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IHpeauciaoBue

JucruminHa «CXeMOTeXHHUKA aHAJIOTOBBIX AJIEKTPOHHBIX YCTPOUCTBY UMeE-
eT 00JIbIIOE 3HAaUeHHE MPU MOATOTOBKE PaIMOUHKEHEPOB, CICIIUATU3UPYIO-
mIMXCs B 00JaCTH pa3pabOTKU U MPOEKTUPOBAHUS pajuoanmnaparypsl. AHalO-
TOBBIC TaKThI YCUJICHUS, HE TOBOPS YK€ O 3aKOHUYCHHBIX YCHIINTEIIAX Pa3JIid-
HBIX Ha3HAYCHUH, BXOAST MPAKTUYECKU B COCTAB JIFOOOTO COBPEMEHHOTO pa-
JIMOTEXHUYECKOro ycTpoicTBa. KpoMe Toro, paccmaTpuBaemasi IUCUUTIIINHA
SABJISIETCS] B y4€OHBIX MIaHaX (DaKTUYECKU MEPBBIM PAAMOTEXHUYECKUM HHKE-
HEPHBIM KypCOM, B KOTOPOM CBEACHUS, TIOJyYSHHBIE CTYJACHTAMH TI0 ITUKIIaM
OOIIETEeXHUYECKUX U OOLIUX MHKEHEPHBIX AUCIUIUIMH, UCTIOIB3YIOTCS IS
MPAKTUYECKUX LIeJIeH TPOSKTUPOBAHUS U pacueTa paguodJIeKTPOHHBIX YCT-
PONCTB.

B cBsi3u ¢ 3TUM 0c000€ BHUMaHHE YCICHO METOUKE U3JI0KEHUS MaTe-
puaia, ero IpeeMCTBEHHOCTH U CBS3H C MPEANISCTBYIOMUMH TUCIUIUIMHAMH,
BBIOOPY CITOCOOOB MCCIIEIOBAHUS U pacyeTa, a Takxke (PU3n4ecKoMy UCTOJIKO-
BaHUIO TIPOLIECCOB U 3aBUCUMOCTEN B U3y4aeMbIX CXeMax.

[Ipu HanMcaHWUU JEKIMI aBTOPHI CTABUJIU 33/1a4y 00ECIeYUTh CTYI€HTOB
3HAHUSIMU U HaBBbIKAMU, KOTOPbIE TTO3BOJIMIM Obl UM OBJIAJIETh METOJUKON MPO-
EKTUPOBAHUA U pacyeTa aHAJIOTOBBIX AJIEKTPOHHBIX YCTPOMCTB IIMPOKOTO Ha-
3HAYEHUSI.



CnucoKk NpUHATHIX COKPALIEHUH

ADY — aHanoroBoe 3J€KTPOHHOE YCTPOHUCTBO

[TOC — nmonoxxurtenbpHasi 00paTHasi CBS3b

OOC — orpunarenpHas oOpaTHas CBs3b

KOC — xomOuHupoBaHHasi 00paTHas CBS3b

OC — obpaTHas CBs3b

VYIIT — ycunurenb NOCTOSHHOTO TOKA

OB — cxema BKIIIOUEHHS TPAH3UCTOpA ¢ 0011Iel 0a3oii

0D - cxema BKIIIOUEHHS TPAH3UCTOPA C OOIINM SMUTTEPOM
OK - cxema BKJIIOUEHHS TPAH3UCTOPA C OOIIMM KOJJIEKTOPOM
PT — pabouast Touka



1. OcHOBHBbIE TEXHUYECKHE MOKA3ATEJIM AHAJIOTOBBIX JIEKTPOHHBIX
YCTPOMUCTB

1.1. Ocnosnwie onpeoenenun u Kiaccupukayus anaaio2o8vlx
INeKMPOHHBIX YCIMPOIICHE

AHaJIOTOBbIE IEKTPOHHBIE YCTpoilcTBa (ADY) npeaHa3HayeHbl Uil yCuiie-
HUS 1 00paOOTKU CUTHAJIOB, K KOTOPBIM OTHOCSITCS CUTHAJIBI, U3MEHSIOITHECS
10 TOMY JK€ 3aKOHY, UTO ¥ OMUChIBaeMble UMHU (PU3NUECKHE MPOIIECCHI.

Ycunenrnem Ha3bIBAETCA NPOLIECC YIIPABICHUS SHEPTUECH, TTOTy4aeMOU OT
MECTHOTI'O UICTOYHHUKA IMUTAHUS MTPU MOMOIIY 3HAYNUTEIIBHO MEHBIIIEH YIIPaB-
JSIOUIEH SHEPTUH, ITOCTYIAIOMIEH OT UCTOYHUKA CUTHAJIOB.

Taxkum 00pa3om, yCuiIeHHE - 3TO Mpoliecc MpeoOpa3oBaHUs YHEPTUH MECT-
HOI'O UICTOYHUKA, BBI3BIBAEMBIN JCUCTBUEM CUTHAJIA M COIPOBOMXKIAOIIINICS
YBEJIIMYEHUEM €0 MOITHOCTH.

VYrpapiisitoiiasi MOIITHOCTh HA3bIBAE€TCS MOIIHOCTHIO BO30YKICHUS YCUITH-
TEJIs1 WM BXOJHOW MOIIIHOCTBIO Py; ympasiisieMass MOITHOCTb MPEACTABIISIET CO-
00l MOIITHOCTb, MOTPEOIIAEMYIO OT UCTOYHUKA nUuTanus Py. YacTs morpedise-
MOM MOIITHOCTH, OT/IaBaeMasi BO BHEIIHIOIO II€Ib, MPEJACTABIISIET COOOM BBIXO/I-
HYI0 MOIIIHOCTH P,. Bxonnast MoHoCTh Py, moydaemast OT ucTouHuka Bo30y-
XKIEHUS, HAapuMep, MUKpoQoHa, XapaKTepru3yeT YPOBEHb CUTHAJIA TaK JKe, Kak
Y BBIXOJHAsi MOIIHOCTH P;, OT/1aBaemMasi Harpy3ke, Halpumep, TPOMKOTOBOPHU-
Temto. HazHaueHueM yCcuuTens, TaKuM 00pa3oM, SIBJISICTCS TOBBIIICHUE MOIIT-
HOCTH UCTOYHHKA CUTHAJIa IMTyTEeM MCIIOJb30BAHUS €TI0 SHEPTUU ISl yIIpaBJie-
HUs 00J1€€ MOITHBIM UCTOYHUKOM, TUTAIOIIUM YCUITUTEb.

B otnvuune oT maccuBHOM 1LieTH, HAITpUMEp, TpaH3UCTOpa, KodhPUuIueHTt
YCWJICHUSI MOIIIHOCTH YCHIIMTENS BCErAa MPEBBIIIACT CIUHULLY, T.€.

K, = B >1
1

B03MO0OXHO M SHEPreTUYECKOE paCCMOTPEHUE YCHIIUTENA. Y CUIIUTEIb pac-
CMATPUBAETCA KaK YCTPOMCTBO, YIIPABIISIIONIEE TOTOKOM SHEPTUH OT UICTOYHUKA
SHEpruu (aKKyMyJsITOpP, BBIIPSIMUTEIIb) K HArpy3Ke. YTIpaBJICHUE SHEPTUei
MPOUCXOJUT IO 3aKOHY, ONIPEAECTIEMOMY BXOJIHBIM CUTHAIIOM Sgy, B PE3YJIbTATE
Yero B Harpy3Ke BBIJEIAETCS MOIIHOCTD P, COOTBETCTBYIONIASA CUTHATY Spyix.
YacTh MOITHOCTH UCTOYHUKA YHEPTUM P;; COCTABIIAIOT TEIUIOBBIE MOTEPHU B Ca-
MOM yCHJIUTeNe. DHEPreTHIeCKU Oalanc n300pakeHHON Ha puc. 1.1 cxemsl

P2 o
BBIpaXkaeTcs paBeHCTBOM Py = P,+P,. Benmnunna n=—= mnpencrarnser coboit
0

KII/l ycunurensi, KOTOPbI, ECTECTBEHHO, BCET/Ia MEHBIIIE €UHUIIBI.



HcTounnk Py Yeunurens P, Harpy3ka
SHEPTUU P, Seix

T SBX

Puc.1.1. DHepreTndeckoe MpeaCTaBICHUE YCUITATEIIS

Ha sHepreTnueckoil cXeMe yCHUIIUTENb MPEICTABISETCS TaCCUBHBIM dJie-
MEHTOM LIETIH.

B a5eKTpoHHOM ycHIIUTENE YCUIIEHHE 0 MOIITHOCTH OOBIYHO COMPOBOXKAA-
€TCsl YCUJICHHEM MO HANpPSKEHUIO M YCUIIEHHEM 110 TOKY. OIHaKO B HEKOTOPBIX
CIIy4asix YCHJICHHE 110 HAIMPSKEHUIO WA YCUJIEHUE TI0 TOKY MOXET OTCYTCTBO-
BaTh, B TO BPEMs KaK yCHJIEHUE IO MOUTHOCTH, SIBJISISICH BBIPA)KEHUEM CYILIECTBA
paboThl YCHIIUTENS,, UMEET MECTO BO BCEX CIIydasX.

Pa3nmnuuaroTr 35IeKTPOHHBIE YCUINTEIN HU3KOW U BBICOKOW 4acTOTHhI. [1ox
YCUJIUTENSIMA HU3KOM YaCTOThI YCIIOBHO IMMOHUMAIOT YCHIIUTEIH, IPETHA3HA-
YEHHBIE JIJIs1 YCUJICHUS] €CTECTBEHHOT0 (HE MpeoOpa30BaHHOTO) CIIEKTPa CUTHA-
J0B. [{71s TakMX yCHIIMTENIe OTHOIIEHHUE BBICIIEH U HU3IIEH 4acToT pabovyero
mmanasona f,/ f, umeer mopsnok ot aecatkos 1o 10°...10°. Tox yeunmurensamu
BBICOKOH 4aCTOThI IOHUMAIOT YCUJIMTEIIN, TPEAHA3HAYEHHBIE 1)1 YCUIICHUS
CHEKTPOB MOAYJMPOBAHHBIX PAJUOCUTHAIIOB. I TAKUX YCHIIUTENEN OTHOLIE-
aue f,/f, oOpruHO He mpeBbImaet 1,1.

K ycuinrtensim HA3KOW 4aCTOThI OTHOCSITCSA YCHIIUTENN 3BYKOBOM YaCTOTHI
(OOBIYHO OTOXKIECTBISIEMBIE C YCUIIUTENSIMA HU3KOU YaCTOTHI), IIIMPOKOIIOJIOC-
HbI€ YCUJIUTEIN TAPMOHUYECKUX KOJICOaHUH, UMITYJIbCHbIE YCUIUTENN pa3iiny-
HOT'O HA3HAYEHHUSI, B TOM YHUCJIE BUACOYCUITUTENM, YCUITUTEIN TTOCTOSSHHOTO TO-
Ka, Juist KoTopbiX f; = 0, HU3KOYaCTOTHBIE N30UpATEIbHBIE YCUIIUTEIH.

YacTOTHBIN CEKTP YCUIIUTENIEH 3BYKOBBIX YaCTOT COOTBETCTBYET JIUAIA30-
HY CJIBIIIMMBIX 3BYKOBBIX KOJIEOAHHUM U XapaKTepu3yeTcs mpeieraamMmu
30...120001 m.

[IupoKOIIOJIOCHBIE YCUITUTEIU TAPMOHUYECKUX KOJIEOaHUM, TPUMEHIEMbIE
B OCHOBHOM B U3MEPUTEIBHOM anmnaparype(InpoKOIOI0CHbIE TEHEPATOPHI,
BOJILTMETPHI, ocIiusuiorpadsl 1 T.11.), PACCUUTHIBAIOTCS HA pabOTy B MOJIOCE
4acTOT OT JAECSITKOB repll 10 HECKOJIbKUX €IUHULL WU AECSITKOB MErarepil.

CriekTp 4acToT, HeOOXOAUMBIN ISl HEUCKa)KEHHOT'O YCUJIEHUS Pa3IuyHOro
pOJia UMITYJIbCOB, 3aBUCUT OT UX (DOPMBI U JUTUTENBHOCTH. B yacTHOCTH, 11
BUJICOYCUIIMTENIEH HEOOXOUMBIN CIIEKTP YaCTOT UMEET TOT K€ MOPSJIOK, UTO U
JUTS IIIUPOKOTIOJIOCHBIX YCUJTUTENEeH rapMOHUYECKUX KOJIeOaHUH.
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BBICOKOYACTOTHBIE YCUIIUTENH C PE30OHAHCHBIMU KOHTYPaMU UJIU I10JI0CO-
BbIMH (PHIIBTPAMU MPEICTABISAIOT COO0 B OCHOBHOM YCHJIMTENN BbICOKOYAC-
TOTHBIX TPAKTOB PagUONEPENAIOIIMNX U PATUOIIPUEMHBIX YCTPOUCTB Pa3IMYHO-
ro Ha3HauyeHus (YCUIIUTENN BBICOKOW U TPOMEXKYTOYHON YacTOT).

B HacrosieM nocobum paccMaTpuBarOTCsS OCHOBBI TEOPUU U pacyeTa ycu-
JIMTEJIEN HU3KOU 4acTOThI HA TPAH3UCTOPAX.

1.2. Ilpunyunet nocmpoenus ananio206blx J1eKMPOHHBIX YCHPOUCHE

OOBIYHO YCHUIICHHE, TTOTy4aeMOE OT OJHOTO aKTUBHOTO YCUIIUTEIHLHOTO
aJieMeHTa (TPaH3UCTOPA, HIEKTPOHHON JIAMIIbI), OKa3bIBAETCS HEIOCTATOUYHBIM
U TOTJ]a UCIIOJIB3YIOT 00Jiee Pa3BUTON YCUIIUTENb, COCTOSIINI U3 HECKOJIbKUX
AKTUBHBIX YCUJIMTENIbHBIX 3JIEMEHTOB M 3JIEMEHTOB CBSI3U. DJIEMEHTaMU CBSA3U
MOTYT OBITH COITPOTHBIICHUS, TIEPEXOTHBIC YCTPOUCTBA, IICTTH TUTAHUS, 1IN
CTAaOMIIM3AIIN UCXOHOTO PeXUMa paOdO0Thl. AKTUBHBIM YCHUITUTEIBHBIN dJie-
MEHT C OTHOCSIIIUMHUCS K HEMY DJIEMEHTaMU CBSI3U HA3bIBACTCS KaCKaJoM. Y CH-
JUTENh MOYKET COCTOSITh M3 HECKOJIBKUX KACKaI0B, KXKIBIN U3 KOTOPBIX BHI-
MIOJIHSIET CTPOTO onpenenenubie pynkuuu. Ha puc.1.2 npeacraBieHa TUoBas
CTPYKTYpHas CXeMa yCUJIMTEIIS, COCTOSIIETO U3 YeThIpeX KackaaoB. B aTom
ycuiaTene ABa kackanaa npeasaputenbHoro ycuienus (KITY1 u KITY2), npe-
nokoneunbiit kackaa (IIOK) u okoneunsiit kackan (OK), padoTaromiuii Ha Ha-

rpy3ky (H).

ncC KIIV1 KIIVY2 [IOK OK H

00C

Puc.1.2. TunoBasi CTpyKTypHasi CXeMa yCHIIUTEIIS

Bce xackanpl oxBadeHbl TIeTieH o0IIel oTpUuliaTeIbHON 00paTHOM CBA3U
(OOC). Bxoanoit curnan nocrynaet ot uctounnka curaasioB (MC). OcHoBHOE
Ha3HAUYEHME KACKAJIOB MPEIBAPUTEIHHOTO YCUIICHUS — KaK MO>KHO OOJIblliee
YCWJICHHUE MO HAMPSHKEHUI0. JTH KacKabl padoTalOT B PEKUME MaJoro CUTHa-
7a, T.e. B TUHEHHOM peknMe. K HUM Takke MpeabsBIIOTCS TpeboBaHus obec-
TIEYCHUST PABHOMEPHOM aMIUTMTYTHO-YaCTOTHOM XapaKTepUCTUKHU U TpeOyeMo-
T'0 10 TEXHUYECKOMY 3aJaHUI0 TMHAMHYECKOT0 Auana3oHa. [Ipe1okoHeuHbIi
kackaj (ITOK) oGecieunBaeT Ha CBOEM BBIXOJE CUTHA KaK 10 HAMPSKEHUIO,
TaK U 1O MOIIHOCTH TOCTATOYHBIN JJIs1 BO30Y KJIEHUS TPAH3UCTOPOB OKOHEYHO-
ro kackaja. IHbIMU cl10BamMu, OH JIOJDKEH UMETh 3HAYUTEIHHOE YCUIICHUE TIO
HAMPSKEHUIO U 110 MOIIIHOCTU. DTOT Kackaj paboTaeT B pexKuMe JOCTaTOYHO
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oonbiroro curHana. Oxoneunsit kackaa (OK) Beiensier B Harpy3ky (H) mo-
JIE3HYIO0 MOITHOCTH 0JIaro1apsi OrpOMHOMY YCHUJICHUIO TIO MOIITHOCTH
K, =n(10...1000).

Y cunuTenbHbIE 3JIEMEHTHI 3TOr0 Kackajia paboTaroT B PeKUME OOJIBIIOTO
CUTHAaJA, T.€. B HEIMHEHOM PEXXUME, B CBA3U C YEM K OKOHEYHOMY KaCKay
MPEABSABISIOTCS TPeOOBaHUS 1O 0OECIIEUCHHUIO TPEOYEMBIX IO TEXHUYECKOMY
3aJJaHUI0 HEJIMHENHBIX UCKAXXEHUN. BHOCHUMbIE OKOHEYHBIM U OTYACTH IPEI0-
KOHEUHBIM KaCKaJ[aMU UCKa>KEHUSI MOTYT ObITh YMEHBIIIEHBI, €CJIN YCUIIUTEINb
OXBATHUTh TETJICH 001Iel oTpuliaTeapHOM oOpaTtHoit cBs3u (OOC).

1.3. Ocnoenvie IHepzcemuiuecKue nokazameau ycuiiumeyist u
KojluueCmeeHHaA OUCHKa ycujienun

B cootBeTcTBUM C IpUBEIeHHBIM B 1.1. onpeeneHueM npoiecca ycuie-
HUS, OCHOBHBIMH NapaMeTpPaMH, XapaKTEPU3YIOIUMH paOOTy YCUJIUTENS SIB-
JSIFOTCSL: TIOJIE3HAS UITM BBIXOHASI MOIIIHOCTb, WJIM MOIIHOCTD, BhIJICNIsIEMAasi B
Harpy3ke P,; BxoaHas (ynpasisironiasi) MOIHOCTh WJIA MOIIHOCTh cUTrHana P;
MOIIIHOCTb, MOTpedIsieMast OT UCTOYHUKA MUTaHuUs, P.

Haubosnee cyliecTBeHHOE 3HAU€HHE UMEIOT CIEAYIOIINE TEXHUUECKHUE T10-
Ka3aTenu:

KOA(PGUIIMEHT YCUIIEHUSI IO MOIITHOCTH

P
K, =-%; 1.1
*~p (1.1)
K03 (PUIIUEHT MOJIe3HOI0 ACHCTBUS
PZ
=—=, 1.2
M P, (1.2)

W3 cxazanHoro B 1.1. AcHO, 4T0 KOAQPHULUKEHT ycuneHus o MmomHocth K,
Bceria 0oJIbIle eMUHUIIbI, a KOdhOUIIMEHT MOJIE3HOTO JEHCTBUS 1 BCeraa
MEHBIIIE eTUHUIIBI.

[Ipu ycTaHOBUBIIIUXCSI TAPMOHUYECKHUX KOJICOAHUAX, a TAKKE TIPH aKTHUB-
HOM XapaKTepe CONMPOTUBJICHHS HATPy3KH U COMPOTUBIICHUI HA BXOJIE U BBIXO-

A€ YCUIINTECIIA
1
P2 EUzlz
K, :—:1—:KUKI. (1.3)
: EUIII

3nechk U,,I,, Uyl — aMmiuTyiHbI€ 3HAaUEHUS HAMIPSIKEHUI U TOKOB B BBI-
XOAHOM Y BXOJHOM LETSAX YCUITUTEIIS;



K. ==% 1.4
T (1.4)
— KO3 (UIMEHT YCUIICHHS IO HATIPSKEHHUIO;
I
K, =2 (1.5)
I1

— KO3 PUITUEHT YCUIICHHS TIO TOKY.
KoaddunmeHT ycunenus yCuimTesi, COCTOSIIEr0 U3 HECKOIbKUX (n) Kac-

KaZaO0B PaBCH IIPOU3BCACHUTIO KOZ—)(l)(l)I/II_II/IeHTOB YCUICHUA OTUX KACKaa0B
U U, U, U, U

g = U, = U, U, U U =Ky Ky, Ky, - Ky (1.6a)
aHaJIOTUYHO
K =K ‘K ‘K .. K (1.66)
K =K, Ky Ky, K (1.6B)
Cka3zaHHOE MOSICHSIETCA pUCYHKOM 1.3.
Ui:Li:Py Us>:lL:P,  Ua:la:Pa U.:L.:P..

>123 T on [
> 1 >

Puc.1.3. MHOrOKacKaaHbIl yCUITUTEIIb

Ecnu paccmarpuBaeTcsi yCTAHOBUBLIMICS PEXUM PabOThI YCUIIUTENS, TO
4acToO, IOMUMO a0COJIFOTHOW BEJIMYMHBI OTHOLIEHUS HANPSKEHU U TOKOB Ha
BBIXO/I€ U BXOJI€ YCUJIUTENS, MPEACTABIIAECT HHTEPEC YO cABUTA (a3 MEXIY
COOTBETCTBYIOUIMMH BEJIMUYMHAMU, TOT/Ia BBOJAT MOHATHE KO3(PPHUIIMEHTA T1e-
pellaun yCUJIUTEIS [0 HAIIPSKEHUIO UIIA TOKY

. ¥ AP .

Ko=2_Yse ® g o, (1.72)
[.] UleJ@l U

1

. i I 192 .

Ki=-2=2%"_ K .eiv, (1.76)
. [.ei® I
I 1©

rae Uz, Ui, I2,I1 — KOMIUIEKCHI aMIUIATY I HANIPSIKEHUS U TOKA, a

Y = @, - ¢; — yTJIBI caABUTA (Pa3, BHOCUMBIC YCHUITUTEIICM.

[ToMrMO MepeUrCIeHHBIX MMOKa3aTeNIe, UMEETCs Psil APYTUX: BXOAHBIC U
BBIXOJIHBIE COMPOTUBIICHUS, YyBCTBUTEILHOCTD 110 BXOJy, CTAOMIBHOCTD YCH-
JICHUS | T.]I.

KoaddhumueHTs ycuneHus Tak ke, Kak 1 UX U3MEHCHMS, IIPUHSATO BbIpa-
’KaTh B JIOrapu(PMUUICCKUX eauHUIAX. [[pHauHbI ATOTO Claeayromue:
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a) pacTSHYTBII HaTypaJIbHbII MaciITad 3aMEHSIETCs CKAThIM JIorapudmmye-
ckum, T.e. 10, 100, 1000 B ciry4yae UCTIOIBb30BaHUS JECATUYHBIX JJOTapu(MOB
COOTBETCTBYIOT uuciam 1, 2, 3;

D710 y/100HO, MOCKOIBKY KOA(DPUIIMEHTHI YCUIIEHNS COBPEMEHHBIX YCUIIUTEEH
MoryT gocturath Gombimmx Beamans (Ky =n(10°...10%); Kp =n*(10"...10'%));

0) cyObEKTUBHOE BOCIPUSATHE CITYXOBOI'O U 3PUTEIBHOIO OLIYIEHUN
(TPOMKOCTB 3BYKa, SIPKOCTh U300paKE€HHMSI) MPONOPLIMOHATIBLHO JIorapupmMy HH-
TEHCUBHOCTH COOTBETCTBYIOIIMX pa3pakKeHUH (3BYKOBOTO JIaBJICHHS], OCBE-
HIEHHOCTH).

Jlorapudmuueckas mkana o0pa3zyeTcst Kak B CUCTEME JAECSITUUHBIX, TaK U B
CUCTEME HaTypaJibHbIX Jorapudmos. B pagnorexHuke ucnoib3yercs cuctema
JECATUYHBIX JOTapru(pMOB.

3a eIMHUILY U3MEPEHUS B CUCTEME JIECATUYHBIX JIOTapu(PMOB IPUHUMAETCS
TaKO€ OTHOLIEHUs MOILIHOCTEN P, u Py, nist koToporo

10 lg& =1.
1
OTa equHUIIA Ha3bIBaeTcs Aenuoenom (ab).

Ecnu B norapudMuueckux eIMHUIIAX BBIPAXKACTCS OTHOIIIEHUE HAMpsKe-
HUW WA TOKOB, TO, MOCKOJIBKY 3T OTHOIIEHUS MPOMOPIIMOHATBHBI KOPHIO
KBaJ[paTHOMY U3 COOTBETCTBYIOIIETO OTHOIIEHUS MOIIIHOCTEH, €IMHUIIA JIOTa-
pudMHUYECKO KAl U3MEPEHUHN YCTAHABIMBAETCSA U3 COOTHOIICHUH

U |
20lg—2 =1 WJTH 20lg—2% =1.
gU gI

1 1
B psine ciydaeB OTHOIIEHHS 4YacTOT TAK)KE BBIPAXKAIOT B JIOTApUPMUIECKUX
enuauIaXx. OJIHAKO B KAYECTBE JOrapuMUUECKON €TUHUIIBI TPUHUMAIOT
OOBIYHO OKTaBY, COOTBETCTBYIOILYIO YABOCHUIO YACTOTHI. Takum oOpa3om, uc-
MOJIB3YIOT JBOMYHYIO CUCTEMY JIOrapu(MOB U, CIIeIOBATEIHHO, OTHOIICHUE

f
f, u f; B okTaBax onpexaensercs kak log, —

1
1.4. Hckaoxcenusn, 6nocumole ycuiumesiem

OT 2NeKTPOHHBIX YCUIIUTENEH TpeOyeTcs HeMCKAXKEHHOE YCUJICHHE CUTHA-
70B. Ho 1o psily npuyrH B yCUIIUTENE HEU30€KHO BOZHUKAIOT UCKAKEHUS,
BCJICJICTBHE Yero (popMa YCHJIICHHOTO CUTHAJIa B TOW WJIM HMHOM CTEIICHH OTJIIH-
gaeTcs oT (opMBI curHajia Ha BXojie yeunurens. [IpakTnuecku ncKaxeHus He
JOJKHBI TIPEBBIIIATH JOMYCTUMYIO BeIMUnHY. CyIlecTBYET psifi IPUYUH, BbI-
3BIBAIOIIMX MCKAKEHUS PA3HBIX BUOB.

PaznuuaroT nuHenHbIe U HeJIMHENHbIE UCKAaKSeHUS. JIMHEMHBIMU HCKaXKe-
HUSIMU Ha3bIBAIOTCSI TaKUE, KOTOPHIE BHOCUT YCUJIUTEIb, PA0OTAIOIINI B PEXKU-
M€ MAJIOTO CUTHAJIA, T.€. B IMHEMHOM pexuMe. HenrHelnble NCKaXXeHUsI BO3-
HUKAIOT IpH paboTe YCUIUTENSA B peKUME OOJIBIIIOT0 CUTHAIA, KOT/1a MPOSIB-
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JISTFOTCSI HEJIMHEMHBIC 3aBUCUMOCTH MEXKIY HANPSHXKEHUSIMUA U TOKAMU B €T0 IIe-
IAX.

JIMHEHbBIE HCKAXXEHUS B YCTAHOBUBIIEMCS PEXKUME MPOSIBIISIFOTCS B BUJIE
YaCTOTHBIX UCKAKEHUN. JINHEWHBIE NCKAXKEHUS B YCTAHABIMBAIOIIEMCS PEKH-
M€ MPOSIBIIIOTCS B BUJIE MIEPEXOAHBIX UCKAKEHUM. JIJIs1 KOJIMYECTBEHHOM OLICH-
KM BHOCUMBIX YCHWJIUTEIEM UCKAXKEHUM UCIIOIb3YIOT OCHOBHbIE XapaKTepPH-
CTUKHM YCUJIUTEIIS: YACTOTHYIO; MEPEXOAHYI0; AMHAMUYECKY0. HacToTHad u
MEPEXO/IHAS] XapAKTEPUCTUKH UCIIOIb3YIOTCA U OLICHKU JIMHEHMHBIX NCKaXe-
HHM, a TMHAMUYECKasi — ISl ONPEICIICHNUS] HEJTMHEHHBIX UCKAKEHUM.

Cyl11eCTBEHHOE 3HAaYC€HUE B OTHOIIEHUH HEUCKAXKEHHOT'O YCUJICHUSI UMEIOT
BHOCHUMBIC YCUJIUTEJIEM IITyMBI.

1.4.1. Yacmommuolie uckariccenus

YacToTHBIE UCKXKEHUSI 00YCIIOBJICHBI YaCTOTHON 3aBUCUMOCTBIO KOd(pdu-
LAEHTA Mepeaayu yCUIIUTEINS, YTO TPUBOIUT K N3MEHCHUIO COOTHOIIIEHUMN aM-
IUTUTY A U HAaYaJIbHBIX (pa3 COCTABJISIONIMX YACTOTHOTO CIIEKTpa CUTHAIa Ha BbI-
XOJI€ TI0 CPAaBHEHUIO C UX COOTHOLIEHHUSIMH Ha BXOJIe yeunutensd. B pe3ynbrare
dbopma ycuImBaeMoro CUrHajia HCKaxaeTcsl.

[IpyuunHO 00pa3oBaHUs YaCTOTHBIX UCKAKEHUMN SIBJISCTCS] HAJTMYHUE B CXE-
M€ YCWJIMTEII PEAKTUBHBIX 3JIEMEHTOB (€EMKOCTEN, MHIYKTUBHOCTEM ), TPUBO-
JAIIEE K 3aBUCUMOCTH OT YaCTOThI HANIPSXKEHUN U TOKOB B LEMAX YCUIIUTEIIS.

YacToTHON XapPaKTEePUCTUKOMW YCUIUTEIISI Ha3bIBACTCS 3aBUCUMOCTD €TI0
kKod(dpurmenTa nepeaadn OT YacTOThI PH MMOCTOSHCTBE HAMPSDKCHUS Ha BXOJIE,

Te. Ku=F(o) m Ki=F(o) npuU, = const. Bobimmii mpakTuueckuii nu-
TEpeC MPEACTABISAIOT UCKAXKEHUSI HATIPSKEHUS, IIOCKOJIBKY PEXUM pabOThI
AJIEMEHTOB HArpy3KH YCUJIMTENS ONPEENsIeTcs 0ObIYHO HAMIPSHKEHUEM, a HE
ToKOM. VIMes 3T0 B BULy, OIyCTUM MHJIEKCHI KO3 (ULIMEHTA NIepeaun, yKa3bl-
BAIOILME HA €0 MPUHAUIEKHOCTh K HAPSKEHUIO.

YacToTHast XapaKTepUCTUKA CTPOUTCA B MPSIMOYTOJIbHOM CUCTEME KOOPAH-
HaT, 10 BEPTUKAIBHOM OCH B IMHEWHOM MaciTade oTkiaabBaloT K B abco-
JFOTHBIX WX JOTapU(PMUUECKUX SIUHUIIAX, a 0 TOPU3OHTAIILHON OCH — Y4acTo-
Ty f B repriax wiu yrioByto 4actoty ® = 2ntf B JiorapupmMudeckoM Maciitaoe.
Heo0xonnMocTh nprMeHeHus Jorapu(MUIecKoro MacimTada rno ocu 4acToT
BBI3BIBAETCS IIIMPOKUM YACTOTHBIM JIMANa30HOM COBPEMEHHBIX YCUIIMTEIIEH.

TunuyHas aMITUTYAHO-4YaCTOTHASI XapaKTEPUCTUKA YCUIIUTENS IPUBEICHA
Ha puc. 1.4.

11
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Cc.4.

o KD
|

Puc.1.4. AMIUIUTYTHO-4aCTOTHASI XapaKTEPUCTUKA YCUIIUTEINS

Ha puc.1.4 K, K; u Ky — 3Hauenust koadgduiimenta ycuieHus: Ha HU3IIEH,
BBICIIEH U CPEJIHEN YacToTax auana3oHa (1moj cpeaneit yactoroi f, moapasy-

MEBaeTCcs YyacToTa HauOoJIbILIEro ycuaeHus, oobruHo onmskas k +/f f, ). Une-

anpHasgt AUX ycuinTenst, COOTBETCTBYIOIIAs OTCYTCTBUIO BHOCUMBIX YCHJIATE-
JIEM UCKKEHHM, PEJICTABIIsAeT COOOM MPSAMYIO0, MapauIeIbHYI0 OCH a0CIIHCC.
[Ipy OTKIIOHEHUH PEATTbHON XapaKTEPUCTUKU OT UACATbHOW BO3ZHUKAKOT Yac-
TOTHBIE UcKaxeHus. Kak BUHO u3 pucyHka 1.4, B 001acTi CpeTHUX 4acTOT
(c.4.) peanbHas XapaKTepUCTHKa COBNAAAET C UI€AIbHOM, UTO U CBUJIETEILCT-
ByeT 00 OTCYTCTBUU UCKAKEHHUM B 3TON 00JIaCTH.

Ha ocHoBaHUU XapakTEepUCTUKH, U300pakeHHOU Ha puc. 1.4, MOTYT OBITH
OIIPENEIICHBI AMIUIUTYAHO-4aCTOTHBIE HCKaKEeHMs. KomuecTBeHHas OLleHKa
3THUX UCKAXKEHUN MOKET MPOU3BOAUTHCS MOCPEICTBOM KOIGduuuenra yac-
TOTHBIX HCKAXKEHUI

rae K — koaddurment ycunenns Ha yacrote (K, wu K;), 115 kotopoit on-
peaensitoTesa uckaxeHus. B yactHeIx ciydasx s yactor fy, u f;

anlC JJI1 OLICHKHW 4aCTOTHBIX I/ICKa)KCHI/II\/’I, BHOCHMBIX YCHIIUTCIICM, I10JIb-

3YIOTCA OTHOCUTECJIbHBIM UM HOPMHUPOBAHHBIM YCUJICHUCM Y = M Oue-

K K, K,

BUJHO, YTO0 Yy=—", y =—", Yy, =—.
g K, g K, g K,

12



N3menenue ycunenus, onpeaensiemoe kodhduruentamu M 1 'y, MOXKET
OBITH BBIPAXXEHO B JIOTApU(PMUUECKUX SAMHUIAX. DTa BEIUYNHA, Ha3bIBaeMast
HEPAaBHOMEPHOCTHIO YCHJIEHHSI, HAXOIUTCS KaK

Y =20Igy=-201gM (ab). (1.8)

N3 puc. 1.4 BuaHo, uto 1 uaeanbHor AUX Ha BCcex yacToTax Juara3oHa
M=1,y=1umY =0.

PaccMoTpuM cxemy pe3sUCTUBHOIO Kackajia Mpu BKIIOYEHUH TPAH3UCTOPA C
oO1uM smuttepom (O3), puc. 1.5.

e - Ex +ﬁ_'

CBXx 2
U1=const HRH U2 - co
f=var Cs

® I oY

Puc. 1.5. Pe3suctuBubnil kackaa ¢ OO

J1j1st Toro, 4TOOBI sicHee MPEeACTaBIATh cede padoTy kackana OO Ha pa3HbIX
4acTOTax JAUara3oHa, IPOAHAIM3UPYEM CXEMBI 3aMEILCHHS ITOTO KaCKa/1a B
00J1aCTH CPEeIHUX, HU3IIMX U BBICIIMX YACTOT. DTU CXEMbI MIPEJCTABICHBI Ha
puc. 1.6.

Cxema 3amenieHust B 00J1aCTU HU3IIMX YaCTOT MpUBeAeHa 0€3 yuera BIus-
Hus nenu C,R,, Tak Kak eMKOCTHOE CONPOTUBIIEHNE KOHIeHcaTopa C, Ha Bcex
94acTOTax, BIUIOTh JI0 CAMOM HU3KOI, BO MHOTO pa3 00JbIle COMPOTUBICHUS R.,.
B 10 xe Bpems BausiHueM emkocTtu C, mpeHeOpeub Helb3s, TaK Kak M0 Mepe

YMCHBIICHUA 9aCTOTHI €€ CMKOCTHOC COIIPOTHUBIICHHUC Xc = T YBCINYUBACT-
Q)

C

CA U IMaACHUC HAIIPSIKCHUA Ha HCM TAKKE BO3PACTACT, YTO IIPUBOAUT K YMCHb-
IMCHUTIO HAITPAKCHUS HAa HATPY3KE RH " criaay YaCcTOTHOM XApPaKTCPUCTHUKH,

. 1
00YCIIOBJICHHOMY TE€pepaclpe/IeICHUEM HAMPSHKCHUN MEXKTY oC 1 R;. Ha
®

C

CXEeMe 3aMEIIeHUs B 00JaCTH BBICIIMX 4acToT (puc.1.6, B) OTCYTCTBYET eM-
KocTh C, TaK Kak B 3TOH 00J1aCTH YaCTOT €€ €eMKOCTHOE COIPOTHUBJICHUE HU-
YTOXXKHO MaJI0 U UM MOKHO TIpeHeOpedh, HO mapajuiebHO R, oka3bIBaeTcs mo/i-
KIIFOUEHHON eMKOCTh C, BKITIOYArOIIas B C€0s1 eMKOCTh KOJIJIEKTOPHOTO P-N TIe-
pexonaa C, u eMkocTh MOHTaxa C,,. [lo Mepe yBeIn4eHus 4acTOThI €€ eMKOCT-

13



1
HOC COIIPOTHUBJIICHUC ——— YMCHBIIACTCA U HAUMHACT IIYHTUPOBATHL COIIPOTUB-

0
JIeHHE Harpy3KH, B pe3yjbTaTe 00Il1ee SKBUBAJICHTHOE COIIPOTUBIIEHUE YMEHb-
1A€TCsA, YTO U IPUBOIAUT K YMEHBIICHHUIO HAIIPSUKEHUS HA BBIXOE U CIIay
AUYX B 00:1aCTH BEpXHHUX YaCTOT.
B oGnacTtu cpeilHUX 4acToOT, KaK 3TO BUIHO U3 CXE€MbI pUC. 1.6, a, OTCYTCT-
BYIOT PEAKTUBHBIE DJIEMEHTHI, TO €CTh, HET YaCTOTHO-3aBUCUMBIX COIPOTHUBIIC-

HHI>'I, 4YCM U O6YCJ'IOBJ'ICH3 HCU3MCHHOCTb YCHJICHUS HA 3THUX HaCTOTax.
I Rk | RH [| U2
Bl 2

) Cc
I
|
R»«lj Rm U2
B)
Bl @RK@COZZR U2

Puc. 1.6. CxeMbl 3aMeIieHHs] pe3UCTUBHOIO Kackaaa O0:
a) B 00J1aCTH CpPEITHUX YacToT; 0) B 00JIaCTU HU3IINX YACTOT;
B) B 00J1aCTH BBICIIINX YaCTOT

a 5]

1.4.2. @azouacmommuvlie uckar icenus

Ha puc. 1.7 npousmmrocTprpoBaHbl (a309acTOTHBIC HCKaKeHH. BXogHOoM
curHai (Kpuast 3) COCTOUT U3 JBYX TAPMOHUYECKUX COCTABJISIOMMKX 1 U 2,
IpUYeM BTOpas rapMOHUKA OTCTaeT OT nepBoi Ha m/2 (puc. 1.7, a). B porecce
YCUJICHUSI U3MEHUJIOCH ()a30BOE COOTHOIICHUE MEXKTy TAPMOHUYECKUMU CO-
CTaBJISIFOLIIMMHU, U BTOpasi rapMOHUKA CTajla COBIIaJIaTh Mo (ase ¢ mepBoii, B pe-
3yabpTaTe (hoopmMa KpuBOM CUTHaIA Ha Beixoje (puc. 1.7, 6) n3menunach (KpuBas
3).

@Da30BbIN CABUT MEXY BBIXOJHBIM W BXOJIHBIM HANPSIKEHUSIMH yCUITUTEIIS
paBeH anredpanyeckor cymMme (pa3zoBbIX CIBUTOB, CO3/IaBAEMbIX OTICIbHBIMU
KacKaJgaMH

C=01 TP T3 +...
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Puc.1.7. Usmenenue Gopmbl curaana, 00yCcIoBICHHOE
(ha304aCTOTHBIMU UCKAXKEHUAMHU

OTO CBOWCTBO BBITEKAET UX TOT'O MOJOKEHUS, UTO KOIPPUIUEHT nepeaadu
YCWJIMTEIIS PABEH MPOU3BEACHUIO KO3(PPHUIIMEHTOB Nepeauu OTIEIbHbIX Kac-
KaJIOB

K=K-K;-..=K;e!" -K e ... = Keioro:+.)

[Ipu mocTossHHOM 3HauYeHUH KodduineHTa ycuiaeHus gopma KpUBOM CHUT-
HaJla HC UCKaXXacTCA, CCIIN (I)aSOBBIfI YIoJa U3MCHACTCA IIPAMO IIPOIIOPHUOHAIIb-
HO 4aCTOTE, T.€.

¢ = af,
rac a— JHO60€ ITOCTOSAHHOEC 4YHCJI0, BKIJIFOYasa HYIJIb.
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OTO ypaBHEHUE U ABIIETCS YPABHCHHUEM HAeaJbHOM (a30Boii XapaKre-
PUCTHKH. [IeICTBUTEIBHO, €CIIM HA BXOJE YCUIMUTENS IOAAEPKUBACTCS HA-
IPSOKCHUE

u,(t)=U,, -sinot,
TO HAIPsDKEHUE HA BBIXOZAE OyAET U3MEHATHCS 110 3aKOHY:

u,(t)=K-U,_sin(ot+¢)=u,, sin(2xft+af),
T.C.

u,(t)=U,,_ sin 2nf(t + i).
2n

ITocnenquee PAaBCHCTBO IMOKA3bIBACT, YTO HC3aBUCHUMO OT YACTOTHI BBIXOAHOC
HaIIpsDKCHHUE ONEpeiKacT BXOAHOE IpH a > 0 mm oTCTAeT OT HETO npu a < O Ha

a
HEKOTOpoe BpeMs ¢a3oBoro npobdera t, = = IpY 3TOM B3aMHOE PacIo-
T

JIOKEHUE CUHYCOU/I Pa3IUYHbIX YacTOT, a, CJIEJ0BATENbHO, U (hopMa KPUBOW HE
NIOABEPracTCs U3MEHEHUIO.

Tak Kak HaIpsHKEHHWE Ha BBIXOJIE HE MOKET BOSHUKHYTh PAaHbIIE, YEM Ha
BXOJIe, TO MpHU CylIecTBOBaHUM 3aBUcuMocTH ¢ = af, Bceraa a < 0. CnenoBa-
TeJIbHO, eciu K = const, TO €eAMHCTBEHHON IPUYMHON JIMHEUHBIX UCKAKEHUI
UMITYJIbCHBIX CUTHAJIOB SIBJISIETCSl OTCTYIUICHHE OT YpaBHEHUS UACabHOM (a-
30BOM XapaKTEPUCTUKH.

da30BOi1 XapaKTEPUCTUKON HA3bIBAIOT 3aBUCUMOCTD yTJia cIBUra (hasbl ¢
MEXK/y BBIXOJHBIM M BXOJHBIM HANIPSIKEHUEM OT YaCTOTHI, T.€. 3aBUCUMOCTD
apryMeHTa OTHOCUTEJIBHOTO YCUJIEHUS OT 4acToThl. [Ipu moctpoenunn ¢azoBoi
XapaKTepUCTUKU MaciTad obeux ocerr 6epyT 0ObIuHO JTUHEHHBIM. [1onoxku-
TEJIbHBIC 3HAYEHUS (P, OTKJIAIBIBAEMBIE BBEPX 110 BEPTUKAIBHOU OCH, COOTBET-
CTBYIOT OIIEPEKECHUIO BXOJHOI'0 HAIIPSKEHUSA BBIXOAHBIM, OTPULIATEIIBHBIE, OT-
KJIaJIIBAEMbIE BHU3, - OTCTABAHUIO BBIXOJHOTO HAIPSKEHUS OT BXOAHOTO.

Tak kak naeanbHOM (a30BOM XapaAKTEPUCTUKON YCUIIUTEIISI, COOTBETCT-
BYIOILIEH OTCYTCTBUIO BHOCHMBIX YCHIIMTENEM (PA30BbIX UCKAXKEHUH, SBIISETCS
npsiMasi, TPOXOAsAIIas Yepe3 Hauallo KOOPAUHAT MO/ JIFOOBIM yIIOM K TOPU30H-
TaJIbHOU OCH, TO U BHOCUMBIE YCUIUTENEM (Da30Bble UCKAXKEHUS OLICHUBAIOTCS
He a0COIOTHBIM 3HAUYE€HUEM yTJa ciBUra (as3bl (o, BHOCUMOTO YCUIIUTENIEM, a
Pa3HOCTHIO opauHAT, AQ (a30BO XapaKTEPUCTUKU U KacaTeIbHOU K HEH, Mpo-
BEJICHHOMW Yyepe3 Hauano koopauHat. 13 rpaduka puc. 1.8, a BuaHO, 4TO B 00-
JJACTA HU3KUX YACTOT MPOXOAAIIAs Yepe3 HA4allo KOOPAUHAT KacaTeIbHas K
(pa30BOI1 XapaKTEPUCTUKE COBIAJAET C TOPU3OHTATILHOM OCBIO, U TIO3TOMY Me-
POM MCKaXEHUI HAa HU3KUX YaCTOTaXx SBISAETCS a0COMIOTHOE 3HAUECHUE BHOCH-
MOT0 YCUJIMTENIeM yria ciBura ¢asbl ¢y, T.€. AQ, = ¢,. B o0nactu BepxHux
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4acToT (pa30BbIe UCKAKEHUS AP, 3HAYUTEITLHO MEHBIIIE BHOCUMOTO YCUIJIUTE-
jeM yriia casura dassl ¢, (puc. 1.8, 0).

a) ¢4
AQy=@y
>
0 f, f
6) P A
0 >f
Ps N

Puc.1.8. ®azouacTtoTHas XapaKTEPUCTHUKA B 00IACTH
HUKHUX U BEPXHUX YaCTOT

NHuorna 6siBaeT ya00HO MOJB30BATHCS aMILTUTYIHO-(a30BOM
XapaKTEPUCTUKOM, CBA3BIBAIOIICH B OJJHY 3aBHCUMOCTh U3MEHEHUS
koaduimenta ycunenust K =wy(f) u gazosoro casura ¢ = F(f), mpoucxons-
mue npu u3meHenuu f ot 0 7o co. AMImuTyAHO-(hazoBas xapakrepuctuka K =
®(p) cTpouTcs B OJAPHON cucTeMe KoopauHar (puc. 1.9) mocpeacTBoM Bek-
TOpPOB, a0COJIIOTHBIE 3HAYEHUSI KOTOPBIX paBHBI K, a yIIibl HAKJIOHA IO OTHO-
IICHUIO K OCH HayaJla OTCUETOB (TIOJO0XKHUTEIBHOE HANPaBICHNUE OCH a0CIUCC)
paBHbI @. [Ipu 3TOM YacTOTHas XapakTepucTuka ko3¢ duieHTa nepenaqu

K =Ke' mpencrapuser coboii reoMeTpHYECKOE MECTO TOUEK KOHI[OB BEKTOPA
K, umeromiero Hauano B Touke 0 ¥ OIpeeIeHHOTO Il pa3IMuHbIX 4yacToT (fi,
t5, fo, f3,...). Ha puc. 1.9 f; — cpennss yactora, KoahPUIIUEHT YCHICHUS HA KO-
TOpou, paBeH K.

K .
Kaxk BugHo u3 puc.1.9, I = COS(p, C IPyTror CTOPOHBI, U3 1.4 OTHOCUTEIIb-
0

K
HOE YCHJIEHUE Y = X’ T.C.

o

y = COSO. (1.9)
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Puc. 1.9. AMmutyaHo-(}a3oBas xapakTepuCTHKA

Bripaxkenune (1.9) ycraHaBIMBaET CBSI3b MEXIY aMIUIUTYAHO- U (pazoua-
CTOTHOU XapaKTEPUCTUKAMHU JJI1 PACCMATPUBAEMOr0 CIIy4asi M MOKa3bIBAET, YTO
IIPY U3MEHEHHH OTHOCHTEIBHOTO yerteHus y ot 1 1o 0™ yrox uamensiercs B
npeaenax ot 0 go +m/2.

1.4.3. Ilepexoonwvie uckaxcenusn

[lepexoHbIe NCKAKEHUSI XapaKTePU3YIOT U3MEHEHUS (DOPMBI CUTHAJIA,
BHOCHMBIEC YCHIIMTEJIEM B MEPEXOAHOM pexkumMe. OHU OnpeeisitoTCs Kak OT-
KJIOHEHUSI pealbHOU MEPEXOAHON XapAKTEPUCTUKU YCUIIUTEIISI OT UACATIBHOM.
Ilepexoanasi xapaKkTepUCTHKA MIPEACTABISET COO0N 3aBUCUMOCTH MTHOBEH-
HBIX 3HAYEHHUH BBIXOJHOTO HANPSHKEHUS, TOKA WM COOTBETCTBYIOIIMX KO3(-
(ULHUEHTOB YCUJIEHUSI OT BPEMEHU MIPH MOJIBEICHUH KO BXOy YCUIIUTENS CTaH-
JAPTHOT'O CUTHAJIa, HA3bIBAEMOTO eAMHUYHOU (PYHKIIUEH.

[lonBenenue curuanga cTaHIapTHON (POpMbI HEOOXOAUMO JIJISI TOTO, UTOOBI
CBOWCTBA Pa3JIMYHbBIX YCUJIUTENEH B MEPEXOJHOM PEKUME pacCMaTPUBAIIUCH
IIPU OJIMHAKOBBIX YCIOBUSX, YTO OOECHEYUT COMOCTABUMOCTh MOJTYUYECHHBIX pe-
3yJIBTAaTOB. DTOT CTAaHAAPTHBIN CUTHAI TIOJDKEH OBITh BHIOpAH C TAKUM pacye-
TOM, YTOOBI HAWITYYIIIUM 00Pa30M BBISIBUTh UCKaXEHUs (POPMBI CUTHAJIA, BHO-
CUMBbIEC YCUIIUTEJIEM B MEPEXOTHOM PEKUME (TIEPEXO0IHbIEC UCKAKEHHUS). Takum
CUTHAJIOM U sIBJIsieTCs enuHugHas QyHkuus 1(t), mpeacrapistomnias cooon
MTHOBEHHBIN €IMHUYHBIN TIepenas] HanpspKeHus (MM TOKA) Ha BXOJE YCHUITUTe-
as (puc.1.10, a).

