Jlekuusa 5
IHoseBbie TpansucTopsl (IIT)

[ToneBbIMA WM  YHUNOJSPHBIMHM  TPAH3UCTOPAMM  HA3BIBAIOTCS
MOJYOPOBOAHUKOBBIE  OpHOOPHI, B  KOTOPHIX H3MECHEHHME  TOKa
MMPOU3BOJUTCS HW3MEHEHUEM MPOBOJAUMOCTH IIPOBOMJAIIETO KaHajla C
IIOMOIIBIO AJIEKTPUYECKOrO MO, IEPIEHIAUKYJISIPHOTO HAIPaBJICHUIO
TOKAa. B MHOCTpaHHOUN JUTEpATYypE IOJIEBBIE TPAH3UCTOPHI Ha3bIBAKOT FET
(field — effect transistor)

[Ipox0XkI€HUE TOKA B KAHAJIE TOJILKO OJTHUM THUIIOM 3aPsII0B.

DIEeKTPOabI, TOAKIIIOUYCHHBIC K KaHay, Ha3eBaroTcsa ctokoM (Drain) u
HUCTOKOM (Source).

YpaBasromui 3IeKTPoT Ha3bIBaeTcs 3aTBopoM (Gate).

HanpsbkeHue  ynpapiaeHHS NOPUKIAABIBACTCA MEXKAY 3aTBOPOM M
UCTOKOM.

BxogHoe CONpOTHBIEHHE TMOJECBOIO TPaH3UCTOpa OECKOHEYHO
OOJIBIIIOE, BXOJHOM TOK PaBeH HYIIO !
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[IpyMEHSIOT ABa THIIA HOJIEBBIX TPAH3UCTOPOB:

® I10JICBBIC TPAH3UCTOPHI C YIpaBIsIeMBIM P-N mepexomom (junction
field-effect transistor (JFET));

® II0JICBBIC TPAH3UCTOPHI C M30JIMPOBAHHEIM 3aTBOpoM (Metal-oxide-
semiconductor field-effect transistor (MOSFET)); B oreuyecTBeHOi
nuteparype ux Ha3piBaroT: (MOII — MeTamn — OKCHI KpPEeMHMS —
IIOJIYTIPOBOJIHHK ) 1580071 (MJIII — METAJI-TUAJICKTPHUK-
MOJIYIPOBOJHHUK ).

e Kareropuss MOSFET TpaH3ucTOpOB ACIUTCS Ha IMOJIEBBIE TPaH3U-
CTOPBI, pabomaroujue 8 pedcume obozaujerusi (CO BCTPOCHHBIM Ka-

HaJIOM) U 8 pedxcume 0beoHenuss (C MHAYLUUPOBAHHBIM KaHAJIOM).
[

B.A. AnexuH. DneKkTpoHHKa U cxeMoTexHuka. 2016.



Knaccudukarys 1mojieBbIX TpaH3UuCTOPOB

[ToneBpie TPAaH3UCTOPHI C
YIPaBISIOIIUM P-N EPEX0A0M

1
r A )
3 3
(D
41 C H
~_~ ~_~
a) 0)

N- KaHaJl  P-KaHaj
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IToneBpie TPaH3UCTOPHI C
U30JIMPOBAaHHBIM 3aTBOPOM

(MAIT)
«— T
C uHAYUUPOBAHHBIM Co BCTPOECHHBIM
KaHaJIOM KaHaJIOM
2 3
A A
'd Y r
3 3 3 3
n CH C CHU
I1 II IT I1
Q) 0) a) 0)
N- KaHall p'KaHaH N- KaHaJ1




Y CTPOUCTBO MOJIEBOI0 TPAH3ZUCTOPA € YIIPABJIAIOIIUM
P-N mepexoaomM

Ha sarBope U <0, p-n mepexoxn

3anepT. C  yBeIMUYEHHEM OOPaTHOIO
HaMPSHKCHUS pacIIupseTcs P-N mepexon,
YMEHBIIIAETCA CE€UYEHHUE IPOBOIAIIECTO
m— kaHana. OTpHUIATEIBHOE YIPABJISIONIEE
i HampsDKCHUE YMCHBIIAET TOK MEXOY
HMCTOKOM M CTOKOM.

IlepenaTrounbie XapaKTEPUCTUKU I10-
JIEBBIX TPAH3UCTOPOB, KOTOPBIE BBIPA-
Kar0T 3aBUCHMOCTb TOKa CTOKA OT HaAIpspKeHUsS 3aTBOp-UCTOK | (U3zy).

