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JlabopamopHasi paboma Ne4. «MyNbTUBUEPATOP HA OCHOBE OMEPALIMOH-
HOIo YCUITUTENA C MHTETPUPYIOLLEW RC - LIEMNbIO»

[{enb paGothl - M3ydyeHne MpUHIMIIOB MMOCTPOCHHSI CXEM MYJIbTUBUOPATOpoB Ha ocHoBe OV,
UCCIIEIOBAaHHUE PEKUMOB PaOOTHL.. [Ipo1omkuTenbHOCTh PaboTH - 4 yaca.

Teopernueckas 4acTh

ITpoctoit MynbTUBHOpATOp MOKET OBITH CO31aH U Ha 0a3e oneparronHoro ycumrens (OY).
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Puc.1 Cxema mynpTuBHOpaTopa Ha OY U BpeMeHHas quarpaMmma ero padoThl.

Pesucropsr R1 u R2 o0pa3yroT nenuTens HampsbKEHUs, 4epe3 KOTOPbIM YacTh BBIXOJHOIO
HanpsDKeHUs MoJaeTcss oOpaTHO Ha HEMHBEPTHPYIOLIUM BX0J, 00pa3ys MOJOXKHUTEIbHYI0 OOpaTHYIO
cBs3b. Pesuctop R 0Opasyer nens oTpumiateibHON 00paTHOM CBsi3H. Hannune CUIIbHOM MOJI0KUTETBEHOM
oOpaTHOW CBSI3M NPUBOJUT K TOMY, YTO NpU MOsABICHHHM Ha Bxojax OY oOTIAMYHOrO OT HyNA
g depeHIMaIbHOr0 CUrHalla HamnpsbKeHUEe Ha ero Beixoje paBHo aubo +Unac, mubo -U*Hac, rae
+Umnac u -U*Hac - HanpspkeHust HacelneHus OV, 6auskue k HanpsbkeHusM nutanus +E1 u -E2 . [lycts
B MOMEHT BKJIIOYEHHS IHUTAaHUS BBIXOJHOE HampsyKeHue craHoBUTCs paBHbIM +Unac. Torga Ha
HEUHBEPTHUPYIOILEM BXOJI€ 2 YCTAHOBUTCS HANPSIKEHUE
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Konnencarop C HauHer 3apsikarbes uepes pesucrop R. 3apsin Oyner npoaoimkaThest 10 TeX Mop,
MOKa HanpsHbKeHUWE Ha KOHJIEHCATope, a ClelIOoBaTelbHO, U Ha MHBEpTUpylomeM Bxoae 1 OV He
JOCTUTHET BeTUYHUHBI HanpsikeHust +U2.

[Tocne Toro, kKak HampssKEHHWE Ha BXOoJax | W 2 CpaBHSIOTCS, MAIBHEHIIMWA MpoLecc 3apsa
KOHJICHCATOpa MPHUBEET K CMeHe 3HaKa Au(depeHIInaIbHOr0 HAPsKEeHUs, IeWCTBYIOIIETO Ha BX0aX
OVY. brnaromaps Lenu MOJOXKUTEIbHON 0OpaTHOM CBSI3UM cxema OBICTpO MepeOpocuTcs B Apyroe
cocTosiHue - Ha BbIxoge OV omsATh OyaeT COCTOSHUE HACBIIMIEHHs, HO HalpsHKeHUE U3MEHHUT 3HaK U
craneT paBHbIM -U*Hac. [Tocne nepeximouenust konaercarop C HauHeT nepe3apspkarbes oT +U2 1o

U= L(-U‘m) ,
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3areM, TMoOcie BBIpAaBHUBAaHUS HAIpsSHKEHWM Ha BXoAax 2 W 1, cxemMa MepeKirodaercss B
nepBoHavyalibHOE cocTosiHue. Ha pucyHke Bbllle nokasaHa ¢popMa HanpspkeHH Ha koHaeHcarope C u
Ha BbIxoJie OY.

