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Hesau 1 32724 NPOEKTHPOBAHUS

B xoze BEIMOTHEHUS KypCOBOH PabOTHI CTYIEHTHI JOJKHBI OB eTh OCHOBAMH
CXEMOTEXHUYECKOT0 POCKTUPOBAHUS UMITYJICHBIX U IIMPOKOMOJIOCHBIX YCHIUTENCH
Ha JTalnax, MNpeAlIeCTBYIOINX MPOBEACHUIO pacdyeToB cxembl Ha OBM, u3yuuth
KPUTEPHH BBIOOPA PEKUMOB pabOThl yCHIUTEIBHOTO MpUOOpa U IPYTUX 3JIEMEHTOB
CXEMBI.

Conep:xaHue 3a1aHNUSI M €r0 HANIPABJIEHHOCTH

Opnnolt u3 HanboJee CIOKHBIX 3a7ad, ¢ PEIICHHEM KOTOPOW B MEPBYIO OUepelb
MPUXOJUTCS  CTAJIKUBAThCS ~ HAYMHAIOIIEMY  MPOEKTUPOBUIMKY  AHAJIOTOBBIX
AJIEKTPOHHBIX CXEM, SIBJSIETCS CHUHTE3 WX CTPYKTyphl. Pemienuwe 3Toi 3amaud y
HAUYMHAIOIIETO TPOCKTUPOBLIMKA TpeOyeT Haduuus OINpEACNCHHBIX HAaBBIKOB H
MPEANIECTBYIOIIETO OMbITa MPOCKTUPOBAHMS U TIO3TOMY Yy HETO BBI3bIBAET
HauOOoJIbIINE TPYAHOCTH. B CBSI3U ¢ ATUM B 3aJjaHUM Ha MIPOEKTHUPOBAHHE, UMEIOIIEM
y4eOHYI0 HANpaBIEHHOCTb, CTPYKTypa YCHJIMTEIHLHOTO TpPaKTa TMPUHUMAETCS
3aJaHHOM.

K nmnpoextupoBaHui0 TMpemAsIOKEH TPEXKACKAJAHBIA YCHIMTEIbHBIM TpakT,
BKJIFOYAIONTUH B PA3IMYHOM COYETaHHMHM Kackanbl "oOmmid smutrep" (09), "oOmuit
koiekTop" (OK) u "obmas 6a3a" (Ob). B xoxe mpoekTupoBaHusi B psijie cily4acs
OKa3bIBaeTCsl HEOOXOAWMBIM JIONOJHUTENbHOE BKJIIOYEHHE B COCTaB TpaKTa
AMUTTEpHOrO noBroputens (kackaza OK), BKIIOYEHHOTO Ha BXOJE.

3ajmaHue — MOpPENIosiaraeT  BBIIOJIHEHWE  YCWINTENS  KaK  CXeMbl  C
HEIMOCPEACTBEHHBIMH MEKKACKaIHBIMU CBsI3AMH. [loCcTpoeHue cXembl 3TOro THUIa
YIPOLIAET CTPYKTYpPY YCWIHMTEIBHOIO TpPAaKTa, TaK KakK HE HCIOJIb3YKTCS
pasnenurenbHble W OJNOKUPOBOYHBIE KOHICHCATOPH, a B MPOMEXKYTOYHBIX U
OKOHEYHBIX KacKaJax - [OTeHIMalo3ajatomme 0Oa3oBble jaenuTenu. Takoe
nocrpoeHue oOecrneyrBaeT TakKe BO3MOXKHOCTh TMOBBIIICHUS CTAOWIBHOCTH H
OTIPENICTICHHOCTH PEKUMOB pabOThl KACKaJOB Ha MOCTOSHHOM TOKE 3a CUET OXBaTa
CXEMBI B IIeJIOM TeTNel oTpuuatenbHoit obpaTHo cBsizu (OOC), neiictByromeil Ha
MOCTOSTHHOM TOKe. [IpoekTupoBaHMe 5TOM TETIM W OICHKAa €€ BIUSHHS Ha
MOBBILICHHE CTAOMIBHOCTH U OMPEACNIEHHOCTH PEKHMMOB pabOThl HAa MOCTOSHHOM
TOKE SIBIIAIOTCS HEOTHEMJIEMOM  YacThIO  BBIMIOJIHEHHS  KYypCOBOM  paboOTHI.
[Ipeanonaraemoe cXeMHOE MOCTPOCHUE YCHIIMTENS JOMYCKAET UCIOJIb30BAHUE B HEM
OWITOJSIPHBIX TPAH3UCTOPOB C PA3HBIM THUIIOM MPOBOJAMMOCTH (TPAH3UCTOPOB N-p-n U
p-n-p), YTO TO3BOJSET OTKA3aThCA OT MPUMEHEHHS B €€ CTPYKTYype CHEIHMaTbHBIX
CXEM MOHMKEHUS IOTEHIIMAJIOB (CXEM C/ABHUIa YPOBHS).

3amaHue MpeanoyiaraeT, 4ro pa3pabaTeiBaemasl CXema NpeaHa3HadyeHa s
YCUJICHUSI OJHOIOJISIPHBIX ~UMITYJIbCHBIX CHUTHAJIOB, CIEAYIOMIMX C OOJBIION
CKBa)XHOCTbBIO, HAI[pUMEP CHUTHAJIOB BHUJICOMMITYJICOB B JMAAPHBIX M JIOKAIIMOHHBIX
cucteMax. CUTHaJIBI TAKOTO TUIA UMEIOT MPEHEOPEKUMO MaJlble CPEeIHUE 3HAUCHHUS,
B pe3yJbTaTe Ye€ro MOYKHO CUMUTATh, YTO MPHU BO3ACHCTBUM CUTHAJIOB BCE M3MEHEHMS
TOKa B TPAH3UCTOPE UMEIOT OJHOCTOPOHHHMM XapaKTep M MPOUCXOIAT OTHOCHUTEIIBHO
MCXOJHOTO (JJOCUTHATILHOTO) €r0 3HAYCHHS.

B 3amanum cdopmymnupoBaHbl TpeOOBaHMS K JOMYCTHUMBIM IEPEXOIHBIM
UCKOKEHUSIM  HMITyJbca. OTH  TpeOOBaHUSA  OXapaKTePU30BaHBl  MPEAENHHO
JOITyCTUMBIM 3HAYCHUEM JITUTCIILHOCTH HapacTaHusi GPpoHTa ¢, uMIrysbea (puc. 1), a
TaKXe€ JOMYCTUMBIM CIIaJIOM €ro BEpIIMHbI A TpU 3aJaHHOW MPENeTbHOU €ro
JUIMTENILHOCTH t,. B 3ajaHun oroBapuBaeTcsi Kak MOJIIPHOCTh BBIXOJHOTO HMMITYJIbCa
("+" mmm "-"), Tak U ero mpeaenbHOe 3HaYeHUe amruUTyael Uy,. [lutanue ycunurens
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IIPEIoIaracTcs OCYLIECTBIATh OT JIBYX MCTOYHMKOB IHUTAHUS, OAMH U3 KOTOPBIX
BBIPa0ATHIBACT MOJOKUTEIBHBIN MOTEHIUAN Eyy1, @ IPYTO - OTPUIIATEIBHBIN Fy..

B 3amanum Ttaxke conepikarcs clefymoomue aaHHble: Ry, Cy - 3Ha4eHMS
[apaMeTpOB BHEIIHEN LIENH, HA KOTOPYIO HAarpyXeH BBIXOJ YCUIUTENS; fmgx Y pin -
MpeAeIibl BO3MOXKHBIX U3MEHEHUN BHEIIHEH TeMIepaTyphbl, IPU KOTOPBIX OTKIOHEHHS
PEXUMOB pabOThl YCHIIUTENbHBIX KACKaJOB HAa MOCTOSHHOM TOKE OT HOMHHAJIBHBIX
HE JIOJKHBI MPEBBIIIAThH AOMYCTUMBIX; R, - CONPOTHUBIIEHUE UCTOYHUKA CUTHAJIA.

[Ipumep 3amaHus Ha IPOSKTUPOBAHUE TIPUBECH B TaOI. 1.

Tab6muna 1
Crpykrypa Ew |En |t | A ty Cy | Ry Re | twin | tmax | Un
YCUJIATEIIA B B HC |% |mc |n®d | kOm |Om | °C | °C B
02-0K-05 +10 | -5 |30 |5 0,5 120 |100 |[1,1 |-10 |+50 |+5

[IpoekTupoBanre  pPEeKOMEHIyeTCs BBITIOJTHUTD MIPUMEHUTETHHO K
UCTONIb30BAHUIO B  YCHJIMTEIFHOM TpakKTe€ TPAH3UCTOpPA CO  CIEIYIOIIMMHU
HOMHHAJIbHBIMH 3HAUYEHUSIMU OCHOBHBIX TTapaMETPOB:

comnpotuieHue 6a30Boit oomactu s — 30 Om;

KOd(QQHUIHEHT yCHIIeHHs 10 TOKY B cxeme OD /i, (B) — 100;

00OpaTHBII TOK SMUTTEPHOTO mepexoaa Io, — 10 A;

Hanpspkenue Jpinu — 150 B;

MAaKCUMAaJIbHBIM TOK KOJIEKTOPA [imax — 0,3 A;

rapa3uTHasi eMKOCTh Tiepexoza 6a3za-kosuiekTop Co — 1 nd;

MOJlyJIb KO3 PHUIMEHTa YCUIIEHHUs 10 TOKY B cxeMe OO Ha yactote 250 Ml —
4;

TexHoJorrnueckuii pazopoc AUs,; HOMHHAJIBHOTO HANPSDKEHUS 0a3a-dMUTTEp —
+30 MB;

pa3bpoc AP ko3 dunmenta nepegaun Toka 6asel B cxeme 0D — 15,

Jlanee mpuBOIUTCS COAEPKAHNE OCHOBHBIX ATANlOB MPOCKTHPOBAHUS.



Bp100op THIIA MPOBOAUMOCTH TPaH3UCTOPOB (3Tam 1)

[Ipu BBIOOpPE THMA TPOBOJAUMOCTH TPAaH3UCTOPOB CIEAYET PYKOBOJCTBOBATHCA
TEM, 4YTO C TOYKH 3PCHHUA OGGCHCLIGHI/ISI IIOHMXXCHHOTI'O 3H€pFOHOTp86HCHI/IH n
BBIICJICHUS]  U3JMINHEH TEIUIOBOM  MOIIHOCTU  cjlenyeT paboTy  KackaJoB
OpPraHu30BLIBATL IMPU MAJIbIX 3HAYCHUAX BBIXOAHBIX TOKOB IK() 130, T.C. IIOJIOKCHHC
UCXOAHOU paboyeil TOYKH BBIOMPATH COOTBETCTBYIOIIUMM HA4YaJIbHOMY YYacTKy
MepelaTOYHOM XapaKTEPUCTUKH TpaH3UCTOpa. B 3THX ycloBUsSX BO u30exaHHe
OTCEYKU U MUCKAKEHUS OJHOTOJISIPHBIX CUTHAJIOB HEOOXOIUMO 00ECIIEYUTh B KaXKIOM
KaCKaac OmpCACIICHHOC COOTBCTCTBHUC MCIKAY THIIOM IMPOBOAHUMOCTHU TPAH3UCTOPA U
MOJIIPHOCTHIO BXOJHOTO CHUTHANBHOrO HampspkeHus. OHO JOJKHO OBITh TaKuM,
‘ITOGBI BOBI[QP'ICTBI/IQ CUTHAJIbHOT'O MMITYJIbCa HAa BXOJ TPAaH3UCTOpPa COMPOBOKIAAIOCH
YBEJIMUYEHUEM TOKOB B €r0 BBIXOJHOM Ienu. BBIMOIHEHHIO yKa3aHHOTO YCIOBHS
OTBCUYACT TPAH3UCTOP C MPOBOAMMOCTBIO 71-p-n TPU TIOJIOKHUTCIBbHBIX CUTHAJIBHBIX
UMITyJIbcaX Ha ero 0aze OTHOCHUTEIBHO 3MUTTEPA U p-n-p — MPU OTPHUIATEIbHBIX.
PekoMenganmu 10 OOECHEYEHUIO YKA3aHHOTO COOTBETCTBUS IS  KAacKajoB
Pa3IMYHOTO THUIIA MTPEICTaBICHbI B Ta0M. 2.

Tabmuma 2
Tum xackana [TonspHOCTh PexoMeHmyeMblid THIT
MMITyJIbCa Ha BXOJIE MIPOBOJIMMOCTH
02 u OK + n-p-n
02 u OK - p-n-p
Ob + p-n-p
Ob - n-p-n

B 1npenokoHeyHBIX W BXOIHBIX KAaCKaJax MOXXHO B psle CIy4aeB oOT
BBINIOJTHEHMSI YKAa3aHHOI'O IpUHLOMIA OTKazatbed. Ha puc.2 mnpencraBiieHb
CTPYKTYPHBIE CXEMBbI JIBYXTPaH3UCTOPHBIX YCWIMTEIBHBIX 3BEHBEB, KOTOPBIEC, KakK
IIPaBUJIO, BBIIIOJIHAKOTCSA HAa TPAH3UCTOPAX ¢ OAMHAKOBOM MPOBOAUMOCTBIO.

PexomenayeMblii NOPs/IOK BBINOIHEHUS dTana |

1. B cooTBeTcTBUU C JaHHBIMU 3aJjaHHMsl Ha IPOEKTUPOBAHHE O TpeOyemMoM
MOCTPOEHUU YCWIUTEIBHOTO TPAaKTa COCTABUTh €ro0 CTPYKTYPHYIO CXEMY IO THUILY
puc. 3. Ilpu 3TOM y4decTb BO3MOYKHOCTb HCIIOJIb30BAHUS B COCTaBE TPAKTa CXEMHBIX
KoH(uUryparuii puc.2.
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2. B cooTBeTCTBHY C JAHHBIMH O TOJSPHOCTH BBIXOJHOTO uMiysbea ("'+" wm "-
") ompemenuTh W OTMETHTh Ha CTPYKTYpPHOH CXeMe€ TMOJSPHOCTH CHUTHAJIBHBIX
UMITYJIbCOB, HaOJIOJaeMbIX Ha BXOJaX OTAEIbHBIX KackanoB. Ilpu sToM cremyet
YUYUTBIBATh, YTO Kackaja Tuna OO sBiseTcss HHBEPTUPYIoNM, a kackaasl OK u Ob —
HEUHBEPTUPYIOIIKMHU.

Fn+
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Puc. 3

3. PykoBoxacTBysiCh MAaHHBIMH Ta0n.2, a Takke pPEKOMEHIAIUSIMHU IO
MMOCTPOCHUIO CXEMHBIX KOH(PUTYypaluu puc.2, ONPEACIUTb THUIl TPOBOIUMOCTH
TPAH3UCTOPOB, MPEANOJIATAEMBIX K UCIIOJb30BaHUIO B YCUIIUTEIIBHOM TPAKTE.

CuHTe3 KOH(UTrypauuu cxeMbl MUTAHUS YCHJIHUTEIbHBIX KACKa10B

NOCTOSIHHBIMH HanpsKkeHUussMHU U Tokamu (3tan 1)

BaxnelmuM TpeboBaHHEM, KOTOPOMY JI0JKHA OTBEYATh CXE€Ma COBPEMEHHOTO
JJIEKTPOHHOI'O YCTPOMCTBA, SBISIIOTCA €r0 CEPUUHOINPUTOAHOCTh, IIOJ KOTOpPOH
IIOHMMAETC BO3MOXHOCTb H3TOTOBJIEHHUS 3TOIO YCTPOMCTBA IPU MHHHMMAJIbHOM
qyucie HaCTPOEYHO-HAJIaJOUYHBbIX OTEepALH. Ycnosuro BBICOKOH
CEpUHHONPUTOJHOCTH B MEPBYI0 OYEPENb OTBEYAIOT TAKUE YCHUIIUTEIBHBIE CXEMBI, B
KOTOPBIX 00ECIIEUNBAETCS BbICOKAsl CTAOMIBHOCTD PEKUMOB pPabOThI Ha MOCTOSSHHOM
TOKe, ciabas 3aBUCUMOCTh 3THX PEKUMOB OT CBOWCTB KOHKPETHOI'O TpaH3HCTOpa U
yCIOBUH €ro paboThl. YcioBUs pabOThl TPaH3UCTOpAa B KAacKaJe XapaKTepU3yIOT
MOJIOKEHUEM pabodell TOUYKM, IMOJ KOTOPOM IOHUMAETCs TOYKAa Ha IUIOCKOCTH
BBIXO/JHBIX BOJIBT-AMIIEPHBIX XAPAaKTEPUCTUK TPAaH3UCTOPA, CBA3BIBAIOIAS TEKYIHE
U3MEHEHUS TOKOB M HANPSDKECHUM B KAacKaJe B IIPOLECCE YCWIECHUS CUTHAJIOB.
Pabovass Touka, COOTBETCTBYIOIIAas OTCYTCTBHIO CHTHAJIA, HA3bIBACTCS HCXOIHOU
paboueii Touxoit (MPT).

B nanbHeimem Oynaem mnosiaraTh, 4TO B CBSI3M C MajbIM OTHOCHTEJIbHBIM
YPOBHEM TOKa 0a3bl /5) TOK KOJUIEKTOpA MPAKTUUECKU paBeH TOKY 3MHUTTepa. B 3tux
ycnoBusix mnonoxeHne HWMPT 0aHO3HaYHO MOXKHO OXapakTepU30BaThb TOKOM
KOJIEKTOPA o ¥ pa3HOCTBIO NOTEHUUAIOB KOJUIEKTOP-3MUTTEP Uy,

Ha puc4,a npuBeneHa cxema, KOTOpas IIpU OMNPEIECIECHHBIX YCIOBHIX
obecreynBaeT BBICOKYIO cTabMiIbHOCTh moJjoxkeHnus WMPT u, cooTBeTcCTBEHHO,
BBICOKYIO CTaOMJIBHOCTH IapaMEeTPOB TPAH3UCTOpPA U CXEMBbI B LieJoM. B 310l cxeme
0a30BbIi BBIBOJ TPAH3MCTOpA MUTAETCS OT HU3KOOMHOM IIeNH, B pe3yJbTaTe 4ero
noteHuuan Usp 3TOro BbIBOJIa MPAKTHUECKU HE 3aBUCUT OT TOKa [g) U, CJIEI0BATENbHO,
OT CBOMCTB KOHKPETHOIO TpaH3HCTOpa M pexuma ero paborel, B coorBercTBUM C
3TUM cXeMy puc.4,a U el NoAoOHBbIE HA3bIBAIOT CXEMaMU C (PUKCUPOBAHHBIM
noteHuagoM 6a3pl. B cocTaB cxembl B 00IeM Cilydae BXOJUT KOJUIEKTOPHOE Ry U
SMUTTEpPHOE R, CONPOTUBJIEHHE. B 3aBUCUMOCTH OT TUIA BKJIIOYEHHS] TPAH3UCTOpA B
KacKaJl COIpPOTUBJIEHUE Ry MOXET BBICTYNATh KaK B POJM OCHOBHOIO 3JIEMEHTa



Harpy3ku (IpH BKJIIOUEHUsX TpaH3ucropa no cxeme OO win Ob), Tak U B KadyecTBe
COCTaBHBIX YacTed meneil ¢unpTpanuu. ComnpoTuBieHHEe R, OOBIYHO SBISETCA
OCHOBHBIM 3BEHOM, ONIPEIEISIIOIIMM MCXOJHOE 3HAUYE€HHUE IIOCTOSSHHOTO TOKa B
BBIXOJTHON KOJUIEKTOPHO-AMUTTEPHOU 1enu. OHO TaKKe MOXKET ABIATHCS HJIEMEHTOM
Harpy3KH IIpH BKJIFOYEHHUAX TpaH3ucTopa no cxeme OK.
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B cxemax puc.4,6,8 tpebyembiii moteHmman Usy cO3MaeTCsl C MOMOIIBIO
HU3KOOMHOTO  PE3WCTUBHOTO  JenuTels HanpsokeHuss FE,; (cxema  puc.4,0
COOTBETCTBYET Kackaay Ha TpaH3UCTOpEe n-p-n Tuma, a puc.4,B — p-n-p tumna). B
YCIIOBUSIX, KOT/IA ;e 3HAUUTEIHHO MPEBBIIIACT TOK 0a3bl I50=/xo/h215, TOTEHITHAN Oa3bI
Uso) TIPaKTUYECKH HE 3aBUCUT OT TOKa 0a3bl I5), T.€. OT CBOMCTB KOHKPETHOTO
TPaH3UCTOpPa, YTO M JlaeT OCHOBAaHUE OTHECTH CXeMbl puc.4,0,B K cxemaMm C
(bMKCUPOBAHHBIM IMOTEHIINATIOM 0as3Bbl.

Paznocts norenunanos Uy= Uso-Ey. B COOTBETCTBUH C TOM POJIBIO KOTOPYIO OHA
urpaetr B oOecrneyeHMH 3aJaHHOTO 3HAueHHs Toka [y, OyneM Ha3bIBaTh
TOKO033Jar0IIeH Pa3HOCTHIO MOTSHIIMANIOB 1 0003HaYaTh U).

[Ipn opraHuzanu MHOTOKAaCKaJHOM CXEMbl YCHJIUTEIS KaK CXEMBbl C
HEIMOCPEACTBEHHBIMM MEKKACKaJHBIMU CBSI3SIMH (2 MMEHHO TaKyl OpraHU3aluio
CXEeMBbI 00YCIIOBIMBAET 33/IaHUE Ha MMPOCKTUPOBAHKUE) C TIOMOIIIHIO0 0A30BOTO JIETUTEIIS
co3gaercsi moreHuuan Uy TOIBKO BO BXOJAHOM KAacKaJe YCHJIMTEIBHOro TpakTa. B
OCTaJbHBIX €ro KackajaX B POJM YKa3aHHOTO IOTEHIMajla BBICTYMAET BBIXOIHOM
MOCTOSIHHBIM TMOTEHIMaJ MPEAIIeCTBYIOMIEro Kackaga. VckioueHue u3 3TOro
MpaBWJia MOTYT COCTaBUTh TPAKTHI, B KOTOPBIX MPUMEHSIOTCS JBYXTPaH3UCTOPHBIC
3BEHbs, OPTaHU30BAHHBIE B COOTBETCTBUU CO CTPYKTYPHBIMH CXEMaMH pUC.2.

Ha uzob0paxeHHbIX Ha puc. 4 cXeMmax MIMHBI MOJOKUTEIBHOIO MUTAIOIIETO
HANPSDKEHUST HaXOJSATCS B BEPXHEW YacTH W300paKeHHs, a OTPHIATEIHHOTO — B
HukHEeH. [lpu 3TOM YCIOBHO MONOXHUTENbHBIE HANpPaBIEHUS MPOTEKaHHS TOKOB B
KOJUIEKTOPHO-OMUTTEPHBIX ILEMAX TPaH3UCTOPA OKA3bIBAIOTCS COBIAJAIOIMIUMH C
HAIpPAaBIICHUSIMU CTPEJIOK, U300paKEHHBIX, HA SMUTTEPHBIX BBIBOJIAX TPAH3UCTOPOB N-
p-n- U p-n-p-TUIA.



