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BBEJIEHUE

Meroauyeckre yKa3zaHHs 110 H3YUSHHUIO IUCIHIUTNHEL «IMIynbcHast 1 nudpoBas
TEXHHKa» U KOHTPOJIbHBIE 3aJIaHuMs ITPEHA3HAUYEHBI JUISl YUaIIUXCs 3a049HOT0 OT/IETICHUS
BpecTckoro rocynapcTBEHHOrO TOJMTEXHUUYECKOro Koyutemka. OCHOBHOM 3anauei
METOJMYECKHX YKa3aHUH SIBISETCS OKa3aHWE IIOMOIIM Yy4al[uMcsl 3a0YHUKaM B
OpraHM3alK CAMOCTOSITEIBHON paOOTHI IO M3YUEHHIO YIeOHOr0 MaTepuara.

Meroauyeckre yKa3zaHHsl COJEpXKaT: OOLIMe METOJMYECKHE PEKOMEHAALNH MO
W3Y4EHUIO TpenMera, MNPUMEPHBI TeMaTHYECKHH IulaH Y4eOHOH JWCIMIUIMHEI,
NepeyeHb PEKOMEHJIyeMOH JINTepaTypbl, METOAMYECKHE YKa3aHus M0 W3y4YECHHIO
COJIEp>KaHMs Pa3/iesioB M TEM, BOIPOCHI ISl CAMOKOHTPOJIS, 3aJaHUsl [Tl KOHTPOJIBHBIX
paboT ¥ METOANYECKNE YKa3aHHUS 110 UX BBIOIHEHUIO.

CoryacHO cTaHIapTa CpeIHero ClenruaabHOro 00pa3oBaHus CeNUalbHOCTH — 2-
39 02 02 «IIpoekTrpoBaHue 1 MPOU3BOJICTBO PAJMO3IEKTPOHHBIX CPEICTBY

cneyuanucm 007ceH ¢ 00aacmu paduodIeKmpPOHHOU MEXHUKU 3HAMbL HA

YPO8He npedcmasneHusn:

-OCHOBBI TEOPHH UMITYJIBCHBIX U IM(POBBIX YCTPOKICTB;

-COBPEMEHHOE COCTOSIHHE, TEHICHIIMH W TIEPCHEKTUBBI Pa3BUTUSI WUMITYJIbCHON M

U(pPOBON TEXHUKH;

3HAmMb HA YPOGHE NOHUMAHUSA;

- TIepeXOJHbIE MPOLECCHl B 3JEKTPUYECKHX LEMsSX, NPUHIUI (OPMHUPOBAHHMS,
rapaMeTpbl U XapaKTEPUCTUKH UMITYJIbCHBIX U IIM(POBBIX CUTHAJIOB;

- COCTaB M OCHOBHBIE TEXHUYECKHE XaPaKTEPUCTUKH UMITYJIbCHBIX YCTPOKICTB;

- TUNBI, TPUHIMI JEUCTBHS, PEKUM pabOTHl U METOIBI pacdeTra 3JEMEHTOB CXEM
UMITYJILCHBIX YCTPOHCTB;

- COBpPEMEHHYIO JIEMEHTHYIO 0a3y HMIYJIbCHBIX M IU(POBBIX YCTPOICTB;

- METO/IbI OBBIIIEHHSI OBICTPONIEHCTBHS yCTPONCTB;

ymemp:

- aHANM3UPOBATH PabOTY Y3JI0B UMITYJILCHOW M U(PPOBON TEXHUKH;

- M3MEpATH NMapaMeTpbl UMITYJIbCHBIX CHT'HAJIOB;

- paccUMTHIBATh AJIEMEHTHI CXEM UMITYJIbCHBIX YCTPOWCTB.



1 OBIIUE METOANYECKHUE PEKOMEHJIALIAU I10
MN3YUYEHUIO JUCIHUITIJIMHBI «<UMITYJIbCHAS U IIUPPOBAS
TEXHHUKA»

Meroauyeckre ykazaHHs COCTAaBIJICHBI B COOTBETCTBUH C paboyell MmporpamMmoii 1o
JqcuiuinHe «VMITynbeHast M udpoBasi TEXHUKay», yTBepxkIeHHoH nupexTopoM BITIK ot .

[porpamma auctmmuuabl «VMiynbeHast U 1dpoBasi TEXHUKa» MO3BOJISIET BECTH
oO0ydenue yuwammxcsi, mo crenuaigbHoctn 390202 «IIpoexTnpoBaHne W TPOWU3BOICTBO
PamuOdIEKTPOHHBIX CPEACTBY.

IIporpamma npenycMaTpuBaeT U3ydeHHE CUTHAJIOB, AEHCTBYIOUIUX B UMITYJIbCHBIX U
IU(POBBIX YCTPOMCTBAaX, COBPEMEHHOW 3JIEMEHTHOH 0a3bl ATUX YCTPOWCTB W OCHOBHBIX
UMITYJIBCHBIX IU(POBBIX CXEM, IPUMEHIEMBIX B PAJANOIEKTPOHHBIX ycTpolicTBax. JlaHHas
JUCIUIUIMHA HM3ydaeTcss Ha Oasze mpeameroB «Marematuka», «TeopeTnueckue OCHOBBI
INEKTPOTEXHUKI», «DJEKTPOHUKA M MHUKPORJIEKTPOHMKa», «PaaunorexnHuka». B TOo Ke
BpeMs OH SBISETCA OCHOBOM Ml M3ydeHHUs TNpeaMeToB «OCHOBBI TENEBUACHUS,
«MukponporeccopHasi TEXHUKa».

Ilpn wu3ydyeHun Marepuana IO Yy4eOHUKAM PpEKOMEHIYeTca YAENaTb 0coboe
BHUMaHHE PUBOIUMBIM CXeMaM, Tpadukam, T.K. MHOTHE BOIIPOCH! B y4eOHHUKaX U3JI0KEHBI
KpaTKoO, CKaTo

CamocrosTensHass paboTa 10 OBIIQJICHHIO CHUCTEMOW 3HAaHH, YMEHW M HaBBIKOB
TpeOyeT He TONbKO OOJBIIOr0 YIOpPCTBA, HO M yMeHHMs 0e3 KOTOpOro 3arpata CWI H
BpEMEHHM He JaeT AoJnKHOro 3¢ddekra. YnraTh, NOHUMATh NPOYUTAHHOE W NMPUMEHSTH €TO0
Ha MPAaKTUKE—BOT B YEM CYTh YMEHUsI pabOTaTh y4eOHBIMU U METOANYECKUMH TTOCOOUSIMH.

CunraeM HEOOXOAUMBIM, YTOOBI Bl 03HAKOMIIIMCH C HEKOTOPHIMU MPAKTHYECKUMHU
COBETAMU.

IIpexxne Bcero HEOOXOOMMO O3HAKOMUTBCS C  COJEPXKAHUEM IIPUMEPHOrO
TEMaTHYECKOTr0 TUIaHa U Y4eOHOH IporpaMMoi. 3aTeM PEKOMEHYeTCs BBIOPATh B KAUECTBE
OCHOBHOT'O YUeOHHK 1 y4eOHOe 1mocoOue W MpUAEpKUBATHCS WX TPH U3YyYEHHH TIpeIMeTa,
TaKk Kak 3aMeHa y4yeOHMKa MOXKET MPHUBECTH K YyTpare JIOTHYECKOW CBSI3U MEXIY
OTJENIbHBIMU BOIIPOCAMH.

VYunurech caMOKOHTpoONIO. /[l ywalnerocs-3aoyHuKa 3TO BakHelmas ¢opma
MIPOBEPKU MPABUIBHOCTY MOHUMAHUS U YCBOSHHS POrpaMMHOI0 MaTepHuaa.

[lomHuTE, YTO Yy4YEOHMK HYXHO HE TMPOCTO YHUTaTh, a wu3ydaTb. OCHOBOH
3alIOMUHAHMS SIBJIIETCS TOHMMaHWe, 3HaHWEe 3a0bIBaeTcs — MOHMMaHHe HUKOI/A.
IToBTOpeHne MatTepuana — BaxkHellllee CpPEACTBO, IpeloTBpalnaroniee 3a0bIBaHUE.
Heobxonnmo BBIpaOOTaTh TPHUBBIUKY CaMOCTOSTEIBHONW CHCTEMaTHYECKOW paboThl,
«HaTacCKWBaHME» K 9K3aMEHY JJaeT ci1a0ble U IIOBEPXHOCTHHIE 3HAHUSL.

Pemtenne 3anay ABIAETCS UMM CIIOCOOOM 3aKpEIUICHUs] H3YUYEHHOTO MaTepuara.
IIpu pemennn 3a1a4 MOKHO PEKOMEHI0BATH CIIEAYIOIINE OCHOBHBIE 3aJaul:

1. BenuuuHbl, KOTOpbIE JaHbI B YCIIOBHHM 33J1a4 CIIEAYET IEPEBECTU B OJJHY CHCTEMY
enuHML. PacnpocTpaHeHHBIM HMCTOYHUKOM OIIMOOK y Ydalluxcsl SIBISETCS HapylleHHe
YKa3aHHOT'O NIPAaBHIIA.