OueBHUIHO, YTO ITPU COBMEIIIEHUM MOMEHTA TIEpenajia ¢ HayaioM KOOp/Iu-
HaT J1s Bcex 3HaueHut t <0 1(t) =0, a gy Bcex 3Hauenu t>0 1(t)=1. Ha
puc. 1.10, 6 uzobpakeHa uaeanbHas MePexoHas XapaKTepPUCTUKA B 00J1acTU
MaJbIX BpEMEH. JTa XapaKTepUCTHKa UMEET Ty e (hOpMy MTHOBEHHOTO Mepe-
naja, 4To ¥ BXOJIHOM CUTHAJI, U OTJIMYAETCS OT HETO TOJIBKO YBEJIIMUYEHHOHN aM-
Ty o nepenana Ko-1(t), rae Ky — ycranoBusmieecs: 3HaueHne ko3 huiim-
€HTa YCUJICHUS UICAIbHOTO YCUIIUTENS, a TAKKE

" I[J'IH aArepuoaANICCKUX KaCKaJ0B YCUJIICHUS Y HE MOXKET OBITH OOJIbIIIE CIAWHUIIBI.
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Ko 1(t)

K(t)A K(t)4

1(t) 1(t)

To

Puc. 1.10. CtanmapTHbIi curHan (a) ¥ uaeajbHas MepexoaHas
XapaKTePUCTUKA YCHIIMTEIS ISl 00J1aCTU MaJIbIX BpeMeH (0)

CIBUTOM MOMEHTA Tepernajia Ha BeIuYuHy (ha3oBOM MOCTOSSHHOU Tg B HAIIPaB-
neHuu 3ana3asiBaHus. [lockonbKy hopma CUTHANIa Ha BBIXOJIC YCUIJIUTENS B
PacCMOTPEHHOM HAEATBHOM CITy4ae OCTAETCS HEM3MEHHOM, IEPEXO0IHbIE UCKa-
KEHUS OTCYTCTBYIOT.

[lepexoaHas xapakTepUCTUKA PEeaTbHOTO YCUIIMTEI OTIIMYAETCs OT Ue-
aJbHOM, TaK KaK HAJTUYUE B CXEME YCWJIMTENS PEaKTUBHBIX 2JIEMEHTOB U COOT-
BETCTBEHHO BHYTPEHHUX 3aMlaCOB SHEPIUU (PHEPIHs SJEKTPUUECKOTO MOJIs eM-
KOCTEH, MAarHUTHOT'O MOJISI UHAYKTUBHOCTEMN ) MPUBOAUT K MOCTEIEHHOMY TIepe-
XOJ1y OT IIPENKHEr0 SFHEPreTUUECKOI0 COCTOSIHUSI K HOBOMY, BBI3BIBAEMOMY JI€Hi-
CTBHEM PacCMaTpUBAEMOI0 CTaHAAPTHOTO CUTHaJa. BeneacTBue 3Toro npouc-
XOJIUT TaK)K€ MOCTETIEHHOE N3MEHEHNE MEePEX0THOTO Kod(hpuIimenTa yCcuieHus.

Tak kak 00BIYHO BpeMsl HapacTaHus nepeaHero GpoHTa te U BpeMs oopa-
30BaHMs cnaga T; OTJIMYarOTCS OY€Hb 3HAYUTENBHO, TO AJIA MoKa3a (poHTa U
MJIOCKOM BEPIIMHBI MEPEXOHON XapaKTEPUCTUKU MPUXOIUTCS UCTI0JIH30BATh
JIBa OTJICTBHBIX TpaduKa ¢ MaciTabamMy BPEMEHH, OTJIMYAIOIITUMUCS Ha He-
CKOJIbKO MOPSIKOB. B CBSA3M ¢ 3TUM 11€51€C000pa3HO pa30UTh MEPEXOAHYIO Xa-
PAKTEPUCTUKY HA JIBA yYaCTKa: YYACTOK MaJIbIX BPEMEH WJIU NePeaHni (PPOHT
MEPEXOTHON XapaKTEPUCTUKH, M YUYACTOK OOJIBIIINX BPEMEH UJIH €€ MJIOCKYI0
4acThb (BEpPUIMHY).

PeanbHas nepexo/iHasi XapaKTepUCTHUKa B 00JIaCTH MaJIbIX BPEMEH MOYKET
ObITh anepuoanueckoit (puc. 1.11, kpuBas a) wiu B ciiydae, €clid Ha epexo/I-
HBIN TTPOIIECC HAKIAABIBAIOTCS PE30HAHCHBIC SIBJICHUS, MOKET UMETh MIEPUOIH-
yecKkui (KosjebarenbHbIi) xapakTep (puc. 1.11, kpuBas 0).

B 060oux ciaydasx mpu t—»oo mepexoHbIi KO3 GUITMEHT YCUICHUS
K(t)>K,, rne Ky — ycranoBuBiiieecs 3HaueHue Kod(phuiieHTa yCcuaeHus.
[TpakTnuecku K(t) okaspiBaercst 0im3kuM K Ky y’ke B KOHIIE y4acTKa MajlbIX
BpPEMEH.

B nensx 060061eHns 4acTO UCTIOIB3YIOT HOPMUPOBAHHYIO MEPEXOTHYIO Xa-
PaKTEpPUCTHUKY, MIPEJCTABISAIONIYIO COOOM 3aBUCUMOCTD
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t .
3aech X = — 00001IeHHOE BpeMsI, MPUYEM T SIBJISIETCS MOCTOSTHHOW BpeMEHHU
T

LEMH, onpeestonieit GopMy nepexoHOM XapaKTEPUCTUKHU.

K(t)4
Ky
'
0 t

Puc. 1.11. IlepexoiHast XapakTepuCTUKa B 00JaCTH
MAaJIBIX BPEMEH

Ha puc. 1.12 npuBeneHbl HOpMUPOBAHHBIE IEPEXOAHBIE XAPAKTEPUCTUKHU
JUTSl y4acTKa MaJIBIX BPEMEH U JIJIS CITydaeB arepHoIndecKoro (KpuBas a) M Ko-
nebaTeapHOro0 (KpuBasi 0) ycTaHaBiIuBarolerocs mnpoiecca. OueBuIHO, 4TO B
000UX CIydasiX OTHOCUTEIIbHAS BEJIMUMHA TIEPEXO0THOT0 KOA(PUIlMeHTa ycue-
HUA y(t) CTpEMUTCS K €TUHHUIIE.

HckaxxeHus nepeaHero (poHTa OLICHUBAIOTCS JINTEIbHOCTBIO (PPOHTA tg
(Ha3pIBa€MOM Tak)Ke BpEMEHEM YCTaHOBIIeHHUs ). B cirydae koebaTrensHOTO yC-
TaHABJIMBAIOIIETOCS MPOIECCa OHU XaPAKTEPU3YIOTCS TAK)KE€ OTHOCUTEITHHBIMU
BenuunHamu BeIOpocoB HBy, HB,,... m Bmagua Hem;, Hem,,... .

[TockonbKy TOTHAS JIUTEILHOCTD (PPOHTA (COOTBETCTBYIOIIAsI HAPACTAHUIO
y(t) ot 0 10 1) TeopeTnyecku paBHa 0ECKOHEYHOCTH, BEIUUUHY tg IPHUHSTO OII-
penensath s usMeneHus y(t) B npenenax ot d go 1-d, rue d pasuo 0,1 win
0,05. Onpenenenue AaUTeNIbHOCTH (pOHTA TTOKa3aHO Ha puc. 1.12 (te, 11 amne-
PUOIMYECKON MEPEXOTHON XapaKTEPUCTUKHU a U tos IS KOJIEOATEIbHON mepe-
XOJTHOM XapakTepucTuKu 0). Tam ke moka3aHbl OTHOCUTEIbHBIC BETUIHHBI
nepBoro (HaubombIero) Beiopoca HB = yn.x-1 1 mepBoii (Hanbosbiieii) Bima-
muabel HBIT, = 1-y,;, 01 Xapaktepuctuku 0. Bexmuanasr HB, 1 HBI; BeIpaxaror
0OBIYHO B MPOICHTAX.

Ha puc. 1.13 u3o6paxeHa HOpMUpPOBaHHAs MEPEXO/IHAS XapaKTEPHUCTUKA
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1-d
0 a
0 >
Tha t

Tos

Puc. 1.12. HopmupoBanHas nepexoaHas XapakTepu-
CTHKA JUJI y4aCTKa MaJbIX BPEMEH

y(t) A
1 / /I\
Ymin
0 X

Xu

Puc. 1.13. HopmupoBaHHas nepexo1Hast XapaKkTepu-
CTHKA JJI y4acTKa OOJIbIINX BPEMEH

JUISl y4acTKa OObIINX BPpEMEH (IUIOCKasi YaCTh XapaKTEPUCTUKH ), IOCTPOCHHAS
JUISl y9aCTKa BPEMEHHU, UMEIOIIETO OPSIIOK MHTEPECYIONIEH HAC JITUTEIbHOCTH

uMityasca T, = X,;-T ¥ MpEeBBIIAOIIETO MPEICTABIEHHBIN Ha puc. 1.12 nepen-
HUM (GPOHT B COTHH | OoJiee pas.

HckaxkeHusl III0CKOM 4acTH XapaKTEPUCTUKU U3MEPSIIOT OTHOCUTEIIbHBIMU
BesimurMHaMu noabema All =yp.-1 ucnaga AC = 1-yui, . 31€Ch Yinax ¥ Yinin —
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K(1)

0

HanOOJIbIIIEE U HAMMEHBIIICE 3HAYCHUS B IIpcaciiax IUIOCKOM YacTH Xa-

PaKTEPUCTUKH.
[lepexoiHbIE UCKAKEHUS OKa3bIBAIOT BIMSHUE HA KAU€CTBO BOCTIPOU3BE/IC-
HUS 3BYKOBBIX niepenad. [1oaToMy Jjisi BHICOKOKAYECTBEHHBIX YCUIIUTEIIECH 3BY-
KOBBIX YaCTOT, TIOMHUMO YaCTOTHBIX, PETJIAMEHTUPYIOT TAK)KE U NIEPEXOJIHbIC
UCKaxeHus. BenmnunHa te ISl ’TUX YCWIIMTENEH HE JOJDKHA MPEBBIIIATh
5...15mke. OnHako Hanbosee CyneCTBEHHOE 3HAaUCHUE TTEPEXOHBIE UCKAXKe-
HUS UMEIOT I UMITYJIbCHBIX YCHIIMTENEH, B TOM YUCIE AJISl YCUIINTENEH BU-
JeocurHanoB. Tak, Mpu CIUIIKOM OOJBIION JIIUTENHHOCTH PpOHTA tg, B TENE-
BU3MOHHOM M300paKEHUHU Pa3MbIBAIOTCS MENIKHE JIETall, CTUPAIOTCS PE3KUE
IPaHUIIBI APKOCTH, TOHUKAETCS TAK)KE YETKOCTh PA0OTHI UMITYJILCHBIX YCT-
poMCTB ipyrux HazHaueHU. OOBIYHO HEOOXOAUMO CTPEMUTHCS, YTOOBI

to <(0,01...0,1)Ty min, A€ Ty min — MUHUMAJIbHAS JUIUTEIBHOCTh YCUIUBAEMO-
r0 UMITYJIbCA, YTO MO a0COTIOTHON BEIUYMHE MOXKET COCTABIISITh JECATKU WA
JIaXe €TMHUIIBI HAHOCEKYH]I.

[Ipu 6onpIIUX 3HAYEHUSAX BEIOPOCOB U BIIAJIMH B TEJIEBU3MOHHOM H300pa-
KEHUU TTPOUCXOIUT MOTUEPKUBAHUE MEJIKUX JIeTalleld, 00pa3yroTCsl CBETIIbIE U
TEMHbIE MOJIOCHI (OKAaHTOBKA) BJI0JIb KOHTYPOB U300pakeHus. [loaTomy B BU-
JIEOyCHUITUTENAX HeoO0XoaumMo BeiiepkuBaTh HBy < 5%.

[lepexoaHble UCKAXKEHUS TAK K€, KAK U YACTOTHBIE, ONIPEACIISIIOTCS TPU Ma-
JBIX YPOBHSIX BXOJAHOTO CUTHAJIA, COOTBETCTBYIOLIUX JIMHEUHOU 00J1acT pado-
Thl ycunutens. [[puunHol nepexoJHbIX HCKaXEHUN B 00J1aCTU MAJIbIX BPEMEH
JUISl yCUITUTENS, M300paKeHHOTo Ha puc. 1.5, aBnserca Hannune emkoct Co, a
B 00s1acTu 00JIbIINX BpeMeH — eMKocTH C,.

1.4.4. Céaszp merxncoy nepexoOHoll U 4UaCmMOmMHOU XapaKmepucmukamu

N3 cka3aHHOTrO BBILIE CIEAYET, UYTO U YACTOTHBIE U MEPEXOAHBIE UCKAKEHUS
PEACTABIISIIOT COOOM JTMHENHbIE UCKa)KEHUSI, BBI3IBAEMbIE OJTHOM U TOU ke
NPUYMHOMN (HAJTUYUE B CXEME YCUIUTENSI PEAKTUBHBIX JIEMEHTOB), HO OJHU
(4acTOTHBIC) MPOSBIISIIOTCS B YCTAHOBUBIIEMCS PEXXKUME, a JPYTUe — B YCTaHAB-
JIMBAIOIIEMCS UJIU TIEPEXOTHOM PEKUME PAOOTHI YCUITUTETIS.

N3 Teopun 351eKTpUUECKUX LENEN U3BECTHO, UTO CBA3b MEXKIY BPEMEHHOM
Y YaCTOTHOM XapaKTEPUCTUKAMU JIMHEMHOU LIENN YCTAHABIMBAETCS IIOCPEACT-
BOM uHTerpasia Oypbe U UMEeT B CHMBOJIMYECKOM (hopMe 3alicCH BUI:

f(t)= LT la(m)ej““d(o (1.102)
21,
I

Flo)= [f(te*dt, (1.106)
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B 3aBUCUMOCTH OT TOTO, KaKasi U3 XapaKTEPUCTHUK SIBIIACTCS 3aJaHHOM U KaKas —
uckoMoi. 3nech f(t) — Hemepuoauueckas PyHKIMS BPEMEHH, OMMCHIBAIOIIAs
NepeXOoHBIN mpolecc B paccMarpuBaemon nenu, F(w)- cooTBeTcTByIOIIas
CHeKTpajbHas PyHKIUS.

CnextpanbHas ¢pyHknus F(w) Henepuoandeckoit pyHkuu Bpemeru f{(t)
SBJISIETCS], KaK M3BECTHO, CIUIONIHOM (HEMPEPHIBHOM) U MIPEICTABIISIET COOOi
YaCTOTHYIO 3aBUCUMOCTbh KOMIUIEKCHOM aMILJIUTYIbl OECKOHEYHO MaJIOTro y4a-
CTKa CIIEKTpa MHUPUHON d® OKOJIO YaCTOTHI M.

Ecnu mon nHenepuoanueckoit pyHkimen BpeMenn f(t) moHMMAaTh epexo/i-
HYIO XapaKTEPUCTUKY YCUIIUTEIISA, TO YACTOTHBIN criekTp F(®) momkeH cooT-
BETCTBOBATH MOJIBEJCHUIO KO BXOy YCHIIMTENS €AMHUYHON (DYHKIIUU U YUUTHI-
BaTh HCKaXalollee BO3ICUCTBUE HA HEE UCCIIETYEMOIO YCUITUTEIS.

Jpyrumu cioBaMu, HEOOXOAUMO, YTOOBI YACTOTHBIN CIIEKTP

F(o)=Fi(0) F2(o),

rjae Fi(®) - 4acToTHBIN criekTp enuHUYHOM (yHKIUH, a F(®) - yactoTHas
XapaKTEPUCTUKA YCUITUTEIS, onpeaesieMast ero Ko3puinueHToM rnepeaaqn
K(w).

. 1
H3BecTHO, UTO Fi(o)=—.
Jo
Takum 06pazom, Beipakenue (1.10a) MokeT ObITh PEICTABICHO B BUJIE:
+00
f(t)= 1 @ewd@, (1.11)
2w 5, JO
OTpeIETIONIeM 3aBUCUMOCTh MEX Ty TiepexoaHoi f(t) u vactorHoi K(m) xa-
PAKTEPUCTUKAMHU YCHUIIATEIIS.

[IpuBeneHHas CBA3b MEK/Y XapaKTEPUCTUKAMU MTO3BOJISIET ONPEAEIIUTH O-
BEJICHUE YCUJIUTEIIS B TIEPEXOAHOM PEKUME, €CIIU U3BECTHA €ro YaCTOTHASI Xa-
paktepucTuka. MoxeT ObITh MOKa3aHO, UTO KPyTHU3HA MepeiHero (poHTa 1e-
PEXOIHOM XapaKTEPUCTUKHU BO3pacTaeT (YMEHbIIICHUE tg) MO MEPE pACIIUPEHUS
MOJIOCHl PABHOMEPHO YCUJIMBAEMBIX BBICOKHX YaCTOT, & MPOTSIKEHHOCTD MJI0-
CKOM 4aCTH 3TOU XapaKTEPUCTUKHU, OTPAHUYNBAEMAs TOIMYCTUMOW BEIITMUNHOMN
cnaga AC, Bo3pacTaer 1o Mepe pacliipeHusi MoJI0Ckl pABHOMEPHO yCUIIMBaE-
MBIX HU3KHX YacCTOT Juana3oHa. J[pyrumu cioBamu, 4eMm JIydllie YacTOTHAs Xa-
PaKTEPUCTUKA YCUIIUTENS, TEM 00JIE€ COBEPIICHHOM SIBJISIETCS €0 MepexoaHas
XapaKTepUCTUKA.

N3 cka3aHHOTO CIEAYET, UTO aHAJIU3 U PACUET YCHIUTEIISI MOTYT ITPOU3BO-
JIUTHCSI KaK YaCTOTHBIM, TaK U1 BpEMEHHBIM METOAOM. B ciryyae mpuMeHeHus
YaCTOTHOT'O METO/Ia IEJIbI0 pacyeTa sIBJISETCS MoyuyeHrue TpedyeMoro ycuse-
HUS B 33JIaHHOM JIMAINIa30HE YaCcTOT MPHU JIOMYCTUMBIX YACTOTHBIX UCKAKCHUSX.
[Ipu ucnosb30BaHNK BPEMEHHOTO METO/1a LIEbIO0 pacyeTa sBIsSETCA MOJTy4YeHUE
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TpeOyEeMOT0 YCUIICHHUSI TIPU JIOMTYCTUMBIX MEPEXOJHBIX UCKAKEHUAX (JJIUTEIb-
HOCTh ()POHTA, BHIOPOCHI, MOILEM U CIAJ TUIOCKOM YaCTH XapaKTEPUCTUKH ).

B npunnune o6a merona paBHoleHHbI. OHAKO OYEBUAHO, YTO MPHU pacueTe
yCUJIUTENEN HEMPEPhIBHBIX KOJIEOaHMH (aHATIOTOBBIX CUTHAJIOB), paboTa KOTO-
PBIX YaCTUYHO WJIM TTOJTHOCTHhEO OTHOCUTCS K YCTAHOBUBIIEMYCS PEXKUMY,
yA00OHEe M0JIb30BAThCSI YACTOTHBIM METOJIOM, B TO BpEeMsI KaK MPHU pacyeTe
YCUJIUTENEN, CUTHAJIBI KOTOPBIX MPECTaBIISIIOT COOOM MOCIEA0BATEILHOCTD
psAlla KpaTKOBPEMEHHBIX HEMEPUOANUYECKUX UMITYJIHCOB, YA00HEE NPUMEHSATD
BpeMeHHOW MeToA. B cirydae HeoOX0aMMOCTH BCET1a MOXKET OBITH OCYIIECT-
BUM I1€PEXO0]I OT OJHOIO METOJ1a UCCIEIOBAHUS K IPYTOMY.

1.4.5. Hentuneiinoie uckaxycenus

OCoOEHHOCTBIO HETMHEMHBIX UCKAXKEHUH SIBJISIETCSI TAKOE UCKaXKeHUe (Pop-
MBI CUTHAJa, TPU KOTOPOM B €TI0 CIIEKTPE MOSIBIISIIOTCS HOBbIE€ YACTOTHbIE CO-
CTaBJAKOIIHE.

HennHernHOCTh yCHIINTENS BBI3bIBACTCS HAJTMYUEM B HEM HEJIMHEWHBIX 3JIe-
MEHTOB (TPaH3UCTOPHI, JJAMIIbI, TpaHC(HOPMATOPHI, TMObI). HemuHenHbIi 2iie-
MEHT COJICPKUT HEJIMHEHHBIE TapaMeTphl (BXOIHBIE COMPOTUBIICHUS TPAH3H-
CTOPOB, IUOJIOB, TIMHAMHUYECKAsi MarHUTHAs! POHUIIAEMOCTh MaTepuala cep-
JeuHrKa TpaHcdopmMaropa).

Henunerinble MCKaXKEeHUS OLIEHUBAIOTCS HA OCHOBE IMHAMMYECKOM Xapak-
TEPUCTUKHU, MIPEJICTABIISAIONICH OO0 3aBUCUMOCTh MEXKIYy MITHOBEHHBIMU 3HA-
YEHHUSIMHU TOKOB WJIM HANPSKCHUN HA BBIXOJIE M BXOJe ycrinTens. [{nnamuue-
CKasl XapaKTEPUCTUKA ONPEAECIACTCS I 00JIbIIUX MPeIe/IOB U3MEHECHUS
CUTHAJIOB, PUBOJIAIIMX K 3aX0/y B 00JaCTH HEJIMHEHHBIX 3aBUCUMOCTEN Me-
Ky HAPSKCHUSIMU U TOKaMU.

Paznuuaror cienyromue BuIbl JMHAMAYECKUX XAPAKTEPUCTHUK:

1. BpixoHast TMHAMUAYECKAs XapaKTEPUCTUKA TUIIA

I, = F(u);

2. Bxonnas nuHaMHu4YecKas XapaKTepUCTHKa TUIIa
il = F(ul),

3. HpOXOI[Ha}I AVMHAMHUYCCKaA XapaKTCPUCTHKA THUIIA
1, = F(uy);

4. CkBoO3Has AVMHAMHUYCCKasA XapaKTCPUCTHUKA THUIIA
iz = F(Cl).

31ech 1, ¥ U, — MTHOBEHHBIC 3HAUCHUS TOKOB 1 HAIIPSDKEHUN HaA BBIXOJIE, 1)
¥ U; — MTHOBEHHBIC 3HAYCHMSI TOKOB M HaNpsDKeHWH Ha Bxoge, e — D/[C uc-
TOYHHMKA CUTHAJIOB HAa BXOJIE YCHIIUTEIIA.

B xadecTBe mpumepa pacCMOTPUM TUITHYHYIO 110 (hOpME MPOXOIHYIO Xa-
pakTepucTuky i, = F(u;), ucronp3zyeMyto 4acTo Jjisi pacueTa HETMHEWHBIX HC-
KaxeHut (puc. 1.14, a).
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p.T.
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p.T.

>O 0 ot

Uy

v ot

Puc. 1.14. IIpoxoaHble TMHAMHUYECKUE XapAKTEPUCTH-
KH: a) peasibHas, 0) uacaibHas

JlnHaMuyecKas XapakTepUCTUKA, COOTBETCTBYIOIIAS OTCYTCTBHUIO BHOCH-
MBIX YCHJINTEJIEM UCKaXEHUW MpUBEJEHA Ha puc. 1.14, a.

ITpu OTKIIOHEHUH TUHAMUAYECKON XapAKTEPUCTUKHU OT MPSAMOJIMHENHOU
BO3HMKAIOT HEJIMHEHHBIC NCKaKeHUsI. OCHOBHBIC HEJIMHESHHBIC NCKAKCHUS BHO-
CAT OKOHEYHBIC U TPEJOKOHEUYHBIE KACKaJlbl, AKTUBHBIE YCUIIUTEIIBHBIE AJIEMEH-
Thl B KOTOPBIX pabOTaIOT B PEKUME OOJIBIIIOIO CUTHAJIA.

MeToabl KOJIUYECTBEHHOM OLEHKH HEeJIMHEUMHBIX MCKAKEHUN

BennunHa HETUHEWHBIX UCKAXKEHUN MOXKET ONPEAETATHCS:
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1) HEemocpeACTBEHHO MO PopMe AMHAMUYECKON XapaKTePUCTUKH;
2) Mo CHEeKTpy 00pa3yIOMINXCsl HETMHEMHBIX UCKAKEHUM (TAPMOHHUKHU, KOM-
OMHAIMOHHBIC YACTOTHI).

[Ipu orieHKe HETMHEMHBIX UCKAKEHUH IO TIEPBOMY CITOCO0Y, UCTIOJIb3Ye-
MOMY B TEJICBUCHWHU, BEJIMYMHA UCKAKXEHUM ONPEIeNICTCS OTHOIICHUEM
tga, —tga,

2
MIPOUCXOISIIETO IPH KOJICOAHUSIX HAMPSHKEHUS CUTHAJA B TIPEACNIAX OT Uj max
710 Uy min » K ICXOJTHOMY 3HAYEHUIO KPYTU3HBI MPH U; ¢, PABHOMY g0y, YTO COOT-
BETCTBYET KOA(PPUIIMEHTY HETMHEHHBIX UCKAKCHUHN
= M, (1.12)

2tga.,

CPCOAHCTO UIBMCHCHUA KPYTHU3HBI I[I/IHaMI/ILIeCKOI\/’I XApPaKTCPUCTUKN

>

H.A.

CkazaHHoe nosicHsieTcs pucyHkom 1.15.
. A

I
foo
Qo
A (051
_/

0 U1 min U0 Uimax

>
U

Puc. 1.15. Onpenenenre HeTMHEHHBIX UCKAKEHUM 110
dbopme TMHAMUYECKONU XapaKTEPUCTUKHU

[Ipu oreHKe HETMHEMHBIX UCKAKEHHI TI0 BTOPOMY CIIOCO0Y HEOOXO0IUMO
MPEANOJIOKUTD, UTO:

a) BXOJIHOM CUTHAJI MPEJICTABISECT COO0M yCTaHOBUBIIIEECS TAPMOHUYECKOE
KoJIeOaHUe ONpeeICHHON YaCTOThI;

0) BXOZAHOM CUTHAJ MIPEACTABISIET COO0I YCTAHOBHUBIIIMECS IEPHUOIUUECKHE
KOJIeOaHUS CIOKHON (OPMBI.

Cnydau (a) u (0) CylIeCTBEHHO OTIMYAIOTCS KaK M0 XapaKkTepy 00pa3yro-
IIMXCS HEIMHEMHBIX UCKAaKEHUI, TaK U B OTHOILIEHUU METOJIMKHU UX pacyeTa u
U3MEpPECHUMN.

B cnydae (a) BcneacTBUE HETMHEWHOCTH YCHIIMTENSA, TOMUMO KOJIEOaHU C
YacTOTOM CHUTHaNa 1, Ha BX0JI€ 00pa3yroTCcs KoJaeOaHusi TApMOHUK C 4acTOTa-
MU ®; =2®;; ®3 = 3®; 4 T.14. [Ipy 5TOM BeTMUrMHA HEJTUHEHNHBIX UCKAKCHUMN
onpenensiercs kodpduirenToM rapMonuk K, mpeacTasistomumM coooit 0THO-
[IEHUE CYMMapHOTo I€UCTBYIOIIETO 3HAUCHUS HANPSDKEHUS (MIJIM TOKA) TapMo-
HUK K HAIPsDKEHUIO (MJIM TOKY) OCHOBHOM YaCTOTHI.
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OO06b14HO KO3 (PUIIMEHT TrapMOHUK BBIPAXKAETCS B MPOIEHTAaX TaKUM 00pa-
30M:

K :\/U§+U§+Uﬁ+...

Ty

.100% (1.13)
1
nin

_\/I§+I§+Iﬁ+.

. ~.100%. (1.14)
1

OueBuHO, uTO 3HaUeHUE K| HE U3MEHSETCs, €CIIM BMECTO JIEUCTBYIOIIMX
3HAYEHUU HAMPSHKEHUM WIIK TOKOB MOACTABUTh B 3TU BBIPAKECHUS UX aMILIU-
TyAHbI€ 3HaUeHUS. [Ipy YUCTO aKTUBHOM XapaKTepe CONPOTUBIIECHUS HATPY3KHU
yCUIHUTENS K03 OUIIMEHT TapMOHUK, HalIeHHbIN 13 BeipaxkeHud (1.13) u
(1.14), umeeT OAHO U TO K€ 3HAUCHHE, TAK KaK HANPSHKEHUS U TOKU BCEX Tap-
MOHUK CBSI3aHBI MEX1y COO0I HEM3MEHHOU BeIMYMHOM conpoTuBieHus. [Ipu
KOMILJIEKCHOM XapakTepe CONMPOTUBIICHUs HAarpy3ku 3HaueHusd K, HailieHHbIe
U3 YKa3aHHBIX BRIPAKCHUHN, TOTYUYAIOTCS PA3IMUHBIMU, U CJICAYET UCTIO0JIb30-
Bath (1.13) unu (1.14) B 3aBUCUMOCTHU OT TOTO, YTO SIBJISECTCS B paccMaTpUBae-
MOM CITy4ae CYIIECTBEHHbIM — HEJIMHEHHBIE NCKAXKEHUS HATIPSIKEHUS UJIU TOKA.

B mo6oM ciydae kod(pPUIMeHT rapMOHHK MOKET OBITh BEIPOXKEH Uepes
OTHOILIEHUE CYMMApHOW MOIIHOCTH TAPMOHHUK K MOIIIHOCTH OCHOBHOM YaCTOTBHI,
T.C.

K = [Pt B Pt 600, (1.15)
1

Jlommyctumas BenmdrHa KodGHUIreHTa TaApMOHUK JIJIs1 yCHIIATENIeH 3BYyKO-
BOM 9aCTOTHI B 3aBUCUMOCTH OT KQ4€CTBA COOTBETCTBYIOIIETO TPaKTa BOCIIPO-
u3BeseHus Kojaeonercs B npenenax oT 0,1% 1o (3...5)%. OcobeHHO KeCcTKHe
TpeOOBaHMS B OTHOIICHUH HETMHEUHBIX UCKKEHUN MPEIbIBISIOTCS K YCUITH-
TeJISIM U3MEpUTENbHOM anmapatypsl (K. mopsigka COThIX U THICSYHBIX JT0JIEH
NPOLIEHTA). B TeNeBU3NOHHBIX YCUIUTENSIX HETMHEWHbBIE UCKAKEHMU S, IPUBO-
JATIME K N3MEHEHUIO COOTHOIICHHS IPKOCTEH, MOTYT OBITh 3HAYUTEIILHON BE-
muuunsbl (K, = 10...15%), He oka3bIiBask CyIIECTBEHHOI'O BIUSHUS HA Ka4€CTBO
n300pakenus. To e OTHOCUTCA U K UMITYJIbCHBIM YCHUITUTENSIM, UCTIONIBb3YTO-
MM K TOMY K€ B PsJie CIIy4aeB OrPaHNYCHUE CUTHAJIOB TI0 MAKCUMYMY .

1.4.6. Illomexu u wymol

[Tomexu u 1ryMbl, 00pa3yromuecs B UENAX YCUIUTENSA, MOTYT 3HAUUTEIbHO
CHMKaTh Kauy€CTBO €ro padoThl, TAK KaK OHU UCKaXKaloT (JOpMY CUTHAJIOB U 00-
HapY’KMUBAIOTCA B May3ax MEXJly curHasiaMu. VckaxeHnue (hopmMbl CUTHAIOB
MOXKET ITOIYYHUTHCS KaK 3a CYET HEMOCPEACTBEHHOTO HAJIOKEHHUS HAIIPSKCHUS
IIOMEX Y IIyMOB Ha HANPSKEHNWE CUTHAJIA, TAK U ITyTEM MOJYJISLAA CUTHAJIA
IIIyMOM B HEJIMHEMHBIX LETAX yCUIUTEINS.
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Paznuyarot ciieyronue BUibl TOMEX U ITyMOB:

1) TennoBblie MIyMbl (BO BXOJHBIX LEMAX YCUIUTENSA);

2) MIyMbI YCWIUTETBHBIX 3JIEMEHTOB ((IyKTyallmOHHBIE, TPOOOBKIE, MOIY-

IPOBOJHUKOBBIC U JIP.);

3) mIyMbl KOHTAaKTHOTO U TTPOOOMHOTO TPOUCXOKICHHUS;

4) moMexu 3a CYeT UCTOYHUKOB MUTaHUs yCuuTes (hoH);

5) momexw 3a CueT BJIMSHUS BHEIIHUX MOJIEH;

6) MOMexXu OT MEXaHUYeCKUX BUOpanmii (MUKpOPOHHBIN dDPEKT).

B ycunutensx ¢ OTHOCUTENIBbHO HEOOJIBIIIONW YyBCTBUTEILHOCTBIO, UMEIO-
IMX MUHUMaJIbHOE BXOJHOE HAMPSKEHUE CUTHAIA TOPSIAKA €TUHUL MUAJLIIU-
BOJIBT, CHUJKEHUE OTHOCUTEIBHOM BEJIMYUHBI IOMEX U IIIYMOB JI0 JOMYCTUMOIO
3HAYEHUS HE MPEJICTABISCT TPyAa IPHU HAJJIeXKAIleM KaueCcTBe JIeTalled U MOH-
Taxka, PUIbTpaIMy MUTAIOIIUX HAMPSKEHUH, SKpaHUPOBAHUU 1I€TIeH U JeTa-
JIeH, a TaK)KE€ aMOPTU3ALMU JIE€TaJECH U I1AaCCU YCUITUTEIIS.

OpHako Mo Mepe YBEJIMYECHUSI YyBCTBUTEILHOCTU YCUIIUTENS TPYIHOCTH
obecrnieyeHus ero He00X0IMMON MOMEXO03alUIIIEHHOCTHIO PACTYT. DTO OTHO-
CUTCSI B OCOOCHHOCTH K TEIUIOBBIM U (hIyKTyallMOHHBIM IityMaMm. [Tpuyem, oue-
BHUJIHO, YTO ONPEAEIAIOUMMH SIBIIIFOTCS TETUIOBBIE IIIYMbl BXOJHBIX LIENEN YCHU-
JIUTENS U IIyMBI IEPBOTO AKTUBHOTO YCHUIIUTEIIBHOTO AJIEMEHTA (TPAH3UCTOPA,
JIAMIIbI), T.€. IITyMbI B 3B€HBSX YCUJIUTEISA C HAUMEHBIIIMMHU BEJIMUMHAMU CHUT-
Haja. IMEHHO 3TH IIyMbl, IPUHIUINAIBHO HEYCTPAHUMBIE U JIOITYCKAIOIIIHE
CHIDKEHHME B OTHOCUTEIILHO HEOOJIBIINX MIpeeiiaX, OrPaHUYMBAIOT YBEJIUUCHHE
YyBCTBUTEIBHOCTH YCUITUTEIEH.

JI71s1 KONMMYECTBEHHOM OIIEHKHU OO0Iel BEJIUYMHBI IITYMOB YCUIIUTENS OIpe-
JESIOT €r0 OTHOCUTEJIbHBIN YPOBEHb IIIYMOB

4 =20lg—— Ys B

1B, (1.16)

cmax cmax

3nech Uy, u Py, — 001111€ BETMUUHBI HATIPSKEHUS ¥ MOIITHOCTH IIIYMOB U
IIOMEX, BBI3bIBAEMbIX BCEMU JACHUCTBYIOIIUMHU U IIEPEUUCIEHHBIMU BbILIE IPU-
quHAMU. U nax U P max — MAKCHUMAaIbHOE HAIPSKEHUE U MOLIHOCTh CUTHAJIA.
Bce nepeuncieHHble BETUUUHBI OTHOCATCS K BBIXOAY YCUJIUTEA.

J171 BBICOKOKAQYE€CTBEHHBIX YCUJIUTENEN 3BYKOBBIX YaCTOT OTHOCUTEIIbHBIN
ypoBeHb myMoB Hy, He nomken npesbiath (-70)nb. Takoro sxe nopsiika
JI0JDKHA ObITh BemnunHa Hy, 1 77151 BBICOKOKAYECTBEHHOTO TEJIEBU3MOHHOTO WU
VU3MEPUTEIIBHOI'O YCUIIUTEIS.

JInHAMUYEeCKUI TUATIA30H

JIMHAMUYECKHUM AUaIa30H XapaKTepU3yeT NPeacs U3MEHEHUs HAIIPSKEHUS

Y MOILIHOCTH B pACCMAaTPUBAEMOU LIENIU U I/IBMepSIeTCH Kak

=201g Em _10lg temx 1B, (1.17)

cmin cmin
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OTHOCS MakCUMaJbHbIC U MUHUMAJIbHBIE 3HAUCHHUS HAMIPSKEHUS! U MOLTHO-
CTU CHUTHAJIa K UX BEJIMYMHAM, IPUHUMAEMbIM 32 HadallbHbIC (HAPUMEDP, K
CTaHAAPTHHIM HayalbHBIM BenuunHaMm Py, = IMBt u U, = 0,775 2¢d.B), mony-
4aeMm, 4To

U U, P P
D=20lg—*-20lg———==101lg—"=-10lg—=—"—==A
g U g U g P g

H H H H

cmax Acmin . (118)

Takum 00pa3oM, IMHAMUYECKUM AHANa30H MOXKET ObITh ONpe/eTeH Kak
Pa3HOCTh MEKY MAKCUMAIIBHBIM A nax 1 MUHUMAIIBHBIM A i, 3HAYCHUSIMU
YPOBHEW HANPSIKECHUS UM MOITHOCTH CUTHAJIa B paCCMaTPHUBAEMOM LICIIH.

CylecTBEHHOE 3HaUY€HUE B OTHOIICHUM PaOOThl YCHIIMTENS UMEET €CTeCT-
BEHHBIM JMHAMWYECKHUHN JMana30H HCTOYHUKA CUTHAJIOB, T.€. JUMHAMUYCSCKUMN
Jana30H U3MEHEHUI HANPSKEHUS MJIM MOIIHOCTH Ha BXoje ycuiautels. CTpo-
r'o TOBOPSI, K YCWJIUTEIIIO CJIEA0BaI0 Obl IPEABIBUTH TPEOOBAHUE HEMCKAKEH-
HOM paboTHI B Mpejiesiax BCEro AToro auanazona. OJIHaKO €CTeCTBEHHBIN TUHA-
MHUYECKHUH JUana30oH CUTHAJA B PSJIC CIIy4yaeB BEChbMa BEJUK. Tak, JTMHaAMUAYE-
CKHI Juana3oH CUTHaJIa MPY 3BYKOBOM Iepeade, OnpeaessieMbli JUana3OHOM
U3MEHEHUS TPOMKOCTEH, cocTaBisieT At peuu 10 S0 nb, a 115 My3bIku (CUM-
dbonuveckuii opkectp) 10 75 nb. lunaMuueckuil Auana3oH CUTHaIa MpH Teje-
BU3MOHHOM Ilepenayde, ONpeAesseMbli JUana30HOM U3MEHEHUs IPKOCTEN U30-
OpaxkeHus1, cocTaBiisieT mpumepHo 60 nb.

HewuckaxeHHOe yCUIIEHHE B Mpeieiax JMHAMUYECKOTO Irana3oHa UCTo4-
HUKa CUTHAJIOB OrPAaHUYMBAETCSI CO CTOPOHBI BBICOKUX YPOBHEH MEepeaadyun
MOIIHOCTBIO Y HEJIMHEWHBIMU UCKAKEHUSMU, & CO CTOPOHBI HU3KUX YPOBHEH —
COOCTBEHHBIMM IITyMaMH yCHUJIATEIIS.

KonTpoabHbIie BOIPOCHI
UTo Ha3bIBAETCS YCUIICHUEM?
UYto sABNISIETCS OTIANYUTENBHON OCOOCHHOCTHIO YCUIIUTENA?
Kak knaccuduuupyrorcs ycunurenu?
UTo Ha3bIBACTCS YCUIMTEIbHBIM KACKAA0M?
B yeM cocTOUT OCHOBHOE OTJIMYME KACKAIOB MPEABAPUTEIHLHOTO YCUIICHUS
OT OKOHEYHOT0 Kackaaa?
KakoBbl OCHOBHbBIE SHEPTETUUECKUE MOKA3ATEIHN YCHIIUTEIIS ?
Kak knaccuguuupyrorcsi HCKaKeHHs, BHOCUMBIE YCUITUTEIEM ?
UT0 Takoe YaCTOTHBIE UCKAXKEHUS M KaK KOJTMYECTBEHHO OHU OLICHUBAOTCS ?
9. Uto Takoe (azoBbie UCKAKECHUS?
10. YTo Ha3bpIBaeTCA NEPEXOAHON XaPAKTEPUCTUKON YCUITUTEIA?
11.YTo Ha3pIBaETCA NTMHAMUYECKON XapaKTEPUCTUKON YCUITUTEIA?
12. YeM npyuHOMNUAIBHO OTJIMYAKOTCS HEJIMHEWHBIE UCKAXKEHUS OT JINHEWHBIX ?
13. Kak konnuecTBEHHO OIIEHUBAIOTCS HEJIMHEHUHbBIC UCKAKCHUSA !
14. Y10 Takoe TMHAMHUYECKUN TUAaIta3oH?

SNk =

N
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2. CpoiicTBa ycuiuTeJ el ¢ 00paTHO CBA3bIO

2.1. Ocnosnvie onpedenenusn u Kiaccupukauus 6udo8 00pamHoil cea3u

OOpaTHas cBsI3b 00pa3yeTCs MPU TAKOM MTOCTPOCHUU CXEMbI YCUITUTEIIS,
KOTI'/Ia YaCTh SHEPIUH U3 KAKOT0-IM00 KacKkada MoJaeTcs B LIeNb OJTHOTO U3
NPEIIIECTBYIOIIMNX KacKaloB, T.€. B TOUKY, PACIIONOXKEHHYIO OJIMKE KO BXOAY
YCUITUTETIS.

[enp, MO KOTOPOI OCYIIECTBIIAECTCS yKa3aHHAsl 0OpaTHas nepeaaya dHep-
I'MiM, HA3bIBAETCS LIETIBI0 00PAaTHOM CBA3M. 3aMKHYTAasl LIENb, COCTOAILAs U3 OX-
BauyE€HHOTO 00paTHOM CBA3bIO ycunutens (wim ero yactu) K u nenu odpatHoi
cBs3u b (puc.2.1), Ha3pIBaeTCs meTJei oopaTHoii cBsa3u. K u b - koahpuruen-
ThI IEpeJlauu yCUIINTENS U 1enu o0paTtHol cBs3u. [Ipoussenenune Kb HasbiBa-
eTCs MeTJIeBbIM YCHUJIEeHHEM WUJTY NeTJieBbIM K03 GUIHeHTOM nepeaaymn.
[TetneBoe ycuiieHue onpeaesisieT XxapakTep U CTeNeHb JEeUCTBUS 00OpaTHOM CBsI-
31 Ha TEXHUYECKHE MOKA3aTEIN yCUIUTEIIS.

K

Puc. 2.1. Iletns o6patHoit cBs3u Kb

OO6bI4HO 1€ b TIpeacTaBisieT OO0 MaCCUBHYIO JIMHEHHYIO 1I€Mb, T.K. OHA
HE coaepxuT kackanos ycuienusd. Lens K npu koadduimente rapMoHuk
K, < 5% MOkeT Takke CUUTaThbCs JIMHESHHOM.

OOGpaTHbIe CBSI3U KIaCCUPUIIUPYIOTCS TIO CICAYIOIIUM MPU3HAKAM:

1. ®daza aeicTBUA 0OpaTHOM CBSI3H;

2. YacToTHBIN AMAIa30H JEUCTBUS 0OpaTHOM CBA3U,

3. CTpyKTyphl cCXeM 0OpaTHOM CBSI3U.

[To daze neiicTBus pa3auyaror:

a) TIOJIOKUTENIbHYI0 00paTHYIO cBs3b (II0C);

0) oTpunarenbHyto 06paTHyto cBsizb (OOC);

B) KOMOMHUPOBaHHYIO 00paTHy10 cBsi3b (KOC).

B cnydae monoxxutenbHOM 00paTHOM CBsA3M (ha3a AEUCTBUS CUTHAIA 00paT-
HOM CBSI3U (HANpsHKEHUS WM TOKA) TaKOBa, UTO 0OpaTHAs CBSI3b YBEIMYMBACT
Koa(hPuImeHT ycuiienus: ycunutens. B ciaydae oTpuiiatenbHOM 00paTHOM CBsI-
31 K03 dULIMEHT ycuieHus ymenbinaerca. KomOunupoBannas oOpaTHas CBSI3b
IPEACTABISIET COO0N COBOKYITHOCTH MOJIOKUTEIIBHOW U OTPULIATENIbHOW 00paT-
HBIX CBSI3€H, ITETIN KOTOPBIX HMEIOT 00IIHe 37eMeHThI. [Ipn ncnons30BaHun
KOMOMHHUPOBAHHOM 00paTHOM CBA3M KOA()(PUIIMEHT YCUIICHHS TAKXKE YMEHbIIIa-
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€TCs, T.K. B 3TOM Cily4ae npeodiaaaroiiee 1eMCcTBUE IO KHA OKa3bIBaTh OTPH-
1aTejbHas 0OpaTHas CBS3b.

HauOomnbiiee npruMeHEeHNE B yCHIIUTENSAX HAXOUT OTpUIIATENIbHAsI 00paT-
Has CBsI3b, CTAOWIM3UPYIOIIAs paboTy YCUIIUTEIISI M CHUYKAOIIAs BHOCUMBIE UM
UCKaKEHUS.

[TonoxurenpHas oopatHas cBs3b (Toapko [1IOC) B anepuoanuecKux ycuiu-
TEJISAX MOYTH HE MIPUMEHSIETCS B OCHOBHOM M3-3a CKJIOHHOCTHU CXEM C MOJI0XKH-
TEIBHON 00pPaTHOM CBS3BIO K CAMOBO30YKICHUIO.

KomMmOnHupoBaHHast oOpaTHas CBSA3b MIPUMEHSCTCS /1711 KOMIICHCAITUH BbI-
XOJIHBIX COMPOTHUBJICHUHN U UCKaKeHU B ycunutessix. CoBMEeCTHOE TpUMEHe-
HUE TIOJIOKUTEIHHON M OTPUIIATEILHOM OOPaTHBIX CBA3EH MO3BOJISET UCIIONb-
30BaTh MPEMMYIIECTBA ATUX BUJIOB CBSI3U U 00ECTIEYUTh YCTOMYUBOCTh pabOThI
ycuauTens, T.K. codmoaaetcs ycinorue Kbooc > Kbpoc.

B oTHOIIIEHNM YaCTOTHOTO Juara3oHa AeHCTBUSI 0OpAaTHOM CBS3U pasiinya-
I0T:

a) 00paTHYIO CBSI3b MO IEPEMEHHOMY TOKY KaK 4aCTOTHO-HE3aBUCUMYIO
(b = const), Tak 1 yacToTHO-3aBUCUMYIO (b = F(®));

0) oOpaTHYIO CBS3b 110 TOCTOSSTHHOMY TOKY;

B) 00paTHYIO CBSI3b MO IEPEMEHHOMY U MOCTOSIHHOMY TOKaM OJTHOBPEMEH-
HO.

YacTtoTHO-3aBUCUMAas OTpHUIlATEIbHAsT 0OpaTHas CBSI3b MPUMEHSIETCS B YCH-
JIUTEISIX, HAIPUMED, I KOPPEKIIUHA YACTOTHBIX U TIEPEXOIHBIX XapaKTEPH-
CTHK.

OTtpunatenbHasi 00paTHas CBSI3b 10 MMOCTOSIHHOMY TOKY HCIIOJIB3YETCS IS
CTAOMIM3AIIUN UCXOJHOTO PEKUMA TPAH3UCTOPOB YCUIIUTEIBHBIX KaCKaJIOB, a
TaKKe JJIs1 CTAOMIM3aIuy 1 JJUHeapu3auu KodQPuiiueHTa yCuIeHus B yCHIH-
TEJSAX MEIJICHHO U3MEHSIOIMNXCSI CUTHAIOB (YCHJIMTEIN TOCTOSTHHOTO TOKa
VIIT).

OTtpurnarenbHas oOpaTHas CBsI3b 10 IEPEMEHHOMY M IIOCTOSSHHOMY TOKam
BBITIOJTHSIET OJTHOBPEMEHHO TIEPEUYHCIICHHBIC (DYHKITHH.

B oTHoOmeHnu cTpykTyphl cxeMbl 00paTHoi cBsa3u (OC) paznuyaror 1mo
croco0y MOTyYeHHs CUTHAJIa 00OpaTHOM CBSI3U:

a) 00OpaTHYIO CBSA3b MO HAMPSIKEHUIO;

0) oOpaTHYIO CBSI3b O TOKY;

B) CMEIIIAHHYIO 0 BBIXOAY OOpPaTHYIO CBSI3b.

ITo cnoco0y nmogaun 0OpaTHOM CBSI3M HA BXOJ pa3jIMYarOT:

a) oOpaTHYIO CBA3b MOCIIECIOBATEIHLHOTO THIIA;

0) 0OpaTHYIO CBSI3b NAPAJUICIHBHOTO THUIIA;

B) CMEIIAHHYIO M0 BXOIy OOpPaTHYIO CBSI3b.

[1o xonu4uecTBy netesib 0OpaTHOM CBSI3U Pa3INYaIOT OAHOIETIIEBYIO CXEMY
OC u MHOTOMETIIEBbIE CXEMbI OOpPaTHOM CBSI3H.
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B ciiyuae o0paTHO# CBSI3U 10 HANPsIKEeHUIO (puc.2.2, a) Bbixo enu K,
COTPOTHUBIICHUE HATPY3KU Z2 ¥ BXOJI IIENU b BKIIFOUEHBI NTapajuiensHo. [Ipu
ATOM HampsbkeHue oOpaTHOM cBsi3U Upc sBIsieTCa PyHKIMENH BBIXOIHOTO Ha-
npsbkenust U,. Ecnu nens b nuneitna, Hanpsbkenue Uoce nponopiimoranbHo Us.