Ha puc.5 npuseneH mnpumep CXEMHOH OpPraHM3alMd Ha IIOCTOSHHOM TOKE
yeunutenbHoro Tpakta 0O3-OK-0OD, mnpeanazHadeHHOro st (GopMupoBaHUS
MOJIOKUTEIBHBIX MO BBIXOAY HMITYJIbCOB U PEAIMU3YIONIETO PACCMOTPEHHBIE
MPUHIMIB U pEKOMEHAalu. B kauecTBe TOKO3a1aromiell pa3HoCTH moTeHunanoB U
BO BXOJIOM KaCKaJle 3TOM CXEMbl BBHICTYIACT MaJICHUE HAMPSHKEHUS Ha pe3ucTope Ro.
B kackane na tpansucrope V7, ponb 6a3oBoro noteHiuana Usy) UTpaeT MOCTOSHHBIN
MOTEHIMAN KOJJIEKTOPHOTO BBIBOJA TpaH3ucTtopa V7), a B OKOHEUYHOM Kackaie —
AMUTTEPHBIN MOTEHIIMAI TpaH3ucTopa V7>.

oo

Fuc. 5

Ha puc.6 n300paxxeH0 CXeMHOE MOCTPOCHUE HA MOCTOSHHOM TOKE YCHIIUTENS
OTPHULATENBHBIX (110 BBIXO/Y) CUTHAJIOB Ui Cy4asi, KOrja CTpYKTypa TpakTa J0KHA
COOTBETCTBOBaTh couyeTaHuio kackagoB OK-OBb-O3. B cooTBEeTCTBUM U COTJIACHO C
pPacCMOTPEHHBIMU paHEE PEKOMEHIAUUSIMU M CTPYKTYpHOM cXeMoll puc.2.a
ycunutenbHoe 3BeHO OK-Ob B 3TOM TpakTe BBIIIOJHEHO Ha Nape WASHTHYHBIX IO
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Puc. 6

TUILY IIPOBOJUMOCTHU IMUTTEPHO-CBA3aHHBIX TpaH3ucTopax Vi1 u V1.



Crnenyer oOpaTuTh BHUMaHHE Ha TO, YTO B KacKaje YCHJICHHUS Ha dMHUTTEPHO-
CBSI3aHHOM Tape TPaH3UCTOPOB 0CO0O€ BHHMMAHHE JIOJDKHO OBITH OOpalieHO Ha
o0ecrieueHne CUMMETPUU CXEMBl Ha IOCTOSHHOM TOKE, KOTOpash MOXET OBITh
JIOCTUTHYTa CTPOTMM BBIPAaBHUBAHUEM TCKO3adaromux noteHnuanoB Uy u Uy B
TOYKaX MOJKIFOUEHUS 0a30BBIX BEIBOJIOB TPAH3UCTOPOB VT u V7).

Heo06XxoauMoCTh BBIMIOJHEHUS YCJIOBHS CHMMETPHHM CBSI3aHA C TEM, 4TO
paccMarpuBaeMasl CXeMa BeChbMa UYBCTBUTENbHA K PAa3HOCTU MOTEHIMAIOB MEXIY
0a30BBIMU BBIBOJAMHU TpaH3ucTopoB V1 u VT,, T.e. K Pa3HOCTH MOTCHIIHAIOB
AUy=Up;-Uy;. BO3HUKHOBEHHME 3TOM PA3HOCTH NOTEHUUAIOB MPUBOAUT K
CYUIECTBEHHOMY DAa3JIMYUI0 HCXOJHBIX 3HAYEHUW TOKOB, MPOTEKAIOIIMNX Yepe3
tpansuctopsl V1, u VT,. llosiBieHue pa3HOCTH TOTEHIMAIOB MEXIy Oa3zamMu
Tpan3uctopos B 70... 80 MB BbI3bIBacT MpakTUUYECKU MOJIHYIO aCUMMETPUIO B paboTe
CXEMbl Ha MOCTOSSHHOM TOKE, MPU KOTOPOH OJMH M3 TPaH3UCTOPOB OKa3bIBAETCA
3aKpBITBIM, & JIPYrol — B COCTOSIHMM HACBIIICHUS, BCJICACTBHE YETO CXEMa TepsieT
CHOCOOHOCTh ycunMBaTh CUTHaimbl. OOBIMHO TpeOOBaHWE BBICOKOM CHMMETPHH
MUTaHUS 0a30BBIX BBIBOJIOB TPAH3UCTOPOB JOCTUTACTCS 3a CYET UCIOJIL30BAHUS B
cXeMe TMUTaHMs KAacKaJoB PAa3HOIMOJSPHBIX HCTOYHMKOB U TOJKIIOYEHHUS 0a30BbIX
BBIBOJIOB TPAH3UCTOPOB HA MOCTOSIHHOM TOKE K TOYKE HYJEBOrO MOTEHUIHAJIA.
VYKa3zaHHBIN IPUEM pEaTM30BaH B CXeMe puUcC.6.
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Puc. 7

Ha puc.7 umzoOpakeHa cxeMa MUTaHUA HAa IIOCTOSHHOM TOKE KacKa/lioB
ycunurenbHoro Tpakta O3-OBb-OK, mnpennazHaueHHOro i (HOpMUPOBAHHS
OTPHULATEIILHBIX UMITYJBCHBIX CUTHAJIOB. TPAaKT B COOTBETCTBUM C PEKOMEHAALHUAMHU
O  XapakTepe TMOCTpoeHHus  ycuiauTenbHoro 3BeHa OD-Ob  comepxkut
IBYXTPAH3UCTOPHYIO CXEMY, B KOTOPOM NHTaHHWE KAaCKaJOB OCYLIECTBIAETCS IIO
nocienosarenpHo cxeme. Ilpu 3ToM Tpamsucrop V1) B 1OCIEIOBAaTEIbHOM
COCIMHEHUM WUIPaeT Pojb TOKO3aJamllero. B cxeme B KadecTBe TOKO3aJaroLIcH
paszHocTH noTeHuuanoB Uy B MEPBOM KackKaJe BBICTYIAET MaJ€HUE HAIPSDKEHUS Ha
pesucrtope R;. Pa3HOCTh MOTEHIMAIOB Ha peE3UCTOpe R, 3adaeT HaNpsIKEHHE
KOJUIEKTOP-OMUTTEP TpaH3ucropa V7.



PekoMeH1yembli OPSIAOK BhITOIHEHUS dTana I1

[Ipu BeimonHeHnu stama Il pekomeHayeTcs OpUEHTUPOBATHCS HA MPUHIUIIBI
OpraHu3allK U HAUYEepPTaHUsSl CXEM TpaKTa, WITIOCTPUPYEMbIE TpUMEpamMu puc. S...7.

1. Hanmectu rpaduueckoe wu300pakKeHHE TPAH3UCTOPOB [UJII  CXEMBI
MPOCKTUPYEMOTO YCUJIUTEIBHOTO TPaKTa MEXIY IBYMS TOPU30HTAIbHBIMU JIMHUSIMH,
BEPXHSS M3 KOTOPBIX OTPAXAET IIMHY MOJIOKHUTEIBHOTO MHUTAHUS FEyy, a HWKHAS —
oTpuuarenabHoro Ey.. OpueHTanus TpaH3uCTOPOB J0HKHA IIPU 3TOM COOTBETCTBOBATH
KaK THUITy WX TPOBOJUMOCTH (CTPEIKH Ha AIMUTTEPHBIX BBIBOJAX TPAH3HCTOPOB
HaIlpaBJIEHbl CBEPXY BHHU3), TaK U CTPYKTYpHOM cXeme TpakTa (Mpu MapaieabHON
CXeMe TUTaHWs KacKaJoB, KakK, HalmpuMep Ha puc.5 W 6, TPAH3UCTOPHI B3aMMHO
OPUEHTHUPOBAHbI B BUJE TOPU3OHTAIBHOM LEMOYKH, U B BUAEC BEPTHUKAIHLHOU — B
ClTydyae HaJu4Hsl B COCTaBe MPOCKTUPYEMOT0 TPaKTa MOCIEA0BATEIIBHOTO COSTNHEHUS
kackagoB O2-Ob (cMm. puc.7).

2. B cOOTBETCTBUU CO CX€MaMU MUTAHUS BXOJHBIX KACKAIOB CXEMbI PHUC.S WU
puc.7 BBECTH MEXIy IIMHAMH THUTaHUS O0a30BOM [ENHUTENTh HAMpPSDKEHUS. OJTOT
nenuTenb onpeaenut moreHnuan Usp ©0a30BOro BbIBOAA BO BXOJHOM (IIEPBOM)
KacKaJie yCHJIUTEIbHOTO TPAKTa.

B ciiyuae nmpuMeHeHus1 Ha BXOJ€ TpakTa AByXTpaH3uctopHoro kackaga OK-Ob
YKa3aHHBII JI€UTEIh B COCTaB CXEMbl HE BBOJUTCA, a CaM BXOJHOW KackaJ
OpraHU3yeTCs B COOTBETCTBUU CO CXEMOW BXOJHOTO KacKaJla yCUJIMTENS puc. 6.

3. OCylIeCTBUTh MEKKACKaIHbIE COCIMHEHUSI C YYETOM TOr0, YTO, BO-NIEPBBIX,
BXOJHBIM IEKTPoJoM B cxemax OO u OK sBisieTcst 6a30BbIN BBIBOJ TPAH3UCTOPA, a
B cxeme Ob — sMUTTEpHBII, U, BO-BTOPBIX, UTO POJIb BBIXOJHOIO JIEKTPOJa B CXEMax
O3 u Ob urpaet KOJUIEKTOPHBIN BBIBOJ TpaH3UCTOPA, a B cxeme OK — sMUTTEpHBIl.

Br100p 3HaUYeHNsI HAYAJIBHOT0 TOKA B Kackaaax (3tan III)

Paccmotpum OCHOBHBEIC pPEKOMEHIalnu, KOTOPBIMHU cienyer
PYKOBOJICTBOBATBCS TIPU BHIOOpPE 3HAYCHWH HAYAIBHBIX TOKOB, OIPEICIISIFOIINX
nonoxenue NPT.

CrnemyeT y4YuThIBaTh, YTO OOJBINNAE TOKH [y U I, JKEIaTeIbHBI C TOYKH 3PCHUS
YMEHbBILIEHUSI BIUAHUSA (HAKTOPOB, JECTAOMIM3UPYIOUIMX paboTy Kackaja Ha
MOCTOSTHHOM TOKe. OOBIYHO 71l TPAH3UCTOPOB MAJIOM M CpPeAHEH MOIIHOCTU 3TOMY
YCIIOBHIO COOTBETCTBYIOT 3HAU€HHUs TOKOB, JeXallux B npenenax 1...5 MA. B to xe
BpeMs CJIeIyeT UMETh B BUIY, YTO MPU MaJIBIX 3HAYCHUSIX TOKOB Iy U I,y TPAH3UCTOP
o0nanaeT XyIIIUMH YCUIUTEIbHBIMA CBOMCTBAMH (MaJbIMU 3HAYCHHUSIMH KPYTU3HBI),
a B KacKaJax BO3MO’KHO BO3HHKHOBCHHMC 3aMCETHBIX HEJIMHEHHBIX HCKaxkeHu. C
Y4eTOM JTHX OOCTOSITENIbCTB BO BXOJHBIX KacKaJax TpaKTa, TIe yCHIUBaeMbIe
CUTHAJIBI UMEIOT OTHOCUTEIFHO HEBBICOKYIO HHTEHCUBHOCTD, 3HAUEHUE TOKOB o U Iy
cienyeT BeIOUpaTh B mpeaenax 1...2 MA.

B okoHeuHBIX Kackajax, IJie CUTHAJbl UMEIOT MOBBINICHHYI0 WHTEHCHBHOCTD,
HCXOJIHbIE 3HAYEHUS TOKOB o U 150 pEKOMEHyeTCsl yBEIU4IUTh 10 3...5 MA. Cnenyer
OTMETHUTh, YTO PabOTa KacKaja Ha IMHTTEPHO-CBSA3AHHBIX TPAH3UCTOpPaX OCHOBAHA HA
nepepacupeielieHuy MoJ BO3JCHCTBUEM CHUTHAJIBHBIX HAMpPSHKEHUH CyMMapHOro
SMUTTEPHOTO TOKa MEXAy TpaH3zuctopamu. [lo ykazaHHON NMpUUYMHE B 3TOM KacKase
HEBO3MOXKHO TMOJYYUTh CUTHAIbHBIE U3MEHEHHS TOKa, OombIne, 4eM Iy. B cBs3u
3TUM TIpH TMPUMEHEHMM TaKOro KackaJa Ha BBIXOAEC TpPaKTa HEOOXOIUMO TIOCIe
MPOBEACHUS PACUETOB [Isl NEPEMEHHOTO TOKa YTOYHUTh U CKOPPEKTUPOBATH
HUCXOOHOE 3HaueHue Toka Ilo=Ilc1t+lc2. IIpeaBapuTenbHble K€ pacyeTbl CIEAYET
BBIMIOJIHATH B YCIOBUAX [01=/02=3...5 MA.
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Pacuer 3j1eMeHTOB cXeMbl U3 yCJI0BHA o0ecriedeHusi TpedyeMoro 3HaueHust

ToKa /o (ATAIL IV)

Pacuer pe3uCTHBHBIX 3JIEMEHTOB CXEMBbI, COCTABJICHHOW B XOJI€ BBIMOJIHEHUS
MPEALIECTBYIOIIETO ATara, CIeIyeT MPOBOJAUTh B COOTBETCTBUU C COOTHOLIEHUSIMU U
CBOMCTBaMM KAacCKaJIOB, MMUTAHHWE KOTOPHIX HA MOCTOSHHOM TOKE OPraHU30BaHO KakK
KacKagoB C (UKCHpOBaHHBIM moOTeHIHamoM 0a3el  (cMm. puc.4). OcHOBHOE
COOTHOIIICHHE, ONpPEACIISIONIee B3aUMOCBSI3b CONPOTUBICHUIN 3JIEMEHTOB cXeM puc.4
C MPOTEKAIIIUMHU B HUX MOCTOSIHHBIMM TOKaMH, SIBJISIETCS CJIEICTBHEM TOTO, YTO B
peKHME YCWICHHS CHTHAJIOB pa3HOCTh TMOTEHHuanoB 0Oaza-smutrep Us, B
TPaH3MCTOpPaX B MAJOW CTENEHH 3aBUCUT OT TOKAa KOJUIEKTOpa. B KpeMHHEBBIX
TPAH3UCTOPaX YCWIHTEIHbHOMY pPEKUMY pabOThl COOTBETCTBYET 3HAauY€HHUE ITOMN
pasHocTH ToOTeHIManoB, Omuskoe k 0,7 B. B mampHelmem 310 mpuOIMKeHHOE
3HaueHue HampsokeHuss U, OyJeM Ha3blBaTh HOMHHAJIBHBIM HamNpsDKeHUEM 0Oa3za-
SMUTTep U 0003HauaTh Upsy. CuMrTaercs, 4TO B YCHIUTEIbHOM Kackajae Ha
OWIIOSIPHOM ~ TPAH3UCTOPE TOCTOSHHBIA TmoTeHnuan Us ©0a30BOro BBIBOJA
TpaH3ucCTOpa TmepeAaercs (TpaHCIHpYyeTcs) K €ro OMHUTTEPY C  BBIYETOM
HOMUHAJIBHOTO HanpspkeHust Usy,o=0,7 B. OueBuaHo, 4TO Il CO3laHUS TOKA B
TpaH3uCTOpe (€ro OTKPhIBAHUS) 3HaUEHHE TOKO3aarolell pa3HocTy noTeHuanoB Uy
BO BCEX CXEMax JOJDKHO OBITh HE HIDKE HOMUHAIBHOTO HampspKeHUs Ugy. C
MPUEMJIEMOM JIsl MPAKTUKUA TOUHOCTBIO MOXHO CUUTATh, YTO B Kackajaax (CM. puc. 4)

1K0Z130=( UO‘ U630)/R3=( UO'097)/R3. (1)

B cxemax puc. 4..7 B KayecTBe TOKO3aJarolield pa3HOCTH mnoteHuuanoB Uy
BBICTYTIACT Ma/ICHUE HAMPSHKEHUS Ha pe3ucTope Ry.

N3 (1) cnemyet, 4To mpu JaHHON TOKO3ajaroliel pa3HOCTH MoTeHnuanoB Uy B
yCHOBUSIX, KOrAa e >>1I5), Bapualy 3HaA4€HHs] cONMpoTUBIeHUs R, B cxemax puc.4
MIPAKTUYECKU HE BBI3BIBAIOT U3MEHEHUH HanpspkeHUs: Ug, HA 3TOM CONIPOTHBIICHUH.

VYka3aHHble CBOMCTBa HAOJMIOZAIOTCS TPAKTHYECKH BO BCEM JUaNa3oHe
BO3MOXKHBIX ~ BapHalliii  BBIXOJHBIX TPAH3UCTOPHBIX TOKOB H  HANPsHKCHUH,
COOTBETCTBYIOIIMX JHHEHHON (ycunuTenbHOI) oOmactu BAX, T.e. mpu pasHOCTIX
MOTEHIUANOB Uyyy KOJJIEKTOP-IMHUTTEP, OONBIINX HAYAIBHOTO HAMPSKEHUS Ulyy.
OueHKy 3HayeHUsT KOTOPOTO MOXHO OCYIIECTBUTH C IOMOIIBI) COOTHOLIEHUS
Usnar=IRyac, T Ryac=dUy,/dI; — COPOTUBIICHHE, XapaKTepU3YIOIee HAKIOH rpaduka
TuHUM HacelmeHus (muHuu 1 Ha puc.8). [IpubnmkeHHO MOXKHO CYUTaTh, YTO
Ruac=3...5/Limax, THC Ilimaxy — TMPEIEIBHO JAOMYCTHMOE 3HAYCHHE TOKAa KOJIICKTOpa. B
X0/ TPeABAPUTEIHHBIX PAcYeTOB 3HaUCHUE Uypy MOXKET OBITH MPHUHATO JICKAIIUM B
npeaenax ot 1..3B (MeHbIIMe 3HA4YE€HHs] COOTBETCTBYET BXOJHBIM KacKaiam,
OOJIBIITNE — BBIXOJIHBIM).

Cnenyer yuutbhiBaTh, 4TO (1) IPUMEHHMO TOJIBKO NpPU JIMHEHHOM pEXHUME
paboThl TpaH3UCTOpa B Kackaje. DTOT PeXHUM JOJDKEH COXPAaHATHCA U B MPOIEcCce
BO3JICUCTBHUS HA TPAKT YCHJIMBAEMBIX CUTHAJIOB, B TOM YHUCJIE U MpU (HOpMUPOBAHUHI
npeneabHoro ero 3HaueHus Uy, Ha BBIXOZE (9TO 3HAUEHHE OTOBapHBACTCS 3aJaHHEM
Ha MPOEKTHpPOBaHUE). B cOOTBETCTBUM CO CKa3aHHBIM M PHUC.8 B XOJC BBITTOJHECHHS
MPOEKTUPOBAHUS HEOOXOIMMO KOHTPOJIUPOBATH BBIMOJTHEHHUE YCIOBHUS

Uiso=En+-Ex. - I «o(Ry+tRy) >UsautU,+(0,2...0,5 B), (2)
Tak Kak TOJNBKO TpH 3ToM ycioBuu (1) ocraercs B cuje, a B Mpolecce yCHIICHUS
CUTHAJIOB HE BO3HUKAET CYIICCTBEHHBIX HEIMHEHHBIX HCKAXEHUW (TPaH3UCTOP HE
BBIXOJWUT U3 JIMHEHHOTO pekuMa paboTel). Bxopasmas B GpopMyny AOMOIHUTENbHAS
pasHocTh noteHnuanoB 0,2...0,5 B yuuTeIBaeT HEHYJIEBYIO MPOTSHKEHHOCTh 0071acTH
nepexo/ia TPaH3UCTOpa U3 COCTOSIHUSI HACBIIICHHS K COCTOSIHUIO Pa0OTHI B IMHEHHOM
pexume.
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C Toukw 3peHust 00ecreYeH s CTAOMIBHOCTH M ONIPEICTICHHOCTH TOKOB Iy U 15,
MaJIoi 3aBUCUMOCTH 3TUX TOKOB OT KOHKPETHBIX CBOMCTB TPAH3UCTOPA U BO3MOXKHBIX
TEMIIEPATYPHBIX HM3MEHEHHWH JKEeNaTelIbHO, 4YTOOBl B CXeMaX BBIMOIHSIUCH
cootHomeHus U,o>>AUsg, n

I;{en>>]60:1 KO/ h213, (3 )

rae AUs, — Bapuanuu HanpsokeHust Usyo BCIEICTBUE BO3MOKHOIO TEXHOJIOTHYECKOTO
pa3bpoca mapaMeTpoB TPaH3UCTOPOB U TEMIIEPATYPHBIX U3MeHeHUH. C TOUKHU 3peHUs
CTaOWIIBHOCTH M ompeaesieHHocTH monoxeHnus MPT jkemarenbsHO, 4TOOBI BBIOOD
3HaueHuil R, u U,y obecrneunBan BHIMOIHEHUE YCIOBUH R,>>AUs,/Iy n Uyy>>AUs,.
OObyHO mTpUeMIIeMasi ONPENETEHHOCTh TOKa KOJIJIEKTOpPa B OTACIBHO B3SITOM
Kackaje, MUTaHUEe KOTOPOTO Ha MOCTOSSHHOM TOKE OPTraHW30BaHO B COOTBETCTBUU CO
CXeMoi puc. 4, HaOIIOJaeTCs MPU 3HAUYCHUSIX HanpspkeHus: U,y, TpeBbImarommx 1...2
B B ycnoBusX OTCYTCTBUS METIM 0OmIe oOparHoi cBsizu, u mopsaka 0,2..0,7 B,
KOT/Ia YCHJIMTEIBHBIN TPAKT OXBa4YeH OOIIECH MeTIe OTpuIaTeIbHON 00paTHOM CBS3H
(00C0C).

Jk

Jeo +im -

Jx0-

FPuc. 8

B pspge ciydaeB B cxeMy CO3aHUsI TOKO3aJaroIIeil pa3HOCTU noTeHimanoB Uy
BKJIFOUAKOT ILOHOJIHI/ITGJIBHI:II\/JI HpHMOCMeL[IeHHBIfI N0 (TpaH3I/ICTOp B OIUOJHOM
BKJIIOYeHUH). barogapst atomy nuomy B 0a30BOM LETH CO3A€TCS TOMOJHUTEIBHBIN
HNCTOYHHUK TepMOSaBI/ICI/IMOFO HaHpH)KeHI/Iﬁ, I1I0 CBOUM XapaKTepI/ICTI/IKaM HOI[OGHBIP'I
HMCTOYHHKY TEMIIepaTypHOH cocTaBisomie HecTaOmibHOCTH AUp,. ITOT UCTOYHHUK
HaIlpsDKEHUS BO MHOIOM HEUTpanu3yeT pe3ysibTaT BO3LCHCTBUSA TEMIIEPATYPHBIX
koneOanuit Ha mojoxxkeHne MPT, ocoOEHHO B YCIOBHSX HAJEKHOTO TEIJIOBOTO
KOHTAaKTa MEXJ]y TPAH3UCTOPOM U TEPMOKOMIEHCUPYIOIIUM JTUOIOM.

Bo BxomHOM Kackaje TpW THUTaHUM €ro 0a30BOM IeMU OT JACIIUTENS
HaIlpsDKEHUS TEPMOKOMIICHCUPYIOIIMM  JHMOJ  BKIIOYAIOT  IIOCJIENOBATEIBHO C
pe3uctopoM R,, Kak 3TO MOKa3aHO Ha puc. 9. B mocimenyroommx Kackamax 3TOT
TepMOKOMHeHCI/Ip}IIOH_[I/Iﬁ N0 HpI/I KCJIIAaHUHN MOKET 6LITI> BKJIFOUCH B IICIIb Hany3KI/I
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MPEANIECTBYIONIETO Kackaaa (MOCIeI0BaTEIbHO C COMPOTUBICHUEM R, win R,). [Ipu
HaJM4YUHU TEPMOKOMIIEHCUPYIOILErO IN0Aa B CXeMax puc.4 HANpsyKEHUE Ha PEe3UCTOpe
R, moBTOpsieT TOKO3aJaIOLIyI0 pa3HOCTHM NoTeHHuanoB Uy, B pe3yibTaTe Yero
Lo=10=Uo/R,,

B cxemax puc.4,0 u puc.4,B npu 3HaueHUAX Us=0 MOXHO HCKJIIOUHTH M3
CXeMbl 0aBOBBIN JI€IHUTENh, MOJCOEAWHUB Oa30BBIN BBIBOJ TPAH3UCTOPA K TOUKE
HYJICBOTO TMOTEHIMAaNa 4Yepe3 JOMOJHUTEIbHBIM pPE3UCTOP Rye;, COMPOTHUBICHUE
KOTOPOTro 00€CTICUMBAET BBIMOTHEHUE YCIOBUSA [50R e, <<Usyy B psine ciaydaeB (mmpu
HEIMOCPEACTBEHHOM MOJICOEAMHEHUN UCTOYHMKA CUTHAJIA KO BXOJY YCHUJIUTEIHHOTO
TpaKTa) B POJIU COMPOTUBICHUS Rye; MOKET BBICTYNATh COMOOTUBJICHHE MCTOYHHKA
curnana R..