2. BHumartenbHO uU3yuuTe€ IieNb, TOCTaBIEHHYIO B 3adaue. BeiaBure, Kakue
TEOPETUYECKHE TIOT0KEHUS CBSI3aHbI C TAaHHOW 3a/jauell UM ¢ HEKOTOPBIMH €€ DJIEeMEHTaMMU.
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3. He pexoMeHyeTcst MPUCTYNaTh K PEIICHUIO 33/1a4M, HE 00IyMaB YCIIOBHE M HE
HaW[s TUTaHa pereHusI.

4. TlomblTaliTech YCTaHOBHTh K KakOMY THITy 3a/ad, pelIeHHe KOTOpPBIX Bam
N3BECTHO, MO’KHO OTHECTH JIAHHYIO 3aj1aqy.

5. Ecnn He ynmaercst cpa3y ONpeNeNuTh XOJl PELIeHUs 3aJlaud, TO PEKOMEHIyeTcs
OTBETUTHb Ha psiA BompocoB: «Uto nenats?» «Uto HyxkHO HaTu?», «JlocraroduHo iau
JIAaHHBIX, YTOOBI HAITH HEM3BECTHOE?» U T.IIL

6. IonbiTaiiTech pacwIeHUTh pelIeHNe JaHHOM 3a/1a4i Ha CEPUI0 BCIIOMOTaTENbHbIX,
TIOCJIE/IOBATENFHOE PELIEHHE KOTOPHIX TO3BOJIMT PEIINTh 3aaHHYIO 3a/1a4y.

7. Haiing mnaH pemieHus, BBIIOJIHUTE €ro, yOeIuTech B INPaBHJIBHOCTH BBIOOpA
MeTo/ia ¥ TOCIIE0BATELHOCTH PENIeHUs! 33/1a4H, POBEANTE NMPOBEPKY PEUICHUs U, MpH
HEOOXOANMOCTH, €T0 UCCIIeI0BaHHE.

8. Ilomymaiite, HeNb3s 1M OBUTO PELINTH 3a1auy APYruMH crocodamu. OnHa 1 Ta xe
3aJadya MOKET MMETh HECKOJbKO pemieHni. [losTomy ciemyer ucronb3oBaTh Hambosee
pacnpoCTpaHEHHOE PELICHUE 3aauu.

9. Ecin pemmts 3a/1auy He yiaeTcsl, pPEeKOMEHAYeM OTHICKAaTh B yueOHHKe.



2 MIPOI'PAMMA JUCHUIIJIMHBI U METOJANYECKHUE
YKA3AHUSA 11O U3YUYEHUIO COAEPXKAHUSA PA3SJAEJIOB U TEM

BBenenne
Tonsamue 06 umnynvcrou mexuuxe. Kpamxue ceedenus uz ucmopuu. Obnacmu
npumenenus. Tenoenyuu u nepcneKmuesbl pa3gumusl.

VMmynbCcHBIE YCTPOHCTBA NpeHA3HAYEHBI 7151 HOPMHUPOBAHUS U
npeoOpa30BaHUs ANMEKTPUIECKUX CUTHATIOB, UMEIOIIMX XapaKTep UMIYIbCOB U
nepenajoB HanpsHKeHUit (OTEHIMAIOB) WITH TOKA, @ TAKXKe JUTs YIPABJICHUS
uH(pOpMAaIUeH, MPeICTABICHHON BBIILICYTOMSHYTHIMHA CHTHAIAMH.

CoBpeMEeHHBIN 3Tan Pa3BUTHS UMITYJIbCHON TEXHUKH CBSI3aH CO Bce Oosee
UIMPOKUM MPHUMEHEHHEM HU(POBBIX METOIOB M HCIIOIb30BAHUEM HHTETPATBHBIX
1 (POBBIX U aHATIOTOBBIX cxeM. IMITynbcHast U upoBast TEXHHUKA CITYXKAT
TEXHUYECKOH 0a30i paHoIoKaIiy, TENEBUICHHUS, MHOTOKaHAJIBHOM CBSI3H,
H3MEPUTENBHON TEXHHUKH, SIEKTPOHHBIX HH(POBBIX BHIYMCIUTEBHBIX MAIIIHH, CTAHKOB
C YKCIIOBBIM MPOrPaMMHBIM YIIPaBJICHHEM, pOOOTOB, aBTOMATH3UPOBAHHBIX CHCTEM
YIIPABJICHHUSI IPESANPUATUASMHE U LETBIMU OTPACIIMU HAPOTHOTO XO35iCTBa, KOMILIEKCOB
JUIst 00pabOTKH pa3NUYHBIX BUI0B MH()OPMAIIUH.

B Onmxaiitime rojipl MpeTyCMOTPEHO 3HAYUTENIBHO PACIIUPUTD TIPUMEHEHHE B 9THX
OTpacIsiX JIEMEHTHOW 0a3bl MOBBIIICHHOH HaJISKHOCTU M OBICTPOJIEHCTBHSI, CBEPXOOIBIINX
HHTETPaJbHBIX CXEM, JIa3ePHOM 1 BOJIOKOHHOONTHYECKOH TEXHUKH. .

Jlutepatypa: [1], c. 5...6, 20...26; [4], c. 5...10.

PA3JIEJ 1 HAPAMETPBI U XAPAKTEPUCTUKHA UMITYJbCOB.
HNEPEXOJHBIE NPOLECCHI B QJIEKTPHYECKHUX HEIAX

Tema 1.1 OcHOBHBIE MapaMeTPbl HMITYJILCOB
Obwue ceedenust o cuenanax. Buoeo u paduoumnynocei. Ilapamempol umnyivcos.
Crnexmpbl nepuooudecKux UMNRYIbCHbIX nociedosamenvrocmei. Cnexmpuol
PAOUOUMAYTIBCOS.
Tema 1.2 OcHOBHBIE XapaKTEPUCTUKN UMIYJIbCOB. [lepexoannie
npouecchl B nenax RC u RL
Tonsamue nunetinot yenu.. Iepexoounwvie npoyeccot 6 RC u RL yenu. Ilocmosnnas
epemen yenil.

Jurepatypa [1], c. 61...64; [4], c. 11...12, 22...43; [6], c. 5...12, 16...71.

METONUYECKUE YKA3AHUA
VIMnynbCHBIN pesKiM paOOThI AIEKTPHUUYECKOH LETH XapaKTepH3yeTcsl TeM, YTO
AJIEKTPUYECKNE CUTHAJIBI, BBIPAOATHIBAEMBIE YCTPOWCTBOM, MITH BO3/CHCTBYIOIINE HA HETO,
SIBIISIFOTCSI TPEPBIBUCTBIMU M MIPE/ICTABIISIIOT COOO0M MMITYJIbCHI Pa3IMuHON (POPMEL,
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Tabnuua BApUAHTOB

Hocnennss uugpa

Ipnioxenne 1

0 1 2 3 4 5 6 7 8 9
1, 15, 2,16, 3,17, 4,18, 5,19, 6, 20, 7,21, 8, 22, 9,23, | 10,24,
40,54, | 41,59, | 48,56, | 42,57 | 43,57 | 44,58 | 45,58 | 462,58 | 466, 46 B,
77,108 | 78,109 | 79,110 a, 6, a, 6, 83 r, 83 59,83 | 60,83
80,111 | 81,112 | 82,113 | a,114 6,115 5,116 117
11,31, | 12,25, | 13,26, | 1,27, 2,28, | 3,294, | 4,296, | 5,298, | 6,291, | 7,30,
47 a, 476, 473, 471, | 48,65, | 49,66, | 50,67, | 512,68 | 516, | 518,69
61,84, | 62,85 | 63,85 | 64,85 | 86,122 | 87,123 | 88,108 | a,89, 686, a,
118 a,119 6,120 | B, 121 109 90,110 | 91,111
8,32a, | 9,326, | 10,33, | 11,34, | 12,35, | 13,36 | 14,36 | 1,37a, | 2,376, | 3,384,
52,69 | 53,70 | 40,70 | 41,71 | 42,71 | a,43, 6,44, | 45,73, | 46a, 466,
a, 92, a, 93, 6,94, a, 95, 6, 96, 72, 726, | 99,120 | 74,100, | 75,101
112 113 114 115 116 97,117 | 98,118 121 a,122
1 4,386, | 5,39, 6, 15, 7,16, 8,17, 9,18, | 10,19, | 4,20, | 12,21, | 13,22,
P 468,76, | 47a,54, | 476, | 478,56, | 47r, 48, 49, 58a, 50, 5la, 516,
e 1016, 101, | 55,102, | 103, 57a, 576, 106, 586, | 588,77, | 58r,78,
1 123 108 109 110 104, 105, 113 107, 115 116
. 111 112 114
14,23, | 1,24, 2,31, 3, 25. 4,26, 5,27, 6,28, | 7,29, | 8,296, | 9.29s,
o 518,59, | 52,60, | 53,61, | 40,62, | 41,63, | 42,64, | 43,65, | 44,66, | 45,67, 46a,
c 79,117 | 80,118 | 81,119 | 82,120 | 83a, 836, 83s, 83r, | 84,109 | 68a,
a 121 122 123 108 85a,
e 110
a 10,29, | 11,30, | 12,32 | 13,32 | 14,33, | 1,34, 2,35, | 3,36a, | 4,366, | 5,374,
H 466, | 468,69 | a,47a, | 6,476, | 478,70 | 471,71 | 48,71 | 49,72 | 50,72 51a,
a 686, | 2,858, | 696, 70 a, 6, 88, a, 89, 6,90, a, 91, 8,92, | 73,93,
a 856, 11 112 86,113 | 87,114 115 116 116 117 118 119
6,376, | 7,3%a, | 8,386, | 9,39, | 10,15, | 11,16, | 12,17, | 13,18, | 14,19, | 1,20,
516, 516, | 52,76, | 53,54, | 40,55, | 41,56, | 42,57a, 43, 44, 584, 45,
I 74,94, | 75,95, | 96,122 | 97,123 | 98,108 | 99,109 | 100, 576, 1016, 586,
" 120 121 110 101a, 112 1018,
¢ 111 113
p 2,221, | 3,22, 4,23, 5, 24, 6, 31, 7,25, 8, 26, 9,27, | 10,28, | 11,29,
a 46a, 466, | 468,59, | 472,60, | 476, | 478,62, | 47r,63, | 48,64, | 49,65, | 50,66,
588, s8r, 104, 105, | 61,106, | 107, | 77,120 | 78,121 | 79,122 | 90, 123
102, 103, 116 117 118 119
114 115
12, 13,298, | 14,29r, | 10,30, | 9,32a, | 8,326, | 7,33, 6, 34, 5,35, | 4,36a,
296, 51s, 518, 52r, | 58,69a, | 40,70, 41, 42,71a, 43, 44, 72a,
51a,67, | 692,82, | 686, 69a, 83s, 83r, 706, 85a, 716, 858,
81, 108 109 83a, 836, 112 113 84,114 115 856, 117
110 111 116
3,366, | 2,37a, | 1,376, | 14,38a, 13, 12,39, | 11,15, | 10,16, | 9,17, 8,18,
45, 46a,73, | 466, | 468,75, | 386, 476, 476, | 471,56, | 48,57a, 49,
726, | 87,119 | 74,88, | 89,121 | 47a,76, | 54,91, | 55,92, | 93,109 | 94,110 | 3576,
86, 118 120 90, 122 123 108 95,111
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MOJISIPHOCTH, aMILTUTY/IBI, IUTMTEIBHOCTH U niepuoja nosropenus. ([1], c. 61...64).

