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Penenszenr k.1.H. ['alino EBrenunit BnagumupoBuy.

ABTOp BbIpakaeT OJlaroJapHOCTh yBaxkaemMomy Bnanumupy UyaHOBY 3a IIEHHBIE 3a-
MEUYaHUA NPU MOATOTOBKE PYKOIHCH.

ABTOp BbIpakaeT 0JaroJapHOCTb CBOEMY YUuTEN0 — AjekcaHapy Brnamgumuposuuy
Kapimry.

JIMLIEH3MOHHOE COrIalleHue

JlaHHYIO KHHUTY pa3peliaeTcs KONupoBaTh, pa3MHOXATh U MI€4aTaTh, €CJIU 3TO JIEJIAET-
Cs1 HA HEKOMMEPUYECKOM OCHOBE U HE M3BJIEKaeTCA BbIroja. B ciiydyae e€ kommepuecko-
ro NpUMEHEHUs, HallpuMep, ecau Bel XoTuTEe mponaaBaTh, CAaBaTh B IPOKAT, apeHIY
BCIO KHUT'Y «DJIEKTPOHHAs TEXHHKa» WM JI0OYI0 €€ 4acTh, TO Ha 3TO Tpebyercs co-
riacue e€ apropa (MockaroBa EBrenust AnatonbeBuua) 3a roHopap. IlepexkomnoHoB-
Ka KHUTH 3alpelaercs. 3anpemaercs U3MEHATh COAEPKUMOE KHHUIY, YIalsTh CBEe-
Husl 00 aBTOpcTBe. KHUra pacnpocTpaHsieTcs “Kak €cTh’, TO €CThb €€ aBTOp HE HECET
OTBETCTBEHHOCTH 3a BO3MOJKHBIN yIIepO, yNyLIEHHYIO BBITOAY M mpouee. B ciygae
HEKOMMEpYECKOW NyOnauKauuu (HampuMmep, Ha cepBepe OeCIUIaTHBIX MaTepHajioB)
CJIelyeT MOCTaBUTh aBTOpPA B U3BECTHOCTbh, @ TAK)KE SIBHO yKa3aThb aBTOPCTBO U UCTOY-
HUK, C KOTOPOTI'O POU3BEJEHA MyOIHUKaIusa. ITO )K€ OTHOCUTCS U K CIIy4aro ImyOJHKa-
LMY KHUTH Ha JUCKE (UJIM MHOM HOCHUTEJe NH(POpPMALIUK) MPUIOKEHHUS K )KYpHATY.

JI1st CBSI3U € aBTOPOM MOKHO BOCIIOJIB30BATHCS YCIyIaMH 3JIEKTPOHHOW MOYTHI U Ha-
nycaTh NTUCHMO 10 aapecy moskatov@mail.ru. Eciin Bam uHTEpECHO, TO MOXKETE TO-
ceTuth MO cailT http://www.moskatov.narod.ru/index.html, Ha KOTOpOM MOXHO
HalTH, KpOME KOIUH 3TON KHUTH, elI€ U TEXHUYECKHUE MPOrpaMMbl, UX UCXOJIHbIE TEK-
CTBI, TEKCTOBBIE PETAKTOPHI U MHOT'O IPYrOi HHTEPECHON MH(pOpMaIUU.
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IIpenucioBue

[Tepen Bamu kuura «2nextponHas TexHuka». [[ns koro ona? s CTyIEeHTOB M IperojiaBaTesie
TEXHUKYMOB, TEXHUYECKUX KoJulemked u BY30B, mns mronel, KOTOpbIe XOTAT y3HaTh IIPOLIECCHI,
IIPOUCXOSAIINE B pauoannapaType u B AJIEKTPUUECKUX AETANSIX, COCTABIAIOMMX e€. YeM KHura oT-
JMYaeTcsi OT MHOTUX APYTUX, HAMMCAHHBIX MO 3TOH TemaTnke? B OOJBIIMHCTBE KHUT COJEp)KATCS
pa3BEPHYTHIEC OMMCAHUS MPOIIECCOB, MPOUCXOIALIUX B dJIEMEHTaX M y3jax ammapaTypbl, 0ObIYHO U3-
JIO’)KEHHBIE HACTOJIBKO CIIOKHO M HETIOHSATHO, YTO B IaHHOM JIUTEpaType crnocoOeH pa3o0parbes pa3Be
YTO €€ aBTOp WJIM KPYIHBIN CHEIUANINCT B 3JIEKTPOHUKE. B Opyrux KHUrax, o3arjiaBi€HHbIX «JEK-
TPOHUKA», «INEKTPOHHASI TEXHUKA» WIH MOJOOHBIM 00pa3oM, 3a4acTyI0 COJIEPKUTCS MaTepHuall, co-
BEPILIEHHO HE COOTBETCTBYIOIIWH MpOorpaMMaM y4eOHOOOpa30BATENbHBIX 3aBEJCHUN U IJIaHAM MHU-
HHUCTEpCTBAa 0Opa3zoBaHus. YacTeHbKO MUIIYT HE TO, YTO SBJIsIeTCs 0a30il Kypca, a TO, YTO 3HAIOT.
Knura, xoropas ceituac nepes Bamu, numiena moqoOHsIX HeAocTaTKoB. E€ aBTOp mombITancs B Hau-
Oosee cxxatoil hopme, AOCTYIMHOM CTYJIEHTaM, paccka3aTh O HamOoJiee BaXKHBIX IMpOIlEccax B AJICK-
TPUUECKUX DJIEMEHTaX U y3Jlax ammapaTypbl, KOTOpPbIE SIBISIFOTCS 0a30i Ui yCIEUIHOTO MPOXOXkKIe-
HUS MHOTHX JAPYTUX CHECIUATBHBIX AUCHUIUIHH. [[aHHBIN y4eOHUK SBIISIETCS, 1O CYIIECTBY, OCHOBOM
JUISl TIPOBEACHUS JIEKIUH, I09TOMY, CKOpEe BCEr0, 3aMHTEPECYET MPENOAABATENEH COOTBETCTBYIOIIIE-
ro NpeaMeTa.

S Hazeroch, YTO KHUTa «DJEKTPOHHAS TEXHUKA) OKaKeTCs JUIsl Bac Hy)KHOHM M NOJIE3HOM.

Eecenunu Anamonveeuu Mocxkamoe

3uma, 20042.
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DJIEKTPOHHO-IBIPOYHBIE U
METAJLIOTIOTYIIPOBOJHUKOBBIE MIEPEXOIBI
JIBUKEHUE DIIEKTPOHOB B
AICKTPUUECKUX U MAarHUTHBIX MOJISIX

1) /IBu:KeHHeE 3JIEKTPOHOB B YCKOPAIOIIEM 3JIEKTPHUYECKOM I10J1e
2) JIBMKeHHE YJIEKTPOHA B TOPMO3SIIIEM 3JTEKTPHIECKOM I10J1e
3) [ABU:KeHMeE JIEKTPOHA B MOINEPEYHOM JIEKTPUYECKOM I10J1€e
4) JIBuKeHHE JJIEKTPOHA B MATHUTHBIX MOJIAX

5) 3oHHasi JHepreTuyecKasi JuarpaMma

e=1,6-10"Kn
m=9,1-103"kr Const

1) /IBM:KeHHe 3JIEKTPOHOB B YCKOPSIIOIIEM JJIEKTPHUYECKOM IoJie. PaccMoTpum
OJTHOPOJTHOE AJICKTPHUECKOE TMoJie ¢ HanpspkéHHOCTRI0 E=U/d.

9)

Puc. 1

Ha eayHuYHBIN MOJ0XKUTEIBHBIN 3apsijl, TOMEUIEHHBIA B AJIEKTPUUECKOE T10JIe, IEUCTBYET CUia, paB-
Hasl MO0 BEJIMYMHE HAMPSHKEHHOCTH 3TOTO MOJIA.

F =E — 1151 equHUYHOr0 NOJI0KUTENIBHOTO 3apsija.

F =- e E — nna anexrpona.

3HaK «-» MOKa3bIBAET, UTO CUJIa JACHCTBYIOIIAs HA JCKTPOH, HANIPABJICHA MPOTUB JIMHUK HAIPSKEH-
HOCTH 3JIEKTpUIecKoro moJs. [Tox neficTBueM TaHHOW CHUITBI DJIGKTPOH OYET JIBHTaThCS PaBHOYCKO-
PEHHO U MPUOOPETET MaKCHMAIILHYIO CKOPOCTh B KOHIIE IyTH. [loJie, THHUN HANPSKEHHOCTH KOTO-
pOTO HampaBJeHbl HABCTPEUY BEKTOPY HAYAIBHOM CKOPOCTH AJIEKTPOHA 3y, HA3BIBACTCS YCKOPSIO-
IIUM DJIEKTpUYecKuM mojieM. OnpenenuM MaKCUMaJIbHYI0 CKOPOCTh dJIeKTpoHa. PaboTta mo mepeme-
HICHUIO JIEKTPOHA U3 OJHOM TOYKH MOJISI B APYTYIO paBHA MPOU3BEACHUIO 3apsijia AJIEKTPOHA Ha pa3-
HOCTb MOTEHIIMAJIOB MEXK/1y STUMU TOYKAMHU.

A=e-U
Jlannast paboTa 3aTpaynBaeTCsl Ha COOOIIEHUE IIEKTPOHY KHHETHUECKON YHEPTHH.
2
m-(9—9,)

2
rae 3 — KOHeYHasi CKOPOCTh AJIEKTPOHA.

bynem cuuratse, uto 9 = 0
A =Wk,
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m-9
eU= >
9= 2y

m
TaK KaK € ¥ M - KOHCTaHTEL, TO 3~600 U .

W3 nocnennei ¢popmynbl BUIHO, YTO CKOPOCTH AJIEKTPOHA B IIEKTPUYECKOM I10JIE OMpEIeIseTCs
TOJILKO BEJIMYMHOU HAIMPsOKCHUA MCXKAY ABYMA TOUKAMHU I10JIA, U IIO3TOMY CKOPOCTH 3JICKTPOHA UHO-
IJla XapaKTepU3yIOT OTUM HaIPsDKEHUEM.

2) /IBMKeHHUE JJIEKTPOHA B TOPMO3SIIIEM IJIEKTPHYECKOM IOJIe.

U

Puc. 2

[Tox nmeiictBuem cuibl F anekTpoH OyneT IBUraThCs paBHO3aMEMJICHHO, B KAKOW-TO TOYKE TOJIS OH
OCTAaHOBHUTCSI W HA4yHET JBHUTaThCd B OOpAaTHOM HAaIpaBICHUHU. ODJIEKTPUUECKOE TOJe, JIMHUU
HaMpPsKEHHOCTH KOTOPOTO COBITAJIAIOT IO HAINPABJIECHUIO ¢ BEKTOPOM HAYAJIbHOW CKOPOCTH DJIEKTPO-
Ha, Ha3bIBAETCS TOPMO3SIIUM SIEKTPUUECKUM TIOJIEM.

3) ABu:KeHNE JIEKTPOHA B MOMEPEYHOM YJIEKTPHYECKOM I0JI€.

[TonepedHbIM 3JIEKTPUICCKUM TOJIEM HA3bIBACTCS TOJIC, IMHUM HANPSHKEHHOCTH KOTOPOTO TEPIICH-
JTUKYJISIPHBI BEKTOPY HavaJIbHOM CKOPOCTH AJICKTPOHA.

© So L
/7’—/'//

Puc. 3
3a cuér meiictBus cuibl F BO3HHKaeT BepTHKAIbHAS COCTABIISIONIAsS CKOPOCTU JJIEKTPOHA, KOTOpast
Oyner Bc€ BpeMsi yBenn4uuBaThes. HauanmbHas ckopocTh 99 0CTaéTesl MOCTOSHHOMW, B PE3yJIbTaTe Yero
TPACKTOPHs JBIKCHUSI 3JICKTPOHA OyIeT MpeACTaBiIsATh co0oii mapabosty. [Ipu BeuieTe 25eKTpoHa 3a
npeieNbl JSUCTBHS NOJS OH OyIeT ABUTAThCS MO MPSMOU.
4) IBuKeHrEe JIEKTPOHA B MATHUTHBIX TOJISIX.
F = B-e-9¢'sina — cuna Jlopenna.
I[Tpu a = 90° momnyunm sina = 1.
I[Tpu a = 90° TpaekTopust OyIeT NPEACTABIATH COOOM MyTy OKPY>KHOCTH.
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Puc. 4 Puc. 5

Korza a # 90°, BEKTOp CKOPOCTH 3JIEKTPOHA MOKHO Pa3I0XKUTh Ha JBE COCTABIAIOLIME — IOIEPEY-

HYIO ¥ MPOJOJIbHYI0 OTHOCUTENIbHO HAIlpaBJIEHHWs MAarHUTHBIX CUJIOBBIX JUHMH (puc. 5). Ilog neit-
CTBHEM IONEPEYHON COCTABIAIONIEH AJIEKTPOH OyJeT ABUraThCs MO OKPY>KHOCTH, a HOJ| IeHCTBHEM
IPOJIOJIBHOM COCTaBJISIIOILEH - ABUraThcs IOCTyNaTenbHO. B pesynbrare Tpaektopus Oyner mpen-
CTaBIIATH CO0O0I criupasb.

5) 3onHasi 3JHepreTHYecKas JuarpamMmma.

VY NpoBOAHUKOB OOJIBIIOE KOJTMYECTBO CBOOOTHBIX AJIEKTPOHOB, Y JAUAIEKTPHUKOB BaJCHTHBIC DJICK-
TPOHBI YJEPKUBAIOTCS KOBAJEHTHBIMU CBA3SIMH, Y MOJYIIPOBOJHUKOB CTPYKTypa Kak y AUAJIEKTPU-
KOB, HO KOBAJICHTHBIE CBSI3U 3HAYUTENBHO ciadee. JJocTaTOYHO CpaBHUTENIBEHO HEOOJNBIIOrO KOJIHYe-
CTBa 3HEPIUH, MOJTy4aeMOM U3 BHEIIHEH Cpefbl (TeMIiepaTrypa, OCBEIIEHHOCTh, CUJIBHOE AJIEKTpUYe-
CKO€ I10JI€) YTOOBI 3JIEKTPOHBI MOJYNPOBOJHUKA Pa30pBAJIM KOBAJIEHTHBIE CBSI3U M CTAJIU CBOOOIHBI-
MHU.

# Jluama3oH >HEpPruii, B KOTOPOM JICKUT SHEPrus AJEKTPOHA, YACPKUBAEMOI0 KOBAJECHTHOMU
CBSI3b10, HA3BIBACTCS 30HOM BAJICHTHOCTH, WJIA BaJICHTHON 30HOM.

# Jluamna3oH JHEprui, B KOTOPOM JIEKUT JHEPrUs JJIEKTPOHA, Pa30pBaBLIETO KOBAJICHTHYIO
CBSI3b U CTABLIETO CBOOOTHBIM, HAa3bIBAETCSl 30HON MPOBOAMMOCTH.

@ I'paduyeckoe n300pa’keHHE 3TUX FHEPreTUUECKUX 30H HA3BIBACTCS 30HHON YHEPreTU4ecKoi
JAarpaMMONu.

W A [ns nonynposoaHMKoOB

30Ha NpoBOAMMOCTU

A W=Wn-Ws
3anpewéHHasa 30Ha

30Ha BaneHTHoCTU

Puc.6
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Jlyist TOrO, 9TOOBI AJIEKTPOH CMOT Pa30pBaTh KOBAJICHTHYIO CBSI3b W CTaTh CBOOOJHBIM, OH JOJIKCH
MOJIYYUTh YHEPTHUIO, OOJIBIITYIO IIIMPUHBI 3aPEIIEHHON 30HBI.

W A [ns onanektpukos w A [ins npoBOAHMKOB
30Ha NpoBOAVMOCTHU
Wn y
30Ha NnpoBOAUMOCTH
A W=Wn-Ws Ws
3anpeLwéHHasa 30Ha wn
30Ha BaneHTHOCTHU
Ws
30Ha BaneHTHOCTU

Puc.7 Puc. 8

DJIEKTPOIPOBOIHOCTH MOJIYIIPOBOJIHUKOB

1) CoOcTBeHHAasi MNPOBOAUMOCTD MOJIYIIPOBOAHUKOB
2) IlpumecHast IPOBOAMMOCTb MOJIYIIPOBOIHUKOB
3) HpeiidoBbliii 1 TUPPY3MOHHBIH TOKH B MOJYNPOBOIHUKAX

1) CoOcTBeHHAs1 MPOBOAMMOCTDH MOJIYIIPOBOJIHNUKOB. COOCTBEHHBIM MOJIYIIPOBOIHUKOM,
HJIN KC IMOJYIIPOBOAHUKOM 1-THIIa Ha3bIBAETCS NACAJIbHO XUMHUYCCKU YUCTBIN MOJIYIIPOBOJHUK C
OJHOPOJTHOM KPUCTAJUTMYECKOU PEIIETKOM.

Ge
Si 4-X BaJICHTHBI

Kpucrammuueckass CTpykTypa MOJYINPOBOJHUKA HA TUIOCKOCTH MOXKET OBITh ONpereiicHa CICHAYIO-
MM 00pazom.

Ecnu 3nexTpoH Mogy4ust SHEpruio, OOMbIIYI0 HIMPUHBI 3alpei€HHON 30HbI, OH pa3pbIBacT KOBa-
JICHTHYIO CBSI3b U CTaHOBUTCS cBOOOIHBIM. Ha ero mecre oOpa3yercsi BakaHCHS, KOTOpasi UMEET I0-
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JIOKUTEIIBHBIN 3aps/l, PaBHBIM IO BEIMYMHE 3apsay IEKTPOHA M Ha3bIBAaeTCsA IBIPKOW. B mosymnpo-
BOJHUKE 1-THUIAa KOHIICHTPALIHSI 3JIEKTPOHOB Ni paBHA KOHIIEHTPAIIMH ABIPOK Pi. To ecTh ni=pi.
[Ipouecc o6pa3oBanus Mapbl 3apsSA0B AEKTPOH U JIbIPKA HAa3bIBAETCS TeHepalue 3apsa.
CBOOOMHBIN 3JIEKTPOH MOKET 3aHUMaTh MECTO JbIPKH, BOCCTAHABIMBAs KOBAJEHTHYIO CBSI3b U IpHU
9TOM H3Iy4ast U30bITOK 3Hepruu. Takoi mpolecc Ha3blBaeTCs pekoMOuHanuel 3apsaaoB. B npouecce
PEKOMOMHAILIMY U TeHEpalluu 3apsAJ0B JbIpKa Kak Obl ABMXKETCS B OOpaTHYIO CTOPOHY OT HalpaBie-
HUS JBMKEHUS JIEKTPOHOB, MOATOMY JBIPKY MPUHATO CUUTATh MOABMKHBIM IOJIOKUTEIbHBIM HOCH-
TesieM 3apsia. [pIpku 1 cBOOOIHBIE JIEKTPOHBI, 00pa3yroIIKecs B pe3yJIbTaTe TeHepalliil HOCUTEIeH
3apsi/ia, Ha3bIBAIOTCSl COOCTBEHHBIMU HOCUTEIISIMU 3aps/ia, a IPOBOJIUMOCTh MOJTYIPOBOJHHKA 32 CUET
COOCTBEHHBIX HOCHTEJICH 3apsiia Ha3bIBaeTCsl COOCTBEHHOM MPOBOAMMOCTBIO ITPOBOIHUKA.
2) IlpumecHasi MPOBOAUMOCTH NIPOBOJHUKOB.

Tak kak y nOJIynpOBOJHHUKOB i-THUIIA IPOBOJUMOCTb CYIIECTBEHHO 3aBUCHUT OT BHEIIHUX YCJIOBUI, B
HOJIYIIPOBOJHUKOBBIX PUOOpaX NPUMEHSIOTCS IPUMECHBIE MTOTYIPOBOAHUKH.

Puc. 10

Ecnu B nonmynpoBOJHUK BBECTU NATHUBAJIEHTHYIO NPUMECH, TO 4 BaJIEHTHBIX JIEKTPOHA BOCCTaHaB-
JMBAIOT KOBAJICHTHBIE CBSI3M C aTOMaMH TOJIYIPOBOJAHUKA, a MATHIA 3JEKTPOH OCTAETCsl CBOOOIHBIM.
3a c4€T 3TOr0 KOHLEHTPALMSI CBOOOIHBIX 3JIEKTPOHOB OYJET MPEBBIILIATH KOHIIEHTPALUIO ABIPOK.

@ [Ipumecs, 3a c4ET KOTOPOI Ni>pi, HA3BIBACTCS JOHOPHOW MPUMECHIO.

@ [lonynpoBOJHUK, Y KOTOPOIO Ni>pi, Ha3bIBAETCS MOJIYIPOBOJIHUKOM C AJIEKTPOHHBIM THUIIOM
IIPOBOJIMMOCTH, WIH MOJYTPOBOJHUKOM N-THIIA.

@ B noaynpoBOIHHMKE N-TUIA IEKTPOHBI HA3bIBAIOTCA OCHOBHBIMU HOCHUTEIISIMU 3apsza, a JbIp-
KA — HEOCHOBHBIMHU HOCHUTEJISIMU 3aps/a.

Puc. 11

HpI/I BBCACHUU TpéXBaHeHTHOﬁ puMecu Tpu e€ BaJICHTHBIX 9JICKTPOHA BOCCTAHABIIMBAKOT KOBAJICHT-
HYHO CBA3b C aTOMaMHu IOJYIPOBOJHHKA, a ‘leTBépTaﬂ KOBAJICHTHaA CBsA3b OKa3bIBACTCA HC BOCCTa-
HOBHCHHOI>'I, T. €. UMCCT MCCTO JbIPKaA. B PE3YyJIbTATC 3TOTO KOHICHTPALUA ABIPOK 6YI[CT 0OJIbIIIE KOH-
HCHTpAalHU 3JICKTPOHOB.
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@ [Ipumecs, mpu KOTOPOH pi>ni, HA3BIBACTCS AKIETTOPHOU MTPHMECHIO.
@ [lonynpoBOAHMK, y KOTOPOrO pi>ni, HA3bIBAETCS IMOJYHPOBOJHUKOM C JBIPOYHBIM THUIIOM
MPOBOAMMOCTH, WU TIOJTYTIPOBOAHUKOM P-THIIA.
@ B noaynpoBOJHMKE p-TUIA JIBIPKU HA3BIBAIOTCS OCHOBHBIMHU HOCHUTEIISIMM 3apsJia, a dJIEKTPO-
Hbl — HEOCHOBHBIMHM HOCHUTEJISIMH 3apsija.
PeasibHOE KOJIMYECTBO TIPHUMECEH B TIOJYIIPOBOIHHUKE COCTaBIseT mpumepro 10" 1/cm’.
3) peiidosbiii u 1 Py3noHHBIN TOKH B NOJYNPOBOAHUKAX.

HpeiidoBbIii TOK B MOTYITPOBOJHUKE — 3TO TOK, BO3HUKAIONIUHN 33 CUET MPUIIOKEHHOTO IJICKTPHYIC-
ckoro nous. [Ipu 3TOM 37I€KTpOHBI JBUKYTCSI HABCTPEUY JUHUSAM HAIPSKEHHOCTH MOJISA, a IBIPKU —
10 HaIIPaBJICHUIO TUHUHN HanpskEHHOCTU noJis. JudPy3uoHHBINH TOK — 3TO TOK, BO3HUKAIOLIUN U3-32
HEpPaBHOMEPHOU KOHIIEHTPALIMM HOCUTEIEH 3aps/ia.
n2>nl. n2-n1=An.

E

Puc. 12
An .
OTtHoweHue A, 0T TPaiMeHT HEpaBHOMEPHOCTH KOHICHTDALMK NMPUMECEH. Benuunna nud-
X
An
(Gy3HMOHHOTO TOKA OYJIET ONPEIeNIAThCS TPATUSHTOM HEPABHOMEPHOCTH 2, OyZIeT COCTaBISATh
X
An
In.ougp=e-Dn-—
Ax
A
Ip.dud)Z—e'Dp'—p ,
Ax

rae Dp u Dn — koo duruentst auddysum.

DJNEKTPOHHO-IBIPOYHEBIN (P-N) DEepEXO1

1) O0pa3oBaHue 3JIEKTPOHHO-ABIPOYHOTI0 MEePexXoaa
2) IIpsimMoe u 00paTHOE BKJIIOYEHHE P-N epexoaa
3) CeoiicTBa p-n nepexoaa

1) ObOpa3oBaHue 3JIeKTPOHHO-ALIPOYHOI0 IepPexo/1a. Beuay HepaBHOMEPHOU KOHIIEH-
TpallMy Ha TPAHUIIE Pa3JieNa P U N MOJYIPOBOIHUKA BO3HUKAET MU (Y3HOHHBIN TOK, 32 CUET KO-
TOPOTO JIEKTPOHBI U3 N-00JaCTU MEPEXOIAT B p-00JIacTh, @ HA UX MECTE OCTAIOTCS HEKOMIIEHCH-
POBAHHLIC 3apsAAbI MMOJIOKUTCIBHBIX NOHOB I[OHOpHOfI IIPUMCECH. BHGKTpOHI)I, npuxoaAamue B p-
06J'IaCTb, peKOM6I/IHI/Ipy10T C ABIPpKaMH, 1 BOSHUKAIOT HCKOMIICHCUPOBAHHBIC 3apsAabl OTPHULIATCIIb-
HBIX MOHOB akuentopHor npumecu. [llupuna p-n nepexona — necsaTeie 40U MUKpoHa. Ha rpanu-
1€ pa3zesia BOSHUKAEeT BHYTPEHHEE JIEKTPUUECKOE I0JIe P-n Mepexoa, KoTopoe OyaeT TopMo3si-
UM JJTsI OCHOBHBIX HOCHUTEINEH 3apsiaa U OyJeT ux oTOpachiBaTh OT TPaHUIIbI pa3jiena.
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Pwuc. 13
Jlns HEOCHOBHBIX HOCHTEINEH 3apsiga mosie OyJaeT yCKOpSoMmUM U OyJeT MepeHOCUTh UX B 00JIacTs,
/1€ OHU OYJIyT OCHOBHBIMH. MaKCUMyM HanpsKEHHOCTH JIEKTPUUECKOro OISl — Ha TPaHULIe pasjie-
na.

- +
@) _ + (@
- +
© >
- -7 ®
P Y n
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X
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A
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X
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Puc. 14

Pacnipenenenne noreHnuana no MUPHUHE MOIYIPOBOAHMKA HA3bIBAETCS NMOTEHLMAIBHOW AMarpaM-
MOH. Pa3HOCTh IOTEHLMANIOB HAa P-N NEPEXOE HA3bIBACTCA KOHTAKTHOM PA3HOCTBIO IOTEHLHAIOB
WIN NIOTEHIIUAIbHBIM OapbepoM. 1 Toro, 4To0bl OCHOBHOM HOCHUTENb 3apsja CMOT IPEOA0JIETh p-n
Hepexo/I, €ro SHEPTHsI JOIHKHA OBITh JOCTATOYHOM JUTS IPEOI0JICHHSI TOTEHIIMAIBHOTO Oaphepa.

2) IIpsiMmoe 1 oOpaTHOE BKJIKYEHHE P-N Nepexoaa.

[TpunoxuM BHELIHEE HAIpsKEHHE IUIIOCOM K p-o0iacTu. BHemHee snekTpuyeckoe 1mojie Hanpaniie-
HO HaBCTpe4dy BHYTPEHHEMY IIOJIIO P-N MEPEX0Ja, YTO NMPUBOAUT K YMEHBIIECHUIO MOTEHIUAIBHOIO
6apbrepa. OCHOBHbIE HOCUTEINH 3apsiI0B JIETKO CMOTYT MPEOI0eTh NOTEHIMATIbHBIN Oapbep, U M03TO-
My 4epe3 p-n nepexon OyJeT NpoTeKaTh CPAaBHUTENBHO OOJIBIION TOK, BBI3BAHHBIH OCHOBHBIMH HOCH-
TEJSIMM 3apAJa.

E. A. Mockaros. Ctp. 10
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Takoe BKJIIOUEHME p-N NEPEXO0Ja HA3bIBAECTCA NPAMBIM, U TOK YEpEe3 P-N NEPEXOA, BBI3BAHHBIN
OCHOBHBIMM HOCHUTEJIIMU 3aps/ia, TAKXKE Ha3bIBa€TCSA NPSIMBbIM TOKOM. CUHTAETCsl, YTO MPH NPSIMOM
BKJIIOYEHUH P-N TIEPEX0]l OTKPHIT. ECIIM MOAKIIOUNTE BHEIIHEE HANPSHKEHUE MUHYCOM Ha p-00J1acTb,
a IUTFOCOM Ha N-00J1acTh, TO BO3HUKAET BHEUIHEE JIEKTPUUECKOE M0JI€, TUHUN HANPSKEHHOCTU KOTO-
pOro CoBIAJAaOT C BHYTPEHHUM IIOJIEM p-h nepexoja. B pesyibTrare 3T0 MpUBEAET K YBEIUYEHUIO T10-
TEHI[MAIBHOTO Oapbepa M IUPHHBI p-n nepexoqa. OCHOBHbIE HOCUTENHU 3apsija HE CMOTYT IpPeoJIo-
JETh p-Nn MEPEX0Jl, ¥ CUUTAETCS, YTO P-n Mepexo] 3akphIT. O6a 1Moist — ¥ BHYTPEHHEE U BHEIIHEE - SIB-
JISIOTCSL YCKOPSIIOUIMMHU /1711 HEOCHOBHBIX HOCHUTEJNIEH 3apsiia, I03TOMY HEOCHOBHBIE HOCUTENH 3apsiaa
OyIyT MPOXOJUTH Yepe3 p-h Mmepexoll, 00pa3ysi OYeHb MaJICHbKUN TOK, KOTOPBIA Ha3bIBaeTcst oOpat-
HBIM TOKOM. Takoe BKIIIOYEHHE P-n epexo/ia TaKKe Ha3bIBaeTCsl OOPATHBIM.

3) CaoiicTBa p-n nepexo/a. K ocHOBHEIM CBOMCTBAM p-n IIEPEX01a OTHOCATC:
@ CBONCTBO OJHOCTOPOHHEH NMPOBOJUMOCTH;
@ TemneparypHsle CBOMCTBA pP-n IIEPEX0a;
@ YacTOTHBIE CBOWCTBA P-n MEpPEXoa;
@ 1po0oii p-n mepexoa.

CBOMCTBO OJTHOCTOPOHHEN MPOBOJUMOCTH P-n MEPEX0a HETPYAHO PAaCCMOTPETh HA BOJIBTAMIIEPHOI
xapakTepuctuke. BonpramnepHoii xapaktepuctukoil (BAX) HaspiBaeTcst rpauuecKky BhIpaKEeHHAs
3aBUCHUMOCTh BEJIMYMHBI MPOTEKAIOUIEr0 4Yepe3 p-n MEepexo]] TOKa OT BETUYMHBI MPUII0KEHHOTO
Hanpspkenus. [=f(U).

Byzaem cuutath npsmMoe HanpsHKEHUE TOJIOKUTENbHBIM, 00paTHOE — OTPHUIIATEIFHBIM. TOK Yepes p-n

Mepexo MOKET OBITH OHpeHCHéH CJICAYHOUINM 06pa30M:
e’ U

I=1,-(e*"=1) "’
rae lo — TOK, BBI3BaHHBIN MPOXO0XKICHUEM COOCTBEHHBIX HOCUTENIEH 3apsa;
€ — OCHOBaHHE HaTypaJIbHOTO Jlorapudma;
€’ — 3aps1 DIIEKTPOHa,
T — Temnieparypa;
U — HamnpsikeHHe, IPUII0KEHHOE K p-h MEPexXoay;
k — mocrosinHas bonpimana.
[Tpu mpsiMOM BKITFOUEHUU:

E. A. Mockaros. Ctp. 11



V> 1

Inp=1,-e"
[Tpu yBenmueHNH MPSIMOTO HATIPSDKEHHS MIPSIMOM TOK U3MEHSIETCS TI0 AKCTIOHEHIIHATHLHOMY 3aKOHY.
[Tpu 06paTHOM BKIIIOUEHUU:

Toop=1,-(e V=1

eV«

loop=—1,

U

Pwuc. 17

Tak kak BenrunHa 0OpaTHOrO TOKA BO MHOT'O pa3 MEHBIIIE, YeM IPSIMOro, TO 0OpaTHBIM TOKOM MOX-
HO MpeHeOpeydb U CUUTATh, YTO P-N MEPEXO0] MPOBOAUT TOK TOJIBKO B OJJHY CTOPOHY.

TemnepaTypHOe CBOMCTBO p-n Mepexojia MoKa3bIBaeT, Kak H3MEHsETCs paboTa p-n mepexoja npu u3-
MEHEHUHU TemIieparypbl. Ha p-n nepexoa B 3HaUMTENILHOW CTEIEHU BIIMSET HATPEB, B OUEHb MAJIOU
CTENEHU — oxjaxiacHue. [lpu yBenudyeHuM TemnepaTypbl YBEIMYMBAETCS TEPMOTEHEpalUs HOCHU-
TeNe 3apsaa, YTO MPUBOIUT K YBEITUYCHUIO KaK MPSIMOTO, TaK M 00OPaTHOTO TOKA.

YacToTHbIE CBOMCTBA p-h MEpPexo/ia MOKa3bIBAIOT, KAk padOTaeT p-n MEpexoj NpH Mojaye Ha HEro
MIEPEMEHHOTO HAMNPSHKEHUS BBICOKOM 4acTOThl. YacTOTHBIE CBOWMCTBA P-n MEPEXOAa ONMPEAEISIOTCS
ABYMA BUJaMU EMKOCTHU nepexonaa.

| | |
| | | | |
| | | | Sp-n \
| o | /g | |
1 1 1 1 |
I I N Y T I Y E IO
/ -/ /] o+ /
/ / / / /
/ / / / /
/ P / / / n |/
AX
Puc. 18

[lepBbIif Bua EMKOCTH — 3TO EMKOCTH, OOYCIIOBIIEHHASI HETIOABIKHBIMU 3apsiaMi HOHOB JIOHOPHOM
U aKuenTopHoi npumecu. OHa Ha3bIBaeTCs 3apsIHON, WK 0apbepHO EMKOCTBIO.
€€,S
d
€€, Sp—n
Ax
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Bropoii Tun émxoctr — 310 nuddy3nonHas EMKOCTh, 00ycIIOBIeHHAS AU PYy3UCH MTOIBUKHBIX HOCH-
TeJIeH 3apsia yepe3 p-n mepexol Mpu IPsIMOM BKITFOUCHHH.
Cougp= 0
Unp
Q — cyMMapHsblif 3apsiji, MIPOTEKAIOIIUM Yepe3 p-n nepexo.
—»

Ri
. 1 .
A Ci
N N _ /

Cp-n= C6ab;épH.+Cnm¢.
Puc. 19
Ri — BHyTpeHHEE COMPOTHUBIICHUE P-N MEPEXOa.
Ri ouens Mano mpu npsmom BriIrodeHHH [Ri = (n-1 + n-10) OM] u OyneT BeNMMKO Mpu 0OpaTHOM
BKIIt04eHUU [Rigsp = (n°100 kOm + n'1 MOwm)].
1

X, =
w:-C

aNa)

U

Puc. 20

Ecnu Ha p-n nepexon noxaBaTh NEPEMEHHOE HAIIPSDKEHUE, TO EMKOCTHOE CONIPOTUBIICHUE P-N Iepe-
xofa OyJeT YyMEHbBIIAThCsS C YBEIMYEHHEM YacTOThI, M IMPH HEKOTOPHIX OONBIIMX YacToTaxX &EM-
KOCTHOE CONPOTUBIIEHUE MOXKET CPABHATHCS C BHYTPEHHHUM COIPOTUBIIEHUEM P-N IIEpeXoa IpH Mpsi-
MOM BKJIFOYEHUHU. B 3TOM citydae pu 0OpaTHOM BKJIFOUEHUU Yepe3 ATy EMKOCTh MOTEUYET 10CTATOUHO
001110} 0OPATHBIM TOK, U p-n MEPEXO/ MOTEPSET CBOMCTBO OJTHOCTOPOHHEN POBOJAUMOCTH.

BbIBoz: ueM MeHblIe BeIMYMHA EMKOCTH p-n NEPexosa, TeM Ha 0oJiee BBICOKMX YacTOTaX OH MOXKET
paboTars.

Ha yacToTHBIE CBOWCTBAa OCHOBHOE BIMSHHE OKa3blBaeT OapbepHas €MKOCTh, T. K. AU dy3uoHHas
€MKOCTb MMEET MECTO IIPU NPSIMOM BKJIIOUEHHH, KOTJa BHYTPEHHEE CONPOTHUBIIEHUE P-N NEpexona

Maro.
ITpo6oii p-n nepexona. lo6p = - Io

A Inp

lo

<

Uo6p 7”+ ) Unp

YuacTok /

anekTpuieckoro |
npoGos l

yuacrox/v

Tennosoro
npoGos

“ + o6p
Puc. 21

[Tpu yBenuyeHun oOpaTHOrO HAMPSHKEHUS SHEPTHUS AJIEKTPUUYECKOTO MOJII CTAHOBUTCS JAOCTAaTOYHON

JUIsl TeHepalliy HocUTeNneH 3apsaaa. To NPUBOIUT K CHIIBHOMY YBEJIMYEHHUIO OOpaTHOTO TOKA.

SIBieHMe CUITFHOTO YBENUYEHUS 00OpaTHOTO TOKa MPH ONpeeIEHHOM 00paTHOM HaNpsXKEHUU Ha3bl-

BACTCA JICKTPUICCKUM r[po6oeM p-n riepexoaa.

E. A. Mockaros. Ctp. 13



OnexTpuueckuil mpodoi — 3To 00paTUMBbIN TPOOOH, T. €. IPH YMEHbLUIEHUH OOPATHOTO HANPSKEHUS
p-n Iepexo] BOCCTaHaBJIMBAET CBOWCTBO OAHOCTOPOHHEN IpoBoauMOCTH. Eciin o6paTtHoe Hampsike-
HUE HE YMEHBIINTb, TO TOJYIPOBOJHUK CHJILHO Harpeercs 3a CYET TEIUIOBOTO JEHCTBUS TOKa U p-n
nepexoj cropaer. Takoe siBJICHUE Ha3bIBACTCS TEIJIOBBIM MPOOOEM p-n mepexoja. TermoBoi mpoooit
HEoOpaTHM.

Ilepexon LloTTku

1) Oopa3zoBanue nepexoaa llorrku
2) IIpsimoe u oOpaTHoe BrIO4YeHue 1u00B LloTTkn

1) OopaszoBanue nepexona LIorTku. IMepexox [IIOTTKH BOSHUKAET HAa IPAHHIIE pasjieia Me-
TaJula ¥ MOJYNPOBOJHMKA N-TUMA, MPUYEM METALT JOJDKEH MMETh paboTy BBIXOZA DIEKTPOHA
00JIBIIIYIO0, YEM TOTYITPOBOAHHUK.

AmM>An.np
&

+ + o+ |+ +
m
E

‘ EBH
\
\

Puc. 22

ITpu KOHTaKTe IByX MaTe€pHajioB C pa3HON pabOTOMN BbIXO/A 3JIEKTPOHOB AJIEKTPOH MPOXOAUT U3 Ma-
Tepuana ¢ MEHbIIEH padoToi BHIXOJA B Marepuai ¢ Ooibliiedl paboToOi BBIXOAA, U HH NPU KaKUX
YCIOBUSIX - HA00OPOT. DIIEKTPOHBI U3 MIPUTPAHUYHOTO CJIOS MTOJYTPOBOJHUKA IEPEXOAT B METANI, a
Ha UX MECTE OCTAIOTCS HEKOMIIEHCUPOBAHHBIE MTOJIOKUTEIBHBIE 3apsiibl HOHOB JIOHOPHOW ITPUMECH.
B Mertamie 6oibl1oe KOJIMYECTBO CBOOOIHBIX 3JIEKTPOHOB, U, CIEIOBATEIbHO, HA IPAHUIIE METalI-
HOJIYIIPOBOJHUK BO3HHMKAET IEKTPUUECKOE I10JI€ U MOTEHIMANIbHBINH Oapbep. Bo3Hukiiee nosie Oyner
TOPMO3SIILIUM JIJIs JIEKTPOHOB MOJIYIPOBOJHMKA M OyeT 0TOpackiBaTh UX OT IpaHuUllbl pa3zaena. ['pa-
HULA pa3/iena MeTajula M MOJYIPOBOJAHHUKA CO CIIOEM IIOJIOKHUTEIBHBIX 3aps0B MOHOB JTOHOPHOM
npumecu HazbiBaeTcs nepexonoM LloTTku (oTkpsIT B 1934 romy).

2) Mpsimoe u oGpaTHOe BKIOYeHne auoxoB IlorTku.

¥+ Ecmu npunoxuTh BHEUIHEE HANpsDKEHUE TUTFOCOM Ha METalll, @ MUHYCOM Ha IMOJYNPOBOJHHUK,
BO3HUKAET BHEILIHEE AJIEKTPUUYECKOE I0JIe, HAIpaBJIE€HHOE HaBcTpedy noito nepexona LoTTku.
OT0 BHElIHee 1noje KoMneHcupyer nose nepexona LHoTTku u OyneT SABASTHCS YCKOPSIOIIUM IS
3JIEKTPOHOB MOJYNPOBOJAHUKA. DJIEKTPOHBI OYIyT MEPEXOAUTh M3 MOJYNPOBOJHUKA B METalll,
00pasyst CpaBHUTEIHHO OOIBIION MPSAMOM TOK. Takoe BKIIIOUEHUE HA3bIBACTCS TIPSIMBIM.

#+ [lpu momaye MuHyca Ha MeTasll, a TUIOCA HA TOJYNPOBOJHUK BO3HUKACT BHEIIHEE JJICKTpUYC-
CKoe TmoJje, coHamnpasieHHoe ¢ mojieM nepexona lortku. Oba 3TuX moss OyayT TOPMO3SIIMMHU
JUISL SJICKTPOHOB TOJYMPOBOAHMKA, U OyQyT OTOpachiBaTh MX OT IpaHUllbl pazfena. Oba sTux
1oJst OyIyT YCKOPSIOLUIMMHU ISl 3JIEKTPOHOB METalljla, HO OHU Yepe3 TpaHMIly pasjiena He Mpoii-
JyT, TaK Kak y MeTajuia OoJbine paboTa BbIXo/a 3JeKTpoHa. Takoe BkimoueHue nepexona LIoTt-
KU Ha3bIBAETCS OOPATHBIM.

OOpartHblii Tok yepes nepexoy LoTTku OyaeT MoNMHOCTBIO OTCYTCTBOBAaTh, TAK KaK B METAJLIE HE Cy-

IIECTBYET HEOCHOBHBIX HOCHUTEIIEH 3apsi/i0B.

HocronnctBa nepexona lorrku:

- OTCYTCTBUE O0PaTHOTO TOKA;

- nepexon llortku moxket padorars Ha CBUY;

- BBICOKOE OBICTPOACHCTBUE TIPH MEPEKITIOYCHUH U3 MPSMOT'0 COCTOSIHUSI B 00paTHOE M HA00OPOT.

E. A. Mockaros. Ctp. 14



HGILOCTB.TOK — CTOMMOCTB. B kauecTBe MeTaiia 0OLIYHO MMPUMCHATIOT 30JI0TO.

HekoTopbie 3@ PeKThI TOJTYyIPOBOIHUKA

1) TonneabHblit 3¢ dexT
2) I¢pdexr I'ana
3) Idppexr Xomaa

1) Tounensusrii 3dpdexr. Tonnensubiii 3Gpdext (OTKpHIT B 1958 rogy B SImoHMK) MpOSIBISETCS Ha
p-n [epexo/ie B BBIPOKIAEHHBIX MOIYIPOBOIHUKAX.

BrIpokI€HHBIN MOJIYyIPOBOJHUK — 3TO MOJYIPOBOJHUK C OYEHb BBICOKON KOHLEHTpauuen TOHOp-
HOM WM akuenTopHoi npumecH. (Konuenrpanus — 10* aromos npuMecu Ha 1 Ky0. ¢M. IOIyIIPOBOI-
HUKA).

B BBIpOXIEHHBIX MOJIYNPOBOJHUKAX OYEHb TOHKHM P-N MEPEXOJ: €r0 LIIMPUHA COCTABIIAET COTHIE
JI0JIM MUKPOHA, a HATPSHKEHHOCTh BHYTPEHHETO T0JIs p-N Tiepexoaa cocrapiser Ep-n = 10° B/M, uro
o0ecrieynBaeT OYCHb BBICOKMN NOTEHIMAJIbHBIN Oapbep. OCHOBHBIE HOCHUTENM 3apsijia HE MOTYT
IPEOJIONIETh TOT MOTEHIUANBHBIN Oaphep, HO 3a CYET MaJiol €ro MHMPUHBI KaK Obl MEXaHWYEeCKU
npoOuBalOT B HEM TOHHEINH, Y€pe3 KOTOPBIE MPOXOIAT IPYTUe HOCUTEIH 3apsI0B.

CrnenoBaTebHO, CBOMCTBO OJHOCTOPOHHEH MPOBOAMMOCTH Ha P-N MEPEX0Jie MPU TOHHEIHHOM 3(-
¢dexTe 0OTCYTCTBYET, a TOK Yepe3 p-n Nepexo]l OyAeT UMETh TPU COCTaBIISIOLIHE:

I =Ir.op. — It.00p. + Inp.,

rae IT.np. — npsAMol TOHHENBHBIN TOK, 3a CUET MPOXOXKICHHS 3apsA0B UYe€pe3 TOHHENH MPU MPSIMOM
BKJIFOUEHUH;

IT.00p. — 0OpaTHBII TOHHENBHBIN TOK, TOT K€ CaMBbIil, YTO U IPSIMOM, HO IPH OOPATHOM BKJIIOUEHUU;
Inp. — mpsiMON TOK ITPOBOAMMOCTH. BBI3BaH HOCHUTEIAMU 3apsia, NPEOA0IEBAOIIMMY TOTEHIUAIIb-
HBII 6apbep MPU OTHOCUTEIHLHO BEICOKOM MPSIMOM HAIPSKECHHH.

BonbramnepHast XapakTepuCTHKa p-n Mepexojia Ipu TOHHEIbHOM 3¢ deKTe OyaeT UMeTh B, N300-
paxEHHBIN Ha pUCYHKe 23.

IT.OEP

Puc. 23

Ha yuactke AB npsiMoif TOHHENbHBIN TOK YMEHBIIAETCS 3@ CUET CHUKEHUS TOTEHIMAIBHOIO Oapbe-
pa 1 B Touke B OH CTaHOBUTCS paBHBIM HYJIIO, @ TOK IIPOBOAMMOCTH HE3HAUUTEIHHO BO3pacTaeT. 3a
c4€T HTOro o01Mil Tok Ha yuyacTke AB ymensbiiaercsa. OCOOEHHOCTBIO TOHHENIBHOTO 3 deKTa SBISAET-
Csl TO, YTO HA ydacTKe AB XapaKTepUCTHKM MMEET MECTO OTPHULATENbHOE JUHAMUYECKOE CONPOTHB-
JICHHE.

AU Us-Ua

Ri =
Al le—Ia

E. A. Mockaros. Ctp. 15



TouHenpHBIN APHEKT TPUMEHSIETCS B TOHHEIBHBIX JHOAAX, KOTOPHIE UCTIOIB3YIOTCS B CXEMaX I'eHe-
paTOpPOB rapMOHUYECKUX KOJIEOAHUI U KaK MaJIOMOIIHbIE OECKOHTAKTHBIE MEPEKITI0YAIOIINE YCTPO-
CTBa.

2) Ipdexr I'ana

D¢ dexr I'ana nposBnsieTcs B MOTYIPOBOJHUKAX N-THUIIA TPOBOJIUMOCTH B CUIIBHBIX DJIEKTPUUECKUX

HOJISX.