. Fn+
R [] Re
u—\‘ PTE
R |
\‘VTI Ra
- En-

Puc. 9

CnenyeT Takke OTMETUTh, YTO B YCIOBHUSX JIMHEWHOTO pexuMa paboThI
KOJIJIEKTOPHBIE PE3UCTOPHI MPAKTUUYECKA HE OKA3BIBAIOT BIMSHUS HA 3HAYECHUS TOKOB
I n I, IpOTEKAIMNX B KOJJIEKTOPHO-3MUTTEPHOUN 1ienu cxem puc.4. B cBszu ¢
STUM 3HAYEHUS COMPOTHUBJICHUS ITHX PE3UCTOPOB MOTYT OBITh NMPOU3BOJBHBIMHU B
npenenax, IpU KOTOPBIX BBIMOJHSIETCS YCIOBHE JHMHEMHOTro pexkuma paboTsl (2).
[TocnenHee ycnoBue HaKIAIbIBAET OTPAHMYEHUE CBEPXY HA JMANA30H BO3MOMKHBIX
3HaYEHUI KOJUIEKTOPHBIX COMPOTUBJICHHUH Ry. B COOTBETCTBUM ¢ HUM HEOOXOAUMO,
9TOOBI 3HAYCHHUE CONPOTHUBIICHUS Ry COOTBETCTBOBAJIO BHIMIOJTHCHHIO HEPABEHCTBA

R&[Eni-En-Usp-Uy-Ugay~(0,2...0,5 B) /. 4)

K pe3ucTtuBHBIM 37€MEHTaM, MPAKTUYECKU HE BIUSIOIIMM HAa 3HAYEHUS TOKOB
I m Iy, OTHOCUTCS U KOJUIEKTOPHBIN pe3uctop B cxeMe OK MHOrokackagHO#l CXEMBI.
OTU PE3UCTOPHI COBMECTHO C JOTOTHUTEIHHBIMHA OJTOKUPOBOYHBIMU KOHJICHCATOPAMU
MPEAOTBPALISAIOT TPOHUKHOBEHNE CUTHAJIBHBIX COCTABISIOIINX KOJUIEKTOPHBIX TOKOB
B UCTOYHUK TUTaHUA. OOBIYHO COMPOTUBIEHUE 3TUX KOJIJICKTOPHBIX PE3UCTOPOB
npuHuUMaeTcst paBHbIM cTa omaM (100 Om).
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PekomenayemMbli MOPSI0K BeINOIHEHMS dTana [V

CopepxaHue  OCHOBHBIX  ONEpalMii MO  BbIIOJHEHWIO  3Tama [V
MPOWLITIOCTPUPYEM Ha MpUMEpax MPOBEJICHUS PAcUeTOB JJIsl CXeM pHc.S...7, cuuTas,
4TO B HUX HeoOXoauMmo obecrneunth Iko1=Ik0=Ik03=2 MA (Ixo1=Ik0n=Ik03=2 MA) n
U,0>1,0 B. PacueTsl BBINIOTHEHBI TPUMEHUTEIRHO K CiTy4aro, koraa E,.=3 B; E,=-10
B; Uy=5 B; Us=0,7 B; (Up>1,7 B).

Jnst cxemsbl puc. 5

1. Bymem momaratb, 4T0 TpeOyeMyl0 OIPENeICHHOCTh U CTaOUIBHOCTH
BBIOPAHHBIX 3HAYCHHUI KOJUICKTOPHBIX TOKOB BO BCEX KACKaJlax CXEMbI 00CCTICUHBAET
Hanpsokenue U,=1,0 B (Up>1,7 B). IlpuemmneMocth 3TOro IOMyIICHUsS OYIET
OIlCHEHa KOJMYECTBEHHO B  XOJI€ BBINIOJIHEHHWS cCleayomero, V  2Jrama
MIPOCKTUPOBAHUSI.

2. Jlnsa co3manusi B OKOHEUHOM (TpeTheM) Kackajae HanpspkeHus Uys=1,0 B mpu
ToKe I,03=2 MA HEO0XOAMMO B SMUTTEPHYIO IIEMb €r0 TPAH3UCTOpPA BKIIOYUTH
pe3ucTop

R33=UR33/1303=1/0,002=500 OMm

3. OmnpeaensieM ToKo3aaaromue pasHocTu noteHuuanoB Ups, Uy u Uy ais
OKOHEYHOTO (TPEThEr0), MPOMEXKYTOUYHOTO (BTOPOTO) M Ui BXOJHOTO (TIEPBOTO)
KacKaJoB. DTH Pa3HOCTH MOTECHIIMAIOB OTIMYAIOTCS OT COOTBETCTBYIONIUX MaJCHHUI
HanpsikeHUun Usps, Uspr, Usor Ha HOMUHaANBHOE HanpsikeHue Ug,=0,7 B, T.e.

Ups=Us00=Up»=U,31+0,7=1+0,7=1,7 B,

U02=URK1=UR32+0,7=1,7+0,7=2,4 B,

Uoi=Ury=U,0;10,7=1+0,7=1,7 B.

4. B cootBercTBHH C (3) ompenenseM HWKHHUNA Tpeaes J0MyCTUMOTO 3HAUECHUS
TOKA JETUTENS [y, CUUTAS, UTO /31,=100.

Lien>>1650=0,002/100=20 MKA.

B cootBercTBHU C MOCHEIHUM TpeOOBaHUEM BHIOHpPaEM

Liex=25150=25-20-10°=0,5 MA.

5. OnpenensieM 3HaAUYCHUS PE3UCTOPOB, CO3AAIONIUX TPEOyeMble TOKO3adar0IINe
pazHoctu noteHuanoB Up. Ilpu 3ToM yduThIBaeM, 4TO B YCJIOBHUSX OTCYTCTBHS
TEPMOKOMIICHCUPYIOLMX JHOJOB B MEPBOM (BXOJHOM) Kackajae dTy pa3HOCTh
MOTEHIIUAJIOB CO3AAET TOK /ey, MPOTEKAIOLINI uepe3 pe3uTcTop Rz, BO BTOPOM — TOK
L1, IPOTEKAOIINI Yepe3 Pe3ucTop Ry, @ B OKOHEYHOM — TOK /503, MPOTEKAOIIHI
gyepes pe3ucTop R,3. C yueTom ckazaHHOTO

Ry=Ug1/Liex=1,7/0,5-10°=3,4 xOm,

Ra=Up/L1=2,4/2:10°=1,2 xOm,

Ry=Up3/Ly=1,7/2-107=850 Om.

6. OmpenensieM 3HA4YE€HHWE COMPOTUBICHUS R;, Y4YUTBIBasg MpPH OSTOM, YTO
najieHue HanpspKeHUst Ha HeM cocTaBisieT U =Ey-Ey-Uy=3-(-10)-1,7=11,3 B

Ri=Ugi/(Liex-Is0)~Up1/Liex=11,3/0,5:10~23 kOM.

7. IlpoBepsieM, BBIMOJHSETCA JH YCIOBHE (2) JTUHEHHOTO pEXUMa padbOThI
Tpan3uctopa. s 5Toro BbUMCISEM 3HAaYeHUS HampsbkeHUd Uy, B Kackamax u
COTOCTABIIIEM 3THU 3HAYEHHSI C TPEeOYEMBIMH, YJOBIECTBOPSIOIIMMU COOTHOIIECHUIO
(2). Boruncnenue ocymectBuM ansi Uy,e=2 B, cunTtas, 4To cUTHaNbHBIE HANPSHKEHUS
Ha BBIXOJIC TIEPBOTO U BTOPOTO KaCKaJ0B UMEIOT IPEHEOPESIKUMO MAJTbIC 3HAUCHUSI:

Ur01=3-(-10)-2-10>(500+1200)=9,6 B

Urs02=3-(-10)-2-10>(850+100)=11,1 B

B oxoneuHoM Kackaze ycioBue (2) TMHEWHOTO peXrMa padOThl COXpaHSEeTCS
MIPU 3HAYEHUSAX COMPOTUBIICHUS KOJUIEKTOPA Ry3, YAOBIECTBOPSIONIUX HEPABEHCTRY:
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Ra<[3-(-10)-1-5-2-0,2]/2-107=2,4 kOm

Hns cxem puc.6 m puc.7 OCTAaHOBUMCS JIMIIb HAa HEKOTOPBIX OCHOBHBIX
OCOOCHHOCTSIX, BBITCKAIONIMX U3 TMPUMEHEHHS B COCTaBe TMEpPBOM W3 HHUX
JIBYXTPAH3UCTOPHOI'O Kackajga Ha AMHUTTEPHO-CBA3aHHBIX TPAH3UCTOPAxX, a BTOPOH -
cxembl O2-0Ob ¢ nociienoBaTeIbHBIM TUTAHUEM KAaCcKaJ0B Ha MOCTOSTHHOM TOKE.

Jnst cxembl puc.6:

1. B nmepBom kackane (kackane Ha TpaHszucropax V7T, m V1) B KauecTBe
TOKO3aJIalolIell pa3HOCTH MNOTeHUUanoB Uy BBICTynaeT HampsbkeHue Ep.=3 B, B
pe3yabTaTe 4ero najeHue HanpsHKeHUs Ha COMPOTUBIICHUH R,

Un,=Uy-0,7=3-0,7=2,3 B.

2. ConpoTuBieHue

R,=Ub,/(210)=2.3/(2:2:107)=570 Om

OcranbHble MYHKTHI PACUETOB IO XapakTepy M COJEPKAHUIO0 AHATIOTHYHBI
COOTBETCTBYIOIIMM MTyHKTaM pacdyeTa CXeMbl puc.S.

Jns cxemsl puc.7:

1. BbluucnsieM 3Ha4€HUE SMUTTEPHOTO R, CONMPOTUBICHHS B TOKO3aJAIOIIEM
Kackaje Ha TpaH3uctope VT, 3a7aBasch HaIpSHKEHUEM Ha 3TOM COINPOTHUBJICHUH,
PaBHBIM OJTHOMY BOJIbTY:

R,=1/2:107=500 Om.

2. Boluncisgem 3Ha4€HUE CONMPOTUBIICHUS Pe3UcTopa R3, CUUTas, UTO YEPE3 HETO
npoTekaeT TOK aenutens [,;,=0,5 MA (cMm. m.5 pacyera cxeMbl puc.5), a MajcHHe
HanpspKEHUsT Ha HEM OMpenenseT 3HadyaHue HanpsokeHusi Uy, Tpansuctopa V7.
3HayeHHue 3TOr0 HANPSKEHHS BbIOEpPEM paBHBIM YETHIPEM BOJIbTAM M3 ycloBHA (2)
paboTel TpaH3ucTtopa V1) B IWHEWHOM pexuMe. B pe3ynbrare BBIMOTHEHUS
MEePEUYHCIICHHBIX YCIOBUI

R3:UK3O]/]I[CJ]:4/O,5'10'3:8 KOM.

OcTtanbHble TYHKTHI PAacyeTOB IO XapakTepy U COACPNKAHUIO aHAIOTUYHBI
COOTBETCTBYIOIINM ITYHKTaM pacueTa CXeMbI puc. 5.

AHaJu3 BO31aiicTBUS AeCTA0WINIUPYIOIUX (PaKTOPOB HA padoTy Kackaaa

HA MOCTOSIHHOM Toke (3Tam V)

Ha puc. 10 nmpuBeneHa skBUBajJeHTHAsI CXeMa Kackajzia, C MOMOIIbI0O KOTOPOU
OCYHIECTBIISIIOT aHAIW3 BO3JAEHCTBUS 1eCTAOUIU3UPYIOMNX (DAKTOPOB HA MOTIOKEHHE
HPT B xackage. Cxema cOCTaBj€Ha C y4€TOM TOTO, YTO B TOUYKAX MOJIKIIOYCHHS K
KackaJlaM HCTOYHHMKOB TUTaHus Enr U E,; OTCYTCTBYIOT KakKHe-THOO H3MEHEHHS
MOTEHIMANOB. B pe3ynpraTre 3TOro mMpu COCTABICHUH SKBUBAJICHTHOW CXEMBI IS
MEPEMEHHBIX COCTABIIAIOIINX MOTEHIIUAIOB yKa3aHHbIE TOYKU MOTYT OBbITh MPUHSTHI
3a TOYKH HYJIEBOTO MOTeHUMaNa. Ha SKBUBaNeHTHON cXeMe BO3JEHCTBUS OCHOBHBIX
JIeCTaOMIM3UPYIONINX (PAKTOPOB MPEACTABICHBI C IMOMOIIBIO COOTBETCTBYIOIIUX
TCHEPATOPOB TOKA W HaNpspKeHHs. )T KpeMHUEBOTO OWIOJIIPHOTO TPAH3UCTOPA K
TakuM  (aKTopaM OTHOCSTCS ~ HEOMPEAENEeHHOCTh M HEemocTosHCTBO  AUsg,
HOMHHAJILHOW PAa3HOCTH TMOTECHIHAIOB 0a3a-sMutTep Usy U AP KOdPUIIMEHTA
nepenayn Toka 0Oa3bl . IlepeuncieHHble HEOMpPEIENEHHOCTH M HEMOCTOSHCTBO
nmapaMeTpoB OOYCIIOBJICHbI KaK TEXHOJIOTHYECKUM pPa3OpoCcOM XapaKTEPUCTUK
TPaH3UCTOPA, TaK U TEMIEPATYPHBIMH UX U3MEHEHUSIMHU.

Otknonenue At°C TemnepaTypbl OT €€ HOMHUHAJIBHOTO 3HAUEHUS MPUBOIAT K
CIHEAYIOLIMM HW3MEHEHUSAM XapaKTEpUCTUK TPaH3UCTOPOB: AU63t=2,1'10'3-At“C;
AB~=0,005 B A¢°C, tne At°C — ipefiesibHOE OTKIIOHEHUE TEMIIEPaTyphl TPAH3UCTOPA OT
HOMHUHAJIBHOTO €€ 3HAYCHUS tyoy (1xon—=20°C).
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B HambGonee HeOIarompusATHOM ciy4yae OTKJIOHEHHS [ApaMeTpoB OT
HOMHUHAJIBHBIX 3HAUYCHHWH 33 CYET TEMIIEPATYPHBIX W3MEHEHUH M TEXHOJIOTHYECKOTO
pa3dpoca UMEIOT OJTMHAKOBYIO HANPaBJIEHHOCTh. B 3TOM ciyuae

AUss=AUsytAUss1; AB=AB+APT, (5)
rne AUsst, APt — oTkinoHeHus napametrpoB Us, U B BCIEACTBUE TEXHOJIOTHYECKOTO
pazopoca. O6braaO0 AUs,7<0,05 B, ABr=<0,14)5.

AL=AL+AL
%

a —

ABlso

AU+AU,

Puc. 10

CootHomienue (5) u cxema puc.10 sSBISAIOTCS UCXOTHBIMH TIPU TPOBEACHUH
aHalM3a BO3MOXHBIX Bapuammii Al u Al, TOkoB I u I,. AHanmu3 Gasupyercss Ha
MepecyeTe BCeX MCTOYHUKOB HECTAOMIIBHOCTH K KOJIJIEKTOPHOMY HIIA SMHUTTEPHOMY
BbIBOAYy TpaHn3uctopa. [lapamerp AlL=AI, sBisieTcss pe3yJbTaTOM COBMECTHOTO
BO3JICUCTBHS yKa3aHHBIX paHee JBYX UCTOYHUKOB HECTAOMIIBHOCTH, T.€. AL=Al+AL,
rae Al; — cocraBmusitomasi Toka Al, o0ycioBieHHas HecTaOmIbHOCTRIO AUs,y; Al —
cocTaBJsitonas, o0yciaoBJIeHHass HecTaOMWIbHOCTRIO APB. B pamkax 3amay, pemaeMbix
npu  aHaimze Toka Al,, HECTaOWIBHOCTH, TIOPOKIAIOIIME €ro, MOTYT
paccMaTpuBaThbCcs KaK HMCTOYHHUKH MAJOCHTHAJIBHBIX HAMPSOKCHWHA W TOKOB, B
pe3ynbTaTte uYero BblUMCIeHHE cocTaBisomux Al u Al, Toka Al mpaBOMOYHO
OCYIIECTBIISITh C TOMOIIBI0 MAJOCUTHAIBHBIX TapameTpoB. [Ipu BBIYUCICHUSIX B
KauyecTBE BCIIOMOTATEIbHBIX MMapaMeTPOB ILIENECO00pPa3HO HCMOIb30BaTh HU3MEHEHHUS
AUy, AU,, u AUEAU+AU, pa3HOCTH TTOTSHITHAIOB Ha PE3UCTOPE Ry, MOPOKIACMbIC
KaKIbIM U3 TOKOB A/} 1 Al 1 ux coBMecTHbIM BozaeicTBueM. [Ipu atom Al1=AU\/Ry,
AL=AU,/R,a AUF(ALI+AL)/R,. Vcnonb30BaHWE BCIOMOTATEIBHBIX HAMPSKCHHMA
AU, u AU, 1o3BONs€T OCYILIECTBIATh mnepecyeTsl TOKOB Al; u Al B Tok Al ¢
MOMOIIBI0 KOI(D(PHUIIMEHTOB YCWICHHS IO HaNpsHKeHHIO (0€3 MpUBJICUCHUS IPH
nepecueTax KodpUIIUEHTOB MepeiayH Mo TOKY).

Pacuets mo ananuzy HecTaOUIBLHOCTH Aly, a TAK)Ke MOCTISAYIOMINE BIYUCICHUS
3HAYEHUH JPYTUX XapaKTePUCTHK OTIENbHBIX KACKaJIOB M YCHJIHUTENS B IIEJIOM,
0asupyeTcss Ha WCIONB30BAHUHM MAJIOCHTHAIBHBIX ITAPAMETPOB TPAH3UCTOpA H
MPUMEHEHUU TEOPUU YETHIPEXTIOTIOCHUKOB. PACCMOTPUM OCHOBHBIE MOJIOKEHUS STOU
TEOPHH.
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Kputepuu u 0co6€HHOCTH MaJIOCUTHAJILHOTO peXKUMa paboThl TPAaH3UCTOpa

Cuutaercs, 4TO TPAH3UCTOP pabOTaeT B MaJOCUTHAIILHOM WIH JUHEHHOM
pexHuMe, eciu B mpolecce paboThl HE MPOSBISETCS BIMSHHE HETUHEHHOCTH €ro
BAX. OCHOBHBIM KpUTEPHEM JIMHEHHOTO peXMMa pabOThl TPAH3HCTOpA SIBIISCTCS
Majo€ 3HAYEHUE B HEM CHUTHAJIbHBIX COCTABJSIOIIMX BBIXOAHBIX TOKOB Al H
HanpsikeHud AUy, 1O CpaBHEHMIO C HMX 3HaueHusMu Lo u Uy B UPT.
KonnuecTBeHHO HWHTEHCHBHOCTh CHTHala XapakTepusyercsa KodpuuueHTaMu
MCTIOJIb30BAaHUS TPAH3UCTOpAa MO TOKy & u HampspkeHuio &,. Ilpu stom E=Al/I;
&~ AU/ Uso, T Al, AUy, — HaNOOJBIITNE OTKIOHEHHS BBIXOTHOTO TOKA U Pa3HOCTH
HOTEHIINAIOB OT UX 3HaueHuil [ u Uy B UPT.

OO6puHO BiMsSIHME HeMWHEWHOCTH BAX TpaH3uMCTOpa CTAaHOBUTCS 3aMETHBIM,
KorJa Kakoi-mbo u3 3tux koddduuuentos npessimaet 0,2.. .0,3. Takum obpazom, B
KauyecTBE KPUTEPUEB MOJOCUTHAIBHOCTH peXuMma padoTbl MOXKHO MPHUHSTH
OJTHOBPEMEHHOE BbINoNHeHue ycnoswii £<0,2...0,3 u §,<0,2...0,3.

[Ipn ManocurHanbHOM peXuMe paboOThl TpPAH3UCTOpAa B3AUMOCBS3U H
B3aMMO3aBUCUMOCTH MEXKJy €ro TOKaMd ¢ HANpPSKEHUSIMHU  OINPEACIISIIOTOS
MOCTOSIHHBIMU KO3 GUIIMEHTAMH, HE 3aBUCSIIMMHU OT YPOBHS CUTHAJIOB. OTH
KOX((UIIMEHTHl HA3bIBAIOTCS MAJIOCHTHATBHBIMU TapameTpamu. CyIiecTByeT psij
cucteM napametpoB. [lanbHeliee paccMoTpeHHe Oy/ieM OCYIIECTBISATH B OCHOBHOM
Ha 0a3e cucTteMbl Y-mmapameTpoB. B 3TOl cucteme mapaMeTpbl UMEIOT pa3MEpPHOCTb
MIPOBOJIMMOCTH, a B3aWMOCBSI3b MEXKJIYy KOMIUIEKCHBIMM AaMIUIMTYJaMU TOKOB U
HaIIpSDKEHUHN OMPEIEIIAeTCs CUCTEMON YpaBHEHUI

[BX:YI 1 UBX+Y21 UBLIX;

IBBIX= Y21 UBX+ Y22 UBLIX:
A€ lpx, Usx, Uspx, Ilsmx — KOMIUIEKCHBIE aMIUIMTYJbl CUTHAJIBHBIX TOKOB U
HarnpsikeHuid. OCHOBHBIM MapaMeTpoM, KOTOPBIA B MEPBYIO OYEpEAb OMPENEseT
YCWJIUTEJIbHBIE CBOWMCTBA TPAH3UCTOpA, SBIAETCS MNPOBOJAUMOCTH Y1, 4YacTo
HaszbIBaeMasi KPYTU3HOW TpaH3UCTOpa u obOo3Hauaemas — S. IIpoBoammocts Vi)
SIBJISIETCSI TJIABHOM XapaKTEPUCTUKOM BXOJHBIX CBOWCTB TpaH3UCTOpa, a Yo —
BBIXOJIHbIX, TO3TOMY YKa3aHHbIE€ MPOBOJAUMOCTH, COOTBETCTBEHHO, HAa3bIBAIOTCS
BXOJHOM M BBIXOJHOM MPOBOJUMOCTBIO TpaH3ucTopa. [lapametp Y, Xapakrepusyer
BJIMSIHUE BBIXOJHOIO HAIPSKEHUS HAa BXOJHOW TOK, T.€. CTENEHb MPOXOXKICHUS
CUTHaJa B HalpaBJCHUH, OOPAaTHOM OCHOBHOMY (B HallpaBJICHHWHU C BbIXOJa Ha BXOJ),
MO3TOMY MPOBOAMMOCTE Yj2 HOCUT Ha3BaHHE MPOBOJUMOCTH OOPATHOM CBSI3H.

B ocHOBHOW YacTOTHOM o0O0nacTH TpaH3UCTOpa, MOJ KOTOPOW IOHUMAETCS
o0nacTh 4acToT f<fs, T1e fg — 4acTOTa, Ha KOTOPOH MOJIyJb KPYTHU3HBI TPaH3UCTOPA
YMEHbIIIAeTCss B 2~ pa3, B3aUMOCBS3M MEXKIYy TOKAMHU U HANPSHKEHUSIMH B
TPaH3UCTOPE OIMPEAETAIOTCS BEUIECTBEHHBIMU Kod(uimeHTamu. B 3101 yacToTHOMN
o0yacTH I XapaKTePUCTHKH CBOWCTB TPAH3UCTOPA BMECTO CHUCTEMBI KOMIUICKCHBIX
Y-mapameTpoB HcnoONb3yeTcs CUCTEMa BELECTBEHHBIX Z-NIApaMETPOB, BKIIIOUAIOIIAs
MapameTpsl 221, 211, £22, £12. [lpu 3TOM

in:gl lqu+g2 1Uggix,
iBblx:g21u3x+g22uBb1m
TJA€ Ipx, Upx, Ippix, Uppix — CATHAJIBHBIC TOKU U HAIIPSKCHUS.

