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BCTYII

Hapuanbna pucnumiina «®I13M4YHI OCHOBHU €JIEKTPOHIKM» BITHOCUTHCS 10
UMKy 0a30BOi MIArOTOBKM. BoHa Mae cyTreBe 3HauYeHHS Yy (opMyBaHHI
npodeciiHuX 3HaHb Ta yMiHb OakajgaBpiB, SIKI OBOJIOAIBAIOTH CHelialibHICTIO 171
EnexTpoHika 3a OCBITHBOIO MPOrpaMor0 «AKYCTHYHI1 €JIEKTPOHHI CHCTEMHU Ta
TEXHOJOrli 00poOKkKM akycTuyHOi 1H(opmauii» Ta "EnekTpoHHI cucteMu
MyJIbTHME/I1a Ta 3aco0u [HTepHeTy peueit”.

Jucuuruiina 6a3yeTbCs Ha 3HAHHSIX, 10 HAOYTI MPU BUBYEHHI BIAMOBITHUX
po3aunie  "®Buku" Ta "Bumoi wmatemaruku", TicHO TmoB'a3aHa 3 "Teopiero
CNCKTPUYHUX K" 1 € 06a30BOI0 JJIs TMOJAJBIIOTO BUBYCHHS KPEAUTHUX MOJYIIB
"CxemotexHika" Ta "OCHOBU KOHCTPYIOBAHHSI B €JIEKTPOHIIIL".

[Ipeamerom muctmmuiiau «@D13UYHI OCHOBU EJICKTPOHIKU» € (Pi3MUHI OCHOBU
noOyn0oBM 1 (YHKIIOHYBaHHS OCHOBHHMX HAIIBIIPOBIIHUKOBUX Ta EJIEKTPOHHHUX
IPUCTPOIB, METOIM PO3PAXYHKY Ta BUMIPIOBAHHS 1X XapaKTEPUCTHUK 1 ENEKTPUUYHUX

napameTpis.



JEKIIA 1. 3ATAJIBHI BIIOMOCTI PO KPEJUTHUA MOAY.Ib -
META TA 3AJJAYI. KJIIOYOBI ETAIIM PO3BUTKY EJIEKTPOHIKH

MeTtoro HaBYaNbHOI JUCHUIUIIHU € (OPMYBaHHA y CTYJEHTIB 31aTHOCTEH:

— BH3HAYaTH PO3paxyHKOBUM [UITXOM napaMeTpu OCHOBHHX
HaIlIBIPOBIJHUKOBHX Ta €JIEKTPOHHUX TMPHUCTPOIB;

— BHMIPIOBAaTH MapaMeTpU Ta BHUKOHYBATHU JOCTIPKEHHS XapaKTEPUCTUK
OCHOBHHX HaIiBIPOBITHUKOBHUX MPUCTPOIB;

— o0upatu HEOOXIJHI HaMIBIPOBIIHUKOBI KOMIOHEHTHU [Isl PO3B'SI3aHHS
KOHKPETHUX  MPAaKTUYHHX 3334, KOPUCTYIOUHCh CYYaCHHMMH JDKEpelaMu
JOBITHUKOBOT 1HGOpMAIIii.

3rifHO 3 BHMOTaMH NPOTPaMU HABYAIBHOI TUCIUIUTIHM CTYJASHTH ITiCIs
3aCBOEHHSI KPEIUTHOTO MOJYJS MAloTh IMPOJEMOHCTPYBATH HACTYIHI PE3YJIBTATH
HaBYAHHS

1) 3HaHHS TPO:

—  ¢iBuyHI OCHOBH noOy10BU 1 GbyHKIIIOHYBaHHS OCHOBHHUX
HAMIBIIPOBIAHUKOBUX Ta €JIEKTPOHHUX MPUCTPOIB;

— OCHOBHI TEXHIYH1 XapaKTEPUCTUKH Ta OCOOJHUBOCT1 3aCTOCYBAaHHS OCHOBHHUX
HaIIBIPOBITHUKOBUX Ta €JICKTPOHHHUX MPUCTPOIB;

— METOJM PO3pPaxyHKy Ta BHUMIPIOBAHHS XapaKTEPUCTHUK 1 EJIEKTPUUYHUX
napameTpiB OCHOBHUX HaMiBIPOBIIHUKOBHUX Ta €JIEKTPOHHUX MPUCTPOIB;

— xiacudikaiio, YMOBHI TpaiyHi MO3HAYECHHS Ta MapKyBaHHS OCHOBHHX

HAIIBIPOBITHUKOBHX Ta EJIEKTPOHHUX MPUCTPOIB.

2) yMIiHHS:
— BU3HAYaTH PO3PaxXyHKOBUM [UITXOM napameTpu OCHOBHHUX
HAIIBIMPOBITHUKOBHX Ta €JICKTPOHHUX TMPHUCTPOIB;
— BUMIPIOBATH TMapaMeTpud Ta BUKOHYBAaTHU JOCHIKEHHS XapaKTEPUCTHK
OCHOBHUX HamiBOPOBIIHUKOBUX MPUCTPOIB;
— oOupatu HEOOXIJHI HAMIBNIPOBIIHUKOBI KOMIIOHEHTH ISl PO3B'A3aHHS
KOHKPETHUX  TPAKTUYHUX  3a]ad, KOPHUCTYIOUHUCh CYYaCHHUMH JDKEpellaMu

JTOBITHUKOBO1 1H(pOpMaIrii.



3) mocai:
— PO3paxyHOK CXeM, [0 MICTITh HaIMIBIPOBIIHUKOBI 1074, CTAOLIITPOHH,
BapuKary, O1MOJIAPHI Ta NOJbOB1 TPAH3UCTOPH;
—BUMIPIOBaHHS napameTpis 1 JOCITIIKEHHS XapaKTEPUCTHUK
HaIIBIPOBIJHUKOBUX A10[IB, CTAOUIITPOHIB, BapHKaIlliB, OIMOJSIPHUX Ta MOJIbOBHUX

TPAH3UCTOPIB.

Knrwouoei emanu pozsumky enekmponiku. Enexrponika — 11e rajry3b Gi3UKH Ta
TEXHIKH, B SKIM AOCHIIKYIOTHCS €JIEKTPOHHI MPOLECH, 110 MOB'A3aHl 3 YTBOPEHHSIM
Ta KEPYBaHHSM PYXy BUIBHHX €JIEKTPOHIB Ta/a00 IHIIUX 3apsHKCHUX YaCTUHOK B
PI3HOMaHITHUX CEpeloBUIIAX (BaKyyM, TBEpJE TUIO, ra3, Ija3Ma) Ta Ha X TPaHUIX,
a TakoXX TMpoOJeMU 1 METOAM PO3POOKH EJIEKTPOHHUX MPUIAAIB PIZHOTO
NpU3HAYCHHS.

CraHOBJEHHST 1 PO3BUTOK EINEKTPOHIKA CTajdd MOKIIMBHUM  3aBJSKH
HAITOJICTJIMBUM 3YCHJUISIM 0araTh0X yu4eHHX-(i3uKiB.

Enexrponika Oepe cBiii mouatok B maBHiil I'perii, ne 600-x pokax mo H.e.
danecom MineTcbkuM OyJ0 BUSIBIICHO, IO OYPILITHH, TOTEPTHI 00 BOBHY, MIPUTATAE
Jerki nmpeaMeTd. Bix 1aBHBOTPEIBKOTO CI0Ba, IO B MEPEKIai 03Ha4Yae OypIITHH i
BUHUKIJIA Ha3Ba «EJIEKTPUKAY.

[ToyaTok aKTHUBHOTO PO3BUTKY €JEKTPOHIKH, SK HAyKd, MOB'A3YIOTh 3
po3poOneHHAM Teopii eneKkTpoMarHiTHUX XBWiIb (1865 pik, [[xeiimc Makcsen),
BIIKPUTTSAM sIBUI] TepMmoenekTponHoi ewicii (1883 pik, Tomac Emicon) 1
dotoenexTponnoi emicii (1887 pik, I'enpix ['epir).

B 1897 pomi — /Io3ed dxon TommncoH BIAKpUB €JIEKTPOH 1 BHUMIPSB HOTO
OCHOBHI XapaKTEePUCTUKHU:

1) UTOMMIA 3apsi]i £ 1,759-10" Kn / ke;
m

e
2)  Macy ellekTpoHa m, =9,1-10°% xe.
3HaYeHHs 3apsAAy eIeKTpoHa e=16-10"°Ki BuMIpsSB aMepHKaHCHKHI (i3HK

PoGepT MinikeH.


https://uk.wikipedia.org/wiki/%D0%A4%D1%96%D0%B7%D0%B8%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
https://uk.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%B8%D0%BD%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%83%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%A2%D0%B2%D0%B5%D1%80%D0%B4%D0%B5_%D1%82%D1%96%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://uk.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0_(%D0%B0%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD)
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B8%D0%BB%D0%B0%D0%B4
https://uk.wikipedia.org/wiki/%D0%A4%D0%B0%D0%BB%D0%B5%D1%81

[loxi€ro, 110 3HAYHO BIUIMHYJA HAa PO3BUTOK EJIEKTPOHIKH, OyB BHHAXIJ
MepuIoro y cBiTI paaionpuiimMaya. [IuTaHHS NMEpIIOCTI y BIAKPUTTI pajio y Pi3HUX
KpaiHaX TpPaKTyeThbcs Mo-pi3HoMy. TeopeTuuHi 3acaau pagio Oynu chopmylibOBaH1
Jlxeiimcom Makceisiom B 1878 poui. [Ipaktnune minTBepaxeHHs Teopii MakcBena
B 1886 pomi 3aifichuB ['enpix ['epu, sikuii moOyayBaB mepeaaBad 1 npuiMay
pamioxBwiab. Lle mamo MOTYXHWI TMOMITOBX IJs NPAaKTHYHOTO BUKOPHCTAHHS
OTPUMAHUX  pe3yJdbTaTiB 1 NOOYAOBHM  JOCKOHANIIIUX  MNpUAMaIbHUX  Ta
nepeaaBaIbHUX NPUCTPOiB. [IpakTHUHY po3poOKy Ta 3aCTOCYBaHHS PaiOMPUCTPOIB
sniicHioBanu Hikona Tecna B Amepuni, OmiBep Jlomk, ['yasenbmo Mapkoni B
€ppomi, Onekcanap IlonoB B Pocii, Mukona I[lunbuukoB, CemeH AM3EHIITEHH,
Cepriit )KunkoBcbkuiiB YKpaini Ta 1HIII.

[ToTpebu pamioTeXHIKM B 3HAYHIA MIpl CTUMYJIOBAJIU CTBOPEHHS W
yAOCKOHAJIEHHSI PI3HUX eJeKTpoHHUX npuinaniB. B 1897 poui Kapn ®@epnunann
bpayn BunaitmoB ocumiorpadiuny tpyoky. B 1904 pori aHrmiichkuil ydeHUn
Jlxon AMOpo3 diieMiHr BHHAWIIOB MEPITy JIBOXEJICKTPOAHY Jamiy. Uepe3 Tpu
POKHM MiCis 1IbOro aMepuKaHchkuil yaeHuit JIi qe @opect BBiB y amny dDieminra
KepPYIOUYUH €JIIEKTPOJ — CITKYy 1 CTBOPUB TPioA, IO JJA03BOJISE TEHEPYBATH 1
IiCUTIOBATH €ICKTPUYHI CUTHAJIH.

B mactymHi poku cmoctepiraBcs CTPIMKHH  PO3BUTOK  EJIICKTPOHIKH:
yIOCKOHAJTIOBAJIMCh E€JICKTPOHHI JIaMIIM, BOJHOYAC PO3POOISUIUCS EIEKTPOHHO-
MIPOMEHEBI, 10HH1, ()OTOEIEKTPOHHI, HAIIBITPOBITHUKOBI MPUJIAIH.

B 30-ti poku 20 cT. modanoch aKTHUBHE BHBYCHHS HAIlIBIPOBITHUKOBUX
MarepiaiiB 3 METOI iX BHUKOPUCTAHHS B EJEKTPOHINl. AHTIHCHKUNA (i3UK AjaH
Binbcon y 1931 pomi 3ampomoHyBaB Kiacu(iKyBaTH KpPUCTaIM Ha METalH,
HAITIBIPOBIAHUKHK 1 JICJICKTPUKH, BBIB PO3IMOIII HAIIBIPOBIIHUKIB Ha BIIACHI 1
JIOMIMIKOBi, COPMYIIOBAB YSBICHHS IPO JOHOPHI Ta aKIENTOPHI MPOBITHOCTI,
MPOaHai3yBaB MPOBITHICTh JOMIMIKOBUX HAIIBIPOBIIHUKIB, TOOYAyBaB KBAaHTOBY
TEOpit0 HamBOpPOBIAHUKIB. Y 40-x pokax OyJn0 HaJaroAXeHOo BUPOOHHUIITBO
repMaHieBUX Ta KPEMHIEBUX JI0/1B, HAMIBIPOBIIHUKOBUX TEPMOPEZUCTOPIB 1

dboTOope3nCTOPIB.


https://uk.wikipedia.org/wiki/%D0%94%D0%B6%D0%B5%D0%B9%D0%BC%D1%81_%D0%9A%D0%BB%D0%B5%D1%80%D0%BA_%D0%9C%D0%B0%D0%BA%D1%81%D0%B2%D0%B5%D0%BB%D0%BB
https://uk.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D1%80%D1%96%D1%85_%D0%93%D0%B5%D1%80%D1%86
https://uk.wikipedia.org/wiki/%D0%9D%D1%96%D0%BA%D0%BE%D0%BB%D0%B0_%D0%A2%D0%B5%D1%81%D0%BB%D0%B0
https://uk.wikipedia.org/w/index.php?title=%D0%9E%D0%BB%D1%96%D0%B2%D0%B5%D1%80_%D0%9B%D0%BE%D0%B4%D0%B6&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%93%D1%83%D0%BB%D1%8C%D1%94%D0%BB%D1%8C%D0%BC%D0%BE_%D0%9C%D0%B0%D1%80%D0%BA%D0%BE%D0%BD%D1%96
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BF%D0%BE%D0%B2_%D0%9E%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80_%D0%A1%D1%82%D0%B5%D0%BF%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/%D0%9F%D0%B8%D0%BB%D1%8C%D1%87%D0%B8%D0%BA%D0%BE%D0%B2_%D0%9C%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0_%D0%94%D0%BC%D0%B8%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/%D0%90%D0%B9%D0%B7%D0%B5%D0%BD%D1%88%D1%82%D0%B5%D0%B9%D0%BD_%D0%A1%D0%B5%D0%BC%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%96%D0%B8%D0%B4%D0%BA%D0%BE%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%A1%D0%B5%D1%80%D0%B3%D1%96%D0%B9_%D0%A1%D1%82%D0%B5%D0%BF%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/%D0%96%D0%B8%D0%B4%D0%BA%D0%BE%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%A1%D0%B5%D1%80%D0%B3%D1%96%D0%B9_%D0%A1%D1%82%D0%B5%D0%BF%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87

Hanpuxkinui 1948 poky Bueni Boartep bpartreitn, Jlxon bapnin 1 Buibsim
ok Binkpuiu Tpan3ucTtopHilt epext. YV 1949 poui 3'sBuiucs nepini NpoOMUCTOBI
3pa3ku TpaH3uctopiB. Y 50-Ti poku Oydu CTBOpPEHI MOJBOBI TPAH3UCTOPH 3
KEpYIOUYUM pP-TI-MIEPEXO00M, COHSIYH1 OaTapei, ONTPOHU, TYHENbHI A10]I4, THPUCTOPH.

[Ticns 1mporo moyanocss IHTEHCUBHE BUKOPUCTAHHS HAIMIBIPOBITHUKOBUX
NpwiaaiB y 6araTtoeleMeHTHUX NPUCTPosX, Hanpukiaaa B EOM, mo no3Bonuio
B KUIbKa pa3iB 3MEHIIUTU Tra0apuTHI pO3MIipH, MIABUIIUTH HAAIAHICTH POOOTH,
3HHM3UTH BUTPATY €IIEKTPOCHEPTIl.

CydJacHu#l eTam PO3BHTKY CJICKTPOHHOI TEXHIKH XapaKTePU3YEThCS 3HAYHHM
YCKIIQJIHEHHSIM €JICKTPOHHOI amapaTypu. 3BUYalHI (IUCKPETHI) KOMIIOHCHTH
CICKTPOHHHUX CXEM BXE HE MOXYTh y JESKiii Mipi 3aJ0BOJIbHUTH BHUMOTH
MIJBUIIICHHST HAJIMHOCTI, 3MEHIIEHHs Tra0apuTiB, MacH, BapTOCTI Ta CIOXHMBAaHOI
MOTY>KHOCTI, MiABUIIECHHS IBUJIKOJII1 Ta YYTIMBOCTI. ¥Yce OUIbII MUPOKUI PO3BUTOK
OJIep)Kye MIKpO- 1 HaHOEJEKTPOHIKa — Tajdy3l eJEeKTPOHIKH, II0
3aliMalThcsd MIHIATIOpHU3AIli€l0 E€JIEeKTPOHHOI amapaTypd Ha OCHOBI
IMIUPOKOTO 3aCTOCYBaHHS IUIIBKOBUX 1 OCOOJIMBO  HAMiBIPOBIIHUKOBHUX
inTerpanbaux cxeMm (IC). IC € cyKymHICTIO JEKUTBKOX B3a€EMO3B'S3aHHUX E€IEMEHTIB
(TpaH3UCTOPIB, PE3UCTOPIB, KOHACHCATOPIB Ta IHINHNX), BUTOTOBJICHUX Yy CHLILHOMY
TEXHOJIOT1YHOMY UMKl Ha OJHIA MIAKIAAIl JJI1 BUKOHAHHSA TEBHUX (DYHKIIIHA
nepeTBOPEHHS 1H(pOpMaIii.

TakuMm 4YWHOM, y PO3BHUTKY TEXHIYHOI €JIEKTPOHIKM MOXHA BHAUIMTH TPH
OCHOBHHX €Talu:

1) naMTIOBOT €JIEKTPOHIKH;

2) HaMiBIPOBIJHUKOBOT CJICKTPOHIKH;

3) MiKpO- i HAHOCJIECKTPOHIKH.

Ko>xHuif HacTynmHU# eTanm pO3BUTKY BHOCHUB KOPIHHI 3MiHU B €JIE€MEHTHY 0a3y
EJICKTPOHHO1 amapaTrypu, aje y TOW K€ 4ac He 3alepeduyBaB JOCSTHEHb MOMEPEaHIX
€TaIliB.

VY 70-x pokax 20 ct. Oynu po3poOieHi nepii 3pa3ki BETUKUX 1HTEerpaibHUX
Mmikpocxem (BIC), mo wMicTaTh Big KUIBKOX COTE€Hb JO [JEKUIbKOX THUCSAY

KOMIIOHEHTIB B OJHOMY KpHUCTajl HamiBnpoBigHuUKa. Haitbinem edexTuBHE
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3acrocyBanHs BIC Oyno 3B'sI3aHO 31 CTBOpeHHAM Yy cepeauHi 70-X poKiB
MIKpOIIpoLecopa.

[Iporpec B 00sacTi TEXHOJOTrli BUPOOHUUTBA IHTETPAIBHUX MIKPOCXEM
HEYXWIbHO  MPOJOBXKYETHCS 1  Hapa3l  CHOCTEPIraeTbcsi  Mepexiyy  BiA
MIKPOEJIEKTPOHIKM 10 HAHOEJIEKTPOHIKH, B SAKIA pO3MIp OKpPEMOTO €JeMEeHTa

IHTErpajibHOT CXeMU OOUYUCITIOETHCS BXKE HE MIKPOMETPAMU, a HAHOMETPaAMHU.



JEKIIS 2. OCHOBU EJJEKTPOHHOI TEOPII

Mooens i 6yooea amoma. BiANOBIIHO 10 €IEKTPOHHOI TEOPii BCl OTOUYIOUi
HaC PEYOBMHM CKJIAJAlOThCA 3 aToMIB. BylnoBy aTroma MOXKHA NpPEICTaBUTH 3a
JOTIOMOTOI0  Mackoi  Mozem (puc.2.1), MmO € CHOpPOIIEHHSIM HIPOCTOPOBOi

(rutaneTapHoi) MoJieni aToma, po3podieHoi Epaectom Pezepdoprom y 1911 porri.

EnexTpoHHi
000/10HEH

Hnopo

c\%Enempoﬂ
f
/

Py

Puc. 2.1. Moxuens aToma

ATOM CKIIaJla€Thcsl 3 siipa Ta €JEKTPOHIB. B siapi, 110 MICTUTH NMPOTOHM i
HEUTPOHU, 30Cepe/KeHa MPAKTUYHO BCS Maca aroMma. [IpoToHM MaroTh MO3UTHUBHUMN
CNCKTPUYHUN 3apsl, CJICKTPOHHM — HETaTUBHUM, DPIBHUM 110 BEIMYMHI 3apsaay
IIPOTOHA, & HEUTPOHU €JIECKTPUYHO HEUTpaIbHI, iX 3aps]l TOPIBHIOE HYJIIO.

EnexTpoHn pyxarThcsi HABKOJIO siipa MO NMEBHUX 3aMKHYTHX TPAEKTOPIAX —
opOitax. [lo3uTuBHUI 3apsig sApa 1 HETATUBHUN 3aps/l BCIX €JEKTPOHIB, IO
00epTaroThCs HABKOJO IBOTO SiApa MepeOyBarOTh Y pIBHOBa3i, TOMY 130JbOBaHUI
aTOM Y HOPMAJIbHOMY CTaHI €JIeKTPUYHO HEUTpaTbHUH.

KinpkicTh MpPOTOHIB, HEHTPOHIB Ta €JIEKTPOHIB B aTOMIi 3aJleKUTh B TUITY
XIMIYHOTO €JIEMEHTA, CKJIAJOBOI0 YACTHHOIO SKOro BiH €. YMCIIO €IeKTPOHIB, IO
00epTaroThCA HABKOJIO SApa, 3aBXKIHU JOPIBHIOE MOPSIAKOBOMY HOMEPY €JIeMEHTa B
MepIOANYHIN CUCTEeMI XIMIYHUX eJIeMeHTIB MeHeneena.

Hamnpuknan, B aToMi TiiporeHy HaBKOJIO siipa 00€pTAEThCA OJUH €JIEKTPOH, B
atoMi Mizai — 29, B atomi 3010Ta — 79.

CymapHuil 3apsj] €JIEeKTPOHIB B aTOMi BH3HAYAEThCS ATOMHHUM YHCJIOM

CJIICMCHTA.
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OpOiTH, 1O SKUX OO0EpTalOThCS EINEKTPOHHM, TOUYHO BHU3HAYEHI, 1 KOJCH
€JIEKTPOH B aTOM1 HE MOe 00epTaTUCs B IPOCTOP1 MK HUMH.

EnekTpoHHI 000JIOHKH aTOMIB OXOIUTIOIOTH BiANOBiIHI rpymu opOit (S, p, d).
OO060JIOHKM TIO3HAYaIOTh MOCIOBHO, MOYMHAIOUM Bif siapa, OykBamu K, L, M, N.
Koxna o00o0nOHKa MOX€ MICTUTH YITKO BHM3HAYEHY KUIBKICTh €JIeKTpoHIB. Llga
KUIbKICTh BUBHAYAETHCS (DOPMYIIOIO:

N =2n?,
1e N — HoMep 0OOIOHKH.

Hanpuxknan, o6ononka K mae Tinbku oHy OpOITY 1 MOXKE MICTHTH 10 JABOX
enexkTpoHiB, L — 10 8§, M — no 18 i T.11.

Ha xo’Hii HacTynHiil opOiITi €NEeKTPOHU MOXKYTh MepeOyBaTH JIMILIE B TOMY
BUIAJIKy, SKIIO TIONepeHl OOOJOHKH 3aloBHEHI. TUIBKM OCTaHHS, 30BHIIIHS
000JIOHKA, fKa HA3WBAETHCA GAIEHMIHOI, MOXXE OyTH HE TOBHICTIO 3allOBHEHA.
EnexTponu, mo nepedyBaroTh Ha Hill, HA3UBAIOTh BAJIEHMHUMU.

Enextponu, siki po3TamioBaHi Ha 30BHINIHIX OpOiTax, IMOB'SI3aHI 3 SIPOM
cnabiie, HDK €JIeKTPOHHU, IO TepeOyBarTh Ha BHYTPINIHIX, OJU3BKUX A0 sapa
op6itax. ToMmy mig Ai€r0 CyCiAHIX aTOMIB a00 BHACIAOK 1HIIUX MPUYUH 30BHINIHI
€JICKTPOHU MOXKYTh MOKHHYTH CBOIO OpOITY, IO CIPHYUHHUTH 3MIHY €JICKTPUYHOTO
CTaHy aToma.

Enextponu, mo 3BUIBHWIKCS BiJ BHYTPIIIHROATOMHHUX 3B'SI3KIB, OJCPIKAIIH
HA3BYy GiLIbHUX eleKmpoHie. BOHU TEPEMINIyIOThCS yCEpeauHI PEUYOBUHU MIXK
aTOMaMH B PI3HUX HaAmpsIMKax 3 pI3HUMU [MBUAKOCTAMU. [Ipu HaASBHOCTI
30BHIIIHBOTO EJIEKTPUYHOTO TOJISI PYyX BUIBHMX EJIEKTPOHIB CTA€ BIOPSAKOBAHUM —
BUHUKAE ETICKTPUIHUIN CTpyM. UnuM OUIbIIIe BUTBHUX €IEKTPOHIB Ma€ PEYOBHHA, TUM
BHUIILIE 11 €JIEKTPOINPOBIIHICTb.

KoxHniii opOiTi BiAMOBimae MeBHA €HEPris €JIEKTPOHIB, ab0 eHepzemuyHuUll
pieens. Uum pam Bifg spapa mepedyBae eJIEKTPOH, THM Oulblla HWOTO EHepris.
Haii0inpily eHepriro MarTh BaJIEHTHI €JIEKTpOHH. ENEKTpoH mpu mnepexoal Ha
opOiTy, po3TamoBaHy OJWK4ye A0 sapa, TOOTO Ha HIKYUM €HEPreTUYHUU PIBEHbD,
BiJIJla€ YACTUHY CBO€i €HEprii y 30BHIIIHE CEPEJOBUINE Y BUIJISAI KBaHTA €HEPrii,

TOOTO MpHU ILOMY MOT0 €HEPTisl 3MEeHITy€eThcsl. Hamaroun enekTpoHam eHeprito 330BHI
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(Temnepatypa, BUIIPOMIHIOBAHHS ), MO’KHA BUKJIMKATH iXHI EPEX0IM Ha 0OOJOHKH 3
OUIbIII BUCOKMMHU EHEPreTUYHUMHU PIBHSAMM (OUTHIN BimjajieHa Bix siapa opoOita).
EnexTpoH, 1110 oTpuMaB A0JAaTKOBY €HEPIii0, Ha3UBAETHCA 30ydxncenum. 1leBHa 1032
EHEeprii, 10 HAJAE€ThCS 330BHI, MOXE 3pOOUTH EIEKTPOH HE3aJeKHUM BiJl CHUI
NPUTSTaHHS siApa TOAl1 €JEKTPOH BIIPUBAETHCS BIJ SApa 1 Juilae aToM. B npomy
BUIAJIKY YTBOPIOETbCS HO3ZUMUGHUIL iOH — aTOM, TI030aBieHui enexktpona. [Ipouec
BUHUKHEHHS 10HIB Ha3UBA€ThCs ionizauicro. Ilpouiec 3'enHaHHS 10HA 3 €JIEKTPOHOM

(3BOPOTHE SIBUILIE) HA3UBAETHCS PEKOMOIHAUIEI).

IHocmynamu keanmoeoi meopii. B 0CHOBY KBaHTOBOi Teopii MOKJIaJEHI
HACTYITHI TEOPETHYHI ITOJIOKCHHS :
1. I'imore3a Ilnanka;
2. [loctynaTtu bopa;
3. [Ipunmun HeBu3HaueHOCTI [ elizenOepra;
4. T'inote3a ae bpoiins.

5. Ipunmun 3a6oponu Ilayori.

3onna moodens izonvo6anozo amoma (puc. 2.2) — 11 aiarpama eHepreTUYHUX

PIBHIB aToMa, sIKa XapaKTEePU3ye HOTO eHepreTUYH1 BIaCTHBOCTI.

W,eB

T = S C S—

2 T W e |
L® e "o

)
N4

K1l§s——6006———

Puc. 2.2. liarpama eHepreTHYHUX PIBHIB 1301bOBAHOTO aTOMa

Hns xoxxknoi obomonku K, L, M, ... Ha mii giarpaMi BKa3y€TbCS YHCEIbHE
3HAYEHHS EHEprii eJIEKTPOHIB, 10 NepedyBaloTh Ha Hid. EHepris BupakaeTbcs B
€JICKTPOH-BOJIbTAX [€B].

Ooun enekmpon-60.1bm BINOBIAAE POOOTI €NEKTPOHA, IO BUTPAYAETHCS TIPU
12



MOJOJaHHI Pi3HULI MOTeHUIaniB, piBHOi 1 B. Jliarpama eHepreTMYHUX piBHIB
B1100Opaka€ 3aKOHM KBAHTOBOI MEXaHIKH, 3 SKUX CIIAYE, 10 KOXKEH €HEPreTUUHHIM
piBEHb MOXe OyTH 3alHATUN MEBHUM YHUCIOM enekTpoHiB. Opbita K MicTUTh onuH
€HepreTHYHuil piBeHb, opOiTa L — n1Ba po3TamioBaHi mopyd piBHI (S — BHYTpIIIHIMH,
AKUW BHMAarae /i 3allOBHEHHSA JBOX €JIEKTPOHIB, p — 3OBHIIIHIA — WIECTH
eleKTpoHiB), M — Tpu piBHi (S, p, d) 1 T A. [IpeacraBnena Ha puc. 2.2 miarpama
CIpaBeJIMBa TUIBKU 10 130JIbOBAHOIO aToMa. fKIo aTtoM mnepedyBae B OJIM3BKOMY
CyCiICTBI 3 IHIIMMHM aTOMaMHM, HaNpHUKIaJ Yy TBEpAOMY  TUIl, TO Jlarpama

€HEPreTUYHUX PIBHIB 3MIHIOETHCSI.

3onna mooenv meepooco mina. Y TBepAOMY Tl (KpHUCTajl) CYMIXHI aTOMU
pO3TanIoBaHl HACTUIBKU OJM3BKO OAWH J0 OJHOTO, IO iX 30BHIIIHI €JIEKTPOHHI
OpOITH CTUKAIOThCA 200 HaBITh NEPETUHAIOTHCS, MK HUMU B110YBa€ThCS B3a€EMO/IIS.
[Ipy 11bOMy Ha €NEeKTPOHUW BIUIMBA€ HE TUIBKU AJIPO BJIIACHOTO aTroMma, aje i siapa
CyCcimHIX aToMmiB. Sk HaCHIIOK — B3MIHIOETBCA XapakTep pyXy EJIEeKTPOHIB 1
Bi/I0yBA€ThCS 3MIMICHHS 1 PO3IICIUICHHS] €HEPTeTUYHHUX PIBHIB, IO MPU3BOIUTH 0
CTBOPEHHS J103BOJICHUX €HEPIeTUYHUX 30H.

Ha puc. 2.3 cxeMaTuyHO MOKa3aHO PO3IICTUICHHS EHEPreTUYHUX PIBHIB Ha
€HEpreTMYHi 30HM (3alOBHEHA 30HA, BaJCHTHA 30HA, 3a00pOHEHa 30Ha, 30HA
IIPOBIAHOCTI, BUTbHA 30HA).

3anoeneni 30nu — piBHI eHeprii, 3alHATI E€JIEKTPOHAMH MPH TEMIIEpaTypi
a0COIOTHOTO HYJIS 1 BIICYTHOCT1 30BHIIIHIX BIUIUBIB.

Banenmna 30na — cyKynHICTh €HEPreTUYHUX PIBHIB BAJICHTHHX EIIEKTPOHIB.
Jlo3BosieH1 piBHI €Heprii, SKi 3aMUIIAIOTECA HE 3aHATHMH TIPU  TeMIlepaTypi
a0COJIFOTHOTO HYJISI, CTAHOBJISITh GLIbHY 30H) .

3ona nposionocmi — HWKHS YacTWHA BUIBHOI 30HM, sIKa TIPH TEMIIEpaTypi
a0COTIOTHOTO HYJISI TOPOXKHS a00 YACTKOBO 3alIOBHEHA €JICKTPOHAMH.

3aboponena 30na — 061aCTh 3HAUCHb €HEPTIH, SIK1 HE MOXKYTh MaTH €JIEKTPOHU

TBEPJOTO Ti1a.
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3abopoHeHa 30Ha

30Ha MPOBIAHOCTI

} BinbpHa 30Ha

FBasnenTHa 30Ha

3amnoBHEHA 30HA

W,eB 4
M
oo
e )
L oo —
© e
K o0—06

[30p0BanMii aTom

TBepae Tio

Puc. 2.3. YTBOpeHHs eHepreTUUHUX 30H Y TBEPAOMY TLI1

[IpoBiaHicTh Tiei ab0 1HIIOI PEYOBMHU BHU3HAYAETHCS TIEIO EHEPTi€0, SIKY

noTpiOHO HAJATH BAJCHTHUM eEJEKTpOHaM, 100 BOHW MOTJIM TEPEHTH Ha BUIIUN

€HEPreTUYHUI piBeHb B 30HI MPOBITHOCTI. [HIIMMU clOBamMu, €IEKTPOIMPOBIAHICTD

MaTepially BUBHAYAETHCS IIUPUHOIO 3a00POHEHOT 30HH.

30HHA €HEepreTMyHa CTPYKTypa TBEPAMX TUT J03BOJSE MOACHUTU (I3UUYHY

CYTHICTb MOJLTY iX Ha MPOBIIHUKH, TICIEKTPUKU Ta HamiBnpoBimHuku. Ha puc. 2.4

MOKa3aHi TUIOBI JlarpaMu €HEPreTMYHHMX 30H JJIs MPOBIIHHMKA (TBepAe TiIO, IO

MIPOBOJINTh CIICKTPUYHUN CTpPyM), HIieJeKTpuKka (Marepiaj, IO HE  IPOBOJUTH
EJICKTPUYHUN CTPYM) Ta HAIIBIPOBITHUKA.
IIpoBimHHIK HieTeKTPHE HamiBnpoRi mHHK
W i . T W
30Ha MPOBTHOCTL
iz e i
' / 1 Kh‘x. =
e 30Ha P OBYFHOCTL I —
el e 30Ha MpOBFHOCTL
AW
Mad AW
/ BaneHTH4a 30Ha !
BanenTHa s0Ha / =
v o—
= Banentna 30Ha

Puc. 2.4. EnepreTtuuHi qiarpaMmmu:

a — MIPOBITHHK; O — JIICIEKTPHK; B — HAMIIBIPOBITHUK
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VY npoBIAHUKIB 30HA MPOBIJHOCTI 1 30HA BAaJEHTHUX €JIEKTPOHIB MPUIATAIOThH
OJIHa J0 OJHOI a00 HaBITh MEPEKPUBAIOTHCSA, TOOTO 3a00pOHEHA 30HA BIACYTHSA 1
BaJICHTH1 €JIEKTPOHU JIETKO NMEPEXO0ATh Y 30HY MPOBIAHOCTI.

VY nienexTpukiB IIMpHUHA 3a00pOHEHOT 30HM AW BelMKa 1 A HEPEeXoay
BaJICHTHUX €JIEKTPOHIB y 30HY MPOBIJHOCTI iM MOTPIOHO HAaJaTH 3HAYHY €HEPTito (He
MeHie 3 eB).

JIisi HamiBIPOBIAHUKIB IIMpPUHA 3a00POHEHOI 30Ha AW BIJHOCHO HEBEJIHMKA
(mpubnuzHo 0,5-3 e€B), 1 mix aier0 30BHIMIHIX (akTOpiB (TEIIIO, CBITIO, €IEKTPUUHE
1oJIe) eJIEKTPOHU 3a PaxXyHOK 3MIiHM 3amacy €Heprii MOXyTb MEepedTH 3 BaJIEHTHOI
30HU B 30HY NMPOBITHOCTI. ENEKTpONpoBiIHICTh HAMIBIPOBIAHUKIB HECTIIKA 1 CUIIBHO

3aJIeKUTH BiJ] 30BHIIIHIX (aKTOPiB.
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JIEKIIA 3. EJIEKTPOITPOBIJIHICTD BJJACHUX I JOMIIHIKOBHUX
HAIIIBITPOBI/THUKIB

OcHo6Hi enacmueocmi ma xapakmepucmuku Hanienpogionukie. Ha
CHOTOJHIIIHIA  JIeHb  HAWOLIBIIOrO  MOIIMPEHHS B  CJIEKTPOHILl  HaOymu
HaIIBIPOBIIHUKOBI MPUIIAIH.

[Ipuknaay HamiBOPOBIAHMKOBUX PEYOBUMH — KPEMHINA, TepMaHiil, celieH,
dbocdop, mumn'sk, cypma, CIiaBu Ta XIMiuHI 3'€JHAHHS TUIY apCeHiJ Talliio, KapOi
KPEMHII0, CYIb(1 KaaMIIO Ta 1H.

Hanienpogionuxamu Ha3uBalOThCA TBEPJl PEUOBUHH, SKI 3a 3HAYCHHSIM
NUTOMOI €JIEKTPONPOBITHOCTI 3aiiMarOTh MPOMDKHE MiICIle MIX NPOBIIHMKaAMHU Ta
JeJIeKTPUKAMHU.

3 TOYKH 30py 30HHOI Teopii OyJ0BU TBEPAOI PEUOBHUHH, JI0 HAIIBIPOBIIHUKIB
BITHOCSITHCSl PEUOBHMHHU, IIMPHUHA 3a00pOHEHOT 30HU AKUX CKiaaae npuoausno 0,5-3
eB.

JI;1s1 HamBIPOBIAHUKIB XapaKTepHa KpUcTaliuHa OyaoBa — 3B's3aHi MiXK COO00
aTOMH PO3TAILIOBYIOTHCS CTPOTO NMEBHUM YMHOM Ha OJHAKOBUX BIIICTaHSIX OAMH BiJ
OJIHOTO, B HACNIJIOK YOTO YTBOPIOIOTHCS KPUCTANIUHI TPATKU TBEpAOro Tijga. Mix
CyCiIHIMH aTOMaMHU B KPHUCTAIIYHIM TpaTili ICHYIOTb KO8a/leHMHI 3B'SI3KU, 5Kl
YTBOPIOIOTHCS iX BAJCHTHUMHU €JIEKTPOHAMU.

Kpucraniuna rpatrka, B SKiii KOXXEH BAJICHTHHM €JIEKTPOH 3B'SI3aHUIM
KOBaJICHTHUMU 3B'I3KaMU 3 IHIIUMH aTOMaMH PEYOBUHH, € i0eanbHOl. Y TaKOMY
KPHUCTaJ1 BCl BAJICHTHI €JIEKTPOHH MIITHO 3B'i3aH1 MK COOOI0 1 BUTBHUX €JIEKTPOHIB,
ki Mornu O OpaTH ydacThb y MepeHOCi 3apsiaiB, Hemae. Taki KpUCTaliuHI TpaTKu
MalpTh BCi XIMIYHO 4YHCTI O€3IOMINIKOBI HAMIBOPOBIMHUKK TIPU TEMIIEpaTypi
adcomotHoro Hyis (- 273° C).

IHlumoma enekmponpogionicms — BeIUYMHA, OOEpPHEHA O MHUTOMOIO
€JIEKTPUYHOTO OTIOpY.

o=1/p

Ocnoeni en1acmugocmi TUTOMO1 €JIEKTPOIPOBIAHOCT] HAMIIBIPOBITHUKIB:
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1. Tlpuiimae 3navenns 107°.10° Cm/m;
2. 3HAYHO 3aJIEKUTH BIJ A11 30BHINIHIX (PAKTOPIB.

Bnacna npogionicme nanienpogionuxise. Ilin niero 30BHIIHIX (DAKTOPIB
(MABUILIEHHS TEMIEPaTypH, BIUIMB CBITJA, 10HI3yIOYOrO BUIIPOMIHIOBAHHS) €K1
BAJICHTHI €JEKTPOHU 3100yBalOTh €HEPTrit0, JOCTAaTHIO [Jisi 3BUIBHEHHS BiJ
KOBaJICHTHMX 3B'3KiB. BOHM CTalOTh BUIBHUMH 1 3alIMIIAIOTh aTOM, SKHU
NEPETBOPIOETHCA Yy MO3UTHBHUM 10H. Ha jiarpami eHepreTMyHuUX pIBHIB 1€
BIJINIOBIZA€ NEPEXOAY €JIEKTPOHA 3 BAJICHTHOI 30HU B 30HY MpoBinHOoCTI. el mponec
HOCHUTH IMOBIPHICHUH XapakTep.

IMOBIpHICTH TOrO, IO €HEpPreTMYyHuM piBeHb 3 eHepriero W mnpu paniit
temrneparypl 1 Oyne 3alHATUN €NEeKTPOHOM, 3HAXOIATh 3a JOMOMOTro (PYHKIT

®epmi-/ipaka:

1

exp(leTWFj +1

pW.T)= (3.1)

ne Wg — enepris piBast ®epwmi; K — crana bonpimana (K =1,38 1072 k/K).
Pigenv @epmi — 11e CHEPreTUYHUN PIBEHB, KU 3a Oyab-SKOi TeMIepaTypu
MOke OyTH 3aiHATHH (a00 He 3alHATHI) eaeKkTpoHOM 3 iMoBipHicTIO 0,5. Jlms

BJIACHOT'O HAIIBIPOBIIHMKA BU3HAYAETHCSI BUPA3OM:

AW 3KT M,
= — In

, 3.2
2 4e m, (3.2

We

ne AW — mmpuna 3a00poHEHOT 30HHM;, € — 3aps] EJIEKTPOHa (e:l,6-10_19 Kn);
my, My, — eexTBHI Macu BIAMOBIAHO MdIPOK Ta EJIEKTPOHIB (JOBIIHHUKOBI
BEJINYUHH).

