKa.

HoBuii mnomToBX mjis PO3BUTKY OINTOEJNEKTPOHIKKM A€ PO3BUTOK
HAHOEJIEKPOHIKH, fIKa 3apoAujiaci B IIIMOMHAX MIKPOEIEKTPOHHOI TEXHOJOTIi
IpU CTBOPEHHI HAJABEIMKUX I1HTErpajJbHUX CXEM Ta TeTeposia3epiB, UIO0
XapaKTEePU3yIOThCSl PI3KUM 3MEHILIEHHSM €JIEMEHTIB aKTHBHHUX Ta MaCHUBHUX
obnacteit 10 HaHoMeTpiB. OCKUIBKY 111 BETUYUHH € TIOPIBHSIHHUMU 3 PO3MipaMu
aTOMIB Ta JIOB)KMHAMHU XBUJIb €JIEKTPOHIB Ta ()OTOHIB, BIAOYBAETHCA MEPEXi Ha
HOB1 MeTOau (POpMyBaHHSI HaIIBIPOBIAHUKOBUX, MAIECJICKTPUUYHUX Ta METaJIEBUX
CTPYKTYp, BIAXIJ BIJ TPAJULIAHUX TEXHOJOTIM Ta MOIIYK HOBHUX, OUIBII
JOCKOHAJIUX TEXHOJIOTIYHUX MPOIIECIB HA aTOMHO-MOJIEKYJIsipHOMY piBHI. Cepen
PI3HOMAHITHOCTI  PO3pOOOK  HAHOCJIEKTPOHHMX  TEXHOJOTIM  HalOUIbIIe
PAaKTUYHE 3aCTOCYBaHHS OTpUMAaJia peajizallisi HAaHOCTPYKTYp 3a JIOMOMOTOI0
10HHUX Ta MOJIEKYJISIPHMX MOTOKIB: 10HHA IMILJIaHTaLls Ta JiTorpadis, mia3MeHe
HAaHECEHHS Ta TpPaBJEHHS IUIIBOK, MOJIEKYJSPHO-IPOMEHEBA  EMITAKCIA
reTepOCTPYKTYP.

BukopuctanHs 10HHMX TIPOIIECIB TIPU IHTErpaiii HAHOCTPYKTYp B
(yHKLIOHAJBHUX MIKPO- Ta ONTOEJIEKTPOHHUX MpUiafax BIAKPUBAE HOBI
NEPCHEKTUBH MOOYJOBM HAJIIBUAKICHUX HAHOIPOLIECOPIB HA OCHOBI 10HHUX
HAHOTEXHOJIOTI CTBOPEHHSI KBAaHTOPO3MIPHHUX TE€TEPOT€HHUX 1H(GOPMAIIITHUX
CEpellOBHUII] B 3€MHUX Ta KOCMIUYHUX ymoBax. Ilicis Toro, sk Taki TeXHOJIOTIi
YBIMIYTh y TPAKTHKY, BOHU MOXYTh PEBOJIOIIOHI3ZYBATH YCl1 ICHYIOUl METOJH
KOHCTPYIOBaHHSI Ta BUTOTOBJICHHS MIiKPOEIEKTPOHHUX Ta ONTOEJIEKTPOHHUX
IPUCTPOIB, 3a0€3MEUYI0UH 1X BUCOKY HAJIMHICTh, Majll €HEPreTHUYHI BTPAaTH Y

MOETHAHHI 3 IPOCTOTOIO Ta HU3HKOIO BAPTICTIO BUTOTOBJICHHS.



1 3ATAJBHI NOJIOKEHHS ONTOEJEKTPOHHOI
CXEMOTEXHIKHA

1.1 OnroeseKTpoHiKa SIK TMEPCHEKTHUBHUI HAayYKOBO-TeXHIYHUI

HANPAM no0y10BH iHGopMaLiHHO-009HCIIOBAJBHUX CHCTEM

PiBeHb TEXHIYHOTO MpOTpecy 3HAYHOK MIPOI0 BU3HAYAETHCS TEMIIAMU
PO3BUTKY KIOGpHETHUKH, 30KpeMa 3aco0aMHu aBTOMATHKH, 1H(OpMaIiiiHO—
BUMIPIOBAJIBHOI I 00YMCITIOBAIBHOI TEXHIKU. XapaKTep HaAyKH a00 BUPOOHHUIITBA
y OUIBIIOCTI BMIMAJKIB BHMAarae JIOCHIJKEHHS TMPOIECIB, L0 MNPOTIKAIOTh Yy
peasibHOMY MaciTadl dacy, OTpUMaHHs iHpopMallii 13 COTeHb 1 OUIbIIE TOYOK.
[npopmanis, onepkyBaHa BiJI aBTOMAaTHM30BAaHUX YCTAaHOBOK, MIJyIsrae
BUMIPIOBAaHHI Ta MIBUAKIM 00poOmi. BupimanbHy poiap y Takux BHITaJIKax
BUKOHYIOTh 3aCO0U OOYHMCIIOBAJIBHOI TEXHIKH, 110 MOXYTh Yy pealbHOMY Yaci
KepyBaTH PI3HUMH MPOIIECaMHU.

Ha pyGexi XX — XXI cronith enekTpoHHI iHGOpMAaIiiHI TEXHOIOTIl
nocsriau GyHAaMEHTANbHUX 1 TEXHIYHUX MEX MPOJYKTUBHOCTI MIPU TPUBAIOYOMY
pOCTYy CHOXKMBYOTO TIONMUTY Ha IMIBHAKICTH 1 00car iHdopmarii, 1m0
o0poOroeThes Ta mepenacTbesa. KimrouoBUM pillIeHHSM JaHOi MOpoOieMu €
po3poOKa HOBOTO TMOKOJIHHA 1H()OPMAIIIHO-TENIEKOMYHIKAIIHHUX CHCTEM,
OCHOBAHHMX HA OMNTOEJIEKTPOHHHUX TEXHOJIOTISX. 3'ABUBCS HOBHM HampsiM, IIO
HANOUTBII AMHAMIYHO PO3BUBAETHCS Ta BHU3HAUA€ IMPOTPEC CBITOBOI HAYKU 1
TEeXHIKH, - omntoiHpopmaTuka. BoHa oxormioe 00JacTh HAyKH 1 TEXHIKH,
MOB'sI3aHy 3 JOCIIIKEHHSIM, PO3POOKOI0, CTBOPEHHSIM 1 €KCIUIyaTalli€l0 HOBHUX
MarepiajiB, TEXHOJIOT1HA, MPWJIAAIB 1 MPUCTPOIB, CHPSMOBAHUX Ha Iepeaady,
npuiioM, 00poOKy, 30epexeHHs 1 BigoOpakeHHA iH(poOpMalii Ha OCHOBI
ONTUYHUX TE€XHOJOT1H. TakuM unHOM, ONTOIH(POPMATHUKA — 1€ CKJIa/I0Ba 1, Y TOU
e Jac, JOMIHYI04a Ta HEB1JI’€MHA YaCTHHA ONTOEJIEKTPOHIKH, TOJIOBHUI BEKTOP
PO3BUTKY $IKOI OpIEHTOBAaHUN Ha IHTETpallil0 ONTUYHUX, 1HGOPMAIIMHUX 1
TENEKOMYHIKAI[IHHUX TEXHOJIOTIH.

OO0'ekTamMu ONTOEIEKTPOHIKK B3arajgi ¥ omnToiH(GOPMATHUKU 30KpeMa €
eJeMeHTHa 0a3a, CUCTeMH, METOM, MaTepiaiu 1 TEXHOJIOrIi, 0 3a0e3MneuyoTh
ONTUYHY Tepeaady, npuiiom, oOpoOKy 1 30epexkeHHs 1H(OpMallii Ha OCHOBI

ONTHUYHUX TEXHOJOTIH.



3a ocTtaHHI pOKM BiZOYBCSI SIKICHUI PEBOJIOIIWHUN CTPUOOK y CBITOBIN
onToeNeKTpoHili. CTBOpEH1 MPUHITUIIOBO HOB1 MOKOJIHHS J1a3epiB, CBITJIOIIOAIB,
npuiiMaviB BHUIPOMIHIOBAHHS, ONTHYHHX MAaTepiajiB, ONTUYHUX EJIEMEHTIB,
npucTpoiB 1 cucreM. CTBOpPEHO HOBI HAampsIMKM B ONTHULI — IHTErpajibHa,
BOJIOKOHHA, TPIIEHTHAS 1 HEJIIHIHA ONTHKA, MIKPO- 1 HAHOOIITHKA, XBUJILOBITHA
ONTOEJIEKTPOHIKA 1 T.]I.

Tpanuuiiianii HaNmpPSAMOK 3aCTOCYBaHHS €JIEMEHTIB ONTOEJIEKTPOHIKH Y
pI3HMX O00JacTsIX HAyKd Ta TEXHIKM — Bi3yami3alis Ta BiIOOpaKeHHs
iHpopmarlii. byab-sIKUX ICTOTHUX aJbTEPHATHB ONTOEICKTPOHHUM €JIEMEHTAM Y
i cdepi 3acTOCyBaHHS TOKM HE 3HaiAEHO. TyT BOHHM 3HAXOAATHCS TMO3a
KOHKYPEHIIEIO 1 TOJIOBHE 3aBJAaHHS MOJISATa€e B yIOCKOHAJIECHHI TEXHIYHUX 3aC001B
BimoOpakeHHs iHQoOpMaIlii Ha OCHOBI BUKOPUCTAHHS SIK HOBUX IHJMKATOPHUX
€JIEMEHTIB, TaK 1 HOBUX CXEMOTEXHIYHHUX PIIICHb.

[IpoTe mpUHLIUIIOBI TIEpEeBaru €JIEMEHTIB ONTOCIEKTPOHIKH, SIKI 0a3yIOThCs
Ha BUKOPUCTAHHI SK HOCIIB 1HGOpMalii eIeKTpUYHO HeWTpadbHUX (OTOHIB,
J03BOJISIIOTh CYTTEBO PO3MIMPUTH 00JAcTi 3aCTOCYBAaHHS ONTOEIEKTPOHHUX
€JIEMEHTIB. 3acTOCyBaHHS METOJIB Ta 3ac0o0iB  ONTOCJICKTPOHIKH B
1HbOpMalIHHO—BUMIPIOBAIFHUX, OOYMCIIOBAIBHUX Ta TEJIEKOMYHIKAIIHHUX
CHUCTEeMaX BIIKPHUBAIOTH y MOPIBHIHHI 3 TPATUIIIMHUMHU €JIIEKTPOHHUMU 3ac00aMu
HOB1 OUTBIII MOXJIMBOCTI B mepemadi Tta oOpoOri iHpopmarii 3aBAsKH TaKUM
nepeBaram:

1) 3a0e3neueHHIO 17€aIbHOT ENEeKTPUYHOI (TalbBaHIYHOT) PO3B'SA3KU MiXK
BXOJIaMU 1 BUXO/IAMH;

2) peanizamii OE3KOHTAKTHOTO ONTHYHOTO YIPABIIHHSA OO0'€KTaMH Ta
0oOyMOBJIEHA I[UM PI3HOMAHITHICTh Ta THYYKICTh KOHCTPYKTOPCBKHUX PIlI€Hb B
moOy/I0B1 KiJT KEpyBaHHS;

3) HECIpUUHATIAMBOCTI /0 BIUIMBY €JIEKTPOMArHiTHUX TOdIB, sKa
00yMOBITIOE BUCOKY 3axXHIIEHICTh BiJl 3aBaJl Ta BUKIIFOYAE B3aEMHI HABEJCHHS Y
KOJIaX 3B S3KY;

4) mApPOKIA YaCTOTHIA CMy3l TMPOMYCKaHHS ONTUYHUX KaHAIIB,
OJIHOCIIPSIMOBAHICTh Ta HE3MIIIYBaHICTh 1H(POPMALINHUX MOTOKIB OOYMOBIIIOE

BHUCOKY HIBUKICTh Ta MPOYKTUBHICTH B 0OMiHI iHGOpMAIIiT;
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5) He3aJIe’)KHOCTI B PO3MOBCIOKEHHI CBITJIOBUX MPOMIHIB, IIIO0 BiJKPUBAE
HOB1 MOKJIMBOCTI1 MapaJieIbHOTO BBEICHHS Ta MapajieibHo1 00poOKu 1H(popmMaIrii.

3amaui mBHUIKOI (mapainenbHoi) oO0poOku iHGoOpMarlii, MO BUMAararTh
BHCOKOI IIBHUJKOCTI BHKOHAHHS, BUHUKAIOTh MpU 0OpoOIl aepOKOCMIYHUX,
reoi3uyHUX,  PpaIONIOKAMNHUX  JTAHWX, TPU  KEPyBaHHI  IIBUAKUMU
IMHAMIYHUMU 00'ekTamMu (mpouecaMu, SIBUIIAMH), NpU 0OpoOLl 30pOBUX,
CIIyXOBHX, TAKTWJIBHUX 1 IHIIUX 00pa3iB. MaiuHu 3 MOCIII0BHO BUKOHYBAaHUMU
KOMaHJaMy, 10 OyAylOTbCS Ha TpaJMIIiHIA eneMeHTHId ©0a3l 1 MaroTh
TPaIUIIiHI CTPYKTYPH, BIAPI3HAIOTHCS HEIOCTATHBOIO MPOJAYKTHUBHICTIO IS
pIIICHHS NTepepaxOBaHUX 3a7a4.

[IpoayKTHUBHICT CydacHHX 3aco0iB 00poOKHM i1H(OpMaIli J0CATaeThCs
po3MapaneiaoBaHHAM Mnpolecy obOuuciieHb. CTBOPIOIOThCS OaraTOMalllMHHI 1
OararornporecopHi oOUYHCIIOBaIbHI CUCTEMH. [IpOMYKTHBHICTH TaKHUX CHUCTEM
J0cATae COTEHb 1 OUTbIIe MUTFHOHIB onepamiil y cekyHay. OnHak mpu mooyaoBi
00YHCITIOBAILHUX CUCTEM BHHUKAIOTH CKJIQJIHI MPpoOsieMu eheKTUBHOI B3a€MO/I1i
ckiaaoBux yactud EOM.

Y paMmkax TpagulliiHUX pIIMIEHh CXEMO- 1 CHCTEMOTEXHIKH MOXKHA
3MIACHIOBATH TAaKOXX pPO3MapalenioBaHHs 1H(OpMalii MUIIXOM BUKOPUCTAHHS
MopdororiyHoro crTpykrypHoro mnpuHuuny EOM, OCHOBy SKOro CKJIagarloTh
acoLllaTUBHI IPOLIECOPH.

OpauH 3 NepCNeKTUBHUX HAIMPSMKIB Y CTBOPEHH1 O0UHCIIIOBATIBHUX MAIIUH
MalOyTHHOTO TIOB'SI3aHWM 3 PO3POOKOI0 CIEIialli30BAHUX OOYHCIIOBATHHUX
IpUCTPOiB 00pOOKH 300pakeHb. [Ipu MpoeKTyBaHHI TaKUX MPUCTPOIB 3HAUHHUX
YCHIXiB JI03BOJISIE JTOCSTTH OMNTOEJIEKTPOHHA TEXHOJIOTIsI, SIKa Ja€ MOKIUBICTh
BUKOPUCTOBYBAaTM HOBI MNPUHLMIM Tepenadl, MNepeTBOPEHHs, OOpoOKH 1
30epexeHHs iHhopMaIlii B peaiIbHOMY 4Yaci.

OpHuM 3 HaWBaXJIMBIIIMX MIAXOAIB 10 CTBOPEHHS BHUCOKOIPOAYKTHUBHUX
KOMITJIEKCIB 3 MapajelbHOI OO0poOKow iHGopMallii € BUKOPUCTAHHS YHUCTO
OoNTUYHUX e@ekTiB. ONTUYHI OOYUCIIOBAJIbHI CUCTEMHU OYIYIOThCS Ha OCHOBI
JTABHO B1JIOMHX 3aKOHIB OITHKH, OJHAK HOBHH MOTJISA] HA CYTHICTh IIUX 3aKOHIB
MPUBIB 0 HOBUX BaXKJIMBUX PE3yJbTaTIB: MOSBU rojiorpadii, po3poOKu Jiazepis,

rojorpaiyHUX MPOCTOPOBO-YACTOTHUX (PUIHTPIB 1 O€3:114i MPOCTOPOBO-YACOBUX
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MOJYJISTOPIB ONTUYHOIO CHUTHaTy. Yci Il 3aco0M BIJHOCATBCS JIO 3aco0iB
OonTHYHOI 00poOKH 1H(OpMAaIIii.

[HImMiT HAaPSIMOK BUKOPUCTAHHS JIOCSATHEHb Cy4acHOI ONTHUKH — 00poOKa
ONTHYHOI 1H(pOpMAaIlli aHAJOTOBUMHU 3ac00aMH, IO AO03BOJIAIOTH peanizyBaTu
neperBopeHHs Openens 1 Dyp'e 3a 1OMOMOror0 ONTUYHUX €JIEMEHTIB.

CyTT€BUM HENOJIIKOM TaKMX ONTHUYHUX CUCTEM € Te, IO JO TEXHOJIOTIi i
IOCTYBaHHSI ONITUYHUX CXEM BUCYBAIOTHCS JOCUTDH >KOPCTKI BUMOTH, IO 3HAYHO
3ByXKye o0nacTh iX 3acTOCyBaHHS 1 HE Ja€ paauKaabHOI TIepeBarun B
npoaykTuBHOCTI EOM.

HoBuii HampssMOK B ONTHYHIA OOYHMCIIOBAJIIbHIA TEXHIIl — MapajeibHa
00poOka 1H(opmMaIli ONTOCICKTPOHHUMU TIOPUAHUMU OOYHCITFOBAIIBHUMU
3acobamu, 1O 00’€AHYIOTH oOunciroBaibHI pecypcu EOM 1 MOXIHMBOCTI
ONTUYHHUX TMPOIECOPIB (a TAaKOK MOKJIMBOCTI 3amaM'sTOBYBaJbHUX MPHUCTPOIB).
OnToenexkTpoHHI TiOpHUIHI OOYHCIIOBANbHI CHUCTEMH OYIyIOTHCSI Ha OCHOBI
OOYHUCITIOBANILHUX 3aC00IB 3arajibHOr0 MPU3HAYEHHS 3 PO3BUTUMHU KaHAJaMU
BBEJICHHS/BUBE/ICHHS 1 0a30BUM MPOrpaMHUM 3a0€3MEUYEHHSM, OPIEHTOBAaHUM B
OCHOBHOMY Ha OOpOOKY 300pa)X€Hb, L0 3HAYHO 3BY)KY€ 00JIACTh MPAKTUYHOTO
3aCTOCYBaHHSI.

Bigomi cnpoOGu BUKOPHUCTOBYBATH TMPHUHIMIHN IapajelbHOi 00poOKU
iHbopMallli B ONTUYHUX IUCKPETHUX 3aco0ax (Ha 0a3i KOTEPEHTHOI ONTHKH).
Onnak TpakTHYHE 3aCTOCYBaHHS IMMOJIOHUX 3ac00iB YCKJIQJHEHE, OCKUIbKU
HE0OX1J1Ha JJI LbOI0 €JIEMEHTHA 0a3a 3HAXOAUTHCS B CTa/ll CBOTO PO3BUTKY.

OcraHHIM  YacoM  BEJIWKE  IONIMPEHHS  OTpUMaIM  OE3JH30BI
ONTOGJICKTPOHHI TIPOIIECOpH 3 TapayelibHO 00poOKkor iHdopmarii. Taki
nporecopu Ha 0a3i MAaTPUYHUX ONTOETIEKTPOHHUX MPHUCTPOIB, K BUKOHAHI Y
BUTJISIII MIKPOCKJIaIaHb a00 MIKPOMOTYJIIB, OJIEp>Kajii Ha3BY €IEKTPOONTUIHUX
MIKpPOIPOLIECOPIB.

Omnak s peamizamii  TakuX  MaTPUYHHUX  CJICKTPOONTHYHUX
MIKpPOIPOLIECOPIB, HaIpuKJIaja 3 ONTUYHUM MIOKaIPOBUM
BBEJICHHSIM/BUBEICHHSIM, TOTpIOHA TMOAayblia po3poOKa OUIBII CKJIATHOTO
KOMIUIEKCY TPHUCTPOiB, 30KpeMa By3lia MapalebHOTO ONTUYHOTO BBEIACHHS
30BHIIHBOI 1H(OpMaIli, 1 moOyaoBa ONTOENEKTPOHHUX CTPYKTYp 3 OUIBII

BJIOCKOHAJICHUMHU MpUHLMUNAMH 00poOKku 1Hpopmamii 0e3 3acTocyBaHHSA
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TPYIOMICTKMX Yy BHUKOHAHHI 1 HETEXHOJOTIYHHMX TpPAHCIAPAHTIB, Ha
(YHKILIOHYBaHHA SIKUX HaKJIaJalOThCs JKOPCTKI 0OMEKEeHHs. TakKuM YMHOM, MpU
peamizariii MeToaiB 1 3aCO0IB ONTHYHOI OOYMCITIOBAIBHOT TEXHIKH MalOTh MICIIC
Taki Cepio3Hl HEJOJIKH MPUHIIUIIOBOIO XapakTepy, 10 3HAYHO 3BYXKYIOIOTh
001aCcTh iIXHBOT'O 3aCTOCYBAHHS:

1) %OpCTKI BUMOTH JI0 TEXHOJIOTII 1 FOCTYBAHHS ONITUYHUX YCTAHOB, BEJUKI
rabapuTHI PO3MIPH TAKUX YCTAHOB;

2) iCHyIOYl ONTHYHI KEpOBaHI TPAHCIAPAHTH B PAIl BUIAJKIB HE MaIOTh
HEOOX1THUX XapaKTEPUCTUK (WBUAKOIIT, PO3IITBLHOT 3JaTHOCTI,
TEXHOJIOT1YHOCT1).

[lentpanbHe Miciie B Kiacudikailli NpUIiIseTbCs JIOT1KO-4acoBid 00poOITi
iHbOpMaIlli ONTOETEKTPOHHUMH 3aco0aMu. 3a OUHUIIO 1H(OpMAIIiil TpH JOTIKO-
4acoBii 0O0poOIli BUOMPAETHCA Yac CHPAIOBAHHS OJHOTO €JIEMEHTApHOIO
oTeparliifHoro eixeMenTa (KBaHTpoOHA). Y pe3ynabTaTi oauH OIT iH(opmaiii Moxe
TPaKTyBaTUCA $IK BHYTPIIIHS BJIACTUBICTb 3MIHM CTaHy e€JEMEHTa, a cama

1H(bOpMaIlis TOIAETHCS TPUBATICTIO CBITJIIOBOTO IMITYJIbCY.

1.2 OcHoBHI MOHATTH onToeeKTpPoHikH. Kiuacudikania eieMeHTHOL

0a3M ONTOECJEKTPOHHOI CXeMOTEXHIKHU

OnToeNeKTpoHIKa — pO3/11 HAYKH 1 TEXHIKH, SIKU BUBYAE SIK ONTHUYHI, TaK
1 €JIGKTPOHHI SIBUIA B PEYOBHHAX, X B3AaEMO3B'SA3KH 1 MIEPETBOPEHHS, a TAKOXK
npwiaau (€JIEeMEHTH), CXEMH 1 CUCTEMH, CTBOPEHI HA OCHOBI LIUX SIBHILL.

OnToeNneKTpOHHUN €JIEMEHT — MpPWIaJl, [0 BUKOPHUCTOBYE [JISI CBOET
poOOTH  €NIEeKTPOMArHiTHE BUIIPOMIHIOBAHHS ONTUYHOTO (BUAMMOIO abo
HEBUJIUMOI0) Jiana3oHy. EnemeHTHa 0a3a ONTOEIEKTPOHHOI CXEMOTEXHIKH
MICTUTB y cOO1 TaKi MPUIAIN:

- CBIMNOBUNPOMIHIOBAY] — TIPWIANU, [KI TMEPETBOPIOIOTH EJIEKTPUUHY
€HEPrif0 B EHEPTil0 ONTUYHOTO BHUIPOMIHIOBAHHS 3aJJaHOTO CIEKTPAIBHOTO
CKJIaZy 1 HPOCTOPOBOIO PO3MOJUJIEHHS; CBITJIOBUIIPOMIHIOBAYl € OCHOBOIO
OPAKTUYHO  OyAb-AKOi  ONTOEJIEKTPOHHOI  CHCTEMH; 3a  XapaKTepoMm
BUIPOMIHIOBAHUX  CBITJIOBUX  IIOTOKIB  CBITJIOBUIPOMIHIOBa4l  OyBaroTh

KOTEPEeHTHI 1 HEKOTEePEHTH1 (BIAMOBIAHO M0 IIHOTO PO3IUISIOTH KOTEPEHTHY 1
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HEKOTEPEHTHY OITOENEKTPOHIKY). KorepeHTHUMHU CBITIOBHUIPOMIHIOBAYaMHU €
ONTHYHI KBAHTOBI T€HEPATOPH (J1a3epH), a HEKOTEPEHTHUMH — CBITJIOAI0]IU;

- ¢omonpuiimaui — TpWIAAH, B SAKAX I €0 ONTHYHOTO
BUIIPOMIHIOBaHHSI BiOyBalOThCSl 3MIHM, W10 JO3BOJSIOTH 3adikcyBaTu L€
BUMPOMIHIOBaHHS Ta BHMIPITH MOr0 XapaKTepucTuku; (orompuiiMadl €
OOOB’SI3KOBUMH Ta BaXJIMBUMH €JIEMEHTAMU 0ararb0X ONTOEJIEKTPOHHUX
CUCTEM; 3a MPUHIUIOM il yci QorompuiiMadi MOAUISIOTHCS Ha TEIJIOBI Ta
(hoTOCNEKTPUYH1; MIPUHITUII 111 TETUIOBUX OCHOBAaHUN Ha BUKOPUCTAHHI (PI3UUHHUX
SBUI (HAIPUKJIAJ, 3MiHA Oomopy abo reHepartis 3apsay), SKi CIIOCTepIraloThCs y
YyTJIUMBOMY €JEMEHTI MPHU 3MIHI MOro TeMIepaTrypu IiJi BIUIMBOM HOTJIUHYTOrO
BUIPOMIHIOBaHHS; poOoTa (oToeNeKTpUIHUX (OTONpHiiMayiB OCHOBaHA Ha
BUKOPHCTaHHI 30BHINTHHOTO a00 BHYTPIMTHEOTO (DOTOEPEKTY;

- Mooyniamopu — TMPUIaau, sIKi BBOJIATH 1H(QOPMAIIIO Y CBITIOBY XBHIIIO
3a paXyHOK 3MIHH Yy 4Yaci OJHi€l 3 11 XapaKTepUCTUK — aMIUTITYAH, YaCTOTH, (a3u
a0o0 moJspu3ariii;

- Odeghnexmopu — IpUIIaIx, K1 JO3BOJISAIOTh BIAXWIATH CBITJIOBI IPOMEHI,

- ommpoHu — TPWIAOU, SKI MICTATh CBITJOBUIIPOMIHIOBAY Ta
dbotonpuiimMay, 110 KOHCTPYKTUBHO Ta ONTHYHO MOB’s3aH1 MK CO00I0;

- iHOuxamopu — TIpUaa, K1 BigoOpakaroTh 1HGOPMAIlIiHI TapaMeTpu
CUTHAIIIB y (hopMmi, sika MOKe OyTH CIIPUMHSTA Ta OI[IHEHA JIFOJACHKAM OKOM;

- OmmuuyHa iHmespaibHa cxema — MIHIATIOPHUNA TBEPAOTUIBHUIN TIpUIa,
IO CKJIAJA€THCA 3 MIOCKMX TOHKOILUIIBKOBHX XBHJIBOBOJIB (@HAJIOTH METaJEBUX
IpOTiB), sKI  3a0€3MeuyloTh 3B’SI30K MDK  IUIIBKOBUMH  aKTUBHUMH
ONTOEJIEKTPOHHUMH €JIEMEHTaMH (CBITIOBUIIPOMiHIOBaYaMu, (hOTONpUAMadaMu
Ta 1H.), 320€3MeYy0Y BUKOHAHHS 33JlaHuX (YHKIIIH;

- ONnmoeneKmpoHHI OamuuKku (ceHcopu) — TPUIAAA 3 ONTPOHHOIO
CTPYKTYpPOIO, IO MICTSITh CBITJIOBUIIPOMiHIOBaY, (oTonpuiiMad Ta OINTUYHE
CEpellOBUIIE MK HHUMH, SK€ € UYyTJIMBUM €JIEMEHTOM, BJIACTUBOCTI SKOTO
3MIHIOIOTBCS MiJ] BIUIMBOM 30BHIIIHIX (PaKTOPIB;

- ¢8imn0800U — TPWUIAH, M0 YTBOPIOIOTh KaHAIM 3B'S3KY 1 SBISIOTH
co00I0 TOHKI HUTKH, BUTOTOBJIEHI 3 IPO30pPOro MaTepiaiy, PO3MOBCIOJIKEHHS
CBITJIOBUX TIPOMIHIB MO SKHX OCHOBAaHE Ha SBHUIII MOBHOTO BHYTPIIIHBOTO

B1IOUTTS.
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Onmoenekmporua cucmema — CyKyIHICTb ONTOEJIEKTPOHHUX MPHUCTPOIB,
00'€eTHAHNX MIXKEJIEMEHTHUMHM 3B'SI3KaMU B OJHE IIJIe JJIs peaiizailii MeBHHUX
GYHKITIH.

Inghopmayivina OnmoeneKmpoHHa mepedica — CYKYTIHICTb
ONTOCJIEKTPOHHUX  CHUCTEM, O0'€IHAHUX  IPOCTOPOBO—ONTUYHUMU  a0O0
BOJIOKOHHO—ONTHUYHUMHU JIHISIMU  3B'I3Ky. JIiHII 3B'SI3KYy MOXyTh OyTH
OpraHizoBaHi Ha KOTE€PEHTHHUX (3a JIOMOMOTrOI0 Jia3zepiB) ab0 HEKOTEPEHTHHX
(BuaMMHX ab0 HEBUJIMMHX CIEKTPax ONTUYHOI'O BUIIPOMIHIOBAHHS) JKEpenax
ceitia. Koxxna cucrema iHhopMaIiifHoOi ONTOEIEKTPOHHOI MEPEKi MOXKE MICTUTH
0e3:114 30cepeHKeHNX (JTOKATBHUX ) T1CUCTEM.

DyHKyisn onmoeleKmpoHHOoI cucmemu — IPaBUIIO (200 CYKYTHICTb IMPaBHUI)
peanizaili pe3yiabTaTiB, 00yMOBJICHUX MPU3HAYCHHSIM CUCTEMH. TaKuM YUHOM,
(GyHKIIST CUCTEeMH — 11€ CYKYHHICTh BUKOHYBAHUX OINTOEJIEKTPOHHUX IPOIECIB,
o0 MalpTh MICUE B ONTOENEKTPOHHINM cuctemi. @DyHKWIi, $SK M[PaBUIIO,
BU3HAYAIOTBCS PO3pOOIIOBAYaMU TMeEpell MPOEKTYBAHHSAM ONTOEIEKTPOHHOI
CUCTEMH 1 MOXYThb OyTW pI3HUMHU: 30€peKeHHs, NEPETBOPEHHs, O0OpOOKH,
nepeaayi, npuiomy i T.II.

Cmpyxkmypa onmoenexkmpounoi cucmemu — (¢ikcoBaHa abo Taka, IO
nepeOyI0BY€EThCsI, CYKYITHICTh €JIEMEHTIB 1 3B'SI3KIB MDK HUMH. CTpyKTypa
ONTOEJEKTPOHHOI CUCTEMH BHU3HAYA€, 3 AKUX E€JIEMEHTIB, BY3JIIB a00 MPUCTPOIB
BOHa ckiagaeTbes. Lli€ero K CTPYKTYypOIO BH3HAUYAETHCA CHOCIO  3B'SI3KY
ONTOCJICKTPOHHHUX EJIEMEHTIB, BY3JIiB a00 MPHUCTPOIB OJWH 3 OAHUM 3 METOIO
CTBOPEHHSI 3arajibHOi apXiTeKTypu cucteMu. [HxeHepHa (opma BioOpakeHHs
CTPYKTYPH — ONTOCTIEKTPOHHA CXEMa.

OnmoenekmponHi J1021YHi elemMeHmuy — €JIEeMEHTHU, 10 BHU3HAYAKOTH
MPUHIAIKM BCTAHOBJICHHS 3B'S3KIB MDK BXIJIHUMH 1 BUXIJHAMH CHTHaJIaMH
ONTOCJCKTPOHHUX TMPHUCTPOIB 1 BIJHOCIATHCA 1O KIAcy eJIeMEHTapHHUX
ONTOCJEKTPOHHUX CXeM. BOHM € CBOro poay ONTOEICKTPOHHUMU
NEepPEeTBOPIOBAYaMH BXIJHUX ONTUYHUX (200 €NeKTpUYHUX) curHaiiB. OCHOBHE
MPU3HAYEHHSI OMNTOEICKTPOHHMUX JIOTTYHHUX EJIEMEHTIB — peaii3allis JOTIYHUX
(mpoctux abo CKJIAJHMX) omeparii HajJ ONTUYHUMH a00 eJIeKTpUuYHUMHU (abo

KOMHHGKCHI/IMI/I) CHUTHAJIaMU.
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3anam’samogysanvhi onmoeneKmponHi elemenmy — €JIEeMEHTH, OCHOBHUM
NPU3HAYCHHSM SKUX € 3a1aM'ITOBYBaHHS ONTHYHUX a00 €JIeKTPUYHUX CHTHAIIB,
0 HAAXOASATh Ha BXiJ. XapakTepHa puca IHMX EJIEMEHTIB (Ha BIAMIHY BiJ
CJIEKTPOHHHUX) Y TOMY, IO TPOIECH 3amaM'sTOBYBaHHS CYNPOBOKYIOThCA
eeKkTaMu Bi3yaJIbHOI 1HIMKAIIIi.

Llonomidcni onmoenexmponHi eiemenmu — €JIEMEHTH, 110 CIPUAITH
YCTaHOBJICHHIO 3’ €IHYBAJIbHUX PEKUMIB ONTOCIEKTPOHHUX JIOTIYHUX €JIEMEHTIB
abo eneMeHTIB mnam'saTi 1HQopMmauii. [0 TakuMx €JEeMEHTIB BIJHOCATHCA
IJICUJTIOBAYl, TMEepeTBOpIOBayl (MOAUTBHUKUA, TMOMHOXKYBadi, CyMaTropu 1 T.II.),
€JIEMEHTH 3aTPUMKH, T€HEpPaTOpH, CHHXPOHI3ATOPHU 1 T.J., IO B 3araJbHOMY

noOy10BaHi Ha 6231 ONTOCIEKTPOHHOT CXEMOTEXHIKH.

1.3 AHaniz e(eKTHBHOCTI BHKOPHCTAHHS MeETOAIB Ta 3aco0iB

ONTOCJECKTPOHIKH Ta KPUTEPIl iX OLiHIOBAHHA

BinoMo, mo mapaMeTrpu cydyacHux I1HTerpanbHux Mikpocxem (IMC)
B3a€EMHO T10B’s3aHi 1 BU3HAYAIOTH SIK PIBEHb 1HTErpallli, TaK 1 MUPOTY MOKIUBHUX
ix 3actocyBaHb. Lle TBepIKEHHS TOBHOK MIPOI BIJHOCUTBCA 1 J0O
ONTOCJIICKTPOHHUX €JIEMEHTIB 1 (QYHKIIOHATRHUX cXeM. Tak, HalpuKIiIa,
301IBbIIEHHS HABAaHTAXYBAJbHOI 3JATHOCTI AJSl ONTOENEKTPOHHHUX EJIEMEHTIB
(301mbIIeHHST KOe(illleHTa ONTHYHOrO a00 EeJEeKTPUYHOTO PO3TaTy>KCHHS 10
BHUXOJY) 3HI)KY€ IIBHJIKOIIID CXEM 1 30UIbIIy€E CIOXUBAaHY IOTYXKHICTb, a
MIBUINCHHS MIBUAKOII 30UIBIIYE MOTYXHICTh, IO PO3CIIOETHCS, 1, Y CBOIO
yepry, 3HWXKYyE€ piBeHb 1HTerparii. ToMy I KOMIUIEKCHOI  OIIIHKH
cxemMoTexHiyHoro  6aszucy IMC  gowisibHO  mopsiA 3 IapameTpoM
"MOTY>KHICTD * MBUAKOAIA", 1O IJIs 3a1aHoi TexHojorii BuroToBieHHs [IMC

"

3aJIMIIAETHCS  MOCTIMHUM, BUKOPUCTOBYBAaTH Takuid mapameTp sK 'dac
3aTPUMKH * PiBeHb 1HTErparii'. 3BU4ailHO piBEHb 1HTErpallii XapaKTepu3y€eThCs
koedimienToM K, 110 TOPIBHIOE ECATKOBOMY Jlorapu(My BiJ Yucia €JIEeMEHTIB
(K =logioN=1g N).

binbir 00’€KTHBHY OLIHKY pIBHS 1HTErpaiii Jae BpaxyBaHHS 4YHCIA
BEHTHUJIIB Ha KPUCTAJIi.

JInsi  KOMILJIEKCHOT  OIIIHKM  CXEMOTEXHIYHOro 0a3ucy HeoOXiTHO
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MOPIBHIOBATH TaKl TPH SIKOCTI:

— ¢axTop AKOCTI Fg = Peyts, N€ Py — CepellH CHOXKHMBaHA IIOTYXKHICTB,
¢, — Cepe/IHiil yac 3aTpUMKU;

— IBUIKOJIIO (KIJIBKICTh IEPEMHUKAaHb B OJIMHUITIO YaCy);

— IIIBHICTH €JIEMEHTIB Sy;

— (pyHKLIOHANBHY MITBHICTH KOMIIOHYBaHHS S ;

— THWIT 3aCTOCOBYBAHOI TEXHOJIOT1].

Jlnst Bce6iunOoi ominku 6a30BuX IMC € npuitHATHUM TOHSATTS JOOPOTHOCTI
0, 110 BpaxoBYeE JIOTTYHY THYUYKICTh 0a30BUX CX€M L, BITHOCHY 3aBa/JIOCTIHKICTh
oU, dhaxTop sikocTi Fx 1 IIIBHICTh KOMIIOHYBAaHHS Sy, TOOTO
0= L-oU
_FK'f3'SN : (1.1)
[Ipote 151 OLIHKK BUMOT 1 KOJIa pO3B’S3yBaHUX 3a7a4 ONTOCICKTPOHHUMU
€JIEMEHTaMH 1 MPUCTPOSIMHU OLTbII 00’ €KTUBHUM CTAa€ MOAM(PIKOBAHUI KpUTEpId
nobpotHocti  (Qy, 1O Ja€ MOXJIHMBICTh OIIHIOBATH TMEPCHEKTUBHICTD
BUKOPHUCTaHHS elleMeHTHO1 0a3u. KpiMm mokasHukiB oU, Fx 1 Sy, BiH MOBUHEH
BpaxoOBYBAaTH MAaKCHUMaJIbHY TEOPETUYHY TpPAaHUYHY 4YaCTOTy HEPEeMHKAHHS
ONTOEIEKTPOHHUX EJIEMEHTIB fmax, PYHKIIOHAIBbHY IOBHOTY €JleMEHTIB Ky, Uac
iXHPOI ~ €HEepPreTUYHOI  BIAHOBIIOBAHOCTI fz, TOOTO 4Yac  BIJHOBJICHHS
iHpopMarniiHoro mnotoky, koedimient kopucHoi nii (KKJI) eneprerndynoro
nepeTBopeHHs Kz, eEeKTUBHICTh €JIEMEHTIB 1 NMPUCTPOiB Kzp 1 MOKA3HUK PIBHS
inrerpamii F;. Takum uyrHOM, MOAM(IKOBAHUNA KpUTEpid JOOPOTHOCTI Mae

BUTJIAA:
1
QM:Q'Fffmax'K(p't_'qu'KEq). (1.2)
E

3 Bupa3zy (1.2) Butikae, mo mMoaudikoBaHUN Kputepiih 1oOpoTHOCTI Q)
TUM OUTBIIHM, YUM BHUIIA TPAHUYHA YaCTOTA TIEPEMHUKAHHS €JIEMEHTIB.
3a OCHOBHMMH mapameTpamMu (IIBUIKOJIEI0, CIIOKUBAHOI MOTYXKHICTIO,

KOHTPOJICTPUAATHICTIO) €(PEKTUBHICTh €JIEMEHTHOI 0a3W MOYKHA III¢ OIlIHIOBATH
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32 JIOIIOMOTOI0 YCEPEIHEHOTO Yy3arajbHCHOTO KpPUTEPilo, SKHH BHpaXKae
ycepeaHeHy cyMmy e(eKTHBHOCTSH 3a JaHMMH IapamMeTpaMH 11eajibHOro i
PEeaIbHOTO ONTOCICKTPOHHOTO MIPUCTPOIO, TOOTO |

1 H[T HIP H[K

E=—. + = , 1.3
3 Uy Iy Hpy (13)

ne Iy, Ip, IT;x — mapaMeTpu  1IcIbHOTO TIPUCTPOIO 3a IIBUJIKOJIEO,
CIO’KMBAHOIO TIOTY>KHICTIO 1 KOHTPOJIEPUAATHICTIO;

Lpr, Ipp, [pg — T1 % caMi mapamMeTpu JJIsl peaIbHOTO TIPUCTPOIO.

HianazoH 3MiHu kputepito (1.3) 11 nmpakTHYHUX (peajibHUX) MPUCTPOIB

JeXUTh y Mexkax 0 < £ <1.

KoHTpoubHI NUTAHHSA

1. Oxapakrepu3syiiTe nepeBaru OnTOEIEKTPOHHUX METO/IB Ta 3aCO0I1B.

2. JlaliTe  MOSCHEHHA TAaKUM  MOHATTAM  SIK  ONTOEJEKTPOHIKA,
ONTOEJIEKTPOHHUM €JIEMEHT, ONITOEIEKTPOHHA CUCTEMA.

3. JaiiTe MOsACHEHHS TaKUM MOHATTAM: 1H(GOpMalliliHAa ONTOEIEKTPOHHA
Mepexa, (QYHKIIS ONTOENEKTPOHHOI CHUCTEMH, CTPYKTypa ONTOENEKTPOHHOI
CUCTEMH.

4. Oxapaktepuzyiite (GyHKI[IOHATbHE TMPU3HAYCHHS TaKUX EJIEMEHTIB

OTTOEIEKTPOHIKH: CBITJIOBUIIPOMIHIOBAY, dboTonpuiimady, MOAYJIATOP,
nedaeKTop, I1HAMKATOP, ONTPOH,  3alaM SATOBYBAJbHUN OINTOCICKTPOHHHMA
€JIEMEHT.

5. Ski kpurtepii MOXyTh OYyTH 3aCTOCOBaHI MpHU OI[IHIOBaHHI

€(EeKTHUBHOCTI ONTOCIEKTPOHUX MPUCTPOIB?
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2 EJIEMEHTHA BA3A OIITOEJIEKTPOHIKHA

2.1 /l’xxepesia BUIPOMIHIOBAHHS Ta IX OCHOBHI XapaKTePUCTUKH

2.1.1 OnTu4He BUNIPOMiHIOBAHHS TBEPAUX Tij

OnTuyHe BUIIPOMIHIOBAHHS — 1€ €JIEKTPOMArHiTHE BHUIIPOMIHIOBaHHS 3
JOBXHHOIO XBWIb Bl 1 M 10 1 HM. IcTopuuHO cKilanocs, 0 XapaKTepUCTUKU
ONTUYHOTO BUIIPOMIHIOBAaHHS  OLIHIOIOTh EHEPreTUYHUMHM Ta CBITJIIOBUMU
(poroMerpuuHrMHU) TapameTpamu. Eunepeemuuni TapaMeTpu XapakTEPHU3YIOTh
BUNPOMIHIOBaHHS O€3BIIHOCHO JIO0 Horo maii Ha Oyap-SKui npuiMad
BUIIPOMIHIOBaHHS 1 TTOB’S13aH1 3 EHEPTI€I0, 110 IEPEHOCUTHCS BUITPOMIHIOBAHHSIM.
3a JOMOMOTOI0 C8ima08UX TapaMeTpiB OLIHIOITh BUIPOMIHIOBAHHS, SIKILIO B
poJii mpuiiMada BUCTYNAE JIOAChKE OKO. Y Tabmuii 2.1 HaBeAeHI OCHOBHI
€HepreTMyHl Ta BIJAMNOBIJHI J0 HHUX CBITJOBI XapaKTEPUCTUKU ONTHYHOIO

BUIIPOMIHIOBaHHS.

Tabnuns 2.1 - OCHOBHI €eHEPreTUYH1 Ta CBITIOBI BETUYUHA

Enepreruuna HogB};aq;H;? a Onunu-| CsiTioBa [To3HaueHHs Ta BUpas 3a Onunu-
BEJIMYUHA P s BeIMYMHA O3HAYEHHSIM s
O3HAYEHHIM
Morix T CiT0BUiA s
punpowimo- | @, = [@,,(A)dA | Br ) F =, =680 [V(A)D,,(A)dA
MOTIK M
BaHHS 0 0.38
Enepris t CsitnoBa t
iHIO- =|@,(t)dt : - ICD 1)dt
Bunpowmirio Q. I () o eHeprig 0, (0 JIM.C
BaHHS 0 0
Cuna Cuna
1HIO- I, =d®d,/dO cp’ .
BUIPOMIHIO . p Br.cp cBiTha [ =d®, /dQ KJI 21691
BaHHS JIM.CP
Eneprernuna Br.cp!
ackpasicte, | L, =1,/(dA, cose) ME’ '| SlckpasicTh L =1 /(dA cose¢) o
POMEHHUCTICTh ' &
Eneprernuna
CBITHMI?TL’ Me = d@e /dAl Br.m? | CBiTHMicTB MV = d@v /dAl 2
Bunpowminto- JIM.M
BaJIbHICTb
Enepreruuna E =d® /dA Brar? OcgiTite-
OCBITJICHICTB ¢ el T2 ‘ HiCTb E, =d®, /dA, JIK
E t C . t
NOPIETMANA |, = [E,(t)dt  |Braw?e| PO H, = [H,(t)t
EKCITO3UITis . eKCITO3UIIiS o JIK.C

dA,- moma AUISHKYA TMOBEPXHI, 110 BUIIPOMiHIOe; dA, - MJioma AiSHKU MOBEPXHI, 10 OCBITIIETHCS,
dQ — TinecHuit KyT, B AIKOMY PO3MOBCIO/KYETHCS BUIIPOMIHIOBAHHS; € — KYT MK HOPMAJLTIO JI0 TIOBEPXHi
Ta HAMPSIMOM PO3MOBCIOKEHHS CBITIIA

19




Sx  BugHO 3 TaONMIIl EHEPreTHYHI Ta CBITJIOBI  MapameTpH
BUIIPOMIHIOBaHHS 32 CYTTIO € OJHAKOBUMM, MIPOTE MAIOTh PI3HI OJIMHHULII BUMIpY.
Kpim i#Terpampaux @, @,,..., TOOTO pO3TIAAYBAaHUX B IIHPOKOMY
CHEKTPaJIbHOMY J11ala30H1, €HEPreTUYHUX Ta CBITJIIOBUX BEJIIMYMH, B MPAKTHULII
BUKOPUCTOBYIOTHCA iX CHeKTpasibHi HiibHOCTI D(A), D (L), ... Hanmpuxnan,
O (L)=AD /AL = dD./dA 1 T.11. YacTo, KOIM SICHO, MPO SIKI BEIMUYMHU HJIe MOBA,
1H7IEKCHU e (€HepreTUYHMI) Ta v (BI3yaJbHUMN) OMYyCKAIOTh.

[Tepexin Bia 00'€KTUBHOI, III0 HE 3AJICKUTHh BiJ BIACTUBOCTEW MpuiiMaua
BUIIPOMIHIOBAHHSI, CHCTEMH €HEPreTUYHHUX BEJIMYMH /10 Cy0'€KTUBHOT — CBITJIOBO1
CUCTEMH — MPOBOJIUTHCS HA OCHOBI CHIBBIJHOIIEHHS M1>K CBITJIOBUM MOTOKOM @,

Ta IOTOKOM BI/IHpOMiH}OBaHHSI d)e:
A2
F=® =K IV(Z)CDM (A)dA, 2.1)
Al

ne K, ~ 680 m'Br! - MakcuManbHe 3HAYEHHS CIIEKTpaJIbHOL
€(EeKTUBHOCTI MOHOXPOMAaTUYHOTO BUIPOMIHIOBAHHS [IJIi OKa JIIOJAWHHU (HA
TOBXMHI XBWI A = 0,555 MKM);

A1... Ay — mlama3oH CHOEKTPaIbHOI YyTIUBOCTI OKa (3a3Buuai A; = 0,38 MKwM,
M=0,76 MKM);

V(L) — ciekTpasibHa XapaKTePUCTUKA YYTIUBOCTI OKa.

OnTuyHe BUIPOMIHIOBAHHS MOYE€ OYTH KOTNE€PEHTHUM 1 HEKOT€PEHTHHM.
Hexocepenmue BUNPOMIHIOBAHHS BUHHUKA€, KOJU €JIEKTPOHUM B aTOMi, IO
3HAXO/ATHCS HA BUCOKOMY €HEPTreTUYHOMY PiBHI, MUMOBIJIBHO, 0€3 30BHIIIHBOTO
BTPYyYaHHS [EPEXOJsiTh Ha OUIbII  HU3bKUI  E€HEPreTUYHHA  PIBEHb,
BUIIPOMIHIOIOYH TIPU 1IbOMY KBaHT CBITJIA. Y PE3yJbTaTi, KOXKEH aTOM T€Hepye
BUIPOMIHIOBaHHSl CIIOHTAHHO 1 HE3aJeXHO BI1J IHIIKMX. BHAcIiIOK 1bOrO,
HaIpsMU TOJIIpU3aIiii 1 ha3u XBUIIb, IO BUIIPOMIHIOIOTHCA, € Pi3HUMH. OCKITbKA
NpPOMiHb  CBITJIA €  CYNEpIO3ULIEI0  EJIEKTPOMArHiTHUX  XBWJb,  SIKI
BUIIPOMIHIOIOTHCS OKPEMHUMHU aTOMaMH, TO HampsiM Tojspusamii Ta Qasza
pPE3yNbTYIOYOTO CBITIIOBOTO TOTOKY B OKPEMHX TOYKax TMPOCTOPY OyIyTh
3MIHIOBaTHUCS XaOTUYHO. [IJI1 OTpUMaHHS KOo2epeHmHo20 BUIPOMIHIOBAHHS, IO

XapaKTepU3y€eThCsl Mepen0adyBaHICTIO Ta BHU3HAUEHICTIO IUX TapaMeTpis,
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NEPEeXOo/Id EJNEeKTPOHIB B aTOMax 3 BHUIIOIO €HEPreTUYHOTO PIBHSA Ha HIDKYMM
MOBUHHI OyTH y3rojkeHuMH. L[poro MokHa JOCATTH MpU BHUKOPUCTAHHI
30BHIIIHBOTO BUIMPOMIHIOBAHHS 3 €HEpri€lo (OTOHIB OIU3BKOI 110 PI3HUII
€HEpriid eHepreTUYHMUX PIBHIB, MK SKMMHU 3[IIACHIOEThCS niepexill. ['enepoBane y
pe3ynbTaTi TAaKUX MEePEX0/IiB BUITPOMIHIOBAHHS, sIKE HA3UBAIOTh BUMYIIICHUM 200
IHAYKOBaHUM, OyjJe MaTu TaKy caMy JOBXHHY XBWI, (azy, MOJSpU3aLii0 Ta
HaIPsIM PO3MOBCIOHKEHHS, 110 1 30y Kyr04e 30BHINTHE BUTTPOMIHIOBAHHS.

XapakTepu3youn KOrepeHTHE BUIPOMIHIOBAHHS, BBOJSATH TaKi MOHSTTA,
SK 4acoBa Ta MPOCTOPOBA KOT€PEHTHICTb. Yacosa kocepeHmHicmb BUSHAYAETHCS
3MiHOIO (ha3u CBITIOBOT XBWJII y 4Yaci y JlaHiid Todi mpoctopy. [Ipomixkok gacy,
MIPOTArOM KOr0 3MiHa (pa3u CBITJIOBOI XBHJII € MEHIIOKO 32 77, HA3UBAIOTh 4YaCOM
KOT€pEHTHOCTI. [Ipocmoposa kozepeHmuicms XapaKTepU3yeTbcs 3MIHOIO (a3u
CBITJIOBOi XBWJII MIDK PI3HUMH TOYKaMU TPOCTOPY, 4Yepe3 sIKi IPOXOIUTh
XBWIIbOBUN (ppoHT. SKmio pizHuMus ¢a3 MK JBOMA TOYKAMH 3aTHMIIAETHCS
MOCTIMHOI0, TO KaXyTh, 110 MAa€ MICII€ MOBHA KOT€PEHTHICTh. SIKIIO 11 yMOBa
BUKOHYETbCA Ui OyAb-KMX MHap TOYOK, TO Taka XBWJIA XapaKTepU3YEThCS
MOBHOIO ITPOCTOPOBOIO KOTEPEHTHICTIO.

EnexrpoMarnitTHe BUIIPOMIHIOBAHHSI ONTUYHOIO J1alla30Hy OTPUMYIOTH 3a
JIOTIOMOTO0 JIKEpes BUIIPOMIiHIOBaHHsS. Jlkepena BUIIPOMIHIOBAHHS MOXKYThb
OyTH 1BOX OCHOBHUX THUIIB — TEIJIOBI Ta JIOMIHECIECHTHI. Tennoge
BUNPOMIHIOBAHHS CTBOPIOETHCS HArpiTUMHU TulaMu. BoHO iCHye s yciX TiJ,
TEeMIIepaTypa SKUX BIAPI3HAETbCA BiJ HYJsA. [HTEHCHUBHICTH 1 CHEKTpaJbHHIA
CKJIaJ] TETJIOBOTO BUITPOMIHIOBAHHS 3aJI€’KaTh BiJ TemiepaTypu. Tak, 3riHO 3
3aKOHOM Credana-bonbimana CIIEKTpaJibHa IIUIBHICTD eHeprii
BUIIPOMIHIOBaHHS € MPOMNOPLIIHHOI YETBEPTOMY CTYNHIO  aOCOJIOTHOL
TEMIEpaTypyu, a CHEKTpajibHA XapaKTepUCTHKA, sKa BH3HAYa€ PO3MOILI
IHTEHCUBHOCTI ~ BUIIPOMIHIOBaHHS 1O MOro CHEKTpy, MpHU 30UIbLIEHHI
TEMIEPAaTypu JOCATAE MAKCUMyMy Ha MEHIIMX JOBXKHHAaX XBUJIb (3aKOH
3MmilieHHs Bina).

OCHOBHMMHM  TEIUIOBUMHU  JDKEpEJaMH BHUIPOMIHIOBAaHHS €  JIaMIH
po3xaproBaHHA. BoHM MOXyTh OyTH BUTOTOBJIEHI1 JOCUTH MIHIATIOPHUMHU, aje
MaroTh mopiBHSHO Hu3bkuii KKJ[ 1 Benmuky 1HEpIHHICTH, KOHCTPYKIIIS JIAMII

BKJIIOYA€ BaKyyMHHMIl OalioOH, M0 TOTaHO Y3TO/DKYETbCA 3 TEXHOJOTIEI0
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HaIIBIPOBITHUKOBUX cxeM. [0 mepeBar yjiamm po3kaproBaHHS MOXHA BIIHECTU
HU3bKY BapTiCTh, BACOKY TEMIIEPATyPHY Ta paJlialliiiHy CTIAKICTb.

binbm  po3MOBCIOPKEHMMH B Cy4YacHI OMNTOEJIEKTPOHINI € JpKepena
BUIIPOMIHIOBaHHS, 10 BUKOPUCTOBYIOTh PI3HI BUIU JtOMIHecyeHYii (XOIO0AHOrO
cBitinns). [Ipu nmrominectieHnii eneprisi, HeoOXiaHA /71 BUIPOMIHIOBaHHS, MOXKE
MIJBOAUTUCH N0 Tifa OyJlb-KMM HETEIJIOBUM CIIOCOOOM. 3a paxyHOK €Heprii
30BHIIIHBOTO BIUIMBY YaCTUHA €JEKTPOHIB TMEPEeXOJUTh Ha OUIBII BUCOKI
eHepretuyHi piBHI. [lOBepHEHHS IMX €JIEKTPOHIB Ha PIBHOBaXHI PIBHI
CYIPOBOJIKYETHCS BUIIPOMIHIOBaHHAM (POTOHIB. D13UKa MPOLIECY JTHOMIHECIICHITIT
Mae 1Bl OCOOJMBOCTI: BY3bKMI CIIEKTP BHIIPOMIHIOBAHHS Ta BEJIUKY KUIBKICTb
croco01B 30y IKEHHS.

B onroenexkTpoHHMX TpWiagax |y Haml  9ac TOJOBHUM  YHHOM
BUKOPHUCTOBYETHCS CJICKTPOJIOMIHECIEHIIIS] (BUHUKHEHHS CBITIHHA I JIEIO
CIEKTPUYHOTO TOJs), (HOTOMOMIHECIIEHITS (BUHUKHEHHS CBITIHHS TIpHU
ompoMiHeHHI ()OTOHAMHU) Ta KaTOJOJIOMIHECICHIlIs (BUHUKHEHHS CBITIHHS TMPU
ONPOMIHEHHI IPUCKOPEHUMHU EJIIEKTPOHAMH).

st ONTOCJICKTPOHIKH 0coOMBUI 1HTEpec BUKJIUKAE
CJIEKTPOJIOMIHECIIEHI[II Yy  TBEPAOTUIBHUX JDKEpeNnax  BHUIPOMIHIOBAHHS,
MarepiajoM SKHUX € HamiBIPOBIIHUKOBI 3’eaHaHHA. OIHUM 3 PIZHOBHUJIB
€JIEKTPOJIIOMIHECIIEHI[IT € IHXKEKI[IHHA EJIEKTPOIIOMIHECLICHIIIS, MEXaHI3M SKOi
JEKUTh B OCHOBI pPOOOTH OCHOBHUX CBITJIOBUIIPOMIHIOBAJILHUX MPHUIIAJIIB
ONTOEJIEKTPOHIKM — CBITJIOIONIB Ta HAIMIBIPOBIIHUKOBUX Ja3epHUX 10/IIB.
[HxekiiiiHa eJeKTPOTIOMIHECIICHIIISI BUHHMKAE B pe3yJbTaTi pekoMmOiHalli B
00’eMl HaMIBOPOBIIHUKA OCHOBHMX Ta HEOCHOBHHMX HOCIiB 3apsay. Taka
JIOMIHECLICHI[ISl Ma€ MiCIle, HAlIPUKJIIAJ, MPU MPOTIKAHHI MPSIMOI0 CTPYMY uepes
p-n Tepexia, Mo CYMPOBOKYETHCS I1HXKEKII€I0 HEOCHOBHUX HOCIIB 3apsnmy:
JIPOK B n-00J1aCTh, a €JIEKTPOHIB B p-00J1aCTh.

3a3BUyail BUMIPOMIHIOBAJIILHOIO € TUTBKUA OJHA 00JIaCTh MO OJWH OIK p-n
nepexoay, Hampukiaj, p-o01acTh. 3 L€ METOK B 1-00JaCTh BBOJSATH OUIbIIIE
JIOHOPHOi JOMIIIKK, HIK aKIENTOPHOI B p-00iacTh. Y pe3yibTaTi, B Takid
CTPYKTYp1 IHXKEKIIHHUN CTPYM € NPAKTUYHO OJHOOIYHMM — 3 n-00JacTi B p-
0o0JacTh, 1 BUMPOMIHIOBAaJIbHA pPEKOMOIHAIlS 3a0€3MeUy€eThCS EIEKTPOHHOIO

CKJIaZ0BOIO [, MOBHOTO cTpyMy /. EQEKTHUBHICTh 1HXKEKLIi BU3HAYAETHCS TUM,
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HaCKIJIbKM CKJIaJ0Ba CTPyMy, IO 3a0e3ledye IHKEKIIF0 HEOCHOBHHUX HOCIIB
3apsly B aKTUBHY (BUIIPOMIHIOBAJIbHY) 00JaCTh, Y HAIIOMY MPUKIAIAl CTPYM 1,
BIJIPI3HSIETHCS BiJ] TOBHOTO CTpyMy /. EdEKTHBHICTD 1HXKEKIIIT XapaKTepU3y€eThCS

KOe(]ilIEHTOM 1HXKEKIIT ):

77

[mxekToBaHI B p-00J1aCTh €JIEKTPOHU PEKOMOIHYIOTH TaM 3 JIipKaMH
nobnuzy p-n  mnepexony. llpu 1poMy TOpsI 3 BUIIPOMIHIOBAJILHOIO
pexkoMOiHall€e0, sKa 3a0e3neuye TreHepalilo ONTUYHOrO BUIIPOMIHIOBAHHS,
ICHYIOTh MEXaHI3MH O€3BUIPOMIHIOBAILHOI peKOMOiHaIlli, BHACIITOK SKHUX
BUJIIJISIETHCS €HEPTid, 110 MEPETBOPIOETHCS B TEIUIOBI KOJMBAHHS KPUCTAIIYHOL
pemritkd.  KimbkicHO  eeKTHUBHICTH  peKOMOIiHaIli TMpU  JTFOMIHECIEHII]
XapaKTepU3ylOTh BHYTPIIIHIM KBAaHTOBUM BHUXOJIOM 7], SKUH OLIHIOIOTH
BIIHOIICHHSM KIJBKOCTI aKTIB BHIPOMIHIOBaJIBHOI peKoMmOiHaIlii 70 ITOBHOI
KUJIBKOCT1 aKTiB (BUIIPOMIHIOBAJIBHOI Ta O€3BUIIPOMIHIOBAJIbHOT) peKOMOIHALII].
[HOMI BHYTpINIHIM KBAaHTOBUH BHUXIJ BHU3HAYAIOTh BIJHOIICHHSIM KIUIBKOCTI
reHepoBaHUX (POTOHIB 0 KUIBKOCTI 1H)KEKTOBAaHMX B aKTHUBHY 00JacTh 3a TOU
caMuil 4yac HEOCHOBHHUX HOCIIB 3apsay (y HalloOMy MPUKIAJl — €IEKTPOHIB B p-
o0sacth). EGEeKTUBHICTh 1HXKEKIIMHOT €IeKTPOTIOMIHECHCHIIT MOXKHA OI[IHUTH
TOOYTKOM ) 7.

He yci ¢otonu, sxi Oynu 3reHepoBaHl y pe3yibTaTi BUIPOMIHIOBAIBHOT
pekoMOiHaIli, BUWIYTh 13 JpKepesia BUMIPOMIHIOBaHHS. OCHOBHUMHM MPUYUHAMHU
IIOTO € TIOTJIMHAHHS CBiTJIa B 00’€Mi HAMBIPOBIIHWKA Ta SBUIIE IOBHOTO
BHYTPIITHBOTO BiIOUTTS. OcTaHHE 0OYMOBIIIOE T€, 1110 HA30BHI BUMAYTh JIUIIE Ti
CBITJIOB1 MPOMEHI, 110 PO3IMOBCIOIKYIOTHCS B MEXaX KOHYca 3 MBKYTOM 6 Oifis

BepiinHu (puc. 2.1).

A
\ 4

Pucynok 2.1 — BinOuTTs 1 3a710MJICHHS CBITJIa PU BUXO/I1 3 HAIIBIPOBIAHUKA
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Kyt 6) BU3HaYaeThCs PIBHICTIO
6y = arcsin(1/ny),

1€ N - TIOKA3HUK 3aJIOMJIEHHSI MaTeplany, B SIKOMY T'€HEPYEThCS CBITIHHSL.

Ockinbky He BCi (OTOHM BUXOIATH 3 JKepeia BUIPOMIHIOBAHHS, BOHO
XapaKTEepPU3y€TbCs 30BHIIIHIM KBAHTOBUM BHUXOJOM 7], SKUN IOB’SI3aHUM 13

BHYTPIIIHIM KBAHTOBUM BUXOJOM 7], CIIIBBIJJHOILIEHHAM
77)(6 :Ko.nxa (21)

ne Ky — koe(ili€eHT, 0 BpaxOBYy€ BTPATH BUIPOMIHIOBaHHSA, 00yMOBIIEHI

[IOTJIMHAHHIM Ta BIJOUTTIM CBITJIA.

Jlo 11boro yacy MoBa Hiiia mpo roMonepexoan, TOOTO MePexoin IS IKUX
IIMpUHA 3a00pOHEHOI 30HM B p- Ta n- O00JNAacTIX € OJHAaKoBow. B
rerepornepexogax (puc.2.2), 10 YTBOPIOIOTHCS  HaIMIBIPOBITHUKOBUMHU
3’€IHAHHAMH 3 PI3HOIO IIUPUHOIO 3a00pOHEHOI 30HHU, ICHYIOTh KpaIlll YMOBU IS
reHepaiii BAPOMiHIOBaHHS.

Pyx HocCIiB 3apsily y CTaHl pIBHOBaru reTE€pPOCTYKTYPH BU3HAUYAETHCSA
HOCISIMU TUIBKM OJHOTO THmy. TOMy Npu NpHUKIaJaHHI NPSMOi HAIpyrd Mae
MICII€ OJTHOOIYHA THXKEKI[i — TUIbKA HOCIIB 3aps/ly 3 IIMPOKO30HHOIO IIapy (Ha
puc. 2.2, a 13 mapy 3 mupuHOI0 3a00poHeHo0i 30HU E,) y By3bK030HHUH (11ap 3
UpPUHOI 3a00poHeHoi 30HU E;). ¥V pesynbraTi KoedimieHT iHXekuii y B
aKTUBHY (BUIIPOMIHIOBAJIbHY) 00JIacTh (Ha puc. 2.2 11e 0o0jacTh 3 HIMPUHOIO
3aboponenoi 3ouu E;) mns rereponepexoxy nopiBHioe 1. BaxkiuBo BiAMITHTH,
10 OJTHOOIYHA 1HXKEKI[I reTeponepexoly He MOB’sA3aHa 31 CTyNeHEM JIeryBaHHS
p- Ta n- oblacTeu, K 1e Mae Micle y 3BUYaHHOMY (TOMOTC€HHOMY) IEPEXO/Ii.
Tomy BoHa 30epiraeTbCs 1 MPU 3HAYHUX HIIIBHOCTSAX MPSMOTO CTPYMY MEPEXOy.
Jlpyroro  0COOJUBICTIO  BHKOPHCTaHHS  Te€TEpONepexoay € Te, IO
BUIIPOMIHIOBaHHSI T€HEPYETHCS Yy HAMIBIPOBIIHUKOBOMY Marepiaji 3 BY>KUOIO
3a00pOHEHOI0  30HOK, TOMY BOHO HPAaKTUYHO HE TIOTJMHAETHCA Y

HaIIBIPOBIHUKY 3 OUIBII MIMPOKOI 3a00poHEHOI0 30HOK0. [Ipu BUBenEHHI
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BUIPOMIHIOBaHHSI 4Yepe3 IIMPOKO30HHUI HAMIBIPOBITHUK BIAETHCA CYTTEBO
3MEHIIUTA BTpaTH Ha noriauHaHHA. L1 ABI 0coOIMBOCTI reTepornepexoiB

J03BOJISIFOTH CYTTEBO 301LBIIATH 30BHINTHIA KBAHTOBUH BUXIJT 7.

P n —AM n

<€
<&
<

0

L a

&

Pucynok 2.2 — EHepreruuHna jiiarpaMa oJuHapHoi (a) Ta moiBiiHoi (0)

TETEPOCTPYKTYpHU

[lopsim 3  OoJMHApHOIO Yy  CBITJOBUIIPOMIHIOBAIILHUX  JI107aX
BUKOPUCTOBYEThCSI TOJBiifHA rerepocTpyTypa (puc. 2.2,0), sKa MICTUTh
JI0JTATKOBHI MIMPOKO30HHUM IIIap TOTO CaMOT'0 THITY MPOBITHOCTI, IO i aKTUBHA
obnacth (Ha puc. 2.2, 6 1e map 3 mupuHorw 3abopoHeHoi 30HU Ej). HasBHICTB
MOTEHITIATBHOTO 6ap’epa Ha MeXi1 o0nacTeil 13 mupuHoI 3a00poHeHux 30H E; Ta
E; nepemikomkae BUXOAYy HEOCHOBHMX HOCIIB 3apsily 3 AaKTUBHOI 001acTi.
YTBOPIOETHCS TOTEHINIANIbHA fIMa, B SKIA HAKOMUYYIOThCS 1HXKEKTOBaHI 3
IIMPOKO30HHOI'O HAIIBIPOBIJHWKA HEOCHOBHI Hocil 3apsay. Hamnmmkosa
KOHIICHTpAIIiSl 3apsily B aKTUBHIA 005acTi Ta OJHOOIYHA 1HXKEKI[iS CYTTEBO
M1JBUILYIOTh BHYTPIIIHIN KBAHTOBUW BUX1Jl TETEPOCTPYKTYPH Ta ii MIBUIKOIIIO.

3a J0MOMOTrO0 TeTEePOIepeXo/iB OTPUMYIOTh HE JIMIIE HEKOTepEeHTHE, a U
KOT€pEHTHE BUIIPOMIHIOBAHHSI.

3oBHiNHINA eHepreTruunuid Buxia mominectenii (KK/[) Buznauaerbes sk

MV
n.= oy (2.2)
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ne hv— eHeprist GOTOHIB;

eU — eHepris eNeKTPOHIB, 10 NPONIUINA PI3HULIIO NOoTeHIiamB U.

Cnipg 3a3HaYuTH, 110 BHYTPIIHIA KBAHTOBHM BHUXIJ 7, @ 3HAYUTh 1
noB’si3aH1 3 HUM Bupazamu (2.1) Ta (2.2) 30BHIMIHIA KBAHTOBHMH BHUXIJ #. Ta
30BHIIIHIA EHEPreTUYHUM BUXIJ JIIOMIHECHEHIII 7#,, 3MEHIIYIOThCA 31

30UIBIIICHHSM TeMIIEPaTypPH.

2.1.2 CeiTJ101i011 Ta HOBi MOKOJIIHHA HAASICKPABHUX JIZKepeJt

CBITJIOBUIIPOMIHIOBAJILHUIM HAMIBIPOBIAHUKOBUN 11074 (200 CBITJIONION)
SBJISIE COOOI0 TIOJHY CTPYKTYpy Ha OCHOBI TOMO- a0O TeTepo- p-n-Tiepexoiy,
OPOTIKaHHS MPAMOrO0 CTPYMy uepe3 SKYy CYNPOBOKYETHCS TE€HEPAIEI0
HEKOIE€PEHTHOI0 ONTHYHOI'O BUIIPOMiHIOBAaHHS. [IpuHuum pobotu cBiTiOIIOAA
OCHOBAaHMM Ha BUKOPUCTAHHI I1HXEKI[IHHOI EJICKTPOJIFOMIHECIIEHIIII, MeXaHi3M
AKOi OYB PO3TISIHYTUN y TIONEPETHHOMY T1APO3ILII.

