Jlexusa 2

bunossipHbIe TPAH3UCTOPHI

bunonsipHeIM INIOCKOCTHBIM TpaH3ucTOpoM (bipolar junction transistor
— BJT) Ha3pIBatoT mONynpOBOJHUKOBBIM NPUOOP, UMEIOIIUK JBa B3aHUMO-
IECUCTBYIOIIMX MEXKAY cO00M P-N -mepexona. B 3aBUCHMOCTH OT MOCIEn0-
BATEJIbHOCTH YEPETOBAHUS OOJIACTEN C PA3JIUYHBIM TUIIOM ITPOBOJUMOCTH
pas3aInyaroT N-P-N TPAH3UCTOPHI U P-N-P TPAH3UCTOPHI.

L1 {>{
, ) + .
: ,..LN{ DK : . K "Ik Cxema c oOmei Oa-
Jh‘"_]
- ; ‘@) {) 30 TPaH3UCTOPA
J K
: Ig e) n-p-n.
7 I n-p-n p-n-p
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Tpan3zuctop Ha3bIBaeTCs OMIIOISPHBIM IMOTOMY, YTO (PU3HUYECKHE IIPO-
LIECChl B HEM CBS3aHbI C IBUXKECHUEM HOCHUTEIECH 000MX 3HAKOB (CBOOOIHBIX
IBIPOK Y DJICKTPOHOB).

CpeaHuid CjIoM OHUIOJISIPHOTO TPaH3UCTOpa Ha3bIBalOT 0azon b, oauH
KpaWHUM CJIONM Ha3bIBAKOT KOJUIEKTOpOM K, Apyrou kpalHUW CIIOW HAa3bl-
BAalOT SMUTTEPOM .

B tpaH3ucTope N-pP-N OCHOBHBIE HOCUTENHU 3JIEKTPOHHBL.

B TtpaH3ucTope pP-N-p OCHOBHBIE HOCUTEIHU JABIPKU.

B cxeme ¢ obmient 6a3oi (Ob) — 0a3a 3T0 00U 3AEKTPOa BXOJIHOU U
BBIXOJHOM LICIH.
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CxeMa ¢ 00LIMM SMUTTEPOM:

K Ik
Uc- n
(D b D
N N
Es C) 9 l
2
Uc- n
(D b D
~ N
Es(}) K]
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B 3aBUCHUMOCTH OT MOJISIPHOCTH HANPSIKECHUM, MPHUIOXKEHHBIX K 3JICK-
TPOJaM TPAH3UCTOpPA PA3TUYAIOT CICAYIOIIUE PEKUMBI €ro PadOThI: JIH-
HEWHBIN (YyCUIIUTEIbHBIN ), HACBIIIICHUS, OTCEYKH, MHBEPCHBIM.

e B JIMHEWHOM PEXUME IMUTTEPHBIN IEPEXOJ CMEIIEH B IPAMOM
HamnpaBJICHUH, a KOJUIEKTOPHBIM - B oOpaTtHOM. Ha cxemax n-p-n
TPaH3UCTOPOB (puc.2.1- puc.2.3) NOIAPHOCTH HAIPSIKEHUH COOT-
BETCTBYIOT JINHEUHOMY PEXUMY.

¢ B pexxnme HachimeHnss 00a nepexojia CMENMICHBI B MPSIMOM HaIpaB-
JICHUM.

e B pexxume oTceuku o0a mepexojia CMEIICHbl B 0OpaTHOM Hampas-
JICHUM.

¢ B MHBEPCHOM PEXUME KOJUIEKTOPHBIN IMEPEXOJ] CMEILIEH B IIPIMOM
HampaBJICHUM, & SMUTTEPHBIM B OOPATHOM.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



IIpuHIMI padoTHI OMIIOJAPHOI0 TPAH3UCTOPA

Pabora TpaH3uCTOpa OCHOBAaHA HA YIIPABICHHWH TOKAMHU 3JEKTPOJIOB
yTEM U3MEHCHHUS HANPSKCHUM, IPHUI0KEHHBIX K IIEpeXojaM TPaH3UCTO-

pa.

E;G DE,,,

Cxema ¢ 001e 0a3ou

B nuHENHOM pexuMe NMPUIOKEHHOE K 0a3e Hanpsikenue Ug, (nos n-p-
n Tpausucropa Uz >0) oTkpeiBacT mepexon 0aza-amMuTrTep. CBOOOIHBIC
3NEKTPOHBI HHKEKTUPYIOTCS U3 YMUTTEpa B 0a3y, 00pasys TOK sMutTTepa |,
B IleNM SMHUTTepa. bojblias 4acTh 3JIEKTPOHOB, MH)KEKTUPOBAHHBIX W3
AMUTTEpA B 0a3y, BTITUBACTCS CUJIBHBIM JJICKTPUUYECKHUM I10JIeM P-N mepe-

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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xo/ia Mexay 06a30i M KOJUIEKTOpOM, 00pa3ysi ToK koiuiekropa |, B menu

KoJuieKTopa. HesnaunTeapHas 4acTh CBOOOHBIX JIEKTPOHOB, HHKEKTHUPO-
BaHHBIX U3 YMUTTEpPA B 0a3y, o0Opa3yeT ToK |

B cxeme puc.3.3 1, =1, +1..

