3. IIpumep pacuera KypcoBoii padoThl
Pacuer nmpousBoaUTCS 110 METOJIMKE, U3JI0KEHHOM B [5].
HcxonHbie TaHHbIE:
BrixonHas MomHOCTh B Harpyske: P, = 13 Bm;
Conporusnenne Harpy3ku: R, =10 Owm;
BryTpenHee conpoTuBieHNE HCTOYHUKA curHana: 2 kOwm;
Jlnamnazon pabouunx gactot: 12035000 /;
Koaddumuent temneparypHoit HecTabuibHOCTH: S = 3;
OJIC ucrounuka curdaia: 10 mB;
['myOuHa perynupoBku ycuienus: =10 ob;

Huanazon temmneparyp: +50 °C;

4. BbIX0AHO# KacKa/l yCHUJIUTEJIS

B kauectBe BBIXOJHBIX KAacKaJOB (YCHJIMTEIIEH MOIIHOCTH) MIMPOKOE
MIPUMEHEHUE MOJIYYHIIN KaK TpaHchopMaTOpHEIE, TaK u
oectpanchopmaropusie  ycunutenu  [1]. CoBpeMeHHBIE  YCWIIMTENH
HEOOJIBIIION MOITHOCTH BBIMOJHSIOT MO OecTpaHCcOpPMATOPHON cXeMe, YTO
MO3BOJISICT YMEHBIIUTh Ta0apuThl, MacCy, CTOMMOCTh M PAaCIIMPUTH MOJIOCY

MPONYyCKaHUs yCTporcTBa (puc. 6).

ﬁu
Pvoi
C1 oz

-

BX
R2
& 9
& +

1

1

Puc. 6. Kackan o cxeme ¢ o6urum amutrepom (09)
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Tak kak BBIXOAHBIE KAacKaJbl SIBISIOTCS OCHOBHBIMHM IMOTPEOUTENSIMU
SHEPIrUU UCTOYHUKOB MUTAHUSI, OHU pabOTaIOT B peXUME Kitacca B unu kimacca
AB, o6ecnieunBas Beicokuid KITJI[. TIpu aToM 1711 yMEHBIIIEHUS HETMHEWHBIX
HMCKaKCHUU NMPUMEHSAIOT ABYXTAaKTHBIE CXEMbl. TaKue CXEMbl BBIIIOJHSIOT HA
KOMIUIEMEHTAPHBIX TPAH3UCTOPAX; CXEMa MPEACTABIACT COOOM COETUHEHHE
IBYX SMUTTEPHBIX MOBTOpHUTENEH, padoTalIMX Ha OONIYI0 HArpy3ky R,.
PexxuM Mo MOCTOSSHHOMY TOKY, COOTBETCTBYIOIIMN PEXUMY pabOThI Kiacca
AB, obecnicunBaercs nenureneMm R;-VD-R,. ConpoTuBicHHE aUOAA CO3AACT
HEOOXOAMMOE HaMpsHKEHUE 1O TIOCTOSHHOMY TOKY Mexay Oazamu
TpaH3ucTtopoB VT1 m VT2, a Takke BBINOJHIET (PYHKIHUHU JIEMEHTA CXEMbI
TEPMOKOMIICHCALINH.

HcxonHple naHHBIE:

P.=13 Bm, R,=10 Om. TpaH3uctopsl BBIOMPAIOTCA MO JOMYCTUMOMN
MOIIHOCTH PacCesHHUs] Ha KOJIEKTOpE Piy,y U MAKCUMAIbHON aMIUIUTYJAE
KOJUIEKTOPHOTO TOKA [0y

P, >(0.25..0.3)P;

P, >(3.25..3.9) Bm.

I . 21.6A

Ha ocHOBe 3THX yCJIOBUI BBIOMPAEM KOMIUIEMEHTAPHYIO MApy:
KT817B (Sin-p-n; f=25...45; L= 3 4A; Pinax= 25 Bm);
KT816B (Sin-p-n; f =25...40; Liyw= 3 A; Pinax = 25 Bm).
HanpsokeHne ncTOYHUKa MUTAaHUSI HAXOAUM U3 YCIOBUM:

2UK3max 2 EH 2 2(UHaq +UmH); UH(llt = lB> Umn = Y 2PHRH :16B9

120> E, >34,
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BriOupaem E, = 40 B.

Ha BBIXODHOW XapaKTEpUCTUKE TPAH3UCTOPA MOCTPOUM HATPY30UYHYIO
IPSIMYIO IO IBYM TOYKaM (puc. 7 a):

Uep=E,/2=20B; I,=E,/2R =2A.

N3 BXOHHOW, BBIXOOHOW M CKBO3HOM XapaKTEPUCTUK ONPEHECIIIeEM
CIEAYIOIINE 3HAYCHUS:

Iy =5 MA, Uspn=0.83B, [,=1854=1,,,

L, =0.4 4, Uw»=037B, ©L=1.15A4.

Uen= 16 B, L =45 MA,

LA A
S0MA
2.0 45MmA
1.8
20mMA
1,2
0.8
Is=5MA
0.4
; >
18 20
Usiau UwoB
a)
I5,MA A
55 |
50 f------m---- -
L]
]
:
. lmG
1
L]
1
L]
:
I [ -
1
0 / — -
06 08 10 1.2 Us,,B
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1.85
1,15
04 |
0 >
Us: B

E)

Puc. 7. JluHamMn4eckue XapakKTEpUCTUKH
(a — BBIXO/IHAsA, O — BXO/THAsSA, B — CKBO3HAas)
['ryOmHa 00paTHOM CBA3M:

F=1+g,R, :1+iRH =51,

mo6

1
TJI€ g2; — YCPEAHEHHAS KPYTH3HA XapaKTEPUCTUKU TPAH3UCTOPA, &2/ = Um"
CormnpoTuBiieHHs PE3UCTOPOB R; U R, IPUHAMAIOT PAaBHBIMMU:
E -2U
R =R, =22 767 O,
Iy
e ;2 (2---5)1 o =25MA —  TOK genurens, ompenenseMblii

BOJIbTAMIIEPHOM XapaKTEPUCTUKE THO/IA.
Bri6upaem pe3uctopsl U3 ctangapTHoro psaga: R, = R, =750 Om.