1A B
A

Exp Enop E
Puc. 24

VYyactok OA — TUHEWHBINH y4acTOK, Ha KOTOPOM coOutogaercs 3akoH Oma. Yuactok AB — mipu cpas-
HUTEJIHHO OOJBIINX HAMPSDKEHHOCTSIX 3JEKTPUYECKOTO TOJS YMEHBIIACTCS MOJBMKHOCTD 3JIEKTPO-
HOB (TIOKa3bIBAET, KAK JIETKO JIEKTPOHBI IPOXOJAT CKBO3b KPUCTAIIIMYECKYIO PEMIETKY IPOBOIHUKA)
3a CUéT yBENMYEHHUS aMIUIUTY] KoJieOaHUsl aTOMOB B y3JaX KpUcCTalsmdyeckod pemérku. M 3a cuér
3TOr0 POCT TOKa 3ameasisiercsi. YuacTok BC — cuiibHOE yMEHbIIEHHE MOJBUKHOCTH 3JIEKTPOHOB, UTO
MPUBOJIUT K YMEHBIIEHUIO TOKa. Y4acTok CD — npu oueHb OOJBIIMX HAMPSHKEHHOCTSIX 3HAUUTEIBHO
YBEIMUUBAETCSA FE€HEpaLusl HOCUTENeH 3apsa0B U, XOTA MOJIBUKHOCTD 3JIEKTPOHOB YMEHBIIAETCS, TOK
BO3pPACTAeT 3a CUET YBEJIMUEHUS KOJIMUECTBA 3aps10B.

CymurHocTs 3¢ ¢exra ['aHa cOCTOMT B TOM, YTO €CJIM B MOJYIPOBOJHUKE CO3/1aTh HANPSKEHHOCTD
3NEKTPUUECKOro nouis, 6ombinyto Exp, Ho MeHbiyto Enop, T. e. Ha yuactke BC xapakTepucTuku, To
B IOJIYIPOBOJHUKE BOZHUKHYT AJIEKTpUUYECKUe KoieOaHus cBepXBbIcoKoi yacToThl (CBY).

D¢ dexr ['ana npumensercs B Auonax ['aHa, KOTOpble UCIOIB3YIOTCA KaK MaJOMOIIHBIE T€HepaTOPhI
CBU.

3) Ipdext Xouaa

Oddext Xosmna nposBiaseTcs B MOIYNPOBOAHUKAX N-TUIA IPOBOAMMOCTH C MPOTEKAIOIIMMHU Yepes
HUX TOKaMU U MOMEMIEHHBIMA B MarHUTHOE T10JIE.

Puc. 25
Ha nerxymuecs a1meKTpoHbI B IOMYHIPOBOAHUKE OyaeT nerictBoBath cuia Jlopenua F, mon aeiicTBu-
€M KOTOPOH 3JIEKTPOHBI OYAYyT OTKIOHSATHCS K JAIbHEMY Kpalo IUIACTUHKH (CMOTPH PHCYHOK 25),
CJIEIOBATENIbHO, TaM Oy/AeT CryllEeHUE S3JEKTPOHOB, a OKOJIO INEPEJAHEro Kpas — HEJOCTaTOK HX.
[TosTomy mexny sTimu Kpasimu Bo3HUKHET DJIC, koTopas HassiBaeTcs D/1C Xomra.
Dddext Xosmia npuMeHsSeTCs B MArHUTOMETPUYECKUX TaTUUKAX.
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[TonyrIpOBOAHUKOBEIE IIPHUOOPHI
Y cTpoicTBO, K1acCU(UKALKS U OCHOBHBIC
napaMeTphl MOJTYIPOBOAHUKOBBIX JUOA0B

1) Knaccudpurkauus v ycJIOBHbIE 0003HAYECHUS MOJTYIIPOBOAHUKOBBIX IH010B

2) KoHCcTpyKUMs MOJYNPOBOTHNKOBBIX JHOI0B

3) BoabTamMnepHasi XapaKTepUCTHUKA U OCHOBHbIC NMapaMeTpbl MOJYNPOBOJIHH-
KOBBIX IM0/10B

1) Kanaccnduxanus U ycaoBHbIE 0603HAYEHHS OJYNPOBOAHUKOBBLIX AHOA0B. ITonynpoBoanu-
KOBBIM JTMOJIOM HAa3bIBAETCS YCTPOMCTBO, COCTOSAIIEE M3 KPHUCTAIIA MOJIYIPOBOJHUKA, COAEPKa-
1iee 0OBIYHO OAMH P-N NEPEX0]] U UMEIOIIIEE /1Ba BBIBOAA.

Knaccugukanus 110108 IPOU3BOJUTCA MO CIEIYIOLUIMM IPU3HAKAM:

1] ITo KOHCTPYKIUU:

@ IUIOCKOCTHBIEC TUOJBI;
& TOYCUHBIE JUOJBI,
& MMKpPOCIUIABHBIE AUOMBI.
2| Ilo momHOCTH:
@ MaJoOMOIIHEIE;
& cpeaHel MOIIHOCTH;
& MOIIHEIE.
3] Ilo yacrore:
@ HM3KOYaCTOTHLIC;
& BBICOKOYACTOTHBIC;
& CB4U.

4] Ilo ¢pyHKIIMOHATBHOMY Ha3HAUEHHIO:

# BBHIIPAMUTEIbHBIEC AUOBL;

UMITYJIbCHBIE JJUOJBIL;

CTaOMIINTPOHBI;

BapHUKarlbl;

CBETOANO/IBI;

TOHHEJBHBIE THOBI

Y TaK Jajuee.

VYcnoBHOe 0003HaYeHUE IMOJI0B MOApa3AeiseTcs Ha J1Ba BUA!

- MApKHUPOBKA AMOJIOB;

- ycnoBHoe rpagudeckoe o0o3HaueHue (YI'O) — o603HaueHre Ha MPUHIMIHATIBHBIX JIEKTPUYECKUX

CXeMax.

ITo crapomy 'OCTy Bce nuoasl o6o3Havanucy OykBoi J| u undpoii, koTopas ykaspiBaja Ha dJICK-

TPUYECKHUE MTapaMETPbl, HAXOAALIUECS B CIIPAaBOYHUKE.

Hogerit 'OCT Ha MapKupoBKY JHOJIOB COCTOUT U3 4 0003HAUCHHIA:

K C -156 A
| \
I'} a }-507 }E

L m v
Puc. 26

I — noxaseiBaer MaTepuraJl MOJYIIPpOBOJHUKA:
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I' (1) — repmanuii; K (2) — kpemunii; A (3) — apceHu rauius.
II — tun nosynpoBoHUKOBOTO qHOMA:

J — BempsmurenbHbie, BU 1 uMITy1bCHBIE JUOMBI,

A — mnone1 CBUY;

C — cTaOuIuUTpOHBI;

B — Bapukansr;

W — TyHHETIBHBIE THOJTBL;

® — poroamosr;

JI — cBeTOIHO MBI,

L] — BBIMpSAMHUTENIbHBIE CTOJIOBI K OJIOKH.

III — tpu tudpst — rpynmna AMOI0B MO CBOMM 3JIEKTPUUECKUM MAPAMETPAM:

101+3996binpsavumensvrule
yi 401+499 BYouoowi
501+ 599umnynvcrore

IV — momudukanus 1uonos B 1aHHOM (TPEThEl) IPyIIIE.

YIo:
%X %E # %E %S /ﬂ \\
a) 6) B 1) a) e ) 3)

a) Tak 0603Ha4aloT BbINPAMUTENBbHBIE, BBICOKOYACTOTHbIE,
CBY, umnynbcHble u gnogpl MaHa; 6) cTabunUTpoHI; B)
BapuKarnbl; r) TOHHenbHble Anoabl; A) avoabl LoTTkuy; €)
cBeToamnoabl; ) hoToaNOAbI; 3) BbIMPAMUTENBHbIE BOKM

Puc. 27

2) KoHcTpyKumsi NOJyIpOBOAHUKOBBIX 110108, OCHOBOM INIOCKOCTHBIX M TOYEUHBIX JTHOJIOB SB-
JsIeTCsl KPUCTAILT MOYTIPOBOIHUKA N-TUIIA TPOBOJAUMOCTH, KOTOPBIN Ha3bIBaeTcsl 0a30il TpaH3u-
ctopa. basza npumanBaeTcst K METaJUIMYECKOH TUIACTHHKE, KOTOpask Ha3bIBACTCs KPUCTAILIOEpIKa-
TeseM. [ III0CKOCTHOTO MoJa Ha 0a3y HaKIIAAbIBAeTCs MaTepua aKUEeNTOPHON MpUMEcH U B
BaKyyMHOU Me4M MpHU BBICOKOH Temmepatype (mopsiaka 500 °C) mpoucxomut auddysus akuern-
TOPHOU MpuUMecH B 0a3y I1oja, B Pe3yJIbTaTe 4ero oOpaszyeTcs: 00JacTh p-TUIa MPOBOJAUMOCTU U
p-n niepexo 1 60IBIION TUIOCKOCTH (OTCIO/1a Ha3BaHHUE).

BbiBog OT p-001acTi Ha3bIBaeTCsl AaHOIOM, a BBIBOJ, OT N-00J1aCTH — KAaTOJOM (CMOTPUTE PUCYHOK

28).
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npumMmecb

6asa

Kpucrtannogepxatenb

K ~ ‘\

Punc. 28

Bonbiias miockocTs p-n nepexoja INIOCKOCTHBIX TUOJOB MO3BOJISIET UM paboOTaTh MpHU OOJIBLINX
NPSIMBIX TOKaX, HO 3a CYET OOJBIION OaphepHOt EMKOCTH OHU OyayT HU3KOYACTOTHBIMH.
ToueuHble TUOMBI.

A | 0asa
Kpucrtan-
noaep-

< ‘ XaTenb

n

BN y

K\_/l
Pwnc. 29

K 6a3e ToueyHoro anona NOABOAAT BOIb(PPAMOBYIO POBOJIOKY, JISTHPOBAHHYIO aTOMaMH aKIIETITOP-
HOW NpUMECH, U Yepe3 He€ MPOIYCKAI0T UMITYJIbChI TOKa cuilo 10 1A. B Touke pazorpeBa aTOMBbI ak-
HENTOPHON MPUMECH MEPEXOIAT B 0azy, 00pa3zyst p-o0aacTs (cmotpute pucyHok 30).

BonbdpamoBasa urna

‘///

O6nacTb p-Tuna

/)GﬂaCTb n-tuna
"/ /

Puc. 30

[TommyuaeTcst p-n nepexoj O4eHb MaJION MIomaay. 3a c4€T ITOro TOUEUHbIE JUObI Oy IyT BHICOKOYA-
CTOTHBIMH, HO MOT'YT pa60TaTI> JIMIIb Ha MAJIbIX MPAMBIX TOKax (I[GC?ITKI/I MI/IJ'IJ'II/IaMl'Iep).

MI/IKPOCHJ’I&BHBIC AUO0AbI.

E. A. Mockaros. Ctp. 19



Hx momy4aroT myTéM CIUIABIEHUS MUKPOKPHCTAUIOB IOJYNPOBOJHUKOB P- M N- THUIA MPOBOJUMO-
ctu. [To cBoeMy xapakTepy MUKpPOCIUIaBHbBIE JUO/bI OyAyT IJIOCKOCTHBIE, a [0 CBOMM IIapaMeTpam —
TOYEYHBIE.

3) BOﬂbTaMHepHaﬂ XapaKTepUCTUKA U OCHOBHBIE MapaMeTPbl MOJTYIIPOBOJAHUKOBBIX THOJA0B.
BAX ngeanbHoro

/ p-n nepexona

BAX peanbHoro
p-n nepexona

Inp

Puc. 31

BonbramiiepHas xapakTepucTUKa peaabHOTO AMOAA MPOXOAUT HIDKE, YeM Y UIeabHOTO P-n Mepexo-
Jla: CKa3bIBAETCs BIUSHUE COMpPOTUBIeHUs 0a3bl. [locie Toukn A BolbTaMIEpHas XapaKTEpPUCTHUKA
OyZeT mpeacTaBiiATh cOO0M MPSAMYIO JHHHIO, TaK Kak Mpu HampshkeHun Ua MOTEHIUANbHBIN Oapbep
MOJTHOCTBIO KOMITEHCHpPYeTCsl BHEITHUM moneM. KpuBas oOparHoro Toka BAX mMeeT HakIIOH, Tak
Kak 3a cu€T BO3pacTaHHss OOpaTHOTO HANpPSIKCHUS YBEIMYHBAETCS TeHepalus COOCTBEHHBIX HOCH-
TeJIeH 3apsa.

® MaxkcuManbHO AOIYCTUMBIN NPAMOM TOK Imp.max.

¢ [Ipsamoe nageHue HaPsDKEHUS HA AMOJE NIPU MaKCUMaJIbHOM IpssMoM Toke Unip.max.
® MakcuMaIbHO JoIycTuMoe oOpaTtHoe Hanpsbkerre Uobp.max = (%5 + %) - Usin.npo®.
e OOpatTHBIi TOK P MAKCUMAJIBHO JIOIyCTUMOM OOpaTHOM HampspkeHuH loOp.max.

e [IpssmMoe u oOpaTHOE CTaTUYECKOE CONMPOTUBIICHHUE IMOJA NMPH 3aJaHHBIX NPSIMOM U OOpaTHOM

Unp. Uob
Hanpsokenusx: Rernp = In;l)) ; Rerobp = ]06; :

E. A. Mockaros. Ctp. 20



AUnp

e [Ipsamoe u oOpaTHOE TMHAMUYECKOE COTIPOTHBIICHUE AHOA: Rinp = Alnp ;

Inp —I'np Alo6p. To6p —I'06p

BhIpsAMUTEIBLHBIE TUOIbI

1) O0mas xapakTepuCcTHKA BHINPSIMHUTEIbHBIX 1HO0/I0B
2) BriiloueHHe BbIIPAMHUTEIBHBIX IHO/I0B B CXeMaX BbINPSIMHUTEJIEH

1) O6mas xapakrepucTuKa BHINPAMHTENLHBIX JHOA0B. BBIIPAMUTEILHBIM JUOIOM HA3bIBAETCS
MOJTYTIPOBOJHUKOBBIN MO, MpeaHa3HAYCHHBIN U1 mpeoOpa3oBaHus MEPEMEHHOTO TOKa B MOCTOSH-
HBII B CUJIOBBIX LIETISIX, TO €CTh B HICTOYHUKAX MUTAHUS. BBIIpsAMUTEIbHBIE TUOBI BCET 1A MIIOCKOCT-
HbIE, OHU MOTYT OBITb F€pMaHHUEBbIE WIM KpeMHHUEBbIC. |'epMaHuEeBbIe TUO/bI JyUllle KPEMHUEBBIX
TEM, YTO UMEIOT MEHBIIIEE NPAMOE NajJicHNe HanpskeHus. KpeMHueBble U0l IPEBOCXOAAT repMa-
HHUEBBIE 10 JIMana3oHy pabouux Temreparyp, o MaKCUMaJbHO JOIMYCTUMOMY OOpaTHOMY Harpsike-
HUIO, a TAK)KE UMEIOT MEHBIINN 00paTHBIN TOK.

Ecnu BBIIpSMIIEHHBINH TOK OOJbIIE MAaKCUMAIBHO JOMYCTHMOTO MPSMOTO TOKa IHOAA, TO B ATOM
ClIy4ae JIOMyCKaeTCs mapajijieIbHOE BKIIOYEHUE JUO0I0B (CMOTPUTE PUCYHOK 33).

VD1 Ra1

VD2 Rn2

™~

=

VD3 Rno3
Pwuc. 33

JloGaBouHbIE CONPOTUBIEHUS R BETMYMHON OT eAUHUI 10 AecATKOB OM BKJIIOYAIOTCS C LIEbIO BbI-
PaBHMBAHUS TOKOB B Ka)XK10M U3 BETBEH.

Ecnu nanpsbxkeHue B LIEIHM MPEBOCXOIUT MaKCUMAIIBHO JIOIYCTUMOE OOpaTHOE HAIpsKEHHE TUOJa,
TO B 3TOM CIIy4ae JOIyCKaeTCs MOCIeJ0BATEIbHOE BKIIFOUEHNE TUO/I0B (CMOTPUTE PUCYHOK 34).

Ruw1 Rw?2 Rw3
F—e— F—e—
VD1 VD2 VD3
™~ ™~ ™~
v LA = =
Puc. 34

[yHTHpyIomre CONpOTUBICHUS BETUYUMHONW HECKOJIbKO cOT KOM BKIIIOYAIOT ISl BRIpABHUBAHUS T1a-
JICHUsI HAMPSDKEHUS Ha KaXXJI0M U3 JIUOOB.

2) Bkiroyenne BHINPSIMHATEIbLHBIX IHOI0B B CXeMaX BbINPAMHUTENe. JIMOIbl B CXEMaX BBIIPS-
MUTEJIEH BKIIFOYAIOTCS 1O OJHO- W JIBYXIIOJIYTIEPUOAHON cxeMaM. Ecium B3sTh OAWH AMOJ, TO TOK B
Harpyske OyJeT MpOoTeKaTh 3a OAHY IOJOBHHY IMEPHOJIA, TIOATOMY TAaKOW BBIIPSIMUTEb HA3BIBACTCS
oaHonoyynepuoaubiM. Ero Henocrarok — mansiid KIT/1.

VD1
TV1 ~
1
+(-) U Ry
~(t)
Puc. 35
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Pwuc. 36
3Ha‘II/IT€J'IBHO qanie HpI/IMeHSIIOTCSI )JByxnonynepnonHme BI)IHpHMI/ITeJ'II/I.
—»
VD1 . - ;
J RH

R

. 4

Pwnc. 38

B Tedenne monoxkurenpHOTO mojynepuoaa HampsbkeHus Ua (+) auoast VD1 u VD4 oTKpbITHI, a
VD2 u VD3 — 3akpeiThl. Tok OyzeT mpoTekaTh Mo IMyTH: BepXHss BeTBb (+), muoa VDI, Harpy3ka,
nuon VD4, HuKHSS BETBB (-).

B Teuenune orpunarensHoro nosynepuona HamnpsbkeHus Ua auoast VD1 u VD4 3akpsiBarores, a
muonel VD2 u VD3 otkpeiBatoTcs. Tok Oyaet mpoTekaTs OT (+), HUKHSS BeTBb, Auoa VD3, Harpys-
Ka, quox VD2, BepxHsis BETBb (-).

[ToaTomy TOK 4epe3 Harpy3Ky OyJIeT mpOoTeKaTh B OJTHOM M TOM K€ HalpaBJICHUH 3a 00a MOIyIepro-
na. CxemMa BBIIPSIMUTEINS HA3bIBAETCS IBYXITOTYTIEPHUOTHOM.

Ecnu monmxaronuii TpancopMaTop UMEET CPEHIOI TOYKY, TO €CTh BBIBOJI OT CEPEIUHBI BTOPUY-
HOM OOMOTKHM, TO JBYXIOJYTNEPUOIHBIM BBIIPSIMUTEIH MOXXET OBITh BBIMOJHEH HA ABYX JAHOJAX
(cmotpuTe puUCyHOK 39).
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Puc. 39

CTaOuINTPOHBI, BApUKAIIbI,
CBETOAUOAbI U (DOTOAUOIBI

1) CtadnauTpoHbI

2) Bapukanbi

3) ®oroguoabl

4) CBeroamnoanbl

1) Cradouaurponbl. CTaOUIUTPOHOM HA3bIBAETCS MOJIYMPOBOAHUKOBBIA AMOJ, MpEIHAa3HAUCHHBIH
JJIs1 CTa6I/IJ'II/ISaHI/II/I YPOBHA IIOCTOSAHHOI'O HAIPSAXKCHUA. CTa6I/IJ'II/I3aI_[I/IH — INOAACPKAHUEC KAaKOr'o-TO
YPOBHA HCU3MCHHBIM. ITo KOHCTPYKIHNH CTa6I/IJ'II/ITpOHLI BCCraa ImIOCKOCTHBIC U KPEMHHUCBLIC. HpI/IH-
OUII ,HGIZCTBHH CTaGI/IJ'II/ITpOHa OCHOBAaH Ha TOM, 4YTO Ha €ro BOHBTaMHepHOfI XapPaKTCPUCTHUKE UMECTCA
Y4acCTOK, Ha KOTOPOM HAIIPSKCHUC MPAKTUICCKU HEC 3aBUCUT OT BCJIMYHUHBI IIPOTCKAIOIICTO TOKA.

Uobp Uct

Puc. 40
TakuM y4acTKOM SIBIISIETCS yYACTOK AIIEKTPUYECKOTO MPo0os, a 3a CUET JETUPYIOMINX 100aBOK B IO-
JYIPOBOJHHUK TOK JIEKTPUUIECKOTO TMPOOO0st MOKET U3MEHSATHCS B IIMPOKOM JMANa3oHe, He Tepexois
B TEILJIOBOM MPOOOIA.
Tak KaKk y4acTOK 3JIEKTpHYECKOro Mpo0osi — 3TO 00paTHOE HAIPSKEHUE, TO CTAOUIIUTPOH BKIIIOYAET-
cs1 OOpaTHBIM BKJIIOYEHHEM (CMOTPHUTE PUCYHOK 40).

URo
e
! !
+ | Ro RH
L1 |
|
VD1 5
Usx ZS 3
I
- D

Puc. 41
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Pesucrop Ro 3a1aét Tok yepe3 cTaOMIMTPOH TaKKM 00pa3oM, YTOOBI BETMYMHA TOKA OblIa OJU3Ka K
CpeHeMY 3HaueHHUI0 Mexay lcT.min u Ict.max. Takoe 3Haue€HHE TOKA HAa3bIBACTCS HOMHUHAIBHBIM TO-
KOM CTaOWIA3allnN.

[punuun aeiicteus. [Ipu ymMeHbIIEHUN BXOJAHOTO HANpsOHKEHHUS TOK 4Yepe3 CTAOMIMTPOH U MaJleHue
HanpspKeHUs: Ha Ro MOKeT yMeHbIIaThCsl, a HAalPsDKEHUs. Ha CTAaOMIIUTPOHE U Ha Harpy3Ke OCTaHyTCS
MOCTOSTHHBIMM, MCXO/sI U3 BOJBTAMIIEPHON XapaKTepucTUku. IIpu yBenmnyeHnn BXOIHOIO HaIpsKe-
HUS TOK 4yepe3 cTabunuTpoH u Ugr, yBeIUUHBAETCA, a HAMPsDKEHUE Ha Harpy3ke BCE paBHO OCTAa&TCs
MOCTOSTHHBIM U PaBHBIM HAMPSIKEHUIO CTAOMITU3AIINU.

BrIBoA: CTaOMIUTPOH MOANEPKUBAET MOCTOSHCTBO HANPSDKEHHUS MPU U3MEHEHUU TOKa 4Yepe3 Hero
ot Icr.min go Ict.max.

OcCHOBHBIE TTApaMETPHI CTAOMIUTPOHOB:

¥ Hanpsoxenne crabunuzanuu UcT.
# MuHuManbHOe, MaKCUMaIbHOE W HOMHHAJIBLHOE 3HAUCHHE TOKa crabuiam3aimu Ict.min, ICT.-
max, lcT.HOM. (cMOTpHTE pUCYHOK 42).

Inp

AUct

Unp

I
‘ min

- — — — lcT

t—— — — — —| T

\ lcT

Puc. 42

¥ AUct. — '3MCHECHHE HAIIPSDKCHUS CTAOMITU3aIINH.
¥ JluddepernnanbHOEe COMPOTUBICHNE HA YIACTKE CTAOMITH3AIINN:
_AUan AUcm

Alcm  Iem.max — Icm.min
¥ TewmmneparypHblii K03QOUIUEHT cTaOMITH3AINN

Rem

Puc. 43
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aem =Y 1009

Ucm - At
AUcm.t =Ucm'-Ucm
At=1" -1’
CtaOunuTpoHbl, IpeTHA3HAYCHHBIC I CTA0MIN3alMA MAJIBIX HANPSDKCHHH, HA3bIBAIOTCS CTAOMCTO-

pamu.
Crabuctopsl — a5 cTabWiInM3aluyu HanpsbkeHus mMeHee 3B, u y HUX HCHONb3yeTcs MpsiMasi BETBb

BAX (cMotpute pucyHok 44).

I
lcT.

max

leT. .

|

A Ucr. u

A

-
|

Puc. 44

[IpUMEHSIOTCS CTaGUCTOPBI B IPAMOM BKJTIOUEHHH.

2) Bapukansl.

Bapukarnom Ha3bIBaeTCs TOJYIPOBOJAHUKOBBIN JHO, Y KOTOPOTO B KAYECTBE OCHOBHOIO MapameTpa
MCTIONB3YETCsS OapbepHas EMKOCTh, BEJIMYMHA KOTOPOM BapbUPYETCs NMPH M3MEHEHHH OOPaTHOTrO
Hanpsokenus. Clie0BaTeNbHO, BapHKal IPUMEHSETCS KaK KOHAEHCATOP IMEPEMEHHON EMKOCTH,
YIIPABJISEMbIN HAIPSHKEHHEM.

= +
- +
= +
A n
A X
0 A
A y
s s
| o8
X
A
A X \ 2
Puc.45

[Mpunnun neiicteus. Ecau k p-n mepexomy MPUIOKHUTb 00paTHOE HAMPSHKEHUE, TO MIHPHHA TTOTEH-
[IMAJIBHOTO Oapbepa yBETUIUBACTCS.
€ -Eo-Sp—n
C6 = G Go-0p—n
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[Ipu noaxr0ueHUH 0OpaTHOTO HAIPSKEHMS IIMPHUHA repexoaa AX yBelInYUBaeTCsl, CIe10BaTENbHO,
OapbepHast EMKOCTh OyeT yMeHbIIaThcsl. OCHOBHOW XapaKTEPUCTUKOM BAPUKAIIOB SIBJISIETCSI BOJIBT-

dapannas xapakrepuctuka C=f(UoOp).
AC

UoGp
Puc. 46

OcHOBHbBIC nmapaMeTpbl BAPpUKAIIOB.
L 4 MaKCI/IMaJIBHOe, MHHHMAaJIbHOE M HOMUHAJIbHOE 3HaUCHHE EMKOCTH BapuKaria.

Cmax
¥ Kooddunmenr nepexpoitust £ = ——— - OTHOIICHHE MAKCUMAJIbHOW EMKOCTH K MHHHMAITLHOM.

C min
¥ MakcumanbHoe pabodee HaNpsHKEHHE BapuKara.
3) ®oromuoanl. POTOAMOAOM Ha3bIBAETCA (HOTOraIbLBAHMYECKUN TPUEMHHUK U3JIy4EHHS, CBETOUYB-
CTBHUTEJBHBII 3JIEMEHT KOTOPOTO MPEACTABIAIOT COOOH CTPYKTYpY IMOJIYIPOBOJIHUKOBOIO aAnonaa 0e3

BHYTPEHHETO YCHJICHUS.

[Mpuntun neiictBus. [Ipu o0ydeHNH MOTYNPOBOJHIKA CBETOBBIM moTokoM @ Bo3pacTaer ¢orore-
Hepalys COOCTBEHHBIX HOCUTENEH 3apsiioB (CMOTPUTE PUCYHOK 47), UTO MPUBOIUT K YBEIHMUEHUIO
KOJIMYECTBA KaK OCHOBHBIX, TaK 1 HEOCHOBHBIX HOCHUTEJIEH 3aps10B.

(0]
b

Opnako QororeHepanys B 3HAUUTEIbHOW cTeneHH OyneT BIMSITh Ha OOpaTHBIA TOK, TaK Kak He
OCHOBHBIX HOCUTEJIEH 3apsA0B 3HAUUTEIBHO MEHBIIIE, YEM OCHOBHBIX.

®2>0 -

- lobp=I
O3>P2 Pl

Puc. 48
Host poroamonoB [obp — 3To poToTok. 3aBUcUMOCTh hoTOoTOKA Ih OT BETUUMHBI CBETOBOTO MOTOKA
[p=f(D) (cmoTpuTe pucynok 49).
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Puc. 49
CHGKTpaJIbHaH XapaKTepI/ICTI/IKa — OTO 3aBUCHUMOCTDH (1)OTOTOKa OT IJIMHBI BOJIHBI CBETOBOI'O Hsnyqe-

Hus 1p=f(A).
I A

Puc. 50
TemMHOBOH TOK — TOK uepe3 pOTOANOA MPU OTCYTCTBHH CBETOBOTO IOTOKA U MPH 3aJaHHOM paboueM
HaITPs>KCHUH.

1§
I/IHTCFpaJ'IBHaSI YYBCTBUTCJIBHOCTD — 9TO OTHOLICHUC (I)OTOTOKa K CBETOBOMY IIOTOKY S= g .
PaGouee HAaIIPpAKCHUE — 3TO O6paTHOC HaIpsKCHUEC, TTOAaBacMOC Ha (I)OTO,Z[I/IOI[, IIpu KOTOpPOM BCC

napameTpsl (oTono1a OyayT ONTUMATIBHBIMHU.

\\\\ VD1 RH

+~ E*~ -
Puc. 51

4) Ceeroaunoanl. CBETOAMOI0OM HA3bIBAETCS MOJIYIPOBOJHUKOBBIN TIPUOOD, B KOTOPOM IIPOUCXOIUT
HETIOCPECTBEHHOE NTPe00pa3oBaHNe IEKTPUIECKON SHEPTUH B SHEPTHIO CBETOBOTO H3JIyUEHHUSI.
[IpuHnun nevictBus. IIpu npsMoOM BKIFOYEHMH OCHOBHBIE HOCHUTENM 3apsiia MEpexoluaT 4epe3 p-n
nepexoq, W TaM pPEKOMOMHUPYIOT. PexomOuWHaius cBsi3aHa C BblAeACHUEM »HHeprud. [ms
OOJIBIIMHCTBA MMOJIYITPOBOJHUKOBEIX MAaTCPUAJIOB 3TO SHEPTHA TCIIJIOBAs. Tonsko AJI1 HEKOTOPBIX THU-
II0OB Ha OCHOBE apCeHuJa rajuius IIUpHHA 3anpeniéHHON 30HbI AW 10OCTaTOYHO BEJIMKA, U JJIMHA
BOJIHBI JIEKUT B BUIUMOM YacTH CIIEKTPA.

_h
AW
[Ipu oOpaTHOM BKIIFOYEHHHU Yepe3 p-N Mepexo/1 MePeXosIT HEOCHOBHBIE HOCUTENHU 3apsiia B 00J1acTh,
IJle OHU CTAHOBATCS OCHOBHBIMU. PeKOMOMHaIMS M CBEYEHHE CBETOIMOJA OTCYTCTBYIOT. OCHOBHBIE
XapaKTEPUCTHKU:

a) SIpkocTHas XapaKTePUCTUKA — 3TO MOIIHOCTHASI 3aBUCUMOCTh M3IIy4YEHHS OT MIPSIMOTO TOKa
Pu=f(Imp).
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Puc. 52

6) CHCKTpaJ'II)HaH XapaKTEPUCTHUKA — 3TO 3aBUCUMOCTb MOIIHOCTHU MU3JIYUCHHUA OT AJIWHBI BOJIHBI
Pu=f()).

Pu A

>

A

Puc. 53
OcHOBHbBIE MapaMeTphl: IPKOCTb CBEUEHMS MPU MAKCHUMaJbHOM IPSIMOM TOKE; MOJHAs MOIIHOCTh
u3iydeHus: Pu.max.

HMmnynbcHbIE, BBICOKOYAcTOTHRIE (BY) u
cBepxBbIicOKOoUacTOTHBIC (CBY) nuopl

1) AmMnyJbcHBIE AMOABI

2) Jduoasl BU

3) CBY guoanbl

1) Umnysancnbie auoanl. UMIynscHbIE THOBI MPEAHA3HAYEHBI I pa0OTHI B UMITYJILCHBIX LEMAX ¢
AJIUTCIIBHOCTAMU UMITYJIBCOB OT HECKOJIBKHUX HC JO HECCKOJIBKHUX MKC. PaCCMOTpI/IM pa60Ty O0OBIYHOTO
p-n epexoia IpHU Mojjave Ha HETO UMITYJIbCHOT'O HaIIpSKEHUS.

e ©
(=] _IL\% RH

Usx |p -+} n
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Usx A
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D
Puc. 55

B mpomexxytok Bpemenu ot 0 10 tl p-n mepexon 3akpbIT (0OOpaTHBIM HaNpspKEHUEM MpeHeOperaem).
B mMomeHT t1 p-n mepexo OTKpbhIBAeTCsl, HO TOK Uepe3 HEro U Yyepe3 Harpy3Ky JOCTUTaeT CBOETO MaK-
CUMAaJIBHOTO, TO €CTh YCTAHOBUBILETOCS 3HAUEHUsI, HE MTHOBEHHO, a 3a BpeMsl tyCT., KOTOpOE He0OXo-
JIMO JUIs 3apsija OapbepHOil EMKOCTH p-n mepexoaa.

B mMomeHT Bpemenu t2 p-n nepexo/1 o4t MrHOBEHHO 3aKkpbiBaeTcs. O0iacTh p-MpoBOJUMOCTH OKa-
3BIBAETCSl HACBIIEHHOW HEOCHOBHBIMH HOCUTENSIMM 3apsfoB, TO €CThb dJeKTpoHaMu. He ycnesmme
PEKOMOMHUPOBATH 3JIEKTPOHBI MO IEHCTBUEM I10JI 3aKPBITOTO p-n Mepexo/ia BO3BPAIIaOTCs B N-00-
JacTh, 3a CYET Yero CHIIbHO Bo3pacTaeT oOpaTHbId TOK. Ilo Mepe yxoja 3JIeKTpOHOB U3 p-00jacTu
OoOpaTHBIH TOK YMEHBIIAETCs, M Yepe3 BpeMs (BOCCT. p-n MEPEXo] BOCCTAHABIMBAET CBOU
«3aKpbITHIE)» CBOMCTBA. B MMITyJIbCHBIX JUOJAX BpEMs BOCCTAHOBJIECHHMS M YCTAaHOBJICHMS JIOJIKHBI
ObITh MUHUMAIBbHBIMU. C 3TOM 11€1bI0 UMITYJIBCHBIE JUO/bI KOHCTPYKTHUBHO BBIMOJIHSAIOTCS TOYSUHBI-
MU HJIM MHUKpPOCIIaBHBIMH. TommuHa 6a3bl 1uoja JAeiaeTcss MUHUMaNbHOU. [1omynpoBOIHUK J1eru-
PYIOT 30J10TOM JJIsl YBEIMUYEHUS TIOJIBUKHOCTHU JIEKTPOHOB.
2) Jiuoasr BY. D10 yHUBEpCAbHBIE JUOJBI, KOTOPbIE MOTYT OBITh JETEKTOPHBIMH, MOIYJIATOPHBI-
MU, UMITYJIbCHBIMU IIPU JOCTaTOYHBIX UINTEIBHOCTAX HMMITYJIbCA, U JIaXKE BBIIPSIMUTEIbHBIMU IPU
MaJIbIX TOKax Harpy3ku. OcHoBHoe oTinuune BY 11o0B — oOpaTHas BETBb BOJITAMIIEPHOM XapakTe-
PUCTHUKH IUIABHO TOHM)XKaeTcsl (YBeNIWYMBAETCs OOpaTHBIM TOK, MOCTENEHHO IEpexois B 00JacTh
AIIEKTPUIECKOTO MP000si) (CMOTPUTE PUCYHOK 56).

1A J

Puc. 56

Taxoe noHmxenue ooparHoit BetBu BAX 00bsicHAETCS YCUICHHOM TepMOreHepanueil CoOCTBEHHBIX
HOCHUTEJIEH 3aps10B Ha MAJIOM IUIOLIAAX p-N IIepexoaa.

E. A. Mockaros. Ctp. 29



MuxkpocmnaBabie BU guonbr uMeroT 00bInyt0 6apbepHYI0 EMKOCTh, Y€M TOUYCYHBIC, U ISl TOTO,
4TOOBI UX MOKHO OBLJIO MCTOJB30BaTh HA BBICOKUX YaCTOTaX, BOJM3H p-n Mepexo/ia MOHWKAIOT KOH-
LHEHTPALMIO aKIENTOPHOU W TOHOPHOM MPUMECH.

P P | n

Puc. 57

[MoHWwKeHNe KOHIEHTPAIUU MPUMECH TPUBOIUT K YBEIUUCHUIO IIMPHHBI P-N TEPEeXoia, ClieaoBa-
TEIBHO, K YMEHBIICHUIO OapbepHOM EMKOCTH:
€ -Eo-Sp—n
C6 = G Go-op—n

3) CBY mnoasi. Ha CBY ucnons3ytores auoast LIIOTTkH B 1UOBI ¢ p-n IEPEXOI0M, IUIONIAIb KOTO-
pOro 3HAYUTEIbHO MEHBIIE, YEM Y TOUEUYHBIX.

-

Punc. 58

3aocTpéHHas Boib(ppaMoBas MPOBOJIOKA B BUJE MPYKUHBI MPIKUMaETCs K 0aze ¢ onpeneaéHHbIM
YCHITUEM, 32 CUET Yero o0pa3yercsi OUeHb MaJIOH MIIOMAAH P-N IEPEXO/I.

buronsapHbIie TPaH3UCTOPHI
Y CTpOUCTBO, KITACCU(PUKAIIASA U IIPUHIIAII
NECVCTBUS OUITOJIIPHBIX TPAH3HUCTOPOB

1) Knaccupukanus 1 MApKHPOBKA TPAH3UCTOPOB
2) YeTpoicTBO OMITOJIAPHBIX TPAH3HCTOPOB
3) IlpuHuun aeicTBUSA OUMOJAPHBIX TPAH3UCTOPOB

1) Knaccuduxanusi 1 MapKUPOBKA TPaH3UCTOPOB. TPaH3UCTOPOM HA3bIBAETCS IOIYIIPOBOHHU-
KOBBII MpeoO0pa3oBaTenbHbI MTPHOOp, UMEIOIIHI HE MEHEE TPEX BBIBOJAOB U CIIOCOOHBIN YCHITH-
BaTh MOIHOCTh. Kimaccudukanus TpaH3UCTOPOB MPOU3BOAUTCS IO CICAYIONINM ITPU3HAKAM

e [lo maTepuany NOIyHnpOBOJHUKA — OOBIYHO FepMaHHUEBbIE UM KPEMHHEBBIE;

e [lo tuny npoBoauMocTH o0xacTeil (TOIBKO OUMOJISPHBIE TPAH3UCTOPHI): C MPSIMOM MPOBOAUMO-
CTBIO (p-N-p - CTPYKTypa) WK ¢ 0OpaTHON MPOBOJAUMOCTBIO (N-p-n - CTPYKTYPA);

e [lo npuHIMITY ASWCTBUS TPAH3UCTOPHI MOAPA3ACIAIOTCS Ha OUIIONISIPHBIE U MOJIEBbIE (YHUTIOJSP-
HBIC),

® [lo 9acTOTHEIM CBOMCTBaM;
HY (<3 MI'm);
CpY (3+30 MI'm);
B4 u CBY (>30 MI'n);
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e Jlo mommuocTu. Manomomntasie Tpanzuctopsl MM (<0,3 Brt), cpeaneit momuoctu CpM (0,3+3
BT), Mmomabie (>3 Br).
MapxkupoBka.
rTp- 313

Kinn-|[103 n

L= m v

Puc. 59
I — maTepuain nomynpoBogHuka: I' — repmannid, K — kpeMHHIA.
II — Tun Tpan3ucTopa o npuHUUMy AercTBus: T — Ounonspusle, [1 — monessie.
I — Tpu mu "eTsipe uUpHI — rPyIIa TPAaH3UCTOPOB IO IEKTpUIECKUM napamerpam. [lepBas mud-
pa ITOKa3bIBAECT YaCTOTHBIE CBOMCTBA M MOIIHOCTh TPAH3UCTOPA B COOTBETCTBUM C HM)KE IPUBEIEH-
HOU TaOnuuen.

Taomuma 1
P\f <3 MI'm HY 3-30MI'uCp4 >30MI'u B4uCBY
MM <0,3 Bt 1 2 3
CpM 0,33 Bt 4 5 6
M >3 Bt 7 8 9

IV — Mmoaudukarus TpaHsucropa B 3-i rpymme.

2) YerpoiicTBo OMnossipHbIX Tpan3ucTopos. OCHOBOM GHMIIOISPHOIO TPAH3MCTOPA ABJISETCS KPH-
CTaJI TIOJYIPOBOJIHUKA P-THIA WM N-THMA TPOBOAUMOCTH, KOTOPBIM TaKXe KaK W BBIBOJ OT
HEro Ha3bIBaeTcs 0a3oil.

Juddysueit npuMecu UM CIUIaBICHUEM C ABYX CTOPOH OT 06a3bl 00pa3yroTcsi 00JacTH ¢ MPOTHBOIIO-

JIO’)KHBIM THUIIOM MPOBOJIMMOCTH, HEXENHU 6a3a.

n-p-n p-n-p
n-p-n p-n-p
K ] K Ic]
e CIRCa NG S
p n
. s
Puc. 60 Pwuc. 61

O6mactp, uMeronias OOIBIIYIO IUIONIAIb P-N MIEPEX0/1a, U BHIBOJ OT HEE HA3bIBAIOT KOJIJIEKTOPOM.
O061acTh, IMEIOINAs MEHBIITYIO TUTOIIA/b P-N MIEPEX0ia, U BEIBOJ OT He€ Ha3bIBAIOT SIMHUTTEPOM.

p-n TIepexo,T MeXKAY KOJIICKTOPOM U 0a30i Ha3BIBAIOT KOJUICKTOPHBIM IEPEX0I0M, a MEXKTy SMUTTE-
poM U 02301 — SMUTTEPHBIM TIEPEXOJIOM.

HampasieHue CTpesku B TPaH3UCTOPE MOKA3bIBACT HANPaBJICHUE MPOTEKaromero Toka. OCHOBHOM
0COOEHHOCTBIO YCTPOMCTBA OUTIOJSIPHBIX TPAH3UCTOPOB SIBIISICTCS HEPABHOMEPHOCTh KOHIICHTPAIIUU
OCHOBHBIX HOCHTEJICH 3apsOB B 3MUTTEpE, 0a3e W KOJUIEKTOpe. B aMHTTEpe KOHICHTpaIus HOCH-
TeNel 3apsja MakCUMallbHas. B KOJUIeKTOpe — HECKOJIbKO MEHbIIe, YeM B sMutTTepe. B 6a3ze — BO
MHOTO pa3 MEHBIIIE, YeM B SMUTTEPE U KOJJIEKTOpe (PUCYHOK 62).

Puc. 62
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3) Mpunuun geiicTBust OUIOJSIPHBIX TPAH3UCTOPOB. [Ipu paboTe TPaH3UCTOPA B YCUIMTEIHLHOM
PEKHMME SMUTTEPHBIN NEPEXOA OTKPHIT, & KOJUIEKTOPHBIN — 3aKPBIT. DTO JOCTUTAETCS COOTBETCTBYIO-
MM BKJIIOYEHHUEM UCTOYHHKOB ITUTAHMS.

la
> 3 e by

/

Y Usx <34**4> ’C>;:: \
n P - RH
‘16

B
(| |

Puc. 63
Tak Kak SMUTTEPHBIN MEPEXO0]] OTKPHIT, TO Yepe3 HETo OyAeT MPOTEeKaTh TOK SMUTTEPA, BHI3BAHHBIN
IIePEX0/I0M DIIEKTPOHOB M3 AIMHUTTEpPA B 0a3y M Mepexo oM IBIPOK U3 0a3wl B aMutTep. CremoBarenb-
HO, TOK MUTTEpa OyJEeT UMETh JBE COCTABIIAIOIINE — IEKTPOHHYIO U ABIPOUYHYIO. D (HEKTUBHOCTH
SMUTTEpA OLIEHUBAETCS KOA(D(UINEHTOM UHKEKLIHHU:
y=L7 (0,999
E)
Ib =ID.m. + Ibp.
Wmxekuuen 3aps/10B Ha3bIBAETCS EPEX0]l HOCUTENEH 3apsAa0B U3 00JIACTH, /1€ OHU ObLIIM OCHOBHBI-
MU B 00J1aCTb, TJI€ OHU CTAHOBSITCS HEOCHOBHBIMU. B 6a3e 3/eKTpOHBl peKOMOMHUPYIOT, a UX KOH-
[EHTpalus B 0a3e MOMONHACTCS OT «+» UCTOYHHKA E3, 3a cuéT uero B nenu 0a3bl OyJeT MpOTeKaTh
O4YeHb MaJIblid TOK. OCTaBIIMECS AIIEKTPOHBI, HE YCIIEBIINE peKOMOMHUPOBATh B 0a3e, MOJ YCKOPSIO-
MM JIEHCTBUEM I10JI 3aKPBITOT0 KOJUIEKTOPHOTO MEPEeX0/ia Kak HEOCHOBHbIE HOCUTENH OyIyT nepe-
XOIHUTh B KOJUIEKTOP, 00pa3ys TOK Kosuiekropa. [lepexon HocuTenel 3apsaoB U3 001acTH, I/ie OHU
OBLIM HE OCHOBHBIMH, B 00JIaCTh, IJIE OHM CTAHOBSITCS OCHOBHBIMH, Ha3bIBae€TCs SKCTpaKLUel 3apsi-
noB. CteneHb peKOMOWHAIIUA HOCHTENCH 3apsagoB B 0aze oreHUBaeTcs KO3 UIIMEHTOM Tepexoaa
HOCHUTEJICH 3apsiioB O:

Ix.n.
§ =
Ion.
OCHOBHOE COOTHOIIIEHHE TOKOB B TPAH3UCTOPE:
b=Ik+106
Dbn.-Ixkn Ixn.
8 -'Y = = =

JERWEN/ JE

0. — KO3 PUIMEHT Nepeiadn TOKa TPaH3UCTOpa WU KO3((UIIMEHT YCUIICHUS 110 TOKY:
Ik=0-DI

JIBIpKH M3 KOJUIEKTOpa KaK HEOCHOBHBIE HOCHTENHW 3apsiioB OyayT mepexoauTh B 0asy, oOpasys
00paTHBI TOK KosuiekTopa Ik6o.
Ik =a- I+ Ikbo

N3 Tpéx BBIBOJOB TpaH3MCTOpa HA OAMH MOAAETCS BXOIHOW CHTHAJ, CO BTOPOTO — CHUMAETCS BBI-
XO/IHOW CUTHAJI, a TPETUH BBIBOJ SIBIISICTCS OOIIMM ISl BXOJHOW M BBIXOJHOM 1eru. Takum o0pazom,
paccMOTpeHHas BBIIIE CXeMa ITOy4riIa Ha3BaHUE CXeMBI ¢ 001ieit 6a3oi.

s vT1 Ik

RH

‘W

Ek
Puc. 64
IBx=1D>
IBbIX = IK
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Usx = U0G>
Ussix = UGk

Hampsbxkenne B TpaH3UCTOPHBIX cXeMaxX 0003HA4YaeTCsl IByMsI MHIEKCAMH B 3aBUCHMOCTH OT TOTO,
MEXIy KaKUMHU BBIBOJIAMH TPAH3UCTOPA ATH HAIIPSKEHUS U3MEPSIFOTCS.

ok Irr=Al>

o
N

>l

Iao

Puc. 65 t
Tak kak BCe TOKHM M HANPSKEHUS B TPAH3UCTOPE, TOMUMO ITOCTOSIHHOM COCTABJISAIOIIEH UMEIOT €IIé
Y MEPEMEHHYIO COCTABJISAIONLYI0, TO €€ MOKHO MPEACTABUTh KaK MpUpAIIEHUE MOCTOSTHHOW COCTaB-
JIHIOHICI;'I " IIpH OIMPEACIICHUU J'IIO6BIX napaMeTpoOB CXEMbI I1OJIB30BATHCA J'II/I60 nepeMeHHoﬁ cocTaB-
JISIIOHIGI;'I TOKOB U HaHpH)KeHHﬁ, J'II/I6O MpUupamcHucM OCTOSHHOU COCTaBJ'ISIIOH_ICI‘/‘I.

we
L >
_Alk

x= Al ’

rae Ik, [3 — nepeMeHHble COCTABISAIOMIMNE KOJUIEKTOPHOTO U SMUTTEPHOTO TOKA,
Alx, Al> — TOCTOSTHHBIE COCTaBIISIOIIHE.

