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B Kypce 3JIeKTPOTEXHUKHM U3y4YarOTCsA CBOMCTBA
3JIEMEHTOB, 3aKOHBI U METO/IbI PACUETA IECKTPUUECKUX
JTMHEWHBIX 1IeIeH, pacCMaTPUBAOTCI OCOOCHHOCTHU
Tpex(a3HbIX U HEJIUMHEHUHBIX LIEIICH, IIPOLIECCHI B L[CIIH
IIPU BO3JACUCTBUY HA HEE N3MEHSAIOINXCS HAPSIKECHUM,
a TAKXKE MEPEXOIHBIE TPOLIECCHI.

B Kypce 3JIeKTPOHUKM JArOTCA CBEIACHUA 110
YCTPONCTBY U MPUMEHEHHUIO HOIYIPOBOIHUKOBBIX
3JIEMEHTOB B Pa3JIMYHBIX ONpHOOpaAX.

CxeMOTeXHHUKA — HAaYyYHO-TEXHUYECKOEC HAIPABJICHHUE,
OXBaThIBAIOIIECE IIPOOIEMBbI IIPOCKTUPOBAHUS U
HCCJICIOBAHUS CXEM DJIEKTPOHHBIX YCTPOUCTB
PAINOTECXHUKHU U CBA3H, BEIYUCIMTEIILHON TEXHUKHU,
ABTOMATHUKHU U JIp. 00JIaCTEH TEXHUKH.



11oJIynpoOBOAHMKH U MX CBOMCTBA

[TomynpOBOAHUKOBBIE MATEPHUAJIBI 3AHUMAIOT IPOMEKYTOUYHOE TTOJIOKEHUE MEKTY
M30JIATOPaMH U ITPOBOJHUKAaMU. K mOTyIIpOBOIHUKAM OTHOCSITCS SJIEMEHTHI 4 TPYMIIbI
epHoOANYECKON cucTteMbl aeMeHTOB [[.M1.MenaeneeBa, KOTOpble Ha BHEITHEH 000JI0UYKE
MMEIOT 4 BaJICHTHBIX 3JICKTPOHA. TUMHWYHBIC MTOJYIIPOBOJHUKN — repManuil (Ge) u
KpeMHuH (S1).

ConpoTUBJIEHHE TTOTYIIPOBOJHUKOB CHIIBHO
3aBUCHUT OT UX Temneparypsl. [Ipu oueHb HU3KOU
TeMmneparype, 0J1u3Koi K a0COIOTHOMY HYJIIO
(-273C), oM BeAyT ceOs1 MO OTHOIICHUIO K
NEKTPUIECKOMY TOKY KaK U30JISITOPBI, TOTOMY
YTO B HUX HET CBOOOJIHBIX JIEKTPOHOB. UeM BhIIIE
TeMIepaTypa MmoJyrnpoBOJHUKA, TEM OOJIbIIIC B
HEM CBOOOJIHBIX AJIEKTPOHOB U JIbIPOK. [1loaTOMY
COIIPOTUBJICHUE MOJYIIPOBOJIHUKOB C POCTOM
TEMIIEPATyPhl YMEHBIIIAECTCA, a
3JIEKTPOIIPOBOJHOCTh YBEIIMYUBACTCS.

B yncTOM nOMynpoOBOIHUKE YHUCIIO
BBICBOOOIMBIIIMXCS B KXKJIbIi MOMEHT BPEMEHU
3JIEKTPOHOB PABHO YUCITY 00pa3yIONIUXCS ABIPOK.
OO0m1ee YnciIo UX NP KOMHATHOM TeMIEpaType
HEBEIIUKO, I03TOMY COOCTBEHHAsA
3JIEKTPONPOBOJHOCTD MTOJTYIIPOBOJHUKOB MaJia.
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DJNEKTPOIPOBOJHOCTD MOJYIPOBOJIHUKOB PE3KO YBEIUYMBACTCS IPU BBEACHUM B HUX
aTOMOB HEKOTOPBIX JIPYTUX JIEMEHTOB. TaKOU MPOIECC HA3BIBACTCA JIerHPOBaAHUEM,
COOTBETCTBYIOIIHNE MOJTYIIPOBOJHUKOBBIE MaTepHUAIIbl — JIETUPOBAHHBIMU. B KauecTBe
JETUPYIOIIUX TPUMECEH IPUMEHSIIOT SJIEMEHTHI 3 ¥ 5 TPYIII IIEPUOJUUECKON CUCTEMBI
anemeHToB JI.Ml.Menneneena.

daemenTsl 11 rpynnel (Hanpumep, naauil In, 6op B, amromunnii Al) uMeroT TpH
BAJICHTHBIX AJICKTPOHA, TOATOMY MPU 00pa30BaHUHN BAJCHTHBIX CBSI3€H OJIHA CBS3b
OKa3bIBAETCS TOJIBKO C OJHUM 3JIEKTPOHOM. Takue MoJynpoBOAHUKA O00JIaIat0T ABIPOYHOM
3JIEKTPOIPOBOJHOCTBIO, T. K. B HUX OCHOBHBIMU HOCUTEISIMU 3apsifa ABISAIOTCS AbIPKH.
[lox IbIpKOY MTOHUMAETCS MECTO, HE 3aHATOE SJIEKTPOHOM, KOTOPOMY MPUCBAUBACTCS
MOJIOKUTEIbHBIN 3apsi. Takue MoJynmpOBOJIHUKN TAK)KE HA3BIBAKOTCS MOJTYITPOBOJHUKAMU
pP-THIIA, a TPUMECH, 0JIaroIapsi KOTOPOU B MOJYIIPOBOJHUKE OKA3aJICsl HEIOCTATOK
3JIEKTPOHOB, HA3bIBACTCS AKLNENTOPHOM.

yeMeHThI V rpynmsl (HaripuMmep, MeIbIK As, pocdhop P, cyppma Sb) umeroT msth
BaJICHTHBIX 2JICKTPOHOB, IO3TOMY IIPU 00pa30BaHUM BaJICHTHBIX CBSI3€U OJIMH AJIEKTPOH
OKa3bIBACTCS JUIIHUM. Takue MoJylnpoOBOAHUKHN 00JIa1at0T 3JICKTPOHHOM
JIEKTPOIPOBOJTHOCTHIO, T. K. B HUX OCHOBHBIMU HOCUTEJISIMH 3apsifa SBIISIIOTCS
3JIEKTpOHBI. OHU HA3bIBAIOTCS MOIYIPOBOJHUKAMH N-THIIA, a IPUMECH, Otaroaaps
KOTOPOH B MOJIYIIPOBOJHUKE OKa3aJiCs U30BITOK 3JICKTPOHOB, HA3bIBACTCS JOHOPHOIA.
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Ecmir MoOHOKpIICTANT TTOMYIIPOBOAHIIKA ¢ OJHOI CTOPOHEL JIETHPOBATH MPIIMECBIO
P-TIIIA, a ¢ APYTOIl — IIPHIMECHIO N-TIUIA, TO MEKIY STIIMII OOTACTAMII ¢ PazIIITIHBIM
THIIOM MPOBOANMOCTII 00pazyeTcda p-n-mepexoa. HexoToprie guipkn gy HAIIPYIOT
B 00JIaCTh 11, @ CBOOOIHEIE SIIEKTPOHEI — I3 00NACTII 1 B 001MacTh p. B pesynsrare
00MacTh P monydaeT HeOOIBIION OTPHIIATENbHEIIN 3apsa, a 00IacTh 11 —
TIOTOKITENBHEIIL. B TOHKOM cltoe MeKIy OOIacTAMII 1 1 P 3IEKTPOHBL I ABIPKIT
PEKOMOIHIIPYIOT, TIOATOMY 3TOT CIOI IIMEET OUeHb Mallo CBOOOIHLIX HOCIITeIell
3apsma — ero Ha3HEBAIOT 00e JHeHHBIM. OH IelicTBYeT Kak MOTeHIIIAILHEIT daphep,

T. €. IpeIsITCTRY eT ANy IBIPOK 1 AIEKTPOHOB, KOTOPHIE HAXOAITCA B STOM MECTe
B COCTOSHII JITHAMIUECKOTO PAaBHOBECIISL
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Ecin mpuinoXATh BHEITHEE HANIPSIKCHUE K 3KHMaM
OJIYyIPOBOJHMKA TAKUM 00pa3oM, 4YTO TOYKa A (aHOJ) UMEET
MOJ0KUTEIbHBIN MOTEHITMAII IO OTHOIIEHUIO K Touke K (karon),
TO OyAeT HaOMI0AAThCSl YMEHBIIICHHE TOIIIMHBI 00CTHEHHOT O
CJI0S U, KaK CIIEACTBHE, CHIXKEHHME MMOTEHIIMAJIBHOIO Oaphepa, uTo
CIIOCOOCTBYET IIPOTEKAHUIO TOKA Yepe3 P-N-IMEPexo/.

DTOT TOK HA3bIBACTCS MPAMBIM.
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Pucynok 1 — p-n-nepexo W ero BoIbT-aMNEpHAd XapaKTePUCTHKA

C yBEIIMUYEHUEM BHEIIHETO HANPSKEHUS TOK YEpE3 MEPEX0] BO3PACTAET I10
AKCIIOHEHIIMAJIbBHOMY 3aKOHY JI0 T€X MOP, TOKA BHEIIHEE HANIPSXKEHUE HE CTAHET PABHBIM 10
BEJIMYMHE MOTCHIIUAIBLHOTO Oaphepa, T.€. pe3yJIbTUPYIONIEE HAPS)KEHUE HA IEPEXOE CTAHET
PaBHBIM HYJIIO, YTO YTO MPUBEJIET K BO3PACTAHUIO TOKA, KOTOPHIA OrPaHUYUBAETCS TOJIBKO
COIIPOTUBJICHUEM TTOJTYIIPOBOAHUKOBOTO MaTepUaa.

Ecny nmoJisipHOCTh BHEIIHETO HANIPSIKEHWSI KBMEHUTh Ha OOpaTHOE, TO BEJIMUYMHA MTOTCHIIUAITb-
HOTO Oapbepa BO3PACTAECT U OCHOBHBIE HOCUTEIN OKXKYTCSI OJIOKMPOBAHHBIMU. B 3THUX yCIIOBUSIX,
OJIHAKO, Uyepe3 Mepexo]i OyJeT NpOoTeKaTh HE3HAUYNUTEIbHBINA TOK, Ha3bIBAEMbIH 00PAaTHBIM TOKOM
WM TOKOM yTeukH. [Ipy Bo3pacTaHrM BHENTHETO OOPATHOTO HAIMPSIKEHUS STOT TOK OCTACTCS
MOCTOSIHHBIM, MTOKa HAMPS)KCHUE HE TOCTUTHET TOUKH MPo0osi. B 3To#l Touke mpu MOCTOSTHHOM
HaIpPSHKEHUW TOK OBICTPO BO3pacTaeT. TOK YyTEUKH CUIIBHO 3aBUCUT OT TEMIIEPATYPHI.
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OCHOBHBIE IPUYHUHBI BO3HUKHOBEHHS TOKA YTEUKH CIEAYIOLIHE:

a) oOpa3oBaHHUE HEOCHOBHBIX HOCHUTEJIEH IIPU HArpeBaHUH, BO3JAEHCTBUH pa-
JHALMK ¥ HAPYIIEHUSAX CTPYKTYPhl KPHCTAIUTMYECKOiH perieTkd. B 3THX ciaydasx
00pasyloTCs NEKTPOHHO-ABIPOYHLIE TIAPBI U HOCHTENH 3apsijla, KOTOPLIE ABISIOT-
¢ HEOCHOBHBLIMHU, CBOOO/IHO MPOXOJSAT Yepes p-n Nepexojl, CMeeHHbIH B 00par-
HOM HAalPaBICHUM [UI1 OCHOBHBIX HocuTeneidl. (OpasoBaHue HIEKTPOHHO-
JLIPOYHBIX AP MPU HArpeBaHUM ABIsieTCs Haubosee CYILECTBEHHON MPUYHHOM
BO3PACTAHUS TOKA YTEUKH;

0) NOBEPXHOCTHLIE TOKH YTEUKH SABIISIOTCSH CYLIECTBEHHBIM (DAKTOPOM TOJIBLKO
JUISL KPEMHUEBBIX MPHOOPOB, B KOTOPBIX TEIIOBOH TOK YTEYKH BeCbMa HE3HAYH-
teneH. [loBepXHOCTHBII TOK yTeYKH 4acTo 00YCIIOBIEH 3arps3HEHUEM ITOBEPXHO-
CTH U B KOHEYHOM UTOTE CHHKAET 00paTHOE CONPOTHBIICHUE MEPEXOA.



1HoaynpoBOJHUKOBBIC THOAbI

Onunca”Hble IBICHUS A I
wurocTpupyrorcss BAX
OJYIPOBOJHUKOBOTO AXO/1a, IPUYEM | N—
MacIITa0 MO0 OCH TOKa HNPHU HNEPEeX0ae np

4yepe3 Havyalo KOOPJIMHAT PE3KO
MEHSETCS: MPSMON TOK OOBIYHO
U3MepsAeTCa B MUJJIMAMIIepax, a
0oOpaTHBIN — B MUKpOaMIIEpax.
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B ycioBHoM  rpaduueckoM — O0O3HAUYEHMH MOIYIPOBOJIHMKOBOIO

_ JIMO/1a TPEYroJbHHUK SABJISETCA aHOIOM, YEPTOUYKA — KaroaoM. [IpsaMoii Tok mpo-

fifdvissasd | = XOJUT TOrJa, KOTJAa aHOJ MMEET MOJIOKHTENbHbI MOTEHIHAT OTHOCHTEILHO Ka-

iy -y »  rtoma. CriezoBaTenbHO, TPEYTOMLHHK MOKHO PAcCMAaTPUBAThL KaK OCTPHE CTPETIKH,

MOKA3BIBAIOIIEH YCIOBHOE HAIPABIEHHE MPAMOro TOKa. IMEHHO B 2TOM Hampas-

JIEHHH TIPH IPSAMOM TOKE IABHIKYTCH JBIPKH, SJIEKTPOHBI e JBHKYTCS B NPOTH-
BOIOJI0AKHOM HaIPaBJICHHH.
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B nporiecce nogaun HampsKeHus IIFOCOM Ha p-TIOJIVIPOBOIHUK U
MUHYCOM Ha N-IMOJYIIPOBOAHUK BHEITHEE HICKTpUUecKoe moje Oyaer
HAIIPaBJIEHO MPOTUB BHYTPEHHETO 3JIEKTPUUECKOTO MOJIS p-h Iepexo/ia |
[IPU JIOCTATOUHOM HAIPSKEHUU SIIEKTPOHBI IPEOJOJICIOT P-n MEPEXOl, U B
e JUOJIA TIOSABUTCS BIEKTPUUECKUN TOK (TIpsIMasi HPOBOJIUMOCTD ).

