PrboY BO «Eneukun rocyaapctBeHHbIN yHUBepcuteT umeHu U.A. bByHnHa»
UHCTUTYT MaTeMaTUKKN, eCTECTBO3HAHUA U TEXHUKMU
Kadeapa pagnosnekTpOHUKA U KOMMBIOTEPHON TEXHUKN

MYNbTUMEOUUHBIE NEKLUAW
Mo AUNCUUTNITIUHE
«MMNYJNbCHAA TEXHUKA»

Ans CTYAEHTOB MO HanpaBlfieHUAM MNOArOTOBKMU:
11.03.01 PaguoTtexHuka

43.03.01 CepBuc (npochunb CepBUC INEKTPOHHON TEXHUKM)

ABTOpbI:

3anueBa UpuHa HukonaeBHa, K.MN.H., AOUEHT

UcakoBu4 dpHect NocudoBuy, ctapwmm npenogasaresib
PopTtyHoBa Hatanua AnekcaHapoBHa, K.T.H., AOLUEHT



HaBurauusa no 6ase gaHHbIX

() Hauano

A NuTepatypa

MIi Moaynb 1

M2 Moaynb 2

M3 Moaynb 3

Bce zunepccoinku 6 6aze 0anHblx 6bl0€/IEHbI NOOUEPKUBAHUEM



PekomeHayemas nutepartypa

0
1. Bbpammep, FO. A. UmniynibCHBIEC U TU(PPOBBIC YCTPOMCTBA:
yaeoruk / bpammep 1O. A., ITamyk U. H. - 7-¢ u3n., L
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2. 'onpnienoepr, JI. M. MMnyJibCHBIE YCTPOMCTRBA. I
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Mocxksa : Paguo u cBsa3s, 1981. - 224 c.

3. CipaBOYHHK 110 UMITYJIbCHOM TexHuke / SIkoBmes B. H., M3

Bockpecenckuii B. B., I'eanc A. A. [u ap.] ; pen. Sxosnes B. H. —
3-¢ u3a., ucnp. u gomn. - Kues : Texnika, 1972. - 711 c.

4. WcakoBuu, O.M. DJIEKTpOHHBIE CpECTBA HH(POPMAIIMOHHBIX CHUCTEM:
ydyeoHoe mocooue. Y. 4. dopmupoBaHUE U TCHEPUPOBAHUE DIICKTPUUSCKUX
umyi1bcoB /| A.A. 3Bainnes, D.M. Hcakopmu, IL.II. Myxaemauna, H.A.
@®opryHoBa. Enenknii rocynapcTBeHHbIM yYHUBEpcUTeT uM. M.A. byHuHa. -

Enen. : EI'Y um. U.A. bynuna, 2012. - 140 c. (PexomengoBano YMO
y4eOHbIX 3aBeaeHn PO nmo o0pa3zoBaHnIO B 00JaCTH CEPBUCA U TYPU3Ma)



Ileab10 n3ydyeHusi AMCHUIIMHBbI « UMnyJbcHast
TEXHUKA) SIBIISIETCS oOecreueHne 0a30BOH
IOJATOTOBKH CTYAEHTOB B 00JacTM HMMITYJIbCHOM
TEXHUKH, OBJIAJCHHUE TECOPETUYECCKMMM 3HAHUSIMH B
00JIaCTH CXEMOTEXHMKH HMOYJIbCHBIX YCTPOMCTB M M2
[OJYYCHUE MPAKTUYECKMX HABBIKOB B O0OJIACTU UX p——i
AKCILTyaTallMyd U PEMOHTA. M3

0
A
MI

3agayaMu M3ydeHusl M CIUNIMHDI:
- W3YYCHHE OCHOBHBIX IIPUHIIAIIOB PAa0OTHI HMMITYJIbCHBIX
YCTPOMCTB;
- U3YYCHUE NPHUHIMIIOB (POPMHUPOBAHUS, TCHEPUPOBAHUS U
VIIPABJIEHUS UMITYJIbCAMU;
- YMEHHUE YMTaTh DJJIEKTPUUYECKUE CXEMbl HMIYJIbCHBIX
YCTPOUCTB.



OCHOBHbIe MOAYNN ANCUUNNUHbI 0

Monavab 1. Curaajbl ¥MNvJibCHBIX VCTPOMCTB
Tema 1. [lepexoaHabie MPONECCHI B DIIEKTPUUYECKUX TETIIX A
Tema 2. DIEeKTpUYECKHNE UMITYILCHI M UX TAPAMETPEI

he—
KoHTponpHble 3aJaHus

Moayab 2. PopMHUpPOBaAHNE HMIVJILCOB M I

Tema 3. JInHeiHbIE U HETWHENHBIE [TENTU S
Tema 4. TluddepeHmpyromnme nenu M 2

Tema 5. IlepexoaHble 1ieNH
Tema 6. IHTErpupyIomue 1enu o
Tema 7. KOHTYD yaIapHOTO BO30YKICHUS M ,
Tema 8. OrpaHMYNTEIN AMIUITATYOLI
Tema 9. BoccTaHOBIICHHE ITOCTOSHHON COCTAaBISIONIEH curHajgoB. @UKCUpOBaHNUE YPOBHS
HapsHKCHUSA

KoHTpoabHBIE 3aJITaHUS

Monavasb 3. I eHepypoBaHne HMIIYJILCOB

Tema 10. MyJsTHBHOpPATOPHI

Tema 11. I'eHepaTopbl UMIOYJIHCOB C BHEHIHUM 3allyCKOM

Tema 12. Tpurrepsl

Tema 13. biioKMHI-reHepaTophl

Tema 14. I'eneparopsl TUI000PAa3HBIX UMITYJIHCOB HANPSKEHUS U TOKA

Tema 15. JInneapusanusa nuia000pa3HOro HAIPSDKEHUS

KoHTpoJbHbIE 33JIaHUS




Moaynb 1.
CurHanbl MMNYynNbCHbIX
YCTPOUCTB

Tema 1. IlepexoaHble MPOLIECCHI B AIEKTPUYECKUX IIENAX
Tema 2. DJIEKTPUYECKHUE UMIYIIBCHI U UX APAMETPDI

KoHTponbpHbBIE 3a1aHN

()‘I\h“lhﬂﬁhﬂ!



Tema 1. lNepexogHble npouecchl
B ONIEKTPUYECKUX Lenax

Besakun pexum, IJIMTEIBHO CYLIECTBYIOIIMKA B 3JIEKTPUUYECKOU
LEMN U XapaKTEPU3YIOIIUNCSI HEU3MEHHBIMUA 3HAYCHUAMU TOKOB
U HalpsDKEHWH,  HA3bIBACTCS CTAlMOHAPHBIM (YCTAaHOBHBIIMMCS )
PEKUMOM.

TakoMy pexUMy COOTBETCTBYET OIPEIACIEHHBINM 3arac dHEPIruw,
COCPEIOTOUYMBAIOIIMNCA B  PEAKTUBHBIX DJJIEMEHTAX ILENu —
UHIYKTUBHOCTAX U EMKOCTSX.

JIroOble HW3MEHEHMS HArpy3KHM WM HaIpsHKEHUS MCTOYHHUKA
NATAHUA (BKJIOYEHUE WM BBIKIIOYCHHE €r0) NMPUBOLAT B HMTOIE K
HOBOMY YCTAQHOBHUBIIEMYCS PEXHUMY C APYTMMHU 3HAYEHUSIMU TOKOB,
HAOPsOKEHUN W, CJEIOBaTEIbHO, 3alacOM JHEPIMU B PEAKTUBHBIX

QJICMCHTAX.
0 ‘ A IMIIMQ‘MS




[lepexoaHble npouecchbl
B 3NIeKTPU4YeCKUX Lensx

Ilepexom OT OJHOTO CTalMOHAPHOIO COCTOSIHUS K JPYyromMy
Ha3bIBACTCS IEPEXOAHBIM (HECTAIMOHAPHBIM) MPOIIECCOM, KOTOPBIM
CBSI3aH C U3MECHEHHUEM 3araca SHEPIruu.

Beskoe w3MeHeHue 3araca  JJeKTPUYECKOW WM MAarHUTHOU
SHEPIMM HE MOXKET IIPOMCXOAUTh MIHOBEHHO, a COIIPOBOXKIACTCS
IIPOLIECCOM YCTAaHOBJICHHSI HOBOTO SHEPTETUYECKOTIO PEKUMA B IIETIH.

IIpr BO3ZEHMCTBUU HA BXOH JJIECKTPUUYECKOM IIENM HUMIIYJIbCOB C
KPYThIM (D)pOHTOM 0€3 0COOBIX MOTPEIIHOCTENM MOXKHO MOJararb, 4To
BO3JICCTBUE 3TOI0 MMIYJIbCA HA BIECKTPUYECKYIO IE€Mb ITPOUCXOIUT
CKaQYKOOOpa3HO, MOAOOHO  MIHOBEHHOMY  BKJIIOUEHHUIO  WIJIM

BBIKJIFOUYCHHIO HAIPSDKEHMS (TOKA).
0 ‘ A IMIIMQ‘MS




JHEeprus peakTUBHbIX 3JIEMEHTOB

BHGPFI/I}I MArdvuTHOI'O IT1OJISA

Li*
= — 1.1
Wy = (1.1)
U 3JIEKTPUYECKOTO OIS CU* 192
c=— 2

HC MO>KCT MI'HOBCHHO U3MCHATLHCA.

9H€pFI/IH MOKCT UBMCHATHCA TOJIBKO IIJIABHO.

0 ‘ A IMIIMQ‘MS




Ecin  mombITaTbCs  NPEANOJIOXKHUTH  OOpaTHOE, TO  Ha
WHIYKTUBHOCTH MOSABUIOCH ObI OECKOHEYHO OO0JIBIIOE HANPSKEHUE:

dd
U, =—
L= ar
(rne @& =L; — mOTOK MAarHUTHOM WHIAYKLUH), YTO JIMIIEHO

(bM3UUECKOTO CMBICTIA TaK Kak
di
UL=LE—>00 npu dt—- 0

AHAJIOrMYHO HEBO3MOXXHO ce€0€ IpEeACTaBUTh CKAa4KOOOpa3zHOeE
M3MEHEHHE DJICKTPUUYECKOTO II0JIsI €MKOCTH, TaK KaK B HPOTHBHOM
ciaydae 4Yepe3 €MKOCTh JOJDKEH OBLI Obl MPOTEKaTh OECKOHEYHO
OOJIBIION TOK

. d
lczd—z—>oo npu dt — 0,

9TO TAKXKC JIMIIICHO (1)H3H‘ICCKOI"O CMBICJIA.

0 ‘ A IMIIMQ‘MS




Haxonel, u3Be€CTHO, UTO MOITHOCTh P = C;—v:.

Ecnu mpeamnosioxkuTh, 4TO 3amacéHHas B PEAKTUBHOM JJIEMEHTE
JHEPIruss MOXKET H3MEHATHCSI CKaukoMm, TO mpu ycioBuu dt — 0
MOIITHOCTh JOJDKHA JOCTUIaTh OECKOHEUYHO OOJIBIIMX 3HAYCHUM, a 3TO
BO3MO>KHO OBLIIO OBl IIpM BHYTPEHHEM CONPOTHUBICHUH HCTOYHHKA
Ri = 0.

SICHO, 4TO 3TOTO OBITH HE MOJKET.

CBOMCTBO peakTUBHBIX 3eMeHTOB lienu (L v C) 3amacaTh WU
PACXO0BATh OMNPEACIEHHYIO SHEPrul0 B KOHEUHBIM ITPOMEXKYTOK
BPEMEHU XAPAKTEPU3YET HUX IIEKTPUUECKYI0 HHEPUMOHHOCTb.
MMEHHO 3TO CBOMCTBO PEAKTHUBHBIX 3JIEMEHTOB ILIENIM W JIEKUT B
OCHOBE IIEPEXOJHBIX IpoleccoB. B JHMHEHMHBIX I1ensax, He

CoACpKaAINX PCAKTHUBHBIX J3JICMCHTOB, IICPCXOAHBIC JIIPOLHCCCHI

OTCYTCTBYIOT.
0 ‘ A IMIIMQ‘MS




[TocTOsIHHAs BpeMeHU 3NIeKTPUYECKOMn Lenu

Jlns KOJIMYECTBEHHOM XapaKTePUCTUKU IIUTEIIbHOCTH
MEPEXOJHBIX IIPOLIECCOB B MPOCTHIX DJIEKTPUUYSCKUX  IICTISX,
cogepkamux komOmHamuu R, L umw C | BBoauTCcS IOHSATHE
MOCTOSSHHOM BpeMeHH (7). OTOT mapaMeTp HMeeT pPa3MEpPHOCTb
BpeMeHH (C).

CymHocThs napamerpa (7) MOXKHO ITOKa3aTh Ha IIpUMEpe IICTeH, B
KOTOPBIX MEPEXOMHBIC IPOIECCHl HMMEIOT SPKO BBIPAKCHHBIM
KCIIOHEHIIMANbHBIN XapakTep (puc.l.1).

0 ‘ A IMIIMQ‘MS



Llenb RC ¢ 3kcnoHeHUMarnibHbIM 3apaaom
KOHOeHcaTopa

C

° 1 I ®
['"'rex =5 Z.C } [';8 BIX
. I .

Puc. 1.1. I{lens RC ¢ 3xcioHeHIIMAIBHBIM 3apsiJIOM KOHJIEHCATOpa

0 ‘ A IMIIMQ‘MS




3aKOHbl USMEHEeHUA TOKa n HanpsxXeHua B uenu RC

Toxk 3apsana émkoctu C:
t

io(t)=—-e & (1.3)

HanpsxkeHue Ha BBIXOAE LENH:

Upx(t) =i (t)-R=E- e—% (1.4)

Bripaxxenue (1.4) Ha3pIBaeTCsA SKCIIOHEHIIMAIBHOM (DYHKITUEH.
Jlpyras e€ 3anuce:

0 ‘ A IMIIMQ‘M!



[locTosiIHHaA BpeMeHu uenu

[Ipomsseneane 7=RC (1.6)
HA3BIBACTCS MOCTOSHHON BPEMEHH IICTIN.

[TapameTp 7 = RC uMeeT pa3amMepHOCTh BPEMEHU

B kI-wM?2
OM] A 3.A2
Kn c¢*. A2
[(D]=_= 2
B K[ - M

K[ - M2 c* . A?
3. A2 .KF'MZZ[C]
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3aKOH U3MEHEeHNs Hanps)XXeHUs1 Ha EMKOCTHU Lienu

t
u(t) =Un(l-e ) (1.7)
L (f)A
()865(::2 e/
0 # 6 3["71113}: ---------
. . .
0 = () T 2.7: :

Puc.1.2. 3aKkoH U3MECHEHHUS HANPSKEHUS Ha EMKOCTH 1ICITH

0 ‘ A IMIIMQ‘M!




3aKOH U3MEeHEeHUA TOKa, NpoTeKaroLlero yepes
eMKOCTb uenu

[(1) & ;
i(t)=1,,-e (1.8)

max

03687 | _____
Ak —

max

0

>

/

Puc.1.3. 3akoH M3MEHEHUS TOKA, ITPOTEKAIOIIETO Y€PE3 EMKOCTh 1IEIIH

0 ‘ A IMIIMQ‘MS




[MpoTekaHue nepexonHoOro npouecca

3aKoH cnadanus HanPAMCeHUus 3akon HapacmaHus
t (moka) Hanpaxycenusa (moka)
- t
t w(t) = U, e ut) = U(1—-e 1)
1 0,367 E 0,633 E
2 0,135 E 0,865 E
3 0,050 E 0,950 E
4 0,018 £ 0,982 E
o) 0,007 E 0,993 E

JI1s OKOHYaHUS TIEPEXOAHOIO MpoIecca TpeOyeTcsi BpemMs

t=03...51 (1.9)

0 ‘ A IMIIMQ‘M!




3aKOHbl KOMMYyTaUuun

B MMIyJIbCHOM TEXHUKE IPHUHUMAKOT CICAYIOIUE HONYIICHUS,
ITO3BOJIAIOIINE YIIPOCTUTH AHAJIN3 JIIEKTPUUYECKUX LIETIEU
C COCPEIOTOYCHHBIMM MapaMeTpaMu. OTH JONYIICHUS HOCST
HA3BaHUE 3aKOHOB KOMMYTAIIWM.

1. Toxwu, mpoTeKaroIye 4epe3 pe3nuCTOPbl U EMKOCTH, MOTYT

M3MEHSATHCS CKaYKOOOpa3HO.

2. HanpspokeHust Ha MHAIYKTUBHOCTSAX M PE3MCTOpax MOTYT

M3MEHSATBHCS CKAYKOOOpa3HO.

0 ‘ A IMIIMQ‘MS




[IepBbIii 3aKOH KOMMYTAllMM MOXHO OOBSCHHUTH CJCIYIOIIUM
o0pazom.

N3BECTHO, YTO TOK, NMPOTEKAOIIUNA YEepE3 EMKOCTh, M HAMPSKECHUE
Ha 3TON EMKOCTH CBS3aHbI CICAYIOIMMHA COOTHOIICHUSMMU:

: dU.(t)
= 1.10
ic(t)=C 1t (1.10)
1 t
U.(t) =U, + E[ i.(t)dt (1.11)
0




AHAJIOTHYHO MOXXHO OOBSICHUTh BTOPOM 3aKOH KOMMYTAIIWM.
M3BECTHO, YTO HANPSKECHUE, NPUWIOKEHHOEC K HWHIYKTUBHOCTH, H
IIPOTEKAOIINH yepes HEE TOK CBSI3aHbI CIIEIYXOLIIUMU
COOTHOILICHUSAMM:

di,(t)

= (1.12)

uL(t) =L

t
ip(t) =1, + %fo Ug(t)dt  (1.13)

Hamnune  mepexomHbIX  OPOLECCOB  SBIAETCA  NPUYUHOU
HUCKa)XKCHUS (POPMBbI HMMITYJIbCOB, JCHCTBYIOIIUX B JIMHEHMHOHN IICIIH.
Eciu Obl BCe mpolecchl B IIENH YCTaHABIMBAJIKWCh MIHOBEHHO, TO
HUKAKUX UCKa)KCHUI MMIYJILCOB B JUHECHMHOM LIEIIH HE OBLIO OBl.

0 ‘ A IMIIMQ‘MS




Tema 2. dnekTpnyeckne MnNynbCbl
N NX NnapamMeTpbl

Ilog JNEKTpUYECKHUM  HUMITYJIBCOM TMOHUMAKT  OTKJIOHECHUE
HalpsDKEHUST WM TOKa OT HEKOTOPOro IIOCTOSSHHOTO YPOBHA (B
YaCTHOCTH, OT HYJEBOI0), HAOIIOAEMOE B TEYECHUE BPEMCHH,
MEHBILIETO MW CPAaBHAUMOIO C JUIMTEIBHOCTBIO IEPEXOMHBIX
IIPOLIECCOB B CXEME.

[lonq TmiepeXOAHBIM MPOLIECCOM MOHUMAETCI BCIKOE PE3KOE
U3MEHEHHUE YCTAHOBUBIIETOCS PEXUMA B JJICKTPUUYECKOM LIENU 34
CYET JEUCTBUSA BHEIIHUX CUTHAJIOB WJIM MEPEKIHOYCHUN BHYTPHU
caMoM menu. Taknum 00pa3oM, MEPEXOAHBIM MPOIECC — 3TO MPOIECC
[epexona DJJIEKTPUYECKOM 1IENMM M3  OJHOI0  CTAIMOHAPHOTO
cocTosiHUSL B JApyroe. Kak Obl HU OB KOPOTOK ATOT MEPEXOIHBIN
IPOIIECC, — OH BCErNa KOHEUYEH BO BPEMEHHU.

0 ‘ A IMIIMQ‘MS




JJIst nierer, B KOTOPBIX BPEMs CYIIECTBOBAHUA IIEPEXOTHOTO
poliecca HECPAaBHEHHO MEHBIIE BPEMEHM JICHCTBHUSI BHEIIHEIO
CUrHaja (HaOpsDKEHUS WA TOKa), PEXKHUM PpadOThl CUYMTACTCA
YCTAaHOBHBIIMMCS, @ CaM BHEIIHMN CHUTHAJI JJISI TaKOM IIENH HE
ABISACTCS MMIYIbCHBIM. [IpuMepoM STOro MOXKET CIYXHUThb
cpabaThIBaHUE AJICKTPOMArHUTHOIO pEJIe.

Korna ’xe QIMTEIbHOCTh JACHCTBYIOIIMX B AIEKTPUYCCKON ICHHU
CUTHAJIOB HAIpSDKCHUS WM TOKAa CTAHOBUTCS COM3MEPHUMOU C
JIMTEIBHOCTBIO IIPOILIECCOB YCTAHOBJICHUS, IIEPEXOAHBIN IIPOLIECC
OKa3bIBA€T HACTOJBKO CHJBbHOE BIMSHHE Ha (DOpPMY M MapaMeTpbl
3TUX CHUTHAJIOB, YTO MX HEJb3S HE YYUThIBaTb. B 3ToM ciydae
OOJIbIIIast YaCTh BPEMEHM BO3JICMCTBUS CUTHAA HA DJICKTPUUYECKYIO
[Ieb COBIIAJAET CO BPEMEHEM CYIIECCTBOBAHHUSA MEPEXOTHOIO
mporecca.

PexxyM paboTHI 1IN BO BpeMs JIEHCTBUSL TAKOIO CUTHaia OydeT
HECTAIlMOHAPHBIM, a BO3JCUCTBHE €r0 Ha AJICKTPUYECKYIO IIENb —

HUMITYJIbCHBIM.
0 ‘ A IMIIMQ‘MS




CooTHOLLeHne Mexay ANUTeNIbHOCTbIO CUrHana v
ANUTEeNbLHOCTLIO Nepexo4Horo npoiecca

Tﬂﬁ’ Tﬂﬂ'
— |<— — -

Puc. 1.4. /NIMTEIBHOCTH MEPEXOIHOTO TIPOIIECCA 3HAYUTEIBHO
MEHBIIIE JUINTSILHOCTH CUrHana (T, << t)

0 ‘ A IMIIMQ‘MS




CooTHOLLEeHNe Mexay ANUTeNIbHOCTbIO CUrHana v
ANUTEeNbHOCTLIO NepexoAHoro npotecca

T Ty
- P~ ~a— 3

”~ = - \

7 d \
0) R X
! \
f h ~
~ . | >
[ [

B =

Puc.1.4. JIMTENBHOCTH MEPEXOIHOIO MPOIIECCA COU3MEPUMA
C JNTMTEILHOCTRIO cUrHana (t,, = t)

0 ‘ A IMIIMQ‘MS




YTOo TaKkoe «3neKkTpnu4ecKMm nmMmnyrnbc»?

DJIEKTPUYECKUM HMMIYJIbCOM JJIsi JAHHOM 1IN Ha3bIBACTCS
HaOpsDKEHUE WM  TOK, JCHMCTBYIOIIME B TEUYCHHE MPOMEXKYTKa
BPEMEHH, COU3MEPHUMOTO C JUIMTEILHOCTBIO IIEPEXOHOTO IIpoIecca B
3TOM LETIH.

[Ipn 3TOM mpeamnonaraeTcs, 4To MEXAy ABYMS MHOCJEIOBATEIBHO
JCUCTBYIOIIUMUA B 1€MW HUMIYJbCaMH JOJKEH OBITh J1OCTAaTOYHBIN
IPOMEXKYTOK BPEMEHH, IPEBBIAIOIINN JIUTEILHOCTh Ipolecca
yCTaHOBJICHHUS.

B 1npoTuBHOM cillyda€é BMECTO HMIIYJbCOB OYJIyT BO3HHUKATh
CUTHAJbI CIIOKHON (DOPMBEI.

0 ‘ A IMIIMQ‘MS



AneKTpu4eckmne curHanbl crioXxHom oopmbli

0 » {

Puc. 1.5. DiexTpuyeckue CUrHaIIbI CIIOKHOM (POPMBI

0 ‘ A IMIIMQ‘MS




dopMbl INEKTPUYECKUX NUMNYIIbCOB

a)

0

g
B

a) npAmoyaosbHbie

Puc. 1.6. DopMbI BHICONMITYJIHCOB

0 ‘ A IMIIMQ‘MS




dopMbI INEKTPUYECKUX NMNYIIbCOB

-

6) mpaneyeudanbHbie

Puc. 1.6. DopMbI BHICONMITYJIHCOB

0 ‘ A IMIIMQ‘MS




dopMbl INEKTPUYECKUX NUMNYIIbCOB

6“)

0

/—inm

I

8) OCMPOKOHeYHble

Puc. 1.6. Dopmbl BUICONMITYJIHCOB

0 ‘ A IMIIMQ‘MS



dopMbl INEKTPUYECKUX NUMNYIIbCOB

2) nunoobpasHvie

Puc. 1.6. DopMbI BHICONMITYJIHCOB

0 ‘ A IMIIMQ‘MS




dopMbl INEKTPUYECKUX NUMNYIIbCOB

0)

77 A i

0) mpeyaonbHbie

Puc. 1.6. DopMbI BHICONMITYJIHCOB

0 ‘ A IMIIMQ‘M!




dopMbl INEKTPUYECKUX UMNYITIbCOB

)

4

U

0

g
>

[

e) pa3HononsapHvie

Puc. 1.6. DopMbI BHICONMITYJIHCOB

0 ‘ A IMIIMQ‘M!



