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NPEANCNOBMWUE

CunoBaA NonynpoBoAHWKORAA TeXHWKA 33 NocnejHWe roabi cTana
OAHOW U3 BaXKHEWLLWX OTPacnei 3neKTPOTeXHUKK, BO MHOTOM onpe-
AEnAoLLeR NepcneKTUBY ee pasBuTuA.,

BeinyckKaemebie oTe4ecTBeHHOW NPOMbILLAGHHOCTBLIO MONYNPOBOA-
HUKOBBLIE HEYNPaBAAeMbIe N yNpaBnAeMble BEHTUAW NO3BOAAIOT CO3-
f3BaTb KOMNaKTHbie, ManorabapurHeie cTaThyecKue npeobpasosarte-
M TOKa3, KOTOpbIE HAaXOAAT LWWPOKOE NPUMEHeHue B MPOMbiLLneH-
HOCTW, Ha eNnesHOAOPOKHOM U FOPOACKOM TPaHCrnopTe, caMofeTax
W 1.N. Paznuunbie BLINPAMWTENM UCNONL3YIOTCA ANA BO3GyXaeHWA
3NEKTPVMECKMX MAaLIWH, ANA NWTaHWA AKOPeW ABUraTenen B CUCTe-
Max 3NEKTPONPWBOAA MOCTOAHHOTO TOKAa, 3NeKTPONU3HBIX YCTaHO-
BOK B XMMW4ECKOW NPOMBILLAEHHOCTH W UBETHOW MeTannyprun m
ANA MHOTMX APYyrux notpebuTeneil HApPOAHOrO XO3AWCTEBa HaLlen
CTpaHbl.

BypHoe pa3BWTHe W PaCLUMPAIOLLIEECA NMPMMeHeHWe NoNynpoBOA-
HWKOBbIX NPWBOPOB TPeByHT OT 3NEKTPOTEXHWYECKOro NepcoHana,
MacTepoB, TEXHUMKOB CreuuansHbIX 3HaHuid Mo ycTpowucrey, paboTte
W NpaBunam aKcnnyaraunm NpeobpasosarenbHblX YCTaHOBOK Paznmy-
HOrO Ha3HaueHWA, BbiMYCKAEeMbIX OTEYECTBEHHLIMW 3aBOAAMM.

B KHUre KpaTKo W3NoXeHbl BOMNPOChI YCTPOWUCTBA W MPUHLMMGI
ASHACTBUA NOAYNPOBOAHWKOBLIX AWOAOB, TPaH3UCTOPOB WM TUPUCTO-
POB, npuBeaeHb! OCHOBHbIE CBeAEHWA MO paboTe BbINpPAMUTENen
oaHodazHoroe v TpexdasHoro ToKa, paccMOTPeH NPOLLECC UHBEPTUPO-
BaHWA Toka. 3To no3eonAer 6e3 Apyrux WCTOYHMKOB pa3obpaTecH
B pabore ocHOBHbIX 3MeMeHTOB CxeM npeobpazoBaTteneit u onpeae-
AUTb MX NapaMeTPbl.

3ameyaHuAa U NoXenaHuR YuTaTenei cnefyer HanNpaenATe No ag-
pecy: 113114, Mockea, M-114, linozosan Hab., 10, AueproaTomus-
par.
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1. CNOCOBLI NPEOEPA30BAHWMA NMEPEMEHHOIO TOKA
B NOCTOAHHLIA

Obnactk NpMMeHEHKA NOCTOAHHOro TYoka. W3 Bcex Bugoe 3Hep-
rum Haubonee LWWPOKOE NPWMEMEHWE B HAcTOALUEE BPEMA WMMEET
3NEKTPWMECKaA 3HEPTUA, TaK KaK N0 CPaBHEHWO C APYTr UMK BUAGMM
3neprun {MexanuyecKol, TennoBoW, AAEPHOW W Ap.) OHa obnaaaer
BaXKHLIMU NPEMMYLLIECTBAMMW, €8 MOXXHO NepeAaBartk Ha bonbluve pac-
CTYOAHWA # AOCTaTOMHO NPOCTO pacnpeinenATh Nno noTtpebutensam, w3
MeHATL NapameTpel (3HaYeHWe HanprdkeHwA, Yvcno ¢as v np.) w
npeobpasoBbiBaTh B MEXaHWMECKYIO, TENNOBYK #w Apyrue Buabl.

lNpeobnanaowian YacTe INEKTPUIECK O SHEPT MK NPOU3BOAUTCA Ha
TENROBLIX, MOPABAMMECKMUX K aTOMHbIX 3NEKTPOCTaHUMAX Bpaila-
HOLUMMMCA INEKTPYHECKHMMM MallMHaMu, KOTOPbIE FTeHepUpYyIoT Tpex-
¢azHoe nepemMerHoe Hanprkenvie yactoton 50 INu. MepemMenHbiit Tok
HaXOAWT LIWpOYanLIee MNpuMeHeHWe Ha NPOMbLILINEHHBIX NPeANpPWA-
TURX, B CENbCKOM X0G3RUCTBE W BuITy.

OpHaxko B pAge BaxHbIX obnacteit TexHMKM Henb3a obouTuce Ges
NOCTOAHHOID TOKa, OCHOBHbIMW NOTPEBUTENAMK KOTOPOro ABNAIOT-
CA 3NEKTPONM3HbIE YCTAHOBKW ANA MONYYEHWRA anioMWHWA, Meaw,
UMHKa 1 APYrvMX TEXHUYECKHW YMCTEIX METANNoB; YCTaHOBKW INEKTPO-
XUMWHECKOTO NOKPLITUA METannoM NOBepXHOCTH APYroro Meranna
ANA NOBBIWEHWA KOPPO3MOHHOM CTOWMKOCTW, TBEPAOCTW W T.4.,
HanpyMMep HWKENWPOBAHWE W XPOMWPOBAHME XKEne3a U np.; ycTpow-
CTB3a ANA 3apAAKH aKKyMynATOpHbIX Gatapel; ABWravenu NOCTORH
HOMO TOKa Ha NPOMBILLNEHHBIX NPEANPUATUAX U B 3nekTpuhuumpo-
BaHHOM TPaHCNOPTE,a TaKkike ero NepeaaoT no NMHWAM 3NeKTponepe-
nauu Ha GonblIKe pacCTOAHWA NPK BbICOKOM HanpRXeHuK.

B HactoAuwee BpemMa Bce Gonee WWpoOKoe NpUMEHEHWE nony4aery
nepeMeHHbId ToK yactoroit 400—-2500 Ny AnA NWTaHUAR 3NeKTPOMH-
CTPYyMEHTd, BLICOKOCKOPOCTHBIX ACHMHXPOHHBIX ABMravenen anex-
TpownuHaened wmcoBaHHBLIX CTaHKOB u Ap. (pyWmeHeHne nosbl-
LWeHHOWM YacyToThl NO3BOMAET 3HAYUTENLHO CHWU3WTL MAaccy 3NexKTpo-
MarHWTHLIX YCTPOMCTB TpaHcthopMaToOpOoR, 3NeKTPOABUraTeneii v Ap.
YkazanHsie hakTopbl obycnosnueatoT HeobxoaumocTs npeobpazo-
BaHUA NEPeMEHHOr0 TOKa B NOCTORHHLIR, M3MEHEHWA YacTOThl TOKA,
a nopoii NPMXoAUTCA NPecbpasoBbIBaTh NOCTORHHLIN TOK B NepemeH-
Hbli, HanpWMep NpPW PEKYNEepaTHBHOM TOPMOXEHWUW NBwraTenew
NOCTOAHHOIO TOKa.
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Twunel npecbpazoBarenein 3nexTpo3anepruu. Lo HeaaeHero Bpeme-
HWM B KauecTBe NpeoBpa3oBareneil TOKAa W YacToThl NPUMEHANCE Npe-
WMYLLECTBEHHO [iBUraTent-reHepaTopbl, B KOTOPbIX NOCTOAHHbLIR TOK
AN NEpeMeHHbIY TOK MOBbLILWEHHOW YaCTOThi MONY4YancA ¢ NOMOLLLIO
reHepaTopoB, NPYBOAVMbIX BO BpalleHue TpexdhasHbiMK ABUrarenn-
MM NepeMeHHOT0 ToKa (aCMHXPOMHBLIMI MNW CUHXPOHHBIMM) .

3neKTpOMalLUHHOE npeobpa3oBaHue 3INEKTPUYECKOW 3HEpruu

¥MeeT CyLIecTBeHHble HefOCTaTKW: BO-NEpPBbIX, ABUraTenb-reHepa-
TOPbl UMET 3HaunTenbHYIO Maccy M rabapwtel; Bo-sTopbix, KMNMQ -
TaKUX YCTAaHOBOK, OrnpegenAeMbivi nponseeneHvem KM aswurartens
W reHeparopa, HW3KWW; B-TPeTbMX, BpalwawwmecA npeobpasosarte-
nv npy paboTe CO303a10T aKyCTUMECKIIA LUY M.
v/ B HacToAwee BpeMA MOCTORHHBIM TOK MONYYaOT, Kak MNpasuno,
HenocPeACTBEHHbIM BhiNPAMIIEHUEM MepeMeHHOr0 TOKa C NOMOLLBH
INEKTPUMECKNX BEHTUENA, KOTOPLIE OCY LLECTBNAIOT NepeKnioNeHuA B
uenw BoinpAMUTENA. Takue npeobpa3oBareny Ha3biBaAKOTCA CTAaTHU4EC
KUMKW M B OTNWYME OT BPALLAIOLMXCA He WMEIOT MPOMEXYTO4HOM
CTYMeHn MexaHudeckon adeprun. [epexog oT ABuratens-reHeparo-
pPOB K BEHTWNbHbIM fpeobpa3oBarenAM No3BONAET 3aMeHATL Bpalla-
IOLMEeCA MalUWHbl CTaTUMECKMMW annaparamu, noselwats KIM
YCTaHOBKM, YCTPaHAThL LUYM W T.4.

BaxHoi ocobeHHOCTHIO TakuMx npeobpazoBareneid ABNAETCA Ha-
NUYMe 3NEKTPUYECKOW CBA3W MEXAY UenAMK repeMeHHOro W no-
CTORHHOrO TOKa, a Y ABWUraTent-reHeparopoB TaKkow cBA3u Her. Mo
TeHuranbHaR CBA3b MewAy Harpy3Kon v BTOPWYHbIMW oBMOTKamMwu
TpaHchopMaTopa OCYLECTBNIRETCA Yepe3 BeHTWNW, o6pasyowme
BbINMPAMUTENb. 3TO 0BCTOATENLCTBO ABNAETCA HENOCTAaTKOM CTaTw-
yeckux npeobpazoBareneir.

Twns! CUNOBLIX NONYNPOBOAHMKOBLIX BeHTUnen. OCHOBHbIMMK
3nemMeHTaMu crarnyeckux npeobpasosareneld ABNAKTCA BEHTUNbHbIE
npubopel — aneKTpuUyeckune BeHTUNKW. [epssle NoONyNPoBoAHMKOBLIE
BEHTWNK — ceneHoBbie AWoabl NoABunucek B 30-e rogel. OHu cranw
NPUMEHATLCA ANA NONy4YeHWA MOCTOAHHOTO TOKAa B 3apAAHLIX YCT-
pPoMCTBax U 3NeKTPONUTUYMECKKUX YCTaHOBK ax.

MNoBOPOTHBIM AYHKTOM B pasBUTUK NpeobpazoBaTentHoOn TexHw
K1 ABMNOCH co3faHne B KoHue 50-x roflos MouHEIX HeynpaBnAeMbIX
repMatmeBbIX ¥ KPeMHWeBbIX IMOAOB U YFPaBNAEMbIX KPeMHUEBbIX
BeHTunel —Tupuctopos. MonynpoBoAHWMKOBEIE BEHTMNW UMEOT PAA
APEMMYLLECTB MO CPaBHEHWIO € APYTMMW TUNAMKU 3NeKTPUNECKUX
‘BeHTHNen (Hanpumep, 3NeKTPOHHbIX K MOHHBIX) : NOCTOAHHAA FOTOB-
HOCTh K paborte, ebicokun KIM, wwpokwuin avanazon paboumx Tem-
neparyp, mankie rabaputel W Macca, BOIMOXHOCTb IKCMNYaTauun B
nobom nonoeHWn B NPOCTPaHCTBE U NPY BONbLIMX WMHEPLMOHHBIX
Harpysxax u ap. lNepeuncneHtbie thakTopel cnocobeTBoBany cozpa-
HUIO CHNOBBLIX NONYNPOBOAHUKOBLIX NpeobpaszoBateneit U WWPOKO-
MY WX BHEApeMWI0 BO BCE OTPacny HapoAHOro XO3AWCTBa Hallew
CTpPaHbI.
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Cunossie nonynpoBoAHUKOBbIE NpuBopbI Mo NpUHWMNY AeHCTBUA
MOAPAa3AenAlTCA Ha TPU OCHOBHbIE FPYNMbl: CUNOBble HeyNpaBnA-
eMble BEHTUNU — AWOAbLI, CUNOBLIE TPAH3UCTOPLI U CUNOBbIE YNpPaB-
NAeMblie BEHTUNU — TUPUCTOPLI. BHYTPY KaXXA0#H 13 rpynn nonynpo-
BOAHUKOBbie NPUBopsI KnaccuhMuMpyIOTCA MO Ha3HauyeHuio M NpUMe-
HEeHUI0 — HU3KOMACTOTHbIE, BLICOKOYAacToTHbIe, GbicTponencTBy-
H0U1Me, UMY NbCHbIE U AP.

2. OCHOBHBIE THNbl CUNOBLIX NMONYNPOBOAHWUKOBbLIX
nPUBOPOB

V4 MpuHyun AeHCTBUA NONYNPOBOAHMKOBLIX BeHTuneln. OcHOBHLIMM
aneMeHTamMu  BLINPAMUTENeA U NpeobpasoBarensil ABNAIOTCA Henu-
HeliHble 3neKTpuYecKue 3neMeHTbl, YNpoLleHHble uaeanbHbie BONbY-
aMnepHble XapaKTepucTuK KovopbiX (puc. 1) wmelor nBa ABHO BobI-
paXeHHbIX COCTOAHWA: BKIMOYEHHOE, COOTBETCTBYKLlee BbICOKOM
NPOBOAMMOCTU TOKa, U BbIKNIOYEHHOE — ANA HU3KOI NPOBOANMMOCTH
TOKa 3aneMEeHTOM B 3neKTpuYecKown uenu. B HacToALLlee BpemMA B npe-
obpaszoBaTenAX TaKuMMU 3nNeMeHTaMu NpeuMYLLeCTBeHHO ABNAIOTCA
nonynpoOBOAHUKOBbIE BEHTUNU PasnidHbIX TUMNOB.

MpyHuMN percTBWMA NONYNPOBOAHUKOBLIX BeHTWNe#i OCHOBaH Ha
ABNEHUM ONHOCTOPOHHEN NPOBOAMMOCTM TPaHWUlbl pasfena ABYX
NonynpoBOAHUKOBLIX CTPYKTYP, OAHA U3 KOTOPbLIX UMEET 3NeKTPOoH-
Hyl (p-Tina), a apyras — AbipouHyw {p-tuna)l 3neKTponposBoA-
HOCTb.

O6nactb 3NeKTPONPOBOAHOCTU  /FTUNE XapaKTepusyeTcA TeMm,
YTO NPOXOXAEeHWe TOKa 30eck NPOMCXOAWT 3a CYeT nepeHoca OTpwu-
UaTenbHO 3apPAXKEHHbLIX 3 NeK TP OH 0B, U3bbLITONHOE KONWYECT-
BO KOTOpPbIX CO3A3ETCA BBOAOM B MOHOKpMWCTann nonynpoBoaHUKa
A OHOPHBLIX TPUMeECeH, HanpuMep CyPbMbI, MbllbAKa, chocgopa.
B obnactv 3neKTpONpOBOAHOCTM P-TUNA NpPOXOXAeHue Toka oby-
CNOBNEHO NepeHocoM 3aprKeHHbIX “abipok’’ (abipKa — 3arto atom,
Y KOTOpPOro He XBaTaeT OAHOr 0 aNeKTPOoHa U KOTOPbLIA, CNefoBaTent-
Ho, o6nagaer NMonoOXXUTenbHbIM 3apAAOM, Mo abconlTHOMY 3Have-
HWUI0O paBHbIM 3apAAY 3nekTpoHa). [bipkU NonyyalTcA BBEAEHWEM

T
Braayen
u| 28|t
Puc. 1. ¥npowennan (uwoeanshan)
Beixnroven BONLT-MNEPHARA  XapPaKTepucTUKa
\ HenuHenHoro anemexta {a) w ero
0 U &) ycnoeHoe rpadmyeckoe oboanave-
a) Hue (6)
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B8 MOHOKPWUCTann NonynpoBOAHMKAa aK L efnT o pH bl X npuMeceit,
HanpuMep nHAWR, 6opa, antoMUHKA.

B KayecTBe OCHOBHBLIX MONYNPOBOAHWMKOBLIX MAaTepnanos, € No-
MOLLBIO KOTOPLIX MONY4AT CTPYKTYpPbl C PasnuM4HOR 3NeKTponpo-
BOAHOCTBLIO, Ha MpaKTuKe Haubonbluee pacnpocTpaHeHWe Nony4Yunm
KPEMHWW M TEepMaHM.

