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INPEJUCJIIOBUE

Hactosimee yueOHOe MOcoOue SIBIIIETCS BTOPBIM M3IaHUEM XOPOIIO 3apEKOMEH-
JIOBaBIIETO ce0sl OJJHOMMEHHOTO y4eOHOro nmocooust, u3ganHoro CubupckuM rocyaap-
CTBEHHBIM YHUBEPCUTETOM TelleKOMMYHUKanuid u uHpopmaruku (Cubl'YTU) B
2013 r., xoropomy Obu1 pucBoeH rpud YMO: «PexomennoBano YMO no o6pazo-
BaHHIO B 007acTH WH()OKOMMYHHKAIIMOHHBIX TEXHOJIOTMA U CHCTEM CBS3H B Kade-
CTBE Y4eOHOTO MOCOOUS JJIs CTYJEHTOB BBICIIMX YYEOHBIX 3aBEJIeHUHN, 00yJIaronnX-
cs mo HampaiieHuro moaroroBku 11.03.02, 11.04.02 — NHpoxoMMyHUKAIIMOHHEIE
TEXHOJIOTUU ¥ CUCTEMBI CBS3HM KBaNU(UKauu (CTENEHN) «OaKaiaBp», «MarucTp» U
11.05.04 — NH}OKOMMYHUKAIIMOHHBIE TEXHOJIOTUU M CUCTEMBI CIIEIUATIEHON CBS3U
kBaymukarmm «crenuanucty. (Pemenne Coeta YMO mo o0pa3oBaHuio B 00JaCTH
MH(OKOMMYHHKAIIMOHHBIX TEXHONOTUM U cucteM cBsa3u oT 30.10.2014 r. 3a Ne 755 u
756, nporokon Ne 79 ot 30.10.2014 r. IIpencemarens CoBeta YMO mpodeccop,
a. T. H. A. C. AxxemoB).

B HacrosIee BpeMs 3T0 akTyallbHOE yaeOHOe ITocoOre CcTaao 6ecTceuiepoMm.

B cBs13u ¢ 3TUM BO3HHKIIa HEOOXOAUMOCTh BTOPOTO U3JaHUS JAaHHOTO Y4eOHOTO
nocobus. Ilpu ero moAroToBke OBUIM YCTpPaHEHBI BBISBICHHBIE OIEUATKU MEPBOTO
W3JIaHUS U BHECEHBI HEKOTOpHIE MPABKH, TO3BOJIAIONINE UCIIOIB30BaTh yIeOHOE II0-
co0ue He TOJIBKO MO TeM HAIpaBIICHUSM, KOTOphIe OTMe4eHHI B Tpude YMO, HO U 110
HanpasieHusMm 11.03.01 «Pagmorexamka» u 11.03.04 «KoHCTpyupOoBaHHE U TEXHO-
JIOTHUS DIEKTPOHHBIX CPEJCTBY» KBadu(UKauu «OakalaBp» U «MarucTpy» OYHOMU, 3a-
OYHOM, 3a09YHO-YCKOPEHHOW U 3a0YHO-IUCTAHIIMOHHON (hopMaM OOyUIECHMSI.

TexHudeckoe 3agaHue AN pacdeTa TaKUX YCHIIMTENEH BKIIOYaeT B cebs cre-
IOyIOINe JaHHbBIE:

1) BbIXOIHASE MOIITHOCTH (MOITHOCTH B Harpyske), P- prx, BT;

2) conpoTuBIIeHUE HArpy3ku, Ry, OMm;

3) HwKkHAA pabovas yactoTa, fy, ['m;

4) k03phUIMEHT YaCTOTHBIX HCKAKEHHM Ha HWKHEH pabodeit wactore,
Mh3ap, Ab;

5) BepxHss pabodas gactora, fs, KI';

6) k03pGUIIMEHT 4YacCTOTHBIX HCKQXEHHII Ha BepxHeld pabouell wyacTore,
Mg Az, ab;

7) 9J1C ucrounuka nutanus Eucr, B;

8) BHyTpeHHEE COMPOTUBIEHUE UCTOYHMUKA MUTAaHUA, Ruct, KOM;

9) ko3 dunueHT copoca Harpy3ku (HECTaOMIBHOCTh HAMPSIKEHUS CUTHAJa Ha

— UBBIX XX

BBIXOJIE YCUIJIUTEN), Han , pasbl;

UBbLX _Ry

10) ko3 purment rapmonuk Krizan, %;

11) Temneparypa okpyxatromieii cpeasl Tc mun, Tc maxc, °C.

ABTOpBI BBIpXAIOT OJIAr0IAPHOCTD PELIEH3EHTaM JOKTOPY TEXH. HayK, mpodecco-
py W. JI. Munienko u JOKTOpY TeXH. Hayk, mpodeccopy lO. A. [lanpuyHy 3a BHUMa-
TENBHOE PEICH3UPOBAHKE YI€OHOT0 TIOCOOHSI.



I'JIABA 1

OBIIUE CBEJIEHHSA O BECTPAHC®OPMATOPHBIX
YCUIHATEJIAX CUT'HAJIOB 3BYKOBBIX YACTOT

B Tpakrax yacToT MOAYMIAIMH (B IOCIENETEKTOPHBIX TPAKTaX) COBPEMEHHBIX
BENIATENbHBIX U NMPO(ECCUOHANBHBIX PAIUONPUEMHBIX YCTPOMCTB, a TAKXKE B Pa3HO-
0o0pa3Hoii anmaparype 3amuicH, BOCIIPOM3BENCHUSA U YCUIICHUS CUTHAJIOB PeYd U My-
3BIKH, HAXOAAT IIMPOKOE MPUMEHEHHE BBICOKOKAUECTBEHHBIE OecTpaHCc(OpMaTOpHBIE
anepuoIMIeCKre YCIIUTEN CUTHAIOB 3BYKOBBIX YaCTOT HAa OMMOJIIPHBIX U MOJIEBBIX
TPAH3UCTOpPaxX KaK B JUCKPETHOM, TaK M B MHTErPAIbHOM (WM CMENMIAHHOM) UCIOJI-
HEHUH C BBIXOJHOM MOIIHOCTBIO OT JOJIEN BAaTT 10 COTEH BT.

OHU OTIMYAIOTCS BBHICOKOW CTaOMIBHOCTHIO peXuMa paboTHI MO MOCTOSHHOMY
TOKy (II0 THTaHUIO), CTaOWIBHOCTHIO KO3((GUIIMEHTOB YCWICHHS H BBIXOIHOTO
HAIpsDKEHUS CUTHAaja, MaJbIMA HEIMHEWHBIMHU U JTMHEWHBIMHU (YaCTOTHBIMU U (a3o-
BBIMHM) HCKOKEHUSMH, MaJbIMU COOCTBEHHBIMH MOMeXaMH M OOJBIIUM IUHAMHYE-
CKHM JMalia30HOM, @ TaKKe MaJbIMU TrabapuTamMu, MacCoi U CTOMMOCTBIO.

Bricokue mokazaTenn 3TUX YCHIIUTENEH 00eCeYnBaIOTCS BHIOOPOM ONMTHUMAIIb-
HBIX CXEMOTEXHUYECKHX PEMICHUA U PEXUMOB pabOTHl KACKAJOB, NMPUMEHEHHEM
TE€PMO3aBUCUMBIX 3JIEMEHTOB M HIMPOKUM HCIOIb30BAHUEM MECTHBIX M OOLUX OT-
punatenbHbIX o6patHbIX cBa3eit (OOC) kak Mo MOCTOSSHHOMY, TaK U IO IEPEMEHHO-
MY TOKY U HaIlpsHKEHUIO.

BectpancdopmMaTopHble yCHIUTENN 3BYKOBBIX YacCTOT OTJIMYAIOTCS OT TPaHC-
(OpMaTOPHBIX B OCHOBHOM OCOOEHHOCTSIMU TOCTPOEHHUS M pacueTa BBIXOJHBIX U
CBA3aHHBIX C HUMH TPEABBIXOMHBIX KAacKajoB. OTH OTIWYHSA 0OycCIOBIEHBI Oec-
TpaHC(HOPMATOPHBIM MOAKIIOUEHUEM BHEIIHEW HArpy3Ku K TPAH3UCTOPaM BBIXOIHO-
ro Kackaja 3Tux ycuwinreneid. OCHOBHbBIE MOKAa3aTeNu U XapaKTePUCTUKU MHOTOKAaC-
KaJHBIX OecTpaHCHOPMATOPHBIX YCUIUTENEH B 3HAUUTEIbHOM CTEIIEHH OIPENEIIOT-
Cs CBOMCTBAaMM UMEHHO BBIXOJHBIX KaCKa/IOB.

O6o0mieHHas CTPYKTYpHAsi CXeMa YCHWJIMTEIBHOTO TPakTa C MHOTOKACKAaJIHBIM
O6ecTpaHCchOPMATOPHBIM YCUIIUTEIIEM CUTHAIOB 3BYKOBBIX YAaCTOT MOXET OBIThH TIPe/I-
CTaBJICHAa B BUJIE, IOKa3aHHOM Ha puc. 1.1, rae YM3UY — ycunurenb MOIIHOCTH 3BY-
KOBBIX 9acTOT, BPITY — 610K perynupoBOK U IpeIBapUTENILHOTO YCUICHHUS.

O6mmee 4yuciio KackaaoB OecTpaHC(HOPMATOPHBIX YCHIIMTENCH 3aBHCUT OT KOH-
KPETHOT'O Ha3HAUYCHUSI YCUIUTENSL.

CrnenyeT OTMETUTBh, YTO OCHOBY BCE€X BO3MOXKHBIX BapHaHTOB OectpaHc(op-
MaTOPHBIX YCHIIUTENEH 00pa3yeT yCHIMTENh MOIIHOCTH 3BYKOBbIX yacToT (YM3Y) c
raJlbBAaHUYECKUMH CBA3SIMUA MEXIy KacKaJaMu W TaIbBAaHUYECKOW WM €MKOCTHOM
CBSI3bI0 C BHENIHEH Harpy3Kkoil, 0XBau€HHBIN 1IEMbI0 ITyOOKON 0O0IIel oTpUIaTemnsb-
Hoit obpatHo# cBa3u (OOC). Umenno 3ta obmas OOC B OCHOBHOM U 00€CTIEUHBAET
BBICOKHME ITOKazaTenu Y M3Y.

ITo Beixoay 3Ta OOC BBIMONHSAETCS NapAJUIEIBHOM, T. €. IO HANPSKEHUIO (M MO
MIOCTOSIHHOMY, ¥ TI0 IIEPEMEHHOMY HAaIpPsKEHUIO), YTO AUKTYETCS HEOOXOAMMOCTHIO
CTaOMIM3AIMY BBIXOJJTHOTO HANPSKEHUSI ¥ YMEHBIICHUS BBHIXOJHOTO COMPOTHUBICHUS
YM34.



[To Bxoxy 3ta OOC BBINONHSAETCA W00 MapaLIeTbHOM, TUOO MOCIIEeI0BATENb-
HOM, B 3aBUCHMOCTH OT 4HcCla KackagoB YM3U 1 ux cnocoOHOCTH MHBEPTHPOBATH
WJIM HE MHBEPTUPOBATH YCHJIMBAEMBIN CUTHAJL: TIPX 3TOM TJIABHBIM YCJIOBHUEM SIBIIAET-
cs obecrieyenne uMeHHO orpunarensHoit OC. Uucno xkackagoB YM3U uyarmie Bcero
HE MPEBBIIAET ABYX-TpeX, TaK Kak mpu oxBare riyookoir obmeir OOC Gonee Tpex
KacKaJIOB 3aTpyAHsETCS obecmedeHue ycroitunBod paborst YM3U. XoTs ciemyer
OTMETHUTh, YTO YCTOWYHUBOCTh PabOTHI B 3THX CIIy4asX B MPUHIUIIE MOXHO oOecIie-
yuBaTh BKIIOYeHHEM B YM3U cnienuanbHbBIX KOPPEKTUPYIOIIUX LENEH.

HCTOYHMK BHemHss
CUTHala Harpyska
Igpxwicr Igx ym3a Igpix
@
7 BPIIY YM3Y
et (RHCT) Uspixucr Usx ymzu Uspix Zy(Ry)
Euer
enb
00C
Pucynok 1.1

B o6miem cinydae curnan ot ucrounuka curnaia ¢ 3J{C Euct 1 BHyTpEeHHUM CO-
MPOTUBJIEHHEM Zyct (HapUMep, OT JETEKTOpa paguolprueMHOr0 yCTPOCTBa) Moa-
eTcs Ha BxoJ YM3Y uepe3 610K peryIupoBOK I'POMKOCTH U TeMOpa 3ByKa U MpejBa-
putenbHoro ycuienus (bPIIY), mo3Bosstromumii peryiaupoBaTh U o0ecrednuBaTh Tpe-
OyeMyr0 MOIIHOCTh CUTHaA P~uux Ha BHemTHeW Harpy3ke Zu (Ru) YM3Y (aampumep,
Ha BJIEKTPOIMHAMIYECKOM I'POMKOTOBOPHUTENE, 3ByKOBOM KOJIOHKE U T. I1.) U Tpebye-
Myto AUX GecTpaHchOpMaTOPHOTO YCHIIUTENS, BIHSIONIYIO Ha TeMOp 3BYJIaHMsL.

B Gomnee mpocTHIX Ciydasx B 3aBHCUMOCTH OT 3aJIaHHBIX ITapaMeTPOB MCTOY-
HUKAa CUTHaJla U Ha3HAUYCHUs YCWIMTENA, KOrJa peryiaupoBka TemMOpa He mpeny-
cMaTpuBaercs, a 3agaHHblii ucTodHuK curHana ¢ 3JIC E, - ¥ BHyTpPEHHUM COIIPO-

tuBieareM Zuct (Ruct) Moxer obecrneunts Ha Bbhixoge YM3U Tpebyembie 3Haue-

HHs HalpsDKeHHs W Toka curHana Upxymsu ¥ Iexymsu (cM. puc. 1.1) 6e3 npenBapu-
TenpHOTrO ycuieHus, 6ok BPIIY ynpomiaercs no perynaropa ycuieHUs (WM BO-
o0Ille HKCKII0YAeTCs, €CIM B TEXHUYECKOM 3aJlaHUM PETYJIHpPOBKA YCHICHUS HE
MpeayCMaTpUBAETC).

Jnsa monydenus Ha Bbixoae YM3U 3agaHHOM MOIIHOCTUA CUTHaNa P~ppix mpu
Hanbonpmem KII/[ B kauecTBe BHIXOHOTO Kackaja OOBIYHO MCIOIB3YETCS IBYXTaKT-
HBI Kackaj B 5)KOHOMUYHOM pexkuMe «B» («AB») ¢ mapajuieIbHbIM YIIpaBICHUEM.

[Ipu sTOM HanbonblIee TPUMEHEHNE MOMYYUIIN IBYXTAaKTHBIE KacKaJbl HA KOM-
IUIEMEHTAPHBIX Tapax OUIOJISIPHBIX TPAH3UCTOPOB (TPAH3UCTOPOB C OAMHAKOBHIMU
napaMeTpamMu U XapakTEepUCTHUKAMH, HO C Pa3HOW CTPYKTypOu: n—p-n U p—n-p) ¢
BKJIFOUEHHEM HX TI0 cxeMe ¢ oomuM kojuiekTopoM (OK), T. €. mo cxeMe JBYXTaKTHO-
ro sMuUTTepHOro nmoropurens (OI1).



Hcmonp30Banre KOMIDIEMEHTAPHBIX TPAaH3UCTOPOB CYIIECTBEHHO VIIPOIIAET
CXEMY HE TOJIbKO JBYXTaKTHOTO BBIXOJHOTO KacKaJa, HO M CBSA3aHHOTO C HUM IIpe.-
BBIXOJHOT'O KacKaja, KOTOPHIM B 3THX CIydasX BBINOIHIETCS B BUAE OOBIYHOTO OI-
HOTAKTHOT'O PE3UCTOPHOrO Kackaja B PeXXUMe «A» ¢ SIMUTTEPHOU cTabunuzanuen u
raJIbBAHMYECKON (PE3UCTOPHOM) CBA3BIO C BBIXOMHBIM KackaaoM. [Ipu sTom mocra-
TOYHO MPOCTO pemaeTcs npobdieMa o0ecreueHrs] CMEIEHUSI U TEMIIEPATypHOil cTa-
Ounuzanuy pexXuMa MOKOS TPAaH3UCTOPOB BBHIXOJHOTO JBYXTaKTHOTO 3MHUTTEPHOTO
MOBTOPUTEIISL C MMOMOIIBI0 TEPMOPE3UCTOPOB CMEMICHUS C OTPUILIATEIHHBIM TEMIIepa-
TYPHBIM KO3()PUIIMEHTOM WK C TIOMOIIBIO TUOJ0B CMEITICHHS.

Hcnonb3oBanue BKIIOUEHHS OUMONMSAPHBIX TpaH3UCTOpoB 1o cxeme ¢ OK (amur-
TEPHOTO OBTOPHUTEINST) OOYCIIOBIMBAET BEICOKUE KAUYECTBEHHBIE ITOKA3aTEIHN BEIXOJHOTO
Kackaaa (Majble HEMMHEWHBIE M JIMHEWHBbIE MCKAKEHUS, MaJlble COOCTBEHHBIE TIOMEXU,
BBICOKasl CTa0MJIBHOCTh YCWJICHHS) BclieAcTBUE IiTyOokoi mectHo OOC, CBOMCTBEH-
HOW AMUTTEPHBIM TTOBTOPUTEISIM (TIPY OJTHOM JIMIIH HEJOCTATKE, 3aKITFOYAIOIIEMCs, KaK
U3BECTHO, B TOM, YTO KO3((UIMEHT ycuieHus mo HampsbkeHuto Ol He mpeBblmaeT
eauHuIbl). Ita MectHast OOC yBemmuuBaeT 3 dexT yirydmenus mokaszarenerd YM3U,
obecneunBaeMeIii oo0merr OOC, oxBarbiBarolei Bech YM3U.

CBs13b TPaH3UCTOPOB BBIXOAHOI'O ABYXTakTHOro Ol ¢ BHeNIHeW Harpy3koi BbI-
HOJTHSAETCSL TUO0 HETOCPEACTBEHHOU (IIPU 3TOM HCHOIB3YETCS OUMOISAPHBIN HUCTOY-
HUK MUTaHUS, T. €. [Ba OJUHAKOBBIX HCTOYHHMKA MMUTAHUSA CO CPEAHEN TOUKOM), 1160
€MKOCTHOM (TIpU UCTIOJIb30BAHUN OJTHOTO MCTOYHUKA ITUTAHMS).

Uro kacaercs nmpeaBapUTENbHBIX KacKaJoB OecTpaHC(OPMATOPHBIX yCHIUTENEH
3BYKOBBIX 4acToT (kak B YM3Y, tak u B BPIIY), To OHM OOBIYHO BBHIOIHAIOTCS OJI-
HOTaKTHBIMU B pexume «A» mo cxemam ¢ O3 u OK ¢ 3MUTTEepHOM, KOJJIEKTOPHOU
WM KOMOMHHPOBAaHHOW cTabunu3anued W ¢ ralbBaHUYECKOW (WM PE3UCTOPHO-
KOHJCHCATOPHOM ) MEXKACKaTHOM CBA3bIO.

Kak Obuto oTMeueHO BhINIE, 6ecTpaHCHOpPMATOPHBIE YCUIUTENN MOTYT OBITH B
JVCKPETHOM, HHTETPAILHOM U CMEMIaHHOM HcnoHeHnd. OTaaBas JOKHOE BapUaH-
TaM Ha MHTerpabHbIX MukpocxeMax (MMC), BMecTe ¢ TeM clieyeT OTMETUTD, YTO
BapHAHTHI Ha JUCKPETHBIX DJIEMEHTaX OTIMYAIOTCS OONbIIel THOKOCTHIO B TIOCTPOE-
HUY, [TO3BOJISIIOIIEH OMYy4nUTh OoJiee BHICOKHE KauyeCTBEHHBIE ITOKa3aTeNnn. IT0 00b-
SICHSETCA TEM, YTO B JUCKPETHBIX BapHaHTax yaaeTcs moaodpats Oosee OIM3KUE 110
mapaMeTpaM KOMIUIEMEHTapHbIE TPAaH3UCTOPHI, 00eCeunTh B Kackaaax 0oliee OINTH-
MaJIbHBIE PEXUMBI PabOTHI ¥ MOAOOPaTh OOJee BHICOKOYACTOTHBIE TPAH3UCTOPHI (IO
cpaBHennio ¢ MMC), mo3Bossionmue Hcmonb3oBath Oonee riybokyro OOC 06e3
YXYAIIEHUS. yCTOMIUBOCTH PAOOTHI yCUITUTENEH.

[TompoGHO BOIPOCH! CXEMOTEXHUKH M pacdeTa 6ecTpaHCPOpMaTOPHBIX YCHIUTENEH
3BYKOBBIX YaCTOT PacCMaTPHBAIOTCS B CIECAYIOIIMX INIaBaX HACTOSIIETO YUeOHOTrO MoCo-
6us. IIpu 3ToM ocHOBHOE BHUMaHuE yaenseTca YM3U B IBYXKacKaJHOM M TPEXKACKA-
HOM HcnonHeHnu. CleayeTr OTMETUTh, YTO CXEMOTEXHHKA U PACYET BHIXOIHBIX KACKaJI0B
B JIByXKacKaJJHOM U TPEXKacKaJHOM BapraHTax YM3Y Bo MHOIOM CXOJIHBIL.



I'IABA 2

CXEMOTEXHHUKA JBYXKACKA/JHBIX
BECTPAHC®OPMATOPHBIX YM34

HemocpencteenHoe (win 4epe3 KOHAEHCATOP) BKIIOYCHHE BHENTHEH HATPY3KHU B
BBIXOJHYIO LIETIh YCWJIUTEIBHBIX AJIEMEHTOB IO3BOJIAET MCKIIOUUTH U3 CXEMBI BbI-
XOJHOTO KacKa/Ja HECTaHAapPTHYIO JEeTallb — BBIXOJIHOM TpaHcopMaTop, yCTPAHUTH
BHOCHMBIE€ UM YaCTOTHEIE, ()a30BbIe M HEIMHEWHbIE UCKAKEHUS, YMEHBIIUTh rabapu-
TBhI, MAaCCy M CTOMMOCTbH YCHJIMTENS U MOBBICHTh TEXHOJIOTUYHOCTh €r0 M3TOTOBIIE-
HUA. IMEHHO 3TUMHU 00CTOSITENbCTBAaMHU 00YCIIOBIIEH HHTEpeEC K OecTpanchopmaTop-
HBIM YCHJIUTEISAM 3BYKOBOM 4acTOThl. OJHAKO HCKIIOYEHHE U3 CXEMBI BBIXOJHOTO
TpaHcopMaTopa CO3JaeT ONpeNeIeHHbIE TPYAHOCTH B 00eCTIeYeHNN ONTUMAIBHOTO
3HAYEHUS COMPOTHUBIICHUS HArpy3KH YCHIMTEIFHOMY 3JIEMEHTy. HemocpencTBeHHOe
(wu 4yepe3 KOHJEHCATOp) MOAKIIOYEHHE HArpy3Kd K YCHIIMTETI0 0e3 BBIXOTHOTO
TpaHcopMmaTopa 1eaecooOpa3Ho JIUIIb B clydae, KOrja 3a/laHHOE 3Ha4€HUEe COIpPO-
TUBJICHUS HATrPYy3KU YCHIIMTENS OJIM3KO K ONTUMATHHOMY COMPOTUBICHHUIO HATPY3KU
BBIXOJHOHW LIETIH YCWINTEIbHBIX 3JIEMEHTOB. J[aHHOE yCIIOBHE CPaBHUTEIHHO JIETKO
BBITIOJIHSETCS B YCWINTEIAX Ha OUIOIPHBIX TPAH3UCTOpPAX. DTO OOYCIIOBIEHO TEM,
YTO ONTHUMAJIbHOE CONPOTHUBIIEHUE KOJUIEKTOPHOM IENH OUITOJSPHBIX TPAaH3UCTOPOB
IpU CPaBHUTEIHHO HU3KOM HAIPSHKEHUH MMUTAHUSA TPAH3UCTOPOB U CPEIHEH BBIXOI-
HOW MOIIHOCTH OJIM3KO K TEM pEANbHBIM BHENIHUM HU3KOOMHBIM Harpys3kaM, Ha KO-
TOpBIE MPUXOTUTCS pabOTaTh YCHIIMTENIO U 3HAUEHUS KOTOPBIX PUBOJATCS B TEXHU-
YECKOM 33JJaHUH Ha IPOEKTUPOBAHHUE.

B HacTodmee BpeMs MIMPOKOE MPUMEHEHUE HAXOJAT YCHIUTEIN C BBIXOJHBIM
JIBYXTaKTHBIM OecTpaHCc(hOpMaTOPHBIM KaCKaJOM C IOCIIEIOBATELHBIM BKIIOUEHHUEM
TPAH3UCTOPOB IO MOCTOSIHHOMY TOKY. OTH KacKaJbl paboTal0T OOBIYHO B SKOHOMMY-
HOM pexuMme «B» mnu «AB» (mpu HE0OXOIUMOCTH MX TaKK€ MOXHO CIIPOEKTHPO-
BaTh U 1Jia paboTel B pexxume «A»). [Ipenenprsiii KI1J] BEIXOqHOM 1M Takux Kac-
KaJ0B mpu pabore B pexume «B» paBeH 78,5% (a mpu pabore B pexume «A» —
50%), xak u y TpaHchOpMaTOpHBIX KackagoB, HO peanbHbI KIIJ[ 06614HO OKa3bIBa-
€TCs BBINIE, YeM y TPaHCPOpPMATOPHBIX, U3-3a OTCYTCTBHUS TpaHChOpMaTopa, KOTO-
PpBIii BceTia BHOCUT JOMOJIHUTENbHBIE TTOTEPH.

Kak yxxe ormeuarnock B ri. 1, Hanbosee TIMPOKO MPUMEHSIOTCS BapHAHTHI BhI-
XOJTHBIX JIBYXTAaKTHBIX OecTpaHc(OpMaTOpPHBIX KacKaJoB, B IJIEUYM KOTOPBIX BKIIIO-
YalOTCS KOMIUIEMEHTapHbIE TPAH3UCTOPHI, T. €. TPAH3UCTOPHI PA3IUYHON CTPYKTYPbI
(p—n—p u n—p—n) ¢ UISHTUYHBIMU TapaMeTpamu. Mcronbp30BaHNe TaKUX TPAH3UCTO-
POB MO3BOJIAET 0OBETUHUTH BXOJHBIE IIETIH TUI€YEeH, TaK KaK CUTHAJ, OTKPBIBAIOIIUN
TPaH3UCTOP p—n—p, OyAET 3aKpBIBaTh TPAH3UCTOP n—p—h U HA0060pOT. OCHOBHBIM J0-
CTOMHCTBOM TaKWX BApHUaHTOB SBJISETCS BO3MOXKHOCTH HCIIOJIb30BAHHS B KadeCTBE
IPEIBBIXOJHOTO KackaJa OOBIYHOTO OAHOTAKTHOTO PE3UCTOPHOIO Kackaja ¢ rajabBa-
HUYECKOU (Pe3UCTOPHOM, HEMOCPEACTBEHHOM U T. II.) CBSI3bIO C BHIXOAHBIM KacKaIoM.
OTO yMEHBIIAET KOJUYECTBO DIEMEHTOB YCHIUTENS W YIYYIIAET €r0 YaCTOTHYIO U
($a30By10 XapaKTEPUCTHUKHY.



Ha puc. 2.1 npexncraBieH oauH U3 Haubojee MPOCThIX BAPUAHTOB CXEMBI JBYX-
TaKTHOT'O BBIXOJHOTO W OJHOTaKTHOTO IIPEIBBIXOJHOTO KAaCKaJOB YCHIUTENSA 3BYKO-
BBIX YaCTOT ¢ KOMIUIEMEHTapHBIMU TPaH3UCTOPAaMHU B BBIXOJHOM KacKazle M IBYyMs
VCTOYHUKAMH NMUTaHUA (WIM OJHUM HMCTOYHUKOM IUTAHUS C yJABOCHHBIM HampsKe-
HUEM U CO CpEeIHEN TOUKOI).
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Pucynok 2.1

Kak BuiHo, Tpanzuctropsl V12 u VT3 BEIXOAHOTO ABYXTAKTHOTO Kackaja BKIFOUYEHBI
IIOCJIEAOBATENHFHO 110 ITIOCTOSHHOMY TOKY. B CHMMETpHUYHOM IBYXTaKTHOM CXeMe, HECMOT-
ps1 Ha HETIOCPEACTBEHHOE BKIIFOYEHHE HArPY3KU B BBIXOIHBIC LIETIM TPAH3UCTOPOB, TOK B
L[ENIY HArpy3Kd HE COACPKUT MOCTOSHHOMN COCTAaBIIIONIEH, TaK KaK IIOCTOSIHHBIE CO-
CTaBJISIIOIIME BBIXOJHBIX TOKOB IIJIEY CXEMBI PAaBHBI M Yepe3 Harpys3ky TEKyT B IpO-
THBOIIOJIOXKHBIX HANPABICHUIX, KOMIOEHCUPYs ApyT apyra. ClenoBaTeinbHO, TOTEpU
IIUTAIONIETO HAIPSKEHUS B Harpy3Ke OTCYTCTBYIOT M MEXIY KOJUIEKTOPOM M 3MUT-
TEpPOM KaXXJIOTO U3 TPAH3UCTOPOB OyneT AelcTBOBaTh nuTaoee HanpspkeHue 0,5 Es.
IlepeMeHHBIE K€ COCTABIAIONINE TOKOB IJIEY CXEMBI, BHI3BAHHBIE BXOJHBIM CHUTHA-
J0M, B pexuMe «B» mpoTekaroT depe3 HarpysKy, 4epeaysch KakAble IOJIEpUoaa
CUTHAJIa, CO3aBasi Ha HE NEPEMEHHOE HaAIPSHKEHUE CUTHANA ¢ aMIUIUTY A0 UmBpIx.
Crnemyer OTMETUTB, YTO 110 IEPEMEHHOMY TOKY (IO CUTHAITy) KaXKIbIi U3 TPAH3HUCTO-
poB VT2 u VT3 BxitoueH mo cxeme ¢ obnmm kommiektopom (OK), Hocsmiel Ha3Ba-
HUE SMUTTEPHOTO MOBTOPUTEIISL.

K npenBeixoHOMY OHOTaKTHOMY Kackaqy Ha TpaH3uctope VTI, BKIIFOYeHHO-
My 1o cxeme ¢ 06muM smuttepoM (OD) u paboTaromeMy B pexXxuMe «A, IOIBOINT-
cs nuTaromee HanpsbkeHue Ep. Cs3p Tpansuctopa VTI mpeaBbIXOJHOTO Kackana C
Tpan3uctopamMu VT2 u VT3 BBIXOJHOrO Kackala — PE3UCTOpPHAs: B CXEMY CBS3U
BXOIUT pe3ucTop Rx1 B KoIIeKTOpHOM Lienu Tpansucropa VTI.
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C nomomrpio TepMope3ucTopa Rr monydaercs HampspKEHUE CMEIIEHUs I
Tpan3ucTopoB VI2 u VT3 BBHIXOAHOrO Kackaja M OCYIIECTBIISICTCS TEMIIEpATypHAs
cTabmiM3anys KOJUIEKTOPHBIX TOKOB ITOKOSI 3TUX TPaH3UCTOPOB. B memsx obrmerdeHus
YCTaHOBJICHUST HEOOXOAMMOTO PEXIUMa TEPMOCTAOMIM3AINN TAPATUIETHHO TEPMOPE3H-
cTopy Rt nmonkiouaercs conpoTusieHre myHTra R onpenenennoi BenuuuHbl. Crie-
AyeT OTMETHTh, 9T0 conporuBiieHHE Rrm = RTRur/(Rr + Rur) 00pI9HO 3HaYUTENBHO
MEHBIIIE CONPOTHBICHH pe3ucTopa Rxi. Taxke oTMeTHM, 4TO BMECTO TEPMOpPE3HU-
ctopa Rr nns obecrieueHust cMemeHus: 1 TEMIEPaTypHOH CTaOMIM3alMK TOKa MTOKOS
TPAH3UCTOPOB BBIXOJIHOTO KacKaJa MOXXHO HCIOJIB30BaTh AuOA VD (CM. MyHKTHD)
WIH HECKOJIBKO JUOJOB. DTOT BapUaHT SBISETCS OCHOBHBIM B MHTETPAIBHBIX CXe-
Max, B KOTOPHIX (hopMHpOBaHUE JUOJIOB HE COCTaBIsAET Ooipinoro Tpyaa. Hampsoke-
Hue cMmenieHus Ha 6a3y Tpansuctopa VTI mpeaBbIXoAHOrO Kackajaa mogaercst OT Uc-
TOYHHMKA MUTaHUS ¢ moMomibio aenutenst RpiRi. s ctabunuzanuu KOUIeKTOPHOTO
TOKa IIOKOS 1xo1 TPaH3UCTOPA IMPUMEHSETCS SMHUTTEpPHAs CTAOMIN3aIUs C IIOMOIIBIO
pesuctopa Ro1. Uem Gospiie compoTuBieHue pe3uctopa Rr1 u uem MeHsblne compo-
THUBJICHHE JeIuTeNs B 1enu 6a3el Tpansuctopa Rui = RsiR1/(Rs1+ Ri), Tem Gonbire
riyOnHa MECTHOW OTPHUIATENIbHOW OOpaTHOW CBSI3M MO IOCTOSHHOMY TOKY, BO3HH-
Karomieil 0arogaps BKIIIOUEHHIO pe3ucTtopa Ry, U TeM cTabmibHee KOJUIEKTOPHBIN
TOK TIOKOSI ixo1 Tpauszucropa VTI. Jlns npeaynpexaeHuss BOSHUKHOBEHUS 3a cueT Roy
OTpHUIATENIHLHON 00paTHOM CBS3M MO MEPEMEHHOMY TOKY (II0 CHTHAIY), CHIDKAIOMIEH
YCWJICHHE KacKaja, pe3ucTop Rs1 mIyHTHpYyETCs MO MEPEMEHHOMY TOKY KOHAEHCATO-
pom C»s1 nocrarouHo Oonpmioit emkxoctd. CoriacHO NPHUHATON KiaccuUKanuu
0o0paTHOM CBSI3M 3Ta MECTHasi OTpULIATENIbHAs 00paTHasl CBA3b SABISAETCS MOCIEI0Ba-
TEIBHON KaK MO cIioco0y CHATHS C BBIX0/1a, TaK U 110 CIOCO0Y MOAaYu Ha BXOJ IIpeJ-
BBIXO/IHOTO Kackaja. 3aMeTHM, YTO B MHTETPATHHBIX CXEMaX BapUaHT C 3TOH oOpart-
HOI1 CBsI3BIO (T. €. 6e3 Cn1) ABIAECTCS OCHOBHBIM.

Tak kak KaxAbli U3 TPAaH3UCTOPOB BHIXOJHOIO KackKaja BKIIOYEH IO CXEME C
0o0LIMM KOJUIEKTOPOM (IO CXEME 3MHUTTEPHOI'O MOBTOPHUTEI), TO B KaXKJIOM ILICUE
3TOr0 Kackaja ICHCTByeT MecTHas IIyOOKas OTpHLaTelbHas oOpaTHas CBS3b II0
CUTHAJLy, IapaJuleNIbHas MO BBIXOAY (T. €. IO HAIPsDKEHUIO) U MOCIEI0BaTEeNbHAS 110
BXOJly. JTa 00paTHasi CBS3b B KaXXJIOM IUICYE YMEHBIIACT HEITUHEHHBIC, YaCTOTHBIE U
(ha30BBIe UCKAXKEHHS, YMEHBIIAET BHIXOIHOE M YBEIMUMUBACT BXOAHOE CONPOTUBICHUS
TpaH3ucTopoB. IIOCKONBKY TPH 3TOM BCE BBHIXOAHOE HampspkeHue curHaia Umsbix B
KauyecTBE HaIpsHKEHUsI oTpunaTesbHoi oOpaTHOM cBsizu (100%-Has oTpuilatensHas
oOpaTHas CBsI3b) BO3/IEHUCTBYET Ha BXOJbI TpaH3ucTopoB VI2 u VT3 nmocnenoBareins-
HO C HalnpspDkeHUueM CUTHajda Umspixi OT IPEABBIXOJAHOIO KAacKada, TO IPEABBIXOAHOU
KacKaJ JIoJbKkeH obecrieunBaTh aMIUTATY Ay HAPSHKCHHUS UmBbix = Ump23) + UmBbIx, T. €.
IIPEBBIIIAIOIIYI0 TPEOYyeMy0 aMITUTy Ay Bo30yxeHuss Ums2 Tpau3zucropa V12 (umu
amrumutyay Bo30yxaeHuss Umps Tpanzucropa VT3) Ha BeTMUMHY aMIUTUTYIbI HAmpsi-
KCHUSI CUTHAJIa Ha Harpy3ke BBIXOTHOTO Kackaaa Umppx. DTO O3HAYAET, 9TO KO3PPu-
IIUEHT YCWJICHHUSA 10 HAIMPSDKEHUIO BBIXOJHOTO Kackaja OyJeT MEHbIe eIUHULIBI. JTO
03HAYAET TAKXE, YTO MPH PE3UCTOPHOU CBSI3U MPEABBIXOJHOIO OAHOTAKTHOTO U BBI-
XOJHOTO JIByXTaKTHOro OecTpaHc(OopMaTOpHOIO KAacKaJoB M MHUTAaHWU MX OT OOIIEro
WCTOYHMKA KOI(PQHIIMEHT WCIIOIE30BaHMS KOJUIEKTOPHOT'O HAIPSDKCHHS Yy MPEIBHI-
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XOJIHOTO KacKaja F;m,m =U_ ot/ Uor @me U, =0,5E;- Uy - Ups, ) okasmiBaercs BhI-

me K03 HIMEHTa UCIIONB30BaHU KOJUIEKTOPHOIO HAIPSDKEHHS KaXIOro IUieda BbI-
XO/THOTO KacKa®a Gy = U py / Upys - IIpr MakcHMansHoM KO3(QHIMEHTE HCIIOIB30-

BaHUS KOJUIEKTOPHOT'O HAMPSHKEHUS KaX]IOTO Iieda éBb]XMAKC =(U_zx/0,5E;)=0,9 mpen-

BBIXO/IHOM KacKaJl I0JDKEH 00eCrednTh &BHX ~1 (U_pxi ® Ugor) » UTO SIBIISIETCSL HEJIET-

KoM 3amaueit. J{nsg oOnerdyeHus pemeHus 3To1 3ajadi TPaH3UCTOP MPEABBIXOIHOTO
KacKaJla BBIOMPAIOT ¢ MaJIbIM HaIlIPSDKEHUEM HACBIIIEHUS, @ €CJIA 3TOr0 HEJAOCTATOYHO
(4TO HEPENKO U MMEET MECTO), TO HIYT Ha BbIOOp Ep ¢ 3amacom mpu moiydeHuu Tpe-
O6yemoro Umpsix, T. €. HA HEKOTOPOE CHIDKEHHE KOA(PUIMEHTa MCIOIB30BAaHUS KOJI-

JIEKTOPHOI'O HANIPSDKEHUS ﬁBHX (u, cnenoBarensHO, KII/]) B BEIXOAHOM KacKase.

Ecnu BapuanT cxeMsl puc. 2.1 Heyao0eH u3-3a HEOOXOIUMOCTH UMETh JBa KC-
TOYHMKA MHUTaHUS (WM OAUH MCTOYHHK IMUTAHHUS CO CpPEeIHEN TOUKOW) MM €CIH TI0
TEXHUYIECKOMY 3aJlaHHWI0 BHEIIHSAS Harpy3ka JODKHA WMETh COEJAMHEHHE C OOInM
MPOBOJIOM, TO CXeMy pucC. 2.1 BUIOU3MEHSIOT, IPUMEHSS OJUH UCTOYHHUK MUTAHUS
0e3 cpeaHell TOYKM M BKJIIOYas Harpy3Ky Ry uepes pas3lenuTeNbHbId KOHIEHCATOp
Cr.BbIX, KaK ITOKa3aHO Ha puC. 2.2.

Ilo mpuHnuIy AEHCTBHS cXeMma PHUC.2.2 HE OTIMYAECTCS OT CXEeMbl puc. 2.1.
Crnenyer numib OTMETUTH 0co0yI0 GyHKIMIO KoHAeHcaTopa Cppx, KOTOPYIO OH BEI-
MOJTHSET B BRIXOJHOM KacKaJie pu paboTe ero B pexxume «By, HapsAay ¢ TpaaUIIMOH-
HBIMU (PYHKLIMSIMHU pa3fieleHus Harpy3kd Ru ¥ BhIXOAHBIX TpaH3ucTtopoB VI2 u VT3
IO TIOCTOSSHHOMY TOKY M CBSI3M HX II0 IEPEMEHHOMY TOKY. OTOT KOHAECHCATOP, 3apsi-
JKasCh MPU BKIIOYEHUM CXeMbl 10 HampsokeHus 0,5 Ep, BBINONHIET poih MCTOYHUKA
nuTaHus TpaHsucropa VI3 B Te momynepuonbl cursana, korga VI3 ormmpaercs, a
VT2 3anmpaercs, npepsiBas nogady nutanus Ha V13 oT BempsMurens. 3aMETUM, YTO
B MpOIECCE MOOYEPEAHOr0 OTIHMPAHWS M 3alHMpPaHUsl KaXIOr0 U3 TPaH3UCTOPOB
HaNpsDKEHHE Ha KOHJEHCAaTope OyJeT HECKOIbKO U3MEHATHCS, BO3pacTas 3a CUET MOJ-
3apsja B TeueHue BpeMeHH paboThl VT2 1 yMeHbIIasCh 3a CYET YACTUIHOTO pa3psiia B
TeueHne BpeMeHu paboTel VT3. OnHako 3TH HeXeNIaTeIbHbIE H3MEHEHUS HAIIPSDKCHUS
Ha KoHjieHcaTope CpBpix MOXKHO CBECTH K JIOITYCTUMOMY MHHHMYMY BBIOOPOM JIOCTa-
TOYHO OOJIBIIION €eMKOCTH 3TOT0 KOHJICHCATOPA.

JanpHemuM pa3BUTHEM CXEMBI pHUC. 2.2 ABISETCS CXeMa, NMPUBEACHHAS Ha
puc. 2.3. Ee oTiinune OT cXemsbl puc. 2.2 COCTOUT B TOM, 4TO AenuTenb RpiRi mox-
KJIFOYAeTCSl HE HEMTOCPEACTBEHHO K UCTOYHHKY IHUTaHUs, a K TpaH3uctopy VT3. B atom
ciydae IS MOJTy9eHus: cMelleHus Ha 6aze Tpansucropa V1 ucmonb3yercs: Hampsoke-
nue mutaaus Ukos Tpansuctopa VT3. IIpu 3TOM 0OTHOBPEMEHHO C OJa4eil CMEIIECHUS
B CX€M€ BO3HHUKaeT oOmas (T. €. OXBaThIBAIOIIas BCE KaCKaJlbl) OTPUIATENbHAS 00-
paTHas CBs3b, MapajUIelbHAas IO CIIOCOOY CHATHUS C BBIXOJa M IO croco0y MmoAadu Ha
BXOJ cxeMbl puc. 2.3. [lapamiensHoe CHATHE OTPHUIIATEIHHON OOPaTHOM CBSI3U C BBI-
X0Jla CXEMBI 03HAYaeT, YTO OHA OYyJET MO HAIMPSKEHUIO, IPUYEM U MO0 HOCTOSHHOMY
HAITPSHKEHUIO, U TI0 TIEPEMEHHOMY HANPSDKEHUIO (TT0 CUTHAITY ).

OTtpunarenpHas oOpaTHas CBS3b IO IMOCTOSHHOMY HAIPSKEHHUIO OyJleT crabu-
JTU3APOBATh BEMMYHMHY mHTaomero Hampspkeaus Ukos Ha Tpansuctope VT3 (m, cie-
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noBaTenbHO, Uko2 Ha TpaH3uCcTOpe VT2, MOCKOJIBKY OH BKIIFOUEH IOCIEA0BATENBHO C
VT3 no nuranuio).
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JleficTBUTEIIBHO, BOBMOXHBIC H3MCHECHHS HAMPSOKCHUSI MEXKIY KOJUICKTOPOM H
smutTepoM Ukos Tpan3uctopa VT3 BBI3BIBAIOT OOpaTHBIE MO 3HAKY H3MEHEHHS
HalpsDKEHHUS Ha Kosuiektope TpaHsuctopa VTI. Ho Tak kak HampspkeHHE MExXAy
koJekTopoM Tpauzuctopa VTI u o6mum npoBogom Ukoi + Ursi CBSI3aHO ¢ Hampsi-
JKEHUEM MEXJy KoiuleKTopoMm H 3MuTTepoM Uxkos Tpansucropa VT3 BelpaK€HHEM
Uxko1 + Urs1 + Upos = Ukos (T. €. MpaKTHUECKH PaBHO HANPSIKEHUIO MEXIY KOJUIEKTO-
pom u smutTepoM Ukos Tpauszuctopa VT3), TO NpOUCXOAUT BOCCTAHOBJICHHUE
MpPEXHET0 3HAUYCHHS HAMPSDKEHHUS MEXIY KOJUIEKTOpoM U sMuTTepoM Ukos TpaH-
suctopa VT3.

Urto kacaercs oOmied OTpHUIATENbHOW OOpaTHOW CBS3M IO IEPEMEHHOMY
HaIpsDKeHUIO (10 CHUTHATy), TO OHa OyJeT yMEHbIIATh HEJMHEHHBIC, YaCTOTHBIE U
(a30Bble MCKaXKEHUS U MOBBIMIATH CTAOWIHLHOCTh KO3 (HIIMEHTa YCUICHHUS CXEMBI.
Bwmecte ¢ Tem cieyer OTMETUTh, UTO, ITOCKOJIBKY 3Ta 00IIasi OTpHUIaTelbHas o0part-
Has CBS3b IO MEPEMEHHOMY HANPSDKEHUIO SBIISICTCS MapaJUIeIbHON O CITOCO0yY TMo-
Ja9y Ha BXOJl, OHA YMEHBIIAECT BXOAHOE CONMPOTHUBIICHUE U KO3DPHUIIMEHT yCHIICHUS
Mo TOKY (W, clemnoBaTenbHO, KOAPGUIMEHT YCUICHUS MO MOIIHOCTH) CXEMBL. JTO
JOJDKHO YYWTHIBATHCS MPU pacuere cxembl. Ecmu rimyOuHa sToi 0o0mieit oOpaTHO#
CBSI3H 110 TIEPEMEHHOMY HAIPSHKCHHUIO OYeT MEHBIIE PACCUNTAHHOH (C TOUKHU 3PCHUS
YMEHBIICHUS HETUHEWHBIX U YaCTOTHBIX UCKaXXEHUH), TO €€ MOXKHO MUCKIIOYHUTD, 3a-
MeHUB pe3ucTop Rpi Ha /1Ba pe3ucropa u BBes KoHAeHcaTop pa3Bs3ku Co (0OpaTHas
CBSI3b IO MIOCTOSTHHOMY HANPSDKEHUIO IPU 3TOM OCTAEeTCs), a B CXEMY BBECTH OOIIYIO
OTPHULIATEIEHYIO OOPAaTHYIO CBSI3b MO MEPEMEHHOMY HANPSHXKEHUIO TpeOyeMou riryOu-
HBI C IOMOIIIBIO pe3ucTopa Rep u paznenurensHoro konaencaropa Cp.cp. JOCTaATOYHO

1 R
< Ra 2.4),
o.Com 30,100 P& 24

Crnexyer OTMETUTB, YTO BO BCEX PACCMOTPEHHBIX CXeMaX OOJIbIIOE 3HAYCHUE
aMILUTUTYIBI BBIXOJTHOTO HANpSHKEHUS OpeaBbIXOAHOro Kackada Umpexi = Ump23)+
+ UnmBbix TpeOyeT u O0NBIIOro 3HAYEHUS aMIUTUTYABI MEPEMEHHOMN COCTaBIISIOMIEH
KOJUIEKTOPHOI'O TOKa (TOKa curHaina) ot tTpansuctopa VTI uepes pesucrop Rki B Koii-
JEKTOPHOM LEMH 3TOr0 TPAH3HCTOPA, YTO BBIHYXKJAET MOBBIMIATH MOLIHOCTH 3TOTO
TpaH3ucTopa. B cirydyae He0OXOAMMOCTH 3TH TOK M MOIIHOCTh MOTYT OBITh CHUKECHBI
HEKOTOPBIM HM3MEHEHUEM CXEMBI BKJIIOUEHHUS pe3ucTopa Rki, Kak 3TO MOKa3aHO Ha
cxeMme puc. 2.5, sBistonieiics moaudukamnueit cxemsl puc. 2.3. B aToit cxeme ¢ mo-
MOIIBIO criennabHOM 1eno4ku RC Bce HanpspKeHWe CUTHAJA ¢ Harpy3KU BBIXOJTHOTO
KacKaJia BBOJUTCS B KOJUICKTOPHYIO 1enb Tpan3ucropa V11 npeaBeIxoqHOTrO Kackaaa
MOCIICIOBATEIHHO U B (pa3e ¢ HANMPsDKEHWEM CHTHAJIa Ha Rxi, mOMydaeMbIM 3a CUET
MEPEMEHHOTO KOJUIEKTOPHOTO TOKa TpaHsucropa VTIL.

bnarogaps sToMy A MOMy4YeHHUs Ha BBIXOJIE MPEABBIXOAHOTO KacKa/ia aMILIH-
Tyasl HanpsHKeHUs CUTHANA Umpbix1 = Ump2 + UmBbix JOCTaTOYHO NOJIYy4YuTh Ha Rxi
HampsDKeHWe curHaida Bcero Jmnib Ump, KoTOpoe MeHbIIE€ Umppixi B
(1 + Umpbix1/Ump2) pa3. CiaemoBatenbHo, 1 TOK curHaia depe3 Rxi Imrki = Ums2/ Rki
OyJZieT BO CTOJBKO XK€ pa3 MEHbINE, YeM B cxeMe puc. 2.3. DTO MO3BOJISIET CHU3UTH
MOIIHOCTH Tpan3ucropa VTL

MosxHO cka3zaTh, uTo ¢ momonisio 1enodku RC B cxeme puc. 2.5 BBeeHa CBOe-
oOpa3Has MoJIOXKUTENIbHAsI 0OpaTHas CBA3b.

OO0JBIION €MKOCTH, BEHIOMPAEMO U3 YCIOBUS
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[Tpu BBIOOpE BENMYWHBI CONPOTHBIICHUS PE3UCTOpPa R pyKOBOJACTBYIOTCS Clie-
ayomuMu coobpakeHusMu. C 0JJHOM CTOPOHBI, pe3ucTop R okaswpIBaeTcs MOIKIIO-
YEHHBIM 110 nepeMeHHOMY TOKy depe3 C u Cpppix napamiensHo Harpyske Ra. Ilo-
3TOMY cOmpoTuBIICHHE R NODKHO OBITH 3HaUUTENHHO OOJbINE Ry, 4TOOBI CHU3UTH
MOTEPH MOIIHOCTH cUrHajla B HeM. C Ipyroi CTOPOHBI, pe3ucTop R BKIIIOYEH 1O mu-
TaHUIO MociefoBaTeNbHO ¢ Rx1. [loaToOMy ero conpoTuBiieHre JOMKHO OBITh MEHbIIIE
Rk1, 9TOOBI CHU3UTH HA HEM MOTEPU MHUTAIONIET0 HaMpsHkeHHs. OOBITHO CONPOTUBIIE-
uue R Breibupaercs u3 ycnosus (5...10)R,, <R =(0,1...0,2)R,,. Uto kacaercst KoH/IeHCa-

Topa C, TO €ro eMKOCTb JIOJDKHA OBITh JOCTATOYHO OOJIBIION M BHIOMPATHCS U3 YCIIO-
Bus: 1/0,C<R/(5...10).

BrIxoiHOM ABYXTaKTHBINA OecTpaHchOpMaTOpHEI Kackas o cxemam puc. 2.1...2.5
IPUMEHSIOT OOBIYHO MPU CPABHUTEIHHO HEOONBIION BBIXOJHOW MOLTHOCTH, YTO 00B-
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SICHSIETCSL OIPEACIICHHBIMU TPYAHOCTSMU C BBIOOPOM MOIIHBIX KOMILIEMEHTapHBIX
TPAH3UCTOPOB C MAJIO OTJIMYAIONIMMHUCS TTapaMeTpamMu U ¢ BeIOOpoM Tpan3uctopa VTI
MPEIBBIXOTHOTO KacKaJia, KOTOPBIA MOXKET MOTPEOOBATHCS IOBOJIHHO MOIIHBIM.
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st monmydenus 60bIIUX MOIIHOCTEN MPUXOIUTCS YCIOXKHSITH CXEMY BBIXOJIHO-
r0 JIByXTaKTHOro OecTpaHcOpMaTOpPHOTO Kackaja, BKIIOYAs ITOCIE CPaBHUTEIHHO
MaJIOMOIIHBIX KOMIIEMEHTAPHBIX TPAH3UCTOPOB BBHIXOJHOI'O KAacKaja MOIIHBIE TPaH-
3UCTOPBI OJMHAKOBOM CTPYKTYphL. B 3TOM Cilydae KaXk[oe IJIe40 BBIXOJHOIO KacKaza
COZEPKUT JIBa TPAH3UCTOPA, a BECh BBIXOHOW KacKaJ — YeThIpe TpaH3ucTopa. bois-
I0€ YCUJIEHHE TOKA U BHICOKOE BXOJHOE CONPOTHUBIIEHHE TAKOTO Kackaja, Ha3bIBaeMO-
IO BBIXOJHBIM JIByXTaKTHBIM OecTpaHC(pOpMaTOpHBIM KacKaJOM Ha COCTaBHBIX TpaH-
3UCTOPAX, MTO3BOJISIET CHU3UTH HEOOXOIUMYIO IS €r0 BO30YXKICHHS MOITHOCTh H, KaK
CJICZICTBHE ITOT'0, B35ITh MEHEE MOLIHBIN TPAH3UCTOP B IIPEIBBIXOHOM KacKaJe.

B mo60M U3 pacCMOTpPEHHBIX paHee BapHAaHTOB cxeM puc. 2.1...2.5 MoxkHO 00-
pa3oBaTh BBIXOJHOM JBYXTAaKTHBIA OecTpaHC(OpMATOpHBIN KackaJ Ha COCTaBHBIX
TpaH3HucTOpax. B kadecTBe nmpuMepa Ha puc. 2.6 NpUBEACHA CXe€Ma yCHINTEIS C BbI-
XOJHBIM KacKaJOM Ha COCTaBHBIX TPaH3UCTOpaxX, oOpa3oBaHHas Ha 0a3e CXEMBbI
puc. 2.3. 3nech BeIxo/iHbIEe TpaH3UCTOpHl VT4 u VTS5 — oxHoi CTpyKTYpHI, a TpaH-
3UCTOPHI CPABHUTEIBHO Majlol MOITHOCTH VT2 u VT3 — koMIuieMeHTapHbIE TpaH-
3ucTOphl. Ilnedo BBIXOAHOrO Kackajaa Ha TpaHsuctopax VT2 m VT4 npeacrasuser
co0O CIBOCHHBIN SMUTTEPHBI MOBTOPUTENb, a IUIEYO Ha TpaH3ucropax VI3 u
VTS5 — caBoennyio cxemy ¢ OD €O CTONPOIIEHTHOW OOpaTHOU CBSI3bIO, Mapalijieiib-
HOI MO BBIXOAY (IO HANPSDKEHUIO) W MOCJEI0BATEIBHON MO BXOAY (B OMHUTTEPHYIO
nenb VT3 mojaercs Bce BBHIXOAHOE HampspDKEHUE Kackazna). [lapamerpsl 3THX Iuiey
COOTBETCTBYIOT JIpYT JIPYTy, TaK KaK CIBOCHHAs CXemMa C OOIIMM 3MHTTEPOM CO
100%-Ho# 00paTHOU CBSA3bI0, MAPAILIENHHOM 110 BEIXOAY (IO HANPSDHKEHHUIO) U IOCTIe-
JOBaTEBFHOM 1O BXOy, KaK U CIIBOCHHBIA SMHUTTEPHBIA OBTOPHUTEIH, XapaKTepU3y-
€TCsl COBMAJAIONIUMHU 110 (a3e BHIXOAHBIM M BXOJHBIM HANpsHKEHUSIMU CHUTHaja, Ma-
JIBIM BBIXOJHBIM ¥ BBICOKMM BXOJIHBIM COIIPOTHBIICHUSAMH U KOIPDUIIMEHTOM Iepeaa-
M HaNpsDKeHUs, Omm3kuM K eaunune. Pesucropsl R; 1 R3 mexay 6a30it u amurrepom
BBIXOAHBIX TpaH3uCTOpPoB VT4 u VTS ynydmaroT TemrepaTypHy0 CTaOMIBHOCTh UX
pexxuma. CopoTUBICHHS 3TUX PE3UCTOPOB BHIOMPAIOT MprMepHO B 5...10 pa3 Gonbine
3HAYCHU BXOAHOTO CONPOTHUBIICHUS MEPEMEHHOMY TOKY Rsx.vrs ¥ Rpx.vrs TpaH3u-
ctopoB VT4 u VTS npu makcuManbHOM BXOJHOM curHajie. Beibop MeHbIIUX 3HaUE-
HUWA CONPOTHUBIICHHS 3THX PE3UCTOPOB MOBBIMIAECT TEMIIEPATYPHYIO CTaOMIBHOCTH
peXuMa, HO CHIDKAET YCHUJICHHUE CXEMBbl M3-3a 3HAUUTEIIBHOI'O IIYHTUPOBAHUS HWMH
BXOJHBIX 1enei Tpau3uctopoB V14 u VTS mo nmepemennomy Toky. Ilapsr mocmemo-
BaTEJIbHO BKIIOYEHHBIX TpaH3ucTopoB VT2, VI3 u VT4, VTS nomxubl nonbuparses
[0 BeTMYMHE KodddunueHTa ycuiaeHus Toka hz1s u npeaensHoit gactote fin1s ¢ pas-
O6pocoMm ux 3HaueHuil He 6onee mpumepHo 10...20%, Tak Kak mpu OONBIINX 3HAYCHU-
X pa3bpoca ¥ 3HAYUTEITHHOM HCIIOJIH30BAaHUHM KOJUIEKTOPHOTO HAIPSHKEHHUSI MOTYT
BO3HUKHYTb HEJIMHEHHBIC UCKAXECHUS, CBI3aHHBIE C OTPAHMYCHHUEM I10 HAMIPSKEHUIO.

B cnydae He0OXOIUMOCTH B pacCMOTPEHHOM BapHUaHTE HAa COCTABHBIX TPAH3U-
cropax (puc.2.6) MOXeT OBITh OCYIIECTBIICHA TaKas K€ IOJIOKHUTEIIbHAsA oOpaTHas
CBA3b C TOMOIIBIO cienanbHOM RC-1ienouku, koTopas moka3zaHa Ha puc. 2.5.

B 3aximoueHue paccMoTpeHus cxeM puc. 2.1...2.6 He0OXOIUMO OTMETHUTH ClIe-
IyIoIee.

CTpyKTyphl IPUMEHSAEMBIX B 3TUX CXEMaX TPAH3UCTOPOB IMPH HEOOXOAMMOCTHU
MOTYT OBITh U3MEHEHBI Ha MPOTUBOIOJIOXKHBIE C OJJTHOBPEMEHHBIM W3MEHEHHUEM II0-
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JSIPHOCTHU HANPSDKEHUS UCTOYHMKA UTaHus. HampuMep, eciiv B peIBBIXOTHOM Kac-
KaJie BMECTO TPAH3UCTOPa CTPYKTYPHI #—p—n (KaK 3TO MOKAa3aHO Ha PACCMOTPEHHBIX
cxeMax) OyaeT HCIIOIb30BaThCS TPAH3UCTOP CTPYKTYPBI p—H—p, TO TIPH 3TOM TIPHJIET-
Csl UI3MEHUTH MOJISIPHOCTh UCTOYHUKA MMUTAHUS, U, CIIEJOBATEIbHO, CTPYKTYpPHI TpaH-
suctopoB VT2, VT3, VT4, VTS: na mecre VT2 gomken ObITh TpaH3UCTOP p—h—p, Ha
mecte VT3 — tpan3ucrop n—p—n, a Ha Mecte VT4 u VTS — TpaH3ucTopsl p—n—p.

PaccmoTpeHHbIe BapraHThI CXEM BBIXOJHBIX U MPEABBIXOJHBIX KackaaoB o0pa-
3YIOT OCHOBY MHOTHX IPHMEHSEMBIX Ha MPAKTUKE CXeM OecTpaHc(hOpMaTOPHBIX yCH-
auTened 3BYKOBBIX 4acTOT. OHM MOTYT YCJIOXHSITHCA BBEACHUEM B HUX pas3ind-
HBIX BCIIOMOTaTE€IbHBIX LENeH, YyIy4dIIarNUX SKCIUIyaTalMOHHBIC IOKa3aTelu
yCuIHTeNel (HanpumMep, Lenei 3aiiThl BRIXOJHBIX TPAH3UCTOPOB OT MEPErpy3Ku NpU
BO3MOXXHBIX KOPOTKHX 3aMBIKAHUSX HATPY3KH YCHIIATEISI, TSNS KOPPEKIIMH U T. 1. ).

B 3akiroueHre 3TOW INIaBbl OTMETUM, YTO €CJIH 33JaHHBIA UCTOYHUK CUTHANIA C
O/IC Emuct ¥ BHYTPEHHUM colpoTuBIeHUEM Ruct He obGecrieunBaet Ha Bxoae YM3U
mo cxeMaM puc. 2.1...2.6 TpedyeMble 3HaUCHUSA HAPSDKEHUS U TOKa curHaina Unpsxi U
ImBx1, HEOOXOAMMBIE I MONMY4YeHHUS HAa Harpy3ke Ry cxem TpeOyeMbIX 3HaYEHUM
BBIXOAHOTO HANPsDKEHUS UmBbrx ¥ BBIXOJAHOM MOIMHOCTH P-ppix CHTHANA, TO KO BXOIY
CXEM MOJKIII0YAIOTCS MO0 OJHOTAKTHBIE MIPEIBAPUTEIBHBIE KAaCKaIbl C PE3UCTOPHO-
KOHJICHCATOPHOM WIJTM TaIbBAaHUYECKOU CBS3bIO, MO0 quddepeHIuanibHbIe KacKaIpl,
1100 ONEpalMOHHBIE YCHIUTENU C KO3()PHUIMEHTOM yCHIICHHS, JOCTATOYHBIM IS
norydeHus: HeoO0X0AUMBIX Unmpx1 U ImBx1. OTH TONMOTHUTENBHBIE KaCKaJIbl pacioiara-
forcs B 611oke BPITY crpykrypHO# cxemsl puc. 1.1.

B xauecTBe OAHOTO U3 MPUMEPOB HA pUC. 2.7 MPUBEACHA BO3MOXKHASI CXEMa de-
THIPEXKACKaIHOTO OecTpaHcGOpMATOPHOTO YCHIIMTEIS 3BYKOBBIX YacTOT C JBYMS
MIPEIBAPUTEIIBPHBIMU KackagamMu Ha TpaH3uctopaXx VTImpi ¥ VTmp2. OCHOBY 3TOTO
ycmIuTeNs o0pa3yeT cxeMa BBIXOAHOI'O ABYXTAaKTHOrO OecTpanc(popMaToOpHOro Kac-
Ka/la Ha COCTaBHBIX KBAa3MKOMILIEMEHTapHBIX TpaHzucropax VI2..VT3 u VT4..VT5
Y IPEIBBIXOJHOI0 Kackana Ha TpaH3zuctope VT1, koTopas ABIsSIETCS HEKOTOPOI MO-
midukanuend AByxkackamaHou cxemsl YM3U, npuBeneHHo# Ha puc. 2.6. Moauduka-
IUsl 3aKII0YaeTcss B 3aMEHE OJJIEMEHTOB CMEIICHHS W TepMmocTabmimuzauuu Rt
(c mynaTom Rm) Ha muoast VD1 u VD2, B no6aBneHun crienuaibHON 1emoukun RC
JUIsl 00JIeTYeHUsT YCTIOBUM paboThl MpeBRIXOIHOTO Tpan3ucTtopa VT1 u nobGaBnenuu
conportusiieHuit OOC B 1ensIX SMUTTEPOB BHIXOAHBIX TPaH3UCTOPOB Rocs U Rocs s
CUMMETPUPOBAHMS IUIEY JIBYXTAKTHOro Kackajaa. [IpMHIMNHATIbHO HEU3MEHHBIM B
9TON MOAUGPUKAIMKA OCTACTCS MCIOJIb30BAHUE JIBYX CHUCTEM CTaOHMIIM3alld pexuMa
paboTHI TPAH3UCTOPOB BBIXOJAHOI'O KacKaJga — CHUCTEMBI TEPMOCTAOUIU3AINH TTOCTO-
STHHBIX KOJUIEKTOPHBIX TOKOB BBIXOJIHBIX TPaH3UCTOPOB (IpaBjaa, C OTMEUEHHOM BBI-
mie 3aMeHod Rt 1 R Ha VD1 u VD2) u cucremsl cTabmin3anuyd OAMHAKOBBIX I10-

CTOSIHHBIX KOJUIEKTOPHBIX Hanpsykenud U =% Ha Tpan3ucropax VI2..VT4 u VT3..