CxeMbl BKJIFOUECHUSI
OMITONSPHBIX TPAH3UCTOPOB

CxeMbl BKITIOYECHHUST TPAH3UCTOPOB TOJTYYHIN CBOE Ha3BaHWE B 3aBUCHMOCTH OT TOTO, KAaKOW M3 BbI-
BOJIOB TPAH3UCTOPOB OYJET ABIATHCA OOIIMM JAJIsl BXOJAHOM U BBIXOJHOM LIETIH.
1) Cxema BrJI0O4YeHMs1 ¢ 001eid 0a30ii Ob
2) Cxema BKJIOYEeHHS ¢ 00muM 3vutTepom O
3) Cxema BKJIIOYeHHS ¢ 001IIMM KoJLIeKTOpoM OK
4) YcwiurebHbIe CBOMCTBA OMIOJISIPHOTO TPAH3UCTOPA.
1) Cxema Bruouenus ¢ o6uieii 6a3oii (cMotpure pucyHok 64). Jlro6as cxema BKIKOYEHUS TPAH3H-
CTOpa XapaKTepU3yeTCs IByMs OCHOBHBIMH ITOKa3aTEIISIMU:
- ko3 umment ycuneHus mo Toky IBex/IBxX (1715 cxeMsl ¢ obrieit 6a3oit [Beix/IBx=Ik/Ir=a [a<1])
- BxoqHOE comnpoTuBieHue RBXs=UBX/IBXx=UG/I5.
BxonHoe conpotuieHue s cxembl ¢ 00m1eil 6a3o0i Maao U cocTtaBiseT AecsITku OM, Tak Kak BXOJ-
Hasl [IeTb TPAH3UCTOPA MPU 3TOM TIPEACTABISIET COO0I OTKPBITHIA SMUTTEPHBIN MTEPEX0]] TPAH3UCTO-
pa. Hegoctatku cxemsl ¢ o0meit 6a3oi:
e (xema He yCHJIMBAET TOK 0<l
e Masoe BXOJJHO€ CONPOTHUBIICHHE
e JIBa pa3HbIX UCTOYHHMKA HAIPSDKEHUS I MUTAHUS.
JloCTOMHCTBA — XOpOLIME TeMIIepaTypHble U YaCTOTHBIE CBOMCTBA.
2) CxeMa BKJIIOYEHHs ¢ OOIIMM 3MUTTEPOM. DTa cXxeMa, n300pakeHHas Ha PUCYHKeE 66, ABJIsET-
cst HanboJiee pacrpocTpaHEHHOM, TaK KaK OHA Ja&T HanOOoJIbllIee YCUIICHNE TI0 MOIITHOCTH.
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VT1

Puc. 66
Isx =16
IBpIX = Ik
Usx = U6

Ussix = Ukd

B =1Iebix / IBx = Ik / 16 (n: 10+100)

RBx.3 = Usx /IBx = U653 / I6 [OM] (n: 100+1000)

KoadpunuenT ycunenus no TOKy TaKoro Kackaja mpecTaBiisieT coO00i OTHOUICHUE aMILTUTYA (MITu
JEHCTBYIOIMX 3HAYEHUI) BBIXOJHOTO U BXOJHOT'O NIEPEMEHHOTO TOKA, TO €CTh IEPEMEHHBIX COCTaB-
JSIOMHUX TOKOB KOJUIEKTOpa W 0a3bl. I10CKONBKY TOK KOJUIEKTOpa B JECATKH pa3 OOJibIIe TOKa
0a3bl, TO KOOPPUIIMEHT YCUICHUS 110 TOKY COCTABJISIET IECATKH €IUHUII.

Koo duimeHT ycunenuns kackaia 1o HampspKEHUIO paBeH OTHOLIEHUIO aMIUIUTYTHBIX WJIH JIEHCTBYIO-
IIMX 3HaYEHUI BBIXOJHOTO M BXOJIHOTO MEPEMEHHOI0 HampsKeHHs. BXOAHBIM SBISETCS MEpeMEHHOE
HanpspkeHue 6aza - samutrep U0, a BBIXOJHBIM - MIEPEMEHHOE HaIpsKEHUE Ha PE3UCTOPE HArpys3Ku
RH unm, 9T0 TO %€ camoe, MKy KOJUIEKTOPOM U ASMUTTEpPOM - UK3:

Hanpsbxenne 6aza - SMUTTEp HE MPEBBIIIACT IECATHIX JOJEH BOJbTA, a BHIXOJHOE HAMPSIKEHHE MPHU
JIOCTaTOYHOM COIIPOTUBJIEHUM PE3UCTOpPA HArPY3KH M HAIPSDKEHUM MCTOYHMKA Ex nocturaer enu-
HUI[, @ B HEKOTOPBIX CIy4yasix U JAECATKOB BOJIbT. [loaToMy K03(ppuLIMeHT ycuneHns Kackaaa 1o
HANpPSDKEHUIO UMEET 3HaYeHUE OT JIECATKOB /10 coTeH. OTciona cienyer, 4To KodUIUeHT ycue-
HUS KacKaza 110 MOIIHOCTH IOJy4aeTcsi paBHBIM COTHSM, WJIU ThICSYaM, WIN JaXKe IECATKaM Thl-
csi9. DTOT KOI(PPUITMEHT TIpeICTaBIsIeT CO00 OTHONICHHE BBIXOHONW MOIIHOCTH K BXOJHOU. Kax-
J1asi U3 ATUX MOLIHOCTEHN ONpeaesiseTcs MOJI0BUHON IPOU3BEACHUS AMIUIUTY T COOTBETCTBYIOIIMUX TO-
KOB U HamnpsbkeHuil. BxogHoe conpoTuBiieHre cxembl ¢ 00muM amMuttepoM Maio (ot 100 go 1000
Om). Kackan no cxeme OO npu ycuiIeHUU NepeBopayuBaeT a3y HanpsKeHHs, T. €. MKy BBIXOJI-
HBIM M BXOJIHBIM HampsikeHneM umeetcst (ha3oBbiid capur 180°,
JIOCTOMHCTBA CXEMBI C OOIIUM AYMUTTEPOM:

e bonbmioi kKodpGUIUEHT YCUICHUS TTO0 TOKY

e bonpiiee, ueM y cxembl ¢ 001Ieit 6a30ii, BXOJHOE COMPOTHBIICHUE

e Jlns NUTaHUS CXEMbl TPEOYIOTCS 1BA OJHONOJISPHBIX UCTOUYHUKA, YTO [TO3BOJISIET HA IPAKTUKE

00XOAUTHCS OJHUM UCTOYHUKOM MHUTAHUS.

Henocrarku: xymmme, 4eM y cxeMbl ¢ 001eit 0a30ii, TemrnepaTypHble U 4acTOTHBIE cBoWicTBa. OqHa-

KO 3a cu€T npeumyniecTB cxema ¢ OO npuMeHseTcst Hanboee 4acTo.

3) Cxema BKJIIOUEHHSI C OOIIMM KOJLJIEKTOPOM.

Isx =10
IBeix = I
Usx = U0k

Ussbix = Uk>

IBoix /IBx =D /16 =(Ik +16) /I6=P+ 1=n
n=10... 100

Rex = UGk / 16 =n (10+100) kOm
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Pyc. 67

B cxeme ¢ OK (cmoTpute pucyHOK 67) KOMIEKTOP sIBIsIeTCS OO0Iel TOYKOM BXOJa M BHIXOJA, IO-
CKOJIbKY HcTouHUKH nuTanus EO u Ex Bcerna mryHTHpOBaHbBI KOHACHCATOPAMH OOJBIION EMKOCTH U
JUTSL TIEPEMEHHOTO TOKA MOTYT CYHTATHhCS KOPOTKO3AMKHYTHIMH. OCOOEHHOCTH 3TOH CXEMBI B
TOM, YTO BXOJHOE€ HAIMPSKCHHE MOJHOCTBIO MepeiaeTcsi 0OpaTHO Ha BXOJ, T. C. OYEHb CHIIbHA OT-
puliatenbHas oOpaTHas cBs3b. HeTpyIHO BUAETH, UTO BXOJHOE HAIMPSHKCHHE PAaBHO CyMME TIEPEMEH-
HOT'O HampspKeHUs 6a3za - sMutTep UOD M BBIXOAHOTO HanpspkeHus. Koah uImenT yeuneHus mo ToKy
Kackajia ¢ 00IIUM KOJUIEKTOPOM IOUYTH TaKOH ke, Kak u B cxeMe ¢ OO, T. €. paBeH HECKOJIbKUM
necsitkaM. OHaKo, B OTIIMYKE OT Kackaaa ¢ O, k03 PUIIMEHT yCUIeHHs N0 HANPSKEHUIO CXEMBI C
OK 6nm30K k equHUIE, MPUYEM Bceraa MeHblne e€. [lepemeHHoe HampshKkeHne, MoJaHHOe Ha BXOJ]
TPaH3UCTOpPa, YCUIIUBAETCSA B JECATKH pa3 (Tak ke, Kak u B cxeme OD), HO Bech Kackaj He
naét ycwienus. Ko punueHT ycuneHus mo MOITHOCTH PaBEH MPUMEPHO HECKOJIBKUM JIECITKAM.

PaccMoTpeB MONSPHOCTH MEPEMEHHBIX HAIMPSHKCHHH B CXEME, MOXKHO YCTaHOBUTH, 4TO (Ha30BOTO
casura Mexxay UBbsix 1 UBX HET. 3HAYUT, BBIXOJHOE HAMPSIKEHUE COBIAIACT MO (a3e ¢ BXOJAHBIM U
MOYTH PaBHO eMy. TO eCTh, BBIXO/IHOE HAINPSHKEHUE MOBTOPSET BXOAHOE. IMEHHO TO3TOMY JaHHBII
KacKaJ OOBIYHO HA3BIBAIOT AMHUTTEPHBIM MOBTOPUTEIEM M H300paKAIOT CXEMy TaK, Kak IMOKa3aHO Ha

pucyHke 68.
VT1

Puc. 68

OMUTTEPHBIM — IIOTOMY, YTO PE3UCTOP HATPY3KH BKIIOYEH B TIPOBOJ] BBIBOJAa IMUTTEPA U BBIXOTHOE
HaNpsHKEHUE CHUMAETCSl ¢ AIMHUTTEPa (OTHOCHTEIBHO KopIyca). Tak Kak BXOAHAs IETb MPEACTABISCT
CO0OM 3aKpBITHI KOJUIEKTOPHBIN MEpexo/l, BXOJIHOE COnmpoTuBIeHue kackana mo cxeme OK coctas-
JSeT MECATKH KUJIOOM, UTO SBJSETCS BaXKHBIM JIOCTOMHCTBOM CXEMBI. BBIXOJIHOE COMPOTHBICHHE
cxembl ¢ OK, Hao0OpOT, Mmosy4aercsi CpaBHUTEILHO HEOOJIBUINM, OOBIYHO €IUHUIIBI KUJIOOM WU
COTHH OM. DTH jnoctouHcTBa cxembl ¢ OK moOykaaroT UCHob30BaTh €€ AJis COrJIacOBaHUS pas-
JUYHBIX YCTPOUCTB MO BXOAHOMY COTIPOTHUBIICHHUIO.
HenmocTaTkoM cXeMBI SBIISIETCS TO, 9TO OHA HE YCWJIMBAET HAINpPsDKEHUE — KOYPPUIIUESHT YCUIICHUS
YyTh MEHbIIIE 1.
4) YeuaurelabHble CBOMCTBA GHIOJSIPHOrO TPaH3HMCTOPa. He3aBHCHMMO OT CXEMBI BKIIOYEHUS,
TPAH3UCTOP XapaKTepusyeTcs TpeMsi KodPPUIueHTaM yCHUIICHUS:

K = IBbIix / IBX — 110 TOKY;

Ky =Ussix / UBx = (IBbix - RH) / (IBXx - RBX) = K| - RH / RBX — 110 HampsxeHuio;

K = PBoix / PBX = (UBbIX * IBBIX) / (UBX * IBX) = Ki"Ky — MO MO1IHOCTH.

Juis cxembl ¢ 001eii 0a30ii:
Ki=Ik/Ib=a(0<1)
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Ky=a- (Ra/Rsx)

Ru~=n- 1xOmMm
RBx=n-10Q
Kuy~=n-100

KP:Ku/KIZIl' 100
st cxeMbl ¢ 00IIMM KOJIJICKTOPOM:
Ki=b/I6=B+1=n
Ku=B-(Ra/RBx)=n
Ku<1
JJ1s1 cxeMbl ¢ 00IIMM IMHUTTEPOM:
Ki=1Ik/I6 = =n (10+100)

Ky=p - (Ra/Rgx)
Kr=K; - Ky=n"(1000+10000)

Pabora ycunutenbHOro Kackajaa ¢ TpaH3UCTOPOM MPOUCXOAUT cieayroumm obpazom. IlpeactaBum
TPAH3UCTOP MEPEMEHHBIM PE3UCTOPOM T,, IOCIEOBATEIHHO C KOTOPHIM BKIIIOYEHO HArpy304YHOE
conpoTtuBieHrue RH u nucrounnk nutanusa E. Hanpsokenue ncroununka E nenurcst Mexmay cOnpoTHB-
JIEHUEM Harpy3ku Ry ¥ BHYTpPEHHUM CONPOTUBJIEHUEM TPAH3UCTOPA I, KOTOPOE OH OKAa3bIBAET MOCTO-
SHHOMY TOKY KOJUIEKTOpa. DTO COMPOTHUBIIEHUE MPHUOIMKEHHO PABHO COMPOTUBIICHUIO KOJIEKTOP-
HOTO TIepexoJa TPAaH3UCTOpa ISl MOCTOSHHOTO TOKa. B MeHCTBUTENBHOCTH K 3TOMY CONpPOTHBIIE-
HUIO el 100aBIIsI0TCS HEOObIINE COMPOTUBICHUS SMUTTEPHOIO Mepexoa, a TakkKe n- U p-o0-
JacTei, HO 3TU COMPOTUBIIEHUS MOYXKHO HE MPUHUMATh BO BHUMAHUE.

Ecnu BO BXOJHYIO IIeTIb BKJIIOYAETCS MCTOYHUK KOJICOAHMM, TO MPU M3MEHEHUH €ro HAINpSIKEHUS
U3MEHSAETCS TOK AMUTTEpa, a CIEAOBATEIbHO, COIPOTUBIEHUE KOJJIEKTOpPHOro mnepexoxaa. Torma
HanpspkeHne uctoynuka E Oyner mepepactipenensatbes Mexny RH u r1,. Ilpum 3TOoM mepemenHoe
HAINpsHKCHNE HA PE3UCTOPE HArPY3KH MOXKET OBITh MOJTYYCHO B JACCSATKH pa3 OOJBIINM, YeM BXOJ-
HOE€ IIepEeMEHHOE HanpsbkeHue. M3MeHeHus Toka KoJUIeKTopa OYTH PaBHbI U3MEHEHUSIM TOKA YMUT-
Tepa U BO MHOTO pa3 0obilie u3MeHeHn Toka 0a3pl. [loaToMy B paccmMaTpuBaeMoi cxeMe Mmojryda-
eTCsl 3HAaYUTEJIbHOE YCHJIEHHE TOKa U OYE€Hb OOJIbIIOE YCHUJICHHE MOIIHOCTHU. YCHIIEHHAs MOII-
HOCTb SIBJISIETCS YaCThIO MOILIHOCTH, 3aTPaYMBaE€MON HCTOUYHUKOM E.

CTaTH4eCKHE XapaKTEPUCTUKHU
TPAH3UCTOPOB

1) CraTnyeckue XapakTepuCTHKH TPpaH3ucTopa no cxeme Ob

2) Cratn4yeckune XapaKTepPUCTHKHU TPaH3UCTOPa 1o cxeme O

1) Crarnyeckue xapakrepucTuku Tpansucropa no cxeme OB. CrarnueckuM pexuMoM pado-
THI TPAH3UCTOPA HA3bIBAETCSA TAKOM PEXKHUM, IIPU KOTOPOM M3MEHEHHE BXOAHOTO TOKA WJIM HAIps-
JKCHUS HC BbI3BIBACT M3MCHCHHUC BBIXOJHOT'O HAIIPSKCHUA. CraTtuueckue XapaKTCPHUCTUKU KaCKa-
na, BKIOUYEHHOTO 10 cxeme ¢ Ob, nu3mepsrorces mo odmieit cxeme, n300paxE€HHON Ha pUCYHKE 69.

- VT1 +

R1 R2

Es I Ek

+ -
Puc. 69

Cratnueckue XAPAKTCPUCTHUKU TPAH3UCTOPOB OBIBAIOT ABYX BUIOB: BXOIHLIC U BBIXOAHBIC.
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1) Bxognas xapaxkrepuctuka. [Bx = f(UBx) npu UBbIx = const

Bxo/iHbIe XapaKTepUCTUKU — 3TO 3aBUCUMOCTH BXOJHOT'O TOKa OT BXOJHOI'O HAMPSKEHUS P MOCTO-
STHHOM BBIXOJIHOM HAIPSKEHHH.

Iex = f (UBx) npu UBbIX = const D
I> = £ (U63) mpu UGk = const

BxoaHble XapaKTepUCTUKU MPEACTABISAIOT COO0I MPsAMYI0 BETBb OTKPHITOTrO p-n nepexoxaa. [1pu yse-
JMYEHUH BBIXOIHOTO HampspkeHus UK? HOCHTENH 3apsia ObICTpee MpojeTaloT 0asy, peKOMOMHUPY-
IOT, CJIEZIOBATENIbHO, U TOK 0a3bl yMeHbmaercs. [loatomy xapakrepuctuka npu Uksa>0 Oynet npoxo-
TTUTH HIDKE.

st cxemsl BkimoueHus ¢ oouM smuttepoM IBeix=f(Usbix) npu IBx=Const, [k=f(Ux3) nmpu [6=Con-
st manbl wmroctpanuu Puc. 70 — 72.

Just cxemel ¢ Ob

16, MA A
i A 164>163
163>162
1625161
161
> U6s, B
Puc. 70 Uka Puc. 71
i A
AlG
Puc. 72 UKo

Pesucropom R1 (cmotpure cxemy Puc. 69) usmensercs HanpsokeHue 0a3a-3MHUTTED, a PE3UCTOPOM
R2 nogaepxuBaetcst moctosHHBIM UOK. OOGBIYHO BXOJIHBIE XapaKTEPUCTUKU U3MEPSIOTCS MPH JIBYX
3HAUEHUSAX MOCTOSTHHOTO HanpspkeHus: UGk (cmotpute Puc. 73, a).

I3 A \

Uka=0 Uka>0
\

f
UBK>0 | UBK=0 16

\

©y

U6

U6a
a) Pwnc. 73 6)
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BxoHbBIE XapaKTEPUCTUKH MPEICTABISIOT COOOM MPSMYIO BETBh OTKPBITOTO AIMHTTEPHOTO TIEPEX0/1a.
2) BbIXoaHasi XapakTepUCTHKA. DTa 3aBHCHMOCTh BBIXOJIHOTO TOKAa OT BBIXOJHOI'O HAIPSHKCHUS
IIPH ITOCTOSTHHOM BXOIHOM TOKE.

Jlns cxemsbl BKItoueHus ¢ oomieit 6a3oii [k=f(U6k) mpu [>=Const nana uiamoctpanus Puc. 74, u3 xo-
TOpPOI BHUJIHO, YTO BBIXOJHBIC XaPAKTEPUCTUKH MPEACTABISAIOT COOOU MpsIMble IMHUU, TOYTH Mapa-
JIeNIbHBIE OCU HAMPSIKEHUS.

Ik A [24>123

133>122

192>131

a1

[
-

Uobk

Puc. 74
3T0 00BACHSCTCA TEM, UTO KOJUIEKTOPHBIN MEPEeXo/1 3aKPHIT HE3aBUCUMO OT BEJIMYMHBI HANPSHKEHUS
0a3a-KOJIJIEKTOP, U TOK KOJIJIEKTOPA OTPENEeNIeTCs] TOJIBKO KOJTUYECTBOM HOCUTENEH 3apsia, mpoxo-
TSIIIAX U3 SMUTTEpa Yepe3 0a3y B KOJUIEKTOP, TO €CTh TOKOM AMHUTTEPA.
2) CtaTn4yecKkue XapaKTePUCTUKH TPaH3uCTOpa mo cxeme OD
Ha pucynke 75 u300pakeHa cxeMa YCTaHOBKH JIJIsl HF3MEPEHHSI CTATHYECKUX XapaKTEPUCTHK TPaH3U-
cTOpa, BKIFOYEHHOTO Mo cxeme ¢ 0.
IBx=f(UBx) mpu Ubsix=Const
[6=f(U65) mpu Uxs=Const

+ VT1 +
R1 " R2
EG I ‘5 Ek

Puc. 75

WnmocTparus BXOIHBIX XapaKTepUCTUK MpuBeaeHa Ha Puc. 73, 6.

JINHAMUYECKUUN PEKUM
pabOTHI TPAH3UCTOPA

1) IloHsiTHE 0 IMHAMHYECKOM PEKUME
2) InHAMHUYeCKHE XaPpAKTePUCTUKHU U MOHATHE padouell TOUYKH
3) KiiroueBoii pe:xxum padoThl TpPaH3UCTOPA

1) IlonsiTHE 0 TMHAMMYECKOM pPeKUME.

JIMHaMUYeCKUM PEKUMOM pabOThl TPAH3UCTOPA HA3BIBACTCS TAKOH PEKUM, IPU KOTOPOM B BBIXOJI-
HOM LIENHU CTOMT Harpy304HbIA PE3UCTOP, 38 CYET KOTOPOTO U3MEHEHUE BXOJHOI'O TOKA WJIM HAIps-
KEeHHUs OyIeT BBI3bIBATh N3MEHEHHE BBIXOIHOTO HATIPSIKCHMUS.
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Puc. 76

Ha Puc. 76 pe3uctop Rk — 3TO KO/UIEKTOpHAsA Harpy3ka Juisi TPAH3UCTOPa, BKIFOUEHHOTO 10 CXEME C
0D, obecnieunBaromas TMHAMAYECKUN PEKUM PaOOTHI.

Ex = Ug«+ Uxd

Ure = Ik - Rk

Ex =Ux» + Ik - Rk

Uk3 = Ek - Ik * Rk — ypaBHEHHE JUHAMUYECKOIO PeKUMa pabOThl TPAH3UCTOPA.

2) IluHAaMHM4YeCKHe XapaAKTEePUCTUKHN U MOHSATHE pa0odyed TOUKH. YpaBHEHUE TUHAMH-
YECKOTO PEeXUMa SIBIIACTCS YPABHEHUEM BBIXOJHOW AMHAMHYECKOM XapaKTEPUCTHUKHU. Tak Kak 3TO
YpaBHCHUEC HHHeﬁHOG, BBIXOJHasd AMHAMHWYCCKasA XapaKTCPUCTUKA IPEACTABIISACT coboit MNpsAMYIO JIN-
HUIO ¥ CTPOUTCS HA BBIXOJHBIX CTATUYECKHUX XapaKTEePUCTHKaxX (cmotpute Puc. 77).

164
Ik A

163

162

161

\J

K30 URK Uka

Puc. 77

JIBe TOUKM 1J1s1 TOCTPOCHUS MPAMON HAXOIATCS U3 HAYaJIbHBIX YCIOBHIA.
Ix mpu Ux>=0 Ha3pIBaeTCs] TOKOM KOJUJIEKTOpa HacbllleHHs. BbIXonHas AMHAMHUYECKas XapaKTepH-
CTHKA MOJIy4nsia Ha3BaHUE HArpy304HOU NpsMou. [1o Harpy304HON MPSAMON MOKHO IIOCTPOUTH BXOJI-
HYIO IMHAMUYECKYI0 XapakTepucTuKy. Ho mockonbky oHa o4eHb OJM3Ka K BXOJHOW CTaTUYECKON Xa-
pakrepuctuke npu Uk>>0, TO Ha MpPaKTUKE MOJIB3YIOTCS BXOJAHOW CTATUYECKON XapaKTEPUCTHUKOW.
Touka nepeceyeHuss Harpy304HOM MPSIMOM C OJTHOM M3 BETBEHM BBIXOAHON CTATHYECKOW XapaKTepH-
CTMKOM JUIs 3a/laHHOTO TOKa 0a3bl Ha3bIBaeTCs pabodell Toukoi Tpansucropa. Pabovas Touka 1o3Bo-
JSIET ONPENENATh TOKU U HAPSKEHUS, PEalbHO CYLIECTBYIOLINE B CXEME.
3) KiiroueBoii peskuM padoThl TPAH3UCTOPA (TPAH3UCTOP B PesKUMe KJIK04a). B 3a-
BUCHUMOCTH OT COCTOSIHUS P-N NEPEX00B TPAH3UCTOPOB Pa3NUYaIOT 3 BUA €0 PaOOTHI:
# Pexum orcedku. DTO PEeXUM, MPU KOTOPOM 00a ero mepexoaa 3akpbIThl (M AIMUTTEPHBIA H
KOJUIEKTOPHEIHN ). Tok 0a3bl B 3TOM citydae paBeH Hy/r0. Tok KoyuiekTopa OyIeT paBeH oopar-
HOMY TOKYy. YpaBHEHHE JUHAMUYECKOIO PeKrUMa OyAeT UMETh BUJL:
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Uxko = Ek - Ik0o0 - Rk
[Tpoussenenue k6o - Rk Oyaer paBHo Hyiro. 3HaunTt, Uks — Ek.

A I64max

163

K3.Hac

} * UKS.OTC % JEK Uka
\

| Puc. 78

# PexuM HachIIIEHHS — 3TO PEXUM, Korja o0a mepexoja — M OMHUTTEPHBIA, U KOJJIEKTOPHBIH
OTKPBITHI, B TPAH3UCTOPE MPOUCXOIUT CBOOOIHBIN MEpexo HOCUTENEH 3apsiioB, TOK 0a3bl OyaeT
MaKCHUMaJIbHbIHM, TOK KOJUIEKTOpa Oy/IeT paBeH TOKY KOJUIEKTOPA HACBIILICHHSL.

I6 = max; Ik = Ix.H.; Ux> = Exk — Ix.H - Ru
IIpoussenenue Ik.H - Ru 6yner ctpemutses k Ex. 3nauut, Uks — 0.

# JIuHEWHBINH PeXUM — 3TO PSKUM, TIPU KOTOPOM IMUTTEPHBIN TMEPEXO0JT OTKPHIT, & KOJUICKTOPHBIH
3aKPBIT.
16.max > 16 > 0;
Ix.H > Ik > k60
Ex > Ux» > Uxkn.Hac

KitoueBbiM pexxrMoM pabOThl TPAH3UCTOPA HA3BIBAETCS TAKOM PEKUM, IPU KOTOPOM paboyasi Touka
TPaH3UCTOpa CKAaYKOOOPa3HO MEPEXOAUT U3 PeKUMa OTCEYKH B PEXKHMM HACBILICHUS U HA00OPOT, MU-
HYS TMHEHHBIA PEKUM.

+Ek
UBx A
Rk 0 >
EBbIX t 2 !
R6 A
VT1 UBbIx
| | Ek _
UBx a :

1 -
Puc. 79 Puc. 80

Pesucrop RO orpannunBaer Tok 6a3bl TpaH3UCTOpA, YTOOBI OH HE MPEBBIIIAT MAaKCUMaJIbHO JOIIY-
cTUMoro 3HadyeHus. B npomexxytok Bpemenu ot 0 70 t1 BXogHOE HaNpsiKeHHE U TOK 0a3bl OJIM3KU K
HYJII0, M TPAH3UCTOP HAXOJUTCS B pexume oTceuku. Hampspkenue Ukd, SBISETCS BBIXOIHBIM U OyJIET
omusko k Ex. B mpomexyTok BpemeHnu oT tl 10 t2 BXogHOE HampsiKeHHE W TOK 0a3bl TpaH3UCTOpa
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CTaHOBSITCS MaKCUMAJIbHBIMH, U TPaH3UCTOP MepeiAET B pexxuM HacblmeHus. [locie MmomeHTa Bpe-
MEHH t2 TPaH3UCTOP NEPEXOAUT B PEXKUM OTCEUKH.
BbIBoA: TpaH3UCTOPHBIN KITIOY SIBJISIETCS HHBEPTOPOM, T. €. M3MeHseT a3y curHana Ha 180°.

DKBHUBAJICHTHAs CXEMa TPAH3UCTOPA

1) DxBuBajieHTHas cxema TpaH3ucropa ¢ Ob

2) JDkBUBaJIeHTHas1 cxeMa Tpan3ucropa ¢ 09

3) DOxkBUBaJIeHTHasA cxeMa TpaHn3ucTopa ¢ OK

4) TpaH3uCcTOP KAaK AKTUBHBIH YeThIPEXIOJIHCHUK

1) DOxBuBajienTHas cxema TpansucTopa ¢ Ob. DxBuBanenTHas cxema TPaH3UCTOPA MOKET

OBITH TMOCTPOEHA HA OCHOBAHHWH TOTO, YTO COMPOTHBIICHHE OTKPHITOIO 3MUTTEPHOTO TEepexoja Co-
craBiisieT gecatku OMm.

m=n-100mM

ro=n- 100 Om

rk =n"- (10 +100) kxOm

IBX=13 IBbIX=IK
- V71 = Usx
RH
Puc. 81
Rex — U Bx _ Urn+Urs _ D-r+16-16 o I — Ik 6=+ (1—00) 16
IBx D i} J&)
(I—OL) —0

RBx=m=n"-100m
2) JDxkBUBaJIeHTHAs cxeMa TpaH3ucTopa ¢ OJ.

16 -
. VT1 I UBx
Usx RH
E6 L 9 Bk D
|1

Puc. 82
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_Usx Ub+Urs 16-16+ID>-13
IBx 16 16

16 + Ik
+7

RBX ro rm=ro+(1+p)-m

Rex =n - (100 + 1000) Om

3) OxBuUBaieHTHasA cxeMa TpaH3ucTopa ¢ OK (3MUTTEpHBI NIOBTOPHUTEJIb).

\BIG

\_/
ro rK
—L 1 |
— -«
16 e |k
RH Usx

Sl
1

-

-

Puc. 83
Rix — UBx _ Uro +Urs :I6-r6+13-(r3+ Rwu) . (2 + Ru) :r6+(IK+[6)'(I’3+RH) 6 +(1+ B)- (5 + R
IBx 1o 16 16 16

4) TpaH3uCcTOpP KaK AaKTHBHBIH YeThIPEXIOJTIOCHHK.
JIx000i1 TpaH3UCTOP HE3aBUCUMO OT CXE€MBI BKIIOUEHHUS 00J1a1aeT PSIOM TapaMeTpOB, KOTOPBIE BO3-
MOXHO pa3OUTh HA JIBE TPYIIIIHI:
° Hpe,Z[GJ'II)HBIe nmapaMeETpbl — BCC MAKCUMAJIbHBIC 3HAYCHUA
° HapaMeprl TPaH3HUCTOpPA B PCKUME MAJIOT'O CUT'HAJIA.
I[aHHBIe napaMeTpbl O6T>6I[I/IH${IOTC$I B HCCKOJIBKO CHUCTEM IIapaMCTPOB, KOTOPBIC MOKHO OIIPCAC-
JINTh, NPCACTAaBUB TPAH3UCTOP B BUAC aKTUBHOI'O I{eTIJIpéXl'IOJ'IIOCHI/II(a.
quBIpéXHOJHOCHI/IKOM Ha3bIBaeTCs JI1000¢€ QJICKTPHUYCCKOC yCTpOﬁCTBO, HMCTIOIICC 2 BXOJHBIX H 2
BBIXOJHBIX 3aKHUMa.
AKTUBHBIM YETBIPEXTIOIIOCHUKOM HA3bIBACTCSl YETHIPEXIIONIOCHUK, CIOCOOHBIM YCHIMBATh MOIII-
HOCTB.
[IpeacraBuM TpaH3UCTOP B BUAE AKTUBHOI'O YETHIPEXITOIFOCHUKA.

R 12
- | -
U1 u2

[IprcBorM BXOJHBIM TOKY U HAMPSXKEHUIO UHIEKC «1», a BBIXOJAHBIM UHIEKC «2». JlJIs TpaH3UCTOPOB
JIOCTATOYHO 3HATH JIBE JTIOOBIE epeMeHHbie u3 ueThlpéx — Ul, U2, I1, 12. /IBe ocranpHBIC Onpeessi-
IOTCSI U3 CTAaTHYECKUX XapaKTEPHUCTHK TpaH3ucTopa. [lepeMeHHbIe, KOTOPhIE U3BECTHBI WM KE KOTO-
pPBIMH 3a7aI0TCsI, HAa3bIBAIOTCS HE3aBUCHUMBIMU TEPEMEHHBIMU. J[Be npyrue mepemMeHHbIe, KOTOpPbhIS
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MOKHO ONpPEENINTh, Ha3bIBAIOTCA 3aBUCHMBIMHM NEPEMEHHBIMH. B 3aBUCMMOCTH OT TOro, Kakue u3
NEPEMEHHBIX OyIyT BEIOUPATHCS B BUJE HE3aBUCHMBIX, MOKHO MOJYYUTh Pa3JIMYHbIE CUCTEMBI Mapa-
METPOB B PEKUME MAJIOTO CUTHAaIA.

Tabmauma 1
HesaBucumas mepemennas 1112 UL U2 11 U2
3aBucuMas nepeMeHHast Uulu2 1112 1201
Cucrema z y h

Cucrema h-rmapameTpoB TpaH3UCTOPA
Y -riapameTphbl

1) h-napameTpsl U uX GU3NYECKUI CMBICJ
2) Onpenesienue h-mapaMeTpoB M0 CTATHYECKUM XapPaKTEPUCTUKAM
3) Y-nmapaMeTpbl TPAH3UCTOPOB

1) h-mapameTpsbl ¥ uX (PU3NIECKUN CMBICJI. B cucreme h-niapameTpoB B BHjie HE3ABUCHMBIX
IIEPEMEHHBIX [IPUHSTHI BXOJHOM TOK M BBIXOJHOE HalpsDKeHHe. B 3ToM cityyae 3aBHCHMBIE TepeMeH-
ueie Ul = f (11, U2); I2 = f (11, U2). Ilonusni nuddepennuan ¢ynkmuit Ul u 11 paBen

oUl oUl

dUl ="—"=-dI1+=—==-dU2
{ V=511 oz Y
oI oI
dI2="=.dI] +—=—-dU2
oll oU2
oUl _
ofl1 "
aUJ:h12
oU2
oI2
= =h
oll ™
o2
aUz_h22

dUI=h,,-dll+h,,-dU2
dI2=h,, -dl1+h,,-dU2

[epeitném ot 6eckoneuno Manbix npupamenuit dU1, dI1, dU2, dI2 k koneunbiM npupaiueHusm. Io-
JTy4UM:

AUl =hi-All+hi2-AU?2
AI2 = hai-All+ h22- AU 2
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B pexume manoro currania npupaiierue noctossHHbIX coctapisitorux AUL, All, AU2 u Al2 moxHO
3aMEHUTh AMIUIUTYAHBIMUA 3HAYCHUSIMU MIEPEMEHHBIX COCTABJISIIONIUX ITHX )K€ TOKOB U HAIPSKEHUH.
[Toxyunm:

{ Uml=hu-Iml+ hi2- AUn2

1
Im2=ro-Im1+ A2 -Um?2 M

B nepBom ypaBuenuu cucremsl (1) npupasuasem Um?2 k 0. [omyuum:

Uml =hll-Iml = hll1 =Uml /Iml

hi1 — 370 BXOAHOE compoTHBieHHe TpaH3ucropa npu Um2 = 0 To ecTb Npu KOPOTKOM 3aMbIKaHUH B
BBIXOJJHOM IIENH MO EPEMEHHOMY TOKY (KOHJIEHCATOPOM).
B nepBom ypaBuenuu cucremsl (1) npupasasiem Iml k 0. [Tomyunm:

Iml=0
Uml

Uml=h:-Um2 = ho=——
Um?2

hi, — npencrasnsger co6oil koApGUIIMEHT 0OpaTHOM CBA3M Ha XOJIOCTOM XOJY BO BXOJHOM LIENH 110
nepeMeHHOMY TOKy. Koadduument oOpaTHOIl CBA3M MOKAa3bIBAET CTENEHb BJIMSHHUS BBIXOJAHOIO
HaNpPsDKEHUS Ha BXOAHOE (KaTyIIKON UHIyKTUBHOCTH).

Bo Bropom ypaBHenuu cuctemsl (1) npupaBuasem Um?2 k 0. [Tomyunm:

Um2=0
Im2 = h21 . Il’l’ll
hy; =Im2/Iml

h21 — KO3 OUIMEHT yCHICHHS IO TOKY TPaH3UCTOpa WK Ko3((uIueHT mepesadu Toka MpH Ko-
POTKOM 3aMBIKaHUH BBIXOJHOM LIENH 110 IIEPEMEHHOMY TOKY.
IIpupaBusem Bo BTopoM ypaBHeHuU cucteMsl (1) Iml x 0. [Tomyunm:

Im2 = hzz -Um?2
hzz =Im2/Um2

h22 — BeIXO/THASI IPOBOAUMOCTH Ha XOJIOCTOM XOJTy BO BXOJHOM IICTIH.

2) Onpenesnenue h-napamMeTpoB Mo CTATHYECKUM XaPAKTEPUCTUKAM. Tak Kak cTaTu-
YCCKHC XAPAKTCPUCTUKU TPAH3HUCTOPOB U3MEPAIOTCA TOJILKO Ha IMOCTOAHHOM TOKE, TO IIPU OIIPCALCIIC-
HUU aMIUTUTYIHBIX [IapaMEeTPOB TOKOB U HAIIPSDKEHUH MIPEACTABUM B BUJIE IIPUPAILECHUS TOCTOSHHBIX
COCTABJISIOIINX.

hnzA—UlanU2:Const
Al

AU1
h12:
AU2

npu /1 = Const

ha = Al2 npul?2 = Const
All
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AI2
ho=
AU?2

Benuuunsl hy; u hi> onpenensiroTcs Mo BXOIHBIM XapaKTepUCTHKaM TpaH3ucTopa. Paccmotpum rpa-
dboananuTHUECKOE OmpeieNieHue h mapameTpoB Ha MpUMEpPE CXEMbI C OOIIKMM SMUTTepoM. BBumy
TOT0, YTO TPAH3UCTOP BCerJa padoTaeT ¢ BXOJHBIM TOKOM, TpeOyeTcs MOJIb30BaThCS BXOAHBIMU H
BBIXO/IHBIMU XapakTepucTukamu (cmorpute Puc. 85 — 87). Byaem cuutarh, 4to Harpy304Hoe compo-
TUBJICHUE KacKaja Oy/IeT OJUHAKOBBIM U JUIS IIOCTOSIHHOTO, U JIJIsl IepeMeHHOoro Toka. TpebGyemsrii h-
napaMeTp pacCUMUTHIBACTCS U3 MPUBEAEHHBIX HIKE (Gopmyn. M3 pUCYHKOB BUIHO, YTO MOJCTaBIIsIe-

npu /1 = Const

MbI€ B (QOPMYJIBI JAHHBIE HAXOIATCS IyTEM MPOEKIIMH TOYEK Ha OCH KOOPJAWHAT.

16 16 A
Uka2>0 Uka2>0
162 ?
161
Uba U632 Uba
I A ; 164 Ik A 163
\
} ) 163 1 |62=const
|K2 7777777777 | |K1 777777 | 2
| 1 |
[ ‘ [
| |
1 162 ‘ }
k1 L/ ‘ } |
|
| | |
| 161 | 161
Uka=const Uka Uka1 Uka2 Uxa
a) Puc. 87 6)
hio = npu Uks = Const
U632 —Uobn1
h113 [ —
162 - 161
§)
hi2= v npu [6 = Const
AUK?
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U652-U6s1  Ubs2-Ub51

= T.K. U3l =0
Uxn2 —-Uxknsl Uxn2

hi2n =

[TapameTpsl hy; 1 hy, onpenensitoTcs mo BEIXOIHBIM XapakTepucThukaM (cMoTpute Puc. 87).

. Ix2 -1kl
163162
Hars = Ix2 -1kl
AIO
h2n = Alk nipu 16 = Const
Uxo
hay — Ix2- Ikl
Uxs2 - Uxosl

3) Y-mapameTpbl TPAH3UCTOPOB.

[TapameTpbl TPaH3UCTOPOB SABISAIOTCS BEIUYMHAMH, XapaKTEPU3YIOIKUMU UX cBOMCTBA. C MOMOIIbIO
apaMeTpoB MOXKHO OLIEHHMBATh KAYECTBO TPAH3UCTOPOB, PEIIaTh 3a]]a4l, CBS3aHHbIE C IPUMEHEHHEM
TPaH3UCTOPOB B PA3JIUYHBIX CXEMaX, U PACCUMTHIBATH ITH CXEMBI.

JU1s TpaH3UCTOPOB MPEIOKEHO HECKOJIBKO PA3JIMYHBIX CUCTEM IIApaMETPOB, y KaXK10i CBOU AOCTO-
MHCTBA U HEJIOCTATKH.

Bce mapametpsl fensTcst Ha COOCTBEHHbIE (MM NEpBUYHBIC) U BTOpUUHble. COOCTBEHHBIE XapaKTe-
PHU3YIOT CBOMCTBA CaMOro TPAH3UCTOPA, HE3ABUCUMO OT CXEMbI €0 BKJIIOUEHUS, a BTOPUYHBIE Napa-
METPBI JUIs Pa3IMYHbIX CXEM BKIIOUEHHS pa3ianyHbl. OCHOBHBIE NIEPBUYHbBIE TapaMeTphl: KOdPPHIIn-
€HT YCUJICHHUS 110 TOKY 0, COIPOTUBJIEHUS 10, 13, IK.

Y-napaMeTpbl OTHOCSTCS KO BTOPUYHBIM mapameTpaM. OHM HMEIOT CMBICI NpoBoguMocTed. s
HU3KHUX 9aCTOT OHM SIBJISIOTCS YHCTO aKTHBHBIMH M TIOATOMY MX MHOT/Ia 0003HAUaIoT OYKBOi g ¢ co-
OTBETCTBYIOIIMMH HHJEKCAMHU.

Bce cuctembl BTOpHUHBIX ITapaMeTpPOB OCHOBAaHbI HAa TOM, YTO TPAH3UCTOP pPacCMAaTpPUBAETCS Kak
YEeTHIPEXIIOMIOCHUK (2 BXoJa U 2 BbIXoja). BropuuHble mapamMeTpsl CBSI3bIBAIOT BXOIHBIE U BBIXOJ-
Hbl€ TIEPEMEHHBIE TOKHU U HAIIPSDKEHUS U CIPABEAJIUBBI TOJIBKO I MalblX aMIUIMTY. [loaTomy mx
eI Ha3bIBAIOT HU3KOYACTOTHBIMU MaJOCUTHAIbHBIMU [TapaMeTpaMH.

Bxomnas nposogumocts: yi; = All / AU1, U2 = Const. IIpoBoguMocTs 00paTHO# CBs3H: yi2 = All /
AU2, U1l = Const.

[Tapametp yi» moka3bIBaeT, Kakoe U3MeHeHue Toka I1 momyyaercs 3a cuét oOpaTHOI CBsA3M NpU U3-
MEHEHUHU BbIXoJHOro HampspkeHuss U2 Ha 1B. IlpoBoauMocTts ynpaBieHust (KpyTusHa): y = Al2 /
AUI, U2 = Const.

BenuunHa y» Xxapakrepu3yeT ynpasistoliee JeicTBUe BXogHOro HanpsbkeHust Ul Ha BBIXOJHOW TOK
12 u nokassiBaet uzmMenenue 12 npu nzmenenun Ul Ha 1B. BrixoHas npoBOAMMOCTB:

y» = Al2 / AU2, Ul = Const. B cucremy y-napameTpoB HHOTIa JOOABISIOT €MIE CTAaTHYECKUI K03(-

(GUIUEHT YCUIEHUS MO HAIIPSHKEHUIO
p=-AU2/ AU1 npu 12= Const. [Ipu 3ToOM L = y21 / y2».

JIOCTOMHCTBO y-TIapaMeTpoOB - MX CXOJCTBO C IapaMeTpaMM 3JEeKTPOHHBIX Jamn. HemoctaTok —
OUYEHb TPYJIHO U3MEPSThH Y12 U Y22, T. K. HaJl0 obecrieunth pexxuM K3 ais nepeMeHHOro Toka Ha BXO-
7€, a U3MEPSIOMNUNA MUKpOaMIIEpMETP UMEET CONPOTHBIIEHHUE, CPABHUMOE C BXOJIHBIM COIIPOTHUBIIE-
HUEM camoro TpaHsuctopa. [1oaToMy ropasno yaiie MCHOJB3YIOT CMEIIaHHbIe (MM THOpUIIHBIE) h
napaMeTpsl, KOTOpble yI00HO U3MEPATh U KOTOPbIE MPUBOJAT BO BCEX CIPABOYHHKAX.
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TeMneparypHbl€e U YaCTOTHBIE CBOKMCTBA
TPaH3UCTOPOB. DOTOTPAH3UCTOPHI

1) TemnepaTypHoe CBOHCTBO TPAH3UCTOPOB
2) YacToTHOE CBOMCTBO TPAH3UCTOPOB
3) ®oTOTPAH3UCTOPHI

1) TemnepaTypHoe CBOWCTBO TPAH3UCTOPOB. /luana3on pabounx TeMIepaTyp TPaH3uCTOpa
ONpEeNENAeTCs TEMIIEpAaTypHbIMU CBOMCTBaMM p-h mepexoxaa. lIpm ero HarpeBaHuMM OT KOMHATHOM
temriepatypsl (25 °C) go 65 °C conpoTtuieHne 6a3bl U 3aKPHITOTO KOJUIEKTOPHOTO TIEPEX0/1a YMEHb-
nraercs Ha 15 — 20 %. OcoGeHHO CHUIbHO HarpeBaHue BIMsET Ha 00paTHBIN TOK KojuiekTopa [k6o. On
YBEIIMYMBAETCS B JIBa pa3a npu yBesnuyeHUU Ha Kaxaepie 10°C. Bc€ 910 BiIMsieT HA XapaKTEpPUCTUKHU
TpaH3HUCTOPa U TIOJIOKEHUE padoueil Touku (cmotpute Puc. 88).

Ik §
— — — f2o>t1°

— t1°

Uka' Uka Uka

Pwuc. 88

Toxk KOJUUICKTOpa YBECIIMUUBACTCA, @ HAIIPSAKCHUC Uxk> YMCHBIIACTCA, YTO PABHOCUJIBHO OTKPBIBAHHIO
TpaH3uCcTOpa. BBIBOA: CXeMBbI BKIIFOUCHHS TPAH3UCTOPOB C OOIITUM SMHUTTEPOM TPEOYIOT TeMIepaTyp-
HOH CTa6I/IJ'II/I3aI_[I/II/I.

2) YacToTHOE CBOMCTBO TPAH3UCTOPOB. /lHanason pabouynx 4acTOT TPAH3UCTOPA OIPEIEs-
eTcs ABYMs (paKTOpaMu:

e Hanuuue GapbepHBIX EMKOCTEN Ha p-n nepexoax. KomiekTopHas EMKOCTh BIHSET 3HAYUTEIBHO

CHJIbHEE, TaK KaK OHa MOJKII0YAETCs MapajuleIbHO OOJBIIOMY CONPOTUBICHUIO (cMOoTpuTe Puc.
89).

ro rk BI6
I
Uex Ck

Ca ra
T 4{ RH

Pwnc. 89
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e Bo3HukHOBeHHE pazHOCTH (Da3 MEXIy TOKAMU SMUTTEpaAMHU M KOJUIeKTopa. TOK KOJIJIEKTOopa OT-
cTa€T OT TOKa HIMUTTEpA Ha BpeMs, Tpedyemoe i MPpeoAoaeHHs 0a3bl HOCUTEISIMU 3aps/ia.

1) ®1=0,¢1=0

Ix
1=
b 161
161 Is
Ik
Pwuc. 90

Ik
2) ®2>0,p2=0,162> 161, B2=E<Bl

lo , 162

-
' <\IK

Pwuc. 91

3) ®3 >>0, B3<<Pl
I3

Puc. 92

C yBenuueHHEM 4acTOThI KOAPDUIIMEHT YCUIICHHSI TIO TOKY YMeHbInaeTcs. [loaToMy asist olleHKH Ya-

CTOTHBIX CBOWCTB TPaH3UCTOpa MPHUMEHSETCS OAWH M3 OCHOBHBIX MapaMETPOB - MapaMmeTp TpaHu4-
HOI 9acToThl frp. ['paHUYHOI 9acTOTON HA3BIBACTCS TaKas 4acTOTa, HA KOTOpOi kod(ddumnmeHrt ycu-
JIeHHs. yMeHbImaercs B V2 pas. KodpHIMeHT yCHIeH s depe3 rpaHHdHYIO0 YacTOTy MOXKHO OTpeie-
JUTH 110 popMyJie

Bo

1+ (fj
fp

o — koahduULIMEeHT ycuIeH s Ha TOCTOSTHHOM TOKE

f — gacrora, Ha KOTOPOH ompexaenseTcs KOIPPUIUSHT yCHIeHUs .

