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MNPUHLUII YITIPABJEHUSA KOOOOUIUEHTOM YCUJIEHUA AKTUBHBIX CXEM
JIJIS1 YBII ITPU MYJIbTUILIMKATUBHOM ITOJIABJIEHUN CUH®A3HOM
COCTABJISAIOIIEN 1 THBAPUAHTHOM BKJIFOYEHHWHA ONEPAIIMOHHBLIX YCUIUTEIEN

Paccmompen nooxoo k npoekmupo8anuio UHEAPUAHMHBIX CXeM VCUTEHUsL ¢ MYTbIMUNIUKAMUGHBIM N00A6-
JIeHUeM CUHGA3HOU coCmasisiouell Ha ONepayuoHHblx ycuaumensix. Ilpeonosicen npunyun ynpasienus Ko-
appuyuenmom ycunenus akmusHblx cxem O0J1s ycunumeneu ouonomenyuanos. Paspaboman pso uneapu-
AHMHBIX CXEM YCUTICHUST, UMEIOWUX CYIYECMEECHHbIE NPeUMyUecmed neped KiacCUeCKUMU CXemMami.

Koahpuyuenm ycunenus, onepayuoHHbli yCuaumens, ROZPEWIHOCHb NPeOOPA308aAHUA, UHEEPMU-

Pylowuil ycunumeins, 00pamnas ceass

BBenenune

3ananue k03 (HUIIMCHTA YCUICHHUS aKTHBHOM CXe-
MBI SIBJISIETCSI OJIHUM M3 OCHOBHBIX YCJIOBUI1 Ka4eCTBEH-
HOTO (pyHKIIMOHUPOBAHUS JIEKTPOHHOTO y3Ja peodpa-
30BaHus. YCTaHOBKa Ko3((ulmeHTa ycuiieHus mpuoo-
peraer 0COOyI0 aKTyaJbHOCTh IPH HCIONb30BAHUH
OIEPAIIMOHHBIX YCHJIUTENEH, COOCTBEHHBIH KO3 HIIU-
€HT YCHJIEHHUS! KOTOPBIX CTPEMHUTCS K OECKOHEUHOCTH.
[TpumensiemMble e oOpaTHOH CBS3M M MPSIMOU Iepe-
a4l OTPaHUYMBAIOT 3TOT KOA(PQHUIIMEHT 0 3aJaHHOTO
3HaveHus1. JlaHHas mpoOiiema npuoOpeTaeT MPHUHIMITU-
aJbHOE 3HaYeHue npu nocrpoeHuu YbII.

1. Pacuyer u onMcaHue MOrpemIHOCTel mpe-
00pa3oBaHUs KJIACCHYECKHUX CXeM

I/ICHOJ'H)3yeMI)Ie Ha NPAKTUKE YCWJIMTCIIbHBIC IIPC-
O6pa3OBaTeJ'H/I B CBOEM COCTaB€ COACPKAT HHBCPTU-
pyrouue b0 He HWHBCPTUPYIOIIHUEC YCHUINUTEIN, CXEMbI
BKJIFOYCHHA KOTOPBIX MPEACTABJICHBI HA pHUC. 1.
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Puc. 1. OcHOBHBIE CXE€MBI BKIIFOUCHHUS
OIEPAIMOHHBIX YCHUITUTENEH

OpHaxo, 171 IPEIM3UOHHBIX H3MEpEHHUH Tpedyer-
csl yYUTHIBATh MOTPENIHOCTh NpeoOpa3oBanus. B kiac-
CHUYECKUX CXEMaxX OHa IPUHUMAET CYIIECTBEHHbIE 3Ha-
yenus. Tax, Ui JOCTHKEHHs KodQQUIMEeHTa YCHITeHHS

IUCHT YCWJICHHS OIEpaIOHHOro ycuurens. Ctpemire-
HUC YBCIMYHWTH BXOIHOE CONPOTHUBJICHHE BBI3BIBACT
HEOOXOIUMOCTh HUCIIONB30BAHHUS COMPOTUBJICHUS IICITH
obpartHoii ¢Bsi3u R, B K — pa3 Gosnbliie, 4To MPUBOAUT K
pocty norperraoctd B K+1 pas.

JI71s1 TOATBEPKACHUS ATOTO PACCMOTPHM CXEMBI
HMHBEPTHUPYIOIIETO U HE HHBEPTUPYIOIIETO YCHUITUTCIICH.

Jl71st cxembl puc. ], a HHBEPTUPYIOIIETO YCHIUTEISA
CBsI3b BXOMHOrO HanpsbkeHus U; u BBIXOgHOTO Uy MOXK-
HO YCTAHOBHUTH:

Uy =Upx =Koy 'Uzmq) =-Koy -x

U, -U Koy ‘R
X(Up -2 =——9F—=2ox (1)
R1+R2 R1+R2
Koy ‘R
><Ul oy 2 9
R; +R,
Koy ‘R Koy ‘R
Uy (14 -0y == 22U, U, =K-Uy;
R; +R, R; +R, 2)
R; Koy _ Ry

R;+R,+Kgy-R;  A+R;’
AwnanoruaHo ayist puc.1, 6 cxeMbl He UHBEPTH-
pYIOIIEro YCUIIUTENS BXOAHOT o HanpsbkeHus Uy, BbI-
XOOHOC HAIPSKECHUEC Uz MOKHO 3aI1UCaTh:

U,
U, =K (U ———2 _.R|)=
2 =Koy (U R, 1R, 1)
Ko R,
=+K U ——2— . Uy; 3
¥ 1 R, +R, ° ®)