VTS5 ¢ nomomipio o6mieit ransBanndeckoir OOC, mapayuiebHOM MO BRIXOIY H 10 BXO-
Iy ¢ nomoIubio R v Ry.

IToguepkHeM, 4TO HCITOIB30BAHKUE TUOJ0B (OJTHOTO MM HECKOJBKHX, COCIIU-
HEHHBIX IOCJIEIOBATENBHO APYT C JPYrOM) BMECTO TEPMOPEIUCTOPOB IS obecmede-
HUS CMEIICHUS ¥ TEPMOCTAOMIIM3AIIUHU TOCTOSTHHBIX KOJUIEKTOPHBIX TOKOB BBIXOJAHBIX
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TPaH3UCTOPOB, paboTaomux B pexume «B» (nm «AB»), MHUPOKO IPAKTHUKYETCS B
YCWINTENSAX, KaK B AUCKPETHOM, TaK U B MHTETPAIILHOM HCIOJHEHUH. 3aMETUM IIO-
IyTHO, YTO NPU JACKPETHOM HCIOJHEHHWH AHOJbI KPEIATCS HEMOCPEICTBEHHO Ha
KOpITyCe WIH PagruaTope OJHOTO U3 TPAH3UCTOPOB. MEXaHU3M TEpMOCTAOMIN3AIIUH C
MTOMOIIBIO AWOJIOB CBOAUTCS K CIEAYIOIIEMY.

IIpu moBsImeHuy TeMneparypsl TpaH3ucTopoB VT2 u VT3, npuBoasmieM K He-
YKEJIATeTFHOMY YBEIMUEHHUIO UX MTOCTOSHHBIX KOJUIEKTOPHBIX TOKOB ik02 U 1K03, OJHO-
BPEMEHHO MOBBIIIAeTC U Temueparypa anogoB VD2 u VD3. BAX kaxzaoro anona
cMmentaeTcs BieBo npuMmepHo Ha 2,2 MB/°C (puc. 2.8). IIpu 3TOM TOK KaXkJI0Tro JH0Ja
10 MPAKTUYECKH OCTAETCS MOCTOSHHBIM, TaK KaK OIpPEAEsIeTCs] B OCHOBHOM CTalu-
JU3UPOBAaHHBIM TOKOM KOJUIEKTOpA ixo1 IpeABBIXOMHOro TpaH3uctopa VT1, 3Haum-
TEJFHO MPEBBIIIAIOIINM TOKH CMEIICHUS 1502 U 1503 TpaH3ucTopoB VI2 u VT3. B pe-
3yJIbTaTe€ YMEHBINACTCA MaJcHUE HanpspkeHus Ha KaxaoMm auonae ¢ Ugort 10 Unor
(puc. 2.8), npuBosIIee K YMEHbIICHUIO TOKOB CMEIIEHUS 1502 ¥ 1503, YTO MPOTUBO-
JEHCTBYET BO3PAaCTaHUIO TOKOB ko2 M iko3. Tak Kak xapakrep uamenenus BAX nuo-
70B ¥ BXOIHBIX BAX TpaH3UCTOPOB CXO0XK, TO TEPMOCTAOMIN3AIUS C TIOMOIIBIO THO-
I0B Tony4aercs 6onee 3¢p(HeKTUBHON, YEM C IIOMOIIbIO TEPMOPE3UCTOPA.

B oTHOWIEHUM NpeBapUTEIbHBIX KAacKaJOB CXEMbI pHUC. 2.7 MOXHO CKa3aTh
cnenyromee. [lepBolif (BX0AHO#) MpeaBapUTEIbHBIA KaCKaJ YCUIUTEIS BBITOIHEH 10
cxeme ¢ OO Ha Tpanzuctope VTmp.1 B pexume «A». CMmenienue Ha 6a3y VTmp.1 moma-
ercst ¢ moMmompbto aAenutensa Rempi ¥ Rppi. Pe3auctop Rompi1 siBIETCA 3neMeHTOM
MectHO OOC U >MUTTEpPHOM CTaOMIM3AIMU ITOCTOSHHOTO KOJUIEKTOPHOI'O TO-
Ka VTrp.1. YCUIICHHBIN NEPBBIM MPEABAPUTENBHBIM KaCKaJOM CUTHAJ MOCTYHAacT Ha
BTOPOM INpeABapUTEIbHBIA KacKaj, BHIMOMHEHHBIN mo cxeme ¢ OK (T.e. mo cxeme
SMUTTEPHOTO MOBTOpUTENSA) HA TpaH3ucTope VTnp2 B pexume «Ay». Pesuctopsl Rop.2
1 Rpmp2 00pasyroT gemurtens cMmemenus i Tpansucropa VImp2. Pesuctop Romp2
BXOJIUT B SMUTTEPHYIO HArpy3Ky M OJJHOBPEMEHHO 00€CIEeUNBAET CTAOMIN3AIUIO T10-
CTOSIHHOT'O KOJUIEKTOpHOro Toka VTnp.2. Heo6xonumMocTs B SMUTTEpHOM IIOBTOpUTE-
7e 00yCIIOBJIEHA OYE€Hb MAJIBIM BXOJHBIM COIMPOTHUBICHUEM IPEIBHIXOAHOIO KackKajia
Ha VT1 u3-3a napamiensHoit o Bxoay obmeir OOC, oxBaThIBaroneil IpeaBbIXOTHON
¥ BBIXOJHOM Kackaawl. bnarogaps OII Ha VTnp,, uMeromeMy 00JIbIIOE BXOJTHOE CO-
MIPOTUBIICHUE, TIEPBBIN Kackaja obOecrieunBacT OONBIIOE YCUIICHUE CUTHAJA, YETO He
Obu10 OBI, ecmu ObI TEpBBIA Kackaa paboTall HA Majlo€ BXOJHOE COMPOTUBIICHHE
MpeABBIXOAHOTO Kackaaa Ha VT1. B nens nutanus mepBbIX ABYX KackaJl0OB BKIIOUCH
¢ubTp RoCo, 0becreunBaromuii ocnabaeHne MexayKackaaHOH apasuTHOW oOpaT-
HOI CBSA3M 4epe3 OOIIMI UCTOYHUK MUTAHUS M JOMOIHHUTEIBHOE CTIaXKUBAHHUE ITYJIIb-
caIiil MUTAOIIEro HapsDKEHUS BhITpAMuTeNs Eg.

B cxeme puc. 2.7 xpome obmeit nmapauiensHoi mo HanpspkeHnio OOC gepes Rgi
1 Ri, 0OXBaThIBaIOMICH BEIXOAHOW M IPEABBIXOIHOM Kackaasl Y M3Y 1o mocToOSHHOMY
U TIEPEMEHHOMY HaIIPSHKEHHIO, MOXKET OBbITh peann3oBaHa W 00Iasl MOCIeq0BaTeb-
Has 10 BXOAy, ¥ napauienbHas 1mo Beixoxy OOC uepe3 Rooc 1 Romp.1 (cM. myHKTHD),
OXBaThIBAIONIAasl BCE KAaCKaJbl M yMEHBIIAIONAs HEIMHEHHBIC U JIMHEWHBIC MCKaXe-
HUS, COOCTBEHHBIC TOMEXH, HECTAOMIIBHOCTh YCUJICHUS U BBIXOAHOE COMPOTUBIICHUE
Y YBEIMYMBAIOIIAsl BXOJHOE CONMpOTHBIECHHE ycunutend. HecmoTps Ha oxBar 3To#
o6mieit OOC 6oee Tpex KackaioB, cxema paboTaeT yCTOMIUBO.
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Pucynok 2.8

310 00BACHAETCS TeM, YTO (ha30BbIE CIBUTM HA BEPXHUX U HIDKHHUX YacTOTax
BCEX BXOJAMIMX B meTiio 3Toi 06meit OOC kackaloB CpaBHUTEIBHO HEBEIUKU U3-32
nMeromuxcsa B Hux MecTHEIX OOC.

W, HaKoHeIl, OTMETUM, YTO Ha BXOJIE CXEMBI pPHC. 2.7 UMEETCS PETyJIATOp yCH-
JeHus Rp IOTEHIIMOMETPUYECKOTO THUIIA.

[Tpu pacdere pacCMOTPEHHBIX BBINIE CXEM 33JaHHBIMH BETUYMHAMU OOBIYHO
CIIyaT: MOIIIHOCTh Ha BBIXOJie P-Bpix, COMpoTHBIIEHNE HATPYy3KU Ry, TpaHUYHBIE Ya-
CTOTHI paboyeit monocel yactoT fu u fa, qomycTHMBIE 3HaYeHUS KO3 (UIIMEHTOB Ya-
CTOTHBIX UCKa)KEHUM Ha Kpasx paboueld mOJIOCH 4acTOT Mui3ax U Mp3as, Auana3oH
pabouymnx TeMriiepaTtyp okpyxaromei cpeabl Tcemvuna U Tcpmakc, TOMYCTUMOE 3HAYE-
Hue ko3 dunuenTa rapMmoHuK Krizan, koaddumnmeHT copoca Harpy3ku H, xapakre-
PU3YIONINIT HECTaOMIBHOCTh HAaNPSDKEHUS CUTHANa Ha Beixone ycunurens, 9C uc-
TOYHHMKA CUTHaNIa Emnct, CONpOTUBIEHNE NCTOYHMKA CUTHANA Rucr.

Br16op moaxopsieit cXeMbl TPOU3BOIUTCS B COOTBETCTBUM C H3JIOKCHHBIMU
BBIIIIE PEKOMECHIAIIUSAMU C YYE€TOM TPeOyeMoii BRIXOAHOW MOIIIHOCTH.

B rn. 3 mpuBomuTcs mpUONM3UTENBHAS TOCICIOBAaTEIBHOCTh pacuera Oec-
TpaHCPOPMATOPHBIX yCUIUTENEH ¢ AByxKackagHbiM YM3U Ha mpumepe cxeMm ¢ mpo-
CTBIM BBIXOJHBIM JIBYXTaKTHBIM OecTpaHc(hOpMATOPHBIM KacCKaJoM Ha KOMILIEMEH-
TapHBIX TPaH3UCTOpax (puc. 2.3...2.5) ¥ cO CIOKHBIM BHIXOJAHBIM JIBYXTaKTHBIM Oec-
TpaHC(HOPMATOPHBIM KacKaJoM Ha COCTaBHBIX TpaH3UcTopax (puc. 2.6, 2.7) mpu pa-
6ote ux B pexxume «By.
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I'JIABA 3

PACYET BECTPAHC®OPMATOPHBIX YCHUWINTEJEN
3BYKOBBIX YACTOT C AIBYXKACKAJIHBIM YM34

3.1. Pacuer aByxkackaaubix YM3U

3.1.1. Pacuem npocmozo 8b1x00H020 08YXMAKMHO20 OeCmpancghopmamopHo20 Kac-
Kaoa Ha KOMNIEeMEeHMAapHbIX MPAH3IUCIOPAX 8 pedcume «By

Pacder BBIXOAHOTO JABYXTaKTHOrO OecTpaHC(HOpPMATOPHOIO Kackaga Ha KOMILIE-
MEHTapHBIX TPAaH3UCTOpax B pexuMe «B)» 1o ocHoBomonarammend cxeme ¢ OJHUM
VCTOYHUKOM NUTaHUsA (pHC. 2.3) BeXyT AJI1 OJHOTO IUle4ya, HallpuMep, BEpXHEro, 00-
Pa3yIoniero AMUTTEPHBIA MMOBTOPUTENb, U MOIYYEHHBIE NPH 3TOM PE3YJIbTAThl HC-
HOJB3YIOT JUIsI BTOPOrO Iieda. OTO AOIMYCTUMO, €CIU MapaMeTphl TPaH3UCTOPOB
BEPXHET0 U HIDKHETO IIJIeY BRIXOJHOrO OecTpaHc(hOopMaTOPHOIO KacKaaa OTIMYAIOT-
cs He 6osee yem Ha 10...20%.

Pacuer HaunHAIOT ¢ BIOOpA BBIXOAHBIX TPAH3UCTOPOB. I 3TOro cHavazia ompe-
JEIAIOT P NEKTPUIECKUX BEIUYHH.

HaxonaT MontHOCTb, KOTOPYIO JOJDKHBI OTJATh TPAH3UCTOPH! BBIXOJHOI'O KacKa-
Jla ¢ y4eTOM HOTEPh B IETSIX OTPUIIATEIbHOM 00paTHOM CBS3U:

P~2Y3 2 191RBLIX .

OmnpenensioT aMILTUTYJHOE 3HaYEHUE IIEPEMEHHOTO KOJUIEKTOPHOTO HAIIPSDKEHUS
TpaH3ucTopa VT2 (aMIIIUTYAHOE 3HAYEHHE HAIPSHKCHUS CUTHANA MEXTY KOJIJIEKTO-
poM u smutTepoM VT2):

U, ,=2P R, . 3.1

mrk2

Bb4uCISIOT TOCTOSIHHOE KOJUIEKTOPHOE HANpsHKEHHUE B TOUKE MOKOS TPAH3UCTO-
pa VT2:

Uer =Unra T Uk s (3.2)

I7le UKMUH2 — MHUHUMAJIbHOE KOJJIEKTOPHOE HAlpsDKEHHE, OTCEKAaIoIlee HEIMHEHHYIO
9acTh BBIXOJHBIX XapaKTEPUCTUK TpaH3HUcTopa, paBHoe mpuMepHO 1,2...1,3 Unac, 4To
COCTaBIIIET IpUMEPHO He Oonee 1...2 B.

OmnpenenstoT HanpsHKEHWE UICTOYHUKA TUTaHUS TPaH3UCTOPOB:

E, 22U, (3.3)

Y BBIOUPAIOT ONIDKAWIINI B CTOPOHY YBEIMUYEHUS! CTAHIAPTHHI HOMUHAMI 10 HIDKE-
MIPUBEEHHO Tabmulle:

Es (B) 6 9 12 18 24 36 48 60

3aech cienyeT NMog4YepKHYTh, YTO, KaK OTMEYaNoch B II. 2, 3anac 1o EB TpeOy-
eTCs He JJIS BRIXOJHOTO KacKaja, a I IHTAIOIETOCI OT 3TOr0 K€ HCTOYHHKA ITHTa-
HUA MPEIBBIXOJHOTO KacKana, 4ToObl MOIyduTh B HEM Umssixi > Umgpix U BBIOpaTh
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JOCTaTOYHYIO C TOYKU 3PEHHUS AMUTTEPHOW CTaOMIM3allMd BEIUYUHY SMUTTEPHOTO
conpotuBieHus R>1, Ha koTopom Oyner Tepsatecs yactb Eg. IIpu aTtom Hago cos3Ha-
BaTh, YTO B BBIXOJAHOM KacKaje yBenudeHue Ep nmpuBeAeT K HEKOTOPOMY CHIDKCHHIO
Koa(durmeHTa UCIoIb30BaHU KOJIEKTOPHOro HampsokeHHS (prix = Umsbx/ Uxkoz(3)
1 k03¢ PUIMIEHTa TTONAE3HOTO ACHCTBUSA BBIXOJHOM 1enH NBpix.1; = P-pix/ Po2-3, ¢ ueM
MIPUXOAUTCS MUPUTHCSL.

Brraucnsior aMiuTy 1y IepeMEeHHOT0 KOJUIEKTOPHOTO ToKa Tpan3ucropa VT2:

ks = U,k | Ry = i pparco- (3.4)
OnpenensoT MaKCUMAIbHYI0 MOIIHOCTh PACCESHMS HA KOJUIEKTOPE TPAH3UCTO-

pa VT2:
Py varca = 0,202P y. (3.5)

Bri6upatot tpansuctopsl VT2 u VT3 1o crieayromuM napamerpam:

a) mo Uk non > 1,2 (2Ukn2) = 1,2 Eg;

6) o Ix gorr > (1,2...1,3) ik maKc2; (3.6)

B) 1O Pk fom.Temaxe = Pr.makcs;

T') 10 3HAYCHHIO MPEACIIbHOM 4acTOTHI fin1n > (2...4) fa.

Eciu ycimoBre T) OKaXeTCs TPYAHOBBITIOHUMBIM, ITOCKOJIBKY MOIIHBIC TPaH3H-
CTOphI 0071a7ar0T 60JIee TUIOXUMH YaCTOTHBIMH CBOMCTBaMH, TO 3HAYEHHUE MPEIEITh-
HOM YaCTOTHI HAXOAT 110 BEIPAXKCHHUIO

S5
> J8
St - (3.7)

BVT2 -1
rae Ko3UIIMEHT YaCTOTHBIX UCKaXKEHU My, (B pa3ax), BHOCUMBIX TPaH3UCTOPOM
VT2 (wmu VT3) MOXXKHO TIPUHSTH TIOYTH PaBHBIM (Wn Ooibitie) Mpsas (B pazax), 1o-
MMyCKaeMBIM TEX33JaHHEM Ha BECh YCWJIHTENb, YTO JOIYCTHMO, TaK Kak Oyiaromaps
HaJW4MIO B MJIEYaX BBIXOJHOI'O KacKaJga MECTHOW OTpPUIIATEIbHON OOpaTHOW CBS3U
[0 HAIPSDKCHUIO YaCTOTHBIE MCKAKEHUS IIeUel KacKaoB Oy yT HEBEIHKHU.

IIpu obGecnieueHny ycioBUA B) CleXyeT IOMHUTh, YTO IMPUBOJUMAsS B CIIPaBOU-
HUKax JOIyCTHMas MOIIHOCTh paccesHUs Ha KoJUIeKTope Pxmakc crpaBemivBa
TOJNIBKO JJI ONPEACIICHHBIX 3HAYCHUU IOJIOXKUTEIBHON TeMIeparyphl: IS Majo-
MOIIHBIX TpaH3ucTopoB — 10 40...50°C, a qnsa momubx — A0 25...30°C. C pocrom
TEMIIEpPaTypbl 3Ta MOIIHOCTh YMEHBIIAETCA U NP 33JaHHOM TemmepaType Tcmakc
ompezaensercs no Gopmynam:

T II.MAKC ~— T C.MAKC

P qoi1 1 maxe = R (05 mpanzucmopos 6e3 paouamopos), (3.8)
1c
T -T
P qomt 1 maxe = 1MARC " CMAKC (9nst mpansucmopos ¢ paduamopamu),
. o RHC + RKC

rae Tnmakc — MakcuMaibHas JOIyCTHUMas TeMIleparypa nepexoja (IIPUBOIUTCS B
CIPaBOYHUKE);
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Rnc — TemnoBoe conpoTuBIEHHE TTEpEX0-cpeaa (PUBOAUTCS B CIPABOYHHKE);

Rk — TemioBoe conpoTuBIeHNE NEPEX0a-KOpIyC (IPUBOIUTCS B CIIPABOYHUKE);

Rxc — TemnoBoe compoTHBIEHHE KOPITyC-cpeda, 3aBHUcsIIee OT d)(PeKTUBHO-
CTH OTBOJia TeIUIa OT KOpIyca TPAH3UCTOPOB; IS MOIIHBIX TPAH3UCTOPOB IMPHU
Tcmake < 50°C Rkc He nomkHOo npeBbimats 1...2°C/BT, moaToMy AJis1 OpUEHTUPOBOY-
HOTO pacueTra Pk jorm Te.maxc OOBIUHO 337aI0TCsI cpeqHUM 3HaueHueM Ric = 1,5°C/BT.

TpaH3UCTOp JOJKEH HCIIONB30BAThCS C PaZUaTOpOM B TOM cCllydae, €ClId MOII-

HOCTh PacCesiHUs Ha KOJUIEKTOPE B BRIOPAHHOM pexuMe Pxmaxc2 IpeBHIIAET JOITY-
CTUMYIO MOIIHOCTb paccessHusA Pk jomTcmaxe TPaH3UCTOpa O€3 paguaTopa, T. €. BBI-
quCcIeHHYIO 10 popmyie (3.8), wiu, nHaue  roBops, Trmakc=TcmakctPxmakc2Ric
MIPEBBINIAECT MPUBOJAUMYIO B CIIPABOYHUKE MAaKCHUMAJIBHO JOIMYCTUMYIO TEMIIEpaTypy
nepexona Trnmakc JaHHOTO TpaH3ucTopa. Heo6xomuMyro miomaas TOBEpXHOCTH pa-
JMaTOpa MOXHO pacCyuTaTh 1o GpopMyie

S( CMz) _ 1400- PK.MAKCZ

b
I1.MAKC _TC.MAKC - PK.MAKC2 'RHK

noxyqaeMoi u3 GopMyisl (3.8) mid Pk jon.temvaxe ¢ pag@aToOpoM, i€ IPHUHUMACTCS
Pk 101 Te.vaxe = Prmakc, @ Rkc= 1400/ S (cm?).

BriOpaB TpaH3UCTOpHI, HA CEMEMCTBE BBIXOJHBIX CTATUYECKUX XapaKTEPUCTUK
(puc. 3.1) cTpoAT Harpy304YHYIO MPSAMYIO 110 IEPEMEHHOMY TOKY JIJISi COTIPOTUBIICHUS
wieda R.m = Ry, mpoBoas ee yepe3 TOUkH ¢ KOOpAUHATAMU:

U, =0,5Eg; 1, =0; B Iyakess  Uko = Uk — Unko,

CrnenmyeT OTMETUTD, UTO Ha pHC. 3.1 NMpUBEIEHO NOCTPOCHUE IS MAKCUMAILHOTO
3HaueHUs KO3 UIIMEHTa HCIOIB30BaHUSA KOJUIEKTOPHOTO HAMpPsDKEHUS (MAkC =
= Umk2/ UK02, IIPpH KOTOPOM UK2 = UK. MHH2.

OtMmedaroT koopauHaTel Touku MOKos Ukoz = 0,5 Es; iko2 (puc. 3.1). 3HadeHue To-
Ka IIOKOS iko2 BRIOMPAIOT IO CICAYIONIUM COOOpaKeHUsIM. J[JIsl TTOBBIMICHUS 3KOHO-
MUYHOCTH pekuMa «B» TOK TMOKOS BBEIOMpPAETCS BO3MOXXHO MEHBIIIUM, OJHAKO CHU-
KCHHE iKo2 OTPAHUYHMBACTCS IOSBICHHECM HEIMHCHHBIX MCKAXCHHUU THIIA «CTYIICHb-
KID» TIPU MaJIBIX CUTHANaX. [loaToMy 0OBIYHO

iK02 = (0901"’0’05)iK.MAKC' (3.9)

OmnpenensioT cpegHee 3HaYeHNE TOKa U MOIIHOCTh, HOTPEOIsieMbIE OT UCTOYHUKA
NIUTaHUs KOJJIEKTOPHBIMHU IIENsAMHU TpaH3UCTOpoB VT2 u VT3 npu HOMUHAIBHON BBI-
XOJHOY MOIIIHOCTH:

(3.10)

Ix.cpr-3 = kg suarc | 7o

By =Ep iy cpys (3.11)

U3 puc. 3.1 Haxomar TOK MOKOs 0a3bl ipo2, MAKCUMAJIbHBIA TOK 0a3bl is.MAkc2, a
TaKKe HaOOMBIIYI0 aMILIUTY Iy IIepeMEHHOro ToKa 6a3bl TpaH3ucTopa VT2:

Imp2 = IpmAKC2 — 102 =1 (3.12)
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IIpu OTCYTCTBHM XapaKTEPUCTHK 3TH TOKA MOKHO HAMTH U3 BHIpaKEHUN

1502 = 1k02 / h213.M1H; (3.13)
15.MAKC2 = 1k Makc / h213 Mum; (3.19)
Imp2 = Imk2 / h215. My, (3.15)

r7ie MUHUMajbHOE 3HaueHue kKoddduurenta ycuneHus hzisvun UCIONb3yeTCs C lie-
JBI0 yueTa pa3bpoca mapameTpoB TPAH3UCTOPOB.

Jlanee cTposAT BXOAHYIO TWHAMHYECKYIO XapaKTEPUCTHUKY TpaH3ucTopa VT2 mo
nepeMeHHOMY TOKY. IIpu 3ToM UMEIOT B BUAY, 4TO AJIs OOJBIIMHCTBA TPAH3UCTOPOB
BXOJIHBIC XapaKTEPUCTHUKH IIOYTH HE 3aBUCAT OT HANPSHKEHUS UK, U I03TOMY KpPHUBBIC
ToKa 0a3bl ip = f(up) 1 Bcex pabouux HampsOKEHUH MPAaKTUUYECKU CIHMBAIOTCA B OJI-
Hy, KOTOpas IPUBOIUTCSA B cIpaBouHuke i ux = |5| B. CnemoBaTenbHO, BXOAHAS
JUHAMUYECKasl XapaKTEpUCTHKA IPAKTUYECKH COBIAJACT CO CTaTHYECKOW IIpHU
uk = |5| B. Ha aTo#f XapakTepuCTHKe OTMEYAIOT TOKHA 0a3bl 1502 U i5MAKC2 U HAXOMIST
3HaueHus Usoz2 U Upmakcz (puc. 3.2). AMIIIUTYAa IEPEMEHHOTO HAIIPSHKEHUS HAa BXO-
ne TpaH3zucropa VT2 (mexay 6a3o0il 1 sMUTTEpOM) OyIeT:

Unmp2 = usmakc2 — Usoz. (3.16)

OmnpenensioT BXOAHOE CONPOTUBICHUE IEPEMEHHOMY TOKY TpaH3uctopa VT2
(Mexny snexTpoaamu 0aza-3MUTTED):

Rex.v12 = Ump2/ Ims2. (3.17)

OnpenensioT aMIUTUTYAy HalpsOKEHUS BO30Y>KICHUS AJI BEPXHETO U HYDKHETO
IUIEY BBIXOAHOTO KacKaja:

Umsx2 = Ump2+ UmBpix. (3.18)

Haxozst BX0JHOE COIIPOTUBIICHHE KAKIOTO U3 IJICY BHIXOHOTO KacKaa:
Rex2 = Umpx2/ Ims2. (3.19)

MoIHoCTb, TpeGyeMast 1jist BO30YKIECHHS BBIXOHOTO KacKaa:

Pex2-3= 0,5 UnpxIms2. (3.20)

KoabdunueHT yCHIeHUS MOIITHOCTH U HAIIPSDKEHUS BBIXOIHOTO KacKaa:
KmBoix = P-gprx / Px2-3; (3.21)
K Bbix = Umpbix/ Umpx2 < 1. (3.22)

Ucxons u3 TpedyeMoro 3HauyeHusI CyMMapHOTO HaNpPsHKEHUS CMEIICHUS TPaH3H-
ctopoB VT2 u VT3 Uso2-3= Uso2 + Uro3, KOTOpoe, KaKk 0TMEYaJIOCh B I 2, MOIydYa-
€TCA C MOMOIMIBI0 TepMope3ucTopa Rr u peaucropa Rui, BKIIFOUEHHBIX B KOJUIEKTOP-
HYIO LieTb TpaH3uctopa VT npeaBbIxoqHOro Kackaja ¥ MOAKIIOYEHHBIX apajlieiib-
HO K BxojAaMm TpaH3uctopoB VT2 u VT3, paccuuTsiBaeTCsl pe3yiabTHUPYIOILIEE COMPO-
tuBieHre Rrim= RrRum/ (Rr+ Ru) 1o BelpaskeHuio

Uso2-3= Usoz+ Usos = Rrut * 1ormm = R (iko1 — i502), (3.23)
I7ie 1ko1 — MOCTOSHHBIM KOJJIEKTOPHBIN TOK TpaH3ucropa VTI mpenBbIxogHOro kac-
Kaja, a lormm — YaCTh KOJUIEKTOPHOIO TOKA iko1, OTBETBIAIOMIAACA B MApalIeIbHO
coequHeHnble Rt 1 Rur,
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Pacuer Rrm MokeT OBITh BBINOJHEH TOJIBKO IOCIE pacdera MpeaBBIXOAHOIO
Kackaja, korjaa OyeT onpeneneHo 3HaueHue Toka ikor (cM. maparpad 3.1.4).

B 3akmodeHue sToro maparpada cieayeT OTMETUTh, 9TO Pe3yJIbTaThl pacueTa
nernei 6a3pl BRIXOMHBIX TPaH3UCTOPOB VT2 u VT3 sABNSAIOTCS UCXOMHBIMY JTaHHBIMHU
IUIsL pacueTa MpEeIBBIXOJHOTO OJHOTAKTHOIO Kackaza Ha TpaHsucrope VI1 B pexu-
Me «A».

3.1.2. Pacuem cnoacH020 8b1X00H020 08YXMAKMHO20 becmpanchopmamopHozo
Kackaoa Ha COCMABHbIX MPAH3UCMOPAX 8 pedicume « By

Pacuer cnmoXHOTO BBIXOJHOTO IBYXTAaKTHOro OecTpaHCc()OpMAaTOpPHOIO KacKala
Ha COCTaBHBIX TPAaH3UCTOpPAax B PeKUME «B» ¢ OTHUM MCTOYHMKOM IIUTaHUA 11O CXe-
Me puc. 2.6 TpOU3BOAUTCS B CIEAYIOMEH NOCIEA0BATENBHOCTU: CHAYala pacCUUTHI-
BaOTCS IJIEYH CXEMBI Ha MOIIHBIX BBIXOJHBIX TPAH3UCTOPAX OJUHAKOBOM CTPYKTYphI
VT4 u VTS, 3arem miedn Ha KOMILIEMEHTapHbIX TpaH3uctopax VI2 u VT3. Pacuer
BenyT s wieda VT2 u VT4, o6pasyromero cocTaBHON SMUTTEPHBIN TIOBTOPUTEIb,
Y TIOJTy4YEHHBIE IIPH 3TOM Pe3yIbTaThl UCIOIB3YIOT AJIS APYTOro Iuieya.

Bb160p MOIIHBIX BEIXOAHBIX TpaH3UCTOpoB VT4 u VTS5 1 pacder miueden cxeMsl
Ha HUX MPOU3BOJAT B MOPSAAKE U 00BEME, U3JI0KEHHOM B IIPEIBIAYIIEM pa3jeie Mo
dbopmynam (3.1)...(3.17), B KOTOPBIX UHIEKCHI «2» MPH CUMBOJIAX 3aMEHSIOT Ha WH-
TIEKCHBI «4».

PesynbTaTsl pacuera nenu 6a3bl BEIXOAHBIX TpaH3UCTOpoB VT4 m VTS — 1ok
TTOKOS 1504 M AMIUIUTYJ[Aa IEPEMEHHOTO TOKA Imp4 6a3bl, HanpspxkeHue cMmenienust Upos U
aMIUTUTyJ]a TIEPEMEHHOI0 HalpsDKeHUs Mexny 0a3oi u aMHUTTEpO Umps, a TaKXKe
BXOJHOE COIPOTUBIICHUE TPaH3UCTOpPa Rpx vr4 UCIOIB3YIOT U BBIOOpa M pacyera
peXHrMa KOMIUIEMEHTapHBIX TpaH3uctopoB VT2 m VT3, taxke paboraromux B pe-
xume «By». [lonaras, yTo mapaMeTpsl KOMILUIEMEHTAPHBIX TpaH3UCTOpoB VT2 u VT3
OynyTt oTnnuatecs He 6onee, ueM Ha 10...20%, 9To0 1OMyCTUMO, TaK KaK B YCHIIUTENE
3T TPAH3UCTOPHI BKIIOYCHBI II0 CXEME SMUTTEPHOI'O MTOBTOPUTEINS U BXOAAT B METIIO
oOmieil oTpuIaTeNbHONM OOpaTHOM CBSA3H, COOTBETCTBYIOIIHME PACUYETH BBIIIOIHSIOT
U1 ogHOrO Iuleya (Ha TpaHsuctope VT2) u moirydeHHbIE pe3yiabTaThl UCIONb3YIOT
I Ipyroro Ivieda.

OTH pacyeTsl CBOAATCS K CIEAYIOIIEMY.

PaccuntsiBaroTCs CONpOTUBICHUS pe3ucTopoB R 1 Rs:

R, =R, =(5...10)Rpy 74

¥ BBIOMPAIOT CTaHIApTHBIH HOMUHAIL.
OmnpenensoT SKBHBAJIICHTHOE BXOJHOE COIPOTUBICHUE IIEPEMEHHOMY TOKY
Tpansuctopa VT4 ¢ yueToM nryHTUpYyIomero AeicTus pesucropa Ro:

RBX4 = RBX.VT4R2 /(RBX.VT4 + RZ)' (324)

Haxonmar aMIummTyay mepeMeHHOro TOKa Imke M 3HaUeHUe TOKa IMOKOS ko2, KO-
TOPBIE TOJDKEH 00ecieunTh TpaH3uctop VTI2:

Lico = Uppa /Rpxa =L + U, /R, (3.25)
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Ty =igos +U pos / Ry (3.26)

AMIUIMTY]a BEIXOJHOTO HAaIpsDKEHUS TpaH3ucTtopa V12

Unssixz = Unpa Uiy, (3.27)
3HayeHNE KOJUICKTOPHOT'O HANPSDKEHUS B TOUYKE TIOKOS TpaH3ucTopa VT2

Ugor =0,5E5 —Upgy. (3.28)

Haxoasat MakcuManbHOE 3HAYEHHE TOKA KOJUIEKTOPAa U MUHUMAJIBHOE 3HAYEHUE

HaIpsDKEHUS MEXIY KOJUIEKTOPOM U SMUTTEpPOM TpaH3uctopa VT2 mpu HOMHHAIb-

HOU BBEIXOJHOM MOIITHOCTH:

1K MAKC2 = 1K02 T 1mK2; (3.29)

uk. M2 = Uko2 — UmBbIx2 . (3.30)

ITo maiimennomy u3 (3.29) 3maueHuro ixmakc2 ¥ popmynam (3.10) u (3.11)

OIIpEZICNIAETCS CpedHEee 3HaUYE€HUE TOKAa M MOIIHOCTH, MTOTPEOIIEMbIE OT HUCTOYHUKA
MUATaHUS KOJUIEKTOPHBIMU LIETISIMU TpaH3ucTopoB VT2 u VT3.

HaxonsaT MakcHUManbHYI0O MOIIHOCTh paccesHHs Ha KOJUIEKTOpE TpaH3UCTOpa
VT2 (wmu VT3)

Um.BbIX.Z 'Im.Kz
Py vparecs = 0,202P 5 n 5 = 0,202 5 . (331)

ITo mapamerpam Uk son, Ik gon, Px ponTemaxe ¥ fh215, BEIYHUCISIEMBIM IO BhIpaxe-
HUsM (3.6)...(3.8) c yueroMm HaitneHHbIX u3 (3.29) u (3.31) 3HaueHU ixmakc2 U
Py ypaxcr BBIOMPAIOT KOoMILIEMEHTapHbIE TpaH3ucTopbl VT2 u VT3. IlapameTpsl BbI-

OpaHHBIX TPAH3UCTOPOB HE JOJDKHBI OTIAMYAaThCcs Apyr oT Aapyra 6Gomnee 10...20%.
CrnemyeT OTMETUTH, YTO MPH BBIYUCICHUU TPEACITBbHON 9acTOTHI fh21n TPaH3UCTOPOB
VT2 u VT3 cino)HOro BEIXOTHOTO Kackaja 1o BeIpakeHuto (3.7) 3aqaroTcs 3HaueHU-
eM kod(dduimenTta yacToTHBIX HcKaxeHU Mavt2=0,5...1 1b, koropoe B opmy-
ny (3.7) moacTaBisIeTCS B OTHOCUTEIBHBIX €IUHULIAX.

Ha cemeiicTBe BRIXOIHBIX CTATUYECKUX XaPAKTEPUCTUK BHIOPAHHOTO TPAaH3UCTOPA
VT2 cTposT Harpy304HYI0 XapaKTEPUCTHKY 4Y€pe3 TOUKY C KOOpAWHATAMH UK MUH2,
1K MAKC2 M 9epe3 MpoeKuuo To9ku MoKos Ukoz, ike2 Ha 0Ch uk2 (cM. puc. 3.1). U3 puc. 3.1
HaXOJAT TOK IOKOS 0a3bl ipp2, MAKCUMAIBHBIA TOK 0a3bl ipMAKkc2 M aMILUIUTYAY TI€pe-
MEHHOT'O TOKa 0a3bl Imp2 = IpMaKc2 — 1502 IEMAKC2. B CiTydae HEOOXOAMMOCTH 3TH TOKH
MOTYT OBITh HAMJIEHBI C IIOMOIIBIO BhIpaxkeHu# (3.13)...(3.15).

Jlanee, aHAIOrMYHO, KaK 3TO OBUIO BBINOJHEHO IS BBIXOJHOI'O TPaH3UCTOPA
(cMm. puc. 3.2) cTposT BXOJHYIO JUHAMUYECKYIO XapaKTepUCTUKY TpaH3ucTopa VT2 u
onpenenstoT Usoz, Us.makc2, Umb2 = UsMakc2 — Ugo2 M BXOTHOE COIPOTHUBJIEHHE TPaH-
3HUCTOpA:

RBX.VTZ = Uup2 /1 mB2*
OrnpenensoT aMIUIUTYAy HApsHKEHUS BO30YXACHUS JJISl BEPXHETO M HUKHETO
IJIEY CJIOKHOTO BBIXOJHOT'O KacKaja:

U,pxr =U

m m

b2 +Um54 +UmelX’ (332)
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v =U +U + U .

OAHOTaKTHBIM NOpPEIBBHIXOAHONW KacKaJ pacCUMTHIBAETCS Ha IOIyYCHHE
Umsx2 = Umpx3. HexoTopoe paznuuare ¢pakTUIeCKUX BXOIHBIX HAIPsDKEHUN BEPXHETO
Y HIDKHETO IUIed TpPHU OJWHAKOBOM HAMPSHKEHUU BO30YXKIACHHUS OT OJHOTAKTHOTO
MPEIBBIXOJHOTO KAacKaJa, BBI3BIBAEMOE BIMSHUEM R, NPUBOAUT K HEKOTOPOM
aCUMMETpPUHU TOKa B Harpy3Ke U, Kak CIEJCTBUE, K HEKOTOPOMY BO3pacTaHHUIO HEIU-
HEMHBIX HCKKEHUN, KOTOpPbIE CHIDKAIOTCS A0 MUHMMAJIBHOTO 3HAa4YeHHs Onaronmaps
HaIM4YKI0 OOmIeil OTpUIaTENIbHON OOpaTHOM CBSA3M C BBIXOJA YCHJIMTENS Ha BXOJ
Tpan3ucrtopa VT1.

Bxoanoe conpoTtuBieHue nepeMmeHHOMy ToKy BepxHero (VT2 u VT4) u HikHe-
ro (VT3 u VT5) mied cnoXHOro BBIXOJHOTO KacKaja:

Rovr =Upxs [ 55 (3.34)
Ryys =U,pxs /1,53 (3.35)
MoutHocTh Pex2-3, He0OX0auMast 1 BO30YXKAECHUS CIIO)KHOTO BBIXOAHOTO Kac-
Kana, U ero Kod(QGUIUMEHTH YCWICHUS MOMIHOCTA U HampspkeHUs Kvprx 1 Kppix
OIIPEACIIAIOTCS BBIPAXKEHUAMH, aHAIOrnuHbIMH (3.20)...(3.22).
CymmapHoe HanpspkeHue cMenienus TpansuctopoB VT2, VT3, VT4 BeixogHOro
Kackajaa
Usor-s =Ugg +Ugos + Uy
(3.36)
o0ecrieurBaeTcsl MapalieIbHO BKIIOYEHHBIMU TepMope3sucTopoM Rt u  pesuc-
topoM R (mmu quogamu VD1 u VD2), kak noka3aHo Ha puc. 2.6.
ITo nomy4yernnomy B (3.36) 3HaueHuto Uppr-3 pacCUUTHIBaeTCs TpedyeMoe 3Haue-
Hue Rrir cornacHo BEIpakeHUIO

Ugors =Ugoy +Upgos +Upgos = Ryyyy ~ior,, = Ryur (igcor —ipo2)- (3:37)

OTOT pacdeT BBINOJHAETCS IOCIE pacueTa MPEABBIXOJHOTO KacKaaa
(cm. maparpad 3.1.4).

3.1.3. Pacuem npedsvix00H020 00HOMAKMHO20 KACKA0A 8 pexcume «A»
C Pe3UCMOPHOIU C853b10 C BbIXOOHBIM KACKAOOM

UcxoaupiMu JaHHBIMU 1711 pacdeTa MPeaBbIXOJHOIO OJHOTAKTHOIO Kackajga Ha
Tpan3uctope VT1 B pexume «A» ¢ pe3UCTOPHON CBA3BIO C BEIXOJHBIM KACKAJOM SIB-
JIIOTCSL pe3ynbTaThl pacdera Iieneil 6a3sl TPaH3UCTOPOB BBIXOJHOIO Kackajga U U3-
JIO’)KEHHBIE paHee 0COOEHHOCTH ITOCTPOCHUS 0eCTpaHC(HPOPMATOPHBIX CXEM.

IIpu BeIOOpe Tpan3ucropa VT1 mpenBhIXOAHOIO Kackajga pyKOBOACTBYIOTCS
CIIETYIOIINM.

TpaH3ucTOp NMpenBhIXOJHOTO Kackajga JODKEH 00ecleduTh Ha BXOJE BBIXOJHO-
ro kKackaaa HampspkeHue curHana Umsxe, ompeznensemoe BblpaxkeHueM (3.18) mms
cxemsbl puc. 2.3 wiu (3.32) ansg cxeMmsl puc. 2.6., T. €., KaK 0TMeYaaoch B IL. 2, obec-
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NeYnTh Ha cBoeM Bbixoae HampsikeHne curHalla Umsbixi = Umki = Umpxz, Omm3koe
K Hanpspxkenuio nuranus 0,5 Ep xaxaoro mreda. IIosromy OT TpaH3ucTopa IIpeBHI-
XOJIHOTO KacKajia TpeOyeTcs IpeeIbHOE HCIIONIBb30BAaHNE HANIPSKCHUS IIUTAHUSA KOJI-
JIEKTOpA.

ITocTrostHHOE KOIIEKTOpHOE Hanpsbkenue Uy, Tpansucropa VT1, paborarome-

ro B pexxume «A», 1 cxem puc. 2.3 u 2.6 Oyzaer

Ukor =0,5E5 =Upgoprs =U grans (3.38)
rine Uors1 — najieHne HanpspkeHus Ha Ro1 3a c4eT mpoTekaHus 4epe3 HEro IMOCTOSH-
HOTO KOJICKTOPHOT'O ¥ 6a30BOT0 TOKOB iko1 ¥ ipo1 TpaH3ucTopa VT1.

IIpu sTom BenmmamHa Uxkor (cM. puc. 3.3) 10MKHA YAOBIETBOPATH YCIOBUIO

Uxor = Unir Y b 2 Uppxs T U rmmn- (3.39)

VYcnoBue (3.39) moxeT OBITH BBINONHEHO ig TpaHzucropa VT1 ¢ manbim
HanpspkeHueM Hacbimenus (mMeHee npumepHo 0,5...1 B) u manbiM u3MeHeHHEM KO-
s dummenta ycunenus toka Kr oT M3MEHEHHMI KOJUIEKTOPHOTO TOKa, a TaKXe NP
3HAYCHWH NaJICHUS HAIPSDKCHUS Uy  HA SMHTTEPHOM CONPOTHBICHHH 3TOTO TPaH-

3uctopa nopsiaka 0,5...2 B.

B ciryuae 3arpyanenuit B BomosHeHUH yeinoBui (3.38) u (3.39) MOKHO HECKOITb-
KO yBenuuuTh EB (C COOTBETCTBYIOIIEH KOPPEKTUPOBKON pacueTa BBIXOJHBIX KacKa-
noB). UmenHo c¢ sroil mensio B Havane maparpados 3.1.1 u 3.1.2 mpu Beibope En
B IIPOLIECCE pacyeTa BRIXOIHBIX KAacKaJ0B PEKOMEHIOBAIOCH BbIOMpaTs Ep ¢ HEKOTO-
PBIM 3amacoM (XOTs 3TO U CHIKaeT HecKoNbKO {ppix ¥ KII/] BEIXOAHBIX KackaoB).

Onpenernstor conpoTuneHue pesucropa Rxi s komiekropron nenu VT1:

a) U1 CXEMBI puc. 2.3:

_ 0,5E5 ~Us, =U,pxs .

Ry, = . ; (3.40)
162 + ik v

0) s cxemsl puc. 2.6:
_ O’SEB ~Us02 =Usos =Up.px2

m
Ry, = 7 _ , (3.41)
m62 1 Ik vy
I€ ik MUH.1 — MMHHMMAJIBHO JOIYCTHMOE C TOUKHM 3PEHHUs 00ecIedeHus TMHEHHOTO

pexuma paboThl 3HAUEHUE TOKA KOJUIEKTOPa, MPUHUMAEMOE PaBHBIM

i s = (0,05..0.D1 ., 2 (0,5...1)mA.

(3.42)
Haxozaat nocTosHHBIN TOK KoJuIeKTopa Tpan3ucropa VT1:
a) 111 CXeMBl puc. 2.3:
: 0,5E; -U
ko1 = ; B2 (3.43)
K1
6) s cxemsl puc. 2.6:
i— 0,5E; —Uppy =Upu
K01 Ry ' (3.44)
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OmpesesaoT MOIHOCTE PACCEsHUs Ha KOJUIEKTOpe Tpansucropa VT1:

P maker = Ukoilior < P o Te.maxe (3.45)
te Py 1011 Te vaxe OTIPEACISETCS. C Y4ETOM TEMIIEPATYPBI OKPYXAIOMIEH CPeasl MO
dbopmynam (3.8).

Haxosar aMmuuTy 1y Toka curaana yepes R :
Lire = Unpxo/Ryq. (3.46)

OnpenensioT CyMMapHyI0 HEPEMEHHYIO COCTaBIISIONIYI0 KOJJIEKTOPHOTO TOKa
Tpansuctopa VT1:

Lkt = Lupo H liraa . (3.47)
Haxonsat MakcuMmanbHOE 3HaU€HHUE TOKA KOJJIeKTopa Tpan3ucropa VT1:
IK.MAKCl K01-|-I (348)

C y4eroMm NOITy4YEHHBIX 3HAUCHUU C-)JIGI(TpI/I‘-IeCKI/IX BEJIMYUH BHIOMPAIOT TPaH3U-
ctop VT1 ¢ masbiM HanpspKEHUEM HACHIIEHHS 110 CIEAYIOIUM IapaMeTpam:

PK JOII.Tc.make 2 PK MAKCI;

UK,uon >1,2(2- KOl)sz'EB;

IK OI1 _1 4 IK MAKCI’ (3.49)
h213 —(2 4) fB’

f
(I/IJ'IPI fh213 ZZ—B).
\/M 13..VT1'1

Jlaniee HaXOAAT CONPOTUBIICHUE KOJUIEKTOPHOW Harpys3ku Tpansuctopa VT1 mo
EPEMEHHOMY TOKY:

Ry = Ry Ry, /(Ry; + Ry,) (3.50)
U JUJISL 3TOTO CONPOTHUBIICHUSI CTPOAT HArpy304HYIO HPSIMYIO 10 NMEPEMEHHOMY TOKY
Ha CEMEHCTBE BHIXOAHBIX CTATHYECKUX XapakTepucTHK Tpanzuctopa VT1. Ona Oyner

IPOXOIUTh uepe3 TOuku ¢ koopauHatamu Uy, iKm U U vomns Ik maker
(cMm. puc. 3.3). IIpu 3TOM AOKHO BEINONHATECA ycnoBue (3.39).

N3 noctpoenus (puc. 3.3) onpenenstoTcs TOK! 1501, 15 vakcl, 15y, @ TAKKe
It = ig0r~ I amn B st = s makci = Lso1-

IIpu OTCYTCTBHM BBIXOJHBIX XapaKTEPHUCTHK 3TH TOKHA MOTYT OBITh HAWICHBI U3
COOTHOIIIEHUM:

1501 = Ixgr1/Ny10 M5
15 maker = Lk maker/Ra1s v

15 e = Liomum/Do1s v (3.51)
T = 1501~ L vumi 5

" . .
I mB1 — 1g.makc1™ 15.01-
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Ilo BxonHOM xapakTepuctuke Tpanzucropa VI1 mpuu, = |5| B, mnpunHumaemonu,
OPUEHTHPOBOYHO 32 €ro BXOAHYH) IMHAMUYECKYK) XapaKTePUCTHUKY, HaXOIST

"
Usor, Up makcts Wsmmi> Usis U met (pHc. 3.4).
Haxonat BxogHOE conpoTuBieHue TpaH3ucTopa VTl mo nepeMeHHOMY TOKY:

R _ Ug makc1 ~ Y. muH1

BX.VT1 . ; . (3.52)

15 Makc1 ™ 5. mum1

MomHocTs, oTAaBaeMas TpaH3uctopom VT1, nomkHa yIOBIETBOPSTEH YCIOBUIO

P

Ecnmu npu pacdere mNpeaBBIXOAHBIX KAaCKaJ0B YCWIHTEICH II0 BapuaHTaM
puc. 2.3 u 2.6 BO3HUKHYT TPYAHOCTH C BEIOOPOM TPaH3HUCTOpa M MOIyICHHEM TPeOy-
€MBIX U sexi = Ui = Unsxs > Lgg @ Poppxvri» MOXET OBITH IPUMEHEHa
BUJIOM3MEHEHHAs CXeMa MPEIBHIXOTHOTO Kackaja (cM. puc. 2.5).

B aTOM citydae pacueT 3neKTpUYECKHUX BETWYHH i1 BhIOOpa Tpansuctopa VT1
¥ pacueT MPEeABBIXOAHOTO KAaCKaja B IIEJIOM IPOBOIAT CIEIYIOIUM 00pa3oM.

IIpu BEIOOpE MOCTOSIHHOTO KOJUIEKTOpHOTO HanpspkeHust Uy, Tpansuctopa VT1

vt — 050 Uy Ly 2 Prca 5 : (3.53)

PYKOBOJICTBYIOTCSI TeMH k€ BbIpaxkeHUsIMU (3.38) u (3.39), uro u B mpensiaymeM
pacuere.

JIJIst OIIpeieNIeHNs TIOCTOSTHHOTO TOKa KOIUIEKTOPA 1y TpaH3ucTopa VT1 BMecTO
BeIpakenuit (3.40), (3.41), (3.43), (3.44), ocHOBOMOJATAOIMUX MPH TPEABIAYIIEM
pacuere, UCIOIb3yETCsl BEIPaKEHUE

U )
+—mB2 4 Ly mun1, (3-54)
K1

SIBJISIFOLIEECS OCHOBOIIOJIATAIOIINM JJI BapUaHTa MPEABBIXOAHOrO Kackaaa ¢ Lenoy-
koit RC (cm. puc. 2.5).
OTOT TOK B CX€M€ MPEABBIXOHOTO Kackana ¢ RC-nenoukoii, BBOAAIIECH B KOJI-

lgg 21 4,1 atl

kmuH1 = Lo ark1 T e vum = Tnga

R
JEKTOPHYIO 1lens Tpan3ucrtopa VT1 HanpspkeHue Unpirx C Harpy3ku = H BEIXOZHOIO
Kackama, OyaeT 3HAYMTETHLHO MEHBINE, YeM MoiydaeMbiid u3 dopmyn (3.43), (3,44)
JUISL TIPEBBIXOHOTO Kackama O0e3 Takod RC-memouku. 10 0OBACHIETCS TEM, UTO,

I R
KaK MOKa3bIBAJIOCH B M. 2, TOK ™RKl yepe3 pe3uctop = X! B cxeme MpeaBBIXOIHOTO

= U Ry

. . I
kackaga ¢ RC-nienoukoi, onpeaensieMplid BoIpakeHreM ~M™RK1
YUTEIBHO MEHBIIE, YeM B cxeMe 0e3 RC-1ienoukw, rae

Lorki = Unsxo/Rg; = (Upg T Upe ) /Ry

i R
Jlia Beraucienus Toka Ko o gopmyne (3.54) tpebyercs 3nanue X!, OHO Ha
JTAHHOM 3Talle pacdera eie Hen3BeCTHO. [103TOMy, YUUTHIBAs, YTO B MPEABHIXOIHOM

, Oyner 3Ha-

1 % | 1K01
kackaze ¢ RC-11enoukoil moCTOSIHHBIN TOK KOJIJIEKTOpa tpan3ucropa VT1 moxer
BEIOMPATHCS B JIOBOJIGHO IMUPOKHX TpEJeNax MPU COXPAHCHWHA OCHOBHBIX CBOWCTB
KacKaJa, 3TOT TOK B COOTBETCTBUHU C (3.54) MOXXHO TIPUHATH PaBHBIM
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i > (131,51 ) (3.55)

1
IPUYEM OKOHYATEIHHO BRIOMpaeMoe 3HaueHue X0 moimkHO OBITH HE MeHee 2..3 MA,
TaK KaK [P MEHBIIUX TOKaX YCHUJIUTEIbHBIE M YaCTOTHBIE CBOMCTBA TPAH3UCTOPOB
3aMETHO YXY/IIatoTCsl.

MoIHOCTh paccesHus Ha KOJUIEKTOpe TpaH3uctopa VT1 ompexpensieTcs BbIpa-
xeHueM, aHanorudasiM (3.45). B cxeme mpenBeixonHoro kackaaa ¢ RC-menoukoi
oHa OyzeT MeHsIle, ueM B cxeme 6e3 RC-menouku u3-3a MEHBIIIETO 3HAYCHUS TOKA

1I(Ol .
ImRKl I LKl 1
AMI'IJII/ITYI[a TOKA CHUI'HAJIa qepes ) aMl'IJ'II/ITy,Ha CYMMapHOI/I HepCMCH-

. . I
HOH COCTaBJIAIOMICH KOJUICKTOPHOI'O TOKa mK1 , MAKCMMaJIbHOC 3HA4YCHHUC TOKa KOJI-

1
aekTopa K-MAKCl tpagsucropa VT1 cooTBeTcTBEHHO OYyT:

Liri = Unpa/Ry 5 Lot = g L 5 e maxer = Ikor Lk

Crnenyer ormeTuth, uTo B cxeMe ¢ RC memoukoil oHu OyayT MeHbIIE, YeEM B
cxeme 6e3 RC-nenouxu.

ITo dopmynam, ananorumunemM (3.49), BeiOuparoT Tpansuctop VI1 ¢ mansim
HanpspkeHneM HacblmeHus. OH OyneT MeHee MOIIHBIM, YeM B BapuaHte 0e3 RC-ne-
MOYKH.

3arem onpenensioT conporuBieHue R (cm. puc. 2.5):

R2>(5..10)R

RKI .
H COIIPOTHUBIICHHUC .
a) AT CXEMbl C IIPOCTBIM BBIXOAHBIM KaCKaaOM Ha KOMINICMCHTAPHBIX
TpaH3uCTOpax:
— 09 5 EB " Usoz " iKOlR .

b

kol (3.56)

R

K1

6) AJIs1 CXEMEI CO CJIOKHBIM BBIXOJAHBIM KaCKaJOM Ha COCTaBHBIX TPAH3UCTOpaX:

— Oa 5 EB - Usoz - Uso4 - iKOlR

Ry, : (3.57)

o1

R
IMony4yeHnsle 3Ha9eHUs R 1 X! JOIKHBI YIOBIETBOPSATH YCIOBHIO
R <0,1...0,2 Rx;.

R
Cnenyer OoTMETUTBH, 4TO 3HaueHHS K! m R He KPUTHYHBI, TOCKOJIbKY, Kak

. 1
OTMEYAJIOCh BBINIE, MOCTOSHHBIA TOK KoJuiekTopa KO Tpansucropa VT1 B cxeme
MPEABBIXOAHOTO Kackaaa ¢ RC-1ienoukoil MOXET U3MEHSATHCS B JOBOJBLHO IMIMPOKUX
Ipezesax Ipyu COXPAHECHUH OCHOBHBIX CBOMCTB CXEMBL.
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Jlanee onpenenstoT CONPOTUBICHUE KOJUIEKTOPHON Harpy3ku Tpansucropa VT1
10 IEPEMEHHOMY TOKY, KOTOPOE C YICTOM BIIMSIHHS IOJIOKUTEIFHOW 00OpaTHON CBS3H
gyepe3 RC-nenouky Oy1eT ONMCHIBATHCS BHIPAYKEHHEM:

R = Uil = Unsx o/l = (UmBZ+UmBLIX)/ImK1.

JI1si mOJTy4eHHOTO0 3HAYEHHUS 3TOr0 COMPOTHUBIICHUS HAa CEMEWCTBE BBIXOJHBIX
CTaTUYECKUX XapaKTepUCTUK TpaH3ucTtopa VT1 cTpouTcs Harpy3ouHas MpsiMas 110
nepeMeHHOMY TOKy. OHa I0JDKHA IIPOXOAUTE YEPE3 TOUKY ¢ Koopaunatamu Uy,
lgo1 M TOYKY C KOOpAUHATAMH 1.y =0 Uy, =|UKOI|+iK01RK~1 . Ha mnonyuennoi
HArpy304HOM MPSIMOM OTMEYAIOT TOYKY C KOOPIMHATAMM g makcs Uy agmy - PadoOdast
0071aCTh MOCTPOCHHON HArpy30YHOUW MPSIMOW C OAHOM CTOPOHBI OyJIEeT OrpaHHYcHA
TOYKOM C KOOPIMHATAMHU IKMAKCl, UKMMHI, & JPYIOil CTOPOHBI — TOYKOH C
KOOpAMHATAMH UK MUHI, UK MAKC1=UK01HUmsx2.

W3 mocTpoeHuss OMPEAEIAIOT TOKM ipoi, 15MAKCI, isMuHI, I'm62= iBoi- ip.MuHI H

v .
1 = 1p.maxci = Tsor

IIpu OoTCYTCTBUM BBIXOJIHBIX XapaKTEPUCTUK 3T TOKH MOTYT OBITh HAWJICHBI U
06e3 moCTpOeHHs Harpy304HOM MPSAMOW MO MEPEMEHHOMY TOKY IO BBIPAXKECHHSM,
ananornuusiM (3.51).

Ilo HalineHHBIM 3HAYEHHSIM TOKOB ©0a3bl W II0 BXOJHOH XapaKTEPHCTHKE
tpansuctopa VT1 mpu Uk = |5| B, npuHuMaeMoii OpUEHTHPOBOYHO 32 €r0 BXOJIHYIO
JMHAMIYECKYI0 XapaKTEpPHUCTUKY, HaXOMAT, Kak 3TO OBUIO IOKa3aHO Ha pwuc. 3.4,
HanpspkeHus Uso1, Us.Makcl, UsMuH1, U'mb1, U"mp1.

Hanee no ¢dopmyne, anamorngHoit (3.52), HaAXOAAT BXOJHOE COMPOTHUBIICHUE
Tpansuctopa VT1 no nepeMeHHOMY TOKY.

W, nakoHel, TpOBEPSIETCS BHITIOJHEHUE YCIOBHS, aHAIOTHIHOTO (3.53).

3.1.4. Pacuem snemeHmo8 cxemvl cMeujeHuss U cmabuiu3ayuy 6b1xo0H020
U NPeoB8bIXOOH020 KACKAO08

C yderom m3i10xkeHHOTO B TJI. 2 U maparpadax 3.1.1 u 3.1.2 pacuer s1eMeHTOB
R. n Ry, obecneunBaromux monydyenne TpeGyeMoro HampsDKEHHS CMEIICHUS U

TpeOyemMoit TeMIiepaTypHOil cTabuIM3anyy MOCTOSHHBIX KOJUIEKTOPHBIX TOKOB TPaH-
3UCTOPOB BBIXOJHOI'O KaCKa/ia, CBOAUTCA K CIEAYIOIEMY.

Hcxoas n3 TpeGyeMoro HanpspKeHHs CMEIICHHS TPaH3UCTOPOB BBIXOAHOTO Kac-
KaJla Ipy¥ HOpMalnbHOU KOMHaTHOU Temneparype Tc = 20°C, HaxonsaT pe3yinbTUPYIO-

IIee CONPOTHBIICHIE HapamIeabHo coeauHEHHBIX Ry 1 Ry

a) Uil cxXeMbl puc.2.3 B COOTBETCTBMM C IIPUBEJCHHBIM paHee
BEIpakeHueMm (3.23):

UBoz + U1503
RTH.I ;

; ; ;
Lio1~ Lgo2
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0) s cxeMbl puC. 2.6 B COOTBETCTBHUH C NpuBeAeHHBIM (3.58) paHee BbIpake-
uHuem (3.37):

UBOZ + UE03 + UE04

. .

Lgor-1

RTI_H
502

Hcxons w3 ycnoBus mojaiepKaHusi HEU3MEHHBIMU 3HAYEHUM MOCTOSIHHBIX KOJI-
JIEKTOPHBIX TOKOB TPAH3UCTOPOB BBHIXOJHOTO KackKaja IpU BO3pacTaHUU TEMIIEpaTy-
pBI, HaXOAAT HEOOXOAWMOE ISl 3TOTO OTHOCHTEIHHOE YMCHBIIICHUE HAMPSKECHUS
CMEIICHHWS Ha CONPOTHBICHWU Rt mpyu MakcuMaimbHOW pabodeill Temreparype
Tcmakc:

a) sl CXeMBI puc. 2.3:

02,2:10° 0 (Te ppuee -20°C) |

m, =1 ;
UBOZ + UB03
0) U1 cXeMBI puc. 2.6: (3.59)
1 22:10° 0 (T e -20° )
! UBOZ + UB03 + UE04

I7le 1 — KOJMYECTBO TPAH3UCTOPOB, MOJIYYAIOMKX HAIPSDKEHUE CMEIIEHUS C COIIPO-
tuBlIeHUs Rrir: B cxeme puc. 2.3 n =2, B cxeme puc. 2.6 n = 3.

W3 cripaBoYHMKA IO TEPMOPE3UCTOPAM BEIOUPAIOT TEPMOPE3UCTOP C TAKUM 3HA-
YEHHEM OTPUIATEIBHOIO TEMIIEPaTypHOro Ko3g¢uiuueHTa conpoTuBieHUS & T1[%]
Ha 1°C, 9T00BI OTHOCUTEIFHOE YMEHBIICHUE €r0 COMPOTHUBIICHUS M IPU HATPEBE 110

Te maxc. )

& [%]
m, =—(T, -20°C
T 100 ( C.MAKC. ) (3.60)
YIOBJIETBOPSIO YCJIIOBHIO Mt < MH.
Ilocne aToro onpenensroT COMPOTUBICHUE pe3ucTopa R 1 repmopesncropa Rt
npu Tc = 20°C:
Ry =Ry (1-my) /(my-my ) ; (3.61)

R c RT].HRT/(R]JJ - RT]JJ) . (3-62)

T20°

3areM NEepexolAT K pacueTy 3JEMEHTOB CXEMbI IOJy4YeHUs CMEIIEHUS U cTabu-
JM3alMU TIOCTOSTHHOTO KOJUIEKTOPHOTO TOKa iko TpaH3uctopa VT1 mpeaBeixomHoro
kackana. [Ipu pacdyere pyKOBOACTBYIOTCS TEM, YTO TE€PMOCTAOMIIEHOCTH TOKA iKo1
JIOJDKHA OBITH JJOCTAaTOYHO BBEICOKOH B CBS3M C MaJIOM BEJIMYMHONM OCTATOYHOI'O KOJI-
JIEKTOPHOTO HAIpPsDKEHUS UxmuH! Tpauductopa VT1 m 3aBHCHMOCTBIO 3((¢EKTHB-
HOCTH TEPMOKOMIIEHCAIIMM B BBIXOJHOM KacKaJleé OT CTEIEHH TEPMOCTaOMIBHOCTH
TOKa iKo.