[T c n-xanamom otkpsiBaerest mpu U >U . Tlpu HyneBom 3Hade-

HHUHA U Su IIPOXOANUT HAYAJIbHBIN TOK ICHA‘I .
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Ilepenarounas xapakrepucruka II'T ¢ ynpasasomum p-n nepexoaom

+lc
lcrau
n- kaman 14
Uorc=Un Upre Y3
“Us Yore Uorc=Un
16
P-KaHa
lcrau

'IC
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90.00m —
75.00m -]

60. ﬂﬂm—: ___________________________________________
A |C:24MA

g:i A1

45.00m -]

yeoe 30.00m—

VSl 5 15.00m ]

|
I
|
- |
0.00 . | . :
€ 6.00 |Uotc -4.00 -2.00

Input voltage (V)

Puc.5.1
IlepenaTounas xapakrepuctuka I[IT 2N4091 ¢ ynpasistonium
P-N mepexogomM
IlepenaTouHasl XapakTe€pUCTHKA IMPHOIMKEHHO OIMCBIBACTCS KBaJpa-
TUYHOU (DYHKIIUCH:
( U
Chau U

Y I

I~ .y

orcC
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YcunurenbHbIE CBOKMCTBA ONPEACIAIOTCS KPYTH3HOHW INE€pEAaTOYHOM
BAX:

S _ dl. _ Al :24M_A
du,, AU, B
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Beixoausbie xapakrepuctuku 1T ¢ N-kanagom

100.00m— :
i |
jle AMAEL OV]| |
| Jluneiinas o6macts /~ OO6nacTp HaChIILIEHUSA
—] /
75.00m E /, ANATEL V]
E A //
- 1] Alc=24 mMA /
(A% 50.00m ] 7 AUz =1B
/
T1.2N4091 R S e
+ Wi N 4 /
N s ] / —
T () 25 00m—] g AMA[3]: -3[V]
+ . ys1se : . ]
C) - 1:5:‘ P = I—|Al"u'11 1 3 UC
0.00 — /I T T - T [ ] - |['|ulr]I T T |
1 0.00 250 5.00 7.50 10.00
: Input voltage (V)
Puc.5.2

B nuneiinoi o6nactu 11T ucnonab3yroT Kak ynpaesnsemoe conpomueéne-
Hue. HakJIOH XapakTEpPUCTUKUA ONPEACIACT OMUYECKOE COINPOTUBICHUE
TPaH3UCTPa U MOJECBOM TPAH3UCTOP BEACT Ce0sl KaK yHpaBiIeIMOE COIpPO-
THUBJICHUE. DTy 00JaCTh BBIXOJHBIX XapPaKTEPUCTUK HA3bIBAIOT JIMHECHHOM

OMUHYECKOM.
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[IprOIMKEHHO COMPOTHURIEHUE MOJIEBOIO TPAH3UCTOPA MOKHO pacCUu-
TaTh MO (POPMYIJIE:

R
R, ~ UO .tie Ry, =R, mpuU,, = 0. K npumepy, ec-
34 )2
(1-
Ui

m Rp=10xkOm, U .. =—6B,U,, =—3B, 10 R, = 40kOwm.

B o6nactu HaceimeHus I1T HCIONB3YyIOT KaK yCHUINMTEIbHbBIN 3JIEMEHT.
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YCTPOUCTBO MOJIEBOr0 TPAH3UCTOPA € U30JIUPOBAHHBIM 3aTBOPOM
(MAII — meTaJuI-IM3JIeKTPUK-TIOJYIPOBO/THUK)
(MOII — MeTaJ)1 — OKCUJI KPEMHHUS — MOJYINPOBOTHUK)
1. ITosieBBIE TPAH3UCTOPBI CO BCTPOCHHBIM KaHAJIOM
(peXuUM 00OTaILCHMS )

depletion-type MOSFET

Memann

g +
SiO,

T R
SIS
oteteteteteatety
teerieieiteiely

VICTOK M CTOK MMEIOT CHJILHO JITMPOBAHHBIC 00JaCTH, 00OTalllCHHbBIC
HOCUTEIISIMU.

B.A. AnexuH. DneKkTpoHHKa U cxeMoTexHuka. 2016.



BeTpoeHHbIi KaHan oboraileH HocuTenasamu, cymectsyer npu U > 0,

npoTekaeT cpox | ... -
[pu U _ > 0 snexrpons! BrsruBarotes B KaHai, |, Bo3pacraer.