31 30UIBLIECHHSAM TeMIepaTypu  KOHIIEHTpallii  BUIBHUX EJEKTPOHIB Yy

HaIMIBOPOBIAHUKY (KUIBKICTh BUIBHUX €JIEKTPOHIB B OJUHUINl O0’€My XIMIYHO
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YUCTOIO HaIIBIPOBIIHUKA) 3POCTAE 32 EKCIIOHEHLIAJIbHUM 3aKOHOM:
n; =N exp(—AW /2KT ), (3.3)

ne AW — mmpuHa 3a00pOHEHOI 30HHU; Ny— KOE(IUIEHT, IO 3aJCKUTh Bl THUILY

PEUYOBHHH.

Takum 4ymHOM, SIKIIO 330BHI OyjAe HajaHa €HEpPris, AOCTATHS JI MEPEeXOay
eJIeKTpOHa uepe3 3a00pOHEHY 30HY, TO  HAIIBOPOBIIHUK OyJe MaTu TEeBHY
POBIJIHICTb.

Enepreruyna aiarpama 4ucTOro HamiBIOpOBiAHMKA 1 po3nonain Pepmi-Iipaxa
pU pI3HUX TEMIIEpaTypax rnmokasani Ha puc. 3.1.

[Ipu 3BUIBHEHH1 €JIEKTPOHOM KOBAJIEHTHOTO 3B'SI3KY B OCTAHHHOMY BHHHMKAE
BUIbHE MICII€ — TaK 3BaHA QipKa, 110 Ma€ MO3UTUBHUIA 3apsi/l, pIBHUN MO aOCOMIOTHIN
BEJIMYMHI 3apsily €JIEKTPOHA.

[Ipouiec yTBOpeHHsI mapu €NEKTPOH-IIpKa OJEp)KaB Ha3By c2eHepauii 3apaoia.
OcCKUIbKH JIpKa Ma€ MO3UTUBHUU 3apsij, BOHA MOXE MPUENHATU 10 ceOe eIeKTPOH

CYCITHBOT'O 3aIIOBHEHOT'O KOBAJIEHTHOTO 3B'S3KY.

W,eBA 1 2 3
T =
1| // r
We = [ . AW
W, ==
0 0,5 1 p

Puc. 3.1. 3mina po3znoainy @epmi-Jlipaka npu pisHUX TeMIepaTypax:
1 — npu TemnepaTypi aOCOTIOTHOrO HYJISA; 2 — MPU KIMHATHIN TeMnepaTypi; 3 — npu

3HAYHOMY 3POCTaHHI TEMIIEpaTypHu
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VY pe3ynbTaTi ILOTO BIHOBIIOETHCS OJMH 3B'SI30K (1€l MpolleC HA3UBAIOTh
PpeKomoinayicio) 1 pyRHyeThCS CYyCIIHINA a00, IHIIMMHU CJIOBaMU, 3alIOBHIOETHCS OJ[HA
JipKa 1 OJHOYACHO 13 IIMM BHUHUKA€ HOBa B IHIIOMY Micui. Takuil reHepaiiiiHo-
peKOMOIHAIIMHUK TIpoliec OE3YyNMUMHHO MOBTOPIOETHCA 1 JIpKa, MEPexXoasiud Bil
OJIHOTO 3B'SI3KYy JI0 1HIIOTO, Oy/e MepeMillyBaTUCS MO KPUCTAy, 110 PIBHOCHIIBHO
NEPEeMIIICHHIO TIO3UTUBHOTO 3apsiAy, PIBHOTO MO BEIWYNHI 3apsly eNeKTPOHA.

SKuo  30BHINIHE  €JIEKTPUYHE TMOJ€  BIACYTHE, €JEKTPOHU 1  JIPKHU
NEePEMIIIYIOThCS B KPUCTAJI XaOTUYHO. Y [OMY BHITAJKy CTPYM Y HAMiBIPOBITHUKY
HEe BHHHKAE. SIKIIO )X Ha KPUCTAJ Ji€ eJIeKTPUYHE TOJe, TO PyX AIPOK i EICKTPOHIB
CTa€ BIOPSAIKOBAHUM 1y KPUCTali BUHUKAE EICKTPUIHUMA CTPYM.

TakuM 4MHOM, MPOBIAHICTH HAMIBIPOBIAHUKA 0OYMOBJIEHA MEPEMIILICHHSIM SIK
BUIbHUX EJICKTPOHIB, TaK 1 AIpOoK. Y TepIIOMy BUIAJIKY HOCIi 3apsiiB HEraTUBHI, Y
IpPyroMy — TIO3UTHBHI. BiamoBimHO poO3pi3HSAIOTH JBa BUIU IPOBIIHOCTI
HaIBIPOBIAHUKIB — eleKmpoHnHy, a00 TPOBIIHICTL THMY N (Bix cjoBa negative —
HETaTUBHHUM ), 1 dipKogy, a0 MPOBITHICTh TUMY P (BiJ cJI0Ba positive — MO3UTUBHUMN ).

HamiBrpoBigHuk 03 JHOMIINIOK HA3UBAETHCS GAACHUM HANIGNPOBIOHUKOM, 2
HOTro TPOBITHICTH, 10 OOYMOBJICHA TE€HEPAIl€0 Tap eJIEKTPOH-IIpKAa — 61ACHO0
npoeioHicmio.

Y BjacHOMY HamiBOPOBIHUKY KOHIIGHTpAIS JIPOK 3aBXIU JOPIBHIOE

KOHIICHTpAIIil BUTbHUX €JIEKTPOHIB

N = p; (3.4)

1 EMEKTPUYHUN CTPYM YTBOPIOETHCA B PE3YNBTATI OJHOYACHOTO TEPEHOCY 3apsiiiB
0o0ox 3HakiB. [lpu 1bOMYy 3aradpbHUil CTPYM Yy HAMIBIPOBITHUKY MOPIBHIOE CyMi

EJIEKTPOHHOTO 1 JIPKOBOTO CTPYMIB.

J=3,+J,,

pae J — rycruHa ctpymy; J,— TYCTHHA EJEKTPOHHOI CKIIajoBOi CTpymy; J, —
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I'YCTHHA JIPKOBOI CKJIa/I0BOi CTPyMY.
[luTomMa eneKTpPONPOBIAHICT, BIACHOTO HAIMIBOPOBIIHMKA BHU3HAYAETHCS

dbopmyoro:
C,, :e(pnnl. +u, pl.), (3.5)

I Hp,H, — BIAIOBIIHO PYXIMBICTE CICKTPOHIB 1 JIPOK.

Bpaxosyitoun (3.3) 1 (3.4)

G =€(1t, + 1, )NgEXP(-AW / 2KT ), (3.6)

6J1.

s dopmyna mokaszye, 1moO MNUTOMA EJIEKTPOMPOBIAHICTL HAMIBIPOBTHUKA
3aJIeKUTh B TUIY PEYOBHHM 1 Bl TeMmmeparypu. Yum Buile TemmepaTrypa, TUM
BUIE MHUTOMA  E€JIEKTPONPOBIAHICTh, NPUUOMY [  3QJEKHICTH  HOCHUTH
€KCIIOHEHI[IATbHUI XapakTep.

Jlomiwmkosa nposionicme Hanienpogionukie. Ilpouiec BBEACHHS 10
HaIIBIPOBITHUKA JOMIIIKA Ha3UBAEThCS Jeipysanuam. IIpoBinHICTh, BHUKIMKaHA
IMPUCYTHICTIO B KPUCTaJIl HAITIBIIPOBIJHUKA JOMIIIIOK aTOMIB 3 1HIIIOK BaJICHTHICTIO,
HA3UBAETHCS 0OMIiWIKO6010. JIOMIIIKK, 10 BUKJIMKAIOTh Yy HaIIBIPOBITHUKY
30UIBIICHHS BUIBHUX €JIEKTPOHIB, Ha3UBAIOTHCS OOHOPHUMU, A Ti, IO BUKIHUKAIOThH
30UTBIIICHHS AIPOK — AKUENRMOPHUMU.

HamiBrpoBiqHUKH,  €ISKTPONPOBITHICTh  SKUX  MIABHINAJACS  3aBJISKH
YTBOPECHHIO HAUIMIIKY BUIRHUX €JIEKTPOHIB MPHU BBEICHHI TOMIIIKH, HA3UBAIOTHCA
HanienpogioHuKamu 3  €1eKMPOHHOI  NpPOoGiOHicmio, a00  CKOPOUYCHO
HANni@nPOGIOHUKAMU MUNY N.

JIyisi HamiBIPOBITHUKIB TUITY N KOHIICHTPAIIiS €JIEKTPOHIB B 30HI MPOBITHOCTI

JIOPIBHIOE

Ny =N+ N, (3.7)
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ne N a~ KOHIIGHTpAIlisl aTOMIB JIOHOPHOT JOMIIIKH.

Ockinekn N g >N, 10
N~ Ny P, =n /N, < p;. (3.8)
KonnenTpariist aipox
P =17/ N, < p;. (3.9)

binbuiicTe pyXxoMux HOCIIB 3apsily B HaIlliBOPOBIIHUKY MUNY B — €IIEKTPOHHU,
iX HA3UBAIOTh OCHOBHUMU HOCIAMU 3apA0dY, a IPKU — HEOCHOGHUMU.

HamiBrpoBigHUKH, €IEKTPONPOBIAHICTh SIKUX OOYMOBJIEHAa PYXOM JIpOK,
HA3UBAIOTBCS HANIBNPOBIOHUKAMU 3 OIPKOGOI0 NpOGiOHicmIo, a00 CKOPOYCHO
HanienpPoGIOHUKAMU MUNY P .

KonmnenTpariist 1ipok y HamiBOPOBIAHUKY p-TUITY TOPIBHIOE
Pp=pi+Na, py=n"/N, <p,. (3.10)

ne N, — KOHLEHTpallisl aTOMIB aKLIENTOPHOI JTOMIILIKH.

Bhacnigok toro mo p; << N4, onepxyemo
2
Pp e Na-Ph=n"/N,;<p;. (3.11)
KoHnieHTpariist €1eKTpOHIB MpU IbOMY BU3HAYAETHCS CITIBBITHOIICHHSM:

Np=n/Na<n p, =17 /N, <p,. (3.12)
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TakuM 4MHOM, Ha BIIMIHY BIJ HaIliBIPOBIIHUKIB 3 JOHOPHOI JOMIILIKOIO, B
HAIIBIIPOBIJHUKAX TUIY p AIPKA € OCHOBHMMH HOCIAMM 3apsiiy, a €JIEKTPOHU —
HEOCHOBHHUMHM.

Ilpuknao 3.1

Busnauuti KoHUEHTpauii ocHOBHUX (N, P,) Ta HEOCHOBHUX ( Pp,Ny) HOCIiB
3apsily TOpH  JIETIpYyBaHHI KPEMHII0O 3 KOHIICHTPAIIEI0 BUIBHUX EJIEKTPOHIB
n; :l,5-1016 M JTOHOPHUMH Ta aKIENTOPHUMHU JOMINIKAMU 3 KOHILEHTpAIIsSIMU
BIJIIOBIIHO NI[ =7-10"® M3 N, =10% m*,

Po3B’s13aHHS:

KonnenTpaiiisi OCHOBHUX HOCIIB 3apsny:

e Jlist HaMiBIPOBIAHUKA N -THUITY:
n,=n;+N, =15-10"° +7-10" = 7,015-10"® .
e Jlns HaMiBIPOBIIHUKA P -THITY:
Pp =P+ Na=n + N, =15-10" +10% =10% x>,

KonnenTpariiiss HOOCHOBHHX HOCI1B 3apsay:

o KoHmeHTpailis 1ipoK B HAMiBIPOBIAHUKY N -TUITY:

2 (1,5-1016)2

Ph=o—= 18
N; 7,015.10

=3.2.10"% 43,

e KonneHTpaliisi €1€KTpOHIB B HAMIBOPOBIAHUKY P -TUITY:

2 (1,5-1016)2

S I —2.25.10% 3.

n
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Iloéna enekmponpogionicms OOMIMKOBUX HANIGNPOBIOHUKIE B 3araliIbHOMY
BUIAJIKYy JOPIBHIOE CyMi BJIACHOI 1 JOMIILIKOBOI MPOBIJHOCTEM.

JI1ist HamiBOPOBITHUKA TUITY N:

c =Gy, + Soom.n 1

noe.n
Soomn © e“n Nﬂ'

JIsist HamiBOPOBIIHUKA THUITY p.

cSnog.p =GO+ GOOM.p !

Gdom.p zeMpNA :

Ilpuknao 3.2

BH3HAYNTH [HTOMY EJIEKTPOIPOBIAHICTs repManis mpu Temmeparypi 20°C,
SKIO KOHIIEHTpalllsl BUIBHUX €JIEKTPOHIB N, = 2,5-10" en®, PYXJIUBICTh €JIEKTPOHIB
w, = 0,39m2 | B-¢; pyxnmBicTb XipoK Mp = 0,194/ B-c.

Sk 3MIHUTBCS TUTOMA EJIEKTPOIPOBIIHICTH IIPH JICTIPYBaHHI reépMaHis:

1) iHIieEM 3 KOHIICHTPAIIEIO n, = 5.10% M_S;

2) CypMOI0 3 KOHIIEHTpaIji€o N, =2 102873,

Po3B’s13aHHS:

J1J1st BITaCHOTO HAIIBIPOBITHUKA:
G =€(1M +1,0; ) =en; (1, +1,)=16-10"°-2,5.10*°(0,39+0,19) = 2,32 Cu/ m

JIJIs HamiBIPOBITHUKA 3 TOMIIIKOIO Yy BUIJISAL iH/is (HAITIBIPOBITHUK THITY p)

GOOM.p ~ eMpNA;
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o2 02 (2,5-1019)2

np=-—oNy=—t=2—"-7=125.10 4",
"Ny %0, 5107

Soom.p ©1,6-107°:0,19-1,25-10° =3,8-107* Cn / a5

Gos.p = Oan. + Coom.p =2.32+3,8:107 =2,32Cm / .

JIJist HaMmiBIIPOBIHHUKA 3 TIOMILIKOK Y BUIJISII CypMHE (HAMIBIPOBITHUK THITY N)

Soom.n ze“nNﬂ; nn ~ N,ZZ'

3 Hi}ICTaHOBKOIO YUCJIIOBUX 3HAUYCHD:

Opopn =1,6-10719.0,39.2.10% =124,8Cum / u;

o] =G,, + Oy, , =2,32+124,8=12712Cm/ m.

nos.n

Temnepamypna 3anexcHicmo NPOGIOHOCHMI 0OMIWIKOBUX HANIGNPOBIOHUKIE.
Ha pwumc. 3.2. HaBeaeHa 3ajJeXHICTh TIOBHOI MHTOMOI €JIEKTPOIPOBITHOCTI

JIOMIIIIKOBOT'O HAMIBIPOBIIHKUKA BiJ TemmepaTypu (kpuBa 1).

§ e
1T
II
I"" - 7\"“\__
|
! |
| |
| |
|
1

|

|

|

|

I -
60° -80° 0° 80° 160° ; C®

Puc. 3.2. 3anexHicTh NpOBIIHOCTI TOMINIKOBUX MPOBIJHUKIB Bl TEMIEpaTypu

Ha rpadiky MokHa BUIUTUTU TpU XapakTepHi obnacti: I — mqomimkoBoi (pu
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BIIHOCHO HU3BKHX Temnepatypax), Il — 3mimanoi, [II — B1acHoOi mpoBIAHOCTI.

Jlume na pgurgHml Il enexTponmpoBiAHICTH JOMIMIKOBOTO HAIMiBIPOBIIHHUKA
3aJIMIIAETbCSL  BIMHOCHO  cTaOuipHOIO0. Came 10  JUISHKY — HaMmararoThCs
BUKOPUCTOBYBaTH MpH MNOOYAOBI OUIBIIOCTI HaMIBOPOBIIHUKOBUX mpuiaai. Ha
IHIIMX JAUISHKaX eJeKTPONPOBIAHICTh 3MIHIOETHCS JOCUTH ICTOTHO, IO MOXKE
MPU3BECTH /10 TMOPYLIEHHS HOPMAJIBHOTO pEeXUMY POOOTH HAaIIBIPOBITHUKOBUX

IIPUCTPOIB.
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JEKIIA 4. EHEPTETUYHI JIATPAMHU JOMIIIKOBHUX
HANIBIPOBIJHUKIB. IPEU®OBUN TA IUDY3IIHHUNA CTPYMU B
HAMIBIPOBIIHUKY

Enepzemuuni oiacpamu ona oomiwikoeux Hanienposionukie. Ha puc. 4.1.
MOKa3aH1 eHePreTUYHI JliarpaMu HaliBNPOBIIHUKA BIAMOBIIHO 3 TOHOPHOIO (puc. 4.1,

a) 1 akuenTopHoto (puc. 4.1, 6) nmomimkamu, a Takox posnonin depmi-Iipaka mis

[IUX BUIIAJIKIB.

W.eB , W,eB
V\h\ ~ 1
We e~ AW, W,

Puc. 4.1. Eepreruuni giarpamMu JOMIIITKOBUX HaIiBIPOBITHUKIB:

a — HaIBIIPOBITHHUK N-TUNY; O — HAIMIBIPOBITHUK p-THUITY

ATOMHM JOMIIIKK MarOTh €HEPreTHYHI PIBHI, IO BIAPI3HSAIOTHCS BiJ PIBHIB
BJIACHOTO HAMIBIPOBIAHUKA. Tak, B HAMIBOPOBIAHMK THUILy N €HEPreTHYHI PiBHI
BaJICHTHUX EJIEKTPOHIB JOMIMIKK (MUII'SIKYy, CypMH, OOpa) pO3TamioBaHi MOOJIU3Y

30HM NIPOBIJHOCTI OCHOBHOI'O HamiBNpoBifHUKA. Bennunna AW, MK eHepreTHyHUM

piBHEM BQJICHTHHUX €JICKTPOHIB JOMIIIKOBHX aTOMiB (Ilell pIBEHb 3BUYAIHO
Ha3MBalOTh JIOMIIIKOBUM) 1 HHUXHIM EHEPreTUYHUM pIBHEM 30HU MPOBITHOCTI
HaMIBMPOBITHUKA CTaHOBUTH mnpuOmm3Ho 0,05 eB. Tomy Bxe mnpu KIMHATHINA
TeMIepaTypl Maii’ke BCl €JIIEKTPOHHM 13 JOMIINIKOBOIO PIBHSI MEPEXOJATh Y 30HY
MPOBIAHOCTL. Y 3B'A3KY 13 1uM KpuBa posnonuny depmi-Jlipaka, a TakoX pIBEHb
@epmi Wp  3mimyrorscst Bropy. IlomoskeHHs piBHa PepMi B NaHOMY BHIAJKY

BHU3HAYA€TLCA BUPA30OM:
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(4.1)

B HaniBmpoBiIHUKY THIY P B TPUBAJECHTHUX aTOMax aKIENTOPHOI JOMIIIKH
(1HAlr0, Taiiio, aJIOMIHIIO), BaJCHTHI €JIEKTPOHU pPO3TAIIOBaHI HA CHEPTETUUYHOMY
piBH1, 0 nepedyBae B Oe3nocepeaHii OJIM3bKOCTI Bl 30HM BaJECHTHUX EJIEKTPOHIB

BJIACHOTO HamiBIpoBifHWKa. Bemmanmna AW, cranosuts npubmmsHo 0,05 eB. V

3B'SI3KY 3 UM €JIEKTPOHM BaJEHTHOI 30HM JIETKO MEPEXOSATh HA JOMIIIKOBUHN PIBEHb.
OTxe, y BaJleHTHIM 30H1 3'BISE€TbCS BEIMKAa KUIBKICTh JIipoK. Bonu OynyTh
3aIOBHIOBATUCS 1HIIMMH €JIEKTPOHAMH BAJICHTHO1 30HM, HA MICIl SKMX YTBOPSTHCS
HOBI JipkH, 1 T.J. TakuM YUHOM, 3'SIBISE€THCS MOXJIUBICTH IMOCTIJOBHOTO 3CYBY
€JCKTPOHIB y BaJICHTHIA 30HI, IO OOYMOBJIOE ITABUIIEHHS MPOBITHOCTI
HaniBrpoBigHuka. Kpusa posnoainy ®epmi-/lipaka i piseab @epMi B IbOMY BUIIAIKY

3MimyThest BHU3. [lonoxeHHs piBHsS Depmi BUBHAYAETHCS BUPA3ZOM:

w =AW KT P (AW KT Na

4.2
P2 e n 2 e n 4.2)

Ilpuknao 4.1
. . . 0
Buznauutn monoxxenus piBHs ®depmi mpu Temmepatypi 20 "C y BracHOMy
HAMIBOPOBIAHUKY, HAMIBIPOBIIHUKY N-TUIY Ta HAMIBOPOBIAHUKY p-THILY, SKIIO
HAIIBIIPOBITHUK — apCEH1 Tallisl, a PH JEeTipyBaHHI BUKOPUCTOBYBAJIUCH JOMIIIKH —

6op 3 koHueHrpauielo Ny =10% 7 Ta ingiit 3 KoHIeHTpaniero N, =5.10% M3,

Bizomo, mo mms apceniny ramis  AW|,p. = 1,42 eB; my =4,37-1073" ke
m, = 6,1-10732 ke; n; = 1012 M.

[ToOynyBaTu eHepreTuuHi (30HHI) AlarpaMy HaMiBOPOBIIHUKIB, MPUNHSBIINA 3a
NOYATOK Bi/UTIKY HWKHIH piBeHb 30uM npoBinnocti (W, =0).

Po3p’sa3anH4:

JI71s1 BITaCHOTO HAMIBOPOBITHUKA:
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AW 3kT M, 1,42 3.1,38-102°.293 4,37-10°*
W = — In— = — In

= =0,67eB.
2 4 m, 2 4.1,6-107%° 6,1-10%

JJ14 HaniBNpOBIIHKUKA N-TUITY:

=0,128eB.

AW KT n, AW kT Ny 142 138-107%. 293 10%

Wg, =————Intx=——_-""|n
M™ 2 e n 2 e n 2 16-107°  10%

JJ1g HaniBNPOBIIHUKA p-TUITY:

AW KT Pp AW KT N, 142 138-10° %3.293, 5.10%
2 e np 2 e n 2 1,6-107 10*

W
=1274eB.

I'padiune mogaHHsS eHEPreTUYHUX PIBHIB, IO BIAMOBIIAIOTH PO3B'SI3KY 3a/adi,

HaBeJIeH1 Ha puc. 4.2.

W

n

We

W, eB
Puc. 4.2. Enepretruni (30HH1) JiarpamMu HaMiBIPOBITHUKIB

Jpeugposuit ma oOugpyzininuii cmpymu ¢ nanienpogionuxy. CTpym y
HaIBOPOBIAHUKY 3'ABISETHCA BHACHIOK CHOPSIMOBAHOTO TIEPEMIIIECHHS HOCIIB
3apsiny. PO3pi3HSAIOTH 1Ba MOKIIMBUX BUIAJKU MOSIBU CTPYMY B HaIliBIOPOBIAHUKY.

Ctpy™m, o0OyMOBJ€HUN 30BHINIHIM €JIEKTPUYHUM T[IOJE€M, HA3UBAETHCS
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opeiighoeum cmpymom.

Ctpym, 1m0 BUHHKae B pe3yiabTarTi Audys3ii HOCIiB 3 o0nacTi, ne ix
KOHLIEHTpal[il [MiJBUILIEHAa, B 00JacTh 3 OUIbII HU3bKOK KOHLEHTPALIELO,
Ha3UBAETHCS Oughysithum cmpymom. HepiBHOMIPHICTH KOHIICHTPAIlli HOCIIB 3apsi/IiB
y HaIIBOPOBIIHUKY MOKE€ BUHHUKHYTH MiJ| JI€I0 CBITJA, HarpiBaHHS, €JIEKTPUYHOIO
OJIs TOILO.

['ycTuHa eneKTpoHHOro Ta MJIPKOBOrO JperpoBOro CTpymMy HdOPIBHIOIOTH

BIJIITIOBITHO

Jn op=6np, E, (4.3)

n op

e N, P— KOHIEHTpaIlii BIAMOBIIHO €JIEKTPOHIB 1 JIPOK Yy HaIIBIPOBITHUKY, E —

HaHPY)KGHiCTI) CICKTPUYIHOTI'O IT10JIA.

CymMapHa ryctuHa apeioBoro cTpyMy eJIeKTPOHIB 1 TIPOK JTOPIBHIOE:
Jop =e(unn+upp)E : (4.5)

MexaHi3M BUHUKHCHHS Oughy3iitnozo cmpymy:

PUITYCTAMO, 10 32 JESIKUX YMOB KOHIIEHTpAIIisl €JIEKTPOHIB Y PI3HUX TOYKAX
HaITIBIPOBIAHUKA HeoaHaKoBa. OQYEBHIHO, IO IMOBIPHICTH 3ITKHEHHS €JICKTPOHIB
OJIMH 3 OJTHUM OLTbIIE TaM, Jie¢ BUIIA 1X KOHIIEHTpaIlisi. ToMy eIeKTpOH, 3IHCHIOI0YN
XaOTUYHUHN TETUIOBUN PyX, OyJe Hamaratucs mepelTd B 00JaCTh MEHIIUX 31TKHEHb,
TOOTO B 00JIaCTh 3 MEHIIOIO KOHIEHTparicro. B pesynbpTaTi HOCI 3apsgy OyayTh
MepeMillyBaTuch B O0JACTh 13 MEHIIOK KOHIEHTPAIIE0, M0 MPHU3BEAEC [0
BUHUKHEHHS TU(]y31MHOTO CTPyMY.

I'yctuna nudy3iiHOro CTpyMy €JIEKTPOHIB 1 AIPOK BU3HAYAETHCS HACTYIMHUMHU

CITIBBIIHOIIIEHHAMMU:
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J =eD, —; 4.6
n oug n dx ( )
dp

ne D, Dp — koediuieHTn Audy3ii BIAMOBIAHO €JIEKTPOHIB 1 AIPOK, IO 3aJekKaTh BIJ

TUIYy HAIBIPOBIAHMKA, KOHLIEHTpAIli IOMIIIOK, TEMIEPATYPH 1 CTaHY KPUCTATITYHUX

dn dp

rpaTok; —, ol IpaJliEHTU KOHIIEHTPALIA €JEKTPOHIB 1 IIPOK (BIIHOIIEHHS 3MIHU

KOHIICHTpAIIi1l 10 3MIHU BiJICTaH1, Ha AKINA CIIOCTEPITAETHCS 11€ SIBUIIE).
3Hak MiHyc B BHpasi (4.7) mokasye, mo audysis BiIOYBa€TbCS B HANPSMKY

3MCHIIICHHS KOHIICHTpaIlii, a OCKUIBKM JIpKH HECYTh TO3WUTUBHUU 3apsl, TO
o - dp
nudy3iiiHANA CTPyM TTIOBUHEH OYTH JOJATHIN MpU ™ <0).
X

Takum ynHOM, y 3araJlbHOMY BUTIAJKy, B HAIMIBIPOBIAHUKY BapTO PO3IIIAIATH
YOTUPHU CKJIAJ0BI CTpyMY: aperdoBuii 1 qudy31iiiHUN 1715 HOCITB KOKHOTO 3HAKA.

3arajgpHa TYCTHHA CTPYMY B HAITIBIPOBIIHUKY:

dp

dn
J=dnop T dnoupt Ipop +9 qb:enunE+eDn&+epupE—er&. (4.8)

n op n ou pou

Sxuro mim Ai€r0 30BHIMIHBOTO BIUIMBY JWHAMIYHA PIBHOBAara KOHIEHTpAIlii
EJIEKTPOHIB 1 MIPOK Yy HAMIBIPOBIAHUKY TMOPYIIEHA, TO 3'SIBISETHCSA JTOAATKOBA
HEpIBHOBAroBa KOHIIEHTpAIlisl HOCIiB 3apsiay. I[licas mpunuHEHHS 30BHINIHBOTO
BIUTUBY BiIOYBA€ThCS TMpoOIEC pPEKOMOIHAIii 1 HaAMIBOPOBIAHUK TMPUXOIUTH Y
piBHOBary.

CepenHiii yac iCHyBaHHS HOC1iB 3apsily B HaMiBIPOBIIHUKY HA3UBAIOTh YACOM
yHcumms Hociig, a CEpeIHsl BIJICTaHb, SIKY 3a 4ac >KUTTS MPOXOASATh HOCII HA3UBAIOTh
Oughy3iiiHor0 008)#CUHOIO HOCIIB 3apsly.

Hudy31itHi JOBXKUHHU JIJIs1 €IEKTPOHIB 1 1IPOK JTOPIBHIOIOTH BIAMIOBIIHO:
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A€ Ty, Tp— 4aC KHUTTA BIJITOBIIHUX HOCIIB.

Benuunna 1/1T Ha3UBAa€ThCS WGUOKICMIO PEKOMOIHAWIT.

Po3pi3HSI0Th KiJIbKa BU1B PEKOMOIHAIlII HOCIIB Y HAMIBIPOBITHUKAX.

VY HaWnpocTiioMy BUIAJIKY PEKOMOIHALSI MOXKE pPO3IIISAATHCS, SK MPAMUIA
nepexij eJIeKTPOHA 3 30HU MPOBIAHOCTI Y BAJIGHTHY 30HY HAa HAsIBHUW TaM BUIBHUHN
piBeHb (puc.4.3, a). Pi3HuI eHeprii mpu IOMY BUIUISETHCS Yy BHUII KBaHTa
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS a00 MepeNaeThCsi KPUCTATIYHUM IpaTKaM Y
BUJ[1 MEXaHIYHUX KOJMBAHb.

Hpyruit BapianT pekoMOiHallii NOB'sI3aHUM 3 TOETAIIHUM NEPEXOIOM €JIEKTPOHA
yepe3 3a00pOHEHY 30HY: CIOYATKY EJIEKTPOH 13 30HM IPOBIIHOCTI NMEPEXOAUTH Ha
NesSKUH TPOMDKHUN PiBEHb, PO3TAIIOBAHUHN ycepelnH1 3a00pOHEHOI 30HH, a IMOTIM

y’K€ 3 IIbOT'O PIBHS NMEPEXOIUTh Y BAJIEHTHY 30HY (puc.4.3, 0).

30Ha NMPOBITHOCTI 30Ha MpOBiAHOCTI

[ L

[TpomixkHui
CHEepPreTUYHU I
piBEHB

Banenrna 3ona Banenrna 3oHa
a §)

Puc. 4.3. Buau pekoMOiHallii HOC1iB y HaM1BIPOBITHUKAX:

a — NpsIMUM TIepexijl eIeKTPOHa; O — MOeTanHuil nepexia elIeKTpoHa
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[IpoMixkH1 piBHI MOXKYTb 3'ABUTHCS, SKIIO B KPUCTAIIYHUX I'PaTKax € Ne(EeKTH,
0OyMOBJIEH] TEIJIOBUM NOPYIICHHSIM aTOMIB, HasIBHICTIO JJOMIIIOK, HETOCKOHAIICTIO
MOBEPXHI HANIBNPOBIJHUKA, BIUIMBOM Ha HAMIBOPOBIIHMKA YacTOK 3 OUIBLIOIO

€HEpriero (a-MPOMEHIB YU [S-UYaCTUHOK).

32



JIEKHIA 5. POPMYBAHHS EJIEKTPOHHO-AIPKOBOI'O TIEPEXO/Y.
EHEPI'ETUYHA JIATPAMA p-n-IEPEXOAY

O6nacTth, 10 PO3AUISE HAMIBOPOBIIHUK HAa JBI YaCTMHU 3 PI3HOTUITHOIO
MPOBIIHICTIO, HAa3UBAETHCS  EJIEKTPOHHO-AIPKOBUM NEpexoaoM, abo pP—N-—
nepexooom (puc. 5.1).

p-N-miepexin

- =
/

N-THUITY p-THITY

HAMIBITPOBITHUK | HaMIBIIPOBIIHUK

Puc. 5.1. EnexTpoHHO-11pKOBHIi TTepexia

Dopmysannsa P—N—nepexody. Po3riasHeMo SBHINA, IO BHHHKAIOTH IPH
KOHTaKTI MDK HaIliBIPOBITHUKAMHU N— 1 P —THUIY 3 OJHAKOBOI KOHIIEHTPAIII€I0

JOHOPHUX 1 aKIEeNTOpHHX aoMimok (puc. 5.2, a, 6). BraxaTtumemo, mo Ha Mexi

po3nofuly (IEpETHH Xy) THUI JOMIMIKHU PI3KO 3MIHIOEThes (puc. 5.2, 0). BHacmigok

3HAYHOI PI3HUIIl KOHIICHTpAIlil OCHOBHHUX Ta HEOCHOBHHMX HOCIIB 3apsny B
eJICKTPOHHIN Ta JIPKOBi 00J1aCT, BUKIUKAE OUPY3ilHUL cCmMPyM eJleKmpPoHie 13 N—
obmacti B P-—obmacte (moTik 1, puc. 5.2, a) i ougpysiitnuit cmpym Oipok 3 pP—
obnacti B N—ob6macti (moTik 2 Ha puc.5.2, a). Kpim ctpymy, 00yMOBIEHOTO PyXOM
OCHOBHUX HOCIiB 3apsiy, 4epe3 MEXY pPO3MOJUTy HaMMiBIPOBIIHUKIB MOXIHBUHN
CTPYM HEOCHOBHHUX HOCIIB (€JIEKTpOHIB 3 P —001acTi B N —0o0aacTh 1 AIpoK 3 00sacTi
N B obmacth P ). IToToOKM HEOCHOBHHMX HOCIIB Ha pHC. 5.2, a MO3Ha4YeHi BiAMOBIIHO 3 i
4. Ctpy™m, OOyMOBIICHWI OCHOBHUMHU HOCISIMU 3apsay, Oyne mepeBakaTh Hal
CTPYyMOM HEOCHOBHMX HOCIiB.

Biaxin enekTpoHiB 13 TPUKOHTAKTHOT N —001acTi NPU3BOJIUTH 10 3HUKECHHS B
Hill KOHLIEHTpalii N,, 10 COPUYMHSAE BUHUKHEHHS HEKOMIIEHCOBAHOTO ITO3UTHUBHOIO
3apsiy 10HIB TOHOPHOM noMimiku (puc. 5.2, B).

AHanoriuHo, B P —o001acTi, BHACIIJOK BIIXOAY JIPOK 3HHMKYETHCS
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KOHLCHTpaWis P, y MPUKOHTAKTHOMY IHapi 1 BHHUKA€ HCKOMIICHCOBAHMIL

HETaTUBHUU 3aps]l 10HIB aKLIEITOPHOT JOMIIIKH.

HAIT BIPOR AHHK HaITi BIIP ORI JHHK
11-THITY Yo Xp X p-THIly
| |
S O ——+® -
=2
.l 4
| |
a

'y | |
7
2| :
| Z X
Ml N7,
I I
W 5 W
i)} A By
I l
R B
I ' x
D
R el
?ﬂ(x)lh

Puc. 5.2. SIBuima, mo BUHUKAIOTh B P — N —TEPEeXO/Ii:

a — BUHUKHEHHS JU(Y31HHOTO CTPyMY; O — 3MIHA TUITY IOMIIIKA HA MEX1 PO3MOLTY;

B — 3MiHA KOHIIEHTpAIliil HOCIIB 3apsy B MPUKOHTAKTHUX IIapax

Takum ymHOM, Ha MEXi oOmacted N— 1 P —TUIYy YTBOPIOIOTHCS [[Ba IIapU

MPOTUJICKHUX 32 3HAKOM 3apsiaiB. O01acTh MPOCTOPOBUX 3aPSIAIB, IO YTBOPUIIHCS, 1

SIBJISIE CO00I0 P — N -Tiepexi.

[IpocTopoBi 3apsiaiu B €IEKTPOHHO-JIPKOBOMY MEPEXOAl  yTBOPIOIOTh

eJeKTpuYHEe ToJie HampyxeHicTio E (puc. 5.3, a, 6), cnpsiMoBaHe BiJ MO3UTHUBHO
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3apsIKEHUX 10HIB JIOHOPIB JI0 HETATUBHO 3apsiPKEHUX 10HIB akuentopis. Lle mosne

MIPUCKOPIOE OCHOBHI HOCI1 3aps1y 1 TaIbMy€ HEOCHOBHI.

HATTEBIIPORiTHHK HATTBITP OB1,THHK
F1-THITY Xn Xp X p-THITY
&2 |
|l ® | O
| © 1 O]
| |
a
Ef), i i
| |
| |
| | x
| |
e |
e | |
N | T T Ty T
| | Py
| | .
| |
____1_ N |
| |
B

Puc. 5.3. ®opMyBaHHS €IEKTPUIHOTO TOJIA B P — N -TIEPEXO/Ii:

a — BUHUKHEHHS ITPOCTOPOBHX 3apsliB; O — rpadik HAMPYKEHOCTI ENEKTPUIHOTO

TI0JISI; B — KOHTAKTHA PI3HMILI ITOTCHITIAJIIB

[ToTenmianpHa giarpamMa P — N-mepexoay MmokasaHa Ha puc. 5.3, B. 3a MexamMu
nepexoay eaeKTpUYHe Tmoje BiacyTtHe 1 @(X)=CONSt. Pi3HUIS MOTEHIiaTiB B

nepexoi JOPIBHIOE KOHTAKTHIN PI3HMIN MTOTECHITIANIB:
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kT (N4N kT kT (n
Pr = —ln( A2A> = —ln<p—p) =—1In <—n>
e n; e Pn e n,

l
Benuuuny @, 3a3BU4ail HA3UBAIOTh KOMEHUIATbLHUM Oap'€pom, OCKUTLKY BiH
MEPEIKOJKAE TIEPEMILLIEHHIO OCHOBHUX HOCIIB 3apsy.
[Ipy kiMHaTHIA TeMmrepaTypi Aesika KUIbKICTb OCHOBHMX HOCIIB 3apsiny y
KOXHIA 3 oOyacTteil HamiBIPOBIAHMKA MAa€ E€HEPrito, AOCTATHIO JI IMOAOJaHHS
noTeHuiaibHoro Oap'epa. lLle npuszBoauTh A0 TOro, IO Yepe3 P —N-mepexia

mubyHnye (sBuile nudysii) He3HaAUHA KUIBKICTh €JEKTPOHIB 1 AIPOK, YTBOPIOIOYHU
BIJMOBIIHO CICKTPOHHY Jp, 5,4 1 HIPKOBY Jp .0 CKINOBI AM(Y3IHHOTO CTpyMYy.
Kpim Toro, uepe3 p—n-nepexia Oe3nepenikogHO MPOXOasiTh HEOCHOBHI HOCII, JUIs
AKUX EJIEKTPUYHE ToJie P —N-Mepexoay € npuckoproBaibHUM. L1 3apsiau yTBOPATH
BIJNOBIIHO CNEKTPOHHY J,, 1 HipKOBY J,,, CKIagoBi ApeiioBoro crpymy.

Hampsimok  apeioBoro CTpyMy HEOCHOBHHUX HOCIIB TPOTHIICKHUN HANPIMKY
IuQy3ifHOTO CTPYMy OCHOBHUX HOCIiiB. 3araibHa TYCTHHa CTPpyMy B
HaIIBIPOBITHUKY:

‘]n dudj_‘]n()p +‘]p0ud)_‘1p0p =0.

[[Iupura P —N-miepexoay BU3HAYAETHCS BUPA3OM:

2g0€@, 1 1

+3)

8o =
0 e Ny N,

1e £5=8,85-10"2 /M — enexTpuyHA CTaNa; € — BiIHOCHA AieIeKTPHYHA IIPOHHKHICTB.
Ilpuknao 5.1

BusHauntu KOHTaKTHY pI3HUIIO MHOTeHIianiB npu temmneparypi 300 K s

repMaHIeBOro P-N-nepexony 3 KoHueHrpanieo Ny =10°N,, sxio Ha koxui 10 atomis
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repMaHiss MPUXOJUTHCA OJMH aTOM AaKLENTOpHOI JOMIMIKU. /[l po3paxyHKiB

NPUIHATH, 10 KOHIEHTpalis aromiB repmanis N = 4,410 car®, nj=2,5-10" ear.

Po3B’g3anus

KoHTakTHa pi3HUIIS TOTEHIIIAIB:

kT (N4N kT kT (n
P = —1n< A2A> = —ln(p—p) = —ln(—n>,
e n; e Dn e n,

L

nek=1,3810% Ii/K; T=300K; e = 1,6:10™ Ku.

KonmenTpaiiisi aToMiB aKIENTOPHOT JOMIIIKH:

N 4,4°1022

0 T 4,410 cm3.

NA=

KonnenTpariisi aToMiB TOHOPHOT TOMIIIIKH

Ny =10%-Ny = 4,4-10" cm~3.

Tonmi
_138-107% 300 (44-10M 44107\
Y= 16-10-°  "\T (25 1013)2 — '
Ilpuknao 5.2

[Iuromuii omip P-061acTi repMaHIEBOrO P-N-NEPEXORY Poou p = 2 Omcm.
[TutomMuii omip N-001acCTi Pooy n = 1 Omrem. OOUUCITUTH BUCOTY TOTEHITIATBHOTO
Oap'epy mpu temmepatypi 7 = 300 K, Km0 pPyXJHMBOCTI €JIEKTPOHIB 1 JIPOK B
repMaHii JopiBHIOIOTH iy = 0,39 4%/B-c, up=0,19 M/B-c,ani=2510" ca’,

Po3B’sa3anH4:

[Tutomuii onip P-00aacTi HAMIBIPOBITHUKA!
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1 1

O omp NAe Hp

Promp = =>

KonienTpaiiisi aToMiB aKIIENTOPHOT JOMIIIKH:

1 1
Ny = = =1,64-10*' M3 =1,64-10"° cm3.
AT bem, 2-1,6-10-19-0,19 102 " -
AHaNOriyHO, KOHLIEHTpAI[is AaTOMIB JOHOPHOI IOMIIIKHU:
1 1
N, = =16-10*"m 3 =1,6-10"°cm3.

o Promn€ Hn B 1-1,6-1071%-0,39- 1072

Bucota norenmiansHoro 6ap'epy:

KT NN
_138:107%:300 164102 10716102 -10°° _
- 16-100 (2,5 - 1013)2 -

= 0,216 B.

