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NPEJHCJIOBHE

CoBpeMeHHbII 3Tal B DPa3BHTHM CPEICTB CBA3H  XapaKTepu3dyercs
NMOBCEMECTHBIM BHeJIPeHUEM [OJYNPOBOAHHKOBHIX mpubopoB. Ilpumene-
HHE TPaH3UCTOPOB, 0COGEHHO B YCHJHMTE/SAX annapaTypbl YIJIOTHEHHS Ka-
GeNbHBIX M BO3AYWHBIX LieneH, TpebyeT MaKCHMa/JbHOTO CHUXKEHHS BJIUSA-
HHMs BHYTPEHHHX WIYMOB TOJYNPOBOJHHKOBBIX TPHOJOB Ha CHTHaJH
CBA3H C UeJblo o0ecrneyeHHss HX HauayullleH LIyMO3allHILeHHOCTH.

OTo MoxeT ObITh MAOCTHTHYTO, C OQHOH CTOPOHBI, yMeHblUEHUEM
¢baykTyanuit B caMuX TPaH3HCTOpaX, a ¢ LPYrod, — COOTBETCTBYIOUIHM
MIOCTPOEHHEM 3JIeKTPHUYECKHX LieNel, B YaCTHOCTH, CO3JaHHeM ONTHMalb-
HBIX ycaoBHE BKJwodends. Hacrosuias Gpoiopa nocssiueHa mnocsengHe-
MY U3 YKa3aHHBIX HampaBJeHHH.

B 6poiutope paccmMaTpHBalOTC MPHYMHBI BO3HHKHOBeHHS GJIyKTyauui
B TpaHsucropax. Ha mpuMepe KackagHOro BKJIOUYEHHS UX NOACHAIOTCS
fyTH ¥ CPEACTBa NPOEKTHPOBAHHS MAJOLIYMSILIHX 3JeKTPUUECKHX Leled,
B YaCTHOCTH, TPYNNOBBIX YyCHJAHTeJel CHTHalNoB cBfi3u, [azaraercs Mme-
TOA ONpefesNeHUs IIYMOBHIX NapaMeTPoB TPAH3HCTOPOB, OCHOBLIBAIO-
IMACS Ha M3MepPeHHH 3KCTPeMasbHbIX 3HaueHH# KosbduuHeHTa LIyMa
C WUMOJIb30BaHHEM THIIOBOrO 060PYHOBaHHS. B TIpHJIOMKEeHUH NpUBOISTCH
flepecyeTHble COOTHOLIEHHS] MeXJY pasjHYHBIMH CHCTeMaMH IlapaMeTpoB
U npaduyeckue MOCTPOEHHS, 3HAUUTEJNBHO YNpOLalOUlHe OmNpeleeHue
LIYMOBBIX Tl0Ka3sareJsel.

bBpowtopa paccuHTaHa Ha OneuHanucToB, paGorawliux B 06sacTH
IPOEKTHPOBAHUSI M KCIMyaTaliHH ammapartypel pafuo H CBS3M Ha TpaH-
3HCTOPAX.

3aMeyanus no Gpolllope HaO0 MOCHIAThL B H3AaTeabcTBO «CBsI3b» MO
ajppecy: MockBa-uentp, Uucronpynumii GyanBap, 2.

Texnuueckoe ynpasrenue
Murnucrepcrea ceasu CCCP



1. ®JIVKTYAUHH B TPAH3HCTOPAX

1.1. Obwue csedenus

Hccnenosanns WyMoB B TPaH3HCTOPAX YKasbiBalOT Ha HaJHuHe B
HUX UeJoro psiia (U3HYeCKHX  SIBJEHHH, COTMPOBOMKIAEMBIX 3JIEKTPH-
vyeckuMH Gayktyauusmu [JI1]—[/T4]. Tlociennne o6bIYHO YUHTHIBAIOTCH
WyMOBBIMH TlapaMeTpPaMHi, H3 KOTOPbIX Ha NpakTHKe HauboJbinee pac-
NpOCTpaHeHHe TNOJyuusa KoaduUHeHT mMmyma, HOPMHPYeMbli AJs
HHU3KOLIyMsLle#l TPynnbl TPaH3HCTOPOB Ha dacToTe | Key mossoJssier cy-
JUTh 06 MHTEHCHBHOCTH (/yKTyauuil B AHana3oHe HH3KHX YacToT, HO
COBEpLIEHHO HENOCTATOYeH MJS NpPOeKTHPOBAHMA ONTHMAJbHBIX MO WLIy-
MaMm uenei. ITonoxenue ycyry6isiercs eumle M TeM, YTO HCHOJb3yemble
B YCTPOHCTBaX C 3/JEKTPOHHBIMH JlaMIIaMH MeTOJbl NOBBILIEHHS IUYMO-
3aIMULIEHHOCTH 3Jech OKas3blBalOTCsi He Bceraa s(QeKTHBHHIMH. 3a
HCKJIIOUEHHEM HEKOTODBIX, BCe THIEI TPAaH3UCTOPOB HMEIOT HH3KOe BXOJ-
HO€ CONPOTHBJIEHHE, OTrPaHUYHBAIOLUIee BO3MOXXHOCTb MOBbILIEHHSA INYMO-
3alIMIIEHHOCTH [OCPEACTBOM INpHMeHeHHs TpaHc(HOPMHPYIOIHUX Iemned.
Bwmecrte ¢ teM, onM 061afal0T BHYTPeHHHMH (DJIYKTYalUHSIMH, ¢ KOTODHIMU
HeJIb3sl He CYHTATbCsl, NPHHHMAas BO BHHMAaHHe BecbMa XeCTKHe HODMBI
Ha JlonyCKaeMble B KaHalaX CBSI3H IOMEXH.

OTcyTcTBHE HOPDMUpPYEMEIX ITYMOBBIX MapaMeTPOB TPAH3UCTODPOB, MHO-
CTATOUHBIX [Jfi ONpeJeseHHs pPEeXHUMOB, IIPH KOTOPHIX JOCTHraercs
Hauayylas IWyMO3allMUIEeHHOCb, CO3JaeT Cepbe3Hble 3aTPyJHEHHS NPH
TIPOEKTHPOBAHUU YCTPOMACTB CBSI3H M B 3KCIJIyaTaLHH.

Ha6monaemMoe €x0ACTBO B XapaKTepe BHEWIHHX NPOSBIeHMH (ayK-
TyalHii TPaH3UCTOPOB H 3JIEKTPOHHBIX JIaMI IO3BOJISiET 3aUMCTBOBAaTh
YCTaHOBUBIIYIOCS TEPMHHOJIOTHIO M NOJAPAa3LeasiTb TPAH3HCTOPHBIH IIyM
Ha MepuateJbHbH ((JAHKKep-yM), ApoGOBOX U TENJOBOML.

1.2. Mepyareavnolii wym

OnHa 43 pasHOBUIHOCTeH GJYKTyauHii NposBJAsAeTcs B BUAE Mep-
LaTeJbHOrO IIyMa, BO3HHKAIOLIErO Ha IOBEPXHOCTH MOJYNPOBOJLHHKA, a
TaKXe NpPH SABJEHUSIX yTEYKH M KaHa/JbHBIX addekrax. Mmeomuecs na
MOBEPXHOCTH MOJYNPOBOJHHKA 3HEPreTHYeCcKue YPOBHH MENJIEHHOro H
GLICTPOTO NOBEPXHOCTHBIX COCTOSIHHE NeHCTBYIOT KaK JIOBYIIKa AJs OC-
HOBHBIX HOCHTeJIEH 3JIeKTPUYECKHX 3apSloB HJIH Kak LEeHTPH PeKoMOH-
Halky¥ AJs HEOCHOBHBIX HOCHTeJell 3JleKTpHUecKHX 3apspoB. Ilpu ssJje-
HUSAX yJNaBAMBAHHA M PEKOMOHHAUMH BO3HHKAIOT (JYKTyauHH B o6beme
MarepHaljia NOJYNpPOBOAHHKA M Ha ero MOBEPXHOCTH, KOTOpHE CO3[ai0T
WYyMOBOH TOK uepe3 mepexon !).

mp: CSB—2~[f—T Af. (1.1

') TIox TepMHHOM «nepexoi» 3Aecb M LAaJee MOAPA3YMEBAETCA <€3JEKTPOH-
HO-ANPOYHHE nepexonr.
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nae C — MHOXHTEb, YUUTBHIBAIOUHH OCOGEHHOCTH NMOBEPXHOCTH TIOJYTIPO-
BONHUKOBOI'O MaTepHaljia; S — CKOPOCIb TOBEPXHOCTHOH pPeKOMOGHHalMH;
B — ko3 dHuuHeHT, NpeAcTaBAAOWELA Mel/eHHble (QYHKIUMH- TJIOTHOCTH
ToKa; [ — TOK, TpOTeKallluii yepe3 nepexop; Yy — Ko3b¢HIUEHT, yuH-
TBIBAIOUIH{I CBOHCTBA Nepexola, MO BeNHYHHe OJU3KHH K eJNHHHUIe;
Af —moJsioca uactoT, B KOTODOH ONpefessieTcssl IIYMOBOH TOK.

H3 ¢-apmt (1.1) BHIHO, UTO C BO3pacTaHHEM TOKa, TIPOTEKAIOLero ye-
pe3 Mepexoi NpPH €ro MOJNO)KHTENLHOM CMEIeHHH, (JIYKTyauuu YCHJIH-
BaIOTCH.

TlocTosHHBIE TOK YyTeukH BO3HHKaeT B o6pasyiollefics MO TepHMeTpy
TIepexofla TOHKOH NpPOBOJAsILeH INJeHKe; ee CNOHTaHHBle GJIYKTyauuu
NMPOBOXHMOCTH MOPOXKAAIOT LIYMOBOH TOK YT€UKH

Fayl? =2 Ia A F, (1.2)

rae /gx — TOK HACBHILIEHHOTO [HONA, NPONOPIHOHAJBHBIN KBagpaTy TOKa
yTEeuKH yepe3 nepexon; e — 3apsj 3/JeKTPoHa.

Tok yTeuku pe3Ko najaeT C yMeHblUeHHeM CMelleHUS Nepexona, 1o3-
TOMY BbI3biBaeMble UM (JIYKTYyallHd He3HAUHTeJbHBl TPHU OTPHIATENLHOM
cMellleHHn nepexona, 6auskoM K Hymawo. HIymoBo#i Tok yreuku sBisiercs
¢yHkuue# oT 06paTHOrO HanpsixkeHHs M o6GJajaer rUCTEPe3UCOM; C TO-
BHIIIEHHEM TeMTNepaTypbl OH BO3pacTaer.

CocraBJsolie MeplaTeJbHOro 1yma, oOyclOBJeHHbie TaK Ha3blBae-
MBIMH KaHaJbHbBIMHE 3¢ ¢eKTaMy, BO3HHKAIOT TPH 06pPa3soBaHUM HA NOJY-
TIPOBOJMHUKE MOBEPXHOCTHOTO  CJOsi, OOGJajarollero IpoBOAUMOCTHIO,
obpaTHoit 06beMy MaTepuana moJynpoBogHHKa. [Ipu oOTpHUATENBHOM
CMeIleHHH Tiepexofia Ha MNOJI0 KaHaJbHOTO OGPATHOrO0 TOKAa NPHUXOAUTCS
3HAYHTENbHAS YacTb MepIaTeJbHOro IIyMa. DKCNepUMeHTaJbHble HCCJe-
JIOBaHUS MOKa3blBAIOT, YTO KaHa/lbHble SBJNEHHS B MOJYNPOBOJHUKOBHIX
upubopax SBJAsIOTCS HanbGoJsiee BepOSTHOH NPHUYMHOM BO3HMKHOBEHHS M3-
ObLITOYHOrO LIyMa, KOTOPHIA 10 NpPHPOAe OJH30K K ILyMOBOMY TOKY
yTEUKH.

BosiencTaie HEKOTOPBIX OCOGEHHOCTEH TIOBEPXHOCTHOrO IyMa ypPOBeHH
MepHaTeJbHOr0 LIyMa TPAaH3UCTOPOB THNA p-n-p 3HAaUUTEJbHO HHIKE,
4eM y npubopoB ¢ n-p-n nepexojaMH. YCTaHOBJEHO TaKKe, 4TO repMa-
HMeBble TPAaH3UCTOPH 06/MajaloT Jy4YIHMH INyMOBBIMH XapaKTepUCTHKa-
MH TI0 CPaBHEHHIO C KPeMHHEBLIMH.

YacTHyHasi cxeMa 3aMelleHHs TPaH3UCTOPa, YUYMTHIBAIOLLAs OCHOB-
Hble HCTOYHHKU MepLaTeJbHOro llyMma, H3obpaxeHa Ha puc. l.1. Ha neit
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Puc. 1.1. YHacTHunas cxeMa 3aMelleHusl TPaH3H-
¢TOpa, YYHTBIBAIOWAS HCTOYHHKH MepPLATeJbHOTO
wyMa



GAYKTyallnH, BBI3BaHHble 3aMOJMHEHHeM Me[JIEHHBIX TIOBEDXHOCTHBIX CO-
CTOSIHUH B 06JIaCTH OCHOBAHHMS TPAaH3HCTODA, YUHTBIBAIOTCA JBYMsl HCTOY-
HAKaAMH WYMOBOTO TOKA imn» H imnx, BKJIOYEHHBHIMH INapajjiesibHO
3MHTTEPHOMY H KOJUIEKTODHOMY mepexojgaM. MexIy 3THMH HCTOYHHKA-
MH CYIIECTBYeT MNpPaKTHUECKH I[OJ/Hasi KOppeJslUOHHAasi 3aBHCHMOCTb,
HenocpencrBennast MORYJSLHs CONPOTHBIGHHS] OCHOBaHHMsI TPAH3HCTOpPA
(10 NOCTOSTHHOMY TOKY) ron, BBI3BaHHAsh TEMH e NPHYMHAMH, YYHTHI-
BaeTcss HCTOYHHKOM LIYMOBOIO HAaNpsiXKeHHus eyy. Kpome ToOro, mpowc-
XONLHT KOCBeHHasi MOIYJSLHsI HCTOYHHKAMH LIYMOBOTO TOKAa, YTO YYH-
THIBAeTCSl BKJIOYEHHEM [yns, MapaiesbHO fy U Toum, 8 imnk — 2k H
rom. LIyMOBO& TOK yTEUKH Ha cxeMe 3aMelUeHHs YUHTHIBaeTCs HCTOY-
HHKOM imy. EcMH MOLyJ sALMS CONPOTHB/EHHS OCHOBAHHs TpPaH3UCTODA
He3HauHTeJbHa, TO ITOT HCTOUHHK IOMAralOT Harpy:KeHHbHIM Ha COTPO-
THBJeHHe KoJulekropa. Ilpu cMemenusax |Ux] < 10 B BbiCOKOKauecrt-
BEHHBIX TPAaH3HCTOPAX IIYMOBOH TOK yTeukH O6GLIYHO mpeHeGpexXHMO Mall.

Mexay WIYMOBBIMH UCTOUHHKAMH €mu, imy H imns, fmmk TakXe CYy-
LleCTBYeT KOppesslHOHHAsi 3aBHCHMOCTb, BJHSIHHE KOTOPOW mpH ci1a6o
BHIDAXKEHHBIX MOAYJSLHOHHBIX SIBJEHHSAX H MajoM TOKe YTeukKH KpafiHe
He3HauHTeJbHO.

Jlnana3on HHXKHHX 4acCTOT, B KOTODOM HauGoJsiee IPOSIBJISETCS Mepua-
TeJIbHBIH I0yM, HCCI@IOBAHHBIH Ha HHTAX U3 FePMaHHs, NPOCTHPAeTcs
npuMepso o 2,5.107% 2y, a nuanmason BepxXHHX uacTOT 3TOrO WyMa,
H3MepeHHOro B COBpeMeHHbIX TpaHaucropax,— uo 0,7+-3,0 xey. Ha Go-
Jlee BBICOKHX YacTOTaX MepLaTeJbHBIH WYyM MacKupyercss (JyKTyauusiMu
HHOTO MPOHCXOXKAEHHUS.

ITpy MOBBILIEHHOH BJNAXKHOCTH M HEJLOCTATOUHO TLIAaTe/NbHOH oGpabort-
Ke TIOBePXHOCTH MOJYNPOBOJHHKOBOTO MaTepHaJa MepLaTeNbHbIfl IIyM
MOXeT TpOosBIATbCA B AHamasoHe yactoT no 100 xey W Bble, 4TO, B
4acTHOCTH, Habiofaloce B 06pasnax TPAaH3HCTOPOB INEePBBIX BBIMYCKOB.

1.3. Ipobosoi wym

TeoperHueckHe HCCIAENOBaHUSI MPOUCXOXKIEHHS APOGOBOrO IIymMa B
TPaH3HCTOpaX, TMPOBOAUBLINECS MDH ONpelesieHHbIX OrpaHHYEHHSX, AAJTH
NpaKTHYECKH OJHWHAKOBble pe3y/bTaTh. B OIHOM ciyuae Apo6GOBOi LIyM
NPUIUCHIBAETCA ClayyadHol NHGMQY3HH HEOCHOBHBIX HOCHTesell, a TaKxXe
NPOH3BOJILHONA TreHepauu M PEeKOMOHHAUHHM 3JIeKTPOHHO-ALIPOYHBIX Tap;
B JIPYTOM CJyyae TIPOHCXOKJEeHHe 3TOTO LIyMa OCHOBBIBaeTCA Ha Npefn-
NOJIOXKEHHH CJYYaHHOCTH M He3aBHCHMOCTH IepeceueHHsl Tepexona OT-
AeNbHBIMH HOCHTEJISIMH.