Up(e—m2REy Uy
2 R]+R2 oy -l
Koy (Ry+Ry)

R1+R2+K0yR1

RZ RZ R 1+ R 2 R 1+ R 2 (4)
K=—-——= wm K=1+—= norpemHocts A cocTaBis- “"R.+R - ’

R] 1 ol S + R 1 A+ R 1

Koy
A Ri+Ry npu 3ToM R; ompenenser BxoaHoOe
er A= ’ 1 R;+R R R, +R
oy K=—1l"22 1422, A=—17722 (5

conporuBieHne cxembl, a Koy — coOcTBeHHBIH K03 dHu- R Ry Koy
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Takum 06pa30M, MOTrp€UIHOCTD HpeO6pa3OBaHI/IH
KJTACCHYECKOro crocoba npu J1000M BKJIIOYEHHUN ycu-

R1+R2

JINTEISI COCTABIAECT A = . Takoe YCJIOBUE ABJISA-

Koy
€TCSd HENPUEMJIEMBIM TMPH TOCTPOCHUM YCHIHTEICH
OMOIIOTEHIIUATIOB.

2. Pazpa0oTka aKTUBHBIX CXeM
HA ONEPANHOHHBIX YCHIIUTEJISIX
s YBII HoBoro kjacca

PaccMoTprM MCXOIHYIO CXEMY YHHUBEpPCAIBHOTO
YCHJIUTEIS,, KOTOPBIN BKIIIOUAET B ce0sl aKTUBHYIO CXEMY
Ha OIEPAIMOHHOM YCHJIUTENe, MHBEPTHUPYIONIMA U He
HWHBEPTUPYIOLIHIT BXOMIBI KOTOPOTO Yepe3 MEepBbIid U BTO-
POl aHaJIOTMYHBIE PE3UCTOPBI CBSI3aHBI C COOTBETCT-
BYIOIIMMH BXOJAMH YHHUBEPCAJIHLHOTO YCHIIUTEIS, BBIXO
KOTOPOT'O SIBIISIETCSI BBIXOJIOM OIEPAllMOHHOTO YCHIIHTE-
JIs1, TIOCJIETHUM Yepe3 TPETUH pe3rCTOp OOpaTHOW CBS3U
CBSI3aHHBIA C WHBEPTUPYIOUIUM BXOJOM OIMEPAIOHHOTO
YCHJIMTENS, JIOMOJHUTENIFHO BBEIEH YETBEPTHIH pe3u-
CTOpP, KOTOPBIN MOAKITIOUCH MEXIY BBIXOJOM M HE WH-
BEPTUPYIOLIUM BXOJIOM OIEPAIIMOHHOTO YCHIIUTEIS, TPU
9TOM, JUIsl PE3UCTOPOB TIEPBOTO U BTOPOrO BXOJOB 0bec-
MEYMBACTCSl OJJHOBPEMEHHOE YHCIICHHOE COOTBETCTBHE
HOMHHAJIOB COOCTBEHHOMY KOI(QHIMEHTY YCHICHUS
OTEPALIMOHHOTO YCUJINTENS, a TPETHH U YeTBEPTHIA pe-
3UCTOPBI AHAJIOTHYHBIC, UMEIOT OJMHAKOBBII HOMUHAI,
KOTOPBIA YHCIICHHO ompenenseT Kod(duimenTt ycue-
Hust. CxeMa TaKoro YCUIIUTENS MPEe/ICTaBIIeHa Ha puC. 2.

Puc. 2. CxeMa yHUBEpCAJIBHOIO YCHIIUTEINS C JIMHEHHBIM
(dbopmupoBanueM ko3 HHULIEHTa YCUIICHHS

IIpencraBuM 00OCHOBaHHE MaTEMAaTHUCCKOH MO-
JIeNT  YHUBEPCAILHOTO YCHJIMTENS, MPEAI0KEHHOTO B
JIaHHOW pabote. IIpenBapuTeNnbHO OMNpeACTHM Hamps-
JKCHUE BXOJIOB OTICPAIIMOHHOTO YCHIUTEIS:

U;-Uj3)-R
U4=U1—( 1—U3)-Ry
R1+R2
=U]'R]+U]'R2—U1'R1+U3'Rl _ (6)
Ry +R,
U]'R2+U3'R1.
R;+R,
U, -Ujz)-R
U5=U2—( 2-Us) 'Ry _
R;+R,
R;+R,
R, +R,

OmnpenenyM kK03 GUIMEHT YCUICHUS CXEMBI:
Us = Uy =Koy '(US -Uy) =

U,R, -U;R
SR (2282 TUIRy 8
ov *( R iR, ) )

KoyR
oyR2
=— —— (U, =U)=K-(U, -Uy).
R;+R,
OueBumHO, YTo 00mMI KO3(duIMEHT ycumeHus
MOXET OBITh ITPEACTABIIEH KaK

Koy R R R
K=oy Ry _ 2 2

= = . 9
R]+R2 R]+R2 R] + R2 ()

Koy Koy Koy
Ha mpaktuke R; ompenenser BXOIHOE COMPOTUB-
nenue u Koy — coOcTBeHHBIN KO3(D(UIMEHT YCHIEHHS
OMEPAIMOHHOTO  YCHJIMTENS YHCICHHO COCTaBJISIOT
10°...10°. TIosToMy memecoo6pasHo OBGECIeunTh yKa-
3aHHOE 4YMcIeHHOe paBeHCTBO R;=Kgpy. DTO mo3Bomut
YTOYHUTH:

R
—  xo>(durment yernenns K = —2—;
1+A
R,
— TMOTpemHocTh A = , OKOHYATEJIHHO HUMe-
oy

eM K=R, (4UCIIECHHO).