B ciiyuae oopaTHoii cBsizu o Toky (puc. 2.2, 6) Beixon nenu K, comnpo-
TUBJICHUE Harpy3ku Z2 v BXO]I lIeNHu b BKIIFOYEHBI TociienoBaTeIbHo. [Ipu aTom
HanpsokeHue Uoc sBigeTcs: pyHKUIHUEH BBIXOAHOTO ToKa . [Ipu nuHeliHOCTH
ey b OHO MPONOPITMOHANIBHO I».

B ciiyuae cMemaHHO#M 0 BBIX04Y 00paTHOM cBsA3M (puc.2.3) HaNpsHKEHUE
Uoc sABNseTCs Kak (GyHKIUEH BBIXOAHOTO HanpspkeHus Us,, Tak 1 PyHKIIUEH
BBIXOJIHOTO TOKA I».

a) < 12 6) < 12
>— >—
K 72 |j TU, K 72| |Tu,
>— >—
< <
U . U .
OCe b OCe b

Puc. 2.2. O6paTHas CBsI3b 110 HAMPSHKEHUIO (),
oOpaTtHas CBsI3b MO TOKY (0).

I,

>_ <
- K zzmTU2

e
U
oce b

Puc. 2.3. Cmemannas no Beixoay OC

B ciiyuae mocienoBarenbHoii 00paTHO# cBsi3u (puc.2.4, a) Bxox 1enu K,
BHYTPEHHEE COMPOTUBJICHNE UCTOUYHUKA CUTHAJIOB Z 1 1 BBIXOJ 1IN b coenu-
HEHbI nocueaoBarenbHo. [Ipu aTom BxogHoe Hanpsikenue Uy, yeunurens K
MOJIy4aeTCsl B PE3yJIbTaTe CIOKECHUS HANPSIKEHUSI UCTOYHMKA curHana U, u Ha-
npsbkeHus: 0opatHoi cBsa3u Upc.
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B ciiyuae mapasuiesibHoi o0paTHo# cBsizu (puc.2.4, 0) Bxox nenu K,
BHYTpPEHHEE COMPOTUBIICHNE UCTOYHMKA CUTHAJIOB Z1 1 BBIXO/ LIenH b coenu-
HeHbl napamuiensHo. [Ipu 3tom BXoaHoe Hanpsbkenue Uy, yennurens K momy-
4yaeTcs B pe3yJbTaTe ClokeHUs TOKOB I} u loc Bo BXxonHOM nenu ycunurens K.

a)
11 71 %
) A
E1 N U1 Usx EZex K
tJoc ‘ >
] —<
- <
6) 1 z1 N
E1 N Usx EBx K
—
loc b _<
- <

Puc. 2.4. IlocnenoBarensHast oOpaTHas CBS3b (a);
napasuiesibHas oopaTHas cBs3b (0).

B ciiyuae cMemanHo# mo BXoay 00paTHoO# cBsA3M (puc.2.5) HaNpsoKeHUe
00paTHOM CBSI3M BBOJUTCS IOCIIEI0BATEIbHO-MIAPAICIBHO U MOJy4YaeTCs Yac-
TUYHO B pe3yJibTate cioxkenus HanpsokeHud Uy u Ugc, a 4acTUYHO B pe3yJibTa-
T€ CJIOKEHUA TOKOB I; 1 Ioc.

Ha puc. 2.6 B kauecTBe mpuMepa MpUBEACHA CTPYKTYpPHAsl CXeMa MHOT0-
nerJeBoi oOpaTHol cBs3u. 3aech neTist Ki-K,b aBnsiercs netneit oOmieit 00-
patHo# cBsi3H, a e Kb, u Kyb, — netnsamu MmecTHbIX 00paTHBIX CBsizeil. B
JAHHOM CJTy4ae Bce 00paTHBIE CBSA3W MOTYT OBITh OTPUIIATEIbHBIMU WJIM HEKO-
TOpBIE U3 HUX OTPHUIIATEIBLHBIMH, a IPYTHUE MOJ0KUTEIbHBIMU. B mociennem
clly4ae UMEeT MEeCTO KOMOMHUpPOBaHHAasi 00paTHast CBsi3b. He00X01MMO TOJIBKO
MOAYEPKHYTh, YTO OOIIast oOpaTHas CBSI3b B YCUJIUTEJIE BCET/Ia IOIKHA ObITh
OTPHULIATEIILHOM.
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Puc.2.5. Cmemannas 1mo BXoty oOpaTHasi CBSI3b

b1 b2

K1 K2

Puc. 2.6. MuoromnetneBas oOpaTHasi CBA3b

2.2. JKxeusanenmuule napamempul yCUauUmens ¢ 00pamHuoil céA3vio
DKBHBAJIEHTHbIE MapaMeTPhl BLIXOIHOM enu

2.2.1. Oopamnasn ceéa3b No HANPANHCEHUIO NOC1€008AMEIbHO20 MUNA

Ha puc 2.7 npuBeseHa CTpyKTypHas cxeMa 00paTHOM CBSI3U 110 HampshKe-
HUIO TocieaoBaTenbHoro Tuna. Kak BuaHo 13 pucyHka 2.7, nens b npeacras-
JICHA nenutesieM ZgZa.

BrixogHoe conpotuBieHue a060ro peaibHOro ncrounuka JJ[C u, B yact-
HOCTH, YCUJIUTENISI MOXKET ObITh 0OHAPYKEHO TOJIBKO MPU NPOTEKAHUM TOKA Ye-
pe3 ucrounuk. [loatomy koaddunuent nepegaun K' u BbIXogHOE CONMPOTHUBIIE-
HUE 7/ 5x YCUIIUTENS, OXBAYEHHOT'O OOpPATHOM CBSA3BIO, YI0OHO ONPESTUTh U3
3aBUCUMOCTH BBIXOJHOT'O TOKA I, OT BXOIHOTO HanpsixeHus: yCruinTens Uy,.
N300pa3umM cxembl 3aMEIICHUS] BBIXOHOU 1IENMU YCUIIUTENSI HE OXBAYEHHOTO
00paTHOM CBS3BIO 110 HAMPSKEHUIO (pUC.2.8, a) U OXBAYEHHOT0 0OpaTHOM CBSI-
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3b10 1O HanpsbkeHuto (puc. 2.8, 6). Ha cxeme puc.2.8, 6 K'y 11 7', — SKBUBa-
JICHTHBIC ITApaMETPhl BRIXOAHOM IETH MPHU HATWIUU 00paTHOM cBs3H. [ Ha

11
» 21

+

E'W_ U1T UB% ZBX K
« .
Uoc ’7

Zbl|l 74

Puc. 2.7. O6patHas CBA3b MO HANPSKEHHUIO
MIOCJIEZI0BATEILHOTO THITA

XOXKACHHS 3TUX KBUBAJICHTHBIX APAMETPOB HYKHO MEPEUTH OT HANPSKEHUS
U.x Kk Hanpspkenuto Uy, T.K. ©3MEeHEeHHe K03 (ULIMEeHTa YCUIIEHUS 3a CUET 00-
paTHOM CBSI3U MOXKHO OOHApPYKHUTh TOJBKO IO OTHOIICHHIO K HanpsbkeHuto Uj.

a

—_

KxxstT@ Z2 []Tuz

K'xxU 1T @ Z2 []Tuz

Puc. 2.8. CxeMbl 3aMeIIeHns BEIXOAHOM TN TI0 OTHOIIICHHIO K HaIpsI-
weHuto U (a); 1o otHomenuto k U, (0)

BrixogHoi#t Tok ycunurens paBeH J/[C SKBUBAIIEHTHOTO T€HEpaTopa, Jie-
JIEHHOM Ha MOJIHOE CONPOTUBJIEHUE LIETTN
: Kxx : UBX
2 = — .
Z. . +7Z,

BBIX

2.1)
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[Tpu vHanmuun OC BxogHOEe HanpsiKeHUe Uy, TPSAMON LENH yCUITUTEIA

Usx = Ui+ Uoc = Ui+ b+ Uy, (2.2)
rje Ko puimeHT oOpaTHOM CBSA3M b mpecTaBiseT coooit
. ’ . Z
b=—% wm b= 2B (2.3)
U, Z,+72,

Ucnons3ys (2.2) u umes B Buay, uro U,=I,7Z,, Haxoaum

° ® Kxx U1+ UOC Kxx U1+bU2 Kxx U1+b12 22
M KXX'UBX
I, = - - = (2.4
Z +ZZ Z +Z2 ZBBIX +ZZ ZBLIX +Z2

BBIX BBIX

B Bripaxenuu (2.4) U, paccMaTpuBaeTcst Kak BHIXOJAHOE HANPSKEHUE, T.€.
KaK HampspKEHUE Ha BBIXOJIE TPU MAaKCUMAJIbHO BO3MOKHOM COIPOTHUBIICHUU
Harpy3kH, T.e. npu Z, = co. PemuB ypaBHeHue (2.4) otHocuTenbHO I, momyunm

I = A — (2.4a)
Z +ZZ(I—KXX b)

BBIX

Z, SIBIIAETCS] CONPOTUBJIEHUEM HArPy3KH YCHIIUTEISI U1 HE MOXKET 3aBUCETh
oT ero napameTpoB. CrieoBaTeIbHO, YJIEH 3HAMEHATEsI, N300paKaroInii Co-

IPOTUBIICHHE HArPYy3KH, HE TOJDKEH cofepkaTth MHOKUTEND (1 — Kyb), moato-
My, IOJIEIUB YUCIHUTENb U 3HameHaTenb Ha 1 — Kb, monyuum

[=1"Kub (2.5)
ZBBIX
— 2 +Z,
=K b

Kak BusuM, CTpyKTypa 3TOTO BhIpakeHHs (2.5) aHAJIOTMYHA CTPYKTYPE BbI-
paxxenus (2.1) u COOTBETCTBYET cxeme 3ameleHus puc. 2.8, 6. CiegoBaTeabHO,

#: K'sx, (2.6)
I_KXX b

Z
—— =7 . (2.7)
1-K« b

Takum 06pa3om, BEIXOJHOE COMMPOTUBIICHUE YCHIIUTENS, OXBAYCHHOTO 00-
PaTHOM CBSI3bIO MO HAMPSHKEHUIO, ONPEIENAETCS BhIpaxeHueMm (2.7), a ero Ko-
s puImeHT nepeaaur B pexuMe X0JI0CTOro Xoa, T.e. Koraa Z, = oo, — BbIpa-
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x)enneMm (2.6). Koapdpunmuent nepegaum K'y, MOKHO Takke Ha3bIBaTh K03 du-
IUEHTOM II€pEeNauYd HEHATPYKEHHOTO YCUIIUTENS B TOM CMBICJIE, UTO NPU 7 =
00, BEIXOJHOU TOK I, = 0.

Ecnu ycunuresns ¢ oOpaTHOM CBS3bIO0 HArpy>KE€H COMPOTUBIICHHEM Z; < 00,
TO BBIXOJHOE HANpsDKEHUE ycrmiuTens Menblie 3kBuBanieHTHON D/]C K' U, Ha
BEJIMYMHY TAJICHUS HAIPSKEHUS HA BBIXOJHOM CONPOTUBIEHUH I, Zy . T1o-
3TOMY YCWJICHHUE HArpy>KEHHOT'O YCUJINTEIISI MEHBIIE YCUICHUS TIPpU Z,; = o0, T.€.

° : Ié,xx'z % XX Z I.<xx Z
K-P-omZom B 28
Ui mx T2 Kb —2+Z, Z,.. +ZZ(I—KXX bj
I_KXX b

Ho, xak BUIHO uX cxembl puc.2.8, a,

° ° Z Z

Kxx == KL—FZ. (29)

ZZ

Torna nocne npeodpazoBaHUil MOTYUYUM

. K

1-Kb

Crosimias B 3HaMeHarene Boipakenus (2.10) Bennuuna 1 — Kb HazwiBaeTcst
BO3BPATHOM Pa3HOCTBHIO M XapaKTepU3yeT U3MEeHEeHHE KOd(PPUIIMEHTA YCUIICHUS
K 3a cuer BnusHMS 0OpaTHOM CBSI3H, KaK 1O aOCOJIOTHOMY 3HAUYEHUIO, TaK U B
OTHOLIEHUH yria casura ¢a3. Bennunna Kb, kak 0110 yka3zano B 2.1, Ha3bIBa-
€TCs IETJIEBBIM YCUJIEHUEM, KOTOPOE T10 CYIIECTBY U ONPEACIISIET CBOMCTBA
cxembl ¢ OC. B camom fene,

Kb = Kel%pel® — Kbej(q)KﬂPb) (2.11)
3nech Qg U P, — YIIIBI CABUTA (pa3bl, CO37aBAEMbI€ YCHIIUTENIEM U LIETIhIO
00paTHOM CBSI3H.
AOGcoiioTHasl BEJIMYMHA BO3BPATHOM Pa3HOCTU

A=[1-Kb (2.12)

Ha3bIBACTCS IJIYyOMHOH 00OPATHOM CBSI3U U ONPEICIISIECT CTENICHh N3MEHEHUSI
KO3 (ppuIMieHTa YCUIIEHUS YCUIIUTEISI, BEI3BIBAEMOTO JICUCTBUEM OOpaTHOM CBsI-
3u. OOBIYHO ATy BEJIMYHMHY BBhIpaXkaroT B nenudenax kak A = 201gA.

Paccmotpum BnusHue netneBoro ycunenus Kb Ha xapakrep nerictBus
00paTHOM CBsA3U, UMEsI B BUY BhIpakeHue (2.11).

Ecnu cymmapHbliii pa3oBbIi CABUT, CO3/IaBAEMBbIN YCUITUTEIEM (P U LIETIHIO
00paTHOM CBA3M (P, PABEH HYJIIO, T.€. Pk + @p = 0, TO U3 BeIpaxkenus (2.11)
BuHO, uto Kb = Kbe = Kb, HHBIMH CIIOBaMU, HMes B Buay (2.10),
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K= &
1-Kb’
DTOT YaCTHBIN CIydail COOTBETCTBYET YHCTO MOJOKUTEIHLHON 00paTHOM
CBSA3H, IIPU KOTOPOU MojrydaeTcst HanboJbliee yBeanueHue kodphuunuenrta
YCHIJICHHS TIPH 3a1aHHO# Bemrunae Kb,
Ecin @k +@,=m, 10 Kb=Kbe™=-Kb uToraa, mves B Bumy (2.10)
> 4 K > !/
K'=——, 1e. K'<K. (2.14)
1+ Kb
JlaHHBIN YaCTHBIN CclTydall COOTBETCTBYET YMCTO OTPHUIIATEILHOM 00OpaTHOM
CBS3H, IPU KOTOPOI MOJydaeTcsi HauboJplIiee CHUKEHUE Ko puiuenra ycu-
JeHus py 3aJaHHoi BenuuuHe Kb.
PaccmoTpeHHbIe ciiydan SIBISIOTCS MPEIeTbHBIMU U COOTBETCTBYIOT HaU-
oonpiemy BiaussHUI0 OC Ha KOA(DPUITUEHT yCUITICHHUS.
Nwmes B Buay (2.7), 1715 YUCTO OTPHUIIATEILHON 00OpaTHOM CBSI3U 10 HAIpSI-
KEHUIO BBIPAXKEHUE ISl BBIXOAHOTO COMPOTUBIEHUS 7'y OYJIET UMETH BU/L:
4 _ ZBBIX
BEBIX 1+KXXb3 (2.15)
T.. OOC 10 HaNpsHKEHUI0 YMEHBIIAET BHIXOJHOE COMPOTUBJIEHUE B TITyOUHY
cBs3u pa3 A = 1+Kb.
PaccmoTpuM, Kak 3aBUCUT TITyOHHA OOpaTHOM CBSI3M A OT COMPOTHUBIICHUS

Harpy3ku Z,, umes B Buay (2.12) u (2.9).

re. K'>K. (2.13)

=1-Kx Lb ,

BBIX + Z2
T.c. ipu Z, =0 A = 1, uyro o3nauaer orcyrctBue OC, T.k. HanpsbkeHue Uoc,
MPOIOPIMOHAIBLHOE BBIXOJIHOMY HANPsLKEHUIO U,, paBHO HYJIIO.

I[lpu Z, =0 A= | 1-K«b | , T.€. IeUCTBUE 00paTHOM CBSA3M Ha BenuMunHy K
noytyyaercst HauoonbImuM. OU3NYECKH TaKasi 3aBUCUMOCTh A OT Z, 0ObSICHSET-
Cs TEM, 4TO B paccMaTpuBaeMoM ciydae HamnpsbkeHue OC mponopruoHaILHO
BBIXOJTHOMY HaNPsDKEHUIO, KOTOPOE JOCTUTaeT HauOOJIbIIeH BEIMYMHBI B pe-
KM€ XOJIOCTOTO X0/1a (Z, = 00) ¥ paBHO HYJIIO B PEKUME KOPOTKOTO 3aMbIKa-
Hus (Z, = 0).

N3 cka3aHHOTO BBITEKAET CICAYIOUIUNA MPAKTUYECKUHN CIIOCO0 OnpeiesieHus
BHJ1a 0OpaTHOM CBSI3HU: €CJIM NMPH 3aMbIKAHUN HAKOPOTKO BBIXOAHbBIX 32:KH-
MOB YCHJIMTEJIS 00paTHas CBA3b MCYe3aeT, B YCUJINTE/Ie IPUMEHeHa 00-
paTHas CBA3b N0 HanpsikeHU10. [[pumepoM cxeMbl, B KOTOPOH €CTh OTpUIIA-
TeJbHast 0OpaTHAs CBSI3b M0 HAMPSHKECHUIO TTOCIIEI0BATEILHOTO THIIA, SBIISCTCS

A=[1-Kb

* (V3 vy
) [Ipeanonaraercs, 4To U3 coobpaxenuii ycroitumpoctn Kb<l.
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KacKaJl IMPH BKIIOYCHUH TPAH3UCTOPA C OOIIUM KOJUICKTOPOM HITH SMHUTTEPHBIN
noBTOopuUTENH (pHC. 2.9).

2.2.2. Oopamnas ceéa3b no MoKy nocie0068amelbH020 muna

Ha puc. 2.10 npuBenena cTpykTypHas cxema yCWINATENSA, 0XBAa4EHHOI0 I0cIe-
J0BaTENbHOM 0OpaTHOM CBs3bIO N0 TOKY. [10CKOIBKY CONPOTUBIIEHHUE Zy, C KO-
TOPOTr0 CHUMAETCs HanpsbkeHue oopatHoit cBsa3u Upc, IPONOPIHMOHATIBHOE BbI-
XOJIHOMY TOKY, ABJISIETCSI OOIMM Kak JUIsl BBIXOJHOM, TaK U BXOJIHOM LENH,

o+E|<-ﬁ_

R , -

CBX VT
("‘ﬁ Cc
U1 ' (+) H
Rb Ral| Uoc U2 RH

o .

U
Puc. 2.9. DMUTTEpHBII TOBTOPUTEND | b = UOC =1
2

11
» Z1

12
] «
N A
Uuz
eu1  Usq Eex k 22
‘ |

Uoc ’7

ZcB

Puc. 2.10. CtpykTypHas cxema 0OpaTHOU CBSI3U 1O TOKY
MOCJIEI0BATEILHOIO TUIIA

HEOOXOAUMO BBIIOJTHUTD YCIOBUE Zoy << Zj, Zcy << ZLpxk, Loz << 7Z; C TEM,

YTOOBI Z; HE OKA3BbIBAJIO 3aMETHOI'O BIUSHUS B BBIXOAHON U BXOJHOH IIEIISIX.
Hcnonp3ys N0ruKky aHaiausa cxemsl puc. 2.10, aHAIOTHYHy10 TOW, YTO MpH-

BeJicHa B TyHKTE 2.2.1, n300pa3um JBE CXEMBbI 3aMEIEHUS BHIXOIHOM 1IETIH:
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a) M0 OTHOIIICHUIO K HAMPSDKEHUIO Ha BXOJE Usy;
0) 1o oTHOIIEHHUIO K HanpsbkeHuto U; ¢ yueToM oOpaTHOM CBA3H.
OTH cxeMbl pUBEICHBI Ha puc. 2.11.

a) ZBbixg_2

| — |
|

KxxstT@ 22 []Tuz

nyuﬁzzg ZzﬂTU2

Puc. 2.11. Cxemsl 3aMenieHus BbixoaHoH nenu rnpu OC nmo ToKy mnoclie-
JIOBATEJIBLHOIO TUIIA; TTO0 OTHOWIEHUIO K U, (a); 110 oTHOmIEeHuo K U, (0)

Crnenyst MeToly, IpUMEHSIBIIEMYCSI B ITyHKTE 2.2.1, onpenenum BbIXOIHON
TOK KaK

.o K| Ui+ U

i KXX‘UBX ( 1 Ocj

2 = =
Z +72,+7Z, Z

BBIX

) 2.16
+Z,+7Z,, ( )

BBIX

Kak BumHO n3 cxemsl 3amenenus (puc. 2.11, a), Ugc = 1L,Z,. Torma

Kxx(U]'i‘ I2 ZCB)

I = : (2.17)
ZBLIX + ZZ + ZCB
Pemmas nmosryyeHHOE€ ypaBHEHUME OTHOCUTEIBHO I, nMeeM
Kxx : Ul

I =

— (2.18)
Z . +7Z, +ZCB(1—KXXJ

BBIX

B Beipakenuu (2.18) koapdunuent npu Z, paseH eaunuiie. CienoBarelib-
HO, OCTaJIbHAsl YaCTh 3HAMEHATEISI TIPEICTABIIIET COOOM BBIXOAHOE COMTPOTHB-
JICHUE YCUIIUTEISI C 00paTHOM CBA3BIO 1O TOKY, T.€.

Z’BLIX: ZBLIX+ ZCB(1 - Kxx) (219)
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Koaddumuent ycunenuss COOCTBEHHO YCHUIUTEIIS HE H3MEHSICTCS TIPH BBE-
JIEHUU CBSI3M 110 TOKY, T.€. K/ = Ky .

AHaornyHo BeipaxkeHuto (2.8) Hanuiiem dhopmyiy s koddduimenTta
YCUJICHUS HATPYKEHHOTO YCHIIUTEIIS
L g
Z +7Z,

BBIX

K, = K,xx 22

. (2.20)
ZBLIX + 22 + ZCB (l - Kxxj

[Toncrasisis B (2.20) Beipaxkenue aiis Ky, monyueHHoe aHanoruyHo (2.9),
uMeeM
. L t2,+7Z

K, =K—= U TOrJa
Z2

*Z +7,+7

K BBIX Z2 CB Z2

K = 2 . 2.21)
L. +1,+7
ZBLIX +ZZ + ZCB _K o : = ZCB
Z2

[TonenuB ynucauTeNb U 3HaMeHATEb BhIpakeHus (2.21) Ha Zyyx + Zo + Zes,
MOJTYy4YUM

K'= #, (2.22)
1-Kb
rjae KodPuiueHT oOpaTHOM CBSI3H b=—%=.

ZZ

Takum 00pazom, KO3(PGUIIMEHT TIepeIauu M0 HAMPSHKEHUIO MPU HATUYUU
00paTHOI CBSA3M MO TOKY MOCJIEIOBATEILHOTO TUIIA OKA3bIBAETCS TAKUM K€, KaK
U TIPY HAIMYUW OOpAaTHOM CBSI3U MO HAMPSDKEHUIO MTOCIIEI0BATEILHOTO THUIIA.

Kaxk BugHo u3 (2.19) oTpuniarensHas oOpaTHas CBsI3b IO TOKY (€CIIU CBS3b
oTpuuarenbHas, To nepen Ky, Oyaer 3Hak +) B IpOTHUBOIOIOKHOCTH OTPHUIIA-
TEJILHOW 00paTHOM CBSI3U MO HANPSHKEHUIO (CM. BeIpakeHue (2.15)) ypenuyu-
BAET BBIXOJIHOE COMPOTUBIICHUE YCUIIUTES.

3aBMCHMMOCTD IJIyOMHBI 00PATHOW CBSI3H A OT CONPOTHBJICHUS HATPY3-
KM Z; KaK U B ITyHKTE 2.2.1, mpoaHanu3upyeM Il ABYX PEKUMOB: KOPOTKOTO
3aMBIKaHUS U XOJIOCTOTO XO/a B LIEMHU HArpy3KH.

o o ° Z Z ° Z
Azl_Kb:]._Kxx 2 cb :l_KXX —~ ‘7
BBIX +ZZ +ZCB ZZ ‘ ZBBIX +ZZ +ZCB
. Z .
ecmm/Z,=0,T0 A=]1-Kx« —CZ , AMEET HAUMEHBIIYIO BEJIUUUHY IS
BBIX + CB
I[TOC u man6osbmyto aist OOC.

I[lpu Z=0 A=1,1k. L=0uUyc=0, 1.e. OC OTCYyTCTBYET.
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Ecan npu pa3sMbIKaHUM BBIXOHBIX 32:KMMOB YCHJINTEJIS 00paTHasA
cBs3b ucuezaetT (Uogc = 0), 3HauuT B ycuiuresie npumenena OC nmo Toky.
Ha puc. 2.12 nan npumep cXembl YCHIUTEIIBHOTO KacKajia, B KOTOPOM HMEET
MECTO OTpHIlaTeIbHasi 0OpaTHas CBSI3b IO MEPEMEHHOMY TOKY, KOTOpasi 00pa-
3yeTcs 3a CUET TOr0, UTO PE3UCTOP B 1enu sMuTTepa (R,) HE NIyHTHpYyETCS eM-
KOCTBIO U Ha HEM co3ziaetcs najenue Hanpsokenus (Uoc), TpOnopHHOHAIBHOE
BBIXOJHOMY TOKY, T.€. TOKY KOJUIEKTOPA.

0+E|<-01-

Puc. 2.12. IIpumep cxeMbl ¢ OTpULIaTeIbHON 00paTHOM CBA3BIO MO TO-

2.2.3. Oopamnas ceéa3b6 N0 HANPA}HCEHUIO NAPATLTEIBHO20 MUNA

Ha puc. 2.13 uzobpaxkeHa CTpyKTypHasi cxema oOpaTHOM CBSI3U MO HAMpsi-
KEHUIO MapasuIeIbHOTO THUIIA.

11 ! 12
> Z1 <

TU1=UBXZBX K - £2 TUZ

IocT
b
Za

Puc. 2.13. O6partHas cBsi3b 0 HAIPSIKEHUIO TTapajIjIeIbHOTO THIIA.

Kaxk BusHo u3 puc. 2.13 nens oOpaTHOI cBsi3U b mipeacTaBieHa pe3ucTopoM
Z . llpu 3TOM HEOOXO0AUMO, UTOOBI COOCTBEHHOE BXOJIHOE COIPOTUBIICHHE
yeunuatens Zg >> Za. Kak BunHo u3 puc. 2.13, U; = Uy, KOTOpOE mosryyaercs
KaK MaJICHUe HaIpshKeHUs, co3aaBaeMoe Tokamu [ u loc Ha conpoTuBiieHNN
7.
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PesynbTupytomuii Tok I, v Hanpsikenue Uz, MOTYT OBITh HalICHBI METO-
JIOM CYIIEpIO3UIINHN, KOTOPBIM CIPABEJIMB B TOM ClIy4dae, Korjaa reueparopsl E,
u U, B3aUMHO HE3aBUCHUMBI. B TaHHOM Cily4yae 3T SKBUBAJIEHTHBIE T€HEPATOPHI
MO>KHO CUMTATh B3aUMHO HE3aBUCUMBIMH B TOM CMBbIC]IC, 4TO U, MOSBIISICTCS 3a
CYET MECTHOTO MCTOYHHUKA uTaHus. Takum oOpa3om, SKBUBAJICHTHAs CXeMa,

TI03BOJISIONIAS MPOU3BECTH aHAIM3 METOAOM CYIIEPIO3UIINN, OyIeT UMETh BU]
(puc. 2.14).

loc
n, z1 Za 4
I'BX| | |I"BX

+

(&) B @ U2

Puc. 2.14. DxBuBaJIeHTHas cxema JIJIs aHan3a o0paTHOM
CBS3U

Onpenenum cHavana Tok I, cuuras U, paBHbIM 0

I = FZ _ (2.23)
Zl + BX A
Z +7Z,
OTHo1IEHHE TOKOB OMPEICIIUM KaK
ZBXZA
I'BX:ZBX+ZA __Z, . (2.24)
Il ZBX ZBX + ZA
Hatinem tenepp Tok loc, cunras E; =0
. U
Toc = 2 . (2.25)
ZBXZI
L, +——"——
Z +Z,

OtHomienue TokoB 1", 1 Ioc onpenenum aHanoruyHo npeasiayiemy (2.24)
Kak

ZBXZI
”BX _ ZBX +Zl _ Zl . (226)
i ZBX ZBX + Zl
oC

Bxonnoit Tok I (puc.2.14) paBen cymme TokoB 'y u Iy, T.e.
Iix =15 + I'"5x, aBXOaHOE HampsKEHUE
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Uns = Lux Zoy. (2.27)
[ToncraBuB 3HaueHUs TOKOB Iy, u 1"y, HalineHHsIe U3 (2.24) u (2.26), B
BbIpakeHue (2.27) u Mpou3Be/isi COOTBETCTBYIOIINE TPeoOpa30BaHUsI, TIOJTYUUM
0o Z,Z,, ; Z,Z, '

U =

+
ZBXZI +ZAZI +ZBXZA 1 ZBXZI +ZAZI +ZBXZA (228)

=aEi+bU, =U;+ Uoc.
B nannom ciyuae U; u Uge — cocTaBisironye najaeHus HanpsKeHus B OJ1-
HOM M TOM K€ CONPOTUBIECHUU Zyy, T.K. B 3TOM COMPOTUBJIIECHUU MMPOUCXOIUT
CIIO’KE€HHE TOKOB.

[IpoBepum, uTO O = [.Jl , a b= U.OC :
E: U
JlelicTBUTENBHO, HETIOCPEICTBEHHO U3 cXeMbI (puc. 2.14) BUAHO, YTO
Lol
u_  Z,+Z, Z .7, —(.x
b ZnZa vz, LZatZZyHZ,Z, '
Z +Z,
ZBXZI
Z +Z 7z 7 .
U.OC == s =b. (2.29)
I_J'2 ZBXZI+ZA ZIZBX +ZIZA +ZAZBX
Z +7Z,

Takum oOpa3zom, kodpumueHT 00paTHOM CBSI3U b MpH NMapaieJbHOM
BBEJICHUM O0PATHOM CBSI3M 3aBUCHUT OT Z,;. DTO SIBISAETCS CYIIECTBEHHBIM He-
JIOCTaTKOM TapaJlieIbHON 00paTHOM CBSI3H, T.K. PU 3aMEHE TPAH3UCTOPOB WU
JaMI B Kackaje, MpealIeCTBYIOIIEM MeTiie 00paTHON CBsI3H, a TAaKXKe MPHU BO3-
oyxaenuun ycunurens ¢ OC oT pa3iIuyHbIX HCTOYHUKOB, U3MEHSETCA TTyOrHa
napasuiesibHOM 0OpaTHOM CBSI3H, @ 3HAUYUT U YCUJICHUE BCEH CUCTEMBI.

B cBs3u ¢ TeM, 4TO IIpu NapasuieIbHOM BBEJICHUN 00paTHOM CBS3U MPpHU
Z,=0 b=0 (2.29), T.e. oOpaTHast CBA3b OTCYTCTBYET, CICIYET OMPEACISITH HE
koddurment ycmienus no otHomenno k U; (K'y), a koaddunuent ycunenus
no otHomeHuto K IJIC ucrounuka (K'g), mpuHsAB 3a UICXOJHYIO BEIUYUHY
CKBO3HOU K03 puiment nepenaun ycunurens Kg.

[Ton SKBUBAJICHTHBIMU MapaMETPAMU BBIXOJHOU IENU CIAEYET TOHUMATD
K'gxx 1 Z' gixu, THE Z'yx — BBIXOAHOE COMPOTHUBIIEHUE, ONIPEAECIEHHOE C YYETOM
Z,#0.

Hcnonb3ys aHanu3, aHaJIOTUYHBIA TOMY, KOTOPBIN ObLI IPOJIeNIaH B TyHKTE
2.2.1, HalizeM nmapameTpbl BBIXOJHOM LETH
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K'bxx = L (2.30)
I_KUXX b
n
Z;LIXU :@’ (231)
I_KUXX b

CkBO3HOM KOA(DPUIIMEHT Nepeadyn Harpy>KeHHOT0 YCUIIUTENS IPU HAJIU-
YUy 00paTHOM CBS3M MO HANPSHKEHUIO NapalIeIbHOTO THIA BBIPA3UTCS KaK

Kp=—SF (2.32)
1-Kub
JI71st 4MCTO OTpUIIATEILHON 00paTHOM CBsI3H, yunuThiBas (2.11) u (2.14),
Kip= o8 (2.33)
1+Kub

Mexanu3M u3MeHeHHs1 CKBO3HOTO Kod(duimenTa nepenaun K'g 3a cuet
BIIUSIHUSI OOPATHOM CBSI3M COCTOUT B TOM, UTO MpU Heu3MeHHoM E; mpoucxoaut
n3MmeHeHue HanpsikeHus U; = Uy, KOTOpoe Mpu oTpUllaTeIbHON 00paTHOM CBS-
31 YMEHBIIIAETCS], a MPHU MOJIOKUTEIBLHON 00paTHOM CBSI3U YBEJIMUMBACTCS.

3aBUCHUMOCTD ITYOHMHBI OOpaTHOM CBSI3M A OT CONPOTHUBIICHUS HATPY3KH Z,)
MOJTy4aeTcsl TaKOU Ke, Kak U B CiIydyae 0OpaTHOM CBSI3U MO HAMPSHKEHUIO T0-
cnepgoBaTenbHOro Tuna. Ha puc. 2.15 npuBeaeH KOHKPETHBIN TPUMED CXEMBI, B
koTopoit umeet Mecto OOC 10 HANPSIHKEHUIO TTapaJIEIBHOTO TUIIA 34 CYET TO-
ro, 4TO C BbIxoja (pe3uctop Ryg) uepes R, yacth HanmpsieHUs OAAETCsl Ha
BXO/]1 B MPOTUBO(A3€ C BXOTHBIM CUTHAJIOM.

Puc. 2.15. OTpuniatenbHas oOpaTHas CBSI3b
TTO HATING KEHUTO TTanannmemThrHOTO TUTIA
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2.2.4. Dxeueanenmmuoe 6xo0Hoe conpomueieHue yCuiumens ¢
00pamHuoil Cé:a3b10

IlocnenoBaTenbHOE BBeAeHUE OOPATHOM CBA3H
Kak BunmHO 13 puc. 2.4, a, rie NpUBEJACHA CTPYKTYPHAS CXeMa MOCIEI0BA-
TenbHOro BBeneHus: OC, BXOJHOE COMPOTUBIIEHNUE MOKET OBITh BHIPAYKEHO Kak

z =9 (2.34)

I

puieM,
° ITJBX
I = 2.35

= (2.35)
Kaxk HU3BECTHO, UBX:U1+U0C:U1+bU2:U1+KbUBX. (23 6)
Pemas (2.36) ornocutensho Uy, umeem  U;=U (1 — Kb). (2.37)

CrnenoBarenibHO, UMest B BUy (2.34) u (2.35)

[.J U s« [1 -K bj

1

' — —

ZBX T e - o ZBX >
Il U BX

T.C. BXOOHOC COIIPOTUBJICHHUEC IIPHU HATUYHNHN O6paTHOﬁ CBs3U ITOCIICA0OBATCIIBHO-

'O THUIIA

7 = sz(l—f(Bj . (2.38)

Jnst yucro orpurniatensHor OC, umes B Buay (2.14),
zZ,, =7, (1+Kb), (2.39)
T.€. Ipu nocaeaoBaTeabHoM BBeleHMH OOC BXOJHOE COTPOTUBIICHHUE YCHIIH-
TeJs Bo3pacTaeT B IryOuHy cBs3u pa3 (A = 1 + Kb), T.x. mpu ToMm ke Toxke I
Hanpstkenue U, B (1 + Kb) pa3 6onbmie Hanpsixenus Ug,. B aToM 3akmouaercs
OJIHO M3 MIPEUMYILECTB nocyeaoBaTeabHoro Beeneauss OOC.

MapamseasHoe BBeaenue OC.

Ha puc. 2.16 npuBeaena cxema napayuienbnoro BeeaeHus: OC. Lens 00-
PATHOM CBSI3U IIPEACTABIIEHA PESUCTOPOM Z . Y CIIOBUE Zyy >> ZiA TOIKHO CO-
omonatecs. [Iponenas ananus cxemsl puc. 2.16, aHaIOTUYHBIN TOMY, YTO TIPO-
U3BOJWIICS B MMyHKTE 2.2.3, MOJIy4nM 00111ee BBIPaXKEHHUE JJIs1 BXOJTHOTO COIPO-
TUBJICHUS NPU NapajyieabHoM BBeaeHnn OC, a HUMEHHO
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1 /
| S | \

Puc. 2.16. IMavamrensaoe BBeneHue OC

7 =Ltk 5o (2.40)

A +ZBX(1—I'<EJ )

HNHTepec npencTaBisitoT YaCTHBIE CIy4Yan, KOTOpPbIE, KaK MPaBUiio, BCTpe-
YaloTCs Ha MPaKTHKE.

1. Ilpn Z,\Kg <<Zy, Z, << %—A, T.e. Z) <<Z,, HO npu manoM 7Z; Kg = Ky
KEe
U TOr1a
ZAZBX

Z = z_ . (2.41)

zA+zBX(1—KUj

2. Ilpu uncro orpunarenbHord OC U aKTUBHOM XapaKTEpEe CONMPOTUBICHUN

L.R
R - R,R, _I+Ky 7 (2.42)
"R, +R,(I+Ky) Ry o '
1+K, 7

CtpykTypa BeipaxeHus (2.42) mpecTaBiseT co00i SKBUBAIICHTHOE COITPOTHUB-
JICHWE JBYX MAPAIUICIIBHO BKIOUEHHBIX CONTPOTUBIIEHUM, T.€. MapauieabHO Ry
R
OKa3bIBAETCS MOAKIIOUYECHHBIM ﬁ , UTO MIPUBOJIUT K OOIIEMY YMEHbBIIICHHIO
+
U

BXOJHOTO cornpotusieHus npu Hamnunuu OOC napauieabHOro Tumna. Y MeHb-
[I€HUE BXOJIHOT'O COMTPOTUBIICHUS SIBJISIETCSA CYIIECTBEHHBIM HEJOCTATKOM Ta-
paJUIETbHOTO BBEACHUSI 0OpaTHOM CBA3M.
3. IIpu Ry = oo, BeIpakeHue (2.42) npuMeT BUJ
R! = Ry , (2.43)
1+ Ky
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T.€. BXOJHOE COMPOTHUBJIEHUE 3aBUCUT TOJIbKO OT BHEIIIHETO pe3ucTopa R u
koahpuImeHTa ycuieHus.

B tabnune 2.1 npuBeneHsl S5KkBUBaNICHTHBIC MapaMeTpsl yeunutens ¢ OOC
Pa3IMYHBIX BUIOB, KOTOPbIE MOTYT OBITh MCIIOJIb30BAHBI JIJIs1 MHKEHEPHBIX
pacyeToB.

Tabmuma 2.1
DKBUBAJICHTHBIE TTAPaAMETPhI YCUITUTEISI
C OTpHIATEILHON 0OPAaTHOM CBS3BIO PA3TUYHBIX BHUIOB

OOC no HanpsKeHUI0 , R, Ky
nocnezl()BaTenLHIgro THIA. " 14K, b S K b ’
= ——"—=const R, =R, (1+K,b})

R, +R, A = 1+Kyb — He 3aBucur ot R
OOC no TOKY R'BBIX: RBLIX+RCB(1+KUXX);
MOCJIeI0BATEJIbHOI0 THIIA. , Ky
R YT 1+K b
b = RCB = const R'BX: RBX(1+KUb);
2 A = 1+Kyb — He 3aBucur ot R;.
OOC no HanpsiKeHUI0 P T ST
napaJJieJibHOr0 THIIA. L K, b F 1+ K b’
= RR, = const m o
RR, +R,R, +R,R, R’ = ”RKU :
RBX R S
1+K,
A = 1+Kyb — 3aBucur ot R,

2.3. Cmaounuszupywuiee oeiicmeue ompuyameabHoil 00paAmHOU CeaA3U

Paccmotpum Brnusare OC 1o HanmpsKEHUIO Ha U3MeHeHne Ko duiinenTta
yCWJICHHS TI0 HanpsbkeHuto K, cuuTasi CBA3b YUCTO OTpUIIATENbHOU (g + @p =
7), BennurnHy K — BelecTBeHHOM, a BeTUYMHY b — BEIIECTBEHHOM U MOCTOSH-
HOM. IIpym aTHX yCIIOBUAX

, K dK' 1
K:—; = 5
1+ Kb dK (1+Kb)
WJIN, TaK KaK
K __K KK
1+Kb K’ dKk K 1+Kb’

Orcrona noyyaem
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dK' dK 1 dK 1

=—. =—._. (2.44)
K' K 1+Kb K A

K .
MHOXUTEND a B BblpakeHuU (2.44) npeacrasisieT cOO0KH OTHOCUTEIBHOE

n3MeHeHnne korddunnenta ycuinenus. Kak sugno u3 (2.44) orpuniarenbHas 00-
paTHasi CBS3b 0 HAMPSHKEHUIO YMEHBIIAET OTHOCUTEIIBHOE U3MEHEHUE KOA (-
bulMeHTa YCUJIECHHUS, BRI3BAHHOE KAKUMU-JIMOO0 JeCTa0OUIN3UPYOIUMH (haKTo-
pamu, B TryOuHy cBsizu pa3 A = 1 + Kb.

Ousndecku cradbmnmsupyromiee aeiictBue OOC 00bICHICTCS U3MECHSHUSIMUA
rIyOuHBI 0OpaTHOM CBSI3U A, BBI3BIBAEMBIMU U3MEHEHUSIMU KO3 hUIIEeHTa
ycwiieHus K. Tak, npu yMEHbIIEHUN CONIPOTUBJICHUS HArpy3KU Z, YMEHBIIIACT-
cs K, uto mpuBoauT K ymeHblieHuto riayounsl OC — A, a 3To BelIeT K YMEHb-
meHuto cHukenus K.

2.4. Ycmoituueocms ycunumeneii ¢ 00pammoil cé:A3b10

K

1-Kb
JI€HUS TMHEHHOM CUCTEMBI C OOPaTHOM CBSI3bIO B YCTAHOBUBILIEMCS PEKUME,
CIeAyeT: IpHU 3HaYeHUU TetieBoro ycuieHus Kb = 1 koadunuent ycunenus
CUCTEMBI CTAHOBUTCSI O€CKOHEYHO OosibIuM. [Ipy 7TOM HUYTOXKHO Majioe
BXOJIHOE HaIPsKEHUE YacTOThI, i1 KoTopoit Kb = 1, nomxHo nmpuBecTH K 1o-
SIBJICHUIO Ha BBIXOJIe OECKOHEYHO OO0JIBIIOr0 HAMPSKEHUSI 3TOM 4acToThl. B
JNEeUCTBUTEILHOCTH BBIXOIHOE HAIPSDKEHUE HE Oy1eT OECKOHEUHO OOJIBIINM,
OrpaHWYMBAACH AMIUIUTYIHON XapaKTEPUCTUKON CUCTEMBI.

Tak kak Ha BXoj€ J1I000M CUCTEMBI UMEETCS HANPSXKEHUE TETUIOBBIX U JIPY-
TUX IIIYMOB C HEMPEPHIBHBIM YACTOTHBIM CIIEKTPOM, TO Ha BBIXOJI€ CUCTEMBI C
Kb = 1 naxxe mpu OTCYTCTBUM BXOJJHOTO CUTHAJIA MOSBIISIFOTCS SJIEKTPUICCKUE
KOJI€OaHMS 4YaCTOTHI, JI1 KOTOPOW METIEBOE YCUICHHE PABHO €UHUILIE. DTO
SIBJICHHE HA3bIBAIOT CAMOBO30Y KICeHUEM CHCTEMbl.

CamoB030yIUBIIIAsACS CUCTEMA HE MOKET YCUIIMBAThH 110J]JaBAEMbIC Ha €€
BXO/]I 3JIEKTPUYECKHUE CUTHAJIBI, T.K. OHA OKa3bIBACTCS 3arpy>KEHHON COOCTBEH-
HbIMU KosieOaHusIMU. [103TOMY U1l yCUITUTENBHBIX YCTPOUCTB CAMOBO30YKIe-
HUE€ HENOIYCTUMO, U €T0 NTPENOTBPALLEHUE SIBISETCS OHOW U3 OCHOBHBIX 3a-
Ja4 MPOEKTUPOBAHUSI YCUITUTEJIEH C 0OpaTHOM CBS3BIO.

YcTolunBOM B OTHOIIEHUU CaMOBO30YKACHUS YCUIIUTEIbHON CUCTEMOM
CUMTAIOT TaKyl0, KOTOpasi HE MOXKET CaMOBO30YIUTHCS B DKCILTYaTaIIHOHHBIX
ycioBusiX. BBUy TOro, 4TO B 9KCIUTyaTallHOHHBIX YCIOBUAX KOADPUITUEHT
YCWJICHUS] YCUIIUTENS U €r0 YaCTOTHO-(pa30Bast XxapakTepUCTUKA MOTYT U3Me-
HATBHCS, JIJ1s1 00€CTIeUeHUs] YCTOMYMBOCTH CUCTEMBI HEOOXOIUMO UMETh 3a1ac
Kak 1o MojyJito Bekrtopa Kb, Tak u no ero ¢ase.

N3 BeIpakeHus K'= (2.10), onpenenstoiiero KO3PGUIMEHT YCH-
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B ycunuTenbHBIX yCTPONUCTBAX C OTPULIATEILHOM 0OpaTHOM CBA3BIO BBE/E-
HUE CKOJIb YTOJHO TITyOOKOH 00paTHOM CBS3M Ka3aJIoCh ObI HE MOYKET BBI3BATh
caMOBO30Y>KJI€HHSI, T.K. IIPU TOM 3HaMeHaTeNb BeIpakeHus (2.10) momoxuTre-
JIEH ¥ mpeBbIlIaeT eaquuuily. OaHaKo Ipu TOMOJHUTEIHHOM (Da30BOM CABUTE
uenu Kb Ha +7 ( B 3TOM ciiydyae cyMMapHBbIil CABUT COCTAaBUT JIMOO0 27 1160 0)
oTpullaTeIbHas 0OpaTHas CBs3b MPEBPAIAETCS B MOJOXKUTEIBHYIO U, €CIIH MPU
stom Kb = 1, ycTpoiicTBO caM0oB0O30y aaeTCs.

BBumy Toro, 4to nonoaHUTENbHBINA (Pa3oBeii caBUT 1ienu Kb mocturaer nt
0OBIYHO 3a IpeneaaMu padoyel MoIOCkl YaCTOT, CAMOBO30YKICHHUE YCUITUTENS
¢ OOC 00BIYHO UMEET MECTO HA OYCHBh HU3KHUX MJIM OYE€Hb BHICOKHX YaCTOTaX,
BBIXOJISIIIUX 32 MpeJebl paboyel MoJ0Ckl 4acToT.

PacdeT ycTOMYMBOCTH BBITIOIHSETCS HA OCHOBE TaK HAa3bIBAEMbIX KPUTEPH-
eB ycroiiunBocTu. Hanbosnee yao0HBIM U1 pacueTa yCTOWYUBOCTH YCUITUTE-
neu siBisgeTcsa kpurepuin HaiikBucra.

Kputepuit HalikBrcTa 1151 OTHOIIETIIEBOI 0OpaTHOMU CBsI3U (hOPMUPYETCS
tak. Ecnu nonspras auarpamma Bekrtopa Kb, nmpeacrasinstomnias co0oit reomer-
pHUUYECKOE MECTO TOYEK, COOTBETCTBYIOIIUX MEPEMEIIICHUIO KOHIIA 3TOI'0 BEKTO-
pa Mpu U3MEHEHUU 4acTOThI OT 0 O 00, HE OXBATHIBAET KPUTUUECKOU TOUKH C
koopauHatami (+1;J0), To cuctema ycroiuuBa. Eciin ykazaHHas Touka HaXxo-
JUTCSI BHYTPHU KOHTYpa MOJISIPHOM AMarpaMmbl, TO CUCTEMa HEYCTOMYNBa, U
BO3HMKaET reHepanusi. KoHTyp noisipHoi [uarpaMmbl Ha3bIBAIOT TAKXKE o0~
rpa¢gom BexrTopa Kb.

Ha puc. 2.17, a Touka ¢ koopaunatamu (1;0) nexxut BHyTpH rojorpada
BekTopa Kb amsa nuanasona yactoT ot 0 10 00, M TOITOMY CUCTEMA HEYCTOMYH-
Ba, T.K. JUISl 4aCTOThI, COOTBETCTBYIOIIEH MepeceUeHuIo rojorpada ¢ ropu3oH-
TaJbHOU Oochio TIpaBee ToukH (1;0), mpousBenenue Kb BernecTBeHHO U TPEBHI-
IaeT €IMHUILY, a, CJICIOBATEIIbHO, JIJISl ’TOM YaCTOThI BHIMOJIHSIETCS YCIOBUE
CaMOBO30YKJICHHUS.

a) JKD 6) iKb

B.4. 00X0X SN B.4. 00XOII AN

o0

Kb

N
)

H.4. 00X0nI H.4. 00X01

Puc. 2.17. llonapuas quarpamma Bektopa Kb
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Kaxk BugHo u3 puc. 2.170, Touka ¢ koopauHatami (1;0) gexuT BHE ykazaH-
HOTO Togorpada, a 3Hauut cucrema ¢ OC ycToiunBa, T.K. 4aCTOTa, JIJIsl KOTO-
POl BBITIONHSAETCS YCIOBUE CaMOBO30YKICHHS, HE CYIIIECTBYET.

[Tonydenue yCcTOMYMBOM pabOTHI YCUITUTEIS C OTPUIIATEIIbHOM 0OpaTHOM
CBSI3BIO BCTpEUAET T€M OOJIbIIINE TPYIHOCTH, YeM OoJbIle riyOnHa oOpaTHOU
cBsa3u Ag= 1+ Koby 1 uem Oosbllee YUCIIO KaCKaJ0B €10 OXBATLIBAETCS. JTO
OOBACHSIETCS TEM, UTO MIPHU OOJIBIION BEJIMYUHE ITyOMHBI OOpaTHOM CBS3U Ha
cpeaHel yacTtoTe A JUisl CO3/IJaHKsI HEOOXOIUMBIX 3allacOB YCTOMYUBOCTH MO
YCUJIEHUIO TpeOyeTcs 00Jiblllasi KpyTU3HA €ro crajaHus, MPUBOISIIAs K pe3KO-
My U3MEHEHHIO (P + @p). B TO ke Bpemsi HeoOX0AMMbI€ 3anachl YCTOMYHUBOCTH
110 MEpE YBEIMYEHHUS YKCIIa KaCKaJ0B, ECTECTBEHHO, BO3PACTAIOT.