Ipu U _ <0 ok I manaer.
Ilepenarounas BAX (n-kaHan)

2.rﬂrﬂrr1—E Ic
T.Eﬂm—é
% ]
AT ]
@" 1.00m -]
TS5 Moname
- T VSZI0V 500 0gy]
N Y- AT <> _

C) ] Uszm
e L L B B B B
300 200 -1.00  0.00 1.00 2.00 3.00 4.00 5.00
Input voltage (V)
Puc.5.3
Breixogursie BAX
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Ic

90, 00m —
1 Munciinas j"
75.00m— 00AACTE
BT ]
LY 50.00m —
&1 :
45.00m- - AM[3] 0
T2 Nonams : Ll y=0)
—.—lE bhad 'Lj' 30.00m — Al O0A2CTE HACKIIHNCHHA
i C
e vsige _ _
D 75.00m- cenm obemienu
i Ucn
0.00 . , : | , | 1 |

. 0.00 2.50 5.00 7.50 10.00
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IlosieBble TPAH3HUCTOPHI CO BCTPOEHHBLIM p - KAHAJOM PadoTarT

IIPH OTPHIHATC/IbHBIX HAIIPH’KCHUIAX HA UCTOKC.

Memann
u 3 C

[lonoxuTenpHOE HAINPSHKEHUE HA UCTOKE BbITAIIKUBAET
YMEHBILIAET P-KaHal.
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T1- Noj

BERESESY =

V51.5V

name

@Q A1

Puc.5.5.

200.00u—

i 0 Usi
0.00= /

-200.00u— IcHay

400.00u—

-600.00u— -le

'800 GOU | T T T T T ]
-5.00 -2.50 0.00 2.50 5.0t

Input voltage (V)

ITepenatounas BAX MOII-Tpan3ucTopa o BCTPOCHHBIM P-KaHAJIOM
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100.00u— T
0.00-
AMA[2]: 3[V]
-100.00u- AMI[3]: 1[V]
= ]
= -200.00u— :
AT : AMAA] [V]
et 300.00u-
T1 Nofiame 400,00 AM[5]. 3[V]
E * 0 yjgo E
RERRRRSS () 7 s000s
C RN KA 500 Gﬂu—_ AMA[E]: -5[V]
-700.00u ] T T T T T T T |
Ueg -10.00 -7.50 -5.00 -2.50 0.00
Input voltage (V)

Puc.5.6
Beixoansie BAX MOII-Tpan3ucTopa co BCTPOEHHBIM P-KaHAJIOM
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Y CTpOMCTBO MOJIEBOTO TPAH3UCTOPA C U30JIMPOBAHHBIM
3aTBOPOM U MHIYIIMPOBAHHBIM KaHAJIOM

(peXuM 0OCTHEHUS)
enhancement-type MOSFET

@

SiO;

@[a)
41
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NHayuupoBaHHbIN N-KaHa

Ecru U o O, xamam oOegHEeH HOCHUTCISIMHU 3apaga. MOII-

TPAH3UCTOP MOKHO HPEACTABHUTH ABYMs BCTPEYHO BKIIOYEHHBIMHU IUOJA-
mu. Tok cToka I, = 0.

EcmU  >U SJIEKTPUYECKOE T10JIE€ 3aTBOPA BTATUBAET B 001aCTh

nop ?

+
KaHaja 3JIEKTPOHbI U3 o0JlacTh N° W IOBBIIIAET OPOBOAMMOCTH KaHala.
[ToaTOMY KaHaJ Ha3bIBACTCS UHOVUUDOBAHHBIM.
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Ic
s 4.00-
(AT
AR ]
T1 2N6758
2.00—+
Cj WVE2 10V
Cj Yo AT 7
Usn
- f.-ll ':l':I ) | 1 | ) | T | T |
0.00 1.00 2.00 3.00 Uriop 4.00 5.0
i Input voltage (V)

Puc.5.7. Ilepenarounas BAX
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20.00—

1 Ic
15.00-
= AN 6[V]
(A% ]
J P 10.00-
T1- 2NET 55 ]
| ; AN 5[V]
Cj VE2 10, 5 ﬂﬂ—f
Cj VS15V ] AMA[2]: 4[V]
- Clﬂﬂ ] 1 | 1 | 1 | 1 I
0.00 2.50 5.00 750  Ucl  10.00
i Input voltage (V)

Puc.5.8. Beixomaeie BAX

[ToyieBbie TPaH3HCTOPHI C HHAYLHMPOBAHHBIM KaHAJIOM YIPABIISIOTCS
> ‘U

[TosreBBIEe TPAH3UCTOPHI C MHAYLMPOBAHHBEIM P-KaHAIOM PabOTAIOT IPH
OTpI/ILIaTeJIBHBIX HaHp}DKeHI/I}IX Ha CTOKC U BaTBOpe.