BXOI[HOC COIIPOTHUBJICHUC KaCKala:

_FR

R A =199 Om |
iF+g11RZZ )

R
rae R, = 71 =3750m — conpoTHUBIICHUE JACIUTEIIS IO IIEPEMEHHOMY TOKY,
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1m6

A
g = = 0.125 — yCpeaHEeHHas BXOJAHas IIPOBOAMMOCTb TPAH3UCTOPA.

mos
AMI’[J’II/ITy,Zla HaIIpsA>KCHUA M TOKA BXOJHOI'O CHTHaJla KaCKazJa.:

U :%:19.4& [ =Y 97,4

mex
0 6X

KoadunmenT ycunenms HanmpsiKEHUsT BBIXOIHOTO KacKaza:

_ 8l _gog
1+g,Ry

0

EMKocTh Pa3ACIINTCIbHOI'O KOHACHCATOPA:

[ 1
:M:Bz MKD |

" 24f,R,

rae My = 0.707 — ko3 UIHEHT YaCTOTHBIX NCKAKCHUH.

5. IMUTTEPHBIN NOBTOPUTE/Ib HATIPAKCHUSA

OMuTTEepHBIN noBTopuTenb HanpsokeHus (OIIH) mpencraeiser coboit
yeunurenbHbiil kKackaa (YK) na ounonspaom tpansucrope (BIIT) ¢ oOmum
komektopoM. OIIH o6nagaer ManbiM  BBIXOJHBIM CONPOTUBJICHHEM U
BBICOKMM BXOJHBIM CONPOTUBIICHHEM. B CBSI3M € 3TUM TakoW KackajJ 4acTo
IIPUMEHSAIOT B KAueCTBE COIVIACYIOLIErO, KOTOPBIM BKJIIOYAIOT MEXAY
HU3KOOMHOM Harpy3KoOW, SBJIAIOLICHCS, HAIPUMEP, BBIXOJHBIM KAaCKaIOM
YCUWJIMTEJIA, U KAacKaJoM IpeABapUTeNIbHOro ycwiurens [2]. baszoBas cxema

OITH u ero sKkBUBaJIEeHTHasA CXeMa MPUBECHBI HA PUC. §.
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Puc. 8. OMutTepHbIil TOBTOPUTEND (a — MPUHLKINUATIbHAS, O — SKBUBAJICHTHAs CXEMBbI)

B cxeme OIIH BbIXOAHOE HANpPSHKEHHE, CHUMAEMOE C OMUTTEPA
TPaH3UCTOPA, OJM3KO MO 3HAYCHHUIO BXOJHOMY HANPSHKCHHUIO M COBMAAACT C
HuM 10 ¢aze. Pesuctop R, B cxeme ¢ DITH BeimonHsAeT Ty e PYHKINIO, 9TO U
pesuctop Ry B YK c oOmwuM 5sMUTTEpOM - cO3AaHUE HW3MEHSIOMIETOCS
HalpsDKEHWsT B BBIXOJHOM LIeMM 3a CYET IIPOTEKaHWsT B HEHW TOKa,
yopaBisieMoro 1o BbixomHoW 1ienu 0asbl. Komapencatopmt C; u C, —
pa3fenuTeNbHbIE,  MPENHA3HAYEHbl  JUISI  NOPOMYCKAHUSA  IMEPEMEHHOU
COCTaBJIAIONIEN CUTHana. Pe3uctopel R; u R, nmpegHa3HAyeHbl Ui 3aJaHUS
pexrMa MOKOsI Kackaja. 3aJaBaeMoe CMEIICHHE O00ECIEeYMBAET MPOTEKAHUE
KOJUIEKTOPHOI'O TOKa B TEUEHUE IMOJHOIO IMEpHOJa BXOJHOTO CHUTHAJIA.
Pesuctopel R; u R, BBIOpaHBl Tak, YTO B OTCYTCTBHE BXOJIHOTO CHUTHala
MOTEHIIMaN 0a3bl paBeH NPHMEPHO TOJOBUHE HAMNPSIKCHUS HWCTOYHHUKA
nutanusi. TOYKy TOKOS YCTAHABIMBAIOT TaK, 4YTOOBI Ha  BBIXOJC
(dopMHpoBaCs MaKCUMaJIbHO CUMMETPUYHBIA CUTHAN (0€3 OorpaHuyYeHUld U
Cpe30B). DTO 3aBUCUT OT COOTHOIICHHS COIPOTUBIICHUS TUIeYd aenuTens R;-R;.

Bricokoe BXOJIHOE COINPOTHUBIICHUS SBISIETCA OJHUM M3 BaXHEUIIUX
npeumyiects kackaaa ¢ JITH. Bricokoe R,, Tpebyercs B ciiyyae NpUMEHEHUs
KackaJa B KayecTBE COIMIACYIOLIEro 3BE€HA MpU padoTe OT HUCTOYHUKA

BXOAHOI'0O CUrHajia, MMCHOIICIO 0ombIIIOE BHYTPCHHCC COIIPOTUBJIICHUC.
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HNcxonmuple qaHHbBIC:
R,=199 Om, U,,,=8 B, I,,,, = 66 uA.
BriOupaem tpanszucrop:

2
P, :h=1.89 Bm.
R

H

P, >(0.25..03)P, >(0.47..0.567) Bm.

> 2F, > 138 mA.
R

H

Kmax

Bri6op: KT503A (Si n-p-n B =40...120, L,uee = 300 A4, Pypo = 0.5 Bm).

Touky mMOKOsI yCTaHaBIMBAIOT TakK, 4TOOBI HAa BBIXOAE (HOPMHUPOBAIICS
MaKCUMQJIbHO CUMMETPUYHBIN curHan (0e3 orpaHuyeHuid U Cpe3oB). ITO
3aBUCHT OT COOTHOILIEHUSI CONPOTHUBIEHUN TIJI€Y ACIUTENS R ;-R.

N3 BxomHOW W BBIXOAHOM XapaKTepUCTUK (puc. 9) ompenensem
CIIEAYIOIIUE 3HAUCHUSL:

I, =50 mxA,I,, =4 mA,

U,, =058, U, =U, =20 B, p = 40.
lk'jqq 1;;,;%:5
I 6ot
A e Is t_-{f.‘i‘ff = |
e | N
i | EP N
2 | |
et R . et . -
2 W & & 10 12 49 15 48 20 lnB 92 0% 06 08 Um,R
a) 0)

Puc. 9. Berxognas (a) u Bxognas (0) xapaktepuctuku Tpan3uctopa KTS03A
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Conpotusinenue R,:

R = llja” =5000 Om

2
Kn

ConpoTuBeHUE BXOJHOM 1IEMH TPAH3UCTOpA:

R,..= 1+ /3)% =7847 Om .

2 H

ComnpoTuBiieHus ey aeaurens R;-R, HailieM U3 CIEIYOMNX YCIOBUM:

= BB (5 10)R. =5R., =39230 Ou;
R, +R, “
B _Yn _gos,
R2 UR2
rje:
URZ = (]3]1 +U63n - 20.5 B,
U, =E -U, =195B.
[Tomyunm:
R, =80061 Owm,
R, =76058 Owm.