[onubix Tok ApoGoBoro Iryma uepes Nepexol B 06/1aCTH  HH3KHUX
4acToT

lEwal® = 2e (1 +- 1) Af—2e(— To) AT, (1.3)

rie I+, — cocraBnsioliass TOKa uepes Nepexo] B TPSMOM HanpasJje-
HUuHM; —Jo — cocTaBisiolllasi TOKa uyepe3 IHepexod B OGpaTHOM Hampas-
aewnu. M3 ¢-awr (1.3) BHaHO, u4TO mOJHBIH TOK ApoGoBoro wiyma obpa-
3yeTCsl ABYMsI BCTPeUHBIMH NOTOKAMH, BLHI3BAHHBIMH He3aBHCsUled OT
NPHJOXKEHHOro HanpsiKenuss nUddYy3ilell HEOCHOBHHIX HOCHTeJeH: H3
06J1aCTH C OPOBOAMMOCTBIO N B p, OMNpelesieMOl TOMbKO JuddysH-
OHHbIM moTeHuHatoM Uy mepexona stux oGaacreft. Ecau k obnactu p
NpHKJIaabiBaeTcss Hanpspkenune U, To mo.Hoe HampsiKehHe NpeicraBisieT
pasiocts U — Ujp. BepositHocTh Aud¢y3us ABIPOK, BHI3BIBAIOMHX TOK
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u3 06JacTH n B 06J4CTb p, He 3aBHCHT OT TPHJOXKEHHOTO HalpSIKEeHHs;
BMecTe C TeM, NHddY3HsT NBIPOK, 06pa3yiolHX TOK H3 30HHI p B N, NMPO-
nopuuonaibia BenuunHe exp[—e(Ux— U)/kT]. OGa 3TH TOoKa HMeloT
BCTPEYHOE Hanpas/eHHe H DaBHOBEJHKH NP HYJEBOM CMellleHHH Tiepe-
xona.

Boipaxkenue (1.3) o6bluHO HcHosb3yeTcss AJs1 onpedesieHHss ApoGo-
BOro IllyMa TPaH3HCTOPa INPH IPENNOJOXKEHHH He3aBHCHMOCTH COCTaB-
asomux I+1o u —I,. B coorBeTCTBHH C 3THM ApPOGOBOI IIyM 3MHT-
TepHOTO mepexoja

limpsl® = 2 (Is + Isg) A —2e (— Iso) A F, (1.9

raie I,+1so — TOK, mpoTexaloLIUii H3 3MHTTepa B OCHOBaHHe M 06pa-
3yeMblil [BHXKeHHEM IbIPOK; —/sp — TOK, TIPOTEKAIOIIUHA H3 OCHOBAHHS
B IMHTTED H BHI3bIBaeMbll [IBHXXEHHeM TeHepUDYeMBbIX B OCHOBAaHHH
ABIPOK.

Uepes KOJJIEKTOPHBII Nepexojy Bce NLIPKH [BHKYTCS B OZHOM Ha-
[paBJeHNH, NOSTOMY TOK APO6GOBOTO IIyMa

o =2 I A f. (1.5)

BeipaxeHus npo6GOBOro Ilyma 3MHTTEPHOTO H KOJIJIEKTODHOTO mepe-
XOMOB TOMHOCTbIO CoBmamatwT ¢ yp-HueM (1.3), eciaH cOOTBETCTBEHHO
I=I u Io=1Iso, I=Ix 1 Io=Ixo; Npu 06paTHOM CMeIllEeHHH Nepexona
Ix+1xo=0. 3nauenns [0 H [xo, €ciH mpeHe6peub TOKaMH yTEUKH, TDH-
MEpHO paBHBI TOKaM 3MHTTepa H KOJJIEKTOpa TMpH AOCTAaTOYHO GOJBIIHX
CMelllgHUAX Nepexona. Beipamenuss (1.4) u (1.5) cmpasensimsnl u nJs
cayyasi, KOrfia 4acTb TOKa CO31aeTCs OCHOBHBIMH HocHTeJsiMH. Ilas o6-
JaCTH BBICOKMX YaCTOT MCMOJb3yeTCsi ypaBHeHHe IMOJHOro apoboBOro
LlyMa yepe3 nmepexoj:

VmaB =4cTGAf—2 IA¥, (1.6)

rae G — BellleCTBeHHas1 ‘COCTaB/sAOIAs NOJHOH NPOBOJAHMOCTH flepexo-
na; I — Tok yepe3 mepexofl, NMONOXKHTENbHBIH NPH NIPSMOM H OTPHLATE/Nb-
HBIl TIpH 06paTHOM CMeIlleHHsIX nepexona.

Ha BbicOkHX YacToTax NOTOK HOCHTeNeHl He coBHamaer no ¢ase C
NPUJIOKEHHBIM HampsiXKeHHeM, YTO NPHBOAHT K YAaCTOTHON 3aBHCHMOCTH
fIPOBOIHMOCTH M MOSIBJEHHIO €MKOCTHOH cocTaBasiolllell. B atoMm cayuae
IpoGOBBIE WYMbl 3MHTTEPHOTO H KOJJIEKTOPHOTO IIePeXOJ OB TPaH3HCTOpA
Ha BBICOKHX YacTOTaX COOTBETCTBEHHO OmpefelisioTcst dopMysaaMu:

Tl = 4k TGy A [ —2e [y Af (1.7

lmnxl® =2e I A f (1.8)

Ha YaCTHYHOH cXeMe 3aMelllenus (puc. 1.2) OHH YuHTBHIBalOTCA KOppe-
JUPOBAHHBIMH HCTOYHMKAMH INYMA €mps M mpk. Ha HH3KHX yacroTax
KOppensiiusi MeXIy HHMH OObIYHO NpeHeODEXKHMO MaJja, Ha BHICOKHX
YacCTOTax oHa MOXeT ObITb BeCbMa 3HAYHTEJbHOM.

HesaBncuMocTh  GAYKTYaUHMOHHBIX COCTaBJSIOIIMX  TpPaH3HCTOPa OT
HamMpsHEHHs] KOJJIGKTOD — SMHTTeD IIOJATBEPKIAeTCsi NPSAMBIMH, Tped-
CTaBJIeHHBIMH Ha pHc. 1.3, CHATBIMH s TpaH3ucTopoB THnos I1410 u
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I1411 B nuana3oHe 4YacTOT ¢ Mpeo6JajaloO{MMH TeMIOBHIM H Apo6o-
BbIM IIYMaMH.

BMmecTe ¢ TeM, Kak M CJ1eI0BaJN0 OXHIATh, LIyMbl 3aBHCAT OT TOKA
3MHTTePa, 4YTO NOATBEPXKIAETCH 3aBUCHMOCTSAMH, H306paKeHHBIMH Ha
puc. 1.4. TlpuBenenHble 3aBHCHMOCTH Ko3bdHIMeHTa IIyMa TOJYYeHB
TIPH BKJIOUEHHH TPAH3HUCTOPOB (Kak M MOBCIOAY B JajbHeHlleM) MO cXxe-
Me ¢ OGIIHM 3MHTTEPOM NPH Harpyake Co CTODOHBI BXOJa Ha COTPOTHB-
nenne Ry=300 o ’

/ Z; Z/{ Z
—

Cuds

Cur
g ' 4
Puc. 1.2. YacTuuHass cxeMa 3aMelleHUs: TpaH3d-

cTOpa, Yy4YHThiBaioliasi MCTOYHHKH ApoGoBOro H
TENOBOro IIyMOB

/{w, M
/ | 5 | iy |
| F=50Key, I;=1ma, R, =3000n
Ne 1411
§ i
Ne2 1411
I
6 Ne§ (1410
2 . U 6
aq !/ Z g 8 5

Puc. 1.3. 3aBucuMocTb Ko3(duIHEeHTa LiyMa TPaH3HCTOPLB
~tunoB I1410 u TI411 or HanpsiKeHHS KOJJIEKTOP—3MHUTTEP

8 Huw, 36
T
vy | I
Ne2 1411 | F=IMey, Ug=2B,R-F000M,
6 Net 1411 /
__—-—-—-71"""——’_
4 I, ma
0 / 2 J 4 2

Puc. 1.4. 3aBucuMocts KoadodiuueHta WyMa TPaH3UCTOPOB
TunoB [1410 u [1411 ot TOKa 3MHTTEepa



1.4. Tenaosodd wym

[Tpu paccMOTpeHHH ApOGOBOro IyMa NpeANONAragoch, 4HTO Hemo-
CPeACTBEHHO K Tepexoly mpuioxeHo Hampsxenne U — Uy, B geficr-
BHTEJBHOCTH K HeMy TIPHKJAAQJBLIBA€TCS YacTh HAaMNpSIKEHHsl BCJIEJCTBHE
NMoTeph Ha KOHTAKTHBIX COTMPOTHBAEHHAX H TpHJETAIOIHX K Tepexony
06J1aCTAX MaTepHajia C MNPOBOJHMOCTAMH p H n. DTO yuuTHIBaeTcs BBe-
IeHHeM B CXeMy 3aMellleHHs] TIOCAeNOBATENbHO BXKJIIOUEHHOTO CONPOTHB-
JIEHHSI Fom, BEJHUMHA KOTODPOTO 3aBHCHT OT NPOTeKalollero yepes TpaH-
aucTOp ToKa. Hampsikenue TemjoBoro INyMa, BO3HHKAKOLlee B CONpO-
THBJICHHH, ONPEeNesieTCsi COTJaCHO H3BECTHOMY BbiDaXKeHHIO:

lemrol* = 4K T ron Af. (1.9)

HanGosee 3HauMMBIM HCTOYHHKOM TeNJOBBIX (JIyKTyauui sBjsieTcs
COMPOTHBJIEHHE MeXJy BHYTDEHHHM H BHEIIHHM OCHOBaHHSIMH TpaH3H-
cropa.

Ilpn mpoTekaHuH yepe3 nepexo] TIEPeMEHHOTO TOKAa H3MEHSeTCs CKO-
POCTb HHBEKIHH, PeKOMOHHAUMA H BbIXOJAa HOCHTeseH, Gsiarogaps uemy
BO3HHKAIOT MOIYJSIHOHHbBIE COCTABJIAIOUIHE, YYHTHIBAEMBle B Clydyae
HeoGXOZUMOCTH B TOJHOM CONPOTHB/NEHHH OCHOBAHHS  TPaH3HCTOpA.

1.5. IToanaa cxema 3ameujeHus

IlpencraBnendsie Ha puc. 1.1 ¥ 1.2 vacTHUHBle CXeMHl 3aMelleHHS
CIyXXaT HCXONHBIMH JJIs1 COCTaBJIEHHSl NMOJHCH CXeMBl 3aMellleHHs, OTO-
6paxaiollleli B COBOKYMHOCTH IIYMOBble H YCHJHTeJbHBIE CBONCTBA TpPaH-
sucropa. Ha puc. 1.5 mpuBefeHs nosHble CXeMBl 3aMellleHHsl AJS Tpex
BO3MOXKHBIX CNOCOGOB BKJIOYEHHsST TPaH3UCTOpa, 'KOTAAa B KauecTBe 0G-
ILEero 3JIeKTPOJa HCIOJb3yeTcs: OCHOBaHHE, SMHTTED HJH KOJIJIEKTOp.

IMonnbie WymMOBLIE HAMpsKeHHs Ha BXOJe H BHIXOAE TPaH3HCTOpa
(mpr pa3soMKHYTHIX 3a)KHMax) B 3aBHCHMOCTH OT cmoco6a ero BKJIO-
YeHHS ONpeJe/sIOTCs COOTHOWIEHHSIMH:

= NIpH 00LIeM OCHOBaHHH

lem3ol® = lewms|? + lemns|® + |ewrol?, (1.10)

lewasol? = lewnkl|® + lewmaxl?® + lewrol?; (1.11)

— npu oflleM 3MHTTepe

lewnss|? = ewrol* + lewnsl® + lewns|?, (1.12)
lewaas|? = lewns|? + lewns|? + lewax|® 4 lewnk|?; (1 13)

— NpH Oo6ILEeM KOJJIEKTOpe

lewniskl® = lewrol® + lewax|?® + leumxl?, (1.14)

lely,“P = lewnal? + lewns|® + lewnx!? + lewnk|? (1.15)

rae €eyuy — 3aJdarilee ldnpsi2keHHe HCTOYHHKA MepluaTesjbHOro IuymMa
SMHUTTEPHOrO IMNepexoAa; €mpe — 3alalollee HANPAXKEHHe HCTOYHHKA
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Puc. 1.5. Tlosnas cxeMa 3aMellleHHss TPaH3UCTOpPa,
HMEIOIIero:
a — oblllee ocHoBaHHe; 6 — OOIUA 3MHUTTED;
8 — o6l KOJIIEKTOp
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Puc. 1.6. Hamenenne kosbduunenta myma TpaH3H-
CTOpa B 3aBHCHMOCTH OT 4acTOTHI



LpO60OBOTO liyMa SMHTTEPHOTO MePeXOfd; emxx ~—— 3aAaiollee Hanpsxe-
HHe MCTOUHHKA APOGOBOro llyMa KOJJIEKTOPHOTO Nepexofla; €mnx — 3a-
faiolllee HampsixKeHHe HCTOYHMKA MepLaTeJbHOro IyMa KOJIJIEKTOPHOTO
nepexona.

B suipaxenusx (1.10)—(1.15) nna NoJHBIX IUyMOBBIX HampsXKeHUH
MOMYJSLHOHHbIE COCTaBJAOLIME He YUHTHIBAIOTCS.

Hamenenne xko3pdHuunHeHTa lIyMa TPAH3HCTOPA B 3aBHCHMOCTH OT 4ya-
cToTe B 0OlleM BHAe TpeacTasieHo xa puc. 1.6. Jo uacrorhl fu fpo-
ctupaetcsi 06/1acTb Npeo6iajaHHs MepLaTeJbHOro WIyMa, Bhille ee, A0
4acTOTH fs, Npeo6JiafaoliuMH SBJIAIOTCA GAYKTYyalHn APO6GOBOrO H Tell-
J0Boro npoucxoxienus. Cieldyioulee 3aTeM TNOBHIUeHHe K03h¢dHuUeHTa
IWyMa B OCHOBHOM IIPOHCXOJHT BCJEACTBHE TaAeHHs Ko3duileHTa ycH-
JieHHsi TPaH3HCTOPa.

2. TPAH3HCTOP — LIYMALIHH YETBIPEXITIOJTIOCHHK
2.1. Cucrema a-napamerpos

Hexona u3 OOLIMX TOJOMKEHHIl TEOPHH ABTOHOMHBIX CHCTeM mepeaa-
yu [JI5), [JI6], mpencraBisieTcss BO3MOXKHLIM pacCMaTpHBATh TPAH3HCTOP
KaK YeTHIPeXMO/IOCHHK, TIONMHOCTbIO XapaKTePH3yeMbIHl IIeCTbIO TapaMer-
pPaMH, U3 KOTOPBIX YeTHIpe SIBJSIOTCS HEaBTOHOMHBLIMH H B4 aBTOHOM-
HBIMH.

ABTOHOMHBIMH TIapaMeTPaMH UYeTBIPEXTOJIOCHHKA, KaK H3BeCTHO, SB-
JAI0TCA 3ajalollke HANpsiKeHHsl ¥ 3ajaioliie TOKH He3aBHCHMBIX HCTOY
HHKOB. B oT/iMuHe OT 3aBHCHMBIX MCTOYHHKOB, JeHCTBHE KOTOPHIX NPOSB-
JN9eToss TOJBKO MOA BO3JeliCTBHEM BHeIIHEro CHMHajla, He3aBHCHMble
KHCTOUHHKH TIPSIMOH CBSI3H C TOCJIeJHHM He HMeloT. B ciayuyae paccMor-
peHHsi IIYyMOBBIX MPOLECCOB B TPaH3HCTOPaX HE3aBHCHMBIMH SIBJSIOTCS
HCTOYHHKH LUyMa, YYHTHIBAIOL[HE ero BHyTpeHHHe ¢aykryaunu. Ilpu
3TOM IpeMmoJaraercs, 4ro:

a) QAyKTyalHH TNOPOKAAIOTCA CTAHOHAPDHBIMH IIpOLleCCaMH, CTaTH
CTHYECKHE CBOMCTBA KOTOPHIX BO BPEMeHH COXDAaHSIOTCH HEH3MEHHBIMH.

6) cTaTHCTHYeCKHe SIBJEHHS TOAYHHAIOTCS HOPMAJbHOMY  3aKOH!
pacnpesenenusi BeposiTHoOC rei;

B) yCHJHTeJbHble CBOHCTBA TPAaH3HCTOpPA OTHCHIBAIOTCH JHHEHHBIME
ypaBHEHHSMH;

r) moJjioca 4acTOT, B KOTOPOf OLEeHHBalOTCA GJyKTyalluH, AOCTaToY-
HO y3Ka.