B cootBeTcTBUM C M3IOXEHHBIM B TUI. 2 1 naparpade 3.1.3, koHEUHOH IeIbI0
pacuera Oyzer onpenereHne CONPOTUBICHUN pe3ucTopoB Ry1 u Ri 6azoBoro memm-
tens Tpansucropa VI1, ¢ mOMOIIBI0 KOTOPOTO NMONyYacTCsl HAIPSHKECHUE CMEIICHUS
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Uso Ha 6a3e VT1, u onpeneneHue CONPOTUBICHUS pe3ucTopa Ra1 B SMUTTEpHOH 11e-
mu Tpan3ucTopa VT1, ¢ IOMOIIEI0 KOTOPOTO TMONydaeTcsi OTpUIaTeNbHas oOpaTHas
CBSI3b 110 MTOCTOSSHHOMY TOKY JUUISl CTaOMIM3allMi MOCTOSHHOTO KOJUIEKTOPHOTO TOKA
iko1 Tparzuctopa VT1. Ilpu aTom cineayeT co3HaBaTh, YTO MOCKOJBKY MPOIECCHI T0-
Ty4yeHus HanpspkeHus cMereHns Usor 1 cTaOUIi3aiy OCTOSHHOTO KOJUIEKTOPHOTO
TOKa 1ko1 JKECTKO B3aMMOCBS3aHBI, TO 3HAUEHUS PACCUUTHIBAEMBIX COIMPOTHUBICHUMN
R»51, Re1 1 Ry OyayT B3anmMo3aBuCHMEL.

Pacuer HaunHarot ¢ BeIOOpa conpoTuBiaeHUs pesuctopa Ry1. OHo onpenensercs
COOTHOIICHUEM

Ry = Uprat/(gor tigor) (3.63)

rae Uors1 — MajeHue HanpsbkeHus Ha Roa) 3a cder npoTekaHus 4epe3 Hero MoCTOSH-
HBIX TOKOB iKo1 H i501.

ITockonbky yem Gonbine Rsi, TeM Gonbiie rirybrHa MECTHOW OTpULIaTEIbHOU

o *
obpartHoli cBsa3U F \joc O MOCTOSHHOMY TOKY M TEM, CIIEI0BATENBHO, 3PPEKTUBHEE

cTabunu3anys MOCTOSHHOTO KOJUIEKTOPHOTO TOKa iko1, TO MpHU pacueTe Rn1 chaexyer
3a/1aBaThCd MAKCHUMAaJIbHO BO3MOXHBIM 3HaueHueM Ugrri. B cxeme mpeaBeixomHoro
KacKaJla C PEe3UCTOPHOMN CBS3BI0 C BBHIXOJHBIM KackajoM Uor>1 OMPEneseTcs] U3 BbI-
paxenus (3.38)
Uprar = 0,5Eg-Uggyrs- Uk
WJIM, 9TO JACT TaKOH K€ PE3yJIbTAaT, M0 BEIPAKECHUIO
Usror = Eg- Uggr-koiRii= (ko1 =1502) Ry (3.64)

U 10KHO ObITH MpuMmepHoO 0,5...2 B.

Crnemyer OTMETHUTh, YTO UIMEHHO C IEJIBI0 TIOJyYEHUS BO3MOXKHO OOJIBIIETO 3HA-
yeHust Uors1 U PEKOMEHJOBAIOCH B Hadaje pacdyeTa BBHIXOJHBIX KacKaIoB (CM. Ia-
parpadsr 3.1.1 u 3.1.2) BeiOupars Eg ¢ HEKOTOPBIM 3amacoM (XOTS 3TO U MPUBOAUT K

HEKOTOPOMY HEXEIATENbHOMY CHIDKEHUIO B BBIXOAHBIX KacKaJgax U Snbix KILT).
3areM mepexoAT K pacuery conpoTtuBieHuil Rs1 u Ri 6azoBoro gemurens. s
€ro pacuera CyIIecTByeT HECKOIbKO MeTouK. Hanboee nomHas u3 HUX B HHXEHEP-

HBIX pacdyeTax OCHOBAaHA HAa OMPEACIICHUHU NOIMYyCTUMOIO MPUPALICHUS Algoom Io-
CTOSTHHOTO KOJIUICKTOPHOTO TOKA iko1 MPU HAJTUMYHAK CTAOWMIN3AIU U MaKCHMaJIbHOTO
npupamienns Alggyaxcr 3TOTO TOKA HPH OTCYTCTBHM CTAOMIM3AIlMM U HCIIONB30Ba-
HUU WX JJI ompejeneHust TpeOyemMol CKBO3HOM IiIyOMHBI MECTHOM OTpHUIATEILHOMN

*

o6parHoii cBs3u F \oc 1O MOCTOSHHOMY TOKY, B COOTBETCTBUM C KOTOPOM M C yde-
TOM paHee HaiaeHHBIX Ra1 v Upo1 paccunteiBaroTcsa Rei 1 Ri.

Jns Beramcienns Algogon CTPOUTCS HArpy30YHas HPSMas MO TOCTOSHHOMY
TOKY Ha CEMEHCTBE BBIXOAHBIX CTAaTUYECKUX XapaKTepUCTHK TpaH3uctopa VTI
(cm. puc. 3.3). Ona 6yner npoxoauTh yepe3 Touku ¢ koopauHaramu Uxkoi, iko1, 1k1=0,

U, = U, |FigRye
«l ‘ K‘“’ KOI™™K=1 " rie Rk=1 — comporuBieHne Harpy3ku Tpansucropa VT1 mo

HOCTOHHHOMY TOKy:
Ry =Ryt Ry +Ry,. (3.65)
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ITpu noBeimennn paboueit Temmneparypsl Tpansucropa VI1 Tok ikor Oyzer Bo3-
pacTaTh ¥ TOYKa ITOKOS Oy/IeT CMEMaThCSA BBEPX IO ATOW HArpy3049HoM npssMoi. Jlo-
IIyCTUMOE IpUpaIleHue ToKa MoKos Aiko.jon = 1'ko1- 1kor (cM. puc. 3.3) onpeaensercs
CHIDKEHHEM OCTATOYHOT'O KOJUJIEKTOPHOTO HANpSKEHHS UKMyH1 JO MUHHMAJIBHO JO-
MyCTUMOro 3HaueHus u'k Mun1 (Menee mpumepso 0,5...1 B, onpenensemoro ycioBueM
COXpaHEHUS JOITyCTHUMOM JTMHEHHOCTH €r0 BBIXOJHBIX XapaKTEPUCTUK) H HAXOIUTCS
HENOCPEACTBEHHO 0 HArpy30YHOU MPSAMOM 110 NOCTOSSHHOMY TOKY MJIM BBIYHCISAETCS

o popmyne

i = EB_U'KOI _ EB' UKOI — EB' (UmK1+u'K.MI/IHl) _

K01
RK—l RK=1 RK=1

Al1(0.110111 =1

(3.66)

' -
K01

_Eg- (U i1 + Y v _ U vmn T Wievmn
RK=1 RK=1 ’

rae Rk=1 onpenensercs BerpaxxkeHuem (3.65).

Ob6ecneueHre UMEHHO 3TOT0 3Ha4eHUs Aikojon B CX€ME OCYIECTBIIETCS MECT-
HOW OTpHIIATENFHONW 00paTHOM CBS3BIO MO TOCTOSTHHOMY TOKY 3a c4eT Rni. s pac-
yeTa TpeOyemMoil CKBO3HOM TiyOuHBI 3TOM 00paTHOU cBsizu F*i1moc kpome Aixo jomn
HE00XO0/IMMO OLIEHUTh MAKCHUMAJIBHO BO3MOXHOE MPH 33alaHHON MaKCHMaJIbHOU pa-
Ooueit Temmeparype Tcmakc HpHpANICHHE ITOCTOSIHHOTO KOJUIGKTOPHOTO TOKa
AiKo.maxc! TP OTCYTCTBUH CTaOMIH3AIUN

Aty o maker = Ixomakcr ™ Ikor's (3.67)
3nech

Ix o.mMaAKCI — h213MAKC11501 +(1+ h213MAKC1) IK60MAKC1 > (3.68)

rae
(T makci - To.cre1)
= ) 10°
IKBO.MAKCI IKBO.CI'JPl 2

NI

(TH‘MAKCI_TH.CHPI)
10°

IK.BO.MAKCI = IKBO.CHPI -3
— HEYNPABIISIEMBIN TOK JUISI TEPMAaHUEBHIX (MM KPEMHHEBBIX ) TPAH3UCTOPOB,

Trmaxe = Temare T RuciPrmaker = Temake T RuctUkoilkor
— MaKCHMAaJIbHOE 3HAYEHHUE TEMIIEPATYPHI KOJIEKTOPHOTO IEPeXoa.
HeobOxonumas ckBO3Hasi TIIyOMHA MECTHOM OTPUIIATEIHPHON OOpPaTHOM CBS3U IO
TIOCTOSTHHOMY TOKY JOJDKHA OBITH

IMOC Aj
1K0.Z[01'[1

CkBo3Has TiTyOrHA MECTHOM OTPHUIIATEIEHON 00paTHO# CBSI3M B MPEABBIXOJHOM
Kackaze 3a cueT Ro1 onpenensercs BhIpakeHUEM
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* + *
Fimoc =17 (I Boiovn) Ry > (3.70)
R+ Rexvm

KOTOPOE MOJydaeTcs M3 OOIIEro BHIPAKCHMS IS CKBO3HON TIIyOWHEI OOpaTHOM
CBSI3U:

F*IMOC =1+ :Bl K*1 - 1+ﬂ1 KBX]_[.IKVTI

o ﬂ] KBX .1 K 1 "
IIPY MOJCTAaHOBKE B HETO 3HaYeHUil 1, L, VT i paccMaTpuBaeMOM CXEMBI
MECTHOM OTpuIlaTeTsHON 00paTHOU CBS3H:

B = Augy, _ Aiy Ry, _ (A+Kp ) Ry, .
1 . .
Aup Ay Al Ry +Aig Ry Ky Rigt(1+ K ) Ry, ’
K _Augg +Augy - Adg R+ Ay Ry - Kpyr Rt (1K ypy) Ry,
TVILT Ty = AR = R ;
Ugs vT1 Ig1  Rpx vti BX.VTI
Augyyry Rpx.vri Rpx vri
KBX.L[.] = —A =AUpgy R ’ AUgs = R+ R .
Ugrni a1 RBx.vTI o1 RBx.vTi

N3 popmymst (3.70) onpenensercs: pe3yIbTHPYIOIIEE COMPOTUBIICHUE ICTUTEIIS
B 1ier 6a3pl Tpan3ucropa VT1

= { +h313VT1)'R31 R

F 1Moc'1

R — (3.71)

A1

Pesynerupyromee conporuienue Ry cBsizano ¢ Rs1 1 Ri coorHomenunem

~ R Ry (3.72)
" Ry +R; .

Kpowme ycnous (3.72) conpotuBnenus Rs1 1 R1 onpenensiorcs eme yCcaoBUsIMU
obecrieueHusi TpeOyeMbIX (paHee pPaCCUYNTAHHBIX) HANPSDKEHUS W TOKA CMEIICHUS

Ugg, 1 g, Tpansucropa VT1:

R, = o (3.73)
Lem
0,5E;-i-R
p = (3.74)
1501 T 1em

rre 1 nEA1 — TTOCTOSIHHBIM TOK 0a30BOT0 AeIMTEN cMeleHus Tpansucropa VT1.
Pemas cucremy Tpex ypaBHeHwuit (3.72)...(3.74), B KOTOPBIX HEM3BECTHBIMH SIB-
msorest R, Ry u igy,, MoXkHO Hality cHavana iggy, , a 3areMmR; no (3.73) u Rs1 o
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3.74). YacTo MOCTYNAIOT MHA4e: 33Jal0TCi TOKOM JMACNUTENS lngy B Ipenenax
il

(3...10) igy, u Berumcnsmor R, m3 (3.73) u Ry, u3 (3.74), a 3atem moxcrasmsior

HalijieHHble 3HaueHus B (3.72) c 1menbio MpoBEpPKU €ro BHITIONHEHHs. Eciu ycnoBue
(3.72) BemonuseTcs (WM eciy mpaBas 9acTh B (3.72) HECKOIBKO MEHBIIIE JEBO Ya-

ctr), To pacueT R, m Ry MOXHO cuuTarh 3aKOHYCHHBIM, TIOTOMY YTO BBITIOJTHCHUE

STUX YCIIOBUHM rapaHTHpYET MONydeHue paccuutaHHou mo popmyse (3.70) riryOunb
OTPHIIATENHHON 00paTHOW CBS3H IO IIOCTOSSHHOMY TOKY M, CIIEZOBaTEIbHO, pacuerT-

HOTO 3HAYEHUS Ly o ror -

3a cyer ocrawmelcs HeCTaOUIPHOCTA MOCTOSHHOTO KOJUIEKTOPHOTO TOKA 1Kol
Tpansucropa VTl
— 1 1 . 0,
0 = (Aigq zom/ixor)100% (3.75)

OylleT UMETh MECTO HEXEJIaTeIhbHOE YBEIMUYCHHE HAIpPSHKEHUS CMEIIeHUs Ha 0a3ax
tpansuctopoB VT2, VI3 (B cxeme puc.2.3) u VT2, VI3, VT4, VTS (B cxeme
puc. 2.6) mpu MaKCHUMaJbHOW pabouedl TeMIeparype, KOTOpoe KOMIIEHCHUPYETCS
0OBITHO SKCIIEPUMEHTAILHOM MOATOHKON BemdrH Rt 1 R (mytem ymensinenust Rt
U, COOTBETCTBEHHO, yBenU4YeHUs Rii) B mpoliecce HamagKy yCUITUTENS.

Hapsiny c¢ paccMoTpeHHOI MeToauKoi pacdera 0a30BOro AEMUTENS HAXOIAT
npuMeHeHne u 6omnee mpocteie. OIHA U3 HUX ABIAETCSA Kak Obl 4aCThIO pacCMOTPEH-
HO¥1 BBIIIE METOJMKH U CBOAMTCS K pacuety Ry u Ri mo popmymam (3.73) u (3.74) ¢

R

ydeToM BbiOpaHHOro mo ¢opmyne (3.63) 3! 0Oe3 mHpeaBapUTEIHLHOTO pacuera

*

Ai Ai F R .
ko.qomt & T IK.MAKCL - & aMoc - THAL g rrocie IyroIed MPOBEPKU BBITIOJTHEHHS YCIIOBUS
(3.72).
IIpm nmpuMeHEeHnH 3TOM COKPAICHHOW METOAWKHM HCXOAAT U3 TOTrO, YTO €CIIU

R
npu pacuete = 2! mo ¢opmyne (3.63) 3amaBaThCsd Ha HEM JOCTATOYHBIM IaJ€HUEM

HaIPSKEHUS U , a ipu pacuere Rs1 u R1 o popmymnam (3.73) u (3.74) 3anaBarsb-

1
s IOCTATOYHBIM TOKOM aenurenss AP 1o mpakrtudecku Oymer 00ecreunBaThCs J0-
ctatouHo 3¢ ¢ekTuBHAasS paboTa CXeMbl SMHTTEPHONW CTAOMIM3AIMU KOJUIEKTOPHOTO

ToKa roKost | KO! Tpan3ucropa VT1.

JTa METO/MKa 4acTO MPUMEHSAETCA B KacKaaax, pabOTarommMX B YCIOBHUSIX Ma-
JBIX YPOBHEW CUTHAJIOB, KOT/IA CTATHYECKUE U JUHAMUYECKHUE XAPAKTEPUCTUKHU TPAH-
3UCTOPA UCTIOJIB3YIOTCS HE MOJHOCTHIO IO HAIPSIKEHUIO, TOKY ¥ MOIITHOCTH.

YTto0 KacaeTcs paCCMOTPEHHOTO BBIIIE NMPEABBIXOJHOTO KaCKaJla Ha TPaH3UCTOPE
VT1, B KOTOPOM CTaTUYECKUE U TUHAMUYECKUE XAPAKTEPUCTUKHU HCIONB3YIOTCS TO-
YTU MOJHOCTHIO IO HAMPSKEHHUIO, TO IPUMEHEHUE K HEMY 3TOr'0 COKPAILIEHHOTO Me-
To/1a TpeOyeT U3BECTHON OCTOPOKHOCTHU H, B YaCTHOCTH, TPEOYET B MEAX TapaHTUU

obecrieueHnss MUHEMAIBHO JOIYCTAMOTO 3HaueHus U'y \upq 3a7aBaThCs IIPH pacde-
te R, mo dopmyne (3.63) 3nauenmem U, He Menee 0,2 Ep (ueHo#t yBenmue-
uus Eg), a npu pacuere Ry u Ry mo dopmynam (3.73) u (3.74) — Tokom nenwure-
st ey, we menee (5...10) i, .
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3.1.5. Pacuem xoa¢hgpuyuermos capmonux
BbIXOOHO20 U NPEOBbIXOOHO20 Kackaoos YM3Y

Kak BuIHO W3 pacyeTa BEIXOAHOTO M MPEABBIXOJHOTO KacKa/IOB, UX TPAH3UCTO-
pBI pabOTAIOT B YCIOBUSAX OOJNBIINX YPOBHEH CHTHAJIOB, T.€. B YCIOBHUSX IOJTHOTO
(WM TIOYTH TIOJTHOTO) WCHOJB30BAHMS CTATUYECKHX W JTUHAMHYCCKUX XapaKTepH-
ctuk. IlosToMy B 3THX Kackajax MOTYT BO3HHKATh 3aMETHbIC HETMHEIHBIE UCKaXKe-
HUS W3-332 BIUSHUSA HEIMHCWHOCTH XapaKTEPUCTUK TpaH3ucTopoB. KosdduumeHTsr
TApPMOHHK 3THX KAacKaJOB, C IMIOMOINBI) KOTOPHIX OIICHUBAIOTCS HEITWHECHHBIC MCKa-
KECHHS, MOTYT TIPEBHIIIATE JTOIyCTUMbIE 3HAYECHHUS. B CBS3M C 3THM B 3THX KacKaaax
OCTPO CTOUT BOINPOC oOOecmedeHus 3amaHHOTO Kodddunuenta rapMoHUK Kriajn.
OOBIYHO ATO AOCTUTAETCS C TTIOMOMIBIO OTPHUIATEIEHO 00OPAaTHOM CBS3H.

Hwuxe nmaercs mpuMepHBIA TOPSAOK pacdera KO3 GHUIIMECHTOB TApMOHUK KacKa-
JIOB ¥ TpeOyeMoii riTyOUHBI OTPUIIATEILHON OOpaTHOM CBS3H.

Koa¢durueHTs! rapMOHUK BBIXOJHOTO M IPEABBIXOJHOTO KackafoB K g x U

Kr gy ONPEnenstores rpad)0aHaIuTHICCKAM METOOM TISITH OPAUHAT 110 CKBO3HBIM
IUHAMHYECKUM XapaKTEPUCTHKAM ITUX KaCKaJOB.
CkBO3Has IOWHAMHUYECKas XapaKTEPUCTUKA OJHOTO IIeda lgyr, = f(€'yervr )

BBIXOJHOT'O Kackaja Ha KOMIUIEMEHTApHBIX TPAH3UCTOpax B pexxume «B» mo cxeme
pucC. 2.3 CTPOUTCS 10 TOYKAaM Harpy3o4HOi mpsmoii (cM. puc. 3.1) u BXxogHOU AMHA-
MUYECKOM XapaKTepUCTHKHU (CM. puc. 3.2) ¢ ucnoiab3oBaHueM ypaBHeHHUs s OJ(C
OKBUBAJICHTHOTO MCTOYHHWKA CHTHAJIOB KaXJOr0 IUI€Ya BBIXOJHOTO KackKaja
€'ycr v » YAUTHIBAIONIETO BKIItOYeHHE TpaH3ucTopoB VI2 u VT3 no cxeme ¢ o6mum
KOJUIEKTOPOM, T. €. YUUTHIBAIOLIETO JIEHCTBYIOUIYIO B 3TOM KacKajie MECTHYIO OTpH-
[ATEbHYI0 OOPAaTHYIO CBS3b, MAPAUICTBHYIO IO BBIXOAY (T. €. IO HAMPSHKCHHIO) U
MOCIEA0BATENbHYIO IO BX0ay. JlJist cxemsl puc. 2.3 3TO ypaBHEHHE UMEET BUJL;

’ . . .
eI/ICT.VT2 - uBX.VTZ + 1]:"..VTZ:l{I/ICT.VTZ = uB.VTZ + 1K.VT21{H + 1B.VTZ]E{I/ICT.VTZ > (376)

e Rycryry =Ry

JIns moCTpOeHHS CKBO3HOH JTMHAMHYECKOW XapakTEPUCTHKH (CM. puc. 3.5) mo-
CTaTOYHO B3ATh 5...7 TOUEK B mpefenax pabodero yyactka Harpy304yHOW MpsSMOM U
BXOJHOW JMHAMHUYECKON XapakTEPHUCTUKU U JUIS HHUX PAacCUUTATh €'yoryry - 1ak,

HarpuMep, AJAS MAKCHUMAJIBHOTO KOJUIEKTOPHOTO iy yaxcvr: OHC cormacHo (3.76)
Oyner:

, B i i
e'permakevr2 = Usmakcevr2 T lkmakcvr2Ry + 1 makcvr2Rucrvre s

IT€ g pmakcyrz A COOTBETCTBYIOIIEE €MY 1pyaxcyvra O€PYTCS HETIOCPEACTBEHHO II0
Harpy304HOH IPAMOH, & Ugpakcyr2 HEMOCPEICTBEHHO M3 BXOJHOM JAMHAMUYECKON
XapaKTEPUCTHUKH T10 1g pjaxcvTa -

Ha nmomy4yeHHOU CKBO3HOW AMHAMHYECKOM XAapaKTEPUCTHUKE OJIHOTO IIJI€Ya BBI-
XOHOTO Kackaja (puc.3.5) pemar momojiaM OTpE30K Ha ocu abcuucc OT
€' yermakc vz A0 €'yuer o vra » HAXOAAT TOKH 1'yaxc, 115 1'y » IO KOTOPBIM BBIYHUCIIAIOT
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ISTh MTHOBEHHBIX 3HAYCHHUIA BBIXOJHOTO TOKA (IISATH OPAMHAT) JIBYX IUICY KAaCKaJa C
y4ueToM Ko PuImeHTa aCHMMETPUH «8) TIIed Kackaia
imakc = imaxc (1 +86);
i, =1, (1+8);
i, =1y(26); (3.77)
i,=-i,(1-8);
ivis = ~imaxc (1-8);
rae «e» bepercs B npeaenax 0,15...0,2.

3areM 1o ¢popMysiaMm METOJA MATHA OPAMHAT OINPEAETAIOT aMIUIUTYLy BBIXOHO-
IO TOKAa OCHOBHOM 4YacTOTHI | ;g x M aMIUIMTYJbl TapMOHHMK BBIXOJHOTO TOKa

I o8erx s Lmseexs Lmappx > @ TAKXKE CpeHEE 3HAUEHHUE BBIXOJHOIO TOKA 1epBBIX |

I _ Iyake —lvpm T~y |

mIBBIX — 3 ;

1 _ Iyake Hivpm — 2l |

m2BBIX = 4 ;

I _iMAKC_iMI/IH_z(il_iZ).

m3BBbIX — 6 ’ (3 78)
I _iyakc Fiypm — 43, +i,) +6iy |

m4BBIX — D ;

I _ Iyae Hivgm + 23, +1y)

CP.BBIX — 6 .

O npaBmwibHOCTH BBIYHCICHHA 1O ¢Qopmynam (3.78) cyasT mo BEIOJHEHHIO
ypaBHEHUS

Ivake = lepppix + Imispx + Im2sex + Imspex + Imanprx s (3.79)

B KOTOPOE 3HAYCHHS BCEX BEIMYMH IOJCTABISAIOT CO CBOUMHU 3HAKAMH.
Kosdduruent rapMoHUK BEIXOAHOTO Kackaaa Oymer

2

12 +12 +1
KF.BBIX — \/ m2BBbIX m3BbIX m4BbIX 100% (380)

ImlBIaIX

Pacuer ko3dduirieHTa rapMOHHMK BBIXOJHOIO ABYXTaKTHOTO Kackala Ha CO-
CTaBHBIX TPaH3UCTOpax B pexume «B» (puc. 2.6) NpoU3BOAAT B TOM K€ MOPSIAKE, UTO
U BBIXOJHOTO KacKaJa Mo cXeMe pHc. 2.3, ¢ TOH NuIIb pa3sHUIEH, 4TO CKBO3HAs IU-
HaMHU4YeCKas XapaKTEpUCTUKA OJHOTO Iuleda Kackana g yr, =f(€'yeryry) CTpOUTCA

Ut coctaBHOro Tpansucropa VT2 u VT4 ¢ yueToMm BeIpakeHUS

. N . i
€'uer.vr2 = Usvra + Upvrsa Tk vraRe T 15 vraRucrvra- (3.81)
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Ix v12 X

Cucr.vr2

1
' 'éO’S'E'm.I/IC. 0,5 °E'm.I/ICT. '

Cuct.ovr2 CUCT.MAKC VT2

Pucynok 3.5.

Ivakc

Cuct.vti

. E o nct— Ewnct 7]
CuctmuuvTt  CuCT.oVTI CUCT.MAKC.VTI

e

Pucynok 3.6
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B sroMm cimydae pacuer e'ycryr, HMEET CBOM OCOOCHHOCTH, KOTOPHIE MOXKHO

NPOMJUTFOCTPUPOBATH HA IPUMEPE BHIYUCICHUH JJIs1 OJJHOM M3 TOYEK CKBO3HOW AWHA-
MHYECKON XapaKTCPHUCTUKHU, HANPUMEP, MPH MAKCUMAIBHOM KOJUIEKTOPHOM TOKE

1 makC.vT4 - U1 3TOH TOUKH

, B : )
' et Makevr2 = Upmakcvrz T Usmakcvrs T 1k makcvraRu +1makcvraRucrvrz -

31€eCh 1y paxcyT4 OCPETCS HETIOCPEICTBEHHO U3 HArpy304HOM npsmoit s VT4,
a 3HA4YEHUE Ugpagcyrs — HEMOCPEACTBEHHO W3 BXOAHOW AMHAMHYECKOM Xapak-
TepucTUKA VT4 10 15 \axc vra» KOTOPOE OEpeTcs U3 Harpy3ouHoi nmpsamoit VT4 mms
1g MAKC.VT4 - UTO KACaeTC 1p\axcyras TO AT €T0 ONpPEACTICHUS NMPHUACTCSA CHAadala
HaWTH TOK dMutTepa VT12:
15 makcvr2 = 1pmakevrs + Usmakcvrs/ Ro,
a TIOTOM, YYHTBIBAS, UTO i5yakc.vr2 = ik makc.vr2 T ipmakcvr2 = ismakcvr2(Maiovrz D),

HAWTH 15 pakcvr2 = Iomakevr2 (Mo vra +1)-
Haxonen, mis HaWIEHHOTO 3HAYEHHS lgyakcyre, 1O BXOJHOW JMHAMHYECKOU

xapakrepuctuke VT2 HaXooiaT Ug yakcvTs -
B TakoMm ke mOpsiAKe BEIETCS pacueT €'yoryr, AT APYTHX TOYEK B IpeAeiax

pabodero yyacTka CKBO3HOW JIMHAMHUYECKON XapaKTEPUCTHKH. JTa XapaKTepUCTHKA
OyAeT UMeTh BHUJ, aHAJIOTMYHBI pUC. 3.5, HO TOJBKO IO OCH OPAMHAT BMECTO TOKa
1 yrp OYAET TOK 1y y1,. JaNbHEHIIMK pacdyeT Ha OCHOBE 3TOM XapaKTCPUCTHKH HE

OTIMYAeTCA OT pacdeTa Juiid Kackaja 1o cxeme puc. 2.3 u Belercd 1o Gopmynam
(3.77)..(3.80).
Kospuupent rapmoHuk Ky pppy MPEABBIXOIHOTO OJHOTAKTHOTO KacKaja, pa-

Ooraroniero Ha TpaH3ucTope VT1 B pexume «Ay, ONpEeIsIiOT METOIOM IISATH Op.IH-
HAaT [0 CKBO3HOH JAMHAMUYECKON XapaKTEPUCTHUKE 1y v = f(€'yer vy ) Kackaaa B pe-

xuMe «A» (cM. puc. 3.6), MOCTPOCHHOM IO TOYKAM Harpy3o4Hoiu npsimoi (puc. 3.3)
Y BXOJHOW JMHAMUYECKON xapakTepuctuku (puc. 3.4) kackajna (s OCTPOCHHUS J0-
CTaTOYHO B3ATh 5..7 TOYEK B TMpenenax pabouero ydacTka XapaKTEPUCTHK OT

ix makc.vT1 A0 I Mym yT1) € YIETOM BBIDAKCHHSA

. N )
¢'yervrt = Usvr T s vriRucrvrs (3.82)

rae Ryeryy =(1/R; +1/Ry +1/Ryer)™, a npu paGore cxem puc.2.3 u 2.6 or
TIPEALIECTBYOMIETO NPEABAPUTENLHOTO PE3UCTOPHOTO KACKAAA R yer yry = Ry rppyp -

Cnenyer OTMETUTbH, YTO CKBO3HAs JUHAMHUYECKass XapaKTEPUCTHKA B PEXKUME
«A», B oTiimune OT pexxuma «By, momyyaercs st 000uX MOJYNEpUOIOB CUTHANA,

' '
T. €. B IPENeNax OT €'yer vyt A0 €'permakcvr (CM. puc. 3.6).

IloaTOMY B COOTBETCTBHH C METOIOM IISITH OPAWHAT Ha MOJyYCHHOW CKBO3HOM
IVHAMUYECKOM XapaKTEPUCTHKE OTPE30K Ha OCH abcuucc OT  €'yer vumvri
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10 €'yt makc vt ACTAT HA 9ETHIPE PABHBIEC YaCTH M HAXOIAT ISATh MTHOBEHHBIX 3HA-
YeHUH BBIXOAHOro Toka TpaH3uctopa VT iyaxc, Iymms 1os 1j> 1, (ISTH OpAMHAT),

KaK ITOKa3aHo Ha puc. 3.6.
ITo HaliEHHBIM NIATH OPAMHATAM BBIYHMCIAIOT aMILUIUTYAY KOJJIEKTOPHOI'O TOKa
OCHOBHOM 9acTOTHI I yppy, aMIUIATY bl TapMOHUK L o, Losmeens Imameeg ¥

cpenHee 3HaYCHUC Icpyppy KOJIEKTOPHOIO TOKA MPEIBBIXOTHOIO Kackajia. Bordwmc-

JeHUs BeAyT Mo gopMyiaM Meroaa nsaTu opauHat (3.78), HO ¢ 3aMEHOM HMHIEKCOB
«BbIX» Ha MHACKCHI «TIpe» B JIEBOU 4acTH (GOpMyL.
Kosdduruent rapMoHUK NpeIBHIXOTHOTO Kackajaa OyaeT

I +12 +12
\/ m20PER T "m3TIPER T "m4TIPEL 4 550, (3.83)

. I

PesynpTupytonmit pacueTHbii K03 GUIMEHT TApMOHHUK BBIXOJHOTO U TPEIBHI-
XOJTHOTO KacKaJ[oB 10 cxemaM puc. 2.3 u puc. 2.6 Oyxaer

KF.OEIILPAC‘I = \/ (KF.BBIX )

P+ (Kr.ann F. (3.84)

3.1.6. Pacuem mpebyemoui enybunwvt obweri OOC 015 obecneyenus
3QA0aHHBIX KO3 PUYUEeHMa 2apMOHUK, KO3 duyuenma copoca Hazpy3Ku
U K03 puyuenmos 4acmomHuIX UCKAHNCEHUN

Kak ormeuanocs B 1. 2 nipu onmcannu cxeM puc. 2.3 u 2.6, o6mas OOC co3na-
ercd ¢ noMoupo nenu Rp1R1 1 0XBaThIBaeT BEIXOIHOM U MPEABBIXOAHON KaCKabl.

Tpebyemyto ckBo3nyto rimyouny obmeit OOC pacCUMTHIBAIOT C TOYKHU 3PEHUS
obecrieueHns 3aJaHHBIX Kod(dduumenta rapmoHuk Kr 3an, xkoaddurmenta copoca
Harpy3ku Hzag v k09 PUIMEHTOB YaCTOTHBIX HCKAXKEHUW Ha BEPXHEHW M HIDKHEH ya-

crotax M ; ", COOTBETCTBEHHO IO pOopMyJIaM:

) * Kr.osm.PAcq [ ]
Fosm K =T 1+ lo(Kr.osm.PAcq. - KF.3AI[.) ) (3.85)
[.3A%0
rae Krosupacu ¥ Krsayg 6epyres B paszax,
* _ H3A,Z]
obm. H ~ , 3.86
“HH -1 (3.86)
M, -1
X (H)PACq 1 g7
Fon.Mz M 1 ’ ( ’ )
B
(H )3Aﬂ

0651980 Haubonbiee 35a9enue F* nomydaercs mo (3.85) uu (3.86). Ipu Takoii
F* tpe6oBanmsamo M 3a7> XK [IPABHIIO, BEITIONHAIOTCS. Ho 310 Hato npoBepuTs.
(H)
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Kak m3BecTHO, 9aCTOTHBIE HCKAXEHHS B O0JIACTH BEPXHUX YACTOT BHI3BIBAIOTCS
WHEPIMOHHBIMA CBOWCTBAMH TPAaH3UCTOPOB W BIUSHHEM MOHTAXHBIX E€MKOCTEH
cxeM. B GonpmMHCTBE cilydaeB M3-32 MaJOCTH MOHT@XKHBIX €MKocTed (0COOEHHO B
MHTETPANBHBIX MHKPOCXEMax) X BIUsSHUEM IpeHeOperator. C y4eTom 3Toro Koad-
(GHUIMEHT YaCTOTHBIX MCKaXeHUU cxeM puc. 2.3 u 2.6 Ha BbIcHIel pabodel gacToTe
OyzaeT onpenensaTbCcs TPAH3UCTOPAMH BBIXOAHOTO H MIPEIBBIXOIHOTO KaCKaJI0B, T/Ie:

MB.OEIII = MB.OS.HPE)IMB.OK.BBIX )

MB.OS.HPE)I =

— K03 (PHUIIMEHT YaCTOTHBIX MCKaKeHUU Tpan3uctopa V1 mpeaBeIxoHOTO Kacka-
71a, BKIIOYEHHOT'O 110 CXEME C 00IIUM AIMUTTEPOM;

MB.OK.BBIX = MB.OS.BHX - I<BIJIX (MB.OS.BI)IX - 1) (388)

— KO3 (PHUIMEHT YaCTOTHBIX HCKAXEHHUI TPAH3UCTOPOB OJTHOTO IJIeYa JBYXTAKTHOTO
BBIXO/IHOT'O KacKaJa ¢ Y4ETOM BKIFOYEHHUS HX 10 CXEME C OOIIMM KOJIEKTOPOM, THe
Kgix — K03hOuUIMEHT nepeaadu HalpspKeHUs BBIXOJHOTO Kackaza (3.22).
Bxopsamuit B paByro 4yacth ¢popmynsl (3.88) koadduUIMeHT 4aCTOTHBIX HCKa-
KEHUH Mg o5 ppx TPAH3UCTOPOB OIHOTO III€Ya ABYXTAKTHOI'O BBIXOJHOTO Kackajaa

ITPH BKIIFIOYCHHUH HX I1I0 CXEMC C 06IJ.II/IM SMUTTCPOM OIPEACIIACTCS IO BHIPAXKCHUAM:

(3.89)

M5 05.8ex = Mposvr2 =

— ISl CXEMBI puc. 2.3;

14| T (3.90)

h2152 h2154

M5 05 86x = Mo vr2 “Mposvrs =41+

— JI7Is1 CXEMBI puc. 2.6.
Paccunrannpiii mo 3TEM QopmyiaaMm Ko03(QPHUIMEHT YaCTOTHBIX HCKAKEHHI
Mg op; OyZET yMeHbIIAThC O0MIEH OTPULATENBHON OOPATHOM CBA3BIO, OXBATHIBA-

IOIIEe BBIXOJHOW M mpeBbIxoaHOU Kackansl (3.85) wmm (3.86). Ee rmyOuna Oblia
paccuntana panee o popmynam (3.85) u (3.86). Ilpu takoii rimybune obmeit oTpu-
IaTeNIbHOM 00paTHOM CBI3U KOA(DPHUIIMEHT YaCTOTHBIX MCKAXECHHUI Ha BhICIIEH pabo-
yeif yacrore fy Oyzer

MB.OBIJ.I —1

Mg osimooc =1+ ———-. (3.91)
OBII Kr
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OueBuaHO, 4TO0 My o5 ooc HE AOIDKHO IPEBBINIATH 32[AHHOE B TEXHMYCCKOM

3aaHuu Mp 3, p
Mg osm.00c <Mp3ag- (3.92)

B obmactu HWKHHX 9acTOT pabouyeil MOIOCHl YaCTOTHHIE MCKa)KEHHS BBI3BIBA-
1oTcsi KopaeHcatopaMu Cppy, Cppx B C,. OHE 00yCIOBIMBAIOT Ha HUXKHEW pa-

Ooueit wacrore f; KOIPPUIMEHTH! YACTOTHBIX HCKAaXEHHUNH COOTBETCTBEHHO

My cpax> Mucesbxs Mucor-
O6mmit k03¢ HUIMEHT YaCTOTHBIX UCKKEHHI (B pazax) Oyer

MH.OBIH.OOC =My cp 8xMu.cp exMu.co1.0005 (3.93)
rie
M -1
My co1.00c = 1+ —S—
FOBIJ.[.Kr (3.94)

— K03()(PUIIUEHT 9aCTOTHBIX HCKaXXEHUH n3-3a C,; ¢ y4eTOM BIUSHHA OOIICH OTPH-
[aTeIpHOM 00paTHOM CBA3H, Tak Kak C,; BXOAWT B IETIIO 3TOM 0OpaTHOI CBS3M.
Homyctumele 3HadeHUd My cppx M My cpppx  HE JOJDKHBI  NIPEBBINIATH
(0,5...1,5) nb. Yro kxacaercs My ,;, TO nockonbKy koHaeHcatop C,, oxBadeH 00-
meil oTpuLaTenbHOM OOpaTHOM CBA3BIO, TO JIOIMYCTMMOE 3HaueHHe My .,; MOXET

OBITH IPUHATO HECKOJIBKO OonbimmM (mopsiaka 2...3 nb): Gmaromaps OTpUIATETBEHOMI
oOpaTHO! CBS3UM OHH OyAyT B KOHCYHOM CUETE HEBEIHMKH. lIpW Takmx 3HAYECHUIX
Mucpex>s Mucpasx # My, KoHmeHcatopsl Cppy, Cppyx # Cy Oymyr uMers

IpUEMJIEMBIE JUTS IPAKTUKH 3HAYCHHSI EMKOCTEH U TabapuThlL.
Cnemyer OTMETHTb, 4TO, OpPHUEHTUPYACh Ha PEKOMEHAyeMble 3HAaYCHUS

M
Mucpex> Muceprx 1 MH-Cal, HYKHO CJIEIMTH 3a TeM, 4To0bl  OBIOOC he mpe-
BBIIIAJIO 33JAHHOTO B TEXHMYECKOM 3a/IaHHH:

MH.OBIH.OOC S MH.BAJI’ (395)

Brmonnenue ycnoswit (3.92) u (3.95) Gyner o3nadath, 9To riryOuHa obiei oTpu-
[[aTEJIbHOM 00paTHOM CBs3M, paccunTaHHOW paHee no (opmyne (3.85) ¢ TOUKHM 3peHUs
obecrieueHHs 3alaHHOr0 K03 (GUIIMEHTa TApMOHUK, JOCTaTOYHA U [T 0OecliedeHus 3a-
JaHHBIX KO3 (UIMEHTOB YaCTOTHBIX UCKa)KEeHUH Ha BepxHel fp u HwkHe# f; paboumx
9acToTax.

B sToM citydae nenb o0miei oTpunaTensHOR 00paTHOW CBS3HM JOJDKHA PACCUUTHI-
BaThCs Ha o0ecrieyeHne 3Toit rIyOUHbBI 00paTHOM CBS3H.

Hesrimonuenne ycnosuit (3.92) u (3.95) 6yzaer o3Hayarh, 4T0 3HaYEHHUE TITyOHHBI
o01eil oTpunaTenbHOM 00paTHOM CBSI3U ngm.lcra pPacCUMTaHHOE PAHEE C TOUKH 3PEHUsA

yYMEHBIICHUS KO3 (PHUIIMEHTa TApMOHHK U UCITOJIb30BAHHOE TIPU PAaCUETe YACTOTHBIX HC-
KaKEHHI, HEJIOCTaTOUYHO IS TpeOyeMoro CHXEHHUs K03 GhHUIIMEHTa JaCTOTHBIX HCKa-
JKEHUIA.
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B stom ClIydac omnpecaciisicTcs Tpe6yeMoe 3HA4YCHUC I‘JIYGI/IHBI 0611];6171 OTPHULATCIIb-
HOM O6paTHOfI CBA3U C TOYKH 3pCHUA obOecreueHus 3aJaHHBIX KOB(I)(I)I/II_II/IeHTOB 9aCTOT-
HBIX UCKa)KCHUM Ha BerHeﬁ fB 1 HIDKHEH fH pa6oq1/1x qJaCTOTax 110 COOTHOIMICHUAM

F(;BIH(B) = (MB.OBHI - 1)/ (MB.BA)I - 1); (3.96)

F* ~ MH.Cp.BX ) MH.Cp.BHX ) (MH.Cal - 1)
ORI MH.3AI[ - MH.Cp.Bx ‘M .

(3.97)

H.Cp.BEIX

3a OKOHYATENBHEIN Pe3yIbTaT OepeTcss HauOOobllee 3HAUCHUE U3 MOTyYECHHBIX IO
dopmynam (3.85), (3.86), (3.96) u (3.97) 3naueHuit ryOUHBI 00IIEH OTpHUIIATEILHON
00paTHOM CBSI3M, KOTOPOE U JIOJDKHO OBITH 00ECIIEUYEeHO MPH MOCTIESIYIOIIEM pacyeTe 1e-
nieit oOmiel oTpUIaTeILHON 00paTHOM CBS3H.

3.1.7. Pacuem yeneii obweti ompuyamenvHol 00pamHou ces3u
6 ogyxkackaoHom YM34

B cootBercTBHM C M3n0kKEHHBIM B maparpacdax 3.1.5 u 3.1.6, mapameTpsl 1ienu o6-
el OTpUIATETFHONH OOpaTHO#M CBS3M JIOJKHBI OBITH TAKOBBI, YTOOBI 00ECIIEYNBATIOCH

o *
60 3HaUeHUe rITyOnuHbI 00paTHOM CBS3H Fopyy ., paccunTannoe B maparpade 3.1.5 mo

dopmyite (3.85) ¢ Toukm 3peHus TPeOyeMOro YMEHBIICHUS HETHMHEHHBIX HMCKaKCHUH,
€CJIM OHO JOCTATOYHO M JUIsl BBIMIOJIHEHUS IIPUBEACHHBIX B maparpade 3.1.6 ycioBwmii
(3.92), u (3.95) o YaCTOTHBIM HCKaXXEHUSIM, MO0 Hanbolbllee 3HaYeHHUE U3 TpeX IO-
aydeHHbIx 1o ¢opmynam (3.85), (3.96) u (3,97) 3naueHuit riryOUHBI 0OpaTHOM CBS3H,

*
ecii Fop i, U3 Qopmyisl (3.85), 10CTaTOYHOE C TOUKH 3peHHUs yMeHblIeHus. K., He-

JOCTaTOYHO JUTS TPEOYyEeMOro YMEHBIICHHUS YACTOTHBIX HCKKEHUH.
Pacuernas ¢opmyna ajis CKBO3HO#M TIyOWMHBI OOINEi OTpHUIATENbHOW 00paTHOM
CBs3H, CO3/aBacMoOi ¢ momorpko 1enodku Ry R, ¥ oxBaTeiBaromeil npeaBeIXOAHON U

BBIXOJTHOM Kackajbl (cM. puc. 2.3 u 2.6), moaydaeTcsi U3 OCHOBOMOJATAONIEro BhIpa-

V) o * *
JKEHUs 1711 CKBO3HO# riryOuHbI oOpatHoii cBsizu F =1+ K :

* * R
Fopy =1+ p Kopy =1+ mKOEM ) (3.98)

rae B =U, oo /U pex =R/(Rg +R) — koddduimenT nepesadn HanpskeHus Iie-
i oOpaTHOM CBSI3M OT BhIXOJAa CXeMbI pucC. 2.3 (wam puc. 2.6) 10 BXOoJa TpaH3HUC-
Topa VT1 (U . — HampskeHHe 06paTHO# CBA3M Ha BXoje TpaHsucTopa VT1);

-1
R = L_FL_FL
RBXVTI I{l RHCT
HOMY TOKy Mexnay 6a3oit Tpansucropa VT1 u obmum mpoBogom cxeMmsl puc. 2.3
(ummu puc. 2.6);

Ko = Unppix / Uy — 001mid K09 GUIMEHT yCHICHHS HAPSDKEHHUS TPe-

— pEe3yJbTHPYIOUIEE COMPOTUBIICHUE 10 IEPEMEH-

BBIXO/IHOT'O ¥ BBIXOJIHOTO KaCKaJIOB CXeMEI puc. 2.3 (wmm puc. 2.6).
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Ecmu 3HadueHne rimyOuHBI 00mIei OTpUIaTebHOM 00paTHOM CBSI3U, pacCUUTaH-
Hoe 1o dopmyne (3.98) ¢ yuerom HaljeHHBIX paHee B maparpade 3.1.4 mo dhopmy-
nam (3.73) u (3.74) conpotuBnenuii Ry u R,, Oyzner paBHO miu Gomblue BBIYHC-

neHHbIX 10 dpopmynam (3.85), (3.96) u (3.97) TpeGyembIx 3HaUCHMI TITyOUHBI 00paT-
HOW CBA3U FSBHLKI, F(;EIII.(B)’ F(;BHL(H) (4TO BO MHOTHX CJIy4asix MOJIy4aeTcs), TO pac-

YeT 1enu o0IIei OTpUIIaTeTbHOM 0OpaTHOM CBSI3U Ha 3TOM 3aKaHYHBAIOT.

HeBrinonHeHne ke 3TOro yclIOBHS O3HAYaeT, YTO 3HAYEHUE IIyOWHBI oOmei
OTPHUIIATEIILHON OOpPaTHOM CBS3U IO NIEPEMEHHOMY HAIIPSKEHUIO MPU paHEe PacCUu-
TaHHBIX 3HaYeHuAX Ry, um R; HEmocraTouHo.

B sTOM cirydae, Kak 0TME4Yanoch B 1. 2 (IIpH ONMCAaHUHU CXEMBI puc. 2.4), ee uc-
KJIIOYAIOT C MOMOIIBIO pasBssbiBaromero puiasrpa Ry C, B menm obmei obpaTHOM

CBA3H, IIOJIy4aeMmoro 3ameHou pesucropa Ry, Ha gBa pesuctopa Ry =R + Ry,

(tme Ry =(5..10)R gy vy ¥ Ry =(5..10)R ;) ¢ BKIIOYeHHEM KOHAEHCATOpA pas-
B3k Cg (oOpaTHas CBSI3b IO MOCTOSTHHOMY HaNpsKEHUIO IIPU 3TOM OCTaeTCs) U

BBOJAT OTPHUIATEIbHYIO OOIIYI0 OOpaTHYIO CBA3b IO MEPEMEHHOMY HANPSKEHUIO C
nomobko pesucropa R 5 u kongencaropa Cp o5 (cM. puc. 2.4).

Comnpotusnenue pesuctopa R.p paccuuTsBaioT mo ¢opmyse, aHaJIOTMYHOMN
dopmyie (3.98), Ho ¢ 3ameHOM R HA Ry

R

Fop =1+ mKowb (3.99)

*

B KOTODOM 3HaueHne [05j TONAraOT paBHBIM HAMOOIBLICMY 3HAYCHHIO U3 TPEX
noJsry4eHHbIX 1o popmynam (3.85), (3.96) u (3.97) 3Hauenmit rmyOuHbl 06mIeH obpart-
HOM CBSI3U.

Emkxocte ke  koHmeHcaropa Cp ., PACCUMTBIBAETCS  1I0  BBIPAKCHHIO
(1/0xCpcp ) <R o /(50...100) , mpuBeieHHOMY B TI. 2 TIPH ONMCAHHIH CXEMBI PHC. 2.4.

3.1.8. Pacuem Heob6x00umo20 YCuneHus: U Koauvecmea npeo8apumenbHbix
Kackaooe becmpancghopmamopHsix ycuarumenel 36yK0GbIX Yacmom

Kak oTmeuanoch B II. 2, K BXOAY KaxJ10il u3 cxeM YM3Y, npencraBieHHBIX Ha
puc. 2.3,2.6 (unmm 2.1, 2.2, 2,4, 2.5), NOAKITIOYAIOTCS MPEABAPUTENHHBIE KACKaIbl C
PE3UCTOPHO-KOHJICHCATOPHON WJIH TaJIbBaHUUECKOM CBSI3bI0, €M 06€3 HUX UCTOYHUK
curHana ¢ 3JIC E_ ;cr ¥ BHYTpEHHUM CONpPOTHBIEHHEM R ;- HEe obecneunBaeT Ha

BXOJIe JTUX cXeM TpeOyemble 3HAUCHHS HANPSHKCHUS ¢ TOKa CHTHajla
(cM., Hanpumep, puc. 2.7).

Bompoc 0 HE0OX0AMMOCTH NpeBAPUTEIHLHBIX KaCKaJ0B PEIIACTCS B CIIEIYIO-
med nociiegoBareabHOCTH. CHadala HaXOOSIT OCHOBHBEIE BXOJHEIE HaHHbIE YM3U:
TpeOyeMble BXOTHOE HAINpPSHKEHUE W BXOJHOW TOK CHUTHANA, a TAK)XE BXOJHOE COIPO-
THBJICHHE ¥ €MKOCTh C YUYE€TOM MMEIOMIEHCS O0Ieil OTpuIaTeIbHOM 00paTHOM CBA3H
0 TIEPEMEHHOMY HANPSDKCHUIO, UMES B BUJTY, YTO IO CIIOCOOy MOAa4yM Ha BXOJ| OHA Ta-
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pajuienbHasd. OTU JaHHBIE SBISIOTCS UCXOAHBIMHU U pacdeTa TpakTa CUTHAIIA, Tpedle-
cTByromero YM34.

IIoroM OLEHMBAIOT BXOAHOE HANPSHKECHUE M BXOJHOM TOK CHUTHAla, KOTOPBIE
MOJKET 00€CIIEYNTh UCTOYHUK CUTHAIA TIPH MOAKIIOYEHUH €r0 K BXOAY 3TUX CXEM.

3areM CpaBHUBAIOT Pa3BUBAECMBIC HCTOYHMKOM CUTHAJIA 3HAYCHHS HAIPSHKCHUS
¥ TOKAa CHTHAJIA C TPeOYEMbIMHU 3HAYCHHUSMH HAIPSDKCHHSI M TOKA CHTHAJIA Ha BXOJE
CXEM M II0 pe3yJIbTaTaM CPAaBHEHHUSI ONIPEHEISIOT, HY>KHbI WU HET IIPEABAPUTECIIHHBIC
KACKaJIbl.

CornacHo Teopuy napajuIebHOM 110 BXOAY OTPUIIATEIHHON 0OpaTHOMN CBS3H:

1. TpeGyemoe HanpspkeHHe CUTHANA Ha BXOAE 3THX ¢XeM U py .. PH Mapai-

JIENIbHOM 10 BXOAY oO0mIeit oOpaTHOM CBsA3M OyJIeT TaKUM K€, KaK U paCCYMTAHHOE B
naparpade 3.1.3 Hanpspkenue curaana 6e3 ooparsoit cesazu U g, :

Unsximes = Ums1 = (g maxc1 — Up.mumi)/ 2- (3.100)

2. TpeOyeMslii TOK CHTHAJa HA BXOJE 3THX CXEM H3-3a BIMSHUS HapajUICIbHOM
10 BXOAy oOwieit 06paTHo# CB3U 1, py.,.q OyHer Oonblie paccyuTaHHOro 6e3 00-

patHoii cBsi3u 1 g, + 1, Ha BeIMUMHY TOKa I1enu 00paTHOM CBSI3H 1 ocger

LuBxirpes = Lmb1 + Imr1 T Imoc rets (3.101)
WIS
I = U s [ = U g1 I oore = Uust + Unmispix .
Rpxvri R, ' Ry (3.102)

3. BxogHO€ CONpPOTUBIEHUE CXEM M3-3a BIMSHUS MMapajuIeIbHON IO BXOJY 00-

paTHO# CBs3M OyJeT MEHBIIE, YueM 0e3 0OpaTHOM CBS3HU:
1 1

Rpxi = =
YBX] YBXVTI + YRI + YOCR61 (3.103)

M C YYEeTOM Hal/ieHHbIX B 1. 1 1 2 3HaueHUH U py 1pes B Lypximpes MOXKET OBITH pac-
CUYHUTAHO II0 BBIPAXKCHHUIO
Roo — Unpx1.1eES

BX1 ™ I
mBX1.TPEB

4. BxosiHasi €MKOCTh CXEMBI M3-3a BIMSHUS NapamiensHoit mo Bxoay OOC 6Oy-
neT 6onbire, ueM 6e3 OOC

Chx1 = Coxmm T Crrox re1 (1 + Kopy )s (3.104)

e Cpy mm =Crovm + Cpxyr(1+ Kyp) — BXonmas IuHamMuuecKas €MKOCTh

Tpan3ucropa VT1;
Cpovm = V/(2rg0fy0,) = 1/[270, (14 hyy, )50, | = 1/(2705fp) — Bxommas cra-
THYECKast eMKOCTh VT1;
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5 =0,026/1y,; — COIPOTHUBICHUE SMUTTEPHOTO IIEPEX0/Ia;
f151,» frp — COOTBETCTBEHHO IpejeibHas U rpaHuuHas dactorel VT1 (cmpa-

BOYHBIN TTapaMeTp);
Cyxvr = Cx vty — npoxonHas eMkocTs VT1 (cripaBo4HbIM apamerp);

Kyr1 = Unpxa@)/ U — KOIDOUIMEHT YCHIICHHUS 110 HANPSDKEHUIO KacKa/ia Ha

VTI (3.18);
Crroxrs = 11® — mpoxoaHas eMKOCTh pe3ucTopa Ry, B cxemax puc. 2.3 u 2.6

(umu R B cxeme puc. 2.4);
Ko = Umppix / Uppr — 001H# KO3OOHUUMEHT yCHICHUS HAPSDKCHUS MPE/-

BEIXOJIHOT'O M BBEIXOJHOTI'O KaCKaJ0B cxeM YM3Y.
AMimuTya Toka curHana I p., M aMImTyna HanpspkeHus curHana U gy,

pa3BHBAEMbIE HICTOYHUKOM CHTHAJIA Ha BXOJIEC ITHX CXEM, OYIyT:

Lnpxi = Emuct >
Rycr +Rpx (3.105)
Uoexi = Imex1 *Rexi =Emucr Rex .
Rycr +Rpx (3.106)
Ecnu ycnoBus
Lnexi 2 Inexiapes B Umbxi 2 Unbxi mes (3.107)

HE BBIIOJHAIOTCS, B CXEMBI BBOIAT IPEABAPUTEIBHBIE KACKaZbl C PE3UCTOPHO-
KOHJICHCAaTOPHOH WJIM TaJlbBAaHMYECKON CBA3BIO, YUCIO KOTOPBIX IOJDKHO OBITH JO-
CTaTOYHBIM JUISL TOMYICHUS L pyi s M U gy apes -

Heo6xoaumelie obOniye Ko3Q@PUIMEHThl YCUICHHUS IO TOKY M IO HAIpsHKCHHIO
MIPEIBApUTENBHBIX KaCKaJI0OB ¢ y4eToM kodddunmenra 3amaca (1,3...1,5) coorser-
CTBEHHO OyIIyT

KT.l'[PEI[B.OEH_[ = (1’3 1’S)ImBXlTpe6 /ImBXlnpe;:[B; (3 108)
KHPEI[B.OBI_L[ = (1’3"- I’S)UmBXIIpeG / UmBXlr[pe;[B‘ (3.109)
3/1eCh aMIUIUTYBI BXOJHOTO TOKa CHUTHaJIa ImBXaleHB ¥ BXOJIHOTO HaIIPSHKEHUS
curvana U pyi;en, OTPEACTISIIOTCS BRIPAKCHUSMH
Lpxinpers = Emuer /Rucr + Rpximpers )3 (3.110)
Rpxi

— _ npeas

UmBXlrIpez[B - ImBXlrIpeuB ’ RBX]HPC,Z[B - EmI/ICT R IR ’ (31 1 1)
UCT BXlmpens

rae R — BXOJJHO€ COITPOTHBJICHHE MEPBOT0 MPEABAPUTEIHHOIO Kackaja, Ko-

BXlmpens
TOpOE, HAIlpUMEp, B CIy4ae HCIOJIb30BAHUSA B KaCKaje OMIIOISPHOrO TPaH3UCTOpa
IPY BKIIFOUYEHUU TI0 CXEME C OOIIMM 3MHUTTEPOM (YacTO BCTPEUAIOIIUICS BapHUaHT)
MO>KHO IPHHATH paBHBIM npumepHO 1 kKOM (B ciIydae MCHONIB30BaHUS JAPYTHX Bapu-
aHTOB YUCIICHHOE 3HAYE€HHUE MOXKET OBITh MHBIM).

52



JlanpHeUIMil pacueT yucia NpeaBapUTEIbHBIX KacKaJOB MOXET OBITh BBINOJ-
HEH ucxofs 6o u3 tpebyemoro 3uadenus Kpppngopy (3-108), mu6o u3 tpebye-

moro 3Ha4eHust Kpppyp opmy (3-109).

Ecnmu mpensaputensHbie Kackagsl OyAyT Ha OHUIOJSPHBIX TPAH3HCTOPAX, TO
pacdeT 4Ymclia IpeJBapUTEIBHBIX KacKaJoB yIoOHEe BECTH MCXOAS U3 TpeOyeMoro
3Ha4eHUA K1 rppyp opyy - B 9TOM cityyae Ha OCHOBaHMH 1OJTy4eHHOTO U3 (3.108) 3Ha-

aeHUs K ppyip opy ¥ COOTHOLICHUSE

KT.HPEI[B.OBL[I = KTI.HPEI[BKTZ.HPEZ[B ------ KTn.l'IPEI[B’ (3.112)

KOTOpOE B CIy4ae KacKaJoB C OJMHAKOBBIMHU (MJIM MPUMEPHO OJWHAKOBBIMHU) KO3(-
buIMeHTaMH YCUJICHHS IO TOKY (YTO MOXKET OBITh IPU MCIOJIb30BAHMUHU B KACKaJaX C
PE3UCTOPHO-KOHICHCATOPHOM MM T'aJIbBAaHUYECKOM CBS3bI0 TPAH3UCTOPOB C OJIMHA-
KOBBIMHM WM OJIM3KUMH CTaTHUYECKMMHU KOI(P(OHUIMEHTaMU YCHIECHHS IO TOKy h,,,
IIPH BKJIIOYEHUHU MX IO CXEME C OOIUM SMUTTEPOM HIIM OOIIMM KOJUIEKTOPOM) IpH-
HUMAaET BUA

KT.HPEI[B.OBL[I = K%l.HPEIlB > (3.113)

OTIPEAEIIAIOT YUCIIO PEIBAPUTENHHBIX KaCKaJOB «N», BEIOUpas M0 CIPaBOYHUKY Ma-
JIOMOIIHBIC TPAH3UCTOPHI C NOAXOAAINHUMHA 3HAYCHHUAMHU h213 H UMCA B BHJY, YTO B
KAaCKaJlax ¢ PE3UCTOPHO-KOHJICHCATOPHOU WM TAIbBAHWUYECKOM CBS3BI0 IPH BKIIIO-
YEHUU TPAH3UCTOPOB IO CXEME C OOIIUM SMUTTEPOM HUIIM OOIIMM KOJUIEKTOPOM HMMe-

€T MECTO PaBEHCTBO
K megs = (0,8...0,9)h,, . (3.114)

ITpenensuas gacrora f,,,, BEHIOMpPAEMBIX TPAH3UCTOPOB JOJKHA yIOBIETBOPSITH
ycnoBuio f,,,5 = (2..4)f5.

I[Ipu mocrmemyromeM TOTHOM  pacdeTe  MpeABapUTENBHBIX  KacKaJoB
(cm. maparpad 3.2) BBHIOpaHHBIE THUITBI MaJOMOIIHBIX TPAH3UCTOPOB IPOBEPSIOTCS
TaK>Ke Ha BBIIIOJIHEHUE YCIIOBUIL:

Py nom Temaxe = P maxcts
Uk nonr 21,2(2ugy;) = 1,2Eg;

I non 2 1,4ig viakc-
Ecnmu B mpenBapuTenbHBIX Kackagax OyayT MCHOIB30BATHCS IOJIEBBIE TPaH3U-
CTOPBI, KOTOPHIE, KaK HM3BECTHO, YIPABIIIOTCS HANPSDKEHUEM M XapaKTEPHU3YIOTCS
KO3 (GHUIMEHTOM YCHJICHHUS 0 HAMPSDKEHHIO, TO PAcyeT YHciia KacKaJoB MPHUICTCS

BECTH UCXOSI M3 TPeOyeMOro 3HauCHHUs Krezw o5 (3.109) u S ¢ yueTom TOrO, 4YTO
KO3 (UIMEHT YCWICHHS HaIpsDKEHUS OJHOrO KacKaja Ha II0JIEBOM TPaH3UCTOPE,
BKJIIOYEHHOM, HaIPUMEP, IO CXeME C OOIUM MCTOYHHUKOM (YaIlle BCETo), ONpeaeis-
€TCsI BEIpAXKCHUEM
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S

K=SH 'RC~ =TRC~,
T
RBBIX.VT
e
_=RcRpxen
¢ Re+Rpxen

I[Ipu sToM B Kackaze, pabotaromem Ha Mamoe Rpx.cn JBYXKacKaJIHOTO

YM3Y, moxkeT OBITH Re~=Rpxen , @ B Kackajie, paboTaromieM Ha BXOJ] CIeayolle-
ro TMpEIBapUTEIHLHOTO KackajJa Ha IIOJICBOM TPaH3UCTOpPE, MOXKET OBITh

Re~ =Re=(1..5) o

B 3aximoueHue ciieyeT OTMETUTh, YTO B KA4ECTBE IMPEIBAPUTEIBHBIX KaCKa/JI0B
MOXeT ObITh ucmonb3oBaHa moaxosmas UMC, BeiOupaemast o CIpaBOYHHUKY C CO-
OTBETCTBYIOIIUM OOIIUM KO3(PGIHUIIUEHTOM yCHICHHS.

3.1.9. Pacuem emxocmeui nepexoonvix konoerncamopos Cparix # CpBx
u b10xuposoyroeo konoencamopa Co1 6 YM34

B cootBeTcTBHM C HM3II0KEHHBIM B T 2 U naparpage 3.1.6, emxocTu nepexon-
HbIX KOHJIeHCaTOpoB Cprix, Cpex M OJOKHPOBOYHOrO KoHjAEeHcaropa C»i JOKHBI
OBITH JOCTATOYHO OOJILIIUMU, YTOOBI OHHM, BHITIONHSAS CBOM (DYHKIINH, HE BBI3BIBAIH
Ha HIWKHEH pabodeil yacTore fy CHrHajIa 4acTOTHBIC MCKAXKEHHS OOJbBIIE TOIYCTH-
MBIX, a TIepexoaHbIi KoHeHCaTOP CpBhix, KAK BBIMOIHSIOMIUN €IIE U TOTIOTHUTEIh-
HYIO pOJIb MICTOYHHMKA IMUTAHUS HIDKHETO IUIeYa BBIXOJIHOTO KacKajia B T€ MOIyNepH-
OJIbl CHTHAJIA, KOTJ[a HIKHEE TIJICY0 OTIUPAETCS, @ BEPXHEE IIJICUO 3alMpaeTcs, Kpo-
M€ TOT'0, HE BBI3BIBAJI HEJIMHEHHBIC NCKAKEHUS N3-32 YMEHBIIICHHS HA HEM ITHUTAIOIIe-
IO HAIPSDKEHUS, BCIEICTBUE Pa3psiia B 3TH MOIYIIEPHOIBL.

