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IIpakTnyeckoe 3ansaTHe Ne 1
PACYHET JUODPEPEHIIMAJIBHOI'O YCUJIMTEJIBHOI'O KACKAJIA
1. Hesan 1 3aga4n padboTbl
Ileab pabdoThl: NOJyuyeHUE MPAKTUYECKUX HAaBBIKOB pacueTa YCUJIMTENEH OCTOSIHHOIO TOKa.

3agaum padoThI: IMMOJIYYCHHUE NPAKTHYCCKHUX HABBIKOB pacdye€Ta 3JIEMCHTOB CXCMbI YCI/IJIPITCJIeﬁ
IIOCTOAHHOI'O TOKA.

2. O0mme nmos1o:keHusi (TeopeTHYecKHe CBeAeHUS)

525 'EK
Rl RKI +A l]K1 RKZ R3
+ VT VT2 4-
AU,
R2 R4
R,
# g +E,

B naunoit cxeme tpansucropst VT1, VT2 u conporusnenus Ry, R, Bkirouens no MocroBoii

cxeme. JlanHas cxema Mao 4yBCTBHUTENbHAa K HM3MEHEHUIO
HAaNpsDKCHUsT  TUTaHUST W TeMIeparypHoMmy  npeidy
napameTrpoB TpanszuctopoB VTl u VT2, Jlnga storo
HeoOxomumo  moxadupare  TpaHsucropsl VTl u  VT2c
OJIMHAKOBBIMHM KOd(PULIMEHTaMU YCUJICHHS [} U OJMHAKOBBIM
0o0paTHBIM TOKOM KoJUIeKTopa. B oaHy nmaroHanb mocra
NOJAaeTcs HalpsHKeHWe MUTaHus, C JpYroil JaumaroHaiu
KOJIJICKTOpa TPAH3UCTOPAa CHUMAETCS BBIXOJHOE HATpSDKEHHE.
BxonHoe HampsbkeHMe TOAAeTcss TakK, YTOObl H3MEHATh

CONMPOTHBIICHWE HWXHHX Iuied Mocta VTl wm VT2 R3

NpeJHA3HAYCHO Ui TEeMIIEpaTypHOM CTaOMIM3aliM KacKaza.
#- Tlpu yBeNMYEHMH TEMIEPATYphl yBEIMUYMBAIOTCA  TOKH
KOJUIeKTOpa TpaH3ucTopoB VT1 u VT2, a 3HAYUT U UX TOKU SIMUTTEpA.

Ia = |310 + Iazo +A|31+A|32;
AI9 =A|31+A|92;
AURa :R3 -AIQ.

B pesyinbrare TOSBICHMs [pPHpALCHMs HanpspkeHHss Ha R, HaunHaer paGotarh

oTpUuLarciibHas o6paTHa;1 CBiA3b, B PE3YJIbTATC YCTO HAIIPAKCHHUC 6a3a-3MI/ITTCp obonx
TPAH3UCTOPOB YMCHBIIACTCA. CHG}IOB&TGJ’IBHO, MOTCHIHUAJIBI KOJIJICKTOPOB IEPBOIO MU BTOPOTO

4



TPAH3UCTOPOB BO3BPAIIAIOTCS B UCXOJHOE cocTossHue. [lomaBaTh HampspkeHHE Ha BXOI MOXKHO
2-Ms crioco0amMu:
1. [Toaya BXOAHOrO HAIPSHKEHUS. MEXKIY 0a3aMU TPAH3UCTOPOB:

U @)
r@xl = r3x2’ U@xl =+ ng ’ U@xZ == 26x '

B pesymsrate ToK |, ymenpmaercs, a tok |,, yBemmumsaercs. ITostomy, mageHue

HaIIps?KCHUA Ha RKJ_YBCJII/I‘II/IB&GTCH, a Ha RKZ - YMCHBUIACTCH. CJ'IG,I[OB&TCJ'IBHO, noTreHuuall

KoiiekTopa VT2 cTaHoOBHTCS MeHee OTpHULATeNIbHBIM, a MoTeHIHan TpaHizuctopa VT1 Goree
OTPULIATEIIBHBIM.

|A| K1| = |A| K2| - |AU K91| = |AUK92|;
U, =2AU,..
JI1st cXeMbI TEMIIEPATYPHON CTAOMIM3ALMK MOKHO 3aIICaTh CIEAYIOIIUE YPABHEHUS:
|3 = |910 _Alal + Iazo +A|32 = Ia'

[puuem, |Al 91| = |A| 92|. Taxum oOpa3oMm, 6 amotl cxeme He 803HUKAEM 0OPAMHAS C853b NO

CUcHAy.

2. [lomaya curgaiia Mexxay 0a30ii U OOLINMM [IPOBOIOM:

Uexl = _Uex; UexZ = 0’

AU, =Al,-R,;
U x1 :_st _(_AUQ)’

6.
U,,=0-(-AU,,)=+AU,;
U, =2AU,.,.
3a cyer neicTBUA OTpULATEIbHOM OOpaTHOW CBA3M Ha BXOJ TpaH3uctopa VT2 momaercs
nonoxurensHoe Hanpspkenne AU, Creposarensro, Tpamsucrop VTl oTkpbiBaercst

OTPHIIATENIbHBIM BXOJHBIM HampspKeHUueM, a TpaH3uctop VT2 3akpbIBaeTcsi MOJIOKUTEIBHBIM
HanpspkeHueM oOpaTHOM cBsizu. [loaToMy, HampshKeHHEe CUTHajla Ha BbIXOJle OyJeT TaKUM JKe,
KaK M HamnpspkeHHe B IpenplaynieM ciydae. OJHaKO BXOJHOE HANpsKeHHE HE MOXeET ObITh
OOJBIINM, T.K. IOJPKHO BBIIIOJIHATHCS YCIOBHE:

U,, >AU,.

KO3(1)(1)I/II_[I/ICHT YCUJICHHUS 110 HAIIPSAKCHUTIO, IO OIPCACIICHUTO, PaBCH

Torna,

KU1,2 = T’
Ku(omqu) =K

Takum oOpazom, aAuddepeHnnanbHbIi Kackaa UMeeT Takoil ke KO3(PPUIMEHT yCUIIeHUS 0
HaMpsDKEHUIO, YTO M Kackaja ¢ oOummM sMmuttepoM. JuddepeHnmanbHblii Kackaa MOXET ObITh

u(03)



IIOCTPOEH Ha IOJIEBLIX TPAH3MCTOpax. B »ToM ciyuae oH GyaeT 06nafaTh BHICOKMM BXOIHBIM
conporusierneM (R >1 MOwm).

3. 3apanue Ha padorty (padoyee 3ag1aHue)

Paccuurare napamerps! quddepeHnaIbHOro yCHINTEIbHOIO KacKaa.

4. Xoa pa6oThl (MOPSAI0K BHINOJHEHUSI PadOThI)

1. B nuddepenunansHom ycunurenbHOM Kackaae Ha Tpansucropax VT1 u VT2 mpu monaue
BXO/IHOTO HANpPsDKEHHUS MEXIy 0a3aMu TOK sMuTTepa Tpanzucropa VT1 m3menuncs va 1MA. Ha
CKOJIBKO U3MEHUTCA TOK 3MuUTTepa Tpansuctopa V12?7  Ortser: Al»2 =1 MA.

2. CymMmapHbIi TOK SMUTTEpa B JU(PPEpeHINATHPHOM YCHIUTEILHOM KacKale Ha TPAH3HCTOPAX
VT1 u VT2 B pexume mokost |,; = 2 MA. UeMy oH Oyner paBeH mocje MOJa4d BXOAHOTO
HaIpsDKEHUs. MEKy 0a3amu, €Ciid TOK AIMUTTEpa KakJ10ro TpaH3sucTopa n3Menusics Ha 0,5 MA?
OtBet: |, =2 MA.

3. Tox smutrepa Tpanszuctopa VT1 B nuddepeHIHATLHOM YCHIMTEIBHOM Kackaae Ipu
M3MEHEHUHU TeMIIepaTypbl OKpyKarollel cpenbl yBenuuwics Ha 1MA. Ha ckonbko M3MEHUTCS
TOK 3MHUTTEpA, MPOTEKAIOUIMI Yepe3 COMPOTUBICHUE IIENMH TEMIICPATYPHOH CTaOMIU3aIMU
kackazga. OteeT:Al> = 2 MA.

4. Tok sMHTTEpa, MPOTEKAIOUIMIA Yepe3 COMPOTHUBICHHE e TEeMIIEPaTypHOH CTaOMIN3aIiH
I QepeHINanbHOr0 YCHINTENBHOIO Kackasia, IpU MOBBIIIEHUH TEMIIEpaTypbl OKpY’Karollen
cpenbl m3MeHmics Ha 3 MA. Ha CKOJIBKO M3MEHHTCS TOK AMHTTEpa MOKOsi TpaH3uctopa VT1?
OtBeT: Al = 1,5 MA.

5. Ilpu mnomaye HampsoKeHUS Mexay Oa3zaMu TpaH3UCTOPOoB B auddepeHInanTsHOM
YCWJIMTEIIbHOM KacKaJe TOK KoJulekTopa Tpauizuctopa VT1 yeemuuumics Ha 1 MA. Kakoe
HanpspkeHue Oy/eT Ha BBIXOJIE YCHIIMTEIBHOTO KacKaza, €ClU COMPOTUBIICHHE KOJUIEKTOPHOMN
Harpy3ku Tpansucropa VT1 Rqr = 1 kOm?

1. AU« = Al Ra =1 B.

2. Upx=2- AU =2 B.

Otger: 2 B.

5. KoHTpoOJIbHBIE BONIPOCHI

1. B yem 3akmtogaercss 0COOEHHOCTh YCUTUTENS TOCTOSTHHOTO TOKa?

2. Kakoii BHJT MEKKaCKaIHOW CBS3H UCIOJIB3YETCS B YCHITHTEISX IOCTOSTHHOTO TOKA?

3. Uto Ha3bIBaeTCs ApeiioM HyINS YCHIIUTENS IIOCTOSTHHOTO TOKA?

5. [Ipuuunsel apeiida Hyna ycunurens?

6. Kakoe ycioBue HakIapIBaeT MPUBEICHHBIN K BXOAY e HYIsl YCHIUTENS TOCTOSTHHOTO
TOKa?

7. Ecniu nuddepeHnnanbHblii Kacka ] IOCTPOUTH He Ha OUIMOJISPHBIX, a Ha MOJIEBBIX
TPaH3UCTOPAX, TO Y HETO MOSIBUTCS €IIE OJTHO IOCTOMHCTBO:

8. Jlns ero mpennaznaueHsl pesuctopsl R1, R2, R3, R4?



9. Kakue TpeGoBaHuUs NPEABABISAIOTCS K TPAH3UCTOPAM
nuddepeHmantbHOro Kackaua?

10. Kakyto cxemy 00pa3yroT TPaH3UCTOPHI B
nuddepeHInaAIbHOM YCHIIMTEIIbHOM KacKaze?

11. 3a cueT yero MpoOUCXOAUT KOMITCH AU Apeiida Hys
YCHJIMTENBHOTO KacKa/ia IpU U3MEHEHUU TeMIepaTyphl?

CnmcoK HCMOJIb30BAHHBIX HCTOUHHKOB

1. Illyka, A. A. DnekTpoHuKa : y4ueb. mocoodue s By30B / A. A. llyka ; mox pexn. A. C.
CuroBa .— CII6. : BXB-ITerepOypr, 2005 .— 800 c.

2. Ckapxerna B.A. DnekTpoHMKa W MHKPOCXEMOTEXHMKa: y4eOHMK B 2 4. Y.l.
DJeKTpOHHBIE ycTpoicTBa MH(popMarnmoHHoi aBTomMatuku / B.A. Ckapxena, A.H. Jlynenko;
nox o6mr. pea. A.A. KpacHonpomrenoit. — Kues: Brima mkomna. 1989. — 430 c.

3. 3abpomun 1O.C. IlpowmbinieHHas »nekTpoHHKa: Y4yeOHuk s By3oB / FO.C.
3abpoauH — M.: Beicmi. mikoma, 1982. — 496 c.

IIpakTuyeckoe 3ansitue Ne 2
PACYET YCUJIUTEJIEN C OBPATHBIMH CBS3SIMU
1. Hesab u 3apa4u padoThI
Lleab padoThl: MOTy4YeHHE MPAKTUYECKHX HABBIKOB pacueTa CXeM YCHIHTENeH ¢ oOpaTHBIMU
CBA35AMU.

3agaunm pa0oTbl: W3Y4YEHHE TEOPETUYECKUX CBEICHMM, H3YYEHUE OCHOBHBIX pPacCUETHBIX
3aBHCUMOCTEH, pacyeT OCHOBHBIX IaPaMETPOB YCHIIUTENEH.

2. O0mme nos1o:keHust (TeopeTnyeckne CBeAeHH)

O6pamHaﬂ C643b B YCHUIIUTCIIAX OCYHICCTBIIACTCA mojadveil 4acTH BXOJHOTO CHTHAJIa C BbIXOJa
YCUIIATECIIA HAa €0 BXOA.

Bxon 'y K Beixon

Puc.3.19.
Buowvl oopamuuix cesseli:

% TI0 MapameTpy CUTHalla OOpPaTHOM CBSI3U Pa3IMYAIOT:
= 00paTHYIO CBSI3b MO HANIPSKEHUIO;
» oOpaTHas CBS3b 10 TOKY;
% 10 croco0y MOIKIIIOUYECHUS KO BXOY:
" [oclefoBaTenbHas oOOpaTHas CBs3b (CUTHAN OOpaTHOW CBS3M TOAKITIOYAETCS
MOCJIEIOBATEIHLHO C BXOIHBIM CUTHAJIOM)
" mapajuienbHas oOpaTHas CBS3b.



AL | A
U, k| |u.|] |®
Ol 5

Puc. 3.20. IlocnenoBatenbHas oOpaTHast CBSI3b 11O HAIIPSHKEHUIO

— UGblx

u(oc) —

K , U, =U, +U,

Uex
kzuebzx; I<:UOC;
U U

y 8bIX

U
UOC — 8bIX )
R+R,
RZ

R+R,

————————

R1

________

Puc. 3.21. IlociienoBarejibHas 00paTHas CBA3b 10 TOKY

UOCZRi' In;



HapaJ’lJ’leJ’lBHaﬂ OﬁpaTHaﬂ CBSI3b 110 HANIPAKCHU IO

OOpaTtHas CBsI3b HA3bIBACTCS NONOHCUMENBHOU, ECIIU OHA YBEJIMYMBAET CUTHAJ HA BBIXOJE
yeunutens. OOpaTHasi CBA3b, KOTOpask YMEHbBIIIAET CUTHAJI Ha BBIXOJE YCHUJIMTEINS, HAa3bIBAETCS
ompuyamenvrou. JIns BeIBoga KOdYPPHUIMEHTa YCUICHUST YCUIIUTENS ¢ 00paTHOM CBs3bI0 OynemM
UCIIOJIb30BaTh CXEMY C MOCIIEI0BATEIHLHON 00paTHON CBSA3BIO MO HANPSXKEHUIO.