HcTounnku myma onpejeleHHBIM 06pa3oM BKJIOYAIOTCS MEXAY BXOJQ-
HBIMH H BHIXOJHBIMH 3a)KHMaMH TpaH3ucropa. PacnosokeHne HX 3aBH-
CHT OT HOMOJb3yeMOH COBOKYINHOCTH NapaMeTpoB. Tak, HampuMep, B CH-
cTeMax 2, Yy u h, HdnGosee YacTO NPUMEHSIEMBIX MJs BHIpaXKeHHs YCH-
JINTENIBHBIX CBOMCTB TPAH3HCTOPA, BHyTPeHHHe (JYKTyalMH yUYHTHIBAIOTCSH
[IYMOBHIMH HCTOYHHKaMH, BKJIOYEHHBIMH KaK CO CTOPOHBI BXOJa, TaKk H
€O CTOPOHBI BBIXOAA, H MOTYT ObIThb BBLIYHCJEHBI IO COCTABJSIOIIUM TM0J-
HOfl CXeMBl 3aMelleHH’sl WIH HeloCPeCTBEHHO H3MEepeHhl.

Jnst BhIpaMeHHs IUYMOBHIX M YCHJHTEJbHBIX CBOWCTB TPaH3HCTOPa
B TIPHHLHKIE NPHrOfHa Jio6ass H3 H3BECTHBIX CHCTEM NapaMeTpoB, BMe-
cte ¢ TeM BHI6Op Haubojlee MPAaKTHYHOH M3 HHX HMMeeT HeMaJloBaXKHOC
3HayeHHe. Bk/loueHHe HIyMOBHIX HCTOYHHKOB C ABYX CTOPOH (Ha BXOAC
H BBIXOJe TPAH3HCTOPA), KAK 3TO HMEEeT MECTO B YNMOMSAHYTHIX CHCTeMax
napamerpos, Tpe6yeT TpPH aHa.Ik3e LIYMOBBIX CBOMCTB TIpHBeIEHHS X
KO BXOJY HJH BBIXOAY, TO3TOMY TaKOe BKJIOYeHHe ILIYMOBBIX HCTOUHH-
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KOB MeHee yao6HO, ueM omgHoctoponHee. [Ipu Heo6X0AHMOCTH, OJLHAKO,
OT OXHOH CHCTeMBbl MapaMeTPOB K JAPYrofi MOXHO MNepeHTH, BOCTOJIb30-
BABIIHCb H3BeCTHBIMH IlepecyeTHRIMH (OPMyJiaMH, KOTOpDbie AaHH B fIpH-
JIOXKeHHAX | H 2.

Bo3MOXHLI IBeé COBOKYIIHOCTH IIOKa3aTesiei aBTOHOMHOTO YeTbIDeXIo-
JIOCHHKA C OLHOCTOPOHHHUM BKJIOUEHHEM He3aBHCHMBIX HCTOYHHKOB, 0G6-
pa3ylolluX cHcTeMnl a- ¥ b-mapaMerpos. B mepBoifi cHcTeMe HCTOYHHKH
lyMa BKJIOYeHH Ha BXOJe, BO BTOPOH — CO CTOPOHHI BBIXO/A.

Jlns aHanu3a LIYMOBLIX CBOHCTB TpaH3kcTopa Gosee yno6Ha cHCTe-
Ma a-napamerpos. lLlesecoo6pasHOCTb HCIOJL30OBAHHS ee CJIeAYyeT H3
YCTaHOBHBLICHCS TEHNEHUHH OLEHKH (IYyKTyalufi 3JeKTPHUECKHX LemneH
T10CPEICTBOM OTHECEHHLIX KO BXOAY IOKasaTejed lIyMa M pallHOHaJb-
HOr0 BHIPAXKEHHS IIYMOBBIX CBOMCTB CTyNeHYatoro (KackaJHOro) BKJIO-
4YeHHs TPaH3HCTOPOB, HauboJiee HACTO HCMNOJb3YeMOro B YCHJHTENbHBIX
YCTPOACTBAX, COOCTBEHHBle WIYMBI KOTOPBHIX fBJAIOTCS OJHHM H3 BaX-
HeAIMX KauyeCTBEHHBIX TOKa3aTesed.

IlymoBble H ycHIHTeVIbHBIE CBOHCTBAa TPAH3HCTOPA B CHCTeMe a-fapa-
MeTPOB XaPaKTEPH3YIOTCS COBOKYIHOCTBIO YPaBHEeHH:

Uy =ayUs+aul+ ema}
Iy =an Uy + a5 I3+ ima J'

rie a3 — O6paTHHIA Ko3(pGhHUKEHT YCHIeHHS M0 HanpsXKeHWo, a;3—
upsMoe TepexofHOe COMPOTHBJIEHHEe, Gy — oOpaTHas mnepexojHas wpo-
BOJHMOCTb; Qg3 — OOpaTHHIA KO3(h(HUHEHT YCHJIeHHs MO TOKY; €ma —
3ajlaolllee CyMMapHOe HamnpsiKeHnHe IIyMa; ima — 3ajalolHiA CyMMap-
HBbIfi IIYMOBOH TOK.

(2.1)

2.2. Ycuaurenvrole napamerpol

Monb3ysick H3BECTHBIM TIPABHJOM pAacu/ieHEHHs JIMHEAHOA CHCTeMbl
flepelayd Ha OTHAeJbHBIE COCTaBJSIOLIME, TPAH3UCTOD MOXKHO TpeacTa-
BHTb B BHJE ABYX BKJIOUEHHBIX KAaCKaJHO YeTHIPEXIOJIIOCHHKOB, KaK TO-
KasaHo Ha pHc. 2.1, IlepBbil u3 HHX, ¢ BHeUIHUMH 3akuMamu [3—I1'8’,

9) foypn 1 L OB r 1 I 2
\OJ \ZJ a, a,
' i 12
L& I/A y‘ Z,
% {l/, ) { " gy a4
F] 5 %
9 fo 11 T Y,
, p)
1 I U I I 1 I AN P
bwa az gz |
E] 7 ‘

Puc. 2.1. TpaH3ucTop—ImyMSIIHA 4YeTHIPEXMOJIOCHHK:

a — c BKJIOYEeHHEM HCTOYHHKOB CyMMapHOro IIyMa Ha

BXofie; 6 — pacuJeHeHHHA Ha WyMOBOf H GecllyMHBH
YeTBIPEXMOMIOCHHKH
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CONIEPKHT TOJBKO HCTOYHHKH IUYMa €ma H ima, NMOITOMY B JajbHedi-
eM OH Ha3BBaeTCs IWYMOBHIM YeTHIPEXMOJIOCHHKOM, TIOJHOCTbIO OTO6pa-
KaouuM GJayKPyauHoHHBIE CBOMCTBA TpaH3HcTopa. BTopo#l uermpexmo-
JIOCHHK, ¢ 3axkuMaMmu ['3" — 24, xapakTeph3yeT HOCKJIOUHTENbHO YCHJIH-
TeJIbHBE CBOACTBA TPAH3HCTOpA H SIBJISETCH ero TesoM '), MexX1y TOKaMH
U HaTIpsIKEHHSIMH KOTOPOro CYIIeCTBYIOT cjaefylolliHe 3asucuMoctu [JI7]:

Uga=ayUcs+ a5 Icz} (2.2)
Iey=03Ucs +asley )’ ’

rae

G = (ﬁ) ~ (_LL) a =(_’sl_) ~ (’_)
u Uca I,=0 Us /1, =0 n Ueca I,=0 U, Jiy=0’

a =(ﬁ) -\,(ﬂ) a ~( Iel) .&(i)
W\ I Jug—0 "\ I Ju,=0" "\ ey Juy-0 " \ I3 Jus=o

PasenctBa [co=0 u I,=0, Ucy=0 u U,=0 yKasbiBaloT COOTBETCTBEH-
HO Ha XOJIOCTOM XOJA H KOPOTKOE 3aMbIKaHHe BBIXOAHBIX 3aXKHMOB Tesa
¥ COGCTBEHHO TPaH3UCTOPa, HeOGXOAMMEIe IJA OMNpejeseHHs ero mnapa-
MetpoB. [Ipu HemocpeACTBEHHOM M3MEPEHHH NMOCTENHHX BJHSHHEM UCTOY-
HHKOB IIyMa O6blYHO mnpeHeGperaloT, TPHHHMAasi BO BHHMaHue He3HauH-
TeJbHOCTb (JIYKTYaUHOHHBX COCTABJSIOIIMX B CPaBHEHHH C NOJIE3HBIM
curtanoM: egma K Ecy, ima < 1, IO3TOMY

Ui=Uy=ay Ucz+anlca} @.3)

Iy = Iy = a9 Ugg + 055 I g

KaHoHHYecKHe CXeMbl 3aMelleHHs TeJa TPaH3HCTOpa [Js Tpex BO3-
MOXHBIX QNOcOoGOB ero BKJoueHHs (pHc. 2.2) HMeloT ompeneseHHb ¢H-
SHYECKHMA CMBIC H TOJYYHJIH BecbMa IUHPOKOE paclpocTpaHeHHe.

YuyuTeBasi, YTO COCTABJSAIOLME 23, Zo, Zx H Z2;m B NPOCTEALIEM BHIE
XapaKTepu3yloT YCHJIHTENbHbIE CBOACTBA, MPEACTABJSETCH BO3MOKHBIM,
10 aHaJOTHH C (IOHATHAMH, NPHHSTHIMH- JUIS 3JeKTPoHHBIX Jamn [JI6),
HMEHOBATb 3TH COCTABJSIOLIHE NMEPBUUHbIMU YCUAUTEAbALIMU NaApameT-
pamu TpasaucTopa. DTH TapaMeTphl TOJHOCTHIO ONpeNensioT TOBEHEeHHe
TIOC/IIHEro MpH TIONKJIOUEHHH K HEMY CO CTOPOHBI BXOJa M BhIXOAa JIiO-
6bIX JMHEHHBIX Harpy3ok. B ofueM ciyyae MepBHYHBE YCHJHMTEJBLHBIE
fnapaMeTpH TPAH3MCTOPA HBJSIOTCH KOMIIEKCHHIMH BEJMUHHAMH: 2p==
={,+iX; — CONpOTHBJIEHHE SMHTTEPHOrO TepexXofa; 2o=ro-+ixe —
COMPOTHBJIEHHE OCHOBAHMS; 2x=lx-+iXx — COMPOTHBJIEHHE KOJJIEKTOPHO-
FO Mepexola; 2, =rm-+iXm — CONPOTHBJEHHE 3aBHCHMOrO HCTOUHHKA
HampsXeHus.

B3aHMOCBsI3b NepBHYHBIX YCHJ/IHTE/IbHBIX TapaMeTpoB TPAH3HCTOpA
€ JpYyrHMH MNOKa3aTeJNsIMH MOXHO HaATH, BOCMOJb30OBABIUIHCh COOTHOIUE-

') TelOM TpPaH3HCTOpPA, HCNOJNB3Ys MOHATHE TEODHH ABTOHOMHLIX YeTbipexe
nonlocHukoB [JI5], ycnoBHMCA HaabiBaTh OToGpaxcalomHR TPaH3HCTOP YeThIpexXs
MOJIOCHUK, MOJIHA# CXeMa 3aMelleHH KOTOPOTO He COJAePXKHT HCTOUHHKOB IIyMa.
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HHSMH MeXIy TOKaMH H HanpsikKeHHAMH B 0GOOLIeHHOM Lenu NepenayH
HeaBTOHOMHOTO yeThIpexmoJiocHuka [JI5].

HemanoBaXHbBIMM B TPAaKTHYECKOM OTHOIUEHHH IIOKa3aTeNssMH TpaH-
3MCTOpPA TaKXkKe SBJAIOTCA HauGoJblliee ycuJeHHe MO MOIIHOCTH, KOTO-
poe MOKHO TOJIy4HTb, H HarpyskH, HeoGXOAHUMbIe JJIsi NOCTHXKEHHS 3TOTO
ycunenuss. MCcXoqHBIMH AJsi onpejesieHHst 3THX BEJHYHH MOTYT CJIYXHThb

) nepBHYHbIE - YCHJIHTEJIbHbIE
napaMetpel. [lo aHamoruu c
by 11dor o 2 ~Ies 2 nonm‘nmﬂn, NPHHATHIMH 1151
9JIEKTPOHHBIX  J1aMN,  Hau-
6oJiblliee  yCHJIEHHE 1O MOLI-
HOCTH M  COOTBETCTBYIOLIHE
€My BXOIHYIO H BBIXOJIHYIO
HarpyskH MOXHO Ha3BaTh
B8TOPUHHbIMI — YCUAUTEAbHbL-
MU napameTpami TPAH3UCTO-
pa: Kumaxc — Haubosbluuit
K03 }HIHEHT YCHJICHHS TpaH-
3HCTOpa, TMOJyYaeMblli  1pH
ONTHMaJbHBIX Harpyskax,
Zyony — ONTHMaJIbHOE CO-
NPOTHBJIEHHE  HAarpyskH co
CTOPOHH BX0Aa; Zgony — TO
JKe, CO CTOPOHHI BBIXOAA.

CooTHOIIEeHHs MeXay
HauGoJiee pacnpocTpaHeH-
HbIMH CHCTEeMaMH IapaMerT-
POB M INEePBHYHBIMH YCHJIH-
TeJbLHBIMH napaMeTpaMH

Puc. 2.2. CxeMmbl 3aMewenus Tena 'PAH3HCTOPA AnA Tpex — H3-

TpaH3HCTOpa MpH: BECTHBIX CIIOCOGOB €ro BKJIIO-

a — ofmeM OCHOBaHHH; 6 — oGumeM ‘CHHA [aHW B  TIpHJIOKe-

SMHTTepe; 8 — obmeM Konnexktope HAH 3. OTH cOOTHOWleHHs B

e oM pspge ciaydaeB, ecJH

npH pacyerax He Tpebyercs

BBICOKOH TOYHOCTH, MOJKHO 3HAUMTENbHO YNMPOCTHTb. B wacTHOCTH, Anf

JlHanasoHa HU3KHX YacTOT BMOJHe JONYCTHMO NpeHeGpexeHHe MHHMBbI-

MH COCTaBJSIIOLIUMH TNOJHBIX CONPOTUBJEHHH 2, 2o, 2x, Zm, a4 HHOTAA
H 3HAYEHHSIMH 25 M 2o B CPABHEHHH C 2x H Zm [JI8].

3. WIYMOBHIE TAPAMETPKI
3.1. Koppeasayuotnoie cooTHowerus

IIyMoBble HCTOUMHKH €ma M ima, yYHTHBaIOUKE (JIYKTYyaUHH TPaH-
3UCTOPa, B COBOKYMHOCTH 06pasyioT H3o6paxeHHHHi Ha puc. 3.1 GUKTHB-
HBIH WIYMOBOH 4eTbIPEXMOMIOCHHUK.

Ha ycunenne curnana on HemocpeficTBeHHO He BJHMSET, H €ro (yHK-
UMM OrpaHHYHBAIOTCA JHIUL LIyMOBHIM BO3feficTBHeM. B 3ToM ciyuae
B3aHMOCBSI3b MEXKAY TOKAMH H HamMpSKEHUSIMH CO CTOPOHH BXOHAa H BHI-
XOJla IYMOBOTO YeThIPEXMOJIOCHHKA
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Iun = l’.ul + ima
Uy = Un'ul + €ma

B KOCBEHHOM BHAe oToGpaxkaer BJHsHHE BHYTDeHHHMX dAyKTyauuh rpaH-
3HCTOPA Ha COOTHOLIEHHe CHFHaJI/UIyM.

(3.1)

a
)9w/ (s Cugr~ Tus ¢
\"4
o o,
Z V/wl ‘wa@’ %’A Zpe
3 7
5)6' ; w3 Eaw /'
¥/ bwa ¢5wm
J 7’
Db 1 Gy Ry “Znoo 1
Z 6’,”,69 V’wxmw
3 . 3
Puc. 3.1. CxeMnl 3aMelleHHS ILIyMOBOTO
YeTHIPEXTIOMIOCHHKA:
a — ¢ KOppe/NHPOBAHHBIMM HCTOYHHKAMH
wyma; 6 — NPH Pas3jeseHHOM HCTOYHHKE
IIYMOBOTO HANpsiKeHHs; 8 — C Koppess-

UHOHHBIM COTIPOTHBJIEHHEM IIyMa

Ipumeuanne. Ha puc. 3.1 # nanee °Z — CONPOTHBJIEHHE C BBIHECEHHBIM
HCTOYHHKOM IyMa.

B o6weM ciayuyae HCTOYHUKH (JYKTyauufi B TpPaH3HCTOPEe CTAaTHCTH-
4eCKH CBsi3aHbl, YTO 03HAYaeT 3aBHCHMOCTb BEPOSITHOCTH MOSBJIEHHS Ka-
KOro-in60 3HAauUeHHs! IIYMOBOrO TOKA i{ma B 3aMaHHBIA MOMEHT BPEMeHH
OT BEJMUHHBl HANpPSXKEHHs IIyMa eyma B TOT Ke WJIH IPeIlecTBYIOIHE
mMoMeHTH. CTaTHCTHYEeCKast B3aHMOCBS3b MeXNy HCTOUHHKAMH IIyMa Y4H-
ThIBaeTcsi KoabduuneHToM Koppensuuu [J19], [J110]:

ilﬂae.ma
Y b o) 2 ¢-2

N .
rjie lmalp, — yCPEAHEHHOE NPOH3BEAEHHE LIYMOBOIO TOKA H COIPAXKeH-

HOFO KOMIJIEKCA HampsiKeHHsi IyMa, KOTopoe B o6lleM cjayuyae mnpen-
cTapJisileT KOMILUIEKCHYIO BeJIHYHHY.
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TTpu pa3soMKHYTHX 3axuMax [’3” co cTOpoHH BBIXO#A LIYMOBOro ye-
THIPEXMOJIOCHHKA TOJIHOe HampsiXKeHHe LIyMa OOYCJOBJHBaeTCs COBOKYM-
HBIM JefiCTBHEM IIYMOBBIX HCTOYHHKOB €ma, fma H €qmppt

€umonn = €my + €wa + iwa Z1, 3.3

rfie em; — 3ajamollee HanpsiXKeHHe HCTOYHHKA LIyMa BelleCTBEHHOR coO-
CTaBJAOLLER BXOXHON HArpysKH.