[Ilo6 xBanTH eHeprii — (HOTOHM, SIKI 3BUIBHAIOTHCSA MPU PEKOMOIHAIIIT,
BIAMOBIJAIM  KBaHTaM  BUAUMOro Ta  ONWXKHBOrO  iH(pauepBOHOIO
BUIPOMIHIOBaHHS,  MIUPUHA  3a00pOHEHOI  30HHM  BHKOPHUCTOBYBAHOTO
HAIBIIPOBIJHMKA IIOBMHHA OyTH BimHOcHO Bemukow (E,>1,3 eB). Tomy
CBITJIOZIOAM HAWYacCTIllle BUTOTOBJISAIOTHCS HA OCHOBI 3’€IHAHb TaNII0: ApPCEHIAY
ramito (GaAs) Ta dpocoiny ramito (GaP).

JlolaBaHHSIM y HAaMiBIOPOBIAHUKOBUN MaTepiajl aTOMIB JESIKUX PEUYOBUH
MO’KHA 3MIHIOBaTH B MEBHUX MeXax KOJIp CBITIHHA CBITJIOAIOAIB. Hampukian,
Ha OCHOBI (ocdiny ramiro, JEroBaHOTO MEBHOIO KITBKICTIO IUHKY, KHUCHIO a00
a30Ty, OJEPKYIOTh CBITJIOMIOAM 3€JCHOTO, JKOBTOTO 1 YEPBOHOTO KOJIHOPIB
CBITIHHS.

[Tepmri cBiTIOAIONM, IO MaJM MPOMHUCIOBE 3HAUCHHS, OyJIM CTBOpPEHI Ha
ocHoBi cTpykTyp GaAs/Ga Hikom Xomoussikom (CIHIA). Kpim Hux y 60-1 pokn
MUHYJIOTO CTOJITTS OyJM CTBOpPEH1 CBITJIONIONW Ha ocHOBI Ga 3 4epBOHUM 1
’KOBTO-3€JICHUM CBITIHHSIM. 30BHINIHIM KBAaHTOBHI BHXIJ X MPUIAAiB OyB HE
ounepmmit 3a 0,1%, a cBiTiioBa Biggaya He mepeBuiryBaia 1.2 nm/Bt. Ockiibku

JIOBKMHA XBWJII BUIIPOMiHIOBaHHS 3Haxoawmiacs B Mexax 500...600uM - obmacti
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HAWBHINOT YyTIUBOCTI JIFOJICBKOTO OKa, MOPIBHAHO HEBEJIMKA SICKPABICTh IXHHOTO
CBITiHHS OyJia JOCTaTHBOK JIJISi 3aCTOCYBaHHS ITMX TPHIAMIB SIK CUTHAIBHHUX
1HIUKATOPIB.

[Topanpiie BAOCKOHANIEHHS CBITIOII0A1B MPOXOAMUIIO MO JBOX HAMPAMKAX -
30UIBIIIEHHSI 30BHIIIHBOTO KBAaHTOBOTO BHUXOAY 1 PO3IIMPEHHS CIEKTpa
BUNPOMIHIOBaHHS. Benukuil BHECOK y 110 poOOTYy BHECIM PaJsSHCHKI BYEHI,
3okpema K.I. AndwopoB 31 crmiBpoOiTHHKaMHU, sKi y 70-1 pOKHM MHUHYJOTO
CTOJIITTS. PO3POOMIIM TaK 3BaH1 0araTOMpPOXIJIHI MOABIMHI rerepocTpykrypu. Lle
JI03BOJIMJI0O 3HAYHO 30ULIBIIMTH 30BHINIHIA KBAaHTOBHH BHXiJ 3a PaXyHOK
OOMEeXEeHHsI ~ aKTHBHOi ~ oOmacti  pexomOiHarii. BukopucroByBanucs
TreTEPOCTPYKTYPH Ha OCHOBI apceHiniB ramto-amoMmiHiio (GaAlAs/GaAs).
30BHIIIHIN KBAaHTOBUI BUX1J LMUX NpUiaAiB aocaraB 15% s yepBoHOi 00Js1acTi
cnektpa Ta 30 % ais iHppauepBOHO].

JlocmipKeHHsT  1HIMMX ~ TETEPOCTPYKTYp TPHU3BEIM JO  CTBOPEHHS
CBITJIOZIO/AIB, IO BUIIPOMIHIOIOTH B 1HIIUX 00JIaCTSIX creKTpa. Tak, Ha MovYaTKy
90-x pPOKIB MHUHYJIOIO CTOJITTA OyJM CTBOPEHI CBITJIOZIOAM HA OCHOBI
OaratonpoxigHuX MOABIHHUX TeTepocTpyKTyp B cuctemi AlGalnP Ha migkmagkax
3 GaAs abo GaP 13 4epBOHO-)XOBTOrapsuMM, *OBTHUM 1 >KOBTO-3€JIEHUM
KOJILOPOM CBITiHHA. BOHM Masiu 30BHINIHIA KBaHTOBUM BUXI1J 10 55% 1 CBITJIOBY
Bimmauy nmo 20 nam/BT, mo 3HAYHO TEPEBUINY€E CBITJIOBY Biagady JaMIld
pozxaproBaHHsa. Tak, CBITJIOBa Bijjiadya JamMId PO3KapPIOBaHHS 3 YEPBOHUM
CBITIIOMUIBTPOM cKilagae ycboro 3 nm/BT, 13 xoBTuM - 10 aM/BT y TOit "ac sik
CydJacH1 Ha/ISICKpaBl YepBOHI CBITJIONIOAU AaroTh oHaa 30 mM/BT. VTim, 1 1€ He
PEKOP: ISl )KOBTO->)KOBTOTAPSAYNX HAISICKPABUX CBITIOMIOJNIB BXKE JOCATHYTHI
pesyabtar y 100 1m/BT.

JloBruii yac po3BUTOK CBITJIOIOAIB CTPUMYBABCS BIJICYTHICTIO MIPHIIAIIB,
10 BUIIPOMIHIOIOTh y CHHbOMY aianasoni. Hitpummi 3’enuanns rpyma A"'BY
BIIKPMJIM TIUISIX JIO CTBOPEHHS BUCOKOS(PEKTHMBHUX CBITJIOMIONIB 13 3€JICHUM,
CUHIM, (I0JIETOBUM Ta YJIbTPAa(i0JIETOBUM BHUIPOMIHIOBAHHSAM. 3a JOMOMOTOIO
OaraTomnrapoBUX TeTEPOCTPYKTYp HA OCHOBI HiTpuay iHAito-ramito (InGaN), mo
BUIIPOMIHIOIOTh Yy CHHbBO-3€JIEHIA 00JacTi CHEKTpa, BAAJIOCS JIOMOITHUCH
30BHINIHBOTO KBAaHTOBOTO Buxoxy 10 20% 1 BOputyd HaOIU3UTUCA 34

e(heKTUBHICTIO JI0 JIIOMIHECIIEHTHHUX JiaMIl (cBiT/0Ba Biggaya 70...90 nm/BT).
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Bunaxin cunix cpitinomioniB 3amMkHyB "RGB-kono". Crajio MOXIMBUM
OTpUMaHHA OyJlb-IKOTO KOJbOpY Yy TOMy uuciai 1 Owuoro. Ilpum mpomy
BUKOPUCTOBYIOTBCA SIK OKpeMi CBITJIOMIOAM PI3HUX KOJBOPIB, Tak 1
TPHOXKPUCTAJIbHI CBITJIOAI0IM, IO MOEAHYIOTh KPUCTAIM YEPBOHOTO, CHHBOTO 1
3€JIEHOTO KOJIBOPIB CBITIHHSA B OJHOMY KOPITYCi.

OcHOBOIO OUIBII JAEMIEBOTO CBITJIOAIONA OLIOr0 KOJBOPY CBITIHHS €
CTpyKTypa Ha OCHOBI HiTpuay iHaito-ramito (InGaN), mo BUNpPOMIHIOE Ha
noBxuHI XBwi 470 HM (CUHIN KOJip), 1 HAHECEHUH 3BEpXy Ha Hel JoMiHOGOD,
10 BUIIPOMIHIOE B IIMPOKOMY JAlama3oHl BUIUMOTO CIIEKTpa, KU MOKpPUBAE
3eJIeHl 1 YEepBOHI JUISIHKU crekTpa. Taki cBITIOAlonM HaAOarato JeeBIii
TPUKPUCTATBHUX (TPUKPUCTATIBHI CBITIIOAI0/IM 3a3BHYail BUKOPUCTOBYIOTHCS IS
CTBOPEHHS TOBHOKOJIBOPOBHX 3aC001B Bi1oOpakeHHs 1H(pOpMaIlii), MatoTh TapHY
KOJbOpoIiepeiady Ta cBiTioBigmauy 1o 20 am/Bt, sxa € mopiBHSHHOIO 31
CBITJIOBIJAUCI0 JIaMIl poO3KaproBaHHS. Bike cTBopeHHI Oi1i CcBiTIOAIOAH
NOTYXHICTIO 5 BT 3 moTokom y 120 jim.

[le oguH MeToa OTpUMaHHsS OUIOTO CBITJIA - 30yKEHHS TPUIIAPOBOTO (3
YEpPBOHUM, 3€JICHUM Ta CHHIM KOJIbOPOM CBITIHHS) JIFOMIHO(Opa CBITIOAIOA0M 3
yIbTpadioNeTOBUM CIIEKTPOM BUIIPOMIHIOBAHHSI.

Kpim BHCOKOi CBITIIOBOI BiJjadi, MajJioro €HEProcnoKUBaHHA, CIAOKO1
3QJIEKHOCTI MapaMeTpiB BUIIPOMIHIOBAHHS BlJ TEMIEpaTypud 1 MOXKIHUBOCTI
OTpUMaHHSA OYJIb-SIKOTO KOJIbOPY BUIIPOMIHIOBAHHS, CYy4YacHI CBITJIOAIOAN MAlOTh
HII CyTTEBI mepeBaru, 30kpeMa, (aHTACTUYHUIN TepMiH CiIyxOu. BupoOHuku
JEKJIapyI0Th TepMiH ciayk0u g0 100 tucsd roxun, a6o 11 pokiB Oe3nepepBHOL
pobotu. Kpim Toro, 3a MopiBHSHHSAM 31 3BHYAMHUMU JIAaMIIaMH, y CBITJIOJ10/IIB
BIICYTHSl CKJIIHa Koji0a, 10 OOYyMOBIIOE IX BHCOKY MEXaHIYHY MIIHICTh 1
HaJIHHICTE. Mase TemJoBUAUICHHS 1 HU3bKa HANpyra >KUBJICHHS TapaHTYIOTh
BHUCOKHI pIBeHb O€3MEeKHU iX BUKOPUCTAHHSI.

[lepepaxoBani BuIle mepeBard OOYMOBIIOIOTH HIMPOKE BUKOPUCTAHHS
HaJ ICKpaBUX CBITIONIOAIB y O6aratbox cepax:

— aBTOMOOIBHI CTOIT-CUTHAJIH;

— aBTOMOOUIBHI Ta 3aJII3HUYHI CBITIO(OPH;

— HaBITaIlliHI CUCTEMH Ha CYJITHOIIJIABHUX PIYKaX Ta MOPCHKUX MOPTaXx;
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— 0O0MexXxyroui BOTHI Ha BUCOTHUX OYAIBIISIX Ta a€pOTNopTax;

— Benuko(opmMaTHI TOBHOKOJIBOPOBI €KpaHU JJIS BOK3ajiB, aepOIOPTIB,
CTaJ{10H1B, 110 3/IaTHI BIATBOPIOBATH HE JIMIIIE TEKCT a0o rpadiky, a i BiJI€O;

— cucTeMu aTMOC(HEpPHOTO ONITUYHOTO 3B’SI3KY;

— CHCTEMH JUCTAHIIHHOTO KepyBaHHS;

— OXOpOHHI CUCTEMH.

He 3Baxxaroun Ha Te, 110 HA OCHOBI CBITJIO/IIOIB MOXKYTh OyTH CTBOpPEHHI
OCBITJIIOBaJIbHI ~ IpWJIagd 3  MalMM  CIOXHUBAaHHAM  €HEprii, MajluM
TCIUIOBUJIUICHHSAM,  BIJICYTHICTIO  YJbTpadioieTOBOrO  BUIIPOMIHIOBAHHS,
BHUCOKOIO BIOPOCTIMKICTIO Ta JJIOBIOBIYHICTIO, BIACYTHICTIO CHEUiaJbHUX
NaTPOHIB Ta BiIOMBaYiB, JOTENEP B1JICOTOK MEPEXOy Ha CBITJIOMIONHI JKepesia
OCBITJICHHS 3aJIMIIAETHCS HEBEIMKUM. [ OJIOBHA MPUYHMHA I[HOTO — IOKH IO
3aHAITO BHUCOKA I[iHA. BigHOIIEHHS [ONap/JOMEH JUisi 3BUYAWHOI JIaMIlU
po3xkaproBaHHs ckianae npubiauzHo 0,001. Jlnsa cydacHMX HaAsCKpaBUX
CBITJIOZIOAIB 1ieH moka3HuK fgocsirae juire 0,1-0,05 nonapa 3a aroMmeH.

CpOronHi AJjis CTBOPEHHSI OCBITIIOBAIBHUX MPUJIAIB BUKOPUCTOBYIOTHCS
CBITJIOZIOAM, B SIKUX I1JBUIIICHHS CBITJIOBOI BIJJIadil JOCATAETHCS a00 32 paXyHOK
o0’eHAaHHS KITBKOX KPHUCTaJIIB B OJAHOMY Kopmyci, abo 3a paxyHOK
BUKOPHUCTAHHS OJIHOTO KpHUCTayia 31 30UIblIeHOo0 miomiero. KoHeTpyKiiisi Takux
CBITJIOAIOAIB MICTUTh IUIACTHMHYATUM TEIUIOBIABIA Ta BiaOuBaul OOKOBOTO
BUIPOMIHIOBAHHSI KPUCTAJIB, SIKI TOTOJPKEHI 3 MIBCPEPUIHUM TOJTIMEPHUM
KYTIOJIOM.

Cucrtema XapakTEepUCTUK Ta IMapaMeTpiB CBITIOAI0/IB JIOTTYHO BUILIUBAE 3
(GyHKIIOHATBFHOTO MpU3HAYCHHS 1 (QI3MUYHUX TPHUHIMMIB iX pob6oTu. OCHOBHUMU
CBITJIOBUMH  XapaKTEpUCTUKAaMH Ta  [apaMeTpamMu  CBITJIOMIOAIB, IO
XapaKTepU3YyIOTh 1X SIK JPKepesia ONTUYHOTO BUIIPOMIHIOBAHHS €:

a) GUNPOMIHIOBANbLHA — XAPAKMEPUCMUKA ~ —  3aJIEXKHICTh  MHOTOKY
BUNIPOMIHIOBaHHS (1s1 1HQpauyepBOHUX CBITIOMAI0AIB) ab0 cuiu cBiTia (s
CBITJIOJIIO/IB, IO BUIPOMIHIOIOTh BHJIHUME CBITJIO) BiJ HPSIMOro CTPyMy
CBITJIO/IIO/]a; BUIIPOMIHIOBAJIbHA XapaKTEPHUCTHKA CBITIOMIONIB € TaKOIO, IO
MPaKTUYHO JIHIAHOK 3pOCTae 31 30UIBIIEHHSIM CTPYMY Y BChOMY Jiana3oHl

poOOYHX CTPYMIB;
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0) cnekmpanvHa  xapakmepucmuxa -  3aJEXKHICTh  1HTEHCHBHOCTI
BUIIPOMIHIOBaHHS (TIOTOKY BUIIPOMIHIOBaHHS a00 CWUJIM CBITJA) BiJ JOBXKHWHU
XBUJI1 BUITPOMIHIOBAHOTO MTOTOKY;

B) IHMEHCUBHICMb  BUNPOMIHIOBAHHS —  XapAKTEPHU3yE  MOTYXKHICTb
BUNIPOMIHIOBaHHS Py, (U1 iHGpavepBOHUX CBITIOMIONIB) abo cumily cBitia I,
(ms  CBITJIOMIOAIB, 10 BUIPOMIHIOIOTH BHUIAUME CBITJIO) Yy HampsMi,
MEPIEHANKYJISIPHOMY BHUIIPOMIHIOBANIbHIM TMOBEPXHI TPHU 33JaHOMY MPSIMOMY
CTpyMI;

I') scCKpasicms — BITHONIEHHS CUJIM CBITJIa JIO IUIOIII BUIIPOMIHIOBAIBHOT
MOBEpXHI (MOXeE BKazyBaTUCS ISl CBITJIOJIOAIB, IIO BUIIPOMIHIOIOTH BUJUME
CBITJIO);

n) diazpama CnpsaMOB8AHOCMI — XapaKTEPU3YE 3JICKHICTh IHTEHCUBHOCTI
BUIPOMIHIOBAHHS B1Jl HAIIPSAMY BUIIPOMIHIOBAaHHS (KyTa, IO BIPAXOBYETHCS BiJl
HOpPMaJIl 1O BUIIPOMIHIOBAJIbHOI IOBEPXHI);

€) 0082CUHA XBUNL BUNPOMIHIOBAHHS, Apge —  JOBXKWHA XBWJI, SKa
BIIMOBIZJa€ MAKCUMaJIbHIM 1HTEHCUBHOCTI BHUIPOMIHIOBaHHS, TOOTO JIOBXKHHA
XBUJI1, HA SKI{ CIIEKTpajbHa XapaKTepUCTUKA MA€ MAKCUMYM;

K) WUPUHA ChneKmpa GUNpoMiHioéanus AJ — Miama3oH XBWIb B CIEKTPl
BUIIPOMIHIOBAHHS, ISl IKMX 1HTEHCUBHICTH BUIIPOMIHIOBAHHS € HE HM)XUYOIO 32
0,5 MakCUMyMy CHIEKTPaTbHOI XapaKTEPUCTHKHU.

[Ipn posrasigaHHl CBITJIOAIONA K €JeMEHTa EJIeKTPUYHOro KoJia
BUKOPHCTOBYIOTHCS TaKi OCHOBHI XapaKTEPUCTUKH Ta TTapaMETPH:

a) 60LM-AMNEPHA XAPAKMepUcmuka — 3aJeKHICTh CHIA CTPyMy, IO
MIPOTIKA€E Yyepe3 CBITIOMI0/I, BiJl MPUKIAICHOI 10 HHOT'O HAMPYTH;

0) nocmiiina npsama Hanpyea — 3HAYEHHsI HANpPyTd Ha CBITJIOJAIOAL NP
MPOTIKaHHI KP13b HHOTO MOCTIMHOTO MPSMOTO CTPYMY;

B) MAaKCUMAIbHO OONYCMUMUL NOCMIUHUU NPAMUL CIMPYM — MAKCUMAJIbHE
3HAUEHHS MOCTIMHOTO CTPyMy, MPHU SKOMY 3a0e3IeuyeTbcs 3ajJaHa HaJiHHICTD
P TpUBAJIA poOOTI;

T) MAKCUMAIbHO — OONYCMUMUL  IMAYAbCHUL — APAMULL ~ CMpPpyM — —
MaKCUMaJbHE 3HAYEHHS CTPyMy, IpPH TPOTIKaHHI SKOTO TMPOTATOM 3aJaHOTO
yacy 7 sIK IpY OJAHOKPATHIM, Tak 1 MpH NMepioAuyHIN Ail, 3a0e3nevyeTbes 3a1aHa

HAJIMHICTh MIPU TPUBAJIINA POOOTI;
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1) MAKCUMANbHO — OONYCMUMA  360POMHA  NOCMIUHA  Hanpyea  —
MaKCUMaJIbHE 3HAYEHHs MOCTIHHOT HAINPYTH, SKa MPUKIAJICHA 10 CBITIOMIONA Y
3BOPOTHOMY HAampsiMi, MpHU SKIM 3a0e3MeuyeThcsl 3ajlaHa HaJIdHICTh TMpHU
TpUBaJiil poOoTI;

€) MAKCUMANbHO  OONYCMUMA  360pOMHA  IMAYIbCHA — Hanpyea  —
MaKCHUMAaJIbHE MKOBE 3HAYEHHS 3BOPOTHO1 HANIPYTH Ha CBITIOAI0/1, BKIIOYAOUH
SIK OJTHOKpaTH1 BUKW/IX, TaK 1 Ti, 10 TIEPIOANIHO TOBTOPIOIOTHCS;

K) MAKCUMATILHO OONYCMUMA NOMYHCHICMb PO3CII08AHH — MAKCUMaJbHA
MOTY>KHICTh PO3CIFOBaHHS, MPH SIKiM HE HACTaHE TEIUIOBUM MPOOiH CBITIONIOA.

3) w6uUOKoOisi - BU3HAYAETHCA IMIIYJIbCHUMHU IIapaMeTpaMu: 4YacoM
HapOCTaHHS/CHIaAy IMIYJbCY BUIPOMIHIOBAHHS TMPH CTPUOKOMOMIOHMX 3MIHAX
IPSIMOT0 CTPyMY CBITJIOAI0/Ia Ta YacOM 3aTPUMKH IMITYJIbCY BUIIPOMIHIOBAHHS
BIJIHOCHO JI0 IMITYJICY CTPYMY.

KpiMm 3a3Hau€HHX CBITVIOAIOM XapaKTEPU3YIOTHCS 1€ KOHCTPYKTUBHUMU
Ta eKCIUTyaTallliHUMHU [apaMeTpamu. Jlo OCHOBHMX KOHCTPYKTHUBHHUX
nmapaMeTpiB  BigHOCATbCI Qopma Ta po3Mmipu kopmyca. OCHOBHUMH
eKCIUTyaTallliHMMKM  TIOKa3HUKaMU € MaKCMMallbHa 1 MiHIMaJibHA poboua
TEeMIIepaTypa Ta TapaHTOBaHA JIOBrOBIYHICTH (BU3Ha4YaeThes 3a 10, 30 a6o 50%-m
CIaJI0M 1HTEHCUBHOCTI BUIIPOMIHIOBAHHS).

Sk 1y OyAb-sSKOro 1HIIOrO HAIMIBIPOBIJHUKOBOTO €JIEMEHTA Yy CBITJIOIOIB
ICHy€e 3aJIe’KHICTh OCHOBHHUX TapaMeTpiB BiJ 30BHINIHKOI TeMmIlepaTypu. 3i
301IBIIEHHSIM TeMIIepaTypy IHTEHCUBHICTh BUIIPOMIHIOBAHHS Ta CHaj HANpPYTH
Ha CBITJIOMIONI 3MEHIIYIOTHCS, a JIOBXKMHA XBWJII BUIPOMIHIOBaHHS JICIIIO
30imbIyeThes. [Ipu 1bOMy HalOLIBII CHUJIBHA TEeMIEpaTypHa 3alIe)KHICTh
CIIOCTEPITa€ThCA y IHTEHCUBHOCTI BUMpPOMiHIOBaHHA. [g 3alexHICTh €
MPAKTUYHO JIHINHOIO 1 XapaKTePU3YETHCS MOMIJIMBOIO 3MIHOI IHTEHCHBHOCTI Y
2-3 pa3u B IHTEpBaJIl pOOOUUX TEMIEPaTyp.

BonbT-amnepHa XxapakTepucTHKa CBITJIOJIOAA € AHAJIOTIYHOK JI0 BOJBT-
aMIIepHOi XapaKTEPUCTHKH 3BHYAWHOTO KPEMHIEBOTO Ji0/a: BOHA MAa€ MPSIMY
TISHKY, 10 KpyTo 3pocTae. Ha mid MUISHIN JTUHAMIYHUN OMip € MajauM 1 He
nepeBulrye Kuibkox Om. Manum € 1 ctaTuuHuid omip cBitioaiona. Tomy mpu

BMHUKaHHI CBITJIOAIOMIB B CICKTPHUYHI KOJa HEOOX1THO BKUBATH 3aXOJUTH IIOJIO0
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OOMEXKEHHS TpsIMOTO CTPyMy, a SK JDKepela eJIeKTPUYHOTO CUTHAITY
BUKOPHUCTOBYBATHU JIXKEpEa CTPYMY.

JlomycTuMi  3BOpOTHI HAmpyrd [UIsl CBITJIOMIONIB € HE JOCTaTHbO
BEJIMKUMH, TOMY SIKIIO CBITJIOAIOA TOBHHEH IMIPAIOBaTH Yy KOJII 3MIHHOTO
CTPyMy, I 3amoOiraHHs MpoOOI0 IOCTIOBHO 3 HUM HEOOXiTHO BMHKATH
BUNPSIMHUM 110/,

BaxxnuBoro 0coOIMBICTIO HAMIBIPOBIIHUKOBUX CBITJIOBHUIIPOMIHIOBATHHUX
JOMAIB € MpUTaMaHHa M JIeTpajallisi, TOOTO MOCTiiiHE 3MEHIIIEHHS] IHTEHCUBHOCTI
BUIIPOMIHIOBAHHS TPU TPUBAJIOMY MPOTIKAHHI MPSMOTO CTPYyMY. 3HUIKEHHS
IHTEHCUBHOCTI ~ BUIIPOMIHIOBAHHSI ~4Yepe3 JEerpajaiiio MiAnOpsaIKOBYEThCS

CKCHOHCHHiaJIbHOMy 3dKOHY:

t

1()=1(0)-e *

b

ne 1(0) — moyaTtkoBa IHTEHCUBHICTh BUIIPOMIHIOBAHHS;

T — MOCTIiHA Yacy, 10 XapaKTEepU3y€e MBUIKICTh MPOLECY Aerpajiallii.

[IBuakicTh Aerpanaiiii 30UIbIIYETHCS 3 MIJABUIIECHHSAM TEMIIEpaTypu Ta
pu poOOTI Ha MIBUILCHUX MPSIMUX CTPyMax.

[Topsim 3 pO3BUTKOM HAIIBIPOBITHUKOBUX CBITIOAIO/NIB OCTAaHHIM 4YacoM
HaJ3BUYallHO IIIBUJIKO PO3BUBAIOTHCS PO3POOKM OpraHIuHMX CBITJIOJIOIB
(OLED — organic light emission diodes). OpraniuHuii CBITIOA10]] CKJIAAAETHCS 3
Py TOHKHX  OpraHiyHMX IUTIBOK, $KI  PO3TalllOBaHi MDK  JIBOMa
TOHKOIUTIBKOBUMHU TpoBigHUKamu. [lpu TmipomyckaHHI Yepe3 OpraHiuHHM
MaTepial eNeKTPUYHOTO CTPyMy BiH mounHae cBitTutuca. Komip, epekTHBHICTH
Ta IHTCHCUBHICTh CBITIHHSA 3aJI€KaTh BiJl BAKOPUCTAHUX OPTraHIYHUX MaTepialliB.

CbOrosiHi BUKOPUCTOBYIOTBCS JiBa KIJIAaCH OpraHidyHuMX Matepiams. Lle
noyriMepu 1 MIKPOMOJICKYJIH. [Tpu MoJIIMEpHIN TEXHOJIOT11
CBITJIOBUIIPOMIHIOBAJIbHI YAaCTUHKUA HANWIIOIOTHCS HA MIAKIAAKY Y PIIKOMY
BUTJISIAI, a TIPU MIKPOMOJICKYJISIpHIM, siKa € HaWOUIbII TOIIUPEHO, -
KOHJEHCYIOThCA 13 mapu. MIKpOMOJNEKYJISIpHI CBITIOAIOAN NEPEBEPIIYIOThH
MOJIIMEPHI 32 €(PEKTUBHICTIO Ta TEPMIHOM CIY>XOH, MpoTe OOJIaaHAHHS s

nonimepHoi OLED-TexHo10r1i € MEHIII IOPOTUM.
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[lepeBaramu opraHi4YHHMX CBITJIONIOAIB € HU3bKI poOOUl HANPYTH, BUCOKA
SICKPaBICTh CBITIHHS, MaJia CIIO)KMBaHA MOTYKHICTh, IITUPOKUH J1arma3oH poOoounx
TeMIepaTyp, BUCOKa TE€XHOJIOTIYHICTh, Majia TOBIIMHA Ta Bara. Kpim Toro, Ha
BIJIMIHY BIJl HaITIBIIPOBIJHUKOBOTO CBITJIOMI0/Ia, SKHUH Ja€ TOYKOBY EMICIiO,
OpraHiYHUI BUIPOMIHIOE yCi€l0 MoBepxHEw. [Ipu 1mpoMy sICKpaBICTh CBITIHHSA
10 BCili mMoBepxHi € piBHOMIpHOM. Ile m03BoJsie OOIMTHCS 0€3 BHKOPHUCTAHHS
KOpITyca 3 JIiH3010 s (POKyCyBaHHsS BUIIPOMIHIOBaHHS y 3aJaHOMY TiJI€CHOMY
KYTI.

OCHOBHUMHU HEJOJIIKAMU OPraHIYHUX CBITJIOAIO/IB € BUCOKA YYTJIMBICTH
70 BOJIOTOCTI, TIOKH II[€ HE JOCTATHbO BHUCOKUN TEPMIH CIIyXKOW, TpPYIHOIII

OTPUMAaHHA O1JI0TO KOJIbOPY CBITIHHS.

2.1.3 HanmiBnpoBiTHMKOBI IHKeKIIiiiHI J1azepu

OCHOBHUM JIXKEpEIOM KOT€PEHTHOTO BHUIPOMIHIOBAHHA, SKE HIMPOKO
3aCTOCOBYETHCS B CHCTEMAaX ONTHYHOIO 3B’SI3KY, ONTOEJIEKTPOHHUX MPUCTPOSX
00poOKu Ta 30epiraHHs JaHUX, € HaMiBIPOBITHUKOBUH 1HKEKIIMHMIN Ja3ep.

HamiBrpoBiTHUKOBUN 1HXXEKIIMHUHN JTa3epHUN 101 SABIISE COOOKO MI10JIHY
CTPYKTYPY Ha OCHOBI1 p-n-NIEPEXOJy, 1HXKEKIs HOCIIB 3apsiy B SKiil BUKIUKAE
reHepalliro BUMYIIEHOTO BUIIPOMIHIOBAHHS.

Sk Oyno 3a3HaveHo y myHKTI 2.1.1, yMOBOIO BHHMKHEHHSI KOT'€PEHTHOTO
BUIIPOMIHIOBAHHS € BUMYIIIEHI MEPEXOAM E€JIEKTPOHIB 3 BHIIUX E€HEPreTUUHHUX
piBHIB Ha Hmwk4l. Takl mnepexoau TOB’SA3aHI 3 €0 30BHIIIHBOTO
BUMPOMiHIOBaHHS. [IpM 1IbOMy yCi aKTHBHI aTOMH BHUIIPOMIHIOIOTH Maike
OJIHOYACHO, B3a€MO3B’S3aHO 1 TaK, IO BHUIPOMIHIOBAHI HUMHU (OTOHH HE
BIIPI3HSAIOTBCSA BIJl THX, sKi iX yTtBOopwmid. Ilopsig 3 mporiecoM BUMYIIEHOTO
BUIIPOMIHIOBaHHS (OTOHA E€NEKTPOHOM, IO 3HAXOAATHCI Ha BEPXHbOMY
EHEePreTUYHOMY PiBHI, BiIOYBAETHCS MPOIEC MOTTMHAHHS TaKOT'0 caMoro (oToHa
€JIEKTPOHOM, IO 3HAXOJMUTHCS Ha HMKHbOMY €HEPreTHYHOMY piBHI. OCKUIbKH
IMOBIPHOCTI 000X TMPOIECIB OJIHAKOBI, JUIsi TeHepallli BUIPOMIHIOBAHHS
HEOOX1THO, 100 KUIBKICTh 30y/UKEHUX €JIEKTPOHIB Oyia OUIBIIO0 32 KUIBKICTh
€JIEKTPOHIB, 1110 Nepe0yBarOTh y CTaHi TEIIOBOI piBHOBAru. Jluiie npu it ymoBi

mpoilec yTBOPEHHs HOBHX (DOTOHIB OyJe mMepeBakaTh HaJ TNPOIECOM IX
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MOTJIMHAHHSA, TOOTO Oy/1e MaTH MICIe TaK 3BaHE ONTUYHE T1JCUICHHS.

B ymoBax TepMOAMHAMIYHOI pIBHOBAard 3acejeHICTh eJIEKTPOHAMU
C€HEPreTUYHUX PIBHIB MIANOPAIKOBYEThCA CTaTHCTHI bonbiiMana, 3rigHO 3
SKOI0 BEPXHI PIBHI €HEPrii 3acelieHl eJIEKTpOHaMU MeEHIe, HiXK HuKHi. [lpu
B3a€MO/IIi BUIMIPOMIHIOBAHHS 3 TaKOK PEYOBHMHOKO BiNOYAETHCS MOTIWHAHHSA
BunpomiHtoBaHHs. 11100 onepxatu edexT ONTUYHOrO MiJACUIIEHHS, HEOOX1AHO
BXKMBATH CIICIIaIbHI 3aXO0U JUISI TOrO, OO0 KUIBKICTh €JICKTPOHIB HAa BEPXHIX
EHEepPreTUYHUX PIiBHIX Oylia OUIBIIOK 3a iX KUIbKICTh Ha HUXHIX. CTaH
PEUYOBHMHHM, MPHU SIKOMY HAa BEPXHIX €HEPreTUUYHHMX DPIBHSAX 3HAXOJUTHCS OlIbIIE
€JIEKTPOHIB, HI)XK Ha HUXKHIX, Ha3UBAETHCS CTAHOM 3 IHBEPCIEI HACENEeHOCMEl.
CepenoBuiiie, B SKOMYy 3/iliCHEHa 1HBEPCiSi HACEIEHOCTEH, HAa3UBAETHCA
akmugHum cepedosuujem. llpouec 30y/UKEHHS PEYOBHHM, IO MPUBOAUTH O
BUHUKHEHHS aKTUBHOTO CEpEJOBUIIA, HA3UBAETHCSA Haxkauxoro. JlJis ycix THUMIB
Ja3epiB 3HAYCHHs €Heprii HaKayku € Habarato OUIBIINM 3a €HEPTiI0 JIa3epHOTrOo
BuripomiHioBaHHs. [Ipote nopiBusiHo HU3bkuit KK renepaiiii BunpomiHioBaHHs
MOBHICTIO KOMIIEHCYETBHCSI MO0 YHIKAJIBHICTIO — JIy’)K€ MaJUM PO3XOKEHHSIM
CBITJIOBOT'O My4YKa, BHUCOKOIO CIIPSIMOBAHICTIO Ta BUCOKOK) MOHOXPOMATHYHICTIO.

JUis Toro, mo0 po3MIAHYTHHA ONTHYHHNA IMIJCWIKOBAY IEPETBOPUBCS B
Ja3ep — reHepaTop BUIIPOMIHIOBAHHS, HEOOX1JHO BBECTH MO3UTUBHUN 3BOPOTHUM
3B’s130K. HeoOximHumii s reHepaili 3BOPOTHUM 3B’SI30K  3I1HCHIOETHCA
PO3MIIIEHHSIM AKTUBHOTO CEPEJOBHINA B ONTHUYHOMY PE30HATOPI, B SIKOMY
MOXYTh 30y/DKyBaTHCS CTOAYl €JIEKTPOMAarHiTHI XBWJl. Takuil pe3oHaTop
YTBOPIOETHCS IBOMA MapajeIbHUMU J3epKallaMU, OJIHE 3 SIKUX € HAMIBIPO30pUM
JUIS. BHUBEJCHHS BHUIIPOMIHIOBAHHS. Y SKIMCh TOYIIl pPE30HATOpa HEMHUHYYE
BIIOYBA€ThCS CIIOHTAHHUWA TEpeXiJ €eJeKTpOHa aKTHUBHOTO CEpEelOBHINA 3
BEPXHBOTO PIiBHS HA HWXHIN, TOOTO MHUMOBUIBHO BHITYCKAa€ThCsl (OTOH. SIKIIO
PE30HATOp HaAJAIITOBAHUM HA YacTOTYy LBOTO (POTOHA, TO (POTOH HE BUXOIUTH 3
pe3oHaropa, a, 6araropasoBo BiJOMBAIOYKCH BiJI HOTO CTIHOK, IOPOJIKYE Oe3Iid
co01 nmoAiOHUX (POTOHIB, IO, Y CBOIO Yepry, BIUVIUBAIOTh HA AKTHUBHY PEYOBHUHY,
BUKJIMKAIOUYM BCE HOBI aKTU BHUMYIIEHOTO BHUIPOMIHIOBAHHS TaKUX CaMHUX
¢doToHIB. VY pe3ynbTari Takoro "po3MHOXKEHHA" (OTOHIB y pe3oHaTopi
HaKOTMYY€EThCS CHEPTisl, YaCTUHA K0T BUBOJIUTHCS HA30BHI Yepe3 HaITiBIIPO30PE

n3epkano. Ko B SKUICh MOMEHT IMOTY>KHICTh 3MYIIEHOIO BUIIPOMIHIOBAHHS
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MEePEeBUITY€E TMOTYXKHICTh BTpPAaT €HEPrii Ha HArpiBaHHs CTIHOK pPE30HATOpAa,
PO3CIIOBaHHSI BUINPOMIHIOBAHHS 1 T.I., @ TAKOXK Ha KOPUCHE BUIPOMIHIOBAHHS B
30BHIIIHIA MPOCTIpP, TO B PE€30HATOP1 BUHUKAIOTh HE3aTyXatoui KOJMBAaHHS, TOOTO
30yIKY€ETHCSI TEHEpaIlis.

VY HamiBNpOBITHUKOBOMY 1HXKEKIIMHOMY Jia3epi, Ha BIIMIHY BiJ Ja3epiB
IHIIMX TUIIIB, BHUKOPUCTOBYIOTHCS BHUIPOMIHIOBAJIbHI NEPEXOAUM HE MIXK
130JIbOBAaHUMHU PIBHSMU €HEPTii aTOMiB, MOJEKYJ Ta 10HIB, a, TaK caMmo fK 1y
CBITJIOZIIO/1, MDDK €HEPTeTUUHUMHU 30HAMU — 30HOIO MPOBIJAHOCTI Ta BaJICHTHOIO
30HOM0. L5 BIAMIHHICTH BU3HAaUa€ BAXXJIMBY OCOOJMBICTh JJA3€PHOTO A10/1a — HOTO
MIHIATIOPHICTb. Kpim  ToOrO, HaIlIBIPOBIJHUKOBI  Ja3epHi aionu
XapaKTePU3YyIOTHCS BUCOKOIO €(hEKTUBHICTIO MEPETBOPEHHS €JIEKTPUUYHOI €HEeprii
B KOTEPEHTHE BUIPOMIHIOBAHHS, MAaJIOI0  I1HEPIUIWHICTIO, MOXIIUBICTIO
BUKOPHUCTAHHS PI3HUX HAIIBIPOBIIHUKOBUX 3’ €JIHAHb, IO JI03BOJISIE OTPUMYBATU
BUIIPOMIHIOBaHHS 3 JOBKMHAMU XBWJIb IIUPOKOTO CIIEKTPAIIBHOTO JTialla30Hy.

Haxkauka 1HXeKIIHHOTO J1a3epa BiIOYBAEThCA 3a PaXyHOK BUCOKHUX PIBHIB
1HXKEKI[li, JUIsI 40ro BUKOPUCTOBYIOTh CHJIBHO JIETOBaHI HAMiBIPOBIAHUKH.
[HKeKIIHHUA CTPYM BHKJIMKA€E IHBEPCIIO HACEJICHOCTEW, NMPH SKIM HU3 30HU
NPOBITHOCTI 3aMOBHEHHWM €JIIEKTPOHAMU Y OLIBIIOMY CTYIEHI, HIX BepX
BaJICHTHOi 30HHU. PoJib ONTHYHOrO pe3oHaTOpa BUKOHYIOTH J3€pKaJIbHI CKOJIU
rpaHell KpucTana, MEPHEHAVKYISIPHUX IUIOMHHI p-n-miepexony. OCHOBHUMHU
MarepiajlaMy JJIsi BUTOTOBJICHHS 1HXKEKI[IHHUX HAIIBIPOBIIHUKOBUX JIa3epiB €
3’€JIHaHHS apCEH1Ty Taiko.

[moxekmiiHuii  ma3epHU 104 MOXKE peajli3oByBaTHCS Ha  OCHOBI
TOMOT€HHOTO p-n-Tiepexoqy (romomazep). Y TakoMmy Jia3zepi ICHYIOTh JIyKe
BEJIMKI BTpAaTU BUIPOMIHIOBAHHS B aKTUBHOMY cepenoBuiii. Yepe3 e, ais
OTpUMaHHS TeHepalii HeoOXiJHI BEJIMKI CTPyMH, $IKI BUKIHMKAIOTh CHJIbHE
HarpiBaHHS KpUCTaldy 1 IIBUAKY Horo py#HHamiio. TomMy mnpu KiMHaTHUX
TeMIIepaTypax roMoJia3epu MOKYTh MPAIFOBATH JIMIIE B IMITYJILCHOMY PEXKUMI,
TOOTO BUKOPUCTOBYBATHUCS JIUIIE JJIsl TeHEPALiil HOOAMHOKUX IMITYJIbCIB. 3HAYHO
011 ePEKTUBHUMHM € THXKEKI[iIHHI HaITBIPOBITHUKOBI JIa3epHI J10M Ha OCHOBI
rereponepexoAiB (rerepojaszepu), Kl MOTPeOyIOTh 3HAYHO MEHILUX CTPYMIB
Hakauk#. SIK reTepornepexoii MOKyTh BUKOPUCTOBYBATUCS OJMHAPHI, MOJBIIHI,

a TakoXX YOTHUPbOX Ta IU'STH WapoBi rerepocTpykrypu. IloasiiiHa
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IreTEPOCTPYKTYpa € KIACHYHOK. Y TIOPIBHSHHI 3 OJWMHAPHOIO BOHA
XapaKTepHU3y€ThCSI MEHIIMMU CTPyMaMH HaKadykd Ta OUIBII BUCOKHUMH
MOTY>KHOCTSIMU BHUIIPOMiHIOBaHHS. SIKIIO i1 MOPiBHIOBATH 3 YOTUPH- a00 11’ SITH-
IaPOBOIO, TO BOHA € HA0AraTo MPOCTIIIO 32 TEXHOJIOT1EK0 BUTOTOBJICHHS.

[lepeBaramu 1HXEKIIMHUX HAIIBIPOBIIHUKOBUX JIA3€PIB €:

- MaJji rabapuTHI pO3MipH;

- Bucokuit KKJI mepeTBopeHHss eHeprii Hakaukd B  ONTHYHE
BunpoMiHtoBaHHs (110 50 %), 1110 HAOIMIKAETHCS 10 TEOPETUUHOT MEXKI;

- HU3bK1 HaNpyru Ta CTPYMH 30Y/KEHHS, CYMICHI 3 IapaMeTpaMu
IHTErpajJbHUX CXEM;

- MOXJIUBICTh KEpPYyBaHHS TOTY)XHICTIO BHUIIPOMIHIOBaHHS Ta pobOoTa B
0e3nepepBHOMY PEXUMI;

- MOXKJIUBICTh T'eHepallii HeoOXi1THOT CIeKTpaIbHOl JIiHIT (3a0e3MmeuyeThes
BHOOPOM MaTepiany 3 HeOOX1THOO MIUPHHOIO 3a00POHEHOT 30HH);

- CYMICHICTh 3  TBEPJOTLIBHOIO  MIKPOCJIEKTPOHHOI  TPYIIOBOIO
TEXHOJIOTi€r0, MO0 3abe3medye BUCOKY NPOAYKTHUBHICTh, HHU3BKY BapTICTh
BUTOTOBJICHHSI Ta CTBOPIOE MOXJIMBICTh IHTETPYBATH JIa3€pHI BUIIPOMIHIOBAYI 3
IHIIMMH IPUCTPOSIMHU.

J10 OCHOBHUX HEOJIKIB IHXKEKIIMHUX JIa3epiB MOXKHA BiTHECTH:

- HEI0CTaTHbO BUCOKY KOT€PEHTHICTh BUIIPOMIHIOBAHHS (32 MOPIBHSHHAM
3 ra3oBUMHM JlazepaMu), 0 OOYMOBIIOETHCS BHCOKOKO IIUIBHICTIO aKTUBHOTO
CepeIOBHIIA Ta MAJIOIO IOBKHHOIO PE30HATOPA;

- BIJTHOCHO MaJjly MOTY>KHICTh T€HEPOBAHOTO BUITPOMIHIOBAHHS;

- 3MEHIIIEHHSI ~ TOTYXXHOCTI ~ BUIPOMIHIOBAHHA  TpPH  IIIBUIICHHI
TEeMITepaTypH.

OCHOBHI XapaKTEPUCTUKHU THKEKIIMHUX Ja3epiB.

1. Homyoxcnicme e6unpominio6amHs — XapaKTEpHU3ye EHEeprito, 1o
MEPEHOCUTHCSI BUTTPOMIHIOBAHHSIM B OJIMHHUIIIO YaCy.

2. Jlosocuna xeuni 6UnpomiHO8aHHs — CEPEIHs JOBXXHHA XBHWJII CIIEKTpa
JA3epHOTO BUITPOMIHIOBAHHSI.

3. Hlupuna ninii n1azepHoeo 8UNPOMiHIO6aHHA — PI3HULA JOBXUH XBUJIb,

kUM Bignosigae 50% MaKCUMalbHOI IHTEHCUBHOCT1 BUITPOMIHIOBAHHS.
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4. Po3sxo0xcenicmsb GUNPOMIHIO8AHHA — TUIOCKMHA a0 TIIECHHM KYT, IIO
XapaKTepHU3y€e KYTOBUN PO3NOALT HOTYKHOCTI BUITPOMIHIOBAHHS.

5. Cnpsamosanicmo na3zepno2o0 8UNPOMIHIO8AHHS — BIAHOLIEHHS TOBXUHU
XBUJI1 TEHEPOBAHOI'O BUITPOMIHIOBAHHSI J10 JIHIMHOTO pO3Mipy pe3oHaTopa.

6. Ilopocosuui cmpym — MIHIMAIBHUNA CTPYyM, MpPU SIKOMY I1JICHJICHHS
BUIIPOMIHIOBaHHS 32 PaXyHOK BHUMYILIEHUX MEPEXOJIB JIOPIBHIOE MOro BTpaTam,
TOOTO  MIHIMagbHUK  CTPYM, TIPU  SKOMY TIOYMHAETHCS  TEeHEpaIlis
BUIIPOMIHIOBaHHS.

7. E¢exmusnicmv abo KKJ/[ — BimHOmeHHS eHeprii abo cepemHboi
MOTY>KHOCTI ~ CBITJIOBOTO BHUIIPOMIHIOBaHHS, 10 e€Heprii abo cepeaHboi
MOTY>KHOCTI, 110 CTIO’KUBAETHCS BiJ] €IEKTPUYHOTO KOJIa.

8. Hac eomosnocmi — 4ac, SIKMi HEOOXITHHWH ISl JOCSITHEHHS Jla3epoM
eKCIUTyaTaIifHuX MapaMeTpiB 3 MOMEHTY HOT0 BMUKAHHS.

9. Makcumanvua wacmoma moOynAyii — MaKCUMaJIbHA 4aCTOTa BX1JHOTO
IMITYJIbCHOTO CUTHAJY, Ha SIKIi MOJKE TIPaIfoBaTH ja3ep.

Tak caMo sIK 1 JyIsi CBITJIOMA10/IIB, JJIsl 1HXKEKIIMHUX HaIiBIPOBITHUKOBUX
Ja3epiB ICHYE€ 3alIeKHICTh HOro MapaMeTpiB BiJ TeMIepaTrypu, 3MiHA SKOi
MPU3BOJIUTL JO 3CYyBY CIEKTpa BHUIIPOMiHIOBaHHS. Bim Temmeparypw Takox
CYTTEBO 3QJIEKUTh TAKWW BaXXJIMBUM NHapaMeTp Ja3epa, siK IOPOrOBHM CTPyM,

KWW Maibke JIIHIWHO 3pOCTae 31 301UIbIIEHHAM TeMIIEpaTypH.

2.2 @oronpuiimavi

[IpuitmayemM ONTUYHOTO BUIIPOMIHIOBaHHS ((poTonpuiimMayemM) Ha3UBa€ThCSA
ONTOEJIEKTPOHHUMN NpUiiaj,, MpU3HAYEHUH I IEPETBOPEHHS €HEPrii ONTUYHOTO
BUIIPOMIHIOBaHHS B €JEKTPUYHY €HEPIIIO.

B 3anexnocTi Biim (Pi3MUHMX SBUII, MOKJIAJEHUX B OCHOBY poOOTH, Ta
OCOONMBOCTEH KOHCTPYKTUBHOTO BHUKOHAHHA YCi TpHiiMadi  ONTHYHOTO
BUIPOMIHIOBAHHS MOXXYTh OYTH TMOJIJIEHI Ha TpU Tpymnu: (OTOEICKTPUYHI,
(OTOETIEKTPOHHI Ta TETUIOBI.

doToeneKTpUYHI IpUitMayul BUIIPOMIHIOBAaHHS OCHOBaHI Ha BUKOPHCTaHHI

3MIH €NeKTPO(I3UYHUX TapaMeTpiB HAMiBIOPOBIIHUKOBOTO TMpUiaay, Mo
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0oOyMOBJICHI YTBOPEHHSIM JIOJATKOBUX HOCIIB 3apsily y HaIiBOPOBIHUKY ITi]T
JI1€10 ONTUYHOTI'O BUMPOMIHIOBaHHS (BHYTPIIlIHIA PoToedeKT).

[Mpuntun aii GOTOENEKTPOHHUX TMPUIIAJIIB OCHOBAHMM Ha BUKOPHCTaHHI
dboToemicii enekTpoHiB 3 (oTokaroa (30BHIIIHIN doToedeKT). Y AesKuX BUAaX
(OTOENEKTPOHHUX  TMPHJIAIB BUKOPUCTOBYETHCS  BHYTPIMIHIA  doTOoedeKT
(Bi1iKOHM) 1 TeTUIOBUH e(eKT (TIIPOBIIKOHM).

PoGora TemnoBux mpuiiMayiB  BUMPOMIHIOBAHHS ~ OCHOBaHa  Ha
BUKOPHUCTaHHI TEIIOBOTO €(eKTy — 3MiHI ONOPY YyTJIMBOrO €JIE€MEHTa MpPHU 3MiHI
fioro Temmeparypu, IO € HACIIAKOM TIOTJIMHAHHS  BHUIPOMIHIOBAHHS
(6omometpu). o TemnoBux ¢GoTonmpuiiMayiB TaKOK MOXHA BITHECTH TMPHIIAIH,
10 BUKOPUCTOBYIOTh MIPOETEKTPUUYHUN €PEeKT — 3aJIeKHICTh Bl TEMIlepaTypu
CHOHTAHHOI MOJIApU3allll CErHETOENEKTPUYHUX MaTepiamiB. IlipoenekTpuuHi
npuiiMadi MOKHa PO3IJIAJIaTH SIK Te€HepaTOpH HAIpyTd, BHYTPIIIHINA OMip SKUX
Ma€ €MHICHUI XapakTep, TOMY BOHM MPUAATHI ISl pEECTPaLlii BUIPOMIHIOBAHHS
3MIHHOi IHTEHCUBHOCTI.

doToeneKTpuyHi Ta TeIIOB1 GoTOmpHiiMayl MOAUISIOTHCS Ha MPUIIAIH, 110
JUIIE TMEePEeTBOPIOIOTh ONTUYHE BUIPOMIHIOBAHHS B EJIEKTPUYHUN CHUTHAJ, Ta
OpUiIaan, sIKi KpiM IIbOTO 31HCHIOIOTE 00p0oOKYy ocTaHHBOTO ((poTompuitManbHi
Ta TEIJIOB1 MPUCTPOI).

JUis  TpakTUYHOTO 3aCTOCYBaHHS Yy PO3IJSAYBaHUX Y JIaHOMY
HAaBUAJIbHOMY TOCIOHMKY CXeMaxX IHTepeC BHUKIUKAIOTH (OTOCICKTPUYHI

npuiiMadi, TOMy y OAAJIBIIOMY OyJ€MO PO3IJIsAJaTH caMe iX.

2.2.1 ®oToeIeKTPUYHI ABHUILA Y TBEPAOMY TiJi

[Ipy mnpoxomKeHHI CBITIa Yepe3 PEUYOBUHY MOro 1HTEHCHUBHICTH
3HUKY€EThCS. B3aemomiss CBITJa 3 PEUYOBUHOI MOXKE BinOyBaTtucs 0e€3 3MIHU
eHeprii QoroHiB 1 31 3MiHOW0. IIporecu B3aemomii 6e3 3MiHU eHeprii ¢OTOHIB
MICTATh Y €001 BIIOMTTS, 3aJIOMJICHHS, PO3CIIOBAHHS, MPONYCKaHHSA CBITIA,
obepTaHHS TIUIOHMIMHM TMOJspu3amii Ta iHme. Ilpomecu B3aemomii, 110
CYHpPOBOJIKYIOTHCSl 3MIHOIO €Heprii (OTOHIB, BKIIOYAIOTH y ce0e pi3HI BUIU
MOTJIMHAHHA. YCI MEXaHI3MH TOTJIMHAHHS MOJKHA PO3JIUINTH Ha JIB1 BEJIHKI

rpynu. Jlo mepuioi rpynu BIHOCSTHCSA TPOLECH, NPH SIKUX eHepris (oToHa
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MEPETBOPIOETHCS B IHIIUHN BUJ €HEPrii 0e3 3MIHM KOHIIEHTpaIlii BUIbHUX HOCIIB.
Hanpuknan, mormuHaHHS BHIPOMIHIOBAHHS MOJKE MPHU3BOJUTH O YTBOPECHHS
(OTOHIB 3 MEHIIIOI0 €HEpri€ro, TOOTO JO0 BHUIPOMIHIOBAHHS CBITJIA 3 OUIBIIOIO
JOBXKMHOIO XBWIi. B iHIIOMY BUMAaAKy MOTJIMHAHHS CBITIa MOXKE MPUBECTH [0
YTBOpEeHHsI (POHOHIB (KBAaHTIB €HEPrii TEIUIOBHX KOJUBaHb KPUCTAIIYHOL
pimriTku). e oqHuM BUIOM MOTJIMHAHHS 0€3 3MIHM KOHILIEHTpaLli HOCIiB 3apsty
€ TOTVIMHAHHS BUIBHUMHU HOCISIMH 3apsiy, y pe3yibTaTl 4YOoro 3pocTae ix
KIHETHUYHA €Hepris (eJEeKTPOHH MEePeXOoIaTh Ha BUIL €HEPreTHYHI PiBHI).

Jlo npyroi rpynu BiTHOCSTHCS MEXaHI3MU IMOTJIMHAHHS, B PE3YJbTaTl SIKUX
3pOCTa€ KOHIIEHTpALlsl BUIBHUX HOCIIB 3apsay — €JEKTPOHIB Ta JIPOK
(BHyTpimHIN doToedekT). SABuina, 1mo BiAHOCATHCS J0 II€1 TPy, HA3UBAIOTHCS
doroenekTpuynumu. [Ipyu MOrTMHAHHI €IEKTPOHOM (POTOHA 3 EHEPriel0 He
MEHIIIOI0 3a MIMPUHY 3a00pPOHEHOI 30HW HAIIBIPOBIJHUKA, €JIEKTPOH HabyBae
€HEPrii0 JOCTATHIO JJI MOro Nepexoay 3 BaJE€HTHOI 30HU Y 30HY IPOBIAHOCTIL. Y
pe3ynbTaTi yTBOPIOETbCS HOBA IMapa eNeKTPOH-lipka. Take MorjivHaHHS
HA3MBAEThCA @1acHum. KpiM BIACHOr0, MOKIIMBE OOMIWKO8e TIOTJINHAHHS, TPH
SKOMY €Hepris (POTOHIB 1Jie Ha 10HI3AIli0 aTOMIB JOMIIIKU. Y IIbOMY BHUITQJIKy
eHepris poToHa HE TOBUHHA OYTH MEHIIIOIO 32 TTIMOWHY 3aJISSTaHHS TOMIIITKOBOTO
piBHS y 3a00poHEHiM 30HI1. OCKIIBKM KOHIICHTpAIlls JAOMIIIIOK € MEHIIOK 3a
BJIACHY KOHLIEHTpPALIO, 1 yC1 JOMIIIKOBI PIBHI IPX KIMHATHUX TEMIEpaTypax € B
OCHOBHOMY 10HI30BaHMMH, KIJIBKICTh HOBHUX HOCIIB 3apsy, IO MOXYTh
YTBOPHUTHCS TPU BJIACHOMY MOIVIMHAHHI, € Habarato OLIbLIOK 3a KIIBKICTh
HOCIIB 3apsily, IO MOXYTh YTBOPUTHCS MNpuU JAOMIilIKOBoMY. Tomy 'y
¢doronpuiiMayax 3a3BUYail BAKOPUCTOBYETHCS BIACHE MOTTIMHAHHS.

EdexkTuBHICTh MPOTIKaHHS (POTOCIEKTPUUHUX MPOLIECIB XapaKTEPU3YETHCA
KBAaHTOBHM BHMIXOJIOM 1, SKHH JTOPIBHIOE BIAHOIICHHIO KUIBKOCTI I'€HEPOBAHHUX
nap eJIeKTPOH—IPKa, 0 KUIBKOCTI MOTJIMHEHUX (HOTOHIB.

VY ¢doroenexTpuunux ¢doTonpHuiiMayax BHUKOPUCTOBYIOTh [IBa IPOSIBU
BHYTpIIIHbOrO (poToedekry: edekr (HoTonpoBiIHOCTI Ta (OTOraabBaHIUHUN
edekt. E¢hexm pomonposionocmi ionsirae B yTBOpEHHI POTOHOCIIB y pe3yJbTarTi
4Oro 301IbIIYETHCSI MPOBIAHICTH HAIIBIPOBITHUKOBOTO €JI€MEHTA (3MEHIIIYETHCS

orip).
YMOBOIO BUHUKHEHHS ()omozanbeaniuno2o egexkmy € HASIBHICTb
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BHYTPIIIHHOTO €IEKTPUYHOTO TOJIsA, HATIPUKJIIA TOJIs p-n-niepexony . BayTpimHe
eJeKTpUYHE Toje po3auisie ¢(OTOHOCIT, IO YTBOPIOKOTHCS Mif BIUIUBOM
ONTHUYHOTO BUNPOMiHIOBaHHS. [IpocTopoBo po3aiuneri  QoToHOCIT pi3HHX

3HAKIB — €JIEKTPOHHU Ta AIPKU — CTBOPIOIOTH poTo-EP.C.

2.2.2 OcHOBHI MapaMeTpH Ta XapakTepucTuku goronpuiimayin

JIns  OuiHIOBaHHS  TEXHIYHMX  BJACTUBOCTEH 1  €PEKTUBHOCTI
BUKOPUCTaHHS (QOTONMpUKMAYiB 3aCTOCOBYIOTh CHUCTEMY MapaMeTpiB 1
XapaKTEePUCTHK.

OcHoBHI napameTpu ¢hoTonpuiiMadiB.

1. Yymausicmev - BITHOIICHHS 3MIHM BHUXIJHOI €JIEKTPUYHOI BEJIMYMHU
(boTocTpymy abo ¢oToHAnpyru), BUKIMKAHOI MMajar0duM Ha (QoTronpuiiMay
BUIIPOMIHIOBaHHSAM, JI0 KUIBKICHOI XapaKTEPUCTUKH LbOIO BUIIPOMIHIOBAHHS.
OnTuyHe BHUIPOMIHIOBAHHS MOXE XapaKTepU3yBaTHCS EHEPreTUYHMMH Ta
CBITJIOBUMH MapaMeTpaMu. BiAMOBIAHO O I[LOTO PO3PI3HSAIOTH UYTJIHMBICTH O
NOTOKY BHUIIPOMIHIOBAHHS, JO CBITJIOBOIO IOTOKY, JO OIPOMIHEHHS Ta MO
OCBITJIEHHS. Y 3arajbHOMY BHUIAJKy YYTJIMBICTh 3aJ€XKHUTh BIJl IapaMeTpIB
BUIIPOMIHIOBaHHS. J{Jisl BpaxyBaHHS II€1 3aJIEKHOCT1 BBOASATH MOHITTS CTATUYHOI
Ta JOuHAMI4HOi audepeHmianbHOl  uyTnuBocTi. Cmamuuna  4ymaugicms
BU3HAYAETHCA BIJHOIICHHAM IMOCTIMHMX 3HAYEHb 3a3HAYEHUX BUIIE BEIUMYMH.
Jughepenyianvha uymaugicme BU3HAYAETHCS BITHOIICHHSIM MallUX IPUPOCTIB
UX BeIMYMH. YyTIMBICTH TaKOX 3JICKUTh BiJ JOBXHHH XBHJI1 ONTHYHOTO
BUIMIPOMiHIOBaHHS. ToMy pO3pI3HSIOTH IHMeEZpANbHy uymausicms, TOOTO
YYTIUBICTh JO HEMOHOXPOMATHYHOTO (CKJIAJIHOTO) TOTOKY BHUIIPOMIHIOBAHHS
3aJJaHOTO CHEKTPAJIBHOTO CKJIaxy, Ta MOHOXPOMAMUYHY YYMIAUSICMb, TOOTO
Yy TJIMBICTH 10 MOHOXPOMATUYHOTO BUITPOMIHIOBaHHS.

2. Kopomkoxsunvosa (Oos2oxeunvosa) mednca CNeKmpanbHoi
yymaueocmi - HaiMeHIa (HaiOlIbIlIa) JOBXXKMHA XBWUJIlI MOHOXPOMATUYHOTO
BUIPOMIHIOBaHHS, TpPH SKI MOHOXpOMAaTWYHA YYTJIHUBICTH (oTompuiiMada
nopiHtoe 0,1 BiJ il MAKCUMaJILHOTO 3HAYCHHS.

3. Ilopic uymaueocmi — cepeaHe KBaJpaTHUYHE 3HAUEHHS CBITJIOBOTO
MOTOKY, TMPU SKOMY CEpEAHE KBaJApaTHUHE 3HAYCHHS EJIEKTPUYHOTO CUTHAIY

JIOPIBHIOE CEPEAHBOMY KBAJAPATUYHOMY 3HAYCHHIO IITyMY.
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4. Ilpossna 30amuicms — BEIWYUHA 3BOPOTHA JIO MIOPOTA YYTIUBOCTI.

5. Poboua nanpyea — mocTiiHa Harmpyra Ha (oromnpuiimMadi, mpu sKid
3a0e3MeuyloThCsl HOMIHANIbHI 3HaYEHHS HWOTO MapaMeTpiB MpH TpUBaJiid poOOTi
3a 3a/IaHUX EKCIUTyaTalliHUX YMOB.

6. Maxcumanvno donycmuma po3cito8aHa NOMYHCHICMb — MaKCUMallbHa
MOTY>KHICTh, pO3CitoBaHa Yy ¢oTonpuiiMayl, NOpU AKIA BIIXWICHHS HOro
napameTpiB BiJl HOMIHAJbHUX 3HAY€Hb HE MEPEBHINYE BKA3aHUX TPAaHUIIb TPU
TpUBAJIii poOOTI B 33JJaHUX €KCIUTyaTalliHUX yMOBaXx.

7. Temmnosuii onip — omip ¢oTonpuitMaya 3a BIJICYTHOCTI IaJal04oro Ha
HbOI'O0 BUIIPOMIHIOBAHHS B Jl1alla30H1 HOTO CIEKTPaIbHOT Uy TIUBOCTI.

8. Csimnosuti onip — omip ¢doronpuiiMada, BUMIPSHUN 4Yepe3 TMEBHUM
IHTEpBaJI Yacy Iicis I[0YaTKy Jii BHUIPOMIHIOBAaHHS, $KE€ CTBOPIOE Ha
dboTonpuitMaul OIPOMIHEHICTh a00 OCBITJICHICTh 3a1aHOTO 3HAYCHHSI.

9. TemHosuii cmpym — CTpyM, IO MPOXOIUTH depe3 (GoTonpuitmMad mpu
BKa3aHI Hampy3l Ha HBOMY 3a BIJICYTHOCTI IIOTOKY BUIIPOMIHIOBaHHS B
Jliara3oHi CHeKTPAIbHOI Yy TIUBOCTI.

10. @omocmpym — cTpyM, IO NPOXOAUTH uepe3 QoTompuiimMad mnpu
BKa3aHiil Hampy3l Ha HbOMY 1 OOYMOBJIEHHUI JI€I0 MOTOKY BUIIPOMIHIOBAHHS 13
3aJlaHUM CIIEKTPAJIBLHUM PO3MOJIITICHHSIM.

11. Ipanuuna wuwacmoma — 4YacCTOTa CHHYCOINAJIbHO-MOIYJIHbOBAHOIO
MOTOKY BHUIIPOMIHIOBaHHS, TPH SKIA YyTJIMBICTH (QoTomnpuiiMadya magae a0
3HaueHHd 0,707 BiJ 4yTJIMBOCTI IPU HEMOAYJIbOBAHOMY BHIIPOMIHIOBAHHI.

OCHOBHI XapaKTEepUCTUKH (HOTOMPHUITMAYIB.

1. Cnexmpanvua xapaxmepucmuka 4ymauocmi — 3aJIeKHICTb Yy TIUBOCTI
¢doTonpuiiMaya BiJ JOBXKHHHU XBUJII MOHOXPOMATHYHOI'O BUIIPOMIHIOBAHHS, IO
najae Ha Hboro. BoHa BU3Havae cekTpajibHy 00J1IacTh 3aCTOCYBAaHHS IPUJIaay.

2. Enepzemuuna (ceimnosa) xapaxmepucmuxa — 3aJ1€KHICTb (POTOCTPYMY
(dboToHANPyTrK) BijJ MOTOKY BUIIPOMIHIOBAHHS, 1110 Iajia€ Ha ¢oTonpuiimad. [Ho I
1] EHEPreTUYHOK XapaKTEPUCTUKOIO PO3YMIIOTh 3aJI€KHICTh 1HTErPaIbHOT a00
MOHOXPOMATHYHO1 Yy TIUBOCTI BiJ] IHTEHCUBHOCTI BUIIPOMIHIOBaHHS.

3. Boabm-amnepna xapakmepucmuka — 3aJeXKHICTh CTpyMy
dboTonpuiiMaya BiJ TPUKIAACHOI O HHOTO HAMPYTd TPH 33JaHOMY TOTOII

BUIIPOMIHIOBaHHS.
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4. Yacmomna xapaxmepucmuka — 3aJ€XKHICTh YyTIUBOCTI BiJ] 9YaCTOTHU
MOAYJISLIT BUIIPOMIHIOBAaHHS 00 TPUBAJIOCTI IMITYJIbCIB.

Kpim 3a3HaYEHUX dboTonpuiimayi XapaKTepU3yrThCs e
KOHCTPYKTUBHUMHU Ta €KCIUTyaTalliliHUMHU TapaMeTpamH. Jlo OCHOBHHX
KOHCTPYKTHUBHUX MMapaMeTpiB BIAHOCATHCS (popma Ta po3Mipu KOpITyca, a OJHUM
3 OCHOBHHUX €KCIUTyaTallHUX MOKa3HUKIB € J[1alla30H poOOYHX TeMIepaTyp.

VYeci dotonpuiiMaul MOXKHA TOIUTHTH HAa JUCKPETHI (OTHOCIEMEHTHI) Ta
OararoenemMeHTHi. Jl0 JOUCKpETHUX Halexarb (OTOPE3UCTOPH, (POTOII0NH,
dboToTpan3uctopu Ta potoTupucTopu. bararoenemenTHruMu GoTONpUiMayaMu €

(GOTOUYTIINBI PUTIAH 13 3aPATOBUM 3B’ I3KOM.

2.2.3 ®oTope3ucropu

@DOoTOpPE3UCTOp — ONTOENEKTPOHHUM HAINIBIPOBIAHUKOBHI MpuiiMay
BUIIPOMIHIOBAHHSI, HPUHLUI [1i SIKOTO OCHOBAHWH HAa BUKOPHUCTAaHHI €(EKTy
dotonpoBigHOCTI. [HmMIUMU crmoBamu, (HOTOPE3UCTOP SBIIE COOOKO  OIIip,
3HAYEHHS SIKOI'O 3MIHIOETHCS il BIUIMBOM ONTHYHOIO BUIPOMIHIOBaHHS. [l
BUT'OTOBJIEHHA (DPOTOPE3UCTOPIB BUKOPUCTOBYIOTh HAMIBIPOBIJHUKH 3 OJHUM
TUIIOM IIPOB1IHOCTI, 3a3BUYail €IEKTPOHHUM.

ITepeBaramu dboTope3ucTopin € JHIAHICTh BOJIBT-AMITEPHOL
XapaKTEPUCTUKU Ta JIBOCTOPOHHS IPOBIJHICTh, OCHOBHUM HEIOIIKOM — Maja

IIBUAIKOIIA.

2.2.4 ®oTonioaun

®doroniox — poTonpuiiMad, (GOTOUYTIUBUI €IEMEHT SKOTO Ma€ CTPYKTYpPY
HaIlIBIIPOBITHUKOBOTO J10/1a.

Knacuunuit dortomion mae CTpyKTypy Ha OCHOBI p-n mepexony. llpu
OCBITJICHH1 p-n NEPEXOAY Y HbOMY BUHHUKAIOTh E€JIEKTPOHHO-AIPKOBI MapH, SIKI
PO3AUISIIOTECS ~ BHYTPIIIHIM ~ €IEKTPUYHUM TOJeM mepexony. BuytpimiHe
eJIeKTpUYHE ToJsie nepexony Eg,, sike CTBOPIOETHCS 10HAMU aTOMIB JIOMIIIKH, JIi€
Ha BUIBHI HOCIi Tak, IO 3TC€HEPOBAHI CBITIOM EJICKTPOHH HAKOTMHUYIYHOTHCS
no0JM3y nepexony B n-o0JacTi, a Jipku — B p-obiacrti. Lleil npouec cxeMaTuyHo

300pakeHuii Ha puc. 2.3.
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Posnineni monem FE,, 1 HakomuueHi NoOIM3y mepexonay ¢GOoToHOCH
CTBOPIOIOTH HOJE Ey, fKe CHOPAMOBAaHO IPOTHIEKHO IO FE,. Pesynpryroua
HaAIMPY>KEHICTh  €JIEKTPUYHOTO TOJS 3MEHIIYETHCA, BHACHTIZIOK HYOTO0 BHUCOTA
MOTEHLIAIbHOTO 0ap’epa Ha p-n-Mepexoil 3HKYEThCS. TaKuM YHMHOM, i J1€10
CBITJIa Ha Tmepexoi BuHUKAE (doTtoenekTpopymuitna cuina (poro EPC), ska

3MilLy€e Tepexi]] y NpsIMOMY HaIpsMI.