[Tpn momaue HanpszKeHU MHHYCOM Ha 00JacThb ¢ MOJYIIPOBOIHUKOM
p-THIIa U TUIFOCOM Ha 00JACTh ¢ MOJIYIIPOBOJIHUKOM N-TUIIA MEKTY ABYMSI
00JacTIMH BO3HUKAET 00JaCTh, KOTOpasi He UMeeT CBOOOJIHBIX HOCHTENe
3JIEKTPUUIECKOTO TOKA (0OpaTHas MpoBOAUMOCTE ). OOpaTHBIN TOK
MOJIVIIPOBOJHUKOBOTO JIMOJIa HE paBeH HYIIIO, TaK KaK B 000UX 00JacTsIX
BCETJIa €CTh HEOCHOBHBIE HOCHUTENU 3apsaa. s 3Tux Hocutenent p-n
repexo1 OyJeT OTKPLIT.
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Texnonornyeckuii Mpouecc CO3AaHus IIEKTPOHHO-ALIPOYHOIO MEpPEX0/a
MOKET OBITh PA3IUYHBIM: CIUIABICHUE (CIUIABHBIE AUOALI), AU(BQY3US OLHOIO
BElIeCTBA B Jpyroe (Iuy3nOHHbIE ANOJBI), IMMUTAKCHS — OPUEHTHPOBAHHBIN
POCT OJHOIO KPUCTALJIA HA [TOBEPXHOCTH JPYrOro (IMUTAKCHAIILHBIE JAUOJLI) H
ap. Ilo KOHCTPYKUMH DIIEKTPOHHO-IBIPOYHBIE MEPEX0bl MOTYT ObITH CUMMET-
PUYHBIMH U HECHMMETPHYHBIMH, PE3KMMH U IUIABHBIMH, TUIOCKOCTHBIMH M TO-
yeyHbIMU U Jp. OHAKO /Ul BCEX THUIIOB IIEPEX00B OCHOBHLIM CBOWHCTBOM fABIIS-
eTCsl HECUMMETPUYHAS HIIEKTPOIPOBOIHOCTS, IIPH KOTOPOH B OJHOM Harpagie-
HUHM KpUCTAJUI IPOIYCKAET TOK, a B APYIOM — HE TpomyckaeT. Ha npakTuke Haxo-
JIAT IPUMEHEHUE TOYEHHBIE, IIOCKOCTHBIE U AU((Y3HBIE TUO/BL.

B 3aBHCHMMOCTH OT COOTHOIIEHMH JIMHEHHBIX Pa3MEPOB BBIIPAMIIAIOLIETO p-i1-
[epexoia ¥ XapakTepUCTHYECKON JTHHEI Pa3iiiyaloT II0CKOCTHBIE U TOUEYHBIE JIHOBL.
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Toueunsiii Ouood obpasyeTcs B MECTe KOHTAKTa HEOOJNBIIOH TJIACTHHBI MOJTY-
[IPOBOJHUKA U OCTPHS METAIINYECKOH NPOBOIOKH. JIMHEHHbIE pasMepsl nepexo-
J1a MEHBLIE er0 IWUPHHBL. biarogaps manoii iomaan auon o0nafaeT Masoii em-
KOCTBIO Tepexoja (menee | n®), oTHOCUTENLHO HEOONIBIIMM BpEMEHEM Iepe-
KJIIOYEHUS (JECATKH HAHOCEKYH/) M MUCIIONL3YETCS HA JI0OLIX 4acTOTax BILIOTH
no0 CBY. Manas miow@aas nepexoja onpeaeseT Takke HeOOoIbIIOH A0y CTUMBII
TOK (10 20 MA). Toueynble JHO/bI 0OBLIYHO BBIMOIHAIOTCH HA OCHOBE FEpMaHUs.

[Tnockocmuste cniaaguble OUOO0bl UMEIOT TUIOCKHI ANEKTPUYECKUI Mepexoy,
JIMHEHHBIE pasMepbl KOTOPOro (OHpeleNsiolie €ro MJIomans) 3HaYHTENLHO
OOJIbILIE MIUPHHBL p-R-TIepexojia. ITO 00yCIOBIMBAET OOMBUIYIO EMKOCTD (JECAT-
Ki nUKo(apai), 4eM y TOUEYHBIX, U OrPaHMYUBAET HUCIOIbL30BAHUE TI0 YACTOTE
(He BblIEe JecATKOB Kunorep). JomycTUMBIH TOK B IUIOCKOCTHBIX JHOaX HAXo-
JUTCS B TIpejienax OT JAECATKOB MUJUTHAMIIED [0 COTEH aMIIep.

Hudhghysnole Ouodsl U3roTOBIAIOTCA MTOCPEACTBOM AUPQY3HU B TIOTYIIPOBO/I-
HUKOBYIO MJIACTHHY MPHUMECH, HAXOAALICHCS B ra3000pa3HOM, KUIKOH HIH TBEp-

noii (pazax. Umeror Manyro coOCTBEHHYIO EMKOCTh M Majo€ 3HAYEHUE MOCTOSH-
HOH BpeMeHH (/10 HAHOCEKYH/]L ).
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Takum oOpazom, mipu
MOJIKJTIOYCHUN
MOJYIPOBOJIHUKOBOTO MO/ B
IPSAMOM HAmpPaBJICHUN YE€PE3 HETO
IIpOTEKACT OOJIBIIION TOK, a IIPH
O0OpaTHOM BKJIFOUEHHH IMPU
U<Uo6p, TOK mpOTEKaFOIIHiA
yepes p-n-repexoll, KparuHe Mall.
ITO O3HA4YaeT, 4YTO
ITOJIYIIPOBOHUKOBBIN U0/
IPOITYCKAET TOK B MPSIMOM
HanpaBJICHUM (IMOJOKUTEIHHOM )
M HE IIPOITyCKAeT TOK B OOpaTHOM
HanpapJICHUH (OTPULIATETBHOM),
T. €. ICUCTBYET KaK
BBINIPSIMUTEJIb.
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anMDE H DﬁpﬂTlIDE COIIPOTHBJICHHE THOIA ITOCTOAHHOMY TOKY {crmmmqe—
CKOoe ﬂ'ﬂﬂp{}ﬁ?H&-IE?HHE?} BbIPAXKACTCH CACAYIOHIHMH COOTHOIICHHAMH

rup = 'Llrupu / -‘.rup 0s ruﬁp = obp 0 / Iuﬁp 0.

[Ipsmoe u obOparnoe Jduhghepen-
YuaibHble CONPOTHUBIEHUS (COIpO-
THBIIEHHE TI0 IEPEMEHHOMY TOKY):

Fand. np — AUy [ Al

up | Ddyp;
Faug. o6p — AUossp [ Al aip.

B 3aBUCMMOCTH OT TOrO, Ha KAKOM
yugacTke BAX pacrnionokeHa 3ajaHHas
paboyas Touka, 3HA4YEHHE CTATHYECKO-

[/ TO CONPOTHBICHHA MOKET OBITh
¥ MeHslIIe, paBHO WK OOJIBILE 3HAYCHHS

‘ | JMHAMHUYECKOTrO conporusinenus. Cra-
| THYECKOE COMNPOTHBIIEHHUE JHO/IA BCe-

> rna IOJIOKUTENILHO, B TO BpeMsl Kak

Pucynok — OnpejeneHHe cTaTHYECKOTO H JIMHAMMYECKOE MOJKET OBITh U OTPHLIA-
AMHAMHYECKOT0 conpoTHBaeHHil no BAX TEIbHBIM.

abp

obp
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Ha anexrponpoBoaHOCTL [MOIYIIPO-

BOAHHKOB 3HAYUTENILHOE BIIMAHHE OKa-
3pIBacT TeMreparypa. [lpu noeesiennu
TEMIIEpaTyphbl YCHIIMBACTCS TIeHEepalus
nap HOCHTENEH 3apsla, TO €CTh YBEIH-
4YUBACTCS KOHLIEHTpalUs HOCHTENEH H
[MPOBOAUMOCTE PACTET, [IOITOMY CBOH-
CTBA  MOJIYIPOBOJAHHKOBBIX  THOOB
CHIILHO 3aBHCAT OT TEMIIEPATypbl. JTO
MoKaseBalOT BAX, H3MepeHHbIE IpH
pazIMYHBIX TEeMIleparypax.
[ IpsAnMoOi TOK NpH HArpeEBE AHOA pacTeT
He Tak OBICTPO, Kak oOparHelii. DTO
OOBACHSETCA TEM, YTO NIPSIMOI TOK BO3-
HHUKAeT 3a CYET NPUMECHOH MPOBOIH-
MOCTH, @ KOHLIEHTpALMs IpHUMEcEi He
3ABUCHT OT TEMIIEPaTypEL
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Pucynok - Bnuanue reMneparypsl Ha BAX
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Ilpun HekoTOpoM 3HAa4eHHMHM OOPATHONO HANPSKEHHS BO3HUKAET npobou p-n-
nepexoja, MpH KOTOPOM 0OpaTHEBI TOK Pe3Ko BO3PACTAaeT U COMPOTHBICHHE 3a-
MUPAIOLIEr0 ClIof pe3ko ymeHblraerca. CleayeT paznuyarbh 2MeKkmpuyeckuli u
meniosou npoboii. INEKTpUYeCKUil Mpodoil (y4acTok abe) ABISETCs 00paTHMBIM,
TO €CcTh IPH TOM Npoboe B Mepexojie He MPOUCXOIUT pas3pylieHHe CTPYKTYPSI
nonynpoBoguuka. [Ipu snexkrpuuyeckom npoboe oOpaTHBIH TOK yBeJIHYHBAETCS
MPHU MPAKTHYECKH HEM3MEHHOM 00paTHOM HANpsKeHHH U MPH YMEHBIIEHHH Ha-
npsikeHus paboTocnocoOHOCThL AMoAa BoccTaHaBnuBaercs. [Ipu TennosoM mpo-
Ooe pocT 0OpaTHOTO TOKA COMPOBOK/IACTCA YMEHBIICHHEM HANPSKEHUS.

Obnactu TemioBoro npobos COOTBETCTBYET Y4acTOK g2. TerioBoi mpodoit
HeoOpaTHM, TaK Kak OH CONpPOBOKIACTCS pa3pyLICHHEM CTPYKTYpPBI BEIIECTBA B
mecte p-n-niepexona. [Ipuunnoii Tennosoro npodos ABISETCS HAPYIICHHE YCTOI-
YHBOCTH TEIJIOBOTO PEKUMA p-n-NEpexoja. ITO 03HAYAeT, YTO KOJIUYECTBO TEl-
TOTBI, BBIICNIAIONIEECS B MIEPEXOJE OT HArpeBa ero 0OpaTHLIM TOKOM, MPEBLIIIAET
KOJIMYECTBO TEIUIOTHl, OTBOJUMOE OT nepexona. B pesynsrare TeMmneparypa nepe-
XOJla BO3PacTaeT, COMPOTHBIECHHE €r0 YMEHLUIAETCH M TOK YBEIUYHMBAETCSH, YTO
MPUBOMUT K MEPErpeBy Mepexojia U ero TeMIoBOMY Pa3pyILEHHIO.
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—————— meopemuyeckas BAX

peansHas BAX

Teopernueckas u peansias BAX nuona

B pexume snekTpuyeckoro npodos padoTaoT crelHaabHble THOALI — cTabu-
JUTPOHBL; JUIs IPOYMX BHJIOB JAHOJIOB PEKUM MPo00s ABIAeTCsA aBapuilHbIM. Eciin
pu npodoe TOK B HENH HE OTPAHUYHUTh, JUOJ BBIXOJUT U3 CTPod. B Takux npu-
Oopax mpH yBeIUYEHHH (10 MOJY/II0) 00paTHOrO HANPSKEHUS NMPAKTHYECKH Cpa-

3y HAUWMHAETCH TEIUIOBOM Npo0oii.



CTaOMIMTPOHBI

CTaOMIUTPOHOM HA3bIBACTCS
OJTYIPOBOJHUKOBBINA JUO/T C
TOYHO 3aJaHHBIM OOPaTHBIM
PpOOMBHBIM HaNPSKEHUEM, CITa00
3aBUCSIIUN OT BEJIMUYUHEI TOKA.

AHoq E | Katog




1HoynpoBOAHUMKOBBIC THOAbI
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m . Z‘S Pucynok — [lpumepsl
Dl — YCIOBHEIX Tpaduueckux H3o0paKeHHH
U . MOAYIIPOBOIHHKOBEIX TPHOOPOB

HHonynposoonukosvimu cmaburumponamu (&) Ha3BLIBAKOTCA THOIBI,
NpcIHAZHAYCHHBIC 15 cTabMIM3auH HAIIPAKCHHA.
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B cxemax ,[I,B}’I'IDHHPHDFI CTHﬁH.]'IIfISEI.I_IIfIH HallpssKEHHA  TIPHMEHACTCA

cumMmMempuyHsiil cmabuiumpon ( 8).

Bapukanamu (2) Ha3bIBalOTCH MOIYIPOBOAHHKOBLIE JHOIBI, B KOTOPBIX
HCIIOJIB3YETCH 3aBUCHMOCTh EMKOCTH p-71-IIEPEX0/a 0T 00paTHOro HaIpsSKEHHS.



BapI/IKaH AHOQ B “ KaTon

Bapukan — MolyIIpoBOIHHKOBEIT A0, padoTa KOTOPOTO OCHOBAHA Ha 3aBHCHMOCTH OaphepHoit
eMKOCTH P-11 TIepexoa 0T 0OpaTHOTO HaIps/KeHILI. BapHKarsl IIpHMeH 0 TCA B KauecTRe HIIEMEHTOR ¢
3TIEKTPITUe CKH VITPARIIIEMOTT EMKOCTEIO B cXeMaX ITepe CTPOTIKI YacTOTH KolIeOaTelbHOro KOHTYpa, JeTeHIL I

VMHOKEHIE UaCTOTEL, UaCTOTHOTIT MOIVITALINIL, VIIpaBIIeMBIX (pasoppalnaremneit i ap.

[IpH 0TCYTCTBHI BHEIIHETO HATIPS/KEHILI B P-N-Tiepexofie CYVINeCTBYIOT MOTEHIHATLHELT Oaphep 1
BHY TPeHHee 3TIeKTpIue cKoe Toe. Eci K IHOAY IPITTOAITE 00paTHOe HAIlps/KeHIe, TO BEICOTA BTOTO
MTOTEHIHATEHOTO Oaphepa VBeIMTUHTCA. BHellHee odpaTHOe HAIIp/KeHIe 0TTalIKHBaeT 37eKTPOHEI B Ty Ok
n-007acTH, B pe3yIsTaTe Uero MPOHCXOIHT pacImipeHIie 00eTHEHHOIT 00macTH p-n-Tiepexona, KOTOPYEO MOKHO
TMIPeICTARUTE KaK TIPOCTETIIITT ITI0 CKIIT KOHIeHCaTopP, B KOTOPOM OOKTAIKaMII CITYKaT TPAHIIEI 00TIacTH.
B TakoM cayuae, B COOTBETCTBHH ¢ (pOPMYTION AT €éMKO CTH IO CKOTO KOHIeHCaTopa, ¢ POCTOM PaCCTOSHIL
MeKITY 00KITaIKaMI (BEI3BAHHOIT POCTOM 3HAUEHILT 0OPaTHOTO HATIPIKEHII) EMKOCTE P-N-TlepeXona OVIeT
VMEHBIIATLCA. JTO VMEHBIIeH e OTPaHITIeHO JIHIIE TOMIIHOTM 0a3kl, Taree KOTOPOIT MepeXo pacumpATLCT He

MoxeT. Ilo JOCTILRCHITI 3TOIC MITHIIMYMA € POCTOM OGPHT‘HDI’U HaITPARCHITL E€MKOCTE HE IH3MEHAETCA.