" Kgl Ik |, =al,, a=0,95-0,99 - kosdduuuent mne-

— peadr TOKa SMHUTTEpA.

b I 1 -«
3l|3 |5:IQ_IK:_K_IKZIK(__]'):IK(—)
o 04 o
Puc.3.3
| o

[Monyunm: — = —— = [3 - xoadpdument nepenauu

., l-«

TOKa 0a3bl.

[~ 20—200 - onpenenser ycunenue TpaH3nucTopa.

L, =l +1, =5l +1, :(/8+1)|B_
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IIpuMeHeHMe OUMOJISIPHBIX TPAH3UCTOPOB

burnoinspHele TPaH3UCTOPHI IPUMEHSIOTCS B CXEMaX YCUJIUTEICH, reHe-
pPaToOpOB U IIpeoOpa3zoBaTesieil IEKTPUUECCKUX CUTHAJIOB, 3T OTaBIIMBAIOTCS
13 KPEMHUs, T€pMaHus WM apCeHUJIa Tajaus U JCIATCS Ha HU3KOYaCTOT-
Hele (10 3 MI'r), cpennedactoTHbie (10 30 MI'), BEBICOKOYACTOTHBIE (10
300 MI't) u cBepxBbricoko4acTOTHBIE (Oo0sice 300 MI'm). I[lo momHOCTH
TPaH3UCTOPHI ObIBalOT ManoMolHbie (10 300 MBT), cpenHeli MOITHOCTH
(mo 1,5 BT) u 60abmmoii momHocTu (0onee 1,5 BT).
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Cxema ¢ 00IIMM SMUTTEPOM
Paboty Tpan3ucropa B cxeme OD pacCUMTHIBAIOT IO BXOJAHBIM U BbI-

xoaabIM BAX.
Bxoonas BAX — 3aBUCUMOCTB TOKa 0a3bl OT HANIPSLKEHUS 0a3a-dMUTTEP
I b ( U b2 WU gr=const "
100.00m— 7
|10 [AVA[TT 51V]
5 /
75 ﬂﬂm—_ s

/"~ [AVIB]15V]

25.00m ]

ﬂ. GG 1 A T I T I I T I T
0.00 1.00 2.00 3.00 4.00 5.00
Input voltage (V)

Puc.2.4. Bxomgasie BAX

B.A. Anexun. DnekTponuka u cxemorexauka . 2016.
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Bovixoonoit eonbmamnepnol xapakmepucmuxou TPAH3UCTOPa B CXEME
O3 Ha3bIBAIOT 3aBUCUMOCTh TOKa KOJUIEKTOpa OT HANpPsHKECHHUS KOJUICK-

TOP-OMUTTED TIPH MOCTOSHHOM 3Hauenuu Toka 6asser | (U, )[E:const.

200.00m—
1 Ik ANA[E]: Zm[A]

150.00m

>)

+

T1BC140 At

100.00m—]

A1
Current (A

F

N V32110

50.00m ]

17771

151 -10m * T@

.

] |Ar‘u'11[1]: EEDU[AH Ur»

ﬂ. ﬂﬂ ' 1 | 1 | 1 | 1 |
0.00 2.50 2.00 750 10.00

Input voltage (V)

Puc.2.5. BBIXOI[;{BIG BAX

I'padpuyeckuit pacuyer pexuMa NOKOSI BLIXOTHOU M BXOHOH IeIH

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



HJIA MaAJIBIX CUTHAJIOB.

Cxema OO

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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Harpy3o4dHast TMHUA BBIXOHOH
LETIN:

B Yo
R

R
Harpy3o4dHast TUHUA BBIXOJHOH
HCIIN.

K K

 _ By Yp
R

b
RE b
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>
0 Uf U*ss Ex Uspp AUAL v Ex UK3MAX

550

a)
BxonHas (a) 1 BBIXOJHBIE (6) XapaKTEPUCTUKHN
OHMIIOJISIPHOIO TPAH3UCTOpPA

U ., - Hanpspkenne orceukw, |, ~ 0.
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Ha Beixomubix BAX cTponM Harpy3o4Hyo OpsiMyro [uIs 3aJaHHbIX E .,

R, Boibupaem pabouyio TOuKy A: U;@ ~ 7[{
Ha rpaduke B Touke A HaXOJAUM |Z.

Ha Bxoanoit BAX naxoaum UZQ 1 TOK 0a3bl |;. Bribupaem Rg.

Kuaaccol padoThl yeniurTeis:

Kinacc A — JTUHEHHBIN PEeXUM Il MAJIOro curHajga (OOdbIION IMOCTO-
SSHHBIM TOK — HEIOCTATOK);

Kuaacc B — 11 00J1b1110r0 CUrHajia (MCKaKeHHUS MaJlbIX aMILUIATYN);

Kaacc AB — uig 600JbII0TO CUTHAIA.