B BBIpa)KeHHH CpeJHeKBaAPaTHYHOTrO MOJHOTO LIYMOBOTO HampsKeHHs
TIPH KOPPEJHPOBAHHBIX HCTOYHHKAX IyMa

1/2]2
lewnoanl? = lenn|? + lewal? — lewal® 1Val® + liwal® |21 + Ya
3.4)
lemal? 172 w
COlepKHUTCS UleH Ya| —— , HMeIOLHA pa3MepHOCTb COMPOTHBIe-
|imal? -

HHS H 3aBHCAILHHA OT CTATHCTHYECKOA CBA3H MeXIy LIYMOBBIMH HCTOY-
HHKaMH ima H ewma. Bbipaxkaemas KM BeJHUYHHA YCJIOBHO Ha3blBaercs
KOPPeNAYUOHHbIM CONPOTUBACHUEeM Wyma TPAH3UCTOpA, KOTOpoe B 06-
LIeM CcJyyae sIBAsIeTCS KOMIUJIKCHBIM M TpeAcTaBiaseT (HKTHBHOe Hie-
anbHO OecllyMHOe COMPOTHBJEHHe, o6najawllee Gosbllie CBOACTBaAMH
Ko3(pdHLUHEHTa TPONOPUHOHAILHOCTH, YeM COMpPOTHBJICHHS B OGBIYHOM
€ro TOHHMaHHH:
L] R
€., ima - s \ 172
ZK°p= Rxop+ iXKOp = wa WA Ya 'eLal_ . (3.5)

Vwal®  iwal®

KoppensiuvonHoe cONmpoTHB/EHHe LIyMa, KaK CJeldyeT H3 BHIPaXKeHHS
(3.5), mponopuuoHANLHO KO3(hdUUHEHTY KOppeJsiiiHH, KOTOpPH, B CBOIO
oyepeslb, 3aBHCHT OT KOreDPEeHTHOCTH HCTOYHHKOB (JIYKTyauuf H MOXKeT
no a6coMOTHOH BeJMuUMHe NPHHHMaTh JioGble 3HaueHHS B TIpelenax
0 <lyal < 1. Kosbouuuent koppensuuu obpaiiaercss B HyJb NpH CTa-
THCTHYECKH HEe3aBHCHMBIX HCTOYHHKAX WIYyMa ima H €ma H PaBeH €lH-
HHIle; €CJH 3TH HCTOYHHKH IOJIHOCTbIO CTATHCTHUECKH 3aBHCHMBI, YTO
COOTBeTCTBYeT MNPOCTOH (YHKUHMOHANbHOA 3aBHCHMOCTH  MeEXJY HHMH.

3.2. Ilepsuunsle wiymosele napamerpol
B BhIpaxkennn
lemnosnl? = leuy[? + |emal® — limal® 1Zxopl® + |iwal? 121 + Zkop|*  (3.6)

Pa3HOCTb MeXIy BTODBIM H TPeTbHUM UJEeHaMH B I'lpa.BOl'i YacCTH lipeacran-
JifeT CpeJdHeKBaJApaTHUHOe 3HauyeHHe CTAaTHCTHYECKH He3aBHCHMOro uly-
MOBOTO HaNpsAXEHHA:

lewn|? = |ewal® — imal? [Zxopl* 3.7)

C yuetom coorHouweHHs (3.7) BeipaxeHne (3.6) mpHHMMaeT cJeyIOLHA
BHL:

lewnoan!® = leyy|? + lewnl® + liwal? 12, + ZKopI’- (3.8)
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Ha puc. 3.16 mpeacraBneHa cxeMa 3aMellleHHs UIYMOBOFO YeTHpex-
MOJIIOCHHKA, B KOTOPOM CTAaTHCTHYeCKas CBA3b MeXAY HCTOYHHKaMH
¢JIyKTyauuit YYHTHIBA€TCS KOPPEJISLHOHHLIM CONPOTHBJICHHEM LIyMa.
BausHue mocJefHero Ha Nepenayy CHTHAajJa BO3MELLAaeTcs BKJIOYEHHEM
Ha BHIXOJe NOTIOJIHHTENLHOTO CONPOTHBJEHHS, Mo aGCOJIOTHON BeJHYHHE
paBHOTO Zxop, HO C OGPaTHHIM 3HAKOM.

Cocrapasolllde Bhipaxenus (3.8 )MOXKHO 3aMeHHTb COOTBETCTBYIO-
UMK IOyMSALWAMH ~ SKBUBAJEHTHHIMH  CONpPOTHBJEHHAMH H IPOBOMH-
MOCTbIO, MOROGPAB BEJMYHHEI HX TaKHM 06pa3oM, 4TOGH YJAOBJETBODPS-
JIMCb PaBeHCTBA:

lemnonn|? = 4% T A f Rumean 3.9)
lemnl® = 4k T A f Ruy, (3.10)
fewnl® = 46 T A f Rug, (3.11)
limal® = 4¢ T A [ G- (3.12)

I'Ipouanezm COOTBETCTBYIOILlHe TMOACTAHOBKH, MOJYYHM IIOJIHOE IUYMOBOE
COTMPOTHBJIEHHE

Rumoss = Ry + Run + CGwa |21 + Zkopl?, (3.13)

KOTOpOE 10 CBOEMY 3HaueHHI0 PaBHOLEHHO CpeJHeKBaJApaTHYHOMY LIyMO-
BoMy Hanpsixenuio. M3 Buipaxenus (3.13) ciemyer, yTo 1IyMoBHIE CBOM-
CTBA TPaH3HCTOPa C KOPPEJHPOBAHHBIMH HCTOYHHKaMH (uyKTyauui moJ-
HOCTBIO XapaKTEpH3YIOTCS TpeMsl BeJHUYHHAMH: Rumn — HE3aBHCHMBIM
SKBHBAJIeHTHHIM LIYMOBLIM cONpoTuBJeHHeM; Gma — 3KBHBaJIeHTHOM Wy-
MOBOA INpPOBOAUMOCTBIO H Zkop — KOPPEJSALHOHHHM  CONPOTHBJIEHHEM
WyMa, KoTophle B RanbHefilleM GyldeM HasbiBaTh NEPEUUHbLIMU ULYMOBbL-
MU napameTpamu TPAH3UCTOPA.

DTH MapaMeTphl BXOAAT B KAHOHHYECKYIO CXeMy 3aMellleHHs IIYMOBO-
ro 4eTHIPEeXIOJIOCHHKA TpaH3ncropal).

8.3. Bropuunsie uiymosole napamerpol

TlepBHyHble UIYMOBHIE TNapaMeTphl He MO3BOJISIOT HEMNOCPEACTBEHHO
OLIEHHTb BJIHAHHE BHYTPeHHHX GJYKTyallHH TpaH3HCTOpPa Ha COOTHOIle-
HHe CHrHaj/moMmexa., Vi3meHeHie mociefHero npH NPOXOXKAEHHH CHrHazla
J_Ipe:-'. TpaH3HCTOp OGLIYHO oOleHHBaercs Koadduuunentom wyma [JI12],
[J113], ompeaensieMbiM B O6LIEM BHIEe COOTHOIIEHHEM

Pm:

K= — B2
"7 Poy Ku

(3.14)

') UHoraa Aans BHIPaXKeHHs IWIYMOBHIX CBONACTB TPaH3HCTOPa HCHOJBSYIOTCH
nokKasaTesu Rm Gm"yxo [J12], [JI11], KoTopmle cBf3aHH € paccCMaTpPHBaeMbLIMH

napaMeTpaMH CJeAYIOIIHMH 3aBHCHMOCTSIMH: R— = um"'omal zxopl’
L]

RU.IH Zkop
Gm -— s Y

R P Trop™ R :
lzmpl’*‘(om" ) | Zropl®+ (Gm )
mla
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rie Pmy— NoJHas MOLUHOCTL liyMa Ha BhHXOAe tpaH3ucropa; Pu; —
MOLLHOCTb LIyMa Ha BbIXOJe, o6ycsoBJieHHast (QJyKTyalHsIMH BHYTpeHHe-
rO CONPOTHBJEHHS HCTOYHHKA CHrHana;, Ky— KO3GhGHUHEHT YCHJIEHHS
TIO MOILHOCTH.

C uebl0 yNpolleHHsl AaJbHEHAIIHX BHIKJIANOK YCJIOBHMCS CYHTATb BHI-
XOJHYIO Harpysky HAea/JbHO OeClIyMHOH, YTO BMNOJIHE [ONYCTHMO TpH
paccMOTPEHHH AaKTHBHBIX KOMIIOHEHTOB Ilemel, K KOTOPHIM OTHOCHTCA
TpaHaucrop. IloJHas MOILHOCTb liyMa Ha BHIXOJe B 3TOM ciaydae obyc-
JIOBNIHBaeTcs (pAYKTyalHsIMH BeELIECTBEHHOH COCTaBJsIOLed BHYTPeHHEro
CONPOTUBJIEHHST MCTOYHHKA CHTHana, YCHJIeHHHMH B K pas, H TpaHsH-
cTopa:

sz=P:u2+Pm1Ku.

’
rae P,o — MOUIHOCTb lUyMa Ha BBIXOJe, ONpelessieMas 10JbKO BHYT-
PeHHHMH GJYKTyaUHSAMH TPaH3HCTOpa, MOITOMY

’

. P w2 + P, m1 th P m2
Ku'= = +1. (3.15)
Puy Ky Puy Ku

IlepBuifi unen B BhIpaxkeHHWH (3.15) nokasbiBaer, BO CKOJBKO pa3 OTHe-
CeHHBle KO BXOIYy IUIyMBl TPaH3HCTOpa NPEBOCXOAAT (JyKTyauuH Be-
LLeCTBEHHOH cocCTaBJsIOIleH BXOJHOH Harpy3kH; MO3TOMY OH TpeJICTaB-

JisieT U36GBITOUHBIH Ko3ddHuuuent wyma [JI19]

oo

Kyp=—"—"" (3.16)

Py K '

KOTOpbI HA eZHHHLY MeHblie OGBLIYHOTO, OTpefe]sieMOro COrJacHO
d-ae (3.14) uan (3.15):

K=Ky — 1. (3.17)

H36biTouHBI KO3(Q)HUHEHT LIyMa 3aBHCUT OT CONPOTHBIEHHSI BXOA-
HOfl Harpy3KH W MPHHHUMaeT MHHHMaJbHOe 3HaueHHe TIPH CTPOTO oflpe-
JeJIeHHBIX BEIeCTBEHHON M MHHMOM COCTaBJSIOIIHX.

ITo aHaloruu c TOHATHAMHM, TNPHHATHIMH [Jisi 3JEKTPOHHBIX JaMI,
IpencTaBasdeTcsl BO3MOXKHBIM B KauyecTBe BTOPUUHbLX UWYMOBbLX napa-
MeTpos TPau3ucTopa NPHHATh Kmu musx — MHHHMaJbHBIH  H3GHITOYHBIA
Ko3(ppHUUHEeHT IyMa TPaH3HCTOPAa H Zjmmx — CONPOTHBJIEHHE Harpy3KH
CO CTOPOHHl BXOHa, NpH KOTOPOM MHOCTHraeTcss MHHHMaJbHH H36BHITOY-
HBII KOG OHUUHEHT WiyMa, DTH TIOKas3aTeJH B MIOJHOA Mepe XapaKTepH-
3YIOT (AYKTyauHOHHBIE CBOMCTBA TPaH3UCTOPA B OTHOIIEHHH JOCTHXKE-
HHSl MHHHMaJIbHOTO YXYALIEHHS COOTHOLUGHHSI CHTHAJ/IyM.

3.4. CootHowerus mexncly ulymosoimu
napamerpamu
J1s BBHISICHEHHSI BJHSIHHS BXOJHOH HAarpysku Ha H3GBITOUHBIA KO3®h-

(HUHEHT IyMa TpaH3UCTOpa BHIPAa3HM €ro 4yepe3 LIYMOBHE Hamps-
JKeHHS:

Koy = lewnoan|® — lemil? - |emnoanl? —1. (3.18)
|ecm, [® e |?
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Ucnonbsyn pasencrsa (3.9) u (3.10), noayuum

R
Kmu=_-m—oai——l (3.19;
™
H @KOHYaTeNbHO COTJacHO yp-HHIO (3.13)
Gua |Zy + Zyopl®
Kua = Rum + Gua |21 + Zkopl . (3.20)

Ruy

Orciona BHAHO, 4TO H3GBHITOYHBIN KO3()QHUHEHT IiyMa TpaH3HCcTOpa 3a-
BHCHT OT €ro HepBHUHBIX LIYMOBLIX IlapaMeTPOB H COTNPOTHBJEHHA BXOX-
HOM HarpyskH, KoTopoe B ofLleM c/ayuyae NPEACTaBJSeT KOMIJIEKCHYIO
BEJIHYHHY.

Hamenenne ko3¢ dHuMenTa yMa TpaH3HCTOpa NPH BapbUPOBAHHU CO-
CTaBJIMIOLIMMH COMPOTHBJEHHS] HCTOYHHKA CHTHAJ/a, MOJyyeHHOe pacuer-
HbIM H OMNLITHBIM NyTEeM [JIs1 BBICOKOYACTOTHHIX TPAH3HCTODOB THIOB
I1410 u T1411, npeacraenaeHo Ha puc. 3.2 u 3.3. Ha puc. 3.2 nokasauo
H3MeHeHHe Ko3¢buuHeHTa ulyMa B 3aBHCHMOCTH OT BellleCTBEHHO# CO-
CTaBjfdlollell BXOAHOH Harpy3kH NpH HeM3MeHHOAi MHHMOM KOMIIOHEHTe
B ONHOM Clyyae HHAYKTHBHOI'O XapaKTepa, a B APYroM — €MKOCTHOrO.
HnrepecHo 3aMeTHTb, uTo mpu 3ananublx | Xir |=| Xic| Haumenpwe"
BEJHYHHB KO3 (HIHeHT HiyMa JOCTHraeT NMPH HHAYKTHBHOM XapaKTepe
conpoTuBnenuss Harpysku. Ha puc. 3.3 npeincraBiieHBl 3aBHCHMOCTH KO-
sddULHeHTa WyMa IS TeX e TPAH3HCTOPOB OT MHHMOH COCTaBJIsAIO-
Llel COMPOTHBJAEHHS MCTOYHHKA CHIHAJa NMPYU HEH3MEHHBIX BellleCTBEHHBIX
KOMIOHeHTaX. 3xech TakxXe KoddduuHeHT IymMa HMeeT MHHHMAaJIbHYIO
BeJIMYHHY IIpH HHIAYKTHBHOM XapakTepe COMPOTHBJEHHS HAarpysku

OnrtuManbibli H30LITOUHBIH KO>bOHUHEHT IIyMa TpaH3UCTOpa TpPi
BapbHPOBAHHH BeLIECTBEHHON COCTAB/AIOLIEH HCTOUHHKA CHTHAJa Haxo-
putest auddepeHunpoBaineM yp-HHs (3.20) mo Rugi ¢ nocaenyiouiuMm
MPHpaBHHBAHHEM NPOH3BOJHON HYJIO H pelleHHEM MOJYYeHHOro Ypas-
HeHusi. B pesyibTaTe 3TOro HaXOQUTCsl ONTHMAaJbHOE 3HAUeHHe BellleCT-
BEHHOM cocTaBJsollell BXOTHOH HAPPY3KH:

Run /2
R1 ent ™ + Riop + (Xl -+ Xl(op)z ’ (3°21)
Gua

Run 1/2
Rl ony ™ ( G + ll Xl + Z](opl2 ’ (3.22)
ma -

KOTopasl, Kak H H3OBLITOUHBIA KO3pGhUUUEHT 1IyMa, 3aBHCHT OT MHHMMOM
KOMIIOHEHTHI, 4TO CJeayeT W H3 puc. 3.4. IIpH HHIYKTHBHOM XapakxTepe
Harpy3kH BelleCTBEHHAas COCTaBJsIOIIasi NPHHHMaeT MHHHMaJbHOe 3Ha
yeHHe MOJOGHO TOMY, KaK 3TO HMeJIO MeCTo AJs KosdduilHeHTa IyMa

BhinonnenHe paBeHCTBa, ONpejesseMoro BblpaxkeHueM (3.21)  wuar
(3.22), B pajpHefinleM NpeACTaBAsSETCH BO3MOXKHBIM HasblBaTh YCA08U-
eM YMO8020 CO2NACO8ARHUS TPAH3UCTOPA.

