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IpeancsoBue

Hacrosiee yueOHO-MeTOnMueckoe MocoOue MpeicTaBisieT coboil cOOpHUK
3a7a4 Mo Kypcy «Pu3nyecKkre OCHOBBI JIEKTPOTEXHUKHU», YATAEMOMY B TEXHHUYE-
CKUX yHuUBepcuTeTax u BY3ax.

[Ipennaraemoe yueOHO-METOIUUECKOE TOCOOME TpelHa3HAUYEeHO ISl CTY/IeH-
TOB M3yYarOLIUX 3JIEKTPOTEXHUKY M OCHOBBI AJIEKTPOHUKHU JHEBHBIX, BEUEPHUX U
3204YHBIX oTneNieHui. J[7s oOserdeHus pelreHHs 3a7ad B Hadalle KaKOW TIIaBbI
JaHbl KpaTKWe TEOPEeTUYECKHe CBEJIEHUS W CBOJKAa HeoOxomuMbrx (opmyi. Ham-
6oJee MOAPOOHO M3JIOKEH TOT MaTepHall, KOTOPHI MEHbIIIe OCBEIIeH B TUTEpaTy-
pe. XapaKTepUCTUKU HEKOTOPBIX MTPUOOPOB JIaHbl B MPUIIOKEHUX. V310)KeHHbI B
NOCOOMHU TEOPEeTHUECKUI MaTepual COMPOBOXKIAETCS MPUMEpPaMU pacyeToB, CIIO-
COOCTBYIOLIUX JIyUIIIEMY YCBOEHHUIO Kypca.

B cBs3u ¢ BBIIEU3TI0KEHHBIM MOXHO 3aKIIOUUTh, YTO JaHHOE YydeOHO-
MeToMYecKoe Tocobue «DIEeKTPOHUKA B IIEKTPOTEXHUUYECKUX KOMIUIeKcax WU
cucteMax B 3afadax. Yacte 2», 6a3upyrolerocsi Ha OCHOBaX TEOPUU C MPEeUMyIlie-
CTBEHHBIM aKIIEeHTOM Ha HauboJjiee Ba)KHbIe MPUKJIAAHBIC pa3/ielibl, OKaKeTCs T0-
JIe3HBIM OOJIBIIIMHCTBY KYpPCOB 3JI€KTPOTEXHUYECKON MOITOTOBKH.



OO0wue cBeaeHus

C 1eJibl0 KOHTPOJISI YCBOEHHUS Y4eOHOT0 MaTepHalia B COOTBETCTBUU C y4eO-
HBIM TJIAHOM, CTYJIEHTaM IpeaiaracTcs BBIMIOJHUTD PacueTHbIE 3aaHusl.

HcxonHple naHHBIE K 3a7adaM CBeJeHbl B TaOmumbl. OHU pa3OWTHI Ha
cTonb1bl, 0603HaueHHbIe cuMBosiaMu A, B, C, u ctpoku nmox Homepamu 0,1,2,...,9.
Jlyiss BBIOOpA MCXOTHBIX JaHHBIX HEOOXOIUMO OIpPeNesIUTh HOMEpP CTPOKH, COOT-
BETCTBYIOIINN HOMEPY 3a4eTHON KHIDKKH, 110 CIIeAYIOMEeMY TTPaBHITY:

Homepom ctpoku B cTonbie A siBisieTcs mocienHss mudpa HoMepa 3adeT-
HOM KHIKKH, B cTonOIe B — npeanocnennss nuudpa, a B crondbue C — mumaamuid
pa3psii CyMMBbI IOCTeAHeH 1 peanocieaHei uudp.

Hanpumep, Homep Barmmreii 3auetHoit kamwkku: 123456.HoMepom cTpoku B
ctonbie A siBisercs 6, B cronbue B — 5,8 cronbue C — 1 (5+6=11).

Homepa ctpok B cTonOmax i Bcex 3ajad OJWHAKOBEI. [lepen TekcTom pe-
IIIEHUS TTepBOM 3a7a4i He0OXOUMO TIPUBECTH pacdyeT HOMEPOB CTPOK B CTOJIOIAaX
1o HoMepy Baireli 3a4eTHOM KHWKKH, a TIepe]] TEKCTOM PeIlleHUs KaKI0H 3a1aun
YETKO BBIITACATHh UCXOIHBIE JaHHBIE.