O06aacTh paboYuX pEKMMOB TPAH3UCTOPA OTMEUEHA ITYHKTUPHBIMU JIU-
HUASMHA M OTPAaHUYMBACTCS MaKCUMAIbHBIMH JOIYCTHMBIMH 3HAYCHHSIMHU
TOKa KOJUIEKTOPA lxmax, HaOpsKEHUS Ugniax, MOIITHOCTH pacCessHUS Piyvax
~ Uyslky ¥ HEIMHEHHBIMU UCKAXKCHUSIMH TIPH MAJIbIX 3HAYCHHUAX TOKA KOJI-
JIEKTOpA.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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JKBHMBAJIEHTHBIE CXeMbI OMIIOJISIPHBIX TPAH3MCTOPOB

B nmuHEWHOM peXuMe YCUIICHUS MAJIOTO CUTHAJIa OUNOISAPHBIA TPaH3H-
CTOpP ONHKCHIBAIOT CUCTEMOM YpaBHCHUW YETBHIPEXIIOJIOCHHUKA B H- mapa-

METpax:
=My -1+ hy, U

o h21 b + h22
AuES AuE3
hll — T |uK3:const ’ hlZ AL | i ;=const !
e b Ko
n i NP
21 AI Ugr=const ! 22 AUK3 | =const

H-mmapameTpsl 6I/IHOJIHpHOFO TPAH3HUCTOPA MOKHO PAaCCUUTATh MO
BOJIbTAMIIEPHBIM XapaKTEPHUCTUKAM M OIPEACIUTh KCIIEPUMEHTAIBLHO. X
TUIIOBBIC 3HAUYCHUS HAXOISTCS B IIpeeiiax:

h,=10°—10*Om, h,=2-10*-2-10"2,

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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h,=20—200, h,=10°-10"°Cu.

5 Ik
g —> «— K

N21lg ! 2

UBQl hll GD 1/h22 l
Uks

D @ o o L z

CxeMa 3aMelieHus OUIOJIIPHOrO TPaH3UCTOpa
Ha OCTOSIHHOM TOK€ M HU3KHX 4acTOTax

Eciin HE y4YMTBIBAEM €MKOCTH NEPEXOJ0B M HWHEPIHUOHHOCTHh TPaH3H-
CTOpa, HOJIYYHUM CXEMY 3aMEIICHHs OMMOISPHOIO TPAH3UCTOpA, BKIIOUYCH-
HOTO 10 cxeme ¢ O, B peKUME MAJIOro CUrHala.

B atou cxeme:

6blX

h,=R_, h = R - BXOJIHOE M BBEIXOJHOE CONPOTHBIIEHHS;
22

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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h21 * | .- ICTOYHHK TOKa, YIIPaBIAEMBbIA TOKOM 0assl | .

BuIosipHbIN TPAH3UCTOP MPEACTABISIET COOOM MCTOYHHK TOKA, YIIPAB-

JIIEMBINM TOKOM.

Ha BBICOKHMX 4YacTOTax MPUMEHSIIOT 00Jiee TOUHbIE MOJCIH TpaH3UCTOpoB. Hanbosiee pacnpocTaHeHHBIMU
ABJISIFOTCSL MOJIENIA, OCHOBAHHBIE HA CXEME 3aMEIIeHUA [[?)KHaKoIeTTO, B KOTOPOM:

I - pacIpeaeICHHOE
conporuBienne 6azel, J, u C -

« ITOJTHAs IIPOBOIMMOCTE
smutTepHOro mepexoxa, g u C, -

] [1] GD SUs,  YYUTBIBAIOT BJIMSTHUC

KOJIJIEKTOPHOTO [epexoa,
—%  NOpoBOAMMOCTh, ( = Yy4YHUTHIBAET

D & o

CBSI3b MEXKAY OMHUTTEPOM M KOJUIEKTOPOM. Y CWIMTEIBHBIE CBOMCTBA
TPAH3UCTOPA YUYTCHBI KPYTU3HOM S.

SPICE — Monens mpuMEeHSIOT B TporpaMMax MOJETUPOBAHUS

SPICE  (Simulation  Program  with  Integrated  Circuit Emphasis) - IIpOorpaMma
MO/JICJTUPOBAHMSI MHTErPajbHbBIX cXxeM — 1973 T.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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r% Catalog Editor IﬁT

Fo sz g

B.A. Anexun. DnekTponuka u cxemorexauka . 2016.