[Tepuox xonebanuii MyIbTUBUOPATOPA BHIYUCISETCS 0 BpEMEHH Mepe3apsiaku KoHaencatopa C
ot +U2 no -U*2 u or —U*2 no +U2. [Ipeanonoxum, uro [+Unac| = |-U*nac| = |Unac|. 310 cripaBeyiuBo
st cirydasi cammerpuanoro nutanus [+E1| = |-E2 |= | E | u mpaBunbHO# O6anancuposke OVY.

[TycTh B HAaYaNLHBIF MOMEHT BDEMEHU HANDSHKEHUE Ha KOHACHCATOPe

UC|F0= 'U*2= 'B|UHac |9
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Konzencarop Oyzer nepesapskarbes no sakony U, = de ““+|U,_, |.
Koncranta A = - (1+B)|Unac| onpenensiercs u3 HauanbHbIX ycioBuit ans Uc|t=0. Yepes monoBuny
nepuoaa t=0,5T Hanpspkenue Ha KoHAeHcaTope aocturHeT 3HadeHuss Uc=+U2 =+B|Unac|. [Toacrassis
3TO 3HAYEHHUE B YpaBHEHHE, ONPECIIUM JUTUTEIBHOCTD MOyNeproia Konebanuii MynpTUBHOpaTopa:

T _remi*E
2 1-B 2R
OTKyJa clIeyeT BBIpaKEHHe /sl [IOIHOro neproja konebanuii: 7' = 2RC In| ——2 + 1

R
HpI/I BBIBOJIC Bpra>KeHI/I}I JJIA HepI/IOILa KOHe6aHI/Iﬁ MBI HpeHe6perJIH BJIMAHUEM BXOJHOI'O U
BBIXOHOT0 conportuBiaeHuii OV, 4To JIErKo peaiu3yeTcs B IPAKTHIECKHX CXEMaX.

N METOOANYECKUE YKASAHUA
K X BbINOJIHEHUIO

3aaaHume 1. Cobepure, cornacuo Bapuanty (Ta6m.1), Ha paGouem moste cpesl Multisim cxemy
JUISL UCTIBITAaHUST CHMMETPUYHOTO aBTOKOJIe0aTeIbHOrO MyJibTHBHOparopa Ha OV (puc. 2). 3amycTure
npoIiecc MoJeupoBaHust paboThl cxembl. C MOMOIIIBI0 ocnuuIorpada npoBepbTe HATMYUE UMITYITHCOB
Ha BBIXO0JIC MYJbTUBHOpATOpA.
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Puc.2 Cxema ucciaenoBaHuss CAMMETPUYHOTO MyJIbTHBHOpaTopa Ha OY



BapuanTs! npu MogenupoBanuu B Multisim, mis 3aganus 1:

Tabmuua 1
Bapuant R1, R2, R4 C1
KOMm MKD
1,6,11,16,21,26 51 0,043
2,7,12,17,22,27 a7 0,047
3,8,13,18,23,28 43 0,051
4,9,14,19,24,29 40 0,056
5,10,15,20,25,30 39 0,062

B okne ocrmutorpaga XSC1, ¢ moMompio BU3UPHBIX JTMHUAN, U ¢ TToMolIsio yactoromepa XFC1

+ -

u

T n yacrotsl f KoJeOaHNi HANPSHKEHUS HA BBIXOJIC U CPABHUTE U3MEPCHHBIC BPEMEHHbIC MTApaMeTPhI C
pacuéTHeiMU BenuunHaMu. [lapameTpsl BHecuTe B Ta0nuiy 2.

NpoBeAUTe H3MEPEeHMs TTapaMeTPOB BbIXOIHOTO Hanpspkenus: U U, , U, , tug, tuz, nepuona

nac Hac!

Tabnuua 2

U u, u, u, tus tus T f

Hac Hac

Usmep.

Pacu.

OOBbsicHUTE IOJTYYEHHBIE PE3YIIbTATHI.

3apaHume 2. Cobepure, cormacHo BapuanTy (Ta6:1.3), Ha pabodem nomne cpeast Multisim cxemy
JUTSL MCTIBITAHHSI HECUMMETPUYHOTO aBTOKoJiebaTenpbHOro MysbtuBrOparopa Ha OV (puc. 3). 3amyctute
nporecc MoJenupoBaHust paboThl cxeMbl. C MOMOIIBI0 ocuuiuIorpada npoBeppTe HATUYNE UMITYIHCOB
Ha BBIXOJIC MYJIbTUBHOpATOpA.