S RIRZ
VYcnoBue TemMnepaTypHOW CTaOUIIM3ALUUA BBINOJHSETCS: Tp S BR,,
1 2

39.23 kOm << 200 kOm

I[anee pPacCUUTBIBACM BXOJHOC COIIPOTHUBIICHUC KaCKala:

R~ KRR = 6533 0m
RR,+R,R_, +RR

6xvt

BBIXOI[HOG COIIPOTUBJICHHUC Kackazaa HCCJIOXKHO IMOJIYYHTD,

paccMaTpuBasi SKBUBAJICHTHYIO cxeMmy (puc. 8 0) CO CTOPOHBI BBIXOJHBIX

3aKNMOB.

8blX

R, =[R,|r, +(r, "+ R |R,|R, ))/(1+ B) =R,

v,

ITockonbKy 3Ha4YeHHE 7, HEBEIMKO, TO BBIXOJHOE CONPOTUBIICHUE
Kackaga Mano. Jrto cBoictBo OIIH wucnone3yroT, korma HE0OXOIUMO

COrJacoBaTh BBIXOJHYIO LIENb YCUIIUTENS ¢ HU3KOOMHOM Harpy3Koi.
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KoadummenT ycunenns HalpsyKeHUsT HAXOIUTCS MO0 BBIPAKEHUIO:

K — U@blx — [3(R3 || RH) = Rngt == 095,

U, IR R +R,_

6X

R, =1500...2500 =1700 Om .

3HaueHus pazaenuTeabHbix eMkocteit C; u C; [3]:

M
C = ! =33-.10" D,
" onf R+ R N1-M],
C M =53-107 @;

— K2
T 2nf(R +R I-M2

M =M_=080..0.97=0.9.

6. Pacuer BTOpPOro Kackajaa npeaBapurebHOr0 ycusjaeHus [4]

YcunuBaeMblil curHai oT ucTouHuka curnana £ (puc. 10) B 6a3oByro

LEMb TPAH3UCTOPA MOAETCS Yepe3 pa3ieauTeNbHbld KonaeHcaTop C;.

+En

..
Lk

Puc. 10. Bropoii kackaj npeaBapUTEIbHOTO YCUIUTENSA

ComnportuBiieHne R, SBIsSETCS KOJUIEKTOpPHOW Harpy3koil. C Hero

YCUJICHHOE IIEPEMEHHOE HAIIPSKEHUE Yepe3 pa3fesIuTeNbHbIN KonaeHcatop C,

MOJIaeTCs B Harpy3ky R, (pu mocyienoBaTenbHOM BKItoueHun YK Harpyskoit

ABIICTCA BXOAHOC COIIPOTHUBIICHUC CIICAYIOIICTO KaCKaHa).
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PaccmoTpuM Ha3zHaueHUE 3EMEHTOB cxeMbl Y K.

Kongencaropsl C; u C, — pa3nenuvTelbHbIE, HA3HAYCHUE KOTOPBIX —
OTAEJIUTh MEPEMEHHBIN YCUJIMBAEMbII CUTHAJ OT MOCTOSIHHBIX HAMPSKECHUN U
TOKOB, JEWUCTBYIOIIUX BHYTpu cxembl. Kongencarop C; HCKIIOYAET
IIYHTUPOBAHUE BXOJIHOM LIEMY KacKaJa IEMbl0 NCTOYHUKA BXOJIHOTO CHUTHAJIA
110 TIOCTOSIHHOMY TOKY, YTO IO3BOJISIET, BO-IIEPBBIX, UCKIIOUYUTH MPOTEKAHUE
MOCTOSSHHOTO TokKa 1o Tenu FE,-R-R;, #, BO-BTOpPBIX, OOECICUYNTH
HE3aBUCUMOCTh HanpspkeHusi Uz, B PpeXKHAME TIOKOSA OT BHYTPEHHETO
conpotuBiicHusd Ry wucrounnka FEr. Kongencatop C, He mpomycKaer
MOCTOSIHHYIO COCTABJISIFOLIYEO BBIXOJHOI'O CUTHAJIA B HATPY3KY.

Jemurens HanpsbkeHuss R;-R, TipenHa3HadyeH ISl YCTAHOBJICHUSA
paboueil TOUKH TPAH3UCTOPa B COCTOSTHUU TMOKOosl. [Tonokenue padboueld TOUKu
JTOJDKHO obOecneunBath pexxkuMm A pabotet YK. B 3aBucumMoctd 0T
COOTHOIICHUS] MEXIy IIedaMu jaenutens R;-R, Ha 0a3y TpaH3ucTOpa MOJaeT
onpeaeneHHoe HanpsbkeHue Up,, B COCTOSIHUM TOKOS, KOTOPOE€ B CBOIO
ouepeb ONpeAesieT TOK 0a3bl MOKOS /g,

Pesucrop R, ocymectBisier nocneaoBaresibHyt0 OOC 110 MOCTOSHHOMY
TOKY, KOTOpasi 00eCleunBaeT CTAOMIM3AINIO TIOJIOKECHHS pabodyelt TOUKM Ha
BOJIbTAMIIEPHBIX XapaKTEPUCTUKAX TPAH3UCTOpA OpU Bo3aeucTBuM Ha YK

BHEIIHUX JIECTAOMIU3UPYIONUX (haKTOPOB.

Pacuem xackada no nocmosinHomy moxy

Pacder ycwiuTenbHOTO Kackajga MPOU3BOJMUTCS  Pa3/CIbHO IO
MOCTOSIHHOMY U NepeMeHHOMY ToKaM. Llenbio pacuera mo NoCTOSHHOMY TOKY
SBIISIETCSI OTMpENeNIeHNEe TMOJO0KEeHUs pabodel TOYKM Ha XapaKTepUCTHUKAX
TPAH3UCTOPA U €€ TEeMIEPATypPHYIO CTaOMIBHOCTH. Pacder mo mepeMeHHOMY

TOKY 3aKI049acTCiaA B OIPCACICHHN OCHOBHBIX AMHAMHUYCCKHUX IIapaMCTPOB,
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KOO PUIIMEHTOB yCWICHHsS] HampsDKEHHUs, TOKAa, MOIIMHOCTH Kackaga u
JTUHAMUYECKOM  KpyTu3HbL. [lOCKOJIBKY  XapaKTepUCTHUKH  TPaH3UCTOpPA
HEJIMHEHHbIC, TO eAuHOM MeToAauku pacuera YK He cymectByer. Kackanapl,
pabortaromme mpu  OOJBIIOM  ypPOBHE  CHUTHajla,  PaCCUYUTHIBAIOTCS
rpad0aHATUTHYECCKUM  METOJIOM C  HCIIOJIB30BAaHUEM  BOJBT-aMIICPHOU
xapakrepuctuku (BAX) Tpansucropa, a YK ¢ manbiM ypoBHEM cHUrHajga —
AHAJIUTUYECKUM  METOJOM, KOTOpbId OCHOBaH Ha  HCIOJb30BAaHUU
SKBHUBAJICHTHBIX CXEM TPAH3UCTOPA. Y CIOBHO CUTHAJ CUMTACTCS MAJIbIM, €CIIH
€ro aMIuIuTyJa He npepsimaet 15...20% NoCTOSTHHOTO 3HAYEHUS! HATIPSIAKEHUS
B paboueil TOuKe.