Uy:ng+UOC' (8)

Paznenum 06e yactu ypasaenus U MOJTYYUM:

6blx ?

Ku(oc) = 1—KK

1. Ecmu 0 <kK <1, 10 Ku( oc) > K - ycioBre M0NI0XUTENEHOCTH 0OPAaTHOMN CBA3H.

2. Ecmu KK >1 - ycnosue camoBo30yskaenus. Ha BbIXo[e ycHIIMTENs MPUCYTCTBYET CHMTHAJ,
COCTOSIIMI M3 CIEKTpa YacCTOT, M3MEHSIOIIMXCS OT -00 JIO +00, HEe3A6UCUMO OM CUSHANA HA
6x00e. CUTHAJI Ha BBIXOJIE HA3BIBAETCS «OEbLU ULYM.

3. Ecin ‘kK‘Sl - YCIIOBHME CaMOBO30OYKIEHHS Ha (MKCHPOBAHHOW wYacToTe. BhIxomHOE
HAIPSUKEHHE TPEJACTABISET COOOH CUHYCOMMY (UKCMPOBAHHOM YacTOTHI, BEJIMYMHA KOTOPOM
3aBHCHT OT MOXYJs KOd(pdHIMeHTa ycHieHHs. JTO YCIOBUE HCIONB3YETCS B TEHEPATOPax
CHHYCOUIAJILHOTO HANPSKEHHS.

4. KK <0 - ycnoBue cyuiecTBoBaHHS OTPHIATENLHON 0OPATHOH CBA3M.

K
Kuoo) =Tk

3. 3ananue Ha padorty (padouee 3a1aHue)

Paccunrare napamerpsl 0OpaTHON CBSA3HM YCHIIUTEIBHOIO KacKaja.

4. Xoa pa6oTsl (MOPSAI0K BbINOJHEHUSI padOThI)

1. OTHOCHUTENBbHOE M3MEHeHHe KodpduuueHTta ycuienus ycuwmumrens ¢ K = 1000 mpu
3aMmeHe TpaH3uctopa coctaBisger 10%. OmnpenenuTs ¢ KakuM KO3(PQHUIMEHTOM Iepenadn
HeoOxonumo mnoakmounth 1enb OOC, uToObl OTHOCHTENIbHOE H3MEHEeHHE Kod(¢uIleHTa
ycwienust yeumutens oxsaueHHoro OOC we npessitano 2%. k = 0,004



AK _AK,
AK 1 AK K K

K 1+Kk K' AK,
K

oc

2. OtHocuTenbHOE W3MeHeHHe KodddummeHTa ycuneHus ycumutens ¢ K = 1000 mpu
3aMeHe TpaH3uctopa coctaBisieT 10%. Onpenenuth 3HaueHue koddduuumenta ycumeHus Ko
nocne noakmouenus nenu OOC, mpu KOTOPOM OTHOCHUTENIbHOE M3MeHeHue KoddhduimeHTa
yemnenust yeunutens oxsadeHHoro OOC ne npessimano 061 2%. Koe = 200.

K AK,
AK 1 AK K K K
o = . 1 = = ’ Koc =
K, 1+Kk K AK,. K 1+ Kk
K

oc

3. Kosdunuent ycunenus ycunutens Ha cpeanux yacrorax K = 100, HIKHSAS rpaHUYHAsS
yacToTa mojockl npomyckanus fy = 200 I'u, Bepxusas vactora — f = 30 x['n. K ycunurento
MOJKIIIOUEHA LeMb OTPHUIATETIbHOW OOpaTHON CBS3M IO HANPSHKEHUIO € KOI(PPUIHEHTOM
obparnoii cs3u K = 0,1. Onpenenuts K03QOUIUCHT YCHUIICHUS YCHIIUTEIIS C 00paTHOM CBS3bIO, a

K
TAKKC HUKHIOKO U BEPXHIOKO I'PaHUYHBIC YAaCTOTHI I1OJIOCHI ITPOITYCKAHUSL. Koc = m = 9,1
—+ .
f
fo=—2—=182Tu f =T -(1+K-k)=330xIn.
1+ K-k

4. Ycwmutenb ¢ oTpuuarenbHON oOpatHou cBs3pio (K = 0,18) umeer koadduimeHT
ycunieHust 5, a monocy mponyckanus — ot 25 I'm, mo 1,2 MI'm. Onpenenuts xo3dpduirient

YCUJIIEHUsS M TIOJOCY NPOINYCKaHHS YCUIuTeds Oe3 oOparHoil cesasm. K =——2%—= 50,

1-K -k

oc

f
f =f (1+K-k)=250Tu. f =—2*— =120 kl'u.
o= T ) n. f, = - =120xTn

5. Koadpdunment ycunenus kackama mo Hanpspkenutro K = 50. Haiitu Benuuuny
K03((DHUIMEHTa YCUICHUS TIPH BBEICHUN OTPHUIIATSIILHON 00paTHOM CBsA3M ¢ KodddummnenTom K
= 0,02 Koc = 25.

6. [Tocne BBeneHust 0OpaTHON CBsA3U KOA(GGULMEHT YCHIICHUS YCUIIUTENs YMEHBIIUICS CO
150 no 100. Onpenenuts ko3 duituert odparuou cesizu. kK = 0,0033.

7. OnpenenuTh BO CKOJIBKO pa3 yMEHbIIUTCS K03 dunuent nepenaun ycunurens K = 200
IIpU OXBaTe€ €ro IMOCJEA0BAaTEeIbHOW OTPHUIATEIbHONW OOpaTHOW CBS3bI0 OOPATHOM CBA3BIO IO
HAIpPsDKEHUIO B BUZE YETHIPEXTIOMOCHHUKA ¢ K03 dunmenTom nepenaun f = 0,05. K/Koe = (1+K

B) = 11.

8. Ilpu moaxmroueHun uenu nocienoBaTesbHoll OOC mo HampsKeHHIO KO3PQPUIUEHT
ycusieHus yeunutens ymensinmwics B 10 pa3. OnpenenuTh BXOJAHOE U BHIXOIHOE CONPOTUBIICHUS
yCWIHTENSA, eciau 0e3 oOpaTHO# CBs3u compoTHBIEHUS Rpgx = 10 kOMm, Rpux = 500 Om. 1)

10



K 1

K 1+ K-k ) ( ) RBX.oc RBX( ) KOM
RBLIX oc = RBMX =50 Om.
' 1+ K-k

9. OmpenenuTh BBIXOJHOE COMPOTHUBICHHE YCHIIUTENS OXBAYEHHOTO TOCIICAOBATEILHON
OOC 1o HanpsHKSHHIO, €CITH MIPH MOAKIIOYCHUN 00PaTHON CBSI3U €ro BXOJHOE COMPOTHUBIICHUE
yBEIUYIWIOCh B 12 pa3. BeIxoaHOE CONMPOTUBICHUE YCHIIUTENS 0€3 00paTHOU CBsI3U Reux = 360

R
— BbIX j—
om. R, .= —1+ K K =30 Om.
10. Kakoe HanpspkeHue Oyaer Ha Bbixoje ycuauress, oxBaueHHOro OOC ¢ Ko = 0,05 mpu
nojgade Ha ero Bxoja HampspkeHuss Uz = 0,3 B, ecnn koddUIMEHT yCWIICHUS MPSMOU IIeTn
yemmutens K = 10.

K

K,=———=6,66 U
1+K-k,

=K, U, =2B

6blX

11. HanpsbxeHue Ha BBIXOJE yCHIUTENS, oxBaueHHOro nocienoBareabHo OOC Ugyx = 2
B. Onpenenuts k03 dunmeHT nepeaayu menu oOpaTHOMN CBsI3H, €CJIM HANPSDKEHUE Ha €€ BBIXO0JIE
Uoc = 0,4 B.

k = Yo =0,2

oc

B8blX

12. Kakoe HanpsikeHue OyaeT Ha BBIXOJIE YCHIIUTENs ¢ KO3 (UIIMEHTOM YCUIICHUS IPSIMOM
nenu K = 10, ecnu mocne oxpara ero mnocienoarenbHoil OOC kod(pGUIUEHT ycUICHUS
YMEHBILINJICS B J1Ba pa3a, a HanpsbkeHne Ha Beixoge nenu OC pasHo 0,3 B.

_K-K,_ U

=5 Kk, =—9=01 U, =—2=3 B
K, -K Kk

8blX
oc

5. KoHTpoOJIbHBIE BONIPOCHI

1. JIng gero npuMeHSIOT OOpaTHbBIE CBA3H?

2. Kakos npunnun aeiicteust OOC?

3. KakoBs! npuunnbl Bo3HukHOBeHUs [1OC B yeunurensax?

4. Kak [TOC B ycunurene komrencupyetr OOC?

5. Ilouemy ¢ yBenuueHHEeM KOdPPHUIHEHTa YCUIICHNUS YCUIIUTENS PACTET BEPOSATHOCTh €T0
caMoBO30YXJIeHus?

Cmcok HCNoJIb30BAHHBIX HCTOUHHKOB

1. llyka, A. A. DnekTpoHuka : yueb. mocobue myist By30B / A. A. lllyka ; mox pex. A. C.
Curosa .— CII6. : BXB-ITerepOypr, 2005 .— 800 c.

2. Ckapxerna B.A. DiekTpoHWKa W MHKPOCXEMOTEXHHMKa: ydeOHMK B 2 4. Y.1.
DJeKTpOHHbIE ycTpoicTBa MH(popMairoHHoN aBToMaTtuku / B.A. Ckapxena, A.H. Jlyuenko;
nox o6mur. pea. A.A. Kpacaompomrenoit. — Kues: Brima mxomna. 1989. — 430 c.

3. 3abpomun 1O.C. IlpomblnuieHHas »1eKTpoHHKa: Y4eOHuk s By3oB / FO.C.
3abpoauH — M.: Beicmi. mkoira, 1982. — 496 c.
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IIpakTyeckoe 3ansaTue Ne 3
PACUYET OCHOBHbGIX CXEM BKJIFOUEHMS OITEPAIITMOHHBIX YCUJIMTEJIEN
1. Hesan 1 3aga4n padboTbl

ean DaﬁoTLI: MOJIYYCHHC IMPAKTUYCCKUX HABBIKOB pacycTa 0a30BBIX CXEM Ha ONncparOHHBIX
YCHUIIUTCIIAX.

33[[3‘11/[ DaﬁoTbI: MOJIYYCHHC IMPAKTUYCCKUX HABBIKOB pacucTa 3JICMCHTOB U IIApaMETPOB CXCM
Ha OIICPAIMOHHBIX YCUIIUTECIIAX.

2. O0mue moJiokeHus (TeopeTUYECKUE CBeIeHMs)

1. UuBepTHpYIOLICE BKJIOYEHHE ONIEPALIMOHHOIO YCUJINTEJIsA

R2

_ 2
Vi

Bynem cuutats, uto ans onepauuonnoro yeunutens AU =0. Torxa,

Uex = iele;
URbDC = iOCRZ;

U,

I +1,.=1 .

8x oC s
T.K. MOTeHIMAaN WHBEPTHPYIOLIEro BXoaa paBeH 0, TO M3 JTOH TOYKM He BHITEKAET TOK, T.e.
iz =0. Torga, nomxyunum

K Uebzx — iOCRZ :_&
S U, WROOR
<= F

Taxum o0pazom, K03(pPUIMEHT YCHIIEHUS MO HANpPSDKEHUIO JaHHOM CXEMbl HE 3aBHUCUT OT
KO3(pQUIIMEHTa yCUJIEHHs ONEPALMOHHOTO YCHIUTENS, a ONpPENeNseTcss TONBKO IEMEHTaMHU

obparroit ce3u R, R,; cxema serisemes uneepmupyioweii, Ha 4to yKasbIBaeT 3HAK «-» B
dopmyne kodpduuuenta ycunenus. T.K. Ha HMHBEPTUPYIOIIEM BXOAE HMEEM MOTEHIHA
MCKYCCTBEHHOM 3€MJIM, TO BXOJHOM TOK IIPOTEKAeT TOJNBKO depe3 comportusieHue R, .

R, BoiOupator u3 cuenyromero yemosus: R =R, (e menee 10 xOwm). Koadduumenr

yeunenust 1o Hanpsbkeruto K| BeiGuparor myrem Bei6opa R, .

2. HeunBepTupyioiiee BKIOYEHHE OMEPANMOHHOTO YCHIUTEIA

12



ng: U6blx R11
R +R,
KU _Uebzx — R1+R2 :1+&’
U, R R
Ky =1+&

Hedocmamkom NaHHON CXEMBI SIBIISIETCS TO, YTO €€ KOOPPHUIUEHT YCHICHHS HE MOKET ObITh

MCHBIIIC 1, a 00CMOUHCMBOM SBIAETCA OOJIbIIOE BXOOHOC COIIPOTHUBJICHUEC, KOTOPOC PAaBHO
BXOAHOMY COITPOTHUBJICHHUIO OIICPAIMOHHOI'O YCUIIUTCIIA.

3. AuddepeHunajbHblii yCHIUTETb

U, 14 R R,

-U, ., —=.
6x2 6x1l
R,+R,\ R R
B wactHoM ciyuae, korma R =R, = R; =R, nomysaem, uro U, =U_, -U

B8blX

ex1*
4. NuBepTUpYIOLIMI CyMMaTOP

Ry
1
| I
R1 DA
Ub.&
1 R ..
| I |
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5. UnBepTUPYIOIIHII HHTETPATOP

st:R igx’ Uszx_XC.iOC;
U :Xc'ioc;

. 1
K =—2co 1 . haK(p)=et
UTTR T acr 197P (p) o

rae T =RC - nmocTosiHHas BpeMEHH UHTErpaTopa.

6. Anepuoau4ecKuii MHBEPTUPYIOIIN YCHIUTEb

7. InddepeHupyrOIUi yCHINTEND

DA

F—s S =
s o~
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3. 3aganue Ha padoty (pabouee 3a1aHNe)
Paccuurarh napamMerpsl CXeM Ha ONEPALMOHHBIX YCUITUTEISAX.
4. Xoa pa6oThl (MOPSAI0K BHINOJHEHUSI PadOThI)

1. Ompenenuth KO(OUIHMEHT YCUICHHUS MO HANPSDKEHUIO ONEPAlMOHHOTO YCHIIUTENS B
UHBEPTUPYIOIEH CcXeMe BKIIOYEHHS M BXOJHOE CONPOTHUBICHHE, €CIIM CONPOTUBJICHUE
oOpatHoli cBsi3U Roc = 100 kOMm, a conpotuBiienue B npsamoit uenu R1 = 10 kOm.

OtBet: Ku =—-10. Rex =10 kOm.

2. Paccunrtath k03((HULKMEHT YCUICHUS HHBEPTUPYIOIIETO allepuoInYeCcKOro YCHIUTEN, Y
KoToporo nocrosgHHas Bpemenu 7 = 0,1 ¢, eMkocTh uHTErpHpytomero kouaeHcaropa C = 1 Mx®
u conpotusienue B npsamoit renu 100 kOm. Otet: K = —1.

3. [Ipu BBIOTHEHUH KAKOTO YCJIOBHS HANpPSHKEHUE HA BbIXOJE TU(PPEPEeHIINATBLHOTO YCHIUTESA
onpenensercs 1o Gopmyne Usux = Usxa — Usxi.  OTBeT: R1 = R2 = R3 = R4.