A

ORCACACRCACES)
CO00O0O0

Pucynoxk 2.3 — Ctpykrypa dhoToaiona npu Jii BUIPOMIHIOBaHHS

SAxmo Gotoaion yBIMKHYTH B €IEKTPUYHE KOJIO, TO Y KOJI1 MPU OCBITJIEHHI
doromiona Oyxae mpoTikaTH (HOTOCTPYM, YTBOPEHUH PYyXOM HOCIIB 3apsfy, IO
BUHHMKAIOTh Y HAIMIBIPOBIIHUKY TiJ J1€H0 ONTHYHOTO BHUIIPOMIHIOBAHHS.
OCKUIBKM ~ 3r€HEepOBaHl CBITVIOM €JIEKTPOHU I  [JI€0  BHYTPIIIHBOIO
eJeKTpUYHOTO 1ojs E,, pyxawThcs y 01K n-o0acTi, a Jipku — y 01K p-o0macTi,
TO HampsM (OTOCTpyMy 30Ira€TbCsi 3 HANPSIMOM 3BOPOTHOTO CTpyMy  p-h-
nepexomy.

BonbT-amnepna xapakrepuctuka (poToaio1a OMMCY€EThCS BUPA30OM:

qU

[=1,(D)~1o| e ~1], (2.3)

ne I,(®) — dorocTpyM, AKMH € (YHKLIEIO IHTEHCHBHOCTI 30BHILIHBOIO
OCBITJICHHS,

Iy — TerioBuil (3BOPOTHUI) CTPYM p-n-TIEPEXOY;
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q — €JIEMEHTapHUU 3apsf;
U — nanpyra Ha gioni;
k — nocriiina bosbiimana;

T — abcoroTHa TeMmeparypa.

CimeiicTBO  BOJbTa-aMIEPHUX  XapaKTepUCTUK  (oromiona, 110
BI/IMOBIAIOTh PI3HUM PIBHSM 30BHIIIHBOI OCBITIICHOCTI, 300pakeHe Ha puc. 2.4.

ITpn BiACYTHOCTI 30BHIIIHBOTO OCBITIEHHA [4H(P) NOPIBHIOE HYIIIO, i
BOJIbT-aMIIEpPHA XapaKTEepUCTHKa (POTOMI0a HIYUM HE BIJIPI3HIETHCS BiJl BOJIBT-

aMIIEpPHOI XapaKTEPUCTUKU 3BUYAMHOIO J10/a.

1A
0 >
®=0 U
D, —
D,> D,
@, —

Pucynok 2.4 — BonbT-ammnepHi XxapakTepucTuku (HoToaiona

[Ipu HeraTMBHMX Hampyrax Ha J10J1 3HAYEHHS! €KCIIOHEHTH y Bupasl (2.3)

Maiie He BIIPI3HAEThCA Bl HYJIS 1 pe3yJbTyIOUUN CTPYM JOPIBHIOE

[=1,(D)+1,. (2.4)

Yum Oinplia iHTEHCUBHICTH CBITJIOBOTO IOTOKY, THM OuIbIle HOCIIB
3apsly BUHHUKAE Y HAMIBIPOBIIHUKY B OJUHUIIO Yacy, a 3HAYUTh TUM OuIbIle
3HayeHHs (oTocTpyMmy. SIK mpaBWiIO BXKE MNPU HE3HAYHUX I1HTEHCHBHOCTSIX
ONTHYHOTO BUIPOMIHIOBaHHSA (POTOCTPYM [;(P) HabaraTo mnepeBuUILy€e TEIUIOBHH
ctpyM [p. Tomy B yMOBax OCBITJIEHHS 3BOPOTHHN CTpyM QoTtomaiona

BU3HAYAETHCS 3HAUYCHHIM (DOTOCTPYMY.
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[Ipn He3HAUHUX MPSMUX HAMpyrax (4acTKU BOJIbTA), MPU SKUX 3HAYCHHS
€KCIIOHEHTH € TMOPIBHSHHUM 13 3HaY€HHSIM (OTOCTPYMY, CTPYyM uepe3 (HoToa101a
BU3HAYAETHCA SIK TMPUKIAJACHOI NPSIMOI0 HAMPYrorw, TaK 1 IHTEHCHBHICTIO
ONTHYHOTO BUIIPOMIHIOBaHHS.

[Ipy 3HAYHMX TIO3UTMBHHUX HANMpyTax 3HAYCHHS EKCIIOHEHTH Oyne
HabaraTo OUTBIINM 3a 3Ha4Y€HHS (OTOCTPYMY. Y pe3yibTaTi MPSMHUN CTPpyM, IO
Teue depe3 ¢oTomion, Oyae BH3HAUYATHUCS JIMIIE 3HAYCHHSM MPUKIAJICHOL
[I03UTHUBHOI HaIIPYTH.

Ax BuaHo 3 TpadikiB Ha puc. 2.4, TpU 3HAUYCHHI CTpyMy ¢oTOa10a
TaKOMy, 110 JOPIBHIOE HYJIO, CHAJ HANpyrW Ha J10J1 B YMOBax OCBITJICHHS
BIJIpI3HAETHCS Bl HyJs. Hampyra Ha 1110711 y IbOMY BHUIMAJAKY JIOPIBHIOE HAIpy3i

¢boToEPC, 3HaueHHs sik0oi MOKHA 3HaTH 3 BUpa3y (2.3), npuitmatoun [ = 0:

v, <M, 1,(P)+1,
q I,

TakuM YMHOM, MIABOJAAYM MIJICYMKH, OauWMO, LI0 BUKOPUCTAHHS
dboTomiona K eJIeMEeHTa Yy TIMBOTO /10 ONTHYHOTO BUIIPOMIHIOBAHHS MOJKJIUBE Y
JBOX BapiaHTax. Y mepuiomy BapiaHTi (OTO10] BMUKAETHCS B €IEKTPUYHE KOJIO
3 TMOJa4yel0 Ha HHOTO HEraTHMBHOI HAmpyru. Takuii pexuM Ha3UBAETHCA
Gomodioonum. Y (HOTOAIONHOMY PEXKHMI BUKOPHUCTOBYETHCS 3aJICKHICTh
3BOPOTHOTO CTpyMy (PoTO/110/1a Bi/T IHTEHCHUBHOCTI ONTHYHOTO BUIIPOMIHIOBAHHSI.
Sx BUAHO 3 pucyHka 2.4 B poboyomy aiama3zoHi poOOYMX 3BOPOTHUX HAIPYT
(GOTOCTPYM MPAKTUYHO HE 3aJICKUTH BiJ] 3HAYCHHS HAIIPYTH.

VY npyromy BapiaHTi (OTO/107 BMHKAETHCS B MACUBHE €JICKTPUUYHE KOJIO,
0 HE MICTUTh JKEepelia Hampyrd. Takuii pekuM BHUKOpUCTaHHA (HOTO101a
HA3UBAETHCS 8eHMUNbHUM. SIKIIIO OMip KOJNa € JOCTaTHBO BEJIHUKHUM, TO CTPYM Y
Kol Oyjae HaOmmkatucs 10 HyJss. Y IIbOMY BHIMQJAKy Hampyra y kKo Oyne
nopiBHioBaTH Harpy3si GoToEPC U,. 31 3MEHIIEHHAM ONOpY 30BHILIHBOTO KOJIa,
Hanpyra Ha ¢oTtonaioni Oyae 3MEHIIYBaTHUCS, a CTPyM 3pocTatu. MakcumainbHe
3HaUE€HHA CTpymMy OyJe BIANOBIOATH CTPYMy KOPOTKOIO 3aMHUKaHHS 1

BU3HAYaTUCs BUpa3oM (2.4). BeHTUIbHUI peKUM MOXKE BUKOPUCTOBYBATUCS JIJIS
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ONTHYHOI TeHepallii eneKTPUIHOi eHeprii (CoHsuHi OaTapei).

PosrnsiHyTi  ocobnuBocTi  oromiona sk (HOTOUYTIMBOrO eleMeHTa
MOB’s13aH1 3 HASIBHICTIO p-n-TIEPEXO0.1y, TOJIe IKOTO PO3/LIIs€ 3reHEPOBaHI CBITIIOM
HoCii 3apsay. OCKINbKY MIMpUHA 00JIACTI p-n-TIEPEXOly € JOCTaTHRO BY3bKOIO, &
caM BIH 3ajsirae Ha JesAKid BIJCTaHI BiJ IOBEPXHI, Ha SKy IOTPAIUISE
BUIPOMIHIOBaHHSI, OCHOBHE TMIOTJIMHAHHS BUIPOMIHIOBAaHHSA, a 3HA4YUTh 1
MepeBaXHE YTBOPEHHS EJIEKTPOHHO-AIPKOBUX Tap BiAOYyBalOThCS B IIapi
HaIlIBOPOBIJHUKA p- abo n- obmacteid. LI HaATMIIKOBI €IEKTPOHU Ta IIPKU
NOTPAIUISIIOTh 1] BIUIMB p-n-TIEPEXOJy 3 aKTHUBHOI (Ti€l, 10 OCBITIIOETHCS)
obmacTi 3a paxyHok nudysiitHoro abo nmpeidoBoro nepemimenss. BiamoBigHo
0 1LOTO PO3pI3HAOTh audy3iHi Ta aperdosi doromionn. Hughyzivini
@domodioou SIBISIIOTH COOOI0 CTPYKTYPY 3 OJHOPITHUM PO3MOIICHHSIM JTOMIIITKA
B p- Ta n- obnactax. Tomy B TakoMy (OTOAIOMNI PyX 3r€HEPOBAHHMX CBITIOM
HOCI1B 3apsty 10 p-n-TIepexXoay BilOyBaEThCS 32 paXyHOK qudy3ii.

Y opetiggosomy Gomoodiodi 3acTOCOBYIOTh HEOTHOPIAHUN PO3IMOILT
JOMIIIKK, BHACIIJIOK 4YOTO BHUHUKAE BHYTPIIIHE EJIEKTPUYHE TI0JIe, SIKE
IPUCKOPIOE PyX HOCIIB JI0 p-H-TIEPEXOTY.

EnepretnyHa XxapakTepucThka ai10Ja y (QOTOHIONHOMY pEXHUMI Yy
pobouoMy Jiarma3zoHi IHTEHCUBHOCTEHW ONTUYHOTO BUITPOMIHIOBAHHS € JIIHIMHOO.
Y ¢ororanpBaHIYHOMY pPEXHUMI MpPH BEJIUKUX 3HAYEHHSIX 1HTEHCHUBHOCTI
€HepreTUyHa XapaKTepUCTUKa CyTTEBO BIAXUIISETHCS Bl JiHINWHOI. [{e moB’s3aHo
3 TUM, 0 BHachigok reHepamii (GoToEPC 3MeHIIyeTbCs HanpyKEHICTh
CJIEKTPUYHOIO TOJIA Ha p-n-TIEPEXOJll, a 3HAUYUTh 3HIKYEThCA €(EKTUBHICTDH
PO3AUICHHS EJIEKTPOHHO-JIIPKOBUX Tap. MakCHUMallbHO MOMIJIMBE 3HAYCHHS
Harpyru (poToEPC 00MexyeThCS KOHTAKTHOIO PI3HUIIEIO MTOTEHITIAMTIB.

[IBuakoais GoToioa BU3HAYAETHCS B OCHOBHOMY TPHBAIICTIO JUQY3ii
(hOTOHOCIIB 110 p-n-niepexoay. 30UIbIICHHS BUAKOIIT JOCATAETHCA 3MEHILICHHIM
TOBIIMHU aKTUBHOI 00JIACTI, 32 PaXyHOK YOT'0 3MEHIIYETHCS BiJICTaHb BiJ MICIIS
reHepailii GoroHociiB 10 obnacti p-n-nepexony. lIpore mpu TakoMy MiaXo0ji
mopsi/ 31 30UIBIISHHSM IIBUIKOIT Mae MicIle 3HMKCHHS YyTIMBOCTI (hoToiona,
MOB’SI3aHE€ 31 3BYXKEHHSIM IIapy HAINIBOPOBIJHUKA, B SKOMY MOXYTb
YTBOPIOBATUCS €JIEKTPOHHO-MIpKOB1 mapu. [ligBumenns mBuakomaii ¢oToaiona

npu 30epeeHH] BUCOKOT YYTIMBOCTI CTAJI0 MOXKJIMBUM MIPHU MEPEXOl 10 OLIbIII
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CKJIQJIHUX HAITIBIPOBITHUKOBUX CTPYKTYP.

P-i-n poroaion

doTtoion 31 CTPYKTYpOIO p-i-n SBJIss€ COO0I0 TOHKI HM3bKOOMHI p- Ta K-
00JacTi, MK SKUMHU pO3TAalIOBAaHUN MNPOTSKHUN 30iaHeHUH i-map. Po3mipu
301THEHOTO MIapy BUOWPAIOTHCA TakK, MO0 y HbOMY IOTJIMHYJIOCA yCE ONTHYHE
BUIPOMIHIOBAHHS, 10 JOCATHYJO #oro. ITuromuii omip i-o6macti y 10°-10’
pa3iB OUIbIIMIA, HDK Omip obiacTted p- Ta n-TUmB. TOMy MNPAKTHYHO BCS
MpUKJIaJeHa 3BOPOTHA HAIpyTa Majae Ha i-Iapi, CTBOPIOIYH 00JI1aCTh CHILHOTO
MoJIsl, 0 TPHUCKOPIOE YTBOPEHI MiJ J1€H0 ONTHYHOTO BUIIPOMIHIOBAHHS HOCII.
Taxa cTpykTypa CTBOPIOE OCHOBY JUISl OTPUMAHHS MIBUAKOIIOYOTO Ta Yy TIMBOTO
dboTonpuitmMaua, oCKiJIbKU Tporiec audy3ii PoToHOCIIB 10 p-n-Tiepexoay, KU €
XapaKTepHUM JUIsl 3BUYAHOI A10JHOT CTPYKTYpPH, 3aMIHIOETbCA aperioM HOCIiB
yepe3 i-00J1aCTh y CHJIBHOMY €JIEKTPUYHOMY TMOJdi. 3aBASKA ILOMY p-i-K
doroxionu € HAOUTBII MOMMPEHUMH (HOTONPUIIMadaMu, IO 3HAXOAATH IIUPOKE
3aCTOCYBaHHS.

OCHOBHMMU TIepeBaraMu p-i-n A10/1iB € TaKi:

- TMO€AHAHHS BUCOKOT UYTIMBOCTI Ta BUCOKOI IIBUAKOIIT;

- BHCOKa YyTJIMBICTh Yy JOBIOXBWJIBOBIM 00JacTi crekTpa, oOyMoOBIeHa
MIUPOKOIO i-00JIACTIO;

- Mmaja 0ap’epHa EMHICTb;

- Maui po6oui Hanpyru y OTOAI0THOMY PEXKUMI.

Jlo OCHOBHUMX HEJOJIIKIB p-i-n (POTOAIOMIB BITHOCATHCS BHCOKI BUMOTH 0

YUCTOTH [-00JIaCTi Ta TEXHOJIOT1YHA HECYMICHICTD 3 IHTErpaIbHUMHU CXEMaMHU.

dotoxiox 3 6ap’epom HlorTKi

doroaionu 3 6ap’epoM HIOTTKI (KOHTAKT METaJI-HAMIBIPOBIIHUK) € 1€
OJIHMM THIIOM (POTONPHIIMAYiB 3 BUCOKOIO IIBHUIKOIIE€I0 Ta YyTIHBICTIO. [T0110H1
Oap’epu MOXYTh OyTH OTpUMaH1 Ha PI3HUX HAMIBIPOBIAHUKOBUX MaTepialiax, y
TOMY YHUCJH1 1 THX, JJIS SKUX HEMOKJIMBO CTBOPUTHU p-N-TIEPEXOH.

Sk HanmiBOPOBIAHUKOBI Matepiayiv i peanizailii GoToAioaiB 3 6ap’epom
[IloTTKi HaMOUIBIIE MPAKTUYHE BUKOPUCTAHHS OTPUMAId KPEMHIM Ta apCeHi]
rajito. Sk Metay HalyacTillle BUKOPUCTOBYETHCS IUIIBKA 30J10Ta TOBIIMHOIO 0

0,01 MxMm.
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SIKI0  eNeKTpOHHUN HAIIBIPOBIIHUK KOHTAKTY€E 3 METajJOM, y SIKOTO
po0oTa BUXOJy €JIEKTPOHIB MEHIIA 3a poOOTY BUXOAY JJIs HANiBIPOBIJHUKA, TO
MEeBHA KUIBKICTh €JEKTPOHIB TMEpPEeXOIUTh 3 HAMBIOPOBIAHMKA B MeTal.
[oHi30BaHa TIOHOpHA AOMIIIKA Y HAMIBIPOBIAHUKY YTBOPIOE IIap MO3UTHUBHOIO
MIPOCTOPOBOIO 3apsy, IO Mae BHCOKWK omip. [lpm BMEKaHHI pgioma y
3BOPOTHOMY HampsiIMKy (MiHYC Ha MeTalll) IIupuHA OO0JacTi MPOCTOPOBOIO
3apsy 30UIBIIYETHCSI.

CiTiI0O Ha mpuiaj] CHOPSIMOBYIOTH 3 OOKy MeraneBoi IUIBKU. Ilpu
JOCTaTHbO MaJliil TOBIIMHI IUIIBKH, BOHA BUSIBJISETHCS MPAKTUYHO MPO30POIO, 1
OCHOBHA YaCTHHA BUIIPOMIHIOBAHHS MOIVIMHAETHCA B 00JIaCTI MPOCTOPOBOTO
3apsiny, B AKIA ICHYE CHUJIbHE €JIEKTpUYHE mojie. EJeKTpoHHO-IIPKOBI MapH, siKi
BUHHKAIOTh y PE3yJIbTATI OTJIUHAHHS BUIIPOMIHIOBAHHS, IIIBUIKO PO3IUISIOTHCS
HOJIEM.

OcobmuBicTio  Gap’epiB IllloTTki €  MOXIHMBICTH  peecTparii
BUIPOMIHIOBAHHS 3 €HEPTi€r0 (POTOHIB, MEHIIIOIO 3a MIUPUHY 3a00POHEHOI 30HU
HaIlIBOPOBIJIHUKA. Take BUIPOMIHIOBAHHS HE YTBOPIOE Yy HaIIBIPOBIIHHUKY
J0JTATKOB1 €JIEKTPOHHO-AIPKOBI TapH, ajie 30y/Kye eleKTpoHu Mertany. [lpu
eHeprii poToHIB, OUIBIIIN 32 BUCOTY MOTEHUIAIBHOTO 0ap’epa KOHTAKTy MeETall-
HAIBIPOBIJTHUK, €JIEKTPOHU MeTady HaOyBalOTh EHEPriio, JOCTATHIO s
No/10J1aHHs Oap’epa 1 mepexoay y HamiBIPOBIAHUK. BiAMOBIIHO JOBroXBUIIbOBA
MeXa CIeKTpaIbHO1 YyTIMBOCTI (hoTomiona 3 6ap’epom IIIoTTKi 3cyBaeThes y OiK
OUTBII JOBTUX XBUJIb.

3 iHmoro OOKy, Maja TOBIIMHA METajeBOI IUIIBKM CTBOPIOE YMOBH MJIf
reHepailii (oToHOCIIB 3apsay B 007acTi 00’€MHOT0 3apsiTy KOPOTKOXBHUILOBUM
BUIIPOMIHIOBaHHSM, ISl SIKOTO XapakTepHa Maja TMuOWHA mornuHaHHS. Tomy
KOPOTKOXBHJIbOBA MeEKa CHEKTPaIbHOI XapaKTEepUCTUKU I (POTOMIONIB 3
6ap’epom LLIOTTKI 3HAXOIUTHCS HA MEHIITUX JOBKUHAX XBUJIb.

Takum 4uHOM, 3a MOPIBHSAHHSM 3 (OTOMIOIOM Ha OCHOBI p-n-TIepeXojy,
dboTomionn 3 KOHTAKTOM METaj-HaMIBIPOBIIHUK XapaKTEPU3YIOThCS 3HAYHO
OUIBIIIOI0 TUPUHOIO CTIEKTPAIBHOI XapaKTEPUCTHUKH.

[HIIMMK BaxksiuBUMH niepeBaramMu goroxaionis 3 6ap’epom LIIoTTki € Taki:

- TIO€JIHAaHHS BUCOKOI YyTJIMBOCTI Ta BUCOKOI IITBUJIKOIIT;

- Majui omip, 10 3MEHIIY€E Yac nepe3apsiay 0ap’€pHOi EMHOCTI;
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- MPOCTOTa CTBOPEHHSI BHUMPAMHHUX (HOTOUYTIMBUX CTPYKTYP Ha PI3HHUX
HaIMBIPOBITHUKOBUX  3’€IHAHHAX, IO JO3BOJIIE KEPyBaTH  BHUCOTOIO
MOTEHIIIAJIBHOTO O6ap’epa.

- CYMICHICTb 3 TEXHOJIOTIEIO IHTETPAIbHUX CXEM.

®oToaioa 3 rereponepexoaomM

doTonionu 3 TETePOCTPKTYporo  (rerepodoTomionn) € OJHUM 3
HAaWTMIEPCIEKTUBHIMIMX THUIIB HAMIBIPOBIIHUKOBUX (QoTonpuitmadiB. Tumosa
KOHCTPYKLis retepodoToniona 300paxeHa Ha pUucyHky 2.5.

3 00Ky OCBITIIFOBAHOI MOBEPXHI 3HAXOIUTHCS I1ap 3 HAIBIPOBITHUKOBOTO
Marepialry 3 IIMPOKOK 3a00pOHEHOK 30HOK Ta BUCOKOK KOHILIEHTPALIEO
JOMIIIKK. 3a MIHUPOKO30HHUM IIAPOM 3HAXOAWTHCS AKTUBHUN (OTOUYTIHBHIMA
miap 3 MaTtepiajly 3 BYKUYOK 3a00pOHEHOI0 30HOK0. [lani i€ KOHTAaKTHHUI Mmap 3
TaKOI0 X IIMPUHOIO 3a00POHEHOI 30HU, 5K 1 B aKTUBHOMY IIapi, ajie 3 OUIBIIO0

KOHLIEHTPALIEI0 JOMIIIKH.

oL

p*t AlGaAs

=

n GaAs

n*t*GaAs

1.................

Pucynox 2.5 — 3onna miarpama ¢oTo1i0a 3 TeTeponepexoam

Taka cTpykTypa Haraaye CTpyKTypy p-i-n (hoTomi0/a 3 TIE€I0 PI3HUIIETO, 110
st il peamizalli BUKOPUCTaHI HAIIBIPOBIJIHUKOBI MaTepialii 3 PI3HOIO
IIUPUHOIO 3a00POHEHOT 30HH.

IIpu ocBiTineHHi rerepodoTo/iofa ONTHYHUM BUIPOMIHIOBAHHSM 3
eHeprielo  (QOTOHIB, MEHIIOK 3a MIUPUHY 3a00pPOHEHOI 30HU TMEPIIOTO
[IMPOKO30HHOTO IIapy, BOHO 3 MiHIMAaJTbHUMH BTPAaTaMU JOCATAE AKTUBHOTO

mapy. ToBImIMHA aKTHMBHOTO IIapy BHOMpAEThCA Tak, MI00 3a0e3meunuTu
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MOTJIMHAHHSA Y HhOMY YChOTO BUITPOMIHIOBAHHS.

dortomionn 3 TETEPONEpPexXoAOM  30epiraloTb OCHOBHI  IMepeBaru
PO3TIIAHYTUX BHIIE CTPYKTYp — TMO€JHAHHS BUCOKOI IIBHUIKOAII Ta BHCOKOI
YyTIUBOCTI, MaJli poO0Yl HAPYTH.

[HIIMMY epeBaraMu BUKOPUCTAHHS T€TEPOCTPYKTYPH €:

- MOJKJIMBICTbH MPHU BIANOBIAHOMY BHOOpPI HAIIBIPOBIIHUKIB MPALIOBATH Y
Oynb-sKii 00JacTi CIIEKTpa; II€ MOB’S3aHO 3 THUM, IO poOodYa JOBKHHA XBHIII
BHU3HAYAETHCS PI3HULECIO B IIMPHUHI 3a00pOHEHOT 30HU;

- Bucokmii KK/, mo nadmmwkaerses mo 100%;

- BEJIMKUU TeMIIepaTypHUI J1ana30H Ta pajlialiiiHa CTIMKICTB;

- ¢pi3uyHa Ta TEXHOJIOTIYHA CYMICHICTh 3 TIPWIAJaMH IHTETPaJbHOI
OTITHKH.

OcCHOBHHMI HENOJIK TaKUX reTepodOoTOMI0NIB — CKIAJHICTh TEXHOJOTII

BHUI'OTOBJICHHSI.

JlapuHHu# poTomion

JlaBunHMA (HOTOIION BIAHOCUTHCS 10 (poTompuitMadiB 3 BHYTPILIHIM
nigcuiaeHHsM. BiH mpaitoe npu 3BOPOTHIM Hampysi, OMU3BbKIM 10 MPOOUBHOI.
BHacii1ok p0ro yTBOpEHi Mij A€ ONTUYHOTO BUIIPOMIHIOBAHHS HOCIT 3apsay
IPUCKOPIOIOTHCS CHIIBHUM €JIEKTPUYHUM I10JIEM, HAa0yBarOYM JOCTATHBOI eHeprii
IUIsL yJapHOi 10H13auli aromMiB. EJEeKTpoHM Ta NIpKH, YTBOPEHI IPH 3ITKHEHHI, Y
CBOIO YEePTry MPOJOBXKYIOTH Tporiec 1oHi3aiii. [Iporiec 301abl1eHHs] KOHIICHTpaIi
HOCIIB 3apslly, a 3HAYWUTh 1 CTPyMy, Ma€ JIABUHONOAIOHMI xapakTtep. JlaBuHHE
MHOKEHHSI KOHIIEHTpallli HEpPIBHOBAXXHUX EJEKTPOHIB Ta [IPOK Y CHJIHHOMY
SJIEKTPUYHOMY TIOJI1 APy MPOCTOPOBOTO 3aPsiy p-n-TIepexoay Oyae MaTh MicClie
TOAl, KOJM IIMpPUHA O00JacTi MPOCTOPOBOrO 3apsily MEPEBUILYE JIOBKUHY
BUJILHOTO TIPOOITY HOCIIB 3apsny.

[lincunenHss  mepBUHHOTO  (GOTOCTPYMY y  JIaBUHHOMY  A10J1

XapaKTepU3y€eThCst KOe(iiEHTOM JIABUHHOTO MHOKEHHS:

M = I/L, (2.5)

ne I, — Buxiguuii cTpyM GoToAiona 3 BpaxyBaHHAIM MHOKEHHS;
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140 — BUX1THMH CTpYM (QoTOA10Aa O€3 MHOMKEHHS.

KoeditieHT JaBUHHOTO MHOXEHHS B JIaBUHHOMY  (OTOMIONI €
koedimienToM miacuieHHsa goroctpymy. KoediieHT nmigcuneHHs 3anexuTh Bij

HaIpYTH Ha TIEPEXO0/I1 1 BABHAYAETHCS 32 eMITipudHoI0 hopmyioro Mimiepa
M=v-wmw,,,r| (2.6)

ne U - nanpyra Ha p-n-niepexoi;
U,pos— IPOOKBHA HAIIPYTa;
n - KoeQIllieHT, M0 npuiMae 3HadeHHs BiJ 1,5 10 6 B 3a1€XHOCTI BiJl

Marepiainy (OoTOAI0/1a Ta THITY p-# TIEPEXOY.

3 Bupasy (2.6) BuIUIMBa€, MO KOEPIIIEHT MiACHICHHS 3aJCKUTh Bij
MPUKIAACHOI HAMPYTH, IO € HE TMPUHHITHUM JJII MPAKTHIHOTO BUKOPHCTAHHS.
Tomy nnst HamiiHOiI poOOTH JTaBUHHOTO (POTOAIONA HEOOXITHHM Iy’KE€ BUCOKUN
CTYMIHb CTaOUII3allil HAPYTH KUBJICHHS.

3 BpaxyBaHHsIM BHpa3iB (2.5) Ta (2.6) MOXkHA OTPUMATH BUPA3 JJI BOJIBT-

aMIIepHOI XapaKTePUCTHKH JJABHHHOTO J110]1a:
1,=1,/-ww,,r|

3 HaBeJACHOrO BHUpPA3y BUIHO, IO ICHYE TEOPETHUYHA MOXKIMUBICTD
OTpUMaHHS Oyb-sIKOrO 3HAY€HHs BUX1AHOrO cTpyMy. IIpoTe Ha mpakTuill HbOro
He BinOynerbes. [Ipu Benukux 3HaueHHAX U CWIBHUEM CTpyM Beie A0 PO3IrpiBy
HaIlIBIPOBIJIHUKA. Y Pe3yJibTaTi 30UIbIIYETHCSI TEMHOBHM CTPYM 1 3MEHIIY€ETHCA
¢doTocTpyM, 1110 BeJle 1O NEPETBOPEHHS €IEKTPUUYHOTO MPOOOI0 Y TEIJIOBHI 1, 5K
HACJHIA0K, pyiHaLii npuiamty.

[TepeBaramu y1aBUHHUX (HOTOMIOMIB €: HASIBHICTh BHYTPIIIHLOTO BEJIUKOTO
MIJICUJIEHHS Ta BUCOKA IIIBUIKOIIA.

OCHOBHI HEIOJIIKH JJaBUHHUX (POTOI0IB:

- CKJAQIHICTh Ta YHIKaJbHICTh BUTOTOBJIEHHS, a 3HA4YUTh, BHUCOKA
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BapTICTh;

- BHMCOKI po0OUl Hallpyry Ta BEJIUKI BTPATU MOTY>KHOCTI;

- HEOoOXiIHICTh cTadii3aiii po6o4yoi HAMPYTH Ta TEMIIEPaTypH;

- 3HAYHUH PO3KH] apaMeTPiB Y OKPEMHX 3pa3Kax.

He3Baxkatouu Ha Te, 110 BUKOPUCTAHHS JaBUHHUX (DOTOMI0/IIB OB’ SI3aHO 3
MEBHUMU TPYAHOIIAMU, BOHH 3HAXOMAATh 3aCTOCYBAaHHS JI peecTparii crabKkux
ONTUYHUX CHUTHATIB, 1 OChb YOMY. 3Ja€TbCA, 1110, BUKOPUCTOBYIOUM UYTJIMBUN
dboronpuitmau, Hanpukiaza p-i-n GOTOMIO0, Ta €ICKTPOHHUN MIJCUIIOBAY 3 TYKe
BEJIMKUM KOE(DIIIEHTOM IiJICHJICHHS, MOXKHa 3a(iKCyBaTH JIOCTaTHBO CJIAOKUM
curHasl. OgHak ue He Tak. lllyMu BXIJHUX KackajaiB MiJACHIIOBAYIiB € OUIbIINMU
3a mymu p-i-n horomioaiB. ToMy MiHIMaJIbHE 3HAYEHHS ONTHYHOTO CHUTHANY,
ke Moxe OyTH 3adikcoBaHE Yy TAaKOMY BHIMAJKY, Oye BIANOBIIATH PiBHIO, MPH
SKOMY KOPUCHUW BHUXIIHMN curHan Qotomaioga Oynae OUIbIIMKA 3a IIyMH
nomnepeaHboro kackamy. lle 3HaueHHs Oyae 3HAYHO MEPEBHILYBAaTH TMOPIT
qyTIuBOCTI (oromiona. Y maBUHHOMY (OTOMIONI TOPSAI 3 BHYTPIMIHIM
MIJCUICHHSM KOPUCHOTO CHTHajy BiJOYyBaeTbCAd TaKe K MIJCWICHHS ILIyMY.
Tomy, gKmO myM JaBUHHOTO (OTOI0AA BUSBUTHCS HE MEHIIMM 3a IIyM
MONEPEIHBOI0 Kackaay, TO MOpIr YYyTIMBOCTI CXeMH OyJe MOPIBHAHHHUM 3
OPOroM 4YyTIUBOCTI (poromiona. Y 3B’sA3Ky 3 IUM JaBUHHI (OTOMIONU MAKOTh
nepeBaru mnepen p-i-n  (HoTomionaMM B yMOBaxX MPUHOMY MiHIMaJbHO

PO3PI3HIOBAILHUX CUTHAIIB.

Inskexuiiini Ta S-goroaioan

Imxekmifini ¢oTomionn BigHOCATHCS A0 (OTONMpHMAYIB 3 BHYTPIIIHIM
nigcuneHHsM. CTpykTypy [ioJa XapaKTepu3ye€ HasBHICTH JOBroi 0a30Boi
obmacti. JloxkmHa 0a3u 3 BHCOKOOMHOTO HAIIBIPOBIAHMKA B KiJbKa pa3iB
NEPEeBHIY€E NOBKHUHY Au(y3li HEOCHOBHUX HOCIiB cTpymy. POTOIi0N Mparroe
IpU OPSIMOMY 3MIILIEHHI.

Y TemMHOBOMY peXHMi Olbllla YaCTMHA MPUKIAIECHOI A0 J10/1a HANpyTu
cniagae Ha 6asi. [Ipu aii onTuyHOrO0 BUMPOMIHIOBaHHS (POTOHH, MOTJIMHAIOYHUCH Y
0a3i, YTBOPIOIOTh HOBI J10JaTKOB1 HOCIi 3apsay. Omip 6a3u 3MEHIIYETHCA, IO
MPUBOJNTH 10 TEPEpPO3NOAUTYy HAmpyrw MDK 0a3010 Ta p-n TEpexoioMm. 3

MIBUIIEHHSM HAMPYTH p-n-TIEpexXi 1HXKEKTye OUIBIIUN CTPYM, SIKAW, Y CBOIO
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yepry, Ime Oiible 3MeHmrye omip 0asu i1 T.4. B pe3synbpTari mporo mporecy
B110yBa€ThCS MIJICUIICHHS IEPBUHHOTO (POTOCTPYMY.

B imxekuiitnux ¢otonionax 3 BucokooMHoro matepiany (Ge, Si, GaAs)
YyTJIUBICTh Ha 5...6 OPSAKIB BUIIA, HDK Y 3BUYATHUX (POTO/10/iB, a TOPOTOBUIA
CTPYM Ta IHEPUIMHICTh MPHUOJM3HO Taki, K 1 y ¢oTope3ucropiB. Kpim Toro,
MOPIBHSHO 3 JIaBUHHUMH  (GOTOHIONaMH ISl 1HXKEKIIMHUX  (OTOJII0/IIB
3HIDKYIOTBCSI BAMOTHY JIO CTa0lIbHOCTI HAMPYTH JKUBIICHHS Ta CTPYMY.

Crpykrypa Ta mpuHOun naii S—(oTomioAiB aHANOTI4HI I1HXEKIIHHOMY
doroxiony. @oToHM CBITIIAa CTBOPIOIOTH HOCI CTpyMy B JIOBTiil 6a30Biil 001acTi,
0 CTUMYJIOE PICT I1HXEKUIMHOrO CTpyMy Ta MPUBOAUTH OO MiJICUIIECHHS
dboTocTpymy.

BonbT-amnepna xapakrepuctuka S-poroaiosia HaBe/leHa HAa PUCYHKY 2.6.
IIpu ocBiTieHHi S—doTonaiona Hampyra, Mpu SKid 3pOCTaHHA CTPyMy uepes
doTomion BiAOyBa€ThCS 31 3MEHIIICHHSIM CMaay HAlpyrd Ha HbOMY, 3HIDKYETHCS

31 30UIBIIIEHHSIM IHTEHCUBHOCTI ONITUYHOTO BUIIPOMIHIOBaHHS.

| A

Pucynox 2.6 — Bonbr-amriepna xapakrepuctuka S—Qoroziona

Ha S-doromioni 3pyuno crtBoproBatu ¢otopene. [ns mporo Ha
dboTonpuitMay MOAAIOTh HANPYTY 3MIIIEHHS, SKa BiJMOBIIa€ BUOPAHOMY TOPOTY
OCBITJICHOCTI, TIPH TEPEBHUIICHHI SKOTO Pi3KO 3pOCTa€ CTPyM dYepe3 S—maioj.
dortonpuiimMad NepexoauTh y Ipyruid cTiMkuil craH (BepxHs ruika BAX), skuii

30epiraeThCs Miciisl 3aTeMHEHHS IPUIIaay.
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2.2.5 ®OoTOTPAH3UCTOPH

DOTOTPAH3UCTOP — HAMIBIPOBIAHUKOBUN MpHUiiMad BUIPOMIHIOBAHHS, 110
3a CTPYKTYPOIO MOAIOHMI 10 TpaH3UCTOpa Ta 3a0e3Meuy€e BHYTPIITHE MM ICUIICHHS
curHairy. DOTOTpaH3UCTOP MOKHA TPEICTABUTH TaKHUM, IO CKJIAJAa€ThCS 3
dboromiona 1 Tpan3ucropa (puc.2.7). DoTOMIOIOM € OCBITIIOBaHA YacTHHA
nepexony 0a3a-KoJEKTOp, TPAH3UCTOPOM — YACTHHA CTPYKTYpH, PO3TaIlIOBaHa
6e3nocepenubo mia emitepoM. OCKUTbKM (POTOMION 1 KOJIEKTOPHUN Mepexis
TPaH3UCTOPA KOHCTPYKTUBHO 00'€THaHi, TO (OTOCTPYyM TIJICYMOBYEThCA 3

KOJIEKTOPHUM CTpyMoM. ba3zoBuii einexTpo Moke OyTH BUMKHEHHM.

ol K

W

K a b E 6

Pucynok 2.7 — BygoBa doToTpan3ucropa:

a — CTPYKTypa n-p-n TUIly; O — €KBIBaJE€HTHA CXEMA.

ITpu ocBiTiieHHI 0a3u B HI BHHHUKAIOTh €JIEKTPOHHO-IIPKOBI mapu. Tak
caMo fK 1y dhoTomioai, mapu, 10 JOCATIN B pe3yJbTari Audy3ii KOJEKTOPHOTO
nepexoy, po3aUISAIOTECA MOJIEM NIEPEX0/1y, HEOCHOBHI HOCII 3 0a3u pyXaroThCs B
KOJIEKTOp, MPHU LOMY HOTro CTpyM 30uIbiTyeThesi. OCHOBHI HOCIT 3aJIMIIAIOTHCS B
0a3i, 3HMXKYIOUM ii mOTeHIian BiAHOCHO emitepa. [lpu mpoMy Ha emiTepHOMY
Nepexo/ii CTBOPIOETHCS OAATKOBA MpsiMa HaIpyra, M0 BHUKJIMKAE JOJATKOBY
THXKEKITIIo 3 eMiTepa B 0a3y 1 BiMOBIHE 30UIBIICHHS CTPYMY KOJIEKTOpa

[Ipu BMuKaHHI (OTOTpaH3UCTOpPA B CXEMi 13 3araJlbHUM €MITEpOM IIpHU
BUMKHEHIH 0a31, MAa€MO BUXIJIHUM CTPYM Y £ pa3iB OUTbIIME 32 CTpyM GoToa10/1a
(f - xoedimieHT mepemavi CTpyMy Oa3W TpaH3WCTOpa B CXEMi 13 3arajJbHUM
emitepoM). BianoBigHo y £ pa3iB 30UIbIIYETHCS 1 Uy TAUBICTE. CTpyM Moke OyTH
M1JCUJICHUH Y KIJIbKa COTEHB pasiB, TOMY YyTJIMBICTh ()OTOTpAH3UCTOpA y Oarato

pasiB OUTbIIA 32 YYTIUBICTh POTOI0A.
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[Ile Oimpmre ImMACWICHHS 1, SK HACIIOOK, II¢ OuIbIe 30UIBIICHHS

YYyTIUBOCTI, MOX€e OyTH JOCSATHEHO Yy CKJIageHoOMY (oToTpaH3ucTopi (puc. 2.8).

“ K
~a

E

Pucynok 2.8 — Cxitanenuit oTOTpaH3UCTOP

Koedimient nepenayi ctpymy i CKIaAeHOTO (DOTOTpaH3UCTOPA
ﬂ ~ ﬁl ) ﬂZ s

ne fy ta f — KoedimieHTH mepenadi CTpymiB 0a3 aJisi KOMIIOHEHTIB

CKJIaJICHOTO (hOTOTPAH3UCTOPA.

VY pe3ynbTari 4yTIHMBICTH CKJIAJIEHUX (DOTOTPAH3UCTOPIB MIABUILYETHCS
3a3Bryai Outbll HIX y 1000 pa3iB B MOPIBHAHHI 3 Uy TJIUBICTIO POTOHIOIB.

CnexkTpanbHi  XapaKTEPUCTUKU  (POTOTPAH3UCTOPIB  OJMM3BKI [0
XapaKTepUCTUK (HOTOI0/IB, BUTOTOBIECHHUX 3 AaHAJOTIYHOIO Marepiamy. 3a
NOpiBHAHHAM 3 (poroaiogamMu (HOTOTPAH3UCTOPH MAKOTh TIpIIy TEMIIEpaTypHY
CTaOUIBbHICTh, OCKUIBKM OJHOYACHO 3 (POTOCTPYMOM MiJACHIIFOETHCS 1 TEMHOBUM
ctpyM. ['pannuyna yactora ¢oTOTpaH3UCTOpa MEHIIA BIJ I'PAaHUYHOI YacTOTHU
dboroxiona y S pasi, mo oOMexye 001acTh iX 3aCTOCYBaHHS B OCHOBHOMY B
IPUCTPOSIX ABTOMATHUKH Ta KEPYBaHHS CUJIIOBUMH KOJIAMHU.

[lepeBaramu (hOTOTPAH3UCTOPIB €: HAABHICTh BHYTPILIHBOIO IT1JICHICHHS
(Bucoka (HOTOYYTIMBICTH), CXEMOTEXHIYHA THYYKICTh, SKa OOyMOBJIEHa

HAsIBHICTIO TPETHOTO €JIEKTPOAA.

2.2.6 ®oroTHpPHUCTOPH
@OTOTUPUCTOP — HANIBIPOBIIHUKOBHI NpHiiMady BUIPOMIHIOBAHHS 3

ABOMa CTIHKUMH CTaHaMH (BI/ICOKOOMHI/IM Ta HI/ISBKOOMHI/IM), IMCPCMHUKAHHA
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SAKOTO y CTaH HU3BKOTO OMOPY BIAOYBAETHCS Wi JIEI0 ONTUYHOTO CHUTHAIY.
CrpykTypa GOTOTUPUCTOpPA € MOAIOHOI A0 CTPYKTYPH 3BUYAHHOTO TUPUCTOPA
(puc. 2.9, a), MmO MICTUTh TPU p-N-TIEPEXOJH, 3 SIKUX CEpeIHIA HA3UBAIOTh
KOJIEKTOPHHUM, a JBa KpailHIX — €MITepHUMH. 30BHIIIHI 00JIACTI HA3UBAOTHCA
eMiTepamu, a BHYTPIIIHI — 6a3amu.

TupucTop BMUKA€ETHCS TaK, 00 KOJEKTOPHUM nepexia OyB BBIMKHEHUN Y
3BOPOTHOMY HAmNpsIMKy, a o0ujBa emiTepHux — y npsmomy. [lpu Takomy
BMHKaHHI TIEPEXOAIB TUPUCTOP MOKHA 300pa3UTH y BUIJISAl JIBOX MOCIIZOBHO
BBIMKHEHMX TPaH3UCTOPIB p-N-p 1 N-p-n 3 MO3UTUBHUM 3BOPOTHHUM 3B'SI3KOM

gepes 3arayibHi 0a3u 1 kosekTopu (puc. 2.9, 0).

T+

VT1

VT1

b

VT2 VT2

ol

o0— S| || T

) a 0

Pucynox 2.9 — Tupucrop: a — ctpykrypa; 0 —IBOTpaH3UCTOPHA MOJICTIH)

[Ipu 30UTbIIEHH] HAIPYTH HA TUPUCTOP] 3BOPOTHUI CTPYM KOJIEKTOPHOI'O
Hepexoy, sIKUH € CTpyMOM (POTOTHPUCTOpPA, 3pOCTaE. 3pOCTaHHSA CTPYyMY BENE
70 HaKOMHUYYBaHHS 00’€MHUX 3apsAiB B 0a30BuX oOnactsx Tupuctopa. ipkw,
IO 1HXKEKTYIOTbCA €MITEpHMM nepexonoMm TpaH3uctopa VT, mepeHocATbes
MOJIEM KOJICKTOPHOTO Tepexoay y 0a3zy Tpanzuctopa VT2 i CTBOPIOIOTH TaM
HNO3UTUBHUM 3apsal. AHJIOTIYHO, €JIEKTPOHH, IO I1HXKEKTYIOThCS EMITEPHUM
IepexonoM Tpansucropa VT2, mepeHocAaThCs MOJIEM KOJEKTOPHOIO MEPEXOY Y
0a3zy Ttpan3uctopa VT1 1 CTBOPIOIOTH TaM HeraTMBHUU 3apsja. HakonmudeHHs
OCHOBHHMX HOCIiB 3apsay B 0a3ax TpaH3HCTOPIB pO3MOYMHAE MpoLec iX
BiAKpuBaHHA. [lpyu neskoMy 3HaueHHI HANpyrd Ha TUPUCTOPI HAKOMHYEHI Y
0a3ax 3apsAM CTalOTh JOCTaTHIMH JUIsI TOTO, LI00 TPAH3UCTOPU MOYAIU

IpaIfoBaTH B aKTUBHOMY peXHMi. Y pe3ysbTari KOeMIIE€HT MIACUIICHHS Y KOJIi
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3BOPOTHOTO 3B’SI3Ky CTa€ OUIBIIMM 3a OJAMHHINO. ba3oBi CTpyMH TpaH3UCTOPIB
JABUHONOMAI0HO 3pOCTalOTh (He3HAauHE 30UIbIIEHHS 0a30BOT0 CTPyMYy KOXXHOTO
TPaH3UCTOpPA Yepe3 KOJIO 3BOPOTHOTO 3B’S3KY IOBEPTAETHCA L€ OUIBLINM
30UIBLIEHHSIM) 1 00MIBa TPAH3UCTOPU LIBUIKO BIJIKpUBarOThcA. JlaBuHOMoOmi10He
3pOCTaHHs CTPyMY 4epe3 CTPYKTYpY HPU3BOJIUTH 10 BIAKPUBAHHS TUPHUCTOPA, Yy
pe3ynbTaTi 4oro ycli TpU NEPEXOAH BHUSBISIIOTECA 3MIMIEHUMH Yy MPSIMOMY
HaIpsMYy, 1 3aTalIbHAN OTip (POTOTUPUCTOPA CTAE MATIHM.

Jns mepeBeneHHsT (OTOTUPUCTOPA Y BUCOKOOMHHUN CTaH, HEOOXI1JTHO
3MEHIUUTH HOro CTpyM JA0 JAedkoro 3HaueHHs. [Ipy 1poMy po3mOYHETHCS
3BOPOTHUH MPOIEC JIABUHOMOAIOHOTO MTEPEeMHUKAHHS, SIKUH 3aBEPIIUTHCS TUM, 1110
o0uaBa TPAH3UCTOPU BUSBIATHCS 3aKPUTHMH, a KOJEKTOPHMH mepexin Oyne
3MIIIEHUI Y 3BOPOTHOMY HaIpsmy.

CunbHUM TO3UTUBHUM 3BOPOTHUM 3B'SI30K € MPUYMHOIO MOSBU Ha BOJIBT-
aMIepHid XapakTepucThlll (POTOTUPUCTOPA AUISTHKU 3 HETaTUBHUM JUHAMIYHUM
onmopoM (puc. 2.10). Sk BUAHO 3 BOJBT-aMIIEPHOI XapPaKTEPUCTUKHU
(bOTOTUPUCTOP MOXKE 3HAXOTUTHUCS B OJHOMY 3 ABOX CTIHKHUX CTaHiB, 3aKPUTOMY
BUCOKOOMHOMY 1 BIIKPUTOMY HHU3bKOOMHOMY. [lepexin 3 ogHOro cTiKoro crany
y Ipyruil BinOyBaeTbcs CTpUOKOMOAIOHO (Ha HeratuBHIW AutaHui BAX cran
npwiaay € HecTiikuMm). [Ipu mpomy mepexojii omp THPHUCTOpa 1 CTPYM dYepe3
HBbOrO 3MiHI0OThCA y  10°-107 pazi:  nmpuGmusno Bix 10° Om (ctpym Giu3bKO

10° A) y 3axpuromy crani 10 10" Om (ctpym — Bix 107 1o 1 A) — y Bizkpuromy.

/A

¢4>¢3>¢2>¢1=0

Pucynox 2.10 — BonpT-amnepHi XxapakTepuCcTUKH TUPUCTOPA
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[Ipu  ocBitneHHi  (GOTOTUPUCTOpPA  ONTUYHE  BHUIPOMIHIOBAHHSA
MOTJIMHAETHCS. B 000X 0Oa3ax. EjexkTpuyHe 1oJie KOJEKTOPHOrO MEePEeXOy
PO3/IiJIsi€e 3reHepoBaHi CBITIOM 3apsau. Lle mpuckoproe mpoliec HaKOMWYEHHS
3apsaniB y 0azax. Y pe3yibTaTi nepeMHuKaHHs (OTOTHUPUCTOPA y BIAKPUTHM CTaH
BIIOYBAEThCS TPH MEHIIMX 3HAYEHHAX HANPYrd. 3 POCTOM 1HTEHCHUBHOCTI
ONITHYHOTO BUIPOMIHIOBAHHS Hampyra IepeMUKaHHS 3MEHIIYEThCA. TakuMm
YUHOM, CBITJIO BIJITPa€ poJib KEPYHOYOro EJIEKTPUYHOIO CHUTHATY 3BHUYAMHOTO
TUPUCTOpA 3 TPETIM BUBOJOM (BiJ 0a3u) 1 J03BOJISIE OE3KOHTAKTHUM CIIOCOOOM
KEepyBaTH CTPyMaMH y PI3HUX €NEKTPUUHUX KOJIaX.

MiHiMabHUIA Yac, HEOOXIJHUU g MEepEMUKaHHS, HAa3UBAETHCS 4ACOM
3aTpuMKH t,. BiH qopiBHIOE cymi yaciB qudy3ii HEOCHOBHUX HOCIIB 3apsiay uepes
6a3u. ExciepuMeHTaIbHO BeMMYMHA t, BUBHAYAETHCS MIHIMAJIBHOK TPUBAJICTIO
IMITYJIbCY CBITJIa, IO BMHUKA€E (DOTOTUPUCTOP. 3 POCTOM IHTECHCHBHOCTI CBITJIA
yac 3aTpUMKH 3MEHIIyeTbcs. OHIED 3 MPUYUH [BOTO € 30UTbIICHHS
koedirienTa qudy3ii Mpyu BUCOKUX PIBHAX 1HXKEKIIIT HOCIIB 3apsiay

['onoBHa mepeBara (OTOTUPUCTOPIB — CIHPOMOXKHICTh TEPEMHUKAHHS
3HAYHUX CTPYMIB Ta HANpyT CJIa0KUMHU CBITJIOBUMHU CUTHaJIaMU. Y MOPIBHSIHHI 3
doroTpanzucropamu  (QOTOTUPUCTOPU  MIATPUMYIOTH  BEJIMKI ~ 3HAYEHHSA
KOMYTOBAaHHMX CTPYMIB 1 Hampyr, OUIbIII BUCOKY Yy TOPIBHSHHI 31 CKJIaJCHUMU
dororpanzucropamu mBHAKOAI0 (10-30 mkc). OcHoBHa cdepa 3acTOCyBaHb
(GOTOTUPUCTOPIB —  KEpyBaHHA  BEIMKMMU CTpyMaMd B  «CHJIOBIi»

ONTOEIEKTPOHILI.

2.2.7 bararoeJjieMeHTHi (poTonpuitMayi

B psni BumaakiB HEOOXiHO HE TIIBKU BIAMITHTH HAsSBHICThH IMydYKa CBITJIa
ab0 Moro I1HTEHCUBHICTb, ayne ¥ 3adikcyBaTu (OTOETEKTPUUYHUM CIIOCOOOM
ONTUYHE 300paKEHHs, M0 Ma€ TEBHUN PO3MOJAUT IHTEHCUBHOCTI CBITJIA IO
wiomuHl. Ile MoXHa AOCATHYTH, BUTOTOBUBIUM €KpaH, L0 MICTUTh OaraTto
MIHIATIOPHUX (POTONpHIIMAaYiB, sIKi IEPETBOPIOIOTH CBITJIOBI TOTOKH Y BiJIMOBIJIHI
€JIEKTPUYHI CUTHAIM. 3alucaHa TaKUM YMHOM ONTHUYHA 1H(QOpMallis IeIKUui Jac

30epiraerbesi, a MOTIM "3unMTyeThesas" THM abo0 1HIMM crnocoboM. Enextpuuni
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CUTHAJIM BiJ] PI3HUX KOMIPOK €KpaHa MOXYTh OYTH TMOCIIJOBHO TIEpe/IaHi B 1HIIE
MiCII€ 1 BUKOPUCTAHI1 JJIsl BIATBOPEHHS 300paKeHHs 00’ €KTa.

CporojiHi A1 BBEICHHs 300pakKeHb BUKOPHUCTOBYIOTHCS OaraToeleMeHTHI
dboTonpuitmMaul Ha OCHOBI mpuiaiB 13 3apsaaoBumM 3B’s3koM (I133). 3 dizuunoi
Touku 30py II33 mikaBi TUM, IO €NEKTPUYHUN CHUTHAJ y HUX TOJIAaHUN HE
CTpYMOM a00 Hampyror, K y OUIBIIOCTI IHIIMX TBEPAOTUIBHUX MPUIIAJIB, a
3apsJI0M.

CropoiieHo mpuiajx 13 3apsJOBUM  3B'SI3KOM  MOKHA pO3IISIAATH  SIK
MaTPUII0 OJIM3bKO PO3TAIIOBAHUX KOHJIEHCATOPIB, YTBOPEHUX CTPYKTYPOIO
MeTtaln-aienekrpuk-HamiBnpoBigauk (MJIH) (puc. 2.11, a). Ilpu BignoBigHii
MOCTIZIOBHOCTI ~ TaKTOBUX IMITyJIbCIB Hampyrd Ha enekrpomgax MJIH-
KOHJICHCAaTOpIB  3apsIOBI  MAKETH MOXHA MEPEHOCUTH MK CYCIOIHIMHU
enemMeHTamMu npwiany. CTpyKTypa CKIAIA€ThCsA 13 IIapy KPEMHIIO N-THUILY

(mpaknanka), mapy JIBOOKHCY 130JIFOBIBHOIO KPEMHIKO 1 HAOOpy IUIACTHH-

€JICKTPO/IIB.
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Pucynok 2.11 — Enepreruuna cxema MJIH-cTpyKkTypH ripu HassBHOCTI HarpyTH (a) 1
cepisi B3aEMOJIIIOYMX €JIEMEHTIB, JI0 SIKMX MPHUKIAZACHI PIi3H1
Hanpyru (0). lItpuxoBa miHis - TpaHUI 00JACTI MPOCTOPOBOTO

3apsiny, Es-E, - TuOnHN MOTeHIIabHAX SIM TS TIPOK

Sxmo B CcTpykTypl mnpukianawTs Hanpyry U (MiHyc Ha MeTani), TO
YacTHHA JIOMINIKOBUX €JIEKTPOHIB BHUBOJMTHCS 3 HAMIBIPOBITHUKA 1-THILY, IO
NPU3BOAUTH JO TOSBU IIApy MO3UTHUBHOTO 00’€MHOTO 3apsiAy TOBIIMHOIO d.
ToBmuHa 11bOTO MAPY 30LTBITY€ETHCS 3 pocTOM U.

EnextpoHu, sKki BUHMKaIOTH npu  ocBiTieHHl MJH-ctpykrypu,
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BIJIBOJSITECA B 00’€M HAMIBNPOBIJHUKA, a MIPKH HAKOMUYYIOTHCS OIS MExXi 3
nienekTpukoM. KulbKicTh IUX AIpOK (TOOTO 3arajibHU TO3UTUBHUN 3apsii)
3QJICKHUTH Bl IHTCHCUBHOCTI CBITJIa 1 Wacy Horo mii. SIKio TeruioBa reHepartis
nap He3HayHa, HaKomu4eHuM 3apsy (To0To 1H(opmallis, 3ajaHa CBITIOM) MOXE
30epiraTuch TPUBAIHMKA Yac, OCKUIbKH E€JIEKTPOHIB y 301aHEHIA 00JiacTi HEMae.
Hocii, mo renepyroTbes 3a MekaMmu 301IHEHO1 001acTi, TOBIJIBHO PYXalOThCS —
TUGYHAYIOTH 1, PeKOMOIHYIOTh TIEPIII, HIXK MOTPAIUISIOTH M1 110 OIS 301HEHOT
ob0nacti. Hocii, mo reHepyroTbcs nN00AM3Yy 301HEHOT 00JacTi, MOXYTb
mudyHIyBaTH B CTOPOHH 1 MOXYTh IOTPANUTH MiJ CYCITHIA e€JleKTpoa. Y
4epBOHOMY U iH(padepBOHOMY Jiama3oHax JOBXWH XxBwib [I133 wmaroTh
PO3ITIbHY 3AaTHICTD TipIy, HDK Y BUAUMOMY Jiama3oHi. [le oOyMoBIIeHO THM,
mo ¢GoToHH 1H(GPAYEPBOHOTO Ta HYEPBOHOTO BHUIPOMIHIOBAHHS MPOHUKAIOTH
rM0IIe B KPUCTANI KPEMHIIO 1 3apsI0BUI TAKET PO3MUBAETHCS.

Ha puc. 2.11, 6 300paxenuii nanior M/IH-cTpykTyp, M0 € 9acTUHOIO
psiika 0araToeleMeHTHOTO (POTOUYTIMBOrO eKpaHa. Y BUMANKY | Ha CTPYKTypy
HE IMOJaHa 30BHINIHA HANpyra 1 HasBHICTb 301JHEHOrO EJIIEKTPOHAMH IIapy
TOBIIUHOKO d MOB’s3aHa 3 KOHTAKTHOIO pi3HUIE0 noTeHiianiB U, Bumagok II
BIIMOBIZJa€ MPUCYTHOCTI 30BHINIHBOI HANPYTH 1 OCBITIEHHSI CTPYKTYpHU Kpi3b
HAIBINPOBITHUKOBUIM MeTasieBuil enektpoa (3arBop). Hakonuuenwit 3a yac
OCBITJICHHS 3apsiJ AIPOK MOKe OyTH 3CYHYTHH B3/J0BXK JIAHLIOra CTPYKTYP, AKIIO
Ha CYCIHIA eJIeMEHT IMoJaHo OuThIN BUCOKY Harpyry (Bumamok III). V mpomy
BUMAJKY TIHMOWHA TOTEHLIaIbHOI MU JJiA JIpOK Ouiblla, 1 BOHM BHACTIIOK
mudy3ii meperayTh BiJl IPYroro ejJeMeHTa JI0 TPEThOro. Y TMPOMIKKY MiX
3acioHaMu 2 1 3 MpUCYyTHE MPUCKOPIOBANIbHE TIOJIE MIPKH, SKE MPOHHUKAE 1 B
00J1aCTh HAKOMHWYEHHS JIPOK, TOMY MEpPEeTIKaHHS NIPOK /0 eJeMEHTa 3 MOXKe
OyTH JOCTaTHHO IIBUIKHUM.

TakuM YMHOM, €NIEKTPUYHUN CUTHAJI BIJ €JIEMEHTa 2, MPONOPLIHHMIMA
iHTeHcuBHOCTI @ 1 4Wacy Aii CBiTNIa, IO Taja€ Ha IeH €JIeMEHT, MOXe OyTh
MPOBEJACHUIN MO JIAHLIIOTY €JIEMEHTIB 1 BHUBEJEHUN Yy 3O0BHIIIHIN JaHIIOT.
AHaJOTIYHUM YHMHOM MOXYTh OyTH OTpUMaHi BIACOCUTHAIM BiJ 1HIIUX
€JIEMEHTIB PsIIKa 1 €IEMEHTIB 1HILUX PSAIKIB.

MikpockorniyHi (OTOUYTIUBI €IEMEHTH PO3MIIICHI B PAJIKY Tak OJU3BKO

(I =3 MKM), III0 BOHH MOXYTh B3a€EMOJISITH, TIEPEIal0uUd OJUH OJHOMY 3apsiiu.
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3BiZIcCM Ha3Ba MOJIOHUX MPHUCTPOIB - MPWIANU 13 3apsAgoBUM (200 00’€MHUM)
3B s13koM. Lleit 3B’s30k Mk MJIH-cTpyKkTypamu 311MCHIOETBCS Uepe3 3arajibHy
JUTSL BCIX CTPYKTYP TOBIIMHY HaIiBIPOBIIHUKIB.

JIBOBUMIpHUN MacuB (MaTPUIIO) MIKCETIB OJEPXKYIOTh 3a JIOMOMOIOI0
CTOI-KaHAJIB, M0 PO3IISAIOTH elneKTpoany cTpykTypy I[13C nHa croBmii. Cror-
KaHaJId — 1€ BY3bKI 00JacTi, c(opMoBaHI CcHELiaIbHUMH TEXHOJOTTYHUMHU
npuiioMamMu B TIPUIIOBEPXHEBIM 00J1aCTi, MO MEPEHIKOKAIOTh PO3TIKAHHIO
3apsiay MiJl CyCiIHI CTOBMIII.

SAxicTh ycix ¢poTonpuitmManbHux MaTpullb 1133 3a1exuTh Bijl €PEeKTUBHOCTI
MEPEHOCY 3apAJiiB BiJl KOMIPOK /10 KiHIIEBOro mifcuiatoBadya. OCKUIbKU 3apsiau 3
MUKCENIB, 110 PO3TallloBaHl JajieKo BiJ KIHIIEBOIO IMiJACHIIOBaYa, ITOBUHHI
MEPEHECTUCSI Ha COTHI 1 THCS4Yl KPOKIB, TO €(EeKTHUBHICTh Mepedadi 3apsiiB
MOBHHHA OyTH MaKCHUMaJbHO HaONMKEHOIO a0 oauHuill. I{s Bumora HalyBae
0COOJMBOTO 3HAYEHHS MPHU HU3BKUX PIBHAX 3apsiiiB (HAMPHUKIAA, IPH CIa0KOMY
OCBITJICHH1), KOJM MaJla BTpaTa 3apsdiB MOXE IMPHU3BECTH [0 CYTTEBOTO
CHOTBOPEHHS 300paKEHHS.

OCHOBHMMHU THUIIaMH TpWIaaiB 13 3apsgoBuM 3B's3kom € [133 13
noBepxHeBUM KaHaioM 1 133 3 mpuxoBanum kanaiom. Y 133 i3 moBepxHEeBUM
KaHAJIOM 3apsaud  30epiraloThCs 1 MEPEHOCAThCS Ol  MeXi  PO3ILLy
HaIIBIPOBITHUK-AIEIEKTPUK. JIJIs TMOBEpXHEBOr0o MIapy XapakTepHa BeEIUKA
KUIBKICTh JI€()EKTiB, 1110 HEraTUBHO BILIUBAE HAa €(DEKTHUBHICTh MEPEHOCY 3aps/IiB.
OCKiTbKM ~ TOBHICTIO ~ YCYHYTH  TIOBEpXHEeBI  JedeKTH  HEMOXKIHUBO,
XapaKTEepPUCTUKU MPUIIAJIB MOKPAILYIOTh 32 PaXyHOK TOTO, 1110 3aps0B1 MaKeTH
30epiraroThes 1 epeaarThes Ha JesKiil BiicTaHi Bij nmoBepxHi. e peanizyeTscs
y 133 3 npuxoBanuM KaHaioM. 3aBISKH CIELIaJbHOMY JIETYBAaHHIO MIAKIAJAKU B
Hil (hOpMy€eThCS KaHaM 3 MPOTUIIC)KHUM TUIIOM MTPOBIIHOCTI.

binpmicte TumiB [133-mMarpui, 1m0 BUTOTOBJISIOTHCS HA MPOMHCIOBIN
OCHOBI, OPIEHTOBAH1 Ha 3aCTOCYBaHHS B Tele0adeHHi. SIK MpaBUiI0, Taki MaTPUIIi
CKJIQIAIOTHECS 3 JIBOX 1AEHTUYHHUX OOJiacTel — 00JlacTl HaKOMMUYEHHS Ta 00J1acTi
30epexkeHHsi.  OOmacth  30epeXeHHS  3axXWIlleHa BiJ BIUIMBY  CBITJIA
CBITJIOHCTIPOHUKHHUM TOKPHUTTAM. [1i yac 3BOPOTHOTO X0y MPOMEHS KaapoBOi
PO3rOpTKH  300pakeHHs, chopMoBaHE B 00JacTi HAKOIMMYCHHS, IIBHJIKO

MEPEHOCUTHCSI B 00JIaCTh 30€pEKEHHS 1, MOTIM, MOKH €KCIIOHY€ETbCS HACTYIHHMA
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KaJip, 3YUTYETHCA MOPSAKOBO 3 YACTOTOIO PSAKOBOI pPO3ropTku. Taki mpuianu
Ha3uBaOThes [133 13 KaApoBUM MEPEHOCOM. 3aBASKM HU3BKIM I11HI BOHHU
3HAXOMTh IMIMPOKE BUKOPUCTAHHS B OOYTOBIHM BijgeorexHimi. [Ipore mpunanu 3
KaJIpOBUM TICPEHOCOM MOXXHAa BHUKOPUCTOBYBATH JUIsl 3HOMOK y 1oOpe
OCBITJICHMX YMOBaX.

®dortonpuitmanbHi npuctpoi Ha 1133 BUKOPHUCTOBYIOTH Majy €HEpriio Mij
Yyac 34MTYyBaHHs, MOTpeOyroTh HeBenukux Hampyr (10-20 B) 1 mpu KimbKocTi
eneMeHTiB ~ 1-10° cM™ MOXYTh MaTH XOPOLIy PO3ALIbHY 31aTHICTS (40 miHil Ha
1 mMm). OCKUIBKM 4YYTJIMBI  €JIEMEHTH BHUKOPUCTOBYIOTH HE p-n-TIEPEXOJIH, a
MOBEPXHEB1 Oap’€pH, MOJETIIyEThCS Ma0ip 00JACTi CIEKTPATbHOI UyTIUBOCTI
npwiaay HUITXOM BHOOPY MaTepiaidy 3 BIJIMNOBIAHOK IIMPUHOIO 3a00pOHEHOI

30nu (AE < hv).

2.3 Onrponu

OnTpoHOM HA3HMBAETHCS ONTOEIEKTPOHHUM Mpuiad, SKUA MICTUTH
JDKEpEIIo 1 mpuiiMad BUIIPOMIHIOBAHHS, 110 ONITUYHO 1 KOHCTPYKTHUBHO IOB'A3aHI
M1k CO00I0.

OCHOBHMM JKEPEJIOM BHUIPOMIHIOBAHHS, 110 BHKOPUCTOBYETHCS B
ONTPOHAX, € 1H(ppauepBOHUN CcBiTIOMAIOA. [ NEAKUX MPUCTPOIB AK Kepelna
MOKYyThb BHMKOPUCTOBYBAaTHCSl HAaIiBIPOBIIHUKOBI Jasepu. Sk ¢QoTonpuitmau
MOXYTh OyTH BHKOpHUCTaHi (oTopesuctopu, (GoToaionu, (HOTOTPaH3UCTOPH,
dboroTupucTopu. BiAmoBigHO 70 IOIO PO3PI3HIIOTH PE3UCTOPHI, J10JHI,
TPaH3UCTOPHI Ta TUPUCTOPHI onTpoHH. Came doTonpuiiMady € TUM OCHOBHHUM
€JIEMEHTOM ONTOMAapu, II0 BH3HAYAETHCS 1I CXEMOTEXHIYHUM 3aCTOCYBAHHSIM.
CepenoBuliieM ONTUYHOTO KaHATy MOXKE CIY>KUTH MOBITPS, CKJIO, IIacTMaca abo
1HIIIa TIPO30pa PEUYOBMHA. YCI €JIEMEHTH OINTONap MOBUHHI OyTH MOTOHKEHI 3a
CHEKTPATILHUMU XapaKTepUCTUKAMH, HIBUIKO/IIEIO, TEMIEPATypPHUMHU
BJIACTUBOCTSIM, TabapuTamu.

EnemenTtapuuii onTpoH, 10 MICTUTh OJIHE JDKEPENO 1 OJAWH MpHUiimady,
HA3UBAETHCS onmonaporo. bulbll CKIaJHI ONTPOHU, 00'€HAHI B 1HTErpaIbHUX
MIKpOCXeMax 3 OJJHUM a0o0 JIeKIIbKOMa TOTO/KYBaJIbHUMU Ta T1ICUITIOBATILHUMU

MPUCTPOSMHU, HA3UBAIOTh ONTOEIEKTPOHHUMU 1HTEIPATTbHUMU MIKPOCXEMaMHU.
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[Ipuntun aii onronapu OCHOBaHMI HA TIOJIBIHHOMY MEPETBOPEHHI €HEPT1i.
Y CBITJOBUIPOMIHIOBAaYl  €HEPrisl  BXIAHOTO  E€JIEKTPUYHOTO  CHUTHAJY
MIEPETBOPIOETHCS B ONTHUYHE BUIIPOMIHIOBaHHS, a y ¢oTonpuitMadi, HaBIAKH,
ONTUYHUNA CUTHAJI BUKJIMKAE E€JIEKTPUYHUNA CTpyM abo Hampyry. Takum 4rMHOM
omromnapa sBisie co00K0 MpWIaa 3 EJIeKTPUYHUMU BXIJTHUMU Ta BHXITHUMHU
CUTHaJaMH, TOOTO 3B’S30K 13 30BHIMIHHOK) CXEMOIO [JIi ONTOMapu €
eNeKTpuuHUM. Beepeauni onronapu 3B’ 130K BXOJY 3 BUXOJIOM 3/I1MCHIOETHCS 32
JOTIOMOT OO ONITUYHHUX CUTHANIB.

