3anarue 7.
ABTOreHepaTropbl
OOpaTHasa CBA3b B YCHJINTEJISAX

OOpatHas cBs3b (OC) — 3To mepesada Ha BXOJl YCUJICHHBIX KOJ€OaHUI
C BbIXOJ1a yCUIUTENS (MJIM OTJIEILHOIO €ro Kackaja.

Ui U
K ———»o

Up

ITo npoucxoxaeauto OC ObIBaeT:
e BHyTpeHHsIs ( B TPAH3UCTOPax 3a cuet V,, ,/M,,);

e lickyccTBeHHas (BBOJAMUTCS CICIAAIBHO);
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e [IapasuTHas (CymIECTBYET camMa 3a CYET IJI0XO0I0 MOHTaXa).
OC ObIBaer:
1. Honoocumenvras: Bxognon curnan U, u curgan OC u p: cUH(pa3HbIE

(coBmaaroT o (paze u CyMMHUPYIOTCS);
2. Ompuyamenvraa: BXOTHON curHan u; u curHan OC U, mpoTHBO-

(ba3HbIC U BEIYUTAFOTCS.

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014



[Io cmocoOy monydenuss OC ¢ BbIXOJa YCUIUTEIS:

3. OC 1o Hanps>KEHHUIO: 4. OC no ToKy:
J4)
=

— —
Q# K 7 lﬂz ¢Q1 K,
— —
| J |
Upj po| e A Uy p
| —
OC no HanpsHKEHUIO OC no Toky
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[To cmoco0Oy BBeaenusa OC Ha BXOJ

5. IlocnenoBarensHas OC: 6. ITapannensnas OC:
& —2 F—— —2
[]ﬁ¢_1 K l(_fz Q1¢ K Qzl
¥ —2 >— —2
OF ik
—— o —&
A Us i AU Ji
Z — —g
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CrouctBa yerautegaen ¢ OC

PaccmoTrpuM nocnenoBarenbHyr0 OC o HaANPsHKEHUIO:

@ ——
u) K Z lm
QlBX ? 7
'/
Uph B b O
2z '/

IlepenatoyHas PyHKIMS OCHOBHOI'O YeThIpexmoirocHuka 6e3 OC:

U
K\(jow)==*>.
U,
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u
[epenatounas GyHkums obpatHoit cessu: [ jo ) = =%

b

u
é ( j@ )- xoddduipenT 0OpaTHOM CBA3M. -
Qlex — Ql — Q/r
[TepenaTounas GyHKIMS 4-X MOITIOCHUKA ¢ 00PATHOM CBSI3BIO:
K(jo)= Qz(Jé)) _ .Qz(ﬂf)) _
Unljo) U(jo)-Us(jo)
_ Ulje)  K(jo)
| Blje) Us(jo) 1-p(jo) K (jo)

O6osnauum f( jo)-K\( jo) - netnesoe ycunenne (xo>dduiment

6
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nepegaun pazoMkHyTol netiu OC);
F(jo)=1-p(jo) K jo); |F(jo)— rtnyoua obparmoii

CBi3U.

Eemu f( jw)-K\(jo)>0 u semectsenno, ofpamnas ceasv no-

JLOHCUMENbHAA.
[pu stom: U, u Uy, cosmamaior mo dase, 0<SK, <l,
K
K=—=——>K, Ecmu -K, =1,K — 00 - Bo3HHKaeT BO30yx-
1— IB ' ]_<1 B
JIeHHE.

Eemm f( jw)- K\ ( jo) <0 u Bemectsenno, ofpammnas 6336 ompu-

uamenvha.
[lpu osrom: U, wu Uy,  nporueomonoxmsr mo  dase,
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K
— —! <K1, ﬂ']_<1<0
1-4-K, —
1
Eciu K, > 1,10 K ~ E - OTIpEIEISIETCS OOPATHOM CBA3BIO.

BX0JIHOE CONIPOTHUBIIEHUE

=

Jlnst yewnutenst 6e3 OC: £ = 7
1

U—-U. U -U,
C OC ZgXOC:Q16x :—1 = p :—1 = —
I I

o U, _Qfé']_{l

— I :Zex(l_é']_{1)-

Ecin OC nocnenosarensias u otpuniarensias K, < 0, To Bxoanoe

8
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COIPOTHBIICHUE YBEINYNBAETCS.
[pu nonoxurenshoit OC £, - = £, (1— [+ K, ) - ymenbinaercs.