4. I1pu BBIMOTHEHUH KAKOTO YCJIOBHUS HAMpsOKEHHE Ha BbIXoje Au(depeHInaIbHOro yCUITUTENs
R2

onpexnensiercs o popmyne U, , = E(U a2 —Use ). Otmer: R3/R4 = R1/R2

5. Paccuurath conpoTuBiieHrE B 00paTHOW CBA3M HEMHBEPTUpYIOLIero ycunutens, eciu Ky =11,

a conporusneHue B npsmoit nernu R1 =20 kOm. OTtBeT: Roc = 200 kOm.

6. Kakoe conpoTuBiieHHe HEOOXOAMMO BKJIFOUUTH B IPSMYIO II€TIb HHTETPAaToOpa, YTOOBI MOTYyIHTh
MMOCTOSTHHYIO BpeMeHU T = 2 ¢ Ipu eMKOCTH HHTETPHUPYIOIEro KoHaeHcaropa 3,3 Mxd.
OtBer: R =606 kOM.

7. B cxeme MHBEPTHUPYIOLIETO CyMMaropa CONpPOTUBIEHUE OOpaTHOU cBA3M Roc = 100 kOm.
PaccunTarh 3HaUYeHUs] CONPOTUBICHUH B MPSMOW e, YTOOBI KOO(PPHUIUEHTHI Mepesadn 1o
NepBOMY M BTOPOMY BX0j/1aM cymMmaropa obutn paBHbl: K1 = -5, Ko=— 2.

8. Kakoe HampsbkeHHe HEOOXOAMMO IM0JaTh Ha MEPBBIM BXOJ
T depeHIMATBHOTO YCUIIUTENSI, YTOOBI MOTYYUTh Ha BBHIXOAE Usnx
= 3 B, ecnu Ha BTOpOil BXx0A nonaHo HanpsokeHue U =4 B, aB
cxeMy BKiroueHsb! conpotuBienus R1 =10 kOwm, R2 = 20 kOm, R3 =
10 kOm, R4 = 5 xOwm.

OtBet:Usx1 = 0,5 B.

9. Paccuurtare comnportusieHue R2 B cxeme nuddepeHnuanbHOro

YCHIIUTEINSI, YTOOBI MONTY4YHTh Ha BBIXOJE Usux = 3 B, eciu Ha mepBbIif BXO MOJaHO HAMPsHKEHUE
Usxi = 0,5 B, Ha BTOpO#t BXOA mojaHo HampspkeHne Ugwo = 4 B, a B cxeMy BKIIOYCHBI
conpotusnenus R1 =10 kOm, R3 =10 kOm, R4 =5 kOm.

Otset: R2 =20 xOM.

10. Kakoe HampsikeHHe HEOOXOAMMO IMOJaTh Ha TEPBBIH
BXOJ] CXEMBbI, YTOOBI OTY4YUTh Ha BhIX0OZE Usux = 3 B, eciu
Ha BTOpO# BxoJn momaHo HampsokeHne U =4 B, a B
cxeMy BKJIroueHbl conpotusieHus R1 =10 kOm, R2 = 20
KOM, Roc = 10 xOwm.
OtBer: Usx1 =—5 B.
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11. Ha Bxox 2 OV monaercd MOCTOSHHOE

Hanpsbkenne Ugxo = +2 B, a Ha Bxox 1 —
— Tonr t

nocrosHHOe HanpsikeHue Uy = +1 B. ! t
Bocrmosb30BaBIIMCh CIIPaBOYHBIMU JIAHHBIMU Dsez _OU
OY, onpenenuTth HAPsDKEHUE HA €T0 BBIXOJIE. Z fox
OtBeT:Upux = —10 B. - L+,

Er ¥ =

L ¢

CnpaBounsie nanubie Uy = £15 B; Ugux. max =
+10 B;
Ku=20-10% Rex=0,3 MOM; Ry > 2 kOm.

S. KoHTpOJIbHbIE BONIPOCHI

1. Yemy paBeH KO PUIMEHT YCHIECHHS IIPH HEMHBEPTHPYIOeM BKitoueHnn OY?
2. Kakue napameTpbl ONEPaMOHHOTO YCUIUTENSI OTHOCATCSA K CTATUYECKUM?
3. it gero npenHa3HavYeH KacKaJl CABHTa YPOBHS B ONEPAIIHOHHOM yCHIIUTEIE?

CnucoK HCIO0JIb30BAHHBIX HCTOYHUKOB

1. lllyka, A. A. DiekTpoHuka : yued. mocooue s By3oB / A. A. lllyka ; mox pexn. A. C.
Curosa .— CII6. : BXB-Iletepoypr, 2005 .— 800 c.

2. Ckapxena B.A. DiexkTpoHMKa M MHKPOCXEMOTEXHMKa: ydyeOHMK B 2 4. Y.I.
DneKTpoHHbIe YCTpoiicTBa mHpopMmanmonHoit aBromatuku / B.A. Ckapxkena, A.H. Jlynenko;
nox oour. pea. A.A. Kpacnonpomenoii. — Kues: Boima mkosna. 1989. — 430 c.

3. 3ab6pomun 1O.C. IlpombinuieHHas snekTpoHuka: YueOHuk ansa  Byso / FO.C.
3abpoaun — M.: Beicii. mikona, 1982. — 496 c.

4. Tokxeim P. OcHoBbl nudposoit snextponuxu / P. Tokxeiim; mep. ¢ anri. B.A.
Kypoukuna, B.M. MarseeBa; o pen. E.K. Macnosckoro. — M.: Mup, 1988. — 392 c.

IIpakTnyeckoe 3ansiTue Ne 4

PACYET JIBYXIIOJIYIIEPUOIHOUM CXEMBI BBITIPSIMUTEJIS C HYJIEBBIM
BbLIBOJIOM

1. Iesas 1 3a7a4u padéoTbl

Ileab  paboThl: TONy4YeHHE MPAKTUYECKHMX HABBIKOB pacueTra CXeM O0JHO(a3HbIX
BBIIIPSIMUTENECH. .

3agauyu padoThl: MOJIydeHUE MPAKTUYECKUX HABBIKOB pacdera U BbIOOpA BBIMTPSMUTENbHBIX
JIMOJI0OB U OCHOBHBIX [1apaMETPOB BBIITPSIMUTEIIEH.

2. O0mme nmos10keHust (TeopeTHYECKHe CBEACHHUS)

Cxema 01HO0(a3HOr0 ABYXIIOJIYNIEPHOIHOTO BHINPAMHTEJIS
C HyJIeBBIM BBIBO/IOM

Cxema BpIIpsAMUTENS MOKazaHa Ha puc. 3.29. HeoOXoAUMBIM 3JIEMEHTOM BBIIPSIMUTENS
SBIISIETCA CUIIOBOM TpaHchopmatop Tp ¢ AByMs BTOPMUYHBIMH OOMOTKaMH N=01/M2-1=01/®2-2 .
Cxema coequHeHHs] OOMOTOK TaKOBa, YTO OJUHAKOBBIEC 110 BEIMYMHE HANpSIKEHUS Ha BBIBOJAX

BTOPUYHBIX OOMOTOK OTHOCHUTENBbHO OOmIeil (HyJleBOH) TOUYKM CABUHYTHI mo ¢aze Ha 180°.
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Bropuunbie 0OMOTKH TpaHchopMmaTopa MOAKIOYeHb! K aHoxam auonoB /i, /l2 . BeixomHoe
HanpspkeHne Ug CHHUMaeTcss MEXKIy HYJIEBOM TOYKOW TpaHchopmaTopa M OOIIEH TOYKOM
COEIMHEHUS KaToI0B 00ouX anonao0B. IIpuHuuI AeicTBUS CXEMBI pACCMOTPHUM IS Cllydas 4 U C
T O AaKTUBHOM HArpy3ku Ry ¢ MCIOJIB30BaHMEM BPEMEHHBIX JHMarpamMM HANPSKEHUU U TOKOB,
npuBeACHHBIX Ha puc. 3.30.

Puc. 3.29

[Tpy mocTymIeHUH MOJYBOJIHBI HANPSKEHUS U1 MOJIOKUTEIbHON MOJIIAPHOCTH  (MHTEpBAJ
0—mn na puc. 3.30) Ha BTOpUYHBIX OOMOTKaX TpaHC(hOpMaTopa ACUCTBYIOT HAINPSDKEHUS U2-1 U
U2-2 C TOJSIPHOCTBIO OTHOCUTEIBHO HYJIEBOM TOYKH, MOKa3aHHOW Ha puc. 3.29 6e3 ckobok. K
aHony auoja /{1 oTHOCHTENbHO HYJIEBOW TOUKU MPUKIAJbIBACTCA HANPSYKEHUE TOJIO0KUTEIbHOM
HOJISIPHOCTH, a K aHOAY noja [z - oTpuLaTeIbHOM.

[Ipu yka3aHHOW MOJSIPHOCTH HampspDKEeHUW Ha aHoxax auon /{1 Ha uHTepBane 0 —m
OTKPBIT, a 11oA 2 3akpbIT. [I0CKOIBKY B OTKPBITOM COCTOSIHUM NAJCHUE HAIPSHKEHUSI HA IUOJIE
MaJlo, MPAKTUYECKH BCE HaNpsDKEHHE Uz-1 NMPUKIIAAbIBaeTCs K Harpyske Ry, co3nmaBas Ha Heit
HanpsbKeHue Ud. Ha J1aHHOM MHTepBajie aHOIHBIA TOK JMOJA PaBEH TOKY HATPY3KH ia1=ig=U>-
1/Rn. B xoHIie nnTepBaia 0—n HanpspKEHHUS U TOKH B CXEME JIOCTUTAIOT HYJICBBIX 3HAUCHHH.

[Tpyu mocTynieHnH HanpsyKEHUS U1 OTPULATENIBHON MOJIIPHOCTU (MHTEpBAl T-27T HA PHUC.
3.30) nonsipHOCTH HANpPSHKEHUI Ha BTOPUYHBIX OOMOTKaxX CTaHOBUTCS 0OpaTHOM. B mpoBosiiem
cocrossHuu Haxogutcsa aumox 2 , a nmmom [l1 3akpeiT. K Harpyske Ry mpuxnaneiBaercs
HalpsDKEHUE Uz-2 OMpEeNeNsiollee HamnpsKeHUE Ud TOM  KEe MOJSIPpHOCTH, YTO W Ha
IIPEIUIECTBYIOLIEM MHTEpBae. Tenepb TOKM B CXEME ONPEAEIAIOTCS MOJYyBOJHOW HAIPSHKEHUS
MIOJIOKHUTETBHOMN MOJIIPHOCTH U2-2:1d=la2=U2-2/RH.

CBsi3p MEXJly JAEHCTBYIOIIUM 3HAaY€HHEM BTOPUYHOro HampspkeHus Uz TpaHcopmaropa
CO CpEeIHUM 3Hau€HUEeM BbIIpsIMIIEHHOro HampsbkeHuss Ug Haxoaum u3 kpuBod puc. 3.30,
onpezenss HanpsbkeHne Ug Kak cpeiHee 3a MOIyNepHo]] 3HaUeHUE HAaPSDKEHUS U2!

U, =L [2U, sin 9d 9 = &Uz =0.9U, (3.20)
T 0 T

HOCKOJ’IBKy BCJIIMYHUHA Ud IIpru pPacuCTC BBIIPAMHUTCIIA ABIACTCA Sa)IaHHOfI, Haxoaum

BTOPUYHOE HAIIPSKEHUE:!

U, =1.11U,, (3.21)

T
- T u
22 "

a Takke Ko (HUIMeHT TpaHchopmaluu TpaHchopmaTopa:

n=—L. (3.22)
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Kak BugHo u3 puc. 3.30 BeIIPSMIICHHOE HaNpsDKEHUE MyJabcupyeT. Ero MrHoBeHHBIE
3HAa4YCHUA Ud HU3MCHAIOTCA B TCUCHUC IOJIYIICpHOAAa OT MAKCHMMAJIBHOI'O 3HAYCHUA, PABHOI'O

\2U3 10 Hyss1. HanpskeHue ug HOMMMO MTOCTOSIHHOU cocTaBsomeil Ud COAEPKUT NEPEMEHHYIO
COCTaBJISIIOLIYI0, TIPEICTABIISIIONIYI0 CO00M CyMMy rapMoHuueckux. Pasnoxkenue B psg Dypbe
KpuBoi ug (puc. 3.30) MO3BOJISIET ONPEACIIUTD AMIUIUTYLY BBHICIIUX Tap MO H U K:

Ugem=2Ug/((om)?-1), (3.23)

roe V =1, 2, 3, ...— HOMepa rapMOHUYECKHX; M-DKBUBAJIEHTHOE YUCIIO (a3 BhIIPSIMIEHHs (JIs
JTAHHOM CXeMbI m == 2).

Jlis  OLeHKM KayecTBa BBINPSMIICHHOTO HAMpPSKEHHUs] TMOJB3YIOTCA TaK Ha3bIBAEMbIM
KOX(P(UIMEHTOM MYJIbCALUU (y , XAPAKTEPU3YIONUM OTHOIICHUE aMILTUTYbI Y- TapMOHUKH K
cpennemy 3HaueHuto HampsikeHuss Ug. Kosdduument mymbcanuu OOBIYHO ONPEENSIOT IO
aMIuTuTye mnepBoi (ocHOBHOM) rapMoHukH (Y= 1), kKak HauOOJbIIEH W3 BCEX OCTAIBHBIX M
HauboJee TPYAHO MoAgaronIecst puibTpanmuu:

g =Lam 2 (3.24)
U, (m”=1)

JInst paccMaTpuBaeMOM CXEMbl YacTOTa MEpPBOM rapMOHHMKH mynscauuu fr)=2fc u mpu
yacrote nurawoiei cetu fc = 50 I'u cocrasnser 100 I'n.

[ToncranoBkoii B Beipaxenue (3.24) m = 2 onpenenseM ko3(pPUIMEHT Mylbcaluy Mo MepBOM
rapMOHHUKE:

0:=0,67

T. €. aMIUIATYy/la IEPBOM TAapMOHMUYECKOM 71 TaHHOM cxeMbl cocTaBisieT 67% ot Ug.

[Ipn ompeneneHun THUMa JAMOAOB HEOOXOAMMO 3HAaThb CpeJHEE 3HadeHHe Toka I
IPOTEKAOILEro Yepe3 Kbl U3 JUO0B, U MPUKIAIbIBAEMOE K HUM MaKCHUMalbHOE 00paTHOE
HanpskeHUs Upmax.