bunoasipabie TPAaH3MCTOPHI H YCHJIUTEJIH HA X OCHOBE

Bunonapusim mpanzucmopom Ha3bIBaeTCsl DIIEKTPONpeoOpa3zoBaTeIbHBIHN
MIOJTyIIPOBOTHUKOBBIN MPUOOP, UMEIOIIHMA B CBOCH CTPYKType ABa B3aUMOJICHCT-
BYIOIIMX P-N4Iepexojia ¥ TPU BHEIIHWX BBIBOJIA, M TpeJHA3HAYCHHBIN, B YaCTHO-
CTH, JJISI YCUJICHUS DJICKTPUUECKUX CUTHAIOB. TepMUH “OHUIOISPHBIN. MOIUYEpPKH-
BaeT TOT (DaKT, YTO MPUHIUN pabOTHI MPUOOpa OCHOBAaH Ha B3aWMOJICHCTBHH C
ANEKTPUIECKUM TIOJIeM YaCTHIl, UMEIOMNX KaK IMOJOKUTEIbHBIN, TaK W OTpHIla-
TEJIBHBIN 3apsif], - IBIPOK U AJIEKTPOHOB. B nanpHeieM a1 KpaTkocT OyiemM ero
Ha3bIBATh NMPOCTO - TPAH3UCTOPOM.

Puc . 1 —CrtpykTypa Tpan3ucrtopa

CTpykTypa TpaH3WCTOpa, U3TOTOBIEHHOTO TI0 MU(HY3NOHHON TEXHOJIOTHH,
npuBeieHa Ha puc . 1. Kak BUAHO W3 puUCyHKa, TPaH3UCTOpP MIMEEeT TpH 00JacTh
MOJIYITPOBOJTHUKA, Ha3bIBAEMbIE €T0 AJIEKTPOJaMH, NIPUYeM JIBe KpaiiHue o0iacTu
UMEIOT OJIMHAKOBBIA THIT MPOBOJAWMOCTH, & CPeIHss 00JIaCTh - MPOTHUBOTIONOXK-
Helii. CTpyKTypa TpaH3WCTOpa, TpuBelNeHHas Ha pwuc.l, Ha3pBaeTcs N-pP-N
CTPYKTYpO#. DIEKTPOIbI TPAH3UCTOPA UMEIOT BHEITHUE BBIBOJIBI, C IIOMOIIBIO KO-
TOPBIX TPAH3UCTOP BKIIFOUASTCS B dJEKTpHUecKylo cxemy. OnHa U3 KpallHUX 00-
JacTell TpaH3UCTOpa, MMEIOIas HauMEHBIINe pa3Mephl, HAa3bIBACTCS IMHUTTEPOM
(D). Ona mpenHa3zHaveHa ISl CO3JaHUSI CHIIBHOTO MOTOKA OCHOBHBIX HOCHTENEH
3apsiaa (B IaHHOM ciydae 3JIEKTPOHOB), IPOHHU3BIBAIOILIETO BCIO CTPYKTYPY MpH-
6opa (puc 1). [ToaTromy 3MUTTEp XapaKTepu3yeTcs OYeHb BBICOKOH CTEINEHBIO Jie-
ruposanust (Ng, = 10%° - 10%° cm ). Jlpyras kpaiissist 06J1acTh TpaH3KCTOpa, Ha-
3p1BaeMast kostekmopom (K), mpenHasHaueHa IUisi cOOMpaHHs MOTOKa HOCUTEIEH,
AMUTTUPYEMBIX 3MHUTTepoM. [lodTOMYy KOIEKTOp MMeeT HauOOoJNbIIHe pa3Meph
cpenu obnacteil TpaH3ucTopa. Jlerupyercst KONJIEKTOp 3HAUUTEIBHO cliabee IMUT-
Tepa (moapoOHee BOMPOC O BRIOOPE KOHIIEHTPAIMH aTOMOB IIPUMECH B KOJLIEKTOPE
paccmotpeH Huxke). CpenHss o0jacTh TpaH3UCTOpa HasbiBaeTcs 6azou (b). Ona
npeHa3HavYeHa JJIsl YIpaBIeHUs TOTOKOM HOCHUTENeH, MBIDKYIITUXCS W3 IMUTTepa
B KOJIeKTOp. J[1s1 yMeHBIIIeHHsI TOTeph 3JIEKTPOHOB Ha PEKOMOMHAIINIO C JIBIpKa-
MU B Oase ee mmpuna W; nesnaercs ouenb Manenbkoit ( W; << L), a cTeneHs Jieru-
pOBaHMs - OueHb HU3KOH - Ha 3...4mopsaka Hike , 4eM Y sMUTTepa (N5 << Ng,.



Mexnay ayeKTpofamMu TpaH3HCTOpa o0paszyroTcst pP-hNdiepexonsl. llepexon, pasne-
JISIFOIIMI OMUTTEP U 0a3y, Ha3bIBaeTcs amummepHuim nepexooom (1), a mepexof,
pazzaenstonuii 6a3y U KOJJIEKTOp, - komtekmophwvim nepexodom (KIT). C ydetom
pe3koit acummeTpuu amutTepHoro nepexona (Ng, >> N,5) oH XapakTepusyercs oji-
HOCTOPOHHEH WHXEKLHEeH: MOTOK 3JIEKTPOHOB, MHKEKTHUPYEMBIX U3 SMUTTEpa B
6a3y, 3HAQUUTENIbHO MPEeBOCXOJUT BCTPEUHBIM MOTOK JBIPOK, MHKEKTUPYEMBIX U3
0a3bl B OMUTTED.