B 3aBucumoctn oT xapakTepa MoayIsuuyu nH(Gopmanus, nepenaBaeMasi UMIyJIbCaMH,
MOXET COJIEP)KaThCsl B 3HAUCHUSIX aMIUTUTYIbl Up, JUTUTENIEHOCTH T U TIEpUOJia TOBTOPEHHS
T.

J1711 IpaBUIIBHOTO MTOCTPOEHHS YCTPONCTB, UCTIONB3YIOIINX UMITYJIbCHBIE CUTHAIBI, T.C.
JUIsl 00eCTieueH s IIepe/ladil CUTHAJIOB C MUHUMAJIbHBIMH UCKa)KEHUSIMU, HEOOX0NMO
3HATh UIMPHUHY CIIEKTPa UMITYJIbCHOrO curHayia. CBOMCTBA CIEKTpa MMITYJIbCHOTO CHI'HAJIA
u3noxexs! B [1], c. 61...64.

CIieKTp Mociea0BaTeIbHOCTH PSIMOYTOJIHBIX UMITYJTBCHBIX CHUTHAJIOB COCTOUT U3
OT/EJIBHBIX T'apMOHUK, aMIUTUTY/1a KOTOPBIX M3MEHSETCS 110 3aKOHY OIpeesieMoMy
(bopMoli MITyIIbCa; YacTOTa ONPEEISIETCS IEPHOIOM MOBTOPEHHMS, a IMPHUHA CIEKTPa
OIpeIeNsieTCs JIUTENFHOCTRIO0 UMITYJIbca. [ padyik criekTpa Ha3bIBaeTCs ClIEKTPAILHOM
JIMarpaMMoi.

Paccmorpum npumep: [TocTponTs cieKTpaibpHYIO AMarpaMMy Ui KIMITYJIbCHOT'O
HaIpsDKEHUs TPSIMOYTobHOH (opMbl TipH t,= 50 mxc u T = 250 mkc.

W3 kypca MaTeMaTHKH U3BECTHO, YTO KaXKJJ0€ MEPHOANIECKOE HECHHYCONAAIbHOE
konebanue U(t) MoxHO pa3noxuts B psj Oypse. Eciu Havano orcuera cBA3aHO ¢
CepeIMHON UMITYJIbCa, TO B PA3JI0KEHUH OYAYT TOJIBKO KOCHHYCOUIATbHBIE COCTABIISIOIIIE
1 TIOCTOSTHHAS] COCTABIISIOIIAS:

u(t)=U, +Up, cos oyt +Up, €052yt Uy, cosnoyt + ..

Yacrora TFapMOHHK ® ONPEACIACTCA IIEPUOJOM MMOBTOPCHUA:

2r 2 4
“1 1T, e T T T T,
OO0bI4HO ompexensieM 4acToTy f.

OmnpenenuM 4acToTy nepBoit (0CHOBHO#T) rapMoHuKH fi:
3f, =12xly
1 1 1 HT

=—=———=4xly;
1" Ty 250.1076

Ammaryst rapmonnk (U m U m,, U T.J.) yMEHBIIAIOTCS C YBEJIMYEHUEM HOMepa

f

TapMOHHK. 3aKoH U3 U3MEHEHUS JIJIsT MpAMOYTOJIbHBIX UMITYJILCOB UMECT BU 3aTyXarOlICro
KOCHUHYCOUOAJIbHOT'O KOJ'IC63HI/Ie, KOTOPOC MEPECEKACT OCh 4aCTOT 06paTHO
MMPpONnoOpHUOHAJIbHBI JJIUTCJIBbHOCTU UMITYJIbCA U ONTPEACIISAIOTCA U3 COOTHOIIICHUH:

f01=i=#6=20kﬂ4; f02 ZLZ%ZL"OKF”
Tu 50.10" fu 50-10™ HT.J.
100
a)
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AMIUTUTY/IBI 3THX YaCTOT PaBHbI HYIIO. 3HaAYEHUE IOCTOSIHHON COCTaBIISIOMICH
orpezensiercs no Gpopmyse:

T
U.=Up - y==4
o -m }/, rge 'n - K03(GHUIMEHT 3anoiHeHus. [ qanHoro ciydas
~ 50 _p2
Y250 %

Ha ocHOBaHMM NPOBENIEHHOT'0 pacyeTa MOKHO IIOCTPOUTH CIIEKTPAIIBHYIO JHarpaMMy
(puc. 10) 3a1aHHOI MTOCTIEIOBATEIFHOCTH UMITYIILCOB (pucC. 1a)

CuuTarTt, 4To /i NpAMOYroiIbHBIX UMITYJIECOB 95 % Bcel HHEpruu curHajga
cocpeioTaunBaeTcs B quarnazone 4actot 10 Ty [Toatomy nuanason yactot ot 0 1o fo,
Ha3bIBAIOT MIMPUHOM CIIEKTpa CUTHAJIA.

ITo yueOHuky [1] pa3depure pemenue mpumepos 1.2 u 1.3, ¢. 15-18. B [5] mpuBeaeHs
KpaTKO TEOPETHYECKUI MaTepuall ¥ MoAPOOHO — pelIeHne 3a/1a4.

Bonpocut ons camonposepku

1. Kakue COCTaBJIAIOIINE CIICKTPA BJIUAIOT HA KPYTU3HY (l)pOHTOB HUMITYJIbCa, a KaKUue
Ha IJIOCKYIO BEPUINHY I/IMHyJ'ana?

2. Uem OMpeacIsACTCA HIMPUHA CIICKTPAa BUACOUMITYJILCOB U paZ[I/IOI/IMHyJH)COB?

3. Uto ¥ KaK U3MEHUTCS B CIICKTPC MOCICA0OBATCIBHOCTH MPAMOYT'OJIbHBIX UMITYJILCOB,
€CJIM YMCHBIINTDH NEPUOA MOBTOPEHUA U JJIUTCIIBHOCTU I/IMHyJ'H:(}a?

PA3AEJ 2 ®OPMHUPOBAHUE UMITYJIbCOB

Tema 2.1 Iluddepenuupyionue 1 HHTErPUPYIOLIUE L eNH
Obwue ceedenust o popmupyiowux ycmpoucmaax. Juggepenyupyrowue yenu:
npunyun deticmeus u peaxyus RC yenu npu 6030eticmeuu npsamoy2oibH020 UMNYIbCA.
Hughpepenyuposanue peanbhvlx npsamoy2oibHbIX UMNYIbCOS. Unmezpupyrowue yenu:
npunyun deticmeus u peaxyusi RC yenu npu 6030eticmeuu npsamoy2oibH020 UMNYIbCA.
HUnmeepupyrowue u ougppepenyupyrowue ycmpoiicmea na OY.
Jlureparypa: [1], ¢. 123...135; [3], ¢. 128...138; [4], c. 61...77; [6], ¢.142...270.

METOIUYECKHUE YKA3AHHUA

B uMnynbcHO# TeXHUKE 11 (POPMHUPOBAHHS HMITYJIbCOB 33IAHHOH (hOPMBI IIUPOKO
ucnone3yrotes muneiinbie RC (RL) — nemu. Hanbonee npoctoit GopMUpyroIei nemnbo
SIBIISIETCS TIOCIIEIoBaTeNbHAs pe3ucTopHo—eMKocTHas nenb (RC— nens). B 3aBucumoctn ot
TOr0, C KAKOr'0 3JIEMEHTA — PE3UCTOPa UIIH KOHJIEHCATOPa — CHUMAETCS BHIXOIHOE
HampsbkeHHe, GOPMUPYIOIINE CBOMCTBA 3TOH LeTH OyAYT pa3THIHBIMH.