[IpuHiunoBi TmepeBard onromnap, Mmo OOyMOBJIEHI BUKOPUCTAHHSIM
(GOTOHIB SIK HOCIIB iH(pOpMAITii, MOIATAIOTH y 3a0€3MeUYCeHH] BUCOKOT €ICKTPUIHOT
1307141111 MK BXOJIOM Ta BHUXOJOM, OJHOCHPSIMOBAHOCTI TMOTOKY i1H(opmaIrii,
IIUPOKOi CMyTH TMpomyckaHHsA. KpiM 3a3HadeHWX, IHIOIUMU BaXKIMBUMHU
nepeBaramu OInromnap e:

- MOXJIUBICTh O€3KOHTAKTHOTO (ONTUYHOIO) KEPYBAaHHS EICKTPOHHUMHU
o0’ekTaMyu Ta OOYMOBJICHI IIMM pI3HOMAHITHICTh Ta THYYKICTh pIIIEHb
YIPaBJIIHHS;

- HEYYTJUBICTh ONTHYHHMX KaHATIB 3B 3Ky J0 il €JIeKTPOMArHiTHUX
MOJTIB, MO0 Y BUMAJKY ONTOMAp 3 MPOTSHDKHUM ONTHYHUM KaHAJOM OOYMOBITIOE
BHCOKY 3aBaJI03aXUIIEHICTh, @ TAKOXK BUKJIIOYAE B3a€EMHI HABEICHHS;

- MOXJIMBICTh K€PYBaHHS BUXIJIHUM CHUTHAJIOM OINTONAPH LUISIXOM Jii Ha
ONTUYHUN KaHall 1, SK HACHIJOK, CTBOPEHHS PI3HUX JATYMUKIB Ta 1HIIUX
IIPUCTPOIB.

OcHoBHuMHU Henojdikamu onronap € Hu3bkud KKJI, moB’s3anuit 3
MOJBIMHUM TIEPETBOPECHHSIM €HEprii, Ta 3HAYHA 3aJIEKHICTH IMapaMeTpiB Bij
TEMIEPATYPH.

B cucremi mapameTpiB onTomap MOKHa BUIUIUTH YOTHPU TPYMH: BXIiJIHI
napameTpu (E€NeKTpUYHI MapamMeTpd BHUIIPOMIHIOBAaYa), BHUXIAHI MapameTpu
(enmexTpuuHi TapameTpu QoTomnpuiiMada), mepeAaTHi mapamerpu (mapameTpu
nepeaayl CUrHaty 3 BXOAY Ha BUX1J) Ta MapaMeTpH 130JIsI111.

[lepenatai mapameTpu  XapakTepusyrTh €(GEKTHBHICTH  Mepeaadl
€JIEKTPUYHOI0 CUTHAJy 3 BXOJy ONTONapu Ha BuXiA. EdexTuBHICTH mepenaui
€Heprii CUrHaTy OMHCYIOTh KOe(IlieHTOM Tepenadi (3a3BUYail 3a CTpyMOM), a

HIBUKICT MEepeadi CUTHaIy — YaCOBUMH MapaMeTpPaMHu.
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KoedimienT mepenadi € OCHOBHMM IMapaMeTpPOM, SIKUH XapaKTEPHU3Y€E
nepenavy eJIeKTPUYHOr0 CUTHAITY 3 BXOJly ONTOINApH Ha i BUXIJ, 1 BU3BHAYAETHCSA

BIJIHOIICHHSM BUXIJHOTO CTPyMy onTomnapu I, 10 ii BXiTHOTO CTpyMYy Ig,:

3anexHicts I, = f(l,, ) HA3UBAETHCS NEPEAABATILHOIO (QYHKIIIETO.

TupucropHa onromnapa mparoe JHUIIE Y KIIYOBOMY PEXKHUMI, 1 TapameTp
K; nns nei He mae ceHcy. llepenaBanbHa XapakTEpUCTUKA TYT BU3HAYAETHCS
BXIJTHUM CTPYMOM, TIPH IKOMY (DOTOTUPUCTOP BMUKAETHCS.

IBHAKOIIIO ONITPOHA XapaKTEPU3YIOTh YACOM MEePEMHUKAHHS

b=ty + tcna

e f.Tat., —4Y4acu HapOCTaHHs 1 CIlagy CUrHajly Ha BUXO/1 OIITPOHA.

HIBuakomisi TakoK MOXKE XapaKTePU3yBaTHCS TPAaHUYHOIO YaCTOTOIO
EepPEeMHUKAHHS.

[TapameTpamu eNeKTPUYHOI 1301111 ONTONAp €: MAKCUMaJIbHO TOMYCTUMA
MiKOBA Ta CTaTUYHA HAIPYTHU 130711111 MK BXOJOM Ta BUXOJIOM, OITIp 130JIA1Ii1 Ta
MPOX1J{HA EMHICTb.

B enexTpuuHHX cxeMax ONTOMApU 3HAXOIATH IIMPOKE 3aCTOCYBaHHS SIK
CIEeMEHTH EJCKTPUYHOI PO3B’SI3KM 3aBISIKM TOMY, MO IS IX YCIIIIHOTO
¢dbyukmionyBanns Bucokuid KKJ[ He € 000B’s3koBuM. Cepen omromap, o
BUKOPUCTOBYIOThCA I PO3B’S3KM, HaWOLIbII IMPOKO MOJAHI TaKl, y SKUX SK
dboTonpuitmaui 3acTocoBaHi HOTOTpaH3UCTOP, (HOTOAI0A Ta (POTOTUPHUCTOP.

Jllo/1H1 Ta TPaH3UCTOPHI ONTONAPH BUKOPUCTOBYIOTHCSA TOJOBHUM YHHOM
y KoJlax mepemadi nudpoBux iHGopmariiHux cur"amb. Kpurepiem sKoCTi
ciyXutb mapameTp Ki/t,,,(t;un — 9ac 3aTPUMKH PO3MOBCIOKCHHSI CHUTHANTY). 3a
UM KpUTEpPIEM MIOAHI ONTOINApW 3HAYHO Kpalli, HiK TpaH3ucTopHi. [{um 1
OOyMOBJICHO JOMIHYBaHHS JIOJHHMX ONTONAp B OOYMCITIOBAIBHIA TEXHIIIl,

TeXHill nepegadi Ta 06poOku iHGopmariii. Ciija 3a3HAYUTH, 110 A10IHI ONITONapH
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MalTh Maluid Koe(DilieHT mepenadi, 1 TOMYy MOTpPeOyIOTh 00OB’SI3KOBOTO
M1JICUJICHHS] BUX1JTHOTO CUTHAITY.

BaxximBuM pi3HOBUAOM JIIOJHUX OMNTOINAP € TAaK 3BaHl audepeHIiaibHi
onTonapu — NpUiaJiv, B IKUX OJIUH CBITJIOBUIIPOMIHIOBAY JII€ HA JBA 1ICHTUYHUX
dboTomionm.

B mnpuctposix Oe3KOHTAaKTHOTO KEpyBaHHS € 3pYyYHHMH TPaH3UCTOPHI
OTITOMAPH, & JIJISI ONTUYHOI KOMYTAIlii BACOKOBOJIbTHUX CHJIBHOCTPYMOBHUX KUT -
TUPHUCTOPHI.

Cnig 3a3HayuTH, IO 3BOJAMTH NPHU3HAYEHHS ONTONAP TUIBKU MO
3a0e3MeyeHHs eIEKTPUYHOI 130111 MK BXIIHUMH Ta BUXITHUMH KoJamMH OyJio
0 He mpaBUibHO. BBeneHHS 3a JOMOMOrOI ONTOIMAP ONTHYHOIO KEepyBaHHS
JI03BOJISIE OTPUMATH EJIEKTPOHHI MPHUCTPOi 3 OCOOIMBHUMH TapaMeTpamMH Ta
XapakTepucTukamMu. BBeneHHs eleKTpuyHoro Ta (a00) ONTUYHOTO 3BOPOTHOIO
3B'SI3KY J03BOJISIIOTH peaii3oByBaTH (DyHKLII TeHepalli, 3amam’sTOByBaHHS Ta
EAK1 1HIII.

BOJOKOHHO-ONTHYHI KaHAJIM 3B’S3Ky MOXHA PO3IJIAATU SIK CBOEPIJIHI
ONTOMNAPH, B SKUX CBITJIOBUIPOMIHIOBaY Ta (OTONpPUNMAY € PO3HECEHUMH Y
IIPOCTOP1 HA 3HAYHI BIJCTaHI.

[Ile oqHUM THIIOM ONTOMNApP € ONTOMAPU 3 BIAKPUTUM ONTUYHUM KaHAIOM,
B SIKUX CBITJIOBUIIPOMIHIOBaY Ta (POTONpPHUIMAyY 3MOHTOBAaHI OKPEMO OJWH Bij
OJIHOTO, a 3B 30K MDK HUMH, Yy TEPEBaXHINH OUIBIIOCTI, 3AIHCHIOETBCA dYepe3
MOBITPSL.

HapemTi cepenoBuiiie Mi>K CBITJIOBUIIPOMIHIOBaUYe€M Ta (oTonmpuiitMadyem
MOKe OyTH BHKOHAHO 3 MaTepiayly, CBITJIONPOITYCKAHHS SKOTO 3MIHIOETBHCS ITi]T

€10 30BHIMIHIX BIUIABIB.

KoHTpoJsbHiI nMTaHHS

1. ¥V domy nmondrae pi3HMIS MDK E€HEPreTUYHHMHM Ta CBITIOBUMU
BenuunHamMu? Uu iCHy€E 3B’ 30K MiK HUMHU, SIKIIO TAK, TO SKHI?

2. ITlepepaxyiiTe OCHOBHI €HEpPre€THYHI Ta CBITIOBlI XapaKTEPUCTUKU
ONITUYHOI'O BUIIPOMIHIOBaHHS. B sIKUX OAMHUILIAX BOHU BUMIPIOIOTHCS?

3. V yomy mnojsrae pi3HULS MDK TEIUIOBUMH Ta JIFOMIHECHEHTHUM
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JDKepelaMy BUIIPOMIHIOBaHHS? SIKI BUIM JIOMIHECICHI[T HAWOUIBII IIUPOKO
BUKOPUCTOBYIOTh B ONTOEJIEKTPOHILI1?

4. OxapakTepusylTe CIIOHTAaHHE Ta CTUMYJIbOBAHE BUIIPOMIHIOBAaHHS. Sk
Ha Bamly AYMKY, Y¥ MOXHa OTPHMaTH KOTEPCHTHE BHIPOMIHIOBAHHS 32
JIOTIOMOT OO TETIJIOBOTO JiKepena?

5. YUu icHye pi3HUUA y  30BHIIIHBOMY KBAaHTOBOMY  BHUXOJl
BUINPOMIHIOBAaHHS TP 1HXKEKIIHHIN EJICKTPOJIIOMIHECIICHIIII B TOMO- Ta
rereponepexoAi? SKio Tak, TO 3 YUM 1€ OB’ I3aHO?

6. BpaxoBytouu, 110 31 30UIBIIEHHAM TeMIEpaTypu MIMpUHA 3a00pOHEHOT
30HM HAMIBIPOBIJIHUKA 3MEHIIYETHCS, MOSICHICTh K II€ MOXE BIUIMHYTH Ha
JOBXHHY  XBWJII  TreHepoBaHoro  BumpoMiHioBanHa Ta  Ha  KKJ|
€JIEKTPOIFOMIHECIEHIII].

7. OxapakTepu3yuTe CBITIOAION SK CBITJIOBUNPOMIHIOBaY. Yu Oyje
CIOCTEpIraTUCSl TeHepalis ONTHUYHOTO BUIPOMIHIOBAHHA Yy CBITJIOAIONI MpHU
MPUKJIaJIaHH1 10 HbOT'O 3BOPOTHOT HAnpyru? BiAmoBib MOSCHITS.

8. OxapakTepusyire THXKEKI[IAHUMI Ja3epHUi JI10]T SIK
ceitoBunpomidioBad. [llo cmisbHOrO Mik HUM Ta cBiTIOAIoAOM? UuM BOHU
BIJIPI3HSIOTHCA?

9. Yu Oyne pi3HULS B AOBXHHI XBHJII ONTUYHOTO BUIIPOMIHIOBAHHS, IO
J03BOJIUTH CHOCTepirati (POTOENEKTPUUHI SBHILA Y HAMIBIPOBIIHUKY MPH
BJIACHOMY Ta JOMIIIIKOBOMY IOTVIMHAHHI?  BiAMOBiAb MOSCHITH.

10. Uu MOXIMBE CHOCTEPEKEHHS (HOTOTaNbBAHIUHOTO €(EeKTy y
dhotopesuctopi? BiAnmoBib MOSCHITS.

11. Tlpu mnpukinaganHi AKUX HAOpyr no0 Qoroxiona, NpAMHUX YU
3BOPOTHUX, MOXIJIMBE MOro BHKOpHUCTaHHS sK (oTonpuiiMaya? Biamnosinpb
MOSICHITb.

12. Yomy mBuaKoAis GoTo/10/1a Ha OCHOBI p-n-TIEPEX01y € MEHIIOK 3a
IIBUJIKOJIIFO 1HIKX THUIIIB (POTOM10TiB?

13. Yu BiApI3HAIOTHCS CHEKTpPaibHI XapaKTEPUCTHKU (POTOMIONIB Ha
OCHOBI p-n-tiepexoay Ta ¢otomaiosnis 3 6ap’epom IloTTki? Akimo Tak, TO 4uM Ta
qyomy?

14. 3a axuMu XapakTEPUCTUKAMU 1 SIK (POTOTPAH3UCTOP BIAPIZHAETHCS Bijl

dbotomiona?
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15. Yum  Bigpi3HAIOTBCA  OararoToeneMeHTHI  (orompuiimMadi  Bia
TUCKPETHUX 3 TOYKHU 30py (PYHKI[IOHATBHUX MOKIUBOCTEH?

16. OxapakrepuzyiiTe onTonapy K ONTOCICKTPOHHUMN MpUIa.

17. Yu OynyTh BIAPI3HATHUCS KOEQILIEHTH MEpeaadl CTpyMy JIIOAHOI Ta
TpaH3UCTOPHOI onTornapu? BiAmoBiib MOsSCHITS.

18. Yu Oyne BIAMIHHICTD y CHOKMBAaHHI MOTY>KHOCTI BiJl KOJa KEpyBaHHS
npu OE3KOHTAKTHIM KOMyTaIllli CWJIOBMX KUI Yy BHIIaJKaX BUKOPUCTAHHS

TPAH3UCTOPHOI Ta TUPUCTOPHOI onTonap? BimoBib MOSICHITS.
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3 OIITOEJIEKTPOHHI CXEMM I3 CBITJIOBUIIPOMIHIOBAYAMMN

3.1 Cxemu BBIMKHEHHS CBITJIOTIOAIB

CxeMOTexHIKa BKIIOYEHHS CBITIOMIOAIB Y HU(PPOBUX (KIOYOBUX) CXEMAX
IMOBHHHA 3aI0BOJBHATH TaKli OCHOBHI BUMOTH:

— MaKcHMaJlbHa MOTYKHICTh BUIIPOMIHIOBAaHHS CITJIOI0/A;

— raubuHa MOayJIsIIii cBiTiioBOro notoky 100%;

— MakcuMmajbHa 4acToTa nmepemukanb 0 1 ',

Ha puc. 3.1 300paxkeni BapiaHTH BBIMKHEHHS CBITIOAiIOMNIB. JlaHl cxemu

nependayaroTb BUKOPUCTAHHS HE (DOPCOBAHUX PEXKHUMIB BMUKAHHS CBITIIONI0/1B

3a CTPYMOM.
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Pucynok 3.1 — BapianTu BBIMKHEHHS CBITJIOAI0/IB Y BUXIJHUX KacKaJiax

ONTOCJICKTPOHHUX JIOTIYHUX CIICMEHTIB

Omnip pe3uctopa R B cxemax Ha puc. 3.1, a,r,7,€ BUOMPA€ETbCS BIANOBIIHO

710 HEPIBHOCTI
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R> KEH ~YCT G3.1)
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ne E — Hanpyra >XMBJICHHS,
Ukg.y — Hanpyra Mix KOJIEKTOPOM Ta €MITEPOM HaCUYEHOI'0 TPAH3UCTOPA;
Ucy — npsAMuil criaj Harpyru Ha CBITIOLIONI;

Iy — npsAMUiL CTPyM 4epe3 CBITIIOAI0.

B cxemax Ha puc. 3.1, 0, B omip pe3uctopa R MOBUHEH 3aJJ0BOJILHITH JBI
HEPIBHOCTI:
re Ve
fer 3.2)
rsE-Uken
y IgH

ne Ix ; — KOJISKTOPHUM CTPYM HACUYEHOTO TPaH3UCTOPA.

[TopiButoroun HepiBHicTh (3.1) Ta cucremy (3.2) MokHaA 3poOHUTH
BHUCHOBOK, III0 JI0 cXeM Ha puc. 3.1, 6,B BUCYBatOThCs OUIBII KOPCTKI BUMOTH Y
MOpiBHSAHHI 31 cxemamu Ha puc. 3.1 a,r,me. Hampyra Uggy moBuHHa OyTH
MEHIIIOI0 32 Hampyry 30yJDKEHHS CBITIOAIONA, a CTpyM Igpy, TIOBUHEH
HepeBuIllyBaTH Iy A7 TOro, mo0 BUKOHYBanacs HepiBHICTh Uygy < Ucy . Kpim
TOTO, CIOXHWBaHa cxemMamMu Ha puc. 3.1 a,r,g,e cepeiaHs MOTYKHICTb

' EI N .
PCP1 :i: A , ¥ TOH 4HacC K CCPpCIAHA IIOTYXXHICTb, CIIO’)KMBaHa CXCMaMH Ha
2 2

1 0
3.1) 67B PCPZZP +P :E(Icﬂ+1KH)
2 2

Popy > Ely,.

, a3 ormany Ha te, WO Ixy> Icy, OAEpKUMO

Takum yuHOM, TpU OJHUX 1 THX K€ POOOUMX PEKHMMAaxX CBITIOAI0NA
CEpelIHE CIIOKUBAHHA MOTYXHOCTI CXeMaMH Ha puc. 3.1, 0,B nepeBuiiye Oinbliie
HIXK y 2 pa3u €eHeprocroKMBaHHs cXxeMaMH Ha puc. 3.1, a,r,i,e.

VY cxemax Ha puc. 3.1, a,0 piBeHb Hanpyru BIAMUKaHHS TpaH3uctopa Ugy
BH3HAYA€THCSI KOHTAKTHOIO PI3HUICIO MOTEHIaNB repexoay Oaza-emitep Uy ,
TOJI SIK JJIS BIIMUKAHHS TPaH3UCTOpa B cxeMi Ha puc. 3.1 B Tpeba mpukiacTu

Hanpyry U, >|E, —U,|+U,. JIns 30ymkenns cBiTioniona y cxemi puc. 3.1 1 Ha
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ii Bxig tpeba nonatu Hanpyry Uy, > U, + 1y Ry, 1€ Icq — CTpyM, NP SKOMY

CBITJIOZI0/] TOYHMHAE BUITPOMIHIOBATH.

[Ipn HenpaBuiIbHO BUOpaHOMY pe3UCTOpl B cxemi Ha puc. 3.1, B rimlOuHa
MOMYJIAIIT CBITIIOBOTO MOTOKY He gocsirae 100%. YV cxemi Ha puc. 3.1, a icHye
30Ha HEYYTJIMBOCTI, sSIKa NPU3BOAUTH 10 3aTpuMku (ponTy. Llelt Hemomik
YCYBA€ThCS PE3UCTOPOM R, B cxemi Ha puc. 3.1, K, omip SKOro BU3HAYAETHCH,
BUXOJISIYH 13 33JJaHOT'0 MOYATKOBOTO CTPYMY CBITJI0/110/1a

E-U'a—R-I'a

I’ —R, = ,
“ 2 ]OCﬂ

ne U’ ¢y - HAIIlpyTa Ha CBITJIOAIO0A1 IIPH TOYAaTKOBOMY CTpyMI ! ar-

Pesuctop R; BubOuparots 3 ymoBu (3.1). YV 1mboMy BHIAIKy €MHICTh
BUIPOMIHIOBIBHOIO  J10JIa  MIA3aps/IKAEThCA, OTXKE, 3MEHIIYEThCA Yac
BMHKaHHS cXxemMu. KpiM Toro, micisi 3akpWBaHHS TpPaH3UCTOpa, €MHICTh
CBITJIONIOZIA PO3PSAKAETHCS HE Yepe3 3aKPUTHH TPaH3UCTOp, SK Yy CXeMi Ha
puc. 3.1, a, a yepe3 pe3ucTop R,, AKUW Mae 3HAYHO MEHIIUN omip. Y pe3ysbTari
1CTOTHO 3MEHIIIY€EThCS 4ac pO3psay €MHOCTI J10/a.

Cxemu Ha puc. 3.1, r-€ MalOTh T1 X HEAOJIKU HIOAO0 BITHOIICHHS POOOTH
CBITIIONIOAa, MO 1 cxema Ha puc. 3.1,a. Ha BiaMiHY BiJg ONUCAaHHUX CXEM B
cxemax, skl 300pakeHi Ha pwc. 3.1, 0,B, CUTHAJI Ha CBITJIOMIOAI 3MIHIOETHCS
npotuBoa3zHO BXiMHOMY CHTHalny (cxemMa BHWKOHYE (yHKIIiI0 iHBepcii 3a
CBITJIOBUM ITOTOKOM I110JI0 BX0AY). KpiM Toro, At IIUX CXeM MOYaTKOBUM CTPYM
Kpi3b CBITJIOZIOM, BIAPIZHSAETHCS BiJ HYyJs, TOMY 30HU HEUYTJIMBOCTI B IIHX
cXeMmax HeMae.

Oco0muBicTh cxeM Ha puc. 3.1, r,e - BUCOKHI BXiZHUN Omip (TPaH3UCTOP
BBIMKHEHHUH 32 CXEMOIO EMITEPHOTO TTOBTOPIOBAYA).

MoxmuBHiA  BUMAAOK, KOJU TIOTY)KHOCTI BHIPOMIHIOBAHHS OJIHOTO
CBITIIOZIOAA HEAOCTaTHHO, TOMY HEOOXIJHO BHKOPHUCTOBYBAaTH  KlJIbKa
CBITJIOZIOAIB, IO MpalpoTh cuH(a3zHo. TyT MOXIMBI JBa crocoOH: KiJIbKa
CBITJIOZIO/IB BMHUKAIOThCSl a00 MOCHIIOBHO abo mapanenbHo. B 000x Bumamax
MOTYXKHICTh ~ BUIIPOMIHIOBaHHS 3pocTa€e y n pa3iB (n — KUIBKICTb

BUKOPUCTOBYBaHUX CBITIOAI0AIB). [IpoTe, mpu MOCHITOBHOMY BBIMKHEHHI
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MIBUIKOISI CXEMH 3MEHINYEThCS, OCKUIBKU y IIbOMY BHITQJIKy 3pOCTa€ TMOCTiHA
gacy cxemu. KpiM Toro, mpu BeTUKOMY # HEOOXIJIHO MiJBUIILYBAaTH 3HAYEHHS
HaIpyTH KUBJICHHS.

[Ipu napanenbHOMY BMUKAHHI MIABUIIYBAaTH HANPYTy KUBJIEHHS HE Tpeoa,
nporte, Tpeda BUOMpPATH OUIbII MOTY>KHUU TPAH3UCTOP, OCKUIBKUA YEpE3 HbOIO
MOBUHEH MpPOTIKATU CYMapHUH CTpyM CBITIHOAIONiB: Iy = ndcgy ne Ir —
KOJIEKTOpPHUH 200 eMITEpHUI CTPYM TPaH3UCTOPA; /¢y — CTPYM CBITIIONI0MA.

IIpn HEOOX1JHOCTI MAaTH HA BUXOJI NPSIMUM 1 IHBEPCHUI CBITJIOBI MOTOKU

BUKOPUCTOBYETHCS CXeMa, 300pakeHa Ha puc. 3.2.

——a+E

1 RZ

Sk

Ca1 VD

VT R 7 Ch2

Pucynok 3.2 — Cxema 3 npsIMUM Ta IHBEPCHUM ONTHYHHUMH BUXOJaMU

[lpy momayi Ha BXiA CXEeMH HANpyrd BHUCOKOTO pIBHS TpPaH3UCTOP
BiIKpUBa€eThCs. CTpyM yepe3 pe3uctop R, 30UIbIIYETHCS, @ HOTEHIIA KOJIEKTOpa

3MeHInyeTecsa.  Ilpu BUKOHaHH1 yMOBU [, 0pR,+Uy ) =E—-Uyy ae

71
I eynop < 1) TPAHUYHE 3HAYCHHS CTPYMY ceitnmomioma CJI1, ceitmomiom CJI1
3aCBIUy€EThCA — 30Y/KYETHCS IPSMUN ONITUYHUI BUXI.

Sxmo Ha BXiJ CXEMH IOJjaHa Hampyra OJu3bpKa JI0 HyJs, TPaH3UCTOP
3aKpUBAETHCS, CTpyM uepe3 pesuctopu R1 1 R2 3meHmyerbcs. Y pesynbrari
MOTEHITIA]T KOJIEKTOpa MiABUINY€EThCs, Aloa VD 3akpuBaeThcs. BHaCIiI0K 11bOTO
ceitnomion CJI1 racuthed, a ciTinomion C/2 3acBiuyerbes. ONTUYHUN CUTHAI
3’ ABJISIETHCSI HA IHBEPCHOMY ONITUYHOMY BUXOJI.

3Ha4YEHHsI ONOPIB PE3UCTOPIB BUZHAYAIOTHCS 13 CUCTEMHU P1BHSAHb
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ne Ucnpi, Ugp — Hanpyry, IpY IKUX TOYNHAE BUIIPOMIHIOBATH BIJIIOBIIHO
NEepIINA Ta APYruil CBITIOII0AH;
Ukg.y — Hampyra HacU4€HHS TPAH3UCTOPA,
Icm, Iop — €TpyM BIAIOBIIHO IEPUIOTO 1 APYTOro CBITJIOAI0NA;
Uy — npsimuii cniazi HanpyTry Ha 11071

Tgimax — MAKCUMAITBHO JIOIYCTUMHUM KOJIEKTOPHUN CTPYM TPAH3UCTOPA.

JlaHa cxeMa J103BOJISIE IPALIOBATH 3 HAIIPYTOIO JKUBJIEHHS > 2B. MoxInBO
TaKOX BHKOPHUCTAaHHS AaHOi cxemHu Oe3 mioma VD, Toll Hampyra >KUBJICHHS
OOMEXY€EThCSI 3a 3HAYCHHSIM 1 CKIAJa€ He OUIbllle TMOJBOEHOI HAIpPyTH

30yIKEHHS CBITI010/1a.

3.2 CxeMu ONITHYHOI epeaavi TaHUX

[IpucTpoi onTHyYHOI Nepenayi AaHUX TPU3HAYAKOTHCA JUIsl IEPETBOPEHHS
CJIEKTPUYHUX CHUTHAJIB B ONTHUYHI Ta MOJAJBINOI Tepenadl iX y JIHIIO 3B’ A3KY.
Buxoasuu 31 cBoro ()yHKIIOHaJBbHOTO NMPU3HAYEHHS, MOJIOHUN MPUCTPI Mae
CJEKTPUYHUIA BXIJ Ta ONTUYHUN  BUXIJ, MMapaMeTpu SKUX TOBUHHI OyTH
Y3TOJI)KEHUMH 3 JKEPEIOM €NIEKTPUYHUX CUTHAJIB, 3 OJJHOTO OOKY, 1 3 IXKEPEIOM
BUIIPOMIHIOBAHHS Ta ONTUYHOIO JIHIEIO 3B SI3KY, 3 APYroro.

B ocHOBI mpHUCTPOIO ONTHYHOI TMepeaayi JEKHUTh HKEPENIO ONTHYHOTO
BUIPOMIHIOBaHHS (3BUYANHO 1€ CBITJIOJNIO/ a00 HaIiBIPOBIAHUKOBHUH ja3ep), B
SAKOMY Oe3MoCepeHbO 3A1MCHIOEThCA TEPETBOPEHHS E€IEKTPUUYHOTO CUTHATY B
ONTUYHUHN. 3a TOPIBHSIHHSAM 3 Jla3epaMu CBITJIONIOAN BIAPI3HAIOTHCS BEJIUKUM
CTPOKOM CIy>KOM, MEHIIOI YYyTJIWBICTIO [0 Jerpafaiii, OuIbII CIa0KOIO
TEMIIEPATyPHOIO 3aJIEKHICTIO MOTY>KHOCTI BUITPOMIHIOBAHHS, HUKYOI0 BapTICTIO
Ta TPOCTIMIO eKcITyartarieio. [IpoTe BOHM mporparoTh ja3zepaMm 3a TaKHUMH

napamMeTpaMM SIK IIMpUHA CHEKTpa BUIPOMIHIOBAHHS, €()EKTUBHICTh BBEICHHS
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BUXIJIHA TOTY>XHICTh BHUIPOMIHIOBAHHS Ta

BUIIPOMIHIOBaHHS Y BOJIOKHO,

MIBUIKOIIA.

€

Pucynok 3.3 — CxeMu MOXKJIUBOTO MiAKIIOUYCHHS CBITIOMIOAIB IO BUXO/IIB

CTaHAAPTHUX iHTCFpaJ'IBHI/IX CXEM
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KpiMm mkepena ONTHYHOrO BHUIIPOMIHIOBAHHS ONTHYHUNA TepeaBay
MOBMHEH MICTUTH €JIEKTpUYHY cXeMmy (IIJICUJIIoBad, KOJEp, MOIYJISATOp,
dhopmyBau), sika Kepye IHKEPeJIoM ONTUYHOTO BUIIPOMIHIOBAHHS 1 Y3rOKYy€ HOTO
BXIJIHI €JIEKTPUYHI apaMeTpu 3 BUXIJHUMU MapaMeTpamMH €JIeKTPOHHOI CXEMH,
AKOI0 POPMYETHCS €JCKTPUIHHUIM CUTHAJ, MPU3HAYCHU JIJIs TIepeiayi.

[Ipu  po3poOLI  EJNEeKTPOHHHUX  CXEM  KEpPyBaHHS  JKEPEIOM
BUMPOMIHIOBaHHSl JIJIi TPUCTPOIB ONTHUYHOI Tmepedadi HU(POBUX CUTHATIB
HEOOX1THO 33JJ0BOJILHUTHU PSii BUMOT:

— y3rojpkeHHs piBHIB BXigHuXx curHaiiB 13 TTJI 1 MOH, to6To piBHAMEU
IHTErpajJpHuX MikpocxeM Ha Oinossipaux 1 MOH-Tpan3ucropax;

— CTaOlIBHICTh POOOTH BHUIIPOMIHIOBAJIIBHUX [IOJIB MPU BIUIMBI PI3HUX
eKCIUTyaTaliiHuxX  (akTopiB  (HampuKkiaa,  MIABUIICHOT  TeMmIepaTypu
HABKOJIMIITHBOTO CEPE/IOBUIIA);

— IIBUJKE BMUKAHHA 1 BHUMHUKAHHS BUIPOMIHIOBJIBHUX [IOJIB MpU i
CUTHAJIIB KEPYBaHHS;

— TIJBUILECHHS 3aBaJOCTIMKOCTI BXIAHUX KIJI MEpeAaBajbHOrO KIHIIEBOTO
IPUCTPOIO.

{1 BuUMOrM JE€SKOK MIPOK MOXYTh 3aJ0BOJIBHUTH PI3HI JIOT14HI
MIKpOocXeMH. BapiaHTH MIAKIIOYEHHS CBITJIOJAIONAIB O  PI3HUX  THIIIB
IHTErpaJIbHUX CXEeM 300pakeHi Ha puc. 3.3.

Buxigauit omip O11bII0CTI HU(PPOBUX MIKPOCXEM Y CTaH1 JIOTTYHOTO «0»
CYTT€BO BIAPI3HAETHCA B1J BUXITHOTO ONOPY B CTaH1 JOTTYHOI «1» 1 HE 103BOJIsAE
ollepKaTH  3aJIOBUIbHY CHMETPII0  BBIXOJHOTO KacKady IepelaBaIbHOTO
npuctporo. Bunartok cknagarots JTJI-mikpocxemu (puc. 3.3, 1.). Ix Buximumii
omp y aiamasoHi poGoumx cTpymiB y crami morigoro «0» (R’,.) i B crami
norignoi «1» (R' ) nexuts y Mexax 10—200 Owm. I Ko Z0OTPUMYETHCS yMOBa

. . R —R!
~ BUX BUX
R =R >>

9

TO BUXIJIHUM KacKaJ MepeaaBajibHOro MPUCTPOIO, MOOYJOBAaHUN HAa OCHOBI TAKO1

MiKpOCXCMI/I, MO’XHA BBAXKATU IIPAKTHYHO CUMCTPHUYIHUM.
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Hocsartu 32JI0BLTBHOT cuMeTpii nepenaBaibHOTO MIPUCTPOIO
ONTOEJEKTPOHHOI JIIHII 3B’A3Ky MOXXHA MpPU BUKOPUCTAHHI PI3HUX THUIIB
MIKpPOCXEM, ajieé B IIbOMY BHUIIQJKy IOTPIOHO JEesKe YCKIAJIHEHHS CXEMH.
OCHOBHOIO TPHUYMHOIO MEpedOiB MpU Mepenayl CUTHajiB JOTIYHOro «0» 1
JoT14HOT «1» € BIIXWJICHHS MapaMeTpiB PexUMy pOOOTH BUIIPOMIHIOBAIHHOTO
alona 4depe3 TemmneparypHui po3kuna iloro BAX, moxuOku 3HAYEHHS ONOPY
pe3ucTopa  HABAaHTAXXCHHS, SIKUH  BMMKAa€TbCd  TOCIIAOBHO B KOJIO
BUIPOMiHIOBaILHOTO J104a. Ha puc. 3.4 300pakeHa cxema TUIIOBOTO ITU(POBOTO
nepelaBalIbHOr0 TPUCTPOIO TMepenadl JOTiYyHUX curHaiiB cymicaux 3 TTJI

(TpaH3MCTOPHO-TpaH3UCTOpHA Jorika, U’=0.4 B; U'=2.4 B).

— +E

ch
R .

Pucynox 3.4 — Enexktpuyna cxema nudpoBoro nepeaaBaibHOTO MPUCTPOIO

Takuii TpUCTPIi BUTOTOBIIAETHCS B IHTETPAJIBHOMY BUKOHAHHI 1 32 CBOEIO
CTPYKTYPOIO € aHAJOTTYHUM J0 craHaapTHoro iHBeptopa TTJI (Ha puc. 3.4 us
YacTHHA MPUCTPOIO 00BE/IEHA MyHKTUPOM). BiH ckilafaeThest 3 BX1IHOI YaCTUHU
Ha Tpanzuctopi VTI, ¢a3opo3auibHOrO Kackaay Ha TpaH3uctopt VT2,
JBOTAaKTHOTO IMiJcWiIOBadYa Ha TpaH3ucrtopax VT3 ta VT4 Tta BuxXimHOro
Kackaay 3 BIAKPUTHM KOJEKTOpoM Ha Tpanzuctopt VT5. Ockinbku — p-n-p
TPAH3UCTOP € TEXHOJIOTIYHO HEBUIPABAAHO CKIAJHUM  JUI LU(POBUX
IHTErpaJbHUX CXEM, JIBOTAaKTHUM BHUXIJHUW KackaJ peami3yeTbcsi Ha

TPaH3UCTOPAaX N-p-n THUIY 1 HA3UBAETHCA KBA31KOMIUIEMEHTApHUM Ha BIAMIHY
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BiJl KOMIIJIEMEHTAPHOTO, 110 CKJIAJA€ThCs 3 Mapu N-p-n Ta p-n-p TPAH3UCTOPIB.
JUis 1moyeproBoro BMHMKaHHSA BHUXIIHHUX h-p-n TpaHsuctopiB VT3 Tta VT4
BUKOPUCTOBYETHCSI MIPOMDKHUMN (Da30opo3ainpHUN Kackaa Ha TpaHzuctopi VT2 i
pesuctopax R2 ta R3. [leii kackan Mae aBa BUXOJIU: KOJEKTOPHUH Ta €MITEPHUIA,
IMITYJIbCH Ha AKUX € TpoTudazHuMu. 3aBAsSKA IbOMY 3MiHA MOTEHINATY Ha 0a3i
Tpanzucropa VTS BinOyBaeTbcsd 3a pPaxyHOK OJHOYACHOTO MEPEMHUKAHHS
tpan3uctopiB VI3 ta VT4, oqun 3 AKUX 3aKpPUBAETHCS, & THIIUHA BiIKPUBAETHCS.
[um nocsiratoThCsi BUCOKI MIBUAKOCTI MEPEMUKAHHS BHXIJHOTO TPaH3UCTOpPA
VTS5 3 BIZKpUTOTO CTaHy Y 3aKPUTUM 1 HABIIAKH.

30BHIIIHIMU KOMIIOHEHTaMHu cxemu € pe3uctop R5 Tta ceitnomion C/I.
OcCK1JIbKY BUXIJIHUM KacKaj peasii3oBaHUM 3a CXEMOIO 3 BIAKPUTUM KOJEKTOPOM,
EJIEKTPUYHUNA pexxuM pobotu cBiTinomioga CJl 3amaerbcs pesuctopoMm RS5. 3
ypaxyBaHHSM TEMIEPATYPHOTO PO3KUIY BHUXITHUX TMapamMeTpiB eJIeKTPOHHOI
CXeMU KepyBaHHsA, 3Ha4eHHs omopy pesuctopa RS BuOupaerbca 13

CHIBBIIHOIIEHD
1 1
_ Uiy = U gxmax

Rsmin - 7! , IpH tin

BX max

1 1
_ UBHX B UBXmin

R5

max

Il ’ HPH tmax
BX min

1 . . . . .
ne U pyy - BUX1JIHA HAINIpyra B CTaH1 JOT14HO1 «1» Ha BUXo1 Tpan3uctopa VT53.
3amac 3aBajocTiiikocTi BXigHOro kojia CJI BH3HayaeTbCsl TpaHUYHUMH

PIBHAMM CTPYMIB CIIPAllbOBYBAHHS B CTaH1 JOTTYHOT0 «0» 1 JIOT14HOT «1»:

0 _ g0 1
A[FP - IBXmax _IBXmin
1 _
AIFP - [BXmax _[BXmin
JIns  HamiMHOrO 3aXHMCTy BXITHUX KUT IM(POBHX TepeaaBaIbHUX
NPUCTPOIB  BIJl  30BHIIIHIX MEpPElIKOJ IepefaBajbHa  XapaKTePUCTUKA

nepeaBaIbHOTO MPUCTPOIO TTOBUHHA MATH TiCTEPE3nC, TOOTO HANIPYTH, MPU IKUX

B1/I0YBaIOThCSI MEPEMHUKAHHSI MPUCTPOIO 3 BIJIKPUTOIO CTaHy Yy 3aKpUTHH Ta 13
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3aKPUTOTO0 Yy BIIKpUTUA TOBUHHI OyTH pisHuMu. [lpum 1mpomy mmpuHa
rictepe3ucy (pi3HULA MK Hampyramu NepeMUKaHHs) TOBMHHA OyTH OUIBILIOIO
3a MaKCUMaJIbHY TIEPENIKOY, IO CIOCTepiraeTbest Ha (HoH1 curHaity. THUIIOBOIO
CXeMOI0, TIepeiaBalibHa XapaKTepUCTHKa sIKO1 Mae ricrepesuc, € Tpurep Llmirra.

Tpurep  IlImitra ¢QyHKIIOHANTBEHO sBiIsIE COOOK0 KOMMApaTop, piBHI
BMHUKAHHS Ta BHUMHKaHHS SKOro He 30irarotbcsi. MOXIUBUN  BapiaHT
MepeaBabHOTO TPUCTPOI0, peadizoBaHOro Ha ocHOBI Tpurepa IllwmitTa,

HaBEJICHUH Ha PUCYHKY pucC. 3.5.

+E
Rq
UBK Ef - RS r'l:lu
+ >—| |—E+—ﬂ
R, R, cl N e
Upo— ——1
e a
U BMX 4
U EH Max
U UBX 6

EMXITIN

Pucynok 3.5 — IlepenaBanbHuii IPUCTPiii 13 TICTEPE3UCOM: €IIEKTPUYHA

cxema (a) Ta mepeaaBajgbHa XapakTepuctuka (0)

VY 300paxkeHi cxemi TiCcTepe3uc TEepPEeMUKAHHs JO0CSITa€ThbCsl THUM, IO
KOMIIapaTop OXOILUTIOETHCS MO3UTUBHUM 3BOPOTHUM 3B’SI3KOM uepe3 MOAUTBHUK
Harpyru R1, R2. Hwxniii U; Ta BepxHid U, MOpOrd CHOpPALIOBAHHS CXEMH

3aJieXaTh BiJl OTIOPIB PE3UCTOPIB 1 BU3HAYAIOTHCS BUPA3AMHU

U -U
U — U + BHX max orl )
2o 1+R2/R1 (3-3)
U - =U
Ul _ BUX min oIl (34)

=U,; +
o 1-R2/RI1
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3 BupasiB (3.3) ta (3.4) MoXHA 3HANTH MIUPUHY TiCTEpE3HUCca:

UBHXmax - UBHXmin
= 3.5
1+ R2/R1 (3-5)

3 BupasiB (3.3) - (3.5) BuaHo, 110, 3miHwI0uUN Upy Ta BigHomeHHs R2/R1,
MOKHA PETYJIFOBATH TOJOKECHHS BEPXHBOI 1 HIDKHBOI TOYOK Tmepemukanas U i
U, y mIMpoKOMy J1iara3oHi K HETaTUBHUX, TaK 1 IO3UTUBHUX 3HAYCHb.

OmHUM 13 CXEMOTEXHIYHUX IUIAX1B 3HUKEHHS Yacy 3aTPUMKH BMUKAHHS €
croci6 ¢dopcoBaHOTO 3apsiy Oap’€pHOi €MHOCTI CBITJIOM10/Ia, HAIMPHUKIIAI,

3aBISIKM BUKOPHUCTaHHIO (QopcyBaibHOro RC-kojla B KOJI TEpeaaBalbHOTO

npucTporo (puc. 3.6).

' =+E

i

y
g

Pucynok 3.6 — IIpenaBanbHuii mpucTpiii 3 popcoBaHUM BBIMKHEHHSIM
CBITJIOIIOA
CrpyMo3anaBanbHuil pe3uctop R5 BUOUpaeTbesl 3 YMOBH 3a0€3IME€UCHHS

HOMIHAJILHOT'O BX1JHOTO CTPYMY:

1
_ UBI/IX B UBX

R5 =

IBX

ne Upyy — BUXIJIHA HaMpyTa B CTaHi JIOTTYHOT « 1»;

Ugx — BXi/1Ha Hanpyra; /zy — BXITHANA CTPYM.

€MHICTh QopcyBaibHOro KoHaeHcaTopa Cqopop BUOMPAETHCSA 3 YMOBU
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e 13 gy — HEOOX1THUM Yac 3aTPUMKH BMUKAHHS;

Cpy — BX11HA €EMHICTH CBITJIOAIO0/A.

[HmMM  cnocoOoM 3MEHIIEHHS Yacy 3aTpUMKH BMHKAaHHA € CHOCIO
MOTIEPEAHBOTO 3apsAay Oap’€pHOI €MHOCTI CBITIOAI0/1a O 3HAUEHHS, OJIU3BKOTO

710 TPAHUYHOI HANPyTH Horo BMUKaHHs (puc. 3.7).

Pucynok 3.7 — IlepenaBanbHuii MpUCTpiil 3 momepeaHIM 3apsiioM 0ap’epHOT

€MHOCTI CBITJIOIIOAa

3aBasgku BUKOpUCTaHHIO J104iB VD3 ta VD4 nanpyra Ha CBITIOAI0A1 HE
MOKe OyTH MEHIIIOI0, 3a CIaJl Halmpyrd Ha MpsMo 3MimeHomy gioni VD4, YV
pe3ynbTaTi 0ap’epHa €MHICTh CBITJIOAIOAA HABITh IPU HACHUYEHOMY TPAaH3HCTOPI
VT4 3anumaerbest 3apsiiKEHOI0 10 HANpyrH, OIM3bKOi 10 HAampyrd BMUKAHHS
cBiTiiofiona (e 3aJ0BOJIbHSETHCS BIAMOBIAHUM BuOOpom aioaiB VDI - VD4).
Bracniiok 1poro mnpM 3aMHKaHHI BHUXITHOTO TpaH3uctopa VT4 BMHKaHHSA
CBITJIOZI0/1a BiAOYBA€ETHCS CKOpile, Hik 0e3 T10/iB.

BpaxoByroun Te, 10 CBITJIOMIONUW 3 TOYKU 30py CHOCOOY 30yMKEHHS

reHepaili BAPOMIHIOBAHHSI MaJ0 YUM BIJIPI3HSIOTHCS BiJl HAMiBIPOBIIHUKOBHUX
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Ja3epHUX JI0JIB, PO3IJISHYTI BHUIINE CXEMU ONTHUYHOI mepenadi JaHUX MOXKYTh
OyTH y TOMY YM IHIIOMY CTYIIE€HI MPUCTOCOBAHI JUIsl KEPyBaHHS 1HXKEKI[IHHUMU
nazepamu. [Ipote, 11t TOro, MO0 MOBHOIO MIPOIO peajizyBaTu yci mepeBar, siki
HAJa€ BUKOPUCTaHHS JHKEpEd KOTEPEHTHOTO BUIIPOMIHIOBaHHS, HEOOX1AHO
BpaxoOByBaTU TMEBHI OCOOTMBOCTI OCTaHHIX. Sk OyJn0 3a3Ha4e€HO BHIIE,
IHKEKIIMHI J1a3epHi 104, HAa BIAMIHY BiJ CBITJIOMIONIB, MAlOTh 3HAYHY
3aJIEKHICTh TOTYXKHOCTI TE€HEPOBAHOTO BHUIIPOMIHIOBAHHS BiJ] TEMIIEPATypH.
Kpim TOro, mepexiyy B aKTUBHUW peXUM BiIOYBa€TbCA 3 MEBHOKO 3aTPUMKOIO,
3HAUEHHS $KOI MOKE BHUSBHUTHCS 3aHAATO BEJIMKUM B JEIKUX MPAKTUYHUX
3aCTOCYBAaHHSX.

TemmneparypHa cralimizarii MOTYHOCTI ONTHYHOTO BHUIIPOMIHIOBAHHS
HaIlIBIPOBITHUKOBOTO Ja3€pHOro [10Ja MOXKEe OYTH JOCATHYTa KUIbBKOMa
CXEMOTEXHIYHUMU pimieHHIMH. OCHOBHMMH 3 HHMX € Takl, 110 3a0e3MeuyroTh
30UIBIIEHHSI CTPYMY HAaKaukKH Ja3e€pHOro Jiofa MpH MiABHUILEHHI TeMIepaTypH.
3aBASIKM 1[bOMY 3MEHIIEHHS TOTYXKHOCTI ONTHYHOTO BHUIIPOMIHIOBAHHS,
MOB’sI3aHE 3 MiJBUIICHHIM TeMIIepaTypH, OyJe KOMIIEHCYBAaTHUCS i 30UTBIICHHIM
3a paxyHOK 3pOCTaHHS MPSMOI0 CTPyMy JazepHoro aiona. Jlocsrtu 3a3HaueHOro
edeKTy MOXKIIMBO, HAPUKJIIAA, TPU BMUKaHHI oTomnpuitMada y KOJIO 3BOPOTHOTO
3B’SI3KY M1JICUIIIOBAIIBHOTO Kackaay, IO Kepye JazepHuM gionoM. [lpu mpomy
cnoco0l YacTMHA BUIIPOMIHIOBAHHS JIa3€pPHOIO [10Ja CIPSMOBYETHCA Ha
doTonpuiiMay. 3HUKEHHS MOTY>KHOCTI BUXIAHOTO ONTHYHOTO CHUTHaiIy Oyne
NPU3BOJUTH JO 3MEHIIEHHS 3HAYCHHS BHUXIJHOTO EJNEKTPUYHOTO MapaMeTpa
¢doTonpuitMaya. Yepes K0JIO 3BOPOTHOTO 3B’SI3KY 1€ 3MEHIICHHS HAJIXOIUTh Ha
BXIJl IMJICHIFOBAJIBHOTO KacKajy, BHKJIUKAIOUW 30UIBIICHHS HOro BHXIJIHOTO
cTpyMy. [lepeBaroro Takoro pilieHHs € Te, 0 1HHOPMATUBHUM MapaMeTpoM, Ha
MIJICTaB1 SKOTO BUPOOISETHCS KEPYIOUNH BIUTUB, € TTOTY>KHICTh BUIIPOMIHIOBAHHS
JA3epHOr0 J10J1a, YWUM JIOCATA€TbCS BHUCOKAa e(EeKTUBHICTH cTabimi3alii.
OCHOBHHMI HEIOJIIK — BUKOPHUCTAHHS JOJATKOBHX EJEMCHTIB JUIS PO3AiICHHS
BHUX1/IHOTO ONITUYHOTO CUTHAIY.

B iHmoMy cmoco0i, cXeMOTeXHI4Ha peajizallis SKOro HaBeJeHa Ha
pucynky 3.8, craOumizaimisi BHUXIJHOI ONTHYHOI MOTY>KHOCTI JIOCSTA€ThCS 3a
PaxXyHOK BHKOPHUCTAHHSI KPEMHIEBUX JIOJIB, IO BMHUKAIOTHCS y BXIJHE KOJIO

M1JICUJTIOBAJILHOTO KacKaay, SKUi Kepye 1HKEKIIHHUM JIa3epOoM.
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VY miit cxemi nazepHuil miox VD2 KUBUTBCS BiJ reHepaTopa CTpyMy
HaKauKl, peanizoBaHoro Ha TpaH3uctopi VT2. 3HaueHHS CTPyMy LBOTO
reHeparopa 3MIHIOEThCS B 3aJEKHOCTI Bijg Temmeparypu. lle pocsraerscs
BBEJCHHAM Yy 0a3oBe Koj0 TpaHzucrtopa VT2 mnaHirora, 1o CKJIaJaeTbecs 3
kpeMHieBux niofiB VD3...VDS5 i pesuctopa R4. Ctpym uepe3 1ei JaHIOT
BUOMPAETHCS TaKUM, 11100 poOoYa TOUKa A10/11B 3HAXOAUIIACS HA JIIHINHIN JIISHII
iX BOJIbT-aMIepHO1 XapakrepucTuku. CTpyM KoiekTtopa Tpansucropa V12, skuii
€ CTPYMOM HAaKauyK JIa3€pHOTO J10/1a, BU3HAYAETHCA 3HAYCHHSIM HANpPyTrd Ha

pesuctopi R4 ta 3HaueHHsM onopy pesuctopa R3.

o +E
Usx R1 R3 R4
— )V
R2
y VT2
VD1 .
W VD3
x
vD2\ -7 VD4
\V VD5

Pucynoxk 3.8 — Cxema kepyBaHHS HaIliBIPOBITHUKOBUM 1HXXEKIIHHUM

Ja3epoM

[Ipn 3MiHI Temmeparypu BIIOYBA€TbCS NEPEPO3NOALUT HAMPYTH MIXK
mionamu VD3...VDS5 ta pesuctropom R4. IligBumieHHs temrepaTypu BUKIUKAE
3MEHIIIEHHS HaNpyrd Ha Jiofax 1 30UIbLICHHS HANpyrd Ha pe3uctopi. Y
pesynbTati TpaHsuctop VT2 BiIKpHBA€Thes CHIbHIIIE. MOro KOIEKTOPHHIA
CTpyM, SKHUH € CTPyMOM HaKauku Jja3epa, 3pOCTa€ 1 MIATPUMYE MOTY>KHICTh
ONTUYHOTO BUIPOMIHIOBaHHS Jia3epa Ha MOMEepPEeTHHOMY PIBHI.

CryniHp 3aJ€XHOCTI KOJEKTOPHOIO CTpyMy TpaHiucropa VT2 (ctpymy
HAaKa4yK{d JIa3epHOTO [11071a) BIJA TEMIIEpaTypud BU3HAYAETHCA KUIBKICTIO

BUKOpUCTOBYBaHUX AioniB VD3...VDS5. Ilpu npaBuwibHOMY BHOOpP1 KIJIBKOCTI
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OB BIAE€THCS JAOCITTH MakKe MOBHOI CTaOUIBHOCTI Y 3HAYEHHSAX MOTYXKHOCTI
IIPH KOJMBAHHSIX TEMIIEPATYPH.

JUis KepyBaHHS 1HXXKEKIIHHUM Ja3epoM CHUTHaN 3 MOIEpPEeIHbOTO KacKamy
noaaerbes yepe3 pesuctop R1 na 6a3y tpanzucropa VT1. Ilpu BucokoMy piBHI
poro curnany (6mmsekomy a0 +E) tpansuctopu VT1 ta VT2 € 3akputumu i
J10/] HE BUIIPOMIHIOE.

[Tpu 3menmenni Hanpyru Uy, Tpansuctop VT 1 BinkpuBaeThes. SIKIo npu
IbOMY OIp Yy JaHUIOry BIAKpUTHH Tpan3uctop VTl - pesucrop R2 Oyne
MEHIINM 3a omip pe3uctopa R3, emiTepHHii, a 3HAUUTh 1 KOJIEKTOPHUN CTPyM
tpan3ucropa VT2 3pocre 1 niog VD2 niepeiie B aKTUBHHUIA PEXUM.

Hion VD1 npuckoproe mnporec mnepemMukaHHs Tpansucropa VT1 3
BIJIKDUTOTO CTaHy Y 3aKpHUTHH, IO 3MEHIIYy€ TPUBAIICTh 3aJHBOTO (PPOHTY
dbopmoBanoro curdany. Lleit giox migdupaeThes Tak, o0 NpsIMUi craa HApyTu
Ha HbOMY OyB MEHIIMM, HIXK MPSMUNA CHaj HAalPYryd Ha KOJEKTOPHOMY IEPEX0l
tpanzuctopa VT1. V pesynbrari HacuueHHs TpaH3uctopa VT1 Oyje HEMOBHUM.
VY BizkpuTOoMy cTaHi BiH Oyae 3HAaXOJUTHCS Ha MEXI aKTHBHOI oOxacTi Ta
o0JyiacTi HacCMYEeHHS. 3aBISKH I[bOMY 3HIKYETHCS HAKOMUYEHHS 3apsaiB y 0asi
TpaH3UCTOpa 1, SK HACIIJOK, HPUCKOPIOETHCS 11X PO3CMOKTYBaHHS IMpH
NepeMHUKaHHI TPAH3UCTOPA Y 3aKPUTHUI CTaH.

IIpn neBHOMY cHiBBIIHOIIEHHI omnopiB pe3uctopiB R3 Ta R4 moxHa
JOCSTTH TOTO, IO Y HEAKTUBHOMY pexuMi TpaHzuctop VT2 Oyjae 3akpuTuil He
MOBHICTIO 1 HOI'0 KOJIEKTOPHUI CTPpyM OyJi€ TPOXH MEHILHM, 3a [IOPOTOBUN CTPYM
naszepHoro aiona. lle 3a0e3neunTts 3HaAUHE 3MEHIIECHHS Yacy Mepexojy Jia3epa B
PEXKHUM TeHepallii BUIPOMiIHIOBAHHS.

OCHOBHUM  HENOJIKOM  PO3IJIIHYTOTO  CIoco0y  TepMOKOMIEHcalli
MOTY>KHOCTI JIa3€pHOTO BHUIIPOMIHIOBaHHS € Te, IO BiH cJIa00 BPaXOBYE
3MEHIIEHHS MOTY>KHOCTI 3a PaxyHOK BJIACHOTO pO3IrpiBaHHS KpucCTaja J10Aa.
[Ipu po3mimieHHi Ai0AiB, IO BXOJATH 10 KOJa TEPMOKOMIIEHCAIlli, MOoOIu3y

JIA3€pHOTO /10/1a eH HEAOJIK 3HAYHOI MIpOI0 MOXE OyTH YCYHEHHUH.

KoHTpoubHi nMTaHHS

1. IlpoanamizyiiTe OCHOBHI CXE€MH BBIMKHEHHS CBITJIOMIOAIB. Sk
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BHU3HAYAETHCS OIip OOMEKYIOUOTO PE3UCTOPA B KOXKHIN 3 IIUX CXeM?

2. TlpoananizyiiTe cxemy 3 NPSIMUM Ta IHBEPCHUM ONTUYHUMH BUXOJIAMHU.

3. OxapakrepuszyiTe TNpHU3HAYCHHS Ta  MpOAHAII3yWTe  BapiaHTH
CXEMOTEXHIYHOI peaiizallii cXxeM ONTHUYHOI Mepeaayl JaHuX.

4. TlpoanamizyiTe CXEMOTEXHIYHI METOAM 3MEHIICHHS Yacy 3aTPUMKU
BMUKaHHS/BUMUKAHHS CBITJIOAI0I1B.

5. Y YoMy mMoJjsraroTh OCOOJMBOCTI CXEMOTEXHIYHOTO BUKOPUCTAHHS
HaIlIBIPOBITHUKOBUX 1HXKEKIIHHUX J1a3epiB? Ik BOHU BPaXxOBYIOThCS?

6. Anamizyrouu crocio TeMrepaTypHoi cTadiIi3alii ONTHYHOT MOTYKHOCTI
Ja3epHOro  Jloja 3a JONOMOIOK  3BHYAWHUX  JIOMIB,  3alpOIOHYHTE
CXEMOTEXHIYHE PIIICHHS TEMIIEpaTypHOi cTad1Ii3ali 3a 1ornoMororw Goroaioaa.

7. SIKHMH CXEMOTEXHIYHHMH METOAaMH MOXYTh OyTH TOKpaIleHi

napaMmeTpu MIBUIKOIT MPUCTPOIO KEPYBAHHS JIA3EPHUM J110A0M?
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4 OIITOEJIEKTPOHHI CXEMH 3 ®OTONNPUIMAYAMHU

OnToeneKTpOHHI MPHUCTPOi, B SIKUX BUKOPUCTOBYIOTHCS (HOTOMpHiiMaYi,
NpU3HAYaAIOThCsl 11 (OPMYBAaHHS €JIEKTPUYHOTO CHUTHANYy 13 3aJaHUMU
napaMeTrpamMi BIAINOBIIHO JO 3a/aHOTO KEpPYIUoro BIUIMBY, IO MOJaHH
ONITUYHUM CHUTHAJIOM.

doTonpuitManbHUid  OpUCTPi  (dhOoTOAETEKTOP abo OMTOCICKTPOHHUHN
MEPETBOPIOBAY) MAa€ ONTHYHUWA BX1J Ta E€JIEKTPUYHUNA BUXI1J, MMapaMETpU SKUX
NOBUHHI OYyTH Y3TODKEHHUMH 3 JKEPEJIOM BHUIPOMIHIOBAHHS Ta ONTHYHOIO
JHIEO 3B’ SA3KY, 3 OIHOTO OOKY, Ta 3 €JICKTPUYHUM HABAHTAKEHHSM, 3 1HILIOTO.

B ocHOB1 QoTonpuilManbHOr0 MPUCTPOIO JEKUTH (HOTONPUIIMAY, B SKOMY
0e3mocepelHb0  3MIMCHIOETHCS  MEPETBOPEHHS  ONTHYHOTO  CHUTHATy B
enexTpuyHuid. [y Toro, mo6 BuxigHui curdan ¢oronpuiiMadya HaOyB BUTIISIAY,
OPUJATHOTO JJIi MOro MOAAJIBIIOTO BHUKOPUCTAHHS SK BUMIPIOBAJIbHUIM,
iHbopMaliiHui a00 Kepyrodnil curuai, GoronpuiMaibHUN TPUCTPii TOBHHEH
MICTUTH OyAb-SIKHA TEpEeTBOPIOBAY EJIEKTPUYHUX CHUTHAIIB: IiJICUIIIOBAY,
nexoxaep, hbopMmyBad Ta iH.

VY 1boMy po3/1s1i PO3IIITHEMO OCHOBHI CXEMOTEXHIYHI METOJIU PeeCTpallli Ta
MonepeIHb0i  0OpOOKM ONTHYHHUX CHUTHAJIIB, OCHOBaHI Ha BHKOPHCTaHHI
HaIlIBIPOBITHUKOBUX JTUCKPETHUX doTonpuiiMayiB: dboTOpe3nucTopis,
dboTtoaioniB Ta OTOTPAH3UCTOPIB.

4.1 Cxemu Ha 0CHOBI ()OTOpPE3UCTOPIB

OCHOBHUMHU CX€MaMH BMHKaHHS (POTOPE3UCTOPIB €: CXeMa, L0 SBIsE
co0o010 MOCHII0BHE 3 €AHAHHA (poTONMpHUitMaya Ta ONOPY HaBaHTAKEHHS, MOCTOBA
ta gudepenuianbHa cxemu  (puc.4.1). OcraHHi [Bi, SK TpPaBWIIoO,
BUKOPHCTOBYIOTHCA 32 HAABHOCTI IBOX (DOTOPE3UCTOPIB, OJUH 3 SIKUX € POOOUUM,
a JpYruil CIy>KWTh JJIA MOPIBHSHHS T4 BMUKAHHS B ONOPHUN ONTHYHHUI KaHAI
npuctporo. HaBeneHi cxeMu 103BOJISIOTh BUMIPIOBATH IHTEHCUBHICTH ONITUYHOTO
BUIIPOMIHIOBaHHS. Y HAWNpPOCTINIOMY BHNAJAKY BHUMIPIOBAIBHUNA MpUIIAJ
0e3nocepelHbO BMHUKAETHCS B KOJIO TMOJUIBHMKA HANpyrd, MOCTOBOi abo
auQepeHIiaIbHOi CXEM.

3a 10MOMOror 3MIHHUX pe3ucTopiB R1 peryiroroTs 4yTiIMBICTh Npuiany
70 TOTY>KHOCTI ONTUYHOIO BUIIPOMIHIOBAHHS BIANOBIAHO JI0 JAlana3oHy 3MIHH
KOHTPOJIbOBAaHOTO  CBITJIOBOTO TMOTOKYy. Pesuctopamu R2 wmocroBoi Ta

nudepeHItianbHOI CXeM 3A1MCHIOITh MOYaTKOBE BCTAHOBJICHHS CTPYMY IUICUEH
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IpU OJHOYACHOMY OCBITJICHHI pOoOOYOr0 Ta AOMOMIXKHOTO (OTONpUitMayiB
OJIHAKOBUMH CBITJIOBUMH TOTOKamMH. banaHcyBaHHs HEOOXiJHE BHACIIIOK
PO3KHUIY MapaMeTpiB (POTOPE3UCTOPIB. 3a TOMOMOTOI0 TaKUX MPUJIAIiB MOYKHA HE
JUIIE BUMIPATH PiBEHb OCBITIIEHICTb, ajie 1 3a(iKCyBaTH 3HAK il BIAXUJICHHS BlA

ACAKOI'O OIIOPHOI'O 3HAYCHHA].

Pucynok 4.1 — Cxemu BBIMKHEHHS (DOTOPE3UCTOPIB:

a — MOTEHIIIOMETPUYHA; O — MOCTOBA; B - NH(epeHIliaibHa

B posrasHyTHX cxeMax BBIMKHEHHSI BUMIPIOBAILHOTO TIpuiiaay (y JaHOMY
BUIIAJIKy aMIlepMeTpa) MOXHa 3aMIHUTH [OPOrOBUMHU ab0 MIJCHUIIOBAJIbHUMHU
eneMeHTamMu. TakuMH MpuiaiaMi MOXKYTb OyTH €JIEKTPOMAarHiTHI pefe, pesie Ha
MarHiTOKEpOBaHMX KOHTAKTaX, MArHITHI MMiICUIIIOBaYl, TPAH3UCTOPHU, TUPUCTOPH,
omeparliiHi miacwitoBadi. HaifOuipim epekTUBHUMH cepell HUX Ta TaKUMH, 1110
3HAXOAATh HAWOUIBII MOIMIMPEHE 3aCTOCYBAHHSA, € HAMIBIPOBIAHUKOBI MPUIIAIH,
10 MOXYTh BUKOHYBATH SIK (DYHKIIIT KOMYTallii, TaKk 1 QyHKIIT M1ICyMOBYBaHHS.

3 MOsBOIO OMEpaliifHuX MiJCHIIOBAYIB 3HAYHOIO MIPOIO YCYHYTI Taki
TpaJMIIiiHI HENONIKA HaIMIBOPOBIIHUKOBUX NPWIAAIB K TeMIeparypHa
HECTAaOUTHHICT, Ta po3kuj mapamerpiB. [loxuOka miepenaHHs CHUTHATY
ONnepauiiHUM TMIJCUIIOBAYEeM Yy TMepuly 4Yepry 3ajleXHUTh BiJ €JIEMEHTIB,
YBIMKHEHUX Y BXIJIHI KOJIa Ta KOJIO 3BOPOTHOTO 3B’ 3Ky MiJACHIIOBaYa, 1 MEHIIIOO
MIPOIO BiJl BIACHUX MapameTpiB MiJACHIOBaya (HaIpyru 3MIilEeHHS HYJIs, pi3HULI
BXIJIHUX CTPyMIB, BCJIMYMHU Ta HECTAOUIbHOCTI KoedimieHTa IIiICHUICHHS,

BXI1JTHOTO OTIOPY).
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Pucynok 4.2 — Cxemu BBIMKHEHHS (DOTOPE3UCTOPIB B KOJIA ONIEPAIIITHUX

dboTope3nucTopiB: a, 0 — NOTEHLIOMETPUYHI; B - MOCTOBA

OcHOBHI cXeMH BBIMKHEHHS (OTOPE3UCTOPIB B KOJIA OIEpaliiHuX
M1JICUJIIOBaY1B HaBeJIeH1 Ha puc. 4.2.
B cxemi (puc.4.2, a) onepaimiiiHuii MiACHIIOBAY TMEPETBOPIOE OIIIP

¢doTopesucropa y Hanpyry. OyHKIIis IEPETBOPEHHS BU3HAYAETHCS BUPA3ZOM:

ury 4.1
6Ux Rl 0 ( . )

[Ipyn HE3MIHHMX yMOBax €KCIUTyaTallli yepe3 JHIWHICTh BOJIbT-aMIEPHOI
XapaKTePUCTUKU oImip doTompHiiMaya 3aJ1eKUTh JIMIIE Bl PIBHSA OCBITJIICHOCTI. 3
pPOCTOM I1HTEHCHBHOCTI ONTHYHOTO BHUIPOMIHIOBAHHA OIMip (OTOpPE3UCTOpa
3MEHIIYEThCS, a 3HAYUTh, BIJANOBIAHO 10 BuUpa3y (4.1), 1 BuUXiIHA Hampyra.
3anexHICTh BHXIJIHOT HAMpPYTd BiJ OCBITJIEHOCTI MOBTOPIOE JIFOKC-OMIYHY
XapaKTEPUCTUKY (HOTOPE3UCTOPA, IO OMUCYE 3aTEKHICTh OMOpPY POoTOpe3ucTopa
B1JI piBHS OCBiTJICHOCTI. SKIO momiHaTH MicisiMu pe3uctop R1 1 ¢poTopesucrop
(puc. 4.2, 6), TO BUXITHUWA CUTHAJ Oy/i€ 3MIHIOBATUCS BIAMOBIIHO 10 (GOPMYIH

Ueux = __UO 9
RdJ

TOOTO, TOBTOPIOBATH €HEPreTUUHY XapaAKTEPUCTHKY.

VY mocToBiii cxeMi (puc. 4.2, B) BUX1JHA HAIIPyTa BUSHAYAETHCSA 3 BUPA3Y
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_Ry Ry
uU,,= RITR, : (4.2)
3naveHHs1 pe3uctopiB R1 HeoOXimHO BUOWpATH TaKuM, SKE TOPIBHIOE
omopy Re, poTopesucropa y TeMHOBOMY pekumi ab0 TpH PiBHI OCBITICHOCTI,
0 TpuiAMaeThcs 3a BiTikoBuil. OJHAK, BHACIIIOK PO3KUIY MapameTpiB
(boTOpe3nCTOPiB, 3yMOBJICHOTO HETOUYHICTIO MAO0OPY Ta AETpadalli€ro, 3HaYCHHS
Rgo 1 R1, sk mpaBuiio, nemo BiapizHAOTHC. CxeMa € 30amancoBaHo0 (Uy,,=0),
akmo  Rgp,=R2+R3. Jlng 1poro Ha HEIHBEPTYIOUYUH BXiJ ONEpaIiiHOro
M1JICUTI0OBava MOCIiIOBHO 3 Ry BMUKaeThbCs 3MiHHUM pe3uctop Rj, 3a 10momMororo
SKOTO B1JJOYBA€THCS MOYATKOBE BCTAHOBIICHHS CXEMHU.
VY MOCTOBIM cXxeMl BUXIJIHUA CHTHaj MPOMOPIIAHUN JUIIE 3MiHI OMOPY
dboTopesucTopa 1 HE 3aJEKHUTHh Bl HOro adcomoTHOI BenmnuuHu. Bupasz (4.2)

MO>KHA 3aIIMCaTH Y BUTIIS1

U A%,
" RI+R,

0>

ne A Ry - 3MiHa onopy oTope3rcTopa BiTHOCHO BIJTIKOBOTO 3HAYEHHS R .

3Hak 1moc OepeThes, AKIMO 3a Rgp TNPUHAMAETHCS TEMHOBHM  OIMIp
dbortopesuctopa Ry ab0 3HA4YEHHS, 1O BIJANOBIA€ MIHIMAJIBHINA OCBITIEHOCTI;
3HAK MIHYC - TIPH PIBHOCTI Ry HaiMEHIIOMY OTOpy (OoTOpEe3ucTopa B poOouoMy
niamna3oHi.

PosrnsHyTa MocTOoBa cxeéMa MICTUTh OJMH (POTOPE3UCTOP, alle 3 METOKO
KOMIIEHCAllli 1ecTa0lIi3ylounX 30BHIMIHIX BIUIMBIB pe3ucTopu R2 Ta R3 moxHa
3aMIHUTH 1HIIUM (POTOPE3UCTOPOM 3 TapaMeTpaMu, SKOMOra OIMKUYMMHU 0
MEPIIOTO.

OcHoBHUMHU HenodikamMu (GOTOPE3UCTOPIB € 3HAYHA 1HEPIIHHICTD,
HEJIIHIMHICTh  JIIOKC-aMIIEPHOI  XapaKTEpPHUCTHKH, 3aJEXKHICTh ONOPY BiA
TeMriepaTypu. BkaszaHi HEJONIKM 3HAYHOI MIPOIO YCYBAlOThCA 3a JOIMOMOIOIO
KOPEKTYIOUUX MepeTBoproBauiB. [IpoTe IX BUKOPUCTaHHS HE 3aBX/IU BUIIPABIAHE.