KoHTpoJibHBIE BONIPOCHI

1. Yro Ttakoe OC?

2. Kak kmaccudpumupyercs OC?

3. Korna obpazyercss OC 1o HanpsHKeHHIO?

4. B xakom ciyuyae BozHukaetr OC 1o Toky?

5. Yro Takoe nocienosarenpHas OC?

6. Uro takoe nmapamiensHas OC?

7. Kaxk BnuseT Ha cBoricTtBa ycuiurener ¢ OC nerneBoe ycuiaeHue?

8. Urto Takoe yucro otpunareiasaas OC?

9. Uro Takoe uncto nojoxurenabHas OC?

10.Kak Bnusier Ha BeixogHoe conpotuBieHrne OOC no HanpsKEHUIO T0-
CJI€A0BATEIBLHOIO TUMNA?

11.Kak Bnusier Ha koappunuent nepeaaun OOC 1o HanpsHKEHUIO?

12.Kak Bnusietr Ha BeixogHoe conporuieHrne OOC no Toky?

13.Kak BimsieT Ha BeixogHoe conpotusieHne OOC no HanpsHKEHUIo na-
paenbHoro tTuna?

14.Tlouemy npu Hammunu OC mapayuieabHOro TUITA HEOOXOIMMO YUUTHI-
BaTh CKBO3HOU KOA(PPUIIMEHT Tiepeaadn?

15.Kak Bnusier Ha BxojiHOE cornpoTuBiienre OC nociie10BaTebHOTO TUMa?

16.Kak Bnusier Ha BxojiHOE cornpoTuBiienre OC napauiebHOro Tumna?

17.3a cuer yero OOC 1o HaNPSHKEHUIO CTAOMIM3UPYET KO3PPULIUEHT yCu-
JEeHUs?

18.YT10 Ha3bIBaeTCsI CaMOBO30YKICHUEM?

19.1Touemy ycunurenu ¢ OOC moryT Bo30yk1aTbcsi?

20.B yem cMmbich kputepus yctounBoctr HaitkBucra?
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3. TpaH3uCTOPHBIH YCHIUTEIbHbIN KACKA/l

3.1. Ilocmanoeka 3a0auu u ynpouwiarouiue npeonoi0HceHus

JIjist iicclieoBaHus M pacyeTa yCHINTENEeN 1eaecoo0pa3Ho UCIIONIb30BaTh
oO11Me MeTo bl aHaln3a JIeKTpuueckux ueneil. [loaromy HE0OX0IMMO HAWTH
CXEMY 3aMENICHUs YCUIIUTEIIBHOTO JIEMEHTA (B pacCMaTPUBAEMOM CTydae
TPAH3UCTOPA), MO3BOJISIONIYIO TPEJACTABUTH €0 CO CTOPOHBI BBIXOJIAa KaK FeHe-
parop nepemenHoi 3/[C (1 Toka), a CO CTOPOHBI BX0/1a KaK CONPOTHUBJIEHUE
(MJIM IPOBOAMMOCTb ), HArPy Karolllee HCTOYHUK curHaia. Mimes moapooHyo
CXEMY 3aMEIICHUS YCUIIUTEIBHOTO JIEMEHTA, HETPYAHO NEPENTHU K CXEME 3a-
MEILEHHS COOTBETCTBYIOLIETO YCHIIMTEIBHOTO KaCKaia, Il pacyera KOTOPOro
MOT'YT OBbITh IPUMEHEHBI OOBIYHBIE HUCCIETOBAHUS IEKTPUUECKUX TeTeH
(CUMBOJIMUECKUN METO/I, METOJT BEKTOPHBIX IMArpaMM, METOJI YETHIPEXITOITOC-
HUKOB M T.1.) [1].

[Ipu paccmoTpenuu paboThl TPAH3UCTOPA B JIMHEMHOM YCTaHOBUBIIIEMCS
peXKUME LEITBI0 UCCIIEIOBAHUS SABIISIETCS onpeieseHue KodhPUImeHToB nepe-
na4u Kackajaa rno Toky u Hanpspkenuto (K; u Ky), ero koadgdunuenrta ycunenus
1o MoiHOCTH (Kp), a Tak:ke BXOJHOTO U BBIXOJHOTO COMPOTUBIICHUN Kackajia
(Zsx M1 Zyx). IlepeuniciieHHbIE BETUUMHBI JOJDKHBI OBITH OTIPEACIICHBI B TIpE/ie-
Jax pabouero 1uamna3zoHa 4acToT yCUJIUTEIIS.

[Tepexoas kK yka3aHHOMY MCCJIEIOBAHUIO, CAEIAEM CIEYIONINE MPEanoio-
KEHUSL:

1. K anexTposaMm TpaH3uCTOpa MOABEACHBI HEOOXOUMBbIE MUTAIOIIUE Ha-

IpsKEHUsI, 00€CTICUMBAOIINE TUHEHHBIN PEKUM paOOTHI;

2. TpaH3ucTop BO30YXIa€TCsI CUHYCOUIAJIbBHO U3MEHSIOINMCS HampsiKe-
HUEM (TOKOM) OTIPEICICHHOW aMIUTUTYAbl U YaCTOTHI, T.€. YCTAHOBUB-
IUMUCS] TAPMOHUYECKUMU KOJICOAHUSIMU;

3. TpaH3uCTOp UCMONB3YETCS B Mpejiesiax JUHEHHBIX YYACTKOB €Tr0 XapakK-
TEPUCTHUK (00JIACTh MAJIBIX CUTHAJIOB).

4. BHyTpeHHEE CONPOTUBIICHHUE LETIEN MUTAHUS TPAH3UCTOPA [T Iepe-
MEHHOT'O TOKA MPAKTUYECKU PABHO HYJIIO.

3.2. Cxembl 6K1I0OUEHUA MPAHIUCMOPA U UX 0000UIeHUE

B 3aBHCcHMOCTH OT ClIOCOOOB MOAKITIOYEHUS HCTOYHUKA CUTHAJIOB M COTIPO-
TUBJICHUS HArpy3KHd BO3MOXHBI CJICAYIONIUE CXEMbI BKIIOUCHUS TPAH3UCTOpa:

a) cxema c obmeit 6a3oit Ob (puc. 3.1, a);

0) cxema ¢ o6mum 3mutTepom O3 (puc. 3.1, 6);

B) cxema c oouuM kouiekropom OK (puc. 3.1, B).
[Tpu 3TOM OOIIMM 3JIEKTPOJOM SABJISETCS TOT, IOTCHIIMAI KOTOPOTO TIO Iepe-
MEHHOMY TOKY paBEH IMOTEHIHATy o0Iel Touku cxemsl (Touka O Ha puc. 3.1, B
KOTOPOI COCTMHSIOTCS e  0a3bl, SMUTTEPA U KOJUICKTOPA).
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Puc.3.1. Cxemnl BKiroueHus tpansucropa: a-¢ Ob; 6-c OD; B-¢c OK

JI1st mpugaHus OnpeieIEeHHOCTH NOTEHIIMAIaM Pa3IMYHbIX TOYEK CXEMBI €€
00111ast TouKa 4acTo 3a3eMiisieTcs. B aToM cirydae moTeHIua o0Iei TOUKu
MOYKET CUMTATHCS MPAKTUYECKU PAaBHBIM HYIIIO.

[1pu mr000¥ cxeme BKIIFOUEHUS TPAH3UCTOPa MEXK]Ty BBIXOHOM IIENbI0 Kac-
KaJia, CoJiepkKallei Harpy3Ky, ¥ €ro BXOJHOM 1ETbl0, COAEpKallleil HarpsiKe-
HUE CUTHAJIa, HA BCEX YacTOTaX (BIUIOTh 10 YACTOThI ® = ()) CYILIECTBYET CUIIb-
Has BHyTPEHHsIs oOpaTHasl CBsA3b. BBU Iy ATOTO pa3zieIbHOE paCCMOTPEHHUE yKa-
3aHHBIX IIeTIeH HEBO3MOYKHO, U TPAH3UCTOP HEOOXOAMMO IIPEACTABIIAThH B BUJIC
HEKOTOPOT'0 YETHIPEXTOJIFOCHUKA, OCYIIIECTBISIONIEIO YCUIICHUE B IPSIMOM Ha-
MIPaBJICHUU TIPU HAJTUYUU CBSI3U MEXKY €r0 LEMsIMU B OOpaTHOM HaINpaBJICHUU.

B cootBeTcTBHM ¢ 3TUM 000011I€HHAsI CXeMa Kackaja OyJ1eT UMETh BUJI,
M300pakKeHHBIN Ha puc. 3.2. 31eCh A — YETBHIPEXIOJIOCHUK, 3aMEeIaloIIui
TpaH3UCTOp Npu Jt000# cxeme ero BkmodeHust; E; u Z; — 9J1C u BHyTpeHHEe
CONPOTHUBJIEHUE UCTOYHHMKA CUTHAJIA; Z, — COPOTHUBJIEHNE HATPY3KU KacKaa.

11
—» 21 .

]

E1T @ U1T A zzmuz

Puc.3.2. O6o6meHHas cxema TpaH3UCTOPHOT'O KacKaja
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Ou4eBUIHO, YTO YETHIPEXITOIOCHUK A SIBIIIETCA AKTHUBHBIM, TaK KaK OH CO-
NEPKUT UCTOYHUK SHEPTUM MUTAHUS TpaH3UCTOpa. TOUHEE, OH MPEACTABISAET
co00¥1 3aBUCUMO0-AKTUBHBII YETHIPEXIIOTIOCHHUK, TTOCKOJIbKY JAEHCTBHE UCTOY-
HUKa NUTaHMs, BEIPAXKAIOIIEECS B MOSBIEHUH HA BBIXOJE YCUIEHHON MOIIHO-
CTU CUTHAJa, MPOSABISETCS JUILb IPU HAJIMYUU HA BXOJI€ HANIPSHKEHUS CUTHAJIA
U,. B cOOTBETCTBUM CO CHICJIAaHHBIM paHee MPENOI0KEHUEM 00 UCIIOIh30Ba-
HUM TPAH3UCTOPA B MIPEAECTIAX JUHEHMHBIX YYAaCTKOB XapaAKTEPUCTUK YEThIPEX-
MTOJTFOCHUK A MOET CUATATHCS JTMHEHUHBIM.

N3BECTHO, YTO MOBEACHUE YETHIPEXTIOIOCHUKA XapaKTEPU3YETCS IBYMS
ypaBHEHUSIMHU, CBA3bIBatoMMu Beanuunbl Uy, 1y, Uy, I, (puc.3.2), T.e. BXOAHbBIE
U BBIXOJHBIC HAMPsDKEHUS U TOKU. [Ipu 3TOM Kakue-11ub0 1Be U3 MepeyurcieH-
HBIX BEJIMYUH BBIpAXKAIOTCA (KaXkaas) 4yepe3 JBE IPyTrue BeTUUHUHbBI TIOCPECT-
BOM BXOJSIILIMNX B ypaBHEHUE MapaMETPOB YETHIPEXITOIIOCHHUKA.

Yucino BO3MOXKHBIX BApUAHTOB MOMAPHOTO BHIOOPA BETUYMH, SBJISIIOIIUXCS
B YpaBHEHUSAX (DYHKIUSIMU JBYX APYTHUX, U, CICAOBATEIHHO, BOBMOXKHOE YHUCIIO
CHUCTEM ypaBHEHUH paBHO miecTH. OTHAKO JJIs1 UCCIEIOBAHUS U PacueTa CXeM,
COZIEpIKAIIMX JIEKTPOHHBIE MPUOOPHI, MPUMEHSIOTCS OOBIYHO CUCTEMBI ypaB-
HeHul ¢ Z, y unu h mapamerpamu. B cucreme ypaBHeHuit ¢ Z mapaMmeTpaMmu
Hanpspkenust U, u U, onpeaensitores (kaxaoe) uepe3 Toku [, u I,. CoorBerct-
BYIOIIME YPABHEHHUS YETHIPEXITOIIOCHUKA MOKHO MOJYYUTh, ECIIM PACCMATPH-
BaTh OECKOHEUHO MaJible TIpupalieHust HanpspkeHnit du; u du, Kak mosHbIe

¢ depeHnranbable PYHKIIMU ABYX EPEMEHHBIX 1) U 1y, UTO JAET
du, ,. du, .. du, .. du, ..

du, =—di, +—di, ; du, =—2di, +—=di, .

di di di

di

1 2 1 2

Bxopsmye B 3T ypaBHEHHs YaCTHBIE TPOU3BOJHBIEC MPEICTABIIAIOT COO0M
MapaMeTphl YeThIPEXMOJIICHUKA. Tak KaKk 10 YCIOBUIO YETHIPEXITOIOCHUK
ABJISIETCS JIMHEMHBIM, €0 MapaMeTPbl — BEJIMYNHBI IOCTOAHHBIE. [I0CKOIBKY
BCE OHU MPEICTABIISIIOT COOOM OTHOILICHHUE MPUPAICHUS HAMIPSKEHUS K MPU-
PaALIEHHIO TOKA, OYEBHIHO, YTO ITApaMETPhI YETHIPEXITOIIOCHUKA UMEIOT B pac-
CMAaTpUBAEMOM CIIy4ae pa3MEPHOCTb COIPOTUBIIEHUS.

O6osHaumM —L =7, ; du, =Z.; d1.12 =7,; d1.12 =7Z,,
di, di,

di, Y di,
CuuTas, 4TO BXOHOE HAIPSKEHUE U3MEHSIETCS IO TAPMOHUYECKOMY 3aKOHY, U
nepexo/isi K KOHEUHbIM MPUPAIICHUSAM (KOMIUJIEKCAM aMIUIMTY]1) TOKOB U Ha-
MPSHKEHUN B IIPEJIeIaxX JIMHEMHOCTU XapaKTEPUCTUK TPAH3UCTOPA, TOIYydaeEM
HMCKOMBIC YPABHEHMS YETHIPEXITOTIOCHUKA:

Ui=2Z,Li+Z,1s; (3.1a)

U,=7Z,Li+Z,,1,. (3.10)
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[TapameTpsl YeTBIPEXTIOMOCHUKA 211, Z 12, 271 U 25, OIPENETAEMBIC U3
ypaBHeHui (3.1) mpu pa3MbIKaHUH BXOJIHOW WIIM BBIXOJHOM LIETIEH, HMEIOT
claeayronui GU3NIecKuii CMBICI:

Ui
Z, =\ — BXOJTHOE COITPOTUBIICHUE YETBHIPEXITOMIOCHUKA MPH
L), Pa30MKHYTOM BBIXOJTHOW 1IEIIH;
2:
U>
Z,, =|- — BBIXOJHOE CONPOTHUBJIEHNE YETBIPEXTIOIIOCHUKA ITPU
L) Pa30MKHYTOM BXOJHOM LIETIH;
1:
[.Jz — COINPOTHUBIICHUE YCUJIEHUS, XapaKTEPU3YIOIIIEE
= BJIMSTHUE BXOJHOI'O TOKA HA BBIXOJHOE HANIPSKCHU
Z,, - € BXOJITHOI'O TOKa Ha OJIHOE Ha CHUE
L) IIPYA Pa30MKHYTOW BBIXOJHOM LETIH;
2:
[.Jl — CONPOTHUBIICHHE BHYTPEHHEW 00paTHOM CBSI3H, Xa-
Z,=|- PAKTEPU3YIOIIEE BIUSIHUE BBIXOHOIO TOKA HA BXO-
I, HOE HANPSDKEHUE MPU PA30MKHYTOW BXOJHOM LIETIH.

I1=0

HpI/IHI/IMaH B KAUCCTBC HC3aBUCHUMBIX HepeMeHHBIX HaHmeeHI/ISI U1 51 U2 51
OHpeI[eHHH qepGB HUX TOKH Il n 12, MOXHO aHAJIOTNYHBIM 06pa3OM HOJIyIH/ITB
CI/ICTeMy ypaBHeHI/II;'I quBIpeXHOJIIOCHI/IKa C y — HapaMeTpaMI/I

L=y, U+y, Uz ; (3.2a)

L=y, U+y, Uz . (3.20)
31ech mapaMeTphl YETHIPEXTOIIOCHUKA Y11, V12, Y21 U Y22 UMEIOT pa3Mep-
HOCTB MTPOBOJMMOCTEH, ONIPEIETISAIOTCS U3 ypaBHEHUH (3.2) mpu KOPOTKOM 3a-
MBIKAaHUHW BXOJIHOM WJIM BBIXOJHOM IeNel U UMEIOT CIIEeYIOMUN hU3ndecKui
CMBICII:

L
Y =| = — BXOJIHas MPOBOAUMOCTD YETHIPEXIIOIIOCHUKA IIPH
U )s KOPOTKO3aMKHYTOW BBIXOJIHOU LIETIH;
2:
I
Y =| — BBIXOJIHAS POBOJAUMOCTD YETHIPEXITOIOCHUKA IIPH
[SEER KOPOTKO3aMKHYTOW BXOJHOMW LIEIIN;
1:
I — IPOBOAUMOCTb YCUJICHUS, XapaKTEepU3yIOLas BIIUA-
2 .
Yo =| HHE BXOJIHOT'O HAIIPSKEHUs HA BBIXOJHOU TOK IIPU
Ui )s KOPOTKO3aMKHYTOM BBIXOJIHOU LIEIIH;
2:
i — MIPOBOJIUMOCTH BHYTPEHHEW 00paTHOM CBsI3H, Xa-
1
Vi =| = PaKTEepU3YIOLIas BIUSHUE BBIXOJHOIO HAIPSIKEHUS Ha
Uz s BXOJIHOW TOK ITPA KOPOTKO3aMKHYTOW BXOJHOM LIETIN.
1:
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[IpyHMas B Ka4eCTBE HE3aBUCUMBIX ITIEPEMEHHBIX BeMunHbI [} 1 U, u on-
penensis yepe3 Hux U; u I, MOXKHO TakuM e 00pa3oM MOTYUYUTh CUCTEMY
ypaBHeHU# ¢ h — mapamerpamu

U = h11 L+ h12 U: ; (3.3a)

I =h, Li+h,, U, . (3.36)
[TapameTpsl yeTbipexnoirocHuka hyy, hyy, hy; u hy,, onpenenstorces u3 ypas-
HeHuit (3.3) npu pa3MbIKaHUU WA KOPOTKOM 3aMbIKAHUM BXOJHOM U BBIXOJIHOM
Henel 1 UMEIOT CIICIYIOMUN (PU3NIECKU CMBICIT:

U
h,, =]~ — BXO/ITHOE COIIPOTUBIICHUE YETBIPEXIIOIOCHUKA IIPU
L), KOPOTKO3aMKHYTOM BBIXOJIHOM LIEIIH;
2=
I
hy, =| — BBIXOJHas IPOBOJAUMOCTb YETBIPEXITOIOCHUKA IIPU
Uz )i Pa30OMKHYTOM BXOJIHOM LIEIIH;
I
h, = — K03 (HULMEHT Nepeiayu MO TOKY YEThIPEXIIOIOC-
L J)s ., HUKA [IPU KOPOTKO3aMKHYTOU BBIXOJHOM LIETIN;
-
U . .
h,, =| - — KO3(ppuuMeHT BHYyTpEeHHENH 00paTHOM CBSI3U YEThI-
U, ) PEXIIOIIOCHUKA IPU PA30MKHYTOU BXOJHOM LIETIN.
1:

N3 nmpuBeneHHBIX 3HaUeHUM h — mapaMeTpoB BUIHO, UTO TTapaMmeTp h;; nme-
€T pa3MEPHOCTh CONPOTUBIICHUS, TapameTp hy, — MPOBOAUMOCTH, a MApaMETPHI
hy; 1 hy, aBistoTCs 6€3pasmepHbiMU. TakuM 00pa3zoM, Beipaxkenue (3.3) npe-
CTaBJISIET COOOM CUCTEMY CO CMEIIAHHBIMU WJIM THOPUIHBIMU MIapaMeTPaMH.

[IprMeHeHre pa3IMYHbIX CUCTEM YPABHEHHU YETHIPEXITOIOCHUKA JIJIS 11O-
JTy4YEHUS CXEMBI 3aMEIICHHSI JIEKTPOHHBIX MPUOOPOB OTKPHIBAET IITUPOKHE
BO3MO>KHOCTHU B OTHOIIIEHUH HanOoJiee MOJHOTO OTOOpaKeHUS UX (PU3HMUECKUX
CBOMCTB, HAIISIIHOCTU UCCIEOBAHUS U TOYHOCTH COOTBETCTBYIOIIUX pacue-
TOB.

K cucremam ypaBHeHM, MpUMEHSIEMBIM 151 UCCIEIOBAHUS M pacyeTa 3a-
MEIAIOIIET0 JIEKTPOHHBIN MPUOOP YETHIPEXITOIOCHUKA, JOJIXKHBI TTPEbSIB-
JSITHCS CIEAYIOIIME OCHOBHbBIE TPEOOBAHUS:

1) cooTBeTcTBHE YpaBHEHHI (U3UUECKUM IPOIECCAM B TPAH3UCTOPE;

2) HaIM4ue MpocTereld KOHKPETHOM CXEMbI 3aMEIICHHUS;

3) y10OCTBO ¥ TOYHOCTh U3MEPEHUM MapaMeTPOB.

Ecnu npoananu3upoBaTh, B KAKOW Mepe CUCTEMBI ¢ Z —, y— U h— mapameTpamu
OTBEYAIOT MEPEUYUCICHHBIM TPEOOBAHUIM, TO MOKHO HMPUNTH K BBIBOAY, YTO HU
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OJIHA U3 paCCMaTPUBAEMBIX CUCTEM HE OTOOpPaKaeT TOUYHO ACHCTBYIOLIErO Xa-
pakTepa BHyTpeHHEH 00paTHOM CBSI3U B TpaH3UCTOpE. Tem He MeHee, Penoy-
TEHHE JOJDKHO OBITh OTJAAHO CUCTEME YpaBHEHUM ¢ Z — mapaMeTpaMH, Io-
CKOJIBKY TIpeoOIafarouiei ABIseTcs BHyTPEHHsISI oOOpaTHAas CBSI3b M0 TOKY.

[Ipocreiimiast cxema 3aMelIEHUs YETHIPEXIOIIOCHUKA T0/KHA OBITh TPeX-
3JIEMEHTHOH, T.€. JOJKHA COIEPIKATh TPU BETBH . BBUJIY TOTO, YTO BETHIHHEI
HaIpsHKEHUS U TOKA MPU MPOXOKICHUU YEPE3 YETHIPEXTIOTIOCHUK U3MEHSIOTCS,
3TH BETBU JOJKHBI UMETH MOCIJIEN0BATEIbHO-NIAPAIIIEIbHOE COCAUHECHUE.

a)

ZIII IZ
<4

Puc. 3.3. Cxemsl 3amemnienus: a — T-oopaszHasi; 6 — [1-oOpa3nas

Cy1ecTBYIOT JIB€ TaKUX CXEMbI. DTO TaK HazbiBaeMble T-00pa3Hast (puc.
3.3, a) u I1-o0pa3nas (puc. 3.3, 0) cXeMHl.

Kax Bunno u3 puc. 3.3a, B T-o0pa3Hoii cxeme 3aMerieHust o0pa3yeTcs mo-
ciemoBaresibHasi oOpaTHas CBS3b MO TOKY (CONIPOTUBIICHHE CBS3H Zjp), a B [1-
o0pa3Hoii cxeMe 3aMeIlIeHHs — MapajulesibHast oOpaTHAas CBSI3b M0 HANPSHKEHUIO
(MpOBOAMMOCTH CBSI3H Yjp). [103TOMY B COOTBETCTBUU C M300pakaeMbIM CXEMOU
XapaKkTEepOM BHYTPEHHEW 0OpaTHOU CBSI3U VISl 3aMEILIEHUs TPAH3UCTOPa JOJIK-
Ha OBITh BhIOpaHa T-00pa3Has cxema 3aMenieHus, a JIJis €€ UCCIIeI0BaHus Clie-
JlyeT UCII0JIb30BaTh CUCTEMY ypaBHEHUU ¢ Z — napamerpamu. [locnenuee uene-
cOo00pa3HO U OTOMY, YTO BCIIEJICTBUE OJMHAKOBOW pa3MEpHOCTH MapamMeTpoB
YETHIPEXTIONIOCHUKA U TTAPaMETPOB CXEMbI 3aMEIIEHUS MEKTy HUMU TOJTyYa-
I0TCSI BEChbMa MPOCTHIE COOTHOIIICHHUS.

I[To aToi1 sxe mpuumHe Jy1s ucciaenoBanus [1-o0pa3Hol cxeMbl 1es1ecooopas-
HO MPUMEHSTH CUCTEMY YPAaBHEHUH C Y — MapaMeTpaMH.

B otHoI1IeHNN yno0cTBa M1 TOUHOCTH U3MEPEHUS ITapaMETPOB YETHIPEXIIO-
JIOCHUKA SIBHOE MPEUMYIIIECTBO UMEET cUcTeMa ¢ h — mapamerpamu.

DTO 00BSICHSIETCS CleayIomuM o0pa3om. B ciydae cucremsl ¢ Z — napa-
MEeTpaMH TPYJIHO 00ECTICUUTh MPU U3MEPEHUSIX PEKUM XOJIOCTOTO X012 BhICO-
KOOMHOM BBIXOJIHOM IEMH, HEOOXOIUMBIHN 11 U3MEPEHUS apaMeTpoB Zi1, Zo1,

*

) D10 00BACHSAETCS TEM, UTO JJId HAXOXKIACHUA TPEX HEU3BCCTHBIX (B JaHHOM CJIy4a€ HE3aBUCUMBIC IMapaMETpPhI
quLIpeXHOJHOCHI/IKa) H€O6XO,HI/IMO HUMCTb TPU HE3aBUCUMBIX YPABHCHUSA, @ U3 TCOPUU DIICKTPUICCKUX HGHCﬁ HU3BCCTHO,
YTO YHCJIO HE3aBUCUMBIX ypaBHeHI/Iﬁ CXCMBbI paBHO YUCITYy €€ BETBEI.
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a B Clly4yae CUCTEMbl YPAaBHEHUH C y — MapaMeTpaMu He MEHEe TPYAHO obecrie-
YUTh PEKUM KOPOTKOTO 3aMbIKaHHsI HU3KOOMHOW BXOJHOM II€TIH, HEOOXOTH-
MBI JUISl UBMEPEHUS TAPAMETPOB Y12, Y22.

[Ipu u3mepennn h — mapamMeTpoB yka3aHHbIE TPYAHOCTH OTIAJAIOT, TAK KaK
U3MEPEHUS MPOU3BOSATCS MPU KOPOTKOM 3aMbIKaHMHU BBIXOHOM 11enu (Tapa-
meTpsl hyi,hy1) 1 pu pa3peiBe (10 MEPEMEHHOMY TOKY) BXOJHOM 1enu (mapa-
MCTPbI h129h22)-

Crnenyert 3aMeTUTh, YTO U MPU PEATBHBIX YCIOBUAX PabOTHI TPaH3UCTOPA
yCJIOBHSI HATPY3KHU BBIXOHOM eI OOBIYHO MPUOIIIKAIOTCS K PEKUMY KOPOT-
KOT'0 3aMbIKaHUs (Harpy3Ka Ha Majo€ BXOJIHOE COITPOTUBIICHUE MOCIEAYOIIETO
Kackaja), a yciaoBHsl pabOThI BXOHOM IIEMU — K PEKUMY XOJIOCTOTO Xo/a (BO3-
Oy>KJIeHHE OT MPEIIECCTBYIOIIETO KacKajia ¢ OOJIBIITUM BXOHBIM COITPOTHUBIIC-
HHEM).

Takum 00pa3oM, paccMaTpuBaeMbIe YCIOBUS U3MEPEHHS h — mapaMeTpoB
COOTBETCTBYIOT €CTECTBEHHBIM YCIOBUSIM padbOThl TpaH3ucropa. [Ipeumyiiect-
BOM h — mapameTpoB SIBJISIETCS TaK)KE€ HETOCPEACTBEHHOE U3MEPECHHE BAYKHOTO
JUTSl IPAaKTUKK mapaMeTpa hy; = B, mpeacrasisitoniero coooit ko3gphuuueHt
YCUJIEHHUS MO TOKY 11711 cXeMbl OO B peKUME KOPOTKOTO 3aMbIKAHUS.

B cooTBeTCTBHM CO CKa3aHHBIM Ha MPAKTUKE 0OBIYHO M3MEpPstOTCcs h — na-
pameTpbl. OHM K€ NPUBOASATCA B CIPABOYHUKAX TI0 TPAH3UCTOPAM.

Crnenyer, 0HaKO, 3aMETUTh, YTO MIPU BEChbMa BBICOKUX YacTOTaX (MOpsIKa
COTEH Merarepil M BBIIIE) TOYHOCTh U3MEPEHUI apameTpoB hy, u hy, monmka-
eTCs U3-3a BIMSHUS Mapa3UTHBIX EMKOCTEH, 3aTPYAHSIOMNUX 00ecTeueHrue pe-
KMMa XOJIOCTOT0 X0/1a TaXKe JiJIsi BXOJHOM 1enu. [loaToMy Ha Takux yacTtoTax
MPEANOYUTAIOT U3MEPATH Y — MapaMeTpbl, OIIPeAe/IsieMble BO BCEX CIIyUasx B
PEKHUME KOPOTKOTO 3aMbIKaHUS.

Ha ocHOBaHUU U37105KEHHOTO MOTYT OBITH C/I€JIaHbI CJIETYIOIINE BHIBOIbI:

1. B kayecTBe OCHOBHOU IIPU UCCIETOBAHUM pabOTHI TPAH3UCTOPHOTO Kac-
Ka/la YCWICHHS 1IeTIeCO00pa3HO UCIIOIB30BaTh CUCTEMY YpaBHEHUM C Z —
napaMeTpamu, Tak Kak OHa B OOJIbIIICH CTEIIEHH OTBEYAET JCHCTBUTEb-
HOMY Xxapaktepy BHyTpenHeit OC B TpaH3ucTOpe u Haubosee yao0Ha
JUTSL UCCTIETIOBAHMS TPUHATON T-00pa3HON CXEeMbI 3aMEIIICHHS.

2. JIjist mpakTUYECKUX PacyeTOB TPAH3UCTOPHBIX YCUIIUTENCH MPU HATUYUU
M3MEPEHHBIX h — MmapaMeTpoB MOXKET IPUMEHSTHCS CUCTEMA YPaBHEHU I
¢ h — mapamerpamu.

3. Ilpu paboTe TpaH3UCTOPHBIX YCUIUTENICH B TUaNa30HE BECbMa BHICOKHX
JaCTOT MOXET OBITh UCIIOJIB30BaHA CHCTEMA YPABHEHHUH C Y — TapaMeT-
paMHu.
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3.3. Ilepeuunvie napamempvl mpaH3ucmopa u Mmemoowvl pacuiema
mexHuuecKux nokazamenei Kackaoa 0asa eéxkarouenusa Ob, 03, OK

[TapameTpbl YETHIPEXMOIIOCHUKA (KOTOPhIE B TPUMEHEHUU K TPAH3UCTOPY
MOT'YT ObITh Ha3BaHbI €I0 BTOPUYHBIMU IMaApaMETPaMU) UMEIOT JIJIsi CXEM BKJIIO-
yenust Ob ,00 ,0K paznuyHbie 3HaYCHUS U B 3TOM 3aKJII0YaeTCs HEY100CTBO
WX UCIIOJb30BaHUs. MexX1y TeM CBOMCTBA TPAH3UCTOPA KaK YCUIUTEIIBHOTO
3JIeMEeHTa MOTYT (TOMHUMO MMapaMeTPOB YETHIPEXTIOIIOCHUKA) XapaKTepU30-
BaTbCsl CIEIYIOUIMMU, HE 3aBUCSAIIMMU OT CXEMbI €r0 BKIIIOUEHHUS, IEPBUYHBIMU
napameTpamu, TAKUMHU Kak:

1. ConpoTuBJ/ieHHe IMUTTEPA I, IPEJICTABIIAIOIIEE COOON COMPOTUBIIE-

HUE SMUTTEPHOTO P-N — [epexo0/ia B HAMPABJICHUHU €0 IPOBOJUMOCTH.

2. ConporuBiieHHE KOJLIEKTOPA I, IPEJCTABIAIOIIEE COOOM COMPOTUB-
JIEHHUE KOJUIEKTOPHOTO P-n — MEPEX0/ia B HAMIPABICHUH, TPOTUBOIOJIOK-
HOM HaIpaBJ€HUIO TPOBOIUMOCTH.

3. ConpoTuBJjieHue 0a3bl I, IPEICTABISIONIEE COO0 CyMMY 00bEMHOTO
CONMPOTUBIIEHUA 0a3bl I's B 001aCTH MEXIY P-N — MEPEXOAAMH U BBIBO-
nom 0a3el 1 TudPy3nOHHOTO COMPOTUBIICHUS 0a3bl 1’5, 00YCIOBICHHOTO
BIIMSIHUEM HANPSKEHUS KOJUIEKTOPHOTO P-N — MEPEX0/ia HA SMUTTEPHBIN.

4. ConpoTuBiieHHEe YCUJIEHUS WIH CONPOTUBJIEHUE IKBUBAJIEHTHOI 0
reHeparopa r,, CBA3bIBarolee TOK SMUTTEpa (YIPaBISIOIIMMI TOK) C
OJ1C 3KBUBAJIEHTHOI'O T€HEPATOPA.

JIJ1s1 4acTOT 3BYKOBOTIO JIMana3oHa MEPBUYHBIE TapaMeTPhl TpaH3UCTOpa
MOYHO CUMTATh aKTUBHBIMU CONTPOTUBJICHUSIMU, HE 3aBUCSIIIIUMU OT YACTOTHI.
Hmest B BUAY UCHOJIB30BAHUE XAPAKTEPUCTUK TPAH3UCTOPA B IIpEeIax X Ju-
HEHHBIX YYaCTKOB, Oy/IeM CUMTaTh YKa3aHHbIE TapaMeTpPbl TOCTOSIHHBIMU Be-
JUYUHAMU (TTapaMeTphl MaJIbIX CUTHAJIOB).

[lepBUuHbIE TapaMeTPbl MAJTOMOIIHBIX TPAH3UCTOPOB (J11 KOTOPBIX OObIY-
HO U MPUMEHSIIOTCS MMapaMeTPhbl MaJIbIX CUTHAJIOB) UMEIOT CJIETYIOLIUI MOpsi-
JIOK: Ty — COTHHM KUJIOOM; T — TOT K€ MOPSJI0K, YTO U I, (OHO MEHBIIIE T, Ha He-
CKOJIBKO MIPOILIEHTOB); I's — COTHU OM; I, — €IMHUIIBI UJIH JIECSITKU OM.

Jl1st pacyeTa TpaH3UCTOPHOIO KAacKajia MpY BKIOUYEHUU TPAH3UCTOPA MO
cxemam Ob, O3 u OK Oynem ucnonab30BaTh METO]T ONIPECICHUS EPBUUHBIX
napameTpoB (OOIIMX JUIS TPEX CXEM BKIIIOUEHHS) C MOCTIEAYIOIINM BhIYUCIICHU-
€M TEXHUYECKUX MOKa3aTeNel KackaJa MOCPEACTBOM TPEX KOMILIEKTOB pac-
yeTHbIX (popmya 1t cxem OB, OD u OK.

[Ipu cocTaBieHUU CXeM 3aMeIlEHUs TPAH3UCTOPa ISl Pa3IMUHBIX €T0
BKJTFOUEHUN HEOOXOMMO YUUTHIBATh CIICTYIOIIEE:

a) CONPOTUBJIEHUE BIEKTPO/Ia, ABJISIONIETOCA B JAHHON CXEMe BKIIFOUEHUS 00-
UM U 00YyCJIaBIMBAIOLIEE CBSI3b MEXK/Y BBIXOJIHOW U BXOJIHOW LIEMSIMHU, JTOXK-
HO HaXOJUTKCS B MOIMEPEYHOM BETBU T-00pa3HON CXEMBbI, TaK KaK 3TO COMPO-
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TUBJICHUE TTOJKIIIOYAETCS K OOIIEeH TOUKE CXEMbI 3aMeNIeHUs (€€ HIXKHUM TPo-
BOJI);

0) neBas MpoA0JabHASA BETBb JOJKHA COOTBETCTBOBATH AJIEKTPOY, TIOIKITIO-
YEHHOMY K UCTOYHUKY CUTHAJIOB, a IIpaBas MpoJI0JbHAsi BETBb — JJIEKTPOLY,
MOJKJIF0YaeMOMY K Harpy3ke;

B) BO BCEX CJIy4asiX SKBUBAJICHTHBIN I'€HEPATOP BKIIFOYAETCS B IIEMb YIIPaB-
JIIEMOTO p-n — MEePEeX0/a, T.€. B KOJJIEKTOPHYIO II€Mb, TAK KAK UMEHHO B 3TOU
LETH MOSBJISIOTCA YCUIECHHBIC TOK U HAIIPSIKCHUE;

r) Bo Bcex cinydasx DJ[C 3KBUBAJICHTHOI'O TeHEepaTopa o0pasyeTcs yrnpan-
JISFOLIAM TOKOM, T.€. TOKOM 3MUTTEPA, a €€ YCIOBHO-IOJIOKUTEIBHOE HAIIPAB-
JIEHWE COBMAJAET C YCIOBHO-TOJIOKUATEIbHBIM HAITPABIEHHUEM 3TOTO TOKA.

Cxewmpbl 3aMenienns Tpanzucropa mis BkimoueHuss Ob, O9 u OK c renepa-
TOPOM TOKa IIPUBEICHBI Ha puc. 3.4, a, 0, B.

Kak BusiHO 13 puc. 3.4, 11 BCEX CXEM BKIIFOUEHHMS 330NN TOK SKBUBA-
JIEHTHOT'O TeHepaTopa TOKa 00pazyeTcsl ynpaBistioIMM TOKOM 3MUTTEpa U pa-
BeH al, . OmHaKo, eciu npu BktoueHnn Ob ynpasinsttomuii Tok I, siBnsercs
BXOJIHBIM TOKOM, TO MpH BKIt0UeHUAX OO 1 OK BXOJIHBIM TOKOM SIBJISIETCSA TOK
0a3el ;.

a) OL13—> 6) OL13_>
I, EE } I Is EE } I
—p K —> K
4+ = e I e e B e =
I, I T I's I
U36T r6|:H ¢I6 TUK6 U63 L |:‘:| ¢I3 TUI@
0 0
B) 16 T I, I3
L| |7<_
UJ rKD 6/) lat, TUaK

Puc. 3.4. CxemMbl 3aMeNICHNS TPAH3UCTOPA C TEHEPATOPOM TOKA
g BKiroueHus: a - Ob, 60 - O3, B - OK

Do - ko3 punpeHT ycunenus mo Toky B cxeme Ob. Cm.[1].

o |_;-=
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Puc. 3.5. CxeMbl 3aMeIIeHUs TPAH3UCTOPHBIX KACKAI0B JIJIS
BriroueHus: a — Ob; 0 — 0OD; B— OK
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[TosTomy, cienyst pekomeHanusM [ 1], nmenecooOpa3Ho BBECTH BEIUUYUHY,
CBSI3BIBAIOIIYIO BBIXOJHOM TOK C BXOJIHBIM TOKOM 0a3kbl I5. B kauecTBe Takoii
BEITUYMHBI YIOOHO MPUHATH KOA(PPUIIMEHT YCUICHHUS TIO TOKY B PEKUME KO-
POTKOTO 3aMbIKaHUsI IJIsI HAauOoJIee pacpOCTPAaHEHHOM cXxeMbl BKiroueHust O0.
B cooTBercTBUM € OOIIENPUHATHIM, 0003HAYUM 3Ty BEJIMUUHY 4epe3 [3 u, yuu-
ThIBas [ 1], momydum

B=—r . (3.4)

l-a

Ortcrona 3amaronuii Tok reaeparopa toka as cxem ¢ O90 u OK pasen Bl [1].
VYuuThiBas CKa3aHHOE U MOHUMAs, YTO CXeMa 3aMEIIEHUs TPAH3UCTOPHOIO Kac-
KaJla OTIMYAETCS OT cXeMbl 3amelenus Tpanzuctopa Hamnunem DJ(C (E),
BHYTPEHHUM CONPOTUBJICHUEM UCTOYHUKA CUTHAIOB (Z1), a TaAKXKE€ COIPOTHUB-
JICHUEM Harpy3Ku Z,, n300pa3uM CXeMbl 3aMEIICHUS TPAH3UCTOPHBIX KaCKaJI0B
s Bkmtouenust Ob, O2 u OK (puc. 3.5). bynem cuntaTh CONPOTUBIECHUE HC-
TOYHUKA R| 1 conmpoTtuBieHne Harpy3ku R, akTUBHBIMU.

3.4. Hccnedosanue 0CHOBHBIX MEXHUUECKUX NOKa3amenei
mpan3ucmopHo2o kackaoa onsa cxem exarwuenus Ob, 03 u OK

Bocnosb3yeMcst BEIpaXKEHUSIMH JJIsI TEXHUYECKHUX MMOKAa3aTeNeil TpaH3H-
CTOPHOTO KAacKaJia, MOJyYeHHbBIMU Ha OCHOBAHUY aHAJIN3a CXEM 3aMEILCHUS
puc. 3.5 u npuBeneHHbIMY B [1]. B Tabnune 3.1 npeacraBieHbl 3Ha4SHUS KO-
a¢dunmenTa nepenayuu o Toky Kj, koapduirienTa nepenayu no HanpsLKEHUIO
o otHomeHuto K DJIC ucrounuka curaanoB Kg, BXOJHOTO conpoTuBiaeHUs Ry
Y BBIXOJIHOTO COMPOTUBIIEHUS Ry« 11 TPEX CXEM BKJIFOUEHUS TPAH3UCTOPA
OBb, O3 u OK.

Ycunenue no ToKy.

Bripaxkenus st koaddunrerTa nepenayu mo Toky K; B tabnuie 3.1 co-
CTaBJICHbI TAKUM 00pa30M, UTO MEPBBIM U3 MHOXKHUTEJICH MPEACTABIsAET COOOM
KOd(PhUIMEHT TIepeiauu B PeKUME KOPOTKOTO 3aMbIKaHUsI, a BTOPOM XapaKTe-
pU3yeT 3aBUCUMOCTh KO3 (PUIIMEeHTa Iepeaun OT CONPOTUBIIEHUSI HArPy3KHU.

R
[TapameTp a = —2 - HOPMUPOBAHHOE CONPOTHBIICHUE HATPY3KH.
T

r
[Tpu BrtoueHnuu Ob kosphunreHT nepegayu B pexxuMe KOPOTKOTO 3aMbl-
kanus Ky, = —o, T.x. ipu R, =0 (370 1 ecTh peKuM KOPOTKOTO 3aMbIKAHUS )
a = (. D710 03Hauaer, 4yTO ycUJeHue Mo ToKy B cxeMe Ob oTCyTCTBYET, Tak Kak
BCJIEJICTBUE PEKOMOMHAIIMA HEOCHOBHBIX HOCUTEIEH 3aps/ia yaaBIUBaeMbIN
KOJUIEKTOPOM TOK OKa3bIBAETCSI HECKOJIBKO MEHBIITUM TOKA, HHAKEKTUPYEMOTO

A1
AMHUTTEPOM, T.€. 0L = <1.

A1l

3

Yro ke KacaeTcst oTpUIlaTeIbHOr0 3Haka Kj, TO OH 00bSICHAETCS U3MEHEHHU-
€M HaIpaBJICHUS BBIXOJHOTO TOKA 1, OTHOCUTEIBHO OOIIEl TOUKH CXEMbI 110
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CPaBHEHUIO C HAITPABJICHUEM BXOJHOTO TOKA 1, (MMEIOTCSI BBUY IEPEMEHHbIEC
COCTABIIAIOLINE TOKOB).

3aBucUMOCTb KOd(pullMeHTa nepeay OT Harpy3Ky OMpPenesieTcss MHO-
1

l+a
eTcst oT o 110 0.
[Ipu Bxmrouennu OO u OK ycuienue 1o ToKy B pexuMe KOPOTKOTO 3aMbl-
kanwus (a = 0) paBHO cooTBeTcTBeHHO B 1 3 + 1. B paccmarpuBaemsbix ciydasx
YCHUJIEHHE IO OTHOLLEHUIO K MaJIOMy BXOJIHOMY TOKY 0a3bl BenIuKo. JleficTBu-

KUTCIIEM , B COOTBCTCTBHH C YEM IIPpU USMCHCHHHU a OT 0 0 o0 KI HU3MCH-

TenbHO, Tipu o = 0,95...0,99 B coorBeTcTBUM C (3.4) B = IL ~ 20...100 .

[Tpu BrroueHuu OO ycuiieHUE 10 TOKY MPOUCXOIUT 0€3 u3MeHeHus (asbl,
a ipu BrItoueHnn OK — ¢ moBopoToM (pa3el Ha T MO TOH K€ MPUYNHE, YTO U B
cxeme ¢ Ob.

K Ky
KIK3 KUXX

1,0 - —

0.9 /, \," y
0.8 O{{'/' \ \ / '//&OB

0,7 '," ) /'

0.6 V /

/
073,0K \ / /\
0,5 e
;
0,4 / \ / \

; /
0,3 +—
’ /
0,2 A
NN
! /
0,1 pa
,/' /'/
0,0 [10° Jro* 102~ [102 fi0" W NQ a

10 10°  10° 104 10°  10° 10’ R,,0M

Puc. 3.6. 3aBUCUMOCTb HOPMUPOBAHHBIX KOIPDUIIMEHTOB yCUIIE-
HUS 110 TOKY W HAIIPSDKEHUIO OT COMPOTUBIICHUS HArpy3KHU JIJI TPEX
CXEM BKJIIOUCHHS TPaH3UCTOPA
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3aBUCUMOCTh KO3 (UIIMEHTA NTepe/ilaun OT HArpy3KH, onpeessaemMas npu
|

BKIIFOUEeHUAX O30 1 OK MHOXUTENEM —————, UMEET TaKOM K€ XapaKTep,
1+(B+1)a

kak 1 npu BriIroueHuu Ob. OgHako nmo Mepe yBenudeHus a KodphuimeHT ne-
penauu K; ymensIiaercst 6ojiee pe3ko, 4To OOBICHIETCS MEHBIIUM BBIXOIHBIM
COIIPOTUBJICHUEM.

[Tockonbky B >> 1, MOXKHO CKa3aTh, UTO YCHJIEHHE I10 TOKY 1Jis1 cxeM OO0 u
OK umMeeT npakTUYeCKu OAUHAKOBYIO BEJIUUHUHY.
Ha puc. 3.6 crutonmHbpIMU JTMHUSIMHA U300pake€HbI 3aBUCHMOCTH HOPMHUPOBaH-

Kl

HBIX BCJIMYHH YCHIICHUA 110 TOKY OT HAI'py3KH JIA pa3JIMYHbIX CXCM

Ik3

BKJIFOUCHUS TPaH3UCTOPA. /{14 HArJIsAHOCTH yKa3aHHbIE 3aBUCUMOCTH OIIpEIe-
JICHBI U JJ1 YUCJICHHBIX 3HAYEHUN COIPOTUBIIEHUS HArpy3Ku R, 1 oTHOCATCSA K
TUITMYHOMY MaJIOMOIIIHOMY TPAH3UCTOPY, UMEIOLIEMY CIEAYIOIIME NTapAMETPBHI:
1 = 1 MOwMm; 15 =200 Om; 1, = 30 OMm; o = 0,96 uu 3 = 24. Kak BUgHO U3 KpH-
BBIX pHUC. 3.6, MOXKHO C JIOCTATOYHOM TOYHOCTHIO CUUTATh YCUIICHUE 110 TOKY
PaBHBIM YCHJICHHUIO B PEKUME KOPOTKOTr0 3amMbikaHus 11 cxeM OO0 u OK
BILUIOTH A0 R, mopsaka teicstd OM, a it cxembl Ob — 10 R, nopsiika n1ecsiTkoB
TeICSTd OM.

BxoaHoe conporuBjieHune

BoipaskeHust 1u1st BXOJHOTO CONMPOTHBIICHUSI Kackaaa B Tabmuie 3.1 coctas-
JI€HBI TAKUM 00pa30M, YTO MEPBBIA MHOXKHUTEH MPEICTABISIET CO00I cOOCT-
BEHHOE COMPOTUBJICHUE BXOTHOM 11ETIH, @ BTOPOU YUUTHIBACT BIUSHHUE Ha
BXOJIHOE COMPOTUBRJICHUE KaCKaia €ro BHIXOAHOM IIEIH.

CoOcTBeHHOE CONPOTUBIICHHE BXOAHOM 1ienu jyist cxeM Ob u O3 onnHako-
BO U PaBHO I + I,. DTON BEJIMYMHE BXOJHOE COMIPOTHUBJIEHUE KacKaja PaBHO
IpH a = oo, T.€. KOT/ia MPUCYIIas CXeMe MociieoBaTeIbHas 00paTHast CBs3b 1O
TOKY OTCYTCTBYET U, CJIEJIOBATEIIbHO, OTCYTCTBYET BIMSHUE BBIXOJIHOM IIETH Ha
BXOJHYIO.

[Ipy KOHEYHOM 3HAUYECHUU A TOSIBIISIETCS YKa3aHHasi oOpaTHasl CBS3b, U MO
Mepe YMEHBIIICHUS a €€ ITyOrHa BO3pacTaeT, BCIEACTBUE YETO BIUSHUE BbI-
XOJTHOM IEIH CTAaHOBUTCS Bce Oojiee cymecTBeHHBIM. OmHako B cxeme Ob 00-
paTHasi CBS3b OKa3bIBACTCS MOJIOKUTEIBHON U €€ BIUSIHUE YMEHBIIIAET BXOJHOE
CONPOTHUBJIEHUE KacKaaa, B TO BpeMs Kak B cxeMe OO OHa 0Ka3bIBA€TCs OTPH-
LATEJbHOW M YBEJIMYUBAET BXOJIHOE COITPOTUBIICHUE KACKA/IA.