BapuanTsl npu moaenupoBanuu B Multisim, mist 3ananus 2:

Tab6muma 3

BapuanTt Cl R1, R2, R4 Rs
MKD KOM KOM

1,6,11,16,21,26 | 0,091 51 102
2,71,12,17,22,27 | 0,082 a7 94
3,8,13,18,23,28 | 0,075 43 86
4,9,14,19,24,29 | 0,068 40 80
5,10,15,20,25,30 | 0,062 39 78
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Puc.3 Cxema uccienoBaHus HECUMMETPUYHOTO MyJIbTUBHOpaTopa Ha OY

B okne ocmmmiorpada XSC1, ¢ moMomIbi0 BU3UPHBIX JIMHUAN, U ¢ TTIOMOIIBI0 yacToTromepa XFC1
+

NpoBeIUTE H3MEPEeHHs TapaMeTpoB BeIxogHoro Hanpsokenus: U, ., U, U, , U, , tus, tuz, nepuona

T n yacrotsl f KoneOaHNit HaNPsHKEHUS HA BBIXOJIE U CPABHUTE N3MEPEHHBIC BPEMEHHBIE MTapaMeTpPhI C
pacuéTHeIMU BenuuuHaMu. [lapameTrpsl BHecuTe B Tabnuiy 4.

Tabnuma 4
u. | U, u, u, tus tus T f

N3wmep.

Pacu.

OOBsICHUTE TOTYUYEHHbIE PE3YIIBTATHI.

3apnaHue 3. Cobepute, cormacHo Bapuanty (Ta6m. 5), Ha pabouem mone cpexsr Multisim
CXeMy JUIsS HCIBITAaHUSI aBTOKOJIEOaTeNbHOr0 MyibTHBHOpaTtopa Ha OV, ¢ W3MEHseMON CKBaKHOCTHIO

UMITYIICOB. (puc. 4). 3amyctute mporecc MoaeiaupoBaHus. C moMomiplo ocnwniorpaga npoBepbTe
HAJIMYHME UMITYJIbCOB Ha BBIXOJIE MYJIbTUBHOpaTopa.
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Puc.4 Cxema uccnenoBanus MyiabtuBuopatopa Ha OY ¢ U3MEHSIEMON CKBaKHOCThEO UMITYJIbCOB

BapuanTsl pu moaenupoBanuu B Multisim, mst 3amanus 3:

Tabnwmma 5
BapranT Cl1 R1, R2 R3 R4, R5, Re
MKD KOM KOM KOM
1,6,11,16,21,26 0,047 43 51 51
2,71,12,17,22,27 0,022 42 5,6 39
3,8,13,18,23,28 0,033 39 8,2 47
4,9,14,19,24,29 0,068 47 4,7 24
5,10,15,20,25,30 0,062 51 6,2 39

HpOBe}II/ITe HCCJIICAOBAHUC BIIUAHUA 3JIEMCHTOB CXEMBI, BJIIMAIOIINX HAa CKBA)XHOCTH MUMITYJIbCOB, Ha
puMepe U3MeHeHus BenuanHbl R4. J{71s1 5Toro Heo0XoauMo U3MEHsITh 3HaYeHue pesucropa R4 ot 0% mo
100%, aepes 20%.

C nmomomnisio yactroromepa XFC1 npoBeauTe u3MepeHusi mapamMeTpoB BBIXOTHOTO HAIPSKCHUS:
tus, tuz, mepuoaa T u yacToThl f KONEeOaHMI HAMPSHKEHUS HA BBIXOJIE M BHECHTE B TabuIry 6.



Tabauua 6

R4 R4 R4 R4 R4 R4
0% 20% 40% 60% 80% 100%

tu1

tuo

OOBbsicHUTE NIOJTYYEHHBIE PE3YIIbTATHL.