3) ®OTOTPAH3UCTOPBI. DOTOTPAH3UCTOPOM HA3BIBAETCS (POTOTATLBAHUYECKHUN NPUEMHHUK CBE-
TOBOT'O W3ITy4eHUS, (DOTOUYBCTBUTEIBHBIN 3JIEMEHT KOTOPOTO MPEJICTABISAET COO0H CTPYKTYpy TpaH-
3UCTOpa, 00ECIEYNBAIOIIYIO0 BHYTpeHHEe ycuieHue (cMotpute Puc. 93).
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35 K d3>D2
nip[n]
Usx RH
@ 5 ®2>0
‘ ®1=0
UK:

Puc. 93

[Tpu ocBemenun 6a3bl B HE MPOUCXOIUT (hOTOTEHEpaIisl HocuTenel 3apsaoB. HeocHoBHbBIE HOCH-
TEJH 3apsaa yXOIAT B KOJUIEKTOP 4Yepe3 3aKPbIThIM KOJUIEKTOPHBIN IIEPEXO0J, & OCHOBHBIE CKaIlJIMBa-
I0TCs B 0a3e, OBBIIIAs TEM CaMbIM OTIHUPAIOIIEe JeHCTBUE SIMUTTEPHOTO mepexoa. Tok sMuTTepa, a
CJIEZIOBATENIbHO, TOK KOJUIEKTOPA BO3pACTaeT. 3HAYUT, yIPABIECHHE KOJIEKTOPHBIM TOKOM (hOTOTpaH-
3MCTOpa OCYIIECTBIIAETCS] TOKOM 0a3bl TPAaH3UCTOPA.

IloseBbie TPAH3UCTOPBI
IIpencrasiieHre 0 MOJIEBBIX TPAH3UCTOPAX

1) YerpoiicTBO M NPUHIHUI IeHCTBUSA MOJEBBIX TPAH3UCTOPOB C YIPABJIAKIIUM
pP-n nmepexoaoM

2) XapaKkTepuCTHKHU U IapaMeTPbI M0JIeBbIX TPAH3HCTOPOB

3) IlosieBbIe TPAH3UCTOPHI € U30JIUPOBAHHBIM 3aTBOPOM

4) IloaeBbie Tpan3ucTopsl Aass UMC, penporpaMMupyeMbIX NOCTOSTHHBIX 3aI10-
muHaomux yerpoicrts (PII3Y)

1) YcrpoiicTBO M MPUHIUN JeCTBUSA IMOJIEBbIX TPAH3UCTOPOB € YNPABJIAKIIHUM

p-n nmepexoa0oM. [loneBbIM TPaH3UCTOPOM Ha3bIBAETCS MOJIYIPOBOJAHUKOBBIA IIPUOOP, B KOTOPOM
TOK CO3Aa€TCS TOJBKO OCHOBHBIMU HOCHUTEIISIMH 3apsiioB MOJ JEHCTBHEM MPOJOJIBHOTO AJIEKTpUYe-
CKOTO I0JIfl, a YIPABJISIOLIee 3TUM TOKOM OCYIIECTBIISETCS TONEPEUHBIM 3JIEKTPUUYECKUM TOJIEM, KO-
TOPOE CO3MAETCS HAIPSHKEHUEM, IIPHIIOKEHHBIM K YIPABIISIOIIEMY 3JIEKTPOAY.

e
=D-GlD -

n
+ n - - n +
Puc. 94 Puc. 95

Heckonpko onpenenenuii:

® BI)IBOIL IMOJICBOT'O TPaH3UCTOPA, OT KOTOPOIro UCTCKAIOT OCHOBHLIC HOCUTCIIN 3apAJ0B, HA3bI-
BacTCsAa NCTOKOM.

® BI)IBO)I IMOJICBOT'O TPAH3UCTOPA, K KOTOPOMY CTCKAIOT OCHOBHBIC HOCUTEIIN 3apA/10B, Ha3bIBa-
€TCsA CTOKOM.

® BLIBOIL IIOJICBOT'O TpaH3HUCTOpA, K KOTOPOMY IPUKIAABIBACTCA YIIPABIAIOMICC HAIIPAXKCHHUC,
CO3aaromICe MMOIIEPEYHOEC DJICKTPUUCCKOC IT0JIC HA3bIBACTCA 3aTBOPOM.
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®  YYacTOK MOJYIPOBOJIHUKA, II0 KOTOPOMY JBMXKYTCSI OCHOBHBIC HOCHTEIH 3apsiiOB, MEXIY p-
N MePEexX0J0M, Ha3bIBAETCS KAHAIIOM IT0JIEBOTO TPAH3HUCTOPA.
[ToaToMy T0JIEBBIE TPAH3UCTOPHI MTOIPA3ICIIIIOTCS Ha TPAH3UCTOPHI C KAHAIOM P-THUIIA WJIA N-THTIA.
VYcenouoe rpadudeckoe nzodbpakenue (YI'O) momeBoro TpaH3ucTopa ¢ KaHAJIOM N-TUTA U300pake-
HO Ha pucyHke 96, a ¢ KaHaJIOM p-THUIIa HAa pUCYHKE 97.

Puc. 96 Puc. 97

[IpuHIUIT IEeHCTBUS pacCMOTPUM Ha IIPUMEpE TPAH3UCTOPA C KAaHAJIOM N-THUIIA.
Ic +

- 3 Ucm

Usn

Puc. 98
1) Usu = 0; Icl = max;
2) [Usm| > 0; Ic2 <Icl
3) [Usn|>>0;1c3=0
Ha 3atBop Bcerna noga€rcest Takoe HampsiHKeHUE, YTOOBI MEPEXO0/Ibl 3aKphIBAIMCh. HanpsbkeHne Mex-
Jy CTOKOM M HMCTOKOM CO3/1a€T MPOJIOJIbHOE 3JIEKTPUUYECKOE MOJie, 32 CUET KOTOPOro yepe3 KaHal
JBUKYTCSI OCHOBHBIE HOCUTEIIU 3apsiIoB, CO3/1aBast TOK CTOKA.

1) Tlpu oTcyTcTBUM HamNpsKEHUS Ha 3aTBOPE P-N MEPEXOMAbl 3aKPHITHI COOCTBEHHBIM BHYTPEH-
HUM T0JIEM, IIMPUHA WX MUHUMAaJbHA, a IIMPUHA KaHajla MaKCHUMallbHa U TOK CTOKa OyJleT
MaKCHMaJIbHBIM.

2) Ilpu yBenu4eHUHU 3aMUPAIONIETO HANPSKEHUs HAa 3aTBOPE IIUPHUHA P-N MIEPEX00B YBEIUUUBA-
eTcsl, a NIMPUHA KaHalla U TOK CTOKa YMEHBIIAIOTCS.

3) Ilpu goctaToyHO OONBIIMX HAMPSHKEHHUSX HA 3aTBOpPE IIUPUHA P-n MEPEXOJO0B MOXKET yBe-
JUYUTHCS HACTOJIBKO, YTO OHU COJIBIOTCS, TOK CTOKA CTAHET PABHBIM HYJIIO.

Hanpsbxenue Ha 3aTBope, IpU KOTOPOM TOK CTOKA pPaBeH HYJIIO, HA3bIBAETCS HANPSXKEHUEM OTCEUKHU.
BreIBOM: MONEBOM TPAH3UCTOP MPEICTABISIET COOOHN yMpaBIsIeMbIN TOTYNPOBOIHUKOBRINA MPUOOD,

TaK KakK, U3MEHSS HANPsDKEHHUE Ha 3aTBOPE, MOKHO YMEHBIIIATh TOK CTOKA U TI03TOMY MPUHSITO TOBO-

pHUTh, YTO TOJIEBBIC TPAH3UCTOPHI C YIPABISIIONIUMHU pP-h TIEpeXogamMu paboTal0T TOJIBKO B PEKUME

o0eTHeHHsI KaHaua.

2) XapakTepuCTUKH U MapaMeTPbl M0JeBbIX TPAH3UCTOPOB. K 0CHOBHBIM XapaKTepH-

CTHKaM OTHOCSTCS:

e (CTOKO3aTBOpHAs XapaKTEPUCTHKA — 3TO 3aBHCHUMOCTh TOKa cToka (Ic) oT HampsikeHus Ha 3a-
tBOope (UcH) /Ui TpaH3UCTOPOB C KAHAJIOM N-THIIA.

IC;\ p
\
N\
N
lc, °<
N N -
UoTtc Usn1 Usn2 Uotc Usn
Puc. 99
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e (CTOKOBasl XapaKTEpUCTHKA — 3TO 3aBUCUMOCTb Ic oT Ucu npH MOCTOSHHOM HAINpSKEHUH Ha
3atBope (cmotpute Puc. 100). Ic = f (Ucu) nmpu Usnu = Const

Ic A Usn

|[Usun|>0

|Uan2|>|Usun1|

[Uan3|>|Uan2)

Puc. 100 Ucn

OcHoBHBIC MapaMeTpbI:
1) HampspkeHne OTCEeUKH.
2) KpyTusHa cTOK03aTBOpPHOM XapakTepucTUKU. OHa MOKa3bIBaeT, HA CKOJIBKO MIIJIHAMIIEp U3Me-
HUTCS TOK CTOKa NP U3MEHEHUH HANPsLKEHUS Ha 3aTBope Ha 1B.

Al
[ — npulUcu = Const
Usn
_ e2-1Icl
Usn2 - Usnl|
3) BHyTpeHHee conpoTuBIeHUE (MU BBIXOHOE) MOJIEBOTO TPAH3UCTOPA.
A
Ri= Uen npulUsm = Const
Alc
Ic A Usm
o ek

Ic1

|U3n2|>|Uan1|
|
|
|
|
I |Usn3|>|Usn2|
|
|
1 -
Ucn1 Ucn2 Ucun
Pwuc. 101
4) BxogHoe cCOnpOTHUBIIEHHUE.
AUzn
RBX = <10° Om
Al3

Tax kak Ha 3aTBOp MOAAETCS TOIBKO 3alMPArOIIee HAMPsKEHKE, TO TOK 3aTBOpa OyAeT MPeICTaBIsITh
co00i1 0OpaTHBIN TOK 3aKPBITOTO P-n Mepexoaa u OyJeT oueHb Mall. BenmuurnHa BXOJHOTO COMPOTHUB-
nenus RBX OyJer oueHb BeIMKa ¥ MOKET jgocturath 10° Om.

3) Hos1eBbIe TPAH3UCTOPBI € U30JJUPOBAHHBIM 3aTBOPOM. JlanHbie NPUGOPHI UMEIOT 3a-
TBOP B BUJE METAUITMUECKOHN TUIEHKHU, KOTOpask M30JIMPOBaHa OT MOJTYIPOBOJHUKA CIOEM JAUAICKTPH-
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Ka, B BUJIE KOTOPOTO MPUMEHSIETCSI OKUCh KpeMHus. [1o3ToMy mosieBbie TpaH3UCTOPHI C N30JIUPOBAH-
HbIM 3aTBOpoM HasbiBatoT MOII u M/III. A66peuarypa MOII pacmmdpoBbiBaeTcs Kak MeTal,
OKHCh, momyrnpoBoaHuk. M/IIT pacmmdpoBbIBaeTCs Kak METAII, TUAJEKTPUK, TTOTYTIPOBOTHHUK.
MOII — TpaH3ucTOpPBI MOTYT OBITH ABYX BHIOB:
e TpaH3UCTOPBI CO BCTPOEHHBIM KaHAJIOM
e TpaH3UCTOPBI C UHAYLUPOBAHHBIM KaHAJIOM.
TpaH3UCTOP CO BCTPOEHHBIM KAHAJIOM.
OCHOBO¥ TaKOTO TPAH3UCTOPA SIBISIETCS KPUCTAIUT KPEMHHS P- WM N-TUTIA TPOBOIUMOCTH.
Kanan ‘ 3 Sio,
|

Yy

n* n*

+

Mopnoxka p~

Pwnc. 102

Jlig TpaH3UCTOpa € N-TUIIOM IPOBOJIUMOCTH:

Usu = 0; Icl;

Usu > 0; Ic2 > Icl;
Usu <0; Ic3 <Icl;
Uszu << 0; Ie4 = 0.

IMpuHoun xeicTBus.

ITon neiicTBHEM 3JIEKTPUUECKOrO MOJS MEXIY CTOKOM M MCTOKOM 4epe3 KaHal OyIyT MpOoTeKaTbh
OCHOBHBIC HOCUTEIH 3apsiJIOB, T. €. Oy/eT CyIlecTBOBaTh TOK cTOKa. [Ipu mojgaue Ha 3aTBOpP MOJI0XKH-
TEJILHOTO HANpSKEHUS 3JEKTPOHbI KaK HEOCHOBHBIE HOCUTENH IMOJJIOKKH OYIyT MPUTATUBATHCS B
kaHas. Kananm o00oraTuTcst HOCUTEISIMU 3apsijia, U TOK CTOKa YBEJIMUUTCS.

IIpy nonaye Ha 3aTBOpP OTPULIATENBHOIO HANpPSKEHUS 3JIEKTPOHBI U3 KaHana OyAyT yXOJIUTh B
MOJIIOKKY, KaHaJl OO€IHUTCS HOCUTENSIMM 3apsiioB, U TOK CTOKa yMmMeHbIIuTcs. [Ipu gocraTtouHo
0OJBIINX HANPSKEHUSIX Ha 3aTBOPE BCE HOCUTEINH 3apsiia MOTYT M3 KaHaja yXOAUTh B MOMJIOXKKY, U
TOK CTOKa CTaHET PaBHBIM HYIIIO.

BoeiBoa: MOII — TpaH3ucTOpbl CO BCTPOEHHBIM KaHAJIOM MOTYT paloTaTh Kak B pekuMe oboraiie-
HUS, TaK U B peKUME 00€THEHUS 3apsi/I0B.

. IcA P

ot ~ >
UoTtc Usn
Punc. 103

TpaH3ucTopsl ¢ MHAYUHMPOBAHHBIM KAHAJIOM.

U3z =0; Icl =0;
Uz <0; Ic2 =0;
Uz >0; Ic3 > 0.
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Puc. 104 puc.105

[Ipu HampspKEHUSX Ha 3aTBOPE, PABHBIX WIJIM MEHBIIE HYJIS, KaHAJl OTCYTCTBYET, U TOK CTOKa OyneT
paBeH Hy:10. [Ipy MONOKUTENBHBIX HANPSHKEHUSIX HAa 3aTBOPE AJIEKTPOHBI, KAK HE OCHOBHBIE HOCHUTE-
T 3apsijia MOJJIOKKH pP-TUMa, OyayT MPUTITUBATHCS K 3aTBOPY, & JIBIPKA OyIyT YXOIWUTH BIITyOb
MOJ/VIOKKHU. B pe3ynbrare B TOHKOM CJIO€ O] 3aTBOPOM KOHIICHTPAIIUSI SJIEKTPOHOB MPEBBICUT KOH-
LEHTPALUIO JIBIPOK, T. €. B 3TOM CJIO€ MOJIYIPOBOJIHUK MOMEHSET TUI CBOEH rpoBogumoctu. O6pa3y-
eTcst (MHAYIUPYEeTCs) KaHall, U B 1NN CTOKA MOTEYET TOK.

BriBoa: MOII — TpaH3ucTOpHI ¢ HHIYIIMPOBAHHBIM KaHAJIOM MOTYT paboTaTh TOJBKO B pekUMe 000-
ralieHusl.

MOII — TpaH3ucTOpsl 001a7aI0T OOIBIINM BXOIHBIM CONPOTUBICHUEM, YEM TPAH3UCTOPHI C YIPaB-
nseMbIM niepexogom. Rex = (10" + 10") Owm.

4) Iloaesbie Tpanzuctopsl A UMC PII3Y. B unrerpansusix mukpocxemax PII3V B
BUJE SUEHKM JUIS XpaHeHHs 10MT MHpopManu 1cnonb3yroTcs nonessie Tpanuctopst MHOII win
MOII - Tpan3ucTOpHI ¢ TIaBaromuM 3aTBopoM. A66peBuatypa MHOII pacmmudpoBbiBaeTcst ciemyro-
M oopaszoM. M - meramn, H — cruta HS13N4, O — okennn metasa, [1 — nomynpoBoaHuK.

[TpuHUMI OeHCTBUS 3TUX TPAH3UCTOPOB OCHOBAH HAa TOM, YTO B CHJIBHBIX AJIEKTPUYECKUX MOJIAX
3JEKTPOHBI MOTYT MIPOHUKATH B TUAJIEKTPUK Ha TITyOUHY 10 I MKM.

MHOII-cTpykTypa Tpan3uctopa nzodpaxena Ha Puc. 106.

3 SiN,

— e

Mopanoxka p~

Puc. 106
Tpansucrops! ctpykrypel MHOII umeroT nByxcinoiHbIi quanekTpuk. [lepBelii cioi, TONUHON Me-
Hee 1MKM — 3TO OKMCb KPEMHUS, BTOPO CJIOM — TONIUHON HECKOJIBKO MUKPOH — HUTPHUJL KDEMHUSL.

be3 nporpammupoBanus 3TOT TpaH3UCcTOp padoTaeT kKak 00bruHbIi MOII — TpaH3uCcTOp U COAEPKUT
JIOTMYECKYIO €IMHUILY HH(OpMaIUH.

Ic

U3=5B Un
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Jli1g mporpaMMUpOBaHUSI IOTHYECKOTO HYJIS Ha 3aTBOP IO/IAal0T KpaTKoBpeMeHHoe HanpsikeHue (U =
25 + 30B). [lox nelicTBUEM 3TOr0 HANPSKEHUS 3JIEKTPOHBI MIPOXOIAT CJIOW OKHUCH MaJON TOJILIUHBI,
HO HE MOTYT IIPOUTH CJIOW HUTPUAA KPEMHUS M CKAIIMBAKOTCS HA rpaHMIle 3TUX cIOEB. [lockonbKy
HaIpPsDKEHUE KPAaTKOBPEMEHHO, TO OHM OCTAlOTCS Ha TPAHUIE CIOEB 3TUX IOUAJIEKTPUKOB. OcTaB-
IIKUCh, 3JEKTPOHBI CO3Aa0T OOBEMHBIM OTPHULIATENIBHBIM 3apsijl, KOTOPHIH MOXET XPaHUTbCA CKOJIb
YTOJHO JOJITO. 3a CUET 3TOTO 3apsiia BO3ZHUKAET IEKTPUYECKOE MOJIE, IPOTUBOACHCTBYIOILIEE MTOJIO
3arBopa. YToOBl MHAYLMPOBATh KaHAJl B TPAH3UCTOPE, HA 3aTBOP HEOOXOAMMO MOJaBaTh Oouibliee
HanpspKeHUe, YToObl IPEoJ0JIeTh JecTBUE Mol 00BEMHOTO 3apsiaa. ITO COOTBETCTBYET CIABUTY CTO-
KO3aTBOPHOM XapaKTEpUCTHKH BIIPaBO MO OCH HampsbkeHMM. [Ipym monmadye Ha 3aTBOp HMITyJbca
3arpoca 5B kaHan nHAyIHpOBaThCS He OYyIET, TOK CTOKAa U TOK B Harpy3ke OTCYTCTBYIOT, M Ha Ha-
rpy3Ke OyJeT ypoBeHb JIOTHYECKOTO HYJIS.

Jnst ctupanust ”HGOPMAILIMK HA 3aTBOP IMOJAIOT TakXke HarpspkeHue 25 + 30B, ToapKo oTpUllaTelNhb-
HOM TNOJIAPHOCTH.

Crpykrypa MHOII — TpaH3MCTOPOB € IJIABAIOIIIMM 3aTBOPOM.
B cioe okucna kpeMHus co3gaérest 06J1acTh U3 aTIOMUHUS WIH MOJTUKPUCTAUINYECKOTO KPEMHHUSI Ha
paccTostHUM MeHee | MKM OT nmosynpoBoaHuka (cMoTpute Puc. 108).
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[Mpunuun neictBus MOII — TpaH3UCTOPOB € IUIaBAIOIIKMM 3aTBOPOM TOYHO TaKOM ke, KaK y TpaH3U-
ctopoB MHOII, TonpKO ITpU NpOrpaMMHUPOBAHUM 3JIEKTPOHBI CKAIUIMBAKOTCS B IUIABAOLIEM 3aTBOPE
U3 aMOMUHMA WK KpeMHMs. CTupaHue MH()OpMaluu OCYILECTBIAETCS YIbTpadroIeTOBIM 00ITyue-
HUEM.

Tupucropsl

TuprcTOpOM Ha3bIBACTCS YETHIPEXCIOWHBIA MOTYTPOBOHUKOBBIN MTPHUOOP, COCTOSAIINN U3 TTOCIIEIO0-
BATCJIbBHO YCPCAYIOIINXCS o0Omacrei p- U n — TUTIOB IPOBOJAUMOCTH.
IlepBbIil BUI TUPUCTOPOB — 3TO JUHUCTOPHI.
° ﬂI/IHI/ICTOpLI — OTO JUOJHBIC TUPUCTOPHLI, NI HCYIIPABIACMbBIC ICPCKIIIOYATCIILHBIC JTUO/bI.
e TpHUHHUCTOPBI — 3TO yIPABIIIEMBIE IEPEKIIOYATEIIbHBIE TUOIBI.
e  CHUMHUCTOpPBI — 3TO CUMMETPHUUYHBIE TUPUCTOPSI, T. €. THPUCTOPBI C CUMMETpUUHON BAX.
PaccMmoTpuM 311 IpUOOPBL.
1) YcTpoiicTBO ¥ NPUHUUI AeHCTBUS JUHHUCTOPOB.
2) OcHOBHBIC MapaMeTPbl THPUCTOPOB.
3) TpuHHCTOPBI.
4) IlonsiTHe 0 CUMHUCTOPAX.
1) YcrpoiicTBO M NMPUHIUI JeMCTBUA TMHUCTOPOB. HapyxHast p-001acTh ¥ BBIBOJ OT
He€ Ha3bIBaeTcs aHOJIOM (cMoTpuTe Puc. 109).
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HapyxHas n-o61acTh ¥ BBIBOJ OT HE€ HA3BIBAETCS KaTOOM. BHyTpeHHUE p- U n-00J1acTH Ha3bIBAIOT-
cs1 6azamu nuHucTopa. KpaiiHue p-n mepexoapl Ha3bpIBAIOTCS IMUTTEPHBIMU, a CPEIHHUI P-n MEPEX0.T
Ha3bIBaeTCs KOUIEKTOpHBIM. [loganum Ha aHOA «-», @ Ha KaToa «+». [Ipu 3TOM 3MHUTTEpHBIE TTEpeX0-
IbI OYyIYT 3aKPBITHI, KOJUIEKTOPHBIN OTKPHIT. OCHOBHBIE HOCUTEIN 3apsIOB U3 aHOJA M KaToJa He
CMOTYT TIEpEeUTH B 0asy, MO3TOMY 4epe3 ITUHUCTOP OyAET MPOTEKaTh TOJBKO MAaJCHBKUN OOpaTHBIN
TOK, BBI3BAaHHBIN HE OCHOBHBIMU HOCUTEIISIMU 3apsijia.

Ecnu Ha aHOZ moaath «+», a Ha KaToO/A «-», SMUTTEPHBIE MEPEX0 bl OTKPHIBAIOTCS, a KOJUIEKTOPHBIN
3aKpbIBACTCH.

1A

-

U

Puc. 110

JuHUCTOPHI MPUMEHSIOTCA B BUAEC OCCKOHTAKTHBIX MEPEKIIOYATEIIbHBIX YCTPONCTB, YIPAaBISIEMBIX
HaIPSKECHUEM.

[TpunIMn necTBus.

OcHOBHBIE HOCUTEIIH 3aps0B EPEXOAAT U3 aHo/Ia B 06a3y 1, a u3 karoga — B 6a3y 2, I/ie OHU CTaHO-
BATCSI HE OCHOBHBIMH U B 0a3ax MPOUCXOJAUT HHTCHCUBHAS PEKOMOWHAIINS 3apsI0B, B pe3yJIbTaTe KO-
TOPOW KOJIMYECTBO CBOOOTHBIX HOCUTEJICH 3aps/I0B YMEHBIIIACTCS. DTH HOCUTENH 3apsiaa MOIXO0IAT K
KOJUIEKTOPHOMY TEPEXO0Jy, TOJie KOTOPBIX ISl HUX OyAeT YCKOPSIOIIUM, 3aTe€M MPOXOAST 0asy u
MEPEXOJIAT Yepe3 OTKPBITHIM SIMUTTEPHBIN NEPEXOI, T. K. B 0a3aX OHH OIATH CTAHOBSITCS OCHOBHBIMHU.
[Ipoiiast sSMUTTEpHBIE IEPEXO/IBI, FTEKTPOHBI IEPEXOJIAT B aHO/JI, & ABIPKUA — B KaTOJI, T/I€ OHU BTOPUY-
HO CTAHOBSITCSI HE OCHOBHBIMU U BTOPUYHO MPOMCXOJAUT UHTEHCUBHAS peKOMOMHANUs. B pesynbTare
KOJIMYECTBO 3apsI0B, MPOLISANINX Yepe3 TUHUCTOP, OyJIeT OYeHb MAJIO M MPSMOM TOK TaKXke OyIeT
oueHb Mall. [Ipu yBenrueHun HaNps>KeHUs IPSIMOM TOK HE3HAYUTEIBLHO BO3PACTAET, T. K. YBEJIMUUBA-
€TCSl CKOPOCTh JBUKCHUSI HOCUTEJICH, a MHTCHCUBHOCTh PEKOMOMHAIIMK yMeHbInaeTcs. [Ipu yBenu-
YEHUUW HAIPSDKEHUS 10 OMPENeIEHHON BEIMYUHBI MMPOUCXOIUT AIEKTPHUUECCKUN MPOOOH KOJIIEKTOP-
HOTO Tiepexoaa. CONpOTHRICHUE TUHUCTOPA PE3KO YMEHBINAETCs, TOK Yepe3 HErO CHIIBHO yBEIMYH-
BaeTCS W TaJICHUE HANPsOKEHUS Ha HEM 3HAYUTENBHO yMeHbmaercs. CuuTaercs, 4TO TUHUCTOP
nepenié U3 BBIKITFOYEHHOTO COCTOSIHUAS BO BKJIIOUEHHOE.

2) OcHOBHBIE TAPaMeTPbI THPUCTOPOB.
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@ Hanpsoxenue BitoueHus: (UBKIT) — 3TO HampsKeHUE, IPU KOTOPOM TOK Yepe3 AUHUCTOp Ha-
YUHAET CUJIBHO BO3PacTaTh.

@ Tox BritoueHus (IBKJI) — 3TO TOK, COOTBETCTBYIOIIMIA HAMIPSHKEHUIO BKIIOUEHHUS.

@ Tok BbikmoueHUs (IBBIKI) — 3TO MUHMMANbHBIM TOK 4Yepe3 TUPHUCTOP, NMPH KOTOPOM OH
OCTaETCs €1I€ BO BKIIFOYEHHOM COCTOSHUM.

@ OcrarouHoe HanpspkeHue (UocT) — 3T0 MUHMMaJIbHOE HAIPsDKEHHE Ha THUPHUCTOPE BO BKIIIO-
YEHHOM COCTOSIHUMU.
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Puc. 111
@ Tox yreuku (Io) — 3TO TOK Yepe3 THUPUCTOP B BHIKIIOYEHHOM COCTOSIHUM MPH 3aJlaHHOM
HANPSOKEHUU Ha aHOJIE.
MaxkcumanbHo fgormyctuMoe oopatHoe Hampsbkenue (UoOp.max).
MakcumaibHO gomyctuMoe npsmoe Hanpsikerue (Unp.max).
Bpems BktoueHust (tBKJI) — 3TO BpeMs, 32 KOTOPOE HAIMPSHKEHHE HA TUPUCTOPE YMEHBIIUTCS
10 0,1 HanpspKeHMs BKIIIOUEHMSL.
@ Bpewms BritroueHus (tBBIKIT) — 3TO BPeMsl, 32 KOTOPOE TUPHUCTOP MEPEXOAUT U3 BKIIOYEHHOTO B
BBIKJTFOYCHHOE COCTOSTHHE.

3) TpuHucTOpBHI.

A . + A
T I
pA + \\\\\ lynp2>lynp1
‘ lynp LN
—< — VNN lynp1>0
y % \ / | —
w ynp=0
X "
IJ>J‘ b ~ h ™ \\ -
0
- U
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TpUHUCTOPBI MOKHO BKJIIOUATh MPHU HAMPSHKEHUAX, MEHBUINX HANPSHKEHUS BKIIOYEHHUS AMHHUCTOPA.
Jl71st 3TOr0 AOCTaTOYHO HA OJIHY M3 0a3 MOAaTh JOMOIHUTENBHOE HAMPSKEHUE TaKUM 00pa3oM, UTo-
OBl co31aBaeMOe MM TIOJIE COBIMAAJIO MO HAMPABJICHUIO C MOJIEM aHOJAA Ha KOJUJIEKTOPHOM Iepexoie.
Mo>KHO noJaTh TOK YIPaBICHUs Ha BTOPYIO 0a3y, HO Ui 3TOTO HA YNPaBIISAIOUINNA 3IEKTPO]] HE0OXO0-
MO TIOaBaTh HANpsHKEHUE OTPULIATEIbHON MOJISPHOCTH OTHOCUTENBHO aHOJA, U MOATOMY pa3iH-
Yal0T TPUHUCTOPHI C YIPaBICHUEM MO KaTOLy U C YIIPABICHUEM IO aHOAY.

Ha pucynkax 114 — 119 uzobpakens! ycnoBHble rpadudeckue odboznauenus (YI'O) paccmarpuBae-
MBIX B JaHHOU Teme mpubopos. Ha pucynke 114 — YI'O munucropa, Ha 115 — TpuHHCTOpa C yripas-
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JIEHUEM 110 KaTofy, Ha 116 — TpuHHCTOpa ¢ yIpaBlieHuEM 10 aHoAy, Ha 117 — HeynpasisieMoro cu-
MucTopa, Ha 118 — cumucTopa ¢ ynpasieHHEM 0 aHOAY, U Ha 119, COOTBETCTBEHHO, CUMUCTOpA C
yIpaBICHUEM IO KaTOY.

Sl B i
ol B | |
M v.2. y.9.
Puc. 114 Puc. 115 Puc. 116
Puc. 117 Puc. 118 Puc. 119

MapkupoBKa pacun@poBBIBACTCS TaK:

KH102b — kpemuuessiit nunuctop; KY202A — kpemuuesslii Tpunuctop. [lepBas Oyksa «K» o6o3Ha-
yaeT MaTepuan KpeMHui. Bropas — Tun mpubopa — AMHUCTOpP WIM TpUHHUCTOp. Tperhs rpymma —
TpEX3HAYHBIM LU(POBOM KOJ, U YeTBEPTAs IpymIa, paciinpoBbIBAIOTCS TaK XkKe, KaK U BCE PacCMOT-
PEHHBIE paHee MOJIYPOBOAHUKOBBIE IPUOOPBHI.

4) IlonsiTHE 0 CUMHUCTOPAX.
[Togaaum monokuTenbHOE HANpsDKEHUE Ha obmactu pl, nl, a orpunareasHoe Ha 001acT p2, n3.
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Puc. 120 Puc. 121

Iepexon I11 3akpbIT, U BbIKIIOUaeTCs U3 padboTsl 06aacTh nl. Ilepexonst I12 u [14 OTKpBITHL U BbI-
HOJHSIOT (DYHKIMIO SMUTTEPHBIX nepexooB. Ilepexon 113 3akpbIT U BHINOIHIET (PYHKIUIO KOJUICK-
TOPHOTO Mepexoa.

Taxkum o0pa3zom, CTPyKTypa cuMHUCTOpa OyJeT MpeAcTaBiIsTh coboit obmactu pl, n2, p2, n3, rae pl
OyzeT BBINONHATH (PYHKIUHU aHOJA, a N3 — KaToAa Npu MpsiMoM BKiIroueHuH. [loganum HanpspkeHue
IUTIOCOM Ha obuiacTe p2, n3, a Mmunycom Ha obnactu pl, nl. Ilepexox 14 3akpoeTcs u BBIKIIOUHT U3
pabotel obmacte n3. Iepexoasr I11 u [13 oTkporoTcs u OyAyT UrpaTh pojib SMUTTEPHBIX NEPEXOIO0B.
[Tepexon I12 3akpoeTcst u OyIAeT BHIMOTHATH (DYHKIIMIO KOJUIEKTOPHOTO MEPEX0/Ia.

CrpykTypa cumuctopa Oyaetr umMetb BuI p2-n2, pl-nl, rae obnacts p2 ,0yAeT ABIATHCS aHOIOM, a
nl — karonom. B pesynbrare Oyaer noiay4arscsi CTPYKTypa B IPSIMOM BKJIFOUEHHH, HO NIPH OOpaTHOM
HanpsbkeHud. BAX Oyzaer umets Buja, u3o0paxEénnsiii Ha Puc. 121.
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DJIEKTPOBAKYYMHBIEC IPHOOPHI
DJNEKTPOBAKYYMHBIN O]

1) DeKTpOBaKYYMHBIH MO, YCTPOMCTBO M NMPUHUMII ACHCTBUA JIEKTPOBAKY-
YMHOI'0 1M0Aa
2) BAX ¥ 0CHOBHBIE TapaMeTPbl JIEKTPOBAKYYMHOI'0 10/
1) DaeKTpOBaKYyMHBIH MO, YCTPOMCTBO M NPUHUMII ACHCTBUA JJIEKTPOBAKY-
YMHOI'0 IM0/1a. DIeKTPOBAKYYMHBIMH ITPUOOpaMH HA3bIBAIOTCS JIEKTPOHHBIE IPUOOPHI, IPUHIIUIT
ﬂeﬁCTBHH KOTOPBIX OCHOBAH Ha ABUXXCHHUH JJICKTPOHOB B BAKYYMC IIpU pa60Te B pa3IMYHBIX 3JICK-
Tpudeckux mnoisx. [IpuHIMN AEWCTBUS BCEX AJIEKTPOBAKYYMHBIX MPHUOOPOB OCHOBAaH Ha SIBICHUH
AIEKTPOHHOU 3MUCCHH.

e TepMOdIIEKTPOHHAS YIMUCCHSL.

e ABTORJIEKTPOHHAS (WJIH «XOJIOAHAS») IMUCCUSA — 3TO DMHCCHS TOJ BO3JICUCTBHEM CHUIIBHBIX

BIIEKTPUYECKUX MMOJIEH.

e  DOTONEKTPOHHASI SMUCCHSL.

e Bropuunas smuccus
Ecnm snexktpoH obnagaeT TOCTATOYHON CKOPOCTBHIO M KMHETHMYECKOW SHEPrHedl W yaapsieTcsl Mmpu
OTOM B IIOBCPXHOCTh MaTcpuaa, OH OTI[aéT CBOIO OHCPI'HUIO JJICKTPOHAM MaTcpuralia, KOTOPLIC BbLIC-
TalOT C €ro NOBEPXHOCTHU. [IpuuéM KaKablil yaapsIOMUi 3JEKTPOH, KOTOPBIM HAa3bIBAIOT IIEPBUYHBIM
QJICKTPOHOM, MOXKET «BBIOMBATELY C MMOBCPXHOCTHU MATCpHaAIa HCCKOJIBKO BTOPHUYHBIX 3JICKTPOHOB.
BaKYYMHLIﬁ A0 UMCCT JIBa OCHOBHBIX 3JICKTPOAAa — KaTOJ U aHOX. KaTO,Z[ — 9TO 3JICKTPO, C KOTO-
POro nNpoucCxoauT TCPMOIJICKTPOHHASA SMUCCHA. KaTOI[BI GBIBaIOT ABYX BHUJIOB — C IIPAMBIM U KOCBCH-
HBIM HakKaJioM. KaTo/bl ¢ KOCBEHHBIM HAKAJIOM OOBIYHO BBITMIOIHSIIOTCS B BHJIC TPYOKH, BHYTPH KOTO-
poit pacmoyioKeHa crupajib, Ha3biBaeMasi HUThIO Hakaja. Ha He€ momaércst HampshkeHUe Hakaida, OHa
pa3orpeBaeT KaToa JJIsl MOJYYEHHUs] TEPMOIEKTPOAHOM dMuccur. KaTtoasl mpsMoro Hakaia — 3TO Ka-
TOJBI, Y KOTOPBIX HAIIPSXKCHUEC HAKaJla HO)IaéTCﬂ HEIMOCPCACTBCHHO HA KaTO.

)

H1 H2
Puc. 122 Puc. 123

AHOZI — 3TO 3IEKTPOJ, HAXOMAUIUICS OOBIYHO MO TMOJOXKHUTEIBHBIM MOTEHIIMATIOM, K KOTOPOMY
CTPEMSATCS AJIEKTPOHBI, BBUIETEBIINE U3 KAaTOAA.

[IpuHIMI nercTBuUs.

[Ipu mogaye Ha aHO MOJOKUTEIBHOIO HAIPSIKEHUSI MEXKY KaTOAOM M aHOJAOM CO3JAETCS YCKOPSIO-
1iee JIEKTPUUECKOE MOJIe ISl JIEKTPOHOB, BBUICTAIONIMX U3 KaToaa. OHM NPUIETAIOT K aHOy, U Ye-
pe3 Anoa nmpoTekaet npsmoi Tok anoza la. [Ipu momave Ha aHOT OTPULIATEIHHOTO HANIPSKEHUSI OTHO-
CUTEJIBHO KaToJa JUIsl SJICKTPOHOB, BBIJIETAIONIMX M3 KAaToJa, 00pa3yercss TOpPMO3sIee dJIeKTpruye-
CKOE T10JI€, OHU OyayT IPMKUMATHCS K KaTOAy M TOK aHoJa OyaeT paBeH Hy 0. OTInyue 31eKTpoBa-
KYYMHBIX JTHOJIOB OT TOJIYITPOBOJHUKOBBIX 3aKJIIOYAETCS B TOM, YTO OOpaTHBIM TOK B HHUX TOJHO-
CTBIO OTCYTCTBYET.
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2) BAX 1 oCHOBHbIE MapaMeTphl JIEKTPOBAKYYMHOI0 AM0a. BAX anekrpoBakyym-
HOro Anoja u3o0paxkeHa Ha Puc. 124.

3

= ;

Puc. 124

e Henuneituslii yyacTtok. TOK MeIJIEGHHO BO3pPacTaeT, YTO OOBICHSETCA MPOTUBOACHCTBHEM
MOJIF0 aHoJa OOBEMHOTO OTPHUIATENBLHOTO AJIEKTPUYECKOTO 3apsia, KOTOpbIil oOpazyercs
3JIEKTPOHAMHU, BBUICTAIOIIUMHU U3 KaTOJA 332 CYET SIMUCCHHU.

e JluneiHbIH yyacTok. [Ipy 10CTaTOYHO CHIIBHOM 3JIEKTPUUYECKOM I10JI€ aHO1a OO BEMHBIN DJICK-
TPUYECKUI 3aps/i YMEHBIIAETCS U HE OKa3bIBAET 3HAYNUTEIBHOTO BIUSHHUS HA MOJIE aHO/A.

e VY4acTok HachllleHUs. POCT TOKa MpM yBEIMUYEHUH HAPSKEHUS 3aMEJIAETCS, a 3aTeM MOJHO-
CTBIO IIPEKPAILAETCS T. K. BCE DJIEKTPOHBI, BBUIETAIOLINE U3 KaTO/a, JOCTUTAIOT aHO/A.

BAX aHozia npsiMo MponopIiMOHAIbHO 3aBUCUT OT HaINpspKEHUsS Hakama (cmotpute Puc. 125).

la & Un1  Un2<Un1

Ua
Puc. 125
OCHOBHBIC HapaMeTpH anonaa.

e Kpyrtusna BAX.

g_ Ma [mA}
" AUa | B

AUa
Puc. 126

e BuyTpeHHee cOnpoTUBIICHUE
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_AUa 1
Ala S

e MakcuMaabHO AOMYCTHMOE 00paTHOE HANPSHKCHHE

e MakcuMaabHO AOMYCTHMasl pacCeMBaeMasi MOIIHOCTD

Pa.max = la.max - Ua.max

Ri

CucremMa MApKHPOBKH.
6 0 20 II
12 3 4
MapkupoBka npecTaBisieT co0oi cucteMy 0003HAUCHHUH, COJIEPIKAIITYIO YEThIPE DJIEMEHTA:
1. Hanpspkenue Hakana, OKPyIJIEHHOE JI0 IIEIOT0 YHCIIA.
2. Tun >1eKTpoBaKyyMHOro npubdopa. J{is anomos:
JI — onuHapHBIN AUOI.
X — TBOWHOMU MO, T. €. COJEPKAIIMI JIBA JU0JIa B OJHOM KOPITYCE C OOIIMM HAKaJIOM.
C - BBICOKOBOJIBTHBIN TUOJT WJIH KEHOTPOH.
3. TlopsiakoBeiii HOMep paspaborku IBII.
4. KOHCTpYKTHBHOE BHINIOJIHEHHE.
1] C — creknsiHHBIN OalIOH C TJIACTMACCOBBIM I[OKOJIEM (OYEHb CTapo€ UCIIOJIIHEHUE, HE MEHee
yeMm 24 MM - TuameTp OalioHa).
2] I1 — manpb4MKOBBIE JIAMITBI (CTEKISHHBIA OayyoH muameTpoMm 19 umu 22,5 MM C KECTKUMU
MITHIPEBBIMU BBIBOJIAMU 0€3 IIOKOJIS).
3] b — MuHHaTIOpHAs cepusi ¢ THOKUMHU BBIBOJAMH U C AMAMETPOM Kopityca Mmenee 10Mm.
4] A — MUHHATIOpHAS CEpUs C THOKMMH BBIBOJIAMU U C TUAMETPOM KOpITyca MeHee OMM.
5] K — cepus namn B kepaMHUYECKOM KOpITyCe.

6] — - 4eTBEPTHIH deMeHT OTCyTCTBYET (6K4) — 3TO rOBOPUT 00 OTCYTCTBUU METaUIMYECKOTO
KopIIyca.

Tpuon

1) YerpoiicTBO M NPUHIUN IeHCTBUS TPHOAA
2) BAX ¥ 0CHOBHBIE ITIAapaMeTPbl TPHOAA

1) YeTpoiicTBO M NPUHIUI JIeMCTBUSA TPHO/AA. TpHOIOM Ha3bIBAETCA HIEKTPOBAKYYMHBIM
pubop, y KOTOPOTo MOMUMO aHOJA M KaTOJa UMEETCS TPETUI DIIEKTPOJI, KOTOPHIA HA3BIBAETCS CET-
KOH.

Cerka B TpHOJie UMEET BUJ] CIIMPAIH U PACIIONaraeTcsl MeKIy aHOJOM U KaToA0M, OJIKe K KaTomdy.
YT'O tpuona nzobpaxkeno Ha Puc. 127.
A

Pwnc. 127

PaccMoTpum BiusiHEE CeTKH Ha paboTy TpHOAA.
1) Uc =0; Ial > 0.
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Puc. 128

[Ipn HanmpsikeHUM Ha CETKE, paBHOM HYJIIO, CETKa HE OKa3bIBAE€T BO3JEHCTBUS Ha IOJIE aHOJA, U B
1eny aHoa OyJeT NPOTeKaTh TOK.
2) Uc>0; [a2 > Ial; Ic > 0.

=

Pwuc. 129

[Ipyu MONMOKUTENBHBIX HAMIPSHKEHUAX HA CETKE MEXKIY HEI0 M KaTOJIOM BO3HHMKAET MOJI€ CeTKU, JTHHUH
HANPSOKEHHOCTH KOTOPOTO HAIIPABJICHBI TaK XKe, Kak M 'y aHoja. PesynpTupyromee aeiicTBre Mo Ha
AJIEKTPOHBI YCUIIUBAETCS, M TOK aHOJa Bo3pacTaeT. [100KUTENbHO 3apshHKeHHAs CETKa MepexXBaThIBa-
€T YacTh JICKTPOHOB, 3a CUET YeT0 BOSHUKAET TOK CETKH Ic.

3) Uc <0; Ia3 <1al.

Puc. 130

[Ipu momaye oTpUIIATENILHOTO HAIMPSHKEHUS HAa CETKY TOJIe CeTKU OyaeT MPOTUBOACHCTBOBATE MO0
aHO/1a, 33 CUET YEro aHOAHBIM TOK YMEHBILIAETCS.
4) Uc << 0; [a4 = 0.

Puc. 131
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[Ipu nocratoyHo OONBIIKMX OTPULIATEIBHBIX HANPSUKEHUSAX HAa CETKE MEXAy KaTOJOM U CETKOM co-
3/1aéTCSl HACTOJIBKO CHJIBHOE TOPMO3SIILIEE MIEKTPUUECKOE I10JI€, YTO AJIEKTPOHBI, BBUIETAIOIINE U3 Ka-
TO/a, OyAyT NPHKUMATHCS OMSATh K KaTOly U TOK aHofa OyJIeT paBeH HYJIO.

Hamnpsxenne Ha cetke, nmpu KOTOpoM la CTaHOBUTCS paBHBIM HYJIIO, HA3BIBACTCS HANPSKEHUEM
3alMpaHysl WIH HANPSY)KEHUEM OTCEUKHU.

BrIBOA: M3MEHSs HANIPSYKEHUE HA CETKE, MOYKHO YIIPaBJISATh TOKOM aHOJ1a, U TO3TOMY CETKa B TPHOJIE
MOJIy4MJIa Ha3BaHUE YNPABIISAIOICH.

Cucrema MapKUpOBKU TPUOJOB aHAJIOTMYHA CHUCTEME MAPKUPOBKHU 3JIEKTPOBAKYYMHBIX THOJOB.
Omnpenenénnas OykBa BO 2 TpymIe MOKa3bIBaeT, YTo JaHHBIN npubop Tpuoa. byksa C — onuHapHBIH
Tpuox, H — nBolHOM TpHOL.

2) BAX ¥ 0CHOBHBIE TapaMeTpbl TPHO/A.
e AmnoaHocetrouHas xapaktepuctuka. la = f (Uc) nmpu Ua = Const.

Uac>Ua1 Ua1

Ala

|

; —
Usan2 [ san1 Uc

AUc
Puc. 132

L4 AHOI[H&H XapaKTCPUCTHUKA. OTO 3aBHCHUMOCTh TOKa aHOZla OT HAIIPSKCHUA aHOZa ITPpH MOCTO-
SSHHOM HAIIpSAKCHUUN HA CCTKE.

Uc>0 Uc=0

la Uc1<0

Uc2<Uc1
Uc3<Uc2

Ala

\/

Ua

AUc

Puc. 133
K ocHOBHBIM IapameTpam TpHOJ1a OTHOCATCS:
1. KpyTusHa aHOAHOCETOUHOI XapaKTEPUCTHKU.

g Ala
AUc
2. BHYyTpeHHEE CONPOTUBIIECHHE.
Ri— AUa
Ala

3. Kosbduumenr ycunenus.
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_AUa

= AUc
4. TIpoHUIAEMOCTH TPUOJIA.
1 AUc
’ZZ = — =
L AUa

Tenepb npoBeAEM HECTOKHBIN PacUET.
S-Ri-JT = Ala .AUa.AUczl
AUc Ala AUa

S-Ri
u

p=S-Ri

[TocnenHee ypaBHEHUE NOTYYHIIO HA3BaHUE OCHOBHOT'O YPaBHEHHS TPHOJIA.