1HoynpoBOAHUMKOBBIC THOAbI

& B.-::pu.t-:un.-:t,-tm (f_“} HA3bIBAKOTCA MMOJIYIIPOBOAHHKOBLIC THO/bI, B KOTOPBLIX
{:’a HCITOJIB3YETCA 3aBHCHMOCTDL EMKOCTH p-n-licpexolda OT ﬂﬁpﬂTHﬂ]‘ﬂ Ha PAZKCHHUA.

Pucynok 8 — Bonbr-hapannas

XapaKTePHCTHKA BAPHKATA _9| |_ _ﬁ_
2) )

U

i)
» (OcCHOBHOH XapaKTepHUCTHKOH BapuKana CIYXKUT BOJILT-

(hapagHas xapakTepUCTHKA (PUCYHOK &) — 3aBHCHMOCThL €MKOCTH BapHKana OT
3HAYEHUSA MPHIOKEHHOT0 00PaTHOTO HATIPAKEHHUA.

K myrnensrbivM OTHOCST MOMIBL, Y KOTO- A7
pBIX 3a CYET TyHHENBHOIO 3(dekra Ha nps- P
moit BetBu BAX (pucynok 9, obmacts 1)
CYLIECTBYET 0ONacTb € OTpHLATEILHBIM
muepeHIHATEHBIM COIIPOTHBIICHHEM (00-
nacts 2). B odnmactu 3 BAX npubop nomHo-
CTBIO BBIXOIUT U3 Npo0os U BeleT celdd Kak
oObMHBIL Hon.  YeioBHOe rpaduueckoe
0DO3HAYEHHE NPE/ICTABICHO HA PUCYHKE 0.
[To cBoeMyY Ha3HAYEHHIO TYHHENIBHBIE HOJIBI
MOAPATEIAIOT HA VCummelbiole, 2eHepd- Pucynox 9 - BAX TynHensHoro amoaa
MOopHble, NEPEKTIOHAIOU4LE.

Odnacme ‘IE Odnacme 2 5 Odnacme 3




Obpagernbivu (PUCYHOK — €) Ha3bI-
BAlOT I[IOJIYNIPOBOJAHUKOBBIE JHOJLI, B
KOTOPBLIX BCIEACTBHE TYHHEIBHOTO 3(-
(pekTa NPOBOAMMOCTL IPpH OOpaTHOM
HANpPSKEHUH 3HAYUTENLHO OOoJblIe, YyeM
npu npsmom. BAX obOpamennoro auoaa
npeacTasieHa Ha pucynke 10.

Hamuaiowgue ouodst (pUCYHOK — 3) —
[OJIYTIPOBOIHUKOBLIE JHO/BL, HTY4YaoLIHe
U3 p-n-niepexofia keaHTel dHepruu. [lo xa-
PAKTEPUCTHKE W3IY4YEHMsl JIENATCSH Ha JIBe
IPYIIIBL ¢ H3TYy4YEHHEM B BUIMMOH o0nactu
CHEKTpa — C8emoduoosl; MUOALl C H3ITyYe-
HHUEM B HMH(pakpacHOIl oOrnacTu criekTpa,
NONy4YuBLINE HazBaHue HMK-0uoowt.

Domoouodel (PUCYHOK i) — TOIY-
MPOBOJHUKOBLIE JUO/bI, TIPHHLIMI JICHCT-
BHS KOTOPBIX OCHOBAaH HAa MCIOJIL30BAaHUH
BHyTpeHHero (orosdderra — renepauu
B [TOJIYIIPOBOJAHHUKE 0] ACHCTBHEM KBaH-
TOB CBETa CBODOIHBIX HOCHTENEH 3apsia.
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Pucynok 10 — BAX obpamennoro anoaa

Onmpon (onmonapa) — TIOMYTIPOBOTHHU-
KOBBII MpHOOp, COAep/KallMii HCTOYHHK W3-
JY4EHUS M TMPHEMHUK WITy4eHHs, 00BeIH-
HEHHBIE B O/THOM KOPITYCE H CBSI3AHHBIC MEK-
oy coOoil ONTHYECKH, WIEKTPHYECKH HIH
OJTHOBPEMEHHO ODEHMH CBA3SMH (PUCYHOK K).
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CIICTEMA OBO3HAYEHIII IIOTYIIPOBOTHIIKOBBIX JI1010B

J19 MapKIIPOBKH TIOMYIIPOBOJHIIKOBEIX IIOMOB ICIIONB3yeTCId OyKBEHHO-ITI(pPOBad
cHICTeMa YCIIOBHBEIX OOO3HATEHITT.

IlepBbIil 31eMeHT — OyKBa I ITHppa, XapakTepHsyeT HCIOMB3YEeMBIIT MaTepIa:
['(1)— repmanmii (Ge), K(2) — xpemmnt (S1), A(3) — rammmi (Ga) u eTo CoemImHEHIIT,
H(4) — mmmmni (In) 11 ero coearmHeHId.

Bropoii 3demeHT — OyKBa, XapakTepmsyeT (PYHKINIOHANIBLHOE HazHATEHIIe IIONA:
/1 — BRIIpaMuITe THHEI, B — Bapukar, M — TYHHeBHBII 11 oOparmeHHeIil, C — ¢cTadItmTpoH
11 cTaducTop; JI — M3y IaronIn CBeTOMIIO,

Tpermit snemenT — 1mdpa, XapakTepnsyeT HazHAUeHIe OJa M COASPKUT
IMH(POPMAIIIO O CIeIIATbHBIX IIapaMeTpax Anoma. Hamprmep, Amd Amomop TpyImel [
| — BEHIIpaMUTEeNBEHEIE MalToOMOMIIHEIE (TOK 10 300 MA), 2 — BEIIIpAMITEIbHBEIE CpeIHell
MommHoCTH (Tok 1o 10 A), 3 — muomel OompImoil MOMMHOCTH (ToK cBbimie 10 A);
4-9 — IIOIBI IIMITYIBCHBIE C PA3IOTTHBIM BPEeMeHEM BOCCTAaHOBISHIL.

YerBepTbrii memMeHT (2—3 MIppel) — MOOPSAKOBRIII HOMep pa3padOTKI (1A
CTAaOIMITPOHA — HAIPSKEHIe CTAOIMI3AITI B e CATHIX JOIX BOTBTA).

IlIsiTiili HaemeHT — OyKBa, XapakTepuszyeT TPYIIY MAHOJOB C  PA3IITMHBIMI
TTapaMeTPAMIL.



[locnegoBaTtenbHoe M napannenbHoe coeauHeHns

[Ipu BeInpsMieHrn Ooliee BRICOKOTO, YEM MPEASNbHOE I OJUHOYHOTO JTHO-
12, HANIPSHKEHUS! MOJKHO COEJMHHTEL JHOJBI MOCIIEN0BATENLHO, YTOOB 00paTHOE
HaMPSKEHUE HA KakJI0M JIMOJIe HE MNpeBblIalo npeaensHoro. Ho Beienactsue
pa3dpoca oOpaTHBIX COMPOTUBICHUN Y Pa3IUYHbIX JK3EMIUIAPOB AHOI0B OQHOIO
M TOTO K€ THUIA HA OTAENLHBIX J10oJaX 00paTHOE HANPSKEHUE MOKET 0Ka3aThes
BBbILIE [IPEJIENLHOr0, YTO NOBJIEYET IPoOOi 1HO10B.

P P P Hnsa toro 4robel obpaTHOE Ha-

= = - IpPSKEHHE pacnpeiessiioch paBHO-

MEPHO MEKIY IUOJaMH HE3aBUCHMO

VDT VD2 VD3 OT MX OOpaTHBIX COIPOTHBICHHH,

DI D| DI MPUMEHAIOT LIYHTHPOBAHHE JHOJIOB

pesuctopaMu  (pucyHok ).  Compo-

Pucynok - [locnenosarenshoe coequnenne quogos L ABJICHHA Ry, PE3UCTOPOB JIOIAKHEI

ObITb  OJIMHAKOBBI M 3HAYUTEIILHO

MEHbIIIE HAUMEHBIIETO U3 00pPaTHLIX CONPOTUBIIEHHH 1HM0A0B. OHaKo Ry, HE JIOJK-

HO OBITH CIMIIKOM MAJIBIM, YTOOBI YPE3MEPHO HE BO3POC TOK MPH 00paTHOM Harps-
JKEHUU, TO €CTh YTOOBI He YXYLLWIOCH BLIIPSIMIICHHE.




[lapannensHoe coequHeHHe AUOAOB (PHCYHOK ) MPUMEHAIOT B TOM CIIy4ae,
KOTJ1a HY/KHO MOJYYHUTh PAMOI TOK, OOJIBIIMI MPEEIbHOTO TOKA OAHOTO JHO/IA.
Ho ecnu auojsl 0JHOTO THUIA MPOCTO COEIMHUTL MApPAIIEILHO, TO BCIEICTBUE
HEOJMHAKOBOCTH BOJIbT-AMIIEPHBIX XAPAKTEPHCTUK OHU OKAXKYTCSA Pa3IMYHO Ha-
rPYKEHHLIMH M B HEKOTOPBIX TOK Oyzaer Oonblue npeaensHoro. Paznuuune B nps-
MOM TOKE Y OJIHOTHITHBIX THOJO0B MOXKET COCTABJIATh JIECATKH MPOLIEHTOB.

[IpakTiyecku peko BKIKOYAIOT NapauiebHo O0b- 0
1€ TPeX AUOOB. Y PaBHUTEIILHBIE PE3UCTOPBI C COTIPO- ‘
THBJIEHHEM B JIECATHIE JOIM WIIH €IUHHIILI OM OOBIYHO
MoA0MPAIOT IKCIEPUMEHTATILHO 10 TMOJMY4eHHs B pado- R
4yeM peKUME OJMHAKOBBIX TOKOB B auojax. Muorna
BKJTIOYAIOT YPABHUTENIBHBIE PE3UCTOPBI C COMPOTHBIIE-

HUEM, B HECKOJILKO pa3 OOJBLIMM, YeM MPAMOE COIPO- E EVWE Zm‘?
THBJICHUE JTNO/IOB, YTOOBI TOK B Ka’K/I0M JIHOJIE Olpese-
JsUICs TIIaBHBIM 00pasoM conporusieHueM Ry. Ho B o—¢

ITOM  ClIyHac IPOHCXOIHT JOIIOJHHTCIBHOC IIAJCHHC
HAIlpsAXKCHHA Ha Ry-, [TPEBLILIAIOMIEE B HECKOJIBKO pas
[TPAMOC HAIIPAMWCHHC THOOOB, H KH,[L, KOHCYHO, CHMMKA-
eTcd. Ecin HexkenaTelbHO BKIIOYATH YPaBHHTCIIBHBIC PC3HCTOPBL, TO HAO0 ]'[D,[[DG-
paTth JHOALI € TIPHMEPHO OJHHAKOBLIMH XaAPAKTCPHCTHKAMHU. O_I[IIB.I{CI PEKOMCHOYET-
CH 110 BOSMOAKHOCTH HE lTpHﬁ-E‘FﬂTL K apa/licJibHOMY COCAHHCHHIO THOI0B.

Pucynox - llapannensnoe
COCIAHHCHHE JTHO0B



Tpanzucropsl

TpaH3ucTop — BTO TPEXIIEKTPOIHBIN
MOJYIPOBOJIHUKOBBIA PHOOP, MpeJHA3HAYCHHBIN 15
YCUJICHUS DJIEKTPUYECKUX CUTHAJIOB.

PaznuuaroT nBa BU1a TPAH3UCTOPOB: YHUIIOJISAPHbIE
(moJieBbIe) 1 OMIOJISIPHBIE.

B yHMIIOJISIPHBIX TPAH3UCTOPAX OCHOBHBIMU HOCUTCISIMHU
3apsAa MOT'YT ObITh YACTHUIIbI TOJILKO KaKOT0-JIMOO OJHOTO
3HAKa, T. €. JU0O0 DJICKTPOHBI, JINOO ABIPKH.

B OMIOJISIPHBIX TPaH3UCTOPAX HOCUTEISIMHU 3aPs 0B
SBJISSIOTCS ¥ DJIEKTPOHBI M JBIPKHU, T. €. YaCTHUIIHI C
ICKTPUUECKUM 3apsIoM 000MX 3HAKOB.



bunojasipHbie TPAH3UCTOPHI

BHITONAPHELI TPAH3HCTOP — TPEXIIONEO CHEII IO YITPOBOHHKOBEIIT ITPHOOP C
IBYMA p—n-TiepexogamMu. OH COCTOHT H3 UepeRVIOINIXCA 00nacTell IMOIVIIPOBO-
HIIKQ, HMEROIIIX 3I1eKTPOPOBOIHOCTh PA3IIIYHEIX THIIOB.

B 3aBHCHMOCTIH OT IIOCIEIOBaTebHOCTH UepeOBaHHA #- H p-00macTeil pas-
TMHYAROT TPAH3MCTOPH #—p—H- H p—r—p-THIIOB. Ha MmpakTike HCIIOMb3YIOTCA TPaH3H-
CTOPHE! 000X THITOB; ITPHHIHIL JTiCTBHA HX OJHHAKOB. OCHOBHBIMH HOCHTEJLAMH 3a-
pATa B TPAH3UCTOPEe h—p—H-THIIA SABILAFOTCA SIMEKTPOHEL, a B p—i—p-TPAH3UCTOPE —
TEIPKIL. Tak Kak B KPeMHHH 31eKTPOHE 00TafalT OOINbIell IOMBHAHOCTEIO, YeM
TEIPKIL, TO Yallle HCIOMB3VI0T TPAH3UCTOPE #—p—H-THIIA.
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bunoJjspHbIe TPAH3UCTOPHI
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bunoJjsipHbie TPAH3UCTOPLI
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[leHTpamsHad 00MacTh TPAH3HCTOPA, Ha3bIBaeMasd 6a30ii, 3aKITI0UeHA MeKIY
Kontekmopom N smummepom. TolIHHA Ga3kl Mala H He IPeBHIIaeT HeCKOMBKHX
MHKpPOH. [Tepexo Me& Iy 0a30if H SMHTTePOM HA3BIBAETCT SMUMNIePHbIM, & MeK-

1y 0a301l H KOMIEKTOPOM — KOLTeKHOPHDIM .

CTpyKTypa pealbHOT0 TpaH3HCTOpa

HeCHMMeTpHUHa (pHc.). ITmomais i i
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bunoJsipHbie TPAH3UCTOPLI

Kax Ie0i 113 p—n-liepexofioB TPAH3UCTOPa MOKeT ORITh CMEINEH MO0 B IIp4-
MOM, THOO B 0OpaTHOM HAMlpaBIeHHAX. B 3aBHCHMOCTH OT 3TOTO Pa3MHYAr0T Ue-
TEIPE PeKHMa PadOTH TPAH3HCTOpA!