Hcxonnbple jaHHBIE:

R,= 6533 Om, U,,= 19 B.

[Tyctes kOrhpummenT ycunenus kackaga K = 40.

BriOupaem tpanszucrop:

2
P =%=55 MmBm;
R

H
H

I, > (1.2...1.6)%+ (0.3...0.5)107 > (0.0038...0.0052) A.

Bri6op: KT50356 (Si n-p-n; f = 80...240; I = 300 MA; Pxpae = 0.5 Bm).
N3 BXOJIHOM M BBIXOJIHOM XapaKTEpUCTUK TpaH3uctopa (puc. 11) onpenensem
CIEAYIOIINE 3HAYCHUS:

I, =40 mxA, I, =6 mA

U,,=0.6B,U, =9B,pB=140.

6on

29



rae £

LspicA
720

T5=4onA sol

| ol— — — — — ,

i 30|
. ; Z. u&" N / l.u&' "
R R T 9z 6¥ U6 Og Up,

a) 0)

Puc. 11. Beixognas (a) u BxogHas (0) xapakrepuctuku tpanzuctopa KT503b

[IpuMeM nagieHne HANPSKEHUSI HAa CONPOTUBIIEHNU (DUITBTpa:

Urp=(0.1..02)E, =6 B,

” 2%218, E, = 40.
(0.8...1.0)

HaxoauMm HanpsbxeHue, ToIBOAUMOE K JACTUTEINIO:

U,=E,~U,,=34B.

Pacuert 351eMeHTOB, 00ecTIeUnBarOUX PadOUni PEXKUM TpaH3UCTOpA:
Koaddumuent Temneparypuoit HectabunpHocTH S = 3.

ConpoTuBiieHHE BXOJHOU 1IeTH TPAH3UCTOPA!

R _, =1+ 1+p)r, =(100..200)+(1+PB)@, /1., =810 Om,

rae @, =0,026 B — TermIoBoii MOTEHIIHA.

Hainem R;:

R.=R||R,=(5..100R_, =6R_ =4860 O,

8xvt 6xvt
OnpenensieM 3HaueHue R,:

R = SR5 =2430 Om |

HaxonuMm 3nauenns R; u R,:

RF%:nsswm;

Kn— 3
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R, = RiRs 8509 om.

1 R5
HaHpH)KeHI/Ie 0a3sl Uy, B COCTOSTHUM TTOKOS:
Uﬁn =U +[3nR3 ~ ]KnR3 ~14.58 B.

6on

OnpenensieM TOK B LIENU JEUTENS 0a3bl:

I= [j;" =0.00017 4.

2

Tox I, nomxeH B (2...5) pa3 npeBbIaTh /g,

Conportusnenue Ry, puibTpa HaxoAuM 1o (popMyJe:

R,=—"'—=9720m,
+1

Kn 0

Jlist HaxoxkaeHus: Ry npuMeHuM 2-if 3akoH Kupxroda k BBIXOJHOHU LIETH
KOJIIEKTOpa:

(En_UR(b_U —1 R)

Kon Kn— "3
1

Kn

R =

K

=1323Om .

PacueT HOMUHAJIBHBIX 3HAYEHUN €EMKOCTEM

Emkxocte Cjp omnpenensercs M3 YCIOBHs IOJIyYEHUS HEOO0XOAMMOil
GUIBTpAMK MUTAIOIIETO HAMIPSKCHUSI:

Cyp - P _g.1050,
271, Ry,

rae f, = 100 Iy — gacToTa myabcarumii.

Pacuer 3nauennii emxocreit C;, C; u C, Mpou3BOAATCSA 10 (popMyiam:

M
C, = xl =13-10°%.
" 2nf (R + R M],

M
C, = k2 =3.6-107 .
T 2af (R +RW1- M,
C (1+pM, ~1.8-10"a,

3 27z-fH(R2 +R3x)\)1_M33
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rne M, =M, =M_=080..0.97 =09

R, = BB R = 694 On.
R,R,+R,R,, +RR

R, =1500...2500 =1700 Om.

6xvt

7. Pacuer AMHAMMYECKHUX MAPAMETPOB YCHJIUTEJIbHOI0 Kackaaa [S]

OKBUBAJICHTHAs CX€Ma 3aMEIeHUs Kackaaa mpeacTaBieHa Ha puc. 12.

C*
Il
1

6

C1
TEN 5
—_J

| I
I

(L 4;
|

1

®

€<

-
—— 7 [’}io

]

Upbix

|
|

iy J_Irc“ HT‘" L
|

Puc. 12. OxBuBanienTHas cxema YK

JNuuamudeckumu — mapamerpamu YK saBiusioTcs  KOd(PGUIIMEHTHI
YCWJICHUS HANpsPKeHWs, TOKAa W MOIINHOCTH, BXOJHO€ U BBIXOJHOE
CONPOTUBJICHUS, KPyTU3HA YCUJICHHUS. DTH MapaMeTpbl pacCMaTPUBAIOTCS Ha
OCHOBE aHAJIN3a SKBUBAJICHTHON cxeMbl YK 1151 NIEpEMEHHBIX COCTABIISOIINX
TOKOB W HampspkeHWi. [loimHas SKBUBAJICHTHAs cXeMa 3aMEIICHUS KackKaja
COAEPAKUT ciienyronue 3eMeHThl: Cy — eMKOCTh  BxoaHou uenu YK, C,, —
€MKOCTh MOHTaxa, C,, — eMKOCTh Harpy3ku, R;= R||| R,; TpaH3UCTOp 3aMeIlIeH
T-o0pa3zHoil cxemoi 3aMeleHuss (3JIEMEHTHI 7', 7, 1™, C.* U fi5); 38KUMBI
«IUTIOC» U «MHHYC» HCTOYHMKA MUTaHUSA E, 3aKOpOYEHBI MO MNEePEMEHHOM
coctaBistomedl. OObaHO eMmkocTh Cj BBIOMpaceTCs TakoOHM, 4YTOOBI €€
COMPOTHUBJICHUE HAa CaMOW HHU3KOW pabodeil 4acToTe ObUIO OJM3KO K HYIIO U

3aKOpavuBalo pe3uctop Ry. Ilostomy nenoukn Ry-Cyp Ha cXeMe HET.
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JIns  yOopolleHWst aHajliu3a W PACUETHBIX COOTHOIIEHUH MPUHSITO
paccMaTpuBaTh padOTy YCWIMTENIBHOIO KacKaja pas3felbHO B 00JacTu

Cp€aAHUX, HU3KUX U BBICOKHUX YaCTOT.