MapameTpbl OAUHOYHOIO UMMNYynNbCa

Ui
Um
0,9Um

0,5Um

0,1Um

Puc. 1.7. Ilapamerpbl OIMHOYHOTO UMITYJIbCA

0 ‘ A IMIIMQ‘MS



XapaKTepHble y4acTKU nMnynbca

Uy 2.—03 U‘ 2;3
IUI‘I‘l .‘/\
a)0 ? »t 6)0 » {
T w i 4
le Ti .
UA 2:3 ¢pppoHm (1-2);

eepwuHa (2 - 3);
cpes3 (3 —4), uHo20a Hazbieaembllii
d »t 3a0HUM ppoHMOMm;

B) 0 ;
V xeocm (4 - 35).

Puc. 1.8. XapakrepHble y4aCTKH UMITYJIbCA

0 ‘ A IMIIMQ‘M!




PopmMbl pagnonmMnyfnibLCoB

WA T
/ ﬂ /\‘m _

‘\(U\ \} \} U/V f

JUV VU AR

a) NPAMOYI0JILHBIN; 0) K0JI0K0J1000pa3HbIN

Puc. 1.9. ®opMsl pagnonMmIynbCOB
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I'Iepwo.qw YeCKad nocnenoBatesyibHOCTb MMNyJibCOB

DJIEKTPUYECKUE UMITYJIbCHI, CIECAYIOUIAE APYT 3a APYroM 4epes
PAaBHBIE MPOMEKYTKHM BPEMEHH, HA3bIBAKOTCA IEPUOAAYECKOU
MTOCJIEIOBATEILHOCTBIO.

Ilepuoouueckasn nociedoeamesibHOCHb UMNYTIbCOB
Xapaxkmepu3yemcs c1e0yiouumu napamempamu.

1. Ilepmon mnoBrOopeHUs 7; — NPOMEXKYTOK BPEMEHH MEXKIY
HAa4YaJOM JBYX COCEOHHUX OOHOIOJISPHBIX HMIYIbCcoB. OH
BEIpaykaeTcs B CeKyHAax (¢) MM JOIbHBIX CIMHUNAX CEKyHIBI (Mc;
MKc; nc). Bennuuna, oOpaTHas 1meproay ITOBTOPCHHUS, HAa3bIBACTCS
JaCTOTOM ITOBTOPCHHUS (CICIOBAaHMS) MMITYIbCOB. OHA ompeaciseT
KOJIMYECTBO MMITYJILCOB B TEUCHHUE OJHOM CCKYHIBI M BBIPAXKACTCS
B repuax (I'y), kunorepuax (kl'y) u T.1.

I = 1 (1.16)
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ﬂepuoanecxaﬂ nocrsieaoBaTtesibHOCTb UMMNyJibLCOB

2. CKBaXHOCTB MOCJIEI0BATEIBHOCTH UMITYJIBCOB — 3TO OTHOILICHUE
nmeproga IOBTOPEHUS K JIMTEIBHOCTH wuMMylbca. (OO0o03HadaeTcs

OyKBOM ¢: =li-_1
YK q‘ q TI/I Fixtu
CKBaXXHOCTh — Oe3pa3MepHass BEJIMYHMHA, KOTOpas MOXKET

U3MECHATHCS B OYE€Hb IIMPOKUX IIpeAciax, TaK KaK IIMTEIbHOCTH
UMITYJIbCOB MOKET OBITh B COTHU M Ja)K€ THICSYU pa3 MEHBIIIEC ITIeproaa
UMITYJIbCOB HJIA, HA00OPOT, 3aHUMATh OOJIBIIYIO YaCTh IIEPHUOIA.
BennunHa, oOpaTHasi CKBaXXHOCTH, Ha3bIBAeTCS KOI(D(HHUIIMEHTOM
3alI0JIHEHUS. JTa BEIMYHMHA Oe3pa3MepHas, MeHbIas eauHuIbl. OHa

»: T 1
0003HavYaeTCs OYKBOM - Yy = T—” = (1.18)
i
[TocienoBaTenbHOCTh UMITYJILCOB  C q = 2 Ha3bIBaercH
«MeaHapom». Y Takou mocienoBarensHOcTH 1; =2%X7, (puc. 1.6, e).
Ecorm 7T, >> 1, , TO Takad IIOCIEAOBATEIbHOCTh HAa3bIBACTCS

PAAMOJIOKAIMOHHOM.
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[Nlepnopgunyeckas nocneagoBatesibHOCTb UMNYNbLCOB

3. Cpennee 3HaueHUE (HOCTOSIHHAS COCTABJISIONIAS ) UMITYJIBCHOTO
kosieOanus. [Ipu onpeneneHun cpeaHero 3a nepruo 3HaueHUs
MMITYJIbCHOTO Kosiebanust U, (niu 1) NMITyJIbC HATPSHKCHHS HITH TOKA
pacnpenensitoT paBHOMEPHO Ha BECh MEPHOJT TaK, YTOOBI ILJIOIIA]Ib
U, T; 6bl1a paBHa miomanu ummynbca S,=U -z, (puc. 1.10).

J[1 uMITyJIbCOB 10001 (hOPMBI CPEIHEE 3HAUCHUE OIIPEACISICTCS 13
BBIPAKCHUS:

1 ("
Uy = T_lj;) u(t)dt (1.19)

rae U(t) — aHanmuTnyeckoe BeIpaxkeHne (hOpPMbI UMITYIILCA.

JITsl IeproIYeCKOM MOCIeI0BATeIbHOCTH UMITYJILCOB
npsiMOyToJIbHOM (hopmpbl, y koTopoit U(t) = U, mepuon nmoBroperus 7T,
U IJTUTEILHOCTh UMITYJIbCA T,, TO BBIPAXKECHHE TOCIIC MOICTAHOBKH

U IIpeoOpa3oBaHus IPUHUMACT B!

1
Upo=U..=—-U,, T 1.20
0=Up =7 Um-7 (120) O‘I\IMIIMQ‘MS




CpeaHee 3HaYeHue
(nocTosiHHaA cocTtaBnsoLwas)

B S=Us T S=Uy

Puc. 1.10. Ilepuoandeckas mociaeaoBaTeIbHOCTh UMITYIbCOB
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CpeaHee 3HaYeHue
(nocTosiHHaA cocTtaBnsoLwas)

N3 puc.1.10 BuaHO, 4TO

Spl:Um'TI/I:UCp'Ti
OTKYy/Ia CIEHYET:
T, Unp
Uy=U.=U, —=-".y (1.21)

rne U, — Ha3bIBACTCS MOCTOSHHOM COCTABIISFOLICH.
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[Nlepnopgunyeckas nocneagoBatesibHOCTb UMNYNbLCOB

4. Dneprus nmmynbca W, oTHECEHHas K nepuomy [, , ompenemseT
CPEIHIOI0 MOIITHOCTh UMIYJILCA!

Pcp:

W
T (1.22)

CpaBHuBas Beipaxenus P; u P, nonydum P, t, = P - T, orkyza

cp!

CJIEYET:
PcpTi
= " e )
u
p P,t, P,
cp — - 1.24
I Ti q ( )

0 ‘ A IMIIMQ‘M!



KoHTpoOnbHbIE 3ag4aHNA

1. Ammuntyna nmnyibca paBHa 11 kB, gourenbHOCTh MMITysbca 1
MKC. Omnpenenurs KpyTH3HY (QpPOHTA UMMYJIbCA, €CIH CUYUTATh
IIUTENBHOCTh (hpoHTa paBHOU 20 % IIUTEILHOCTH UMITYJIbCA.

2. AMIUIMTyIa MOPSMOYTOJIbHBIX HMITYJIbCOB, HWMEKOIIUX YacTOTY
cinepoBanus 1250 I'm u ckBaxxkHocth 2300, paBHa 11 kB. Onpenenutsb
KpYTU3HY (PpPOHTAa M Cpe3a, €CIHU CUYUTaTh JJIMTEIBbHOCTH ()POHTA U
cpesa paBHor 20 % OT IJIUTEILHOCTH UMITYJIbCA.

3. OmnpenenuTs TOCTOAHHYIO BpPEMEHHU IIE€MH, COCTOSIIEH U3
koHjeHcaTopa EMKOCThIO 5000 nm® um akruBHOro compotusieHus 0,5
Mowm.

4. OnpenenuTh TOCTOSHHYIO BPEMEHH IEMH, COCTOAIIECH W3
MHAYKTUBHOCTH 20 MI'H 1 aKTUBHOTO COMPOTUBIECHUS 5 KOM.
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KoHTpoOnbHbIE 3ag4aHNA

5.  Onpegenuth  CpPeIHIO  MOIIMHOCTh  PagdoONEpeaarolIero
ycrpouictBa PJIC, mMeEImyro cleayroolnue IapaMeTpbl. MMITYJIbCHAS
MoiHOCTh 800 KBT; IJIMTENbHOCTh 30HAMPYIOIIETO MMIyIbca 3,2
MKC; 4aCTOTa CJI€IOBaHUS 30HIUPYIOLINX
UMITyIbCOB 375 1.

6. Kongencarop émkocthio 400 nd 3apskaeTcss OT MCTOYHHMKA
noctossHHoro HampsbkeHuss 200 B gepes compotuBiaenue 0,5 Mowm.
OnpenenuTs HamnpspKeHHE Ha KoHjaeHcaTtope udepe3 000 mkc mocie
Hayalia 3apsjaa

/. K nemnm, cocrosmeid u3 KoHIaeHcatopa ¢éMKocThio 10 md u
COIPOTHUBIICHUS 2 MoM, NMOAKIIOYEH HMCTOYHUK IMOCTOSHHOIO TOKa C
HanpsbkenreM 50 B. OnpeaenuTs TOk B MOMEHT BKItOUeHUS U yepes 40

MKC IIOCJIC BKIIFOUCHU .
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KoHTpoOnbHbIE 3ag4aHNA

8. Konnencarop, 3apsbkeHHbIN 10 HanpsikeHus 300 B, paspsixaeTcs
yepe3 conporubiieHre 300 Mom. OnpeaennTs BEIUUYNHY Pa3psIHOTO
TOKa 4epe3 Bpems t = 37 mociie Havaia paspsja.

9. Kakoe norpedyeTcst BpeMs 11 3apsija KOHJACHCATopa EMKOCTBIO
100 n® no nanpsixkenus 340 B, eciu HanpsbkeHue uctounuka 540 B u
conporupieHue uenu 3apsaga 100 kOm?

10. Ilens, cocrosmas u3 nHAYKTUBHOCTH 10 MI'H 1 conpoTHBICHUS
5 kOM, MOJKJIIOYEHa K MCTOYHHUKY IIOCTOSSHHOro HampsikeHus 250 B.
OnpeaenuTs TOK, HPOTEKAOIINN B 1IETIH
yepe3 4 MKC MOCJIE BKIIOUYCHUS.
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Moaynb 2. PopmupoBaHue
MMNYynNbLCOB

Tema 3. JIunendbie 1 HENUHENHEIE TTETTN

Tema 4. InddbepeHIUPYIONINE LIETH

Tema 5. IlepexogHble LeOu

Tema 6. lHTerpupyromme 1nenu

Tema /. KOHTYp yaapHOro BO30Y>KJICHUS

Tema 8. OrpannunTeNn aMILTATYIEI

Tema 9. BoccTaHOBJICHHE NOCTOSIHHOM COCTAaBJISIIONICH CUTHAJIOB.
DUKCUpPOBAHUE YPOBHS HaOpsKSHUS

KoHTpoabHbBIE 3a1aausd
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Tema 3. JInHenHbIEe N HENMUHEeUHbIe uenu

JInHenHbIEe uenu

DJIEMEHT, MapaMeTpbl KOTOPOro (COMPOTHUBICHUE, WHIYKTUBHOCT,
€MKOCTh) HE€ 3aBHCAT OT BEJIMYMHBI W HaIpPaBJICHHUS TOKOB U
MTPUIIOKEHHBIX HANPSKEHUN, HA3bIBACTCS JIMHEHUHBIM.

Llern, COJZIEpIKaIIne JIMHECHUHBIE DJICMEHTHI, Ha3bIBAIOTCS
JIMHEHUHBIMU.
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JIMHeHHBIC e

Ceoticmea 1uHelunvIX ueneu:

1. Bonsr-amnepHas xapakrtepuctuka (BAX) nuHeHHOM 1HenH
IpPEICTaBIsIET COOOM IPSIMYH0 JIMHHUIO, T.€. BEJIMYMHBI TOKOB U
HaMpsHKEHUM OyQyT CBSI3aHBI MEXKAY COOOM JIMHCWMHBIMU YPAaBHEHUSIMU C
noCTOSSHHBIMU Koa(pdunrenramu. Ilpumep BAX Takoro BuUjga — 3aKOH
Owma.

2. Jlng pacyé€ra (aHanu3a) M CHUHTE3a JIMHEHMHBIX LIEIEH MPUMEHUM
NPUHYUN CYNEpRo3uyuil (Haa10)CeHUs).

CMBICJT TIPUHIIATIA CYTIEPIIO3UIIMN 3aKIIFOYAETCA B CICAYIOIIEM: €CIIN
K BXOAYy JIMHEMHOM IENY NPHUIOKEHO CHHYCOUIAIBHOE HAMPSHKEHUE, TO
Hanps>KEHUE Ha JII000M €€ 2IeMEHTE OyJIeT UMETh TaKylo e (hopMy.

Ecin k€ BXOJHOE HAIPSIKECHHUE SIBIISICTCS CIIOKHBIM CUTHAJIOM (T.€.
SABJISCTCS CyMMOM TapMOHHMK), TO Ha JHOOOM 3JIEMEHTE JIMHEHMHOM Lenu
COXPaAHSIOTCS BCE TAPMOHUYECKHE COCTABIISIOIINE ATOTO CUTHAJIA: MHAYE
rOBOPs, COXpaHseTcs popMa IMPUIOKEHHOTO K BXOAy HampspbkeHus. [Ipu
3TOM Ha BBIXOAE JIMHEWMHOW I[E€NHW H3MEHHUTCA TOJBKO COOTHOIICHHUE
aMILTATYO U (a3 TapMOHUK.



JIMHeHHBIC e

Ceoticmea 1uHelUnbIX Uene:

3. JIuHelHas 1enb HE IIpeoOpa3yeT CIEKTP DICKTPHUYSCKOIO
curHaiza. OHa MOXKET W3MEHHUTh COCTABIISIIOIINE CHEKTPa TOJBKO II0
aMILIUTyae u (ase. ITO SABIICTCA HNPUUYMHOM BO3HHMKHOBCHUS
JUHEVHBIX HMCKAXXCHHUMU.

4. Besikas peanbHas JMHEMHAsS Lenb UCKaKaeT (popMy CUTHajIa  3a
CYET IIEPEXOAHBIX MPOIECCOB M KOHEYHOM IMMPHUHBI IIOJIOCHI
IIPOITY CKaHHSI.
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JIMHeHHBIC Henu

CTporo TOBOps, BCE DJJIEMEHTBI JJICKTPUYECKUX LEHEn
HeJIMHEWHbI. OIHAKO B OIPEACIEHHOM HWHTEPBAIE W3MECHEHUSA
[IEPEMEHHBIX BEJIWYUH HEJIUHEUHOCTh JJIEMEHTOB IPOSBIACTCS
HACTOJIBKO MAJIO, YTO MPAKTUYECKU MOKHO ITPEHEOPEYbH €IO.

[IppuMeEpOM MOXKET CIYKHUTh YCHIWTEIb paauodactoTsl (YPY)
PAIUONIPUEMHHKA, HA BXOJ KOTOPOIO IMOAAETCA OYECHb MAaJIbId I10
aMIUIMTYJIE CUTHaAJI OT AaHTEHHbL. HEIMHEWHOCTh BXOIHOU
XapaKTEPUCTUKH TPAH3UCTOPA, CTOAIIETO B MEPBOM Kackaae Y PY, B
[peaenax HECKOJIbKUX MUKPOBOJIBT HACTOJIBKO Maja, YTO €€ MPOCTO

HC YUHUTBIBAIOT.
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JIMHeHHBbIC Heu

Ecan Ha BXOJ JIMHEMHOW LETIU MOAATh CIIOXKHBIU CUTHAJ, KOTOPBIU
ABJISIETC CYMMOM TapMOHHUK pPa3HbIX YaCTOT, a JIMHECHHAas IICIb
COIIEP)KUT YacTOTHO-3aBUcHMBIN 3ieMeHT (L mmm C), to dopma
HaIpsKCHUN Ha €€ 3JIEMEHTax HE OyJeT MOBTOPSTh (POPMY BXOIHOTO
HAIPSIKCHUS.

DTO OOBACHSECTCS TEM, YTO TAPMOHHKH BXOJHOTO HAMPSKCHMS
[IO-PA3HOMY ITPOITYCKAXOTCA TAKOH LIETIBIO.

B pesyisbrare npoxoxkKJICHUs BXOAHOTO CUTHAJIAa Yepe3 EMKOCTU U
UHIAYKTUBHOCTH I[EMU COOTHOIICHUS MEXIY TapMOHUYECKUMU
COCTABJIAIOIIMMY HA BJIEMEHTAaX IIENU U3MEHSIOTCS M0 aMIUIATYAEC U
(pa3e Mo OTHOIICHUIO K BXOJHOMY CUTHAJY.

B pesynbrare COOTHOIICHHS MEXIY aMIUIMTydamMd H (azamu
FapMOHMK HAa BXOHEC LENMU U HA €€ BBIXOJAEC HE OJIWHAKOBBI. IJTO
CBOMCTBO MOJIO)KEHO B OCHOBY (OPMHMPOBAHUS MMIYJIBCOB C

MOMOIILI0 JUHEUHBIX LEMEH.
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HenvuHeunHbie uenu

DJIEMEHT, MOapaMETPbl KOTOPOrO 3aBUCAT OT BEIMYMHBI M
MOJIAPHOCTA NPUJIOKEHHBIX HANPSKEHUU MM [IPOTEKAOIIMX
TOKOB, HA3bIBACTCA HECIMHCUHBIM, a4 UEHb, COOEPHCAULYI0O MAaAKue
1eMEHMmMbl, HA3b18AIOM HETUHCUHOU.

K HemuHEWHBIM 3JIEMEHTaM OTHOCATCS D3JICKTPOBAaKYyMHBIE
npuoopsl  (OBII), mnonynpoBogHukoBeie npudopsl  (ITIIII),
paboTaroiue Ha HeJnHeHOM ydyacTke BAX, nronbl (BaKkyyMHbBIE U
MOy ITPOBOJTHUKOBBIE), a TaKKe TpaHC(HOPMaTOPEI C
(beppoOMarHeTUKaMHU.
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Heannennbie nmenu

Ceoiicmea HenuHeliHbIX yeneil:

1. Tok, TIIpOTEKAOIIMKA 4Yepe3  HEJIMHEHHBIA  DJEMEHT, HE
MPOMOPIIMOHAJIEH  TPUJIOXKEHHOMY K HEMY HAIPSXKEHUIO, T.€.
3aBUCUMOCTb MEXJIy HamnpsbkeHneM ©u  TokoM (BAX) Hocur
HEJIMHEWHBIM Xapakrtep. [Ipumepom Takorn BAX ciykar BXOAHBIE H
BbIXOZIHBIE XapakTepuctuku DBII u TII1I1.

2. ITponiecchl, MPOTEKAIOIINUE B HEJIMHEMHBIX LEIIX, OTIUCHIBAKOTCS
HEJIMHEVMHBIMA YPABHEHUSIMH  PA3JIUYHOIO BHJAA, KOA(POUIIMEHTHI
KOTOPBIX 3aBUCIT OT CaMOM (DYHKIMH HaIpsKEHUs (TOKA) WIM OT €€
IpOU3BOJHBIX, a BAX HEIMHEHHOW LEMU WUMEET BHUI KPUBOH HJIH
JIOMaHOU JIMHUM. [IpuMepoM MOTyT CIYyKUTh XapaKTEPUCTUKUA JUOMOB,
TPHUOJIOB, TAPUCTOPOB, CTAOMIUTPOHOB U JIP.
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Heannennbie nmenu

Ceoticmea HenuHenHvlx yeneil:

3. I HeIMHEMHBIX Ienel MPUHLMIT CYyIepHO3ULIMNA HEIPUMEHUM.
IIpr BO3EMCTBUU BHEIIHETO CUTHAJA HA HEJIWHEHWHBIC IIEIN B HUX
BCEIlla BO3HUKAKOT TOKH, COJECPKAIIME B CBOEM COCTABE€ HOBBIC
YaCTOTHBIC COCTABIIAIOIINE, KOTOPHIX HE OBLJI0 BO BXOJHOM CHUTHAJE.
DTO ABIISIETCS NPUYNHOM BOSHMKHOBEHHUS HEJIMHCHHBIX MCKAKCHUU,
B PE3yJbTaTe€ YE€ro CUTHAJI Ha BBIXOJAE HEJIMHEWHOW LIENW BCETIa
OTJIMYAETCS MO (POpME OT BXOJHOTO CUTHAJIA.
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Tema 4. ndohepeHumpyrowine uenu

Jlupdepenuupyromeid Ha3bIBACTCS I1I€Ib, HA BBIXOAE KOTOPOU
HaIpsKEHUE MPONOPIMOHAIBHO IIEPBOM MPOU3BOJHOM OT BXOJHOIO
HaIpPsKEHUS.

dU
U,.=k (2.1)
BEIX dt
I'7IC.
U, — HanpsDKeHHWE Ha BXone U PEpEHIUPYIOLIEH LIETH;
U, . — HalpspKeHUE Ha BbIXOAE AU(PEepEeHIUPYIOLIEH LIETH;

K — k03¢ puiineHT TponoprnruoHaIbHOCTH.
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OundbdepeHumpyrowme uenum

C R
H T 0 O— 0
R UBbIK UBX |— UBbIX

a) EMKOCmHaA

0) UHOYyKmMugHan

Puc. 2.1. Buasl nud@epeHuupyronux nemnem
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OundbdepeHumpyrowan uenb

Jupdepenuupyromnme  LENU  MO3BOJSIOT  IPOU3BOAUTH
CIEAYIOLIHNE ITPeoOpa30BaHUS:

» YKOPOUCHHE IPSAMOYTOJBbHBIX BUACOUMITYIFCOB U (POPMUPOBAHUE
U3 HUX OCTPOKOHEUHBIX UMITYJIBCOB, CIIYXKAIUX JJIS 3aIlyCKa U
CUHXPOHU3AIUU PA3JIUNYHBIX UMITYJIbCHBIX YCTPOUCTB;

» TIOIyYEeHHE IIPOM3BOAHBIX IO BPEMEHH OT CIOXKHBIX (DYHKITHM.
OTO HCHOJB3YEeTCd B H3MEPUTEIBHOW TEXHHUKE, CHCTEMax
aBTOPETYJIMPOBAHUS M aBTOCOIIPOBOXKICHHS;

» (popMmupoBaHHE MPSIMOYTOIBLHBIX UMITYJILCOB M3 MHUI000Pa3HBIX.
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OundbdepeHumpyrowan uenb

[Tokaxkem, uyto RC-uenp 1pu ONPEACIEHHBIX YCIOBMSX
CTaHOBUTCS TU(DDEPEHIIMPYIOIICH.

M3BECTHO, YTO TOK, MPOTEKAONINN YEPE3 EMKOCTD, OMPEACIISICTCS
BBIPAKECHUEM

i,=C (2.2).

dt

B To ke Bpems u3 puc. 2.1, a o4eBUAHO, UTO

Uy, =U; + Up,

T.K. R 1 C npeacraBisatoT coO0M AeIuTeNlb HAIPSKEHHUS.
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OundbdepeHumpyrowan uenb

ITockonbky Hanpsbkeane  Ug,x = Up

T0 U=Uzy —Up=Ug — Uppx-

Boixognoe Hanpsokenue  Ugy,y = Ugp = i R (2.3).

[ToxcraBuB BelpaxeHue (2.2) B (2.3) , Hony4yum:

C d(UBX o UBbIX)

— (2.4).
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Ugix =




OundbdepeHumpyrowan uenb

Ecin BbIOpaTh AOCTAaTOYHO Mallyl0 BeIWYMHY R Tak, 4TOOBI

BBIITIOJIHAJIOCH YCJIIOBHC

Ugx = Up K Uy,

TO IOJYYUM MPUOIMKEHHOE PABEHCTBO

d
Usix ¥ RC—=

DTO PaBEHCTBO TOXKJACCTBECHHO (2.1).

(2.5)
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OnddepeHumpyrowan uenb

Bri0pars R 10CTaTOYHO MAJIOW BEJIMYHUHBI — 3TO 3HAYUT 0OECIECUYNUTH
BBIIIOJIHEHUE HEPABEHCTBA

1
RKx, T1Te R<K

w;C ’

rne @, = 2mf, — BepxHsiA TIpaHUYHAs YACTOTa TapMOHHKH
BBIXOJTHOTO CHTHAJIa, el HMEIoIas CYIICCTBEHHOE 3HAaYCHHE IS
(OPMBI BEIXOTHOT'O UMITYJIbCA.