Bmecte C TeM cneayer oTMETUTb, YTO BCNEACTEWE TeNnosoro pas-
pbiBa CBA3GN MEeXLy aToMamMh B FNPWUMECHbLIX NONYNPOBOAHUKAX
BCErzla HAPRAY C O CH O B H bi MW HOCWTENAMW 338PAAOB, KOHLUEH-
TpauMA KOTOpLiX 60oNbLIAA, CYLECTBYIOT Takke B KaXOM 13 CNoeB
HEeO0CHOBHbI @ HoCUTeNnu 3apAA0E: ALIPKW B NONYNPOBOAHUKEX
N-TunNa W 3NeKTPOHblI B RONYNPOBOAHMKAX P-TWNAE, CO3aaBaemMble
AYTEM FIEpEXOAa 3MeKTPOHOB OCHOBHOrO Matepuana w3 OfHOro
cnoR 8 apyroit. B nonynposoaHukax 6e3 npumeceii wicno aneKTpo-
HOB BCEr 43 PaBHO YWACNY AbIPOK.

Mpu KoHTAaKTUMpOBaHUM ABYX FONYNPOBOAHWKOBLIX CTPYKTYP,
0AHa M3 KoTopbiX 06NagaeT INeK TPOHHOW, 8 APYraA AbipoYHOW 3neK-
TPONPOBOAHOCTLIO, OCHOBHLIE HOCUTENW 3apAaa (AbipkK B p-obnactn
¥ cBoboaHbie 3neKTpoHLl 8 n-obnactn) npoHwkaoT (awddyHampy-
0T) W3 OAHOrD chosA NONYNPOBOAHWKA 8 Apyrol. B peaynkrate Baa-
WMHOI HeWTpanusaumy 3NeKTPOHOB W AbIPoK {ux pexombBuHauun)
Ha rpaHuue pasgena p- n n-obnacteit o6pasyeTchR 3anupaloLmii Cnowm,
Ha3bIBaEMbIA 3 NEeK TPOHHOABIPOYHLIM NEpexonom
(p-n-nepexoa), obenHeHHLIM HOCUTENAMMW 3apALOB, T.e. BOZHUKAET
noteHuwanbHbit Gapbep, NPENATCTYIOWMIA NPOXOXAEHNIO ALIPOK U3
p-obnacty v aneKTpoHog w3 n-obnacT MONYNpPoOBOAHWKOBOW Nna-
CTWHBI.

OCHOBHbLIM CBOWCTBOM TaKoro p-rnnepexona ABMAETCA 3aBUCKH
MOCTb €ro COMNpPOTHBNEHWA OT NONAPHOCTH NPURCKEHHOT O HaNpAXe-
HuA. [ANA NpWCOBAMHEHWA K BHELUHEW LEenM C HapyHbIX CTOPOH
P-ncnoee NonynpoBoAHWKA CO3[aI0TCA aKTUBHbLIE KOHTaKThl C Bbi
gopamu {puc. 2) .

PaccMoTpuM Ha fpuMepe ABYXCNOWHONO KPWCTanna KpemHwA
MPOLIECCh], NPOMCXOARLWME B P-NNEPEXoae Npu BO3NEHCT BMK Ha Hero
BHewHero HanprxeHwA Uy, q. Ecnn K p-o6nactn npucoeanHuts nono-
UTENLHLIR NONIOC MCTOMHUKE NUTaHKA, a K n-obnactn — oTpuuarens-
HbIH, TO OCHOBHLIE HOCUTENW TOKa ByayT ABWraThCA B NOrPaHUYHOM
crioe HascTpedy Apyr apyry (pwc. 2,a) . B pesynerarte conpotusne-
HWA p-pNepexoaa yMEHLLLAETCA W Yepes rpaHuly pasgena npoxoauTt
RpAMON TOoK Inp, OrpaHuYeHHbIA NPAKTUYECKU TONBKO CONnpo-
TUBneHWem Harpysku R,. Brewree HanprxeHwe U, Takon nonAp-
HOCTM Ha3biBaETCA NP A M bl M Upp nnn nposoasuvm.

Mpn un3MeHeHMM MONAPHOCTU  MPUAOKEHHOND  HaNPAXEHWA
{puc. 2,6) avipku B p-06nactn W 3neKTpoHLl B r-obnactu nonynpo-
BoaHuka DyayT ynanATLCA OT rpaHuubl pasjgena, YTo APUBOAWT K
YBENWYeHWo CONpPOTMEBNEHWA pP-r-Nepexopa, a NOTOK OCHOBHBLIX HO-
CuTeneit 3apRAa yMeHbLUAETCA A0 HynA. Yepes p-n-nepexoa Npoxo-
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AMT HE3HauYMTeNbHBIR TOK, CO30Q3BaBMblii HEOCHOBHLIMW HOCWUTENA-
MW, ANIA KOTOPBIX NMPWUIOXEHHaA Pa3sHOCTL NOTEHUWaNnoB ABNRETCA
ycxoprioLein. BrewHee Hanprxerue U, TaKoi NONAPHOCTK Hasbl-
BaevcA 06 paTHBIM Uggp nim 3anupawowmm, a o6ycnosneHHbii
UM HeGONBLION TOK — 06 paTHBIM TOKOM /y6p-

Takum obpasom, 3HaveHWe K HanpasBnexHwWe TOKa, NPOTEKaloLWero
yepe3 p-n-nepexosn ABYXCNOMHOR NONYNPOBOAHWMKOBOI CTPYKTYPbI,
33aBMCAT OT 3HaYeHMA W 3HAKa BHELWHEerQ HanpAXeHuA UMC’ T.e.
p-n-nepexop obnanaer BEINPAMAAIOWMUMK {BEHTUNBHBIMI) CBOWCTBA-
Mu. Takyw nNONynpoBOOHKMKOBYIO CTPYKTYPY 4acto Ha3biBaloT
BEHTUMWNbBbHBIM 3NEMEHTOM.

3aBucuMOCTE TOKa [, NPOXOAALLEro Yepe3 p--nepexof, oT npu-
NOMEHHOro K Hemy HanprxeHwA U HasbiBaeTcA BO NbT-amMne p-
H O W XapaKTepuCTMKOW Mepexofa. ITa XapaKTepuCTUKa UMeeT ABe
geten (puc. 2,8) : onHa pacnonoeHa B NepBOM KBa/lpaHTe i COOTBET-
CTBYET NPOBOAALIEMY HanpaBneHulo B p-n-nepexoge  (npAmomy
ToKy I pB HeM) , BTOpad — B TPETBEM KBaApaHTe W XapaKTepusyer
3anupalowme CcBOMCTBa nepexopaa. OT xapaKTepMCTUKKU WMAeanbHOro
BEHTUNA OHa OTNM4YaeTCA HalWiYMemM HeKOTOPOro NajieHWA HanpRme-
HUA Ha BEHTUNE NPU NPOXOXAEHUN NPAMOTO Toka /I, u obpatho-
ro ToKa B Cny4ae npUNOXeHWA obparHoro HanprmeHuA Usgp.
i/ Heynpasnaemble BeHTMAW — auORLL. [l M O 4 aM U Ha3bIBAIOTCA
[BYX3NeKTPOAHbIE 3NIEMEHTHI 3NeKTPUYECKOWH uenu, obnaaarowime on-
HOCTOPOHHE NPOBOAMMOCTEIO TOKA. B KayecTBe MCXOAHBIX Marepua-

Ry +] —
N e | L
I

Puc. 2. [Mpoxowpenuwe TtoKa
Yepe3 pr-Nepexos Nonynposos-
HUKOBOIrO BEHTUNA!

8 — OTKpbITOE {npoBoan-
Unp,B wee) cocTomrMue; 6 — 3akper-
voe {Henposoarwee) cocrom-
HUE; 6 — BONbT-BMNEPHAA X8

8) PaKTepucTUKa p-n-nepexoaa




nos ANA NONyNPOBOAHMKOBLIX OMOAOB Haubonbliee NpuUMeHeHwWe
nony4uni KPEeMHUA U repmMmaHuii.

Kpemruegbie O0uodel. KOHCTPYKTUBHOM OCHOBOW ANA 3TUX AWO-
L[OB ABAAKOTCA TOHKWE aucku (NnacTuHku), BbiPE3aHHbIE U3 MOHO-
KpUCTanna KPemMHWA C 3NEKTPOHHLIM TUMOM 3NEKTPONPOBOAHOCTH,
B KOTOPbLIX CMfasneHvem C anwoMmunuem nubo puddysven B Kpem-
HUWIl aTOMOB aniMuHKMA unu Bopa co3paeTcA CNoi € 3NeKTPONPOBOA-
HOCTLI0O p-Tuna. Ha rpaHuue pasgena aToro cnof © OCHOBHLIM Ma-
Tepuanom obpasyercA p-rn-nepexop.

KpemHueBbll AUCK C p-rNEpexofoM BNauBaeTcA MEeXAy Monub-
AEHOBLIMU NnacTuHkamun (puc. 3,2), obnagawiiMMn NpyMepHo Ta-
KUM e Ko3thMUMeHTOM NUHEHHOro PacluupeHun, Kak 1 KpeMHUiA,
A XOpOoWei TennonpoBOAHOCTLH. 3NMeKTPOoA, NpUCOEAVHAEMbIN K
CroK NONYNPOBOAHWKA C 3NeKTPONPOBOAHOCTLIO O-TUNA, ABNAETCA
aHopom A, a 3neKTpoa, NPUCOEAUHAEMLIA K CNOK /FTUNa, — KaTto
aom K. MonyyeHHaRn Takum o6pa3om ABYXCNOWHaR MOHOKpUCTan-
NUYECKaA CTPYKTYpa NOMeLaeTcA B HepPasbopHbIA FEPMETUYHBIA Me-
TannocTeKNAHHLIA UKW KepaMmUiecKUin Kopnyc, NPenoXpaHAioLLki ee

2004 Trop,kom J .
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Puc. 3. Heynpasnaemeiit kpemHUEBEIH BEHTUNL — AHOA:

8 — ycTpowcreo avona (cxematuvecwoe): 6 wu 2 — npAmoe 1 oBpartHoe
BKNIOYEHWE AMOAZ; 8 — CTaTMHECKWE BONLT-aMNEPHLIE XAPAKTEPUCTUKM Npu
Pa3nu4HLIX TEMNEpaTypex p-r-nepexons; 0 — (opma UCNONHEHUR p-n-nepe-
XOA8 NaBMHHOro AWOAA
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OT BAWAHWA BO3AENCTBYIOLWMX (haKTOPOB OKPYXalOLWENn cpeasi —
BNarw, FPA3u, MeXaHiecKux NoBPEXAeH Wi,

OcHoBHEle CBOWCTEa MONYNPOBOAHWMKOBOTO BEHTUNA HarNAAHO
OTpaXKaeT ero BOnbT-aMmrepHan XapakTepucTuKa, Mo KOoTopoi onpe-
AEnAIOTCA HOMMHaNLHbIE AaHHLIE BEHTUNA, Er0 Har py3o4Han cnocob-
HOCTL, BOZMOXHOCTL MapannenkHoro ¥ NocnefoBarenkHoro CoeauHe-
HWA WX B CXeMax BbITPAMUTENeN v rnpeobpasoBareneii.

Ha puc. 3,6 n3oBpaxeHnbl CTaTVMECKWE BONLT-aMliEpPHLIE XapaKTe-
PUCTUKK KPEMHWEBOTO AVOA3 Ha HOMMHanNeHEIN Tok 200 A. T p 8-
ManA BeTBb I, = F (U..,p) COAEPXUT ABa XapPaKTEPHBIX y4acT-
Ka: Ha NepBOM, YacTUYHO COBMNajaioLUeM ¢ ockto abecumce yuactke OA,
BEHTMNL VIMEET CPABHUTENLHO BOMBLLUOE cONpPOTUBREHWE, U C POCTOM
MPAMOro HanpreHWA TOK /p, PacTeT HE3HaYMTENbHO; Ha BTOPOM

yvactke AL npu yeenwienun U, > U, conpotuenenve Anoaa
PE3KO YMeHblUAeTCA, a NPAMOI TOK [, BO3pacTaer A0 3Ha4eHWi,
onpeaenAemMeiX CONPOTUBNEHMEM Har PY3KW.

Haoc6GpaTHO# BeTBM pasnuialoT TPy yyacTKa: Mepesiii
OB cpaBuuTenbHO HEBENWK, BEHTWNL 0bnafaeT ewe Manoii NpoBoau-
MOCTLIO ¥ Yepe3 p-r-nepexof NpoxoAut Hebonblwol Tok fo6p.
M3MepAeMbIA MunnuaMmnepamMu; Ha BTORPOM yuacTke Bl npwy 3vayu-
TENLHOM YBenuieHu obpatHoro HanprXkeHuA TOK [, AOCTUraer
HACLIWEHWA 1 HE3HaYMTENLHO BO3PAacTaeT; TpeTwid yuactok M4 xa-
PaKTePU3YETCA Pe3Kum BO3pacTaHvem 06parHOro Toka Mpu HesHa-
yutensHom usmeredun Upgp, ¥ HacTynaer npoboi p-nnepexoga.

Buixoa Avofa U3 CTPOA CBA3aH BHavarne C aneKTpuiecKum npobo-
€M p-r-fiepexofia, KOTOPLIA 3aTemM MEPEXOAWT B TEMNORBOI npoboid,
MPOMCXOARLLWIA YacTO HE BHYTPW p-r-NEPexofa, a B MeCTe ero BuiXo-
3 Ha NOBEPXHOCThL KPEMHMEBOrO AWCKAE, MFAe WMEIOTCA YYacTKW, B
KOTOPbIX HanprXeHHOCTL INeKTPUHECKOro nonA (BcneacTewe Hapy-
LUEHWA CTPYKTYpPbl KpuCTanna, 3arpPAZHeHUA MOBEPXHOCTH WU T.4.)
3HaYUTENLHO BbILLUE, Y4eM BHYTPW p-n-nepexoga.

B arux yyacTKax BO3HMKEET IneKTpvHecKui npoboi p-n-nepexoga
¥ BECb O6PaTHbIA TOK NPOXOAWT Yepe3 HMX, Bbi3biBaR PE3KOE yBe-
nuyeHve MOLWHOCTM NOTepb W1 MOBLILLEHWE TEMMEPATYPh! NOnynpo-
BONHWKOBOW CTPYKTYPbI, 4TO B KOHEYHOM CYETE NPUBOAUT K Tenno-
BOMY rpobolo 1 pacnnaeneHnio KpemMHWA BOGNK3WM yuacTka npo6onA,
3uaueHue Hanprxkenun U, npyu KoTopom obpaTHaA BeTBL BONLT-aMm-
MEPHOIA XapaKTePUCTUK K Pe3Ko u3rubaeTcA, HazbiBaeTcA nNp o 6.u -
HBIM HanpAXeHueM. YKasaHHsiid Npoboi o6ycnoBnex yaap-
HOW MOHU3auMe aToMOB KpucTanna cBoGoaHbIMW HOCUTENAMW 3a-
PAAA M Ha3bIBaETCA N a B 1 H H bi M. Bo3HMKHOBeHWE nNasuHHOrO
npoboA NpMBOAWMT K BLIXOAY AMOAA W3 CTPOA BCNEACTBME Pe3Koro
MOBbLILLEHUA BLIJENAEMOW MNPW 3TOM MOLWHOCTU NMPWU MPOTEKaHWK
obparHoro Toka.

AnA NpenovTEpalleHMA BbIXOA3 W3 CTPOR p-N-NEpPexoaa NpM KpaTKospe-
MEHHBIX O6pPaTHBIX NEPEHANPFRXKEHWAX Pa3paboTaHbl CNEUMBNbHLIE TUMbi Ck-
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NOBLIX AVOAOB C KOHTPONMPYEMbIM N3BWHOOBPAIOBaHWEM — N @ B M HH bl €
geHTHWNW Takoh seHTMNL OTNWYaeTcA OT OBLINHONO TeM, 410 obpatHan
BETBb Er0 BONLT-AaMMEPHOR XxapakTepucTukKK (CM. Kpuean 3 Ha puc. 3,8)
WMEET APKO BbIPaXEHHbIR neperwt € OrpaHVHEeHWEM HANPAMXEHWR Ha ypoB-
He Up pag, KOTOPOE Ha3biBAOT HanprxenveM RasuHHOF o npo6on.
3ro aocTwraercA GnarogapR cneumansHoW CTyneHyeTol opme p-n-nepexopa,
KOTOpbIA B 30He ""33wMTHOro Konsud' (pwc. 3,8} uMeetr mMeHbiuyl0 KOHLUeH-
TPauMIo ALIPOK, YEM B cpaaHein 4acTh KpemMHUeBOW NN3acTUHEI M1-TUMA, YTO MCKIo-
YAET UMEOLLIMIA MEcTO Y OBbiuHbIX BEHTWNER NOKanbHbiR Npoboi Ha nepyudepun
BEeHTUNLHOMO 3nemeHTa, GbiCTpo nepepacTawouwmii B TeNnoeor npobBoi ¢ BbIXO-
AOM BEHTWNAR W3 CTPOR.