1

5. MexoneKTpoaHbIe EMKOCTH.

Cak

Puc. 134

Tak Kak 3JIeKTpoAbl TPHO/IA BBIMOJIHSAIOTCS U3 METalIa, a MEX/Iy HUMHU — BaKyyM, TO B TpUojie o0Opa-

3YIOTCSA TPHU MEXIIEKTPOAHBIE EMKOCTU. BXOIHOW CUTHAN HA TPUOJ MOJAETCA MEXKIY CETKOM U KaTo-
JIOM, a BBIXOJIHOM CHUTHAJl CHUMAETCSl MKy aHOJIOM M KaToaoM. [ToaTomy EMKOCTh CeTKa-KaTo1 Ha-
3bIBAETCSI BXOJHOW E€MKOCTBIO, EMKOCTh CETKa-aHOJ Ha3bIBAETCSA MPOXOJHOW E€MKOCTBIO, TaK Kak
HaIMpsSMYI0 CBSI3bIBAET BXOJ C BBIXOJOM, EMKOCTh aHOJI-KAaTOJl HA3bIBAETCS BHIXOAHON EMKOCTBIO. DTH
€MKOCTH BIIUSIOT Ha YaCTOTHBIE CBOMCTBA Tpuoaa. Hanbosiee cuiabHOE BIMSHUE OKA3bIBAET MPOXO/I-
Has EMKOCTb.

Terpon

1) YcTpoiicTBO U cXeMa BKJIKYEHHs TeTPoaa
2) lunaTponHusbliii 3¢ ekt
3) Jly4eBoii TeTpOX

1) YcrpoiicTBO U cxeMa BKJIKWYCHHUSI TeTPO/AA. OIHUM U3 OCHOBHBIX HEIOCTATKOB TPUOJIA
aBiseTcss Hebonbioi ko duurent ycunenus (0o6brano ¢ < 30).

AUa
n= npu la = Const

AUc
s yBenmueHus: koddduiinenTa ycuneHus: Hajao ociaabuTh BIUSHUE MO aHOJA HA KaTo IO CpaB-
HEHUIO C BIMSIHUEM MOJIst ceTKH. C 3TOH IeNIbI0 MKy YIPABIISIONICH CETKOM 1 aHOAOM ObLila BBE/IC-
Ha BTOpas CeTKa, KOTOpas MOJMyduiia Ha3BaHHE SKPAHHOU CETKU.
DIEeKTPOBAKYYMHBIN MPUOOP, COCTOSIINIA U3 KAaTO/1a, aHOAA U JBYX CETOK, HA3bIBACTCS TETPOIOM.

YT'O terpona uzobpaxeno Ha pucyHke 135.
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H.H.
Puc. 135

Ha skpaHHy0 ceTKy moaaércsi CTporo MOCTOSHHOE TMOJIOKUTENbHOE HamnpshkeHue, papHoe 0,6 + 0,8
HaITPAKCHUA aHOJA.
Uc2=(0,6 +0,8) Ea

CxeMa BKJIIOUYEHUS TETPOJIa MTOKa3aHa Ha pucyHke 136.

Ra Rc2 Ea
-
Cp
|
UBbIx
Cc2
Ec1
Puc. 136

Ra — compoTuBieHne aHOAHON HArpy3kH JUIsl 00ecTiedeHus] TUHAMUYECKOT0 peKuMa paboThl TETPO-
Ja.

Rc2 — conpoTuBienue skpaHHON CETKU, KOTOpasi BMECTE C YYaCTKOM JKpaHHasi CeTKa-KaToJl Mpe/-
cTaBJsieT coOOM AenuTenb HanpspkeHus Ha skpanHou cetke (Uc2 = (0,6 +~ 0,8) Ea).

Cc2 — 310 KOHAEHCATOP OOJIBIION €MKOCTH, Yepe3 KOTOPHIA 3aMbIKaeTCs Ha OOIIMI MPOBOJ Mepe-
MEHHas COCTaBJISIONIAs TOKA YIKPAHHON CETKH.

2) JluHaTpoHHBINA 3PP eKT. PaccMOTpuM 3aBUCHMOCTH TOKOB SKPaHHOM ceTKH [a OT Hampshke-
Hus Ha aHoze. Ic2 = f (Ua); Ia = f (Ua).

la A
Ic2

Ua' Ua" Ua
Puc. 137 Pwuc. 138

HpI/I HAIps>KCHUM Ha aHOAC, PaBHOM HYJIIO, BCC 3JICKTPOHBI, BBUICTAIOIMIUC U3 KaTOJa, IICPEXBAThHIBA-
I0TCSI 9KPaHHOU ceTKoM. TOK SKpaHHOU ceTKH OyAeT MaKCUMAaJIeH, a TOK aHOJa — PaBeH HYJIIO.
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[Ipy yBenm4yeHUN HANPSKEHHsI HA QHOJE JIEKTPOHBI HAYMHAKOT JOCTUIAaTh aHOAQA, 32 CYET YETrO TOK
AHO/1a YBEIUYMBAETCS, 4 TOK SKPAHHOW CETKH YMEHBIIIAETCH.

IIpu onpenenénnom Hanpsokeann Ua  CKOPOCTH DIEKTPOHOB, a, 3HAYUT, M UX KUHETHYECKAsk SHEp-
TUsl JOCTUTAIOT BEJIMYMHBI, JOCTaTOYHOM NI BTOPUYHOU dMuccuu ¢ aHoja. Ho T. k. HanpspkeHue Ha
aHOJIC TIPU 3TOM MEHBIIIE, YEM Ha YKPAHHOM CETKE, BTOPUYHBIE JIEKTPOHBI, BBIIETAIOIIUE U3 KATO/a,
OyIyT HNpUTATUBATHCS K 3KPAaHHOM CEeTKe, 32 CYET Yero TOK SKPaHHOW CETKHM YBEIMUYMBAETCS, a TOK
aHOJIa YMEHBIIACTCA.

[Ipu vanpsokennn Ua', KOTOpoe GOJIbIIE, YeM HANMPSOKEHUE Ha SKPAHHOW CETKE, BTOPUYHBIE DJIEK-
TPOHBI BO3BPAILAIOTCS B aHOJ, TOK aHOJA YBEJIMYMBACTCs, a TOK aHOAHOM ceTku Ic2 ymenbinaercs. B
pesyibTaTe 3TOro, Ha AaHOJJHON XapaKTepUCTHKe 00pa3yeTcs MpoBaJl.

IIpoBan aHONHON XapaKTEPUCTUKU B PE3yJbTaTe BTOPUYHOM dMUCCUU C aHOJA HA3bIBACTCS AMHA-
TPOHHBIM 3 exTom.

Bcrnenctsue nquHaTpoHHOTO 3PQeKTa MPOUCXOIUT CUIBHOE MCKaXEHHE YCHIIMBAEMOIO CUrHama. 3a
cu€T BBEJICHHS SKPAHHOM CETKH B TETPoJe KOIP(DUIIUEHT yCUIICHUS YBEINYMUBACTCS IO HECKOIBKUX
COTEH. DKpaHHasl C€TKa yMEHbIIWJIA MPOXOJHYI EMKOCTb, YTO 3HAUYUTEIBHO YIIyUIIMJIO YACTOTHBIE
CBOICTBa TE€TPOJA, HO 32 CUET UCKAXKEHUS (POPMBI CUTHAJA TETPObl IPUMEHSIOTCSI OYEHb PEAKO.

Ot auHaTpOHHOTO () PeKTa MOKHO U30ABUTHCS IBYMS Iy TSIMHU.

1 myte. Co3maTh MeXay IKpaHHOM CETKOM M aHOAOM OOJIBLIYIO TUIOTHOCThH 3JEKTPOHHOTO MOTOKA,
YTOOBI MOJYUYMBIIUICS OOBEMHBIM OTPULIATENIBHBIA 3aps] MPENATCTBOBAI BTOPUYHBIM 3JICKTPOHAM
IIOT1AJaTh HA SKPAHHYIO CETKY.

2 nyTb. BBecTH Mex 1y SKpaHHOH CETKON M aHOAOM TPEThIO, IOMOJIHUTENIBHYIO CETKY C HYJEBBIM IO-
TEHIIMAJIOM.
IlepBslii MyTh IPUMEHSAETCA B JIy4EBbIX TETPOAaX, BTOPOMl — B IEHTOAAX.

3) JlydyeBoii TeTpo/. [Ipunimn qefcTBYS JIydEBOTO TETPOAA OCHOBAH HA TOM, YTO JJIEKTPOHBI OT
KaTo/1a K aHO/1y MPOJIETAIOT B BUE Y3KHX JIy4el ¢ BBICOKOM IMIIOTHOCTHIO ANEKTPOHHOIO MOTOKA.
Ha pucynke 139 n3o06paxén pa3pes TeTpoja, a Ha pucyHke 140 — paspes JiydeBoro TeTpoa.

INyyeobpasytowas
nnactvHa

Puc. 139 Puc. 140

Ha pucynke 140 nydyeobpa3zyrorias rmiacThHa SBISETCS 3KPaHOM M HaXOJUTCS O] HANpsSyKEHUEM Ka-

TOJa. 3a CYET ATHX TUIACTHH 3JICKTPOHBI K aHOAY JIETST B BHJE JIy4Yeid, INIOTHOCTH ITOTOKA yYBEITHYNBA-
eTcsl, U TUHATPOHHBIN 3P PeKT npaktudecku ycrpansercs. Ha pucynke 142 uzobpaxeno YI'O myye-
BOI'0 TETPOJA.

A

la A Uc5

Uc4
Uc3

Uc2

Uc1

\

Ua
Puc. 141 Puc. 142
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IlenTon

[lenTonoM Ha3bIBaeTCs 3JIEKTPOBAKYYMHBIM IPUOOP € TpeMs CeTKaMu: YIpPaBJIAIOIIEH, SKpaHHOH U
AHTUIUHATPOHHOW. AHTHIMHATPOHHAs (3AIUTHAs) CETKA PACIOIAraeTCsl MEX1y SKpaHHON CEeTKOU U
AQHOJIOM M COEIMHAETCS C KaTOJOM, T. €. HAXOAUTCS 10 HYJIEBBIM IIOTEHIUAJIOM.

[IpuHMn nercrBus.
3amuTHas ceTKa MepexBaThlBaeT JIMHUN HAIIPSHKEHHOCTH MO DKPAHHOM CETKHU, KOTOPBIE HalpasJe-
HBI K aHOJY, 3@ CYET 4ero MeXJ1y aHOIOM U 3aIUTHOM CETKOM CO34aETCs TOPMO3SLIEe 10JIe IS BTO-
PHUYHBIX 3JIEKTPOHOB, BBUICTAIOMIMX U3 aHoja. OHM BO3BpAILAIOTCS, U IMHATPOHHBIN 3¢ deKT monHo-
CTBIO YCTPAHSETCS.

A la A Uc5
Uc4
Uc3
Uc2
Uc1

Puc. 143 ove1aa 2 ]

3amuTHas ceTKa elé cuibHee ociaduiia BIMSHUE MOJIs aHOJa Ha KaToJ, YTO MO3BOJIMIO YBEIUYHUTh
KO3 PULIMEHT yCUJIeHHUs [0 HECKOJbKUX ThICSY. B MEeHTO/aX 3alUTHAs CeTKa yMEHbIINIA MPOXO0/-
HYI0 €MKOCTB, YTO eIlé OoJiee yIIyyIlnio YaCTOTHbIE CBOICTRA.

MapxkupoBka.
6 XK 1 II
1 2 3 4
Cucrema MapKUPOBKU TEHTOJOB aHAJOTHYHA CHUCTEME MapKHPOBKH AJIEKTPOBAKYYMHBIX JTHOIOB.
Onpenenénnas OykBa BO 2 TpyIile MOKa3bIBaeT, YTO JAHHBINH puOOp U3 ceds mpencrapiser. byksa

2K — BbICOKOUACTOTHBIN TIeHTO, I1 — MOIITHBIE BBIXOHBIC TIEHTOBI M JIy4YeBbIe TETPO b, K — meHTo-
IIbl C YJUTMHEHHOW aHOAHO-CETOYHON XapaKTePUCTHKOM.

Kpome paccMOTpeHHBIX Bblllie IPHOOPOB, CYIIECTBYIOT MHOI'OCETOUHBIE JIaMIIbI ¢ 4, 5 1 6 ceTKaMu.
BykBa A, HarpumMep, BO BTOPOH IpyIiie MOKa3bIBAET, YTO MEPEe] HAMU I'eKCOA. DTHU JaMIIbl SBJISIOTCS
4acToTOnpeoOpa3oBaTeIbHBIMH.

KpomMe MHOroceTouHbBIX, CYIIECTBYIOT KOMOWHUPOBAHHbIE JIAMIIBI, HAlIpUMeEp, TUOIA-TpHOJ (OykBa
I'), nuon-nenton (BTopoii anemeHT — OykBa b), Tproa-nenTos (Bropoii anemeHT — Oyksa @).

[{ndpoBass MUKPOCXEMOTEXHHUKA
OCHOBBI MUKPOIJIEKTPOHUKH

1) Knaccupukanus u YI'O nnrerpansabix mukpocxem (MMC).
2) DnemeHTHI U KOMNOHEHTHI THOpUAHBIX UMC (I'HC).
3) DJyieMeHThbl H KOMIIOHEHTHI MOJyNpoBoAHNKOBbIX UMC.
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1) Knaccupukauus u YI'O uHTerpaibHbIX MUKPOCXEM.

NMC — MUKpPOITIEKTPOHHOE YCTPOMCTBO, BBHITIONHSOMIEE (PYHKIIUU TENON dIEKTPHUUECKON CXEMBI U
BBIINTIOJTHEHHOC KaK €AUMHOC LICJIOC.

Knaccupumupyror UMC 1o crieayromum npu3Hakam:

1. ITo TeXHONIOTHH U3TOTOBJICHUS

e JInéHoYyHBIE — 3TO I/IMC, Y KOTOPBIX BCC 3JICMCHTHI BBIIIOJIHECHEI B BUJAC TOHKHUX l'IJ'IéHOK,
HaHECEHHBIX Ha JUDJICKTPUICCKOC OCHOBAHHUCEC, T. €. IIOJJIOXKKY.

e ['ubpuansie (I MC) — 310 UMC, y KOTOPBIX MACCUBHBIE JIEMEHTHI BHIIIOJHEHBI IO TOHKO-
IUIEHOYHON TEXHOJIOTMH, & AaKTUBHBIE 3JIEMEHTHI BBIIIOJIHEHBI KaK OTJEJIbHBIE, HABECHBIC,
OEeCKOpITyCHBIE.

¢ [lonynpoBonHukoBbie UMC — 3TO0 MUKPOCXEMBI, Y KOTOPBIX BCE DJIEMEHTHI «BBIPAILIEHBDY
B KpHCTaJJIE MTOIYTIPOBOIHUKA.
2. Tlo criocoby npeobpaszoBanus 1 006paboTku nHpopMaiuu uMeercs jasa Buaa UMC:

e Amnanorossie UMC — ¢ HenpepbIBHOI 00paboTkoi uHbOopMaIuu (CMOTPUTE MPOIIECC, 3a-
nevaTaEHHbIN, Ha pucyHke 145);

e [ludpossie UMC — ¢ nuckperHoit 00paboTKoM HHPOpMAIMK (CMOTPUTE pUCYHOK 146).

U U

\j

Puc. 145 Puc. 146

3. Tlo cremneHn HHTETPAIUH:
K=IgN
N — KOJIMYECTBO 3JIEMEHTOB B OJTHOM KOPITyCE MUKPOCXEMBI.

Cucrema o6o3znauenuii UMC.
K155 J1 A 7
K 226 V H 4

1 2 3 4

- cepust UMC. B onny ceputo oobenunsrorcss UMC, pa3paboTaHHBIE HA OCHOBE €IMHBIX CXEMO-
TEXHUYECKUX PEIICHUN M BBITIOJIHEHHBIC TI0 OJIHOM TexHosioruu. [lepBas nudpa cepun - TEXHOIOTH-
yeckuii npuzHak UMC:

1,5, 7, 8 — nonynpoBognukoBsie UMC;
2,4, 6,8 —rudbpuauasie UMC;
3 — Bce mpoymue.

2 — rpynma IMC 1o GyHKIMOHAIEHOMY Ha3HAYCHHUIO:
VY — ycunurenu

I — reneparopsl

A — opmupoBaTenu CUTHAJIOB

E — Bropuunsie ncrounnku nutanus (BUIT)

X — MHOTO()YHKIIMOHAJIbHBIE CXEMBbI

JI — noruueckne cxembl

T — Tpurrepsl

N — cxembl HUPPOBBIX YCTPOUCTB

B — cxeMbI BBIYMCIUTENBHBIX YCTPOUCTB U MUKpo DBM
P — anemenTsl mamsitu
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3- MOATPYIINA, YTOUHSIONIAs GyHKIIMOHATBHBIN ITpU3HaK. B Hell 0003HaueHUs MOTYT 3alUChIBATHCS
tak: YH, VB, VH, VT, Y. VH, sHanpumep, 0003HaUaeT «yCHUIUTEIb HU3KOYaCTOTHBIN.

4 — i UMC 110 CBOMM 5JIEKTPHUECKMM TapaMeTpaM (uist ananorosix UMC) mmn xe nanbHeiinee
yrounenue pyHkuuid (uist uuppossix UMC).
K155JIA3 — 4 snementa 2U-HE. KP, KM — pa3HOBHAHOCTH KOpITyca, U3 YETO CHEJIaH.

2) DaemvenTbl U KoMIOHeHTbI I'MIC. OaguuM wu3 ocHoBHbIX smementoB I'MC sBusercs
HOUIOKKA M3 CTEKIOKEPAMUUYECKOro Marepuana. dopMa Bcerga NpsAMoyroybHas. K momioxkke
IPENBABISAIOTCS BHICOKUE TPEOOBAHMS 110 YUCTOTE 0OPAOOTKH IOBEPXHOCTH, 0 XUMHYECKOM CTOM-
KOCTH U 3JIEKTPUUECKOM IIPOYHOCTH.

KoHTaKTHBIE ILIOIAIKH U COeIHHUTEIbHbIE IPOBOIHUKH.

KOHTaKTHBIE IUIOIA[AKKM IPEIHA3HAYEHBl JUIi OOECIICUEHHUS DJIEKTPHMYECKOTO0 KOHTAKTA MEKIY
IIEHOYHBIMH JIEMEHTAMU M COEAMHUTENLHBIMU IIPOBOIHUKAMH, & TAK)KE MEXK/Y INIEHOYHBIMM U Ha-

BC€CHBIMH 3JICMCHTAaMMU.

KoHTakTHasa
nnowanaka MpoBOAHMK

R P

g&

MeTann

Puc. 147

KoHTakTHBIC MIOMIAIKK Yalle BCETO M3TOTABIMBAIOTCS W3 aIIOMUHUS, TIOTOM MEJb, pexe cepedpo,
30710T0. J{J1s1 ymydineHus: aare3uu (MpUINHaHus) MEXTy MPOBOAHUKOM (KOHTAKTHOW TIIOMIAIKON) 1
MOJIJIOKKOM MX HANbUISAIOT HA TOJCION U3 HUKETIS.

[Tn€HnouHbIe PE3UCTOPHI UMEIOT MPSMOYTONBHYIO popMy (cMoTpuTe pucyHKH 148, 149).

| s >
] ]

Puc. 148 Puc. 149

[Tpu HEOOXOIUMOCTH TIOTYYUTH OOJBIINYIO BEIMYUHY CONMPOTUBIICHHSI JOITYCKAETCS UX U3TOTOBIISTH
B BUJE MeaHJpa. MarepuaiiaMu JJis1 U3TOTOBJICHHUS PE3UCTOPOB CITY>KUT HHUKEIIb, HUXPOM, METaJLIO-
KepamMuKa.

[TnéHoYHBIe KOHJICHCATOPHI MPEICTABIISAIOT COO0H TIEHOYHYIO TPEXCIOWHYIO CTPYKTYPY, MEXKIY KO-
TOPBIMH HAHOCHUTCS JUAJIEKTpUUecKas TUIéHKa. s 0OKIaI0K MPUMEHSIOT aTlOMUHUHN, Me/Ib, PeXke
cepebpo, 30510T0. B BHIe auanekTprka HaHOCUTCS OKUCh KpeMHus (Si0; Si0), MOHOOKHCH repma-
Husa (GeO), okuck Ttantana (Ta,Os). He pexomenayercs, HO AOMyCKAaeTCs IS MOJYYSHHs OOJIBIITNX
€MKOCTEl HaIBLISATh MHOTOCTIOWHBIE KOHICHCATOPBI.

OdeHb peKo MPUMEHSIOTCS MIIEHOUHBIE KaTYIIKH HHIYKTUBHOCTHU (cMOTpUTE pUcyHOK 150).

[3

Puc. 150
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HagecHble 3eMeHTBI — AMOABI U TPAH3UCTOPHI MOTYT OBITh C THOKAMH HITH SKECTKUMH BBIBOJIAMH.
[IprMeHeHre HaBECHBIX JIEMEHTOB C KECTKMMH BBIBOJAMHU 3aTPYyIHSAET IIPOLIECC IMPOCKTUPOBAHUS
MHTETpaJIbHbIX MUKpocxeM. Ho keEcTkue BBIBO/IbI MO3BOJISIIOT aBTOMAaTU3UPOBATH MPOLIECC COOPKHU.

3) DyieMeHTbl M1 KOMIIOHEHThI MOJYyNnPoBOAHUKOBBIX MMC. OcHoBoii monynpoBoaHu-
koBoii UMC siBrsieTcst MOAIOKKA U3 KPEMHUSI OOBIYHO p-THIIA TPOBOJIUMOCTH. B OCHOBE M3roTOBIIE-
HUS TTOynpoBoAHUKOBBIX MIMC nexur nuddy3snoHHO-IUTaHapHAs WM 3MUTAKCUIBHO-IUIAHAPHAS
texHosoruss. Oba 3THM MeToJa IpelyCMaTpUBAlOT CO3AAaHUE BHYTPU IOJIYyNPOBOAHUKA (T. €. B

MOJIJIO’KKE) OCTPOBKOB C YEPEAYIOIIMMUCS CIOSIMHU P- U N-THUIA IPOBOAUMOCTH (cMOTpuTe pHc. 151,
152).

(>

o en
>

KB 3
YV v
-]

p n p
n pin p E

p

Mopnoxka Si (p)

Puc. 151 Puc. 152

byneBa anreopa
[IpocTeiime 1orudeckue (pyHKIUU
1 JJOTMYECKHE DJIEMEHTHI

1) Jloruyeckune GyHKIMHU ¥ UX peain3anusl.
2) CxeMOTeXHHKA MPOCTEHIINX JOTHYECKHUX IJIEMEHTOB.
3) XapakrepucTuku u napamerpsl nupposbix UMC.

1) Jloruyeckune QyHKIMH ¥ UX PeaIU3aLUA.

1. Jloruueckoe orpunanue (Wiu UHBEPCHs). 3aMUCHIBAETCs 3Ta GyHKIUS Tak: Y = X . JlanHas QyHK-

Ul PeaTM3yeTCs JIOTHUECKUM DIIEMEHTOM, KOTOPBIA Ha3bIBACTCS WHBEPTOPOM WU KE DJICMCH-
toM HE (cmotpuTe puc. 153).

x|y
x |11y 0 | 1
110

Puc. 153 Puc. 154

Kaxp1il morudeckuit aIeMeHT XxapakTepusyercs TaOlauiel COCTOSIHUIM Ha BXOJIE€ U BBIXOJIE, KOTOPYIO

HA3bIBAIOT TaOyuiel ucTuHHOCTH. Tabnuia uctuHHOCTH st dnemMenTa HE n3o0pakeHa Ha pucyHke
154.

2. BTOpaH Hala JIOrudyccKas (1)YHKI_[I/IH Ha3bIBACTCs I[HB'LIOHKHHCfl, HJIN JIOTHYCCKHUM CJIOXKCHHEM.

Yy=X1V X2 V...V Xn JeMeHT, peau3yomuid GyHKIUI0 TU3bIOHKINHN, Ha3eiBaeTcss MJIU (cmotpuTe
puc. 155, 156).

x1

x2

1 y=x1V x2

Puc. 155 Puc. 156
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3. KOHBIOHKIHUS, WIH JIOTUYECKOE YMHOKEHHE, DJIEMEHT, PEATU3yIOIHUi (PYHKIMIO KOHBIOHKIIUH,
HaszbiBaeTcs U (cmotpute puc. 157, 158). Y = XIA X2 A .. A Xn

x1[x2| y

x1 =xlAx2
& y 0/ 00
5 0110
X 10| 0
117111
Puc. 157 Puc. 158

Onementsl HE, WJIM, U npencraBisioT coboit pyHKIMOHAIBHO TMOJHBIN HA0Op JOTHYECKHUX dJie-
MEHTOB. TOJBKO IPU MOMOIIM 3TUX HIEMEHTOB MOKHO BBIIIOJIHUTH JTHOOYIO CKOJIb YTOIHO CIIOKHYIO

GyHKIHO.
4. Dnemenrt Iupca. DTOT DIIEMEHT, PeanU3yOMUH (YHKIUIO OTPULIAHKS AU3BIOHKIIUH, HA3bIBAETCS

WNJIN-HE (cmotpute puc. 159, 160). y =x1v x2.

x1 1 y=xlvx2

x2

Puc. 159 Puc. 160

5. Dnemenr lepdepa. DTOT dIEMEHT, peanu3yOMUi GYHKIUIO OTPUIAHUSA KOHBIOHKIIMHU, HAa3bIBa-

ercs I-HE (cmotpute puc. 161, 162). y=x1 A x2.

2 x1|x2| y
=XIANX

1 & L7 001

X2 0|1]1

110 1

11110

Pwuc. 161 Pwuc. 162

6. Uckmouaromee UJIU - a1o anement UJIU, KOTOPBIN UCKITIOYAET [BA OAMHAKOBBIX COCTOSHHUS HA
BX0Jie (cMoTpuTe pucyHku 163, 164).

x1
1 y

X2

Pwuc. 163 Puc. 164

MapkupoBKa JIOTHUECKUX 3JeMEHTOB. Bropas u TpeThst rpynmsl B o0o3HaueHnH nudpossix UMC
MOKA3bIBAKOT KAKOW JIOTMYECKHM AJIEMEHT repe]l Hamu. Harpumep:

HE JIH
nJin JI1
n JIn
WJIN-HE JIE
HN-HE JA
=1 JIIT

CJ'ICI[yeT 3aME€TUTh, UTO OTACIBHBIC JIOTHYCCKHUEC 3JICMEHTEI B MUKPOCXCMHOM HCIIOJIHCHHNHU B HACTOA-
e BpEeM:A HC BbIITYCKAOTCH.
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2) CxeMOTEeXHHKA MPOCTEHIINX JJOTHYECKHUX IJIEMEHTOB.
1. Onement HE (cmotpute pucynku 166 - 168). B obmem ciaydae mpeactaBisieT TPaH3UCTOP-
HBI{ KJIIOY Ha MOJIEBOM WJIM OHMIIOJIIPHOM TPaH3UCTOPE.

I|cA 164=max
P.T.Hac 163
+
Rk uun 62
y P T.oTc I61
X R6 X y N =0
—— ([ \VT1 0o | 1 >
1 0 4 " UoTc .
Puc. 165 Puc. 166 Puc. 167 Puc. 168

2. Onement WIN. B npocreiimem citydae pealn3yeTcsl Ha IOJyNPOBOJHUKOBBIX 110/axX (CMOT-
pute pucyHok 169). Heo6xomumMeiM ycroBreM st pabotsl sisisiercst: 1) Usx' > Un; 2) R >>

Ri.mp.
* mn
R - - X1 X2]|Y
X1 VD1 VD3 VD4 v 0 0 0
M~ M~ M~

= = = 0 1 1

X2 VD2 1 0 1
é%'i 1 1 1

Puc. 169 Pwnc. 170

3. Cxema U. Dnementsl U-HE u WIN-HE peanu3yroTcsi MOAKIIOUEHUEM HA BBIXOJ JUOJHOU
MaTpHIbl TPAH3UCTOPHOTO UHBEpTOpa. R >> Rup.

X1 X2 Y n1 " +

R "un
0100 SAT . 4 VD1 VD3 VD4 y
010 o S o
1,0 0
1110

Puc. 171
4. Hcxnrouaroniee NJIN.

. +
ﬁ] Rt L R2 — _un

Y 16
X1 VT1 X2
- é‘@ VT2

Pyc. 172 Puc. 173

Ike=0 | Ika>0
VT3 :

Uba

baza xaxnoro u3 BxonHelx Tpan3uctopos VT1, VT2 coennHeHa ¢ S3MUTTEPOM APyroro TpaH3UCTOpA.
Ha tpansucrope VT3 cobpan nuHBepTOp, UM TPAH3UCTOPHBIN KIIOU.
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kA I64=max
Ik.Hac
163
62 X1 X2|Y
0 0 0
161
N =0 o1
U > 0 1 1
K3.Hac Uun Ek
< "~ Uka.oTeC » 1 1 0
Puc. 174 Puc. 175

3) XapakrepucTuku u napamerpsl nuupposbsix UMC.
K xapakrepuctukam muppossix UMC oTtHOCATCS:
e BxojaHbBIE XapaKTEPUCTHKU (CMOTPUTE PUCYHOK 176) — 3TO 3aBHCHUMOCTHh BXOJHOTO TOKa IBX
HUMC ot BenuunHbl BXogHOTO HamnpspkeHus. [Bx = f (Ux).

UBsx
Pwuc. 176
Kpusas 1 — nius UMC, y KOTOpBIX BXOAHON TOK MaKCUMAJIEH IIPU JIOTUYECKOM HYJIE HAa BXO/JIE.
Kpusas 2 — ato xapakrepuctuka IMC, y KOTOpBIX BXOJHOW TOK MaKCUMaJI€H IpU JIOTUYECKON €U~
HULIE HA BXOJIE.
e [lepenarouHble XapaKTEPUCTUKU. DTO 3aBUCUMOCTb BbIxoaHOro HampsbkeHuss UMC ot Bxoa-
HOTO (cMOTpHUTE PUCYHOK 177).

UBbIx

Usx

Pwuc. 177

Kpusas 1 — s UMC ¢ unBepcuei.
Kpusas 2 — nns UMC 6e3 uaBepcum.

ITapamerpsr UMC.
ITapamerpsr UMC nonpa3zaensroTcst Ha JB€ TPYIIIbl — CTATUYECKUE U TUHAMUYECKHE.
1] Cratnueckue napameTpsl xapakrepusytoT padoty UMC npu cratuueckux 0 uinu 1 Ha BXO/€ U BBI-
Xoze.
K crarnueckum napamerpaM OTHOCSTCS:
I. Hanpspxenue nctounrnka nutanus Unil.
2. BXoHbIE U BBIXOIHbBIE HANPSOKEHHS JIOTHYECKOTO HyJIs | Jiorumdeckoii exunuibl: Usx’, Usx',
Usbix’, UBbIx'.
3. BXoaHble ¥ BBIXOJHBLIE TOKU JIOTHUECKOTO HYJIs U jormdeckor exuuuupbl: IBX’, IBx', IBBIX”,
IBBIX'.
4. Kosd¢punueHt pa3BeTBICHUS MOKa3bIBAET KOJIMYECTBO BXOJOB MUKPOCXEM HArpy30K, KOTO-
pble MOXHO MOJKIIOYHUTh K JAHHOM MHKpocxeme 6e3 nmoTepu e€ paboTocrnocoOHOCTH (Xapak-
Tepu3yeT Harpy3ouHyto crnocodHocts UMC): Kp.
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5. Koaddumment odveaunenus mo Bxoay Kob mokasbIBaeT, KOJMYECTBO BXOJAOB MUKPOCXEMBI,

10 KOTOPBIM PeaTu3yeTCsl BBITOMHAEMAs! €10 (yHKIIHS.
6. HanpspkeHne ctaTMuecKOd MOMEXH — 3TO MAaKCUMAJIBHO JIOIMYCTUMOE CTaTUYECKOE HampsiKe-

HHUE Ha BXOJle, IPU KOTOPOM MHKpPOCXEMa He TepsieT CBOM paboTOCIIOCOOHOCTH. XapaKTepu-
3yeT nomexoyctornunBocte UMC. O603Hauenwue: UcT.m.
7. Cpenusis notpebisieMasi MOITHOCTh OT UCTOYHMKA MUTaHus PrioT.cp.

P’nor. + P'nor.
2

2] Junamuueckue xapaktepuctuku. OHu xapaktepusytoT padoty UMC B MOMEHT NepeKiItoueHUs U3

HYJId B CAUMHUIY WX U3 CAWHUIBI B HOJIb.
t01 t10

Pnor.cp =

UBx A

UBx
0,9 UBx

0,5 UBx

0,1 UBx — —

\j

t'3an. t'%3ap. t

‘ < <

UBbix 4

UBbl X _
0,9 UBbIx Y Vi

0,5 UBbIx > ¢

\
\ /

0,1 UBbIx &% ,1

\J

Pnc. 178
1. Bpewmst mepekIroYeHus U3 JOTHYECKOTO HYJIS B JIOTHUECKYIO equnuiy t”' — 310 Bpewms, 3a KO-
TOpOE HANpsHKEHUE Ha BX0J€ WK Beixojae BozpacTtaeT oT 0,1 10 0,9 ypoBHS JIorMueckoii eau-

HUIIBI (CMOTpUTE PUCYHOK 178).
2. Bpemsl IEpEKITIOUEHUsE U3 JIOTHYECKOM EIMHUIBI B JIOTHYECKUI HOJB t'°.
3. Bpems 3amepKKH paclpOCTPAaHEHHs CHUTHAJA IIPU NEPEKIOYEHUN W3 HyJIsA B EIUHUILLY.

O603Hauenue: t"'3a.
4. Bpewms 3a1epKKH PAaCIPOCTPAHEHHs CUTHAJIA IIPU HEPEKIIOUYEHUH U3 JIOTHYECKOM €MHUIBI B

norudeckuit Hob. O603Ha4YeHue: t'%3a.
5. CpenHee BpeMs 3aJ€pKKH paclpOCTPaHEHHUs] CUTHANA, XapaKTepusyeT ObICTpoAeHCTBHUE

HNMC. O603HaueHue: t3au.cp.

t013a)1 + t103a)1
t3an.cp = —

TpaH3uCTOPHO-TPAH3UCTOPHAS JIOTHKA

1) OcHOBHBIE TUIIBI JIOTUKH U MIOHATHE 0 MHOTO3IMUTTEPHOM TPaH3UCTOPE.
2) TpausucropHo-TpansucropHas jgoruka (TTJI) ¢ npocThiM HHBEPTOPOM.
3) TTJI co cJ10:KHBIM HHBEPTOPOM.

1) OcHOBHBIE THIIBI JIOTUKHU U MOHATHE 0 MHOTOOMHUTTEPHOM TpaH3ucTope. Cyie-
CTBYCT MHOT'O paSHOBHI[HOCTGfI JIOT'UKH.
e TJIHC — tpan3ucTopHas JOTrUKa C HEMOCPEACTBEHHBIMU CBS3SIMHU.

e PTJI — pe3ncTopHO-TpaH3UCTOPHAS JIOTHKA.
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e PETIJI — pe3uctopHO-EMKOCTHAs TPAH3UCTOPHAS JIOTHKA.
e JITJI — nnoaHO-TpaH3UCTOPHAS JIOTHKA.
K ocHoBHOMY THmy storuku otHOCAT TTJI. PasHOoBHMAHOCTH:

e TTJILI — TpaH3UCTOPHO-TPAH3UCTOPHAS JiorTHKa ¢ iepexoaamu [lorTku.
e  DOCJI — 3MUTTEpHO-CBS3HAS JIOTHKA.

e KMOII — noruka Ha nosieBeix MOII - TpaH3ucTOpax, cocTosias U3 KOMIUIEMEHTapHBIX Iap.

+ +
R1 “Unn1 | Ro _Uun2
o [j55> [jE;;

| X1 b1 VD3 VD4
o o VT

[ ] T A

1 X2 vp2

Puc. 179

B TTJI onepanmto «M» BBIMOTHSAET MHOTOAMHTTEPHBIA TPAH3UCTOP, B KOTOPOM (PYHKITHH JHOIOB
VDI u VD2 BBINONHAIOT 3MUTTEPHBIE MEPEXObl TPAH3UCTOPA, a GyHKIMHU nuonoB VD3, VD4 BoI-
MIOJTHSIET KOJUIEKTOPHBIM MEPEeX0/1 TPAaH3UCTOpa (CMOTPUTE pUCYHOK 179).

CtpyKTypa MHOTO3MUTTEPHOIO TPaH3UCTOpA MoKa3aHa Ha pucyHke 180, a YI'O — na 181.

K B 91 92 93
v v v
L Lm [n] [n]
P P
n
n n
Moanoxka "p"
n
Puc. 180 Puc. 181

2) TpaH3uCTOPHO-TPAH3UCTOPHAS JIOTHKA € MIPOCTHIM HHBEPTOPOM.

Ikh I6max
Ik.Hac
P.T.Hac 163
||1II ‘
— } 162
[
|
[ P.T.oTC 161
16=0
| -
\ \ >
U%BbIx
| [ I Uun Uka
U'BbIx
Puc. 182 Puc. 183 Puc. 184

[TpunIUn nencTBus.

Ecnu xoTs1 ObI Ha 0OAMH U3 BXOJI0B OyIeT MOAABATHCS CUTHAJI JJOIMYECKOTO HYJISl, COOTBETCTBYIOIIUI
SMUTTEPHBIN nepexon Tpansucropa VT1 Oyaer oTKpsIT, U yepe3 Hero OyneT NpoTeKaTh TOK OT ILI0-
ca ucrounuka nuranus (UI1), yepes pezucrop R1, 6aza-smutrep VT1, 00miuii mpoBoa, MUHYC HCTOY-
HuKa nuTtaHusd. B nenu komnekropa VT1, a cnenoBatenbHo, U B 1enu 6a3sl V12, Tok OyneT oTcyT-
CTBOBaTh, TpaH3ucTop VT2 OyneT HaXOAUTHCSA B PEKUME OTCEUKH, HA BbIXO/E OyIeT BBICOKUI Yypo-
BEHb HANpsHKEHUs JIOrHuecKoi enuHuibl. [lpu momade Ha 00a BXoJa JIOTHYECKUX €IMHULL 002 SMUT-
TEPHBIX MEPeXoa 3aKphIBAIOTCS, U TOK OyAeT mpoTekars mo nenu ot ruioca UII, gepes R1, Ga3a-
kostekTop VT1 u Ha 6a3y VT2. Tpanzuctop VT2 nepeiii€T B pexkuM HACHIIEHHUS U Ha BBIXO/IE yCTa-
HOBUTCSI HU3KUM YPOBEHb HAIPSKEHUS JIOTHYECKOTO HYJIS.

Henocratkom TTJI ¢ mpocThIM HHBEPTOPOM SBIISIETCS MaJIEHbKUM KO3()(PUIIMEHT pa3BETBICHMUS.
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3) TTJI co cjI0:KHBIM HHBEPTOPOM.

nqn

Puc. 185 Pwuc. 186

Ecnu xoTst Ob Ha OZJTHOM M3 BXO/0B OyI€T 1eHiCTBOBATh JIOTHYECKUH HOJIb, COOTBETCTBYIOLIUI SMUT-

TEpHBINA nepexoa OyJeT OTKPBIT, U Yepe3 Hero OyAeT MmpoTekarh TOK o uenu ot mitoca UII, uepes
R1, 6a3a-amutrrep VT1, o6mmii npoBon, munyc UIT. B nenu xomnexkropa VT1, a cnenoBarensHo, U B
nernu 6a3el VT2 Tok Oyner orcyrcTBOBaTh, V12 OyneT HaXOOUTHCS B PEKHUME OTCEUKH, TOK depe3
tpanzuctop VT2, a 3naunT, Tok 6a361 VT4 OynyT 6mm3ku k Hymo. Tpansucrop VT4 taxoke Oyzaer Ha-
XOJUTHCS B PEKUME OTCEUKH, U Ha BbIXOJE OYyJET BHICOKUI YPOBEHb HANPSKEHUS JIOTUUECKOM eu-
Hunpl. [Ipu 3Tom Hanpspkerune Ha Kojutektope VT2 u Ha 6aze VT3, Oyzer makcumanbHbM, 1 VT3
OyZeT HaXOJUThCS B TIOJTHOCTHIO OTKPHITOM COCTOSIHUU.

[Tpu momave Ha 0Oa BX0/1a TIOTUYECKUX €IUHMI] 002 SMUTTEPHBIX MEPEX0/1a 3aKPHIBAIOTCS, i TOK OY-
JeT mpoTekaTs 1o 1enu ot mwitoca UII, yepes R1, nepexon 6a3za-komnexkrop VT1 na 6a3y VT2. Tpan-
suctop VT2 nepeitnér B peskuM HachIeHus. Tok yepe3 Hero, a ciie1oBaTeabHo, U TOK 0a3bl VT4 Oy-
JeT MaKCUMaJbHBIM, U TpaH3ucTop VT4 nepelaér B pexxuM HachbleHus. Ha Bbixojae OyaeT HU3KHA
ypOBeHb Jorndeckoro Hys. Ilpu aTom Hanpspkenue Ha kosiekTope V12 u Ha 6aze VT3 Oyner 6mns-
KO K HyJ 10 1 VT3 nepelaér B mosiHoCThIO 3aKkpbiToe cocTosiHue. o VD1 npumensercs ans 6onee
HaAEKHOTO 3anupanus Tpansuctopa VT3,

Jlorngyeckue nriemeHTh 11J1
CO CIIEIMAJILHBIMU BHIBOJIAMHU

1) TTJI ¢ OTKPBITBIM KOJLJIEKTOPOM.
2) TTJI ¢ Z-cocTosiHueM.

3) TTJII.

4) OnrTosaexkrponnnsie UMC.

1) TTJI ¢ oTKpPBITBIM KOJJIEKTOPOM. Creayommas cxemMa Mojyynia CBOE Ha3BaHHE 3a CUET
TOTO, YTO KOJUIEKTOP BBIXOJIHOTO TPAH3MCTOpPa HE MOJKIIOUYEH HU K OJHOM Touke cxeMmbl. [ToaTomy
Uit o0ecrieueHus: paboToCmoCOOHOCTH MEXKIY BbIxofoM H TuiocoM UIT HeoOXoauMo MOAKIIOUNTH
BHEIITHEEe HAaBECHOE COMPOTHBIICHHE (cMOoTpuTe pucyHKH 187, 188).

R1 uun
%
DD1 7 VD1
X1 &
X2
Pwuc. 187 Puc. 188
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TTJ ¢ OTKPBITBEIM KOJUJICKTOPOM HNPHUMCHACTCA MJIA MOAKIIOYCHHA 3JICMCHTOB MHIUKAIIUU (MI/IHI/Ia-
TIOPHBIC JIaMIIbl HAKAJIMBAHUA, CBECTOANOAbI, CCMUCCIMCHTHBLIC HHAUKATOPLI [OJII/IH CGFMGHT]).

2) TTJI ¢ Z-cocTrosinueM. Tpetbum, niu Z-COCTOSHUEM Ha3bIBAETCA 3ampeT npuéma uadopma-
MU, TP KOTOPOM BBIXOHOE CONPOTUBICHUE JIOTMYECKOTO DIIEMEHTA CTPEMHUTCH K OECKOHEUHOCTH,
a BBIXOJIHOM TOK — K HYJIIO.

ot
%
S
<

X1
X2

Eo

_ A A O O O 0O

© ~ O~ O -~ O -~ 0
NNNNO-= -~

Puc. 189 Puc. 1

Ecnn Ha 3anpemarominii BXoA ¢ MHBEPCUEH MOJAATH JIOTMYECKHI HOJb, TO Ha BBIXOJE HMHBEPTOPA
DD1 ycTtaHOBHUTCS BBICOKMH YPOBEHB JOTHUECKON €MHUILBI, 1Mo/l VD1 3akpoeTcs, 4To paBHOCUIBHO
pa3pbIBY Liemu, U cxeMa Oyaer paborarh kak 6a30BbIil anemeHT TTJI, BemmonHstommii pynkuuo M-
HE. Tlpu nogade Ha 3ampeniaroniyii BXoa JOTUYECKON eAMHMIIBI Ha BbIXoje uuBeptopa DD1 Oyzaer
jgoruyeckuit Homb, U Auoa VD1 oTkpoercs. Touka «A» cXxeMbl OKaXeTcsl MOJ| HaNpspKeHUeM Onm3-
KUM K HYJIIO, T. €. IIOJl HANPSYKEHUEM JIOTUYECKOI0 HYJISl BBIXOJHOTO cUrHana uHsepropa DDI1. Oto
npuBeNET K ToMy, uTo TpaHzucrtop VT3 3akpoercs. Tok uepe3 Tpansuctop VT2, a cienoBarenbHoO, B
0aze VT4, Oynet 61u30K K HyIto, U TpaH3uctop VT4 toxe 3akpoercs. Takum o6pa3om, 06a TpaH3uU-
cropa —u VI3 u VT4 - OyayT oZHOBPEMEHHO 3aKpBITHI IPU JIFOOBIX COCTOSHUSX Ha MH(POPMAIIMOH-
HeIX Bxogax X1 u X2. Do u sBisieTca Z-COCTOSITHUEM CXEMBEL.

3) TTJILLL

K onnomy u3 negocratkoB TTJI MOXHO OTHECTH CpPaBHHUTEIHLHO HEBBICOKOE OBICTpOAEHCTBHE. JTO
00BSICHAETCS T€M, YTO IPU NEPEKIIOUYEHUHN TPAH3HCTOPA U3 PEKHMMa HACBHILICHHUS B PEKUM OTCEUKU
6a3a TpaH3UCTOpA OKa3bIBAETCS HACHIIIEHHOW HEOCHOBHBIMU HOCUTESAMHM 3apsiia. M KOJIeKTOpHBIN
TOK TpaH3ucTopa OyJeT MpoJoDKaTh Te€4b A0 TeX IOp, NMOKAa HEOCHOBHBIE HOCUTENH 3apsaa He
nepeiinyT u3 6a3pl B KoyuiekTop. s noseimenust Ovictpoaericteust B TTJIL mexay 6a30it u koi-
JEKTOPOM TpPaH3MCTOpa BKIOYAIOT ObicTpojeicTByromuii nepexox Llortku. B atom ciyuae He-
OCHOBHBIC HOCUTEIH OyIyT MepeXoaAnuTh U3 0a3bl B KOJUIEKTOP HE Yepe3 KOJUIEKTOPHBINA pP-n MEepexo/,
a uepes nepexon lorrku (cMotpute Puc. 192).

Ha npunnunuanbHbix cxemax TpaH3ucTop ¢ nepexoaoM Illortku obo3HauaeTcs cienyromuM o00-
pasom:

[ T T
g ok,
?% | S ek
- (? 777777777777 s
. — B
Puc. 191 Pyc. 192

4) Onrosaexkrponnsie UMC.

OnTpoHOM, WM ONTORJEKTPOHHOM Mapoi Ha3bIBAETCS yCTPOMCTBO, COCTOSIIEE U3 CBETOM3IIYYaTENs,
dboToNpUEMHHKA U ONITUYECKH TTPO3PAYHON CPEIbl MEKTY HUMHU.

CeTon3nyyaTesieM CIYXHUT U3TyqaroIui 1101, GOTONPUEMHUKOM MOXKET CIYKUTh (POTOPE3UCTOD,
dboTonnona, GoTOTPaH3UCTOP, TOITOMY ONTPOHBI HA3BIBAIOT PE3UCTOPHBIMH, TPAH3UCTOPHBIMH, JHOI-
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HBIMH, CHMUCTOPHBIMH, TUHUCTOPHBIMU. OCHOBHAS 3a/1a4ya ONTpOHA — 00eCIeYnTh epeaady nahop-
Mangun oe3 BHeKTpI/I‘ICCKOfI CBsA3U MCXKIY BXOAOM U BBIXOIOM.
YT'O ontpoHOB M300pakeHO Ha prcyHKax 193 — 196.

G G &R (H

Puc. 193 Puc. 194 Puc. 195 Punc. 196

1

Ha pucynke 193 u3o0paxéH pe3ucTopHblii onTpoH, Ha 194 — nuonHslid, Ha 195 — TpaH3UCTOPHBIN U
Ha pucyHKe 196, COOTBETCTBEHHO, TUHUCTOPHBIM.
MapkupoBKa OIITPOHOB.