Hanpuknan, y OUIBIIOCTI BUIAIKIB HEIOIIJIBHO KOPEKTYBaTH JAWHAMIUHI
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XapaKTEePUCTUKU (HOTOPE3UCTOPIB, OCKIIBKH MPOCTIIIE BUKOPUCTATH 1HIIUNA THII

(doTomnpuiiMaya 3 MOTPIOHOO MIBUIKOIIELO.

4.2 CxeMu Ha ocHOBI ¢oToaioais

Sk Oyno 3a3HaueHO y NyHKTI 2.2.4, $oTOa10A1 MOXKYTh MPALIOBATH Y JBOX
pexxumax: GoToAI0IHOMY Ta BEeHTHJIbHOMY. [Ipu iboMy Tpeba 3a3HauuTH, IO Y
doTomiogHOMy pexumi (poromion Mae OUTbIIY I1HTErpajgbHy UYYTIUBICTH, a Y
BCHTUJILHOMY — MIHIMQJIbHUI TEMHOBUM CTPyM, a 3HA4YUTh, MiJABUIICHY
TeMIIepaTypHYy CTaOlIbHICTb.

®dortomionn  e(DEKTUBHO  BUKOPUCTOBYIOThCS  JJIA  TNpUHAMaHHSA
MOJIyJIbOBAaHOTO BUIIPOMIHIOBaHHS K 3 (POHOBUM 3acBiUyBaHHAM, Tak 1 0e3
Heoro. Ha pwuc.4.3 HaBeneHI OCHOBHI CXeMH BBIMKHEHHs (OTOMIONIB Y
MCUTIOBAITbHI KacKaJu Ha OIMOJSIPHUX TPAH3UCTOpaxX n-p-n Ta p-n-p Taumy. B
PO3MIISAYBAHUX CXeMax CTpyM (OToioAa MOAUISETHCS HA JIBl CKJIaJIOB1, OJHA 3
SKUX YTBOPIOE 0a30BUH CTPyM TPaH3UCTOpA, a 1HIIA — CTPYM, IO TE€UYE Yepes
pesuctop R1. 3HaueHHs 000X CKJIaJIOBUX 3aJIeKUTh BiJ PIBHS OCBITJICHOCTI

dotomiona, a CriBBIAHOIICHH MIXK HUMH — BiJ] onopy pe3ucropa R1.

+—o+E + 0 -E
e Lu Xp UR
‘ VT ' VT

ng Ri
a 0

Pucynok 4.3 — Cxemu BKJIItOU€HHS (DOTOAI0/IIB y MIACHIIOBAIbHI KACKaau HA

OIMONSIPHUX TPAH3UCTOPAX

[Ipu BiICYyTHOCTI ONTUYHOTO BUIIPOMIHIOBaHHS CTPYM, IO TeYe uepe3
dboTo1I0, TOPIBHIOE TEMHOBOMY CTPYMY. Y pe3yibTaTi, TPAH3UCTOP € 3aKPUTHUM,
1 Hampyra Ha BHUXOJl MIJCUJIIOBAIIBHOTO Kackady AopiBHIOE Hymto. Ilpum mii

ONTUYHOTO BUIIPOMIHIOBaHHS 3BOPOTHUH CTpyM (oTo10/1a 3pocTae. TpaH3ucTop
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BIJIKpUBAETHCS, 1 BUXIJHA HAMpyra HAOMIKAEThCA 32 3HAUYCHHSM 0 HANpyTH
YKUBJICHHA E.

UyTauBicTh cXeMU MpomnopiiiiHa onopy pesuctopa R1. Yum 6inbmuit omip,
TUM OUIbIIa Ta CKJIaJoBa CTpymy (oromiona, ska CTBOprO€ 0a30BUU CTPYM
TpaH3ucropa. ToMy BiIKpHUBaHHS TPAH3UCTOPA HACTAE MIPU MEHIIUX 3HAYCHHSIX
IHTEHCUBHOCTI CBITJIOBOTO BHUIPOMIiHIOBaHHS. [IpoTe 31 30UIBIICHHSM OMOPY
3pOCTa€ MOCTiiHA Yacy 3apsay Ta po3psay eMHOCTI GoToiona. Y 3B’ S3Ky 3 UM
MaKCUMaJlbHE 3HAY€HHsI omopy pe3ucropa R1 0OMEeXyreTbCs €MHICTIO p-n-
nepexoay 1 BU3HAYA€ThCSI BAMOTAMHU JI0 MIBUAKOIIT MPUCTPOIO.

o0 BxigHMI omip akTUBHOTO eneMeHTa ((poToaiona) HE MIYHTYBaB OIIp
HaBaHTaXXEHHS (OTONMPUNUMATIBHOTO TMPUCTPOIO, SKUM MoOXe OYyTH JOCUTH
BHCOKUM, y CXEMl Y3rOJI’)KEHHS BHUKOPHUCTOBYIOTH MOJBOBI TpaH3ucTtopu. Ha
pucyHky 4.4, a HaBeleHUW NPUKIAJ MOXIMBOIO BUKOpUCTaHHA ¢doTomiona y
(GOTOIIOAHOMY PEXUMI B CXEMi 3 TOJLOBUM TPaH3UCTOPOM. OCKUTBKH B CXEMi
BUKOPUCTOBYETHCSI TMOJILOBUM TPAaH3UCTOP, IO MPAIIOE€ B PEKUMI 301THEHHS
(HOpMalIbHO BIJKPUTUNA TMOJBOBUU TPAH3UCTOP), POOOYMMH Hampyramu €
HANpyrd, MpU SIKAX HAmpyra 3aTBOP-BUTOK € HEraTUBHOIO. BUKOHaHHS Ii€i

YMOBH 3a0e31neuyeThesi pe3uctopoM R3.
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Pucynok 4.4 — Cxemu BBIMKHEHHS (DOTOI10/11B y HIJACUIIOBAIbHI KacKaIu

Ha IMOJIbOBUX TPAH3UCTOPAX

[Ipu BiACYTHOCTI BUIPOMIHIOBAHHS Halpyra Ha pe3uctopi R2 € meHioro
3a Hampyry Ha pesucropi R3. ¥V pesynpraTi moTeHIla)l 3aTBOpa € MEHIIUM 32

MOTEHI[1aJI BUTOKY. TpaH3UCTOp € 3aKpUTUM, 1 BUXIJHA HANpyTa € OJU3bKOIO J0
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wyns. [Ipu ocBitinenHi ¢otomioga ioro crpym 3poctae. Crnaa Hampyra Ha
pesuctopi R1 306impmyerscs. Ile 00yMoBiIIOE€ 3MEHIIIEHHS aOCOJIIOTHOTO
3HAYCHHS MOTEHIIIATy 3aTBOpA, 1, SIK HACIIIOK, 3MCHIIICHHS PI3HUII TOTCHITIAJIB
MIX 3aTBOPOM Ta BUTOKOM. Y pPe3yJbTaTi CTPyM, SKHI Teue depe3 TPaH3UCTOp,
30UTBIITY€THCS, 10 MPU3BOAUTD 10 30UIBIICHHS 1 BUX1IHOT HAIIPYTH.

B cxemi Ha puc. 4.4, 6 poroaiol yBIMKHEHO y BEHTUIIbHOMY pexkumi. [Ipu
3HaueHHI omopy pe3uctopa R1 mopsaka 1 MOm nHanpyra Ha dQortomioni
nopiBHtoe Hampy3i  (GoroEPC (mampy3i xomoctoro xoxay). IlepeBaroro
BUKOPHUCTaHHS BEHTWJIBHOTO PEXHUMYy poOoTH QoToiona € JorapudpmidyHa
3aJIeKHICTh BHXIJHOI HAmpyrd BiJ (OTOCTpyMy, IIO TO3BOJIAE€ MpPH 3MiHAX
dbotocTpymy Ha aBa Topsakud oTpumatu 3MmiHy (GoToEPC nume na 20-30
BIJICOTKIB. Y pe3yibTari, cxeMa (pOoTONpUHMAaIbHOTO MPUCTPOIO € HEUYTIHBOIO
70 PO3KUAY MapaMeTpiB BUKOPUCTOBYBAHMX E€JIEMEHTIB Ta XapaKTEepPU3YEThCA
M1IBUIIEHOIO CTIMKICTIO 10 BIUTMBY 30BHINIHIX (paKTOPiB, 30KpEeMa TEeMIIEPATyPH.
[Ipore npu BHUKOPUCTAHHI BEHTWJIBHOTO pEXUMY MAalOTh MiCIle 3Ha4HI
CHOTBOPEHHSI TI€i YacTUHU CUTHAIY, SKIM BIJNOBIAAIOTH BEJMKI 3HAYEHHS
IHTEHCHUBHOCTI ONTHUYHOTO BHUIIPOMIHIOBaHHS (JiorapudmiuHa (QyHKIIS €
HEIIHIMHOIO Ta TakKOKo, M0 IIBUAKO YHOBUIBHIOE 3POCTaHHS NPHU BEJIUKHUX
3HAUEHHAX apryMeHty). KpiM TOro BEHTWJIBHUN pPEXKHUM XapaKTepU3YEThHCS
MIJIBUIICHOK0 TPUBAIICTIO TNEPEXIAHUX MPOLECIB, SAKI MaTh MICIe MOpH
BUMUKaHHI BUIPOMiHIOBaHHS. Lle MOB’sS3aHO 3 MOBUIBHUM PO3CMOKTYBaHHSIM
HAJJTMIIKOBUX (POTOHOCIIB 3apsany y ¢oromiomi. [ias mOpUCKOpPEeHHS IIHOTO
npouecy omip pesucropa R1 moBuHeH OyTH 3MEHIIEHUH, aje MPU LbOMY
YYTIUBICTh MPUCTPOIO TAKOXK 3MEHIITYETHCA.

Po3risHyTi cXeMu € A0CTaTHbO MPOCTUMHU 1 MOXKYTh OyTH BUKOPHUCTaH1 y
THUX BHUIIAJIKaX, KOJU HE BUCYBAIOThCS OY/Ib-IK1 OCOOIMBI BUMOTH J0 YYTIHUBOCTI
Ta MBUAKOAI. JIis TUX cXeM, B SKHUX MapaMeTpu IMIBUAKOIIi, YYyTJIMBOCTI,
JIHIMHOCTI TIepenaToYHoi (YHKIT IMOBUHHI 3aJ0BOJIBHATH II€BHI BHMOTH,
3a3BUYall BUKOPUCTOBYIOTH BBIMKHEHHS (OTOMIOAIB Yy KOJIa OMNEpalliitHUX
migcuoBayiB.  HalO1apIl THIOBI BapiaHTH TaKOro BBIMKHEHHS HaBEJICHI Ha
pUCYHKY 4.5.

Ha pucynky 4.5, a 300paxeHna cxema, B siKiii pOTOA10]T BUKOPUCTOBYETHCS

y (oromiogHomy pexkumi. B 1iii cxemi omepaiiifHuil MiICUII0OBaY MpaIioe K
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MEepPeTBOPIOBAY  CTpyM-Hampyra, 1 TOMYy Hampyra Ha WOro BHXOAl €

MPONOPILIIHOI0 CTpyMy POTO10a [o:
Upuy =14 - R1,

3MiHIOIOUN omip pe3ucrtopa R1 Mo)KHa OTpUMaTH HEOOXIAHUN DPIBEHb
BUXIJTHOTO CUTHAITy TPAKTUYHO JIJIsi OYJIb-SIKOTO 3HAYEHHS BXITHOTO ONTHYHOTO
curHainy. Cxema XapakTepHU3yEThCS BHUCOKOI YYTJMBICTIO Ta MajuM BXI1JTHUM

OIIOPOM, 3HAYCHHA AKOI'O BU3HAYACTHCSA BUPA30OM!

R, =RI/K

ne K — xoediieHT miICUICHHS M1CUIoBayva.

R1 R1
| I | I
- UBux - Usux
3
+ +
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Pucynoxk 4.5 — Cxemu BBIMKHEHHS ()OTO/110/TIB B KOJIa OTEPaIiifHOTO
niJcuiitoBaya: a — GOTONI0ITHUMA PEKUM;

0, B — BEHTWJILHUHN PEKUM

HaBantaxkxenns ¢Qoronioga Ha Manuii omip 3abe3meuye JiHIHHICTH

GHCpI‘eTI/I‘IHOI XApaKTCPUCTHUKN Ta BUCOKY IIIBI/I,Z[KOI[iI-O IMCPCMHUKaHH. BerHH
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rpaHUYHAa YacTOTa MEPEMUKaHHS, OCOOJIMBO Yy BHIIAJKy 3aCTOCYBaHHS p-i-n
dboromiona, OOMEXKYEThCS IIBUIKOJIEID OINEPAIIHHOTO TIACUIIIOBaYa, sKa
IT1JIBUIITY€THCS 31 3SMEHIIIEHHSIM OTIOPY 3BOPOTHOTO 3B’ SI3KY.

JIoaTKOBOIO TIEPEBAarod CXeMH € cllabka YyTIUBICTH O TEMHOBOTO
CTpyMy, IO TIABUIIYE TEMIIEPATYpHY CTaOUTHHICTH mepeTBopioBada. Kpim toro,
y BHUXIJHIM Hampy3i BIICYTHS TOCTiiHa CKJIajoBa, OOyMOBJI€HAa TEMHOBHM
CTPYMOM.

VY cxemi Ha puc. 4.5,0 ¢GoTOMI0A BUKOPUCTOBYETHCS Y BEHTUIBHOMY
peXHUMI SIK TEHEepaTop CTPyMy, 3HAYEHHS SKOTO € MNPSMONPONOPLUIHHIM
IHTEHCUBHOCTI ONTHUYHOIO BUIPOMIHIOBaHHA ((POTOAION Mpamoe B pexUMI

KOPOTKOI'0 3aMUKaHHs). BuxigHa Hampyra y 111l cXxeMi BUBHAYA€ThCSI BUPA3OM:
U =—1, - (R1+R2).

[lepeBaroro cxemu € 1i HEUYYTIUBICTh 1O TEMIIEpaTypH, JIIHIHHICT
EHePreTHYHOT XapaKTePUCTUKU Ta BUCOKA IIIBUIKOIIS.

Cxema, ska HaBedeHa Ha PpPUCYHKY 4.5B, TakoX BHKOPUCTOBYE
BEHTUJIbHUN peXkUM poOoTH Qortomiona. Bona mMoxe OyTH BUKOpPUCTaHA Yy THX
BUIAJIKaX, KOJU IHTEHCHUBHICTh BXIJHOTO ONTUYHOTO CHUTHAly MOXeE
3MIHIOBATHCS y IMIMPOKUX Mexkax. OmnepauiiHUi MTIACWIIOBAY y I cXeMi
MpaItoe B PeKUMi JIOTapu(DMIYHOTO TIJACHIIOBAYa, B IKOMY BHKOPHCTOBYETHCS
norapudMivHa 3aJ€KHICTh MK HANpPyrow 0a3a-eMiTep Ta CTPyMOM KOJEKTOpa
TPaH3UCTOPa, BBIMKHEHOIO Yy KOJO 3BOPOTHOrO 3B’s3Ky. DoTocTpyM™m, WO
reHepyeThesi (POTOAI0OM B PEXKHUMI KOPOTKOTO 3aMUKaHHs, MPOTIKAIOYH Yepes
TPAH3UCTOP CTBOPIOE HA HOTO eMiTepi (Ha BUXOJI MiJCHIOBada) Hampyry. Ls
Hampyra Oy/Je MEHIIOI0 3a MOTEHIal 3eMJIi Ha BEIUYMHY CHaay Hampyrd Ha
nepexojii 6aza-eMiTep TpaH3UCTOpa. Y pe3ylbTaTi BHXIJHA Hampyra Oyje
npornopuiiHoo jorapudmy Bix BenuuuHH  (GoTocTpymy. Jlorapudmiuna
3aJIEKHICTh MK BXITHUM Ta BUXIJHUM CHUTHAJIaMH CXEMH MPU3BOAMUTH JI0 TOTO,
II0 BOHAa € BHUCOKOUYTJIMBOIO [JIi 3MIH B 00JacTl Majaux 3HA4YeHb, 1
c1ab0uyTIMBOIO 11 3MIH B 00JIaCTI BEJIUMKUX 3HAY€Hb. 3aBISKU IHOMY
HACHYCHHS BUXIJTHOTO CUTHATY, TOOTO JOCSTHEHHS] HUM PiBHS, MPU SIKOMY 3MiHH

BXi,ZIHOI‘O CUTHAJIY BI)XC HC BINUIMBAIOTH Ha 15 (0N 3HAa4YCHHA, Y HOpiBHHHHi 3
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IHITMMHU CXEMaMU BiJI0YBa€ThCs IPU 3HAYHO OUIBIIMX PIBHSIX OCBITIIEHOCTI. [Ipu
FOMY YYTJIMBICTb CXEMH [JIsl MaJuX IHTEHCHBHOCTEHW BXIJHOTO ONTHYHOTO
CUTHATY 3aJIMIIAETHCS BUCOKOIO.

Jlis ycyHEeHHsI BIUIMBY 30BHIIIHBOI TEeMIIEpaTypH Ha MapamMeTpu CXeM
dboTonpuiManbHUX MOMYIB, BUKOPUCTOBYIOTH CXEMHU TEMIIEPATypHOI KOPEKIIii.
Haiinpocrima kopekuiss 3A1HMCHIOETbCA 3a JIONOMOTOK TEPMOKOMIEHCYHUYUX
€JIEMEHTIB, SK Takli BUKOPHUCTOBYIOTb TEPMOPE3UCTOPU 3  JOAATHUM
Koe]ilieHTOM omnopy abo OJAHOTUMHI (POTOJIOH, 10 MPAIIOITH Y TEMHOBOMY
pexumi. B po3risHyTHX BHIE CXeMax TEPMOKOMIIEHCYIOYE KOJO MOXKHA
YBIMKHYTH TMOCTIIOBHO 3 ()OTOH10JOM.

VY GaraThox BHUIIaJKaxX KpIM TeMIepaTypHOI HECTaOLILHOCTI MIPUXOIUTHCS
O6opotucst 13 (OHOBUM 3acBiUyBaHHSAM (DOTOUYTIUBOTO €JIEMEHTA. XOpOIli
pe3yibTaTH TpU TNpUMMAaHHI MOJYJIHOBAHOTO BUIIPOMIHIOBaHHS 3a YMOB

3HaYyHOTO (DOHOBOTO 3aCBIUyBaHHS Ja€ BUKOPUCTAHHS BUOIPKOBHUX K1 (puc. 4.6).
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Pucynok 4.6 — Cxemu 3 BUOIPKOBUMH KOJIAMU ISl IPUAOMY

-

U BUX
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MOOYJILOBAHOTO BHHpOMiHIOBaHH}I

Hapantaxxennsm ¢Qoromiona € mnapajlenbHUA KOHTYp 3 BHCOKOIO
NOOPOTHICTIO, HACTPOEHHM Ha YacTOTy CHUTHaNy, 110 NpuiMaerbes. OCKUIbKA
KOHTYp Ma€ BY3bKy CMYTy MpPONYCKaHHS, TO 31 BCbOIO CIEKTpa (POHOBOTO
BUIPOMIHIOBaHHSI BUJIUIAE€THCS JIMIIE JO3BOJIEHA 4YacToTa, 1, SK HACIIJIOK,
MIJBUIYETHCS BITHOIICHHS CUTHAIYy 110 (OHOBOrO 3acBiuyBaHHSA. KpiMm Toro,
3MEHIIYEThCSl PIBEHb IIYMIB Ha BXO/II MijickitoBadya. CyMapHa €éMHICTh KOHTYPY

BKJIFOYA€ €MHOCTI p-n Iepexoay Ta BXOAY TPAH3HUCTOPA, IO TAKOK € 0I[Hi€IO 3
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nepeBar po3riisIHyTHX CXEM.

[Ile omHuM 13 cnoco0iB BUIIEHHS KOPUCHOIO CHUTHaly Ha (QoHI
MOCTIHOTO  30BHINIHBOTO  3aCBIYyBaHHS, € KOMIICHCAISI OCTaHHBOTO.
KomneHncaiist oHOBOro 3acBi4yBaHHsS MOKe OyTH JOCSITHYTa IPU BUKOPUCTAHHI
mudepeHIliaTbHIX CXeM 3 JIOJAaTKOBUM (oTompuiiMadeM, SKUN OCBITIIOETHCA
nuiie GoHoM.

[Topsin 3 poO3rASHYTHUMH cXeMaMu (QOTONpUKMaIbHUX HPUCTPOIB, SKI
3MIMCHIOIOTh TEPETBOPEHHS MOTY>KHOCTI ONTHUYHOIO CHUTHAlTYy B 3HAYEHHS
Hanpyra abo CTpyMy, BHKOPHUCTOBYIOTBHCS YacTOTHI (DoTomepeTBoproBadi.
[lepeTBOpeHHsT TOTY>KHOCTI  CBITJIOBOTO MOTOKY B  YacTOTy 3MIHHOIO
€JIEKTPUYHOIO CUTHATY 3A1MCHIOIOTH 32 IOMOMOTOI0 PEIaKCallliHUX T€HEPATOPIB,
y 4ac03aJ1aBaJIbHE KOJIO SIKUX BKIIFOYAIOTh (POTONpHUiIMAaY.

Ha puc. 4.7 HaBemeHi cxeMH YacTOTHHUX [I€PETBOPIOBAYiB, B SKHUX

doTomion kepye poOOTO0 OJIOKIHT-TeHepaTopa.
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Pucynox 4.7 — ®oToenekTpuyHi YaCTOTHI NEPETBOPIOBAYI:
a—3 KEpyBaHHAM OJOKIHT-T€HepaToOpoM Ha
OIMOJISIPHOMY TPaH3UCTOPI;
0 — 3 BUKOPUCTAaHHSIM TOJBOBOTO TPAH3UCTOpA
JUIL  y3rOoJDKeHHS  doTompuiiMaua 1

OJIOKIHT-TeHepaTopa

94



4.3 CxeMu Ha 0CHOBI OTOTPAH3UCTOPIB

dotonionu (3 p-n-mepexoioM Ta p-i-n) € MPEeKPACHUMHU JETEKTOPaAMHU
BUIPOMIHIOBaHHS B YMOBaX TMOPIBHSHO BHUCOKUX 3HAY€Hb IHTCHCHUBHOCTEM.
[IpoTe, AKIIO 1HTEHCUBHICTh ONTUYHOTO CUTHAIY € Maliol0, BUXITHUW CUTHAI
doTomiona TaKOXK BUSBISAETHCA 3aHANTO ManuM. [lpu Takux ymoBax Kpaiie
BUKOPUCTOBYBAaTH (POTOTPAH3UCTOPH, IIO0 MAIOTh 3HAYHO OLIBIIMN BUXIJIHUN
CTPYM HiX (OTOIIOAM MPU MOPIBHIHHUX YMOBax OCBiTIeHHs. CIiJl mam’aTaTu,
mo miacuiaeHHs ¢GoTocTpyMy VY (OTOTpaH3UCTOpI JIMIIE MOKpallye ix
BJIACTUBICTb JIETEKTYBAHHS Jy’K€ MaJIUX PIBHIB OCBITJICHHS 1 HISIK HE BIJIUBA€E Ha
TaKWi mapameTp sIK YyTJIMBICTh, TOPIT SIKOT BU3HAYAETHCSI TEMHOBUM CTPYMOM.
3a3HayuMO TaKOX, IO 3a MOPIBHSAHHAM 3 ¢doToaiogaMu (POTOTPAH3UCTOPU
XapaKTEPU3YIOTHCS MEHIIOIO MIBUIKOIIETO.

OCHOBHOIO CXEMOIO BMHKaHHS (POTOTPAH3UCTOpA € CXEMa 13 3arajbHUM
E€MITEpOM, OCKUIbKM BOHA [I03BOJISIE OTPUMATH HAMOUIbINE MiACUICHHS.
Po3pi3HAIOTE JBa OCHOBHUX CIIOCOOM BBIMKHEHHS (OTOTPAH3UCTOPIB: 3
BiJ’€THAHOIO 0a3010 Ta 3 MPHUETHAHOIO.

[Ipu mnepmiomy cmocobi, SKUH € HaWMpPOCTIMUKA, (OTOTPAHIUCTOP
BUKOPHUCTOBYETHCS K JBOMONIOCHUK. DoTompuiiMad XapaKTepU3YEThCS TPHU
IbOMY HAWOUIBIIMM  MIACWUJICHHSM, aj€ HEBHUCOKOK IIBUAKOIIEID  Ta
TEMIEPATYPHOIO CTAOUTBHICTIO.

Bwmukanng ¢otoTpaH3ucTopa 3 NMpUETHAHOIO 0a30i0 J103BOJISIE KepyBaTH
MOJIOKEHHSIM pOO0UYO0T TOYKH, 3MEHIIUTH TEMHOBUU CTPYM UYepe3 KOJCKTOPHUN
nepexil, MiJBUILIUTA TpaHU4YHY 4acToTy. KpiM Toro, QoToTpaH3ucTop MOKe
dbyHkIionyBatu sk dotomion. Jlns mporo, 3a3Buyail, 3’€IHYIOTh 0a30BUH Ta
€MITEpH1 eJIEKTPOAU 1 BUKOPUCTOBYIOTh MEpPEXiJ KOJEKTOp-0a3a, Iioma sKoro
OibIIa 3a IJIONTY eMITEPHOTO IIEPEXOTy.

[TopiBHsiIHO 3 (oTomiogaMu (POTOTPAH3ZUCTOPU PIAKO BUKOPUCTOBYIOTHCS
st poOOTH 31 CIaOKMMHU CUTHAJIaMU, a Y BHUIAJKY MPHUHAOMY MOIYIHOBaHUX
CUTHAJIIB CTPOT1 BUMOTH CTaBIIATHCS A0 cTalOutizaiii poOo4oi TOUkU. Y TOU ke
4yac JJOCUTh BUCOKE MIJACUICHHS (POTOCTpyMy, B pe3yJbTaTi 4Oro 4acTO 3HUKAE
HEOOXITHICTh Yy  MNPOMDKHMX  MiCWIOBavax, ycmimHa  poboTa 3
HEMOJYJTHLOBAaHUMHU CUTHAJIAMHU, BUCOKMMH DPIBHAMH BHIPOMIHIOBAHHS, CTalld

MepPeyMOBOIO IIMPOKOTO BUKOPUCTAHHS (DOTOTPAH3UCTOPIB Y PI3HUX MOPOTOBUX
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cXeMmax.

Ha pucyHnky 4.8 nokaszaHi BapiaHTH BBIMKHEHHsI (JOTOTPaH3UCTOPA.
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Pucynox 4.8 — BapianTtu BBIMKHEHHS (DOTOTpaH3UCTOpa

300pakeHi CXeMU MOXXYTh BHUKOPHUCTOBYBAaTHCSA K CaMOCTIMHO, Tak 1
BUCTYNIaTH y POJI BXIJHUX KUI MIJICHIIOBAIBHUX KackaliB. llpu mnepmomy
BapiaHTi, SKWM € HAWUMPOCTIIIUM, HaBEACHI CXEMH MOXKHA PO3TJIAIATH SIK
ONTUYHO KEPOBAHMM KITIOY, 110 MOXE 3aCTOCOBYBATUCA IS KOMYTAIlil HAPYTH Y
C1a0KOCTPYMOBOMY HaBaHTaXEHHI, AKE MOXe OyTH MIIKIIOYEHE HE JUIIE 0
BHUXOJy CXEMH, a i1 3aMicTh pe3uctopa R.

Y npyroMmy BapiaHTi, HaBaHTa)XEHHSIM € BXIJIHHH OMIp IiJICUJIIOBAYA.
Sxmo, HampuWKIam, SK MMACHIIOBAY BUKOPHCTATH TPAH3UCTOPHUN Kackam 3i
CXEMOI0 13 3araJibHUM €MITepOM, TO MPU BUKOPUCTAHHI BapiaHTa, 110 HABEJICHUN
Ha puc. 4.8, 0, oTpuMaeMo cxemy (pOTONPUIMAIBHOTO MPUCTPOIO, AHAIOTTYHY 10
cxemMu Ha puc. 4.3,a, 3 TI€O pI3HUIICIO, IO B HIA  3aMicTh (¢oToaiona
BUKOPHUCTAHUN (HPOTOTPAH3UCTOP.

OCHOBHMM  HEIOJIKOM  pO3MVISIAYBAaHUX  BapiaHTIB  BBIMKHEHHS
(bOoTOTpaH3UCTOPIB, € Te, L0 MiJl Yac MepeMHKaHHS (POTOTPAaH3UCTOPA, SKE
CYIPOBOJKYETHCSA 3MIHOIO TOTEHIIaTy KojiekTopa (y cxemi Ha puc. 4.8, a) abo
6a3u (y cxemi Ha puc. 4.8, 6 moTeHIiany 0a3w Ta emiTepa 3MIHIOETHCS MaiikKe
OJIHAKOBO, 00 BIAPI3HSIOTHCS MK COOOI0 HAa TIOCTIMHMM CIa]l HAPYTH Ha MPSMO
3MINIEHOMY Tepexojii 0a3a-eMmiTep), €MHICTb KOJIEKTOPHO-0a30BOT0 MEpeXoiy
nepe3apspKaeTbcsl BIIHOCHO ManuMm  (oroctpymoMm 6a3zu. Tomy 11 cxemu
3HAXOMATh 3aCTOCYBAaHHA NPHU MaIMX YacTOTaX TMEPEeMHKaHb, HANpUKIAJ, B

pi3HOMaHITHHX ¢oTopene, A€ (DOTOTPAH3UCTOP BUKOPUCTOBYETHCA IS
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KEpyBaHHS €JICKTPOMEXaHIUHHUM pelie abo TupuctopoM (puc. 4.9).
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Pucynok 4.9 — ®otopene: a — Ha €1EKTPOMEXaHIYHOMY pelie; O — Ha THPUCTOPI

Heo06xigH010 yMOBOIO MpHU MOOYA0BI TAKUX CXEM € MEPEBUIIEHHS CTPYMY
KOJIEKTOPA, SKUU BIAMOBIJAE MEBHOMY 3HAUYEHHIO 1HTEHCHBHOCTI ONTHYHOIO
CUTHANly, HaJl MOPOrOM CIpAIOBaHHS KEPOBAHOTO ejleMeHTa. Y CcXeMl Ha
pucysky 4.9, a mion 3axwumiae ¢ororpansuctop Big EPC camoinmykmii pene y
MOMEHT #oro BuMukaHHs. [lopir cmparnpoByBaHHs Tupuctopa (puc. 4.9, 0)
BcTaHOBIIOeThead onopoMm RI1. Kowgencatop Cl mepemkomxae BIIIMUPAHHIO
TUPUCTOpPA MPU KOPOTKOYACHUX 3MIHAX OCBITJIEHOCTi, CTpUOKax Hampyru ado
CTPyMY B MEPEXi.

[Ipyn xoMmyTarii OiIbII MOTYKHUX KU, a TaKOX Yy (poropene 3 BEIUKOIO
YYTIAUBICTIO (OTOTPAH3UCTOPH HEPIKO BMHUKAIOTh 3a cxemoro JlapiiHrroHa
(puc. 4.10).

3aranbHUN  KOe(IIIEHT TMJACWICHHS TEePBUHHOTO (OTOCTPYMY CXEM
TOPIBHIOE NOOYTKY KOE(IIIEHTIB MiACUICHHS (OTOTPAH3UCTOPA Ta TPAH3UCTOPA.
Pene P (puc. 4.10, a,6) cipanibOByIOTh MPH HAJAXOKEHHI CBITJIOBOTO CUTHATY. Y
cXeMax 3 THpUCTOpamMHu moAumbHUKKA Hampyrd R1, R2 3amaroTe Hampyry Ha
KOJIEKTOpaX TPaH3UCTOPIB, sKa 3BHYAHO 3HAYHO MEHIIA 3a 3HAYEHHS
komyToBaHoi Hanpyru E. dortoperne, cxeMa KOro HaBeJeHa Ha pucyHky 4.10, B,
CIpaIlboOBY€ TpPHU OCBITJIEHHI (OTOTpaH3UCTOpa, a (oropene, 300pakeHe Ha

pucysky 4.10, r, - mpu Oro 3aTeMHEHHI.
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Pucynok 4.10 — ®oTopene 3 BBIMKHEHHSIM (POTOTPAH3UCTOPIB 32 CXEMOIO
JlapninrTona: a, 6 — Ha €JIeKTPOMEXaHIUYHUX petie; B, T — Ha

TUPUCTOPAX

Po3risHyTi cXeMH MNpanioTh y KIIOYOBOMY pEXUMI, TOOTO A1 HHUX
BU3HAYaAJIbHUM € T€, Y € CBITJIOBHUHM IOTIK Ha BXOMIl, Yd HI. [HOAI BHHHUKAE
HEOOX1AHICTh BMHUKAHHSI HAaBaHTAXXEHHSI 32 YMOBHU JIOCSATHEHHS 1HTECHCHUBHICTIO
CBITJIOBOIO TOTOKY II€BHOTO 3Ha4YeHHsA. Hampuknaa, aBTOMaTHYHOTO
BMHKAHHS/BUMUKAHHS CBITJa B 3aJI€KHOCTI B1Jl YMOB 30BHIIIHbOI OCBITJIEHOCTI.
ITpu oMy Tpeba BpaxyBaTH Te, 110 B MOMEHT JOCSTHEHHS CBITJIOBHM ITOTOKOM
3HAQYEHHSI TOPOTY CIPAIIOBAHHS CXEMH, MOXYTh CIOCTEPIraTHCsi BHUIAIKOBI
HE3HAYH1 BIIXUJICHHS B IHTCHCUBHOCTI BUTIpoMiHtoBaHHs. Ha puc. 4.11 HaBenena
cxema (doropene 3 Tpurepom IlIMitra, B SKi 3a paxyHOK TICTEPE3UCHOI
nepeaBalibHOI XapaKTEPUCTUKH YCYBAIOTHCS XHOHI TEepEeMUKaHHS peJie TMpu
HE3HAYHUX KOJIMBAHHSIX IHTEHCUBHOCTI ONTUYHOTO BUIPOMIHIOBAHHS.

Ha iuBepTyroumnit BXij omnepamiifHoro mijcuiroBada MOJAEThCA MOJOBUHA
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HAlpyTy >KUBJICHHS, a HA HEIHBEPTYIOUMH — Hampyra, IO 3aJIeKUTh BiJ
ocBiTiieHOcTI (oToTpanzuctopa VT1. Pesuctop R4 € omopom 3BOpPOTHOTO
3B’s13Ky. [Ipu ocBitieHocTi doTonpuitMaya Harpyra Ha HEIHBEPTYIOUOMY BXO/Ii
3pocTae 1 NpU JAOCATHEHHI MOJOBUHU HAINpPYTd >KUBIEHHS BHUXIJ TpUrepa
nepexoauTh 31 ctaHy Huszbkoro piBHA (~0B) mo Bucokoro (~E). Ilpu
3MEHIIIEHH] HANpyTH >KUBIIEHHS YyTJIMBICTH TpUrepa 3poctae. Lle oOymoBieHO
TUM, 1110 oporoBa Harnpyra E/2 na pesucropi R1 Oyne gocsratucs npyu MEHIIUX
3HAYEHHSAX (POTOCTPYMY, a 3HAUUTH 1 MPU MEHIIMX 3HAUYCHHSX IHTEHCHUBHOCTI
ONTUYHOTO BUMpoMiHIOBaHHS. ['ictepesuc Tpurepa IlImiTra BuU3HAuYa€eTHCA

BimHomeHnusM R4/R1.
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Pucynok 4.11 — ®oropene 3 tpurepom LlImitra

BBIMKHEHHSI (OTOTPAH3UCTOPIB B PO3INIIHYTHUX CXEMaX, K Bxke Oyso
3a3HAYC€HO BHWIIE, HE BIAPI3HAETHCS BHCOKOI IIBUIKOJIEI0. bBiIbIl BHCOKI
YaCTOTH MEPEeMHUKaHHS MOKHAa OTPHMATH, SKIIO TOTEHIANM KOJEKTOpa Ta
emitTepa (QoTOTpaH3UCTOpa MIATPUMYBATU MOCTIMHUMHU, IO JO3BOJUTH
no30aBUTHCA BIJ HEOAKAHOTO Mepe3apsly €MHOCTI KOJIEKTOPHO-EMITEPHOIO
nepexony. Llporo MokHa JOCATTH, HANpPUKIAA, SKIIO B EMITEPHE KOJO
dororpansucropa (puc. 4.8, 0) 3amMicTh pe3uCTOpa YBIMKHYTH MEpETBOPIOBaY
CTpyM-Hallpyra 3 MaJliM BXIJHUM ONOPOM. Y pe3yJsbTaTi, NOTEHLIa]d eMiTepa
IIpU 3MIHaX CTPyMy, L0 NPOTIKAE Yepe3 TPAH3UCTOp, OyAe 3MIHIOBATHCS IyKe
ciabo. B ineasbHOMY BHIIAJKy, KOJIM BHUKOPUCTOBYETHCS IEPETBOPIOBAY 3

HYJIHOBUM BX1JIHUM OIIOPOM, MOTEHIliaI eMiTepa Oy/ie 3aIiIaTUCs OCTIHHUM.
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[lepeTBOproBau cTpyM-Hampyra, sSKHl 3a CBOIMHM XapaKTEpUCTHKAMU
HaOJIMKAEThCA 10 11€aIbHOTO, MOXKE€ OyTH peai30BaHMi Ha omnepariiHoMy
miacwioBadl.  BapianT — miakirodeHHS  (OTOTpaH3UCTOpa  JO  TaKOro

MEpETBOPIOBAYA HABEICHUI HA PUCYHKY 4.12.
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Pucynok 4.12 — Cxema poTonpuitMaibHOTO MPUCTPOIO 3 MIABUIIIEHOIO

MIBUIKOIIEEO

Ha pucynky 4.13 HaBeneHMil 1€ OJMH NPUKIAL CXEMHU 3 IIJIBHILEHOIO
IIBUJKOJIIEI0, B SIKIH TMOCTIMHICTh TOTEHINIANY KOJIEKTOpa (HOTOTpaH3UCTOpa
MNIATPUMYETBCA 3a JIONOMOIOK OINOJIIPHOTO TPAaH3UCTOpPA, BBIMKHEHOI'O 3a

CXEMOIO 13 3arajbHOI 0a30¥0.
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Pucynok 4.13 — Cxema poTonpuiiMaabHOTO IPHUCTPOIO 3 TTiIBUILICHOIO

MIBAIKOIIEIO
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Bxinnuit onip Tpanzuctopa VT2 € manuMm (kiibka OM a0o0 KiJbKa JIECATKIB
OM), TOMy KOJIMBaHHS KOJEKTOpPHOro cTpymy ¢otorpanizucropa VTI1, mo
00OyMOBJICH]1 3MIHOIO IHTEHCUBHOCTI CBITJIOBOTO MOTOKY, Maii’ke HE BUKIIUKAIOTh
3MIH TMOTEHLIady MWOro KOJEKTOpa. 3HAueHHsS MOTEHIIady KOJEKTopa
dororpansucropa VT1 € OuUTbIIMM 3a MOTEHIAd 3eMJII HAa BEIMYMHY CHATy
HaIlpyTy Ha eMITepHOMY Nepexol Tpanuctopa VT2,

[Ipn BUKOpHCTAaHHI MiJIKIIOYEHHS 0a30BOr0 BUBOJY (DOTOTPAH3UCTOPIB
MOXYTh OYTH OTpPUMaHI JOCTAaTHbO MPOCTI CXEMH 3 TMEBHUMHU KOPUCHUMH
AKocTsIMU. Tak, HampuKiIaa, MOKHAa OTPUMATH ONTUYHO KEpPOBaHI MPUCTPOI 3

JBOMA CTIMKMMHM CTaHAMHM, aHAJIOT14H1 10 (POTOTUPHUCTOPIB 0O TPUTEPIB.
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Pucynoxk 4.14 — IlepeTBoproBau Tuiy (OoTOTUPUCTOP

Cxema Ha pucyHky 4.14 dyHkuionye sk (Gorotupuctop. Y BUXITHOMY
ctani Tpan3uctop VT1 3akputuii. [Ipu ocBitiienHi ¢potorpanszucropa VT2, iioro
KOJIEKTOPHUI CTpyM 3pOCTa€, BHACIIAOK YOro MOTEHLIad MOro KOJIEKTOpa
3MeHlyeTbesl. Lle 00yMoBmioe BiakputTs Tpansuctopa VTI1. Bigkpurrs
tpan3uctopa VT1 Ta 301abIIeHHST BHACIIIOK I[OTO CTPYM Y HOTO KO, 301IIBIITY€E
cnag Hanpyru Ha pesuctopi R2. 1ls Hampyra Oyae miATpUMyBatu
dototpanszucrop VT2 y BiAKpUTOMY CTaHl HaBiTh TPH TNPUIKMHEHHI KOTO
OCBITJICHHS, 1110, Y CBOIO YEPry, 3AIMIINTh TpaH3zuctop VT1y BIAKpUTOMY CTaHI.

[Topir cnpanbOBYBaHHS CXEMM 3ala€ThCsl 3HAUEHHAM omopy R3, uepes

Akuil  mpoTikae dYactuHa Qoroctpymy. Komgencarop C ycyBae xuOHI
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CIPAIfOBAHHS TPUCTPOIO TMPH KOPOTKOYACHUX CTPpUOKAX HAMPYTHU >KUBIICHHS.
Bumukanus cxemu, TOOTO ISl IepeBEeACHHS 1i TPAH3UCTOPIB Y 3aKpPUTHH CTaH,
B1JI0YBAETHCS TIPH 3MEHIIICHH1 HAITPYTH >KUBJICHHS.

OpHa 3 MOXKIIMBHX CXEeM THITYy (DOTOTpUrepa HaBeJeHa Ha PUCYHKY 4.15.
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Pucynok 4.15 — ®ortotpurep Ha poToTpanHzucTopi

IIpu BiacyTHOCTI oOcBiTIIeHHd TpaH3uctop VT2 e Biakputum. [is
ONTUYHOTO cUTrHay Ha ¢oTtoTpansuctop VT1 30ublIye HOTro KOJIEKTOPHUUN
ctpyM. Ilpu upomy 30umbmIyeThest 1 ctpym 0asu VT2, Tpamsuctop VT2
BiAKpuBaeThes. Hanpyra Ha pesuctopi R4 3pocrae. 30UIblIeHHS Halpyrud Ha
pesuctopi R4 uepes pesuctop R3 mepenaerscs Ha 6a3y dororpansuctopa VTI,
me Olblle BiAKpHUBaO4M ioro. B pesynbTaTi Tpurep nepekugaerbes B Apyrui
CTIMKMI cTaH, HaBiTh MpPH MPHUIMHEHHI OCBITIEHHS QoTroTpan3ucropa. [ion
3arnobirae BTparam ¢oTocTpymy uepes R3.

[lpn 3amMuKkaHHi KHONKH S, (OTOTPAH3UCTOpP 3aKPHBAEThCA. MoOro
KOJIEKTOPHHUM CTPYM 3MEHIIY€EThCS, 1110 BUKIMKAE 3aKpUBaHHS TpaH3ucropa VT2.
VY pes3yibTari cxeMa NOBEPTAETHCSA Y TOYATKOBHI CTIMKUI CTaH.

Bukopucranus (GOTOTpaH3UCTOPIB UIsl CHOPUMHATTS MOJYJBOBAaHOIO
BUIIPOMIHIOBaHHS, $K Y€ BIJ3HAYal0Ch, OOMEXYETbCS HECTAOUIBHICTIO
3aJJaHOTO IOJIOKEHHS po00u0i ToukH. Tak, 3a HassBHOCTI (JOHOBOTO 3aCBIYYBAHH,
IHTEHCHBHICTh ~ SIKOTO  MOXXE IIOBUIBHO  3MIHIOBAaTHUCS, CTPYM  IIOKOO

dboToTpaH3ucTopa Takoxk Oyzae 3miHoBatucs. lle BUKIMKAae CHOTBOPEHHS
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CUTHAITy, 10 npuiiMaeTbes. CTabini3yBaTy MOJI0KEHHS pOO0Y0T TOUKH B yMOBaxX
(OHOBOTO 3acBiUyBaHHS BJIA€ThCA 3a PaXyHOK BHKOPHUCTAHHS HETATUBHOTO
3BOPOTHOTO 3B’s3Ky. [IpuKiIaioMm MOXKe CITy>KUTH eMITepHUI TOBTOPIOBAY, CXeMa

SIKOTO 300pakeHa Ha pUCYHKY 4.16.
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Pucynox 4.16 — Bmukanus oToTpaH3ucTopa 3a CXEMOI0 EMITEPHOTO
MOBTOPIOBaYa MpU MPUMOMI MOITYJILOBAHOTO

BUIPOMIHIOBaHHS

[TonoxeHHs1 poO0YOi TOUKH Yy TEMHOBOMY PEXKHM 33Ja€THCS MOIIIIbHUKOM
Ha pesuctopax RI1, R2. HasBHicTp (QOHOBOro 3acBiUyBaHHS BHKJIHMKA€E
30UIBIIEHHSI CTPYMY, IIIO MPOTIKA€E y KOJi KOJEKTOp-emiTep TpaH3uctopa. Cran
HaIpyTu Ha pe3ucTopi R3 30UIbIIy€eThCs, 0 Beae 0 IMiJBUIICHHS MOTCHIIATY
emitepa ¢ororpansucrtopa. Ockiapbku TOTeHIIan 0a3u € 3adikCoBaHUM
HNOJUIBHUKOM HaIpyru Ha pesucropax R1, R2, miaBuIiieHHs MOoTeHLIany eMiTepa,
BUKJIMKA€ 3MEHILECHHS Hanpyru O0a3a-emiTep, 1 SK HACIAOK, 3MEHIUEHHS
KOJIEKTOPHOT'O Ta EMITEPHOT0 CTPYMIiB. Y pe3yJibTaTi Hampyra Ha pe3uctopi R3,
fgKa € BUXIJHOI HANpyrolw KacKady, 3MEHIIYeTbcs. Pe3ynbTyrouuii mpupict
BUXIJHOI Hampyru, OOyMOBJIEHMI HAasBHICTIO (OHOBOrO 3acBi4yBaHHS,
BUSIBIISIETHCS JOCTATHHO MAJIMM JUJIsl CYTTEBOTO CIIOTBOPEHHSI KOPHUCHOTO CUTHAIY,
HaBITh NPU BUCOKHUX 3HAYEHHAX 1HTEHCUBHOCTI (DOHOBOTO 3aCBIUyBaHHS

Sk 1 B cxemax Ha OCHOBI (DOTOMIOMIB, B cXeMax 3 (POTOTPAH3UCTOPAMHU

MPUXOAUTHCS MIATPUMYBATU MOCTIMHICTh MapaMeTpiB B yMOBaX KOJIUBAHHS
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TeMIiepaTypu. SIKk TEpPMOKOMIICHCYIOUHM €IEMEHT y KoJIaX 3 (POTOTPAH3UCTOPAMHU

YacTille BUKOPUCTOBYIOTHCS OJHOTUIIHI (hOTONpUMAaYi.
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Pucynok 4.17 — Cxema 3 KOPEeKIIi€ro TeMIiepaTypHOi HECTaO01IbHOCTI

doronpuiiMmaya

Ha puc. 4.17 ¢poTtoTpan3ucTopu yBiMKHEH1 3a AU(EPEHIIaTbHOI0 CXEMOIO.
OnepaniiiHuii  MiACKIIOBAY  IMJICKUIIOE KOPUCHUW CHUTHAJ, SKUM BHHHUKAE
BHACJIIOK PI3HMII OCBITICHOCTEH ¢oTompuiiMadiB (OAMH 3 HUX MOXe OyTH
3aTEMHEHMH ), 1 MPUTIyIIye cuH(a3Hi CKIa0BI1, 10 3aJekKaTh Bl TEMIIEpaTypH.

[TouaTtkoBe OanmaHcyBaHHA a3y, SKe HEOOXiAHO PpOOUTH BHACIIIOK
pO3KUAYy TlapaMeTpiB (OTOTpaH3WCTOpa Ta HEICATBHOCTI ONEepaIiiHoOro
MIJICUIIIOBava, 3I1ACHIOEThCS 3a JonoMoror mnorteHimiomerpa R2 (R2<RI1).

KoeditieHT miacuiIeHHs perytoeThes 3a 101moMororw RS.

KoHTpouabHI nUTAHHSA

1. IlpoanamizyiiTe OCHOBHI BapiaHTH CXEMOTEXHIYHOT'O BUKOPHCTAHHS
(dhoTOpe3ucTopiB.

2. IlpoananizyiiTe MOXJIHUBI BapiaHTH BBIMKHEHHS (OTOMIONIB ¥y
I1JICHITIOBAJIbHI KacKaJu Ha OCHOBI OIMOJISIPHUX Ta MOJbOBUX TPAH3UCTOPIB.

3. IlpoananizyiiTe MOXJIHMBI BapiaHTH BBIMKHEHHS (OTOMIOAIB y KoJja

oTIepaIlifHUX I1ICUITIOBAYIB.
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4. TlpoaHamizyiiTe CXEMOTEXHIKY (OTOMIOMHUX  TMEPETBOPIOBAYIB
MOTY>KHICTh ONTUYHOT'O BUIPOMIHIOBAHHSA—4aCTOTA.

5. Tlpoanami3zyiiTe CXeMOTEXHIKY MEPEMUKAIBHUX MPUCTPOIB HA OCHOBI
(hoTOTpaH3UCTOPIB. 3aNpoONOHYHTE BapiaHT OYIb-IKOTO 3 IUX MPHUCTPOIB, B
SAKOMY 3aMiCTh (DOTOTPAH3UCTOPA BUKOPUCTOBYETHCS (POTOIION.

6. Sk Tpeba 3minuTH cxemy ¢dotopene 3 Tpurepom IlImitra, 1100
BMHKAHHS HaBaHTa)XXKCHHS BII0OYBAJIOCS MPU 3MEHIICHH] OCBITJIEHOCTI? SKi 3MiHU
Tpeda BHECTH Y LI0 CXEMY, 0O MOXKHA OyJI0 PEryItOBaTH MOPIT BMUKAaHHA?

7. IlpoanamizyiTe CXEMOTEXHIYHI METOAM KOMIeHcalii (QOHOBUX
3aCcBIYyBaHb

8. Sk MOXHa MiJABUIIUTH MBUIKICTH CXeM Ha (pToToTpanzuctopax? Sxi
CXEMOTEXHIYHI MiIX0IU MOXKYTh OyTH BUKOPHUCTaHI I HOTO?

9. [Ilpoananizyiite cxemy ¢QoroTrpurepa. Yu Moke BOHa OyTH
peanizoBana Ha Qoromioni? ki 3miHM Tpeba BHeCH y L0 cxemy, 100 ii
CKMJIaHHS TaKOX, SK 1 BCTaHOBJIEHHS, BIIOYyBaJloCSd TMiJ JI€0 ONTUYHOTO
CUTHAITY?

10. IlpoanamizyiiTe CXEMOTEXHIYHI METOAM TEeMIEpaTypHOI KOpPEKIIii
dboTonpuiiMaTbHUX MPUCTPOIB HA OCHOB1 (POTOTPAH3UCTOPIB.

11. Yu moxke cxema, 110 HaBeJeHa Ha PUCYHKY 4.17, OyTH BUKOpHUCTaHA

IUIsl KoMneHcalli ()OHOBUX 3acBIYyBaHb? BilmoBiib MOSCHICTB.
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5 ONTOEJIEKTPOHHI IPUCTPOI OBPOBKH IHOOPMAIIII

5.1 OnToJIEKTPOHHI JIOTiYHI eJ1eMeHTH

3acTOoCyBaHHsI ONTEIEKTPOHHUX €JIEMEHTIB — OAWH 13 HUISAXIB CTBOPEHHS
0aratopyHKIIOHAJIBHUX OJHOPITHUX OOYUCITIOBAIBHUX CEPEIOBHUIL, IIBUIKOIIS
skux Oyma 6 mopsaka 107...107° c. Jis migTpEMaHHS OXHOpIOHOCTI mpw
moOyI0Bi MPUCTPOIB KEPYBAHHS PI3HOMAHITHUX OMTOEJIIEKTPOHHUX OMEpAIiitHUX
cucteM o0poOiTkH 1HpOopMaIlii HEoOXiHI ONTOETEKTPOHHI JIOT1YHI CXEMHU.

B onroenexkTpoHHHX (DYHKI[IOHAIBHUX TMPUCTPOSX KEPYBaHHS MOXKE
3M1MCHIOBATUCS SIK ONTUYHUMHM, TaK 1 €JIEKTPUYHUMHM cUTHanamu. OCKUIbKH
CJEKTPUYHUNA CHTHAJl MOXKe OyTH JIerKO NEpeTBOPEHU B ONTHYHHUMA 3a
JIOTIOMOTOI0 CBITJIOJNI0/IA, TO ONTOEIEKTPOHHI JIOT14HI €IEMEHTH 3 €JICKTPUUYHUM
Ta ONTUYHUM KEPYBaHHSAM OYIyTh PO3PIZHATUCS TIILKH BX1THUM KOJIOM: JIOT14HI
BEHTWJII 3 €JICKTPUYHUM KEpYyBaHHSAM OYIyTh MICTUTH Ha BXOJl CBITJIOMION,
ONTUYHO 3B’S3aHUN ONTHUYHO KEPOBAHUM KOMYTYIOUUM €JIE€MEHTOM, HAIPUKIIAT 3
(hOTOTPAH3UCTOPOM.

Ha puc. 5.1 300pakeHi ONTOEIEKTPOHHI E€JIEMEHTH, $KI JO3BOJSIOTh
peali3oByBaTH OCHOBHI JIOTIYHI (YHKIII B UU(POBUX ONTOEIEKTPOHHUX
npuctposix. Tak, cxema, HaBeJieHa Ha puc. 5.1, a, peanizye onepailito JOT1YHOTO

MHOXKEHHsI, a Ha puc. 5.1, 0 — onepalilito JOTTYHOTO 10/ JaBaHHS.
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Pucynok 5.1 — JIoriuHi oNTOENEKTPOHH1 €J1E€MEHTH:

a — exemMeHrt “I”; 6 — ennement “ABO”
b

VY nepmomy Bumaaky BuxigHa Hanpyra Upyx Oyae MaTh BUCOKHM pPiBEHB,
ONM3bKUN 70 HANpPYTH KUBJICHHS E, TIIbKK SAKIO 00uaBa (HOTOTpaH3HCTOPU

OyIyTh YBIMKHEH1, TOOTO TOJi, KOJH MOTY>XHICTh ONTHYHOTO BUIPOMIHIOBAHHS
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Ha 000X BXojax OyJe BIAPIZHATUCA BII HyJds. Y cxeMi Ha puc. 5.1, O BuxigHa
Harpyra Oyje 3a piBHeM Onu3bkoro 10 E, KO OCBITNIIOETHCS X04a O OJUH 3
(hOTOTPaAH3UCTOPIB.

Jloriuna omepamis  “HI” wmoxke OyTu peasi3oBaHa eJIeMEHTaMHU,

300pa’keHUMH Ha puc. 5.2.
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Pucynok 5.2 — Onroenexktponnuii eaxement “HI”

Cxema Ha puc. 5.2, a ckiafaeTbcs 3 ABOX KackasiB. [lepmmii kackan Ha
¢dototpanzuctopi VT1 BukoHye (yHKIIIi MOBTOPIOBaYa — HaIlpyra Ha pe3ucTopi
R1 mae Bucokuii piBeHb MPU HAIBHOCTI BX1AHOTO ONTHUYHOTO CUTHATY 1 HU3bKUN
piBEHb MpHU HOTO BiACYTHOCTI. Jpyruii kackan, 310panuii Ha Tpan3uctopi VT2, €
iHBepTyrounM. [Ipu BHCOKOMYy piBHI Hampyru Ha 0a3i Tpansuctopa VT2 (Ha
pe3uctopi R2), TpaH3UCTOP € BIIKpUTUM 1 BUXinHa Hanpyra Ugyyx € OJU3BKOIO 710
Hynsi. Komm wmampyra wa 06asi VT2 Oyae npuGnu3HO AOPIBHIOBATH HYIIIO,
Tpansuctop VT2 Oyne 3akpuTuil 1 BUxifHa Hampyra Oyze 3a piBHEM OJIU3BKOIO
1o E.

Jlns peamizaiii iHBepTOpa MOXHA BUKOPUCTOBYBAaTH OJIMH 1HBEPTYIOUUU

KackaJ, 310panuii Ha poToTpan3ucTopi (puc. 5.2, 0).

5.2 baratopyHKIiOHAJIbHI ONTOEJEKTPOHHI eJIeMeHTH

OnToenekTpoHHI MPUCTPOI MaIOTh O3HAKK OaraToyHKI[1OHAIHHOCTI.
O3Haku MPUPOAHOI Ta BUMYIIEHOI O6araTopyHKIIOHATBHOCTI OBHHHI MAaTH, Y
nepury uepry, 6a3oBi eIeMEHTH ONepaliifHuX CTPYKTYp. IX 0COGIHMBICTIO € Te,
10 MHOXHWHA (DYHKIIII1 BUKOHYETHCS TPU MOPIBHIHO HEBEJIUKIN KIJIBKOCTI BXO/1B

kepyBaHHA. CKOPOUEHHS KUIBKOCTI BXOJIIB KEPYBaHHA JOCATAETHCS 3a PAXyHOK
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BUKOPHUCTAaHHA CIOcO0y MoAaHHs 1H(pOpMaIli y BUIIISIAI MIHIMAIBHOTO TUCKpPETa
Jacy, SKMil BUBHAYAETHCSA YaCOM CIPAIlbOBYBAaHHS aKTUBHOTO €JIEMEHTA T1aM’ SITi.

OnepariitHi CTPYKTYpH 1H(pOpMaIITHO-BUMIPIOBAIEHUX Ta
OOUYHCITIOBAILHUX ~ CTPYKTYp  OyayroThcsa  Ha  OaratoyHKIIOHAJIbHHUX
ONTOCJICKTPOHHUX MOIYJIsIX. JIJist TOOYMOBH TaKUX MOJYJIIB HEOOXiaHI 0a3ucHI
OITOEJIEKTPOHHI €JIEMEHTH, 0 MPAIIOI0Th y PerepaTuBHOMY pexkumi. OCKUTbKU
Taki €JIEeMEHTH B ONTOEJIECKTPOHHHUX JIOTIKO-4aCOBUX OOUYMCITIOBAIIbHUX
CepelIOBUILAX peaTi3yloTh NPUHLHUII TEPEeTBOPEHHS 1HGopMaIii HUIAXOM
KBaHTYBaHHS Yacy, BOHH OTPUMAaJIM Ha3By KBaHTPOHIB. TakuM YMHOM KBaHTPOH
€ CTPYKTYPHHM €JEMEHTOM OIHOPIAHOTO OOYHCIIOBAILHOTO CEPEIOBHUINA, B
AKOMYy aHajioroBa Ta 1udpoBa o00poOka iHdOpMaLi CyTPOBOIKYETHCS
3amaM’ITOBYBaHHSM Ta 1HJAUKAIIIEIO PE3YJIbTATIB.

3arajgpHa CTPYKTypHa cXeMa ONTOKBaHTPOHA 300paxkeHa Ha puc. 5.3.
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Pucynok 5.3 — CTpyKkTypHa cxemMa ONTOKBaHTPOHA

e
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[Ipu ogHOUACHII A1 HA KBAHTPOH CBITIOBOTO MOTOKY 30y/KeHHS hv,; Ta
Hanpyru 3acBidyBaHHa U, cTpym [, ¢doroenemenTa crae [JOCTaTHIM IS
nepexoqy KOMyTaTopa i3 3aKpHTOrO CTaHy Y BIIKpUTHH. Y pe3ynbrari
30LTBIIY€ETHCS CTPYM, SIKHM Te4de Kpi3b CBITJIOBUIIPOMIHIOBAY, 1, SIK HACHIIJIOK,
CJIEKTPUYHA €HEPris MEPEeTBOPIOETHCA Y CBITIOBY. YacTHHA CBITIIOBOTO MOTOKY
BUKOPUCTOBYETHCS ISl YTBOPEHHS 3BOPOTHOTO 3B’ 513Ky, YACTHHA - JUTSI 1HAMKAIII{
CTaHy KBaHTPOHA, peITa - JJI CIparbOByBaHHS HACTYITHOTO KBaHTpoHa. Yac T,

32 SKUI CBITJIOBUIIPOMIHIOBaY NEPEXOAUTH 10 30y/DKEHOro cTaHy, (4ac
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CIpalbOBYBaHHS KBAaHTPOHA), BU3HAYA€ MIHIMAJIbHY TPUBAIICTh CBITIOBOIO
MOTOKY 30y/KEHHS, TOOTO TPUBAJIICTh OJTHOT'O KBAHTA Yacy.

Sxio micas 3aBEpIICHHS 4Yacy T OMPOMIHEHHS 30BHIIIHIM CBITJIOBUM
MOTOKOM 3aKIHUYEThCS, ONTOKBAHTPOH 3aJMILAETHCA B 30YyIKEHOMY CTaHi,
OCKIJIbKM CBITJIOBUIIPOMIHIOBAY, YTBOPIOIOYM Kpi3b (POTOETEMEHT YaCTUHOIO
CBITJIOBOTO TOTOKY 3BOPOTHHUH 3B’S30K, MIATPUMYE KOMYTATOP y BIAKPUTOMY
ctani. Tomy y cTaHi 30y/UKEHHSI ONTOKBAHTPOH MOKE 3HAXOJUTHUCS HEOOMEKEHO
J0Bro. /I BUBENEHHS 13 1IbOTO CTaHy HEOOXIAHO TMOJATHU IMITYJbC HAMPYTH
ckuganHs U, skuii 3aKkpue komyTtarop. Koau koMyTarop 3aKpueTbes, CTPyM, 110
T€Ye Kpi3b CBITJIOBUIPOMIHIOBAY, 3MEHIUUTHCA MPAKTHYHO JO  HYJI.
CBITNIOBUNPOMIHIOBaY BHIJE 13 CTaHy 30y[KEHHS 1 3BOPOTHHUN 3B 530K
pPO3IMKHETBhCS. Y 1bOMY CTaHi KBaHTpOH Oyjae mepedyBaTH [0 TMPUXOIY
HACTYIHOTO CBITJIOBOTO MOTOKY 30y IKEHHS.

3 HaBeACHOTO0 OIKCY BUAHO, IO ONTOKBAHTPOH (PAKTUYHO BHUKOHYE
GyHKILIIi aKTUBHOTO €JIeMEHTa 1am’sTi, TOOTO 3BUYaiiHOTrO TpUrepa, ajie 3 JBoMa
CYTTE€BUMH BigMiHHOCTSMU. [lo-miepie, Tpurep He Moxke OyTH MOOY/IOBaHUN Ha
OJIHOMY aKTHBHOMY eyieMeHTi (Tpanszuctopi). [lo-apyre, y Tpurepi HeoOXinHa
HasBHICTh JBOX K11 MO3UTHUBHOI'O 3BOPOTHOTO 3B’SI3KY, @ Y KBAHTPOHI JI0CTaTHHO
JIUIIIE OJTHOTO.

ENeKTpUYHa cXeMa ONTOKBAaHTPOHA 300paxkeHa Ha puc. 5.4. Moro pexum
BU3HAYAEThCA CTpyMoM cBiTiomiona (CJI), mo 3amaeTrbcs piBHEM 30yHKEHHS
dboromiona (OJ]) 1 koedirieHTOM MiICHIICHHS Kackaay Ha TpaH3ucTopi VT.

ITpu BizcyTHOCTI BXIJHOrO ONTHYHOrO curHany Igy < Iy (lp — rpaHuuHe
3Ha4YeHHS cTpyMmy 30ymkenHs CJI), mo BU3HAYae BUKIIIOYCHUN (HYJIBOBHUI) CTaH
kBaHTpoHa. CraHy "BKIIOYEHO" BIANOBIOA€ HEPIBHICTH [y > [), IO O3HA4ae
cBiTiHHA C/l npu MosiB1 CBITJIOBOIO CUTHAITy HA ONTUYHOMY BHXO/1 KBAHTPOHA.

HasiBHICTH ONTHYHUX Ta EJIEKTPUYHHUX BXOMIB 1 BHUXOJIB, ONTHYHOTO
BHYTPIITHBOTO TIO3UTHBHOTO 3BOPOTHOTO 3B’A3KYy BH3HAYAE KBAHTPOH SIK
eJIeMEHT mam’sTi i1 inauKarii. KBaHTpoH Moske MpaiioBaTi B peXKUMI TeHepaTopa
IMITYJIBCIB 3 €JIEKTPUYHUM 1 ONTUHYHUM KepyBaHHAM. YacToTa Takoro reneparopa
MO)KE€ BapllIOBaTUCS B IIMPOKUX MEXKaxX, a CXeMa HE MICTUTh PEaKTHUBHUX
€JIEMEHTIB.

MoXIHUBICTh MO€NHAHHS (QYHKIIN mam’saTi W 1HAMKAINl y KBaHTPOHI

oOyMoByieHa foro cTpykryporo. [IpuHIunoBa cxema KBaHTpoHa (auB. puc. 5.4)
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mictuth BXimHi cBiTnomionn CJ{1, CII2, Buxiguuii cBitmomion CJI3, ¢oromion
®J[1, P2 pna npuitoMy onTuuHoi 1HGopmarii, doromion DA3 ana
3amam'sToByBaHHS  1H(opmarlii, miacuiaoBaY Ha TpaH3uctopt VT Ta

po3B’s3yBaiibHI Aioau VD1, VD2.

UB_;:?J i +Ux
Lh¢m¢5
Ui'e—— vorp ( e ) DIt
i
enl( T )om el
T

-9[?( A3 Jome s
lC.ﬂF'.

VD2V J"”
U ]

Ex,

U |

Pucynok 5.4 — Cxema onTOKBaHTpPOHA

Jlns 3a0e3nedeHHs] TPUrepHoro pexkuMy cxeMu Ha ii Bxig Uy, mMomaeTscs
MO3UTUBHUM TOTEHINIAM, a JJIsl 3A1MCHEHHS ONTUYHOTO 3aIyCKY 3aCTOCOBYETHCS
MiJUKUBIEHHA eNEKTPUYHUM cHurHanmoM U's. JInsd BUHHMKHEHHS TPHTEPHOTO
edexTy HeoOX1IHO, 00 KOoedIIEHT Tepeaadi CTpyMy PO3IMKHYTOTO KOHTYPY

IO3UTHUBHOT'O OIITUYHOI'O 3BOPOTHOI'O 3B'H3Ky 6y13
ﬁ3.3 = a]ﬂ > 15

ne o - koedimieHT cBitnoBianayl CJI;
J - koediuieHT epextuBHocTi OJI;

S - KOe(]illIeHT MiACWICHHS TPaH3UCTOpaA.

HynboBOMy cTaHy KBaHTPOHA B1ANOBIIa€ HEPIBHICTD

Tyo+ Plogs <1y, 3.1)

ne Ix - 3BOPOTHUN KOJIEKTOPHUM CTPYM TPAH3UCTOPA;

145~ cTpyM @] 'y IpOBIAHOMY CTaHI.
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HepiBuicth (5.1) 7nerko BUKOHYEThCS i TEMHOBHX CTPyMIB I,

doromionis, ski mus kpemuienx mpmiimauis I, <107°A4 .V pexumi
¢doro30ymxeHHss Ilgpp3 >> I3, 1O OpUBOIUTH A0 3MiHM 3Haka (5.1) Ha
NPOTUJICKHHUHN. YHACHIIOK I[LOTO 3pOCTAIOTh TJIMOWHA MO3UTUBHOTO ONTHYHOTO
3BopoTHOTrO 3B’s3Ky CI3-DJI3 1 komekTopHHil cTpyM TpaH3uctopa VT, 1o
IIBUIKO BXOAUTH y PEKUM HACHYCHHs. Y 1bOMY CTaH1 sickpaBicTh cBiTiHHA CJI3
J0csra€ MaKCUMaJIbHOTO 3HAYeHHS. BilmoBigHO 10 puc. 5.4 cTpyM BBIMKHEHHS

ontponHoro kiatoua OJI3-C/13

, E-U .
ICﬂlaljl + 1 — 1y +—K3a313 +1py,
B

1

oskn

JInsi BUMUKaHHS KBaHTPOHA HEOOXITHO MOJATU EJIEKTPUYHUM CUTHAI
ckupanas. [Ipu mpomy crpanpoBye ontpon CI2-DJI2, mepexin emitep-6a3a
TpaH3UCTOPAa WIYHTYEThCS ManuM ornopoM DJI2 1 TpaH3UCTOp BUBOAMUTHCS 3
HACHYECHHS Ha aKTUBHY AULTHKY. [Iporiec BUMHKaHHS, SIK 1 MPOIEC BBIMKHEHHS,

HOCHUTb CTPUOKOMOIIOHUI XapaKkTep, MPU I[bOMY CTPYM BUMHKAHHS

Loy =15 :(]czz3a3j3 +1p +1T3)_(1T2 +Icg2azj2):
STy . _Iczzzazjzﬂ
= +]T1_]T2+IT3

B

3 TPUTEPHOTO PEKUMY KBAHTPOH MOXKE OYTH TEPEBEACHUN Yy pPEKUM
reHepaTopa pO3PUBHHUX KOJWBaHb, HEJIHIMHAM €IEMEHTOM SIKOTO € TPaH3UCTOP
VTI (puc. 5.5).

Y mpoMy pexumi Ha Woro 0a3y MOMAETHCS BiJ HE3aJIeKHOTO JDKEperna
Hampyra 3cyBy U,,, III0 BH3HAYa€ YacTOTY KOJWBaHHI TeHeparopa. llpum
YBIMKHYTIN Hampy3i >KUBJICHHS +U , TpaH3uctop VT1 3HaXOIUTHCS B PEXKUMI

HACUYEHHS, MOTO KOJIEKTOPHUU CTPYM:
Iy =1gy :IBIO' :[C,ZZ > 1.

Crpym I, =1, BH3HAYa€ IHTEHCUBHICTb BuUIpoMmiHioBaHHa CJI, sxa
MOBMHHA OYyTH JOCTAaTHHOIO JUIsi BUKOHAHHS YMOBH o:j-f > 1, mNpu AOCATHEHHI

AK0oi (OPMYEThCA BEpIIMHA IMIYJbCy. TpUBANICTh BEPIIMHU IMIYJILCY
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oomexyethes iHepriiiHicTio DJI. Ilporec po3cMOKTyBaHHS 3apsiiiB 3 001acTi

6asu  VT1 BusHauae 3amuiit gpoHT iMmynbcy. [lpu I, <1, popmyeThcs maysa

MDK IMIyJbCaMH, TPHUBAJICTh SKOI 3aJeXUTh B CXEMHOI peJakcaiiii,
ooymoBieHoi RC-mapamerpamu CJI. 3HauenHs kepytouoi Hampyru Uy,
BHU3HAYae yac 3apsay emMHoctel p-n mnepexomiB CJ[ 1 VT, yHacmigok 4oro

3MIHIOETHCS YaCTOTA MPOXOIKEHHSI IMITYJIbCIB.