Takum 00pa3oM, MpHIEPKUBASICH YUCIEHHOTO pa-
BeHCTBAa Kpy=R;, MOXXHO TOJIYYUTH AJISI TEXHUUECKOTO
pelieHusl, MpeaCcTaBIeHHOr0 Ha puc 2.

1. MuHAMaIBHYIO TIOTPEUIHOCTh MPeoOpa3oBaHus,
CYIIECTBEHHO MEHBIIYI0, YeM B H3BECTHBIX KilaccHue-
CKHX CXeMax

R2 R1
<< tR2 ; (10)

Koy Koy

2. JluneiiHO 3aBUCHMBIH OOIIMI KOI(PPHUIUEHT
yeunenust, K=0 ... Ky .

3. HomuHan compoTuBieHus pesucropa R, duc-
JICHHO OIpeessieT YIOMSHYTHIH KOd(pQHUIUEHT, ycTa-
HOBKa KO3(QQHIIUEHTa — OTHUM HOMHHAJIOM.

4. Tlpenu3uOHHBIM HHBEPTUPYIOUIMHA YCUIUTEIh
npu pukcanuy noreHnuana Us;

5. Ilperu3oHHbIN He HHBEPTUP YOI YCUIUTENb
pu U;=0;

6. Ipeumsnonnsiit ycunutenb pazHuib U -U, win
U,-U, B 3aBUCHMOCTH OT MOpSAAKA KOMMYTAIlUU BXOJI-
HBIX HaIlpsDKEHUH K ONEPallMOHHOMY YCUJIUTEINIO;

[IpuBeneHHbIe IPEUMYILECTBA UCXOJHOI'O BapHaH-
Ta YHHBEPCAJIBHOTO YCWJINTENS] 00OCHOBAaHBI aHAINTH-
YeCKU M TPOBEPEHBI 3KCIEPUMEHTAIBHO, JOKA3hIBAIOT
BO3MOKHOCTh peasiu3alliy TOCTaBICHHOMN 3a1a4.

Jpyrum BapuaHTOM HCHONHEHUsS] YHUBEPCAJIHLHOTIO
YCUJIUTENS SIBIISETCS YCTPOWCTBO, KOTOPOE BKIIOUAET
AKTUBHYIO CXEMY Ha OIEpaI[iOHHOM YCUIIMTENEe, HHBEp-
TUPYIOIIMHA W HE WHBEPTHPYIOIIUA BXOIBI KOTOPOTO
yepe3 aHaJOrMYHbIEe COOTBETCTBEHHO IMEpPBEIM U BTOPOI
PE3UCTOPBI MOAKIIOYEHBI K TIEPBOMY U BTOPOMY BXOAY
YHUBEPCAJIBHOI'O YCHIIUTENS, COIJIACHO H300pEeTeHUs,
BBEJICH TPETHH pPE3UCTOp ABOMHOTO HOMHUHAJA, KOTO-
PBIH IOAKITIOUEH MEXAY WHBEPTUPYIOLIMM M HE MHBEp-
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THUPYIOIKM BXOAAaMHU OllepaloHHoro ycuiunrensa. Cxe-
Ma IIpeJicTaBlIeHa Ha puc. 3.

Puc. 3. Cxema yHMBEpPCaIbHOIO YCHUIIUTENS C yCTAHOBKOM
ko3 unmeHTa ycuiIeHUs OTHUM PEryIUPYIOLIUM 3JIEMEHTOM

O0ocHoBaHMe pabOTHl BapHaHTa YHHBEPCAIHHOTO
YCHJINTENS 10 CXeMe Ha pHC. 3:

U, -U,)-R
U4=U1—( 1—Up) Ry
2(R;+R3y)
_2U1'R1+2U1'R2—U1'R1+U2'R1 _ (11)
2(R;+R3y)
_U]'R1+2U1'R2+U2'Rl.
2(R1 +R3) ’
_ R
U5=U2+w=
2(R1 +Ry)
_2U2'R1+2U2'R2 +U;-R;=-U, R - (12)
2(R1+R3y)
_Uz'R1+2U2'R2+U1'R1_
2(R1 +Ry) ’
Us =Upux =Koy (Us-Uy) =
2U,R, -2U R
=Koy (F 2= = (13)
2Ry +R;)
KoyR,
=———(U, -U;)=K(U, -Uy),
R1+R2( 2-Up)=K(U;-Uy)

s cxembl Ha puc. 3, o0muiA Kod(hPUIMEHT yCH-
nenus K ompenensercs:

Koy ‘R R R
K= oy 2 _ 2 ; K= 2 , (14)
Koy Koy
R,
a C MOTPENTHOCThI0 A = , mmeeM K=R, (4ucieHHo).
oy

Kpome ykazaHHbIX BhIIe npenmyiiects (1 —
6), cieayer Juis ATOr0 BapHaHTa yKas3aTh CIeAyoliee.