1) akmuenotii (ycuienud). OMITTEPHENI IIEPeXO] CMEIIEH B IIPAMOM
HAIIPABIEHHH, A KOIIEKTOPHBIIL —B 00paTHOM,

2) omceuru. Oba mepexofia CMeIIeHE B 00PaTHOM HAIIPABIIEHIIIL

3) Hacotuierua. O6a mepexoaa CMeIIeHsL B IIPAMOM HAITPABI eHIIL;

4) ureepcroiil. SMUTTEPHBII TePeX0]] CMeIEH B 00paTHOM HAIlpaBJIeHHIL,
a KOJUTEKTOPHBII — B IIPAMOM.

PaccmoTpiM TofipoOHee Kak[pIil H3 peAMMOB padOTH TPaH3MCTOpa Ha
TIpHMepe MpHdopa n—p—n-TIHIIA.



bunoJisipHbIie TPAH3UCTOPLI

AKTHBHBIN peknM. Tak Kak SMHTTEPHBII Ilepexo]] CMeIlléH B MPAMOM Ha-
IIPaRIIeHHH, ITPOHCXOIIT HHAEKIIA HOCHTeNIel 3 sMHTTepa B 0a3zy. [TocKOIBKY 00-
TacTh 3MHUTTEPA JIeTHPOBAHA CIIIbHEee, 4eM 001acTh 0a3kl, ITOTOK 3JIEKTPOHOB IIPe0sd-
TagaeT HAJ ITOTOKOM JBIPOK. I13-3a MAlOIl TOMIIHHEI 0a3bl IIOYTH BCE 3IEKTPOHEL,
mpoiidg 6a3y, JOCTHTar0T KollleKTopa. TOMbKO Manad oI 3MeKTPOHOB PeKOMOHHH-
pyeT B Oaze ¢ ApIpKamMil. KoIMeKTOPHEBI TTepexo] CMeIlEéH B 00paTHOM HalTpaBIIe NI,
IIO3TOMY 3MeKTPOHEI, JOCTHIIIINE KOIUIeKTOPHOTO Iepexo/ia, BTATHBAK TCA TT0TeM Iie-
pexojia B KOIIeKToP. ITPOHCXOMNT sxenip axijua IMeKTPOHOR B KOTEKTOP.

Toxu TPAaH3IHCTOpPA, pﬂﬁGI'ﬂ]EDI[[EI'D B AKTHEHOM pPEEHME, CBAZdHELI COOTHO-

ITI€ FIFLAMIL:
I =al,. I =I+1_.

K

MHOKHTeIb ¢ HA3BIBAIOT KO3 huiiieHnmom nepeoaqu moxa smumiepa.

Y HHTEeTIpPalIbHBIX TPAH3HCTOPOR o= (0.99-0.995.

=21 —p,.

X

MHOKHTeTb [} HA3BIBAKT K03 P uiuermom ycuneHus moxa 6azor. Tak Kak
BelMUHHa ¢, OMH3Ka K 1, TO f MoOKeT MPHHIMATE OOINBIIHE 3HAUeHHT. [ HHTe-
TPANBHEIX H—p—H-TPAH3HCTOPOR OHO cocTarIdeT oT 50 mo 200.



bunoasgspHbIe TPAH3UCTOPLI

TaxiM oOpazoM, padoTa OHIIOMAPHOTO TPAH3MCTOpa B aKTHBHOM peKHMe
OCHOBAHA Ha COUYETAHHH IIPOIeCCOB MHAEKINH HOCHTeNell Yepe3 OJIHH Mepexo] i
coOMpaHILA HX Ha IPYIroM IepeXoje. K OHIIeHTpalid puMeceil B SMITTepe 3HAH-
TelbHO OOMBINE, YeM B Oa3e I KoleKTope. [[03TOMY 3IeKTPOHHAA COCTABILIFOIIAL
TOKAa n—p—h-TPAH3UCTOpa ABIAeTCA IpeolOmafarolieli. B akTHBHOM peXiMe TOK
KOJITeKTOpa YIIpaBIAeTcAd TOKOM 3MHTTepa (ILTH HampsAKeHHeM 3MITTEPHOTO IIe-
pexofa) M IIOYTH He 3aBHCHT OT HAIpAKeHIA Ha KOINIEKTOPHOM Iepexofe, I0-
CKOJBKY IIOCTIe THITH CMellleH B 00paTHOM HapaBIeHIH. AKTHBHEOL peKNM SBILA-
eTCA OCHOBHEIM, €CIH TPAH3MCTOP HCIOMb3yeTCA A YCHIeHNA CHTHATOB.



bunoasgspHbIe TPAH3UCTOPLI

PeskM orceukH. ITHKEKIHA OCHOBHEIX HOCHTETEN B 00MacTh 0a3sl HaOIk01a-
eTCA B TOM CIIYUae, ecIm SMHUTTEPHENT ITePeX0]] CMEIEH B IIPAMOM HaIIPaBIeHHH. E I
HanpsKerne Uy, MeHBIIe IOPOTOBOil BemuiHEl (0.6 B 11 KpeMHHEBEIX TPAH3HCTO-
POB), 3aMeTHOI HHKEKINH HocHTeneil B 0a3y He Hadmonaetcs. [Tpuastom [, =75 =0.
CreIoBaTeNbHO, TOK KOMIEKTOpa TaKAe PaBeH HYIMR. TakimM oOpazoM, LA pekiMa
OTCEUKI CIIpaBeIHBEI YCIOBHA: Uy, < 0.6 B mwmt [¢ =0.

Pexum HacoimeHud. Ecan ofa mepexofa CMeIIeHEl B IIPAMOM HallpaBle-
HIH, HOCHTETH HHKEKTHPVIOTCA B 0a3y KaK M3 SMHUTTepPa, TaKk H H3 KOIIeKTopa.
B 3TOM pekimMe TOK KOMIeKTOpa He 3aBHCHT OT TOKa 0a3pl. K OIeKTOPHEII IIepe-
XOJ OTIIMpaeTCd, eClIH HalpsxeHne KomnekTop-0aza U <—0.4 B . IIpn s3ToM Ha-
IpLKeHIe KOMIEKTOP-5MUTITEP He IIPEBHIINAeT HANPIKEHHEe HaCHIIIEHHT:

-
}

e " ] . T 2 | L
U_=U__ . 3HaueHHe U HaxoauTcA B mpefenax 0.2-0,3 B.

KIHAC
PeXIMEI OTCEUKH M HACHIIIEHHA ﬁI]I[DJIHpHLIE{ TPAH3HCTOPOE ABIIAROTCA OC-
HOBHEBIMII, KOI'Td OHIL pﬂﬁ OTAOT B KIIFHOYUYCEBIX H JJOI'HYECKIIX CXEMAX.



bunoasgspHbIe TPAH3UCTOPLI

HBepcHBIN PesKHM. HIOIOMAPHEIN TPAH3UCTOP ABIAETCA CHMMETPHUHEIM
MPHOOPOM B TOM CMBICIE, UTO OOIACTE MOMYIIPOBOIHIKA C OJHIM THIIOM ITPOBO-
IMOCTH PacIonaraeTca MeA Iy TBYMA 00IAcTAMH ¢ IPYTUM THIIOM IIPOBOTHMO-
cTH. [103TOMY TPaH3UCTOP MOXKHO BKIFOUHTH TaK, UTO KOMTEKTOPHEIN IEPEXO[T
CMEIIEH B IIPAMOM HAIPABIEHHIL, a SMHTTEPHEI — B 00paTHOM. IIpH 3TOM 3MHT-
Tep HrpaeT Polb KOMIEKTOpa, a KOIMIEKTOp — SMITTepa. Takoil pekiM padoThl OH-
IIOTLAPHOTO TPAH3MCTOPa HA3BIBAKT uHeepcHoim. OIHAKO KOIIEKTOP H 3MHITED
M3COTABNINBAIOT HEOMMHAKOBEIMI, C TeM, UTOOR  HAamOONBINEE  YCILIEHIE
TOCTHTATOCE B AQKTHBHOM peXIMe. B HHBePCHOM PeiKHMe YCHIeHHe TPaH-
3UCTOPA HEBETHKO. TaKoll peKIM HCIIONB3VIOT B HEKOTOPHIX ITH()POBEIX CXEMAX.



bunoasspHbIC TPAH3UCTOPLI

TpaHsHcTOp, B CXEMY BKIIOUYAKT TaK, YTO OJHH H3 €ro BRIBOAOB ABIAETCA BXOOHBIM, BTOPOI —
BLIXOTHBIM, a TPeTHii — oOmIM I BXOOHOI M BBIXOJHOI Lierefi. B 3aBHCHMOCTH OT TOTO, KaKoii
3IEKTPOI ABIAeTCA OOIHM, pa3MIvalT TPH cXeMbI MOJKIHUe HH S OHMOJIAPHOT0 TPaH3IHCTOPA:

« ¢ o0mefi 6asofi (OB). X 'y
* ¢ o0mmmM komnektopom (OK), 9 K D
: Q
e — _.Ii F B !
* ¢ o0mmM SMHUTTEpPOM (O3). P - = =
S S e~ a

S =

oo )

b Q Q eI

Cxema BKIIOUEHHA TpaH3HCcTOpa ¢ obImeli dazoli XapakTepH3yIOTCA YCHIEHHEeM 0 HaTIPAKeHHIO,
OTCYTCTBHEM VCIHIeHHA TI10 TOKY, MalbiM BXOOHBIM COTMPOTHBIE€HHEM H OOMBIIHM  BBIXOJHBIM
cOTIpoTHBIeHHeM. Takad ¢xXemMa BKIOUEeHHA He JaeT 3HAUHTeIbHOTO VCHIeHHd, Ho o0MajiaeT XopoIHMH
YACTOTHRIMH H TEMIIEPATYPHBIMH CBOIIC TBAMIL

CxemMa BKJIIOUEHHA TPaH3HCTOpPa ¢ 0OIIHM KOJLIEKTOPOM Xap aKTepH3VIOTCA YCHIEHHEM 0 TOKY,
OTCYTCTBHEM YCHIIEHHA M0 HApAAEHHKD, OOJbIIIM BXOTHBIM COIMPOTHBIEHHEM H MaJlbIM BBIXOOHBIM
corpoTiBIeHHeM. TakaA cxema dYalle Ha3bIBaeTcd SMHUTTEPHBIM MOBTOPHTENEM, T K. KO3(pHIHEHT
VCHIIEHI 10 TOKY MOYTH TakoH /K€, KaK H B cxemMe ¢ 05,

Harbomnbmee pacripocTpaHeHHe TTOTYUIUIA ¢XeéMa BKIHUYEHHA ¢ odIMHM IMHTTepoM. B cxeme
BKJIIOUEHHA TPaH3HCTOpa ¢ 0OMIHM SMHUTTEPOM odecTiedHBaeTcA YCHIeHHe TI0 HAaTIpAKEHH IO, 10 TOKY, 10
MOIMHOCTH. Takad cxXemMa HMEET CpedHHe 3HaYeHHA BXOOHOIO M BBIXOJHOIO COMPOTHBIEHHA [10
CpPaBHEHHIO O CXeMaMH BKIKUMEHHA ¢ o0mell 6a30ii 1 o0mHM KowtekTopoM. K J0CTOHHCTBAM CXEMBI ¢
03 MOKHO OTHECTH yI0OCTBO IMTAHHA €€ OT OJHOTO HMCTOUYHHKA, I10CKONBKY Ha 0a3y H KOJIEKTOp
MOJAKTCA THTAKIHE HapAKeHHA OJHOTO 3Haka. K HeJgocTaTkaM OTHOCAT XyJLIHe YacToTHBIE H
TeMIIepaTypHBIE CBOMCTBa (HarlpUMep, B cpaBHEHHH co cxeMoil ¢ OB). C MoBbpllmIeHHEM YacTOTHI
VCHIIeHIH € B cxemMe ¢ OO CHIDKaeTcA.



bunoasgspHbIe TPAH3UCTOPLI

[Ipy nrobolfl cxXeMe BKIKWUEHHA TPaH3HCTOpa, TMOAPHOCTh BKIWYEHHA HCTOUHHKOB TTHTAHHA
JoJLkHA ObITH BRIOpaHa Takoil, 4To0 SMHTTEepHBIH Mepexon (riepexon 3-B) Oblm BKIOUEH B IIPAMOM
HarpaBJeHHH, T€. OTPHLATENbHBIT 32:K1M HCTOUHHKA TMHTaHHA Hago MpHCOEIHHHThL K o0MacTH 1, a
MOJOKHTENbHBIT — K oO0macTH p. TakiM ke oOpaszoM kKomnekTopHbIl mepexon (B-K) gomkeH OBITH
cMelleH B 0OpaTHOM HalpaBleHHIL DTO 03HAUAET, YTO KOJIEKTOP p-N-p-TpaH3HCTopa MpHCO eqHHAETCA K
OTPHULIATENBHOMY 3 @KUMY HCTOUYHHKA MHTAHHA, a KOMJIEKTOP N-p-N-TPaH3HCTOPA - K TOJOAKHTETLHOMY.

'[jl} dBHHTCIIBHBIC XapakTCPHCTHEIT CXEM Ha ﬁl']]'[DJ'[H]JHbIK TpaH3HCTOpax IMPpHBCICHBI B 'TfIﬁIII'IL[E'Z

ILapaMeT]p Cxema 09 Cxema Ob Cxenma OK
Kos(ppuimeHnt yeimeHHA | JecATKH-CcOTHH HemHoro MeHpIIIe 1 HeCATKIH-COTHH

0 TOKY

Kos(ppuimeHnt yermeHHa | JecArki-coTHH M eCcATRH- COTHH HenmHoro meHsrne 1

[0 Hallp AACHITH)

Kos(prnieHt yermenia | COTHH - TeCATKH TBICTT MecATKH- COTHH MecarkH-coTHH
I10 MOIITHOCTH

BxogHoe conmpoTHRIeHHe | CoTHH OM - eqHHIIIBI KOM | ETHHITIBEI-TeCATEH OM HecarkH - COTHH KOM

BrxogHoe coImpoTHRIeHHe | ENHHIIEI - JecATRH KOM | CoTHH KOM - eminiel MOM | CotHH OM - € THHHITEI KOM
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Tpanzucmop & siloe U / UE

OKMUEHOZ0 YeEMBLDEXNONRACHILKT

1. Ity— COIIPOTHEIIEHHE TPAH3HCTOPA Ha BXOITHBIX 3aAKHMAX ITO HEPEHIEHHDﬁ

COCTABILAFOIIEI ToKa, OM, ompeendeTca B pexknnMe K.3. cO CTOpPOHEI BEIXO/IA;

P U f
1 = pit U = COnSsL),
11 ﬂfl ( P 2 J’I:

2. 135 — IPOBOOMMOCTE TPAH3HCTOPA HA BRIXOMHEIX 3aKHMaxX TPaH3HCTOPA,
CMm (ompenendercda B pexnMe X . X. cO CTOPOHEI BXOA)

1122 =AI/AU2 (mpul,= const).

3. I, — cTaTHUecKIil K03 (PHIHEHT Iepeaud TOKa CO BXOJA HA BBIXOI, OII-
PEOETACTCA B PEAIIME K.3. co CTOPOHEL BEIXO A
13106 = O, 3105 = D) 4 = AL2)S npu Us = const);
] o} . h 1 ATr/A pu T 1)

!