B npenensHom cinyvae, npu a = 0

Ts

RBXOB :(r6 +r3 1_0“ )
r6 -|-I'3
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R,o05 = (r6 +1, l—oclr—3 ,
I, +1,

npudeM R, 05 OKa3bIBaeTcs 6ojiee ueM Ha MOpsI0K 00IbImHM R, op.
DTO COOTHOIIEHUE COXPAHSAETCA U B MPAKTUYECKUX YCIOBUAX, TOCKOJIbKY a
MMeeT 0OBIYHO BEChbMa MANyI0 BelnHduHy (mopska 107™).
bonee 3HaunTeNbHAS BEIMUMHA BXOAHOTO CONPOTUBIIEHUS KAaCKaa SBIISETCS
CYIIECTBEHHBIM ITPpEUMYLIECTBOM cxeMbl OO no cpaBHeHuto ¢ Ob, Tak Kak 310
MO3BOJISIET B JOCTATOYHOM MEPE MCMOJb30BaTh YCUINTEIbHBIE CBOMCTBA MIPE-
HIECTBYIOIIETO Kackaaa 0e3 MpUMEHEHUs IpeoOpa3oBaTeseii COMPOTUBIICHUS.
[Tpu BrmroueHnu OK B pexuMe X010CTOro xo/ia (a = o) 1enb SIMUTTEPA pa-
30MKHYTa U TPAH3UCTOP CO CTOPOHBI BXO/1a MPEJCTABISAET COOOM U0/ C KOJI-
JEKTOPHBIM P-N MEPEX0JI0M, CMEUIEHHBIM B HAIIPaBJIECHUH, TPOTUBOIIOJI0KHOM
npoBoaAUMOCTH. [Ipu 3TOM BXOJHOE CONPOTUBIIEHUE KACKaJa paBHO COOCTBEH-
HOMY CONPOTHBJIEHUIO BXOAHOM IEMU T + Iy = Iy . [[py KOHEUHBIX 3HAYCHUSIX
R, (wnm a) nosinsiercsa DJ1C sxBUBajIeHTHOTO TeHeparopa. Jlo Tex mop, moka,
ymeHbas R,, MoxHO npeHeOpedb BeCbMa MaJIbIM 110 CPAaBHEHUIO C HUM CO-
IPOTUBJICHUEM T, IPAKTHUYECKHU BCE BHIXOJIHOE HAIPSIKEHUE U, BBOJUTCS BO
BXOJIHYIO LIeTIb KacKaJa MOoCIeA0BATENbHO C HANIPSKEHUEM CUTHAJIA Uy (PHC.
3.4, B, 3.5, B). 3aj1aBasicb MTHOBEHHOM MOJISIPHOCTHIO Ug, (HAIIpUMep, COOTBET-
CTBYIOILLEH YBEIUYEHUIO MTOJIOKUTEIBHOTO ITOTEHIMAIA SMUTTEPA OTHOCUTENb-
HO 0a3bl), MOXKHO YOEIUTHCS B TOM, UTO HANpsiKEHUE 0OpaTHOM CBS3U UMEET
10 OTHOIIEHUIO K HANPSDKEHUIO CUTHAJa MPOTUBOIIONIOKHYIO MOJISPHOCTD, T. €.,
YTO CBSI3b ABJISIETCS OTPULIATEIBLHOM.

Takum o6pazom, B kackage OK nmeer MecTo MnoiHasi BHEIIHSAS OTpULa-
TeJIbHasl 00paTHAsl CBA3b MO HANPSKEHUIO TIOCIEI0BATEIBHOTO TUIIA, TOAEP-
YKUBAIOIIasi BXOJHOE CONPOTUBIICHUE KacKala OJM3KUM K Ty.

[Ipu nanpHeiiieM yMmeHbllIeHUH R, 4acTh BBIXOJHOTO HAMPSHKEHUS MaaeT
Ha COMPOTHUBIICHUH T, U TIIyOMHA OOPaTHOM CBSI3M YMEHBIIIAETCS, BCICACTBUE
YEero BXOJHOE CONPOTUBIICHHE KAaCKa/la PE3KO MaiaeT.

B pexuMe KOpOTKOro 3ambIKaHus, T. €. ipu a = 0, oOpaTHas CBsI3b OTCYTCT-
ByeT, 1 Kackaa OK HuueM He oTiinyaercs oT kackaga OO B TOM ke peKHUMe.

[Ipu mpakTUYECKH UCOIb3YEMbBIX COMPOTUBIIEHUAX HAPY3KU BXOJAHOE CO-
IpOTHUBJIEHHUE KacKaaa 1o cxeme OK 10cTaToOuHO BETMKO M 3HAUYUTEIBHO IIpe-
BOCXOJIUT €ro 3HAaUCHUE JJIs1 APYTUX CXEM BKIIOUYECHUS.

Ha puc. 3.7 npuBeaeHsl 3aBUCHMOCTH BXOJAHOTO CONPOTUBJIEHUS TPaH3H-
CTOPHOTO KacKaJla OT COPOTUBIIEHUS Harpy3ku s BkioueHud Ob, 00 u OK.
VYka3aHHbIE 3aBUCUMOCTH OTIPEJEICHBI JIJIsl TEX K€ COMPOTUBIICHUN Harpy3Kd
R, 1 oTHOCSTCS K TpaH3UCTOPY C TEMH K€ MapaMeTpaMu, YTO U MPH ofpeee-
HUHW 3aBUCUMOCTEN, IPUBEACHHBIX Ha pHC. 3.6.

Kak BUAHO U3 KpUBBIX pHC. 3.7, BXOJHOE CONPOTUBIICHUE KACKAIa B CXEME
OK Becbma CUJIBHO 3aBUCTH OT CONPOTHUBIICHUS! HArPY3KH, B TO BPEMS KaK JJIsI
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cxeMbl Ob 1 B ocobennocty g cxeMbl OD pTa 3aBUCHMOCTH OTHOCUTEIHLHO
HeBenuka. [Ipu a — o (R, — ) BxogHoe conporusienue 1 cxeM O3 u Ob
UMEET OJIMHAKOBYIO BEJIMUMHY, PaBHYIO 15 + 1, (Tadma. 3.1), anpu a =0 (R, =0)
BXOJIHO€ CONPOTHUBIIEHHE, KaK ObLIO OKa3aHo, oAuHaKkoBo g cxeM OK u 0D
U paBHO 15 + 1,(B + 1).

AHaJOTrMYHBIN BBIBOJI IPpUBOAUT 1Jis1 cxeMbl Ob 1ipu a = 0 kK BenuuuHe
BXOJHOTO COMPOTHUBIICHHUS, paBHOMH T, + 15(1 — o). [Ipu conpoTuBiennn Harpys3-
k1 R, mopsiika coTeH oM BXoJiHOe corpoTuBiienue it cxembl OK yike Ha mo-
PANIOK BhIlIe, ueM aiia cxembl O3. [1pu 3ToM nocieHee 0osbIle 4em Ha mopsi-
JIOK MPEBBIIIAET BXOIHOE CONMPOTUBIIEHUE il cxembl Ob.

RBX90M
10’
6 I's Hre = I
10 oK |
10° )
10*
3 | T6 + ['3(B+1)
102 _’i&x)// —OF
10°  [10* [10° jlo? fot |1 10 a

2 3 4 5 6 7
10 10° 100 10" 10° 10° 10 Ry.OM
Puc. 3.7. 3aBUCHMOCTb BXOJHOT'O COIPOTUBIICHUS OT
COMPOTHUBJIEHUS HATPY3KH JIJIsl TPAH3UCTOPHOTO KacKajia
npu BKItoUeHHsX Tpanzuctopa Ob, O3 u OK

BbixogHoe conpoTuB/IeHHE
BripaxkeHust 1151 BBIXOJIHOTO COMPOTUBIICHUS Kackaaa Ry, B Tabmuie 3.1
COCTaBJICHBI TAKUM 00pa30M, YTO IIEPBBI MHOKUTEIb MPEICTABISACT CO00i
COOCTBEHHOE COMPOTHUBIICHUE BHIXOIHOM IIETIH, & BTOPOH YUUTHIBACT BIUSHUEC
Ha BBIXOJIHOE CONIPOTUBIICHUE KACKaJla €r0 BXOIHOM IIEIIH.
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[Ipm onpeneneHnn BBIXOAHOTO CONMPOTUBIICHUS KACKAla, KaK YKa3bIBaJlIOCh,
BXO/IHBIC 32)KUMbI COOTBETCTBYIOLIECH CXEMBI 3aMEIICHUS TPAH3UCTOPA CIETYET
IPEAICTaBUThH ce0€ 3aMKHYTHIMU Ha BHYTPEHHEE COMMPOTUBJICHUE UCTOYHHKA
curHaioB R, (oOparHoe HanpaBnenue nepeaaun). [Ipu atom 3J1C uctoununka
curHaioB E; paBHa HyJI10, B TO BpeMs Kak 3aJaroliuil ToOK reHeparopa ol, (Ha-
npumep, 11 cxembl OB), 0oToOpakarommii BHOCUMOE KaCcKaJIoM yCHJICHHE,
JNEUCTBYET B CXEME U OKa3bIBACT BIMSIHUE HA €r0 BBIXOIHOE COITPOTUBIICHHUE.

B cxeme Ob npu R; = co mosy4aeTcst pa3pblB SMUTTEpHOM 11enu (puc. 3.5),
TOK I,, a TaxKe 3a1aromuid TOK S3KBUBAJICHTHOTO TEHEPATOPA PAaBHBI HYJIIO, U
TPAH3UCTOP CO CTOPOHBI BBIXOJa IPEBPAILIAECTCS B OOBIYHBIA U0 C KOJIJIEK-
TOPHBIM pP-N IIEPEX0A0M. BeneacTsue 3Toro BIXOAHOE CONPOTUBIICHUE KACKA1a
pPaBHO COOCTBEHHOMY CONPOTHBIICHUIO BBIXOJIHOM LIETIH, T.€. MPUOINKEHHO
paBHO 1. [Ipu ymenbmieHnu R nosiBiisieTcs u Bo3pacraeT nepeMeHHasi COCTaB-
JSOIIasl SMUTTEPHOTO ToKa [, 1 3apatomnii Tok reHepartopa al,. B pe3ynprare
TOK KOJUIEKTOPHOM LIENMY BO3PACTAET, & BBIXOJHOE CONPOTUBIICHUE KACKAIa IMa-
naet. [Ipu R; =0

T,
— ——0
RBLIXOB =TI l-a
I, +1,
B cxeme O3 nipu R; = oo mosrydaetcst pa3pbiB 11enu 0a3bl, B TO BpeMs Kak 10
AMUTTEPHOM 1IENHU IPOTEKAET TOK I,, oOpasyronuii 3aaarouii TOK TeHepaTopa

CXCMBbI 3aMCIICHUA. BBI/II[y 9TOI'0 BBIXOAHOC COIIPOTHUBJICHHUC KACKa/ld B YKa-

r
3aHHBIX YCIIOBUSX PE3KO MANAET U PABHO T, (1 - (x) =& 1 ITo mepe ymensbIe-
+

Husa R, Tok 6a3sl I pacteT, a Tok komiekropa I, = I, — I ymenbIaercs, B cBsI3u
C YEM BBIXOJIHOE COMPOTHUBIICHUE KACKa/la HECKOJIBKO YBEIMUYMBAETCS U NpU R
=0

I

I.K 2

BBIX () =
B+1 I, +1,

Bxirouenue tpansuctopa no cxeme OK npu Ry = oo npuHIIMNIUanbHO HE OT-
angaetcst ot O3 (cm. puc. 3.5, 6 u B). [IoaTOMY BBIXOHOE CONTPOTUBIICHHE, TaK

rK

KC KaK U IJIs1 CXEM 03, PaBHO . OI[HaKO Mo MCPC YMCHBIIICHUA R1 BBIXO/-

HOC COIIPOTHUBJICHUEC KaCKaJla PE3KO IIadacT 3a CYCT HCTIOCPCACTBCHHOI'O ITYH-

K

+1

OTHOCUTEIBHO MaJIbIM COTPOTUBIIEHUEM BBIXOJHOMU 1ienu R; + rg (cM. puc. 3.5,
B). [I[pu R; =0

TUPOBAHUS BHYTPCHHCTO COIIPOTUBJICHHA SKBHUBAJICHTHOI'O I'CHCPATOpPA
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T.C. BBIXOOAHOC COIIPOTHUBJICHHUC BCCbMa MaJIO.

Takum 06pa30M, OCHOBHOC BJIMAHHC HAa BBIXOAHOC COIIPOTHUBJICHUC KAaCKa/la

OK oka3bIBaeT 3a/1al0MIil TOK SKBUBAJIEHTHOTO T€HEPATOPA, a TAKKE HATUYUE
L[N, ITyHTUPYIOLIEN dTOT I'€HEPATOP.
Ha puc. 3.8 npencraBieHbl 3aBUCHMOCTH BBIXOJIHOTO COIIPOTHUBJIEHUS KacC-
kana g cxem Ob, O3 u OK oT BHYTpEHHET0 COMPOTUBIICHHS] UCTOYHUKA CUT-
HaioB R;. Yka3zaHHbIEe 3aBUCHMOCTH OTHOCSTCS K TPAH3UCTOPY C TEMH K€ Ia-
pameTpaMu, YTO U IpHU MOJIYyYEHUH 3aBUCUMOCTEN KO3 (PUIIMEHTOB yCUIICHUS
10 TOKY U BBIXOJIHOTO conpoTuBiienus (puc. 3.6 u 3.7).

RBI;IXSOM
10’ S
b
| I ] I, e = T,
r|l—a——|N100[1t1-—==
I, +1, 10 /
10 ———

r ) |03
r{l—-o)=—- —
(1-a) B+1] —r— 1 ] B

3
10 OK
n n 107
K _ K /
B+1 I+ —/2 3 4 35 6 7
10 10° 10° 10* 10° 10° 10 R,,OM

Puc. 3.8. 3aBUCMMOCTH BBIXOJHOI'O COMPOTHUBIICHUS KacKaaa
st cxeM OB, O3 u OK oT BHyTpeHHETr0 CONMPOTUBICHUS
MCTOYHHKA CUTHAJIOB R,

N3 kpuBbIX (puc. 3.8) BUAHO, YTO BBIXOJIHOE CONPOTUBIICHUE KACKa/Ia M0
cxeme OK BecbMa criibHO 3aBUCHUT OT R, B TO Bpems kak miia cxem Ob u OO

9Ta 3aBUCUMOCTDb HCBCJIMKA.

ITpu R; = 0 BeixogHoe conpotuBiaeHue s cxem Ob u O3 oauHakoBo.

[Ipu R; = o0 BEIXO/IHOE COMPOTHUBIICHUE OKA3bIBACTCS OJMHAKOBBIM JJIsI
cxem OO u OK.
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Brixognoe conporusnenue st cxemsl OK npu R; = 0 nmeeT Becbma ma-
JIYIO BEJIMYHUHY

L R
B+1 I + 1,

ITpu R nopska ThICSIY OM, YTO MOYTH BCET/1a UMEET MECTO Ha MPAKTUKE, BbI-
XOJIHbIE conpoTuBiieHUs st cxeM Ob u O3 otinyaroTcs npubIU3UTEIBLHO Ha
NOPSAOK, B TO BpeMsl, Kak [uist cxembl OK oHO MeHbIIe, yem i cxembl OO Ha
TPU TOPSJIKA.

YcuiieHue nmo HANPSIKEHU 0.

B BeIpakeHusax mis kodpdunreHTa nmepeaaun kackaaa mo HanpsbkeHuo Kg
B Ta0muiie 3.1 mepBbIii MHOXKUTEIb MPEACTABIsAET cO00i Kod(pduiMeHT nepe-
Ja4yu ISl peKrMa X0JIOCTOTro X0/a (a = 00), B TO BpeMsl KaKk BTOPOl MHOXHUTEIb
YYUTBHIBACT 3aBUCUMOCTD KO3 (DHITUEHTA ITepe1adun OT Harpy3KH.

Kaxk BugHo u3 Tabmunpl 3.1, 1715 BCeX cXeM BKIIFOUCHUS KO3 PUITUCHT YCH-
JICHUA B PEKUME XO0JIOCTOI0 X044 PABEH OTHOUICHUIO MAJCHUN HAIIPSHKECHUS,
CO3/1aBa€MbIX B COOCTBEHHBIX COIPOTUBIICHUSAX BBIXOIHOW U BXOJIHOM IIeTICH
KackaJa TOKaMU, OTHOIIIEHWE KOTOPBIX COOTBETCTBYET PEKUMY KOPOTKOTO 3a-
MBIKAHHSI.

Tak kak COOCTBEHHbBIEC CONPOTUBIICHUS BHIXOJHOW M BXOAHOM IIENeld UMEIOT
MECTO MPU OTCYTCTBUU BIUSHUS OJHOW U3 HUX HA JIPYTYIO, UTO 0OECIIEUnBaET-
Csl TIPY Pa3MbIKAaHUH BJIUSIOIIEH IETTH, BEICKA3aHHOE MOJI0KEHNUE MOYKET OBITh
3alMCaHoO CIEAYIONUM 00pa3oM:

Kb = Klm . (3.5)
BX (R, =0)
Herpynno Buneth, uto 3HaueHUs! Kgyy, ONpeenseMble Ha OCHOBE BbIpaKeHUS
(3.5), HE oTIMYAKOTCA OT MPUBEACHHBIX B Tabsmie 3.1.
JlericTBUTENBHO, 11 cxembl Ob

. r
Kex =00————— ;
r, +1, +R,
g cxembl OD
. o r(l-a T
KExx: K( ) = K
l-or +r, +R, r, +1, +R,
it cxeMbl OK
. 1 r(l-a r
KEXX - K( ) =1‘—K *)
l-ar, +r, +R, r, +1. + R,

Takum 006pa3om, ycuiieHne B pexxuMe xos1octoro xoaa ais cxem Ob u OD
OJIMHAKOBO M IMEET OOJIBIIYI0 BETUYNHY — TOPSAIKA COTCH U JIaXe ThICSTI. DTO

D 0=0,96...0,99 ~ 1.
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i cxeMbl OB 00BsACHAETCA OONBIION BEIUYMHON OTHOIIEHUSI COOCTBEHHBIX
CONPOTHBJICHUM BBIXOJIHOM M BXOJHOM IIeTe (1, >> 15 + 1, + Ry), a 171 cXembl
OO — 600N BETMYMHONW OTHOIIICHHS TOKOB B PEKUME KOPOTKOTO 3aMbIKa-

° IK
Hust | Kis = —
Is

B cxeme OK nipu 00/1bI1I0M YCHUIIEHUU IO TOKY B YKa3aHHOM PEXHUME OT-
HOIIIEHHUE COOCTBEHHBIX COMPOTUBJICHUN BHIXOAHOM M BXOAHOM IIeNel HACTOJIb-
KO MaJjio, 4TO 3TO MPUBOJUT K BeUUMHE Ky, < 1.

B cxeme Ob u OK nepenaya HanpspKeHUST OCYIECTBIIsIETCS 0€3 ToBOpOTa
¢a3bl 3a cueT TpaH3UCTOpPa, a B cxeme OO OHa COMPOBOXKIACTCS N3MEHEHUEM
MOJISIPHOCTHU HAIPSKEHUS UM TOBOPOTOM (ha3bl Ha Tt.

Crnenyer yka3aThb, YTO COBIAJICHUE HANPSKEHUN 10 (a3e wiu caBur (a3
MEXKIYy HUMH Ha T COOTBETCTBYET YMCTO AKTUBHOMY XapAKTEPY MapaMeTpoOB
TPaH3UCTOpPA U CONPOTUBJIEHUI BHEIHUX 1ieneil Ry u R,. OnHako, MOCKOIBKY
HanOoJIbIlIee BHIXOIHOE COMpOTUBIIeHHE nMeeT cxeMa Ob, a HanmeHblIee —
cxema OK, To 1 ycuneHnre B HauOOJbIIeH CTENEHN 3aBUCUT OT HAarpy3KHU B CXe-
me Ob u okazbiBaeTcsa Hanbonee ctadbuibHbIM B cxeme OK.

Ha puc. 3.6 npuBeneHbl 3aBUCUMOCTH HOPMUPOBAHHBIX 3HAYECHUHN yCHUJIE-

U

HUA T10 HaHpﬂ)I(CHI/IIO OT COHpOTI/IBJ'IeHI/IH Harpy3KH R2 JJIA pa3J'II/ILIHBIX
Uxx

CXEM BKJIIOUECHUS TPAH3UCTOPA (IITPUX — MYHKTUPHBIC JTUHUK). Y Ka3aHHBIE 3a-
K
1

BHUCHUMOCTH OIIPCACICHBI IJIs TOI'O K€ TPAH3UCTOpA, YTO U 3aBUCUMOCTH

Ix3
N3 xpuBsbix cneayert, uto st cxeM Ob u O3 nipu R, nopsijika ThICSY OM peKUM
OJIM30K K KOPOTKOMY 3aMBIKaHHIO, U B COOTBETCTBUU C ATUM KOAIDPHUITUEHT
ycunenus: Ky coctaBisieT BecbMa HEOOMBITYI0 4acTh 0T Ky (MOpsiaKa COThIX
JI0JIeH €ro BEJIMYUHBDI).
B 10 xe Bpems aiist cxembl OK npu TakoM ke COMPOTUBIICHUH HArpy3KU

KacKaJl HaXOJUTCS MPAKTUYECKHU B peKUME XO0J0CTOr0 X0/a U Ky & K.

YceuiieHue mo MOIHOCTH
JI71s1 Bcex cxeM BKJIFOUEHMS B COOTBETCTBUHM C (1.3)
K, =K/ K, =K} I;BX = Kf;:—z : (3.6)
2

B cxeme Ob ycuienue 1o ToKy OTCyTCTBYET, U YCHUJIEHUE 110 MOIITHOCTU
OCYIIIECTBIISICTCS TOJIBKO 3a CUeT yCcuJieHus 1o Hanpsbkenuto. B cxeme OK ot-
CYTCTBYET YCUJICHUE MO HAMPSIHKEHUIO, M YCUJICHUE 110 MOIITHOCTH OCYIIECTBIIS-
€TCs TOJBKO 3a CUET yCuieHus no Toky. B cxeme O3 ycusieHue no MOIUHOCTH
BBI3BIBAETCA KAK YCUJICHUEM [0 HAMPSHKEHUI0, TAK U YCUJIEHUEM 110 TOKYy. [lo-
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ATOMY OYE€BHHO, YTO HIMEHHO 3Ta CXE€Ma MMEET HauOOIBIIYIO0 BETHIUHY KOI(D-
¢dulenTa yCuiaeHus 1o MOIIIHOCTH.

CpaBHeHMe OCHOBHBIX CBOMCTB cxeM BKJIWYeHuss Ob, 09 u OK

Ha ocHoBaHMU MPUBEIEHHOTO BHIIIE aHAIN3a MOTYT OBITh CHI€NIAHBI Clie-
JYIOIIAE BHIBOJBI B OTHOILIEHUH OCHOBHBIX CBOMCTB Pa3IMYHBIX CXEM BKIIHOUE-
HUSI TPAH3UCTOPA.

Cxema OBb. Ycuiienue no Toky orcyTcTByeT. [lepenaya Toka oCymecTBiis-
€TCsl C BHOCUMBIM TPaH3UCTOPOM MOBOPOTOM (pa3bl Ha 7. Y CHIIEHHE 11O HaIpsi-
KEHHIO B PEKMME XOJOCTOTO X0/1a BENUKO. OTHAKO MTPU PEATBHBIX MaJbIX CO-
NPOTUBIICHUSIX HATPY3KU BCIIEICTBHE OOIBIIOT0 BXOJHOTO COMPOTUBIICHUS OHO
MMEET HE3HAUUTENIBbHYIO BEIMYMHY. BX0JHOE CONpOTUBIIEHUE KpaitHe Mallo, a
BBIXOJ/IHOE COMPOTUBIICHUE BEChbMA BEIMKO. Y CHJICHUE IO MOIIIHOCTH 00ycClaB-
JIMBAETCS TOJIbKO YCUJIEHUEM 110 HAIIPSIYKEHHUIO.

Cxema O3J. Ycunenue 1o ToKy UMeeT OOJbIIYI0 BEIUYUHY U TPOUCXOIUT
0e3 moBopoTa (ha3el 3a CUET TPAH3UCTOPA. Y CUIICHUE TIO HAMPSXKEHUIO B PEXKU-
M€ XO0JIOCTOT'O XOJa BEJIMKO U UMEET MPAKTUYECKHU TAKYIO KE BEJINYMHY, KaK U B
cxeme Ob. OgHaKko Npu peaIbHBIX COMPOTUBIICHUSX HATPY3KH YCHIIEHUE 110
HaIpsOKEHUIO MoJiydaeTcs 0oabiuM, yeM B cxeme Ob, BBUY MEHBIIIEr0 MO
CPaBHEHHUIO C 3TOM CXEMOU BBIXOJHOTO CONPOTHUBIICHUS Kackana. [lepenaya Ha-
IPSHKEHUST OCYIIECTBIISIETCS] C BHOCUMBIM TPAH3UCTOPOM MTOBOPOTOM (ha3hl HA
7. BxoaHoe conpotusiienne 0onblie, yeM st cxembl Ob, 1 3HaunTeNbHO
MeHblle, yeM it cxeMmbl OK. BrIXoqHOE CONPOTUBIEHNE MEHBIIE, YEM IS
cxembl Ob, 1 3HaunTeNRLHO OONbIIE, yeM Id cxeMbl OK. Yceunenune mo Momi-
HOCTH IMOJYyYaeTCsl KaK 3a CYET YCUJICHUS 10 TOKY, TaK U 332 CUET YCUJICHHUS 110
HaIPSHKEHUI0, BCJIEICTBHUE YE€TO OHO I cxeMbl OO oKa3bIBaeTCs HanOOb-
IIUM, KaK JiJIsi ONTUMAJIbHOTO, TaK U JIJISl PEAJIbHBIX COMPOTUBIICHUI HATPY3KH.

Cxema OK. YcuieHue o TOKy uMeeT OOJIbIIIYIO BEIMYNHY, TPAKTUYECKU
paBHy!0 ycuieHuto B cxeme O3, U MPOUCXOAUT € MOBOPOTOM (ha3bl HA T 3a
CYET TpaH3UCTOpa. Y CUJICHHUE T10 HAIPSHKEHUIO OTCYTCTBYET, a Mepeiada Ha-
MIPSDKEHUS OCYIIECTBIsIeTCs 0€3 moBopoTa (a3bl. BxogHOE CONPOTUBIICHNE
3HAYUTEIILHO OOJIBIIE, @ BRIXOAHOE COMMPOTHRIICHUE 3HAYUTEIIHLHO MEHBIIIE, YeM
g cxem Ob u O3. Ycunenre mo MOUTHOCTH 00YCIOBIEHO TOJIBKO YCHUICHUEM
1o ToKy. Tak Kak BXOJIHO€ HANpPsKEHUE KacKaJa MOBTOPSIETCS Ha BBIXOJIE, T.€. B
AMUTTEPHOM LIeTH, MPAKTUYECKN 0€3 U3MEHEHHUs 110 BeJIMYUHE U 10 (a3e, Kac-
kaz o cxeMe OK HOCHUT Ha3BaHWE IMUTTEPHOI0 MOBTOPHUTEs. TaKkol Kackas
MPUMEHSIETCS JIJIsl MpeoOpa30BaHus COMPOTUBIICHUIN 0€3 UCTIOJIb30BAHUS
TpaHc(opmaropa.
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3.5. Hpakmultecxoe onpe()eﬂenue OCHOGBGHbIX MEXHUUECKUX
nokazameineu MPAH3UCMOPHO20 Kackaoa

BripaxkeHus U1 TEXHUYECKUX MOKA3aTENEN TPAH3UCTOPHOTO KACKaIa,
npUBEJEHHBIE B Tabuie 3.1, cOCTaBIEHbI C pacyeToM oOecrieyeHus HauOob-
1IEro y100CTBa U HAIVISIAHOCTH UX UCCIIEI0BAHUS.

Heckonbko apyras rpynnupoBKa YWICHOB 3TUX BBIPAXKEHUN U JaJbHENIIEE
MpeHeOpEKeHNE YJICHAMU, MaJIO BIMSIIONMMU B MPAKTHYECKUX YCIOBUAX Ha
BEJIMYMHBI TEXHUYECKUX MTOKA3aTENEHN, MO3BOJIAOT 3HAYUTEIBHO YIIPOCTUTH
BBIPAXKEHUS I PAKTUYECKOTO PAacyeTa MOKa3aTelei.

B tabnuie 3.2 npuBeaeHbI NpoCcThie MPUOIMKEHHBIE (POPMYJIIBI, 00eCTICUH-
BaIOIINE TOYHOCTb, BIOJIHE JOCTATOYHYIO JUIsl OOJIBIIMHCTBA MPAKTUUYECKUX
pacueToB. B 3Toii Tabnuile BBUAY BECbMa MajlbIX MPAKTUYECKUX 3HAUYCHUI CO-
MPOTHUBJICHUS HArpy3ku R, koaddurment nepemgaun mo Toxy K; Bo Becex ciyya-
X U BXOAHOE conpoTtusieHue s cxeM Ob u OO npuHUMaroTCst paBHBIMHU HX
3HAYEHUSIM B PEKMUME KOPOTKOTO 3aMbIKaHus. Mainbie 3HaueHus R, mo3BOIA0T
TaK)Ke CUMUTaTh Kod(pPuMeHT nepegaun no HampspkeHuto Kg mist cxem Ob u
O3 nponopuUHOHAIIBHBIM CONPOTHUBIEHUIO HATPY3KH.

Boipaxxenus st Kg o cyiecTBy npeacTaBisitoT cOO0W MPOU3BENECHHUE KO-
adduiiueHTa nepegayu mo TOKy Ha OTHOIIICHUE CONTPOTUBIICHUSI HATPY3KU K
ITIOJTHOMY COIIPOTHBJIEHUIO BXOJIHOU LIETIN.

Bripaxxenne pist BXogHOTo conpotuieHus cxeMbl OK mosrydeHno B mpe-
MOJIOXKEHUH, UTO T, << 1 (1 —a ) u R, <<r (1 — o), a BeIpaxkeHue Jj1si €€ Bbl-
XOJIHOTO CONPOTHUBJIEHUS — B MPEANOI0KEHUH, YTO Is << I, U R; << 1. BbIpa-
YKEHUSI JIsl BEIXOJIHOTO conpoTuiieHus: cxeM Ob u OO cooTBEeTCTBYIOT TabJIU-
ue 3.1.

Bripakenust it koddunmerTa ycuiaeHus mo MomHoct Kp momydeHsr kak
IPOU3BENCHUA COOTBETCTBYOIMX 3HaueHn Ky u K, npuuem Ky paBno Kg
npu R, = 0.

®opMybl TAOIHIIBI 3.2 TPUMEHUMBI [IPU UCIIOJIB30BAHUU TPAH3UCTOPA B
npeaenax JUHEMHBIX YYaCTKOB €ro XapaKTEPUCTUK, TPUUEM MIEPBUYHbBIE Mapa-
METPBI TPAH3UCTOPA JTOJKHBI ONPEEATHCS sl ICXOIHOU pabodeil TOUKu
(mapamMeTpbl MaJbIX CUTHAJIOB).

[lepBruHBIE MapaMeTpPbl TPAH3UCTOPA MOTYT OBITh ONPEEIEHBI CIETYO-
M 00pa3oM. COnpOTUBIEHUE IMUTTEPA C TIOCTATOYHONW TOUHOCTBIO OTpe/ie-
asercs [1] u3 cooTHOIIEHMS

. 26
3 130 K
riae I,o — Tok SMHUTTEpa B UCXOAHOM pabouei TOUKe, BRIPAKCHHBIN B MA.

ConpoTHBIIEHUS KOJUIEKTOpPA U 0a3bl ONMPEEISIOTCS C MOMOIIBI0 3HAYECHU N
h — mapameTpoB TpaH3ucTOpa ISl UCXOIHOM paboUeil TOUKHU U3 BBIPAXKECHUI:

(3.7)
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r = (3.8)
h226
nJjin
p bl (3.9)
h223
I, = hys (3.10)
h226
NN
I, =% . 3.11)
225

3nech h — mapamertpsl ¢ uHAEKCOM O OTHOCATCA K cxeme OB, a ¢ uHAEKCOM 3 — K
CXEMC 03, OLIPCACIINTCIIb Ah3 = h113h223 — h123h213 .

3nauenue hy;, = 3 0ObIYHO MPUBOAUTCS B ClipaBOYHUKAX. MIHOT1a MTpUBO-
ISITCS 3HAa4eHUs M ApyTrux h — napamerpos. BooOiie xe h — napameTpsl MOTYT
OBITh JIETKO U3MEPEHBI.

Kak yxe yka3piBanoch B 3.3, conpoTuBieHue 0a3bl 1 =1's + 1’5, TI€ 1'5 U
1''s — ero oobeMHas u qudPy3uoHHAS COCTABIISIONINE.

O0BeMHOE COTTPOTHUBIICHUE 0a3bI ' OTPEEAETCS KaK

a (12..15)-107
r ~ . 3.12
— IJI1 TCPMAHUCBBIX TPAH3HUCTOPOB U

-3
O : (25..30)-10 (3.13)
I-a L,
— JUTIsl KPEMHHUEBBIX TPAH3UCTOPOB.

B Beipakenusx (3.12) u (3.13) I — TOK KOJUIEKTOpa TPaH3UCTOPA B UCXO/I-
HOU paboueii Touke. Bxoasmuii B Beipaxkenus (3.12) u (3.13) napametp o =
hy15 — KO3 PurueHT ycmienus no Toky st BkioueHus Ob.

O6bemuas coctapistomast U GHy3MOHHOTO COMPOTUBIICHHS 0a3bI, OTO-
Opaxkaroias BIMsIHUE U3MEHEHUH HANPsHKEHUS! KOJUIEKTOPHOTO Mepexo/ia Ha
s dexTruBHYIO TONUHY 0a3bl (3 PexT Dpmn)

o B | (3.14)

o
l-a
Jlns pacuera Texunueckux nokazarenei cxem Ob, O3 u OK Heob6xoaumo

UMETh TPU COOTBETCTBYIOIIMX KOMIUIEKTa h — mapameTpos (mapameTpsl hg, h, u
hy).

rie B=h,, =
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[IpuBeieHHBIE paCYETHBIE COOTHOIIICHUS CIIPABEJIUBHI /111 MAJIbIX CUTHA-
JIOB ¥ TIOJIOCHI HU3KUX YACTOT, B MPEIeSIax KOTOPOM mapaMeTphl TPaH3UCTOpaA, a
TaK>X€ COMPOTHUBJIEHUS HAIPY3KW U HCTOYHHKA CUTHAJIOB SIBJISIFOTCSL YUCTO aK-
TUBHBIMH U HE 3aBUCSIIUMH OT YaCTOThl BETMYNHAMU.

KoHTpoJibHBIE BONIPOCHI

. Kak knaccupuuupyrorcs cxeMbl BKIFOUEHUS TPAH3UCTOpA?

. UTO Takoe nepBUYHBIE TapaMETPbI TpaH3UCTOpa?

3. Uewm 00yCIOBIIEHO UCIIOJIB30BAHNUE IIEPBUYHBIX APAMETPOB ISl aHAIHM3a
Y pacyeTa TPaH3UCTOPOB?

4. Yto HEOOXOIUMO YUUTHIBATH MPU COCTABICHUN CXEM 3aMEIICHUS TpaH-
3ucropa’?

5. Urto Takoe k03(PGUIUEHTH! YCUIICHHS IO TOKY JJIsl BKIIFOUEHUM TPaH3U-
cropa ¢ Ob u O3?

6. Kakas u3 cxem BKIIFOUEHHS TPAH3UCTOPA UMEET HAaMOOJIbIINH KO3 Pu-
[UECHT YCUJICHUS 10 TOKY?

7. Kakas cxema HE yCUIIMBAET TOK?

8. B xakoM pexume Ha MpakTUKe pabOTaIOT TPAH3UCTOPHBIC KACKAbI JJIs
BKitoueHuit Ob u O39?

9. KakoB xapaktep BHyTpeHHEH o0paTHOM cBsi3u B cxeme OBb?

10.KakoB xapakTep BHyTpeHHEW oOpaTHOM cBsizu B cxeme OD7?

11.Kakast u3 cxeMm BKIIFOUEHHUS TPAH3UCTOPA UMEET HauOOJIbIIIEE BXOTHOE
COINPOTUBJICHUE?

12.Kakas u3 cxem BKIIOYEHHUS TPAH3UCTOPA UMEET CaMO€ Majo€ BXOJHOE
CONPOTHUBJIEHUE?

13.Kakas u3 cxem BKIIFOYEHUS TPAH3UCTOPA HA3bIBAECTCS SMUTTEPHBIM 10~
BTOpUTEJIEM?

14.Kakast u3 cxeM BKJIIOUEHHUS TPAH3UCTOpa UMEET HauOoJIbIliee YCUICHUE
IO HAIPSIKEHUIO?

15.Kakast u3 cxem BKIIFOUEHHUS TPAH3UCTOPA UMEET HAauOOJIbIIIeE YCUICHUE
10 MOIITHOCTH?

N —

76



4. Pabora TpaH3ucTOpa NpHU 00JBIIMX YPOBHIAX CUTHAJIA

4.1. Ilocmpoenue ounamuyecKkux XapaKmepucmuk

[Ipu GoNBIIMX YPOBHSIX CUTHAJIA PACCMOTPEHHBIE BBIIIIE METOIbI UCCIE0-
BaHUS, OTHOCSIIIIUECS K TUHEUHBIM CUCTEMAaM, OKa3bIBAIOTCSI HETIPUEMIIEMBIMU.
OTO 0OBSICHIETCS. HEIMHEMHBIMU 3aBUCUMOCTSIMA MEXy TOKAMU U HAIpsiKe-
HUSIMU, CYIIECTBYIOIIMMU B IEMAX YCUIUTEIBLHOTO 3JIEMEHTA MIPU OOJIBIIINX
CUTHaJax.

Jl71st pacueTa u ucciaeaoBaHus pabOThI Kackaia Mpu OOJBIINX YPOBHAX CHUT-
Haja npuMeHstoTcs: 1) rpadgudeckuit MeTo U 2) npuOIMKEHHBIN aHATUTHYE-
CKUU METOI.

I'pajpuyecknit MeTox OCHOBAH Ha UCIOJIb30BAHUU CTATUYECKUX XapaKTe-
PUCTHUK YCUJIIUTEIBHOTO JIEMEHTA, MPECTABISIONINX COO0M IKCIIEPUMEHTANb-
HO ONPEJICIICHHbIC HETMHEWHbBIC 3aBUCUMOCTH MEXK/1y TOKAMU U HAMPSHKCHUSIMU
B €r0 IEMIX, OTHOCAIIUECS K PEKUMY KOPOTKOTO 3aMbIKaHUS (CTaTUUECKUI
PEXKUM) U SIBISIONIUECS TUTIOBBIMU (YCPEIHEHHBIMHM ) JIJIS1 YCUIIUTEIBHOTO dJIe-
MEHTa JaHHOTO Tuma. [locTpoeHne TMHAMUYECKUX XapaKTEPUCTHUK MO3BOJISET
MEPENUTH K YKa3aHHBIM 3aBUCUMOCTSAM JJISI 3aJJaHHBIX COITPOTUBIICHUIN HArpy3KH
Y UCTOYHUKOB CUTHAJIA MPU OMPEACICHHBIX MUTAIOIINX HAPSIAKEHUSIX U CIIOCO-
0ax UX MojJBeNCHUS (IMHAMUYECKUM pexuM padboThl). ['paduueckuii mero mo-
3BOJIIET HATJISITHO W HanOoJiee TOYHO: a) BRIOPaTh UCXOIHBIN PEKUM pabOTHI
YCUJIUTENIBHOTO 3JIEMEHTa (MCXOAHYI0 padouyl0 TOUKY); 0) ONpeeInTh BEJIN-
YUHBI, XapaKTEPU3YIOIINE PEXKUM pabOThI MPU HAIMYUHU CUTHANA (IOCTOSTHHBIC
U TIEPEMEHHbBIEC HANIPSIYKEHHS], TOKA U MOILIHOCTH B BBIXOJIHOW M BXOJIHOW LIETISIX
Kackaja); B) ONPEEIUTh BETUYNHY HETMHEUHBIX UCKAKEHUN.

Henocrarkamu rpaduyeckoro MeTojia sIBJISIIOTCS HEKOTOPasi €ro rpoMO3/I-
KOCTb U 3aTPYAHUTEILHOCTh UCIIOJIb30BAHUS JIJIs1 BHISIBJICHUS 3aBUCUMOCTEH
MEX]ly Pa3IMUYHBIMU XapaKTEPU3YIOMIMMU TUHAMUYECKUN PEKUM BEJIMUMHAMMU.
Kpome Toro, rpaduaeckuii METOI pacdeTa BO3MOXKEH MTPU HATMYUU JOCTATOU-
HO TOJIHBIX CEMEIMCTB BBIXOJHBIX U BXOJIHBIX CTATHUECKUX XapPaKTEPUCTUK
TPaH3UCTOPA.

Ipudan:keHHBIA aHAJIUTHYECKUI MeTO OCHOBAH Ha Hjieaiu3auu (Ju-
Heapu3alliK) CTAaTUYECKUX XapaKTEPUCTUK YCUITUTEIHHOTO 3JIEMEHTA U HAX0XK-
JNEHWH YCPEIHEHHBIX 3HAUEHUN €r0 NapaMeTPOB, KOTOPHIE B MPEIETIaX UCIIOIb-
3yEeMOro MOJIsl XapaKTePUCTUK CUUTAIOTCS MOCTOSHHBIMU BEJIMUUHAMMU.

N3 cka3aHHOrO ciieyeT, 4To NPUOJIMKEHHBIN aHATUTUYECKUI METOJ pac-
4yeTa I0JKEH MCIOJIb30BaThCs INIABHBIM 00pa3oM UIsl YCTaHOBJICHUS OOIIUX U
MPUHLIMIUATBHBIX 3aBUCUMOCTEN MEXYy paCU€THbIMU BEIMUYMHAMU, B TO BpE-
Msl KaK JUIsl KOHKPETHBIX HHKEHEPHBIX PACYETOB B Psijie CIIydaeB Iierecooopas-
HO MPUMEHEHHE TpaduuecKoro MeToa.
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[Tepexoss k paccMOTPEHUIO pabOTHI TPAH3UCTOPA TIPH OONBIINX YPOBHSIIX
CUTHaJIa, CIeAyeT UMETh B BUY, YTO CYLIECTBYIOT TpU 0OJACTH MO XapaKTe-
PHUCTHK TPaH3UCTOPA:

1) akTuBHAas1 00J1acTh, onpeiessieMast IPSIMbIM CMEIIICHHEM Ha SMUTTEP-
HOM p-N — MEepPeX0/ie ¥ 0OOPATHBIM CMEIIICHUEM Ha KOJUIEKTOPHOM P-n —
IEPEX0/IE;

2) obJacTh 0TCEUYKH, ONpeiesieMast OOpaTHbIM CMEIIEHHEM Ha 000UX p-n
— Iepexo/iax;

3) obs1acTh HACBILIEHUs1, OTIpe/esieMas MPSMbBIM CMEIIEHUEM Ha 000uX p-
n — nepexoiax.

Ha puc. 4.1 npuBeneHo ceMeNCTBO BBIXOJHBIX CTATHUECKUX XAPAKTEPUCTHK

TPAaH3HUCTOPA IJISI BKIITOUCHUA ODc YKa3aHUCM IICPCUUCIICHHBIX o0acTer 1o
XApaKTCPUCTHK.

I

Io4
163
152

Is1

0 xffffﬂfffff%xﬁﬁﬁﬁﬁﬁﬁwfw J/W&

5 Liu Uy

Puc. 4.1. BeIxo1HBIE CTATUYECKUE XAPAKTEPUCTUKHN
TpaH3ucTopa npu BKiIroyeHnu O

['panuiia 06acTv OTCEUYKHU 2 onpeesieTcs Ha4yalbHBIM HEYNPaBIIIeMbIM
TOKOM Iy, ¥ TpaKTUYECKN COOTBETCTBYET 3aNlMpaHutio TpaHzuctopa. Oomactob
HACBIIICHHS 3 XapaKTePU3yeTCs PE3KUMHU UCKPHUBICHUSIMHU CTATHYECKUX XapaK-
TEPUCTHK, MTOTYy4aeMbIMHU TP TIEPEXO0IC K TOKaM B HAMPABIICHUH MPOBOINMO-
CTH KOJUJIEKTOPHOI'O p-N — Mepexo/a.

B pexunme ycuineHuss MOKET HCTIONB30BATHCS TOJIPKO aKTHBHAsS 001acTh 1,
B TIpeziesiax KOTOPOU TPAaH3UCTOP OTKPHIT, @ MEXKIY TOKAMH KOJIJIEKTOpa U 0a3bl
CYILIECTBYET 3aBUCUMOCTD, OIM3Kasi K TUHEHHOM.
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PaccmoTpenue paboThl kackaaa nmpu OONBIIUX YPOBHSIX CUTHANIA B LIEJSIX
YIOPOLICHUS POBOJUTCS OOBIYHO JJI1 YCTAHOBUBILETOCS peXKUMa U HEKOTOPOH
JOCTATOYHO HU3KOM YaCTOTHI, JJIsl KOTOPOU MapaMeTpbl YCHUIUTENbHBIX 3JIe-
MEHTOB MOKHO CUMTATh BEIIECTBEHHBIMU BeanunHamu (Hanpumep, f= 1 xl'm).

CornpoTHBIEHUS HATPY3KU U UCTOYHHKA CUTHAJIOB MPEIOIaraloTcsi 0ObId-
HO aKTHUBHBIMHU, a BJIMSTHUEM PEAKTUBHBIX 3JIEMEHTOB BHEIIHUX Ienel (MHIYK-
TUBHOCTb TpaHc(hopMaTopa, pa3ieaTuTeNbHbIe U OJJOKUPOBOYHBIE EMKOCTH) Ha
yactoTe nopsaka | k'l mpu npaBUILHOM BBIOOPE 3TUX 3JIEMEHTOB MOKHO
npeHeopeyb.

Jls1 BeIMONTHEHUS TpadUyecKoro pacueTa peknuma Heo0X0IUMO Ha OCHOBE
CTATUYECKUX XAPAKTEPUCTHUK TPAH3UCTOPA MOCTPOUTH JUHAMHUYECKHE XapaKTe-
PUCTUKH TPAH3UCTOPHOTO Kackaja. ¥ J00HO HAUMHATh C TOCTPOEHUS BHIXOIHON
TUHAMUAYECKON XapaKTEPUCTUKH 1, = F(u,), UCTIONB3Y ISl 3TOU LIeNTU CEMENCT-
BO BBIXOJHBIX CTATUYECKUX XapPAKTEPUCTUK TPAH3UCTOPA, TOCKOJIBbKY, KaK 3TO
OyJeT BUJIHO U3 JAIbHEHIIEro U3JI0KEHUS, TPU JIMHEMHOM CONPOTUBJIEHUU Ha-
IPY3KH 3Ta IMHAMUYECKasd XapaKTepUCTUKA MPEJICTABIIAET COOOUN NPAMYIO JIH-
HUt0. Ha OCHOBaHMY BBIXOTHOM JUHAMUYECKON XapaKTEPUCTUKU U CEMENCTBA
BXOJHBIX CTATUYECKUX XaPAKTEPUCTUK TPAH3UCTOPA CTPOUTCS BXOIHAS JUHA-
MUYecKas xapakrepuctuka 1; = F(u;). Ha ocHoBaHMU BBIXOIHOM ¥ BXOIHOM JH-
HAMHYECKHUX XapaKTEPUCTUK CTPOUTCS MPOXOAHAA TUHAMUYECKAsT XapaKTepH-
ctuka i, = F(u;), 1, HaKOHell, Ha OCHOBAaHUHU ATOM XapaKTEPUCTUKHU B COOTBET-
CTBUHU C CONTPOTHUBIICHUEM UCTOUYHHUKA CUTHAJIOB — CKBO3HAsl JUHAMUYECKAS Xa-
pakTepucTuka i, = F(€yc;).

BbIxoaHasi TMHAMHUYECKAsl XapaKTePUCTHKA

[TocTpoeHne HaYHEM C UCXOJAHOTO pexuMa. B aToM ciryuae HampshKkeHue
CUTHaJIa OTCYTCTBYET, a CX€Ma 3aMEIICHUS BEIXOIHOM 1€ COOTBETCTBYET
puc. 4.2. 3nech E, — HanpsikeHne NuTanus KOJJIEKTOpHOU 1enu; Ry — conpo-
TUBJICHUE HAarpy3KH KOJIJICKTOPHOM IETH JIJIsl TOCTOSIHHOTO TOKa; Ry, x — BBI-
XOJTHOE€ COTIPOTHBIICHUE TPAH3UCTOPA.

OueBUIHO, YTO

EK = iKRKO + Ugs - (4 1)

B ypaBHenuu (4.1) 1Ba HEU3BECTHBIX — Ix U Uy,. ITO OOBACHIETCS TEM, YTO
Uy, = 1Rk, B TO BpeMsI KakK Ry« SIBISICTCSI HETMHEWHBIM ITApaMETPOM, 3aBUCS-
UM OT TTOJIOKEHUSI pabodeil TOUKH Ha IOJIe XapaKTePUCTHK.
J1yist onipeienieHust ITUX HEUM3BECTHBIX MCIIOJIb3yEeM JIOMOJTHUTEIBHO rpadude-
CKH 3aJaHHYO 3aBUCUMOCTH 1, = F(Uy,), MPEICTaBISIONIYI0 COO0H CTaTUIECKYIO
XapaKTEPUCTUKY TPAH3UCTOPA JIJIsi BHIOPAHHOTO TOKa cMelieHus 6a3bl lgy (puc.
4.3). Ypasuenue (4.1) u 3aBucumocts 1, = F(uy,) Oyaem paspematb COBMECTHO
rpaduuecku. st 3T0M 1enu npencraBuM ypaBuenue (4.1) B Buze
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Puc. 4.2. Cxema
3aMEeIIeHUS :
BBIXOJTHOH LICTH

Uy

NN
]
VoV __]

Puc. 4.3. Cratnueckast XapakTepUCTHKA
TpaH3UCTOpA JJI1 BLIOPAaHHOTO TOKA
cMmenieHus 06asbl I

1 E

1, =——u_+—=
) RKO K3 RKO ’
U3 KOTOPOro CIEYET, 4TO IpH R,y = const (JIMHEITHOE CONMPOTUBIEHUE HATPYy3-
KH) OHO SIBJISIETCS YPABHEHUEM MPAMOM, HE IPOXOSIIEH Yepe3 Hauallo KOop-
JIMHAT.
OTy NpsIMyI0 yI00OHO MOCTPOUTH MO BYM CIEAYIOIINUM TOUKAM:

a) Touka 1, = 0, 1711 KOTOpOH Uy, = Ey;

K

0) Touka uy, = 0, U1t KOTOpoH 1, =
k0

[TocTpouB MO 3TUM TOUYKAM pacCMaTpUBaEMYIO IIpsMYIO (mpsimas 1 Ha puc.
4.3), moiaydaemM UCKOMOE PEIIICHUE KaK TOUKY €€ MEePEeCEUCHUs CO CTATUYECKOM
XapakTepucTukon i, = F(uy,), npu i = I5 (Touka A Ha puc. 4.3). DTa Touka co-
OTBETCTBYET UCXOTHOMY PEKUMY TPAH3UCTOpA MIPU HANpsKeHUU nutanus E,
CONPOTHUBJICHUM HATPY3KH JIJISl IOCTOSIHHOTO TOKa Ry, BKIFOUEHHOM HEMOCPEe-
CTBEHHO B KOJIJIEKTOPHYIO II€Ib, U TOYKY CMEIICHUS 0a3bl ).