7. Cxema TOJIHOCTBIO CUMMETPHYHA, YTO CIIOCO0-
CTBYET MOJABICHHIO CHH(DA3HOW COCTABIAIONICH BXOI-
HOT'O CHTHAJIA.

8. OrnepalOHHbIN YCUIIUTEh MOXKET OBITH [0-
MOTHUTEIIPHO HCMOJB30BAaH JJIs paclidpeHus (yHK-
[MOHATBHBIX BO3MOXKHOCTEH 3a CYeT MOAKITFOUCHHSI
JIPYTUX BXOJHBIX HAMPSKEHWH UIs BBITIOIHEHUS Orle-
panuii CYMMHUPOBAHHS ¥/WITH BEIYUTAHHS H.T. I,

Hawubonee nenecooOpa3HbIM BapHaHTOM YCTpOW-
CTBa SIBJISCTCS YHUBEPCANbHBIA YCHIUTENb, KOTOPBIit
BKJIFOYAET aKTHBHYIO CXEMY Ha OIMECPAIHOHHOM YCHIIU-
Tene, UHBEPTUPYIOIINKA U HE MHBEPTHUPYIONUIMN BXOIbI
KOTOPOTO Yepe3 aHaJOTHYHbIE COOTBETCTBEHHO IMEPBHIit
U BTOPOH PE3UCTOPBI TMOIKIIOUEHBI K MEPBOMY U BTO-

POMY BXOJY YHHBEPCAILHOTO YCHIMTEIS, TPETUH Pe3Hn-
CTOp JBOMHOTO HOMHHAJA MOIKIIIOYEH MEXIY HHBEP-
TUPYIOIIMM W HE WHBEPTHPYIOIIUM BXOJaMHU OIEpallH-
OHHOTO ycuiuTens. B TperbeM pe3ucTope ABOWHOrO
HOMHHAJIA, BBIBEJICHA CPEOHSS TOYKA, KOTOpas COeIu-
HEeHa ¢ OOIIMM MPOBOJOM HyJeBoro moreHimana. Cxe-
Ma JIAHHOTO BapHaHTa TPe/ICTaBIeHa Ha pHC. 4.

Puc. 4. Cxema yHUBEPCATBEHOTO YCUIINTENS C YCTaHOBKOM
ko3¢ duIMeHTa ycHUIeHHs OHUM PEryITUPYIOIIM JIEMEHTOM U
MY/IBTHIUIMKATHBHBIM [OJaBJICHHEM CHH(]a3HOI cocTaBIsoLLIEei

OO0ocHoBaHMe POOOTHI BapuaHTa YHHBEPCAIHHOTO
YCUITUTEJISI, BHITIOJHEHHOTO [0 CXeMe puc. 4.
(U -0OR;  UR +UR, -UjRy

U4=U]- =
R] +R2 2(R1 +R2) (15)
__UiRy |
R;+R,’
U, -0)R
U5=U2+( 1-OR; _
Ry +R, (16)
_UR +UpR, -UiRy  UpRy
R, +R, R, +R,’
U3 = Uppx =KOY(U5 'U4) =
UyR, -UiR,
=K —s L - L) = 17
ov ( R, +R, ) (17)
KoyR,
———=(U, -U;)=K(U, -Uy);
R1+R2( 2-Up=K(U,-Uy)

AHaNOrMYHO TPEABIIYIIMM BapUaHTaM, OOLIMH
k03¢ ¢umeHT ycunenus: K onpenenurcs:

K =Koy Ry _ R, Lk R
Ri+R, Ry Ry 7 14A’
Koy Koy
R,
C TIOTPEITHOCTRI0 A = nmeeMm K=R, (uncieHHo).
oy

Kpome BbINIeyka3aHHbIX npenmyinects (1-8) yHu-
BEpCAJIbHBIX yCHIUTENeH, JaHHBIA MpenIoXKEeHHBIH Ba-
pHAHT YCTPONCTBa puUC. 4 XapaKTepU3yeTcs] BBICOKUM
KayeCTBOM TIO/IaBJICHHMS CHH(A3HOH COCTaBIISIONICH,
YTO BBIFOAHO OTIMYAET 3Ty Pa3pabOTKy OT Kiaccuye-
CKUX CXEM.

3. Onucanue NpeayI0KeHHOr o cnocoda Jim-
HEHHOro (hpopMHUpOBaHKs KO3 PpHULEeHTA
YCUJICHUS AKTHUBHBIX cxeM Ha OY

OnucaHHbIe BbIIIE Pa3pabOTKU HOBOTO Kilacca yHH-
BEpCAIbHBIX ycuinTenen ans npumeHenus B YBIL, mpen-
CTaBILIIOT CO0OH peann3anuio 000CHOBAHHOIO B AUCCED-
TAI[MOHHOH paboTe HOBOTO criocoba (pOpPMHUPOBAHUS KO-
a¢duimeHTa ycHIeHUs akTUBHOW cxeMbl Ha OY.
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N3BecTHBI criocoOBI 3aganus K03 GUIMeHTa YCU-
JICHHUsI YCTPOMCTB HA aKTUBHBIX 3JIEMEHTAX, BBIIIOJTHEH-
HBIX Ha onepalmoHHbIX ycwnurensix (OY) 3a cuer ycra-
HOBJICHHMSI COOTHOIICHUS CONPOTHUBJICHUS 3JIEMCHTOB
MTACCUBHBIX M aKTUBHBIX IICTICH 00paTHOU CBs3H]].