3apaHue 4. Cobepure, cornacHo Bapuanty (Tabu. 7), Ha pabouem mosie cpeabl Multisim cxemy

JUTSL UCTIBITAHUST aBTOKOJICOATEIEHOTO MYJIbTUBHOpaTopa Ha OV, ¢ M3MEHIEMOI YacTOTOH CIIeIOBAHHUS
UMITYJIbCOB. (puc. 5). 3amycTute mpoiecc MoaenupoBanus. C MOMOIIBIO OCIULIOrpada mpoBephTe
HAJIMYHE UMITYJILCOB Ha BBIXOJIE€ MYJIbTHBHOPATOpA.
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Puc.5 Cxema uccnenoBanust MmyabTuBruOparopa Ha OY ¢ U3MeHsIeMO 4aCTOTOM CIIeT0BaHMS
HMITYJIbCOB



BapuanTsr npu moaenupoBanuu B Multisim, mist 3ananus 4:

Tabmuna 7
Bapnant Cl1 R1, R2 R3 R4, Rs
MKD KOM KOm KOm

1,6,11,16,21,26 0,047 43 51 51
2,71,12,17,22,27 0,022 42 5,6 39
3,8,13,18,23,28 0,033 39 8,2 47
4,9,14,19,24,29 0,068 a7 4,7 24
5,10,15,20,25,30 0,062 51 6,2 39

[IpoBeauTe MccneI0BaHUE BIMSHUS 3JICMEHTOB CXEMBI, BIUSIONIMX HAa YaCTOTY CIICIOBAHHS
HMITYJIBCOB. {7151 TOr0 HEOOX0IMMO U3MEHATh 3HaueHue pesrucropa R4 ot 0% mo 100%, gepes 20%.

C nmomomnieio wactroromepa XFC1 nmpoBeauTe u3MepeHust mapamMeTPOB BBIXOTHOTO HAIPSKCHHUS:
tus, tuz, mepuoga T v wacToThl f KoseOaHMil HANPSHKEHKS HA BBIXOJIC U BHECHTE B TabMILy 8.

Tabauma 8
R4 R4 R4 R4 R4 R4
0% 20% 40% 60% 80% 100%
tu1
tu
T
f
OOBbsicHUTE TIOJTYYEHHBIE PE3YIIbTATHI.
COOEPXAHUE OTYETA:

1. HaumeHoBaHue U 11€1b pabOTHI.
2. [lepeuenb npuOOPOB, UCTIONH30BAHHBIX B SKCIIEPUMEHTAX, C UX KPATKUMH XapaKTEPUCTUKAMHU.

3. M306paxeHust 3MeKTPUUECKUX CXEM JJISl UCTIBITAHUS MYJIbTUBHOPATOPOB.

4. Komnuu ocuusuiorpaMmm, 0ToOpakaromux padoTy MyJIbTUBHOPATOPOB.
5. Tabnu1el pe3ynbTaTOB U3MEPEHHBIX M PACUETHBIX TapaMETPOB UCCIIETYEMbIX

MYJIbTUBUOPATOPOB.
6. BeiBoibI o padore.

1. TIpuHIUIBI TOCTPOCHUS M pabOTHI AaBTOKOJIEOATENBHBIX MYJIbTUBUOPATOPOB, MOCTPOEHHBIX Ha OY.
2. YKaxuTe KaKk MOKHO BBIYMCIUTD JUIUTEIIBHOCTh UMITYJIbCOB U IIEPUOJ KOJIEOAHUI BBIXOIHOTO

KouTpoabHbie BOITPOCHI:

HanpsDKeHUs:T MyJbTUBHOpaTopa Ha OVY?




3. VYkaxwure, ueM onpeAesieTcs MaKCUMalIbHOE 3HaU€HUE BHIXOIHOTO HAPSKECHUS
MysbTHBUOpaTopa Ha OY?

4. Ykaxute, KaKUM 00pa3oM CUMMETPUYHBINH MyIbTHBHOpaTop Ha OY MOXXHO peoOpa3oBaTh B
HECUMMETPUYHbII?

5. Pacckaxure o npuHImne padboTel MyabTHBHOpaTopa Ha OY MpH U3MEHEHHH CKBAXXHOCTH
HMITYJIbCOB.

6. IlosicHuTe MpUHIMT paObOTHl MYJIBTUBUOPATOPA IPU U3MEHEHUH YaCTOTHI CIICAOBAHUS UMITYJIHCOB.