Ko dpunmeHT nponopuruoHaaIbHOCTH B BBIPAKECHUHN

dU
dt

Usix = k

k = RC = T HOCUT Ha3BaHUE NOCHMOAHHOU 6PEMEHU
i epeHIUPYIONIEeH e U UMEET Pa3MEPHOCTh BPEMEHH.
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OnddepeHumpyrowan uenb

RS
5
-
o
=

&
® ®
A
1
" y ‘|
—
l..__h_

-
|

Puc. 2.2. [TpuHiunuanbpHas cxema
EMKOCTHOM Ju((HEPESHIUPYIONICH LIeIH
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PaboTta anddepeHumpyrowen uenm

j | [ Jusx=e

b t
5 Tu
Ue . '
I n : Puc.2.3.
0 ﬁ/ ‘E ;t}? Hn =l ONIOPbI HAPSIAKECHUN
v B3 t
ley ¢ . Ha DJIEMEHTax
K0 fimmeE P audGepeHIUPYIOMICH

O CIIN

o
B
3
20|m
e—s]
~VY

t t 'EI taV t
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PaboTta anddepeHumpyrowen uenm

[lycte Ha BXO# TIOHAETCA UACAIBHBIM IPSAMOYTOJIbHBIN
HMITyJIbC, Y KOTOPOTO T, - T.— 0, a BHYTPCHHEC CONPOTUBIICHUC

ucrounnka curnana R, = 0.
[TyCTh UMITYJIBC OIPENENAETCS CAECTYIONMM BEIPAKCHHAEM:

Onput < t4
UBX=<EHpI/It1<t<t3
kOHthZtB
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PaboTta anddepeHumpyrowen uenm

1. Ucxomnoe cocrosiHue cxemsl (t < t).
B ucxognom cocTtosHuu:
u,=0;, U.=0; 1.=0; U_,,=0.

2. Tlepsslit ckayok HanpsokeHus (t = t).

B MomeHnT Bpemenu t = t; Ha BxOox /[I] mopma€rcs CKayKOM
Hanpsbkenne U, = E.

B aror moment U, = 0, T.k. 32 0ECKOHEYHO MAJIBII IIPOMEKYTOK
BPEMEHU EMKOCTb 3apSAAUTHCSA HE MOXKET.

HO, B COOTBCTCTBHUH C 3dKOHOM KOMMYTAallMH, TOK YCPC3

EMKOCTb MOXKET HapacTaTb MTHOBEHHO.
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PaboTta anddepeHumpyrowen uenm

CnenoBarenbHo, B MoMeHT U = l; Tok, mpoTekarommii depes
E€MKOCTb, OyJIET paBeH

le = lzgp = E — IBap.max

[IoaTOMy HampsbKEHME Ha BBIXOJE LEMU B 3TOT MOMEHT OyleT
PAaBHO

Ugix = L3ap - R = Igap.max ‘R =

0 ‘ A IMIIMQ‘M!

"R=F
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PaboTta anddepeHumpyrowen uenm

3. 3apsix kouaeHcaropa (t; <t <t,).

[lociie ckayka Ha4YMHAETCA 3apsa]l KOHJEHCATOpa TOKOM,
yOBIBAIOIIINM I10 3KCHOHCHIIAATBHOMY 3aKOHY:
t

. _ T
Lap = Isap.max e P

HanpsbkeHne Ha  KOHjJAEHcaTope OydeT  HapacTtaTh 11O
SKCIIOHCHIIMAJIbHOMY 3aKOHY:

t
U.=E(1—e %) (2.6)
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PaboTta anddepeHumpyrowen uenm

Hanpsbkenne Ha Bbixoae /] Oynet majaarh 10 Mepe HapacTaHUs
HanpsDKEHUS 3apsija Ha koHjaeHcatope, T.K. R m C mpeacraBiasdior
COOOM JeIMTENb HAIPSKECHHUS:

—_ t —_
Ugix = Isap.max -e "% -R=EFe "%

(2.7)

T.x. B 110001 MOMEHT BpPEMEHM JJis ACIUTEIIS HaIpPsSKCHUS
BBITIOJIHSIETCS PABEHCTBO

Uy =E=U;,+Up = Upx

OTKyJia CJICYET, YTO
t t

UBbIX:E_Uc:E_E(l—e T3ap):E.e_T3ap,

YTO MOATBEPKAAET CIIPABEIIMBOCTh BhIpaxeHus (2.7).

0 ‘ A IMIIMQ‘M!




PaboTta anddepeHumpyrowen uenm

TeopeTtnueckn 3apsii  KOHAEHcCAaropa OyAeT MPOJI0JIKAThCA
OCCKOHEYHOE BpEMSs, HO MPAKTUUYECKH ATOT MEPEXOJHBIM IMPOIECC
3aKAHYMBACTCS YEPE3

4. Oxonuanue 3apsijia kouaeHncaropa (t=1t,).

Hanpsikenue Ha Beixoae TudepeHIUPYIOMIEH IETU

Upix = lsapR

HOCTHUI'ACT IIPAKTHYCCKH HYJICBOI'O 3HAYCHHS, T.C. B MOMCHT BPCMCHH
t=t,

i33p=0; UCZE,‘ UR=0-
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PaboTta anddepeHumpyrowen uenm

5. YcranoBusimiics pexuM (t, <t <tj).

[Ipu 3TOM
U,, =E; U.=EFE, lgap =0; Ugyx=0
6. BTopoii ckauok HampsixeHus (t = t,).
B wmomenT BpemMenu t = 13 HampspkeHHE Ha BXOJE

i epeHIMpYOMEed e CKa4KoM  majaeT g0  HYJI.
Konpgencarop C cTaHOBUTCS HCTOYHHMKOM HaMpsDKEHUS, T.K. OH

3apAKCH 10 BCJIMYNHDI
0 ‘ A IMIIMQ‘MS
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PaboTta anddepeHumpyrowen uenm

I[Ipy 3TOM TOK paspsaga B JAaHHBIK MOMEHT BPEMEHU
CTAaHOBUTCS MaKCUMAJIbHbBIM:

) E
lpaz = "R’ R = _Ipas.max

Hanpsixenre Ha Bbixoae Au@@epeHIUpPYIOMEH [Eenn

, E
UBbllepaB'R:_E'R:_E

BrIxomHOE€ HaNpsKEHUE HMEET 3HAaK «MHUHYC», T.K. TOK
M3MEHUJI CBOE HAIIPABJICHUE.
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PaboTta anddepeHumpyrowen uenm

/. Paspsin xonnmeHcaropa (t; <t <t,).

ITocne BTOPOIO CKadKa HaAIIPAKCHHUC Hd KOHICHCATOPC
HAYNHACT YMCHBIIATHCS 110 3KCIIOHCHIIUAJIbHOMY 3aKOHY.

t t

_ ) _ -
U.=E-e Tpa3,‘ lpaz = _Ipas.max e P

t
—_— —_— T
UBbIX — lpas R=—-E-e "p=
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PaboTta anddepeHumpyrowen uenm

8. OxoHuaHHe pas3psna KOHJEHCAaTopa HM  BOCCTAHOBJICHHE
MICXOTHOTO COCTOSTHUS cxembl (1 >1,).
[Tocite okoHYaHHMS TIEPEXOMHOTO IIpoIiecca pa3psiaa KOHIeHcaTopa

U, =0; U.=0; ipas = 0; U,,=0

Takum o0Opa3zomMm, cxema BO3BpATWIIACh B HMCXOAHOE COCTOSIHUE.
OkoHYaHME pa3psia KOHAEHCATOPA HACTYIIAET MPAKTUUYECKH TTPU

t=(3..571 = (3..5)RC.
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OnpeaeneHvne gnUTenbHOCTU UMNYyIbca
Ha ypoBHe U, nocrne audc¢epeHLunpoBaHuUs

Ug.ezx
U goix, |
U, {
>
10 " t
*—u—.

Puc. 2.4 OnpeneneHue JiUTEIIbHOCTA UMITYJIbCA
Ha ypoBHE U, nmocne quddhepeHunpoBaHus
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OnpeaeneHvne gnUTenbHOCTU UMNYyIbca
Ha ypoBHe U, nocrne audc¢epeHLunpoBaHuUs

JlnuTenbHOCTh PO hEPEHIIMPOBAHHOTO UMITYJIbCa HA YPOBHE

UO — aUBbIX:

Uy=aUg,,y =Uy,x e RC (2.8)
OTtcrona:

1
a—e RC u T,=RC-ln= (29
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OunddepeHumpyrowan uenb
KakK punbTp BEPXHUX YaCTOT

M3MmeHeHue (opmbl MMIYJIbCa Ha BbIXOJE AU(MPEepEHIMPYIOMICH
e MOKHO OOBSICHUTh C TOUYKH 3PEHUS CIIEKTPAIBLHOTO aHaI13a.

Kaxxgass rapMoHHMKa BXOZHOTO MMMyJbca aenuTcs mexay R u C.
JI1s1 TapMOHUK HU3KMX YaCTOT, ONPEACSIONIMX BEPIIMHY BXOJHOTO
MMITYJIbCA, KOHASHCATOP MPEACTABIISIET OOJbIIIOE COMPOTUBIICHUE, T.K.

1
= > R
e w,,C
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OunddepeHumpyrowan uenb
KakK punbTp BEPXHUX YaCTOT

IToaTOMy Ha BBIXOJ IJIOCKAs BEpIIMHA BXOAHOTO MMITYJbCA MOYTH
HE IepeaacTcs.

JIs BBICOKOYACTOTHBIX COCTABJISIONIMX BXOJHOTO MMIIYJIbCA,
(hOpMHUPYIOIIKX €TI0 (DPOHT U CPE3,

1

< R
wBC<

Xc —

[ToaToMy QpPOHT U cpe3 BXOJAHOIO HMIyJIbCa Ha BBIXOJ
NepEeHAOTC MPAKTUYECKU O€3 OcCIa0neHus. ITH COOOpaKCHUS
MO3BOJISAIOT OMPEACHUTh UM PEPEHIMPYIONTYIO LIETb KaK

Gunemp eepxnux wacmom.
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BnuaHue napameTpoB CXeMbl Ha
pe3ynbTaTt AudpdepeHuMpoBaHUA

|
I
I
} ' A-Y /"
| T BIX
) ax _'_(_ g R &BIX
I
|
|
|

Puc. 2.5. DkBHUBajJIeHTHAs cXeMa peaabHOU AU(PepeHIUpYIOIeH [enn
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Uckaxalolwee neMcTeBme napasmtHom eMmkocTu C,
npu andpdepeHunpoBaHnu

>
Tu ebix _I

Puc. 2.6. ckaxaromee nericreue napasuton EMxoctu C,
npu auddepeHIIupOBaHUN
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Tema 5. [lepexoagHble uenwu

B MHOroxkackagHbIX YCHIUTEISIX (B TOM YHCJIE€ W UMITYJIbCHBIX)
HAIIPSKEHUE C BBIXOJA MPEABIAYIIErO0 Kackaja Ha BXOJ CICIYIOIIETO
nepenaéTes, Kak npaBuiio, yepes nepexoannie RC- nenu. Takue nenu
JIOJKHBI 00€CIICUMBATh BBIIIOJHECHUE ABYX YCIOBHUU:
® MHHHMAJIbHBIC MCKAKECHHUS BXOJHOIO CUTHAJA;

e pazjelicHuE («pa3BsA3Ka») KaCKaA0B I10 TOCTOSHHOU
COCTAaBJISIOILEH.

ITocaenHee yciaoBue HEOOXOAUMO BBIMOJIHATh, IOTOMY YTO PEKUM
pabOThl MO MOCTOSTHHOMY TOKY IOCJIEAYIONIEro KackKaja YCHUJICHUS
IOKEH BBIOMPATHCS HE3aBHUCHUMO OT IIOCTOSHHOW COCTaBIISIOLICH
BBIXOJIHOTO HANPSIKEHUA TIPEABIAYIIETO KacKaa.
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[MepexoaHble uenwu

Cxema nepexoaHor Ienu MO0 HaYepTaHUI0O HUYEM HE OTIMYAeTCS
ot guddepenuupyromen nenu. OgHako eciar B JUdGEepEHIUPYIOIEH
1eny 0043aTeIbHO BBIIOJIHEHNE COOTHOIIICHUS

TKL Ty,

TO B IIEPEXOJIHOM 1[EHH 3TO COOTHOIICHUE JOKHO OBITh

T T,
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[MepexoaHble uenu

________ C
:r o ‘+‘1 — ®
I
I .
I ] U
1 rap R BbLY
U, =iE ;
l - I
t\ [ ;r P
Ipm

B nuddepenuupyromieii nenu 00s3aTreIbHO BBINOJIHEHUE

COOTHOIIICHHUA

T KT,

B nepexoHoM 1eny 3T0 COOTHOIIEHUE

JTOJIPKHO OBITH

> T,
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JNPbI HANPSAXXeHUU Ha IfIeMeHTax nepexoaHou
Lenwu

3apso C

Paspso C

Puc. 2.7. Dmopbl HANPSHKEHUW Ha DJIEMEHTAX MEePEXOIHOM 1IETH
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NMpunHuMn paboTbl NepexoaHoOU Lenu

bynem cuuTarb, 4YTO HA BXOJ TMEPEXOAHOW MLENH IOHAETCS
UJICAJIBHBIU IPAMOYTOJIbHBIA UMITYJIbC, Y KOTOPOT'O

Tp =T, =0
1 aMILIATy1a BXoaHOro Hamnpsbkeausa Uy, = E.

[IpyHOMD OEUCTBUS W OBIIOPHI HANPSDKEHUKW HA DIIEMEHTaxX
NEPEXOIHOM LENU MOKA3aHbI HA pUC. 2.7.
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NMpunHuMn paboTbl NepexoaHoOU Lenu

1. Ucxomnoe cocrosiaue cxemsl (t < t).

B ucxomnom cocTossHuu

2. IlepBoiii ckauok Hanpsokerus (T =1t,) .

B MomeHnT t = 1, IPOUCXOOUT CKAYOK HAIMPSDKEHUS Ha BXOJE
NEepEXOOHON IIenr. 3a BpeMs JIEUMCTBHS (PpOHTA HMMMOYJbCAa B
COOTBETCTBHM C 3aKOHOM KOMMYTaluu KoHjaeHcarop C MrHOBEHHO
3apAOUATHCS HE MOXET, [IODTOMY

U-=0 u Ug=E.
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NMpnHUMN paboTbl NepexoaHou uenu

3. 3apsn koHaeHcaropa (t, <t <t,).
C momenTa Bpemenu t = t, HanpspKeHWe Ha KOHZAEHCATOPE HAYMHAET
YBEJINYUBATHCSA 110 DKCIIOHEHIIUAJIBHOMY 3aKOHY

t
U.=E-(1—e 1)
a TOK, IIPOTCKAIOIIMKA dYepe3 EMKOCTh, YOBIBA€T TaKXe MO
SKCIIOHCHIIMAJIbHOMY 3dKOHY

E _t
= — @
R T

[10CKOJIbKY TTOCTOSIHHAs BPEMEHU IEPEXOTHOM LENU T >> T, , TO 3apsa
KOHJICHCATOopa OyIeT MIPOMUCXOJUTh MEIICHHO. TakK € MEIJICHHO
CIIAQJIACT II0 DKCIIOHCHTE HANpPsSHKCHWE HaA BBIXOJAE. 3apsiji €MKOCTH

IIPOUCXOAUT O MOMEHTA BpeMeHu , = 7,,.
0 ‘ A IM IIMQ‘MS
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NMpnHUMN paboTbl NepexoaHou uenu

4. Bropoii ckauok Hanpspkerwust (I = t,).

B 3TOT MOMEHT Ha BXOJ€ UMITYJIbC CKAaYKOM MagaeT a0 Hyjad. B
COOTBETCTBUM C 3aKOHOM KOMMYTAIIMW HAIPSKEHUE HAa KOHASCHCATOPE
MTHOBEHHO MU3MEHHUTHLCS HE MOXKET, HO CKQUKOOOPa3HO IIPOMNaaacT TOK,
MPOTEKAIOIIMM Yepe3 KOHJACHCATOP. IJTO BBI3BIBACT OTPUIATEIbHBIN
CKaAYOK HAIIPSKEHUS HA BBIXOJIE CXEMBI.
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NMpnHUMN paboTbl NepexoaHou uenu

5. Pa3ps koHIEHCAaTOpa U BOCCTAHOBJICHUE MCXOJHOIO COCTOSHUS
cxeMbl (1>1,).

Ilocie oTpUIATENILHOTO CKAayKa HaOpsOKEHUS HAYUHACTCS
paspsa KOHJICHCATOPA, KOTOPBIMN IIPOUCXOUT 10
IKCIIOHCHIIMAJIbHOMY 3akoHY. YeM OoJibllie MOCTOSIHHAs BPEMEHU
IEepEXOAHOM ILIENH, TEeM JOJIbllle OydeT JIUThCSI pa3psii
KOHJIEHCaTopa.

Takum 00pa3oM, OMHOYHBIN UMITYJIBC YEPE3 MEePEXOTHYIO LETb
OPOXOJUT C MCKAXKCHMSIMH TEM MEHBIIMMM, 4YeM OOJbIle
IIOCTOSIHHAsS BPEMEHU OTOU Ilienu. VICKaxeHud Ccur’Haia Ipu
MPOXOXKIEHUU €ro0 4Yepe3 JIMHEMHYI TEPEXOAHYI0  1IEMb

IIPUHIHUIINAJIBHO HEeN30e)KHEI.
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NepexogHble Luenu

OTH  MCKaXKEHMUS  3aKIFOYalTCI B TOM, YTO  BEpIIMHA
OPSAMOYTOJIbHOTO HMITYJIbCA MPU €ro Mnepeaaye YMEHBIIAeTCs Ha
BennunHy AU, ., a TOCIIE OKOHYaHUS BXOJHOTO UMITYIIbCA HA BBIXOJE
[EMU TOSBIISIETCS AKCIIOHEHIMAIBHBIA XBOCT IPOTUBOIIOJIOKHOU
NOJISIPHOCTH. {11 yMEHBUICHHWSI HMCKaXeHUM EMKOCTh C 3a BpeMms
JNEWCTBUSA BXOJHOTO HMMIYIbCa HE JOJDKHA 3aMETHO 3apsuKaThCs,
YTOOBI CITaJ HAMPSKEHUS HA BBIXOJIE LMK ObLI HE3HAYUTEIIHbHBIM.

CiienoBarenpHO, YTOOBI HMCKaXKEHHS CUTHAJAa HaA  BBIXOJIE
NEePEXOJHON LENU ObUIM MUHUMAJIbHBIMH, HEOOXOAWMO BBITIOJHUTH
YCIIOBHE

t=RC>>(5...10)7,,

YTO COOTBETCTBYET HEPABEHCTBY
1

w;C
0 ‘ A IMIIMQ‘MS

R >




Tema 6. UHTerpupyrowme uenwu

Hnmeepupyrwowieii Ha3bIBaCTCS I1IC€Ib, BEJIWYMHA BBIXOJHOTO

HaMpsHKEHUSI KOTOPOM MPOIMOpLUMOHAIbHA UHTErpaay MO0 BPEMEHU OT
BEJIMYMHBI BXOJHOTO HANpsDKEHMS. MaTeMaTH4YeCKH 3TO BhIpaXKaeTCs
(hopMyIIOH:

t
Uy (£) = K fo Up(Ddt  (2.8)
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Buabl nHTerpupyrowmx ueneun

a) 6)

Puc. 2.8. Buabsl HHTErpUPYIOIIUX ETICH:
a) EMKOCTHas; O) MHIYKTHUBHAas

0 ‘ A IMIIMQ‘M!




UHTerpupyrowme uenu

HanpsikeHre Ha KOHACHCATOPE M TOK, MPOTEKAIOIIUMK 4Yepe3 HEro,
CBSI3aHbI 3aBUCUMOCTBIO:

t

Ue®) = ¢ [ a9

0

HNHTerpupyromas 1nenb NpeAcTaBiasieT COO0N AEIUTENb HAPSIKEHNUS,

TOK 4Yepe3 KOTOPhIK PABEH:
UBX

“TRIx, (2.10)

Orcrona ciaenyer:

t
1 U..
U, =— dt
¢ C!R+xc
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UHTerpupyrowme uenu

Ecnu BbelOpare R >> Xx, Ui BBICHIEH TapMOHUKH @,
, To Up > U, n,

NpsIMOYTOJILHOTO WMITyJIbCca, T.e. R >> ~r
B

ciaenoBarelibHO, Uy, y K Upgy.

TOFI[a ITOCJICAHCC BBIPAKCHHUC ITPUMCT BHU/L.
t

U, =U;x = U, dt (2.11).

RC
0

Bripaxxenue (2.11) moka3pIBaeT, 4TO Y€M TOYHEE BBIMOJIHSICTCS
HepaBeHCTBO Uy, K Ugy, TEM TOYHEE BBINOJHACTCA YCIOBUE
MHTErpUpoBaHus. JIJIsl BBINOJIHEHHS 3TOTO YCIOBHUS HEOO0XO0aUMa
OOCTAaTOYHO OOJIbllIasl BEJIMYMHA IIOCTOSSHHOM BpemeHu 7 = RC.
[TopTOMy 711 HWHTErpUpOBaHHUS Bcerna TpeOyeTcs BBIMOIHECHHUE

HCpPaBCHCTBA T ~>> T, .
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UHTerpupyrowime uenu

..........

Puc. 2.9.
OMIOPbI HANPSHKEHU N
Ha dJIEMEHTax
UHTETPUPYIOLIEH
(9107

U | T n
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PaboTta nHterpupyrowen uenmu

1. Ucxomuoe coctosinue cxemnl (t < t,)
UBX =0 UR — UC =0

2. Ilepserii ckadoxk (t = t,).

B 3TOT MOMEHT Ha BXOJ HWHTETPUPYIOMIEH ILIENMU MOAAETCA
IPSAMOYTOJIBHBIN UMITYJIbC ¢ amiuiatyaou U .= E. B cOOTBETCTBUU C
3aKOHOM KOMMYTAIlMU B MOMEHT U = 1; HanpsHKeHWE Ha KOHIAEHCATOpe
CKaYKOM HM3MEHUTbCA HE MOXET. TOK 4Yepe3 KOHIAECHCATop
YBEJIIMUUBAECTCSA CKAYKOM, W BCE BXOJHOE HANPSDKECHUE I1aIacT Ha
COIIPOTUBJICHUU 1
(Tak KaK mpu 7, =0 X¢ = 2nf C 0).

B
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PaboTta nHterpupyrowen uenmu

3. 3apsna émroctH (I, <t<t,)
[Tocre ckauka HauMHACTCS 3aps EMKOCTH TOKOM, CIIAIAIOIITIM 110
3KCIIOHCHTE:

E

HanpsikeHrne Ha EMKOCTH HapacTaeT 10 SKCIIOHEHIIUAIbHOMY
3aKOHY:

t
U.=E-(1—e 7)
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PaboTta nHterpupyrowen uenmu

4. Pa3psm EMKOCTM ¥ BOCCTAHOBICHHC MCXOQHOTO COCTOSHHS
cxeMbl (1> t,).

B momeHT t = t, UMIIyJIbC HA BXOJE IPEKPAIIAETCs, U KOHJIEHCATOP,
3apsSDKEHHBIM 10  BennuuHbl U, HauyMHAeT  pa3psyKarbCs.
OTpHIIaTeILHBIM CKAQ4OK TOKAa B O3TOT MOMEHT CO31a€T Ha
CONPOTUBIIEHNU R MakcuManbHOE najieHne Hanpsiokenus U = — E.

C »3TOro MOMEHTa KOHACHCATOp HAYMHACT Pa3psHKaThbCs 110

OKCIIOHEHIMATIbHOMY 3aKOHY: .

U =U;cpm- e t

OkoH4YaHME pa3psaa HacTynaer uyepe3 (3...5)t.
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UHTerpupyrowas uenb Kak PUNbTP HUKHUX YaCcToT

CyllleCTBEHHOE M3MEHEHHE (QOpMbI BXOJHOIO HMIIyJIbCa IIpU
MHTETPUPOBAHUHU MOKHO OOBSICHUTH C IOMOIIBIO CHEKTPAIBHOIO
aHaim3a. JleucTBUTENbHO, IIPU T >> T, PEAKTUBHOE COIPOTHUBIICHUE
KOHJICHCaTOpa 0O0IbIION EMKOCTH

1
Xn=——

© wC

CTAHOBUTCS 3HAYUTEIBHO MEHBIINM BEIWYMHBI R HE TONBKO I
BBICOKOYACTOTHBIX TaPMOHMK, ONPEACISIOMMNX (PPOHTHI UMITYJIbCA, HO
M JUISI HU3KOYACTOTHBIX TapMOHHK, (OPMHUPYIOIIUX €r0 IIOCKYIO
BEPIIIVHY.