A O J 103 A
1 2 3 4 5
PacmmgpoBbiBaeTcsi MApKUPOBKA TaK:
| rpynna — marepual noJaynpoBoJHuKa. bykBa «A» 03HauaeT apceHu 1 rajijiusl.
2 rpynna. bykBa «O» 03HadaeT, 4TO MbI IMEEM JIEJIO C ONTPOHOM.
3 rpymnma. Tun onTpoHa 1o BuAy GoTonmpuéMHUKa. «J1» — THOAHBIN ONTPOH, «Y» — THPUCTOPHBII.
4 rpymnmna — rpynmna 1o 31eKTpUYECKUM ITapaMeTpaM.
5 rpynna — moaudukanus npubopa B 4eTBEPTOIL rpymre.
B mudpossix UMC npuMeHSIOT AMOIHBIE ONITPOHBI (CMOTPUTE PUCYHOK 197).

X1 |
_
V2 /
=0 U
d1>0
| d2>D1
Puc. 197 Puc. 198

IMpuHOMn KeicTBUs.

[Tpu nogave Ha BXOA JIOTUYECKOTO HYJISl TOK Yepe3 CBETOAMOJ] HE IPOTEKAeT, CBETOUO/ HE CBETUT-
cs, 1 uepe3 poronuon OyAeT MpoTekaTb OY€Hb MaJIEHbKUI TEMHOBOM TOK, KOTOPOTO HE JOCTaTOYHO
Ju1s orriupanus Tpanzuctopa VT (emotpute pucyHok 198).

[Ipu mosaye Ha BXOJ JIOTMUECKON €TUHUIIBI CBETOIUO]I 3aKHUraeTcsl, U yepe3 potoauo Oyaer mpo-
TeKaTh JOCTATOYHO OOJIBIION CBETOBOH OOpAaTHBIA TOK, KOTOPBIH OTKpbhIBaeT TpaHzuctop VTI.
OcraBiasics 4acTh cXeMbl paboTaeT kak 6a3oBbii 3nemMeHT TTJL.

Jlormueckue 3jeMeHThI Ha ITOJIEBBIX
Tpan3uctopax MOII-cTpyKTyphl

1) Kiirvoun na MOII-Tpan3ucropax.

2) Kommiiementapaass MOII — napa (KMOII).

3) Peasmmzauus pynkuuu U-HE B KMOII - Jsioruke.

4) Peammzauus pynkunu UJIN-HE B KMOII — joruxe.
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1) Kiirvoun na MOII-Tpan3ucropax.

‘ 3 sio, ¢
\ \ [
n " X y
0
Mopgnoxka p~
1 0
Puc. 199 Puc. 200 Puc. 201

HenocratkoM HaHHBIX KIIIOYEH SBIISIETCS HAJIMYUE PE3UCTOPOB, KOTOPBIE 3aHUMAIOT B IIOJJIOKKE
3HAYUTENBHO OOJbIIe MecTa, yeM TpaH3uctop. [loaromy Hambonee mupoko npumensitorcs UMC, y
KOTOPBIX BMeCTO pesucropa Takxke npumensercs MOII - TpaH3ucTop, HO C KaHAJIOM ApPYroro TUIa
IPOBOAMMOCTH. Takue B3auMOIONOIHSIIONINE CTPYKTYpbI nostyunian HazBanue MOII - nap.

2) Kommiemenrapuass MOII — napa (KMOII).

VT1 U-I/II'I
Y
VT2 X1y
0 1
1 0
Puc. 202 Puc. 203 Puc. 204

Ecnu Ha 3aTBOp M0/1aTh CUTHAJ JIOTUYECKOTO HYJIS, TO B TpaH3ucTope VT2 (¢ kaHagoM «n»Tuna mnpo-
BOJIMMOCTH) KaHajl Oy/eT OTCYTCTBOBaTh, a B TpaH3ucrope VT1 ¢ kaHaioMm «p» THma KaHai Oyner
MHAYLUUPOBaH, T. K. Ha 3aTBOPE OTHOCUTEIBHO MUCTOKA OyJIeT AeMCTBOBAaTh OTPULIATEIbHOE HAIIPSIKE-
Hue. Yepes aTOT kaHal BbIxoA Y coenuHsiercs ¢ ruirocoM UII, u Ha Beixone OyieT BHICOKUN YPOBEHb
JIOTHYECKOU €IMHUIIEI.

[Ipu nmojgaye Ha BXOJ TOTMYECKOM €IMHUIBI KaHal B TpaH3uctope VT1 ucuesaer, a B V12 kanan uH-
JOYLUPYETCsl U 4epe3 3TOT KaHall COEAMHAETCS ¢ HYJEBBIM MOTEHLMAIOM OOIIEro MpoBoja, clel0Ba-
TEJIbHO, Ha BBIXO/€ OyAET JIOTHYECKU HOJMb.

Hocronncra kommiemenTapHoil MOII — napbl — 0TCyTCTBHE pE3UCTOPOB, YTO MO3BOJISAET IIOBBICUTH
CTENeHb MHTETPaLuU; OueHb Manoe norpedienue Toka ot UII, T. k. Mexay rmrocom u Munycom MIT
BCETr/la OKa3bIBA€TCsl TPAH3UCTOP, Y KOTOPOI'O HET KaHaJIa.

Henocrarox xommiementapuoir MOII — napel: HU3K0€ OBICTpOICHCTBHE.

3) Peanuszauusa ¢pynkuuu U-HE B KMOII — noruke.

VT1 VT2 Uun
-
%
X1(X2' Y
VT3
X1 0101
0/ 1/0
VT4 110]0
X2 1111]0
Puc. 205 Puc. 206
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Ecin xoTst OB1 HA OJTHOM U3 BXOJOB HMEETCS CHTHAIT JIOTHICCKOTO HYJISI, B COOTBETCTBYIOIIEM TPaH-
3uctope ¢ kaHajuoM p-tuna — VT1 wnu VT2 — Oyzaer uHIynupoBaH KaHajl, 4yepe3 KOTOpbIi BhIXOI Y
coemunsiercs ¢ wiocom UII, u Ha BeIXOoze Oyner ynorudeckas enununa. [Ipu mogade Ha oba Bxoma
gorndeckux enuHull B VT1 u B VT2 kaHanel ucuesaror, a B Tpanzuctopax VI3 u VT4 kanansl uay-
UPYIOTCS, U Yepe3 3TH KaHAJIBI BBIXOJ Y COCAMHSETCS ¢ OOUTUM MPOBOOM, CJICIOBATEIBHO, HA BBI-
xo0J1e OyIeT JOTHIECKUN HOJIb.

4) Peanmzauusa ¢pynkuunu WJIN-HE B KMOII — noruke.

"p" VT2 yun
VT3
"o" Y X1 X2
1

Y
0|01
VT1 X2 VT4 1170!/0
o~ 0O|1]0
1/1]0
Puc. 207 Pwuc. 208

Ecnu Ha 06a Bxoma mogaHsl Hysd, TO B TpaH3ucrtopax VIl u VT4 ¢ kaHasiaMu n-Tuma KaHaibl OT-
CcyTCTBYIOT, @ B VT2 u VT3 kanansl MHAYIUPYIOTCSA, U Y€pe3 HUX BbIXOA Y CBsizaH ¢ 1urtocom UII,
CJIeIOBATENbHO, HA BBIXO/IE JIOTHYECKas eUHHIIA.

Ecnu xoTs OBl Ha OAWH U3 BXOAOB MOJATh JIOTHYECKYIO €IMHUILY, TO B COOTBETCTBYIOIIEM TPaH3MU-
CTOpE p-TUIla KaHaJl UCYE3aeT, U BhIX0J Y oTKiItouaercs oT mitoca UII, a B cooTBeTCTBYIOIIEM TpaH-
3UCTOPE ¢ KAHAJIOM N-THITA KaHAIl WHIAYIUPYETCS, U Yepe3 HEeTo BBIXOJ Y COSIUHSETCS ¢ OOIIUM POo-
BOJIOM, CIIeZIOBATEIbHO, Ha BBIXO/IE OY/IeT JIOTHUECKUN HOJIb.

DOMUTTEPHO-CBA3HAS JIOTHKA

1) Peanmuzanus ¢pynkuuii UJIN u UIN-HE B s3mutTepHO-cBsA3HOI Joruke (ICJI).
2) UCTOYHUK ONOPHOI0 HANIPSIZKEHHS.
3) ba3ossiii 3jemenT ICJI cepuu K500.

1) Peanusanus ¢pynxumnii UJIN u UJIN-HE B s MmurtrepHo-cBsizHoii goruke (JCJI).
OCIJI sBusieTcss camMoil OBICTPOJCHCTBYIONIEH M3 BCEX TUIIOB JIOTUKHU. DTO OOBSICHSETCS TE€M, UYTO
tpanzuctopsl B DCJI paboTaloT B IMHEHHOM pexHMe, He Iepexo/is B PEKUM HACBILICHUS WIH OTCEY-

ku. OcHoBoit DCJI sBnsiercs nuddepeHanbHbIi SMUTTEPHBIN KacKal], H300paXEHHBIM Ha PUCYHKE
209.

cTabunesHoro
TOKa
1

$ la eHepaTop

Puc. 209
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I
Usx; = UBxy; =1z 220; Usx; >Usxy; =1 + AL L =1, — AL

Ocob6ennocty DCJI: pazHuIla ypOBHEH JTOTHYECKON €AMHUIIGI M HYJISl OYCHb Malia, CJIeJI0BaTEIbHO,
MMOMEXOYCTOMYHUBOCTD TUI0Xass. YTOOBI MOBBICUTh MTOMEXOYCTOHYMBOCTh, B DCJI Hcmomab3yercs cxe-
Ma, IPY KOTOPOM B IIETH KOJUIEKTOpA — COEIMHEHHUE C OOIIMM MPOBOJOM, a B IIENb IMUTTEpA MOJAET-
cs1 MuHyc Hanpspkenus: UI1. 1o mpuBOAUT K TOMY, YTO BCE YPOBHMU HANPSKEHUSI OTPULIATEIbHBI U
OCJI m10X0 cornacyroTcs ¢ APYTUMH TUITAMH JIOTHKH.

PaccmoTpuM crenyromyio cxemy (cmotpure pucynok 210), B koropoit U’ = -1,6 B; U' = -0,8 B; Uon
~-1,2 B.

R1 R2
Y1 Y2
X2 VT2 VT3Y
X1 VT1

X1 |1X2/Y1Y2
R3 0o/lo/ 10
- O/1]0|1
Uvn 110,01
>4 171701
Puc. 210 Pwuc. 211

B nannoii cxeme poib reHeparopa ctadmibHOro Toka (I'CT) BBITIONHSIET UCTOYHUK CTAOUIH3UPO-
BaHHOTO HamnpspkeHus U = -5,2 B BMecTe ¢ mociegoBaTeIbHO BKIIOUEHHBIM pe3uctopom R3 nocra-
TOYHO OOJIBIIOTO HOMUHAA.

[Ipu mogaue Ha o0a BXOJa JIOTUYECKOTO HYJISI OMOPHOE HAIPSHKEHHE OKa3bIBAaeTCs OOsiee MOJI0XKH-
TeJIbHBIM, 4eM Ha 0a3ax TpanzucropoB VT1 u VT2, cnemoBarenbHO, TpaH3uctop VT3 OTKpHIT B
6onbiei creneny, yeM VT1 u VT2. 3nauut, Tok yepe3 R2 Oyner 6onbiie, yem yepe3 R1, u Hamps-
eHue Ha Y2 (JIoruuecKuil HOllb) OyZeT OoJiee OTPUIATENFHBIM, YeM Ha BhIXoJe Y (JIoThuecKas efu-
HULIA).

Ecnu xoTh Ha 0JIMH U3 BXOAOB MOAATH JIOTUYECKYIO €IMHUILY, TO HalpsyKeHUE Ha 0a3e COOTBETCTBY-
IOLIETO TPAH3UCTOPa CTAHOBUTCS 00Jiee TOJ0KUTENBHBIM, YeM onopHoe. IToT Tpan3uctop (VT1 unun
VT2) otkpeiBaercs B Oombiieii crenenu, ueM V3. Tok depe3 R1 Oynmer Gombine, yem depe3 R2.
Hampspkenue Ha Beixoze Y Oyzaer 6ojiee OTpULIaTeNbHbBIM, T. €. JIOTUYECKUM HYJIEM, a HapsbKeHUE Ha
BEIXOZE Y2, O0oJiee ITOJ0KUTENBHEIM, T. €. JIOTHYECKOH SIUHUIICH.

BriBoa: OCJI peamuzyet ¢pynkiuto MJIM-HE no Beixony Y u dynkuuro MJIN no Beixomy Y2.

2) UCTOYHUK ONMOPHOT0 HANIPSKEHHS.

+Uun
R1 R5
VT4
VT1

X1 X2 VT2 Z VD1

Z VD2

R6
[l] -Uun

Puc. 212
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HcTouHuK OMOpHOTO HampspkeHus codpaH Ha TpaHizucrtope VT4. Cxema sTa nmpeacTaBiisieT coOoi
SMUTTEPHBIN MOBTOpHUTEND. JlenuTens, cocTosimuii U3 pesuctopoB RS, R6 u mnogo VD1 u VD2,
oOecrnieunBaeT MOCTOSTHHOE HampshKeHHe Ha 0aze TpaH3UCTOpa, a CJIEe0BATEeIbHO, TOK Yepe3 TpaH3U-
CTOp Takke Oy/eT MOCTOSIHHBIM M MaJieHHe HamnpspKeHus Ha pesuctope R4 Oyzaer mocTosHHBIM. DTO
HarpspKkeHue 1 nmoaaérest Ha 6a3y TpanszuctopaVT3 kak onopHoe. Juonst VD1, VD2 npennaszHaveHbl
JUTSL TEMITEPATyPHOI cTaOMIU3ai paboThl CXEMBI.

3) ba3ossiii 3jemenT ICJI cepuu K500.

HenoctaTkomM paccMOTpPEHHOM BBIILIE CXEMBbI SBIISIETCA Majiblii KOA(QGUIUEHT pa3BETBICHUS IO BbI-
xony. HJ'ISI YBCINYCHUA €T0 Ha BBIXOAC CXEMbI BKIHOYAKOT OMUTTCPHBIC ITOBTOPUTCIIN. B pE3YIbTATE
MBI TIOJTyuniIn 6a30BsIit 35ement DCJII.

H} R1 [H R3 H] R5 J—
VT6
RN
VT4 VTS5 Y1
s s
1 VT)’l2 VT3 Y2
VT2 VD1
< \/
™ VD2
N
R2 R4 R6 R7 R8
Puc. 213

AHAJIOrOBBIE JIEKTPOHHBIE YCTPOMCTBA
Knaccudukanuys 1 OCHOBHBIC
TEXHUYECKUE MOKA3ATEIN YCUITUTEIIEN

1) Knaccuukauus ycuauresiei.
2) OcHOBHbBIE TEXHHUYECKHE MTOKA3ATEJ N YCHIUTEJIeH.
3) XapaKkTepuCTHUKHU YCHJIUTEJICH.

1) Kinnaccuguxanusi ycuanTesen.
VYeTpoicTBO, IPENHAa3HAUYEHHOE JUIsl YCUIIEHUS AJIEKTPUYECKUX CUTHAJIOB, HA3bIBAETCS 3JIEKTPOHHBIM
YCUJIUTEIIEM.
OcHoBHOHW KiIaccu(UKAIUeH yCUIHUTENeH SBISIETCS KIACCU(PHUKAIMS M0 TUAMAa30Hy YCHINBAEMBIX
4acToT.
1. Ycunurenu muskoi gacrors! (YHY) — nuanason ycunusaeMsix 4actoT ot 10 go 100k .
2. Vcwunurenu Beicokoi yactotsl (YBY) — quanason ycumsaembix 4actot ot 100k 1o 100M-
I'o.
3. Vewmrenu nocrosiuaoro Toka (YIIT). OHM MOryT yCWIMBATL MOCTOSHHBIM TOK. J[Mama3oH
ycunuBaeMsbIx yacToT oT 0I'n no 100k 1.
4. Nmnynscubie yewmurenu (UY) — MIMPOKONOIOCHBIE UMITYJIbCHBIE- M BHAEOyCHIMTENH. Ya-
CTOTHBIW UAINa30H yCHIMBaeMbIX 9acToT OT 1k 1o 100k .
5. WsOuparenbHble, WM PE30HAHCHBIE YCHJIUTEIHX — 3TO YCHJIHTENH, pabOTAIONIHE B Y3KOM
Jana3oHe 4acToT.
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2) OcHOBHbBIE TeXHHUYECKHE MMOKA3ATEJH YCUJIUTEIEH.
1. Kosddunuenr ycunenus.
_ UsbIx

Usx
Ecim koo dunmeHT ycuneHus: HeZ0cTaToueH, MPUMEHSFOTCS MHOTOKACKATHBIE YCUITUTEIH.

Usx ‘ ‘ UsbIx
‘K1 ‘KZ -..%

Puc. 214

Kn

B MHOrokackagHbIX YCUIUTENAX 0OUIMH KOA(GUIIMEHT YCUIEHUS PaBEeH MPOU3BEACHUIO K0P PUILIU-
€HTOB YCWJIEHUS Ka)10Tr0 KacKaJa.

2. BXOIHOE ¥ BBIXOIHOE CONPOTHBIEHHE. JKBUBAIEHTHYIO CXEMY YCHJIUTENS MOKHO MPEICTa-
BUThH CJIEIYIOIUM 00pa3oM.

Ri RBbIx
********** |
Rex !
Usx 1 UBblx; RH
|
|
|
| |
I Yeunutens |
Pwuc. 215

3agava mepegayd MakCHUMaJIbHOW PHEPTHMM OT MCTOYHMKA CUTHAJa Ha BXOJ| YCHUJIMTENS, a TaKXKe C
BBIXOJIa YCWINTEJNISI Ha HArpy3Ky Ha3bIBaeTCsl COIJIacoBaHWEM. [l ONTHMalbHOTO COIJIaCOBAHMS
BXOJTHOE COMPOTHUBIICHUE YCUIUTENS AOKHO OBITh KaK MOKHO OOJibllie, T. €. 3HAYUTENIBHO OO0JbIle
BHYTPEHHETO CONPOTUBIICHUS] UCTOYHUKA CUTHAJIA, & BBIXOJIHOE COIPOTHUBIICHUE 3HAYUTEIbHO MEHb-
1€ CONMPOTUBJIEHUSI HArpy3ku. Bompockl corinacoBanusi BOSHUKAIOT U B MHOTOKACKAIHBIX YCHIIUTE-
nsax. Ecnu Ba yCUIUTENBHBIX Kacka/la HE COTVIACOBAHBI MEXIY COOOM MO BXOJAHOMY U BBIXOJHOMY
CONPOTHUBIICHUIO, TO MEXKy HUMH CTAaBUTCA SMUTTEPHBIN MOBTOPUTEIH, UMEIOIINI OUYeHb OO0JbIIOE
BXOJ/IHO€ U MaJIO€ BBIXOJHOE COMIPOTUBIICHHUE.

3. Beixognas momHocTh 1 KITJT ycunuTens. BeIxogHas MOITHOCTE MOXET OBITh OINpeaeieHa 1o
dbopmyre:
UBbIx’
Ru

3HAYUTENBHO YBEJIMYUTH BBIXOJHYIO MOITHOCTh YCHUJIUTENS HEJNb3sl, T. K. IPH OOJBIIIOM BBIXOJIHOM
HAIPSKEHUU TIOSBIISIOTCS MCKAKEHHSI YCUJIMBAEMOI'O CHUTHaa 3a CYET HEJIMHEHMHOCTH XapaKTepH-
CTUK YCWJIMTEIBHBIX 3JIEMEHTOB. [103TOMYy BHOCHUTCS MOHATHE HOMUHAJIBHON BBIXOJHOW MOIIIHOCTH.
DT0 HanOOJIbIIAsT BHIXOIHASI MOITHOCTh, MIPU KOTOPOM CHTHAJ HE MCKaXKAETCSI.

KIIJI ycunurens MOXHO ONPEACIIUTD 10 CeaAyIomen hopmyie:

PBBIX

n= -100%

Puct

PBBIX =

4. YpoBeHb COOCTBEHHBIX IIYMOB COCTOUT U3 CIIEAYIONIUX COCTABISIONINX
® TermoBble MIyMbl IPXU HATPEBAHUU CONPOTUBIICHUMN, EMKOCTEH.
® [ITymbl yCUIIUTEIBHBIX 3JIEMEHTOB.
e [Ilym 3a cué€r myJIbcalluii ICTOYHUKA ITUTAHMUS.

5. I[I/IaHaE»OH YCUIIMBACMBIX YaCTOT (HOJ'IOC& MPpOITyCKaHUsA YCI/IJ'II/ITCJ'IH). OT0 mojaoca 4acToT, B
KOTOpOﬁ BBIXOJHOC HAIIPSIKCHUC YMCHBLIIACTCA HC bosiee ueM a0 0,7 CBOEH MaKCHUMallbHOM
BCIIMYHHEI.

6. Hckaxenns YCUIIUTCIISI BO3HUKAIOT 3a CUET HEJIMHEHMHOCTHU XApaKTCPUCTHK TPAH3HUCTOPOB.
Hckaxenns IIPpOUCXOOAT 3a CU€T MOSIBICHUS B CIICKTpPC CUI'HaJIa BBICHINX I'APMOHUYCCKHUX CO-
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CTaBIISIONINX, M XapakTepusyercss K0dHHUIIMEHTOM HETMHEWHBIX MCKaKeHUH (mmm K03 du-
[IUEHT TAPMOHHK).

JU2 +US . +Un?

Kr= -100%
Ui

3) XapakTepuCTHKH yCHJIUTEJICH.

1. AmrumaryaHas XapakTepucTHKa — 3TO 3aBUCHMMOCTb aMIUIUTYIbI BHIXOJHOIO CHIHAJIa OT aM-
IUTUTY/IbI BXOJHOTO cUrHajia (cMoTpute pucyHok 216). Usbix = f (UBX).

UBbIX

UBbIX.max

UsbIx.min

UBx.min Usx.max
Puc. 216

2. JIMHAMHWYECKHH AUAINa30H:
UBx.max
J=201g " [1B]
UBX. min

3. AMmuTyaHO-4acToTHas xapakrepuctuka (AUX) npencrasiaser coboil 3aBUCUMOCTh aMILTH-

TYJIbl BBIXOJHOT'O CUTHAJIA OT YaCTOTHI P MOCTOSHHON aMIUTUTY/I€ BXOAHOTO CUTHAJIA.
Usx = f (F) mpu Usx = Const.

Yacro AUX npezacrasisior B Buje 3aBucumoctu Kn = f(F) mpu Usx = Const

Ku
Kmax --—=— S

g N

0,7 Kmax |{—-————————"—"—""—"—"—"———————— At
‘ |

! |

! |

241 F

Pwuc. 217

4. 3aBucumocTh KOd()(GHIMEHTA YCHIEHUS OT YacTOTHI XapakTepusyeTcs Kod(pduuuenTom ya-

CTOTHBIX HMCKakeHUuH. Ko3(pPUIMeHT yaCTOTHBIX MCKa)KEHUH JJIi HU3KUX YacTOT ONperess-
€TCsl COOTHOIIICHUEM:

Ky.c
Migg = 2P
Kyn
KOB(I)(I)I/IL[I/IGHT YACTOTHBIX UCKAKEHUI JJIs1 BBICOKUX YaCTOT OMPEACIISICTCS COOTHOILICHHUEM:
Ky.c
MBu= i
Kys
Ku
Kmax —-—=— —
e 4 N
0,7 Kmax 7 S A
' Knu Kepu ' Keu
A 4 A A 4

Puc. 218 F

5. B pamuorexHuke yacto mnpuMeHstoT HopMmupoBanHbie AUX. Hopmuposannas AUX mpej-
CTaBJIET COOOM CIIENYIOUIYI0 3aBUCUMOCTb!
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Ku

Ku.max
Ku
Ku. max

s ™

= f(F)npuUsx = Const

Puc. 219

6. ®dazoBas XapaKTCPUCTHKA — 3TO 3aBUCUMOCTb PA3HOCTHU (1)3,3 MCKAY BXOOHBIMH U BBIXOJHBIMH

curnangamu ot yactotsl. (P = f (F).

Puc. 220

[Iutanue nenu 0a3bl TPAH3UCTOPOB U TEM-
nepaTrypHasl CTaOniIn3anus padode TOUKH

1) IIuTanue menu 0a3pl TPAH3UCTOPA MO cXeMe ¢ PUKCHPOBAHHBIM TOKOM 0a3bl.
2) Ilutanue menu 0a3bl TPAH3UCTOPA MO cXeMe ¢ PUKCHUPOBAHHBIM HANPSKEHUEM
0a3bl.

3) TemneparypHasi crabuiam3anus (TepMocTraduiauzaunusi) padoyeili TOUKM NPH
MOMOIIM TEPMOPE3UCTOPA U MOJYIIPOBOAHMKOBOIO AHO/A.

4) TepmocTraduau3zanusa padouyeil TOUKH PH MOMOIIH OTPULATEILHONH 00pPaTHOM
cBsi3M (OOC) no NoCTOSIHHOMY HANPSIZKEHUIO.

5) TepmocTaduausanus padodei Touku npu nomou OOC Mo NOCTOTHHOMY TO-

KYy.

1) lluranue uenu 0a3bl TPAH3UCTOPA MO cxeMe ¢ GUKCMPOBAHHBIM TOKOM 0a3bl. B
npakTuYeckux cxemax BimoueHus ¢ OO0 n OK uctoynuk nuranus 6a3el EO He mpuMeHsercs, a nenb
0a3el IUTAETCA OT KOJUICKTOPHOI'O HAIIPAKCHUA Ex Ipyu NTOMOIIX JOIMOJHUTCIIBHBIX 3JICMCHTOB CXC-
Mbl. Hambosee mpocToil sIBIsSieTCA cXeMa MUTaHus menu 0a3bl ¢ «(QUKCHPOBAHHBIM TOKOM 0a3bD»
(cmotpute pucyHok 221).

R6 Rk Ek

UBbIX T Uobs
re

Puc. 221 Puc. 222
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B nmanHo# cxeme 0a3oBasi 1emb MPECTABISAECT COOOW IENUTENb HAIPSIKEHUs (CMOTPUTE PUCYHOK
222), coctosimuii u3 RO 1 compoTuBiieHnst SMUTTEPHOTO nepexosa Tpanzucropa VT1 m.

Tok 6a3br 160, cooTBeTCTBYIOLMIT BHIOpaHHOMY MOJIOKEHUIO pabouell TOUKH, OyAeT IpOoTeKaTh ue-
pe3 SMUTTEPHBIN MEepexol, co3aBas Ha HEM MajzeHue HanpshkeHus: UOd, KoTopoe U SBISETCS UCION-
HuteneM (GyHkuu ucrounuka EO. 13 Broporo 3akona Kupxroda nomydaem:

Ex = Ugs + U05;
Ex =R0 - 160.
B cumBoie «160» HOITb COOTBETCTBYET pabodeil ToUKe.
Re= Ex—Ub>s ;
160
Ex >> Uo05;
R6 = Ex - 160.

HenocraTok nanHOWM cxembl: HE MOXET paboTaTh B IIMPOKOM JAMANa30HE TeMIepaTyp, T. K. COIpo-
TUBJICHHE SMUTTEPHOIO MEPEX0/1a I3 OU€Hb CHJIBHO 3aBUCHUT OT TeMIiepaTypbl. Heckonbko myule pa-
0oTaeT cxemMa ¢ PUKCUPOBAHHBIM HAIPSHKEHUEM 0a3bl.

2) Iluranue nenu 0a3bl TPAH3UCTOPA MO cXeMe ¢ PUKCUPOBAHHBLIM HANPSKEHUEM
0a3bl.

+
RE' Ex

f-

R6"M ra

Puc. 223 Puc. 224

B nanHoil cxeme AenuTenb HaNpsHKEHHs] COCTOUT U3 pe3uctopa R6™ u RO, BkimrouéHHoro mapai-
JIENIBHO COIIPOTHUBIICHUIO SMUTTEPHOIO IIEPEX0AA I7.
Ex =Urs + Urs ;
Urs =R0O" - (160 - Inm);

In — TOK, mpoxoaAIuMil Yepes3 ACIUTENb HAIPSKCHUS.

Ugs = U09;
Ex=R6" - (I60 - Im) + Uoo;
Ex—Ub>
RO'=———
160+ 1o
Ex >> U69;
In=(3-5)-160;
Uos=1Ixg-R0™;
Ubs
ROo''=——
1o

Hanpsokenne UG3 HaX0UTCS M3 BXOJHOW XapaKTEPUCTUKU TPAH3UCTOPA 10 33JJaHHOMY TOKY Oa3bl.
JlanHasi cxema B JMara3oHE TEMIIepaTyp padoTaeT Jydlne, 4eM cxema ¢ (UKCUPOBAHHBIM TOKOM
0a3bl, OJTHAKO JJI1 HOpMaJIbHOMU €€ paboThl HEOOXO0IMMa TEMIIEpaTypHas CTa0MIM3aLHS.

3) TemneparypHasi crabuiam3anusi (TepMocTraduau3anusi) padoyeii TOUKM NPH

IMOMOIIHU TEPMOPE3UCTOPA ! ITOJYIIPOBOAHUKOBOI'0 THO0AA.

[Ipu HarpeBanuu paboyast TOUKa CMELIaeTCs [0 HArpy304HOM NPSMOM, YTO MPUBOJUT K YBEJIIMUEHUIO
KOJUJIEKTOPHOTO TOKa [k 1 yMmeHbleHuo HanpskeHus: UK (cMOTpUTe pUCyHOK 225). DTO paBHOCHIIb-
HO TIPUOTKPBIBAHMIO TpaH3UCTOpa. [103TOMy OCHOBHOH 3ajauell TeMIepaTypHOW CTAOMIM3alUU SIB-
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JCTCA CUHXPOHHAs € YBCIMYCHHUEM TCMIICPATYPhI ITPU 3aKPbIBAHUU SMUTTCPHOI'O IEpexoaa TpaH3u-
CTOpa TeMIlepaTypHasi CTAOWIM3aIKS PU TOMOIIHM TEPMOPE3UCTOPaA (CMOTPUTE PUCYHOK 226).

Ik A
+
B
R6' Rk Ex
=
IK' |- Cp2
K f
Cp1 =
Uv1 Uv1 R6" VT1
UBbIx
ZE;VD1
Ek Uka 1
Puc. 225 Puc. 226 Puc. 227

[Ipu HarpeBaHUU COMPOTUBICHUE TEPMOPE3IUCTOPA YMEHBIIAETCS, YTO MPUBOAUT K OOIIEMY YMEHb-

HICHUIO COMPOTHUBIICHUS BKIIIOUEHHBIX B Mapaienb pe3uctopoB RO u Rt. 3a cuér sTtoro Hampsike-
Hue UGd OyAeT yMEeHbBIIAThCS, SMUTTEPHBIA NEPeXo]] MOA3aNUpaThcs, U paboyas TOUKa COXpaHseT
CBOE I0JIOKCHUE HA HATPY304YHOU IIPSIMOM.

AHaJOTUYHBIM 00pa3oM MPOUCXOAMWT TepMOCTAOMIHM3aIMs pabodell TOYKH MOIYNPOBOTHUKOBBIM
JTMOJIOM (CMOTPUTE PUCYHOK 227).

[Ipu yBenmu4eHWH TeMIIEpaTyphl COMPOTUBIICHHUE JHOAOB B OOpPaTHOM BKIIIOUECHUH OYIET YMEHbB-
maThCs 3a CYET TEPMOTCHEpAIMM HOCHUTENICH 3apsia B MOIynpoBoaHuke. OOIiee COmpoTUBICHUE
BKJIFOUEHHBIX MapajuiesibHO pesuctopa RO m muoma VDI Oyner yMmMeHbBIIATHCS, YTO MPUBEIET K
YMEHBIIICHUIO HanpspkeHus U6, TpaH3UCTOP TMO3anmupaeTcss U padodasi TOYKa COXPaHSET CBOE IMO-
JIOJKCHHE.

HenocratkoMm cxem ¢ TEpMOPE3UCTOPOM U MOTYHIPOBOIHUKOBBIM JHOJIOM SIBJISIETCS TO, UTO U TEPMO-
PE3UCTOP, M TOIYNPOBOIHUKOBBIA THUOMA TOJKHBI MOAOUPATHCS MO CBOMM TEMIEpPaTypHBIM CBOM-
CTBaM JIJISl KQKJIOTO KOHKPETHOTO TpaH3uctopa. [loaTomMy Hanbosee 4acTo MPUMEHSIOT CXEMbl TEM-
nepaTypHO cTabuiM3auu oTpuarensbHoil oO0patHoil cBsizpo (OOC) MO MOCTOSHHOMY TOKY U
HaIPSKEHUIO.

4) TepMmocTaduan3anus padoveil TOYKH NMPHU MOMOIIM OTPUIIATEIbHO 00paTHOM

cBs3u (OOC) o NOCTOIHHOMY HANIPSAKEHUIO.

[TpumensieTcs 3TOT BUJ TEPMOCTAOMIM3ALIMN IPY TUTAHUU 1IeTH 6a3bl ¢ (GPUKCHPOBAHHBIM TOKOM Oa-
3pl. B aTOM ciyuae pesucrop RO monkmtouaercs He k mmocy UII, a K KOIIEKTOPY TpaH3UCTOPA.
[Mone3ysich ypaBHenusimu Kupxroda, nomydanm:

Uk» = Ugs + UG0;
UG5 | = Uxka | - Ugrs Tak kak Urs = Const;
+

Puc. 228

[Tpu yBenmmueHnn Temmnepatypbl HanpsbkeHHue UKD yMeHbIIaeTcs. DTO YMEHbBIICHHE HANIPSHKCHUS de-

pe3 nens oopatHoit cBs3u (OC), cocrosmryro u3 RO, mepenaércs Ha 6a3y Tpansucropa. HanpsokeHnue
UG» ymeHbIIaeTcsl. DMUTTEPHBINA MEPEX0]l MOI3aupaeTcs, U padoyasi TOUKa COXpaHseT CBOE MOJIO-
KCHHE.
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5) Tepmocraduauzauust padoueit Touku npu nomMom OOC 110 NOCTOIHHOMY TO-
KY.

Pwvc. 229

TepmocTtabunuzanus padoueit Touku npu nomou OOC 1Mo MOCTOTHHOMY TOKY MPHUMEHSIETCS MpU
NUTAHUU Lenu 0a3bl 0 cXeMe ¢ «(PUKCHPOBAHHBIM HarpspkeHUueM 0a3bb». [Ipu Bo3pacTaHuu Temie-
paTypbl YBEITMUMBAETCSI TOK KOJJIEKTOpa TpaH3ucTtopa Ik, ciaempoBarenbHo, U TOK amuTTepa I3. 3a cuér
3TOr0 Ugrs, Oy/I€T yMEHBIIATHCS.
UG5 1 =Ugs - Ur, 1 Tak kak Ugs = Const;

OMUTTEpHBIN Nepexo noazanupaercd, u padbodas Touka (PT) coxpanser cBoé€ nonoxxenue. Tak kak
M3MEHEHHE HaIpsDKeHHs Ha R» J0KHO 3aBHCETh TOJNBKO OT M3MEHEHMS TeMIIepaTypbl U HE H3Me-
HSTBCS TIO 3aKOHY MEPEMEHHOM COCTaBJISIONIEH YCHIIMBAEMOro CUrHaia, pe3uctop Ro mryHTHpyercs
KOHJIEHCATOPOM OO0JIbIION EMKOCTH, Yepe3 KOTOPHIM OyAeT MpoTeKaTh MepeMeHHasi COCTaBJIsgIonIas, a
yepe3 Ra OyneT nporekarh MOCTOSIHHAS COCTABIIAIOIIAS TOKA.

Bennuuny éMKOCTH BBHIOMPAIOT U3 yCIOBUS <<R3.

WH-Co

OOpaTHas CBsA3b B YCHJIUTENE

1) Buabl o0OpaTHOii CBSI3H.
2) Bausinne OOC Ha 0CHOBHBIE OKA3aTEJIH YCHUIUTEJIA.

1) Buabl 00paTHOM CBSA3U. OGpaTHOl CBA3BIO B YCHIUTENE (B LIEJIOM) WM K€ B OTIEIBHO B3si-
TOM KacKaJle Ha3bIBAaeTCs TaKas CBSI3b MEKIY BXOJOM U BBIXOJOM, IPU KOTOPOH 4acTh SHEPIUH YCHU-
JIEHHOT'O CUTHAJA C BBIXOJA NepeaéTcst Ha BXOJ,.

ITo crocoOy cBoero BO3ZHMKHOBEHHsI OOpaTHasi CBSI3b MOXKET OBITh BHYTPEHHEH, Mapa3uTHOW W WC-
KyCCTBEHHOM.

Buytpennsis OC Bo3HUKaeT 3a CU€T BHYTPEHHUX CBOMCTB 3JeMeHTOB cxeMbl. [lapasutnas OC Bo3-
HUKaeT 3a CYET MapasuTHBIX EMKOCTeH M MHAYKTUBHOCTeH. CTapaloTcsi BHYTPEHHIO MApa3UTHYIO
00paTHYIO CBSI3b BO3MOYKHO CHJIBHEE YMEHBIIUTb.

HckycctBenHass OC BBOIUTCS CIIELUANIBHO Ul YIYYIIEHUS OCHOBHBIX XapaKTEPUCTHK YCUIIUTEIIS.
[To nmpu3naky netieBoro ycuienus pasnudaror nonoxutensHyo OC (IIOC) u OOC. ITpu I1OC cur-
HaJl Ha BXxoJ ycunutens depe3 uenb OC moctynaer B ¢asze co BxoaubiM curHainoM. Ilpu OOC cur-
HaJ, npoxofs uenb OC, OyzaeTr nopaBaThCsi B IpOoTHBOGA3e ¢ BXOAHBIM CUTHAIOM. B ycunurensx, B
ocHoBHOM, npumensercst OOC; IIOC npumMeHnsercs B reHepaTopax.

B 3aBucumoctu oT TOro0, Kakum oopazom 1ens OC NOJKIIOYAETCs K BBIXOLY YCWINTENS, pa3IndaloT
OC 110 TOKy U 110 HANPSKEHUIO.

B 3aBucumoctu ot TOro, kakum odpazom 1enb OC MoAKII0YaETCs K BBIXOYy YCHIIUTEINS, pa3IudyaioT
napajulesbHyI0 U nocienopareiabHyo OC ycunurens.

[Tapannensnas OC u3zo0pakeHa Ha pucyHke 231, a mocienoBareabHas — Ha pucyHke 232.
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Roc 2 5 [:> Usx [:>
T ® .
p B p

Puc. 230 Puc. 231 Puc. 232
B — xoapunment nepenaun nernu OC.
_ Ussix.oc
Usx.oc

[Tockonbky B ycunurensax uenb OC coCTOUT, B OCHOBHOM, U3 ACCUBHBIX 3JIEMEHTOB, TO [ 0OBIYHO
MmeHb1Ie 1. B 3aBucuMOCTH OT TOTO, OYJET JIU U3MEHATHCA B OT 4YacTOTHI, PA3INYalOT YaCTOTO3aBUCH-
MyI0 U yactoToHe3aBucumyro OC.

2) Bausinue OOC Ha OCHOBHBbIE TOKA3ATEJIU YCHUIUTEJSI.
Paccmorpum Biusarne OOC Ha paboTy ycuiuTess Ha nmpuMepe nocienoBatenbHoil OC mo Hampsoke-
HUIO.

> iUBbIX mRH

Bl

Puc. 233
K:M - K03()QULUEHT YCUIIEHUS YCUIINTENS 03 00paTHON CBA3M.
Usx
Koc = UBBIX _ 516 koa(uument yemnenus yeumtens ¢ OC.
Uspix.oc  UBbIXOC )
Usx.oc UBbix.
Usbix UsbIx

Koc = (2)

Ul - Usrbix.oc+ UBx
N3 dpopmynsl (1) BuaHO, uTo UBBIX.0C OyA€T paBHATHCS [3, yYMHOKeHHOMY Ha UBBIX M TI0JICTaBJIEHHO-
My B popmyiy (2).

Koc — UBbIx

UBx + 3 -UBbIX

B 3namenarene mocienHeit popmyiel BeiHeceM UBBIX 32 CKOOKY:

Koc UBBIXU
Usx-1+p - BhIX
Usx
c=———
(1+B-K)

Benuuuna (1+f - K) Ha3biBaeTcst riryOuHON 00paTHOM CBSI3U.

BriBoa: mocnenuss popmyna nokaspiBaet 1o, uTo OOC ymeHbaeT Ko3GGUIHMEHT YCUIICHNUS YCUITH-
TEJIS.

Jnst nonoxkutensHon OC:

Knoc =

K
(1-B-K)
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Kpome toro, uto BBenenne OOC ymeHbmaer K03()(GUIUEHT YCHICHHS YCHIUTENs, BCE OCTAIbHBIC
TEXHUYECKHE NOKA3aTeNN YIy4IIArTCsA. Y BEIMYMBAETCA 110JI0CA MTPOIYCKAHMS, YMEHBIIAKOTCS HEJIN-
HEMHBIE U YaCTOTHBIE HCKAXKEHUS, HECKOJIBKO BO3PAacTaeT BXOJHOE CONPOTUBIICHHE.

PexxuMbl paOOTHI
YCUJIMTENbHBIX AJIEMECHTOB

1) IlonsiTHE 0 MPOXOAHON TMHAMUYECKON XapaKTEePUCTHKE.
2) Pexxum padoThl Kjacca A.

3) Pe:xxum padoTsl Kiacca B.

4) Pe:xxum padoTsl Kiacca AB.

5) Pe:kum padoTsl kiaacca C.

6) Pe:kum padoTsl Kiaacca D.

1) IlonsiTHE 0 MPOXOAHON IMHAMHMYECKONH XapaKTepPHUCTHKE. Pexxumbl pabOThHI YCHIIH-
TEJIBHBIX AJIEMEHTOB OMPEACIISIOTCS TOJI0KEHUEM padoyeil TOUKH Ha MPOXOTHON TUHAMHYECKON Xa-
paktepuctuke. [IpoxoaHOW TMHAMHUYECKON XapaKTEPUCTUKOW HA3bIBAETCS 3aBUCHUMOCThH BBIXOAHOTO
TOKa OT BXOJHOTO HampspkeHus. [ TpaH3ucTopa, BKIIFOYEHHOTO 1Mo cxeme ¢ OO, 3aBUCUMOCTH OY-
net Ik = £ (U6»). [Ipoxomnast fuHAMUYECcKass XapaKTEepUCTUKA MOKET OBITh MIOCTPOCHA TI0 BXOJHOU 1
BBIXOJTHOHM XapaKkTepucTukaM TpaHsucropa. [k = f (UO).

k A /
KH 777777777479‘
Ik A I64 A T
IKH i
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2) Pesxnm padoThl KJaacca A. B pexume paboTsl kinacca A pabodasi TOUKa yCTAHABIMBAETCS HA
JUHEHHOM y4acTKe POXOJIHON TMHAMHYECKOW XapaKTepucTUKu. st aToro Mexay 6a30il U SMUTTe-
POM TpaH3MCTOpa MPHU MOMOIIU OJHOM U3 CXEM MUTaHUsA IenH 0a3bl HEOOXOJUMO CO3/1aTh MOCTOSH-
HYIO COCTaBIIAIOIIYIO HAMPSKEHHSI, KOTOPasi Ha3bIBAETCS BEIMYMHON HATPSDKEHUS CMEIICHHUS.

[Ipu OTCYTCTBUUM MEpEMEHHOW COCTaBISIONICH YCHIIMBAaEMOr0 CHTHaia padodas TOYKa Ha3bIBaeTCs
paboueil TouKoil MoKos.

Paccmotpum pucyHok 236. Jlo MOMeEHTa BpeMeHU t] miepeMeHHasi COCTaBIsAIoNIasi BXOJHOTO CUTHaIa
OTCYTCTBYET, U TIOJI ICHCTBHEM BEIMYMHBI ECM B KOJIJIEKTOPHOM IIeTH TpaH3UCTOpa OyAeT MPOTeKaTh
MOCTOSTHHAS! COCTABJISIFOIIAST KOJUIEKTOPHOTO TOKA, KOTOPasi HA3bIBAETCSI TOKOM TTOKOSI.

Pexxum paboThl kacca A XapaKTepU3yeTcs MHUHUMAJIbHBIMA HEJTMHCHHBIMU HCKKCHUSAMH, T. K.
YCWIMTEIBHBIN JIEMEHT padoTaeT Ha JTUHEHHOM yUacCTKE XapaKTEPUCTHUKHU.

Henmocratkom pexxuma kinacca A ssisiercst Huzkuit KITI. n = (25 — 30 %).

OT0 00BACHAETCSA TEM, YTO PHEPIUsl OT UCTOYHUKA MUTAHUS 3aTPayMBaEeTCs HE TOJIbKO HA yCUJICHHE
NIEPEMEHHOM COCTABJISIIOLIEH, HO U HA CO3/IaHHUE MOCTOSHHOM cocTaBistouen lo, kotopas sBisieTcs
Oecrione3Hol U B JalbHEHIIIEM OTCEeUBAeTCs Pa3AeuTEIbHBIM KOHIEHCATOPOM.

Pexxum kmacca A mpuMeHsieTcsl, B OCHOBHOM, B IIPEIBAPUTENbHBIX KacKa/laX YCHUJICHUS.
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3) Peskum pabdoTtsl Kiacca B. B pexume kinacca B pabouas Touka BEIOUpaETesi TAKAM 00pasoM,
9TOOBI TOK TIOKOSI OBIIT paBEH HYJIO (CMOTPHUTE PHUCYHOK 237).

ik 4 / Ik A

\J

vy t
Puc. 237

Pexum pabotel kiacca B xapaktepusyercs yriaom otceuku ©.

VYTII0M OTCEYKH Ha3bIBaeTCs MOJIOBMHA TOM 4YacTW MEPHUOJa, 33 KOTOPYIO B BBIXOJHOM Iienu Oyner
OpOTEKATh TOK.

Jlna pexxuma kiacca B yron orceuku © = 90°. Xapakrepusyercs pexum kiacca B Beicokum KIT[A n =
60 + 70 %. HenocratkoM pexuma kiacca B sBisiroTcs Oomblne HeMTMHEWHbIe HCKaXeHus. [Ipumens-
eTCs PeKUM Kitacca B B BBIXOTHBIX JIBYXTaKTHBIX YCUIIMTENSAX MOIIHOCTH.

4) Pesxkum padoTbl kiacca AB. VHorna nonoxeHue TOYKH MOKOS B pexuMe Kiacca AB BbIOu-
paeTcsl Ha HUYKHEM U3TH0e TPOXOHON TUHAMUYECKON XapaKTEPUCTHKH (CMOTPHUTE PUCYHOK 238).
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Puc. 238

B sTom ciyuae Oyner UMeTh MECTO TOK MOKOsI, HO BEJIMYMHA ero Oy/leT 3HaYUTEIbHO MEHbIIIE, YEM B
pexume kiacca A. Yron orceukn ® B pexume kinacca AB Oyner menbine 90°. Pexxum kiacca AB
umeeT Heckonbko MeHbluil KI1/I, uem pexxum kmacca B (n = 50 + 60 %) 1 HeCKOIbKO MEHBIIINE HE-
JTUHEeHbIe ucKaxeHus. [I[pumMeHsieTcs Tak ke, Kak U PeKUM Kiacca B, B IBYXTaKTHBIX YCHIIUTENSX

MOIIIHOCTH.

5) Pesxum padoTsl kiaacca C. I1o pexum, npu KOTOPOM BenurHa EcM MMeeT oTpuuarensHoe
3Ha4YCHHUE (CMOTPUTE PUCYHOK 239).
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Pexxum xnacca C xapakrepusyercst makcumainbHbiM KITJI = 80 %, HO 1 HaMOONBIIMMH HETMHEIHBI-
MU HCKakeHUsMH. Pexkxum C B YCHITMTEIISX MPUMEHSETCS B BBIXOJHBIX KacKaJgaxX MOIIHBIX Tepeat-
YUKOB.

6) Peskum padoTsl kiacca D. Pexum pa6ots kinacca D — 9T0 KIIIOYEBOI pexUM pabOThl TpaH-
3UCTOpA.

MG)KKEICKEII[HBIG CBJ3HU B YCUIINTCIIAX

1) Buabl MexXKKaCKaaHbIX CBSI3€H.