3HaueHHE MaJOCUTHAJIBHBIX MapamMeTpOB 3aBUCUT OT TOTO, KakKuM oOpazoM
TPaH3UCTOP BKIIIOUEH B CXEMy Kackaga. PaccMOTpuM BO3MOXKHBIE CIOCOOBI 3TOTO
BKJIFOUCHMUS.
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Croco0ObI BKIIOYEHHS TPAH3MCTOPA B CXEMY YCHIIMTENLHOIO KsIcKaaa

Bo03MOXHBI IIECTH CITOCOOOB MOAKIIOYCHHS TPEXIIOIIOCHOTO AIEMEHTa K CXeMe,
HO TIPAaKTHYECKU B YCHJIMTEIBHBIX CXEMaX HCIOJB3YETCS TOJBKO TPH, TaK KaK TOJBKO
IIPU ATHUX TPEX CHOco0ax BXOHBIE CUTHAIBI 001a7at0T 3()(hDEKTUBHBIM YIIPABIISIOLUIIM
BO3JICCTBMEM Ha BBIXOJHOH TOK. OTH TIPUMEHSAEMBIC CIIOCOOBI BKIIFOUCHHS
wutocTpupyer puc.ll, Toe npuBeNeHb SKBUBAICHTHBIE CXEMbl KAacKaJoB Ha
MEPEeMEHHOM TOKe. Bo Bcex cxeMax OJIMH M3 3JIEKTPOJIOB YCHIIUTEIIBHBIX MPUOOPOB
SIBIIIETCS OOIIMM TSl BXOAHBIX 1-1 ¥ BBIXOAHBIX 2-2 3a)KHMOB, MIOATOMY CXEMBI Ha
puc. 11,a—B Ha3BIBAIOT, COOTBETCTBEHHO, cCXemMaMHu Cc oOmmMm smuttepom (0D), ¢
o6mmmm koutektopoM (OK) u ¢ obmieit 6a3oit (OB).

IB])IX
, Ry Ry

RH IBBIX J/ IBBIX l

1 4K U 1 UBBIX ] TL UBBIX

a S B

Puc. 11

HauGonbiiee ycuieHnue mo MOIIHOCTH 00ECIEYHBACT BKIIFOUCHHUE TPAH3UCTOPA
no cxeme O3D. DTO BKIIOYEHUE CUMTAETCAd OCHOBHBIM. [Ipu HEM B Kackaje uUMeEeT
MECTO HE TOJBKO HauOOIbINEe YCHUICHHE MO MOIIHOCTH, HO U, KaK IPaBUIIO,
CYLIECTBEHHbIE YCWJIEHHS TI0 TOKY M HANpsDKEHUIO, MNpuOIMmKaromuecs K
MakCUMaiabHO  AOoCTWKUMBIM. [losTomMy Ha  wucnonb3oBaHue cxembl 0D
OPUEHTHUPYIOTCS B MIEPBYIO OUEPEIb.

OCHOBHbIE XapaKTEPUCTUKU U MapaMeTpbl MPUBOAUTCS AJI 3TOTO BKIIOYEHUSI.
B nmanpHeiimeM mapameTpbl, OTHOCAIIMECS K 3TOH CXeMe BKIIOYCHHS, OyaeM B
dbopMynax TPUMEHITh 0€3 KaKUX-THOO JOMOJHUTEIBHBIX HWHAEKCOB, TOTJa Kak
napaMmeTpbl, OTHOCSIIMECS K JAPYyrUM CXeMaM BKJIIOYEHHs, OyJeM CcHaOXaTb
COOTBETCTBYIOIIMMH HUHJIEKCaMu. Tak, HAaIpUMEp, MapaMeTp gijox O3HAYAET BXOJHYIO
MPOBOJUMOCTbh, COOTBETCTBYIOIIYIO BKJIIOUEHHUIO TpaH3ucTopa mno cxeme OK. B psne
CJIy4aeB MOJy4YeHHE HauOOJBIIETO YCUIICHUS HE SIBJISCTCS TJIaBHOU 3amauei. B cBs3u
C 3TUM YacTO B YCHUJIMTENSAX MPUMEHSIOT U IPYrHe CXEMbl BKJIIOYEHHSI, KOTOPbIE IO
psLy mapaMeTpOB U CBOMCTB MPEBOCXOST OCHOBHYIO CXEMY BKIIFOUCHHUSI.

B cxeme OK (puc.11,06) xorddummeHT mnepenayn HampspKeHUS ONHM30K K
€IMHUIIC, B PE3yJbTaTe YEro BHIXOJAHOW CHTHAN IO BEIUYHHE U (a3e TMOBTOPSET
BXOJTHOM (Upx=Ugyx). [103TOMY 3TOT KackajJ Ha3bIBAIOT MOBTOPUTENIEM HAIPSHKEHUS
(oMuTTEepHBIM TMOBTOpUTENEM). OCHOBHBIM JOCTOMHCTBOM 3TOTO KacKajia SIBISIETCS
TO, YTO OH 00JIaJaeT MAJION BXOJHOW M OOJBIION BBIXOAHOH MpoBOoAMMOCTSIMH. OH
4acTO UCHOJB3yEeTCs] KaK COTJacyloIuid W pa3leldUTeNbHBIA, 00ecredrBaronmii
BBICOKHE 3HAYEHUS CKBO3HOTO KOA((HUIIMEHTA MepeIadu P MPOXOKICHHH CUTHAJIA
OT BbICOKOOMHOTO wucToyHMKa JJIC K HU3KOOMHBIM MMM, MNPHUOTIKas
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KOX(Q(UIIMEHT Mepeaadn BXOJHOW IENM K MAKCUMAJIbHO JOCTHKMMOMY 3HAUYEHHUIO,
paBHOMY €IMHHIIE.

B cxeme Ob (puc.11,B) BEIXOJHOM TOK IPAKTUYECKHA PABEH BXOJHOMY, IOATOMY
3Ty CXE€My MOXKHO Ha3BaTh IOBTOPUTENIEM TOKa (BBITEKAIOMIUN BBIXOJHOM TOK
MOBTOPSIET BTEKAOMMK BX0aHOM). [ToBTopuTenu Toka He 001aJal0T yCHUICHHUEM IO
TOKY, UMEIOT OOJIbLIYIO BXOJHYIO NMPOBOJUMOCTh M MOHMKEHHOE (TI0 CPABHEHUIO C
OCHOBHOW CXEeMOi) yCHJIEHHE IO MOIIHOCTH. Bce 3To orpanmumBaer cdepy
npuMeHeHus cxemMbl OBb. B OCHOBHOM 3TO BKJIIOYEHHE TMPUMEHSETCS B
BBICOKOYACTOTHBIX CXe€MaX, T.e. TaM, TJ€ CTAaHOBUTCA 3aMETHBIM BIIMSIHUE
Mapa3uTHBIX 0OpaTHBIX CBSI3EH Uepe3 EMKOCTH p-N- IEPEX0/I0B.

B psne cayuyaeB TpaH3UCTOP YMBIIIUICHHO WIJIA TIOMUMO JKEeTIaHHUs pa3padoTyuka
OKa3bIBaeTCsl BKJIIOUEHHBIM B CXE€My TakUM OOpa3oM, 4TO BCE €ro TpH 3aKUMa
OKa3bIBAIOTCSl MOJ] MEPEMEHHOM NOTEHIIMAJIOM, Kak 3TO MOKa3aHo Ha puc.l2. Otu
BKJIIOUEHHUSI yJIOOHO paccMaTpuBaTh KaK pa3HOBUIAHOCTH COOTBETCTBYIOLIUX
BKJIIOYEHUH puc.l1l, KOTOpblEe OTIMYAIOTCSA OT MOCJIEIHUX HAIMYUEM HEHYJIEBOU IO
COIPOTHUBIICHHIO IIeNU Ry B 00mIeM (3a3eMIIAIOINEM) MPoBoJe. BriroueHne B cxemy
KacKaJa CONPOTHUBIIEHUS Ry BBI3BIBAET MOSABICHUE BHYTPUKACKAIHONW OTPULATEIBLHOU
OoOpaTHOM CBSI3U, KOTOpash CHIDKAET BXOJHYIO IPOBOJUMOCTH, IOBBIIIAET
YCTOMUMBOCTh  MapaMeTpoB  Kackaja 10  OTHOUIEHWI0O K  BO3JCHCTBUIO
JECTAOMIIM3UPYIOMHX (DAKTOPOB, HO MPHU ATOM CHIDKAET KOA(DPHUITUEHTHI YCUTICHUS 10
HaIPSKEHUIO U MOITHOCTH.

I BBIX RH RH
2 2
I, BBIX l 1, BBIX
1 BX I, BX
UBI)IX 1 1 — [ UBI)IX
T UBI;IX T
UBX Rf UBX Rf
| _ | _

a 0 B

Puc. 12

B nmanbHedimeM mapaMeTpbl M CXEMbI, COOTBETCTBYIOUIME HEHYJEBOMY
3Ha4YeHMIO Ry, OyneM ormeuars uHIekcoM "f". Tak cxemHble mocTpoeHus puc.12,a-B
Oynem o6o3Hadath OO OKyu OB cooTBETCTBEHHO.

MaJIOCI/IFHaJIBHBIe IIapaMETpPhI 61/IHOJI$IDHBIX TPAH3UCTOPOB

B mnpouecce mnpuMeHeHHs TOW WM WHOW CHUCTEMbl MaJOCUTHAJIBHBIX WIIH
JApYyTUX TapaMeTpoB BO3HUKAET IMpo0iieMa TMOJyuYeHHUs JOaHHBIX O YHCICHHOM
3HAYCHWH TapaMeTpPOB, BXONAIIMX B CHUCTEMy, TaK Kak 03 OTHUX JaHHBIX
HpaKTqucxoe HCIIOJIB30BAHUC CUCTCMBbI OKa3bIBACTCs HCB(I)(I)GKTI/IBHBIM.
Nudopmanus o cBOMCTBaX yCHIMTEIBHBIX MPUOOPOB, MPUBOIMMAS B CIIPABOYHHKAX,
OGBI‘IHO HEC CO,Z[ep)KI/IT JOOCTATOYHBIX JAHHBIX IJIA HpOBe,Z[eHI/IH paC‘ICTOB. 3TI/I JAaHHBIC
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B TEpBYIO OdYepelb OpPUEHTUPOBAHBI Ha TMPOBEIACHHE OMEpAli KOHTPOJIS
paboTOCTIOCOOHOCTH TPAH3UCTOPOB TMPH HMX BBHIMyCKE, a HE HA Pa3HOOOpa3HOE HX
MPAKTUYECKOe WCMOJIb30BaHUE, MpeaycMaTpuBaoiiee padoTy TpPaH3UCTOPOB HE
TOJIbKO B HOMHHAJILHOM, HO U JIPYTHX PEeKUMaX.

B cBsI3U ¢ 3THM MIpenCcTaBIsSeT UHTEPEC PACCMOTPEHHE CBOMCTB yCHIUTEIBHBIX
npuOOpOB, OCHOBAHHOE HA MPUBICYCHUH HUX (U3UYECKUX HSKBUBAJICHTHBIX CXEM.
Takue cxembl TpH BechbMa OrPAHUYCHHOM YHCIIE I[apaMeTpOB TIO3BOJSIOT C
MpUEMJIEMON JUIS MPAKTHYECKUX PacyeTOB TOYHOCTHIO OXapaKTepH30BaTh CBOMCTBA
YCWINTENBHBIX TPHOOPOB MPHU UX padOTEe B MIMPOKOM JHAMNA30HE TOKOB, TEMIIEPATypP
U TpU pPa3IMYHBIX croco0ax BKIIOUeHUs B cxeMy. OgHuM u3 Hauboliee 4YacTo
UCTIONIE3YEMBIX COOTHOIIICHH, BBHITEKAIOMINX U3 (PU3MUECKON SKBUBAJICHTHON CXEMBI
ounoJssspHOTO TpaH3ucTopa (Mozenu ODOepca-Moina), SBISAETCS COOTHOIICHHE,
OTIPE/ICTISIONIEE B3aMMO3aBUCUMOCTh BBIXOJHOTO TOKa TPAaH3WCTOpA U PA3HOCTH
MOTEHLIMAJIOB Ha ero 6a30-3MUTTEpHOM Mepexoae. CoraacHo ATOH MOJIEH

L=Iy,exp(Us,/mUr) (6)
rae m — K03 GUIMEeHT HeUIeaTbHOCTH p-n-Tiepexoa (Mpu MajbIX 3HAYCHUSX TOKa Iy,
korga [ <<lLgns, m=1 w m=2..5 T0pu 3HAYEHUSAX TOKAX KOJUIEKTOpA,
MPUOIIKAIOIMNUXCSA K MAKCUMAJIBHO JOMYCTUMBIM Iyay); Ur=kT/q — TemmiepaTypHBIit
norennuan; k=1,3 8:10% — mocrosauas bonbumana; T — temnepatypa B KeJIbBUHAX;
q=1,6-10"19 K —3apsin sanexrpona. [Ipu HomunansHO# Temneparype Ur=0,026 B.

Eémm 0 U

Puc 12

OTnuumne 3HAYCHHUA M OT €AUHUIBI B TIEPBYIO O4Yepeab OOYCIOBICHO TEM, YTO
Hanpspkenue Us,, MPUIOKEHHOE K BHEIIHUM 3a)KUMaM TPaH3UCTOpa, BO3JEUCTBYET
Ha BHYTPEHHHUH YIPABISAIOMIMNA TOKOM KOJUIEKTOpa 0a30-3MHUTTEPHBIM Hepexoja He
psIMO, a Yepe3 JOMOIHUTEIBHOE CONPOTUBIIEHUE Fs 0a30BOM 00JacTH TpaH3UCTOpA.
BcenenactBue 93TOr0 BHYTPH TPAH3UCTOpPA MPOUCXOIUT OCIHA0ICHHE CUTHAJIOB,
YIPaBJISIONAX TOKOM. JTO OCIabJeHHEe MOXHO 0XapaKTepu30BaTh KOIPHUIIMEHTOM
nenenuss N=1/m pe3UCTHBHOTO [ENHUTENsS, COCTOSIIETO W3 COMPOTHBICHUS 7'g H
PE3UCTUBHOM TPOBOJMMOCTH gp, BHYTPEHHEro 0a30-oMHUTTEpPHOro Imnepexoaa. B
pe3ysbTaTe 3T0ro

m=1/N=l+r6g63:1+r6[,</0,026h213, (7)

rae hy,=dl/dls — ko3hdUIUeHT ycuineHus TpaH3ucTopa Mo Toky. CuuTaeTcs, 4To
KO3 PHUIUEHT yCUIIEHHS /31, TIPU JIMHEHHOM peXHMe pabOThI TPAH3UCTOPA B MAJIOH
CTETEeHU 3aBHCUT OT MPOTEKAIOIINX B TPAH3UCTOPE TOKOB. 3HAUECHUE COMPOTUBICHUS
rs 00bruHO JexkuT B mpenenax 30..70 OM s TPaH3UCTOPOB MaJIOW W CpemHeit
MOIIHOCTH U 5...30 OM a71s1 TpaH3UCTOPOB MOBBIIIIEHHON M BBICOKOM MOIIIHOCTH.
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[Ipyn nuHEHOM peXuMe TOK 0a3bl CyIIECTBEHHO MEHBIIE TOKa JSMHTTEpA,
nodToMy I,=[; VI3 3T0TO 1 (6) BHITEKAIOT COOTHOIICHHMS, TTO3BOJISIONINE ONMPEACIIATh
NpUOIKEHHO 3HAYCHHsI OCHOBHBIX g-TIAPaMETPOB TPAH3HUCTOpPA, MPAKTUYECCKH HE
npuleras K UCTOIb30BaHUIO CIIPABOYHBIX JaHHBIX:

g21=dIK/dU63=IK/mUT; g11=d16/dU53=g21/h213. (8)

Kpome TOTO, JUIS OUTIOJIIPHOTO TpaH3ucTOpa 212~0;
220=L (| Unpou H| Uso )=/ | Unpiml, THE Unpny — moTennman Dpnu. CymHOCTb MOTEHIHANA
Opnu  WUIOCTpUpyeT puc.13, Ha KOTOpOM TIpUBEIEHBI TpadUKU BBIXOJHBIX
XapaKTEPUCTUK TPAH3UCTOPA, aNMPOKCHUMHUPOBAHHBIE JIOMaHbIMH JHUHUSAMU. [
TPAH3MCTOPOB MAJIOM MOIIHOCTH NPH N-p-n-CTPYKType Uspny=100...180 B u 50...100

IIPU p-N-p- CTPYKTYPE.

[IpuMeHeHNEe OCHOBHBIX MOJIOKEHUW TEOPUM YETBIPEXMIOJIOCHUKOB K PacyeTy

CBOMCTB TPaH3UCTOPHBIX KACKAJOB

B xone paccMoTpeHHs OCHOBHBIX CBOMCTB yCHJIMTENbHBIX KackaaoB (puc.ll u
puc.12) ux TpaH3UCTOPHI pacCCMAaTPUBAIOT B BUJIE€ YETHIPEXITOIIOCHUKOB, K BBIXOIHBIM
KJIeMMaMm 2-2° KOTOPBIX MOJKIII0OUEeHA Harpy3Kka Yy, a K BXOJHBIM — HICTOYHUK CUTHaja
¢ OJIC E; ¥ BHYTPEHHHUM CONPOTHBJIECHUEM R.. KaK 3TO TMOKa3aHO Ha pwuc.l4.
TpaH3ucTop SBISETCS TPEXIOTIOCHBIM MPUOOPOM, MTOITOMY TP €T0 MPEICTABICHUH
B BUJIE YETHIPEXOIIOCHUKA OJUH M3 3a)KHMOB TPAH3UCTOPA OKa3bIBAETCS OOIIMM JUIs
BXOJHOW WM BBIXOJHOM uened. B pesynabraTre TpPaH3UCTOP BBICTYIUT B POJIHU
YETBIPEXTIONIOCHHUKA C OOIIEH CTOPOHOM.

Re iBx f BBIX
—— «—
— 1p A2
£ QD Upx UpBIX [] Yu
1 2!
* »
Puc. 14

CornmacHo  oOmield  TEOpUH  YETHIPEXIOJIIOCHUKOB  CBOMCTBA  CXEMBI,
MIpEeACTaBICHHON Ha puc.14, 171 OCHOBHOM paboyeil 4acTOTHOM 00JIaCTH TpaH3UCTOpa
(/<<fs) npu pesucTuBHOM Harpy3ke (Yy=gs) ¥ PpE3UCTHBHOM IO BBIXOJHOU
IIPOBOJUMOCTH g=1/R; NCTOYHMKA CUTHAJA ONpenestoTcs GopMyIaMu:

K= UBBIX/ UBX= ‘g2 l/(g22+g1-1), (10)

Ko6p: UBX/ Usix= -g 12/ (g 1 1+gc), (1 Oa)
Gox—lax/Upx=8111212K=g11-212221/(g22Fgw), (100)
o= lonx/ Unix=820T 821K 06p=822-221812/(g1118c)- (10B)

[Ipu HaxXOXAEHNUU 3HAUYCHUH KOAPPHUIIMEHTa yCUTICHUS CIIEAyeT UMETh B BUAY,
YTO HaJIM4M€ 3Haka "MHMHYyC" THepel pe3ylbTaTOM BbIYMCIEHHUI, MPOBEICHHBIX B
coorBercTBUM ¢ (10a), ykaspiBaeT Ha NPOTUBO(A3HOCTH BBIXOJHOTO HAIMPSKEHHS
Usux OTHOCHTENBHO BXOgHOTO U,y Tak, Hampumep, eciu Ui KaKOW-JIMOO CXEMBI
napaMeTpsl 221, g2 U gy MOJIOKUTEIbHBI, TO 3HaK "MUHYC" Hepea MpaBbIMU YacCTSIMU
BoipakeHuil (10) nmns K ykas3blBaeT Ha WMHBEPTHPYIOLIMM XapakTep IMepeaayu Io
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HanpspkeHuio. B Takoit cxeme (hakTuueckrue HanpaBiICHUs U3MEHEHUH CUTHANOB Uy
1 Upx OKa3bIBAIOTCS B3aUMHO MTPOTHBOIIOIOKHBIMHU (TTPOTUBO(A3HBIMHU).

B cnmyuasx, korja Henb3sl IpeHeOpedh KOMIUIEKCHBM XapakKTepoM MapaMeTpoB
TPaH3UCTOpa, HAarpy3KH WM HMCTOYHMKA curHana, cootHomenus (10) ocratorcs B
CWJie, 3a HCKIIOUYEHHEM TOro, 4YTO BCe WM dYacTh Bxoasmux B (10) mgaHHBIX
npuoOpeTaroT KOMIUIEKCHBIM xapakTep. Hampumep, Ha dacrotax f>fs BMecTOo g-
MapaMeTpoB CIEIyeT HCIOIb30BaTh Y-TapaMeTphl, MPU OTOM PSIl PE3yIbTATOB,
BXOJISIIIMX B JIeBYI0 4acTh (10), Takke mpruoOpeTaeT KOMIUIEKCHBIN XapakTep.

[Ipunnunsl pacueroB, ompexaensieMblie cooTHoueHusMu (10), Moryt ObITh
pacmpocTpaHeHbl W Ha Clly4ad, Korjaa ycioBus ManmocurHaiapHootn &:<0,2..0,3 u
£,<0,2...0,3 HE BBIMONHAIOTCA. DTH CIy4au MOIPa3yMeBaIOT POBECHUE BEIYUCIICHHUH
C UCHOJb30BAaHUEM YCPEAHEHHBIX g-TIApaMEeTPOB, IMOJ KOTOPHIMH MOHHUMAIOT
MOJTyCYMMBI UX 3HAUYEHUH, OTBEYAIOIINX KPAWHUM OTKJIIOHEHHSIM BBIXOJHBIX TOKOB H
HanpsDKeHUH, HaOJIIoJaeMbIX B IpOIECCEe YCHIIGHUS CUTHAjioOB. Tak, Hampumep, B
cly4ae, KOrja B KackaJe Ha OUINOISPHOM TPAaH3UCTOPE TOK KOJUIEKTOpa
MpeTepreBaeT u3MeHeHus oT I 10 Ix; (HO HE BBIXOAMT 3a MPENebl yCHIUTEIbHON
obmactn BAX-TpaH3ucropa), 3HaU€HHE Napamerpa g»j, YCPEAHEHHOE IO ATOMY
JMAna30Hy MU3MEHEHUW TOKa KOJIJIEKTOpPAa, COTJIACHO CKa3zaHHOMY U (8) MOXET ObITh
OIIPEAEIIEHO C OMOUIbI0 COOTHOLIEHMUS:

g21=[ L/ (m Ur)+1o/(myUr)]/2, (11)
TJie m), My — 3HAYSHUS MapaMeTpa m, BEIYUCICHHBIE B COOTBETCTBHH C (7) IJIsl TOKOB
I 1 1o COOTBETCTBEHHO.