CienoBarebHO, OOJBINAsS YacTh HaNPSKEHUS BCEX Y4YaCTKOB
BXOJHOIO MMMYJIbCA MAJAacT HA CONPOTHMBICHWMHA R, a HE Ha BBIXOJHE
neny. I103ToOMy WHTErpHUpYIONMIYIO IIENb MOYKHO PAacCMaTpUBaTh Kak

unvmp nusxcnux wacmom.
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Tema 7. KOHTYp yaapHOro Bo30yXaeHud

Kontyp ymapnoro Bo30yxaeHus (KYB) dopmupyer mnauku
CUHYCOWJIAJbHBIX CUTHAJIOB JIMTEIbHOCTHIO, PABHOM IIMTEIBHOCTH
MMITyJIbCa Ha BXOJI€ T€HEpaTopa.

Cy1IeCcTBYIOT JIB€ Pa3HOBHAHOCTH reHepaTtopoB ¢ KYB:
» reneparop ¢ KYB B nemnm xonnekropa;

» reneparop ¢ KYB B nenu smutrepa.
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KoHTyp yaapHOro Bo3oyxaeHus

[

Rl
Log % l = Cg
+ '|€3 )
C, |
1
i R 2 -
LU, VT
& = A & o

Puc. 2.10. Kackag ¢ KOHTypOM yAapHOT0O BO30YKICHHUS
B IIETIH KOJIJIEKTOpa
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PaboTa KOHTypa yaAapHOro Bo30yxaeHus

B BCXOOHOM COCTOSIHUM TPAH3UCTOP OTKPBIT M HACHIIIEH, T.K. Ha
ero 0asy uepes pe3uctop R; momaércs MoJ0KUTEIBHOE HAMPSIAKEHHUE
OT WCTOYHMKa nTanus +E . UYepe3d OTKPBHITBIN TPaH3UCTOP
IIPOTEKAET IMOCTOSIHHBIA TOK. llaseHne HampsHpKeHUs Ha aKTUBHOM
CONPOTUBIIEHUMU KaTYyIIKA HUYTOXXKHO Mano. [loatomy konmeHcarop
KOHTYpa NPAKTUYECKU HE 3apSKEH.

Tok koJuiekTOopa, NPOXOoAs Yepe3 KaTyIIKy WHIYKTUBHOCTH,
CO34a€T B HEM MATHUTHOE MOJIC, B KOTOPOM COCPEIOTOUYMBAETCS
SHEPTUs

L-I%
W, =—-—
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PaboTa KOHTypa yaAapHOro Bo30yxaeHus

B MOMEHT IIOCTYIUICHMS Ha BXOJI CXE€Mbl OTPHIATEILHOIO
OpsIMOYTOIBHOTO uMITySbca (t = t;) TpaH3UCTOp 3amupaeTcsi, U TOK
KOJJIEKTOpa Mpekpaiiaercsa. OIHaKO B UHAYKTUBHOCTH TOK Cpa3y He
IIpeKpallaeTcs, TaKk KaKk B MAarHUTHOM T10JIE UMEETCS 3arac SHEPTHH,
KOTOPBIN CKQYKOM U3MEHUTHCS HE MOXKET.

B pe3ynprare 3Toro B Karymke MHAYKTUBHOCTH BO3HUKAET JJIC
CAMOMHIYKIMHU, KOTOpasi CTPEMHUTCS MOAAECPKATh TOK B IMPEKHEM
HalpaBJICHUW. ODTOT TOK KOHTypa, MWMEIOIIUMKA HaIpaBJiCHUE,
nokazaHHoe Ha puc. 2.10, mpoxonas depe3 €MKOCTb, 3apspKaeT €€
TaKUM 00pa3oM, 4YTO Ha HHKHEH OOKJIaJIKe KOHJEeHcaTopa
MOSIBJISIETCSI TOJIOKUTEIBHBIM IO OTHOIIEHUIO K BEPXHEW OOKIIAJIKE

MMOTEHLIUAII.
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Paboma koHmypa ydapHo20 8036y)x0eHusi

HuxHsst oOKlIajgka KOHJEHCATOopa MPUCOEAMHEHA K KOJUICKTOPY
TPAH3UCTOPA, a BEPXHAA — IO IEPEMEHHOM COCTABISIONIEH — K
OMUTTEPY (TAK KAaK HCTOYHHUK KOJUIEKTOPHOTO muTaHus +E,
OJIOKMPYETCSI KOHJEHCATOPOM OOJIBIION EMKOCTH). [IoaTOMY mepBBIN
MOJIYNEPUO]I HAMPSHKEHUS MOTYYACTCS HOJT0KUATEIbHBIM.

[Io Mepe 3apsna koHAEeHCaTOpa 3HEprusa Karymku W, mocTeneHHo
NEPEXOAUT B 3HEPruro aekrpudeckoro noisa W.. K momenty, korma
TOK B KOHTYpPE CTAaHOBHUTCS PaBHBIM HYIIIO, KOHJICHCATOP 3apsKacTCs
10 MaKCHMAaJIbHOTO HAIPSKEHUS, U BCS DHEPIUsl, HAKOIIJICHHAsI paHee
B MArHUTHOM TMOJE€ KaTyIIKH, COCPEAOTOYHMBAECTCS TENEpPh B
JIIEKTPUYECKOM I10JI€ KOHJIEHCaTOpa:

_C U L

W
2 2
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Paboma koHmypa ydapHo20 8036y)x0eHusi

[Tocie okoHuaHus oTpHIaTeNbHOTO UMITyJbca (I = t,) TpaH3UCTOP
OTKpBIBA€TCSI M Hachlmaercsa. KoHTyp BTOpHYHO BO30YyXKIaeTCs
MOJOKUTEIBHBIM IIepenagoM Toka. OaHakKo 3TH KojaeOaHUs OBICTPO
3aTyXal0T, TAK KaK KOHTYP IIYHTUPYETCS OTKPBHITBIM TPAH3UCTOPOM.

Ero Mamoe BHYTpEHHEE CONPOTHBICHHE B 3TOT MOMEHT
OKa3bIBACTCSA MOAKIIOYEHHBIM I10 IIEPEMEHHOHM COCTaBJISIOLICH
napajjaeibHO KOHTYPY. DHEpPrus 13 KOHTypa OBICTPO OTOMpaeTcs, U
KOJI€OaHHs B HEM PE3KO 3aTyXaroT.
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KoHTyp yaAapHOro Bo3oyxneHus

Uex ¢

0 >
tfx Ntz

Puc. 2.11. Dnropsl HANPSKEHUM HA DJIEMEHTAX KOHTYpa
yIapHOT'O BO30YKICHUSI
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KoHTyp yaapHoOro Bo3oyxaeHus

BrixogHoe HampsbkeHue kKackajga ¢ KYB mpeacrasmser codoi
3aTyXarolee MO HSKCIOHCHIIMAIbHOMY 3aKOHY CHHYCOHMIIAJIbHOE
KoJIeOaHue

U.~U,,e *Sinwt (2.14)

rae Uy, — MakcuManbHasi aMILUIMTyda KoJeOaHul B KOHTYPE.

YacToTra w4 Ha3bpIBaeTCs COOCTBEHHOM YaCTOTOM KOHTYpa:

wlz\[w(z,—az
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KoHTyp yaapHoOro Bo3oyxaeHus

a — KOO(P(OUILIMEHT 3aTyXaHUS:

1 w(Z,LZ_I_R _ Ry
=\ ¢ ~ 2L

3necb Ry — aKTHBHOE CONPOTUBJICHHE KOHTYpa, COCTOSIICE M3
COIIPOTHUBJICHUS KaTymku R U mepecuuTaHHOr0O B  KOHTYD
COMNIPOTUBJICHUS 2712

wy L

r

r — BXOZIHOC COIMPOTHUBIICHUC ITOCICAYOIICIO KaCKa/a.
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KoHTyp yaapHoOro Bo3oyxaeHus
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Puc. 2.12. Kackajg ¢ KOHTYpOM yIapHOTO BO30YKICHUS
B LMK SMUTTEPA

0 ‘ A IMIIMQ‘M!




KoHTyp yaapHoOro Bo3oyxaeHus
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Puc. 2.13. Dmropbel HaNpsHKEHUWW HA dJIEMEHTax reaeparopa ¢ KYB
B LICTIA SMUTTEPA
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KoHTyp yaapHoOro Bo3oyxaeHus
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Puc. 2.14. Cxema reneparopa ¢ KYB ¢ nHIykTUBHOM
00paTHOM CBSI3BIO
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KoHTyp yaapHoOro Bo3oyxaeHus
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Puc. 2.15. Dnropbl HANPSHKEHUW HA DJIEMEHTAX CXEMBbI
reHeparopa ¢ KYB npu nojaydeHnu cepun He3aTyXaroluX KojaeOaHun
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Tema 8. OrpaHnunTenun amnnuTygbl

Ozpanuuumenem  amnaumyosbl  HA3BIBACTCA  YCTPOUCTBO,
HaNpsHKEHUE HA BBIXOJIE KOTOPOIro CIEAYET 3a BXOIHBIM HAMPSHKEHUEM
10 ONPEAEIIEHHOTO €ro 3Ha4eHMs (IMopora OrpaHUYEHHS), MOCIE YEero
BBIXOJHOE HAIIPSIKEHUE OCTAETCS MOCTOSTHHBIM WMJIM PABHBIM HYIIIO.

CyIIECTBYIOT TPH BUA OTPAaHUYCHUS:
» OrpaHHYCHHUE MO0 MAaKCUMYyMY (OTPaHHYCHHE CBEPXY);
» OrpaHHYCHHUEC 10 MUHUMYMY (OrpaHHYCHHUE CHU3Y );

» JBYCTOpPOHHEE OrpaHHYCHHE (OJJHOBPEMEHHOE OTPaHUUICHUE
CBEPXY U CHHU3Y).
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Ol'paHVI‘-IVITeHVI dMMIINTyAbl

Bepxnum nopozom ocpanuuenusn E ., Ha3bIBaeTCA IPEaCIbHBIN
I1B
YPOBEHb BXOJHOIO HAIPSIKCHUS, BBIIIE KOTOPOTO  BBIXOAHOE
HAIPSKCHUE IIPAKTUYECKU HE 3aBUCUT OT BXOIHOTO.

Husicnum nopozom ocpanuuenusn E;, Ha3bpIBacTCs NpEICIbHBIN
YPOBEHb  BXOJIHOTO  HAIIPSLKCHUSA, HMXKE  KOTOPOIO  BBIXOJHOE
HAIPSKEHUE MTPAKTUYECKH HE 3aBUCUT OT BXOJIHOTO.

OCHOBHBIM Ha3HAYECHUEM OI‘p&HH‘IHTGJ’IGfI ABJIIACTCA HW3MCHCHHC
(bOpMI)I IMOABOANMOI'O K HUM BXOJIHOI'O HAIIPAZKCHHUSL HYTéM «CPC3aHus»
daCThu OTOI'0  HAIIPAKCHMHAL. CJICI[OB&TGHI)HO, IIpun OI'paHHUYCHHU
IIPOUCXOIUT N3MCHCHHC CIICKTPAJIbHOI'O COCTaBa BXOOAHOI'O
HAIIPAKCHHUA, YTO BO3MOJKXKHO JIMIINb IIPpU IIPHUMCHCHHU HEJINHCHUHBIX

LICTICH.
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OrpaHMHMTeHM dMMIINTYAbl
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Puc. 2.16. HanpsbkeHHsT Ha BXOJI€ M BBIXOJIC OTPAHUYUTEIS
C MMOJIOKHUTEIbHBIM BEPXHHUM M OTPHULATEIILHBIM
HUKHHAM IIOPOIOM OTPAHUYCHHUS
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OrpaHMqMTeHM dMMIINTYAbl
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Puc. 2.17. HanpsxeHrst Ha BXOJAE U BBIXOJIE OTPAHUYNUTEIIS
IIPU TOJIOKUATEIIBHOM HUXKHEM ITOPOTE OTPAHUYCHUS




¢OpMMpOBaHVIe NMPAMOYIoJibHbIX AMINYINbCOB
N3 CUHycoumabl

Puc. 2.18. ITonydyeHue npssMOyToOJbHbIX UMITYJIbCOB
IIPU ABYCTOPOHHEM CUMMETPUYHOM OTPAHUYECHUM CHHYCOM/IbI
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CDOpMVIpOBaHVIe NMPAMOYIoJfibHbIX UMNYJ1IbLCOB
N3 CMHycounabl

Ilycte Ha BXOH4 ABYCTOPOHHETO AMILUIMTYIHOI'O OTrPAHUYMUTES
MOJIAETCI CUHYCOUJAIILHOE HAPSKEHUE

U,, = U, Sinwt

HOCKOJII)Ky OIrpaHUYHUTCIIb I[BYCTOpOHHI/Iﬁ CHMMeTpHQHBIﬁ, TO
Ene = Enn = En

Hanpsikenue Ha BhIXOAE OyIeT ONpeAcisaThCs Kak

T
Upox = Eq = Uqy, -Sinw7¢ (2.15)
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CDOpMVIpOBaHVIe NMPAMOYIoJfibHbIX UMNYJ1IbLCOB
N3 CMHycounabl

Ecimu  ydectb, 4TO T,  3HAYUTEJIBHO MEHbIE Mepuoja
2
cunycouipl T, T.e. Ty KT = — M, CIIENIOBATEINbHO, WTy, K 21, TO

MOKHO ()YHKIIMIO CUHYCA 3aMEHUTH €r0 apryMEHTOM.
B pesynbrare nojgyunm:

imgy 2 ~ 250
Sinw SRR
(DT(I)
Torma Upx = Ex = Uorp ' 2
[Tocne mpeoOpazoBaHUM MOTYyYUM
2F E 7
T4 = 9¢ = ® Uorp (2.16)
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CDOpMVIpOBaHVIe NMPAMOYIoJfibHbIX UMNYJ1IbLCOB
N3 CMHycounabl

N3 3TOro BBIpAXEHHS CIEAYET, YTO (POPMUpPYEMOE HAIPSHKECHUE
OyneT TeM OJmke K MNpsSIMOYroiabHOM (opme, dem OoJjbline OyaeT
aMIUTUTYJ1a CHHYCOH/IBI, Y€M OO0JIbIIIE €€ YacTOTa U YEM MEHbBIIE OyIeT
nopor orpanuyenus E ;.

B 3aBucuMOCTM OT cHoco0a BKIKYEHHUS JHOJa W Harpy3Ku
PA3JIMYAOT ABa BUA OIPAHUYUTEIIEN:
» JHWOJHBIC OTPAHUYUTENIH C TIOCICAOBATCIbLHBIM BKIOUCHHUEM
JINOJA U HArPY3KH;
» JHOIHBIC OTPAHUUYMTEIN C MapajjieIbHBIM BKIIOYCHHEM IUOAA U

HATrPYy3KHU.
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MocnepoBaTtenbHble ANOAHbLIE orpaHnyYmTenu

VD
& z. £ % 2
-
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Puc. 2.19.
ITocnemoBarenbHBIN

OTPAHUYUTEND C HYJIEBBIM
MIOPOrOM OIrPaHUYCHUS
CHU3Y
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MocnepoBatenbHble ANOAHbLIE orpaHnyYmTenu

Uaij _______________________________________
i ANANA
USI RH Ut‘s‘bzx UBbIXJ; -------------------------------

Puc. 2.20. ITocnenoBarenbHbiil OTPAHUYUTEND C HYJIEBBIM ITOPOTOM
OTPAaHUYCHUS CBEPXY
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Mony4yeHne nmnynbCcoB O4HOMN NMOJIAPHOCTU U3
nocrnenoBaTeribHOCTU PA3HOMONAPHbIX UMMNYJILCOB

UBK

N N
/

o=
A
Puc. 2.21. Tlonmy4yeHre UMIYJILCOB OHOM MOJIIPHOCTH U3
MTOCJIEAOBATEIILHOCTH PA3HOIIOSIPHBIX UMITYJIbCOB
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MocnepoBaTenbHble OrpaHUYNTENMU
C HeHyneBbIM MOPOromM orpaHN4YeHus
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Puc. 2.22. OrpaHnvuresib CHU3Y C OTPULIATEIIbHBIM
ITOPOTOM OTPAHUYCHUS
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MocnepoBaTenbHble OrpaHUYNTENMU
C HeHyneBbIM MOPOromM orpaHN4YeHus
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Puc. 2.23. OrpaHu4uTesb CBEPXY C MOJOKUTEITbHBIM
IOPOrOM OTPaHUYCHUS
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MocnepoBaTenbHble OrpaHUYNTENMU
C HeHyneBbIM MOPOromM orpaHN4YeHus
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Puc. 2.24. J]IByCTOpOHHUY CHMMETPUYHBIN OTPAHUYNUTEIID
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[MapannenbHble orpaHu4YnTenu
C HyNeBbIM NOPOromM orpaHU4YeHus
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Puc. 2.25. ITapajuienbHbIM OTPAHUYUATEIL C HYJIEBBIM IOPOTOM
OrpaHUYCHUS CBEPXY
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[MapannenbHble orpaHN4YUTENMn

HeoOXonuMbIM 3JIEMEHTOM CXEMbI MapaliIeIbHbIX OrpaHUYUTEIICH
SBJISIETCSI OTPAaHUYMBAIOIIUNA pe3UCcTOp R .~ KOTOpBIM BBIOMpACTCS M3
yCJIIOBUSL:

ozp’

R, >>R,>>R,,>>R,_,
YIS Rnp " Roép — COOPOTHUBICHUS AUOAA, CMEIIEHHOIO B MPSIMOM H
0OpaTHOM HaIIPaBJICHUSX COOTBETCTBEHHO.

BxogHoe HampsKeHHE OrpaHUYHTENsT pacOpenciaseTcs (IeIHUTCs)
mexay R,, ¥ ydacTkoM [emd, OOpa30BaHHBIM MapajjIeIbHO
BKJIIOYEHHBIM JHOAOM W Harpy3kon R, . Korma Ha BXox cXeMmbl
MIOCTYIAET ITOJIOKUTEIIbHAS IIOJYBOJIHA BXOJHOTO HAMPSHKECHUS, JUO]
VD otnmpaercs, 4yepe3 HEro IMpOTEKAET TOK, W MOYTH BCE BXOIHOE

Hanpspkenue Beiienstercs va R, (k. R, >>R, ), a U, =0.

0 ‘ A IMIIMQ‘MS
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[MapannenbHble orpaHN4YUTENMn

IIpn mocTyluleHMM Ha BXOJ OTPULATEIBHOW IIOJYBOJIHBI JUOJ
OKa3bIBACTCS 3al€PTbIM, U [IOITOMY OH HE LIYHTUPYET HArpys3ky R,
(tx. R,5, >> R,). Bxonanoe Hanpsikenue nenurcs mexay R, u R, n
TaK Kak R, >> R, To Ha Harpy3Kke najgaeT OCHOBHAS YaCTh BXOTHOTO
HanpsokeHus, nosromy U, = U._..

B »a3Tonm cxemMe auMon  OTKPBIBACTCS HA BpeMA  JIECUCTBUA
[IOJIOKUTEIBHON IOJYBOJIHBL BXOMHOro HampspkeHud. Ilostomy Ha
BBIXOJI€ BBIJIEIIAECTCSA IO CYLIECTBY TOJBKO OTPULIATENIbHAS ITOJIYBOJIHA
— cXeMa 00eCIeurBaeT OTPaHUYEHUE CBEPXY C HYJIEBBIM [IOPOIOM.
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[MapannenbHble orpaHN4YUTENMn

XoTd Rozp << R,, 4acThb BXOHHOIO HAIPSKEHUS BBIACISACTCS Ha
Rozp, IIOATOMY JlaXK€ IpHU 3allepTOM JMOAC BBIXOAHOE HAIpPSKCHHUE
HECKOJIbKO MEHbIIIE BXOJHOIro. COINpPOTHUBICHHUE OTKPHLITOrO JIHOAA
mano (R,, << R,,)), HO He paBHO HyNO, IOITOMY YacTh
MOJ0KUTEIILHOM IMOJIYBOJHBI BXOJHOTO HaNpPsDKEHMS Ha BBIXOAE BCE-

TAKH BBIACIIACTCA.

Eciin M3MEHHUTh HaIpaBJICHUE BKIIOYEHUS AUOJA , TO Ha BBIXOAE
CXEMbl  BBIJICJIATCS  IIOJIOKUTEJIbHAs  IOJYBOJIHA —  CXEMa
o0ecrneyrBaeT OrpaHMYCHUE CHU3Y C HYJIEBBIM IIOPOTOM.
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[MapannenbHble orpaHU4YnTenu

C HyneBbIM NOPOromMm orpaHnN4eHus
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Puc. 2.26. [TapaiuienbHbIA OTPAHUYNUTEID
C HYJIEBBIM IIOPOTOM OIPAHUYEHUST CHU3Y

0 ‘ A IMIIMQ‘M!



[MapannenbHble orpaHNyYnUTEeNu
C HyrneBbIM NOPOromMm orpaHn4yeHus
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Puc. 2.27. I1apajuienbHbIN OTPAHUYNATEINL CHU3Y
C IOJIOKUTEILHBIM HEHYJIEBBIM ITOPOTOM OTPAaHUYCHUS
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[MapannenbHble orpaHNyYnUTEeNu
C HeHyneBbIM MOPOromMm orpaHu4YeHus

Iloka 1DONOXKHUTENBbHAA IIOJAYyBOJHA HE JOCTUIHET YPOBHA
OTIIMPaHMs AUOJAA, HAIpPsIKEHUE C BXOAAa MEpefacrcsi Ha BBIXO.
cxembl. Ilocne Toro xak U, npessicut E,,, IHOAL OTKPOETCA, U
BBIXOHOE HAIIPSUKEHUE IEPECTAHET U3MEHATHCS BCIIEH 32 BXOAHBIM.
OrpunarenpHas [OJYBOJIHA BXOAHOIO HAIPsOKEHUS HE MOXKET
OTIIEPETh AUOA, U IIOYTHU BCS OHA BBIACIAETCA HA BbIXOHE. TakuM
o0Opa3om, cxema 00€CIIeYnBaET OTPAHNYEHHE CBEPXY Ha ypoBHE E .

OrpannyeHue cCHuU3y Ha ypoBHe — E. 1a€r cxema, NpUBEIEHHASA
Ha CJIEAYIOIIEM Clanie

0 ‘ A IMIIMQ‘MS



[MapannenbHble orpaHNyYnUTEeNu
C HEeHyneBbIM NOPOromMm orpaHU4YeHus
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Puc. 2.28. [lapaiuieabHBIA OIrpaHUYMUTENIb CHU3Y
C OTpHUIIATEIbHBIM HEHYJIEBBIM IOPOIOM OIPaHUYCHUS
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[MapannenbHble orpaHNyYnUTEeNu
C HEeHyneBbIM NOPOromMm orpaHU4YeHus
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Puc. 2.29. [TapajuienbHbIA OTPAHUYNUTEID
C IBYyCTOPOHHUM HEHYJIEBBIM ITOPOTOM OTPAHUYECHHUS
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Ycunutenb-orpaHnyuTenb
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Puc. 2.30. LG =
Yeunureab-orpaHuuUTENb Ha LR -
U ; s
TPAH3UCTOPE = 451D

0 ‘ A IMIIMQ‘MS



Ycunutenb-orpaHnuuTenb

Hanmnume oOacTed OTCEUKM W HACBIMIEHUS  I1O3BOJISAET
BBIIIOJIHUTh  JIBYCTOPOHHEE OrPaHUYEHHUE C  OJHOBPEMEHHBIM
YCUJIEHUEM OIPAHUYEHHOIO CUrHajga. B Takou cXemMe TPpaH3UCTOP
paboTaeT B peXHME KIiIro4da, MEpexods M3 peKHMa HACHIIICHUS B
pexum oTceuku u ooparHo. [Ipu stom koHzeHcarop C; 3apsikaercs ¢
MOJIIPHOCTBIO, YKA3aHHOW Ha CJIaKJIe, a 3a CYET TOrO, YTO TOK 3apsjia
4yepe3 HaCBIICHHBIN TPaH3UCTOp OOJIbIIE TOKa paspsaa yepe3 Ry,
korma TpaH3uctop 3amepr. Juox VD co3ga€rt nemb OBICTPOro
paspsana  pa3ACIMTEIBHOTO KOHIEHCATOPa, TEM CaMbIM
IPEIOTBPAIIACT «CIIOJ3aHUE» UCXOAHOM pabodei TOUKH.
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Ycunutenb-orpaHnuuTenb

YToObl  Hamps>KEHWE HA  BBIXOAE  OrPAHMYUTENS  OBLIO
CUMMETPUYHBIM OTHOCHUTEIIBHO OCH BPEMEHM, MCXOJHYIO0 PadOuyIo
TOYKY Ha HArpy304HOM IPsIMOM BBIOMPAIOT TaK, YTOOBI M3MEHCHUS
KOJJICKTOPHOTO TOKa JIO T'paHUIBl HACBIIMICHUS MW JO0 TPaHHUIlbI
OTCe4KHU OblTH onuHakoBhl (I =1").

[Ipy HapacTaHUM  MOOJOXKUTEIBHOW  TIOJYBOJIHBI  BXOIHOTO
Hanps>KeHUS padodast TOYKa MEPEMENIACTCS M0 HArpy304HON NPSIMOM
BBEPX, TOK KOJUICKTOpA YBEIWYMBACTCI, a HANPSHKEHUE Ha HEM
agacr.