OnTtHManbHbI H3GBITOYHBIN KOG (HUUEHT LIyMa TPaH3MCTOPa Haxo-
IHTCS MoAcTaHOBKOH B yp-Hue (3.20) Bmipaxkenuit (3.21) u (3.22):

1
Kun onr = 7?—— {Runt + Guwa [(Ry onr + RKop)’ + (Xl + Xxop)']} » (3.23)

1 onT
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R, 172
Kun onr =/ 2 Gma [( GmH + Ii X1 + Zxoplz) + Rxop], (3«24)
wa

Kum ont = 2 Gma (Rl onr + RKop) . (3'25)

3aBHCHMOCTL ONTHMaJbHOrO KO3 ¢HIMeHTa WIyMa OT MHHMOH CoO-
CTaBJsIIOlIeH BXOMHON Harpy3xu noxkasaHa Ha puc. 3.5. B oanom cayuae
OHa MoJiyueHa NPH eMKOCTHOM ee XapakTepe, a B ADYrOM — MPH HHIYK-
THBHOM. Cneun¢$HyHbIM AJA HaHHOH 3aBHCHMOCTH TakXe fBJAETCH TO,
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Puc. 3.2. 3aBHcuMocTh KosddHUHeHTa WIyMa TPaH3UCTOPOB THIOB
11410 u T1411 oT BellecrBeHHOH COCTaBJsiolledl NpPH BXOAHOA Ha-
Tpy3Ke:
a — HHAYKTHBHOIO XapakTepa; 6 — E€MKOCTHOTO XapakTepa
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4TO MHHHMalbHasi BeJIHYHHA Ko3(dHIHeHTa I1UyMa MIOCTHraeTcsi NpH
BMIOJIHE oTpene/eHHON MHAYKTHBHOH COCTaBJSIOLeH BXOMHOM Harpysku.
DTOMy COOTBETCTBYeT, KaK cjenyer H3 BuipaxeHun  (3.23)—(3.25),
B3aHMHAasi KOMIEHCALH MHHUMBIX COCTABJSIOWNX BHYTPEHHEro CONpPOTHB-
JIeHUsl MCTOYHHKA CHMCHaJla M KODPEeJNSLLHOHHOrO CONpPOTHBJIEHHS LIyMa:

Xiop = — Xy, (3.26)
MO3TOMY B JaJibHeAlIeM MpPeJICTaBAAETCS BO3MOXHEIM paBeHCTBO (3.26)
Ha3LBaTh YCAOBUEM WYMOB020 conpasceHus Tpaxsucropa. Tlpu BrmOJ-

HEHHH 3TONO YC/JAOBHS HOCTHraeTcsl MHHMMaJsbHasi BeJIHUMHA BellleCTBEH-
HOH COCTaBJSIOLIEH CONPOTHBJEHHS HCTOYHHKA CHTHaJa

R 1/2
R, MHH=( G:: +R,2(°p) , (3.27)

npH KOTOPOH H3GBITOUHBIA KOIGhGHUMEHT 1IyMa TPAH3HCTOpPA MUHHMMAJIEH:

/

1
Ky uun = R— [Run + Gua (Ry mun + Rxop)?]. (3.28)

1 MHH
R 172
Ky vun = 2 Gya {(FNL + Rlz(op) + Rxop] ’ (3.29)
wa
Kum MHH — 2 Gu.la (Rl MHH + RKop) . (3~30)

Bripaxennus (3.26)—(3.30) B obumem Buae oTobpa)kaloT Xapakrep
32BHCHMOCTEi MeX/y MNepBHYHBIMH M BTOPHYHLIMH IIYMOBBIMH Hapa-
MeTpaMH TpaHsucropa. OHM MoryT GbITb YHDOLUEHBI MPH FPaHUYHHIX 3HA-
yéHHAX KOhHIHEHTa KCPpeJsHu:

- 1. |tal =0, Mexny HCTOUHHKAMHM GJAYKTyalHil  CTaTHCTHYeCKas
CBfI3b OTCYTCTBYET, KOPpEeJSALHOHHOE CONpPOTHBJEHHE IIyMa, KaK cjeayeT
u3 Beipaxennss (3.5), o6Gpauiaercs B HyJb. B 3TOM ciyyae IIyMOBHle
CBOICTBA TPAH3HCTOPa MOJHOCTbIO XapaKTepH3YIOTCS ABYMsl MePBHYHBI-
MH WIyMOBLIMH napamerpaMd — Rypa H Gma. H36biTounblit Koaddn-
[MeHT LIyMa NPH OTCYTCTBHH KOPPENSIIHOHHOM CBf3H, KaK CJIelyeT U3
yp-uns (3-20),

Ko = Rua + Gura |Z,? ' (3.31)

a ONnTHMajbHasi BeJMYHHA ero NOCTHraercsl NPH BeleCTBeHHOHA coCTas-
Jsollefl BXOAHON HarpyskH, onpefeisseMoii M3 BHpaxeHud (3.21) H
(3.22),

"R 1/2
Ry onr = ( o +X ) (3-32)
ma
M WaXOMHTCH, coraacHo yp-uusM (3.23)—(3.25), mo ¢popmysnam:
1

Kmy onr == R— [Rma + Gma (R? ontr + Xf)] ’ (3.33)

1 enTt

R /2
Kumn onr=2Gma( Gma +Xf ) ’ (334)
ma

Ky onr = 2 Gua Rl onr- (335)
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Puc. 3.4. 3aBucumocTh oONTHManbHOR BellecTBeHHOM cocrasiasoumed
BXOLHOA Harpysk# TpanaucTopos Tunos I1410 u 1411 oT MHHMOM KOM-
MOHEHTHI:
a — eMKOCTHOro XapakTepa; 6 — HHAYKTHBHOrO XapakTepa
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Puc. 3.5. 3aBucuMocTh onTumasbHoro kosdduunedta myma
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BXOJHOH Harpysku:
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2. |val =1, npu npocroft byHKUKOHAMLHOM 3ABHCHMOCTH KOPPAnd-
IHOHHOE COTPOTHBJEHHE WIyMa, COMIaCHO BHpaxeHHio (3.8), MoxHe
TIP@ACTABHTh B BHJE YHCTO BeLIECTBEHHON BEJHUHHH

Zap= (=) = Rewr. (3.36)

G

HsC6uiTounblit KO3(pHIHEHT IIyMa TPaH3HCTOPA B 3TOM Ciayuae, corJac-
Ho BHIpaxeHHuo (3.20),

1
Ky = R (Rua + Gma |Z, + Rgopl?) (3.37)
m1
HMeeT ONTHMAaJLHOe 3HaueHHe fIpH
R, 12
Ry omr = ( Gma + R?{op +X¥ ) ’ (3.38)
wa
R : 12
Ryone = (G2 + 11X, + Ruoal) (3.29)

H OTIpefessieTCsl BhIPaKEeHHAMH:

1
Kum onr = E(:n— { Rua + Gma [(R1 enr + Rxop)' + Xﬂ ] ’ (3-40)

a . 172
Ko ome = 2 Guna [( o iX 4 Rx.pl') + Rx.p]. (3.41)

" Ky onr = 2Gma (R onr + Ruep)- (3.42)

TTonyuenHble COOTHOLIEHUSI MEXKAY NEPBHYHBIMH U BTOPHYHBIMH INY-
MOBBIMH mnapaMeTpaMH OXBATHIBAIOT BO3MOXHEBIE CJYYaH KOPpeJsIHOH-
HOH B3aHMOCBSI3H MeXIY HCTOYHHKaMH ¢JyKTyauHit TpaHsucropa. Bo-
Tipoc 06 HCMOJb30BAaHMH HX B TOM MJH MHOM KOHKPETHOM Cjyuae OGBIYHO
pewlaeTcss Ha OCHOBe PacyeTOB HJM 3KOMEPHMEHTANBHHX JAaHHBIX. Ilpn
5TOM Heo6XOHMMO HMEThb B BHIY, YTO KOPpe/sUHOHHass B3aHMOCBS3b
MeXNy WYMOBLIMH HCTOYHMKAMH B 3HaYHTeJbHOM Mepe 3aBHCHT OT pa-
Gouero AHanasoHa YacTOT H peXHMa paGoTHl TPaH3HCTOpa TIO TMOCTOSIH-
HOMY TOKY.

4. IPOEKTHPOBAHHE HH3KOIIYMALIHX LENEM
4.1. Ctynenuaroe coedurenue TPAH3UCTOPOB

[TonyyeHHBle COOTHOLIEHHS! MeXJAy LIYMOBHIMH NapaMeTpaMH TpaH-
3HCTOPA NO3BOJIAIOT YCTAHOBHTD BIOJIHE ONpeflesleHHble NPHHUUNML [IPOeK-
THPOBAHUSI 3/IeKTPHYECKHX LeMNedl, ONTHMAJbHEIX NO LIYMOBBIM NOKa3a-
TeJiM, NMPeACTaBJSIOIHX B 00LIeM Ciayyae CJOXKHbIe COeJHHEHHS] aKTHB-
HBIX H NMAaCCHBHBIX 3J€MEHTOB.

TTpuHnvasi BO BHUMaHHe, UTO IPH NPOEKTHPOBAHHH (yHKUHOHAJIbHBIX
y3JI0B yCTPOACTB CBsI3u HaHGoJiee YaCTO HCMOJb3YeTCs  CTYylleHyaToe
BK/IIOUEHHE TPAH3HCTOPOB, OCTAHOBHMCH Ha HeM GoJee TMOIPOGHO.
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Crynenuatoe coeauHerHe, 06pa3opanHoe 3 W-udcaa Tpausuctopos T
H NPOMEXYTOYHBIX MACCHBHBIX WYeTHIPEXNOJIOCHHKOB I1, mpeacTaBieHo
ma puc. 4.1, co CTOPOHH BXOJa M BHIXOAa K HeMy COOTBETCTBEHHO MOA-
KJIIOUeHB KOMILIEKCHble Harpysku Z, H Z.

b Iy Ly ] y/ * I
i %"r‘:@: , %”f'ﬂ »
A I IR A AU A R A B A
. | 4 75 ] S_

Ty Iy [f,u'

/](/’”) []IA Zz
4

T
Y 3”

Puc. 4.1. Crynenuatoe (KackanHoe) cOegHHeHHe TPaH3HCTOPOB M mac-
CHBHBIX YeTHIPEXNOJIOCHHKOB

Bxoasuue B 3T0 CoeJulieHHE TACCHBHble YETHIPEXTOJIOCHHKH B TOH
HJIM HHOM Mepe BJIMSIIOT HA HHTEHCHBHOCTb GJyKTyalui, HabaiogaeMBIX
Ha BbixoAe uenu. B oTauune oT duaykTyauu#t B TpaH3HCTOpaX, LIYMH
NMacCHBHBIX 3JE€MeHTOB (COTMpPOTHBJAEHUH, TpaHCPOPMAaTOpoOB H T. 1.), 3a
HCKJ/IOYeHHEM HEKOTODBIX OCOGLIX ciyuaeB, OGYyCJOBAMBAIOTCS TelJOBHI-
MH IIpOLECCaMH. .

TpaH3HCTODPH! NMPH CTYMed4aTOM COeJHHeHHH, HalpHMep, B MHOroKac-
KaJHOM ycHJHTese, B 0o0lieM Clyyae HMelOT HEOJHHAKOBble MOKa3aTesH.
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Puc. 4.2. TpaH3HCTOPHI CTYNEHYaTOr0 COELHHEHHs, PaCUJeHeH-
Mble Ma IUyMOBble M GeCllyMHble YeThIPeXMOJIOCHHKH
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O6bsicHsIeTCST 9TO OTYACTH HOMOJAb3OBAHHEM TPAH3HCTOPOB Pa3MHYHBIX
THMOB: HH3KOLUYMSAIIHX Ha BXoJe H 0ojee MOIIHBIX B BBLIXOJHOH CTY-
TIeHH, a TaKXe HeOIHMHAaKOBBIMH peXHMaMH paGoTH [0 NOCTOSSHHOMY
Toky. Ilo aToli nmpuuMHe Ha)ke ONHOTHNHbIE 3JIEMEHTH MOTYT HMeTb
olHOMMeHHBle mTapaMerpsl (6e3 ydera NPOH3BOACTBEHHOro pasbpoca)
Pa3THYHOM BeJHYHHBI, KOTOPHle K TOMY 2Ke 3aBHCAT OT cnoco6a BKJIO-
YeHHUS.

Ha puc. 4.2 moposHp M306pakeHH BXOAsIIHe B CTymeHYaToe COENH-
HeHHe TPaH3ACTOPH, LIYMOBble apaMeTphl KOTOPHIX CBeneHsl B Tabu. 4.1,
a yCHJHTeJbHble mapameTpsl — B Ta6a. 4.2. [TaccHBHBIE UETHIPEXMOJIOC-
HHKH, NpeJCTaBleHHble B OTHEJbHOCTH Ha pHc. 4.3, B obmeM ciayyae
TaKKe HMEIOT Pa3HOPOAHYI0 CTPYKTYpPY M Pa3jiHyalollHecss O BeJHYHHe
napaMeTphl.

KoMnoHeHTBl CTYyneHYaToro COEIHHEHHS CFPYNIHPOBAHBI ONpeleseH-
HbIM o6pasom. Tak, Ha Bxoze T () TpaH3uCTOpa, COCTOAIErO H3 Iy-

i (s
MOBOT'O YETBIPEXMOJIOCHHKA C HCTOYHHKAMH el(,f;, ‘l(ua H Tela, HMeloLle-
Fro mapamerpsl aﬁ) , aﬁsz) , aﬁ) H af;z) »  BKJioueHa [POMeXYTOYHas
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Puc. 4.3. IlaccuBHble KOMIOHEHTH CTYNEHYaTo-
ro COeIHHEHHS, pacu/JeHeHHble Ha LIYMOBble H
€eclIyMHBIe UYeTHIPEXNOMIOCHHKH



Ta6aunma 4.1

Pacuernsie GOPMYJIEI TPH BKJIOYEHHH TPAHSHCTOpA €
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TPHHLHNY TPYNNHPYIOTCA M BCe APYTHe CTYMEHH CJIOXHOTO COelHHEHHS.
C BHIXOJHOM Harpy3ko#l OKOHeYHHi TPaH3HCTOP COeAHHSETCS UeNbio
e, KOTOpasi B YCHJHTeNX OOLIYHO NIpelcTaBJsAeT COTJIaCYIOUIHA
TpaHcdopMaTop.
3aMeHHB CTyneHuYaToe COeJHHeHHe NpPeNCTaBJIeHHHM Ha pHc. 4.4 pe-
3YJbTHPYIOIHM IUYMSIUHM 4YeThIPEXNMOJIOCHHKOM, MOXHO T0Ka3aTb, YTO

(0)

Ly~ 1 Cuwa I I
ﬂ(f) > G 7{ g,(’p) g’ga) b
Z l”, 2Q Wl o w2z
! 2 tua 7' azy azg) 4

Puc. 4.4. Pesyabtupylomuil mymsamufi geTepex-
MOJIIOCHHK, pAacUJEHeHHHIA Ha pe3yJbTHPYIOILHE
HIyMOBOH M GeCINYMHBIH YeTHIPeXMOJIOCHHKH

WIYMOBblE ¥ YCHJIMTEJLHblE CBOHCTBA €r0 BhIPAXKAIOTCH LIECTbIO BEJHYH-
HaMH, KOTODHIMH B CHCTEME Q-1apDaMeTPOB SBJISIOTCA De3yJbTHPYIOLLIHE

wymossie Hanpsukenns  Tokn e®), i) u pesynbTHpylomue napamer-
pu a2, af?), o, o), Bxonsumwme B cucremy ypasHemni

Uy = Upa® + 130 4 €{P) )
Iy = Uyaff) 4 1,0 + i2)

PacuneHHB noO H3BECTHOMY NPUHLUNY Pe3yAbTHPYIOUIMA IyMSAMHA
YeTbIPEXMOIOCHHK, MPeJCTaBHM ero COCTOSIIMM M3 IBYX uacTefl: pe3yJtb-
THPYIOILEro INYMOBOI'O YeTHIPEXMOJIOCHHKA, BKJIOYEHHOrO0 MeXay 3a-
KuMaMu 13 — 1’8/, u pe3yJbTHpyIOLIEro TeJa — MeXAY 3aXXKHMaMH
1’3" — 24. Bocnosb30BaBUIMCh M3BeCTHHIMH M3 TeOpAH aBTOHOMHOTO ue-
THIPEXMOMIOCHHKA CcooTHoleHussmH [JIB], Hafinem B MaTpuuHo# ¢dopMe
CJelylOlHe 3aBHCHMOCTH [JIsi Pe3yJbTHDPYIOIHX LIYMOBHIX TOKa H Ha-
TIPSKEHHUS:

0] _[ 2
= a4 aPa® L e x
i® ) i@
ma ma ma
2 )
© +aV @, | a® | gD © 4.2
lma tma

M [J15 Pe3yAbTHPYIOUMX NapaMeTpoB fepenauy:

a? =g @ 4, g =
1 1 2 @ ‘
_ off o T[ o} off of) aff of afy)
e 1 l 9 s e . + 8 . ~
SN N I O B T
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HanpseHuss # TOKH HA 3aXMuMax S-TO TPAH3HCTOPA (MJH TPOMEXY-
TOYHON LemH) CBA3aHB € [OKA3aTeJAMH DPe3yNETHPYIOILEro YeTHPeXmno-
JIOCHHKA CJ1elyIOIMMH 3aBHCHMOCTAMH:

5) (p) (p)
vl -a® o6t) W Uz + fma +
i w7
i
eBFD [ o)
+ a® 61) +a® gsth | gD w | @Y
toia L ‘ma
+
(s] U [~ (1)
Us =[aV a®@ , .  o® ]! o B I
2 n]TL
2 :
1 eiu)a 1 —1 eflsl)l
—a) —aV g@ | gD . (4.4)
(2 .
) )
Ecau npeneGpeyb WIyMOBBIMH HCTOUHHKAMH, TO
Ut
P l=a® g6ty g Y , (4.6)
1P Iy
Uy Uy
2 l=1a @ . . .a® ! . 4.7

I

Takum 06pa3oM, OmEHKA IIYMOBBLIX CBOHCTB CJOXKHOIO COERHHEHHH
TPaH3HCTOPOB H TACCHBHLIX 3JIEMEHTOB B KOHEYHOM CueTe CBOXHTCA K
OMpeeNeHHIO NoKa3aTeJsiell pe3y/bTHDPYIOUEro IyMsIUero YeThPexnoioc-
HHKa. Pe3yabTHpylomuii H36bLITOUHBI KO3(Q(HUHEHT LiyMa TaKoro coe-
AHHEHHS MOXKHO BBHIDAa3HTb yepe3 CpeIHEKBaJpaTHYHOE Pe3yJbTHpYiollee
NoJHOe IIYMOBOE HanpsKeHue

(P) l'
K(p) i nonu -1 (4.8)
" Tem [t
HJIH XKe 4Yepe3 pe3ynbTHPYIOLLee MOJHOe COMDPO1HWBJAEHHE IyMa
Rgx,)nonﬂ
KP = ——= 1, 4.9
Ry
€CJIH BHIMOJIHSIETCS YCJI0BHe
| e:g)nonﬂ [’ = 4«kT A tRl.l.l nons (4.10

Ilpu onpeleneHHH pe3y/JbTHPYIOIHX 1foKa3aTeseil CTyMNeHYaTOro CO-
eIMHEHHS YYMTHIBAETCS KOPPeJAUHOHHAS CBA3h MEXAy HCTOUHHKAMH
GayKTyauufi BXOASIUMX B Hero KOMNOHEHTOB. DTO mo3BOJIsAET HaiTH yc-
JIOBHSI, NPH KOTODEIX NOCTHIAIOTCSI ONTHMaJbHBEIE LIYMOBBIE MapaMeTphl
CHCTOMBI TTPOXAUH,
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IMonoGHEIM Xe 06pa3oM OCYLIECTBJISETCS TOCTPOEHHE ONTHMAaJbHBIX
0 LIYMOBHM MOKa3aTeJsiM TapasljieJibHONO, M0C/IeN0BaTeNBHOrO H APY-
THX BHIOB CJOXHBIX COeIMHEHHA TPaH3HCTOPOB.