Ecnu K nasMHHOMY BEHTMNIO (B gaHHOM Cnyuae K AMoAy) KparKoBpemeH-
HO NPYKNaAbIBaETCA HanpRMeHWe Uoﬁp = Un, nae. 7O npovcxoant o6 p 8-
TUMBIA NaBUHHBA npo B OKNO BCEA NOBEPXHOCTH pP-N-NEPaxopa,
YTO NO3BONARET OrPaHVHMTbL BLIAENAEMYI0 B HEM MOWHOCTL NPW NPOTEeKaHWW
0BparHOro TOKa A0 HECKONbKWX AECATKOB aMnep. BocnpuHumMaemoe npy 3rom
BEHTUNEM HanprXeHue Uoﬁp OCT3ETCA NPAKTHHECKW PAaBHLIM HaNPRMEHWIO Na-
euHoobpazoeanuA Uy pae. OaHako B 370M cyvae OroBapveaeTcR AoONyCTu-
MaR 3IHEPrVA, KOTOPYH MOXeT pacceears npubop npw o6paTtHOM Hanpaene-
HUM TOK3, TaK KaK ANUTeNnbHan paboTa B TAKOM PEXMME TAKIKE BeaeT K Ten-
noeomMy npo6o BeHTUNR, MO3TOMY NONYNPOBOAHMKOBLIE BEHTHNMW C NABWH-
HOW XapaKTepMCTUKOM AONYCKAaT TONLKO KparkoBpemeHHyw paboty c ne-
Perpy3Koi no HanprmeHuio (Npw asapuitHbix pexxumax paboTm npeobpaso-
Barvenei, B 4acTHOCTH NPW BO3HWKHOBEHWW NEPEHaNnpPAXeHui) .

Pa3aHOBMAHOCTLI0 NABUHHLIX AWOACB RBMAITCA CTa B MU NKU TP O H b,
paboraowme 8 paxvme 3InexTpusecKoro npoboR p-nnepaxops. Mpw Hanpr-
eHwn NpoGoA oOpaTHLIF TOK CTabunuTpoHa Moer Boapactate Ao Inp, non.
@ HanpAMeHWe OCTAeTCA NPaKTHYECKW PIBHLIM HAnpREHWo crabunuaauvu
Ugy. MNpy npvnoxeHMn NPAMOro HanpRMXEHWA BONbT-aMNEPHaR XapaKTepucTu-
Ka NaevHHOrO Avoaa TaKaA e, Kak W y obeiioro gvopa (setem OA w AB
Ha pwc. 3,8).

FTepmMmaHweBb & AW OA bl INEKTPOHHO-ALIPOYHLIN Nepexop
A@HHBIX BEHTUNEN NONY4aeTCA NyTeM CnNaBneHun NNacTuHKKW repma-
HUA 3NeKTPONPOBCAHOCTUA M-TUNZ C MHAMeM unu audtbdy3uen atoMmos
APYFO# aKLENTOPHOW NPUMECK B UCXOAHBLINA KpucTans. MNpu ennaene-
HUK aTomel vHAVA avddyHAUPYIOT B repMaHuid, Npuaasan npunera-
el obnactu KpUcTanna AbIPOYHYIO 3NeKTPONPOBOAHOCTL. K Kax-
AOMY CAOK0 repmMaHuA NPUNauBalOTCA MeTanNVMecKue KOHTaKThbl
(puc. 4,a), Kk KOTOPBIM NPUCOEAWHAIOTCA BHEWHWE BLIBOABI. Bew-
TUNLHBIN 3NEMEHT NOMELAeTCA B MEPMETUYHBIM METaNnmuiecKnin Kop-
NYC C U3OAATOPOM ANA HApPYXHOTO BLIBOA3 aHOAA, KOTOPLIM ABNA-
€TCA CMou FrepMaHiA ¢ 3MIEKTPONPOBOAHOCTLIO p-Tuna. Katoaom sen-
TUAIA ABMAETCA OCHOBaHWE KOpMNyCa, UMEoWee WNuAbkKy ¢ pe3sboi
{puc. 4,2).

Ha puc. 4,8 usobpaxetsl BONLT-aMNEpPHbIe XaPaKTEPUCTUMKK rep-
MaHuesoro auoaa Ha Tok 10 A. MepmanueBbie avoast no CpasHeHuo
€ KpemHueBbIMU OGMafatloT MEHbLIMM NafeHueM HanpAXeHWA Npu
_MponyckaHuu npAmoro Toka (0,3-0,6 npotue 0,8-1,2 B y kpem-
HUeBbIX) , @ TaKHE MEHBLMI 3HAYEHUAMU ONYCTUMBIX obpaTHbIX
Hanprxenuin (600—800 no cpasrenuio ¢ 1500—2800 B y kpemHu-
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eBbiX avoaos). OBpatHbin TOK TepMaHueBLIX AMOAOB NPUMEPHO Ha
nopRAoK 6onbile, YeM Y KPEMHMUEBLIX Ha TaKyl) € MOLYHOCTL,
KOTOpbLIe AONYCKaKT 1 Gonsilive NNOTHOCTY npAMoro Toka (60-80
npotus 2040 Afcm? Yy FrepMaHuesbix) .

BonbT-amnepHbie XapaKTEPUCTMKK MONYNPOBOAHAKOBLIX BEHTW
neid 3aBMCAT OT TemnepaTypbl NONYNPOBOAHWKOBOW CTPYKTYPSL.
C pocTOoM TeMnepaTypbl Y BCEX TWMOB BEHTWIEN MMEET MECTO: CHU-
»eHue NPAMOro nageHwA HanprxennAa {cm. puc. 3,€ v 4,8) npu
TeX e 3Ha4YeHMAX MPAMLIX TOKOB Ha pabouem yyacTKe NpAMOIL BeT-
Bu Inp = f (Unp) ; 3HaumTensHoe ysennyeHne o6paTHoOro Toka, con-
poBOXAaeMoe HEKOTOPLIM POCTOM HanpAxXeHuR Up nag Yy NaBvk
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Puc. 4. Cxematmueckoe yctpoiicteo (al, ycnosnoe o6ostadetve (6), cratu-
4ecKue BOMbT-aMnepHbie xapaKTepucTuku (8) v woHcTpykuwa (2) repma-
HMEBOrC AuoAaa
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Hbix BeHTMneit (kpusar 4 Ha puc. 3,8) ¥ yMeHsLIEHUEM HanprXkeHWA
3aruba BONbT-aMNEPHbIX XapaKTepucTUK Y HenaBuHHBIX AWOAOBE.
OcHosgHbie napamerps duodoe. B cunosoi nonynpoBOAHWKOBOW
TexHUKe B HacTonAulee BPeMA NPUMEHAETCA CUCTEMa NpefenbHbIX Na-
pameTpOB ANA BeHTUNEH, XapaKTepu3yIoLWan NpeentHbIe BO3MOX:
HOCTW MCNONL3OBAHWA CUNOBLIX NONYNPOBOAHWKOBLIX NPUBOPOBR M
npeaentHbIe YCNOBKA KX IKCNAyaTaumnu. Mpu nbLIX pexxumax pabo-
Thi 3HAYEHWA BO3/EVCTBYIOLMX Ha NPUBOP BENWYUH He OMKHBI BbITh
Bbille NpeaentHbix NapameTpoB. B NpoTmMBHOM Chiy4ae cUnoBoi No-
NyNPOBOAHUKOBLIN NPUOOP MOXET BLINTH U3 CTPORA.

OcHOBHBIMU NAPAMET PaMKn [WOA0E ABAIOTCA:

1) npeneneHbl W ToK /j— MaKCumankHO AONYCTUMOE CpegHee 3a
NEPYOA 3HAYEHWE TOKA, ANWTENLHO NPOTEKEWero “epes AWoA. 3HaueHwe
I onpepenAeTcA B opwothasHoi OAHONONYNEPUOAHOW CXeme BbINPAMNEHWA
{cm. § 3) € aKTWBHOW Harpy3sKoi npu actore 50 Ny, cuHyconnansHown hopme
TOKa, YIne NpoBOAWMOCTH 180° n maxcumanbHo [ONYCTUMOWN HaYasnbHON Tem-
neparype noflyNPOBOAHWKOBOW CTPYKTYpbl 6e3 NOCNenYIowWero npuoxeHnun
HanpaXeHuA. NPU MCNONB30BaHWM BEHTUNA B APYIUX cxemax Heobxonumo ne-
PECUMTLIBATL NPENenbHbi TOK, TaK KaK W3MEHRAKTCA COOTHOWEHUA Memay
cpesHMM W OEACTBYIOLUWM 3HEYEHWAMM TOK3, NPOTEKAOWEero 4Yepe3 nwon

{370 yunTLIBaETCA KO3hUUMEHTOM (hOPMbI TOKA BEHTUNA) .

Ha npakTMKe cunoBsie OWoAbl UCNONb3YIIOTCA COBMECTHO C ONPEAENCHHLIMW
THNAaMK OXN3AUTENEN, NO3TOMY B WHPOPMAUMOHHLIX MATEpUanax NPUBOAAT-
CA 3HaYeHWA [ C Y4ETOM BNWAHWA OXNBAUTENA W YCROBWIA OXMAXKAEHWA
(yxa3piBaeTCA CKOPOCTH OXNANAAIOWLEro BO3AYXA WU PacxXof OXNayAaoLLen
wuakoctv) ;

2)7ok pabouei neperpy3kuly pep— MAKCUMANEHOE 3HAYEHUE
TOKa, NpeBsilalou|ee NpeaenbHoe, KOTOPbIA MOXHO NPONYCKaTh Yepe3 Awoa
OFPaHW4EHHOE BPEMA NPU 33AaHHBLIX YCNOBUAX OXMNAXAEHWA, NPW 3TOM Temne-
parypa noNynpPOBOOHWKOBOW CTPYKTYPbl HE NPEBLILLAET AONYCTUMOE 3Have
Hue. [lnuTensHoe NPOTeKaHue TaKoro TOKa Bbi3Bano Owl npesbiweHue Makcu-
MaNbHO JONYCTUMOW TemNepaTypbl CTPYKTYDbI AMOA3;

3lypnapHe i TOK lvn — MaxKcUmManbHO AONYCTUM3R aMNNUTY A3 oau-
HOMHOT O WMINYfbCA aBaPMIHONO TOKA CUHYCOWAAfNLHOM hOPMbI ANUTENBHOCTHIO
10 mc npn 3agauubix ycnoeuAx pabotel avona Ge3 nocnenylouwero npunoxe-
HWA Harpy3Ku;

4 NoBTOPRAWUEECA HANPAXEHHNE Up — maxkcumansko pony-
CTUMOE MIHOBEHHOE 3HAYEHUE HANPAYKEHWA, NEPUOANYECKW NPUKNAAbIBAEMOro
K auony B o6patHom Hanpaenexuu. Hanprxenwe U XapaxkTepu3ayeTcR Knac-
com npubBopa u ABNRETCA hyHKUWEN CXEeMBbI BbINPAMIIEHWA;

Bjlmakcumanubuoe o6parHoe HanpAwenue Uy (Uy) —
HanNpAXeHWe, cooreeTcTeylowee obnactu 3aruba obpaTHO BETBW BONLT-aM-
NEepPHOIA XapaKTepucTUKKU auoaa (HanpaxeHue NaBuHo06pPa3oBaHUA ANA NAaBUH-
HbiX NpUGOpoB), Koraa Aake mansbie NPMPALWEHWA HANDAMXEHWA PE3KO0 YBesu-
YMB3OT ODpPaTHLIA TOK;

NpAMOE NafpeHWe HAaNPAXEHWRA Aunp—mrnoaenuoesuaue-
HWe HanpAXEHWA Ha AMOAE NPY NPOXOXASHWM Yepes Hero NPAMOTO TOKa inp;

7) o6paTtHbI @ TOK Ioﬁp — TOK, NpoTeKarwmin Yepe3 npubop npu
NPUNOXeHUH K Hemy 0BpaTHOro HanprRXXeHuA,

BonbWMHCTBO YKa3aHHuiX NapaMeTpoB 0BLiMHO NPUBOAMTCA B TEXHUMEC-
KOm nacnopre Ha avon, a Gonee noppobHas wHMOPMaUMA O NapameTpax, Xa-
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PAKTEPUCTUKEX M 3KCNNYyarTaluWoHHBIX CBOWCTBaxX — B TeXHUYECKMUX YCNOBMAX
Ha CUNOBkIe AMOALI.

Cunogsie TpansucTopbl. T PaH3WCT OP OM Has3eIBaeTcA nony-
NPOBOAHWKOBbLIA TPHMOA, YCUNUTENbHbIE AEHCTBMA KOTOPOro OCHOBa-
Hbl Ha YNPaBNeHUW ABWXKEHUEM HOCUTENEel 3NeKTPUYECKUX 3apAA0B
B NONMyNPOBORHWK OBOM KpUCTansne. B KauecTee MCXOAHOrO Marepua-
fa VCNOMb3YIOT FrepMaHuil v KPEMHWY, KOTOPLIW NYTEM BBEAeHWA
B HEro akUenTopHbIX U AOHOPHBLIX NPUMECEN NPeBpallaeTcA B TPex-
CNOWHYI0 CTPYKTYpPY C 4ePeaylolWMWUCA CNOAMW p- U FTUMOB
3NeKTPONPOBOAHOCTH, pa3feneHHbIX ABYMA  p-N-Tiepexonamm.
B 3aBMCMMOCTM OT TUNa NPOBOAWMOCTU KPaMHUX CMOEB Pasnuuaior
TPaH3ucTOpPbI TUNOB p-np U np-n (puc. 5,am 6).

B CTPYKTYpe Tuna p-np UCXOAHBLIA Marepuan, ABNAIOLLMICA
ocHoBaHuem (6a30ii) KOHCTPYKUMM, UMeeT r-NpoBoAuMOCTS. B aBa
HapY»HbIX CNOA ero BEOAATCA NYTEM cnnaBneHWA wnu awdiby3vm
aTOMBb! aKLUENTOPHOW NPUMECH, KOHLEHTPAUMA KOTOPOW NpeBbILLaeT
NPYMEPHO Ha ABa-TPM NOPRAKA KOHUEHTPaUW0 pPaHee BBEAEHHON B
MOHOKPWCTann AOHOPHOW NPUMCCH.

B TpaH3ucTOpax TUNa 710-n B UCXOAHLIA MOHOKPWCTan: ¢ p-npo-
BOAUMOCTHI0 B HapyXkHble CNOW BBOAWTCA AOHOPHAA NPUMECH B 3Ha-
yuTensHo Gonbluei KoHueHTpauuu. OQuH U3 HaPYXKHBIX CTOeB, WH-
MEKTHMPYIOLUMIA OCHOBHbLIE HOCUTENW Toka B npubope (abipxyn unm
3MEKTPOHbI) Ha3bIBAETCA 3 M U T T e p 0 M. Jlpyroi Hapy’kHbiit
CNOW, NPUHYMBIOLLIMIA 3TV 3aPA/AbI, Ha3bIBAETCA KON NEeKTOo P O M.
MNpomexyTouHbIA Cnoi, HasbiBaeMbid 6 a 3 0 i, BRINONHAET hyHK-
UMK YNpaenAoLuero 3neKTPoAa, PerynyupyR NOTOK 3apRAOB W, crie-
AOBATErNbHO, 3HayeHWe TOKa, npoTeKawulero uepes npubop. Ha
puc. 5,8 1 2 NoKa3aHbl YCNOBHbIe 0603HaYeHWA 0BOUX TUNOB TPaH-
3McTopoB, paboune NONAPHOCTY HaNPAXXEHWIA U HanpPaBNeHWA TOKOB.

nr nz 1 nz

5|} 15 6) R Tfs 2)
(]

Puc. 5. MNonynNpoBORHMKOBaR CTPYKTYPa TpaHaucTopos Tunoe p-np {a) m
mp-n (6) w wux ycnoeHsie 0603HaYeHWA B 3NeKTPOHHBIX cxemax (g wu 2)
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MpvHUMN AENCTBUA YKa3aHHbLIX Pa3HOBUAHOCTEN TPaH3UCTOPOB B
OCHOBHOM OAMH M TOT e, 38 UCKNMIoUeHWeM NMPOTUBONMONOMXHLIX 3Ha-
KOB OCHOBHLIX HOCUTENEW TOKA, NO3TOMY paccMoTpum paboty Tonk
KO TPaH3ucTopa p-n-p-Tuna.

Mepexonul 77 u 12 (pwc. 6,3) , BO3HMKaWLWKE B Npowecce hop-
MMWPOBaHWA p- M N-CNOEB B TPAH3UCTOPE TWNA P-1HP, UMEIOT TY Xe
3NEeKTPWMYECKYHO NpMpoAY, YTO U p-n-Niepexon 8 cunosom avope. Mpu
OTCYTCTBMM BHELIHMX HanpAxeHun vepes nepexonsl f17 u 112 npo-
XOOAT BCTPeyHbie andy3noHHEIE NOTOKK OCHOBHLIX U HEOCHOBHLIX
HOCMTENEH, ypasHoBelluBalLwme apyr apyra. lNoaromy pesynsivpy-
OLLWUA TOK B pP-rrNepexonax paBeH HYNio.