2) DKBUBAJICHTHAsl CX€MA YCHJIMTEJIBHOI0 KaCKaJAa ¢ Pe3UCTOPHO - EMKOCTHBIMH
CBA3SIMU.

3) AHA/IM3 IKBUBAJICHTHOM CXeMbl HA HU3KHUX, CPeJIHUX U BBICOKHUX YaCTOTAX.

1) Buabl MeskKacKaJIHbIX CBsi3eil. [{ns yBennuenus Kod3GGUIMEHTa YCUIEHUS MOTYT IIpHMe-
HATBCS MHOTOKAacKaJHblE YCWJIMTENH. B 3TOM cilydyae MeXIy KackaJaMu, a TakkKe MEXAy BXOAO0M
YCWINTENS U UCTOYHUKOM CHTHAJla MJIM K€ MEXIY BBIXOJOM YCHIIUTENS M Harpy3Kod MOTYT CyIle-
CTBOBATh CJIEAYIOLINE BUJIbI MEXKKACKAIHBIX CBSA3EH.

1) PesucropHo-éMKOCTHAs CBs3b (CMOTpPUTE PUCYHOK 240).

R61 | R« T R62"
Cp

Puc. 240
PesucropHo-EéMKOCTHAs CBA3b ABISETCS HauOOJIee IIUPOKO PACIIPOCTPAHEHHON B YCHIIMTENSIX Iepe-
MEHHOTO HaIlpSKEHMUSL.
2) TpanchopmaropHas CBsI3b (CMOTPHUTE PUCYHOK 241).

Puc. 241
TpanchopmaropHas CBS3b MO3BOJISET OCYIIECTBUTH ONTUMAIBHOE COTJIACOBAHUE MEXKIY KacKaJlaMu
nyTéM moaoopa koddduimenta Tpancpopmanun Tpanchopmaropa.
Henocratkn:
e (CpaBHHTENBHO OOJBIITHE TA0APUTHI U BEC TPpaHC(HOPMATOPOB.
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e Bonbmire 4acTOTHBIE HCKaXEHUS, TaK KaK COMPOTUBIICHUS 0OMOTOK TpaHC(hOpMAaTopa 3aBUCAT OT
4acToThl Xp = ® - L, mosToMy TpaHchopmaTopHas CBsI3b MPUMEHSETCS HA HU3KUX YacTOTax U B
Y3KOM JIMaIa3oHe.

3) TanpBanmveckas (HEMOCPEACTBEHHAsS) CBA3h (CMOTPUTE PUCYHOK 242).
+
Ek

RKzﬁ R

Puc. 242
lNaneBanmyeckas cBsa3b npuMensiercs B YIIT.

2) DKBUBAJICHTHAsl CX€MA YCHJIMTEJIBHOI0 KaCKaJAa ¢ Pe3UCTOPHO - EMKOCTHBIMH
CBS3SIMH.

C Bl6
C C
P o rk P
S i
Usx R6 Ck
% [ 3
i
ra D Rk Rexona
crnepyto-
ero
Kackaga
R2 (0] [H Co
Puc. 243 Puc. 244

RO — 310 RO’ 1 RO", BKiIIOUEHHBIE TapaJjIenbHO, T. K. RO’ yepe3 manoe compotusienue Ex MoxHO
CUMTATh MOJIKIIFOUEHHBIM Ha KOPITyC (00U POBOT).
6 R0"Ro"
R0'+R0O"
Co =Csx.ci1. + CM,
rae CBX.ci1. — 3To EMKOCTh CIIEAYIOIIEro kKackana, a CM — EMKOCTh MOHTaXa.

3) AHa/IM3 3KBUBAJIEHTHOM CXeMbl HA HU3KHUX, CPeJIHNX U BBICOKHUX YaCTOTAX.
HpoaHanH3preM OKBUBAJICHTHYIO CXEMY Ha HU3KHX, CPCAHUX W BBICOKUX YaCTOTaX. Ha auskux ya-
CTOTaX EMKOCTHOE COIIPOTUBJICHUEC TTApAJIIICIIBHO BKJITIOUEHHBIX CK nu CO 6yz[eT HUMECTh OUYCHb
6OJ'H>H_IyIO BCJIMYUHY U Ha pa60Ty CXCMBI BJIIUATH HE 6y/:[eT. C3 UMECT 6OJ'ILI_I_IYIO BCJIIMYUHY, CJICOO0BA-
TCJIBHO, EéMKOCTHOE COIIPOTUBJICHUC eé 6y;[eT OYEHb MAJI0. YK€ HAa HU3KHUX 4YacTOTaX 3Ta EMKOCTH
HIYHTUPYET CONPOTUBICHHUE R U, 3HAUUT, HA HU3KOW YAaCTOTE CXeMa YCHIIUTENILHOTO Kackaaa Oyaer
UMETh BUJI, N300paXEHHBIN HA pUCYHKE 245.

Pa3znenurenpHble KOHAEHCATOPHI BKItOUEHBI ocneaoBarenbHo. Ha HY conporusnenue nx Oyxaer Be-
JIMKO, YTO MPHUBOAMT K YMEHBIICHUIO K03 (PUIIMEeHTa yCHUIeHUSI.
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Puc. 245

Ha cpenHux yacToTax CONpOTHBIICHHE pa3ieqUTEIbHbIX KOHEHCATOPOB YMEHBIIIAETCS 10 TaKOi Be-

JMYUHBI, YTO UX BIMSHHUE MOXKHO HE YUUTHIBaTh. A conpoTuBieHne éMkocteil Ck 1 Co yMeHbIIAOT-
Csl HE Ha CTOJIBKO, YTOOBI OKA3bIBaTh IIYHTUPYIOIIEE ACHCTBUE, M IOITOMY MX Ha CPEIHUX YacTOTax
UX TaK)K€ MOXKHO HE YUUTBIBATh, IOATOMY Ha CPEAHMX YaCTOTaX SKBUBAJICHTHAs cxema OyJIeT NMETh
BUJ, U300pak€HHbIN Ha pucyHke 246. Tak xak Ha Cp.Y Hu OapbepHas EMKOCTb KOJIJIEKTOPHOTO
nepexona Ck, Hu Co He OKa3bIBAIOT BIHSHHUE HAa Pa0dOTy YCHIUTENs, TO K03 uumeHT ycunenus Ha
CpeIHuX yacTorax OyneT HauOOoJIbIIUM.

BI6

Puc. 246

Ha BY pa3nenutenpHbie KOHACHCATOPHI UMEIOT OYEHb MAJIO€ CONMPOTUBIICHUE U, TAK KaK OHU BKJIIO-
YEHBI TTOCJIEIOBATEIFHO, OHM HE OKA3bIBAIOT BIMSHUE HAa PabOTy cXeMbl ycunuTtens, a EMkoctu CK u
Co, BKJIIOYEHHBIE B Mapaljiellb, IIYHTUPYIOT KOJUIEKTOPHBIN MEpexo] TPaH3UCTOpPa U BBIXOJ YCHUIIH-
TEJIsl CBOMM MaJIbIM COIPOTUBIICHUEM, YTO MPUBOAUT K YMEHbBILIEHUIO KOd(DPHUIIHEHTa YCHUIeHUS. DK-
BHBAJICHTHAsI CXe€Ma YCHJIUTENsI Ha BHICOKOW 4acTOTe U300pakeHa Ha pucyHke 247.

Blo

Puc. 247
Ha pucynke 248 nokazaHo, Kak BIusieT Ha KOA(Q(GUIIUEHT YCUICHUS YCHUITUTENS] U3MEHEHUE YacTOTHI.
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BBIXOIHBIE KACKaAbl YCUJICHUS

1) OqHOTaKTHBIN BHIXOAHOU TPAHC(POPMATOPHBINA KACKA/
2) JIByXTaKTHBIN BBIXOAHOH TPAHC(POPMATOPHBINA KACKA/
3) JIByXTaKTHbBIN BBIXOJAHOH OecTpaHcGOpMaTOPHBIA KacKa/

1) OgHOTAKTHBINH BBIXOJHOW TPAHC(OPMATOPHBIN KACKAA. OIHOTAKTHBIH BBIXOAHOM
TpaHchopMaTOpHBIN Kackaa paboTaeT B pexxume kiacca A. B Bue KOJUIEKTOPHON HAarpy3Ku OH UMe-
€T MEePBUYHYI0 0OMOTKY COTJIacyIOLIero TpaHcopmaTopa (CMOTPUTE PUCYHOK 249).

Tp1 "
Ek

Puc. 249
BbixoaHble KacKaabl YCHUJIEHMs SIBJISIIOTCS YCHIUTENAMU MOIIHOCTH. lIprMeHeHue coriacyrommx
TpaHc(hOpMaTOPOB MO3BOJSIET OCYIIECTBIATh ONTHMAJIBHOE COTJIACOBAaHUE BBIXO/A YCHIMTENS C Ha-
rpy3Koii. B aTom ciaydae MoxkHO cuutath, uto P1 = P2, rne P1 — MomHOCTh epBUYHON 0OMOTKH, a
P2 — MomHOCTb BTOPUYHOM OOMOTKH, WIJIH, YTO TO K€ CaMO€, MOIIHOCTh Harpy3KH.

Ul? U2?

Rk.ont RH
Paznenum o6e yacTu nocieadero ypasuenus na Ul2,
[Tonyunm:

2
L (Uzj b , TIIe l{ﬁ - KO3 pUIMEeHT TpaHchopMaIum.

Rk.ont ﬁ Ru
1 1 1
———=h’ i n= R ;RK.onsz—K
R x.onm Ru ' R k.onm Ikl
Ik 164
A

163
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Ha pucynke 250 mnomaas ABC npezacrasiseT co00i MOIIHOCTb, OTAABAEMYIO YCUIIUTENIEM B Ha-
TPY3KYy.

2-Imk-2-Unmk
P =

2

P=2 Umk - Imk - n
C yuérom KII/] Tpanchopmaropa, mouiHocTs P, ornaBaemas B Harpy3ky, Oynet paBHa 1 = 60+70%.
ITpuMeHSI0TCSI OAHOTAKTHBIE BHIXO/IHBIE KACKabl ISl YCUJICHHUS HEOOJIBIIMX MOLTHOCTEH.
Henocratkamu sBIISIIOTCS BCE HEAOCTATKU TPaHC(HOPMATOPHOM MEXKacKaHON CBS3H.

2) JIByXTaKTHBIN BBIXOAHON TPAHC(POPMATOPHBINA KACKA/l. Bo BXOIHOI LIeTH BKIIOYEH
tparchopmarop Tpl co cpenHeli TOUkoOi BO BTOPHUHOM 0OMOTKE. DTO MO3BOJISAET MOIYIHTh HA 0a3ax
tpanzuctopoB VTl u VT2 nBa 0IMHAKOBBIX 110 aMILTUTYE U MPOTHBOIOJIOXKHBIX IO (haze HampsKe-
HUS (CMOTpUTE PUCYHOK 251).

Tp1 VT1 Tp2
RG" RH
UBx D
VT2
R6'
e *
Ek
L -
Puc. 251

I[BYXTaKTHBIG YCHIIUTCIIbHBIC KaCKalbl pa60Ta10T B PCKHUMaAX KJIaCCOB B mim AB.
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Korna na 6a3pl TpaH3UCTOPOB OyAET MOJABaThCS IMOJIOKHUTEIBHOE HANpsDKEHUE OHU OyayT Haxo-
JUTHCSL B OTKPBITOM COCTOSIHMM M 4epe3 HUX OyIyT IMpoTeKaTh TOKU OT Iuitoca Ek, cpenHss Touka
Tp2, nonoBuHa nepBUYHON 0OMOTKH Tp2, KOJUIEKTOP — SMUTTEPHBIHN MEepexoi TpaH3UCTOpa, OOIIHA
npoBoJ, muHyc Ex. CiemnoBarenbHo, B mepBUUHON 00MOTKe Tp2 TOKHM OymyT MPOTEKaTh OT CPEIHEH
TOUYKH B Pa3HbI€ CTOPOHBI, 32 CYET YErOo MarHUTHHIE TOTOKU B CEPJICYHUKE U HaBOAUMbIE BO BTOpPUY-
HOM 0OMOTKE MarHUTHBIE MOJS, a 3HAYUT, U TOK B HArpy3ke OyayT BEIUUTATHCS.

To ectp [n =11 —12.

Tok B Harpy3ke OyZeT UMETh JBOMHON pa3Max MO CPaBHEHHIO C KaXKIbIM U3 TOKOB TPAH3UCTOPA, a
ClIeZIOBaTeNbHO, Takas cxema OyJeT OT/AaBaTh B Harpy3Ky YABOCHHYIO MOIIHOCTb IO CPaBHEHUIO C
MOIIHOCTBIO, paCCEMBAEMOM KaXAbIM U3 TPAH3HCTOPOB.

Ora cxeMa UCTIOIb3yeTCs ISl YCHIICHUS OOBIINX MOITHOCTEH.

JlocToMHCTBA: Mallble HEIMHENHbIE NCKa)KEHHUS, TaK KaK B CEPJIEYHUKE OTCYTCTBYET MOCTOSIHHASI CO-
CTaBJISIFOIIAs MArHUTHOIO ITOTOKA U HE MPOUCXOUT HACBILIEHHUE; CXeMa HE UyBCTBUTEJbHA K ITyJIbCa-
UM HaPSOKESHUS TUTAHHMS.

HenocraTku: Bce HenocTaTku TpaHC(HOPMATOPHBIX CXEM — Y3KUH JHarna3oH 4acToT, MOBBIIIEHHBIE
rabapuThl U Bec TpaHchopMaTopa, O0JIBIINE YACTOTHBIC NCKAKCHHUS.

YacTUyHO HEJOCTaTKU TPAHC(POPMATOPHBIX KACKAZOB MOXKHO YCTPAHUTh, €CIIM HA BXOJE BMECTO
Tpancopmaropa Tpl mocraButh GpazonHBEPCHBIN Kackad (MM KacKaj C pa3fesi€éHHON Harpy3koi),
UMEIOIIHI 1Ba BBIXOAA (CMOTPUTE PUCYHOK 253).

Pwuc. 253

Hanpsoxenne ¢ Beixoga 1 — UBbix1 — Oyner B mpoTtuBodase ¢ BXOJHBIM HANPSIKCHUEM, KaK JUIsT CXe-
Mbl ¢ O3, a HanpspkeHue ¢ Bbixoga 2 — UBbIX2 — OyzeT B ¢aze ¢ BXOAHBIM HamlpsKEHUEM, Kak s
CXEMBI SMUTTEPHOTO MoBTOpUTENA. Eciau mpu 3ToM compoTtuBieHre Rk OyneT paBHO cOnmpoTHBIIE-
HUIO R3, TO M aMIITUTY 1b1 HAPSDKEHHH C BBIXOAO0B 1 U 2 OyayT paBHBI.

3) ABYXTaKkTHbIM BBIXOAHOI OecTpaHC(OPMATOPHBIN KacKaa. Haubonee mmpokoe
pacnpoCTpaHEHUE B BBHIXOJAHBIX YCHJIUTENSIX HNOJYYMIId OecTpaHcopMaTOpHbIe KacKabl HA TpaH3uU-
CTOpax pa3zHOro THUIIAa TPOBOAUMOCTH (CMOTPUTE PUCYHOK 254).

=+

Ué{ RH

BX

=1

VT2

o

Ek2

Puc. 254

[Ipu noade Ha BXOJ MOJOKUTEIBHON MOTYBOJIHBI HANIPsKEHUS TpaH3uctop VT1, cTpykTypsl n-p-n,
OyZeT OTKpHIT, a TpaH3uctop VT2,cTpyKTyphl p-n-p, OyIeT 3aKpbIT, U Yepe3 Harpy3Ky OyaeTr mpote-
KaTh TOK 1O 1enu ot miroca Ex1, komnekrop — smutrep VT1, Ru, o0umii mposos, munyc Exl.
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IIpu oTpuuaTenbHOIl MONYBOJHE BXOJHOTO HampspkeHust Tpansuctop VT1 3akpeiBaercsa, a VT2
OTKPBIBACTCS, M U€pe3 HEro OyAeT MpoTeKaTh TOK oOT mtoca Ex2, Ru, smutrep - komiexkrop V12, mu-
Hyc Ex2.

Taxum 0Opa3oM, TOKM B Harpy3Kke OyIyT BBIUMTATHCS, 3@ CUET YETr0 B HArpy3Ke MOSBUTCS yIBOCHHAs
aMIUIMTY1a TOKA, CIEI0BATENIbHO, U yIBOCHHAS] MOILIIHOCTD.

JIOCTOMHCTBA: BCE JOCTOMHCTBA IBYXTAKTHBIX OeCTpaHC(OPMATOPHBIX KaCKaJOB — OO0JIbIIAs BHIXO/I-
Hasi MOIIHOCTb, HE3aBUCUMOCTb OT Iyibcanuii MII, mansle HenuHelHble nckaxkeHus. Kpome Toro,
JIBYXTaKTHbIE OecTpaHCpOpMaTOpHBIE KACKaIbl CBOOOAHBI OT HEJOCTATKOB TpaHC(POPMATOPHBIX Kac-
KaJI0B.

HenocraTok naHHOMN cXeMBbl: OBICTPBIN BBIXOJ U3 CTPOs TpaH3ucTOpoB npu K3 uinu neperpyske B Ha-
Ipy3Ke.

Y CcUIUTEIHU IIOCTOIHHOTO TOKA
C HEIIOCPEJICTBEHHBIMU CBA3SIMU

1) Yenanreau moCTOAHHOIO TOKA € HEMOCPEACTBEHHBIMHU CBA3AMHU.
2) Indpdpepenunanbubii kackan YIIT.

1) Yceunurenu noctostHHOro Toka (YIIT) ¢ HemocpeacTBeHHbIMU CBA3SIMH. VIIT ¢
HETMOCPEICTBEHHBIMU CBSI3SIMU HA3bIBAIOT YCHUJIUTENIEM MPSMOT0 YCHICHUS (CMOTPHUTE PUCYHOK 255).

E
RK1 RK2 =
VT1 VT2 Usbix
R31 Ra2

Puc. 255

Opnnoit u3 ocobennocteit YIIT ¢ HemocpenCTBEHHBIMH CBSI3SIMH SBJISIETCS TO, YTO Ha BXOJ MOCTEIy-
IOIIETO KacKa/a MOCTYyMaeT He TOJIbKO YCHIMBAEMBI CUTHAJ, HO U MOCTOSIHHAS COCTAaBJISIFOIIAs KOJI-
JIEKTOPHOTO HaNpsDKEHUsS Mpeablayliero kackana. [losroMy HanpsbkeHre Mexy 0a30i 1 SMUTTEPOM
HOCJIEIYIONIero Kackaa Oyaer 0oJblie, 4YeM HanpsiKeHHe, COOTBETCTBYIOIIEE BHIOPAHHOMY TOJI0XKeE-
HUIO pabouel ToukH. UToObI 30eKaTh ITOTr0, CONMPOTUBIICHUE B IIETIH IMUTTEPA KaXkKJIOTO MOCIIETYI0-
HIeT0 KacKaja BEIOMpaeTCst OOIBIINM, YeM B MPEABIAYIIEM KacKaje, C TeM, 9TOObI 00eCIeYnTh COOT-
BETCTBHE BRIOPAHHOMY TOJIOKEHHUIO pabodeit Touku. Bropas o0coOeHHOCTD — JIpeiid Hysl.

HpeiidoM Hynsi Ha3bIBaeTCSl MEIUICHHOEC M3MEHEHHE BBIXOJHOTO HANPSKCHHS, HE 3aBHCUMOE OT
HaIpPsDKEHUS Ha BXOJE, a IPOUCXO/sIee 3a CYET BHYTPEHHUX MIPOLIECCOB B CXEME YCUIIUTEIS.

Hpeiid Hyns 4acTo OLEHUBAETCS BETMYMHOMN Apeiida, MpuBeIEHHOTO KO BXOLY.

Uop.euvix.

K
rae K — koo puumeHT ycuneHus ycuimmuTens.

Unp.BbIX. — 3TO MaKCUMaJIbHOE M3MEHEHUE BBIXOJAHOI'O HAIPSDKEHUS MPU 3aKOPOYEHHOM BXOJIE 3a
YCTaHOBJICHHOE BpeMsl HaOJII0IEHUSI.

3HAYUTENIbHO Jy4Yllle C TOUKH 3peHus Jpeida Hys paboTaroT quddepeHnnanbHble Kackaabl yCuie-
HUSL.

Uop.ex.=
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2) JIuppepennnanbubiii kackan YIIT. Tuddepenuunansusiv kackagom YIIT HasbiBaeTcs
YCWINTENb Pa3HOCTH HaNpsKeHUH (cMoTpuTe pucyHOK 256). Rkl = Rk2 = Rk.

Puc. 256

Tpanzuctopsl VT1 u VT2 noxbuparorcss oMMHAKOBBIMH 110 K03 duumeHty ycunenus. Pesucrops
Rx1 u Rk2 Takxke nmonduparoTcs OMHAKOBBIMH MO BEJIUYHHE CBOETO compoTtuBiieHus. [IpeacraBum,
4YTO Ha 00a BXxoza nojgaém oauHakoBoe HanpsbkeHue UBx1 = UBx2. B atom ciiyuae Toku 4yepe3 TpaH-
suctopsl VT1 u VT2 O6yayt omuHakoBbiMu. CyMMapHBIi TOK depe3 Ra o6o3naunm yepes lo. Torna:

11<1:1;<2:]—" 5
2

Usbix = Ukl — Uk2;
Ukl = Ek — Ikl - Rx1;

UKI:EK—£~RK
2
UK2=EK—120-RK

UBBIX:EK—I;-RK—EK+IZO-RK:O

[IpenacraBum, uto UBx1 > Usx2. Ha mepBbIii BXO mogaauM Oojiee MOJIOKUTEIHHOE HANpPsHKCHHE,
4yeM Ha BTOpo# BxoA. B atom ciyuae tpansuctop VT1 oTkpoercs B 60bllel CTENEeHH, YeM TpaH3U-
crop VT2. Tok uepe3 Tpanzuctop VT1 yBenmuutcs Ha onpenenéHHyro BeauuuHy Alo, a Tok depes
VT2 yMeHbIINTCS Ha TaKyto ke BeandrnHy Alo, MOCKOJIbKY CyMMapHBIi TOK MMOCTOSHEH U paBeH lo.

UKIZEK—(IZO-FAIOJ-RK:EK—I;-RK—A]O-RK

UK2=EK—(120—AIOJ-RK=EK—120'RK+A]0-RK

UBI)IX=EK—]2O-RK—A]0-RK—EK+I§-RK—AIO'RK=—2~A[O-RK

Ecnu Ha mepBbIil Bxoa Oyaem moaaBaTh OOJbIee 3HAUCHUE HANPSOHKEHHE, YeM Ha BTOPOUM BXOJ, TO
Ha BBIXOJ/I€ TOJYYUTCS OTPULIATEIBLHOE 3HAUYCHHE HAIPSKEHUS, MIO3TOMY MEPBbIA BXOJ| HA3bIBACTCS
WHBEPTUPYIOIIUM BXOJIOM.

Ecmu Usx1 < UBx2, To UBbix = +2 - Alo - Rk 1 moaToMy BTOpO# BX0Ja MU PepeHITnaIbHOTO YCIITH-
TEJIsl HA3bIBACTCS HEMHBEPTHPYIOIIUM BXOJIOM.

OcHoBHOI 0cO0EHHOCTHIO AU(depeHIINaTbHBIX KaCKaJ0B SBISETCS TO, YTO JIpeild Hyns OyneT 3Ha-
quTEeNhHO MeHbIne, 4eM B YIIT mpsiMoro ycunenus. 9To 0OBICHSIETCS TEM, YTO BBIXOIHOE HAMpsIKe-
HUE PaBHO PAa3HOCTH KOJUIEKTOPHBIX HANPSIKEHUHA Ka)KJ0r0 U3 TPAH3UCTOPOB, MOATOMY MEIJICHHbBIE
M3MEHEHUs HaIPSDKEHUS 3a CYET BHYTPEHHUX MPOILIECCOB CXEMbI OyIyT B3aMMHO YHUUYTOXKATHCS.

E. A. Mockaros. Ctp. 99



OnepanoOHHbIE YCUIIUTEIIH

1) Knaccudukauus u 0OCHOBHbIE TapaMeTPhbl ONePaAlUOHHBIX yeuiauTesei (OY).
2) Cxembl BKiIw4yenus QY.

1) Knaccudukanus u ocHoBHbIE mapameTpbl OY.

OHepaHI/IOHHBIM YCUIIUTCIIEM HAa3bIBACTCA YCTpOI\/'ICTBO, MNpE€aAHa3HAYCHHOC IJId BBITIOJIHCHHA MAaTC-
MAaTHYECKHX onepaunﬁ C aHaJIOrOBBIMH CHI'HaJlaMH, HMCIOIICC HMCKIIIOUUTCIBHO BBICOKHM KOB(i)-
(1)I/II_II/ICHT YCUJICHHUS, OYCHDb 0oubIIOE BXOJHOC M MaJIO€ BBIXOAHOEC COIIPOTHBJICHUC W BBIIIOJIHCH-
HOC B MUKPOJJICKTPOHHOM HCITIOJIHCHHUH.

OHepaHHOHHLIﬁ YCUIUTCIIb BKIIIOYACT B CBOM COCTaB OOWH HJIIM HECKOJIBKO ,I[I/I(i)(l)epeHI_[I/IaHLHLIX
KaCKaJ0B YHT, reHeparop CTaOMIBLHOIO TOKA AJIL TIMTAHUA 3TUX KACKaJ0B U BBIXOAHBIC SMUTTCPHBIC
MMOBTOPHUTECIIN JI YBCIIMYCHUA BXOAHOTO U YMCHBIICHUA BBIXOAHOTI'O COIIPOTUBIICHHA.

ITpumep mapkupoBku OY: K553V 12.

> co BbIX0[,

A -
- +

uni— }C

Fol }

Pwuc. 257

UBbIX

‘ W

W)

Bxon A — MHBEPTUPYIOIIMMA BXO.
Bxon B — HenHBepTUpYIOLIUI BXOJ.
Bxoawr C — myist nonxirouenus aAynossipaoro MII.
Bxonbr D — BBIBOIBI U1 OJKIFOYEHHS LEMEH KOPPEKLIHUH.
OY noapa3nenstorcs o CIeAYIOMNM TPU3HaAKaM:
@ OY o0mmero npuMeHEHUS
@ Momusie OY
@ OV c ynpapisieMbIMU ITapaMeTpamMu
@ beictponelicTByromue OY
K ocHoBHbIM napamerpam OV OTHOCSTCS ClaEAyIOLIME:
Hanpsxenne U1
Koapdpuument ycunenus
Bxonnoe conpoTtuBiieHne
[Motpebnsiemsbrii ot UIT Tok minm notpediisiemasi MOIIHOCTh
Koaddunment ocnabnenus cuagazHoro curnaia [ab]
CkopocThb HapacTaHusi BBIXOJHOTO HampsbkeHMs. OHa mokasbpiBaeT ObicTpozeiictBue OV

l B ] (cMmoTpute pucyHOK 258).

L

CEEEE

mrC

B
mxC

_ AUsubix

Ki
" A

[—=]

B texnnueckoit muteparype Bctpeuaetcs ycrapeniiee YI'O OV, nzobpaxEéHHoe Ha pucyHke 259.
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Usx A
+
> WHBEPTUPYIOLLIMI
t UBbIx
UBbix 4 Y Bxon A
HENHBEPTUPYHIOLLMIA
Bxoq B
y : |
, At t D
AU BBIX.
Puc. 258 Puc. 259

Tak xkak OY umeeT o4eHb 0OIBIION KOAPPHUIIMEHT YCHICHHS U JOCTATOYHO CIOXKHYIO CXEMY, TO TIPH

paboTe Ha onmpeneNéHHBIX YacTOTaX BO3MOXKHO MOSIBIICHHE HEKENATENHBIX (Da30BBIX CABUIOB, TPH-
BOJIMX K 00pa3oBaHuio nonoxutenbHbX OC U, Kak ClIeICTBHE, K CAMOBO30YKICHHUIO yCUITUTEIIS.
Jlns ycTpaHeHHs 3THMX BO3MOXKHOCTEM MPUMEHSIIOTCS LENHU KOPPEKLMH, NPEICTABISIONINE Pa3Iny-
Hble RC-nenouku. llenn koppekiuu MOryT ObITh KaK BHEIIHMMM, TO €CTh IPU MOMOILM HaBECHBIX
3JIEMEHTOB, TaK U BHYTPEHHHMM, TO €CTh BHYTPH KOpIityca MUKpocxeMbl. [Ipuuém nenu xoppekuun
pa3pabaTbIBatoTCs Ha 3Tane npoektupoBanus OV U SABIAIOTCS MHIMBUAYAIBHBIMU TS KQXKJ0TO KOH-
kpeTHoro tuna OY.

2) Cxembl BrJIW4YeHus1 QY. Iockonsky Ha Bxoge OV crout mudpepeHuanbHpIi KacKas yCH-
JICHUS, UMEIOIINI MHBEPTUPYIOUIMH W HEHMHBEPTUPYIOUIMH BXOBI, TO PA3IMYaIOT J[BA OCHOBHBIX
BU/Ia BKIIIOUCHHS — MHBEPTUpYIOIee U He nHBepTupyoniee. Kpome storo OV 3a cyéT BHICOKOTO KO-
s puLneHTa yCUIIeHHUS TOJDKEH OBITh oxBaueH Ti1yookoit OOC mist obecniedyeHns: yCTOHYNBOCTH €T0
paboThI.

WuBeprupyromas cxema Bkitodenuss OY nzobpaxena Ha pucynke 260.

Rooc + R1 Roc
K==—"""";Roc>>RIl; K~——;
RI Rl
Rooc
] Usbix=f(Ux) 4
e —~——- *Usbix.max
> co N
UBbIX
R1 - \
-+ N
UBx unl— _
Nl Usx
RIS
Fo —
=UBbIX.max o>
Puc. 260 Puc. 261
Roc
He unBepupyromas cxema Briouenuss OY nzobpaxkena Ha pucyHke 262. K~ —— .
gc Usbix=f(Uex) &
L JEE—
DA1
> oo /
UBbIx /
i - =
I N / .
R2 Un— o
- e }
Usx |
i = /
Puc. 262 Puc. 263
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Tak kak OY npeaHa3HauYCHbI JJIA MPOBCACHUA MATEMATUICCKUX onepaunﬁ C aHAJIOI'OBBIMH CHUT'HAJIA-
MH, TO pa3lInyaloT CyMMUpYlolee, HHTerpupyomiee u nuddepenmupyromee BriroueHue OV.
Cxema cymmupytomiero BkitoueHuss OV uzoOpakeHa Ha pucyHke 264.

Uspix = K - (UBxl +UBx2 + UBX3).

Roc
Usx1 R1 —
=1

DA1
UBx2 R2 > oo
o F—

UBbIx

Uex3 R3 —
=1 i

R4 |

Puc. 264

Cxema uHTerpupytomero BriatoueHus OY n3obpaxeHa Ha pUCyHKe 265.

UBbIX = KI UBX(t)dt .
0

Coc
l
DA1
> oo
UsBbIX
R1 —
= = +—
Usx Uni—
Lm0l
Fol—
Pwuc. 265
Cxema nuddepenuupyroniero BriatodeHust OY nzobpaxeHa Ha pucyHKe 266.
dUsx
Usbix =K - .
dt
Roc
1
L
DA1
> co

UBbIX

C1
NS
UBx

L?m Fo

Pwuc. 266
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[Tockonbky OV ¢ ynpaBisseMbIMH ITapaMeTpaMHu UMEIOT OYEHb MaJIyl0 HOMEHKJIATypy, TO IPUMEHS-
IOT YIIPaBJICHUEC TaKUM IIapaMCTPOM KaK KOB(i)(l)I/IHI/I@HT YCUJICHHA ITPU IMTOMOIIH PA3JIMYHBIX BHCHIHUX
nernen, mpuuéM Kod(PPUIMEHT YCUIICHUS MOKET YIPaBJIAThCS KaK aHAJIOTOBBIM CUTHAJIOM, TaK U
U (POBBIM KOZOM.

Roc
]
| I
DA1
> oo
. UBbIx
—C +—
R1 unj—
] [
| I
Usx L
Fo -
D Rk1 Rk2 Rk3
X1  R61 P VT1 yo R62 VT2, 5 R63 VT3
] 1 ]
| I | E—

Puc. 267

[Ipu nmogavye Ha OAMH M3 BXOJOB JIOTMUYECKOW €IUHUIIBI COOTBETCTBYIOIIMM TPAH3UCTOPHBIA KITIOY
OTKPBIBAETCS U B 1INl MHBEPTUPYIOIIETO BXOJa OKA3bIBAETCS BKIIOUEHHON KOJIEKTOpHAs Harpyska
JAHHOI'O KJII0Ya.

K~ Roc

Runs
W3mensst undpoBoif ko1l Ha BXOAaX KIFOYEH, MOXKHO K MHBEPTUPYIOIIEMY BXOAY MOJIKIIOYUTH Iie-
JBINA P KOJUIEKTOPHBIX HArPy30K, BKIIOYEHHBIX B Mapajuieb U COOTBETCTBEHHO U3MEHSTh KO3 u-
LUEHT YCUJICHUS CXEMBI.
VYnpasnenue ko3(hGUINEHTOM YCUJICHHSI TIPU MTOMOIIY aHAJOTOBOT'O CUTHAJIA MOXKHO OCYIIECTBISATh
C TIOMOIIBIO TIOJIEBOT'O TPAH3UCTOPA (CMOTPUTE PUCYHOK 268).
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B nanHoii cxeme posb COMPOTUBIIEHHUS, MOJKIIOUEHHOTO K MHBEPTUPYIOIIEMY BXO/Y, BBITIOIHSIET Ka-
Haz nosnesoro tpanzucropa VT1. M3menss ynpasisioniee HaIps>KeHUE, MOKHO MEHATh IIMPUHY Ka-
Haja, CJIeI0BaTeIbHO, U €r0 CONMPOTHBIICHHE, YTO Oy/IeT MPUBOIUTH K M3MEHEHHIO KO dUIIMeHTA
YCHUJICHUSI.

[[upokoe npumeHeHne OY HaANUIM B aKTUBHBIX (QUIIBTPAX.

Ha pucynke 269 npuBenena cxema ¢puibTpa HU3K0HM yactotel (PHY).
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Ha pucynke 271 npuBenena cxema ¢puibTpa BbICOKOI yactoTsl (PBY).
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Ha pucynke 273 npuBenena cxema mosiocoBoro ¢puiabtpa (I1D).
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KoaddunmenT nepenaun qeoitaoro T — o6pazHoro Mocta Ha yactore fo Oyaer MUHUMAIBHBIM, a 3TO
3HAYHT, YTO CONMPOTUBJICHUE OyIeT MAaKCUMAIbHBIM. A TaK Kak ABOWHOM T — 00pa3HbIi MOCT CTOUT B
nenu OOC, To koaduimeHT ycwieHus Ha yactote fo OyaeT MakCuMaabHBIM.

[TepecTpouM maHHYIO CXeMy TaK, YTOOBI TaHHBIH (DUIBTP MPEBPATHIICS B PEKEKTOPHBIM.
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Ha yvacrore fo ko3¢ ¢punment nepenaun nsoitHoro T - oOpa3Horo Mmocra OyJeT paBeH HYJIO, CIe0-
BaTeNIbHO, CONPOTHUBIICHHE €ro OyJeT OYeHb BEJIMKO, a TaK Kak JBOHHOM T - 00pa3Hblil MOCT BKIIIO-
4EH TMOCIIEJOBATEILHO C BXOAHBIM CUTHAJIOM, TO KO3 (UIIMEHT ycuiieHus Ha yactore fo Oyner MuHu-
MaJIbHBIM.

YcTponcTBa 0TOOpaKEeHUST HHPOPMALAU
DJICKTPOHHO-JIYYEBBIC TPYOKHU
Y KUHECKOTIBI

1) DaexTporno-ay4deBbie TPYOku (IJIT) ¢ ss1ekTpOCTATHYECKUM yIIPABJIEHHEM.
2) DJIT ¢ 3JIeKTPOMATHUTHBIM YIIPaBJICHHEM.

3) Kuneckonnbl.

4) I{BeTHBIE KHHECKOIIBI.

1) DJIT ¢ 3y1eKTPOCTATUYCCKUM YIPABJEHUEM. DJeKTpoHHO-yueBbie Tpyoku (DJIT) ¢
JIEKTPOCTATHUECKUM YIPABICHHEM, T. €. C (DOKYCHPOBKOH M OTKIOHEHHEM JIyda SJIEKTPHYECKHM I10-
JIEM, Ha3bIBAIOTCS AJIEKTPOCTATUYECKUMH TPYOKaMU U OCOOEHHO IIMPOKO MPUMEHSIOTCS B OCLMILIOrpa-
¢dax. Korcrpykuus. bainoH TpyOku HMeeT MITHHAPUIECKYI0 ((OopMy ¢ pacliupeHrueM B BUE KOHyca
WIK B BUJIE IWIMHpa O0sbIero nuaMeTpa. Ha BHYTpPEHHIOI MOBEPXHOCTh OCHOBAHMS PACIIMPEH-
HOM 4acTH HaHECEH JTFOMUHECIIEHTHBIN YKpaH — CJIOW BEIIECTB, CIOCOOHBIX M3Ty4yaTh CBET MO/ yiapa-

E. A. Mockaros. Ctp. 105



MU 3JIEKTPOHOB. BHYyTpu TpyOKHU pacrioyiokeHbl 3JE€KTPOJIbl, UMEIOIUE BbIBOJbI, B OCHOBHOM, Ha
KECTKHE METAJUINYECKHE IITBIPBKU IOKOJA. KaToa M3roToBISIIOT OKCHIHBIM, C KOCBEHHBIM HaKa-
JOM, B BUJI€ HUIHUHJIpaA ¢ IoAorpesaresieM. BeIBOJ KaTo/ma MHOTIA COBMEIIEH C OJHUM M3 BBIBO-
noB nogorpesatens. OKCHIHBINA CJI0M HAaHECEH Ha JOHBIIIKO KaTtoja. Bokpyr karoaa pacmnoliaraercs
YIPaBIISIIOMINN 3JIEKTPO/I, Ha3bIBAEMBIA MOIYJIATOPOM, IIMIIMHIPUIECKOM POPMBI C OTBEPCTHEM B J10-
HBIIIKE. DTOT 3JIEKTPOJI CIYKUT JUIsl YIPABIEHUS INIOTHOCTHIO 3JIEKTPOHHOTO MOTOKA U JUIs IIpEeABa-
pUTENbHON ero GokycupoBku. Ha MogynsTop mogaeTcs oTpULIATeNbHOE HAMpPsDKEHHE B HECKOIBKO
JIECATKOB BOJIBT. YeM 3TO HampspkeHHe Oouiblile, TeM OOJIbIlie 3JEKTPOHOB BO3BpAIaeTCsl Ha KATO.
[Ipu onpenesn€HHOM OTPHUIATEIFHOM HANPSDKEHUU MOAYNSATOpa TpyOka 3amupaetcs. [pyrue siex-
TPO/BI, TAKXKe LUIUHAPUIECKON GopMmbl, sBisitoTcs aHogaMu. B DJIT ux Munumywm nBa. Ha BTopom
aHojne HampspkeHue ObiBaeT oT 500 B mo Heckonmpkux kuioBoibT (mopsiaka 20 kB), a Ha mepBom
aHOJIC HAIIPSKEHHE B HECKOJIBKO pa3 MEHbIIE. BHyTpH aHONOB MUMEIOTCSA NEPEropoAKH C OTBEp-
crusimu (nuagparmser). [lox gelicTBHEM YCKOPSIOMIETO TOJS aHOIOB 3JICKTPOHBI MPUOOPETAIOT 3HA-
YUTEJbHYI0 CKOPOCTh. OKOHYaTeNlbHas (POKYCUPOBKA AJIEKTPOHHOT'O MMOTOKA OCYLIECTBIISIETCS C I10-
MOIIIbIO HEOJTHOPOJHOTO 3JIEKTPUUYECKOro MOJIsl B MPOCTPAHCTBE MEX/y aHOJIaMH, a Takxke Ojaroja-
ps nuadparmam. bosee cioxHble GOKyCcHpYIOIINE CUCTEMBI COIepKAT OOJbIlIee YUCIO UIUHIPOB.
Cucrema, cocrosimiasi U3 KaToAa, MOJIYJIATOpPAa M aHOAOB, HA3bIBAETCS JIEKTPOHHBIM IPOKEKTOPOM
(97EKTPOHHOMN MYIIKOM) M CIY>KUT IS CO3JaHHS 3JEKTPOHHOIO Jiydya, T. €. TOHKOTO MOTOKa AJIeK-
TPOHOB, JIETSIIUX C OOJNBIION CKOPOCTHIO OT BTOPOrO aHOJA K JIIOMHUHECIIEHTHOMY 3KpaHy. Ha
IIyTH JEKTPOHHOIO JIyya IOCTABIIEHBI IO MPSAMBIM yIJIOM APYT K APYTy ABE Napbl OTKJIOHSIIOLINX
miactuH IIx u Ily. Hanpsokenue, moaBeA€HHOE K HUM, CO3/A€T IEKTPUUYECKOE T10JI€, OTKIIOHSIONIEE
AJIEKTPOHHBIN JIyY B CTOPOHY IOJIOKUTEIBHO 3apsKEHHOM I1acTUHBL. [lose miuacTul sBiaseTcs 1
3JEKTPOHOB MOTMEPEYHBIM. B TakoM 1OJI€ 3IEKTPOHBI ABMKYTCS MO MapabondecKuM TPAeKTOPH-
sIM, a BBIMJS U3 HETO, ajiee ABUXKYTCS 110 MHEPLUU MPSMOIMHENHO, T. €. JJIEKTPOHHBIN JIyd MOJIy4a-
€T YIJI0BO€ OTKJIOHEHHE. YeM OoJIbllle HalpsKeHHe Ha MJIaCTUHAX, TEM CHUJIbHEE OTKJIOHSETCS JIyd U
TeM OOJIbIIIE CMEIIACTCS Ha JIIOMUHECHEHTHOM 3KPAaHE CBETALIEECs, TaK Ha3bIBAEMOE AJIEKTPOHHOE
IIATHO, BO3HHUKAIOIIEE OT yAapoB 31eKTpoHOB. [lmactunsl Ily, OTKIOHAIOMKE JTyd 1O BEPTUKAIIH,
Ha3bIBAIOTCA IJIACTUHAMU BEPTHUKAIBHOTO OTKJIOHEHMS, a IJIACTUHBI [1X — ruiacTMHaMKu rOpU30HTaIIb-
HOro oTkjoHeHus. O/HA IIaCTHHA Ka)XJI0H Mapbl MHOT/Ia COeNUHSAETCS ¢ o0umM npoBoaoM. Takoe
BKJTIOYEHHUE TUTACTHH HA3bIBACTCS HECUMMETPUYHBIM. [[71s1 TOro 4T00bI MEKy BTOPHIM aHOJOM U KOp-
IIyCOM HE CO3/IaBajoCh IEKTPHUUECKOE I0JIe, BIUAIOINIEE Ha TOJET ANEKTPOHOB, BTOPOM aHOJ OOBIY-
HO TaKKe ObIBAET COEIUMHEH C KOpIycoM. Toraa mpu OTCYTCTBUHM HANpPSIKEHHUS Ha OTKIJIOHSIOLIMX
IUTACTUHAX MEXIYy HUMU U BTOPBIM aHOJOM He OyJeT HUKAKOro MO, JeHCTBYIOIIEro Ha 3JIeK-
TPOHHBIN JIy4.

[TockosibKy BTOPO# aHOJ COEMHEH C KOPITyCOM, TO KaTOJ, UMEIOIIHUI BBICOKHI OTpUIIATEIbHBIN T10-
TEHIMaJl, PaBHBIN HANpPSIKEHUIO BTOPOrO aHOMA, JOJKEH OBbITh XOpOIIO M30JHUPOBAH OT KOpIyca.
Tak xak Ha AIEKTPOHHBIN Jy4 MOTYT BIUATH IOCTOPOHHUE JJEKTPUUECKUE U MATHUTHBIE I1OJIS, TO
TpyOKY 4acTO IMOMEIAIOT B SKPAHUPYIOIIUHI YeX0Jl U3 MATKOU cTainu. CBedeHue JIOMUHECIIEHTHOTO
9KpaHa 00BsACHSIETCS BO30YXK/IEHNEM aTOMOB BELIECTBA SKpaHa. DIIEKTPOHBI, yAapss B IKpaH, nepesa-
IOT CBOIO PHEPTHIO aTOMaM JKpaHa, B KOTOPBIX OJMH M3 AJIEKTPOHOB MEPEXOIUT Ha OoJiee yaleH-
HYIO0 OT sipa opOuty. [Ipu Bo3BpamieHun >1eKTpoHa 00paTHO, Ha CBOIO OPOUTY, BBIJENSETCS KBAHT
CBETOBOI 3HEPrUH, Ha3bIBAEMbI (POTOHOM, U HAOJIIOAETCA CBEYEHHUE. DTO SABIICHUE HA3bIBACTCS KaTo-
JOJIFOMUHECLICHIIMEH, a BEIIECTBA, CBETALIMECA MO yAapaMu 3JIEKTPOHOB, HA3bIBAIOTCS KAaTOOJIIO-
MHUHO(GOPAMHU WJIM IPOCTO JFOMUHO(POpaMH. DJIEKTPOHBI, MOMAJAIOIIME HA SKpPaH, MOTYT 3apsauTh
€ro OTPUIATEJIBHO U CO3/1aTh TOPMO3AIIEE M0JI€, YMEHBIIAIOIIEE UX CKOPOCTh. OT 3TOr0 YMEHb-
IIUTCS IPKOCTh CBEUCHMS SKpPaHa M MOXKET BOOOIIE MPEKPATUTHCS MOMAJaHNue HIEKTPOHOB HA IKPaH.
[TosTomMy HEOOXOAMMO CHHUMATh OTPULIATENBHBIN 3apsja ¢ 9KpaHa. [y 5TOro Ha BHYTPEHHIOKO TO-
BEPXHOCTh OaJlZIOHAa HAHOCUTCS MPOBOAAIIHHA ciioi. OH 0OBIYHO OBIBAaeT rpaMTOBBIM U HA3BIBACTCS
aKBajgaroM. AKBajar COEIUHSETCS CO BTOPBIM aHOAOM. BTOpHUYHBIE 3JEKTPOHBI, BHIOMBAacMbIE U3
JKpaHa yAapaMu MEPBUYHBIX JJIEKTPOHOB, JIETAT K IPOBOAsIEMYy ciioro. Ilocie yxoma BTOpUYHBIX
3JIEKTPOHOB MOTEHLIMAJl PKpaHa OOBIYHO OJM30K K MOTEHLHMATy MPOBOASIIETO ciod. B Hekoro-
PBIX TpyOKax UMeeTCsl BBIBOJ OT MPOBOSILETO €105, KOTOPBIA MOKHO HCIOJIb30BaTh B KAUECTBE J0-
MOJIHUTENIBHOTO aHoja ¢ 0ojiee BBHICOKUM HampspkeHHeM. [Ipu 3TOM 31€KTpOHBI JTOMOIHUTEIHHO
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YCKOPSIFOTCA MOCJIE OTKJIOHEHUSI B CUCTEME OTKJIOHSIOIIMX IUIACTHH, YTO Ha3bIBAETCs MOCIIEYyCKOpe-
HueM. [IpoBoasimuii cioil Takke UCKII04YaeT 00pa3oBaHKUe Ha CTEHKax OajyloHa OTpULIATEIbHBIX 3a-
PAI0B OT MONAAAIOIINX TYy/1a AIEKTPOHOB. DT 3aps/ibl MOTYT CO37aBaTh JOMOJHUTEIbHBIE OIS, Ha-
pylIaroIue HOpMalbHY!0 paboTy TpyOku. Ecnm B TpyOke MpOBOASLIETO CJIOSI HET, TO BTOPUYHBIE
3JIEKTPOHBI YXOAST C 3KPaHA HAa OTKJIOHSIONIME IIJIACTUHBI U BTOPOH aHOJ. IluTanue snekTpoHHO-
ro IPOXKEKTOPa OCYLIECTBISAETCS Uepe3 AeUTeNb HalpsKeHUs.