Library Tolerance Model
|Tina j + MNone " General
Model Model Pararmeters
|5P||:E.BJT j |dzage: MPM silicon planar epitas -
[ 5 aturation curent  [4] 7E.5p
Type Faona. emizzion coefl. [-] 1 bl
32PLE32 - Rew. emzsion coeff. [-] 1
JZPU3T3 Emitter rezistance  [Ohm) 598m
BC107 :
RO 074, Collector resistance [Ohm] 1
BCT07E Baze resistance  [Ohm] 10
BC108 Fonu. early voltage  [V] a0
BC108E | Rev. saly voltage [V] 45
BC109 b-& gaturation current [A] 181p
1 DC b-c zaturation current [A] 181p
Substrate zat, cument (4] 0
BC140-16 b-e. emizzion coeff. [-] 15
B4 b-c. emizsion coeff, [-] 15
BC141-10 Substrate em. coeff. [-] 1
BC141-16 Faonward beta [] 30
BC182 Reverse beta [-] B
BLT82% Farw. beta roll off  [4] am
BC182B Fow b
BC183 ev. beta ol off  [A] 98m
B0 b-c zero bias cap.  [F] E3.8p
BC237 b-e zero biaz cap.  [F] 97.5p
R ITA T AP leiibel marm Rizel man [E1 n %
2731062
o DK | x Cancel ‘

e e
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SPICE - BJT model

Parameters:
15
Symbol Equivalent circuit Catalog Editor
N
todel Tolerance Madel F
Collectar ISP|EE_BJT vI * Mone " General N
- f] Tupe todel Parameters R
c M Usage: General Purpose NPH AI E
2N1E13 [ Saturation curent [&] 12 .6f J R
cac A 1B gmg‘g; Forw. emizzsion coeff. [-] 991, 0m c
Fev. emission coeff. [-] 391, O
RE 2M2102 ; ; Ry
Base lICT NI B Emitter resistance  [Ohm] 305, 0m
k) Collectar resistance [Qhm] 1.0 I
2M22194, Base resistance  [Ohm] 100 KF.
cee  Y1eE 2M22d2 Forw, early voltage  [V] 1,0E30 I
E MZ2Z24, j Few. early voltage V] 1.0E30 KR
RE [J b-e zaturation current [4) oo C
1/651 b-c zaturation current [4] 0.0 -| ac
Etmnitter C
x Cancel | ? Help JE
1""JE
1\"'JE

Current equations

Constants

q electron charge

17

Saturation current

Forward emission coefficient
Reverse emission coefficient
Emitter resistance

Collector resistance

Base resistance

Forward beta roll off

Reverse beta roll off
Base-collector zero bias capacitance
Base-emitter zero bias capacitance
Base-collector built-in potential

Base-emitter built-in potential

kT
1. Vr=? 1. Ql=ﬁ k Boltzmann's constant
) N [moqf1 1 VAF VAR T,27°¢C
. IS(T)=!S'- - CEEp T ?—? VEE B
’ ’ 2. Io(T) | e MF¥T 1| [o(T)|e PRIT 1 e
3 quations
3. I (m=fSE-(z]m-exp EG'Q-[i—l] Q2= KR * KR
ol T NE &k \T T oy AT
4. r=—
3 3. QB:QI-% ¢
4, T | N EGqg (1 1
Lon(T)=ISC | — : —_— ==
w0 (Tn] BXP[NC* [TD Tﬂ 15(7) RPTT _ PT Fr Bt 5
4. iy R e — gy
3 3
5. T o7 < [T] Esq [1 1]
BelT)=8F | — Jo=Fo | | - =
F': ) (TDJ QB 8= 4z T exp r T T
3
6. T
Bo(TI=BR | — v
R( ) [TD} Im—[s.{exp[%]—l}

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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Pacuet ycuaureisi HA OMIOJIIPHOM TPaH3UCTOPeE

ec(t)C

CxeMa yCHJIMTEJIbHOTO TPAaH3MCTOPHOI'O Kackaja ¢ 00IUM SMUTTEPOM

Hcxonubsie ganubie: TpanzucTtop BC1l40, Ry =Rp=100kOmM, Rx=400
OwMm, R5=100 Om, Ry=2 kOwm, Ex=10 B.

JIns crabunu3anuu padoyeil TOUKM B TUHEHHBIX YCUIUTEIbHBIX KacKa-
nax OOBIYHO MPUMEHSIOT CXEMYy C OOIIMM SMHUTTEPOM U OTPHUIIATEIIHLHOM
00paTHOM CBSA3bIO.

Pesucropel Rj1, Rsp 3amarT guxcuposannoe nanpsoicenue na 6aze n

*
HOMUHAJILHBIA TOK 0a3b! | .

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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Pesucrop Ry coznaetr ompuyamenvuyro oopammuyio céazo no nocmo-
AHHOMY MOKY U CIYKUT JUISL CTAOMIM3AIAM PEKHMMa TPAH3UCTOPA.

EmMkocTh C5 HazbplBaeTCsd OJIOKMPOBOYHOM, YCTPAHSIET OTPUIIATEIILHYIO
OOpaTHYIO CBSI3b IO MNEPEMEHHON COCTABISIONICH M YBEIWYMBACT YCHIIC-
HHE.

BX0HOM EpEMEHHBIM CUTHAJ YE€PE3 PA3ACIUTEIIbHY0 €MKOCTh (7 TO-
CTyHaeT Ha 0a3y TpPaH3UCTOpa U YCHUIIMBAETCS.