U3 xypca «TeopeTndeckrne OCHOBBI ANEKTPOTEXHUKW» HEOOXOMHUMO BCIIOMHHTD
nepexo/Hbie npoueccsl B RC 1emnsx npu Bo3eHCTBUN CKauKa HANPSHKEHUs. DTOT MaTepuan
SBJIAETCS BXKHBIM [IOTOMY, YTO IPOLIECCH 3apsAAa—pa3psaaa KOHAEHCATOpa OHpeeNsioT
paboTy OONbIIMHCTBA UMITYIIBCHBIX YCTPOMCTB. be3 ero moHuMaHus Henb3st Oyaer
pa3obparbcs B paboTe GOpMHUPYIOMINX YCTPOHUCTB, TEHEPATOPOB MMITYIILCHBIX CUTHAJIOB,
(bHKCaTOPOB YPOBHS, TPUTTEPHBIX YCTPOHCTBAX M JIP.
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3aoaua 119:JIlvunns 3a7ep>KKA HHTETPATBHBIX JIOTHYECKHUX dJIEMEHTaX, IPUHIMIBI pabOThI
U rpauKK HANPSDKEHUH.

3adaua 120:Kiroun Ha MONEBBIX TpaH3UCTOpax. [IpeuMyriiecTBa U HEIOCTATKY, OTIINYUS OT
KITI04eil Ha OUITONSIPHBIX TPaH3KUCTOpaX.

3aoaua 121:TTapameTpsl 1 XapaKTEPUCTUKH IMITYITECOB OOITHE CBSICHVSI O CUTHAIAX.
Onmiye aHaNOrOBBIX CUTHATIOB OT 1W(poBbIX. [ IprBemire nprMepsl. CrieKTpbl
TIEPUOTMUECKHX UMITYJIECHBIX TOCTIE0BATEIBHOCTEN.

3aoaua 122: Tpurrep [LImura. [TprBectu cxemy, BpeMeEHHbIE AUarpaMMbl HAMPSDKEHUI, MOSICHUTH

pabory.

3aoaua 123:Bazosbiii amement DCII . Kparkas XapaKTeprcTHKa, CXeMa, ONMCAHHUES PaOOTHL
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3aoaua 103: Onpenenure B cxeme prc.33,0 IUTHTETEHOCTD MOJIOKUTEIHHOTO HMITYJIhCA U
nepuoy konedanuii, eciu U ym' = U pxm, C = 0,01 Mx®, Ry’ = 30 kOm, R3”
=62 kOm, R, = 68 kOm, R; = 33 kOm.

3adaua 104: Tlouemy cxema puc. 34 B UICXOTHOM COCTOSIHUM UMEET Ha BBIXOJIE YPOBEHb
UBBIX m_?

3aoaua 105: Tlokaxurte B cxeme 34 1ienu 3apsKu U nepe3apsiaku kouaencaropa C.
3aoaua 106: Onpenenure B cxeMme puc. 34 JNINTETBHOCTH BEIXOJHOTO UMITYJIbCA, BPEMSI
BOCCTAaHOBJIEHHs U nepuoy konedanuit, ecnu U yum = U guxm, C = 0,01 MKk®D,

R; =30 kOMm, R, = R; =51 kOM, Tysn = 500 MKc.

3adaua 107: Tlouemy BpeMsi BOCCTAHOBJIEHUS B cXeMe puc. 34 MEeHbIIIE JITUTEIbHOCTH
UMITYJTbCa, HECMOTPS Ha OJIHY H TYXX€ MOCTOSTHHYI0 BpeMenu T = CR3?

3aoaua 108: T'enepatop nuHeliHO-U3MeHsromerocs Toka. ['JIMH xommneHcanmoHHOro TUTA.

Onwucanne paboThl, rpadMKK HAMIPSHKEHUH, CXEMBI.

3aoaua 109:Teueparop JIMH ¢ TOKOCTaOMITU3NPYIOIIUMHE 3ieMeHTaMu. Onrcanue paboTh.

3aoaua 110: XK nymuii 610KkuHT-TeHepaTop. PU3NIEeCKUe MPOIECCH B OJOKHHT-TeHEpaTope.

3aoaua 111:ABToK0ne0aTENBHBINA OJOKMHT-TEHEpATOp Ha TpaHsucrope. [Tporecch
HPOUCXOJUSIIIIE B HEM.

3aoaua 112:CuHXpOHM3UPOBAHHBII ONTOKUHT-TeHepaTop. HasHavueHre, cxema, TIPUHIIUIT JICHCTBHS.

3aoaua 113:TpaH3UCTOPHBIE U INOHBIE OTPAHUYNTENH. BHIIBI, CXeMBI U rpauKu paboTHI.

CenexTopbl UMITYJIbCOB.

3aoaua 114:11apannensHele U OCIEN0BaTEIbHbBIE TPAH3UCTOPHBIE KIIIOYH. Y CIIOBUS
OTKPBITOTO U 3aKPBITOr0 COCTOSIHUS. OCHOBHBIE XapaKTEPHCTHKH
TPaH3UCTOPHBIX KITFOUEH.

3aoaua 116:HacelieHHbIE KITIOUU: C BHEIIHUM CMEIIEHHEM, C YCKOPSIFOLIUM
KOHJieHcaTopoM. [IprdnHbBI OSBIIEHUS 3aJIep>KKU cpabaThIBaHus B
TPaH3UCTOPHOM KIIIOUE.

3aoaua 117:Xxymuit TpaH3UCTOPHBIH MyNETHBHOpaTop. OCHOBHBIE TApaMeTPhI
koneOanuii. Bpemennsie nuarpammel pabotsl JKMB.

3aoaua 118:DanTacTpOHHBIN TEHEPATOP B KAYIIEM U aBTOKOICOATETTFHOM PEXKIMAX.
OcobeHHOCTH PabOTHI (PaHTACTPOHA. (3aITYCK M ONPOKHUJIBIBAHUE CXEMEI, paboyast
cTaus, 00paTHOE ONPOKKIBIBAHNE CXEMBI, CTa 1Sl BOCCTAHOBIICHHSI CXEMBI).
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CoOTHOIICHHE MEX/Y BPEMEHEM T, B TEYCHHE KOTOPOr0 JUTUTCS MEPEXOHOM MpoIece
B IICMH U JUTUTENFHOCTHIO UMITYIIBCA Ty ONPEACIISAET 3aKOH H3MEHEHHUS BEIXOTHOTO CHTHATIA.
JTUTenbHOCTH MEPEXOAHOro mpoliecca onpeaensercs npousseacaueM RC = 1,
Ha3bIBAEMOM MOCTOSIHHOM BpeMeHH 1enu. Ha npakTHke CYuTaroT MepexoMHoil mporece
3aKOHYHMBIIAMCS Yepe3 BpeMsi paBHOE 37.

Henu RC B OCHOBHOM MPUMEHSIOTCS B CIAEIYIONIMX TPEX CIydasx:

— pasnenutesnbHas (MepeXoaHast) [EMOYKa, BEIXOJHOE HATPSDKEHHE CHUMAETCS C
pe3ucropa u t >>1;

— auddepeHmpyomas (yKkopaunBaromas, 000CTpsIOIIas) Uerb, BBIXOJHOE
HANpPsDKEHHE CHUMAETCSI Takke ¢ pe3ucropa, Ho T <<ty ([1], c. 125, puc. 4.4; [2], c. 12,
puc.1.7; [3], c. 12, puc. 1.4);

— uHTerpupymomas (yIJIHHSIIONAs) [[eTb, BBIXOJHOE HAMPSHKEHUE CHUMACTCS C
KoHaeHcaropa, T >>1y. ([1], ¢. 131, puc. 4.9; [2], c. 13, puc.1.9; [3], c. 12, puc. 1.5).

[pn u3yuennn Martepuaia no JoOoMy 13 yIeOHUKOB 0COOCHHO BHUMATEILHO
pa3beputech B rpadyKax, IPUBOAUMBIX JJIsI OSICHEHHS paboThl hopmupyrommx RC —
LeTneH.

Pacuerst RC — neneii qaner B mpumepax 4.1 c. 129; 4.2 ¢. 130; 4.3 c. 132 B [1], a Takxke
B [5].

Jlnst pacuera peanbHbBIX CXeM HEOOXOMUMO YUUTHIBATh BIUSHUAEC BHYTPEHHETO
COTPOTHBIICHHUSI HCTOYHHKA BXOJIHBIX CUTHAIIOB, HAJTMYKE MAPA3UTHBIX eMKOCTEH U TO,
(POHTBI peabHBIX MPSIMOYTOIbHBIX HMITYIIBCOB UMEIOT OMPEICICHHYIO JTUTENBbHOCTb, T.K.
9TO MPHUBOJIMT K JIOMOJTHUTEIBHBIM H3MEHEHHUSIM (DPOPMBI BBIXOJJHOT'O HMITYJIbCA, YaCTO
o4eHb cymiectBeHHbIM. ([1], ¢. 126...128, puc. 4.5, 4.6).