B cnyuae NoAKNIONEHNA TRAH3MCTOPa K BHELLIHMM UCTOYHUKAM Mo~
CTOAHHBIX HANPAMEHWH € NONAPHOCTLID, YKasaHHoW Ha puc. 6.a
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Puc. 6. Brniowenue TpaHaucTopa no cxeme ¢ o6LLIMM IMUTTEPOM:
4 — NPOXOMABHWE TOKA YEPe3 TPaHIUCTOPHYI0 CTPYKTYPY prn-p; 6 — BeIXOpA:

Hbi€ BONLT-aMIMEPHBLIE XaPAKTEPUCTUKK; & — CXEeMa MEPeKNIONaTenA Ha Tpaw
3uctope
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(takoe BKNOYEHUE TPAH3UCTOPA HA3LIBAIOT BKMIOYEHUEM C OBW VUM
IMUTTEPOM) , 3MUTTEPHLIA nepexopn [17 cmewaercA B NPAMOM Han-
paBneHu#, KonnekTopHein 12 — B o6parHom. Mpu 3ToM pesko Bo3-
pacraer UHXEKUMA ALIPOK Yepe3 nepexop /77, 4To co3gaer amuTTep:
HBIM TOK /5. 3HaueHue 3TOro ToKa OYEHb CUMLHO 3aBUCUT OT HanpA-
weHuA U,, (B COOTBETCTBUM C NPAMON BONbT-amMMNEPHOW XapakTte-
pucTukon nepexopa [77). OcHoeHaR uacTe Ablpok auddyHaupyer
yepe3 Gasoebiit cnow K nepexoay [f72. MNockonbKy 3neKTpuyecKoe
Nnorne KONNeKTOPHONO NEPEXOAA ABNAETCA ANA AbIPOK YCKOPARIOWWUM,
TO, NPOMAA 3TOT NEPEexXof, OHM CO34AIT KONMNEKTOPHbLIW TOK fi.

B yCTaHOBUBLWIEMCA PeXUME KONNEKTOPHBLIA TOK /. BCEraa MeHL-
We IMUTTEPHOro ToKa /5, TaK Kak HeBonbLan 4acTs AbIPOK PEKOM-
HuHupyer B Gasopoil obnacTu ¢ INeKTpoOHaM#, BMECTO KOTOPLIX U3
BHEWHeW uenu B Gasy BXOAAT HOBbLIE 3NMEKTPOHbl. B pesynstare Ta-
KOro npouecca co3paeTcA 6azoBbi Tok — [g, KOTOpOMY COOT-
BETCTBYET NpPOTUBONONOXHO HaNPaBneHHbIn ToKk +/g BO BHEWHEW
uenu. -

3Hauenvie GasoBoro ToKa cocTaenAeT Hebonbwyto gono (1—5%)
IMUTTEPHONO TOKA, TaK KaK KOHUEHTpauuA 3neKTPOHOB B Hase
HAMHOTO HWXE KOHUtATPauuu ALIPOK B 3MUTTEPE. TPU OCHOBHbIX
(anIpouHbIX) COCTaBNAKWMX TOKOB TPaH3UCTOpa CBA3aHbI Mexay
coboit cCOOTHOLLEHUEM

L=k, + k. (1)

KonnekTopHsii TOK TpaH3uctopa /i CBA3aH C TOKOM 3MUTTEpPa
/5 koadbuumenTom nepepadv Toka a = I /ls < 1, KoTopHIA TEm
6nvke K eauHuue, YeM BonblIE KOHLUEHTPAUMA OCHOBHBIX HOCUTENEN
3apAda B 3MUTTEPE U MEHbLUE LWMpUHa 6a3oBOro CNoR NonynpoBoa-
HUKOBOI CTPYKTYPbI.

Yepes nepexoa /12 npovekaer HeGonbluow o6patHbin Tok —/ko,
KOTOPBLIA CO3/1aeTCA APerdOM HEOCHOBHBIX HOoCcWTenen 3apAaa (avk-
poOK) uYepe3 KONMNeKTOPHBLIN NEPEXOA NOA AEHCTBUEM TeMNepaTypsbl.
OT1 3Ha4YeHWA TOKa amuTTepa [y TOK /o HE 3aBUCKUT.

Ha puc. 6,6 npuBeaeHbl BLIXOAHLIE XapaKTEPUCTUKK TPaH3UCTOPa,
BKMIONEHHOrO MO CXeMe ¢ 06LWmmM IMUTTEPOM, oToBpaxalouwve 3aeu-
CUMOCTbL TOKa Konnexktopa /, or HanprxeHuA Uc; MeXAy KOnnek-
TOPOM W 3IMUTTEPOM NPU Pa3HbIX 3HaYeHWAX ToKa 6aswl /. B npe-
obpasoBarenbHbIX YCTPOWCTBAX CUMOBLIE TPAH3UCTOPBLI UCNONL3YIOT-
CA, KaK NPaBuno, B KaYeCTBE KNIOYeBbIX 3INeMEHTOBR, T.e. pabotaloT B
PEOXUME NEPEKNIoNEHUA M3 obnacTu orcedxku 7 B obnacTs Hackile
HUA 2.

B pexxume orcedku (Touka A Ha BbIXOAHOW XapakTepucTuKe ¢
/g = D) nouTu BCE HanprxeHue NUTaHWA £, NPUNOXEHO K TpaH3w-
ctopy. B Harpyake R npotexaer KeaHaunTenbHbIW TOK, paBHbIA 06-
paTHOMY TOKY KONneKTopHoro nepexoga. lNorexduuan 6a3s Nonoxu-
TENEH NO OTHOWEHMIO K 3MUTTEPY. 3TOT PeXXUM COOTBETCTBYET pa-
30MKHYTOMY COCTORHUIO TPAH3UCTOPHOrO Knioya.
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B pexume HacbilednA (Touka b6 Ha BbIXOAHBIX XapaKTEPWUCTW
Kax} conpoTuBneHue TPaH3WCTOPa Mano, Yepes Hero NPOTeKaeT Mak-
CcUManbHBIW TOK [, oo (TOK HacsilWeHwR), onpefenAemMblil cONpo-
TUBNEHUEM Harpysdkun HA,. MNorenuwan 6a3bl oTpuuareneH no oTHO-
WEHWI0 K 3MMTTEPY, W TONbKO HeBonbLuan YacTe HANPAMXEHUA UCTON-
HuKa nuTaHuR AU, , NpunoXeHa K TPaH3uCTOPY. 3TOT PEXUM COOT-
BETCTBYET 3aMKHYTOMY COCTORHMIO TPaH3WCTOpHOTO KN4a
{pwc. 6,8) .

B aktueHow obnactu (ysactok AB) tpanauctop paboraer Kak
yCUNWTENbHLIW 3nemeHT. 3Ta 06nacTe ABNRETCA NEPEXOAHON Npu pa-
6GoTe TPaH3UCTOpa B KNIOYEBOM PEXUME.

MNpyvHUMN NelCTBUA PacCMOTPEHHLIX BbilLe TPAH3UCTOPOB OCHO-
BaH Ha WCNONb30BaHWW 33PRAOE ABYX 3HAKOB — ABLIPOK WU 3NEKTPO-
HOB, NO3TOMY MX YacTo HasbiBaloT 6MNoONA pPHB M wu B nocneg
Hee BpeMA pa3paboTaHbl MOLHBIE TPAH3UCTOPLI, NPUHLWN AEHCT BUA
KOTOPBbIX OCHOBaH Ha WCNONb30BaHWW HOCWTENEN 33pANA TONbKO Oft
HOTO 3HAKA— 3 NEKTPOH OB WU [ bl P 0 K. YNpaeneHve To-
KOM TaKwuX TPaH3WCTOPOB OCYLUECTBNAETCA W3MEHEHWEM NPOBOAW
MOCTW KaHana, 4epe3 KoTopbli NpoTekaeT Tok npwbBopa noa Bo3-
AEVICTBMEM 3NEKTpwyeckoro nonA. Bcneactewe 3toro Takwe Tpaw-
3UCTOPbL! HA3LIBATCA YH U NONAPHLI MY WM NONE B bI M W.
MonoxurensHbiIMY  0cOGEHHOCTAMY NONEBLIX TPaH3WCTOPOB ABNA-

[ftoTcA Bbicokoe GuicTpopeicTeve n Gonblwoe BXOAHOE CONPOTUENE
. HVWE, NTO NO3BONAET CBECTM K MWHMMYMY NOTEPW MOLLHOCTYH Ha yn-

t\spaaneme KNOYeBbiMW 3nem eHTaMu NpeobpasoBatentHebIX YCTPONCTE.

OcHOBHBIM WX HEeAOCTaTKOM RENAETCA CPaBHUTENbHO BbICOKOE CO-
NPOTUENEHWE BO BKNKOYEHHOM COCTORHMUW.

E;\, OcroeHbie N3PSMETPb! CUNDEbIX TPaH3UCTOPoa. MoulHbIE TPAH3UCTOPLI,

Cnonk3yembie B Cxemax npeobpasoBaTenbHbiX yCTPOWCTB, BuIGUpaioTcA No
CneaywwM napaMeTpam:

) MakcuManeHBI W TOK KONNekTopa fi max TOK, Npu KO-
TOPOM MOLHOCTL, pacceMBaemMan Ha KONNEKTOPE, He NPesbILUaeT MaKCUMant-
HO AONYCTHUMOE 3HaYeHUe;

2) MakcumMansHoO® HanNMpRARMXEHWE MEXAYKONNREeKTO
POM U 3IMuTTeEpOM Uy mar — MAKCUMANbLHO AONYCTUMOE HaNpRAXEHUE
MBXay KOnneKTOpoM W 3MUTTEPOM NPU KOPOTKOM 33MbLIKSHWA 3MUTTEPa U
63361 unU NPU BKNIOYEHWW MEKAY HUMU ONPEAEn8HHOro peawciopa HRg;

3) MEKCUMENbLHARA MO HOCTb, PACCEWBAEMaR HA KONNEKTOPE,
Py max — MOLHOCTL, MPW KOTOPOM TEMNepaTypa KOnneKTopHOro nepexoaa
{c yueTom ycnoBuii oxnaxaeHuA NpuGopa) He NPeBbILIAET MaKCAMANBHO no-
nycTumyio.

4 cTaTUNeCKUNW KOIPDULMEHT YCHNEHUA NO TOKY
Bey — oTHOWeHWe ToKa KONNEKTOpPa K TOKy BGa3el.

PaGoTa TpaH3WMCTOPOB B MNpenenbHbiX PEMMMAaX COOTBETCTBYET rpaHWue
FApaHTHPOBAHHONW HAABKHOCTH, NMO3TOMY MCTNIONbLIOBAHUE TIPEAENBHBIX PeXu-
MOB B Cxémax, OF KOTOPbLIX TDeﬁvETCﬂ BLICOKEA HANEKHOCTL, HE AOMyCKaeTCcA,

. YnpaBnrembie BeHTMNM — TMPWCTOPLL. TMPWCTOPBI RBNAIOTCA

MOWHEIMKU yNPaBNAEMbIMKM NONYNPOBOAHUK OBLIMU NpuBGopamu, Ko-
e ol i -
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TOpbIE OTNMNAIOTCA OT TPaH3UCTOPOB OYeHb BLICOKMMM 3HaYeHUAMMN

Ko3duuvenToB yeunenua ynpaenenriowero curtana (Gonee 1000),
a TaKke GOnblIMMMKM 3HaueHUAMKM PaboYMX TOKOB W HanpRMXEHWN.

OcHOBHBIM 3NEMEHTOM TMPUCTOPOB ABNAETCA KPeMHMEBbIN ANCK
C 3NEKTPOHHLIM TUNOM INEKTPONPOBOAHOCTH, B KOTOPOM CReuvant-
HbIMW TEXHONOrMYECKMMK METOAaMM CO30aeTCA HETblpEXCﬂOﬁIHﬁH no-
nynpoBOAHUKOBaA CTRYKTYpa Tuna p-np-n. B peaynbrate nonyaer-
CA MOHOKPWCTannw4ecKas cucrema c TpemA p-nnepexogamu [71,
f12, 113, BknoYeHHbIMK NocnegosatensHo {puc. 7,a).

Kpalinue ABa cnoA py U 7, © NPUNaAHHLIMK K HUM METannuiec-
KWUMW 3NeKTPOAaMKM ABNAIOTCA COOTBETCTBEHHO aHOAOM A u Karto-
pom K tupwctopa. K BHyTpeHHeMy crioio p; NPUCOEAMHRAETCA yr-
pasnAowWwmMA 3nekTpon Y3. Takylo CTPYKTYpy, YacTO HasbiBaemyio
BEHTUNbHBLIM 3NEMEHTOM, MOHTUPYIOT B CheuMantHbii KOpnyc, ume-
OLUMIA BHEWHWE BbIBOALI OT 3NEeKTPOAOB. [AnA yNPOLEHUA KOHCT-
PYKUWM TUpMUCTOpa BLIBOA OT Y3 penaioT B CTOpPoHY Karoaa
(puc. 7,8) .

Mpy BKNOMEHUN TMPUCTOPA B 3NEKTPUYECKYIO LeEnb C perynupy-
eMbiM WMCTOYHUKOM NOCTORHHOrO HanprxeHwA U, (puc. 8,a), no-
PAPHOCTb KOTOPOTO MOMHO M3MEHRTb, CBA3b MEXKAY TOKOM, NpoTe-
KaloLWuM Yepes TUPMCTOP B NPAMOM 1 06paTHOM HanpasneHuAX, w
HanprXeHWeM MEeX(y aHOAOM W KaTOAOM OTPamaer CTaTuYecKan
BONbT-aMNepHan XapakrtepucTuka (puc. B,6).

Ecnw Ha anekTpog, Y3 TMpucTopa ynpaBnaAiouwmil CUrHan He NoaaH
(fy = 0), a nanprxenne Upp nnu Upgp MEXAY GBHOAOM M KaTOAOM
He NpeBbillaeT onpeaeneHHoro yposHA (Upe, Wnu cooTBeTcTBeHHO
Un), 70 TvpucTop umeer Gonbluoe conpoTMBnenne B NPAMOM 1 06-
PaTHOM HanpaBleHWAX U TOK Yepe3 Npubop NpaKTUYeckn He NpoTe-
Kaer. [lecTBUTENbLHO, EC K aHOAY TUPUCTOPA NPUIOKMTL OTpMLA-
TenbHOE HaNPAXeHWe OTHOCUTENBHO KaToAd, TO K cpeaHeMy Nepexc:
ay 12 (puc. B,e) Gyper npunoxkeHo NpAMOe Hanprxenve Upp,a K.
nepexopaam /77 n [13, coepuHeHHbIM NocneaoBarensHo, — 06paTHoe
nanprxenne Upgp- B pesynbrate TMPMCTOP OKasbIBAETCA 3anep-

n1_nz 13 A A QYA !
| =

x 93 |k K K

) d) 8) 2) d)

Puc. 7. ¥Ynpaenaemeill KpeMHUEBbIN BEHTURb — THPMCTOP:

8 — CXBME YETLIPEXCNONHOM CTPYKTYPbHI; yCnoBHule 0603HaYEHWA THPK-
CTOPOB Pa3nM4HbIX THNOB: 6 — AMHWCTOPA, 8 — TPHOAHOIO, 2 — hoTornpwcro-
Pa 1 @ — ONTPOHHOIO
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TbIM. Yepe3 Hero v BO BHeLHel uenwn npoTexaer HeGOMNBLLIOH obpar-
HBIV TOK /56, 4TO COOTBETCTBYET 0OpaTHON BETBU BOMbT-aMNepHON
XapaKTepucTUKW TUPWUCTOPa, KoTopaR nogobHa serewn logp =
= f(Uygp) cvnoeoro kpemuuesoro guoga (cm. puc. 3,8).4 Mpw no-
Aaie Ha aHOA THMPUCTOPA NONOXKUTENEHOrO HAaNPAXEHUA, He NpeBbi-
LLIAIOLUErO OnpefeneHHoro ypoBHA, Hanpumep Unp,ﬁ < U..,ep
(puc. B,6), « nepexogam [17 w [13 npuknaabiBaeTcA npAMoe Ha-
npAXeHwne, a K nepexogy /12 — obparHoe HanpAXkeHwe, HO Tak Kak
yNpasnAlwWmiA CUrHan OTCYTCTBYET, TO BEHTWNL OCTaeTcA B 3aKpbl-
TOM cocToAHun. B 3tom cnyuae uepes nepexon /72, a cnenosarens-

HO, W Yepe3 TUPUCTOP NPOXOAWT B NPAMOM HanpaeneHun HebonbLLIoI
TOK yTedku /..

Mepeson THpucTOope U3 “3a K P LI T O T 0" COCTORHMAB "o TKpBIiTOE"
NPpYU NONOKUTENLHOM HANPAMEHWUW HA GHONE MOMET GbITh OCYWECTBNEH TPEMA
cnocoGamu: NOBLILLEHMEM NPUNOKEHHOrO HAaNPAXEHUA BNNOTL N0 HanpRXke-
HUA NEPEKNIONEHWA — B KN Y eH e Nno aHony (avoaHsii Tupuctop,

Inp,AI
Inp‘ ‘
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Puc. 8. Boner-amnepusie XapaKTepPMCTUKK TUPUCTOPE:
4 — Cxema ANA CHRTWRA XapaKTEepUCTMK; 6— CTaruyecKue BONbT-amMnepHbie

XAPAKTEPUCTUKIK; 8 — CXEeMaTuMECKDe YCTPONCTBO TUWpMCTOpe
]
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WAWM JMHUCTOP), NOABYEW NONOXMUTENLHOINO HANPRXEHUA
HA YNPaBNAIWMA INEKTPOA OTHOCMTENLHO KaToAa, T.6. BOIASUCTBMEM HA uens
ynpaenexvn (TpuoaHsiin Tupuctop); o6 nyuenumem 6azoBoi 06
nacTwu pa ceeToBsiM Notokom (dorToTMpucTop ¥ onTPOHHEIW TUpUcTop) .