Henocratkamu kiaccuueckux croco0oB (opmu-
poBaHus Ko3(duIlMeHTa YCUICHHS SIBJIACTCS HETHUHEH-
Has WX 3aBUCHMOCThH M CYIICCTBEHHAs MOTPEITHOCTh 3a
CYeT HOMHHAJIOB PE3UCTOPOB BXOMHOW IEMH U ICIH
00paTHOW CBSI3M, KOTOPBhIC NMPUBOMAT K HU3KOH JOCTO-
BEPHOCTH, HAIpUMEpP B IIPOLIECCE ONPEAEIEeHHUs OHOIOo-
TeHIUaNoB. Penienue mpoOneMbl JOCTUraeTcsi Cieayro-
MM 00paszoMm.

B cnocobe 3amanus kod(GUIMEHTa YCHICHUS aK-
THUBHOM CXEMbI Ha ONICPAIIMOHHOM YCHJIMTEIIE, B KOTOPOM
YKa3aHHBIA KOA((PUIMCHT YCTaHABJIMBACTCS COOTHOIIIC-
HHEM CONpPOTHUBIICHUS] PE3UCTOpPa OOpaTHOM CBS3U U CO-
MIPOTHUBJICHUS BXOJHOIO PE3UCTOpa MPsAMOH mepenavu
JUTSE MTHBEPTUPYIOIIECTO WM HEHHBEPTHPYIOLIETO YCHIIC-
HUS, JOIOJHHUTEIBHO, JIIOOBIM 00pa30oM, YCTaHABIUBAIOT
HOMUHAJIBI COMPOTHBJICHUS BXOJHBIX PE3UCTOPOB MpS-
MO TIepe]ayil WHBEPTUPYIOLIETO M HEMHBEPTHPYIOIIECTO
BXOJIOB YHCJICHHO PaBHBIMH COOCTBEHHOMY KO3(h(duIm-
€HTY YCHJICHHS OICPAI[MOHHOTO YCHJIMTEIISA, a HOMHHA-
JIOM COIPOTHBIIEHHS PE3UCTOPa OOPAaTHOW CBSI3M 3a/Iat0T
YHCIIEHHOE 3HAa4YeHHe KOO(QHIMEHTa YCHUICHHs aKTHB-
HOU CXEMBI Ha ONICPAIHOHHOM YCHJIUTEIIC.

Paccmorpennsiii criocod 3amanus koddduimeHTa
ycuiieHus: akTuBHoM cxembl Ha OIl u BapuaHTHI mpen-
JIOXKCHHBIX 110 HEMY YCTPOWCTB MOT'YT OBITh HCIIONB30-
BaHbI B OOJIACTH JJICKTPOHUKH, KaK OCHOBAa CXEMOTEX-
HUYECKUX PEIICHUH Ui pa3HbIX NMPUMEHCHHH, HAIPU-
Mep VIS PETHCTPAITUK OMOIOTEHIIMATIOB B METUIIMHE.

4. Pazpa6oTka u 000CHOBaHHe
HHBAPHAHTHBIX CXeM YCHJIEHH S

Crioco0 3amanus Kod(pGUIMEHTa YCUICHUS HHBA-
PUAHTHOW aKTUBHOW CXEMBI Ha OIEPAIMOHHOM YCHIIH-
Telle OTHOCATCSL K O0JAaCTH DJIEKTPOHUKH, aHaJIOrOBOM
CXEMOTEXHUKH M MOXET OBbITh MPUMEHEH B MIMPOKOM
KJlacce yCHIIUTEJIeH pa3HOOOpa3sHOro IpenHa3HaYeHUs,
HaIpHUMep sl yCHIUTeNel OMOMOTEHIINAIOB.

W3BecTHBI crocoObl 3amanusi KodQQUIMeHTa ycu-
JIEHUsI YCTPOMCTB HA aKTUBHBIX JJIEMEHTaX, BBITIOIHEH-
HBIX Ha onepalmoHHbIX ycwnurensix (OY) 3a cuer ycra-
HOBJIGHUSI COOTHOIIECHUSI COIIPOTHBIICHUS 3JEMEHTOB
MTACCUBHBIX M aKTUBHBIX IICTICH 00OpaTHOM CBS3H [].

Henocratkamu Takux crioco0OB SIBJISIETCS OTpaHHU-
YEHHOCTh B OIpeneieHnd Kod(h(UIMeHTa YCHICHUS,
o0s13aTeNnbHasl MPUBSI3KA K MHBEPTHPYIOIIEMY WIH He
WHBEPTUPYIOLIEMY BXO/1Y aKTHBHOW cxeMbl Ha OY.

B usBecTHBIX criocobax (opmupoBaHue KodQdu-
LMEeHTa MpeoOpa3oBaHMsl aKTHBHOW CXEMOW Ha orepa-
LIMOHHOM YCWIJIUTEJIE NpeaycMaTpUBaeT 00s3aTesbHOe
MIPUMEHEHNE WHBEPTHUPYIOIIEr0 WM HE WHBEPTHUPYIO-
LIEro BXO/IOB ONEPALMOHHOTO YCHIIUTENS IJISi COOTBET-
CTBYIOIETO BKIIFOUEHUSI.