IMpu nomonwm RC — nenei MOXXHO OCYIIECTBIISATh OMEPAIMH MPUOIHKSHHOTO
nuhbepeHIMPOBaHUS U HHTETPUPOBAHHUS [0 BPEMEHH BXOIHBIX UMITYJIbCHBIX CHTHAJIOB.
J17151 MOBBIIICHNUS TOYHOCTH BBITIOTHEHHS 3THX ONEPAINid MPUMEHSIOTCS CXEMbI
uHTerparopa u auddepenimaropa Ha OY. [1], c¢. 135...138, puc. 4.12, 4.14.

Bonpocul ons camonposepku

1. ITouemy nepexon anekrpudeckoid RC — nenu ot 0IHOrO YCTaHOBUBILETOCS pEKHUMa
K IPYyroMy HE MOXKET IPOUCXOJUTh MTHOBEHHO?

2. VI3 3aiaHHBIX PE3NCTOPOB M KOHJIEHCATOPOB COCTaBbTE LIETIhb TSI MHTETPUPOBAHUS
MIPSIMOYTOJIEHBIX UMITYJIbCOB JUIMTEIBHOCTBIO T,= 1 MKkc; R1 = 100 Om,

R2 =1 xOm, R3 =10 kOm, R4 = 100 kOm; C1 = 100 n®, C2 = 1000 nd, C3 = 10000
n®d, C4=0,1 mx®.

3. B yeM npenmyIecTsa HHTErpUPOBAHUS ¢ UcTIoNb30BaHueM OY?

4. B uem nHenoctatku quddepeHunpoBanus ¢ ucnonszopanuem OY?

Tema 2.2 AMILITUTY/IHBIE OTPAHUYMTETH

Tlousmue 06 ocpanudumeinx. Hapa/z/ze/szble U nocnedosamebHvle OUOOHbLE



ocpanudumenu. Ozpanudumenu ¢ Hyl1e6biM U HEeHYIEBbLIM HOPO2OM 0ZPAHUYEHUS.
Tpansucmopnvie oepanuyumenu. Ocpanuyumenu Ha OY.
Jlureparypa: [1], c. 138...150; [3], c. 174...180.

METO/IUYECKHUE YKA3AHUA

OrpaHUYUTENN UCIONIB3YIOTCS B CXeMax (POPMHUPOBAHHS UMITYJIECOB, BBIACICHHS
HMITYJIbCOB 3a/IaHHOH MOJISIPHOCTH, CEJIEKIMN UMITYJIECOB IO aMILUIUTYJIE U T.1.
OrpaHuuuTeNb — 3TO YCTPOHCTBO, Ha BBIX0JIE KOTOPOTo (DOPMHUPYETCS CUTHAJI,
COBMAJIAIONINN 0 POpMe € BXOIHBIM JI0 TEX 0P, MOKA BXOJHOW CUTHAJ U3MEHSETCs B
Mpeienax HEeKOTOPBIX YPOBHEW, Ha3bIBAEMBIX MIOPOroM orpanuuutend. Jlureparypa: [1], c.
139, puc. 4.15; [2], c. 75, puc. 1.54, 1.55.

BeImoaHNTE Takme yCTpOWCTBA MOXKHO TOJNBKO Ha 3JIeMEHTaX, HMEIOLINX
HEJIMHEHHYI0 BOJBT-aMIEPHYIO XapaKTepUCTHKY. B HMITyJIbCHOW TEXHHMKE IJISI 3TOr0
MIPEUMYIIECTBEHHO HCIONB3YIOTCS JTMOABI M TPAaH3UCTOPHI, paboTaromye Npu OONBIIOM
CHTHaje, KOrJa OTYETIMBO NpOSBISIETCS HEIMHEHHBIH XapakTep WX BOJbTaMIEPHBIX
XapaxkTepucTuk. [Ipy W3ydeHWHM CXeM TNapajuleNIbHBIX M IIOCIEN0BATENBHBIX JIHOIHBIX
OrpaHHYHTENEH HEOOXOANMO YSACHHUTB, YTO B TIOCIIEIOBATEIBHBIX OIPAaHUYUTENSIX Tepeaada
CHTHajJa Ha BBIXOJ OCYIIECTBIISICTCS TPH OTKPBITBIX JAWO/AX, a OrpaHW4YEHHE IpU
3aKpBITHIX; B MMapajljIeJbHBIX UOJHBIX OrpaHHUHTENSIX — HaoOoport. ([1], c. 140, puc. 4.17;
[2], c. 152, puc. 4.19).

PaccMoTpeHHBIE AHMOHBIE OrpAaHMYMTENN B PEXHMME IPONYCKAaHWS CHIHANIA Ha

BBIXOJ HMEIOT KO33(DHIMEHT Mepeaaun K<1 4ro6u B obnactu MPOMYCKaHUSI
00€CIeUnTh yCHICHHE CHTHAJA, OrPAaHHYHUTENb JOJDKSH COflepKaTh ycuiuTenb. Haubonee
3¢ (EKTUBHOW B 3TOM OTHOIIEHWUM SIBJISIETCS CXE€Ma, B KOTOPOW HEIMHEHHBIA 3JEMEHT
(Mom) BKIIIOYAETCS B LIEMb OTPUIATENILHON 00paTHOM CBSI3M OmepalMoHHoro ycunurens. K
TOMY JK€ Takas CXeMa IMO3BOJIIET OrPaHUYMBATh Majible 10 amruutyiae curnansl ([1], c.
148...150).

Ycunureaun — OrpaHUYUTENM HA TPAH3UCTOPAX TAKKE MOMHUMO OrPaHUYEHHUS
MO3BOJISIFOT ~ YCWIUTh curHai. OrpaHuueHHe B OTHX CXeMax MOXKET ObITh Kak
OHOCTOPOHHHMM, TaK W JABYXCTOPOHHHMM. BcClencTBHe WHEPIUMOHHOCTH TPAaH3UCTOpA U
KOHEYHOI'0 BPEMEHH BBIXOJIa €r0 M3 HACHINICHUS UMEET MECTO YBEIMYEHUE JTUTEILHOCTH
BbIXOMHOTO curHana. ([1], c. 146...148).

Bonpocut ons camonposepku

1. ITouemy cxema JTFOOOTO OTPAHUYUTEIS AMIUTUTY/IBI TOJDKHA COIEPIKATh HETMHCHHBIN
3JIEMEHT?

2. Ha BOJIBT — aMIIEpHO# XapaKTEPUCTUKE THOJIA TIOCTPOUTH TPAPUK iy, (t) mpu
roJiaye pa3HOMOJSIPHBIX UMITYJILCOB B KaTO/ TUOJIa B CXeMax MOCIIEA0BATEIBHOrO U
NapajieIbHOr0 OrpaHUYUTENEH ¢ HYJAEBbIM MOPOrOM OTPaHUYEHUSI.

10

3aoaua 89: B 3angaue 88 Tpurrep Haxoaurcs B cocrostann Qp = 1, Q = 0. Onpenenure
3HaueHus Q u Q mpu 3aJaHHBIX KOMOMHAIMSX BXOJHBIX CUTHAJIOB.

3aoaua 90: Tpurrep puc. 29 Haxomutcst B cocrossauu Q; = 0, Q = 0. Onpenenute
3HAa4YCHUE CUTHAIOB Ha Bhixomax Q; u Qmpu: a)S=0, R=0,C =0;S=0,R
=1,0) S= R=C=0, S=1,R=0.

3aoaua 91: Pemre 3amgauy 90, ecu Tpurrep Haxoawics B coctosHun Q; =1, Q=1.

3aoaua 92: Tlouemy B cxeme Tpurrepa puc. 29 3anuch HHGOpMAaIUK U3 TPUITEPa ITEPBOH
crynenu T; B Tpurrep T, npoucxomuT npu nepexoae ypoBHs Ha Bxoje C u3 1 B
0,ameuz 0B 1?

3aoaua 93: Ha Bxonel D-tpurrepa (cM. puc. 30) mogaroTcs CHTHAIBI, yKa3aHHBIC HAa
BpeMeHHol tuarpamme (puc. 31). Hapucyiite BpeMeHHYIO 1uarpamMmy
COCTOsIHMH Ha BbIXoJie Q.

3aoaua 94: Onpenenure 3HaYCHUE CUTHAJNA Ha Bbxozae Q B cxeme puc. 30 mpu: a) D=C =
0;0)D=C=1;8)D=0,C=1.

3aoaua 95: Onpenenute noporu cpadatbiBanus B cxeme puc. 32, ecinu U yy m' = | Uxm | =
10 B, R; = R, =100 kOm.

3aoaua 96: Kak nusMeHsTCS IOPOTH cpadaThIBaHUS M OTITYCKaHUS B 3a7a4e 95, ecin Ry
ymeHpIUTh 10 30 KOM?

3aoaua 97: Tlokaxxure nenu nepesapsaku kogencaropa C B cxeme puc. 33, 6 npu
neiictBun Ha BEIXOAE Upym' B U g -

3adaua 98: Tlouemy B mpotiecce nepe3apsaku kouaeHcatopa C B cxeme puc. 33, a
Hanpspkerue Ha C He qocturHaer ypoBHSI U gy m Wl U g m ?