Bremoverue no anody. Tlpy NOCTENEHHOM yBENWYEHMM NMPDAMOrO HanprMe-
HWA BO3PaCTAET TOK ’YT {yvactkn Ge neé Ha BONbLT-BMNEDHON X3PaKTEPMUCTH-
Ke TupucTopa, cm. puc. B). B Touke 8 9TOT NpoOUECT CTaHOBUTCR NAaBUHOOG-
Pa3HeiM U TUPUCTOP NEPEXOAWUT M3 JAKPLITOrO COCTORHWA B OTKpbiToe (yuac-
ToK 8z) . Hanpamexue H8 Nnpubopa B TONKE € HA3LIBAETCA HATN DA XE H u-
eM nepeknwyenunn Upep.

YuacToK 20 COOTBETCYBYET OTKPBITOMY COCTORHWIO THMPWCTOPE, Yepes
KOTOPsIA NPOXOAMT NMPAMOR TOK l.-.p, 3HaueHue KOTOpPOro Or paHU4YMBaeTCA Co-
NPOTUENEHMEM BHELUHEW yenu. Bce Tpu p-n-nepexopa npubopa cmewensl B
NPAMOM HENPaBNeHWW, B CBR3W C 3THM MNAJEHHUE HANPAMEHUR H3 OTKPLITOM TH-
pMCTOpa AUnp cTaHOBMTCA HesHeunTenvHbiM (0.75—15 B). Onnaxko Takoe
OTKpeiBaHKe no avopy (HanprAxexuem Une } AnA TpMOOHBIX TUPWUCTOPOB
obsiuvo He gonyckaercA. MNpw neoﬁxo.nnuocm MCMNONbL30BATE TAKOW CNoCob
BKMIOYEHMA CNEAYET NPHMEHATE AWOAHBLIN THpucTop A W H M c T o p), cne-
UMBMNEHO NpPeAHasHaYexHslil ANA TaKux ycnoswil pabover {cm. puec. 7,6).

Brcmovernue no ynpaansoujemy 3nexTpody. Ecnu npw npAMoM Hanpaxe-
HMW HB BHORE BEHTWUNR, MEHLLIEM HaNpRXeun nepexmoyenun Unep, Nomate
HE8 YNPABNAIOWMIA 3NEKTPO/A MMIYNLC HANPAXKEHUA Uy, 7o uepe3 nepexop, 113
6yner npoxoaurs Hebonbwon ToK "V' HEMTp&nHByIOI.LIMM AEWCTBME IBK PLITOTO
nepexona [12. TUPUCTOP OTKPLIBAETCA NPU MeHbLIEM 3HaueHnd Unep, W pato-
¥aA TOMKa NEPEXOAMT HA YHE8CTOK 20 BONBF-BMMEPHOW  XAPAKTEPUCTHKMK
{puc. 8.e). .

Tako# Npouecc OTNMPaHKMA TUPKUCTOPA NPOMCXOAMT oueHs GeicTpo (He Go-
nee yem 3a 15—20 mkc). C poctom ToKa Iy CHuwAETCR HENPRIKEHME NEPeKNID-
NYEHWA THPUCTOPE W OTKPBLITOMY CocToArwio Npubopa (Iv =ty Hom! CoOTBET-
CYBYET NPAMaA BETEL BOMLT-SMNEPHOW XSPAKTEDUCTUKKM CUNOBOrO AWOAA.
C mMOMeHTa, KOraa TMPUCTOP HEXOAUTCA B OTKPLITOM COCTORHWM, TOK ynpas-
NEHWR YXe He BNUAEGT HA paboTy NnpuBopa u MoxeT GbiTe NPEKPaLUEH, 4TO NO3-
BONAET NPUMEHATE UMNY NLCHBIE CXEMBI YNPABNEHWA BKMIOYEHWEM THPUCTOPOB.

Bremoyerue ¢ nomoubio ceera. Mepesoa TMPUCTOPE B NPOBOARLUEE COCTOR-
HME MOMHO OCYLUECTBMTHL OBNy4eHnem nNONYyNPOBOAHMKOBOW CTPYKTypSI
{p2 cnor Ha puc. 7,8) CBETOBLIM NOTOKOM, NOA AEHCTEMEM KOTOPOro B
p-n-nepexope F12 yeenuyMBaEeTCA YMCNO HOCKMTENEW 3apAna, HeoGxoaumoe anm
oTnupaHuA npubops. TeKoW CNOCOG BKMIDYEHWA TMONYYMN MPUMEBHEHWE NpK
CO30aHWW THPMCTOPOB, YNPEBNREMBIX OT BHELUHEFO M0 OTHOLUBHWIO K KOpMy-
cy npubopa ucrouHuKa ceeta {bOTOTH pPUCT O P b)), M THPUCTOPOE, Y-
PABMREMBIX OT MCTOMHUKAE CBETE (M3NYYeTEnR) . NOMELLEHHNIO BHYTPM Kopnv-
canpubopa loNnTpoHHBIEe TUPpHCTO P

Ha pwuc. 7,6—0 noxkasanbl ycnosHbie 0BO3HEYEHMA YK33aHHLIX Pa3HOBMO-
HOCTE! THPUCTOPOB NO CNOCOBY BK MOYEHUA.

[nA Nepesofs TMPUCTOPE B 38KPLITOE COCTORHWE HEOBXOAMMO yaanuTs K3
6azoesix 0BNACTEN HAKONNEHHBIA 33 BPEMA NPOBOAWUMOCTI M3bLITOMHBIR 3apAn
HOCUTENeH. 3TOT NPOUACE MOKHO NONY4YKTS:

1) ymeHbiEHMEM NPAMOro TOKE A0 HEKOTOPOrO MUHWMAENBHOTO SHEYEHMRA,
HB3bIBAEMOro Y ASPWHUBAIOLWLMM TOKOM 'VA- MNpn nuraHum TMpUETOPE OT MCTOY-
HWKE NePeMeHHOro TOKE 3TO NPOMCXOAMT ECTECTBEHH B M Ny Tem,
KOFA8 HBNPAIKEHWE BHOA-KETOA NPOXOAMT HYEepe3 HyrMb, MMM CNeAYeT NepesecTH
AHOAHBLIA TOK BO BCNOMOSETENEHYIO LENb, NApannentbHy o TUPUCTOPY;
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2) pa3MbiKaHWeM BHOAHOW LEeNW MAKM KPaTK OBPaMEHHON NOAJaYeN Ha BeH-
TUNb O6PaTHOTO HENPRXEHKMRA, NOMYY3EMON0 OT BCMIOMOMETENbLHOMO MCTONHNKA
{06LINHO OT NPEABAPMTENBHO 33PRMKEHHOTO KOHAEHCATOPa ANA BbIKIIONEHUA
TMPMCTOPa B LEMNAX C NUTBHWEM OF WCTOYHWKE MOCTOAHHOTO HanpAMXeHWnR) .
MpyM 3TOM HEMMHEETCR NPOLECC PECCACLIBAHMA HAKDNNEHHLIX B NONynNpoBsoA-
HUKOROW CTPYKType 38pRaoce (AbIpOK M 3neKTpoHOB), 8 NPOLECcCe KOTOPOro
uepa3 TMPUCTOP NpPOTEKaeT 06PaTHBLIA TOK, KOTOPLIA NOCNE YAaNneHwA 38pRA0S
YMEHLILBETCA NPaKTHMYECKM A0 HYNA, TaKkum o6pa3om, NOnNyualoT NPMHyaW-

tenbHyio (MCKYCCTBEHHY ) KOMMYTEUMIO yNPaBNAREMbIX BeHTHUNEN.

BoccTaHoBneHue 3anuparoweid cnocobHoCTH TMPUCTOPa NPoUCXo-
aut B Tevenue 15—250 MKC B 33BMCMMOCTM OT TWN@ BEHTWUMA
( ¥ MowHbIX NPUGOPOB BpeMA BbIKNKMeHuA focturaeT 550 mxc),
nocne 3TOro BEHTUNL CHOBa MOMET BbiAepwuBare 6e3 BKNOYEHWA
NPAMOE HanpAXeHKe.

O6parHan BeTBb BOMNLT-aMMNEPHOW XapaKTEpUCTUKK TUPUCTOPa
NPy PasOMKHYTOR UENK YNPasnAOLEro aNeKTPoAa HU4eM He oTnu
yaeTcA OT aHanorMYHOM BETBW CMNOBOTrO AMOAA ¥ TaKXe XapaxkTepu-
ayetcA npo6usHbIM HanprAxeHuem U, AdanorwiHo na-
BMHHBIM AMOAEM BbINYCKATCA NaBUHHbIE TUPUCTOPLI, KOTOPBIE CMOo-
cobHel paccemsaTh Bonbwyio, 4em obsiuHbIE YNpaBnAeMble BEHTUM,
MOLLHOCTb NPW NpoTeKaHum obparHoro Toka. Ha puc. 8,6 noxasaHs
sasucumMocTn logp = flUgep) i cnnowHoi cuHedd nunueid — AnA
0BbINHLIX TUPUCTOPOB, NYHKTUPHOR — ANA NaBuUHHbLIX.

BnuAnMe Temneparypel Ha obparHys BeTBb BOMbLT-aMMEPHON Xa-
pPaKTEepPUMCTMKM U Ha y4acTOK NPAMOI BETEW B NPOBOARALLEM COCTORA-
HUM TUPMCTOpPa TAKOE e, KaK WM ANA HeynpaBnReMOoro BeHTUNA,
T.e. ¢ POCTOM TemnepaTypbl p-rCTPYKTYpsl 3HavenuA U u loep
yeenuunBaTca, a3 AUsp — yMeHblUaeTc. Ha yvactke npAMoiA BeT-
BW, COOTBETCTBYIOLIEM 3aKPLITOMY COCTORHWIO THPMCTOPA, Benuuu-
Ha Unepmax MOXET ANA OAHWX TUNOB TUPMCTOPOB YMEHbLUATECA,
ANA APYTrUX — YBENWIMBATLCA-

TupucTop ¢ YeTbipexcnonHon p-rrp-r-CTPYKTYPOR, Kak U AMOA,
obnagaeT 04HOCTOPOHHEN NMPOBOAVMOCTLIO. [iNA 3reKTpuNecKmnx ue-
neit nepemeHHoro TOKa pa3spaboraHul cneuvansHbie npubopel —
CUMMETPpHYHBIE TUPpUCTOPH (CuMUCTODPHI), KOTO-
pble UMEIOT: AT YePEeAYIOLWMXCA CNoes C NPOBOAWMOCTAMMK p- W
prunos (puc. 9,8), ABa BHEWHWX CWNOBLIX anexTpopa C3 u c3y
M OAVH YNPasnAlolmMiA 3INeKTPpoa Y3, KOTOpbi PacnonoXeH B ueH-
Tpe, @ BepXHME METanNWYeCKUe KOHTAKTbl NEBOi M npasoi 4acted
3NeKTPMIECKU CBA3aHBI.

B TaKoil CTPYKType KaKk Npwu OAHOW, TaK u NpW APYroi NonApHO-
CT¥ NPUNOXKEHHOrD HAMPAXEHWA BLINONHAKTCA YCNOBWA ANA Npo-
nycKaHuA pabovero ToKa B NPAMOM M OGPaTtHOM HanpaerieHWAX,
ecnv Ha 3INeKTpoA Y3 nopasatb NONOMMTENbHLIR OTHOCUTENBHO

3nexTpoaa C3Y ynpaBnawowmii Mnynsc. Ecnv npvi 3TOM Ha aneKTpon
C3Y nonaHo NonoXMuTensHOE OTHOCKTENbHO anexTpoaa C3 Hanprxe-
HuWe, TO NPOBOAWT TOK NPaBafA MNoMOBUHA CTPYKTYPbI {p1-n2-p2-n3),
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ecn1 oTpuuyarensHoe, TO B NPpOBOAALLee COCTOAHWE NepeKniouYMTCA
CTpyKTypa ero nesBoi 4actu (n;-0;-M13-p;) . Ha puc. 9,6 noxasaHe
BONbY-aMIepHble  XapakKTepUCTUKU  CUMWUCTOPa Npy  PasnUuHbIX
3HaYeHUAX TOKA ynpaBneHuA.

JinA ofnMupaHuA TMPUCTOP2a H2 ero YNPAaBNAILWMA INEKTPOA HYM-
HO NOAATH OT MCTONHUKA YNpPaBneHuA curHan onpefeneHHbIX aMmnnm-
TyAbl, ANMTENLHOCTM W NonApHOCTW. Tlpu 3Tom amnaMTyna v AnNu-
TensHOCTs CUFHaNa ynpaeneHuA AOMKHbLI COOTBETCTBOBaTh BOMNbT-aM-
NEepHbLIM XapaKTepucTUKaM YMpaBnALLEro 3neKTpoaa TUpucTopa
iy = fluy) (pwuc. 10). Kpneaa 7 cooreercreyer npubopy € makcu-
ManbHbIM BXOAHLIM conpoTuBnesnem (Ry s max) NPy maxcumansHo
AOCNYCTUMOW Temneparype CTPYKTYpbl, a KpueaA 2 — npubopy ¢ mMu-
HUManLHLIM BXOAHBIM conpoTuenesvem (Rys min) NPy MuHMans:
HO BO3MOXHOWM B YCNOBUAX 3KCNNyarauum TeMneparype.

Ceepxy W chpaea AvarpaMma ynpasneHWA OrpaiuMMeaeTcA NpA-
MbiMU 3 U 4, COOTBETCTBYIOLUMMKM NPEeNenbHo AOMYCTUMbIM 3Have-
HUAM HaNpRXEHWA ynpaeneHuA Uy max W TOKA Jy 5y Ha ynpas-
NAKLLEM 3neKTpoae (B 3aBUCUMOCTH OT TEMINEPaTypbl CTPYKTYRLI) .
B nesom yrny auarpammel yxasbiBawr obnacte (Ha puc. 10 oHa
3aWTPUXOBaHA) , KOTOpaA OrpaHM¥yeHa MUHUMANLHLIMKU 3HA4YeHUAMM
T0Ka [y min W HanprxedwA Uy min, HEOBXOAMMbIMKY ANA HaleXkHO-
ro ornupaHuA nwboro TUpUCTOpa AaHHOro TUMa HEe3aBUCMMO OT
pa3bpoca napaMeTpOB Uenu ynpasneHud. Ha anarpamme Taroke npu-
BOAATCA KpWBbIE JIONYCTMMOIA MowmHocTy noTeps AP, ,, BbiaenA-
IOWKWXCA Ha YNPaBnAWEM 3neKTpode, ANA PasnuuHbIX 3HAYeHWUH

-Iyv ﬁ.)

Puc. 9. MNonynpoBoaHWKOBAA CTRYKTypa cumuctopa (a) u sonebT-am-
nepHbie xapakTepucTukn (6)
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ANUTENLHOCTK yrpasnAtowmx curHanoe (kpwear 5 cooteercreyer
MMMYNECHOMY YNPaBNeHWo, KPUBAaA 5 — OTAMpPaHWio TUPUCTOPOB
MNOCTORHHLIM TOKOM) .

OBnacth, 3aKNIOYEHHaR MEXAY 3aLUTPUXOBaHHOM 30HOM, Npesent-
HbIMW BONbT-aMNEPHLIMW XapaKTepucTMKkamu 1 U 2, NUHKWAMMK npe-
AENLHO AOMYCTUMbLIX 3Ha4Y€HWIA HanpRXEHWA ¥ TOoKa ynpaBneHuA u
KpuBoW 5, ABMARETCA OGNaCTLI0 rapaHTWPOBAHHOTO BKNIOYEHWA
TUpUCTOPA.

Harpyso4HaA XapakTepucTMKa MCTOMHMKA YNPaBARIOWEro CUrHa-
na (Ry ¢ = U,/l,) nomxna nepecexars BXoQHYI0 BONbT-aMMEPHYIO
XapaKTepUCTUKY AaHHOro TMpUCTopa B 06NacTu rapalTupoBaHHoro
BKJIOYEHWA. '

BonbwrHCTED TMNOB TUPUCTOPOR OTEHECTBEHHOMO NMPOM3BOACTRA
Brio4aeTcA Tokamu 200-400 mA npu HanNprxeHWW Ha ynpaenA-
rowem anekTpone He Gonee 8 B. [inuTensHocTt otnvpaowero wm-
nynsca 3asMCWMT OT BMAA Harpy3Ku: npy aKTWBHOW Harpy3Ke oHa
nomkHa Geite He menee 10—15 MK, NPV VMHAYKTUBHON Harpyske
TpebyercA Gonee wWWpoKuin UMNynse. JANA HeTKOro BKMIOYEHWA Th-
pucTopoe, YMEHBLUEHWA NOTEPb MOLUHOCTW Ha riepexone YI3—-K
Npy BKAIOYEHWW, 38 TaKXKe ANA yMeHbLueHWA pa3bpoca 3HaueHWi Bpe-
MeHM BKNIoYeHWR nNpuMbopoB Npu rPynnoBoM coeinHEHUM BEHTUNEN
YNpasnAoWMEe UMIMYNLChl  AOMKHLI WMETh  KPYTOW  fepenHuit
thpoHT — He menee 1 A/mkc.