TOJIBKO TIPU ‘U .

nop
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N-xanansl
+Ic

lcray
/ 3a 2a
la lcray
Uorc=Ur / Unop Ve Yo

Usy Uorc.~Upop / Uore=Uy
| cray - 16

20 36/
lcray

'IC
p-xananwvi

IlepenaTouHbie XapakKTEPUCTUKHU MMOJIEBBIX
TPAH3UCTOPOB PA3HBIX TUIIOB

(1 - ¢ yopaBIISIIOIIIUM P-n IEPEXOJ0M; 2- ¢ HHAYIIUPOBAaHHBIM KaHAJIOM;
3 — CO BCTPOCHHBIM KaHaJOM; a — JJIs KaHajla n — Tuia, O — JIJIs KaHalla p —
THUIIA.)
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3.5. Kommiementapusie MOII Tpansucropsl (KMOII)

Ha oxmnon m ton e moanoxkke MOII TpaH3UCTOpPHI B P-KaHAJIOM H
N- KAaHAJIOM.

Vi VO
7]
Uss Vss 32 T 31 T
P-KaHaJIbHBIN n? C2 C1l mnl
Mol 3 T2 SiO,
Ui U S S \
>—9 -KaHaul + -KaHau + +
n+ p* When «ony p f When «ony f P
3 T1 Iloonooicka p-muna
N-KaHaIbHBIH 7 Tloonoorcka N-muna
MOII

KOHCTpYKIIHSA KOMILIEMEHTAPHOTO 110JIEBOTO TpaH3ucropa KMOII

Ecin na Bxox mocrymaer U=5B, nanpsokenne U ., =D5B, tpansu-
crop T1 Oyner otkpsIT. Tak kak B 310 Bpemsa Uj=5B=Ug, T0o TpaHzucTop
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T2 Oyner 3aKkpbIT U €ro CONPOTUBIIEHUE OyJIET BEIUKO. B pe3ylbTare BbI-
XOJIHOM cUrHai Ha cTokax Tpan3uctpoB Uy=0B.

Ecmu npunoxuth K 3atBopam HanpsbkeHue Ui=0B, to tpansucrtop T1
OyaeT 3aKkphIT, a T2 oTkpoercd. Ilomyunm BeixogHoe Hanpsbkenue Ug=5B.

[Tonyuunn naBeprep Ha KMOII Tpan3ucropax. Becerna oauH u3 Tpas-
3UCTOPOB 3aKPBIT U UMEET OYCHb MAJIbIM TOK, IMOTPEOIgeMasi MOIIHOCTb
BEChMa Mailia.

JloctomnctBom KMOII MukpocxeM SBISIETCA MX BBICOKAs CKOPOCTH
[EPEKIIFOUYECHUS.
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JKBHUBAJEHTHbIE CXe€MbI M0JIE€BBIX TPAH3UCTOPOB

i3 — y11u3u —I_ y12ucu
iC — y21u3u _I_ y22ucu

B 3TuUX ypaBHEHUSX:

: ® V;1 - IPOBOJUMOCTh YTCUKH 3aTBOPA TPAH3UCTOPA,

Ceo T ® \/»> - BBIXOJHAS [IPOBOJIUMOCTD,

® V,1=S - KpyTH3HA IOJIEBOI'0 TPaH3UCTOpa (UM MPO-
s """ BOXMMOCTH MPSMOM Mepeaayn),

o L7 ® V1, - IPOBOJUMOCTEL OOpPATHOM Mepeayn.

s Spice monenb
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IIpumep pacuera yCHIIMTEISI HU3KON YACTOTHI HA MOJIEBOM
TPaH3UCTOpe
CxeMa ¢ 001{UM HMCTOKOM

[lapameTpbl yCHUIIUTETIA:

R, =100kOm, R, = 3500m, R, = 2000m, R, = 1xOm,
C, =C,=C, =100 ux®,E, = 20B,
u(t)=0,5sin2zft B, f =1xIy.
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1. Pacuer pexuma IOKOS Ha BXojA€ W BbIxojae. OnpeneanTb

u3u0 ’IcO ’ucuO ’ucO'
Bxomnast nens. Takkakl, =0,U,=0=uU_,+1,R,.
Ha nepenarounoit BAX nposoaum npsimyto U_ , = —1 R, .
90.00m —
11c
75.00m - o=, /R
= 60.00m
(AT 45.00m- [40 va Ru=50 Om |~ B
T4 ZN4091 ]
+ e 30.00m-]
g @ :
*vsts 15.00m—
D :
0.00 . | . | . |
L -6.00 -4.00 -2.00 U3 o000
Puc.5.9.

Haxomum paGouyro touky P: U, ~ —2B,i , ~40.mA.
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BrixoaHas nenb.
e CtpouM  BbIXOAHYHO BAX i

— U,o,=—2B.
UCHO: _EFCI:/Z — e CTpOMM HArpy304HYyI0 IIPSIMYIO M
HaXOJUM PEIKHM IIOKOS
l Yerd C) tn u_.,=108,i , = 40.uA.

—- U e [Io nmepegarounoi BAX B paboueii

R, TOYKE HAXOAUM KPYTH3HY:

s— Al _p024

L AU ,, B

Paccunraem: 1 - R, = 40mA4-2000m =85,
u,=£~k,—i,-R =12B.

c

C mOMOIIBI0 ABYX KypCOPOB HAWJEM BBIXOJHYIO MPOBOJIMMOCTDH TPaH-
3UCTOpA:
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Al.  789,63mxd

AU 2,028
1

Y, = —390,9-10 °C.

CHu

Beixoxuoe conporuBienne R == — = 2558 0wm.
22
00001 e o
{_| E/(Rc+Ru) -
?5-5'0”?—5 x [0,86 y:[40,33m
4£@”+_ 50.uum—§ P2 U0 2B
T1.2N408 ] ]
—_ C) o zs.uum—i
o En
0.00- ' l ' | ' | : |
i3 0.00 5.00 10.00 15.00 | yCp bo.00
: Input voltage (V)
Puc.5.10

PacueTt paboueil TOUKH BBIXOJHOM 1IenU
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1 | x|149 y:[49,4m
75.00m | a
1 | x|2ae ¥:|29,06m ﬁ
60.00m — A-B
g ] w1 y: 20,35m
S 45.00m
= ]
o i
30.00m =
15.00m—]
] Usy
G. 00 T | T | T |
-6.00 -4.00 -2.00 0.00

lmmad vt mmn T

Pacuer KpyTU3HBI

5 — 2024
B
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Brimonaum MOJICIIMPOBAHHUEC CXCMbI B PCKUMC I1OKO.

£ AM1  40,18mA
o)
o
o
™
&
||
C3 100uF .
ey -
£ o
E SW-SPS +
. VG o l M 998V L o0y
o UIJ —
S VM2 £ 2,01V s——
2 = } 3 = £l 3
n: = <
- _ =
Q o
» * *
Puc.3.23*

PGBYHBT&TBI pacucTa 1 MOACIUPOBAHUA COBHaI[aIOT!
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Pacyer aMILUIMTYy IepeMEHHBIX COCTABJIAOIIMX
1-i cnyyail. OTCyTCTBYET OJIOKMPOBOYHASI €MKOCTh B AMUTTEpE Co.
Cuutaewm, uto C; u C, OoJblIne, Harpy3ka R4 OTCyTCTBYET.

uebzx(t)

(D

[Tonyuum JiJIst MaJIBIX IPUPALLCHUM:
Au._=Au =Au_+AI.R,=Au_+SAu_R,.

AL AU,

" 11 SR
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Bxouuoit curnan: U (1) =0,9SIN27ft B, f =1xly.
MA

Umex — O,SB, S = ZOF,RZ — 5OOM,
U —— 22 0253
14 0,02-50

.. =SU__=20-10"-0,25=5m4,

IL(t)=1,+ I, Sinwt =(40+5sinwt ) mA,

u(t)=E, —i(t)R, =20—(40+5sinwt)-10°-200 =
=20—-8—-1sinwt B=12—1sinwt B.