Ananuz YK 6 obnacmu cpeonux uacmom

Ha cpegnux yacrorax (B LIEHTpallbHOW 00JIACTH TOJOCHI IPOITYCKAHUS
ycunutensi) conpotuBieHue emkoctedn C, C, m C, OMUM3KO K Hy/IIO, a
CONpOTHUBJICHUE Mapa3uTHbIX emkoctelt C,,, C,, a Takxke emkocte C.* u C,
Benuko. [Toatomy BeTBu cxemsl puc.12 ¢ C, C; u C, MOTYT OBITh 3aKOPOYEHHI,
a BetBU ¢ Cgy, C,,, C.*u C,, — pa30OMKHYTHI.

BxonHoe comnpoTuBieHHE Kackaja paBHO MapalieIbHOMY COCIUHEHUIO
R ¥ Rs:

R _=R_,||R =694 0m.

[c29

Brixoanoe COIMPOTUBJICHHUC KaCKaa:

_ Y _p 1 xR ~1737 OM

6blX.K3

B8blX

KoaddunmenT ycunenus HanpsokeHUs: Kackaia HailieM u3 (popMyJibl:

R‘U — ﬂj/KRKHRGX — 69 ,
(R2 + R@X )R

exvt

RR
e R =2l 137000
e R +R

KH
K H

KoaddunmenT ycunenus Toka 1 MOIHOCTH:

R R
K, = K =17,
! ﬂy"RK+RH R +R,

K,=K,K, =1173.

Ananuz YK 6 obnacmu nuskux yvacmom
B o0mact HU3KHX YacTOT CIEIyeT YYeCTh BJIUSHHUE Ha IMapaMeTphl
Kackaja paszfeauTelbHbIX KoHJeHcaTopoB C; m C, M €MKOCTH B IEINHU
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smurrepa C,. Ilpm mpaBunbHOM BBIOOpE mHapamMeTpoB Lenouku Ry-Cy ee
BIIMSIHUE HA YACTOTHYIO XapaKTEPUCTUKY B OOJACTU HU3KUX YACTOT Majo U B
JAHHOM CIly4a€ HE PacCMaTpUBAECTCA. DKBUBAJICHTHAS CXEMa YCUJIUTENS B
obnmactu Hu3kux yactor (HY) momywaercs m3 cxemsr (puc. 12) myTtem
BxitoueHus eMkocter C;, C; u C, u uckiroueHust eMkoctu C,.*.

[Ipu nmepexone k 60jee HU3KUM YacTOTaM BO3PACTAIOT COMPOTHUBIICHHUS
emkocten C;, C; u C,, 4TO TPUBOJAUT K YMEHBIIECHUIO TOKOB Il; u [, u
Hanpstkeanss  Ug,,.  llapameTpsl  Kackaza  3aBUCAT  OT  YacTOTHIL
[Ipoananu3upyeM U3MEHEHHS JIUIIb OCHOBHOIO MOKa3zaTenst KoddduimeHrta
ycuneHus. C Uenblo YOPOILEHHUs] PacyeTOB BIMSHUE KaXIOW M3 yKa3aHHbBIX
BBIIIIE EMKOCTEH PAaCCMOTPUM OTACIBHO.

Bausuaue emxoctu C; (monoxum C; = C, = ).

KoaddumuenT ycunenus kackaaa B KOMIUIEKCHOM BHJIE COCTABUT:

R, 1 K 69
KHI :ﬂ]/K . = . = . b
(R,+R ) 1+1/joC, 1+1/jor, 1+1/jor,

-3 o
rne 7,,=C,(R, + R, )=3.1-10"c— nocrosuas BPEMEHU BXOJHOW LIETH.

Binusiaue emkoctu C; (nmosioxum C; = C, = 00).

KoaddumuenT ycuienns kackajia B KOMIUIEKCHOM BUJIE COCTABHT:

K ( 'a)) — UBblx — ﬂ}/KRKH — K —_— 69
T T T R R joC (R + R 141/ jor, 141/ jor,’

2

-3 9
re 7,, = C,(R. +R,)=3-10"c— nocrosHuast BPEMEHU BBIXOJHOM LIEIIH.

Bausuaue emxoctu C, (monoxum C;= C,= ).

KoapdunmeHT ycuneHus: kackaaa B KOMIIZIEKCHOM BUJIE COCTABUT:

K (jo)= K B K B 69
Y 14 L BroR, 1+ jor,, 1+1/jor,’
JoC R (R, +R)
_Ca(Rz+Rex)_3 1.10—3 o
rae 7, = (1+ By ) =2. C— TIOCTOSIHHasl BpEMCHH SMUTTCPHOU LICIIH.
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Takum oOpaszom, paccmorpeB BiausiHue KonuaeHcatopoB C, C; u C,
pa3/eNbHO, YCTAaHOBWJIM, YTO KaXJblii YMEHbIIACT KO3(POUIIMEHT YCUJICHUS
KacKaJia ¢ MOHWKEHUEM YacCTOThI, MPUUYEM CTPYKTypa (HOpMYJT OJIMHAKOBA.

I[Ipy coBMECTHOM JEWCTBUM PACCMOTPEHHBIX E€MKOCTEM CTPYKTypa

dbopmyIbl Kod(phULIMEHTA YCUIICHUS TaK)XKEe HE UBMEHUTCS:

69

K (jw)= =
w(/®) 1+1/jor, 1+1/jor,’

rae TH—- O9KBUBAJICHTHAA ITOCTOAHHAsA BPCMCHM KacCKala B 00J1aCTH HH3KHUX

HacCToOT:
1 1 | 1
— =t —t—
TH TH] THZ Tna
T.T,T
— ul"Hn2" no _ -3
r, = =1.02-107c.