Coornomenust (10) mpumeHuMBI Tpu J11000H cXeMe BKJIIOUEHHUS TpaH3HCTOpa
P YCJIOBUH UCIOJIL30BAaHUS B HUX MapaMEeTPOB, OTHOCALINXCSA K COOTBETCTBYIOIIEH
cxeme BKJtoueHus. Tak, s cxembl Ob cornacHo ckazannomy u (10)

Ko6= -22106/(8220678u)=821/(€22F &)

OOBIYHO TapaMeTphl CXEM BKIIOYEHHUS, OTIIMYHBIX OT OCHOBHOM, BBIPaXKalOT

yepes napameTpsl nocienneit. [Ipu atom

210 -£11-821,
&2106— -821-8225
Z1lox— &11,

gi106= 11T &211g121820;
20— 11T&2178121820;
82206~ g22. (12)

Jl7is OCHOBHOI cXeMbl BKIIOUEHHS TpaH3ucTopa B Kackad (ans cxembl OD)
YHCJICHHBbIC 3HA4YCHHUs g-IapaMETPOB TaKOBBI, 4YTO £21>>g£11->>g2, a guzO. B
pepynbrare 3T0oro u (12) MOXHO TNpU BBIYUCICHUAX HCIOIB30BATh CIEAYIOLIUE
MPUOJIMKEHHBIE COOTHOIICHHUS:

210k~ -821;

82106~ -821;

Z11ox~ G115

81106~ 821,

8220k~ 8215

82206~ £22; (13)

Bausnue HezazeMIeHHOCTH OOIIEro MpoBoja Hi CBOMCTBA KaCKaI0B

JIByXIIOIIOCHUK Ry yIOOHO paccMaTpuBaTh KaK COCTaBHYIO 4acTb CaMoro
TPaH3UCTOPA, UMEIOIIETO IPYyrue U3MEHEHHbIE 3HaUeHUs Y-nmapameTpoB. B 0CHOBHO
pabouyeil yacToTHON obOmacTu TpaH3uctopa (f<<fs), mpU PE3UCTUBHOM XapaKTepe
JBYXIIOIFOCHUKA Zf, KOT/1a Z/~Ry, Ul BCEX CXEM BKJIIOUEHUS TPAH3UCTOPa
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gy =(gutARy/Fgn/F;

2217 =(g21TAR))/F=gy/F;

g1y =(g1tARp)/F~g1)/F;

82y = (822+AR))/F~gn/F, (14)
rae A=giign-gigi; F=1+(giitgntgintg)R; npu 3ToM Ui Pa3sIMYHBIX CXEM
BKJTFOUCHUS TPAH3UCTOPOB BBITIOTHIIOTCS COOTHOIICHUS

A03=A06=A0K;

Fo=14+(g11+gootgintg)Rr=1+g21Ry;

Fo=1+gnRy;

F06:1+g11Rf'. (15)
C HpPIGMJIGMOfI JUIA IPAKTUKU TOYHOCTBIO MOYKHO CUUTATh, YTO
]<<>3fz Koa/Fm; 1<06fz Ko6/Fo6; I<0Kfz KOK/FOK- (16)

[ToncranoBka (12) B (13) ¢ yuerom (15) um (16) pmaer BeIpaxeHus,
OTIpE/CISAIONIME CBOMCTBA paA3IUYHBIX KackaJoB B YIOOHOW [Isi MpPOBEACHUS
BBIUHCIICHUH (opMe, KOrJa OTH CBOWCTBA NPEJCTABICHBI 4Yepe3 g-MapamMeTphl
OCHOBHOM CXEMBI BKJIIOUEHUSI, 3HAUEHUE KOTOPBIX MOXKET ObITh OIIEHEHO C MOMOIIBIO
(8) u (9). Pe3ynbraTel moACTaHOBKM TpeacTaBieHbl B Ta0m.3. [Ipu wmcmnonbp3oBaHum
MPUBEICHHBIX B TaOJIUIIE COOTHOIICHUH ClIeyeT UMETh B BH]y, YTO HUX B KauecTBE
1apaMeTpoB R, U Rs BBICTYIIAIOT COOTBETCTBYIOIIME CONPOTUBIICHUS BHEIIHUX LICTIEH,
MOJIKJIFOUYEHHBIX K AMUTTEPHOMY U 0230BOMY BBIBOJY TPAaH3HCTOPA.

Tabmnuma 3
Bun K Zox Zonix Zonix
CXEMBI (R=0) (RF#0)
-821 g1 822 g2
05,
gu(1+giR) g | 1+aR, 1+221R,tg11Rs 1+g11(RetR)t2a1R,
221Ry g1 221
OK 21
1+g21RH 1+g21RH 1"’glch
221 221 822 g2
OBy
gu(l+g1iRs) g | 1+g11Rs 1+g21R+g11Rs 1+g11(RstR)+221R,s

B cimydasx, xorja KOMIUIGKCHBIM XapaKTepOM TapaMeTpOB TPAH3UCTOpa WIIH
IBYXIIOJIOCHUKA Zr IpeHeOpedb Hemb3si, cooTHowmeHus (14), (15) u (16) ocratores B
cuiie, 3a WCKJIIOYEHHEM TOT0, YTO BCE WJIM 4YacTh 3HAYCHHWH MNPHOOPETAIOT
KOMIUICKCHBIA XapakTep (Hampumep, Ha 4YacToTax [f>fs BMECTO g-NapaMEeTpPOB
TPaH3HUCTOpPA CIIETyET UCTIONB30BaTh €r0 Y-TIapaMeTphl).

Bolunicnienue 3HaueHus HecTabuiabHOCTU Al KOJJIEKTOPHOTO TOKA
B cxeme puc. 10 mpeoOpasoBanue HanpsokeHus AUs;, B Tok Al
ocymecTBisitoTcs 1o cxeme Oby, Tak Kak MCTOYHMK 3TOrO HANPSKEHHs MOJKIIOYEH K
SMUTTEPHOMY BBIBOJIy TPAH3UCTOPA, a BBIXOHOU moTeHman AU, paccMaTpuBaeTcs B
KOJIJICKTOPHOIM LIeNM B YCIOBHSAX, KOTJA BHELIHSS IO OTHOIIEHUIO K 0a30BOMY
BBIBOJly TPAH3HMCTOpPA 1IETIb MOKET UMETh HEHYJICBOE CONPOTUBIIEHUE R=R;s. Tak, nns
cxeM puc.4,0 u puc.4,B Re=R)||R,. B cOOTBETCTBUHU CO CKa3aHHBIM
A]le Ul/RK:A U@KBXHKO@('/RK, (1 7)
r1e Kuu=AUso/AUsx — KO3 PuiinenT nepenaun BxonHou nenu cxemsl Ob,. 3Hauenne
3TOr0 KO3 (HUIMEHTA IIepeIadi ONPELISIETCS COOTHOIIICHHEM
KBXH=RBX06f / (RBXOGf +R3)9 (18)
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r1€ Ruxosr =1/guxosr — BXOIHOE conportusieHue cxeMbl Ob. CornacHo naHHbIM Tab611.3
Zuxoor=221/(1+g11Rs). Ilocne noncranosku (18) B (17) moryuaem
AL=AUsg21/(1+221R51+g11R5). (19)

B cxeme puc. 10 BiustHue HECTAOUIBLHOCTH AP 0XapaKTepHU30BaHO C MTOMOIIBIO
ucToyHuka Toka APls. ViIckoMblil pe3yibTaT mpeodpa3zoBaHusl TOKa TOrO UCTOYHHKA
B TOK Al, omnpenensercs Kak HENOCPEACTBEHHBIM €ro NPOHUKHOBEHUEM B
KOJUIEKTOPHYIO 1IeNb Kackazaa (B y3en "a" cxemsl puc.10), Tak 1 ero BO31eCTBUEM Ha
SMUTTEPHYIO LIENb TPAH3UCTOPA. ITOT TOK yH4aCTBYET B CO3AaHUU HANPSKEHUS AU,
KOTOpOE, B CBOIO Ouepelib, peodpasyercs B HampspkeHue AU, B COOTBETCTBUU C YKe
PacCMOTPEHHBIMH paHee MNpUHOHNAMU W cooTHomeHusmu (14) u (18) wm
nepeaaTouyHsIMu cBorictBamu cxeMbl Ob.. B pesynbraTe

AL=ABlso(1+g11Rs)/(1+221R,+211R5s). (20)

U3 (19) u (20) cnemyer, uto

ALE[AUsg21+ABLso(1+g11R6) 1/ (1+g21R T g11Rs).  (21)

B ByXTpaH3UCTOpPHOM KackaJe Ha 3MUTTEPHO-CBS3aHHBIX TPaH3UCTOPAX,
MMOMHUMO YK€ PAacCMOTPEHHBIX HWCTOYHHMKOB HectaOwibHOCTH AUs, u AP,
CYIIECTBEHHYIO POJb B 00pa3oBaHuu Al WUTpaeT HECOTIACOBAHHOCTH TPAH3UCTOPOB
10 HOMUHAJIbHOMY HampsikeHuto Us,y. ITa HecornacoBaHHOCTh AU's,, XOTS U UMEET
3HaUYE€HHE, NPUMEPHO HaA TOPSAJOK MEHblIee, uYeM HeompenaeiaeHHocTh AUsg,
HOMUHaJIbHOTO HamnpsokeHust Us, (AU'%,~0,01AUs,), HO oOHa cmocoOHa co3aaTh
3aMETHbIE JIOTIOJIHUTEIbHBIE OTKJIOHEHUS TOKa I OT €ro MpeArnojaraeMoro
HOMHUHAJIBHOTO 3HaueHMs. B pesynprare 3TOro B CXeM€ Ha 3MUTTEPHO-CBSI3AHHBIX
TpaH3UCTOpax

ALEABLso[(142811R6)/(1/2+221R+211R6) [ AU [ (1+211R6)221/(1+2g11R6)].(22)

Hecrabunenocts Al B JIBYXTpaH3uCTOpHOM  Kackage OD-Ob ¢
MIOCJIEI0BATEIbHBIM MUTaHUEM MIPaKTUYECKH onpenensiercs TOJIBKO
HeCTaOUIBHUCTHIO Kackaga OO, MO3TOMy OHa MOXET OBITh BBIYHCICHA B
COOTBETCTBHH C (21).

Cnenyer OTMETUTh, YTO B MHOIOKAaCKaJHBIX CXEMax C HEMNOCPEACTBEHHBIMHU
MEXKACKaIHBIMU CBSI3IMH HauOOJBIINN YPOBEHb HECTAOMIBLHOCTH TonoxeHus NPT
0OBIYHO HAONIOAAETCS B OKOHEUHOM Kackaje. /[aHHoe 00CTOSTeNbCTBO OOBICHIETCS
TeM, 4YTO B OKOHEYHOM Kackaje, MOMHMO COOCTBEHHBIX BHYTPHUKACKATHBIX
HecTaOUIbHOCTEH, AEUCTBYIOT U HECTAOMIBHOCTU €My MPEAIISCTBYIOMNUX KacKaIo0B.
B pesynbrare 3TOro B OKOHEYHOM KacKaJe TPEXKACKaTHOTO YCHIIMTENS oOIiee
oTkioHeHHE Aly Toka Algs OT IPOTHO3UPYEMOTO 3HAYEHUS MOXKET OBITh OIEHEHO
o popmye

Al =Alst Al 2+ALs 1, (23)

rie Alis — wu3MeHEeHHs ToKa I3 BCIEACTBUE BO3ACHCTBUS COOCTBEHHBIX
BHYTPUKACKAJHBIX JIECTAOUIM3UPYIOMUX (PAKTOPOB PACCMATPUBAEMOTO TPETHETO
kackana; Algo, Al — M3MEHEHHS ToKa I3 B pacCMaTpUBAEMOM TPEThEM KacKaje,
BO3HHUKAIOIIINE BCJICICTBUE HECTAOUILHOCTH BTOPOTO M MIEPBOTO KACKaJOB. 3HAYCHHE
Al onpenensitor (21) u(22), a

Al 2 =ALoRoK3/Ry3; Ala =ALaRyiKoK3/Rs, (24)
rae Ryui, Rz, Ry3 — MOJTHOE COMPOTUBICHHE HArpy3Kd COOTBETCTBEHHO B TPETHEM,
BTOPOM U TEpBOM Kackanax; K3 — koahGULIMEHT nepeadn Mo HanpsSKeHUIO OT TOUKH
MOJKIIIOYEHU HArpy3ku Ry, A0 TOYKH TMOJKIIOYEHHS HArpy3kun Ry, K, —
KO3 GUIIMEHT Tepeadn Mo HAMPSHKEHUIO OT TOYKHU MOJIKIIOYCHHS] HArpy3Ku Ry JI0
TOYKH TOAKITIOYEHUS HATPY3KHU Ryp).
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PexoMeHIyeMBIN OPSIA0K BRINOJHEHMS dTana V

1. Onpenenuth ¢ MOMOIIBIO (5) UCXOAHBIE 3HAUYCHUS HecTabuimbHOCTEN AUs, U
AP BXOIAIIUX B 9KBUBAJICHTHYIO cxemy puc.10.

2. BplUucauTh Ui KaXIOr0 Kackaga COOCTBEHHBIC HeCTaOMIBbHOCTH Al
Alvp2, Als KOJIEKTOPHBIX TOKOB Iyo1, Ix02, Ix03. BBIUMCIEHUA OCYIIECTBUTH B
cootBeTcTBUH C (21) 1 (22) u 3xBUBaNIEHTHOU cxemoil puc.10.

[Ipu BBIYUCICHUSAX 3HAUYCHUN TTApaMeTPOB R U Ry UCTIONB3YWUTE TaHHbBIC Ta0.3
0 BXOJHBIX U BBIXOJHBIX COMPOTUBIICHUAX KACKAOB.

Tak, Hanpumep, B cxeMme puc.5 B poin Rg B Kackajae Ha TpaHsuctope VT,
BBICTYNIAET MapaljIeIbHOE COCUHEHUE PE3UCTOpa Ry U BBIXOJHOIO COMPOTHUBIICHUS
Ruuxoyr Kackana Ha VT, BximodeHHoro no cxeme ODf. Ilpu sTom cormacHo Ta6i.3
RBBIX03f= (1+g21R31+g11R6)/g22-

B sroii ke cxeme B ponu Rsz B Kackaje Ha TpaH3ucTtope V73 BbICTyHaer
napajieIbHOE COeIMHEHUE pe3ncTopa R,y U BRIXOAHOTO conpoTuBieHus kackaaa OK.
BrixomHOE compoTUBIEHHE ATOTO Kackaja COBIAIAET CO BXOIHBIM CONPOTHBICHHUEM
cxembl OB, KOTOpoe ¢ y4eTOM He3a3eMIIEHHOCTH 0a3bl (B POJIM IBYXIIOJIIOCHUKA Ry B
ATOM CXEMe BBICTYIIAET CONPOTHUBIICHHUE Rpp) COTIACHO JAHHBIM Ta01.3 onpeaenseTcs
COOTHOIIEHUEM Rypixox =Ruxosr =(11g11R62)/221.

3. Onpenenuth ¢ momonisto (23) uckomoe 3Hauenue Alisy. B xome mpomexy-
TOYHBIX BBIYMCIICHUM, TMPOBOAMMBIX B COOTBETCTBUU C (24), BOCHONB3YyHTECH
naHabpiMu  Tabm.3.  [lpuanumer  Beramcienus kodddummentoB K3 um K2
IIPOWIIIOCTPUPYEM Ha IIpUMepe cxeMsl puc.S. i Hee

K3=Kor= Ko=g21R3/(1+221R3);
K2= 01<f: Kongleﬂz/(1+g21RH2),
rae RH3:R337 RH2:R32||RBXOK) RBXOK:(1+g21R33)/ u.

MeponpusiTisi 10 CHH’KEHHMIO BJUSIHUS HCTOYHNKOB HeCTA0MIbHOCTH

(@Tan VI)

OpHuM M3 yXK€ PacCMOTPEHHBIX paHee MEpPONPUATUHN, peanu3anus KOTOPOro
NPUBOJAUT K HEKOTOPOMY CHIDKEHHIO Al sBIseTcs BKJIIOYEHHE B ILEMb
TOKO3aJaroliero noteHnuana Uy npsMOCMENIEHHOTO TEPMOKOMIIECHPYIOIIErO JU0a
(puc.9). Ilpym Hamuuum Takoro auona 3HayeHWe HanpskeHus AUs,r, KOCBEHHO
Bxojsuiero B (21) u (22), MO)KHO yMEHbIINTH Ha mopsiiok. [Ipu pacuere 3HaueHM
COIIPOTHBIICHUM TOKO3aJaloluX Ierneld cleayeT Y4YUThIBaTh, YTO BKIIOYEHUE B
0a30ByI0 IIeTb TPSMOCMEIIEHOTO JHOJa BBHI3BIBACT TOHM)KEHHE TOTEHIIMAIa
smutTTepa npubausutensHo Ha 0,7 B. BenenctBue 3Toro mocie BBEIEHUS B CXEMY
YKa3aHHOTO JHOJa 3HAYEHHE SMUTTEPHOTO COINPOTUBICHUS JOJKHO  OBIThH
COOTBETCTBEHHO YMEHBIICHO.

B MHOrokackafHbIX YCHJIMTEIbHBIX TPAaKTaX C HEMOCPEACTBEHHBIMH CBS3SIMU
IIMPOKO HCIIONB3YEeTCA HMPUHIMI CTAOMIN3aLUU PEKUMOB pabOThl TpakTa B IEJIOM
myTeM ero oxmata 1enbio obmieit OOC. BBenenue B cxemy Takod OOpaTHOW CBS3H
(OC) ymeHbliaer BiIMsAHUE JAecTaOWIM3MpyrOIUMX (GakTopoB U pasdpoca
XapaKTePUCTUK TPAH3UCTOPOB HA PEXUMBI pabOThl KacKaJoB Ha MOCTOSHHOM TOKE.
ITpu sTom ykazaHHoe ctaOmnusupytomiee BozzaelctBue OOC oka3bIBaeTcs Ha BCe
KacKaJIbl, OXBAaYCHHBIC METIIEH 00paTHOM CBS3H.

OOmwscHsATCa 310 TeM, uto ommuust Aly u AUy 0T HOMHHAJIBHBIX 3HA4YEHUI
TokOB [y (TOKOB Iyg W Iy0) m moreHuuanoB U, (morenumanoB Uy u Uy ) B
KOJIJIEKTOPHO-OMUTTEPHBIX LEMAX KackaloB MOTYT OBITh NpEACTaBICHbI B BUJE
SKBMBAJIEHTHBIX HCTOYHHUKOB CHTHAJIbHOIO TOKAa WIM HampsbkeHus. Hampuwmep,
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pPacCMOTPEHHBIE paHEe BapUallUU KOJJIEKTOPHOro Toka Al B Kackajge MOXHO
oxapaktepupodaTh Ha €ro SKBUBaJeHTHOW cxeme puc.10 ¢ momMomipio TeHeparopa
HanpsikeHus: AUy, BKIIOYEHHOTO MOCIEI0BATENbHO € pe3ucTopoM R, PaccMmoTpum
OCHOBHBIE TOJIOKEHUS TEOPUU 0OPATHOM CBSI3M.

OCHOBHbIE TOJ0KEHUS TEOPUH 0OPATHON CBSA3H.

OpHOW W3 OTIMYUTENBHBIX OCOOCHHOCTEW YCWIHMTENIbHBIX TPAKTOB Cpeau
ANIEKTPOHHBIX IIelel sBisieTcss TOT (aKT, YTO OHU O00JAAAIOT MPEUMYIIECTBEHHO
OJTHOHATIPABJICHHOM TMepenavyell CUTHAJOB, T.€. TAaKOM, MpU KOTOpoi KoddduumeHTt
meperayd CUTHajga CcoO BXOJa Ha BBIXOJA CYHIECTBEHHO IMpeoOiagaeT Haj
K03 pHLIMEeHTOM Tepeaun B 0OpaTHOM HampaBIeHUH — C BbIXoJa Ha Bxoa. [Iporecc
neperaydl CUTHAJIOB B YCHJIUTENbHBIX TpaKTaX B HANpaBlIEeHUH, OOpaTHOM
OCHOBHOMY, T.€. C BBIXOJa Ha BXOJ, Ha3bIBACTCS OOpPATHOW CBS3bIO, a IICTb, IO
KOTOPOH OCYIIECTBIICTCS dTa Mepeaaya, - [enbio 00paTHOMN CBS3H.

CTpyKTypy YCWIHTEIHHOTO TpaKTa, OXBAYCHHOTO IIEMBI0O OOpPAaTHOW CBS3H,
MO’KHO TIPEJCTaBUTh B BUAE puc.l5. B coctaB 3TOM CTPYKTYpbl BXOASAT: OCHOBHOMU
YCUIIMTENbHBIN TpakT K34, OCHOBHOE 3BEHO Ilenmu oOpaTHOW cBs3u Ksg W JBa
mectunoiocHuka [ u II. B mectunomocHuke I mpoucXoauT OTBETBICHHE YacTH
BBIXO/JIHOTO CHUTHAJIa B OCHOBHOE 3BEHO IIeTH OOPATHOH CBS3H, a. B IIECTUTIONIOCHUKE
I — coenuHeHue (cMenIMBaHME) BXOJHOTO CUTHAJA C CUTHAJIOM, MOCTYMAOLIUM C
BBIXO/Ia OCHOBHOTO 3BEHA IIeMU 00paTHO# cBsizu. CUuTaeTcs, 4YTO MIECTUTIONIOCHUKH
I, I u 4erblpexnomocHUK Ksg SABISIOTCS MACCUBHBIMU IIEMSIMH, T.€. LIEMSMH,
OpraHu3oBaHHbBIMU Ha 0a3ze R- ,C- u L-31meMeHTOB. B CTpyKType YCHIIUTEIBHOTO
TpakTa ¢ 0OpaTHOM CBSA3BIO 00pa3yeTcsi 3aMKHYTHIN (KOJIBIICBOW) MyTh, Ha3bIBACMBIH
neTieit 0OpaTHO CBA3H.
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Crenenp BIMSIHUS OOpaTHOM CBsSI3M Ha CBOMCTBA YCHJIMTEIBLHOTO TpaKTa B
MEPBYIO OYepellb, 3aBUCHT OT Kod(duiinenTa nepenadu 7 B 3TOH MeTiie, B TOM YUCIIE
1 ot ko3 duimenTa nepenaun camoro ycunutens. Takum oOpa3zoMm, 3PHEeKTHBHOCTH
BO3JICHCTBUS OOpaTHON CBSI3M HA XapaKTEPUCTUKH YCWIHTEIBHOTO TpaKTa
OTIpeJIEISETCSl HE TOJIBKO CBOMCTBAMU IETTH 0OpATHOM CBSI3W, HO U B PABHOM CTEIICHH
— €caMoro TpakTa, 0XBaTHIBAEMOI'0O IIeTbl0 00paTHON oBsdu. KoadduuueHt nepenaun
B TeTiie OOpaTHOM CBS3M HA3BIBAIOT TETJICBOM TMepeAadeid WIM BO3BPATHBIM
OTHOIIICHHEM M 0003HAYAIOT CUMBOJIOM 7.

CreneHb OTHOCHUTEIBHBIX M3MEHEHHMH MapaMeTpoOB YCHIMTENBHOIO TPaKTa,
BBI3BIBAEMBIX BBEJCHHEM B HEro OOpaTHOM CBsI3W, B TMEPBYK OdYepenb,
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XapakTepu3yroT napameTpoM F=1+7, Ha3pIBaeMbIM IITyOMHOW 0OpaTHOU CBsI3U. 3HAK
"+" mepen merneBod mnepenadel T COOTBETCTBYET CXEMaM, OpPraHW30BAaHHBIM Kak
cxembl ¢ OOC , a 3HaKk "-" — KaK CXEeMBI C MOJIOKUTETbHOU 00paTHOM cBs3bio (ITOC).
[Ipu 3TOM OTpHIIATETHLHON OOPAaTHOW CBS3M COOTBETCTBYET F>1, a MOJOKUTETHHOMN
obpatHoit cBsi3u 0<F<I. [lpusnakom OOC sBisieTcss yMEHbIIECHHE MepeIaTOYHBIX
cBoiicTB TpakTta (F>1), a [1OC - yBenmuuenue (0<F<I1). I[Ipu F<0 B TpakTe c oOpaTHOM
CBS3bI0  BOZHHMKAIOT aBTOKOJICOAHWS W  YCWIHTEIbHBIA TPAKT CTAHOBUTCS
ABTOT€HEPATOPOM.