Kos(puimeHT ycuiieHus: 1o HapsKEHUIO:

Umebzx
KU — U— — 2

Mex
BrinmonauM MoaenupoBaHue B cxeme puc.S.11:
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1.00—

500.00m -

T
JE
]

0.00—]
oo, ;
d g =wviaov :
% z -500.00m
L 2 -Tﬂﬂ 1 T | T | T | T | T |
i 0.00 1.00m 2.00m 3.00m 4.00m 5.00m
Time (5)

PesyiibTartel COBIAaaroT.
2-11 ciydail. b1okupoBo4YHas eMKOCTh M Harpy3Ka BKJIFOUCHHI.
Cunraem X., < R,. OtpunarensHyro 00paTHy 0 CBsI3b 10 MepeMeH-

HOMY CUTHAJIy HE YYUTBHIBAEM.
[Tonyuunm:

U =U_ =05B1., =SU, =20-10"-0,5=10m4,

B.A. AnexuH. DneKkTpoHHKa U cxeMoTexHuka. 2016.



R — R;R, _ 200-1000 —166.60m.
R,+ R, 1200
—1.(t)R, =12—-1,66sInat B,

u.(t)=E, —I,
b
2.00+ ® |?39 51u 11,62
1.00
WF1 ]
0.00—
iy
= +
t; =Vi20
SlE 1.00]
'Eﬂﬂ T | T | T | T | T |
£ 0.00 1.00m 2.00m 3.00m 4.00m 5.00m
Time (s)

YacTtoTHble cBOUCTBA ycuiautensa Ha II'T ¢ Harpy3kou

B.A. AnexuH. DneKkTpoHHKa U cxeMoTexHuka. 2016.



B
11.00 10,45 nb

9.00- B
] ¥ |36 TEkK Y10 45

4. ﬂﬂ | T T T T T T T T T T T T T T T T T T T TT T TT
I I I I I I I I
10.00 10000 1.00k 1000k 100.00k 1.00M  10.00M 100.00M 1.00G
Frequency (Hz)

Puc.5.12

10,45

K _=10,4506=20lgK,, K, =10 ® =10 °**=3,33,
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U CTOKOBBIA MOBTOPUTEIH HANIPSAKEHU S

Puc.5.13
M CTOKOBBIM HNOBTOPHUTENL 00CCIEUUBACT BHICOKOE BXOJHOE COIPOTHB-
JICHUE, HU3KOE BBIXOJHOE CONPOTHUBICHHUE, KOAPPUIIMECHT YCUICHUS OJI13-
KU K €UHUILIE.
HUcxomusie ganasie: T1 2N4091, £n=24B, R,=1xkOwMm, R;=100xOwm,
R,=200kOmM, C1=C>=100 MKD.
u (t)=05sin2zftB, f =1kly.

[IpakTrueckuii BBIOOP PE3UCTOPOB CMEIICHUS
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B pexxume DC-DC Transfer Charateristic ycranosum Input — R3.
[Tomyuum R3=200 xOwm.

' 30.00 o
+ ]
E A _
g ANMT 11, 78ma ]
=1 20.00
o |
1 i
] _,__.—'—'—'_'_'__
) SW-SPST 10.00- I N
C3 100uF ]
BiREna .
soovel 2 VT 1224 IS V124V ]
@ S VM2E-3T78V | wE1 1178V 0.00
i : + ~ { ]
B V2 R3
l | -10.00 . I : . |
0.00 100,00k 20000k 300,00k
— Input resistance (ochms)

Puc.5.14
PacueTt BxogHOM 11€TIM
l. Llens cMeeHns 3aMEHSIEM SKBUBAJICHTHBIM IT'€HEPATOPOM:
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6
- _ E,R_24 ., _100-200-10

, = — R, = — — 66,6KO.
R+R, 3 300-10

2. JIJ1st BXOJTHOM LIETIH B PEKUME MOKOS:

u 30: E3 — u3u0 _|_ ICORZ'
Ha IepEeaaTOYHOM BAX CTPOUM ATy IPSAMYIO:
50.00m—
4G.Gﬂm—:
< 30 Gﬂm—:
3 20.00m ]
] L0 =12 MA
i EE'K'IR_Z =8 MA
10.00m—
] U, =-38B Nﬁ
0.00 | L |
8.00 6.00 -4.00

-2.00 0.00

Input voltage (V)

8.00
Puc.5.15

PesynbpTarthl COBNAaAaT ¢ MOJACITUPOBAHUEM.
OnpenaensieM KpyTU3HY B pad0Oyeil TOUKE.
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50.00m— .