ITockonbKy TOK 1 TNpOTEKaeT yepe3 AMOAbI moodepenHo (puc. 3.30), cpeaHuil TOok yepes
KaXKIBIM U0 COCTABUT

I
I =

< 3.25
= (325)

OOpaTHOe HaINpsHKEHUE TPHUKIIAIBIBACTCS K 3aKPBITOMY JHOJY, KOT/Ia MPOBOJIUT TOK JIPYTOi
nuon. Ilpu oTkpeiTOM, Hampumep, auoae > u3 mHTepBasie n--2m (puc. 3.30) Ha awome 1 B
0o0paTHOM HampaBleHUH JIEHCTBYET CyMMapHOE HaIPsHKEHHUE ABYX BTOPUYHBIX OOMOTOK, B CBSI3U
¢ ueM up=2U> (puc. 3.30) 1 MaKCUMaIILHOE 00paTHOE HAIIPSHKCHHE

=220,

U

B max
3. 3ananue Ha paboty (padoyee 3a1aHue)

PaccuutaTh OCHOBHBIE napaMeTphl BBIIIPAMUTCIIA U BBI6paTB JAUOObI.
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4. Xoa pa6oThl (MOPSAI0K BHINOJHEHUSI PadOThI)

1. B cxeMe OJHOMOIYNEPUOIHOTO BBIIPSAMUTENST 4Yepe3 U0 MPOXOIUT BBIIPSIMICHHBINA
ToK 10=75 MA. OnpenenuTs CONPOTHUBIEHUE HArpy3ku Ry, €ciau amIUIMTyla HanpsbKEeHUs
BTOpUYHON 00MOTKH TpanchopmarTopa U= 200 B. OteeT: Ru= 850 Om

2. AMIUIMTYa HaNpsOKEHUs] BTOPUYHOM OOMOTKHM TpaHc(opMaTopa ABYXIOTYIIEPUOTHON
cxembl BoipsaMmurenss U'zm = 210 B. Onpenenuts BBIIPSIMIIEHHBIM TOK, NMPOXOJALIUI depes
Kbl 1uof lo, eciu conpotuBieHue Harpy3ku Ry= 510 Om. Otet: lo =131 MA.

3. JInsg cxembl JOBYXIOJIYIIEPUOJHOTO BBIIPSIMHUTENS C HHAYKTUBHBIM CIIIQKHBAIOIIUM
¢mwibTpoM  ompeAenuTh KOI(D(UIMEHT CriIaXuBaHUsA (|, €CJIM M3BECTHO, UYTO AaMIUIMTYyHA
HaIpsKEHUsT BTOPUYHOM 00MOTKH TpaHchopmaTopa U'2m=300 B, BBIIPAMIIECHHBIN TOK, TPOXO-
IS gepe3 Harpysky, lo = 200 MA, dactota cetu fc = 50 ['u, mHIyKTHBHOCTB Apoccens Ly=10
I'a. OtBeT: q = 6,6.

4. B cxeme JBYXIMOIYIEPUOHOTO BBINPSAMHUTENS C HYJIEBbIM BBIBOJOM Ha Harpyske Ry =
510 Om nocrosuHoe Hanpspkernre Uo = 100 B. Kaxoii u3 10108 npaBuiIbHO BBIOpaH ISl 3TOM
CXEMBI?

1. 1205 (Uosp = 400 B, lepmp. cp. = 400 MA). 2. A7 (Uosp = 300 B, lsemmp. cp.= 300 MA). 3.
11209 (Uosp =400 B, lspmp. cp. = 100 MA). 4. 1205 u A7A. 5. 1205 u 1209. 6. 171 u [1209.
Otsert: 5. 1205 u [1209.

5. OmpenenuTh YacTOTy MyJbCallMii MEpBOM TapMOHUMKHM HANpSOKEHUs] Ha Harpyske
JIBYXTIOJIYIIEPUOJHOTO BBIIPSIMUTEIS, €CIM HANpsHKEHUE NMEepBUYHON OOMOTKHM TpaHchopMaTopa
umeeT yactoty fe =400 I'u. Orser: fu =800 I'u.

6. JleficTByrollee 3HaU€HUE HANPSKEHUS] BTOPUYHONH 00MOTKH TpaHc(opMaTopa MOCTOBOM
cxemsl Beipsmutens Uz = 10 B. Onpenenuts oOpaTHOE HanpsKEHUE MPUIIOKEHHOE K AUOIY.
OtBet:Uosp. = 14,1 B.

7. Omnpenenuth  JAEUCTBYIOLIEE 3HAYEHUE  HANpPSDKEHUs  BTOPUYHOM  OOMOTKH
TpaHcpopmaTopa B CXEME JIBYXITOJIYIEPUOAHOIO MOCTOBOT'O BBIIPSIMUTENS €CIIH Uepe3 KaXKIbIi
o nporekaeT cpenHuil Tok lo= 150 MA, a conmpoTtuBienue Harpy3ku Ry =430 Om. Ortser:
U2 =143 B.

8. I[J'IS[ CXEMbl ABYXIIOJYIIECPHUOAHOTO BBIIMPAMUTEIIA C HYJICBBIM BBIBOAOM OIIPCACINTDH
BBINPSIMIIEHHOE HampspkeHue Ha Harpyske Ug, ecnm gelicTByrollee 3Hau€HHE HamNpsKEHUs
BTOpHUYHOU 00MOTKH TpaHchopmaropa Uz = 120 B. Oteet: Ug = 108 B.

9. B cxeme ABYXIOJYNEPHUOJHOTO BBIMPSIMHUTENS C HYJIEBBIM BBIBOJOM OOpaTHOE
HanpsDKeHue, AelicTByroiee Ha Kaxabid auon Uosp. = 471,2 B. OnpenenuTs BBIIPSMIEHHOE
HamnpsbkeHue Ha Harpyske Ug.  Otetr:Uq = 150 B.

10. Onpenenuts aMIUIUTYy IEPBOM FrapMOHUKH IIEPEMEHHOIO HANPSKEHUS HA HAarpy3Ke B
CXEM€ JBYXIIOJIYIIEPUOAHOIO BBIIPSAMUTENS C HYJIEBBIM BBIBOJIOM, €CIM BBIIPSIMIIECHHBIA TOK,
nmpoTeKaromuid yepe3 Kaxaeii nuon l. = 70 MA, a compoTtuBieHue Harpy3ku Ry = 39 Owm.
OtBer:Ugim = 3,66 B.

1) lg=2-1, = 140 MA.

2) Ug = lg- Ry = 5,46 B.

3) Udim = q1- Ug = 3,66 B.
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11. Yacrora MyJibCallu BBIIPSAMIICHHOI'O HANPSAXKCHUA B CXCMC IBYXIIOJIYIICPUOIHOI'O
seinpsamures f, = 2 k', Onpeaenuts yacrory nutarorieii cetu. Oteer: fe =1 kI'm.

12. Onpenenutp BoipsmieHHoe Ug Ha Harpy3ke MOCTOBOM CXEMBI BBIIPSIMHUTENS, €CIIH
aMIUTUTY/Aa HaNpsHKEHUs IepBUYHONW 00MOTKH Tpanchopmaropa Uim = 150 B, a xoaddunment
tpanchopmaruu N =2. OtBer:Ug = 47,8 B.

1) Uom = Uim /N =75B.

2) Uz2=U2m/1,41=53,2B.

3) Us=0,9- U2=47,8 B.

13. B MocToBO#i cxeme BBIIpAMUTENS 00paTHOe HampsbkeHue Ha auonax Uosp. = 235,5 B.
OmnpenenuTh TOK, MPOXOMSAIINN Yepe3 KaXKAblid MO/, €CIH CONpOTHBICHHE Harpy3ku Ry =390
Om. Ortser:la =193 MA.

5. KoHTpoJIbHbIE BONPOCHI

1. Cxonpko IMOAOB OAHOBPEMEHHO HAXOJUTCA B LENU TOKa JBYXIOIYIEPUOTHOTO
BBINIPSIMHUTEJSI C HYJIEBBIM BBIBOJIOM?

2. lloueMy HampsbKeHHs Ha KpalHUX BbIBOAAX TpaHchopMaTopa JOJKHBI OBITh
OJIMHAKOBBIMU?

3. KakoBa yactora nmyiabcalvii Ha BbIX0JI€ BBIIPSIMUTEISA?

4. Kak BIMSIIOT KOHJIEHCATOPHh! (PUIIbTpa Ha IMyJbcaluu?

5. IloyeMy cxemy ABYXITOJIYTIEPHOAHOIO BBIIPSIMUTEIIS C HYJIEBBIM BBIBOJJOM IIPUMEHSIOT B
CUJIbHOTOYHBIX BBIIPSIMUTENSIX?

CnucoK HCIO0JIb30BAHHBIX HCTOYHUKOB

1. lllyka, A. A. DnekTpoHuka : yueb. mocodue st By30B / A. A. lllyka ; mox pexn. A. C.
Curosa .— CII6. : BXB-ITetepoypr, 2005 .— 800 c.

2. Ckapxerna B.A. DiekTpoHWKa W MHKPOCXEMOTEXHHMKa: ydeOHMK B 2 4. Y.1.
DJeKTpOoHHbIE ycTpoicTBa MH(popMaloHHON aBToMaTtuku / B.A. Ckapxena, A.H. Jlyuenko;
nox oour. pea. A.A. Kpacnonpomenoii. — Kues: Boima mikona. 1989. — 430 c.

3. 3abponun 1O.C. IlpomblnuieHHas »nekTpoHHKa: YdyeOHuk s By3oB / 1O.C.
3abpoaun — M.: Beicmi. mikona, 1982. — 496 c.

4. Tokxeim P. OchnoBbl mudpoBoit snextponuku / P. Tokxeiim; mep. ¢ anri. B.A.
Kypoukuna, B.M. MarseeBa; o pen. E.K. Macnosckoro. — M.: Mup, 1988. — 392 c.

IIpakTnyeckoe 3ansaTue Ne 5
PACUYET MOCTOBOI CXEMBI BBITIPSIMUTEJIS
1. Heab u 3apaun padoThl
Heﬂl) DaﬁoTbl: MOJIYYCHHUEC NMPAKTHYCCKUX HABBIKOB pacuc€Ta CXEM MOCTOBBIX BBIHp?IMPITGJ'IGﬁ.

3agaum padoThl: MoJyuyeHHE MPAKTUYECKUX HABBIKOB pacueTa M BHIOOPA BBITPSIMUTEIBHBIX
JIMOJI0B U OCHOBHBIX ITAPaMETPOB BBIITPSIMUTEIIEH.

2. O0mue moJiokeHus (TeopeTUYECKUE CBeIeHM )
MocToBass cxeMa BBIIPSAMIEHHUS JaeT TOYHO TaKOM K€ pe3ysbTaT, Kak
ABYXIOJNYIEPHOAHASA, HO UMEET 0oJee MpPOCTOM TpaHCcHOPMATOP C OAHOH BTOPHUYHOM

o . U,.
06MOTKOI/I, PaCCYUTAHHOU HA HANIPAKCHUC - :
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Cxema MOCTOBOTO BBIIPSAMHUTENS 0e3 (HUIbTpa M €€ BPEMEHHBIC JIUarpaMMBbl
nmokKa3zaHsl Ha puc. 48, a—e.
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Puc. 48

[Iycts B mepBolii monmynepuona (puc. 48, a—sB) Hanpsokenus U2 Ha BeiBOoge 1
BTOPUYHON OOMOTKM TpaHchopMaTopa JEHCTBYET MOJOXKUTEIBHOE MO OTHOIICHHUIO K
BBIBOJY 2 HaNpsOKEHUE W TOK |14 mpoxoaut mo menu: BeiBoa auon VD1, pesucrop Ry muon
VD4, BoiBojx 2. [Ipu 3TOM Ha Harpyske oOpasyercs najgeHue HanpspkeHus: Ury, MONSIPHOCTH KO-

TOpOTO yKa3aHa Ha puc. 48, a. ®opma HampsHKEHUSI Ure 310 CIIEYIOIINE OJUH 3a JIPYTHM
CHHYCOUIANbHBIE UMIYIBCHI (puc. 48, 0). Juonsr VD2 u VD3 B TeyeHne 3TOroO moiryrnepuoaa
TOKa HE MPOBOJIAT, TAK KAK 3aKPbITHI TOCTYHAIOIINM Ha HUX uepe3 OTKphIThie nuoasl VD1 u VD4
nanpsokenneM Y= (puc. 48, e). MakcuManbHOE OOPaTHOE HANPSIKEHHE 3a KPBITHIX JHOJIOB
PaBHO aMILTUTY e HanpshkeHus Y Ha 06MoTke TpaHcdopmaropa, T. €. BABOE MEHBIIE, YEM
B JIBYXIIOJIYIIEPHOJHOM CXEME.

B crnenyromuii momynmepuon, KOrja 3HaKM HamNpsKeHUs Ha BTOPUYHOH OOMOTKe
TpaHchopmaTopa H3MEHSIOTCS Ha NIPOTUBOMOJOXKHBIE (Ha puc. 48,0 oHM naHH B
ckobOkax), Tok l23 (puc. 48,2) 6yner mpoxonuth nmo uenu (puc. 48,a): BeIBOI 2, OTUOA
VD2, pe3ucrop Ry nron VD3, BeiBo 1.

JIOCTOMHCTBO MOCTOBOM CXEMBI MO CPAaBHEHHUIO C JBYXMOJYNEPUOIHON COCTOUT B
TOM, YTO JIHOJBl MOTYT OBITh pacCUMTaHBl Ha BIBOE MEHbIIEe 0O0paTHOE HAMpsIKEHHUE.
OnHako B IeNU MPSMOTO TOKA B JIFOOOH MOMEHT BBIIPSIMUTEIbHOTO MPOIEcca HaXO0AATCS
JIBa TMOCJIETOBATEILHO BKIIOYEHHBIX AUOJA, YTO CHHKAET YKOHOMHUYHOCTh CXEMBI M3-3a
najJeHus HampsHKeHUs Ha HUX MPH HOPOXOXKACHUHM MPSIMOTro TOKa. B BBIIpAMUTENX,
BBITIPSIMIICHHOE  HAaNpsDKEHWE KOTOPBIX 3HAYUTEIBHO BBINIE MPSIMOr0 TaJCHUS
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HaNpsOKEHUs Ha JAUOJaxX, 3TOT HEJOCTAaTOK He3aMeTeH. B Tex ke ciayvasdax, Korja
BBINIPSAMJIICHHOE HANpsKEHUE COU3MEPUMO C TMPIMBIM TaJeHUEM HaNpsKEHUs,
NPUMEHSAIOT ABYXIOIYIEPUOIHYIO CXEMY.

B MocTOBO#l cxeMe, Kak WM B JABYXIOJYNEPUOJHOM, YacTOTa MyJbCallMi paBHA
YIBOECHHOMW YaCTOTE CETH.

3. 3aganue Ha padoTty (padouee 3a1aHue)
Paccuntath OCHOBHBIE TapaMeTphl BHITPSIMUTENS U BBIOPATH JUOIBL.

4, Xoa pa6oThl (MOPSAI0K BHINOJIHEHUSI PadOThI)

1. B cxeme 0HOMOMYNEPUOAHOTO BBHIIPSIMUTENST 4Yepe3 JUOJ MPOXOIUT BBIIPSMICHHbIN
ToK 10=75 MA. OmnpenenuTs CONPOTHUBIEHUE HArpy3ku Ry, €ciau amIuIMTyla HanpsbKEeHUs
BTOpUYHOU 00MOTKH TpanchopmarTopa U= 200 B. OteeT: Ru= 850 Om

2. AMIIMTYyAa HanpsDKEHUs BTOPUYHONW OOMOTKH TpaHc(opMmaTopa JABYXIOIYNEPUOIHON
cxembl Beimpsamutenss U'om = 210 B. Onpeaenuts BBIIPSIMICHHBIA TOK, MPOXOIAIIANA 4yepe3
Kaxablid auof lo, ecnu conportusienue Harpy3ku Ry= 510 Om. OtBet: lo =131 MA.