4. Iy, — K03 (p(pHIMEHT BHYTPEeHHEN 00paTHOI CBA3M, IIOKA3BIBAET, KaKad YacTh
BEIXOIHOI'O HAIIpTKEHIA Uepes 3JeMeHT BHYTPeHHeI CBA3H IIoIagaeT Ha BXOJ, (OII-

penendeTcd B pexnme X.X. CO CTOPOHHI BX0JIa H OOBIUHO hy; =107 — 104):

f}lz =A I-Tl,/ﬂ k) (mpu 1;= const).
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bunoasgspHbIe TPAH3UCTOPLI

PaccMOTPHM TPAH3MCTOP, BKTOUEHHEIH 10 CXeMe C OOIHM SMHTTEPOM
(puc.). Ha3pamIe «cXeMa ¢ OGIIIM SMHTTEPOM» OOBACHIETCS TEM, UTO HMHT-
Tep ABIAETCA OONIMM IS BXOJHOMN M BHIXOJTHOI

I merneil. BXOMHEIMH BeMHUNHAMH SBIAIOTCS Ha-

<K npaxemte Gasa-svmrrep U,, 1 Tok Gassl I, a

. s BEIXOJHEIMIL — HaNpSKeHHe KOITEKTOP-IMIITED

P, VT U, U, HMTOKKOoWIeKTOpa [, .
Us, i 3 PaccMOTpHM  BONBT-aMIIEPHEIE XapaKTepH-
| ' CTHKH OHIIONAPHOTO TPaH3MCTOpa M YKakeM Ha

HIIX 001acTH OTCeUKH, HACBIIICHIA H VCIICHIA.



bunojasipHbie TPAH3UCTOPHI

I}
30 T
20 T
10 T
| > Bxoonaa xapaxmepucmuxa OHIIOIIPHOTO
U.(‘.! E-’rﬁa

TPaH3HCTOpa — 3TO 3aBHCHMOCTh TOKa 0askl [, OT
HaNpAKeHId 0a3a-3MuTTep U, IIpH (PHKCHPOBAHHOM 3HAUEHIH HAIIPTKeHId KO-

TEKTOP-3MHUTTEP Ug,: S
I = f(Ug, JU,, = const.

BxomHad XapaKTepHCTHKA KpeMHIIEBOTO OHITOMIPHOTO TPaH3HCTOpa IOKa-
3aHAa Ha pHc. ECIH  SMUTTepPHEII  Iepexo]] CMeINEH B MPAMOM Hallpaple-
HIH, TO BXOTHAA XapaKTe pHCTHKA IT0X0Ka Ha MpAMYI0 BeTBh BAX mioma.



bunojasipHbie TPAH3UCTOPHI

Boixoodroit xapaxmepucniuxoll HA3HBAOT 3aBHCHMOCTE TOKa KOMIeKTOpa [,

0T HaNpsKeHI KOILeKTop-3MuTTep U, IpH (PHKCHPOBAHHOM TOKe Ga3bl:

K

I, =fU, ) =const.

BrIXOHAd XapaKTepHCTHKA ITOKa3aHa Ha PHC.
OO0macTh OTCEUKH e KNI HIIKe KpHBOM [, =0.
B 00macTH HACHOIEHIA BelMUITHA HAMPIKEHILT
U,, CTONh Malia, UTO CTAHOBHTCA I, MA 4 Hacemmemie

He IOCTAaTOUHOI A CO3JIaHII 0OpaTHOr O .' AKT. PEKIM

CMeIlleHI A Ha KOMIEeKTOPHOM Ilepexoie. | o
B pexHMe HACHIIEHNI TOK KOIeKTOpa ’ [5= 40 MKA
He 3aBHCHT OT TOKa a3kl H BCE BETBH Is=20 MKA
BEIXOJIHOI XapaKTePHCTHKI CIHBAOTCS '

B OJTHY.

FIE Orceuka Iﬁ =0

U 2 -1' 6 H {JF—ES, B




bunojasipHbie TPAH3UCTOPHI

B aKTHBHOIT 007acTH TOK KOMIeKTopa OueHb CIad0 3aBHCHT OT HAIPSKeHH
KOIUTeKTOP-3MHTTEP H IIPOIOPIHOHATEH TOKY Oa3bl, a BeTBH BEIXOTHOH XapakTe-
PUCTHKH PAcIONOKeHbl ITOYTH TOPH30HTATFHO. 5T0 O0BACHAETCA TeM, UTO KOI-
TeKTOPHEOT Iepexo]] cCMeNmEH B o0paTHOM HampaBieHHI. TakiuMm o0pa3oM, B ak-
THBHOM pe&kHMe OHIIOMAPHEIN TPAH3HUCTOP BeJET ce0s KaK HCTOUHHK TOKa, VIIPaB-
TIAEMBIIT TOKOM Oa3Hl.



bunoJjspHbIe TPAH3UCTOPHI

Ha cerogHAmHMI JeHb OHIIO JAPHBIC TPaHIHCTOPBL TIONVIHIH CaMO€ IHPOKOoE paclipocTpaHCHIIC B
AHAIIOTOBOM 51 CKTPOHHEKE. T-IFIH.[ € BCCIo HX HCIMONBIVHOT B KaU€CTEC }"CI-'I.TII-“ITEHEﬁ B THCKPETHBIX LICITAX
(CKE‘E‘I dax, COCTOAIIX H3 OTHEINBHBIX 3JNCKTPOHHBIX KOMITOHCHTO B).

Taxxe HEPpEIKD  OTOCIBHBIC OHIIO JAPHBIC  TPaH3IHCTOPBI  HCITOJB3VHOTCA COBMECTHO  C
HHTECTP aJIbHBIMIT (CD CToAmMHNMIT 3 MHOI'HX ROMITOHCHTOE Ha OJHOM KpHCOTaIluIe TIOJVIIPOB 'DI[HI-“]I{H)
dHAJIOTOBBIMIT I L[I-i[l)]) OBBIMI MHEPO CXEMAMH. B 3TOM BO3HHKaeT Heo 61‘{0,1[ HMOCTE, HallpHMEP., KOITIa
HYVAHO VCHIIHTE CJI aOBbIIT CHIHAl Ha BBI Xooe H3 HHTErp aJIbHOH ¢XeMBbl, 0OBIYHO He Pacriomarakog ell

BRICOKOIT MOIIHOCTBH).
CurHan ¢ BeICOKOR aMnAMTy00M
(hopma WM 4acTOTa CUrHana He MeHSAKTECA)

CurHan ¢ Huakoi _ ®
aMnNnuTY o [\ )
BYOO Bhixog v
TpaHaucTop B KavecTee TpaHaucTop B KadecTee
YyCUnuTens 3NEeKTPOHHOIO NepeknyaTens

B obmact Ll;[-*I(l] POB OI1 311 CKTPOHIET, [TONCBLIC TPAaHIHCTOPBI TPaKTHYCCKI TTONMTHOCTBEHY BBITE CHIL
61—']]'IDJ'[H]J Hble O7a romapd MHOTOKpPAITHOMY TIIPEBOCXOIOCTEY B CROPOCTIHI H SKOHOMITUYHOCTH. BH}"T]JI-'I
APXHTCEKTYPBI JIOTHEH TIPOLHCCCOPORB, TTAaMATIH, H OPYIHX pasJIHYHBIX L[I-i{l}]J OBBIX MHEPOCXEM, HAaXOOATCA
COTHH MHIMHOHOEB, H JaAKS MHIIIHApAObRl TTIOJNCBBIX TPaHSHCTOPOEB, HIPAanIIIE poJb  SJICKTPOHHBIX
TMEPEKIY aT el ell.



TpaHaucTopsl

lNonesble

Mg

C M30NMPOBAHHLIM
BunonapHele C PN-nepexogom P

3aTBOPOM
NPN PNP C P-kaHanom C N-kawanom C P-kananom C N-kaHanom

<



I1loJieBbI€ TPAH3UCTOPLI

IToneeoii mpanzucmop (I1T) — MOTYIIPOBOTHIKOBEIIT IIPHOOP, B KOTOPOM pe-
TVIHPOBAHHE TOKAa OCYIIECTBIAETCA H3MeHEHIEeM ITPOBOIMOCTH IIPOBOIAILETO
KaHala ¢ ITOMOIIBI0 ITOMEPEUHOr0 AMEKTPHUYECKOTO 04, B oTmiume oT OHITOILA]-
HOTO TOK IIOJIEBOTO TPAH3HCTOpa 00YCIOBIEH ITOTOKOM OCHOBHBIX HOCHTEIEH .

DIIeKTPONEL MONEBOr0 TPAH3HUCTOPA HA3RIBAKT tchokom (M), cmoxom (C) H
sameopom (3). YIIparILArollee HaIpsoKeHIe ITPHKIAJEBAETCA Me& Y 3aTBOPOM I HC-
ToKOM. OT HaIIpLKEHNA MeKTY 3aTBOPOM H MCTOKOM 3aBICHT IIPOBOHMOCTE KaHa-
1Ia, CIeJJ0BaTelbHO, H BelIMUHHA TOKa. TakimM o0pa3oM, IOIeROIl TPAH3HCTOP MOKHO
paccMaTpHBATh KaK MCTOUHHK TOKA, VIIPABILAeMbLl HAIPLKEHIEeM 3aTBOP-HCTOK. Ec-
I AMIDTHTYJA H3MeHEeHHA VIIPABILIFINErO CHIHATA JOCTATOYHO BEINIKA, COIIPOTHE-
TIeHHe KaHaaa MOKeT H3MeHATECA B OUeHb OOTBIIHX IIpefienax. B 3ToM cIyyae Ioe-
BOIT TPAH3HCTOP MOKHO HCIIONB30BaTh B KayeCTBE AMeKTPOHHOT O KIFOUA.

C P-kaHanom C N-KaHanom C P-kaHanom C N-kadHanom

CcQ




I1loJieBbI€ TPAH3UCTOPLI

[To KOHCTPYKIIH IONeBble TPAH3MCTOPEL MOKHO Pa30HTh Ha [Be TPYILIIHL:
¢ C VIIPABILAKINNM p—H-TIEPEX0I0M;
e C MeTaILITHYeCKIM 3aTBOPOM, H30JIHPOBAHHEIM OT KaHAla I3TeKTPHKOM.

TpaH3MCTOPEL BTOPOrO BHIA HaseIBatroT MJIII-TpaH3mcTopami (MeTaml —
TIATEKTPHK — TOMYIIPOBOJHNK). B GOMBIIIMHCTBE CIVUAER MHATEKTPHKOM ABIAETCA
TMBVOKHCE KpeMHHA Si0O;, T03TOMY OOBIYHO HCIIONB3VeTcd Hazpanme MOII-
TPAH3HCTOPH (MeTalll — OKHCel — IIONVIPOoBOJAHNK). B coBpemeHHBIXx MOII-
TPaH3HCTOPAX UIA H3TOTOBIEHIA 3aTBOPA YACTO HCIIOIH3VETCA IOMHKPHCTALTIYECKIIT
KpeMurii. OnHako HaspaHie M OIl-TpaH3HcToP HCITOMb 3VIOT H A TAKHX IIPHOOPOB.

[IpoBOIMMOCTE KaHATa MOJEBOT0 TPAH3HCTOPA MOKET OBITh 3IeKTPOHHOI
U JTEIPOUHON. ECIH KaHan nMeeT 3NeKTPOHHVIO IIPOBOIIMOCTE, TO TPaH3HCTOP
HA3RBAKT n-KaHATRHEIM. TPaH3MCTOPEL ¢ KaHATaMH, HMEIOIHMH JEIPOUHVE IIPO-
BOIMMOCTB, HA3BIBAKT p-KaHATBHBIMI. B M OII- TpaH3ncTOpax KaHal MOKET OBITh
00eHEH HOCHTENAMH MIH OOOTAlléH HMH. TakmM o0pa3oM, IOHATHE «IIOIEBOIT
TpaH3HCTOP» O0BeTHHAET IIECTh PA3NMHUHBIX BHIOB IOIYIIPOBOTHHKOBEIX ITPHOO-
POB.



I1loJieBbI€ TPAH3UCTOPLI

MOII-TpaH3HCTOPH HAXOAAT IIMPOKOE TIPHMEHEHIE B COBPEMEHHOI MEKTPO-
Hike. B pame oGmacTeil, B TOM YHCIe B IH()POBOI AMEKTPOHMKE, OHII IIOUTH ITOIHO-
CTBH) BHITECHIUTH OMITONAPHBIE TPAH3HCTOPEL. 3TO OOBACHAETCA CIIeTVEOIIHMIL IIPH-
UHHAMI. BO-IIEePBELX, ITONEBEIE TPAH3ICTOPEL HMEIOT BEICOKOE BXOJHOE COIIPOTHRBIIE-
HIe 0 00eCIIeUnBakT Matoe IoTpedaeHne SHeprim. B o-BTopeix, M OII-TpaH3HCTOpEL
3AHIIMAF0T Ha KPHCTaNie HHTETPAThHON CXEeMEI 3HAUHTETRHO MEHBINVEO IDIOIIAIE,
yeM OMIOIApHEIE. [[03TOMY ILTOTHOCTE KOMITOHOBKH 3ineMeHTOB B MOII-
HHTETPATRHBIX CXEMAX 3HAUMTETFHO BEHOIE. B-TPETRHX, TEXHOIOTHH IIPOM3BOJICTRA
HHTerpanbHeIX cxeM Ha MOII-Tpam3ucTopax TpedyI0T MEHBINEro UHCIa OMepariil,
yeM Te XHOMOTHH H3roToRIeHiA 11 C Ha OHITOMAPHEIX TpaH3HCTOpax.



IloJieBbIe TPAH3UCTOPHI C YNPABJSAIOIIMM P-N-NIEPEX010M

CTpyKTypa IIONEBOTO TPaH3UCTOpa C KaHaloM p-THIIA II0OKA3aHa Ha
prc. 1, a. Haprc. 1, 6 mprBesieHo 1o yCIoBHOE Ipaduieckoe 0003HAYEHTIE.
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IloJieBbIe TPAH3UCTOPHI C YNPABJSAIOIIMM P-N-NIEPEX010M

Kaxar Me&y cTOKOM H HCTOKOM (popmmpyercd u3 crnado o0oramgHHoro Imo-
IYIIPOBOJHNKA n-THITA. [IBe 00IacTH 3aTBOpa COZlEPAKAT CINIBHO OOOTALIEHHEII II0-
ITYIIPOBOJHHUK p-THITA. I1PHHITHIT JefCTBHA IOTEBOI0O TPAH3HCTOPA C VIIPABIFOIIHM
p-n-TIePexoioM OCHOBAH Ha I3MEHEHIH ITPOBOIIMOCTH KaHala 3a CUéT M3MeHeHILT
€r0 IOIEPEYHOr 0 ceueHId. MeKTy CTOKOM H HCTOKOM BKIOUAeTCA HAIPIKEHIEe Ta-
KOil IOILIPHOCTH, YTOOBI OCHOBHEIE HOCHTEIN 3apAfia (JMeKTPOHEL B KaHATe 1-THIIA)
TIePEMEINATICE OT HCTOKA K CTOKY. MeXkTy 3aTBOpPOM H HCTOKOM BKIFOUEHO OTPHIIA-
TeTBHOE VIIPABILIIOINEe HAPAKEHIe, KOTOpoe 3aImpaeT p—n-epexof. Uem Gombime
5TO HaNpSKeHIe, TeM INHpPe 3aIOIParolInt cI0H I y&Ke kKaHan. C YMeHEBIIEHHEM II0-
IIEPEUHOr O CeUeHILI KaHAala er0 COIPOTHBIIEHHE YBEIMUIBAETCA,  TOK B IEIH CTOK —
ICTOK YMEHBIMAETCS. DTO MO3BOIAET YIIPABIIATH TOKOM CTOKA C ITOMOIIBI0 HApsKe-
HILA 3aTBOP-HCTOK U, . IIpH HEKOTOPOIT BEMIUIHE HANPLKEHIT 3aTBOP-ICTOK 3aITH-
PAFOIITIT CIIOH IIONHOCTEI0 IePeKPRIBAET KaHaN, UTO IMPHBOJINT K YMeHBIIEHHIO IIPO-
BOIMMOCTH KaHama. HampsaxeHme U, ., IPH KOTOPOM IepeKpEIBaeTcA KaHal, Ha3hI-
BAKOT Hanpaxcexuem omceyxu U 0003HavawT U . {14 n-KaHATBHOIO IIONEBOLO

TPAH3HCTOPA HAITPAKCHIIC OTCCHURI OTPHIATCIIEHO.