Enepzemuuna oiazpama P —nN- nepexody. Ilicnsa yrBopeHHS P — N-TIepexoay
1 BUHUKHEHHS JIeSIKOT KOHTAKTHOI PI3HMII MOTEHITIANIB (0}, BCTAHOBIIOETHCS TETUIOBA
piBHOBara, npu SIKid pe3yNbTYIOUH CTPYyM dYepe3 P — N-mepexia IOpiBHIOE HYIIO.
[Tpu 11bOMY IMOBIPHICTH TPOXOJKEHHS HOCIIB 3apsiy 4epe3 eNeKTPOHHO-TIPKOBUH-
nepexig B 000X HaMmpsiMKax cTae OAHaKOBOIO. OTxe, EHEPreTHYHi JiarpamMu N—i P —

oOnacTeil HAMIBOPOBINHWKA B TIPOIECI BCTAHOBJIICHHS TEIUIOBOI pIiBHOBAru
3MINIYIOTBCS OJIHA BIAHOCHO OJIHOI Tak, 100 piBeHb Depmi OyB MOCTIHHUM MO

BCbOMY Ilepexonay, ToO0To piBeHb Depmi —o60macti W, ta n—obmacti W
y 1uep y p P Fp Fn

MOBUHHI po3TallyBaTucsi B oAHY JiHIIO. [Ipy npboMy eHepretuuHa miarpama pP—n-

IIEpEX0ly Ma€ BUTJIAM, TOKAa3aHUM Ha puc. 5.4.
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Wy W,
WFn
%
W 7 Wp
W
n p
W,

U

Puc.5.4. Enepreruuna miarpama P — N-mepexony

Bucora norenuiitHoro 0ap'epa B P —N- nepexoi BU3HAYAETHCS MOJIOKEHHIM

piBHst Pepmi B N— 1 P —0obiacTsx, To0To KoHueHTpauiero JoMimok N ;1 Nj.

39



JIEKIISA 6. BIACTUBOCTI TA XAPAKTEPUCTUKMU p-n-IIEPEXOAY

Baacmueocmi P —N- nepexody 3a HAA6HOCMI 306HIUWIHbOT HANPY2U

1. Ilpame nio'eonanna 00 Oixcepena enepeii. Y NaHOMY BUIAJKY JKEPEIO

1 €IHYETHCSA TAKUM YUHOM, IO I0JI€, CTBOPIOBAHE 30BHIIIHBOIO HAIIPYro0 B P —N

-Tepexo/l, CIpPsIMOBaHE HA3yCTPid BIaCHOMY MOJII0 P — N -niepexony (puc. 6.1).

n OO0 P
_l @--»@ l_
-0
< E
-+
oy O
a

W
n P
e(p-U)|
W W

0

Puc. 6.1. Ilpsime migkIrOYeHHS JPKEpea SHepTii:

a — cxema; 0 — eHepreTuyHa Jiarpama

Ile mpu3BOANTH 1O 3HMKEHHS BUCOTH MOTEHIIATLHOTO Oap'epy 10 3HAYCHHS
Ap =@ —U .
3 puc. 6.1, 6 BUIHO, MO B 1bOMY BHUMNAAKy piBeHb depmi B N —obnacti

MIJHIMAETHCS, @ B P —00JacTi 3HMKY€eThCcsl. HacTMHA OCHOBHHMX HOCIIB, 110 MalOTh

HaWOUIbII1 3HAYEHHSI €HEprii, MOXE IMOJ0JIaTH HEBUCOKHI MOTEHIIadbHUNA Oap'ep 1
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nepeT uepe3 Mexy, 0 PpO3AUIL€ HAMIBOPOBIAHMUKM N— 1 p-—Tuny. lle

NPU3BOAMTH 1O 3MCHIICHHA IIUPUHUA P — N-IEpexXoay

2&5€A 1 1

e NA Nﬂ

1 MOpYUIEHHSI pIBHOBaru MiK Apei@oBuM 1 audys3iiHuM ctpyMamu. JudysiiiHa
CKJIaJIOBa CTPyMYy CTa€e Oulbine ApeidoBOi, 1 pe3yabTYIOUUM NPSIMUNA CTPYM Yepes

nepexij CTa€ BIAMIHHUM BIJ HYJIS:

[To Mipi 301IbIIIEHHS 30BHINIHBOT HATIPYTHU NMPSIMUNA CTPYM UYepe3 Mepexisi MOXKe
3pOCTH JOCUTh 3HAYHO, OCKUIBKM BiH OOYMOBIICHHH TOJOBHUM YHHOM PYXOM
OCHOBHHUX HOCI1iB, KOHIICHTpAIIISl IKUX B 000X 00JIaCTSIX BEJIMKA.

Hocii 3apsiny, 1mo nmomosiany moTeHIIaIbHUN Oap'ep, MOTPAIUISIOThH B 00JaCTh
HaIBIPOBITHUKA, JIJIS TKOT BOHU € HEOCHOBHHUMH.

[Ipomiec BBemeHHs HOCIIB 3apsay B 00JIacTh HAITIBIPOBITHUKA, JI€ BOHU €
HEOCHOBHMMMU, HA3UBAETHCS IHHCEKUIEIO.

[mxexToBani HOCIT TUPYHAYIOTH BrIIMO BiATOBITHOT 00J1aCT1 HAITIBIIPOBIAHUKA,
PEKOMOIHYIOYHM 3 OCHOBHUMH HOCISIMH ITi€1 00J1aCTI.

OpHouacHO 3 1HXKEKII€I0 MIpOK B N—001acTh BiAOYBAETHCS 1HKEKIIIS

EJIEKTPOHIB y p-00sacTth. [Ipomecwu, o npoTikaoTh MpU 1IbOMY, aHATIOT1YHI.

2. 3eéopommne nio'eonanna 00 Oxcepena enepcii. B naHOMy BHIIAJIKY
CJICKTPUYHE TI0JIe, CTBOPIOBAHE JKEPEIIOM, CITIBIAJAE 3 MojieM P — N -tiepexoay (puc.
6.2).

[Torenmianpauii Oap'ep MK P— 1 N—o00JacTIO 3pocTae 10 3HAYCHHS
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Puc. 6.2. 3BopoTHE MiAKIIOYSHHS JHKEpena eHepTii:

a —cxema; O — eHepreTuyHa Jiarpama

3 puc. 6.2, 6 BugHO, 10 piBeHb DepMi B N —00JaCTI 3HUKYETHCA, 2 B P —
obmacTi migHiMaeThbesl. KUIBKICTH OCHOBHHX HOCIIB, 30aTHUX MOHOJATH 1O
PE3YNBTYIOUOTO TOJISA, 3MEHINYEThCS. BiAMOBIAHO, 3MEHIIYEThCS 1 CTpyM audysii
OCHOBHHUX HOCIiB 3apsay. [lin ni€r0 eTeKTpUYHOTO MO, CTBOPIOBAHOTO 30BHINIHIM
JDKepesIoM, OCHOBHI HOCIT OyayTh BIiIJANSATHCSA Bil MPUKOHTAKTHUX INapiB BIIHO

HaITIBIPOBITHUKA. Y Pe3yNIbTaTi IUPHHA P — N - IEPEX0y 30LIBITYETHCS

20, 1 1
6g= |[——(—+—).
0 e (NA * NA)

JI1s1 HEOCHOBHHMX HOCIiB (IIpOK y N —o001acTi W eleKTpOHIB y P —o0JacTi)
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MOTEHILIAIbHUI Oap'ep B €JEKTPOHHO-AIPKOBOMY NEPEXO/1 BIACYTHINA 1 BOHU OyAYyTh
BTATYBATHUCS TOJIEM B 00s1acTh P —N- nepexoay. IIponec BBeaeHHsT HOCIIB 3apsiay B
00J1acTh HaMiBIPOBIAHUKA, € BOHH € OCHOBHUMHU, HA3UBAETHCS eKCMPAKUIEIO.

[Ipu 3BOpOTHOMY BKIIIOUEHHI NMEPEBaXKHY POJb BiAIrpae apeilhoBuil CTpyM.

[leit cTpyM Ha3UBAETHCS 360POMHIM CHIPYMOM.
I360p = ]Op _Idud) :

BennuuHa 3BOPOTHOrO CTPpyMy HPAKTUYHO HE 3aJE€KUTh Bl 30BHIINIHBOT
3BOPOTHBOI HAMPYTH.

Ilpuknao 6.1

Busnauntu BUCOTY mOTEHIIaTbHOTO Oap'epy Ta IIMPUHY EJIEKTPOHHO-
JIPKOBOTO TIEPEXO/Y B CTaH1 PIBHOBATU 1 MPU 3BOPOTHOMY MiJI'€ AHAHHI P-N-TIEpEX0y
10 JKepesa Hallpyrd, SKII0 Mepexia KpeMHIeBUH, 3 mapaMmerpamu: Ny = 710" 4%
NA:1022 M’S; U=48B,T=293 K, n = 1,5'1016 M'B; BITHOCHA JIiCJIEKTpUYHA
IIPOHHUKHICTh KPEMHIt0 € = 12.

Po3B’s13anHs

B crani piBHOBaru (Ipu BiJICYTHOCTI HAIPyTH)

kT NpN, 1,38 10723-.293 1022 -7-10'8

=—1 1 = 0,494 B.
P =g T2 16-10-1° ' (1,5-1016)2
[[Iupuna p-n-nepexony:
5 _ |20 1+1 B 2-8,85-10—12-12-0,494( 1 s 1 )_
7| e Ny NS 1,6-10719 1022 © 7-1018)
=9,68-107% M.

[Ipu mix’exHaHH1 IKepesia HAIPYTH:
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Ap = @, + U = 0,494 + 4 = 4,494 B.

5 2e0ehp, 1 1 2-8,85-10712. 12-4,494( L, 1 )
o Ny N/ 1,6-10719 1022 © 7-1018)
=29-10"°m,
Bonvm-amnepna Xapaxkmepucmuka p —N-nepexooy. BnactuBocTi

€JIEKTPOHHO-/IIPKOBOI'O TMEPEX0/ly HAOYHO LIIOCTPYIOTHCS WMOTO 60/16m-AMNEPHOI0
xapakmepucmukoiw (BAX) — 3anexHicTio cTpymMy uepe3 P —N-nepexia Bix
BEJIMYMHU Ta MOJSIPHOCTI MPUKJIaZAeHO1 HAnpyTu (puc. 6.3).

Ananituano BAX p —n-niepexony omucyeThCsl BUPA3OM:
| =1g(exp(eU /kT)-1),

ne |y — 3BOPOTHHH CTpyM HacH4eHHS P —N- nepexony, oOyMOBIEHHH (HI3MYHUMU

BJIACTUBOCTSIMH HAIIIBIIPOBIIHUKOBOr0 Matepiany; € — 3apsa emexkrtpona; U —

Hampyra, NpuKIajceHa 10 P—N - mepexoay; K— crama Boabiumana; T — abcomoTHa

Temreparypa P — N-mepexomuy.

Ly

U3gop

lo
C
<

. U360p. max

I 360p

Puc. 6.3. BonpT-amnepHa xapakTepucTuka P — N -mepexoay
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Ipy 3HayeHHsAX 3BOPOTHOT HAMPYTU Uspop > Uspop max BIIOYBAETHCs MPOOIi
p —N-nepexony.

IIpoboem p-N-nepexody HA3UBAETHCS SBUILE PI3KOTO 30UIBIIEHHS 3BOPOTHOTO
CTPYMY NpHU JOCITHEHHI 3BOPOTHOIO HAIIPYTOIO AESIKOIO KPUTUYHOTO 3HAUCHHS.

Po3p13HS10Th HACTYNHI BUAM NPOOOI0: ENIEKTPUYHUMN Ta TETJIOBUM.

Enextpuunuii  mpoOiii  oOyMmOBIIEHHH  (QI3UYHUMHU  MpoLlEcCaMH, IO

BIIOYBAaIOTBCA B P—N - MEpexojl B CWIbHUX ENEKTPUYHHUX MOJSX, & TEIJIOBUU —
npolecaMy, MOB'SI3aHUMH 3 HarpiBaHHSIM P —N - Mepexojy MNpu NpOTIKaHHI yepes

HBOT'O 3BOPOTHOTO CTPYMY.

EnexkTpuunuii i TerioBuit mpo0oi P —N-mepexoma B 0araTh0X BHUIAIKAX
BiJ1I0yBaIOTHCS OJHOYACHO.

[Ipu HagMipHOMY pO3IrpiBI MEPEXOy, KOJHU BIAOYBAE€THCS 3MIHA CTPYKTYpPH
KpUCTayia, P — N-mepexia BUXOauTh i3 Jaay. Llel mpoiiec € He3BOPOTHIM.

k1o K 1Mpu BUHUKHEHHI TPOOOI0 CTPyM dHepe3 P —N-mepexiy oOMexeHun
OTIOPOM 30BHIIITHBOT'O KOJIa 1 MOTYXKHICTh, IO BUJUISETHCS HA TEPEXOl, HEBEIIMKA,
TO TIPoOiit 000pOTHUA. Y LIBOMY BHUIIAJIKy MOXHA KEPyBaTH 3BOPOTHUM CTPYMOM
IIUISIXOM 3MIHU 30BHIITHBOT HAMPYTH, 110 MOAAETHCS HA MEPEXi.

Ananiz BAX p-—n-nepexoma A03BONSE PO3MISIAATH HOTO SK HETIHIMHUN

€JIEMEHT, OIlp SKOro 3MIHIOETHCS 3aJeKHO B BEJIWYMHM Ta TOJSIPHOCTI

MpUKJIaJIeHO1 Hanpyru (puc.6.4).

xkOm

o

< L

U360p 0 U

Puc. 6.4. 3anexHicTs onopy P — N-nepexoay Bif HApyru
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[Ipu 30uIbLIEHHI TPsIMOI HAmpyru omip P —N-Nepexony 3MEHIYyeTbes. 31
3MIHOIO TIOJISIPHOCTI 1 BEJIWYMHU NPUKIAIECHOI HAmpyrd omip P —N-mepexoaa

CTpIMKO 3pocTae. OTxe, npsiMa JiHIHA 3aJeXKHICTh MIXK HAIPYTO0 1 CTPYMOM (3aKOH

Oma) 1 p—nN-nepexoliB He BUKOHYyeThcsa. HemiHiliHI BracTMBOCTI P—N-

MepexoaiB JiekaTb B OCHOBI pPOOOTH HaMIBOPOBIIHUKOBUX MpUIaAiB, IIO
BUKOPUCTOBYIOTHCA ISl BUIPSAMIIEHHS 3MIHHOTO CTPyMY, NMEPETBOPEHHSI YacCTOTH,

00OMEXEHHSI aMILTITY/] TOIIIO.

Ilpuknao 6.2

['epmanieBuil p-n-nepexiy Mae 3BOpPOTHIA cTpyM HacuueHHs log = 1wk, a
KpeMHi€BHii 3 TakuMH Xk posdmipamu — ctpyM lo = 10°4. O6umcnuT i mopisHATH
npsiMi Hanpyru Ha nepexonax npu 7' = 293 K, skio uepe3 pP-N-mepexiy Teue CTpyM

100 mA.

Po3B’s13anHs

BAX p-n-nepexoy onmucyeThCcsi BUPa3oM:

1= 1o (22) - 1)

3 bOro BUpazy
U= le ! +1
= n(I0 )-

J11s TepMaHieEBOTO MTEPEXOY:

1,38-1072%3-293 (100 -1073
= n

1)=029B.
1,6-10-1 1076 +>

JI7151 KpEMHIEBOTO MEPEXOTY:
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1381072 203 100 103 1) = 04078
= 16101 g ) =0, '

Temnepamypna i vacmommna éracmugocmi P —N-nepexooy
1. Temnepamypna 3anexcnicmes. BnactuBocti P —N-nepexoay 1CTOTHO

3aJIeKaTh Bl TEMIIEpATypH HABKOJUIIHBOIO cepefoBuia. lle Hao4yHO MOKa3yIOTh

BAX repmanieBoro p—n-mnepexojy, 3HATI 3a pI3HUX TeMmiepaTyp ( puc.6.5).

[Ipy migBUIEHHI TeMIepaTypu MNPSMUNA 1 3BOPOTHUN CTPYMH 3pOCTalOTh, a

p —N-niepexiJ BTpayae CBOIO OCHOBHY BJIACTUBICTh — OJTHOOIYHY IPOBIIHICTD.

I 50%,20°

' I36‘0p

50°

Puc. 6.5. TemnepaTypHa 3a1eXHICTb CTPYMIB 1 HAIPYT P — N - Mepexoay

[Mpssmuii cTpym P —N-mepexoay MNpu HarpiBaHHI 30UIBIIYETHCS HE Tak

CTPIMKO, SIK 3BOPOTHHUH CTpyM. lle MOSCHIOETBCS THM, IO MPSIMUKA CTPyM
0OYMOBIICHHI TOJOBHUM YHHOM, HAsSBHICTIO JOMIIIKOBOi IPOBIIHOCTI, a
KOHIIEHTpAIlisl JOMIIIKK B TEeMIEpaTypu HE 3aleXuTh. TemmeparypHa 3ajJeKHICTh
npsmoi BiTku BAX Bu3HauaeThcs 3MiHAMHU 3BOPOTHOTO CTPyMY HACHUYCHHS 1
MMOKa3HUKA €KCIIOHEHTH.
. : 0 on0

Jlyist repMaHieBUX MPUTIAAiB BEPXHs TeMmreparypHa Mmexa cranoButh 70°..90° C.

VY kpemuieBux — Big 120° C no 150° C.

2. Yacmommna 3anexcnuicms. BnactuBocTi P —N- mepexoay 3aliekaThb TaK0X
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BiJl YaCTOTH MpUKJIaJIeHOl Hanpyru. [{e 00yMoBlIeHEe HAsSIBHICTIO BIACHOT EMHOCTI M1XK
[IapaMy HamiBOPOBIIHUKA 3 PI3HUMHU TUIIAMH MPOBIIHOCTI.

B pexumi 3BOpPOTHOI Hampyru P—N- nepexia sBise€ co00K €MHICTS,
BEJIMYMHA SKOI MpOnopliifHa miomi P —N- nepexoay, KOHUEHTpallli HOCIiB 3apsaay
Ta JIEJEKTPUYHIA MPOHUKHOCTI Marepiajgy HamiBnpoBigHuka. Lo emHICTD

HA3HWBAIOTh Oap '€pHoIo (C5).

C6 _ Q3B0p

UsBop

)i (S QBBop — 00'eMHUH 3apsl, 110 CTBOPIOETHCS 10HI30BAHUMHU aTOMaMHU JOHOPHOI Ta
aKIIENTOPHOI TOMIIIIKH; Uspop — 3HAYEHHS 3BOPOTHOT HATIPYTH.
Ha mnpaktumi jis 3HaAXOJDKEHHS €MHOCTI P —N- mepexoay 3a 3BOPOTHOI

HaIpyry 4acTo BUKOPUCTOBYEThCA (popmyia:

goge [ NN, 1
2 NA +N,£L A(p’

C6:S

ne S — IIoma; £y — €NeKTpUYHA CTala; € — BIJHOCHA JICICKTPUYHA ITPOHHKHICTH
CepeIOBHILIA.

[Tpu mpsimiit Harpy3i P —N- mepexin, Kpim 6ap'epHOi EMHOCTI Ma€e oughy3iiiny
emnicmy C,, .. 1l eMHICTE 00YMOBIICHA HaKONMYCHHAM PYXOMHX HOCIIB 3apsny B

N— 1 p—obmactax.

Qdu
Cau¢ = U 2 )

np

ne Qauqb — BEJIMYMHA 3apsiy, HAKOMUYEHOro B 00JacTi P —N- mepexoay 3a paxyHOK

mudy3ii HOCiiB "yepe3 mepexin; U, — 3HaUeHHS MpsAMOI HANPYTH, SAKii BiAMOBimae

np
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Q()uqb'
ExBiBaneHTHa cxema pP—N- mepexony (cxema 3aMINIEHHS) A 3MIHHOTO

CTPYMY MAa€ BUIJIA, IOKa3aHUI Ha PHUC.

Puc. 6.6. Cxema 3amilieHHs P — N - nepexoay Jist 3MIHHOTO CTPyMY

Ha miit cxemi R, — omip TOBII HAIIIBIIPOBIAHUKIB N—1 P — THUIIY 1 BUBOAIB BiJ
0
Hux (Omu3pko 1 Om); R — omip mepexomy, IO 3aJeXUTh B BEITUYMHH Ta

HOJIIPHOCTI NpukiaaeHoi Hanpyru; C — cyma 6ap'epHoi Ta qudy3i1iiHOT €EMHOCTE.
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JIEKIIA 7. HAINIBITPOBIIHUKOBI 1011

Hanignpogionukoseuii 0io0 — 1€ HaIMIBIPOBIJHUKOBUN MpuiIag 3 OJHUM
€JIEKTPOHHO-IIPKOBUM TEPEXOJ0M 1 JBOMa 30BHINIHIMU BUBOJAMU — aHOJOM 1
KaTOJIOM.

Enextpon nioga, min'eqHaHuil 10 P —o0JacTi, HAa3UBAETHCA @HOOOM, 2
nia'enHaHui 10 N —obnacti — kamodom (puc. 7.1, a). YMoBHe rpadiyHe Mmo3HaueHHs

HaIIBIPOBIAHUKOBOTO J10/1a HaBeJeHO Ha puc. 7.1, 6.

Puc. 7.1. HaniBnpoBiTHUKOBHI 101:

a — MO3HAYEHHS BUBOJIB J1i0Aa; O — YMOBHE rpadiuHe Mmo3HAYCHHS

Jiomn  mMHUPOKO  BHUKOPHUCTOBYIOTHCSI Yy  TMPUCTPOSX  JIETEKTyBaHHS,
MEPEMHOKEHHS TPOIIECIB, MEPETBOPIOBAYAX YACTOTH, KOMYTAI[IHHUX MPHUCTPOSX,
cTaOuLTI3aMifHUX TPHIIaIax.

KnacudixyroTs HamiBIpoBITHUKOBI 1104 32 HACTYITHUMH O3HAKAMU

1. 32 METOIOM BWIOTOBJICHHS TIEPEeXOAy — CIUIaBHI, audy3iiiHi, TJIaHapHI,

ToukoBi, mioau IIIoTKI, MIOMMHHI;

2. 3a MaTepiajJoM — repMaHi€Bi, KPEMHIEBI, apCEHITO-TAITIEB, CEJICHOBI;
3. 3a ¢i3MYHUMH TIpoTIecaM¥, Ha BUKOPHUCTAHHI SIKMX 3aCHOBaHa po0OoTa mionga —

TyHEJbH1, (DOTO10/11, CBITIO J10/IH;
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4. 3a TpPU3HAYCHHSIM — BHUIPSAMHI, IMIOYJbCHI, BapuKamnH, CTaOLIITPOHHU,
JETEKTOPHI, MOMHOXYBaJbHI, MEPEMUKAIbHI, MIACWIIOBaIbHI, T€HEPATOPHI
TOILIO.

Bynp-sxkuii HamiBOPOBIIHUKOBUM JI0JI XapaKTEpU3YETbCS CHCTEMaMH TPbOX

napameTpiB — QYHKYIOHATbHUMU, SPAHUYHUMY TA NAPAMempamu HAOTUHOCMI.
QDyHKYyioHanbHi napamempy BU3HAYAIOTh (DYHKI[IOHAIBHI MOMJIMBOCTI JTIOAIB Yy
HOPMaJIbHOMY PEKUM1 pOOOTH (JIOBroTpuBaia podbora).

I'panuuni  napamempu  BU3HAYAKOTH 30HY  Oe3me4yHoi  poboTH 1107y
(kopoTKOTpHBaIa podOTa).

llapamempu mHaoiiinocmi BU3HAYAIOTh MOXJIMBICTH JI0/IB BUKOHYBAaTH CBOi1
(GYHKIIT TPOTATOM 3aJJaHOTO Yacy y TUX UM IHIIUX YMOBAX €KCILUTyaTaIlii.

HamiBnpoBiguukoBuid gion — HemiHIWHUNA mpunaa, horo BAX omnmcyerbcs

Bupazom | =1, (exp(eU /KT ) —1) 1 mpejicTaBieHa Ha puc. 7.2.

A -201
-40 1
-60
-80

L360p) MKA

T

1 ]

Puc. 7.2. BAX niona

XapakTepuCTUKA AJIsI TPSIMOTO CTPYMY CIIOYATKy MAa€ 3HAYHY HENIHIWHICTD,
MOTIM, 31 3pOCTaHHSM MPAMOT HAIIPYTH, XapaKTEPUCTUKA CTa€ MaiKe JHIMHOIO.

3BOpOTHUN CTPyM TpH 30UTBIIEHHI 3BOPOTHOI HAMPYTH [0 COTEHb BOJIBT

CIIOYATKYy 3pOCTAa€ 1 CTAHOBUTH OJIMHMIII a00 aecsiTku Mikpoamriep. Lle BignmoBinae

OMOpy KUIbKa COTE€Hb KUIOOM 1 Ouibiie. OJHaK TpU MOAAIBIIOMY MiABUIICHHI
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3BOPOTHOI HANpyrH CTPYM pOCTE€ HE3HAyHO. 3POCTAHHS CTPYMY BiIOYBa€eThCsS
BHACIIIJIOK HarpiBaHHs MEPEXOy.

[Ipu nesxomy 3Ha4€HH1 3BOPOTHOT HAIPYT'H BUHUKAE nPooiil p-n-nepexody. Ha
puc. 7.2 ninauka A-b-B Bianosigae o0nacTi enekrpuyHoro mnpodoro. Pobora niona B
PEXUMI EIEKTPUYHOTO TPOOOIO MPUITYCTUMA.

O6nacTi TemtoBoro mpobor Ha puc. 7.2 Bignosigae ningHka B-I'. TemnoBuit
npoOiii HEOOOPOTHUI, TOMY LIO0 BIH CYHNPOBOKYETHCA PYHHYBaHHSIM CTPYKTypHU

PEUYOBHUHHU B MICII1 #-p-TIEPEXO.TY.

Ilpuknao 7.1

I'epmanieBuit gion, mo Mae 3BOPOTHUM cTpyM HacuueHHa lg = 0,25 mxA,
Opaioe Mnpu OpsMoMy 3MilieHHi, mo aopiBHioe 0,1 B, 1 temneparypi 300 K.
Busnauutu ormip J10/1a MOCTIHHOMY CTPpyMYy.

Po3B’s3aHHs

Omip fgioma TOCTIHHOMY  CTpyMY (cTaTM4HUE  OMmip) BU3HAYAETHCS

CHIBBIHOIIEHHSIM

ne U = 0,1 B, a ctpyM 3Haxonumo 3 Bupasy s BAX giona:

eu 161071901
=1, (expﬁ — 1)=0,25 1076 (exp1'38'10‘23'300 -1 > =

=1,167-10"3A
Tomi
R = 0.1 = 85,67 0
~1167-10-3 o>/ TM
Ipuxnao 7.2

Buznauntu, 4oMy AOpIBHIOE Hampyra HamMiBOPOBIAHUKOBOrO [104a, SKIIO
3BOPOTHUN CTpyM pocsirae 90% 3HadueHHS 3BOPOTHOIO CTPYMy HACHYEHHS NpPU

temrepatypi 7 = 300 K.

52



JUist Toro >k nAioAa 3HAWTH BIAHOLIEHHS CTPYMIB NPU 3HAYECHHSX HANPYTH
U =+0,05 B.
Po3B’s13aHHs

BAX niona fyi1 3BOPOTHOTO CTPYMY Ma€ BUTJISIAL

I
-1 =1, (expeu/kT — 1) => expeU/kT =TT +1=>
0

U= ln(—i + 1) kT/e. 3a yMOBOIO % =09

Tomi

U=1 (_I+1> KT/, = in(-09+ 1)- 28 107300 o6 s
BRAVA e = M0 1L6-10-1°
1,6:10712:0,05
I 1,3810723:300 — 1
y e ) s
—69 =~ —7

L 1,6:10719-(=0,05) ~ 0855
2 I (exp 1,38-1023-300 — 1> ’

Emnicmb dioda. HaniBNpoBIITHUKOBUM J10/ XapaKTEPU3YEThCS Oap'epHOIO Ta

nudy3iiHOI0 EMHICTIO. bap’epHa eMHICTh BU3SHAYAETHCA K

_ Qs@op
Co=—,
U 360p

e Qmp — 00’eMHHUI 3apsij, IO CTBOPIOETHCS 10HI30BAHUMH aTOMaMH JIOHOPHOT Ta

aKIeNTOPHOI JOMIIIKH; U ,,,, — 3BOPOTHA HAIpyTa.

s60p

bap’epua emHicTh 3pocTae TmpW  30UTBIIEHHI IJIOmI  P-N-TIEpEeXomy,
JEIEKTPUYHOI MPOHUKHOCTI Ta 3MEHIIEHH1 TOBIIUHU P-N-Tiepexony. /laHa BeanunHa
MOX€E MpUUMATH 3HAYEHHSI BiJ OAWHUIL N0 COTeHb mikodapan. OcoOIUBICTH
0ap'epHOi EMHOCTI MOJISITA€E B TOMY, 1110 BOHA HEJlIH1ITHA, TOOTO 3MIHIOETHCS MIPHU 3MIH1
3BOPOTHOI HAMPyTH Ha nepexol (puc. 7.3).

53



[Ipu nmpsMux Hampyrax 1107 KpiM Oap'epHOi €MHOCTI Mae me 1 qudy3iiHy

eMHICTb C,g, KA TAKOXK € HEMHINHOIO 1 3pocTae npu 30inbmenni U, !

QOud)
Ca d) = f
U Unp

ne Qauqb — 3apsjl, M0 YTBOPIOETHCS B 1-00J1aCTl 32 paxyHOK audy3ii HOCIIB depe3

nepexin; U, ,— npsima Hampyra.

U360p B -« ! : : : 0

40 30 20 10

Puc. 7.3. 3anexHicTs 6ap’€pHOi €EMHOCTI BiJl 3BOPOTHOT HAIIPYTH

Judysiiina eMHICTh NpUKMae 3HAYCHHS Ha JCKUIbKA TOPSJKIB BHIIE HIX
Oap'epHa 1 HE TaK 3HAYHO BIUIMBAE Ha POOOTY M107a, OCKUIBKH IIYHTYETHCS MajUM

OMOPOM A-p-TIEPEXOTY.

Ekesisanenmna cxema HanienpogioHuxkoeozo oiooda. Ilin dac po3paxyHKiB
JESKUX CKJIQJHUX CJIIEKTPUYHUX CXEM 3MIHHOTO CTPYyMY HAIiBIPOBITHUKOBHM 101
JIOBOJIUTHCS 3aMIHIOBATH MOTO €KBIBAJIGHTHOIO CXeMOIO (puc. 7.4), M0 CKIAAAEThCs 3
PE3UCTOPIB, KOTYIIOK I1HAYKTHBHOCTI Ta KOHJEHCATOPIB 1 BimoOpakae OCHOBHI

e1eKTpo13UYH1 MPOILIECH, 1110 BiIOYBAIOTHCS B JAHOMY MPUCTPOI.
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||
[

Puc. 7.4. ExBiBajieHTHa cXeMa HaIiBIPOBIITHUKOBOTO J10/Y:

R, — cymapHuii omip n- Ta p-obnactei, a TaKOXX KOHTAaKTIB LIMX oOjacTeil 3

BHBOJAMH; HeJIHIHHMI omip R,,, — omip p-n-mepexony (nopiBHioe R, , — mpu npsimMux

Harpyrax, abo R, — mpu 3BOpOTHUX Hampyrax); C,Cs ~ nudysiitHa Ta 6ap’epHa

360p

€MHOCTI BiNoBiAHO; L— iHnykTHBHICTE; C,— €MHICTH MK BUBOJAMH JIOLY.

HaBezera CKBIBAJICHTHA CXeMa B pi3HI/IX OKpPCMHUX BHIIAJKaAX MOKC 6}’TI/I

cripoiena (puc. 7.5).

Temnepamypni enacmusocmi HanienpoeioHUKOBUX diodis. Ha
€JICKTPOTIPOBITHICT, ~ HAIMIBIIPOBIIHUKIB 3HAYHO BIUIMBae Temmeparypa. [lpu
MiBUICHH] TEMIIEpaTypH MIACHIIOEThCS TeHepallis Mmap HOCIB 3apsagy, TOOTO
30UTBIIY€ETHCA KOHIIGHTpAIlil HOCIiB, BIIMOBIIHO, MPOBIAHICTE pocte. Tomy
BJIACTUBOCTI1 HAMIBIPOBIIHUKOBHUX JIOMIB 3HAYHO 3alekaTh Bin Temmepatypu. lLle
HA0YHO MOoKa3yrTh BAX, 3HATI IpH pi3Hii TemmnepaTypi (puc. 7.6).

[Tpu migBUIEHHI TeMMepaTypu NPSIMUN 1 3BOPOTHHA CTPYMHU POCTYTh. Jlyxe
CTPIMKO 30UTBIIYETHCS 3BOPOTHHM CTPYM, IO OOYMOBIICHO TOCHUJICHHSM TeHEeparlii
nap HOCIiB:

t-20)/10
I, =1 ( .
360p 360p(200 C )
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N +—1 - — }—
a §)

Ro Rnp Rnp
— 1 —
— Coup —eo o9 Coup —o

| |
I
B T

Puc. 7.5. MoxuBi BapiaHTH €KBIBAJICHTHOT CXeMHU J10/1a:
a — Ha HU3BKUX YacTOTaxX MpH NpsiMii Hanpy3i; 6 — Ha HU3BKUX YaCTOTaX MPHU
3BOPOTHIM HaMpy31; B — Ha BUCOKMX YaCTOTaxX MpHU MPsMiid HAIpy3i; T — Ha

BHUCOKHMX YacTOTax MpHU 3BOPOTHIN HAMpy3i

[TpssMuii cTpyM IpU HarpiBaHHI J1i0J1a 3pOCTa€ HE TaK CHJIBHO, SIK 3BOPOTHHIA.
Ile MOSICHIOETBCS THM, IO MPSIMHH CTPYM BHHHKAE TOJOBHHUM YHMHOM 3a PaXyHOK
JIOMIIIIKOBOI TPOBIMHOCTI, a KOHIICHTpAIlil aTOMIB JOMIIIKA HE 3aJeXKHUTh BiJ
Temreparypu. Hes3HauHe 3pocTaHHS MPSIMOrOo CTPyMy OOYMOBJICHE TE€HEpalli€ro

BJIACHMX HOCIIB 3apsy.

L360p, MKA

Puc. 7.6. Temnepatypna 3anexHictb BAX nioga
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Po3paxynox  pobouozo pexcumy Oiooa. Pexum pobotu nioga 3

HAaBAaHTKCHHSAM HA3UBAETLCS podouum pexcumom oioda (puc. 7.7).

U() o
VD
PH——
+ @ > x
E R, O
- @ Y

Puc. 7.7. Jlo po3paxyHKy poO0OUOro pexumy aiojaa

Iocmanoska 3aoaui: lano: E, R, BAX nioma. 3naiitu: ctpym B komi [ 1
Harnpyry Ha aioai U,.

Po3B's3anus

OckinbKy 1107, Ma€ HETIHIMHUNA omip, 3HaYeHHA R,, y HbOro 3MIHIOETBCSA IPH
3MiHI cTpyMy. ToMy po3paxyHOK CTpyMYy IIPOBOISTH IpadpidHO.

J171s1 11b0TO B OJTHIM KOOPJMHATHIN TUTOMIMHI ManorTs BAX nioga 1 mpsaMmy, 1o
MOB'SI3y€ CTPYyM 1 HANpyry Ha HaBaHTaxkeHH1 (puc. 7.8). 3B'I30K MIDK CTPYMOM 1

HAIPYTOI0 Ha HABAaHTAXKEHHI 3a7a€Thcs 3aKoHOM OMa:
I=U,/R, =(E—Ua)/ R,.

s mpsiMa mpoXoaWTh Yepe3 JBI TOUYKH — TOUKy b (BiAMOBimae pexumMy

X0JIOCTOTO XOAy), KoopAauHATH sKoi |

wp =0 mpu U, =E Ta Touky A (Bianosixae

peXHUMY KOPOTKOTO 3aMHUKaHHs) 3 Koopaunatamu [, = E | R, ipu U,, = 0.

A Inp
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Puc. 7.8. I'padiune Bu3HaU€HHs cTpyMy B KoJii / 1 Hanpyru Ha aioal U,

Touka nmepetuny BAX 1 xapakTepuCTUKHA HaBaHTAXXeHHS AB Oyie po3B'sI3KOM
p y p p yae p

3a1a4l.
Ilpuknao 7.3
Bu3HaunTte BUXiIHY Hampyry Ccxemu .
VD .
1)E=15B;R,=1k0m E SIZ =
+®
R,
— 1+
2)E=15B; T=293 K; R, =20 xOm; VD .
E 8
lo= 10 MKA, mioJ KpeMHIEBU S; >
- @

Po3B’s13anHs
1) Ha nmion mogaeThcst 3BOPOTHA HANPyTa, MPHU IIbOMY 3BOPOTHUM OITIp J10/a CKIIaaae
COTHI KiJIooM, ToOTO Ry >> R,. Tomy MO’KHa BBa)kaTH, 110 MPAKTUIHO BCS HAIpyra

magae Ha mioni = > U,,,=15 B.
2) OckiTbKH Ha J10J TMOJaHa mpsma Hampyra, To R, << R, 1 ctpym B cxemi Oyje

BU3HAYATUCA OIIOPOM PEC3UCTOPA HABAHTAKCHHA.

E
I=—

— — . -3
RH"20-103"2 1074

Bupas, mo nmos's3ye ctpym Ta Hanpyry Ha giofi — e BAX miona:

I
| = IO (expeU/kT — 1) => [l = ln(l_ + 1) . kT/e
0

2-1073 1,38-10723-293
=1In - = 0,13 B.

—+1
10-10-° * 1,6 -1071°
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Ilpuknao 7.4
Hion, y sikoro mpu mnpsamid Hampy3i 0,8 B MakCUMalbHUA HPSIMUH CTpyM
Ly mar = 100 MA, 3’€IHaHMM MOCIINOBHO 3 HABaHTAXXyBAJIBHUM PE3UCTOPOM
R,= 100 Owm (puc. 7.7).
BusHauntu HailOUIbIe 3HAUEHHS HANPYTH JDKepesa, NpH sikiil mion Oyae
MpaIfoBaT B 0€3MEUHOMY PEXKUMI.
Po3B’s3aHHs

[TaginHs HAaPyTy HA PE3UCTOPI MIPU MAKCUMAIIBHOMY CTPYMI:
Uy = InpmaxRy = 1001073 -100 = 10 B

3 BpaxyBaHHSIM MpPSIMOT1 HANpyryd Ha J10]1, aMIUIITYJa Halpyry JKepena He

IMOBHHHA IICPCBUIITYBATHU

E max = Uy + Uy = 10 +0,8 = 10,8 B.
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JIEKIIA 8. 3ACTOCYBAHHSA HAIIIBITPOBI/THUKOBHUX A1O/J1IB
JJIAA BUTIPAMJUIEHHA 3SMIHHUX CTPYMIB

Bunpamuuii 0io0 — 1€ HaMBOPOBIAHUKOBUN Mi0J, NpU3HAYECHUM IS
MEPETBOPEHHA 3MIHHOTO CTpyMy B MOCTiMHUH. [IpuHuumn nii BUNPSAMHHUX J10A1B
IPYHTYETBCSI HA BJIACTUBOCTI p-n-TIEPEXOAY MPOBOJUTU CTPYM B OJTHOMY HAIpPSIMKY
(1oOpe mpoBOAATH CTPYM B IPSIMOMY HAmpsIMKY 1 IIOTaHO B 3BOPOTHOMY). MoskHa
CKa3aTH, W0 BHUIPSMHUN J10J] € CHOXXMBA4eM EHEeprii 3MIHHOTO CTpyMmy 1
reHepaTopoM MOCTIIHOTO CTPyMY.

Ocnogni napamempu, 1110 XapakTePU3yIOTh BUNPSAMHI 110/1U:

1. MakcuManbHui npsaMuid CTpyM |, max;

2. Ilaninns manpyru Ha gioai U,, ©pu 3aJjaHOMYy 3Ha4€HHI NPAMOro crpymy |,
(U,, = 0,3... 0,7 B nsa repmanieBux gioxis ta U,, = 0,5...1 B — 1711 kpeMHi€BUX);

3. MakcuManbHO MPUITYCTUMA IOCTIMHA 3BOPOTHA HANpyra A101a Usqp, max:

4. 3BopoTHHI CTPYM |,4,, IpU 3a71aHI1M 3BOPOTHIM HANIPY31 U,y

5. bap'epna emuicte nioga C; npu NPUKIAIEHHI 0 HHOTO 3BOPOTHOT HAIIPYTH JESKOT
BEJIMYUHH;

6. liama3oH 4acToT, y SKOMY 3HAU€HHS BHUIPSIMIICHOTO CTPYMY HE 3MEHIIYEThCS
HUKYE 3aJJaHOTO PIBHS;

7. PoGouwnii niama3oH TemMmneparTyp.

Haiinpocrima cxema A BUINPSAMIEHHS 3MIHHOTO CTpyMy 300paskeHa Ha

puc. 8.1 1 HOCUTh HA3BY OOHOHANIBNEPIOOHOT CXeMU BUNPAMIIEHHA.

Uy
R,

A
Y

F

e(t) - vb

, ¥

Puc. 8.1. OgnoHaniBnepioJHU BUIPAMIISY

Uy
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Po6oTta ogHOHAMIBIEPIOIHOTO BUIPSIMIISIYA BIJOYBAETHCSI HACTYITHUM YUHOM.

3 BUXOJIly FeHepaTopa Ha BXij kousa nogaetses cunycoinna EPC e(t) = E,, sinwt (puc.

8.2, a). Beaxxarumemo, IO BHYTpiIHIA omip reHeparopa R, =0 1 HuM MoxkHa

3HEXTYBATH.
Axe(t)
Enm

a T/2 T 3T/2
0l . t

Ai(t) | |
5 /Imm TI/\BTIZ:
0 | | t

A U,(1) | |
. ImR”lTYZ TL////\\\\\BTVZ
0 | | t

AU ()(t) | |

Unpmax

5 hero Tl/\:’mz:
0 E, t

| |

| |

Puc. 8.2. HacoBi giarpamu eJIeKTpUYHUX MPOIIECIB Y KOJII OHOHAIIBIEPIOHOTO

BUIIpAMILAYA

[IpoTarom mepioro HamiBmepioAy Hampyra s 10/1a € MPSMOIO 1 B KOJII Tede

CTpyM, L0 CTBOPIOE Ha pe3uctopi R, maminug Hanpyru U, . Ilporsrom HacTymHOro

HAIIBIIEPIOAY HAmpyra ISl JI0y € 3BOPOTHOI0, CTPYMY B KOJII MPAKTUYHO HEMAE i
u, =0 (puc. 8.2, 0, B).