Henocratkamu Takoro KJIacCH4ecKoro crocooa
3a1aHusl KO (HUIUCHTa YCUICHUS SIBISIOTCS OTrPaHU-
YEHHBIE CXEMOTEXHHYECKUE BO3MOKHOCTH, MPUCYTCT-
Byfolllass OmMOKa OJHOrO 3HAaKa 3a CYET HOMHHAIIOB
MIPUMEHEHHBIX PE3UCTOPOB BO BXOJHOHM LIENH W ILIEHH
00paTHOMW CBsI3U, HEJIMHEHHAS 3aBUCUMOCTh KO3 QHIIHU-
eHTa ycuneHus yctpoiictB Ha OY. Tak, mis moctuxe-

R
Hus  kodpduumenta K ycunenns K= —R—2 WIH
1
R R, +R
K =1+—2 morpemmsocts A cocTaBuser A =———2
Ry Koy

npu 3ToM R; onpenensier BXoqHOE conpoTHBieHue, Ry —
BBIXO/IHOE COIPOTHBIIEHHE CXeMBbl, @ Koy — COOCTBEHHBIH
KO03((HUIHEHT YCUIIEHHS ONIEPAIIMOHHOTO YCHUIIUTEIS.

TexHuueckoi 3amaueii pa3pabOTKU SBUIOCH pac-
IIMPCHUE CXEMOTEXHHYECKUX BO3MOKHOCTEH, MOBBIIIIC-
HUE TOYHOCTH YCHJICHHUS.

VYkazaHHas 33/la4a JJOCTUTHYTa TEM, YTO B CIOCOOE
3a7anusd Ko3(Q(GHUIMCHTa YCIICHHS WHBAPUAHTHON aKTHB-
HOM CXEMBI Ha ONEPAllMOHHOM YCHIIUTENIE, KOTOpBIN Tpe-
JlyCMaTpHBAacT MPUMEHEHHE WHBEPTHPYIOIICTO WIH HE
WHBEPTHPYIOLIET0 BXOIOB OIEPALIOHHOI0 YCUIUTENS ISt
COOTBETCTBYIOIIIETO BKJIFOYEHHMS, YIMOMSHYTBIH Kod(u-
LIMEHT YCUJICHUs YCTaHaBIIMBAIOT I HE MHBEPTUPYIOIIIE-
T'O/MHBEPTHPYIOIIETO BKIIOYCHHUS AIBTCPHATHBHBIM TPH-
MCHEHHEM WHBEPTHPYIOIIET0/HE WHBEPTHPYIOIETO BUIA
BXOJIOB WM, BOOOIIE, O3 yueTa uX BHIA.

O00CHOBaHUE WHBAPHAHTHOTO MPUMEHEHHS BXO-
noB OY, MOXKHO TPUBECTH Ha MPUMEpPE PACIPOCTpa-
HEHHBIX KJIACCHYECKUX YCTPOWCTB.

VYkazaHHas TeXHWYecKas 3amava 1l K - koaddu-
LMEHTa YCUJICHHUS PEIIaeTCsl CIEAYIONMM 00pa3oM.

Jlst moBTOpHTENSA HANPSDKEHHS HA PUC. S5, CBS3b
BXOJIHOT0 HamnpsbkeHus U; U BBIXOMHOTO HanpsbkeHus U,
onepanuonHoro ycuwmurens (OY) ¢ coOCTBEeHHBIM KO-
¢urmentoM K,, ycuieHHs ompenensercss ¢ MOMOIIbIO
CIJIE/IYIOIINX aHAJTUTHYECKUX MPeoOpa3oBaHMIL:

N
AS

Koy o—e—

U

N

Puc. 5. VInBapuaHTHas cxema IOBTOPUTENS

_ _ (18)
FK
Uy=K-Uj Koo o 1
1F K,y 1 1
+Koy (19)
! 4 _Fl
A+l K.,

oy
O4YE€BUIHO, NPUMCHCHUC HHBapHaHTHOﬁ CXEMBbI IIOBTO-
pUTEIA HC 3aBUCUT OT BHUJa MHBECPTHUPYIOLICTO / He uH-
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OopoodKa inopmauii 6 CKIAOHUX MEXHIYHUX CUCEeMAX

BepTupytomero Bxogos OV, B Toxke BpeMs, MO3BOJIICT
y4eCTh A-NOTPEUTHOCTh MPeoOpa3oBaHUsA C Pa3HBIMU
3Hakamu. Ilociennee 0OCTOSATEIHCTBO MOKET OBITH HC-
MOJIb30BAHO VIS MOBBIIICHUS TOYHOCTH CXEM ITOBTOpE-
HUS HATTPSDKCHUS.

JI71s1 MHBEPTUPYIONIETO YCHIIUTENIS Ha PHC. 6, CBA3D
BxonHoro U; u BeIxomHoro U, HampspKEeHWM omnepaiu-
onnoro ycuurelns (OY) ¢ cOOCTBEHHBIM KOA(DHUITHEH-
ToM K,, yCHJIEHHS ONpelensercs ¢ MOMOLIBIO TaKUX
AHAIUTHYECKUX TPEOOpa30BaHU.

R,
1
L
U R
L] U,
—

Puc. 6. IaBapnaHTHas cXeMa HHBEPTHPYIOILETO yCHIUTENS

U -U,
U, =K, - (£(U; ————=.R)) =
2 oy (£( 1 R1+R2 1))
iKoy_U1R1+U1R2—U1R1+U2R1: (20)
R1+R2
Ko Ry K.y -R;
+ (== 5
R1+R2 R1+R2
K, ‘R K, R
Uy (172 =% 2y
R1+R2 R1+R2
+K, ‘R
U, =K-U;; K= oy 2 - D
R;+R, FK,y Ry
R, _ Ry |
~ R;+R CA-R,’
RitRe j, A R,
+K oy
otkyna K- k03(h(HUIMEeHT YCHUIICHHS COCTaBIISET
R R; +R
K=-—2%2; A=+-1""2
Rl Koy

Kak BbITEKaeT M3 MaTeMaTHYECKUX INpeoOpa3oBa-
Huid (20, 21), uHBEpPTUpYIOLIEE YCUICHHE OCTHIAETCS
3a CUeT WHBAapHAHTHOrO (POPMHUPOBAHHS COOTBETCT-
Byrouiero koddduumenta ycunenus. [lorpemHocts A
pasHas 10 3HaKy, B 3aBUCHMOCTU OT BU/Ia IPUMEHEHHS
BXOJIOB, MOXKET OBITh WCIIOJNIb30BaHA ISl JTOCTHKEHHS
OoJIbLIeil TOUHOCTH.