Tt T 0T T 0,070
OTH COOTHOILIEHMS IO3BOJISIIOT 3alMcaTh BBIPAXKEHUE JUISI MOAYJIS
ko duimenTa ycwieHHss U ero (¢asbl, KOTOpPbIE WCHONB3YIOTCA s
MOCTPOEHUs aMIUIMTYJIHO-4acTOTHOM xapaktepuctuku (AUX) u ¢a3o-

gacTOTHOM XapakTepuctuku (OUX) ycunurens B 00J1aCTH HU3KUX YaCTOT:

K 69

J1+(/ oz, ) =\/1+(1/er)2
@, (o) = arctg(l/ a7, )

K, (0)=

2

K, yMeHbIIaeTcsi MNpW TOHWKCHUHM YacTOTBl. JTO MPUBOJUT K
MOSIBJICHUIO YAaCTOTHBIX HCKaXXEHUM. J{JI1 MX KOJMYECTBEHHOM OIICHKU

MCIONIB3YIOT KOA(DPHUITMEHT YaCTOTHBIX NCKAKECHUI:
K, (o) 1
n - 5"
K 1+ (1 /ot )

Ha nmxHell rpaHnyHON 4YacTtoTe @, KodddumueHnT K, yMeHbIIaeTcs B

V2 pa3 no cpaBuenuto ¢ K. Ha ugacrore w, M,= 0.707, a w, t,=1. OTrcrona
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MO>KHO OMNPEJCIIUTh @, N0 33JITaHHOMY 3HAYEHHUIO T,

o, = =980 Iy
T

"

Ananu3 YK B 0651acTH BEICOKHX YaCTOT:

YMmeHnblieHue koddduimenTa ycuiaeHus Kackaja B 00JaCTH BBICOKHUX
yactoT (BY) onpenensercss MHEPLUUOHHOCTHIO TPAH3UCTOPA. DKBHBAJIECHTHAS
cxema ycumutens mius obmactu BU cmenyer u3 puc. 12, ecnm B mocnegHen
yuecTb koHzeHncarop C,*.

Haiinem MoCTOSIHHYIO BpeMeHHU Kackajaa B obnactu BY w3 BeipakeHus

1 -
(£,=15000 I'y), w, 7,= 1. OTKYyna 7, =ﬁ=4.5-10 ‘c

6
[Torygaem wuCKOMOE BbIpaKEHHE Ui KO3 (HIMEHTa YCUJICHUS B
00J1aCTH BBICOKHX YaCTOT:

. 69
K (jo)=——.
I+ jor,
3anuiem Boipaxkenus Aig AUX u @UX ycunurens B 00J1aCTU BBICOKHX

4acToT:
K 69

\/1+(aorg)2 ) \/1+(a)rg)2

0,(w) =-arctg(or, )

K, (0)=

2

JIJ1s1 KOMMYECTBEHHOM OLIEHKH BBICOKOYACTOTHBIX MCKAXKEHUW BBOJMUTCS

KOA(OPUITUEHT YaCTOTHBIX NCKAKCHUI:
_ K (o) _ 1

' K _\/1+(a)r@)2.

Ha BepxHeil rpaHndHON 4acToTe ; KO3 dummueHntT K yMeHbIIaeTCcs B

V2 pa3 o cpaBHeHuto ¢ K. Ha gacrore w, M,= 0.707, a w,t,= 1.
[Ipy OIHOBPEMEHHOM aHAJIW3E€ YCUJIUTENISI BO BCEM YacTOTHOM
JUara3oHe, T.€. MO MOJHOH SKBHBAJICHTHOH CXeMe, MOXKET OBITh MOJYy4YeHO
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clenyroiiee BhipakeHne sl KodPPUIMeHTa YCUICHHs YCUITUTENSI, MOAYJIS U

¢a3bl KO3 PUIIMEHTa YACTOTHBIX UCKAKEHUI:

K B K
1+1/ jor, + jor, 1-jl/or, -ot,)’

K(jo)=
o(0) = arctg(l/ w7, — 01,).

K 3 69
\/1+(l/a)rn—a)rg)2 _\/1+(1/a)r”—a)re)2 .
_K(o) 1
K _\/1+(1/er—6076)2.

K(o) =

M

['padpuxu AUYX u @YX YK2 B obmactu BU u HY (puc. 13):

60

40
K(o)

200~

1 | 1 |

0 2-10% 4-10* © 6-10* 8-10* 1-10

Puc. 13 a. I'padux AUX B obnactu BY u HY VK2

$(o)

0 2.10* 4-10* ® 6-10* g-10* 1-10

!

Puc. 13 6. I'padpux ®UX B obsmactu BU u HY YK2
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8. Pacuer nepBoro kackaja npeaBapuTeJbHOT0 YCHJIEHUS
Pacuem xackada no nocmosnHomy moky

Hcxonnple naHHbIE:

R, =694 Owm,

U, =03B.

[TycTtpe koadpunmenT ycunenus kackaga K = 30.

Bri6upaem Tpansuctop:

2

P =%=0.13 MBm.
R

H
H

L oon = (1.2...1.6)%—% (0.3...0.5)107 > (0.0008...0.0012) A.

H

Bri6op: KT206b (Si n-p-n, = 70...210, Ixnax = 20 MA, Prpax = 15 MBT).
N3 BXOmHOW M BBIXOJHOM XapakTEPUCTUK TpaHzucropa (puc. 14)

onpcaAciricM CICAYIOIMUC 3HAUCHUA:

1, =0.06 mA, U, =0.55B,
I, =5uA, U_ =38B.
L =385,
T pinch
IEH;L’{- 20 {-
E.
I.? i l HoneA 5o}
¥ 1 | 4o |— — — — —
]' 30 |
g ; s
, . . N [l N - ) ;
50 8 8 40 kg8 0z g¥ 06 da s B
a) 0)

Puc. 14. Beixonnas (a) u BxonHas (0) xapakrepuctuku Tpanzucropa KT206b

[TpumeM mageHre HAPSKEHUST HA COMPOTUBIIEHNN QUITBTpa:

Uy =(0.1..0.2)E, = 6 B; E, = 40.
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Haxonum HanpsikeHue, MOJIBOAUMOE K IETUTEIIIO:

U,=E,~U,,=34B.

Pacuer snemMeHTOB, 00ecneunBaroMX pabounil peKuM TPaH3UCTOPA:
Koaddumuent temneparypHoil HecTaOUIBHOCTH S = 3.

ConpoTuBlieHHE BXOIHOU 1I€MU TPAH3UCTOPA:

R, =r.'"+(1+B)r, = (100..200)+(1+ B)(f—’” =630 0m

rae @, =0,026 B — TermtoBoii MoTeHIHAM.
Hatinem R;:
R. =R ||R,=(5..10)R

=7R._. =44100n.

6xvt
OnpenensieM 3HaueHUE R,:

R;

R =

9

=22050m

Haxonum 3nadyenust R, u R»:

_U,R;

R, =13600 O,

Kn 9

R, =R _ 6506 0m.

1 R6

Hanpspkenue 6a3bl Uj, B COCTOSTHUY TTOKOS:

U, =U, +I R ~I R ~11.025B.