A
11e X |-3,66 v:{14,32m
1 B
40, 00m— X |-3,98 1f:|1|:|.2?m ﬁ
] A-B
¥ 320m y. 4,.05m
< 30. uum— .
= 1| S=4mA/0,3B=13.3 MA/B /
S 20.00m—
10.00m—
- Uz
ﬂﬂﬂ 1 | T T | T
8.00 6.00 400 200 0.00

Input voltage (V)

s —13324
B

3. PacueT BBIXOOHOU HIETHN

Ha BeixomHbix BAX CTpouMM Harpy3o4Hyro IpsMYIO0 C OTpE3KaMu Ha

ocsix: U =FE =248, EHR — 24 uA.
2
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30.00m— o

l C x 12,66 v:|11,28m
- 20.00m ic0=11,3 MA
= @
A7 E
A =
T1 ZN40%1 o
+ 10.00m —
N
- D ucno=-3,8B
FUNS1-38 ]
D U ey
0.00 . | ; | ; |
— 0.00 10.00 20.00 30.00
Input valtage (V)
Puc.5.16

Pe3ynbpTaThl B MOKOE COBMAAIOT ¢ MOJieIMpoBanueM (puc.5.17).
4. Pacuer ycuJICHUA NEPEMEHHOI0 CUTHAJIA

CunraeM, 4T0 eMKOCTH C; u Cy UMEIOT OYE€Hb MAJIO€ CONPOTUBJICHUE B
IraIa30He YacTOT CUTHAJA U HE BIUSIOT HA YCUJICHUE.

U, (1) =u, (1) +1.(1)R, =u, (t)+Su, (t)R,.
ugu(t): uex(t) .
1+ SR,
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Beraucioum AMIINIMTy bl ICPEMCHHOI'O CUTHAJIA.

Y 0,5 =349 uB:

Usnm — - -31Nn3

1+SR, 1+413,3-:10710
| =U__S=0,0349.13,3-10° = 0,464 uA.
BrrurcinmM MraHoBeHHbIE 3HAYCHUS
IL(t)=1,+1,,SIN27 ft =12+ 0,464 -sIn 27 ft m4;
u, (t)=1(t)R,=1240,464-sin2r ftB.

6blX

U =0,464B.

U 0,464

HM

Koadpurment yennenus: K, = T = 05 = 0,92

6xm
BoeixoaHoe COIIPOTHUBJICHUEC UCTOKOBOI'O NOBTOPHUTCJIA

Cuuraem, uto U_(t)=const(Au = 0), a narpyska R, mensercst.
Jlst mpupamennii: AU +Au = 0.
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Al

Janee monyunm: Al = SAU _ , +Au =0,

R A, 1 L _som

v Al | S 13,3-10°

BBINOJIHUM MOJIEIMPOBAHUE:

=
.n

15.00— El B -
E X [1,26m v[1221
:_1 i
E 14.00 B
: 1 x [1,79m v:[11,31 ﬁ
i _
13.00 x -53333u v 897.45m
SW.SPST T1 2N4051 ] i
c3 1[:':th =T VM1 |
B ET N 12.00— / ) - - -
1 3 =124 B
(] —
=
i

11.00—

R2 1k hm

W1

fﬂ GG T | T | T | T | T |
0.00 1.00m 2.00m 3.00m 4.00m 5.00m
= Time (s)

Puc.5.18
[omyunnu ammuatyny curaana Ha Beixoge U = 0,45 5.
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PacdeT BBIXOJHOTO CONPOTHUBJICHUS UCTOKOBOT'O MOBTOPUTENS B CXEME
puc.5.19

15.00— e G
: ] 1 .
% 1 21051 14.00 i ;hjk v:[1184
E[] | ' i x[s9a73 y:|11.66 ﬁ
R = 13.00— .“}-EI :
ct000F g ] dU=0,188 X 20044 ¥183.98m
| = 5 it b
D : Aj __:__+ L 12.00__
Is = AN -
SR

@)"Wﬁ 11. 00—_

F24kOhm
— 1
-
=)
o
=1
1 1

T i T T i T |
i 800.00 900.00 1.00k 1.10k 1.20¢
- Input resistance (ohms)
20.00m— o U A
x (902,26 ¥:|12,92m
B
15.00m ] di=2,16 mA x [1,1k ¥:[10,76m
\ A-B
] ¥ -19819 y. 2,16m
;5; \\_\; Lt .
5 10.00m] -
o
5.00m—
| 0.00 T i T T T T |
| 800.00 900.00 1.00Kk 1.10k 1.20k