3. Jns cxeMmbl JABYXIIOJIYIIEPHUOAHOIO BBINPSAMHUTENS C HHAYKTHBHBIM CIJIa)KUBAOLIUMM
¢mIbTpoM  ompeAenuTh KOI(DOUIMEHT CriIaXuBaHUsA (|, €CIM M3BECTHO, YTO AaMIUIMTYJA
HanpsDKeHUs: BTOpUUHOW 00MoTkH TpaHchopmaTopa U'2m=300 B, BeImpsiMiIEeHHBIH TOK, IPOXO-
IS gepe3 Harpysky, lo = 200 MA, dactota cetu fc = 50 I'u, uHIyKTUBHOCTB Apoccens Ly=10
I'a. OtBeT: q = 6,6.

4. JleficTByrollIee 3HAUEHUE HANPSHKEHUS! BTOPUUHONW 0OMOTKH TpaHc(opMaTopa MOCTOBOM
cxemsbl Beipsamutens Uz = 10 B. Onpenenuts 00paTHOE HaNpsKEHUE MPUIIOKEHHOE K AUOLY.
OtBet:Uosp. = 14,1 B.

5. Ompenenuts  JAeHCTBYIOLIEE 3HAYEHUE  HANpPSDKEHUs  BTOPUYHOM  OOMOTKH
TpaHcpopmaTopa B CXEME JIBYXITOJIYIEPUOAHOIO MOCTOBOTO BBIIPSIMUTENS €CIIH Uepe3 KaxKIbIi
o nporekaeT cpenHuil Tok lo= 150 MA, a conpoTtuBienue Harpy3ku Ry =430 Om. Ortser:
U2 =143 B.

6. YacroTa mynbcalMy BBIIPSMIEHHOTO HANpsDKEHUS B CXEME JIBYXIOJIYHNEPUOJHOTO
Beipsmutest f; = 2 k. Onpenenuts 4acToTy nutaroniei cetu. Oteet: fe = 1 k',

7. Ompenenuts BbipsimiieHHOe Ug Ha Harpy3ke MOCTOBOM CXEMBI BBINPSIMHUTEINS, €CIH
aMIUTUTY/A HaNpsHKeHUs epBUYHOW 0OMOTKHM TpaHcpopmaropa Uim = 150 B, a koaddunment
tparcopmaru N =2. OteT:Ug = 47,8 B.

1) U2m:U1m/n:75B.

2) Uz2=U2m/1,41=53,2B.

3) Us=0,9- U>=47,8 B.

8. B MocTOBOIf cxeme BBIIpSIMUTENS 0OpaTHOe HampspkeHue Ha nuonax Uesp, = 235,5 B.
OmnpenenuThs TOK, TPOXOIAIINNA Yepe3 KaKIBIH MO/, €CIIM CONpOTHUBIeHHE Harpy3ku Ry =390
Om. Ortser:la =193 MA.

5. KoHTpoJIbHBIE BONIPOCHI
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1. CxonbpKO mOCHEeI0OBaTEIbHO BKIIFOUEHHBIX AMOJ0B MMEETCA B IIEMU TOKAa HATPY3KU MpHU
MOCTOBOM CX€M€ BBITPSMIICHHS?

2. KakuMm J0mMKHO OBITH MaKCHMalbHO JOMYCTUMOE OOpaTHOE HAMpsDKEHUE Uo/a B
MOCTOBOM cxeme?

3. Kak BmustoT KOHAECHCATOpHI (PUIBTPAa W COMPOTUBICHHE HArPy3KH HA aMILTUTYIY
MyJIbCalMi?

4. Kakoit Oyzmer ocmuuiorpaMma HanpsOKeHMS Ha Harpy3ke, €Cld OJUH W3 JTHOJO0B
OTKJIFOUEH?

5. Korza npuMeHs10T MOCTOBYIO CXEMY BBIIIPSMIICHUS?

CnucoK HCIO0JIb30BAHHBIX HCTOYHHKOB

1. Makcuna E.JI. DnektpoHuka [ DNeKTpOHHBIN pecypc]: yaeOHoe mocodue/ MakcuHa
E.JI.— DnekrpoH. TekctoBble nanHbie.— CaparoB: Hayunas kaura, 2012.— 159 ¢.— Pexum
nocryna: http://www.iprbookshop.ru/6270.— DbC «IPRbooksy, mo mapostro.

2. Ckapxerna B.A. DnekTpoHWKa M MHKPOCXEMOTeXHHKa: y4yeOHMK B 2 4. UY.1.
DJeKTpOoHHBIE ycTpoicTBa MH(popMarnmoHHoi aBToMaTtuku / B.A. Ckapxena, A.H. Jlynenko;
noxa o6mr. pea. A.A. KpacHonpomrenoit. — Kues: Beima mkomna. 1989. — 430 c.

3. 3abpomun 1O.C. IlpowmblnuieHHas »nmeKkTpoHHKa: Y4yeOHuk st By3oB / FO.C.
3abpoanH — M.: Beicmi. mkoma, 1982. — 496 c.

4. Tokxeitm P. OcnoBbl mudpooit snextponuku / P. Tokxeiim; mep. ¢ anri. B.A.
Kypoukuna, B.M. MarseeBa; noz pen. E.K. Macnosckoro. — M.: Mup, 1988. — 392 c.

IIpakTnyeckoe 3ansiTue Ne 6
PACYET ITAPAMETPUYECKOI'O CTABUJIN3ATOPA HAIIPSXKEHU A
1. Hesas 1 3a7a4u padéoTbl
Lleab paGoThl: MOyYCHNE MPAKTUYECKUX HABBIKOB PacyueTa MapaMeTpUYeCKUX CTaOMITN3aTOPOB
HaIpsDKEHHS.

38[[3‘-11/1 DaﬁoTbl: MOJIYYCHHUE MPAKTUYCCKUX HABBIKOB pacydc€Ta 3JICMCHTOB CXCMblI U OCHOBHBIX
napaMeTpoOB MAPAMCTPUICCKUX CT8.6I/IJ'II/I38.T0p0B HaITPAKCHU.

2. O0mme nmos10keHust (TeOpeTHYECKHE CBEACHHUSA)

B pszae cinyuyaeB K BBIXOZHOMY HAIPSKEHUIO MAJIOMOLIHOTO BBIIPSIMUTENS, UCIIOIB3YEMOMY B
KauCCTBC HAIIPAKCHHUA MMUTAHUA IOJId HCKOTOPOTO 3JICKTPOHHOTIO YCTPOfICTBa, MMPEABABIAIOTCA
TpeOOBaHUS B OTHOLIEHMM €ro crabmibHOCTH. BBHIy 3aBucuMocTu HampsbkeHus Ug OT Toka
Harpy3Kku, OOYyCJIOBJIEHHON HAaKJIOHOM BHEIIHEW XapaKTePUCTUKHU BBIIPSIMHUTENS, a TaKXKe OT
M3MeHeHn HanpspkeHus: Ui NUTaleld CeTH MEXIY BBIIPAMHUTEIEM U HArpy3Kol BKIIIOYAOT
cTabUIN3aTOp HAMPSIKEHUS.

CymectByer JBa  TUNa  CTaOWIM3aTOPOB  HANpPsDKEHUS:  MapaMeTpUyeckue U
KOMIICHCAaITMOHHEIC. B IIEPBOM THUIIC CTa6I/IJ'II/ISaTOpOB HCIIOJIB3YCTCA IMOCTOAHCTBO HAIIPSIKCHUA
HEKOTOpPHIX BHUIOB MPUOOPOB MpH U3MEHEHHWH MpPOTEKalollero dyepe3 HUX Toka. U3
MOJIYTIPOBOTHUKOBBIX TPUOOPOB TAKUM CBOMCTBOM, KaK MU3BECTHO, 00JIaJaeT CTAOMIIUTPOH.

Bo BTOpOoM TuHmE CTa0WINM3aTOPOB 3a4ady CTaOWIM3alMM HANpPSHKEHHWS PpeIlaloT 1o
KOMIICHCATUOHHOMY MMPpUHIMITY, OCHOBAaHHOMY Ha ABTOMAaTHYECKOM PEryjJInpoBaHuA
HaNPsDKEHUS, OJBOUMOTO K Harpyske.

Cxema mnapaMeTpHuecKoro crabuinusaropa HampsbkeHus npuBeneHa Ha puc. 3.31. Ona
cocTouT u3 OammacTHoro pesucropa Re u ctabunurpona /J. Ctabunuzarop moaKIoyaeTcs
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Puc. 3.31

K BBIXOZly BhIIpsAMUTENS ¢ puinbTpoM. Harpyska BkiIroueHa napauieabHO CTaOUIIUTPOHY.

[Tpu n3menennn Hanpspkenuss Ug Tof feiicTBUeM KoJieOaHUsl HANPSIKEHUS MUTAIONIEH ceTh
WIA W3MEHEHUs CONpPOTHUBICHMS Harpy3ku Ry HampsikeHne Ha Harpy3ske H3MEHseTcs
HE3HAYUTEJIbHO, TaK KAaK OHO ONpPENENsIeTCd Mallo M3MEHSIOIIMMCS OOpaTHBIM HampsyKEeHUEM
crabmiutpoHa Ucr TpU M3MEHEHUH IPOTEKAOLIET0 Yepe3 Hero ToKa .

I'maBHBIM npu pacueTe cTaduIM3aTOpa SABJISIOTCS BHIOOp TUIIA CTAOUIUTPOHA HA HAINPSIKEHHUE
Harpy3ku Uc=Uy u obecnieueHue yciaoBUH ero paloThl, IpU KOTOPBIX H3MEHSIOIIUICS B
nporuecce paboThl TOK cTaOUIUTpoHA lcr HE BBIXOAMII OBl 3a IIpejienbl padodero yyacTka, T. €. He
ObLT MeHBIIE lermin U 60TBIIE Lermax.

OCHOBHbIE COOTHOILIEHUS [UIsI TOKOB M HAaNpsOHKEHUH B CTAOMIM3ATOpE IOIY4aeM,
BOCII0JIb30BaBIINCH IIEPBBIM U BTOPHIM 3akoHamu Kupxroda:

Id:|H+ICT, (328)
Us=Urs+Us, (3.29)

rie Urs=(lut1er)Re.
Ha ocnoBanuu cootnomenutit (3.28), (3.29) anisa Toka cTabMIMTpOHA MOKHO 3aITUCaTh

ICT:(Ud'UH)/R6'UH/RH. (3.30)

Hanpsokenne Uy onpenensemoe HanpspkeHHEM Uer , H3MEHSAETCS HE3HAUUTEIIBHO, B CBA3M C
4eM €ro MOXKHO CUMTaThb HEU3MEHHBIM. Torga B YCIOBUSAX HM3MEHEHHUS TOKa Harpy3kKd
(comporuBnenuss Ry) u Hampsbkenus Uq Tok ler , OymeT H3MEHSATHCS OT HEKOTOPOTo
MUHUMAJIBHOTO 3HAYEHUS lermin 10 MAKCUMaNbHOTO 3HA4Y€HUS lermax. MUHUMAIBHOMY 3HAUYEHUIO
TOKa Iermin coryiacHo BeipaxkeHuto (3.30) OyayT cooTBeTCTBOBaTH MUHUMAIbHBIE 3HAYeHUST Udmin
¥ Rhmin, @ MaKCUManbHOMY 3Hau€HUIO TOKa lctmax - MakcuManbHble 3HaueHUs Upmax 1 Rumax .
Pacuer crabuiusaropa cBoAMTCS K TOMY, YTOOBI BbIOpaTh BEIMYMHY COMPOTHBIECHUSA Rg mpu
KOTOpOH 4epe3 CTaOMIUTPOH MpOTeKasl Obl TOK lcrvin, COOTBETCTBYIOLIMM Hayally ero paboueit
XapaKTepUCTHKU. B cBS3U ¢ ykazaHHBIM 1 pacueTa 0aiacTHOTO COIMPOTHBIICHUS UMEEM

R6:(Ucmin'UH)/(ICTmin+UH/RHmin)- (331)

Tok  Iermax=( Udmax-Un)/Re-Uu/Rhmax, TpoTeKaromiuii uepe3 cTabHINTPOH B IMPOIECCE pabOThI
CXEMBbl, YUUTHIBAIOT BHIOOPOM THUIIA IpuUOOpa MO TOKY, UCXOJS U3 TOTO, YTOOBI TOK lcrmax HE
IPEBBINIA] MaKCHMAJILHO JIOIMYCTHMOIO 3HAYEHUS TOKA uepe3 CTaOMIUTPOH. MakcuMalbHBIE
MOII[HOCTH, PaCCEMBAEMBIE B CTAOUIIUTPOHE U pe3nuctope Rs paccuuTriBaroT o GopMysiam

Takum o6pazoM, B Tporecce paboThl CTabWIM3aropa HaNpsOKEHHE HA Harpyske
ONpENIENAETCA  HANpSHKEHHEM Ha  CTAOMJIMTPOHE, COOTBETCTBYIOLIMM  BOJIBLTAMIIEPHOM

Pt'r max — U{;'I:Ig_'.']' max s

— {Vd max — UET}z .
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XapakTepucTuke npubdopa. Mi3MeHeHne HapsDKeHUS Ha Harpy3Ke XapakTepU3yeTcsi N3MEHEHHUEM
HaIpsDKEHUS Ha CTAOMJIMTPOHE NP MU3MEHEHUHU Toka l¢r: T. €. ompenemnsiercs ero auddepeHim-
AJIbHBIM  COIMPOTHUBJICHUCM I ITokazaTenem kauecTBa CTa6I/IJII/I3aI_II/II/I HanpsOKCHUA CIIYXKUT
kodpdunment cradmmmsanuu K, IMOKa3bIBalONMIUi, BO CKOJIBKO pPa3 OTHOCHUTEIBHOE
[pupamcHnue HaIIPs>KCHU A Ha BBIXO/€C CTa6I/IJII/ISaTOpa MCHBIIIC BBI3BABIICTO €ro
OTHOCHTEJIEHOTO MTPUPAILCHHS HATIPSHKCHUS Ha BXOJIE:

Al Al
KGT —_ y d . UII .
d o

[Ipupamenue HampspkeHHsT Ha BbIxoJe crabmim3atopa AUy CBsI3aHO € IpHpalieHUueM
BXOJHOro HanpspkeHust AUg cCOOTHOLIEHHEM

_ Aliglral Ry

AU, .
Bt o | &

C yuetroMm Toro, uT0 Ri>>1; 1 R6>>r,, cooTHOMEHUE (3.32) MOXKHO 3amucaTh B BUJIE

AU, = Mt (3.34)
Ry

[Moacranoskoit (3.34) B (3.32) momywyaeMm BbIpaxkeHue I Kod(pduimeHta crabuinsauu
MapaMeTPUIECKOT0 CTaOMIIN3aTOpa HAMPSKESHUS:

_ UI[ Eﬁ
Km Ud o *

OO6b19HO OH He mpeBbimaet 20—>50.
Jpyrum mnapameTpoM craOuiM3aTtopa SIBISETCS €ro BbIXOJHOE CONPOTHUBICHHE Raux
CTaOMIIN3aTOPOB PACCMOTPEHHOTO TUTIA Rppx=I || Rs = I'1.