IloJieBbIe TPAH3UCTOPHI C YNPABJSAIOIIMM P-N-NIEPEX010M

PaccMoTpHM BOIBT-aMIlepHEIE XapakTepHcTHKH IIT. BxomHeie XapaxTepr-
CTHKH V ITOTEBEIX TPAH3HCTOPOB OTCYTCTBYIOT, TaK KaK BXOTHOM TOK PaBeH HVIIO.
BEIXOJHEIE  XapakKTePHCTHKH  IONEBOTO  TPaH3HCTOpPAa C  VIIPaBILAFOIIIM
p—h-IIePeXoIOM H KaHATOM p-THIIA ITOKAa3aHEl Ha pHc. 2.  Ha BEIXOZHON Xapak-
TEPHCTHKEe MOKHO BEIJIETTh TPH 00IAcTH — OTCEUKH, THHENHVE (TPHOIHVI0) H
HacwIIeHnd. B miHelHoi o0macTi B AX 1pe ICTaBIAOT MIPAMBIE, HAKIOH KOTOPHIX
3QBHCHT OT HAIIPAKeHILA 3aTBOP-HCTOK U, . MHHHMAaTbEHOe COIPOTHBIEHHE KaHa-

Ta JOCTHIA€TCA, KOI'Ta HAallIPAACHIIC L'TEH =(, TaK Kak IMPOBOIAINAA YaCTh KdaHdAlla

B 3TOM CIyUae HMeeT HanOoTbImee cevdeHHe. TakmmM oOpaszoM, B THHeIHO o6mac-
TH IIOJIEBOI TPAaH3HCTOP MOKHO HCIIOTB30BAaTh KaK Pe3UCTOp, COIMPOTHBIEHHE KO-

TOPOTO PeryINpYyeTcsd HalpUKeHHeM 3aTBopa. | 4
C M4

U, =0
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IloJieBbIe TPAH3UCTOPHI C YNPABJSAIOIIMM P-N-NIEPEX010M

B ob0mactn HACHIOIEHHA BeTBH BEIXOJTHOIN XAPAKTCPHCTHEH PacIlOIOECHEL
ITOYTH TOPH30OHTATBHO, 910 00BACHAETCA TEM, UTO IIPH VECIIHYCHIH HAIIPAARCHITA
CTOK-HCTOK L‘TEH 00NIacTh IIEPEKPHITILEI KaHAA BOIIH3H CTOKa PacOmpACTCAd H CO-
ITPOTHRIICHHE KdHATa VECIITHYHBACTCA.

B obmactn HACHIIEHHA TIOIeBOIT TPaH3HCTOP }’I[DﬁHD MOIETIIPOBATE IIEPE-
TATOYHOI KﬂpﬂEI'EPIIC'I'I[[{Df[ — 3aBHCHMOCTBRIO TOKA CTOKa [ . OT HAIIPpAKEHITA 34-
TEOP-HCTOK L‘TEH ITPH MMOCTOAHHOM HAITPAARCHITH CTOK-HCTOK:

I.=fU_ U, =const.

[lepegaTouHad XapakTepPHCTHKA n-KaHAIBHOIO IIONEBOTO TPAaH3HCTOpa C
VIIPABIAFOIINM p—n-TIePEXOIOM TTOKa3aHa Ha pHC. 23.3.
[Ipn HYTeBOM HaIPAKEHHH HA 3aTBOPe TOK CTOKA HMeeT MaKCHMAaThHOE

SHAUCHHE, KOTOPOE HA3BBAKT HAYAIbHBLIM I HPII VBCIIHUCHHH HAalIpAKCHIA

CHEY '
FJATEOP-HCTOK TOK CTOKAd VMCHBIIACTCA H ITPH HAIIPAKCHHIT OTCEURI L‘TDE CTAHO-
BHTCSA OTH3KIM K HYIIHO.



IloJieBbIe TPAH3UCTOPHI C YNPABJSAIOIIMM P-N-NIEPEX010M

B oOmacTH HachOIeHNA BeTBH BEHIXOJHON XapaKTePHCTHKH PAacIIONOKeHBI
IIOUTH TOPH30HTATFHO. JTO OOBACHAETCA TeM, UTO IPH YBeTHUeHHH HANPIKeHIT
CTOK-HCTOK U/_, 0O0IacTh IepeKpHITHA KaHala BOMH3H CTOKA pacIHpgeTcd H CO-
ITPOTHRIIEHIE KaHATA VBeIMUIBAeTC.

B o0macTn HacHOIEHHA ITONEBOI TPaH3HCTOP VIOOHO MOJeIIHpPOBaTh Iepe-
JTATOUHOIl XapaKTepHCTHKON — 3aBHCHMOCTBI0 TOKA CTOKa /_ OT HaIlpsSKeHHA 3a-
TBOP-HCTOK U, NIPH IIOCTOIHHOM HAIlPAKEHHH CTOK-HCTOK: I.=f(U, JU,, =const.

[IepegaTouHas XapaKTepHCTHKA n-KaHATBHOTO TIONEBOTO TpPaH3HCTOpa C
VITPABILAFOIIIM p—h-TIe Pex0/I0M ITOKa3aHa Ha PHC. 3.

[Ipn HyTeBOM HaIPAKEeHHH Ha 3aTBOpPe TOK CTOKAa HMeeT MaKCHMAILHOE
3HaUeHHe, KOTOPOe Ha3hIBAKOT HavatvHoim 1 [Ipn yReTHUeHHH HaITPAKeHId

CHaY
3aTBOP-HCTOK TOK CTOKA VMCHBIIACTCA H IIPH HAITPAARCHHH OTCCUKRI L‘TDE CTAHO-
BHTCA OTH3KHM K HYIIL). I
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IloJieBbIe TPAH3UCTOPHI C YNPABJSAIOIIMM P-N-NIEPEX010M

IloBeemIie p-KaHATBHEIX IONMEBEIX TPAH3HCTOPOR OIMICHIBAETCI TAKIMH Ke
ypaBHeHIAMH. CleayeT VUecTh TONBKO, UTO ANA p-KaHANBHEIX [IT HanmporeHIA
HIMEFOT IPYIVIO MOIApHOCTE, T.e. U >0,aU_ <0.

B aXHEIM ImapaMeTPoM IIONEBOT0 TPaH3IHCTOPa ABNAETCA KPYIU3ZHA XapaKiiie-
pucmuku, olpeendeMad KaK OTHOIIEHHe IIPHpaIeHHd ToKa cToKa A/ K IIpHpa-
IIeHHF0 HAIIPSOKEHIA 3aTBOP-HCTOK AU

Al dl

S: £ — =

."ELE-"I I -!"1].’{,-" I
KpvyTH3HA TONEBEIX TPAH3HCTOPOB € VIIPABILIFOINNM p—h-TIEPEX0OIOM MOKET
M3MeHAeTCA 0T 1-2 MA/B V MATOMOIIHELX IIPHOOPOR 710 eAUHHI A/B y CHIOBEIX
TpaH3HCTOPOB. MakKCHMAIbHOE 3HAueHHe KpyTH3HA mHMeeT InpH U, =0.

C yRelMUeHHeM HaIpAOKeHILd Ha 3aTBope KPYTH3HA YMEHBIIAeTCcd I IIPH
U,,=U,,. CTAHOBUTCA PaBHOH HYTIO.



ITosieBbIE TPAH3UCTOPHI ¢ HHAYHMPOBAHHBIM KAaHAJIOM

ApyruM  THIIOM TpaH3HCTOpa ¢ H30MMPOBAHHEIM  3aTBOPOM  ABIAETCA
MOIT-mpanzucmop ¢ uHovijupoearHHvim KarHalom. CTPYKTIVpa TPaH3HCTOpa ¢ HHIY-
IPOBAHHBIM KAaHAIOM n-THIIA IIOKa3aHa Ha pHuc. 4, . Hapwue. 4, 6  1puBeleHO
er0 YCIOBHOe TpapHuecKoe 0003HAUEHHE.
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Q 2

MOII-TpaH3HCTOPEI

C HHAYIHPOBAHHBIM KaHAJIOM

Puc. 5

_L Ot MOII-Tpa”H3HcTOpa ¢ BCTPOEHHEIM Ka-
HATIOM OH OTIIHYAETCA TeM, UTO KAaHAI BO3HHKAET TOINBKO IIPH II0Jaue Ha 3aTBOpP Ha-
MPSKEHNA OMPEeNEeNeHHON IMOMAPHOCTH. [IpH HYTeBOM HaIPAAEHHH KaHAT OTCYICT-
ByeT. IIpH 3ToM Me& Ty CTOKOM H HCTOKOM BKIFOUEHEL ABAa OOPAaTHO CMEIIEHHBIX p—
n-epexoga. OOHH p—n-liepexol odpasyeTcd Ha TPaHiie MeXTY ITOQIOAKON H CTO-
KOM, a JPYTOI — Me ATy MOMIOKKON H HCTOKOM. TakumM oOpa3oM, IIPH HYIEBOM Ha-
TIPSCKEHIH Ha 3aTBOPE COMPOTHRIEHIE MeXK Y CTOKOM H HCTOKOM OUEHE BEIHKO, TOK
CTOKA HIUTOKHO MAT M TPAH3HUCTOP HAXOIUTCA B COCTOAHIH OTCEUKI.

Ecmm wMexAy 3aTBOPOM H HCTOKOM BKIIOUYEH HCTOUHHK HAaIPsKeHHT
(pHC.5), TO »AIeKTpPHUECKOe ITONe 3aTBOpa BEITATKHBAET JBIPKH H3 ITPHIIOBEPX-
HOCTHOT'O CIOA MOMIOXKH H IIPHTATHBAET B 3TOT CIIOH 3MEKTPOHEI. B pesyirTare B
00IIacTH TOMIOKKH, TMPHMBIKAINEN K THATeKTPHKY, 00pa3vercd ITPOBOIATIHIT
KaHal n-TIOa. Takoll KaHAI HA3EBAKT uHoviuposaHHovim. C YBEIIHUEeHHEeM II0NO-

AHTEIILHOTO HAITPAKCHILL 3aTBOP-HCTOK U oy PACTET KOHITEHTPAIITA 3TEKTPOHOEB B
KdHall€, CI€JOBATCIILHO, VECIIHUHEAQCTCA €10 ITPOBOIHMOCTE.



IloJieBbIe TPAH3UCTOPBI ¢ HHAYHHPOBAHHBIM KAHAJIOM

Ecmn MeXIy CTOKOM H HCTOKOM IIPHIOKEHO MOTOKHTENIFHOE HAPAKEHIE,
B MHIVIMPOBAHHOM KaHATe BOSHHKAET TOK CTOKA. EI0 BeNMUIHA 3aBHCHT KaK OT
HampaxeHnd U, , Tak H OT HaIpSLKeHIT CTOK-HCTOK U, . HampakeHHe 3aTBopa,
IIPH KOTOPOM ITOABIAETCA 3aMETHBII TOK CTOKA, HA3BIBAKT Hopozoeviy H 0003Ha-
yatoT U,. [loporopoe HanmpaxeHne MOII-TpaHsHcTOpa ¢ MHIYIIHPOBAHHBIM KaHa-
JIOM A-THIIA MOMOKHTETEHO. ET0 BEIMIUIHA 3aBHCHT OT TEXHOIOTHH H3T OTOBIEHIA
I COCTABILIET 1A COBPeMeHHEIX HHTerpambHEIX MOII-TpansucTopos 0.5-1.0 B.

UeMm OoIbINe HAMpPAKEHIHE 3aTBOP-HCTOK IIPEBEIOIAET IIOPOTOBOE, TEM
0OMBINEE KOMMYeCTBO SMEKTPOHOB BTATHBAETCA B KAaHAN, VBEIHUIBAA €T0 IIPOBO-
JMMOCTE. ECTH IIPH 3TOM HAIPSTKEHHE CTOK-HCTOK HEBETHKO, IPOBOIMOCTE Ka-
HaTa MPOIOPIIOHATEHA pasHocTH U, —U,.



IloJieBbIe TPAH3UCTOPBI ¢ HHAYHHPOBAHHBIM KAHAJIOM

EcIH HampaKeHHe CTOK-ICTOK IIPEBHINAET HanpAxceHie HACbIUeHUA
U,..=U, —U,, TpaH3UCTOD MePeXOMUT B PeAXHUM HACEHIIEHIA H POCT TOKa IIpe-
KpamaeTca. OOBACHAETCA 3T0 TeM, UTO HaNPLKEHIe MeKJY 3aTBOPOM H MOBEpPX-
HOCTBI) KAHATA YMEHBINAETCA B HAMPABIEHIH CTOKA. BOMH3N MCTOKA OHO PaBHO
U,,. @ B OKPECTHOCTH CTOKa — pasHocTn U, — U . [lo3TOoMY IpH YBeTHYEHHI
HampaAKeHnd U, ceueHle KaHala YMeHBIIAeTCA IO HANPABIEHHI0 K CTOKY, a eTro
COIPOTHBIEHNE YBenmumBaeTcA. I1pn 3sHaueHILAX U, MPeBHIIAOIMX HalpIKe-
HHe HACHIIEHHT, KaHAT NMepeKPEBaeTca I TOK CTOKa 0CTaeTCA MPAKTHYECKH HeH3-
MeHHBIM. OUeBHJIHO, UTO KaxJoMy 3HaueHIio U, >U,; COOTBETCIBYET CBOE 3Ha-
UeHIIe HalPIKe I HaCHIIERTIA.



IloJieBbIe TPAH3UCTOPBI ¢ HHAYHHPOBAHHBIM KAHAJIOM

CeMeIICTBO BRIXOTHBIX XApPAaKTePHCTHK TPAH3MCTOpPa ¢ HHAYVIHPOBAHHEIM Ka-
HATOM II0KA3aHO Ha PHC. 6.  Ha BBIXOJHBIX XapaKTePHCTHKAX MOKHO BEIJIEIHTH
TMHEHVI0 (TPHOHVI0) 00TacTh, 00TACTH HACBIIEHNA M OTCEUKH. ['paHiia MexIy
TIMHEITHOM 00ac TR0 H 00IACTHEO HACHIIIEHILA ITOKA3aHa Ha PHC. 6 ITYHKTHPOM.
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ITosieBbIE TPAH3UCTOPHI ¢ HHAYHMPOBAHHBIM KAHAJIOM

B pexmme orceuxn U, <U,, I, =0.00macTs 0TCEUKH PacIoIoAKeHa HH-
’Ke BeTBH BEIXOJHOI XapaKTe PHCTHKI, COOTBeTCTBYIOIIEN HANMpsKeHno U, =U,.
B mHeiiHOM (TpHOZHOM) pexmme U, >U,, a HallpsOKeHHe CTOK-HCTOK He

MPEBHIIACT HAPAKEHNE HACKIMEHIA - _ - _ . .
A e — - —_ .-"I:I .