Y CUIEHHBIN BBIXOJHOW CUTHAJ C pe3ucTopa Ry yepes3 pa3ienuTelbHY IO
eMKOCTh C, MOCTYIIaeT Ha HArpy3Ky R, KOTOPOM MOXKET ObITH CJICAYIOLINN
YCUJINTENbHbBIN KACKA.

Eciu HanpsbKEHUE BXOAHOIO CUTHana Uy, HEBEJIHUKO, TO padOTy yCHIIH-
TEJILHOTO TPAH3UCTOPHOI'O KacKaja MOXKHO IIPEACTaBUTh B BUJIEC HA10M4cCeE-
HUA pexcuma noKosa C TOCTOSHHBIM MCTOYHUKOM JJIC Eyx U C IOCTOSH-
HBIMHU COCTaBIISIONIUMHU TOKa 0a3bl 1™y , Toka KoiiekTopa |*x u Toka SMHT-
Tepa |*5, COOTBETCTBYIOIIMMM TOUKE A Ha paboyeil XapaKTepPUCTHUKE,

U pexcuma mMaiozo CUzZHA1a ¢ TIEPEMCHHBIMH COCTABIISIONIUMH Iz, Ix ,Ugy,

u6le'

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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Pacuer pexxuMa nmoxkos
1. CTpouM 3KBHUBAJICHTHYIO CXEMY.

__ UnRgo Re = Reg1 Hgo |
Rg1 + g Re1 + g2

EskB=5B, R0=50 kOm

2. Jlnd BXOMHOM LIENM MO BTOPOMY 3aKOHY
Kupxroda:

B = IgnFHs + Uson + Lo 2 |

Ho: Ly =1+ 1=1; +h213|5_

[ToslyduM ypaBHEHUE HAZPY3OUHOU NPAMOU N1 BXOJTHOW XapPAKTEPH-
CTHUKM:

Eye = IsnRs + Uson + (1 + hoys) Isn Ry

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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OnopHbBIE TOYKU:
L,

_ E9 — 9
“ (R, +(1+hy)R,) R

U =FE_=5B, |

3. OnpenensgeM hy;:

20.00m — &l -
] x [4,92 v:{6,81m
£
15.00m = o 4,99 v.[5.49m a«|
] - A-B
— e 1 dik=1,3 mA F X -69,61m ¥:1,33m
T1 BC140 SA ) = ]
= v 10.00m—
B - 3 ]
Fa.. ? _'
; (AN S0A————
roows2 ir | &
C) 5.00m={~
T@ 151-10m * g
ﬂ-ﬂﬂ 1' M T M 1 M M M I T v M LI M M M M M M L | M M T | M M T 1 v T v |
0.00 2.50 5.00 7.50 10.00

= Input voltage ()

Puc.2.5. Beixonarsie BAX
Caumaem BAX miua toxkoB 0a3pl 10 MxkA — 100mMkA. Haxomum s

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



Al, 1,34 _130— 3.

Al 10mxA

> =2 79ud
(50-10° +(1+130)100) 63100

4. Ha Bxonnoii BAX HaxoauM pabo4yyro TOUKY:

Ux=Exk/2 = 5B : hZL9 —

100.00u~ 16 ®

179

B
X [485.45m y.[71,70u

75.00u— -—__—_____'_"‘—'—-—-——..._._

50.00u—

“'\:I % |:/-- | 25 00u—

79/5=15,8
15.8 1

0.00 250.00m 300.00m 750.00m
4 Input voltage (V)

=485 mB, | ., =72 MKA.

Hanpsokenne U

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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5. PacueT BBIXOOHOM LEMU

Rk - l ey ITo BTrOpomy 3akony Kupxroga:
T I Un — IKHRK +U1<917 + |917R3'
<> Un /J YpaBHEHUE HATPY30YHOU IIPAMOM:
| - v UKSH I
BN Uon =U; = LigRe = (1 + 7R, =
I5n h,,.
_|_ \ 4

%UH o IK]Y( RK + Ra )
Touku nepecevyeHus Harpy304HOM NPAIMOM C OCAMU:

Uy =U;, =108, Iy = Yo 19 04
_+R, 500

6. Moaenupyem Bboixogabie BAX

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



20.00m—p [k

15.00m—
[ AM[8]: 80u[A]]
T1 BC140 _ E 10.00m— [ AMA[7]: TOu[A] |
A = 5 s6ud : Pl
1r —_[AMA[B]: 60u[A]|
I“h\. . r._ 1\"‘\. -
C) W32 5. 00m—{r 1‘\“-\\
T 1‘\‘\\
T@ I5110m* ] ~._ Un
M e
0.00— : ! : ——— | —
568 B
0.00 2.50 5.00 7.50 10.00
Input voltage (V)

IPHC.I3.13
ITonyuwmnu B Touke B: Uk3=5,68 B, Ikn=8,6 MA
7. IIpoBOAMM MOACIUPOBAHUE CXEMBI YCHUIUTEIIS

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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T1 BC140

: W31.10

PHC.2.18

Pe3ynbTaThl COBOAAAOT !
Pacuer aMIiuTya nmepe
3ajaH  NEPEMEHHBIM  BXOJHOM

E =50mB, f =1xly.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.