3. 3ananue Ha pabory (padoyee 3a1aHHe)
Paccunrare mapamerpsl mapaMeTpUUYECKOTo CTa0MIM3aToOpa HAMpPsHDKEHUS U BBIOpATh €ro
AIIEMEHTHI.

4. Xon pa6oTsl (MOPSAI0K BHINOJTHEHHS] PA0OTHI)

1. Onpegenuth KO3POUIMEHT CTaOWIM3ALUK TapaMeTPUYECKOro CTabuiIn3aTopa
HaIpsDKEHUs, €ClM HampshkeHue Ha Bxoje crabwimmszatropa Ug = 12 B, OammactHoe
comporuBienue Rs = 100 Ow, Hampspbkenue crabunumzamuu crabwimutpoHa Uer = 9 B,
muddepeHIaTbHOe CONPOTUBIIEHNE CTAOUIUTPOHA g = 10 Om. OtBet: Ker = 7,5.

2. OmpenenuTh Kakoe HaNpsHKECHHE HEOOXOIMMO MOJaTh Ha BXOJ IapaMeTPHYECKOTO
cTabmin3aropa HamnpsDKeHUs, 4TOObl MONXY4uTh KodpduuueHt crabmwmzamun Ker = 20, ecnu
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CTaOUIUTPOH wuMeeT HampspkeHue cradmwmsamuun Uer = 9 B, muddepeHnuaITbLHOe
COIPOTUBIIEHUE CTAOMIUTPOHA Iy = 10 OM, a GamnmactHoe comportuBieHue Rg = 270 Owm.
Oteet: Ug = 12,15 B.

3. Onpenenuts BeNMWYUHY 0asIacTHOTO COMPOTHBIEHUS Rs, ecnu HampspkeHHe Ha BXOJE
crabmmm3aropa Ug = 12 B, Hanpspokenne ctadbmimmsanuu crabunutpona Uer = 9 B, BXoaHO# TOK
crabmmmsaropa lg = 15 MA.  Otset: Rs = 200 Om.

4. OrmpenenuTh  BBIXOJHOE  CONPOTUBJICHHWE MApaMETPHUUECKOro  CTa0HiIM3aTopa
HaIpsDKeHUs, Y KOToporo 6amutactHoe conpotusieHne Rs = 100 Owm, ecinu nmpy U3MEHEHUH TOKa
crabmwmmzanuu crabunmurpoHa Al = 30 MA HampspkeHHe CTaOWIM3alUM W3MEHSeTCS Ha
BeinunHy AUcr = 180 MB. OtBetT: Reux = 5,66 Om.

5. Kak wu3MeHuTCSs TOK CTaOWIM3alMU CTA0MJIMTPOHA B CXEME MapaMeTpHU4ecKOoro
CcTadWIM3aTopa, €CIM BXOJHOE HalpshKeHHe u3MeHwiIoch Ha BenuuuHy AUz = 2 B?
Conporusnenne pesuctopa Rs = 200 Om. CuwuraTh, YTO HampsDKEHHWE HAa Harpy3ke He
u3mensercsa. Oteer:Aler = 10 MA.

7. 3BecTHO, YTO HANPSHKEHHE HA BXOJIE MApaMETPHUECKOT0 CTa0MIN3aToOpa N3MEHSETCS B
npenenax Ug = 15 +10% B, nanpspkenue crabuwnmmzanuu crabumutpoHa Ue = 9 B, Tok
crabunmuzauuu ler = 10 MA, Tox Harpysku |y = 20 MA. OrmnpenenuTb B KakuX Ipenaenax
M3MEHSETCS TOK Ha BX0Jie CTabuiIn3aTopa.

R :Ud -U,,

: =200 Om
I, +1,
:Udmax _UCT =37,5 MA
R

6

Ly =80 _ 29 5 34,

d min

d max

8. M3BecTHO, YTO HamNpsDKEHUE Ha BXOJE MapaMeTpUUYECcKOro cTabMiIn3aTopa U3MEHSIETCS B
npeaenax Ugq =15 +10% B, manpsokenue crabunmzanuu crabumutpona Uer = 9 B, Tox
crabmwmmzauuu ler = 10 MA, Tok Harpy3ku lx = 20 MA. Omnpeaenuts B KakuxX Hpezenax
U3MEHSETCS TOK CTa0MIN3aluy CTaOUIUTPOHA.

R :Ud _UC’I‘

6

=200 Om
I, +1,

I :Eﬂ%592=315MA

0

I zgﬂﬁlgﬂzzstA.

L =l —1 =175 MA

I =l —1 =25uA

cTmin d min

5. KoHTpoJIbHBIE BONIPOCHI

1.Tloyemy mynbcaly HaNpsKEHUs HA CTAOUIUTPOHE HEBEIUKH?

2. [loyeMy KOpOTKOE 3aMbIKaHUE HA BBIXOJIC HE BBHIBOJIUT IMAPAMETPHUECKUIN CTaOMIU3aTOP
u3 cTposi?

3. IMouemy KIIJ] mapameTpudeckoro crabuian3aTopa HEBHICOK?

4. Korja npuMeHSIOT apaMeTpuyeckue cTabuimn3aTopbl?

5. Kak uzmensiercst pesxxum paboThl CTAaOMIIMTPOHA MPU TIEpErpy3Ke?
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PACYHET KOMIIEHCAITMOHHOI'O CTABUJIM3ATOPA HAITPSOKEHMA

1. Hesab u 3apa4u padoThI

Heab padoThl: TONyYeHHWE  NPAKTHYSCKUX  HABBIKOB  pacyeTa  KOMIECHCAIIMOHHBIX
CTaOUIIN3aTOPOB HAMPSIKEHUS.

3ajaum paboThl: MOTyYEHUE MPAKTHUECKUX HABBIKOB PAcyeTa JIEMEHTOB CXEMbI M ITapaMeTpOB
KOMITCHCAI[HOHHBIX CTaOMIN3aTOPOB HAPSKEHUS.

1. OOmme nmoJioxkeHusi (TeopeTHYecKue CBeIeHHs)

[TpuHIMnManbHAS cxema KOMIIEHCAI[HOHHOTO crabwinzaropa  HampsKEHUs
NOCJIeI0BATENbHOIO TUIIA TpUBeeHa Ha puc. 3.33, a. Tpanzucrtop

Puc. 3.33
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T1 CAYXHUT PErylUpYyIOIIUM 3JIEMEHTOM, a YCHWJIHNTEIb MOCTOSHHOTO TOKa (OJHOKACKaHBIN)
BBINOJIHEH Ha TpaH3ucTope T2. VICTOYHMKOM OMOPHOTO HANpPSHKEHUS SIBISETCS CTaOMIUTPOH /],
BKJIIOUEHHBIH B 1IeTIb SMUTTEpa TpaH3uctopa T2. Pesuctop R (mokazaH myHKTHUPOM) UCIIONIB3YIOT
JUTSL BBIBOJIA CTAOMIIMTPOHA HA pabOYMil y4aCcTOK XapaKTePUCTUKHU, eCiH TOK Iy Tpan3ucropa T»
man. Pesuctopsl R1,R2 sBisitoTcst 3neMeHTamMu BXOJHOTO JeUTeNs HampsbkeHus. Hampspkenue
Mexay 6a3oit v amutTTepoM Tpan3uctopa T2 Usn=((R2/(R1+R2))*(Uu-Uon).

CunoBas 1enb cra0uiM3aTopa, BKJIIOYAIOIIAas HMCTOYHUK NHUTAaHUSA, TpaH3uctop Ti, H
Harpy3Ky Ry, mpexacraBnser co0oil yCHIMTENbHBIM Kackajq Ha TpaH3ucrope Ti ¢ oOmmm
KOJUIEKTOPOM, B KOTOpOM Ugx — Hampspbkenue nutanusi, Usi — BXxogHoe, a Uy — BBIXOJHOE
HanpsokeHus (Us=Us1-Uss1). i momydenus tpedyemoro HanpspkeHus U, HeoOXoaumo, 4ToOb
Hanpsbkenne Ha Bbixone ycwiutens (Uw=Usi) Obuto Onm3ko k HampspkeHuto Uy, Jlist aToro
NUTaHUE KOJUIEKTOPHOM ienu TpaH3ucTopa T2 oCylIEeCTBISIOT OT OTAEIBHOIO UCTOUHMKA — Ex.
Ycunurenb MOCTOSIHHOTO TOKa MIPU  3TOM  OO0ECIeYMBaeT COOTBETCTBUE HEOOXOIUMOTO
HanpsokeHus: U HanpspkeHuto ero BxogHou nenu Us. YKazaHHbIE COOOPaKEHUS TIOJIOKEHBI B
OCHOBY pacyeTra 3JIEMEHTOB CXEMBI 110 3aaHHbIM napameTpaM Uy, |y HOMUHAIBHOTO peKuMa.

Crabwmmsupyroniee JCeHCTBUE CXeMbl OOYCIOBICHO HAIWYMEM B HEH TIIyOOKOH
OTPHUIIATENILHOI 00paTHOM CBSA3M MO MPUPAIIEHUSM BHIXOAHOTO HanpspkeHus Uy.

[Tpenmnonoxum, 4ro noxa AeiicrBueM ymeHbllieHus: HanpsokeHUs Ugx HanpspkeHue Uy (31ech H
Janee UMEIOTCS B BUJY aOCOJIOTHBIC 3HAYEHUS HAMPSDHKEHHI) CTalo MEHbIEe HOMHHAIBHOTO.
CHmxenne HanpspkeHus Uy BBI3BIBaCT YMEHBIICHHE HanpspkeHUs Ha 0ase Usy W HaNpsDKEHUS
Us»2 Tpansuctopa T2 , a cienoBaTenbHO, ero TOKoB Ig; u . YMeHnbiienue Toka I mpuBOAUT K
MEHBIIIEMY NAJEHUI0 HanpspKeHus Ha pesucrope Ryx m yBenmuenuro HanpspkeHUM Ust m Ugsi
tpan3ucropa Ti. Benencteue yBenuuenuss Hanpsbkenus: Ug, Hanpsikenue Uy, Tpansuctopa Ti
YMEHbIIAETCS, MOBbIIIAsg TEM CaMbIM IOYTH J10 NMpexHEeW BenuuuHbl HanpspkeHue Uy, [TonodHo
PacCCMOTPEHHOMY OCYUIECTBIISETCS KOMIIEHCALUS U3MEHEeHUs HanpspkeHust Uy IpU yBEITUYEHUHN
Usx ,a TaKKe MpU U3MEHEHUSAX TOKA Harpy3KHu.

Koadpduuuent crabunmzanuu cTaOuiIn3aTopa HaXOJAT U3 COOTHOIIEHUS

Ky = R
cr ooy !
"fia [ Ry Ry
Faxgd -+ Ry r t[ + - _)
K {312 fGa
TAC Tohx2, 62, rx(3)2 — COOTBCTCTBCHHO BXOJHOC, 6a3OBOC nu KOJ'IJ'ICKTOpHOC COHpOTI/IBHeHI/IH

tpausucropa T2 ; 4 = 1 + ry/reo+(R1 || R2)/rsx2P2 - monpaBouHbIit KO3()MHUIMEHT, YIUTHIBAOIIU
BIMSIHUE JMHAMMYECKOTO COINpPOTHBIIEHUS CTAOMIMTPOHA Iy M CONPOTHBICHUH IEeTUTeNns B
6a3oBoil nenu Tpansucropa Tz.

BrixogHoe compoTtuBieHue cTabuiau3aTropa B MEpBOM NpuOIMkeHuu (0e3 ydera BIUSHUS
YCUJIMTENS B IIETIH OOpaTHOM CBSA3M) MOKHO OLIEHHUTbH IO COMPOTUBIIEHUIO TpaH3uctopa Ti co
croponsl amutTepa. [Ipunsas Usi=const umeeM Rpux=r>1+rs1/(1+f1), 4TO COCTaBIsAET JOCTATOUHO
Mallyto BeIMYUHY. [I0CKONIBKY YCHIINTENb CO3/AAeT B CXeMe OTPUIATEIbHYI0 00paTHYIO CBSI3b 110
HaAIPSDKEHUIO, BBIXOHOE COMPOTHBIIEHHE MOJy4yaeTcs emle MeHblue. /[ ero pacuera MOXKHO
BOCIIOJIb30BAaThCS BBIPAXKEHUEM

RBLIX:(r32+rH)/Bl+r62/B].BZ (335)

UucnoBoe 3HaueHHe Kod(p(dulMeHTa cTabmiIn3aluu cTabuin3aropa HaXOAUTCA B Mpenenax
HECKOJIbKUX COTEH, a BBIXOJJHOE COMPOTUBIICHUE COCTABIISET JECAThIE U COTHIE I0JIU OMa.

ITpu paspaboTke crabmiamM3aTopa YacTO CTABHUTCS 3ahada PEryJUpOBaHUS €r0 BBIXOTHOTO
HanpsbkeHuss Uy, BO3MOXXHOCTB perynupoBaHUS HANpsDKEHUS MOXKHO I10Ka3aTh, BBIPA3HB
HanpsbkeHue Uy CXeMbl yepe3 napameTpbl BXOJHOW LENN YCUIIATENS:
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Ui=11(R1*+R2)+Is2R1. (3.36)

OneMeHTbl BXOJHOIO JEIUTENs] OOBIYHO BBIOMPAIOT  JOCTAaTOYHO HHU3KOOMHBIMH,
o0ecreynBaroIMMH BBIIOJIHEHUE YCIOBUS [>>152. DTO HE0OX0muMO A5t 0ciabieHus BIUSHUS
U3MEHSIOIIErocs B Ipolecce padoTel cxemsl ToKa Igx Ha Hanpskenue Usz, a cae10BaTeNnbHO, HA
ko3 duuueHT crabunuzanuu crabuiamszaropa. C ydyeToM CKa3aHHOIO BTOpPBIM WIEHOM B
BeIpaskeHUH (3.36) MoxxHO npeneOpeyus. Torna momyanm

R, R
U= 1o R, + Ry = Ugy —=15 =
= (Ucn + Ugsa) St h e Unn Ahdll '
E: Rﬂ

Takum o00Opa3om, 3amady peryJupoBaHUS HANPSDKEHHS PEIIAIOT IyTeM H3MEHEHHS
COOTHOUICHUS IIJI€Y BBIXOJHOTO JEIUTENS, YTO PEaM3yeTcsi BBEJACHHUEM BO BXOJIHYIO IIEIb
yeunutens noteHuomerpa Ri-2 (puc. 3.33, 0). [lpenensl perynupoBaHust Hanps>KEHUS! IPU 3TOM
COCTaBJISIIOT:

. B+ R
U:1 thaz Fo L"5:.1-| _‘:"};—1! ]
11
B
Uy e U ! .
o in n {{J + RI_B

Ecnmu, nanpumep, npunsate Uer=10 B, R1 == 300 Om, Rz = 360 Om u Ri2 = 240 Om, TO
BBIXOJIHOE HaNpsKEHUE CTaOUIM3aTOpa MOYKHO PEryJIMpoBaTh B Anana3oHe ot 5 10 15 B.
Hampsokenne Uy crabuinsaropa CBA3aHO C HANpsDKEHUSIMM BXOJHOW IiemM TpaH3ucTtopa T,
COOTHOLIECHUEM

UH:U61'U632:UK2'U631 (337)
N
Un=Ex-(ls1-1x2)Ri-Uso1 (3.38)

CootHomrenue (3.38) mMo3BoJIIET caenaTh PsJi BAXKHBIX BBIBOJIOB O paboTe cTaduiau3aropa u
BO3MOXXHOCTSIX ero mnpuMmeHeHus. C OTOW NENbl0 pacCMOTPUM JIBa peXUMa pPabOThI
crabunuzaropa: Ug=var, Ry=const (l,=const) u Usx=const, Ry=var (l,=var).