CH HAaC

PexmM Hacemrernd MOII-TpaHs3ncTopa ¢ HHIVIHPOBaHHFIM KaHaTOM BO3HITKA-
eT, korga U, > U, a HalpoKeHne CTOK-HCTOK IIPEBHIIIAeT HAIPZKeHHe HaChIIIEHI

{JI:E{ = E;H&E — {;31{ _EJD .

B o0macTH HAacHIeHHA BETBH BBIXOJHON XapaKTePHCTHKH PacCIONOKeHbI
MIOUTH TOPH3O0HTATEHO, T. €. TOK CTOKA IIPAKTHUYECKH He 3aBHCHT OT HallpIKeHId
U, . Taxim obpaszom, B pexnMe HackmieHHd KaHan MOII-TpaH3sHcTOpa HMeeT
BEICOKOE€ COIIPOTHBIEHIE, a TPAH3HCTOP 3KBHBATEHTEH HCTOUHIIKY TOKA, VIIPaB-
IIeMOMY HaIpIKeHHEeM 3aTBOP-HCTOK.

OOQIacTe HACHIIIEHHA ABIAETCA pabouell, eCIH TPAH3UCTOP HCIIONB3YeTCT
INA YCWIEHHA CHTHATOB. OOMacTH OTCEUKH H IHHEITHAad HCIIONb3VIOTCA, KOorJa
TPAH3HCTOP PadoTaeT B peKNMe KIF0YA.



ITosieBbIE TPAH3UCTOPHI ¢ MHAYHMPOBAHHBIM KAaHAJIOM

ITepemaroudad xapakTepHcTHKa MOII-TpaH3HcTOpa ¢ HHIVIIHPOBAHHBIM
KaHATOM IOKa3aHa Ha puc. 7. IIpH HYyIeBOM HaIpPSLKeHHH HA 3aTBOPEe TOK CTOKA
paBeH HYT. 3aMETHEIN TOK MOABIAETCA TOTJa, KOTJa HaIpLKEeHIe 3aTBopa IIpe-
BEICHT IIOPOTOBO€ 3HaueHHe U . I 4

(™
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0.5 F

Puc. 7 T -
() (1.5

['eoMeTpHYeCKIe pasMepsl KaHala ABIAIOTCA BAaKHBIMH ITapaMeTpPaMI
MOII-TpansncTopa, OIpeJielLMOINMMH €T0 JNeKTPHUecKHe XapaKTepPHCTHKH.
OT pasMepoR KaHala 3aBHCHT IITOIIAAL, KOTOPYIO 3aHHMAaeT TPaH3HCTOp Ha
KPHCTAJIIe HHTeTPAThHON cXeMEl. [[IiHa KaHala COBPEMEHHBIX HHTET PAIbHEIX
MOII-Tpar3ucTopor coctapnger 0.06—1 mxm, a mmpuHa — 0.2—-100 MEM.
TommmmHa IUITeKTPHKA, H30MHMPVIOIIETO 3aTBOP OT KaHamua, papHa 0.002-0.05 mxwr.



IloJieBbIe TPAH3UCTOPBI ¢ HHAYHHPOBAHHBIM KAHAJIOM

MOII-TpaH3HCTOPEL ¢ HHIVIIPOBAHHPIM KaHAIOM ABLIFOTCA JOMITHIPVEOILI -
MH 31eMeHTaMH COBPEMEHHEIX CBepXOONbINX HHTerPatbHELX cxXeM (CBIIC). TexHo-
normu m3roroeieHIid CBHC MpHHATO XapaKTepH30BaTh MIMHIMATHRHOI IHHON Ka-
Hama [, . CTaHAApTHEIMH B HACTOAIlEe BPeMd SBILTOTCA TEXHOIOIMH, 00ecIeuH-
Barormpe L. 0.18 m 0.13 MEM. BrieuaTigroIredl ApideTcd AUHAMITKA CHIKEHILT M-
HIMATBHOI INMHEI KaHama M OII-TpaH3ucTopoB: 1.5 MxM — B 1985 ropy (1pomeccop
Intel 286), 1.0 mxm B 1989 (Intel 386), 0.8 mxv — B 1991 (Intel 486), 0.25 MxM — B
1998 (Pentium IT), 0.18 mxnv— & 1999 (Pentiun III), 0.13 Mz — e 2002, 0.065 MM —
B 2006 . Jmy xagana MOII-TpagsHCcTOpoB CTAaHOBHICI VIOOHO H3MEPITEL He B
MHKpPOHAX, a B HaHOMeTpax (HM). ITo mporroszam cremmanucros k 2010 roxy L.
TOCTHTHET BETIMUHHEL 32 HM.

YMeHBIIIEHHE TeoMeTpHUYeCcKHX pasMepoB MOII-TpaH3HCTOPOB COIPOBOXK-
TAeTCA CHIUKeHHeM pabounX HalpAKeHHIT. 5TO BREI3BAHO CIIeTVIOIIHMH ITPHYMHA-
MH. BO-TIepBEIX, TIPH YMEHBIIEHHH pasMepPOB KaHala YMEHBINAeTcd H TOIIIIHA
TM3IEKTPHKA, H30MHPYIOIIETO 3aTBOP OT KaHama. (14 HCKIIUeHHA BePOATHOCTH
Mpodod BETHUMHY IIOPOTOBOrO HampaxeHHd [/, CHHKAKT. BO-BTOPHIX, MOII-
HOCTh, IoTpedirdeMad TPAH3UCTOPOM, ITPOIIOPIHOHANBHA KBAIpaTy IHTARINETO
HanpaxeHrd. [losToMy BelmunMHA HaNpAKEHHA IHTAHHA COBpeMeHHEIX CBIIC
yYMeHBIIIaeTCd ORICTPee, UeM IIOPOTOBbIe HAIIPKEHH .



IloJieBbIe TPAH3UCTOPBI ¢ HHAYHHPOBAHHBIM KAHAJIOM

B coBpeMeHHOIT HHTeTrpanbHOI CXeMOTeXHHKe IMHPOKO HCIONb3VIOT Mole-
BHIe TPAH3HCTOPH ¢ KaHamaMH OOOHX THIIOB IPOBOJMMOCTH. Y p-KaHATFHOTO
MOII-TpaH3HCcTOpa TOMIOKKA IMeeT 3IMeKTPOHHYI ITPOBOIMMOCTh, a 0OMacTH
CTOKA H ICTOKA — JRIPOYHVID. Y TaKHX TPaH3HCTOPOB ITOPOTOBOE H padoulie Ha-
TPSTKeHILA HMEFT 00PAaTHYI MOMAPHOCTE 10 CPABHEHITH0 C H-KaHATBHBIM:

U, <0,U,<0,U,_,<0.

ONEeKTPOHHEIE CXeMEI, B KOTOPEIX HCIONB3veTcd coueranme MOII-TpaH-
3UCTOPOB C KaHATaMH n- H p-THIIOB, HA3HBAKT xkommuiemermaproimu (KMOID).
XOTA TeXHOTOrHA M3ToTORIeHHd KMOII-CTPVKTYD CIOXKHee, UeM ILelleH, cofep-
KaIMX TOTRKO p-KaHANBHEIE TPAH3HCTOPEI, HAIMUHE TPAH3HCTOPOB ¢ KaHATaMH
Pa3HBIX THIIOB IIPEJIOCTABIAET Pa3padOTUMKAM HHTETPATBHEIX CX€M JTOIIOJIHH-
TETRHEIE BO3MOXKHOCTH. B HacTofIee BpeMd KOMIDIEMEHTAPHEIE CTPYKTYPEL CTalH
TpeoOIalaroIlMI KaK B IH(POBEIX, TaK H AHATOT OBBIX HHTETPATbHBIX CXEMaX.



IoJieBbIe TPAH3UCTOPHI C BCTPOCHHBIM KAaHAJIOM

Crpykrypa MOII-Tpa"3HCcTOpa ¢ BCTPOEHHRIM KaHAIOM n-THITA TTOKa3aHa Ha
puc. 8, a. Hapuc.8,6 IpPHBEIEHO ero YCIOBHOe Ipadmueckoe 0003HAUEHHE .
[Tomioxka (KpHCTal KPeMHIA p-THIIA) CIVKHT IS4 CO3JaHIA Ha Hell KaHata #-
THIIa. Y MOII-TpaH3HCTOPOB HMEETCA JOIMOTHHTEIPHBIH BRIBOJ OT ITOMIOKKH.
MeTalwmiue cCKHil 3aTBOP OTHAENeH OT ITOTYIIPOBOJHHKA CIOeM JHAITeKTpHKa. O0-
TACTH CTOKA I HCTOKA IeTHPOBAHEL CHIbHEE, UeM KaHal, I 0003HAUEHEI 71” .
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IoJieBbIe TPAH3UCTOPHI C BCTPOCHHBIM KAaHAJIOM

B Kauectre JH3/ICKTPHEA HCIIOIB3VETCA CIIOM JBYOKHCH KPCMHHA TOJIIITHHON

0.002—-0.05 MKM. BEIpAITHBAeMEIIT Ha ITOBEPXHOCTH KPeMHHA /7-THIIA.
[Tpu mogaue OTPHIIATEIRHOIO HANPAKEHHA HA 3aTBOP METAIHUYECKHI 37IeK-

TPOJI 3aTBOpa 3apsKaeTcsd OTPHIATENRHO. Y MIpHIerarmied K JHAIeKTPHKY II0-
BEPXHOCTH KaHama o0paszyercd oOeaHeHHEBIH ciao. IITupuHa o0eIHEeHHOTO ClI0d
3aBHCHT OT HampsxkeHHa U, . Takon pexuMm padorel MOII-TpaH3HCTOpa. KOrjaa

KOHIIEHTPAIIHA HOCHTEIEH B KaHAaTe MEHEIIE PABHOBECHOI, HA3EIBAKT peXCuMoM
ooeoreruA. 1IpH HEKOTOPOH BeIHYHHE OTPHIATEIBRHOIO HampspkeHHA U, KaHAl
MOTHOCTRIO NEpPeKPRIBAeTCA OO€IHEHHBIM CIIOEM H TOK IIpeKpalmaercd. ITO Ha-
MPSUKEHHE HA3BIBAKT Hanpaxceduem omcedxy MOII-TpaH3HCTOpa ¢ BCTPOEHHEIM
KaHaIoM H o003HauawT U __.

Tox MOII-TpaH3uCcTOpa C BCTPOSHHEIM KaHAIOM IPH HYIEBOM HANPIKEHUH
Ha 3aTBOpEe HMeeT HeHVIEeBOe 3HaueHHe, HAa3lBIBaeMoe HavaloHoiM 1 Ecmn

CHa9T*

UFEH = (), YHCI0 JIICKTPOHOB B KaHA/IC VBCIHTHBACTCAH. ITO IIPHBOIHT K VBCIHYUC-

HHK MIPOBOAHUMOCTH KaHana. [akoH peXHM padOTHl TPAH3UCTOpPa ¢ BCTPOEHHEBIM
KaHaJIoM, IIPH KOTOPOM KOHIIEHTPAIIHA HOCHTEIEH B KaHalle O0IbIIe PABHOBECHOI,
HA3BIBAKOT peHclMoM 0002aljeHlA.



I1oJieBbIE TPAH3IUCTOPbI C BCTPOCHHBIM KAaHAJIOM

TakuMm oOpa3zoM, MOII-TpaH3HuCTOpP ¢ BCTPOEHHBEIM KaHATIOM MOXKET pado-
TaThb KaK B pekuMe 00eTHEeHHA., TaK H B pPeXHMe 000TalleHHd, IIPH MOI0KHTEIb-

HOM HampsKeHHH U . BEIXOoAHEIe XapakTepHCTHKH MOII-TpaH3HcTOpa ¢ BCTPO-
€HHEIM KaHalIoM n-THIIA ITIOKa3aHEl Ha PHC. 9.
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IlepegaTounas xapakTepucTHka MOII-TpaH3ucTOpa ¢ BCTPOSHHEIM KaHAIOM
[ToKa3aHa Ha puc. 10.



I1loJieBbI€ TPAH3UCTOPLI
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JIMHHUCTOPBI

JuHIICTOP - 3TO MOJYIPOBOTHIKOBHII IPIHOOP, KOTOPHIIT HMEET TPH p-n-Tiepexoa I JBa
BBIBOJA, HasbhIBAIONIMIECAd aHOAOM I KatogoM. KpaliHag 00JacTh p-TIHIIa Ha3bIBacTCA
AHOJIOM, a Jpyrad KpaiHid oO0JacTh n-Tima - KarogoM. CTpPYKTypa H YCIOBHOE
rpadirieckoe 0003HaUCHIIE JIHIICTOPA MPHBEICHO Ha pIic. 1
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Puc.1. Crpyktypa auHHcTOpA (@)
M ero cxemaruueckoe mzoOpaxenne (6) JlencHue AWMHMCTOPa Ha ABC CTPYKTYpHI (a) M cxema samemniedus (0)
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Puc.2. JlencHue OuHHCTOPa Ha ABC CTPYKTYPBI (a) M cxeMa 3amemieHHs (6)

FEciip Ha aHOJ NOAaHO MOJOXHTEIbHOEe HANpMKeHHe 10 OTHOLIeHHIO K KaToOdy, TO
fiepeXOab J, u J; 6ynyT cMellleHbl B NPAMOM HanpapieHuu, a nepexoa J, — B obpar-
oM, TIOITOMY BCe HAMpsKeHWE MCTOYHMKa & Oyaer mpuiokeHo K nepexomy Jy. Ilpu-
veM, YTO Ko3dulMeHTHI Nepefayu M0 TOKY IMATTEPA TPAH3UCTOPOB Tl u T2 ameloT
juaueHus O ¥ O, COOTBeTcTBeHHO. 110MB3yACh CxeMOH 3amelleHuA, MpUBEOEHHON Ha

puc. 2 6, HaiigeM TOK Hepe3 THPUCTOp, PaBHbIH CyMMe TOKOB KOJLIEKTOPOB ofboHX
TpaH3UCTOPOB M TOKA yTedKu Lo

=0yl 0Ll + g (1)



JuHucTop

Tok depe3 TupucTop
!=ﬂ|f3t+ﬂ3!ﬂ+l(xg (1)

Tok Bo BHEWHei Lenu paseH [,;=[,=[, no3tomMy mocie noacraHoBku [ B (1)
HaHgeM
f[l--{i,-—{lz)=fﬂﬂ1

OTKy#a MOJIYYHM 3HayeHue BHelIHEr0 TOKa |
D |-
f”!—[mﬂxg}' (2)

[Toka Bhimonasercs ycioeue (0,+0,)<1 ToK B aunuctope Oyner paseH [ Ecmm xe
clenath (04 +0;) > 1, To AMHHCTOP BK/IHOYaeTCA H HaYMHAET MPOBOAMTH TOK. TakuM oOpasoM,
MONYYEHO YCIOBHE BKIHOUEHUA ANHHCTOPA,

Jlns yBenndenus Ko3(QUIUeHTOB IIepe/1adn TOKa Of; WM 0, MMerTesA 18a cnocoda. Ilo
NEPBOMY Criocofy MOXKHO YBENMYMBATEL HalpAXKeHHe Ha auuuMcTOpE, C POCTOM HAanpmKeHHA
npu U=U,, oaus H3 TpaH3uCTOpOB Oynmer IepexoauTh B PEHKHM  HACBIILEHHA.
KosnekropHsIit TOK 3TOr0 TpaH3UCTOpa, MpoTeKas B ey 0a3bl BTOPOro TpaH3ucTOpa, OTKpo-
€T €ro, a NOCJEeHMIL, B CBOIO Ouepesb, YBenuyuT ToK 0a3el Nepeoro. B pesynsrare Komnexkrop-
HbIE TOKM TpaH3ucTOpOB OynyT jlaBMHOOOPa3HO HapacTatk, IloKa 00a TpaH3MCTOpa HE MEpei-
OYT B PEXKUM HaCBILIEHH.