[Ipr HEKOTOPOM 3HAYEHUU TOKA 0a3bl HACTYIAET HACBIIICHUE, ITPU
KOTOPOM JTaJIbHEHIIIEE YBEJIMYEHHUE BXOJHOTO HAMNPSKEHUS OOJIbIIE
HE BBI3BIBACT W3MEHEHUSA TOKA KOJUICKTOpa U, CJEI0BATEIbHO,

HAIIPAKCHHS HAa KOJIJICKTOPC.
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Ycunutenb-orpaHnuuTenb

IIpu ymenblieHMn HanpsbkeHus U, B TedeHHE TOro ke
MOJIOKUTEIILHOTO IIOJYNEPHOAa TPAH3UCTOP BBIXOAUT W3 PEXKUMA
HACBIIICHUS, U paboyas TOYKa BO3BPAIIACTCS B aKTUBHYIO OOJIACTh.
Tenepr mpyv HW3MEHEHHWM BXOJHOIO HANpsOKEHWs padoyas TodKa
ABUKETCS MO Harpy304Hou mpsimou BHU3 U npu U, = 0 3aHmMMaeT
noJoxeHne Touku M.

OTtpunareabHas MOJYBOJIHA BXOJHOIO HAIPS)KEHUA ITPUBOAUT K
YMEHBIIEHUIO KOJJIEKTOPHOTO TOKA Y, CIEI0BATEIIBHO, K YBEIMYCHUIO
HalpsDKEHUST Ha KOJUIEKTOpe (paboyasi Touka IepeMeNaeTcs II0
Harpy3o4Hou mnpsmMou BHU3). [lpum Hekoropom 3Hauenun U,

TPAH3UCTOP IMEPEXOAUT B PEKUM OTCEUKU, IIPU KOTOPOM JATIbHEUIIIEE
YBEJIIMUYEHUE OTPULIATEIILHON IIOJIYBOJIHBI HANPSKEHUA HA BXOJE HE

IIPUBOAUT K USMCHCHHIO TOKA KOJIJICKTOPA.
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Tema 9. BocctaHoBneHuMe MOCTOAHHOU
cocTaBngroLWen CUrHanos.
PunKkcnpoBaHue YypoBHA HaNpsAKeHn4

JI11 HOpMabHOM Pa0OThl UMITYIBLCHBIX YCTPOMCTB HEOOXOAMMO,
tITO6I>I K Haqaﬂy KaXJ10I'0 I/IMHyJII)CEl, BI)Ipa6aTI>IBaeMOI‘O CXGMOfI, NJINn

MMITYJIbCA, TOCTYTAIOIIETO Ha €€ BXOJ, HANPS)KEHUE HA BBIXOAE 3TOU
CXEMBbI UIMEJIO OJIHY Y TY K€ IIOCTOSSHHYIO BEJIUYUHY.

P A C Korga mMbl paccMmarpuBaiu
’ | - v
ro e —t ®| paboTy NEPEeXOaHON 1EHH, TO
: : pedsb 112 00 OIMHOYHOM
: ISGP R Uebzx
U_=E s UMITYJIbCE.
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BoccTaHoBneHue NnocTossHHOU cocTaBnsAoLlen
curHanoB. PnkcmpoBaHue ypOBHA HaMNpsHKeHUsA

Ha camoM xe fesie 4epe3 MNEepexXOJHYH ILEelb IPOXOIAUT
NEepUOANYECKAs IIOCIEIOBATCIBHOCTh HMMMYJIbCOB (MJIM JIHOOBIX
APYTMX CUTHAJIOB C IIEPEMEHHOM cocTaBisitomiel). I[Ipu sTom Ha
IIEPEXOAHOM KOHJIEHCATOPE, CBA3BIBAIOIIEM OTACJIIbHBIE KAaCKa/lbl,
IIPOUCXOJUT MOCTENEHHOE HAKOIJICHUE AJIEKTPUUECKUX 3aPsII0B.

3a CYET 3TOr0 Ha BXOJIE CIEAYIOIIETO KacKajaa HMMEET MECTO
M3MEHEHHE HAYaJIbHOTO YPOBHS HAIPSAKECHUS.

DTO NPUBOAUT K TaK HA3bIBAEMOMY «CIIOJI3aAHUIO» pabO4YEi TOUKHU
B 00JIaCTh MAJIOW KPYTHU3HBI BXOJIHOM XapaKTEPUCTUKH TPAH3UCTOPA,
4YTO HaApylIaeT PEKUM padOThl Kackaga M B HMTOre OPUBOAUT K
YMEHBIIEHUIO AMIUIUTYIbI BBIXOJHBIX UMITYJIbCOB.
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PukcnpoBaHue ypoBHA HanpsaXXeHUs

UBK‘L

Ucs

UBI:-IX.I

Puc. 2.31. I3aMeHeHME ypOBHS ITOCTOSSHHOTO HAIPSI)KECHUS Ha BBIXOE
IIEPEXOAHOM IIEIIH P IIepeaade CEeprUM OAHOIIOISPHBIX UMITYIbCOB
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dukcaTopbl YPOBHS HanNpsiXKeHus

Duxkcamopvl ypoeénsa 00CCICUUBAIOT IIOCTOSHHBIN 3aJaHHBIN
YPOBEHb HAMPS)KEHUS HA BBIXOJIE MEPEXOAHOMN LIENHA HE3ABUCUMO OT
TO0BIX M3MEHEHMH ITapaMeTpPOB MMIYJILCOB Ha €€ BXOAEC B JHOOOM
MOMEHT BpeMeHHU. BiusgHue (ukcaropa ypoBHS Ha padOTy CXEMBbI
CBOIATCA K PE3KOMY YMEHBIIECHUIO IMOCTOSIHHOM BPEMEHHU IIEIH
3apsjia WIM paspsaga MepexoqHOro KOHAEHCATOPa, BCICICTBUE YETO
YK€ 3aI0JIT0 0 IPUXOJA OYEPEAHOrN0 HMIYJIbCAa B CXEME
yCTAHABIIMBACTCS HEOOXOAUMBIN MCXOAHBIN PEKHM.
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dukcaTopbl YPOBHS HanNpsiXKeHus

Yarme BCEero ncnoiab3yroTcsl AUOAHBIE (DPUKCATOPHL.

JInoa, B 3aBUCMMOCTH OT CIOCOOA BKJIIOYECHHUS, YMEHBIIACT
MOCTOSTHHYIO BPEMEHM LENH 3apsja WM pa3psja IMEePEXOIHOTrO
KOHJIEHCaTOpA.

JlericTBuEe (PUKCATOPOB OCHOBAaHO HA HMCIIOJb30BAHHWM CBOMCTB
HeIUREHOUl nepexoOnou uenu (KOTa T,,, # T,,,).
Yaie Bcero NpuMeHsOTCS JUOIHbIE (PUKCATOPHI YPOBHSI.
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dukcartopbl YPOBHS HaNpsiXKeHus
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Puc. 2.32. O000méEHHas cxema pukcaTopa ypoBHS
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Pukcatopbl YPOBHSA HanpsAXXeHUs

Jlnon MOAKIOYEH MapauIelIbHO peE3UCTOpy R TEPEXOTHOM IICIIH.
Benencreue  OOHOCTOPOHHEW — MPOBOAMMOCTH  JMOL  OEJIAET 3Ty
MEePEXOAHYI0 I1enb HemuHenHon ( Rsy, # Rp,; ). B 3aBUCHMOCTH  OT

MOJISAPHOCTH BKIIIOUEHHUS WO IIYHTUPYET CONPOTHBICHUE I TOKA
3apsaa Win paspsaaa konjaencaropa C.

[Ipyu oTCcyrcTBUM HCTOYHMKA cMmeneHusa (E£) MakCumallbHOE WA
MUHUMaJIbHOE 3HaueHue Hanpsbkenus Ugp = U, (ukcupyercs Ha
HYJIEBOM YPOBHE.

Hcrounuk cMmemenuss £ BKIIOYAECTCS MOCJIEA0BATEIbHO ¢ JUOAOM /[ U
pe3ucTopoM R, BKIIFOUEHHBIM IMAPAUICIIBHO JUOAY, TaK YTO HaIPSKECHUE
Ha BbIXojne ¢ukcaropa ypoBHs Oyumer U, = Ugp + E. Hanpsokenue
cmemienus E onpenenser tpeOyeMoe (OTIMYHOE OT HYIS) 3HAUYCHUE
Ha4YaJIbHOI'O YPOBHS M, CIEA0BATEILHO, MOCTOSHHOM cocTaBistomeit Uy, .

Ha pabGory amoma ®W TpOXOXKACHHE IIEPEMEHHOM COCTaBIISIONICH
BXOIHOT'O HANPSIKCHUS U BeIUYrMHA E HE BIMSET.
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Pukcatopbl YPOBHSA HanpsAXeHUs
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Puc. 2.33. dukcarop HyJIE€BOIrO YPOBHS CHU3Y
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dukcaTopbl YPOBHS HaNpsXKeHus

Bo Bpems nercTBUSA MOJTOXKUATEIBHOTO UMITYIbCa auon /I 3anepr, u
3apsigi KoHaeHcaropa C IMPOUCXOAUT Yepe3 pe3ucTop R ¢ IMOCTOSSHHOM
BPEMEHH 3apsifia Tsap = RC, xoTopass mjis TOJY4EHUSS MUHUMAJIbHBIX

MCKKEHUI (POPMBI UMITYIIbCA BHIOUPACTCS U3 YCIOBHS T3ap > Ty.

B mnay3ax Mexay HMMOyJIbCaMHM IIPOUCXOAUT OBICTPBIM pa3psi
xkoHzaeHcaropa C uepes npsamoe conporusienue auoaa (R, < R).

B may3ax kOHIE€HCATOp MPAKTUYECKHU IMOJHOCTHIO Pa3psikKaACTCAd U K
Hadanny ciuenyroniero ummyinsca Uy, = 0.

Tak kak B pacCMOTPEHHOM CJlyda€ HYIIO OBLI paBeH HIKHHUMI
Ha4yaJIbHBIM YpPOBEHb BXOJHOIO HAIpsKEHUS, TO (PUKCATOP pabOTAET B
pEeKHME  BOCCTAHOBJIEHMS  HYJIECBOTO  YpPOBHS  CHM3Y, T.€.
BOCCTAHOBUTEJSI HOCTOSHHOU COCTAaBIISIONICH LICTIU.
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dukcaTopbl YPOBHS HaNpsXKeHus

[lpu 7,,; = CR; <K t,rme (t; — Bpems may3bl) GUKCHPYEMBbIid
ypoBeHb U,y = 0 OygeT COXpaHATHCS MPHU JIHOOBIX H3MEHEHHSIX
mapaMeTpPoOB BXOJHBIX HMNOYIBCOB (BIUIOTH J0 W3MEHEHHUS WUX
MOJISAPHOCTH) M UX Ha4aJIbHOIO ypoBHs. IIpu 3TOM OyzieT H3MEHSIThCSA
JIMIIB MOCTOSIHHAS COCTABIISIIONIAs HANIPSDKEHUS Ha KoHeHcaTope C.

0 ‘ A IMIIMQ‘MS




Pukcatopbl YPOBHSA HanpsAXeHUs
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Puc. 2.34. ®duxcarop HYJIEBOIO YPOBHS CBEPXY
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dukcaTopbl YPOBHS HaNpsXKeHus

B 3101 cxeme 3a BpeMs JUIMTEIIbHOCTH UMIYyJbca KoHAeHcarop C
OBICTPO 3apsiKACTCS 4Yepe3 OTKPBIThIA AuoJ /[, a B May3ax MEXIy
UMITYJIbCAMU MEIJIEHHO pa3psiKaercs uepes pe3uctop R.

[locTostHHAs BpeMEHU LIenHU 3apsiia

Tsap = CR; K Tpasy = CR.

Ecmn T,,, < Ty, TO KOHICHCATOP 3a BPEMS JCHCTBHS KaXIOTO

UMITYJIbCA YCIEBACT IMPAKTUYECKH TMMOJHOCTBIO 3apsSiAUTHCSA 10
HanpsDKEHUA U, max = Ugyx, B PE3yJbTaTe 4ero K KOHILY Ka)KI0Io

MMITYJIbCA HANPSKEHUE Ha BBIXOJE CXEMBI OylIET PaBHO
UBbIX — UBX — Uc u UBbIX = 0.
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dukcaTopbl YPOBHSA HaNpsXKeHUs
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Puc. 2.35. Oukcarop NoN0KUTEIBHOTO YPOBHS CHU3Y
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dukcaTopbl YPOBHS HaNpsXKeHus

B srou cxeme npu U, = 0 moxa aencrtBuem HanpsikeHus: E .,
koHAeHcaTop C 3apsKaeTcs yepes3 AMO0/I MO LECIH:

+En—>4 >C> Ry - —Eyy

no HanpsbkeHuss Ug g = Eoy.

I[Ipu stoM Ug,y = Uco= E.y. Tak Kak CMeNEHHE HHUKAKOIO
BJIUSIHUASL Ha pa0dOTy AWOJa HE OKa3bIBACT («MHHYC» HMCTOYHUKA
CMEIICHUS OTACAEH OT Karoja auoaa kKoHaeHcaropom (), TO Iipu
Bo3aeicTBUU Uy, TpOIECCh] 3apsaa U pa3psija KoHAEHcaTopa OyayT
IMPOUCXOJAUTh TaK K€, KaK U B CXeMe (pUKcaTopa HYJIEBOIO YpPOBHS
CHU3Y.

Takum oopazoM, Uy, = Eoy + Ug > 0.

Eciyd M3MEeHUTh MOJSPHOCTh MCTOYHHUKA CMEIIEHUS W OUO0AA, TO
MOJIYYUM CXEMY hukcamopa ompuuameibHo20 ypoeHs CHU3Y.
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Pukcatopbl YPOBHSA HanpsAXeHUs
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Puc. 2.36. Ddukcarop OTpHUIIATEIILHOIO YPOBHS CHU3Y
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KOHTpONbHbIE 3ag4aHUA

1. Onpenenutb, Oyger U 1enb IAUGGEPEHIUPYIONICH, €CIu
R=1Momu C =10 n®. Ha Bxoz nenu noaaétcs NpsiMoyroJibHbIHI
UMIYJIbC JIUTENbHOCThIO 150 mKc.

2. Ha nens, cocrosiyro u3 koHaeHcaropa EMKocThio 200 n@® u
conporuBieHuss 0,25 MOm, mnoaaH HOPSMOYIOJIbHBIA HMITYJIbC.
OrnpenenuTsb, Ha CKOJIBKO JJIUTEIHHOCTh UMMYJbCA, CHUMAEMOTO C
KOHJIEHCATOpa, OOJbIIE€ JIUTEIBHOCTH BXOAHOIO HMITYJIbCA.
ComnpoTUBICHUEM UCTOYHHUKA UMIYJIbCOB HAIPSIKEHUS MpeHeOpeyb.
JIMUTEeNbHOCTh UMITYJIbCA OIPEACIAECTCA HA HYJIEBOM YPOBHE.

3. OnpenenuTh JUIMTECIBHOCTh HMMITYJIBCOB Ha  BBIXOE
mapdepeHuupyomend  MEenM, COCTOSIIeM M3  KOHJEHcaTropa
¢MKocThI0 20 n® u comnpotusieHus 50 xkOm, eciv Ha BXOJ LIEIHU
MOJIAIOTCS MPSIMOYTOJIbHBIE HUMMYJbChI. JIMTEIbHOCTh HMITYJIbCa

OIpeeNsAeTCs Ha HYJIEBOM YPOBHE.
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KOHTpONbHbIE 3ag4aHUA

4, Ha Bxoa IIOCHEAOBATEIBLHOIO JIMOJHOTO OrPAaHUYMTENS
IPUJIOKEHO CHHYCOMAaJIbHOE HampsbkeHue c¢ ammuiutyaou 100 B.
Onpenenuts HaNpsHKEHUSA  TOJOXKUTEIIBHOM W OTPULATEIIbHOM
MOJIYBOJIH Ha BBIXOJIC OFpaHUUMTENS U Ha auonae, eciu R, = 20 xOwm,
CONPOTUBICHHE  OTKphiTOoro  jguoma R,,,..= 200 Om, a
Ry, saxp.= 20 MOm.

5. Ha Bxox mapanneabHOrOo AUOAHOTO OTPAHUYHUTENS MPUIIOKEHO
CuHycouaaidbHoe HanpsbkeHue ammiutyaorn 100 B. Onpenenuts
HAIPSKEHUS TTOJIOKUTEIILHOU U OTPUIIATEIIBHOM TOJYBOJIH HA BBIXOIE
orpannuutesiss 1 Ha auope, ecam R, = 20 kOm, conporuBieHHe
OTKPBITOTO Auoja R =2000m, aR = 20 MOwm.

0.3aKp.

0 ‘ A IMIIMQ‘MS

0.0mKp.




KOHTpONbHbIE 3ag4aHUA

6. CuHycouaadbHOE HANpPSOHKCHUE OIPAaHUMYMBACTCS HA YPOBHE
U,, Ompenenuts  [UIMTEABHOCTE  (POHTA  OTPAHHYCHHOTO
HanpsKEHUS, €CIM CUMHYCOUJAIbHOE HaNPsKEHUE UMEET aMILUIUTYAY
U ugactory f.

/. CunycompalpbHOe HampsbkeHue ¢ 4actorod 20 «kly
orpaHuumnBaeTcs cBepxy Ha ypoBHe 20 B. OmnpenenuTs aMILUIUTYITy
CHHYCOUJAJbHOIO HaNpPsDKEHUS, HEOOXOAUMYIO IS IOJYYCHHS
JUIATEILHOCTH (PPOHTA OrPAaHUUCHHOI'O HAIIPSIKEHUS 2 MKC.

8. Ha mocnenoBaTelbHBIM AUOAHBINA OrPAaHUYUTEIb MOAAIOTCS
OTpHULIaTeJIbHbIE MPSAMOYTOJbHBIE UMIYILCHl ¢ amiuTynor 100 B.
HauepTuTh cXeMy OrpaHHUYUTENISI M ONPEICIUTh, KAKOE ITOCTOSHHOE
HampsDKEHWE HaJao0 II0JaTh Ha aHOJ AuOoJa, YTOObl Ha BBIXOJE

MOTY4YUTh aMIUTUTYy UMITYJIbCOB HE Oonee 20 B.
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KOHTpONbHbIE 3ag4aHUA

9. CunycoupanpHoe HampsbkeHue ¢ ammuarygon 20 B
OTPAaHUYUBAETCS CBEPXY C MOMOIIBIO MOCIEA0BATEIBHOTO JUOIHOTO
orpanuuuTtesa. Kakoe mocTosHHOE HampsbKEHUE ClieyeT MoAaTh Ha
aHOJ KPUCTAJJINYECKOrO IUO/Ia, YTOOBI YIoJl OTCEUKH TOKA PABHSLICS
60°. HaueptuTh cxemy orpaHuuMTessi U (POpMy HaNpsKEHUS Ha
Harpy3Ke 1 Ha JIHOJIE.

10. HayeptuTh cXxemMy KOHTypa YHApHOTO BO3OYXICHUS s
MOJyYECHUs He3aTyXawmux KojgeOaHui. OOBACHUTh HA3HAYCHHUE
3JIEMEHTOB CXEMbl M HAUEPTUTh SIIOPHI HANPSIKEHUN Ha 3JIEMEHTaX
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Moaoynb 3.
[[eHepupoBaHue MNynNbLCOB

Tema 10. MynsTUBHOPATOPEI

Tema 11. I'eHepaTopbl UMITYILCOB C BHEIITHUM 3aIlyCKOM

Tema 12. Tpurrepsl

Tema 13. BIoKHMHI-reHepaTophl

Tema 14. T'enepatopsl DMI000pa3HBIX UMITYJIECOB HAIPSHKEHUS U TOKA
Tema 15. JInHeapwnzaiys mIo00pa3Horo HanpsoKEHUS

KoHTpOnBHEIE 3aMaHU
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Tema 10. MynsTBUOpaTOpPLI

Konebanus, B KOTOPBIX MEIJICHHBIC HW3MCHEHUS HaIMPSKCHUS
YepeayroTCs cO CKauYKOOOpa3HbIMU, Ha3bIBAKOTCS

PECLAKCAUUOHHDBIMU .

Ycnoeun 603nuknoeenus penaxcayuoOHHvIX KO1eOanuu:

 Hanuuue nonoxcumenvuou o0pamuou cea3u

TOJBKO IPU 3TOM yCIIOBUH BO3MOKHBI CKA4YKH HAIPSHKEHUS U TOKA.
 bananc amnaumyo

DTO YCJIOBHE pEaN3yeTCsa, €CIM KOIPPUIMECHT YCHUICHUSA
YCUJINTEIBHOIO JI€MEHTA OyAeT OONBIIE €IMHUIIBI.
 bananc ¢haz

OTO YCJIOBHE PEANU3YETCs, €CIU C BbIXOJA YCUIUTEIBHOTO
3JIEMEHTA HA €ro BXOJ OyJET MOJaBaThCi CHUTHAN C (Da3ou, paBHOU
(paze BXOJHOTO CHUTHaJa, YTO BO3MOXXHO TOJBKO TP HAJIUYUHU

MOJI0XKUTEILHON 00paTHOM CBSI3H. OIlAIMIM2IM3




PenakcaunoHHble reHepaTopbl

PenakcanmoHHbIe TeHEpaTOPbl MOT'YT padOTaTh B TPEX peKUMaX:
1. ABTOKOJIEOATEIHLHOM;
. Knymem (pekuM BHEIITHETO 3aIyCKa);
3. ABTOK0JIEOATEILHOM C BHEIIHEH CUHXPOHM3ALUECH

N

KpoMe Toro, peinakcammoHHBIE T€HEpPAaTOpbl MOryT padoTaTh B
pEKUME NEJICHUS 4aCTOTHI (pa3HOBHIHOCTH pexKuMa
CHUHXPOHM3ALIUN ).

K pemakcanmoOHHBIM T'€HEparopaM OTHOCATCS  TI'€HEPaTOpbI
OPSIMOYTOJIBHBIX M IHJIO0OpPa3HBIX MMIYIbCOB. IIpsmMoyroibHBIC
UMITYJIbChl BBIPA0ATHIBAIOT MYJBTUBHOPATOPHI, CITYCKOBBIC CXEMBbI,

TPUTTEPHI U OJTOKUHT-TEHEPATOPHI.
0 ‘ A IMIIMQ‘M!




MynsTnBudOpaTopbl

[Io cxemMe MyJabTUBHOpATOP MPEACTABISICT COOOM ABYXKACKAIHBIMI
arlepUONYCCKUM YCUIIUTEIb C TIIYOOKOM MOJIOKHUTEIBHON 00paTHOM
CBSI3bI0, Y KOTOPOrO BBIXOJI NEPBOr0 KacKaja CBA3aH C BXOJAO0M
BTOPOT'O U HA00OPOT.

Taxkoe COCAMHCHHUC KACKaJ10B COBI[aéT YCJIO0BUA AJIs1 BOBHUKHOBCHUMS
pCiIaKCallnOHHBIX KOJIG621HI/II>1, T.K. IIPU 3TOM BBIIIOJIHAIOTCA BCC TPHU
YCIOBHA UX BOSHUKHOBCHMHAI.
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YcnoBusa caMmoBO30yXXAeHNA CUMMETPUYHOrOo
MyNbTUBUOpaTopa

YCIoBUSIMH CaMOBO30YXICHUS CUMMETPUYHOTO MYJBTUBUOpATOpA
SBJISIFOTCS:

» KoadduumeHT ycuineHus Kaxaoro Iieya:
K,>1 K,>1 Ilpu K,=K, K,-K, =K?*>1
OTO YCJIOBHE peanu3yeT TpeOOBaHME OajlaHCa aMIUIUTYyIl B
aBTOI€HEPATOPE

» I'myOokas TONOXKUTEIbHAS oOOpaTHas CBA3b. JTO  YCIOBHE
peanu3yeTt TpeboBaHue OanaHca (a3 B aBTOreHepaTope.
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MynbTuBnbpartop

Puc. 3.1. [IpunnunuanpsHas cxeMa CAMMETPUYHOIO MYJBTUBHOpaToOpa
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MynbTnBubparop
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Puc. 3.2.
ONIOPHI HANIPSI)KEHUM Ha
JIEMEHTAaX CXEMBbI
MYJIBTUBHOpaTOpa
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PaboTta mynbTBMOpaTopa

[Ipennonoxum, 4TO MPU BKIKOYEHUN HANPSKECHUSA NuTanusa + E,
yepe3 Tpansuctopel VI, u VT, OynyT mporekarb aOCOIIOTHO
OJIMHAKOBBIC TOKH, a4 HA KOJUIEKTOpax TPAH3HUCTOPOB YCTAHOBSTCS
OJINHAKOBBIC HAIPSKCHHUS:

UKI = UKZ = UK =EK _IK.RK

CnenoBarenbHo, koHaeHcatopbl C; u C, OyayT 3apsbkeHbl 10
onrHakoBoro HampspkeHuss U,. OmHako paBEeHCTBO KOJUIEKTOPHBIX
TOKOB O€CKOHEYHO JIOJITUM OCTAaBaThCA HE MOXKET, TaK KaK BO BCSIKOH
peIbHOM LMK BCEraa BO3HUKHET HEKOTOPOE HEPABEHCTBO (ITYCTh
OYEHb MajiO€) TOKOB M3-3a HAIMYHS (DIYKTYyallHui.
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PaboTta mynbTUBMbOpaTopa

JlomycTuM, 4YTO B pe3ydabTare dTUX (IyKTyauuMid TOK Yepe3
TpaH3uctop VI, B KakoW-TO MOMEHT BpeMEHH BO3poc Ha Al ,. 310
IIPUBEIET K CICAYIONIEMY HPOIIECCY:

+ Al — =AU, ; > —AU;; — Al — Al — +4U,;, —
— +AU_, — +A41' ,> +A1 ,.