MEHHBIX COCTABJISIIOIIHX
curman  U(t)=E_sin2rft,
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3100k

tn
0
[#]

C21u

o
=
)

SW-SPST2

. Puc.3.15
ref DKBUBAJCHTHAS CXxeMa 0a30BOM IECMH IS Ma-
% 5 JIOW TIEPEMEHHON COCTABIISIONIEN
R 1. Ilo BxomaOM BAX Haxomnwm:
O " AU,,  (492-483)10°
u(t)- EQ Rexsy =y = —2 = 6
(ha1s+1)R5 Al . (85—68)10
1 =5290m.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



= Noname - DC resultl A
File Edit View Process Help x |48322m  y:[67.71u
B
= E| EE] E@HT Q T~ x[49217m  y:fs4,95u ﬁ
= A-B
100.00u— i ¥ -8,95m ¥ 17,240
75.00u—] | dI w
< :
S 5000u—
5 ]
O
25.00u-] du
0.00 250.00m 500.00m 750.00m 1.00
Input voltage (V)
TH resultl ] TR resuItE] TR result2  OC rezult] ‘

2. R52 — RFEH T RBX53 +(h219 _I_l)Ra —
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R, =950xkOm wue yuu-
TBHIBAEM.

=100 +529 4- (130 +1)100 =13729Om
OrpuuarensHast obparsas csssb: (N,,, +1)R, =131000m.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



E 5010

|, = =2

s " Ry 13729 |
4 Ve = gy, =3,64-10°°-130 = 473 mxd

bm” 21D

— 3,64 mxA

s Uy, = 1,,R. =473-107°-400 =189280-10 ° =189 mB

6 U (1) =i (t)R, =(8,640,473sin2x ft)-10°400 =
= 3,44 +4-0,189sin2r ftg.
7 Up(t)=Ex —Ug(t)=6,56—0,189sin27 ft 5

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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BE A
7.00— x [4,76m v:|6.74
E
|5 27m v.[6.37 a<
6.75]
H x 511 A1u ¥ 375,53m

A
! R3 100k

(]
=l
L.

SW.SPST2

C1 200u 1
| ] ‘EEL
H . 5 6.50-
p o o
- 7 4

g . Y 6.25-
2] IR
6.00 ' | ' ! ! ' |
0.00 2.50m 5.00m 7.50m 10.00m
Time (s)
Puc.2.18

B cxeme puc.2.18 ko3 duLMeHT yCUlIeHUsI ¢ OOpaTHOM CBS3bIO:

K, — U, _ 95 mB 19
E 50 uB

m

Ky (s, = 201 LLJJ— —201g1,9 =5,5706

6X

[IIynatupyem Ry OoknpoBoYHOM eMKOCThIO C3.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



10.00—
8.00

6.00—]

Output

2,00
0.00

-2.00-]

4,00

[s] [B]
L
A
H X |3,?m y:|9,33
B
x [42m v[2.62 a<|
A-B
¥ -496.61u v 6,71
| | ' | ' |
0.00 2.50m 5.00m 7.50m 10.00m

Time (s}

Pa3max (mBoiiHas ammautyaa, peak-to-peak) pasen 6,71

K :UK’” :—3’36 —=6/.
v E 50mB

m

Ko os) = 20|g% — 201967 = 36,5206

B cxeme puc.2.18 BxiroyaeM Harpysky:

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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9.005 a1

A
7 503 X [3,7m v:|8,87
] B
6.00 x: [4,19m v.[3.24 ﬁ

] A-B
4 50— X -493.27u ¥ 5,63

A VA ¥ A ¥

R3100k
I
T

T1 BC140

0
]

Output

3.005

|
7
SWV-SPSTZ

1.50

W SPST3
I v + -
T @ @ e

-1.50

4100k

'3. oﬂ ] T I T | T I T |
0.00 2.50m 5.00m 7.50m 10.00m
Time (s)

R1100
=
23
-

K, = :ﬂ:%_ (34,900)
E 50 mB

AYX B pexuMe XO0JIOCTOTO X0J1a ITpU n3MeHeHnU Cr

B.A. Anexun. DnekTponuka u cxemorexauka . 2016.
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=% Noname - AC Amplil

= £
File Edit WView Process Help =
= E| B EBHT Q| 4| * 35,11k v:|28,31 ﬂi: ,
40.00— ©
[VWVH[Z] B5ulF]|
30.00
] VMA[1]: 5ulH |
o
E 4
£ 20.00
m 4
]
10.00-
GGG | T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIIII
10 100 Tk 10k 100k 1t 100
Frequency (Hz)
AC Bodel ] A0 Bu:u:leEJ AL Bu:u:leS] A0 Bu:u:le#] ACBoded AT Amplil ]

Bb100p OJIOKUPOBOYHOM €EMKOCTH:
Ha nwxueit vacrore f,, nomxuo Gbits:

B.A. Anexun. DnekTponuka u cxemorexauka . 2016.
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X 1 < R —@:1()0]%.