TakuMm ynHOM, Yepe3 HaIIBIPOBITHUKOBHM /T107], HABAHTAXKYBAJIbHUIA PE3UCTOP
1 JDKEepeno €Heprii MpOoXOAWTh MNYJbCYIOUHI CTPYM Y BUIJISI IMITYJbCIB, IO
TPUBAIOTH MIBIEPIONY, PO3AUICHUX MPOMIKKaMH TakoxX y miBmnepiony. Llei ctpym
Ha3UBaIOTh eunpamaeHum cmpymom (puc. 8.2, 0). 3a3Buyail omnip HaBAaHTAKCHHS B

Oarato pa3iB OUIbIIIE OMOPY /10/1a, IO JI03BOJISIE 3HEXTYBATH HEJIHIMHICTIO /110/1a.
61



VY 1poMy BHNAIKYy BUOPSIMIIEHHH CTpyM Ma€e (QopMy IMIYJbCIB, OJU3bKY 10

HaIlIBCUHYCOiAM 3  MaKCUMaJIbHUM  3HayeHHsIM | Bin crTBOproe Ha

m -
HABaHTAXYBaIbHOMY pe3ucTOpi R, BUnpsMieny Hanpyry U, (puc. 8.2, B), mnpu4oMy

U,,, =R,

Ha puc. 8.2, r 300paxkeHa 4yacoBa 3aJIeKHICTh Hanpyru Ha gioal. Lls manpyra
Ma€e HECUHYCOigHy (opmy. AMIUNTYAM MAOJATHIX 1 BiA'€eMHUX HaIiBXBHIIb
HEOJHAKOB1. AMILUIITY/]a TOJaTHIX HAMIBXBWIb Ayke Maia. [{e 00ymMoBiIeHO THUM, 1110
KOJIM IPOXOJIUTH MPSIMUM CTPYM, TO OLIbIIIA YACTHHA HANPYTH JKEpesia BUIUISETHCS
Ha HaBaHTAXXyBaJIbHOMY pe3ucTopi Ry, omip sSIKOro 3HayHo nepeBuinye onip Aioga. ¥
IIbOMY BUITAJIKY

U,mn=E,-U,n=E, - IR, <<E,,.

npm m H

[Ipu Big'eMHiN HaAMIBXBWJII HANPYru CTPyMy MNPAKTAYHO HEMA€E 1 TaJIHHS
Hampyru Ha pe3uctopi R, mopiBHroe Hymro. Bes Hampyra pkepena MpUKIaJeHa 10
miona i € I HbOro 3BOPOTHO. TakuM YHMHOM, MaKCHMaJlbHE 3HaY€HHS 3BOPOTHOT
Harnpyru nopisHioe amiuiityai EPC mxepena.

PosrnsiHeMo neTanpHIlIe BUMIPSIMIIGHY Hampyry (yce, 1o Oyne rmokasaHe st
Hei, Oyae crmpaBemmBe 1 JUIs BUIPSAMIIEHOTO CTpymy). I3 rpadika Ha puc. 8.2, B
BUJTHO, IIIO Il HAMpyra CWIbHO mynbcye. [IpoTsrom apyroro miBmepiona Hampyru

30BCciM Hemae. KOpHCHOIO CKJIa0BOIO TaKOi HANMPYTH € ii nocmiitha cknadosa, abo

cepeone 3nauenna U, (puc. 8.3).

A U(D)

\ 4 Ucep

NTTTTETTTYZ, U, 0\
0 T/2 T

>
A
t

Puc. 8.3. Bunpsimiiena Hanpyra Ha HaBaHTaXXyBaJIbHOMY PE3UCTOP1
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JUIsi HalIBCUHYCOIAHOTO IMITYJICY 3 MaKCHUMaJIbHUM 3HAauY€HHSM Hanpyru Ep

Cepe/IHE 3HAYCHHS 3a MepioA:

T T/2 T /2
U, =1juﬁ(t)dt:1jEmsina)tdt=—5coswt ~En_0318E .
roTd T wT 0 =«

BinHimMaroun BiJg BUIPSAMIIEHOT MYJbCYIOUOT HANpyru ii cepelHe 3HAYEHHS,

OZIEp’)KUMO 3MIHHY ckaagoBy U, .. mo mae HecuHycoinHy Gopmy. [l Hei
HYJIbOBOIO BICCIO € TIpsiMa JIiHISA, M0 300pakye MOCTIMHY ckiaaoBy (puc. 8.3).
HamiBxBuJ1i 3MIHHOT CKJIaI0BO1 3alITPUXOBAHI.

3MiHHA CKJIAJ0Ba € «IIKIJJTMBOIY» CKJIAJ0BOIO BUIpsAMIICHOT Hanpyru. Js ii
3MCHIIICHHS B HABaHTa)XyBAJIbHOMY PE3UCTOpPi, TOOTO JUIS 3TJIa)KyBaHHS ITyJIbCaIlii
BUIIPAMJICHOT HAINpyryd, BUKOPUCTOBYIOTh CIHEIialbHI TPHUCTPOI — 3TJIaDKYoUi
¢bireTpu. HaiinmpocTimumM € eMHICHUN QLIBTP, IO SBJISIE COOOK KOHJIEHCATOP JIOCUTH
BEJIMKO1 EMHOCTI, BBIMKHEHH MapajeibHO 10 HAaBaHTaKECHHS.

Konnencatop morpiOHO oOupaTd Takui, 100 HOTO peakTUBHUU orip OyB

1
2z fC

Ha0arato MEHIIE ONOpY PpEe3UCTOpPAa HABAaHTaXKEHHSI X, = < R,. B npomy

BUIIQJIKy MyJIbCAIlii HAIPYTH Ha HAaBaHTa)XKEHHI MaJll 1 MPUITYCTUMO BBAaXKATH, IO IIs

HaIpyra MoCcTiiHAa.

e(t) /i N D

~ ¥

Puc. 8.4. OgnonaniBnepioJHU BUIPAMIISY 3 PUIBTPOM

PoGoty BumpsiMiisiya 31 3riIa/KYIOYUM KOHJIEHCATOPOM LIIOCTPYE puc. 8.5, 1e
HaBeneHi rpadiku EPC mxepena e(?), 1 Hanpyru Ha KoHAeHcATopi Uc, 10 TOPIBHIOE
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HaInpy31 Ha HaBaHTaKEHH] U, .

[IpoTarom nesikoi YaCTMHM JOAATHOTO HAMIBIEPIONy, KOJM HANpyra Ha 101,
0 BU3HAYAETBCA BUPA3oM U, =€ —U, ImpAMa (I0oJaTHA), 4epe3 AI0J IPOXOIUTh
CTpyM, IO 3apskKae KOHJEHcCATOp 10 Hampyrd, Onu3bkoi 10 En. 3apsn
KOHJIEHCATOpa uepe3 MOPIBHAHO Manuil omip gioga R, <« R BiIOyBaeTbes IBUIKO 3
HOCTIIHOIO Yacy 7, = CR, . LlboMy pexuMy BIANOB1AA€ 1HTEpBAI Yacy ) — to.

IIpotsrom inTepBasly wacy t; — t3 mHampyra u.(t) >e(t), nion 3axkputuii, a
KOHJICHCATOP PO3PSAIKAETHCS Yepe3 HaBaHTaXyBalbHUI pe3ucTop R, 3 MOCTIHHOO
4acy 7,,; = CR,. Ilpu npomy Hampyra U (t) 3HIDKYETbCS 1O JIESIKOTO HailMEHIOro
3HaueHHs (He A0 HyJs). Po3psn Ha BenMKUN OMip HaBaHTAXKEHHS BiIOYBA€ThCS
Habarato MOBUIbHINIE, HDK 3apsja. BHacminok mboro Hampyra Ha KOHAEHcaTopl 1
BKJIFOUEHOMY TMapajielibHO HOMY HaBaHTAXXEHHIO MyJbcye He3HayHo. Kpim Toro,
KOHJEHCATOp 3HA4YHO 30UIbLIyE TOCTIMHY CKJIaJ0BY BHUIpsMIeHOT Hampyru. [lpu

BIJICYTHOCTI KOHJEHCATOpa Ucep ~0,3E,,, a Ipu HasBHOCTI KOHJEHCATOpa JOCHUTh

BesnKoi emuocti U, = (0,8..0,95)E,, .

e(ta
2 g ; ’
( 1/ 7 37/ "
I I ' 4
! !
| I :
! ! '
! I |
: : '
uc(t),A : : i
(1) E E |
—/N“ '\
AN A Y
FN S VLN
)r & 1 /[ 3 4
\ /
\ !
\~£/

Puc. 8.5. HacoBi qiarpamu €1eKTpUYHUX MPOIIECIB Y KOJI1 OJHOHAMIBIEPIOAHOTO

BUTIPAMIISIYA 3 (UIBTPOM
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MakcumanibHa 3BOpOTHA HAmpyra Ha A10J]l1 B JAHOMY BHUMAJKy JOPIBHIOE CyMi
HaIpyr Ha KoHAeHcaTopl 1 aMmIutiTyaHoro 3HadeHHss EPC mxepena (BoHa 0sn3bKa 10

3HaueHHS 2E,.

Ilpuknao 8.1

Po3paxyBatu ogHOHamiBnepiogHui Bunpamisd (puc. 8.6), skumo R, = 3 kOwm;

= 180 B; U; = 220 B; niox ineaabHUM.

Heep
Po3B’s13anHs

Po3paxyHok BuUmpsiMiisua, MOKa3aHOTO Ha PUCYHKY, IMOJSATaE B 3HAXOJKEHHI

3HaueHb Iy cep Iup. ms Uspop.max, BUOOp1  1IOAYy, 110 BIANOBIAE OTPUMAHUM

napaMmeTpaM, a TakoX BU3HAYeHH1 KoeilieHTy TpaHncopmMarii.

T VD =i,
D

Ua(t) Uz(t) = R,

>

F

Puc. 8.6. Cxema no npukiany 8.1

[neanpHUI 11071 — PIBHOCWIBHUN MOJIEII 171€aIbHOTO BEHTUJIS: TIPH MPSIMOMY
BKJIFOUCHHI TTOBHICTIO BIIKPUTHUMN, IIPU 3BOPOTHOMY BKIIFOUCHHI MTOBHICTIO 3aKPUTHH.
B 3akputomy ctaHi Iy, = 0, 75,4 = ©; y Binkputomy crani Uy = 0, 7,4 = 0.
Mopens «igeanbHOTO JI0AY» 3pYYHO BHKOPUCTOBYBATH [IJISl aHANI3y CXeM
BUTIPSIMJISIYIB 3 BEJIMKUMHU 3HAYEHHSMU aMIUTITYyJl BHUIPSIMICHUX HANpPYT, KOJIHU
HEJIIHIMHICTIO TIOYaTKOBOI AUISHKH TpsAMoi BiTkM BAX 1 HasBHICTIO HEBEJIHKOTO
3BOPOTHHOTO CTPYMY MOKHA 3HEXTYBATH.

Crtpymu 1 HampyTy Ha PI3HUX AUITHKAX CXeMHU 300paxkeHi Ha puc. 8.7.

CtpyM HaBaHTaXEHHS — 1LI€ CEPEITHE 3HAUCHHS CTPYMY:

Uy, 180
mnp.cep. - RH - 3 . 103

I =1 = 601073 A;
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MakcuManbHe (aMIUTITY/THE) 3HAaUeHHSI CTPyMY uepes3 10/1:

Ipm=1m"1 =3,14-60-10"3 = 188,5- 1073 A;

np.cep.
MaxkcumanpHe 3HaYEHHS 3BOPOTHO1 HAIIPYTU:

Uspopmax =T * Uy, = 3,14 - 180 = 565,49 B;

OTpumaHuM 3HaYeHHSIM 3a710BOJIbHSE 1107 KJ[2095.

ift) .

Puc. 8.7. Ctpymu 1 HaripyTu B OJHOHAIIBIEPIOIHINA CXeM1 BUTIPSIMIICHHS

.. U . :
Jnst BusHauenus koediuienta Ttpancpopmanii K, = U—z 3HAUAEMO J1I04e
1

3HAYEHHSI HaIlpyTH.
U3Bop.max . 565,49
NG

U, = = 399,86 B;

399.86
Kip = —55— = 1,82
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Ilpuknao 8.2
Po3paxyBaTtu ogHOHAMIBOEPIOAHUNA BUNIPAMIIAY 3 PUIbTpOM (pHC. 8.8), AKIIO:

R, = 150 Owm; Usep = 15B; U; = 220B; f = 50 I'y; miox kpeMHi€BHIA.
‘ Uy(t) >
VD

T
°
2 ¢
u1(t) Uo(t) R,

u,(t)

Puc. 8.8. Cxema no npuknany 8.2

Po3B’sa3aHus
3HaX0AMMO CEpPEIHE 3HAUCHHS BUIIPSAMIIEHOTO CTPYMY:

UHcep 15
=—=—=0,1A4;

Inp.cep. = IH - RH - 150

MakcuMainbHe (aMIUTITYTHE) 3HAaUeHHS CTPYyMY uepes3 JII0I:

= 3,14+ 0,1 = 314 MA;

Inp. max — TT° Inp.cep.

3HaiiIeMo aMIUTITyIHE 3HaueHHs Hanpyru Us,,, 3 BUXOAy TpaHCcpopMaTopa:

Usgy + Up = 0,9 Uppy.

3HaueHHsA NPSAMOi HANPYTd Ha KPEMHIEBOMY 101 TpUMae 3HAYCHHA 3

inrepsany [0,5...1 B]. Hexait U, = 0,7 B. Koeoiuient 0,9 BpaxoBye Toit daxr, mo

KOHJICHCATOP 3apsKA€ThCS HE 10 aMILTITyAHOTO 3HaueHHs, k=[0,8...0,95].

Tom
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Un,, Uy 15+0,7

Vam = =09 =09

= 17,44 B;

Ussopmax = Uzm + U, = 17,44+ 15 = 32,44 B.

OOupaeMo 110/ 32 OTPUMAHUMH 3HAUCHHAMHU I1p max) Inp.cep. Uspop.max, HATIPUKIAT,
J1203.
Koediuient tpancpopmanii:

U Uy 1744

K., = = = = 0,06.
PU U V2 V2220
3Hal1eM0 3HAUYEHHS €MHOCTI:
. &K R, => _ R =>
wC "7 2mfc 10
10
c = 212,2 MKD.

~2-314-50-150

Ilocnioosne i napanenvhe 3'cOnanmsa 0iodie. SIxio HEOOXITHO OTpHMATH

BUTIPSIMJICHHSI BHUCOKOI HANpPYTH 3 aMIUTITYJHUM 3HaYeHHAM E_ Tpu BiICYTHOCTI

BUCOKOBOJIBTHUX Jdi0fiB, TOOTO KOmMm E, >U JIOBOJIUTHCSL  3'€IHYBATH

360p.Max !

HU3BKOBOJIBTHI JTI0JI1 TTOCiA0BHO (pHC. 8.9).

le Rm n
° o [
VD,

N

|/

|
‘ o 0o o

|/

(Do []r.

T

Puc. 8.9. IlocninoBHe 3'eAHaHHS HAIMMIBIPOBIAHUKOBHUX J110/11B
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Heob6xiaHa KiTbKICTb J110/[1B BUBHAYAETHCS 32 (OPMYIIOIO

p=—m (8.1)

kU U 360p.max

ne k, — koedillieHT HaBaHTa)KeHHs Ji0/1iB 1o Hanpysi; k, €[0,5...0,8].

Sxuo oTpumaHe 3Ha4YeHHS N JOpoOOBE, OKPYINIIOIOTH A0 HAHOIMKYOro
OLIBIIOrO LUIOrO YHCIA.

Pi3H1 ex3emMIuisipu [i0f1B OAHOTO THIY MAalOTh BEIMKUNA PO3KHI 3HAYEHb
3BOPOTHHUX OMOPIB 1 MpoOMBHUX Harpyr. KpiM TOoro, 3B0poTHi BITKM BOJBT-aMIIEPHOT
XapaKTePUCTUKH J10/11B MO-PI3HOMY MOXYTh 3MIHIOBATHUCS MPHU 3MIHI TEMIEPATYPH 1
3 yacoM. Bce 1ie mpu3BOAUTH 0 TOrO, 110 MPHUKJIaJeHa 10 MOCIIIOBHO 3’ €IHAHUX
JIOMIB HAINpyra BUAUISIETBCS B OCHOBHOMY Ha 10/l 3 HAWOUIBIIMM 3BOPOTHUM

OIIOpOM, IMPHU IbOMY BOHA MOKC BUABUTHCA BUIIC I‘paHI/I"IHOI U Yy peBy.HBTaTi

360p.max *
MO>KJIMBUI HE3BOPOTHIiH mpo0Oiit. Buxin 3 magy ogHOTo 3 110/1iB B IOCJI1IOBHOMY KOJII
BeJIe 10 IPOOOIO IHIIHKX.

Jlns Toro, o0 3BOPOTHA HAMpyra PO3MOALILIACcCS PIBHOMIPHO MK JI0JIaMH,
HE3aJIC)KHO BiJl iX 3BOPOTHUX OIOPIB, 3aCTOCOBYIOTH IIIYHTYBaHHS pPE3UCTOPAMHU.

Onopu R, pe3ucTOpiB MOBUHHI OYTH OJHAKOBI 1 3HAYHO MEHIIE HAWMEHIIOTO 13
3BOPOTHHX OMOPIB J10/1iB. AJle pa3oM 3 THM R, HE MOBUHHI OyTH 3aHAATO MAIUMH,

11100 HE MOTIPIIMIIOCS BUIPSIMIICHHS.

nU -11E
<

360p.max

R, <
“ (n _1) |3eop.max

- (8.2)

3a3BuYail TIYHTYIOUI PE3UCTOPH MAIOTh OIIp BiJl JEKUIBKOX JECATKIB 0

JIEKIIBKOX COTEHD K1JTOOM.
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Ilpuknao 8.3
Po3paxyiiTe 1 300pa3iTb cXeMy €IEKTPUYHOTO KoOJia JJisi BUIPSMIICHHS

CUHYCOIJHOT Hampyru 3 amIUNTyJHuM 3HaueHHsM E_= 990 B, BUKOpPHUCTOBYIOUU

pionn, y skux U, =600B17, . =100uxA.
Po3B’ 130K
Ockinbku E, >U, ., HEOOXiJHO BUKOPUCTATH MOCIIJOBHE 3'€AHAHHS Ti0O/IB.

3a dopmynorwo (8.1), oOpaBmm  Koe(DIIIEHT HAaBAaHTAXKEHHS JI0JIB MO HAIpy3i

k, =0,7, BU3HAYaEMO HEOOXITHY KIJIBKICTh 10/1B:

n= Ey = 990 =2,36.
kUU'jenp.max 0’ 7 ’ 600

OKpyTIIFOEMO OTPUMAaHY KIIBKICTh 10 HAHOIMXYOro OUTBIIOTO IIijioro, N = 3.

Onopu MIYHTYIOUHX PE3UCTOPIB BU3HAYAEMO 3a hopmyIioro (8.2):

< nU'}eop.max _1’1Em _ 3 * 600 _1,1 990

R, < - —3,56 MO
“=(n-1)1, ... (3-1)100-10° "

Po3paxoBaHa cxema Bunpsimiisida HaBejieHa Ha puc. 8.10.

‘ VDl | VDz | VDg'_’_

C e(t) []r.
T

Puc. 8.10. Cxema no npukiany 8.3
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[TapanensHe 3'enHanHs aioAiB (puc. 8.11) BUKOPHCTOBYIOTh B TOMY BHUMAJKY,

KOJM MOTPIOHO OTPUMATH BUIIPSAMIIEHUN CTPYM 3 aMIUIITyJHUM 3HA4CHHSIM |

eunp.m !

OUTBIIMI TPAaHUYHOTO CTPYMY OJHOrO Aioja |

np.max "

VD, Ro1

i(t)

Puc. 8.11. IlapanensHe 3'€1HaHHS HAMIBIPOBITHUKOBUX JI10/T1B

Heo06xi1Ha KUTBKICTB J110/11B BUBHAYAETHCS 32 (OPMYIIOIO

n= (8.3)

| " np.max

ne k,— xoedillieHT HaBaHTa)KeHHs Ai0AiB 1o cTpyMy; k, €[0,5...0,8].

AJle SIKIIO Ji0IW OJHOTO THIY MPOCTO 3'€HATH MapajelbHO, TO BHACIHIIOK
PO3KHUAY MPSIMUX OMOPIB y PI3HUX €K3EMILISAPIB JI10JIB OJHOTO 1 TOTO K TUITY BOHHU
BUSBIIATHCS TO-PI3HOMY HABAaHTAXXCHUMHU 1 B JESIKUX CTpyM Oyae Ouibiie
rpaHuyHOTrO. J[71s1 3piBHAHHS CTPYMIB 4epe3 MI0OAU TMOCTIJOBHO O KOXKHOTO 3 HUX

BMHKAIOTh JTOJATKOBI pe3UCTOpPHU R, .

R > Unp(n -1)
nl -11l

np.max 1" gunp.m

(8.4)
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IlIpuknao 8.4
Po3paxyiiTe 1 300pa3iTh cXeMy BUIPSAMIISIIOUOTO KOJIa, 110 JT03BOJISIE OTPUMATH

BUNPAMIIEHUN CTPyM | = 400 mA, BuxkopucToByrOuM miogum y skux U =1 B i

eunp.m

I .= 300mA.

np.max

Po3B’ 130K

Ockinbku | > | HEOOXIJHO BHUKOPUCTAaTU TNapajiebHEe 3'€JHAHHS

eunp.m np.max?
nionis. 3a dhopmynoro (8.3), oOpaBimu KoePIIIEHT HABAaHTAXKEHHS J10]11B IO CTPYMY

k, =0,8, Bu3HauaeMo HEOOXiAHY KUIBKICTb J10/1B:

o Lupn___400-10°
kI 0,8-300-10°°

| " np.max

=167 =>n=2.

3HaveHHS OTOPIB JOJIATKOBUX PE3UCTOPIB 3HAXOIUMO 3a hopmyioro (8.4):

u,(n-1) 1-(2-1)
Y 2-300-10°~121-400-10°°

np.max

R, >

0

=6,25 Om.

sunp.m

Po3paxoBaHa cxema BUIIpsMIIsiYa HaBe[eHa Ha puc. 8.12.

VD, Ro1

i(t) R,

Puc. 8.12. Cxema no npuknany 8.4
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JEKIIA 9. HANIBIPOBITHUKOBUM CTABLIITPOH. CTABICTOP

Hanisnpogionukoeuii cmaoinimpon (onopHuit JI10) — e
HaITIBIPOBIIHUKOBUN M10JI, TpPU3HAYCHUU [JIs cTaburi3aiii Hampyrd, poOodoro
TUISTHKOIO SIKOTO € JUISTHKA €JIEKTPUYHOr0 MpoOoro 3BOpOoTHOI BiTKH BAX.

YMoOBHE rpadiyHe mO3HAYEHHS CTAOUIITPOHY 1 MPHUKIAAU 30BHIIIHBOTO

BUIJISITY HaBeJeHl Ha puc. 9.1.

VD

10

Puc. 9.1. HaniBnpoBiTHUKOBHI CTaOLTITPOH:

a — yMOBHe rpadidyHe nmo3HadeHHs; O — BapiaHTH 30BHIIIHBOTO BUTJISTY

Haiiuacrime cTabuTiTpOHM BUTOTOBIISIIOTh HA OCHOBI KPEMHIEBHX KPHUCTAIIIB 3
IUIOLMHHUM p-n-iepexosioM. lle oOymMoOBI€HO TUM, IO KpEeMHIA Mae Maui
3BOPOTHHM CTPYM 1 € OUTBII CTINKUM 70 pOOOTH B YMOBAaX MiABUIIICHUX TEMIIEPATYP.

3a3Buyail CTaOUTITPOHM BUKOPUCTOBYIOTHCS JUIsl CTabumizamii MOCTIMHOL
HAlpyru B JDKepenax >KUBJICHHS, 3aXUCTY eJeKTpoamnapaTtyp Bil TMEpeHanpyr, B
SAKOCT1 JDKEpesia OMOpHOI HAmpyrd B IHTETPATBHHUX CXEeMaX, 30KpeMa aHalloTOBO-
U (QPOBUX MEPETBOPIOBAUAX.

[Ipsima BiTka BAX crabimiTpoHa TPakTUYHO HE BIAPI3HAETHCA BiA TPSIMOI
BITKHM OYJIb-SIKOTO HaIiBIPOBITHUKOBOTO J104a. 3BOPOTHA BITKA Ma€ BUTJIS MPSIMOi
BEpPTUKAIBHOI JIHII, IKa Maibke mapanenbHa Bici cTpymiB (puc. 9.2). Tomy npu 3MiH1

CTPYMIB B IIMPOKUX MEKaX MaJ[IHHS HAIPYTHU HA NPUJIaJll MPAKTUYHO HE 3MIHIOETHCS.
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LFI;'I. oax
_L'{'T CER
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f CT. pan L i
!ﬂ_ CEp
-‘r CT. max

Y
Issop

Puc. 9.2. BAX crabinitpona

OcHOBHI mapaMeTpH HANIBNPOBIAHNKOBUX CTA0IIITPOHIB

1. Hanpyza cmaébinizayii, U, — HOMIHAJIbHE 3HAYCHHS HANPyru Ha

cm

CTAaOUTITPOHI MpU 3aJaHOMY 3BOPOTHOMY CTpyMi B o0Omacti mpoOoro. Jlanwmii

napaMeTp Ma)ke IpUiMaTH 3HAYCHHSI B1J] OJIMHUILIb O COTEHBb BOJIBT.
2. Mdunamiunuii (Ougpepenuyiiinuii) onip cmabinimpona, r, — BITHOIICHHS

cm

IPUPOCTY HANIPYTH Ha CTAOUTITPOHI JI0 IPUPOCTY CTPYMY B pEeKUMI CcTaOLTi3aIii.

BennunHa I, XapakTepusye CTyIIHb CTaOUIBHOCTI HAImpyru craduiizanli mpu

3MiHI CTpyMy mpoOoro. UnM MeHIe 3HaUeHHS IpUiiMae TaHuii mapaMeTp, THM Kparia
crabimizariss. JluHamiuHWiA omip CcTaOUTITpOHA MOXE TNPUHAMATH 3HAYEHHS Bif

JECITUX YaCTOK JI0 IBOXCOT OM.
3. Onip nocmiiinomy cmpymy, R — XapakTepusye BTpaTd B 110/l B IEBHiil

poboUiit ToUIl.
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4. loopomnicme (xoegivienm sakocmi) cmabdinimpona, Q — BIIHOUICHHS

CTaTUYHOIO OMOpPY 10 JAMHAMIYHOIO (AU(EpeHLIHHOr0) MpU JAaHOMY CTPYyMi

craburi3amii;

R Al U

Q — cm — cm cm
AU cm

cm I cm

Januit napametp npuiimae 3HaueHHs B aiana3oni 20..100.
5. Temnepamypuuii koeghivienm nanpyzu cmaoéinizayii o — NMoOKa3ye 3MiHY

HaIpyTu cTabduIizaIii Bij TeMnepaTypu.

%
epad

o= 1000 [o]=
U AT

cm

[Tputimae 3nauenns Big 0,05 %/rpax mo 0,09 %/rpan.

6. Minimanonui ( | ) i maxcumanvruit (| ) cmpymu cmabinizauii.

cmmin cmmax

MiHiManbHUN CTpyM cradimizarii | — I TaKui CTpyM dYepe3 CcTabuIITpOH,

cmmin
MIPY SIKOMY BUHUKAE CTIAKHUI MPOOii.

MakcuManbHu CTpyM cTabimizarmii | — Take 3HAYCHHS CTPyMy depes

cmmax

CTaOUTITPOH, TpPHU SKOMY TMOTYKHICTh, IO PO3CIIOETBCS Ha CTAOUTITPOHI, HE
MIEPEBUIILYE JOIMYCTUMOTO 3HAUYCHHSI.

Jlanuii mapaMeTp MOXK€ NpUIMATH 3HAYCHHS B JECATKIB MuTiammep [0
JECATKIB amIep.

7. Maxcumanona nomyscnuicmy posciveanns B, ... — MakcumaiabHa

MOTYXKHICTh, 110 BUIUISETHCS HA p-n-TIEPEXOJl, MPU SIKIM HE BUHUKAE TEIIOBUMU

npo6ii nmepexoay. Ilpuiimae 3HaYEHHS B COTEHb MUTIBAT 10 OJWHMIIH BaT.
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Ilpuknao 9.1

KpewmnieBuii ctabinitpon wmae Hampyry cradunizamii U, = 9,1 B, cepenniit
ctpyMm cradumzamii e, = 30 mA. SIxkum noBuHeH OyTM JAMHAMIYHUN OIIp
cTabUIITpOHA, 11100 Mpu 3MiH1 Hanpyru Ha 1% cTpym yepe3 cTaOuIITPOH 3MIHUBCS B

1,5 pazu?

Po3B’g3aHus

JluHamiyHMit omip cTabuTiTpoHa:

AU,

Tom = AL,

Bpaxkxatumemo poGouy auisitHky BAX craburiTpoHa mniHiiiHOIO B o0macti
CJIEKTPUYHOTO MPOOOI0 1 3HAHAEMO 3HAYCHHS IWHAMIYHOTO OMOpY JIHIIE II0

JOJIaTHIM TIPUPOCTAM:

AU,  0,01-9,1

T .
o AIcm Icm 27 Icm 1

OCKUIBKH 32 YMOBOIO CTPYM 3MiHIOETBCS B 1,5 pas3u, 10 Iy 2 = 1,5- 1, 1, TOMI:

AUy, 001-91 0091 0,091
Tem = Al T 15 11 —Iony 051, 0,5-30-10-3

= 6,06 Om.

Ilpuknao 9.2

Temneparypauii koedimieHT Hanpyru crabimizamii y crabimitpona 2C156T
cxnanae -0,04%/°C. Skoto 6yne Hanpyra craGizisanii npu Temmeparypi 70°C?

Po3B’s3aHHs

TemnepatypHuit koeiieHT cTaduTi3alli BU3BHAYAETHCS 3 BUPA3Y:

cm

= U, AT

-100% =>
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aUgp AT

AUcm = 100%

ne AUy = Ugnz - Ugpni — pI3HULA Hampyr, BUMIPSHUX Opu Temneparypax 1, ta Ti
BIJIIIOB1THO;

U,n — HOMIHaJbHA Hampyra crabutizaiii, sKa BHUMIPIOETbCS TMPU KIMHATHIN
temreparypi (71 = 20°C). 1le 3Ha4CHHS 3aKOLOBAHO B 4-My Ta 5-My eneMeHTax

JTiTepHO-IIMGPOBOTO MO3HAYCHHS cTa0LIiTpoHa, ToOTO U, = 5,6 B;

AT =T,- T;=70 - 20 =50 °C.

Tomy
AU = —0,04-56-50 0112 B
- 100 - '
3nak "-" BimoOpakae TOM ¢akT, MO 31 30UTBIICHHSAM TeMIIepaTypH Harpyra

cTaburi3arii 3MeHITY€ThCS.

Ipu Temmeparypi 7= 70°C
Uiz = U1 + AU, = 5,6 —0,112 = 5,488 B.
OcCHOBHI cXeMH MIAKJII0YeHHS CTA0OLTITPOHIB

1. Haunpocmiwma cxema cmaoinizayii nanpyzu (puc. 9.3). HaBanTa)xeHHs
(cmoxuBau) BBIMKHEHO MapajenbHO cTabutiTpoHy. Tomy B pexkumi crabimizarti,
KOJM Hampyra Ha cTaOUTITpOHI MaiXe TMOCTiiiHa, Taka X Hampyra Oyme 1 Ha
HaBaHTaKCHHI.

Ha cxemi R ;,, — oOMexyrounii omip, Ha sSIKOMY BUAUISETbCA HAAMIpHE MaJiHHA
HaIpYTH:

R Ecep - Ucm
oom — Ji
cm cep

+1,°
IPUIOMY
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2
1
Icm cep :E(Icm min +[cm max)!

e Ecep,Emm, E\ax— BIAIOBIIHO CepeiHe, MIHIMAjabHE 1 MaKCUMallbHE 3HAYCHHS

Hanpyru Jpkepena; /., ., — CepelHiil cIpyMm cTabimitpona; |, — cTpyMm
HABaHTAKCHHS.
i R06M
T ——_]
VD A
E " Uen
Icm IH
+ o v

Puc. 9.3. Halitipocrinra cxema craburizaiiii Harpyru

Ilpuknao 9.3

Jns  crabimizamii  Hampyrd B HAaBaHT@XEHHI  BHUKOPHUCTOBYETHCS
HaIBIPOBITHUKOBUH cTabUTITpOH, Hampyra crabimizaiii skoro U, = 10 B (pwuc.
9.3).

Buznaunti  mpumycTmi  MeXi  3MIHM  HAlpyrd  OKUBJICHHS,  SIKIIO

MaKCHUMaJIbHMH CTpyM craOutizauii cradimtpona g, .= 30 MmA, MiHIManbHUi

ctpym | = 1mA, omip HaBaHTaxeHHi R, = 1 xOm 1 omip 0OMEXyHYOro

cm min ~

pesuctopa Rz, = 0,5 kOm.

Po3B’s13anHs

Hanpyra mxepena »xuBiaeHHS:

E = U + Rogu (Icm + IH)'

CTtpyMm HaBaHTaKEHHS
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Toni
E=10+0,5-10%- (I, + 1072).
[Tincrapnsitoun B nanuii BUpa3 I py,max T e .min OTpUMaEMo, 110
Epmar =10+ 0.5-10%-(30-1073 4+ 1072) = 20,4 B;
Epin=10+4+05-103-(1-1073+1072) = 5,61 B.
Ilpuknao 9.4
Jlns cxemu crabimizanii Hanpyru (puc. 9.3), B sikoi R, = 2,2 kOm, U, = 13 B,
lemmax = 20 MA, | eppmin= 1 MA, Enin= 16 B, Enax = 24 B BU3HAYUTH OTIp OOMEXYHOYOTO

pesuctopa. 3'scyBaTH, 4M Oynae 3a0e3medeHa cralurizailis IJIs BChOTO Jialma3oHy

3MIHHM HapyTH Jxepesna’?

Po3B’s13anHs

Iemmax + lemmin _ (1 + 20) -1073

Icm.cep = > = 5 = 10,5 MA;
U, 1
I = =59-1073A.
" R, 22-103
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Toni
20 —-13
Room = -3
(10,5 +5,9) - 10

= 426,83 Owm;

Cra0urizaiis 3a0e3neuyeTbes I Hanpyr

Emin = Ucm + R06M ) (Icm.min + IH) =
=13+426,83-(1-1073+4+59-1073) =~ 16 B;

Emax = Uer + Rogy (ICT.max + IH) =
=13 +426.83-(20-1072+59-1073) ~ 24 B.

Cra6urizaris 3a06e3neyeHa JJisg BChOro Jliara3oHy 3MiHH HAPYTH KUBICHHS.

2. Cxema cmabinizauii 3 nonudxcenuam nanpyeu (puc. 9.4). BukopuctoByeTbcs,

KOJIM HEOOXITHO OTpUMATH HAINPYTY OLIBII HU3BKY, HIXK A€ CTAOUTITPOH.

R06M Raoa
e | I | | A
VD
E R, U,
. A4

Puc. 9.4. Cxema crabinizariii 3 mOHMKEHHSIM HaIlpyTu

B 1mpoMy BuMaaKy MOCIIIOBHO 3 HaBaHTaKEHHSIM BMHKAIOTh JOJATKOBUM
pPE3UCTOP, OMIp SKOTO PO3PaXOBYIOThH 3a 3aKOHOM OmMma.

[TagiHHS HAaPyry¥ Ha HABaHTaYKEHH1 O0YUCITIOETHCS 32 (OPMYJIOIO:

UH :Ucmi'
Rdod + RH
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3. Ilocnioosne 3'eOnanna cmadinimponie, po3paxo6anux HA O0OHAKOBL CMPYMU
(puc. 9.5).

Jlana cxeMa BHUKOPUCTOBYETHCS NJIi OTPMMAHHSA OUIbII BHCOKHMX CTaOUIbHHX

HaIpyr.
RO6M Raoa
" e  F——1 1
VD,
R,
E VD, []

Y

Puc. 9.5. TlocninoBHe 3'eqHaHHS CTaOUTITPOHIB

4. Kackaone 3'eonanna cmabinimponie (puc. 9.6). BUKOPUCTOBYETbCS IS

30UTBIICHHS CTA01TLHOCTI HAIIPYTH.

R05M]_ R06M2

T o, D o, RPN

VD]_ VDZ

E N/ N4 []RH

Puc. 9.6. Kackaane 3'enHanns cTabuIiTPOHIB

HeobOxinHa ymoBa BHUKOPUCTaHHSI KacKaJHOIo 3'eAHaHHA — cTaOutiTpoH VD;

MOBMHEH MaTH OLIbII BUCOKY Hanpyry craburizanii U, , Hix crabutitpon VD,.

Henonik po3risitHyTux cxem crabimizainii mojsirae B TOMY, IO BTpaTH

MOTYKHOCTI B caMoMy cTaOuniTpoHi 1 Ha R JIOCUThH BEJIMKI, OCOOJIUBO B CXEMi

0oMm
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KACKaJHOTO 3'€IHAHHS.
EdekruBHicTs  cTabuiizamii  Hampyrd XapakTEepU3YEThCS  KoeqhiuicHmom

cmaoinizauii

AE|E
AU, IU,

ne AE/E-— BimHocHWil npupict Hanpyru sxusnenss; AU, /U_ — BigHOoCHHI

m
OPUPICT HAIPYTH cTabiIi3allli.

3a3euuait K, €[10...30].

CrabicTop

Cmabicmop — 1ie HaMIBIPOBIIHUKOBUHN 110/, MPU3HAYEHUNU 711 cTadiumizaIi
HaIpyTH, poO0Y0I0 TIISHKOIO SIKOTO € TpsiMa BiTka BAX.

3a3Buyaii  cTaOICTOpU BUTOTOBISIOTBCS 13 KPEMHIIO MAalOTh HAMpyry
crabinizanii B cepennbomy Omm3pko 0,7 B. Ctpym crabicropiB moxe Oytu Bim 1
MigiaMIiepa 10 ASKUIbKOX JAecATKIB Miriamriep. Jiisa oxepkaHHs cTabUIbHOI HAIIPYTH
B OJIMHUIII BOJIBTIB, 3'€JHYIOTH IMOCIIIOBHO JEKIJIbKa CTa0iCTOPIB.

Ocobnueicme cmabicmopie  — HETAaTUBHUIA TeMIEpaTypHU KoediieHT
Hampyru cradurizaiii, ToOTO Hampyra ctaliumizaimii 3 MiABUINCHHSIM TeMIEpaTypu

3MEHILYETHCS.

82



JEKIISA 10. BAPUKAIL TYHEJABHUI J10J. ®OTOJI0]I. CBITJIOAION

Bapukan (puc. 10.1) — 1e HanmiBOpOBIAHUKOBUU M10JI, MPUHLHUI [ii SIKOTO

IPYHTYETBHCSI Ha 3aJ€XKHOCTI Oap'epHOI €MHOCTI P —N-NepexoAy BiJ 30BHIIMIHBOI

HaIpyTH.

MorkHa cka3aTH, I10 BapHKall — [[e KOHJEHCATOp 3MIHHOT €MHOCTI, KEpOBaHUM
3MIHOIO 3BOpPOTHOI Hampyru. llpw 3MiHI Hampyru, 3MIHIOETBCS TOBIIMHA P-N-
nepexony, ToOTO €MHICTh MDXK IIapaMH HamiBIpoBiaHMKA. Cam mepexiJ BUCTyNaE B

SIKOCTI1 Ji€JICKTPHUKA.

VD
10

Puc. 10.1. Bapukan:

a — yMOBHe rpadidyHe nmo3HadeHHs; 6 — BapiaHTH 30BHIIIHLOTO BUTJISTY

Bapukanu  3acTOCOBYIOTBCS  TOJIOBHUM  YHHOM  JIJIi  HAaCTPOIOBAHHS
KOJMBAJIBHUX KOHTYpIB, a TaKOXX B JACAKUX CIICIIaIbHUX CXeMaX, HalpuKIaa B
nmapaMeTpUYHUX MiICHTIOBaYaX.

OCHOBHOIO XapaKTEPHCTHUKOIO BapHKala € 3aJeKHICTh HOTO €MHOCTI Bif
HaIpyTru — onsm-ghapaona xapakmepucmuxa (puc. 10.2).

3amexHICTh €MHOCTI BapWKama BiJ TPUKIAACHOI HANMPYrd BHU3HAYAETHCS

TEXHOJIOTIEX0 BUTOTOBJICHHS p-n-TIEPEXOTY.
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C.,nd
6nA

0 »U 380p 1 B

Puc. 10.2. BonbT-(hapagHa xapakTepucTHUKa Bapukamna

OcHOBHI MapamMeTpH BapHuKaIiB

Hominanvna  emnicmps C,, — €MHICTb, 5Ky BHUMIPIOIOTb MIXK BHBOJAMU

BapHKaIria 3a 3aJIaHOr0 3BOPOTHOTO 3MIIICHHS TIPHU TEMITepaTypi HABKOJIHUITHBOTO
cepenosuia 20°C.

Koegivicnm nepexpusanna 3a emnicmio K — Lie BIIHONIEHHS HOMIHAJIbHOI
€MHOCTI BapuKama, sSIKy BUMIPIOIOTh MPH MIHIMQJIbHIA 3BOPOTHIA Hampysi, 10
MIHIMQJIBHOT EMHOCTI, SIKy BUMIPIOIOTH IIPU MaKCUMAJILHO JOMYCTUMIi 3BOPOTHIM
HaIpy3i.