3aoaua 99: Tlouemy B cxeme puc. 33,a IUTETBHOCTH t,; U t, (cM. puc.33,a)?
3aoaua 100: Ornpenenute Neproj KOIeOAHUH U JUIMTEINBHOCT UMITYJIbCa b, B cxeme puc.

33, a, ecmm C=0,01 Mx®d, R; = 43 kOM, R, = 82 kOMm, R; = 51 xOm, U ' = U

BBIX M *

3aoaua 101: Kax n3MeHsTCS JIUTEIBHOCTh UMITYIIbCA {,,) M Iepno] KosebaHui B 3a/1aue
100, ecym: a) C ymenbmuts 10 5600 nd; 6) R; yBenmuuts 10 51 kOMm; B) Ry
YBENUYUTH 10 82 KOM?

3aoaua 102: C xakoii nienbio B cxeme puc. 33, 6 nmpumMenstot nuomast J; u J1,?
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JUISL TIONyYEHHWS HAa KOJUIGKTOPE TPaH3UCTOpa T, BBIXOJHBIX HWMITYIIECOB
muTeabHocThIo 100 MKC.

3adaua 76: Hapucyiite BpeMEHHYIO IMarpaMMy HamnpspkeHus: Ha koHaeHcatope C, B 3aaaue
67.

3aoaua 77: Kakumu mporeccamu B XpoHUpYroIux koHaeHcartopax C, u C; B
aBTOKOJIe0aTeIbHOM MyAbTHBHOpaTope Ha anementax V-HE (cMm. puc.24)
orpezieNsieTcs neproy Koaeoanuii?

3adaua 78: Ilokaxure uenu 3apsaku U pa3psiaku kouaencatopos C; u C, B cxeme puc. 24.
3adaua 79: YeMm BbI3BaHbBI OTpaHUYEHHS B BBIOOPE CONPOTHBIIEHHH pe3nucTopoB Riu R; B
cxeme puc. 247

3aoaua 80: C xaxoii nesnpio B cxeme puc. 24 npumeHens! auoast [ u [1,?
3aoaua 81: Kaxyro hyHKIHIO B cXeMe pUC. 24 BBHINOIHSIOT pe3ucTopsl Ry u R,?

3aoaua 82: Onpenenute nepuos KoiaeOaHUH U JUTUTEIBHOCTh UMITYJIbca, POPMHUPYEMOTO
Ha BTOPOM BBIXOJIe MyJIETUBHOpaTopa (cM. puc. 24), eciiu C; =C, =10000 nd;
R; =R, =1kOwm, U'=4 B, Unop =1,5 B, Ry =50 Om.

3aoaua 83: Kax n3ameHsTcs nepuo/| KoieOdaHuil ¥ JUTMTEILHOCTh UMITYJIbca B 3ajade 82,
eciu: a) yBennautb C; 1o 22000 nd; 6) yBenuuuts C, 10 22000 nd; B)
yMmeHbIHTE R, 10 510 Om; 1) yBenmuuts Ry 1o 1.5 xOm?

3aoaua 84: OnpenenuTe AIUTETBLHOCTH U NIEPHOJT KOIEOAHUI UMITYIbCOB, CHUIMAEMBIX C
BTOPOTrO BBIXOJIa, €CIIU NepUoj 3amyckaomuX Ty,,= 100 Mkc, t, 5, = 2 MK, Ut
=4B, Uy, = 1,5 B, Ry =50 kOM, R = 1 kOm, C =33000 nd (cxema puc.
25).

3aoaua 85: Kax m3meHATCS B 3a7aue 84 mepuoa KOIeOaHUU U UTUTEIEHOCTh HMITYJIbCA 1y
, ecin: a) C ymensnmTs 70 10000 nd; 6) R ymensmmts 10 430 Owm; B)
YBEIUYHUTD T 35y 710 200 MKC?

3aoaua 86: Ha Bxonel RS-Tpurrepa (cM. prc.26) OAar0TCS BXOTHBIC CUTHAJIBI, YKa3aHHBIC
Ha puc.27. Hapucyiite BpeMEHHYIO IuarpaMMmy COCTOSTHHI Ha BhIxone Q.

3aoaua 87: Onpenenure 3HaYeHUe CUrHaa Ha Bbixoze Q B cxeme puc. 58 nmpu: a) C=1, S
=1,R=0;6)C=1,S=0,R=1;8)C=0,S =1,R=0.

3aoaua 88: Tpurrep puc. 29 Haxomutcs B coctosHun Q; = 0, Q =0, Ha Bxoger Su R
mofassl 1. OnpenenuTe 3HAYCHUST CHTHAIOB Ha Bhixoaax Q; u Q mpu: a) C =1,
S=1,R=0;6)C=1,5S=0,R=1;B8)C=0,S=1,R=0.
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Tema 2.3 Tpan3ucropHble KJIIOYHU
Obwue ceedenust 06 2nekmponnbIx kmouax. Ilapannensvuvie u nociedosamenvhbvie
mpanzucmopnvie kuouu (TK). Ochosruvle xapakmepucmuku kiouel. Hacviujennoiil kiou ¢
BHEWHUM CMeWjeHUeM, € YCKOpsIouum Konoencamopom. Henacvliuyennwoiti kaoy ¢
HeuHelHot obpamuoul cea3vio. Knouu na nonegvlx mpansucmopax.
Jlutepatypa: [1], c. 68...81.

METOIUYECKHUE YKA3AHHUA

OmHUM K3 OCHOBHBIX 3JIEMEHTOB MMIYIbCHOH U U(POBOH TEXHUKH SBISCTCS
KIII04eBOe ycTporcTBo. Hanborblree pacpocTpaHeHHE MONYYMITH TPAH3UCTOPHbIE KITIOUH.
OHH HCTIONB3YIOTCS TI0 MPSIMOMY HA3HAUCHHUIO U B KAYECTBE OTAENBHBIX 2JIEMEHTOB B
COCTaBe CIOKHBIX YCTPOHCTB — MyJIbTHBHOPATOPOB, TPUITEPOB, TOTHYECKUX CXEMAX U T.[I.

U3 xypca «OCHOBBI 3IEKTPOHUKH M MUKPO3JIEKTPOHUKN» HAJIO0 BCIOMHHUTB KaK
OMpeNIeNUTh BETHUYMHY U TIOJIPHOCTh HAMPSHKEHHUS Ha AJICKTPOJaX TPAH3HCTOPa B
KJIFOYEBOM pEeXKUME pabOThI, YTOOBI B ATIbHEHINIEM TIOHUMATh PaboTy YCTPOHCTB, B COCTAB
KOTOPBIX BXOJSIT TPAH3UCTOPHBIE KITFOUH. J[JIsl 3TOr0 BCIOMHHUTE BHJI BOJIBT — aMIIEPHBIX
XapaKTePUCTUK TPAH3UCTOPOB, TOSIPHOCTH MUTAIOIINX HAMPSHKEHUH IS Pa3IMIHBIX
THUIIOB TPAH3UCTOPOB, & TAKXKE MONSIPHOCTh YIIPABIISIOIINX CUTHAIOB JUIS TIEPEKITFOUCHUSI
TpaH3UCTOPa U3 00JNACTH HACHIIEHHS B 00JIACTh OTCEYKH U HA00OPOT.

Pasnuuaror 1Ba BHIa TPAH3UCTOPHBIX KIIFOUEH: HACBIIICHHBIC U HEHACHIIICHHBIE.

HacplneHHbIe KITFOYH Te, KOraa pabovas ToUKa MepeMelaeTcs U3 MOoI0KeHHUsI
COOTBETCTBYIOIIETO PEXKUMY OTCEUKH B TMOJOKEHUE COOTBETCTBYIOLIEE PEIKUMY
HACBIIICHHSI.

HewnaceimenHsle, korja pabodas To4ka nepeMeIaercs H3 00JIacTH OTCEUKH J10
TPaHUIBI 00NACTH HACKIICHHUsI. HeHACHIEHHBIE KITFOUH 00J1a1at0T GONBIINM
ObICTpOIEHICTBHEM.

Pa3nuuHble cXeMbl KI0YeH MPUBEACHBI B YKa3aHHOM BbIle uTeparype. [Ipu
H3y4YeHHUH 0c000e BHUMAHUE HA0 0OPATHTh HA MPOIIECCHI, BIHUSIOIINE HA OBICTPOCHCTBHIE
KJIF04a. DTOT mapamerp KIIFo4a SBISETCS OJHUM M3 BaXKHEHIIHUX MPH OCTPOSHUH
BBIYHCIUTEIBHBIX YCTPOHCTB.

Bonpocwer onsi camonposepru
1. TlpuBeauTe cxeMy MpOCTEHILEro Kiro4a Ha GUIIONSpHOM TpaH3ucTope. [IpuBeaunte
SIEOPBI HANPSDKEHHH YNPaBIISIOMUX cUrHanoB Uy, (t) ¥ COOTBETCTBYIONINX HANPSIKEHHH
Ha KoJuiekTope Tpansucropa Uy (t).
2. Kakumu criocobaMu yBeanduBaeTcs: ObICTpojielicTBHE Kiltova?
Tema 2.4 JInnuu 3a1epKKH
Dopmuposatiue NPAMOY20IbHBIX UMAYILCOE OTUHHOU U UCKYCCMEEHHOU TUHUSMU.