Yacro noctpoenue mectTunoirocHukoB I u II TakoBo, 4TO Henu, uaynme K ux
BHEUIHUM 3aKMMaM, OO0pa3yloT BHYTPH OSTUX IIECTUIIOIIOCHUKOB MapajuieIbHOe
(puc.16,a) wnu mocnenosarenbHoe (puc.16,0) coemunenue. B cooTBercTBUH C
YKa3aHHBIMH  pPA3HOBUIHOCTSAMHU  COCAMHEHMH  pa3nuyaloT oOOpaTHbIE  CBS3U
MapajuieIbHOTO U MOCJIeA0BATENbHOrO BUAa. [Ipu 3TOM B 3aBUCUMOCTH OT CTPYKTYPbI
BXOJIHOTO IIECTUIOIIOCHUKA pa3inyaloT OOpaTHYIO CBsI3b, MOCJEI0BATENIbHYIO IO
BXOJy, U OOpaTHYIO CBsI3b, MAPALICIBHYIO 110 BXOAY. A B 3aBUCUMOCTH OT CTPYKTYPBI
mectumnomocHuka Il — o6paTHyio cBs3b MMOCIIEOBATEIBHYIO 10 BHIXOAY M 00paTHYIO
CBA3b, MapajUIeIbHYIO0 MO BbIxony. IlocienHue nBe pasHOBUIHOCTH TaKXKE€ YacTo
HA3bIBAIOT OOpATHOW CBS3bIO MO TOKY M IO HANPSIKEHUIO COOTBETCTBEHHO. Takwue
Ha3BaHMUS OOYCIOBIIGHBI TE€M, YTO MPU OOpaTHOW CBS3HM, TMOCJIEIOBATEIBHON TIO
BBIXO/y, CUTHAJIbHOE HANpsDKEHHE Ha BXOJ€ OCHOBHOTO 3BeHa Ksi4 OOpaTHOI CBS3M
MPOMOPIMOHAIIBHO MPOTEKAIOIIEMY Y€pe3 Harpy3Ky Z, TOKY, a MU MapauiebHON 1Mo
BBIXOAY — HAMPSHKEHUIO Upyix.

g o
7 5 o

7 5 o

Puc.16

B pspe cnywaeB Bxopsuime B cxemy puc.l5 uerbipéxnomtocHukn Ki4 u Ksg
SBIISIIOTCSI YETHIPEXIIONIOCHUKAMH € 00IIe CTOPOHOH (C MOmapHO OO0bEeAMHEHHBIMU
3awkuMamMu  3*-4* m  5%-6%), T.. BBICTYNAIOT B POJU TPEXIOIIOCHUKOB.
OObeMHEHHBIE 32KHUMBI YETBIPEXITOIIOCHUKOB OOBIYHO IOACOEIUHSIOTCS K TOYKE
HYJIEBOT'O MOTEHIMaIa. YaCTHBIM CITy4aeM CXeMbI pHC.15 sBhsgeTcs cxema, B KOTOPOM
B KayecTBE OCHOBHOI'O 3BEHA IIETIH OOPAaTHOW CBS3U BBICTYIAET JABYXIIOIIOCHUK Zs g,
HEIOCPEACTBEHHO MOAKIOYEHHBIM KO BXOY M BBIXOJy YCHUJIUTENS, KaK IOKa3aHO Ha
puc.17. Ilpu sToM oOpa3zyercst mpocTeHIInii BapuaHT MOCTPOCHUS LENH OOpaTHOM
CBSI3U, COOTBETCTBYIONIMI MOCTPOEHUIO mecTunoatocHukoB I u Il mo mapannensHoin
cxeme, T.e. 00paTHOM CBs3M, MApaJUIEIbHOM 1O BXOAY U BhIXONy. PaccMoTpuM, Kakue
n3MeHeHus BbI3bIBaeT BBeaeHrne OOC Ha mapaMeTpbl UCXOAHOM CXEMBI.

Hcxonnble mapaMeTpbl COOTBETCTBYIOT CXEME TpakTa, B KoTopoil aeiictue OC
UCKJIIIOYEHO 3a CYeT pa3pblBa TMETIM OOpaTHOW CBSA3HM, BBIIOJHEHHOIO IO
ONpeJIeJICHHBIM MpaBuUiiaM. B COOTBETCTBUU C 3TUMHU MpaBUJIAMU YKa3aHHBIA pa3phiB
HE JIOJDKEH COIMPOBOXKIATHCS HapyILIEHHUEM PEKUMOB PaOOTHI pa3fefiieMbIX B MECTE
pa3pbiBa y4yacTKOB TpakTa. [lo yka3aHHOU MpUYMHE HEOOXOAMMO K pa3fesiieMbIM
yJacTKaM TpaKTa MOJAKIIOYATh JABYXITOTIOCHUKH-3KBUBAICHTH Z' u Z" (puc.18, a).
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HepBBIﬁ n3 HUX SABIIACTCA 3KBHUBAJICHTOM BBIXOJHOT'O COIIPOTUBJICHUA

wectunoirocHuka I, BTopoil — BXOJHOrO CONPOTUBJIEHUS YETHIPEXIIOIOCHUKA K 6.
Cxema, o0Opa3oBaHHasi yKa3aHHBIM CIIOCOOOM, SIBJISIETCSI OCHOBHOM, C TIOMOIIBIO
KOTOPOU OMpPEENSIFOTCS UCXOAHbIE 3HAYCHUS TaKHX MapaMeTpoB, Kak KOIPPUIUCHT
yeuneHuss mo  HanpskeHUIO0  Kp (=Uyy/Upx, BXOIHOE Zzx W BBIXOJHOC Zpyx
conpotuBnenus. IletneBas nepepada 7T JOJKHA OMPEACNATHCS B COOTBETCTBHH CO
cxemoii puc.18,0, mpu 3TOM K 3akuMaM S5a-5a* pa3oMKHYTOMW METIM OOpaTHOMN CBSI3H
MOAKIIOYAETCS. HMCTOYHUK HCIBITaTeNbHOrO curHaina U, 3atem omnpeaensercs
pPa3HOCTh MOTEHIHAIOB Us MEXIy 3aKUMaMH 50-56*, BbI3BaHHASI ’TUM UCTOYHUKOM.
B pesynbrare 3Toro
T=Us/Uy=K5,.6K6 3K3 4K 4 56. (25)
CnemyeT OTMETHTb, UYTO B CHJIy T[aCCHBHOCTH IIeMH OOpaTHOW CBS3H,
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BKITIOUAIOIIEH YeThIpeXNOMOCHUK Ks ¢ U mectunontocHuku | u II, ona He oOmamaet
CBOWCTBAMH OJIHOHAMPABJIECHHOCTU MNepenadn. B pesynbrare 3TOoro B cxeme puc.lS
MocJlie BBEJCHUS B HEE MU OOpaTHOUM CBs3M 00pa3yercs JOMOJHUTEIBHBIN MyTh
MPOXOXKJICHHUSI CHUTHajga CO BXOJAa Ha BBIXOJ 4YEpe3 YETBIPEXIONIOCHUK K.
NHTEHCUBHOCTh MPOXOXKACHHS CHUTHaja IO HJTOMY MYTH XapaKTepU3YIOT
koaurmentom nepenaun k=K (Ko sKs», KOTOpBI Ha3bIBalOT Kod(QHUIIMEHTOM
MACCUBHOW Tepenaun, win KodhPUIreHToM nepenadn, onpeieIeHHBIM B YCIOBUSIX
MOTAIIEHHOI'O YCWIEHHUs, T €. NPU OTCYTCTBUSl IPOXOXKJICHHS CHUTHAIOB 4Yepe3
OCHOBHO€ YCHJIHTCIBHOE 3BeHO Kj34. OOBMHO k;,<<K),;. BcraemctBue »3TOro
BIIMSIHUEM JOTIOJHUTEIBHOIO MPOXOXKACHHS CUTHAJIa CO BXOJA HA BBIXOJ Yepe3 Lenu
00paTHOM CBsI3U OOBIYHO NMPEHEOPEratoT.

[Ipu oxBare ycwimmrensHOTro TpakTa omHometaeBod OOC (3aMbIKaHUU TICTIIN)
€ro MepeaTOYHbIe CBOMCTBA U3MEHSIOTCSI B COOTBETCTBUU O (POPMYIIOif

Kllzf':Kllz/(l‘*'T)‘Fkl_z, (26)
rie K :=Usy/Upux=K1 3K34K4 7 — k03D PHIIMEHT mepeaaun TpakTa MpH Pa3oOMKHYTOM
neTse oOpaTHOM CBSI3H.

CootHomieHre (26) MPUMEHUMO IO OTHOMICHUIO K JO0OW Mape 3aKHMOB
YCUJIUTENBHOTO TPAaKTa, B TOM YHCJE U MO OTHOLIEHHIO K 3a)KMMaM, OTHOCHUTEJIBHO
KOTOPBIX paccMaTpuBaeTcs JIeicTBHe necTabunmsupyrommx (akropoB. M3 sToro
clemyeT, 9TO B yCJIOBHSX, Koraa kj ,<<K|,, BBeAeHHE B ycuauTenbHbIH TpakT OOC
YMEHBIIIAET Pe3yIbTaT BO3ACUCTBUS necTtabunusupyomux ¢akropoB Ha Al u AU B
COOTBETCTBUU C COOTHOLICHUSIMU

Al =AI/(1+T); AU=AU/(1+T), (27)
rae T - merneBas mepegaya Ha MOCTOSIHHOM Toke; Al u AU — UCXOIHbIE 3HAYEHUS
pE3yIbTaToOB BO3/AEHCTBUS AecTabunn3upyromux (pakropos Ha nonoxenue UPT; Al
AUy — pe3ysbTaT 3TOrO BO3JCHCTBHA B YCIIOBHMAX OXBAaTa YCHUJIMTEIBHOIO TPAKTa
oTpULIATeNIbHOW oOpaTHOM cBs3plo O TayOuHoi F=1+7. CootHomenus (27)
OTHOCATCS KaK K TPAaKTy B IIEJIOM, TaK U K Jt000H ero vactu. Tak, Hampumep, B
TPEXKaCKaJHOM YCWJIHTeNle HeonpeneneHHOCTh Alss monoxenuss MPT mo Toky B
TPEThEM €ro Kackaje, BBIYMCICHHAas B COOTBETCTBHHM C (23) mpu oxBaTe TpakTa
neraeit OOC, yMEHbIIUTCS 1O 3HAYCHUS

A]Kgsz]K3z/(1+T). (28)

PexomennyeMbll MOPSAOK BBITOJHEHUS dTana VI

1. OcymecTBUTh HW3MEHEHHE KOH(UTypaluu CXeMbl, oOecreunBaronee
co3nanue B Heil mernu OOC, oxBaThIBaIOIIEH YCHWIMTENbHBIA TpakT B LeiaoM. Ha
puc.19..21 mnpuBeneHbl pe3ysbTaThl TaKUX W3MEHEHUM, OCYILECTBICHHbBIE B
OTHOILIEHUU CXEM puc.S...7.

2. OcyiecTBUTh KOPPEKILHUIO COMPOTHUBICHUN, OO0YCIOBIEHHYI0 H3MEHEHHEM
(yBenMueHrHeM) TPOTEKAIOIIMX B HUX TOKOB MPHU TMEPEXojae OT cXeMm puc.S..7 K
cxemaM puc.19...21. Takoil koppekuuu (yMEHbBIIEHUIO) MOMAJEXAT B cxeme puc.19
COTIPOTHUBIIEHUSI PE3UCTOPOB R,3 U Rj, a B cxeme puc. 21 — Ry3 u R;. B cxeme xe
puc.20 HeoOXOAMMO BBECTH JOMOJHUTENBHBIN AenuTenb RR,, obecrneuuBaromuit
BoITIONIHEHHUE YCIOBUU Ugs0o=Us01=0 U [ei>>Is0, TOE Upsnz, Usor — moTeHIMambl 6a3
TpaH3uctopoB V1 u VT,.

3. Bbrumcnuth 3HauYeHUs TETNIEBOM Tiepenadyd 1 B COOTBETCTBHHM  C
PacCMOTPEHHBIMHU BBIIIIE TpaBUJIaMU M cooTHomieHueM (25). [lpu BBIUUCIEHUAX
BOCTIOJIL3YHTECHh TAHHBIMH Ta0JI.3 O TIepeqaTOYHBIX CBOMCTBAX KACKAJOB, BXOJSIIUX
B netiaro OOC.
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Tak, Hampumep, B cxeme puc.19 3Hauenue 7T omnpenensieTcss HE TOJIBKO
koddduimeHToM nepeadn 06a30Boro aenutens RiRy, HO U OOIUMU Mepe1aTOYHBIMU
CBOMCTBaMM KackanoB Ha TpaHsuctopax V7T (kackan OOy, VT, (kackan OK) u VT3
(xackan ODy). B mepBoM KackaJe B KaueCTBE HArPy3KH BBICTyIAeT NapaslIEIbHOE
COCIMHEHHUE CONPOTHUBIICHUSA R, €O BXOIHBIM compoTuBieHHeM Kackaza OKj Bo
BTOpPOM — R,, CO BXOJIHbIM conpoTuBiieHneM kackajaa OK, B TpeTbem — pe3uctop R,3 €
comnpoTuBieHneM Z". BpIUHCICHHE TEPEYUCICHHBIX KO3(P(QUIIMEHTOB Tepeaadn
PEKOMEHIYETCS OCYIIECTBUTH C MOMOIIBIO0 JaHHBIX Ta0I.3.
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4. VYMeHbIINTh HaWJEHHOE MpU BbIYMCIEHUSX Ha dTane VI 3HaueHue
HectabunbHOCTU Al B 1+7 pa3 B cooTBeTCTBUU C (28).

Ounenka npeaeabHO J0NMYCTHMOIO CONPOTHBIAeHHA HAarpy3ku (3tan VII)

YacToTHble U IEPEXOAHbIE UCKAKEHNS ¥ IPUHIIUIIBI UX YUYeTa

Bo3HuKHOBEHHE TIEpEXOAHBIX MCKAKEHUM TMpH YCHICHHMH HMITYJIbCHBIX
CUTHQJIOB CBSI3aHO C HEBO3MOJXKHOCTBIO OOECIEYeHHs B  IIHPOKOIOIOCHBIX
YCUJIMTENSAX MOCTOSHCTBA KO3((UIIMEeHTa yCUIIEHHS B IIMPOKONH YaCTOTHOM 00iacTu.
TpynHOCTH IO 0GECTIEYEHUIO 3TOTO TIOCTOSIHCTBA BO3HUKAIOT KaK B O0JIACTH HU3KUX
(HY), tax u B obnactu Beicokux uyacToT (BY), B pe3ynbraTe 4ero HOpMHUpOBaHHas
aMIUIUTy1HO-yacToTHas Xxapakrepuctuka (HAYX) puc.22 peansnoro Y wumeer
3aHM)KEHHBIE W CTpEMsINMEecs] K HYJII 3HA4€HUS B ATUX YaCTOTHBIX O0JACTIX.
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HckimroueHne cocTaBisoT JMIIb ycuinTenan noctossHHoro toka (YIIT), kotopeie He
obnagator cragom AUYX B obmactu HY. OHM cniocoOHBI mepenaBaTh M YCHIMBATH
Mo0bIe MEIJICHHO M3MEHSIONINECS] CUTMAJIbl, B TOM YHCIIE U UMITYJIbCHBIC CHTHAJIBI
CKOJIb YTOJHO OOJBIION JIMTEIBHOCTH, B TO BpEeMsl KaK IPOXOXKICHHE TaKUX
CUTHAJIOB 4Yepe3 yCWiIuTeNb, He spisomuiica YIIT, compoBoxkpaercs cnagoM
BEpPLIMHBI UMITYJIbCA.

VYpoBeHb NEPEXOAHBIX HMCKAKEHUW, BO3HHUKAIOIIMX B IIMPOKOMOJIOCHBIX
YCUJIUTENSIX, HE SBISAIOMIMXCA YCHUIMTEISIMU MOCTOSHHOIO TOKA, MOXXHO OLEHUTH C
MTOMOIIIBIO CIIETYIOIINX MPUOITMKEHHBIX COOTHOIICHHIA:

A=21f0 7ts; 16~0,35/f50.7, (29)
TI€ fu0.7, f507 - 3HAUEHUS TPAHUYHBIX YaCTOT IOJIOCHI MPOIYCKAaHUs, ONpPEaeICHHBIX
1o ypoBHto -3 1B (cm. puc.22).

HopmupoBannas AYX Ms  MHOTO3BEHHOI'O  TpakTa  OIpPEIEISeTCs

MPOU3BEJCHUEM HOPMUPOBAHHBIX AUX €ro oTeIbHbIX 3BEHBEB, T.€.

M):=M1M2...Mn, (30)
rae M; — HAYX j-ro 3B€Ha MHOTO3BEHHOT'O YCUJIUTEIBHOIO TPaKTa, COCTOSIIIETO U3 7
3BEHBEB, CyIIecTBeHHO Biustommx Ha xon AUX. M3 (30) cmemyer 1-ex=(1-g)(I-
€)...(1-&,), toe & — cman HAUYX Ha paccmaTpuBaeMoii yactoTe. B mpenenax moyiocsr
MPOITYCKaHUs 3TOT CHaJ UMEET 3HAUYCHUsI, CYIIECTBEHHO MEHbIINE eIuHULbI. B 3THux
YCJHOBHSIX COIVIACHO MOCJIETHEMY COOTHOIIEHHUIO

es~etert...te,, 31)
T.. MPUOJIKEHHO MOXKHO CYWTaTh, YTO OOmuMi cmax HopMupoBaHHOM AUX Ha
TpaHUIIE MOJOCHI IPOMYCKAHMU TPAKTa B LIEJIOM PaBeH CyMME CIaJI0B HAOII0JaeMbIX
B OT/EJIBHBIX €T0 3BEHbSX.

Pacuer psina OCHOBHBIX 3JIEMEHTOB CXEMbl OCYIIECTBISETCS Ha OCHOBAaHUU
JaHHBIX 00 YpOBHE JIMHEWHBIX (YACTOTHBIX M MEPEXOHBIX) UCKAXKEHUH, JOIYCTUMBIX
B TOM WM MHOM yuacTke TpakTa. lIpu 3ToM mpouenype BbIUMCICHUS 3HAYEHUI
AJIEMEHTOB CXEMBI JIOJDKEH TMPEAIIeCTBOBATh 3TAIl PACIIPEACIICHUS] B COOTBETCTBUU C
(31) o0mmMx  JOOMyCTUMBIX  HCKOKEHUH  MEXAY  OTACIbHBIMH  3BEHBSIMH
MIPOCKTUPYEMOTO YCHUITUTEIIBHOTO TPAKTA.

YacroTHble CBOMCTBA KacKajia B 00JACTH BHICOKUX YacTOT

HaubGonpimme TpyaHOCTH MO OOECHEYEHHI0 TMOCTOSHCTBA KOd(PQUIeHTa
ycuieHust Habmomarotcst B oonactu BU. Ucrounnkom cnaga HAUX B aToM 0bnactu
SBJISIIOTCSL Mapa3uTHble eMKOCTH Cy, IIYHTUPYIOIIME MYyTh MPOXOXKACHUS CHTHaJIa
yepe3 YCWIUTENbHbI TpakT. OTH €MKOCTH pacIOJOKEHbl KaK BHYTPU Camoro
TPAaH3UCTOPA, TaK M BO BHEIIHUX 10 OTHOLIEHUIO K TPAH3UCTOPY LETISIX.

Kaxxnas mapa3uTHasi eMKOCTh COBMECTHO C MOJIHOM MPOBOAUMOCTBIO Qo LIETH,
KOTOPYIO OHA IIyHTUPYET, 00pa3yeT puiabTp HIKkHUX yacToT. HAUX Takoro ¢uibrpa
ompeesieT COOTHOIIECHUE M(f)=[1+(f/fcp)2]'”2, TJIE feop — 9AaCTOTA Ccpe3a, Ha KOTOPOM
M(f)=0,7. ®uibTpyIOIIYyIO LEeMb TAKOTO TUIIA YaCTO HA3bIBAIOT MHEPLIMOHHBIM 3BEHOM
NEpBOro IMOpsAJAKa, NpHU OTOM €ro HMHEPLUUOHHBIE CBOWCTBA XapaKTEPHU3YIOT
NOCTOSTHHOM BpeMeHU T=Cy/gois=1/(27fcp).

JUis pe3ucTUBHOrO Kackajna Ha OumnoispHoMm Tpan3suctope crnag HAYUYX B
obmnactu BY BBI3BaH HaJdMuueM B CTPYKType Kackaja ABYX MHEPLMOHHBIX 3BEHBEB,
OJIHO U3 KOTOPBIX HAXOJUTCSI BHYTPH CaMOT'0 TPAH3UCTOPA, a BTOPOE — BHE €rO.

ITocTosiHHAs BpeMEHM T MEPBOr0 MHEPLIMOHHOTO 3BEHA OIpPEeIIieT YaCTOTHYIO
3aBUCUMOCTB KpYTHU3HBI TpaH3ucropa. HAUX 3Tol 3aBUCUMOCTH M CO3/1aBacMbIil €10
crnaj es(f) Ha yacToTe f MOXKHO OLIEHUTH C IIOMOLIbIO COOTHOLICHUH:
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M) =11+ (f 1 £ (32)
es =1-M () =Y 1+(f/ 1) =(f1 1)) (33)

rne fs=1/(2nt) — rpaHWYHAas dYacTOTa TPAH3UCTOpA MO TApaMeTpy KpPYTH3HBIL.
Bxitouenue conpoTuBieHMs Ry B OMHUTTEPHYIO LE€Nb TpPaH3UCTOpA CHHXKAET
HOCTOSIHHYIO BPEMEHU B SKBUBAJICHTHOM TPaH3UCTOpE 10 3HaueHUs Ts=1/(1+g2iR)).

[Toctosinnas BpeMeHH T,=C/gos BTOPOTO MHEPLIMOHHOTO 3BE€HA XapaKTEePHU3yeT
CTCTICHh IIIYHTHPYIOMICTO BIHMSHHUS Tapa3suTHONH emMkocTH C,; Ha BBIXOJHYIO
MIPOBOJIUMOCTD gy Kackaga. HAYX storo 3BeHa

M, (N =11+ (11,07 (34)

Cnang HAUX (34) BciencTBue 4acTOTHOM 3aBUCMMOCTH MMIIEHAAHCA HArpy3KU
MOXET OBITh 0XapaKTepHU30BaH 3HAYCHUEM

e, = 1=M,(N=YIe (11, = U110 2 55

O0a “HEPIMOHHBIX 3B€HA BBICTYMAIOT MPAKTUYECKH KaK B3aUMHO pa3/Ie/ICHHbIE
uenu, B pesynbrare uero HAUX Ms(f) kackaga B eToM MOKHO MPEICTaBUThH B BUC
MIpOM3BeNEeHUs YacTOTHBIX QPyHKIM (32) u (34):

Mo (f) = My ()M, (f) =——— 1

1+ (01, {1+ (o1,

[Ipu aTOoM
ex()=1-Mx(f)=1-Mss(HMu(f)=ess(f) +eux(f), (36)
rae ess(f), €us(f) — cman HAUX B Tpakre B IleIOM Ha 4acToTe f BCIEICTBHE
MHEPLHMOHHOCTU TPAaH3UCTOpPA U IIYHTUPYIOLIEro BIUsSHUSA emkocted C, Ha
MIPOBOJIUMOCTH Zss COOTBETCTBEHHO. PaccMOTpHUM OT/IEIBHO BIUSHUE 3TUX (PaKTOPOB
Ha xoa1 HAUX u BbIOOp 3HaUEHUH pslla SIEMEHTOB CXEMBI.

AHanu3 BIMSHWS UHEPIIMOHHBIX CBOMCTB TpaH3UCTOpa

B OunonspHoM TpaH3ucTOpe B posid Mapa3uTHON eMkocTH C BBICTyHaeT
napasuTHast eMKOCTh Cg, MPSIMO CMEILIEHHOT0 Mepexosa 6a3a-sMUTTep. ITa EMKOCTb,
COIIPOTHBIIEHHE 0a30BOM 00JIACTH #'5 U POBOAUMOCTD g, 00Pa3yIOT (PUIBTP HUXKHUX
gactoT. [Ipn paboTe TpaH3UCTOpa OT UCTOYHHMKA HAIPSHKEHUS MTOCTOSIHHAS BPEMEHH
storo guibtpa 1=~75Cs/(1+7626,)~6Cs», T€ g6 — MPOBOAUMOCTH 0A30-IMUTTEPHOTO
nepexona. [IpubIMKEeHHOCTh MPUBEACHHBIX JIJIS T COOTHOIICHUH OOYCIIOBIIEHA TEM,
YTO OHM COCTaBJIEHbI 0€3 yueTa BIMSHMA Napa3uTHOU eMKocTH Cy Ha MHEPLHUOHHbIE
cBoiicTBa paccmarpuBaemoro ®HY, roe C, — mapasuTHas eMKOCTh Iepexona 0asa-
KOJIJIEKTOP.