Jloopomuicms Q — 11€ BiTHOIIECHHS PEAKTUBHOTO ONIOPY BapHKaria 10 aKTUBHOTO
(omopy BTpar).

Maxcumanvno npunycmuma nanpyza U, — MakCUMallbHE MUTTEBE 3HAYECHHS
3MIHHOI HampyTH, Mo 3a0e3neuye HEOOXIAHY HaIIWHICTh TMPU JOBrOTpPUBAIIN
poOoTi.

Temnepamyphnuii KoeiyiecHm emHocmi — BiTHOIIICHHS BITHOCHOT 3MiHH €MHOCTI
npyu 3aJlaHiii Hampy3i 0 aOCONIOTHOI 3MIHM TeMIlepaTypd HaBKOJUITHHOTO
CEpeIOBHUIIA.

Makcumanvno npunycmuma nomydcuicmob B, — MakcuMmainbHEe 3HAYCHHS
MOTYKHOCTI, 110 PO3CIIOETHCSI HA BapuKarli, Mpu sIkoMy 3a0e3nedeHa HeoOX1aHa

HaJIIMHICTh IPU JOBTOTPUBAIIM poOOTI.

JIns BUKOpUCTAaHHS BapuKama B SKOCTI KOHJEHCAaTopa 3MIHHOI €MHOCTI B
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KOJIMBAJIbHOMY KOHTYP1 BIH BMHKA€ThCSl B €JIEKTPUYHE KOJIO, K MOKa3aHO Ha CXeMi

puc. 10.3.

Ry
I > ¢
|

ZIs vo: R g

Puc. 10.3. Cxema BKJIIOUEHHS BapHKara

JonatkoBuii pe3uctop R; 3 OUIbIIMM OMOPOM BKIIOYEHHUM MJIS TOTrO, IOO
TOOpPOTHICTh KOHTYPY TIOMITHO HE 3HHWXYyBajacs BIJ IIYHTYHOUOTO BIUIUBY
noteHiiomerpa R. Kongencarop C € po3auioBuM (Mioro €MHICTh MOBUHHA OYyTH B
JeKUIbKa JIECATKIB pa3 OlIbIlle €MHOCTI Bapukama). 3MIHIOIYM 3a JOTIOMOTOO
noTeHIioMmerpa R 3BOpOTHY Hampyry Ha BapHuKalri, MOXKHa 3MIHIOBATH PE30HAHCHY
4acToTy KOHTYypy. Kepyroua mocTiiiHa Hampyra TIOIa€Thcsl Ha Bapukam 3
noteHiiomerpa R depe3 Bucokoomumit pesuctop R;. HanamryBanHsS KOHTYypy

BiIOYyBA€THCS TIEPEMIIIICHHSAM OIr'yHIIS MOTEHITIOMETpA.

Ilpuknao 10.1
Sxy Hanpyry HeoOXiTHO MPUKIACTH /10 BapuKamna eMHicTio C; , BOIbT-hapaaHa
XapaKTepuCTUKa SKOro HaBefeHa Ha puc.10.4, mo0 3arajgbHa €MHICTH BapuKama i

MOCJTITOBHO 3'€THAHOTO 3 HUM KOoHAeHcaTopa eMHICTIO C, =50 n®d ctanosmia 30 nd?

Po3B’s13anHs

[Tpu mocimoBHOMY 3'€THAHHI KOHJIEHCATOPIB 3arajibHa €EMHICTH IOPIBHIOE
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ConrC 30-10712-50- 1012
C,=—222 - —=75-10"2 .
C, — Cor  50-10"22—30-10"1

L, n®@
/ 150
/ 7 703
— N/
-
r

Usw-B 90 30 20 10 0

Puc. 10.4. Bonbt-hapanna xapakrepucTtuka ao npukiany 10.1

3a rpadikoM BOJBT-(apagHOi XapaKTEPUCTHUKU BU3HAYAEMO, IO €MHOCTI 75

n® Bixnosinae 38o0poTHa Hanpyra 13 B.

Tynenvnuii 0ioo (puc. 10.5) — 1 HamIBIPOBITHUKOBUM [i0A, B SKOMY
BUKOPHUCTOBYETHCSI TYHEIIBHUN MEXaHI3M TEPEHOCY HOCIIB 3apsty 4epe3 p-n-Tmepexin
1 B BOJIbT-aMIIEpHIM XapaKTEPUCTHIl SKOTO MpH TMpsAMIA Hamnpysi € JgUITHKA

Bij'eMHOT0 nudepeHitiiaoro onopy (puc. 10.6).

—

Puc. 10. 5. YMoBHe rpadiuHe mo3HaueHHs TYHEIBHOTO IOy

Fi

A

Imax T |
|
[ 5

Inin [ /= —
I I -

g Ufmtz,r Ufmfn i

Puc. 10. 6. BAX TyHenpHOTO 1101y
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Hinsaka A-b va puc. 10.6 Bignosigae Big'eMHOMY IuU(EpEHLUIHHOMY ONOPY —
TYHEJIBHUNU 107 MOXK€ OyTH MPEICTABICHUN JESIKUM EKBIBAJICHTHUM BIJ'€MHUM
OMopoM 3aJ1aHoi BennuynHU. OJIHAK Bil'€eMHHI OMIp € JUIIE 3pYyYHUM MaTEMaTUYHUM
CHUMBOJIOM, a HE pealibHOI (I3UYHOI0 BEIMUMHOIO 1 O3HAYa€, 10 Ha ACSKIN JUISTHIN
BAX npunaay 3011bII€HHSI HAIIPYTH 3MEHILYE CTPYM (1 HaBMaKu).

TyHenbHUI MeXaHI3M TMOJIATae B TOMY, IO €JIEKTPOH MOXE MPOUTH
MOTEHIIAJIbHUI Oap'ep p-n-mepexoay, He 3MiHIOIOUM cBO€i eHeprii. lle mMoxiuBo B
TOMY BHUIIQJIKy, SKIIO 3 IHIIOTO OOKY IhOro Oap'epa € Takuil camMuil BUIbHUM
€HEepreTUYHUil piBeHb, SKUM 3aliMaB eJNeKTpoH nepea Oap'epom. IMOBipHICTH
TYHEJILHOTO TIEPEeXO0y THM BHIIE, HDK BY)KUYe MOTEHIIAJbHUN Oap'ep 1 YUM MCHIIE
MOro BUCOTA.

TyHenpHUI  mepexiy €IEKTPOHIB  4epe3  p-N-epexii MOXIMBHHA B
HAITIBIPOBITHUKAX, 1[0 MAlOTh BHCOKY KOHIICHTPAIIIO JOMIIIOK (1019...1021@14'3) . 3a
LMX YMOB LIMPHHA P-N-Iepexoxy Mae mopsinok 107 mxw, a pieri @epmi posramosani
B 30HI TPOBIAHOCTI y HANIBNPOBIAHUKY N-TUITy Ta Yy BaJleHTHIH 30HI Yy
HAITIBIPOBITHUKA P-THUITY.

OHOCTOPOHHS MPOBIIHICTD p-n-TIEPEXOTY NMPU TYHEIIBHOMY €(eKT1 ITOBHICTIO
BIZICYTHS.

3a Tpu3HAuUEHHSAM TYHENbHI JIOAW TOJUISIOTBCS HA: IMiJICHIIOBAJbHI,
reHepaTOPHI, MePEeMHUKAIOYi.

Ilepesacu mynenvnux 0iooie:

1. 3naTHI mpaIroBaTH Ha JOCUTh BUCOKHX YacTOTaX (4O COTEHB rirarepi).

2. binpm  mupokui  miama3oH poOouuMx TeMmmeparyp (MakcuMaiabHa —poboda
TEMIIEpaTypa MOXKE JOCATATH 3HAYECHHS 4000C).

3. CIO’KMBarOTh HU3BKY MOTYXHICTH (HE Oinmbine 1% MOTYKHOCTI, IO CITOKHBAE
3BUYAWHHIA HAMMIBIPOBITHUKOBHUH T101).

Heoonikom TyHEIBHUX AI0/IIB € MaJia TIOTYKHICTh, 00yMOBJIEHa HU3bKUMH HAIIPYTaMH

(mecsITi 4aCTKH BOJIbTA) 1 MAJIMMHU IUIOIIAMU p-n-TIEPEXO01Y.

OcHOBHI mapamMeTpH TYHeJbHUX Ai0AiB
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VY cTaTMYHOMY peKMMi OCHOBHUMU NTapaMeTPaMU TYHEJIBHOIO J110/1a € CTPYMU

1 Hanpyru B ekcTpemManbHuXx Toukax BAX (puc. 10.6).

1. Cmpym "nika" — |, —npsaMuii cTpyM y To4ni MakcumMmymy BAX.

2. Cmpym "3anadunu' — | . — OpsMui CTpyM y Toull MiHIMymy BAX;

3. Hanpyza "nixa" — U I~ TIPAMA HAMpyra, 10 BIJINIOB1/Ia€ MKOBOMY CTPYMY.

4. Hanpyza 3anadunu — U, . — IpsMa Hampyra, MO BiANOBIIA€ MiHIMAIBHOMY

CTpyMY.

Domoodioo (puc. 10.7) — HaniBOPOBIAHUKOBUN 110/, 3BOPOTHUN CTPYM SIKOT'O

3QJIKUTH Bl OCBITIICHOCTI p-n-TIEPEXOY.

Puc. 10.7. ®oroxion:

a — yMOBHe rpadiyHe mo3HaueHHs; O — 30BHIITHINA BUTJIST

O6macti 3actocyBanHsi QoromioniB — QoTtoMeTpisi, PoTOKOTOpUMETPIii, IS
KOHTPOJIIO JIKEpeN CBiTia, BUMIPIOBAHHS 1HTEHCHUBHOCTI OCBITIIEHHS, MPO30POCTI
CepelloBHUIla, peecTpalii 1 WAPaXyHKY SACPHUX YacTOK, aBTOMATHYHOTO
PETYIIOBaHHS 1 KOHTPOJIO TEMIEpaTypu Ta IHIIMX TapaMmeTpiB, 3MiHA SKHUX
CYMPOBOIKYETHCSI 3MIHOIO ONTUYHUX BIIACTUBOCTEH pEUOBMHU a00 cepenoBuimna. B
MTOBCAKJICHHOMY JKHTTI (POTOMIOMM BXOAATH JIO CKIAIy MPHCTPOIB JIHUCTAHI[IHHOTO
KepyBaHHS, (OTOKaMep, PI3HOMAHITHUX CEHCOPHHX MPHUCTPOiB, MPWIAMIB IS
MPOBEEHHS KOMII'IOTEPHOI ToMOTrpadii TOIo.

3a3Buuaii B IKOCTI POTO/110/1a BUKOPUCTOBYIOTH HAIIBIPOBIAHUKOBI 101U 3 p-
n-mepexo0M, 3MIILIEHUM B 3BOPOTHOMY HaIpsMIi 30BHIIIHIM JKEPEJIOM KUBIJICHHS.

Ilpunyun po6omu ¢pomoodioda TpyHTYeTbCSI Ha SIBUILI homoeghexmy, KUl
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MOJIATA€ B HACTYITHOMY: MPU OCBITJIEHHI p-n-NIEpeXoy 1 AUISTHOK HaliBIPOBIIHUKIB 3
PI3HUMM THIAMU MPOBIJHOCTI, IO MPUMHUKAIOTH O HBOTO, MOTIK MaJal0uuX Ha
HAIIBIIPOBITHUK (POTOHIB HAJA€ €IEKTPOHAM (B HAMIBIPOBIAHUKY 7-TUIY) 1 JipKam
(B HaMiBIPOBIAHUKY p-TUILY) NOJATKOBY €HEeprito. Po3nounHaeThes mpoiiec reuepanii
PYXJMBHUX HOCIIB 3apsany. YacTtuHa 3 HUX, JUPYHAYIOUM A0 NEPEXOAY, AOCATAE HOTro
MEX1, He BCTUTHYBIIM pekoMOiHyBaTu. Ha Mexi mepexony mapu eleKTpOH-IIpKa
PO3AUIAIOTECS €IEKTPUYHUM TosieM nepexony. HeocHoBHI HOCI, 1S SIKUX TOJIE p-n-
NEepexoly € MPUCKOPIOBAIBLHUM, CIPSIMOBYIOTHCS IIUM TIOJEM 32 MEXI NEPEeXOay:
JIPKU B p-, a €NEeKTPOHU B n-00yacTh. OCHOBHI HOCIT 3apsiy 3aTPUMYIOThCS TMOJIEM
nepexoay y CcBoOil oOsacti. BHacnmiok 1mporo BinOyBaeThbCs HAKOMUYCHHS
HEKOMIIEHCOBAHUX 3apsifiiB 1 B p-n-TIEPEXOAl CTBOPIOETHCS JIOAATKOBA PI3HUIA
MOTEHITIAJB, SIKa Ha3UBAEThC  ghomoenekmpopyuiiiinoro cunoro (poro-EPC).

Bennuuna ¢orto-EPC 3amexuTh Bl IHTEHCHUBHOCTI CBITJIOBOTO TMOTOKY 1
3a3BUYail CTAHOBHUTH JECATI YACTKU BOJIbTA. SIKIIO KOJIO p-n-CTPYKTYPU MPHU LBOMY
3aMKHYTe, TO B HboMYy mig ai€r0 (oro-EPC BHHMKaEe eIEKTpUUHUN CTpyM,
O00yMOBJICHUM pyXOM HEOCHOBHUX HOCIIB 3apsiiy, SIKHH HA3UBAETHCS CGIMI08UM
cmpymom abo pomocmpymonm.

Ocnoeni xapakmepucmuku pomooiooie:

1. BAX (puc. 10.8) — | =f(U) — Bu3Hayae 3alexHICTh CTpyMy (HOTOAIONY BiA

HAIlpyTd Ha HHOMY IPH MOCTIWHIN BETUYMHI CBITIIOBOT'O MOTOKY.

o

@=0

mlll
Puc. 10.8. Bonbr-amnepHa xapakrepuctuka ¢GoToaiona

2. Céimnosa xapakmepucmuka — [ = f (cZ>)|U:Const — TIOKa3ye 3aJIeKHICTh CTPyMY

dboToioy Bl BEIMYMHU CBITJIOBOTO TMOTOKY MpU TOCTIHHIA Hampy3l Ha
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dboTomioi.
3. Cnekmpanvha xapakmepucmuka — 3aJeXKHICTh CIEKTPAIbHOI YYTIUBOCTI Bij
JIOBKUHU XBUJI1 MaJ1al040ro Ha (OTOM10/] CBITIIA.

OcHoBHi mapamerpu ¢oroaionis:

1. Inmecpanvna uymausicme — K — BigHomieHHs ¢GOTOCTpyMy JioAa 110
IHTEHCUBHOCTI TAJ]al040r0 CBITJIOBOTO MOTOKY BiJl CTAHJIAPTHOTO JKEPEa.
2. Poboua mnanpyza — U, — Hampyra, OpUKJIaJcHa A0 Npuiaay y (GOTOXIOTHOMY
PEXKUMI.
3. Temnoeuit cmpym — | — cTpyM, 11O TeUe B KOJI1 A10/a IpHU poOOoUlil Hampy31 1
BIJICYTHOCTI OCBITJICHHS.

4. Jloszogiunicms — MIHIMAJIbHUN TEPMIH CIyXKOM TNpU HOPMAIBHUX YMOBax

eKCIUTyaTarii.

Hanienpogionukoeumu ceimnoodiooamu (puc. 10.9) Ha3uBaroTh OpuiIagu 3 p-

n-TIEPEX0JI0OM, 1[0 BHUIPOMIHIOIOTH CBITJIO MPH MPOXOKEHHI Yepe3 HUX MPSMOTo

CTpyMYy.

Puc. 10.9. Citnoaio:

a — yMOBHe TrpadiuHe TO3HAYCHHS; O — 30BHIMIHIN BUTIIS

OcHOBHI 0051aCTi 3aCTOCYBaHHS — JDKEpesa CBITJIA B JIIXTapsx, CBITIO(Opax,
€JIEMEHTH anapaTypy 3B'SI3Ky, 0OUMCITIOBAIEHOT TEXHIKH, CBITIOBUX 1H(OpMAIIHHUX
MPUCTPOIB, IHAUKATOPU TOUIO.

[IpuHuun poOGOTH CBITIOAIO0A MOKHA TMOSICHUTH HACTYIIHUM YHMHOM: TIPHU
MPUKIAJaHHl J0 p-n-TIEPEXoy TMpsAMOI HAMNPYTH CHOCTEPIraeThbCsi 1HTEHCUBHA

1HXKEKII1sl HEOCHOBHUX HOCIIB 3apsy: €JIEKTPOHIB y p-001acTh 1 AIPOK y 7-00J1aCTh.
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http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D1%84%D0%BE%D1%80

[mxekTOoBaH1 HOCII pEeKOMOIHYIOTh 3 OCHOBHMMHM HOCISIMM J1aHOi  00JacTi
HAIIBIPOBIJHUKA 1 IXHA KOHILIEHTpAllis LIBHUIKO 3MEHIIYETHCS MO Mipl BiAJaNEHHS
BiJl p-n-Tiepexoly BIJIMO HAMIBIPOBIAHUKA. Y HAMIBOPOBIIHUKIB, HA OCHOBI KapOiay
KPEMHII0, Tajilo, MHII'AKY 1 JESIKUX IHIIMX MarepiaiiB, peKkoMOiHamis €
BUIIPOMIHIOBJIBHOIO — €HEprisi peKoMOiHalll BHUAUIAETHCS y BUIJISAl KBaHTIB
BUIIPOMIHIOBaHHS — (OTOHIB. TOMY B TaKuX HaIIBIPOBITHUKAX MPOXOJKEHHS Yepes
p-n-niepexiJl CTpymMy B TMpPSMOMY HAIpsIMKY CYIPOBOJXYETbCSI HEKOI€PEHTHUM
ONTUYHUM BUIPOMIHIOBAHHSM MEBHOTO CIIEKTPAJIBLHOTO CKIIAMdYy.

3aJIe)KHO BiJ MIUPUHHM 3a00pOHEHOI 30HW HAIIBIPOBIAHUKA 1 OCOOJIUBOCTEM
pexkoMOiHaIli HOCIiB 3apsiiy BUIPOMIHIOBaHHS MOXKE JieaTH B 1H(payepBOHiH,
BUAUMIA abo ynbTpadioneToBi dYacTUHAX crHekTpa. Haiibinpiie mnomupeHHs
OJIep)Kajau CBITJIOMIONM, IO BHUIPOMIHIOIOTH KOBTE, YEPBOHE 1 3€JICHE CBITIIO.
CTBOpEeH1 TaKOX 3pa3KH CBITIOMIONIB, B SIKUX € MOXJIMBICTh MiJACTPOIOBATH KOJIP
CBITIHHSL.

OCHOBHI XapaKTepUCTHKHU CBIT/I01i01iB:

1. CnektpanbHa XapaKT€pUCTUKa — 3aJE€XKHICTh BIJHOCHOI IOTY>KHOCTI

BUINpOMiHIOBaHHSA ( P/ P, ) Bil JOBXXHMHHU BUIIPOMiHIOBAaHOI XBHWJII IIPH 3a/1aHii

06
TEMIIepaTypi CEPeTOBHIIIA.
2. XapakTepucTHKa HaIpPaBJICHOCTI — BHU3HAYAE€ BEIMYMHY I1HTEHCHUBHOCTI

CBITJIOBOT'O BUIIPOMIHIOBAHHSI 3aJI€)KHO BiJl HANPSMKY BUIIPOMIHIOBaHHS.

ITapameTtpu cBiT/I0AIOAIB:

1. Tocriiina npsima Hanpyra U, pu MakcUMallbHO TIPUITYCTUMOMY CTPYMI.

2. MakcumanbHO TPHUITYCTUMUN TpsSMUN cTpym [

np max

3. SckpaBicTh CBITIHHA Jiofa TPH MaKCUMAJIBHO MPHUIYCTUMOMY MPSMOMY
CTpyMI.

4. TloBHa MOTYXHICTb BUIIPOMIHIOBAHHS NpPU NPSIMOMY TOCTIHHOMY CTpyMi
TEBHO1 BEJIMYUHU.

5. Jliarma3oH pobounx TemIeparyp.

6. lllmpuHa miarpaMy HAIPABJICHOCTI CBITIOBOTO BUIPOMIHIOBAHHSI.
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JIEKIIA 11. TPAH3UCTOPHU

Tpanzucmopom Ha3UBAETHCA HAMIBOPOBITHUKOBUN €IEMEHT E€JIeKTPOHHOI
TEXHIKH, SIKHA Ma€ JBa p-n-TIIepeX0d, TPU BUBOIU 1 JO3BOJIIE KEPYyBAaTH CTPYMOM,
[0 TeY€ Yepe3 HbOIro, 32 JOMOMOI'OI0 3MIHM BXIIHOI Hampyru abo cTpyMy, MoAaHUX
Ha OJIUH 3 €JIEKTPO/IIB.

Ocnoeni (hynKyii, 1K1 BUKOHYIOTh TPAH3UCTOPU — MIACUJICHHS, T€HEPYBaHHS
Ta TIEPETBOPCHHS EJICKTPHYHUX CUTHAIIIB.

CborogHi TpaH3UCTOpU Ta OaraTOTPaH3UCTOPHI I1HTErpajbHI CXEMH €
OCHOBHHMM €JICMCHTAMH Cy4YacHOI €JIEKTPOHIKA. BOHM IIUPOKO BUKOPUCTOBYIOTHCS
B MIJCUIIOBAYaX 1 JIOTTYHUX €JIEKTPOHHUX CXeMaX, B pajlonpuiiMayax, TeJieBi3opax,
CUCTEMaX IMOXEKHOI Ta OXOPOHHOI CHTHAJII3aIlil, CUCTeMaX BIPHUCKYBaHHS TajluBa i
3amajgtoBaHHs, CHUCTEeMax KepyBaHHS, 3B'I3Ky, Imepeaadi 1 OOpoOKM JaHUX,
paioJIoKAIIHHUX CUCTeMaX TOIIIO.

Knacugikauia mpanzucmopie npoBOIUTHCS 32 HACTYITHUMHU O3HAKAMMU
1. 3a OCHOBHMM HaIIBIPOBIIHUKOBUM MaTepiajgoMm (TepMaHieBi; KpEMHIEBI, apCeHi-
rayieBl).

2. 3a CTpyKTypoIo (II0JIbOBI; OIMOMSIPHI; OHOTIEPEX1IH]).

3. 3a MOTYXXHICTIO pO3CitOBaHHs (TpaH3ucTOpH Manoi moTyxHocTi (mo 100 mBT);
TpaH3ucTOpu cepennboi nmoryxHocti (0,1...1 BT); moryxHi Tpan3ucropu (6inbire 1
Br)).

4. 3a BUKOHAHHSAM (JIUCKPETHI; TPAH3UCTOPH B CKIIAJl IHTETPATBHUX CXEM).

5.3a wMarepiaioM 1 KOHCTPYKIIIE€IO KOPHycy (METanao-CKIsHI; IJIaCTMACOBI;

KepaMiuHi).

binonapnum Ha3UBaeTbCS TPAH3UCTOpP, poOOTa SAKOTO 3acHOBaHAa Ha
BUKOPHUCTaHHI HOCI1B 3apsay 000x 3HaKkiB (puc. 11.1).

binonsapuuit tpansuctop (bT) siBasie co00K0 MIaCTUHY TepMaHiio, KPEMHIIO,
a00 1HIIOTO HAMIBINPOBIJHHUKA, Y SKIM CTBOpeHI TpU 00JacTi 3 pI3HOIO

€JIEKTPOIPOBIAHICTIO.
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Puc. 11.1 Binonspauii TpaH3ucTop:
a — cxemaTu4Ha Oy/oBa; 0 — yMOBHE rpadiyHe MO3HAUYEHHS; B — BaplaHTU

30BHIITHBOTO 0)OPMIICHHS

CepenHs 001acTh TPAH3UCTOpPA HA3UBAETHCS OdA3010, OHA KpalHSI 00JIacTh —
emimepom, iHIIa — KojleKmopom. TakuM 9YMHOM, y TPaAH3UCTOPI € JIBA p-n-TIEPEXOJIH:
eMiTepHu (MK eMiTepoM 1 6a3010) 1 KOJEKTOpHUM (MK 0a3010 1 KojiekTopoM). Bin
0a3u, eMiTepa 1 KOJIEKTOpa BIAXOIATh BUBOJIM, SIKI MTO3HAYAIOTHCA BIAMOBITHO «by,
«E» 1 «K». Ctpymu B mpoBimHHMKax Oa3u, emiTepa 1 KOJIEKTOpa IO3HAYaI0Th

BignoBimHO |- |- |. Hampyrm MK eJlekTpogaMHd MO3HAYAIOTh HOABIMHUMU
5, Ve 1K

1HJIeKCaMH, HalpuKiIaJ] Hampyra Mk 06a3or 1 emitepoM Uy, MK KOJIEKTOPOM 1
6azor0 Uy .

Ha ymoBHOMY rpacdidyHOMY MO3HAaY€HHI TPAH3UCTOPIB p - n -p in -p - n
CTpUTKA MOKa3ye YMOBHUH (BiJl ITIOCA JI0 MIHYyCa) HAMPsIM CTPYMY B IIPOBO/II eMiTepa
MIpU IPsAMIA Hapy3i HA EMITEPHOMY HEPEXO/IL.

VY cxemax 13 TpaH3UCTOpaMU 3a3BHYail YTBOPIOETHCSA JBa Koyia. BxigHe, abo
Kepyloue, Ko0J10 TIpU3HAYCHE [IJI1 KEPYyBaHHS pPOOOTOI0 TpaH3WCTOpa (B HBOTO

BMUKA€ETHCS JHKEPENIO, KOJIMBAHHS SIKOTO MOTPIOHO MIACUIUTH). Y BHUXITHOMY, a0o0
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Kepoeanomy KoJjai OTPUMYIOTh TIJICWJICH] KOJMBaHHS (y 1€ KOJIO BMHUKAIOTh

HaBaHTAKCHHA).

IIpuHuun podoru OimoasipHOro TpaH3ucropa. s po3risay NpHUHIUIY
po06OTH OIMOJISIPHOTO TPAH3UCTOPA CKOPUCTAEMOCS CXEMOIO N-P-N TpaH3UcTOpa (puc.
11.2), B pesxxumi 6€3 HAaBaHTAKECHHS, KOJIU Y BX1THE 1 BUXIJHE KOJIA BBIMKHEH1 TUIbKU
JpKepena MOCTIMHMX Hamnpyr >kuBiieHHd E; (B eMiTepHOMY KOJII B MpSIMOMY
HanpsiMKy) Ta E; (B KOJIEKTOPHOMY KOJII B 3BOPOTHOMY HAIpsIMKY). 3a3BUuaid

|E,|>>|Ey.

|5 IEI
*r—>

Puc. 11.2. Cxema asis mosICHEHHST TPUHITUITY POOOTH TpaH3UCTOpa

3i cxemu Ha puc. 11.2, a BUIHO, 1[0 HAPYTH MK €JIEKTPOJIaMU TPAH3UCTOPA

MOB'I3aH1 3aJICKHICTIO

Uk g=Ux s +Us .
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BAX €MITEPHOrO nepexoay ABIISAE co0o10 XapaKTePUCTUKY
HaIBIPOBIIHUKOBOTO J110/]a MIpU NpsiMoMy cTpyMi, a BAX KOIEKTOPHOTO mepexoay
noji0Ha 10 XapaKTEPUCTUKHU A10]1a TPU 3BOPOTHOMY CTPYMI.

[IpuHun poOOTH TpaH3UCTOpa MOJSAra€e B TOMY, IO HpsiMa Hampyra

EMITEPHOTO Iepexony, ToO0To aunsHku Oaza-emitep (Uy_p), ICTOTHO BIUIMBAE Ha
CTpyMH emirepa 1 kojekropa: uuM Ouibimie Uy, p, TuM Outbiie |1 1 . Ilpu npomy

3MIHHU CTPYMY KOJICKTOpa JHMIIC HE3HAYHO MCHIIC 3MIH CTpyMy eMiTepa. Takum

yuHOM, Hampyra Uy p, TOOTO BXiJHa Hampyra, Kepye CTPyMOM KOJEKTOpa.

[TincuneHHs eNeKTPUYHUX KOJMBaHb 3a jonomoror BT 3acHoBaHe came Ha ILOMY
SIBUTITL.

Di3uyni npoyecu 6 mpanzucmopi BiNOyBalOThCS B Takuil croci6. Ilpu
30UIBLIEHH] MpsMOi BXinHOI Hanpyru Uy , 3HMXKYeETbCS NMOTEHLIAIbHUN Oap'ep B
E€MITepHOMY TIepeX0Jii 1 BIAMOBIIHO 3POCTAE CTPYM uepe3 Iied Mepexiy — CTPyM
emirepa | . EnekTpoHH 1IbOro CTpyMy IHXKEKTYIOTh 3 eMiTepa B 0a3y, sl SIKOi BOHU
€ HEOCHOBHHUMHM HOCISIMH 3apsy. ToBiuHa 0a3u JOCUTh Majia 1 KOHILIEHTPAIIis TipOK
y HI HEBENHMKa, TOMY OUIBIIICTh €JIEKTPOHIB, HE BCTHUTAalOYHM PEKOMOIHYBaTH 3
nipkamMu Tpu audys3ii gepe3 6a3y, AOXOAATH A0 KOJEKTOpPHOro mepexony. Jluire
HEBEJIMKa 4YacTHHA eJeKTPOHIB pekoMOiHye B 0a3i 3 gipkamu. B pesymnbrati
pexkomOiHaIi BuUHMKAae cTpyM Oasu. Ha ocHoBi mepmoro 3akona Kipxroda

Il =1 +1;. baxano, mo6 cTpym 0a3u OyB sKOMOra MEHIIMM (A1 LbOro 0azy

pOOJATh Jqy’K€ TOHKOIO 1 3MEHINYIOTh B Hi KOHIIGHTpAIlII0 JOMIMIOK) 3a3BHYaid
I, <<z Tomy I = 1.

OCKITbKM KOJIEKTOPHUH Tepexij MpaItoe Mpy 3BOPOTHIA HAIpPy3i, TO B I[bOMY
nepexo/1i BUHUKAIOTh 00'eMHI 3apsiau. Mixk HUMH BUHUKA€E €JIEKTpUYHE moje. BoHo
cIpusie TMPOCYBAHHIO (EKCTpakilii) 4Yepe3 KOJEKTOPHUU TMepexil eIEKTPOHIB, IO
MPUNIIUIM CIOJU 3 eMITepa, TOOTO BIITOBXYE €JIEKTPOHU B 00JIACTh KOJIEKTOPA.

BaxnuBa eracmuesicme mpanszucmopa — npuOInU3HO JiHIMHA 3aJIEKHICTh MIXK
Woro ctpymaMu, TOOTO BCI TpU CTPYMH TpPaH3UCTOpPA 3MIHIOIOTHCS Maiike

MPOMOPIINHO OJUH OJHOMY.
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BinnosinHo, 10 npoTikaHHA Qi3uuHux npoueciB B bT, emimepom nazuBaerncs
00JacTh TpaH3UCTOPA, NPU3HAYEHHSAM SKOi € 1HXKEKUId HOCiiB 3apsay B 0asy.
Konexkmopom nazuBaeThcsi 00J1aCTh, IPU3HAYEHHSM SIKO1 € €KCTPaKILisl HOCIIB 3apsany
3 0a3u. A 6a3010 € 001acTh, y SIKY 1HXEKTYIOTbCSI HEOCHOBHI IS 11i€i 00J1acTi HOCIT
3apAany.

B TtpaH3ucTopi tumy p-n-p BiiOyBalOThCS aHAJIOTIYHI MPOLIECH, ajle MIHSIOThCS
MICHSIMH €JIEKTPOHHU 1 JIPKHU, @ TAKOK 3MIHIOIOTHCS MOJISIPHOCTI MPUKIAAECHUX HAMPYT
1 HAPSIMU CTPYMIB.

Po3pizusitore dotupu pexcumu pooomu bBT: aKTUBHUN, HACUYCHHS,
BiJICIKAHHS 1 IHBEPCHHUIA.

[Ipu po6OTiI B akmuenomy pexcumi Ha eMITEpHOMY TIEPEX0/I1 HAMpyTa npsmMa,
a Ha KOJIEKTOPHOMY — 3BOPOTHA.

Pesxrcum  giocikanmnsa, abo0 3amUpaHHs, JOCIATAETHCS IMOJAYEI0 3BOPOTHOI
Hanpyry Ha OOUABa EPEXO/IH.

Sxuo x Ha 000X mepexojlax Hampyra npsiMa, TO TPAH3UCTOP IIpaAIlOE B
Ppexcumi HacCUUeHHA.

[Ipu ineepcnomy pestcumi poOOTH 1O EMITEPHOTO TMEpexoay MpHUKIaZeHa
3BOPOTHA HAIPYTa, a 0 KOJIEKTOPHOTO — MpsiMa.

CxeMH BKJIIOYEHHS TPAH3UCTOPIB

Po3pi3HAIOTE TpU MOXKIJIMBI CXEMHU BKJIIOUCHHsS TpaH3ucropa (puc. 11.3): 3i
cniubHOO 6a3010 (CB), 31 cnitbHUM emitepoM (CE) 1 31 cmibHUM KosekTopoMm (CK).
Taka TepMiHOJIOTIA BKa3ye, KWW 3 €JIEKTPOIIB TPAH3UCTOPA € CHUIBHHUM JJISl OO

BXITHOT'O 1 BUX1JHOTO KIJI.

VT
e, E/NK_ Mk

[
o

Puc. 11.3. CxemMu BKIIOYEHHS TPAaH3UCTOPIB:
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a — 31 CUIbHOIO 0a3010; O — 31 CIIJIBHUM €MITEPOM; B — 31 CHUIBHUM KOJIEKTOPOM

VY cxemi 3i cninbnorw 6azorw (puc. 11.3, a) BXiIHUN CHUTHAII MOJAETHCS 10
BHUBOJIIB emiTepa 1 0a3u, a JKepenao >KUBJICHHS BKIIOYEHE MK BUBOJAMU 0asd i
KOJIeKTOpa. TakuM 4MHOM, 0a3a € CHUIBHUM €JIEKTPOAOM JUIsl BXIIHOTO 1 BUXIJTHOTO
KIJI.

[ctorHum Hemonikom cxemu 31 Cb € Hu3bKkuUM BXigHUU omip (OJUHHUII -
JECSATKA OM), OCKUIBKM B 0OaraTokackaJHUX CXemax el OIip IIyHTY€e OIip
HABAHTAXKECHHS MOMEPEAHBOTO KACKaIy 1 PI3KO 3HWKYE MIJACUICHHS IbOTO0 KacKaay
0 Hampy31 1 MOTY>KHOCTI.

VY cxemi 3i cninonum emimepom (puc. 11.3, 6) BXiTHUM CUTHAJ MOJAETHCS J10
BuBOJIiB E-b, a mxepeno >xuBiieHHS BKIOUueHe MK BuBojgamu E-K. Takum umHOM,
eMITEep € CIUIBHUM €JICKTPOJIOM JIJIsl BXIJTHOTO Ta BUX1THOTO KiJI.

Oco6muBicTio cxemu 31 CE € Te, mo BXiZHUM CTpyMOM B HIi € Majui 1Mo

BEJINYMHI CTPYM i .

[lepeBaroro cxemu 31 CE € MOXJIMBICTh XHUBJICHHS ii Bill OJHOTO JKepelna
HAIlPyTH, OCKUIbKK Ha 0a3y 1 Ha KOJEKTOP MOJAIOThCSA HAINPYTH XKUBJICHHS OJTHOTO
3Haka. Tomy cxema 31 CE Ha chOroJ1HI € HAUTOIIUPEHIIIOO.

Henomiku naHoi cXxeMw — ToraHi 4acTOTHI Ta TEMIIEpaTypHI BIACTHUBOCTI,
HU3BKMH BXITHUW OIip. 3 MiJBHINCHHSM YacTOTH MiACHJICHHS B CXeMl 3HAYHO
3HIDKYETHCS, a pexkuM poooTu cxemu 31 CE 3HaYHO 3a€KUTh Bill TEMIIEpaTypH.

B cxemi 3i cninoehum xonekmopom (puc. 11.3, 8) BXiTHUI CUTHAJ ITOJIA€THCS

710 BUBOJIIB 0a3a-KoJIeKTOp. BXiTHUM cTpyMOM € cTpyM |5, a BUXIIHUM — CTpyM | ;.

Cxema 31 CK Ha3uBa€eThCs emimepHum nosmoproeauem. BoHa MpakTUIHO HE
JI03BOJISIE OJICPKATH MIJCUIICHHS 10 HANPY3i, ajie MiJICUII0E€ CUTHAM TI0 MOTY>KHOCTI
(o cTpymy) i € 6a30BOIO IS MIACHITIOBAYIB IMOTYKHOCTI, JUKEpPEI KUBJICHHS 1 CXeM
cTaburi3ailii >KUBJICHHS, YaCcTO 3aCTOCOBYETHCS B SKOCTI OydepHOro kackagy B

MpUUMaIbHUX MiACHUTI0OBaYaX.
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Ilpuknao 11.1
300pa3uTH CXeMH BKIIIOUEHHSI TPAH3UCTOPA 31 CHLUIBHOIO 0a3010 JJisl BUMAAKY
p-n-p Tpan3uctopa. [lokazatu MOISIPHOCTI HANPYT KUBJICHHS 1 HAIPSIMKU CTPYMIB

lp lg g Ans Bumagkis poOOTH TpaH3MCTOpA: a) B PEKUMI BIICIKaHHs, 0) B

AKTUBHOMY PEKHMI; B) B IHBEPCHOMY PEKUMI.
Po3B’sa3aHHs

300pa3umo cxeMy BKJItOUeHHs P-N-P Tpan3ucropa 31 Cb (puc. 11.4).

VT
E/\K

Y

b

o] (o o] o—
Ero L Epx

Puc. 11.4. Cxema BrimroueHHs P-N-p tpausucrtopa 31 Cb

OCKUTBKH Pi3HI CXEMH BKJIIOYEHHS TPAH3MCTOPA BIAPI3HAIOTHCS MOJISIPHICTIO
IiIKITIOYCHHS JKepesa 1, BIAMOBIIHO HAMpPsIMKaMHU CTPYMIB, TTOKa)KEMO TOJIIPHOCTI
HATIPYT XKUBJICHHS 1 HAPSIMKHU CTPYMIB JIJIsT KOXKHOTO pexumy (puc. 11.5).

Ha ymoBHOMY TrpadiuHOMy TMO3HA4YEHHI TpaH3UCTOpa CTpUIKa MOKa3ye
ymoBHHUH (Bim "+" mo "-") HampsM cTpyMy B KOJI eMmiTepa Mpu MpsAMiil Hampy3i Ha

EMITEPHOMY TIEPEXOII.
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Puc. 11.5. Cxema BximroueHHs P-N-p Tpanzucropa 31 Ch:

a — B peXXUMI BiJICIKaHHS; O — B aKTUBHOMY PEKHUMI; B — B IHBEPCHOMY PEKUMI

Ilpuknao 11.2

Tpanzuctop Tumy P-N-p BKIIOYEHHI MO CXeMi 31 CHUIBHUM eMiTepoM (puc.

11.6). Busnauntu, B IKOMY peXUMI IPAIIOE TPAHIUCTOP, SKIIO:

1) UB—E :—0,4 B, UR'_E :—0,3 B.
3) UB—E 20,4 B, UK—E :—10 B.
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VT Uk-e

E

Puc. 11.6. Cxema o npuknagy 11.2

Po3B’sa3anus

Uk-g = Uk-p + Up-k-

Jlnst Toro, mo0 BU3HAYUTH PEKUM POOOTH TPaH3UCTOpPA, HEOOXITHO 3HATH, SKi

HAIPYTU MPUKIAACHI 0 HOTO eMITEPHOTO Ta KOJIEKTOPHOTO MePexo/1iB, TOOTO 3HATH,

qomy nopiBHIOOTh Ug_g 1 Uk_g.

Ug—p = —Up-k;

Ug-p = Uk-g — Up-E-

Toni:

1) Ug_g = 0,4 B, Ux_5 = —0,3 — (—=0,4) = 0,1 B.

Ha 006ox mepexonax mpsiMa Hampyra, TOMY PEXUM HACUYCHHS.

2) Up_g = 0,4 B, Ux_g = —10 — (—0,4) = —9,6 B.

Ha emitepHoMy mnepexoli mnpsMa Hampyra, Ha KOJEKTOPHOMY MEpeXoAl —

3BOPOTHA, TOMY aKTUBHUUN PEKUM.

3) UE_B = _0;4 Bl
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Ux_g = —10 — 0,4 = —10,4 B.

Ha 00ox nepexojiax 3BOPOTHA HaIpyra, TOMY PEKHUM BiJICIKaHHS.
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JIEKIIA 12. CTATUYHI XAPAKTEPUCTUKHU TPAH3UCTOPA.
JIUHAMIYHUMN PEXKUM POBOTH TPAH3UCTOPA.
TPAH3UCTOP IK AKTUBHUM YOTUPUIIOJIIOCHUK

Cmamuuni xapakmepucmuku mMpaH3ucmopa TOKa3yIOTh 3aJIEKHICTh MIXK
CTpyMaMHu 1 HampyramMd Ha MOro BXOJlI 1 BHUXOJ1 Ta BUKOPUCTOBYIOTHCSA IS
PO3paxXyHKy poOOUYOro peKUMY TPaH3UCTOPA.

Jlna cxemu 3i Ch eéxiona xapakmepucmuka — 11e 3aJeXKHICTb CTPYMY emitepa
Bl Hampyru MDK emirepoM 1 0a3010 NpU TOCTIMHIA BeIMYMHI HANpPYrd MK

KOJIEKTOPOM 1 6a3010.

Iy =f(UE_B)‘UK_5 = const .