C yderoM 3Toro eMkocTh CpBpix ONPEACISIIOT UCXOMAS HE TOJBKO M3 3aJaHHOU
HOPMBI JIOIYCTUMBIX YaCTOTHBIX MCKXEHUW, HO U M3 BO3MOXKHBIX HEJIMHEWHBIX HC-
KaKCHUH.

C TOYKHM 3peHHs JIONMYCTHMBIX YaCTOTHBIX MCKaXCHUW Ha HWXHEH dactore fu
curnana Mu.cpsbix (cM. maparpad 3.1.6) eMKOCTb 3TOr0 KOHJIEHCATOpa J0KHA OBITh:

1
2n-fy (RBLD(.VToc + RH)' : 1

HCpeex

CP.BI)IX 2

= (3.115)

rie Repx.vr.oc — BBIXOJHOE COMpOTUBIIEHUE TpaH3ucTtopa VT2 (B cxeme puc. 2.3)
win pansuctopa VT4 (B cxeme pwuc.2.6) ¢ ydeToM MapajUIeIbHONH IO BBIXOIY
(T. €. IO HANPSDKEHHUIO) MECTHON OTPHIIATEIIEHOM 0OpaTHOM CBSI3M B BHIXOAHOM Kac-
KaJie (13-3a BKIIOYECHHS TPAH3UCTOPOB IO CXeMe C 0OIIKUM KOJUIEKTOPOM) U C YIETOM
MapauIeNIbHOM M0 BBHIXOAY (T. €. 110 HaIpsHKEHHIO) 00IIel oTpunaTenbHOH 00paTHOM
CBSI3U, OXBATHIBAIOIIEH MTPEIBBIXOAHON M BBIXOIHOM KaCKa/bl.
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CornacHo Teopun 00paTHOH CBs3H R gy 1 oc OYyAET 3HAYMTENBHO MEHBIIE BhI-
XOIHOTO COIPOTHBIICHUSI COOTBETCTBYIOILErO TpaH3ucTopa Ry .y 0€3 obpaTHOI
CBSI3H U OyJET OIPEAEIIATECS BBIPAKECHUEM

R _ RBLD(.VT. MOC _ 1{B}:IX.VT / FOBI_[I.XX2 _
BBIX.VT.OC — * - * -
FOBIJ.I.XXZ FOBIJ.[.XXZ (31 16)

1{BBIX.VT

1B, L1 (B g

rae Rppx yr — BBIXOJHOE CONPOTHBIEHHE COOTBETCTBYIONIETO TpaH3HCTOpa 0e3

00paTHO! CBA3M, KOTOPOE NPHUHUMAIOT PaBHBIM Ry vro = Uk ypmn /Imks B CXeMe
puc. 2.3 mmu Ry vra = U vuma / Lnka B CX€Me puc. 2.6;
N W
Ry (3.117)
— IETJIEBOE YCUJICHHE MECTHOM OTPHULIATENIEHOM 0OpaTHOM CBSI3U, BBIYUCICHHOE IIPH
XOJIOCTOM XOJI€ CO CTOPOHBI BBIXO/Ia CXEMBI;

(B Dsuocxz = B b RBI’D(‘VE;W +RH (3.118)

— MeTJIEBOE YCWIIEHHE O0IIel oTpuIaTenbHON 0OpaTHOM CBSI3M, BRIYMCICHHOE IpU
XOJIOCTOM XOJI€ CO CTOPOHBI BBIXOZa, IPHUEM C YUETOM BIUSHHUSA M MECTHOI 00part-
HOM CBS3H.

Ourypupyromue B BeipaxkeHusx (3.117) u (3.118) nernessie ycuneHus: MECTHON

obparnoit cBsizu \BK )0 ¥ oOmel oOpartHO#M CBs3H \BK Jopy TpH  3amaHHOM
Harpy3ke Ry BBIUMCISIOTCS COOTBETCTBEHHO Yepe3 MIyOMHBI MECTHOM M 0o0mieH 00-
pPaTHOM CBS3M IPH 33JaHHOU HarpyskKe:

(Bk*)Moc =Fioc =1, (3.119)

(BK" )OBm = Fop — 1, (3.120)

rze rioy6uHa obmeit oOpaTHO# CBsI3M ObLIa BRIYMCIICHA paHee C TOUYKH 3pEHUs HEllu-
HEHHBIX ¥ YaCTOTHBIX MCKaxeHui (cM. maparpadsl 3.1.5 u 3.1.6), a riryouHa oOpar-

o *
HOM CBsI3H Fy - HAXOIMTCS U3 BBIPAKEHUS

. " 1+K ‘R
Fioc =1+ (BK’) - K ) R (3.121)

Moc RBBIX + RBX.VTZ

rae K pgpx — KO3GOUIMEHT yCHWICHUS 110 TOKY BBIXOJHOIO KacKaja, 3HauUCHUE KO-
TOPOTO B cXeMe pHcC. 2.3 HaxoAuTcs 10 BbIpakeHUIO0 Ky s =1 ks /150, @ B CXEME
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R gx yro — BXOJHOE COIPOTUBICHUE TpaH3ucTopa VT2, 3HadeHHME KOTOPOTrO

IUIsI cXeMBI puc. 2.3 onpeaensiocsk B maparpade 3.1, a nist cxemsl puc. 2.6 — B mapa-

rpade 3.2;
R g11x; — BBIXOJHOE COIIPOTHUBIICHHE IPEABBIXOJHOIO KacKaza, KOTOPOE B Kax-

ToM 13 cxeMm puc. 2.3 u puc. 2.6 OyIeT OnpeensIThCs BRIPAKCHHEM
Rxvri “ Rii

Rppx1 =

(3.122)

b
Rppxvr + Rxg

KOTOpO€ NpH yCIoBHH Ry, << Ry iy vy (4TO 4acTO BBIMOIHSIETCS) NPUHUMAET BHJ
Rpoxi = Ry

C TOYKU 3pEHHUS TOIMYCTUMBIX HEIMHEHHBIX UCKOXKEHUNU €MKOCTh KOH/IEHCAaTOpa
Cpprix B cxeme puc. 2.3 (unu puc. 2.6) noinKkHa OBITH HE MEHEEe

1K MAKC.VT2(wm VT4)

Cpppix 2 2mf,-AE (3.123)

i€ JUIS PEAYyIPEeRICHUS 3aMETHBIX HEIMHEHHBIX HCKaKEHU M3MEHEHHS HaIIpsDKe-
unus nutanus AE tpansuctopa VT3 (B cxeme puc. 2.3) win tpansuctopoB VI3 u
VTS5 (B cxeme puc. 2.6) HIXKHETO IUIeYa 32 BpeMs, paBHOE TIOIYIIEPHOly HIDKHEN Ja-
CTOTBI CUTHaNa fi;, He TOJDKHBI IPEBHIIATH

AE =(0,1...0,15)E; /2. (3.124)

W3 naByx momydyeHHbIx 1mo gopmynam (3.115) u (3.123) 3naueHuit emxocrei
koHgeHcaropa Cp gy BBIOMpaeTcs OombIiee.

EMkocte koHzeHcaTopa Cp gy OIpEnensercss ¢ TOYKH 3PEHHS AOIMyCTHMBIX Ya-
CTOTHBIX UCK2XKXEHUH! HA HIWKHEH yacTote fy curHana My o, g, (cM. maparpag 3.1.6):

1
Coax 2 ’ 3.125
2-m-fy - (Rppixme + Rpxr)- \/MIZ{Cpr -1 (3-125)
rae Rpy; — BXOJHOE CONPOTHUBIEHHE CXEMBI PUC. 2.3 wiu 2.6 ¢ y4eTOM BIIMSHUSA

MMEIONICHCS MapaieNbHOM MO0 BXOAY OOIIEH OTpHIaTeIbHOM OOpaTHOU CBS3H, KO-
TOpOE OIpeaesuiock B naparpade 3.1.8;
R giix p — BBIXOJJHOE COIPOTHBIICHUE TPaKTa, IPEAIIECTBYIOMIEI0 BXOAY CXEM

puc. 2.3 u 2.6, KOTOpOE B 3aBUCUMOCTH OT IIOJIyYEHHOTO corjacHo maparpady 3.1.8
BapHaHTa B OTHOIICHHWW IPEIBAPUTENBHBIX KAaCKaJIOB IMPUHUMACTCS PaBHBIM JTHOO
BHYTPEHHEMY CONpPOTHBIICHHIO HCTOYHMKA cuUTHama R,.r (ecim k BXooy cxem

puc. 2.3 win 2.6 TOJKITIOYAETCS UCTOYHUK CUTHAJA), JIMOO BHIXOJHOMY COIPOTHBIIC-
HUIO TIOCJIEHETO KacKa/a MPEABAPUTENLHOTO YCUIeHUs Ryppy ppyp (€CIIHM K BXOZY

cxeM puc. 2.3 unu 2.6 NOAKIIIOYAIOTCS NPEABAPUTEIbHBIE KaCKaabl HA OUIIOISPHBIX
WIM TOJIEBBIX TPAaH3UCTOpPAX), OO0 BbIXxogHOE conpoTusienne MMC (ecnu B kaue-
CTBE TIPEABAPUTENIBHBIX KackaJoB OyaeT ucnois3oBaTscsi UMC).

EmkocTb 6510KHMpoBOYHOTO KOHAeHcaTopa C.; HaXOAAT, HCXOJS U3 IOy CTHMBIX

4aCTOTHBIX UCKaKeHUH My ., (cM. maparpad 3.1.6) Ha HKHEH yacToTe curHana fy:
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1+h, 1y

C31 2 b
' 2 3.126
2.1 - Ryer + Rygyri) YV Micar —1 ( )
' RBBIXHP 'Rzu
rae RHCT= — DKBHBAJICHTHOC BBIXOJHOE COIIPOTHBJIICHHE TpPaKTa,
RBLDG‘IP +Rzu

MPEALIECTBYIOMIETO BXoay Tpansucropa VT1;
— BBIXOJHOE COIPOTHUBIICHUE TPAaKTa, MPEAIIECTBYIOIIETO BXOAY CXEM
R ppix.rp ny

puc. 2.3 u 2.6, KoTopoe ObLIO OIPENEIIEHO PaHblIle, IpU pacuere eMKOCTH Cp gy (3.125);
Ry =RyR, /(Rg; +R;) — pesynsrupyloluee CONPOTUBICHUE AECTUTENS B 1Ie-

niu 6a3sl Tpansuctopa VT1;
R px y11 — BXOIHOE COIPOTHBIECHHME TpaH3ucTopa VT1, ompenensemoe BbIpa-

xenueMm (3.52);
h,,, yr1 — CTaTUUECKHU KOIPPUIUEHT yCUIEHHS 110 TOKY TpaH3ucTopa VT1.

3.2. Pacuer cxeM nmpeaBapuTeIbHBIX KACKAI0B
O0ecTpaHc(oOpMATOPHBIX YCHINTEEl 3BYKOBBIX YaCTOT

3.2.1. Beeoenue

ITaparpad 3.2 sBusiercss mpomomkenreMm mnaparpada 3.1.8, B koTopoM ompeie-
JSUI0CHh HEOOXOJUMOE YCWICHHE W KOJIMYECTBO INPEABAPUTEIBHBIX KackagoB Oec-
TpaHC(POPMATOPHBIX YCHIIMTENECH 3ByKOBBIX YaCTOT. B HEM IIPUBOJUTCS IPUMEPHBIN
HOPSIOK pacuera BO3MOXHBIX BAPUAHTOB CXEM MPEABAPUTEIBHBIX KaCKaJ0B, YIIOMS-
HyTbIX B naparpage 3.1.8. Oto onnoTtakTHbIEe Kackaasl Ha OunoisapHeX (bT) wium no-
neBbix (IIT) Tpan3ucropax, paboraromue B pexxuMe «Ax».

OCHOBHBIMH HMCXOAHBIMH JAHHBIMH JJIsI pacyeTa J000r0 BapHaHTa CXEMBI
IPEIBAPUTEIHHOTO KacKa/ia SIBISIFOTCS:

1. BeiOpannast panee (B maparpade 3.1.8) mapka TpaH3uCTOpa U CXeMa €ro
BKJIFOUEHUS.

2. Bepxnssa fy u Huknss f; pabodne 4acTOTHI Kackaza.

3. Koa(duripeHTsl 4aCTOTHBIX MCKAXKEHUI COOTBETCTBEHHO HA BEPXHUX U HIK-
HUX pabouux gactorax My u My.

4. AMIIMTYIbl HaIPSDKEHUS M TOKAa CUTHAlla Ha BXOZE CIEAYIOIIEro Kackana
U,sxcr ¥ Lnpxcn, BXOIHOE CONPOTHBICHHME M BXOJHAs €MKOCTh CIEIYIOIIErO

kackaga Ry oy ¥ Cpy - Eciu paccunteiBaeMblii MpeaBapUTENbHBIN Kackas Oyner
MOJIKJTFOYATHCS HETIOCPEICTBEHHO K BX0y YM3U, T0 3T0 OyayT HaiiIecHHEIE B Mapa-
rpade 3.1.8 3mauenus U, gy pes (3:100), I pxq7ees (3-101), Ry, (3.103) m
Cgx; (3.104). Ecnu >xe paccuuThIBaeMbI IpeABapUTEIbHBIN Kacka]l OyIeT MOAKIIo-

4aThCsl K BXOJy CIICAYIONIETO IMPEABAPUTEIHHOTO Kackaga (Hampumep, KO BXOIY
SMUTTEPHOTrO MoBTOpHUTENA nepen YM3U, kak 310 nmoka3aHo Ha puc. 2.7), To 310 Oy-
IyT BXOJIHBIE JaHHBIE ATOTO CIEAYIONIETr0 MPeBAPUTEIHLHOTO KacKaa.

5. HampsbkeHue ncrounvka muranus By, BeIOpaHHOE paHee rmpu pacuere YM3Y.
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3.2.2. Pacuem npedsapumenbHo20 Kackaoa
C pe3ucmopHO-KOHOEHCAmMOPHOU CB53bl0 HA OUNONAPHOM MPAH3UCIOpeE,
BKIIIOYEHHOM NO CXeMe C 0OUUM IMUMmepom

Kak ormeuanoce B naparpadge 3.1.8, o1HO# U3 4aCTO NIPUMEHSAEMBIX CXEM Ipea-
BapUTEJIbHBIX KACKalOB SBISIETCA CXEMa C PE3UCTOPHO-KOHJCHCATOPHOM CBSI3BIO HA
OUIIOJIIPHOM TPAH3UCTOPE (CTPYKTYPHI #—p—H WIA p—n—p B 3aBUCUMOCTH OT IOJISp-
HOCTH UCTOYHMKA IUTaHus E g ), BKIIIOYEHHOM 110 cxeMe ¢ oomumM amutTepom (03J). Ha

puc. 3.7 npuBecHa NPUHIUITHATIEHAS CXEMa TaKOTO KaCKa/la Ha TPAH3UCTOPE CTPYKTY-
pBI n—p—n. ITO OAHOTAKTHBIN Kackaj B pexume «A» ¢ punsrpoM R C,, oCymecTs-
JSIOIIMM Pa3BsA3Ky MEX]y KacKaJaMH IO IEHsAM IMHUTaHUS M JIOTOJHUTEIHFHOE CIiia-
KMBAaHME IIylbCallMi nuTaromero Hamnpsbkenus Eg [1, 2]. @umstp R ,C, BriIOUa-
eTcs 100 B OOIIyI0 MUTAIOUTYIO IeTb Kackaaa (cM. Ha puc. 3.7 R ,C, cruomssmvu
JMHUAMH), 1100 B 1ienb noaaqyu cMmemenus bT (cm. Ha puc. 3.7 R ,C,, IyHKTHUPHBI-

MU JuHESIME). Borpoc o mpuMenennn GuisTpa B 00IIEM Cllydae PEelIaeTcs ¢ y4eToM
KOJIMYECTBA WHBEPTHUPYIOLINX U HEMHBEPTHPYIOIUX KacKaJ0B M MECTa PacIOIOKe-
HUS JaHHOTO KacKaja B CXeME MHOT'OKACKaJHOTO YCHIIUTEINS, a TAKXKE C YIETOM BUJA
MCTOYHUKA NMUTAHUS (BBIIPSIMUTENb WIM XUMHUYECKUI MCTOYHMK) M 3armaca IMUTaro-
IIero HanpspkeHus Ej.

m.BBIX.IIP — Um.BX.CJ'I

Pucynok 3.7

Ry , R obecreunBa-

ercs mojiadya CMEIIEeHUs B Iiets 6a3bl TpaH3ucTtopa VT, ¢ MOMOIMIBIO pe3ncTopa Ry
SMUTTEpHAs] CTa0WIM3allKs IMMOCTOSHHOTO KOJUIEKTOpHOTrO Toka VT, OCHOBaHHas Ha
R C

Hamomuum [1, 2], 9T0 B 3TO# cXeMe C IMOMOILIBIO PE3UCTOPOB

OOC 1o NOCTOSITHHOMY TOKY 3a CYET

PEMEHHOMY TOKY 3a CYET RG, C IIOMOIIIBIO Ceaxar 54 Cempxmr paszaeneHue 1o

IIOCTOSIHHOMY TOKY M CBS3b II0 IIEPEMEHHOMY TOKY VT C MCTOYHHMKOM CHUIHAJa U
R

9, c nomompo 2 — ycrpanenue OCC 1o ne-

BHEIIHEN HArpy3KOW, a C MOMOIIBI0 PE3UCTOPA CBSI3HU
11 VT 110 TIOCTOSSHHOMY U IIEPEMEHHOMY TOKY.
Pexomenayercs cneayromuil mopsaoK pacuera cxeMsol puc. 3.7.

K — BHYTpEHHSs Harpyska
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1. Pacyer HauMHAIOT C BBIOOpA MOCTOSTHHOTO KOJUIEKTOPHOI'O TOKA 1y, ¥ MOCTO-
SHHOTO KOJUIEKTOpHOro HampspkeHus Uy, IMOCTOSHHOIO TOKa 6a3bl (TOKa cMelle-
HUS) 1, ¥ IIOCTOSIHHOTO HAaIPsDKEHUS Ha 0a3e OTHOCHUTENILHO AIMUTTEPA (HAIPSHKCHUS
cmenienus) Uy, Tpanszuctopa VT.

Tox mokos KoJIeKTOpa 1y, HIPEABAPHTEIBHOIO KacKaia IOJDKEH ObITh B He-

CKOJIKO pa3 OOIbIle aMIUIMTYJbl TOKa CHI'HAJla Ha BXOJE CIEAYIONIEro KacKaja
Lsxcn = Umpsxcn/Rpxcn ¥ B TO e BpeMs HE MEHBIIE IPUMEPHO 1 MA, IIOCKOIb-

Ky OpHU MalbIX 3HAYEHUSIX MOCTOSIHHOTO KOJUIEKTOPHOI'O TOKAa yXYJIIAIOTCS YCHIIU-
TETBHBIE ¥ YaCTOTHBIE CBOMCTBA TPAH3UCTOPOB:

(1L,OyMASigy > (5.3 pxcn (¢.127)
Yarie Bcero 3Ha4eHUs TOKa iy, BRIOMpAIOT B Ipeaenax 1...5 MA.
ITocTosiHHOE KOMIEKTOpHOE HampsbkeHHe Uy, NpenBapUTENILHOIO KacKanaa
JOJDKHO B HECKOJIBKO Pa3 IMPEBBINIATh aMILTUTY Ly HanpsbkeHus curana U, gy - Ha
BXOJI€ CIIEIYIOIEro KacKaa:

Ugo > (1,2...1,3)Ugpc + (1,5.-3)U, px oo (3.128)

rae Uyyc cocTaBisgeT mpuMepHo 1...2 B.
Jlns aToro pocratouHo B3tk Uy, B mpegenax 3...5 B. Yio6Hee Bcero npuHATH
Uy =5 B (TunoBoe 3Ha4eHKE), MOCKOIBKY JUISL TOTO HAIPSKEHHS B CIIPABOYHMKE

MIPUBOJIATCS TTAPAMETPHI TPAH3UCTOPA.
Tok cMmemneHust HaXOAUTCS 110 BBIPAKEHUIO
(3.129)

igg =ik /hyy,

rae h, = \/h213MHH ‘hy 15 MAkc — CPEIHHN CTaTHYECKHUI KO3(DQUIMEHT yCHIICHHS

TOKa TPAH3UCTOPA, OIPEACIISIEMBIN IO CIIPABOYHHUKY.
Hanpsbxenne cmemenus Up, HaXOOUTCA I PaCCYMTAHHOIO TOKA CMELICHHMS

iz, MO BXOJHOW XapaKTEPHCTHKE TPAH3UCTOPA, NPUBOAMMON B CIIPABOYHMKE JUIS
U, = 5| B (puc. 3.8).
ug =|5/B

Pucynok 3.8
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IIpy oTCyTCTBHMM BXOAHBIX XAPAKTEPUCTUK MOXKHO JUISl NAJBHEHIINX PAaCUETOB
OpPHEHTUPOBOYHO B3Th Uy, = 0,5 B, 4TO AOIMyCTUMO A1 MaJOMOIIHBIX TPAH3UCTO-

POB IIPU TOKE MOKOS KOJUIEKTOPA 1y, MOPAIKA HECKOIBKUX MA.
2. [lanee HY>XKHO HalTU CONPOTHUBIICHUE pe3ucTopa cBs3u R, . Jlnsg aToro cHa-
qajia OMpeeNsIOT BEINYMHY SKBUBAJICHTHOTO COIIPOTUBIICHUS R 55 BBIXOAHON Lenu

KacKaJa, JOIyCTUMYIO C TOYKHM 3PEHMs OOECIIEYEHHs OTBOAMMOIO Ha BBIXOJHYIO
LeNb 3HAYEHHUsI KOOQQHUIMEHTa YaCTOTHBIX HCKaXeHUN My - pux [1, 2]:

M2 -1
2wty C
B~ “0.BBIX
rae Mg e, pax = 1,05...1,1 — npuMepHoe 3HaueHne K03((GUIMEHTa YaCTOTHBIX MCKa-
XKeHuH (B pa3ax), 3a/1aBa€MOT0 Ha BBIXOJHYIO IEIb KacKaja;
Cobax = Cruxvr T Cy + Cpx oy — DKBUBAICHTHAas €MKOCThb, LIYHTHPYIOIIAsS
BBIXOJHYIO II€IIb KaCKaJa Ha BEPXHHUX YacTOTax;
Couxvr = Cxyr — HpuUBOAMMAs B CIPAaBOYHUKE BBIXOJHAS €MKOCTb TPaH3H-
CTODA;
Cy = 51® — eMKOCTh MOHTaXa.
ITo naiinennoMy B (3.130) R, 5, uCHIONIB3ys BBEIpaXKEHUE
1 1 1 1
+

= + ,
RS.B. 1{BBIX.VT RK RBX.CJI_ (3131)

B KOTOPOM IHPOBOIUMOCTBIO 1/Rppvyr MOXHO IpeHeOpeds H3-3a OOJBIIOrOo
R pux v » PACCUHMTBIBAIOT JIOIYCTUMOE 3HadeHHe Ry :

Ry = Rysp Rpxan

Rpxcn —Rss . (3.132)

HanmomuuMm, 4to Ry yr ONPENENIIOT 0 CEMEUCTBY BBIXOAHBIX CTaTHYECKUX
XapaKTEpPUCTUK B TOYKE MOKOA Kak Ry yr =Aug /Aig mpu ig =ig, =const
(puc. 3.9).

Ag

Uko Ug
Pucynok 3.9
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3. 3aTeM pacCUYMTHIBAIOT COMPOTUBIICHUE PE3UCTOPA SMUTTEPHOMN CTaOMIM3aIuu
R, B nenu sMuTTEpa M COIPOTUBIEHUSA PE3UCTOPOB Aenutensd cMmemenus Ry, R B

renu 6a3sl Tpansuctopa VT.
Conpotusnenue pesucropa R, onpenensror ucxons U3 AByX yCIOBHM:

1) u3 ycnoBus obecnieueHus TpedyeMoil CTaOUIBHOCTH TOKA 1g;
2) U3 yCIIOBHs HUMEIOLIETOCS 3aIlaca MUTAIOIEro HanpshkeHus Ey.
IIpu 3TOM HMMeeTcs B BUAY, 94TO C yBenudeHHeM R, Bo3pacraer CKBO3Has Iily-

* .
6una OOC 1o nocTossHHOMY TOKYy F_ M cTaOMIBHOCTH TOKA 1y, HO YBEIUYHUBAIOTCS
notepu nutaromero Hanpspkenust U g, =R (1, +15,) Ha HEM [1, 2].
[TpakTHyecku cONpoOTUBIIEHUE R pacCUnTHIBAIOT IO BBIPAXKECHHUIO:
UORa

R3 = 5
Igo t1go

(3.133)
rae Be10op HanpskeHus U p, TOAYUHAIOT BBIIOIHEHUIO yCnoBui 1) u 2).
Jlns BeinosHeHus ycnoBus 1) Hanpsbkenue U p, BHIOMPAIOT IO COOTHOIIEHUIO

Ugrs >(0,2...0,3) Uy, (3.134)

B COOTBETCTBHU C KOTOPBIM, KaK IOKa3bIBAIOT pacueTsl, U, OKa3piBaeTcs Ooiee
1..2 B, a R, nocrarounsmM i obecrieuenus Tpedyemoit ckBo3nor riayounsr OOC

* .
10 IOCTOSSHHOMY TOKY F_ M CTaOMIBHOCTH TOKA 1.
Jlns BeIONTHEHUA yciuoBus 2) BeiOpaHHOe 3HaueHue Uz, JOJDKHO YIOBJIETBO-

pATh ypaBHeHuIo Kupxroga

. 3.135
Ugr, = Ep —Uxo —1xoRk = Ugrg» ( )

B KOTOPOM NOTEPH IHUTArOMWEro HanpspkeHust Ugp, Ha Rg dumbtpa R Cq B 00WEH

nuTaromen nenu kackaga (cM. Ha puc. 3.7 R,C, CIIOMHBIMU JTUHUAMHU) OOBIYHO

OepyT MPUMEPHO B IpeIenax
(3.136)
Crnemyer OTMETUTH, YTO €CJIM 3amac 1o HampspkeHuio Ep Oyner Gonbmum, TO

COOTBETCTBEHHO MOKHO yBEMHYHUTh U g, , YTO MO3BOJIUT yBEIMYUTh R, W rmyOuny

* .

OOC no nocrossaHOMY TOKy F_, U, cienoBaTenbHO, CTaOMIBHOCTD TOKA 1y,. B ciy-
gae orcyrcTBus ¢pmipTpa R, C, B 00mel nuraromei neny Kackajaa BECh 3arac Iu-
TAIOLIETO HapsDKEHU oTBOAUTCSA HA Uyg,, T. €. Ugp, =Ep — (Ug, +1goRg).

ConpoTuBICHUS PE3UCTOPOB JACTUTEN CMEIICHHS B Ilemu 0as3bl TpaH3HC-
Topa VT HaxomiT 1O BBEIPAKEHUSM:

_Eg—Upry = Ugo = Ugg,
B s

i +ip, (3.137)
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R = UBO + U0R3
T (3.138)

rre 1 1 — TOK JIEJTIUTEINS. CMEMIEHHUs], KOTOPbIM 33/1al0TCsA B IIPeIenax 1 6= (5...10)ig, .

Taxxe otmeTnM, 4to npu GosnbieM iy OymayT menbiie conporusienus Ry, R u

*
6ompme ckBo3Has riryomna OOC mo mocTosHHOMY TOKY F_, W, ciemoBaTelsHO, 3¢-
(exTuBHEE cTAOMIU3AIUA TOKA 1. OMHAKO HYXKHO CO3HABATh, YTO IIPHU 3TOM JIECIIH-
tenb Ry,R Oynmer cuipHee ImIyHTHpOBaTh BXOJ TpPaH3UCTOpa IO CUTHAIY, a 3TO
yMeHbIIaeT KO3 PHUIMESHT epeaadd BXOIHOM 1IenH Kackaja.

CkBosnas riryouna OOC 1o NOCTOSIHHOMY TOKY OIpeAensieTcs BIpaxeHnueM [ 1, 2]:

R, R
~1+hy, 2 :
Rpxvr R,u +Rpxvr (3.139)

F =1+B_K.=1+(1+K)
A
IIponenannsie B 1. 1...3 pacyeTsl MO3BOJIAIOT ONPEAEIUTH OCHOBHBIE ITApaMETPhI

KacKaJia 10 CUTHaIy.
4. BxoaHoe conpoTuBiIeHUE Tpan3ucTopa VT HaX0AAT 1O BRIPAXKEHHUIO [2]:

0,026
Rpxvr =Tgp + 1 (1 +hy5) =155 + ; (1+hy5), (3.140)
K0

IZle Ty — CONPOTHBIIEHHE 0a3bl, IPUBOJUMOE B CIIPABOYHHKE.
5. Koo dunmenTs! ycmiieHus Toka Kackajaa 1o kosulekropHod nemu K, u mo

Bxomy cxemsl K 6ymyr [1, 2]:

I h R
Kp=Kqpyp == 22 =h,, 25,
Ls 14 Ry~ Ry~ (3.141)
Rppxvr
. R
K; =K, —%=
Roy o (3.142)

rae Ry =(Rg ‘Rpxen)/(Rg +Rpx o) — CONPOTHBIEHUE KOIEKTOPHOH HArpys-

KH TpaHsuctopa VT 1o nepeMeHHOMY TOKY MO (CUTHAIY).
KoaddunueHnT ycuiaeHus HanpspKeHHS Kackajga OyneT paBeH KOI(POHUIIUEHTY
ycuieHus HanpsbkeHus tpansucropa VT1 [1, 2].

K= KVT — KT . RK~ RS.B. .

= h213 R
BX.VT BX.VT

(3.143)

6. BxogHoe compoTHBIEHHE Kackaja C Y9YETOM JEIHUTEIs CMEUEHHs (IIOJIHOE
BXOJTHO€ COIPOTHBIICHUE) OYyIET ONpeAeAThCA MapauIeIbHbIM COEIMHEHHEM BX0OJa
Tpansucropa VT1 u ero nemurens cmenienus Ry, R:

62



1
Rpxmp. = [R— +
BX.VT.

-1
1+L] . (3.144)
R Rj

7. BXxomHasi eMKOCTh Kackaga OyIeT OnpeaensaThCs BXOJAHON JUHAMUIECKON eM-
KocThio Tpansuctopa VT [1, 2]:

1
Coxmp. = CBX,I[I/IH.VT =Cgr +Cosx (1+K)= nr— +Cox (1+K)=
69 21D
3.145
! +C6.K(1+K)=;+C6.K(1+K), ( )

2n-1, (1+h213 )fh213 - Iylpp,

rae fioip ¥ frp. — COOTBETCTBEHHO MpeEENbHAS W TPAHUYHAS YaCTOTHI TPAH3UCTOPA
VT npu BximroueHuu 1o cxeme ¢ O3, IPUBOAUMEBIE B CIIPABOYHHUKE;

Iy, =I,(1+h, ;) — nepecunrannoe x Bxomy Tpamsucropa VT compoTuBieH#e
SMHUTTEPHOTO IEPEXO/IA 13

0,026
I = ; — CONpPOTHBIICHUE SMHTTEPHOTO Iepexoia (IMUTTEpA) TPaH3KCTO-
KO

paVT;

CG'K = CK — €MKOCTh KOJUIEKTOpa TpaH3uctopa VT, nmpuBoaumas B CIpa-
BOYHUKE;

K — xoadpunment ycunenus kackaaa no HanpsbxeHuro (3.143).

8. Ompenensiercs TpeOyeMblil ypOBEHb CUTHAIA HA BXOJI€ KacKaja.

Awmimntya HanpsbkeHus curaana Umx e, Ha BXOJIE KacKaja:

U _ U s
mBX.IIP — K : (3.146)

AMIUTMTYZ]2 BXOZHOTO TOKa TpaH3ucropa VT u aMIuMTyZa BXOJHOTO TOKA BCE-
ro Kackaja B IIeJIOM (C y4eTOM JEeNUTENs CMEIeHHs1) OyayT ONpenenaThcsl COOTBET-
CTBEHHO BBIPAKCHUAMU:

— Im.BX.CJI. _ Um.BX.HP. .

I - ' - b
m.BX.VT K. R, or (3.147)
I _ Unsxe.
m BX.IIP. — R . (3.148)
BX.IIP.

9. Pacuer emxocreil koHaeHcaTopoB Cpapixrip. B Co Kackaza IpPOM3BOIUTCS C
TOUYKH 3pEHUSI OTBOJAMMOTO (3aIaHHOT0) Ha KackaJ ko3¢ (HIlMeHTa 4aCTOTHBIX MCKa-
xeHuii Munp Ha HIDKHEH pabodeil 9acToTe, KOTOPBIA paclpeneiseTcs MOPOBHY Ha
BbIXoAHYIO Lenb Cpppxip., Rex.cn ¥ amurrepHyto nens Cs, Ry npeasapurensHoro
Kackaja:

MH.Cp.BBIX.l'Ip. = MH.Ca. = V MH.HP. (B Pa33x)- (3149)
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OTMeTuM, YTO HOONMyCTHMBIC 3HaYeHUS Mmucpeexmp. . Mucs. B Aerubenax
o0br9HO 6epyTes B mpeaenax (0,5...1,5) nb.
Cornacho [2]:

1

CP.BLIX.HP. 2

’ (3.150)
zan (RB.H. + RBX.CJI.)\/M 12-I.Cp.BI>IX.1'[P. -1
C. > 1 (1 + Sn.a.Ra.)z - M12-I.C3.

5. 2 > ; (3.151)

2nfy R, Mic, —1

1+K
nin ... C:_). > ) T > (3152)

27ty (R yer, + Rpxyr)\VMie, —1
R.. = Rppxvr "Ry ~R
TI€ ““2.H. R IR K — DKBHUBAJICHTHOE CONPOTHUBIICHUE I1APAJUICIIHHO
BBIX.VT K

ACUCTBYIONIMX IO IepeMeHHOMY TOKY Rprx.vr B Rk, koTopoe 6epyT npubnusureis-
HO paBHBIM Rk (BenenctBue Ry << Rppx.vr);

1+K;
R;ICT. + 1{BX.VT

cropa VT 110 TOKy 3MUTTEpA;

Uto kacaerca R'uct, TO MOA HUM MOHUMAETCA SKBUBAJICHTHOE COMPOTHUBIICHHUE
Ha CpeIHUX 4YacTOTaxX TpPaKTa, IPEAIIECTBYIOLIEro TpaH3sucTtopy VT, Koropoe npu
pabote oT ucroynuka curtaia Euct., Ruct. OymeT

-1
VRN
RI/ICT. R RE.

a rmpu paboTe OT MPEAIIECTBYIOIETro Kackaaa Oyaer

Spo. = — IOUHAMH4YecKas KpyTH3HAa XapaKTEpUCTUKU TPaH3H-

R;ICT. = 1 +l+L s

RBBD(.HPEI[IJ.I. R Ry

R . RBBIX.VT.HPEI[IJ_[. 'RK.HPEI[]_I_I. _

BBIX.ITPE/IIL. — R IR - RK.HPEI[H_I. — IIPH BKIIIOYCHUHU
BBIX.VT.IIPEALL. K.IIPEJIIL

rac

TpaH3UCTOpa MpeaIIecTBYIoEro kackaaa mo cxeme ¢ O3 (wiu Ob);
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RBBIX.HPEI[H_I. = RBBIX.VT.I'[PEI[H_I.OOC — IIpH BKIIOYCHHUHU TPAH3HUCTOpa IIPCAIIC-

cTByIOIIEero kackana no cxeme ¢ OK (BenmuurHa OYCHb Maasi, MOPsIKa HECKOJIbKHAX
necsatkoB Om).

Crnemyer OTMETUTH, YTO €CIIH PACCUUTHIBAEMBIN MPEIBAPUTEIHHBIN Kackay Oy-
net paboTtaTh HemocpeacTBeHHO Ha Bxon YM3U, To HaiinenHas mo (3.150) emkocTh
Cr.poix.1ip. OyZI€T BRIONHATH posib eMKocTH CpBx., PACCUMTAHHOMN paHee MPHOINKEH-
HO 110 (3.125) ipu pacuere YMU3, T. €. Cpppxaie. = CrBx.

10. B otHomenuu pacuera ¢uinbTpa RoCo npeaBapurensHOro Kackaga MOXKHO
CKa3aTh CIIEAyIOIIee.

ITpu BxmoueHuu punpTpa RoCo B 00mIyro muTaromyro Ienb Kackaza (CM. Ha
puc. 3.7 RoCo CIUIOMIHBIMU JIMHUAMH) COIMPOTUBIIEHHE Ro pacCcUUTHIBAIOT MO BhIpa-
KECHHIO

U,

® . 3 3
o +igo +i

R (3.153)

Uro kacaetcs eMkocTd Co, TO €€ PACCUUTHIBAIOT JTUOO MPUOIMKEHHO IO BHIpPA-
KCHHIO

I _ Ry | (3.154)
©,Co  (50...100)

b0 TouHee, ¢ TOUYKH 3peHus obecriedeHus Tpedyemoro koddduimenta pa3psasku Op
1 K03 duIeHTa TOMOTHUTEIHFHOTO CTiaKuBaHus mynbcanuid O [1].

B cmydae xe ucnomszoBanus puisTpa RoCo B menu 6a3er Tpansucropa VT
(cm. Ha puc. 3.7 RoCo MyHKTHPOM) MOCTYHAIOT ClEXyrOIUM oOpazom. Panee pac-
cuuTaHHoe MO BbIpaxkeHuto (3.137) comporuBnenue Ry pas3nensioT Ha ABE YacTH
R; =R} +R} (R} =3R;/4uR] =R/4), mexny koropsivu Brmodaior Co. IIpn
aToM R'"5 HCHONB3YIOT AOMOMHUTENHHO B KadecTBe Ro (T. €. Ro= R"5), a Co paccun-
ThIBatoT 1O (3.154) unu no tpeGyembiM Op u Ory [1].

11. Ilomy4eHHsle B pe3ynbTaTe pacdera MpeIBapHTEIbHOIO kackana (puc. 3.7)
BxoJiHOE compoTtuBieHue Rexmp. (3.144), Bxoanas emkocts Cexrp. (3.145) n amru-
TyAbl BXOJHOTO HanpspKkeHUst Umpxp. (3.146) u BxogHoro Toka Imsxp. (3.148) cur-
HaJla MCHOJB3YIOTCS B Ka4E€CTBE MUCXOHBIX AHHBIX JUISl pacueTra MpeAlecTBYIOMIETO
npenBapuTeNbHOro kackana. Ilpu stom emkocts Cppxrp. Ha puc. 3.7 Oyaer OTHO-
CUTBCS K TPENBIAYIIeMy KackaJy B KadeCTBE €ro BBIXOAHOW pa3lelIUTEIbHOU eM-
KOCTH.

Ecnu npenmectByromuil npeJBapuUTEIbHbIN Kackad OyeT BBIIOIHATHCS TAaKXKe
0 cxXeMe puc. 3.7, TO ero pacdeT BHINOIHACTCS aHAJIOTUIHBIM 00pa3oMm.

Ecnu e BMeCTO MpeAsIaymero mpeaBapuTENbHOTO Kackada OyJeT MCTOYHUK
CHTHAJIa, TO pacieT BXOIHOH IIETIA CBOJUTCS K CIICIYIOMIEMY.

ITpoepsitor, obecnieunBaeT i UCTOYHUK curHana Epct, Ruct. Ha BXoae npen-
BapUTEIILHOTO Kackada TpeOyeMmble aMIUTUTYIbl BXOAHOTO TOKa Imsxmp. (3.148) u
BxogHoro HanpsbkeHus Umpxrp. (3.146) curnana:
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Em.I/ICT.
RI/ICT. + RBX.HP.

2 L pxne. , (3.155)

Em.I/ICT.RBX.l'IP.
RI/ICT. + RBX.HP.

2 U, sxre.. (3.156)

Ilorom onennBaOT K03()PHUINEHT YACTOTHBIX HCKAKEHHWN BXOJHOW IIENMH Ha
BEpXHEil yacToTe curnana [2]:

Mg coux. = \/ 1+ ((DB Copx - RB.B.BX.]'[P.)Z , (3.157)

rae Cosx. = Cepxucrt. + Cm. + Cpxip. — 3KBHBAIICHTHAs! €MKOCTb, IIyHTHPYIOIIAs
BXOJHYIO IIeTIh Kacka/la Ha BEpXHUX 4acTOTaX;

CabIx.CT. — BBIXO/HAS EMKOCTh UCTOYHHMKA CUTHAJIA,

Cm. = 5 1d — eMKOCTh MOHTaXa;

Cax.ie. — BXOJHAsi EMKOCTb IIPEIBAPUTEIHHOTO Kackaza (3.145);

RI/ICT.RBX.HP.
RI/ICT. + RBX.HP.

IIENH NPEIBAPUTEIHLHOrO KacKaja Ha BEpXHHUX 9acTOTaXx.

Hanmomuaum, 9T0 npuMepHOE 3Ha4eHUE MB.Co.sx., 331aBAEMOE HAa BXOJHYIO IICIIb,
o0bran0 cocrasmset (1,05...1,1) B pa3ax.

N, nakonen, ompenensitoT eMKOCTh Cppxmp C TOYKH 3pEHHS OTBOJAMMOTrO Ha
BXOJIHYIO LIETIb Ha HIKHEHN pabodeil yacToTe kod(PUIIMEeHTa YaCTOTHBIX UCKaXEHUI
MH.cp.sx.up., KOTOPBI OOBIYHO OEpeTCs TaKUM K€, Kak U MH.Cp.sscmp.:

RB.B.BX.HP. = — OKBHUBAJICHTHOC COIIPOTHUBJICHUC BXOIHOM

1
. 3.158
Chpxp, 2 5 X R vz " ( )
Ty (R e, + BX.HP.)\/ H.Cp.sxmp.

B 3axmouenue paccMOTpEeHHUs CXEMBI puc. 3.7 MOJYepKHEM, YTO €CIIU IO pacye-
taM B maparpade 3.1.8 mpemBapuUTEIbHBIN TPAKT JOJDKEH COCTOSTh M3 HECKOJIBKUX
IpEIBAPUTENBHBIX KaCKaIOB, TO BCE OHH MOTYT OBITh BHIIIOJIHEHBI 110 CXeMe pHc. 3.7
Y paCCYMTAHbI MO BHIIEU3IIOKEHHON METOTUKE.

3.2.3. Pacuem npedsapumenbHo20 KAcKaoa ¢ pe3ucmopHo-KOHOEeHCAmopHOU
CB43b10 HA OUNONAPHOM MPAH3UCHOPE, BKIIOYEHHOM NO CXeme
¢ amummepnou OOC

Ha npaktuke Hapsxy co cxeMoi puc. 3.7 HaXOIUT MPUMEHEHUE €€ MOAu(DUKAIHS
(puc. 3.10), B koTOpoOii OTCYTCTBYET OIOKMPOBOYHEI KoHIeHCaTop Ca. B 3TO0# cxeme
3a cueT Ro Hapsany c mectHoi smurrepHoit OOC 1o NOCTOSHHOMY TOKY, CTaOWIIH3U-
pyIOmIel MOCTOSHHBIN KOJJIEKTOPHBIN TOK iko TpaH3ucTopa VT, BOZHUKAET MeCTHas
smutTepHas OOC mo mepeMeHHOMY TOKY, IOCJIENOBaTeIbHasA MO0 BBIXOAY, T. €. IO
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TOKY, ¥ IIOCJIEAOBaTEIbHAs M0 BXOIy, KOTOopas OyIeT YMEHBIIATh JIMHCHHBIC MCKa-
)eHus (4acToTHhIC W ()a30BBIC), HEIIMHCHHBIC MCKaXXEHHUs, COOCTBCHHBIC IIOMEXH U
HECTAaOMIILHOCTD YCHJICHHS, a TaK)XE YBEIMYHBATh BXOJHOC U BBEIXOAHOE COMPOTHUB-
JICHWS W YMCHBIIATh BXOIHYIO JTUHAMHYECKYIO €MKOCTh TpaHizucropa VT. MeHHO
TaKOH BapHaHT MPEABAPUTEILHOTO KAackajla PEali30BaH B CXeMe PHC. 2.7 MHOTOKac-
KaJHOTO OecTpaHC(OPMATOPHOTO YCHIIUTENS 3ByKOBBIX YaCTOT.

+ _
o o
Es 1
S o
Cex.ci.
——  Unsexmp=UnmBx.cu.
® o)

Pucynok 3.10

ITopsinok pacuera cxemsl puc. 3.10 Tako# e, 9TO U CXEeMBI pHC. 3.7, HO C yde-
TOM TE€X WU3MEHEHUH, KOTOpble OyAyT BBI3BaHBI BIMSHHEM MECTHOM SMUTTEPHOM
00C (MOC) no nepeMmeHHOMY TOKY u3-3a Ro.

IlosicHuM KpaTkO MNOPSAOOK pacdera cxemsl puc. 3.10, ciemys mnocueno-
BaTEJIbHOCTU pacdyeTa paHee PacCCMOTPEHHOHM cxembl puc. 3.7 ¢ NOJYepKUBAHUEM
CXOZICTBa U OTJIMYHi1 B pacyeTax.

1. BriGop pexxuma mokost TpaHsucTopa B cxeMe puc. 3.10 mpoBoguTcs Tak xke,
Kak 1 B cxeme puc. 3.7 no Beipaxenusm (3.127)...(3.129).

2. Pacuer RrB. u Rk B cxeme puc. 3.10 mpoBoguTCs MO TEM K€ BBHIPAXKEHUSAM
(3.130)...(3.132), uto u B cxeme puc. 3.7, HO C YIETOM TOTO, UYTO MMOCJIEIOBATEIIbHAS
1o Beixoxy MOC B cxeme puc. 3.10 yBenuuuBaeT BHIXOJHOE CONPOTUBICHHE TPaH-
sucropa [1, 2]:

(1+K;)R,
R;/ICT. + RBX.VT

RBI)D(.VT.MOC. - RBI:IX.VT. 1

(3.159)

3. Pacyer SMUTTEpHOTO CONPOTHUBICHUS R3> M CONPOTUBIECHUN ACIUTENS CMe-

nienus Rg, R B cxeme puc. 3.10 BBIOTHAETCS Tak ke, Kak U B CXeMe puc. 3.7, MO BbI-
paxenusm (3.133)...(3.138).

67



4. Bxognoe comnpotusiieHue tpansuctopa VI B cxeme puc. 3.10 Rexvrmoc B
pesynpTaTte AeicTBHA MeCTHOM mocienoBarensHOM mo Bxoxy OOC Oyner Gombiie
BXOJIHOTO compoTtuBiieHus Tpansuctopa Rexvr (3.140) B cxeme puc. 3.7 [1, 2]:

R
Ry vrmoc. = Rpxyr| I+ 1+ K; ) —— ) (3.160)
BX.VT

rae Kr Haxogurcs B 1. 5.

5. Koad¢umueHTsl yculleHus TOKa Kackaja 1Mo KOJUIEKTOPHOM IIETH U 1O BHI-
xony cxeMbl Kr u K'tr B cxeme puc. 3.10 onpenenstorcst Tak ke, Kak U B CXeMe
puc. 3.7, no BoipaxkeHusMm (3.141) u (3.142), Tak kKak He H3MEHSIOTCA MOCIEAOBA-
tenpHOM mo Bxoay OOC.

KoaddunmeHT ycuneHus HanpsOKEHHS TpaH3uCTOpa (M Kackaga) B CXEMeE
puc. 3.10 ¢ yuerom nocnenoBarensHoit o Bxonxy MOC Kwmoc Oyner mensiie kodg-
duuenTa yCUIIeHHs HalpshKeHus TpaH3ucTopa U kackana K (3.143) B cxeme puc. 3.7
6e3 O0C[1, 2]:

K
RC—)
1+[(I+KT)R }

BX.VT

(3.161)

Kyoc =

6. Ilpu pacyere MOTHOrO BXOAHOTO CONPOTUBIIEHHS cXeMbI puc. 3.10 ¢ mocne-
nosarenbHOM 1o Bxogy MOC RsxmpMoc MOXHO HCHONB30BaTh Gopmyiy (3.144), B
KOTOpYI0 BMecTO Rpx vr Hy>kHO moactaBisathk Rex.vr.moc u3 (3.160):

-1

1 1 1

Roxmmoc =| g+ 5+ (3.162)
Rpxvrmoc. R Ry ) - .

7. BxoaHas eMKOCTH CXEMBI C Y4eToM IocliiefoBarensHoi mo sxoay OOC 0Oy-
nert [1, 2]:

CBX.HP. = , (3.163)
1+(1+K,) 2
(+Kp) o

BX.VT

CBX.HP.MOC =

rae Cexip. — BXOAHas eMKOCTh kackaga 6e3 OOC (3.145).
8. Haxonurcs TpeGyeMblil ypoBEeHb CHUTHaIA Ha BX0Jie cXeMblI puc. 3.10.
Tpebyemas aMIuMTy1a HallpsDKEHUS CUTHAJIA Ha BXoJie cxemsl puc. 3.10 ¢ ydge-
ToM nocienoBaTenbHOi 1o Bxomy MOC Umsx.mip.moc OyIeT:

U
U, sxmpmoc = —RBRIR (3.164)

K MOC
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Pacder amrmuTyasl BXOJZHOIO TOKa TpaH3ucTOpa VT M B LIEIOM BCEH CXEMBI
puc. 3.10 BBINOIHIETCS COOTBETCTBEHHO MO (hopMynam:

I U
I ovr = IIn<.]fX.CJI. _ Rm.BX.l'IP.MOC : (3.165)
T.VT BX.VT.MOC
U sxmp.moc
L, Bxpmoc = Rm — . (3.166)
BX.IIP.MOC

9. Pacuer emxoct Cppprxaip. B cxeme puc. 3.10 MOXKHO BBIIOJIHUTH IO TOM ke
dopmyne (3.150), ato u B cxeme puc. 3.7. IIpu 3ToM HamO co3HaBaTh, 9TO Rom.
JOJDKHO ONPEACIIATHCS BRIPAKCHHEM

R, = BVINOC DK R (3.167)

RBBIX.VT.MOC + RK

rae Reex.vr.Moc — BBIXOAHOE COMPOTHBICHHE TpaH3ucTopa VT, KOTOpoe Ipu Mo-
cienoBatenbHOM Mo Beixoay MOC onpenensercs BeipaxkenueM (3.159).

10. Pacuer RoCo B cxeme puc.3.10 mpoBoguTcs Tak ke, Kak U B CXEMe
puc. 3.7, mo popmynam (3.153), (3.154).

11. Ilomy4yeHHble B pe3yibTare pacdera kackaaa puc. 3.10 ¢ MecTHOW SMHUT-
tepaoi OOC BxoguHoe comnporuBieHue Rexmpmoc (3.162), BXOomHas €MKOCTb
Cexmrmoc (3.163) m ammmurynel Bxoanoro HampspkeHHS Umsxmpmoc (3.164) u
BXOAHOTO TOKa ImBxmp. (3.166) curHaia MCHONB3YIOTCS B KaueCTBE MCXOIHBIX JTaH-
HBIX JJIs pacdyeTa IpeIIIeCTBYIONMIEr0 NPeIBapUTEILHOrO Kackaja, a Mpu ero OTCyT-
CTBHM — JJI pacueTa BXOJHOM 1[ENH JAHHOTO KacKaJa ¢ UICTOYHUKOM curHaia Epcr,
Rucr. Ilpu aTOM pacder BXomHOW menu mpoBoAsT nmo dhopmynam (3.155)...(3.158), B
KoTopeix BMecTO Rpxmp, Imexmp, Umsxmp. 6Cp}’T COOTBETCTBEHHO Rpx.mir.Moc,
ImBxmr.moc., UnBx.1p.MOC.

3.2.4. Pacuem npedsapumenvpHo20 KACKAOa ¢ pe3sucmopHo-KOHOEHCAMOPHOU
CB3b10 HA ODUNONAPHOM MPAH3UCIOPE, BKIIOYEHHOM N0 cXeme
¢ 06WUM KOJLIEKMOPOM

B maparpade 3.1.8 oTrmedanoch, 4TO B Ka4eCTBE MPEABAPUTEIHHBIX KacKaJIoOB
Hapsay ¢ kackagamu 1o cxeme ¢ OO (puc. 3.7) U O cXeMe ¢ MECTHOW SMUTTEPHOI
OOC (cxema puc. 3.10) MOryT NpUMEHATHCA KacKaJbl IO CXeMe C OOIIMM KOJUIEKTO-
poMm (OK), 1. e. amurtepHsie moBToputenu (JI1).

Tak, Hanpumep, npuMeHeHne OI1 HEMOCPEICTBEHHO MEpe]] BXOAOM JIBYXKac-
KagHoro YM3Y, uMeroniero Majaoe BXOAHOE COMPOTUBIIEHUE U3-3a MapauIeIbHON 11O
Bxoay obmieit OOC (cM. cxeMy MHOTOKACKaIHOTO YCHUJIUTENS 3BYKOBHIX YacCTOT Ha
puc. 2.7), MOXeT OKa3zaTbcsa Ooyiee 1erecoo0pa3HpIM 10 CPABHEHHUIO C KacKaJaMH C
03, paccmorpenasiMu B maparpadax 3.2.2 u 3.2.3. Jlemo B ToM, 9T0 KOIPHUITUSHT
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ycuIIeHHs HanpspKeHus kackaga ¢ OO mpu paboTe Ha Malloe BXOJJHOE COIIPOTUBIICHUE
YM3U nony4aercss 04€Hb MajJbiM U B 3THX YCJIOBHIX CKBO3HOU KOX(DGDHUIIUEHT YCH-
nenus Ol MoxeT okazaThcs OombIle, 4eM y kackajgoB ¢ O (mockoiabKy Koddhduim-
eHT mepeaaun BxoaHou nemu y Ol Bcerma Gonbine, yem y kackagos ¢ 09). Kpome
Toro, mpu ucnoias3oBanuu Ol Oyayt mydme AUX n @YX Ha BepXHUX YacTOTax
BCIeACTBHE TOTO, yTO y DIl 0YeHbh Manible BRIXOJHOE CONMPOTUBIIEHUE U BXOAHAS €M-
KocTh [1, 2].

Ha puc. 3.11 npuBenena npuHIMnuansHas cxema ogqHoTakTHOro JII B pexume
«A» ¢ puneTpom RoCo, moBTOpsitomas cxemy JI1 nepen Bxogqom YM3U Ha puc. 2.7.

Ro L
® | o o
o C Es L
Co {|{ T
Crx1mr. RI]in.BX.VT. F—\
N Ry -\
| N Cp BBIXITP.
(IR e

]

Im Bx.IIP. UmnBxVT. = | o
Un.sx.p.MoC :|R I ! ;¢ Cex.cn. A
mBX.C ‘
Rexcn. Unssx.p.=UmBx.ciL.

L] Rs T

Pucynok 3.11

3nech, kKak u B cxemax puc. 3.7 u 3.10, pesuctopsl Ry u R cimyxar nns obecre-
yeHus TpeOyeMOoro cMeIieHus B nenu 6a3sl Tpansucropa, Cpx.p. B Cppprx.mp. — JUISA
cBs3U VT ¢ MCTOYHHMKOM CHTHAJIA ¥ C BHEIIHEW HAarpy3KOM 10 IIEPEMEHHOMY TOKY U
pa3neNneHus uX Mo MOCTOSHHOMY TOKY, RoCo — 7151 pa3Bs3Ku KacKaJoB IO IEHSIM
MUTAHUA ¥ TONOJHUTEILHOTO CTIaXUBaHUS MyJIbCaIlMil MUTaoero Hanpsbkenus Eg,
npudem, kak U B cxeme puc. 3.7 u 3.10, RoCo MOXET OBITh BKIIIOUEH WIH B OOIIYIO
nutatonyo 1ens Ol (cM. RoCo cIutonHeIMH JTUHUSAMH) WIH B 1enb 0a3el VT
(cm. RoCo myHKTHPOM).

Uro kacaercs pesucropa Rn, To on B OI1 He Tonpko 00ecredrBacT SMUTTEPHYIO
CTaOUITU3aIIUIO0 TOCTOSHHOTO KOJUIEKTOPHOT'O TOKA, HO M SBIIETCS DJIEMEHTOM CBSI3H
(Bmecte ¢ Cpprxnp.) TpaHsucTopa VT ¢ BHEMIHEWH HArpy3KoW, T. €. BXOJUT B Harpys-
Ky VT no nepemeHHOMY TOKY (110 curHaity). [loatomy B DIl ero B nmpuHIMIE HENb3s
IIYHTHPOBATH MO IEPEMEHHOMY TOKY KOHACHCATOPOM O0bmoi emkocta Co.

Pacdaet OII npoBoAUTCS B TOM K€ MOCIEAOBATEILHOCTH, YTO U PACCMOTPEHHBIC
BoIme cxemsl puc. 3.7 u 3.10 ¢ O3 u ¢ amutrepHoit OOC (cm. myHkTHI 1...11 B mapa-
rpadax 3.2.2 u 3.2.3), HO OH BMECTE C TEM UMEET U CBOM OCOOCHHOCTH, 00YCIIOBIICH-
Hele HanuuueM B Ol crompouentHoit (f = 1) mectroit OC, napasienbHOM O BBIXO-
ny (yMeHbIIAOMmEN BBIXOAHOE cornpoTuBieHue VT) U mocieqoBaTebHOM 10 BXOLY

70



(YBenMUMBAIOIIEH BXOJHOE COIPOTHUBICHHE M yMEHBIIAIOIMIEH BXOJHYIO €MKOCTb
VT), xoTopasi CylmeCTBEHHO YMEHBIIAET YaCTOTHHIC M (DA30BbIC MCKAXKCHUSA, HEIIH-
HEHHBIC MCKKEHUS, COOCTBEHHBIC MIOMEXHM M HECTAOMIBHOCTH ycmieHwus [1, 2]. Ilo-
Ka)XEM 3TO I10 TEM K€ ITyHKTaM pacdeTa, 4To u B maparpadax 3.2.2 u 3.2.3.

1. Kak u B cxemax ¢ O3 (puc. 3.7) u ¢ smurrepuoit OOC (puc. 3.10), pacuer
HAYMHAIOT ¢ BBIOOpa pexkrMa paboTel VT MO MUTAaHUIO — C ONMPEACIICHHUS TTOCTOSH-
HOT'O KOJJICKTOPHOTO TOKA iko, IIOCTOSTHHOTO KOJUIEKTOPHOTO HanpspkeHnus Uko U TOKa
CMENIeHHS ipo IO cooTHOMmEeHUsM (3.127)...(3.129).

2. [Torom BEIOHPAIOT COMPOTHBIICHHUE pe3rcTopa Ro.

B obmem cirygae Ry Hy»XHO BEIOMpATh C IBYX TOYEK 3PECHHUS:

— C TOYKH 3peHHUs 00eCIIedeHNsI OTBOJMMOTO Ha BBIXOHYIO Iens DIl 3HaueHMs
KO3 pHUIMEHTa YaCTOTHBIX MCKaXkKeHUH MB.co.Bbix IO cooTHOmmeHusM (3.130), (3.131)
u (3.132), B koToprix BMecTo Rk U Rppx.vr. Hy)kHO Opath ¢ yuerom cnerubuku I11
COOTBETCTBEHHO AMHUTTEPHOE CONPOTHBIIEHHE R? M BBIXO/IHOE CONPOTHBIICHHUE TPaH-
suctopa VT ¢ yuerom mapamiensnoii mo Beixony OOC Repixvr.ooc [1, 2];

— C TOYKM 3pCHHS 00eCIeYeHHs HEOOXOAMMOW CTaOMIM3allid MOCTOSHHOTO
KOJUIEKTOPHOI'O TOKa ixo 110 cooTHOmeHusM (3.133)...(3.136).

Crnenyer otmeTutb, uro B Ol mepBas Touka 3peHHs HE KpUTHYHA B OTHOIIIE-
HUU R, Tak Kak M3-32 0OYEHb MAJIOTO 3HAYCHHS BBIXOJHOTO CONMPOTHBIICHHUS TPaH3H-
ctopa ¢ OOC Rppx.vT.00c 9aCTOTHBIE MCKaXKEHUS BBIXOIHOM 1ienu D11 OyayT mpene-
Oopexxumo Maibl (MB.coBbix = 1) 1 Ry MOXkeT BHIOMpaThCS B IMIMPOKHX IpEIeiax, B
TOM YHCJIE OOJBITIM.

Omnpenensroneit mpu Beroope R» B DI sBasercs BTopas TOUka 3pEHUSA: OKOHYA-
TensHO Ry BeIOMparoT mo cootHomenusM (3.133)...(3.136), B koropsix st JI1 Oyner
iko'Rx = 0, Tak kak Rk B OII orcyTcTBYyET.

3. ITocne BeIOOpa Ry paccuuThIBalOT pe3ucTOpHl AenuTens cMemenus Ry u R B
nenu 6a3pl Tpansucrtopa VT mo coorHomenusMm (3.137) u (3.138), B KOTOPBIX TOK
nenutens iy BeIOMparT mo BelpaxkeHuio (3.139), a Uso HaXoaaT MO BXOJIHOM Xapax-
tepuctuke VT (cm. puc. 3.8) mwmm 6epyt npubmmwkenno Ugo = 0,5 B, 9To, kKak roBo-
puiiock B maparpade 3.2.2 B 1. 3, JOIyCTUMO ISl MaJIOMOIIHBIX TPAH3UCTOPOB.

4. PaccuuThIBalOT BXOJHOE compoTHBieHne Tpanzucropa VT cuHauana 6e3 OOC
Rex.vr mo Beipaxkenuto (3.140), a motom ¢ yuerom aeiictByromeit B D11 mecTHOi mo-
cienoBarensHOM 10 Bxoay OOC, yBenmuuBaromiei ero [1, 2]:

R,
R gx vrmoc. = Rpx vr, 1+(1+KT)—3 ) (3.168)

BX.VT

rie R,. — xosbduuuent ycuieHus M0 KOJUIEKTOPHOMY TO-

BX.VT
Ky Tpan3ucropa VT;

R5.~=(R» - Rex.cn) / (Rs + Rex.ci1) — comporusnenue Harpy3ku VT mo mepe-
MEHHOMY TOKY (IO CUTHAITY).
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5. Koaddurments! ycunenus Toka VT B Ol mo sSMUTTEpHO# 1IENU U 1O BHIXOIY
OI1 He mamensroTcs nocieaosareasHoi mo Bxoxy OOC B JI1 u cooTBeTCTBEHHO OY-

oyt [1, 2]:

I I h
Kiyr =2 =1+K, =1+ =1+ 211{9 ; (3.169)
ImB ImB 1 + O~
RBLIX.VT
, I R
Koy = % =K, yr ﬁ. (3.170)
mb BX.CJI

Koaddunument ycunenus Hanpsokenus Oll ¢ yueToM MECTHOM MOCie0BaTelb-
Hoit o Bxoy OOC Gyaer 6ym3kum k exauawmie [ 1, 2]:

R,.
(I+Kpyr) o7
— KVT — RBX.VT 3.171
Moc T e T R ) (3.171)
VT 14+ (1+ Ky ) — 2
Rpxvr
rae Kyp =(1+K ) —— — KodhOUIMEHT yCHICHHS HATIPSKEHHS TPAH3H-
cropa VT B OIL BX.VT

6. Bxonnoe comporusnenue Il ¢ yuerom genurens cMmemieHus (IIOJTHOE BXOJI-
HOe comportusiieHue JlI) Oyaer ompeaenaTses mapauieIbHBIM COSIUHEHHEM BXO/I-
HOT'O CONpOTHBIICHH TpaH3ucTopa VT ¢ yderoMm mocnenoBaTenbHo# mo Bxoay OOC
Rex.vr.ooc (3.168) u conporuBnenwuii nenurens R, Rg:

-1

1 1 1

Reoxmmoc =| 5g———+t5+5—| - (3.172)
Rpxvimoc. R Ry '

7. Bxonnas emkocts OII ¢ yuerom mocienoBarenbHoi mo Bxoay OOC Oy-
nert [1,2]:

CBX.HP.MOC = CBX.VT.MOC + CHPOX.VT , (3.173)
re
C _ Cpxvr _ Coxvr
BX.VT.MOC — =
R 3.174
KT (14 Ky o) 2 G
BX.VT

— BXOJIHasl eMKOCTh TpaH3ucTopa VT ¢ yueToMm nocneaoBarensHo mo Bxoxy OOC;
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1 1 1
21t .5 27, (1+hy o )f 5, 21n,f,

Coxvr =Cyp = (3.175)

— BXOJIHAas CTaTHIeCKas eMKocTh Tpan3uctopa VT 6e3 yuera OOC;
fi21s 1 frp — COOTBETCTBEHHO TpesEbHAS M TPAaHWYHASL YaCTOTHI TPAH3UCTOPA
VT, npuBoaAnMEBIE B CIPABOYHHKE;

0,026
I = T{  — CONPOTHBIICHHE IMHTTEPHOTO IIEPEXO/Ia;
KO0
Crorox.vr = Cpx = Cx — mpoxoaHasi eMKOCTh TpaHzuctopa VT, mpuBoaumas B
CIPaBOYHUKE.