Dopmuposarue NPIMOY20LbHBIX UMIYALCOE 6 UCKYCCMEEHHOU JUHUL.
Jlureparypa: [1], c. 153...157; [4], c. 86...100.
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METO/HUYECKUE YKA3AHUA
B psizie yCTpONCTB UMITYTBCHOM TEXHUKH 151 (YOPMHUPOBAHHUS TPSMOYTOJIbHBIX
HUMITYJIBCHBIX CUTHAJIOB M3 BXOHOIO Mepenajia HalpsHKeHus,
Uy, Yt MIPUMEHSFOTCS JUTMHHBIC TMHUU ¥ UCKYCCTBEHHBIC J'II/IHI:II/I
3anepkku. JIuaus 3agepxku (J1.3.) MPEACTaBIsIeT COO0H

Ugy
. YETHIPEXMOMFOCHUK—(MIBTP HIKHUX yacToT (PHY), ummynbe

2w

Vb ': , HaIpsDKEHUST Ha BBIXOJI€ KOTOPOTI'0 CMEIIEH BO BPEMEHHU O
4 ‘ OTHOIIICHHIO K BXOJHOMY UMITYIIbCY (puc. 2).
4 ¢,
: Bpewmsi 3anepxku onpesensiercs Kak pa3HOCTh BpEMEH t)
Puc. 2. uty: t, = t, — t;. I HenckakeHHOM nepeauv UMITYJIbCOB JIMHUS

3aJIepXKKH JIOJKHA OBITh COrNIacOBaHa C HArpy3Koi, T.e. Ry = p

A
(BoHOBOMY conpoTuBiieHHIO JI3) 1 MMETh 3aJaHHYIO ITOJIOCY TPOITYCKaHHS , koTtopas

T Y
3aBUCHUT OT AJIUTCIIBHOCTHU 3a/ICPKUBACMOI'0 UMITYJIbCa Un OIMpeaACIACTCA 4aCTOTOU Cpe3a
fop:

p-

2
f,>—

T
U (cm. Temy 1.1)
TpuHIMI TOCTPOEHUs, paboTa U CXeMbI (GOPMUPOBATENEH UMITYILCOB C IPUMEHEHUEM
JIMHUH 33JIEPXKKH B IOCTATOYHOM 0OBEME PACCMOTPEHBI B YKA3aHHOMN BBIIIE JIUTEPATYPE.

PA3AEJ 3 DJIEMEHTHAS BA3A UMITYJIbCHBIX U
[IA®POBBIX YCTPOMCTB

Tema 3.1 OcHOBHBIE JIOTHYECKHE 3JIEMEHTHI

Honsamue 6asuca umnynvcrou mexuuxu. Ilpocmetiwue nocuueckue snemernmol UJIH,
U, HE.

Jlureparypa: [1], ¢. 105...1061; [3], c. 235...241; [4], c. 194...204; [5], c. 306...329.

Tema 3.3 UHTEerpajbHbIE JOTHYECKHE CXEMBbI HA OUIIOJISIPHBIX
TPaH3UCTOpaX

baszosvie nocuueckue snemenmor U — HE, UJIM — HE na 6unoasphbix
mpanzucmopax. @ynxyus Llegpgepa. Oynryus Iupca. basuc llegppepa. baszuc Iupca.

Jlureparypa: [1], c. 106...113; [3], ¢. 235...241; [4], c. 194...204; [5], c. 306...329.

Tema 3.4 UnTerpanabnbie Jornyeckne cxembl Ha MOII-Tpan3ucropax

ba3zosvie nocuuecxue snemenmor U — HE, UJIH — HE na MOII-mpan3ucmopax..
OcnosHbie napamempol 102UYECKUX INEMEHNOB.

Jlureparypa: [1], ¢. 113...117; [3], c. 235...241; [4], c. 194...204; [5], c. 306...329.

Tema 3.5 Peanuzanus Jiornyecknx pyHKIMIA B pa3IMYHBIX 0a3ucax

Onemenmol «Pasnoznaunocmoy, «Hepasnosuaunocmoy, «3anpemy. Ilopsdok

Deanu3ayull 2AeMeHmMo8 8 PA3IUHHbIX OA3UCAX.
Jlureparypa: [1], ¢. 118...120; [3], c. 235...241; [4], c. 194...204; [5], c. 306...329.

METOINUYECKUE YKA3AHUA
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JUTHTENEHOCTE (hpoHTa?

3adaua 65: B unrepBane Bpemenu 1 ... t, (cMm. puc. 22) tpamzuctop T, 3akpeir. Uto
3actaBiusierT T, B MOMEHT BpeMeHH t, oTkpbIBaThes? (cM. puc. 21)

3aoaua 66: B unrepBane Bpemenu f; ... t; (cMm. puc. 22) tpansucrop T; otkpeir. Uto
3actaBisieT T; B MOMEHT BpeMeHH t, 3akpbiBaThes? (cM. puc.21)

3aoaua 67: B cxeme puc. 21 E, = 15 B, Ry = R =2 xOm, R; = R, = 20 kOm, C; =5100
n®, C, = 0,01 mx®d, rpanuunas yacrora tpausuctopos f, =1 Mri, B = 30, I, =
Iz = 10 MKA, Us, = 0,8 B, Uy, = 0,6 B. Onpenennte nepuos xonebanuit
MYJIBTHBHOpPATOPA U JTUTCIBHOCTh UMITYJIECA Ha KOJJICKTOPE TPAH3UCTOpa T .

3aoaua 68: Omnpenenure B 3amade 67 AIUTETBHOCTH (POHTA M Cpe3a BBIXOTHBIX
UMIYJTBCOB, CHUMAEMEBIX: a) ¢ KosutekTopa Ty; 0) ¢ komtekTopa T.

3adaua 69: B 3anaue 67 mnocnegoparenbHo C, moaxmtounnu kKoHuaencatop C = C,.
Omnpezenute, KaKk U3MEHSETCS JUIUTEIFHOCTh BBIXOJHOTO UMITYJIbCA M TIEPUOIT
KoJIeOaHUH, €CITM BBIXOAHOE HANPSHKCHUE CHUMAETCS: a) ¢ Koyutekropa Ti; 0) ¢
Kosutektopa To.

3aoaua 70: B 3anade 67 napamnensHo C; noaxiarounnu konaeHcarop C = C;. Onpenenure,
KaK HM3MEHSETCsl JUITMTENBHOCTh BBIXOJHOTO HMITYJbca W Tepuof KojeOaHui,
€CJIM BBIXOJIHOE HAIpsDKEHHE CHUMaeTcs: a) ¢ Kojuiekropa Ti; 0) ¢ Komekropa
T,

3aoaua 71: B 3amaye 67 mapamiensHO pesuctopy R, momkmroumnmm pesucrop R =R..
Omnpezenute, KaKk U3MEHSETCS JUIUTEIFHOCTh BBIXOJHOTO UMITYJIbCA M TIEPUOIT
KoJIeOaHUH, eCITM BRIXOAHOE HANPSHKCHUE CHEMAETCS: a) ¢ Koiutekropa Ti; 0) ¢
Kosutektopa To.

3aoaua 72: B 3amaue 67 mocienoBaTenbHO pesuctopy R momkmoummn pesucrop R =R;.
Omnpezenute, KaKk U3MEHSETCS JUIUTEIFHOCTh BBIXOJHOTO UMITYJIbCA M TIEPUOIT
KOJIeOaHUH, eCITM BBIXOAHOE HAMPSHKECHUE CHUMAETCS: a) ¢ Kojutekropa Ti; 0) ¢
Kosutektopa To.

3aoaua 73: B 3anade 67 BBIXOJHON UMIIYNbC CHUMAaeTcs ¢ komnekTopa Ty, Kak usmenntces
JUINTENBHOCTh TIEPEHEro (poHTa BXOAHOTO HUMITYJbCA, €CIH IOJKIIOYUTH
pesuctop R = 2 kOM nmapamnensHo Ry,.

3aoaua 74: Omnpenenure MaKCUMallbHbleé CKBaXHOCTb U 4YacTOTY KosieOaHui
MYJIBTHBHOpaTOpa B 3a1a4e 67.

3aoaua 75: Paccuuraiite 3HauCHUE HEOOXOIMMOM eMKOCTH KoHIeHcaTopa C; B 3amaue 67
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3aoaua 53: B cxeme puc. 17,6 E=6B, R =0, Ry, = 1 kOM, Ry, = 100 Om, Ry, = 0 R,
= 10 kOmM, Riz = 100 Om. Ha Bxoj momaeTcs CHHYCOHIAIBHOC HANPSKCHUE
ammmutynoit U, = 10B. Hapucyiite BpemeHHBIE JuarpamMMbl BBIXOIHOT'O
HANPSOKEHUS U ONPENENINTE AMIUIUTYLy MONOXKUTEIBHOU MOTYBOIHBI Ugy.

3aoaua 54: TIpoBepbTe, BHINOIHSIIOTCS JIW YCIOBUS pabOTOCIIOCOOHOCTH Tpurrepa puc. 19
mpu E, =20 B, Ry = Ry, =2 kOm, R; = Rj = 10 kOm, C; = C, = 200 n®, B =
20, 1, = 10 MxA, U, = 0,6 B, U, = U’ =0,2 B.

3aoaua 55: Paccunraiite HeoOxomuMble conpotuBicHus Ry = R, B cxeme puc. 19, ecmu E;
=15B, Rq =R =1x0Mm, B=30, |, =10 MxA, Us, = 0,8 B, U= 0,2 B.