OcHogHbie napameTpsl TUPUCTOPOE. YacTb NaPamMeTpos, KOTOPLIMK XapaK-
Te_pHSYI'OTCﬂ MOLLHBIE THDHCT?&DH, aHanorwyHa napamMeTpam, yKalaHHbIM Beltie

O O-
Lr L

Ig’K Ig,mux ig

Puc. 10. XapakTEpucTWKHY Ueny ynpasneHws TupuCTopa
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ANA cunoBbIx AuoAos. KpoMe TOro, B TEXHMMECKUX YCNOBUMAX OBbIMHO yKa-
3bIBAKTCA:

1lavHamuuecKue NapameTpsl, XapaKTepU3yOLUME YCAOBUA
IKCNAyarTauny TUPUCTOPOB B cxemax npeobGpasosateneil: B pe M A B K 0 10-
% e HMWA lggp MKC— 3T0 BPEMA OT MOMEHTa NOAAYY YNPaBARIOLLEND WM~
NynLCa [0 MOMEHTA CHUMEHWR TNPAMOFO HanpRXEHWA Ha Tupwctope no 10%
HavanbHOro 3Ha“eHuRA Npwu paboTe Ha aKTUBHYIO HATPY3Ky: B pEe MA B bl K-
nwye HuA (BoCCTaHOBNEHWA 3anwpalcilei cnocobHocTw) tapikn. MKC;
KPMWTHYECKAA CKOPOCTb HAPAaCTAaHUMA NPAMOrO HanpsA-
wmernwnn (Dugp/At), B/Mxe — MaKcuManbHO AOTYCTUMOS 3HAYEHUE CKOPO-
CT¥ HEPacTaHWA NPAMOrO HaNPRXXEHWR NPW Pa3OMKHYTOW Lenw ynpasneHwA
(Npy npesbiEeHnn ITOFO IHAMEHWA NPOUCXOAUT CAMONPOKIBONLHOE BKMIOYE-
HYe TMpUCTOopal ; TOK YAEpPWaHURA ’yaepm- A — MUHUMaNBHBLIW NPAMOA
TOK, NPOTEKAWMWIA Yepe3 TUPUCTOP NPY PasSOMKHYTOW LenW ynpasnriowero
3INEKTPOAA, NPKU KOTOPOM MPpWBop ellle HEXOAWTCA B OTKPLITOM COCTORHWN]
TOK YTEUKHM ’VT' A — TOK, NPOTEKAOLMA YEPE3 TUPUCTOP C PA3OMKHYTON
LUenbi0 YNPasnAIOWEro 3NeKTPOAa NPy NPANOMEHNM K HEMY HanpPrKeHus 8
MPAMOM HanpasneHwn;

2) napameTpe uenuynpasneHun (Karog— ynpasamowmi
3INEKTPOA) , XapaKTepuayioluue Nepexon TUPHCTOPa W3 3aKPBITOFO COCTORHMWA
B OTKPbLITOE: OTNUMPAWIWKMN YTOK YNPaBnNeHuWnA Iy, MA — Haument-
Wwee IHaYEeHWe TOKa ynpassieHuA, HEoGXoaAWMOoe ANA NepeKnoveHns NpuBopa.

BOonbWMHCTBO yKa3aHHBIX NAapaMeTPOB CUAOBLIX BaHTUNER 0BLIMHO NPUBO-
AWTCA B TeXHWYECKOM nacriopre Ha npubop, a 6onee noapobran wHhopmauun
O Napamerpax, XapakTepucTuKax v 3KCNAYaTauroHHbIX CBOWCTBax — B TexXHW-
NECKUX YCROBUAX Ha npwbop.

OnroanexTpoHHbie NONYNPOBOOHMKOBEIE Npubopsl. OnTpoHamwm
Haz2blIBAIOT TAKME ONTOINEKTPOHHbIE NPUBOPDLI, B KOTOPLIX MMEHOTCA
WMCTOMHMK ¥ NPMEMHMK CBETOBOTO M3Ny4YeHWA (ceeTousnyuatens w
¢oToNpreMHUK) C TeM KK MHLIM BUAOM ONTUYECKOW U 3NEKTPUMEC-
KO CBA3W MEXLY HUMM 1 KOTOPbie KOHCTPYKTMBHO CBA3aHbLI ApYr
C LpYrom.

MNMpuHuun AercTBuA onTpoHos MBGOro BUDA OCHOBAaH Ha TOM,
YTO B M3NyuaTesie 3HEPIMA 3MEKTPUYECKOro CUrHana npeobpasyerch
B8 cBeTOBYI0; B (hoTonpMeMHUKe, HaoBoPOoT, CBETOBOM CUrHAT Bbi3bl-
BAET 3NEKTPUMECKMIA TOK. INEKTPUYECKMIA CUTHAN HA M3NyYaTens No-
AaeTcA 06LIMHO OT BHELWHEero UCTo4YHMKa. CBETOBOM curHan Ha doTo-
NPUEMHUK NOCTYNAaeT MO UeNM ONTUMECKOW CBA3WM OT M3Ny4aTend.

MNpouecchl npeobpasoBaHUA 3HEPrMM B ONTPOHE OCHOBaHLI Ha
KBaHTOBOW Npupofie CBeTa, KOTopuI# NpeacTaenAer coboi 3neKTpo-
MarHUTHOE U3NyveHue B BUAe NOTOKa YacTut — KBAaH T 0 B.

Ceetousnyvarenu. [InA NpyMeHEHWA B ONTPOHaX NPUIOAHLI He-
CKOMbKO PasHOBMAHOCTEH U3NyvaTenei: MUHUATIOPHBLIET NnaM-
NOYKM HaKanwueBaHUA, B KOTOPbIX UCNONb3YETCA TENNoBoe
M3NyYeHWe HarpeTon 3neKTpuMeCKUM TokoM o 1800—2000 °C
HUTM; HEOHOBbLIE NAaMNOYK MW B KOTOPbIX UCNONL3YETCA
CBEYEHME 3MEKTPUMECKOrO pa3pAfa FasoBOW CMECH HeoH—aproH,
map. [em. 1, § 1.1].

YKazaHHble Buabl uayuateneli MMEIOT HEBLICOKYIO CBETOOTAaMY,
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Of PaHWHeHHYI0 [RONroBevyHoCTb, Gonbuive rabaputel, Manyio Hanpas-
NEHHOCTb M3NYYEeHWA W CROXHLI B ynpasneHun. OCHOBHBIM BUAOM
M3Ny4arensa, UCNoNb3yeMbIM B ONTPOHaX, ABAAETCA NOAYNPOBOAHW-
KOBBIA MHAEKUMOHHBITA CBETOM3NYYaOLWWA AVCA, — CBET o4 MO A.
PaccMoTpum npolecc npeobpasoBaHvA 3HEPrUv B TaKOM ONTpoHe
(puc. 11,a).

Ha rpatwvue paspena p- v noBnacteit NONyNpPoBOAHUKOBON
CTPYKTYDbI, KaK Gbino nokasaHo Buille, BO3HWKAET pP-n-Nepexop, B
KOTOPOM COCPEeAOnTOoYEH 06BLeMHbIM 3apAA U3 ABIPOK WM 3AEKTPOHOB.
MNMpwn NpunoXeHun K CTPYKTYpe NpAMOro HanprxenwA U, B aKTve:
HoW obnact B kKpwucTanna HEKOTOPLIX BWAOE NONYNPOBOAHWKOB
(Hanpvmep, apceHmpa rannwA M COBAMHEHWI Ha ero ocHoBe) co3pa-
eTcA 130bITOYHAR KOHUEHTPAUWA cBOBOAHBIX HOCUTenen 3apAAOB,
MHKEKTUPYEMBIX P-N-NEPEXOA0M, CMELLEHHbIM B NPAMOM Hanpaene-
Hun. Bo3HMKaloWWA NPWM 3TOM NOTOK 3NEKTPOHOB NPOXOAWT Yepes
obnact o6bemuoro saprna E, cospaBan 3nekTPOHHbIN Tok /.
Yactb 3neKTpoHOB pekomBWHMpYETCA B aKTuBHOW B v Henpo3pau-
HoW C obnactAx kpwucranna ¢ Abipkamn. Kaxawin akt pexombuHa-
LMY OCHOBHLIX HOCWMTENel 3apAfla CONPOBOKOAETCA W3NyHeHUeMm
KBaHTa CBETa, T.6. UMEET MECTO M3 Ny 4YaTenbHan peK om-
6uHauwmna.

OpHOBPEMEHHO BO3HWKAET AbIPOYHAA COoCTaBnAlOWaA Toka /p,
obycnosneHHan uHKeKUMEW AbIPOK B roBnacTe U OTpaKawwan ToT
thaxT, 4TO p-N-NEePexofoB C ORAHOCTOPOHHEN WHKeKLUwen He BuisaerT.
JlonA 3TOro ToKa Tem MeHbuIe, Hem cunbHee nervposaHa n-obnacte
no cpaBHeHwio ¢ p-obnacTeio CTPYKTYPBI Kpuctanna [3].

YacTe BO3SHMKAIOULEro W3NyYeHWA NOrNOLW3eTCA B ONTUHECKHM

“npo3spaiHoi’’ obnactu A kpucranna (nyun 7 Ha puc. 11,6), xpo

A

Puc. 11. 3nextpuveckan (a) v onmmueckan (6} mopenw ceerogmona
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Me TOrO, UMeeT MecTO: BHYTpeHHee oTpaxeHue {(ny4u 2} npu nage-
HUM ny¥eil CBETa Ha rpaHMuy pasgena cpen nNonynpoBOAHWMK —
BO3AYX, UMEOLWMX Pa3HYI0 ONTUYECKYIO NNOTHOCTL, YTO NPUBOAMT B
KOHEMHOM cHeTe K UX noTepe U3-3a CaMmonor NOLLEHUA.

(eHepaluA KBaHTOB B aKTuBHOW obnactu NONynNpPOBOAHMKAE AB-
NAETCA CNOHTaHHOW M XapaKTepu3yeTCA TeM, YTO ny4Yu CBeTa Hanpae-
neHbl PaBHOBEPOATHO BO BCE CTOPOHEI. Jlyym 3, pacnpocTpaHaowme-
CR B CTOPOHY CWMBHO ferMpoBaHHon obnactu nonynpoBOAHWKA,
6bicTpo nornowaotcA. AkTueHaA obnacte B obnapaet BONHOBOA:
Hbim adhdexTom, M nyun 4 BCneaCTBUE MHOMOKPATHBIX OTpaXeHWi
OKYCUMPYIOTCA BAONb 3TOM OBRacT#, NO3ITOMY WMHTEHCUMBHOCTb TOP-
UeBOr0 M3NyYeHWA 3HAYMTENbLHO BbILLE, YeM B APYTUX HanpaBneHuAX
BLIXOAa CBETa U3 KpuCTanna.

OCHOBHBIMM MaTepuanamy, U3 KOTOpPbIX M3TOTOBNAKOTCA U3Ny4a-
TEeNnW, ABNAKTCA apceHMA rannvAR WCcoeavHEeHWA Ha ero oCHO-
Be, a MarepuanoMm aAnA GOTONPUEMHUKOB CAyxuT KpemHuin. O6a
BWA2 MarepuanoB MMEKT NpaKkTUieCKM OoAMHAKOBYH) ONTUHECKYHD
nnotHocTh (Nokasatens npenomneHwr). 3to o6ecroATenbcTBO 06e-
CNeMMBAEET NONHOE ONTUMEeCKOE COrflacoBaHWe reHepaTopHoro U Npu-
eMHOro 6NOKoOB ONTPOHa.

@Poronpuemruku. MNpyHUMN AGNCTBUA MCNONb3yembIX B ONTPOHax
hOTONPUEMHMKOB OCHOBaH Ha BHyTpeHHeM thoToathdekrte, 3aknio-
YalleMCA B OTPbiBe 3NMeKTPOHOB OT aTOMOB BHYTPW KpUCTannuyec-
KOrO Tena noj AeACTBMEM aneKTPoMarHUTHoro (onTuyeckoro)
usnyveHur. OBpasoeaHue CBOGOAHBIX 3NEKTPOHOB NPUBOAWUT K M3-
MEHEHUWI0 3NeKTPUYECKMX CBOWCTE 06nyvaemoro tena, a BO3HMKa-
wowme npy aT1oM (HOTONEKTPUYECKMEe ABNEHUA WCTIONb3YIOTCA Ha
npakTuKe. 3KCNepUMEeHTanbkHO YCTaHOBNEHO, 4YTo HaubBonee 3Ha4n-
TenbHble OTO3NEKTPUNECKIWE ABMIEHWMA UMEIDT MecTo B NONYNPOBOA-
HuKax, B ocHOBHOM B BecnpumechbiX. Takum obpasom, B doTonpu-
eMHMKe npoucxoaur npeobpasoBaHue KBaHTOB CBETa B JHEPruiio
NOABWKHLIX 3INEeKTPUMECKUX 3apAAOEB, NOA AeUCTBMEM KOTOPbIX Ha
p-rrnepexofe Bo3nukaer oto-3[1C.

lMpu paspaborke ontonap ¢oTONPUEMHUK ABAAETCA ONpefenn-
OLLMM 3NeMeHTOM ONTPOHa, a u3nyvarent Bbibupaerca "noa doTo
npueMHUK'’. YpOBeHb ONTPOHHOW TEXHWKM B HauBonbiueh cTeneHu
X3PaKTepPU3YETCA AMOAHBIMMK ONTPOHaMK, NPOMbBILLNEHHbIE TUMb
KOTOPbIX OTMMMaIOTCA NPOCTOTOM YCTPOMCTEa, GonbluvMm pasHoo6-
pasvem, WKUPOTON (hYHKLUMOHANbHLIX BO3MOXHOCTEN, XOPOWWM CO-
YeTaHMeM 3NeKTPUHECKUX NapamMeTpoe.

KOHCTPYKUWA CMNOBLIX nNonynposoaHuKosbix npubopos. OcHo-
BOWM KOMCTPYKUMM BCAKOro NOMyNpOBOAHWKOBOro npubopa ABnA-
€TCA NonynpPoOBOAHMKOBAA CTPYKTYPa, ONPeAEnRIOLLAA ero 3NeKTPu-
YeCKMe napaMeTpbi M XapakTepucTvku. CTPpYKTypy C 3neMeHTamu,
obecneuMBaloLLMMN  HeoBXOAUMYI0 MexXaHWMeCKYH MNpPONHOCTb, Ha-
AEXHbIA 3NEKTPUMECKMIA U TENNOBOW KOHTaKTbl ¢ Kopnycom npubo-
Pa, Ha3biBalOT BEHTUNbHBIM 3NEMEHTOM KOHCTPYKUMKM. BeHTunbHbIN
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3NEMEHT AOMKEH WMETbH HAfEXHYH 3alUMTY OT BIWMAHWR OKPYXKa-
Iollei cpeab!, MO3TOMY OH NOMELLAETCA B KOpAyYC, obecneynBaowimi
repmMeTvsauuio ¥ MexXaHWYECKYK MNpPOMHOCTb BCEH KOHCTPYKLWW.

Mo BMAY KOHCTPYKLUUWM KOPAYCa BCE CHNOBbIE AONYNPOBOAHWKO-
Bbleé BEHTMNY MOXHO pPas3fienvTb Ha WiTbipeBble, C ANOCKWM OCHOBA-
Hviem (dhnaHuessie) v TabneTouHbie.

Ha puc. 12,2 noka3zaHa KOHCTPYKUVA LUTLIPEBOrO TUPWUCTOPa,
OCHOBaHWe KOTOpPOro 2 U3roTOBNAETCA W3 MEW COBMECTHO C Hapes-
HbiM GonTtom 7 AnRA obecne4eHVR 3NeKTPUMECKOro U TENNOBOMO KOH-
TaKTa ¢ oXnagurenem. [ MPUCTOPBI ¢ NNOCKWM OCHOBaHWeM Kopnyca
(pyc. 12,8) wmeoT megubid naney 7 anA kpennenwAa npubopa
6ontamu Kk oxnagurento. Kpeilwky Kopnycos B 06oux Tunax Tvpu-
CTOPOB BbINONHAKTCA B METaNNOCTEKNAHHOM WNWU METannoKepaMu-
yeckom ucnonHeduw. BepxHuwit cvnoBo Beieog 3 MoxeT GbiTh Bbi
NOnNHeH B BUAE METaNWMECKOro (MegHoro) nneveHoroxryTa (ru6-
KuiA BLIBOA) UNy MEAHOrO NONOrO CTEPXHA, 3aNONHEHHOr O CEBUHLIOM
{>kecTkunin BoiBOA, pYC. 12,6) .
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Puc. 12. KOHCTPDYKUMA MOLUHBIX TMPMCTOPORB:
8 — WThIpeBoN TMpUCTOp C rubkumu 6 — 6ea rubxoro eeiBopa; 8 — pnax-
UeBLIA TUPMCTOP C rubKufM BLIBOAOM
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TupwcTopsl TabnetouHol KoOHCTPyKumKM (puc. 13,3) BbinonHAKT-
cA B Buae Tabnetku 7 B rodpupoBaHHOM KepaMWieCKoOM Kopnyce,
o6ecneynBaloLLemM 3aWmTy BEHTUNLHOMO 3/1IEMEHTa OT 3arpA3HEeHWA ¥
MEXaHUYeCKUX noBpexaeHwi. TabneTtka noMewaeTcn Mexay Bepx-
HUM 2 W HWKHAM 6 MeTannUYecK MM OCHOBaHUAMK npubopa, KoTo-
pble COMPUKACAIOTCA € OXNAAUTENAMM, CO3/laBaA 3NEKTPUYECKMH W
TEeNNOBOW KOHTaKThl. YNpaBnAowwi 3nexTpoa 4 TMpWUCTOpa BbiBe-
neH Ha BGOKORYI nNoBepXHOCTL Kopnyca. lMogkniouenue npubopa
K 3NeKTPWNECKOHW Leny NPOM3BOAWUTCA MNOCPEacTBOM TOKOBERYLWMX
nnactud 3 w 5.