OtrpunarenpHas OC mo HanpsHKEHUIO YMEHBINAET BBIXOJIHOE COIPO-
TUBJICHUE.

JloctonncTBa orpunaresibHon OC

e VMEHBIIAIOTCS HCKaXXEHUS (aMIUIMTYJIHO-4aCcTOTHBIEC, (a3oua-
CTOTHBIC, HEJIMHEHHEIC).

e [loBrImIaeTcss CTaOMIBHOCTD KOA(D(OUIIMEHTA YCHUJICHHUS.
e YBEINYMBACTCS BXOJHOE COMMPOTHUBIICHHUE.
e YMEHBIIAETCS BBIXOJHOE COPOTUBIICHUE.

Henocratku orpunarenbHon OC
CHMKAETCS YCUJICHUE.
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IHonoxuTeIbHAA O0paTHAA CBS3b B ABTOreHEpaTOpax

Aemozenepamopom npeoopazyem IHepeuI0 UCHOYHUKA ROCHOAHHO-
20 HANPANHCEHUA UNIU MOKA 8 IHEP2UIO 2APMOHUUECKUX KOJIeOAHUU.

ABtoreHneparop (Al) rapMoHHYeCKUX KOJI€OaHWH SBISETCS HEIWHEH-
HBIM YCTPOMCTBOM C MOJIOKUTEIBHONM OOpPAaTHOM CBSA3BIO U COJICPIKHUT, KaK
PaBHIIO, KOJIE€OATEIILHBIN KOHTYP.

—& ——J
Upy l Ki(jo) l Usx CTpykTypHas cxema Al ¢ oOpaTtHOU
5 » CBSI3BIO
- JIBa 5tama B pabore Al
LU A Bi®) | AU 1. Dram Bo30YXIeHHUsS KOIEOaHMIA.
@ ? 2. JTan CTalMOHAPHOIO PEKUMA.
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VYcnoBue BOBHUKHOBEHUS KoJicOaHUN

Ha Bxone neitctByer curnan U

[Ipu 5TOM Ha BBIXOIE yeunuTens: U U -K(jo)

—6blX
UYepe3 1menb MONOKUATEIBHONM OOpaTHOM CBSI3M Ha BXOJ YCHJIHTENA
BHOBb HOCTyHaIOT CUTHAJ: HA BXOJl YCUJIUTEIIA, TOITOMY:

(—]6)6 —Gbl.x ﬁ(.]a))
Homywnm: U, =U_ ,B(]a)) K(jow)

NJIN

Up(1=K(jo)-p(jo))=0.

N3 ypaBHEHUS ClIEAYET, UTO
HanpspKeHne Ha Beixogae yeuaurens U~ MoKeT ObITh OTJIMYHEIM OT HYJIS

—6blX

TOJIBKO IIPH BBIIIOJIHCHHUH YCl106UE€ 6O03HUKHOBEHUA KoneOanuu:

K(jw) p(jo)=1.
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K(jw)- p(jow) - netnesoe ycunenue ycunurens ¢ oOpaTHON CBs-

3b10.
Ycenosus 6ananca amnaumyo n Gas:

|K(jo) pljo)|=1
arg(K(jo) B(jo)) = ¢, + ¢, =2an

rIe n- JII000€ MEI0€ YUCIIO.

B crammoHapHOM pekMMeE MOJHOE METIEBOE YCUIICHHWE HA padodel ya-
CTOTE aBTOI€HEpaTopa JOJIKHO OBITh paBHO €JIMHHUIIE.

PerynupyroT nerjieBoe yCHUICHUE HEIUHEWHBIE JIEMEHThI WM TPAH3UCTO-
pBI.

Vcnosue oananca ¢haz o3Hadaet, 4TO MOJHBIM (ha30BBIA CIBUT B 3a-
MKHYTOM KOHTYpE aBTOI'€HEpaTopa JO0JDKEH ObITh paBeH 2771, TIE n- JI0-
00€ 1EJT0e YHCIIO.