[TonydenHas npsiMasi IPeCTaBISIET COOOM BHIXOAHYIO JUHHAMUYECKYI0
XaPaKTEPUCTUKY KACKa/Ia M0 MOCTOSTHHOMY TOKY, ITOCKOJIbKY OHA IIOCTPOE-
Ha, UCXO/ISl U3 COMPOTUBIICHUSI HATPY3KHU KOJJIEKTOPHOM LIETH T10 MOCTOSIHHOMY
TOKY. YKa3aHHas IUHAMUYECKasl XapaKTepUCTUKA MO3BOJISCT HANTHU TMaJICHUE
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HanpsbkeHus: Ugg, co31aBaeMoe TOKOM I B conpotuBiennu Ryg. JlencTBuTEb-
HO, Ugg = Lo CtgQo, T11€ Q¢ — yroJl HAKJIOHA TMHAMUYECKON XapaKTEPUCTUKHU 110
OTHOIIICHUIO K OTPUIATEILHOMY HAIPABJICHUIO OCH a0CITUCC, KOTOPBIN MOXKET
OBITh OTIPEJICNICH KaK

K

¢, =arcctg| E_: =arcctgR , . (4.2a)
k0

Hanpspkenue , Ipuio)XeHHOE B UCXOJJHOM PEXUME K BBIXOJIHBIM JIEKTPOAaM

TpaH3ucTopa, U,y = Ex — Urg =Ex — IxoRxo . IIpu Ry = 0 (pexxum xopoTKoro 3a-

MBIKAHUS WA CTATUYECKUM pexuM) @o = /2. [Ipu Ry =00 (pekuM X010CTOro0

x0/1a) @ = 0, 1 AMHAMHUYECKas XapaKTEPUCTHKA COBIA/IAECT C OTPULIATEIHHBIM

HaIpaBJEeHUEM OCH aOCITUCC.

[Ipy KOHEUHBIX 3HAYEHUAX Ry yrosl HaKJIOHA TMHAMHAYECKON XapaKTEPUCTHKU

0 < o <7/2, mpuyeM @y TEM MEHbIIIE, YeM 0oJibiiie Ryy.

[TocTpoeHre BBIXOAHOM TUHAMUYECKON XapaAKTEePUCTUKH [IISl TIepeMeH-
HOT'0 TOKA ITPOU3BOJIUTCS, UCXO/ISI U3 COMPOTUBIICHUS] HArPY3KHU KOJUIEKTOPHOM
uenu Ry. 11t nepeMeHHOro ToKa, Tak 4To JJIsl 3TOM XapaKTEPUCTHKA

@~ = arcctgR,. . (4.20)
B Hekotopeix cinydasx Ry. = Ry (Touno i npubimmwkenHo). B apyrux ciayda-
ax Ry~ < Ryo (pe3uctuBHbIi kKackan) win Ry. > Ry (TpanchopmaTopHbIil Kac-
Kan).

YuuThiBas U3BMEHEHUSI TOKA 0a3bl, BEI3bIBAEMbIC HAIIPSHKEHUEM CUTHAJA U
HAXO0/1sl TOUKH MEPECECUCHHS BBIXOTHOW TMHAMUYECKON XapaKTEPUCTUKU KacKa-
1a JUIsl IEPEMEHHOTO TOKA CO CTATHYECKUMU XaPAKTEPUCTUKAMH TPAH3UCTOPA
IPU Pa3IMYHBIX TOKaX 0a3bl, MOXKHO MOJTYUYUTh JEHCTBUTEIbHBIC U3MEHEHUS
KOJIJIEKTOPHOT'O TOKA, TPOUCXOISIINE MO IEUCTBUEM CUTHaIa TIPU 3aJIaHHBIX
3HAYEHUSX COMPOTUBIEHUS R, muTaromero HanpsikeHus E, 1 nsMeHeHus1x
TOKa 0a3Hl 1.

O4eBUIHO, YTO U3MEHSISICh, KOJUIEKTOPHBIN TOK 1 PH 16 = 5o JOTEKEH TIPO-
XOJIUTh YEPE3 CBOE UCXOHOE 3HaUeHUE Iy. CiienoBaTenbHO, BBIXOIHBIE JUHA-
MUYECKUE XapaKTEPUCTUKH 10 IEPEMEHHOMY U MMOCTOSSHHOMY TOKaM JIOJKHBI
nepeceKkaThesl B UCXOAHOM paboueit Touke A (puc. 4.3).

Ha puc. 4.3 npsimas 2 nipeacTaBiisieT cO00i TMHAMUYECKYIO XapaKTepUCTH-
Ky JUISl IEPEMEHHOTO TOKA, OTHOCAILYIOCA K cirydaro R < Ryy. Touku ee nepe-
CEYEHHUSI CO CTATUYECKHMU XapaKTEPUCTUKAMU TPAH3UCTOPA I PAa3TUYHBIX
3HAUYECHUM 15 ONIPEEIAIOT U3MEHEHHS KOJNIEKTOPHOTO TOKa B IMHAMUYECKOM
pexKUME.

Crnenyet cka3arh, UTO BEJIMUMHA YTiia (., TOy4yaeMasi Ha uarpaMme, 3a-
BHUCUT OT MacIITabOB, MPUHATHIX B HEH I TOKa (m; MA/MM) U JjIsl HAIpshKe-
Hus (m, B/MM), 1 neiicTBuTeNbHAs BEIMYMHA ATOTO YTIila MOKET ObITh HailieHa
U3 BBIPAKEHUS
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¢_ = arcctg o R .1, (4.2 B)
m

u

rae Ry BeIpakeHO B KWJIOOMaXx.

Bxoagnasi fMHAMHMYeCKasi XapAKTEPUCTUKA

BxoaHast nuHaMu4eckasi XxapakTepUCTHKA IIPEACTaBIsAeT COO0M 3aBUCH-
MOCTb BXOJTHOTO TOKA OT BXOJAHOT'O HAMPSXKEHUS TPU HAIMYUU HArPY3KH B BbI-
XOAHOM 1enu Kackaga. OHa CTPOUTCS Ha OCHOBE BBIXOJIHBIX CTATUYECKUX Xa-
PAKTEPUCTUK TPAH3UCTOPA U BBIXOJIHOW JUHAMUYECKON XapaKTEPUCTUKH Kac-
kazna. Ho Tak kak 0OBIYHO BXOJIHBIE CTATHYECKUE XAPAKTEPUCTUKHU JIJIST Pa3IHY-
HBIX 3HAYEHUH Uy, PACTIONOKEHBI BEChbMa OJIM3KO APYT K APYTY, YacTo 3a BXO/I-
HYI0 JUHAMUYECKYIO XapaKTepUCTUKY MPUHUMAIOT MPUOJIMKEHHO CTaTUYe-
CKYIO XapaKTEepUCTUKY (KBa3UIMHAMUYECKYIO) /I HEKOTOPOT'O 3HAYCHHUS Uy,
OTJIMYAIOLIETOCs OT HYJISI (Hampumep, 1Sl U, = 5 B).

BxojaHast xapakTepucTrka NpuMeHsieTcs i rpayuuecKoro OnpeeaeHus
MOCTOSIHHBIX U MEPEMEHHBIX HANIPSKEHUN, TOKOB U MOITHOCTEW, OTHOCSIIIUXCS
K BXOJHOM LIETM KacKaja, a TAKXKE I ONPEACIEHUS €r0 BXOAHOIO COIIPOTUB-
nenus. Ha puc. 4.4 noka3aHo, Kak Ha OCHOBE BBIXOJIHOW TMHAMHYECKON Xapak-
TEPUCTUKU U BXOJHOM KBa3UIMHAMUYECKON XapaKTEPUCTUKU (IPUOIU3UTETHHO
COOTBETCTBYIOIIEN BXOJHON JUHAMUYECKOW ) MOYKHO MTOTYYUTh HYKHBIE JIJIS
JAJIbHEHIINX pAcyeTOB IMapaMeTPhbl BXOIHOU LEIH.

a) . 0) .
U,,=0
1 U»=5B
iK5—-

1gd _ It Y A :
. [}
. lgg |77 ° |
Lo=13 P
st b ___4£ [}
i Is0=1e3 R
K2 - o
oo
. | 1 !
. ler 777777 oo
it - ” .

. [}
0 s H=—alE T

i Usso ! Uy, 0 Uspi Usn [Usalss Ug,
1 ~J [}
[}

U630:u633

Puc. 4.4. Beixognas nuHaMudeckas (a) ¥ BXOHas KBa3uIMHaAMHYe-
ckas (0) XapaKTepUCTUKH JJIsI BKIFOUEHUs Tpan3uctopa O
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IIpoxogHasi U CKBO3HAsI AMHAMUYECKHE XaPAKTEPUCTUKHU

[IpoxoHast XapaKTepHUCTHUKA MPEICTABISAET COOOM 3aBUCHMOCTh BBIXOIHOTO
TOKa OT BXOJIHOT'O HampsikeHus 1, = F(Ug,) MpY HAIMYUKM HATPY3KU B BBIXOTHOU
LETH U TIPYU PABEHCTBE HYJIIO BHYTPEHHETO CONMPOTUBIICHUSI UICTOYHUKA CUTHA-
70B Ry, T.e. npu Bo30ykA€HUH Kackaaa oT uaeanbHoro reueparopa I/1C. Ona
MOKET OBITh JIETKO MOJIy4y€Ha U3 BXOAHON JMHAMHUYECKOH (KBa3UAMHAMUYE-
CKOM) M BBIXOJHOM TMHAMHYECKOM XapakTepucTuk (puc. 4.4, a u 0).

CkBO3Has TUHAMUYECKask XapaKTepHUCTHKA 1, = F(e,¢;) OTIM9IaeTcs oT mpo-
XOJHOW TEM, YTO U3MEHEHUS BBIXOJHOTO TOKA ONMPEAECIIAIOTCA B HEW 11O OTHO-
meHuto K 9JIC UCTOYHUKA CUTHATIOB, UMEIOIIET0 OTIMYHOE OT HYJISl BHYTPEH-
Hee conpoTuBiieHUE R,. BeieacTBUE 3TOr0 yUUTHIBAIOTCS] TOTEPU U UCKAKEHUS
HaMpsHKEHUST Ha BXOJI€ TPAH3UCTOPA, BhI3bIBAEMbIE KOHEUHOUW BEJIMUMHOM U HE-
JIMHEWHOCTBHIO €r0 BXOJIHOTO COIIPOTUBIICHUS IIPU TaHHOM 3HaueHuu R;. Jiis
MOJTYYEHHS] CKBO3HOW IMHAMUYECKON XapaKTEPUCTUKU HEOOXO0IUMO UCIIO0JIb30-
BaTh BBIXOJIHYIO M BXOJHYIO XapaKTEPUCTUKU, YIUTHIBAS, UTO €yer = Ug, + 16R)
(cMm. puc. 4.4).

CkBO3Hasi TMHAMUYECKAs XapaKTEPUCTUKA TPUMEHSIETCS JIJIs1 ONPEICIICHUS
BHOCHMBIX KacKaJOM HEJIMHEHMHBIX HCKaXKCHUH.

4.2. Pesxtcumbl pabomsl mpanzucmopa

PaccMoTpuM BO3MOKHBIE PEXKUMBI paOOTHI TPAH3UCTOPA MPU YCUICHUU
CHUMMETPHUYHBIX CUTHAJIOB. K CHMMETpUYHBIM CUTHAIaM OTHOCSIT TAKUE, JJIS
KOTOPBIX PABHOBEPOATHBI OJMHAKOBBIE OTKJIOHCHUS HANIPSKEHUS WM TOKA
CUTHaJIa B 00€ CTOPOHBI OT €r0 UCXOIHOT0 3HaUeHus. K Takum curHasiam, mo-
MHMO TapMOHUYECKHUX KOJIEOaHUM, OTHOCSTCS] CUTHAJIBI 3BYKOBBIX TIepeaay, Te-
JIEBU3MOHHBIX U300paKEHUI U pa3IMUHbIX UMITYJIbCHBIX YCTPOICTB C ABYXCTO-
POHHUMH UMITYJIbCAMM.

Haunbonee ecTeCTBEHHBIM PEXKUMOM ISl YCUJICHUSI CHMMETPUYHBIX CUTHA-
JIOB SIBIIAETCS PEKUM A, CyIIITHOCTb KOTOPOTO COCTOUT B TOM, UTO UCXOIHAS
pabouas TOYKa BEIOMPAETCS Ha CEPEINHE TUHEWHOTO y9acTKa CKBO3HOM JAMHA-
MUYECKOU xapakTepucTuku. LlenecoobpasHOCTh TakOro BEIOOPA UCXOTHOM pa-
Oouel TOUKM MPU CUMMETPUYHBIX CUTHAJIAX OYEBHJIHA, T.K. IPU ITOM OTPaHHU-
YEHU JINTHEMHOTO YYacTKa XapaKTEPUCTUKHU 110 MAKCUMYMY U 10 MUHUMYMY
HACTyNaloT OJHOBPEMEHHO MPHY HAaWOOJIbIIICH aMIUIUTYE HAIPSDKEHUS! CUTHA-
na.

B TpaH3uCTOpHOM Kacka/ie OrpaHUYEHUEM 110 MUHUMYMY SIBJISIETCS] JOMYC-
TUMOE€ HanOOJIbIlIee 3HAYEHUE BBIXOJIHOTO TOKA ITPU MAaKCUMAJIbHOUM TeMIiepa-
Typ€ WIA HAUMEHBIIIEE 3HAUECHNUE HAMPSXKEHUSI, COOTBETCTBYIOIIEE MEPEXOAY K
oOnactu Hacklmenus. OrpaHUYeHUEM 110 MUHUMYMY SIBJII€TCSI HA4allo HCKPUB-
jeHus (3arnba) CKBO3HOM TMHAMHYECKON XapaKTePUCTUKHU B 00JIACTH MaJIbIX
TOKOB.
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PaGoTa Tpan3uctopa B pexxume A 115 cxembl OO nosicHsieTcs puc. 4.5.

I I

IKlnaX

A

IKO

IK min:IKH _________

0

et

ot

Puc. 4.5. Pexxum A

3nech ucxoanas cmemaromas IJC mexay 6azoi u smurrepoM Eg,) BbiOpaHa

TaKuM 00pa3oM, YTO UCXOJIHBIN KOJJIEKTOPHBINA TOK o HAXOIUTCS HA CepeIMHE
I -1

K max K min

2

[Ipu cunyconnanbHoM n3MeHeHnn DJ1C UCTOYHNKA CUTHAIOB C AMIUIATYION
E6ym KOJIIEKTOPHBIN TOK U3MEHSIETCS TAKKE CHHYCOUJAIBHO C aMIUTUTYA0U [ip,.

Pexxum A sBisieTcst HanboJiee yHUBEpPCAIbHBIM PEKUMOM padboThl. OH TpH-
MEHSIETCSI IPU CHMMETPUYHBIX CUTHAIaX B KaCKaJlax MPEJBAPUTEIIBHOTO YCH-
JICHUS, a TAKXKE B MPEJOKOHEYHBIX U OKOHEUHBIX KackagaxX Mpu HEOOJIbIINX
MOIIHOCTAX ycuutens (00b19Ho 110 0,5...1 BT). OCHOBHBIM IPEUMYIIIECTBOM
pexuMa A sBIISICTCSl MaJlasi BeJIMYMHA HEJIMHEHMHBIX UCKaXKEHUH, oOecrieunBae-
Masi HauboJiee MPOCThIM CIIOCOOOM, & UMEHHO MCIOJIb30BaHUEM TOJBKO JIMHEH-
HOT'O y4yacTKa XapakTepucTuku. Hemocratkom pexumMa A siBIsieTcsl Majas Be-
nuunHa K1/ kackana, o0bsacHsemas OOJbIION MOCTOSHHON COCTaBISIOICH
BBIXOJIHOTO TOKa, KOTOpasi 1a’ke MPU OTCYTCTBUH CUTHAJIA HA BXOJIE (B May3e)
paBHa Iy, 4TO 00yCIaBIMBAET 3HAUUTEIbHYIO BETUYHHY MOITHOCTH, PACCEH-
Baemoii B Tpansuctope (P,). KII[] kackana B oOuiem Buje (J1s1 JIFOOOTO pekuma
paboThI) ONpeaeseTCs Kak

HCITI0JIB3YCMOT'O JIMHEMHOIO y4aCTKa XapaKTCPUCTHUKHU IKO =

n=—, (4.3)



rae P. = P, — mone3nas MomiHoCTb, BeIAEIsAEMAs B Harpy3ke; Py — MOITHOCTB,
noTpediisieMas OT HCTOYHHKA MTUTaHusA. MOIITHOCTh, paccenBacMas B TpaH3H-
cTope

P.=Py—P_. (4.4)

N3 Beipaxkenus (4.4) sicHO, 4TO HanOOJIbIIAss MOIIIHOCTh BBIACIISETCS HA

TpaH3ucTope, korga P. = 0, T.e. mpu OTCYTCTBUM CUTHAJIA HA BXOJE, T.K.

Po=Edkep » 4.5)
HO B pexkuMe A, Kak 3T0 BUIHO u3 puc. 4.5, I, = I, a I B pexume A, kak
YKa3bIBaJIOCh PAHEE, UMEET 3HAUNTEIIbHYIO BEJINUHUHY .

Just moswimenust KI1JI kackama npumensiercst peskum B, mpyu KOTOpoM uc-
X0/IHas pabouasi TOuKa BEIOMpaETCs B Hayajae CKBO3HOM TMHAMUYECKOM XapaK-
TEPUCTUKH, T.€. B TOUKE 1, = iy, @ cMemaromias IJ1C Mex ity 6a30i U SMUTTE-
poM Eg,o = 0 (puc. 4.6). [1pu sToM, ecnu nnpeHeOpeyb HUUYTOKHO MAJIBIM TOKOM
I, MOKHO CUHTATh, YTO KOJUJICKTOPHBIN TOK MPOXOIUT Yepe3 TPAH3UCTOP
TOJBKO B TEUEHHUE OJTHOT'O MOIYNEPHOIa, U IIOITOMY YIOJl OTCEUKH B PEKUME
Og = /2 (puc. 4.6).

IK max

Lm0 ot

ot

Puc. 4.6. Pexxum B

[ToaTOMY HEHCKaKEHHOE BOCIIPOU3BEAECHUE CUMMETPUYHOIO CUTHAJIA TIPH aIle-
PHOJIMYECKOM XapaKTepe Harpy3Ku BO3MOKHO TOJIBKO IIPH UCIIOJIb30BAaHUU
JABYXTAaKTHOM CXE€MbI OKOHEYHOTO KacKaja.

B pexume B koaddunrieHT nonae3Horo 1elcTus (1) yBeIUUUBaAETCS, BO-
NEPBBIX, 3@ CUET JIYYILEro, IO CPABHEHUIO C PEXKUMOM A, UCIOIb30BaHUS TPAH-
3ucTopa MO TOKY (I maxs > lxma), O1ar0OIapS YeMYy IMOJI€3HAS MOIITHOCTD
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p=l1 U (4.6)

~ 2 Kmax Km

OKa3bIBaeTcs OoJbliie, yeM P B pexkxume A, a, BO-BTOPBIX, B I1ay3e, T.€. IIPU OT-
CYTCTBHMM CUTHaJa Ha BXOJIE, OT HICTOUYHHMKA MUTAaHUS MOIIHOCTh HE OTPEOJIs-
€TCs MPAKTUYECKH BOOOIIE B COOTBETCTBHUH ¢ (4.5), T.K. I, o = 0, a cpeaHuii TOK B
pexume B MOKHO cuuTath NpUOIUZUTENBHO PaBHBIM I pmax/Tt. MOLTHOCTB, MO-
TpeOsisieMasi OT UCTOYHMKA NMUTaHus Py py HaMuuu cUTrHaIa Ha BXOJIE, OTpe-
JEJIAETCA CPEAHUM TOKOM M OKa3bIBACTCS MPUMEPHO PaBHOU E- Iy ¢p.

Takum 06pa3om, B OTHOIIIEHWH SHEPTETHUECKUX MoKa3arenen pexum B
MMEET HECOMHEHHBIE ITPEUMYIIIECTBA 110 CPAaBHEHUIO C pexkuMoM A. Henmocrar-
KOM pexxuma B sBisieTcst 6ombliee uckaxkenue curana. Kpome toro pexxumy B
MPUCYIIH crielM(UUECKUE UCKAXKECHUS TUTIA KIIEHTPATIbHOU OTCEUKU», 00Y-
CJIOBJICHHBIE TEM, UTO TPAH3UCTOPHI B IJICYAX JBYXTAKTHOTO OKOHEYHOI'O Kac-
KaJla MOTYT UMETh HE HICHTUYHBIE TTapaMeTpbl (Harpumep, K03 OUIMESHT yCu-
JICHUS TI0 TOKY [3 WJIM HAYaJIbHBIA KOJIJIEKTOPHBIA TOK), YTO HAPYIIAET CTPOTYIO
OuYepeaHOCTh pabOThl TPAH3UCTOPOB U MPUBOAUT K HEKOTOPOMY 3ara3abIBaHUIO
KOJUIEKTOPHOI'O TOKA B IJIeYax ABYXTAaKTHOW cXeMbl. CKa3aHHOE MOSICHAETCS

T n
Ky

Puc. 4.7. ckaXeHUs THUIIA IIEHTDAIIBHON OTCEUKN))

JInst TOorOo, 4TOOBI COXPAHUTH SHEPreTUUYECKHUE MTPEUMYIecTBa pexkuma B u
n30eKaTh UCKAKEHUN TUTIA «IICHTPATBHON OTCEUKN», UCTIONB3YIOT pekuM AB,
npu koTopoMm yBenuuuBatoT IJIC cmemenus Eg,y u pabouyto Touky (p.T.) BbI-
BOJSIT HA HEKWW HAYAJIBHBIN Y4aCTOK CKBO3HOW XapaKTEPUCTUKH, IPOITYCTHB
4yepe3 TPAH3UCTOP B UCXOJHOM peKMME HEOObION TOK 1oKos Iy. B aTom ciy-
4yae BBIXOJHOM TOK IMIPOXOJUT YEPe3 TPAH3UCTOP O0JIee UeM B TEUEHUE MOJIOBH-
HBI TIEPUOJIA, T.€. YTOJ 0TCeUKH 0,5 > /2 (puc. 4.8).

KII/L B pexxume AB HECKOIBKO MEHBIIE, YEM B peKUME B B cuity TOro, 4to
IpY OTCYTCTBUHU CHUTHaja Ha BXO/I€ (B May3e) OT UCTOYHUKA MUTAHUS TTOTPEO-
asieTcst MOITHOCTh Py = Iy Ex. MomHoCTh, moTpediisiemast OT HCTOYHHKA TTHUTa-
HUSI TPY HAIMYMU CUTHAJIA HA BXOJIE€ TAK K€, KaK U B pexxuMe B, onpenensercs
CpPEIHHM TOKOM, BbIpaxeHue (4.5).
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IK max

2'11 3'11 ot

ot

Puc. 4.8. Pexxum AB

PaccMoTpeHHbIe pexuMbl pabOThl TPAH3UCTOPA UCTIOIB3YIOTCA IIPU HETIO-
CPEICTBEHHOM (MPSAMOM) YCUJIEHUH, T.€. IPU YCUIICHUH CUTHAJIOB 0€3 X Mpe-
oOpa3zoBaHwUsI.

8.
9.

KonTpoabHbIie BOIPOCHI

. Kakoii MeTop uccienoBanusi IpuMEHSIETCS B cllydae pabOThl Kackaja

npu OOJIBIINX YPOBHSIX CUTHAJA?

Urto Takoe 001acTh OTCEUKU?

Urto Takoe 001acTh HACBIILEHUA?

Kaxkast 0051acTh MoJis BBIXOJHBIX CTATUYECKUX XaPAKTEPUCTUK UCIIOIb3Y-
€TCS B PEKUME YCUIICHUSA?

Yro npeacTaBiasieT co00i BHIXOHAS JMHAMUUYECKASI XapaKTEPUCTUKA 110
MMOCTOSIHHOMY TOKY?

Uem oTiiM4aeTCsl BIXOAHAS TUHAMUYECKAS XapaKTEPUCTHKA T10 Mepe-
MEHHOMY TOKY OT BBIXOJHON JUHAMHYECKON XapaKTEPUCTUKH IO MOCTO-
SHHOMY TOKY?

. Kakumu napameTpamu XxapakTepusyeTcsl HCXOIHBIN peKuM padoThl

TpaH3ucTopa?
Uro Takoe pexum A?
UYewMm pexkum B otinmuaercs ot pexuma A?

10.Yem 00ycnoBieHO HCoNb30oBaHue pexknuma AB?
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5. O0ecneyeHne UCXOAHOTO PeKMMA PadOTHI TPAH3UCTOPOB

5.1. OcHoenvle cnocoowl ocyuiecmeeHus UCX00HO020 PeHCUMA
mpan3ucmopa

W cxXoaHblil pexXuM TPaH3UCTOPA XAPAKTEPU3YETCs HAMPSHKEHUEM MUTAHUS
KOJUICKTOPHOM LEeNU E,, HCXOHBIM KOJUIEKTOPHBIM TOKOM Iy, HANPsSIAKEHUEM
cmemenus 0a3nl Ugy (Egy) 1 HCXOTHBIM TOKOM 0a3bI 5.

Hanpspokenue E momaeTcss OT MCTOYHMKA MUTAHUSI HEMTOCPEACTBEHHO WIIH
yepe3 pa3Bs3biBatomnii puiibTp. B npenenax padoueit 061acT XxapakTepUCTHK
OHO HE OKa3bIBACT CYIIECTBEHHOTO BIIUSIHUS HA BEJIMYMHY UCXOIHOTO KOJIICK-
TOPHOTO TOKA I, KOTOpast onpeensaeTcsi, B OCHOBHOM, HAIIPSIAKEHUEM CMEIIIe-
HUst Uy B COOTBETCTBYIOIINM HCXOIHBIM TOKOM 0a3bl I (puc. 4.4).

TpeOyeMblit HICXOTHBIN PEKUM HIETH 0a3bI 11eIecCO00Pa3HO OCYIIECTBIISTh
3a CUeT UCTOYHMKA MUTAHUS KOJIJIEKTOPHOM IETH, TaK IPH 3TOM MOXKHO 000M-
THUCh OJHUM OOIIMM UCTOYHUKOM MUTaHUs Kackana. [Ipu 7ToM OCHOBHBIMU
crioco0aMu OCYIIECTBICHUS] CMEUIEHUS 0a3bl SBIAIOTCS: a) CMElIeHne (PUKCH-
POBaHHBIM TOKOM 0a3bl; 0) cMelieHne (PUKCUPOBAHHBIM HAIPSHKEHUEM 0asbl.

Puc. 5.1. Cmemenne GpuKCUPOBaHHBIM TOKOM

Cxema cMmeleHus: (GUKCUPOBAHHBIM TOKOM 0a3bl MPUBEICHA JIJIs1 BKITIOUE-
Husg OO Ha puc. 5.1. CMelieHre oCcymecTBIsAETCs 3/1eCh MOCPEICTBOM PE3UCTO-
pa Ry, oOpasyromero ajist MOCTOSIHHOTO TOKa Ienb Ry U conmpoTuBiIeHnEe yJacT-
ka 0aza — 3MuTTEp (T550). IIpu 3TOM TOK 6a3BI

EK — U60
L=t =%, (5.1)
RO

rae Ugy — HalpsDKEHHUE CMEIEHUs, CO3/I1aBaeMOe TOKOM gy Ha CONMPOTUBICHUHN

EK
0a3a — SMUTTEP I, MOCTOSHHOMY TOKY. Tak kak Ugy << E, 10 I, = R—, T.C.
0
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TOK 0a3bl Iy JEUCTBUTEILHO SABISETCA (PUKCUPOBAHHBIM, TTIOCKOJIBKY OH MpaK-
TAYECKH HE 3aBUCUT OT [TAPAMETPOB TPAHZUCTOPA.

-Ex+ o1

Puc. 5.2. Cmemenne GpuKCHPOBaHHBIM HAMPSHKEHUEM

Cxema cMmenieHus (PUKCUPOBAHHBIM HAMPSHKEHUEM NIPUBEICHA Ha puc. 5.2.
N3 cxembl BUIHO, YTO B JAHHOM CJIy4ae CMELUIEHHUE OCYIIECTBIIIETCS IIOCPEIACT-
BoM genmtens R,, Ry. IIpu aTom

U
R, =—2%; (5.2)
Inen
— EK _U630 (53)
) I/:(en + I60

Tak kak Tok genutens I, BBIOUpaeTcs 3HAYMTEIIBHO OOJIBIIAM, YEM TOK
0a3bl Iy, TO

E -U
R, ~ & ——00 (5.4)
I/:[en
Pemas (5.4) u (5.2) otHocutenbHO Ug,y, HAXOAUM
R
b , (5.5)

U, ,=—2—.
630 K
R, +R,
T.¢. HanpspkeHue Ug,y JEHCTBUTENHEHO SBIAECTCS (PUKCUPOBAHHBIM, TTOCKOIBKY
OHO ITPAKTHYCCKH HC 3aBHUCHUT OT IIAapaMCTPOB TPAH3UCTOPA.

Jecradnaunsupyomme Gaxkropbl
CMmelnienre pUKCUPOBAHHBIM HAIPSYKEHUEM WM TOKOM B CBOEM YHUCTOM
BH/JIE MAJIO PUTOAHO JIJI KCTIOJIB30BAHUS B CEPUMHON anmnaparype, T.K. IpU
M3MEHEHUH TEMIIEPATYPBI OKPYKAIOIIEW CPEIbl, MUTAIOUIEr0 HAIPSKEHUS WIH
IIpU 3aMEHE TPAH3UCTOPA BHIOPAHHBIN HCXOMHBIN PEKUM €TI0 pabOThl MOKET
CYILIECTBEHHO HAPYILIATHCS.
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CuiibHOE BIMSIHUE OKa3bIBAIOT U3MEHEHUS TEMIIEPATYPhI, UTO OOBSICHAETCS
3HAYUTEIIbHOM TEMIIEPATYPHOU 3aBUCUMOCTBIO IApaMeTpoOB TpaH3ucropa. 13-
BECTHO, YTO IIPU MOBBIIEHUH TEMIIEPATYPbI BBIXOJHON TOK TPAH3UCTOpPA YBE-
JUYUBACTCS, & IPU MOHKEHUH — yMEHbIIaeTcs. Tak Kak U3MEHEHHUs TeMIiepa-
Typbl OKPY>KaIOIIEH CpeJibl MPOUCXOAIT BEChbMa MEJIJIEHHO, OHU BBI3BIBAIOT U3-
MEHEHUS UCXOHOTO MOCTOSHHOTO TOKA U MPUJIOKEHHOTO K TPAH3UCTOPY Ha-
MPSKEHUSI, YTO MOXKET MPUBECTU K YMEHBIIICHUIO YCUJICHUS U OOJIBIIINM HEJTH-
HEWHBIM UCKOKECHUSIM.

CkaszaHHO€E TOSACHSETCS pUC. 5.3, HA KOTOPOM IPEACTABICHO MOJOKECHUE
UCXOJHOM pabouelt Touku (p.T.) Kackaga O mis 3HaueHu I 1 Uy, OTHOCS-
IIMXCSI COOTBETCTBEHHO K HOMUHAIBHOM Temmeparype ty (puc.5.3, a), MUHH-
MaJIbHOM tyn < to (puc.5.3, 06) u TemmepaType tmax > to (puc. 5.3, B). Ilpu aTom
Ipearnojaraercs, 4to Bo Bcex ciyvasx E, = const, R, =const, I5y = const. Oue-
BUJIHO, YTO MPH TEX K€ MpeJiesiax U3MEHEHUSI BXOJHOTO TOKA 1 B CiTydasix, CO-
OTBETCTBYIOIIUX pHUC. 5.3, 0 U B, TOJDKHBI BO3HUKATh 3HAYUTEIbHbIC HEJIMHEH -
HbIC UCKKEHUS M3-32 OTCEUKU KOJUJIEKTOPHOTO ToKa (puc. 5.3, 0) WiIM KOJIIeK-
TOPHOI'0 HaMpspKeHUs (puc. 5.3, B).

Kpome Toro, yBenmueHue KOJJIEKTOPHOTO TOKA MPY MOBBIIIEHUN TEMIIEpPa-
TYpPbl MOXKET MOJYYUTh TABUHOOOPA3HBIN XapakTep, T.K. YBEIMUYCHHE TOKA CO-
IPOBOKIAETCS JATbHEHIITUM MOBBIIICHHEM TemnepaTypsl. [Ipu 3ToM Kosuiek-
TOPHBIN TOK MPEBBIIIACT IOMYCTUMOE 3HAYEHUE U TPAH3UCTOP BHIXOAUT U3
CTpOSI.

N3 ckazaHHOTO CEAYET, YTO JJIsl CTAOMIN3AIMU BBIXOIHOTO TOKa HEO0XO-
JIMMO U3MEHSATH O ONPE/ICICHHOMY 3aKOHY B 3aBUCHMOCTH OT TEMIIEPaTypbl
rapaMeTpsl Igo 1 Ugy.

HeszaBucumo ot cxembl BKIItoueHus: Tpansuctopa (Ob, O3, OK) mepoi
TEeMIIepaTypHON HECTAOUIBHOCTH €TI0 UCXOJHOTO PEXXUMa SIBIISIETCS CTEIECHb
U3MEHEHHUs] BHIXOJTHOTO TOKA.

N3MeHeHune BBIXOAHOTO TOKA BBI3bIBACTCS CIEAYIOIMMHU OCHOBHBIMU (pak-
TOpamu, JEUCTBYIOITMMHU MPHU KOJICOAHUIAX TeMIEpaTypbl OKPYKAIOIICH CPeIbl:

a) I3MEHEHHE HA4aJIbHOTO (TEIJIOBOr0) TOKa KOJIIEKTOpa liy;

0) U3MEHEeHNe TaJIeHNs HAMPSHKEHUsI Ha SMUTTEPHOM p-n — niepexonae U's;

B) U3MEHEHUE KOd(PhUIIMEHTa YyCUIIEHHUS 0 TOKY O U [3.

YkazaHHbIE 1ecTA0NIN3HPYIOIHe (PAKTOPBI MOTYT OBITH ONPEICICHBI
cnenyromum oopazom. HauaabHblii KoJIeKTOpHBIN TOK I, TpU TeMmiepaTy-
pe t', 00yCIIOBIICHHBIM, B OCHOBHOM, KOHIICHTpaIlMel HEOCHOBHBIX HOCUTEJIEH,
MOJKET OBITh OTPE/IEIICH JJI TEPMAHUEBBIX TPAH3UCTOPOB U3 BHIPAKECHUS

t'—t, At
I .=121° =1 21 (5.6a)
JUTsl KPEMHUEBOTO TPAH3UCTOpa
At
I, =131°". (5.60)
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Puc. 5.3. I3meHeHue noyioxkeHus paboueld TOUYKH NpU U3MEHEHUN
TEMIIepaTyphl: a - HOMHUHaJIbHAs Temmeparypa tyo; 6 - MUHUMaJIbHast
TEMIIEPATYPA tyin; B -MaKCUMaJIbHASI TEMIIEPATYPA tiax

OTH BhIpaXXEHUS MMOJYy4atOTCsl Ha OCHOBE perieHus 11U y3uoHHOT0 ypaBHEHUS
MOJIYyIPOBOJHUKOBOTrO auoja [1]. M3 mpuBeaeHHBIX BBIPAKEHUN BUIHO, YTO
TOK I yIBauBaeTcs (J1s1 TepMaHUEBBIX TPAH3UCTOPOB) WM YTpauBaeTcs (s
KPEMHUEBBIX ) TP MOBBIIICHUH TEMIIEPATYPhI HA KaXK]IbIE JECATh IPATyCOB.
JI71s1 KpeMHUEBBIX TPAH3UCTOPOB BEIWYMHA [, 3HAUUTEIBHO MEHBIIE, YEM IS
TE€PMaHUEBBIX.
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[Ipu npoXOKI€HUHU TOKA YEPE3 IMUTTEPHBIN P-n — MEPEXO0]I HA €r0 TPaHU-
[[aX YCTaHaBJIMBAECTCS Pa3HOCTh moTeHuuanoB U’, (moTeHIHnanbHbIi 6apbep),
omnpeaesieMas COOTHOIIEHHEM TPAHUYHBIX KOHIIEHTPALUA HOCUTENEN TOKA.
DTa pa3HOCTh MOTEHIIMAIOB MPEMATCTBYET MIPOXOKICHUIO TOKA, IO3TOMY OHA
MOYET PaCCMATPUBATHCS KaK MaJICHUE HANIPSKEHUS] HA DMUTTEPHOM p-N — Tie-
pexone.

Mosxet ObITh TTOKa3aHo [ 1], uto Benmuunnaa U’, magaer 1mo Mepe MmoBBIIICHUS
TEMIIepaTypbl, IPUUYEM €€ U3MEHEHUE MPOUCXOIUT TPUOIUZUTEIHHO MPOTIOP-
[[MOHAJILHO TeMIIEpaType, COCTABIISS KaK /Il TEPMAHUEBBIX, TaK U JJIsl KPEM-
HUEBBIX TPAH3UCTOPOB 0KOJIO 2,0...2,5 MB/rpan.

Takum 00pa3oM, B COOTBETCTBUHU C [ 1], TeMIiepaTypHOE U3BMEHEHHUE HAIPSI-
EHUSI HA YMUTTEPHOM pP-N — MEPEXOJIe

AU, =—(2,0...2,5)10°At B. (5.7)

Ko3dduumenT ycuaeHus 1o TOKY 3HAUUTENBHO YBEIUYUBACTCS IIPH T10-
BBIIIICHUM TEMIIEPATyPhl, B OCHOBHOM, BCJICJICTBUE YBEIUUCHUS BPEMECHU KHU3-
HY HEOCHOBHBIX T, HOcUTeNen ToKa. COOTBETCTBEHHO yBEINYMBACTCA U KOI-

o
¢punueHT ycuwienus J=——

I-a
DKCIepUMEHTAIbHO MOJIy4eHHbIE 3aBUCUMOCTH 3 = F(t) 11t TpaH3uCTOPOB
pa3IMYHbIX TUIIOB IPUBOJSATCS B CIIPaBOYHUKAX. I3 3TUX NaHHBIX ClIeqyeT, 4YTO
BennunHa AB/P umeer nopsaok 0,01...0,03 na 1°C..

2.2. Cmabunuzayus ucxooHo2o pexcuma

IIpu yBennueHUM TeMIepaTypbl OKPYKArOLIEH CPEAbI B IIEPBYIO OUEPEID
YBEIIMYMBAECTCA HEYITPABIISIEMbIM HAYaJIbHBIM TOK KOJUIEKTOPHOU HENH ;. ITOT
TOK, HEOOJIBIIION 10 a0COJIFOTHON BEJIMUMHE, BBI3BIBACT 3HAUUTEIILHBIC U3MEHE-
HUs (YBEJIMYEHHUE) TOKA KOJIJIEKTOpPA B IPSIMOM HAMPABJICHUU, U, €CIIU HE Tpe-
TyCMOTPETh HUKAKUX Mep, TO KOADPHUITMEHT HECTAOMITHBHOCTH, PECTABIISIO-
vt coboit B o011eM Bue
_ AL

Al ’

KH | U, =const

S

OyJleT UMETh 3HAYUTEIbHYIO BEJIUYUHY, YTO MPUBEAET K JABUHOOOPA3HOMY
MIPOILIECCY POCTA BHIXOJHOTO TOKA U BBIXO/Y TPaH3UCTOPA U3 CTPOs. UTOOBI 3TO-
ro HE MPOU30IIIO, B aHAJIOTOBOM ammaparype npeaycMOoTpeHa CTabrn3anus
UCXOQHOI0 pEXUMa TPAH3UCTOPA.

Cralunmn3aius MOXKET OCYIIECTBIISITHCS KaK 3a CUET JIMHEHHOM oTpuIia-
TEJILHOW 00paTHOM CBSI3U, TaK U 3a CUET HEJIMHEHUHBIX 1ETe, KOMIIEHCUPYIO-
X U3MEHEHHUE BBIXOJHOTO TOKA, BBI3BIBAEMOE JICCTAOMIN3UPYIOMHUMHE (haK-
TOpPaMHU.
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OCHOBHBIMM CXE€MaMHU JIMHEMHOW CTAOWUIIU3aLIMH SBIISIOTCS KOJJIEKTOPHAS U
SMUTTEPHAS.

KosuiekTopnasi crabunusanus
[TpuHIMNMaNbHAs cXxeMa Kackaja ¢ KOJUIEKTOPHOM cTabunu3anueit s
BKiroueHns: OO npuBesieHa Ha puc. 5.4.

Puc. 5.4. KonnektopHas cradbmin3amus

U3 puc. 5.4 BUIHO, YTO KOJUIEKTOPHAS CTAOMIU3AIUS MOXKET OBITh TIOJyYeHa Ha
OCHOBE CXEMBbI CMeIIEeHN PUKCUPOBAHHBIM TOKOM 0a3bl (puc. 5.1) mocpenct-
BOM MEPEKIIIOUEHUs pe3uctopa Ry ¢ BbIBOa HICTOYHMKA TUTAHUS HA KOJUJIEKTOP
TPAH3UCTOPA. DTUM JOCTUTAETCS 3aBUCUMOCTh TOKa B IIENHU Ry OT BEIHUMHBI
UCXOAHOI'0 SMUTTEPHOIO TOKA, MOCKOJIBKY MOTEHIMA KOJUIEKTOpa OTHOCH-
TeabpHO 00mIei Touku Uy, = E; — [,)R«. B cooTBeTcTBUU € [1], KO3d PuineHt
HECTaOMIIbHOCTH

S= . (5.8)

R, +R,

N3 Beipaxkenus (5.8) sicHO, UYTO HaMMEHbIIIee 3HaUYeHHEe KOA(DPUIIUCHT He-
CTaOWIIBHOCTH OyJE€T UMETh, €CJIM CONTPOTHUBIICHHE KOJJIEKTOPHOM IETIH TIO TT0-
CTOSSHHOMY TOKY BeNUKO. MteanbHbId ciryyau, koraa S = 1, T.e. Ry — o, cm.
BeIpakeHue (5.8). Ho gacto okazeiBaercs, uto Ry >> R, u Torna koadgdumnueHt

HECTAOMIIbBHOCTH MOJIYy4acTCs OJM3KHUM K BEJIMYUHE S = 1— , HTO COOTBCTCT-
0.4

BYET HECTAaOMIM3UPOBAaHHOMY Kackany, T.K. mpu o = 0,98...0,99 S umeer 3Ha-
YEeHUs JECATKOB U COTEH €UHULL.

Takum 006pa3zom, NpaKTUYECKUE MPEIENbl YMEHbIIEHU KO3 PUILIMEHTA HE-
CTAOWJIBHOCTHU S MPHU KUCIIOIb30BAHUH KOJUIEKTOPHOM CTaOMIIN3alluu KpaliHe
orpannuenbl. K Tomy ke B cxeme OO npuMeHEHUE KOJIEKTOPHOU cTabmIn3a-
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IIUY TIPUBOAUT K TIOSIBJICHUIO MMapaJUIeIbHONW OTPHUIIATEIbHOW 0OpaTHOM CBSI3U
M0 OTHOIICHUIO K TOKY 0a3bl U JJIsl IEPEMEHHOTO TOKa, YTO CHIYKAET YCUJICHUE
Y BXOJIHO€ CONPOTHUBIICHHE Kackana. OOpaTHas CBSI3b M0 IEPEMEHHOMY TOKY
MOKET OBITh UCKIIFOUEHA, HO ATO YCIIOXKHSET cxeMy (nenenue Ry Ha aBe yactu u
BKJTFOUEHHUE KOHJIEHCATOPa MEXK/Ty TOYKON UX COSAUHEHUS U 3eMJICH ).

IMHUTTEPHAs CTA0OWITHU3 AU
Cxema SMUTTEpHOM cTabuIu3aiuu s BKIrodeHuss OO npuBeieHa Ha
puc.5.5.

Puc. 5.5. DOmutTrepHas crabunuzanus

Kak BugmM, cxema SMUTTEPHOM CTAOUIU3AINH MOTy4YeHAa HA OCHOBE CXEMBI
cMenieHus: PUKCUPOBAaHHBIM HampsikeHueM 0a3bl (puc. 5.2). bnaronaps genu-
temto Hanpsbkenue Uy, Ha pe3uctope Ry, He u3meHsieTcs, MoCKOJIbKY HE 3aBUCUT
OT IapaMeTpoB TpaH3ucTopa. Kak ynmomuHanocs B 5.1, mpu yBEJIMYEHUH TEM-
nepaTypbl YBEJIMUMUBAETCS BBIXOJIHOM TOK, U, CIIEIOBATEIbHO, BO3PACTAET Majie-
Hue HanpspkeHus: Ug, Ha pe3uctope R,, BKIFOUEHHOM B LIETb SMUTTEPA. ITO 03-
HA4aeT, 4To HampspkeHue cmenienus Ha 6a3e Ug,) yMEeHbIIaeTcs, MOCKOJIbKY

Ugs0 = Urp — Ug, .
[Tocnennee 0OCTOATENBCTBO NPUBOJUT K TOMY, UTO TOK YEPE3 TPAH3UCTOP
yMEHBIIAETCs, U paboyasi TouKa CTPEMUTCS] BEPHYTHCSI B UCXOJIHOE COCTOSIHHE
(cm. puc. 5.3, a u 0). Takum oOpa3zom, dJIeMEHTaMU SMUTTEPHOMN CTAOMIN3AIUN
ABJISIIOTCA pe3ucTOphl R,, Ry, 1 R,. Koadduument HectabunbHOCTH BbIpa3uTCcs
KaK
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I+ R, + R,
Ra Rb
S= : (5.9)
R, R
l—-a+_ >+
Ra 1{b
N3 (5.9) cnenyer, 9uTo A1l yIydIIeHUs CTAOMIM3AIMKM COMPOTUBIICHUS JICTTUTE-
JIsl CIIeAyeT BHIOMPATh MO BO3MOXKHOCTU ManbiMu. OHako ymeHbieHue R, u Ry
OTrpaHUYMBAETCS BO3paCTaHUEM MOCTOSIHHOTO TOKA, MOTPEOISIEMOTO AEIUTENIEM
OT UCTOYHUKA MUTAHMS, a TAKKE — CHP)KEHUEM BXOJIHOTO COMPOTHUBIICHUS Kac-
kaaa. 13 (5.9) takxke cineayert, 4To 11l yMEHbIIeHUsT KO3 dUIlueHTa HecTa-
OMJIBHOCTH HYXKHO YBEJIMYUBATh COMPOTHBIICHUE pe3ucTopa R,. Ho Benmmunna
R, onpenensieTcst BEIOOPOM UCXOTHOTO PEXXMMa TPAH3UCTOPA U HE MOXKET OBITh
yBenudeHa OOJIbIIe, YeM 3TO IUKTYETCS BEHIOPAaHHBIM PEXKHUMOM paOOThI TPaH-
3UCTOpA MO MOCTOSSTHHOMY TOKY. KOMIpOMUCCHBIM perieHueM sBISIETCS BEIOOD
koa(dpuimenTa HecTabMIBLHOCTH B Tipeenax S = 3...7, a ye Ha OCHOBE 3a-
JAHHOTO (BBIOPAHHOTO) S JeiaeTcs pacueT AeauTeNs B ey 0asbl.
Konnencarop C, (puc. 5.5), BKIIOUCHHBIN napauieabHo R,, cTaBuTCs 11
UCKJIFOUEHHMS BHEUTHEH OTPULIATENIbHOM 00paTHOM CBA3M JJI IEPEMEHHOIO TO-
Ka, CHIDKAIOIIEeH KO3 GUIIMEHT YCUIICHUS KacKajia, 1 HUKaKOTO OTHOIIEHUS K
CTaOMIN3AIMN HCXOTHOTO PeKUMa pabOThl HE UMEET.

KonTpoabHbIe BOIPOCHI

1. Kakumu napameTpamu XapaKTepu3yeTcsi UCXOIHBIN peKUM padOoThl
TpaH3UucTOpa?

2. Kakum cnocoOoM OCYIIECTBIISIETCS UCXOHBIN PEXUM PAOOTHI?

3. Kakue necrabunusupyroniye (pakTopsl AEHCTBYIOT IPU UBMEHEHUU TEM-
MepaTypbl OKPYKAIOLIEH CpeIbl?

4. Yto Takoe K03hHHUIMEHT HECTAOMITBHOCTU?

5. Korna nienecoobpa3Ho NpuMEHSTh KOJIJICKTOPHYIO CTAOMIN3AIUIO HC-
XOJHOTO peXuMa?

6. B ueM puszndeckuii CMBICII SMUTTEPHOM CTAOMIM3AIN ?

7. B KakoM HampaBJIE€HUH HYKHO U3MEHSTh COITPOTUBIICHUS AEIUTENS B
uenu 0asbl, YTOObl YMEHBIINUTh KO3(P(UIIMEHT HECTAOUITIBHOCTH ?
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6. Kackaabl npeaBapuTe/ibHOTO yCHUJICHUSA

6.1. Pe3zucmuenviit kackao 09

OCHOBHBIM BHJIOM KacKaJ0B MPEIBAPUTEIHHOTO YCUIICHUS SBIISIOTCS PE3HU-
CTUBHBIE KacKaJbl, TaK KaK OHU 00CCIICUNBAIOT PABHOMEPHOE YCHIICHHE B JIOC-
TaTOYHO MIUPOKOH IMOJIOCE YACTOT MIPU KPAaUHEW IPOCTOTE CXEMBI, a TAKXKE Ma-
JBIX TabapuTax U HU3KOW CTOMMOCTH €€ neMeHTOB. OTCYyTCTBUE MHAYKTUBHO-
CTe! CBOJIUT K MUHMMYMY TIapa3UTHBIC B3aUMHBIC BIMSIHUS MEXIY KacKagaMu,
a TaKoKe BJIMSHUS BHEIIHUX IOJIEH.