Ecnu TpaH3UCTOPH B C/IOKHOM COENMHEHHH BKJIIGYAIOTCHA HENocpes-
CTBeHHO 6e3 MPOMEXYTOUYHHIX Lened (4TO BecbMa YacTO BCTpeyaercm Ha
NpakTHKe), TO U3 OOLIMX BHPAXEHUA I/ Pe3yJbTHPYIOIIUX TOKOB H
HanpsiKeHHA MCKIIOUAIOTCS XapaKTepu3ylolllMe HX MaTpPHIBL

Hafinenuble Belpa)keHHst B 06LeM BHIE XapaKTEPH3yIOT CHCTEMYy Tie-
pefaud C yyeTOM BCeX HCTOYHHKOB (JayKTyauuit o6pasyioliHx ee 3je-
meHToB. OIHako He BCe M3 HHX B PaBHOHl Mepe BJHSIOT Ha LIyMOBHIE
nokasatemi. Hanpumep, B youautensix onpenensioilefi oGHYHO sIBAS-
eTcsl BXOAHAs Lenb, I'e NPOHCXOAHT HauGoJbllee yXyAlleHHe IIyMO3a-
IHIEHHOCTH.

4.2. Bratouerue QONOAHUTEAbHO20 O08YXNOAIOCHUKA

PaccMOTpHM B/HSIHHe Ha LIYMOBBIE TIOKA3aTeJNH CHCTEMbl TIepefayu
JOMONHUTENbHBIX BXOJHBIX LeMel, HCNOJb3YeMBIX IJIsi AMIUIUTYLHO-ua-
CTOTHOR KODDEKIIHH, TpeaBapHTeJbHOR H3GupaTenbHOCTH M T. A. [JI14].
IMpocrefiinM ciyyaeM sIBAsieTCS BKJIOYEHHE NOMOJHHTENbHOTO ABYXIO-
JIOCHHKAa Ha BXOJAe TPaH3HCTOpa Mexay 3axumamu [I1’'—21’, xak mioxa-
3aHO Ha puc. 4.5.

Iz
T Lﬂ Zs
4
Iy
o ay | y
Qy Qg | 9

Puc. 4.5. JlonojHuTe/MbHEA ABYXMOJIOCHHK Ha BXOJAE TpAHSH-
cTopa:

@ — cxemMa BKJIOYellHsl; 6 — pacuieHeHHe ABYXMOJIOCHHKA H

TPAaH3HCTOpPA Ha WyMsluHe H OeCllyMHbie COCTaBJSAIOLIHE; 68—

IYMOBOA YETHPEXNOJIOCHHK C PA30OMKHYTHIMH BHIXOAHHMH 3a-
XKAMaMH
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Ins onpeneseHust n3GuITouHOro KoddGHIHeHTa IIyMa HafileM 1oJ-
HOe WIYMOBOe HampsiKeHHe TMPH Pa3oMKHYTHIX 3amumax 1'1—3I:

em noan ™= ém + wx + enn + iwa (Z; + Zx + Zgop) (4.11)

H ero CpeanHeKkBaJpaTHYHOE 3HAYeHHE:

| emnoan I3 = | €y |3 + | €mp |2 + | €wn 12 A | iwa [* | 21 4 Zx + Zopl®s

4.12)
KOTOPOMY COOTBETCTBYET TOJIHOe LIYMOBOE CONpOTHBJEHHE

Rui nonn = Ry + Ruig + Rum 4 Gwa | Z; + Zx + Zyop (2. (4.13)

Hononbayst Bripaxkenuss (3.19) u (4.13), onpenenum M3GBITOYHLIA KO-
3p(UUKEHT LIyMa TPAH3HCTOPA C BK/AIOYEHHHIM Ha BXOJe MOTOJHHTEb-
HBIM IIYMSIIHM JBYXMOJIOCHHKOM

1
Kun = 'El‘u" (Ruwg + Rum + CGua |l Z; + Zx + Zop |¥)s (4.19)
H

OlITHMAaJIbHAsi BEeJHYHHA KOTODOTO 1OCTHraeTcsi MPH BeLIeCTBEHHOM Co-
CTaBJSAOLed BXOJHOH HarpyskH:

1
Ryony = [_Gm (Ruig + Rum) + (Rwz + Rkop)? + (X; +
’ /s
+Xn+XKop)’] , (4.15)

1 s
R1 onr = [_G—u: (Rum + Ru.m) -+ l i Xl -+ Z}l -+ zKOp l’] (4'16)

H onpenensieTcd COOTHOILUEHHAMHU:

1 /s
Kuu ont =— 2Gma {[—G_ (Rmn -+ Rum) +1 in -+ ZA -+ Zxop I’ ] -+

ma

+ (Rg + Rxop) } , 4.17)
Ku.m onr — 2Gu.|a (R1 onr + RJI + RKop)~ (4- 18)

Hs Boipaxenus (4.15) BumHO, uTO BellleCTBeHHas coCTaBJsIoLlast

BXOIHOM Harpy3kKH NpHHUMAET MHHHMaJbHOe 3HaueHUe TIPH BHITOJHEHHH
yCA0BUS

Xy + X = — Xyop (4.19)
H COCTaBJIAET BEJHUYHHY

1 /s
R1 MHH = [T (Rum + Rym) + (RA -+ RKop)z] , (4.20)
wa
KOTOPO# COOTBETCTBYET MHHHMaJbHbIYI H3OLITOUHBIH K03(dHUHEHT LyMa
1 1Y/
Kum sy = 2Giga {[E (Ruul + Ruym) + (Rll + Rxop)’ J +
a
+(RA+Rxop)} ' (4.21)
Ku.m MuR = 2Gma (Rl Mun RA + RKop) . (4 -22)



HanpHefilliee yMeHbllieHHe H3GHITOYHOTO KOI(HDHUHEHTA ILyMa, eciIH
ycaosusa (4.19) u (4.20) yxe co6iiofeHH, TPefCTABASETCS BO3MOXHHIM
TOJIBKO B TOM CJIy4ae, €c/IH JOMOJHHTEJbHHA IBYXMOMIOCHHK Gyder BHO-
CHTb BO BXOJHYIO Lielb OTPHIlaTe/JbHOE CONPOTHBIEHHE.

4.3. Brarouetue OONOAHUTEALHOR0
4eTblPexnoArOCHUKA

HanGonee yacTo MeXjny HCTOYHHKOM CHTHala M TPaH3HCTOPOM (3a-
XHME [1'—13""u 21"—41’) BrmouaeTcss RONOMHUTENbHBIA YeTHIPEXTO-
JIIOCHHK, KOTOPbIi B O6lleM BHIe H306paxkeH Ha pHc. 4.6a, a ¢ BhiHe-
CEHHBIMH HCTOYHHKaMH liyMa — Ha puc. 4.66.

N Iy Iy
a1 2 4

z Uy U T 2
f ) 4 W ({,L ,
- Iy ~tha Ly Iy

g”@ alg’” %A/’ \‘;%é /i{lh ag) 0’57') 2{ o,

2
a{,” a,f,” 4 | I/ off 27 ¥

Puc. 4.6. [JonoJHHTEMbHBIA YEeTBIPEXNOMIOCHHK Ha BXOJe TPaH3HCTOpa:
a — cXeMa BKJIOYeHHs; 6 — pacujeHeHHe YeTHIPeXNMOJIIOCHHKA K
TPaH3HCTOPa Ha IIyMsilHe H GeclyMHble COCTaBJISIOUIHE

Ilpn ompepmesneHHH BJHSHHSA, OKa3blBAEMOrO Ha LIyMO3aLIHIIEHHOCTDb
JIOTIOTHHTE/IbHBIM UYETHIPeXTIOJNIOCHHKOM, OrPaHHYHMCS BHISICHEHHEM yCJO-
BHIl COTJIACOBAHHSI M CONPSIXKEAHs] MO MOILHOCTH IIyMa, YYHTHIBasi, 4TO
TaKoe COeJHHEeHHe SBJseTcsl YaCTHBIM CJydYaeM yXe pPacCMOTPeHHOro
CTYTeHYaTOr0 BKJIOYEHHSI TPAH3UCTOPOB H MACCHUBHBIX YeTHPEXMOJIIOCHH-
KOB. PacusieHHB HONOJHHTE/bHBIA YETHIPEXMOMIOCHAK M TPAH3UCTOP Ha
yCIOBHEIE COCTaBJSIOIIHE, KOTOPHIE COOTBETCTBEHHO OToOpa)kaioT IWy-
MOBHIe H Tlepejalolilie CBOACTBA, YCTAHOBHM, YTO MOTOJHHTE/bHBI ue-
THIPEXMNOJNIOCHHK XapaKTepH3yeTcsl LIYMOBHIMH  [apaMeTpaMH: R,‘,‘,‘;’
G, z®,  u tpansuctop — R, ¢ n ;‘Z,((';)p. OnTHMAIBHBI
H36BITOYHBIA KO3 GHIUHEHT IlyMa 3THX COCTABJSIOUIUX JOCTHraercss NpH
BBINOJHEHHH YCJIOBHiI LIyMOBOTO COTJIaCOBAHHS:

i -
Rgl) = R(lnt)mr = +l i X(lm + Zl((jgp l2 ’ (4.23)
GR)
wa .
2 g
R = Bl | [0 2, P | e
. Gulﬁ

Jag nonyyeHHs MMHHMaJbHOTO H36HLITOUHOTO K03(h(HIHMEHTa LiyMa, HMe-
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IOIEro MECTO NIPH COMPSKEHHOH [0 MOLUHOCTH lIyMa BXOAHOH Marpys-
Ke, HeOGXO1MMO BHITIOJHEHHe CJeAYIOLIHX yCJIOBHHA:

R(A) 1/g
X(ll) == —— Xg:))p; R(ll) = R(ln))mn = (L;: + Rl((J(x:h)p2 3 (4.29)
Giya ‘
(1) 1/2
X(12) = "ngp; R§2) = Rgrznm = T::;L + Rf(TC)’Pz - (4.26)
ma

BkaioueHHe Ha BXOJe TPaH3HCTOpPa AOMOJHHUTENBHOTO WIYMSLIEro ye-
TBIPEXINOJIIOCHHKA siBAsieTcsl HauGoJsee o6uuM caydyaeM. Ecan xe uomods-
3yeTcsl PEeaKTHBHBIAI YeTHIPEXHOJIOCHHK, 06pasyeMblii H3 JIBYXIOJIOCHH-
KoB Ge3 moTepb, TO COrJIaCOBaHHE HJIH CONpSIKEHHe TO0 MOILHOCTH LiyMa
TPOU3BOAUTCS TOJBKO C yYeTOM LIyMOB TPaH3HCTOpaA.

CrieqyeT 3aMeTHTb, UTO COTPSKEHHe WJM COIVIacOBaHMe BXOIHOMN Lie-
MH, HCXOAS M3 YCHOBHH ob0ecneueHHs Haudyyllell LIYMO3aUIMIIEHHOCTH,
HE BCerjga OCYLIECTBHMO [OCT2TOYHO TIPOCTHIMH CpeICTBaMH. JITO Ka-
caercs, TpexJe BCEro, IIHPOKONOJOCHBIX CHCTEM C YaCTOTHOR 3aBHCH-
MOCTbIO LIYMOBBIX TMOKasaTejeH. 3afaya MO OOeCNeYeHHIO ONTHMAaJb-
HOH IIYMO3alMUIEeHHOCTH B IUHPOKOM J[HaNa3oHe HacTOT CBOAHUTCA K
CHHTe3y Hemefl 1o 3afaHHOM AMIIHTYJHO-YaCTOTHOH XapaKTEePHCTHKe H
IIYMOBBIM NlapaMeTpaM.

B npocreiiiieM cayuyae cjeflyeT CTPEMHTBCS K BLIIOJHEHHIO YCJIOBHH
COTVIACOBAHHS HJIM CONPSIKEHHST TI0 MOLIHOCTH ,JuyMa B 00JIaCTH YyacToT
C Hauxynaueld UIyMO3aLIHUIEHHOCTbIO,

4.4. Bapbsuposarue 8x00HOL Ha2py3Koil

Jns ompenmeseHHsi BO3MOXKHOCTH BapbHPOBaHHS BXOMQHOM Harpyskoi
fIpi COXpPaHeHHH HeH3MeHHbIM H3OLITOYHOro KoddduiHeHTa lIyMa TpaH-
3HCTOPa, 'BOCMosb30BaBIuuCch yp-HHaMu (3.20) u (3.28), nakmem npupa-
ueHde ero (Mo CpaBHEHHMIO C MHHMMAJbHRM 3HaueHHeM) 3a CyeT pacco-
rJ1aCOBaHHSl BXOJHOH LemH:

A Kyn = Ko — K wnn

Ry unn Ry (Xy + Xkop)?
A = — .
Kuwn = GmaR) unn [ R, -+ Ry wnn RoRy s 2] (4.27)
S e + (P11
A =V 1 — 21, (4.28
Kin { Ry + Ry unn + Ry uun *-29
S mm P
AKpy=V—||———1 —|. (.29
A S |Vl Bl @2

B nocnenHeM BEIpaXKEHHH COMHOMXHTeNb B KBaApaTHHIX CKoGKax mnpex-
cTaBJasieT co6oi ypaBHeHHe OKPYKHOCTH

Ry \2 ( Xy + Xkop )'
— — ) = 4.30)
(e + (e (
X X
¢ OpAHMHaTOM H abcuuccoi M , LeHTP KOTOpOH CMe-
1MBH 1MAR
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HieH MO rOPH3OHTAJILHON OCH OTHOCHTENbHO HyJas Ha eXuHuny. Comuo-
)uTeNb GrmaRimusn=V — nocrosHHas BejHuuHa, 3aBHCALLAs TOJBLKO OT
IIYMOBOfl NPOBOJHMOCTH H MHHHMaJbHON BEIIeCTBEHHON COCTaB/siomed
BXOJXHOA Harpy3kH, KOTODHle TIPH 3aIaHHBIX YCJOBHSIX PaGOTH TpPAaH3H-
CTOpa CTPOro TOCTOSIHHHL,

ﬁl/ls yp-Hus (4.29) nas pacuera H36HITOUHOrO KO3(dHIHeHTa WyMa
HafineM

Ry uun [ R, )3 ( Xl‘.FXxop )’]
= mF+V—||— —1 —_—— , (4.31
Kin = K V2 | (=1 (S L

OTKyZa CJeAyeT, YTO BeJIHUHHA ero MOXKET COXPAaHSAThCA HeH3MeHHOH mpH
BapbHPOBaHHH (B OnpejeJieHHbIX Npejenax) BellleCTBEHHOH H MHHMOMH cO-
CTaBJSIOIUMMH BXOQHOM Harpysku. JIa1s JOCTHXXEHUs 3TOro, KaK BHIHO
u3 yp-Husa (4.28), Heo6XoaHUMO, uTOGH!