UY2 5T, l_JY1 T U,
. o] ch
2 F . —
| ( Rey )
VT2
T
Ryl | Fa Ry |

Pucynok 5.5 — OnToenekTpoHHU reHepaTop

3MiHOIO0 3CyBy TpaH3uctopa VT2 ONTpOHHUN TeHepaTop MOxke OyTu
MPUBEJACHUN y pexuM ouikyBaHHs. [lomaua HeratuBHUX iMIynbeiB Uy, Ha 0a3y
VT2 nepeBoauTh TPAH3UCTOP Yy PEKUM HACHUYEHHS, 110 3a0e3leuye 3ammyck
Tpansuctopa VT1. Jlam mpouecu (opMmyBaHHS BEpIIMHM IMITYJbCY, 3aIHBOTO
GpoHTY 1 May3u MDK IMITyJbCaMH BiOYBAaIOThCS AHAJIOTIYHO PO3TISHYTOMY
pexxumy BY renepanii. 3 HamxoJpKeHHAM Ha Kepyrouuid BXinl Uy, IMIyJIbCy
MO3UTUBHOI TOJIsIpHOCTI TpaH3uctopu VTI 1 VT2 3akpuBaroThcs. 3aBAsKU
3BOPOTHOMY 3B 3Ky 4epe3 pesuctop R4 tpansucrop VT2 yrpumyerbcs B
3aMKHEHOMY CTaHi MicJid MPUIMHEHHS J1i KepyIOUYOoro iMIyJibCy.

PexxuM ouiKyBanbHOrO TeHEpaTtopa, N03Bojsie TakTyBath poOoty CJI
BIJIMOBIIHO JIO HAJAXOKCHHS Kepyrouux iMmyisciB Uy, Lle poOuth pexum
1HIUKAIllT KBAaHTPOHA O1IbII THYYKHM 1 EKOHOMIYHHM.

YacroTa reHepalii ONTPOHHOIO TEHEpaTopa OOMEXKYETbCS YacoM
penakcariii GorocTpymy ¢ortonpuiiMada. Y cydacHuX mBHAKoAirounx D]l gac
BCTaHOBIEHHs (otocTpymiB He mepesumye 10°..>107"" c. Ile Busnasae BY
pexxuM reHeparopa. Jns peamizamii HU pexumy notpiOHi doTompuiimaui 3i

30UIBIIIEHUM YacoM pefiakcailis OTOCTpyMy, SIK, HapUKIad, y OTOPE3UCTOPIB.
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VY npuanunosiit cxemi HU ontponHoro renepartopa Ha ¢otopesuctopax (puc.
5.6) BUKOPUCTOBYETHCS Ta K 1€l IUHAMIYHOI aM’ ST (OTOPE3UCTOPIB, 110 i y

T -(b1IbTpax 1 KOMMYTYIOUMX ONTPOHHUX KITFOYaAX.

] 5+E,
R3 R,
[ [ vT2 [oP2
(D b 32) cne
a1 | oP1
o 1GE=1
R4 '
I VT
R2

Pucynok 5.6 — OnToenekTpoHHUN reHepaToOp HU3bKOYACTOTHUX KOJINBaHb

VY mifi cxemi SK OCHOBHUH Yac03aJal0uuil MPOLEC BUKOPUCTOBYETHCS
3MEHIIEHHS CTPYMY, 1110 MpoTikae kpi3b Gpotopesuctop OP1 1 pesucrop R3, axwuii
3a/1a€ PeXUM NOJBOBOrO TpaHzucropa VT2. IHTepBam yacy, MpOTATOM SIKOTO
Tpan3uctop VT2 Oyne 3aMKHEHUI, BUBHAYA€ThCA 3HAUEHHSAM OIOPY PE3UCTOpa
R3 1 mocriitHOi 3MeHIIeHHS (OTOCTPYyMY T, doTopesuctopa ®Pl. YUum Buiie
3HAYEHHS T.;, TUM OUIBIININA 1€¥ 1HTEepPBaJ, 0 0O0YMOBIIIOE OTPUMAHHS TIAy3 MIX
IMITyJIbCaMH BEJIMKOi TPHUBAJIOCTI. 3MiHIOIOUM omip pe3uctopa R3  mokHa
3MIHIOBAaTH T, BIJl MUTICEKYH/] 10 XBUJIKH. 3MiHIOIOUH omip pe3uctopa Rl, moxHa
3MmiHIOBaTH 4Yac cBITIHHA CJ/I2, a oTxe, TpUBAJICTh I€HEPOBAHUX IMITYJIbCIB.
MopentoBanHsl AUHAMIYHOI Mam’sTI Ha mpolLecax penakcaiii (oTocTpymiB
J03BOJISIE  BUKJIIOYUTH 13 cXeMu  BenukorabaputHi  RC-xkoMnoHeHTH,
MIHIMI3yBaTH ¥ yHI()IKYBaTH CXEMHI1 PIllICHHS.

Po3srissHeMo mpukiIag po3paxyHKY eJeMEHTa 1HAMKAIil 3 Ham'sATTio, IO
MOke OyTH BUKOPHUCTAaHUN SK KOMIpKa IWHAMIYHOTO TabJ0 1 TiCTOrPaMHOTO
JUCTLIES.

Ha puc. 5.7 300pakeHa TUpWHIIMIIOBA CXeMma eJIeMEHTa IHIUKAIii 3
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Pucynok 5.7 — EnemeHT 1HAMKaLIT 3 maM’ SITTIO

VY pexumi D-tpurepa npu nojaui Ha Bxoau Bxl Ta Bx2 kepyrouux
CUTHAIIB TMO3UTUBHOI TMOJSPHOCTI 1 HA OJAWMHUYHUN onTuyHuUU BXxig Bx3
CBITJIOBOT'O TIOTOKY Kpi3b ¢oTomionu ®JI1 1 ®JI2 nounHae mpoTiKaTh MOPIBHIHO
BeNUKHU PoToCTpyM. Y pe3ynbTaTi TpaH3uctop VT 1 BUSBIAE€THCS 3aMKHEHHUM, a
ceitnonion CJI1 — nesacBiueHuM. TakuM 4YMHOM, 3BOPOTHHUI ONITUYHUHN 3B’ SI30K
ceitnoniog CJH1 — poromion D3 Oyne po3iMkHyTHM. [lpm mpomy curHan
KepyBaHHA 3 Bx2 Haaxoauts yepe3 Biakputuil aiox 1 ta ¢otomion @1 Ha
0a3y Tpansuctopa VT2, BigMuKawuu Horo. BuHHMKae MO3UTHBHUM ONTUYHUN

3B’s130K. [Ipu 11pbOMy OBMHHA BUKOHYBATHUCS YMOBA

R, >> R(Dﬂ4a

ne R,;,- onip portoniona ®J4.

[Tpu HezacBiuenomy dotoaioni G/14
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UBXZ - UVDI - Ucpm

9
I@m

R, =

ne Upyx, - Hampyra Ha Bxojai Bx2;

Uy - cnan Hanpyru Ha aioai [11;

Ugpyp -cnan Hampyru Ha 3acBiueHoMy ¢oromiont ©/11;
Lo - cTpyM, 110 npoTikae yepes poromion /1.

ChopanpboBy€e TO3WTHBHUK  ONTHYHHM  3B’SI30K, TpaH3uctop VT2
3HAXOAMUTHCS Y BIAKPUTOMY CTaHi, 1 Ha NPSIMOMY ONTHYHOMY Buxoll Buxl
3’SBIISIETHCS CBITJIOBUN CUTHAJ, SIKUH CBIYUTH PO TE, IO €IEMEHT 3HAXOJUThCS

B OJIMHUYHOMY 30y I’)KEHOMY CTaHi.

U}K - chz - UVT2

R, =

]C,ZZZ ’
ne Uy — HanpyTa )KUBJICHHS,
Ucyp — cniag Hanipyru Ha ceitinoniont CI2;

Uy, — cian Hanpyru Ha Tpan3uctopi V2.

[Ipu BigkpuTomy Tpanzuctopi V12

U}I( B UVD2 B UVTz
I 5

VD2

R, =

ne — Uyp, crian Hanpyru Ha gioai VD2;

Iyp; — cTpyM, 110 TpoTikae yepes aiog VD2,

Ontuunuii Bxig Bx3 y manomy Bunaaky € D-Bxomom. Ilpm nopaui
Ha Bxoau Bx1 1 Bx2 mnoreHuianiB MO3UTUBHOI MOJSPHOCTI 1 BIACYTHOCTI
Ha D-Bxoni cBiTiioBoro curHaimy TpaH3uctop VT1 BiIMHUKa€eThCS, OCKIIBKU
CBITJIOBUM  curHal Ha ontuyHomy Bxoai DJI2 BiacyrtHiil. Ilpu upomy
ceiTnogion CJ/[1 30ymKyeTbCs, CIpanbOBY€ ONTUYHUI 3BOPOTHUI 3B S30K
ceitnonion CJH1 — dotomion D3, i Ha 6a3zy Tpanzuctopa VT2 HamxoIuTh
HYJIbOBHM TIOTEHINlaJ, 3amMuKkaiouu #oro. Ha iHBepcHOoMy Buxomi Bux2

3’ SABIISIETHCS ONTUYHHUI CHUI'HaAJl, SIKUM CBiI[‘-II/ITB npo TC, 10 CJIICMCHT 3HAXOAUTHCA
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B HYJIbOBOMY — 30y/PKEHOMY CTaHI.
[Ipu 3akputomy Tpansucropi VT2

Rs _ U}K _Ucm

]CLZS ’
ne Ucqy;— cniag Hanpyru Ha cBimiioaioni CI3;
L¢3 — cTpyM, 10 npoTikae uepes ceimioaion C3.

Pesucropamu R, Ta R, gocsraerbcst moTpioOHUN pexxum podotu VT1 1 VT2,
30kpema, pesucTop R, 3abesnedye IMojady 3MIIICHOTO PiBHA HYJIbOBOTO

noTeHIiary Ha 6azy VT2, mo npuBoAUTh 0 HOTO YaCTKOBOT'O 3aKPUBAHHS.

IIpu BigkpuTomy Tpanzuctopi VT1

Use =Uppryr

R =

b

Lo

ne Upyy yri — cllaj] HalIpyTry Ha BiAKpUTOMY Tpansucropt VTI;
Lop — cTpyM, 1O IPOTIKae yepes Biakputuil poroxion OJ12.
Jlis HOpMmasbHOI pOOOTH e€JIeMEHTa IHAWKAIili HeoOXigHe BUKOHAHHS

YMOBH
IEVTZ 2 1OIRZ

ne 1g,;, —6a30Buii cTpyM Tpansutopa VI2;

Iz, — cTpyM, 10 Tede uepe3 pe3uctop R,.

Toni
ICDDl :IRZ +IBVT;

Lopy =1, +101,, =111,,.
) — UR2 :llURZ ,

111R2 ]cDDl
(UBXZ _UVDI _U@m)

R, =11

](DDI

Hion VD1 € po3’sa3yBasibHUM 1 3a0€31e4ye MOTPIOHUI peskuM poOOTH NpU
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nogaui Ha Bx1 1 BX2 HynbOBUX MOTEHITIATIB.

Bukopucranns enemeHta iHAuWKaiii B pexumi D-Tpurepa, crpuse
noOyJ0Bi  ONHOPIAHMX  1H(OPMALIHHO-O0YUCIIOBAIBHUX  CTPYKTYp,  LIO
JI03BOJISIFOTH TPOCTUMU 3ac00aMH poOUTH 0OPOOKY Ta 1HAMKAIIIIO 1HPOpMAITi.

Ha puc. 5.8 nokazanuii mpukiaa eleMeHTa 1HIUKallli Ha JTBOKOJIbOPOBUX
CBITJIO/II0/IaX.

@ |y

-
3 Konektopa VT2
nonepeaHboi KOMipKX

EPC
——<,Cn2
NS,
| [
m Nammswa i
@ 3 R) o [ g

o

Pucynok 5.8 — EnemenT inukartii Ha TBOKOJbOPOBUX CBITIIOAIOAAX

[Tpu BiCyTHOCTI BXiJHOTO CUTHaAIY Ha 0a3y TpaHzuctopa VT2 momaerbcs
MOTEHITia, TIPU SKOMY TPaH3UCTOP 3HAXOMUTHCS Y BiAKkpuToMmy cTadi. llpu

IbOMY

U}K - UVTI - UVTZ - Ucm
1= .
]cm

Pesuctopu R, i R; o6pani Takum guHOM, o [, > I;,a I, + 1, <20 mA.

Y upoMy pexumi cuiia CTpymy [z € HEAOCTaTHHOIO JJIsi BMHUKaHHS
ceitnonioga CHI2, a ctpymy [, € nocratHboro ansa BmukanHa CJl1. Orxe,
ceitnomion CJI3 Oyae BUNPOMIHIOBATH YEPBOHUM KOJIp. 31 30UIBIICHHSIM
BX1THOTO curHay Upgy moTeHIian 0a3u TpaHzuctopa VT2 3MeHHIyeThbes, 1
tpanszuctop VT2 3akpuBaerncs. [lpu npomy omip pesucropa R, MOBHHEH

3aJ0BOJIBHSITH YMOBY
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U}K _UVTI _URI _Uc;zz _Uo
2 .
IC,ZIZ
Ctpym mix cBiTnomiogamu CJ12 1 CII3 nepepo3noaiiaseThes Tak, Mo KOmip
iXHBOTO CBITIHHSI 3MIHIOETHCS BiJi 4€pBOHOI0 10 3esneHoro. [lpu BiAmoBigHOMY
NepeMIlIyBaHH1 KOJbOPIB MOXKHA OJIEPKATH KOBTHUH 1 )KOBTOTAPAYUN KOJIBOPH.

Pesucropu R, 1 Rs 00paHi TAKUM YHHOM, 110
_ U}K _Uo _Ucm _UVT3
IR4 ’
_ Uy +Uqps
[RS

4

5

AHaJoriyHi mporecu BiI0yBarOThCS MPU HYJIBOBOMY pIBHI CHUTHAlIy Ha
00’eqnannx BuBogax ceitnomioniB C4, C/15. ITocninoBHe BMUKaHHS €JIEMECHTIB
IHAUKaLll J03BOJIAE OPraHi3yBaTH JBOKOJIBOPOBUN PEXUM TICTOrPaMHO-
MO3UIIIITHOTO MoAaHHs 1H(OopMaIlii.

3 BHUKJIAQJCHOTO BUIUIMBAE, M0 KBAHTPOH — Oararo(yHKIIOHATbHUN
€JIEMEHT aHaJoro-u(poBOro THUIY 13 30BHINIHBOIO 1HJUKAIIEID CTaHIB.
HasiBHICTh KepOBaHMX ONTUYHHUX 1H(POPMAIIHHUX BXOJIB 1 ONTHYHOTO BUXOMIY
3abe3reuye TajdbBaHIYHY PO3B’SA3KY Ta CIPOIIYE OpraHi3aIiio MIKPO3PSIHUX
3B’SI3KIB.

CXeMOTEeXHIYHO KBAaHTPOH € TMPOCTIIIMM 3a EJIEeKTPOHHUN CTaTHYHUN
€JIEMEHT MaMm’ATi. Y KBaHTPOHAa IIaM ATh OpPraHi30BaHa OJIHUM 3BOPOTHUM
ONTUYHHUM 3B'SI3KOM MPH BUKOPUCTAHHI TUIHKU OJHOTO TPAH3UCTOPA B CXeMi. 3a
CMOKMBAHOK TMOTY)XHICTIO KBAaHTPOH € €KOHOMIYHIIIUM, HIX TOTEHIIIHHI
TPUTEPH, OCKIIBKM y HYJIHOBOMY CTaHI KBAaHTPOH MPAKTUYHO HE CIIOKUBAE
€HEeprio. 3a MIBUIAKOMIEID KBAaHTPOH HE TOCTYIAETHCA €JIEMEHTaM IaM’ sTi,
nobynoBanuM Ha enementax TTJI cepii.

3a3HayeHl XapaKTePUCTUKU KBAHTPOHA CBITYaTh MPO TMEPCIEKTHUBHICTH
HOTO 3aCTOCYBaHHS K €JIEeMEHTHOI 0a3u ONTOENEKTPOHHUX  3ac00iB
OOYMCIIOBAILHOI TEXHIKH, Yy SKIH eleMeHTH BinoOpaxkeHHs iHopMarllii

(GYHKI[IOHATBHO IHTErPOBaHi 3 JIOT1YHOIO 11 YaCTUHOIO.
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5.3 CxemoTexHika ONTOEJTEeKPOHHUX (pyHKIIOHATBHUX

NepeTBopPrOBaYiB

OnToeneKTpOHHI NePEeTBOPIOBAYI 3 KO)KHUM POKOM 3HAXOJSTh yce Olibliie
3aCTOCYBaHHS B 1H(OpPMAIIHHO-BUMIPIOBAIBHUX 1 OOYMCIIIOBAIbHUX CHCTEMax
HOBOTO TOKOJIHHS. Y TOPIBHSHHI 31 3BHYAHUMHU MEPETBOPIOBAYaMU BOHU
MarOTh PSJT IPUHITUIIOBUX OCOOIMBOCTEH, OCHOBHUMH 3 SIKUX €: PI3HOMAHITHICTh
GyHKIIM TIepeTBOPEHHS (K METOJUYHUX, TaK 1 CXEMOTEXHIYHHX); MOXKJIUBICTh
ONTHUMAJIBHOIO CTHUKYBAaHHS 3 BEJIMKOK KIJIbKICTIO 30BHIIIHIX (MEpPBUHHUX)
00'€KTiB; BUCOKI NMOKa3HUKU TOYHOCTI, MIBUJKOII 1 HAITHOCTI TEPETBOPEHHS;
MIPOCTOTA KOHCTPYKIIil, HE3HAYH1 BapTICHI MOKA3HUKH Ta 1H.

OcoOnuBoCcTI (PYHKI[IOHYBaHHS ONTOENEKTPOHHUX IMEPETBOPIOBAYIB B
TEXHIYHUX TPHUCTPOSX CYYaCHOI PaJIOCIICKTPOHIKM BU3HAYAIOThH CIEHUBIKY
IPOIMOHOBAHUX JI0 HUX CXEMOTEXHIUYHUX 1 CUCTEMOTEXHIYHUX BUMOT.

[li ocobnuBoCTi, 0€3yMOBHO, TMOBHMHHI OyTH BpaxoBaHl MpPH CHUHTE31
0arato-(QyHKIIOHATHPHUX ONTOEJIEKTPOHHUX MOJIYJIB, TMPU MPOEKTyBaHHI
ONTOCNIEKTPOHHUX TEpepaxyHKOBUX cxeM, cymaropiB, ALl 1 IAII,
ornepariiiHux Tabio, iTepaTopiB 1 1HIIMX ONTOEIEKTPOHHHUX (YHKIIOHATBHUX

CXEM SIK 3arajbHOTr0, TaK 1 CIEI1aIbHOTO MPU3HAYEHHS.

5.3.1 KonayBanHs iHdopmallii B ONTOEICKTPOHHUX (PYHKIIIOHAITBHUX

IICPCTBOPOBAYaAx

[TopiBHSIHO HM3BKA 3aBaJI03AXUIICHICTh €IEKTPOHHUX MEPETBOPIOBAYIB, a
TaKOXX TPUCTPOIB 00poOku 1iHopmarlii Ha TIXHI OCHOBI, OOyMOBJIEHa
OJTHAKOBOIO IIPUPOJIOI0 HOCISI CUTHAIIB - €JIEKTPOHA Ta KEPYIOUOro CepeOBHUIIA -
eNeKTpuaHOro moJisi. OCBOEHHSI ONTHUYHOTO Jiana3oHy B TEXHIYHHUX CHCTEMax
POSIIMPIOE YACTOTHHI miama3oH Kepyiounmx curHamnie xo 10'..10" I'n 3
OJIHOYACHUM 30ibIIeHHSM iH(pOpMaliiiHoi emHocTi mpubamsHo B 10° pas.
[Ipobiemu HamitHOTO 3B'SI3Ky B CyYacHIA MIKPOECJIEKTPOHIII MOXYTb OYyTH
3HAYHOIO MIpPOIO0 BHPIIIEHI, SKIIO TEPETBOPEHHS CHUTHATY 3A1HCHIOETHCA
dbotonamu. [Ipu oMy (HoTOETEKTPUYHOMY TIEPETBOPEHHIO BIACTUBUN BEITUKUN
CTYIIHb YHIBEPCAIBHOCTI.

B Hamr dac iHTEHCHMBHO PO3BUBAETHCSA KiJTbKAa HAMPSIMKIB BUKOPHUCTAHHS

€JIEMEHTIB ONTOEJIEKTPOHIKM JJig TEepeTBOpeHHs ¢ oO0poOku 1Hpopmaii
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OnToeNneKTpoHHI byHKIIIOHATBHI NEpPETBOPIOBAYI iHpOopMaIiiHO-
BUMIPIOBAJIBHUX 1 OOYHUCIIOBAJIBHUX CTPYKTYp PO3AUISIOTHCS HA JIBA OCHOBHHUX
KJIacu: JUCKPETHI ¥  aHaJloroBi, J€ 3aCTOCOBYIOTHCSI  ONTOEIEKTPOHHI
HEKOTEePEHTHI 1 KOTe€pEeHTH1 MPUHIIMIH 1 3aCO0M MEPETBOPEHHS TUCKPETHUX a00
AHAJOrOBUX CUTHAJIB, BIIOBIAHO.

OnToeNneKTpOHHI ~ HEKOTePEHTHI  €JeMEeHTH Yy  (YHKIIOHATHHUX
MEepeTBOPIOBaYaX B OCHOBHOMY CIIyXaTh OICTaOLIbHUMU TpUafiaMu, 10
3MIACHIOIOTH SIK aKTHUBHI (PYHKIi, Hampukiaa GyHkuii nmepemukanHs (mepexin
BHUXIJIHOTO CBITJIOJIIONa ONTPOHIB y cTaH 30y/KeHHs abo0 HaBMaKW), TaK 1
MacHUBH1, HANPUKJIA] (PYHKIIT TaJIbBAaHIYHOI PO3B'S3KU NPH 3'€IHAHHI €JIEMEHTIB
(YHKII1OHAJIBHUX CXEM.

OnToeneKTpOHHI KOTEPEHTHI ONTUYHI IPUCTPOT B OCHOBHOMY IPAIIOIOTh HA
BUKOPHUCTaHHI €(eKTy raciHHS TeHepallli HamiBIPOBIIHUKOBOIO Jia3epa CBITIOM
iHmoro sazepa. Ilpu 1boMy gocsSTaeTbcs BEIWMYE3HA IIBUJKOMISA JIOTTYHUX 1
3araM'aTOBYBJIbHUX ONTHUYHUX eJleMeHTiB. OJHaK CKIAaJHICTh KepyBaHHS
IIPOMEHEM JIa3epa, BEJIHUKI radapUTH FIOCTYBAIBHUX YCTAHOBOK, iXHSI KPUTHUYHICTD
10 BIOpaliil, 3Ha4yHa CIOXKMBAaHA MOTYXXHICTh JIa3€pIB IPH Cy4YaCHOMY pIBHI
TEXHOJIOT1I OOMEXYIOTh CTBOPEHHS 1 MAacOB€ BHUKOPHCTAHHS KOTE€PEHTHUX
ONTUYHUX OOYHCIIOBAIEHUX MAIITHH.

Benukuii iHTEpec BUKIMKAIOTh AHAJIOTOBI CUCTEMH, B SKUX TOJOBHOIO
33/1a4C0 € TIepeTBOpPEHHs 1 o0poOka 300pakeHb. Y IMX CHCTEMaxX TaKOX
BUKOPUCTOBYETHCSI KOTEPEHTHE BHUIPOMIHIOBAaHHA CBiTia. CUHTE3 300pa’keHb
BUKOHY€ETbCA 3 BUKOPUCTAHHSM TPAHCIAPAHTIB, CHCTEM THUMY '"CEKBEHTHUBHUX
¢b1IpTpIB", MaTPUUHUX CKaHICTOPHHUX cucTeM. KpiMm oOMexeHb, BHECEHUX
CKJIQJIHICTIO JTa3€PHOi YCTAaHOBKH, MPAKTUYHE BUKOPUCTAHHS aHAIOTOBUX CHUCTEM
CTPUMYEThCA THUM, IO II€ TEXHIYHO HE CTBOPEHI EJIEKTPUYHO 1 ONTHYHO
KEepOBaH1 TPAHCHAPAHTHU 3 MPUUHATHUMH XapaKTEPUCTUKAMH.

Jocuth  akTyalbHEe TWTAaHHA CTUKYBaHHS  ONTUYHOI MaM'siTi 3
(GyHKIIOHATFHUMU TPUCTPOSIMU ONTOEIEKTPOHHOI CXeMOTEeXHIKH. TyT BUHUKAE
HEOOXITHICTP Yy  3aCTOCYBaHHI  ONTOCJIEKTPOHHUX  (PYHKIIOHATHHUX
NIEPETBOPIOBAYIB.

IIpu opranizanii ONTHYHOI MaM'ATi BEJIMKI YCHIXH JOCSITHYTI B CTBOPEHHI
JOBTOCTPOKOBHUX TOJOrpapiyHUX MOCTIMHMX 3amaM'aTOBYBaJbHUX IMPHUCTPOIB 3

. . . 12 ~: 2 :
BEJIMKOI IIUIBHICTIO 3amucy 1H@opMmauii (mo 107 06itr/cM”) 1 BHCOKOIO
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HagifnicTio. Yac BUGIpKM Ymcia cKIagae oauHHL MikpocekyHz, y 10 -10° pas
MEHIITUH, HIXK y CUCTeMaX Ha MarHiTHUX auckax. OHAK CTBOPEHHS ONEPATHBHOL
ONTOEIEKTPOHHOI MaM'aTi (KOFEPEHTHOIO THUITY) CTPUMYETHCS BIJACYTHICTIO
HaJIHUX PEBEPCUBHUX ONTHUYHUX CEPEIOBHILL.

OnTUYH1 CUCTEMU MOXKYTh 3aCTOCOBYBATHUCS TAKOX Y MPUCTPOSX BBEICHHS-
BUBE/ICHHS. BOHM BifpPi3HAIOTHCS JOCHTH BUCOKOO mBuakomiero (10°...10° 6it/c).
Hampuknaz, ronorpadiuni npuctpoi BBeneHHs ,,Holotablet” maioTh MBUAKICTH
10* cropinok/c. Lli mpHCTPOi BHKOPHCTOBYIOTH HPHHIMI Ge3MOCEPETHOrO
BBEJICHHSI CUMBOJIIB OIIEPAaTOPOM 3a JOIOMOTIOI0 PYUYKH, 3B'13aHOI MaHTorpadom
3 Ja3epoM, IO MOBTOPIOE 3amuc Ha rojorpadiuniii muactuHul. IlepeTBopeHHs
curHaiiB y nudpoBuid KO BiIOYBA€ThCS 3a JOIMOMOTOI0 MaTPHIll KPEMHIEBUX
dbotomioniB. ICHYIOTH y Halll 4yac MPHUCTPOI, y SAKUX uepe3 (HOTOMATPHUINIO 3a
noromMororo nediekrtopa abo MaTpHIll JazepiB BBOASATHCA 3 HOCIA, IO
PYXa€eThes, Y IaM'sTh MAIIMHM AaHi 3i mBuakictio 107 Git/c.

B onToenekTpoHHMX TEpEeTBOpIOBAYaX MOKHA YCHIIIHO 3aCTOCOBYBATH
HOBUM  KJIaC CUCTEM - ONTPOHHI CUCTEMHU 3 ONTHYHUM 3B'sI3KOM. ONTHYHI
3B'I3KM B OCHOBHOMY 3J1MCHIOIOTHCSI CKJIOBOJIOKOHHUMU JIIHISIMA. BOTOKOHHMIA
3B'I30K €(EKTUBHO 3aCTOCOBYEThCSA s mepenayi iHpopmamii Mk EOM, ii
0JlokaMu Ta ycepeauHi 0JIOKIB (MIKBY3JI0BUU BOJIOKOHHUH 3B'130K). JIJIsl 11bOTO
BKpail BaXJIMBI Takl IepeBard ONTHYHOIO 3B'A3Ky, SK IIHPOKOCMYXKHICTD,
raJibBaHi4YHa pO3B'sI3Ka BXOAY 1 BHUXONY, OIHOCIPSMOBAHICTh, BiJICYTHICTh
"KOPOTKHX 3aMHKaHb', HaJIiHICTh, PI3KE 3MEHIICHHS Mach KabeniB y
MOPIBHSAHHI 3 MIJHUMH NPOBOAAMH (Ha MOPSIOK), HE3HAUYHA BapTICTh (3aMiHa
MiJIl JCTIIEBUM CKJIOM) 1 HEUYTIUBICTH JI0 CJICKTPUYHUX TIEPEIITKOI.

Cdepa 3acTocyBaHHS OINTPOHIB HEKOTEPEHTHOI CXEMOTEXHIKH JOCHUTh
mHUpoKa. Y 3B'$I3Ky 3 YHIKaJbHUMU OCOOJMBOCTSIMH, OUIBIIICTh 3 HHUX
ciupsiMOBaHa Ha 3a0e3MeyYeHHsI EJEKTPUYHOI PO3B'SA3KM CHJIOBHX KUI BiJ
C1a0KOCTPYMOBHUX KEPYIOUUX CUTHAIB.

3HauHe MiICIe cepejl ONTOENEeKTPOHHUX (DYHKIIIOHATBFHUX MEPETBOPIOBAYIB
3aiiMaroTh MEPETBOPIOBaUl, poOOTa SKMX OCHOBAaHA Ha 3aCTOCYBaHHI MPHUHITUITY
KBaHTYBaHHS Yacy CBITJIOBUM MpomeHeM. [leil mpuHIUIT T03BOJISE€ TIO-HOBOMY,
Outbl e()EeKTUBHO BUpINIyBaTH OaraTo 3ajad Ha OCHOBI ONTOEICKTPOHHOI
CXEMOTEXHIKH. XapakTep NPUHIMIYY KBAHTYBAHHS 4Yacy BIUIMBA€E Ha CIOCOOU

KOJyBaHHS 1H(OpMaIii B ONTOENEKTPOHHUX (PYHKI[IOHAIIBHUX MTEPETBOPIOBAYAX.
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[IpuHIMI KBaHTYBaHHS Yacy IMOJSTae B MEPETBOPEHHI YaCOBOTO 1HTEPBATY
KUIBKICTIO, CIPAIfOBABIIMX IOCTIJOBHO OJIMH 3a OJIHUM 3 OJHAKOBHM YacOM
NEePEeMHUKaHHs, JAUCKPETHUX ONTOCICKTPOHHHUX EJEMEHTIB — KBAaHTPOHIB, MpH
MoJiayl Ha HUX CUTHAIY PO MOYATOK MEePETBOPEHHS. TaKMM YMHOM, TPUBAIICTh
4acoBOTO IHTEpBaly, 10 (IKCYeTbCSd dYacoM il  BXIJHOTO CHUTHamYy,
MEPETBOPUTHCS B IU(PPOBUN KO, IO BiAMOBIIAE€ KUTBKOCTI 30y/PKCHUX 3a IIeH
Yac eJeMEHTIB IepeTBOPIOBAYA.

3a3HaueHuil cnoci0 KBaHTYBaHHS 4acy € OCHOBOIO JUISl NMOJAHHS JaHUX B
ONTOEIEKTPOHHUX (YHKIIOHAJBHUX IEepeTBOprOBayax. BiH 103BOJIsi€e CTBOPUTH
TaKUil yHIBepcalbHUU 0araro(yHKIIIOHaTbHUNA MOAYJb, 3aCTOCYBaHHS SIKOTO
cnpusie peaizalli sIK aHaJIOro-UM(POBUX MEPETBOPIOBAYIB, TAK 1 OJHOPIAHHUX
00UYHCITIOBAILHUX CEPEIAOBUII 13 MPUCTPOSIMU BBEJACHHS, OOPOOKU 1 BUBEACHHS
iHopMmarrii, ne gaHi, IO 3HIMAIOTHCA 3 JIaTUYMKIB B aHAJIOTOBIHA (dopmi,
O0pOOJIAIOTECST B JUCKPETHUX MPHUCTPOSIX, a pe3ylbTaTh MOJAIThCA 32
JIOTIOMOT OO TPSIMOT 1HIUKAIIIT B IE€CSITKOBOMY BUTJISIII.

EdexktuBHicTh cucTeM YHMCIEHHS Y (YHKIIOHATBHUX MEPETBOPIOBAYAX
OLIHIOETHCA 3 YPaXyBaHHIM TakuX (haKTOPiB:

1) ckilamHOCTI aNrOpUTMIB TMEPETBOPEHHS MPU MPUHOMI JaHUX 1 BHUAAUI
pE3ybTAaTIB;

2) 3py4HOCTI JJi O€3M0CcepeIHLOT0 YUTAHHS M OLIIHKK MOJYJISI Yuciaa HOoro
3HAKa;

3) CKIIaHOCTI TIOJAHHS 4YHCET VY 3aJeKHOCTI BiJ] BUKOPHCTOBYBAHOI
CHCTEMH CJICMCHTIB;

4) cKJIaTHOCTI 1 IIBHUJKO/II MPUCTPOIB BUKOHAHHS apU(PMETUYHUX 1 THIIUX
TUTIOBUX MAIIMHHUX OTEpPaIliil HaJl YNCITaMH.

[TomupenHs  OBIMKOBOI ~ CUCTEMH  YMCJIEHHS  TOB's3aHO 3 1i
3arajbHOBIJOMHMH TIepeBaraMu Mpu BUKOHAHHI OMNEpalliil J0JaBaHHs, JIETKOCTI
MOJaHHS IBOX CTIHKHUX CTaHIB JyIs BigoOpaxxeHHs udp 01 1 B ogHOMYy po3psi
JBIKOBOI'O YHCJIA.

HeoOxinHicTh MOJaHHS TaHUX Y BHUIJISAL JECATKOBHX UYMCET BU3HAYAETHCS
nepeadavyBaHOI0 OOJACTIO BUKOPUCTAHHSI, TMOB'S3aHOI0 3 BUKOHAHHSM 3ajad
nornepeHbOi 00pOOKH JaHMX 3 OEe3MOCEepeHbOI0 Bi3yalli3alli€lo pe3ysbTaTiB y
3BUYHIN 4511 kopuctyBaya popmi. OCKUIBKY B 3a7a4ax 0OpOOKM JaHUX Ha OJIHE

BBEJICHE-BUBEJCHE YHCIIO TMPUXOJUTHCS BIAHOCHO HEBEJIMKA  KUIbKICTh
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apu(pMETUIHUX OTIepaIliif, IEPeBEACHHS YHUCeN MPU BBEJICHHI Ta BUBEICHHI 3
OJIHIET CUCTEMH B 1HIIY € HEIOLLIBHUM.

OCHOBHUMHU KPUTEPISIMU ISl BUOOPY CHUCTEMU UHUCIEHHS MOXYTh OYyTH
CKJIQJIHICTh QJITOPUTMIB IEPETBOPECHHS TPU BBEJICHHI-BUBEACHHI 1 3pYyYHICTH
oesnocepeHboro uyutaHdsa iH@opMaiii. OIIHUMO, sSKa CHUCTEMa YHCICHHS €
ORI ONITUMANTBHOIO 32 TICPIIIM KPUTEPIEM.

KonyBanns mudp Bu3Hayae crocid B3aEMOOHO3HAYHOI BiAIOBITHOCTI MIXK
MOKJIMBUMHU 3HAYCHHSIMH LU(p 1 cTaHaMH (PI3UYHHX CHUCTEM (3BHYAHO
€JIEMEHTIB MaM'siT1), BAKOPUCTOBYBAHUX ISl BIIOOpaXeHHS U(P IIUX YUCEIL.

VY Bumanky mojmaHHs yucia 4 B CUCTEMi YHCIIEHHS 3 OCHOBOIO 7, Jie Oy/b-
aka udpa q; npuiiMae 3HadenHss 0, 1, 2,..., r -1, kogyBaHHs U p 3BOJUTHCS 10

OJIHO3HAYHOI'O BU3HAUYEHHS BI1IIOBIIHOCTI1

a,=F[f(a))],
(5.2)
ne f ta F - ¢GyHKOil KoayBaHHS, IO BHU3HAYAIOTH BIiAMOBIAHO TIpaBUIIA
KOJIyBaHHS ¥ 3HAYE€Hb @; CTaHAMU OKPEMOTO €JIEeMEHTa MaM'sTi.
KiIpKICTh 7 eJIEMEHTIB ITaM'siTl 3 m CTaHaMHM, sSKa HeoOXiaHa JUIS ITOJaHHS
uudpu a; , 10 Ma€ r 3HAYEHb, BU3HAYAETHCS 3 BUPA3Y
n =r

i (5.3)

nmin = [logm l"]
€ Mpin, Nmay, - TIJIE YUCIHO, TIpUIOMY  [0g, 7 < Ny < (log, r) — 1.

BukopucranHus ejxeMeHTIB maM'aTi 3 JBOMa CTIMKUMHU CTaHAMH OOYyMOBIIIOE
ONTUMAJILHUM BHUKOPHUCTAHHS JBIMKOBOI CHUCTeMM uyucieHHsS. EneMeHTapHO
BUKOHYETHCS KOAYBaHHS B JBIMKOBOMY ai(aBiTi CUCTEM UHCIEHHS 3 OCHOBOIO
r=2 l, rae [ =2, 3, ... 1l cucteMn MOXXHa PO3TIAIATU K MOXIAHI JBIMKOBOI
CHUCTEMH 4YHCJICHHS, IO BKIOYAIOTh BIANOBIAHO mo 2, 3 1 T.A. IBIMKOBHUX
PO3PSIIB.

CknagHiCTh BUHUKAE€ MPU KOJYBAaHHI B CUCTEMAaX YHUCJICHHS 3 IHIINMHU
OCHOBamHU, HanpukJag npu » = 10. Y ubomy BUNAAKY M =4, & Ny = 10.

Axmo 11 KogyBaHHS (P BUKOPHUCTOBYETHCS 7 JIBIMKOBUX CIIEMCHTIB,

TO BCBOTO JUIS CHCTEMH YHMCJIEHHS 3 OCHOBOWO » icHye 2" n! (2" - r)! MOKIMBHX
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croco0iB KOAyBaHHS LU(DP, KOXKHUM 3 AKUX XapaKTEPU3YEThCS MAaTPHULCIO

BUTIISIAY [T, n]:

Dr=| " (5.4)

r—1,n—1
ne o€ {0, 1}.

Marpuisi yTBOPIOETHCS IUISXOM 3ICTABJICHHS KOXXHOTO MOMKJITMBOTO
3HaueHHA 1udpu a; 3 pizHUMU Habopamu ¢(0) ABIMKOBUX KOAIB (DiKCOBAHOI
JIOBKMHH 1N .

OcobOnuBuii miakiaac D-KoMiB SIBJSIIOTH COOO0I0 KOMIUIEMEHTapHI KOJH, 1110
3a0€3MeuyoTh OJIep>KaHHs 3BOPOTHOTO KOAY UU(pPU MPOCTHM 1HBEPTYBAaHHSIM
OJIHOTO a00 JEKUIbKOX ABIMKOBHX po3psiAiB Habopy  ¢(a). HeoOXimHicTh y
TaKMX KOJaX BHKJIMKaHa BHUMOTOIO 3aMIHM OTeEpallii BiIHIMAHHS OIEpalli€lo
JI0JIaBaHHS, 1110 BUKOHYETHCS Y 3BOPOTHOMY 1 JOJTATKOBOMY KOJIaX.

Cepen D-koaiB TiJIbKHM MOPIBHSHO HEBEJIMKA YaCTHHA MA€ BIIACTUBICTB, IO
KOXKHOMY pANKy Matpuili (5.4) MOXKHa MPUCBOIOBATH IIJII 3HAYEHHS (Baru) o;

TakK, 0 KO’KHE 3HAYECHHS LIU(PPU MOKHA 300pa3UTH Y BUIIISAI1

Taki Koau 3pydHi JJIsl OLIHKM IXHIX 3HA4Y€Hb 1 MPOCTO PEali3ylThCA B
00YHCITIOBAIBHUX CXEMaX.

Takum uywmHOM, 13 yciei ©Oe3miui D-xomiB ocoOnuBuN  1HTEpeC IS
BiIOOpaXKeHHST YHUCIOBOI 1H(opMali BUKIMKAE MAMHOXHHA D-KOIIB 3
MOCTIMHUMHU BaramMu po3psiB, 10 MAarOTh BJIACTHBOCTI KOMILIEMEHTApPHOCTI,

TOOTO KOOH, IJIA AKX BUKOHYIOTHCA YMOBH.

n—1

ai:(J(a):Zai,j'(ojih (55)’
j=0

v(a)+y(r-1-o)=r-1 (5.6),

ne h >0 - muIe 4uciio, Ha3BaHe HaJIUIIKOM a00 HECTAuelo;
;- 3HAQYEHHs j -To po3psamy i -U uupu;

¢; - Baraj -ro po3psuy;
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w(a;), y(r-1-a;) - 3HA4EHHS BIANOBIIHO MPSMOIrO 1 3BOPOTHOTO KOMIB JIst

OyIb-SIKOrO 3HAYEeHHS LUPPH 4.

ExoHoMIuHICT, TOJaHHSA IMdp 3a JOMOMOTOI E€JIEMEHTIB TaM'sTi 31
CTIMKMMHU CTaHAMHU MOYKHA PO3TIISIATH SIK IMPOIEHTHE CITiBB1IHOIICHHS
J— — Nmin
Y_PH/Pmax_r/m ’
ne P, - KIIbKICTh HEOOXIJTHHUX CTaHIB €JIEMEHTIB I1aM'sITI;

P,.. - MAKCUMAJIbHA KIJTBKICTh MOKJINBHUX CTaHIB.

Posrasgaroun #oro mpu m =2, Jisl CUCTEM YHCIICHHS 3 OCHOBaMH » = 2,
r =3, r =10 orpumaemo, BianoBigHo Y, = 100%, Y;=75%, Y, =62,5%.
ToMy B cuctemax 4uCIE€HHS 3 OCHOBOIO 7 > 2 0a)kaHO 3aCTOCOBYBATHU €JIEMEHTU
1aM'aTi 3 YACJIOM CTaHIB, PIBHUM OCHOB1 CHCTEMH YHCIIEHHS 7.

TakuMm grHOM, TSI BiOOpaskeHHS IECATKOBOI U(pu HEoOXiAHA HASIBHICTh
eJIEMEHTa maM'siTl 3 JecATbMa CTIMKHMH CTaHaMU a0o0 JeciITH O1CTaOLILHUX
€JEMEHTIB (HAmpUKIaA, eJeKTPOHHUX TpUrepiB ad0 ONTOEIEKTPOHHHUX
KBaHTPOHIB).

[Ipu BUKOpHUCTaHHI MAaKCUMaIbHOT KUIBKOCTI JIBINKOBHX €JIE€MEHTIB MaM'siTi

Npax= 10 111 BimoOpaXkeHHs NeCITKOBUX UG, MaTpulls (5.4) mpuiiMe BUTIIST

()

(5.7)

G S S U S e T
e = N =T
e = T =R =T
—_ —_m =m0 O o o @
_—_ = = O 0 O o o <
e = === =T =R
—_ —_ 0 O 0O 0 o o o <
—_— o O 0O 0o o o o o @

SO O O O o oo o o o —

— = e e e e e e

7€ psAAKY 300paxaroTh BIAMOBIAHI Koau aecatkoBux mudp a; € {0, 9}, a cromi

Y3TOJKYIOThCS 3 po3psaamu | = 0...9 koxHOro Koy BiamoBimHoi 1udpu. [Ipu
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po3risganHl KoAiB mudp y matpuili (5.7), nounHatouu 3 1-ro g0 9-ro pospsay,
MO>KHA BU3HAYUTH BiCh CUMETPIi, 1110 MPOXOAUTH MO JAiaroHam Matpuii. Takum
YMHOM, HABEACHUI CHocid KOAYBAaHHS Ma€ BIACTUBOCTI KOMILIEMEHTApHOCTI,
OCKIJTbKU JTOJATKOBHUH J10 JEB'SITU KOJA MOXHA OJIEp>KaTH, SKIIO MPOIHBEPTYBATU
yCcl po3psiau MpSIMOro KOIy 1 pO3psSAu OAATKOBOTO KOAY HYMEpPYBaTH B
3BOPOTHOMY TMOPAJKY BIJHOCHO poO3psAiB mpsiMoro koxy. HaBenenwii
KOMILJIEMEHTAPHUN KOJI Ma€ BIJIACTUBICTh JHIMHOCTI, TOMY IO JJIsi HBOTO
BUKOHYETBHCS YMOBA a; < d;+; — W(a;) < y(asp).

Cnoci6 koxyBaHHA, 300paxkeHuii wmatpuuer (5.7), € OJIUHUYHUM
KOJIYBaHHSM, CYyThb SIKOTO TIOJArae B TOMYy, IO Iudpa BU3HAYAETHCA
MICII€3HAXO/[KEHHSAM TIEBHOIO KOAY TAKWM YHWHOM, IO TPHU CYCIAHIX MICIISIX
po3TamryBaHHsS LHUQP iXHI KOAM BIAPI3HAKOTHCS Ha oxuHuIo. OTxe, s

OJUHNYHOI'O KOOY BUKOHYETHCA YMOBA

r—1
ai:zai,j'(oj (58)
j=0

ne ;€ {0, 1}, r=10,

1 npuj>0
i~ 0 npuj=0

OMMHUYHUNA KOJI € HAMUIMIIKOBUM MO3UIIIHHHM KOAOM 3 IIOCTIMHUMH
BaraMu po3psiB. Baru po3psaiB oIMHUYHOTO KOAY, TOYMHAIOUH 3 1-TO 10 9-i1,
SABJISIIOTH COOO0 OIMHUYHMM uncioBuit psa: 1,1,....1.. € (r-1).

OCKiNbKH ONMHHYHHH DS, TOPAA 3 MBIMKOBHM YHCIOBHM psigoM 2’
(/=0,1,...), nopyu 3 k1acuuauM psigoM Pi160HAYY] 1 HATYPATIBHUM PSAOM YHCEIl
CKJIaJia€ psaau p-uucen Pi0oHau4l, TO OJUHUYHUM KOJ MOXKHA BBAYXKaTH OKPEMUM
BUITQJIKOM  y3araJlbHEHUX p-koaiB @DiboHayui 1ipu  p= . OCOOIUBICTIO
OJIMHUYHOTO KOAY € Te, 10 Oyb-gKa 1udpa a; BiI0Opa)KkaeThCs MOCIITIOBHICTIO
OJIMHUIIb, TIOYMHAIOYH 3 1-T0 1 10 n-ro po3psany {n € [0,1,..., r -1]}, cyma sKkux
BHU3HAYA€ 3HAYEHHS BIANMOBIAHOI 1Mppu. OTKe, MPaBUIO KOTYyBAHHS IJIs TaHOTO

croco0y MOXKHa 300pa3uTH y TAKOMY BUTJISAIIL:

r—1 n r—1
aizzai,j'¢j:;ali,j'¢j+ Z aoi,j'(oj (59)
J= J=

J=n+1
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1 _ 0 _
e a,;=1,0;=0
n - n-i po3psA]l B OAMHUYHOMY MOJIaHH] U(PH, 110 BIAMOBIAAE YUCIOBOMY

3HAQYEHHIO JIaHO1 IUPPH &;.

Byab-sike HaTypajdbHE YHCIO MOKHAa 300pa3uTH 3a JOIMOMOIOK IILITUX
HEB1JI'’€EMHUX 4YHCeNl y cucteMi p - uucen dDiGonauyyi. Buxoguth, OyIb-sKy
JIeCATKOBY IMdpy a;, MO BXOAWTH Yy HaTypaidbHuil psn uwmcen 0, 1,2, ...,
MOXHa 300pa3uTu B Oynb-skomy P-komi ®iboHaydi 3a JOMOMOTO ITITHX

HEHETaTUBHUX YUCEI 71 Ta /I TAKUX, 1[0 BUKOHYIOTHCS CITiBBITHOIICHHS
a, =@, +h, 0<h<l, (5.10)
ne ¢,=n mpune {0,1,....r-1}.

Bupa3s (5.10) € pekypeHTHUM CHIBBITHOLIEHHSM, 10 MOPOKYE HATYpaATbHUIMA

psn uucen 0,1,2,.... Takum 4uHOM, Yy pe3yJIbTaTi OTPUMAEMO BHpa3

=2\ 0 =0 0=0 0, , (5.11)
j= j=

e o; - OMUHWUYHUU Mapkep, o, = I;

¢y - Bara n-ro po3psay OAMHUYHOIO MO3ULIHHOIO KOy .

Bupa3s Burnsny

0, =0, (5.12)
=0

HA3UBAETHCS (POPMYJIOO 3TOPTKHU 32 aHAJIOTIEIO 3 TIOJIOHOIO OTEPAlIi€l0 B JABIMKOBIM
CUCTEMI YHUCIIEHHS, OCKUIBKA B PE3yJbTaTi JAaHOi omepanii B OJUHHUYHUX KOJaX
MOCTIIOBHICTh 3 N OJIMHUIIb 3aMIHIOETHCS OJMHUYHUM MapKepoOM y N - ¥ MO3MIIii
KO/I0BOi KoMOiHarii nudpu a; Ha3zsemo Kofl, y SIKOMy Baru po3psiziiB 300paKaroTh
HaTypaibHuUil psi uucen 0, 1, 2, ... , OAMHUYHUM MO3UIIIAHUM KOJOM Ha BIIMIHY BiJ]
OJMHUYHOT'O HOPMAJILHOTO KOJTy, Bard po3psiB SKOI'0 BU3HAYAOTHCSA BUPa3oM (5.8).
TakuM 4YWHOM, Tiepexi BiJ TMOJAHHA JECATKOBUX IMPp B OJMHUYHOMY

HOPMQJIBHOMY KOJI /IO OJMHUYHOTO TIO3UIIMHOTO KOJIy BHUKOHYETHCA 3
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BUKOPHUCTaHHSM CIiBBiTHOIIEHHS (5.12).
Marpuis KoayBaHHsI IECITKOBUX LMD B OAMHUYHOMY MO3ULIITHOMY KOl Ma€e

TaKU BUTJIAI;

(5.13)

S O O O O O o o o =
S O O O O O O o —~= O
S O O O O o o = O O
S O O O o o — O O O
S O O O O = O O O O
S O O O = O O O o O
S O O = O O O O o o
S O = O O O O O o O
S = O O O O O O O O
_—0 O O O O O O O O

3 marpumi (5.13) BUAHO, M0 NpH OAMHUYHOMY TO3UIIIHHOMY KOJyBaHHI
JECATKOBUX IU(PP BUKOPUCTOBYETHCS MO3UIIAHUNA TPUHIMUN MOAAHHS LHUD.
Tpamuiiiino 3acrocoByBanuM B EOM € nBiiiKOBe MO3HUIIIITHE YUCIICHHS, B TKOMY
nudpa HyIb MOMAETHCS SIK BIJICYTHICTh CUTHANY, a OJMHHII — MPUCYTHICTD.
HoBe monanns asiiikoBux nudpp B EOM NOBHHHO 3aJ0BOJBHSTH OCHOBHY
BUMOTY - OyTH HE3aJeKHUM I Hy ISl ¥ OAuHUII. BiamoBimHo 70 mbhoro oOMIBi
IBIAKOBI IU(PU OJHOTO PO3PsAY MOBUHHI OyTH 300pa’ke€HI CUMBOJIOM, 3HAYEHHS
SIKOTO BU3HAYAETHCS HOMEPOM TO3UIIIT yCcepeauH1 po3psay, y SIKiid 1ei CUMBOI y
JaHUW  MOMEHT  3HaxoAauThcs. OCKUIBKM  MO3MI[IHHE  YHCIEHHS  Mae
KOHTPOJIC3J]aTHICTh, TO 1 TMO3UIIMHE TMOJaHHd Horo uudp Mae Ty XK
KOHTPOJIC3JIaTHICTh 3 TIEIO X O3HAKOIO MPABUJIBLHOTO 3amucy Iudp: B OJHOMY
pO3psiii TOBUHHO OyTH 3amMCaHO HE MEHIIE 1 He OuIblle OJHOro IM(poBOro
CUTHaTy. AHAJNOTIYHO A MO3MILIMHOrO mojgaHHs uudp i3 ocHOBow 7 > 2
HeOoOX1Ha HAsBHICTh €JMHOTO CUMBOJTY 1 7 TIO3UIIIM.

OgHuM 13 MNPUKIAAIB  CTPYKTYpPHOI peami3auli pO3riasHyTHUX BHUIIB
OJIMHUYHOTO KOJYBaHHS € TOJaHHS 4YMUCIOBOI 1HQOpMalii B JIOTIKO-4aCOBHUX
OOYHUCITIOBAILHUX CEPENIOBUIAX 3 BHUKOPUCTAHHSM NPUHIMIYY KBAaHTYyBaHHS
yacy. Tyt iHpopmaIiiHUM apaMeTpoOM BUCTYIIA€ YACOBUM KBAHT, IHBApIaHTHUMN
710 €JIEeMEHTHO]1 0a3u.

Haii6inpm npuitHATHUM KOAOM MoAaHHs iH(opmamii, 3a7aHoi y BUTIIAIL
TPUBAJIOCTI 4YacOBOTO IHTEpBaldy, B OJHOPIAHOMY OOUYHCIIOBAIHLHOMY

CEpellOBHUILI, B OCHOBI fKOTO JIeKaTh OaraTOBUMIpPHI 3CYBOBI CTPYKTypH, €
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OJIMHUYHUHI KoA. SIK OyJi0 pO3IVISIHYTO BUILE, ICHYE JIBa PI3HOBUAH OJMHUYHOIO
KOJy: OIMHUYHUN HOPMAaJIbHUM KOJ, SIKUM BUZHAYCHUMN SIK KO/l YaCy HOPMAJIbHUN
(KUH), i onuanuH"i no3uiiitHui ko, abo ko yacy nosutiinuii (KYIT).

BianoBigHO 10 OCHOBHUX KPUTEPIiB, TAKUX SIK MIBUIAKO1s1, CHEPTOEMHICTH 1
3aBaJIOCTIAKICTh, NpPUHIMN 3anucy 3 BukopucrtanHam KYH BusBnserscs
HaWOUIBII IIBUIKOIIFOYMM, a 3 BUKoprucTtanHsaM KUII - HaliMeHIT eHEeproeMHUM.
IcHye komMOiHOBaHMI MiAXia A0 KOJYBaHHS, TOOTO 3alpONMOHOBAHUM KOJ IS
nogaHHsa 1HdopMallii B OJAHOPIAHOMY cepenoBuili. Lleii kom oTpumaB Ha3By
noriko-yacoBoro koay (JIUK). Jloriko-uacoBuii ko1 BukopuctoBye ko KUH npu
3anuci iH@opmanii, a kog KYII - ana 36epexxkenHs 3anucaHoi iHdopmarii. Y
pe3ynbTaTi, JOTIKO-4aCOBUH KOJ € MPOOJEMHO OpIEHTOBAaHWUM HA JOCSITHCHHSI
MaKCHUMaJIbHO MOXJIMBOI CXEMOTEXHIYHOI IIBUIKOJII MPH 3aluci MallMHHOI
iHpopMalii 1 MiIHIMAIbHO MOJJIMBOI CIIOKHMBAHOI TMOTYXHOCTI Mpu i
30epeKCHHI.

JIns  HAOYHOCTI  PO3TISHEMO TPHKJIA]  BiIOOpaKEHHS  JIECATKOBOI
iHbopMallli B OZHOPIAHOMY OOYHMCIIIOBAJIBHOMY CEPEIOBHINI  3a3HAYCHUM
criocobom. Jlmst mogaHHS AECSITKOBOI MUQPH 3a TOMOMOTOI0 JIOT1KO-4aCOBOTO
KOJly HEOOX1/JHA HASIBHICTh JIIHIMKYU 3 JIECSITH MOCTIOBHO 3'€IHAHUX KBAHTPOHIB.
[Ipuknan 300pakeHHsT AECATKOBOI Udpu 7 3a TOMOMOT0I0 MOIYJISI B 4aCOBOMY

1 IPOCTOPOBOMY BIJTHOIIIEHHI MOKa3aHUM Ha PUCYHKY 5.9.

ITodgaTKORHH CTaH

b LT

2 3 4 5 6 7 8 9

¢) CTﬂH ”0”
a3a 3aImHcy |:|

o1 23456?8‘9| Crat 1
X

®aza 20epiraHEs

HEEEEEENEE

o1 23 4 5 6 7 8 9

Pucynok 5.9 — [lpuknan BimoopaxkeHHs uudpu 7 3a 10MOMOI0r0

OIITOCIICKTPOHHOI'O MOAYJIA

KBaHTpoH, 110 3HAXOOUTHCA Yy HYJIBOBOMY pO3pAJI JIIHIMKK, BKa3ye Ha

03HaKy poOoTu moxayisd. Yucno B miama3onHi +1...+9 300pakaeTbcs B JIHIHNIN
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(Momynl) MOCHIAOBHICTIO 3 BIJAMOBIAHOI KUIBKOCTI OJAWHUIIb, 10 MOYMHAIOTHCS
3miBa. Yucno B miama3zoHi -1...-9 300pakaeThCsi B JIHININ MOCIIIOBHICTIO 3
BIIMOBIHOT KUIBKOCTI OJMHMIb, IO TMOYMHAIOThCA cmpaBa.. Yuciao "0"
MOIAE€THCS BIICYTHICTIO OJIMHUIIb.

B ogHopimHOMY cepefoBHINI 3a JTOMOMOTOI0 JECATKOBUX YHCENl MOXKJIUBE
TaKOXX BITOOPaKCHHS HEUHCIIOBO1 1H(POpMAIlii, 10 SKOI BITHOCUTHCS CUMBOJIbHA 1
rpadiuna. [Ipu mpomMy HEOOXITHO BIA3HAYUTH, III0 BUKOPUCTOBYBAHE B JTAHOMY
BUMAJKYy KOIyBaHHS 1HpopMalii TakoX € JIoriko-yacoBuM. ['padiuna i
CUMBOJIbHA 1H(OpMAaILlli MOJAIOTHCS HA OJHOPIIHOMY CEPEJOBUII 3 JTOBLIBHUM

pO3TallyBaHHIM HYJIIB 1 OAMHUIL B 00paHOMY MaciuTadl JUCKPETH3allli.

5.3.2 Cunte3 OaraToQpyHKIIOHATHPHUX MOJYJIB HAa KBAaHTPOHAX 1 MPHUKJIAAN

ix peamizarii

O3nauennsa 1. 3amuc BXigHOI 1H(pOpMAaIi, HpH SKOMY 3IIHCHIOETHCS
MOCJIIIOBHE  3amaM'sTOByBaHHA 1HQoOpMallii, Ha3UBAE€TbCS "ITOPKOBUM"
MPUHIUIIOM 3a1IUCy 1H(POpMAIIii.

Buenemo xapaktepucTudHe piBHSHHS KBaHTpoHa (puc. 5.10). 3 miero
METOI0 CKJIaJIeMO TIOBHY TaONUIf0 mepexojiB (Tadin. 5.1) maHoro KBaHTpOHA i
KapTy MiHTepMiB (puc. 5.11) ams ckiaganHs HOro XapaKTEPUCTUYHOTO PIBHSHHS,

10 Ma€ TaKUU BUTJIISI;

0" =0"+1x, (5.14)
T o+E
N
oMl (@2

Tp
[;R

Pucynok 5.10 — KBanTpoH Moays1s 3 "IITOPKOBUM" MPUHITUIIOM 3armucy iHpopMartii

5o
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Pucynok 5.11 — Kapra MiHTepMiB KBaHTPOHA MOAYJIA 3 "ITOPKOBUM"

PUHITAIIOM 3amucy iH(opmarrii

Tabmuusa 5.1- IloBHa Tabmuisl TepexojiB KBaHTpPOHA MOIYJS 3

"mTopkoBuUM" 3amrcoM iH(opmartii

—

Qt+1

<
=

—_——_—_——_—ocooco | O
—_O = OO =0 —
—_—_O O = = OO
—_—— e = OO O
—_—_——_—_e 0o O

3rinHo 3 (5.14) OAMHMYHMA ONTHYHMK BXiJ X; JAaHOTO KBaHTPOHA
KEpPYETHCS 3a €IEKTPUYHUM BXOA0M T .

3 METOI0 MONIYKY PIBHSAHb BXOJIB KBAHTPOHIB MOJYJIS CKIIQJIEMO CKOPOUYEHY
Tabmmigo mepexoxi (puc. 5.12), y skiii BpaxoByotkcs mepexomu Q' — Q'

TUIBKH II1J BIUIUBOM X.

Q | X, | Q™| f, f, | X, f, | X,
0| 0] 0| O 0 | 0 0| 0
0 | 1 1 | « 1 |01 1| X
1o | 1 1 a | 1 a | 1
1|1 1 1 B | X B | X

Pucynok 5.12 — [lepeTBopeHHS CKOPOUEHOT TaOJIUII MEPEXOIIB Y CIOBHUK

MOyJIs 31 "IITOpKOBUM" 3amucoM iH(opmartii

131



Buxonsgun 3 o3HaueHHS "MITOPKOBOro" MPUHIUIY 3amucy iHQopmarii
noaamo rpad nepexoaiB TpUpo3psaHoro Moayis (puc. 5.13), 3a IKUM CKIaAeMO
Tabnuito onuciB (tabn. 5.2) cyOcHCTeMH ONTOEIEKTPOHHOIO MOy 3i
"mITOpKOBUM" TPUHIMIOM 3amucy iHdopmali. Jleski cTraHu MOAyJisd, 10 HE
BIUIMBAIOTh HA OpraHi3allil0 MPUHIIMIIB MOOYI0BH MOJYJB, HE PO3TJSIAI0ThCS.

IIJ'I?I TaKHX CY6CHCTGM BOHH € HCBHU3HA4YCHHNMH.

Ve AN Ve AN
’\001 ) ’\101 )

Pucynok 5.13 — I'pad nepexonaiB cyocucreMu MoTyJist 31 "IITOPKOBUM"

MIPUHLIMIIOM 3anucy iHpopmariii

Tabmurs 5.2 — Onue MoayJs 31 "IITOpKOBUM" 3ammrcoM iHdopmarrii

Homep t t+1

CTaHy A B C A B C
| 0 0 0 o 0 0
2 | 0 0 1 o 0
3 1 1 0 1 1 o
4 1 1 1 X X X

Sx BumuBae 3 Tabn. 5.2, y Takuid cyOcHCTeMi HpHU HAABHOCTI 4acOBOI
iHopMmarii 7 BiOyBa€eThCs MOCIIIOBHHUM 3aMMC OJMHUII 9acoBOi 1H(opmMaIlii B
KBaHTpPOHU MoxayJia 3a cxeMoro A—B—C. Ilepionu ¢yHKIIii A" gttt
BU3HAYMMO 3a JOTOMOTOI0 3aHECEHHS 3HAa4eHb CHMBOJIB y KIITUHKHU Jiarpam
Beitua (puc. 5.14) BianmoBiaHO A0 cioBHHKA (puc. 5.12).

Tpaucnomnsuia aiarpam Beitua (puc. 5.15) y piBHSHHS BXOIB KBaHTpOHA 31

"IITOPKOBUM" IPUHILIUIIOM 3amUCy 1H(OpMAaIlii IPUBOAUTH A0 BUPA3y
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t+1 t+]

Pucynok 5.14 — KapTu MiHT€pMIB CTaHIB KBaHTPOHOB MOJYJIS 31
"WTOPKOBUM" MPUHIIUIIOM 3aMKCy 1HQOpMaIi

A A A
B|| X | X|X|X BI[X | X|X|X B||il|X]|X]| X,
¥ X | X | X 1 X | X | 0 0| X | X| 0
- - - Cc
Xl‘g‘:}{ }‘:'IE.:“'ﬂjL ch:B

Pucynok 5.15 — Kaptu minTepmiB QyHKIIi BXO/1IB KBAaHTPOHIB
MOAYJIA 31 "IITOPKOBUM" MPUHIUIIOM 3aTUCy

iHpopmarii

[TommpenHss oOTpMMaHMX BHpa3iB Ha JOBUIBHE YHCIO pO3PSANIB -
KBaHTPOHIB Jae MOKJIMBICTh nooyyBaTu CTPYKTYPHY CXeMy
OINITOEJNIEKTPOHHOIO MOAYJSA 31 "IITOPKOBUM'" NMPUHIMUIIOM 3alucy i1HQpopMarii

(puc. 5.16).

R l |

K, Ky Kc

Pucynok 5.16 — CtpykTypHa cxema MOyJs 31 "IITOPKOBUM"

3anucoM iHpopMmarii
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Osnauenns 2. 3anuc  BXigHOI  1H(OpMmaumii, MNpu SKIA OYEPrOBO
3MIACHIOETHCS TOCHIZAOBHE 3amam'siTOByBaHHS 1HQpopMamii 1 Ii CTUpaHHSA
HA3MBAETHCS "MapKepHUM" MIPUHIUIIOM 3anucy iHpopmMarlii.

HaBenemo xapakrepucTuyHe piBHSHHS KBaHTpoHa (puc. 5.17) mis Hyns 3

"MapkepHUM'" TIPUHIIAIIOM 3anucy iH(opMmariii.

T o +E 4 T o +E
N
oI | P2 oAl | P2
T T
QR X ,— 7] O3
. a I N ¢

Pucynok 5.17 — KBantponu Moy:st 3 "MapkepHUM' IPUHIIUMIIOM 3aIIUCy

1Hbopmarrii

Cning  3a3HauMTH, 10 CKUJAHHS KBAaHTPOHA MOXE BilOyBaTuCS
CIEKTPUYHUMH a00 OonTHYHMMH curHaitamu. Ha puc. 5.17, a, 6 HaBemeHi aBi

(GyHKIIIOHATBHI CXEMH, 1110 BIAMOBIIAIOTH ABOM MOAM]IKAIIIM KBAaHTPOHIB.

Tabmuus 5.3 — Tabnuns nepexoniB KBAHTPOHA 3 MOXJIMBICTIO CKUIAHHS
€JEKTPUYHUM  CHUTHAJIOM MOIyias 3  '"MapkepHum"

PUHITUIIOM 3amucy 1H(popMalii

T Qt X, Qt+1 fq
ol o] o] 0] o0
o o | 1] 0] o0
o | 1] 0] 0| B
o | 1| 1] 0| B
1 1o 0] 0] o0
1o | 1] 1] a
11 o | 1|1
I S T A T I O
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Cknagemo Tabmuii nepexomiB (tabmn. 5.3 1 5.4) manux moaudikarii
KBaHTPOHIB 1 KAPTU MIHTEPMIB JJI1 XapaKTEpPUCTUYHOTO piBHSAHHSA (puc. 5.18 1

5.19), a moTiM nepeTBOpUMO iX y BIJIMOBIAHI CIOBHUKH (puc. 5.2015.21).

Tabmuusg 5.4 — Tabnuisl epexoiB KBaHTPOHA 3 MOXJIMBICTIO CKHUJAHHSI
ONTUYHUM CUTHAJIOM MOAYJA 3 "MapKepHUM' MPUHLIUIIOM

3anucy iHpopMmari

T | X | X | Q | Q"] f
0 0 0 0 0 0
0 0 0 1 1 1
0 0 1 0 0 0
0 0 1 1 0 B
0 1 0 0 0 0
0 1 0 1 1 1
0 1 1 0 0 0
0 1 1 1 0 B
1 0 0 0 0 0
1 0 0 1 1 1
1 0 1 0 0 0
1 0 1 1 0 B
1 1 0 0 1 a
1 1 0 1 1 1
1 1 1 0 0 0
1 1 1 1 0 B
T
QYo | o il
0| 0 :15 0
X1

Pucynok 5.18— Kapra MiHTepMiB AJis1 XapaKTEPUCTUUYHOTO PIBHSIHHS
KBAaHTPOHA 3 MOJKJIMBICTIO CKUJAHHS EJICKTPUYHUM
CUTHAJIOM MoOayJisi 3 '"MapkepHHM'" MPUHIUIIOM

3anucy iHpopmarii
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Pucynok 5.19 — KapTta MiHTEepMiB A1l XapaKTE€pPUCTUYHOTO PiBHSIHHS
KBAaHTPOHA 3 MOXJIMBICTIO CKHUAAHHA ONTUYHUM
CUTHAJOM MOAyJisi 3 '"MapkepHUM" NTPUHIHUIIOM

3anucy iHgopmarrii

[lepexoau aprymeHTy GyHKIT CnoBHauxk 1
fy T X4 fy T X
T=0 T=0
0 0 0,1 0 0 X
1 - - 1 - -
o - - o - -
B 0 1 B 0 1
[lepexonu apryMeHTy QyHKIIIT CnoBHUK 2
fq T X] fq T Xl
T=1 T=1
0 1 0 0 1 0
1 1 0,1 1 1 X
o | 1 o 1 1
B | - | - B | - | -

Pucynko 5.20 — Ilepexoau cTaHiB KBaHTPOHA 3 MOXKJIUBICTIO CKUIaHHS
€JEKTPUYHUM CUTHAJIOM Moayis 3 '"MapkepHum"
NPHUHLIAIIOM 3amnucy iHpopMalli Ta i HepeTBOPEHHS B

CJIOBHHK
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[lepexoau aprymeHTy GyHKIT CnoBHauxk 1

£, T | X £, T | X
T=0 T=0
0 0,1 | 0,1 0 X X
1 0,1 0 1 X 0
o - - o -
Bl 1 | 1 B | X | 1
[Tepexoau aprymenTy GyHKINT CloBHUK 2
fq X1 X2 fq Xl XZ
T=1 T=1
0 0,1 | 0,1 0 X X
' 1 01| 0 1| X | 0
o 1 0 o 1 0
B |01 | 1 B | X | 1

Pucynoxk 5.21 — Ilepexoau cTaHiB KBAaHTPOHA 3 MOXKJIUBICTIO CKUAAHHS
ONTUYHUM CUTHAJIOM MoayJs 3  '"mMapkepHum'
MIPUHIIAIIOM 3anucy iHdopMarlli Ta i TepeTBOPEHHS B

CJIOBHHK

3 kaptu MiHTEepMIB (puc. 5.18) xapakTepUCTHYHE PIBHSHHS KBAaHTOPHA 3

MO>KJIUBICTIO CKUAAHHA CICKTPUYHHUM CUTHAJIOM Ma€ TaKUU BUTIJIAL:

0" =T(Q'+X,) (5.15)

Ax BugHo 3 (5.15), ONMHWYHUI ONTUYHUN BXIJT KBAHTPOHA KEPYETHCS
CHUTHAJIOM Ha €JIeKTPUYHOMY BXoAl 7, a mepexig KBaHTpOHA B 30yIXKEHUN CTaH
a00 MOro CKUJIaHHS 3aJIeKUTh BiJ] pIBHS CUTHAIIY Ha BXOA1 7.