YroObl peryiaupoBaHUE SPKOCTH MEHBIIE BIMSIO Ha (POKYCHPOBKY, NMEPBbIM aHOA AenaioT 0e3
nuadparm. Ha Hero snekTpoHsl HE MOMANaloT, T. €. TOK IEPBOro aHoja paBeH Hydro. CoBpemMeH-
HBIE 3JIEKTPOHHBIE ITPOKEKTOPHI JAIOT HA DKpaHe CBeTsIIeecs MATHO ¢ nuametpom menee 0,002 ot
quaMeTpa JKpaHa.

OTKIJIOHEHHE JIEKTPOHHOTO JIy4ya JIEKTPOCTATUIECKUM METOZOM C 00pa30BaHUEM CBETSIIETOCs MAT-
Ha Ha HKpaHe NMPONOPIHOHATHLHO HANPSHKEHUIO HAa OTKIIOHSIONIMX TutacTuHax. Koadduuuent mpo-
MOPIIMOHATHHOCTH B 3TOW 3aBHCHMOCTH Ha3bIBAETCS YyBCTBUTEIBHOCTHIO TPYOKU. Ecim 0003HAYUTH
OTKJIOHEHHE IISITHA [0 BEPTUKAJIM Yepes3 Y, a HalpsKeHue Ha mactuHax y yepes Uy, To

y =Sy - Uy,

rae Sy — 4yBCTBUTENILHOCTh TPYOKH /ISl IIJIACTHH Y.
[Tomo6HO ATOMY OTKJIOHEHHUE CBETAMICIHCS TOYKH IO TOPU30HTAIH

x = Sx - Ux

Takum 06pa30M, YYBCTBUTCIBHOCTb 3HeKTpOCTaTquCKOﬁ Tp}I'6KI/I — 9TO OTHOIICHHEC OTKIIOHCHU
CBETAIIEHCS TOYKH Ha 9KpPaHC K COOTBCTCTBYIOIIEMY OTKJIIOHAIOIICMY HAIPAKCHUTO:

Sx =x/UxuSy=y/Uy

YysctButenbHOCTh DJIT - 3TO OTKIIOHEHHE CBETALIEICS TOUKU NpU U3MeHeHuu Ha 1 B oTkioHst0-
LIEr0 HalpsKeHUs. BrIpakaroT 4yBCTBUTEIBHOCTh B MHJUIMMETpax Ha BOJIBT. MIHOrma mox 4ys-
CTBUTEJIBHOCTHIO TOHUMAIOT BEJIMUYHUHY, 0OpaTHYIO SX WM Sy, U BbIpaKaloT €€ B BOJIbTaX Ha MUJI-
JAMETP.

[Tpensiaymme popMyIbl HE 03HAYAIOT, YTO UyBCTBUTEIBHOCTh OOPAaTHO MIPONOPIMOHAIbBHA OTKIIOHS-
olieMy HanpsbkeHuto. Ecnn yBeanuuts B Heckosibko pa3 Uy, TO BO CTOJIBKO e pa3 BO3PACTET Y,
a 3HaueHue Sy ocTtaHercs 0e3 u3MeHenus. CnenosarensHo, Sy He 3aBucuT oT Uy. UyBCcTBUTEb-
HocTh ObiBaeT B mpenenax 0,1 — 1,0 mm/B. OHa 3aBUCHT OT pexxuMa pabOThl U TEOMETPUUECKUX
pa3smMepoB TPyOKH.

2) DJIT ¢ 3JIeKTPOMATHUTHBIM yHpaBJjieHueM DJIT ¢ 31eKTpOoCTaTHIYECKUM YIIPABICHUEM
MMPUMCHAIOTCA B BHUJAC HHAWKATOPHBIX (E)KpaHI)I PaaruoJIOKaTOpPpOB U THAPOJIOKATOPOB, AUCILICH,
ycTpoiicTBa 00pabOTKM BO3AYLIHON U HaJBOAHOW MH(OpMaLIUN).

ONEeKTPOMarHUTHbIE TPYOKU UMEIOT IEKTPOHHYIO IMYIIKY, TaKyIO K€, KaK M 3JIEKTPOCTaTUYECKUE.
PaSHI/IHa COCTOHUT B TOM, UTO HANPSAKCHUEC HA IIEPBOM aHOJAC HEC U3MCHACTCA, U aHOABI IIpEAHA3HAYC-
HBI TOJIBKO JUISl YCKOPEHUSI QJICKTPOHHOTO TIOTOKA.

Pwnc. 278 Puc. 279

@DoKycHpOBKa 3JEKTPOHHOIO JIyya OCYIIECTBIIAETCS Ipu oMol ¢oxycupyromeit katymku — O.K..
dokycupyloias KaTyllka IMEeT PsI0BYI0 HAMOTKY U OZ€BAETCs MPSIMO Ha Koily TpyOku. Dokycu-
pyrolas KaTylka co3/1aéT MarHUTHOE I10JI€, MATHUTHBIE CHJIOBBIE JIMHUM KOTOPOTO PacloJaratoTcs
TakK, KaKk u300pa’keHo Ha pucyHke 279. Eciu 31eKTpoHbI ABMKYTCS TI0 OCH, TO YTOJI MEXY BEKTOPOM
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CKOPOCTH ¥ MarHUTHBIMU CUJIOBBIMU JIMHUSIMH OyzeT paseH 0 (a = 0°), cienoBatenbHo, cuia JlopeH-
I1a paBHA HYJIO0. ECiin 251eKTpOH BieTaeT B MarHUTHOE IOJ] YIJIOM, TO 3a c4€T cuibl JIopeHna Tpaek-
TOpUS 3JEKTpOHA OyAET OTKIOHATHCA K IIEHTPY KaTylIKU. B pe3yibTare Bce TpaeKTOPUH AJIEKTPOHOB
OyIyT mepeceKkaTbcsi B OAHOW Touke. VI3MeHsAs TOK depe3 (OKyCHPYIOUIyI0 KaTyIIKy, MOKHO H3Me-
HATH MECTOIIOJIOKEHHUE TOI Touku. J[oOMBaroTCsA TOTO, YTOOBI 3Ta TOYKA HAXOAWIACh B IUNIOCKOCTH
9KpaHa. DTo U ecTh (poKycrpoBka. OTKIIOHEHHE JTyda OCYIIECTBISETCS MPH MOMOIIM MarHUTHBIX T10-
aei, popMUpyeMbIX ABYMsI apaMH OTKJIOHSAIOIMX KaTymiek. OJlHa nmapa — KaTylIKd BEpTUKAJIbHOTO
OTKJIOHEHUS, U Jpyrasi — KaTyIIKA TOPU30HTAIBHOIO OTKIOHEHUs. KaTylku uMeroT cloxnyo Gopmy
U PACIIONaraloTcsl TAKUM 00pa3oM, YTO UX MarHUTHbBIE CHJIOBBIC JIMHUU Ha OCEBOM JTMHUM OyIyT B3a-
HWMHO NCPICHANUKYIIAPHBI.

o
Yyvy

Yyvy
Puc. 280

Korna smexkTpon mposieTaeT Mexay KaTylIkaMy U MONaJgaeT Mo/l BO3ICUCTBUE X MATHUTHBIX TIOJICH,
TaK KaK yroJl MeXIy TPAeKTOPHUEH AJIEKTPOHA U MAaTHUTHBIX CHUJIOBBIX JUHUHN cocTaBiseT 90° (sin o =
1), To cuna JlopeHna, Bo3elcTBYIOMAs HA JEKTPOH, OyaeT MakcuMmanbHou. [loa aeiicTBueM 3Toi
cuibl JIopeHIa 3J1eKTpoHbI OYIyT IBUTATHCS MO JIyTre OKPY>KHOCTH, 32 CUET YETrOo Yrojl OTKIOHCHHUS U,
CJIeIOBATENbHO, YYBCTBUTEIHHOCTD AMEKTPOMArHuTHEIX DJIT Oyner 3HaYMTEeNbHO BBIIIE, YEM Y AJIEK-
TpocTaTudeckux. Bcé ocranbHOe — TIOMUHO(OP, IKpaH, aKkBajar — BCE€ KaK y JIEKTPOCTATUIECKUX.

3) Kuneckornbl. Kuneckonbsl OTHOCATCSA K KOMOMHUPOBAaHHBIM DJIT, TO €CTh OHU HMEIOT JJIEKTPO-
CTaTMYECKYI0 (DOKYCHPOBKY M DJIEKTPOMATHUTHOE OTKJIOHEHHWE JIyda JUIs YBEIMYEHUS UyBCTBUTEIb-
HocTH. OCHOBHBIM OTJIMYMEM KMHECKONOB 0T DJIT sBiseTcs ciemyroniee: 3IeKTPOHHAS My KA KHHE-
CKOIIOB MMEET JIOTOJHUTENBHBIN 3JIEKTPO, KOTOPHIA HA3bIBAETCH yCKOPAIOMMM dyekTtpogoMm. On
pacrosaraeTcst MeXIy MOJYJIATOPOM M MEPBBIM aHOJOM, HA HETO MOJAETCA TOJ0KUTETLHOE HaTps-
JKEHHME B HECKOJILKO COTEH BOJILT OTHOCHTENIBHO KaTO/a, U OH CIY’KHT IUIs JOTIOJHUTEIBHOTO YCKO-
PEHMS DIEKTPOHHOTO TIOTOKA. BTOPBIM OTJIIMYHEM SIBIISIETCS TO, YTO SKPaH KMHECKOIA, B OTIMYHE OT

OJIT, TpéxcnoitHblii (cMOTpHUTE PUCYHOK 281).
3 2 1

Pwuc. 281
1 cnoii — HapyXkHBIH c0il — cTekI10. K cTekily sKkpaHa KMHECKOIa MPEAbIBIAIOTCS MOBBIIICHHBIE TPeE-
0OOBaHUS M0 MAPAJIIEIBHOCTH CTEHOK U MO0 OTCYTCTBUIO IOCTOPOHHUX BKIFOUECHUH.

2 cIoit — 3TO IFOMUHO)OP.
3 co# — 3TO TOHKAs AMIOMHHMEBas MIEHKA. JTa MIIEHKA BBHITOIHAET ABE (PyHKIUU:

e VYBenu4uBaeT SAPKOCThb CBCUCHUS SKpaHa, ﬂeﬁCTBYH KaK 3C¢pKaJio.
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e OcHOBHasi QYHKITUSI COCTOUT B 3aIIUTE JJIOMHUHO(POPA OT TSIKEIBIX HOHOB, KOTOPBIC BBUICTAIOT
13 KaToa BMECTE C DJICKTPOHAMHU.

4) IiBeTHbIEe KUHECKONbI. [IpuHIMI AEHCTBES OCHOBAH Ha TOM, YTO JIIOOOW IIBET U OTTEHOK
MOXHO TIOJIy4UTh CMEIIMBAaHUEM TPEX LIBETOB — KPAaCHOIO, CHHEro u 3ein€Horo. I1o3toMy nserHbie
KWHECKOIIBI UMEIOT TPH AJIEKTPOHHBIX MYIIKK U OJIHY OOLIYI0 OTKJIOHSIOIIYIO CHCTEMY. DKpaH IBET-
HOT'O KMHECKOIIa COCTOUT U3 OTAEIBHBIX YYaCTKOB, KaXKJIbl U3 KOTOPBIX COJIEPKUT TPU SIUEHKHU JIIO-
MHUHO(Opa, KOTOPHIE CBETITCS KPACHBIM, CHHUM U 3€JEHBIM IBeTaMu. [IpruéM pa3mepsl STHX sueeK
HACTOJIbKO MaJIbl U OHU PACIIONIOKEHBI HACTOJIBKO OJIU3KO JIPYT K APYTY, UTO UX CBEYEHHE BOCIPUHHU-
MaeTcs I1a30M Kak CyMMapHoe. DTO OOLIMI MPUHIUI TOCTPOEHHUS IIBETHBIX KMHECKOIIOB.

B kuHeckomnax (BooOIIIe) OTKJIOHSIONINE KATYIIKH MOJIYYHJIA Ha3BaHUE CTPOYHOU M KaapoBou. [lpu
HPOXOXKJCHUH Yepe3 CTPOUYHYIO KAaTyLIKy MUI000pa3HOro UMITYJIbCa TOKA Ty (WJIM JIydyd B LIBETHOM
KWHECKOIIE) MPOYEepUHUBAIOT Ha SKPaHE TOPU3OHTAIBHYIO JIMHUIO, KOTOpasi Ha3bIBaeTCs CTPOKOH. 3a-
TEM, MOJ ACHCTBHEM MMITYJIbCa TOKA YEPE3 KaJpPOBYIO KATYIIKY, JIyd CMEIIAECTCS Ha BEJINYMHY, [IPH-
OJIU3UTENIBHO PAaBHYIO LIMPUHE OHON CTPOKH M MOJ JAEHCTBHEM TOKAa CTPOYHOM KaTYLIKU MPOUYSpUH-
BaeT CIEAYIOIIYI0 CTPOKY, U Tak jaajee. B pesynabTare 3TOro npoMCXOAMT MOJHAs 3aCBETKAa 3KpaHa
KHHECKOIIa, KOTopasi Ha3biBaeTcs pacTp. OO0IIee KOIMIecTBO CTPOK paBHO 625.

[Tone3nsbiii curna, oOpaboOTaHHBIM CXEMOH TEJIEBU30pPa, MOCTYNACT HA KATO/A MM MOIYJISTOP KHHE-
CKOTIa, MOZYJIUPYS JIyd MO SIPKOCTH, 32 CYET 4ero U popMupyeTcs n300pakeHre Ha SKpaHe.

Nuaukaropsl

1) BykBeHHO-U(POBbIe HHANKATOPHI.

2) MaTrpu4Hble HHAMKATOPHI.

3) BakyyMHBbIe 3JIeKTPOJTIOMUHECHIEHTHbIE HHINKATOPbI.
4) AKuaKoKpUCTANINYECKHE HHAUKATOPDI.

1) BykBeHHO-UM(POBbIe UHAUKATOPbI. ByKBeHHO-IIMPPOBBIE HHIUKATOPHI MPEIHA3HAYECHBI
JUIst oTOOpaXkeHusl HHpopMaluu B Buje uudp, OyKB U pa3InyHbIX CUMBOJIOB.
PaznuuaroT criemyroniie Buabl 0yKBEHHO-ITU(GPOBBIX WHIUKATOPOB:

e HaxkanpHEIe;

e Ta3zopaspsigHble;

e (CBETOINONHEIE;

e BakyyMmHbIE 2JIEKTPOIIOMUHECLICHTHBIE;

e JKuIkokpucrajiandeckue.

HakanpHble U razopa3psaHble MHAUKATOPbl B HACTOSIIEE BpEMS IPAKTHYECKH HE NMPUMEHSIIOTCS.
CBeToMoIHBIE MHAWKATOPBI OBIBAIOT JABYX BHJOB: CEMHUCETMEHTHBIE U MaTpu4Hble. CeMUCerMeHT-
HbIE CBETOJHMOAHBIC MHIMKATOPHI MpeIHa3HAuYEHBl ISl 0TOOpaXkeHus uH(popManuu B Buae Udp U
BKJTIOYAIOT B CBOM COCTaB BOCEMb CBETOJIMOJIOB, CEMb M3 KOTOPHIX UMEIOT (POPMY CETMEHTOB, a O/IMH,
BOCBMOMH, - TOYKA.
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CeMHCGFMeHTHbIe I/IH)II/IKaTOpr BBIHYCKaIOTCﬂ ABYX BUIOB — C 06L€ILI/IHéHHBIM AHOOIOM HJIN C
06T)GIH/IHéHHBIM KaToOaOM.
VD3 Uun
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Puc. 284

1

2) MaTpuyHble MHAUKATOPbI. CBETOAMOHBIE MATPUYHBIE MHIMKATOPHI UMEIOT B CBOEM CO-
cTaBe 0OIBIIOE KOJIUYECTBO CBETOIUOIOB.

Puc. 285

[TyTém nmoakiIroueHus: TeX WM MHBIX CBETOJMOJIOB B MAaTPUILy MOXKHO c(HhOpMUPOBAThH JTI00YIO U ]-
pY, OYKBY, 3HaK UJIH CUMBOIL.
JlocToMHCTBa CBETOAMOAHBIX MHIUKATOPOB:

e Marioe nuraruee HanpsHKEHUeE;

e (CpaBHMUTEIBHO Majblii MOTPEOIISAEMBIN TOK;

e Uérkas koHpurypauus uudp.
HenocraTok — HegocTaTOYHAas SIPKOCTh CBEUECHHUS.

3) BakyyMHBbI€ 3JIEKTPOJIOMHHECHEHTHbIC HHAMKATOPbI. [IpuHUMI IeHCTBUS OCHOBaH
Ha TOM, 4YTO aHOJbI B BUAC MCTAJUIM3UPOBAHHBIX CCTMCHTOB, ITOKPBITHIC JIIOMI/IHO(bOpOM, 6YI[YT CBC-
TUTBHCA MPU MMOMMaJaHUK Ha HUX BJICKTPOHHOT'O IMOTOKA.
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Pwuc. 286

B coctaB Takoro uHaMKaTopa (CMOTPUTE PUCYHOK 286) BXOJAT:
1. xaTon Ans CO34aHUS TEPMOIEKTPOHHON AIMUCCHH;
2. yCKOpsIoIas CeTKa;
3. mMacka;
4. aHONEL
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KaTtox co31aét aneKTpOHHBIN MMOTOK, KOTOPBIA YCKOPSIETCS CETKOM M Yepe3 MAcKy NOonaJacT Ha Te
aHO/Ibl, K KOTOPBIM IOJBEACHO HAMpPSKEHUE U BBI3BIBAET CBEUEHUE JIFOMUHO(OpA.
Macka npezactaBiseT co00i MeTaIINYecKyto (QOJbry ¢ Mpope3sMU MO KOH(Urypaluu aHOJOB U
npeaHa3zHadeHa s 0osiee 4€TKoN KoHpurypamuu mudp.
JlocTomHCTBa: HauOOJIbIIAs APKOCTh CBEUCHHS U3 BCEX TUIIOB MHIMKATOPOB, CPABHUTEIBHO HU3KHE
MUTAIOLINE HAIIPSHKCHMUS.
Henocrarok: 00nbI10ii OTpebsieMbli TOK.

4) AKuakokpucrajajiniecKue UHANKATOPBI. JXuIkuMu KpUcTaullaMu Ha3bIBAIOT MaTEPUAI B
BUAC MJIMHHBIX ICITOYEK C OUYCHb BBICOKOH IIOABUXHOCTBIO. 3a cuéT PTOro B OOBIYHOM COCTOSIHUH DTHU
MOJIEKYJIbI PacCIioIaraloTCsl XaOTUYHO M JKMJIKUN KPUCTAJUT HE Mpo3padeH (CMOTPUTE PUCYHOK 287).
Ecnu nmoMecTuTh XUIKUIA KPUCTAIT B 3JICKTPUUECKOE I0JIE€, TO MOJIEKYJIbI OPUEHTUPYIOTCS OTHOCH-
TEJNbHO JIMHUM HAMPsHKEHHOCTH OIS U KUAKUN KPUCTAJUT CTAHOBHUTCS MPO3PAayHbIM (CMOTPUTE PH-
CYHOK 288).
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B coctaB koHCTpyKLIMU (CMOTPHUTE PUCYHOK 289) BXOIUT:
1. crexio;
2. TpO3pauHbIi AIEKTPO;
3. JKUAKUN KpUCTAILT,
4. Henpo3pauHbIil JIEKTPOS.

[Ipo3pauHblii 3JEKTPOI BBIIOIHSAETCS B BUIE CETMEHTOB, OYKB WJIM CUMBOJIOB M B 3aBUCUMOCTH OT
TOTO MEXKIY KaKUM U3 MPO3PAYHBIX JIEKTPOJOB M HETPO3PAYHBIM AJIEKTPOJOM CO3/1aETCS IIEKTPH-
YECKOE TI0JIE€ B 3TOM MECTE KUAKUN KPUCTAJI CTAHOBUTCS MPO3PAayHbIM M CKBO3b HErO OKa3bIBAETCS
BH/JICH HEIIPO3PavHbIN IIEKTPOI.

JlocToMHCTBA: Majioe MUTAlOIIee HalpsHKeHNE, YPE3BbIYaHO MalIblil MOTpeOIIsieMblil TOK.
HenocTaTok: MOXHO HMCIIOJIB30BATh TOJBKO IIPU BHEITHEM OCBELICHUH.
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3aKJIr04YeHUEe

KoHeuHo, B CTOJIb C)KaTOM ONHUCAHWKM OXBAaTUTh BCE JIETAIH IPOIIECCOB, HAOIOIAEMBIX B JICKTPOH-
HBIX TprOOpax, HEBO3MOXKHO. OCTaIMCh HE PACCMOTPEHHBIMH Jla)kKe HEKOTOPBIE PAJIMOIETAIH: OTHO-
MEPEXO0IHBIE TPAH3UCTOPHI, HOHUCTOPHI, KPUOTPOHBI, JIa3ephl, Ma3epbl, JaMIbl 00OpaTHOI U OeryIei
BOJIHBI, KJIMCTPOHBI M MarHeTpoHbI... [la, MHOrO mpuOOpoB He momano B Hamie onucanue. O3Ha-
KOMUTBCS C ITHMH MPUOOPaAMHU MOKHO, IPOYUTAB KHUTH U3 CIIHCKA MUCTIOJIh30BAHHBIX JTUTEPATYPHBIX
HMCTOYHUKOB, KOTOPBI MOKHO HAaWTH B CAMOM KOHIIE 3TOM KHUTH. HO aBTOp M HE mbITAJICSI TOBOPUTH
000 BcéM. BputM BBIOpaHBI JIUIIH CAMBIC BAJKHBIC SIBJICHUS, COCTABISIONIUE SAPO SJICKTPOHUKH, U
€CJIM TBITIUBBINA YUTATENb pa3o0payicsi BO BCEM TOM, YTO M3JI0’KEHO OBLIO BBINIE, TO HABEPHSIKA Te-
nepb emy OyJieT 00siee MOHITEH JIF0OOW TEXHUYECKUN MPEMET, JIF00ast CIoKHasi TEXHUYECKasi KHUTa.
ABTOp HaJIEETCs, YTO KHUIa OKA3aJ1ach MOJIE3HOM, a €€ N3JI0KEHUE — TOHATHBIM.

C ysaxxennem, . A. Mockamoe
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Ilpunoxenue
Penienue TUOBBIX 3a1a4
10 KypCy “DJIEKTPOHHAS TEXHUKA

3apauya Nel

OnpezneneHyne HEM3BECTHBIX NAPAMETPOB MOIYHIPOBOIHUKOBOTO AKM0/1a N0 IpaduKy, H300pakEHHOMY
Ha pucyHke 290. Haiitu:

e MaxkcuMmanbHbIN IpsAMOM TOK Imp.max

e MakcumabHOE IPSMOE MaieHue HanpsbkeHus Unp.max

e Hanpsoxenue snextpudeckoro mpo6os Usi.mpod

e MaxkcumanbHoe obpatHoe Hanpspkerre UoOp.max.
Omnpenensiercs kak Uoop.max. = (% - 3/4)-Usi.mpo0.

) Rin = AUHp
Altip
e Riobp= AUobp
AloGp

Inp.max [---------------------—— >

-=--4 Uan.npob
---1 Uobp.max

! o .
o ___ 106 p.m ax

Unp.max

Puc. 290

3agaua Ne2
OrnpenenieHne HEU3BECTHBIX MAPaMETPOB CTAOUIIUTPOHA IO XapaKTEPUCTUKE, N300paxEHHON Ha pH-
cynke 291. Haiitu:
e  MuHUMAaIBHBIN IPSIMOM TOK IcT.min.
e  MakcuMalibHBIN IPsAMOM TOK IcT.max.

e HomunanbHbii npsamoit Tok Ict.HOM. Onpesensercs no cienyromen hopmye:
Icr.max— Jct.min
2

e Hanpsxenue crabunuzannu UcT.
e lI3meHenue HanpspkeHus crabunuzanuu AUCT. (Ipyu M3MEHEHUUM TOKa CTaOWIM3aluu OT MU-

HUMyMa JI0 MAaKCUMYMa).
e JludbdepennmnanpbHoe cCONpOTUBICHUE HA yyacTke crabminzanuu. Onpenensercs mno cieayro-

et popmyie:

AUcT.

Ier.max— Ict.min

Ict.HOM =

rCT. =
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e TewmmeparypHslit ko3¢ duimenT ctabmmmsanuu o. Onpeaensercs o cieayomen popmye:

o zw.loo%
AUcr.- At

e AUctt =Uct.-Ucrt.
o At=1°-t°

| A
"AUcm.t
Y ver
UcTt iA(/Lm § j j y
= >
bl U
I IcT.min
****** }""E"""""""""""""" IcT.HOM
”””””””””””””” IlcT.max
\VK\
t°,=20°C
Pnc. 291
3agaua Ne3

[TocTpoeHne HAarpy304HOM MPSAMON U OmNpeaeTeHre KOOPAUHAT paboyeil TOUKH 1o rpadukam (cMOT-
pute pucynok 292). lano: Ek; Rx; 160. Onpenenuts: Uka0; Iko; Ub30.

E
3nas Tok 160, n3 rpaduka pucynka 293 onpenensiem U6r0. M3 popmynbr /k.Hac =EK ompenensieM

Ix.Hac. 3nas Ex u Ik.Hac, OTJIOKHUM HMX 3HAYEHHs Ha OCSX KOOpAMHAT rpaduka, n300paEHHOrO Ha
pucyHke 292.

Ik 4 164

163 6

162=I60 60
Iko

Puc. 292
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CoeavHUM NOJYYUBIINECS TOUKHU MPSIMON JIMHUEH. DTa IMHUS U €CTh Harpy304Has npsmasi. 3Has u3
ycnoBus 160, ¥ 3Hast, B KAKOM MeCTe Harpy304Has MpsiMas iepeceKaeT TpeOyeMblil TOK 0a3bl, orpee-
aumM pabouyto Touky (PT). Cnpoernupyem padouyro Touky Ha och Uk u Haiaém Ukao.

3agaua Ned

Omnpenenenne h-nmapameTpoB OHIOISIPHBIX TPAH3UCTOPOB MO TpadukaM (CMOTpHUTE PUCYHKH 294 —
298). ns pucynka 297 cnpaBenimuBo Al6 = 163 - 162.

Kk 4 164
A
16 | 16
Uka=0 | Uka>0 163
/
162 I6=const
©
<{ /
o 161
T g >
A ] =
UGa Uka
Pwuc. 294 Puc. 295
A Uks=C o 164
1K ka=Const 164
< 163
163 A EPE—
X
= ©
< < 62 ’/m,
161
161
> A Uka
Uka=const Uks
Puc.297 Puc. 298

hlle—Ulan U2 = Const
All

hlls = AU npu Uks = Const
AIo
hl2 = AUl npu 1= Const
hl2s = AU npu 16 = Const
Ux»

h21= &npn U2 = Const
All

h21s = %npu Uxa = Const
Al6

h225 = Al

npu 16 = Const
Uxs

A
Uka=0 | Uka>0
e
N—— >
A U63 Uo6a
Puc. 296

\4
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3agaua Ne5

Omnpenenenre napaMeTpoB MOJIEBBIX TPAH3UCTOPOB IO XapaKTEPUCTHKAM (CMOTPUTE PUCYHKHU 299,
300).

Ic Us1=0

Us2<U31

U33<Us2
Us4<Us3
—— — o ——Q—
UoTc i A Us Uy A Uc Ue
Puc. 299 Puc. 300

Onpenenuts KpyTU3HY XapaKTEPUCTUKHU S U BBIXOIHOE CONPOTUBIIEHHE RCT. MOI€BOro TpaH3ucTO-
pa. 13 cTOoK03aTBOPHOH XapaKTepUCTUKH, M300paxEHHOM Ha pucyHke 299, no cieaytomeit hopmyie
HalJEM KpYyTU3HY XapaKTEPUCTUKHU:

g Alc [mA]
AU B
Jns maxoxaenust Rer o6parumcest k pucynky 300. ITo atoit mmmroctparuu onpenensieM AUc u Alc.

BrIxoaHoe conpoTUBIEHUE paccuuTaeM 1o cienyromei hopmyie:

Rer = A—UC
Alc

3agaua Ne6

3anava Ha jorudeckue neMenTol. Ha pucynke 301 npuBeneHa npuHIMNUaNbHAs cXeMa YCTPOICTBa,
COCTOSIIETO U3 TPEX JIOTHUECKUX AMeMeHTOB — AByX 3neMeHToB llleddepa (M-HE) u omnoro sie-
menTa [Iupca (MJIM-HE). Takxe ycrnoBuem sBISIOTCS M0/1aBa€Mble Ha YCTPONCTBO YPOBHH JIOTHYE-
CKOMW €TMHUIIBI U JIOTUYECKOTo HyJsl. Tpedyercs onpenenuTs, 4To OyaeT Ha BeIxoe daementa DD3 —
JIOTHYSCKHI HOJIb WIIH €IUHMIIA.

Pemenue. Ha snement M-HE DD1 nonaroTcs aBe eIUHUIBI, 3HAYNT, HA BBIXOJE Y HETO OYJET HOJIb.
Ha snement U-HE DD2 nogatoTcst HONb U eIUHUIIA, 3HAYUT, Ha BBIXOJE y Hero Oyaer envnuna. Ha
snement WJIM-HE DD3 mopmarorcs Hob 1 eauHuna ¢ anemenToB DD1 u DD2, ciegoBarenbHo, Ha
BBIXOJI€ y HEero Oyaet Hollb. OTBET: HOJIb.

DD1
|l1 n
&
DD3
1 y="?l|
DD2

v | a1 ]

Il1 "

Pwc. 301
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Tema 11. CxeMbl BKIFOUSHHSI OUTTOTISTPHBIX TPAHZACTOPOB. ...t netenttentteaneeenneenneeanneennesneennees 33
1) Cxema BrrOUeHUS ¢ 00mIe 02301 ObB...... ... 33
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2) CxeMa BKITIOUEHUS ¢ OOIIAM SMUTTEPOM OO ...ttt e 33

3) Cxema BrimroueHUs ¢ 00mmM KOJTEKTOPOM OK......o i 34
4) YceunuTenbHbIe CBOMCTBA OUTTOISPHOTO TPAHZHUCTOPA .. nvvsenreennneenteenneeenneenneenranieeness 35
Tema 12. CtaT4ecKre XapPAKTEPUCTHKUA TPAHZUCTOPOB. ... nnnteeennnteeennneeeannneeennneeeennemnreeenss 36
1) CraTtryeckue XapakKTEpUCTUKHU TpaH3UuCTOpa IO cxeMe Ob..........oooiiiiiiiiii i 36
2) CraTtndeckue XapaKTEPUCTUKU TPAH3UCTOPA TTO CXeME OD.....ciiiiiiiiiii i 38
Tema 13. IMHAMUYECKUN PEKUM PAOOTHI TPAHBUCTOPA. . eenveenteneeneeneanteaneenaenneeneenaireeneeeenas 38
1) [TOHATHE O TUHAMMUYECKOM PEIKHME. . . .teenttenteenttentte et etteeaae et e aaeeeateeneeereenienees 38
2) JIMHaMU4ecKue XapaKTePUCTUKU U TIOHATHE PAOOUEH TOUKHM. . .. .eueeneinetineenieneniieneenn 39
3) KiTtoueBO# PEKIM PAOOTBI TPAHZICTOPA. ... ve vt eneenteentententeaneeneeaneeneanneeneeneensereannens 39
Tema 14. DKBUBAICHTHASI CXEMA TPAHBHCTOPA. v e enteennteenneenneeenneeneeanteenneeaneeenneennanreenenes 41
1) OKBUBAJICHTHAsI cXeMa TPAH3UCTOPA C OB, ... e 41
2) DKBUBAJICHTHASI CXeMa TPAHZUCTOPA C OO .. i 41
3) DOKBUBAJICHTHAs cxeMa TpaH3uCTOPa C OK.. .. i 42
4) TpaH3UCTOP KAK AKTUBHBIN YETBIPEXTIOMEOCHMK . . ¢« . v e eneeentteeneeenteennaeenteenneeeniieeanenanns 42
Tewma 15. Cuctema h-mapamMeTpoB TPAHZUCTOPA. Y -TTAPAMETPBL. ... uvvennreenreenneeeneeenneennaiieensenns 43
1) h-mmapaMeTphbl B KX PUBMUCCKHIIM CMBICTL. ..\t utteete et eneeenteeteeenteeneeaneeenneennenreannans 43
2) Omnpenenenue h-mapaMeTpoB MO CTATHUSCKUM XAPAKTEPUCTUKAM. ....v'vvveennnennnennnenneannnnn. 44
3) Y -[TaPaAMETPBI TPAHIUCTOPOB. ..« et eueeenttetnte et ettt et e et e et et e eae e et e nae e eaae e aieeas 46
Tewma 16. TemneparypHble U YaCTOTHBIE CBOMCTBA TPAH3UCTOPOB. DOTOTPAH3UCTOPHI. ................47
1) TeMIepaTypHOE CBOMCTBO TPAHBUCTOPOB. ... .uuuttenntteenneteenneeeenteeeanneeennnneerieeenneens 47
2) HacTOTHOE CBOMCTBO TPAHZHCTOPOB. ... e et nueteetnntteentaeeenatteeennteeeannteenanaeeeannereeneens 47
3) DOTOTPAHBICTOPDBL. .+« vt eneee et et et e et et e et e et e et e et e e et e et e e et e e e e naeeenaaaeeeens 48
| o (o8 7 T W (01 (353 (SR 0 13 632 (o 0] ) 23 OO 49
Tema 17. ITpeACTaBICHHUE O MOJEBBIX TPAHZUCTOPAK -« v v e nneeeennnneennaeeennneeeenneeannneeeenammnnns 49
1) Y CTpoiCTBO U MPUHLIMIT JEHCTBUS MOJIEBBIX TPAH3UCTOPOB C YIIPABIIAIONIUM

0 T 0 (5501550 11 (01 P 49
2) XapakTepUCTUKH U MAPAMETPHI MTOJIEBBIX TPAHZUCTOPOB. . ...t uetententeaneeneeneeeneeneiieenneene 50
3) IToneBpie TPAaH3UCTOPBI C U30JIUPOBAHHBIM 3ATBOPOM. ... uutnntetnteeniteenneenneennnennnieens 51
4) [Tonesrie Tpan3uctops! 1ist UMC, penporpaMMUpyeMbIX MTOCTOSTHHBIX

3anoMHuHAIOMUX YCTPOUCTB (PTIBY ). ..o e 53
o 131 () TR 71017 (o 0] o) 54
1) YCTpOUCTBO U IPUHLHUIL JEUCTBUS JAUHUCTOPOB. . uv et entteenteenttennteenneennneenneiieeneennes 54
2) OCHOBHBIE TAPAMETPBI THPHUCTOPOB. ...t uttetnteenttennteenteente et eteeanteeaneenneeenaaene e 55
3) 9]0 65 1) )5 PP 56
4) TTOHSITHE O CHMUECTOPAX . ...t ttutttnttentte ettt et eette et et e et et e e e e ete e aneeeteenneeenenaeas 57
Pazen 6. DIICKTPOBAKYYMHBIC TIPHOOPBL. . ... uuttenteeneteenteenteeanteeteeanaeenaeenneeaeeanneeannereennns 58
TeMa 18. DICKTPOBAKYYMHBIM JIHOL. . ..t et euntteenntaeennteeeenneeeeaneeeeenneeeanneeeeaneeeeanneeennemnnnes 58
1) DEeKTPOBAKYYMHBIN O/, YCTPONUCTBO U MIPHUHIIUI JCHCTBUS

IIEKTPOBAKYYMHOTO JTHOIA. . . e vttt enteate et eaeeaeeaae e et eae et e e ae et e e eaeeaeeene et enenineens 58
2) BAX 1 0CHOBHBIE TApaMETPBI FTEKTPOBAKYYMHOTO JTHOMA. ... uveneennenneennenneaneennenennieens 59
B T TR 1 o) (0 2 60
1) YCTpOMCTBO U MPUHLIUIT JTEACTBUS TPHOA. . vveneeennteenteenneeenaeenneennneenneenneeeneeeaennenes 60
2) BAX 11 OCHOBHBIE TTAPAMETPBI TPHOIA. « v v e eveenteenaeeenaeenneeanaeenneenneeenneenneeenneenennns 62
B T TR I 010 2 63
1) YCTPOUCTBO M CXEMA BKITFOUCHHMS TETPOMA v v ve e nteeeennaeeeenaaeeennneeeenneeeennneeeanneeearannns 63
2) B 0702l o100 11207 00 0 111153 5 64
3) 0 4 (5321007 0 X 010 2 65
TEMA 21, TLEHTOM. . oo ettt e e e e e e e, 66
Pa3znen 7. HUPPOBAST MUKPOCKEMOTEXHIKA. ... uuveenreenetsennsenneeenaeenneeaneeennsenneeanesenseneeneanes 66
Tema 22. OCHOBBI MUKPOTCKTPOHUKH . .. uuvetenntteeennteeeanneeeennteeeannaeeennseeenneeeenneeareeeneenn 66
1) Knaccudukamms u YI'O uaTerpanbHbIx MUKpocXeM (MMC).........oooviiiiiiiiiiiiien, 67
2) OnemenThsl 1 KOMIOHEHTHI THOPUAHBIX UMC (TUC)... ..o 68
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3) DIeMEHTHI 1 KOMIOHEHTHI MOTYNPOBOMHUKOBEIX UMC. ... ... 69

Paziest 8. BYJICBA @IIT@OPA. ... ... ittt e e e 69
Tewma 23.IIpocreiimue Jorndeckne PYHKITMU U JIOTHICCKUE DITEMEHTDBL. .. .vvereenreenneenrieennns. 69
1) Jlorndeckne PYHKIUU U UX PEATTHBALIMSI. . .« . eneeeteneenteeneente et enteee et eneeateaneenaniaenans 69
2) CXEeMOTEXHUKA IPOCTENIINX JIOTHUECKUX DIIEMEHTOB. . ...t euteneententteneenneaneennenieenennes 71
3) XapakrepucTuku U mapameTpbl TUGPOBBIX UMC. .. ..., 72
Tema 24. TpaH3UCTOPHO-TPAHZUCTOPHAST JIOTHIK. .« v v e uteeneteneeenaeennteenneenneennneenneenneeenanees 73
1) OCHOBHBIE TUIIBI IOTUKU U TTOHSTHE O MHOTOIMHUTTEPHOM TPAHZUCTOPE. .. envvernrennnnnnenn 13
2) Tpanzucropuo-TpanzucrtopHas joruka (TTJI) ¢ TPOCTEIM HHBEPTOPOM.....vvenurennnenaannnns 74
3) TTJI CO CITOMKHBIM HHBEPTOPOM. ...t nuteenteeneteenteennteanteenaeeanteeeeeaneeenneenneeenseranneenns 75
Tema 25. Jlornueckue 3neMeHTbl TTJI O CIENUATBHBIMU BBIBOAMM. . ... veenneeeeennneeeannneenaennnns 75
1) TTJI C OTKPBITBIM KOJITIEKTOPOM. .. e tuuteeeentteeennneeeennaeeeannaeeennneeeanneeeenneeeeanne s 75
2) 0 B 2 T Yo o3 0 17 (=), PP 76
3) 8 0 00 Pt 76
4) OnToaneKTPOHHBIE IMC . ... . e e e e e e 76
Tema 26. Jlornueckue 31eMeHThI Ha 10JIeBbIX TpaH3UucTopax MOII — CTPYKTYpBI.........covvreneneee 77
1) Kittourt Ha MOIT — TPAHBHCTOPAX . .« uveeniteeittett ettt et et et e et e e e e eea 78
2) Kommnementapaast MOIT - mapa (KMOIT)........oooiiii e 78
3) Peanuzanus pyHkuuu M-HE B KMOIT — JHOTHKE. . .....onviiiiiiiiiiiee e, 78
4) Peanmzarmus ¢pyakimy MJIN-HE B KMOIT — JIOTHKE. .......c.oiiiiiiiiiieee e e, 79
Tema 27. DOMUTTEPHO-CBABHAS JIOTHKR. ... .veentteenteennee e enteeaneeenteenneeeteenneeeneeenneennsereennnes 79
1) Peanuzanus ¢pynxuuit 1JIN u UJIN-HE B amutTepHo-cBsa3uoit noruke (OCJI).................79
2) HICTOUHHK OTTOPHOTO HATIPSIIKEHHS . . .+« e e eeeeeennaee e enateeennteeeeateeeenteeeeaneeeeaneeeaaaaannenns 80
3) bazossrit aeMeHT DCJI ceprrt KS00. ... ..o e, 81
Pa3nesn 9. AHAIOTOBBIE ATEKTPOHHBIE YCTPOMCTBA. .. uuutetnttteennnteeenneeeeanneeeennaeeennneeeaeaannens 81
Tema 28. Knaccugukaius 1 OCHOBHbIE TEXHUUECKHUE MMOKA3ATEIN YCHIUTENEH. . ...ovvnvennnenene. 81
1) 10 £: 101037 (1100703001062 B0 0107 U (<) % GO 81
2) OCHOBHBIE TEXHUYECKHUE MOKAZATEIN YCHUITUTEIICH . .. vt utteeentteeeneeeeneeennneeeennniaenean 82
3) XAPAKTEPUCTUKH YCHUITUTEIICH . . . v vt vuttet ettt e etee e ete e e e e et eee e e et e e aneeeaaaanneens 83
Tewma 29. [Tutanue uenu 6a3bl TPAH3UCTOPOB M TEMIIEPATypHAs

CTAOUITUBAIUS PAOOTEH TOUKH . . ... eeut ettt enteteentente et e eaeee e et e e et et et e eneeaeeae e ereenes 84
1) [Tutanue nenu 6a3bl TpaH3UCTOPA IO cXeMe ¢ GUKCUPOBAHHBIM TOKOM 0a3Hl...................84
2) [Tutanue nenu 6a3bl TPAaH3UCTOPA MO CXeMe C (PUKCHPOBAHHBIM HAIpPsLKEHUEM 0asbl.........85
3) Temniepatypnas crabuinzanus (TepMocTadunu3anys) padboueil Touku npu

MIOMOIIY TEPMOPEZUCTOPA U TIOTYIPOBOTHUKOBOTO JIHOA. - . e eueeeeeneeneeneeneennennenaieenane 85
4) TepmocTabunmzanus paboyei TOUKH TPH TTOMOIIH OTPUIIATEIHLHON

o6patHoit cBs3u (OOC) 110 MOCTOSHHOMY HATIPSIIKEHUEO . ... e vveeneeeenneenneennneenneenneennnns 86
5) TepmocTabunu3zanus padoueit Touku rnpu nomomd OOC 1Mo NOCTOSIHHOMY TOKY...............87
Tema 30. OOPATHAS CBABD B YCUITHTEIIC . ... vt uvveeteenteenneeenseenneeenseenneeenseeneeanesenneenneeensrees 87
1) 1837911 SR eI0] o n s e 7 133 ic3 Z PR 87
2) Bmusinue OOC Ha OCHOBHBIE TTOKA3ATEIIH YCHUITATEIIS . .. v v v e eneeeeennteeeannneeennneeennnneernnenens 88
Tema 31.PexxuMbl pabOThl YCUTUTEITBHBIX DIEMEHTOB. . ...t utentett et et eneenaeaneaneateaneenearennnn 89
1) [ToHsiTHE O TPOXOIHON JUHAMUYECKON XAPAKTEPHUCTHKE. .. uuveeneeennteenteenneeenneanneeneanans 89
2) PemUM PAOOTBI KITACCA Al ..o ettt ittt et et et ettt et et et e e e et e e neaeens 89
3) PexuM pabOThI KITACCA Bl .., 90
4) PesxxuM paboThl KITACCa AB ... . 90
5) PesUM PABOTBI KITACCA C ..ottt ettt et et e e e et e ee e e eeeens 91
6) PesxuM pabOTBhI KITACCA D...utii i 92
Tema 32. MEKKACKAIHBIC CBSBH B YCUITMTEIIMX ¢+« v vveeenntteeennteeentteesnnteeennneeeennneeeanneeeenaanns 92
1) 13370103 QY (S 10 :0108 03 0.0 1 1o) SRR 92
2) DOKBHUBAJICHTHAS! CXE€Ma YCUJIUTEIBLHOTO KacKaja ¢

PE3UCTOPHO - EMKOCTHBIMH CBSIBAMU . . . .t eettente et et enteete et e aae et ea e e teeaeeae et eaeeneaane 93
3) AHanu3 3KBUBAJICHTHON CXEMbI HA HU3KHUX, CPEAHUX U BBICOKHX YACTOTAX......euveennennne..93
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Tema 33. BBIXOTHBIC KACKAIBI YCUITCHUS . .« vveenttennteenteenneeenneenaeeanseenseeaneeenseenneeanneenaannns 95

1) OOHOTAKTHBIN BBIXOTHOW TPAHCHOPMATOPHBIN KACKAI . - v v vveenreennreenneenneeenneerennennnnnns 95
2) JIByXTaKTHBIA BBIXOJTHOU TPAHCHOPMATOPHBIN KACKA. ... uveeneeeneeenneennneenneennneennnnnens 96
3) JIByXTaKTHBIA BBIXOJTHOW OCCTPAHCHOPMATOPHBIA KACKA L. .+ uvvenreenneenreenneennneannnnenens 97
Tema 34. Ycunurenu noCTOTHHOTO TOKA C HENOCPEACTBEHHBIMU CBSIZAMM. ......veeneeeneeennnenennnen. 98
1) VYeunurenu NoCTOSHHOTO TOKA C HEMOCPEICTBEHHBIMH CBSIBSAMU. ... euuveenneeeneeenneenninineens 98
2) Juddepernunanbbiil Kackal YIIT . ... e 99
Tema 35. ONEPALTUOHHBIE YCUITHTEIIH ... ..veuttenete e enneeente et et et e aate et enneeenne e aren e 100
1) Knaccugukanus 1 o0CHOBHBIE TapaMeTphl ONepaluoHHbIX yemuteneit (OVY)................. 100
2) CxeMBI BKITFOUCHHUS OV L.ttt e et e e e e e e 101
Pa3nen 10. YcTporicTBa OTOOPAKEHUS MHPOPMAIIAT . ..o .vveeeeeneeeneeeanteenaeenneeenneenneeensaneennns 105
Tema 36. DNEKTPOHHO-TTYUEBBIC TPYOKH M KIHECKOTTBL. . ..t uveeneseenteenneeenneenneennneanneenneareenenns 105
1) OnekTpoHHO-Ty4eBble TpyOKHu (DJIT) ¢ anekTpocTaTHUYeCKUM yrpaBlIeHUEM. .................105
2) OJIT ¢ 3NEKTPOMATHUTHBIM YIIPABICHHUEM. . ... vtnttteennnteeannneeennnneeannneeennneeeennannenns 107
3) 3702 (5103401 10 P 108
4) LIBETHBIC KITHECKOTIBL. . . v vt e tuttteeeaateeenateeeenaee e enaee e eataee e ae e e eaae e eae e e enneeeraaeneeenns 109
B T B 02 11707 M0 1) 2 (S 109
1) ByKBEHHO-TTUPPOBBIC MHIIKATOPBL. . ... e eeeneeetententeeneenteneeneeteeneeneenneeneireneaneennns 109
2) \Y By 007050 8 (S 702 9117021 1) ) SO P 110
3) BakyyMHBIE 31€KTPOIIOMUHECIIEHTHBIE MHIIUKATOPDL. . ...ttt ententeanteneenneeneeneniienennenes 110
4) KUTKOKPUCTAIITUYECKAE UHITAKATOPBL. ... e eutteeteenteetteenteenneeenaeenneenneeeneenamneneenns 111
 F 0 110 (52 1 (< PPt 112
000070 (0 0] 2 1 (< N 113
Pemenne THMOBBIX 3a7a4 1O KypCY "OIIEKTPOHHAS TEXHUKA' ... .ttt ittt eiieee e eeenne 113
CHHUCOK UCITOTB30BAHHBIX JTUTEPATYPHBIX HCTOUHUKOB. ... .uvteenttteennteeeenneeeennneeeennemieeanneenns 117
L0 0 62123 () 1% (S 118
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