8. PaccumnrtriBaercs TpeOyemblit ypoBeHb curaana Ha Bxojae OlI. TpeGyemas am-
wiuTyAa HanpspkeHus curHana Ha BxoAe OII Umpsxmp.moc € y4ETOM MOCIE0BATEIb-
Hoit mo Bxoay OOC B JII 6yzaer

U
U, sxpmoc = —oBHP. (3.176)

I<MOC

AMIUIMTYyAa TOKa Ha Bxoje TpaH3uctopa VT u aMIuinTyaa TOka Ha BXOJI€ BCEro
OII cooTBeTCTBEHHO OYIYT:

I _ Lusaxe _ Unsxmemoc . (3.177)
mBX.VT. — ’ a ’ .
Krvr Rx vrmoc
U sxnmp.moc
Im.BX.HP = R — . (3.178)
BX.ITP.MOC

9. Hanee paccCUMTHIBAIOT EMKOCTh KOHieHcaTopa CpBrixip C TOUKU 3PEHHS OTBOJIH-
MOT'0 Ha BBIXOJHYIO Lienb DI koadduiimenTa 4acTOTHBIX UCKKEHUA MH Cp.ssx.np.

1
Co prmre. 2 (3.179)
27ty (Rpyx on + Rpxen, )\/ MiI.Cp.BLIX.np. -1

R _ RBL]X.VT.MOC 'R3
rae T“BBIX.JIL — R

R — BBIXOJHOE CONPOTHBIICHHE Oll;
Bex.vT.Moc T Rg

’
R _ Ryer +Rpxvr
BBIX.VT.MOC —

¢ yueroM napauiensHoi no Berxony OOC;
Rex.vr — BxogHoe conpoTusieHre camoro tpansucropa VT (3.140);

— BBIXOJHOE COIIPOTUBJICHUE TpaH3ucTopa VT
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R'uct — KBHBaJICHTHOE CONPOTHBJICHUE TPAKTa CHTHAJA, MPEANICCTBYIOMICTO
tparsuctopy VT JII, xotopoe mpu pabore III ot mcrounmka curHana Eucrt, Rucrt
paBHO

-1

, 1 1 1
S S R TRTR, )
UcCT b.
npu pabote O oT mpeamecTByOMEro Kackaaa
1 11
R;/ICT. =l Tt o

RBI:IX.HPE}Z[H_I R RB.

MPUYEM €CIIH NMPEIIECTBYIONINI KacKa/l BBIIIOJIHEH MO cXeMe puc. 3.7, TO

R _ RK.HPE}]HI. 'RBBIX.VT.HPEI[HI. ~R
BBIX.IPEJIIIL. — ~ k. npEILL

R +R ’

K.IIPEJILI BBIX.VT.IIPE/LI

a eCJIM MPEAIIECTBYIONIUI KacKaJ BBRIIOJIHEH IO cxeMe puc. 3.10, To

RK.HPEI[HI. ) RBBD(.VT.I'[PEZ[H_I.MOC

RBLIX.I'IPE)IH_[. = = RK.HPE}Z[I.LI. )

RK.HPEZ[HI + RBLIX.VT.HPEI[I.H.MOC

Otmetnm, uto ecnu Ol Oyner paborars Ha Bxox YM3U (kak, Hampumep, B
cxeme puc. 2.7), To HaitnenHas 1o (3.179) emxocTs Cppixnp OYAET BHIIONHATH POJIH
emkoctH Cppx., HaliieHHOH panbmie B Y M3Y mpubmamkenno o (3.125).

Uro kacaercsa emxoctd Cppxrp. Ha Bxoge Oll, To ee OTHOCAT K NpeALIECTBYIO-
IeMy TpakTy (K MpeAlecTBYIOMEeMY Kackaay Wi K BxonHoi nenu JI1), rae u pac-
CUHTBHIBAIOT C TOYKHU 3PEHUS OTBOJMMOTO Ha 3Ty €MKOCTh KO3 HHUIIMEHTa YACTOTHBIX
HACKAXXCHUM.

10. B ornomennu ¢unstpa RoCo B OII mocTymaroT Tak e, Kak U B CXe-
Me puc. 3.7, T. e. pykoBoAcTBytoTCa cooTHomenusmu (3.153), (3.154) u conmyrctBy-
IOIIMMHU UM PEKOMEHIAITNAMHU.

11. Ilomyuennsie B pe3ynbrare pacuera OII BXOAHOE CONMPOTUBICHUE
Rexmpmoc (3.172), Bxomnas emxocth Cpxmpmoc (3.173), aMmumryna BXOZHOTO
HanpspkeHus Umsxmpmoc (3.176) u ammumuryaa BxogHoro Toka Imexme. (3.178) wuc-
MOJIE3YIOTCA B KaUECTBE MCXOIHBIX JAHHBIX JJISI pacuera MPeAIeCTBYIOMIETO Mpe-
BapHUTEIHHOTO Kackaja 1o cxeme puc. 3.7 wmm no cxeme puc. 3.10 (kak, Harpumep, B
cxeMme puc. 2.7), a Ipu €ro OTCyTCTBUU — I pacuera BxogHou menu Il ¢ ucrou-
HukoM curHana Epcr, Rucr mo dopmymnam (3.155)...(3.158), B KOTOpBIX BMECTO
Rex1p., Insxmp., Unsxmp. 6epyT coorBeTcTBEHHO RBX 1P MOC, ImBx.11P., Um.BX.IIP.MOC.
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3.2.5. Pacuem npeogapumenbHbix KAcKaoos becmpanchopmamopHsix
ycunumerneii 36YKO8bIX YACMOM HA NOJEBbIX MPAH3UCOPAX

[IpenBapuTenpHBIE KaCKaasl O€CTpaHCPOPMATOPHBIX YCHIIMTENCH 3BYKOBBIX da-
CTOT MOTyT OBITH BBIMONHEHBI W Ha TmoieBbIx Tpan3ucropax (IIT) kak c
p-n mepexoaoM (C KaHAJIOM N-TUIA WK P-THIA), TaK U C U30JIMPOBAHHBIM 3aTBOPOM,
¢ BxmouenueM I1T nmu6o mo cxeme ¢ o6mmmM ucrokom (OM), mubo mo cxeme ¢ HCTo-
koBoit OOC, mubo no cxeme ¢ o6mum ctokoM (OC), T. €. TT0 cXeMe UCTOKOBOTO TI0-
sroputeins (UII).

Kak ormeuanoch B maparpade 3.1.8, Ha IpakTHKE 4allle BCEro MPUMEHSIOTCS
kackagsl o cxeme ¢ OU, xak obGecnieunBaroniyie HauboJbIIee YCHICHHE CUTHANA, U
ux Monudukanuu — kackansl ¢ ucrokopoir OOC.

Ha puc. 3.12, a...6 npuBeeHsl NPUHIUIHAIBHBIE CXEMbI IPOCTEHIINX IIpeiBa-
PUTEIBHBIX KacKaJOB C PE3MCTOPHO-KOHJECHCATOpHOU cBsi3pio0 Ha [IT ¢ kxanamom
n-tuna. Cxema puc. 3.12, a ¢ ON saBnserca anamorom cxemsl puc. 3.7 ¢ O3, cxema
puc. 3.12, 6 ¢ ucroxooit OOC sBnsieTcs aHaoroM cxemsl puc. 3.10 ¢ aMuTTEpHOU
0O0C, a cxema puc. 3.12, 6 ¢ 00IIIEM CTOKOM, T. €. HCTOKOBBI IIOBTOPHUTENH SBIISETCS
aHaJIOroM cXeMbl puc. 3.11 ¢ o0IIMM KOJIEKTOPOM, T. €. SMUTTEPHOTO TOBTOPHUTEIIA.

Hanmomuum [1,2] Ha3HaueHWe pPE3UCTOPOB M KOHIAEHCATOPOB B CXeMax
puc. 3.12, a...6. B cxemax a) u 6) pesucrop Rc sBisercs snemenrom cs3u IIT ¢
BHEIIHEH Harpy3koi (kak u pe3uctop Rk B cxemax puc. 3.7 u 3.10), pesucrop Ru
obecrieunBaeT mosrydeHre HampspkeHus cMenieHus Uzo = ico'Ru (Bo3aeicTByrOmero
Ha 3aTtBOp IIT yepe3 pesucrop R3) m HCTOKOBYIO CTAaOMIHM3AIMIO ITOCTOSTHHOTO TOKA
croka ico IIT, ocHoBanHyo Ha OOC mo nmocrosHHOMY TOKY. IIpu 3TOM B cXxeme a)
KoHAeHcaTop 6obinoi eMkocTd Cy IyHTHUpPYET pe3ucTop Ry 1o mepeMeHHOMY TOKY,
npenymnpexnas BosHukHoBeHHe OOC mo mepemeHHOMY TOKy (kak m C»s B cxeme
puc. 3.7). Uto kacaeTcsi CXeMbI B) HCTOKOBOTO IOBTOPHUTENSA, TO B HEH Ry B pomon-
HEHUE K QYHKIMAM MOTYyYEHUS HANPSDHKEHUS CMEUICHUS U CTaOMIM3aIMH ico BBHITION-
HseT ¢pyHkiuio dnemenTa cBsi3u [IT ¢ BHemHel Harpy3koi (1o ananoruu ¢ Ry B cxe-
Me puc.3.11 osmurrepHoro mnosroputens). Ha3znauenume smementoB Cppxip.,
Ceaoxr., RoCo B cxemax puc. 3.12, a...6 Ha IIT Takoe ke, Kak U B UX aHAJIOrax Ha
BT (cMm. mosicaenus k puc. 3.7,3.10 u 3.11).

ITopsimok pacuera cxem puc. 3.12, a...6 Ha [IT B OCHOBHOM COBIAQJA€T C MOPSI-
KOM pacyeTa ux a"ainoros Ha BT, T. e. cxeMm puc. 3.7, 3.10 u 3.11, ¢ To# nums pa3Hu-
nieit, uto [IT B ommmaume ot BT paboTator 6€3 BXOIHBIX TOKOB (0€3 TOKOB 3aTBOPA),
UMEIOT OOJIbIIIOE BXOJHOE COINPOTUBIICHUE, YNPABISAIOTCA HANPSHXKEHHUEM CHUTHANIA U
XapaKTepU3YIOTC KOI(PPHUITMEHTOM YCHIICHHS TOJBKO 10 HanpshkeHuio. BenencTeue
6onbioro Bxomnoro comporuBieHus IIT kosddumument nepenadum BXOTHOW HEmH
kackana Ha [IT Bcerma Gompine (0M30K K €IUHUIIE) IO CPABHEHHUIO C KACKaJIOM Ha
BT, 9To mo3BoiseT moayduTh OOJBIIMN CKBO3HON KOI(D(UIMEHT yCHICHHS KacKa-
na[l, 2].

[Tokaxem kpaTko 0cOOEHHOCTH pacuera cxem puc. 3.12, a, 6, 6 Ha IIT, cmenys
MOCJIEZIOBATEILHOCTA PACYCTOB MX aHAJIOroB Ha BT (CM. BBIIE IMyHKTH PacyeTOB
1...11 ms cxem puc. 3.7,3.10 u 3.11).
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1. Kak u B ananorax Ha bT, pacuer kaxnou u3 cxem puc. 3.12, a...6 HAUUHAIOT C
onpexaeneHus pexxnuma nokos [IT — ¢ BeIOOpa MOCTOSHHOTO TOKa CTOKA ico, OCTO-
STHHOTO CTOKOBOT0 HarpsbkeHust Uco 1 HanpsbkeHus cMmemeHus Usp.

[TocTOSTHHBIN TOK CTOKA ico ¥ MTOCTOSIHHOE CTOKOBOE HANPSHKEHUE JOJDKHEBI B HE-
CKOJIBKO pa3 IMPEBHIIIaTh COOTBETCTBEHHO aMIUIMTYy TOKa curHama Impx.cn U aM-
IUTUTY Ty HanpspkeHus curaaia Umpx.cn Ha BXOJE Clieayromero kackaaa. [Ipu Be16o-
pe ico u Uco MOXKHO pyKOBOJICTBOBAThCS cooTHomeHusMu (3.127), (3.128) ¢ 3ameHo#
B HUX ixo ¥ Uko Ha ico U Uco. Y1o06HEE BCero OpaTh MpUBOJUMEBIE B CIIPAaBOUYHUKE TH-
noBele 3HaueHUs ico ¥ Uco, MOCKONBKY JUISl HUX B CHPAaBOYHHUKE JAIOTCS ITapaMeTpPhl
TPaH3UCTOpA.

Uro xacaercss HanpspkeHus cMenieHus Uz, To ero n1mbo GepyT A THIOBBIX
3HageHu# ico 1 Uco M3 CIIpaBOYHMKA (€CJIM OHO YKa3aHO), TMO0 OMPEICIIAIOT IS BHI-
OpanHbIX 3HaUYeHUH ico U Uco IO CEMEHCTBY BBIXOJHBIX CTATUYECKUX XapPAKTEPHUCTHUK
IIT (puc. 3.13). HamtomuuMm, gto B oTiindue oT bT Toka cMmemnieHus B IENH 3aTBopa
HeT.

A ic

ico

Uco uc

Pucynok 3.13

2. 3ateM BbIOMparoT compoTuBieHue pesucropa cBs3u IIT ¢ BHemHel Harpys-
Koil. B cxemax puc. 3.12, a, 6 um sBusercs pesuctop Rc (ananor Rk BT). Ero, kak u
Rk B cxemax puc. 3.7 u 3.10, onpeaenstoT ¢ TOYKH 3pEHUS 3aJaHHOTO Ha BBIXOJHYIO
Iens Kackaaa kodduimenTa YaCTOTHRIX MCKXEHUN Ha BepxHEH paboueit gactore
Mg.cossx M0 cooTHOmEeHusM (3.130)...(3.132) ¢ 3amenoit B Hux Rk Ha Rc. [Ipu atom
BiusiHUEM Rppx vt = Auc/ Aic nipu u3 = Uzg = const (puc. 3.13) B cxeme puc. 3.12, a
u TeM 6osiee Rerx vr.ooc (cM. nanbiie) B cxeme (puc. 3.12, 6) oO6pI4HO peHeOperaoT
BBHJIy €T0 MAJIOCTH M3-32 OOJIBIITNX 3HAUYEHUHN 3TUX CONPOTHUBICHUH.

Urto kacaercs cxembl puc. 3.12,6, T. €. HCTOKOBOIO IIOBTOPHUTENSA, TO B HEH
¢bynxkiun snemenTta cBs3u [IT ¢ BHenTHE# Harpy3koi BeIMONHSET pe3uctop Ru (aHa-
aor Rs B OII), ero conpoTHUBIEHUE C TOUKH 3PEHUS JOIMYCTUMOTO MB.Cossx MOXKET
ObITh MOOBIM (Kak U Ry B OII), mockonbky Mano BiusieT Ha Ry . (M3-3a 04eHb Malo-
ro Repx.vr.ooc TTOBTOPUTEIST), 1 TIOSTOMY PACCUUTHIBACTCS MO APYTHM KPUTEPHSIM
(cM. crieyrontuit MyHKT).

3. 3arem omnpenensaroT conpotusiacHud Ry u Rs.

B cxemax pwuc. 3.12, a...6 conmpoTuBIIeHHE pe3UCTOpa Ry paccUMTHIBAIOT M3
YCIIOBHS TOJTy4eHHUs TpeOyemoro HampspkeHus cMmenieHus Uso:
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R, =—3. (3.180)

IIpu aTom B cxemax puc. 3.12, a...6 3a cuer Ry BozHrkaeT MOC 1o mocTosIHHO-
My TOKY, CTa0MIIM3HpYIONIas TOK ico, CKBO3HAs riyOnHa KoTopoi Oyner [1, 2]

- =1+BK-=1+S;Ry, (3.181)

rae Sp- — auHamudeckas kpyrusHa 1T no nmocrossHHOMY TOKY.

Kpome stoit MOC B cxeme puc. 3.12, 6 OyaeT OJHOBPEMEHHO JACHCTBOBATH
MOC no nmepeMeHHOMY TOKY (IIOCIIE€A0BATENIbHAS [0 BBIXOIY U IO BXOJY) CO CKBO3-
HOM TryOuHOH [1, 2]

F.=1+p. K~ =1+S,; Ry, (3.182)

a B cxeMme UCTOKoBoro mosropurens (puc. 3.12, ) — OOC, mapamiensHas 1Mo BBIXO-
JIy | TIOCJIeI0OBaTENIbHAS 110 BXOIY, CO CKBO3HOM TTyOHHOM [1, 2]

F.=14+S; Ry, (3.183)
rA€ Sy~ — AMHAMHYECKAs KPyTU3HA I10 IEPEMEHHOMY TOKY;
— Ry Rpxen
u~ = — conpotusienue Harpy3ku 11T B UII no nepemenHo-
Ry +Rpxen
MY TOKY.

OOC mo nepeMeHHOMY TOKY B cxeMmax puc. 3.12, 6, ¢ OyeT yMeHbIIATh HEJIU-
HEIHBIC U JIMHEHHBIC UCKAXXEHUsI, COOCTBEHHBIE TIOMEXH, HECTAOMIBHOCTD YCHIICHUS,
a TaK)KE€ YMEHbIATh BXOJHYIO EMKOCTh U YBEIMYHMBATh BXOAHOE conporuBieHue [1T,
yBenuuuBath Repx.vr (B cxeme puc. 3.12, 6) 1 ymensimath Repx vt (B UI).

Uro kxacaercsi compotuBieHus pe3ucropa Rz B nenu 3atBopa IIT, To B kaxnon
u3 cxeM puc. 3.12, a...s ero BEIOUPAOT 0YeHb O0NbmuM, Topsaka 1...3 MOM, 9To0sI
CBECTH K MUHUMYyMY InyHTHpoBaHue Bxoxa IIT mo curnamy m obecriednts HanOOIb-
i koddpuIMeHT nepenayn BXOAHOH 1enu kackana Kexn — 1.

[Iponenannbie B 0. 1. 1, 2 1 3 pacdeTsl MO3BOISAIOT NEPEUTH K pacyeTy OCHOB-
HBIX IIapaMeTpoB cxeM puc. 3.12, a...6 o curHaiy.

4. bonpmioe BIMSHHME Ha OCHOBHBIE IOKa3aTeld KAaCKaJOB OKa3bIBAET BXOJHOE
comnpoTuBieHue TpaH3ucTopoB Rexvr. Kak m3BecTHO, y OMIONSAPHBIX TPaH3UCTOPOB
RBx.vT CpaBHUTENHHO HEOOIBIIOE, BXOIUT B pacyeTHBIC (hOPMYJIbI OOJBITHHCTBA TI0-
kazareneil kackasoB Ha BT u mosTomy moanexur pacdery (CM. yHKTHI 4 pacdeToB
cxem puc. 3.7, 3.10, 3.11). Y moseBbIX *e TpaH3UCTOPOB Rpxvr 0ueHBL OONbBIIOE H
IIO3TOMY IIpH pacuyerax kackazoB Ha IIT momarator, 4to B cxeme pwuc.3.12,a
Rpx.vr — o0, B cxeme puc. 3.12, 6 Rex.vrmoc = Rexvr (1+Sa-Ru) — oo 1 B cxeme UII
(puc. 3.12, 8) Rex.vrmoc = Rexvr (1+-Sp-Ru-) — oo.

5. B omimuaue ot cxeM Ha BT, ycunurensHble CBOMCTBA KOTOPBIX XapaKTEpHU3Y-
I0TCA KO3(QPUIIMEHTaMH yCUJIEHUS 110 TOKY, HaIPsDKEHUIO M MOIIHOCTH, CXEMBI Ha
IIT xapakTepu3yroTCs TOIBKO KOIPPHUITMEHTOM YCUIICHUS 0 HanpspkeHuto [ 1, 2].

B cxeme puc. 3.12, a ¢ OU, rae ner OOC, oH onpenensieTcs: BeIpaxeHuem [1, 2]:

Up,
K=Ky =285 =8, ‘R, (3.184)
m.BX. VT
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S¢

AR FAC R, — nunammueckas kpytusna IIT no nepemen-

S
e A-
1+

Rppxvr
HOMY UCTOKOBOMY (4 CTOKOBOMY ) TOKY;

Sc — craTudeckasi KpyTU3HA CTOKOBOTO TOKA B TOUKE ITOKOS;
— RcRpxen
Rc+Rpxen

HOMY TOKY.
B cxeme puc. 3.12, 6 ¢ nuctokoBoit OOC k03 PuireHT yCHIeHus Mo HampsKe-
Huto Oyger [1, 2]

C~ — COIIPOTHUBJICHHUE CTOKOBOM Harpy3ku IIT mo mepemeH-

U K
Kyoc = mBX.CI _ _ VT (3.185)
Unsxmemoc 17+ Sz[~ Ry
B cxeme UII (puc. 3.12, 6) oH paseH [1, 2]
U K
KMOC — m.BX.CJI — VT , (3186)
Um.BX.rm.Moc 1+ SJ:[~ ) RI/I~
— Ry -Rpxen
rae Su~ T — conportuBieHue Harpysku IIT B UII mo nepemeHHOMY
Ry +Rpxen
TOKY.

6. Bxognoe compoTuBieHne kackagoB puc. 3.12, a...6 na IIT [1, 2], onpenensie-
MO€ Kak MapajUIeIbHOE coeauHeHne BXomHoro compotusieHus IIT (cm. m. 5) u co-
MIPOTUBJICHUS B IIeU 3aTBOpa R3, OyaeT nmpakTudecku paBHO Rz, TOCKOIIEKY BXOTHOE
comporuBienue IIT kak 6e3 OOC, tak m ¢ OOC crpemutrcss K OECKOHEYHOCTH
(cMm. 1. 4).

B cxewme puc. 3.12, a c O
— R; - Rpxvr

R =
PR R3 + RBX.VT

~R;, (3.187)

B cxeme puc. 3.12, 6 ¢ ucrokoBoit OOC u B cxeme UII (puc. 3.12, 6)

R _ R3 .RBX.VT.MOC ~R
BX.IIP.MOC — R N3

3.188
3 T Rpxvrmoc ( )

7. Bxognas emkocTh kKackanoB Ha I1T Oynmer [1, 2]:
— B cxeme puc. 3.12, a c OU

Coxrpe = CBX.Z[I/IH.VT = Cpxyr T Crpyr(1+K) 5 (3.189)
— B cxeMe puc. 3.12, 6 ¢ mocaenoBaTensHON IO BX0Qy UcTokoBoit OOC

C — CBX.l'IP

BXIPMOC — 57\ a b 3.190
1+S,; R, (3.190)
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— B cxeme UII (puc. 3.12, g), e aeiictByer cromponentHas (B = 1) mocnemo-
BarenbpHas 1o Bxoay OOC

C
Cox mpym = CBX.VT.MOC + Crpoxvr = BT mrox.vr. (3.191
1+S, R, (3.191)

8. Onpenensercs TpeOyeMblii YPOBEHb CHTHAJIA Ha BXOjA€ cxeM puc. 3.12, a...s.
B ornumume ot xackanoB Ha BT 31eck peub uaeT 0 BETUYHMHE TOJIBKO HAIMPSIKCHUS
CHTHAJIa Ha BXOJIE CXEM.

AMIUTUTY]a HaNpsDKEHUS CUTHaa Ha Bxoie kackanoB Ha [IT Gyner:

— B cxeMme puc. 3.12, a c OU

Um.BX.HP = UmBiIZIXHP H (3192)

rae K onpenensercsa hbopmymnoit (3.184);

— B cxeMme puc. 3.12, 6 ¢ mocienoBarenbHO Mo Bxoxy mctokoBoit OOC u B
cxeme UII (puc. 3.12, ), rae aeiictByer cronporieHTHas (= 1) mocnempoBarensHas
o Bxoxay ucrokosas OOC

U _ Um.BbIX.HP.
m.BX.IIP.MOC ~—

Koo (3.193)
rae Kmoc B cxeme puc. 3.12, 6 onpenensercs coorHomenueMm (3.185), a B cxeme
puc. 3.12, ¢ (UI1) — coornomenuem (3.186).

9. Pacuer emxocrerl koHzeHCaTOpoB Cpppixme. B Cu B cxeme puc. 3.12,a u
CrBpix B cxemax puc. 3.12, 6, ¢ BHIIONHAETCS, Kak U B Kackagax Ha BT (cM. myHKTHI 9
B maparpadax 3.2.2...3.2.4), ¢ TOYKH 3pE€HUS OTBOJAUMEBIX Ha HUX KO3 HHUIIUECHTOB Ya-
CTOTHBIX UCKAKCHUH MH.Cp.ssx.p. © MH.C5 [2].

B cxeme puc. 3.12, a va IIT ¢ OU ana onpexnenenus emxocteil Cpapxp. U Cu
MOXKHO HCIIOJIb30BaTh popmyiel coorBeTcTBEHHO (3.150) 1 (3.151), npuBeneHHbIE B
naparpade 3.2.2 mia cxemnl puc. 3.7 Ha BT ¢ O3. [{nsa atoro B dopmyne (3.150)

_ RK 'RBLIX.VT ~R R _ Rc 'RBLIX.VT
= =Rk DH ~

Ry +Rpyxvr R +Rpyxvr
kak Rc << Rewxvr), 2 B popmyne (3.151) BMecTo R» 6epyT Ry, a BMecTo muHamMumdeckoit

BMECTO T“3.H OepyT ~R¢ (Tax

1+K;
R;/ICT + RBX.VT

KPYTHU3HBI bT Sz[.a = OepyT ruHaMu4ecKyto kKpytusny I1T

B cxeme puc. 3.12, 6 Ha IIT ¢ mocienoBaTensHO# M0 Bxoxy mcrokoBon OOC
n3-3a oTcyTcTBHA KOoHAeHcaropa Cu (kak u B cxeme puc. 3.10 ma BT ¢ mocienosa-
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TenbHOU 10 Bxoay smurtepHod OOC m3-3a oTcyTcTBUs KoHAeHcaTopa Cs) EMKOCTh
Cepbxrp. TaKke MOXHO HaiTH 1o dopmyne (3.150), B KOTOpOH Isi CXEMBI

R Rpuxvrmoc ~R

puc. 3.12, 6 Gepyt Ron= c (rak kak Rc << Rapx.v1.000),

RC + 1{BI:.IX.VT.MOC
rae BeixoaHoe compotuBieHue IIT mpu mocnenoBarensHol 1o Beixony OOC, co-
TJIacHO [2], paBHO

Rppxvimoc = Rpprevr 1+ Ryp) . (3.194)

B cxeme UII (puc. 3.12, 8), rae, kak u B Il (puc. 3.11), aeiicTByeT napauienb-
Has 1o Bbixoay crompornenTHas (= 1) OOC, cHmxkaromas BBIXOJIHOE COIPOTHUBIIE-
aue I1T, no ananoruu ¢ (3.179) misa OI1 emkocts Cp rix.p. OyaeT

1
Co ppxnp. 2 5 (3.195)

2an (RBLD(.I/IH + RBX.CJ’I.)’\/MIZ—I.Cp.BLD(.np. - 1

RH ) RBBIX.VT.MOC

rIe R gy = — BBIXO/IHOE COMPOTHUBIICHUE UCTOKOBOTO MOBTO-

Ry + Ry vrmoc
puTens;

Rerix.vr.Moc onpenensiercs BelpaxkenueM (3.194).

OtmeTnMm, 4TO eciii cxeMbl puc. 3.12, a...6¢ Oynyt paborars Ha Bx01 YM3Y, To
ux eMKocTh Cpprix.ip OY€T BBITOIHATH POJIb eMKOCTH CpBx, HAMICHHON paHee mpH-
6mmxeHHo mipu pacuere YM3U no dopmyie (3.125).

UYto kacaercs emkocTd Cppx.p. Ha BXOAE cxeM puc. 3.12, a...8, TO €€ OTHOCAT K
MPEIIICCTBYIOMEMY TPAKTy (K BXOJHOM IEMH 3THX CXEM WM K TPEIIECTBYIOMEMY
KacKajy), I'/ie ¥ pacCUMTHIBAIOT C TOYKH 3PEHHUS OTBOAMMOrO Ha Hee KodddunreHTa
YaCTOTHBIX UCKAKEHUU.

10. B otHomenun ¢punbrpa RoCo B cxemax puc. 3.12, a, 6, 6 Ha IIT nocrynator
TaK ke, Kak 1 B cxeMax puc. 3.7, 3.10 u 3.11 na BT, 1. e. pyKOBOACTBYIOTCS COOTHO-
menusmu (3.153), (3.154) u conmyTCTBYIOIMMHU UM pEKOMEHIAIUSIMHU.

11. Ilony4yenHsle B pe3yibTaTe pacdeTa Jito00il u3 cxem puc. 3.12, a...6 BxogHOE
COIIpOTHBIICHUE Kackaja (coorBercTBeHHO Rpxmp (3.187) B cxeme puc. 3.12, a nnn
Rexmpmoc (3.188) B cxemax puc. 3.12, 6, 8), BXOAHAas €MKOCTh Kackajia (COOTBET-
crBerHo Caxrmp (3.189) B cxeme pwuc.3.12,a win Cexmpmoc (3.190) B cxeme
puc. 3.12, 6, unu Cexmrun (3.191) B cxeme puc. 3.12, 6), ammiuTyja BXOJHOTO
HanpspkeHus currana (coorBercTBeHHO Umsxrr (3.192) B cxeme puc. 3.12, a wnun
Unsx1p.Moc B cxemax puc. 3.12, 6, 6), HCHIOJIB3YIOTCSA B KQUECTBE UCXOMHBIX JTAHHBIX
IUIS pacueTa MpeALIECTBYIOMETO Kackaja Mo Jr000i U3 paCCMOTPEHHBIX BBIIIE CXEM,
a TIPH €T0 OTCYTCTBUH — JUIsl pacdeTa BXOIHOW IETH C HCTOYHUKOM curHaia Emucr,
Rucr mo Beipaxkenusm (3.156)...(3.158), B koropeix ansa kackagoB 6e3 OOC 6epyt
Rexmp ¥ Umsxmp, a mu1a kackagoB ¢ OOC — cooTBEeTCTBEHHO Rgpxmpmoc H
Unm.sx.mp.MocC.
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3.3. OcobenHocTH nocTpoeHus M pacuera nenu odmeis OOC
MHOTOKACKATHbIX 0ecTpaHCGOPMATOPHBIX YCHIIUTEIEH 3BYKOBBIX YaCTOT
¢ AByXKacKkaaHbiM YM3Y

Kak ormeuanocs B riaBax 1 u 2, 3ajaHHbIC HEIMHEWHBIE U YACTOTHBIE MCKaXKe-
HUs, KOOQPUIMEHT YCUICHHUS U HECTaOWIHHOCTh HANPSDKEHHUS CUTHAJIa Ha BBIXOAC
ycunutens ooecnieunBarotcs oomeit OOC.

B mpenpiaymux riaBax pedup muia 06 oOmeil mapaiienbHON MO0 BBIXOIY U IO
Bxoay OOC B aByxkackagnom YM3Y.

B MHoOrokackanneix OecTpaHCGOPMATOPHBIX YCHIUTENAX 3BYKOBBIX YacCTOT
kpome obmeir OOC B aByxkackaganoM YM3U moxeT moTpeGoBaThCs €me u odmas
OOC, oxBarpIBaronias BECh YCHIHTENb (BKIIOYas MpeABapUTEIbHBIE KacKa/bl), TIIy-
OuHa KOTOpOIl ompezaenseTcs 3aJlaHHBIMU KO3 UIMeHTaMH HENWHEHHBIX HCKaXe-
HUW ¥ YaCTOTHBIX HCKXEHHM, KOI()PHUIIMEHTOM YCUJIEHHS U HECTAOMIHHOCTHIO
HANPSKEHUS HA BBIXO/1€ YCHIIUTEIS.

OauH W3 BO3MOXHBIX CXEMOTEXHHYECKHX BapHaHTOB MHOTI'OKACKaJHOTro Oec-
TPaHCPOPMATOPHOTO YCWIHMTENS 3BYKOBBIX YaCTOT B JTOM CiIy4yae IPUBEICH
Ha puc. 2.7. ITO YEThIPEXKAaCKaIHbI YCUIUTENb, COACPKAIUNA CTaHIAPTHBIN JABYX-
kackaguaeii YM3U Ha BT VTI1...VTS5 ¢ obmeit OOC, pacuer KOTOpPOro JiaH B mapa-
rpade 3.1.2, u 1Ba mpeaBapUTENbHBIX KacKalla, U3 KOTOPHIX NEPBBIA BBINOJIHEH Ha
BT VTomp1 mo cxeme ¢ mectHoi smutTepHoit OOC 3a cueT Ry mp.1 (pacueT npusescH B
naparpade 3.2.3), a Bropoit Ha BT VTmp2 mo cxeme OII (pacder nan B maparpa-
de 3.2.4).

3nech, Hapsaay ¢ obmieit OOC B aByxkackagHoM YM3U, Bech yCHIIUTENh OXBa-
YyeH o0mIel mapayuieNbHOM M0 BBIXOAY (T. €. M0 HANPSHKEHUIO) M MOCIIeI0BaTEIbHOM
o Bxoay OOC 3a cuet Rooc 1 Ranp.1 (Rooc >> Roqp.1). Ilpu aToM, kak ObU10 OTME-
YEHO BBIIIE, R mp1 OJHOBPEMEHHO BBI3BIBAET €IIE€ U MECTHYIO IMOCIIEAOBATEIHHYIO
10 BBIXOAY (T. €. IO TOKY) U HocieaoBarenbHyto 1o Bxoxy OOC B nepBoM Kackaje.

Oxsat 06meit OOC ueTsIpex KacKkaJ0B BOMPEKH PEKOMEHJIAIUSAM (CM. TJIaBy 2)
OXBaThIBaTh HE OoJiee TpexX KackaJoB (BO H30EKaHWE BO3MOXKHOTO YXYILICHUS
YCTOMYMBOCTH PabOTHl MHOTOKACKaJHOTO YCHJIUTENS) 0Ka3aJl0Ch BO3MOXKHBIM OJia-
rojiapsi IpUMEHEHHIO B KAYECTBE OJHOTO U3 JIBYX NPEABAPUTEIBHBIX KACKaJIOB SMHUT-
TEPHOTO TTOBTOPUTEIS, KOTOPHIH, Kak U3BeCTHO [1, 2], umeeT ouens xopomue AUX u
OUX, me yxynmartonme obmue AUX n @UX Bcero ycmimrens U HE CHIKAIOIIHE
TEM CaMbIM YCTOMYMBOCTH €TI0 pabOTEHI.

[Tomguepkuem, YTO BBIOOP MMEHHO MapaJUIENbHOM MO BBIXOAY, T. €. 10 HaIpsKe-
Huto, oomert OOC He ciydaeH: Takas OOC mo BBIXOAY OKa3bIBaeTCs Ieiecoo0pas-
HOI BCJIEACTBUE YMEHBUICHUS €10 BBIXOJAHOTO COMPOTHUBIICHUS YCHIIUTENSA, YTO CIIO-
cOOCTBYET CTAOMIM3AIIMUA BBIXOJHOTO HANPSDKCHUS YCHUIIUTENS NMPU U3MEHEHUHU CO-
MIPOTUBJICHUS HArPY3KH.

C npyroii cTOpoHBI BEIOOP MMEHHO IMOCIIEAOBATENbHOM M0 Bxoay obmeir OOC
taroke He ciydacH: Takas OOC mo BXOJy OKa3bIBaeTCA II€JIECOO0pa3HOM HM3-3a YBE-
JUYCHUSI BXOJHOTO CONPOTHUBIICHUS YCWIMTENS M YMEHBIIEHUS €r0 BXOJHON €MKO-
CTH, YTO YBEIUYHBAET KO3(PGUIIMECHT NIepeaun HanpsHKEHUST BXOHOM 1EeNH U yIyd-
maeT ee AUX u @YX Ha BepXHUX 4aCTOTax.
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Bcero B cxeme puc. 2.7 IeHCTBYET JeBATh 0OPaTHBIX CBA3EH IO CUTHAILY:

— JIB€ MECTHBIE MapauIeTbHbIE 110 BBHIXOAY (T. €. 10 HAPSDKEHUIO) U MOCIIEA0-
BaTenbHbIe 10 Bxoay cromporeHTHele (f = 1) OOC B BeixogHOM AByXTakTHOM OII,
OpPraHUYECKH MPUCYIIHE SMUTTEPHOMY IMOBTOPHUTENIO 32 CUET BKIIOUYEHHUS Ru B 00-
[IyI0 SMUTTEPHYIO Ieb TpaH3ucTopoB VTI2...VTS;

— mectHasg [IOC B BeixoaHoMm jByxTakTHOM OII 3a cuer nenouku RC, oGer-
qaroniei ycinoBus pabotsl Tpansucropa VT1;

— nBe HeOompinue mo Tiryoune mectHbie OOC B BBIXOJHOM NBYXTakTHOM Ol
3a cueT Rocs 1 Rocs, cummerpupyromue miedu O11 no nepeMeHHOMY TOKY;

— o0m1as mapajuiespHas 0 BBIXOAY (T. €. IO HAMPSDKEHUIO) U apaulebHas 1o
Bxoxy OOC B aByxkackagHoM YM3Y 3a cyeT mojauu 4acTy HallpsDKEHUs CUTHAja C
Ru Ha 6a3y VT1 ¢ nomomibio Rgi;

— MECTHasl MapajuieJbHas MO BBIXOAY (T. €. MO HANPSHKEHUIO) U TOCIeI0Ba-
tenpHasg 1o Bxoay crompoueHtHas OOC B mpeasaputensHoM OII Ha VTnp: 3a
cueT Ro-mp2;

— MECTHas MOCJeI0BaTeNbHAs M0 BBIXOAY (T. €. 10 TOKY) U MOCJeI0BaTENbHAS
no Bxoxy OOC B mepBoM (BXOAHOM) IMpeABapUTENbHOM Kackaae Ha VTmpi 3a
cyeT Ronr

— ofmras mapajuienbHasi o BRIXOAY (T. €. M0 HaNpsHKEHHUIO) M MOCIIE0BaTEb-
Has no Bxoxy OOC Bcero ycuimuTens 3a cueT MOAa4y YacTU HaNpsHKEHUS] CUTHAJIA C
Ru B amutrepnyto nienbs bT VTip.1 ¢ momompeio Rooc.

Kpome 3THx OOpaTHBIX CBs3€il 1O CHUTHATY B CXeME puC. 2.7 NEHUCTBYIOT TpH
OOC 1o moCTOSTHHOMY TOKY JJISi SMHUTTEPHOU CTAOMIM3AIMU MOCTOSHHBIX KOJUICK-
TOPHBIX TOKOB TpaH3ucTOpoB VTrp.1, VImp2 1 VT1 B Tpansucrope:

— VTup.1 — 3a cuer Roqp.;

— VTnp2 — 3a cuet Roqpo;

— VT1 — 3a cuer Ro1.

[ToguepkHeM, YTO BCe MEPEUNCIIEHHBIE MECTHBIE 00paTHbIe cBs3u U 00mas OOC
B YM3UY BxozaaT B nerimo obmeit OOC no curHamy.

Pacuer nenu o6meit OOC ycunurens o CUTHANY B CXeM€ PUC. 2.7 BBIINOIHAET-
Ccsl TIOCJIe pacyeTa BCEX KacKaJoB YCUIIUTENS CO CBOMMH OOpaTHBIMHU CBSI3IMH U CBO-
IUTCSL K OIIPEIEICHUIO COIpPOTUBIEHUS Rooc IO W3BECTHONM CKBO3HOM TIiIyOuHE
Fosuyve. aroit 06meit OOC. Ee pacuernas ¢popMmyna momydaercs, Kak W Iy o0Imei
OOC B nByxkackagHoM YM3Y, U3 OCHOBOMNOJIAraroIIEro BBIPAKECHUS ISl CKBO3HOM
rry6uns OOC F* =1+ BK" [1, 2]. HanoMHuM, 4TO IIpM HapallIelbHOM IO BXOXLY
obmeit OOC B YM3U pacuetHas dopMyna Juisi CKBO3HOM TITyOWHBI OMUCHIBACTCS
BeIpakeHueM (3.98). [{ns nocnenoBarensHol o Bxoay obmeit OOC Bcero ycunure-
751 puc. 2.7 oHa OyJeT UMETh BH/I;

* *
Fosurye =1*tBosuve. - Ko ve = (3.196)
=1*Bosuye. - Kexpvrmp.1.moc *Krpimoc - Kipzmoc - Ko ymza.oocs

rjae kodhdumumeHTsl nepenaun Hanpspkenus 1enu oomeirr OOC Bosuyyc. ¥ BXOTHOH
nenu Tpansuctopa VTmp: ¢ yderom JeiictByromeid B HeM MectHOH OOC
KBx.11.vTip.1.00c ¥ KO3 PUIIMEHTHI yCUIIEHUSI HANIPSHKEHUS MEPBOr0 Kackala ¢ y4eTOM
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mectHO OOC Krpimoc, BToporo kackaga ¢ yderom MectHor OOC Kmpamoc U
YM3U ¢ ygerom ero obmeit OOC pacCUYUTHIBAIOTCS B COOTBETCTBYIOLINX ITaparpa-
¢ax rinassl 3.

[TpuBenem 37ech pacueTHBIE BEIPAXKECHUS I STHX KOIQPHUIIMEHTOB IIepeIadn 1
YCHJICHHSI HAPSDKCHHS, ITOJIB3YSCh pacUeTHBIMU (POPMYIIaMH COOTBETCTBYIOIIUX ITa-
parpadoB riaBsl 3 ¥ YIUTHIBasS HyMEPAITUIO DJIEMEHTOB KacKaJIOB CXEMEBI puc. 2.7.

1. Koadhpumment nepenaun Hanpspkenus nenu odmeir OOC Bcero ycuaurens
puc. 2.7 onpenensieTcs: BRIpaKeHUEM

Uog R

_ Yosmyc. _ S.IIP.1

Bosim.vc.= = ; (.197)
Uppxve. RooctRsmp

rae Ronpi1 — comporuBnenue B nenu smurrepa BT VTnpi, paccuuTeiBaeMoe 10
dbopmynam (3.133)...(3.135).

2. KoaddunueHnt nepenauu HampsyKeHUs BXOAHOW Ienu TpaH3ucropa VTmei
IEpPBOro Kackajaa ycunutelns puc. 2.7 ¢ yueroM AeicTByromel B HeM MectHO OOC
3a c4eT Ronp.1 onpenensercs: BeIpaXeHUEM

Rpxvr
B VTmpl.MOC
KBX.L[.VTnpl.MOC_R; R , (3.198)
et TRBX vTmp1 Moc
rac
R
Rx vTmpi.Moc = RBX vTmp1 1+(1+h219.VTHp1)$§:1'1 (3.199)
VTmp

— BxoaHoe comnporusieHre BT VTnp.1 ¢ yuerom mectHoit OOC 3a cuer Ronp.i, co-
riacHo (3.160);

R 0,026

BX.VTmpl — rBB'.VTnpl t+— (1 +h213.VTnp1) — COIIACHO (3,140), BXOJIHOE
KO0.VTmp.1

conporusienue bT VTp1 6e3 yuera mectroit OOC;

-1
T

R R R — OKBHUBAJCHTHOC COIIPOTHUBIIC-
BBIX.ITPEJII B.IIP.1 ITP.1

HHE TPAKTa, IPEAMIECTBYIOMIETO TPAH3UCTOPY V p.1;

RBpIxmpEANL. — BBIXOJHOE CONPOTHUBICHHE IPEANICCTBYIOMNIETO YCHIIMTEINIO
TpakTa, KOTOpOe IIpH paboTe OT UCTOYHMKA CUTHANA Emuct, Ruct Oyner paBHO Rucr,
npu paboTe OT MPEALIECTBYIONIETO YCHIUTEIBHOTO Kackaa Ha TPaH3UCTOpE O CXe-
Me ¢ O3 (ON) O6ynet npubIM3UTENBHO paBHO Rxk(c), @ Ipy paboTe OT MPEAIMECTBYIO-
mero OI1 (UII) 6yner paBuo Beixoanomy conpotusienuto 11 (UII), koTopoe ompe-
neneHo B pasnene 3.2.4 (3.2.5).

3. Koagp¢unueHT ycuneHus HanpspKeHUs NIEpBOTO IIPEIBAPUTENBHOIO KacKaja
cxemsl puc. 2.7 Ha VTrp.1 ¢ yaerom mectHoit OOC, cornacho (3.161), 6yner
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— Ve, _ Ve,
KHP.IMOC - F* -

MOC.K.3.1

R

(3.200)
S S

RBX.VTHP‘I

KVT

IIP.1

R
1+ (1thyp vt )Ml
' RBX.VTm,J

R KNVTI'IP.I R KNVTHP.I

e KVTmu =Kt vr =hy 1y v coracHo (3.143),

IIP.1 IIP.1
RBX.VTHPJ RBX.VTm,_]
K03 uIueHT ycuiieHus HanpsokeHus kackaaa Ha Ve 6e3 yuera mectHoit OOC;

R _ RK.l'[P.l 'RBX.HP.z.Moc
K~VTgp,

R +R — COIIPOTHUBJICHHUC KOJIJICKTOpHOﬁ
K.IIP.1 BX.IIP.2.MOC

Harpy3k# TpaH3uctopa V1p.1 10 IEpEMEHHOMY TOKY;
-1
1 1 1
+ +

R — cormacHo (3.172),
TIP.2

RBX.HP2.MOC = R R
BX.VTyp ,MOC B.IIP.2

BXOJHOE COMPOTUBJICHUE SMUTTEPHOrO NOBTOpUTENS HA BT VTp2;

=

R
_ D~IIP.2
RBX,VTm,.ZMOC = RBX.VTHP.Z 1+(1+ KT.VTHP.2 ) R
BX.VTyp,

) R O~IIP.2

=~ Rgxvr,,| 1+ A+hysyr — cormnacHo (3.168), BxoaHOE COTpO-

R BX.VTyp ,
tuBlienue bT VTrp2 amurTepHOro noBropures ¢ yueroM ero mectao OOC;
0,026
RB

XV, — 5BV, +i (l+h213-V1im) — cormacuo (3.140), BxogHOE
KO.VTp,

CONPOTHUBJICHUE CAaMOT0 TPaH3UCTOpa V' ITp2 SMUTTEPHOTO IOBTOPUTEIS;

— Ry apa Rex.cn.
O~VTpp, R

+ R — COINPOTHBIICHUE HArPY3KH TPAH3HCTO-
3.1IP.2 BX.CJI.

pa VTir.2 SMUTTEPHOTO IOBTOPHUTENS 110 IEPEMEHHOMY TOKY.

4. KoadppunueHT ycuneHus HanpsHKEHUs BTOPOTO MPEABAPUTENBHOIO KacKajaa
cxemsl puc. 2.7 (OII ma VTrp2) ¢ yuetom ero mectHoit OOC, cornacho (3.171), 6y-
JeT OJIM3KUM K €IUHHUIIE:
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R
I~.1IP.2
(1 + KT'VTHP.Z) R
K _ BX VTyp,
IIP.2.MOC ~ R ’ (3.201)
9~.11P.1
1+ (A+ Kz pr ) R
BX VTpp,
Ry 2
rae KVTHP.z =1+ KT-VTHP.z) R — KOO PUIMEHT YCHICHUS HaNpsHKSHUS

BX.VTp,

tparsuctopa VI B 1 6e3 yuera mectaoit OOC;

B Bripaxenun (3.196) s F*opngyc. Moxkuo 6parh Knp2moc = 1.

5. Koadppunuent ycunenus HanpspkeHus AByxkackagnoro YM3U co cBoeit 00-
meil napauiensHod 1o Bxoxy OOC ompenensieTcs OTHOHNIEHUEM 33JaHHOTO HAIps-
xkeHua Ha BbIxoe YM3Y Unbix K pacCudTaHHOMY paHee HanpskeHur0 Ump: Ha
BxoJie TpaHsuctopa VT1:

K _K _ Unbix
OBILLYM3400C ~ OBLLYM3Y ~ 1y y (3.202)
m.B1

Pacuer conporuBnenusi Rooc BeAyT B cneayoneM nopsiake.
1. 13 (3.196) HaxoasT pacueTHOE BhIpaK€HUE TS PBopiLyc.:

*
F OBII[.YC -1

BOBIH yc —

(3.203)

KBX.I_I.VTHPJMOC 'KHP.I.MOC 'KHP.Z.MOC 'KOBIII.YMSII.MOC

2. lloacraBnsaoT B (3.203) naitnenHoe 3HaueHue Kpxiivrmp.1.0oc u3 (3.198),
Krp1.moc 13 (3.200), Knp2.moc u3 (3.201), Kosm.ymzu.ooc u3 (3.202) 1 Haxoaat 3Haue-

HHUe Posuryc.
3. U3 (3.197) Haxonsat pacueTHOE BhIpaxkeHue A1 Rooc:

R D.IIP.1 (1 - B OB )
JIP. 1.YC
R ooc = ; (3.204)
Bosul Ve
4. Iloncrasnss B (3.204) 3nauenus Posm.yc. 1 Romp.1, Haxonar BenmumuuHy Rooc.
C yderom mocrnenoBareiabHON 1Mo Bxoay obmeit u mectHoi OOC BxoaHOE CO-

IPOTHUBJICHHE U BXOAHAS eMKOCTh TpaH3uctopa VTnp.1 cxemsl puc. 2.7 Oynyr [1, 2]:

_ Rk
RBX.VTm,_IOOC _RBX.VTHP.IMOC F OBII[.YC.K.3.1 » (3.205)

CBX.VTHP.IMOC

BX.VTy;p,,00C — > (3.206)

*
F OBIIYCK.J3.1
rac

* —
F OBIIL.YCK3.1 — 1+ Bosm.yc. 'KHPI.MOC ) KHPZ.MOC ) KOBL[[.VMEI‘I.OOC (3.207)

— raybuna obmert OOC, BerumcienHas npu K. 3. co CTOpoHBI BXxojaa, T.€. MHpH
R'ucr — 0 u Kexipvrmp.1.00c — 1;

Bosurve.,, Knpimoc, Knr2moc, Kopupymsu.ooc. — onpenenstorcs COOTBETCTBEHHO
BeIpakenusamu (3.197), (3.200)...(3.202);
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RBX.VTHP.IMOC omnpenensercs BeipaxeHueM (3.199);

C — Cox .
BX.VTyp MOC F* — BXOJZ(Hasi EMKOCTb TpaH3ucTopa VImp.1 ¢ yde-
OBII[.YC.K 3.1
toM MOC;
R R
F*obmxs1 =1+ (1 +Kpyr )Rgi ~| 1+ (1 +hy1 vt )R9—ml
BX.VTp, BX.VTp,

— riyouna MOC, Beruncnennas npu K.3. co cropons! Bxoaa, T. €. ipu R'uct— 0 u
Kex1vrmp.1x3.1 — 1;

Cax.ip. — BxoaHasi eMKocTh TpaHsucrtopa VTIne1 6e3 MOC, onpenensiemas BbI-
paxenueM (3.145).

BxonHoe conpoTuBiieHHE CXEMBI PUC. 2.7 C YYETOM IMOCIEI0OBATENbHBIX 110 BXO-
ny obmeit u mectHO OOC Rex.vrmp.1.00c (3.205) u conpoTuBieHuil nenutens cme-
mennst Rop.1 Re.np.1 B 1ienmu 6a3e1 Tpan3ucropa Ve Oyner paBHO

-1
1 1 1
+ +

Rixye = R

BX.VT;;p ,00C Rimi R

ITonydennsie Rex.vc. 1 CBX.vTup.1.Moc UCIIONB3YIOTCA AJIA pacuyeTa BXOAHOW Ienu
cxeMsl puc. 2.7 o MeToauke naparpada 3.2.2.
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I'/IABA 4

CXEMOTEXHUMKA TPEXKACKA/HbBIX
BECTPAHC®OPMATOPHBIX YM34

Hapsny ¢ paccMOTpeHHBIMH B IJaBax 2 U 3 JAByXKackaJHbIMU OecTpaHcopMa-
topabiIMH YM3Y c ob6meit OOC, mmpokoe NpUMEHEHHE HAXOIAT TPEXKACKaJIHBIE
oectpanchopmaropubie YM3Y ¢ obmeit OOC kak ¢ OHUM, TaK U C IBYMS HCTOYHU-
KaM¥ UTaHUS.

Ha puc. 4.1 npuBeneH oArH U3 MPOCTEUIINX (OCHOBOIIOJIATAIONINX) BapHAHTOB
CXeMBbI TpexkKackagHoro YM34 ¢ ofHUM UCTOYHMKOM IUTAHUS, CIyXKaIlUi OCHOBOI
IUI IOCTpOEeHMs OoJiee CIoXKHBIX Tpexkackaaubix YM3U. Ha stoii cxeme Hymeparus
3JIEMEHTOB BBIXOJTHOTO U MPEIBBIXOHOTO KaCKaJl0B IMPUHATA TAKOM XKe, KaK U Ha pa-
HEe paCCMOTPEHHBIX JIBYXKAaCKaJIHBIX cXeMax (CM., HarpuMmep, cxemy puc. 2.3), 4ro-
ObI 00JIETYNTH CPAaBHEHUE TPEXKACKAIHBIX U JABYXKacKaJHbIX YM3U.

VT2

Rmoc.vr2

o+
Cp.BBIX Eg

Rwmoc.vts

Unm.BBIX

Pucynok 4.1

Curnan ¢ HanpspkeHueM UmBx.ym3y, IIOCTYIIAIOMMKA Ha BXOJ CXeMbI puc. 4.1 ot
ucTOYHUKA curHana Emmct, Ruct umi ot BPITY (cwm. puc. 1.1), ycunuBaetcs cHauana
MIPEIBAPUTEIBHBIM (BXOIHBIM) OJJHOTAKTHBIM KackajgoM Ha TpaH3uctope VTmp, mo-
TOM NPEJIBBIXOIHBIM OJHOTAKTHBIM KackaJioM Ha TpaH3ucrtope VT1, a 3aTeM BBIXOA-
HBIM JIByXTakTHBIM SMHUTTEpHBIM noBTOputenem (JII) na tpansuctopax VI2 u VT3,
paboTaronmx Ha BHEIIHIO HArpy3ky Ru, Ha KOTOpOU BBIAENAETCS YCUIICHHBIA CHUT-
HaJl ¢ HanpsHKCHUEM Un BhIx.

CBsi3b ycHIUTENS 10 CUTHATY ¢ uCTOYHUKOM curHana (wim ¢ BPIIY) ocymiecTs-
JsieTcs ¢ moMomibio KoHjieHcaropa Cp.sx., @ C BHEIIHEH Harpy3koil Ry — ¢ momMomibio
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koHAeHcaropa Cpapix. CBA3b MEXAy TPaH3UCTOPAMU BHYTPHU YCHUIIUTEINS TajlbBaHU-
gyecKasl.

Becob ycunurens ¢ momomrsio menu u3 Roci, Rocz 1 Cp.oc oxBauen obmieit OOC,
MapauIeIbHOM MO BBIXOAY, T. €. M0 HANPSDHKEHUIO (M MO MOCTOSHHOMY, W IO Mepe-
MEHHOMY HaIIpsDKEHHIO), U IIOCIEAO0BATEIbHON MO BXOAYy. DOTO BHUIOHO U3 puc. 4.1:
nernb OOC u3 Roci, Rocz, 1 Cpoc Ha BBIXOAE YCHIIMTENS MOAKIIOYACTCS K TOYKAM
«OMUTTEPHI BBIXOAHBIX TpaH3UCTOPOB VT2, VI3» u «obmuit mpoBoa» (T. €. mapai-
JIEJIbHO BBIXOJIY YCWJIMTENS), a HA BXOJE YCHIHTENS — K OMUTTEPY BXOJHOI'O TPaH-
suctopa VTmp. (T. €. mocieoBaTensHO BXOAy ycuutens). OTMETUM, YTO TaKOe IMO/I-
kmouerne 1enu OOC k Ttpansuctopy VTnp 00ycClOBIHMBAaET BO BXOJHOM KacKaJie
Mectayto OOC (MOC).

Paccmorpum ocob6ennoctu cxemsl puc. 4.1 Goyee moapoOHO B CpaBHEHUHU CO
CXeMaMH JIByXKackagHbix YM3Y.

N3 puc. 4.1. BUAHO, 9YTO CX€Ma BBIXOAHOTO ABYXTakTHOro JII TpexkackaaHOro
YM3U noaHOCThIO OBTOPSIET CXEMY BBIXOAHOIO AByXTakTHOro JII paccMmoTpeHHo-
ro panee aByxkackagHoro YM3Y (puc. 2.3): B HEll TakKe HCHOIB3YIOTCS KOMILIE-
MeHTapHble Tpan3uctopsl VI2 u VT3, paboratomue B pexume «B» («AB»), korto-
pBI€ TaKXe COCIMHEHBI MOCIIE0BATENFHO APYT C IPYTrOM IO MOCTOSHHOMY TOKY (I10
MUTAaHUIO) U Takxke BKIOYeHBI 1o cxeme ¢ OK W coelMHEHBI C CONMPOTHUBICHUEM
Harpy3ku Ry ¢ momompto kongeHcatopa Cp ppix.

Uto kacaeTcs mpeIBBIXOJIHOTO Kackaaa Ha Tpanzucrtope VT1, To oH B oTimune
OT JABYXKACKaJHBIX BApMAHTOB BHIMIOJIHEH HAa TPAH3UCTOPE APYTOil CTPYKTYpHI U 6e3
SMUTTEPHOTO COMPOTUBIIECHUS I CTAOMIM3AIMH IOCTOSHHOTO KOJUJIEKTOPHOI'O TOKA,
a Takke Oe3 menmrens cMemnieHus B nernu 6a3el VT1. BeiOop mpyroit CTpyKTypHI
Tpamsucrtopa VT1 u OoTKa3 OT AenuTeNs B menu 0a3bl MO3BOJSIET 0ojiee ONTUMATIBHO
BBITIOJTHUTH HEOOXOJIMMYIO TaJlbBAHMUYECKYIO CBSI3b MEXAYy TpaH3ucTtopoMm VTmp
MPEABAPUTEIBHOTO Kackaia v TpaH3ucTopoM VT1 nmpeaBpIXoAHOrO Kackaia. A OTKa3
OT SMUTTEPHOTO COIPOTUBIICHUS 00JIEryaeT MOMyYeHUE B PEKUME ITOKOS Ha KOJUICK-
tope Tpan3ucropa VT1 mocrossaHoro HampspbkeHus Uxovri = 0,5 Ep, mo3Bossromniero
IOMY4YUTh Ha BbIXOAE TpaH3ucropa VTl curHalm ¢ MakCUMalbHOM aMIUTUTYZAOMN
Unpsxvti = 0,5 Eg, Ipr KOTOPOM € y4eToM OJIM3KOro K eauHHIe Kodh HUITMEHTa Imepe-
Jaydl HaNpspKEHUs BBIXOAHOrO JBYyXTakTHOro OIl olecreunBaeTcss MakcHUMallbHas
MOIITHOCTh CUTHAJIa Ha BBIXOJIE YCHIUTEI (B HArPy3Ke).

B ocranbHOM nipeaBBIXOHOM Kackaj Ha puc. 4.1 He OTIMYAETCs OT MPEABBIXOA-
HOTO Kackaja Ha puc. 2.3: OH Take oJHOTakTHbIA Ha BT B pexume «A» ¢ 09 (03
[0 CUTHAJTY Yepe3 UCTOYHUK MUTAaHUs), C COMPOTUBICHUEM TraJbBaHUUECKON CBSI3U B
KoJutekTopHOM nenu Rxi 1 repmopesucropom Rt wmu ¢ anogom VD1 (cMm. myHKTHD)
IUIS CMEIICHUS U TEMIIEPAaTypHOU CTaOMIM3aIiK MOCTOSHHBIX KOJUIEKTOPHBIX TOKOB
BbIXOAHBIX TpaH3uctopoB VT2 m VT3. Harpyskoili tpansuctopa VT1 B cxeme
puc. 4.1, kak U B cxeMe pHC. 2.3, ABIAETCA BXOJHOE COIPOTUBIIEHUE TPAH3UCTOPOB
VT2 u VT3, napaienbHo KOTOpsIM noakitoueHbl Ry 1 Rt (mmuVD1).

BeixogHo# ¥ npeABBIXOJHON KacKaAbl B cxeMme puc. 4.1 MOXHO pacCUMTHIBAThH
M0 METOJIMKE, U3JI0KEHHOMU B IiaBe 3 NIl CXeM puc. 2.3, UCKIII0Yasl U3 HETO pacyer
SMUTTEPHOT'O COIIPOTUBIIEHUS U JIETUTEIN CMEIICHHUS.
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I'maBHOE oTiiMume cxeMsbl puc. 4.1 OT cxeM paHee PaCCMOTPEHHBIX JBYXKAaCKaj-
HbIX YM3Y cOCTOUT B MCIOIB30BAHUM JTOMOJHUTEIHHOTO (TIPEIBAPUTEIHLHOTO) Kac-
kajga Ha VTnp U mocnenoBaTenbHOM 1o BXoay (BMecTo mapamiensHoit) oomeir OOC,
OXBaTBIBAIOIICH TpU Kackaja (BMECTO JBYX).

[IpenBapuTenbHBIA (BXOIHON) Kackaj B cxeMe puc. 4.1 BHITIOJIHEH Ha OUIIONAp-
HOM TpaH3ucTope VTmp CTpyKTYypHl n-p-n B pexume «A» ¢ O3 U ¢ ralbBaHUIECKON
CBS3BI0 CO BXOJOM TpaH3ucTopa VT1 mpeaBeIXOJHOrO Kackaaa, KOTopas OCYIIECTB-
nsercsa ¢ noMobko pesucropa Rxnmpe. OnHOBpeMEHHO ¢ nomonibio Ry e momydaercs
cMmermienue Ha 6a3e Tpansucropa VT1. KomnekropHoit Harpy3koit Tpansucropa VTmp
SBIISETCA MapaJUIeIbHOE COSAMHEHHE PE3UCTOpa CBS3H Rxmp M BXOJHOTO COINPOTHB-
nenus Rpx v Tpansucropa VT1.

Bxomnoit kackag Ha VTnp 0XBa4eH MECTHOM OTPHUIIATEIHLHON 0OPAaTHOHN CBA3BIO
(MOC), mocnenoBaTenbHOM MO BBHIXOY, T. €. 0 TOKY (IT0 IEPEMEHHOMY H IO TIOCTO-
STHHOMY TOKY), ¥ TIOCJIEJIOBaTEILHOM 110 BX0y. Kak ObLJI0 OTMEUEHO BHIIIE, OHA 00Y-
CJIOBJIEHA MOCIIE0BATENBHBIM HOIKII0ueHueM 1enu oomeir OOC K BXOJTHOMY TpaH-
suctopy VTmp (K ero smurrepy), T. €. mocieaoBaTeabHoM 1o Bxoxy obmeir OOC.
Mectras OOC no nepeMeHHOMY TOKY (TI0 CUTHAJIy) BO3HHKAET BCJIEICTBUE IPOTE-
KaHHS MEPEMEHHOTO BBIXOAHOTO (3MHUTTEPHOrO) TOKa TpaH3ucropa VTmnp uepe3 pe-
3yJBTUPYIOIIEE CONMPOTHUBICHUE MEXAY TOUKaMu «dMUTTep VTmp» U «oOmmii mpo-
BOJ», UTO BBI3BIBAET MOSIBJICHUE HA 3TOM comnpotuBieHnn HanpspkeHus OOC no cur-
Hally, BO3JICUCTBYIOIIEMY Ha BX0oJ TpaH3ucropa VTmp. Pe3ynpTHpytomiee conpoTus-
JICHUE MEXAY TOYKaMu «3MUTTEp VTmp» U «oOmuit mpoBOI» NPAKTUYECKUA OMpeJie-
JSIETCSl CONPOTHBICHUEM Roc2, Tak Kak, ¢ OJHOW CTOPOHBI, EMKOCTh KOHJIEHCATOpa
Cr.oc BBIOMpaAETCs JOCTAaTOUYHO OONBINOM, YTOOBI €ro COMPOTHBIICHUE IS TIEPEMEH-
HOro Toka O0sU10 Mo Kpaiineit mepe B 50...100 pa3 menpiie Rocz 1axe Ha HIKHEH pa-
Ooueit yacrore fu:

1 < R0C2

< : (4.1)
®4Cpoc  50...100

a Cc JIpyroil CTOpOHBI, CONMpOTHBIECHHE Roc2, Kak mpaBuio, Oepercs BO MHOTO pa3
Menble conpotuiieHus Roci (Roc2 << Roci).