RI;HH [( Ry >’+( X1 + Xkop
1

2

) -+ l] = const. (4.32)
Rl MHH Rl MHH
[py BBHIMONHEHHH 3TOTO DPaBEHCTBA WyMO3alLHILEHHOCTh CHIHajAa MpH
BapbHPOBaHHH COCTABJSIOLIHMH BXOAHOH Harpy3kH He H3MeHsercs, IO-
STOMY TPEACTaBAseTCS BO3MOXKHEIM Ha3BaTb 310 PABEHCTBO YCAOBUEM
HeuamMenH020 KOI(PuyuenTa wyma TpaH3ucTopa.

B cayuae compsiKeHHsi TPaH3MCTOpa MO MOIIHOCTH INyMa BelUecTBEeH-
Hasi COCTaBJAIOLIAsT BXOAHOH Harpy3KH HMeeT MHHHMaJbHOE 3HaueHHe,
a yC/OBHe HEH3MEHHOro Ko3h@ulHeHTa IIyMa TIPUHMMAeT BHJ

R1 MHH Rl 2 ] 1
—— — == T = . 4 .
R, [(Rl - ) +1 n <+ n = const (4.33

Mpu n=1 Boipaxenus (4.27)—(4.29) o6pamaTcs B HyJdb, a OKPYyX-
HOCTb ~— B TOYKY, YTO COOTBETCTBYeT MHHHMAJbHOMY 3HAUeHHIO H306HITOY-
HOPO Ko3(dHuHeHTa lIyMa.

Jas onpemeneHHs JMOMYCTUMBIX TIPefesNioB BapbHPOBAHHSI  BXOIHON
Harpy3koOfl MOTYT OKa3aTbCsi BecbMa MNOJe3HHIMH rpadHuyeckHe flocTpoe-
HHsl, IpHBeJEeHHBle B NPHJIOXKEHHH 4 M NpeICTaBJSIOMIHEe OKPYXHOCTH
He;ssmenﬂor*o Ko>pdulmenTa I1IyMa AAf  PasqHYHBIX  COOTHOLUEHHH

1

R =n. DTH Xe TOCTPOEHUS C COOTBETCTBYIOIUHMH MOTNPaBKaAMH MO-
1MHN
TyT HCMOJb30BaTbCsl M IIPH BKJIIOYEHHH Ha BXOJEe TPaH3HCTOpA MIOMOJ-
HHTEJBHOTO IBYXMOJIIOCHHKA.

3aMeTHM, uTo, HCHOMb3ys Bblpaxenue (4.31), MOXHO ompelelHTb
H36BITOUHBIA KO3 (HIMEHT yMa TpaH3HCTOpa NpH J06of BXOQHOA Ha-
rpy3ke f10 COBOKYMHOCTH BeIMYMH Gua, Xxop, Kwu mun H Rimun, Open-
CTaBJ/ISIOIKX TIePBHYHBlE H BTODHYHBIE LIYMOBHIE f1apaMeTphl.

Mpumep 4.1. Ilna tpamsucropa tHna [1410, npencraBiieHHOro Ha
puc. 4.7, npu Uxe=2,0 6, [,=0,5 na u fo=1-10% ey nocpencTsom usMe-
peHuit HafifeHbl: Gma=18-10"2 %0, Xiop=—502 0M, Ky vua=1,79 1
Ry uua=400 o,

Heo6xonumo onpezennts Kgx TPH COMNPOTHBJAEHHH BXOZHOH Ha-
rpy3kn Z;=2000—i 1250 os u HoNyCTHMble NpejeJsl BapbHPOBAHHS elo
TpH HEH3MEeHHOM KO3t ¢HUHeHTe myMa.
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Bocnonp3oBaBiuuch BbipaxendeM (4.31), Hahgem

Kun = Kug was _I_VR_I'L’L"! [(_R_l_ — 1\)2 _’_(M)z] —

Rl Rl MHH Ril‘HH
400 [/2000 2 — 502 — 1250 \?
— — |[=— — ] | =6,86.
l’79"'0’722000[(400 1) +( 400 )} ’

Hcnonb3ys ceMeHCTBO KPHBHIX B INPHJIOXKEHHH 4 145
2000 5 n Xy+Xkop  —1250— 502

400 Rymun 400
MOraTe/IbHBIX MOCTPOEHHH HafigeM 3HaueHHe n=_89, no KoTopomy onpene-
JIAM BO3MOXHble Mpefle/bl BapbHPOBAaHHWS BXOXHOM HArpysKoH npH He-
H3MeHHOM Ko3pduunente wyma: 40 <R;< 3560 om n —1258° < X; <
< 2262 om. ITo mepeceueHH0 OKpyxHOCTH n=8,9 u runmep6oJnl, nmpex-
CTaBJIEHHOM Ha TOM e PHUCYHKe, HaXOAUM BeJHUHHY R)onp=1800 o,
TPH KOTOPOH KO3((HIHEHT IIyMa TPHHHMaeT ONTHMajbHOe 3HaUYeHHe.

R 1MHH

=—4,38, npu nomoliu BCMmO-

Puc. 4.7. Tpanaucrop c¢ He- Puc. 4.8. TpaH3ucrop ¢ HONOJHHTENb-
TIOCPECTBEHHO  MOXKJIOYEH- HBIM [BYXMOJIOCHHKOM Ha BXOAe
HHIMH BHEIIHHMH HarpyskaMu

Mpumep 4.2. as Toro xe TpaHsucTopa TpebyeTcss OMPEAETHThH
H30BITOYHBIN KO3((HIHEHT ILIyMa TIPH BKJIOYEHHH COrJiacHo puc. 4.8.
MOTIOJIHHTENLHOTO HBYXMOJIOCHHKA Ha BXojle, HMelomero Z;=1000 ox.

Jins pacuera Takxke Hcnosb3yeTcs BheipaxKenue (4.34), HO BMecTO
X1+ Xxop B RaHHOM ciyuae* noactasiasercs X+ Xx+Xxop:

400 [(2000 |2 —502 4 1000 —1250 \2

=1,7 72— | (5= —1

Kan ’9"'0722000[(400 ) ( 400 )]
=4,61.

Tlo 3Hauenuto n=4H,8 mMoa0GHO TNpeABIAYLIEMY OMNPeAeNsioTCs AO-
NYCTHMEIE Mpefesibl BaPbHPOBAHHS COCTABJSIOUIMMH BXOJHOH HarpysKH:
69<R; <2311 om n —1618 < X{< 622 om. [Ilpu 3TOM OmTUMAJBLHOE
3HayeHHe BelleCTBEHHON cocTaBuasiomeil R onr=1190 onm.

5. OIIPEJIEJIEHHE LIYMOBBIX TAPAMETPOB
5.1. Mero0 sxcTpemasbHblx 3HA4eHUl

MeTonnKM NPSMOro H3MepeHHst NMepBHUHBIX IIYMOBHIX [apaMeTpos
TpaH3HCTOpa B HaCTosilllee BpeMs He HMeeTcs. Ki3BecTHnle KocBeHHbIe
cnoco6bl [J12], [JI11] ocHoBBIBalOTCS Ha BCIOMOraTeJbHBIX rpadHyecKux
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IOCTPOEHHSIX HJIH JKe Ha HEKOTOpHX NpHGnHxKeHHsX. OHu TpeGyloT AJs
TpaH3ucTOpa o6ecreyeHHs] MPAKTHYECKH TPYAHO OCYIIECTBHMEIX pPekKH-
MOB XOJIOCTOTO X0Ja H KOPOTKOTO 3aMBbIKaHHS.

BMecte ¢ TeM NepBHYHble IIYMOBHIE MapaMeTPhl TPaH3HCTOPA MOTYT
6LITh OmpenesieHbl MO H3MEPEeHHBIM 3KCTPeMalIbHbIM 3HaueHHSIM KO3GbdH-
IHEHTa LIyMa C HOMOJb30BAHHEM OOLIMX COOTHOLIGHHA MeXAy ILIyMo-
BHIMH mnokasaTtesnsaMu. KosddHLUHEeHT yMa HAXOAUTCA H3 BhIpaXeHHH
(3.17) n (3.20):

1
Km =1 + R (Rum + Gma l Zl "|‘ Zxop ")» (5-1)
my

MpH COTMIaCOBaHHH TPAH3HCTOPA C BXOLHON HArpy3KOW I10 MOLIHOCTH ily-
Ma OH TIPHHMMaeT ONTHMaJbHOe 3HaueHHE

Kmonr=1 + 2Gua (R1 ont + Rxop) (5.2
H IIPH COMPSIKEHHH NOCTHraeT MHHHMyMa
K umn = | -+ 2Glua (Rl mHE Rxop)~ (5~3)

CosMecTHoe pemenue yp-uufi (5.2) u (5.3) TO3BOJSeT oOmMpeNESHTb
S5KBHBAJIEHTHYIO LIYMOBYIO IIPOBOJHMOCTh

KI.IJ onr Kl.l.l MHH
2, (Rl onr R1 muH) '

Hcnonb3yst yp-une (5.3), HaiiieM BbipaxKeHue MJisl BeleCTBEHHON CO-
CTaBJSAOWEN KQPPENSIHOHHOTO COMPOTHBJIEHHS lIyMa:

(5.4)

Gma =

K, —1
Ryop = m_;;:la'—" — Ry wun - (5.5)

MHuMast e ero COCTaBJfOLIAS TPH COMPSIKEHWH MO MOLIHOCTH Iyma
HaxOAUTCH M3 paBeHcTBa (3.26) Kak BeNHuMHA, paBHasi mo aGCOMIOTHOMY
3HAueHHI0 peaKTHBHOH COCTaBJsIoOLlell BXOJHOA HarpyskH, HO o6paTHas
efi Mo 3HaKy.

3!((;;];&)1.7[6}{1‘&!06 LIyMOBOE COIPOTHBJEHHE OMpefedsieTcss H3 Bhipaxe-
nusa (3.27):

Rum = Gua ( R% Mun R?(op) . (5.6)

IMonyueHHBIe (HOPMY/Bl NMO3BOJSIOT PACCYHTATH NEPBHYHBIE IIYMOBBIE
napaMeTpbl TPaH3HCTOPA MO MpeJBAapHTEJbHO H3MeDEHHBIM SKCTpeMalb-
HBHIM 3HaueHHSAM Koydduuuenta myma. HMamepenuss mnpoussoasrca s
psila 3HaueHHH BelleCTBEHHOH COCTABJSANOIIMA BXOJAHOA Harpysku NpH
HeKOTOPOH MHMHHMMAaJLHOH BeJIHUYHHe HHAYKTHBHOCTH, [IOCJA€ Yero 3TH
H3MepeHHs! MOBTOPSIOTCS MpPH BCe YBeJHYHBAeMON WHIYKTHBHOCTH M IpO-
BOJATCS O BHIIBJIEHHss MHHHMyMa Koadduumenta myma. 3ateM mpH
HEKOTOpOM 3HauyeHHH MHHMOM cOCTaBAsIOLlefl BXOAHOHM Harpy3kH Haxo-
IUTCS OMTHMAaJbHBIA KO3(HIUHEHT lIyMa H COOTBETCTBYIOLlasl BeJHYH-
Ha BeIeCTBEHHO!l cocTaBjsiomel. 3aTeM ONpefeNsioTCd MHHHMaJIbHHIA
KoahHIHeHT IyMa, BelleCTBEHHAass U MHHMasi COCTABJSIOLIME BXOLHOlM
HarpyskH, NpH KOTOPHIX OH JOCTHraercsi, XapakTep KOPpeJSILHOHHOro
COTIPOTHBJIEHHSI 1IyMa YCTAHABJHMBAETCS NMyTeM CONOCTaBJeHUS Ko3ddH-
LHEeHTOB LIyMa, H3MepeHHBIX MPH PaBHBIX MO aGCOMIOTHOH BeJNHYHHE eM-
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KOCTHOH H MHAYKTHBHOH COCTaBJSIIOIUHX COTIPOTHBJIEHMS BXOAHOA HA-
rpysku (Z,=R,+ iX, u Z;=R¢—iX,). Ecan, nanpuMep, HauMeHbllIee
3HayeHHe Ko3ddHlIHeHTa LIyMa HKOCTHTaeTCsl NPH HMHAYKTHBHOH COCTaB-
nsiolleff, To 3TO O3HayaeT, YTO KOPpeNSIHOHHOE COTPOTHBJIEHHe LIyMa
HOCHT eMKOCTHHIii Xapakrep. [anee no ¢-nam (5.4)—(5.6) nposo-
JAUTCS pacyeT NMePBHYHBIX LIYMOBHIX TlapaMeTPOB TPaH3HCTOpA.

[lepBHuHble 1IYMOBBIE NapaMeTpPel TPaH3HCTOpA MNpH |Yal| =0 Ha-
xoasitcss M3 Beipaxennit (3.31)—(3.35). KoadpduuueHt myMa B 3TOM
ciayuae onpenensiercs H3 yp-uuit (3.17) u (3.31):

1
Km=1+4 _Rm—l(Rma"l‘Gmalzl lz) (5-7)

CornacoBaine TpPaH3UCTOPA 10 MOLIHOCTH LIyMa HAOCTHTaeTcss TpH
BhMONIHeHHH ycaoBus (3.33), ecin kK tomy xe X;=0, 10 K0o3bduuHeHT
IIyMa NPHHUMaeT MHHHMaJbHOe 3HaueHHe:

K min = 1 4 26maRy wnn (5.8
Ko wun =1 + 2,(GmaRma)|/zr (5-9)

OTKyJa 3KBUBAJEHTHAs WIyMOBasg NPOBOJAHMOCTh

Ky sin — |
Gupg = ——8—— (5.10)
2R1MHH
W3 soipaxkenus (5.9) HaxXxOmMTCs 3SKBHBAJEHTHOe LIYMOBOE COTpOTHB-
JIeHHe

1
Rma=m(l<mm£ﬂ_l)z- (5.11)

Qopmyant (5.10) u (5.11) Hcmoab3yloTca st pacyeTa IEepPBHYHBIX
INYMOBBIX I1apaMeTPOB TPaH3UCTOPa NPH OTCYTCTBHH HJH INpeHeOpexH-
MO MaJofi KOpPeJSLHOHHON CBA3H MeXJAy HCTOUHHKAMH (JayKTyanuf.

Ilpn |yal =1 mnepBuuHble LIyMOBEE MapaMeTpel TpaH3UCTOpa pac-
CYHTBIBAIOTCSI MO H3MepeHHHIM 3HaueHHAM KoxddHuHeHTa LiyMma, ompe-
nensemoro 3 yp-uuit (3.17) u (3.37):

1
m=1+‘R—m'(Rma+Gma[Z1+RKop |)2» (5-12)

ONTHMAaJIbHas BeJUUHHA KOTOPOro
Kwonr=1+4 2Gma (Rl onr + Rxop) (5.13)

JocTHraercs npH BbinosHeHHH yciaosus (3.38). Ecam npuusts X,=0, ro
Ko3pHIHeHT IyMa NPUHHMaeT MHHHMaJbHOEC 3HaueHHe

K mnn = 1 + 2Gwa (Ry mur + Rkep) (5.14)
TIpH MHHHMaJIbHOH BellleCTBEHHOIl coCTaBJsoLLef
. R s
Ry wm = (——G:: + R,Zop) (5.15)



Hcnonbays Boipaxenue (5.14), HalineM 3KBHBa/JIeHTHYI0 LIYMOBYIO THpO-
BOAHMOCTD

Kl!lll}ﬂl_l

Guza = 0,202 , (5.16)
Rl MHH
3KBHBAJICHTHOE WIYMOBO€ COIIPDOTHBJIEHHE
Ruia = GuaR2,, (5.17)
H KOppeJALHOHHOe CONPOTHBJeHHe LIyMa
Rxop =0 ,707R1 WHH - (5 . 18)

OnpenefleHHe TNepPBHYHbLIX IUYMOBLIX NapaMeTPOB TPAH3HCTOPa NpH
npocToll GYHKIHOHAJIbHOA 3aBHCHMOCTH MeXIY HCTOYHHKaMH GJyKTya-
LA, KaK 1 B ABYX NpelblAyIlIHX cJAydyasx, NPOH3BOMMTCSA 10 M3MEPEHHO-
MY MHHHMaJbHOMY KO3GhGHUHEHTY IIyMa H COOTBETCTBYIOILeH eMy MH-
HHMaJIbHOH COCTaBJIsilOllled BXOXHONH HarpyskH.

5.2. Hamepureavroe obopyodosarue

Jlns M3MepeHHs SKCTPeMaJsbHbIX 3HAueHHI MoXeT GhIThb HCNOJBL30BAH
M0G60f U3 U3BECTHHIX CNOCOGOB omnpeaeneHns Kosdduunerrta wyma [JI15].
HanGosee yaoGHHIM sBJsfeTcsi METOX LIYMOBOrO TeHepaTopa, KOTODHIA
o6Gnanaer PSAAOM CYIUECTBEHHBIX [OCTOMHCTB, COCTOSIIMX B TOM, 4TO
CmeKTpajbHble XapaKTEePHCTHKH reHepaTopa M lIyMa TPaH3HCTOpa B Y3-
KOH IoJjioce 4aCTOT BecbMa GJIH3KH, IIOSTOMY He TpefyeTCs ONpeneseHHs
3t ¢heKTHBHON MOJIOCH YacTOT; TOYHOCTb M3MEPEHHI ompejessieTcsi B OC-
HOBHOM XapaKTePHCTHKaMH LIYMOBOTO I'eHEpPaTopa H MOTPEIHOCTBIO H3-
MepeHHsl yJIBOEHHOH BBIXOJHOM MOILIHOCTH IIyMa.