TunoBi BXiHI CTATU4YHI XapaKTEPUCTHUKH TpaH3uctopa it cxemu 31 Cb

HaBeJleH1 Ha puc. 12.1, a:

£&sMA  —10B -5B |, MA

T—
I
H

o

=

N

>

SRRy . )
// Fe=¢ MZx
"/
a4 I =0 MA
0 100 200U, ,,MB O 10 20 U, B

a 0
Puc. 12.1. CtaTn4Hi XapakTEPUCTUKU OIMOJIIPHOTO TPAH3UCTOPA, BKIFOUECHOTO 110

cxemi 31 Ch:

a — BXigHA; O — BUXIJIHA

3 rpadika BUJIHO, IO BXiHI XapakTepucTuku aHanoriydi BAX p-n-nepexony
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IUIS IPSIMOTO CTPYMY, IPUYOMY 3MiHA Hanpyru U, _, He 3Ha4YHO BIUIMBA€E Ha CTPYM
emirepa. Lle MOSCHIOETBCS THM, IO €IEKTPUYHE TI0JI€, CTBOPIOBaHE HANpyrow U, .,

B cxemi 31 Cb wmailie MOBHICTIO 30CEPEIKEHE B KOJEKTOPHOMY MEpexXoil 1 He
BILJIMBA€ HA IPOXOJKEHHS 3apsA/IIB Uepe3 EMITEPHUI nepexia.

Buxioni xapaxmepucmuxu mpauszucmopa onsa cxemu 3i Ch — 11e 3a1eXHICTb
CTPYMYy KOJIEKTOpa Bil HAmpyru Ha KOJEKTOpI MPHU MOCTIMHUX 3HAYEHHSAX CTPyMY

eMirepa.
I = f(Ug_5)| 1z =const .

TunoBi BHUXIJHI CTaTUYHI XapaKTEPUCTHKU TpaH3zuctopa mns cxemu 31 Ch

HaBeJeHl Ha puc. 12.1, 0. Ilpu HopManbHIi poOoUil nonaspHOCTI Hanpyrd U, .,

KOJIM KOJICKTOPHHUM TIEpeXiJ Tpaloe Yy 3BOPOTHOMY HaNpsSIMKy, BHXIIHI
XapaKTEPUCTUKH SBISIIOTH COO0I0 Maike TpsiMi JIiHiT, IO HAYTH 13 Ay’KE€ HEBEJIUKUM
HaxuioM. lle MOsICHIOETBCS TUM, IO KOJIGKTOPHHUU CTPYM BHUHHKAE 33 PaxyHOK
nudy3ii HOCIIB 3apsiB, IO MPOHUKAIOTH 13 emiTepa uepe3 6a3y B KojekTop. Tomy
BEJIMYMHA KOJCKTOPHOTO CTPYMY BHU3HAYA€THCS TOJIOBHUM UYWHOM BEIHMYHUHOIO

CTpyMy e€MiTepa 1 HE3HAyHO 3aleKuTh Bl Hanpyru Uy p, HOpUKIaneHoi 10
KoJiekTopHOro nepexony. Hasite npu Uy =0 BigOyBaeTbecs SIBUILE €KCTPAKIIL 1
CTPYM KOJIEKTOpa MOK€ MaTH JIOCUTh BEJIUKE 3HAUYCHHS, 1110 3aJICKUTD B BETUUYNHU
CTpyMy emiTepa.

ITpu 1 =0 xapakrepucTuKa BUXOIUTH 13 IOYATKy KOOPJIMHAT, a MOTIM i€ Ha
HEBEJIMKIM BHCOTI Maike mapajiebHo oci abciuc. BoHa BiAmoBiiae XapaKTEPUCTHIII
3BOPOTHOTO CTPYMY p-A-TIEPEXOY.

JIna cxemu 3i CE cmamuuna eéxiona xapakmepucmuka — 1€ 3aJICKHICTb
cTpyMy 0a3u Big HApyru MiXK 023010 1 eMITEpOM NPH MOCTIHHOMY 3HAYEHHI1 HATTPYTH

MIXK KOJIEKTOPOM 1 EMITEPOM.

Iy =f(U5_E)|UK_E = const .
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Buxioni xapaxmepucmuxu mpanzucmopa 01sa cxemu 3i CE — 11e 3a11exXHOCT1
CTPyMYy KOJEKTOpa BiJl Hampyrd MDK KOJEKTOPOM 1 €MITepOM MpU MOCTIMHOMY

cTpymi 6a3u.
I =f (UK_E)‘IE = const .

TunoBi BXiJHI Ta BUXIAHI CTATUYHI XapaKTEPUCTUKH TPAH3UCTOPA ISl CXEMH

31 CE noka3aHi Ha puc. 12.2.

I, MA U, ,=0B I, MA
5B I5=1MA
0,8 II 40 '/ ,/ Ib = 800 MKA
4 [} =/600 MKA
| | I =400 MKA

0.4 / / // 201 |, = 200 MKA
0,2 1/ 10 T

v I,|= 0 MKA]

40 80 120 U, .,MB O 2 4 6 8 10 U,,.B
a 0

Puc. 12.2. CtaTnuHi XapakTEPUCTUKU OIOJIIPHOTO TPAH3UCTOPA, BKIFOUEHOTO IO
cxeMmi 31 CE:

a — BXigHa; O — BUXIJHA

3 rpadikis Ha puc. 12.2, a BUJIHO, 1110 31 3pOCTaHHAM 3BOpoTHOI Hanpyru Uy g
cTpyM [ 3MeHuryerbes. Lle mosicHIoeThCs THM, 0 npu 30ubmeHHl Uy g 3pocTae

Hampyra, NPUKIAAEHA 0 KOJEKTOPHOTO TEepPexony, 3MEHIIYEThCS IMOBIPHICTH
pekoMOiHaIlli HOC1iB 3apsiay B 0a3l, OCKUIBKHM Maii’ke BC1 HOCIT IIBUJIKO BTATYIOTHCS B

KOJIEKTOP.
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J{uHaMiYHMi pe:KUM po00TH TPaH3UCTOPA

B nmpakTHuHHX cXeMax TpPaH3UCTOPHUX MIICWIIOBAYiB y BHUXIJHE KOJO
TPAH3UCTOPA TMOPAJ 13 JKEPEJIOM >KMBIEHHS BKJIIOYAIOTH OMNIP HABAHTAXEHHS, a Y
BXIJTHE — JIKEpEJO CHUTHally, sikui HeoOxigHo miacwiuTu (puc. 12.3). Hanpyra Ha

EMITEpHHI Nepexi] NOJA€ThCsA 4Yepe3 pe3ucTop R, BenuumHa SKOro BH3HAYae
BUXITHUN CTpyM 0a3u TpaH3UCTOpA 3a BIACYTHICTIO BX1IHOro curHany. Pesuctop R,

— HaBaHTAXXKYBAJIbHUNA PE3UCTOP TPAH3UCTOPHOIO Kackaay, MpU3HAUYCHHUH JUIsl mojayi
Ha KOJUJIEKTOP TPAH3MCTOPA €JIEKTPUUHOTO CTPYMY BiJ] JXKepea KUBJICHHS.

Pexxum poOOTH TpaH3UCTOpa 3 HAaBAaHTAXKEHHSIM HA3UBAETHCS OUHAMIUHUM. Y
IIbOMY PEXHUMI CTPYMHU 1 HAPYTH Ha €JEeKTPOJax TPaH3UCTOpa HE € MOCTIMHUMHU, a
HEBITMHHO 3MIHIOIOTHCS.

PosristHemo po0oTy TpaH3UCTOpa, BKIOYEHOTO B MIJCHITIOBAIbHUM KacKaj 1Mo

cxemi 31 CE, B TuHaMIYHOMY peXUMI.

Puc. 12.3. Cxema miacuiIoBaIbHOTO KacKaay

Hanopyra mxkepena >xuBienus E O3MOIUIAETECA MDK IUISHKOIO KOJIEKTOP-
yr K
eMitep (BUXOJOM CXE€MH) 1 HAaBaHTA)XXYBaJIbHUM ONOPOM RH TaKMM YWUHOM, IO

Harpyra

105



U g =B« — IR, . (12.1)

Bupaz (12.1) siBiisie co0010 pi6HAHHA OUHAMIYHO20 pexcumy 071 UXIOHO20
Koia. 3MIHU Hampyrd Ha BXOJ1 TPAH3MCTOpPA BUKIMKAIOTH BIAMNOBIAHI 3MIHH CTPYMY
emiTepa, 6a3u, 1 BIANOBIAHO, CTpyMYy KoJyiekTopa. Lle npu3BoauTh 10 3MIHM HaOpyru
Ha onopl Rx, B pe3ynbTaTi 4Oro 3MIHIOEThCA 1 Hanpyra Uy .

3BepHEMO yBary Ha Te, L0 UBJICHHS TPAH3UCTOpa B PO3TJIAHYTINA cxemi (5K 1
y Oynp-sikiit iHIii cxemi 31 CE) 3a0e3neuyeTbest BiJf OTHOTO JKkepena Ex.

XapakTepuUCTUKU TPaH3UCTOpPa B AMHAMIYHOMY PEXUMI BIAPI3HAIOTHCS Bij
XapaKTepUCTUK CTATUYHOIO PEXKHUMY, OCKUIBKM BOHM BHM3HAYAlOThCA HE JIMILE
BJIACTHBOCTSIMU CaMOT'0 TPAH3UCTOPA, & 1 BIACTUBOCTAMHM €JIEMEHTIB CXEMHU.

HaityacTile BUKOPUCTOBYIOTh BHXIJIHI Ta BXIJHI JIMHAMIYHI XapaKTEPUCTUKH
(HaBaHTaXyBaJibH1 TpsiMi). BynytoTe iX Ha 0a3l CTaTUYHMX BUXIIHUX Ta BXITHHUX
XapaKTEePUCTHUK TPAH3UCTOPA HACTYITHUM YHHOM.

[Tpu 3nauvenHni I, =0 3 piBHsAHHSA (12.1) maemo U,  =E, (Touka B Ha puc.

12.4, a). Ils Touka BIAMOBIAA€ BUMAAKY, KOJIU CTPYM KOJIEKTOpa JOPIBHIOE HYIIIO.
[Ipu 1bOMy CTpyM y HaBaHTa)XyBaJbHOMY OIIOPI BIICYTHIM 1 MaJiHHSA HANpPyrd Ha
OTOpi HaBaHTaXXEHHS NOpiBHIOE HyNI0. OTXKe, BCA HAmpyra JpKepena KUBJICHHS Ej

BUSIBIIIETHCSA TPUKIIAACHOIO J10 AUISTHKU KOJEKTOP-EMITEep TPaH3UCTOpa.

I[Ipu Uy =0 crpym IK:ER—K (rouka A ©Ha puc. 12.4, a). Ockinbku

H

HaBaHTAaXXEHHA R € 4YuCTO aKTUBHUM, TO, 3’€IHYIOUM MPSMOIO I JBI TOYKH,

OTPUMYEMO TWHAMIUHY BUXITHY XapaKTepuCTUKy AB. Bci mpoMiKHI MONOKEHHS
TOYOK Ha HABAHTAXYBAJIbHIN MPSAMIA XapaKTepU3yIOTh MOXKJIMBI HAMIPYTH 1 CTPYMHU Y
BIJIMOBITHUX KOJIAX TPAaH3UCTOpAa MPH TOJadi CHTHAIy 3 BpaxyBaHHIM OIOPY
HaBaHTaXEHHA. byab-skoMy cTpyMy 0a3u BiNMOBIZAIOTH IUIKOM T€BHI 3HAYCHHS

CTPYMY KOJIEKTOpA 1 KOJIEKTOPHOI HAMPYTH.
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Puc. 12.4. TloGynoBa TMHAMIYHUX XapaKTEPUCTUK TPAH3UCTOPA:
a — BUX1gHa; 0 — BXiJIHA
JIist OTpUMaHHS JIOCUTh BEJIMKOI BHUXIIHOI MOTYXHOCTI B SIKOCTI poO0YOi
TUITHKY  JIOUUIBHO po3misiaaTu  Bigpizok  CD. Touka C — 1e TepeTuH

HaBaHTAXYyBaJIbHOI TPsIMOT AB 3 BHUXIJHOIO XapaKTEPUCTUKOIO, IO BIAMOBIIAE
HalOUIRIIOMY CcTpyMy Oazu (puc. 2.7, a), Touka D — mepetun AB 3 BHUXITHOIO
XapaKTEPUCTUKOIO, IO BIAMOBIAa€E HAWMEHIIIOMY HEHYJIHLOBOMY CTpyMy 0Oa3u (puc.
2.7, a).

Busnagaemo ctpym |, 10 € cepeaHIM MO BIJHOIIEHHIO 10 CTpyMiB 0a3u B

toukax C1D:

SKII0 Ha CTaTUYHHUX XAPAKTEPUCTUKAX TPAH3UCTOPA, IO BUKOPUCTOBYHOTHCS
JUIST  pO3paxyHKy JAWHAMIYHOTO pEXHMYy, HE HaBeJeHAa BHUXIJIHA CTaTUYHA
XapaKTEepUCTUKA Uil 3HaWAeHoro crpymy Oasu |,,, i morpiOHO noOyaysatu
CaMOCTIHO (BpaxyBaTH IIpU IbOMY, IO OJHAKOBUM 3MiHaM [g BIJMOBITAIOTH

OJTHAKOBI 3MiHU | ).
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Poboua TOuka NEXKUTH HA MEPETUHI AMHAMIYHOI BUXIJTHOI XapaKTEPUCTUKH 1

CTaTUYHOI BUX1JHOI XapaKTepPUCTUKH, 10 Bianosigae ctpymy 6asu |,. Koopaunatu

po6ouoi Touku T = (U |, .,) BU3HAYAIOTh 3HAUCHHS MOCTIHHOI CKIaJ0BOI CTPYMY

K—EO;
Kosiektopa |,, 1 Hampyrn MDK KOJEKTOpoM 1 emitepoM U, ., TIpU BIACYTHOCTI
3MIHHOTO BX1JIHOT'O CUTHAIY.

bynyemo  nuHamiyHy ~— XapakT€pUCTHUKY  HAa  BXIAHUX  CTaTUYHUX
XapaKTepUCTUKAaX TPAH3UCTOPA.

Skuo 3agaHO CIMEMCTBO BXIIHMX XapaKTEPUCTHK TPaH3UCTOpa, TO MOXKHA
noOyayBaTH BXIIHY JUHAMIYHY XapaKTePUCTUKY HUISIXOM MEPEHOCY MO TOYKaM Ha 1€
CIMEHCTBO BUXIIHOI AMHAMIYHOI XapaKTEPUCTUKHU. SIKIIO X B JOBIJHUKY HaBeICHI
BXIJIHI CTaTM4YHI XapakTEPUCTHUKU TUIBKM [UIsl JBOX 3HA4Y€Hb HANPYTrd MIK
kosekTopoM 1 emitepom — U, .. =01 U, . # 0, To B IKOCTI BXIHOI JUHAMIYHOI
XapaKTePUCTUKHN OOMPAIOTh CTATUYHY BXiHY Xapaktepuctuky ais Ugg # 0.

Ha miit xapakrepuctuiii (puc. 12.4, 6) BiAMIYaEMO TOYKHU D, T, C, mo
BIANOBINAIOTH 3HAUYEHHAM [, [y, [;,. OTpuMyeMO KOOpAMHATH POOOYOi TOUKH Ha

BXifHUX XapakTtepuctukax T = U . 15,) -

TpaH3UCTOP SIK AKTUBHUU YOTHPHUIIOJIOCHUK

Yomupunonwcnukom HA3UBAEThCS YacTHHA EJIEKTPUYHOTO KOja, IO
PO3TIIAIAETHCS O BIHOMICHHIO 0 OYyNb-sKUX IBOX Map ii 3atuckadiB (puc. 12.4).
YOTUPUTIONIOCHUKOM MOXHa BBa)KaTU OyJb-IKUH TPUCTPIA 3 JBOMA TMapaMu
3aTHCKAYiB, BKIIOYEHE MK JDKEPEIIOM 1 CIIOKHBA4YeM EJEKTPUYHOI eHeprii, KOJu
MPEIMETOM JIOCTIDKEHHS € JIMIIEe CTPYMH 1 Hampyrd Ha 3aTHcKadax MPHUCTPOIO
(cTpymHu 1 HanpyTH BCEPEIMHI MOTO HE IIKABIATH). 3aTUCKAUl YOTHPUIIOTIOCHUKA, JT0
SAKUX TIAKITIOYAIOTh JDKEPENIO HAa3WUBAIOTHCS GXIOHUMM, a 3aTHCKadi, /10 SKUX
MIAKITIOYAl0Th HABAHTAKEHHS — GUXIOHUMU. SIKIIO YOTHUPHIIOIIOCHUK MICTHTH
JOKEPENIO eHeprii (Ma€ 31aTHICTh MJICHIIIOBATH MOTYKHICTh €JIEKTPUYHUX KOJIUBAHD),

TO BIH Ha3UBA€ETHCS axKmueéHum, B iHHIOMy BHUIIAJIKY — RACUBHUM.
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Puc. 12.5. YotnpunomarocHUK

TpaH3ucTop y 3araJbHOMY BUIAIKY SBIJISIE COOON0 AKMIUGHUI HENIHINHUL

YOMUPUNONIOCHUK.
3rifHO Teopii YOTHPHUIIONIOCHUKIB, CIHIBBIJHOIICHHS MDK CTpyMaMH 1

Hanpyramu Ha BXO/(1 1 BUXO/I1 YOTUPHUIIOIIOCHUKA MOXYTh OyTH 3aMMCaHl y BUTJISAII:

Uy =yl + Uy,

Koeogimientn hyq,hy,, 0y, , 10 BXOAATE 10 HUX piBHAHB, Ha3WBAIOTHCS h—

napaMeTpaMH TPaH3HUCTOpa, a PO CUCTEMY TOBOPATH, IO BOHA 3ammcaHa B (Gopmi
h —mapameTpis.
KosxHuii 13 nuX mapaMeTpiB Ma€e NeBHHUM (i3WIHUN 3MICT.

3okpema, mapamerp hy; sABIse CcO0OI0 BENUUUHY 6XIOHO20  ONOPY
mpau3ucmopa Tpu KOPOTKOMY 3aMukaHHI Ha Buxoai (U, =0) 1 BuUMIpIO€TbCS B

oMax:

[Tapametp hy, Ha3UBaeTbCS Koegiyicnmom 360pomnozo 36'a3Ky i TOPIBHIOE

BIIHOIIEHHIO BXIAHOT HAMPYrd JO BUXIJHOI MPU PO3IMKHEHOMY BXIIHOMY KOJI (

I, =0):
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[Tapamerp h,; Ha3uBaeTbCAd Koegiuichmom niocunenwa no cmpymy i

JOPIBHIOE BIJHOLIEHHIO BUXIIHOIO CTPYMY 10 BXIJHOTO MPH KOPOTKO3aMKHEHOMY

Buxoxi (U, =0):

[Tapamerp h,, sBise cobor0 euxiony npogionmicme mpanzucmopa T1pU

PO3IMKHYTHX BX1JHHX 3aTHckauax (I, =0) 1 BumipseTbes B CM:

Skmo Bigomi h-—mapamerpu mms cxemu 31 CBb, TO Jerko mUIIXOM
nepepaxyBaHHs ogepkatu h —mapamerpu ais cxemu 31 CE i CK.

Ha choroanimuiii qeHs h —mnapamerpu HaiOUIBIN HOMIKUPEHI MPU PO3paxyHKaX
TPaH3UCTOPHUX  HU3BKOYACTOTHUX  CXeM. BOHHM  JIeTKO  BHU3HAYalOThCS
CKCIIEPUMEHTAIbHO, a TakKoX rpadiuHO 10 CTaTHYHUM  XapaKTepUCTUKaAM

TPaH3UCTOPA.

Ilpuknao 12.1.

TpaH3ucTop BKIFOYCHUN B IMIJICHIIOBAILHUA KacKaJa IO CXeMi 31 CITUIbHUM
eMITEpOM 1 Ma€ CTaTHUYHI XapaKTCPUCTHKH, HaBeaeHI Ha puc. 12.6. Buznauutu h—
napaMeTpu B pooouiit Touri T.

Po3B’s13anHs

Jns  po3paxyHKy h—mapameTpiB 1O CTaTHYHMM  XapaKTEPHCTHKAM
TPaH3UCTOPA BHUKOPHCTAEMO METOJ «IBOX TOYOK», 3TiTHO SKOTO 3HAYCHHS
rapaMeTpa, BU3HAUYEHOTO B3JI0OBXK BIpi3Ka, CIPABEIIMBE 1 IS TOUYKH, IO JICKHUTH

MocepeanHI bOro Bipizka (poOo4oi TOUKH).
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Puc. 12.6. CtaTuuHi XapakTepUCTUKU TPaH3UCTOpa I npukiana 12.1:

a — BUX1JIH1; O — BXIJHI

[Tapamerp h;; BHM3Ha4aeMo 1O BXiAHIH CTaTUYHIA XapaKTEPUCTHII

TPaH3UCTOPA, 110 Bianosinae Hanpysi U, . =3 B (puc. 12.7, a).

hy = 2o __ 2494 600 0m
bl (0,2-0,1)-10° '

b U K-E=U K-E0

[Tapamerp hy, BH3Ha49aeMO MO BXiTHUM XapaKTEPHCTHUKaM TPaH3UCTOpa (pHC.

12.7, 6).

[Tapametp h,; BU3HAUa€MO 1O BUXITHUM XapaKTEPUCTHKAM TpaH3UCTOpa (pHC.

12.8, a).
111



Al (7,5—3)-10‘3
Ly ~(0,2-01)-10°
B Uy e=Ugeo (0.2-0.1).
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[ T,
[
< "
: 0,1 -
0,1 / ;
j/ - UBE B
0 0 0,2 0,4
AUg g

Puc. 12.7. BusHauenns h—mapaMeTpiB [0 BXiJTHHUM CTATUYHUM XapaKTEPUCTHKAM

TPaH3UCTOpA:

a—hy;6—hy

[Tapamerp h,, BH3HA4YaeMO MO BUXIJHIA XapaKTEPUCTHL TPAH3UCTOPA, IO

Bianosigae /; =0,15 MA (puc. 12.8, 0).

55-5)-107
h,, = Al = ( ) =250 MxCwm .
AU 3-1

K-E lig=15,
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IK: MA

IK, MA

0,29 mA 140,29 mA

10 L1 /I;IB:O,Z MA 10 J./' /|5=o,2 A
R AT

. - T =D, I5|MA Ty =P T5[iA
o 6 oo 6
3 wll 150, mA s 150, mA
4 ZT 4 ,4/
— =1
A *{
5 I5=p,05|mA 2 I5=pP,05[MA
ot Lt
S L * et
0 2 4 6 8 Ukrg B 0 2 4 6 8 Ukk B
AU, .
a 1}

Puc. 12.8. Busnauenns h —mnapaMeTpiB 10 BUXIJTHUM CTATUYHUM
XapaKTepUCTUKaM TpaH3UCTOpa:

a—hy;6—hy,
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JIEKIIA 13. TEMIIEPATYPHI TA YACTOTHI BJIACTUBOCTI
TPAH3UCTOPA. BJIACHI IYMHU TPAH3UCTOPA

Hianmazon  pobouyux  TeMmmepaTryp  TPaH3UCTOPIB  Takuk, SK 1 Yy
HaIIBIPOBIJHUKOBUX [IOAIB, OCKUIbKM BiH OOYMOBJIEHHI BJIACTUBOCTSIMU p-ni-
nepexo/iiB. Ha po6oTy TpaH3UCTOpPIB ICTOTHO BIUIMBA€ HAarpiBaHHs (HANPUKIIAM, Bif
HaBKOJIMIITHBOTO CEPEIOBHUIIA, PO3TAIIOBAHUX MOPYY HATPITHX JAeTallel, CTPYyMiB, IO
NPOTIKAIOTh Yepe3 TPAH3UCTOP) 1 MEHII ICTOTHO — OXOJIOXKEHHS.

[Ipu minBUIIEHH] TEMIIEPAaTypH 3MIHIOIOTHCS OTIOPU EMITEPA, KoJeKTopa 1 0a3u,
cTpymH (0COOIMBO 3BOPOTHIM CTPpyM p-n-Tiepexoja), BHUXIIHI XapaKTepUCTHKH, h-

napamMeTpu 1, BIAMOBITHO, MIJCHUIIOBAIBHI BIACTUBOCTI TPAH3UCTOPA.

Temnepamypni enacmusocmi cxemu 3i Cb. HarpiBaHHs TpaH3HCTOpA,
BKJIFOUeHOTO B cxemi 31 Cb, mpu3BOAUTH 10 30UIBIIEHHS 3BOPOTHOTO CTPYyMY p-h-
nepexona. x5 3poctae BIBiui mpu 36inburenHi Temmeparypu Ha 10°C, mo B cBOO
4yepry BUKIMKA€ 3CYB BUXITHUX XapaKTEPUCTHK 1 3MIHY iXHBOTO Haxwiy (Ha puc.
13.1 cyuineHAMH IiHiSIMHM BKasaHi xapakrepucTHku mpu Temmeparypi 20°C, a
HITPUXOBUMH — IIPU 700C).

I[(“

Puc. 13.1. TemnepaTypHa 3aJ1€:KHICTh BUX1JIHUX XapaKTEPUCTUK TPAH3UCTOPA,

BKJIFOUYEHOTO 110 cxeMi 31 Cb

Sk BUAHO 3 PHUCYHKY, XapaKTEepUCTUKH HE3HAYHO MIAHIMAaIOThCA. OUeBUIHO,
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IO TMOJIOXKEHHA po00YOi NUISHKU TPAH3UCTOpPa 1 Moro pobo4yoi TOUKH MpPU LBOMY
3MIHUTBCS HE3HAYHO. BianmoBigHO, mifcuiieHHs Oyne NpuOJIM3HO TaKUM, K 1 J10

HarpiBanHs — cxeMa 31 Cb € TeMnepatypocTabiibHOIO.

Temnepamypni enacmueocmi cxemu 3i CE. J[ns TpaH3uCTOpa, BKIOUYEHOTO
o cxemi 31 CE, 3BOpOTHHM CTpyMOM p-n-miepexoqy € cTpyM Ix.po. [Ipu HarpiBanHi
TpaH3UCTOpa W CTPYM 30UIBIIYETHCS B JEKUIbKA pa3iB CUJIbHIIIE, HIK CTPYM Ik g,

TOMY BUXIJIHI XapaKTepUCTUKH 3HAYHO 3M1HIOIOThCS (puc. 13.2).

\.P1 —
AN -
\\Dl |5=0

O U'K-E ) B

Uk-ro

Puc. 13.2. TemnepatypHa 3aJI€)KHICTh BUXIJIHUX XapaKTEPUCTUK TPAH3UCTOPA,

BKJIFOUeHOTro 110 ¢cxeMi 31 CE

PoGoua ninsHKa cTae MEHIIOI, poboya TOYKa 3MINIyeTbes. BimmosigHo,
MIJCWICHHS 3MEHIIYETHCS 1 poOOTa MiJICUITIOBAIBHOTO KacKaay BilOyBaTUMETHCS 31
3HAYHUMU HEJTHIHHUMHU CTIOTBOPECHHIMHU.

T.q., cxema 31 CE Mae HU3bKY TeMIepaTypHY CTaOUIBHICTh 1 JJOCHTHh CHIBHO
3MIHIOE CBOi BJIACTMBOCTI TpHW MiABUIICHHI TEMIIEpaTypu, MO € ii 1CTOTHUM

HEJIOJIIKOM.

Yacmomni enacmugeocmi. 3 TIIBUIIEHHAM YacTOTH  MiJICHJIIOBAJIbHI
BJIACTUBOCTI TPAH3UCTOPA MOTIPIIYIOTHCSI.
Ha wyacTtoTHi BIAacTMBOCTI TPAH3UCTOPIB 3HAYHO BIUIMBAIOTH €MHOCTI p-n-
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Mepexo/IiB, a TaKOXK 1HEPUIMHICTh MPOIIECIB MPOXOKEHHS HOCIIB 3apsy uepe3 0azy
Bl €MITEpHOTO MEPEXOAy A0 KOJEKTOPHOrO 1 HAaKONWYEHHs 3apsaiB y Oasl
Hanpuknan, 31 30UIbIIEHHSM YaCTOTH €EMHICHUI ONIp 3MEHIIYETHCA 1 IYHTYIOYA A1s
€MHOCTEH 3pOCTaE.

JUiss  pO3IIMpEHHsT 4YacTOTHOTO  Jlialnma3oHy  TPaH3UCTOPIB  HEOOXITHO
30UTbIIYBAaTH IIBHUJKICTh NEPEMIIIEHHS HEOCHOBHUX HOCIIB 3apsaiB depe3 0azy,
3MEHILYyBaTH TOBLIMHY 0a3u 1 €MHICTh KosiekTopa. [Ipm BHKOHaHHI LHMX YMOB
TPAH3UCTOPU MOXKYTh YCIHIIIHO MPALOBATH HA YAaCTOTaX MOPSAKY JECATKIB 1 COTEHb
Merarepi.

Cnig TakoXX 3a3HAYMTH, IO TPAH3UCTOPU THUIY A-p-n TOPU IHIIUX PIBHUX
yMOBaxX € OUIbIII BUCOKOYACTOTHUMH, HIXK TPaH3UCTOpU TUMY p-n-p. Te x came
MO’KHA CKa3aTu 1 Mpo CXeMy BKJIIOUeHHs TpaH3ucTopa 31 Cb B mopiBHSAHHI 31 CXEMOIO

31 CE.

BaacHi mrymu TpaH3ucTopiB

CtpyMu Ta Hampyrd B OyIb-SKHX CJIEKTPUYHHX KOJIAX 3aBXKIH 3IIHCHIOIOTH
HEBEJIMKI XAaOTHYHI KOJIMBAHHS, IO HA3WBAIOTHh €1eKMPUYHUMU GIAyKmyauiamu.
Bonu 0OyMOB/IEHI TEIJIOBUM PYXOM €INEKTPOHIB. 3 MiJBUILIEHHSAM TEMIIEpaTypu
daykryarii mocuaoThes. DIyKTyalisM MiAAA0ThCS CTPYMH BCiX €JIEKTPO/IIB
Tpan3uctopa. [licas migcuinenns mi QIIyKTyaiii MposBIASIOTHCS Y BUTIISIIL IIYMY.

Bynp-skuii MOCTIHHUN CTpyM HE € CTPOTO TOCTIMHUM, a KpiM TOCTIAHO1
CKJIIa70BO1 [y MICTUTH 3MiHHY IIIYMOBY CKJaa0BY 7, (puc. 13.3).

Ile mosICHIOETBCSA THUM, IO BHACIIIOK TEIMJIOBOTO PYXY YHCIIO E€JIEKTPOHIB, IO
MPOXOIATH Yepe3 MOMEePEYHHUIA TIepepi3 MPOBITHUKA 32 Malli PiBHI TPOMIKKH Yacy, HE

MOCTIlHE, a 3MIHIOETHCS.
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0 t

Puc. 13. 3. ®daykryanii ctpymy

TeopeTHYHO Ta EKCIePUMEHTAIBHO JOBEJCHO, IO IIYMOBHU CTPYM SIBIISIE
co0010 CyMy 3MIHHUX CHHYCOIaTbHUX CKJIQJOBUX 13 PI3HUMHU YaCTOTAMH — BiJ HYJIS
710 HaJIBUCOKHX.

BnacHi mymMu TpaH3UCTOPIB OOMEXYIOTh UYTJIMBICTH paaionpuiiMadiB Ta
IHIIMX TPUCTPOiB, IO BHKOPHUCTOBYIOTHCS JUJII TPHHMaHHS, TIJICHICHHS Ta
BUMIPIOBAHHS TapaMeTpiB CIA0KUX CUTHANIB. SIKIO KOPHCHI CUTHAIM cladmii 3a
BJIACHI IIyMH, TO PEECTpallisl IIUX CUTHAIIB JOCUTh YCKJIAIHIOETHCS a00, HaBITh,
YHEMOKJTUBITIOETHCS.

Y Oynb-IKOMY €JeKTPUYHOMY KOJi, 10 MICTUTh OMOpU (B TOMY HYMCIi 1 B
TPaH3UCTOPI, OCKUIBKM BCI HOro oO0JacTi MaroTh JEsIKi OIOpH) 3a pPaxyHOK
eNeKTpUYHUX (IyKTyariid crBoproeTbes aAesika mymoBa EPC. Jlitoue 3HayeHHS
mymoBoi EPC Ew, mo BUHHKae B pe3ucTopi abo B Oynb-IKOMY KOJi 3 omopoMm R,

BU3Ha4aeThesa Gopmynoro HalikBicra:

—23

ne k — crana bonbumana (k =1,38-10 [Ix/K), T — abcomotHa Temnepatypa, 2Af, ;

— IMUPUHA CMYTH MPOITYCKAHHS MACHIIOBAYA.
[ToBHU TITyM, TITO BUHUKAE B TPAH3UCTOPI1, MA€ KUTbKA CKIaI0BHX:
1. Temnnosi mymu;
2. Ilpo06oBi nrymu;

3. Ulymu crpymoposnoainy;
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4. PexkoMmOiHaIIMHI ITyMU;
5. drikep-UIyMHU.
JIns  OIIHKM IIyMOBUX BIJIACTUBOCTEH TPAH3UCTOPIB BUKOPUCTOBYIOTHh

koeghiyienm wiymy F:

F :10|g PC.GX /PW.G‘X ’
PC.GLLX? w.eux

¢ Pc.ex 1 Pc.ewc — HOTYXXHOCT1 KOPUCHOI'O CHUTHAJTy HA BXOJ1 1 BUXOA1 BIAIMOBIIHO,

Pw.@x 1 Pw.@ux — IMOTY>XXHOCTI IIYMY Ha BXO1 1 BUXO1 BIAIIOBIAHO.

[F]=05.

Cy4acHi TpaH3UCTOPHU MalOTh KOoe(imieHT mymy npudnuzno 10-20 ab.
Illymu mpanzucmopa 3anexcams 6io:.

3HaveHHs Koe]illieHTa Mepeiadi CTpymMy emiTepa;

3HaueHHs onopy 0a3u 1 3BOPOTHOTO CTPYMY p-n-TIEPEXOAY;
Marepiany HaniBIpOBITHUKA;

Hamnpyru xonekTopHOTo nepexony i CTpymy emiTepa;

BryTpimHporo onopy Jkepesa KoJauBaHb, SKi HEOOXITHO MiACHUIUTH.

Temneparypu;

N o a ~ w D E

Yactotu (puc. 13.4).
B nmianmazoni cepenHix wactor KoedimieHT mymy F Mae wiHiMampHE 1
MpUOJIU3HO MOCTiTHE 3HAYCHHS.

F, ob
40
30
20
10

L L } I_'
017 10° 110° 10° 10° ¥
fi 1
Puc. 13.4. YacToTHa 3aJI€KHICTh KOE(DILIEHTY HIyMYy
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Hwxus dwacrora f; 1mporo mgiama3oHy CTaHOBUTH OJMHHMIN Kijmorepr. Ha
yacTtortaXx Hk4de f; 30UIbIIYyIOTBCS (UIiKep-IIyMH 1 32 PaxyHOK ILOTO KOEQiIli€HT
nrymy 3pocrae. 30UTbIIeHHs KoeliieHTa myMy Ha 4acToTax Buile f, BimOyBaeThcs
BHACTIIOK 3HWXKCHHS KoedilieHTa mepeaadi cTpymy emitepa. Yactora f, Moxke

CTAHOBUTHU COTHI K1JIOTepI] 1 OLIBIIIE.

119



JIEKIIA 14. ITIOJIBOBI TPAH3UCTOPU

Ilonvosuii mpanszucmop — 1€ HaMIBOPOBIIHUKOBUM NpHIIAJ, MPUHLMUI Jii
AKOTO TOJSAra€ B KEPyBaHHI BHUXIJHUM CTPYMOM 3a pPAaXyHOK 3MIHM HUTOMOI
MPOBIIHOCTI 1 TUIOUII HANIBIPOBIJHUKOBOIO MAapy (KaHay) MiJ AI€I0 €JIEKTPUYHOTO
OJIA.

PoGoTa Takoro TpaH3ucTOpa 3acHOBaHAa Ha MEPEMIIICHHI TUIBKM OCHOBHHUX
HOCIIB 3apsiay — AIpOoK a0 eNeKTPOHIB, TOMY MPWJIAJU TAaKOro TUIY Ha3WBAIOTh
YHinoaapuumu (HOCIi 3apsily MalOTh OJIMH 3HAK).

[lonboBHIT  TPAaH3UCTOP BUKOPUCTOBYETHCSA B  CXE€Max IiJICHIIIOBAYIB,
reHepaTopiB 1 MepeMuKayiB, A€ BHUKOHYe GYHKIII MIACUICHHS TMOTY)XHOCTI 1
NEPETBOPEHHS €JIEKTPUYHUX KOJTUBAHb.

OO6nactb, TOBIIMHA 1 TONEPEYHUH Mepepi3 SAKOi yNpaBlse€ThCS 30BHIMIHBOIO
HAIPYTOIO 1 MO SKii MPOXOIUTh CTPYM OCHOBHUX HOCIIB, HA3UBAIOTh KAHAIOM.

EnexTpoau nois0BOro TpaH3uCTOpa HA3UBAKOTHCS 3aTBOP, CTIK 1 BUTIK.

Bumik — enextpon, 3 sSIKOTO B KaHaJ MOTPAIUISIOTH OCHOBHI HOCIi, cmik —
EJIEKTPOJ, O SKOTO PYyXalThCs OCHOBHI HOCIi 3 KaHaly, 3ameop — Kepyrouui
EJIEKTPOI.

[TombOBI TpaH3UCTOPU PO3ILISIOTH HA:

1) TpaH3UCTOPH 3 KEPYIOUUM p-N-TIEPEXO0JIOM;
2) TpaH3UCTOPH 3 130IbOBAHUM 3aTBOPOM.

Jlist HopManbHOT POOOTH TOJBOBUX TPAH3UCTOPIB IO CTOKY ITiIKITFOYAE€THCS
JDKEpENIo Hallpyr'd MO3UTHBHUM IOJIIOCOM JJIsi TPAH3UCTOPIB 3 KaHAJIOM A-THILY 1
HETaTUBHUM — JJIS1 TPAH3HMCTOPIB 3 KaHAJOM p-TUIY (HE3aJIeXKHO BiJl CTPYKTypHU
TPaH3UCTOPA).

[TombOBI TpaH3UCTOPH MAIOThH ICTOTHI nepesazu 6 NOPIGHAHHI 3 ODINONAPHUMU.
1. Matots Bucokuit BXinuuii omip (10°-10" OM — y TpaH3HCTOpIB 3 KepyrounMm p-n-

MepPeXoJIoM 1 10°-10" Om y TPAH3UCTOPIB 3 130 1bOBAHUM 3aTBOPOM );
2. bimbm cTiliki 10 BIUIMBY 10HI3YFOYOTO BHIPOMIHIOBAHHS;
3. Jobpe mpamrooTh Mpu HU3BKUX Temrepatypax (1o -197°C);

4. XapakTepu3yrTbCsl HU3bKUM PIBHEM IIYMIB (BIACYTHIA pEKOMOIHAIIMHUI TIyM,
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OCKUIBKHU MPHU pOOOTI BUKOPUCTOBYIOTHCS HOCIT 3apsAly JIUILIE OJHOTO TUITY).

IHo1bOBI TPAH3UCTOPH 3 KEPYHOUHM p-H-TIePEeX010M

IMoaboBMI  TPAH3UCTOP 3  KEPYWUYUM  p-n-nepexogoM — 1€
HaITIBIPOBIIHUKOBUN TIpUJad, B SIKOMY CTPYM CTBOPIOETHCS TILIBKM OCHOBHUMH
HOCISIMM 3apsany. BennduHa nporo CTpymy KepyeThCs HAMpyTroro, IO MOJA€ThCs Ha
KEPYIOUUH EJIEKTPOL.

YMoBHE rpadiuHe MO3HAYEHHS 1 BapiaHTH 30BHINIHHOTO BUTJISAY MOJIBOBOTO

TPaH3MCTOPA 3 KEPYIOUUM p-n-TIEPEXOI0M NpeACTaBiIeH] Ha puc. 14.1.

3 3
A
_ v
B C B C
p-KaHa N-KaHaI
a §) B

Puc. 14.1. IlonboBU#l TPAaH3UCTOP 3 KEPYIOUUM p-n-TIEPEXOOM:
a — yMOBHe rpadiuHe Mo3HaYeHHS TPAH3UCTOPA 3 KaHAJIOM P-TUITY; O — YMOBHE

rpadiuHe Mo3HaYeHHs TPAH3UCTOPA 3 KAHAJIOM A-TUITY; B — BapiaHTH KOHCTPYKITii

KOopIycy

bynoBy Ta mpunHmmm aii gaHOTO THUITYy TpPaH3UCTOpPAa MOKHA TMOSICHUTH Ha
MPUKJIA/1 MOJIBOBOTO TPAH3UCTOPA 3 KaHAIOM n-Tuity (puc. 14.2).

ToHka mmacTMHA 3 HAMIBIPOBIAHWKA #-TUIY 3 HHU3BKOI KOHIICHTPAIII€O
JoMimky (KaHall) 3a JIOMOMOTOI0 EJIEKTPOJiB BKJIIOYEHAa B BHUXIIHE KOJIO
MIJICHITIOBAILHOTO Kackaay. BuXijiHEe KOJI0 MICTUTh HaBaHTaXXeHHS R, 1 KUBUTHCS Bia
mxepena Ue p.

Ha OiuHy mnoBepxHIO KaHally HaHOCATh IHap 3 HaMIBOPOBIAHUKA 3

MPOTUIIC)KHUM THUIIOM MPOBITHOCTI (3aTBOp). Enextpoxa, mo BiAXOAWTh BiJ IIi€l
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o0nacTi popMye BXiHE KOJIO MiICHIIIOBAIBHOrO KacKaay 1 € kepyroduM. [[o BXiTHOTO
KOJa TakoX BMHUKAIOTh JKEPENIO CUTHaly, SKUU MoTpiOHO mizcunutu. Jxeperno
KUBJIEHHSI BXIgHOro Koia Usjp CTBOpIOE Ha p-n-mepexoil TaHOro TpaH3UCTOpa
3BOPOTHY Hampyry. s BHUMAgKy TpaH3UCTOPY 3 KaHAJIOM P-THIY CTBOPIOETHCS

MO3UTUBHE 3MILIECHHS.

o
C le
n
77277) € R,
.y
N b5
) . Ucs
O.—
Uss et | ¢
N - d
B _
e
&

Puc. 14.2. Bynosa i cxemMa BKJIFOUCHHS ITOJILOBOTO TPAH3UCTOPA 3 KEPYIOUHUM p-7i-

epPEX010M

VY noas0BOMY TPaH3UCTOP1 3 KEPYIOUUM p-H-TIEPEXOJOM 3aTBOP yTBOPIOE P-N-
nepexig 3 obnacTio kaHamy. llpy momayi Ha mepexim 3aTBOp-KaHal 3BOPOTHOT
Hampyrd BiAOyBaeTbCAd 3MiHA IMUPHHH p-A-TIEPEXOJy, IO BHUKIUKAE 3MIHY
MOTIEPEYHOTO TIepepi3y KaHaIly 1, BIAMOBIAHO, HOTO MATOMOI MPOBITHOCTI, SIKa B CBOIO
gepry, 00yMOBIIIO€ 3MiHY CTPYMY KaHaly.