6on

OHpeI[CJUIeM TOK B ILICTIU OCJIUTEIIA 6331312
U

[,==0=0.0017 4

2

Tox I, nomxeH B (2...5) pa3 npeBbIIaTh /g,
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Conporusiienue Ry GpuibTpa HaXo1uM 1o GopmyJe:

Uk
R,=—"—=896Om
I, +1

Kn 0

Jlns HaxoxaeHus Ry npuMeHuM 2-i 3akoH Kupxroda K BbIXOAHOM 1enu
KOJUJIEKTOpA:

_ En _UR(‘b _Uxan _IKnR

o I

Kn

R

= =38350m

PacyeT HOMMHAIBLHBIX 3HAUEHNI EMKOCTEMN
Emkocts Cj; omnpenensercs M3 YCIOBUSA IOJYYCHHs HEOOXOIUMOU

(GUIBTpAMH MUTAIOIIETO HAMIPSKEHUS:

rae f, = 100 [y — ocHOBHas yacToTa MyJIbCalui,
@, = 20...75 = 50 — xkorpdbunueHT GuibTpalu, MOKa3bIBAIOUIUNA BO
CKOJIBKO pa3 HalpsDKEHHE MyJIbcaluid ocaadmseTcs nenoukoit gpunsrpa R -Cy.
Pacuer 3nauennii emxocrteit C;, C, u C, mpou3BoaATCs 1Mo hopmysiam:

R,R,R

R, = =551 0m;
Rl RZ + RZRexvt + Rl R@xvt
M
C = x! =1.3-10° @
Zﬂﬁ[(Re +R8X)V]_le]
M
C, = = ~6.6-107 @,
2nf, (R, + R )\1-M,
C d+P)M,, ~1.1-10™ o,

" 2f,R + RO1- M
rie M, =M _,=M_=0.80..097=09, R =1700Oxn.

Pacuer ANHAMHWYCCKHX IIapaMCTPOB YCHIIMTCIIbBHOI'O KaCKaJda:
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Ananuz YK 6 obnacmu cpeonux wacmom

Ha cpegnux yacrorax (B HEHTpalIbHOW 00JIACTH TOJIOCHI MPOITYCKAHUS
ycunutens) comnpotuBieHue emkocret C;, C, m C, OIUM3KO K HYJIO, a
conmpoTuBiIeHHEe napa3uTHbix emkocted Cg,, C,, a Takxke emkocte C.* u C,
Benuko. [lostomy BetBu cxembl puc.12, ¢ C, C, u C, MOryT OBITH
3aKopoueHbl, a BeTBU ¢ Cyy, C,,, C.* u C,, pa30MKHYTHI.

BXoJ1HOE CONPOTUBIICHUE KAaCKaJla PaBHO MapajIeIbHOMY COCIUHECHUIO
R M R5:

R, =R, ||R;=5510m.

BBIXOI[HOG COIIPOTHUBJICHUC KaCKazla:

R =Yumss _p || xR ~38350m

B8blX
BbLX.K3

Koaddumuent ycunenns HanpspKeHUs Kackaja HakaeMm u3 (popmyIibr:

_ ﬁyKRKHRﬂx
v (R? + R({)C )R

exvt

=19, rae y.= 1.

KoaddunmeHT ycuneHus Toka 1 MOIIHOCTH:

R R
K, = . — =54
! ﬁy"RK+RHR8+R6x

K, =K,K, =1026.

Ananuz YK 6 obnacmu HU3Kux 4uacmom.

B o0sact HU3KHMX 4YacTOT CJIeAyeT Y4YeCTh BIUSHHE Ha MapamMeTphl
Kackaga pasAeiauTeNbHbIX KoHJeHcaTopoB C; u C; W €MKOCTHM B IENHU
smurrepa C,. Ilpm mpaBunbHOM BBIOOpE IapaMeTpoB LENOYKH Ry-Cy ee
BIIMUSIHUE HA YACTOTHYIO XapakTepucTtuky B obnactu HY mano u B JaHHOM
ClIydae He paccMaTpUBaeTcCsa. DKBHBAJICHTHAS cXeMa ycrmnuTens B oomactu HY
noiydaercst U3 cxeMol (puc. 12) myrem BximroueHust emkoctedt C;, C, u C, u
uckiarouenusa emxkoctu C,*.
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[Ipu mepexoae k OoJjiee HU3KMM YacTOTaM BO3PACTAIOT COMPOTHUBICHUS
emkocter C;, C; u C,, 4TO TPUBOJUT K YMEHBIICHUIO TOKOB [; M [, n
Hanpsbkenuss  U,,,. Ilapamerppl  Kackaga  3aBUCAT  OT  YacTOTHI.
[Ipoananu3upyeM H3MEHEHHS JHIIL OCHOBHOTO IOKa3zaTelas KoddQuineHTa
ycwieHusA. C LENbI0 YNPOIICHUS PACUYETOB BIMSHHUE KaXIOM W3 YKa3aHHBIX
BBIIIIE EMKOCTEN PACCMOTPUM OTJEIBHO.

Brusanue emxocmu C; (nonoxum C, = C, = ).

Koaddumuent ycrnenns kackana B KOMIUIGKCHOM BHC COCTABHT:

By R, 1 B K B 19
(R, +R ) 1+1/joC, 1+1/jor, 1+1/jor,’

KH] (]0)) =

_3 o
rne 7, =C, (RT + Rgx)z 2.9-107 ¢ — nocrosiHHas BpeMeHM BXOJIHOI LieMH.

Bruanue emxocmu C, (nonoxum C; = C, = ),

KoaddumnumenT ycunenns kackaga B KOMIIIEKCHOM BHJI€ COCTaBUT:

K('a))—U“"“— By R., K 1
T T T R AR N+ joC,R 4R 141 jor,, 141/ jor,’

rae 7, =C, (R,< + RH): 3-107 ¢ — OCTOSTHHAS BPEMEHH BBIXOTHOM IICTTH.

Brusanue emxocmu C, (monoxum C;= C, = ).

Koaddunment ycunenus kackaaa B KOMIUIEKCHOM BHJI€ COCTABUT:

K ()= K K 19
ot (1+By, )R, 1+1/ jor,, 1+1/jor,’
oCR (R, +R,)
C(R +R - o
rne 7,, = W =2.9-10"¢ — OCTOAHHAsA BPEMEHU DMUTTEPHOMN LIETIN.

Takum oOpaszom, paccmorpeB Bausinue kKonjaencatopoB C;, C; u C,
pa3lieIbHO, YCTAHOBUWIIM, YTO KaXKIbIH yMEHbIIAET KO3(PUIMEHT YCUIICHUS
KacKajia C MOHKEHUEM JacTOThI, TPUYEM CTPYKTypa (popMyIT oqMHAKOBA.