Aty mectHyio OOC 1o nmepeMeHHOMY TOKY MOXXHO CUUTATh MPAKTUYECKU Ya-
CTOTHO-HE3aBUCHUMOM B pabodeil monoce yacTtor. OHAa yMEHBIAET CKBO3HOU KO3(-
burnueHT ycuiaeHus, K03(QPUIMEHT YCUICHHS 110 HAPsDKCHUIO, TMHEHHBIE (4acTOT-
Hble U (Da30BBIC) U HEIMHEHWHBIC MCKAXCHHS, COOCTBCHHBIE TTOMEXU W HECTaOMIIb-
HOCTh YCHJICHHUSI BXOJTHOTO KacKaJia, a TakKe YBEJIMUYHUBACT BXOJAHOE U BBIXOJIHOE CO-
IIPOTUBIICHUS TPaH3UCTOPa VTp ¥ yMEHBIIAET €70 BXOAHYIO EMKOCTb.

CkBO3HOI KO3PGUITUEHT YCUIICHUST BXOJTHOTO Kackaaa ¢ yuetom mectHoi OOC
ompeensieTcs BeIpaxxkeHuem [ 1, 2]

K* S

HP.MOC_F*_’ 4.2)
MOC
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riue
F*oc =1+ ByocK*p =1+ BMOCKBX.LI.VTHP ) KVTm, =
Roc
4.3
R'yer +RBX.VTm, (4.3)

=1+(1+KT.VTHP)

— ABIIIETCSA CKBO3HOM TryomHOo#M MectHOi OOC;

-1

1 1 1
+ +

R'yer=
HCT
RBBIXHPE}I]_H RB.HP RHP

— SKBUBAJICHTHOE COIPOTHUBIICHUE TPAKTa, PEAMICCTBYIONEro TpaH3uCTopy V Tmp;

RBpIX1IPEMII — CONMpPOTHBIEHUE TpakTa, npeamectsyromero YM3UY, koropoe
npu paboTe OT MCTOYHMKA curHaia paBHO Rucr, a mpu pabore ot BPIIY paBHO
RBrbix spiny;

Uyoe (1+ Ky yr, )R ocs Roca

J— ~

Buoc = = ~ 4.4
Hoe Uppix vy, KT.VTHPRK~1'IP +(1+ KT.VTm, Roc: Ry 44

— k03¢ HULIMEHT TIepeavyy HanpsoKeHus curaaia no nenu mectHo OOC;

_ UBLIX.VTHP _ KT.VTHP R +(+ KT.VTrIP Rocs

—_— pum— ~

VT
T U BX.VTyp R BX.VTpp
~K Rime +Roe
Ve p 4.5

BX.VTyp

— k03¢ pUIMEHT ycuiieHus: HanpsbkeHus Tpansucropa VTp;

U R
K BX.VT;p

_ BX.VTp
BXILVT, — B

4.6
HCT RBXVTHP +R'I/ICT (4.6

— k03¢ HULIMEHT nepenadyu BXOAHOM nenu Tpansuctopa VTip;

R _ RK.HP 'RBXVTI
ke T Rpxyr

— COIIPOTUBJIEHUE KOJUIEKTOPHOU HAarpy3ku VTrp 10 IEPEMEHHOMY TOKY.
KoaddunmenT ycumenus HanpspbkeHus TpaH3ucTopa Ve ¢ y4eToM oCieoBa-
tenbHOU 110 Bxoay mectHort OOC Oyner [1, 2]

KVTrIP

Kyt moc = e @.7)
MOCK3.1
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rac

F*\ociaa =1+Bmc'KBXLLVTm.K3-1 K, =1+BNDC'KVTW -

:1+(1+KT.VTHP)&

4.8
BX.VTyp (4.8)

— riryouna mectHoit OOC, Berumcniennas npu K. 3. co croponsl BXxona, T. €. Hpu
R'ucr — 0 u Kexiyvrmp.1x3.1— 1;

Kvtp — KO3 dUIMEHT ycwieHus HanpspkeHus TpaHsucropa VTmp (0e3 yue-
ta MOC).

Koaddunuentsr ycuneHus Toka BXOJHOTO Kacka/a Mo KOJUIEKTOPHOM LETH U 110
BBIXO/Y Kackaza c mociegosarenbHoi o Bxoay MOC Kr.vrmpmoc OyIyT Takumu xe,
kak 1 6e3 MOC Kr.vrup, K’ 1.v1op, 1 onpenensrorcs Beipaxkenusmu (3.141) u (3.142).

BxonHoe conpoTuBI€HHE U BXOJHAs €MKOCTh TpaH3ucTopa VTnp C yueToMm mo-
cienoBareNnbHoi o Bxoay mectHoir OOC Oyayr [1, 2]:

RBX.VTanOC = RBX.VTnp ‘F *MOC.K.3.1, 4.9)
C
CBX.VTHPMOC = e BXIP (4.10)
MOC.K.3.1

rae: F* ., ONpeaensercs BeipaxeHuem (4.8);

Cexmir — BxogHas eMmkocTh Tpanzuctopa VImp 6e3 MOC, ompenensiemast BbI-
paxenueM (3.145).

BrixonHoe conpotusnenue Tpan3ucTopa VInp ¢ y4eToM MoCiae10BaTebHON 110
Berxoxy MOC Repix.vrmpMoc OyieT onpenensarscs popmyioit (3.159).

Hapsaay ¢ MOC no nepeMeHHOMY TOKY (TI0 CUTHAITy) BO BXOJHOM KackKaje Jei-
ctByeT 1 MOC 1o nocrosHHOMYy TOKy. OHa BO3HUKAET 3a CYET NPOTEKAHUS MOCTO-
STHHOTO SMHUTTEPHOTO TOKA 170vTmp = iKovTmp + 150vTnp TpaH3ucTopa VTmp uepe3 Roci u
tparsuctop VT3 Bexoanoro kackaga. MOC 1Mo mOCTOSITHHOMY TOKY CTaOWIM3UpPyeT
TOK ikovTnp (AMHTTEpHas crabmmm3amnus). ClieayeT OTMETUTh, YTO MPOTEKAHWE TOKa
1n0vTnp Yepe3 Tpau3ucTop VT3 BBI3BIBAET HEKOTOPYIO aCHMMETPHIO TUIEY BBIXOTHOTO
nByxtakTHoro Ol mo moctosHHOMY TOKY: TOK MOKOS VT3 HECKOIbKO OObIIe TOKa
nokost VT2. D10 sABAsSETCS HEKOTOPHIM HEIOCTAaTKOM CXeMBI puc. 4.1. 3amerum, uTo
YaCTUYHO 3TOT HEJOCTATOK YCTPAHAETCS] CHMMETPUPOBAHUEM IUIEY BBIXOJHOIO Kac-
KaJia 110 MIEPEMEHHOMY TOKY: B SMUTTEpHBIE 1enH TpaH3ucTopoB VI2 u VT3 Bkito-
YaloT OYeHb HEOONbImuUE (MOpsIKa JECATHIX aosied OMa) COMPOTUBICHUS MECTHOM
OOC Rmoc.vr2 1 Rmoc.vrs (cM. myskTup Ha puc. 4.1). OTHOBPEMEHHO 3THU COMPOTHB-
JIEHUS OTPAHUMYMBAIOT TOKU TpaH3UCTOPOB VT2 u VT3 npu neperpy3kax BBIXOIHOTO
Kackaja (HampuMmep, pH CIIy4aifHOM KOPOTKOM 3aMBbIKaHMH BO BHEITHEH HAarpy3Ke).

[Tepeitnem k paccmorpenuro obmieir OOC B cxeme puc. 4.1.

Kak ormeuanocs Bbime, o6mas OOC saBnseTcs nmapajuieIbHON 10 BBIXOAY YCHU-
JUTENS, T. €. TI0 HANPSOHKEHUIO (10 MOCTOSHHOMY U TEPEMEHHOMY HAIPSDKEHHIO), U
MOCJICI0BATEIIbHOM 110 BXOY.

O6mas OOC 1o TOCTOSIHHOMY HamNpsOKEHUIO BBOJHUTCS ITOCIIEIOBATEIIHHO B
sMuTTepHY!O 1enb VInp ¢ momompbio Roci. ta OOC ocymecTBiseT cTabmIn3anuio
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ITIOCTOSIHHBIX KOJUIEKTOPHBIX HanpspkeHUM Uxkoz = Ukos = 0,5 Ep BBIXOAHBIX TpaH3HU-
cropoB VI2 u VT3. B ciryqae usmenennii Ukoz 1 Ukos 3TH M3MEHEHUA IIEPENAIOTCS
yepe3 Roci Ha Bxoxn VTmr m 4depe3 rambBaHWYECKHE CBS3U BXOJHOI'O M IIPEIBBHI-
xonHOTO KackanoB Ha 6a3el VT2 m VT3, mporuBoaeiictBys u3meneHusM Uxkoz
1 Ukos.

O6mas OOC mo mepeMEeHHOMY HAIpPSOKEHHIO BBOAMUTCS IIOCIEJOBATEIIHO B
sMUTTEpHYIO 1ienb Ve ¢ momompio Aemurens HanpsokeHus OOC u3 Roci, Croc 1
Roc2. Ona cunraercss 4acToTO-HE3aBUCUMOM B pabodeil Mmoioce 4acToT, Tak Kak co-
nporuBieHue 6onbmioi emkoctu Cp.oc B pabodeil mojoce 4acTOT MpeHEeOpEeKuMO
Maio.

Koaddunment nepenaun HampspkeHus nernu obmeit OOC mo mepeMeHHOMY
HaIIPSOKEHUIO onpeaensercs nenurenem u3 Roci 1 Roca:

U R
Bosiy ve = PO = e 4.11)
Upixyve  Roct ¥Ry

Bripaxenue st ckBo3HoU riryounHsl oomert OOC nmo nepeMeHHOMY HampshKe-
HUIO ToiTydaeTcs, Kak u s obmer OOC B 4eThIpEXKaCKaJHOM YCHIUTENE puc. 2.7
(cm. maparpad 3.3), U3 OCHOBOITOJIATAIOIIETO BBIPAKCHHS ISl CKBO3HOHN TI'TyOWHBI
OOC F* = 1+BK* [1, 2]:

F *osm.vc. =1+ BOBIJ_[.YC. ‘K *osm.vc. =
(4.12)

=1+ Bosm‘yc. ) KBX.u.VTm,Moc ) KVTm,Moc ) KVT1 ) K:—)n >

rae Posurye. onpenensercs BeipaxkeHneM (4.11), a Kvrop.moc — BeIpaxkeruem (4.7).

Uro kacaercs BBIpaXeHHUU U1 BXojsaumx B (4.12) xoaddunuenta nepenaqu
HaIIpSDKEHUs BXOJHOM LEenu TpaH3ucTopa VImp ¢ yd4eTOM ACUCTBYIOHIEM B HEM
MecTHOM o0partHOi cBsa3u Kpxiivrmpmoc, KO3Q@uUIUEHTa yCHIECHMS HaNPsSIKCHHS
HpEIBBIXOTHOTO Kackaaa Kyt u koaddummenta nepenadyn HaNpsHDKEHUS JIBYXTaKT-
Horo OII, To OHU IPUBOJATCS HUXKE.

1. KoaddunmeHt nepemaur HampspKEHUS BXOAHOW Iemu TpaH3ucrtopa Vlmp
IPEJBApUTEIIBHOTO Kackajla cxeMmbl puc. 4.1 ¢ yderom neiictByromeit B Hem MOC
OIIpeIeIsIeTCS BEIPaXKEHUEM

K _ Uspxvrpmoc R 5x vrpmoc
BX.I[.VTMOC — = ) (4.13)

E yer R yier +RBX.VTm,MOC

rae Rex.vrmp.Moc onpenensercs BeipaxenueM (4.9), a R 'ucr — Bolpaxenuem (4.4).

2. Kosdpdumment ycunenus HampsokeHust TpaHzuctopa VT1 mpeaBbIXOAHOTO
Kackana cxemsl puc. 4.1, cornacho [1, 2], Oyner

Ry
Ky =KT.VT1ﬂ’ (4-14)

1{BX.VTI
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h213.VT1

rae Kiyp, = KoaGdunreHT ycuwieHus Toka Tpanzucropa VT1

l + R K~VT 1

R BBIX .VT 1
10 KOJUICKTOPHOM IIeTH, KOTOpoe OyaeT OMu3KuM K hainvti, Tak Kak Ri-vri 3Ha4YH-
TEJIbHO MeHbIE Rpprx.vi;
Ryi " Rpxon
R K1 + R BX .OIT
topa VT1 mo mepemeHHoMy TOKy, kKoTopoe Oyzaer O6im3kuM k Rki, Tak xak Rki BO
MHOTO pa3 MeHbIIe BXOAHOTO conpotuBieHus 11 Rexsm;

R K~VT1 —

CONPOTUBIICHUE KOJUIEKTOPHOM HAarpy3Ku TpaH3HC-

Rexvr1 — BxomHOE compoTuBieHue TpaH3ucTtopa VT1, koTopoe MOXeT OBITh
OTIPEICIICHO MO0 0 BXOJHOM JTUHAMUYIECKOW XapaKTepucTuke Tpansucropa VT1 B
touke mokos (Ukovti, 1kovT1), 1100 cormacHo (3.140) mo popmye

0,026

Rpxvr =Ispvr T v (1 +hy5vm ) =Tgp oy T : (1 +hy15vm ) (4.15)
KO.VT1

3. KoadduimenT nepenadn HanpsoKEHUS SMATTEPHOTO MOBTOPUTENS C yUIETOM
neiictByromei B HeM MectHoi OOC Oyner 6mm3kuM Kk eauawme [1, 2]:

(1 + I<T.VT2 )@

Koy = Kyr, — BX.VT2 4.16)
1K 1+ (1 +Krvr, )@ ’ '
Rpxvra

rae Rov= Ru — conpoTuBienue Harpy3ku JI1 1o nepeMeHHOMY TOKY.
CkBo3HO K03 uIHeHT ycuiaeHus cxeMbl puc. 4.1 ¢ ygerom obmeiri OOC Oy-
zer [1, 2]

K * _ K*osmye
OBILYCO0C = ) (4.17)

OBII]
rae F*o6m onpenensercs Bepaxxenuem (4.12).
Koadpdunuenr ycunenus HampsokeHus cxeMbl puc. 4.1 c yderom mocnemo-
BarenbHOM 1o Bxoay obmeit OOC Oyner [1, 2]

K
K osiy ve.ooc = FOB&’ (4.18)
OBIIL.K.3.1
rae
F *OBH.LYC.KB.I =1+ Bosmvc ) KVT.HP.MOC ) KVTI ) Kan (4- 1 9)

— ray6buna obmieit OOC, BbluMCcIEHHas TpU K.3. CO CTOPOHBI BXOAa, T.€. MpHU
Racr—0n KBX.I.IVTHp.MOC.K.3.1 - 1;

Bo6m.yc, KvT.mpmoc, KvT1, Kon ompenensroTcs COOTBETCTBEHHO BBIPAKCHUSAMMU
4.7), (4.11), (4.14), (4.16).

BxongHoe conmpoTHuBIIEHHE U BXOAHAsA €MKOCTh TpaH3ucTopa VIm ¢ yderoM Io-
clieIoBaTeNbHOM 10 BXoy obmei u mectaoii OOC Oyner [1, 2]:
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Rix vt 00oc =Rexvr, moc  F *osmx 3.1 (4.20)

Cpx.vr,, MoC
Chx.vi,,.00c = F* o r::C o ) (4.21)

rae F*o6m.ycxs3.1, Rex.vVTop.moc, Cex.VTup.moc OMPEACIAIOTCS COOTBETCTBEHHO BBIPAXKE-
Husimu (4.9), (4.10) u (4.19).

Bxognoe conpoTuBieHne cxeMsl puc. 4.1 ¢ ydeTom mocie10BaTenbHbIX IO BXO-
ny obmeii u mectHori OOC u aemurens cmemenus Re.np, Rop B memu 6a3sl TpaH3u-

cropa VTup Oyaer
-1
Rpxyc = R 1 + 1 + 1 , (4.22)

BX.VT;;,.00C Rp Rgymp

rae Rex.vTp.00C onpenensercs BeipaxeHueM (4.20).

Rex.yc HcTionb3yeTcs A pacyera eMKOCTU KoHAeHcaTopa Cp.sx HA BXOJE CXEMBI
puc. 4.1 u ammumTyAs! HanpspDKeHUs CurHana Um.sx, pa3BUBAEMOI0 UCTOYHUKOM CHT-
Haja Ha BXoje cxeMsl puc. 4.1, a eMkocTh Cex.VTup.00C — IS OLICHKH K03 dHUIIreH-
Ta YaCTOTHBIX MCKaXCHUHA MB.cosx Ha BEpXHEW pabodel yacToTe MO METOIUKE, U3-
JIOXKEHHOU B nmaparpade 3.2.2.

JanpHeimuM pa3BUTHEM CXEeMbI puc. 4.1 sBIsSeTCs cxeMma, NPUBEACHHAsA Ha
puc. 4.2.

Pucynok 4.2

B sToii cxeme B oTiuume ot cxemsl puc. 4.1 nHanpsoxerue obuieit OOC mopaercs
Ha 3MUTTEP BXOAHOrO TpaH3UCTOpa VTmp HE HENOCPEACTBEHHO C AenuTens Roc2,
Cp.oc, Rocl, a yepe3 sMUTTEpHBIA MTOBTOPUTEINL HA TpaH3UCTOpE V Toc, HATPYKEHHBIN
Ha SMUTTEPHOE CONMPOTUBIEHUE Romp. Tpanzucropa VTup Bxoanoro xackana. biaro-
Japs 5TOMY MOCTOSIHHBIN 3MHUTTEPHBIA TOK lso.ip TpaH3UCTOpa V Tnp MpOTEKaET uepe3

95



SMUTTEPHOE COMPOTHUBIECHUE Ronp, a He uepe3 BbIXoAHOUW Tpanzuctop VTI3. IOto
YIIy4IIaeT CAMMETPHIO €Y BEIXOAHOTO JBYXTAKTHOTO KAaCKala CXEMBbI.

ITockonbky KO3(pGUIMEHT Tepenayd HaNpPsSHKCHUS SMUTTEPHOTO MOBTOPUTEIS
Ha TpaH3uctope VToc B nenmu obmeit OOC 61u30K K eAuHMIIE, HANPsDKEHHE 00Ieit
OOC Uosumooc € Roc: mepenaercss B SMUTTEpHYIO IIENb BXOTHOTO TpaH3uctopa V Tmp
npakTHIecKu 0e3 M3MEHEHUH U BCE COOTHOIICHUS, IOTYICHHBIE ISl CXeMBI puc. 4.1,
MOXKHO MCIIOJIb30BaTh U B CXeMe puc. 4.2.

3nech HEOOXOAMMO Ha3BaTh U JIPYTYI0, O0Jee CI0XKHYI0, TOUKY 3pEHHUS Ha KOM-
Ounanuo BxogHOro Kackana u Ol B neru obmieit OOC, nmpu KoTOpoit 3Ty KOMOWHA-
U0 CUUTAIOT JudPepeHIaIbHBIM KackaJoM (TOYHee ToBops, kBasuauddepeHiu-
AIBHBIM KaCKaJIOM, IOCKOJIbKY B KOJUIEKTOPHOMU 11enu VToc OTCYTCTBYET PE3UCTOD).

Crnenyer moguepkHyTh, YTO B cxeMax puc. 4.1 u 4.2 (xak u B cxeme puc. 2.3
nByxkackaaHoro YM3Y) u3-3a TpyAHOCTEN MOIMy4YEHUS OT IPEABBIXOJHOTO TPaH3U-
cropa VT1, paboraromero B pexume «A», MAKCUMAIGHO BO3MOXKHOM aMILTUATY Bl
curfana Umssx.VT1 = (Um.ssix + UmB.v12) — 0,5 EB, mpu koTopoii ¢ yuetom k03¢ du-
[IMEHTA TIepeladyl HAIPSHKEHUS BBIXOIHOTO ABYXTakTHOTO OlI, 61m3K0oro kK eIuHuUILE,
obecreunBaeTCsl MaKCUMallbHAass MOIIHOCTh CHWTHaJla Ha BBIXOJE YCHWIWTENS, He-
CKOJIBKO TIOHIKEHHBIM OKa3bIBACTCS KOI(POUIIUEHT TOJIE3HOTO JICHCTBUS BHIXOTHOTO
KacKa/ia 0 CPaBHEHHUIO C MAKCHMAaJIbHO BO3MOXXHBIM. [[e10 B TOM, YTO AJIA HOTy4e-
HUg Umssix.VT1, 65m3Kkoro k 0,5 EB, conpotuBienue Harpy3ku Tpansucropa VT1 mo
Ry "Rpxon
Ry +Rpxon

Oyer Gompmmoro compotuBieHuss Rki. Ho B cxemax puc. 4.1 m4.2 (kak 1 B cxeme
puc. 2.3) Henmb3s O6paTh conpoTuBieHHE Rkl MPOU3BONBHO OOJBIIMM: OHO OJHO3HAY-
HO ompenernsiercs pexumamu pabotsl TpanzuctopoB VI1 u VT3 mo mocrosHHOMY

IIepeEMEHHOMY TOKY Ry yr = JIOJKHO OBITh OYEHBb OOJIBIINM, a 3TO Tpe-

TOKY, T. €. Uko.vT1 = 0,5 EB, 1ko.vT1, Uko.vT3= 0,5 EB, UBo.VT3 1 OKa3bIBaeTCs JOBOJIb-
HO MaJbIM. JIEHCTBUTEIHHO, COMPOTURICHHE Rii OmpeensieTcsi COOTHONMICHUSIMH

UORKI — Ukovrs = Upoyrs — 0,5Eg — Ugovrs ~ 0,5Eg

Lor, 1 Lor, 1 1govTi IgovTl

Ry = . (4.23)

IJIe TOK MOKOS lko.vT1 Tpamsucropa VT1 (oH mpotekaeT uepe3 Rxi) momkeH GbITh 3a-
METHO OOIbIIIe aMIUTUTYABI 0A30BBIX TOKOB ismaxcz, lsmakcs TPAH3UCTOpPOB VT2, VT3
BBIXOJTHOTO ABYXTakTHOTO JII.

He6onpimas BemmumHa Rkl 00ycinoBIMBaeT M CpaBHUTEIHLHO HEOOJBIION KOI(-
(GUIMEHT yCUIIEHMS HalpshKeHus Tpan3ucropa VT1.

Jns nomydeHuss Umssix.vT1 — 0,5 EB IpUMEHSAIOT pa3iWyHbIE CXEMOTEXHHUYE-
CKHE pelIeHus, o0yierdammue ycioBus pabotel Tpanzucropa VT1: nmubo BBOAST
MECTHYIO OJIOXKUTENbHYI0 00paTHyto cBs3b (IIOC) myTem BKIIOUEHUS B KOJUIEKTOP-
HyI0 1enb Tpansuctopa VT1 nocnemoBarensHo ¢ Rk cienupanbaoi RC-nenouku uinu
BHENIHeH Harpy3ku Re ycunurens, mu6o ucmonb3yroT BMecTo pesucropa Rkl renepa-
Top crabminbHoro Toka (I'CT), KoTopblii, Kak U3BECTHO [2], IMEET MaJIOe COIPOTHBRIICHHE 10
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IIOCTOSIHHOMY TOKY U OOJIBIIIOE COMPOTHUBIICHHE TI0 MIEPEMEHHOMY TOKY, TTO3BOJISIOIIEE TI0-
ayants Um.BbiX.VT1 = (Um.Beix + Um.b.VT2) — 0,5 EB.

Cxema ¢ TIOC myrtem BiitoueHus crnenuaibHOM RC — 1enoyku B KOJUIEKTOP-
HyIO0 1enb TpaH3uctopa V1 paccMarpuBanace U pacCCUMTHIBATIACH B ABYXKACKaJHBIX
YM3U (cm., Hampumep, cxemy puc. 2.3 B riaBax 2 u 3). AHaJOTMYHO €€ MOXKHO
IIPUMEHUTH U B cxemax puc. 4.1 u 4.2.

Uro kacaercs BapHaHTOB pemieHUS MpodaeMbl moaydeHUs Umpsx.VT1=
= (Um.ssix + Umb.v12) — 0,5 E BKIIOYEHHEM B KOJUIEKTOPHYIO IIENb TPaH3UCTOpA
VT1 conporuBnenus BHemHeNH Harpy3ku ycwinrens R wim I'CT, ToO oHM MCHOIB-
3yIOTCS B CXE€Max TpeXKackaJHbx Oectpancopmaropasix YM3U, mpuBeneHHBIX
HUXKE.

Ha puc. 4.3 npuBeneHa 9acTo MpUMEHAEMas CXeMa TPEXKACKaTHOTO GecTpaHc-
dbopmaropaoro YM3U ¢ ogHUM HCTOYHHUKOM MHUTAHHSA, B KOTOPOH C LENBIO MOTyde-
HUS Umssx.vri = (UmBvr2+ Umssx) — 0,5 EB npumensercs [10C BkmoueHueM BHENIHEH
Harpy3Kd YCHINTENS B KOJJIEKTOPHYIO Lienb Tpan3ucropa VT1.

vii VT2
S
VD1 7
Roct
Rem
Rocz Ri:
L
Pucynok 4.3

OcHOBY 3TOM CXEMBI COCTaBISIECT cxeMa puc. 4.1. OgHAKO B OTIIMYKE OT CXEMBI
puc. 4.1 B npeABBIXOAHOM Kackaje cxeMbl puc. 4.3 Rk NOJKIIIOYEH HE HENOCPEa-
CTBEHHO K 00IIEMy MPOBOTY, a K CONPOTHUBIICHUIO BHENIHEH HArpy3ku Ru, Omaromaps
YeMy BCE€ BBIXOJIHOE HampsikeHue yeunuTelst Um.sux BBOAUTCS B KOJJIEKTOPHYIO IIEITb
tpan3uctopa VT1 B ¢aze ¢ HanpspkenueM curHana Ha Ra (kak u ¢ momonisio RC-
IIENOYKHU B CXeMe pHC. 2.5), T. €. MeCTHas MOJIOKHUTEIbHass oOpaTHas CBA3b, O0Jer-
yarormas yciaoBus pabotsl Tpansucropa VT1: Teneps Tpamsuctopy VT1 He HyxHO
obecnieunBath HanpspkeHUE Um.psx.vti = (Umsvr2+ Umeex) — 0,5 EB, gocrarouno obec-
neunTh HanpspkeHUe Um.ssx.vri= Umsvtz, A1 9€ro MOTPeOyeTCs MEHBIAs aMIDIMTY/Ia
KOJUIEKTOPHOTO TOKA.

HekoTopbiM HEZOCTATKOM CXEMBI pUC. 4.3 SBISAETCS NPOTEKAHUE MTOCTOSIHHOTO KOJI-
JIEKTOpHOTO TOKa Tpan3ucropa V11 depe3 Harpy3ky Ry, 4T0 HE Beer/ia Oy CcTUMO.
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Jpyroit 0cOOEHHOCTBIO CXeMBI pHC. 4.3 TI0 CpaBHEHUIO CO cxemoi puc. 4.1 sB-
JISI€TCS UCIIONIB30BaHUE JENHUTENS CMEIICHHs B 1enu 0a3sl Tpan3ucropa VTup u3 co-
npotuBieHut Rmp u Rbamp=R’bmp+ R, rme R¢$ omHOBpeMEHHO BXOIUT B
¢unbTp RHCod, ocymecTBIAIOMUNA pa3BI3Ky MEXIy KacKaJaMy IO MEMsIM MUTaHUS
(pa3Bs3pIBatOMUi (QUIIBTP) U JONOJHUTENBHOE CTIaKHUBAHUE IMyJIbCAllMi HampshKe-
Hus Es BeIIpsiMuTe s (CriaXuBaromui GuibTp).

W, nakonen, B cxeme puc. 4.3 B Ka4ecTBE 3JIEMEHTA IIOJIyYCHUS CMEIICHUS U
obecriedeHus] TEPMOKOMIICHCAIMH TTOCTOSSHHOTO KOJUIEKTOPHOTO TOKA TPaH3UCTOPOB
VT2 u VT3 Bmecto Tepmopesucropa Rr ucnons3oBan guog VD1 (Moxer ObITh 1 He-
CKOJIBKO JIMOJIOB), KOTOPBIA KPEMHUTCS HAa KOPITYCE WM PAgruaTope OJHOTO U3 BBIXO/I-
HBIX TpaH3UCTOpPOB. Bapuant ¢ auogoM (WM HECKONBKUMH JHOJAMU)
Ha MPAKTUKE YaCTO OKA3bIBAETCS MPEAMOYTUTEIILHEE IO CPABHEHHUIO C BAPUAHTOM Ha
TepMope3ucTope Rr 1 0coOeHHO B MHTErpaIbHbIX CXEMax.

MexaHu3M TEpMOKOMIIEHCAIIUY TOKa MOKOs TpaH3ucTtopoB VI2 u VT3 ¢ momo-
mpio auoga VD1 mosicHsercst pucyHkom 4.4, Ha KOTOPOM HPUBEACHBI BOJIbTAMIIEP-
Hble Xxapaktepuctuku (BAX) auona npu pa3IMdHbIX TEMIIEpaTypax.

n A Twmaxc > Tenp.

L= 1xovr1. — 150.VT2 ~ const

o i g

—> uy
{}S&’I‘mxz Uﬁa.”fmm.

Pucynok 4.4

IIpu Bo3pacTanuu TeMiepaTypbl Auoja (BMECTE C BO3pAaCTaHHUEM TEMIIEpaTyphl
TpaH3ucTopoB VT2 u VT3, BeI3bIBatOIEH BO3pACTAHUE WX ITOCTOSHHBIX KOJUIEKTOP-
HBIX TOKOB), ero0 BAX cmemaercs BieBo (puc. 4.4) npumepsno Ha 2,2 MB/°C. Ilpu

3TOM TOK JMOJA 1x= ikoVTl. — 160.vT2 = lkoVT1, OIPEAEIIAEMbII1 B OCHOBHOM ITOCTOSH-
HBIM KOJUIEKTOPHBIM TOKOM ikoVT1 Tpau3uctopa VT1, koTopslif Bo MHOTO pa3 6obie

TOKa CMeMIEeHHs 15o.vT2 TpaHsucropa VT2, IPaKTHYECKH MOXXHO CUMATATh HEM3MEH-
HeIM. [lo3ToMy, cornacHo puc. 4.4, HanpsHDKEHUE CMENICHHS Ha JUOJI€ YMEHbBIIAETCS
¢ Uso.Tenp no UBo.Tmake, 4TO IPOTUBOACHCTBYET BO3PACTAHUIO IIOCTOSHHBIX KOJUIEKTOP-
HBIX TOKOB BBIXOJHBIX TpaH3uctopoB VT2, VT3. BcnenctBue cxoacTBa M3MEHEHUN
BAX mmoma m BxomHOit BAX TpaH3WCTOPOB TEPMOKOMIICHCAITUS IOJTydaeTcs Ooee
3¢ deKkTUBHOM, YeM IMPH UCIIOIB30BaHUH TEpMOpe3ncTopa Rr.

Ha npaktuke s oGecnedeHus TpeOyeMbIX CMEMIEHHUS M TEPMOCTaAOMIN3AINH
JaCTO MPHUXOAMTCH BKIIOYATH JUOJI C PE3UCTOPOM (CM. HA cxeme puc. 4.3 pe3uctop
Rem. MyHKTHPOM) MM HECKOJIBKO JAMOIOB KaK C PE3UCTOPOM (PE3WCTOpaMH), TaK U
0e3 Hero. /[ TOYHON MOATOHKH CMEMICHHS M TEPMOCTAOMIN3alUU HCIOIB3YIOTCS
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IOCTPOEYHBIE TEPEMEHHBIE PE3UCTOPHI ¢ compoTuBieHreM mopsaaka (18...200) Om.
Ha puc. 4.5 npuBeneHbl BO3MOXKHBIE BAPHAHTHI CXEM JUOJIHO-PE3UCTOPHBIX LETIOYEK
obecriedeHrs] CMETEHUS ¥ TEPMOCTA0MIIM3AINHA TOKOB TIOKOSI TPAH3UCTOPOB BBIXO/I-
HOro AByXTakTHOro Oll, B TOM 4mcie U ¢ TEPMOPE3UCTOpPaMHU, KOTOPBIE HAXOISAT
IIPUMEHEHUE Ha IIPaKTHUKE.

Uro xacaercs neneit oomeit OOC B cxemax puc. 4.3 u 4.1, ToO OHU HJICHTUYHEI.

Pacuer mpenaseixogHoro kackaga ¢ IIOC BKIIIOYEHHMEM B KOJUIEKTOPHYIO ILIE€Ib
Tpan3uctopa VT1 BHemIHENH Harpy3Ku YCHJIMTEINS MOXET BBITIONHATHCS IO METOIUKE
pacuera 3Toro kackaaa ¢ [IOC BkiIoueHHEM B KOJUIEKTOPHYIO Ienb VI1 cnenmans-
Hoit RC-nienouku (cm. pacuer cxemsl puc. 2.3 B riase 3).

Baxno co3HaBath, 4yTO IpHU 3TOM TpaH3uctopy VT1 mpeaBbIXOgHOrO Kackaja
nocraroyHo  obecreunth HampsokeHWE  TONMBKO  UmesxvTi=UmBvr2, a He
Um.Bex.vT1 — 0,5 Es.

K xonnexropy VT1 u Gase V12
o~ —
a) 6) B) r) n oA
VD1 VVE}] VD1 VD1 VD1 g
VD2\/ VD2 vD2 ‘
Rew WVD2 vp3y D3 VD3 Rem
v VD4 7 Reu VD4
e ~~ _/
K pesucropy Ry, u Gase VT3
n K K xonnexropy VT1

KoJutexropy VT1

E 1

K Gase VT2

Kp&nmyﬂmmvm

Pucynox 4.5

OcranpHble Kackaabl u Ienb obmeit OOC B cxeme puc. 4.3 paccCUUTHIBAIOTCS
TaK ke, KaKk ¥ B OCHOBOIIOJararoiieit cxeme puc. 4.1.

Ha puc. 4.6 npusenena Goyiee coBepiIeHHAas CXeMa TPEXKaCKaIHOTro OGecTpaHc-
dbopmaropaoro YM3U, koTopast HaXxoauT Mmupokoe npuMeHenne. OCHOBY €€ TaKxke
cocTaBiseT cxema puc. 4.1.
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Pucynoxk 4.6

B aroii cxeme npobiema noiaydeHus Umsixvn — 0,5 EB pemaercs 3amenoit pe-
3ucropa cBsa3u Rkl B koimekTopHoi e VT1 nuHamudeckod Harpy3Kow, T. €. TeHe-
paropom crabmipHOoro Toka (I'CT) Ha TpaH3ucrope VTrer ¢ pe3ucTopoM oOpaTHOU
cBs3U ['CT Rorer 1 TEMHIepaTypHO 3aBUCHMBIM JEIUTENIEM CMEIICHUS U3 PE3UCTOpa
RB.rer 110710B VD 1rer 1 VD2rer, KOTOpBIE OnpeaensatoT TOK HoKos VTrer u ero crabu-
nvzanuio [2].

W3 BBIXOJHBIX BOJBTAMIIEPHBIX XapaKTEPHUCTHUK OWITOISPHOTO TPaH3UCTOPA
VTrer (puc. 4.7) BUAHO, YTO BBIXOAHOE cONpOTHUBIEHUE V Trer ISl HEPEMEHHOTO TOKA

Resx~= Auk / Alk BO MHOTO pa3 GOJbIIe BEIXOZHOTO CONpoTHBieHHs VTrer Ams 1o-
cTOSHHOTO TOKA Resx-= Uko / iko. B TOMOTHEHHE K 3TOMY BBIXOJHOE CONMPOTHUBIICHHE
Tpan3ucropa VITcT mo nepeMeHHOMY TOKY Reux~ yBemmuuBaercs B riryouny OOC
F*xs1 BcneactBue mocnenoBarenbHol mo Toky OOC, nmomydaemMoi ¢ MOMOIIBIO CO-
MPOTUBIEHUS Rorcr B 1IeNU SMUTTEPA V Trer Resx~rer = Rerx~ F*x31. B pesynbrare npu
CPaBHHUTEIHHO HEOONIBIINX MOTEPAX MOCTOSIHHOTO MUATAOMIETO HanpspkeHust Ha V Trer
(U3-3a MaJIOro BBIXOJHOTO CONPOTHUBIEHUS VTrer ISl NMOCTOSHHOTO TOKa Rawix-)
IOJTy4JaeTcs OOJIBIIOE COMPOTUBIICHHUE CBS3H IO IEPEMEHHOMY TOKY Rasix ~rcr.

bonpmoe comporusnenue I'CT mepeMeHHOMY TOKY oOecrieuyuBaeT BMECTE C
OOJBIINM BXOAHBIM COIPOTHBICHUEM 3IMHUTTEPHOTO IMOBTOPUTEIS, OOIBIIOE COMPO-
TUBJICHUE Harpy3ku Tpanizucropa VT1 mo nepemeHHOMYy TOKY Rk~VT1, mo3Bosiomiee
IIPY MEHBIIEH aMIUIUTYAE KOJUIEKTOPHOTO TOKA Imk TV M MEHBILIEN MOIIHOCTU TPaH3HU-
cropa VT1 nomyunts OT HEr0 JOCTATOYHYIO JJISl BBIXOJHBIX TpaH3UCTOpoB VTI2 u VT3
amruTyny Hanpspkeaus curHaia Umssxvri. Kpome Toro, I'CT obecnieurBaeT oueHb XO-
POIIYIO CTaOMITM3AIHIO TIOCTOSIHHOTO KOJIIEKTOpHOro Toka VT1.
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Pucynok 4.7

Hpyroit 0cOOEHHOCTBIO CXEMBI pHC. 4.6 10 CpaBHEHMIO CO cXxeMmou puc. 4.3 sB-
JISIETCS UCIOJIL30BaHUE B KAYECTBE DJIEMEHTA CMEIICHUS U TEPMOCTAOMIH3AIUU TO-
KOB ITOKOS BEIXOAHBIX TpaH3ucTopoB VT2 u VT3 tpansucropa VTcwm ¢ genurenem u3
RB.vTem 1 RvT.em BMecTo quona VD1 ¢ peaucropom Rem. Tpansuctop VTem kpenurcs
Ha KOpITyCE€ WJIHM paJuaTope OJHOTO W3 BHIXOAHBIX TPaH3UCTOPOB. lIpH MoBHIIIEHUU
TeMIEpaTypbl YMEHBIIIACTCS ITOCTOSHHOE MMAICHUE HaNpsKeHUs Ha Vewm H3-3a cme-
meHuss BAX VTem u, cienoBarensHO, HAPSDKEHUE CMEIICHUST HAa BBIXOIHBIX TpaH-
3UCTOpaxX, YTO IPEMSATCTBYET BO3PACTAHHMIO MX NOCTOSHHBIX KOJUIEKTOPHBIX TOKOB.
OddexkTuBHOCTL TepMOCTAOMIM3AIMHN ¢ TTOMOIIBI0 VTew OKa3bIBa€TCS BHINNIE, YEM C
MIOMOIIIBIO IHO/Ia ¢ pe3ucTopoM. [lepeMeHHBIM pe3ucTopoM RE.VT.cu MOXKHO 6€3 Tpyia
YCTaHABJIMBATh TpeOyeMble 3HAUCHUS CMEIICHUS U TIOCTOSIHHBIX KOJJICKTOPHBIX TOKOB

1koVT?2 U Iko.VT3 BBIXOIHBIX TPaH3UCTOPOB.

BxomHo# 1 BBIXOTHO#M Kackassl 1 memb oomeit OOC B cxeme puc. 4.6 Takue xe,
KaK ¥ B cxeme puc. 4.1.

B aroii cxeme pacueT mpeIBBEIXOJHOTO Kackaja BEITIOTHSIETCS Ha oOecrieucHue
tpan3uctopoM VT1 BeixogHoro HampsokeHHS UmBbIX.VTl=(UmB.vT2 + Umsnx) 0,5EB,
YTO IpH OOJIBIIIOM CONPOTHBIICHUU KOJUIEKTOPHON HArpy3KH IO NEPEMEHHOMY TOKY

R _ R gpxrer - Rpxon
K~VT1 = obecrieunBaeTcs 6€3 0co00ro Tpyaa Mpu MEHBIIHUX TO-

RBB]X.FCT + RBX.C-)H
K€ ¥ MOITHOCTH TpaH3ucTtopa VT1.

UYro xacaercs BeixoguHoro OII va VT2 u VT3 u npeasapurensHOro (BXOIHOTO)
kackazna Ha VTmp, a Taroke menu obmeit OOC, To OHM PaCCUUTHIBAIOTCS TaK K€, KaK U
B OCHOBONOJIAraromein cxeme puc. 4.1.

Ha puc. 4.8 npuBenena 6onee coBepiieHHas cxeMa TpexkackagHoro YM3U mo
CpaBHEHHUIO co cxemoi puc. 4.6. Imes Takue ke, Kak U B cxeme puc. 4.6, mpeaBbi-
XOJTHOW M BBIXOJIHOM KacKaJbl, OHA OTJIMYACTCS OT MOCJIenHeH Oojiee ylayHbIM I0-
ctpoeruem neru obmeit OOC.
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Pucynok 4.8

Orta cxeMa SBISETCS JAIBHEWIIUM pPa3BUTHEM OCHOBOIIOJIATAIOMIEH CXEMBI
puc. 4.2 ¢ tpansucropoM VToc B enu obmeit OOC ycunurens, oTIn4asch OT Hee B
nyuinryto cropony npumenerriem I'CT BmecTo pesucropa cBsa3u Rkl B KOJIIEKTOPHOM
nenu Tpanzucropa VT1 npeaBsixoqHOro Kackaaa (Kak ¥ B cxeMe puc. 4.6).

Cnexyer OTMETHTbH, UTO CXEMBI pHUC. 4.6 U 4.8 ABIAIOTCA WLIIOCTPALMEH TOTO,
yto ucnonas3oBanue I'CT B kadyecTBe BHICOKOOMHOTO JMHAMHYECKOI'O COINPOTHBIIE-
HUS ¥ B KAYECTBE YCTPOMCTBA CTAOMIN3AIMK TTOCTOSHHOTO TOKAa TPAH3UCTOpA CYIIle-
CTBEHHO YJIy4YIlIaeT [MOKA3aTENN YCUIUTENCH.

ITpenBBIXOIHOM KacKa B cXxeMe puC. 4.8 pacCUUTBHIBAETCS TAK JKE, KaK U B CXEME
puc. 4.6. BeixogHoit 1 BxomHOU Kackansl U Ienb obmeir OOC pacCUuTHIBAIOTCS C
KCIIOJIb30BAaHUEM COOTHOIIIEHHH JIJIs1 OCHOBOIIOJIAralomux cxeM puc. 4.1 n 4.2.

PaccMmoTpenHBIil psg cxeMm TpexkackaaHbx OectpaHchopmaropHeix YM3U ¢
OJTHUM MCTOYHMKOM NMHUTAHUS MOXXHO JOMOJHUTH BAPHAHTAMHU CXEM TPEXKACKAIHBIX
6ecrpanchopmaTopabix YM3UY ¢ OUIOISPHBEIM HCTOYHUKOM MUTAHUSA (C IBYMSI OJTH-
HAaKOBBIMHM MCTOYHMKAMH NUTaHus). OHM MOTYT OBITh IOTyY€HBI COOTBETCTBYIOIINM
BHUJIOM3MEHEHUEM PACCMOTPEHHBIX BHIIIE CXEM C TIEPEBOJOM MX HAa OUITOJISIPHEIN HC-
TOYHHK ITUTAHUS.

B xauectBe mpumepa Ha puc. 4.9 mpuBeAeHa OJHA U3 BO3MOXXHBIX CXEM TpeX-
kackagHoro Oectpanchopmaropraoro YM3Y c OUIIONSApHBIM MCTOYHHUKOM ITHTAHUS,
MIOJIyYCHHAs BUIOM3MEHEHUEM CXEMBI puC. 4.8.

B cxeme puc. 4.9. B ornnune oT cxeMsl puc. 4.8 B 00IIyI0 SMUTTEPHYIO IENb
tpan3uctopoB VInp u VToc Bmecto pesuctopa Ra.mp Brimoden 'CT2 Ha TpaH3u-
crope VTrcT2 ¢ pesuctopoMm Ra.rct2 m TepMO3aBUCHMBIM JEIUTENIEM CMEIICHUS W3
Rb.rcrl muomoB VDl1rcerl u VD2rerl ot I'CT1. Oto eme 6osiee yBeIMUUBaET CXOI-
CTBO KoMOmMHanuu u3 BxoaHoro kackamga u Ol nenu obmeit OOC ¢ muddepeniu-
QITBHBIM KacKaJioM, O YeM TOBOPWJIOCH IIPH OMHCAHHHM OCHOBOIIOJIATAIOMICH CXEMBI
puc. 4.2. Jlanee, Garogaps nepexomy Ha OUITONSAPHBIA UCTOYHHUK MTATAHUS MOTEHIIH-
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an B cpeaHeit Touke pe3uctopoB Rmoc. VT2 u Rmoc.VT3 B BBIXOJHOM Kackajae OKa-
3bIBAE€TCS PABHBIM HYIIO M IO3TOMY OTIAAAaeT HEOOXOIUMOCTh B Pa3IeIUTEIEHOM
koHAeHcaTope Cp.BBIX, a I OJa4M cMenieHus Ha 6a3y VTop J0cTaToOYHO BMECTO
IPUMEHSBIIETOCS AenuTens u3 pesuctopoB Rb.ip, Rup m Rd mogxmounts 6a3y
VTop k obmemy npoBoay uepe3 pesuctop Rip.

Rx.ip

Pucynok 4.9

Pacuer 3T0i1 cxeMbl B OCHOBHOM COBIAJIa€T C PaCYETOM IPEIBIIYIINX CXEM.

s momyyeHus: GOIBIIMX MOIIHOCTEHW BBIXOJHOW JIBYXTAaKTHBIA OectpaHchop-
MaTOPHBIA Kackaj B JI000H u3 cxeM puc. 4.1...4.3, 4.6, 4.8, 4.9 BRINONHAIOT Ha CO-
CTaBHBIX TPAH3UCTOPAX, BKIIIOYAs IOCJIE CPAaBHUTEIHHO MAIOMOIIHBIX KOMILJIEMEH-
TapHBIX TPAH3UCTOPOB (KOTOPHIE Jerye BHIOPATh C MAJOOTIMYAIONIMMUCS TTapameTpa-
MH) MOIIIHBIE TPAaH3UCTOPHI OJJMHAKOBOW CTPYKTYpHL. [lomyyaembie Gonblioe ycuiaeHne
TOKa W BBICOKOE BXOJHOE COMPOTHUBICHHE KAXAOTO IUICYa BBIXOJHOTO JBYXTAaKTHOTO
6ectpancdopmaroproro O Ha coCTaBHBIX TPAH3UCTOPAX IMO3BOJISTIOT CHU3UTH HEOOXO-
IVMYTO JJIS1 €ro Bo30Yy>KIE€HHS MOIIHOCTD, YTO ITO3BOJISIET B3ATH MEHEE MOIIHBIN TpaH-
3UCTOP B MPEABBIXOTHOM KacCKaze.

B xauectBe mpumepa Ha puc. 4.10 mpuBeneHa cxema TpexKacKaJHoro Oecrtpac-
(hOopMaTOPHOTO YCHIIUTENS C BBIXOJHBIM JIBYXTaKTHBIM OectpancopmaropuasiM Ol Ha
COCTaBHBIX TPAH3UCTOpaX, 00pa3oBaHHas HA OCHOBE CXEMEI pHC. 4.3.

B 3T0i1 cxeMe miedo BBIXOOHOTO Kackada Ha Tpansucropax VT2 u VT4 npen-
CTaBJISIET COOOW OTHOTAKTHBIN cABOEHHBIM OII, B KOTOpOM JEHCTBYET CTOMPOIEHT-
Has MapajUiesibHas MO BBIXOAY M mocienoBaTenbHas no Bxoxy OOC, a muedo Ha
tpansuctopax VI3 u VTS ogHOTakTHBIN cABOEHHBIN Kackaa ¢ OO U ToXke cO CTO-
npoueHTHo OOC, napayuienbHOM O BBIXOAY U MOCJIEN0BATEIbHOM 110 BXOAY, KaK U
B casoeHHOM OIl. IlapameTpsl 3THX IJI€d COOTBETCTBYIOT APYT Ipyry. Pesmcropsl
R2> (5...10)Rex.vr4 u R3 > (5...10)Rex.vT5s yJIydmaroT TeMreparypHyo CTaOUILHOCTH
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UX pexuMa paboTsl, HeGonbime conpotusieHus MecTHOM OOC Rumoc.vT4. = Rmoc.vTs =
~0,05RH B 5MMTTEpPHBIX IEMAX BBIXOAHBIX TpaH3uctopoB VT4 u VTS5 ynyumaror
CHMMETPHIO IIIEY BBIXOJHOTO JIBYXTaKTHOT'O KacKasa.

"t

Pucynok 4.10

BEIXOHOM [BYXTakTHBIM KackaJ Ha COCTaBHBIX TPAaH3MCTOPaX B CXEME
puc. 4.10 B OCHOBHOM TaKo# ke, Kak U B paHEe PaCCMOTPEHHOM cxeme puc. 2.6
nByxkackagaoro YM3U (cMm. raaBy 2 u maparpad 3.2 riaBel 3), OTIMYAsACH OT IO-
CIIETHETO TOJIbKO HAIWYMEM YIOMSHYTHIX BHIIIE CONpOTHBICHMH MecTHOH OOC
Rwoc.vT4 ¥ Rmoc.vTs B BMUTTEPHBIX IETAX TpaH3uCTOpoB VT4 u VTS5,
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I'JIABA §

PACYET BECTPAHC®OPMATOPHBIX YCUJIATEJEA
3BYKOBBIX YACTOT C TPEXKACKAJHbBIM YM34

5.1. BBenenue

Ota riaBa MOCBAIEHA B OCHOBHOM pacueTy TpeXKacKaJHbIX OectpaHchopma-
TopHBIX YM3U no cxeMaM, pacCCMOTPEHHBIM B TJ1aBe 4.

Hcxomupie maHHBIE IS pacyeTa 3THX CXEM MPUBEACHBI B KOHIE IIaBhl 2. UTo
KacaeTcsl BOIPOCOB CTHIKOBKH 3THX TpeXKacKagHbIX YM3Y ¢ HCTOYHMKOM CHTHAJA,
TO OHH PEMIAIOTCS TaK K€, KaK 3TO ObUIO MOKa3aHOo B rnaBe 3 mius GectpaHchopMma-
TOPHBIX YCHJINUTENEH ¢ AByXKacKaaHbM YM3U.

5.2. Pacuer cxembl TpexkackaaHoro 6ecrpancpopmaropuoro YM34
€ O/THUM MCTOYHHKOM NMTAHHS M BHEIIHeH HArpy3Koii,
BKJIIOYEHHOH B KOJUICKTOPHYIO Ilellb NMPEABBIX0HOI0 KacKaaa

Cxema npuBezicHa B riaBe 4 Ha puc. 4.3. Pacder cxeMbl BeieTcsi B OOIIETIPHHS-
TOM NOPSAJKE: BBIXOJHON KacKal, MPEABBIXOTHON KacKaj, MpeIBapUTEIbHbIN KacKa
1 remns oobmeit OOC.

Boixognoii kackana cxemsbl puc. 4.3. Kak ormeuanocs B riase 4, BBIXOJHOH
KackaJ cxeMmbl puc.4.3 mpencraBiser coboit mByxtaktHeId Ol B pexume «By.
B cxeMHOM OTHOIIEHHMM OH NMPAKTHYECKH IOBTOPSET BBIXOJHOM KacKaj paHee pac-
CMOTPEHHOM cXeMbl pHc. 2.3 aAByxkackagHoro YM3Y, oTamgasce OT IOCIETHETO
TOJIbKO HaJIMYHMEM OYEHb MaJbIX CHMMETPUPYIOIUX conmpoTuBieHu mectHOit OOC
Rwmoc.vrz2 1 Rmoc.vrs B amuTTepHBIX memsx TpaH3uctopoB VI2 m VT3. Ecim npene-
Opeur HEOOJIBIIUM BIUSHUEM ITHX CONPOTHBIECHUN, TO pacdeT BBHIXOAHOTO Kackaja
cXeM&bI puc. 4.3 MOXHO BecTH 1m0 popmysam nmaparpada 3.1, mOCBAIEHHOTO pacueTy
BBIXOJHOI'O KacKaja CXemsl puc. 2.3 nByxkackagHoro YM34.

Hwxe npuBoauTcs pacyeT BBIXOZHOIO KacKajla cXeMbl puc. 4.3 ¢ ydeTrom co-
POTUBIICHUMN Rmoc.vr2 B Rmoc.vrs.

MeTtomuka pacuera OCTaeTcs MPEXHEW, T. €. pacdeT BeleTcs rpadoaHaiuTH-
YECKUM METOIOM C IIOCTPOCHUEM Harpy304HOM MPSAMOM IJIs OJHOTO Iuieda Kackaja,
HanpuMep, Ha TpaH3uctope VT2 (a mpu OTCyTCTBHM XapaKTEPUCTHK TPaH3UCTOpa —
o opmynam), morydasi pe3yJibTaThl IS BCETO KacKaja.

HamoMH¥M, 94TO B COOTBETCTBUY C ypaBHEHUEM BBIXOJTHOM IENU IJI€Ya HA TPaH-
3ucrope VT2

uy, =0,5E; —iy, (RH + RMOC.VTZ) (5.1)

Harpy3oyHas IpsiMas Ha ceMeilicTBe BeIXOAHBIX BAX Ttpanszuctopa VT2 mpoxomut

0,5Ey

Ry +Ryocvrs

L) _

gyepe3 TOUkH ¢ koopauHaTtamMu ux2 = 0,5 EB; 1e=0 u 1g, =

.
b
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uxz2 = 0 (puc. 5.1). 3amerum, uto puc. 5.1 ABIAAETCS OCHOBOM ISl TOMYYEHUS pacUeT-

HBIX BBIPAXKCHUM KacKazaa.
W3 puc. 5.1 BUIHO, YTO HaIM4ME COMPOTHBICHUS Rwmoc.vr2 CKa3bpIBaeTCs Ha

HAKJIOHE HArpy304YHOI MpsAMOM M Ha BEJIMYMHE BBIXOJHOTO HAIpPSDKEHHS Kackaia
Unm.sex2, KOTOpo€ OyZEeT MEHbIIE aMIUIMTYABI KOJUIEKTOPHOTrO HanpspkeHus UmK.2 Ha

Tpau3ucrope VT2

Uosbixz = Umk2 = Umkmoe.vr2 - (5.2)
Uro kacaeTcs BEIXOJHOTO TOKa Kackaaa Im.esx2, TO OH OyJET paBeH
Losexz = Luoo = Tupo = Lk (5.3)

OCHOBHBIMH HCXOAHBIMH JaHHBIMH JUIsI pacdyera Kackala, KaKk M B Iapa-
rpade 3.1, SABIAOTCA BBHIXOJHAS MOIIMHOCTh P-~pux ¥ CONPOTHUBICHHE BHEIIHEH

Harpy3ku Ru kackaza.
iz A

~ 0,5Eq ‘

B Ry +Ryocvn

. ¥
Iy

%w&d

Ry + Ryoc vz

\\\\ 152

ot s e e e,

i
]
!
i
U U
[
]
!
i
g
i
t
i
i
{
!
i
i
i
i
]
*M
R
o]
54

et Make2= bnk2™ Lnpun—»

=
2
Y

1 [uaan12Unio™ Unsoat Uniwoc v Ukoz=0,5E5 U
Pucynoxk 5.1
W3 BeIpaxkeHus 1711 MOIITHOCTY CUTHAJIa Ha BHEITHEW Harpy3ke Y M3U
U2
P~ — m.BbIX2 5 4

HaxOoJAT aMIUTUTYAbI BEIXOTHOTO HANpsDKEHUS Um.srx2 U BBIXOJHOTO TOKA Im.esix2 Ha
BeIXOZIE YM3U:

Usexe =v2 Pogpx Ry (5.5)
U,
Lpbx2 = RB:X_Z . (5.6)

106



3aTeM B COOTBETCTBHH C pHC. 5.1 pacCUnTHIBAIOT HAPSDKCHUE MCTOYHHKA MHATA-
Husg Bz YM3U ¢ yyeToMm noTeps NUTAIOMIETO HAIPSDKEHUS HAa CONPOTUBICHUH PE3U-
ctopa Rwmoc.vT2 B amMutTepHOI e VT2:

Ep 22Uy, = 2[(Um.BI>IX2 + U Ruoc.vT2 ) + uK.MI/IHz:I =

= 2[Im.BBIX2 (RH +Ryocvr )+ L,5Ugac (5.7)

rne  Rwmocvrz  Gepyr MHOro  MEHbBIIE  CONPOTHUBIEHUS Ru  Harpysku
Rwmoc.vT2 = Rmoc.vrs = 0,05 Re Bo m30exaHme 3aMeTHOTO yMEHbIICHHU K03 dummeHTa
IIOJIE3HOTO JICHCTBUS BBIXOHOW LIETIM KACKA1A T)Bbx.I.K;

Unac — HamnpspKEHHE HACHIICHUS TPaH3UCTOpa (711 KpEMHHUEBBIX TPAH3UCTOPOB
Unac ~ 1 B);

1,5 — koo dumment 3amnaca.

Paccunrannoe Es OKpymIISIFOT B OOJBIIYIO CTOPOHY J0 CTaHIAPTHOTO HOMHUHAJIA
cornacHo ycranoBiaeHHOTro I'OCT psiga HanpspkeHu# (CM., HapuMmep, TabIuIly B Ha-
parpade 3.1).

HaxonsaT HanpsbkeHHe U TOK mokost Tpan3ucropa VT2 (cm. puc. 5.1):

Ui =0,5E;, i, =(0,05..0,1)1 .. (5.8)

MomHocTb, oTAaBaeMas AByms TpaHzucropamu V12 u VT3, onpenensercs BbI-
paxeHHEM

2
Um.K2

1+ Ryvocvr
Cpennee 3HaueHue Toka, norpebasemoro Tpanzuctopamu VT2 u VT3 ot wuc-
TOYHHUKA MTUTAaHUs, PABHO

P pprxovr = R (5,9)

1 1

i =—-1 =—1_,. 5.10
K.CP2(3 K.MAKC2 mK?2 .
® = - (5.10)

MommHoCTh, MOTpeOasieMass KaXIbIM TPaH3UCTOPOM OT HMCTOYHHMKA ITUTAHUS,
Oyner
P . E; 1. E
ovr2 = 0VT3—1K.CP2‘_2 _EIK.MAKC2°_2 . (5.11)

MonrHocTh, TOTpeOisieMas OT HCTOYHHMKA IUTAHUSA IBYMS TPaH3HCTOPAMH
(monHas moTpebiasemMast MOITHOCTE), ¢ yaeroM (5.11) Oyxer

) 1.
Poovr = Povra + Povrs =lkcpas) " Es = EIK.MAKCZ ‘Eyg. (5.12)

KoaddumueHnT mosie3HOro MEHCTBUSA BBIXOJHOW Ienu Kackama ¢ ydetoMm (5.4)
u (5.12) Gyner paBeH
_ P~BBD(

T
Meexx = = 2 & (5.13)

P02VT
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U m.BbIX2
0,5E;
HaIPSDKECHUS.

OnpenenstoT MaKCUMaJIbHYIO MOIITHOCTh PAacCESIHUS Ha KOJUIEKTOPE TPAH3UCTO-
pa VT2:

roe &= — K03} (PUIHMEHT UCHONB30BAHUSA MOCTOSHHOTO KOJUIEKTOPHOTO

Py Maxc2 = 07202P~BHX.2VT . (5.14)

Hanomaum [2], uro Px.makc2 (5.14) momydyaercss U3 OOIIMX BBIPAXKEHUUN IS
MOIIIHOCTE paccesHHUs Ha KOJJIEKTOpax obOoux TtpaH3uctopoB VI2 u VT3

PO2VT - P~ BBIX.2VT

Px2vr = Po2vr — P ~rx.2 vr 1 OJHOTO TpaH3UCTOpPA Pyt = ,

2
Usixe _ 2

* —
OKa3bIBasiCb MAKCHUMAJIbHBIM IIpH g - - .
05E;, =

Bri6upator TUnel KoMIeMeHTapHbIX TpaH3uctopoB VI2 u VT3 mo ciexmyro-

MUM YCIOBHAM:
— II0 MAKCUMAJIbHO JOITYCTHMOMY HAIIPSXKCHUIO KOJUICKTOP-OMHUTTCD:

Usoomaxe (Uio.zon) > 1,2 Es ; (5.15)
— II0 MAKCUMAJIbHO JOIIYCTHUMOMY TOKY KOJIJICKTOpA:
Ticwaxe (o) > (1,2....1,3) Imk2 ; (5.16)
— M0 MaKCUMAJILHO JIOITYCTHMOM MOITHOCTH PAaCCESHHUA Ha KOJUIEKTOPE
Prcsvaxe (U ponTe.vaxe) > Presaxc? ; (5.17)
— I10 3HAYCHHUIO HpCI[CJIBHOﬁ YaCTOTEI TPAH3UCTOpA:
fiolo > (2...3) fi, (5.18)

riae fs — BepxHssa paboyast 4acToTa CUrHaIA.

[Tpu BEIGOpPE TpaH3ucTopa mo ycinoBusaMm (5.15)...(5.18) ciaexyer umers B BUIY
clleyIoniee.

B xagectBe TpamsuctopoB VT2 m VT3 crpemsarcs BbIOpaTh TpaH3HUCTOPHI C
OOJBIIUM CTATUYECKUM KO3)PHUIIEHTOM YCHUIICHHS TOKa h21s.

[Tpu BBIGOpPE TPaH3UCTOPOB MO ycIoBHIO (5.17) cHauana OIEHUBAIOT BO3MOXKHO-
CTH MOAXOJIAIIEr0 TpaH3ucTopa 6e3 paguaropa. [lpu sTom cnexyer o6paTuts BHUMa-
HUE Ha TO, YTO yKa3blBaeMas B CIIPAaBOYHHUKE MOITHOCTh Pxmaxc (Px.mom.Temaxe) cripa-
BEJUIMBA TOJBKO IS OIpPEAETCHHBIX 3HAYCHUH IOJIOKUTEIHLHOM TEeMIIEepaTyphl.
C poctom Temmnepatypbsl oHa OyJeT ymeHbIathes. [loaToMy uist 3aJaHHOW TeMIepa-
TYpHI OKpyXaromeit cpebl Tcmaxe €€ YTOUHSIOT IO popMyIie
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P _ TI'I.MAKC B TC.MAKC

K.JIOM.Tc.makc — ) 5.19
R,. (5.19)

rae Tnwmaxc — MaKCHUMallbHAsi IOIYCTHMAas TEMIIEpPATypa KOJUIEKTOPHOTO Iepexojia
(cripaBOYHEII MTapamMeTp);

Ruc (°C / BT) — TemioBoe CONMpOTHBIECHHUE MEXKIY KOJUIEKTOPHBIM MEPEXOAOM U
OKpYKaIOIIEH CPEeIOu.