[Ipy wu3MeHeHMHM BXOJHOTO HampspkeHus BennuuHa Uy cTabuim3aTtopa H3MEHSETCs
He3HauuTenbHo. [lo3ToMy MOXHO cuMTarh, uTO mpHpauieHue HanpsokeHuss AUgx Oyner
CKOMIICHCHPOBAHO COOTBETCTBYIOIINM YBEIUYCHHEM WM yMEHbIeHHeM HampspkeHUs AU
tpansuctopa T1. Ilpu ycnosuu l;1=lx=const amo evizo6em 6 KomeuHom umoee uzmeHeHue moxa
bazvl, (U KOLIEKmMOpa) pe2yiupyloujeco mpau3ucmopa TOCPEICTBOM H3MEHEeHUs Toka [
YCWJIHMTEIS, TTpoTeKaroniero uepes pesuctop Ry. Hampsokenue Uy Oymer Tem crabuibHee, yem
MeHbIeMy 3HaueHnio AUy OyZeT COOTBETCTBOBAaThH HEOOXO0IMMOE H3MEHEHHE ToKa [ , T. €. ueM
BhIlie OyneT kodhdumueHT ycunenus ycunutens. [loBeimeHue koddduimeHTa ycuieHus B
paccMaTpuBaeMoil CXxeMme JOCTUTaeTcs yBenudeHneMm koddduimenta 2 u compoTuBieHUs: Ry.
YBenudeHne CONpOTHBJICHHS Ry MpH 3TOM TpeOyeT MOBBINICHUS HAMPSHKCHUS THUTaHHS Ex
YCHITUTES.

B ycnoBusix u3MeHSIOUIErocsi TOKAa Harpy3ku TOK 0a3bl perynupyoiiero TpaHizucropa s
U3MEHSETCs MponopuuoHanbHO Iy, Tak kak Isi=lw/(1+P1). [lockonbky nHampsikenue Ug,1 Majo
(momm BoybTa), pexuMy crabunmzanuu HanpsbkeHuss Uy cornmacHo Beipakenuro (3.38) co-
OTBETCTBYET IIOYTU HEM3MEHHas cyMMa TOKOB Isi+lx2. DTO 03HauaeT, 4To ¢ yMEHBIIEHUEM TOKA
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Iz Tok Ik yBenmmuMBaeTcs Ha BEJIMYMHY, HA KOTOpPYHO yMeHbIwics TOK lgi. Ilpu m3menenun
HArpy304HOr0 TOKa OT Iumax 0 HYNSA TOK I M3MEHSETCS OT HEKOTOPOro MHUHUMAIbHOIO
3HAYCHUS Lomin 10 Lumax/(11P1)+ lomin=lumax/(1+B1)=l61max. Taxum oOpazom, tpanszucrop T2 B
cxeme puc. 3.33, a He0OXOUMO BBIOMpATh Ha KOJUIESKTOPHBIM TOK, OJM3KHA K MaKCUMaJIbHOMY
TOKY 0a3bl peryJMpyroIiero TpaH3ucTopa.

C yBenuuenuem toka Iy Tpansucropsl T1, T2 BeIOUparoTcs Ha GOIBIINE KOJIEKTOPHBIE TOKH.
Opnnako ucrnosib30BaHue paccmarpuBaemoit cxeMsl mpu [,> 200 - 300 MA HerddekTuBHO U3-32a
TpyJAHOCTEH B 00€CleYeHHH BBICOKHMX 3HaueHUM Kod(dduiMeHTa yCuiieHUs YCHIMTENs, a, Clie-
JOBaTeNIbHO, W Koddo¢uimenta crabunmzanuu. I[IpuumHa 3akiitoyaeTcss B BBIHYXIECHHOM
YMEHBIIIEHUU conmpoTuBiieHuss Ry (BBuay Oonbmux 3HaueHud ls1 u Ic2), a Takxke B MalbIxX
3HaYeHUAX KOA(PPUIHEHTA 3 MOIIHBIX TPAH3UCTOPOB.

3amady yMeHbUICHHs TOKa 0a3bl PeryJupyIoIIero TPaH3UCTOpa MpHU Mepexoae K OOnbIInuM
TOKaM Harpy3Ku peliaroT 3aMEHOU ero B CTaOMIM3aTOpe COCTABHBIM TPaH3UCTOPOM (puc. 3.33,
B). CocTaBHOM TpaH3UCTOP MPEACTABISET COOON COeIMHEHUE ABYX, TPEX TPAH3UCTOPOB U Ooiee,
Opd  KOTOpOM 0a3a KaXJIOro IOCIEAYIOIIEro TPaH3UCTOpa CBS3aHa C  OMHUTTEPOM
MPEIIIECTBYIOIIETO, a KOJUIEKTOPBI BCEX TPAH3UCTOPOB OOBEINHEHBI.

[TockonbKy TOK 0a3bl KakJOro TpaH3UCTOpa MEHbIIE €ro Toka 3MurTepa B 1+f pa3, Tok
yIpaBICHUS COCTABHBIM TPAH3UCTOPOM IIOJIy4aeTCs BO MHOTO pPa3 MEHBIIE TOKAa SMUTTEpPA
BBIXOJIHOTO TpaH3UCTOpa (T. €. TOKa Harpy3ku craduiuzaropa). Tak, s cXeMbl, COCTOSIIEH U3
TpeX TpaH3uCTOpoB (puc. 3.33, a), umeeM

I I, I,

Iy, = > ~
I+ B0+ 8. )+ L) BsBL.b ¢

rae Po — KodQQHUIMEHT Mepeqaud TOKA COCTABHOTO TPAH3MCTOPA, UYMCIOBOE 3HAUCHHE
KoToporo passo 10°—10%.

TeM cambiM obecrieunBaeTcss HEOOXOAUMBII PEKKMM COTIIACOBAHHS MO TOKY BHIXOIHOM Ileru
YCUIIUTENS M BXOJHOM IEMH PEryIMPYIONIErO TPAH3UCTOPA P OOJBIIUX TOKAX L.
TokooTBOAAIIME pe3UCcTOPbl Ro1,Roz (TI0OKa3aHBl MyHKTHPOM) CO3JAKOT IIEMM MPOTEKAHHS

Un

Roug = (152 ; .
%0 {= 1,2

HAYaJIbHBIX TOKOB lxo() TpaH3uctopoB Ti1.1, u Ti2, UCKIIOYAM MX MpOTEKaHWE MO LensM 0a3
HOCEIYIONMX TPaH3UCTOPOB. C MX MOMOIIBIO 00eCreunBaeTCsl HOPMANIbHBIM PEXUM pabOThI
CXEMBbl MPU MUHUMAJIBHOM TOKe Harpy3ku. g pacuyera comportusieHud Ror m Ro2 MOxkHO
BOCITIOJI30BaTbCs COOTHOLIEHUEM
CocTaBHbIE€ TPaH3UCTOPHI HALILUIM IIUPOKOE IPUMEHEHUE B cTabuinu3aTtopax Ha Toku 0,5 — 1
A u BBIILE.

3. 3ananue Ha paboty (padoyee 3a1aHHe)

PaccuutaTe OCHOBHEIE napamMeTpbl KOMIICHCAITMOHHOI'O CTaGI/IJ'II/ISaTOpa HAaIpsKCHUA U
BBI6paTB JJICMCHTBI CXEMBI.

4. Xoa pa6oThl (MOPSAI0K BHINOJHEHUSI PadOThI)

Pacuér peryaupyromero 3jieMeHTa

[Tpu cTatnyeckoMm pacuére Mo TOKY Harpy3ku |p 1 MaKCUMaTbHOMY HaNPSKEHHUIO TUTAHUS
Un max ompenensitorcss konuuectBo U tun PO. [Ipu 3TOM OCHOBHBIM KpHUTEpHUEM MpU BHIOOpE
KOJINYECTBA, KaK U IMpPHU BBIOOpE pexHMa MX paboThl, ABISETCS MUHUMH3AIMS HJIEKTPUUECKUX
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noreps B PO. IloMumo 3TOro B cTaTMYecKHil pacdy€T BXOIUT BHIOOpP 3JIEMEHTOB HCTOYHHUKA
ATaJIOHHOTO HAMPSDKEHUS, COMPOTUBIIeHUH pesuctopos nenu OOC, onpenensercs K03PpGUIUEeHT
yeunenus OY, HEOOXOIUMBINA Ui cTabuiau3anuu, (QUIBTPALUHU, BBIXOAHOTO COMPOTHBIICHHS.
Crarnueckuil pacu€T NpOBOJUTCSA B CIEAYIOIIEM MOPSIKE:

BriGepeM KoMuecTBO U THUI TPaH3UCTOPOB PO:

ToK KOJUIEKTOpa OKOHEYHOT'O TPAaH3UCTOpa

Ik =In(1+d,),

roe dy=0.05, Tak Kak mMpeanonaraeTcs, YTO BCIOMOTATENIbHBIC LEMH YIPABICHHS

YBEJIMUUBAIOT TOK Harpy3Ku KoJijieKkTopa Tpanzucropa PO Ha 5%:
Ik =5(1 + 0,05) = 5,25A.
KonngectBo TpansuctopoB B PO onpenensercs cieayromuM o0pazom:

I
g H
19 Ny,
rae haispi=h2150*Hi; m - pacuérueiii ko3dduinent, Beioupaempiii u3 uuatepsaia [0 - 4]; loy -
BBIXOAHOW TOK OV; hzi30- THMOBOH (pacuéTHbli) craTHueckuii KO3(GGHUIMEHT mepenadn
TOKa TPAH3MCTOPA; | - MOPSIKOBBIA HOMEP TPAH3UCTOPA.

[Mpunumas loy = 8MA, haino = 20 (Wi MOIIHBIX TPaH3UCTOPOB), h2inp2” 50 (s
TPAH3UCTOPOB MAJIOW M CpEIHEH MOIMHOCTH) W BbIOWMpas JJsi BCEX TPAH3UCTOPOB mp = 1,
MIOCKOJIBKY 4eM MeHblIie m1p , TeM Bbiie KII/I HKCH, nonyyaem

H= 1+ 0,092 e 2% = 0.42: ho151 = 8,4: ho1v = 21;
525

g 0 vga
_1=_8*107*84 14

lg21

JIist naTbHEWIUX pacu€ToB MPUHUMAECM KOJUYECTBO TPAH3UCTOPOB B PO n =2.

Hanpsokenue Ha PD (ecnu mpuUMEHSIOTCS TPAH3UCTOPHI OJHOTO THUIIA MPOBOAMMOCTH)
paBHO

n-1=

n

Uprs = Urs(1+mp)+(n-1)Uss,
rae Uks, Ups - HanpskeHHMe KOJUIEKTOP-OMHUTTED M HamlpshkeHue 0Oaza-sMuTrep. Jls
Ux>=1,8B u Up> =0,7B
Upo =1,8-(1+1)+1-0.7=43B.
MUHHUMANBEHO HEOOXOAMMOE HANPSKEHHE UCTOYHMKA TUTAHHS

Un. min = Un+ Upomin + Umnymee.n, T- €. Unmin=5+4,3+ 0,1 =9,4B

C yuéroM JIomycKa Ha U3MEHECHUS HAIPSDKEHUSI TMTAaHUSI HOMUHAIBHBIA U MAaKCUMAaITbHBIN
YPOBHU COCTABIISIOT:

U
U, = =20 _104B
v 1-5. 1-01

U,ex =U, 0., A1+8,)=11,968B~12B

[TockonpKy Ha BBIXOJI€ CTAOMIM3ATOPa MOXKET OBITh BKJIIOYEH KOHIAEHCATOP, TO B MOMEHT
BKJIIOYECHHUSI BCE HaINpsDKEHHE HMCTOYHMKA MUTaHMsA Oyaer npuioxeHo k PO. Iloatomy BeIOOp
OKOHEYHOTO TPaH3MCTOpa MPOU3BOAUTCS IO Unmax 1

Ik max=(1,5+2)-1k= 9A.

Breioupaem tpansuctop KT927B ¢ mapamerpamu lkmax =10A, U, =35B, h215; =40 + 100
(Ut manpHeHIMX pacyéToB mpuHUMaeM hz;5;=40.

Bropoii tpansucrop PO BeioupaeM 1mo Unmax U lkmax/N21op mpenpinymiero Tpansucropa
=10/40=0,25A.

Beibupaem tpansucrop KT630b ¢ mapamerpamu lkmax =1A, Uxr=120B, ha1n2 = 80 - 240
(U1 nanpHEHIMX pacy€éroB npuHUMaeM ha132 = 80.
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Omnpenensiem ko3dduuuent ycwienuss PO mo HampsokeHuio (¢ yd4€ToM MapaMmeTpoB
TpaH3ucTopoB PO B pexume, 6:113koM K TpaHUUHOMY: M1, = 1; k=10 Owm;

U
Ru "Is, rae R, = [—” =10m, (RH +r3,)h215 > 16,

10

7
~ Txi ~ ~
Kpp=r——=> K,y =—=10
Y 1

Pacuér ucTOYHHKA 3TAJTOHHOIO HaNnps>KeHUus.

PaccuuteiBactcss  TpeOyembii TKH — crabumurpona (p,,) 0OpH  YCIOBHM, YTO
TemrneparypHble u3MeHeHUs BbixoaHoro HamnpspkeHuss HKCH omnpepensiercst crabunutpoHoM
ATAJIOHHOT'O UCTOYHUKA HAIPSHKESHUS:

_2*%3U,*100%
Hor = ¢, AT :

I7Ie cB - BECOBOM K03((PUIMEHT, ONpenessioninii crerneHb BO3ACHCTBHUS TEMIEPATypPhl
okpyxatoueit cpensl (AT =7 —T . - Anana3oH e€ W3MEHEHUs) Ha BBIXOJHOE HAIPsKEHUE
crabunuzaropa. J{ns cg = 1 momyuaem

2*0,02*100
Hor = 1%30
I[lo TKH wu ycnoBurwo Ucrmax-Un BbiOMpaeM crabuautpon tuma KCI39A ¢
XapaKTEPUCTHKAMU U, = -0,10 %/°C, g = 60 OM , lcr. now = 10MA,
UCT.HOM: 3,9B +10%.
OmnpenensieM CONpOTUBIEHUE OAJITIACTHOTO PE3UCTOPa
Uu,-U 5-429

I om.max — 10*10_3 — 710M

CM.HOM

=0,13%/°C.