I[Ipy CcOBMECTHOM JEHWCTBUM PACCMOTPEHHBIX EMKOCTEM CTPYKTypa
dbopmynel k03P GUIIMEHTA YCUICHUS TaKKe HE U3MEHUTCS:
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K B 19
1+1/jor, 1+1/jor,

KH3 (ja)) =

b

rae 7, — SKBHUBAJICHTHAsA NOCTOsSHHAsA BPCMCHU KacKala B 00J1aCTH HHU3KHX

qaCTOT.

T T, T2 T

HO

7, = Cut a2 =0.98-10"c.

7“-1-11 THZ + 7“-7-117“-1-13 + THZTHS

OTH COOTHONICHHS TIO3BOJISIOT 3aMWcaTh BBIPAKCHUE JUISI MOIYJIS
kod(pbunmenta AUX ycunenus u ero (asbl, KOTOPbIE HMCHOJb3YIOTCS IS

noctpoenus u GUX ycunurens B 0071aCTH HU3KUX YaCTOT:
K 19

Jor ) 1+(or,)

@, (0)= arctg(l /ot )

K (o) =

b

K, ywmeHbImaeTcsi TpU TOHWKEHUU YACTOTBL. JTO TIPUBOJMUT K
MOSIBJICHUIO 4YAaCTOTHBIX HCKaXXEHUM. JJI1 MX KOJMYECTBEHHOM OILICHKHU
UCIIOJIB3YIOT KO3 (PUIIMEHT YaCTOTHBIX MCKAKCHUI:

K, (w) 1
K 1+(/wr, )

Ha nmxuell rpaHnyHOil yactoTe o, KoddduuueHt K, ymMeHbluaeTcs B

V2 pa3 no cpaBaenuro ¢ K. Ha wvacrore w, M,= 0.707, a w,7,= 1. Otcrona
MO>HO OIPENEIUTh ), 10 33JaHHOMY 3HAYEHUIO T,

0, = =1020 Iy
T

H

Ananuz YK 6 obnacmu évicoxux uacmom
YMmenbienne kodpdunmenTa yCHICHHS Kackajga B 00JJaCTH BBICOKHX

JacToT OIPCACTIACTCA MHCPIUOHHOCTBO TPAaH3UCTOpPA. DKBHUBAJICHTHAs CXeMa
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yeunurens ans oomactu BYU cinenyer u3 puc. 12, ecnu B nmocnegHend ydecTb
konsencatop C,*.

Haiinem mnocTosiHHYyl0 BpeMeHHM Kackajaa B obsactu BYU U3 BbIpaxeHus
(fs = 15000 I'y):

ot =1; T =L=4.5'10_6C,

8 "6 8
]

[TomydaeM uCKOMOE BbIpaKEHUE s KOI(PQPUIMEHTa YCWICHHUS B

00J1aCTH BBICOKHX YaCTOT:

: 19
K,(jo)=——.
I+ jor,
3anuiem Boipakenus At AUX u @UX ycunurens B 00J1aCTH BBICOKHX

qacToT.
K _ 19
J1+(or,}  J1+(or,)

0,() =—arcig(or,).

K (o) =

b

s konmuuecTBeHHOM olieHKM BY uckakeHui BBOAUTCS KOA(DPULIMEHT

YaCTOTHBIX UCKAKECHUM
K (o 1
Mg = 8 ( ) = 2
K 1+ (a)rg )

Ha BepxHell rpaHudHON YacTtoTe @, K03(pdunnueHt K, yMeHbIIaeTcsa B

V2 pa3 o cpaBHeHuto ¢ K. Ha vacrore w, M,= 0.707, a w7, = 1.

[Ippu oOXHOBpEMEHHOM aHaJIM3€¢ YCHWIHTEIS BO BCEM YacTOTHOM
JaUana3oHe, T.€. M0 IOJIHOW SKBHUBAJICHTHOH CXeMe, MOXET OBITh IOJYYCHO
clenyrolee BhlpakeHne sl KodPhUIIMeHTa YCIWICHHs YCUITUTENSI, MOAYJIS U

¢da3bl KO3 PUIIMEHTA YACTOTHBIX UCKAXKEHUI:
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K K

K .a) = =
(o) 1+1/ jor, + jor, 1-jl/wr,-wt,)
K(o) = K B 19
\/1+(1/a)fﬂ—cor6,)2 \/1+(1/an'H—wt3)2
M(a)):K(w) B 1

K \/1+(1/a)rH ~or,) .

, (W) = arctg(l/a)TH - T, )

I'paduxu AYX u GUX VK1 B o6act BUu HY nipeacrasiens: Ha puc. 15.

20 I I I I
—_—
15 —
K(w)
10f- —
5 | | | |
0 2-10* 410" ® 6-10* 8-10* 1-10
Puc. 15 a. I'papux AUX na HU u BU YK1
I I I I
1 = —
d(o)
— _
. | | | |
0 2.10* 4100 o 610" 8-10" 1-10

Puc. 15 6. I'papux ®UX va HY u BU VK1
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[IpuHLMOMaNbHAA CXEMa YCUIIUTEIN H300paxkeHa Ha puc. 16.

}sounnr T} wongy dutHON 4

pwel? | wonueold  ‘wAvop aN  Jwonyr [weys

oewmoe | eooey | wnyf

BUBWNLUNOA eWaxo BeHIuenunhHndj )

0 sia ]
i
Q—U
PLA ELA

Puc. 16. [lpunnunuaibHas cxema yCUIUTENS
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3aKJIoueHue

B MeroaMueckux — yKa3aHUsAX ~ pPAacCMOTPEH  HPUHLMI  padOThI
MHOTOKackajgHoro ycuiurenas Ha DBIIT ¢ pacdeToM KaxkIoro kackaga u
IIOCTPOEHUEM BBIXOJHBIX M BXOJHBIX XapaKTEPUCTUK I  KaXKJIOTO
TPaH3UCTOpa BCEX KackaaoB ycunutens. OnpeneneHsl aMIUIATYIHO-
YaCTOTHBIE XAapaKTEPUCTUKU KaKJIOro Kackajga. B CBA3M C OTCyTCTBHEM B
CXEME YCHUJIUTENSl YaCTOTHO-3aBUCHMBIX 3JIEMEHTOB LIETIH OOPAaTHOW CBSI3H,
MO>XHO BBOJUTh TIJIyOOKYI0 OTpULATEIbHYIO OOpaTHyH CBs3b, UTO

CIOCOOCTBYET 3HAYUTEIHLHOMY YJIYUIICHUIO XapaKTEPUCTUK YCUIIUTEIS.
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