Ecnmu xe HameueHHBIH TpaH3UCTOp O€3 paauaTropa HE YIOBIETBOPSET YCIO-
Buto (5.17) c yuerom (5.19), a mo mpyrum mapamerpam (5.15), (5.16), (5.18) on nox-
XOJIUT, TO €T0 MPOOYIOT UCIIOIB30BATh C paguaTopoM. IIpu 3TOM MOIITHOCTH, pacceu-
BaeMas Ha KOJJICKTOpE, onpeaensercs mo Gopmyiie

P — TH.MAKC — TC.MAKC
K.JIOTLTe.maxe 1400 ° (5.20)
R+—35
S(cm)

rae Rux (°C / BT) — TemiioBoe COMPOTUBICHHE MEXKIY KOJUIEKTOPHBIM MEPEXOIOM U
KOPILyCOM TpaH3UCTOpa (CIpaBOYHBIM MapaMeTp);
S (cM?) — IIOIIA s TOBEPXHOCTH paguaTopa (0OBIYHO U3 ATIOMUHIS).
Heobxomumyro mmomans IMMOBEPXHOCTH paauaropa nonydaor u3 (5.20),
rae Px IO Tc.make = Px. MAKC2:

S(CM)2 — 1400 - Py pakco

IL.MAKC — TC.MAKC — LK. MAKC.2 'Rnc

(5.21)

[Tpu BeIOGOpE TpaH3UCTOPOB 1O ycnoBHIO (5.18) MoXxeT oka3aThcs, 4TO B CIpa-
BOYHHMKE BMECTO MpeebHoi yacToThl ¢ OO fh21s OyneT nmpuBeneHa mpenensHas ya-
croTa TpaH3ucropa B cxeme ¢ Ob fh215 (T. €. BepxHssA yacToTa, HA KOTOPO# cTaTHde-
ckuii koaddunueHT nepenaun Toka h21s ymensmaercs 10 yposHs 0,707 mo cpaBHe-
HUIO ¢ 007aCThI0 HMKHHUX U CPETHUX YaCTOT) WIIM TPaHUYHAs 9acTOTa TPAH3UCTOPA B
cxeme ¢ OO fr (T. e. BepxHss yacToTa, Ha KoTopoit h213 = 1). B atux ciayyasx uc-
HOJIB3YIOT U3BECTHYIO B3aUMOCBA3h MEX Iy dacToTamu fh21s, fh21s, fr:

fh21s - h21s = fi21p= 1,3 fr, (5.22)

roe h,, =\/h213MAKC ‘hyovun — cratmdeckuii KOIGQUIMEHT YCHICHHS TOKa B

cxeme ¢ OO (cpaBOYHBIEC TAPAMETPHI);

h21s.maxc ¥ h215.Mun — MakCUMaJIbHBIA U MUHUMAJIbHBINA KO3(QPUIUEHTH ycuie-
HUA ToKa B cxeme ¢ 0D, pasznuyaroniiiecs BCIEACTBUE TEXHOJIOTHUECKOro pazbpoca
(cripaBOYHBII MapamMeTp).

K ckazaHHOMy B OTHOIIEHMM YaCTOTHBIX CBOWCTB TpaH3HCTOpa cilenyeT noba-
BUTH, YTO MHOTJAa B CHPAaBOYHMKAX MPHUBOJUTCS BEIMYMHA MOIYJs K03 duureHTa
yculieHus: Toka | h21s| Ha kakoii-to dacrore f. B 3ToM ciydae uMCmonb3yroT BEIpa-
KECHHE

Fr=|hot | - £ (5.23)
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B xauectBe TpaH3uctopoB VT2 m VT3 B 3aBHCHMOCTH OT MOIIHOCTH MOTYT
ObITh, HaANpHUMEp, CICAYIOIIUE Taphl  KOMIUIEMEHTAapHBIX  TPaH3UCTOPOB:
KT818 (p—n—p) u KT819 (n—p—n) wm KT816 (p—n—p) u KT817 (n—p—n), wm
KT814 (p—n—p) m KT815 (n—p-n), mm KT502 (p—n—p) u KT503 (n—p-n), wim
KT361 (p—n—p) u KT315 (n—p-n), wmm KT3102 (p—n—p) u KT3107 (n—p—n), nm
I'T268 (p—n—p) u I'T209 (n—p—n) u ap. (CM. CIPAaBOYHUK).

[Tocne BrIOOpa KOMILIEMEHTApHBIX TpaH3uCcTOpoB VT2 u VT3 pacuer nmpomoi-
*aeTcst 0o ¢ mcmosikzoBaHueM BAX (eciin OHM €CTh B CIIPaBOYHUKE), THOO Oe3
HUX 10 COOTBETCTBYIOIIMM (HopMyIiam.

Ecnmu ans BHIOpaHHBIX TPaH3UCTOPOB B CIPABOYHUKE UMEIOTCS BBIXOIHBIE U
BxoaHble cTtatmueckue BAX, To Ha cemeiicTBe BbhIXogHBIX BAX cTposT Harpys3ou-
HYIO NPAMYIO IO IEPEMEHHOMY TOKY (puc. 5.1), mpoBoas ee uepe3 TOUKU C KOOpIu-

HaTtaMd Uxo2 = 0,5 Es, 1x02 = 0 ¥ lkmaxc2, Uk2 = Uko2 — UmK2, 0OTMEUYaIOT HaiijlcHHBIC
panee KoopauHAThl ToUKH TOKOS Uko2 = 0,5 Es, 1xo2, a Takke TOK IOKOs 0a3sl 1502,

MaKCHUMAaJIbHBIN TOK 0a3bl 16.maxc.2 1 HAUOOJBIIIYIO aMIUTUTYy IEPEMEHHOTO TOKa Oa-
361 VT2:

ImB2= iE.MaK02 — iBoZ = iE.MaKCZ. (524)

Hanee nmo BxomgHoil nuHammudeckoit BAX tpanzuctopa VT2, 3a KOTOpYyIO Mpak-
TUYECKH MOXHO OpaTh MPUBOJAMMYIO B CIIPAaBOYHHMKE BXOJHYIO cTaTHyeckyro BAX
VT2 npu ux = | 5 | B, HaxonmaT HanpspkeHue cmemeHuss Ubo2, aMIUIUTYly EPEMEH-
HOTO HamnpspKeHHsl Ha 06a3ze oTHOCHTENbHO dMUTTepa Umb2 (pHC. 5.2) M aMILTUTYITy
HanpsDKeHUs Bo30yxaeHus ams mieda Ha VT2 UmBx2

UmB2=usmaxc2 — UB02; UmBx2= Umpb2 + UmBbIXx2 + ImBbIX2 - RMOC.vT2  (5.25)

igz 1
uKzISiﬁ

i5 MAKC2?® b2

g2 po——mm s TH

¥
¥

Usnz Up MAKC2  Up2

Pucynok 5.2
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BxogHOE CONPOTHBIIEHNE IEPEMEHHOMY TOKY MEXTy 0a30i U 3MHUTTEPOM Rax2
¥ BXOJTHOE CONPOTHRIICHHE TUIeYa Ha Tpan3ucrope VI2 OymyT

Unps U
Rpxvr: = I_Bz, Rgx, = Im—BXZ. (5.26)
m.B2 m.BX2
MomHoCcTb, TpeOyemas 11 BO30YKICHHS BBRIXOJHOTO KacKajia, paBHa
1 1.,
P~BX2(3) = EUm.BXZ g (wmm P~BX2(3) = EImBZ ‘Rpxr). (5.27)

PaccunTaHHBIEC HANPSKEHHWE H TOK cMemenns Uso2 u 1502 06ecednBaoT auo-
noMm VD1 ¢ peryi1upoBOYHBIM PE3UCTOPOM CMEIICHUS Rem (MM HECKOJIBKUMH JIHO-
JlaMH C PETYJIMPOBOYHBIM COIPOTUBICHUEM), KOTOPHIE OJHOBPEMEHHO 00OecIeunBa-
0T U TEMIEPaTypHYIO CTAOMIM3aIMI0 MOCTOSIHHOTO KOJJIEKTOPHOI'O TOKa TpaH3H-
cropa VT2 (u VT3).

B cirygae oTCyTCTBHS B CIIpaBOYHUKE BBIXOAHBIX M BXOAHBIX BAX, pacuer Toka

CMEIEHN s, AMIUTATY/IBI 6a30BOr0 TOKA ImB2, BXOJHOTO COIPOTHBICHHS MEXIY
0a3oit u SMuTTEPOM TpaH3UCTOPA VT2 Rpx v ¥ BXOAHOTO CONPOTHBICHHS TUTeHa Rex2
Ha TpaH3ucTope VT2, aMIUTUTYIBI IEPEMEHHOTO HANPSKCHU Ha 6a3€ OTHOCUTEIIHHO
smuTTepa Umb2 M aMIUIMTY/Abl IEPEMEHHOIO HalpsDKeHus Ha Bxoze mieda UmBX2,
MOIIIHOCTH BO30Y>KJIEHUSI BBIXOJHOTO Kackaja P-sx2(3) BeqyT mpubmmkeHHO 1o ¢op-
MyJiam

. 1

g = th ) (5.28)

2132
L ~ni (5.29)

h,;
Unpz = Inp ‘Roxvras Uppxe = Unpe + Unpexe + Lukz " Rvocvra (5:30)

Um
Rixvrs = Tgpn T Ty = Ligy +(1+1505,)05,; Rix, = Tm; (5.31)
mB2
P LAV 1>

~BX2(3) T 5 UmBX2 " imB2 (P gy s =51m.52 ‘Rpxs)s (5.32)

rze I'ss2 — comnporusiieHre 6a3pl VT2, KOTOPHIM B MOIITHOM KackKaJieé MOXHO IpeHe-

Opeub n3-3a MaJIOCTH;
0,026 _ 0,026

leeps  Lupa/T
tpansucropa VI2 (VT3) B pexume «B».

Uro kacaercs HanpsbkeHus cMenieHus Ub02, TO IPH OTCYTCTBUU BXOJHBIX Xa-
PaKTEPUCTHK €T0 MOoJIaraT npudim3urenbHo Oamskum k 0,5 B.

B 3aximouenue Haxonar kodddumment nepenaun HanpspkeHus Ol Koo (koTo-
pHIii TOHaTOOUTCS TIpH pacdere 1enu obmeir OOC YM3Y):

I3y, CpeaHec COIPOTHUBICHHUC OMHUTTCPHOIO IICPEXo/a

U U
K3H — — mBbIX2 _ m.BbIX2 (5.33)

U.bex2  Unms2 + Unbeixe T Ineexz - Rmocvr2
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PesynbraThl pacuera menu 06a3bl BRIXOMHBIX TpanzuctopoB VT2 m VT3, ib02,
UB02, Imb2, (Umb2 + ImK2 - Rmoc.VT2), Um.BX2, (RBX.VT2+ Rmoc.VT2),
RBx2 u P ~ BX2(3) saBisA0TCA MCXOAHBIMH JAaHHBIMHU JUIS pacuera MPeABBIXOIHOTO
kackaga Ha VT1.

IIpeaBbIX0gHOM Kackaa cxembl puc. 4.3. B KOJUIEKTOPHYIO IENb TPaH3UCTO-
pa VT1 npenBbrIxogHOrO Kackajaa, BBIIOJHEHHOTO MO OZHOTAakTHOW cxeme ¢ OO B
pexuMe «Ay, BKIIFOYEHO CONMPOTUBJICHUE BHEMIHEN Harpy3ku YM3U RH, Ha koTOpoM
neiicteyer Um.BbIx2, yTo oOjneryaer ycnoBus pabotsl VT1. Beneacrsue sToro cHu-
’KaeTcs BBIXOJHAs MOLIHOCTh TpaH3ucTopa VT1, Tpebyemas aisi BO30yK/I€HUS BbI-
XOJTHOTO Kackaga, Tak kak VT1 B atoM cirywae Oymer co3maBath Ha cBoeMm Rkl
Hanpsbkenue curHana Umb2, a me (Umb2 + Um.BbIX2 + Im.BbIX2 - Rmoc.VT2),

mb2
YyT0  yMeHbImIaeT TOK cmrHama uepes Rkl  Iira R (BmecTO
K1

Um.EZ + Um.BBIXZ + Im.BI)]XZ ) I{MOC.VTZ
RKI

MomHocTh curHajla Ha BbIXOZe TpaHsucropa VT1 pomxHa mpuMepHO Ha
(10...20)% npessbimars MomHOCTs P~Bx2(3) (5.27), (5.32), noTpebaseMyro mieqamMmu
BBIXOJIHOTO Kackaja

) 1, CIIEJIOBATEIHHO, €r0 BBIXOIHYIO MOIIHOCTb.

P ppxi 2 (L1 L,2)P gy sy (5.34)
AMIIIUTY1a IEPEMEHHOM COCTaBIISIONIEH KOLUIEKTOpHOro Toka VT1

I 2111 . (5.35)

3nech koaddunuentom 1,1 yuntsiBaeTcs Tok yepe3 Rki.
Bosniee Tounyio oneHky ImKi ¢ yderom Toka depe3 Rkl MOXHO J1aTh MO ypaBHE-
HUIO ImK1 = ImB2 + ImRk1, B KOTOpPOM C y4€TOM BKJIIOYEHHUS Ru B KOJUIEKTOPHYIO IIEIIb

U
— mb2
VT1 Lira = R (daro 3ameTHO MeHbIIE TOKa yepe3 Rk 6e3 Takoro BrimroueHus Ru
K1

— Um.BX2

I'mRkl - .
RKI )

Tak xak Tpansucrop VT1 pabGotaer B pexxume «A», TOK B Touke mokos VT1
(TOCTOSIHHAS COCTABJISIONIAS KOJUIEKTOPHOTO Toka VT1) nomkeH ObITh:

1go; = (L1...L2) I 4. (5.36)
MakcumanbHOE 3Ha4eHHE KOJUTEKTOpHOTO Toka VT1 B pexxume «A» Oyaer
ig maxct = 1kor + Lnk1 = 2iggr- (5.37)
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B nemsix 6oiee OTHOTO UCTIOIBb30BaHUS TpaH3ucTopa VT mo HampsbKeHUIo ero
MOCTOSTHHOE KOJIJIEKTOPHOE HANPSHKEHUE HYKHO UMETh paBHBIM 0,5 Es:

Uko1 = Ep—iko1 XRx1 —2(Up2 + Ixo2 XRmoc.vT2) — ko1 XRy = 0,5E 5. (5.38)

N3 (5.38) cnenyer, 4to, mockoybKy HanpsbkeHus 2UB02 | ikol - Re 0ueHb Masibl,
nasenue HanpsbkeHus UoRkl Ha Rk1 Oyzmer paBHO

Ugra =1xor "Ry = 0,5Eg. (5.39)
W3 Beipaxenus (5.39) onpeaensercs BenuunHa conpoTtusieHus pesuctopa Rkl
0,5E
Ry =—"—% (5.40)
1xo1

MakcumanibHas aMIUIATYZa NEPEMEHHOr0 HanpspkeHus curHaiga UmKl Ha KOJI-
JEKTOPE ¥ MAaKCUMAJIbHOE HAIPSDKECHUE MEXKIY KOJUIEKTOPOM M 3MHUTTEPOM Uks.maxcl
tpanzucropa VI'1 cooTBeTCTBEHHO OyAyT

U ki = Unexz = Uiz + Liesixa * Rmoc vz + Unexz = 0,9E . (5.41)
Uies make: = Uxor T Upig = 0,5E5. (5.42)

Mo1HOCTB, TOTpebIsieMast KOJUIEKTOPHOM 1enbio V1 OT HCTOYHHMKA TUTAHUS
Povri =Eg Ix ooy = Eg - Igqr- (5.43)
MomrHoCTE, paccenBaeMas Ha kosuiekrope VT1, Oyner
Py =Povri =P = Ukor ko1 = 0,5Eg -1y (5.44)

C y4eroM MOJyYEHHBIX YHEPreTHYECKHX MOoKa3arejel BBIOMPAIOT THI TPaH3HU-
cropa VT1 no cieayromnmm yCiIOBUsAM:
— 10 MAKCUMAJTHHO JIOITyCTHMOMY HANPSHKEHUIO KOJUIEKTOP-IMUTTED

Usomaxe 2 Yo maka = Egs (5.45)

— M0 MaKCUMAJIBHO JIOMyCTUMOMY TOKY KOJUIEKTOpa

Tg makc 2 1k maka = 2ixors (5.46)

— I10 MAKCUMAJIBHO I[OHYCTI/IMOﬁ MOIITHOCTHU pacceﬂHI/ISI Ha KOJIJICKTOPC
Py maxc 2 Pk (5.47)
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— IO YaCTOTHBEIM CBOMCTBaM
£ s 2(5...10),. (5.48)

Ycnosue (5.48) o3Havaer, 4TO B IPEIBBIXOAHOM KacKa/ie *KelaTeabHO BIOMpPATh
0osiee BBICOKOYACTOTHBIE TPAH3UCTOPHI MO CPABHEHHIO C BBIXOJHBIMH TPAaH3HCTOpA-
MH, TaKk KaKk MHOTOKacKaaHbli Oectpancdopmaropusiii YM3U oxBaueH TriryOokoit
OOC u a5 MOBBIIEHAS YCTOWYMBOCTH PabOTHI €ro KacKaabl JOJDKHBI BBIITOIHATHCS
C OTJIIMYAIOIIUMUCS TTOJIOCAMH MPOITYCKAHHUS.

B kauectBe VT1 u3 cnpaBoYyHMKa WIM U3 NPUBEACHHOTO BHIIIE MEPEYHSI KOM-
IUIEMEHTApHBIX TPAH3UCTOPOB BHIOMpPAETCS MOIXOIAMINIM TPaH3UCTOP, OPUEHTUPYACH
Ha MEHEE MOIIHBIE TPAH3UCTOPHI IO CPABHEHHIO C BBIXOIHBIM KaCKa[OM.

CrnenyeTr OTMETHUTB, 4TO0, BeIOMpas Tpan3uctop VT1 no ycnoBusam (5.45)...(5.48),
HY)XHO YYHUTHIBATh €r0 CTPYKTYpPY, a TaKKE€ CTaTHYECKUUA KOA(DGUIMEHT YCHUICHUS
TOKa h215, KOTOPBIN PH MPOYNX PABHBIX YCIOBHIX KEJIATEIHHO UMETH OOJBIINM.

Ecmu i BRIOpaHHOTO THIIA TPAH3UCTOPa B CHPAaBOYHHUKE MPHUBOJSATCS BBIXOI-

Hbele ¥ BxoaHble BAX, To o cemelicTBy BbIxOAHBIX BAX, 3Hasa 1xo1 (5.36) u Imk1
(5.35), onpemensoT TOK CMEHIEHUS lsoi, U AMIUIMTYJy [EPEMEHHOTO TOKa Oa3bl

imBl = iB.MaKcl — iBol, rae iB.MaKcl OonpeCAC/AIOT 1JIA TOKa 1x.maxcl = 1kol + ImK1 apu
uxmua. CTPOro TOBOPS, ISl STOTO HY>KHO IMOCTPOUTHh HArpy304HYIO MPSAMYIO MO Me-
peMeHHOMY TOKY Rk~1 = RBx2 uepe3 TO4Ky 1mokos, HO, yuuThiBas, uro V11 ucnoinb3y-
€TCs TIOJIHOCTBIO 0 HANPSDKEHHI0, MOXKHO O000MTHCH 6€3 MOCTPOCHHMS, OTKIIAIbIBast

TOK lxmaxel Ha BAX 110 BEPTUKAJIHU NMPH Ux.mun, COOTBETCTBYIOMIEE Iiepexoay BAX ot
BOCXOJISIIIICH BETBH K MOJIOTOM YaCTH.

ITpu oTcyTcTBUM BHIXOAHBIX BAX TOK CMEMIEHUS 1501 M aMILUTUTYy TIEPEMEHHO-
ro Toka 6a3bl Imbl pacCYUTHIBAIOT IO MPHOIUKEHHBIM BHIPAKECHUSIM:

.

. 1
ipor = 70 (5.49)
h213.1
I — ImKl
mBl — h . (5.50)
219.1

ITo Bxoxguoit BAX (puc. 5.3) maxonar Hanpsbkerne cMmemeHus U o1, aMIDITUTY Iy
NEPEMEHHOT'0 HaNpsDKEHHs Ha 0a3e A7 MOJOXKHUTEIHHOT'O W OTPHIATEIHHOTO MOIY-
nepuogoB curHana U"mbl u U'mbl, W3 KOTOpBIX B JajbHEHIIEM HCIIOIb3YIOT

U, +u"
— mb1 mb1
Gonpimee Wik cpeaHee u3 HUX U.p =~ , > H BXOJHOC CONPOTHBICHHE
UmBl
tpausucropa VT1 kak otHomenne  Rpy, = T (MM KaKk OTHOIIEHHUE TMpPH-
mbl1

palleHnid HanpsHKeHus Ausi ¥ TOKa Aisi, ONIpeIeTIIeMBIX IO KaCaTeIbHON B TOUKE I10-

Au
xos (puc. 5.3) Rpx, = Al.—Bl ).
Bl
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Pucynok 5.3

B ciygae orcyrctBus BxogHoi BAX manpsikenne cmemenus Usol 6epyT opu-
eHTHpoBO4YHO B mpenenax Uesol = 0,5...0,9 B, BXoqHOE CONpOTHUBICHUE ONPEACIIIOT
10 BBIPAKECHHUIO

0,026
Ry =Tggq + (1 +hy5)05 =155, +(1+ h2191)i—a (5.51)
K01

B KOTOPOM CONPOTHBIICHHEM 0a3bl 156’ B CIIydae ero OTCYTCTBHS MOXHO NMPEHEOpeYh
BBHJIy €0 MAJIOCTH, a aMILUIUTYyly IepEMEHHOro HanpspkeHus Ha 6aze VT1 maxomsr

o popmyie
Us = Lig - Raxi- (5.52)

MomHoCTh curHaia Ha BXoJie TpaH3ucropa VT1 onpenenstoT no BEIpaKEHUIO

[ .-U 1
P pxi = % (ama Pgy, = EIZmBl ‘Rax). (5.53)

KoaddumuueHt ycuieHus: HampspKeHUS MPeaBBIXOAHOrO Kackana K1, xoropsrii
nonaioburcs npu pacuere obuieit OOC YM3Y, pasen

U U +U +1 ‘R
Kl — mK1 — m.B2 m.BbIX2 m.BbIX?2 MOC.VT?2 ] ( 55 4)

UmEl Im.El ) RBXI

PesynbraThl pacuera BxoaHbIX nmapameTpoB TpaH3ucTopa VT1 Imbsi, Umbi, Rexi
P-sx1, SBASAIOTCS MCXOOHBIMH JAHHBIMH JUIS pacuera IMpeABapUTEIBHOIO KackKazja
YM3U.
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IIpenBapuTeJbHbIA KacKkag cxembl puc. 4.3. Pacuer 0JHOTaKTHOro IpeaBa-
PUTEIBHOTO KacKaja B pexxume «A» Ha TpaH3uctope VTup, BKIIOYEHHOM IO CXEME C
03, npoBOAUTCSI B OCHOBHOM TaK K€, KaK U pacueT MPeABbIXOJHOTO KacKaja.

MoOIIHOCTh CHTHAJIA Ha BBIXO/€ TpaH3ucTopa VT HomKkHa OBITH

P o = (L1...L2)P 5y .. (5.55)
AMIUHTY]a IEpeMeHHOro Toka VTmp
I =(@L1L1L2)T L. (5.56)

KomekTopHbIif TOK B TOYKE TOKOSI (ITOCTOSIHHAS COCTABIIAIOIIAS KOJUIEKTOPHOTO
TOKQ)

o = (L2 13 o (5.57)

Ecnmu u3 (5.57) nomy4daercs ixonp < 1 MA, TO crneayeT NpUHATH ixomp = 1...5 MA,
TaK KaK IPU MaJIbIX TOKaX lxo YACTOTHBIE CBOMCTBA TPAaH3UCTOPOB 3aMETHO yXy/IIa-
IOTCSI.

MaxkcumanbHOE 3Hau€HHE KOJUIEKTOpHOro Toka VT1 B pexume «A» mpu moi-
HOM HCIIOJIB30BAHUH €T0 110 TOKY

iK.MAKC.HP = iKO.HP +lkm = 2iKO.1‘[P' (5.58)

[MocrostHHOE KOIUIEKTOpPHOE HampspkeHne UKo.mp JOMKHO OBITh B HECKOJBKO
pa3 6ompmie Um.Bx1 yrto Bemonnsercs npu Uko.mp =2...5B. C yderom 3TOro
Uko.1ip BEIOHPAIOT U3 YCIOBUS

(2..5)B<Uyrp < 0,25E,. (5.59)

Ecnu no3BossieT HCTOYHHUK MUTaHUs, TO YI00HEE BCEro B3SATh TUIIOBOE 3HAUCHUE
Uko.ip = 5 B, a5 KOTOPOT0 B CIIPaBOYHHUKE NMPUBOATCS MTapaMeTPhl TPAH3UCTOPA.

MakcumanibHasi aMILIUTyAa nepemennoro Hampspbkenuss UmK.op Ha KoJuiekTope
M MaKCHMAJIBHO BO3MOXXHOE€ HAIpPsDKCHHE MEXIY KOJUICKTOPOM H 3MHUTTEPOM
uxs.MmakcIp Tpansuctopa VTnp Oyayr:

U, p =0,25E,, (5.60)
U makcre = 09E 5. (5.61)

MomrHoCTh, OTpediisieMasl OT UCTOYHHMKA MUTAHHUSA BBIXOJAHOW 1enbl0 VTnp, U
MOIIIHOCTb, pacCEMBaeMasi Ha €ro KOJUIEKTOpe, OyayT:

Pomp = iKO.l'[P Eg, (5.62)
Py rp =iKO.1'[P “Ugomp- (5.63)
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Br16op Tpanzucropa VTiip npou3BOAUTCS IO yCIOBHIM:

Usomaxe 2 Uoomaxcrr = 0,5Eg; I make 2 Ik make. = 2lko e
(5.64)
PK.MAKC 2 PK.I'IP; fh213.1'lP 2 (1020)fB

B kauectBe VTup GepeTcsi MATOMOIITHBIA TPAH3UCTOP TOIXOIAICH CTPYKTYPHI C
MaKCHMaJbHO BO3MOXXHBIM KOI(PGHUIIMEHTOM YCHUJICHUS TOKa hoismp (Hampumep,
KT3102 unu nomno6HBIEC eMy).

OnpenensioT TOK cMereHust 0a3bl lso.np, AMIUIUTYAY EPEMEHHOTO TOKa 0a3bl
Imb.np, BXO/THOE COMPOTHUBIIEHUE RBx.VTnp, aMIUTHTYAy IEPEMEHHOTO HanpspDKEHUsS Oa-
3bI OTHOCUTENBHO AMUTTEPA UmB.ip ¥ BXOJHYIO MOITHOCTH P~sx.np TpaH3HUCTOpA:!

. i
igom = T (5.65)
b5
ImK IIP
Lipm = P (5.66)
219.I1P
0,026
Roxvr,, =em + 1+ hym) (5.67)
KO.TTP
Upsmp = Insre * Rex mps (5.68)
ImBl'[P 'UmBnP — 1 2
Poxm == > = (mma Popxm = EImB.l'[P “Ropxme). (5.69)

Hanpsokenne cmemienus Ha 6a3e VTop MOXHO B3STh IPUMEPHO PABHBIM
Uyomp = (0,5...0,9)B. (5.70)

Pexxum mokoss Tpamsucropa VTump oOecrmeuuBaeTcs CIUTEIEM CMEIICHUS
RB.ip=R¢ + R 'B.aip 11 Rup.

s pacyeTa CONPOTHUBIICHUM JIETTUTEIA CMEIICHUS HY>KHO CHadaja pacCUUTaTh
MIOCTOSTHHOE HampshkeHue Ha sMuTTepe VImp oTHOCHTENbHO 00miero mpoBoaa Uso u

3a71aThCA TOKOM OCIUTEII 10e1.
[TocTosnHOE HampspkeHHe Ha sMuTTepe VIIp OTHOCUTENHHO OOIIEro ImpoBOAa
Oyner

Usome = (gomp T g0 )Roct T (Uormoevts T Ukovrs)s (5.71)
rac

(Uorsoevts + Ukovrs) = 0,5Ep (5.72)

— MOCTOSHHOE HANPSHKCHUE MEXAY TOUKON COeIUHEHUA pe3uctopoB mectHor OOC
Rmoc.VT2 u Rmoc. VT3 B BEIXOAHOM Kackajie U OOIIMM IPOBOJIOM;

117



Rocl — conporusnenne B nenu obmeit OOC, koTopoe 6epeTcst o yCIOBUIO
R 2100R ;. (5.73)
TokoM menurens 3a1al0TCs B Ipeaeaax
1pn =(3...5)igo - (5.74)

COl'IpOTI/IBJICHI/UI ACIIATCIE CMCIICHHUA OITPCACTIAIOTCS BhIPAXKCHHUAMU

R.. = UC—)O.HP + UBO.HP
P — .

EB B Uao.np + UBO.HP

: (5.75)

Rim =Ro +Rsp = . . (5.76)

Lien T 1o

Cneagyer OTMETHTH, UYTO BHIOOPOM CONPOTHBICHHHA NEIUTENSI CMEIIECHUS

(Ro + R'B.ip) 1 Rup oOecrieunBaeTcst pexkuM MOKOS HE TOIBKO TpaH3ucTopa VTnp, HO

u Tpansucropa VT1, mOCKONBKY MEXJy HUMH JEUCTBYET TaJlbBAHWUYECKAs CBA3b.
TouHast moJIroHKa CMEIEHHs OCyIIeCTBIsAeTCS 10 J00poM R'B.mp.

Conpotusienne peauctopa Renp B ienu komiekropa VTmp 6epercs B mpeenax

Ryrp =(5..10)R gy, (5.77)

9TOOBI HE ITYHTHPOBATh 3aMETHO Rex. VT1 10 CHrHaIYy.
Koadpdumnuent ycmirenus HampspkeHHs TpaHsucropa VImp 6e3 Roc2, T.e. 6e3
MOC, 6yznet

R, Ry
Ky =Krvrg, RK—HP =hy RK—HP’ (5.78)
BX.VT.p BX.VT.p
rze
Ry vr R
Ry p = — VKM =Ry g (5.79)

Rpevn Ry
— CONPOTHUBJICHUE HATPy3KH B 1N KouiekTopa V Tnp IO mepeMEHHOMY TOKY.
Hanee BbIOMparoT opueHTHPOBOYHO conpoTuBienne MecTHO OOC Roc2, pyko-
BOJCTBYSCH YCIIOBHEM

B COOTBETCTBHU C KOTOPHIM OHO IIOJIy4aeTCsl CPaBHUTEIHFHO MajbiM (TOpsIKa He-
CKOJIBKHX JecATKOB OM).

Boruncisior ckBo3Hyo riayomry wMectHoitk OOC F*wmoc (4.3) ¢ yuerom
(4.4)...(4.6), a Taxxke TryouHy 310t OOC npu yciroBuH K. 3. Ha Bxoae F*wmock3.1 (4.8).

3areM omnpeaensoT KodQPUIMEHT YCUIICHHS HanpsHKEHUS U BXOJHOE COIpPO-
TUBJIEHUE TpaH3ucTopa VTmp ¢ ydeToM moirydeHHOM rimyOuHbl F*mock3.1 3TOM MecT-
HOi OOC KvTmp.moc (4.7) 1 RBX.VTmp.moc (4.9), KOTOpBbIE MOHAIOOATCS TpH pacyeTe
nenu obmeit OOC YM3U. Ormerum, uto KvTmp.moc (4.7) HE HAMHOTO MeHbIe KvTup
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(5.78), 1. k. riryomaa MOC F*wmoc.k.3.1 HEBEIMKa U3-32 MAJIOTO 3HAYCHUS Roc2. B cBs3M
¢ atuM nipy pacuete nemnu oomer OOC YM3Y unorza BMecTo KvTup.moc HCIIONB3YIOT
KVTnp.

Pacuer nenu o6meit OOC cxemsbl puc. 4.3. B ocHOBE 3TOro pacuera JIEXKUT
BhIpakeHue uid ckBo3HOU riayomubl obuieit OOC YM3U F*o6uye (4.12) ¢ yuerom
KvTmp.moc (47), Fobu.yc (41 1), Kex.11.VTrp.moc (4 13), Kvti (4 14) u Kon (416)

ITo BeIpaxkenuto (4.12), ucxons u3 Tpedyemoro 3HadeHus riryounst oomeit OOC
F*o6m.yc M paHee HaliIEHHOTO B MPEABAPUTEIHLHOM KacKajle COMPOTHUBIIEHUS MECTHOM
OOC Roc2, SBASIOMIETOCS OJHOBPEMEHHO U compotuBiaeHneM obmeir OOC, yTouns-
I0T paHee BBIOPaHHOE MPHUOIMKEHHO MO BEIpakeHUIo (5.73) compoTuBieHHe 00mei
OOC Roc1. 51 aTOTO, ipHBeAs Boipakenue (4.12) k Bugy

F *osm.vc -1

Bosm.yc =

KBX.LI.VT.HP.MOC 'KVT.HP.MOC 'KVT1 'Ksn (5.81)
Y TO/ICTaBHMB B HETO HaiJieHHbIE 3HaYCHUS Rex.i.VTup.moc U3 (4.13), KvTmp.moc u3 (4.7),
KvTi u3 (4.14) u Kon u3 (4.16), HaxoasaT 3Ha4eHHE Pobm.yc.

3areM, npeobpasosas (4.11) k Bugy

R oc2 (1= Bopuy ve)
Rog = OCZB OBILYC (5.82)
OBII.VC

Y TO/ICTaBUB B HEro 3HaueHUSA Roc2 U Pobm.yc, Haxomar 3HaueHUE Roci. Ecu oHO OT-
JUYaeTcs OT paHee BhIOpaHHOro 3HayeHH 1o (5.73), TO yTOYHSIOT paHEe paccdu-
TaHHbIe B npenBapurenbHoM Kackazae Usoap (5.71), Rup (5.75) u Remp= R¢ + R'Bmp
(5.76).

Tpebyemas riryouna obmeir OOC F*o6uyc, HeoOxomumast 1yt pacdera Rocl, ori-
peensieTcsl B 3aBUCHMOCTH OT TEXHUYECKOTO 3aIaHMUS.

1. JInbo ¢ Toukm 3peHUs oOecreueHus 3aJaHHON aMIUTUTY (bl HAIIPSDKEHUS CHUT-
Hanma Umssx2 Ha BeIxoge YM3Y mpu 3agaHHOM HCTOYHUKE CUTHAIA Emucr, Rucr u
pPacCUUTaHHBIX KO3 PUIIMEHTaX YCUICHHUS HANpsHKEHHUS TpeX KackKaloB M Kodghdu-
ueHTa nepeaaur BxoaHoi nenu YM3U 6e3 obmeit OOC:

F* o ye = mMCT ~ ™ BXILVT.p.MOC ~ ™ VT pMOC "™ vTl " Hoan ’ (5.83)

Um.BI)IXZ

rac KBX.I.I.VTHp.MOC us3 (413), KVTnp.Moc us3 (47), Kvt1 u3 (414), Kon m3 (416),
Um.ssx2 13 (5.5), Em.ucr u3 3aganwus.
2. JIn6o ¢ TOYKM 3peHust 00ECIICICHHUS 3aTaHHOTO KO3 duImeHTa rapMoHuK KT sax:

K
F*osmyc = —PACL [1 +10(Krpacy —Krsan )l (5.84)
Kraan

rae Krpaca — onpenensercs rpagoaHAIMTUYECKUM METOJIOM IISITH OPAMHAT, KaK 3TO
nmoApoOHO TokazaHo B maparpade 3.1.5 rmaBel 3 mpu pacuere ABYXKACKaJIHOTO
YM343.
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3.JIubo c Toukm 3peHus obecredeHus 3amaHHOrO Kodddummenta cOpoca
Harpy3ku H, xapakrepusyromero HecTaOMIbHOCTh HANPSDKEHUS CUTHAIA Ha BBIXOJE
YM3Y unu, nHAa4YE TOBOPS, OTHOCUTEIHHOE N3MEHEHNE aMILIUTYIB! CUTHAIA Ha BbI-
xoj7ie YM3Y nipu 0OpbIBe Harpy3Kku

~
=

Um.BbIXZ I{H RH

H= Uonsexexx _ Reexyve TRy Rppxye

b

rae Resx.yc — BBIXOAHOE conpoTtuBieHue Y M3Y:

K* H
F %k ~ yC = . 585
OBII.VC K *Ooc'yc H-1 ( )

Emkocth koHzeHcaTopa Cp.oc ompenensercs u3 BeipaxeHus (4.1), B cCOOTBET-
CTBHH C KOTOPBIM
100

> (5.86)
2nf ;R e

CP.OC

ITpu Takom pacuere Cp.oc MOXHO MeCTHYIO B 001ryr0 OOC cunTarh 4aCTOTHO-
HE3aBHCHMBIMU U MpeHeOperath nckaxennsamu AUX.

BxonHoe conporuBieHue TpaH3ucTopa VImp ¢ y4eTOM IOCIEAOBATEIBHBIX II0
Bxojy oomeit u mectaoit OOC Oyner [1, 2]

Rixvr,00c =Rexvr,moc *F *osmyvexsi (5.87)
e
F*osmrycxsi =1+ Bosmye - Kvr pmoc - Ky - Kon (5.88)

— myouna o6mert OOC, BBMHCICHHAS NMPU K. 3. CO CTOPOHBI BXOJa, T. €. NPHU
R'uctr—>0mn KBx.u.VTnp.Moc - 1;

Bo6m.yc, KvTupmoc, KVT1 0 Kon Ompenesnsrorcss COOTBETCTBEHHO BBIPAXKCHUSMH
(1.14), (4.7), (4.16), (5.81).

BxomHoe conpoTuBneHue cXeMbl puc. 4.3 ¢ y4eTOM MOCIEA0BATEIbHBIX IO BXO-
ny obmei u MmectHOM OOC ¥ CONPOTHBICHHHA JETUTENs cMeImeHuss Rop 1 R Bap B
nenu 0a3sl Tpansucropa VT onpenensercs BoIpaKeHuEM

-1

1 1 1

Rpxye = + +— . (5.89)
Rpxvrpooc Rmp R'gpp

TpebGyemoe HampspKeHHE CUTHANIa Ha BXOJi€ TpaH3ucTopa VT mp C yuyeToM mocie-
JIOBaTEIBHBIX 0 BX0OTy o61meit u mectHoit OOC paBHO

Um.BX.TPEB -

Unseixz ' F *OBHI.VC.K-3-1 (5.90)
KVT.m,.MOC “Kyr - Kon

rae KvTmop.moc, KvT1 u Kon ~ onpeaensitorcs coorBerctBeHHo u3 (4.7), (4.14) u (4.16).
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dakTHUECKOE HAPSHDKEHUE CUTHAIA Ha BXOJie TpaHsucTopa VTmp ¢ yderom mo-
CJeI0BaTENbHBIX 10 BXOy obmiedt u mectHOM OOC u nenuTens CMENIeHus B IEMH
6a3b1 VTup Oyner

Rexyc
U exoakr = Emucr R : ) (5.91)

et T Rpxve

Brinonnenue ycnoBus

Um.BX.@AKT 2 Um.BX.TPEE (5 92)

03HAYACT, YTO TEXHUUECKOE 3aJJaHKe 10 0O0eceueHHIo Ha BEIxojie YM3U Heobxomau-
MOT0 HanpspkeHHs curHana Um.ssix2 BBIITOJIHEHO.

Brimonaenune storo ycinoBus 3aBucuT oT mryOuHbl odmerr OOC. Ilpu pacuere
Tpebyemoit rmyounsl obmieii OOC ¢ Touku 3peHus 1) OHO BBIMIOIHIETCS aBTOMATH-
yecku. [Ipu pacuere Tpebyemoit rimyounsl o6mer OOC ¢ Touek 3peHus 2) u 3) oOHO
MPAKTHYECKH TAKXK€ BBIMONHIETCS. B MpOoTHBHOM citydae 3Ta mpobiiemMa pemaercs C
nomonisio BPITY (cm. puc. 1.1 B rmaBe 1), kak 310 O6bUI0 TIOKa3aHO B GecTpaHcdop-
MaTOPHBIX YCHJIMTENSAX 3BYKOBOM YacTOTHI € JAByxKackagHbiMm YM3U (cm. mapa-
rpad 3.1.8 u 3.2 rmassr 3).

Pacuer emKkocCTeii BHIXOHOTO M BXOJHOT0 KOHIeHcaTOpoB Cp.Bbix U Cp.BX
cxembl puc. 4.3. Pacuer emxoctu konaeHcaropa Cp.BbIX MPOU3BOJUTCS, KaK U B
nByxkackagaoM YM3Y (cm. maparpad 3.1.9), ¢ Touku 3peHHs OIMyCTHMbIX 9acTOT-
HBIX HCKakeHUil Ha HmxHEH dactore fH mo ¢opmyne (3.115), rae i mpocTOTHI
MOXHO TmpeHeOpeub RBrIXVToOC, Tak kak OHO Yy BBIXOJHOTO ABYyXTakTHOTO OII
OYEHb MAJIO M3-3a MIy0OoKoi mapaienbHoi o Berxoay mectHoit OOC B camom OI1 n
u3-3a TIIyOoKkoi mapayuiensHOU mo Beixoy obmeit OOC YM3Y, u ¢ Touku 3peHust
JIOITYCTUMOTO pa3psjia 3TOro KoHjaeHcaropa 1mo ¢opmye (3.123). M3 nByx moimydeH-
HBIX 3HaYeHHH eMkocTel Cp.BBIX BBIOHMpaeTcs OombIiee.

Emkocth koHAeHCaTOopa Cp.sx Ompeaensercs, Kak U B JAByXKackagHom YM3Y
(cm. maparpad 3.1.9), ¢ TOUKHM 3peHHs AOIMYCTHMBIX YaCTOTHBIX MCKOKCHUU HA HUXK-
Heit gactore fu mo dopmyie (3.125), rae BMecto Rexl ¥ Resxp OepyTcs cooTBert-
CTBEHHO Rsx.yc (589) 1 Rucr.

Hamomuum, uto gomyctumMblie 3Ha4CHHUS Mu.cp.ssx.np 1 Mu.cp.sx 0OBIYHO 3a/1a10TCA
B Aenubenax B mpenenax 0,5...1,5 1b, a B popMyIisl MOACTaBISIOTCS B pa3ax.

Pacuer ¢puabTpa R$pCod B nenm 6a3nl Tpanzucropa VInp cxembl puc. 4.3.
Kak ormeuanocs B riaBe 4 npu onucanuu cxeMbl puc. 4.3, pmibtp ReCo sBasercs
OJTHOBPEMEHHO U Pa3BA3bIBAIONIUM (DHUIBTPOM, OCYIIECTBISIOMIUM Pa3BI3Ky MEX-
Ny KacKaJlaMH IO LEMsIM MMHUTaHUS, U CTIIAKUBAIOIKUM (QHUIBTPOM, OCYIIECTBISIO-
IIMM JOTOJHUTENBHOE CIIIAXKUBAHUE ITyIbcalnii HanpsbkeHus: EB Boinmpamurens. Co-
npotuBieHrue R¢ 3toro ¢pmibrpa B cxeme puc. 4.3 BXOAUT B CONPOTHBICHHE Oa-
3bI RB.mp genutens cmemenus tpan3uctopa VTmp. Remp = R¢ + R'B.np, paccuntannoe
BbIme o gopmyie (5.76). Ilockoneky comporuBienue R b.ap (kak, BmpoueM, U Rup)
mIyHTHpYET BX0X VTmp mo curHaiy, To npu pazbuske Rb.np Ha R'b.np 1 R¢ 60mbmryro
yacTh Rb.np OTHOCAT K R'B.np B LIEJSIX yMEHBIIECHUS 3TOTO ITyHTUPOBAHMS:
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1 : 3
Ro =—Rgmp; R'smp = ZRB.HP° (5.93)

Emkoctes konzmencatopa C¢p pacCUMTHIBAIOT JMOO OPHUEHTUPOBOYHO IIO
BBIPAXKEHUIO

50...100
Co 22—, 5.94
® ozR, ( )

noiryaeHHOMYy u3 cooTHomieHus 1/wsCo < R /(50...100), nubo TouHEE C TOYKH
3peHust obecrieueHuss TpedyemMoro ko3pduimenTa JOMOTHUTEIFHOTO CTIKHBAHUS

nynscanuid [1] @ = \/l + (a)HC(bR(b)2 :

@2 -1 SCCD>,/cI>§I—1

2nf, R, " 2nfR,’

(5.95)

rae fm=m - feeru =2 - 50 I'm = 100 't — gacToTa mynbcaryii HAMPSHKEHHS JTBYXIIO-
JYTIEPUOTHOTO BBIIPSIMUTEIS;

fu — HmxHAg pabogas vactora YM3U.

Tpebyemsie 3nauenuss Op u On onpepensAroTcs ¢ yueToM Kod3hHuiiueHTa myib-
caruil BBIIPSIMUTENS U €r0 BHYTPEHHETO COIIPOTUBICHUS. DTOT pacyeT 3aTparuBacT
CXEMY BBIIIPSIMHUTEIS M TIO3TOMY 37eCh He npuBoautcs. s pacuera Cd mo (5.95)
MO>KHO B34Th IpUOIMKeHHO Op = On = 10.

5.3. OcobenHOCTH pacyeTa cXeMbl TPEXKACKAIHOT0
Oecrpancdopmaroproro YM34 Ha coCTaBHBIX BHIXOHBIX TPAH3UCTOPAX
€ O/JTHMM HCTOYHHMKOM NMTAHHUSA ¥ BHEIIHEH HATPY3KOii,
BKJIIOYECHHOH B KOJIJIEKTOPHYIO Iiellb MPEJABbIX0JHOI0 KAaCKa1a

Cxema npuBenena B riaBe 4 Ha puc. 4.10. OHa oTanuaercst ot cxemsl puc. 4.3
TOJIbKO BBIXOAHBIM KacKaJoM, B KOTOPOM K KOMILIEMEHTAPHBIM TPAaH3UCTOPaM ITOJI-
KIIIOYEHBI 0OJIee MOIIHBIC TPaH3MCTOPHI OJUHAKOBON CTPYKTYPBHL. OTO ITO3BOJISET
000iTHCh MEHEE MOIIHBIMU KOMILIEMEHTAPHBIMU TPAH3UCTOPAMHU U MEHEE MOIIHBIM
ITPEABBIXOHBIM TPAH3UCTOPOM, YTO OOJIErdaeT uX BHIOOP. ITO OCOOEHHO BaXKHO JJIS
MIPEIBBIXOHOTO TPAH3UCTOPA, KOTOPHIN, Kak TOBOPWIOCH B TaBe 4, paboTaeT B TH-
MKEJBIX YCIOBHUSX.

Crnenyer oTMETHTB, 4TO K cxeMe puc. 4.10 obOparmtarorcs 0OBIYHO TOT/AQ, KOT/Ia B
MPOIIECCEe pacyeTa cxeMbl puc. 4.3 He yaaercs nmoao0paTh KOMIIEMEHTapHbIE TpaH-
3MCTOPHI K OCOOEHHO MPEABBIXOTHON TPAH3UCTOP.

Pacuer cxemsl puc. 4.10 oTiingaercst OT pacuera cxembl puc. 4.3 TOIBKO pacue-
TOM BBIXOAHOTO KacKaJla, KOTOPBIM BBIIOIHSAETCS B CIEAYIOMIEH MOCIeA0BaTEIbHO-
CTH: CHauaja pacCUMTHIBAETCS IUIEYO0 CXEMbl Ha MOIIHOM BBIXOJAHOM TPAaH3UCTOPE
VT4, 3ateMm 1m1e40 Ha KOMITIEMEHTaApPHOM TpaH3ucTtope VT2.
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Iomyuyennsle pe3yabTaThl UCTIONB3YIOTCS UI APYTUX IUICYEl, COOTBETCTBEHHO Ha
VT5u VT3.

Pacuer miiewa Ha Tpan3ucrope VT4 cxemsl puc. 4.10 BegeTcss 1o METOAMKE, U3-
JIOKEeHHOH B mlaparpade 5.2 s meda Ha Tpanzuctope V12 cxemsl puc. 4.3 o dpopmy-
nam (5.1)...(5.33), B KOTOPBIX HHIIEKCHI «2) MPU CUMBOJIaX 3aMEHSIIOT Ha UHACKCHI «4».

Pesynprathl pacuera nenu 6a3bl Tpan3uctopoB VT4 (VTS) — Tok mokost 6a3bl iso4
Y aMIUIMTY/1a TIEPEMEHHOTO TOKa 0a3bl Imps, HanpshKeHUE cMereHust Ugos, aMILTUTYIBI
IEPEMEHHOT0 HaNpsDKEHUS MexXTy 0a30ii u >MuTrepoM Umps M Ha BXOJE IUIEYA HA
VT4 Unpx4, a TaKKE BXOTHOE COIPOTUBICHUE TpaH3UCTOpPa Rpx4 M BXOAHAs MOII-
HOCTb Iuteded Ha VT4 u VTS Popx4(s) HCTIONB3YIOT 711 BEIOOpA U pacdeTa pekuMa KOM-
TuIeMeHTapHbIX Tpar3ucTopoB V12 (VT3), Takoke pabotaronux B pexxume «By.

3TH pacyeThbl CBOAATCA K CIICAYIOILIEMY.

PaccunTbiBarotcs conpoTuBieHus pe3uctopoB Ro 1 Ra:

R, =R, = (5...10)R 5 yru- (5.96)

Haxomsar amrumTymy TEpeMEHHOTO0 KOJUIEKTOPHOTO TOKa Imk2 M 3HAYEHHWE TOKa
TIOKOS 1k02, KOTOPBIE JIOJDKEH 00eCIeurTh TpaH3ucTop V12:
Um.E4 + Im.K4 ) RMoc 4

Lisat R, > (5.97)

I =1 + 1

n

m.K2 m.b 4 m.R2

Upgos ks " Ryoc vra

R, : (5.98)

P

~

gy =1ggs + Lo 504

AMILTUTY]a IEPEMEHHOTO HAIIPSHKCHHUS MEXIY KOJUIEKTOPOM M AMUTTEPOM TpaH-
suctopa V12

Uspxe = U, 4 T ks " Ryocs T Unnpixa- (5.99)

ITocTosiHHOE KOJUIEKTOPHOE HAIPSHKEHUE (HAPSHKEHUE B TOUKE TTOKOS) TpaH3KUCTOpa
VT2

Ugp, =0,5E5 — Uy, — i1(04 *Ryoc.vrs- (5.100)

MaxkcumanpHOe 3Ha4€HHE TOKa KOJUIEKTOpa U MUHUMAIbHOE 3HAUCHHUE HAPSDKEHUS
MEXIy KOJUIEKTOPOM U AMUTTEpOM TpaH3ucTopa VT2:

I makc2 = lkor T Imgxo = Inkos (5.101)

Uy vz = Ukor — Unseix 2 (5.102)
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ITo naitmennomy u3 (5.101) 3HaYEHMIO ik MaKC2 ¥ BhIpaxeHusM (5.10) u (5.12)
OTIPEEIAIOTCA CpeAHEEe 3HAUCHHE TOKA M MOUIHOCTh, TOTPEOIIIEMbIE OT UCTOUYHHKA
MIMTaHUA KOJUIEKTOPHBIMHU LIETISIMU TpaH3UuCTOpoB VT2 u VT3.

OnpenenstoT MaKCUMAIbHYIO MOIITHOCTh PACCESTHUS HA KOJUIEKTOPE TPaH3UCTO-
pa VT2 (unu VT3)

U -1
P viaker = 0,202P o0, =0,202—= BBD; mK2 (5.103)

U2
BX4

ITocne atoro mo ycnoBusaMm (5.15)...(5.21) ¢ yderom Haitnennsix u3 (5.101) u
(5.103) 3HaueHWH ixmakc: M PxMakcy BBIOMPAIOT KOMIUIEMEHTApPHBIC TPAH3UCTOPHI
VT2 u VT3.

ITocne BrIOOpa KOMITTIEMEHTAPHBIX TpaH3ucTopoB VT2 u VT3 pacder 1ieda Ha
Tpau3ucTope VT2 mpomoikaloT B TOM XK€ IMOPAIKE U 00beMe, KOTOPHIN H3II0KECH B
maparpade 5.2 ans miueda Ha TpaHsuctope VT2 cxemsl puc. 4.3 cpa3y mociie BeIOOpa
KOMIUIEMEHTAPHBIX TPAH3UCTOPOB.

Ecnu ansa BeiOpannsix TpanzuctopoB VT2 (VT3) B cipaBoyHMKE UMEIOTCS BBI-
X0oJHbIe M BXo/iHble BAX, TO Ha ceMeiCTBE BHIXOJHBIX CTATUYECKUX XapaKTEPUCTHK
TpaH3uctopa VT2 CTposAT Harpy304HYIO XapaKTEPUCTUKY 4epe3 TOUKY C KOOpJHHA-
taMu g maxcz (5.101), ixvume (5.102) u yepe3 mpoeknuo TOYKH MOKOA kg (5.98),
Ukoz (5.100) Ha och Uk, (110 ananoruu ¢ puc. 5.1). I3 mocTpoeHuss HaxoAsT TOK IO-
KOst 0a3bl ig gy, MAKCHUMAJIBHBIN TOK 0a3bl ippmaxc; ¥ AMIUIMTYAY MEPEMEHHOTO TOKa
6a3e1 VT2 cxemsl puc. 4.10:

Los2= iB.MAKCZ - i1;02 = iB.MAKCZ (5.104)

(amamormuHo (5.24) B cxeme puc. 4.3).

Jlanee, aHaIOrMYHO TOMY, KaK 3TO JeNajioch B maparpade 5.2 s BBIXOZHOTO
Kackaja cxeMmbl puc.4.3, 1O BBIXOAHOM XapaKTepUCTUKE TpaH3ucTopa VT2
(cMm. puc. 5.2) onpenensroT HanpsbkeHne cMereHus: Ugg,, MAaKCUMaIbHOE HAIPsHKEHUE
Ha 6a3e Ug makc2, AMIDIATYAY TIEPEMEHHOTO HAMPSHKEHUS Ha 06a3€ OTHOCHTEIHHO MHUT-
Tepa Tpau3uctopa VT2 cxemsl puc. 4.10 (mo anamoruwu c (5.25) cxemsl puc. 4.3):

U.52 = Usmakez — Use (5.105)

¥ aMIUIATYAy HanpspKeHHs BO30YxaeHus s mieda Ha V12 u VT4 cxems! puc. 4.10
(mo anamoruu ¢ (5.25) cxeMmsl puc. 4.3)

U.sxz-4 = Unp ¥ Upps + 1 e Rvocs + Unppias (5.106)

a TaKkKe BXOJIHOE CONPOTHUBIICHHE IMEPEMEHHOMY TOKY MEXIy 0a30if M SMHUTTEPOM
Tpan3uctopa VT2 cxemsl puc. 4.10 (o ananoruu ¢ (5.26) cxemsl puc. 4.3) 1 BXoj-
Hoe conpoTuBienue mwieda VT2 u VT4 cxemsl puc. 4.10 (o ananoruu c (5.26))
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Rixvra=Unp / L5

Rixs 4 =Uppxo / Lo

(5.107)

B KOTOPBIX UCHONB3YIOT (5.104)...(5.106) 1 panee HaliileHHBIE IIPU pacyeTe Iiedya Ha
VT4 Unp4, ImBrixa, Rmocs ¥ UmBrix.

3arem o ananoruu ¢ (5.27) ompeaenstoT MOUIHOCTh, HEOOXOAUMYIO IS BO3-
OyXJleHUs BBIXOJAHOTO Kackala cxeMmbl puc.4.10 Ha COCTaBHBIX TPaH3UCTOpPAX
VT2..VT4 u VT3..VT5

P~BX.2-4(3-5) =0,5U 5%  [np
(5.108)

2
(nmm P~BX.2-4(3-5) = 0,5, 5 - Rpx4)s

re ucnons3ytor (5.104) u (5.106), (5.107).

[Tpu oTcyTCTBUM BBIXOAHBIX M BXOAHBIX BAX BBHIOpaHHBIX KOMILIEMEHTAPHBIX
tpar3uctopoB VI2 u VT3 B cxeme puc. 4.10 pacuer iso2, Ims2, RBxvr2, Umpo,
UnmBx2-4,RBx2-4, P-Bx2-43-5) M0 ananoruu ¢ (5.28)...(5.32) BBIIOJHAIOT MPUOIMKEHHO
o gpopmynam:

1500 = liga/ D155 (5.109)
Lisee = Lo /hoin,s (5.110)
0,026
Rpxvr =Tgpo +I5mn =Tgpn + (1 +hy155)05, =1gg, +(1+hy155) L/ ;11D
mB2/ 7
Uos2 = lnp - Rpxvms (5.112)
Unpx24 = Uns2 * Unpa +Inpexa - Rmocs + Unppixas (5.113)
Roxoa =Unpxoa/Lugs (5.114)
P bx 246-5 = 09U nipxaos "I (5.115)

(unn P~BX.2-4(3-5) = O’SIIZn.BZ ‘Rgxss)-

KoaddunpeHT nepenadn HanpsHKSHUS CI0KHOTO BBIXOAHOTO DI Ha COCTaBHBIX
TpaH3ucTOpax Oyner

U
K, = m.BbIX4 _ | O . (5.116)

Um.BX2 Um.B.Z + Um.E.4 + Im.K4 ) RMOC4 + Um.BBIX
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PaccunTanHbIe HaIIPSKEHUS U TOKHA CMEIIECHUs TpaH3UCTOpoB V12 u VT4 BbI-
XOJIHOTO Kackajia cxemsl puc. 4.10 (takue xe OyayT u y tpansuctopoB VI3 u VTS5
JPYTOro IUIeYa 3TOr0 Kackaja) M TeMIIepaTypHas CTAOWIN3amus MOCTOSHHBIX KOJI-
JEKTOPHBIX TOKOB 3TUX TPAH3UCTOPOB 1Ko2, 1K04, 1K03, 1kos OOECIIEYMBAIOTCS C IIOMO-
MIbIO IIENOYKH CMEIEHUs, cocTosmen u3 nuoaa VD1 u perynupoBodHOro pe3nucropa
Rcm (MokeT OBITh HECKOIBKO THOJOB C PETYIUPOBOYHBIM PE3UCTOPOM IO CXEMam
puc. 4.5). [{ns 3TOro Ha NEMOYKE CMEMICHUS 33 CYET MOCTOSHHOTO KOJUIEKTOPHOTO
TOKa MPeABBIXOAHOr0 TpaH3ucropa VT1 HyXHO MONy4YUTh MOCTOSIHHOE IaJeHUE
HANPSDKEHUS, paBHOE

UOCM = Uo.2—4 + Uo,3_5 ’ (5 1 ].7)

e .
U,2-4 = Usg + Uggs +1xos *Ryiocvras (5.118)
U,ss = Uggy + Upgs +igos Ryocvrss (5.119)

KOTOpBIE MIPH UJICATHbHON CUMMETpUHU cXeMbl OyayT paBHBI Uo2-4 = Uo3.5.

BemnuvHa Uocm onpenenser TUII U KOJIWYECTBO IHMOIOB CMEMICHHS. TO4YHYIO
MOJITOHKY CMEIIEHUS W TEPMOCTAOMIN3alMHA OCYIIECTBIISIIOT IEPEMEHHBIM PE3UCTO-
poM Rewm ¢ conporuBnennem 18...200 Om.

PesynpTaThl pacdera memei 6a3pl BRIXOAHBIX TpaH3uCTOopoB VT2..VT3 cxems
puc. 4.10 ipo2, Uo24, UocM, Imp2, (Ump2+ Imp4 + Imks - Rmocvrs), UmBxo2-4,
(Rex.vr2+ Rex.vr4 + Rmoc.vrs), RBx24, P-Bx24(3-5) SBIAIOTCA HCXOAHBIMHM JAHHBIMH
JUIsl pacdeTa IpeABbIXOIHOrO Kackanga Ha VT 1.

Pacyer nmpeaBbIXOAHOr0 Kackaaa cxembl puc. 4.10 BBIIOTHAETCS B TOM Xe
IOpsIIKE M 00BEME, KOTOPHIN M3JI0KEH B maparpade 5.2 /Ui npeIBBIX0IHOTO KacKaja
cxemsbl puc. 4.3 (cMm. B maparpade 5.2 TekcT u popmynsl o 3aroiaoBkoM «IIpenBol-
XOJIHOM Kackaja cxemsl puc. 4.3»). Crnenyer numb y4ecTb, 9T0 ypaBHeHHs (5.38) u
(5.41) nna cxemsl puc. 4.10 ¢ yuetom crienuduku ee 60Jiee CIOKHOTO BBIXOHOTO
Kackaja OyIyT COOTBETCTBEHHO UMETh BUI:

Ugor = Eg —igo - Ry =2(Ugg, + Ugyy +iges - Ryocvra) — 1501 " Ry = Ep/2;
Um.Kl = Um.BX.2—4 = Um.BZ + Um.B4 + Im.BBIX4 ‘Ryiocvrs + Um.BBIX4'

Pacuer npeaBapuTebHOr0 Kackaaa cxeMsl puc. 4.10 BbIonHsAETCS B OPSIA-
K€ U 00beMe, U3TI0KEHHOM B Taparpade 5.2 s mpeIBapuTEIbHOTO Kackala CXEMbI
puc. 4.3 (cM. TekCcT U1 GopMyJIsl 110 3aroyioBKoM «IIpeaBapUTeNbHBIN Kackaa CXEMbI
puc. 4.3»).

Pacuer nenu odmeii QOC cxemsbl puc. 4.10 Taxxe MOTHOCTHIO COBHAJAET C
pacuetoMm renu obmeit OOC cxemsl puc. 4.3 (cM. B maparpade 5.2 TekcT u GopMyIIbl
noJt 3aronoBkoM «Pacuet e o6meit OOC cxemsl puc. 4.3»).

Pacuer emKkocTeil BHIXOAHOTO U BXOAHOT0 KOHAeHCATOPOB Cppix M CpBx B
pacuetr puiabTpa RoCo B nenu 6a3sl Tpansucropa VInp B cxeme puc. 4.10 Taxxke
HE OTIMYACTCA OT AaHAJIOTMYHBIX PacdeToB B cxeme puc. 4.3 (cM. B maparpade 5.2
TEKCT U (GOPMYJIbI TI0J] aHATIOTUYHBIMU 3ar0JIOBKAMH).
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5.4. PacueTr cxeMbl TPeXKACKaAHOT0 Oectpancdopmartoproro YM3U
¢ onHUM HcTOYHHKOM nuTanus u ¢ ['CT B ko/1eKkTOpHO# Henu
NPeaBbIXOHOT0 KacKaaa

PaccuntbiBaeMas cxema npuBesieHa B riaBe 4 Ha puc. 4.6. OHa oTiIMyaeTcs ot
cxeMbl puc. 4.3 TEM, 4TO B KOJUIEKTOPHYIO IIENb MPEABBIXOAHOTO TpaH3ucTopa VT1
BMecTO pe3uctopa Rk u pesucropa BHemHe# Harpy3ku Ry BxmrodeH I'CT va VTrcer
¢ Rarcr ¥ TeMmnepaTypHO3aBUCUMBIM ACIHUTENIEM CMEMIEHHs U3 Ry rcr ¥ AByX IHOIOB
VDIlrcr 1 VD2rcr, a BMecTO 1enouku cMmenieHus Ha auojae VD1 u Rem BKIOUeH
TpaH3ucTop cmemenusa VTcm ¢ nenureneM Ry vrem, Rvrem.