JlnHHuCcTOP

Ilocne BKIOYEHHSH TPAH3UCTOPOB [JUHUCTOp 32MKHETCA M TOK [ Oyner orpaHuuM-
BaThCHA TOALKO COINPOTHBCHHEM BHEIIHeR uenu. IlajgeHue HallpsKeHHS Ha OTKPHITOM
npubope MeHblle 2B, 4yT0 NpUMEPHO paBHO MNMaf€HMI0 HANPAKEHHA Ha OOBIMHOM AHOzE.
Bonpr-aMIepHas XapaKT€pUCTHKAa IMHUCTOpa IPUBENEHAa Ha puc. 34, a CXeMa HM-
NYJALCHOIO BKIOYEHWA H300pakeHa Ha puc. 3 0.
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Puc 3. Bonpr-aMmepHas XapakTepHCTHKA OMHMCTOpA (4) H cXeMma ero BK/moYcHua (6)

BeIKMOYUTE QUHUCTOP MOMKHO, IIOHM3HB TOK B HEM [0 3HaueHus [, Wi IIOMEHSAE
MOJIAPHOCTh HAIpPSKEHHA Ha aHo#e.



JlnHuCcTOP

BuIKIIOUHTE JHHHUCTOP MOXKHO, TIOHH3HB TOK B HEM 10 3HaueHus [, HIH TIOMEHSR
MOJAPHOCT HAIPSKEHMs Ha aHopme. PasnuuHpie clocoObl  BBLIKIMIOYEHHMS AHHUCTOPA
npuBeneHbl Ha puc.4. B nepeoii cxeMe mnpepbiBaércs TOK B LENH OUHHUCTOpA.
Bo BTOpoii cXéM€ HallpfAKeHHE Ha AUHMCTOpE [eNa€Tcs paBHBIM Hymo. B tperweil cxeme
TOK JMHHCTOpa TMOHmwkaercd o [, BKMO4yeHueM pobaBoyHoro pesucropa R,
B uerBepTOi CXE€M€ MpH 3aMblKaHuH KMoya K HaA aHOA AMHHCTOpA MopdercA HalpaKeHHE
TIPOTHBOIIONOKHOK TMOMAPHOCTH TIPH TIOMOIU KoHpeHcaropa C.

+F +F +F + F
a) T 6) ¢ B) X r)
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Puc. CXCMBI BHIKIOYCHHA [IHHHCTOpA: pasMBIKAHHEM UCHM (), wyHTHpoBaHuem npubopa (6),
CHHKEHHCM TOKa aHoma (B), rojadcii oOpaTHoro HarpskcHus (r)



Tupucropnl

CyTp padOoTBI MIHIICTOPA 3AKMOUAETCA B TOM, YTO IIPH IIPAMOM BKIFUEHITI OH HE MPOITYCKAeT TOK
10 TeX IIop, IT0KA HAIIP;LKEHIIE HA €0 BRIBOJAX He JOCTHTHET OIIpeJeIEHHOTO SHAUEHIIA. SHAUeHHE
3TOTO HATIDKEHII HMEET OMpeleIEHHYE0 BeITIHY H He MOKET OBITh IT3MEHEHO. 3T0 CBA3AHO C
TEM, UTO JIHHCTOP ABILAETCA HEVIIPABILAeMBIM THPHCTOPOM — Y HETO HET TPETRETO,

VIIPAB ILIFOILIET 0, BBIBOJA.

Bropoii croco® BKIOYEHWA YETHIPEXCIOHHOH CTPYKTYpPB peann30BaH B

+ E
tuprctope. Jlia 310ro B HEM HMeeTcA BHIBON OT OnHOH U3 6a3 SKBHBANECHTHBIX

TpauskcropoB 1) umu 7.
Ecnu nopate B ogHy U3 3THX 0a3 TOK ynpasienus, 10 Koabduument Iepemadu

COOTBETCTBYIOLLEIO TPAH3HCTOPA YBEIMYMTCS M IPOM3OHAET  BIJIIOYEHME

THPHCTOPA.
a) T A 0) B) T A r)
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Tupucropnl

B 3aBMcuMOCTH OT pacriofioKeHus yrnpasaatomero ekrpoaa (Y3) THpHMCTOph pensres Ha
THPHCTOPBI ¢ KATOAHBIM YIIPABICHHEM M THPHCTOPHI C aHOOHBIM YrparnenueM. Pacronoxenne
ITHX YIIPABIAIOWMX SMEKTPONOB M CXeMaTH4YeCKHE O003HAuCHHA THPHCTOPOB IPUBENCHBI Ha

puc. 5.,

a) T A 0) B) T A r)
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Puc.5. CrpykTypa THPHCTOPA € KATOJHBIM YIPasncHHEM (a) ¥ cro YCIOBHOC CXCMATHYECKOC

obosHaucHAC (6), cTPYKTYpa THDHCTOPa ¢ AHWOJHEIM YIIpaBlCHHEM (B) H Cro YCNOBHOC CXEMaTHYCCKOE
0003HaueHue (r)



Tupucropsl

Bossr-amIiepHas XapakTepiucTHKA THPHCTOpA NpuBeneHa Ha puc. 6. OHa oTmyaetcs
OT XapaKTePHCTHKH IMHHCTOPA TEM, YTO HANPMHKEHHE BKMIOUCHHA PETYIHPYETCs M3MEHEHHEM
TOKa B 1eTId YTpaBIAoero yekrposa. Ilpu yBe/MUeHHH TOKA YIIpapieHUs CHHXKAeTcs Haps-

KeHue BKUMOYeHHA. TaxuM 0oOpasoM, Tu-
PUCTOp SKBHBANEHTEH AMHUCTOPY C YII-
PABIsIEMBIM HATIPSKEHHEM BKIIFOMEHMA,

[Tocne BKMOYEHUA YTIPABIAOLMA
JEKTPO TEPAET YIPABIAOIIHE CBOH-
CTBa ¥, cenoBaTeNbHO, ¢ €r0 TIOMOLIBID
BLIKIIIOYUTh THpHCTOp HENB3A. OcHOB-
HEIE cXeMbl BBHIKMIOYEHMS THUPHCTOPA
TaKpe e, Kak W i AHHKHCTODA.

Kak quHHCTOPBI, TaK H THPHCTOPEL
NomeepikeHpl CaMONPOK3BOTEHOMY
BKIOyeHmo Tipu GBICTPOM H3MEHEHHHU
Hapaxemus Ha aHoRe.

O st.ul Umuuﬂ Umulﬂ U
Puc. 6. Bonwpr-ammepubic XapaKTEPHCTHKH THPHCTOPA



Tupucropsl
P dert dU/dt

[Ipu mogate HanpsoKeHHA NPAMOH TOTAPHOCTH HA aHOI H KaroJl THPHCTOpPa o CKOPOCThI0 GoNlee HEKOTOpoOI
kputmeckoin dU/dt= dUkpur/dt npom3ofimér oTKpbITHe p-n-p-n cTPYEIVpBL Mexanusm manHoro sdpexta
00yCIIORTIeH HAMIMHeM IapazHTHOH EMKOCTH aHOO-VOPABIAKIIHA 3ieKTpond. JaHHBIA 3di)eKT orpaHHMHBaeT
HCHONB30BAHHE THPHCTOPOR B BBEICOKOWYACTOTHBIX CXeMaX, XOTd HHOIZIA NpPHMeHdeTcd 14 VIpapldeHHd

TapucTropoM. [TapameTp dUsye/dt yKkaspBaeTcs B cOpaBouHHKAX HA KOKIYI0 Mollelb THPHCTOpa.

DddexT di/dt
Ecnn ToK, mpoTeKAawMHil 4Yepes THPHCTOP B NOPAMOM HampaBieHHH (B OTKPBITOM COCTOSHHH) GyIeT
BO3pacTalb €O CKOPOCTBI Ooslee HekoTopoll kpHTHUeckoll di/dt = dige/dt, To npomzofimér pazpyiieHHe
CTPYKTYPBI H BBIXOO THPHCTOpPA H3 CTPOA, UT0 OOBACHAETCA OTPAHHNMEHHBIM POCTOM IUIOMIATH MOPOTeKAHHS
HOCHTelNell, YBelHueHHeM IUIOTHOCTH TOKA H JOKATBHBIM TelmoBbIM npoboem. ITapamerp dige/dt ApmdeTca

CIIPABOYHBIM H VEA3BIBAETCA B KaTalorax Ha KGRIV MOIOellb THPHCT Opa.

CoBpeMeHHBIe THPHCTOPBI H3IOTORIAKT Ha TOKH oT 1 MA 1o 10 KA. Ha HanpsaKeHHA 0T HeCKOIBKHX B 110
HeCKOJIBLKHX KB CKOpOCTE HApacTAHHA B HHX IPAMOro Toka JocTHraer 107 A/c, Hanpsskenus — 107 B/c, ppema
BKIYEHHSA COCTABIAeT BeJIHYHHBI OT HECKONBKHX JeCAThIX J0JIeH J0 HEeCKOJBbKHX JeCATKOB MEKC, BpeMs
BLIKTHOUEHHA — 0T HeCKONMBKHX e€IHHHI 10 HecKOJBKHX coTeH MEC., KILT mocruraer 99 %. Takke cremyer
NOMHHTB, YITO He BCe THPHCTOPBI JOMYCKAKT OPHIo/KeHHe 00paTHOTO HANPAKeHHA, CPAaBHHMOTO ¢ JOMYCT HMBIM

NPAMBIM HAIIPAAKEHHEM.



CumMucropsl

CHMHCTOP — 3TO CHMMETPHYHBIH THPUCTOpP, KOTOPBIH NpenHasHavyeH A8 KOMMYTaiHM
B LIENAX [E€peMEHHOro ToKa. OH MOXKET MCII0/NB30BaThCA IS CO3JaHHA PEBEPCHBHEIX BBINIPS-

MUTENEH WM PEryIsTOpOB NepeMeHHOro Toka. CTpyKTypa CMMMETPHYHOTO THpHCTOpA NpH-
BejleHa Ha pHc. 7.4, a ero cxemarudeckoe obo3HadeHHe Ha puc. 7.6. IlomynposojaHukopas

CTPYKTYpa CMMHMCTOpA COAEPXKHUT NATH CIOEB MOAYNPOBOJAHHKOB ¢ Pa3IMUHEIM THIIOM ITPOBO-
JEMocTeil M uMeeT Donee CNOXKHYH KOHQHIYpauMio O CPaBHEHMIO ¢ THpHUCTOpoM. Bonbr-
aMmrnepHas XapaKTE€pPUCTHKA CHMHCTOpa NPHUBENEHA Ha PHC.S.
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Puc.8. BonpT-amncpHas XapakTCpHCTHKA

Puc.7. CtpyxTypa CHMMCTpHYHOro THpHcTOpa (&)
CHMHCTOpA

M cro cxemarmucckoc HiobpaxcHue (6)

Kak cnemyer W3 BOJBT-aMIIEPHONH XapaKTEPHCTHKH CHMHCTOPA, MpuOOp BKIIOYAETCH ¢
M0GOM HANPABICHUH [IPH [104aY€ Ha YNPABIAIOLMIA MEKTPOA YOI IONOKHTETBHOIO HMITY.Ih.

ca ynpasjieHHA.



JIMMuUCTOP, THPUCTOP U CUMHUCTOP

JHHHCTOPOM, HAH, TIO-APYTOMY, JUOAHEIM THRHCTOROM, HASEIBAKT MepekI0YaTeEHEIR KOMIIOHEHT € ABYMA BERIEOAAMH,
KOTOPBIA MEpeX0JNUT B OTKPRITOS COCTOAHME ITPH NPeERIIISHHH OlpeAeIEHHOTO HATIpAKeHHA, KOTOPOoe TTPHKMAARIBAR0T MEX Y

20 BBIBO JAME. |

Katon | AHoQn

DGDEHB.T-IEHHE Ha CEeMa Inp A
IH |-
I
Iscikn (-4 1
IBEn ....;..................
UoGp PV B
CHMMHTPHYHBIR AHHHCTOD - E o
v UocT Uskn Unp
JHUHUCTOPRI IPHMeHAKT B peryAATOpAX H Mepek NldaTaenax:, VI
¥ Iobp

UYBCTEMTEMEHBIX K HIMeHeHHAM HElI'IpH]’-KEHHf’I.

[ A
TPMHHCTOR, HAH, HHAYE, TRHOIHEIR THRHCTOD

KaToHEIA YIIpaBAAKRIIHE 3IeMeHT, aHOAHBIA.
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Unpos Usep = U CHMMHTPHYHEBIH TPHHHCTOP.

>

UHH.lJ UHEU'I UL“”‘"“

TPHHHCTOPEI LIHPOKO MPHMEHAKT B PEryIATOPAX MOLITHOCTH,

FAHHEERIE HPEDGPEBDBETE}IHK H HHBCZPpTORAX H 11D,

HEHOTDDDE CrpaHHYeHEe Ha EHeApeHHe TPHHHCTODOE HAKMAABIBEAST Hx YaCTHYHAH ¥TIPaBTASMOCTh.




JIuMuCTOpP, THPUCTOP U CUMHUCTOP

CHMHCTDPBI, B OTJIHYHE OT OOBIMHBIX THRPHCTOROE, TPOBOAAT TOK aHOA-HAaTod ITPH IMpoTeKaHHH TOHEA IO YA BIIAKLII e Y

AMEKTROIY, KAl B TpAMOM HapaBAeHHH, TaK H B 06paTHOM.

CHMHCTOPREI HALLLTH IIHPOKOS ITPHMeHeHHE B YCTPORCTEAX PErYIHPOBAaHMA CHKOPOCTH BRALleHHA 3IeKTROABHIATENEH, B

CHCTeMaX OCBelIeHHA, B 2JIeRTpOoHAPeBATEMHY, B HpEDEp&SDE&TEHthIK YCTAHOERQX.

Inp A

obosHAYEHHE Ha CXeMax
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