Hanbonee yacto mpuMeHst0TCs pe3ucTHBHbIE Kackaabl 0D ¢ aMuTTEep-
HOM cTaduam3anueii (cM. puc. 5.5), kak obecrieunBaroIIre HaudobIIee yCu-
JICHWE TI0 MOIIHOCTH TIPH JIOCTATOYHO BBICOKON CTAOMIBHOCTH HCXOIHOTO Pe-
xuma. Kpome Toro, kackaapl OO UMEIOT OTHOCUTEIIBHO OOJIBIIIOE BXOIHOE CO-
MIPOTHUBJICHHUE, YTO TIO3BOJISIET B JOCTATOYHOM CTETICHH MCTIOJIb30BaTh yCHIIH-
TeJbHBIC CBOMCTBA TPAH3UCTOPA MPEANISCTBYIOMIETO Kackaaa 0e3 CreruaibHbIX
Mep COTJIACOBAHUS MEXIY KacKaJaMH.

Bb100p HCX0HOTO peknMa

EcTecTBEHHO, YTO OJTHOTAKTHBIN KacKaJl MPEBAPUTEIIHLHOTO YCUIICHUS MO-
XKET paboTaTh TOJIBKO B peskuMe A. [Ipu 3TOM JOJKHBI OBITH IPUHSATHI MEPHI K
BO3MOKHOMY CHIKCHUIO BeM4uH Ey 1 . CTenenp 10mycTMMOro CHUKEHUS
ATUX BEJIMYHNH OKA3bIBACTCS TEM OOJBIICH, YeM MEHBIIE HAMPSOKCHUS, TOKH H
MOIITHOCTH CUTHAJIOB, YCUJIMBAEMBbIX KackajgoM. [ToMuMo yMeHbIIeHHS TOTpeO-
JSIeMOU KacKaJ oM MOIITHOCTH, CHIDKEeHHE E, M03BOISET MOIyUnTh TPEOYyEeMyIO
CTEIEeHb MOAAaBJICHUS Mapa3uTHOW 0OpaTHOM CBSI3M 3a CUET OOIIET0 HCTOYHUKA
MATAHUS YCUIIUTENS U HEOOX0AMMOE CTJIAXKMBAHUE MYJIbCAIlMA MUTAIOIIETO Ha-
MIPSDKEHUS TIPU MEHBIIIEH BEJIMUMHE €MKOCTH pa3BsI3bIBatONIEro (GUIbTpa, a
CHIKEHHUE [ yMeHbIIaeT ypOBEHb COOCTBEHHBIX IITYMOB TpaH3ucTopa. Ciemy-
€T, OJIHAKO, UMETh B BU]Y, YTO upe3MepHoe cHukeHue E, u Iy MoxkeT npuBectu
K YMEHBIIICHUIO [3 ¥ TIOBBIIICHHUIO BIMSIHUS HAYAJIBHOTO TOKA Iy

[Ipy 3HAYUTEIBHBIX BETUYNHAX YCUIMBAEMOTO CUTHAJIAa HEOOXOAUMO YUH-
TBIBAaTh, YTO B UCXOJIHOM pexkumMe Hanpsikenue Uy, U paccernBaemasi TpaH3u-
cTOpoM MOIIHOCTh Py = Uy, Ixo ® P HE NOJKHBI NPEBBIIATH JOMTYCTUMBIX IS
JAHHOTO TPAH3UCTOpPa 3HAYECHUM TPU MAKCUMAJIbHOM TeMIepaType TaK ke, Kak
1 MaKCUMaJIbHbIC MTHOBEHHBIC 3HAUCHUS HATIPSHKCHUS Uy max M 1x max — X JI0-
MyCTUMBIE BEJIMYUHBI.

BBuny Hanuuusa emkocTtu C,, CBSA3BIBAIOIIECH pacCCMaTPUBAEMBbIN KAaCcKal C
MOCJIEAYIOUIUM IO IEPEMEHHOMY TOKY U U30JIUPYIOIIEH UX MO MOCTOSHHOMY
TOKY (CM. puc.5.5), Harpy3Koi Kackaja 1o MoCTOSHHOMY TOKY SIBJISIETCS pe3U-
ctop R..
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[Ipu MasioM ypoBHE CUTHAJIOB (MOPsi/IKa HECKOJIBKUX MUJIJIUBOJIBT) JIJISl OII-
peaeIeHNs UCXOIHOTO PeKUMa Heo0s3aTeIbHO TPUOETraTh K IMOCTPOSHUIO -
HAMHUYECKHUX XapaKTEPUCTUK U MOKHO OTPAaHUYMTHCS TPUBOJAMMBIMU HUKE
IPUOIMKEHHBIMUA COOTHOIIICHUSMM.

Hcxonnblil TOK KOJJIEKTOPA paCCYUTHIBAEMOTr0 KacKaaa

Lo = (1,3...1,5)sx cn » (6.1)
A€ I o — AMIUTUTY/Ia TOKA BXOJIHOM 1IENU CIEAYIoIEero kackanaa. Beioop Iy C
yKa3aHHBIM B (6.1) mpeBbIllIEHUEM 110 OTHOIIEHUIO K Iy o, 0OBSICHSICTCA TEM,
YTO: BO-TIEPBBIX, aMIUIMTYJa TOKAa B BBIXOIHOM IIETIH pAaCCUYUTHIBAEMOT0 KacKa-
na I, o6srunO B 1,2...1,3 pa3a 6ombine Iy o, 32 CUET TOKOB Ue€pe3 COMPOTHUBIIE-
HUE R TaHHOrO Kackaja v CONPOTUBIICHUS IIEY ICJIUTENS CMEIICHUS Clie-
nytoiero kackana (R, ¢; 1 Ry ¢;), KOTOpBIE /151 IEPEMEHHOTO TOKA BKIIFOUECHBI
BCE MapajijieIbHO BXOAHOM 1I€MH TPAH3KMCTOPA 3TOr0 Kackaja; BO-BTOPHIX, He-
00X0MMO UMETh HEKOTOPBIN JOMOJHUTEIIBHBIN 3armac mo BeauduHe I,y Bo u3-
Oe’kaHWe HeTMHEHMHBIX NCKAKCHUH MIN JaKe OTCEUYKH TOKA IPH BO3MOXKHBIX
MIPEBBIIICHUSIX YPOBHS BXOJHOTO CUTHAJA.

HcxoHOE HANIPSHKEHUE MEXKTY KOJIEKTOPOM U AMUTTEPOM

UK30 = Ex — IK()(RK +R3). (62)

31ech R = (0305, ; (6.3)
IKO

R - (0,1.}0,2)131( | 6.4)
k0

npudeM E, — BbIOpaHHOE HaNpsiKEHUE MUTAHUS.

O6b1uHO puHUMAKOT Uy = (3...7) B. Hanpsbkenue cmenienus 6a3nl Ugs,
HEO0OXOAMMOE JIJIsl TTOJTYYEHUS TP HOMUHAIBHOM TeMreparype TpeOyeMoro
ToKa I mpu Uy,, cOoTBETCTBYIOIIEM (6.2), ONIPEEAETCS U3 CTATUYECKON
BXOJITHOM XapaKTEPUCTUKH I CpeAHEro 3HaYeHus HanpsikeHus: Uy, (CM. puc.
4.4).

ConpoTtuBiieHus aenutens cMmemeHus R, u Ry, kak mapamerpsl, ooecrieun-
BaIOIIMeE MPY BBIOpaHHBIX 3HaUeHUX Ey, I, R 1 R, HEoOXonumyro BeIMunHy
Us,0 ¥ 3a1aHHBIN KOADPUIIUEHT HECTAOUIBHOCTH S, paCCUUTHIBAIOTCS:

R R S-1
men R +1§ = S Ra —I5 (65)
a b 1_7
B+1
R,= ™ R, 6.6)
U63O +IKOR3
RaRneH
R, =2 (6.7)
Ra _Rnen
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Onpenesenne TeXHUYECKHX MOKAa3aTe/lell Kackajga Ha CPeJHUX YaACTOTaX
CompoTuBiieHIE HArPy3KHU Kackaga MepeMeHHOMY TOKY R, BcieacTBue
IIYHTUPYIOIIETO JCHCTBUS BXOJHBIX IIETICH MOCIeIyIONIEro Kackaia 3Hauu-
TEIHHO MEHBIIIE, YeM JJIs MOCTOSTHHOTO ToKa. Ha cpepHnx yacroTax, rie BIus-
Huem emkocteit C, u C, ., MOKHO nipenedpeusb (cM. maparpad 1.4)

11 1Y

+ + +
R. R Ry Ry
Hebomnpias BemuamHa 3TOTO COMPOTUBIICHHS (TIOPSIIKA COTEH UIIH JISCITKOB
OM) JIaeT OCHOBAaHHE CUUTATh PEKUM Harpy3KH Kackaja OJIU3KHUM K PEKUMY
KOPOTKOT'O 3aMbIKaHus. B coorBercTtBuu € 3tUM Ky = [30*).

C y4eToM moTeph TOKA B IEMAX KOJUICKTOPA U JETUTENSI CMEIICHUS KOA (-
bUIMeHT yCUIIeHUs 10 TOKY Kackamga 0D

R,
Ko =Po = . (6.9)

BXCJI

(6.8)

2~

Bemmunnast Kgj, Ry, ¥ Ry 015 cpeiHUX 9aCTOT MOTYT OBITH pacCUMTAHbBI Ha
OCHOBE MPUOIMKEHHBIX BbIpakeHUH Tab. 3.2. [Tpu 3TOM JOIKHO OBITH YUTEHO
HaJu4yue JaeauTenel cMeleHus 0a3bl paCCUMTHIBAEMOTO M MOCIIEIYIOIIETO Kac-
Ka/I0B. B wacTHOCTH, €Clii MPEAIIeCTBYIOMNM KacKa IPEACTaBIIsSIeT COO0M
kackag Ob nnu OO, conpoTUBIIEHNE UCTOYHUKA CUTHAJIOB JJIs1 IEPEMEHHOTO
TOKa

-1

R, = + + , (6.10)

rae R, u Ry, — conmpoTuBieHus AenuTelns CMELIEHUs] PACCMAaTPUBAEMOT'O KacKa-
1a, a Ryyp — BHEIIHEE CONPOTUBIIEHUE KOJUIEKTOPHOH LU, IPEIIIECTBYIOLIETO
Kackaja (BBIXOAHBIM COMTPOTHBICHUEM TPAH3UCTOPA MPEIIIECCTBYIONMIETO Kac-
Kaaa Ry MOXKHO IIpeHEOpeub, T.K. 00BIYHO Ryyxnp >> Rynp).

Takum o6pazom, BeanurHa K03 dUIIeHTa epe1adn 1Mo OTHOIIEHUIO K E,
(ckBO3HOTO KO3 (UIIMEHTA TIEpeIayun)

K _ BOR2~
E0 —
r, +1,(B, +1)+ R,
[Tonoxxus B BepakeHuu (6.11) R, = 0, monydaem 3HadueHue kodpduireHrta
YCHJICHUS 10 HAMPSDKEHUIO I kKackamga O
K _ B0R2~
uo —
I.6 + ra (BO + 1)

Ha ocHoBanuu 1a0:. 3.2 u Beipaxkenus (6.9) koaphuumreHT ycuneHus mno Moui-
HOCTHU

6.11)

(6.11a)

* o
) Vcnopumces COIMPOBOXKAATH B JaJIbHCUIIIEM BCJINYNHBI, OTHOCAIINECA K CPCAHUM 4aCTOTaM, UHICKCOM 0.
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» Ry
Kp =KyKp =Bo R R : (6.12)
[TepBruuHbIC TapaMeTPHI TPAH3UCTOPA T, T U Ty, HEOOXOIUMBIC IS OTIPE/Ie-
nenust Kgy, Kyo u Ky, HaxoasTes u3 Beipaxkenuii (3.7)...(3.14).
Koaddurment rapMoHHK TTpy MaJIOM YPOBHE CUTHAJIOB BBUAY HE3HAUH-

TEJILHON BEJIMYNHBI HEJIUHENHBIX HCKAXKEHUH OOBIYHO HE PaCCUUTBIBACTCA.

BXCJI

Bausaue emxocreit C. u C,

B paccmatpuBaemom kackaje (puc. 5.5) 4acTOTHBIC UCKAaXKEHHS B 00J1aCTH
HU3IINX YaCTOT BBI3BIBAIOTCA MEPEXOAHON eMKOCThIO C, 1 eMKOCThIO C,, IIIYH-
TUPYIOLIEH 110 IEPEMEHHOMY TOKY CONIpOTUBIIEHME R,. Bocnoab30BaBIINCH
cxeMoMl 3amerieHust puc. 1.60 u umest B BU1y, 4To R — BHEITHEe COMPOTHUBIIE-
HHUE IEMH KOJUIEKTOpa, a Ry = R';ycn — IKBUBAJICHTHOE BXOAHOE COMPOTUBJICHUE
CJIEYIONIEr0 KacKaia, MOJY4YUM B COOTBETCTBUM C [ 1] BbIpaxkeHHe 11l OTHOCH-

TCIbHOT'O YCHUIICHUA

Y. :; , (6.13)

P\ 2
1+(f"]
f

rae f'. —yacToTa cpesa 3a cuet BiausiHusL eMKocTu C. (cM. maparpad 1.4),

1
f' = . 6.14
*T2nC, (R, 4R, 9
-1
3necs R! = ! + ! + ! ,
Racn Rbcn RBXCJ'I

rae RBXCJ'I = I'oen + r3cn(BOcn+l)-

N3 Beipakenus (6.13) BuaHO, 4TO HATU4YUE NepexoaHour emkoct C, npu-
BOJUT K CHIaJy aMIUIUTYAHO-4aCTOTHOW XapaKTEPUCTUKHU.

DU3NYECKU 3TO OOBSICHSIETCS CHPKEHUEM BEJITMYMHBI BHIXOIHOTO TOKA U €T0
onepexxeHueM 1o Qaze, MPOUCXOASAITUM 110 MEPE YMEHBIIIEHUS YaCTOTHI.
[Ipu f— 0, . = ©/2 (cMm. puc.1.8).

3aaBIIMCh AOMYCTUMBIM 3HaAU€HHEM KO3 (DUIIMEHTa YaCTOTHBIX UCKaXe-

. 1 . .
HUII M =-—— Ha camoll Hu3LIeH yacToTe quanas3oHa, u3 (6.13) u (6.14)
Ve

MOXHO ONpCACINTD MUHUMAJIbHYIO HCO6XOI[I/IMYIO BCIIMYNHY HepeXOﬂHOfI CM-
KOCTH

10°

C =

C

(6.15)
2nf (R, +R’

BXCJI




EMKOCTh KOHZIEHCATOPa, IIYHTUPYIOIIETO COMPOTHUBIICHHUE B IIETIH DMHUTTEPA
R, (puc. 5.5) onpenensiercst B COOTBETCTBUU € [ 1] Kak

~10°
=
2nf R,
IJie 4acToTa cpe3a, 00yciioBiieHHast BiusiHueM C,,
2

A

f=f Ve (6.17)

k] H 2 K

MKD, (6.16)

2| Yu |
YHC

a yy — 00111as1 HEpaBHOMEPHOCTh YACTOTHOM XapaKTEPUCTUKU Ha HU3KUX 4aCTO-
Tax, yYUTHIBAIOIIAS] CyMMapHbIE UCKaxeHus 3a cuet emkocter C, u C,. Jtou
BEJIMYUHOM CIIETyET 3a/1aBaThCsl.

Bxopasmumii B Beipaxkenue (6.17) napametp y npeacTaBisieT coO0H TIyOuHy
OTpHUIATENIbHON 00OpaTHOM CBS3M 1O TOKY, CO3JaBacMOi CONpOTUBJIeHHEM R, Ha
gactote f — 0 u onpenenseTcs Kak

Y

=1+

Ra(BO +1)
I5 +r3(Bo +1) . (19

6.2. Pezucmugnulii kackao O3 c HedNOKUPOBAHHBIM CONPOMUBTEHUEM
6 yenu Imummepa

CxeMa kackajia ¢ HeOJIOKMPOBAHHBIM COMIPOTHUBJICHUEM R, oTiamvaeTcs ot
U300paKeHHOU Ha puUC. 5.5 ToNbKO OTCyTCTBUEM eMKocTH C,. BbIOOp MCX01HO-
ro peXuMa U ero CTabuiIn3alus HU4eM He OTIUYAeTCsl OT PACCMOTPEHHBIX BbI-
1ie, T.K. OTCyTCTBUE eMKOCTH C, JUIsl MIOCTOSIHHOT'O TOKA HUYErO0 HE MEHSET.
OcoOble CBOMCTBA KacKa/ia ¢ HEOJIOKMPOBAaHHBIM CONPOTUBJIEHUEM R, nposiB-
JSIFOTCS B PEKUME MIEPEMEHHOTO TOKa, KOTJ1a 3TO COTPOTUBIICHUE, HE IIYHTH-
pyeMO€E EMKOCThIO, 00pa3yeT BHEIIHIO YaCTOTHO-HE3aBUCUMYIO OTPULIATEIb-
HYI0 OOpaTHYIO CBSI3b IO TOKY MOCJEI0BaTeIbHOr0 TUIa. B pe3ynbrare aeict-
BUSI YKa3aHHOW 00paTHOM CBSA3U BO3PACTAET BXOJAHOE COMMPOTUBIICHHE KAacKaa,
YTO MO3BOJIAET MOJIYUYUTh OT MPEAIIESCTBYIONIETO Kackaaa Oobllee YyCUlIeHHe
M0 HAIPSKEHUIO WITW MOBBICUTH UCTIONb30BaHne DJIC HCTOYHHKA CUTHAIIOB.
Kpome Toro, cTabuiin3upyroTcsi OCHOBHBIE TEXHUUYECKHE MMOKAa3aTenu Kackaja,
T.K. YMEHBIIAETCS BIUSHUE pa30dpoca mapamMeTpoB TpaH3UCTOpa. B To ke BpeMs
PE3KO YMEHBIIIAETCS YCUIICHHE 110 HAIIPSKEHUIO pacCMaTpUBAEMOro KacKkaaa u
BO3pacTaeT ero BeIXoAHOEe conporusienue. [locneanee, npasna, He UMEET Cy-
LIECTBEHHOI'O 3HAYEHUS, IOCKOJIbKY NpH Ry >> Ry mapamiensHoe coennHeHne

R, ..R,

BBIX

R, +R,

BBIX

~R, .
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Bce Texnuueckue nokasareny 3TOro Kackajia JJisi CpeIHUX 4acTOT MOTYT
OBITh MOJYYEHBI U3 COOTBETCTBYIOIIUX BBIPAKEHUM JIJIs1 Kackaja C IMIyHTHUPO-
BaHHbIM C, conpoTuBieHueM R, (Tadm. 3.2) myTeM 3amMeHbI B HUX MapaMeTpa T,
BennuuHOU R, + 1, = R, . Ecitu R, >> 15, TO

Rix = Ry(Bot1). (6.19)
ITpu sToM ycnoBuu u nipu R, = 0, kak 3710 cnexyet u3 Taodu. 3.2,
R,
Ky = R23 ; (6.20)
RBle =~ rK . (6.21)

Pacder 4acTOTHBIX MCKaXEHUM Ha HU3IIMX YaCTOTaX, BOSHUKAIOIINX 32
cueT nepexoaaon eMkoctu C., octaercs 0€3 N3MEHEHHI U BBITIOIHSACTCS C T10-
MOIIBI0 BhIpakeHu# (6.13)...(6.15). BausiHre Ha 4aCTOTHYIO XapaKTEPUCTUKY
eMkocTH C, OTCYTCTBYET.

B HEKOTOPBIX ciydasx MPUMEHSIOT KOMIIPOMHUCCHBIN BapUaHT C IITYHTHUPO-
BaHHEM eMKOCThIO C, Juiilb 4acT R, 00111€er0o CONMPOTUBICHUS IMUTTEPHOM
uenu R, = R,; + R,,, onpenenseMoro BEIOOPOM HCXOHOIO PEKHUMa U €ro CTa-
ownu3zanueit (puc. 6.1). [Ipu 3TOM BX0HOE CONMPOTUBIICHUE KACKa/la YBEINYH-
BaeTCS B MEHBIIIEH CTENEHHU TaK K€, KaK U CTAOMJIBHOCTh €r0 TEXHUYECKHUX I0-
KazaTeseil, 3aT0 00ecreuynBaeTCsl YMEHbBIICHUE MOTEPh YCUIICHUS U MEHBIIIEe
BO3PACTaHHE BBIXOJHOT'O COMPOTHBIICHUS.

-Ex+ o1

Rb
L C3

I_

Puc. 6.1. Kackag O3 ¢ 4aCTUYHO IIYHTUPOBAHHBIM
€MKOCTbIO conpoTuieHueM C,

PacdeTsl TeXHMUECKUX TTOKa3aTeNIeH I peKuMa IEPEMEHHOTO TOKa Mpo-
U3BOJSTCSA 10 T€M ke (hOpMyJiaM, 4TO U B CJIy4ae OTCYTCTBHSI COITPOTUBJICHUSI B
LN SMUTTEPA, HO C 3aMEHOM I, HA R, + 1..

Pacuer emkoctu C, BemosnHsercs o popmynam (6.16), (6.17). onHako B
JAHHOM CITy4ae
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1

= (6.22)
2nC,R,
£ =7 (6.23)
vty Raotl) (6.24)
Is +(R31 T, )(Bo +1)
6
L (6.25)
2nf'R .,

6.3. ImummepHulit noemopumes

[Ipu nepeHeceHnU CONPOTUBIICHUSI HATPY3KHU MOJHOCTHIO B AMUTTEPHYIO
IIeMb OTPHIIATENIbHASI OOpaTHAs CBSI3b M0 TOKY MPEBPAIAETCS B OTPUIATEb-
HYI0 00paTHYIO CBSI3b MO HAIPSKEHUIO ¢ KOAPHUIIMEHTOM 00paTHOM CBSI3U
b =1, u kackag O3 ¢ HEOJIOKUPOBAHHBIM COMPOTUBIICHUEM R, ipeBpariaercs B
kackax OK uiny SMUTTEpHBIN MOBTOPUTEINH, CXeMa KOTOPOTO MIPUBEICHA Ha
puc. 2.9 (myHkT 2.2.1).

Bri0op ucxoaHoro pexxuma rnpy Majiblx YPOBHSIX CUTHAJIOB MOXHO TTPOU3-
BOJIUTH NMPUOJIMKEHHO, cunTas L,y = I 1 ucnonb3ys Beipaxkenue (6.1). Hamps-
KEHUE

U3K0 = EK - IKOR3 . (626)

J171s1 TOBBITIIEHUS] BXOJTHOTO COTIPOTUBJICHUS Kackaja sKelaTeIbHO yBeInde-
Hue R, B penenax, onpenensieMplx MUHUMAIIBHO JOITYCTUMOM BEMUUUHOU Uy
(KaK y>ke YIOMHHAIO0Ch, B TIepBbIX Kackanax ycuiautens U,y = U = 3...7 B).

Hanpsixkenune cmemenus Ug,) HaXOOUTCS TakKe, Kak v i1 kackaga O0.
Pacder conporuBnenuii qeauTens npuBeAcH B maparpade 6.1.

TexHuvecKkue MOKA3aATEIN KACKAIA HA CPEIHUX YACTOTAX
KoaddumuenT nepenayuu mo ToKy 1Mo OTHOIICHUIO KO BXOIHOM 1SN Clie-
JTYIOIETO KacKaja

Ky =(B+1) R,ZN , (6.27)
RBXCJ'I
rac
-1
R, = 1+ : + : + : (6.28)
R3 Racn Rbcn RBXCH

KoaddumuenT nepenayun 1mo HanpsoKeHUIO, OMPEASIsseMblid B COOTBETCTBUH
¢ Tabi. 3.2

1)R
Ky = (B +1R,. : (6.29)
Iy + (Bo + 1)(1‘3 +R,. )"‘ R,
rae Ry u Ry HaxoxsTes u3 (6.28) u (6.10).
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Bennunnsbl Ry, Ry 1 Kp onipegensitorest uz tadi. 3.2 ¢ yueToM yKa3aHHBIX
3HayeHu R, u R ..

B obnactu HM3MIMX 9acTOT BAUSHUE HA YACTOTHYIO XapaKTEPUCTHUKY OKa-
3BIBACT TOJIBKO TIepexoaHasi eMKOCTh C., KOTOpasi yYUTHIBAETCS TaK )K€ KaK U B
cinyyae kackaga OO (cM. Beipakenue (6.15)). Paznuuue cocToUuT JUllb B TOM,
YTO BBIXOJHOE CONpoTUBIeHUE R, x = Ry B cxeme, koTopas u3o0pakeHa Ha
puc. 1.6, 6, TOJDKHO OBITH PACCYUTAHO KaK

R.R R
i = R 2 : (6.30)
R. +R R,
k) BBIX 1+ (B0+1)
r; +R_

6.4. Illupokononocuvie KACKaobl yCUICHUA HENPEPBLIBHBIX KOJICOAHU

B m1poKonoIOCHBIX YCUINTENSX, IPEeIHA3HAYCHHBIX JIJIs1 YCUJICHUSI He-
MPEPBIBHBIX KOJEOAHU B IMIUPOKOM CHIEKTpe 4acToT (0T 20 repir 0 HECKOJIb-
KHUX JIECATKOB Merarepil), OObIYHO OKa3bIBAETCSI HEOOXOIUMbBIM MPUMEHEHHE
JaCTOTHOM KOPPEKIUU KaK B 00JIaCTH BBICOKHX, TaK U B 00JIACTH HU3KUX Yac-
TOT.

PaccmotpuM Hanbosiee pacpoCcTpaHEHHbIE METO/IbI BBICOKOYACTOTHOM U
HU3KOYaCTOTHOU KOppeKIuu kackaaa O0.

Koppekuust 4acTOTHOM XapaKTEePUCTHKHU B 00JIACTH BHICOKMX YACTOT

HawnGosnee yacTo a1t KOppEKIIUKA YaCTOTHOM XapaKTEPUCTUKH Kackaaa B
00J1aCTH BBICOKUX YaCTOT MPUMEHSAETCS YaCTOTHO-3aBUCHMasi OTPUIIATEIIbHAS
oOpaTHas CBsI3b [0 TOKY oOpa3yeMas B IIelH dIMUTTEpa (AMUTTEpPHAsE 0OpaTHasI
CBA3b WM SMUTTepHAst Koppekius AUX). [IpuHuunuanbHas cxema Kackaaa
O3 ¢ KOppeKIMEN TAKOro BUIa MPEACTaBIEHA Ha pUC. 6.2.

Ha puc. 6.2, a conpoTtuBiieHue pe3uctopa Koppekiuu Ry nocratouno s
noJiydeHus TpeOyemMoil CTaOMIBbHOCTH 10 MMOCTOSIHHOMY TOKY, T.€. Rg =R,. B
cxeme puc. 6.2, 6 conmpoTuBJIEHHE pe3rucTopa Ry kak 3jeMeHTa KOPPEKIINU OKa-
3bIBACTCS] HEOCTATOYHBIM, U MOCJIEA0BATEIBHO C HUM BKJItOYaeTcs R,, 4To0bI
obecneuuth R, = R', + R,. [lapamensHo R, Bkimrouena emkocts C,y, KOTOpas
BBIOMPAETCS] HA HECKOJIBKO MOPAJIKOB MeHblIe eMkoctu C, (puc. 6.2, 0), Bcien-
CTBHE Y€Tro yHTUpytoiiee nenctrue C,y CKa3bIBa€TCs TOJBKO B 00J1aCTH BbI-
COKHMX YaCTOT B TO BPEMs, KAK Ha CPEAHUX YACTOTAX EMKOCTHOE COIPOTHUBIIC-
Hue C,y 3HaUUTENIbHO O0JbIIE R,9, UTO TPUBENIET K BOSHUKHOBEHUIO HA 3TUX
4acTOTaX MECTHOM OTPUIIATEIILHONW 0OpaTHOM CBSI3M MaKCUMAIbHOW TITyOUHBI,
a, cienoBaTebHo, CHUKeHHto yeuieHus (K'gg BMecTo Kgp), uTo AeMOHCTpUpY-
€TCSI PUCYHKOM 6.3.
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Ra
Cex
|
R1
+ Rb [
E1
0)

Puc. 6.2. Cxema kackaga O3 ¢ SMUTTEpHOU KOPPEKIIUEH:
a - CONMPOTHUBIIEHUE pe3ncTopa R,y Kak 3memMeHTa KOppeKIUH TI0CTaTOYHO
JUTSL TIOJTyYeHUs TpeOyeMon cTabmIbHOCTH, T.€. Ry = R,;
0 - 17151 TOJTy4eHUs! TpeOyeMoil CTaAOMILHOCTU HEOOXOAMMO, YTOObI

R3 = R,a + R30

Kak yxe roBopmiiocsk, eMkocTb C,o BBIOUpAETCs TaK, YTOOBI HA CPETHHUX
JacToTax He IyHTUPoBaTh Ry, 3a cuet kotoporo oopazyercs OOC mo Toky
IIOCJICTIOBATEILHOTO THIIA, UMEIOIIas TITyOnHY

R 50 (BO + 1)
. (6.31)
r, +1,(B, +1)+R,
B cooTBeTCTBUM € ’TUM CKBO3HON KO3(P(MUIMEHT YCUIEHUS HA CPEAHUX
gactoTtax npu Hannuuu OOC

!

Yo =1+

K
Kpg=—22 (6.32)

'
0
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0,707

0,707

|
|
|
|
|
|
|
p fB - rp f

Puc. 6.3. AMILTUTYTHO-4aCTOTHAsA XapaKTEPUCTUKA B 00J1aCTH
BBICOKHX 4acTOT Kackanga OD: kpuBas 1 — 0e3 KOppeKIny;
KpUBas 2 — OpU HATUYUHU KOPPEKIIUU TOCPEACTBOM LienH R,,Cs

rae Kgo — koadpuimeHT ycunenns Ha CpeTHUX 4acTOTax HEKOPPEKTUPOBAHHO-
ro kackaga O3 (kpuBas 1, puc. 6.3). Ilo Mmepe yBeIn4eHHUsI 4aCTOTHI BCIAEACT-
BUE IIYHTUPYIOIETO aAercTBusi eMkoct C,o yMenbinaercs riamyouna OOC no
TOKY, 00pa3yeMoi COMPOTUBIICHUEM
RaO

30 T

\/1 +(0C,4R,, )2
a koapdunmeHT ycunenus kackana K'g Bo3pactaet. [lpu 3Tom B To# min nHOU
Mepe KOMIIEHCUpyeTcs cnaj Ko duiieHTa yCuileH s, BbI3BaHHbBINA YMEHbIIIe-
HUEM [3 Ha BBICOKHMX YacCTOTaX W BIUSHUEM €MKOCTH KOJUIEKTOPHOTO Iepexo/ia
Ck (puc. 1.6, B). B pesynbrare ko3 punmnenT ycunernus K'g B 001acTi BBICIITHX
YaCTOT MOYKET OKa3aThCsl PaBHBIM €ro 3HAYCHUIO ISl cpeTHUX 4acToT Kgg
(xpuBas 2, puc. 6.3). Hanuune makcumyMa KpuBoit 2 puc. 6.3 oObsicHIeTC
TEM, YTO CHaJaja 1o Mepe BO3pacTaHMs YacTOThI YBeIMueHne KodpduiinenTa
YCUJICHHS, 00yCITaBIMBAEMOE CHUKEHUEM TITyOHUHBI OOpaTHOM CBSI3H, C U30BIT-
KOM KOMITCHCUPYET €r0 YMEHBIIICHHUE, BRI3BAHHOE YKA3aHHBIMH BBIIIE TTPUIH-
HaMU, B pe3yJbTaTe 4ero ycuieHue yeennuuBaercs. [lo Mepe ganbHeiero
BO3pACTaHUsI YaCTOTHI YBEJIMUEHNE YCUIICHHUS] OTpaHUYMBaeTCsa 0ojiee HHTCH-
CUBHBIM ero crajom 3a cueT 3 u C, Ha 3THX 9acToTax.

Tak Kak OT MUPOKOIIOJIOCHOTO YCHUIIMTEIIS JKeIaTEIhHO HMETh BO3MOKHO
OoJBITIee YCUIICHHUE TPU JOCTATOYHO MHUPOKOH MOJIOCE PAaBHOMEPHO YCHUIIUBAE-
MBIX 4aCTOT, 3P(PEKTUBHOCTL PAOOTHI 3TOTO YCUITUTEINSI ONPEALISIETCS KOA(-
¢urenToM J0OPOTHOCTH:

zZ : (6.33)

I[ - KEOfB Ip » (634)
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rae f, ;, — BEpXHsA IpaHUYHAs 4aCTOTa, HA KOTOPOU yCHIICHHE YMEHBILIAETCS I10
CPaBHEHUIO C YCUJICHHEM Ha CPEJTHUX YaCTOTaxX B J2 pas, T.€. COCTABIISIET
~0,707 oT ycuieHust Ha cpeiHeit yactore. [Ipu HaTuumum SMUTTEPHON KOPPEK-
uu ko3¢ punmeHt nooporHocty Kackanga [y, = K'gofy o rp 3@ CUET 3HAUHTEND-
HOTO yBEJINYEeHHUH T ., rp IO CPABHEHHUIO C T 1, (pHC. 6.3) oka3biBaeTcs OosbLie [
(6.34)naxxe HecMOTpst Ha yMeHbleHue ycunenus (K'gg) Ha cpeiHux yactorax.
Otnomenue [,//] XxapakTepu3yeT BBIMTPHIIL, MTOTYyYaeMbIi 32 CUET TPUMEHE-
HUSL SMUTTEPHON KOPPEKIIUH.

[ToMHUMO BBICOKOYACTOTHOM KOPPEKIMU 32 CUET YMUTTEPHOU 0OpaTHOM CBSI-
3, B HEKOTOPBIX CJIydasX MPUMEHSIOT UHIYKTUBHYIO KOPPEKIIUIO BHICOKUX
YacCTOT, OCYILECTBISIEMYIO TOCPEACTBOM UHIYKTUBHOCTH L, BKIIIOUaeMoil B
KOJIJIEKTODHVIO Liensb (puc. 6.4).

<o -Ex+e]l
a)
Ra [
Csx
|—4
R1 ]RH=R'BX cn
| R6
E1
0)

Bols

Puc. 6.4. UnaykTHBHAsE KOPPEKLHS BBICOKHX YaCTOT:
a - MpUHIMNHAIbHAs cxema Kackaaa OO ¢ MHIYKTUBHOU KOPPEKIIHUEH;
0 - cxema 3aMeIleHHUs

Cxema 3aMelIeHns] CKOPPEKTUPOBAHHOTO Kackaga OO B MHTEPECYIOLIEM
HaC JIMarma3oHe BRICOKUX YacTOT MpeacTaBieHa Ha puc. 6.4, 0.

3necs C'y = Ci(Po + 1) + C, — 5KBUBaJIEHTHAs! EMKOCTh, BKJIFOUAIOIIas B ceOsl

€MKOCTb KOJUIEKTOpHOTO p-n — nepexoa Cy(Bo + 1) u emkocth MoHTaxa C,,
BJIMSIHUE KOTOPBIX B 00JIACTHU BHICOKMX YaCTOT OKa3bIBAET IIYHTHUPYIOIIEE JeH-
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CTBHE€ Ha CONIPOTHUBIICHUE HArpy3KH R, U IPUBOAUT K CHUKEHUIO YCUJICHUS HA
3TUX YacToTax. biarogaps BKIFOUEHHIO KOPPEKTUPYIOLIEro Apoccens Ly B KoJ-
JIEKTOPHOMU LIeTH 00pa3yeTcs mapaylieIbHbIN pe30HAHCHBIM KOHTYP, CO3/1aBae-
MbIl anementamu C'y, Ly, Ry, KOTOpBIN HacTpanBaeTcsl Ha 4aCTOTY, OJU3KYIO K
HanOoJiee BHICOKOM (MHTEPECYIONIEH HAC) YaCTOTE YCUIIMBAEMOr0 AHana3oHa.
Ha gacTtoTe pe3onanca (pe30HaHC TOKOB) CONPOTUBJICHUE aKTUBHOE 1 BEChbMa
oomnpioe, paBaoe L /C'oR,. [Ipu 3TOM 00111€€ COMPOTUBIEHNUE KOJUICKTOPHOM
HArpy3Ku TPaH3UCTOPa BO3PACTAET, UTO U IPUBOJAUT K pOCTY KO3 duiireHTa
YCUJIEHHUSI KacKaJla Ha pacCMaTpUBaEMOM 4acTOTE.

Koaddumment n1odpoTHOCTH Kackaja MpU UCIOIb30BAHUM UHIYKTUBHOMN
KOPpPEKLIUU

I[KI/I = KEO’fB KH P>
r11e fy i rp — TPAHUYHAS YAaCTOTA IPU MHAYKTUBHOM Koppekuuu, a Kgy — ko3 -
(bULMEeHT yCuIeHUs Kackaja B 00J1aCT CPEAHUX YacTOT, MO0 BBEICHHUE KOP-
pEKTHUpYIOLIEro Jipoccenis L, He OKa3bIBaeT BIUSIHUS HA YCUIICHHE B 3TOM 00-
JIACTU YaCTOT.

Beiurpsimn ot BBeaeHus koppekunn [,/J1 >> 1, Gosiee TOro, BEIMTPHITT TPH
WHYKTUBHOW KOPPEKIIUU OKA3bIBAETCS OOJIBIIUM, YEM TTPU IMUTTEPHOU, T.€.
i > Hx» B CBA3U € TEM, YTO YCUIICHUE HA CPEIHUX YACTOTAX IPU UHIYKTUBHON
koppekuuu Kgy 6osbliie, yem npu HATUYUU SMUTTEpHON Koppekinu K'gy (cMm.
puc. 6.3). Tem He MeHEe, SMUTTEPHAs KOPPEKIIMS, OCHOBAHHAS HA IPUMEHEHUU
orpunarensHoit OC, obecrieuynBaeT CaeAyroe CyleCTBEHHbIE TPEUMYIIECT-
Ba:

a) BCJIEICTBUE YBEJIMYEHHS BXOJIHOTO CONIPOTUBIICHHS] CKOPPEKTUPOBAHHO-
ro KacKa/a yBeJIM4MBAETCs YCUIICHHE [0 HANPsKEHUI0, 00ecrieynBaeMoe
MPEAIECTBYOIIUM KaCKaIOM, MOCKOJIbKY YKa3aHHOE BXOJIHOE COITPOTUBIICHHE
SBJISIETCS] €70 HAIPY30YHBIM CONPOTUBIIEHUEM;

0) MOBBIMIACTCS CTAOUIIBHOCTh UCXOIHOTO PEXXUMa padOThl TPAH3UCTOPA 3a
cuet oopazoBanus fonoHuTeNbHON OOC 10 NOCTOSHHOMY TOKY;

B) YMEHBILIAETCS BIMAHKUE pa30poca mapaMeTpoB TPAH3UCTOPA HA BETUYUHY
YCUJICHHUS M YACTOTHYIO XapaKTepUCTUKY KacKaja.

Kpome Toro, B TEXHOJIOTMYECKOM OTHOLIEHUU IIPEANIOYTUTEIBHEE TPUME-
HEHHE KOPPEKTUPYIOILIEN EMKOCTH, 4 HE KOPPEKTUPYIOIIEH NHIYKTUBHOCTH.

O6a paccMOTpEHHBIX METO/1a, TOMUMO yiyuieHus AUX, KOppeKTUpyroT
TaK)Ke U (Pa304aCTOTHYIO XapaKTEPUCTHUKY.

Koppekuusi 4acTOTHON XapakTepucTHKU Kackagaa O B 00/1acTH HU3KHUX
4acToT
J1J1st KOppEKIMKM YaCTOTHOM XapaKTEePUCTUKHU B 00JIACTU HU3KUX YaCTOT
MOXET OBITh UCIO0Ib30BaHO 3BeHO CyRy, BKIIIOYaeMOe B KOJUIEKTOPHYIO LIEIb.
Cxema pe3uctuBHOro kackaga OO ¢ KOppekiuenl paccMaTpuBaeMoro Buaa
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npuBeeHa Ha puc. 6.5, a. Ha puc. 6.5, 0 mpuBeieHa cxeMa 3aMeIIeHHs 110 Te-
PEMEHHOMY TOKY.

a) ’ E|<+o—||-
|—||
R
a[ Cc
CBx | ¢
I VT
R1
R
.| R6 Leo [
E1
- . ®

BI6T@ RBbIX [|Re

=—Cdo

Puc. 6.5. Koppekius B 00,1aCTH HU3KHX YaCTOT:
a - IpUHIMITHAJIBHAA cxeMa kackaga OO ¢ HU3KOYaCTOTHOM
KOppeKLHei; 0 - cxema 3aMelIeHus 10 IEPEMEHHOMY TOKY

Kak ynnomunanocs B 1.4 u 6.1, Hannure nepexoHori eMKocTu C, MPUBOIUT
K CHIDKCHHIO YCWJICHHSI Ha HU3KUX YacTOTaX M CIay aMIUIUTYIHO-9acTOTHOMN
XapaKTepUCTUKU B 3TOM 00J1acTh 4acTOT. Bkiltouaemoe B KOJIIEKTOPHYIO LEMb
3BeHO CyR¢ M IpU3BaHO CKOMIIEHCHPOBATH UCKAKEHMsSI B yKa3aHHOM o01acTu
gacToT. EMkocTs Cg BBIOMpaeTCs TaKUM 00pa3oM, 4TO B 00JIaCTH CPEIHUX dac-

TOT € EMKOCTHOE CONPOTUBICHNE X =-——— 3HAYUTCIIBHO MEHbIIE Ro 1
joC,

MI03TOMY IOJIHOCTBIO LIIYHTUPYET YKAa3aHHOE COMPOTHUBIIEHHE. TakuM 00pazom,

Ha CPEJHUX 4aCTOTaxX Harpy3Ka B LIENU KOJJIEKTOPA ONPEAEIACTCS TOJIBKO Be-

nnyrHOU Ry. I1o Mepe yMeHbIIEHNs YaCTOTHl EMKOCTHOE COIIPOTUBIICHUE

, BO3PACTACT U HA ONPEACICHHOW HU3KOW YaCTOTE CTAHOBUTCS 3HAYU-
joC,
TeabHO OobIne Ry, O7arogaps 4emMy CONMpOTHUBIICHHUE B KOJUICKTOPHOH IEMH
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CTAaHOBUTCS paBHBIM Ry + Rgp. DTO puBOaUT K yBenmueHUIO Kodpduiinenta
ycwnenus kackaga Kg. st momydenust 93pheKTUBHOTO AEHCTBUS KOPPEKIIHH
HEe00X0IMMO, 4TOOBI Rg, OBITIO 3HaUMTENBHO OOJBIIE R, 8 COTPOTUBIICHHE T1E-
mu C.R,; 1ocTaTtouHo BEIUKO M MPAKTHUYECKU HE IIYHTUPOBAIO KOJIJIEKTOPHYIO
nernb Ry, Ro, Co. Eciu nipu aToM eMkocTh kKoHeHcaTopa C, HACTOJIBKO BEJHKa,
YTO MOXKHO CUUTATHCS TOJIBKO C HCKAKEHUSMHU, CO3/ITaBaEMBIMH TIEPEXOTHOU
nenbto C,, TO B 3TOM ClIydae nmapameTpaMu KOPPeKIUU SIBISIOTCS O0e3pa3Mep-
HbBIE BEJINYHHBI

R C,R
b=—% u m=—2%, (6.35)
RCD CCRH
[TapameTtp b 006b1yHO nExkUT B ipeaenax 0,3...0,7, am=0,6...1,4.
PaccmoTpeHHbIi MEeTO KOPPEKTUPYET TaKke 1 (Pa309acTOTHYIO XapaKTe-

PUCTHKY KacKaja.

KonTpoabHbIe BOIPOCHI

1. Ot vero 3aBUCHUT KO3(P(PULIMEHT YCUIIEHUS 110 HAIPSHKEHUIO PE3UCTUBHO-
ro kackaga 09?

2. Kak Bnusttotr emkoctu C, u C, Ha 4aCTOTHYIO XapaKTEPUCTHUKY KacKaja
02?

3. Ha kakux yactorax oOHapyxuBaercs BausiHue eMkocT C,, 1 B 4eM OHO
BbIpaXaeTcs?

4. YeMm NpuHIMIUAIBHO OTJIMYAETCS KAacKaJl ¢ HEOJOKUPOBAHHBIM COIIPO-
TUBJICHUEM B IIEMIM SMUTTEPA OT OOBIUHOTO Kackaaa OO?

5. Kakast oOpaTHasi CBSI3b MIMEET MECTO B SMUTTEPHOM MOBTOPUTEIIE U TIO-
YeMy OH TakK Ha3bIBAETCS?

6. KakoBo ycuieHue 1o HanpsKeHUI0 SMUTTEPHOTO IIOBTOPUTEIIS?

7. B kakoM NpUMEpHOM JIMana3oHe 4acTOT padOTal0T MIUPOKOIOIOCHBIE
KACKaJlbl yCUJIEHUA?

8. Kakne MeTopl KOppEKIIMY YaCTOTHOM XapaKTEPUCTUKHU UCITONIB3YIOTCS B
001acTH BBICOKHX YacTOT?

9. B uem ¢usnueckasi CylmHOCTb SMUTTEPHON KOPPEKIUU?

10.Yto Takoe ko3PunueHT 100poTHOCTH?

11.Y10 Tako€e BBIMIPBILL, ITOTYYaEMBIN 32 CUET IPUMEHEHUS KOPPEKLIMU ?

12.B yeM (pusnyeckuii cMbICT UHAYKTUBHOM KOppEeKUUU?

13.3a cyeT 4ero BBIUIPHIIIL, MOJYYaEMbIA OT UHIYKTUBHON KOPPEKIIUU OKa-
3bIBAaETCS OOJIBIIIE, YEM OT IMUTTEPHOM?

14.11o xakuM IpUYMHAM OTIAETCS MPEANOYTEHHE SMUTTEPHON KOPpeKIUuU?

15.Kakumu anemenTaMu cxeMbl Kackaaa OO BBI3BIBAKOTCS HCKaXKEHUS, KO-
TOpPbIE KOMITIEHCUPYET HU3K04acTOTHAs KoppeKus RoCop?

109



7. OKoHe4YHbIe YCHIUTEIbHbIE KACKAbI

7.1. Oonomaxkmmubwlil KACKAO OKOHEUHO20 YyCUICHUS

B 0/IHOTaKTHOM OKOHEUHOM KacKaJle yCUJICHUS MOXET ObITh MPUMEHEH
TOJIBKO pexkuM A (cM. naparpad 4.2). Pabora Tpansucropa B pexxume A npu
OOJIBIIINX YPOBHSX CUTHAJIA XapaKTepHa Ui MPEIOKOHEYHBIX KaCKaJ0B U OKO-
HEYHBIX KackaJoB Masiol MoiHocTy (10 0,5 BT). B okoHeuHOM Kackaje Ha-
Ipy3Ka MOXKET BKIIFOUAThCS KaK duepe3 TpaHchopMaTop, Tak U HEMMOCPEACTBEHHO
(6ecTpanchopMaTOpHBII OKOHEUHBIN KaCKaa) B BEIXOIHYIO IIEITb TPAH3UCTOPA.
Ha puc. 7.1 nano rpadudeckoe n3odpaxkeHue pexxuma paboThl Kackaja 1o BbI-
X0JIHOM 1enu nipu BiroueHun OO, 3aech npsmasi AB nipeacrapiisieT coO0M BbI-
XOJIHYIO JUHAMHUYECKYIO XapaKTEPUCTUKY, COOTBETCTBYIONIYIO HAMPSXKEHUIO
nutanus E; npu BKIIFOYEHUU HArpy3Ku 4epe3 TpaHcPhopMaTop U HAIPSIAKEHUIO
E'«x mpu ee HEMoOCpeCTBEHHOM BKJIIOUEHHH. YTOJ HAKJIOHA TMHAMUYECKOM Xa-
PAKTEPUCTUKH (¢ OTPEICIISICTCSI BHEIITHUM CONPOTUBIICHUEM KOJIJIEKTOPHOM 11€-
1 IEPEMEHHOMY TOKY R, BKIIFOUEHHBIM B HEE HETOCPEICTBEHHO MU BHOCH-

R
MbIM uepe3 TpaHchopmarop. B nocinennem coyuae R = —22, THE My —

T

KIII Beixoanoro tpanchopmMaropa, oTkyJa KodphuiueHT Tpancpopmanuu

(7.1)

IKmax

N

Puc. 7.1. I'padpudeckoe n3o0pakeHue pexxuma A paboThI
OKOHEYHOT'0 KacKaJia 10 BBIXOHOM LIeTH
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IIpu n3meHeHuun Toka 6assl B npenenax ot 0 10 Igynax KOJIEKTOPHBINA TOK
U3MEHSETCS TTpakTUUeCKU TakkKe OT 0 110 Iymax. [Ipu 3TOM aMmiuTya KOJJIEK-
TOPHOTO TOKA I, MPUOIMKEHHO paBHA UCXOJHOMY IMOCTOSHHOMY TOKY Iyo.
Bemnmunna U,y = [nctge = LRy nipencraBisier co0oit aMIutyry najaeHust
HAIPSDKEHUS HA CONPOTUBIIEHUU HArpy3KH Ry, BKIFOUEHHOM MEXY KOJUJICK-
TOPOM U SMUTTEPOM. [1oJIe3HAsT MOIITHOCTH, BBIAEIISIEMAas TPAH3UCTOPOM B 3TOM

COIIPOTHUBIICHHUHA

p=lu 1 (7.2)

~ 2 Kom ™~ Km

Benmuunna 3T0# MOIHOCTH TpaUecKu BRIpaKAETCsI TUIOIAABIO0 TPEYTOTHbHIKA
BCD.
MormHoCTb, TOTpebsieMasi TPaH3UCTOPOM OT UCTOYHUKA MUTAHUS TIPH
TpaHchOpMaTOPHOM BKIIIOUEHUHU HArPy3KU
PO = EKIKO ’ (73)
rpaduuecKu BbIpaxkaercs 1mioiaibio npsamoyroibHuka OD'CF.
KoaddumuenT moae3Horo AeiHCTBUSA Kackaaa

P 1U,,l

~ Kdm "~ Km 1
n=—_- —=§§Y ; (7.4)

PO - 2 EKIKO

U
rae & =—°" - Koa(PUIMEHT UCTIOTH30BAHUS KOJIJIEKTOPHOTO HATIPSKCHUS;
E 2

K

Km

Y= II - K03 (PUITUECHT UCIOIH30BaHUS KOJJICKTOPHOTO TOKA.
k0

JI71s1 TpaH3UCTOPHOTO KacKajia B pekuMe A BEIMUMHBI & U Y OJIU3KH K €/T1-
HUlle, ¥ 1ipy BKIroueHnu O3 nu =0,45...0,47, a npu BxmoueHun Ob
na = 0,48...0,49.