Wvbipesad u ¢hnadueBaA KOHCTPYKUMM NPUMEHRAIOTCA ANA CWno-
BbIX BEHTUNeE Ha Tok go 320 A, TabnerouHan —Ha Tok 250 A v Gonee.
Mpu6ops! © NNOCKWM OCHOBaHWeM Koprnyca Gonee CTOWKK K BO3AeH-
CTBUIO LUMKNAWYECKOW CMeHbl Temnepatypel. B paspaborkax tupwcro-
POB NOCREAHUX NEeT TaKafA KOHCTPYKUUA npumenAercR Gonee Yacro.

Ha puc. 13,6 B xauecTee Npy¥Mepa NoKasaHa KOHCTPYKUWMA HOBO-
rO CMNOBOTD KpemHueBoro TpaHamuctopa cepun TK. Takwe npubops:
MMEOT MacCUBHLIA KOPNYC LWTLIPEBOW KOHCTPYKLUMM C Hape3HbiM
6onToM Ha OCHOBaHWM ANA COEAWHEHWA C PaguwaTopoM M XXECTKKue
BuiBogbl B33t U 3IMUTTEPA.

O6lan xapakTepucTMKa NONYnpoBOAHMKOBBIX npuGopos. Ote-
yeCTBeHHaA NPOMbILINEHHOCTL BbIMYCKAET B LUWPOKOM aCCOPTUMEH-
T€ CUNOBbIE NONYNPOBOAHUKOBLIE NPUBOPL!, NPUMEHEHWE KOTOPBIX
[03BONAET CO3aBaTh 3KOHOMMYHbIE, ManorabapwutHeie w obnapa-
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Puc. 13. TabnerouHan KOKCTRYKUMA TupwcTopa TH00 6es oxnaautenn {(a) w
raBapMTHO-YCTaHOBONHBIE Pa3MEpPBI CHNOBOTO TPaHINCTOPa (6)
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OWME BLICOKOW HAA@XHOCTLIO PasnuuHbie npeobpasosarenu 3nexT-
pwieckon adeprwn. [lnA ypobceTea BoiBopa nonynpoBOAHWKOBBIX
npubopoB B NPOUECCE TNPOEKTWPOBAHMA YCTAHOBOK WM 3aMeHbl Bbl-
WEALLMX U3 CTPOR BEHTUNEH BO BPEMA WX 3IKCNNyarauuu NPUMEHRA-
ertch BykeeHHO-uMPOBaR CUCTEMa YCNOBHLIX ODD3HaYEHWA Ha Cw-
NOBBIE AVOAB!, TUPUCTOPLI, TRAH3UCTOPL! ¥ onTpoHe! (TOCT 15543
70%).

KpemHueapie Quodsi. B 0603HaveHwn Tuna puona AomkHbr GeiTe chepy-
e nemMeHTol: Byxsa B, 0603Ha4al0WaR BEHTUNL; ANA AWOADB C NaBMH-
HOW XapakrepucTuxoin aobaenrerca Byxea J1 (BIl}, anm BeicOKOYECTOTHBIX
avwonoe — Gyxea Y4 (BY), anR mewTUnE#d C BOARHBIM OXNAXAEHUEM NOCHE
Gyxebl B unu Il pobaenrercA Gyxea B (BB unu BNB); sarem npusoawrch
umtbpa, 0603HaYa0LWAR KOHCTPYKTUBHOS UCNONHeHWe npubopa oAHOro U TOTO
we Tuna (AnA nepeoro ucnomkexns umpa 1 He yKaszmBaeTCA) , NP 3TOM NO-
cne umthbpsi CTABMTCA YEPTONKE; Aanee CNeayioT uMbppsl, o6ozHauaowve npe-
AENbHLIA TOK B aMnepax, u, Hakoxey, uudpa {undpet) , o6oaHauaowanr knace
N0 HANPAXEHWIO; MHOTa YKa3kIBEETCA NPAMOE NAAiEHUE HANDANEHWA |Cpeaxee
3HayeHue) B BONLTaX.

Hanpumep, obosnavenwe seHtwnA Tuna BIIB-500-B pacwudposeiBaeTch
Tak: AMOA C NaBUHHOK XapaKTepPUCTUKOW, C BOARHLIM OXNAOXABHWEM, Ha Npe-
nensHbii Yok 500 A, Bro xnacca (r1.e. C NOBTOPAKIUMMCA HaNPRXEHWEM
800 B).

Ha npakTuke Ya8CTO NPUMEHAETCA COKPauwleHHoe 0603Ha4YEeHUE OTAENbHLIX
TANOB BEHTWNEW, BKMICYAIOLWEE AB3 NEPBLIX 3NEMEHTA NONHOIO OBO3HAYEHHA.
Hanpumep, 0603nayeue BeHTUNA Tuna B2-320 witaeTcR Tax: AWOA BTOPOrO
KOHCTPYKTHBHOIO MCTIONHEHMA {umknocTonKHii) ¢ NPEAENEHBIY TOKOM 320A.

MPOMBILLNEHHOCTBIO BBINYCKAIOTCA HECKONBKO CEPWUI CWMNOBBIX AWMOAOE
{HM3KOYACTOTHBIE, UMKNOCTONKKUE, BLICOKOYACTOTHLIE M AP.) Ha npeaenbHbie
Toku Iy 10, 25, 50, 200, 320, 500, 800, 1000, 1250 A 8 OAHOM BEHTUNE, HB
noBTOpPRAIOLUIeecA HanpRxerue Up ot 100 no 2400 B.

Hu3aKoYacToTHRIE CHNOBLIE AKOALI NPEAHASHAYEHbI ANA NPUMEHEHWA B CTa-
THUNECKUX NpeobpasoBarenAx npom.uunennou 48CTOThl B YCNOBWAX: TEMNEPa-
TYPhi OKpy>Xaoulei cpeasl or —50 go + 40 °C npu BO3RYLIHOM OXNAaMAEHHM
u ot +5 fo 435 °C npu BOAAHOM DXNSWAEHWK; YAIPHBIX COTPACEHWH C YCKO-
penvem 0o 120 mic? w anwTensHnx suBpauMii B8 AWana3oHe ¥acTor or 5 no
80 My ¢ ycxkopeHuem Ao 75 mfc2.

Cunosese rpan3ucrTopss. O603HaveHne Tuna Npubopa cComepwuT YeTwipe 3ne-
menta. Mepewi 3anemenT —Byxea (anA npubopos LWHMPOKOro NpuMe-
venwa) wnu umppa (anA npubGopoe cneuwansHOro HalnwaveHuR) oBoamauaer
ucxoanpil metepwan: T unu 1 — repmanwit; K wnn 2 kpemuuin; A unu 3 —
apcesnn ranfA, B Top o aneme T — GyKkBe, Onpenenriowyan npwHan-
NEMHOCTE TpaHaucTopa K GunonApHeim (T)  wnu noneseim (M) npuGopam.
TpeTtui snemeHT — TPEXIHAYHOE YACNO, YKASHIBAOWEE HAZHAYEHWUE
TPaH3WCTORS NO MOLNOCTH WU YBCTOTHLIM CBOWCTBaM, HaNPMMED ANA CUNOBLIX
HW3IKOMACTOTHBIX Tpan3uctopos — ot 701 o 799. Y evBepT M @ 3 ne
M e H T — ByxBe, YKa3siBAIOWAR PasHOBMAHOCTE NPpuGopa aeHHOro Tuna
{A, B . . .). Hanpumep, Tpatancrop Tuna 177026 — 310 MowHEIA BunonAp-
HbIF FEPMaHKaBLIl TPBHIUCTOP ANA YCTPOACTE CNEUMANtHOTO HasHaveHnAa (um-
NyNbCHbie CXEMbl, NPeoBpPa3oBaTEnM HaNPRAXEHWA W ApR.), Wmeer mapameTpol
Uamax =60 B; I max =30 A; P max = 150 Br '[C: nononHutensHsIm Ten-
nooTBoAOM) .
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B HacroAwee speMA pa3paboraHel HOBbIE CUNOBLIE KPEMHUEBBIE TPAHIUCTO-
poi cepum TK {cm. puc. 15,6) Ha Toxk [ixmax =25, 40, 50, 63, 80 u 100A: '

MotHOCTh P max = 125, 175, 250, 300, 400, 500 B u Hanprkenne Uy max=
= 50+ 200 B.

Tupucropsl. B 060aHaueHUM Tuna TUPUCTOP3 NOMKHBI COAEPATLCR Cnegy-
owme snemMeHThl: 6yxsa T, obosHavewoulas TMPUCTOP; ANR TUPUCTOPOB C Na-
BUHHOW XapakTepucTukoin aoBasnretcr Gyxea I (TN), anr Tupucropos c
BOAAHLIM Oxna)xaeHuem nocne Gykewst T unu I po6asnretcr Gyxksa B (TB)
vnu (TINB); GykeeHHaR yacTe O603HAYEHURA MOWET AONONHATLCA Uudpoil,
YK23b1BaI0LUEW HOMED uCnonHeHuR, 2, 3, .. .. 9; aanee nocne yepTouex cneay-
10T 4MCNA, YKasbIBAOLIME NPefenbHbiil TOK B aMnepax v Knacc no nosTopRA-
IOWEMYCA HanprkeHuio. MHOrpa yKaabiBaeTcR NPRMOE NafeHue HanpPRKeHUA
B BONbTEX.

Hanpumep, tupuctop Tuna T3-160-7 — 3TO HWIKOMACTOTHBIK TUPUCTOP C
BO3AYLUHLIM OXNOMACHUEM, TPETLENO KOHCTPYKTUBHOIO UCMONHEHUR, HA Npe-
aensHbil Tox 160 A, nosTtopaoweeca Hanpawenne 700 B (7-i knacc). Ona
0603HMEHA CHMMETPUIHBIX TUpUCTOPOB nocne Gyxesl T ano6esnreTcA Gyx-
Ba C (TC), swicoxouacrorHbix TupucTopos — Gykse Y (TY), dorotupucro-
pos — 6yxsa @ (T®), a onvpoHHbIx TUpUCTOpoB — 6yxea O (TO).

MpombiwnenHocts CCCP npouasoauy GONbLIOE KONWMECTBO Pa3nuuHbIX
TUNOB TUPUCTOPOB Ha npeaenbHbin Tok or 10 no 1600 A v nosTopRICLIEECA
Hanprwenme 100 — 2400 B. K uvcny Haubonee pacnpOCTPaHeHHbIX OTHOCAT-
CR: TUPUCTOPSL cepuu T, KOTOPAR COCTOUT U3 NATYU TUNOB BEHTUNEH
T25, TS50, T100, T160 v TB200 wrbipesoi KOHCTPYKUMM W LUBCTH TUNOB
senTunen T250, T320, T500, T630, T800 u T1000 vabneTouHONW KOHCTPYK-
UM; TUPUCTOPBL HenaewuHHB e Tunos T2-200, T2-250, T2-320,
T2-B0OO, a taxe Tunos T14 Ha Tok 125, 160, 200,250 320 A; TupucT o
pel naenwunHble Tuna T wHa Tox 160, 200, 250, 320 A w Tuna TNB-200.
BhINyCKaOTCA TaKke CneunanbHble TUPpMCTOPbl: G B cTp O A EBRCT B y-
WWWe BHICOKOYAaCTOTHBL e cepwu TH Ha Tox 25, 40, 50, 63, 80,
M0U125A, cMMMETPHUYHBIE WTL peew e Tunoe TC-80, TC-125,
TC-160 u apyrue Tunes senTunen [1].

B wacTorWee BpeMR paapabotad NO KOMNNEKcHo# nporpamme “"Untep-
anexTpo” ONTUMaNbHbIA PARA CHMNOBLIX NONYNPOBOAHUKOBLIX NPUGOpOB, KO-
TopbiA BxkmioyaeT. 188 Tunoe avopos u TupucTopoB Ha toku 10-2500 A,
noeropAoweeca Hanprikenue 100—3000 B. PaapaGortanHebie npuGopsl B3aumo-
3aMEHAEMBI MO 3NEKTPUHACKUM NAPAMETPaM U raGapuTHO-NPUCOeAMHUTEN-
HbiM pa3mepam. OCHOBHBIE UCMIONHUTENW NO NPOM3BOACTBY HOBLIX CHUNOBLIX
nonynposoaxuKkosskix npuGopos — CCCP, MCCP u CPP {4].

OnroanexrporHeie npubopsl.. O60o3HaveHue ONTPOHOB axanorudHo 0603-
HAYEHWUIO NONYNPOBOAHWKOBLIX AWOAO08 U TP3H3UCTOPOB, OTNUNAETCA TONKO
0603Ha4EHME NEPBLIX TPEX INEMEHTOB: NEepB LI K 3nemMeH T — Byxsa,
o603Haual0Wan MaTepuan CBETOAMONa; BTOpPO W 3nemMeHT — Gyxea
O-onTpoH; TpeTu®n 3anemMenT — Byxea, obosnadawan Tun doronpu-
emvuuxa: [1 — doroauon, T — cortorpanauctop, P — doropeauctop, ¥ — cna-
GOTONHBIN TUPUCTOP; CMNOBLIE ONTPOHHLIE TUPUCTOPBLI COAEPWAT B 0BoaHaue-
avm Tuna Gyxkewt TO. Mpumep obozxavenHur: AOT102B -~ ontpoH € apcs-
HWA-TENNUEBEIM CBETOAUOAOM ¥ DOTOTUPUCTOPHBIM NPUEMHUKOM, HU3IKONAC-
TOTHBIA, HOMEP pazpabotku 02, rpynna B.

B HECTORLLEe BPEMR NPOMBILLINEHHOCTE BbINYCKAET CUNOBbIE ONTPOHHBIE
Tupuctopel Tunos TO6,3 u TO-10, a Taxke TWpucTopsl cepum TOZ2 Ha Toxu

+ 10, 40, 100, 160, 250 u 320 A Ha nosToprRIOWeecR Hanprxexnne Up ot 100
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no 1000 B {uepes xaxpsie 100 B) . Mpu6opel nepeoro Tuna BsiNonHeHs! B 1ab-
NETOYHOM NNacTMaccoBoM Kopnyce, a cepuR TO2 — B cTaHpaapTHOM METaNNo-
CcTeKNAHHOM. BO Bcex 3TWxX ONTPOHaxX B KA4ECTBE M3Ny4aTenA WCNOoNb3yeTcR
ceeroavon vwna AfN107 ¢ OTHOCUTENBHO HEBLICOKKWM JHAYEHWEM AONYCTUMOrO
NPAMOro TOKa, NO3TOMY OCHOBHOW peéum paboTel 3Tux ontonap (no Bxon
HOM Lenu) — MMNYNbLCHBIRA,

AnR ynpaeneHuR (OTOTUPUCTOPOM B Ero KOPMyce NPeaycMOTpPeHo cne-
UManNkHOE OKHO ANA NPOMYCKaHWA CBETOBOro NOTOKEa. B ONTPOHHBLIX THPWCTO-
pPax B KauyecTBE M3Ny4yaTenA MCNONL3yETCA NONyNPOBOAHWKOBBLIA CBETOW3ny-
4YaLWWK OMOA — CBETOOAWOA, H8 KOTOPLIWM NOAABTCA YNPaBNAIOWWA CurHan.
CyLIECTEEHHBIM NPEMMYILECTEOM (hOTO- W ONTPOHHBIX TWPUCTOPOB NEpes Tw-
pUCTOpamMK, yNPaBnAEMLIMWA 3NEKTPUYECKWM CWIHBNOM, ABNAETCA OTCYTCTBWE
ransBaHMMECKOA CBA3M MEXAY CUNoBON Lensto npubopa u cheTemon nx ynpas-
NEeHUA.

Mpynnosoe coepuHeHwe cunosbiX BesTunei. B npeobpazosarenax
Gonswon MowHocTy TpeboBaHWA K cpefHeMy 3Ha4¥eHW0 NPAMOTO
ToKa ¥ 0BpaTHOMY HaMpAXEHUID MOTYT MPEeBbILLaTe HOMWHaMNbHbIE
3HaYeHWA NapamMeTpoB CYLIECTBYIOLUX BeHTWnen. B 3tux cnyuanx
3apada pewaercA napannenbHbiM 1 NOCNEAOBaTENbHbIM COEUHEHWEM
nonNynpoBoAHUK OBbIX npnﬁopoe, KOTOpOe TakK>e UCNnons3yercA aAnA
noBbILLEHWA HANEXKHOCTW npeoﬁpa:oaa‘reneﬁ, Korpa ssiXo U3 CTpoAa
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Puc. 14. Mpynnosoe coeAWHEHKE NONYNPOBOAHWMKOBLIX Npubopos:
8 — MapannensHoe; 6 — nocneaoBarTenbHoOe; B W 2 — COOTBETCTBEHHO 06
parHbie W NPAMBIE BETBW BONLT-8MNEPHBIX XePaKTEPUCTHK awopos; d — Cxema
BLIPABHWBAHWA OBPaTHBIX HANPAXEHWA HA TUPUCTOPaxX; € — CXEeMa BbIPABHW-
BaHWA TOKOB AMONOB
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oTpensHoro npubopa He [OMXKEH BbI3LIBaTb HapyLUeHUA PpaboTbl
BCEI YCTaHOBKW.