[Ipu BimcyTHOCTI Hampyrd Ha 3aTBOPI MIUPHHA p-n-TIEPEXOAYy MiHIMAJbHA,
IIUpUHA KaHally MaKCUMalbHAa, CTPYM CTOKYy MakcumanbHui. [Ipu 306imbmieHHi
Halpyru Ha 3aTBOpP1 LIMPUHA p-n-TIEPEXOAY 30UIBLIYETHCSA, IUIOLIA MONEPEUHOTO
nepepizy KaHay i1 CTPyM CTOKY — 3MEHIIYIOThCs. [Ipu JOCHTh BUCOKMX Hampyrax Ha
3aTBOp1 IIUMPHUHA p-N-TIEPEXOJY MOXKE 30UIBIIUTHUCS HACTUIBKU, 11O CTPYM CTOKY

JIOPIBHIOBATUME HYJIIO.
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Hanpyra Ha 3aTBOp1, NpHU SKii CTPYM CTOKY CTa€ piBHUM HYIIIO, HA3UBAETHCS

HaAnpy2010 6iOCIKAHHA.

Ochogni xapakmepucmuku i napamempu noib08020 MPAH3IUCMOPA 3 KEPYIOUUM

p-n-nepexooom

OCHOBHMMH XapaKTepPUCTUKAMH IMOJILOBOI'0 TPAH3UCTOPA € BUXIiJTHI (CTOKOBI)
XapaKTePUCTUKU 1  XapaKTEPUCTUKU  TpsiMOi  mepefadi  (CTOKO-3aTBOPHI
XapaKTEPUCTUKH ).

Cmokoeow xapaxmepucmukoio Ha3uBaroTh 3anexHicts | = f (U B)|U378=00nSt :

Ic, MmA

e 0
Usp -10 -5

a 0

Puc. 14.3. XapakTepucTUKu NOJIbOBOTO TPAH3UCTOPA!

a — CTOKOBA, 0— CTOKO-3aTBOpHA

31 36u1bmeHHAM U , CTpyM /. CHOYaTKy 3pOCTa€ AOCUTH HMIBUJKO (JUISHKA
[), a moTiM 11e 3pOCTaHHS YHNOBUIHHIOETHCA 1 Mai>ke 30BCIM MPUMUHSAETHCSA, TOOTO
HACTYyTa€ sIBUIIE, 0 Haragaye HacuueHHs (nuistaka 1), [Tpu npuxmananxi 6inbinoi 3a
aOCOJIIOTHUM 3HAu€HHSIM HETraTHMBHOI HAaIpPyru Ha 3aTBOP CTPYM /. 3MEHILIYETHCS 1
XapaKTepUCTHKA MPOXOAUTH HIKYE.

[TinBuIieHHsST HAMpPYTH CTOKY BPEMITI-PEINT MPU3BOIUTH M0 EICKTPUIHOTO

po0oI0 p-n-NepPexoay, 1 CTpyM CTOKY MOYMHAE CTPIMKO 3pOCTaTH, IO MOKA3aHO Ha
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puc. 14.3, a ITpUXOBUMH JIIHIAMH.

PoGora Tpan3ucTopa 3a3Buuaili BiIOYBAa€ThCS HA TMOJIOTUX  JUISTHKAX
XapakTepucTuk. Hanmpyru, 3a skux MoYMHAEThCS 1 001aCTh, HA3UBAIOTh HANPY2AMU
HACUYEHHA.

XapakTepuUCTUKU TMOJIOBOIO TPAH3UCTOpPAa HE € EeKBIAMCTAHTHUMHM, IO
MOSICHIOETBCA TUM, IO IIUPUHA p-n-TIEPEXOAY HENIHIMHO 3aJIeKUTh BiJl HAIpPYTH.

Tomy 3a omnHakoBoro mpupocry U BIJICTAaHb MDK XapaKTepUCTUKaMH He Oyne

3-B

0JHaKoBOI. I3 3poctanHaM Hampyr U, , mpoOiil p-n-mepexoqy BinOyBaeTbcs 3a
MeHIMX Hanpyr U, ,.

Xapaxmepucmukoio npamoi nepeoaui (cmoko-3ameopHoio

Xapaxkmepucmukor) Ha3uBaroTh 3anexkHicts 1. =fU, B)‘U eonst
C-B—

MaxkcumanbHuli CTpyM CTOKY /. 3a 3amaHoi Hampyru U, ; Bignosigae

U, ,=0. V pasi 30i1pmenns U, , 3a aOCONIOTHOIO BEIMYMHOIO [, 3MEHIIYETHCS

(puc. 14.3, 0).
[TonboBUiT TPAH3UCTOP XaPAKTEPHU3YETHCS HACTYITHUMH HAPAMEmpamu:

1. Kpymusna

S=Al./AU, ,|

U _g=const

Januii mapameTp XapakTepu3ye MiACWIIOBAIbHI BIACTUBOCTI TMOJIHOBOTO
TPAH3UCTOPA 1 BU3HAYAE BILIMB 3MIHU HANIPYTH HA 3aTBOPi HAa 3MiHY CTPYMY CTOKY.

2. Buympiwnii (euxionuii) onip

R =AU,/

AIC ‘U3_B:const !

Jlanuii mapameTp siBjsie COO00 OMip TPAH3UCTOPA MK CTOKOM 1 BUTOKOM (OITip
KaHaly) JJisl 3MIHHOTO CTPYMY.

3. Koeghiyienm niocunenns mpanzucmopa
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K=AU. ; /AU, |

1 -=const ’
K=SR.
Jlanuii mapaMeTp BU3HAYAETHCA BIIHOLIEHHSM MPHUPOCTIB HAMPYr CTOKY 1
3aTBOPY B PEKUMI1 XOJOCTOIO XOJly Ha CTOLIL.

4. Bxionuii onip

R, =AU, , /AL

Uc_p=const *
Bniiue memnepamypu na xapakmepucmuku nojib06UX mpan3ucmopie

B Hacnigok TOro, mo B MOJBOBUX TPAH3MCTOPAX BHKOPUCTOBYIOTHCS TIIBKH
OCHOBHI HOCIii, BOHU MOXYTh NpPAIfOBATH Yy OUIBII IIUPOKOMY TEMIIEPATYPHOMY
Jiana3oHi, MOPIBHSAHO 3 OIMOJISpHUMH TpaH3uctopamu. OJHaK, Tak camMo, K 1 B
IHIIUX HAiBOPOBITHUKOBUX MPHIIATAX, HAa MApaMETPH 1 XapaKTEPUCTUKU MOJBOBUX
TPaH3UCTOPIB BILTMBAE TEMIIEpaTypa: BiJ HEl 3alie)KaTh CTPYM 3aTBOPY, CTPYM CTOKY
1 KpyTH3HA XapaKTEPUCTUKH.

Ctpym™m 3atBOpy |,€ CTPyMOM 3BOPOTHO 3MIIIEHOTO NEPEXOAY, TOMY XapaKTep
HOT0 TeMITepaTypHOi 3aJIe’)KHOCTI TaKU CaMHi, SIK 1 3BOPOTHOT'O CTPYMY Ai0/a.
dyHKIi1 IC(T) i S(T) 00yMOBIICH1 3aJICKHICTIO PYXJIMBOCTI HOCIIB 3apsay

BiJl TeMIepaTypu. 3 NIABUIIEHHAM TemnepaTypu |, 1 S OyayTb 3MeHIIyBaTHUCS.

Cxemu 6KII0UEHHA NOJIbOBUX mpausucmopie

[ToniOHO OIMONSIPHUM TPAH3UCTOPAM, TIOJIBOBI TPAH3UCTOPU BUKOPUCTOBYIOTH
y TPhOX OCHOBHHMX CXE€MaxX BKIIOYEHHs: 31 cniutbHHM BHUTOKOM (CB), cmimpHuUM
ctokoM (CC) 1 criinbHUM 3aTBOpOoM (C3).

[TincuaroBanpHui Kackax mo cxeMi 31 CB ananoriuynuii cxemi 31 CE. Bin nae
BEJIMKE MIJCUJICHHS CTPYMY 1 OTY>KHOCTI 1 IHBEpPTYE (pa3y BXiIHOI HAMPYTH.

Cxema 31 CC mnopmibHa A0 €MITEpHOTO  MOBTOPIOBadYa 1 HA3UBAETHCSA
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eéumokoeum noemopiogauem. KoeiieHT MiCUIEHHS TaKOro Kackajay MO Hampysl
Oonu3bkuil 10 oxuuuui. IlincmnioBau mo cxemi 31 CC Mae MOpPIBHAHO HEBETUKUM
BUXIJHUH OMIp 1 BETUKUM BXITHUN OMIp.

Cxema 31 C3 ananoriyna cxemi 31 Cb. Cxema He NIACWIIOE CTPYMH, TOMY
Koe(DILIEHT MiICUJIEHHS M0 MOTYXHOCT1 B 0araro pas3iB MeHIle, HDK y cxemi 31 CB.

L cxema Mae Manuii BXITHUH OIip, TOMY L0 BXITHUM CTPYMOM € CTPYM CTOKY.
IHonboBi TPAaH3UCTOPH 3 I30]1bOBAHUM 3aTBOPOM

[TonboBHIA TPAH3UCTOP 3 130JILOBAHKM 3aTBOPOM — II€ TIOJILOBUN TPAH3HUCTOP, B
SIKOMY METaJICBHI 3aTBOP €JICKTPUYHO 130JIbOBAHUM IIIAPOM JICIICKTPHUKA BiJl KaHATY,
YTBOPEHOTO B IIPUIIOBEPXHHOMY IIAPi HAMIBIIPOBITHHUKA.

dopMyBaHHS CTPYKTYpU METaj-IiCICKTPUK-HAMIBIIPOBIAHUK MOSCHIOE T€, IO
Jpyra Ha3Ba MOJIbOBUX TPAH3UCTOPIB 3 130JIb0BAHUM 3aTBOpOM — M JIH-Tpan3ucTopu.

[Mpunuun  aii  MJIH-Tpan3uctopa 3acHOBaHMM Ha SBHUII KEpPyBaHHS
IPOCTOPOBUM 3aps/I0M HaIIBIPOBITHUKA Yepe3 ap AieIeKTPUKA.

Pospizusrore M/IH-Tpan3uctopu 3 BOygOBaHMM 1 3 1HIYKOBaHUM KaHAJIOM
(puc. 14.4). 3anexxHo Bif THUIY eJIEKTpONpoBimHOCTI kaHany MJIH-Tpan3uctopu
MOXXYTh OyTH p- ab0 n-tuny. Haiibinpme nommpenas ofaepxanmu MJIH-tpan3uctopu
3 IHAYKOBaHMM KaHAjJOM p-TUIYy 1 3 BOyJAOBaHUM KaHAJIOM #-THMY. THIl
CJIEKTPOMPOBIIHOCTI  BUTOKY 1  CTOKYy  3aBXIu  30ira€TbCsi 3  TUIIOM

EJIEKTPOIPOBITHOCTI KaHAITY.

®® ® P

p-KaHal  n-KaHal p-KaHaJl n-KaHal
a 3]

Puc. 14.4. YMmoBHe rpadiuHe no3HayeHHs MOJIbOBOTO TPAH3UCTOPA 3

130JIbOBAaHUM 3aTBOPOM:
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a — 13 BOyJJOBaHUM KaHAJIOM; O — 3 IHIYKOBaHUM KaHAJIOM

Y M/TH-mpanzucmopax i3z 60y006anum KaHaaom B TIJIKIAANI 3 KpUCTATy
KpeMHil0 p-tuny (puc. 14.5) cTBOPIOIOTBCS [B1 CUJIBHO JIEripoBaHi oO0JacTi 3
€JIEKTPONPOBIIHICTIO #-TUNY — CTIK 1 BUTIK. MK BUTOKOM 1 CTOKOM TE€XHOJIOT'TYHO
CTBOPIOETHCSI KaHAJ 3 €JEKTPOINPOBIAHICTIO #-TUIy. B  SKOCTI JieneKTpuka
BUKOPHUCTOBYIOTh JIOKCHJ KpeMHil0. Hanm mieieKTpukoM pO3MILIEHU 3aTBOp Yy

BHUIJIAA1 TOHKOI METAIE€BO1 IIJIIBKH.

HienekTpHk

- 3 / +
[

B e C

n* Kawnan

n* n

p

MNigknagka

Puc. 14.5. Ctpykrypa MJIH-Tpan3ucropa 3 BOyJ0BaHUM KaHAJIOM

+

3a HasSBHOCTI HAINPyTd M1 BUTOKOM 1 CTOKOM Yy KOJIi CTOKY Oyje IpOTIKaTH
CTPYM HaBITh Y pa3i HyJbOBOI HANPYTH Ha 3aTBOPi. SIKIO HA 3aTBOP MOJATH BiJ'€MHY
HaIpyTy BiTHOCHO BUTOKY 1 MIJKJIAJIKH, TO TIPKHU 3 MIAKIAIKA OyAyTh BTATYBATHCH B
KaHall, a eJeKTpOHW BUINTOBXyBatHcs. Kananm Oyne mo30aBiieHUN YaCTHHU
€JIEKTPOHIB, B HACIIJOK YOTO CTPYM CTOKY 3MEHIIUTHCS. SIKIIO Hampyra Ha 3aTBOpi
JIOCSITHE 3HAYEHHS HAMPYTd BiJACIKAHHA, TO €JIIEKTPOHW BHHUIYTh 3 KaHAIy B
MIAKIAAKY, CTPYM CTOKY CTaHE PIBHUM HYIIIO.

T.4., momepewynuii mepepis 1 mnpoBimHicTh kaHamy MJIH-Tpan3uctopa 3
BOy/IOBaHUM KaHajioM OyayTh 3MIHIOBATUCS TPU 3MiHAX HAMPyrd HA 3aTBOPI SIK
MO3UTUBHOI, TaK 1 HEraTuBHOI NOJsIpHOCTI. ToOTO TpaH3uctop 3 BOYIOBaHUM
KaHaJIOM MOXKE MpallOBaTU 1 B pexcumi 30i0nennsn (Ha 3aTBOP MOJAETHCS BiJl'€eMHA
BIJIHOCHO BUTOKY Harpyra, omip KaHally 30UTbIIYETHCS 1 CTPYM CTOKY 3MEHIIYETHCS),

1 B pexcumi 30azauenna (Ha 3aTBOP MOJAETHCS JOJaTHA HAIpyra, MPOBIIHICTD
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KaHaTy 30UIBIIYETHCS 1 CTPYM CTOKY 30UTBIIYETHCS ).

Y M/IH-mpan3ucmopax 3 iHOYKOGAHUM KAHAIOM KaHA MDK BUTOKOM 1
CTOKOM BHHHKA€ (IHAYKYETbCS) TUIBKM MpPH MIABEIECHHI 10 3aTBOPY KEPYyHOUOi
Hampyru. Y [UX TPaH3UCTOpax MPHU HYJIbOBIM PI3HUII MOTEHIIATIB MK BHUTOKOM 1
3aTBOPOM EJICKTPOIPOBITHICTh MK CTOKOM 1 BUTOKOM MpPakTUYHO BincyTHs. Kosu
HanpyTa 3aTBOPY MEPEBUIINTH JESKEe MOPOTOBE 3HAUEHHS, TO B MPUIIOBEPXHEBOMY
mapli KOHIEHTpallisl eJIEKTPOHIB HACTUIbKU 30UIBIIUTHCS, 110 MEPEBUILIUTH
KOHIICHTpAIIII0 JIPOK 1 BiIOYAEThCA I1HBEPCIS THUMY e€JIEKTPONpPOBIAHOCTI. ToOTO
YTBOPUTHCS TOHKHHA KaHaJ A-TUIY 1 TPAH3UCTOP IOYHE MPOBOAUTH CTpyM. Uum
OUIbIIIE JO/aTHA HAIMpyra 3aTBOPY, TUM OUIbIIE MPOBITHICTh KaHATY 1, BIATOBIIHO,
CTPYM CTOKY.

Jlanuii TMN TPAH3UCTOPIB MOXKE MPALIOBATH TUIBKU B PEXKHUMI1 30araueHHs.

PoGoTa TpaH3uCTOpPIB 3 IHAYKOBAHUM KaHAJIOM 3/IIMCHIOETHCS MIJISIXOM TOaadi
Ha 3aTBOP TMOTEHIIATy TUIBKM OJHI€E]T TOJISIpHOCTI. I3 BCiX BHUIIB TOJBOBHUX
TPAH3UCTOPIB TUILKU TPAH3UCTOP 3 1HAYKOBAHUM KaHAJIOM IPU HYJIbOBIN Hampy3i Ha
3aTBOpP1 HE MPOBOJAUTH CTPYMY.

[TapameTpu 1 xapakrepuctuku MJIH-TpaH3ucTopa BU3HAYAIOTHCS aHAJIOTTYHO
MOJILOBOMY TPAH3UCTOPY 3 KEPYIOUUM p-H-TIEPEXOIOM.

TunoBi BHXiJHI XapaKTEPUCTHKH 1 XapaKTEPUCTHKU TMPSAMOi Tepenadi s

M/IH-Tpan3ucTopa HaBejieH1 Ha puc. 14.6.
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I, mA Ic, mA
¢ y 1 | 7 Uss=4B ‘ 1
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l U3.B:23
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3k Us.5=0 Uc.g=const
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1 ] U3_B=-4B
1
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0 5 10 Ucs B -Ujzp 0 Usp
a
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Uc.g=const

0 5 10 UC—B; B O U3-B
0

Puc. 14.6. XapakTepuCTUKHU TIOJILOBOT'O TPAH3UCTOPA:
a — I TpaH3UCTOpa 3 BOYIOBAaHUM KaHAJIOM; O — JIJIsl TPAaH3UCTOPA 3 1HIYKOBAaHUM

KaHaJIOM
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JIEKIIA 15. @I3UYHI OCHOBHU TA ITPUJIAIA I’E3OEJIEKTPOHIKH

PoGoTta mpunagiB 1m’€30€NEKTPOHIKM 3aCHOBaHA Ha n'€30eneKkmpuiuHomy
epexmi (n’ezoeqpexmi), mo OyB Bimkputuil (paniy3pkumu BuecHuMu [I'epom Kropi

ta XKakom Kropi.

Ilpamuit n'ezoepexkm monsgrac B TOMY, IO IMia JI€0 TUCKY Ha JEAKi
KpUCTaJIIuHI TUIa, [0 HA3UBAIOTHCS M’€30e/1eKmpuKamu, Ha TPOTUIICKHUX TPaHIX
[IUX TUI BUHUKAIOTH PIBHI 32 BEJIMYMHOIO, ajieé MPOTHIICKHI 32 3HAKOM EJIEKTPUYHI
3apsian. SIKo 3MIHUTH HampsaMok jaedopmaiiii, TOOTO HE CTUCKATH, a PO3TATYBATH

H’€3OGHGKTpI/IK, TO 3apAIu Ha T'paHAX 3MIHSATH 3HaK Ha HpOTI/IJ'Ie}KHI/If/'I.

Ae>0 A@<0

|:> + = /;:| Vl: - + I:l>
+ ) _ +

—+ = = 4 —
+ -

|:>+ : @ /:I _ + :>
+ -

= =

ﬂig‘:’ﬁ J:;Zm Cmucnenns Pozmaznenns

Puc. 15.1. Tlpsamuii m'e30enekTpuaHA eeKT

36opomnuit n’ezoehexm monArae B TOMY, IO MiJ II€I0 EICKTPUUYHOTO OIS
1’ €30€JIEKTPUK CTUCKAETHCSA a00 PO3MIMPIOETHCS 3aJEKHO BiJ HAMPSMKY BEKTOpPA
HAIMPYXKEHOCTI MOJs. Y KPUCTAIIYHUX I’ €30€JEKTPUKIB IHTCHCUBHICTh MPSIMOTO Ta
3BOPOTHOTO M’€30e¢hekma 3aneKuTh BiJl TOTO, SIK CIPSMOBaHA IO BiTHOIICHHIO J0

ocel KprcTajia MEXaHIuHa cuiia a00 HAMPYKEHICTh EIEKTPUYHOTO TOJIS.
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Puc. 15.2. 3BopoTHuil I’ €30€NeKTpUUHUMN €EeKT

Jlo n’e30enekmpukié BIAHOCITHCS J€dKl NPUPOAHI ab0 IMITY4YHI1 KpUCTAIU
(xBap1y 200 cerHeToBa CiJib), @ TAKOXK CIIEILiaJIbHI 11" €30KepaMiuHi MaTepiaiu (TUTaHaT

Oapito, IMPKOHAT TUTAHAT CBUHIIIO) Ta CHHTETUYHI MOJiMepH (MOMIBIHUIACHPTOPUL).

Kpucraniuni marepiaiu, MarOTh BHCOKY CTAaOUIbHICTH MapameTpiB, Malli
3HAYCHHS KOe(]II[IEHTa eJICKTPOMEXaHIuHOrO 3B A3KY K; 1 1711 HUX XapaKTepHa HU3bKa
YYTIUBICTh 32 MEKaMHU Pe30HAHCY. TOMy BOHM HE MPHUAATHI JJI pOOOTH B IIUPOKIN
CMYy31 4acTOT, UM JJI1 BUKOPUCTAHHS B AKOCTI MpUiiMadiB CUTHaJIB. B cuty BkazaHux
NPUYUH KpPUCTATW, HANpPUKIAN, KBapily, BUKOPHUCTOBYIOTHCA [IJIi BUMIPIOBaHHS
AKyCTUYHHUX XapaKTePUCTHK MaTepiaiiB Ha pi3HUX (HIKCOBAHUX YACTOTAaX Ta JJis
cTaburi3arii 4acCTOTH TeHepaToPiB.

[T'e3okepamiuni Marepianu tumy L[TC mMaroTh MOPIBHIHO BUCOKHMA KOE(IIEHT
CIIEKTPOMEXAHIYHOTO 3B’s3Ky Ki Ta BHCOKY YyTJIHUBICTH 11032 PE30HAHCOM, IO
JI03BOJISIE  BUKOPUCTOBYBATH II'€30KEpaMiKy B IIMPOKOCMYTOBOMY pEXHMi. 3
ypaxyBaHHSIM BHCOKOI J1€IEKTPUYHOT MPOHUKHOCTI 3 IUX MaTepialliB MOXKYTh OyTH
BUTOTOBJICHI TIEPETBOPIOBaYl Manux po3MipiB. Tomy m'€e3okepaMidyHi MaTepiaiu
IIUPOKO 3aCTOCOBYIOTHCS IS TEHepalii Ta NpPUHOMY aKyCTHYHUX XBWIb Y
TiIpOaKyCTHIl, 1ePEKTOCKOMIii, paTiOTEXHIIll, MEIUIIHHI.

[MomiBininmeaprtopun  ([IBJP) wmae  Oumbmr  HU3BKHH  KoedilieHT
enekrpomexaHigyHoro 3B’s3ky (k=0,19) Ta 3HAa4YHO MeEHIIy B TOpPIBHSHHI 3
M'€30KEPaMIKOI0  €JIEKTPUYHY MPOHUKHICTh. AJe HOro MNUTOMHI aKyCTUYHUM
IMIIeIaHC ONM3BKUN 70 IMIIEIaHCYy BOAM Ta M SKUX OIOJOTIYHMX TKaHWH, a
MexaHiuHa A0O0poTHICTh Mana. Lle 3abe3neuye MOXKIMBICTh €(PEKTUBHOI pOOOTH B

mupokid cmysi yactor. Kpim toro, texnomnoriuno [IBJ® moxkHa HagaTu BUIISAY
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TOHKO1 THYYKOI IUTIBKHM, III0 MA€ BEJIMKE MPAKTHUYHE 3HAYEHHS B Pl 3aCTOCYBAHb.
I[IBJI® 3actocoByeThbcsi B MEAUYHIN JIarHOCTHIl, TiIPOAKYyCTHUIll, aKyCTHYHIH
MIKPOCKOIII.

Ha mpakTuii BUKOPUCTOBYIOTH M'€30€JIEKTPUKU PI3HOI (POpMU: MPSAMOKYTHI
a00 Kpyril IJIACTUHM, IWIHAPH, KUIbls. [3 KpucTamiB Taki I’ €30€JIEMEHTH
BUPI3aIOTh MEBHUM YHHOM, JOTPUMYIOUHCH OpIEHTAILli BIIHOCHO OCEW KpHCTala.
IT’e30eneMeHT pO3MINIYIOTh M1 METaJeBUMH OOKJIagKaMu a00 HAHOCATH METaJIeBl
IUTIBKM Ha TMPOTWICKHI TpaHl I1°€30€jeMeHTa. Y Takuih Crnocid BUXOAUTh
KOHJEHCATOp 3 JIIEJEKTPUKOM 3 I’ €30€JIeKTpUKa. SIKIIO 1O TaKOro I’ €30€JIeMEHTa
MiIBECTH 3MIHHY HaIpyry, TO BIH 3a paxyHOK 3BOPOTHOro I’e€30edexty Oyne
CTUCKATHUCS Ta PO3IIMPIOBATUCS, TOOTO BUKOHYBATH MEXaHIUH1 KOJIMBAHHA. Y I[bOMY
BUTIAJIKY €HEpris €JECKTPUYHUX KOJMBAaHb MEPETBOPIOETHCS B EHEPril0 MEXaHIUHHUX
KOJIMBaHb 13 YaCTOTOI0, PIBHIA YacTOTI MPUKIAIEHOI 3MIHHOI Hampyru. OCKUIbKU
II’€30€JIEMEHT Ma€ TEBHY YacTOTy BJIACHUX MEXaHIYHUX KOJMBAaHb, TO MOXKE
croctepiraTucsl siBUIle pe3oHaHcy. Haiibinplma amruniTya KOJHMBaHb IJIACTUHKU
II’€30€JIEMEHTa CIIOCTEPIraeThCs TMPHU CIIBMAAIHHI 4YacToTd 30BHIMHBOI EPC 13
BJIACHOIO YaCTOTOIO KOJMBaHb IutacTuHu. CIijl 3a3HAUUTH, 110 € KUJTbKA PE30HAHCHUX

Y4acTOT, SIK1 BIATIOBIAIOTh PI3HUM THIIaM KOJIMBaHb IIACTUHM.

[lix BmIMBOM 3O0BHIMIHBLOI 3MIHHOI MEXAHIYHOI CHJIM Ha II €30€JIE€EMEHTI
BUHUKAE 3MIHHA HAmpyra Ti€i K 4acTOTU. Y IbOMY BHUMAJKy MEXaHIYHa €HEpris
MIEPETBOPIOETHCS B EIEKTPUYHY 1 T €30€eMEeHT crae reHepatopom 3MinHoi EPC.
MoskHa cka3aT, IO TI’€30€JIEMEHT € KOJHMBAIBHOIO CHUCTEMOIO, B SIKI MOXKYTb
BiIOyBaTHCS €JNEKTpOMEXaHI4HI KonuBaHHSA. KokeH I’€30€IeMEeHT €KBiBaJICHTHUN

KOJIMBAJIBHOMY KOHTYpY (puc. 15.3).

Co

Puc. 15.3. ExBiBasieHTHa cXxeMa KOJIHBAJIBHOTO KOHTYPY
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Y  3BHYAalHOMY KOJMBaJbHOMY KOHTYpl, CKJIAJE€HOMY 3  KOTYILIKH
IHAYKTUBHOCTI 1 KOHJAEHCATOpa, TMEPIOUYHO 3AINCHIOEThCA TEpeXiJ eHeprii
€JIEKTPUYHOTO MOJs, 30CEPeKEHOI B KOHJEHCATOpl, B €HEPril0 MAarHiTHOrO MOJIs
KOTYILIKM Ta HaBMNaku. B 1’ €30eeMeHTI MexaHI1uyHa €Hepris MepioguYHO MEePEeXOIUTh
B €JIEKTpUYHY. B ekBiBaJeHTHIN cxeml II’€30eJIeMEeHTa IHAYKTUBHICTh L BimoOpaxkae
IHEpIIHI BJIACTUBOCTI M'€30€JIEKTPUYHOT IJIACTUHKH, €MHICTh C XapaKTepusye
MPYXKHI BJIACTUBOCTI IUJIACTUHKHM, a aKTUBHUU omnip R — BTpatu eHeprii npu
KonuBaHHAX. €MHICTh Cp, sIKAa HA3UBAETHCS CTATHYHOIO EMHICTIO, SIBJIsI€E COOOIO
3BHYAliHy €MHICTh MDK OOKJIaJKaMH II’€30€JIeMEHTa 1 He TOB'i3aHa 3 Horo

KOJIMBaJbHUMU BIIACTUBOCTIMU.
Ipuiagu n'€30e1eKTPOHIKH

OmHMM 3 TepIHX M'€30€NEKTPUIHAX TPHIAIIB OYB Keapuesuil pe3oHamop,

0 Ma€ Jay)Xe BHCOKY CTaOUIBHICTH YacTOTH KOJWBaHb. KBapreBuii pe3oHaTOp

YCHIIITHO  BUKOPHUCTOBYETBhCS  JJIi  cTalLmi3alii 4acTOTH  TeHeparopiB 1

pamioniepenaBaviB. BracHa pe3oHaHCHa 4acTOTa KBapIEBOI'O PE30HATOpPA 3aJICKHUTh
BiJl HOr0 T€OMETPUIHHUX PO3MIPIB.

: : . 4 406

JIoOpOTHICTh KBaplleBUX pPE30HATOPIB aykKe BHcCOka W craHoBuTh 107-10°.

BiamoBigHO 10 €KBiBaJIeHTHOI CXeMH, HaBeJeHOI Ha puc. 15. 3 KBapIieBuil pe3oHATOP

Ma€ JBI OCHOBHI PE30HAHCHI YacTOTH. I TMOCIIIOBHOTO pe30HAHCY (PE30HAHCY

: 1
Harpyr) y koui L-C-R gacrora peszonancy f, :T, a JUIsl KOHTYPY, Y AKOMY
LC

21
BiIOYBAETHCS MapalieTbHUN Pe30HAHC (PE30HAHC CTPYMIB), YACTOTAa PE30HAHCY Oyae

! ¢ eKBiBaJicHTHA eMHICTh C CG,
———, Jic eKBiBaJICHTHA EMHICTh =—"0 |
2nJLC_ =~ C+C,

IT’e30pe3oHaTopu MOXYyTh OyTH BUTOTOBJICHI HE TUIBKM 13 KBapily, ajie i 3

Bule f, =

. . . 2 4
1’ €30KepaMiKH, OJHAK JOOPOTHICTH MPH IIOMY 3HIKYEThCA 1 ctanoBUTH 107 -107.

[Ipukiian cxemMu TPaH3UCTOPHOrO TE€HEpPATOpa 13 KBAPLEBOK CTaOLII3AIIEI0

HaBejeHud Ha puc. 15.4. KpapueBuil pe3oHaTOop 3ajae Ha BXOJAl TPaH3UCTOpPA
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(minsHKa 0a3za — emiTep) KOJMBAHHS 31 CBOE€IO CTAOLILHOIO YacCTOTOKO, a MiJACHIICHI
KOJIUBAHHS CIIOCTEPITalOThCsl Y KOJIMBAIbHOMY KOHTYpi, BKIIIOUEHOMY y BHXITHE,
KOJIEKTOPHE KOJIO. 3BOPOTHHM 3B'I30K, HEOOXIAHUI AJ11 caMO30yIKEHHS TeHepaTopa,
3MIMCHIOETHCS Ye€pe3 EMHICTh KOJIEKTOp-0a3a. SIKIIO 111 €MHICTh HEJOCTATHS, TO MIXK

KOJIEKTOPOM 1 623010 BKJIIOYAIOTh JOJATKOBHM KOHJIEHCATOP.

G
b=
C, ®-

VT

|
|
-

BQ

Puc. 15. 4. Cxema HalTIpOCTIIIOr0 Te€HEpaTOpa 13 KBapILIEBOIO CTA0LII3AIIEI0 YACTOTH

Pesucropu R; Ta R, BKiItOYeH1 i TOro, MO0 HAa eMITEpHOMY Tepexojii Oyra
npsiMa Hampyra.

OxkpiM craburizarmii 4acTOTH TEHEpaToOpiB 1 pajionepeaaBadiB, KBapIieBi
PE30HATOPU IMIUPOKO BUKOPHUCTOBYIOTHCS SIK €TAJIOHW YACTOTH, y MpHIIANax st
BUMIPIOBaHHS YacTOTH, B EJICKTPOHHUX TOJWHHUKAX HJisi 3a0e3MeueHHs BUCOKOi
TOYHOCTI XOny. I3 KBapreBux pe30HATOPIB CKIAJAIOTHCS CMYTOB1 EJIEKTpHUYHI
buThTpH.

Benuky rpymy m'€30€NeKTPUYHUX TPHUIAJIB CKIATAIOTh M’€300amuuKu, 1110
pearyroTh Ha 3MIHY TeMIIepaTypH, TUCKY, TIEPEMIIICHHS, TPUCKOPEHHS. Y OUTBIIOCTI
BUMNAJKIB po0OTa TaKMX JATYMKIB 3aCHOBaHA Ha TOMY, IO HAaBITh HEBEJIWKI 3MIHU
T€OMETPUYHHMX PO3MIPIB I1'€30€JIEMEHTAa TMPHU3BOJATH [0 TMOMITHOI 3MIHH HOTO

PE30HAHCHOT YaCTOTH.
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Ha BuxopuctanHi mnpsamoro 1m’e€30e(deKTy MpaIIOTh n'€30e1eKmpuyti
MiKkpoghonu ma 36yko3nimaui. B HUX BUKOPUCTOBYETHCA CETHETOBA CLIb a0o0
m’e3okepamika. ILli & MarepiaaM BHUKOPUCTOBYIOTBCA B  I'€30€JIEKTPUUHUX
2YYHOMOBYAX, IO TIPALIOIOTH HA 3BOPOTHHOMY 11" €30€(EKTI.

3HauHUN 1HTEpEC SBIAIOTh n'€30enekmpuuni mpancgopmamopu, y SKAX
1’ €30€JIEMEHT Ma€ Tpu abo OUIbIE €JEKTPOJIB, MIIKIIOYEHUX 10 JKepesa 3MIHHOI
Halpyrd 1 HaBaHTaXEHHS a00 10 JEKUIbKOX JKEepen 1 JEeKUIbKOX HaBaHTaXEHb.
[Tinbopom Mol €IeKTPOIiB 1 iX PO3MIIEHHSIM MOKHAa OTPUMATH Pi3HI 3HAYEHHS
koedirienta Tpanchopmariii.

Tak camo, gk 1 3BUYaliHI TpaHcpopMaTopu 3 OOMOTKaMH, I'€30€IEKTPUYHI
TpaHcOpMaTOpu MOXKYTh IIICUIIOBATH CHUTHAJA MO Hampy3l abo 1o CTpymy,
NEPETBOPIOBATH HaBaHTAXKYBAJIbHUI OMip, 31iCHIOBATH (a3zoBuil 3cyB Ha 180°.
Po3pi3ustoTh m'e30eneKTpudHI TpaHC(HOPMATOPH BY3bKOCMYTOBI, IO MPAIIOIOTH HA
yacToTax, OJM3BKMX JIO OJHIET 3 PE30HAHCHUX YaCTOT II’€30€JIEMEHTy, abo
IITUPOKOCMYTOBI.

Y OUTBIIOCTI BHIIA/IKIB 1'€30€JIeKTPUIHI1 TpaHchopMaTropu €
TpaHchopMaTopaMu HaANpyTH, aje SKIIO BOHU PO3paxoBaHi Ha OUIBII CTPYyMHU — Y
JEKUIbKa ammep, TO 1iX Ha3uBalTh TpaHcpopMaropamu CcTpymy. YacTuHa
n'ezoenekmpuyno2o  mpancgopmamopa, TIIKIIOUYEHA 10 JOKEpela 3MIHHOT
HANPYTH, HA3UBAETHCA 30y0xcyeauem, a YaCTUHA, MJKIIOYEHA 10 HAaBAHTAKCHHSA, —
2enepamopom. Y 30ymKyBaHI 3a paxyHOK 3BOPOTHOTO I1'€30e(eKTy eHepris
CJIEKTPUYHUX KOJIMBaHb IE€PEXOJAUTh B CHEPril0 AaKyCTUYHUX XBWIb, fAKl
MOLIMPIOIOTECS B HANIPSIMKY T€HEpaTopa. Y HbOMY 3a PaXyHOK MPSMOTO I €30€PEKTY
EHeprisi MEXaHIYHUX KOJMBAaHb MEPETBOPIOETHCS B eNEKTPpUUYHY. OCKUIBKHM aMILIITy1a
MEXaHIYHUX KOJHMBaHb MaKCHUMallbHa MpPH PE30HAaHCl, TO caMe€ Ha PE30HAHCHUX
gacTtoTax Koe(dimieHT TpaHcdopmarllii, MmO JOPIBHIOE BIAHOIICHHIO BTOPUHHOI
HANpyTy 710 IEPBUHHOI, OyZie MAKCUMAJIbHUM.

VY HallmpocCTilIOMY BUMAJIKY M'€30€IEKTPUYHUI TpaHCHOpMATOpP BUKOHYIOTH 13
JIBOX I’ €30KEpaMiYHUX OPYCKiB, CKJICEHUX OAWH 3 oaHUM (puc. 15.3). Ogun 6pycok
CIYXUTh 30yJKyBaueM, IHIIUM — reHeparopoMm. OOuaBa Opycku 3poOieHi 3

I1’€30KEpaMiKi PI3HOTO CcKiaay. B 3anexHOCTI BiJl po3TallyBaHHS €JIEKTPOJIIB Ha
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30y/KyBaul Ta TEHEpaTopl MOXKJIUBI TpaHchopMmaTopu pi3HUX TUMiB. HalOuiblie
3aCTOCYBaHHS OJEpKalIM TpaHC(HOpMATOpU nonepeuno-no3006xcubo20 muny. Came
Takui TM'€30€NeKTPUUHUIN TpaHcpopmaTop MokazaHuii Ha puc. 15.5. YV HbOTO B
30y/KyBaul €JIEeKTpUYHE IOJe CIPSMOBAaHE BIONEPEK, a B I'eHepaTropl y3aoBx. B
3aJIKHOCT1 Bl CHIBBIIHOUIEHHS pPO3MIpiB OpyckiB KoedimieHT TpaHchopmaii

HaIPYTU B PEKUMI1 XOJIOCTOTO XOAY MOXKE J0CATATH JEKUIbKOX THCSY.

Lo Y

e

- UGLLX

Puc. 15. 5. IT'e3oenexTpuunuii TpaHchOpPMATOP MOMEPEUHO-TI03I0BKHBOTO TUITY

Kpim «OpycKoBUX» 3aCTOCOBYIOThCS JHCKOBI, IIWIIHAPHWYHI, KUIBIIEBI
n'€30€JIeKTPUYHI TPaHC(HOPMATOPH.

IT'e3oenekTpuuni  TpaHchopMaTOpud  MOXKYTh  BHKOPHUCTOBYBATHCS B
MaJOMOTY)KHHX BWIPSAMIISIYaX Ha BHCOKI Hampyrm abo0 B MAaJOMOTYXHHUX
HU3BKOBOJIBTHUX BUNPSAMIISYAX JJI JKUBJICHHS TPAaH3UCTOPHUX CXeM. Y TaKHuX
tparcpopmaropiB KKJI cranoButs 80-95 %.

[lepeBaru n'e3oeneKTpUUHUX TpaHC(HOPMATOPIB: BIACYTHICTD 00MOTOK,
mpoctoTa Oy/l0BH, HU3bKA BapTICTh, Majla Maca, MOKJIMBICTh MIKpOMiHIaTIOpU3aIlii
JUTSL 3aCTOCYBaHHSI B MIKPOCXEMax, MOXIIUBICTh pOOOTH HA PI3HUX YaCTOTaX, BEJTUKE
PI3HOMaHITTS KOHCTPYKITIN 1 pEXKUMIB POOOTH.

Henonik m'e3oenekTpuunux TpanchopmMaTopiB — BiICYTHICTh MPOBIMHOCTI IS

MOCTIMHOT CKJIaI0BOT CTPYMY.
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JIEKHIA 16. PI3BUYHI OCHOBHU TA ITPUJIAIU AKYCTOEJIEKTPOHIKH

AKycmoenekmpounika — 001acCTh E€JIEKTPOHIKH, TMPHUCBSIYEHA PO3poOIli
TEOPETUYHUX OCHOB Ta CTBOPCHHIO NMPHCTPOIB, 3aCHOBAHUX HA aKyCTOEICKTPOHHIM
B3a€MO/I1i, IK1 BUKOPUCTOBYIOTBCS JJIsl IEPETBOPEHHS Ta 0OPOOKM CUTHAIIB.

OO6macti 3acTOCyBaHHS aKYCTOEJNEKTPOHHHUX NPHUCTPOIB — pajioioKarlis,
3B'I30K, aBTOMAaTHYHE KepyBaHHS, OOYHMCIIOBaJIbHA TexHika. Ha  ocHOBI
aKyCTOENEKTPOHHOT B3a€EMOJIIi MOXYTh OYyTHM CTBOpEHI JIHII 3aTPUMKHU, (QUIBTPH,
MiJCUITIOBaYi, TEHEPATOPH, MOAYJISITOPH TOIIIO.