Buxoasun 3 o3HaueHHs '"MapKepHOro' MNpUHIUIY 3amucy iHdopMarlii
NOKakemMo rpad mepexolliB TpUpo3psaHOoro monayis (puc. 5.22), 3a sSKuUM
CKJIaieMOo TabnuIo onuciB (tabdn. 5.5) cybcuctemu mMomyns 3 "MapkepHUM"

MPUHIIUIIOM 3anucy iHdopMairii.
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Pucynok 5.22 — I'pad nepexoziB cyOcucteMu MOAyJ s 3 "MapKepHUM"

MPUHIUIIOM 3aIUCy 1HPOpMallii

Tabmuis 5.5 — Onuc moay:st 3 "MapkepHuM" 3anucoMm iHpopmarii

Homep t t+1

CTaHy A B C A B C
1 0 0 0 a 0 0
2 1 0 0 B o 0
3 0 1 0 0 B a
4 0 0 1 X X X

: : : o]
AHaNOr1YyHO MOMEPEAHHOMY CHHTE30B1 MOYJIs nepioan GyHKIii 4 , B

+1 +1 . .
! ) Ct BHU3HAYHNMO 3a JOIIOMOI'OIO 3aHCCCHHA 3HAYCHD PIBHUICBHUX CHMBOJIIB Y

KJIIITHHKH JiarpaMu Beiiua BimoBigHO 10 ClIOBHUKA (pHC. 5.23)

At+1 Bt+1 C1:+1
A A A
B||X|X|X| 0 B XX | B B|| X | X | X| o
B|X|X| o | X| X 0| X|X| o0
C C C

Pucynox 5.23 — Kaptu MiHTepMiB CTaHIB KBAaHTPOHA 3 MOKJIUBICTIO

CKHUJaHH:A CIICKTPUYHHUM CUTHAJIOM

Tpancnonsuia aiarpam Beliua (puc. 5.24) y piBHSHHS BXOJ1B KBaHTPOHA 3
MOXIJIUBICTIO CKUJAHHS €JIEeKTPUYHUM CHUTHAJIOM MoAayids 3 '"MapkepHUM"

MPUHIMIIOM 3anucy 1HGOpMaIlii IPUBOJIUTH JO TAKMX BUPA31B:

TA :I, TB :I, TC :I, (516)
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(XDa=B’; (Xps=A; (X1)c=B. (5.17)

A A A
Bl|X|X|xX]|1 Bl| X | X|Xx|X BlIX|X|XxX|1
X | X|X|X X | X|X|1 1| X|X]|1
C C C
T,,=1 Tp=1 Tie=1
A A A
sl[x[x[x]o B[ X | X x| x| B|X[X[X]1]
X | X | X]| 1 K X|0 0] X | X0
C C C
X,,=B Xp=A Xi-=B

Pucynok 5.24 — Kaptu MinTepmiB (OYHKIIIH BXO/IB KBAHTPOHA 3 MOXKJIMBICTIO
CKUJAHHS €JIEKTPUYHUM CUTHAJIOM MOJYJIs 3 "MapkepHUM"

MPUHIUIIOM 3aIUCy 1H(pOopMaIIii

Bupas (X)), = B 03HAdae, 110 CIpaIbOBYBAHHS PO3PpsAy A BimOyBa€eThCs 3a
YMOBHU He30yKE€HOro po3psany B. [HmmMu cinoBamu, po3psa A mepexonuTh y
30yJKEHUI CTaH TUIbKU Yy BUIAJKY MOAa4l HA MOTr0 OJUHUYHUM ONTUYHUM BXiJ
CUTHAJTy 3aITyCKY.

[TommpeHHst oTpuMaHuX BUPa3iB HA IOBUIbHE YUCIIO PO3PSIAIB-KBAHTPOHIB 3
MOKJIUBICTIO 1XHBOTO CKHMJIAHHA €JIEKTPUYHUM CUTHAJIOM MPUBOIAUTH MO
noOYyJIOBH CTPYKTYPHOI CXE€MH ONTOENEKTPOHHOTO MOIyJst 3 '"MapKepHHM"
MPUHITUTIOM 3anucy iHbopmarlii (puc. 5.25).

Ak BUIIMBae 3 KapTh MIHTEpMIB (AuB. puc. 5.19), xapakTepuUCTHUHE
PIBHSIHHSI KBAaHTPOHA 3 MOXKJIMBICTIO CKUJAHHS ONTUYHUM CUTHAJIOM MOAYJS 3

"MapkepHUM" MPUHILIMIIOM 3aMKCy 1H(POpMaIli OMUCY€ETHCS B TAKUI CIOCIO:

0" = X2(Q+TX,) (5.18)

3 METOoI0 YCYHCHHS ITOMHIIOK IIpH CHHTE31 CXEM MOJAYJId Ha KBAHTPOHAax
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3aCTOCYEMO MOHATTS "HECYMICHICTB" TOJIIH, 1110 XapaKTEPU3YETHCS PO3OIKHICTIO
B Yacl CUTHAJy Ha HYJbOBOMY ONTHYHOMY BXOJl 3 TAaKTOBUM CUTHAJIOM. Tomy
Tabn. 5.4 nepexoAiB KBaHTPOHA MEPETBOPUTHCS B JBA CIOBHUKH: JJI CUTHAJIB

IIPU HAsSIBHOCTI 1 BIJICYTHOCTI TaKTiB.

R l l

Pucynok 5.25 — CtpykTypHa cxeMa ONTOEIEKTPOHHOTO MOJYJISl 3 MAPKEPHUM"

MIPUHIIAIIOM 3amucy 1Hpopmartii

A A A
X|X|X|X X[ xix|x x| x| x|t
Bl x| x| x|1 BIl1 | X X|X Bl X|X| XX
C C C
Xya—X Xp=A X-=B
A A A
XX x| X X X[ X] 1 X X ] X 0
b [ x{x[o] Bl|o|x|x|x| B|xXx|1]x
C C C

Pucynok 5.26 — Kaptu MiHTepMIB QYHKIIIi BXO/I1B KBAHTPOHA 3 MOKJIUBICTIO
CKMJAHHSA ONTHYHHM CHTHAJIOM MOIyJNs 3 '"MapKepHHM"

MIPUHIIAIIOM 3amucy 1Hpopmarrii

Tpancnossisa giarpam Beitua (puc. 5.26) y piBHSHHI BXOJIIB KBaHTPOHA 3
MOXIIUBICTIO CKHMJIaHHS ONTHYHUM CHUTHAJIOM Moayias 3 '"MapkepHuM"

MPUHITUTIOM 3anucy 1HGOpMaIlii IPUBOIUTH JO TAKMX BHPA3iB:
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(XpDa=X; (Xp)s=B; (Xpc=B; (5.19)
(X2)a=A; (X2)p=B; (Xy)c=C. (5.20)

[TepeTBoprotoun Bupa3z (5.20) nns KBaHTPOHIB, AJsi HYJbOBUX ONTUYHUX

BXO/1B 3HAXOJUMO JIMCHI 1XH1 3HAYCHHS,
(X2)a=X; (X2)s=A; (X2)c=B. (5.21)

[TommpeHHs: OTpUMaHUX BUPa3iB HA TOBUIBHE YUCIIO PO3PSIAiB-KBAHTPOHIB 3
MO>KJIUBICTIO IXHBOI'O CKHMJI@HHS ONTHYHHUM CHUTHAJIOM JI03BOJIsiE MOOYyIyBaTu
CTPYKTYpHY cxemy (puc. 5.27) MoAu(pIKOBAaHOTO ONTOEIEKTPOHHOTO MOAYJS 3

"MapkepHUM'" TPUHIIAIIOM 3anucy iH(opMmariii.

R I |

Pucynok 5.27 — CtpykrypHa cxemMa MoAN(1KOBAHOTO OMTOEIEKTPOHHOTO

MOy 3 ""MapKepHUM" IPUHITUIIOM 3amnucy iHbopmarii

3 rpada mepexomiB (muB. puc. 5.13 1 5.22) momyniB 31 "mrTopkoBum" i
"MapkepHUM'" MPHUHIMIIAMU 3anucy iHGOpMallli BUHUKAE 3a/ada CUHTE3y TaKol
cyOocucTeMHU, MPOMDKHI TEpPeXoaHu SKOi aHaJOTiuHi TepexojiaM KBaHTPOHIB
MOAYJs 31 "IUTOPKOBUM'" MPUHILIMIIOM 3alUCy, a KIHUEBHM cTaH cyOcucreMu
BIJIMOBIIa€ KIHIIEBOMY CTaHOBI CyOCHCTEMHU MOJYJIS 3 "MapKepHUM'" TPUHIIUIIOM
3anucy iHdopmMariii.

Osnauenns 3. 3anuc BXigHO1 1H(MOpMaIli, miJ Yac sIKOT 3IHCHIOETHCS
MOCTIIOBHE 11 3amaM'dTOBYBaHHS, 1 IMICJISI 3aKIHUYCHHS - OJHOYACHE CKHJAHHS,
KpIM OCTaHHbOI OAMHMII iHopMmalii, OyaemMo Ha3uBaTH "IITOPKOBO-
MapKepHUM'" MPUHIIUIIOM 3aIHCY.

Cxema KkBaHTpoHa 31 "IITOPKOBO-MapKepHUM'" MPUHLMIIOM 3aIuCy
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iH(dopmarrii HaBeeHa HA PUCYHKY 5.28.

o
L
ol &
A
[an]
=
S
-t
== &
] ® L]
-] [~
a i

Pucynok 5.28 — KBanTpoH Moyt 31 "IITOPKOBO-MapKEPHUM'" TTPUHITUTIOM

3anucy iHdopmanii

Tabmuis 5.6 — Tabnuis nepexoiB KBaHTPOHA 31 "IITOPKOBO-MapKepHUM"

OPUHIIMIIOM 3amucy iHpopMalii

QH-I

X,

X

T,

T,

QH-I

X,

X

T,

T,
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CkmazeMo Uisi HbOTO MOBHY TaOiMLIO nepexoaiB (Tabm. 5.6) 1 kapTy
MIHTEPMIB JJIs1 HOTO XapaKTepUCTUUHOTrO PIBHIHHA (puc. 5.29).
T T

Ty

X, X1
Xs

Pucynok 5.29 — Kaptu MiHTE€pMIB [IJIs1 XapaKTEPUCTUYHOrO PIBHSHHS KBAHTPOHA
CIPOLIEHOI cyOcucTeMu MOAyJds 31 "IITOPKOBO-MapKEpHHUM"

OPUHIIMIIOM 3anuCy 1HPpopMarii

3 KapTH MIHTEPMIB XapaKTEPUCTUYHE PIBHSIHHS KBAaHTPOHA MOIYJA 31

"IITOPKOBO-MapKEepHUM" MPUHIIUIIOM 3aMKCy 1H(OPMAIi 3aMUCY€EThCA Y BUTIISII

O =" (X2 +T2)+TX,.

CunTe3yeMo crporeHy Moau@ikaiio cyOCucTeMu MOIYJIS 31 "IITOPKOBO-
MapkepHuUM'" TPUHIUIIOM 3amucy. ['pad mepexoliB 1 OmMuc JaHOi cyOcucTeMu

HaBeJleH1 Ha pUcyHKY 5.30 Ta y Tabnwuii 5.7, BIATOBIAHO.

Pucynok 5.30 — I'pad nepexo/iB cpoIieHoi cyocucTeMu MOAyIs 31
"I TOPKOBO-MapKEPHUM IIPUHIUIIOM 3aIucy
1H(popmarii
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Tabmumst 5.7 — Ommc coporeHoi cyOcuCTeMH MOAYJsS 31 "IITOPKOBO-

MapKepHUM'" MPUHLIKIIOM 3anucy 1H(opmaii

Homep t t+1

CTaHy A B C A B C
1 0 0 0 o 0 0
2 1 0 0 1 a 0
3 1 1 0 1 1 o
4 1 1 1 B B 1
5 1 X X X

[leperBopeHHsT CKOpouYeHOI TaOnuIll NepexoAiB (Tabs. 5.8) 'y CIOBHHMKHU
nmokaszaHe Ha puc. 5.31, a KapTu MIHTEpMIB CTaHIB 1 QYHKIIIH BXO/1B KBAHTPOHA -

Ha puc. 5.32.

Tabmuis 5.8 — CkopoueHa TabuuIls epexoIiB

T Qt X, X, Qt+1 fq
o] oo o] o] o0
ol o 1|0 1] a
ol oo /| 1] 0] o0
oo | 1| 1] 1] a
o 1] o] o] 11
o | 1| 1|0 ] 11
o | 1] o | 1] 11
o | 1 | 1| 1] 1]1
1ol o o] o] o
1o | 10| 1| a
1 oo 1] 0] o0
1o | 1| 1| X]|X
1100 1|1
11 10| 1|1
1 1o 1] 0] p
11 1|1 | X | X
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[lepexoau apryMeHTy QyHKIII1

THZO

[lepexoau apryMmeHnty QyHKIII1

£, | X | Xo
0 | 0 |01
1 |01]0,1
a | 1 |01
B - -

fy X, X5
0 0,1 | 0,1
1 0,1 0
o 1 0
B 0,1 1

TE:O

CiaoBHUK 1

fy X, X5
0 0 X
1 X X
o 1 X
B - -
CloBHUK 2
fq X, X5
0 X X
1 X 0
o 1 0
B X 1

Pucynok 5.31 — IlepeTBopeHHs TaOIMIl TTEPEXO0/I1B CIPOIIECHOT CyOcHCcTeMuU

KBAaHTpPOHaA

MOIYJIS

MPUHITUTIOM 3amuCy 1H(popMaIii

"MITOPKOBO-MapKEPHUM"

Bt+1 C1;+1
A
| X | X Bl|lx|1]|X|X
X| 0 0| X | X
C C

Pucynok 5.32 — Kaptu MiHT€pMIB CTaHiB KBAHTPOHIB CITPOIIIEHOT

cyOcucreMn Moayss 31 "IITOPKOBO-MapKepHUM"

IPUHIIMIIOM 3anuCy 1HpopMarii

Tpancnonsuia aiarpam Beitwa (puc. 5.33) y piBHSHHS BXOJIB CHPOIIEHOI

cyOcrucTeMH KBaHTPOHA MOAYJS 31 "IITOPKOBO-MAPKEPHUM' MPUHIIMIIOM 3AMUCY

iH(opMalIIii TPUBOIUTE JO TAKUX BUPA3iB:

(XDa=X; (X1)p=A; (Xpc=B; (5.22)
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(X2)a=C; (X2)s=C; (X2)c=0. (5.23)

[3 cuHTE30BaHOI CTPYKTYpPHOI CXEMH MOJIYJA 31 "MITOPKOBO-MapKepHUM"
IPUHITAIIOM 3anmucy 1Hpopmartii (puc. 5.34) BUJIHO, 110 MOIIUPEHHS OTPUMAHUX
BUpa3iB Ha JOBUIBHE YHCJIO PO3PSAIB MPUBOJIUTH JO IMOOYAOBH MOIYJS 13
3a37ajerigp  3aJaHUM  KOe(IIIEHTOM TIIEPETBOPEHHS, PIBHUM YHCIYy HWOTO
PO3PSIIB.

A A A
X|X|X|X X | X X | X 1| x| x| x
Bl|X|xX|x|1 Bll1|X|X]|0 Bllo|xX|x]|o0
C C C
Xqa=X Xip=a X1c=B
A A A
0|1|x|X 01 |X|X 0|0|xX|x
all o] x| x|o Bllo| x| x| x Bl X|X|X| X
C C C
X54=C Xop=C Xoc=0

Pucynok 5.33 — Kaptu MiHTepMIB PYHKII BXOJIB KBAaHTPOHIB
CIPOILEHOT cyOcrucTeMU MOAYJIS 31 "ITOPKOBO-

MapKepHHUM" MPUHITUIIOM 3amucy 1HpopMalii

[T

Pucynok 5.34 — CrpoiieHa cTpyKTypHa CXeMa ONTOEJIEKTPOHHOTO MOTYJIA 31
"IITOPKOBO-MapKEepHUM" MPUHITUIIOM 3arucy iHdopmariii
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VY psai BUNAAKIB Take MEPETBOPEHHS BUSBISETHCS HESPEKTUBHUM, TOMY
CHUHTE3YEMO ONTOEIEKTPOHHBIM MOAYb 31 "ITOPKOBO-MapKEPHBIM" MPUHIIUIIOM
3anucy 1HQopMalii 3 JOBUIBHUM KOE(ILIEHTOM MEPETBOPEHHSI, 3HAUEHHS KOO
MOK€ 3MIHIOBATUCA B 3aJI€KHOCTI BIJl YaCOBUX XapaKTEPUCTUK BXIJHOIO
curHaiy. s 1poro HaBeIeMO TaOJMIIO MEPETBOPEHHS NEPEXO/IB KBAaHTPOHA
(tabn. 5.9), moBHuU Tpad mepexoiB CyOCHCTEMH MOAYIS 31 "IITOPKOBO-
MapkepHuM" TNpuHOUNOM 3amucy iHdopmarii (puc. 5.35, 5.36). Omuc

cyOcucTeMu Takoro MOy fanui y Tabmutri 5.10.

Tabmuis 5.9 — Tabnuus nepexomiB

Qt Xl X2 Qt+1 fq

0 0 0 0 0

0 1 0 1 o

0 0 1 0 0

0 1 1 0 0

1 0 0 1 1

1 1 0 1 1

1 0 1 0 B

1 1 1 1 1

[Tepexoau aprymeHTy GyHKITT C0BHUK
fq X, X5 fq X, | X,
—> —

0 0,1 | 0,1 0 X X
1 0,1 | 0,1 1 X X
o 1 0 o 1 0
B 0,1 1 B X 1

Pucynok 5.35 — [lepeTBopeHHs TaOaMI IEPEXOA1B KBAHTPOHIB 31 "IITOPKOBO-

MapKepHUM'" MPUHIIUIIOM 3aMKCy 1H(POpMAIl B CIIOBHUK
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Pucynok 5.36 — I'pad nepexoiB MoayJis 31 "IITOPKOBO-MapKepHUM"

MIPUHIIAIIOM 3amucy 1Hpopmartii

Tabmug 5.10 — Omnuc cyOcHCTEMH ONTOEISKTPOHHOTO MOIYJS 31
"ITOPKOBO-MapKEPHUM " IIPUHIIUIIOM 3a1ncy
iH(popmarrii

Howmep t t+ 1

CTaHy A B C D A| B C D
1 0 0 0 0 a a 0 0
2 1 0 0 0 X X | X X
3 0 1 0 0 X X | X X
4 1 1 0 0 1 1 o 0
5 0 0 1 0 X X | X X
6 1 0 1 0 X X | X X
7 0 1 1 0 X X | X X
8 1 1 1 0 1 1 1 a
9 0 0 0 1 X X | X X
10 1 0 0 1 X X | X X
11 0 1 0 1 X X | X X
12 1 1 0 1 X X | X X
13 0 0 1 1 X X | X X
14 1 0 1 1 X X | X X
15 0 1 1 1 0 B B 1
16 1 1 1 1 B 1 1 1

148



CknazieMo KapTy MIHTEPMIB CTaHIB KBAHTPOHIB Moays (puc. 5.37) 1 kapTy

MIHTEpPMIB (PYHKIIM BXO/11B KBAHTPOHIB (puc. 5.38).

t+1 t+1 t+1 t+1
B c D
A A A A A
a | X | X | X o X | X | X 0| X | X | X 0| X | XX
X X[ XX XXX | X X | XX | X XX | XX
C C C C
x|o|p|1 X | pl1]1 X|p|1]1 X|1]1]|a
B B B B
X|X|X|1 X|X|X|1 X|X|X| « X|X|X|o0
D D D D
Pucynok 5.37 — Kaptu MiHTEpMIB CTaHIB KBAHTPOHIB MOAYJISA 31
"MTOPKOBO-MAapKEPHUM"' IIPUHIIUIIOM 3aIUCY
A A A A
1 | X | X | X 1 | X | X | X XX | XX XX | XX
D
X | X| X | X X | XX | X X[ X | XX X XXX
C C C C
XXX X XXX X X|X| X | X X|X|X|1
B B B B
XXX X XXX X X|IX| X1 X | X | X | X
D D D D
Xyp7X Xp=X Xyc=B Xip~B
A A A A
0 [ X|[X]|X 0 X |X|X X ||X | X|| X X|X|X|X
X | X||X|X X|X|X|X XX | X|| X X|X|X|X
C C C C
X|X|[1]X X[ 1|X|X X1 X|| X X|X|X|0
B B B B
X | X||X|X X|X|X|X X[|X|X|| o0 X|X|X| 0
D D D D
X2A=A Xsz C Xz C= D XZD: 0

Pucynox 5.38 — Kaptu MinTepMiB QyHKIIT BXO1B MOJTYJIS 31 "IITOPKOBO-

MapKepHUM'" MPUHIIUIIOM 3aMucy iHQopMaIllii

V¥ naniit cyOcucTemi OuH 13 KBaHTPOHIB (puc. 5.39), il BU3HAYEHOCTI - A,
€ JOTOMDKHUM. TaOnauus nepexo/iiB 1 KapTa A CKIaJaHHs XapaKTEPUCTUUHOTO

pIBHSIHHS HaBeJieH1 B Tabi1. 5.11 1 Ha puc. 5.40, BiAMIOBIIHO.
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Pucynok 5.39 — JlonoMi>KHUM KBaHTPOH MOJTYJIS 31 "TITOPKOBO-MapKepHUM"

MPUHITUIIOM 3anuCy 1HpopMaIIii

Ta6murg 5.11 — Tabnuis nepexo/is

T Qt K Qt+1
0 0 0 0
0 0 1 0
0 1 0 1
1 1 1 |
1 0 0 1
1 0 1 0
1 1 0 |
1 1 1 0
_ K
Q| o [ 1]
| -g-——: -1
01100

T

Pucynok 5.40 — Kapra MiHTEpMIB JIJIs1 XapaKTEpPUCTUYHOTO PIBHSIHHS

JOTIOMIKHOTO KBAaHTPOHA

Bigznauumo, 1m0 3akoH (QYHKI[IOHYBaHHS JOTMOMIXKHOTO KBaHTpPOHA

3aJIEKUTH Bl 4acoBOl 3MiHHOI K.
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XapakTepUCTUYHE pPIBHSIHHS JONOMIKHOTO KBAHTPOHA MOJKHA 3alMCAaTH

TaK:

0" =K(Q' +T)+T0".

3 miarpamu Beiiua (puc. 5.37) BuIinBae, 110 PiBHSHHS BXOJIB KBAaHTPOHIB

MOJyJIA 31 "IITOPKOBO-MapKEPHUM" MPUHIIUIIOM 3amucy iHpopMaIlii Mae BUTIISA

(XDa=X; X=X, (Xp)c=B; (Xy) =C; (5.24)
(XA =A; (X =C; (X)c=D; (Xy)=0. (5.25)

Kopucrtyrounce Bupazamu (5.24) Tta (5.25), HeBaxko moOyayBaTH
CTPYKTYpPHY CXEMY OITOCJICKTPOHHOTO MOIydsA 31 "IITOPKOBO-MapKepHUM"

IPUHLKIIOM 3anucy iHdopmaii (puc. 5.41).

0 0 —» 0 —» 0
i i i

Pucynok 5.41 — CtpykTypHa cxeMa ONTOEIEKTPOHHOTO MOYJIS 31
"MTOPKOBO-MapKepHUM"  MPUHUUIIOM  3aIUCy

1Hpopmarii

TakuM YMHOM, Ha OCHOBI amapaTy CHHTE3Y JIOTIYHMX CXEM HECKJIaJIHO
noOyyBaTH CTPYKTYpPHI CXEMM OINTOEJIEKTPOHHHUX MOIYJIB 31 "IITOpPKOBUM",

"MapkepHUM" 1 "IITOPKOBO-MAapKEPHUM'" TIPUHITUIIAMH 3aMKCy 1HGOPMAITii.
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5.3.3 /luHaMIiyHl ONTHYHI OINEpPaTUBHI 3amaM sITOBYBaJbHI MPUCTPOi Ha
BOJI3

OnTuyHy mam’siTh, SIK 1 3BUYaiiHy, MOXKHA PO3JIUTUTH Ha KOPOTKOYACHY Ta
nosrotpuBairy. KopoTkouacHa mnam’sTh 3abe3nedye 30epekeHHS HEBEITUKOIo
00’emy 1H(oOpMaIlii, 3aBaHTAKYETHCS MIBUAKO, Yac 30epexeHHss — 10 30 CexyH/I.
JloBroTpuBana mam’siTh SBJsIE COOOIO0 TOCTIMHY MaMm’SITh 3 TPUBAIUM YacOM
30epiranHsi 0a3u 3HaHb. Y TOMEPEAHIX MiAPO3iIax OyB PO3TISHYTUH OAMH 3
BaplaHTIB peai3alii CTaTUYHOI OMNEPAaTHBHOI Mam’sTI 3 BHUKOPUCTAHHAM
KBaHTpOHIB. OAHUM 3 HAWOPOCTIIIMX CHOCOOIB TNOOYAOBH AUHAMIYHOL
OmepaTHBHOI MaM’sTI € 3acCTOCYBaHHS 4YacOBHX 3aTPUMOK, SKi MOXKHA
peaizyBaTy Ha ONTUYHIN eJIeMEHTHIN 0a31 — BOJJOKOHHO-ONTUYHOMY CBITJIOBO/II.

Ak nuHaMIYHUN ONTHUYHUN ONEpPaTUBHMU 3araM’sITOBYBaJbHUM MPUCTPI
(JIOO3II) BUKOPHUCTOBYETHCS KiNbIlE 3 BOJOKOHHO-ONTHUYHOI'O CBITJIOBOJIA, ITO
SAKOMY ULHPKYJIIOIOTh CBITJIOBI IMIylbcu (pUCYHOK 5.42). Jlns BBeAeHHS Ta

BHBEJICHHS ONTUYHOI 1H(OpMAaILlil BUKOPUCTOBYIOTHCS JBa BArairyxysaul (B).

BON3

Ubx, Ubux,

@
@

Ubux, Ubx,

BOMN3

Pucynok 5.42 — CtpykrypHa cxema 6a3zoBoro enxementa JJOO3II

Buxinnuii curHan eneMeHTa JOpIBHIOE BXIJHOMY CHUTHaly, SKHM
3aTpUMaHUi Ha OJAMHUITIO Yacy. Y BHUIAJKY AUCKPETHOrO BXigHOTO curHany f(k)
BUXITHUHN curHai Oyne matu Burisif f(k-1), ne x — yacoBul iH1eKc. biok—cxema
Ta IMIYyJIbCHA XapakTepUCTHUKa (peakilisi 3a I1HTEHCHUBHICTIO Ha BXIJHHM
IMIyJIb,CHUM CHUTHAJI) TMoOKa3aHi Ha pucyHky 5.43,a. Ilepegbauvaerbcs, 110
MOKA3HUK 3aJIOMJICHHS MaTepialy BOJOKHA CKIaJa€ BENUIUHY mopsiaky 1,5. [lms
i€l YMOBHU 3aTpUMKa IMPU PO3MOBCIODKCHHI Oyjae ckiagatu Ouisa SHce/M. Jls
BIJIBEJICHHS CBITOBUX CHUTHATIB MOKHA CKOPUCTATUCHh PI3HUMU IPUCTPOSIMU —

HalpaBJICHUMHU  BiAralxy)KyBadamMH, 3THHAMU  CBITJIOBOAIB. MaTeMaTuyHO
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BUXIJIHUI CUTHaJ BiApi3HAeThcs Bia BxigHoro B K pas, ne K — gesika moctiiina
(puc. 5.43, 0).

Briok-cxema IMNyrbCHa XapakTepuctuka
h(k)=5(k-1)
1
(k) f(k-1) I
> 1 >
0o 1 k
a)
h(k)=K5(k)
K
f(k) Kf(k)
—> K —> -
0 k
6)

Pucynox 5.43 — briok cxema Ta iMIyJIbCHa XapaKTEPUCTHKA!

a) eJIeMEHTa 3aTPUMKH, 0) eJIeMEHTa BiIramy>KeHHs

Ha ocHOBI 0JHOMOJIOBOTO CBITJIOBOAY Ta HANpaBJICHUX BiATraly>KyBauiB
MOXHa CTBOPUTH JWHaMiuHUN onTtuuHui enemeHT mnam’sati  (JOEID)
(puc. 5.44, a).

a)

InP

\

A
\

6)
Pucynox 5.44 — Cxema (a) Ta iMmmyJibCHa XapakTepucTuka (0)
PELUPKYJIALIIHOL JIIHII 3aTPUMKHU 3 JIBOMA

BIJIFAITYKyBa4aMH

EnemenT omnThyHOI OWUHAMIYHOI IMaMm’SITl CKJIQHA€ThCd 3 OJIHOMOIJOBOIO
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BOJIOKOHHO-ONTHYHOT'O KOHTYpPY 13 3aTpUMKOI0 T, SIKMi1 3aMKHYTHI caM Ha ce0Oe
yepe3 JBa HalpaBieHUX BiAranyxysadi. [Ipy oMy yacTuHa CBITIa 3 APYTOro
BIIraTy’KyBaya 4epe3 BOJOKOHHMM KOHTYp TMOCTylae Ha3zaJl Ha NeplIul
Birasly’kKyBad. BHAcIiI0K 1IbOT0 ONTHYHI CUTHAJH, 10 MOCTYNWIM Ha BXig X,
NOYHYTh 0araTopa3oBO IUPKYJIIOBATU B KOHTYpI 1 MpHU 1[bOMY OYJIyTh YaCTKOBO
MOTpaIuIATH Ha BuUxoau Y;, Y, IMmysbcHa XapakTepuCTHKA TaKOl CHUCTEMHU
CKIIAJAEThCS 3 POy CHaJHUX MaKCUMYMIB, SIKI 3HaXOJSAThCA Ha OJHAKOBIN
BiJICTaHI OJWH BIJI OJHOTO B Yaci Ha BEJIWYMHY 3aTPUMKH B KOHTYpl T
(puc. 5.44, 0).

3B’S30K MK BUXOJIOM Ta BXOJOM HaIlpaBJICHOTO BiJiraiaykyBauda (puc. 5.45)

MO>KHA OMUCATH KOMILJIEKCHOIO MEepPeJaBaIbHOK MAaTPUIIEIO PO3MIpOM 2X2

E, IR A B) (E,
Sl e e

ne (E;, E,) ta (E; E,) KOMIUIEKCHI aMIUTITY/Id BEKTOPIB HAIPYXEHOCT1 £,

E,, E; E,BIINOBIAHO HA BXO/II Ta BUXO/I1 BiATayKyBaya.

E, ;
&\\\\\i////g
B, ~E&,

—————
Pucynox 5.45 — Cxema BOJJOKOHHO-ONTUYHOTO HAMPABIEHOTO BIATrayKyBaua

OCKUIbKH BiATAITyKEHHSM y 3BOPOTHOMY HAIlPSMKY MOKHA 3HEXTYBaTH, TO
MaTPUITI0O MOXHA 300pa3uTH K AOOYTOK JAESIKOTO 3arajlbHOTO aMILTITYIHOTO
KoeilieHTa MPOITyCKaHHS (y)"? (0,9<y<1) Ta yHiTapHOi MaTpui. [[ns yHiTapHOi
MaTpHIll CIIPaBEJIUBI CITIBBITHOIIICHHS:

2 2 2 2
|A| +|B| :|C| +|D| =1, (5.27)
CA*+DB*=0,

JIe 31pOYKa 03Ha4Ya€ KOMILIEKCHO CIPSDKEHY BEJIMUUHY.

VY Bunaaky cuMmerpuyHoro aiaramyxkyBadya A=D, B=C cmiBBIIHOIIECHH]
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(5.26) moxe OyTH MEepenrcano y BUTIISAII

(E3j=<y)l/2 VI-K VK [EJ (5.28)

E, WK 1-k ) \E,

1e VK — KoeiIieHT 3B’ 13Ky 3a aMILTITY/I010;

j=+/-1 03Hauae 3cyB (asu curxary Ha 90°.

[Ipu BHKOpHUCTaHHI HEKOT€PEHTHOIO JIXKEpelsia 3B 30K MK 1HTEHCHUBHICTIO

CUTHAJIY Ha BXOI[i Ta BI/IXOI[i MOJKHa 306p3,31/ITI/I TaKUM BHUPA30M:

L) S0 (5.29)

ne (I, 1) Ta (I3 I;) — IHTEHCUBHICTh CHUTHaJy BIJANOBIJHO Ha BXOJHl Ta
BUXO/1 BiJIraTy’KyBaua;
Y — 3araJpHUN KOe(ILIEHT MPOMYCKaHHS 32 IHTEHCUBHICTIO;

K — xoedirienT 3B’ 513Ky 3a IHTCHCUBHICTIO.

Y

X 1-a 1-a 1-a 2
BXig —» :N’ > —_——— > - > O’ » Buxin
\ \ \
v laNaN“ 124 a1|\ \ @ aol\ «
Buxig <1 - - LNZ’J*———Q LZZ’I - - - LIZ’J - - % Bxia
1-ay ‘ 1-a, 1-a,

Pucynok 5.46 — ExBiBajieHTHaA cXeéMa BOJIOKOHHO-ONTHYHOT CTPYKTYypH N-T0
mopsinky 3 (N+1) BigramyxyBauem Ta N eleMeHTaMu
3aTpuMKH (L —KoediieHT nmpomyckaHHs 3a IHTEHCUBHICTIO Y

B1ATIOB1THIM JIAHII1)

Jnst nocnimxenns nporeciB B JJOO3II 3actrocyemo MeToj Z-nepeTBOPEHb.
[oro 3acToCyBaHHS BUIIPABIOBYEThCS THM, IIIO CHCTEMA, KA PO3TIISIAETHCS, TTO-
nepie, JiHIHHA ¥ 1HBapiaHTHa B yaci, MO-JIpyre, AMCKpeTHa B yaci. OcTaHHE
00yMOBHJIO MOKIIMBICTh BBEJICHHS JesIKO1 0a30BO1 3aTpUMKH Ha yac 7, BITHOCHO
AKO1 1HIII 3aTPUMKH OYIyTh BUPAKATUCh KPATHUMU YMCIaMu. [HIIMMH cliOoBaMH,

IMITyJIbCHA XapaKTePUCTUKA CHUCTEMH CKJIQJAa€ThCs 3 Py MaKCUMYMIB, IO

155



3HAXOJATHCS Ha OJHAKOBIM BijacTaHl. Lle A03BoJISIE COPOCTUTH MAaTEeMATHYHUN
aHai3 NPUIYCTHUBIIM, IIO0 CUTHAIM B CHCTEMI ICHYIOTh JIMILE B JUCKPETHI
MOMEHTH 4acy. OCKUIbKM B IbOMY BHIaJKy CHIHajdd Ha BXOJl Ta BHUXOI
ONUCYIOTBCS JUCKPETHUMM MHUTTEBUMU 3HAUYEHHSMH, TO Takl CHCTEMHU
Ha3UBAIOTHCSA JUCKPETHUMHU a00 IMITYJIbCHUMM.

MareMaTuyHUN aHami3 IMIYJIbCHHUX CHUCTEM B OCHOBHOMY AaHAaJOTIYHHIMA
aHaii3y Oe3MepepBHUX CHCTEM, ajie B TOM K€ Yac MpOCTIMUN Ta HI3UYHO OUIBII
HAOYHUMU.

Z-o00pa3 F(z) curnany f(k) Bu3Ha4a€eThCs SIK pe3yabTaT Z-TIEPETBOPCHHS:
Fz)= 3 k)=, (5.30)
k=—0

ne k — 4acoBHMMl 1HAEKC, SIKMU JOPIBHIOE NIESIKOMY KPAaTHOMY YHCIY BIJ
6a3oBoro vacy 3atpumku 1 (k = nT);
Z — 3MIHHA TIEPETBOPEHHS, sKa SBJIS€ COOOK OJMHHULIO YacOBOTO

-l - . . .
BUTICPEKCHHS (z~ BIATMOBIA€ OJMHUII 3ai3HEHHS).

3B’S30K  MDK BXIJHUMH Ta BUXUIHUMH CHTHaJaMU  OIMHCY€ETHCA
nepeIaBaibHOI0 (DYHKIEI0 CHUCTEMHM, sIKa JIOPIBHIOE BITHOIICHHIO Z-00pasy
BHUXIJTHOTO CUTHAIIy 0 Z-00pa3y CUTHally Ha BXoJl. YaCTOTHY XapaKTEpUCTUKY
CUCTEMH MOXKHa OOYHCIWTH, SIKIIO MiJACTaBUTH B TNepeaaBaibHy (YHKIIIO

joT
3HA4YEHHS z =e’”

, 110 BH3HAYa€ KOJO OJIMHUYHOTO pajilycy 3 LEHTPOM Ha
MOYaTKy KOOpAWHAT Ha Z-tutontuHi. JIns CTiKOCTI cHCTeMH BCi Ioidroca il
nepenaBaibHOl (PYHKINT MOBHHHI 3HAXOJWTHCh B CEPEIMHI KOJIA OJUHUYHOIO
paniyca. [laM’aTh Ha BOJIOKOHHUX CBITJIOBOJIaX OyJe CTIHKOIO, SIKIIIO BOHA HE
MICTHUTh €JIEMEHTIB, IO JAIOTH IT1JCUICHHS.

3acTocoByrouM O3HaueHHs Z-miepeTBopeHHs (5.30), 3HaiinemMo Bupas s
nepenaBanbHoi  GyHKINT H(z) penupkynsauiiHoi JiHIT 3aTpUMKH 3 JBOMA
BiJiranykyBadamu (puc. 5.44).

a) U CUCTEMHU, y SIKOi BXOJIOM € X;, a BUXOJ0M —Y

a,+(1-2a)a,l z"

Hn(z): ) (5-31)

-1
l-aa,l z
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1€ a; Ta ay —KoeIieHTH 3B’ A3KYy BIArally’KyBayua 3a IHTEHCUBHICTIO;

[; — xoedIlieHT MPOIYCKaHHS KOHTYPY CUCTEMH 32 IHTEHCUBHICTIO.

Ax BuaHo 3 (5.31) cucTteMa Mae €IUHUN HYJIb, III0 PO3TAIIOBAHUH B

__Qa-1

a,

0119

a TaKOK €IJMHUH IOJIIOC B TOYI Z =@, d, [, .

0) 7151 CUCTEMH, Y K01 BXOJOM € X, a BUXOJA0M —Y,

H21(2)=(1_a1)(1_a0)l“ (5.32)

1 s
l-a a,l z

ne [;; — xoediieHT mPOMyCKaHHs CBITJIOBOAY 3a 1HTEHCHBHICTIO B KaHall

MPSIMOTO 3B’SI3KY.

Cucrema MICTUTh OJIUH HYJIh Ha MOYATKy KOOPJIWHAT, a TAKOXX OJIUH TIOJIOC
B TOUIl z=a, q,l.

PosrisHemo iHIMHY 1HBapiaHTHY Yy dYaci CHUCTEMYy 3 JBOMa IOPTaMmH,
KOXXHUH 3 SIKUX MICTUTH JiBa BXoau. Ha mepiomy Ta npyromy moprax mpHCYTHI

curHamu (X;, Y;) ta (X, Y,) BianosigHo no puc.5.47.

X1 Oo—p— —»—O0 Y2 X1 o—»— —»—0 Y1

Y, o—a— —e—o0 X, X o] o

a) 0)
Pucynok 5.47 — JIonapHa cuctema: a) cxema 31 3BOPOTHUM 3B’ SI3KOM Ta

0) cxema 3 IPSIMUM 3B’ I3KOM
p

Taky cTpykTypy Ha3BeMO JBONAPHOIO0 CHCTEMOIO 31 3BOPOTHHUM 3B’SI3KOM.
SIxuro Ha mepuoMy Ta Jpyromy moprax mpucyTHi curHanu (X, X5) ta (YY), To
TaKy CHCTEMY Ha3BEMO JBOMAPHOIO CHUCTEMOIO 3 MpsMHUM 3B’ si3koM. Bximni (X)

Ta BuxigHi (Y) 3MiHHI MOB’A3aHI OJIHA 3 OJHOIO 3a JIOMOMOTOI0 IepeaBaIbHOI
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MaTpHuIIi:
Y (2) _ H, (z) H,(2) . X,(z)
(Yz(z)J_[Hm(Z) sz(Z)j [Xz(z)j’ (5-33)
1€ Z — 3MIHHA Z-TIEPETBOPEHHS.

Oyukuia H,,(z) B (5.33) € nepegaBaibHOO (YHKI€EO, 110 TIOB’S3Y€ BXIJTHY
3MIHHY X}, 3 BUX1JTHOIO 3MIHHOIO Y.
JUis  aHamidy JBONApHUX CHUCTEM 31 3BOPOTHUM 3B’SI3KOM MOJKHA

BUKOPHUCTATH JIAHIIIOTOBY MAaTPHUIIIO, fKa IOB’A3y€ MDK COO0OI0 Mapu 3MiHHUX
(X], Y]) Ta (Xg, Yg)
(Xl(z)j:(Gn(Z) Glz(z)j.(Yz(Z) J (5.34)
Y, (2) G, (2) Gy(2)) \X,(2)

Sk mepenaBasibHa, Tak 1 JAHLIOrOBAa MaTpUIsl MalOTh po3Mipu 2 X2 #
OJIHO3HAYHO BHU3HAYEHI JJIA 3aJaHHS BXIJIHUX Ta BUXIJHUX 3MIHHUX. EneMeHnTu
nepenaBalibHOI MaTpUIll JUIsl JBONApPHOI CUCTEMHU 31 3BOPOTHHUM 3B’ SI3KOM
MOB’sI3aH1 3 €JIEMEHTAMU JIAHIIOTOBOI MATPHIll IS TI€T K CUCTEMH TaKUMU

CHIBBIIHOIIICHHAMMU:

=2 H]2 — G11G12 _G12G21 , H21 :L’ H22 :&- (5.35)
Gn Gn Gn Gn

Axmo Bukonyetbest yMoBa G;;G,; — G2Gy =1, TO cUCTEMa Ha3UBAETHCS
B3a€EMHO 3BOPOTHOIO. Y BHUIAJKYy KacKaJHO 3’€IHAHUX JIBOMApPHUX CHUCTEM 31
3BOPOTHHM 3B’SI3KOM JIAHIFOTOBA MATPHIIS CKJIaJ0BOI CHUCTEMH JOPIBHIOE
N0OYTKY OKpEMUX JIAHI[FOTOBUX MaTPHIIb:

G

o = G1G,G5..Gy, (5.36)
Amnanoriune mpaBwiIO JOOYyTKYy MATpHIlb, ajié B3SATHX 31 3BOPOTHUM
MOPSIIKOM, CIIpaBeIJIMBE W JJiA MepeaBajbHOI MATpPHIll JBOMAPHOI CUCTEMH 3

IIPSIMHUM 3B’ SI3KOM:
H

total

=H,...H,HH,. (5.37)
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JUis  HampaBlIEHOTO  BiAramyXyBaya 3  KOE(IIIEHTOM 3B’S3Ky a

nepenaBaibHa Marpuis FHc Ta maHioroBa matpuils (Gc 3a0al0ThCsl TaKUMHU

BHUpa3aMHU:
Hc:{l—“ a J 5.38)
a 1-a
1 (1 —a
= 5.39
Ge l—a(a I—Za} ( )

AHAJIOTTYHO JUISl MATPUIlh HAUTIPOCTINIOI CUCTEMH 3 JBOX JIHIM 3aTPUMKHU 3
_] ..
OIMHUYHUM 4YacoM 3aTPUMKH z  Ta KOE(QIIIEHTOM TPOIYCKaHHS 3a

IHTEHCHUBHICTIO [;;, [;; (puc. 5.48):

Hd=(l“ 01], (5.40)
0 [,z
Gd:i(l 0 ] (5.41)
111 0 1111122
S v
I |
I |
o z'

e e — e— —

Pucynok 5.48 — ChpoilieHa cucteMa 3aTpUMKH 3 JBOMA JIHISIMH,
[;; Ta l;; — xoedimieHT mpomycKaHHS 3a
IHTEHCUBHICTIO MEPIIOi Ta APYTroi BOJIOKOHHOI

e e -] o
J1H11, Z — OJMHHUYHHUH YacC 3anI/IMKI/I

Enement ontuyHOi IMHAMIYHOI mam’gTi sBig€ cO0OI0 OIHOYACHO [Ba
KAaCcKaJHO 3 €JHAHUX BIATATY)KyBadl Ta JIHIIO 3 JBOMa €JEMEHTAMU 3aTPUMKH.
Tomy Ha ocHOBI BupasiB (5.36)—(5.41) MoxHA OOYUCIUTH JTAHITIOTOBY MAaTPHITIO
PELUPKYJIIINHOL JiHIT 3aTPUMKH Ta TepeaBalbHy MAaTPHIIO JiHIT 3aTPUMKH 3

JBOMA BIATrally>KyBauaMH:

1 _Gn G,
Ih/(I-a)-(1-a,) G1'2 Géz

Gb=Gc,-Gd -Ge, = (5.42)

159



ac
G/, =1-aayz"

GI,2 =-a, —a1(1—2a0)llz" (543)
G =a, +(1-2a)aylz"
G;z =-a,a,+ (1-2a,)1- 2a0 )ZIZ_]

a l;=1;;1;; € koediieHT MPOIMTyCKaHHS KOHTYPY 32 IHTCHCUBHICTIO;
Ge, Ta Ge, — JIAHLOIOTOBl MaTpull Biaramyxkysada (Bupas (5.39)) 3
Koe(diieHTOM 3B’ SI3KY a; Ta ay;
Ge, Gd — JTAHITIOTOBA MATPUIl JBOCIEMEHTHOI JiHII 3aTpUMKH, SKa

3aaHa Bupazom (5.41).

Kpim Toro enemeHTH, 110 BIJANOBIIAIOTH TNepeAaBalibHI MaTpHili

MOXXYTbh OyTH 3HaliieH1 3 Bupasy (5.35):

— _ Hll H12
Hb=He,-Hd -He,=| """, (5.44)
21 22

H, =1=b)(1-b)l,, +bbl,z";
H,, =b,(1=b)l,, +(1=b)byl,z7";
H, =(1=b)b,l,, +b,(1-by)l,z";
H,, =bbl, +(1—b)(1-by)l,z";

(5.45)

CKopHCTyEMOCHh HABEICHWM IIIXOJOM B TIOEQHAHHI 3 METOAOM Z-
NEPEeTBOPEHbh 3 METOK OTPUMAaHHA BHpPA3iB 3arajJibHOr0 BUIVISAY IS
nepenaBaibHUX (QYHKIIN CTPYKTYp, IO JTOCHIIKYIOTHCA.

VY3aranpHeHa JiHIWHHA CUCTEMa 7-TO TMOPSAKY 3 JUCKPETHUM YacoM B
Cy4acHiil Teopii KepyBaHHS OMUCYETHCS B MIPOCTOP1 CTaHIB PIBHSIHHAM MEPEXOIiB
CTaHIB i BUX1THUM BUTJISITY

{ x(k+1) = A(k) x(k) + B(k) u(k); (5.46)
y(k) = C(k) x(k) + D(k) u(k).

Benmukumu OykBaMM Mo3Ha4YeHl MaTpulll, MAIUMH OyYKBaMH — BEKTOpH. Y
Bupasi (5.46) Bexktop x(k) € n - BUMIpHUI BEKTOp CTaHy, u(k)— m-BUMIpHUI
BEKTOp Ha Bxomi, y(k) p-BumipHuil BekTOop Ha BUXo.l, a 4, B, C, D — Marpuiii
BIJIIOBIJTHOTO PO3MIpY (1 X n), (n X m), (p X n), (p X m). {1 1HBapiaHTHHUX 10

3CyBY (B 4aci) CUCTEeM BKa3zaH1 MaTpHIll HE 3aJie’KaTh BiJl 4acy, a 3aJIeKaTh Bij
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napaMeTpiB CUCTEMH, TaKUX SIK KOS(IIEHT 3B’ 513Ky a00 KOeillieHT BTpaT.
B marematuuHiii Mojeni, 10 OMUCYEThCA BUpazoM (5.46), B 3arajibHOMY
BUIAJIKY Nepea0ayaeThCsl HasBHICTb Y CUCTEMI m BXOZIB Ta p BUXOMIB. SKIIO0

CHUCTEeMa Ma€ €IMHUHN BX1] Ta €IMHUN BUX1]I, TO BUpa3 (5.46) npuiiMe BUTIISI

(5.47)

{ x(k +1) = A(k) x(k) +b(k) u(k);
y(k) = c" (k) x(k)+d (k) u(k), °

ne b Ta ¢ € BeKTOpH, a d — CKaJIIpHa BEJIUYHHA.
B3sBmIM Sk mapameTpH CTaHy BHXIJHI BEJIUYHMHH €JIEMEHTIB 3aTPUMKH,

OTPUMAEMO Takl BUpa3u uist MaTpullb A, B, C, D, 1110 0NUCyIOTh CTPYKTYpU N-T0O

MOPSAZIKY 3 3BOPOTHUM 3B’ SI3KOM

=

N-1
a,a,l, a,(1-a)ayl, - a/\,l_[(l—ak)aoll (d=a)ayl, (A-ay)l,
k=1 k=1
N-1 N-1
A=|(-a)l, a,a,l, a,\,l_[(l—ak)aol1 B= (I-ay)ayl, 0 |
k=2 k=2
0 - ay(l—ay )y,
(-ay )naya, [, (=ay)ay_ly 0
0 0 o l-a, a, 0
— N-1 s D=| N (5.48)
a,(l1-a,)) a,(1-a)(1-a)) - a, ][ [(-q,) [Ta-aK) 4,
k=0 k=0
Bektopu Ha BXo1 Ta BUXO/1, @ TAKOXK BEKTOP CTaHY BIAMOBIIAIOThH
X
uo| v MEECE (5.49)
X, Y, :

3pocTaHHs 1HACKCIB BiIOYBAa€ThCS 13 MEPEMIIICHHSM 3J1iBa Ha IMPaBoO 10
cxemi. HeckmamHo TOMITHTH, 10 BCl €JIEMEHTH MATPHUIlb Ta KOMIIOHEHTHU
BEKTOPIB € MO3UTUBHUMU BEIIMYMHAMHU, I1€ O3HAYAE 1[0 CUCTEMA BIAHOCUTHCS 10
MO3UTHUBHOI ONTUYHOI CUCTEMHU. Teopis MO3UTUBHUX CHCTEM TICHO TOB’S3aHA 3

TeOpi€IO IMO3UTHUBHUX MATPHIlb, SAKd PO3BUHYTAa NOCUTH BUYCPIIHO, IO JO3BOJIAE

161



BUKOPUCTOBYBATH 1i PE3yNbTaTH 11 BUBYCHHS BIJIACTUBOCTEH MMO3UTHUBHUX
cucteM. Buxoasuu 3 Mojeni MpoCTOpY CTaHIB JJIsl JIIHIMHUX CHUCTEM, JIiHIHHA
MO3UTHBHA CHCTEMa BU3HAYAETHCA SK JIiHIHA cHCTeMa, MmapaMeTpu CTaHy (a
TaKOX BUXI1JHI CUTHAJIHN) SIKO1 ITO3UTHBHI.

Brpartu eneprii B HampaBlIeHUX BiAraiy>KyBayax i ONTHYHHUX BOJOKHAX, a
TaKOX BTPATH Yepe3 BEJIMKY KUIbKICTh BUXOIB, IPU3BOJISATH JI0 MOSBU BHECEHUX
BTpaT, sIKI HE JOPIBHIOIOTh HYJIO. BUHUKAaE MpaKTUYHUMA 1HTEpEC, sIKa KUIbKICTh
CBITJIOBOT eHeprii Oyje JocaraTH BUXOAY.

JUtst po3paxyHKy CBITJIOBOTO MOTOKY Ha BUXOJI IPH 3aJaHOMY IMOTOLI Ha
BXO/I1 3aCTOCYEMO NepeaaBaibHy (QYHKIIIO cUCTeMH H(z), ika 00UUCITIOEThCA 32
Bupazamu (5.31, 5.32). Jlng 1poro 10CTaTHHO BpaxyBaTH, IO CBITIOBHH MOTIK
IPOTMOPIIMHUN HYJIbOBIM CKIaA0BiH criekTpa (f=0) B cMy3i 4acTOT MOyJisIIii. B

¢, orpuMaeMo

nepeaaBaibHIN QYHKINT 1M CKIamoBii BianoBigac z = [ (z =
TaKe CHIBBIAHOIICHHS MK 3HAYEHHSIMH CBITJIOBOTO TMOTOKY Ha BXOJ1 W BUXOJI
CHCTEMHU:

Po=[H())|Pi, (5.50)

ne Po , Pi— CBITJIOBHH IIOTIK BIAIOBIJHO Ha BUXOJI1 Ta BXOJI1 CHCTEMH.

TakuM YMHOM, BITHOIICHHS BHXIJHOTO CBITIIOBOTO IOTOKY JO BXIJHOTO

JOPIBHIOE 3HAYCHHIO TMepeaBaibHOl QyHKIUT pu z = [

Po
n-r=H()., (5.51)

Jlns enemeHTa mam’sTi, SKUN TOOYJIOBaHWM Ha PEIUPKYIALMIMHIN JTiHIT
3aTPUMKH 3 JBOMA BiJTrany>KyBauaMu
_a +(1-2a))ayl,

l-aa,l,

(5.52)

1

_ (=a)(A-ay)l, ’ (5.53)

1-aal,

2

1€ ;—e(EeKTUBHICTb y BUIAJKY, KOJIX X; € BXOJIOM , a ¥; BUXOJIOM;

n,—€(EKTUBHICTb y BUIIAJIKY, KOJIU X; € BXOAOM , a Y, BUXOZOM;
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aj, ap— Koe(iieHTH 3B’ sI3Ky BIATrady>KyBadiB 3a IHTCHCHUBHICTIO;
[;— xoedilieHT MPOMMyCKaHHs KUIbLS CBITIIOBOAY 3a IHTEHCUBHICTIO;
[;; — Koe(dilleHT TPOMYyCKaHHS CBITJIOBOJY 3a IHTEHCHUBHICTIO B KaHasl

IPSIMOTO 3B’ SA3KY.

I'padiuni 3anexuocti n, =F(a;) Ta n, =F(a;) npu pi3HUX 3HAYEHHSAX dg

HaBeJleH1 Ha puc.5.49 Tta puc. 5.50.

1,24 nl

% ——a0=0,1

-=—a0=0,2

08 x—x " = e a0-
= e

0,6 1 —-a0=0,5
° ——2a0=0,6
0.4 - o —+—a0=0,7
5 —x—a0=0,8
o —a0=0,9
0,2 - o ——a0=1
—a0=0
0 ral
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Pucynok 5.49 — I'padik edpekTUBHOCTI 7, Bia KoedillieHTa 3B A3KY @; IPH

PI3HMX 3HaUYEHHSIX KoedimienTa 38’ 13Ky a (/;= 0.99)

Ak BuaHO 3 rpadikiB 31 301IBIIEHHSIM @) Ta a; CBITIIOBUM MOTIK Ha BUX01 Y
3MEHIIYEThCS, a Ha BHUXOAI Y; 3pocTae. SIKII0 BHKOPHUCTOBYBATU TMEPIIHA
HaIlpaBJICHUH BiJrady>KyBad I BBeJACHHS 1H(QOpMAIitHOT OCTIIOBHOCTI (BXiA
XI), a papyruii yia  BHBEACHHA 30€peXeHOl ONTHYHOI iH(opMaIiitHO
nocnigoBHOCTI (BuBin Y2) 3rimHO 3 puc. 5.50, TO Koe]ilieHTH 3B’S3KY
BIJIFATYKyBayiB 3a IHTEHCHBHICTIO dy Ta @; MOBUHHI OyTH SKOMOI'a MEHIIHMH.
SIKI0 BUKOPHUCTOBYBATH MEPINUN HAIMpaBiICHUN BIJralyXyBad [JIsi BBEICHHS
iHopMariitnoi mocaigoBHOCTI (BXim X/) Ta s BUBEICHHS 30€peKeHOi
ONTHYHOI 1H(pOpMaIiiHOi TocimoBHOCTI (BuBig Y/) 3rimHo 3 puc. 5.50, TO
Koe(imieHT 3B’SI3Ky 3a IHTEHCHBHICTIO TEPIIOTO BiAranyKyBaua a; MOBUHHUN

OyTH sikomora OiTbIINM, a IPYTOro BiATaTyKyBaya dy— SKOMOTa MEHIINMHU.

163



=t =l
1= =

al

0 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Pucynok 5.50 - I'padik epekTUBHOCTI 7, BiJ Koe(illieHTa 3B’ 3Ky a; IpU

pi3HUX 3HAUEHHAX KoedilienTa 3B 13Ky ay (/;=0.99)

KonTposabHi nuTaHHA

1. HaBenith MOXJIUBY CXeMy ONTOENEKTPOHHOTO enemenTa “I”. [1oscHITh
K BOHA MPALIOE.

2. HaBeniTh MOXJIMBY CXEMYy ONTOCJIEKTPOHHOTO ejeMeHta “ABO”.
ITosicHITH SIK BOHA TIPAITIOE.

3. HaBenith MOXJIIMBI CXEMH OITOCJIEKTpOHHOrO enemeHTa ““HI”.
[TosICHITh SIK BOHH MPALIOIOTh.

4. HaBeniTh CTPYKTYypHY CXEMY ONTOKBAaHTPOHA Ta MOACHITSH ii poOOTY.

5. o skoro enemeHTa UHUQPPOBOI CXEMOTEXHIKM € MOJIOHUM
ONTOKBAaHTPOH? YKMM BOHHM BIAPIZHAIOTHCS?

6. HaBeniTh elEKTpUUYHY CXEMYy ONTOKBAHTPOHA Ta MOSICHITH ii poOOTY.
Slka yMoBa MOBHMHHA BUKOHYBAaTHUCS JJIS JIaBUHOMOJIOHOTO TEpPEeMUKAHHS
ONITOKBAHTPOHA 3 OJIHOTO CTaHYy B 1HILNN?

7. HaBeniTh €JEKTPUUHY CXEMY ONTOEIEKTPOHHOIO T€HEPAaTOpa Ha OCHOBI
ontokBaHTpoHa. [loscHiTh il poOOTy. 3a MOMOMOTrOI0 SKUX CXEMOTEXHIYHHX
pIIIEHB 1[I0 CXEMY MOXHA IIEPETBOPUTHU B CXEMY OUIKYBaJIbHOTO TeHepaTopa?

8. Hapenmitb cxeMy eneMeHTa IHAMKAUli 3  JABOKOJbOPOBUMU

ceitnomionamu. [losicHITS 1i poOoTY.
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6 KBAHTOBA OIITOEJEKTPOHIKA

6.1 TexHIK0-eKOHOMIYHI OCHOBHM HAHOEJICKTPOHIKH

P03BUTOK MIKPOETEKTPOHIKH XapaKTepU3yeThes 3aKOHOM Mypa, 3a SKuM
KOXKHI IMBTOpa pPOKHU BIJIOYBAE€ThCSA IIOJBOEHHS KIJBKOCTI €JIEMEHTIB Ha
kpuctani. Lle mocsiraeTbcsi 3a paxyHOK YAOCKOHAJIEHHS ICHYIOUHMX 0a30BHX
TEXHOJIOT1H, TOJOBHUM YHHOM 3a PaxyHOK 3MEHIICHHS PO3MIPIB aKTHBHUX
KOMIIOHEHTIB  IHTerpajibHuX cxeM. llpore TpaguuiiiHa TpaH3UCTOpPHA
MIKPOENIEKTpOHIKa MmiAiiuma A0 (I3UYHUX Ta TEXHOJOTIYHUX  MEX,
00OyMOBJIEHUX THM, 1110 BOHA OCHOBaHA Ha TEOPii KiJI, sIKa 32 CBOEIO MPUPOJIOIO €
MoCiI0BHOIW. Di3UKO-TEXHOJIOTIYHI TPOOJIEMU PO3BUTKY MIKPOEIEKTPOHIKU
OpU3BOJATh 10 (PyHIAMEHTAIHHUX EKOHOMIYHUX MEX, I[IOB’A3aHUX 3
KaniTaJlbHUMU BKJIaJaMu, IO MOCTIMHO 3pOCTAarOTh 1 MOTPIOHI JJIsl MOJI0JIaHHS
0OMEKEHb TPAAULIINHOI MIKpOeIeKTPOHIKH. Di3nYHUMH OOMEXEHHAMU NEpI 32
BCE € KBaHTOBI e(EKTH 1 HEBHU3HAYEHOCTI B 00JACTi HaJAMaIuX CTPYMIB.
TexHomoriuHi 0OMEKEHHS TIOB’s13aH1 3 PO3CIFOBAHHAM TOTYXHOCTI, CKJIaJIHICTIO
MIPOEKTYBAHHS 1 TYHEJTLHUMH CTPYMaMHU.

st JOCSITHEHHST BUMOT, $IK1 BUCYBAIOThCSI ChOTOHIIIHIM YacoM, MTOBUHHI
OyTu 3anisHi HOBi1 (I3MYHI NMPUHUMUIIM Ta TEXHOJOTIi, Takl SIK BUKOPUCTAHHS
MatepiamiB A3;Bs, aHATOTOBHX, ONTOEICKTPOHHHMX, KOMYTAIlIMHUX Ta IHIIUX
miaXoMiB. Y MUX 00JacTAX JOCITHYTI 3HA4HI pe3yibTaTH, MpoTe 0a30BUMU
HampsIMKaMU PO3BUTKY € 1HTerpallisi HOBUX eJIeMeHTIB 3 Tpanuiiiaumu MOH ta
OIMONSPHUMH TPAH3UCTOPHUMH IHTETPATFHUMHU CXeMaMu. Y Halll 4yac BIJOMI JBi
KOHLEMIIi PO3BUTKY: CUCTEMA Ha OJHOMY KpHUCTaJll Ta CHUCTEMa Ha KIIbKOX
KpHUCTaJIaX 3 ONTUYHUM 3B’3KOM MK HUMHU. EKOHOMIYHA TOLIIBHICTh BU3HAYAE
OCTaTOYHUU BUOIp TOoro 4w IHmoro pimends. ®ipma Intel, Hampukian,
BUTOTOBWJIA Pentium-mporiecop, B sIKOMy JiOoTiKa Ta MaM’siTh PO3TalllOBaHI Ha
OJTHOMY KpHCTai.

Benukoro npo6siemMoro € nepexpecHi 3aBajy Mpy po3TalilyBaHHI HA OJHOMY
KpUCTaJll aHAJIOrOBHX Ta HUQPPOBUX MpHUCTpoiB. [ns TexHonorii ,,TepaldiT Ha
OJIHOMY YHIIl” MOTPIOHI aIbTEpPHATUBHI PIIIICHHS BXKE y HAWOIMKYE ACCATUPITYS.
TakumMu  pilleHHSIMH ~ MOXYTh ~ OyTH  OJHOENEKTPOHHI  TpWiagd 3
KBaHTOBOPO3MIPHHUM TYHEIIOBAHHSAM, TYHEJIbHO-PE30HAHCHI 101 TOLIO.

[IpMHIIMIIOBO HOBUM PILIEHHSIM € CTBOPEHHS KBAHTOBHUX MPOILECOPIB, SIKI
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OCHOBYIOTHCS Ha HOBUX OOYMCIIIOBAIbHUX TEXHOJIOTISX. 3 0ararbox MpOmO3UIIn
II0J0 KBAaHTOBUX KOMIT'IOTEPIB HAMOUIBII JKUTTEBUMHU € ONTOEIEKTPOHHI
KBaHTOBO-PO3MIpPHI CTPYKTYpU Ha 0araTOKOMIIOHEHTHHUX HAITIBIPOBIIHUKAX, SIKI
MOKYTh TpAIfOBaTH MPU KIMHATHUX TeMIlepaTypax 1 JOCAraTH IMIBUAKOCTEH y
marazoni 10-100 I'T.

Po3p’si3yBanHs  mpobiieM (QYHKIIIOHATBHOTO YCKIAAHEHHS TPHUCTPOIB
BBCJCHHIM JI0 HHUX €JIEMEHTIB Ha KBAaHTOBO-PO3MIPHUX TE€TEPOCTPYKTYypax
HaIBIIPOBITHUKOBUX 3’ €JIHaHb, TAKUX K TE€TEpOJia3epH 1 CBITJIIONIONU, & TAKOX
CTyHiHb iHTerpalii kpeMHieBux IC 3 MIKpOHHUMH Ta HAHOMETPOBUMH PO3MipaMu
€JIEMEHTIB, SIKa MOCTIMHO 3pOCTa€, MPU3BEIU 10 30LIBIISHHS KIJTBKOCTI BXOMIB 1
BUXOJIB Ta BHYTPIIIHIX MIX3 €qHaHb. lle mpu 30UIbIIEHHI TaKTOBOi YacTOTHU
CTa€ CYTTEBOIO TMEPENIKOAOI0 JUIsi MOHOJITHOI iHTerpamii. Tomy riOpumHi
IHTEeTrpaJibHI CXEeMHU Ta 0araToOKpHUCTalbHI CKIAJCHHS y IIMX BHUIMAJKaX CTalOTh
OUTbII  €KOHOMIYHO BUTIIHUMHU. KOMIIOHYBaHHA OJMHUYHUX KPHUCTAJIB
3MINCHIOETHCS HAa TOPU3OHTAIBHUX IUTATaX, SIKI MOXXYTh MOHTYBaTHUCSA Y
TPUBUMIpPHI ~ MIKPOCKJIaJIeHHA. ['Opu30oHTanbHI OaraTOKpUCTalbHI MOy
('BKM) MOXyTh BUTOTOBJISTHCS Ha KPEMHIEBUX IUIACTHHAX 3 BOYJOBaHUMHU B
HUX JIa3epHUMU a00 CBITJIOII0JHUMH BUIIPOMiHIOBaYaMu 1 hoTonmpuitMauaMu, 3a
JIOTIOMOTO0 SIKMX 3IACHIOIOTHCS ONTUYHI Mik3’ €IHAHHS OKPEMHUX KpPHUCTAIB,
I'BKM a0o niHii BUBEIEHHS TPUBUMIPHUX MOAYJIBHUX KOMIUIEKTIB. [Ipu mipomy
3aCTOCOBYIOTHCSI Pi3HI TUIU ONTUYHUX MDK3 €IHAHb: ONTUYHHUM CUTHAN Y
BUIBHOMY MpOCTOpI; CHpSIMOBaHI (XBWJIbOBOJHI, CBITJIOBOJIHI) ONTHYHI
3’eqnanus; ontuyHi 3’eaHaHHs MDK ['BKM 1 I'BKM; Tomorpadiuni ontuuHi
3’€/IHaHHS; BIIOMBHI ONTHUYHI 3’€IHAHHS, 3 €JHAHHS 31 3MIHHOIO apXiTEKTYpPOIO;
3’€ITHAHHS, KEpOBaHI ONTUYHUM TPAHCIAPAHTOM; aKyCTOONTHYHA  a0o
CICKTpOONTUYHA anpecamis 3’eaHaHb. OnTuuHi 3’€aHaHHA 0€3 TBEpAUX
MEXaHIYHUX KOHTAKTIB CHPOIIYIOTh CKJIAJaHHA 1 pPEMOHT KOMIUICKTIB,
CTBOPIOIOTH HOBI  MOXJIMBOCTI KOHCTPYIOBaHHS amaparypu, OCOOJIHBO
MIBUJIKICHOT 1 HAAIIBUIKICHOI.

OcoOnuBuii  1HTEpeC  BHUKIMKAE IHTErpamiss  KBaHTOBO-PO3MIPHUX
reTepocTpyktyp 3 kpemHieBumu IC. Ilpm BHpoImIyBaHHI KBAaHTOBHUX TOYOK Ha
KpeMHii BiAmazgae HEOOXIAHICTh BHKOHYBAaTH YMOBY 130PEIIITHOCTI, OCKUIbKU
BOHA Y LIbOMY BHUIIQJKy HE € HACTUIbKU CYTTE€BOI. PO3XO/KeHHS B mapameTpax

PEIITKA MOXE HaBiTh BUKOPUCTOBYBATHCS JUIsl CaMOOpraHizaiii CTPYKTyp
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KBaHTOBUX TOYOK, IO BIIOYBAa€eTbCS MNpHU Nepexonl ABoBUMIpHOI (2D) vy
TpuBuMipHy (3D) Moay pocTy, HpH SKId YTBOPIOETHCA CYIUJIBHA IUTIBKA
3’eqHanHs A;Bs na Si. He3Baxkaroun Ha TyHENbHMI HAJJIMIIKOBUHA CTPyM Y
TaKUX CTPYKTypaxX, BOHHM ILIJIKOM HPHUJATHI A CTBOPEHHS B HUX MpPUIAIIB,
Hanpukiaag, QoronpuiiMauiB Ha InGaAs, 1m0 poOUTh peanbHOK IOBHY
MOHOJIITHY 1HTerparito npuiimMaabHux MoayiiB BOJI3 Ha OCHOBI KpeMHIEBUX
IHTErpadbHUX CcXeM 1 (oTonpuiMalbHUX 1 HAAIMIBUJIKICHUX €JIEMEHTIB Ha
3’eqHaHHAX A3Bs. e iIcTOTHO miaBHIy€e HAMIMHICTB 1 3HUXKY€E BapTICTh, pOOIISIUA
BOJIOKOHHO-ONITUYHY TEXHIKY TMPHUAATHOK [ MacoBHX 3aCTOCYBaHb Y
PaAIOONTUYHUX CUCTEMAX 1 KOMIT FOTEPHUX MEpPEkKaXx.

JlocsirHYT1 yCcHixXu B CTBOPEHHI HAHOCTPYKTYp As;Bs Ha Si mokasyroTs
IEPCIEKTUBHICTh BHUKOPUCTaHHS KPEMHIIO K MaTrepialy MAKIAAKA s
CTPYKTYp pi3HOro (yHKIIOHAIHHOTO MpHu3HaueHHs. lle 00yMOBJIEHO HE TUIBKU
MO>KJIMBICTIO TOJIETIIEHHS 1HTETpallli reTepocTpyKTyp 13 KpemuieBumu IC, ane i

MEPCIEKTUBAMHY IIUPOKOTO BIPOBAKEHHSI MPUJIAIIB HAHOCICKTPOHIKH.