Peskumbl paboThl TpaH3uCTOpa

B 3aBrcHMOCTH OT TOrO, B KAKMX COCTOSTHUAAX HAXOIATCS NEPEXObI TPaH3U-
CTOpa, pa3iuy4aloT pexXUMbl ero padotsl. [lockonbky B TpaH3uCTOpe UMeeTcsl J1Ba
nepexoja (3MUTTEPHBIA M KOJUIGKTOPHBIH), M KOXIBIH U3 HUX MOXET HaXOIUThCS
B JIBYX COCTOSIHHSIX (OTKPBITOM M 3aKpPBITOM), Pa3indaloT YeThIpe pekuma padoThl
TpaH3ucTopa. OCHOBHBIM PEXUMOM SIBIISICTCS AKMUBHBIU pPedCcuM, TIPU KOTOPOM
SMUTTEPHBIN MEPEX0] HAXOAUTCS B OTKPBITOM COCTOSIHUH, a KOJUIEKTOPHBIN - B 3a-
KpbITOM. TpaH3uCTOpBI, paboTatolie B aKTUBHOM pEeXHUMe, UCIOIb3YIOTCS B yCH-
JIMTENIBHBIX cxeMaX. [IoMMMO aKTUBHOIO , BBIIEISIFOT UHBEPCHBIU PEdCUM, TIPUA KO-
TOPOM 3MUTTEPHBIN NEPEXOJ 3aKPBIT, & KOJUIEKTOPHBIN - OTKPBIT, pedcum HAacwl-
wenus, IPU KOTOPOM 00a nepexofia OTKPBITHI, U pedxcum omceuku, Ipu KOTOPOM
00a nepexojia 3aKphITHI.

Hapsiny ¢ TpansucTtopamu N-p-n+ CTPyKTYpbl, CYLIECTBYIOT TPAH3UCTOPHI C
CUMMETPUYHOU €l P-N-PCTPYyKTYpOH, B KOTOPBIX MCIIOIB3YETCS IIOTOK ABIPOK.
VYcnoBHble 0003HaYeHus: N-P-N-U P-N-PTPaH3UCTOPOB, UCIOIb3YEMBbIE B JIEKTPH-
YeCKUX cxeMmax, IpUBeJIeHbl Ha pUc.2.

b b
n-p-n p-n-p

Puc.2 —VYcnoBHabie 0003HaUeHUS N-P-N-U P-N-P-TPaH3UCTOPOB

Crpenka Ha BbIBOJIE IMUTTEpPA MOKA3bIBAET HAMPABICHUE IMUTTEPHOIO TOKA
B aKTUBHOM pexume. Kpyxok, o603Havaromuii Kopnyc AUCKPETHOrO TPaH3UCTO-
pa, B m300pakeHHH OECKOPIyCHBIX TPaH3UCTOPOB, BXOISIIMX B COCTaB HWHTe-
rpajbHbIX MHUKpocXeM, He wucnoibdyercd. [lpuHumnm paboTtsl N-p-N- u pP-n-p-
TPaH3UCTOPOB OAMHAKOB, a MOJIIPHOCTH HAIPSDHKEHUM MEXIy UX JIEKTPOJAMH U
HaIlpaBJICHUS] TOKOB B IEISAX JJIEKTPOJOB IPOTUBOIIOJIOXKHBI. B coBpeMeHHOU



ANIEKTPOHUKE HaWOOJNbIlIee pPACIPOCTPAHeHHWE TONYYMIA TPaH3UCTOPHI N-pP-N-
CTPYKTYpPHBI, KOTOpBIe, Oaronapsi 6oJjiee BHICOKUM 3HAUEHHUSM MOJABHKHOCTH U KO-
s dunnenta mupQy3un dIEKTPOHOB MO CPaBHEHUIO ¢ AbIpkamu ( My> My, D>D))
, 00JIaaroT OONBIINM YCHIICHHEM W MEHbIIeH MHePLIHOHHOCTBIO, YeM TPaH3HUCTO-
pBI P-N-p- cTpykTyphl. [losTOMYy HIKE paccMaTpuBaroTCs UMEHHO N-P-Nt TpaH3u-
CTOPBHI.