© " 2xf,C, ~5~10 10

1
f, =1001i . C, > =159 uk D.
s T, y nonyunm: C >-100.10 MK

Harpy3ouHasi npsiMasi 1Jisl IEPEeMEHHOI0 CUTHAJIA

B pexuMe nmokos Mbl HE YYMTBIBAEM CONPOTHBIICHUE HAarpy3ku R,, Tak
KaK OHO OTAEJICHO OT CONPOTHUBIICHUS KOJUIEKTOpa Ry pa3aenuTeabHON eM-
kocThio C, .

Ha majnom nepeMeHHOM CUrHajie COnpoTHUBIIEHHE R, OyaeT 3aKkopodeHo
OJIOKMPOBOYHOHN €eMKOCTBIO Cr, a Rx 1 R, OyayT BKJIHOUEHBI ITapajjieibHO U
SKBHBAJICHTHOE COIIPOTHUBIICHHWE HArpy3KH JjId HAIlMM MapaMETPOB COCTa-
BUT:

~ _ _RR, _ 400-2000
““ " R.+R 2400

= 333,30m.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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30.000m —
1 4 lkntUion/Ru ok
; Harpy3ouHas 1vHus Ha
IIEPEMEHHOM TOKE
20 000m ] <« Harpy3ouHas JuHUS HA
S IMOCTOAHHOM TOKE
Ud/(RitR5) ANIA[10] 100u[A]
10.000m— [
. 4
IKH:8151 Ma :'r
1 S AMT[1]- 10u[A]
?"-...K
o '\ﬁ
] I 1
w1000

¥
0.000— . .
I | l \ 7.50

2.50 5.00

Usn=5,79B UrontHlknRu ks

B.A. Anexun. DnekTponuka u cxemorexauka . 2016.
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30.000m

Harpysounaa nuHHA
MEPEMCHHOTO TOKA

s /

! AMI[10]: 100u[A]
10.000m— |

| s

: [AVA[T] 10u[A]]
| B e
L

0.00 2 50 500 | 7.50 10.00
|
| |

M3MeHeHne nNepeMeHHOro Toka 0a3pl B Ipeaeiaax oT SSMKA 10 90 MxA

BbI3bIBACT U3MCHEHHUE IIEPEMEHHOI0 HANPSKEHUS HAa KOJUIEKTOPE B MpeEie-
jgax ot SB go 6,5B.

B.A. Anexun. DnekTponuka u cxemorexauka . 2016.
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Cxema ¢ o0I11Ie 0a3oi

Bxoonvimu xapakmepucmuxamu CXeMbl C 001IeW 0a3zon OyayT 3aBH-
CUMOCTH TOKa 3MUTTEpPA |5 OT HanpsbkeHusa smuttep-06aza Ugs npu pazinmny-
HBIX 3HAUYEHMSIX HAIPSKEHUS KOJUIEKTOp- 0a3a Ugg.

20.00m—

T1BC140
15.00m—

ANA[T: 5[V]

AM‘%
M

Current (A)

10.00m—

| [AMIE2] 10[V]]

+
() VS5 T U59 UKB l V5257 () ] ‘|Al"u’|1[3]: 15[V] |

5.00m—

T _ Ugs
0.00 . | . | . | .

- 0.00 250.00m 500.00m 750.00m
Input voltage (V)

Puc.2.26

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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Bvixoonvimu xapaxmepucmukamu cCXeMbl ¢ 00IIEH 0a301 HA3BIBAIOT
3aBUCHUMOCTH TOKA KOJUIEKTOPa OT TOKAa YMUTTEPA.

Ik mA
I,=10mA AKTHUBHBIN PEXUM
I5 T1BC140

- N
L/———@j:f ]

VS25 ?50m—_
4 ]

ONE

500m —|

10.00m —, L

l IS110m ™

AMI[T]: 6mA

PexxnM HachIIeHns

I,=4mA

250m— —

]
i UKB
- O OO T T T T T T T T T T | T T T T | T T T T T T T T

- 2.000 0 2.000 Pexum oTKIIOUEHUS 7.000 12

Ha BBIXOJHBIX XapaKTepUCTUKAX €CTh TPU 00JACTU: aKTUBHBIM PEKUM,
PEKUM HACBIIEHUA U PEXKUM OTKJIFOUEHUS TPAH3UCTOPA.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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~ I

B aktuBHOM pexume: |, 5. Cxemy Ob Ha3bIBAIOT nosmopumenem

moka.
B pexxuMe OTKIIFOUEHHUS /IBa IIEPEX0jia KOJUIEKTOp-0a3a u 0a3a-sMUTTEp
HaXOJISITCS B 3aKPHITOM COCTOSIHHUH.
B pexxuMe HachIIEHHS IepeX0abl KOJUIEKTOp -0a3a u 0a3a-dMUTTEP OT-
KpPBIThl. YBEJIMYECHHE TOKAa KOJJIEKTOpa HAIIOMHUHACT XapaKTEPUCTHUKH OT-

kpeitoro auona. lpubmmkenno: U o ~0,75.
Al .