Jlisi cXeMbl HEMHBEPTHPYIOIIEro YCHJIMTENS Ha
puc. 7, cBsa3b BxoaHoro U; u BeixomHoro U, Hampsbxe-
Hui onepanuonHoro ycwimurens (OY) ¢ coOCTBEHHBIM
koddurmentom K,, ycuneHus onpenensercst ¢ ImoMo-
mipto K — xoadduipienTa ycunenusi.

§]
Uy =Koy (:Uj F—2—R)) =

R1+R2.
KRy
=+K U F—2 . U,; 22
oy -1 R, +R, 2 ( )

U (1+ﬂ)—+1< Ug;
2 _R1+R2 —Boy I

+K o (R} +Ry)

K:
R1+R2iKOyR1
_ R]+R2 R1+R2. (23)
=R R =
1t Ry + R, A+ R,
iKoy
R;+R R R;+R
K=—l——2 142, A=+—1"72 " (29
Rl Rl oy

o

Puc.7. IuBapuanTHas cxema
HEMHBEPTUPYIOIIETO YCHIIUTES

T.e., He MHBepTUpYIOLIEE YCHICHUE TAKXKE TT03BO-
nseT GOpMUPOBATh MHBAPHAHTHBIN KOI(G(GHUITUSHT yCHU-
JICHUS C BO3MOXKHOCTBIO JAJBHEHIIEr0 ITOBBIIICHHUS
TOYHOCTH.

Taxkum 00pa3oM, OCHOBHBIC OIIEpallMd IOBTOpE-
HUS, HTHBEPTHPYIOIIECTO M HE MHBEPTHUPYIOIICTO YCHIIE-
HUS, a HAa UX OCHOBE BCE HMCXONSIINE CXEMBbI SBIISIOTCS
WHBAapUAHTHBIMH C TOYKHU 3pEHHS (POPMHPOBAHHUSA KO-
a¢¢umenTa yCuIeHUs. ITO MO3BOJIIET CYIIECTBEHHO
PACIIUPUTh CXEMOTEXHHYCCKHE BO3MOXKHOCTH IIpPHMe-
HEHHS OTCPAIMOHHBIX YCHIUTEICH B Pa3HBIX YCTPOMCT-
Bax, IMO3BOJIUT, HAIPUMEpP, YIIPOCTHTH Pa3BOAKY IIPO-
BOJIHUKOB IEUATHBIX IUIAT, a IIPH CO3JaHUU MHTETPalib-
HBIX CXEM 00ECIIEYUTh CHUMMETPHIO BXOIOB.

[pennoxxeHHOE pelnieHue MO3BOISIET Ha Oonee BhI-
COKOM YpPOBHE, B CPaBHEHHHU C KIIACCHYECKUMH CXeMa-
MU, BBINOJHATH MPOCKTUPOBAHME HOBBIX TEXHHYECKUX
pelleHHi, KOTOpbIe 00ECIIEYMBAIOT TOKA3aTEeId TOYHO-
CTH HEIOCTHXXHMMEBIC CYIISCTBYIOIUMHU cxemamu. Crio-
c00, KOTOPHBIH OIMHUCAH, MO APYrOMY TPAKTYeT TPUHIHIT
YCTAHOBJICHHUS KOX((PHUIIMEHTAa YCHICHHS, KOTOPHIH HE
MIPUBSI3aH K BUIY BXOJOB OINEPAIMOHHOIO YCHIUTES, a
OIpeIeISIeTCS PAa3HOBUAHOCTBIO CXEMHOM pean3aliy.

Tabnuua 1
CpaBHeHI/Ie I/IHBapI/IaHTHLIX CXEM
WMuBapuantHas
P VYcunenue [Norpemnocts
cxema
IT 1 A= 1
OBTOPUTENH K,
HNuseptn -
gp pyro K = R, A_+R,+R2
IUH yCHIIn- =—-—— R
R ] oy
TeNb
HeI/IHBEpTI/I- R, R 4R,
pyromun ycu- K=1+—= A= iiK
Rl oy
JINTEIH
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5. CpaBHUTE/IbHBII AHAJIM3 Pa3padoTAHHBIX
AKTHBHLIX cxeM g YBII

[IpoBeneM cpaBHHUTEIbHBIN aHAIN3 OCHOBHBIX I1a-
paMeTpoB PacCMOTPEHHBIX BAapHAaHTOB CXEMOTEXHUYE-
CKOW peayu3alii YCHIHTENEH COIJIaCHO MpeaioKeH-
HOMY CIOCOOY YCTaHOBKHM KOX(QUIMEHTa YCHICHUS.
VYcnoBusi IPOBOJUMEBIX COITOCTABIICHUI OCHOBHBIX TIa-
paMeTpoB ISl paccMaTpUBAaEMbIX BapUAHTOB U PE3YJIb-
TaT CpaBHEHHWs npeactaBuM B Tabmuie 2. [pencraBum
TaKke OOOCHOBaHWE NOAABIeHUS CUH(pA3HOW COCTaB-
JISIOIIEH KJacCHuecKoil U mpeyioxkeHHol cxeM. B cpas-
HEHUH C KIIACCHMYECKMMH CXeMaMHM, PaCCMOTpPEHHasl cXe-
Ma ISl BBIIIOJIHEHHSI ONEpalliy WHBEPTHPOBAHHS BXOJI-
Horo curHaia (K= —1) mormkHa MMETh CONPOTHBIICHHE
R,=1 Owm, u npu R;=10"...10° Om ko3¢ duument noxas-