__0is8 = 830wm.

w216.mA
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Pacuer Kkackaja Ha M0JIEBOM TPAH3UCTOPE B PesKUMeE MAJIOT0
CUIrHAJIa C HCI0JIb30BaHNEM Y -IIapaMeTPOB

JImst mMozend  yCWIMTENBHOTO Kackajla Ha II0JIEBOM TPAH3UCTOPE
2N4091 ¢ o6mum uctokoM (puc.3.23*), B KOTOPOH MOJAKIHOYEH UCTOYHUK
CUTHAJIa U HArpy3Ka, BBIIIOJHUM pACUET IO NEPEMEHHOM COCTABJIAIOIICH B
peKUME Majoro CUrHala.

AM1  40,18mA

sw-spsT1  T12NA0S

C3 100uF

d

I—N—)_.\
=
£ SW-5PS VM$~ 9.96V
+ VG Q = = V120V
o - -
S 2,01V o £ =
= S| & °
o o X
by <
O T o
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B cxeme moaenu Ha moseBoMm TpaH3zuctope 2ZN4091 ¢ obmum ncToKOM
ycTaHoBjlIeHbl  cleayrome komMnoHeHThl: R;=100kOm, R,=Ry=500m,
R;=R=2000M, R;=Ry=1xOmM. Emxoctn Cl, C2, C3 mMeOT HOMHHAIGI
100MK® ¥ MOTYT HE YUUTHIBATHCS B PACUETAX HA CPEJHUX YACTOTAX.

[TosieBOM TPaH3UCTOP B NMPHUOIMKEHHBIX pacueTax IJIsi MaJbIX CHUTHa-
JIOB 3aMEHSIOT YETBIPEXIOIIOCHUKOM B Y - ITapaMeTpax (ypaBHeHU 3.3).
Jlns tpansuctopa 2N4091 B paboueit Touke MbI paHee HAIUIU KPYyTH3-

HY Y,, =S =20mA/B " BBIXOJHYO IIPOBOJJMMOCTb
Y,, =390,9- 10°Cwm. BeIxomHoe COIIPOTHBIICHUE
1

R =—=25580m.
Y

6bIX
22
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iC |3z0 T T T T T T 1 iC iH
~ > | 3 Cc < >
o ' | s
Rl R2 : SU3H 1/Y22 | RC RH
<A Ug U3I/Il| VY Ga : lUCH Uprix
€c =Uc I |
& ! n_| i &
L e e e e e e -

CxeMma 3aMelleHus YCHINTENS ¢ Y -TTapaMeTpaMHu

1 1

M CKII0YNM U3 DTOU CXEMBbI JICMCHTBI Y n , KOTOPLBIC IIPCBLIIIAIOT
11 22

3HAYCHUS OCTAJIbHBIX PE3UCTOPOB. IloaydnM yIIpOIIEHHYIO CXEMY.

— RlRZ :RC'

O6o3naunm R = R

Rl —I— R , 6blX

Haxoaum k03D HUIMEHT YCUIICHUS 110 HAMPSKEHUIO:
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__S RC'RH/(RC_I_RH)' Rl'Rzl(R1+R2)

= 3,35.

K, =U

—6blX

/E,

RF+R1'R2/(R1+R2)

B pacuere yuteHo, uro Rr=0, RBx=100kOM.

=0 "~
— |

ln
.
R

H
U BbIX

Yy,
p. 24

YnpomenHas cxema ¢ Y-napaMmeTpamu
DKCIEPUMEHTAILHOE 3HAYECHUE YCHUJICHHS MO HAIPSKECHHUIO B MOJCIU

cocTaBisIo 3,33.

Haxoaum k03 HUIMEHT YCUIIEHUS 110 TOKY:
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ISI :lH/lc — L_JeblxRBX — ISE RBX :3’35100K0M :335
R, E. R, 1xOnm

Haxoaum k03 GUIUEHT YCHUIIEHUS 110 MOITHOCTH:
K,=K, K, =335-335=1122.
JIOCTOMHCTBOM YCHJIMTEIBHOTO KacKajia Ha I0JIEBOM TPAH3UCTOPE SB-

Is€TCs OOJIBIIOE BXOAHOE colpoThBiaeHUsA. K HemocTaTtkaM CiaeayeT OTHe-
CTH MEHBIIIEE YCUJICHHE U OBICTPOJICHCTBHE.
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