CxeMbl BKJIIOYEHHUS 6HHOJ'IHPHOFO TPAaH3UCTOPAa

B GOIBIIMHCTBE 3JEKTPUUIECKHX CXEM TPAH3UCTOP UCIIOJIB3YETCS B KAUECTBE
YETHIPEXIIOIFOCHUKA, TO €CTh YCTPOMCTBA, HMEIOIIErO 1Ba BXOIHBIX U J[BA BHIXOJI-
HBIX BbIBOZIa. OYEBUIHO, YTO, IIOCKOJIBKY TPAH3UCTOP MMEET TOJIbKO TPH BBIBOA,
IUI €r0 KCIOJB30BAHMS B KAYECTBE YETHIPEXITONIOCHUKA HEOOXOANMO OIUH H3
BBIBOJIOB TPaH3UCTOpa CeNIaTh OOIIMM ISl BXOJHOM W BBIXOAHOH memneil. CooT-
BETCTBEHHO PAa3/IMYalOT TPH CXEMBI BKJIFOUEHHUS] TPAH3UCTOPA. CXEMEBI ¢ 0buyell ba-
3011 (OB), obwum smummepom (03) u obwyum xonnexkmopom (OK). Ha puc. 2 no-
Ka3aHbl MOJISIPHOCTH HAMPSHKEHUH MEXIY SJIEKTPOaMK M HaIllpaBJIeHHs TOKOB, CO-
OTBETCTBYIOII[E aKTHBHOMY PEXHUMY B yKa3aHHBIX CXeMax BKJIIOYEHHUS TpaH3H-
cropa. CreyeT OTMETHTh, YTO TOKH TPAH3UCTOPa 0003HAYAIOTCS OIHUM HMHIEK-
COM, COOTBETCTBYIOIIUM Ha3BaHMIO SJIEKTPOJIA, BO BHEIIHEH IIEMU KOTOPOTO IMpPO-
TEKaeT JAHHBIA TOK, a HAMPsDKEHUS MEXAY SJIEKTPOJaMH 00O03HAYAFOTCS IBYMSI
WHIEKCaMH, PHYEM BTOPBIM YKa3bIBAETCS MHAEKC, COOTBETCTBYIONIUN HAa3BAHUIO
obrrero anekrpoaa (puc. 3). B cxeme ¢ obieii 6a3oit (puc. 32) BXOAHOM IIEMBIO
SIBIISIETCSI LIETTb SMUTTEPA, & BBIXOIHOM - IIEMb KOJUIEKTOPA.

Ix

Puc. 3 —CxeMbl BKIIIOUCHHUS TPAaH3UCTOPA.

Cxema Ob nHambonee mpocTa IJis aHAM3a, TIOCKOJIBKY B HEW KaXKJIoe W3
BHEIITHUX HaNpPsHDKEHUH TPHUKJIaJbIBaeTCs K KOHKPETHOMY TIEpeXOy: HampsoKeHHe
U,; mpuKiIaapiBaeTcss K SMUTTEPHOMY Tepexony, a Hampsokenne U - K KoJutek-



TopHOMY. ClielyeT 3aMeTHTh, YTO MaJICHUSIMH HAMPSOKEHW Ha 00JIacTIX IMUTTE-
pa, 6a3bl U KOJJIEKTOpa MOXHO B MEPBOM MPUOJIMKEHUU MTpeHeOpeyb, TOCKOJIbKY
COTPOTHUBIIEHUS ITUX 00JacTeil 3HAYUTEIHLHO MEHbIIIE COMTPOTUBIICHUNA Mepex0/I0B.
HetpynHo y0GenuThbes, 4TO NMpUBEIEHHbIE HAa PUCYHKE TOJSPHOCTH HAMPSKEHUN
(U,5<0; U,5>0) obecrieunBaroT OTKPHITOE COCTOSTHUE SMUTTEPHOTO MEPEX0/1a U 3a-
KPBITOE COCTOSIHME KOJUIEKTOPHOTO Tepexo/a, YTO COOTBETCTBYET aKTUBHOMY pe-
KUMY paboThl TpaH3ucTopa. B cxeme ¢ o0mum smMuttepom (prc. 3,6) BXOIHOM Iie-
MbIO SIBJISIETCS 1IeTb 0a3bl, a BEIXOJHOM - Lienb KoJulekTopa. B cxeme OO Hanpsike-
Hue Ug,>0 mpukiaapiBaeTcsl HEIMOCPEACTBEHHO K IMUTTEPHOMY MEePEXO0ly U OTIIH-
paet ero. Hanpsbxkenne Uy, pactpenensieTcss Mexay o0oMMU nepexoaamMu: Uxs =
U + Ug, . 1t Toro, 4ToObl KOJIIEKTOPHBIN Mepexo ObLI 3aKphIT, HEOOXOAUMO
Uws = Uy, — Us, > 0 ,uTo obecnieunBaetcs npu Uy, > Ug, > 0. B cxeme ¢ obmmm
KOJUIEKTOPOM (pHrc.3, 8) BXOJHOH IENbIO SIBIISIETCS IeNb 0a3bl, a BBIXOAHOMW - IIEMb
SMUTTEpA.