JeHuss cuH(pA3HON COCTABJAIONICH, B Xy/IIIEM Ciydae,
COCTABHT B aGCOMIOTHBIX BemiunHax 107, wim B OTHOCH-
tenbHBIX -100 nb. KpoMe Toro, mopasneHue oneparuoH-
HbIM YCUJIMTEJIEM COCTaBUT kiaccuueckue -60...-80 ab,
ModTOMy o0Iee 3HaueHue Kod((dHUIMEeHTa MoAaBICHUS
cUH(A3HOrO HANPSDKCHUSA OJHOT0 KackKaja MPeIUIOKeH-
HO#t cxeMbI cocTaBuT -160...-180 n1b. Kak onucaHno BeIIIIe,
Takoe ToJaBJicHHe CUH(A3HON COCTABIISIONICH, SBIISICTCS
MYJIbTHIUTHKATHBHBIM, OOOCHOBAaHO M TPEIIOKEHO B
pabote. J/Inana3oH aOCOMIOTHBIX 3HAYCHUI BXOIHBIX Ha-
MpsDKEHUI ¢ ydeToMm cooTHomeHuit Ry u R, Moxer co-
CTaBJIATH JCCATKU THICAY BOJIBT (PEaibHO — C HEOOXOIu-
MBIM YY4€TOM MOIIHOCTEH pacCcerBaHHMS Ha YKa3aHHBIX
pe3ucropax).

Tabnuna 2

CpaBHeHI/Ie TIapaMeTPOB KIIACCUYCCKUX U ITPEIIOKEHHBIX CXEM

[Tapametp Krnaccugeckuit Bapuant | IIpenno)xeHHBIN BapuaHT Pe3ynprat cpaBHeHUS
R] + Rz R 2
IMorpemHocTs A= . A= Anpeni.<<Akmacc.
Koy Koy
Koa(. ycunenus uHBepTH- Koo R, K=R
PYIOLIETO YCUITHTEINS R, 2 OOGecneuenue
R JIMHEHHON 3aBUCUIMOCTH
Koad. ycunenus HenHsep- K=]+22 K=R, ko3 umenTa
TUPYIOLIET0 YCUIIUTENS R, +ycuieHus u
JlononHuTensHbIE MIPEIU3UOHHBIN YCUINUTENh
UBHX:RZ (Ul 'UZ); i 7
BO3MOXHOCTHU Pa3HOCTHU OAHOU CXEMOU
UBHXZRZ(UZ'UI)
YCUIICHUS
BxonHoe conpoTuBieHue
BxoaHOe COnpoTHBIICHUE R, 6
R, =R, =—= R =R =K, =10 HE 3aBHCHT OT YCUJICHUS
[IPY PaBHOM YCHJICHUHT K Yy
CXEMBI
[onaBnenue cuHbpazHOM
K4 =601b K 'K =1601b 601b<<1601b
o C C CO. IT .
COCTaBISAIONIEH ® b " cg.mace A A
JlononHuTensHbIE B npunmurne, Hecum- [NonHoCTHIO [MpeumymecTBa cuMMeT-
XapaKTEePUCTUKH METpHYHasl CXeMa CHMMETpHYHAs CXeMa PUYHOCTH CXEMBI
Besox [TapaMeTpsl IpeIOKEHHOT 0 KJlacca YCUIUTeNnen
HEJIOCTHKUMBI KJIACCHYECKUMH CXEMaMHU
BbIBOBI 2. Llenecmoe U.Il. Onepayuonnvie ycurumenu. — M.:

Takum 0Opa3oM, MpeNCTaBICHHBIH CHOCOO ycTa-
HOBKHM KO3((UIMEHTa YCUICHHUS aKTHBHOW CXEMBI Ha
OIEPAIIOHHOM YCHIIUTEJIE W BaAPHAHTHI IPEIUIOKEHHBIX
YCTPOWCTB JEHCTBUTEILHO UMEIOT CYIIECTBEHHbIE TIpe-
MMYILECTBA Mepe]] CYIIECTBYIOUIMMHU CXeMaMHU Ha Orle-
PalHOHHBIX YCHUITUTEIAX, MO3BOJISIOT JOCTHYL BHCOKOI
TOYHOCTH TpeoOpa3oBaHus, JIMHEHHOCTH KOd(QPHUIIUCH-
Ta ycuneHnus B pamkax or 0 mo Koy — (amamazon ot
0...10°); uMeror Gomblye (YHKIHOHATBHBIE BO3MOK-
HOCTH, MO3BOJISIOT JIOCTHYb HAWBBICIIUX ITOKA3aTeliel B
MOAaBJICHUHN CHH(pA3HOH COCTABISIONIEH, YTO MOXKET
CIY)KUTh OCHOBOW TMpPU IMOCTPOCHHH TPEIM3UOHHBIX
ycuiuTenel OMonoTeHIAaIOB.
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