Ha nepemMeHHOM TOKE: O — F U g —const
3

IIpumep 2.1

B cxeme ycunutens ¢ oOuiel 0a3oi (puc.2.29) HCTOYHMK HaNPSKEHUS
cMmenieHuss smuTtrepa VS1=4B. MCTOYHHK HaIpsKEHUS Ha KOJJIEKTOpE
VS2=12 B. Koadpdpunuent nepenaun Toka o = 0,99.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



C1 100u

T1 BC140 “T

) vei 4 w212 (])

Puc.2.29
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TpeOyercs:
1. Paccuurath comnporusienne R1

B ICIIM SMHUTTCPA, YyTOOBI TOK DMUTTE-

pa cocrtaBisi 1,=3 MA.

2. PaccuuTtarh CONPOTUBJICHUE B
[[ENH KOJUIEKTOPA, YTOOBI HAMPS)KECHUE
KOJIJIEKTOP-3MUTTEP COCTABJISIO 6B.

3. MoaenupoBaHUEM OIPECIUTD

. YCUJICHHE CXEMbl C 0OIei 0a3oi Mo

IIEPEMEHHOMY TOKY Ha 4dacTtore 1kI'm,.
AMIuIMTY a2 BXOOHOro curnana 10 mB.

Peuenne
1. Ha otkpsITOM nepexoe 0aza-3MuTTep najgact Hanpsixkenue 0,7B.

R, =

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.

VS1-0,7 4-0,7
3.10°  3.10°

—1.1xOm.



2. B cxeme UKB:UKQ-U53:6-O,7:5,3B.
Tok kowtekropa: | . = al, = 0,99-3-10° =297 ud.
3. Pe3ucTop B LEnu KOJUIEKTOpA:

VS2-U,, 12-53

Output

R, = — = 2,25k0m
I 2,97-10

0,00 7 T 4. BXoaHO#M CUTHAII:
7.50 & - — ’I H! !
6.00- U mex 1OMB’f _ l’! .
4503 Brixognou curuan:
3.00 —
1.50] g 737310 ¥[758 U Meblx 2B '
o.oui cfizam  ves adf Ycunenue: 200.
1.50 A-B

i ¥ -498 9u v 4,05
-3.00 ' | ' | i | ' |

0.00 500.00u 1.00m 1.50m 2.00m

Time (s)
Pacuer

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



41

1 X = ﬁ ~1,590m.
T

[IpeoOpa3yem mapamieabHOE COCIMHEHUE B ITOCIEA0BATEIBHOE:!

X2

wemnoer = o = 2,29-10 °Om, X Cuemnoea = Ko =1,990m.
2. Ycunenue cxembl Ob:
Ky = Do = i R
6x ol 6x06
3. B cxeme 2.26 Haxomum R~ = AU, — 19.97mB ~100wm.

w0 Al 2,0lud

4. KoadduieHTt ocaadiaeHus BXOJHON LETH:

R6x06 _ 10 — 0’98

Cucm noci

5. O0uiee ycuneHue no NnepeMeHHOMY TOKY COCTABUT:

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



=K, K.~ R, K @098 220,5.

)y Uoo™™C c
6x00 10
5.000m — @ @

AJ

1I>
4.000m —
i A
i X |4BU.UBm Y:|4m
3.000m —] .
] x [ia0,08m  v[1,98m a<]
A-B
] ¥ 19.97m y. 2,01m
2.000m —
1.000m —]
) U6»
OOOO T T T T T T T T T T T T T T T T | T
0.00 250.00m 500.00m

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



43

TumoBasg cxema Ob

Z +UH C2100u  T11BC140 VF1
—
LY

R2 R3
VT1 C3

e -
) Rl I, []ra lU <
& I /]

UBX

Puc.2.32
[IpenmymectBa cxembl Ob:
e 00JIE€ HU3KOE BXOJIHOE COMPOTUBIICHUE

e Oojiee 3(h(HEKTUBHO MCIOJIL3YETCS UCTOUYHUK CUT'HAJIa, KOTOPBIM pa-
O0O0TaeT NPaKTUUECKHU B PEKHUME KOPOTKOTO 3aMbIKAHMUS;

e BXOJHOM CHUT'HAJI IEpEIaeTCs Ha BhIX0 Oe3 IepeBopoTa 1o ¢ase;

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.
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® YMCHbBIIAKOTCA YaCTOTHBIC HMCKAXCHHS, CBA3AHHBIC C BXO,Z[HOﬁ CM-
KOCTBIO TPAH3HUCTOPA,

® YCUIUTC/Ib UMCCT BBICOKOC BbLIXOJIHOC COIIPOTHBIICHHUC H HHU3KYIO
BbIXO/JHYIO CMKOCTb.

B.A. Anexun. Dnekrponuka u cxemorexuuka . 2016.