6.2 KBanToBi komMn’orepu

[oHHI HAHOTEXHOJOTii JO3BOJSAIOTH (OPMYBaTH HAMIBIPOBIIHUKOBI
HAaHOCTPYKTYpU 3 OOUMCIIIOBAJILHOIO 3JIaTHICTIO, SKa Ha KIJbKa TOPSIKIB
MEepeBUIIy€e TPAOULIAHI TpPaH3UCTOpPHI eneMeHTU. C(CTae peanbHOI0 3ajada
noOy0BH KBAaHTOBOTO KOMIT IOTEpa.

MoxnuBi aBa MIAXOAWM JUIsl CTBOPEHHS KBAaHTOBOTO KOMII IOTepa:
BUKOPUCTAHHA KBAHTOBHX €JIEMEHTIB y TPAAUIIIAHUX KOMIT IOTepax 1
3aCTOCYBaHHS MPUHIIUIIB KBAHTOBOI MEXaHIKH JJIsI OOYUCIICHb.

Jia peanizaiii KBaHTOBOTO KOMIT'IOT€pa B 000X BHUMAAKaxX 3BHYAWHO
BUKOPUCTOBYIOTh ONTHKY, SIKa € 3py4HOI [JIsi CTBOPEHHS B MPOCTOPI
napajiebHUX CTPYyKTyp. KiacMuHMM mnpuUKIagoM NEpIIoro MIAXOAy Mpu
CTBOPEHHI KBAHTOBOT'O KOMIT'IOTEpPA € TMEPETBOPEHHS KAPTHUH Yy KOTEPEHTHHUX
ONTUYHUX OOYHCIIOBaYax. B Japyromy BapiaHTi BUKOPHCTOBYIOTHCS T€HETHYHI
QITOPUTMH, 3@ JONOMOTOI0 SIKUX TE€HEPYEThCS KapTUHHO-BIIHOBIIOBAJIbHA
Macka. KopryckynsspHO-XBHWJIbOBUN Jyasi3M KBAaHTOBOI MEXaHIKH IOJISTa€ B
HEMOXKJIMBOCTI OJTHO3HAYHO TMependayuTd pe3yJbTaTh B YHUCIOBOMY abo

IMOBIPHICHOMY CEHCI.
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Knacuuni pocnmiau 3 mpoxomkeHHSM (OTOHIB Yepe3 Bl ILIUIMHU
MOKa3yl0Th MOJIMBICTh OTPUMMAaHHS BIANOBIAI 0€3 TPOBENCHHS YHUCICHHUX
MPOMDKHHMX onepauiid. Bigomo, mo e(pekTUBHICTh 3BHYANHUX KOMIT IOTEPIB
(cynepkoMIT I0TepiB) 0OMEXKYEThCS MpodeMaMu aucunaiii Termia. TeopeTuaHo
KOXKHa ormepalliss O1HapHOTO BEHTHWJISI BHMara€ BHUTpPAT €HEprii mpuHAWMHI J10
T-1n2. BUKOpPUCTOBYIOUM MaTE€MaTHUHI METOJHU, sIKI HA3UBAIOThCSI TEHETUUHUMU
QITOPUTMaMH, MOXJIMBO BH3HA4YaTH HOBI peuenTopd (TEHOMH) 1 HUIIXOM
MOPIBHSAHHSA BUMIPIOBAaTH KIHLIEBHM pe3ynbTarT 0e3 ydacTi (i3MYHUX JIOTTYHUX
BeHTUJB. [IpocTO AETeKTyrOThCA BIANOBIAL Bix ,,00paHuUX OaTbKIB”. Y IBOMY
BUIAJIKYy €HEprisi Ha BEHTWJIb ICTOTHO HMXK4Ya TeopeTuyHoi Mmexi 1-/n2. Y
KBAHTOBUX ONTHYHUX KOMIT'IOTEpaX yCl MIKCEJM MPAIIO0Th MapayiesibHO, IO
CYTT€BO MIiJABUILY€E IUBHUJKOJIIO CHUCTEMH, 3MEHIIYE CIIOXKUBAHY EHEPrilo,
I1JIBUIIY€ TOYHICTH 1 HAIHHICTb.

OnTu4Hi KOTEPEHTHI KOMIT IOTEpU 3aCTOCOBYIOTHCS B THUX OOJACTSX, J€
HEOOX1JHO BUKOHYBAaTH BEJIMKI OOCSATH OOYHCIICHB, SIKI HE BUMararTh BHCOKOL
tounocti. Y HEX gocsraetbes mBuakicts 107 - 10 0iT/c, sIKa HeOOCSKHA
3BHYAHUMHU MIKPOEJICKTPOHHUMH METOAAMH MpPH EKOHOMIYHO BHUIPaBIAHUX
BUTpaTax. Y KIACHYHUX OOUMCIIIOBaYax 3aCTOCOBYIOTHCS Ta30Bl1 Jla3epH, IO
MaloTh BUCOKY YacOBY 1 MPOCTOPOBY KOI'€PEHTHICTb. JliaMeTp CBITIIOBOTO My4Ka

JoKEepeIta 3aJJ0BOJIbHSIE CITIBBITHOIITECHHSI
d=1,22-1-,

Jie A - TOBKWHA XBHJI1 CBITIIA;
f - dokycHe ymcno, siIKe NOPIBHIOE BITHOLICHHIO (POKYyCHOI BiACTaHi 10

arnepTypH.

Ha Bxoni ontuunoro komm’torepa (OK) po3TamoByeThCs MPOCTOPOBO-
YacOBHUI MOIYJSTOP, HA BUXOJI — MaTpuils GoToNpuiiMayiB, sika MEPETBOPIOE
CBITJIO B elekTpuuHi curHagu. OcHoBHuMmu enemMeHTamu OK € onTu4Hi JiH3H,
K1 BUKOHYIOTh TaKi MaTeMaTUYHI POIEypH:

- omHO- abo OararokaHaJbLHHUM aHalli3 CIEKTpa B OAHOMY abo JBOX
BHUMIpax;
- OIHO- abo OaraTokaHallbHa MPOCTOPOBO-YACTOTHA  MOTOJKEHA

biapTpaLis;
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- KOpEJsLis.
B onTtuuniii miH31  BigOyBaeTbes ABoBuUMIpHE Dyp’e-nepeTBOpEeHHS

PO3MOILTY aMIUTITYAH CBITJIA, IKE OMKUCYETHCS PIBHSIHHSIM:
E, (a)x » @, ): C, ” E, (xl » V1 )exp[ - j(Wx‘xl TW )]dxdy 5

ne Ey 1 E, - po3noauid amIUITyIMd €JNEKTPUYHOIO MOJiA y BXIJHIA 1
BUXIJIHIH INIOIIMHAX, BIAMOBIIHO;

®x 1 w, - KyTOBl IIPOCTOPOBI YacTOTH, Kl 3B’S3aHI 3 KOOpIMHATaAMH
BUXIJHOI IIOIIUHY 0y = 27X,/AF, @, = 21y /AF;

F - doxycHa BiCTaHb.

VY HEKOrepeHTHHX ONTUYHHUX KOMII IOTepax BHKOPUCTOBYETHCS PO3IMOALIT
IHTEHCUBHOCTI TPOTSHKHUX JDKEpeNn CBiTIa. BOHM HE MOXYTh 3M1MCHIOBATH
MIPOCTOPOBO-YACTOTHY (IIBTpaLlilo, IPOTE AJIS ONEpaliil MPoCTOPOBO-YACTOTHOI
KOpPEJISLIT BOHU YaCTO BUSBIIAIOTHCS OUIBII MPOCTUMM, HI’)K KOTEPEHTHI.

[IpyHIIMTIIOB] NIepeBard ONTHUYHUX KOMIT IOTEPIB — MapasieNbHICTh pOOOTH,
MOJAHHS JaHMX Yy BUIJSAAlI JABOBUMIPHUX 00pa3iB, KOMyTalii y BLIBHOMY
IPOCTOP1 — BUSIBJIIFOTHCSI HAMUYACTIIIE HE KOHKYPEHTHO3JaTHUMH ITOBHOK MIpOIO
yepe3 BHMCOKHH TEXHOJIOTIYHUN PIBEHb HAMiBOPOBIJHUKOBUX HAJBEIMKUX
1HTErpadbHuX cxeM. ToMy HaWOUIBIIMI ePEeKT JOCATAEThCA B CUCTEMAaX, B SKUX
ONTHKAa BUKOPUCTOBYETHCS TUIBKU JUIsl KOMYyTallli. ApXITEKTypa TaKHX CHCTEM
OCHOBaHa Ha TaKWX NPUHLUIAX MacoBOi 0OpoOKH, fAK OOYHCIIOBANIbHI
CepeloBUINA, KIITHHHI CTPYKTYpH, CHUCTONIYHI MaTpulll. Y TO€AHAHHI 3
KOMYTall€l0 y BUIBHOMY IPOCTOPI OTPUMYETHCS HOBa SKICTh — HaJBHCOKA
IPOJYKTUBHICTE. [IpoTe y TEXHOJOriYHOMY IUTaHI Taki CHUCTEMH 1CTOTHO
MOCTYNAIOTHCSI METOAAM MIKPOEJIEKTPOHIKH.

OCHOBHI NPUHIMOM  TMOOYJOBA ONTHYHHUX KOMITIOTEpIB  J00pe
BIJIMIPAIlbOBaHI 3 BUKOPUCTAHHSM Ta30BHX Jla3epiB ab0 IHIIUX JKEpeN CBITIA.
OpnHak OCTaHHI JOCSTHEHHSI T'€TEPOEJIEKTPOHIKH, SIK1 JI03BOJISIOTH CTBOPIOBATH
TOYKOBI JPKEpesa CBITIAa M €JNEKTPOHIB 3 BUCOKMMH ONTHYHHUMH 1 YaCOBHUMH
napaMmeTpamMu, OOYMOBIIOIOTh BUKOPHUCTAHHS BHUCOKHX TEXHOJIOTIi MIKpO- 1
HAHOEJIEKTPOHIKK U1l TMOOYIOBU OOYHUCIIOBAYIB, KOHKYPEHTHO3ZATHUX 3
TPaAH3UCTOPHUMHU MIKPOTIPOIIECOPAMU HE TIJIBKH 3a MIBUAKICTIO OOYKCIICHB, a 1 32

BCIMa TEXHIKO-CKOHOMIYHUMHM ITOKA3HHUKAMU.
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6.3 I'eTepoJiazepHi Ta KBAHTOBOPO3MIPHI TEXHOJIOTII

Jnst cydacHoi iHGOpMaIiitHOT TEXHIKM XapaKTEepHI JBa MariCTpaJlbHUX
HaIpsMKH MOOYJOBU OOYMCIIOBAIBHUX MHPUCTPOIB: HA OCHOBI TPAH3UCTOPHUX
€JIEMEHTIB  KPEMHI€BOI  MIKPOCNEKTPOHIKM 1 Ha  OCHOBI  TPHUHIMIIB
reTepoesieKTpoHiku.  KilrouoBUMHM  eleMeHTaMu  TeTEpOETETKPOHIKU €
rerepoja3ep, sKi MaloThb 3apa3 TaKe caMe pEeBOJIIOIIIiHE 3HA4YeHHA B
TEXHOJIOT1sIX OOPOOKH CHUTHAIIIB, SIKE y CBIM 4ac Maju TPaH3UCTOPH, MIKPOCXEMH
1 MIKpOIIPOLIECOPH.

Ines BuKOpHCTaHHS B HAIIBIPOBIIHUKOBHUX Jla3epax TIeTEpONEepexo/iiB
Hanexutb K. I. AnpbopoBy 1 P. ®. KazapinoBy, ski y 1962 p. y ¢izuxo-
TeXHIYHOMY 1HCTUTYTI iM. A.D. lodhde BUHANILIIN MOABINHY TreTePOCTPYKTYDPY.

BiaToni mouanucs iHTEHCUBHI PO3pOOKH HOBUX CTPYKTYp 1 MaTepiaiiB s
Ja3epiB, CBITJIOMIONIB Ta I1HIIMX MPUIaAiB Ha rerepocTpykrypax. OCHOBHUM
(h13UKO-TEXHOJIOTTYHUM TPUHITUIIOM CTBOPEHHS SKICHUX T€TEPOCTPYKTYp € 30ir
napamMeTpiB KPUCTATIYHMX IpaT eMiTaKCladbHOI TUNBKM 1 MIAKJIAIKH, HA SKINA
BOHa pocte. HalOuapm NmpuAaTHOI Mapor HAMIBIPOBIAHUKOBUX MaTeplajiB
BUSIBWINCSI apCEHIJl Tall0 1 TBEpAWH PO3UYHMH apCeHIQy Talilo-aliOMIHIIO, SKI
BUIIPOMIHIOIOTh Yy ONMXKHINM 1H(GpadyepBOHIA 1 MpUIEraid 4YepBOHIA 00dacTsIX
cnektpa. OHaK piBEHb TEXHOJIOT1 TOrO Yacy He I03BOJISIB OJEPKATH Ja3epH, sIK1
MPAIIOIOTh MPY KIMHATHIN TeMmIiepaTypi B O€31epepBHOMY PEKHMI.

[lepmni cBiTnomionn Ha TBepauX poszumHax InGaAsP Oymu orpumani B
1964 pori. OCHOBHMMHM MarepialaMd ONTOENEKTPOHIKM B HAall dYac €
0araTOKOMIIOHEHTHI TBepAl po3uumHu B cuctemi InGaAsP, ymepmie BBeneHi B
elNeKTpoHiKy B 1966 p. HalaupHIIIUM BUABUIOCS T€, 110 I1HTEHCHUBHICTH
BUINPOMiHIOBaHHS A101iB Ha InGaAsP naifuacrimne nepeBuulyBana iHTEHCUBHICTD
aHAJOTTYHUX JIIOAIB Ha apceHial ramwo 1 Gocdiai 1HAII0, OTPUMAHKUX 32 TIEK XK
TEXHOJIOTIYHOIO CcXeMowo. JIoBKMHA 3K BHUIPOMIHIOBAHOI ONTHYHOI XBHWII
BIJMOBIANa ONTUYHUM TIEpexXoJaM, SKI ICTOTHO TMEPEBUIIYIOTh IIUPUHY
3a0oponeHoi 30HU. Yepe3 15 pokiB, y 1981 p., BUKOPUCTOBYIOUM CydacHE
PO3YyMIHHSI KBAaHTOBO-PO3MIPHUX €(EKTIB y KBAaHTOBUX SMax, MOSICHWIM IIe
SBUIIEC KBAaHTYBaHHSM pIBHIB Yy TAaKUX TIETEPOr€HHUX HaIIBOpPOBIIHUKaX. Lle
Oynu Tmepill HAaHOCTPYKTYpH 3 KBAHTYBaHHSM €HEPrii  EJIEeKTPOHIB Y
KBaHTOBOPO3MIPHUX sSIMax. XapaKTepHO, M0 caMe B 0araTOKOMIOHEHTHHUX

Marepianax, SKI MalThb YOTUPU Ta OUIbIIE COPTIB aTOMIB, SIKI CYTTEBO
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BIIPI3HSIOTBECA 332 CBOIMH  (DI3MKO-XIMIYHMMH BJIACTUBOCTAMHM B yMOBax
MPUPOJAHOI KpHUCTadi3allii, YTBOPIOIOTHCA KBAHTOBI $IMH, KBAHTOBI TOYKH,
KBaHTOBI JIPOTH, ONITHUYHI MIKpo0O’emu (cavity) Ta POTOHHI KpUCTaJIH.

Vnepie nazepuuii epexr y 6ararokomnoHeHTHiH cuctemi InGaAsP Oys
orpuMmanuii y 1965 pomi. Hanani, Ha ocHOB1 TBepaux po3unHiB InGaAsP Oynu
po3pobiieHi na3zepHi 1 (QoronpuiiMalbHI €IeMEHTH Ha JOBXHHU XBHIb 1,3 1
1,55 MKM 711 BOJOKOHHO-ONTHYHMX JIHIM 3B 3Ky, y TOMY 4YHCIl s
HAJIIIBUJIKICHUX KOMIT IOTepHUX Mepex. IIIBuakicH1 1 HaaIIBUIKICHI JIa3epu HA
InGaAsP pmna BOJIC 3apa3 3aiiMaroTh TOJIOKEHHS JiJepa 1 CKIAAarTh
npubau3Ho 70% o0csary Ha pUHKY BCIX THIIB HAaMiBIOPOBIIHUKOBUX,
TBEpJOTUIbHHUX 1 ra3oBux jazepiB. CydacHi rereposazepu Ha ocHOBI InGaAsP
a00 1HIIMX MaTepialiB SBJISIIOTH CO00I0 OaraTomrapoBi CTPYKTYpU 3 aKTUBHOIO
00JIaCTIO 3 €JIEKTPOHHUM 1 ONTUYHUM OOMEKEHHSIM, CTBOPIOBAHUM BIJIIIOBITHUM
BUOOpOM cKkianiB 1mapiB. I[liikoM ocBoeHHWit BuguMui 1 1H(GpavepBOHUN
Jiara3oHu. Y CIIIIHO pO3pOOIISIIOTHCS Ja3epHi 1011 HA OCHOBI CEJICHIAY ITUHKY 1
HITpUILy Tajilo JUIsi CHHBbO-3€JeHOi 1 (pioseToBoi obnacteil cnekTpa. KBaHTOBI
SIMM, KBAHTOB1 HUTKU 1 KBAHTOB1 TOUYKH SIBJISIOTH COOOI0 MPUKIIAIM KBAaHTYBaHHS
CTaHIB  €JIEKTPOHIB y  JBOBUMIpHOMY (2D), omgnoBumipHomy  (ID),
HyJnbBUMIpHOMY (OD) npocTopi, BiANOBIIHO.

VYV 1981 p. Buepuie npoBeaeHa kiacudikailis TeTepOreHHUX MaTepiaiiB y
3aJIEKHOCT1 BiJl PO3MIpIB 7 MIKpO-, HaHOOOJACTEHl 3 OJHAKOBOIO IIMPUHOIO
3a00pOHEHOT 30HU:

-r=(3-10)-a=(1,5-5) HM — KBa3IrOMOT€HH1 ~ TBEPJIl  PO3UUHH; Y
Cy4aCHOMY PO3yMIHHI 11€ TETEPOCTPYKTYPH 3 KBAHTOBUMHU TOUKAMU;

-r=(20-50)-a~=(10-30) um — "HaapimiTyati" TETEPOreHHI  TBEP/Ii
PO3YMHU; Y CY4aCHOMY PO3YMIHHI II€ T€TePOCTPYKTYPH 3 KBAHTOBUMHU SIMaMU;

-r=(0,1 - 10) MKM — OITUYHO T'ETEPOreHH] TBEP/l PO3YMHU; Y CYHYACHOMY
PO3yMiHHI 11e (POTOHHI MaTepiaH.

3rogoM Oynd OTpUMaHi ONTHYHO TETEPOTCHHI HAIMIBIPOBITHUKU 3
po3MipaMu MIKpooOJiacTeld MOPSAKY AOBXKHHHM XBHIII (OTOHIB. BoHM SBISIOTH
c000I0 CTPYKTYpH 3 MIKpoOO’e€MaMH, 0 OOMEXKYHOTh (YTPUMYIOTh) (hoTOHU
(optical wavelength - scale structures or microcavities: confined photons). Taxi
Marepianu oTtpumanu Ha3By (oroHHux kpucrtaniB, PBG (Photonic bandgap

materials). ¥ nux marepiazax MOKHA peaji3oByBaTH IPOXOJKEHHS CBITIIa 0e3
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BTpart. Lle 103BoJIsI€ CTBOPIOBATU CBITJIONIOHI CTPYKTYPH 3 PEKOPAHO BHUCOKOIO
€(EeKTUBHICTIO MEPETBOPEHHS €JIEKTPUYHOI €Heprii B oNTHYHY 1 OyAyBaTH Ha iX
OCHOBI (DYHKI[IOHAJbHI OMNTOEJIEKTPOHHI €JeMEHTH oOpoOKu 1 mepenayl
iH(popMmarii.

CTpyKTypu Ha OCHOBI KBaHTOBHX HHUTOK 1 KBAHTOBHUX TOUOK JI03BOJISIIOTH
peanizyBaTd OJHOMOJOBUUM CBITIOAIONHUN pexuM. BiH Mae KorepeHrtHi
BJIACTUBOCTI JIa3epiB, ajie XapaKTePU3YEThCS OUTBIIOI0 HAIIMHICTIO 1 BIICYTHICTIO
nopora re”epanii. Taki CBITJIOAIOAM MarOTh MIBUIKICTH MOAYJSALII OUIBLIY 3a
10 I'T'y 1 audepenniianbHy KBaHTOBY €(heKTUBHICTH OUbILy 3a 50%. DakTU4HO B
TaKUX CTPYKTYypaxX BTPAYAEbCS PIZHMIISL MK CBITIOAIONOM 1 Ja3epoM 1 CTae
peabHICTIO OE3MOPOTOBUH J1a3ep.

OcTaHHIM 4YacoM IHTEHCHBHO PO3BUBAETHCS €JIEKTPOHHA OINTHKA B
KOHJICHCOBaHUX CEpeOBUIaX. Y KBAaHTOBO-PO3MIPHUX CTPYKTypax ICHY€ YiTKa
aHAJIOTIST MIX OINTHUKOI Ta EJIEKTPOHIKO. JIBOBUMIPpHUN KaHal B apCEHiJ-
rajlicBOMy  TOJIbOBOMY TPAaH3UCTOPI 3 TETEPOINEpPexojoM sBisie COOO0I0
€JIEKTPOHHUN XBWJIBOBIJ, B SIKOMY MO’KJIMBAa KOJIMaI(isl KUIBKOX €HEPreTUYHHX
CJIGKTPOHHMX TIy4KiB, (DOKyCyBaHHS 1 BIiZOUTTS €NEKTPOHIB. TyHETIOBaHHSA
€JIEKTPOHIB 4epe3 Oap’ep EKBIBAJICGHTHE MPOXOKEHHIO XBUJIb B OITHIIL.
Enextponnuii pesonarop ®adpi-Ilepo paktuyHo peanizyeTscs B 1BOOAp’ €pHOMY
PE30HAHCHOMY TYHEJIBHOMY JT10/Il.

Crnocrepiraerbes 1 3BOPOTHA aHAJIOTIS, HAMPUKIIAJ, (POTOHHI MaTepiaiu Ta
IPOXO/DKEHHS KBAHTIB CBITJIAa Yepe3 BY3bKY anepTypy. Xoda KOpIYCKYJSpHO-
XBWJIBOBUH JTyalli3M €JIEKTPOHIB JaBHO BUKOPUCTOBYETHCS y BaKyyMHHX JIaMIax
1 €JEeKTPOHHHX MIKPOCKOIIAX, MAHIMYJSIl 3 €JeKTPOHAMU B KOHJIEHCOBAHMX
Cepe/IOBHINAX € AyXe TMEePCHEKTUBHUMHU Il HAHOCJICKTPOHIKH. XBUJIbOBA 1
OajicTUYHA TOBEJIHKA €JEKTPOHIB Yy HAaMIBIPOBIAHUKOBUX, OCOOJHMBO B
TFeTEPOreHHUX, Marepiajlax BHUKJIMKA€E JOJAaTKOBI MOXJIMBOCTI I1HTErpailii B
MIKPOEJIEKTPOHIII.

[Ipouiecu enextponHoi jiTorpadii GakTUIHO TPHU3HAYECHI JJIsI CTBOPECHHS
MIKpO- 1 HAHOCTYKTYp Ha TOBEpXHI Ta B 00’€Mi HaiBOPOBIIHHUKA IS
OOMEKEeHHsI pyXy €JIEKTPOHIB y HeOakaHMX HampsMKax Ta iX COpsSMYyBaHHS B
oOpanux. KepyBaHHs pyXoM eJEKTPOHIB  3IIACHIOETHCS  30BHINTHIMU
MOTEHI[IaTaMi 4epe3 (PIKCOBaHI CTPYKTypu Mikpocxemu. llpu mpomy mMoTIK

€JIEKTPOHIB PO3TIISAAEThCS SIK O€3yNMMHHUM pyX YacCTUHOK, 0e3 BpaxyBaHHS iX
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XBUJIBOBUX BJIACTUBOCTEMH, 5IK1, 3 AaHAJOTIEIO 3 ONTUKOI0, BU3HAYAIOTh T'PAHUYHY
pO3AUIbHY  3JaTHICTh BaKyyMHHUX €JIEKTPOHHMX CHCTEM (MIKPOCKOIIIB,
€JIEKTPOHHHUX JITOrpadiB).

XBUIIbOBA NPUPOJIA €IEKTPOHA 1 BUKOPUCTAHHS KIHLEBUX AlEpTyp O JUIs
OOMEXEHHsI IIUPUHU €JIEKTPOHHOrO IMy4Ka IMPU3BOJATH O PO3CIIOBAaHHS ITyuKa,
10 MpoumoB 00’ ekT (nudpakiiitHa momumika). Pagiyc Hepi3kocTi, 00yMOBIEHUN

nudpaKii€ro Mpyu MaauX KyTax, JOPiBHIOE

0612

r b
& a

1ie A - moBKUHA XBWI e bpoiis.

['panudHe pO3pi3HEHHS O OOMEXyeThbes chepuyHO 1 AUQpPaKIiiiHOO
MOMHUJIKaMH 1 MOYKe OyTH BUpaKeHE Yepe3 JIOBKUHY XBHIII €JICKTPOHA 1 MOCTIMHY
cepuunoi adepanii Cp:

. 3/4 ~1/4
5Mun =AA CCCD .

[TpuHIIMTIOBUM OOMEKEHHSIM 3MEHIIICHHS 3HAYEHHS 0,,;, € 1e(POKyCyBaHHS,
K€ JIOCATa€ JOBXUHU XBWII €JIEKTPOHA, 10 JOPIBHIOE KUIBKOM aHTCTpEeMaMm.
BukopucTOBYIOUM €NIEKTPOHHI XBHJII, MOKHA Ha KiJIbKa MOPAIKIB MiJABUIIUTH
IPOCTOPOBY PO3UIBHY 37aTHICTh KIACHYHHMX ONTHYHUX METOIIB 0OpoOKH
iH(opMallii, sika BU3HAYAETHCSI JOBXKUHOIO XBUIII (POTOHIB (Y pealbHUX CUCTEMax

BoHa ckisagae 0,2 — 1 Mxm).

6.4 @yHKIIOHAJILHUH ONTPOH

AHami3yloud TpPOIECH ONTOEIEKTPOHHUX MEPEeTBOPEHb B ONTPOHAX Ha
noyatky 70-x poki, B. I. OciHcbkuil 3anponoHyBaB MPOBOAUTH (PYHKLIOHATIBHY
o0poOKy  1H(popmamii B  OaraTomlapoBUX  CTPYKTypax  Bapi30HHHX
HaIBIIPOBITHUKIB. [/1es1 OCHOBaHAa Ha TOMY, IIO0 Y Bapi30HHOMY KPHUCTajl 1CHY€E
BHYTPIIITHE €JICKTPUYHE TOJIe, IMiJ M€ SKOTO BIIOYBAETHCS PYyX CJICKTPOHIB 1
nipok. [Ipu npomy 1apy HaIiBIPOBITHUKA 37]aTHI MOTJIMHATH 1 BUIIPOMIHIOBATH
ONTHUYHI CHUTHAIM 3 PI3HUMH JIOBXXKMHAMHU XBWJIb, TIEPETBOPIOIOYM iX Y TOTIK
€JIEKTPOHIB 1 IIPOK, COPSIMOBAHUH /10 By3bKO30HHOI 00JIACTI.

CxeMa ONTUYHMX 1 EJEKTPOHHUX MEPEXOAIB Yy KpPUCTall 3 TPagl€HTOM
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3a00pOHEHOI 30HU MMOoJaBajacs ACSIKUM (DYHKLIOHAIBHUM ONTPOHOM, y SIKOMY
YMOBHO MO’KHa BHJIUIUTH BXiAHY oOnacth [/, BuxigHy oOnacte /I, 1 obnactb
nepeaadyi abo oNTUYHOTO, ab0 elNeKTpOoHHOTO 3B’s3Ky [/I. Cxema, HaBelleHAa Ha
puc. 6.1, a, BiANOBiAa€E ONTPOHY 3 MPSAMHUM 3B’S3KOM. [Ipu 3MiHI BXiJHOTO
CBITIIOBOTO TOTOKY D; 3MIHIOETBCS IHTEHCHUBHICTh TEHepallii eJIeKTPOHHO-
nipkoBux map. HepiBHOBaXkHI HOCIT 3apsily MEpPEHOCSAThCA 4Yepe3 00JacTh 3i
3MIHHOIO IIMPUHOIO 3a00pPOHEHOI 30HU 1 TMOTIM PEKOMOiIHYIOTh B oOmacti /1,
CTBOPIOIOUM BUXIIHHUNA CBITIOBHMA MOTIK @D, aMmIunTyda SKOro € (yHKIIE
BX1IHOTO CBITIOBOrO NmoToky ®;. O0Gnacth eneKTpOHHO-IIpKOBOTO nepeHocy /11
CIIy’)KHTb TIepelaBaJbHUM CEPEAOBUIIEM 1 MOXKE KEpyBaTHUCS EIEeKTPUIHUM
nojieM abo cBiTioM. Takuit onTpoH € (GYHKIIOHAJIBHUM MiJCHIIOBaYeM abo
nepeTBoproBadeM cBimiia. B obmacti /Il MoxyTh Oyt cdopmoBaHi
HAaHOCTPYKTYPH KBAaHTOBUX HHUTOK, TOUOK, €JIEKTPOHHI XBUJIEBOAM TUITY KaHAJIB
3 IBOBUMIPHHUM €JIEKTPOHHUM Ta30M a00 €JIEKTPOHHI JIIH3U Ta A3epKaa.

Pexxum mincuneHHss W aHTUCTOKCIBCHKOTO — TEPETBOPEHHS  MOXHA
peanmizyBatTd B cxemi, mnogaHiii Ha puc. 6.1,6. I[lpm aHTHCTOKCIBCBKOMY
MEPETBOPEHHI €HEprisd BUIMYIIEHUX KBAHTIB OLIbllIa 3a EHEPrilo BXIJHOTO
CUTHAILy hv,> hv;, TOMY 32 IEBHUX YMOB Bi10yBa€ThCA MiACHIIEHHS MOTYKHOCTI.
JlonaTkoBa €Heprisl MepeaacThCs HOCISIM 32 paXyHOK 30BHIITHBOTO €JIEKTPHYHOTO
noyisi abo TpajaieHTa KOHIEHTpalli. Y IHUX JABOX BHUIAX (PYHKIIOHAIBHHUX
OTITPOHIB ONTHYHHUH 3B’ SI30K € 30BHIMIHIM.

Jlnst peanizariii BHyTPIIIHHOTO ONTUYHOTO 3B’SI3Ky 00JIACTh mepenadi He
MOBWHHA TIOTJIMHATH PEeKOMOIHAIIITHE BUTTPOMIHIOBAHHSI, 10 BUHUKJIO HA BXOI,
AKUU EJEKTPUYHO PO3B’s3aHMi 3 BuxoaoM. Cxema, HaBeleHa Ha puc. 6.1, B,
MOKa3y€e MOXJIMBUU BapiaHT peani3alli CTPyKTypH 3 MaKCUMYMOM 3a00pOHEHO1
30HU B oOnacTi nepenayl. ToBimuHa 00JacTl epenayl, yepe3 Ky 3A1HMCHIOEThCS
K TIPSIMHH, TaK 1 3BOPOTHUM ONTHYHHUHN 3B’S30K, CKJIaJa€ Kijabka AUQY31HHUX
JOBXKHH.

Jlerko MOMITUTH, IO BapiaHT (DYHKIIIOHAILHOTO ONTPOHA 3 BHYTPIIIHIM
ONTUYHUM 3B’s3KOM (puc. 6.1 B) € KOMOIHAII€I0 ONTOEJIEKTPOHHUX CTPYKTYP
(puc. 6.1, a,06). B obmacti mepemadi curHairy Moke OyTH 3MIiICHEHA I1HBEpCis
HaceneHocTed. BuOopoM HampsiMkKy il 3B’S3Ky 4e€pe3 CTUMYJIIOBaHHS
BUIIPOMIHIOBaHHSI pEai3y€eThCs SIK MO3UTUBHUM, TaK 1 HETaTUBHUWA ONTHYHUN

3B’ SI30K.
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Pucynok 6.1 — OnruyHi enekTpoHHl (AIpKOBI) Mepexogu Y

(yHKLIOHAIBHUX ONTPOHAX Ha HAMIBIOPOBIIHMKAX 13 TPagl€eHTOM
3a00pOHEHOI 30HM: a - BXIJHUM LIMPOKO3OHHMM OiK; O - BXIJHUU
BY3bKO30HHHH OiK; B - ONTHYHHH 3B 30K dYepe3 o0JacTh mepemadi 3
MaKkCUMyMOM 3a00pOHEHOT 30HM; T - ONTUYHUH 3B’SI30K  4Yepes
JOMIIITKOBU piBEHb (piBeHb TMACTOK); 1 - IIUPOKO30HHI 00JIaCTI
Clly)KaTb ONTHUYHUMHU BXOJaMHM, 3arajbHa BY3bKO30HHa 00JacTh -

OIITUYHUM a00 CJIICKTPUYIHHUM BUXOJ0OM.

OnTu4yHUIl 3BOPOTHHM 3B’A30K MOXXE MPOXOJUTH Yepe3 pPIBEHb IMACTOK

(puc. 6.1, r). Ilpsamuii eneKTpOHHUHN (IIPKOBUI) 3B’ 30K M1 BXOJOM 1 BUXOJIOM

ONTPOHA CTBOPIOE B 00acTi // HaUIMIIKOBY KOHILIEHTPAI[1I0 HEOCHOBHUX HOCIIB,

AK1 3aXOIUTIOIOTHCS MACTKaMHU 1 BUIIPOMIHIOBAJIBLHO PEKOMOIHYIOTh 3 €HEPTi€I0

KBaHTIB  JOMIIMIKOBOI cMyru hvpp=Ec- E;>hv,. Skmo peabcopoartis

JOMIIIIKOBOTO BUITPOMIHIOBaHHS BIOYBa€ThCS B 00JacTi MOPSIKY Audy3iiHOI

JIOBKMHU, 3BOPOTHUU 3B’ SI30K HOCUTh ONITOECJIEKTPOHHUN XapaKTep.
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Ha puc. 6.1, 1 mogana giarpama ONTHYHHX 1 €JIEKTPOHHUX MEPEXOIIB B
ONITPOHI, BUXOJIOM SIKOTO € BY3bKO30HHA OOJIACTh KPHUCTaNa, a BXOAH MOXYTb
peaizoByBaTUCA yepe3 yCi MUPOKO30HH1 00J1acCTi.

VYci HaBeeH1 BapiaHTH (DYHKI[IOHAJIBHUX ONTPOHIB MAlOTh ONTHYHI BXOJIH
1 Buxonu. IIpore MokHA 3AIACHUTH W EJNEKTPUYHUN BXiJd, SKIIO TOMICTUTH
KpUCTaJd 3 TpaaleHTOM 3a00pOHEHOI 30HM MIX OOKJIaJKaMu KOHJEHCATOpa.
PoGota QyHKIIOHATBHUX ONTPOHIB Ha KpHCTAlax 31 3MIHHOK 3a00POHEHOI0
30HOI0 CYIPOBOJKYETHCSI IMEPETBOPEHHSIM  CIIEKTpA BUIIPOMIHIOBAHHS 1
BUKOPHUCTAHHAM PI3KOr0 pO3XOJKEHHS KOE(ILIEHTIB MOMVIMHAHHS IEBHUX
o0JyacTeil MOHOJITHOT CTPYKTYPH.

HapeneHi MipKyBaHHSI MOKHA MOIIMPUTH Ha OUIBII CKIAHI CTPYKTYPH, Y
SKUX OJIHa 3 oOyiacTei abo BCi oOjacTi KpuUcTaja 31 3MIHHOK 3a00pPOHEHOI0
30HOK0 MICTATh KBAHTOBI TOYKM a0o0 sSMH, MiKpoJiazepHi abo CBITIOIIOIHI
CTPYKTYpH, MIKpO- 1 HaHOOTOMpHIIMadl Oyb-IKOTO THIY a00 1HII MIKpO- 1
HaHOCTPYKTypHu. Hampuxman, obGmacte mepegadyli B cXeMi 3 MaKCUMYMOM
3a00pOHEHOI 30HM MOXE MICTHTH i-IIap abo p-n-nepexia. Yci HaBeleHl Ha
puc. 6.1 ereMeHTapH1 CXeMH MarOTh ONTUYHUI BXiA Ta BuxiA. [lpu BBeneHH1 p-n-
nepexo/iB ado 1HIIMX EIEKTPOHHUX CTPYKTYP ONTPOHU MOXYTh MAaTH €JIEKTPUUHI

BXO/IM 1 BUXOH, KUTbKICTh SIKUX BU3HAYAETHCS PEaii30BaHOI0 (PYHKIIETO.

6.5 HaqmBuakicHI KBAHTOBI HAHONIPOLECOPH

[Ipu poGoTi 3 ABOBUMIpHUMHU 1H(GOPMALIMHUMU TMOTOKAMU ICHYIOTH JIBI
MO>KJIMBOCTI pO3MapaelfoBaHHs MpoIecy oOpoOKH: MepeTBOPEHHS 300paKEeHb Yy
napajielbHUX TIPOCTOPOBUX KaHAIAX 1 apajiebHa 00poOKa ONTUYHUX CUTHAIIB 3
PI3HUMU TOBXXKHMHAMU XBHJIb. B 000X BHMagkax MoJInMBa 00poOka sk 1udpoBoi,
TaK 1 aHasnorosoi 1H(opmaii. [Tpu mudposiit 00poOLI Ha BX1J (GYyHKLIIOHATBHOL
MIiKpPOCTPYKTYpH MOJA€ThCs CBIiTIOBE mojie, o Mictuth 10°-10* 6iT (cTopinka
nuckpetHoi 1HQopwmarii). Ilpu anamorosii o00poOIll Ha BXiJ HAIXOIATH
IpoCTOpOBI 300pakeHHs (oOpasu), SKI JOIIIJILHO OOpOOIATH Ha OCHOBI
acoIllaTUBHUX TPHUHIIMITIB  aHAJIOTOBOi  JABOBHMMIPHOI  JIHIMHOI  00pOoOKH
KOTePEHTHUX a00 HEKOTEPEHTHUX CUTHAJIIB.

[TpunnunoBoto mnepesaror (¢yHKIIOHANbHOI 00poOKkM B mapax 3i

3MIHHOKO 3a00pOHEHOI0 30HOK € MOJKJIMBICTH IMEPETBOPEHHS CUTHAIIB Y
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peatbHOMY MacmiTabi yacy, To6TO IPaKTHYHO MUTTEBO 3a uac ~107-10"c.

Pan 3amau posmizHaBaHHS 00pa3iB, KEpyBaHHS CKJIAJHUMU CHUCTEMaMH,
3aladyl  METeopoJIorii, MaTeMaTH4HOi (I3UKM MOXKHA BUPIIMIUTH  TIUIBKH
JIBOBHMIPHOIO 1 TPUBHMIpHOIO 00poOKoI0 iH(OpMaIlii B peasbHOMY MaciiTadi
qacy. [Ipu 1ipoMy mOTpibHa mBHaKo s Ginbma 3a 10'0 omepariiit 3a cexyHzy, Ky
HEeMOXJIMBO peanizyBaTi B EOM Ha TpaH3ucTopHuX ejemeHTax. Jluiie
JIBOBUMIPHI 1 TPUBUMIPHI CUCTEMHU 00poOKHU 1H(DOpMaIlii B pearbHOMY MaciiTadi
yacy 3a0e3meuyioTh MNPAKTUYHO MHUTTEBE NEPETBOPEHHS BEIMKUX MAaCHUBIB
iHbopMaIlli y BUTJISIA1 IPOCTOPOBUX 300paKEHb.

[IpunycTumo, 10 Ha MOBEPXHIO IJIACTUHU HAIMIBIPOBIHHUKA 3 TPAIEHTOM
3a00pOHEHOI 30HM HAAXOAWUTH ONTHYHHWNA CHUTHAJI y BHIJISII JBOBHMIPHOTO
IPOCTOPOBOTO pelibey 1HTEHCUBHOCTI Dy(x, y). Y mapi dz 1e CBITIOBE TMoJie
NOTJIMHAETHCS, TEHEPYIOUM €JEeKTPOHHO-IpKOoBI mapu. [IpoctopoBuii penbed
IHTEHCUBHOCTI Dy(X, y) IEPETBOPUTHCS B pelibed 3apsiay eaeKTpoHiB On(x,y) 1
nipok Q,(x.,y). Ilig aiero BOy10BaHOrO BHYTPIIIHBOIO MO IPOCTOPOBI penbedu
O, 1 O, 3MIHIOIOTbCS BIANOBIIHO 10 (PyHKLIT IEPETBOPEHHs. Y HAWIPOCTILIOMY
BUMAJKy MPUITYCTUMO, 1110 € CUMETPUYHA CTPYKTYpa, aHAJIOTIYHA HaBEJCHIN Ha
puc. 6.1, a. V Hiil yepe3 amOinoNasspHUM npeid HOCIIB i €0 BHYTPIIIHHOTO
nmoysi, OOWJBI KapTUHU (€JIEKTpOHHA 1 JIPKOBa) OyAyTh MepeMilllaThcs A0
BUXIJTHOI 0O0JacTi, JIe BOHU JOJAIOThCA. SKIIO BCl mapameTpu I aHCaMOJIIO
€JICKTPOHIB 1 JIIPOK OJHAKOBI (Y MeXKax MOXUOKU METOMAY), TO BUXITHUN CUTHAI
Oyne SIBISTH COOO0I0 MPOCTOPOBHM penbed, M0 OoMUCYyeThes GyHKIIEID Dy(X,)),

AKa € pO3B’A3KOM PIBHSHHSI
A'CDO(x,y) - @Z(xay)a

ne A — onepaTtop, TOOTO MaTeMaTU4HA Ais, Ka 31MCHIOETHCSA B CTPYKTYPI

HaJ] BXIIHUM CUTHAJIOM.

Ha Buxoai ctpykTypu 00pa3 MoxkHa 00po0sATH (PO3Mi3HABATH) SIK €MHE
nyie abo TpOBEeCTH WMOro AUCKPETHU3allil0 3a OyIb-IKOI0 O3HAKOW IS
NOJAJBIIOTO TOCHIJOBHOTO ab0 IMapajelibHOrO0 BBEJACHHS B HACTYIHUU
JUCKPETHUN OOYHUCIIIOBAaY, B SIKOMY MPOBOAMTHCS 1HIIA OIepallis, OMHCcyBaHa
ornepatopoM B 1 T.a. llepeTBOpeHHS B €NEKTPUYHI CUTHAJIM MPOBOAUTHCA
Matpuiiero  (oronpuiimadiB, chopMOBaHOO Oe3mocepeHh0 Ha  BUXO/II

ctpyktypu. CtpyM ¢oTOnpUiiMaIbHUX €JIIEMEHTIB aHalI3y€e€ThCsl JIOTTYHUMU
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cxemaMu 1o yep3i. [Ipu npboMy B 3a1€KHOCTI BiJ] MPOTpaMH aHAII3y 1 XapaKTepy
BUBeJIeHHS 1HGopMallii (MOCIiJOBHOrO ad0 MapajiesibHOr0) KUIbKICTh JIOTTYHHUX
KPOKIB CKJIaJla€ 3HAuHy BEJIWYUHY, SIKa TPHU MOCIIIOBHOMY aHaji3l OJHIET
cropiuku 8 EOM nopisaioe 10°-10* kpokam.

OnucyBanuit  cnoci6 (yHKIIOHATBHOI OOpPOOKM JO3BOJSIE  CYTTEBO
CKOPOTUTH KUIBKICTh JIOTIYHMX KpPOKIB 1 MaKCHUMallbHO BHKOPHUCTOBYBATU
nepeBaru napaneabHoi o0poOku iH(opMarllii, OCKUTEKH ornepallii 31HCHIOI0THCS
OJIHOYACHO HaJl BETUKUM HAO0OPOM UHUCE, SIKI XapaKTEPU3YIOTh IEPBUHHI O3HAKU
BX1JTHOT'O IPOCTOPOBOTO CBITIIOBOT'O MOTOKY.

BigzHaunmo, 1mo po3risHyTH crnoci0 aHajJoriyHuM crnocoOy ONTHYHOT
MPOCTOPOBOi  (piNbTpalii, NPOTE€ Ha BIAMIHY BIJl HBOIO 3IIHCHIOETHCS Y
peanbHOMY MacmiTadi vacy. Yac mnepeTBOpeHHS CHUTHAJiB CKOPOYYETHCS 3a
PaxyHOK 3alpOrpaMOBaHUX Yy CTPYKTYpl ONTHYHHMX 1 €JIEKTPOHHHUX 3B’SI3KIB Ta
BHUCOKOI IBHJAKOCTI iX peami3aiii, sika i KJIACUYHUX CTPYKTYp Ha OCHOBI
apceniy rarmito ckinanae 10~ ¢, a s kBantoBuxX - 1077 c.

[TpoiimoBmm obnacte npeiidy, HOcli HAAXOAATH y KOJIO (OpMyBaHHS
BUXIJHOrO curHaiy. llepenaBaibHa XapakTEepHCTHKA JBOBUMIPHOIO ONTHYHOIO
CUTHAJly, aJ€KBaTHO MEPETBOPEHOT0 B EJIEKTPOHHHUU peiibed, BU3HAYAETHCS

muQysiliHo-IpeiipoBMM  MeXaHi3MOM —IepeHOCy. i MOKHA OLIHMTH 3a

CHIBBIIHOMIEHHAM
H(f )= ]_exp(ad) ]_exp(—ad) ,
' I+al I+al
ne % = LLZ +(27x f.)?- mudy3iiHO-npetidhoBa TOBKUHA HEOCHOBHUX HOCIIB;
0
L, = L(,p;

d - ToBIMHA o6nacTi aApeidy;

0. - ycepeHeHU I KoedII[I€HT MOTJIMHAHHS.

JInst Kpoky p = 10 MKM, f; max = 1/2p =50 MM, Ly=10 Mxm i a = 10* em™'
onepxyeMo H(f; r.x) = 0,65.

B enexrpoHHOMy KOJII Tiepefadi IOLIIBHO MPOBECTH CTUCHEHHS CUTHATY
JI0 pO3MIpiB, SKI BU3HAYAIOTHCS PO3AUIHLHOIO 3aTHICTIO €JIEKTPOHHUX CHCTEM,

TOOTO JI0 pO3MIPIB TMOPSAAKY JOBXKHHU XBUJII EJIEKTPOHIB Yy KpHUCTa
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HAMIBIIPOBIIHUKA, siKa ckiagae mpubauszno 0,1 um. Ilporec o6podku curHamis
Oyne BinOyBaTHUCA B HAHOCTPYKTYpax €JEKTPOHHOI JIAaHKM Ha 3 - 4 MOpSAKU
CKOpIllIE y TOPIBHSAHHI 31 CTPYKTypamu MIKPONPOLIECOPIB HAa TPAH3UCTOPHHUX
BEHTWISAX 1 Ha 6 - 8 MOPSAKIB MIBU/IIE Y MOPIBHAHHI 3 KIIJACHYHUMHU ONTUYHUMHU
IpoILeCOpaMu, 10 BUKOPUCTOBYIOTh AUCKPETHI Ja3€pH Ta ONTUYHI JIIH3H.

SIKII0 B KBAaHTOBOMY HAHOIPOILIECOPI BUXIAHMM € ONTUYHUMN CUTHAN, y
BUXIJIHOMY Iapi HEoOXigHO 3a0e3MeunTH IPOCTOPOBY JICKOMIIPECII0 Ta
eeKTHBHY BUIIPOMIHIOBAJILHY pPEKOMOiHAIif0. SIKIO JK BHUXIIHUMH €
€JIEKTPUYHI CUTHAIIM, BOHU (DOPMYIOTBCA B KOJaX 30BHIMIHIX JDKEPEN CTPyMy, B
AKl BKJIIOYAIOTbCS 00JacTi (QopMyBaHHS BUXIAHMX cHUrHaiiB. OTpuUMaHHS
HEOOX1AHOI aMIUNITYJd CUTHAQIIB JOCATAETHCS iX MIACWICHHSM Yy MAaTpHII

HAHOTPAH3UCTOPIB a00 B MIICHIIFOBaYax CBITJIA.

E
U N
2 A /
E.T OEHFT ET
| L] |
~ ~>
~ @ ®E ¥ E-® @ ~>
A p ~>
T Buxig

()
______ E-D

OEHFT

®-nanka ontndHOi (impTparii poToHis; E - manka enexrpuaHoro ctpymy; ®-E - manka

(OTOH-EIEeKTPOHHOT'O IEPETBOPEHHSI.

Pucynok 6.2 — CTpyKTypHa cxema KBaHTOBOI'O HaHOIIPOLIECOPA.
CrpinikaMd TIOKa3aHe BBEACHHS AaJTOPUTMIB
(YHKIIOHaTIbHUX IIEPETBOPEHD BILJINBOM
ceitioBuM O, enekrpuunuMm E, marnitHum H,

akyctuaauM F 1 remneparypaum T nonsmu

[Ipouiec 00poOku iHdoOpMaIi B TakoMy HaHOIPOIIECOPl 3PYUYHO
MPOCTEXKUTU 32 CTPYKTYPHOIO CXEMOIO, fKa 300paxkeHa Ha puc. 6.2. Sk 1y

BUIIAJKY TMOCTII0BHOT 0OpOOKH, JJI aHaii3y HapaienbHoi oOpoOku iHdopmarii
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CTPYKTypa pO30HMBA€ThCS HA DS OUITHOK, Y KOXHIA 3 SKHX BiIOyBa€ThCsA
(di3uyHa B3aeMOJIisl aHCamMOJII0 HOCIiB 1H(OpMaIIil - €JIeKTPOHIB 1 (POTOHIB - 31
CHeniadbHO BUPOILIEHUMH HEOJHOPIAHOCTAMHU CKJIAAy TBEPAOro po3uuHy. Kpim
TaKoi 3amporpamMoBaHOi 3MIHM BJIACTHUBOCTEH CEpeloBHUINA, Y PI3HUX IUITHKAX
MOKHA JISITH HA XapaKTEPUCTUKHU 30BHIMIHIX CHUTHATIB. TakMM YMHOM MOXHa
BIUTMBATH Ha BXIAHY (QYHKIIO PI3HUMU OIEepaTopaMy TEPEeTBOPEHHS, IO
30epiraloTbCs B OKPEMHUX €JEMEHTaX I1aM’sTi, IoOYyJOBaHMX Ha MacCHUBi
KBAaHTOBHX $IM a00 TOYOK. 3’€JIHAHHS KBAHTOBHX HAHOIPOIECOPIB 3 MaM’SITTIO
s 30epeXeHHS ~ ONEepaTopiB  JIO3BOJISIE  peanidyBaTh  (PyHKIIOHANbHI
ONTOEJEKTPOHHI  OOYMCIIIOBaYl, IO 3a CBO€KW  MPOAYKTHBHICTIO Ta
TEXHOJIOTIYHICTIO CYTTEBO MEPEBEPITYIOTh TPAH3UCTOPHI MIKPOTIPOIIECOPH.

VY OunblI 3araJbHOMY BUIIAJIKY MHOKUHU ONTUYHUX CUTHANIB, KOXKHUHU 3
AKUX XapaKTEPHU3YEThCS CBOEIO JIOBXKMHOIO XBWIJII, Ha BXiJ OaraTomapoBoi
CTPYKTYpPH TIOJAalOThCSl CBITJIOBI TIOJISA, $Ki, 3 ypaxyBaHHSM KOe(]IIli€HTIB

B11OUTTS R(X,y,X), OMUCYIOTHCSI KOMIUIEKCHUMU (DYHKIIISIMU BUTJISITY

a

A=

> D(x,p,4)= Y D, (x,y)explio(x,y)[I - R(x,y,2)]
A=1

e A= (Myax - Amin)/AX - KUTBKICTh CHEKTPAIBHUX KaHAJIB, IO MOXYTh

PO3MICTUTUCA B  Jlana3oHl JOBXHUH XBHJIb, SKI MOTJIMHAIOTHCS IIapamu 3

pI3HOIO Ej,.

Bxigauii map sBase co000 MPOCTOPOBUIM oNTHUHUK GuIbTp. kIO
MOAYJSILIAHA XapaKTepucTuka QuIbTpa BUpaxkaeTbcs sK 7(X,y), TO micis
MPOXO/KEHHS (UIbTpa CHEKTP CUTHANY JUIsl OAHIET JOBXWHU XBUJI MpUKMAE

BUTJISA
D,(x,y)=D(x,y)T(x,y)

Bupomtytoun emitakciiHy IUTIBKY 3 BIJMOBIIHUM PO3MOJIIOM ONTHUYHUX
KOHCTAaHT, HAaNpHUKJIajA, TOKa3HUKA 3aJIOMJICHHS, MOXHA CHHTE3yBaTH TaKy
NEepexiHy ONTHYHY XapaKTePUCTHKY BXIAHOrO Mmapy, 000 y HbOMY
3ICHIOBAJIOCS] HEOOX1JHE MIEPETBOPEHHS ONITHYHOTO CUTHAITY.

OCKUIbKM BX1JHA JIaHKa € MPOCTOPOBUM ONTHYHUM (PIIBTPOM, Y HHOMY

MOJKIIUBO K IIPAMC
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F(@®)= (D(f_}“ ,fyﬂ ) = TI CD(x,y)exp[— i27z(ffx +f/fy)]dxdy R
Tak 1 o0epHeHe nepeTBopeHHss Dyp’e:
F'(®)=d(x,y)= TJ.CD(flff )exp[— i27z(f)fx +fy‘y)]dffd 1

1 -, . . .
ne f," 1 f/ - HOpoOCTOPOBI YacTOTH U1 BCIX JOBXKHH XBHJb BXIJHOIO

CUTHAIY.

3azHayemMo, MO0 B OKPEMOMY BHIIAJIKy HEKOT€PEHTHOTO OINTHYHOTO
curHaIy iH(opMaIlis 3akiiajgeHa B iHTEHCUBHOCTI CBITJIOBOI XBHJII, MiJT JII€I0 SKOT
Ha IIMOMHI Z B OJUHULIO 4acy TE€HEpYyeTbcs g(X,),z)dz €NeKTPOHHO-IIPKOBUX
nap. DyHkuisa reHepanii g(x,y,z) IIA HaNIBIPOBIJHMKA 3 IOCTIMHOIO F,
BUPAXKAETHCSI €KCIIOHEHTOIO, a JJIs HAIMBIPOBIJHUKA 3 JIHIHHUM TPai€HTOM
E, - n3BoHOMomiOHOIO 3anexHicTio. CuHTe3yroud (pyHKIII reHeparii, MoKHa
3MIMCHATH  3aJlaHl  TepeTBOpPeHHs curHaiiB. Pi3Hi  ¢yHKmii reHepaiii
peani3yroThCs MPOTPAMHOIO0 3MIHOIO CKJIQTy HAMIBIPOBIAHUKOBOTO TBEPIOTO
pO3uMHy 1, OTKe, KoedimieHTa mnorauHaHHsI. OCKUIBKM (YHKINS TeHepaiii
BU3HAYAETHCS KOCQIMIEHTOM TOTIWHAHHS, WOTO 3HAYEHHS MOXHA 3MIHIOBATH
CIEKTPUYHUM a00 TeMIlepaTypHHM IoieM. KpiM Toro, mpocTopoBHiA PO3IMOILT
T€HEPOBAHUX EJIEKTPOHHO-IAIPKOBUX IMap JIETKO 3MIHIOBATU CBITJIOBUM IOJIEM Ti€l
X a00 1HIIO1, H’)K OCHOBHUM CHUTHAJ, TOBKWHU XBUJI1, MATHITHUM, €JIEKTPUUYHUM
a00 aKyCTUYHUM TOJIIMH.

['enepoBaHi €NEKTPOHU 1 JIPKH CTBOPIOIOTH MOBHUM EJICKTPUYHUI 3aps/l,

ITIBHICTH SIKOTO BiMOBIIHO 10 piBHSAHHS [lyaccoHa mopiBHIOE
plx,y,z)=divD,

ne D=¢g E - enekTpu4Ha IHIYKIIS;
€ - A1eJIEKTpUYHA TPOHUKHICTh MaTepiany;
€o - IEJIEKTPUYHA IIPOHUKHICTh BaKyyMy;

E - HanpyXeHICTh €IeKTPUYHOTO MOJIS.

EnexkTpoHn 1 JIpKM MiA JI€I0 BHYTPIIMIHBOIO MOJs, OOYMOBJIEHOTO

rpamieHToM F,, nIpel(yroTh y By3bKO30HHY 4YacTMHy Kpucrama. Ha npeid
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€JEKTPOHIB 1 JIPOK PO3JAUIBHO MOXHA BIUIMBAaTH SK 3a3JaJIE€Ti]Ib 3aJaHUM
3aKOHOM PO3MOJIITYy BHYTPIIIHBOTO TOJISI, TaK 1 BBOJASYM BIMOBIAHI aITOPUTMHU
(GyHKIL10HATBHUX MEPETBOPEHD (PI3UYHUMU BIUIMBAMU, 3PYUYHUMU JJI1 TEXHIYHOI
peaizari.

Oco0nMBICTh BXIIHOTO IIApy 3 IpaaleHToM FE, moysrae B TOMY, IO B
HBOMY MOXJTHBA (QiIBTpAIlisl 32 JOBXKUHOIO XBUJI1, TOOTO (DYHKIIIS MPOITYCKAaHHS

3anexuth Bi A: T(x,y)= T (A). Jns HEMOHOXPOMATHYHOTO BX1THOTO CUTHAITY
D(x,y,2)=(x,y)IT'(2).

VY KoJ1 onTUYHOI IPOCTOPOBOI (PLIbTpaLli MOKIUBE BBEECHHS aJITOPUTMIB
0OpOOKM 3OBHIIIHIM €JICKTPUYHUM TI0JIeM abo 3MIHOK TeMIeparypu. Y
OPUHIIAIT MOXJIMBI ¥ 1HII (Di3WYHI BIUIMBH, OJHAK Jis ONTUYHUX CUTHAJIB,
MarHiTHOTO ¥ aKyCTUYHOTO IOJIB 3MIHIOIOTh XapaKTEPUCTUKU TMPOITYCKAHHS
HaIIBIPOBITHUKIB YK€ MaJo.

[IpuknagaHHs €NEKTPUYHOIO IMOJISI 10 HAINIBIPOBIJHUKA 3MIHIOE Kpaii

(byHIaMeHTaIbHOTO IOTJIMHAHHSA B

K/Ky =1+ ¢(hv,E) pa3,

ne Ko=A-(Rv- Eg)'® - xoedilieHT MOMIMHAHHA MPSIMO30HHOTO
HAIIBIPOBITHUKA 0€3 eIeKTPUYHOTO TIOJIS;

A — napameTp, KMl BU3HAYA€ThCSl Yepe3 KOHCTAHTU MaTepiay 1 ciaabko
3aJIeKUTh BiJl eHeprii (OTOHIB;

@ - yHKIIsA, 0 OOYHMCHIOEThCS 4epe3 iHTerpand Eipl 1 € ¢yHKUI€0

eHeprii GOTOHIB 1 €EKTPUUHOTO OJISL.

Haknanenus temmnepaTypHOro MoJjsi 3MIHIOE Kpail MOrJIMHAHHS B O1HAPHUX

3’ €IHAHHAX NPONOPIIIAHO TeMIIEPATypHil 3MiH1 £, IKUI TOPIBHIOE

E,=E_(0)—al*/(T +6)

g g

1€ @ - eMITIpUYHAa KOHCTAHTA;

0 — nebaeBcbKa TeMIiepaTypa npu TemrepaTypi abCONMIOTHOTO HYJIS.

BuxigHuii curHai € pe3yJapTaToM (PYHKIIOHAJIBHOI 0OpOoOKM mpu

MPOXOJIKEHHI CUTHAITY Yepe3 CUCTEMY 3 TIepeaaBaIbHOI0 (PYHKIIIEI0
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H(f, f)=H o f)H L L )H S f)

J1J1st HAOUHOCTI MTOKaXeMO, SIK 3a JOTIOMOT0I0 (PYHKIIOHATBHUX KBAHTOBHUX
MPOIIECOPIB HA HAMIBIPOBIJHUKAX 3 TPATIEHTOM MIUPUHU 3a00POHEHOI 30HU
MO’KHA BUKOHYBATH JISIKI MaTeMaTH4IH] oTiepartii.

1. JomaBanus curHamB @ (x, y, ) 1 Dy(x, y, 1) 3MIACHIOETHCS TIOJIAYEIO HA
CTPYKTYpY (puc. 6.1, 1) 000X curHaiiB 3a yac, Habarato MeHIIuM 3a yac npendy
HOCIiB 10 00J1acTi peecTpaiiii.

2. JIoOyToK JABOX CHUTHATIB 3IACHIOETHCS B CTPYKTYPl, Y SIKIM OAUH
CUTHaJ CTBOpIOE Jpeird enekTpoHiB, a iHmMK nperd maipok. Toai Ha BUXO/II
OJIEP>KMMO CUTHAJI, TIPONIOPIIHHUN N00YTKY iXHIX KoHIeHTpauii. [Tonaroun nei
CUTHAJl Ha BXiA /[, a iHmUN (TpeTiil) cCurHan Ha BXia /I, MOXKEMO MOCIIOBHO
OJIep>KaTu pe3yJabTaT MHOXKEHHS TPbOX cUrHamiB i1 T.I. KoedimieHT npomyckanHs
TPaKTy TPOXO/KEHHS ONTUYHOTO CHUTHAIY HEOOXITHO 3MIHIOBATH IHIIIAMH
CUTHAJIAaMH 32 3aKOHOM, SIKHA BH3HAYAETHCH (YHKIISIMH, IO TIEPEMHOXYIOThHCS.
Jlnst uboro 3pydHo ckopuctatucsa edexkrom dpanna-Kenauia 3 nponopiiiHum
KEepyBaHHSM CBITJIOM.

3. JludepeHiiroBanHss ~ OJHOBUMIPHOTO  CHTHaYy  @(X, y) MOXHa

3IIMCHUTH, BUKOPUCTOBYIOUH CITIBBIAHOIIEHHS (111 OHOBUMIPHOTO BUIIAJKY ):
Q= f(x)exp(=i2x f, )dx=—i27f . S( f.)

3 HaBeneHOi (GopMynH BUTIKae, 1o Tpeba chopmyBatu Dyp’e-06pa3 S
BXIJIHOTO CHUTHAJy 1 MOTIM MOMHOXHUTHU HOTO f,. MHOXEHHS MOXXHa 31HCHUTH
OMMUCAHUM BHUIIE CITIOCOOOM.

4. IHTerpyBaHHs CUTHANy 31MCHIOETHCS MPU WOTO (POTOH-EIEKTPOHHOMY

MEPETBOPEHHI B 33JIaHUX MEXKaX:

I(t)=a[ [D(x,y)Q(x,y )dxdy

7€ t - yac iHTerpyBaHHs;
[ 11, - KOHTYpH BX1JHOTO CBITJIOBOTO IOJIS;

a - TIOCTINHA.

Mex1 IHTerpyBaHHSI BU3HAYalOThCS 30HOI0 OOPOOKHM CUTHAIIIB, SIKa MOXE
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3aJIMIIATUCS TOCTIHHOIO a00 3MiHIOBaTHCS. SIKIIO0 30HA OOpPOOKM 3MIHIOETHCS B
yaci B mpoueci 00OpoOKH, TO MOKHA OTPUMATH PO3TOPHEHHS Mpoliecy 0OpoOKH B
yaci, SIKIIO IMIBHUJKICTh 3allldCy CUTHANYy OUIblIa 3a MIBUAKICTH 3MIHU 30HHU
00pOOKH.

5. Po3mizHaBaHHs 00pa3iB 3BOJUTHCS O BUJLICHHS 3 BXIJHOTO CHUTHANY,
SKUW MICTUTh KOPUCHUU 1 CTOPOHHIM CHUTHAIIM, JIUIIIE KOPUCHOI HOTO YaCTHUHHU.
Jliis iboro po3mi3HaBaHU 00pa3 MOJA€ThCs Ha BXiM [ CTpykTypH puc. 6.1, 1, a
oOpa3 mopiBHsIHHS — Ha BXia /I. Ilpu 36iry oOpa3iB CeleKTUBHUIN NETEKTOp Ha
BHUXOJ1 3apeecTpye€ BEJIMKHI CBITJIOBHI CHrHaj, TOAl SIK MPU BIACYTHOCTI
PO3Mi3HaBaHOTO 00pa3y BEIWUYMHA CUTHATY OyJie Majoro.

HaBeneni mnpukiagu Jjumie JIEMOHCTPYIOTh mepeBard (HyHKIIOHAIbHOT
00poOKku 1H(opMaIlli B KBAaHTOBUX HAHOIPOIecopax 31 3MIHHOK 3a00POHEHOIO
30HOIO 1 HE PO3KPUBAIOTh YChOTI'O PI3HOMAHITHICTh MOYJIMBUX 1X 3aCTOCYBaHb.

Onucanuii  BuIle OpUHUUN  (QOPMYBaHHS  OPUIATHUN  AK 1A
HEKOT€PEHTHUX ONTUYHMX CHTHAMIB, TaK 1 A1 KOTEPEHTHHX. Y JApyromy
BUTIAJKY Yy BXIOHIA IUIOUMHI CTPYKTypu Moxe OyTu cdopmoBaHa
iHTepdepenIiiiina KapTuHa 0OpOOIIOBAHOTO 300pa)KEHHS, IO ICHYE Yy BUIJISII
penbedy aHcamMONIO ENEeKTPOHIB 1 JIpPOK 1 TiJ JII€I0 BHYTPIIIHHOTO TOJIS
MEePEMINIY€ThCA O BY3bKO30HHOT YaCTUHU HAIIBIPOBIJIHUKA, 1€ TIEPETBOPUTHCS
B ONITUYHUN a00 CJICKTPUYHUN CUTHAI.

Binomo, mo iHTepdepeHIliiini rpaTd Ha BIUIBHUX HOCISIX Y KpEeMHIii He
MPUBEIN JI0 MPAKTUYHOTO 3aCTOCYBAaHHS HAIlIBIPOBIIHUKIB SIK CEPEIOBUIIL, IO
PEECTPYIOTh, Uepe3 Majui yac ICHYBaHHS 300pa’KeHHS B MOPIBHAHHI 3 4acOM
peectpauii.  IloenHaHHS ~ ONTUYHOTO  PEECTPYBAJIBHOTO  CEpEIOBHUIIA
KBaHTOBOPO3MIPHUX €JIEKTPOHHUX HAHOCTPYKTYP 1 MIKOCEKYHAHUX MPUKMAUIB B
OJITHOMY MOHOKpPHCTaJl KBAaHTOBOT'O HAHOMpOIlECOpa 31 3MIHHOIO 3a00pPOHEHOIO
30HOI0 BiJIKpHBA€E MIHUPOKI MOXKIUBOCTI JIsl Tosorpadiunoi o6poOku iHdopmarltii
B peaJbHOMY MacIiTadl Jyacy.

SIk BUIIIMBA€E 3 HABEJIEHOTO aHaJII3y JUIsl CTBOPEHHS BHYTPILIHBOTO TOJIS
E=gqlEg/dx nns enexTpoHIB TOTPIOHO CTBOPIOBATU TPAJIEHT Kparo 30HH
MPOBIAHOCTI, TOAI SIK JUISL NIPOK — IPAAIEHT KPArO BaJE€HTHOI 30HU. TE€XHOJIOrTYHO
e MOke OyTH JOCSTHYTO 3MIHOIO 3MICTYy y TBEPAOMY PO3YMHI aTOMiB TPETHOI
(m’sToi) rpyn y MOTpIHUX TBEPAMX PO3UYMHAX ab0 YOTHUPHOX COPTIB aTOMIB Y

cuctemax tuny InGaAsP. EmiTakciasibHa TEXHOJOrIS MOBUHHA 3a0e3MeuyBaTH
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IIMPOKHI J1alla30H TOBIIMH, Bl COTHI MIKPOHIB 10 OJUHUIL HaHOMETpIB. Lle
BUMAara€ JIOCUTh CKJIAJHOTO TMOEAHAHHS PI3HUX €MiTaKClaJbHUX TEXHOJIOTIN 1
KOMIT FOTEpHOTO KepyBaHHS TpoliecaMu pocTy. OJHAK OIIHKH MOKa3yloTh, IO
€KOHOMIYHO II€ JIOIIBHIIIE HI’)K CTBOPEHHS HAJIBEJIMKUX IHTETPATIbHUX CXEM Ha
TPaH3UCTOPHUX BEHTHJIAX 3 HAHOMETPOBUMHU PO3MipaMH €JIeMEHTIB. bibil Toro,
(GyHKIIOHATIBHI KBAHTOBI HAHOIIPOIIECOPH J03BOJISIFOTH 3HATH (PI3UYHI 1 TEXHIKO-
E€KOHOMIYHI OOMEXEHHS MIKPOIPOIIECOPIB HA TPAH3UCTOPHUX BEHTUJIISX, IO
BUHUKAIOTh MPH HEOOX1THOCTI OOpOOKM HAIBETUKUX 1H(QOPMAIIIHUX MOTOKIB Yy

peanbHOMY MaciTadl yacy.

KouTposabni nuTaHHs

1. Oxapakrepusyiite (h13UKO-TEXHOJIOT14H1 0OMeXXeHHS, K1
NEPEIIKOKAIOTh MOAABIIOMY PO3BUTKY TPAAUIIHOT MIKPOEIEKTPOHIKH.

2. SIxi HOB1 TeXHOJIOTII MOXYThb 3a0€3MEYUTH TMOJAIBIINNA PO3BUTOK
€JIEKTPOHHO-O00YUCITIOBATLHUX 3ac001B? Po3kpuiiTe CyTh KOKHOI 3 HUX.

3. Mxi miaxoaw MOXyTh OyTH BUKOPHUCTaHI ISl CTBOPEHHS KBAaHTOBOTO
KoMIT toTepa? Po3KpHiiTe CyTh KOXKHOTO 3 HUX.

4. Ha3BiTb OCHOBHI €JIEMEHTH OINTHUYHOTO KOMII'IOTEpa. SIKI OCHOBHI
(GyHKI1I1i BOHH BUKOHYIOTh?

5. Po3kpuiiTe OCHOBHI TNPUHLMIIM, IO JieXKaTb B OCHOBI CIOCOOY
BUCOKOIMIBUAKICHOT (yHKITIOHAIBHOT 00poOKHU 1HOpMaIlii, SKUH peaTizyeTbes y
KBaHTOBUX HaHOMpOIECOpax.

6. SAxi ocHOBHI omeparii MOXyTh OyTHM BHKOHAaHI y KBAaHTOBHX

HaHomnpouecopax? SIKUM YMHOM BOHH PEaNi3yroThCs?
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