Ecnu ycinoBue 0anaHca (a3 BBITOJHSIETCS TOJABKO HA OJTHOM Y4acTOTE, TO

12
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Kosiebanusi 6yoym 2apMOHUYECKUMU.

Ilenb MOJOKUTEIBHOM OOpaTHOM CBSA3M BBINOJHSIOT HA HOCIE008a-
MEeNbHBIX UNU NAPANTENAbHBIX PE30HAHCHBIX KOHMYPAX.

[IpuMEHSIOT asmocernepamopvl ¢ MpancEhHopmamopHou 0o6pamHou Cési-
3bl0, Mpexmoueutvle 2eHepamopsbl ¢ UHOYKMUBHOU U eMKOCMHOU 0Opam-
HOU C8A3bI0.

Su,

N

CxeMma IreaeparTropa Ha I10JICBOM TPAH3HUCTOPC U €CI'0 CXCMaA 3aMCIIICHU .
Pexxum 1o ITIOCTOAHHOMY TOKY YCTAHABJIMBAKOT MCTOYHHUKH ITUTAHHA CTOKA

13
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E_ v ucrounnka cMmemenus 3atsopa L.

[lomoxutenpHas oOpaTHAs CBA3b B IIEMb 3aTBOPA OCYIIECTBISECTCS 4e-
pe3 0OMOTKY CBs3U L, HHIYKTHBHO CBSI3aHHYIO C KaTymKoi L KoHTypa.

KaTtyiku cBa3M J0KHA 00€CIeYnBaTh NOBOPOT (Pa3bl MPUMEPHO HA /T
Y BBIITOJIHEHUE YCIIOBUS OanaHca (as.

d’i di .
Vpasrenne Al': —= 4 20—+ w02lL = 0, rze:
dt dt
" 1 . 1{R  SM b
= , O = — — - K02 (DUIMEHT 3aTyXaHHUs KOHTYDA,
b JLC, 2|L. LC

S - kpyTusHa TpaH3ucTOpA.
Pemtenue ypasnenus (16.6) umeer suy: [, = 1 e “ sinat,
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2 2 .
e @ = \/ @, — Q" -4acToTa KoJeOaHu! B KOHTYPE.

Ecin o > 0 xonebanus B kouType 3aryxaror, ecimu @ < () - Hapacraror.

[Tpu @ = 0 B KOHTYpE cTatmonapHbie kKonebanus: ;. = 1, Sinwt.
A RKCK
Y cnoBue Bo30yKIeHHA KoeOanuii: S > Ya =S
KpytuszHa § ymeHbIaercss nmpu yBeEJHU-
Sy MSATrKHi pexum YCHUU HAIPSDKCHHS Ha 3aTBOPE M YBEIIH-
S, XfCTKHH PEAUM  gyeyum aMIIuTy 1B KOJIeOaHUIA.
Sia6 = Gl [TpuOmmKkeHHass 3aBHCHMOCTh KPYTH3-
M <
Spas =4 — HbI OT HaNpsKEHHS KOJIcOaHUI Ha 3aTBOPE
2 TPaH3UCTOPA UMEET BHUI:
_ 2
A S(u,)=S,—bu., rne S,- xpyrusHa
: C—» Py HYJIECBOM aMILTUTY/I€ KOJICOAHUH.
U3.yCT Uy
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MonaenupoBaHue aBTOreHEepaTopa rapMOHUYECKHUX KOJIecOaHUM

oscl
30.00—+
oy +E“%Ip- [Usn=53B, M=1MIH|
— M1 1|:rnl . 20 GG—;
% | c288n l ]
M1 M2 - ]
Rd:w 1 C31u ]
o WF1 10.00-
- ; — ]
— o - ]
5 4
| ]
\4{51 _E?]: - I_ 1 2N43591 ﬂﬂﬂ__ l
1 o Ms21D :k D3C1_Ch
0 0 .; * ;
' 1 -10.003 : | : | | |
a1 ' 0.00 2.00m 4.00m 6.00m 8.00m

Puc.7.1
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Qutput
-
=1
[}
T

I
0.00

4.00m 6.00m
Time (s)

2.00m

I
8.00m  -10.00

0.00

bricTpoe BO30YKICHHE

4 00m 6.00m BI. 00m
Time (s)
Hckaxxenusa
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C2 1uF