Tak kKak KaXIbli MOCJICAYIOIWM CKAYOK HAIpsHKEHUS Ha 0ase
OoJIbllIE  MOPEAbIAyIero (3a  CY4E€T  YCHUIMTEIBHBIX  CBOMCTB
TPaAH3UCTOPOB), TO OMUCAHHBIN MPOIECC HAPACTAET JABUHOOOPA3HO H,
CIIyCTS JOJIM MUKPOCEKYHIBI, TPaH3UCTOP VT, OKaXKETCA OTKPBITHIM.
[lockonbky  00a  TpaH3UCTOpa  SIBJISIFOTCS  YCHIMTEISIMH  C
KO3 PULIEHTOM yCUIeHUSs, OOJIBIINUM €AUHUIIBL, TO A1' 5> Al ,.

0 ‘ A IMIIMQ‘M!




PaboTta mynbTUBMbOpaTopa

Orcroma BHJHO, 4YTO BO3HMKJIA W 3aMKHYJIAaCh  IIENb
MOJOXKUTEIILHOM  OOpaTHOM  CBsA3U. BO3HMKHOBEHHE  IICMHU
MOJOXKUTEIIBHOM OOpaTHOM CBS3UM MPUBOAWUT K  IOSIBIICHUIO
JTJaBUHOOOPA3HOr0 MpPOIECCa, B PE3YJbTaTe KOTOPOTO TPaH3UCTOP
VT, MOTHOCTBIO OTKphIBaeTCA, a V1, 3anmupaercsa U NEPEXOguT B
PEXKUM OTCEUKHU KOJIJIEKTOPHOTO TOKA.

1. Ilepeviii ckauok (onpokuowviganue cxemot), 1 = 1;:

VT, orkpeiBaercs, VT, 3ammpaercs. 3a BpeMs CKauka (Oynem
CUMTAaTh €ro IMPAaKTUYECKM MTHOBEHHBIM) HaNpsDKEHUS  Ha
koHaeHcaropax C; u C, He H3MEHUIIUCH.

[Tpu satom +4U =+ E ; AU , = U,,.

OnHako B 3TOM COCTOSIHUM CXE€Ma HE€ MOXET OCTaBaThbCs CKOJIb

YTOHO JIOJITO.
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PaboTta mynbTUBMbOpaTopa

2. Ilpomescymok epemenu t; <t<t,:

B sToT mpomexyTok BpeMeHr HaunHaercs 3apsan C, u paspsn C,.
3apsia C; NpOUCXOIUT MO LEMNH:
+E —R ,—C,— (b-3)VT, - kopnyc (-E,).

DTOT TPOUECC MPOUCXOAUT OBICTPO, T.K. 3apsa C; MPOUCXOIUT
4epe3 OTKPBITBIA MPOMEKYTOK 0aza-smutrep VT,.

Pa3zpsan C, nporucxomuT mo uenwu:

+C, - (K-39)VT, - kopnyc (-E,) - +E, — R, — - C,

Pazpsannabiii Tok C, OyAaeT 3HaYMTEIbHO MEHbIIE TOKA 3apsaa C,,
T.K. B Ienu pa3psana C, BKIHOUEHO 00IbIIOE CONPOTUBIICHUE R ;.

Tox paspsina C, ymMeHbIIa€TCA MO SKCIIOHEHIIMAIBHOMY 3aKOHY.
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PaboTta mynbTUBMbOpaTopa

IIo mepe paspsga C, mnameHue HanpsbkeHHss Ha R Oynmer
YMEHBIIIATbCS B CUIIy YMEHBIICHHS TOKa pa3psga Mo aOCOIIOTHOM

BCJIIMYHNHCE.
t t

Usy = —(Ex —Ugo) € RerCz=—U,,-e Ro1Cz

Hanpsokenue Ha 0Oaze Uy, orpunarenbHoe, a MOTOMY
noaaepkuBactT VI, B 3anepToM COCTOSTHUM 110 TeX mop, noka U, He
CTaHET MPUMEPHO paBHBIM HYIHO. [loka VT, HaxoguTCs B 3amepTom
COCTOSIHUM, HAIIPSDKEHUE HA €ro KOJUIEKTOPE

Uld = +EK’ a UKZ = UK0'

Takum 00pa3oM, B 3TOT MNPOMEKYTOK BPEMEHH (QOpMHUPYETCA
IJI0CKasl BEPIIMHA UMITYJIbCA HA KOJIeKTope VT ;.

0 ‘ A IMIIMQ‘M!




PaboTta mynbTUBMbOpaTopa

3. Bmopoii ckauok (oopamnoe onpoxuovieanue cxemut), t = t,:

Kak Tonpko HanpsiokxeHue Ha 0a3ze VT, npumer 3nauenne U, =0 B,
IPOMCXOAUT BTOPOM CKa4OK (ONPOKWJBIBAHUE CXEMbI). B 3TOT
MOMEHT B TpaH3uctope VT, mnosBisercs TOK. BHOBb BO3HUKAeT
NOJIOKUTENbHAsT OOpaTHasi CBSI3b, KOTOpasi BBI3BIBAET Pa3BUTHUE
JTABUHOOOPAa3HOTO Mpoliecca;

A, — AU, ; — -AU; —-Al, — +4U,, — +4U; —
— +Ai'l<1 > +Aik‘1.

B pesynbrare 3toro npouecca V1, ornupaercs, a VT, 3anupaercs.
Bo BpeMsi BOBHUKHOBEHUS U MIPOTEKAHKS JJAaBUHOOOPA3HOIo Ipolecca
o0a TpaH3UCTOpa OKa3bIBAKOTCA OTKpbITbIMH. Ha komnekrope VT,
dopMUpyETCS OTPUIIATEIbHBIN CKAYOK HAMPSIKEHUS, a HA KOJUIEKTOPE

VT, — ONOXUTEIBHBIN CKaYOK.
0 ‘ A IM IIMQ‘M!




PaboTta mynbTUBMbOpaTopa

4. Boccmanosnenue ucxoonozo cocmoanus cxemol, t, <t <tj:

B 3ToM mpoMexyTKe BPEMEHH MPOUCXOAMUT paspsii KOHAEHCATOpa
C, u 3apsan C, mo nemnsm:

a) pazpao C,:

+C, - (K-3)VT, — kopnyc (-E,) —» +E, — R,,— - C;;

0) 3apsao C,:

+E,.—-R,,— C,— (b-3)VT, — kopnyc (-E,).

Jlanee mporecc IpOUCXOOUT TaK, KaK 3TO OMHCAHO B dTamax (2) —
(4), Tonbko C; u C, MEHSIOTCS POJISIMH.

B pe3ynbrare paboOThl CUMMETPUYHOTO MYJIBTHUBHOpaTopa Ha
KOJUIEKTOpax VT, W TOABIAIOTCS MPSIMOYTOJIBHBIE HWMITYJIBCHI.
JUTUTENPHOCTD 3THX UMITYJIbCOB OMPESTICTCS apaMeTpaMHu CXEMBI.

[TocnenoBareibHOCTh MMITYJIHCOB CUMMETPHUYHOTO

MYJIBTUBAOpATOpa HA3bIBACTCS «<MEAHODY .
0 ‘ A IMIIMQ‘M!




PaboTta mynbTUBMbOpaTopa

[TogkaroueHne 0a3 TPAH3UCTOPOB K MCTOYHHUKY KOJIEKTOPHOTO
nutanuss E, oOecnednBaeT OOJIBIIYIO CKOPOCTh Iiepe3apsiaa
BPEMSA3ANAIONIMX KOHJIECHCATOPOB, T.K. OKCIIOHEHTA HANPSIKCHUS
nepesapsaa B 3TOM ClIydae CTPEMUTCS K HAPsKEHUIO E, .

OTO TMO3BOJSET YMEHBIIWTh BIWSHUE pazdpoca IapaMETpPOB
TPAH3UCTOPOB U MOJYYUTh O0Jie€ CTAOMIBHBIA IEPUOJ ITOBTOPCHUS
KOJICOaHUM (HU>KHHUH rpaduk).

0 ‘ A IMIIMQ‘M!




BnusiHne ckopocTu nepe3apsiga KOHOeHCATOPOB Ha
CTabunNbLHOCTb Nepuopa KoriedbaHum mynbTUBUOpaTopa

U  Obaacme HecmadumuHocmu
‘ lHa”pﬂJK‘eHHﬂ OMNUPAanis
PHC.3 .3 [ O f k' al r b
BivsiHue ck TH | f--memeemeenfeees 2 2SN b - |
) € CKOpOC o AU,
rnepe3apsaa U a ™ g
6 :
KOHACHCATOPOB E - I | .-~ Odnacmu wecmadunvhocmu
Ha CTaOWJILHOCTL | | . .. . L Fanpﬂf‘ EHlLA OMNUPANIA
neproaa KoaeOaHui 0 ' \ —
MYJIBTUBHOPATOPA: |  |eeeemememasfees S E— i |
A AU,
e

lepesapao C

» TIpU CXeMe ¢ HyJeBou 0a30ii (BepXHH IpaduK);
» TIpU CXEME C MOJIOKUTEIbHOM (OTpHUIATEIbHOM) 0a30i1 (HMKHHIMI

rpaduk).
’ 0 ‘ A IMIIMQ‘MS




Xoywun mynbtuBmnbpartop

Usan,

0 }\ k }\ k >

Uws, ! i E i

O— ¢ Lo Lo !

o

T

Usady L L Lo

o— | L L >t
teof

Puc. 3.4. [TpuHIMNO 3a1€p>KKU KMITYJIBCOB C ITIOMOIIBIO
MYJIBTUBHOpaTOpa
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Xaoywuun mynbtuBubpartop

Puc. 3.5. Cxema xaymero MyJsTUBHOpaTopa
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Xoywun mynbtuBmnbpartop

B wucxomHoM cocrosHUM TpaH3ucTtop V1. 3amepr OT WCTOYHUKA
1
[IOCTOPOHHETO cMelenns — E .
Kongencarop C; Oyner 3apsiKeH 10 LETH:
+E —-R,—C,— (b-3)VT, — kopnyc (— E,) 00 éeruuunvt =< + E,.
JI1g TeHepupoBaHMS HMITyJIbCa HEOOXOJMMO BBIBECTHM CXEMY U3
yCTOMYMBOro cocrosiHus. st 3Toro Ha 0a3zy TpaHsucrtopa VI, depes
pazgenuTenbHbld  KoHAeHcarop — C MOJAIOT  TOJIOKUTEIbHbBIN

P
3allyCKaImuUM  uMmnOoyiabC. llpy  AByX  OTHEPTBIX  TPaH3UCTOpaAX
PA3BUBAECTCS JTaBUHOOOPA3HBIN [IpoIIECC, TIPUBOIAIIAN K

ONPOKUABIBAaHUIO cXeMbl: V T, orninpaercs, a VT, 3anupaercs.
Konpnencarop C; nepesapsixaercs 1o UEeH:
+ C, (neeasa no cxeme ooknaoxka) — (K — 3)VT, — kopnyc — (- E,) —
— +FE,_— R, > —C, (npasas no cxeme o0Kk1a0ka).

B 310 *e Bpems koHaeHcarop C, 3apsikaercs Mo 1emnu:
+E —R_,—C,— (b-3)VT, — kopnyc (-E,).

O|A MIM2M3




Xoywmn mynstuBmbpaTtop

[lo wmepe mepe3apsga koHaeHcatopa C,; mnoreHuman 0a3bl
TpaH3ucTopa VI, YMEHBIIAETCA IO SKCIIOHEHIIMAIBHOMY 3aKOHY, W
Ipyd JOCTHUI)KCHHMHM HYJICBOTO HAIpsDKEHUS Ha 0a3e TpaH3UCTOP
ornupaercs. C 3TOro MOMEHTa HaYMHAETCS HOBBIM JIABUHOOOPA3HBIM
IIPOLIECC, B PE3YJIBTATE KOTOPOTO TpaH3uctop VI, 3ammpaercs, a VT,
ornupaercs. llocie storo koHumeHcarop C; BHOBb 3apsiKaeTcs OT
ucrounuka + E,_ uyepe3 R, ,, W cxema BO3BpalacTcsi B HMCXOAHOE
YCTOWMYHUBOE COCTOSIHHUE.

B namHOM cxeme TpaH3ucTOp V1, yIepKWBaeTcs B 3alepToM
COCTOSIHUM HE€ HamnpsbkeHueM KoHpaeHcaropa C,, a HamnpshKEHHEM
ucrtounuka — E_ . [Toatomy cBs3b komekropa VT, ¢ 6azon VT, MOXKHO
OCYyIIECTBUTh 4yepe3 pe3uctop R. {msg obecrieueHus 0onee ObICTpOr U
4ETKOM NEepeayn MEPENANOB HANPSHKEHUs ¢ KojuiekTopa VI, Ha 0asy
VT, pesuctop R myHTHpYIOT «ycKOpstommM» KoHjaeHcatopom C

HEOOJIBIIION EMKOCTH.
0 ‘ A IMIIMQ‘M!




Xoywumn mynbtuBubpartop

Rk1

Eu

Puc. 3.6. Knaymuii MylnsTUBHOPATOpP C YCKOPSIOIIUM KOHAECHCATOPOM
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Tema 11. [ eHepaTOpbl UMNYNbLCOB
C BHELUWHUM 3anyCKOM (CNYyCKOBble CXEeMbl)

CxeMBbl TaKuX I'CHECPATOPOB NHOI'TA HA3bIBAIOT CRYCKOBbIMU.

[Io KOJIMYECTBY YCTOMYUBBIX COCTOSSHUM PABHOBECHUSA BCE
CIIyCKOBBIE CXEMbl MOXKHO Pa3/e/IMTh Ha JIBA KJlacca:

» CXEMBI C OTHUM YCTOMYUBBIM COCTOSHHEM PABHOBECHS. ITH CXCMEI
B CBOEM COCTaBE 0053aTEJIbHO MMEIOT PEAKTUBHBIN 3JIEMEHT (Yallle
BCEro 3TO EMKOCTh). Takue CXeMbl Ha3bIBAIOT 0OHOBUOPAMOPAMIUL.

» CXEMBbI C JIByMS YCTOMYMBBIMH COCTOSIHHSIMH paBHOBecHs. Takwue
CXEMBI B CBOEM COCTABE MOT'YT UMETH TOJIBKO AKTUBHBIE JIEMEHTHI

1M HA3BIBAKOTCA mpuzczcepamu.
0 ‘ A IMIIMQ‘M!




CnyckoBble CXeMbl

—1 —t—+E«
U R1 R | R4 | Rs| | Ry
%a_n_“ ¢ m H ' Uebfx‘f
Y ¢/ VD C: T
VI VI 'UBbeZ
I L
R3 Rs
o : J_ o

Puc. 3.7. CiiyckoBas cxeMa ¢ SMUTTEPHON CBS3BIO
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CnyckoBble CXeMbl

Puc. 3.8. 0

U
BpemenHsbie |

axl )

nUarpaMMel +E,
CIIyCKOBOU CXEMBI
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PaboTa cnyCKOBOM CXeMbl

1. Ucxoonoe cocmoanue

B ncxogHOM COCTOSHUH TpaH3UCTOP VT, OTKPHIT, T.K. HA €ro 0a3y
NOMAETCS MOJNIOKUTEINBHOE HanpspkeHue + E, uyepes pesuctop Rg.

Ha 0a3y tpansucropa VT, Takxke MOAAETCA IOJIOKUTEIBHOE
HaIPsLKEHUE Yepe3 AenuTenb R, - Ry OqHako HapsKeHUsT CMEIICHUS
Ha 0a3zax BbIOMparOTCA Tak, 4Toosl U, > U ;. Kpome Toro, mapamerpsl
CXEMBbI BRIOMPArOTCS TaKUM 00pa3om, 4yToObl R, < R,.

[losTOMy TpM BKIIFOYEHWM NUTaHUS 4depe3 VI, MPOTEKaeT TOK
I, > 1 ,. Otor TOK I,, CO30a€T Ha pe3ucTope Rz B LIEMU 3MUTTEPOB
VT, n VT, nagenue HanpsbkeHus, 3anuparomee VI, Pexum VT,
BBIOMPACTCS TAKUM, YTOOBI B OTKPBITOM COCTOSIHUM OH OBLI HACHIIIICH.

Konpaencarop C, 3apskeH no 1enu:
+E —R,— C,— (b-3)VT, — R. — kopnyc (-E,).

0 ‘ A IMIIMQ‘M!




PaboTta cnyckoBou cxembl

2. 3anyckK u onpoKuobléanue cxemol.

Tpan3uctop VT, 3anupaercss U BO3HUKAET JIABUHOOOPA3HBIM
IpOLIECC:

— AU, — -AU" ,>-AU_,

IIpY KOTOPOM 3aMBIKAETCS 1I€Tb MOJIOKUTEIbHON 00paTHOM CBSI3H.

B pesynbrare mnosBIEHHS JaBUHOOOpasHoro mporecca VT,
3anupaercs, a V1, MOJTHOCTBIO OTIIUPAECTCA U HACBIIIAETCS.

B MOMEHT cKauka MPOUCXOJIUT PE3KOE YMEHBIIICHUE HAIPSIKECHUS
Ha KoJuiekTtope VT, B pe3ymbrare yero auon VD 3anupaerca u
OTKJIFOYAET UCTOYHUK MMITYJILCOB 3aIllyCKa OT CXEMbI F'€HEpaTopa.

0 ‘ A IMIIMQ‘M!




PaboTta cnyckoBou cxembl

3. Dopmuposanue umnybca.

[locne ornupanns VT, xongencatop C, HaYMHAET pa3psAKaThbCs
10 LICIIH:

+ C, (nesan ooxnaoka) — (K- 3)VT, - R — kopnyc (-E,) —
—+FE_— R; — —C, (npasasa ooxnaoka).

0 ‘ A IMIIMQ‘M!



PaboTta cnyckoBou cxembl

4. Boccmanoenenue ucxo0no020 cOCmMosaHus cxembl.

B momeHT ornupanus V1, B LENM €ro KOJUIEKTOPa MOSABISAETCS
TOK, YTO BHOBb IIPUBOJUAT K BO3HHWKHOBEHUIO JIABUHOOOPA3HOIO
Ipolecca M 3aMbIKAaHHUIO LICIH ITOJ0XKUTEIbHON 00OpaTHOM CBS3HU:

+ Al ,—+AU, > —-AU,, — —Ai , — +AU, , > +4U,,—
— +A1' ,> + Al ,.

[Ipoucxogut oOpaTHOE OMPOKHUIBIBAHWUE CXEMbI, B PE3yJbTaTe
kotoporo VT, 3amnupaercsa, a VI, TMOIHOCTBIO OTIUPAETCA.
Kongencarop C, cHOBa HaUMHAET 3apsHKAThCS TT0 LEHU:

+E - R, —-C,— (b-39)VT, > Re — - E, (kopnyc).

0 ‘ A IMIIMQ‘M!




3anycx nu I'IpVIHy,D,VITeanbIﬁ CPbIB CMYCKOBbIX CXEM

Momenmui CaMonpouU3eOJIbHOL0
cpouliea U OﬁpOK?iObl(ﬁ’dH?{ﬂ CXEeMbl

Puc. 3.9. BiusHue pazdopoca HanpsiKeHHs OTHUPAHUS TPAH3UCTOpa Ha
IUIATEIBHOCTh (POPMHUPYEMOTO UMITYJIbCA
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BnusaHue HecTtabunbHOCTM NapameTpoB
TPaH3MCTOpPA HA MOMEHT ONPOKUAbIBaHUA CXeMbl

! ’\
[
e
UA | Obnracmo HecmaOUTbHOCIY
) |, HanpsdIceHs OMNUPaHUS
____________ ._____-.__‘;.__.______.__A_ - S -
---------- -- b ~--'-”.--'.------ "{"AU‘é |
o | At N Hmnynbe npunyoumensnozo
a,0,6 —Monenmoi [ > CpLisa
camnpqg 60IbHOCO— Opnacmp HecmatuHOCMI
CHPORIObGH OnmensHOC I UMRYIbCA

Puc. 3.10. ITpuHIUN NpUHYAUTEIBHOTO CPHIBA CITYCKOBOW CXEMBbI
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3anycx nu I'IpVIHy.DMTeanbIﬁ CPbIB CNYCKOBbIX CXEM

) ! ? * +F,
Ril R Ri3 | Rs R7l | Rs
VY Usano—=]— —
C1 Vlgf Cs L
Uep ®
e, VT2 Yoo

R4 Rs|
. o _L o

Puc. 3.11. I'eHeparop npAMOYTrOJbHBIX HMITYJIbCOB
C NPUHYIAUTEIbHBIM CPHIBOM
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Tema 12. Tpurrepsbi

Puc. 3.12. CuMMETpUYHBIA TPUITEP C BHEITHUM CMEIICHUEM
M PA3JCIbHBIM 31y CKOM

0 ‘ A IMIIMQ‘MS
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PaboTta Tpurrepa

[Ipy BKIIIOYECHHUM NUTAaHUS, HECMOTPS Ha CUMMETPHIO CXEMBbI, 3a
CUET (PIyKTyalluil TOK B OJHOM M3 IJI€Y B KAKOKM-TO MOMEHT BpEMEHU
OKaXXeTcsi Oojbpllle TOKa B Jpyrom Iiede. B  pesynbrare
JaBUHOOOpA3HOro  IIpoliecca HapacTaHUus TOKa OAWH W3
TPaH3UCTOPOB OBICTPO OTKPOETCS, a APYrol — 3aKpOETCH.

Ilycts, Hampumep, Ttpansuctop VI, ornupaercs, a VI,
3anupaeTcs. B 3ToM cocTtosHuM Tpurrep OyJIeT HaXOAUThCS A0 TEX
op, Moka Ha BXo V1, HE NOCTYNUT OTPULIATENBHBIN 3aITy CKArOIUN
MMITYJIbC.
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PaboTta Tpurrepa

[Ipy mOCTYyIIEeHMH Ha BXOH OTKPBITOrO TpaH3uctopa VT,
OTPUIIATENILHOTO  3allyCKAlOUIET0 MWMIMYJbCa TpaH3UCTOp VI,
HAYMHACT BBIXOJWTh W3 PEXKUMA HACHIILICHUS W TEPEXOAUT B
AKTUBHYIO 30HY. Tok uyepe3 VI, HAaUMHAET YMEHBIIATHCA, YTO
NPUBOAUT K BOSHUKHOBEHHUIO JIJABUHOOOPA3HOIO MPOIIEcca:

_Aikl_) +AU1<I_)+AU62 — +Ail<2 — _AUKZ — _AU61 — _Ailkl’

B pe3yJbTare KOToporo VT, mepexoguTr B PEXKHUM OTCEUKH U
3anupaercs, a VI, MepexomauT B peKUM HACBIIICHUS U OTIUPAETCH.
Hanpsixkenne Ha komekrope VT, ckaukom Bo3zpacraer no +E,, a
HalpsDKEHWE Ha KoJuiektope VI, CKaukoM Majgaer a0 YPOBHSA

Haceienus U, =1 4 °R,,.
0 ‘ A IMIIMQ‘M!




CnMMeTpUYHbLIN TPUITep C aBTOCMeELLeHUeMmM

Puc. 3.14. Cxema CHMMETPUYHOIO TPUTTEPA C ABTOCMEIICHUEM
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HecuMmmeTpuUUiHbIN TpUrrep ¢ SMUTTEPHOMU
cBA3blo (Tpurrep lWmutra)

1

Puc. 3.15. ITpunnunuanbHas cxema tpurrepa [IImurra
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HecuMMeTpUYHbIN TpUrrep ¢ SIMUTTEPHOMU
cBA3blo (Tpurrep lWmutra)

JlaHHas cxemMa UMEET JIBa YCTOMYUBBIX COCTOSIHUSI PABHOBECHS.

3nech mnepenajbl HANPSHKEHWS C JIEBOTO IUIEYa HA MPAaBOE
EPENAOTCS, KaKk OOBIYHO, Yepe3 AeIUTeNb HanpskeHus R - R, , a ¢
IPaBOroO Ha JIEBOE — Yepe3 OO PE3UCTOP B LEMH SMUTTEPOB R .

[IIyHTHpOBAaTHE 3TOT PE3UCTOP KOHIACHCATOPOM HENIb3s, B
IPOTUBHOM CJy4ae HanpshkeHHne Ha R, HE CMOXET OBICTPO
m3MeHAThCcsA. Konpencarop C sBisiercss yckopsitomum. Jlenurens
HarpspkeHus R, - R, oOecrnieunBaeT HEOOXOMUMBIN PEKUM PadOTHI
Tpan3ucropa V ;.