B akycToeneKkTpoHilli Il IEpETBOPEHHSI aKyCTUYHUX KOJMBAaHb B €JICKTPUYHI
Ta HABIAKM BUKOPUCTOBYETHCS TPSIMHHA 1 3BOPOTHHU IT'e30ehekT. TakumM YHHOM,
aKyCTOENIEKTPOHIKA TICHO MOB'A3aHa 3 I’ €30€JIEKTPOHIKOIO.

i aKycmoeneKmpoHHoI 83a€M00ic0 PO3yMIIOTh B3a€MO/III0
yIbTpasByKoBUX XBuIb uactororo 107-10" T'm 3 emekrponamu mposimmoCTi B
MeTajax abo HalmBIPOBITHUKAX.

YapTpa3ByKOBI XBHWJI, IOIIMPIOOYUCH Yy TBEPAOMY TiIl, BIUIMBAIOTh Ha
BHYTPIIITHBOIPATKOB1 €JIeKTpU4HI moJigs. OcCTaHHI ICHYIOTh BHACHIJOK TOTO, IO
€JICKTPUYHI TIOJIsl, CTBOPIOBAH1 MO3UTHBHUMH Ta HETATUBHUMH 10HAMH B MPOMDKKaX
MDK aTOMaMH Ta MOJICKYJaMU KPUCTATIYHUX IPATOK, HE CKOMIICGHCOBaHI, 1 MarOTh
HanpyxeHicts mopsiaky 10° B/em i 6inbire.

Jlist yIbTpa3ByKOBUX XBUJIb MOJISITAE B TOMY, 110 BOHU BUKIMKAIOTh KOJMBAaHHS
KpUCTATIYHMX  IPaTOK, a 1€ TOPU3BOAUTH 10 3MIHH  HAaMpyXeHOCTI
BHYTPIIIHBOTPATKOBUX TOJIIB, SIKi, Y CBOIO YEPTy, 3MIHIOIOTH CBOIO JIif0 Ha €JIEKTPOHU
MPOBIMHOCTI. AKYCTOENEKTPOHHY B3a€EMOJII0 1€ HA3WBAIOTh €JIEKTPOH-(HOHOHHOIO
83aemooiero. Taka Ha3zBa 0OOYMOBIIEHA THUM, IO YJIBTPA3BYKOBI XBWJII Ta TPYXKHI
KOJIMBAHHSI KPUCTAJIYHUX IPATOK MOXKHA PO3TJSJATH, SIK €IEKTPOMArHiTHI XBHII Y
BUTJISI/II TIOTOKY KBaHTIB eHeprii. L[i kBaHTH Ha3uBarOThCS poHonamu. TlommpeHHs
3BYKOBUX XBWJIb y KpUCTaJax sBJisie COO0I0 MOTIK (POHOHIB. EHEpPrisi 3ByKOBUX XBUIIb
(enepris ¢GOHOHIB) TIEPEAETHCS EJIEKTPOHAM IIPOBIIHOCTI, TOOTO BiIOYBAETHCS

CJICKTPOHHC ITOTIJIMHAHHA].
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Bunuknennss B Mertani abo HamiBOpoBigHUKY cTpymy abo EPC mig niero
YIBTPA3BYKOBUX XBWJIb HA3UBAIOTh akKycmoeaekmpuunum egpekmom. CTpyM
MpOTIKAaE B HAOpSIMKY MOmMpeHHs 3ByKy. Ha puc. 16.1 nokazanuii mexaHizm

BUHUKHEHHS MTO3/I0BXKHBOTO aKYCTOEIEKTPUUHOTO €(PEeKTY.

y Kpucmai n'ezonanienpogionik 2
r—— —— —
YWy
/ \\
Eae
4 3

Puc. 16.1. Cxema BUHUKHEHHS MO3/I0BKHBOI'O aKyCTOEIEKTPUYHOTO ePEeKTy

Yepes 1’ €30HAMBIPOBITHUK MTPOXOJIUTH YIbTPAa3BYKOBA XBWJIS BiJl €ICKTPOJA
1 no enextpona 2, a Mk enekrpogamu 3 1 4 ctBoproethess EPC E,.. B repmanii,
KpEMHIl Ta MeTaJlaX aKyCTOCJIEeKTPUIHUHN e()EeKT HE3HAUHMM, Habarato CUJIbHIIIE BiH
BUPAXXEHUM Yy T’ €30HAIMIBIPOBITHUKAX, JO SKUX BITHOCATHCH Cynbdin kaamio Cd,
cynbdin 1MUHKY Zn, aHTUMOHIN 1HAit0 InSb, apcenin ramito GaAs tomo. [Ipu
inTencuBHocTi 38yKy | Br/cm? EPC Moke IpuiiMaTH 3HAYCHHS ACKLUTBKOX BOJIBTIB Ha
OJINH CAaHTUMETP BIJICTaH1 MIXK eJeKTpoaamu 3 1 4.

ITix miero HA KpUCTAJl 30BHINIHBOTO €ICKTPUYHOTO IOJIS, SIKE CTBOPIOE Jperd

CJIEKTPOHIB y HAMpsSMKYy TOMIMPEHHS 3BYKOBOI XBWJIl, MOJJIMBI JIBa BUIAIKU
MIEPETBOPEHHS
1. SIkmo mBHIKICTH Apeiidy eNeKTPOHIB MEHINE MIBHIKOCTI XBWII, TO ii €Hepris
MOTTIMHAETHCS €ICKTPOHAMU 1 XBUJIS 3aracae;
2. Sxmo mBHIKICTH Aper]y eIeKTpOoHIB OUIbIIe MIBUAKOCTI XBWII, TO €JICKTPOHU
BIIJAaIOTh CBOIO €HEPrir0 XBWil 1 ii ammuniTyga 3poctae, TOOTO BimOyBa€eThCs
migcuiaeHas xBuial. KoediieHT MiACHUICHHS MOXXE NMPUHAMATH 3HAYCHHS JECATKIB
JeuOeIiB.

AkyctoenekTpuuHuii  epexkr  oOyMoBieHHil  gier0 abo  00'eMHHX
VIIBTPA3BYKOBUX XBWJIb B TOBIII XBHJIEBOJA, a00 MOBEPXHEBUX aKYCTUYHUX XBHUIIb.
Ilosepxnesi akycmuyni xeuni — 11e NPYKHI XBUII, 110 MOIIMPIOIOTHCS MO BUIbHIM
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MOBEPXHI TBEPAOro Tijia a0 B3JIOBXK I'PAHUIl TBEPAOTO TUIa 3 THIIUM CEPEIOBUINEM,
3aracarouu Npu BiajganeHH1 Big rpanuil. [loBepxHeBl aKyCTHYHI XBHJII MOXYTh MAaTH
BEPTUKAJIbHY a00 TOPU30HTANIbHY MOISPU3ALIIO.

BeprukanbHa mnonspuszalis — 3MIMIEHHS YacTOK Yy XBWII BiIOyBa€eThCs
NEePHEeHANKYJIIPHO TPaHULll PO3HOILTY.

['opuzoHTasnbHA TOJISIpU3ALS — 3MIMIEHHS YacTOK BIIOYBA€ThCS MapasiesbHO
IpaHuUlll PO3MOALTY, ajle MEPHEHANKYIAPHO HANPSIMKY MOLIMPEHHS XBUII.

HaiiyacTilie = BUKOpPHUCTOBYIOTbCSI ~ TOBEPXHEBI  aKyCTH4YHI  XBWJI 3
BEPTUKAJIbHOIO MOJSPHU3aLI€I0 HAa TPaHMIl TBEPAOro Tila 3 BaKyyMoM a0o rasom
(xBuuti Penes).

HaiiBa>xuBiii BIACTUBOCTI MOBEPXHEBUX aKYCTHMYHUX XBHJIb — IOPIBHSHO
HeBenuka (1,6 — 4,0 xMm/C) MBUAKICTH TMOIIUPEHHS 1 MOMJIMBICTH B3aeMOAIl 13
IUIAHAPHUMU CTPYKTYpamMu Yy BUTJIAMI IUTIBOK Ha TMOBEpPXHI XBuieBody. Llum
3a0e3MeyyeThCsl MEPETBOPEHHS NMOBEPXHEBUX AKYCTHUHUX XBWIb B EJIEKTPUYHUN
CUTHaJ 1 HaBIAKM, a TaKOXX 3MiHA HANpsIMKY IOIIMPEHHS XBWJIb, IXHE BIIOUTTS,

1CUJICHHS, 3aracaHHs ¥ 1HII MPOIIECH.

IIpuiagu aKkycToeeKTPOHiKI

Jlo aKyCTOENeKTPOHHUX NPWIAMIB BITHOCATHCS JIiHII 3aTPUMKH, CMYTOBi
bUTBTpU, PE30HATOPH, JATYMKHU TOIIO. BINBIIICTh 3 HUX MPAIIOIOTh Ha MIOBEPXHEBUX
AKyCTUYHHX XBUJISIX.

[TpuHIIMT OyI0BM TUTIOBOTO aKyCTOEJIEKTPOHHOTO MPUIIaly TOKa3aHUi Ha puC.

16.2.

< 5/77/,5/ @/77&

Puc. 16. 2. [IpuHIMIT aKyCTOEAEKTPOHHOTO PUIaAy Ha TOBEPXHEBUX aKYCTUUYHHUX

XBUIIAX
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B sixocTi xBuiieBosa 1 3a3Bu4ail BUKOPUCTOBYIOTH IJIACTUHY, CTPUXKEHb, a00
MPOBIJ 3 M'€30€JIEKTPUYHOTO MaTepialy 3 PETEIbHO BiJMOIIPOBAHOIO TOBEPXHEIO, HA
AKIA PO3TAIllOBaHI €JIEKTPOMEXaHIYH1 NepeTBOPIOBayl: BXITHUN — 2 1 BUXIAHUHA — 3.
[{i mepeTBOprOBadYi BUKOHYIOTH Y BHUIUISIAI TPEOIHYACTUX EJNEKTPOIIB 3 TOHKOI
MeTaneBoi miiBku ToBimHO0 0,1-0,5 MkM. IX Ha3UBAIOTH 3ycmpiuno-wmupsosumu
nepemeopioeauamu. Jlo BXITHOTO TEpPETBOpIOBaYa MiA €JHYIOTh JHKEPEJIo
€JIEKTPUYHOTO CUTHANlY, 1 Y XBUJIEBOJA1 BUHHUKAIOTh MOBEPXHEBI aKyCTHYHI XBHUJIL. Y
BUXIJITHOMY TIEPETBOPIOBAYi, JIO SKOrO Ti/J’€lHAHC HaBaHTAKCHHS, BUHUKAE
CJIEKTPUYHUN CUTHAJ.

OCHOBHI TapaMeTpH MEPETBOPIOBAYIB HA MMOBEPXHEBUX aKYCTUYHUX XBHIISAX —
BHECEHE 3aracaHHs, BXIHUHN 1 BUXITHUI OIip, 4acTOTHA BUOIPKOBICTh, CMYyTa YaCTOT.

I'eomeTpuuni po3mipu 1 (opMa BXiIHOTO TMEpPETBOpIOBaYa BHU3HAYAIOTh
e(EKTUBHICTh TIEPETBOPECHHS EJCKTPUYHOTO CHUTHAIY B aKyCTHYHY XBWIIO. J[is
KO’KHOI 4YacTOTH HaWOuIbII €(EeKTHUBHE IEPETBOPEHHS OTPUMYIOTh MPHU TEBHUX
po3Mipax neperBopioBaya. Yucio mMTUPIB MepeTBOPIOBaYA BU3ZHAUAE BIIHOCHY CMYTY
qyacToT nponyckanHs. Cama mupoka cMmyra Oyze y nepeTBoproBaya, 1o CKIadaeTbCs
13 IBOX IITUPiB. YnM OiNbIlIe MITUPIB, TUM MEHIIE TUPHUHA CMYTH MPOITYCKaHHS.

PoGoTa nmepeTBOproBadiB Ha MOBEPXHEBUX aKYCTHYHUX XBHJISAX IMOTIPIIYETHCS
gyepe3 pi3HI BTOPHUHHI SBUINA, O SKUX BITHOCITBCSA BIIOWUTTS XBWJIb Ha MEXI
3BYKOIIPOBEACHHS 1 Ha TpaHUISIX eJeKTpoaiB. Lle BimOMTTS — OCHOBHA NpUYMHA
CIIOTBOPEHb BUXIMHOTO CHUTHANy 1 TMOTIpPHICHHS mapamerpiB mpunany. IkinmuBum
TaKO BBAXKAETHCS MPSAME MPOXOHKCHHSI €IEKTPUYHOTO CUTHATY 3 BXOAY Ha BUXIJ 1
nepegavya CUrHainy 00'eMHOIO aKyCTUYHOO XBUJICIO.

JIlinii 3ampumku Ha TOBEPXHEBUX AKyCTUYHHMX XBWJISX 3a3BUYail BHOCATH
3aracanusa 0,5-1,5 nb. Bepxus wacToTa, Ha sAKii MPAIIOIOTh TaKi JIiHII CTAHOBUTH
nopsanky 2 I'Tn. BigHocHa cMyra mpomyckaHHS MOXKe OyTH JOCUTH pi3Ha — BIA
gacToKk BimcoTka g0 100%. TpuBamicTh 3aTPUMKH 3aJCKHO BiJ BiJACTaHI MIiX
MepeTBOpIOBaYaMu 1 BIJ KOHCTPYKIII CTAHOBUTHh OJMHUIII-COTHI MIKPOCEKYH]I.
3atpuMmka Moxke OyTu (ikcoBaHOIO abo0 perynboBaHoo. Ha Topui xBuieBoga

HAHOCATH 3BYKOIIOTJIMHAIOY1 MOKPUTTS, [00 3MEHILIUTH BIJOUTTS XBUJIb.
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Juuamiunuii niama3on jgiHid 3atpumku 80-120 nb. Jlng HopmanbHOI poOOTH
JHII 3aTPUMKH Ba)JIMBa TEMIEpaTypHa CTaOUIbHICTD il HapaMeTpiB. TeMmepatypHuil
koepimienTt 3arpuMku  (TK3) Onuspkuil 10 HydAs OTPUMYIOTH — ILISAXOM
3aCTOCOBYBaHHs ab0 CrHeliaJbHUX MaTepialiB JJisi XBHWIEBOAa (KPEMHIH 3 TOMIIIKOIO
docdhopy), ad0 BUKOHYIOUM XBUJIEBI] 3 IBOX YaCTHH, 1110 MatoTh TK3 pi3HOro 3HaKY,
10 CTBOPIOE B3aEMHY KOMIIeHcallito. Jliana3oH po6ounx TeMneparyp JiiHii 3aTpUMKU
CTAaHOBHUTb JECATKM rpaayciB. Jlns 30UIbLIEHHS Yacy 3aTPpUMKHM IIISAX XBHII
BUKOHYIOTb Y BUTJISA/II CIIIpajil YU JaMaHoi JiH1i a0o0 3'€IHYIOTh MOCIII0BHO JIEKUIbKa
JiHIA 3aTpuMKu. PerynboBaHi JiHIT 3aTPUMKH MaroTh JEKUIbKa IEpEeTBOPIOBAUIB,
pO3TalllOBaHMX HA PI3HUX BIJACTaHAX. BMHKarouum TOW YW IHIIWH IMEpeTBOPIOBaY,
MOJKHA 3MIHIOBATH 9ac 3aTPUMKH.

Cmyz06i pinbmpu Ha TIOBEPXHEBUX aKYCTUUYHUX XBWISIX SIBJISSFOTH COOOFO JIHIT
3aTPUMKH 13 YaCTOTHO-CEJIEKTUBHUMHU BJIACTUBOCTAMHU. Taki QUITPU MOXKYTh OyTH
po3paxoBaHi Ha pi3HiI poOOYl YACTOTHU 1 CMYTH YacTOT. Y BY3bKOIMOJOCHUX (DUIBTpax
BITHOCHa cMyra 4actoT moxke Oytu B mexax 0,01-1 %. HanByswpkomosocHi Ta
HAJIITUPOKOIIOIOCHI (PIIBTPH MarOTh BUCOKY BHOIpPKOBICTh. BHeceHe 3aracaHHs He
outbiie 3 nb. Jlns migBuieHHS BUOIPKOBOCTI 1HOZI 3aCTOCOBYIOTH KacKajHE
BKJIFOUCHHS JIEKUTBbKOX (iTbTpiB. Po3Mipu enekTposiB y GiuIbTpiB, po3paxoBaHUX HA
gactoTH 1-2 I'T'11 cTaHOBAATH OMUHMII MIKpOoMeTpiB 1 MeHIe. [ToaioH1 MikpodLIETpH
BUTOTOBJISIIOTH MeTOJaMU  (DOTO-, PEHTreHIBChKOi abo eIeKTPOHHO-IPOMEHEBOT
aitorpadii.

PizHi THIM QLIBTPIB HA MOBEPXHEBUX AKYCTHUYHUX XBHJISX 3aCTOCOBYIOTH IS
00poOku Ta (opMyBaHHS CKIaIHHX (a30- 1 YACTOTHO-MOAYJBbOBAHUX CHTHAIIB.
Takox MOXHa CTBOPIOBATH (QITBTPH 3 PETYIHOBAHOIO CMYTOIO TPOITYCKAHHS.

[TpuHIIMN po6OTH Odamuukie HAa TTOBEPXHEBUX AKYCTUYHUX XBUIISAX, 30KpeMa
JATYUKIB JJIS BUMIPIOBAHHS CUJIM, THCKY, TEMIIEpaTypu IPYHTYEThCS HA TOMY, IO
pi3HI 30BHINIHI BIUIMBM HAa XBWIEBINl 3MIHIOIOTh YMOBU TMONIMPEHHS B HHOMY
MOBEPXHEBUX aKYCTUUYHUX XBWIb. [1i]1 11€10 MEXaHIYHUX CHUJI XBUJIEBIJl PO3TATYETHCS
a00 BUTMHAETHCS, IO MPU3BOJIUTH /10 3MIHM 4Yacy 3aTpuMKH. KpiM Toro, MexaHiuHi

BIUIMBU 3MIHIOIOTh IIUIBHICTh 1 MPYKHICTh XBHJIEBOIY, IO MPHU3BOAUTH O 3MIHU
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IIBUJIKOCT1 TOIIMPEHHS XBWIb. BiOoMO, 110 OCTaHHS TaKOX 3aJIEKUTh 1 BIJ

TEMIIEPaTypH.
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JIEKIIA 17. MIKPOEJIEKTPOHIKA

Mikpoenekmponika — 1€ HAYKOBO-TEXHIYHMH HAmpsM €JIEKTPOHIKH, IIO
3aliMa€ThCsl MpoOJIeMaMy  JTOCHIKCHHs, KOHCTPYIOBaHHS Ta BHUTOTOBJICHHS
BHUCOKOHAJIMHUX Ta €KOHOMIYHO BHUI1JHUX MIKPOMIHIATIOPHUX €JIEKTPOHHHUX CXEM 1
MPUCTPOIB 3a JOMOMOIOI0 KOMIUIEKCY (I3UYHUX, XIMIYHUX, CXEMOTEXHIYHUX Ta
THIITUX METO/IB.

3aoaui ma npunyunu MiKpoeaeKmpoHiKu:

1. CtBOpeHHS MaKCUMAaJIbHO HAJIHHUX €JIEKTPOHHUX CXEM 1 TPUCTPOIB.
2. 3HWKEHHS BapTOCTI €JIEKTPOHHUX CXEM 1 MPUCTPOIB.

[Topsim 3 BUpIMICHHSAM [HUX JBOX 3a7a4 MIKPOCJICKTPOHIKM CTBOPCHHS Ta
BUKOpPUCTaHHS iHTerpaibHux MikpocxeM (IMC) nmpu3BOAHUTH 10 Pi3KOTO 3MEHIICHHS
Macu Ta 00'eMy €JEeKTpOHHOI amapaTypyd Yy THOpIBHSHHI 3 Macow Ta o00'eMoM
amaparypd Ha JUCKPETHUX eJeMEeHTaX, a TaKoX J0 3MEHIIEHHS CIOKUBAaHOI
MOTY>KHOCTI.

IMC - 1ue MIKpOeJIeKTpOHHUM BHUPIO, BHUKOHYIOUMHA TI€BHY (PYHKIIIIO
NepeTBOPEHHS, 00poOKKM curHaimy Ta (a00) HarpomajkeHHs iHGopMallii, 1mo Mae
BHUCOKY IIUIBHICTh MOHTQXY EJIICKTPUYHO 3'€THAHMX EJIEMEHTIB, 1 SKUH 3 TOTJISAIY
BUMOT 710 BUNPOOYBaHb, MPUIMaHHS, TTOCTaBKU Ta EKCIUTyaTallli pO3TISAacThCsl K
€JIMHE IIIE.

IMC MiCTATh €IeMEHTH 1 KOMIIOHEHTH.

Enemenmom IMC wHa3uBamOTh 1ii 4YacTHHY, WO BHKOHYE (YHKIIIO
CJIGKTPOHHOTO eJeMeHTa (1iofa, TpaH3UCTOpa, KOHJEHcAaTopa, pe3ucTropa) i
KOHCTPYKTHUBHO € HeBIIAUIbHOO Big IMC.

Komnonenmom IMC wHa3uBaioTh 1i 4YacTHUHY, IO BHKOHYE (YHKIIIIO
€JIEKTPOHHOT'O €JIEMEHTA, ajie TIepe]] MOHTaXKEM € CaMOCTIITHUM BHPOOOM.

Kpucman — TOTOBWII HaAmMIBNPOBITHUKOBHM mpmian abo wmikpocxema 0Oe3
30BHIIIHIX BUBOJIB 1 KOpMyca.

Hinvnicms monmaxcy IMC — 1ie BiAHOIIICHHS YMCTIa €IEMEHTIB IHTETPaJIbHOL
MIKPOCXEMH J10 00'eMy IHTETpalibHOI MIKpOCXeMU 0€3 BpaxyBaHHs 00'eMy BHUBOJIIB.

Cmynine inmezpauii — napametp IMC, 1110 xapakTepusye CTYIMiHb CKIaIHOCTI
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IMC abo0 4mCiI0 €JIEMEHTIB, SIK1 MICTSATHCS B HIM.

Ilepesazu inmezpanvHux mikpocxem:

Maui po3mipu Ta Maca;

Marna cro’kuBaHa MOTY>KHICTb;

Bucoka HailiHICTh 32 PAXyHOK 3MEHILIEHHS YUCIIa MastHUX 3'€THAHb;

Bucoxka mBuaKois;

o &~ W D oE

BigHocHO HM3bKa BapTICTh.
Knacughikauia IMC:
1. 3a QyHKIIOHAIBHUM TpPU3HAYECHHSIM: LU(QPOBI, AaHAJIOTOBl, aHAJIOTOBO-

1 poBi;

2. 3a xapakrtepoM (YHKIIH, 110 BUKOHYIOTHCS: IIIJICUIIOBAadl, T€HEPaTOpPH,

JIOT1YHI €JIEMEHTH TOIIIO;

3. 3a npuHIMIOM i1 OCHOBHUX eJieMeHTiB: O0inosisipui, MJIH, kommiemenTapHi;

4. 3a KOHCTPYKTHBHO-TEXHOJIOTIYHUMH O3HAKaMH: HAITIBIIPOBITHUKOBI, TITIBKOBI,
riopuaHi.

5. 3a crynenem inTerpaiii: mpocta IMC; cepenns IMC; Benuka IMC; HagBenuka

IMC.

B 3a1eXHOCTI BiJl TEXHOJIOT1i BUTOTOBJICHHS IHTETPaIbHI MIKPOCXEMH OYBaIOTh
TUTIBKOBI, T1OpH/IHI Ta HAIIBIIPOBITHUKOBI.

IniBkoBi IMC BUKOHYIOTH Y BUTJISI, PI3HOMAHITHUX 3a TOBITMHOIO, CKJIaJI0M
1 KOH(]ITYypaIi€lo TUTIBOK, HAHECEHUX Ha MOBEPXHIO ICJICKTPUYHOI MiAKIAIKU.
Po3pi3HAIOTH:

1. TonkomniBkoBi IMC — TOBIIIMHA I11BOK HE OLIBIIE BOX MKM;
2. TOBCTOIUTIBKOBI — TOBIIMHA IJTIBOK 3HAYHO O1IBIIIE.

[Ipu BuroTtoBneHHI naiekosux pe3ucmopie (puc.17.11) Ha migKIATKY
HAHOCSTh PE3UCTUBHI IJTIBKU 3 METay, METaJIeBOTO CIUIaBy abo MeTanokepamiku. Ha
KIHI[IX PE3WCTUBHOI IUTIBKM POOJIATHCS BUBOAW Y BHIJISAMI METAJICBHUX IUTIBOK, SIKi
3'€THYIOTh PE3UCTOP 3 IHIIUMHU €JIeMEHTAMHM.

Omnip MIIBKOBOrO PEe3UCTOpa 3aJ€KUTh BlJ TOBIIMHU Ta WIUPUHU TUTIBKH, il
JNOBXKUHU Ta Marepiany. s 30UIbIIEHHS ONOPY POOJSATH IUIIBKOBI PE3UCTOPHU

3Ur3aronoAioHo1 hopmu.
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Puc. 17.1. TlniBkoBuii pe3ucTop:

1 — pe3uctuBHa TUTIBKA; 2 — BUBI; 3 — MiAKIAIKa
[TutoMuii omip MIIBKOBUX PE3UCTOPIB BUPAKAIOTH B OMax Ha KBaIpar.

Ilniexosi konoencamopu (puc. 17.2) Haifuacrime MICTATh 1B1 00knaaku. OgHa
3 HMX HAHOCUTHCS Ha MIAKIAIKY Ta MPOJOBXKYETHCS y BUIJIAMAI CIOIYYHOI JIiHII,

NOTIM Ha HEi HAHOCUTHCS JIEJIEKTpUYHA TUTIBKA, a 3BEPXY PO3TAIIOBYETHCS Jpyra

oOKIaaKa, M0 TaKOXK MEPEXOAUTh Y CIIOTYUYHY JIHIIO.
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Puc. 17.2. TIniBkOBHI KOHIAEHCATOP

B sxocti mienekTpuka 3a3BU4Yail BAKOPUCTOBYIOTh OKCHIA KPEMHIIO, ATFOMIHIO

ab6o TtutaHa. [lutoma emHicTh MOke OyTH BiJ NECATKIB M0 THUCAY Tikodapan Ha
o . . . . . . 2
KBQJIpaTHUW MUTIMETp, 1 BIIMTOBITHO 7O I[HOTO MPH TUIONII KOHJAEHCATOpa B 25 MM

JOCSITal0ThCSl HOMIHAJIBbHI €EMHOCTI B1J] COT€HbB JI0 IECSTKIB THCSY MiKodapa.
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Iniexoei komywiku (puc. 17.3) BUKOHYIOTbCS Y BUIJISI IUIOCKUX CHIpasIei,

HalyacTile NpsIMOKYTHOT (pOpMHU.

Puc. 17.3. IlniBkoBa KOTYIIKa IHAYKTUBHOCTI

[IupuHa NPOBITHUX CMYXKOK 1 MPOCBITIB MK HUMHU 3a3BUYail CTAaHOBUTH
KUTbKa JECATKIB MKM. IIMTOMa IHIYKTUBHICTh KOTYIIKH, OTPHMAaHOi 3aTaKoro
TexHoJoricro cxiamgae 10-20 ula/mm2. Ha o 25 MM? MOKHA oJiep>KaTu
iHAYKTUBHICTE 70 0,5 MKI'H. 30UIBIIMTH 1HAYKTUBHICTh MOXKHA HAaHECEHHSIM Ha
KOTYIIKY (hepOMAarHiTHOI IJTiBKH, 1110 OyJie BAKOHYBATH POJIb CEpCUHHUKA.

I'iopuani inTerpajbHi MikpocxeMHu — 1€ TIO€THAHHS TUTIBKOBUX MAaCUBHHX 1
HaBICHUX JUCKPETHUX HAITIBIIPOBITHUKOBUX eJIeMeHTIB (puc. 17.4).

CnovaTky Ha TIAKIAALI 3 JieeKTpruKa (GOopMyIOTh pe3ucTopu, KOHAEHCATOPH,
CTPYMOIIPOBIJIHI CMY’>KKH, KOHTaKTHI1 IUIOIIAJAKHA, a IOTIM J0 IHUX IUIOMAI0K

MPUETHYIOTH 0€3KOPITYCHI KPEMHIE€B1 TPAH3UCTOPH Ta JTIOH.

Puc. 17.4. Enexktpuuna cxema i ctpykrypa riopuanoi IMC

Etanu Burorosnenus riopuanoi IMC:
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Po6asTh migkianky.

2. HaHoCSTh pe3uCTUBHI IUIIBKU, HHKHI OOKJIAIKM KOHJEHCATOPIB, KOTYILKH 1
CIIOJTYYH1 JIHIA.

3. HaHocsTb fieneKTpuyHI IJI1BKU.

4. HanocAaTb MeTasieBl IUTIBKU.

5. HapimytoTh (IpUKICIOIOTH) JUCKPETHI €JIEeMEHTH, 1 1iXHI BUBOJHU
MPUETHYIOTH IO BIAMOBIIHUX TOUOK CXEMHU.

6. CxeMy mnoMilmialoTh B KOPHYC 1 NPUEIHYIOTH 1O KOHTAaKTHHUX BHBO/IIB
KOpITyCa.

7. IlpoBonATh BUIPOOYBAHHS MIKPOCXEMH.

8. Koprmyc repmMeTu3yioTs 1 MApKyIOThb.

PiznoBun riopuaanx BIMC — mikpo36opku (puc. 17.5).

Puc. 17.5. 3aBHimHii BUTISA MIKPO30OpKU

3a3Buyail B IXHbOMY CKJaJil € Pi3HI €JIE€MEHTH, KOMIIOHEHTH Ta IHTErpajbHi
cxemu. OCOOIMBICTh MIKPO30OPOK TMOJSATAE B TOMY, 110 BOHU BUTOTOBIISIFOTHCS JIJIS
KOHKPETHOTO TuUmy amnapatypu. [Hoai Mikpo30OpKaMu TakOX Ha3WBalOTh HAOOpH
JEKUTbKOX aKTUBHUX 200 MacCUBHUX €JIEMEHTIB, 10 Mepe0yBalOTh B OJJHOMY KOPHYCi 1
MarOTh CAMOCTIH1 BUBO/IH.

HaniBnpoBiZiHMKOBI IHTerpajbHi MIKpPOCXeMHM — 1€ €IUHUN KpUCTal
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HAIlIBIPOBIJHUKA, JIOKAJIbHI 30HM SKOTO BHUKOHYIOTh (PYHKIIi aKTUBHHX
(TpaH3UCTOPHUX) 1 MACUBHUX €JIEMEHTIB. MK [IUMU 30HAMU € €JIEKTPUYHI 3'€THAHHS
Ta 130JIAL1HI TUIOLIAIKH.

Ilepesacu mnanienpogionukosux IMC:  MalOTh JOCUTh BHCOKUN pIBEHBb
interpauii (momax 104 emementiB B 1 cM°) i 3a6e3medyroTh HAHBHINY HaXiHHICTH
€JICKTPOHHUX TPUCTPOIB, 3BOASYM O MIHIMYMY KUIbKICTh 30BHIIIHIX 3’€IHaHb Ta
MOHTa)KHUX OTIEpaIlii.

Heooniku nanienposionukoeux IMC: ripimia SKICTb MAaCHBHUX €JEMEHTIB
(pe3ucTopu Ta KOHAEHCATOPH) 1 HEMOXKJIUBICTh CTBOPEHHS B HAMiBIPOBIAHUKY
KOTYIIOK 1HyKTUBHOCTI.

Ockinbku Bci eleMeHTH HamiBIpoBIAHUKOBUX IMC BHUKOHYIOTHCS B €JUHOMY
HaIIBIPOBITHUKOBOMY KPHUCTaJl, TO BaXKJIMUBO 3a0€3MEUUTH 130JIA111F0 €JIEMEHTIB BiJl
KpUCTaJla Ta OAWH Bix ojHOoro. Jlyis 1mbOro BUKOPHUCTOBYIOTH JEKILIbKa CIOCOOIB

13071511111 (puc. 17.6):

a 0
d s8] |8 ]
l Cangip !
] .

B r

Puc. 17.6. [3oms1ist enemenTiB HamiBnpoBigHUKOBHX IMC:
a — 130JISIITIST p-n-TIepeX0A0M; O — 130JIAIIis JICICKTPUYHHUM IIAPOM; B — 130JIAIIIS THITY

KpeMHil Ha candipi; T — KoMOIHOBaHA 130JIAIIis

1. I3Bonsisi p-n-nepexomom. B kpucrtai, HAIPUKIA] 13 KPEMHIIO p-TUIY, METOJIOM
nudy3ii poOssIThCs 00J1aCTl n-TUMY, AKI HA3UBAIOTHCS «KUIICHSIMU». B «KUIIEHIX»

MOTIM (POPMYIOTECS HEOOXITHI MAaCHMBHI a00 aKTUBHI €EMEHTH, a p-n-TIepexil MK
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«KUIIEHE» 1 KpucTtanoM y mnpamtorouoi IMC noctiiiHo nepedyBae mi 3BOPOTHOIO
Hampyroto. J[Ji1 bOro Ha KPUCTAJN MOCTIMHO MOAAETHCS HEraTMBHUN MOTEHLIAN y
JeKUIbka BoOJIbT. KpemHieBUH p-n-miepexil NpU 3BOPOTHINM HaIpy3l Mae Jyke
BUCOKUM onip (aekuibka MOM), 1110 1 BAKOHY€E POJIb 130151

2. [3os1is1 AieJIeKTPUYHMM IIApoM. B maHOMy BUNAAKYy TaKOX € «KUIICHD» IS
HAaCTYyMHOro (OpMyBaHHS B HHUX MOTPIOHHUX EJIEMEHTIB, ajlé MDK «KHILEHEIO» 1
KPEMHIEBUM KPHUCTAJIOM € TOHKHM JIeJEKTPUYHUM 1map aiokcuaa kpemHito SiOs.

3. Bonsimiss Tunmy kpemHiii Ha candgipi. Ha candiposiil minkmanui, sika € rapHUM
JeJIEKTPUKOM, HApOUIyeThCs map KpeMHio. OcTaHHIA MpOTpaBIIoeTcs 10 camndipa
TaKUM YHHOM, UI0 YTBOPIOIOTHCS KPEMHIEBI «OCTPIBII». Y IMX «OCTPIBISX»
merogoM audy3ii  GOpMyIOTbCS  HEOOXiJHI  €JIeMEHTH, 5Kl  BUSIBISIOTHCS
130IbOBAaHUMHU OJIMH BiJ OJHOTO 3HM3Y camndipom, a 1o OOKaM — TOBITPSM.
HeponikoM 11poro Metrogy € Te, IO MIKpOCXeMa Ma€ pelibeHYy MOBEPXHIO, a IIe
YCKJIQJIHIOE€ BUKOHAHHSI METAJIEBUX 3'€JHAHb MK €JI€MEHTaMU.

4. Kom0OinoBaHna i30/15ilisl, BUKOHAHA MO i30IJIaHAPHIN TexHOJIOrII. Y 1bOMY
BUIAJIKy OIYHI CTOPOHU «KHUIIEHB» 130JIbOBAHI JICICKTPUYHUM IIApPOM JIOKCHJIA
KPEMHII0, a HHXHS CTOPOHA 130JIbOBaHA BiA MIAKIAAKUA p-n-TIEPEXOJ0M, SKHUMA

3HAXOJIUTHCS II1J1 3BOPOTHOIO HAPYTOIO.

BukoHnaHHs esieMeHTiB HanmiBnpoBignukosux IMC

binonapui mpansucmopu (puc. 17.7) BHUKOHYIOTH II0 TIUTaHApHIK abo
TJIaHAPHO-EMITaKCUaIbHIi TEXHOJIOT].

[Tpu mmaHapHi TEXHONOTIi p-n-TIEPEXOaU YTBOPIOIOTH MU(DY3I€I0 TOMIMIOK
Kpi3b OTBIp Yy 3aXMCHOMY IIIapi, HAHECEHOMY Ha MOBEPXHIO HamiBIpoBiaHUKA. [Ipn
IIbOMY BHBOJIM BiJl BCiX 00JIacTell pPO3TAIOBYIOTHCS B OJTHIN TIIOIIHHI.

B sixocTi HamiBpoOBiMHKUKA 3a3BHYall BUKOPUCTOBYIOTh KPEMHIM, SIKHW pa3oM
13 3aXMCHOI0 OKCHIHOIO IIIIBKOK YTBOPIOE KOJEKTOPHY 00macTh. B Tomy Mmici, 1e
MoBHHHA OyTH 0a3oBa 00JAaCTh, OKCHJIHA TUIIBKA 3HIMAETHCS TPABJICHHSAM 1 METOJIOM
nu(dy3ii cTBOproeTbest 0a30Bui map. [1oTiM BCIO MOBEPXHIO 3HOBY OKHUCIIOIOTH 1

MOBTOPIOIOTH MPOIEC TPABICHHS Ta NUPY3ii AJiE CTBOPEHHS €MITEpHOI 00J1acTi, 110
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pO3TalIOBYETHCA B cepenuHi 0a30Boi uactuHu. Ilicnss mporo dyepe3 Macky
HAHOCSITHCSl BUBOJM Y BUIJIS1 METAIEBUX LLIAPIB.

[Ipy mnnaHapHO-€MITAKCHAIBHIA TEXHOJOri MDK 0a30i0 1 KOJEKTOPOM
BBOJUTHCS 1IAp 3 OUIBII BUCOKUM OonopoM. [Ipu BUrOTOBIEHHI TaKMX TPAH3HCTOPIB
KOJEKTOpHAa  IUIACTMHKA  HAIIBIPOBIAHUWKA, HAOpUKIAA, 3  E€JIEKTPOHHOIO
€JIEKTPOINPOBIAHICTIO Mae MaJIuii MUTOMHUI omip. Ha Hel HapouryeTbes TUTIBKAa TAKOTO
K HaNIBINPOBIAHUKA, ajié 3 BUCOKUM OINOPOM, a IMOTIM IIJJaHAPHUM METOI0M

CTBOPIOIOTHCS 00J1acTi 6a3u 1 eMitepa.

Puc. 17.7. Binonspuuii TpaH3UCTOP TUITY 1-p-1 B IHTETPATLHOMY BUKOHAHHI1

CrpykTypa TpaH3UCTOpA 3arTHOJIFOETHCS B KPUCTAI HE OUTBINE HIK Ha 15 MKM,
a JIHIIHI PO3MIpU TPAH3UCTOpPA HA MOBEPXHI HE MEPEBUITYIOTh JEKUTBKOX JTECATKIB
MKM.

Ilonvosi mpan3ucmopu 3 Kepywuum n-p-nepexooom MOXYTh OYyTH
BUTOTOBJIEHI OJTHOYACHO 3 OIMOJISIPHUMU — Ha ojgHOMY Kpuctami. Ha puc. 17.8, a
MOKa3aHa CTPYKTypa IJIAHAPHOTO MOJbOBOTO TPaH3UCTOpa 3 N-KaHaioM. B «kumieH»

. . + .
N-TUNy CTBOpEH1 00iacTi (n -TUIy) CTOKY 1 BHTOKY, a TakoX 00JiacThb (p-THUIY)

3aTBOpa. CTIK pO3TAlllOBAaHUM y IIEHTP1, 3aTBIp HABKOJIO HHOTO.
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Puc. 17.7. IlonsoBuii Tpan3ucTop HaniBnpoBigHUKOBOi IMC:

a — 3 KaHAJIOM n-TUIly; O — 3 KaHAJIOM p-TUILY

Jlns 3MEHIIICHHsSI TMOYaTKOBOi TOBIIMHU KaHaly 1HOJM1 BCEpearHI POOJISATH
NpUXOBaHUI 1map p’, ale I NMOB'A3aHe 3 YCKIaAHEHHAM TEXHOIOTIYHUX HPOLECIB.
[HIMI BapiaHT MOJILOBOTO TPAH3UCTOPA — 3 KAHAJIOM p-THUITY — 300paKeHUH Ha pHC.
17.7, 6. Horo cTpykTypa CHiBIafae 3i CTPYKTYPOIO 3BUYAMHOTO 1-p-1 TPAH3UCTOPA.

B sikocTi kaHaTy BUKOPHUCTOBYETHCS IIap Oasw.

M/TH-mpan3ucmopu. Haiitipoctimoo € TexHomoris urotoBieHHs MJIH-
TPaH3UCTOPIB 3 IHAYKOBAaHUM KaHaimoM. [[ns HUX y KpuCTami p-THNYy NOTPIOHO
. + .
CTBOPHUTH MeTOA0M audy3ii Juie 00acTi 7 BUTOKY 1 CTOKY (puc. 17.8, a).
Ha mepexomax MiX MMM 0OJACTSAMH 1 IMAKIAIKOIO MIATPHUMYETHCS 3BOPOTHA
HaIpyra, 1 TaKUM YMHOM 3JIIHCHIOETHCS 13011111 TPAH3UCTOPIB BiJ KpHCTala 1 OJIUH

BiJT OJTHOTO. AHAJIOTIYHO BUKOHYETHCS 130JIS11is1 KaHATY BT KpUCTaja.
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Puc. 17.8. MJIH-Tpan3uctop HamniBnpoBinHukoBoi IMC 3 i1HAyKOBaHUM KaHAJIOM:

a — n-TuIy; 6 — p-TUIy

Jlemo ckiajHile BUTOTOBICHHS Ha migkiaanui p-tuny MJIH-Tpan3uctopa 3
KaHaJIOM p-TUILY, TOMY II0 HEOOXITHO CIOYaTKy 3pOOUTH «KUIIEHI0» N-TUIY (pHC.
17.8, 0).

Icaye oxpemuit Bua IMC, B skux peanizoBani napu MJIH-Tpan3uctopiB 3
KaHallaMd #- 1 p-Tuny. Taki mapy Ha3MBalOTh KOMIUIEMEHTAPHUMHU TPaH3UCTOpPaAMU
(KMIH). KommiueMeHTapHi TpaH3UCTOPH BHUKOPHCTOBYIOTHCSI B  KIFOUOBUX
(mudpoBuX) cxeMax 1 XapaKTepU3YIOThCSA AYXKE MallUM CIHOXKHUBAHHIM CTPyMy 1
BHUCOKOIO MIBUIKOIEI0. 3ycTpidaroThesl Takok IMC, y SKUX Ha OAHOMY 3arajibHOMY

KpHCTaJll BUTOTOBJICHI OinosspHi 1 MJIH-Tpan3ucropu.
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