Pa6oTa GunoJsisipHoro TpaH3ucropa

Pabota OumnonsipHOro TpaH3ucTOpa MpH 000 cXxeMe BKIIIOUEHHs XapaKTe-
pu3yeTcsl YeThIpbMsl BEJIMYMHAMU. BXOJHBIM TOKOM | , BXOJHBIM HampsiKeHUEM

U

Me CBs3b MEXJy HUMM yCTaHABIMBAIOT CTATHUYECKUE XapaKTepucTUku. [Ipu sTom
IBa MapaMeTpa INPUHUMAIOT 3a He3aBUCUMbIE IepeMeHHble. Mbl OyJgeM paccMat-
puBaTh paboTy TpaH3UCTOpa B cucTeMe N-apaMeTpoB, B KOTOPOH 3a HE3aBUCUMBbIE
IIEpEMEHHbIE IPUHUMAIOTCA BXOAHOM TOK | 1 BbIxogHoe Hanpsbkenue U . JIBe

BX !

BBIXOJHBIM TOKOM | " BBIXOIOHBIM HAIIPSKCHUEM U B akTuBHOM PEXKU-

BX ! BBIX BBIX "

APYrue BCJINYUHBI — BXOAHOC HAIIPAKCHUC UBX 1 BBIXOJIHOM TOK | BbIpaKaroT-

Bhix
cs KaK QyHKIIMU HE3aBUCUMBIX TepeMeHHbIX. OTCIo1a cieayeT, 9To paboTa TpaH-
3UCTOpa OMHUCHIBACGTCS YETHIPbMSI CEMEWCTBaMU CTaTHUYECKUX XapaKTEePHUCTHUK.
OOBIYHO TONB3YIOTCS JBYMsI — BXOJHBIMH U BBIXOAHBIMHU. DTH XapaKTepUCTUKU
IUIsE cXeMBbI ¢ 001mM sMutTepoMm (O D) mpuBeneHb! Ha prcyHKax 4 u 5.
B pexxuMe manoro curHana CBsi3b MEXKAY UYETHIPbMs MapaMeTpaMu JIMHEH-
Has, T.e.
AU, =h,Al, +h,AU

BBIX !

AI BBIX = thAI BX + hZZAU

BBIX "



U63n E3KB U69
Pucynok 4 —BxoaHble cTratndeckue XapakKTepUCTUKH OUITOISIPHOTO
TPAH3UCTOPA, BKIIFOYCHHOI'O IO CXEME C O6H_[I/IM SMUTTCPOM

Pucynok 5 —BbIX0oiHBIE CTaTHUECKHE XapAKTEPUCTUKU OUIIOJISIPHOTO
TPaH3UCTOPA, BKIIFOUEHHOTO MO cXeMe ¢ 00IIUM SMUTTEPOM

Koadduimentsr B 3ToM pazinoxeHun — h-mapameTpsl — TakKe XapaKTepH-
3yIOT paboTy TpaH3WCcTOpa. 3HadYeHUs N-apaMeTpoB 3aBUCAT OT CXEMBI BKIIOYE-
HUS TPAH3UCTOPA U OT MOJIOKEHHUS TOUKH MTOKOSI Ha CTAaTUYECKUX XapaKTePUCTHKAX
TpaH3ucTOpa. Touka mokos onpexensiercs 3HadeHusaMu napamerpos |, U, |

U B OTCYTCTBHUHU BXOIHOT'O CUT'HAJIA.

BBIX

BX ! Bx ' " BbIX !

Pexxum paboThl ycuiauTens onpenensieTcsl MojoXeHueM Touku nokos 11 Ha
CTaTUYEeCKHX XapaKTepUCTHKAX TpaH3ucTopa (pucyHok 4, 5, 6)u BenwuuHOU am-
IJIMTY Al BXOJHOTO CHTHAJIA.
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Pucynok 6 —Pe3ucTopHbIil yCHIIMTETBHBIN KacKal

Bynem cunTtaTh, 4TO BXOAHOW CHTHAJ OMKCHIBACTCS TAPMOHUYECKOW (yHK-
mueit tuna U, =U___sinwt, roe U - €ro aMIUIUTY 4, a ® —YacToTa.

[Ipu pabote ycunutens B pexxuMe kinacca A TOUKa MOKOsS HAXOAUTCS Ha Ju-
HEHOM Yy4YacTKe BXOJHOW XapaKTEpPUCTUKH, a aMIUIMTyJa BXOJAHOIO CUTHaJla Ta-
KOBA, UTO TPAH3UCTOP BCE BPEMs OCTAETCSI B AKTUBHOM PEXUME.