0 ‘ A IMIIMQ‘M!



PaboTta tpurrepa LLimntTa

BBeaém cienyromme 0003HaYCHUS

v U‘) — ypOBEHb HaNpPSOKCHHUS HA OMHUTTEPaX CXEMbI, IPH
KOTOPOM ITPOMCXOIUT OTIHUPAHKUE TpaH3ucropa VI ;
v ' U'Y, — ypoBeHb HampsHKEHUS HAa OMUTTEPAX CXEMbI, IPH

KOTOPOM ITPOMCXOUT OTIHUPAHKUE TpaHn3ucropa VT,.
B uncxogHOM cocTtossHMMA V1, OTKPBIT M HACBIIIEH 34 CYET
HaIIPsKEHUs, CHUMAeMoro ¢ nesmrens R - R,.

0 ‘ A IMIIMQ‘M!



HecuMMeTpUYHbIN TpUrrep ¢ SIMUTTEPHOMU
cBA3bio (TpUurrep Lmuntra)

Hamnpsokenue komrekropa U, nenmurcs uensio R-R;, U JIHAIIb
4acTh ero noaaércs Ha 0a3y tpansuctopa V'T,. Takum oOpa3om, 0asa
Tpansucropa VT, uMmeeT NOJOXKUTEIbHBINM IOTECHIAAN, MEHBIINWH,
YeM OMUTTEP, a MOITOMY IIpU OTKPBITOM TpaH3ucrope VT,
Tpan3ucrop VT, 3anepr.

Korma »xe oTkphIT 1 HackleH VT, tpanzucrop VT, Oyner 3anept
TOJBKO B TOM ClIydae, €CJIM HampspDkeHue Ha smutrepax U, Oymer
IPEBBINIATL IO A0COJIIOTHOMY 3HAUEHHUIO HarpsbkeHue Ha 0aze Uy;.
OTO YCJIOBHUE€ BBINOJHIETCS MOAOOPOM CONPOTUBICHUM TIJIEY

nenurens R-R, v Toka HackllieHus Tpansucropa V'T,.

0 ‘ A IMIIMQ‘MS




HecuMMeTpUYHbLIN TpUrrep ¢ SIMUTTEPHOMU
cBA3bio (Tpurrep LmutTa)

S G W
] ™
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[

Puc. 3.16. Bpemennbie quarpammMsel padoThl Tpurrepa IlIMurra
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PaboTta tpurrepa LLimntTa

[Ilyctb Ha ©0a3y OTKpeITOro Tpanzucrtopa VT, mnomaércs
OTPULIATEIIbHBIN 3aIyCKAIOIIUNA UMITYJILC, O] JIEUCTBUEM KOTOPOTO
VT, BBIXOOAUT H3 COCTOAHUSA HACBHIIMIEHUS W IOTCHUUAN €r0
KOJUIEKTOPA CTAHOBUTCS 00JIEE MOI0KUTEIIBHBIM.

Bo3HukaeT 1aBUHOOOpPa3HbIN MPOIECC:

+AUK1_)+AU62_) +Ail<2 — +Ai92 — +AUR3 — _AU61 —
— _AiKI — +AU'K1 (> +AUK1)'

B pesynaprare naBMHOOOPA3HOTO mpouecca TpaH3uctop VI,
3anupaercs, a VT, MOJHOCTBIO OTIIUPAETCS U HACHIILAETCH.

AHaJIOTUYHO MPOTEKAET U OOPATHBIA MPOLECC, KOrma Ha BxoA VI,
[IOCTYIAET MOJ0XKUTEIbHbIN UMITYJIbC.

Tpurrep IlImuTrTa Yacto UCHONB3YIOT ISI  (POPMHUPOBAHUS
IPSIMOYTOJIBHBIX UMITYJIbCOB U3 HANPSHKCHUS IPOU3BOJIBHON (POPMBI
M, B YaCTHOCTH, U3 CHHYCOUJIAIILHOIO HAPSKEHUS.
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Pabota Tpurrepa LLimutTa

UBXA

Puc. 3.17. TlonmydyeHue npAMOyTroJIbHBIX UMITYJIbCOB U3 CUHYCOUJIBI
¢ nomolieto Tpurrepa llmurra
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PaboTta tpurrepa LLimntTa

Kak tonpko nopx pevicteuem U, . moreHuman 0as3el Tpansucropa VT,
CTaHeT paBHBIM moTeHnuany smutrepa (U, = U’¢,), tparsuctop VT,
3alIAPaAeTCs, CXEeMa JIaBUHOOOPA3HO OIPOKHUBIBACTCS, U TPAH3UCTOP
VT, ornimpaercs U HaChIIAECTCA.

[loka VT, ocTaérca 3anepTbiM, Ha BbIXOJE (HOPMHUPYETCS IIOCKAS
BEPIINHA UMITYJIbCA.

Korga mon nevicteuem U, morenuman 0asel V1, cpaBHseTcs ¢
HOBBIM 3HaueHueM mnoTeHnuana smurrepa (U, = U',), Haunétcs
HOBBIA JIABUHOOOPA3HBIM IIPOILECC, B pPE3YyJbTaTre KOTOPOIro OyaeT
chopMHUpOBaH Cpe3 HMITYJbCa, MOCIE YEro CXeMa BEPHETCS B CBOE
HMCXOJHOE COCTOSIHHUE.

[longbopom BemnunH pe3uctopoB R; m R, MOXHO Tak momoOparh

pexum padotel VT, 4TO OH OyIEeT HAXOAUTHCS OAMHAKOBOE BPEMS B

3alICPTOM U OTKPBITOM COCTOAHUAX.
0 ‘ A IM IIMQ‘M!




PaboTta tpurrepa LLimntTa

[Ipu AU = AU" Tpurrep MOXKET MEPEKIIOUATHCS
Pa3HOMNOISIPHBIMHU HANPSKECHUSIMU OJIMHAKOBOI'O YPOBHS.

[Ipy 3TOM JJIUTEIBHOCTH (POPMHUPOBAHHUS HMMIYJbCAa M IAy3bl
OyayT OJMHAKOBBEIMH. [Ipm AU # AU" nepexmroueHue
OCYIIECTBISIETCS  Pa3HONOJSIPHBIMHA  HANPSOKCHUSMHA  Pa3HbBIX
3HAYCHUU.

4 rr

I[Ipu 44U = AU TPUITEPp  MOXKET  MEPEKIIOYAThCS
Pa3HOMNOISPHBIMU HANPSHKECHUSIMHU OJJMHAKOBOI'O YPOBHSI.

[Ipy 3TOM JIJIUTEIBHOCTH (POPMHUPOBAHHS HMITYJbCAa M May3bl

4 re
OynyT oauHakoBbIMH. Ilpu AU  # AU nepexirodyeHue
OCYIIECTBISETCS  Pa3HOINOJSIPHBIMHA  HANPSOKEHUSMUA  Pa3HbBIX

3HAUCHUH.
0, ‘ A IMIIMQ‘M!




PaboTta tpurrepa LLimntTa

biarogapss n1aBuHOOOpa3HbIM mpolneccaMm Tpurrep IlImurra, 10
CPAaBHECHHUIO C OTPAHUYUTEISIMH aMIUIUTYAbI, 00€CIECYMBACT JIYUIIYIO
(hopMy IPSAMOYTOJIbHBIX UMITYJIbCOB, (DOPMUPYEMBIX U3 CUHYCOU/IBI.

Tpurrep IllmMurra MOXHO HMCHOJIB30BaTh KAK IMOPOTOBOE
YCTPOMCTBO: €CJIM BXOJHOW CUTHAJ JOCTUTAET OINPEIECIEHHOIO
nmopora, TO TpPUITEP MEpEKIroYaeTcsa. BemuuuHy  nmopora
NEPEKITIOYCHUSI MOKHO MEHSITh, M3MEHs MOTeHOHWan 0asel VI,
IIOMOIIBIO JeNnTENs HanpsikeHus R, - R,.

0 ‘ A IMIIMQ‘M!



3anyck TpaH3UCTOPHbLIX TPUITEpPOB

Puc. 3.18. Tpurrep ¢ pasenbHbIM 3a1yCKOM
1 JUPhEpeHIMPYIOIMMHE LEIISIMU Ha BXOJ1aX

0 ‘ A IMIIMQ‘MS




Tpurrep co CYeTHbIM 3anyCKOM
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Puc. 3.19. Cxema tpurrepa co C4€THBIM 3aITy CKOM

(T-mpuczzep)
0 ‘ A IMIIMQ‘M!




Tema 13. BNnoKuHr-reHepaTop

biioKMHT-TeHEepaTop — 3TO PEIAKCALMOHHBIN TEHEPATOP KOPOTKUX
HMMITYJIbCOB, peICTaBISIOIINI co0om OJIHOKACKaJHbIM
HEMHBEPTUPYIOIIUKA  YCHJIUTEIb C [IYOOKOM  ITOJOXKUTEILHON
OOpaTHOM CBS3BIO.

BrinonHenne pa3oBOro ycioBus caMOBO30yX IeHUA (T.€. CO3JaHuE

MOJI0XKUTEIbHOMN oOpaTHOM CBSI3H) o0ecrneynBaeTCs
COOTBETCTBYIOIIIUM BKJIIOUCHHEM 0OMOTOK UMITYJIbCHOTO
TpaHcopMmaropa.

MmnynabcHBIA TpaHcopMmarop — 3T0 TpaHchopmaTop ¢ deppo-
MarHUTHBIM  CEPACYHUKOM, CIyXKalluid s [OpeoOpa3oBaHUs
IEKTPUUYECKUX  HMMITYJIbCOB  JUIMTEIBHOCTHIO OT  HECKOJBKHX
HAHOCEKYHJI JI0 JIECSITKOB MUKPOCEKYH]I.

OCHOBHBIM TpeOOBaHHEM, MPEABSABISIEMBIM K HMITYJIbCHOMY
TpaHcpopmaropy, SIBIIETCS 00eCleueHHe MUHUMAIbHBIX HMCKaKCHUM

TEHEPUPYEMOTO UMITYJILCA.
0 ‘ A IMIIMQ‘M!




BrnokuHr-reHepaTtop
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Puc. 3.20. Cxema TpaH3UCTOPHOIO

OJIOKMHI-TeHepaTopa

0 ‘ A IMIIMQ‘MS
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PaboTta 61noKuHr-reHepartopa

1-u atan. Ilepezapsaod konoencamopa.

Konaencarop C, 3apsiokeHHBIN MpU (OPMUPOBAHUU IIPEABIAYIIETO
UMITYJIbCa, IEpE3APIKACTCSA 110 1IEIIH.

+ E, (kopnyc) > w; - C—> R, —» —E,

Tox mepezapsina co3naér Ha R, nageHue HanpsKeHUs, MOJISIPHOCTD
KOTOPOro IPHIOKEHA K 0a3e TpaH3UCTOpa IUIFOCOM. B pesynbrare
INOTEHIIMAaN ©0a3bl OTHOCHUTEIBHO OSMHUTTEpa OKa3bIBaeTCs Oojiee
MOJIOKUTEIBHBIM M IIO3TOMY TPAH3UCTOP HAXOAUTCA B 3alEPTOM
cocrossHuM. llo mepe mnepesapsaa KOHAEHCATOPA MOJOKUTEIbHOE

HaIpsHKEHUE Ha 0a3€ YMEHBIIIAETCHI.
0 ‘ A IM IIMQ‘MS




PaboTta 61noKuHr-reHepartopa

2-ii atan. Ilepeoe onpokuowvieanue cxemol
(npamoit 610KuH2-npouecc).

+tAl, — +de;— —Ade,— —AU, — + A1, — +A4I', (>41)

B TOT MOMEHT, Koraa HampspkeHue Ha 0ase V1, HOCTUTHET Hyns
(t = t,), TpaH3UCTOp OTMHPAETCS, U B LEMIX 0a3bl U KOJJIEKTOpa
HaYMHAIOT IPOTEeKaTh TOKU I; U |I.

[TosiBnieHue 1, BEI3bIBaET BO3HUKHOBEHUE J/{C CaMOUHIYKIIUU €,
B OOMOTKE HMITYJIbCHOTO TpaHc(hopMaropa @,, MPEHSATCTBYIOIIEH

BO3HUKHOBEHUIO U POCTY I,
0 ‘ A IM IIMQ‘M!




PaboTta 61noKuHr-reHepartopa

BO3HUKHOBEHHE €1, B CBOK OUYEPEb, BbI3bIBACT MosiBiicHUE J/{C
B3aUMOUHAYKIIUU €, B OOMOTKE ®W; , MUHYC KOTOPOM OKa3bIBACTCS
PUIIOKEHHBIM K 0a3e.

[Ipu 3TOM 3aMBIKa€TCS LIEHb NOJIOKUTEIILHON 0OPAaTHOMN CBA3H:

tAl, — +de;— —de; — —AU; — + A1 — + AV, (> 41,

M  HAYAHACTCA  JIABUHOOOPA3HBIM  MPOLECC  OTHUPAHUSA
TpaH3ucTopa (IpsIMOM OJIOKUHT-TIporiecc). [oBOpsT, YTO cxema
«omnpoKuabiBacTcsa». Ilponecc ompokuabiBaHusd HIAET A0 TEX MOP,
MOKa TPAH3UCTOP HE 3auJET B 00JaCTh HACKHIIECHUS. B 3TOT MOMEHT
TOKH I; ¥ |, JOCTUTAIOT MAaKCUMAJIbHBIX 3HAUCHUM, a OTPUIIATEIHHOE
HAPSKEHUE HA KOJUIEKTOPE CTAHOBUTCS PABHBIM MOYTH HYIIHO.

0 ‘ A IMIIMQ‘M!




PaboTta 6noKuHr-reHepartopa
3-i aTan. @Dopmupoeanue sepuiuHbl UMRYIAbCA.

C MOMEHTa Mepexo/ia TPAH3UCTOPA B PEKUM HACBIIICHUS BXOJTHOU
TOK I; TiepecTaéT ympaBisATh TOKOM KOJUIEKTOpa I, W TPaH3UCTOP
TEPAET CBOM YCWIMTEIbHBIE CcBOMCTBA. JJC CaMOUHAYKIMU €; U
B3aMMOMHIYKIHU €, TMpONaJarT;, HA4YUHACTCAd (POPMUPOBAHUE
MJIOCKOM BEPIIMHBI UMITYJIBCA.

C MOMEHTa OTIIMPAHUs TPAH3UCTOPA B LIEMM 0a3bl MOSIBIISIETCS TOK.

B 00MOTKE MMITYIBCHOTO TpaHcpopmaropa @, Bo3Hukaetr IJ/C 3a
CYET DSHEPruM, 3alACEHHOW BO BpeMs (DOPMHUPOBAHUSA BEPIIHHEI
MMITYJIbCA, 1 HAYMHAETCS 3apsa KoHjaeHcaropa C TokoM 0a3bl MO IEMHu:

Kopnyc — nepexoo (3-b) — C — w, — kopnyc (amummep).

HanpsbkeHne Ha KOHJIeHCATOPE HApacTaeT OBICTPO, TaK KAK MPIMOE
COIIPOTHUBIICHUE MEpexoaa «3MUTTep-0a3za» odeHb Mano. [lo mepe
3apsjla  KOHJEHCAaTopa  MOJIOKUTEJIBHBIM  IMOTEHIMAT  0as3bl
YBEJIMUMUBACTCS, @ TOK B LIETIH SMUTTEP - 0a3a (I;) yMEHbIIAeTCsl, YTO

MIPUBOAUT K BBIXOY TPAH3UCTOPA ‘ I I ‘
U3 PEXKUMA HACHIIICHUS. O | A MIM2IM3




PaboTta 6noKuHr-reHepartopa

4-u 3Tan. Bmopoe onpokuowvieanue cxemoi
(oOpamuwlit 0;10KUH2-NPOUECC).

[Tporiecc popMupoBaHHS BEPIIUHEI 3aKaHYUBACTCSA B TOT MOMEHT (1
= t,), Korma TOK 3apsga KOHACHcaropa |, YMEHBITUTCS HACTOIBKO, YTO
BEJIMYMHA KOA3(P(PUIIMEHTAa YCUJIEHUS IO TOKY f OyIeT I0CTaTOYHOM 151
BO3HUKHOBEHMSI OOpaTHOro OJOKMHTr-mpolecca. B 3ToT MOMEHT
TPAH3UCTOP BHOBb CTAHOBUTCS AKTHUBHBIM 3JIEMEHTOM, OO0JaIatoIyM
YCUJINTEIbHBIMHA CBOMCTBAMU.

VYMmeHbIeHne Toka 0a3bl |, BRI3BIBAET YMEHBIIICHHE TOKA KOJIJIEKTOPa
| 1 nosieneHue 3//C caMOMHAYKIMHU e’; U B3aMMOWHAYKIUHU e’,. DTh
3/[C uMerT HampaBlIeHHUE, HPOTHUBOMOIO0XKHOE COOTBETCTBYIOIIUM
3/[C, BO3HHUKAIONMAM MOpPU TEPBOM ONPOKHIBIBAHUM CXE€Mbl. BHOBB
3aMBIKACTCS TIETIIS MOJIOKUTEIIBHON OOpaTHOM CBA3H:

—Al,— —Al, — —Ae',— +Ade',— AU, — —A1'; (> —A41,).

0 ‘ A IMIIMQ‘M!




PaboTta 61noKuHr-reHepartopa

IIponiecc pa3BHBaeTCsA JHAaBUHOOOPA3HO M IPUBOJAUT K
PE3KOMY 3allMPAHMUIO TPaH3UCTOpa. HamnpspkeHHe Ha KOJJIEKTOPE
U, nmonmxkaercs no BennuuHsl — E , maxe Hmke — E,.. O10
OOBSICHACTCS TEM, 4YTO B mpolecce (OPMUPOBAHUS BEPIIMHBI
MMITyJIbCa TOK HaMarHMYMBAaHUS HUMITYJIbCHOIO TpaHc(hopMaropa
IIOCJIE 3allMpaHus TPAH3UCTOPA HE MOKET MCYE3HYTh MTHOBEHHO.

B pesymbrare ymapHo Bo3HHMKaeT JI//C CaMOWHIYKIIHH,
IPUBOISIIIAS K «BCILIECKY» U, .

0 ‘ A IMIIMQ‘M!




Xaoywmm OrnoKuHr-reHepaTtop
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Puc. 3.22. Xnaymmuii OJJOKHHI-reHepaTop
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Tema 14. eHepaTOpbl NUNMOOOPA3HbLIX
MMNYNbCOB

MmiynecaMu  HampsbKEHUST  TAJIO00pa3HOM  (POpPMBI  HA3BIBAKOTCS
UMIYJIbChI, (POHT KOTOPBIX H3MEHSICTCS 10 3aKOHYy, OJHU3KOMY K
JTAHENHOMY.

[Imockon dYactid y Takoro uUMOyJdbCca HET. B mopasisromem
OOJIBIIIMHCTBE CIY4Ya€B CTPEMSTCS MOJYUYUTh MUJIO00PA3HOE HAMPSIKECHUE
C MaKCUMAJIbHOU JIMHEMHOCTHIO.

I'eHepaTophl, BbIpaOATHIBAIOIIME TaKWE€ HMITYJIbChl, HAa3bIBAKOTCS
T€HEpATOpaMy JIMHEMHO W3MeEHsAoneroca Hanpsbkeaud (IJIMH), wim
reHeparopamu nuiooopazHoro Hanpsbkenus (I'TIH).

CymecTBytroT jaBa cnocoba mnonyuenuss ITH. ¢dopMmupoBaHue u
reiepupoBanue. B nepBom ciiyyae mna noinydeHus IIH wcnonb3yrorcs
dopMHUpYIOIIHE YETHIPEXMOJIOCHUKHN (Yallle BCEro, 3TO MHTETPUPYIOIIHE
nenu). Bo Bropom ciryqae ITH monydaeTcsi ¢ IIOMOIIBIO TI'E€HEparopa,
KOTOPBIA MOXKET paboTaTh JHMOO B aBTOKOJICOATEILHOM, JIMOO B KIYILEM

CKUMC.
P ol|A |MIM2/M3




[eHepaToOpbl NMNOOOPA3HbLIX MMNYJIILCOB

Puc. 3.23. IIunooOpa3HbIii UMIOYJIBC U €I0 HapaMETPhI

0 ‘ A IMIIMQ‘M!




[eHepaTOpbl NUIOOOPA3HbIX UMMNYNbLCOB

MuHeliHOe NApaAbONUYECKOe IKCHOHEHYUANLHOE CUHYCOUOATbHOE

AN AN ANTAY
i »
\“

b ¢
\..-'

Puc. 3.24. Buapl nnin000pa3HOro HaAOPSHKECHUS

0 ‘ A IMIIMQ‘MS




MapamMeTpbl NMNIOOOpPA3HOro HanpsAXeHus

1. Hauanonwui yposens (U,);
2. Amnaumyoa (U,);

3. lnumenvnocms npsamozo (pabouezo) xooa (tnp);

4. [numenvHocmsb 00pamuozo xooa (toﬁp );

5. Cpednasn ckopocmsv Hapacmanus (cnadanus) nepeoHezo
¢pponma (K): U

k=—"[B/c]
tnp

6. Koagpdpuuuenm mnenuneiunocmu (y), Komopwlii nokasvieéaem,
HACKObKO 3AKOH U3BMEHEHUs HANPANCEHUA HA padouem yuacmke

omauuaemcsa om uoeaibHo JTUHEUH020;
(. Koagppuyuenm ucnonvzosanus nanpaxceHus uCmouHuKa

U
numanus (&) o _m (%)

E-U,
O‘I\h“dNM*WS




OueHKka HEeNMMHEeMHOCTUN NUIooobpasHoro
HanpsXeHus

Pm e op on mm mry on mE o WS as .

o)
<
%w

Puc. 3.25. TIo OTHOCUTEITBHOMY U3MEHEHUIO €70 KPYTU3HBI

0 ‘ A IMIIMQ‘MS




OLeHKa HeNMMHEeMHOCTN NMNooobpa3HOro
HanpsiXeHus

U4 B

Puc. 3.26. 110 OTHOCHUTEIILHOMY BPEMEHHOMY OTKJIOHEHUIO
pPEATBLHOTO MUJIO00PA3HOTO HANIPSHKEHUS OT MJI€aIbHO JTUHEHHOTO

0 ‘ A IMIIMQ‘M!




OueHKa HEeNMMMHEeUHOCTU NUIIoobpasHoro

Hanps>KeHus
(Mo oTHOCUTENBHOMY M3MEHEHUIO Ero KPyTU3HbI)

1. Ecnau wusmenenue Kpymu3Hbl 6 KOHUE NPAMO20 X004
cpasHusaemcs ¢ KPymu3HoU 6 Hauaie padpouezo yuacmika, mo:

dU ., _ dUy., t t
dt dt I9Puay — t9Pon

‘y = =
dU,,q tgo
dt Hay

2. /lna cepedunwvl yuacmka:

_199,., ~t9P,,

tgo,,
0 ‘ A IMIIMQ‘M!

14




Mony4yeHue NMNoobpa3HoOro HanpsXXeHus

Yame Bcero mnmiaoo0Opa3HOE HAIMPSHKEHUE TMOJYyYarT MpU
3apsiie WM paspsifie KOHJEHCATopa, T.€. NPU 3KCIOHEHIHATbHOM
3aKOHE M3MCHCHUS HAMPSIKEHUS, KOT/Ia

t
U.=E(1—e 7)

T.€. IPU UHTETPUPOBAHUM IMPSIMOYTOJIBHOIO uMIlyjibca. I[Ipu 3Ttom
CKOPOCTb M3MEHEHMS HAIIPSIKEHUS 3apsaa OyJeT paBHA

dUu, E
- —.e
dt T

S|~

0 ‘ A IMIIMQ‘M!



MonyyeHue NuUnooo6pasHOro HanpsHKeHus

B MomeHT t = 0 3T0 BhIpakeHHe MPUOOPETACT BU/I

dU,. E
L9 Puay = F — ;
Hay

B MmomenT t=1t,,

Ortcrona cieayer

0 ‘ A IMIIMQ‘M!



MonyyeHue NuUnooo6pasHOro HanpsHKeHus

OOplyHO t >> {,,, YTO JaeT HaM MpaBO PA3JIOXKUThH

OKCIIOHCHIIHUAJIbHYIKO YaCTb IIOCJICAHCIO BBIPAKCHHUA B CTETICHHOU
pAI:
t 2 3
- P Lop Lip Lap
T =l 3
T 7T4-2! 71°-3!
DTOT P OBICTPO CXOAMUTCS, MOATOMY YJICHAMH psijia, HAYUHAS C
TPEThEro, MOXKHO MpeHeopeub. Torma

e + ...

OTKyna cleayer

0 ‘ A IMIIMQ‘M!