VYkazannble 3HaueHus KII/] (na) OTHOCATCS K MAKCMMAaJIbHBIM aMILTUTYAaM
HanpsikeHUs U TOKa Uy U [y ¥ IO Mepe YMEHBIICHUS HANIPSKCHUS CUTHAJIA
KIIJI pe3ko magaer, T.K. mpu 3TOM BeIUUUHBI Uy, U I, yMEHBIIAKOTCS, A UC-
XOJHBIN KOJUIEKTOPHBIN TOK I g OCTaeTCAa MPaKTUYECKHU HEM3MEHHBIM BILUIOTH J10
VMCUYE3HOBEHHUS CUTHAJIA Ha BXOJI€. [Ipr n3MEHsI0IMEM sl HAPSKEHUU CUTHAJIA
ATO SABJISIETCS CYLIECTBEHHBIM HEIOCTATKOM pexnMa A.

BennuyuHa otnaBaeMoi TpaH3UCTOPOM MOLIHOCTU P orpaHnunBaercs Hau-
OOJBIIUMHU JAOIYCTUMBIMU 3HAYEHUAMU HANPSHKEHUS Uy, on U TOKA I 1o TPaH-
3UCTOPA, 4 TAKIKE PACCEMBAEMOM Ha KOJUIEKTOPE MOIITHOCTBIO Py 1on. 13 puc. 7.1
BUJIHO, YTO MPU TpaHC(HOPMATOPHOM BKIIOUECHHUH HArPy3KH HAUOOJIbIIIEE MTHO-
BECHHOC 3HAUYCHUE HAIIPSHKCHUS MEXKTY KOJUICKTOPOM M SMUTTEPOM PABHO
Exo + Uom. Tak kak HeoO6xoaumo odecrieunuth Ey + Uy < Uy, 1on € ©3BECTHBIM
3amacoM, MMPUHUMAIOT, YTO HauOOJIbIIIEe JOMYCTUMOE HAMPSHKEHUE MUTAHUS
Ex zon = (0,35...0,45)Uy, son.
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MomHOCTb, paccenBaemasi B TPaH3UCTOPE, paBHA Pa3HOCTHU MEXK]Ty MOILIHO-
CTBIO0, IOTPEOIIIEMON TPAH3UCTOPOM OT UCTOYHUKA MUTAHMS, K MOIITHOCTHIO,
BBIJICISIEMOW UM B COITPOTUBIICHUH HArpy3KHh. JTa MOUTHOCTh PACCEUBAETCS B
Bujie Teria. [Ipu 3Tom noaaBisitonas 4acTh MOIIIHOCTH MOTEPH BBIIEISAETCA B
00JIaCTH KOJUIEKTOPHOTO P-n — MEPEXoa, UMEIOIIEro CONPOTUBICHHE BO MHOTO
pa3 OoJiblliee COMPOTUBIICHUS IMUTTEPHOTO P-N — MEPEXOJIA.

Takum 06pa3oM, MOIIHOCTh, pacceMBaeMasi Ha KOJUIEKTOPE,

P —p,—p —1=_p _17Np (7.5)
n n

[Ipu BBICTIEHUM MaKCUMAJIbHOM TOJI€3HON MOIIIHOCTH B pexkume A 1 = 0,5
u P, = P_. [Ipu orcyrctBum curnana P. = 0 u P, = Py = Py ax.

CnenoBarenbHO, B pekuMe A HauOOoJIblliee 3HAaUeHUE MOIITHOCTH BBIACISACT-
Cs Ha KOJUIEKTOPHOM P-N — NEPEXOAE MPU OTCYTCTBUU CUTHAIIA, KOTJA BCS TO-
TpedsieMasi TPaH3UCTOPOM MOIITHOCTh paccerBaeTCs B HEM B BUje Teria. [lpu
TOM HEOOXOJIMMO BBITIOJIHEHUE YCIOBUSA Py < Py 1on.

Takum 00pa3om, B pexxuMe A TPaH3UCTOPHI OOJIBIIIE BCETO MOIBEPIKEHBI
MeperpeBy Npu OTCYTCTBUU CUTHAJIa HA BXOJE. DTO SBIISIETCS HEIOCTATKOM pe-
KHUMa A, C TOUKH 3PEHUS €r0 IHEPreTUUECKUX MOKA3ATEIICH.

Onpenenenue HeJIJMHEHHBIX HCKAKEHUI

OCHOBHBIM METOJOM OMNPEICIICHUSI HETMHENHBIX UCKAKEHUH SIBIISIETCS Me-
TOJ NSATH OPAMHAT, CYIIIHOCTh KOTOPOT'O MU3JIAraeTcsl HUXKE.

[IycTh U3BECTHBI CKBO3HAS AMHAMUYECKas XapaKkTepucTuka i, = F(e;) u
JIaHHbIe BEIOpaHHOTO HCcXoaHOro pexuma A. Kackan Bo30ykaaeTcst rapMOHU-
yeckoit DJIC e; =E ,cosmt (puc. 7.2). Toraa nckaxeHHbIN BBIXOHOU TOK Iy,
MPEACTABISIONINNA COO0M MEPUOANYECKYI0 (DYHKIIMIO BPEMEHHU C OCHOBHOM Yac-
TOTOU ®, MOKET OBITh MpeICTaBlieH B BuAE psana Oypne. OrpaHunyumcs nep-
BBIMHU MATHIO WICHAMU PA3JIOKEHUS], TOCKOIBKY JIJIsl MPAKTUYECKUX PAcu€TOB
BIIOJIHE JIOCTATOYHO 3HATH MPOIYKTHI UCKAKEHUI TOKA JI0 YETBEPTON rapMOHU-
KU BKJIFOYUTEIBHO. TakK Kak KpUBasi BBIXOJHOTO TOKAa CUMMETPUYHA OTHOCH-
TEJIbHO BEPTUKAJILHOU OCH, MMPOXOSIIECH Yepe3 Cepe/IMHy MEXy TOUKaMHU Tie-
peceueHust KpUBOM ¢ ochio abciucce, Tak uTo F(m — ®) = F(wt), HavanbHbIE da-
3bl BCEX TAPMOHHYECKUX COCTABJISIIOIIUX PaBHBI () UK 7T U BBIPAKEHUE ISl Psi-
na Oypbe ynpoiaercs, Ipuoodperasi CaeAyouuid BUI:

1 = Iop Hlimcosot + Icos2mt + I3ncos3mt + Iymcosdmt .

T T 21
3amaBasich 3HAUCHUAMHU 0000IIICHHOTO BpEMEH! Mt, paBHBIMU O,g,— —, T,

b 9
23
MOXKHO JJISl 3TUX 3HAYECHUM ®t TOMOJHUTEIBHO YIIPOCTUTD PA3JIOKEHHE, T.K.
JUTSl HUX BEJIMYMHBI KOCUHYCOB paBHbI 0, =1 wim +1/2.
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Puc. 7.2. Metron Aty opauHAT

Haxons mo CkBO3HOM JMHAMUYECKON XapaKTEPUCTUKE TOKHU lnax, 1, Lo, Lo,
Iinin, COOTBETCTBYIOIIME MTPUHATHIM BBIIIE 3HAYEHUSAM (O, MOKHO TTOJTYy4YUTh
3HAYEHMS JIJI1 TAPMOHUYECKUX COCTABIISIOIINX:

N

Imax B Imin + I1 B IZ
Ilm = )
3
Imax +Imin _210
I2m = 5
4
I -1 =2(I, =1
I3m — _max min ( 1 2), L (76)
6
I _ Imax +Imin _4(11 +12)+6IO .
4m 12 ’
Imax + Imin + 2(11 + 12)
I, = p .

J

31ech BeIpakeHue 1 I, mpeacraBiseT co00i cpeaHeapupMETHIECKOE
3Ha4YeHHE BBIXOHOTO TOKA 32 IEPUO/I.
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Wcxonupiii KOA)PUITMEHT TAPMOHHK KacKaga HaXOJUTCS B COOTBETCTBHUH C
(1.14).

Crnenyer yka3aTrb, 4TO aMIUTATY/Ibl HEKOTOPBIX TAPMOHUK MOTYT UMETh OT-
pulIaTeIbHbIE 3HAYEHUS, YTO HECYIIIECTBEHHO, TOCKOJIbKY KO3 (UIIMEHT Trap-
MOHHUK OIPENEISETCs YEPE3 KBaAPAThl aMIUTUTY.

7.2. JleyxmakmHvle 0KOHEYHble KACKAObl

Cy1iecTByeT IBa OCHOBHBIX BH/IA JBYXTAKTHOW CXEMBbI:

a) IByXTaKTHAas CXeMa C MapaieIbHbIM MUTAHUEM YCUINTEIbHBIX dJIEMEH-
TOB (puc. 7.3, a);

0) IByXTaKTHas CXeMa C IMOCJIeI0OBATEIIFHBIM TUTAHUEM YCHUITUTEIbHBIX
snemenTos (puc. 7.3, 6) .

B cxeme ¢ napamienbHbIM TUTAHUEM YCUITUTEIBHBIX 2JIEMEHTOB (YD) BbI-
XOJTHOU TpaHCcHOpMaATOP NPUHIUITHAIBHO HEOOXOUM, T.K. CBSI3b MEXK]Ty ITLjIe-
YaMU CXEMbI OCYIIECTBIISIETCS 3/1ECh TOJIBKO 3a CUET OOLIEr0 MarHUTHOIO MO-
TOKa B cepJieuHrKe TpanchopmaTopa. B cxeme ¢ mocnenoBarenbHbIM MUTAHUEM
COMPOTHUBIICHNE HArPY3KU MOXKET OBITh BKIIOYEHO HEMOCPEICTBEHHO, KaK ATO
noKa3zaHo Ha puc. 7.3, 0.

Kaxk BUJTHO U3 IPUBEICHHBIX CXEM 3aMEIIEHUs, UCIIOIb30BAHNUE YCUITHU-
TEJIbHBIX JIEMEHTOB B JIIOOOM JBYXTAaKTHOM KacKaJle UMEET CIEAYIOIINE 0CO-
OCHHOCTH:

a) HanpsDKEHHs U’ 1 u”| MOABOJATCS K BXOJHBIM 3JIEKTpojaM 1 ycumiu-
TEJIbHBIX 3JIEMEHTOB B MPOTUBOGA3E;

0) BBIXOJIHBIE AJIEKTPO/Ibl YCUIUTEIbHBIX 3JIEMEHTOB 2 MOJKIIIOYAIOTCS K
MIPOTUBOIIOIOKHBIM KOHIIAM COMPOTUBJICHUS HArpy3ku R, mpu ee HemocpeacT-
BEHHOM BKJIFOYEHUM WM K TIPOTUBOIIOJI0KHBIM KOHIIAM TIEPBUYHONA OOMOTKH
IIpU BKJIIOUYEHUH HArpy3Ku uepes TpaHchopMartop.

OTHUM BKJIIOUYCHHUE YCUIIMTEIbHBIX 3JIEMEHTOB B JIBYXTAKTHOM CXEM€ OTJIU-
YaeTCsl OT OOBIYHOTO MAPAJLIETBHOTO (OJHOTAKTHOTO) X BKJIFOUYEHUS, TIPH KO-
TOPOM BBIXOJIHBIE 3JIEKTPO/IbI, COEAMHEHHbIE MAPATIIETBHO, TOAKIIOYAKTCS K
OJTHOMY M TOMY € KOHILY CONPOTHUBJICHUS HArPY3KU WU IEPBUYHON OOMOTKHU
TpaHchopmaTopa, a HanpsHKEHUST Ha BXOJAHBIX DJIEKTPOJaX U3MEHSIOTCS CHUH-
dazHo.

OTtcro/1a BEITEKalOT OCHOBHBIE CBOMCTBA ABYXTAKTHOW CXEMBI.

[lycTh yCUIIUTENIbHBIC 3JIEMEHTHI TJI€Y JIBYXTAKTHOM CXEMBI BO30YKIat0TCS
FapMOHMYECKUMH BXOHBIMU HAIPSHKEHUSIMU U’ ¥ U" |, UMEIOIIIUMH YaCTOTY
U oJluHaKoBbIe aMIUIUTY bl Uy, , HO HaxoasIuecs: B IpoTuBodasze u cymmu-
pytoiuecs ¢ HanpspbkeHueM cmenieHus Uy (cM. puc. 7.3) Tak, 4To

u'; =Ug + Ujpncosmt; u”; = Uy + Ujpcos(ot + ).

* o . .
)Ha puc. 7.3 mokazaHbl HaNpaBJIEHUS MTOJHBIX MTHOBEHHBIX 3HAYEHUI TOKOB Tuiey 1, u1'',.
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Puc.7.3. Cxema 3aMenieHus IByXTaKTHOIO OKOHEYHOTO KacKa/ia:
a - ¢ MapaJUIeJIbHBIM MUTaHUEM; O - C IMOCIIeI0BATEIbHBIM TUTAHUEM

Torma BEIXOHOM TOK 1, IEPBOTO ILJIeUa, MOTYUYUBIIUN HETMHEHBIE UCKA-
YKEHUSI BCJIEACTBUE KPUBU3HBI JUHAMUYECKOW XapPaKTEPUCTUKH TIJI€4a, 32 CYET
OTCEYKH TOT0 TOKA WJIU 10 KaKUM-JTM0O APYTUM NMPUUUHAM, MOXKET OBIThH
MIPEJICTABIICH CJICAYIOIIMM 00pa3oM Tpu oMoty psjga ypee (ecm. 7.1):

1y = Ip + Limcosot + Incos2mt + Iicos3mt + Iyycosdmt... .
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[Ipu onrHAKOBBIX MapaMeTpax Iiey BCIAEACTBUE CABUTA 0 (a3e Ha T Tie-
PEMEHHOM COCTABIIIOLIEN HANPSKEHUS U''| IO OTHOIIEHUIO K U'j, TOK BTOPOTO
njeya
1" = Ip + [imcos(ot+n) + Lncos(Lottn) + iycos(3ottn) + Lymcos(4ot+n) +...
TaK Kak CIBUT M0 (pa3e Ha T UICKAXKEHHOM KpUBOM TOKa 1'', paBHOCHUJIEH CIIBUTY
o ¢aze TOka MepBOM TaAPMOHMKH Ha T, @ TOKA N-OM TApMOHUKH Ha NT.

YuuThiBas moyduBIInecs caBuru asz, umeeM

1", = Ip — Iimcosot + Lncos2mt — I3cos3mt + Iyncosdmt —... .

Tak Kak BBIXOJIHBIE JIEKTPOIbl YCUIUTEIbHBIX 3JIEMEHTOB MOAKIOYAIOTCS K
IPOTUBOMOJIOKHBIM KOHIIAM COIPOTUBIICHUSI HATPy3KH UM TIEPBUYHOI 0OMOT-
KU BBIXOJIHOT'O TpaHc(opMaropa, TOKH 1, 1 1''; B 3TOM CONPOTUBIIEHUHU WU B
MOJIOBUHAX OOMOTKM TpaHchOopMaTopa UMEIOT BCEr/ia MPOTUBOIOJIOKHBIE Ha-
npasiieHus. [1oaTOMy npy HEMOCPEACTBEHHOM BKJIFOUEHUH HArpy3KH pe3yJib-
TUPYIOIIMNA WIN PA3HOCTHBINA BBIXOIHOU TOK

i2d = i’z — i"z . (773)

[Ipu BKIIIOUEHUH HArpy3KH uyepe3 TpaHchopMarop TokH i, u 1”,, mpoTe-

KarOIIHE MO MMOJOBUHAM NEPBUYHON OOMOTKH B IPOTUBOIIOJIOKHBIX HAIpaBJIe-

W, . W, .
HUSIX, CO3/IAI0T MAarHUTOIBUKYIIIUE CUIIbI 711'2 u 711'2' Pa3JIMYHBIX 3HAKOB

TaK, 4TO Pe3yJbTHUPYIOIIas MarHUTOABMKYIIAs CHJIa paBHA
W, ., . W, .
S —ig) =ty (7.76)

OueBHIHO, YTO UMEHHO 3Ta MAarHUTOABMIKYIIAsl CUJIa BbI3bIBAET MarHUT-
HBIM TOK B CEpJICUHUKE TpaHCPopMaTopa, a TaKKe HANPsDKEHUE B HATPY3Ke

Uyd ® Uzq 20 = 1ng Rg 2n
U TOK
i
ud 211
B €ro BTOpUYHOUM 00MOTKE (31ech n = W,/W; — ko3¢ dunment tpanchopmanun
BBIXOJTHOTO TpaHchopmaTopa; 2n — ero koddduimeHTt Tpanchopmaliiuu mo oT-
HOIIICHUIO K MOJIOBUHE MIEPBUYHON OOMOTKH).

Takum 00pa3oM, TOK B Harpy3Ke paBeH WU MPOTOPIIMOHAIICH Pa3HOCTHOMY
BBIXOJIHOMY TOKY 1pq = 1, — 1”5. DTO MOJIOKEHHE SBIISIETCSI OCHOBOM TaK Ha3bl-
BacMOTO MeT0/Ia Pa3HOCTHBIX TOKOB, IPUMCHSIEMOTO ISl UCCIACAOBAaHMS pa-
OOTBI ABYXTAKTHOM CXEMBI.

Hcnonb30BaB 11 TOKOB 1'; U 1" IPUBEACHHBIC BBIIIE PA3JIOKEHUS B PSIT
®dypbe 1 HaX0II UX PA3HOCTH, TOTYIHM

g = 2Iimcosmt + 2I5,cos3mt + ... + 2] ki ymcos(2k+1) ot +... (7.8)
riae k — nesnslie monoXKuTeIbHbIE Yncia OT K = 2 U BBIIIIE.
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Bripaxenue (7.8) moka3biBaeT, 4TO B Harpy3Ke, BKIIOUEHHOHN B BBIXOIHYIO
IIEMb HEeTIOCPEACTBEHHO WIH Yepe3 TpaHchopmaTop, PU OJIMHAKOBBIX TMapa-
MeTpax IJIed TOKH HEYETHBIX TAPMOHUK YJIBAMBAIOTCS, TOCTOSIHHBIE COCTaB-
Jsirolue (CpeHre 3HaYeHUs1) TOKOB M TOKW YETHBIX TAPMOHUK B3aUMHO KOM-
NEHCUPYIOTCA.

JIJIst cXeMbl ¢ mapaJijieIbHBIM TUTaHuEM (puc. 7.3, a) TOKH TUIed B IIETH HC-
TOYHHMKA NTUTaHus E CKITambIBatOTCs, 1 CYMMapHBIH TOK

1ps = 2L, + 2Ibmcos2mt + 2Liycosdmt +... + 2imcos2mkt +... . (7.9)

Takum 06pa3om, B IIENU MUTAHUS OTCYTCTBYIOT TOKH HEYETHBIX TAPMOHUK,
BKJIIOYasl TIEPBYIO, T.€. OTCYTCTBYET TOK OCHOBHOM YaCTOTHI (4aCTOThI CUTHAJIA)
®. B cxeme ¢ nocieaoBaTenbHbIM MUTaHUEM (pUC. 7.3, 0) yepe3 UCTOYHUK IH-
TaHHS TPOXOAT TOKH COOTBETCTBYIOIIUX Tuied 1, 1 175.

Ha ocHOBaHUU M3JI0KEHHOTO MOKHO CJI€JaTh BHIBOABI O CJIEIYIONIUX MIPaK-
TUYECKUX MTPEUMYIIECTBAX JIBYXTAKTHOU CXEMBI IO CPABHEHUIO C OJTHOTAKT-
HOMU.

1. KomneHcarys 4eTHbIX TAPMOHHK BBIXOJIHOTO TOKA B IIETIH HATPy3KH
YMEHBIIIAET HETMHEHHBIC HCKAKEHUS MPU Pab0oTe yCUITUTEIBHBIX dJIe-
MEHTOB B peKUME A U, 4TO eIle BaXHEe, 03BOJISIET MPUMEHUTH IKOHO-
MUYHBIN 1 3P deKTUBHBIN pexxum B.

2. KomneHcalys mocTOSHHBIX COCTaBIISIONINX BHIXOIHOTO TOKA B IIETH Ha-
IPY3KHU IIPU €€ HEMOCPECTBEHHOM BKJIIOUEHUU CHUYKAET MOTEPU MOIII-
HOCTH B DTOM IIETIH 1O MTOCTOSTHHOMY TOKY M B HEKOTOPBIX CIydasx
yIIy4IIaeT peKuM paboThl YCTPONCTB HArpy3ku (HaIpuMep, TPOMKOTO-
Boputeneit).[Ipu BKIIIOUeHUU Harpy3ku yepe3 TpaHchopmaTop KOMIICH-
caIys MOCTOSHHBIX COCTABIISIONINX MarHUTOABUKYIIECH CHIIBI M TIOCTO-
SSHHOT'O MarHUTHOTO MOTOKA B TpaHc(opMaTope MPUBOIUT K yBEIUYE-
HUIO TUHAMHYECKON MarHUTHOM MPOHUIIAEMOCTH MaTepuaia cep/IeuHu-
Ka. DTO B psAJie CIy4YaeB MO3BOJISIET NP 3aJaHHBIX JJIEKTPUUECKUX Mapa-
MeTpax TpaHcopMaTopa 3HAYUTEIHHO CHU3UTh €ro radapuThl, Maccy u
CTOMMOCTb.

3. HeuyBCTBUTENBHOCTD IBYXTaKTHOW CXEMBI K CHH(DA3HBIM U3MECHEHUSM
BO30Y>KTAFOITNX HAMPSHKEHUHA MMO3BOJISIET IOMYCKATh OOJIBIIYIO BEIHYN-
HY MyJbCAIUN MATAONTNX HAMPSOKCHUM, TaK KaK 3TH IMyJIbCAIlUNA CUH-
($ha3HO U3MEHSAIOT MOTEHIIMAIBI COOTBETCTBYIOIIUX JIEKTPOIOB YCHIIN-
TEJIbHBIX 3JIEMEHTOB B IJIeYaX Kackaja, 4YTo MPUBOIAUT K CHUKEHHUIO ra-
0apuUTOB, MacChl U CTOMMOCTH MUTAIOIIUX YCTPOUCTB.

4. KomrieHcanusi TOKOB OCHOBHOM YaCTOTHI B IETISIX MUTAHKS JABYXTAaKTHO-
ro Kackaja ¢ mapauieIbHbIM TUTAaHUEM YCUIIMTEIIBHBIX JICMEHTOB 3Ha-
YUTEIBLHO OCIA0JISIIOT MApa3uTHYIO OOPATHYIO CBA3b 3a CYET OOIIUX HC-
TOYHHKOB MTUTAHUS YCUITUTEIS.

CrenaHHbIe BBIBOJIBI O MOJTHOW B3aMMHOM KOMIIEHCAIIUN YETHBIX TAPMOHHK
Y TIOCTOSIHHBIX COCTABJISIONIMX B MU HATPY3KH, a TAK)KEe HEUYETHBIX TAPMOHHK
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B LMW MMUTAaHUS KaCKaJa CIPABEIJIUBEI ITPU MMOJHOW CUMMETPHUH TUIEY ABYX-
TaKTHOU cxeMbl. [Ipr HaTMYuu aCHMMETPHUH TOTY4YaeTCs UL 0CIa0JIeHUE CO-
OTBETCTBYIOIIUX FAPMOHUK WJIH ITOCTOSHHBIX COCTABIISIOIIUX, IIPUYEM CTEIIEHb
ocyiabieHust TeM OOJIbIIIe, YeM MEHBIIIE ACUMMETPHSI.

7.2.1. /leyxmaxkmHulit Kackao ycujienus 6 pexcume A

Hmest B BUY, 4TO B peKUME A YCUITUTEIbHBIC 3JIEMEHTHI Pab0OTal0T HEeTpe-
PBIBHO Ha MPOTSHKCHUH BCETO Teproa B TUHCHHOM 00JaCTH XapaKTEPHUCTHK,
MOXHO TTPOM3BOJIUTH TpadoaHATUTHUSCKUIN pacyeT cHavaja Jyisl OJHOTO Iieya,
paboraroriero Ha conportuBiieHnn R'y. IIpr 3ToM ocTaercs B cuiie Bce CKazaH-
Hoe B 7.1 0 pacueTe 0JHOTAaKTHOTO Kackaja (31ech R’ = R.).

[Ipu epexope K IBYXTaKTHON CXeMe HY)KHO YUUTBHIBATh, YTO JOJKHO OBIThH
00ecredeHo COMPOTHUBIICHNE PA3HOCTHOMY TOKY

rae R’y — BHelIHee COMPOTUBIICHUE BBIXOAHOM 1IETIH, MTOTYYEHHOE TP pacueTe
OJTHOTO TIjIeYa.

B IByXTakTHOM cXeMe C TTOC/IeI0BATeIbHBIM MTUTAHUEM YCHITUTETHHBIX
AJIEMEHTOB YKa3aHHOU BeMYnHE Ry TOKHO OBITH paBHO COMPOTHBIICHHUE Ha-
rpy3ku Ry (puc. 7.3, 0), BKIIF0O9aeMoe HETOCPEACTBEHHO WA Yyepe3 TpaHchop-
Martop, Ko3hPuuueHT TpaHchopMaiu KOTOporo

n= R, . (7.10)

n.R,

B cxeme ¢ napaienbHbIM TuTanueM (puc. 7.3, a) conpotuBieHue Ry
JIOJDKHO BHOCUTBCSI B TIOJIOBUHY TIEPBUYHOU OOMOTKH BBIXOJIHOTO TpaHchopMa-
TOpa, Tak YTO €ro Ko3(pGUIMEHT TpaHCHOPMAIUU 110 OTHOIIEHUIO K MOJIOBUHE
oobmotku W /2 onpenensercs Beipaxkenuem (7.10), a koadduiment tpancdop-
MaIlF¥ 110 OTHOIIICHHIO KO BCEH MEPBUIHON 0OMOTKE

W, 1R

W 2\ n.R,
BrixoHOE COMpOTURIIEHHE IBYXTAKTHOI'O Kackaja pa3HOCTHOMY TOKY (0e3
y4eTa JEHCTBUS BBIXOAHOTO TpaHchopmaTopa)

Boixd % )
rae Ry,x — BBIXOJHOE CONMPOTHUBIICHUE TIJIeYa B BRIOpAHHOM pabodeil Touke.
IIpu nepexonae K IByXTaKTHOM CXeME MOIIHOCTh YABAUBAETCH, T.€.
P'.=2P_, P'y=2P,. JonycTumMoe HaNps>KeHUE MUTAHUS ONPEAEISIETCS TaK
e, KaK U JUI1 OAHOTAKTHOI'O KacKaJa.
Tak Kak TpaH3UCTOPHI B IIJIeYax ABYXTAKTHOU CXEMbI UCIOJIB3YIOTCS B pe-
&KuMe, OJIM3KOM K JINHEMHOMY, IIPU ONPEACIICHUN HEIMHEMHBIX UCKAKEHUM
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MOXKHO HaXOJHUTh KOA(PPUIIMEHT TapMOHHUK TaK)KE CHAadJasIa JIjIs OJHOTO IIjIeya
P €r0 Harpy3Ke Ha CONMpPOTUBIIEHUU R'y, a 3aTeéM yuyuThIBaTh KOMIIEHCAIUIO
YETHBIX TAPMOHUK B JBYXTAKTHOM CXeMe, KOTOpasi BCIECTBUE HEN3OEKHOM
aCUMMETPHH TIJICY OKa3bIBAETCS YaCTUIHOM. B pe3ynbrare, B miedax Harpy3Kku
YeTHBIC TAPMOHHMKHY B 3HAYUTEIIFHONW CTETICHH MOJIABIISFOTCS, YTO YUUTHIBACTCS
ko3(ppunrentom acummerpuu b =0,1...0,15. Koadduiiment rapmonuk ajis
JBYXTAaKTHOM CXEMBbI, padOTaroIIeH B pekUMe A, BBIPA3UTCS Kak
2 2 2
= (6L, +II3m 0L ) 0004 (7.12)
Im

IJI€ TApDMOHUYECKUE COCTABIAOIMIME 1, [op, [3m, L4m paccunTeiBatoTcsa B cOOT-
BeTCTBUHU C (7.6).

7.2.2. /lsyxmakmmubwtil Kackao ycunenus 6 pexcume B

BrixoHas tuHaMHU4YeCcKask XapaKTEPUCTUKA ABYXTAKTHOTO TPAH3UCTOPHOTO
KackaJa JUisl BKIIFOUEHHS TPAH3UCTOPOB MO cxeMe OO mpu yriie OTCEYKH KOJI-
JeKTopHOro Toka 6 = n/2 (pexum B) nzobpaxena Ha puc. 7.4, a COOTBETCT-
BYIOIIIasl CKBO3HAs! JUHAMMUYECKAsI XapAKTEPUCTHKA — HA puUC. 7.5.
[Ipu nmocTpoeHnM yKa3aHHBIX XAPAKTEPUCTUK YUTEHO, YTO KOJJIEKTOPHBIE TOKU
ey 1, u 1" IpOXOAST O CONPOTUBJICHUIO HATPY3KHU Ry B IPOTUBOIOI0KHBIX
HAIIPABJICHUSX U CO3/IaBa€MbI€ UMU NAJCHUS HAIPSIKEHUSI UMEIOT TPOTUBOIIO-
JI0KHYIO TTOJSIPHOCTH (ITPOTUBOIOJIOKHBIE HAIPABJIEHUS OCEM OpJIMHAT U OCE
abciucce Ha rpadukax puc. 7.4 u 7.5). BzauMHoe pacrosioxeHrue oceid opauHaT
OTIpEEISAETCS OAMHAKOBBIMU JUIsl 00OMX ILIEY UCXOHBIMU MUTAIOIIUMH Ha-
npsbxkenusimu (E'y = E” 1u1st BeixoiHOM XapakTepucTuku U E'g,g = E"g,0 au1st
CKBO3HOI1), OCH a0CITUCC COBMEMIAIOTCS, T.K. B 000MX CITy4asiX 3TO COOTBETCT-
ByeT [ = 0. Yros HaKJIOHa BBIXOJHOM TUHAMHUYECKOW XapaKTEPUCTUKHU OIpe-
JEJISIETCST COMPOTUBJIEHUEM Ry.

Brinensemast TpaH3ucTopaMu 000X IJIeY MOJIe3Has MOUTHOCTh

E -U ) U 1

PN — ( K OoCT ) Kmax — Kom K max . (7. 13)
2 2

['paduuecku 3Ta MOITHOCTD OMPEEsAETCs MO0 TpeyroiabHuka ABC

(puc. 7.4).

Crnenyer yka3aTb Ha BaXKHOCTb BbIOOpa 0cTaTOYHOTO HanpsikeHUs Uy, 10C-
TaTOYHOM BEJIMYUHBI BO M30€KaHUE HEIMHEMHBIX UCKAXKEHUM 3a CUET KpUBHU3-
HbI CTATUYECKUX XapaKTEPUCTHUK B 00IACTH, OJIM3KOM K PEKUMY HACHIIICHHS, 1
WHEPIHUOHHBIX MPOLECCOB, CBI3AHHBIX C MEPEXOIOM OT PEKUMA HACBIIIECHUS K
HOPMaJIbHON paboTe TPAH3UCTOPA B AKTUBHOM 00JIACTH XapaKTEPUCTHUK.
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Pasznoxxenue B psan @yppe KOCMHYCOMAAIBHBIX UMITYJILCOB IIPU YIJIE OTCEY-

I, 1
ku O = /2 naer, kak u3BeCTHO, —— = — . [loaTOMY MOIIIHOCTH, MOTpEOsIeMas
max T
TpaH3UCTOpaMu 000WX TIIEY,
2
P, =2E I, :;EKIKmax : (7.14)

Otcrona, ¢ yuerom (7.13), KII[] kackana B pexxume B
P nU,, =

Ny =— __E.v > (715)

P, 4 E, 4
K
Mo1HoCTh, paccenBaemas Ha YCUJIUTENbHOM 3Jiemenre, P, = Py — P, xa3zanoce
Obl, TOJDKHA YMEHBIIATHCS C YBETUYEHUEM MOIIHOCTH, BBIJCISIEMON B HArpy3-
ke P.. Ha camom jierne 3Ta 3aBUCUMOCTB BBIPAXaeTCs CI0KHEE B CUITY TOTO, YTO
MOIITHOCTb, TTOTpeOIsieMast OT UCTOYHHUKA MTUTAHUS, YBEITMYHUBACTCS MPOIIOP-
AOHAIBHO aMIUTUTYE BBIXOJTHOTO HAMPSIKEHHUS, a MOJI€3HAsi MOITHOCTh

— KOB(b(I)I/II_[I/IeHT HCIIOJIb30BaHMA KOJUICKTOPHOI'O HAITPSKCHUS.

Puc. 7.4. BeixonHas JUHaMUYECKasi XapaKTEPUCTHUKA JBYXTAKTHOTO
KacKaJla yCUuJIeHus B pexxume B
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Puc. 7.5. CkBO3Has fuHamMuyecKas XapakTepPUCTHUKA
IBYXTAaKTHOTO Kackajaa B pexxume B

YBEIIMYMBAETCS MPOMOPIHUOHATIBHO KBApaTy aMIUTUTYAbl BBIXOJJHOI'O HAMPSI-
KEHUS (Uzzm). Ha puc. 7.6 npencraBiieHbl 3aBUCUMOCTH MOIIHOCTU P, moTpel-
JSIEMOM YCUITUTENBHBIM 3JIEMEHTOM, MOIITHOCTH P M UX pa3HOCTH, IPEIACTaB-
JSIOIIEN OO0 MOIIIHOCTh paccesiHust Py.

N3 rpaduka (puc. 7.6) BUIHO, 4YTO MOITHOCTh P, KMeeT MakCUMyM TNpu He-
KOTOPOM Usp, = U «p. Kak mokasanu uccinenoBanus, 3HaU€HUE KPUTHIECKOTO
Kod(hpUIEeHTa UCTIOIH30BAHUS MUTAIOIIETO HAMIPSKEHUS

§]
g:ﬂzgzo,@%
E T

K

Py

Py

O :U2m Kp U2m

Puc. 7.6. 3aBucumMocTu noTpedIsieMO, OT1aBaeMOM U paccerBae-
MOM MOIITHOCTEN OT aMIUTUTY bl HATIPSKEHHS Ha BBIXOJIC
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Onpenenenue HeJIJMHEHHBIX HCKAKEHUI
B oTiimume ot pacuera miist pexuma A, IpU ONPENCICHUA HETUHEUHBIX UC-
KaKeHUH B pexknuMe B HE0OX0AMMO UCXOAUTh U3 CKBO3HON TUHAMHUYECKOM Xa-
PaKTEpUCTUKHU PA3HOCTHOTO TOKA JJIA Kackaja B 1esioM (puc. 7.5). IIpu atom
3HAYCHUS PA3HOCTHOTO TOKa, HEOOXOUMBIE ISl onpeaesieHus: ko3 duimeHTa
rapMOHUK MO METOY ISTH OPJIMHAT, C Y4€TOM KO3 (UITUEHTa ACUMMETPUU
ey b HaxoaATces cieayronmM oopazom [1]:

Lemae = (14 D) s |

Ly = (1 + b)I;l;

[, =2bl,; (7.16)
L, = _(1 - b)I;q;

— _(1 - b)I;maX‘

Hanee no (7.6) pacCUUTHIBAIOTCS TAPMOHUYECKHUE COCTABIISAIONINE U MO BbI-
paxennrio (1.14) paccunteiBaeTcs KO3(POUIMEHT TAPMOHUK.

7.3. Temnepamypuas cmaoduau3zauus ucxo0H020 PEHCUMA MOUIHBIX
OKOHEUHbIX MPAH3UCMOPO8

[Ipu paGoTe MOIIHBIX OKOHEUHBIX TPAH3UCTOPOB B pexxuMe B Temneparyp-
Hasl cTa0MIM3alys 3a CYET JINHEMHOW 0OpAaTHOM CBSI3U 10 IOCTOSSHHOMY TOKY,
IIMPOKO KCIIOJIb3yEMas B KacKaJaxX MaJloil MOIIHOCTH, paOOTAIOIINX B PEXKUME
A, Henpuemiema. ITo 00BACHIETCA TEM, YTO BKIFOUEHUE B IMUTTEPHBIC LIETIN
OKOHEYHBIX TPAH3UCTOPOB COMPOTUBICHUH R,, 1oCTaTOUHBIX 11 3PHEKTUBHO-
ro JeUCTBUS OOBIYHON SMUTTEPHOMN CXEeMbl CTAOMIM3ALIUN, PE3KO CHUKAET YCH-
JeHue o MOIHOCTH. [lo3TOMy B paccmaTprBaeMoM cilydyae CTaOMIN3alns 1uc-
XOJIHOT'O KOJIUIEKTOPHOTO TOKa OCYIIECTBISIETCS OOBIYHO C OMOUIBIO0 HEJIMHEH-
HbIx conpotuBieHuid. [Ipu stom 3/]C cmemenus Eg,g 1o Mmepe noBeIeHAs
TEMIIEPATYPHI JOJDKHA YMEHBIIATHCS, a IO MEPE €€ ITOHVIKEHHS YBEINYNBATHCS
C TAKUM PacyeTOM, YTOOBI HCXOIHBIM KOJUIEKTOPHBIM TOK OCTaBaJICS HEU3MEH-
HBIM.

Ha puc. 7.7 uzo6paxkeHa cxema cTabMIM3aIu UCXOHOTO PEKUMa OKO-
HEYHBIX TPAH3UCTOPOB, paboTarouuX B pexkume B, ocHoBaHHas Ha IpUMEHe-
HUU TEPMOCOIIPOTUBIICHUSA R;, UMEIOIIETO OTPULIATEIIbHBIN TEMIIEPATYPHBIN
KOd(PGULIMEHT COTPOTUBIICHUSI.

OO1mMM HEOCTaTKOM TEMIEPATYPHO-3aBUCUMBIX CONPOTUBIICHUN ABIISIETCS
UX 3HAYUTENbHAs TEIIOBask MHEPLUS, a TAaKKE TO OOCTOSTENBCTBO, UTO OHU
pearupyroT Ha U3MEHEHUS TEMIIEPATyPbl OKPYKAIOLIEH CPEABI WIIM PauaTopa B
TO BpEMsl, KAK OTHOCUTEIBHO KPAaTKOBPEMEHHBIE IPEBBILICHUS TEMIIEPATyPbI
p-n — nepexoaa UMHU HE YUYUTHIBACTCS. BBIXOI0OM M3 MOJI0KEHUS ABJISETCS MPHU-
MEHEHUE 0e3bIHEPIIMOHHBIX HETUHEWHBIX COMTPOTUBICHUHN, KAKUMU SIBJISTIOTCS,
HaIlpUMeEp, MOJYIPOBOJIHUKOBBIE TUObI U TPAH3UCTOPHI.
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Puc. 7.7. Crabunuzanusi ICXOJHOTO PEKHUMa OKOHEUHBIX
TPAH3UCTOPOB MOCPEACTBOM TEPMOCOIPOTHUBICHUSA R,

OnHa 13 BO3MOXXHBIX CXEM C MPUMEHEHHUEM JUOJ0B MPUBEIEHA HA puc. 7.8.
Kak BusiHO n3 cxembl, 1uoasl VD1 u VD2 BkITFOYEHBI B HAIIPABJIEHUH TTPOBO-
auMocTu. VX conpoTUBIIEHUE B MPSIMOM HAIPABICHUU JOCTATOYHO MAJIO U
UMeeT OTPHUIIATEIIbHBIN TeMIlepaTypHblii Kodddurment. [lagenne HanpsxeHUs
Ha TIPSIMOM COTPOTHUBIICHUH JICKHUT 00bI4HO B npezenax (0,3...0,5)B. B 3aBu-
CUMOCTH OT TpeOyeMoi BeIMUMHbI cMenieHus: Ha 6a3ax Tpan3uctopa (Ug,o)
CTaBUTCSI HEOOXOIMMOE KOJIUYECTBO IUO0B. JIMHEelHbIN IyHT Ry, HECKOIBKO
neMI(pUpyeT U3BMEHEHHS COITPOTUBJIEHHUS IMOJIOB B IPSIMOM HAIpPABJICHUU,
obecrnieunBasi y1I0BJIETBOPUTEIHHYIO CTAOMIIN3ALINIO.

Puc. 7.8. Crabunu3zaius UCX0AHOTO PEKMMa OKOHEUHBIX
TPaH3UCTOPOB MOCPEICTBOM JIUO]IOB
7.4. Cxembl 08yXmMaKmMHBIX OKOHEUHBIX KACKAOO08 U UX CBOIICMEA

CymiecTByeT O0JBIII0E KOJIUYECTBO PA3TUYHBIX CXEM JBYXTAKTHBIX TPaH3U-
CTOPHBIX KaCKaJ0B OKOHEUHOT0 ycuiieHHsl. OCHOBHBIE U3 HHUX, KaK YKa3bIBa-
J10Ch, MOTYT OBITh KJIACCU(DUIIMPOBAHBI CIAEAYIOIIMM 00pa30M:
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a) IBYXTAKTHbBIEC KACKaJbl C MAPAJJICIbHBIM MUTAHUEM;

0) IByXTaKTHBIE KacKabl C MOCIEI0BATEIbHBIM TUTAHUEM.

Kaxk 65110 mokaszano B 7.2, B IBYXTaKTHBIX KacKaJax ¢ MapajieIbHbIM -
TaHWEM Harpy3ka MOXKET BKJIIOYAThCS TOJIBKO Yepe3 BBIXOAHOU TpaHchopma-
TOP, OCYLIECTBIISIOLIMN CBA3b MEXKY IIJICUYaMMU.

JIByXTaKkTHBbIE KACKaJbl ¢ MapPAJJIeIbHBIM U TAHUEM

HaunbOonee yacto npumensiercs kackag OO, T.K. BCIEICTBHE HAMOOIBIIETO
Ko3(puirieHTa yCUIEHHUS IO MOIIHOCTH B 3TOUM CXeMe JUIsl yIPaBJIEHHUS OKO-
HEYHBIMH TPAH3UCTOPAMHU JIOCTATOUYHA OTHOCUTEIHHO HEOOIbIIIas BXOIHAS
MOIIHOCTb, & HEKOTOPOE YBEJINYCHUE HETMHEWHBIX UCKAXKEHUN NPU HATUYUU
JIOCTATOYHO TITyOOKOM OTpHIIATEILHON 00paTHOM CBSI3U HE MMEET CYIIECTBEH-
HOTO 3HaueHus1. CBs3b MEXY OKOHEYHBIM U MPEJOKOHEUYHBIM KacKaJaMu MO-
XKeT OBITh KaK TpaHcpopmaTopHOU (puc. 7.7), Tak U yepe3 MepexoAHbIE KOH-
nencatopsl C. B nocnegneM ciydae He0OX0AUMO NPUMEHEHUE AUOI0B. DTO
OOBSICHSIETCSI TEM, YTO MPU OTCYTCTBUU JUOJ0B UMITYJILCHI TOKa 0a3bl, 00pa-
3YIOLIMECS MPU MOIAY€ CUTHANIA, YBEJIMYUBAIOT 3apsA]l KOHACHCATOPOB, CMEIIIE-
HUe 0a3bl yMEHbIIAeTCs (€€ MOTEeHIINAJI CTAHOBUTCS 00JIee MOJI0KUTEIIbHBIM,
€CJIM UMETh B BUJIy CXEMY Ha TPAH3UCTOpaxX p-n-p THMA TPOBOJAUMOCTH Ha PUC.
7.7) ¥ TpaH3UCTOPHI NEPEXOAAT K pexkumy C, 4TO TPUBOAUT K PE3KUM HEJH-
HEWHBIM UCKAKECHUSIM.

JIByXTaKTHBbIEe KACKA/IbI € M0CJI€10BATEIbHBIM NUTAHUEM

B nocneanee BpemMsi B OKOHEUHBIX Kackaax O0JIbII0M MOITHOCTH UCIIOJIb-
3YIOTCSA CXE€MbI Ha COCTaBHBIX TpaH3UCTOpax. B cxeme Ha puc. 7.9 ucnonb3oBa-
HbI KOMILIEMEHTapHbIe napbl TpaH3uctopoB VI2 — VT4 u VT1 — VT3. Kak
npaBuiio, TpaH3uctopsl VI2 — VT4 — 6omnpioit momHocty, a VI1 — VT3 — ma-
JIOW WJIM CpelHEN MOIIHOCTHU. [IIMpoKo€e ncnoib30BaHNE COCTABHBIX TPAH3HU-
CTOPOB B OKOHEUYHBIX Kackajiax 00yCJIOBJIEHO TEM, YTO TaKOE BKJIIOUEHUE TPaH-
3UCTOPOB UMEET PsiJl MPEUMYIIIECTB MO CPABHEHUIO C OJUHOYHBIMU TPAH3UCTO-
paMu B IJIe4aX OKOHEYHOT'O Kackaja. JTO MPEUMYIIECTBO COCTOUT B CIIEIYIO-
ieMm:

a) ToBkIIIaeTcs K03 UITMEHT YCUIICHHS TI0 TOKY Tuieda B 3 pa3, Tak Kod(-
¢unuent ycunenus Ky = B;-,. 3to umeet oueHp 6osblioe 3HaUeHUE, 100
TPaH3UCTOPBI B CXEME pUC. 7.9 BKIIFOUEHBI C OOIIUM KOJIJIEKTOPOM, U OKOHEY-
HBIM KacKaJl He YCUJIMBAET MO HampsbkeHuto. briarogaps orpoMHOMY YCUIIEHHUIO
1o ToKy, koadduiuent ycmienus no mourHocTH (Kp = Ki-Ky) nmeer 3naun-
TEIbHYIO BEJTNUNHY;

0) yBEJIMUMBAETCSI BXOJIHOE COMPOTHUBIICHUE TIJIe4a, KOTOPOE CTAHOBUTCS
paBHBIM Ry, = B1f,-Ry, Omarogapst uemy yinydiiaroTcsi yCIOBHS COTJIaCOBaHUS
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IJIe4 OKOHEYHOI'0 KacKajia ¢ MPeJOKOHECYHBIM, U HET ITOTEPh YCUJICHUS B Ipe-
JTIOKOHEYHOM KacCKaJIe.

Ry VTI1

VT2 Q E

@

BX

Puc. 7.9. Cxema 6ecTpanchopMaTOpHOTO OKOHEYHOTO
KacKaJla Ha COCTaBHBIX TPAH3UCTOPAX

Kaxk BugHO U3 puc. 7.9, nHBepcHs curajia OCyluecTBISIETCS B CAMOM OKO-
HEYHOM KacKaJIe 3a CUET UCIOJIb30BaHMS TPAH3UCTOPOB PA3HOTO THUIIA ITPOBO-
JTUMOCTH, OJaroaaps 4emy B kauecTBe npeokoHeuHOro (VTok) MOXKET OBITH
UCIIOJIb30BaH OOBIYHBIN KacKaJl MPY BKIIOYEHUHU TpaH3UCTOpa 1Mo cxeme 0.

Ha ocHoBaHWU pacCMOTpPEHHS CXeM OKOHEUHOT'0 Kackajia ¢ mapajuieIbHbIM
U TIOCJIEIOBATEIbHBIM TUTAHUEM HEOOXO0JUMO OTMETHUTH IEJbIN PSi] MIPEUMY-
IECTB TpaHCHOPMATOPHOTO KacKajaa, a MUMEHHO:

a) OCYIIECTBJICHUE JT000r0 TpeOyeMOro CONPOTUBIICHUS HATPY3KHU OKOHEU-
HBIX TPAH3UCTOPOB (ONTUMAJIBHOE COTJIACOBAHUE);

0) oOecrieueHre CUMMETPUYHOCTH BBIXOIHOU 1IE€MH YCUITUTES;

B) U30JIAIMS [IETIH HATPY3KHW B OTHOIIICHUY TTOCTOSTHHBIX HANPSKEHUH, ICH-
CTBYIOIIUX B IEMAX yYCUIUTEIIA.
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Ho BmecTe ¢ TeM, HenocTaTKu TpaHCPOPMATOPHOTO KACKaa, BhIpaXkKaro-
IIMeCs B yXYIIIEHUU YaCTOTHON XapaKTEPUCTUKU U, OCOOCHHO, CIIOKHOCTBIO U
O0JBIIMMU TabapUTaMU BBIXOJAHOTO TpaHchopMaTopa, 3SHAUYUTEIHHO MPEBbI-
IIAFOIIMMH Pa3Mephbl TPAH3UCTOPOB U IPYTUX JIETAICH, TPUBEIH K IIUPOKOMY
UCTIOJIb30BaHUIO OecTpaHCPOPMATOPHBIX KACKaJ0B Ha COCTABHBIX TPAH3HUCTO-
pax.

KoHTpoJibHBIE BONIPOCHI

. Uem onpenensiercs mojae3Hasi MOIHOCTh B OJJTHOTAKTHOM Kackazae?

. B xakom pexxnMe paboTaroT TPaH3UCTOPHI B OJHOTAKTHOM Kackaze?

3. Kakoit MeToj uCroiab3yeTcs AJisl ONpeIeSICHUs] HETMHEMHBIX UCKaXKe-
HUN?

4. Kakue cylIecTBYIOT JIBa OCHOBHBIX BUJA ABYXTAKTHOW CXEMbI OKOHEY-
HOTO Kackazaa?

5. Kakumu npeumytiecTBaMu 00J1ajlaeT IByXTaKTHasi CXeMa 10 CPAaBHEHUIO
C OJTHOTAKTHOM?

6. Kak nzmeHnsaercsa MOIHOCTh Py, paccenBaeMasi Ha yCHUIIMTEIBHOM 3Jie-
MeHTE B pexume B?

7. Kakas crabunuzaius HCXOIHOTO PEeXUMa TPAH3UCTOPOB MCIIOJIb3yETCs
pu paboOTe OKOHEYHOI'0 Kackajia B pexume B?

8. Kakumu npeumymiecTBaMu o0jagaeT cxema dectpanchopMaTopHOTO
KackaJa Ha COCTaBHBIX TPAH3UCTOPaX?

N =
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