R, =

MourHOCTh, paccenBaeMast Ha 3TOM PE3UCTOPE
Ps=1%:Rs=0.01271=7,110%Br.
Bri6upaem pesucrop tuna C2-23 momHoctsio 0,062 Bt ¢ conporusnenuem 71 Owm.
[To 3navennto Un U Ucrnow ompenensiercs kxodddumment nepemaun nenu OOC mo
HAIPSHKEHUTO

Boc = Yonsen _39 _ 78
U, 5

n

Pacuér YCUIIuTE/IsA CUTHaJIa paccorjiacoaHnus.

Omnpenensiercs  ko3pduuent ycuwnenus OY mno TpeOoBaHUSIM K KO3(DPUIMEHTY
CTaOMIIN3aLUHU U BBIXOJTHOMY CONPOTUBIICHUIO CTa0MIIN3aTOpa
oU. *U Al (M9, * 13+ Ry +T.
K poc = max{aB e L i’” *3 Yy £
6Un UnKmae ‘SUn Un h213m

1 1 1
rne o 1 b - BecoBble KOO(PPUIMEHTHI, CBI3aHHBIE COOTHOIICHHEM — +—=1—— ¥

(XB bB cB
BBIOMpaeMble Tak, 4ToObl 3HaueHHe Ky,- (KOOQOHUIMEHT mepenadn pasoMKHYTOrO KOHTYpa),

PacCYMTHIBAEMOE IO BBHIPAKECHUSAM B (PUTYPHBIX CKOOKAX, OBLIO IPUMEPHO OJUHAKOBBIM.
Jnsg oo =70 1 bg = 20

015+ 104 0,5(40*05+£?+2
KﬂOC =max{70 ——————~109;20 80
0,02*5*10 0,01*5*40

~ 110
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Koaddurment ycunenus OY onpenensercs U3 CIeIyIOMEero COOTHOMECHUS
K
K,, =2 _ 10 i
Boe 078
I[To Koy BeiOupaercs OV tuna K140Y /16 ¢ napamerpamu: Koy =30000,
Un=£5+20B, Liow,=3HA, lsx=1000A, Al =25mA, AAI,_ =01n4/° C,

Uypup. = 30mxB/° C
OnpenensemM CONpOTUBIIEHUS pe3ucTOpoB B Lensix cmenenus OY u OOC:
R = Yo _ 3.9 —=390k0Om
q,*1, 100*0,1*10
, = Us - R =;76—390000=110K0M
q,*1, 100*0.1*10

rue q, = i =100; 7, — Tox pemurens RiRo.

Jnist BBIOOpa pe3uCTOPOB pacCUUTaeM UX HOMUHAIBHBIE MOITHOCTH
P=I*R =(1*10") *39%10° =39*10° Bm
P=[*R =(1*107)*11*10° =1,1*10”° Bm
Bri6bupaem pesuctop Ri - C2-23 ¢ mapamerpamu P=0,062 BT, R = 390kOm.
Boi6upaem pesucrop Rz - C2-23 ¢ napamerpamu P=0,125 BT, R = 110xOwm .
VYTounsiercst usmenenue BbixogHoro HanpsbkeHuss HKCH npu Bo3znelicTBumM Temneparypsl
OKpY’Karollel cpebl ¢ yuéToM TeMiiepaTrypHoro apeiida xapakrepuctuk OVY: dU,, =S, * A4, rne

14 ~ 1?6 £ Z&lzaw + ZSljépﬂp + ]% *‘AMS];x
R.+R, U, U, U,

¢ _(R+R)*(R,+R,)
(Rl * R6 - Rz * Rc)

rae Re=rup=600 Owm,

AU, . =U, AT =9%107,

opnp
AECM = Hcm * Ucm *AT*10_2 = 0.1 17

5. KoHTpoJIbHBIE BONIPOCHI

1. KakoB npuHIMN 1€HCTBHUS KOMIIEHCAIMOHHOTO CTa0MIIN3aTopa HallpsoKeHUs ?

2. Kakme MakcMMallbHO€ W MUHUMAJIbHOE HANPSHKCHUS MOXKHO IIOJIYYHTh Ha BBIXOJE
UCCIIe1yeMOM CXeMbl?

3. Kak Bimsier conpotusnenne pesucropa R2 Ha kodhdument cradmmszanum?

4. [ToueMy KOMITEHCALIMOHHBIN CTAOUIM3ATOP CrIIAKUBACT MyJIbCcaluu?

5. B xakoM pekuMe MOIIHOCTh, paccenBaeMasi TPaH3UCTOPOM, MUHIMaJIbHA?

CnucoK HCNOJIb30BAHHBIX HCTOYHHUKOB

1. Makcuna E.JI. Dnextponuka [ DneKTpoHHBIN pecypc]: yueOHoe mocooune/ Makcuna
E.JI.— DnexTpoH. TekcToBble fanHble.— CapaToB: Hayunas kaura, 2012.— 159 ¢.— Pexxum
noctyna: http://www.iprbookshop.ru/6270.— DBbC «IPRbooksy, mo maposto.

2. Ckapxerna B.A. DnekTpoHMKa W MHKPOCXEMOTEXHMKa: yueOHMK B 2 4. Y.1.
DOneKTpoHHbIE YyCcTpoiicTBa MHpopManmonHoit aBTomatuku / B.A. Ckapxena, A.H. Jlynenko;
nop obmt. pea. A.A. Kpacnomnporienoit. — Kues: Boima mkosna. 1989. — 430 c.

3. 3abpomun 1O.C. IlpombinieHHass »neKTpoHMKa: Y4eOHuK s By3oB / FO.C.
3abpoauH — M.: Beicur. mkona, 1982. — 496 c.
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4. Tokxeim P. OcnoBbl mudpoBoit snextponuku / P. Tokxeiim; mep. ¢ anri. B.A.
Kypoukuna, B.M. MarseeBa; oz pea. E.K. Macnosckoro. — M.: Mup, 1988. — 392 c.

IIpakTnyeckoe 3ansaTue Ne 8
1. Iesan 1 3aga4n padboTbl

PACYET AKTUBHbBIX ®NJIbTPOB IIEPBOI'O 1 BTOPOI'O ITOPAZIKOB

Lleab paboThl: MOTyYeHHE MPAKTUUYECKUX HABBIKOB pacueTa aKTUBHBIX (PUIBTPOB BEPXHHUX H
HIDKHUX 4aCTOT IIEPBOro MOPAAKA.

3agauu padoThI: NMONYy4YEHHE NMPAKTUYECKUX HABBIKOB pacyera 3JIEMEHTOB CXEMbl IapaMeTpoB
AKTUBHBIX (PUIBTPOB BEPXHUX U HUKHMX YACTOT IIEPBOI0O MOPSIKA.

2. O0mue moJio:keHusi (TeopeTUYeCKUe CBeIeHM )

K

B O6H_I€M ClIydac nepeaarovHas (1)YHKI_[I/I${ (1)I/IJ'ILTpa HIDKHHX YaCTOT MOXKET OBITh 3amlucaHa B
— (11)

CJIGIIYIOIIICM BHJIC:
K = ,
( p) 1+a.p

rae K, - koadduiment nepenadn B mojioce npoIyCKaHus; &, - IIOCTOSHHAsI BpeMeHH (GUIIbTpa.

Jlns monydeHusl MepelaTovHor (GYHKIMH (GUIbTPa BBICOKHX YacToT, B (opmyrie (11)
HEOOXOMMMO JenaTh ciemyionyio 3ameny: P —>1/ P, a B onexrpuueckoil mpuHIMNMANBEHOIM

CXEeMe — IMOMEHATh MECTAMH PE3UCTOP U KOHJEHCATOP.

C
p } | 4
U R R, U,
p 4

IIpumep naccuBHOro GuiIbTpa BepXHUX 4acToT | mopsaaka

Ko P
K(p)=—2=K(p)=—"-—.
(v) (p)=p2t
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HeunBepTupyromuii GUILTp HMKHUX YaCTOT HpejcTaBiseT coboii maccusHyro RC —uemns,
y kotopoii nocrosinnas Bpemenn paia RC . K Bexony RC —uenu B xauectse Harpysounoro
MOAKJIIOYEHO BXOJHOE CONPOTHUBIICHUE OIEPALMOHHOIO YCWIIHTENSA, KOTOPOE CTPEMHUTCS K
0ECKOHEUHOCTH.

2. UuBepTHpYIOIIUHA PUIBTP HHKHUX YACTOT

C

l|

I

R2
1
| I |

@ JL| DA
L

3. UuBepTupyomuii GujibTp BepXHUX YACTOT

R2

é_{ :'R . DA »

T=RC.
PACYET UHBEPTUPYIOIIEI'O ®UJIbTPA HXKHUX YACTOT
I/ICXOI[HBIMI/I AAaHHBIMHU JIA pacd€Ta HHBECPTUPYIOIICTO q)HHLTpa HHMXKXHUX 4aCTOT ABJIAOTCA:

»  kodpduumeHT nepenadn B monoce mporyckanus K ;

* yacToTa cpe3a QuibTpa fC X
*  eMKOCTh KoHjieHcatopa C.

@uibTp BBICOKMX 4YacTOT IPU HMHBEPTUPYIOLIEM BKIOUYeHHMH OV HMeeT mnepesaTouHyro
(YHKLUIO CIIEAYIOIIEro BUAA:
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1 1’
1+ — —
RC p
1
R=——"7;
2rf,aC
R, =—K,-K_,.

OUJIBTP HDKHUX YACTOT BTOPOI'O ITOPAJIKA
K

K(p)=3F
1+ap+hbp’
ap+hp
AKTUBHBIE (QHIBTPHl HIDKHHUX YacTOT BTOPOTO TOPSAKAa MOTYT OBITh pEaM30BaHbI C
IIOMOIIII0 OJHOT'O OINEPALMOHHOTO YCWJIMTEINS, BKJIIOUEHHOIO [0 HMHBEPTHPYIOLIEH cxeme, U
JIBYX PEaKTHBHBIX 3JIEMEHTOB (KOHAEHCATOPOB) — cTPYKTypa Payxa.

R2
|
Cl1
|
I
R1 R3 DA
U,
R,

K(p): .
1+C1(R2 + R3+RZF;R3J p+C,C,R,R,p’

VcXonHBIMU JaHHBIMM Ul pacueTa (puiabTpa SBISIOTCA CIEQYIOLIUe, KOTopble OepyTcs U3
CIIPaBOYHHKA!

» koo duupeHT nepenayn B monoce npomyckanus K ;
= yacrora cpesa Guistpa f;
* TIOCTOsSHHAas BpeMeHU QUIbTpa a,,

= koddpdumment b .

Jns mpoBenmeHus pacdeTa JaHHOTO BHAa (uibTpa HEOOXOAMMO 3a1aThCs E€MKOCTSIMHU
kouzencaropos C, n C, ; tpebyeres naiitu R, R,, R,.

_ a1C2 _\/aiczz _4C102b1 (1_ Ko)

RZ
4rf CC,
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Yrober R, ne momyumcs orpunarensubiv, C; 1 C, HeoOX0IMMO BBIGHPATh M3 CIGLYIOMIHNX
YCIIOBU:

& > 4b1 (1_ Ko)

cC, &

R=-— D

3 2¢£2 !
4r°f,C.C,

R2

K(0)

Kosdppumuenter @, u b1 BBIOMPAIOTCS W3 TaOJMII B 3aBUCHUMOCTH OT BHJAa IIOJMHOMA,

K(O)=—%:>R1=

ANIpPOKCUMHUPYIOLIETO JaHHbBIN QUIBTP.
3. 3aganue Ha padoty (pabouee 3a/1aHKe)
paccuuTaTh MapaMeTphl U 3JIEMEHTHI CXeMbI (PHIIBTPOB MEPBOTO U BTOPOTO MOPSIKOB.
4. Xoa padoThl (MOPSAI0K BHINMOJTHEHUST Pa0OThI)

1. Paccuutarh conpoTuBIEHUE B MPSIMOMN LIENMM MHBEPTUPYIOLIETO MHTErpaTopa, 4ToObl
NOJIyYUTh TOCTOSSHHYKO BpeMeHu cxembl T = 0,01 c, eciu €MKOCTb HHTETPUPYIOLIETO
konjaeHcaropa C = 0,18 mxd.

2. Kakoe compoTuBiieHHE HEOOXOIMMO BKJIIOYHTH B MPSIMYIO LIEMb MHTErPaTopa, YToObI
IIOJIYYUTh MTOCTOSIHHYIO BpeMEeHH 1 = 2 C Ipu eMKOCTH UHTETPUPYIOLIEro KoHaeHcaTopa 3,3 MKD.
Otset: R = 606 kOMm.

3. Paccuntarh KO3QQUIHUEHT YCHIEHUSI HHBEPTUPYIOLIETO arneproANYECKOr0 YCUITUTENS,
y KOTOpOro OoCcTOsiHHAs BpeMeHu 1 = 1 ¢, eMKocTh UHTerpupyoiero kouaeHcaropa C = 1 Mx®
U conporusienue B npsmoi nenu 100 kOm.

5. KoHTpoJIbHBIE BONIPOCHI

1. JI7st yero mpuMeHsOTCs (PUIBTPHI?
2. Kakue He1oCTaTKH UMEIOT aCCUBHBIE (DUIIBTPHI?
3. I3 Kakoro yciioBHs BEIOMPAIOTCS KOHJAEHCATOPH! B (PUIBTPE HUKHUX YaCTOT BTOPOTO
nopsiaka?
4. Kak Ha3pIBaeTcsi 00J1aCTh YacTOT, B KOTOPOil puiabTp Maso ocnaliasieT curuan?
5. Kakoii Bug umeer nepenarounas pynkuust ®HY nepsoro nopsinka?
6. ®unbTp barTepBopTa uMeeT cieayouMii Bu HopMupoBaHHOi AUX
L K@) = 2 K@) = 3 K@) ==
@’ +1 o™ -1 @’ +1
7. Onpenenuts 1o Buay AUX kakoit 3To GpuibTp

4-oro mopsiaka: k(@)
0.8
0.6
0.4

0.2

8. 3nauenus C1 u C st pumbTpa HUKHAX
gactoT |l mopsiaka (cM. puc.) BBIOUPAIOTCS U3 YCIOBUS:
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1. C2_4BA-K) 2. C2_4BQ-K) e

1 "0/ R2 )

C1 a’ C1 a’ (|l_

3. C_2:4B1(1_K0) I DA
c1 alz UM@—| RI R3 . !
J U BbIx
C, A
£ - P
9. Ompenenuts no Bugy AUX kakoit 310 pmibTp 4- fie) oL

Or0 MOPSIKA: = 08 “,

1. ®unbtp beccens; 06 \\

2. @unsTp barrepBopra; 04 Y

3. @unbTp YeObimena; 0.2 ~_

4. Dmumntryeckuil GuibTp; 68 16 24 32 40

10. Kakoii pmibTp BTOpOro mopsijaka uMeeT Hanboiee
nosioruit cnag AUX?
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