[Ipu pabote ycunutens B pexxume kiacca B Touka mokos JexXuT B 00JacTu
orcedku (pECYHOK 6), a aMIUTATyJa BXOAHOTO CHTHAJIA TAKOBA, YTO TPAH3UCTOP HE
BXOJIUT B HackllleHue. [Ipu 3ToM TpaH3UCTOPOM yCHIIMBAETCsl TOJIBKO OAHA IMOJY-
BOJIHA BXOJIHOTO cUrHaja. YToObl yCHIIMTh BTOPYIO MOJYBOJIHY, AJI YCUTIUTENEH B
pexume kiacca B ucronb3yercst AByXTaKTHasl cxema ¢ IByMsl TPaH3UCTOpaMHu, pa-
6oTatouumMu B npotruBodaze. Hanuune <«30HBI yMOMYaHUSI» U HETUHEHHOrO yda-
CTKa Ha BXOJHBIX XapaKTepUCTHUKAX NPHUBOAIT K 3HAUYUTEIbHBIM HCKaXEHUSIM
(GbOopMBbI CUTHAJIA B TAKUX YCUIUTENSIX. JJIs1 ycTpaHeHUs 3TUX UCKaKEHUM HCIOIb-
3YIOT peXuM Kiiacca AB: TouKy mokosi BHIOMparOT B Hadasle JIMHEWHOIro y4JacTKa
BXOJIHOM XapakTepucTuku. [Ipu 3ToM TOkM mokosi coctaBisitoT npumepHo 10% ot
UX aMIUIUTYAHBIX 3HAaUEHUH.

[Tpu pabote ycunutens B pexxume kinacca D (pexxuMe kimroua) Touka MOKOS
TOXKEe JIS)KUT B O0JIACTU OTCEUKH, a OOJIBIION BXOAHOW CUTHAII MEPEeBOJIUT TPaH3U-
CTOp B HaCBhIIICHUE.

BX.M BX.M

Touka MOKOsi GUNOJIAPHOTO TPAH3UCTOPA, BKIIOYEHHOI'0 MO cXeMe ¢ 00LuM
IMHUTTEPOM (peskuM Kiacca A)

Jnst ycunuTens: mepeMeHHOro Toka (PHCYHOK 7), pabOoTaromero B pexume
Ki1acca A, TOUKY TIOKOS YI0OHO OTpeNeNisiTh, 3aMEHUB CXeMy SKBHUBAJICHTHO (pu-
cyHok 8).I1pu sTom



— UnR62 (1)

Eaxs_ '
R+ Ry
:R61[R62. 2
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YroO6sl onpeneuTh TOK 0a3bl nokosd | u Hanpsxkenue U, , 3anuiem 2-0i

6om !

3akoH Kupxroda amns BXOIHOW e TpaH3UCTOopa!
By =lo [R5 +Ug, +1,,[R, 3)
WIH, YYUTBIBas CBSI3b MEX/1y TOKaMM 0a3bl U SMUTTepa!
B, =16 IRy +Ug, + (140 ) T, IR, (4)

Craruyeckuil KO3 pULUUEHT Nepenadn Toka N,, cunTaeM U3BECTHBIM.

VYpaBuenue (2.4) —3T0 ypaBHEHHE HArpy304HOM MPSIMOM, KOTOPYIO MOXKHO
MIOCTPOUTH B IJIOCKOCTH BXOJHBIX XapaKTePUCTUK TpaH3ucTopa (pucyHok 3). [Tpu

3TOM.

U =E | E (5)

XX OKB K3 = ‘
Ry +(1+h,,) R
Touka nmepeceueHust Harpy304HOU MPSIMO¥ C TPaBoOil (COOTBETCTBYIOMILH aK-
THUBHOMY PEXHMY) XapaKTepUCTUKON naeT 3Ha4deHue | , U

6om "

O
Un

Pucynok 7 —Cxema pe3uCTOpPHOTO YCUITUTEIS ISl OIPE/IEIIEHUs] TOUKH MTOKOSI



E3KB

Pucynok 8 —DkBuBajeHTHAs cxeMa PE3UCTOPHOTO YCUITUTES
JUTSL OIIpEJIEIeHUSI TOUKH ITOKOS

Jlst onpeneneHys BBIXOIHBIX MapaMeTpoB nokost | u U = 3anumeMm 2-oif

11

3akoH Kupxroda 11t BBIXOJIHOH LIeNu TPaH3UCTOpa

UH:IKH[RK+UK3H+|3H[R9' (6)

Bemnuunsl |, 1 U MOXHO OIpeIeIUTh AHATUTUYECKH, UCTIOIB3YSl CBA3b

Ikn:th“(Sn’ 7)(
OTKyJa
Ul(an:Un_lkn[R1<_(|Kn+|6n)[R3' (8)

OpHako 4acTO TOYHOE 3HAYEHUE MapaMeTpa h2]3 HEU3BECTHO, MO3TOMY

TouHee |y U Uygyp MOXKHO ONpeleNuTh, MOCTPOUB HArpy304HYIO MNPSMYIO B

IJIOCKOCTH BBIXOJAHBIX XAPAKTEPUCTUK TpaH3UCTOpa. TOYKM NepeceydeHus 3TOU
IPSIMOM C OCSMU KOOPAMHAT OMpeieNisatoTcs popmyaamu

U =uU | Y, 9)