CymectBeHHYI0 posib B ¢opmupoBannu AUYX B oOmactu BU moxkeT Takxke
UrpaTh MMEHHO Mapa3uTHas eMKOCTh Cy 0OpaTHO CMEILEHHOI0 Mepexoja KOJUIEKTop-
0a3a. JTa eMKOCTh COBMECTHO C TNPOBOAMMOCTBIO Y5, TMepexoma 0a3a-sMUTTEp H
COIIPOTHUBIIEHUEM FgtR. (rae R, — CONpOTUBIEHHME UCTOYHUKA CUTHAjia) oOpas3yroT
[enb OTPUIATENFHONH OOpaTHOW cBs3W. B pesynmbprare neiicTBusi oOpaTHOW CBS3H
gyepe3 3Ty Lelb MOXKET CYIIECTBEHHO YBEIMUYUBATHCS HE TOJBKO BXOJHAs €MKOCTb
TpaH3ucTopa (BCIEACTBUE TpOosiBIeHUS dPdexTa Mwuiuiepa), HO U €ro BBIXOIHAsS
€MKOCTb.
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N3 (32) cnemyer, 4TO MOIYJdb KPYTHU3HBI OHUIOJSIPHOIO TpPaH3UCTOpa Ha
BBICOKHMX YaCTOTaX MEHBIIIE CBOETO HU3KOYACTOTHOIO 3HAYCHHUS g>1. Takum oOpazom,
B obmactu BY  Tpamsuctop o0iamaer  MOHMXKEHHOH  3(PQPEKTHMBHOCTHIO
npeoOpa3oBaHus BXOAHBIX CHUTHAJIbHBIX MOTEHLUHATIOB B BBIXOAHBIE CHUTHAJIbHBIC
toku. Ha wacTote f=fs NPOMCXOIMT yMEHBIICHHE g MO 3HaueHHs g»1/(2)"* pas.
[TosTOMYy 9acTOTy fs HaabIBAIOT TPAHUYHOM YaCTOTOM TPAH3UCTOPA MO KPYTHU3HE.

B cnpaBouHo#i nuTepaType HaHHBIE O fg TpUBOAATCS penko. OOBIYHO
YaCTOTHBIE CBOWMCTBA TPAH3UCTOPA XapaKTEPU3YIOT 3HAUYCHHUEM /hy1,'(f") Momyns
kodduimenTa ycuiaeHust mo Toky B cxeme OD Ha uactore f'. C MOMOIIBIO 3TUX
JAHHBIX MOKHO OMNPEIEIUTh 3HAUCHHE TPAHUYHOM YacTOThl IO KPYTU3HE, HUCTIONb3YSI
cleyroliee MpuOIMKEHHOE COOTHOIICHNUE:

f5=0,026f"h215(f")/(rsly). (37)

BxitoueHre B HOMUTTEPHYIO LENb TPAH3UCTOPA AOIOIHUTEIBHOIO pe3ucTopa Ry,
T.c. mepexox OT cxeMbl BikmodeHus OO k cxeme OOy CHWKAET BIMAHUE
MHEPLUUOHHOCTH T TPAH3UCTOPA KAK Ha YACTOTHYIO 3aBUCUMOCTh €r0 KPYTHU3HBI, TaK U
Ha PEaKTUBHBIE COCTABJISIONIME €0 BXOJIHOW U BBIXOAHOU nTpoBoAuMOcTe. [Ipu a3ToM
KpyTM3Ha W TpaHWYyHas YacToTa MO KPYTHU3HE OHKBUBAJIEHTHOTO TPaH3HCTOpA
COOTBETCTBEHHO

g1~gn/(1+guRy);  fsr/s(1+gaRy). (38)

CpaBHEeHHE TapaMeTPOB 217 U fsy C COOTBETCTBYIOIUMHU UM g2 U fs HOKA3bIBAET,
4TO BKJIIOYEHUE B COCTaB TPAaH3UCTOPA JONOJHUTEIBLHOIO PE3UCTOpA Ry BBI3BIBAET
CHIDKEHHE KPYTH3HbI TpaH3ucTopa B (1+g21Ry) pas, npu 3TOM B Takoe K€ YUCIIO pa3
YBEJIMYMBAETCA TpaHUYHas dYactora TpaH3zucrtopa. Crieayer OTMETUTh, YTO
BKIIIOYEHHE CONPOTUBJICHUA Ry B cocraB Kackaza OD yMEHbIIAET BIMSHUE Kak
PE3UCTUBHOM, TaK U E€MKOCTHOM COCTAaB/IAIOIIMX BXOJHOW M  BBIXOAHOM
MIPOBOAMMOCTEH TpaH3UCTOpA.

3HaueHue cnaaa &£s(f) 3aBUCHUT HE TOJIBKO OT TWUIA TpaH3ucTopa (OT ero
TPaHUYHON YaCTOTHI fs), HO U OT CXEMBI €ro BKJIIOYCHHS, W, B TIEPBYIO OUYEpellb, OT
TOr0, KaKoe CONpPOTHBIEHHE Ry MPUCYTCTBYeT B Lienu ero smurrepa. Kackag OK
0ObIYHO paboTaeT B YCIOBUSAX, KOTAAa B POJNU CONPOTUBIEHHUS Ry BBICTYNaeT
OTHOCHUTENHHO OOJIBIIIOE COMPOTUBICHUE HATPY3KU. B CBSI3U € ATHUM B COOTBETCTBHH C
(36) mpu paccmoTrpenun obmero cnaga HAUX BiusHHEM HHEPIUOHHOCTH
TpaH3ucTopoB B kackanax OK o0br4HO mpeHeOperaroT, mpuHUMas 3HaueHHe &s(f) B
ATUX KacKaJax paBHBIM HYJ0. TakuMm o0pa3oM, CUMTAIOT, YTO HEHYJIEBbIC 3HAUCHHS
s(f) MoryT umeTs TosIbKO Kackaasl O3 u Ob.

s Toro uto6wl crian AUX B kackamax OO u Ob B o6nactu BY Bcneactsue
WHEPLHUOHHOCTU TPAH3UCTOpA HE MPEBbIIIAN BEIUYUHBI €5(f), HEOOXOIUMO, YTOOBI
TPaH3UCTOP 00JIaAall TPAHUYHON YaCTOTOM:

[ +gnRp[2es(]*.

AHanus IWyHTUPYIOUIETO BJIUSHUA NapasuTHON eMkocTH Cy

Ha BbICOKMX YacTOTax MPOBOAMMOCTH Hapa3UTHBIX eMKocTell (), CTaHOBSTCS
OOJBLIMMH, COU3MEPUMBIMU C PE3UCTUBHBIMHU COCTABIISIIOIIUMH Zoyxs LIYHTUPYEMBIX
ueneil. BeneacrBue storo 3¢(eKTMBHOCTH NpeoOpa3oBaHUsl BBIXOJHBIX TOKOB
TPaH3UCTOPOB B BBIXOAHBIE CUTHAJIbHBIC HANPSHDKEHHS HAa BBICOKMX YacTOTax
OKa3bIBACTCS 3aHMKEHHOM M YaCTOTHO 3aBUCUMOW. YacToTHas XapakTepuCTHKA
IIOJIHOM IPOBOAMMOCTH Yy LENM, COCTOSALIEH M3 ABYX MapalieIbHO BKJIIOYEHHBIX
BETBEH, OJIHA U3 KOTOPBIX SIBISAETCS PE3UCTUBHON NMPOBOAUMOCTBIO s, @ APyras —
KOHJIEHCATOPOM C €MKOCTBIO Cj; OIIPENESAETCS] COOTHOIIEHUEM

Y, =g 1+ (01,) =g, J+(f/f,)%
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rie T4=Cp/gos — TIOCTOSIHHAST BPEMEHH IIeTH, MpeoOpa3yromieil CUTHaIbHbIe TOKH B
HalpsokeHus;  fop=1/(2mt,) — dYacToTa  Ccpe3a  JKBUBAJIEHTHOrO  (QUIBTpA.
[IpeoOpazoBanue TOK-HANPSHKEHUE, OCYIIECTBIISIEMOE C TIOMOIIBIO TPOBOJAUMOCTH Yy,
SKBUBAJICHTHO MPOXOXKJACHUIO CUTHANA yepe3 GpuibTp HkHUX yactoT ¢ HAUX Buma
(34). I3 »TOrO0 COOTHOLIEHUS CIEAYET, YTO WIYHTUPYIOIIEE BIUSHUE MAapa3UTHOU
emkocT C, Ha BBIXOJHYIO IIE€Nb KAacKaJa HAKJIaJbIBaeT OrPaHUYEHHs] Ha BHIOOD
3HAYEHUS TPOBOJAUMOCTH gy H, COOTBETCTBEHHO, Ha TMPEACTHHO TOCTHIKUMOE
3HaueHne kod(ddurmenta ycwienus. [Ipu 3ToM, 1I1si TOro 4TOOBI B PE3WCTHBHOM
kackage crmag AUX Ha yactore f HE NMPEBOCXOIMI 3HAUEHUS &y(f), HEOOXOAMMO
coriacHO (35), yToOBI 001Iass pe3UCTUBHAS COCTABIISIONIASI ATOW MPOBOJAUMOCTU Lo
ObllIa HE MCHEE, YeM
25>27fCo/[265(N]. (39)

CrnemyeT OTMETHTbh, YTO HE BCE MHEPIIMOHHBIC 3BEHBSI YCHWIUTEIHHOTO TPaKTa
BHOCAT 3aMeTHBIN cnax B ero HAUX. Tak, gacToTHBIE HCKa)KEHHUS BO BXOHOU IIeIH
M, COOTBETCTBEHHO, 3aMETHBIM Craj &x(f) HaOmomaeTcss TONbKO mpu paboTe
YCWJIUTENBHOTO TpakTa OT MCTOYHMKA CHUTHalla C HEHYJEBbIM BbIXOJHBIM
conpotuBieHreM R.. Cnax ex(f) HAUX BXoqHOH 1Ienu Ha 4acToTe f IPU 3TOM UMEET

BUIT
en () =1=M () =1=Y I+ (f1 £.)* = (f/£.)7 ]2, (40)

TJIe Tyx — NMOCTOSTHHASI BPEMEHH BXOMHOMW 1ENU; fox=1/(2m1s) — yacToTa cpe3za OHUY,
00pa30BaHHOTO BXOAHOM €MKOCThIO Cpy YCHIIMTEIBHOTO TPAKTa W IIYHTUPYIOIICH ee
MIPOBOJIUMOCTBIO Qog.

[IpoBOAMMOCTD gy [OJDKHA BKIIOYAaTh B C€e0S HE TOJIBKO BXOAHYIO
MPOBOANMOCTh COOCTBEHHO TpaH3ucTOopa (cM. Tabn.3), HO W BCEX BETBEH CXEMBI,
MOJIKJIFOUYEHHBIX KO BXOJHOMY 3a)XKMMY TpaH3ucTopa. Tak, Harmpumep, B cxeme puc.9,
B KOTOpO# nMuTaHue 0a30BOH 1eTH OCYIIECTBISETCS OT JEIUTENS HanpsukeHust R, Ry

gaxszgsx+1/R1+l/R2+l/Rc=
rae R, — COMPOTHBIIEHNE UCTOYHHUKA CUTHAA.

[Tonnast mapa3uTHasi €MKOCTb, WIYHTHUPYIOIIas BbIXOJ N-TO Kackaga WId
ydacTKa LM,

Cun =Cauxn T Caxv+ 1y Cwm, (41)
r1€ Cpuxy — BBIXOJHAS €MKOCTh N-TO Kackaja WM ydacTka Henu; Cyyn+1) — BXOAHAS
€MKOCTh KacKajJa WM e, HEMOCPEIACTBEHHO CIEIYIOMUX 3a N-M KacKaJoM WIIH
yuacTkoM I1ienu; Cy — THapasuTHas €MKOCTh MOHTaxa. [IpoBOOMMOCTH gu N-TO
KacKaJia Wik y4acTKa Lenu

&rxBN—EBrIxN +ng(N+l)+g *H, (42)
T/I€ Zsuxy — BBIXOJHAS aKTUBHAs MPOBOJMMOCTh N-TO Kackaja WIM Y4acTKa IICTH;
Zux(v+1) — BXOJHAs aKTHBHAs MPOBOJUMOCTb KacKala WU LIEMH, HEMOCPEICTBEHHO
cienyromux 3a N-M KacKaJoM WIH YYacTKOM IIETH; gy — MPOBOJUMOCTb PE3UCTOPA,
BBICTYTAIOIIETO B POJIM OCHOBHOT'O JIBYXIOJIOCHHKA B LIEMU Harpy3ku. B kackamax
0D u Ob g*,=1/Ry, a B kackane OK g*,=1/R,.

3HaueHNe BXOJHOM M BBIXOJHOM €MKOCTEH TpaH3UCTOpa MPHU Pa3TUYHBIX
CXEMax ero BKJIIOYCHHS B KACKaJIe MOXKET OBITh OIIEHEHO C MOMOIILI0 (hOPMYIT:

— s cxembl OOy (puc.12,a)

Cox™ 1/(2nfsrFor Cu(1+Kop); (43)

CBLIXzCK[ 1 +(r6+Rc)g2l]/F03, (43 a)
— nas cxembl OK (puc.11,0)

Cox~(1-Ko)2mfsrs+Cy, (436)

— s cxemsl OBy (puc. 12,B)
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CBLIx:CK[ 1+(r6+R6)g21]9
rae Rs — oOmiee pe3suCTUBHOE COMPOTUBIICHHE LENH, BKIIOUEHHOE MEXIy 0a30BbIM
BBIBOJIOM TPAH3UCTOpPAa M TOYKOW HyJeBOro mnoreHuuana. I[lpum Hamuuuum >TOrO
CONPOTHUBIICHUSI BBIXOJHAS €MKOCTh Kackajaa Ob mmeeT MOBBIIIEHHOE 3HAY€HUE, B
CBSI3U C 3THM CONPOTHUBIICHUE R IIYHTUPYIOT OJOKUpYIOLIel eMKoCThIo. [Ipu aToM

CBI;IX: K(1+r6g21)- (43B)

B cocraB BeipakeHuii (43) He BKIIIOYCHBI JAHHBIC O BBIXOJHOW €MKOCTH CXEMBI
OK , Tak KaKk IpH 3TOM BKJIFOUEHHH TPAH3UCTOPA AKTUBHASI COCTABJISIIOIIAS Zppixox €TO
BBIXOJIHOW TIPOBOJAMMOCTH HACTOJIBKO OOJIbIIAsl, YTO MAapa3sUTHAs EMKOCTh HE MOXKET
0Ka3aTh Ha CUTHAJIbHBIE IIEMH KaKOro-11u00 3aMeTHOro IIyHTUpYouiero BiausHus. [1o
AQHAJIOTUYHBIM COOOpaxeHusiIM B (43) He BKIIOYEHBI JAHHBIE O BXOJHOW EMKOCTH
cxemMbl Ob, y KOTOpoOil BXOAHAs NPOBOAMUMOCTb Takas €, KaK KakK BbIXOJHAas
npoBoAUMOCTh y cxemsl OK.

OOblYHO  aHaANMM3 MepelJaTOYHbIX CBOWCTB  MHOTOKAacCKaJHBIX  TpPaKTOB
OCYILIECTBIISIIOT B IMOCJEI0BATEILHOCTH: OT BBIXOJHOTO Kackajga K BxojnHomy. llpu
3TOM MPEAINOoNaraercs, 4To MCTOYHHUK BXOJHOIO HANPSIKEHHS B KAXKIOM KacKaze
HEIMOCPEACTBEHHO MOJIKJIIOUYEH K €ro BXOAY. MICTOUHUK HanpsHKEHUS SBIISIETCS LETIbIO
C HYJEBBIM BBIXOAHBIM comnpoTtuBieHneM (R~=0). [lo yka3zaHHBIM TpHUYUHAM
BBIYHCIICHUE 3HAUYCHUH BXOIAMIMX B (41) eMkoCcTe Cyyx TOIDKHO OCYIIECTBISITHCS B
YCIIOBHUSIX, COOTBETCTBYIOIIMX HAKOPOTKO 3aMKHYTHIM BXOJHBIM 3akuMaMm (R.=0)
paccMarpuBaeMoro N-ro Kackaja.

[Ipu paccMoTpeHMM BIUSHUS MAPa3UTHBIX €MKOCTEH Ha CBOMCTBA KacKaJoB
ClielyeT YYUThIBATh, YTO OHO BO MHOTOM 3aBHCHUT OT 3HAUEHHUS MPOBOAUMOCTEH Loy
KOTOpbIE OHM IIYHTHPYIOT. Tak, HanpuMmep, B TPEXKACKaJHOM yCHJIMTEIBHOM TPAKTE
co crtpykrypoit OD-OK-OD u cxemMHBIM NOCTpOeHHEM pHUC.5 U puc.l9 ToibKO
eMKoCTU Cpx, Cpp 1 Cp3 MOTYT OKa3aTh 3aMeTHOe BiusHue Ha criaq HAUX (3mech u B
JanbHEHIIeM 4YUCIOBOM HMHIAEKC y eMKocTh (), yKa3blBaeT Ha HOMEp Kackajaa, K
KOTOpoMy OHa oTHOcuTcs). [lapazutHas ke eMkocTh Cypp B 3TOM CXeMe MOJKII0UYEHA K
HU3KoOMHOMY Bbixoay kKackaaa OK. Iloatomy ee BnusHuem Ha xoa HAUX moxHO
npereOpeub. B cxemax puc.6 m puc.20 3amerHoe BinusiHue Ha xox HAUX moryt
okazatb eMKOCTH Cyy M Cppp, a B cxeMax puc.7 u puc.21 — Cyy, Cip 11 Ca.

PekomMeHyemMbli MOPSIAOK BEITOTHEHUs 3Tana VII

OCHOBHBII KpUTEpUEM MTPUEMIIEMOCTU COTIPOTUBIICHUN HArpy3KH SIBISIETCS TOT
¢dakt, uro obmui cnaxg &g HAUX Ha rpaHuuHON 4acToOTe fz07, OMPEICICHHON B
cooTBeTCTBUH C (29), ynosinerBopsieT ycioBuio €:<0,3, rae coriacHo (36) es=esstesy.
Pacuerst mno oramy VII  pekoMeHayeTcs  BBINOJNHATL B CIEAYIOLIEH
MOCJIEI0BATEILHOCTH.

1. OnpenenuTs A7 3aJaHHOTO ¢, TpeOyeMoe 3HaUeHUEe TPAaHUYHON YaCTOTHI fy0 .7
¢ momo1sio (29).

2. BbluucnuTh 3HaYEHUE T'PAHUYHBIX YacTOT fs U fsr B cooTBeTcTBUM C (37) M
(38). Ilpum BbIYHCIECHUSX HEOOXOJUMO YYECTh, YTO B IEIAX OOCCICUCHHS
CTaOWUJIPHOCTH W OMNPENEICHHOCTH TMapaMeTpOB TPAH3UCTOpPa PEKOMEHIOBAHO B
kackagax OO Bectu OOC riy6uHolt Fo,=2, rae Fo,=1+g1Ry.

3. OmnpenenuTh 3HaYEHUE CHAAOB s, BOZHMKaOIIMX B Kackagax OD u Ob Ha
9aCTOTE f50,7. BBIUMCIIEHUS OCYIIECTBUTH B COOTBETCTBHH C (33), UCTIONB3YS TPU 3TOM
HaliJeHHBIE B IIPEbIAYILEM TYHKTE 3HaUEHUs for Ul Kackanos OO npu Fy,=2 U fs 1is
kackagoB Ob.

4. Ouenutb B cootBeTcTBUU ¢ (31) 00muid crnaj €sy, BOBHUKAOIIUNA B TPAKTE
BCJICJICTBUE UHEPIIMOHHBIX CBOMCTB TPAH3UCTOPOB.
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5. Ompenenuth Kackaabl M 3BEHbS YCHIUTEIBHOTO TpPaKTa, B KOTOPBIX
napasutHbie eMKOCTH C;; OKa3bIBaIOT 3aMETHOE IIYHTHPYIOIIee BIHsIHUE. Beraucants
3HAUYEHMSI MApa3UTHBIX €MKOCTEH B ATUX Kackajax. BbIYUCIEHHS OCYIIECTBUTH B
COOTBETCTBUH C COOTHOIICHHEM (41) ¢ MOACTAaHOBKOM B HETO HAWJICHHBIX C TIOMOIIBIO
(43) 3nauenuit eMkocTel Cyy U Cyyx. [IpU BBIUMCIEHUSX B MEPBOM NPHUOIMKEHUH
cuntath, 9T0 Cp=1...3 1D, K,=5...10, K=0,95...0,98, Fo,=2, R=(Fo,-1)/g21.

6. OneHuTh 3HaYeHUE cnana € HAUX BXOTHON LENH HA 4acTOTe fy0 7. OLIeHKY
OCyIIEeCTBUTH ¢ momotbio (40). B ciyuae, ecnu HaliieHHOe 3HaueHUe €;,,>0,1...0,15,
HEOoOXOMUMO B COCTaB YCHWJIHMTEIBHOTO Tpakra (Ha €ro BXOJE) BBECTH
nonosHUTENbHBIN Kackal OK. Bxiroyenue Ha Bxozae TpakTa kackaga OK CHHU3UT ero
BXOJIHYI0 €MKOCTb, YTO OOYCJIOBHUT YMEHBIICHHE CIHaJa & A0 MPUEMIIEMbIX
3HAYCHUH.

7. OnpenenuTs AOMYCTUMOE 3HAUYEHUE chana €,z Ha ocHoBaHuu (33) u (36),
cuutasd, 4to £5=0,3: €;5=0,3-E53-Exx, THE Es3, Epx — 3HAUCHHUS CIANIOB, OMPEICIICHHBIX B
1.4 1 1.6 COOTBETCTBECHHO.

8. Pacnpenenuth 00mMe MOMYyCTHUMBIE HMCKXKEHUS €;x MEXAY 3BCHBSIMH,
prusitorumu Ha xon HAUX. Tlpu stoM 1enecooOpa3Ho OoMbIny0 (B MOJITOpa-aBa
pasa) 4acThb M3 JIOMyCTUMBIX UCKa)KCHUH BBIICIIUTh HA OKOHEUHBIE 3BCHBS (HA 3BEHBS,
B KOTOPBIX CUTHAJIbHBIE HAMIPSKEHUS JOCTUTAIOT aMILTUTYAbl UM).

9. OmnpenenuTs B COOTBETCTBUU C BBIJICJICHHBIMH B TPEABIAYIIEM ITYHKTE
JIOMYCTUMBIMU UCKAXCHHSIMH, MPUXOMSIIIMMUCS Ha Kaxka0oe (QIIBTPYIOIIEe 3BEHO,
MIPEACIIBHO TOMYCTHUMbIC 3HAYCHUS POBOIUMOCTEH sy KOJUIEKTOPHBIX IETICH B ATUX
3BEHbSX. PeleHne ocyIecTBUTh C HOMOIIBIO COOTHOIIEHUS (39) U1t 4acTOTHI f~fy0.7,
HalJIEeHHOH B XOJi€ BEIUMCIECHHUH 110 11.1.