NHayKkTHBHAA TPEXTOYKA
LC- reneparop Xaptiu
(XopoBuir 1 Xuiia. UCKycCTBO CXEMOTEXHHUKH )

i 50,00 —
=
= ="l
_:: ‘ 3 5 Lo | [cz=2wrw
31 AR B T ERENRENE
0 g E
; e
g [ = VF1 g
= : l s § 10.00]
} J T1 BC23T |
Al imd el falla il lablabla
f l""-|| "Illlnlll -Ill .I'.'I-I .II II| |'II |II
5 ‘} |u C3 500nF Usnix oo ———————— I ’IJ 'I.‘U U hjllhll h
: 5 | -
L J =T VF2
:tJ { -flGa T I
7.00m £ 00 2.00m
l l l ﬂ Tima (5]
‘ UBbIX
Puc.7.2

Tpamsucrop B cxeme OB, He nuBeptupyer curaan [10C S U .
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Bnusnaue cBsa3u L,

30.00—
20_00—5 n ﬂ ﬂ
5 1000 AN y\

0.00 — mﬁ.&!ﬂﬂ&

-10.00 4+—————

7.00m 8.00m
Time (s)

9.00m

10.00m
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LC-reneparop Ha OY
L1

—=Viiv —
R2 10k$m 20.00—
OP1 LM301A 1

R1 5kOhm Y

VF1 ;
e 10.00-]
— 1~ 5 ]
VF2 J: £ 000
4 == v2 10V o] ]

l -10.00—

y

NS ;
-20.00:........|....,....|... o —
0.00 250.00u 500.00u 750.00u 1.00rm,
Time (s)
Puc.7.3
PexoMmeHayercs: 2 R = 10
|
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20.00—

Bbibop R1

[VE2[1] TK[Ohm] |

[VE2[2] 3K[Ohm] |

VF2[3]: 5k[Ohm]]
10.00—

i)

-20.00—

Output

B L L
0.00 250.00u 500.00u 750.00u
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C222n

I'eneparop Buna

= . .
= BbinonHuTb: Analysis-Transient
ﬁ 2 N
5 6 _ Vfg 8.00—E
3l +: I 6.00
L oP1 LM301A SZ D1 1N1183 400
o S 200
= + + . P12k % 000
é =Vi12 = V32 2 0]

i 0.00 5.00m fr?rr:}fr'(r;} 15.00m 20.00m
Puc.7.4
B reneparope BruHa mpu paBHBIX CONPOTUBICHUAX R; =R, U €MKOCTIX
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1

C,=C, Ha KBa3UPE30HAHCHOMN YaCTOTE fk — (ba30BbIN CIABUT B LICIIH

27 RC
00paTHOM CBSI3H paBEH HYIJIIO, a IETIEeBOM KO3 HUIMEHT nepeaaun P=1/3.
Jlns caMoBO30ykIeHUS KOAPPUIIMEHT YCWICHHUS yCriuTelsi K TOJKeH
OBITH OOJIbIIE 3. DTO JOCTUTACTCA PETyIMPOBKOM nmoTeHuuoMmerpa Pl. Jlu-
OJ1 U UCTOYHHK HANpPsHKEHUA E) TPEOYIOTCS A1 CTaOMIN3AMH PEeKUMa re-

HepaluHu.
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MynbsTuBuOparop Ha OY

l_
+
— V2 12V
R3 20kOhm —
o ]
- | j
10,00
=¥ ]
w 2PN VF1 _ ] L
5 : 2 ¥ I
3 Uy 3 5 Gm; -
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o n—r:I—ui -20.00 T T T | J [ I
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O - V1 12V
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Hemurtenb R,-R; cozgaeT nonoxurteabHyro OC, kotopas nepesoaut OY
B TPUTTEPHBIN PEKUM.
UmaxR2
= . Korma wnampsokenue U

R + R,

CPpaBHHUBACTCs C IIOPOI'OM, U soy MCHACT 3HAK M HAYHMHACTCA 1ICPC3apsAd CM-

nop

[Topor mnepexIrYeHH ‘U

koctHu C;.

[epuon ummysscos: 1’ = 2R, C, In('1 -+ 2% ).
1
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