MonyyeHue NuUnooo6pasHOro HanpsHKeHus

[I[pyHumMas BO  BHHMAaHWE, YTO [OpPU  HUHTETPUPOBAHUH
IPSAMOYTOJIBHOTO WMITYJIbCA HANPSKEHUE HA KOHAEHCATOPE B KOHIIE
3apsga U, = U, monyuum

Usz(l—e r) YE

Koa(hpuiueHT ncnoab30BaHus HAIPSKCHUS HCTOYHUKA TMTaHUS

— Um
€= ’
E-Uy
rne U, — HadalbHBIA YPOBEHb, OT KOTOPOTO HAYMHAETCS

(hopMHpOBAHKE ITUIO00PA3ZHOIO UMITYJIbCA.

0 ‘ A IMIIMQ‘M!




MonyyeHue NuUnooo6pasHOro HanpsHKeHus

ODTOT YPOBEHb  OIPEACIACTCA  HANPSHKECHUEM  HACBIICHUS
TPAH3UCTOPA U MMO3TOMY MOXHO cuuTarh, uto U, = 0. [ToaTomy

E = U_m
E
[logctaBUB B 3TO BBIpakeHHE (DOPMYJy IIOCIEAHEro cianja,
MIOJIYYUM VE
E = ? =Y.

Orcroma  cleayeT  BaXHBIM  BBIBOA. NOPH  HW3MCHCHUM
NIIO00PA3HOTO HAIPSIKEHUS IO 3aKOHY 3KCHOHEHTHI (MPOCTEUIINM
ClIy4all MHTETPUPOBAHUS HPSIMOYTOJILHOTO MMITYJIbCa) OKa3bIBACTCH,

410 Y = &, T.€. KOOP(PUIHUEHT HETUHEMHOCTH PABEH KOIPDUIUECHTY
MCIIOJIb30BaHUS HANIPSKEHUS UCTOYHUKA ITUTAHMUS.

0 ‘ A IMIIMQ‘M!




MonyyeHue NuUnooo6pasHOro HanpsHKeHus

CnenoBareiibHO, 4YeM O0oJjie€ JUHEWHBIM MBI XOTHM MOJYYHTh
nua000pa3Hoe HampsbkeHue (T.e. YeM MEHBIIC ), TEM MCEHBIIE
OOJKEH  OBITh  KOX((UIMEHT  HKCIIOJb30BAHUS  HAIPSKCHUS
ucrounuka nutaHug (g). IlodToMy I MOIydeHHS MAaJIOH
BEJIMYMHBI HEJIUHEWHOCTH P (T.€. HAMOOJIbIIEH JIMHEHHOCTH
NAJI000pa3HOro HaNpPsKEHHUS) CIEAyeT MCIIO0JIb30BaTh HayallbHBIN
y4aCTOK OJKCIIOHEHTHI, IA¢ pabodee HapsHKCHUE H3MEHSICTCS
NOCTATOYHO JIUHEHHO.

0 ‘ A IMIIMQ‘M!




OueHKa NMHENHOCTU NNNMOOOPaA3HOro HanpPsXXeHuUs
(no oTHOCHUTENIbHOMY BPeMEHHOMY OTKITOHEHUIO
pearibHOro NMNOOOpPa3HOro HanpsAXeHUs OT uaeanbHO
FINHENHOIO)

U4 B

0 ‘ A IMIIMQ‘M!



[eHepaToOpbl NMNOOOPA3HbLIX MMNYJILCOB

- o+ L
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& 8- » @

Puc. 3.27. IIpocreiimuii reHepaTop NUI000pa3HOTO HAMPSKEHUS

0 ‘ A IMIIMQ‘MS




I'eHepaTop NU1000pa3HbIX UMITYJILCOB

A
Uax ru
s e
§ @ 2 fi
A z, {
Puc. 3.28.

A : : BpemenHbIC

)
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PaboTa reHepaTopa NnMnooopa3HOro HanpsaXeHus

1. Hcxoonoe cocmosinue

B HCXOZHOM COCTOSHHM TPaH3UCTOP OTKPBIT M HAaXOOUTCS B
pexxuMe Hermyookoro HacklmieHus. Konaencarop C paspsikeH 110
BEJIMYHHBI

Uy=E,.—1I. R,
2. Dopmuposanue umnyibca

[Ipu momgadye Ha BXOA CXEMbl OTPUIIATEIBHOIO IMPSIMOYTOJIBLHOIO
UMITyJIbCA TPAH3UCTOP OBICTPO 3amupacTcs (MPOUCXOAUT CKAYOK
HaIpsKEHUSI HA BXOZAE). B COOTBETCTBUM C 3aKOHAMHU KOMMYTAaIllUU
KoHJeHcaTop C MrHOBEHHO 3apsSJUThCS HE MOXKET, MO3TOMY B
MOMEHT BpeMmeHHu t = t; HampsbkeHue Ha ero BEpXHEH OOKIaJKe HE

N3MCHACTCA
0 ‘ A IMIIMQ‘M!




PaboTta reHepaTopa nnnooobpa3HOro HanpsHxeHus

C MoMmeHTa BpeMeHH t > t; HauMHaeTcs 3apsii KOHJEHcaropa 1o
LETTH

E,—» R;,— C - —E; (kopnyc)

Hamnpsoxenue Ha KOHJICHCATOPE BO3pacTact 110
3KCIOHEHIHAJIILHOMY 3aKOHY:

t
Us=Ug+ (Ex—Up) - (1—e 1),
rne 7= R, C.

[Iponiecc 3apsiga KOHACHCATOpA IPOUCXOAUT B IPOMEKYTKE

BpeMEHH 1 ... 1.
0 ‘ A IMIIMQ‘M!




PaboTta reHepaTopa nnnooobpa3HOro HanpsHxeHus

3. Boccmanoeénenue ucxoonoz2o cocmosaHus cxemol

EMKOCTh KOHJIEHCATOpa OCTATOYHO BEIMKA M OH HpPOAOIDKAI OBl
3apsKaThCd JAlibllie, HO B MOMEHT t = t, HampshK€HHE Ha BXOJE
CKAYKOM MPEKPAIIACTCs, TPAH3UCTOP OTIHUpAETCs, U KoHJaeHcaTtop C
OBICTPO Pa3psHKACTCS 4YE€PE3 MAJIOE€ BHYTPEHHEE COMPOTUBIICHUE
HACBHIIIEHHOTO TPAH3UCTOPA IO LEIH:
+C — VT — kopnyc — — C.

Pa3psii NpoUCXOAUT TakKe IO SKCIIOHEHTE, HO MOCTOSIHHAS BPEMEHU
enu paspsa

Tpaz = C - Ryy K Tgyp = C - Ry

0 ‘ A IMIIMQ‘M!




Tema 15. JluHeapusauyunga
NUTI0O00PA3HOIro HanNpPaXXeHusa

Juneapuzayua  o03Ha4aeT  JOCTMIKEHUE  MAKCUMAaJbHOU
JTMHEWHOCTHU U3MEHEHHUS MUI000PA3HOTO HAMPSKEHHUS.

JI1 MOBBIIICHUST TUHEWHOCTH MCHOJB3YIOT PA3JIMYHbIE CIIOCOOBDI,
HO BCE OHU CBOJATCS K peaIM3aiiy OJHON UJIEHU.

Ol  OOCHIUMNCEHUA 6bICOKOU JIUHEUHOCMU Popmupyrouwiui
KOHOeHcamop Heo0xooumo 3apsicamsv (Uau  pasparxcamos)
HOCHOAHHBIM MOKOM.

0 ‘ A IMIIMQ‘M!




JInHeapu3sauma Nnnnooodbpa3HOro HanpPsXKeHus

t
N3BecTHO, 4TO U, = 1 f i.dt
CJo

Ecau BemmonuuTs yenosue i, = I = Const

1
TO MOJIYYHM: U, =E-IO -t
B sTom cny4ae mpu U =1,, momyvaem:
I
UC=U,,,,.¢,,=E-tnp=k-tHp
I
e k= i KOA(PDULIMEHT IPOMOPIIMOHAIEHOCTH.
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MpuHUMNbI NMHeapu3auun
NMUNOOOpPa3HOro HanpsHXXKeHns

1. Bxnwuenue ¢ uens 3apaoa (pazpaoa) popmupyrouiezo
KOHOEHCamopa moKoCmaouiuzupyrouLezo siemenma.

2. Ilpumenenue oopammuoii ceasu.
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JlnHeapusaumsa nnnooobpasHOro HanpsXKeHus
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Puc. 3.29. Bonbpr-amnepHas XxapakTepruCTHUKA
TOKOCTAOMIN3UPYIOIIEr0 JIEMEHTA
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Cxema BKNOYEHUA TOKOCTaOUNMN3NPYIOLLEro afieMeHTa
B Lenb hopmMupyrowiero KoHgeHcaropa

a | Toxocmabunusupyoujui O
&

\ 4
HEMERTT
+

Puc. 3.30. Cxema BKIIFOYCHHUS TOKOCTAOMIN3UPYIOIIETO JIEMEHTA B
1enb (OPMHUPYIOIIETO KOHASHCATOpa
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I'MH ¢ TokocTabMNU3npyroLWMM TPAH3UCTOPOM
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Puc. 3.31. I'TIH ¢ TokoCTaOMIM3UPYIOIUM TPAH3UCTOPOM
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I'MH ¢ TokocTabMNU3npyroLWMM TPAH3UCTOPOM

U@x‘
0 e
i T : i
Fy 1 L I : 1
U61 :4 " , |
i | E
0 7 >

Puc. 3.32. Bpemennbie guarpammsbl padotsl I'TIH ¢
TOKOCTaOMIN3UPYIOIIUM TPAH3UCTOPOM
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I'MH ¢ TokocTabuUNUanpyroLWnMmM TPaH3UCTOPOM

PaboTa cxeMpbl

1. Hcxoonoe cocmonnue

B ucxomHom cocrosHuu VI, u VT, OTKpBITHI, TaK KaK Ha KX
0a3bl MOMAETCA MOJOKUTEIBHOE CMEIIEHUE: Ha 0asy VT, cMeleHue
noxaércs OT UCTOYHMKA nurtanusa +E, yepe3 R;,, a Ha O0azy VI, —
yepe3 genutenb R ;- R, . Pexxum VT, BpiOpaH Takum, 4yTOOBI OH
HAXOAUJICA B PEKUME HETTTYOOKOTO HACHIIICHHUS.

B pexume HachlleHUs HampspkeHWe Ha smurrepe V1, Oymer
npuMepHO paBHO +E,. J[o Takoro xe HampsieHUst OyneT 3apsKeH
dopmupyromuii kouaeHcarop C 1o nenwu:

+E_— VT, - C — kopnyc (- E,).

Pexxum pabotser VT, BeIOpaH TakuM 00pa3oM, 4TOOBI €ro paboudast
TOYKAa HaxXoAujaach B aKTUBHOM oOnactu BAX
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I'MH ¢ TokocTabunNUanpyroLWnmM TPaH3NCTOPOM
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Puc. 3.33. K 00bsICHEHMIO padOThI TOKOCTAOWIN3UPYIOIIETO

TPaH3UCTOPA
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'MH ¢ TokocTabuUNU3npyroLWMUMM TPAH3NCTOPOM

JIna oOecrniedeHUss JMHEMHOCTH MW3MEHEHHUS HaIlpsDKEHUS Ha
Boixoge I'TITH neoOxomuMo cAeiaTh IO BO3MOXKHOCTH TOK pa3psiia
koHJieHcaTopa C MOCTOSHHBIM. DTO MOXKHO CJelaTh, 00€CICYUB
padory VT, mnpu mnocToSsHHOM TOKEe Oa3bl. B cBow ouepenp,
IIOCTOSIHCTBA TOKa 0a3bl MOXKHO JOOUTHCS, €CIU OyAeT BBIMOJIHEHO
cooTHomieHue I, << 1,, . B »3ToM ciyuae TOk 0aspl OyaeT
ONPENEIIATHCS TOKOM JIEJIUTENS HanpsbkeHus R (- R, .

Jlo mpuxoma wumIlynbca 3amycka pabouas Ttouka VT, Oymer
HaxXoguThbCcs B Touke A (puc. 3.33), mIpHu 3TOM TOK, HMPOTEKAIOIIMIA
yepe3 VT,, Oyner paseH 1, ;.
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I'MH ¢ TokocTabMNUanpyroWmUM TPaH3UCTOPOM

2. Dopmuposanue umnyivca

C npuxogoM Ha 0a3zy OTPULIATEIBHOTO MPSIMOYTOJbHOTO HMITYJIbCa
tpan3uctop VT, 3anupaerca. Konnencarop C HaunHaeT pa3psmkarbes
no uenu: + C (sepxnasn ooxknaoka) — VT,— R, — kopnyc (— C).

[lorenumnan komnekrtopa V1, HaUMHAET YMEHBIIATHCS, MPHU STOM
paboyas TOYKa HAYWHAET CMEIIATHCS MO BBIXOJHOW XapaKTEPHUCTHUKE
BJIEBO M3 TOYKHU A B TOUKY B.

Ho Ttak kak HanpspkeHne Ha 0Oaze VT, ocraércss mpakTHYECKH
NOCTOSSHHBIM, TO pabodas TO4YKa IIEPEMEIIAETCS BJIEBO IO
XapaKTEPUCTUKE, ONPEAECTIEMON MOCTOSHHBIM TOKOM 0a3bl. Kak BHIHO
M3 CEMEUCTBAa BBIXOJAHBIX XApPaKTEPUCTHK, TOK KoJuiekrtopa VT,
u3mensierca ot I, 1o I, B O4EHb MaJIbIX Mpeaenax (TaK KaK HAKIOH
XapaKTepUCTUKHU K ocH abcuucc oueHb Mai). [Toatomy konaeHcarop C
pa3psHKAeTCd  MPAKTUYECKH TOCTOSSHHBIM — TOKOM. (CremoBaTelbHO,

HaIPsOKEHHUE Ha BBIXOZE OyJeT U3MEHATHCS
NPAKTUYECKH I10 JIMHENHOMY 3aKOHY. (0 ‘ A IM ||M2‘ M3




'MH ¢ TokocTabuUNU3npyroLWMUMM TPAH3NCTOPOM

3. Boccmanosnenue ucxoo0no2o0 coOCmMosaHus cxemol

[locne okoOH4YaHUA BXOJHOTO WMMYJbCa V1, OTKpBIBAETCA, U
koHaeHcaTop C cHOBa OBICTPO 3apsKaeTCs 110 LCTIH:

+E,_— VT, > C — kopnyc (- E))
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JlnHeapusauusa NnnnooodpasHOro HanpPsXXeHus
C NOMOLULIO 0OpaTHbLIX CBA3EU
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Puc. 3.34. Jluneapusanys TOKa 3apsjaa KOHAEHCATOpa
C IIOMOIIBIO TTOJIOKUTEIILHON OOpaTHOM CBSA3H
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JIlnHeapusauma nnnooobpasHOro HanpsAXeHus
C NOMOLUbLIO OOpaTHLIX CBA3EU
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Puc. 3.35. JluHeapuzaiys ToKa 3apsaa KOHJACHCATOPa C TOMOIIBIO
OTpHULIATEIIBHOM OOPATHOM CBS3U
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I'MH ¢ nonoxurtenbLHOn 06paTHOU CBA3bLIO
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Puc. 3.36. I'TIH c nonoxutenbHOM 0OpaTHOM CBSA3BIO
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I'MH ¢ nonoxutenbHon obpaTHON CBA3bLIO

B oroii cxeme dopmupyrommuM sBiasietcss  KoHaeHcarop C.
Tpanzucrop VI; wrpaer poiap KOMMYTUPYIOWIETO  Kackaja,
nepekirovaronero koujaeHcarop C ¢ paspsga Ha 3apsaja. TpaH3UCTOP
VT, urpaer posib KICTOYHUKA KOMIIEHCUPYIOIIETO TOKA.

[Io cxemMe — 3TO AMHUTTEPHBIM MOBTOPUTENIL C KOADOUIUECHTOM
nepegadun K =1.

Huon VD obecrieunBaeT OTKIIFOUEHUE UCTOYHUKA HANpsKEeHus + E
OT CXEMBbI Ha BpeMsi 3apsija KoHaeHcaropa C.

Kongencarop C, sABisleTcss  HWCTOYHHKOM  TOKAa  3apsia
dopmupyromero konaencaropa C. Ilo Benmunne C, >> C (He MeHee
yeM B 50... 100 pa3), nosToMy 3a Bpems 3apsjaa koHjaeHcaTopa C
HampsbkeHUEe Ha  KoHaeHcarope C, ocTaércsi  NpakTUYECKHU
nocrossHHbIM. O0a BbIBOJa KOHJeHcaTtopa C, H30IUpPOBaHBI OT
KOPITyCa CXEMbI, YTO COOTBETCTBYET YKa3aHHBIM paHee 0COOCHHOCTSIM

I'TIH ¢ nonoxuTenbHOM 00paTHOM CBSA3BIO.
o ‘ A IM IIMQ‘M!




I'MH ¢ nonoxutenbHon obpaTHON CBA3bLIO

B MCXOTHOM COCTOSIHUM TPAH3UCTOP VT, OTKPBIT U HACKIIIEH, TaK
Kak ero 0asza moJKIoYeHa K UCTOUHUKY +E, dyepe3 R;. Tok wepe3 VT,
IIPOTEKAET 110 LIETIH:

+E_— VD —R,— VT, — kopnyc (- E,).

Tak xak VT, HaceleH, To HanpsikeHue Ha ero komiekrope U ; = 0
¥ HamnpsbKeHHE Ha (QopMmupyromeM KoHaeHcarope C Takke ONMU3KO K
HyJ110. COOTBETCTBEHHO OJM3KO K HYJIIO HaIpsKEHHE Ha 0a3e W Ha
amurrepe VT, Kongencarop C, odeHp OONBIION EMKOCTH 3apsiKEH
IpaKTUYEeCKU A0 HanpsbkeHus + E, T.x. nquox VD orkpeiT m ero
COIIPOTHUBJICHHE B IIPSIMOM HalpaBJICHUHW O4YEHb Mayo. I[losTomy
aJICHUE HAIIPSDKEHUS HA THOJE HE3HaYnTeNIbHO. Llens 3apsna C,:

+E_— VD — Cy,— R, — kopnyc (- E,).
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I'MH ¢ nonoxurtenbLHOn o6paTHOU CBA3bLIO

2. Dopmuposanue umnyibca

IIpn mocTymiaeHuu OTPUIATEIBLHOTO IIPSIMOYTOJIbHOTO UMITYJIbCa Ha
0a3zy VT, nocnennuii 3anupaercs, U Gpopmupyromuii konaeHcarop C
HAYMHACT 3apsKaThCs MO 1ICIH.

+FE_— VD —- R, - C — kopnyc (- E,).

Hanpstokenne Ha  koHuaeHcarope C  HaumHaeTr  BO3pacTarh.
COOTBETCTBEHHO BO3PacTacT HAIPSIKEHUE WM HAa BBIXOJAE SMHUTTEPHOIO
nosropurens U, Temepp cymMma COmIacHO  JIEMCTBYIOIIHX
HanpsokeHnd U 4+ U, npesbimaer +E, . 9T0 IPUBOAUT K IMOBBIIIEHUIO
HampspkeHusT Ha kKaroae auona VD wm ero 3anmupanwnto. 3anupaHue
AMoJa IPOUCXOJUT B caMOM Hayajie mnpoinecca. C 3Toro MOMEHTa
MCTOYHUKOM 3apsia (GOPMHUPYIOIIETO KOHJEeHCcaTopa cTaHOBUTCA Cj .
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I'MH ¢ nonoxurtenbLHOn 0O0paTHOU CBA3bLIO

[TockonbKy, Kak yxe Obuto ckazano, C, >> C, To HamnpspKeHuE Ha
C, 3a Bpems 3apsaa koHaeHcaropa C ocCTaércs NpPaKTUYECKU
HEW3MEHHBIM, OJIN3KUM K +E..

Tak kax ko> PHUIMEHT Iepeaadn SMATTSPHOIO MOBTOpHUTEIS K =1,
TO POCT IOTCHIHMAJIa TOYKH «a» MPHUBOAUT K IIOYTH TaKOMY XKe
MOBBIIIICHUIO MOTEHI[MAAa TOYKU «O», T.€. HAIPSKCHHE Ha BBHIXOJIC
SMHUTTEPHOIO IIOBTOPUTEISA KaK OBl «CICAUT» 3a HANPsOKCHHEM Ha
koHzaeHcarope C.

[ToaToMy pa3HOCTh MOTEHIMAJIOB HAa KOHIAX pe3uctopa R, B
T€UECHHE BPEMEHH 3apsia popMUPYIOIIETo KOHIEH CaTOpa

U, = Const.
0 ‘ A IMIIMQ‘M!




I'MH ¢ nonoxurtenbLHOn o6paTHOU CBA3bLIO

DTO NpUBOAUT K TOMY, YTO TOK 3apsjaa kKoHjaeHcatopa C,
npoTekaromuil yepe3 R,, 0cTaércss MOCTOSHHBIM, a HANPSKEHUE Ha
ero oOKJajiKkax OyJaeT HapacTaTh MO JUHEHHOMY 3aKOHY.

Tenepp CTaHOBHUTCS MOHSATHOW POJb OTCEKaromero auoxa VD .
Ecam ObI ero He OBLIO, TO IIOTEHIIMATI TOYKH «0O» ocTaBajicd OBl
paBHBIM *+ E,.

Takum oOpa3zom, aumox VD pga€t BO3MOXKHOCTH H3MEHSTHCS
NOTEHIIMAly TOYKH «0» II0 3aKOHY HapacTaHWS BBIXOJAHOIO
HaIPsDKEHUS Ha smutrepe VT, .

3apsaa hopmupyroliero kouaeHcaropa C npoucxoauT 1o HEIHu:

+Cy,— R,— C — kopnyc — R, — - C,.
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I'MH ¢ nonoxurtenbLHOn o6paTHOU CBA3bLIO

3. Boccmanognienue ucxo0no20 cOCMoAHUA CXembl

Ilocie OKOHYaHUS BXOJHOTO HMIYJbCa HaNpsHKEHHE Ha 0ase
CTaHOBUTCS OoJibllie HyJs W OH Hachklmaercs. Konaencatop C
paspsiKaeTcs Mo Lemnu:

+ C — VT, — — C (kopnyc).

Paszpsn mpoucxogut no Hanpsbkenus U . Hampsbxkenue Ha karoze
VD ckaukoM yMmeHbliaercss U oH otnupaercsa. Konpencarop C,
J103apsKACTC O 1IETIN:

+E — VD —-C,— R, ——E, (kopnyc).
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[eHepaTOpbl NMIMHEUHO U3MEHSAIOLWErocHa ToKa

A

Y

g

i . 4
ULA : . 2
0 2
t
U, A TLkI th 2
kyrt k,rt
0 o

Puc. 3.37. DKBUBaJICHTHAas CXE€Ma OTKJIOHSIOIIECH KaTyIIKH

0 ‘ A IMIIMQ‘MS



[eHepaTOpbl MIMHENHO U3MEHSIIOLLLEerocs ToKa
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Puc. 3.38. [IpuHnunuanpHas cxeMa reHeparopa JUHEHHO
M3MEHSIOIIETOCs TOKA
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KOHTpONbHbLIE 3aA4aHUA

1. CdopmynupyiiTe YyCIOBUS TEHEPUPOBAHUS PEIAKCAIMOHHBIX
KOJICOAHUH.

2. HauepTute 1mo nmamsiTu CXeMy CHUMMETPHUYHOTO MYJBTUBHOpaTOpa
1 00BSICHUTE Ha3HAYCHHUE €T0 DJIEMEHTOB.

3. OObsicHUTE Ha3HAYECHUE DJIEMEHTOB CIIYCKOBOM CXEMBI C
SMUTTEPHOU CBA3BIO.

4. Tlouemy y CHUMMETPUYHOIO MYJBTHBHOpaTOpa OTCYTCTBYIOT
COCTOSIHUS YCTOMYHUBOIO paBHOBECHSI?

5. OObsgcHUTE, MOYEMY Yy TpHUITE€pa JBa YCTOWYUBBIX COCTOSTHUSA
PaBHOBECHS.

6. IIpsaMOyroiabHbIE UMITYIBCHl MOXXHO IOIYYUTh CUHYCOMUIBI U C
noMoimipt0o Tpurrepa IlImurra. B kakom ciaydae  (QpOHTHI
OPSAMOYTOJBHBIX HMITYJIbCOB OyAyT HMMETh OOJIBIIYID KPYTHU3HY H

noyemy?
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KOHTpONbHbLIE 3aA4aHUA

/. KakuM o00pa3zomM B OJOKHHI-T€HEPATOPE BBIMOIHSICTCS YCIOBHUE
Oananca (az?

8. Kakas cBA3p MEXKIYy HMHTEIPUPYIOIICH LENbI0 M T€HEPATOPOM
AJI000Pa3HOI0 HANPSKEHUS ?

9. OObsicHuTe, B YEM CMBICI JIMHEApHU3alMKd IHJI000Pa3HOIO
HaIMPsKEHUS 1 KaKUMH CIIOCO0aMU OHA OCYIIECTBISECTCS ?

10. OObsicHuTEe pabOTy reHepaTopa JIMHEHMHO M3MEHSIOMIEIOCS TOKa
Y HA3HAYEHHUE €T0 JIEMEHTOB.
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