XX n K3 RK +(1+L)ER9
h2]3

VYuutsiBas, uro h,,, >>1, ¢ Xopolieli TOYHOCTbIO MOXKHO CUUTATh, YTO

U

| =——80 9a
“TRIR (9a)



[TonoxxeHre TOYKM TOKOSI OIpejeNsercs MO MepeceYeHrI0 Harpy304HON
IPSIMO¥ ¢ XapaKTEePUCTHUKOM, cOOTBeTCTBYIoIIel ToKy |, (pucyHok 4)

3amaua 1. Onpenenuts TOYKY TOKOS Pe3UCTOPHOTO ycuiutens (prucyHok 4)
Ha Tpansuctope KT 3176 A9, eciu U, =5 B, R =4 Om, R =1 Om, R;, =300

OMm, R,, =200 Owm, h,,, =90. XapakTepHCcTUK! TpaH3UCTOpa MPUBEIEHBI B MPU-
noxenu I1. Onpenenuts nuddepeHnnansHplii napamerp h, B TOUKe IOKOSL.

Pemenne. Onpenennm mapaMeTpsl SKBUBaNeHTHOU cxeMbl £, 1 R. (pucy-
HOK 8). CoritacHo dopmynam (1) u (2)

_ ©oBI[2000m _
**30C0Om +20COm

R = 3000m [2000Mm —1200m.
30COm +20COm
Koopaunatsl nepecedeHuss HArpy304HOM MHPSIMOM C OCAMM B ILIOCKOCTH

BXOJHBIX XapaKTEPUCTHK OMPEEISIOTCs 1Mo GpopmynaM (5):

U, =2B 2B

I, = = 948MA.
M 20COm +91[10mMm

[TocTpouB Harpy304Hyl0 MPSIMYIO B IIOCKOCTH BXOJHBIX XapaKTEPHUCTHK,
HalileM TOYKy ee mepecedeHus c Xapakrepuctukoit (U _ =5 B): |, =57MA;
U, = 077B. Ilapamerp h,, , uiu BXonHOe CONPOTHUBIEHUE TPAH3UCTOPA, OIpe-
JensieTcsl Tak ke, Kak auddepeHunanbHoe conpoTuBieHue auojna. [IpoBoaures
KacaTelbHas K BXOJHOM XapaKTepHCTHKe TpaH3HcTopa, a N, ompenensercs Kak

OTHOIICHUE KAaTE€TOB TPCYI'OJIbHUKA, O6paBOBaHHOFO KacaTeJIbHOW U JTIOOBIMHU ABY-
M1 IIPSAMBIMU, TTApaJICTIbHBIMHA OCSIM KOOPJIHWHAT.

_AU _0,07B _

M = AT T Toma ~ OM

Touku nepeceyeHus HATPY30YHOM MPSIMOIA C OCSIMUA KOOPJIMHAT B IIOCKOCTH
BBIXOJTHBIX XapaKTEPUCTHUK ompenestores o hopmynam (9) u (9 a):

U =5B | =—>B
40Mm +10m

1A.

Han}/BO‘-IHaf[ npsaMast IepeceKacT CEMEMNCTBO BBIXOHBIX XapaKTCPUCTHUK B
Pa3HbIX TOYKaX, KaxXJad N3 KOTOPLIX COOTBETCTBYCT OIPCACIICHHOMY 3HAYCHHIO
6azoBoro Toka. Mlckomoe r‘pa(I)quCKoe pPeICHUE JOJIDKHO COOTBETCTBOBATH IICpEC-
CCUCHHIO Hany30qHOﬁ HpﬂMOfI C XapaKTepHCTHKOfI, OTBEYAIOIIECH 3HAUYEHUIO TOKa



0a3sl |, =57MA. Takoli KprBOI Ha BBIXOJHBIX Xapakrepuctukax pue. IL.3. Her.
IToaTOMy cilelyeT MpPOBECTH 3Ty KPHUBYIO camocTosTeabHO. OHa NOJKHA MTPOXO-
IUTh MeXy KpUBbIMH |, =4 MA 1 |, =6 MA. Eciiu IpHUHATH JIMHEHHYO allpoK-
CHUMAaIIHIO, TO 3Ta KpWBas JTOJDKHA JIe)KaTh MPUMEPHO Ha ynaneHuu 1/6 gactu oT
KpuBoil |, =6MA u Ha ynanennn 5/6 gacreii ot |, =4 MA. (3a eguHUIly TPUHU-
MaeTCsl PacCTOSIHUE MEXIy coceqHUMH KpuBbiMU |, = 4MA u | = 6MA). [lomo-
KeHHe UCKOMOM TOUKH ToKost n300pakeHo Ha puc. I1.3 6) xpyxkom. Eii oTBevaroT
3Havyenns |, =540mMAun U _ = 225B.