Ucnonp3oBanne I'CT B xomiekropHoil nenu VT1 B cxeme puc. 4.6 npecienyer
Ty € [eJlb, YTO U BKIIFOUCHHE COMPOTUBIICHUS BHENIHEH HArpy3KH B KOJUIEKTOPHYIO
nens VT1 B cxeme puc. 4.3 — obnergaet ycinoBus paboTsl Tpansuctopa VT1 mpen-
BBIXOAHOTO Kackajaa. [Tpu aTtom cxema puc. 4.6 nMeeT npenMyniecTBa N0 CPABHEHHUIO
CO cxeMol puc. 4.3, BeIpakarolIuecss B TOM, 4TO, BO-TIEPBHIX, B cxeMme puc. 4.6 6ia-
rojaps ucnonb3oBaHuio I'CT B mMpeaBBIXOAHOM KacKaJe JTydIlle UCIOIb3yeTCs MUTa-
I0IIIee HANPSDKEHUE M 00eCcTieunBaeTCsl BRICOKOOMHAsI Harpy3Ka 1o CUTHaly, 4TO I103-
BOJISIET YBEJIMYUTh aMIUIUTYly HANpPsDKCHHsSI cUrHana Ha BbIxojae VT1 W MOBBICHUTH
ero K03 GUITMEHT YCUICHHS 10 HANIPSDKEHUIO, YMEHBIIUTD aMILTUTY Ty IEPEMEHHOTO
KOJUIEKTOpHOTO ToKa VT1 1 000HTHCH MEHEE MOIIIHBIM TPAH3UCTOPOM, & BO-BTOPHIX,
B TOM, YTO B CXeMe puC. 4.6 BHEIIHSAA Harpy3ka Ry HE CBs3aHa TaJbBaHUYECKHU C
YM3UY u yepe3 Hee HE MPOTEKAIOT MOCTOsSAHHBIE TokH YM3Y, uto u Tpebyercs B
OONBIIMHCTBE CllydacB Ha mpakTuke. [lompoOHOE onucaHue cxeMbl puc. 4.6 TIpuBe-
JIEHO B TJ1aBe 4.

Pacuer cxemsl puc. 4.6 oTnu4aeTcs OT pacdera cXembl puc. 4.3 TOIBKO pacue-
TOM TIPEJIBBIXOTHOTO KacKaja.

PaccmoTpumM pacuer cxemsbl puc. 4.6 B TOU ke MOCIE0BATEILHOCTH, YTO U pac-
YeT CXEMBI puc. 4.3.

Pacuer BBIXOZHOr0 Kackaaa cxemsl puc. 4.6, paboraromero B pexxume «By,
BEJIETCS B TOM K€ MOPSIKE M 00beMe, KOTOPBIH JaH B maparpade 5.2 st BBIXOIHOTO
Kackaaa B pexume «B» cxemsl puc. 4.3 (cM. B maparpade 5.2 TekcT u GOpMyIIbI MO
3aroJIoBKOM «BBIX0OHOM Kackajl CXeMBbI puc. 4.3»).

Pacyer nmpeABBIX0AHOI0 Kackaaa Ha Tpan3ucrope VT1 B pe:knme «A» cxe-
MBI puc. 4.6 B cBs3u ¢ ucnonb3oBanueM B HeM I'CT u tpansucropa cmemenus VTem
3aMETHO OTJIMYAETCs OT pacueTa MPEeABBIXOJHOrO Kackaaa Tpansucropa VT1 B pe-
)XHUMeE «A» cxeMmsl puc. 4.3.

IIpuMmepHBIil TOPAIOK pacyeTa MPEABBIXOAHOTO Kackaga CXeMsl puc. 4.6 npuBo-
IUTCS HIDKE, TIPH 3TOM IO XOAY pacueTa B HEOOXOJAMMBIX CIydasx ACNAIOTCA CCHUIKU
Ha COOTBETCTBYIOIIME pAacdeTHbIE (OPMYJBI MPEIBBIXOJHOTO KAacKaja CXEMBI
puc. 4.3, npuBeieHHbIE B maparpade 5.2.

MomHocTh cursaiia Ha Beixoje Tpanucropa VT1 cxemsl puc. 4.6 onpenenser-
csi hopMyIIoit

P 2 (1,1 12)P p s, (5.120)
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T. €. qoipkHa Ha (10...20)% npeBsimars MOMHOCTH P-Bx23) (5.27), (5,32), noTpedmus-
€MYIO IJIEYaMH BBIXOJHOTO Kackaja (aHaiorudHo (5.34) i nmpeaBbIXOJHOTO KacKa-
1a cxemsl puc. 4.3).

AMIuIMTYy]a IEpEeMEHHOr0 KOJUIEKTOpHOTO Toka VT1 cxemsl puc. 4.6 nomkHa
OBITH

Lo 2L 5,5, (5.121)

Kak U (5.35) B mpeABBIXOJHOM KacKajie CXeMsbl puc. 4.3.
OtmetnM, uro kodddurmentom 1,1 B (5.121) yunTtsiBacTcs HEOONBIION mEpe-
MeHHbIN TOK B I'CT.
[Tockonbky Tpansuctop VT1 paboTaer B pexume «A», TOK B TOUYKE MOKOS JI0JI-
eH OBITh
ige; = (L,1..1,2)L k4, (5.122)

Kak 1 B (5.36) 115 npeIBBIXOAHOTO Kackajia cXeMsl puc.4. 3.
MakcumanbHO€E 3Ha4eHUE KOJUTeKTOpHOTO Toka VT1 Oyaer

(5.123)

I maker = ko1 + Luks = 2 1gors

Kak u (5.37) ms npenseixonnoro tpansucropa VT1 B cxeme puc. 4.3.

ITocTostHHOE KOJIEKTOPHOE HampsbkeHHe Tpanzucropa VI1 B cxeme puc. 4.6 B
[EeISIX HNOMyYeHUsST MaKCHMalbHO BO3MOXXHOW aMILIUTY[bl HAlpsDKEHHS CHTHAlIa Ha
Bbixoze VT1 momxkuo ObiTh E/ 2

UKOI = EB - UKO.FCT - 2(UBOZ + 1K02 ’ RMOC.VTZ) = EB/2’ (5124)
9TO JOCTHUIacTCsA HOI[60pOM IIOCTOSIHHOI'O KOJUICKTOPHOT'O HAaIIPSXKCHUA Ukorct Ha
I'CT.

MakcumaiabHas aMILIATyda IICPEMCHHOI'O KOJIJICKTOPHOI'O HAITPSIKCHUS Uk u

MaKCUMaIbHOE HANPSHKEHUE MEX]Y KOJUIEKTOPOM M 3MHUTTEPOM UK>MAKC1 TPaH3HU-
cropa VT1 cxemsl puc. 4.6 OyayT onpenensiThes CASAYIONMMEI BEIPKESHUSIMHU:

Uk = Unsx = Unp T Lusixe " Ruocvr: ¥ Unsexe = Es/2; (5.125)

Uy makcl = Uxor T Uy = Eg- (5.126)

MomntHocTb, oTpediseMast KOJUIEKTOpHOM 1enbio VT1 OT MCTOYHMKA MUTaHUS
B cxeme puc. 4.6, Oynet

Povr1 = Ep 'iK.CPl =By 'iKov (5.127)

Kak ¥ (5.43) mua npeassixoHoro Tpansucropa VT1 cxemsl puc. 4.3.
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MommnocTs, paccenBaemas Ha koiekrope VT1 cxemsl puc. 4.6, onpenensercs
BBIPOKCHUEM

Py = Povri = Poppxvrt = Uxkar 'iKOI = (EB/z)'iKov (5.128)

Kak " (5.44) nua tpansuctopa VT1 cxemsl puc. 4.3.

[Tomy4yeHHbIe SHEPTETUICCKUE TTOKA3ATEIN MTO3BOJISIOT BHIOPATh MIPEABBIXOTHOM
tpau3uctop VT1 cxemsl puc. 4.6 o ycnoBusm (5.45)...(5.48), mpuBeieHHBIM B Iapa-
rpade 5.2 s npeaseixonHoro Tpansucropa VT1 cxemsl puc. 4.3. TpaH3ucTop BBI-
OupaeTcs Mo CHpaBOYHHKY WM W3 MEPEYHs MPUBEACHHBIX B maparpade 5.2 mocie
dopmyibl (5.23) TpaH3UCTOPOB C MOIXOAAIICH CTPYKTYpOH M ¢ MaKCHMAJIbHO BO3-
MOJKHBIM CTaTHIECKUM KO3((GUITMEHTOM YCHIICHUS 110 TOKY h215.

[Tocne BeiGOpa Tpansucropa VT1 nyxuo paccunrate ['CT na VTrcr nns npen-
BBIXO/THOTO TpaH3ucTtopa VT1 u nenodky cMmerieHus u repmocrabunuzanu Ha VTom
JUISL BBIXOJHBIX TpaH3uCTOpoB VT2 u VT3.

Pacuer I'CT Ha Tpan3uctope VTrcr ¢ ero sMHTTEpPHBIM DPE3UCTOPOM Rsrer
MectHO OOC I'CT m TemmepaTypHO3aBUCHMBIM JeIUTENeM cMenieHus Rercr,
VDIlrcr u VD2rcr B nienu 6a3b1 Vet UMEeT KOHEUHOH IENBI0 OIIPEACIICHUE BBIXO/I-
Horo conpotuBieHuss I'CT Rapxrcr, KOTOpO€ BXOANUT B Harpy3Kky Tpansuctopa VTl
0 IEPEMEHHOMY TOKY W CYIIIECTBEHHO BJIMSET Ha TMOKA3aTeNId MPEIBBIXOHOTO Kac-
KaJia CXeMbI puc. 4.6 10 CUTHAITY.

Brixoguoe conporusnenue I'CT nmo nepeMeHHOMY TOKY Rppixrcr AOMKHO OBITH
3HAYUTEIHHO OOJbIEe BXOAHOTrO compotuBieHus BbixoxuHoro OII ma VT2 u VT3
Rex2 (5.26), (5.31), ansa 9ero BBIXOJHOE CONMPOTHUBICHHE TpaH3ucTopa VIrcr mo 1re-
PEMEHHOMY TOKY RppIx vr.rcr, KOTOpOE caMO IO ce0e BEIMKO, JNOMOIHUTEIBHO yBE-
nuuuBaioT BBegeHueM B I'CT mectHOM mocnenoBaTenbHOM 1o ero Bbixoay OOC ¢
OMOIIBIO pe3ucTopa Rsrer, momydas Reerxrer.ooc, paBHOE TpeOyemomy Rppixrert.

Pacuer I'CT cBoguTcs K cinenyromniemMy: BEIOUparoT TpaH3uctop VIrcr u ero pe-
UM pabOThl 1O HNOCTOSIHHOMY TOKY, IIOTOM PacCYMUTHIBAIOT TEMIEPaTypHO3aBUCH-
MbI# enutens cMmemenus Rerer, VD1rer, VD2rer B 1ienu 6a3sr VITer 1 COMPOTUB-
nenue Rorer mectHoit OOC B nenm smutrepa VIrcer, a 3aTeM ONpeaeisiioT BBIXO-
HOe conpoTuBicHune Tpan3uctopa VTIrcr mo nepemernomMy Toky 6e3 OOC Repx.vrrer
Y BBIXOJIHOE COIIPOTHBIICHHE TPAH3UCTOPa VIrcT IO IEPEMEHHOMY TOKY C Y4ETOM €€
MectHoi OOC  Rppxvrrcrooc, T.e€. BbeixogHoe  compoTtuBienne ['CT
Rapix.rer = Repix.vr.rer.ooc.

Tpamsuctop VTrcr MO 4aCTOTHBIM CBOMCTBaM, IOCTOSSHHOMY TOKY M HaIIpsiKe-
HUIO JOJDKCH OBITh aHAJIOTHYCH TpaH3ucTopy VT1, a mo cTpyKType IpOTHBOIIOIOKEH
emy. ITosromy B kauectBe VIT1 um VTrcr ynobHee Bcero B3sTh KOMILIEMEHTapHbIE
TPaH3UCTOPHI.

Tok mokost kojuiekTopa VTrcr AOMKEH OBITH paBEH MOCTOSHHOMY KOJUIEKTOP-
HOMY TOKYy Tpan3ucropa VT1:

iKO.FCT = iK01- (5.129)
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[Toctrosinnoe Hanpspkenue Ha koswtekrope I'CT oTHOcuTeNnbHO 001Iero mpoBoia
onpenensercs u3 Beipaxenus (5.124)

) E ) E
Ugorer =Eg = Ui — 2(U502 +igey RMOC.VT) ~Ey _7]3 - 2(U502 +igey RMOC.VT) = 7]3-
(5.130)
IToctostHubIi TOK 0a3el VTrcer
iBO.FCT = iKO.l“CT/hZISFCT . (5.131)

Tok pemutens cmemenus I'CT  ixrcr AODKEH B HECKOJIBKO pa3 MPEBHIIIATh TOK
cmemenus VTrer isorcr

igrer 2 (3--5)igorers (5.132)

YTO CIIOCOOCTBYET Jydmiei cTabmimu3anuu Toka Mmokos VTrcr ikorcr 3a cueT Rarer,
TaK KakK IPU 3TOM TOK 4epe3 Ryrcr OydeT B OCHOBHOM OIIPEAEIATHCS TOKOM JIENHU-
TeIs

lors.rer = Lgrer Tlsorer = lrer (5.133)

Tok igrcr mpoTekaeT depe3 BKIIOYCHHBIE B IIPSIMOM HAIPaBICHUU IHOJIBI
VDIrcr 1 VD2rcr cMenieHus ¥ TepMOCTaOMITN3AIMH TOKA 1ko.rcT U yIUTHIBAETCS TIPH
BBIOOpE ATUX JTUOJIOB.

[TocrostHHOE MajieHNe HAIPSHKEHUS HA IU0/1aX JOJDKHO OBITH

0 Ugprer = Ugsorer + Uprorers (5.134)

IJIe N — YHUCJIO TOCICA0BATEIHHO BKIIFOUCHHBIX JHOIOB;
Ussorct — Hanpsixenue cmenienus Vrcer;
UoRs.rer — TMIOCTOSTHHOE TIa/ICHHE HANPsOKEHUS Ha Rorer.

B xauectBe quonoB VDl1rcr u VD2rcr nydie BCEro HCHoJIb30BaTh KPEMHUEBBIE
IUOJBI (TaK KaK y HUX MEHbIIE pa3dpoc MmapaMeTpoB MO CPAaBHEHHUIO C TEPMaHUEBHI-
Mu auonamu), Hampumep, K/ 503... K1 510. IlocTtossHHOE HanmpspDKEHHE HA HHUX TIPU
BKJIIOYEHUHM B mnpsmoMm HampaBieHuHn Uoprcr Omm3ko k 0,5 B mpm  Tokax
ionrcr = (1...5) MA. TlpuHuMas 3TO BO BHHMMaHHWE€ M Y4YHUTHIBas, YTO ITOCTOSHHOE
HalpsDKEHUE Ha Iepexofe Mexay 0a3oi u smMuTrepoM VTrcr NpUMEpHO paBHO
Ussorcr = 0.5 B, monyunm, cornacHo (5.134), cienyromee npuMepHOe 3Ha4Y€HUE T10-
CTOSIHHOTO TaJicHUs HampsikeHust Ha Rs rer mpu nByx anogax VDl1rcer u VD2rcer, T. €.
Ipu n = 2.

Ugrorer =2+ UO.}].I‘CT —Ugsorer =2°0,5-0,5=0,5B. (5.135)
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Comnpotusienue pe3ucropa Rsrer onpenensercs BeIpaxeHHEM

R ~ Ugsrer Ugrorer (5.136)
D.ICT = - ~ :

Igorct tlporcr  Ikorcr
Conporusnenne Rprcr genurens cmenienuss ['CT naxomurcs mo ¢opmyie,
ompezenseMoit o ypaBaenuto Kupxroda aiis 6azosoit nermu I'CT

R _ Eg —Ugsorer = Ugrorer (5.137)
BICT = :

Log.rcT

Brixomnoe conporusiienue VIrcr mo nepemerHoMy Toky 6e3 OOC HaxoguTcs
o BeIXOAHBIM BAX VTrcr mis Toukm mokos, kKak Reexvrrer = Aukrcr / Aikrcr
npH isorcr (puc. 5.4).

ikrcr]

150.rCT

1KO.CCT Aixrcr

Ukorc Ux.I'CT
Pucynok 5.4

s pacdera BeIxoaHOTO conpoTuBiieHus VTrcr mo nepemenHomy Toky ¢ OOC
Repx.vr.rer.ooc, koropoe u 6yer BeixoaHbM corpotuBieareM I'CT Rpixrer Hy)XHO
paccuutath IyOWHY MECTHOM MocienoBareibHoi 1mo Beixony U mo Bxoay OOC B
I'CT 3a cuer conporusienus Rarer.

Jns aToro, paccmarpuBas VIrcr Kak yCUIMTEIBHBIA 3JEMEHT C HArpy3Koll B
€ro KOJUIEKTOPHOM IeTH 10 EPEMEHHOMY TOKY

— Rsz ) RBLIX.VTI (5.138)

K~VT.ICT —
R

BX2 + RBBIX.VTI

u ¢ conporuieaneM OOC B smutTepHOM nenu Rsrer, Haxogum KoapGUIMEHT 1e-
penaun HanpspxeHuss OOC Byrrer

U mrs rer — Rorer ~ Rorer

Byrrer = U

m.BBIX.VT.I'CT RK~VT.FCT + RB.FCT RK~VT.FCT

; (5.139)

rae Rexo — BxonHOe conporusnenue Beixoauoro A1 va VT2 u VT3 (5.26), (5.31).
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Repx.vri = Auxi / Aix1 ipu Aigo — BBIXOHOE CONPOTHBIICHHE TpaH3ucTopa VT1
10 TEPEMEHHOMY TOKY, KOTOPO€ MOXXHO B35Th PaBHBEIM PAacCUMTAHHOMY BBIIIE
Repxvrrer (eM. puc. 5.4), mockonbky Tpan3ucTtopbl VI1 u VTrcr BeIOpaHbl KOM-
TUIEMEHTAPHBIMH.

Brixognoe conporusiieane VIrcr 1o NepeMEHHOMY TOKY C YYETOM €r0 MECT-
Hoit OOC Rpix.vr.rer.ooc, kKoropoe u Oyaer BeixoansiM comportuBiieanem ['CT mo
IIEPEMEHHOMY TOKY Rpprx.rcr, OIpenessaercs BeIpaXXeHueM

Rgux rer = Rsvrrerooc = Rpsxvrrer A+ Byrrer ‘Kyrrer),  (5-140)

rae (1+Byrrer - Kyrrer) —ryouna mectaoit OOC B I'CT;

K _ Dy ‘R
VI.ICT = K~VT.ICT (5.141)
Rgxvrrer
— ko3¢ dunment ycuienus Hanpspkenus VIrcr 6e3 OOC;
Rexvrrer =Tsvrrer ¥ Bvrrer -+ vrrer) =

0,026 (5.142)

=TIy vrrer T+ 0o vrrer) 2
KO0.ICT
— BXOJIHOE COIPOTHBIIEHUE TpaH3ucTopa VIrcr.
Crnexyer OTMETHTD, UTO CONPOTHUBIIEHUEM 0a3bl 155 vr.ret B (5.142) MoxHO npe-
HeOpedb BCIIEJCTBUE €T0 MAJIOCTH.
C yuerom HaipenHoro BeixoaHoro conpotusiienus I'CT Repixrer compotusie-
HHUE HArpy3KHd 0 IEPEMEHHOMY TOKY IS IPEABBIX0{HOTO TpaH3ucTopa VT1 Oyner

R _ Rsz 'RBLIX.FCT
K~VTL —
R

b .

sx2 + Rppxrer (-143)

rae Rex2 — BXonHOE compoTtuBieHnEe BBIXOZHOTO JII, KOTOpOe€ HAXOAWUTCS paHbIIE

IIPHU pacyeTe BBIXOJHOTO Kackajaa cxeMbl puc. 4.6 no dhopmyie (5.26) wmu (5.31).
3Hauenue Rx-vri MO3BOJIMT B KOHIIE pacuera MPEBBIXOJAHOIO KacKaja HalTH

ero ko dunment ycmienus HanpspkeHus Kyri, KOTOpPBI TOHAOOUTCS IPU pacueTe

obmrero ko3¢ GuIMeHTa YCUICHHS CXEMBI prc. 4.6.

Ilepeiinem k pacdery TpaH3ucropa VIcm C €ro pe3sucTropaMu CMELICHHS
RbvTi.cv ¥ RyTew B KOJUIEKTOPHOM LIENM MpEABBIXOAHOTO TpaHzucropa VT1, ¢ momo-
b0 KOTOPBIX 00ecreunBaeTcs CMENIeHNe Ha 0a3ax BBIXOIHBIX TpaH3UuCTOpoB VT2 u
VT3 Usog) # is023) ¥ TEMIEPATYPHAsS CTAOMIN3AIMA MX KOJUICKTOPHEIX TOKOB ko2 H
1k03, HAMJICHHBIX IPH PacyeTe BBIXOJAHOTO Kackajia CXeMbI puc. 4.6.

B xauectBe VTcm MOXHO HCHOIB30BaTh JIFOOOH MalOMOIIHBIA TPaH3UCTOP C
4acTOTHBIMH cBoWcTBaMu Kak y VT1 (manpumep, KT3102), mockonbky mageHue
HaIPSHKEHUS Ha HEM COCTaBIIsieT okojo 1 B, a MomHOCTh, paccenBaeMasi Ha €ro KoJi-
JIEKTOpE, OY4EHb MaJia (He NMPEBBIIIAET 10JIe MAJUIMBATTA).

Jls pacdera conpoTuBIeHUM Ry vrew B Rvren A€THMTENS CMEIIEHHs B Iienn 6a3sl
Tpan3uctopa VTcm 3aJal0TCd TOKOM AEIUTENS] CMEIICHHS i vTev 3AMETHO MEHBIIE
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ITOCTOSTHHOT'O TOKa iko1 IPEIBBIXOIHOTO TpaH3ucTopa VT1, Ho 3ameTHO O0sbIIe TOKA
cMemeHus Tpansuctopa VIcem

(3...5)  Iggyrey S i;[.VTCM <<igos» (5.144)

I'Jle OPHEHTUPOBOYHO IOJIATAOT, YTO 150VTem = kot / hats.vrew.
C y4erom 3TOro HaxoAsT OPUEHTUPOBOYHO CYyMMY PE3UCTOPOB R vrem ¥ RvTen

Rpvrow T Ryren = UKO.VTCM/i,Z[.VTCM’ (5.145)

rie Uko.vTew — TMOCTOSSHHOE HANPSDKEHHUE MEXITY KOJUIEKTOPOM M 3MHUTTEPOM TpaH-
sucropa VTcwm, KoTopoe MoxkHO Opath nopsiaka 1 B.

B nensx obecrieueHrs BO3MOXXHOCTH PETYJIHMPOBKU pexknma Mokoss VTcm B
OONBIIMX TpeAeNax JJI MOArOHKA CMENIEHUS U TepPMOCTAOWIM3aIlMU B TPaH3HUCTO-
pax BbIXoAHOTO Kackamga VT2 u VT3 crenyer U3 MOIYy4EHHOM CyMMBI COIIPOTHBIIE-
Hui (5.145) 607BITYI0 9aCTh OTHECTH K IIEPEMEHHOMY PE3UCTOPY RE.vTem:

2

RB.VTCM =§.(RE.VTCM +RVTCM); (5146)
1

Ryt = g "R yrew T R yren)- (5.147)

Ha sTroM pacdeTsl KOJUIEKTOPHOM LENH MNPEABBIXOAHOTO KAaCKaja TPaH3UCTOpPA
VT1] MOXHO 3aKOHYWTh M IMEPEHTH K pacdeTy NapaMeTpoB BXOIHOM IEMU 3TOTO
TPaH3UCTOPA: 1501, Imb1, Umb1, RBX1, P~BX1 C yudeToMm HalJileHHbIX BBIIIE iko1 (5.122)
U Imx1 (5.121), 9To menaercs B TOM k€ HOPSAKE H MO TEM ke (PopmyiiaM, KOTOPHIE
IpHUBEACHEI B naparpade 5.2 I 3TUX MapaMeTpOB MPEIBBIXOAHOIO KacKajla CXEMbI
puc. 4.3, T. e. i o BAX BeiOpannoro VT1, eciin OHM MMEIOTCS B CIIPAaBOYHUKE,
WA 0 TpuOImKeHHBIM (opmyrnaMm, B ciaydae orcyrctBusi BAX B crnpaBovHHKE
(cm. B maparpade 5.2 Texct U GopMyssl 1Mo 3arojioBKoM «IIpeaBBIXOMHON KacKaj
cxeMmsl puc. 4.3»).

B 3axnmoueHue pacuera mpeaBeIXOAHOTO kKackaga Ha VT1 cxemsl puc. 4.6 onpe-
nensiercss Ko3QGUIMEHT YCHIICHHS HapPsDKEHUS 3Toro kackana Kyri, KOTOphIi moHa-
JIOOUTCS 1JIs OLIEHKHU 00111ero ko3¢ duleHTa yCHICHUS HapsDKEHUS CXEMBI puc. 4.6
u g pacyeta neneit obmieit OOC 3Toi CXEMBI.

Pe3ynbrarhl pacduera BXOJHBIX IMapaMeTpOB MPEABBIXOAHOTO Tpan3ucropa VT1
cxemsbl puc. 4.6 iso1, Imp1, Rex1, Ums1, P-Bx1 SBIAIOTCS MCXOIHBIMU AAaHHBIMH IS
pacuera npeBapuTEILHOTO Kackaaa cXeMsl puc. 4.6.

Pacuer npenBapurensHOro Kackaga, pacuer nenu obmeit OOC, pacder eMko-
CTe# BRIXOAHOTO M BXOJMHOTO KoHJeHcaTopoB Cprpix M Cpax, pacuer ¢pmibTpa RoCo
B e 0a3pl TpaH3ucTopa VImp B cxeme puc. 4.6 HE OTIIMYACTCS OT AHAJIOTHIHBIX
pacdeToB B cxeme puc. 4.3 (cm. B maparpade 5.2 Texct u GopMyJibl O aHAIOTHY-
HBIMH 3ar0JIOBKAMH).
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5.5. Pacuer cxeMbl TpexkackagHoro 6ecrpancpopmaropaoro YM34
¢ OunmosspHbBIM McTOYHNKOM nUuTanus U ¢ I'CT B KoJL1eKTOpHOI
LeNH IMpPeABbIX0JHOI0 KacKaaa

Cxema mpuBezieHa B TiaBe 4 Ha puc. 4.9. Tam xe naHO MOAPOOHOE ONMHMCAHUE
cxembl. OHa OTIIMYAETCS OT PAacCUUTAHHOM B mpeapiayniemM mnaparpade 5.4 cxemsl
puc. 4.6, BO-IIEPBBIX, TUTAHUEM OT JIBYX HCTOYHHUKOB + Ep/2 m ¥ Ep/2 mnmranus
(4TO TIO3BOJIMJIO HWCKJIIOUYHATH HAa BBIXOJAE cxeMbl KoHAeHcarop Cppprx, @ Ha BXOJE
cxembl BMecTo nenmrtens cmemenns (Rsmp + Ro) u Rpp ucnonb3oBats TOnpK0 Rip),
U, BO-BTOpBIX, BKIOueHHeM B memb obmeit OOC sMUTTEpHOrO MOBTOPHUTENS Ha
VToc, pabotaromero Ha I'CT2 u3 VTrcr2 1 Rarcr2 B 06mmeit aMUTTEpHOM 1IeTH TpaH-
3ucTopoB VTmp u VToc (4TO MO3BOJIAIIO UCKITFOYHUTH MPOTEKAHWE TOCTOSHHOTO TOKa
170mp IIpeABapuUTENbHOTrO Tpan3uctopa Ve uepes Beixonnoit VT3).

BaxxHo co3HaBaTh, 4TO B cxeMme puc. 4.9 Henb3sd NOAKI0YaTh K O0IIEMY IIPOBO-
ay (x xopiycy) npoBojaa ot Rarcre, oT muoma VD2rcri, oT Rarcri U OT KomiekTopa
VT3 Bo uzbexanne 3akopadynBaHus UCTOUHNKA T Ep/ 2.

CrnemyeTr OTMETHTD, YTO cXeMy puc. 4.9 TpH KeJTaHUH MOXKHO TIEPEBECTH Ha TH-
TaHHWE OT OJHOr0 MCTOYHMKA + Ep. J[1s 3TOro B HEW HY)XHO CPEIHIOIO TOYKY HCTOY-
HUKOB ITUTAHUS OTKIJIIOUUTH OT OOIIETO IIPOBoJia (OT KOPITyca) U OJHOBPEMEHHO IIPO-
Boga oT BeIBoAa —Er/ 2, ot komiekropa VT3, oT Rarcri, or auoga VD2rcri U oT
Rsret2 mpucoenuauTs K 00IIEMY TIPOBOAY, HAa BEIXOJE CXEMBI BKIFOUYUTH KOHJIEHCA-
Top CpBbIX, @ HA BXO/I€ CXEMBI LIETIb 0J1au cMenieHrust Ha VTnp BBIIOTHUTE aHAJIO-
TUYHO cxeme Ha puc. 4.6. [Ipu 3TOM moydurcs onrcaHnHas B riiaBe 4 cxema puc. 4.8.

Pacuer BHIXOQHOI0 Kackaaa cxeMbl PUC. 4.9 BBINOIHIETCS TaK e, KaK pacder
BEIXOJIHOT'O KacKaia cxemsl puc. 4.6 u cxemsl puc. 4.3 (cMm. B maparpade 5.4 u B ma-
parpade 5.2).

Pacuyer nmpeaBBIXOHOr0 KacKaaa cxeMbl puc. 4.9 BBINOIHIETCS B TOM XK€ II0-
psaake U oObeMe, KOTOphIM u310XkKeH B naparpade 5.4 Ans npeABBIXOHOTO KacKazia
cxembl puc. 4.6 (cMm. B maparpade 5.4 texct u Gopmynsl o 3aroioBkoM «Pacuer
MPEABBIXOAHOTO Kackaaa Ha TpaH3uctope VT1 B pexume «A» cxeMsl puc. 4.6»).

Pacuer mpeaBapuTeIbHOr0 Kackaaa cxembl puc. 4.9 uMeeT OTIM4Yus OT pac-
4eTa MpeBapuTeILHOro Kackaaa B cxemax puc. 4.6 u 4.3, noapoObHO pacCMOTPEHHO-
r'o IIpH pacuyere cxemsl puc. 4.3 B maparpade 5.2. Otu oTyimuns 00yCIOBJICHBI OTIIH-
YUSIMH B CXE€MaX dTUX KaCKaJoB.

PaccmoTpum aToT pacuer.

CHavyana, kak W B pacyeTe IpeABapUTEIBHOrO Kackajga B cxeme puc. 4.3
(cMm. maparpad 5.2), onpeaeNsioT HapaMmeTphl, HEOOXOIUMEBIE IS BHIOOpA TpaH3HU-
cropa VTmp: P-gpixme (5.55), Imxme (5.56), ikome (5.57), ikmakcre (5.58), Ukomp
(5.59), Unxnr (5.60), ukaomaxcar (5.61), Porr (5.62), Pxrr (5.63).

Bri6op tpan3ucropa VTnr mpousBonsar mo ycioBusMm (5.64). B kauectBe Ve
OepeTcsi MAJIOMOIIHBIA TPAH3UCTOP C HYXKHON CTPYKTYpPOM U MaKkCHMAaIbHO BO3MOX-
HBIM KO3(durmentom ycunenus Toka hoisne, Hanpumep, KT3102 unm monobHsle emy.
OnHoBpeMeHHO ¢ BBIOOpOoM VTrp BeIOMpatoT U Tpan3ucTopkl B 1ierm obmieit OOC VToc
1 VTrcr2, HOCKONBKY OHM B3auMOCBsI3aHbL. X OepyT ogHOoTUIHBIMY C V TTip.
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ITocie BetOOpa VTmp, kak u B cxeme pwuc. 4.3, ompenmensior isomp (5.65),
Rx-mip (5.77), Imp.1p (5 .66), Uso.p (5 .70) H OPHUCHTUPOBOYHO RBx,VTnp (5.67),
Ums.rp (5.68), P-sxme (5.69), Rocz (5.80), koropeie B najdbHEWIOIEM YTOYHSIOTCS B
CBSI3U C T€M, YTO (pakTHUECKOe 3HaueHHE Rpx p Oy/leT HECKOIBKO APYTHM H3-32 CBS-
31 VTnp ¢ VToc o aMuTTEpHOI LienH.

[Tocnenyromuii pacyeT MpeIBapUTENBHOIO Kackajga cxemsl puc. 4.9 uMmeer ort-
JU4YHS OT pacdera B cxeme puc. 4.3.

Tak xak cxema puc. 4.9 nmUTaeTCs OT ABYX UCTOYHUKOB IMUTAHUS M TIPH cOaIaH-
CHPOBaHHOM BBIXOJHOM 3MHTTEPHOM IOBTOpHTENE noTeHnuain 6a3er VToc O30k k
HYJTIO (KaK ¥ TIOTEHITMAIbHAS TOYKA COSAUHEHUS pe3ucTopoB Rmoc v, Rmocvrs v Ru), TO
6a3y VTmp Hy>KHO TTOJIKITFOUUTE K 00111eMy TIpoBoIy (K Kopirycy) depe3 Rop.

OrMmeruMm, 9to B 11e70M Kackayg Ha VTmp u VToc MoxkHO Ha3Barh kBazuaudde-
pEHIIMATBHBIM (KBa3W IIOTOMY, YTO OTCYTCTBYET KOJUIEKTOPHOE COIPOTHBIICHUE
RkvToc). B mensx TmOBBIIICHHS TeMIEpaTypHOH CTaOWMIBHOCTH  BBIOMPAIOT
1K0.VToc = iK0.vTmp. CIICIOBATEIBHO,

iI(O.VTFCTZ =2- iKO.VTnp’ (5148)

1no.vTmp = 1p0.vToe = lko.vrmp/ D215, vTmp- (5.149)

B cBs3u ¢ Tem, uTO B cxeme puc. 4.9 B oTIIMUHE OT CXEMBI puC. 4.3 depe3 cConpo-
TUBJICHUE Roci HE MIPOTEKAET TTOCTOSTHHBIH OMUTTEPHBII TOK
190.vTap = 1K0.VTup + 150.vTnp MPEABAPUTENHHOTO KacKajia, CONMPOTHBICHUE Roci MOXKHO
BEIOpATH CYIIECTBEHHO O0JbINE, 4eM B cxeMe puc. 4.3 (5.73), 1. e.

Roe ~1000-R,,. (5.150)

Janee mpeacTOUT paccuuTaTh KO3QPHUIMEHT YCHUICHHS HAMIPSHKEHHS Kackaa Ha
VT ¢ yauerom mecTtHOH OOC KvTupmoc, KOTOPBIA HMOHAIOOMTCS IS pacyeTa Ienu
o6mreit OOC.

Onnako TouHbIH pacdeT Kvrmpmoc B CXeMe pHC. 4.9 emie Oornee 3aTpyaHUTEIEH,
yeM B cxeMme puc. 4.3. Jleno B Tom, uto Tpan3uctop VTnp npeaBapuTenbHOro Kacka-
Ja cxembl puc. 4.9 BKIIOYEH MO CXeMe€ € pa3lieleHHO Harpy3kou. Komnexropnoit
HArpy3KOH SBJISIETCS CONPOTHUBIICHUE

Ry = II:BX.VH-;_I;K.HP ’ (5.151)
BX.VT1 K.IIP
Kak u B cxeMme puc. 4.3 (5.79). OMuTTEepHON K€ HArpy3KOW, B OTIUYHE OT CXEMBI
puc. 4.3, sBiseTca SMUTTEpHas 1enb Tpanzucropa VToc, COMPOTHUBICHHE KOTOPOM
MOXXHO PacCUMTATh TOJIKO 3HAas TOYHOE 3HauyeHue Rocz € yueToM nM3BECTHOTO KO3(-
buIMeHTa YCUICHHS TIPEABAPUTETHHOTO KacKaaa.

ITosTomy Ha mpakthke Kvrmpmoc B CXeMe pHC. 4.9 TOUHO HE PACCUHUTHIBAIOT, a
6epyt 3HaueHNe Kvrmpmoc = 1, 9TO OIM3KO I KACKaJOB C pa3/IeICHHONW Harpy3Koil.
[Tocnenyromnyto peryJmpoBKY MOXKHO OCYIIECTBUTE O00poM Roca.

ITorom nepexoasT k pacuery 1enu oodmeir OOC.
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Pacuer unenu o6meit OOC cxemsl puc. 4.9 IpoBOANUTCS B OCHOBHOM Tak XKe,
KaK U B cxeme puc. 4.3, mo ¢popmynam (5.81)...(5.86).

Comnporusnenne Ry e, paccunteiBaercs anamorudio Ry rer (5.138).

ComporuBiieare SMATTEPHOM 11enu Tpan3ucropa VToc

0,026  Tipvroe + Roco (5.152)
1+h

Rovrec =

KOVToC 2131VToC

YTOYHSETCS BXOJHOE CONPOTUBIEHUE TPAaH3UCTOPA VT p C yUETOM €ro CBA3M C
TpaH3ucTopom VToc

0,026
Rxvrm = Issvrm T (5
lgovT.op

+ R yroe) - (1 hynyr of3.153)

BxonHoe conporusieHue cxemsl puc. 4.9 ¢ yderoM Rpx yrp (5.153) 1 compo-

TUBJICHUS pe3ucTopa Ryp
-1
1 1
Ripxye = R + ) (5.154)

BX.VT.mp.ooc RITP

rae Rpp — comportusnenue B nenu 6a3sr Ve Oepercs mo ycioBUio

R =R g, (5.155)

R =R ' (5.156)

BX. VT mp.ooc BX.VTmp.moc FOEIJ_[.YC.K. 3.1

— BXOJIHO€ CONPOTHUBJICHUE TpaH3UCTOpa VIpp C y4ETOM MOCIEIOBATEIIBHBIX IIO
Bxojy obmeit u mectHoit OOC, kak u (5.87).

B (5.156) MOHO IPUOTHKEHHO B3ATh Rpx vrip.moc PABHBIM Rpx vy (5.153).

EmMxocTps BxoaHoro konaeHncaropa Cppx onpeaensiercsa, Kak U B cxeme puc. 4.3,
C TOYKH 3pEHUS JIOIyCTUMBIX YaCTOTHBIX HCKaKEHUH Ha HIDKHEN pabodeii yactore fy
mo dopmyne (3.125), rae Bmecto Rpx; U Rppxmp 6epyTes coorBeTcTBEHHO Rpyyc

TpebGyemoe HampsKeHHE CUTHaAIa Ha BXOJI€ CXEMBI puc. 4.9 paccUMTHIBAETCA 110
dbopmyie (5.90), rne Ky u Ky onpenenensl mpu pacdere BHIXOJHOTO M ITPEIBHI-
XOJHOTO KaCKamoB, a Kyrmpyoe = 1.

dakTUYECKOE HANPSDKCHHE CHUTHAJIA Ha BXOJE CXEMBI puc. 4.9 Oymer ompene-
nsatbes popmynoit (5.91).

Breimomnenue ycnoBus (5.92) Oyner o3HayaTh, YTO TEXHHUYECKOE 33/J[aHHE IIO
00ECTIEeYeHNI0 HAa BEBIXOJIE CXEMBI pHC. 4.9 HE0OXOIMMOTO HAMpSHKEHUS CHUTHAIA
Umn.Bpix2 BHITIONHEHO. B MpoTHBHOM CiTydae 3Ty mpoOieMy pemraroT ¢ MOMOIIBIO J10-
noJHUTENbHOrO yeuienus curaana B BPITY (cm. puc. 1.1 B rnase 1), kak 66110 TTOKa-
3aHO B OecTpaHCc(POPMATOPHBIX YCHIUTENSX 3BYKOBOW YACTOTHI C JBYXKAaCKaJIHBIM
YM3Y (cm. maparpadsr 3.1.8 u 3.2 rnass 3).
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3AKVIIOYEHHUE

B xHure cucremaru3upoBaH OOMIMPHBIA MaTepUal II0 CXEMOTEXHUKE U PacyeTy
BBICOKOKQUECTBEHHBIX OeCTpaHC(HOPMATOPHBIX YCHIIUTENEH 3BYKOBBIX YacCTOT, IO3-
BOJISIFOIIMIA OCYIIECTBIIATh BHIOOP, OOOCHOBaHHWE W pacdeT Pa3IMYHBIX BapHUAHTOB
CXeM KaK MHOTOKACKAJHBIX YCHIUTENEW, TaK U OTIEIbHO B3STHIX YCHIUTEIHHBIX
KacKa/IoB Ha OUIOJISIPHBIX M TOJIEBBIX TPAH3UCTOpaxX B AMCKPETHOM, MHTETPAIbHOM
WM CMEIIaHHOM HCIOJHEHUH. DTOT MaTepHall OTBEYAECT TPEOOBAHUSM psiJia HAIIPaB-
nennit ['OC moaroroBku 6akagaBpoB, MAarUCTPOB ¥ CIIEIIHATNCTOB, KOTOPHIE YKa3aHbI
B aHHOTAIIWN.

Knura npennaznadeHa ajisi CTYJIEHTOB BY30B, OOy4arolUXCsl OYHO U 3a04HO,
BKJIOYas JUCTAHIIMOHHOE 00y4eHHE MO HAIIPAaBJICHUIO MOATOTOBKM OakaiaBpOB, Ma-
TECTPOB M CHEIHAIMCTOB, 1 MOXET OBITh UCITOJIb30BaHA CTYICHTAMHU KaK MPH TOJTO0-
TOBKE K IIPAKTUIECCKUM U J1a00paTOPHBIM 3aHATHSM, TaK M B CAMOCTOSATEIBHOM pado-
T€ TPHU BBHIIIOJHEHUH JAOMAIIHUX PacYEeTHO-rpapuueckux paboT, KOHTPOIBHBIX M
KYPCOBBIX paboT (IIPOEKTOB) U BBITYCKHBIX paboT.

Knura moxxet OBITh MCIIOJIB30BaHA M IS TTOBBIIICHHUS KBATU(GUKAITINA PAOOTHH-
KaMH IPEIIIPUATHAN CBSI3H.
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I[MPUJIOXEHUE A
IIpaBuiia BeINOJTHEHUS H 0)OPMJIEHUS KYPCOBOil (KOHTPOJILHOI)
pa6oTsI (IpoeKTAa)

1. PaboTa (poeKT) BKJIIOYAET B ceO:

® TUTYJIbHBIN JIUCT (TIpuiokeHue b);

® OIJIABIICHUE;

® MCXOJHBIE TaHHBIE A7 pabOTHI;

e 000CHOBaHUE BBIOOpA CXEMBI U €€ OTIEIIBbHBIX Y3JIOB;

® pacyeT CXEMBbI yCHIIUTES;

® 3aKJTIOUYEHHE O pe3yibTaTax MPOCKTUPOBAHHWSA, JATy BBIIOJHEHHS IPOEKTA,
MOJIUCH CTYJICHTA;

® CIIMCOK HMCIIOJIb30BaHHOM JINTEPATYPHI;

® CXEMY YCWJIHMTENS JIEKTPUIECKYIO IPUHIUITUATBHYIO;

® [IepeUEHb JIEMEHTOB CXEMBL.

2. TekcroBas 4acTh paboThI (IIPOEKTa) TOJDKHA OBITH pa30OpPUYMBO HamucaHa Ha
OJTHOM CTOPOHE JIUCTa CTaHAAPTHOTO pasmepa (A4, 297%x210 MM) ¢ TIOJISIMU IIUPUHON
20 MM u uMeTh meperuier. Jlomyckaercs HCIOJIb30BaHKE IAIKU-CKOPOCHIMBATENS
(ucmonb30BaHME MIKOMBHBIX MM OOIIMX TETpajeil He jnormyckaercs). TeKCT MosCHU-
TEIbHOW 3aIMCKU CIIEAyeT pa3OuTh Ha paszieibl, CHabxeHHbIe 3arojoBkamu. Crpa-
HUIBI B 00s13aTENIHHOM TOPSIIKE JOHKHBI UMETh Hymeparuto. [lepBeiii Homep mpu-
CBaMBAaETCA TUTYJILHOMY JIUCTY, HO HE nuieTcsi. OCTalbHbIE TEKCTOBBIE CTPAHUIIBI U
CTPaHHULIBI C PUCYHKAMH HYMEPYIOTCS B TOW IOCIIEIOBATENILHOCTH, B KOTOPOW OHH
COpONIIOPOBAHKI B IIPOEKTE.

Coneprkanue 3aIIUCKH JOJDKHO OBITH W3JI0KEHO JTUTEPATYPHBIM SI3BIKOM, O€3 Cco-
KpallleHUu!, YIIPOIICHUH, )KaprOHHBIX BBIPAKEHUH U T. II.

3. B TekcT Kaxaoro pasjena HEOOXOAUMO BKIEUTHh INPUHIUIHAIBHYIO WX
YIPOLIEHHYIO CXEMY PacCUMUTHIBAEMOTO y3lla C COOIIOACHHEM MpaBWII YEPUCHHSA U
tpeboBanuit ECKJ/l (mpunoxxenue B) 1 COOTBETCTBYIOINE XapaKTEPUCTUKH YCHIIU-
TEIBHOTO Mpubopa ¢ HEOOXOIUMBIMH TOCTpoeHHAMH. CXemMa W XapaKTepPUCTUKH
JIOJDKHBI OBITH BBITIOJTHEHBI Ha MacIITaOHO-KOOpPAWHATHOM Oymare (HMCIOJIb30BaHUE
KaJIbKHU 3ampelieHo). I'paguueckue marepuaisl HE JTOJKHBI 3aKPHIBaTh TEKCTOBYIO
9acTbh IPOCKTA.

4. ®opmyIbl, IO KOTOPHIM BEAETCS pacyeT, JOJDKHBI ObITH IPUBEACHBI B TEKCTE
MTOJTHOCTHI0, C 00BSICHEHNEM OyKBEHHBIX 0003HaueHMi. [Ipy mocTaHOBKE YHCIOBBIX
3HaYEHUH HEOOXOMMO YKa3hIBaTh UX B OCHOBHBIX €IMHUIAX, HAIIPUMED, BOJLT, aM-
nep, OM u zp. (mpunnoxenue I).

5. Psiom ¢ pacuetHo# dhopMyIioit He0OX0AMMO 00s3aTENIEHO CIETIaTh CCHUIKY Ha
MCTOYHUK M HOMEDP 3TON (POPMyYJIBI B UCTOUHUKE WIIM yKa3aTh CTPAHUILY, T JaHHAs
dbopmyna npusenena, Hanpumep [1, (3.1)] wm [1, c. 30], a B criucke auTepaTypsl
JaTh MOJTHOE€ HAMMEHOBAHHUE MCTOYHHKA ITOJT HOMEpOM 1.

6. Ilocne pacdera HanpsDKEHUST UCTOYHUKA MMUTAaHUS HYXHO cCpa3y BBIOpaTh €ro
HOMHHAJIFHOE 3HAUYE€HUE COTJIACHO Py HamnpspkeHud (mpmioxenne ).
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[Tocite moTy4eHHsT YUCIOBBIX XapPaKTEPUCTHK IMAPAMETPOB BJIEMEHTOB TIPUHITH-
MUATBHON CXEMBI, PE3UCTOPOB M KOHAECHCATOPOB, HEOOXOIUMO Cpasdy BHIOpaTh UX
HomuHAI U THN cornmacHo mkaine 'OCT unu psy KOHKpeTHOro THMa u3aenus (mpu-
noxenue E). Tlpu mpoBeneHnn BceX MOCIEMYIOMIMX PAacyETOB HANO OIMEPHUPOBATH
TOJIbKO HOMHHAJILHBIMH ITapaMeTPaMHU.

7. llpuHnMnManpHas CXeMa yCUIIUTENS BblUEPUMBAETCA KapaHAalmloM Ha JIMCTE
oymaru popmara A4 (297%210 Mmm) ¢ coOMIOACHIEM TEXHUYECKUAX TIPABUIT YEPUCHHS
u TtpeboBanmit ECK]] (mpunoxxenue B). Ilpuniunuanbaas cxema J0DKHA 00s13a-
TEJIHHO UMETH PaMKy U mmramil (mpuioxenue XK).

8. IlepedeHp 3IIEMEHTOB NMPHUHIUIHAILHOW CXeMbl 0QOPMUTH Ha JHCTE Oymaru
dopmata A4 ¢ ykazaHuUEM JJIsl pE3UCTOPOB TUIA, MOIIHOCTH PaCcCEsSHUsI, HOMUHAIb-
HOTO COIPOTHBIICHUS, a I KOHJIEHCATOPOB — THIA, pabOYero HanmpsDKEHUS U HO-
MUHAIILHON €éMKOCTH (IpuiioxeHue 3).
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IMTPUJIOXEHUE b
DefepajibHOE ATEHTCTBO CBA3M

®denepajibHOE rocyIapcTBeHHOE 00pa3oBaTe/ibHOE 010/IKeTHOE YUpe:KIeHune
BBICIIEr0 MpodecCHOHAIBLHOT0 00pa3oBaHusl

«Culupckuil rocyiapcTBeHHbIN YHUBEPCUTET
TeJIeKOMMYHHKAIUil 1 HHPOPMATHKI)

JlacuuminHa:

KypcoBas (koHTpO/IbLHAsT) pa6oTa (MPoeKT)
HA TeMYy:

Hcnonuaurens
I'pynma Ne
(st cTyAeHTOB-3209HUKOB KPOME 3TOTO yKa3aTh ajpec u mudp)

20 T
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IMPMJIOXXEHME B

IIpaBuia 0003HaAYEHHA 3JIEMEHTOB MPHHIUNAAIBHBIX
cxeM (0yxBenHbie koabl) 'OCT 2.710-81

R — pesucropsr;

C — KOHIEeHCaToPkL;

L — xaTymka HHIyKTUBHOCTH;

VT, VD — npu6ops! NOTyIpOBOIHUKOBEIE;

X — coeauHEeHUsT KOHTPOJIbHBIE (00IIee 0003HaYEHHE).

Bce anmeMeHThl MPUHIMIHAIBHON CXeMBbl KpoMe OYKBEHHOTO MHJEKca CHabxka-
IOTCS TIOPSAKOBBIM HOMEpOM. [Topsiok MpHUCBOEHUS HOMEPOB DJIEMEHTAM IPUHITU-
MUAJIFHOW CXEMBI: CIIEBa HANPaBO, CBEPXY BHU3, MPHUYEM HyMepaius BEIETCS I
KaXXIOro THMa dJIeMeHTa oTaelbHo. OTaensHO HyMepyroTcs pesuctopbl R1, R2, ...,
R10, xormencatopsr Cl1, C2, ..., C8 u 1. 1. BykBeHHBIE UHIEKCH U LUQPPHI JOHKHBI
OBITH OJTHOW BBHICOTHI.

YciaoBuble rpadpuyeckue odo3navenus B cxemax mo I'OCT 2.730-73, 2.728-74

Bce reomerpuueckue 31€MEHTHI YCIOBHBIX 0003HAYEHUI BBHITIOTHSIOTCS JTMHU-
SIMM TOH K€ TOJIIIMHBI, YTO U JTUHUH JIEKTPUUECKON CBS3H.

IIpoBoJ cOeAMHUTETBHBIN Tommunaa 0,3...0,5
OTBeTBJICHHE UIH COETUHEHHE
MIPOBOIOB 7+£ Huamerp 0,8
Kopnyc
5 €
bl \DVL

Juon BRIIPSAMUTEITLHBIN |

10, <
Pesucrop HeperynupyeMsii — —

Pe3ucTop perynupyeMslii _|J_—|__

Konpencarop. 3HaK «+» CTaBUTCS LS
TOJIBKO Y DJIEKTPOITUTHYECKUX
MOJIAPHBIX KOHAEHCATOPOB T 4

Tpan3uctop (CTpyKTypHI n-p-n)
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IMPUJIOXKEHUE I
O0o3nayenune exHAL H3MepeHHs GH3NYECKHX BeJIHYNH

C 01.01.1971 r. BBenena k 00s3aTeILHOMY HCIOJIb30BaHUIO EnuHas cucrema
koHcTpykTOopckod npokymentammu (EKJIC) m MexaynaponHas cucreMa enu-
uunl (Cu). B MexayHaponHON CHCTEME €IMHMWI] MPUHATO MPABWIO COKPAIIEHHOTO
0003HaueHNs €qUHUI] U3MEPEHUN B BUAE ONHOW, ABYX WIM TpeX OyKB, BXOISAIIUX B
HAaUMEHOBAaHHE EIUHMIIBI C COOTBETCTBYIONIMMH MpHUcTaBKaMu. COKpalleHue eIu-
HUII, HA3BAaHHBIX UMEHAMH YYEHBIX, TUIIYTCS C MPOMUCHOM (3ariaBHOM) OYKBBI, BCE
OCTaJIbHbIE MUIIYTCS CTPOYHBIMH (MajbIMH) OykBamu. Hioke mpuBoAuTCs NEpEYeHb
0003Ha4YeHMi, HanboJee ynoTpeOIsIEMBbIX B YCHINTEIbHON TEXHUKE €IMHMI] U MpHU-
CTaBOK B PYCCKOM M MEXIYHapOIHOM HalHUCaHUU.

O06o3HaueHus O06o3HaueHus
HaunmenoBanue p— HaunmenoBanue p——
€IUHHII pycckoe HApOHOE €IHUI] pycckoe HapoOHOE
METP M m dbapan o F
CEeKyHJ1a C S OMm OMm Q
rpaiyc °C °C CHMEHC Cm S
Ienbcus
aMmriep A A TeHPH I'n H
repIl I'g Hz BeOEp BO Wb
BaTT Bt W Tecna T T
KYJIOH K C oe b B
BOJIBT B \'%
MHOXXHTEIN U IPUCTABKU
IIpucraBka
MHOKHTEI HaumenoBanue 0003HaYeHHE 0003HaUeHNE
pyccKoe MEXIyHApOIHOE
10° rura r G
10° Mera M M
103 KHJIO K k
10? TEeKTO r h
10! nexa na da
107! JeH bl d
102 CaHTH c s
103 MUJLTA M m
106 MHKPO MK i
10° HaHO H n
1012 TIMKO I p
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IMTPMJIOXEHUE /]

HomunajibHbIe 3HAYECHNS HANIPSIZKEHUH NCTOYHUKOB NUTaHusA POA
(T'OCT 18275-72)

[TocTosiHHBIE HANIPSDKEHMS B BOJIbTAaX BRIOMPAIOTCS U3 pAaa:
3,0, 4,0; 50, 52; 6,0, 9,0, 12,0; 15,0; 20,0; 24,0; 27,0; 36,0; 40,0
(pm ©MEET MPOIOJDKEHUS B 00€ CTOPOHBI).

IMPMJIOXEHUE E

OcHoBHBIE IPaBUJIA BLIOOPA THIIOB M IAPAMETPOB 3JIeMEHTHOM 0a3bl

IIpn npoexTHpoBaHUM paguod3IeKTpOHHON ammapaTypsl (POA) Bcernma ciemyet
IPUHUMATh MEPHI C IENbIO MOBBINICHUS €€ HaaeXHOCTH. [103TOMy pexoMeHmyeTcs
BHIOMpATh PE3UCTOPHI C JIOMYCTUMO MOIIIHOCTBIO pacCesHUs MPUMEPHO B 2 pasa
OombIIell, YeM UMEET MECTO B pealibHOM cxeme. KoHIeHCcaTOphl TOJKHBI BHIOMPATHCS
Ha pabouee HalpsbDKeHHeE, peBbIaionee pakTuueckoe B 2 paza. bpate Gonpmmii 3a-
1ac He UMEET CMBICIIA, MOCKOIBKY TaKas MePEeCTPaXxOBKa MPUBOJUT K 3aMETHOMY PO-
CTy CTOMMOCTH, MacChl M Ta0apuTOB MPOEKTUPYEMOT'0 YCTPOMCTBRA.

Pe3ucropsl
Psap1 E HOMMHANIBHBIX 3HAYEHU CONPOTUBIICHUN PE3UCTOPOB

WNnnexc | HomunanbHble 3Ha4eHNs (YMHOXAIOTCS Ha JIF000€ YUCIIO, Hlomyck K
HOMMHAIY,
psana kpatHoe 10) o,
E6 1,0 1,5 2,2 3,3 4,7 6,8 +20
1,0 1,5 2,2 3,3 4,7 6,8
B2 h | 18 27 3.9 56 | 82 10
1,0 1,5 2,2 3,3 4,7 6,8
1,1 1,6 2,4 3,6 5,1 7,5
E24 192 | 18 27 3.9 56 | 82 £
1,3 2,0 3,0 4,2 6,2 9,1
100 147 215 316 464 681
105 154 226 332 487 715
110 162 237 348 511 750 112
E48 115 169 249 365 536 787 " Me,Hee
121 178 261 383 562 825 0 40.01
127 | 187 274 402 590 866 | O
133 196 287 422 619 909
140 205 301 442 649 953

Ilpumeuanue. Homunaasbl cOnpoTuBIeHUM pe3uctopoB Goisbine 100 OM moiry-
4arTCsA YMHOXeHHEM 3Toi mkainsl Ha 10, 100, 1000 u T. A.
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IocTosiHHBIE PE3UCTOPHI
1. Pesucropsl Tuna MJIT (MeTasuionieHOYHbIE, JIAKHPOBAHHBIC, TEIJIOCTOMKHE).
Bupn pesucropa — HemnpoBosouHbld, psaa E24 ¢ nonyckamu +2, 5, 10%.

OcHoBHbIE TapaMmeTpbl pe3uctopoB MJIT

By pesicropa Homunansnaas mom- | [Ipenens Bemmaun | IIpepensaoe pabo-
Hocts npu 70°C, Bt OMm MOwMm |4ee HanpspkeHue, B
MIJIT-0,125 0,125 8,2 3 200
MIJIT-0,25 0,25 8,2 5,01 250
MIJIT-0,5 0,5 1 5,01 350
MIJIT-1 1,0 1 10 500
MIJIT-2 2,0 1 10 750

2. Pesucrops! Tuna MOH (MeTanookucHbIE, HU3KOOMHBIE).

[Ipennasnauens! mig gonoaHeHus: cepuun pesucropoB MJIT B obmactu HU3KO-

OMHBIX BCIIMYHH.

Bun pesuctopa — HenpoBosouHsli, psaa E24 ¢ nonyckamu £5, 10%.
OcnoBable napaMeTps! A rpynnsl MOHa (¢ ocHOBHBIME BBIBOJIaMU MOJ00HO

MTIJI)
Bun HoMUHATEHAS [Ipenenst Benuunn | [IpenensHbie HANIPSDKEHUS
pesucTopa | MOIIHOCTh, BT OM OM ITocrostanoe, | IMITybcHOE,
B B
MOH-0,5 0,5
MOH-1 1,0 1 100 7 60
MOH-2 2,0
3. Pesuctops! Tuna C5-17B.
Bup pesucropa — npoBosiogHsbli, psig E24.
HomunanbHas MOIIHOCTb, [Ipenensl BeMuIuH
Bt - OMm ° OMm Jlomyex, %
0,1 1
0,125 51 [10° +1
0,1 2,2
0,125 16 1103 +2
0,1 1
0,25 75 1 10° +1
0,1 2,2
0,25 16 1105 +2
0,1 1
0.5 75 1-10° i
0,1 2,2
0.5 10 1-10° 2

Pesucropst C 5-16 MB BrinyckarTcsi ¢ HOMUHAJIbHOM MOIIHOCTHIO 1, 2, 5 BT B
Irana3zoHe HOMUHaNbHBIX conportusienuit 0,1...2 Om (psg E24) u nomyckom +0, 1,

2, 5%.
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IlepeMeHHbIE PE3UCTOPHI

1. Pe3ucrops! Tuna CII3-9.
Bupa pesucrtopa — HenpoBosouHbid, psa E6.

JlakomieHOYHbIE, KOMIIO3UIIMOHHBIE, OJTHOOOOPOTHEIE.
By MoHTa)ka: ycTaHOBKA Ha EYATHYIO IUIATY WM Ha TaiKy.

[Ipenenst
Bup pesucropa HOMH;)a;I;Ha];ITMOHI' BEJIMYUH HPGHCH;;K (;jOMI/IHa—
’ kKOm KOM s
- 103 +10, £20
CII3-9a 0,5 1 4,7-10 (10 220-10° Om)
+20, +£30 (cBbImEe
CII3-96 0,5 1 6,8 220-10° On)

QOyHKIMOHANbHAS XapaKTEPUCTHKA — JTUHEHHAs A.

2. Pezucrop tumna CII2-2.
Bun pesucropa — HenpoBoJouHbIH, psaa E6.
Homunansaas momuocts 0,5; 1 BT.

Jlnana3oH HOMHUHAIBHBIX CONPOTHRIEHUH 47...1-10° OM.

OyHKIMOHANIbHAS XapaKTEPUCTUKA — JUHEIHAas A.

3. Pesucrops! Tuna CII3-4.
Bug nenpoBosnounsiid, psg E6.

OyHKIMOHANBHAS HomuuansHas [Ipenensl BenmuuuH
Bun pesucropa
XapaKTEPUCTUKA MOIIHOCTh, BT OMm kOm
CII3-4aM A 0,25 220 470
CII3-46M b,B 0,125 4,7-103 470
CII3-48M A 0,125 220 470
CII3-4rM b,B 0,05 4,7-10° 470

B xauecTBe peryisTopoB rpOMKOCTH CIIEAYET MPUMEHSATh PE3UCTOphl THUia B ¢
oOpaTHO! Jorapu(MUUecKOr 3aBUCUMOCTBbIO U3MEHEHHUS COIPOTUBIIEHUS B 3aBUCHU-
MOCTH OT yTJIa TOBOPOTA JABMXKKA.
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3JIeKTpH‘ICCKl/Ie KOHIACHCATOPLI

1. KoHzeHcaTopsl MOICTPOEHHOIO TUIIA JI IUIAT ¢ KPEIUICHUEM MTalKO# 3a BbI-
Boxbl Thma KT4-21 u KT4-25.

HoMuuamsmoe Homunansnas eMkocts, nd
HanpsbKenue, B MHHUMaJbHas, He 0ojee MakcHMaJIbHas, He 0oJjiee
0,4 2
250 0,4; 1,0; 2,0; 3,0 2,0; 5,0; 10,0; 15,0
3,0; 4,0 15,0; 20,0
4,0; 5,0; 6,0; 8,0 20,0; 25,0; 30,0; 40,0
1,0 5,0
100 2,0; 3,0; 4,0; 5,0 10,0; 15,0; 20,0; 25,0
6,0 30,0

2. Konpgencatopsl kepamuyeckue, TpyoOuatsie KT-1 wumeroT eMKocTh
1...10 000 n® cornacuHo psay E24, HomunansHoe Hanpspkerue 80, 160 wiu 250 B.
3. Psn HOMHMHANBHBIX €MKOCTeW KoHaeHcaTopoB Tumna K4-13 ¢ HoMuHaNBHBIM
HanpspkenueM 200 B.
0,01 0,15 0,22 033 0,047 0,068 0,1
0,15 0,22 033 047 0,68 1,0 (Mxd)

4. KonaeHcaTophl C OKCUIHBIM JIUDJIEKTPUKOM (DIEKTPOIUTHUECKUE) C TIPOBO-
JIOYHBIMHU U JIETIECTKOBBIMU BBIBOJIAMH.

HomunanpHas eMKOCTh, MK®D

HomunaneHoe
HanpshKkeHue, B

K50-6

6 | — ] — [ — [—[—[—[50]100]200]500] — | — | —

10 | —| — | — [10]20 |—| 50 |100 | 200 [500 1000 | 2000 |4000

16 | 1 | — | 5 [10]20 |30 50 |100|200 5001000 2000 |4000

25 | 1 | — | 5 |10]20 | — 50100 | 200 500 1000|2000 |4000

50 | 1 | 2 | 5 [10]20|—|50]100]200]|500]1000| 2000 | —
K50-16

6| — | —] — 1<

25 | — 2000|5000 | S

50 1000|2000 | 5000 | =
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IMPUJIOXEHUE X

Oo0pasen mTamMna NPUHIMINAJILHONA CXeMbI
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Y A

A HanmenoBanue yeprexa Mo cryn. Gunera |
M ™

l\ @ammmus | IMoanucs | [ara OV BIO !
vy | YepTun «Cubl'YTU» Ne geprexa
™y | Koncyi.
o | Penens.

T 20, 25 e 25 15, 30 >

185 >
IMTPMJIOXEHUE 3
OO0pasen nepe4YHs 3JIeMEHTOB IPUHIMIIHAJIBLHOH CXEeMbI
(3amosiHsIeTCH CBepXy BHH3)
20 . 50 < 80 vellpe 25
. Hpume-

= ?g’j;?aq HanmenoBanue O6o3HaueHHE Konm. quyxe
l\>v R1 Pezucrop MJIT-0,25-10+10% 1 1
~| R2 Pesucrop MUJIT-0,25-10+10% 1 1
~] c1 Konnencatop K50-6-100B-10Mk® 1 1
~ | VT1 Tpansucrop KT315B 3 3
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