CxeseTHast cXeMa H3MepHTEJbHOr0 KOMILIEKCa, HOMOJIb30BaHHOrO NpH
onpeleJeHHH LIyMOBLIX MapaMeTpOB TPaH3HCTOPOB MO 3KCTPeMaJbHBIM
3HaueHHsiM KosdoduuueHta uwymMa, npeacrtaBieHa Ha puc. 5.1, rame

Puc. 5.1. CkeneTHass cxeMa H3MepHTEJbHOTO
KOMILJIeKea /151 ONpelesieHHst LIYMOBBIX MapamerT-
POB TpaH3HCTOpA

T'Ill — resepatop luyMa C nepeMeHHLIM BHYTPEHHHM COMPOTHBJIEHHEM,
BHINOJIHEHHBI HA WIYMOBHIX AHoAax Tuna 2/I3B ¢ nmJjaBHOH peryJHpoB-
Kofi aHogHoro Toka oT 0 mo 20 sma; T — uaMepsieMblii TPaH3HCTOP C
TJIABHOH peryJHpoBKoi Toka smutrepa otr 0 mo 10 ma u HampsKeHus
kosiekropa ot 0 mo 10 8; P-673 — panuonpuemHoe ycTpoiicTBO HJs
KenpepbiBHOIO AMana3oHa yactoT oT 12 go 25000 xey c mmupHHOH moJio-
enl mpomyckaHus B 1,5 u 3,0 xey, uMeioutee peryanposky B 1000 pa3 mo
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pOMeXYTOUHO# yacToTe u Goaee uem B 100 pa3s no uuskoit, YHII-2 —
J1laMNOBbIAi BOJBTMETP C KBAaJAPaTHYHON XapaKTeDHUCTHUKOM, UMEIOIIHHA 4yB-
CTBHTENBbHOCTL OT 1,5 1o 1500 ms.

INpuHuMnuanbHasi 3JMeKTpUYecKas cxeMa reHeparopa liymMa C nepe-
MEHHLIM BHYTPEHHHM COMDOTHBJEHHEM INpeicTaBjeHa Ha puc. 52. Xa-
pPakTep BBIXOJHOTO CONMPOTHBJEHHsS ero no HeoOXOAHMOCTH BbIGHpaercs
€MKOCTHBIM HJIM HHAYKTHBHBIM B 3aBHCHMOCTH OT NPHCOEJHHSEMOTO
BHELIHEro MarasHHa eMKocTefi HJIM HHAYKTHBHOCTef.

IIpy ynBOeHHH LIYMOBOH MOLIHOCTH Ha BBIXOJE H3MEDHTeJbHOro ycT-
poiicTBa (Nmpu BKJIIOYEHHH IIYMOBOTO TreHepaTtopa) KosddHuHeHT wryma
TPaH3UCTOPA OMpejesiseTcsl H3BECTHLIM BhIpaXKeHdeM

e[an
=—; 5.
BT kT ©.19)
ecsd TeMmnepaTypa comnporusienust R, nocturaer 290 °K, To
Kuw = 20I;R,, (5.20)

rne /z — TOK, MpOTeKalolluii yepes LIYMOBOA NMOX, Ma; R — BHYTpeH-
Hee CONMPOTHBJIEHHEe reHepaToOpa, KOM.

TounocTs M3MepeHHst Ko3dbdulIHEHTa WIyMa TaKHM CHOCO60M Haxo-
nHuTCs B npexenax *=15%.

Ilpu nomollu OMHCAHHOTO H3MEPHUTENBHOro ycTpoficTBa OblLIH Ompe-
IleieHbl MepBUYHble WIYMOBHle MapaMeTpnl TpaHauctopoB [1410, T1411
[/116], xoropble cBenelbl B Taba. 5.1.

Ta6auna 5.1
BesHuHHB NepBHYHBIX WIYMOBHIX MapaMeTpoB
TPaH3HCTOPa NPH HaNPSIXKEHHH
Homep u THN IlIymoBrIe Uy =2,0 6 1 ToKax. xua
TpaH3HeTODPa napaMeTpn *
0,5 1,0 2,0 5,0*
Ne 1 11411 Ryys oM 202 200 232 - 264
Gpar #0 2,4.10’3 2,2-10—3 2.6~10—3 2,9.1073
Ryopr O* 75 16 12 10
Xxop® M —376 —314 —188 —125
Ne 2 TT411 Ry oM 202 175 204 211
—3 —3 —3 —3
Gar 40 1,8-10 1,5.10 1,6-10 2,0-10
RKOp' oM r 105 62 7 4
Xopr oM —439 —376 —188 —125
Ne 3 410 S — 272 253 273 254
Gipar 40 1,810 1,6-10 2 1,7.1072 2,0.10_3
R,wp, oM 100 37 25 14
Xopr oM —502 —376 —250 —125

* Ipn ty =10 Mey.
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NMpumep 5.1. s Tpansucropa [1410 npu Uxe=2 ¢ u [y=! ma Ha
yactote fo=1 Mey nyrem u3MepeHuit onpeleneHol: Km yan=24 H
Ry mua=400 oM, Kmnenr=H,0 H Ryeny =900 om, X,=876 om. Henonn-
3ys ¢&-aet (5.4)—(5.6), HafineMm:

G = Kus onr — K mnn _ 4,0—2.4 —1.6.10- o,
2 (Ry onr — Ry wum) 2 (900 — 400)

Kowpw =1 p 241
2Gya LVMHE T 9.1,6-1073

Run = Guma (R} s — R2op) = 1,6-1073 (4002 — 372) = 253 om,

H us ycaoBusi (4.26) monyuuM Xyop=-—376 om.

Ryop = — 400 = 37 o#,

*

B KkauecTBe yMOBBIX MapaMeTPOB TPAH3UCTOPA MOTYT GLITh MIPHHATHI
foKasaTesnH, MoJyyaeMble Ha OCHOBE TEODHH JIHHEAHOrO IUIYMSILEro ye-
THIPEXMOJIIOCHHKA. OHH ONMpefensiioTcss B OLHHAKOBBIX C YCHJIHTEJNbHBIMH
napaMeTpaMH pDeXHMax, YTO MPHUBOAHT K OGUIHOCTH pAaCYeTHHIX BHI-
paxeHHH M MO3BOJIAET, MPHMEHSS METOJbl TEOPHH 3JEeKTPHYECKHX Lemned,
BbIPa60TaTh MPHHLUUME ONTHMH3AUHH CJOXKHHIX COEIHHEHHH TPaH3HCTO-
poB.

HauGosee mosHO MepBHYHbIE LIYMOBble MapaMeTpHl XapaKTepH3yioT
GayKTyauuoHHble CBOHCTBA TpaH3ucTOpa. Mcnosb3oBaHHe mocieqHHX NpH
fIDOEKTHPOBAHHH CJIOXKHBIX COEJHHEHHH TPAH3HCTOPOB YMPOLIAET pac-
yeTHble COOTHOUIEHHs1 W OOGJeryaer onpelelieHHe YCHOBUH ONTHMH3ALUH
wyMsamux ueneid. Mcxoms u3 storo, npeicraBlisercs ienecooGpasHbIM
AJsl HU3KOLIYMslleil T'PYNTbl TPAH3HCTOPOB HapaBHE C YCHIMTEJbHBIMH
flapaMeTpaMH HOPMHpPOBaTh NepPBHYHBIE WIYMOBbE napaMerpbl Ryu, CGma,
Zyop ¥ YCTAHOBUTDL THIOBBIE 3@aBUCUMOCTH HX OT HaMpPSIXKEHHS 3MHTTep—
KOJIIEKTOP, TOKA 3MHTTEpa, 4acTOThl, TEMNEPATYPH M PagHalHH.

TIpakTHYeCKH 3TH MapaMeTpbl ONPENe]sIOTCS PaCUeTHHIM MyTeM, ec-
JIM M3BeCTHbl HCTOYHUKH (JIYKTyauHil, MM NO H3MePEHHLIM SKCTpeMalib-

-~ HbIM 3HAYEHUAM K03(hHUUEHTa IIyMa.




NPUHIIOKEHH A

ITpunoxncerue 1
CooTHOLIEHHs MEXAY HEABTOHOMHbLIMH MapaMeTPaMH

epeCyEeTHHIO MYJIH AJI% QUETEM
Cunetema | IMapa- Tepecy bopuyt & IMpuuevanne
napaMeTpoB| METDHI 4
a h 4 Y
A
1 - s 2 —
Ray 221 Ya1
h Az 1
28 — 11 - == —
a hsy 221 Ya1 —
a
[T - '—-h" I '—'l -4
hsy 22 Ys1
1 E2
Qss _ 23 Y11
hsy 221 Ya1
a Az 1
ch = - - — hay==dyy
Qs 23 Y11
Aa 4 Y
by - - =L — =4 hygm=dy,
h T 223 Y11
1 2.
hay — - — =2 ELIY hyy=ds,
dss 232 Y11
a 1 A
hay 2 - —_ =4 hea=dgy
Qs L2Y) Y11
a Ah
212 11 _ Yaa
Qs has Ay
243 _Aa fss —- Yis
z Q21 fas Ay _
291 l—' —_ ’."_‘ - _Yn
851 has Ay
z’, p—" .&. _1_ — ‘/u
Qg1 hsy Ay
a
i fa L n -
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Yis - hus Z1e -
v dys hyy Az —
1 1 h
Yn — ML 22t -
[T hyy Az
a Ah
Yss — L —_ 2 —
ays hu Az

AQ=0,1053—0a,,03,; Ah=mhyihag—hyshyy;

82=2241200—219251; AY=2Y11Y20—Y12Y21-



T punosxerue 2

CoOTHOLIEHHS MEKAY aBTOHOMHBIMH NapaMeTPaMH

Cuere- e MyJbl AJI% QHETEM
wa na- | Mapa- "lepecueTHbie GopMyNBl 4NA @
pameT- | METPH
poB a h 2 y
h z 1
e 11 11 .
wa - e == i — - i
mh Fas w/e | mie 20 mez Ynt way
a
1 1 . 1 Y1
wa — —_—— —_—— N at
P 7oy W22 o, way
e e — (37} i e z_‘.’.g —_ _l_i
wh wa Qys ma - wiz 23 w2z Vit wiy
h
= Yn
i _ _ _ e - uny""
ik P fwa 2, Woz Y11
2 +lu.|2y
Ys2
— [
e e — .a_i.l_l‘ e L — ﬁf i —_ Ay wiy
iz wma wa wh wh
Qa1 haa + Yia 1
way
z Ay
Y31,
1, 1 wiy
‘w2z T lua = lmp - by
a2y hay _fu,;
T Ay w2y
233
a | Tz P
i 2. 41 —— @ —
wiy a T "ua uth
a h 242
1 11 + 1 e
—Az mez
Yy
29
h —e
. 1 2 emh + Az iz
fgy - fma hit -
Gus +i — 2,
mp Az W22
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ITpunroxcenue 5
Fpadukn ana pacyera WYMOBLIX NMapamerpoB

Hcnonbays ¢-naut (54)—(5.6), (5.10) u (5.11), (5.16)—(5.18),
MOXHO TIOCTPOHTb PsiJi BCIIOMOTATeNbHBIX IPadHKOB, 3HAUHTENBHO OGJser-
YaloIKX Ofpe/eseHHe MEPBHYHBIX LIYMOBBIX INapaMeTPOB TPaH3HCTOPa.

IMpy HaJMuHH KOPPEJSLHOHHON CBA3H MEXJAY HCTOYHHKAMH (JyKTya-
muit (0< |yal <1) ucnoassyiorcs rpaguku puc. I1.5.1—I1.5.6, npenclraB-
mone i A Kn=p(2Ry), Koy omy—1=a(20m), “

ma

-‘Pl(Rllﬂ!H)n R? MHH=(\°4( R[2(op ) ’ R? umg_R?(op =‘P5(Gm8) H XKOP.:"PG(”'
Ilpu oTcyTCcTBHM HJIH TpeHeOpPEXXHMO MasloH KOppeNsUHOHHOA  CBSI3H
MeXny WyMoBmMu cocTasasiomuMd  (|yal =0) nas ompenenenus my-
MOBHIX NMapaMeTPOB HcmoJb3yioTcs rpaduku puc. [1.5.7 u I1.5.8, otobpa-
xatotye 3aBHCHMOCTH K mun—1=@7(Rimmn) ¥ (Kmupa—1)*=95(4Gma).
[lpu mpocroii (GYHKUHOHANLHON 3aBHCHMOCTH MeXJy HCTOYHHKAMH
wyma  (|1al =1) Hcmomsb3ywores rpadukn I1.5.9 u I1.5.10, Bhipaxaio-
mue GyHKuuE Km mun — 1=(P9(Rmnu); Rﬁop = cPm(Gn;m)-

IlpuMeHenne rpadHKoOB INOSCHHM Ha TIPHMepe BLIYHC/IEHHS TEPBHY-
HbIX IIYMOBRIX TapaMeTpoB TpaH3ucropa tuma [1411. Ilyrem wuamepe-
HUHl TIepBOHAYaJibHO HAaXOIHMM 3KCTpPeMasbHble 3HaueHHsl KodpduuueHTa
wyMa Kmenr =4,6 ¥ Ku mua=2,8, a TakKe COOTBETCTBYIOLIHE HM Be-
lIeCTBeHHbie COCTABJAOLIME CONPOTHBJIEHHS BXOAHON HArpy3kH Riomp=
=900 oM U Ry nzu=400 om. ConpsikenHe BXOJIHOM HAarpy3ku 110 MOLL-
HOCTH IlyMa AOCTHraercs npu Benuuune L;=80 mxen (ue coBnaparome
CO 3HAUeHHEM HHIYKTHBHOCTH, HEOOXOIMMON [/l CONMpPSIKEHHs TpPaH3H-
CTOpa MO MOLIHOCTH CHI'HaJla), YTO YKa3BIBaeT Ha KOPPesslHOHHYIO CBSI3b
MeXIy HCTOYHMKaMH ¢JaykTyauuii. B cooTBeTCTBHH C 3THM AJs Aalb-
HeMIUKMX BBIYHCJAEHHH BhIOHpaioTcs rpacduku puc. I1.5.1—I1.5.6.

Hononways 3asucumoctu puc. [1.5.1, no passocts AKm=Kmonr —
— Ky wzn=4,6—2,8=1,8 u 2AR,=(2R) ox — R mnu) =2(900—400)=
=1000 om, 3nauenne Gp,=0,0018 M0, cooTBeTCTByIOUIEE TOUKE Nepece-
yenns opaunatel AKp =18 u a6ecuncen 2AR;=1000 om.

BellecTBeHHYI0 COCTABJSIOILYI0  KOPPEJISLMOHHOTO  COTIPOTHBJIEHHSA
ymMa HaxXoiuM mo rpadukam puc. I[1.5.2 u I1.5.3, npuuem nepsoHayab-

K —1
HO M0 Km wun — 1=2,8—1=1,8 BHuHCc/IseM OTHOlIeHHE ———-I;ZHH
glit-y
2,8—1
= 2.1,8-103 =500 os, a 3atem 1O R; yun=400 om oOTHICKHBaEM

HCKOMYIO BeJHUMHY Ryop=100 om.

Jns onpegeneHnss MHHMOM COCTaBJSIOWIEd KOPPEJSIHOHHONO COMpO-
THBJEHHS IUyMa Ha uacrote M3Mepenuil fo=1 Mey ucrmonb3yem rpaduk
puc. I1.5.6. MunykTHBHBIA XapakTep CONMpPOTHBJEHHS BXOMHOH HAarpyskH,
fipi KOTOPOM BBITOJIHSIETCSl YCJIOBHE COMPSI)KEHHSI TIO MOLIHOCTH IIyMa,
yKa3biBaeT Ha HaJHyHe eMKOCTell COCTaBJSOlled B COMPOTHBJEHHH KOp-
pensinuH, MosToMy 3Hauenuio L; =80 MKen cooTBeTcTBYeT Xyop=—502 OM.

I BbluMC/EHHS TapaMeTpoB Rms ucnosn3yem rpapukH

puc. [1.54, mo KoTopoMy HaXoZHM pasHocTb R fu“-—vR,zmp=4002—-

—1002=1,5.105 oM2, a 3aTeMm 1O 3TOA Pa3HOCTH H HaiJeHHOMY paHee
sHayennio Gu;,=0,0018 Mo, ucrnoab3ys rpadux puc. I[1.5.5, onpenensiem
HCKOMYIO BeJHUMHY Run=272 oM.
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Tak e onpefessioTcsl MEePBHYHBE IYMOBEE MapaMeTphl TPAH3HCTOPA
npu rpaHuuHBIX (MM GIH3KHX K HHM) 3HaueHHsX Ko3doHLMEeHTa Kop-
pensiuu MeXIy HCTOUHHKAaMH ¢JIyKTyaunii, HO C HCNOJb30BaHHEM CO-
orBeTcTBeHHO rpadukos puc. [1.5.7 u I1.5.8 uan I1.5.9 u I1.5.10.

BuiGop COOTBETCTBYIOIKX FPaHKOB NMPOHU3BOAMTCS TOCPEACTBOM CO-
TIOCTaBJIEHHs] YCJIOBHHA CONpPSXKEHHS TPaH3HCTOPA C BXONHOHA Harpyskoi
N0 MOIIHOCTH CHFHaJla M WyMa (H3 HX COBUAajeHHe) C yyeToM TpeGoBa-
MHf, 3alaHHBIX Ha LIYMO3aLIUIIEHHOCTD IIeNH,
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