Mpwu rpynnoeom coenuHeHuy BEHTWUNEN W3-33 HECOBNAAEHUA NpA-
MbIX W O6paTHLIX BETBEH BONLT-aMMNEPHLIX XapaKTEePUCTWUK npubo-
POB BO3HWKaIOT HepaBHOMEPHbIe pacnpeneneHuA Tokos (npu napan-
nensHOM COeAuHeHWH) wunKu HanprxeHwud (NpU NocnepoBaTenbHOM
coeavHeHnn) MeKXay OTaensHbIMY BEHTUNAMU.

Mpw napannensHom coepuHeHun asyx BeHTunen (puc. 14,3)
NpoTexKawiui Yepes Hux obwwin TOK / NpW OAWHAKOBOM NPAMOM
nageHu HanpPAMEHWA Aunp Ha ofbeux npubopax pacnpegenserca
HepaBHOMEPHO: 4epes auon V7 npotexaer Tok iy, @ 4epes avon

VZ21ok ip; < i; {puc. 14,2) scneactere HecOBNaNeHUA NPAMBIX
BETBEH BONbT-aMMEPHLIX XaDaKTepucTuiK. 3TO Bbi3biBaeT Meperpys
KY MO TOKY OTAENbHLIX BeHTUNeW, NPUBOAALLYID K BbIXOZY MX 13
CTPOA BCNEACTBME Neperpesa.

B cnyuae nocnegoBarensHoro coeauHeHuA sexTtunei: (puc. 14,6
uepes 06a npubopa NpPOTeKaeT OAWH W TOT e OBpaTHbLIR TOK fo6p.
HO NPUNOXeHHOe K HUM 06paTHoe HaNpRXKEeHWe Use, BEMAY Pasnu-
4uA 06paTHLIX BETBE BONbT-aMNEPHBIX XapaKTepucTuk {puc. 14,8)
pacnpefenfAeTcR No Auoaam HePaBHOMEPHG: K seHTunio VT npukna-
ObIBAETCA HaNpRXEHWe Upppy, 3 K BeHTwio V2 — wanprikenue
Upbp2 < Upgp1- lpesbiluenve Ha onHOM M3 BeHTuneit obpatHoro
HaNpRXXEHWA Haj HanprXeHueM 3aruba BONbT-uMNepHOW XapaKTepu-
CTUKK MOXKET NPpUBEeCTU K Npobolo He TONbBKO AaHHOIrD, HO W BCEX
OCTanbHbIX BEHTUNENH BCNEACTBHE NOBBILUEHUA HA HUX Ug g

[nA WCKMIOYEHWA BLIXOAZ U3 CTPOR BeHTUNEH NPY UX TPYNNOBOM
COeAUHEHUU MPUHUMAIOT CrieuranbHble Mepbl AnA obecneveHuR pas-
HOMEPHOTO AENeHMA TOKA M HaNPRXXEHUA MEXAY oTaenbHbIMK Npu-
Bopamu.

AnA BbIpaBHWBaHWA TOKOB MEXAY NapannenbHO BKMIOYEeHHLIMU
BEHTUNAMY B HACTOALLEe BPEMA NPUMEHRAIOT 4Ba cnocoba:

1) nopbupaloT BEHTMNW C ManbiM PaznUuUeM NPAMBIX BeTgel
BOMbT-aMNEPHLIX XDAKTEPUCTWUK — NafeHue Hanprxenwn  Aun,
Ha oTaenbHbIX Npubopax He AOMKHO oOTnM4YaTheA Gonee 4Yem Ha
0,02 B npu usmeHenun npamoro toka ot 0,1 Teom 80 lhon™:

2) 6Gonee PacnpoCTPaHEHHBLIM CMOCOGOM BbIPABHUBAHWA TOKOB
MeXay napannensHo BKMOYeHHbIMW NpuGopamu ssnAetca npume-
HeHWe WHAYKTUBHBLIX JenuTeneldd ToKa pasnuyHbiX Tunoe. Ha
puc. 14,e npeacraeneHa cxema MapannenbHOTO COEAWHEHWA [OBYX
BEHTUNEW C MHAYKTUBHLIM [ENUTeneM, KOTOPLIM NpeacTaBnAer co-
60i1 TOPOMAENLHBLIKM BWUTON MNU LUMXTOBAHHLIN CEPAEYHUK C ABYMA
BCTPEYHO BKNHOYEHHLIMKU 0BMOTKaMMK, Yepe3 KoTopbie NOABOAWTCR
TOK K TupucTopam V7 u V2, nopkmodeHHbiM K oaHon “thaze”.

*B KOHie YCNOBHOrO 0G0IHAYEHHUA AWOROE M TUPHCTOPOB, NOCTABNREMbIX
ANA TIAPannenbHOTD COSAWHEHWRA, CNEAYIOT UndpLl, O3HANaOUME NPRMOE
NAAEHWE HANPAMEHWA.
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Ecnu Toku iy w J,, NpoTexaiowme B 06MOTKaxX TaKoro APOCCENA B
NPOTUBONONOXHBLIX HanpasneHuAX, ByayT HEOAUHAKOBLIMM, TO 3TO
BbI3OBET MOABMNEHME HEYPABHOBELUEHHOrO MAarHWTHOro MOTOKa B
- cepaevHuKe, u3mMeHeHue KoToporo ByaeT MHAYKTHpOBaTh B OBMOT-

Kax w; ¥ W, NPOTMBONONOXKHO HanpaenenHsie 3f1C, KoTopsie By-
YT BbIPaBHMBAaTL BOMbT-aMMEPHbLIE XaPaKTEPUCTHKK NapannentHbiX
BerBeii ¥ cnocoBCTBOBATL PABHOMEPHOMY pacnpegeneHuo ToKa B
tupuctopax V1 u V2,

WHayKTuBHbIe aenwTenu 3¢heKTUBHLI ANA BbIP3BHWBaHWA TO-
KOB B BErBAX NPY WX HapactaHuu (B NepexofHbiX pexymax) wnu
KOFf1a Yepe3 BEHTUNW MPOTEKAKT NYNbCHMPYIOLME TOKHK, Nepuoaunye-
CKy: M3MEHAKLLYE CBOE 3HAYEHWE, HTO WMeeT MecTo npu paboTte BeH-
TUNEW B CXEMax BbLINPAMIMEHWA MNepeMeHHOro ToKa.

[inn pasHoMepHoro pacripefeneHA OBPaTHOrO HanpAXeHWR Ha
MOCAeAOBATENsHO BKIOMEHHbLIX BEHTUNAX NapannenbHo KaXaomy
M3 HUX MOAKMO4atOTCH pesuctopsl Ry, (puc. 14,0) . Conportvsne-
HWE 3TUX LUYHTUPYIOWMX BeHTUnY pesuctopos, OM, mMoxHO nog-
CYUTaTh MO CNEAYHILLEMY COOTHOLUEHMIO:

nU— Umax

R ——
= {n— 1)/ g6p max

(2)

roe n— YWcno focnepoBaTenbHe S8KNYeHHbIX BeHTunenr; U-— Hau-
Bbonsiuee AoNycTMMOe Han’pﬂmeuue U, senTunm, B; Upax — MaKeu-
ManbHOe HanpR)eHue Ha BeTsByu C NOCREeAOBaTENbHO BKIKOYEHHbIMMW
BeHTUNAMY, B /oep max — Haubonblwwii obparHeiit Tok (amnnu-
TYAHoe 3Ha4eHue) , A.

MowHocTs WyHTHpYowmux pesuctopoe P, B, moxer BbiTs pac-
CYMTaHa Mo AENCTBYIOLEMY 3HaueHuio Hanprx#eHnA U, Ha atom pe-
3ucTOpE

Py > ULIR,,. (3)

Taxkow penutent ¥3 conpoTusneHuin R, BoipagHMBaeT obparHoe
HanprXeHYe B YCTaHOBMBLUEMCA pexxume. [iNA obecneveHuA paesHo-
MEPHOFO PachipeAeneHrA Uosp B NEPEXOAHbLIX PexuMaXx, Hanpumep
npy repexone NocnefoBaTenbHO BKIMKMEHHLIX TUPUCTOPOB U3 OT-
KPLITOro COCTOAHMA B 3aKPBLITOE, NapannensHo TUPKUCTOPaM BKIOYa-
10T KoHpeHcaTopel ¢ peavcTopamin (RC-uenouku) . O6biuHo 3Ha4YeHKe
eMkocty C = 1+2 mxP, a conpotuenenva K = 20-30 Om.
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3. OCHOBHbIE CXEMbl HEYMNPABNAEMbIX BbiNPAMWUTENER
OAHO®A3HOMNO U TPEX®A3HOIO TOKA

BeinipAMuUTEneM HA3LIBAETCA CTaTMNECKOE YCTPOICTBO, NpeaHas-
HayeHHoe AnA NPeobpasoBaHUA 3MEKTPYMECKOH IHEPr UK NEpeMEeHHO-
r'c TOKa B NOCTOAHHLIN | . HeoBxoaumocTs B Takom npecbpasoBaHui
BO3HWKEET, KOrja nuTaHre noTpebuTens OCylecTBRAETCA NOCTORH
HBIM TOKOM, @ UCTOMHMKOM 3AEKTPUYECKON 3Hepruv ABNAETCA WC
TOUHWMK NEPEMEHHOIo TOKa, HanpuMep NpPoMbILUMEHHAA CeTh YacTo-
Toin 50 Iy

lMNpouecc BEINPAMANEHWA OCYWWECTBNRETCA HENOCPEACTBEHHO BEH-
TUMBbHBIMU 3MEMEHTaMM CXEMBI BLINPAMIEHUA M 3aKMIOYAETCA B ToM,
4T0 Harpyska UWKNMYecKn NepeKsiYaeTcA C oAHoM thasbl CTOYHMKA
AIEPEMEHHOIO HaNPAXeHWA Ha Apyryto. B HacToAwee BpemA paspa-
6oTaHo ¥ NPWMEHRETCA Ha [PaKTUKE MHOFO CXeM BLINPRMUTEned
oaHohasHoro v TpextasHoro Toka. BriGop Toi Unv uHoi CXembl o
PEAENAETCA CBOWCTBAMW NPUMEHAEMBIX BEHTUARH W YCNOBMAMM
pabotsl BeINpAMUTENA. Hanpumep, B BbiNpAMUTENbHBIX arperarvax
ANA 33apAAKY aKKYMYNATOpHeIx Batapen, rae tpebyiotca HebonsLve
3Ha4eHWA BbLINPAMAMEHHOrO HanprxeHwA (24—48 B), uauBonee
APUEMAEMEIMK  OKa3anuch CXembl OAHO(IA3HONO BLINPAMAEHWA C
BEHTWUAAMU Ha Hebonbluve 3HaueHnR Upgp. Mpu BoiInpAMAneHum Bor-
Cokux HanpRxenuii (no 1000 — 1500 B) wacto npuxoavrca npwbe-
rave K NOCNeAoBaTensHoMY COEAMHEHWIO BEHTWNEN WNKM NPUMEHATH
Avogel Ha Bonblwve 3HaveHwA Upep- CnepoBatentHo, npumeHerve
B TakoMm BbiNpRAMUTENE TPeXha3Hoi HYNEBOM CXeMbi BbINPAMAEHWA
Ha KPEMHWEBLIX AWOAAX NO3BONUT 3aTPaTUTk MEHBLUEE YUCAO BEHTH-
neil (Tpu BmecTo ueTwipex) , nonyunTs Gonee BLICOK Wi KNA v cHw
3uTs rabapwrel BoinpAMuTens (cm. § 6).

YuuTeiBan BbILUECKa3aHHOE, PaCCMOTPMM PaboTy OCHOBHBIX CXeM
BpINpAMAEHMA ofHodasHoro W TpexdthasHoro Toka, npeanonaran
BHa4Yane AnA NPOCTOTHI PacYeToB NapamMeTpoB v obnerYeHwA noHu-
MaHuA (P13M4ECKONM CYLHOCTY NPOLECCOB B 3NEMEHTaX CXeM, YTo
BhINPAMUTENs PaboTaeT Ha aKTMBHYK HarPy3Ky M COCTOMT U3 mae-
ansHLIX BEHTHNEN ¥ TPaHcthOPMaTopoR, B KOTOPLIX MOXHO npeHet-
PeYb NafeHWAMM HaNPAXKEHWA, a Takoke oBparHLIMU TOKaMU BeHTH-
Nei, MHAYKTUBHOCTAMM W HamarHU4MBaOLWMM TOKOM TpaHchopma-
Topa.

OcHOBHEIMM 3NeMeHTaMM, NAPaMEeTPLI KOTOPLIX MOANEXaT pacve-
Ty B CXemax BbiNPAMNEHWA, ABNAKTCA BEHTUNLHLIE ANEMEHTHI W
TpaHchopmarop. McXoaHbiMM AaHHBIMW NpUY PacyeTe Chy»Kar Bbi-
npAMneHHbie HanprkeHuR Uy wn Tok lg, a Taxke pencTBylOLlER
3HaueHWe HaNPFAXXEHUA nuTaowel cetu U, .

Mo rocT 2341479 ANA Ha3BaHMA TAKUX YCTPOWCTE AONYCKAEETCA TaKKe
NPUMeEHATL TePMUH “'NnpeoBpa3osatens’ '.
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¥YcrpoiicTBO M OCHOBHbIE 3NeMeHTbl BuinprrauTenei. Boinpamu-
Tenb NpeacTaBAAET coboM 3NeKTPUYECKWiA arperar, KOTopbii COCTOWUT
B obleM cny4yae M3 CNeayHoLux OCHOBHBIX anemenToB (puc. 15):
cunoBoro Tpadcthopmaropa 7, cnyauwero AnA NONYYEHWA 33QaHHO-
ro HanpAXXeHWA Ha BbIXOAE BbLINPAMWTENA, @ TaKXe ANA 3MeKTpw
4YecKOro pasfiefieHuA Lenn BbiNPAMAEHHOIO TOK2 C NUTAWER CETLIO,
4To HeobXoAMMO NpwW 3a3eMMeHHON Harpy3Ke; 6noka BenTunen 2,
COEeIUHEHHbIX NO onpeaeneHHON cxeme W obecnedmBaroWmX nNporte-
KaHne TOKa B Uenw Harpy3Ku B OAHOM HanpasBfexwn, B pe3ynbTare
4Yero nepemMeHHoe HanprAxeHwe npeobpasyercA B Nyfbcupylollee;
crnaxueaowero dwvneTpa 3, KoTopbiii ocnabnaAeT nynbcauwm Bot-
NPAMMNEHHOr O HaNPAXEHVA B LUenw Harpysku 4. Ecnv BuinpAMUWTENDb
yNpaBnAemblii, TO B HEro BXOAWT ewe y3en 6, cofepykaluni cuctemy
ynpaeneHuA BeHTunAMK. [InA 3awiuTer BLINPAMUTENA OT NoBpeXxae-
HWA NPYU aBapUIHLIX PEKUMAEX B €ro CXeMy MOXET BXoguTs 6nok 3a-
WuTel 1M curHanusauvm 5, a ANA NoAnepXXaHWA C onpefeneHHoR
TOYHOCTLH 3Ha4YeHUA  Ug,,x NPy M3MEHEHWAX HaNpPAXKEHWA NuTa-
owein cetu U v conporveneHwA Harpysku R, — crabunusarop
HaNPAXEeHWA UAKN ToKa.

B HekoTopbix cryYaAx B cXeme BoINPAMUTENA MOFYT OTCYTCTBO-
BaTb OTAENbHbIE 3IEMEHTLI, Hanpyimep thunbTp 3 npu paboTe BbiNpA-
MUTENIA Ha Harpy3Ky WHAYKTWUBHOMO XapakTepa wuin CUoBO#R TpaH-
cthopmatop 1 B cnyyae 6ecTpaHothopMaropHOro BKAKOYEHUA BLINPA-
MUTENA, 4TO MOXET WMETbL MECTO B MOCTOBLIX CXemMax BbiNpAmM-
EHWA.

B 3aBMCMMOCTM OT KONWYeCTB2 BbINPAMMEHHLIX MOMYNEPUOAOB
MUTAIOLWEro HANDAXEHNA CXeMbl BbINPAMAEHWA NOAPa3AenAlOTCA Ha
OLHONMONYNEPUOAHBLIE N fBYXNONYNEPUOAHLIE.
Mo wncny a3 nepBuyHOn 0BMOTKK TparchopmaTopa BeiNPAMUT enu
AENATCAHE cAHoOa3Hble M TPex(a3Hble.

Boinpamutenu onHodaznoro toka. [lpu Hebonbluoi MowHoCTM
Harpy3kn (10 HECKONbK WX COTEH BaTT) Npeobpasosa-
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Puc. 15. Crpykrypran cxema (a) v kpuesie Hanprwenni (6) BLINPAMMTENA
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