10. BpluucnuTh NpEaeNbHO OMYCTUMBIC 3HAYCHHS COMPOTHBICHUN R™*,
CTOSIIIIUX B KOJUIEKTOPHBIX IEIMAX PacCMaTPUBAEMBIX KAaCKaJOB M BBICTYIAIOIIHUX B
POJIU OCHOBHBIX AJIEMEHTOB OOIIEH MPOBOJUMOCTU oy BBIUMCICHUS AN KAXIOTO
(N-ro) xacka/a OCyIIECTBUTh B COOTBETCTBUH C BhITEKaromlel u3 (42) hopmymnoi

1/R *K:g kB~ gBEIXN-ZBX(N+1)-
OObplYHO 3HAauEHWE COMPOTUBIEHUA R*; OKa3pIBae€TCs MEHbIIE, YEeM
COMpOTUBNIEHUE Ry, TpeOyeMoe U3 YCcIoBHs oOecredeHUs

Hn+ pekrma pabOThI MOCIEAYIOIMIET0 Kackala Ha TOCTOSHHOM

Toke. B 3TOM ciyuyae compoTHBIEHUE R, peanusylT ¢

IIOMOIIILIO0 JIBYX IOCJICJOBATEIILHO BKJIFOYCHHBIX

Rz CE conpotuBlieHul R* u R¥*,, yIOBIETBOPSIOMIUX YCIOBUIO

I R* AR*o=R,. Ilpu 3TOM 114 TOrO, YTOOBI B POJIM HArpy3Ku
BBICTYNaJ TOJBKO pe3UcTOop R*, B COCTaB CXEMbl BBOJAT

B* JOTIONTHUTENBHBIN  ONoKupytonmii  koHgencatop (s, Kak
5 MOKa3aHo Ha puc.23.
P 10*. OteHuTh 3HAYEHUS aMIUIUTY]l CHUTHAJIBHBIX

TOKOB, HAaONIOAAEMBIX B KOJIJIEKTOPHO-3MHUTTEPHBIX LIETISAX
SMUTTEPHO CBSI3aHHBIX TPAH3UCTOPOB, I CXEM pHUC.6 U
puc.20 B ciyyasix UX MCHOJIb30BAaHUSI B OKOHEUHBIX 3BEHBSX
TpakTa. OLEHKY OCYIIECTBUTH IO (popmyIie

IM:UMgaxB-

ComocTaBuTh HaWaeHHOE 3HadeHue [y C paHee
BbIOpaHHbIM Ha dTame Il TokoMm Iy. Ydecth, uto paboTa
YKa3aHHBIX CXEM OCHOBAaHa Ha NEpepacrpeieieHud MOoJA ACHCTBUEM BXOIHOTO
CUTHaja TOKOB [y U Ixp. B CBSI3M ¢ ATUM mpH OpraHu3ali CXeM HE0O0XOIUMO
BBINIOJIHUTD YCIIOBUE [y01=Ix02>I\. ECiin yKa3aHHOE€ COOTHOLIEHHWE HE BBIMOJIHIETCH,

Puc. 23

37



CJICOyCT YBCIUYUTH Ha4dyaJIbHOC 3HAYCHUC TOKa 1, k0 nyTeM YMCHBIIICHUA
CONPOTHUBJIEHUS pe3UCTOpa R,.

Opraanszanns KOHGUIypanum cxeMbl U1 o0ecnieyeHnst ee padoOThI Ha
nepemeHHoM Toke (3tan VIII)

PazpabaTbiBaeMblii yCUIIMTEIbHBIN TPAaKT OTHOCHTCS K TaKUM, y KOTOPBIX
OCHOBHAsl 4aCTb BBINOJHEHA II0 CXEME€ C HEMOCPEICTBEHHBIMH MEXKAaCKaIHBIMH
cea3amu. [Ipu 5TOM THIIE MEKKACKAIHBIX CBA3EH BXOAHOW 3a)KUM IIOCIEAYIOIIErO
KAacKa/la SKBUIIOTEHIUAJIECH C BBIXOAHBIM IPEIUICCTBYIOLIErO, KaK Ha IOCTOSHHOM,
TaKk U Ha nepeMeHHoOM Toke. CxeMsbl puc.5...7 u puc.19...21 saBusrorcs nmpuMmepamu
TAKUX MTOCTPOCHUM.

K nocromHCTBaM HEMOCPEICTBEHHBIX MEXKACKaJHBIX CBS3E€U CIEAYET OTHECTH
IIPOCTOTY UX pean3aliy, a TAKKe BO3MOKHOCTh CTA0MIN3aLMK PEKUMOB pabOThI Ha
IIOCTOSSHHOM TOKE YCWJIMTEIBHOIO TPaKTa B IEJIOM 3a CUET OXBaTa ITOr0 TpPaKTa
oOmel merned oTpunarenbHON o0paTHOW cBs3u. Ho mpum 3TOM mocTpoeHwme
CKBO3HOro Tpakra kak YIIT cBsi3aHO ¢ TpPyIHO NPEONOJMMBIM IMPOTUBOPEUUEM
MEXJy HE0OXOAUMOCTBIO 00€CIIeueHHsI BBICOKOTO YCHIIEHUS, C OJTHOW CTOPOHBI, U —
MaJIOT0 BIUSHHUA (DAKTOPOB, BBI3BIBAIOIIMX OTKJIOHEHUS PEXHUMOB pabOTHl OT
HOMMHAJIBHBIX, — C JPYrOd. DTO MPOTHUBOPEYHE JOBOJIBHO MPOCTO MPEOAOIUMO IIPH
IIOCTPOCHUHU TPAKTA KaK yCUIIUTEIIS IEPEMEHHBIX CUTHAJIOB.

Ilon mnepeMEHHBIMM CUTHaJaMH TIOHUMAKTCA TaKHe, KOTOPBIE HMEIOT
OTHOCHUTENILHO OOJIBIINE CKOPOCTH M3MEHEHUS! WIM Majioe BpeMs CYLIECTBOBAHMS U
HE COJEpXKaT IMOCTOSHHBIX COCTaBIIIOIUX. YCWINTENW INEPEMEHHBIX CUTHANIOB, B
OTJIIMYHE OT YCHJIUTENEH MOCTOSHHOTO TOKa, HE CIIOCOOHBI BOCHPOHM3BOJIUTH CKOJb
YrOJHO MEAJEHHO W3MEHSIOIIMECS CUTHAJbl, HAlmpuUMep HMITYJIbChl OOJIBIION
JUINTENBHOCTH. B yCHIINTENAX TaKWX CUTHAJIOB JIOIYCTUMO HCIIOJIb30BAHME HA ITyTH
pacnpoCTpaHEHUs]  CUTHAJIBHBIX  TOKOB W HANpsDKEHUH  pa3JenuTeIbHBIX
kongaeHcatropos C,. Kpome TOro, B HuUX MOIyT NpPUMEHATbCA OJIOKUPOBOYHBIE
KoHAeHcaTopbl (s, HUCKIIOYAIOIIME BIUSHUE HA PACIPEAEICHUE CHTHAIbHBIX
MIOTEHLIMAJIOB YYacCTKOB LI€NH, 3allyHTUPOBAHHBIX 3TUMHU KOHJEHCATOpaMH. Takum
o0pa3om, IMOJl YCHIIUTENISIMU TIEPEMEHHBIX CHUTHAJIOB MOHUMAIOTCS TaKUe, B CXeMax
KOTOPBIX IPUMEHEHbI pa3/eiuTeNbHble U OJOKUPOBOYHBIE KOHJIEHcaTophl. [lpu
COCTaBJICHUH HKBUBAJIEHTHBIX CXEM JMJIi MEPEMEHHOTO0 TOKAa 3TH KOHJEHCATOPBI
3aMEHAIOTCS] KOPOTKMMHU 3aMBIKAHUSIMH.

CuHTe3 cxeMbl Kackaja MEepeMEHHOI0 CUTHaja OCYIIECTBIIIETCS B HECKOJBKO
3TanoB. B Xoze BBHINOJIHEHUS MEPBBIX U3 HUX MPOBOIUTCS BBIOOP €ro CTPYKTYpHI U
HOMUHAJIOB 3JIEMEHTOB C TOYKH 3pEHUs 00eCreueH s 3aJaHHOTO pekuMa paboThl Ha
noctosiHHoM Toke (3Tamsl [1...V). IIpu 3TOM, HE3aBUCHMO OT MPEANOTAraeMOM CXEMBI
BKJIFOUEHHUSI TPAaH3MCTOpa MO MEPEMEHHOMY TOKY, 32 OCHOBY INPHUHUMAETCSI cXxema
puc.4. Ha crnenyromem (paccmarpuBaemoMm) ostarne VIII B cxemy BBoasaTcs
pasfenurenbHble U OJIOKMPOBOYHBIE KOHJEHCATOPbI, C TOMOILIBIO KOTOPBIX
dopmupyercss TpeOyemas cxeMa BKJIIOYEHHS TPaH3UCTOpAa Ha IMEPEMEHHOM TOKe.
CriocoObl MOIKITIOUYEHHUST OJOKHPOBOYHBIX KOHAECHCATOPOB TPH OPTaHMU3ALUU CXEM
03, OK u Ob mmmoctpupyet puc.24. IIpu 3TOM, B psAne ciaydaeB [yl HOBBIIICHUS
CTaOWJIBHOCTU U ONPENENICHHOCTH CBOWMCTB Kackaga OD Ha NepeMeHHOM TOKE B
SMHUTTEPHYIO LIEIb €r0 TPAH3UCTOPA BKIIIOYAIOT JOMOJIHUTEIbHOE COIPOTUBIICHHE Ry .
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Erm:

Puc. 24

Ha HM3KHX 4yacTOTax BBINOJIHUTH YCJIOBUE IPEHEOPEKUMO MalOro 3HA4YEHUs
conpoTuBiieHN KOoHAeHcaTOpoB Cp, u Cs HE yJaercs, B pe3ylbTaTe 4ero B KacKaje
BO3HUKAIOT HHU3KOYACTOTHBIE MCKAKEHUSA, a INPU INPOXOXKIECHUH INPSAMOYTOJIbHOTO
UMIyJbca OONBLION JUIMTENBHOCTH TPOMCXOIMT CMaJ BEpIIMHBI HUMITYJbCA,
BO3HHUKAIOIIUN BCIIEICTBHE TOTO, YTO KacKaj HE CIIOCOOEH NepeaaBaTh MMOCTOSIHHbIE
HanpspkeHus. Jls CHIKEHMs STHX HCKaXEHUHl TpeOyercs yBEeIMYEeHHE EeMKOCTEH
konzaeHcaropos C, u Cs, 4YTO HE BCETAAa BBIIOJHUMO 10 KOHCTPYKTUBHBIM H
HSKOHOMHUYECKUM  cooOpakeHusiM.  [lo3ToMy  HOMHHAJIBl ~ €MKOCTEH  3THUX
KOHJ/IGHCAaTOPOB BBIOMPAIOT MCXOJS M3 MPENeNbHO JIOMYyCTHUMBIX YaCTOTHBIX WM
MEPEXOAHBIX HCKAKEHUM.

OnpenesieHne 3HAaYeHUH €eMKOCTEN pa3aeuTeIbHbIX U 0JJOKHPOBOYHBIX
KOHJeHcaTopoB (3tam 1X)

PaccMOTpUM OCHOBHBIE COOTHOILEHHS, C MOMOIIBIO KOTOPBIX OCYILECTBISIOT
BBIOOpP 3HaueHUs eMkocTel koHjaeHcaTopoB C, u Cs. B 0CHOBY 3THX COOTHOIIEHMIH
M0JI0’KE€HA B3aMMO3aBUCHMOCTb MEXKIy CHAJaMH €, U €5 IEPEXOIHON XapaKTEPUCTUKU
pa3ieuTenbHON 1 OJOKMPOBOYHON LIEMH CO 3HAaYEHUSIMU €MKOCTH KoHJeHcaTopa Cp
1 Cs COOTBETCTBEHHO.

Kongencatop (€, o0ObequHseT Ha MNEPEMEHHOM TOKE JBa  3a)XHUMa
MHOTOMOJIIOCHON 1INy, pa3Aesiss UX Ha MOCTOSHHOM (JeJlaeT B3aUMOHE3aBUCUMBIMU
MOCTOSIHHBIE MOTEHLIMANBI ATUX MOJIOCOB). DKBUBAJIEHTHAsl CXeMa CUTHAJIbHOW LIETH,
coJiepKallel pa3fenuTeNbHbI KOHJeHcaTop, mnpuBeneHa Ha puc.25. Ilpu sTom
puc.25,a COOTBETCTBYET CIIydaro, KOT/Ia CUTHAJIbHbIE M3MEHEHUS MPEACTaBIECHBI C
MOMOIIBIO TEHEpaToOpa TOKa, a puc.25,0 — ¢ MOMOIIbI0 TeHepaTopa HanpsokeHus. O6a
NPEJCTAaBICHUS B3aUMHO YKBUBAJICHTHBI.

PaccMoTpenue nepenaTouHbIX CBOMCTB 3TOM Iiemu puc.25 Ha ywactke 1-2 B
YacTOTHOW 00JacTH MOKa3blBaeT, YTO HOPMHUPOBAHHAS aMIUIUTYJHO-4aCTOTHAs
XapaKTEepUCTHUKA 3TOH pa3/IeUTEIbHON LIENMHU ONPEAEISETCS] COOTHOILIEHUEM:

M, (=1 l+@nf,)?, (44)
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rie 1,=Cp(R1+R2) — NOCTOSIHHAs: BpEeMEHH paszenuTenbHol nenu. Ha ocHoBanuu (44)
MOXHO C(OPMYJIHPOBaTh TPEOOBAHUE K 3HAUEHHIO €MKOCTU KOHJeHcaTopa C,, Ipu
KOTOpPOM HAa HWXHEH TPAaHWUYHOW YacTOTE f; ClaJ HOPMHUPOBAHHOW aMILIUTYIHO-
yacToTHO xapakrepuctuku (HAYX) He mpeBocxoan Obl €, T1€ £,=1-M,:

1
> .
©2nf (R R)Y(-g,) 2 1

Kongencaropsr Cs B 0071aCTH HU3KUX YacTOT HE MOTYT OKa3aTh AOCTATOYHOTO
OJOKHMPYIOLIETO ACUCTBUS, B pe3yJjbTaTe Yero Ienb 3a3eMJICHUs OOIIero MpoBOja
TpaH3UCTOpa HE UMEET HyJieBoro conpotusieHus u cxeMbl O3, OK u Ob BricTynarot
B posi cxeM puc.12, T.e. kackanoB O3y, OKyu OBy B Hux Z; =joCs||R, = R(1+jo1s),
rje Ry— pe3ucTUBHOE CONPOTUBIICHNE BHEIIHEH MO OTHOIIEHUIO K TPAH3UCTOPY LICIIH,
myHTupyeMoil konaeHcaropoM Cg; T6=CsRy — MOCTOSIHHAs BPEMEHU OJIOKHMpYIOIIEi
uenu. Jna cxemsr OOy (puc.12,a) R=R,, mia OKy (puc. 12,6) R=R.. Jna OB, (puc.
12,8) R=R cs, TAE Ryen=R1||R>.

C (45)

o o
ol b 2 g J | 2
[ il 1 il il 1 il
2 Fal Tul 1, T vl % Tul 1, T Fo
- - - -
a f
Puc. 25

Benencreue HEHYJIEBOTO 3HAYEHMs CONPOTHBICHUS Z; B O0JACTH HHU3KHX
4acTOT KOA(PUIIUEHTHI yCUIICHUS KackaloB (cM puc.24) MeHbIlle HOMUHANBHBIX (K)),
n HAUX M(f) nmeet JONOTHUTENBHBINA cra

1-|-((J)’l?5)2 (46)
(1+gR,)* +(01,)*

g, =1-M;(f)=1-

Hias cxem OO0 g=gy, OK g=g», Obs g=gii. OObl4HO g21>>g11>>g10,
BCJICJICTBHE YEeTr0 HanOOJIee 3aMETHO pacCMaTPUBAEMBIE MPOIECCHI MPOSBISIFOTCS B
cxeme OD, B MeHblIel creneHd B — cxeme Ob M mpakTHyeckd He3aMEeTHbI IMpH
BimoueHnu OK. [loaTtoMy BBIOOp HOMHHAJIOB OJIOKMPYIONIUX KOHJIEHCATOPOB Ha
OCHOBAHUU JIOITyCTUMBIX 3HAYEHUH €€ OCYIIECTBIISIOT TOJIBKO MPH HOCTPOCHUU CXEM
O3 u Ob. CootHomieHus Uil BbIOOpa 3HA4Y€HHs €MKOCTU KoHjaeHcartopa Cs IO
JIOMYCTUMBIM YaCTOTHBIM MCKa)KEHHUSIM Ha YacTOTE f, OLIEHUBAEMbIM MapaMETPOM &g,
BbITEKAIOT U3 (46). [Ipu aTom st BKirouenuid OO

1-¢.)*(1 R) -1
C. > 1 (I-¢,)"(+gyR,) : (47)

- anR9(1+g21R_/') 1_(1_85)2

g BKroueHust Ob
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oo L |U-e)’(+g,R) -1
[

- 2nfR, 1-(-g,)° %)

B mobom ycunurensHOM Kackane, He sBisoomumMmces YIIT, T.e. ¢ AUX
uMerolIel cnaa B 00JaCTH HU3KUX YacTOT, BO3HUKAIOT MEPEX0JHbIe UCKAXKEHU. DTH
MCKA)XEHUSI CBSA3aHBI C TeM, YTO YCHJIUTEIH MEPEMEHHBIX CUTHAJIOB HE CIIOCOOHBI
repeaaBaTh IMOCTOSIHHbIE M MEIJIEHHO MEHSIOIIMECS CUTHAJIbHbIC HalpshkeHus. B
YaCTHOCTH, €CIIM B CXEMaX pHUC.25 CUTHAJBHBIN TOK i, WIM CUTHAJIBHOE HANpPsHKEHUE
€. UMEIT BHJl CKayka TOKA WIH HANpsDKEHHs, TO HANPSIKEHHWE U Ha BBIXOJE
pa3fenuTenbHOl 1enu OyieT U3MEHSTHCS M0 SKCIIOHEHIMAIBHOMY 3aKOHY, 8 UMEHHO
Ha uy(t)=ux(0)exp(t/tp), rae ux(0)=(Ri||R2)ic — 3HaYeHUE HANMPSKEHUS HAa BBIXOJE
pa3enuTeNbHON 1en B MOMEHT Hayaja JACWCTBUS MMITYJbCHOro curxana. I'padux
HaIpsDKEHUS Uo(¢) IPUBEICH Ha PUC.26.

ud ({Vie (RI+R2)

fu
0 r"'"——-_ p

Pue. 26

[Ipn KOHEYHON IIUTEIBHOCTHU f; MPSAMOYTOJILHOTO MMITYJbCa K MOMEHTY €ro
OKOHYAHU BEPIIMHA UMITYJIbCa IIPETEPIEBAET CIIa]
A=1-exp(tu/tp)=tu/ Tp=2Tfut, (49)
rne fy — HIKHIL TpaHUIA TOJOCH MPOIMYCKAaHUS pa3JeNUTeIbHON IIemHu,
ompesneneHHas mo ypoBHI0 -3 ab. CrnemyeT OTMETHUTb, YTO coOOTHomieHue (49)
MPUMEHUMO H 110 OTHOIICHHUIO K TPAKTY B LIEJIOM, T.€. IPUOIMKEHHO MOXKHO MPHUHSATH,
4TO
As=27fysty, (50)
rae Ay — oOmumid caa MepexoHON XapaKTEPUCTUKUA TPAKTa B LETIOM; fys — HIDKHSISA
rpaHMIla MOJOCHl MPOMYCKaHUs 1MO.ypoBHIO -3 ab. [IpuOnmxeHHO MOXXHO CUHMTATh,
YTO B MHOTO3BEHHOW IENU CIMaJ €€ IMEePeXOJHON XapaKTepUCTUKU ONpeAesioTcs
CyMMOI>'I CIIaaoB MCPCXOJHBIX XapAKTCPUCTUK B €€ OTACIbHBIX 3BCHbAX
As=A+Ar+..+A,, (51
r7ie 7 — O0IIee YMCIIO0 3BEHBEB, BIMSIONIMX Ha CIaj MePeX0THON XapaKTepucTuku. 13
(49) u (50) cnenyer, 4TO fus~fuitfwxt... " fun, THC ful, fi2, fun — 3HAUCHUS HUKHUX
IPaHuUl] IOJIOCH! MPOMYCKAaHMs MO0 YPOBHIO -34b A TpakTa B LIEJOM U Ui €ro 7
OTJIENIbHBIX 3BEHBEB.
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PexomennyeMblil MOPSAAOK BBITOJHEHUS dTamna [X

1. Pacnpenenmutp B cootBeTcTBUU ¢ (51) o0mmii momyctumblid cmag A
NEPEeXOAHON XapaKTepUCTUKU Ui TPaKTa B IEJIOM MEXIY BCEMHU 7 3BEHBSIMHU
YCHJIIMTEIIFHOTO TPAKTa, CYIIECTBEHHO BIHSIONIMMHU HA IOSBJICHUE CHajga BEPLIMHBI
umnyibca. [Ipu 3Tom cuutarh, yTo HambonpuMii crafg (B 5...15 pa3, Oonpmuil yem
paszenuTeNbHbIC IETN) CO3/1aeT OJOKUPOBOYHBINA KOHAECHCATOP B LIETH AIMUTTEPA.

2. OnpenenuTh TpaHUYHBIE YAaCTOTHI f; BCEX 7 3BEHBEB TPAKTa C IOMOIIBIO
BoiTekekatomed u3 (49) u (50) dopmyner f=A/2nt,, tne A, — cmam BEPIIUHBI
UMITyJIbCa BCIIEJCTBUE BJIMSHUS HA IMEPEXOJHYIO XapaKTEPUCTHKY TpakTa €ro i-ro
3BEHA.

3. Boruucouts TpeOyemble 3HaueHHs eMKocTell koHuaeHcaTopoB C, u Cs 10
HaWJIEHHBIM 3HAYEHUsM f;. BeIunciaeHus: oCymecTBUTh B COOTBETCTBHH ¢ (47) u (48).

4. Ouenutb cornacHo (50) 3HaYeHHWE HW)KHEH TPAaHUYHOM YACTOTHI fy AT
TpakTa B LEJIOM M ONpeAenuTh TpeOyemoe 3HaueHHe eMkocTedl Cp, CTOSIIMX B
KOJIJIGKTOPHBIX IIETIAX CXeM pHC.23. ¢ moMoIbio cooTHommeHus: Co>>1/2f,R *.

Ounenka 3HayeHus kKo3ppuureHTa yCHJIeHUs TPaKTa B nejaoM (3rtan X)

06mmuii ckBO3HON KO3(D(PUIIMEHT yCUTICHHUS TPEXKACKaJHOTO YCHIUTENS TpaKTa

OTpeJIEsIET COOTHOIICHHE

K=K K1 K>K3,
rae Kix, K1, K2, K3 — ko3 uiimenTs nepeaayr BXOJHOW LEMH U TPEX CIEIYIONMNX
3a Hel kackanoB. [Ipum 3TOoM maHHBIE O KOIPPUIMEHTAX TEpeqavyd IOCIETHUX
comepkuT Tabn.3, KOIPGUIMEHT Ke TMepesayd BXOAHOW IIEMU  OMNpeAesieT
cooTHomeHHe Ky =1/(1+gsRe).

[Ipn mnpoBeacHWH BBIYUCICHUH KOA(D(GUIIMEHTOB Tepeaayd OKOHEYHBIX
KacKaJioB clielyeT UMETh B BHIY, YTO B HUX yCJIOBUE ManocurHanbHOCcTH &<0,2...0,3
n £,<0,2...0,3 MOXET HE BBINOJHATHCA. B 3BSI3M C ITUM BBIYUCICHHUS 3HAYCHHI
K03 (UIIMEHTOB YCUIICHHUS B ATHX KacKaJax cleAyeT MPOBOJIUTH C MCIOIb30BAHUEM
ycpeaHeHHbIX B coorBercTBUU ¢ (11) g-mapamerpos. Ilpu stom B kauectBe Iyoi
CIIEyeT COTJIACHO PUC.8 MPUHATH UCXOJHOE 3HAUYEHHE KOJUIEKTOPHOTO TOKa Iy, a B
KadyecTBE TOKa [x0r=lcotUnmgos. 1IpM BBIUMCIEHUSX CIIEIYET TaKXE Y4ecThb, UYTO B
cxemax OD peKOMEeHJ0BaHO BBECTU OOpaTHYIO CBSA3b TNTyOUHOU F,=2. DTa oOpaTHas
CBA3b B CXEME THUNA puUC.24,a peann3yercss ¢ IOMOIIBI0 pe3ucTopa R; 3HAa4YCHHUE
KOTOPOT'O MOKET OBITh ONPENENIEHO C HOMOLIbIO COOTHOWEHUS 1/R=g>1/(Foy-1)-1/R,.
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