MO’KHO TTPOBEPHUTH MOJTyYeHHbIE 3HAYEHUS BBIXOAHBIX TapaMeTpoB 10 ¢op-
mynam (7) u (8):

., =40M[90=513mA,
U, =5-0513[5=24 B

Brixogubie mapameTpsl, MOJTy4deHHbIE ABYMs pa3HbIMH CIIOCOOaMH, COBIIa-
JAIOT ¢ TOYHOCTHIO 10 = /,5%.[lorpemHocTs cBs3aHa ¢ HETOUHOCTHIO Tpadude-
CKOTO peLIeHUs], a TaKkKe C TeM, YTO cTaThueckuil koadduuueHt h,, 3aBUCHUT OT

TOKA KOJUIEKTOpA.

3agaua 2. OnpeaenuTh TOUKY TOKOSI pe3UCTOPHOTO yCHUIuTeNsl (PUCYHOK 7 |
prucyHOK 8) Ha TpaH3ucTtope. McxomHble maHHble IpuBeeHHI B Tabmuie 1. Xapak-
TEPUCTUKHU TPaH3UCTOpa MpHUBEACHbI B MpuioxkeHuu. Onpenenuts nuddepeHu-
aJIbHBIN mapameTp h,, B TOUKE MOKOSI.

Tabmuma 1
CumBou
croyona A B C
Homep | Tumtpamsu- | U , | R, R, R, | R,. | hy
CTPOKH cropa B OuM Om Oum Oum
0 KT313A 10 22 0,5 500 300 170
1 KT313° 12 17 0,6 800 500 190
2 KT337 16 8 0,7 450 150 150
3 KT342A 18 15 0,8 650 400 160
4 KT345% 24 7 0,9 700 450 140
5 KT347A 16 14 1 400 200 155
6 KT34% 8 6 0,5 850 600 165
7 KT350A 11 17 0,6 500 250 185
8 KT351A 15 12 0,7 550 300 180
9 KT357A 13 11 0,8 250 100 175

3amaua 3 PesuctopHblif ycunutens codpan Ha Tpan3uctope 21 860 A mo
cxeMme pucyHka 8. PaccuuraTth conporuBienus R, u R,,, obecneunsarolye Tou-



Ky nokos ¢ mapamerpamu | =08 A; U __ =6 B. l3BecTHO, 4TO TOK uepe3 co-

KIT

nporusieHue R, B pexxume nokos B 5 pa3 6onbme Toka |, U =10 B,a R =1

OM. XapaKTepuCTUKU TPaH3UCTOpPA MPUBEEHbI B IpuiioxeHuH [ 1.
Pewenne. Omnpenenum Bce mapameTpbl pexxuma Nokosi TpaHsucrtopa. Ilo
rpaduky pucyHok Il Haxomum: u3 BBIXOAHOHN XxapakTepucTuku |, =6 MA! u3

BXonaHoM xapakrepuctuku U = 095 B.
[ToTenupnan 6a3bl TpaH3UCTOPA PaBEH

U, =U_ +I [R=U_ +(l_+I,)IR =095+(08+0,006)[1= 175B

Tox uepes conporusnenue R, cornacHo ycnosuto,
| 1 =515, =30 MA
Comnpotusnenue R, onpexensiercs no 3akoHy OMa i1t yyacTka LeMnu:

_U,-U, _10-175
™ 003

R, =275 Om

Jia onpenenenus conpotusieHus R, HyXHO 3HaTh TOK |g.,, mpoTekaro-

U 110 3TOMY COTPOTHUBIIEHUIO B PEKUME MOKOSI. DTOT TOK OMpPENeIUM COTIacHO
1-my 3akony Kupxroda:

| roz = o1 — 15, =30—6=24 MA.
Teneps moxHO HaiiTn R, !

U, _ 175

I Rez 0,024

=73 Owm.

R =

3anaya 4 Pe3ucTopHblil ycunuTellb coOpaH Ha TPaH3UCTOpE, O CXeMe pH-
cyHKa / u pucyHka 8. Paccunrtars conporusnenus R, u R,,. M3BecTHO, 4TO TOK

yepe3 R, B pexxume mokost B N pa3 Goible Toka |, . XapaKTepUCTUKU TpaH3U-

cTopa npuBefeHbl B npuiioxeHuu 11. McxonHble naHHbIe NpHUBEAEHBI B TaOJHULEe
2.2.

Tab6auma 2.2



CuMBOJI CTOJIO-

1a A C
Howmep ctpoku | Tum tpansucropa | U, ,B | U_ , U, B R, Om n

0 KT313A 0,7 20 45 120 5
1 KT313" 0,6 23 41 150 6
2 KT337b 0,5 24 37 100 7
3 KT342A 0,8 25 42 85 5,5
4 KT34% 0,75 21 40 125 6,5
5 KT347A 0,65 22 39 130 7,5
6 KT34% 0,55 28 36 145 5
7 KT350A 0,85 29 35 95 6
8 KT351A 0,7 30 37 90 7
9 KT357A 0,6 27 44 105 5,5

IIpusoxenue:
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