3aoaua 56: I1poBepbTe, BHIOIHSIIOTCS JIM YCIOBUSI pab0OTOCIIOCOOHOCTH TpUrTepa (CM. puc.
20), ecmit Ee, =3 B, Rq = Ro=1kOm, Ry =R/ =12 kO™, R, =R} = 10 kOm
Tpanzucropsl umetor C; = C, =200 nd, B = 20, |, = 100 MmxA, E, =20 B.

3aoaua 57: B 3agade 56 Tpurrep HaXoAUTCS B IEPBOM YCTOMYHMBOM COCTOSHUU: T OTKPBHIT,
T, 3akpbiT. HM3MEHSTCS 1M COCTOSHHE TpPHUITEpa M PEKUMBI  PabOTHI
TPaH3UCTOPOB, €CITU MOAKIIOUUTE pe3uctop R = 12 kOwm; a) mapamiensao Ry; 0)
ocienoBaTensHo Ry ?

3aoaua 58: B 3agaue 56 B UCXOJHOM COCTOSHUU TpaH3UCTOp Ti OTKpHIT, a T, 3aKpshIT.
W3MeHSTCS JTU COCTOSIHUE TPHUITE€PAa M PEKUMBI pabOThl TPAH3UCTOPOB, ECITH
moaKIFounTh pesuctop R = 10 kOm; a) mapaensHo R,; 0) mocneaoBaTeabHO
R;; B) mapamensHo R,'; T) mocnenoBatensHO Ry’ ?

3aoaua 59: B 3anaue 56 B UCXOJHOM COCTOSHUM TpaH3ucTop T; oTKpHIT, a T, 3akphIT. Kak
CKa)KeTCsl Ha COCTOSIHUSX Tpurrepa: a) yBennuenue E., 1o 5 B; 0) ymenbmenune
E.. 10 0,5 B?

3aoaua 60: Tpu cOopke CXeMBI TPHUITEPA MO JAHHBIM 3aa4n 56 ormrrOoyHO BMecTo Ry = 1
kOM Brasin pe3uctop Ry, = 10 kOm. Kax 310 ckaxkercst Ha pabore cxemb1?

3aoaua 61: [Tpu cOopke CXEMBI TPUTTEPA M0 JAaHHBIM 3a/1a4d 56 omudo4Ho BMecTo Ry = 10
kOwm Brasimu pesuctop Ry, = 100 kOm. Kak 310 ckakeTcs Ha pabote cxembl?

3aoaua 62: B cxeme puc. 21 E; =10 B, R; = R, = 15 kOm, C; = C;=9100 n®, B = 30, Ry,
= RK2 =1 xOwm.

3aoaua 63: Tloxaxure IeNM U HANpPaBICHUS MPOTEKaHUS TOKOB 3apsA]KU KOHJEHCATOPOB
C; u C, B cxeme puc. 21.

3aoaua 64: UYem onpenensieTcs B MYJIBTHBHOpaTOpe : a) JUIMTCIBHOCTH cpes3a; 0)
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K OCHOBHBIM JIOTMYECKHUM ONEpaLUsiM COOTBETCTBYIOT JIOTHYECKHE D3JIEMEHTHI,
BeimosHstomue oti  omeparuu: W, WIJIM, HE. Ortor Habop »sneMeHToB oONamaer
(YHKIIMOHANBEHON MOJHOTOW, T.€. MMes MX JOCTaTOYHOE KOJIMYECTBO MOXXHO CTPOHUTH
muQpoBBIE YCTpoiicTBa 000N cinoxHocTH. Jlormdeckue smementsl U u MJIM dacto
coBMemart ¢ anemeHToM HE B eaunbie snementst UI-HE u UM — HE. Oto ynpomaer
MOCTpOeHHE ycTpolcTB. HeoOXoauMo 3amOMHUTE YCIOBHOE TrpadHyeckoe H300paskeHne
JIOTHYECKHX 3JIEMEHTOB.

B HacTosiee BpeMsi OCHOBHOM 3JIeMEHTHON 0a30i IMOCTPOCHUs YCTPOWCTB U(POBOH
TEXHUKH UHTETPAIbHAsI MUKPOCXEMOTEXHHKA.

B kauecTBe aKTHUBHBIX 3JIEMEHTOB HIHM(POBBIX MHKPOCXEM IIPUMEHSIOTCS JIBa THUIIA
TpaH3ucTopoB — OumomsipHele u monebie ¢ MOIT (MAII) — crpykrypoii. Lludpossie
MHUKpPOCXEMBI Ha OWIOJISPHBIX M MOJEBBIX TPAH3UCTOPAX CYLIECTBEHHO DPa3IMYaroTCs IO
MHOTHUM TI0Ka3aTeNsIM U pa3BUTHE UX UJIET CAMOCTOSITENbHBIMH TyTSIMHU.

PaznuyHbIe JOrnuecKre onepany CXeMHO PELIAlOTCs TPOIIE B TOM HJIM IPYTOM THUIIE
unterpanbHbix Mukpocxem. Tak anst ATJI u TTJI atu onepauun U-HE, ana 3CJI — U-HE
n WU, mns KMOIl-crpykryp — WJIW-HE u W-HE, npuyem WJIM-HE 6onee
TIPEANOYTUTEIBHO.

Marepuan naHHOH TeMBI Ooliee MOAPOOHO M3NIOKEH B [2], a B [S] NpHBEAEHBI CXEMEI
0a30BBIX DJIEMEHTOB pA3JIMYHBIX THIOB JIOTHK M PacCMOTPEHBI 3aJaud Ha IOCTPOCHHE
JIOTHYECKHX 3JIEMEHTOB.

Bonpocut ons camonposepku

BeimonanTs peanuzanmio snementa «3anper» (HET) snementamu -HE (MJIV- HE)
[1], c. 120, puc.3.39; [2], c. 102.

PA3JIEJI 4 TEHEPATOPBI U CEJIEKTOPBI UMITYJIBCOB

Tema 4.1 MyasTuBHOPATOPHI

Tema 4.1.1 Tpan3ucropHsle MyJbTUBHOPATOPHI

Obwue ceedenust 0 peraKcayuoHnbix 2eHepamopax. Peosicumbl ux pabomeoi.
Dusuueckue npoyeccyl 8 Myrbmusudbpamope, popmuposarue Gponma, cpesa, niocKou
seputubl. Asmoronredbamenvruill u Hcoyuutl Myiomusubpamopol. CUHXPOHUZUPOBAHHBL
mynomusubpamop. Ocrognvle napamempsi Koieoanui.

Tema 4.1.2 UnTerpajibuble MyJIbTHUBHOPATOPHI

Mynemusubpamopul Ha UHMESPATLHBIX CXeMax, UHmezpaabhvix cxemax OV
(aemoxonedamenvuwit, udywuii). Ilpoyeccol npoucxodswue npu pabome cxem, 2paguxu
HANPSIICeHULL.

Tema 4.1.3 MyabTuBHOpPAaTOPHI HA LM(PPOBBIX U HHTETPAJIBHBIX CXeMax
(U Cax)
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Asmoronedamenvublil u HcOYWUT MYTbMUSUOPAMOPDL, PabOMa cxemul.
Ocobennocmu pabomvr MB na no2uueckux s1eMeHmax.

Jlureparypa: [1], c. 163...183; [2], c. 45...61; [3], c. 136...162; [5], c. 164...182,261,
266-269;

METO/IUYECKHUE YKA3AHUA

PenakcannoHHbIE TeHEPATOPBI MOTYT paboTaTh B OIHOM M3 TPEX PEKUMOB:

—  aBTOKOJIEOATETIbHOM: HET YCTOMYMBOIO COCTOSIHUSI paBHOBECHS, KOJIeOaHUs
TeHEPHUPYIOTCS HETIPEPHIBHO, MEPHOJT KOJIEOaHUI OIpeiessieTCsl mapaMeTpaMu CXeM;

—  CHHXPOHHM3AIMH M JIeJIEHUE YaCTOThI: TAK)KE HET YCTOHYMBOTIO COCTOSTHUS
paBHOBecHS, HO MEpUOJI KoJieOaHHi OnpeneNnsieTcs epruooM CHHXPOHU3UPYIOIINX
CHTHAJIOB WJIM KpaTeH eMy. [Ipu CHATHHM CHHXpOHHU3MPYIOIIETro CUTHaJIa MPOUCX OJTUT
BO3BPAT CXEMBI K aBTOKOJIE0ATEILHOMY PEXUMY;

—  OKIYIIWHA: OJHO YCTOWYHMBOE COCTOSTHUE PABHOBECHS, IIEPHO]] KOeOaHUH
OIpeIeNIsieTCs EPHOIOM 3aITyCKaroero curuana. [Ipy cHATHY 3alTycKalolero curana
KoJieOaHHe MpeKpamnaeTcs.

K pernakcaimoHHBIM reHepaTopam, BHIpa0daThIBAIOIINM KojebaHus, (hopmMa KOTOPBIX
O7M3Ka K IPSIMOYTOJIbHOM, OTHOCSITCSI MYJBTUBHOPATOPBI U OJIOKMHT—TE€HEPATOPBI.
Konebanus npssMoyroibHOi (hOpMBI UIMEIOT IUPOKU clieKTp 4acToT (cM. Temy 1.1), T.e. u3
TaKUX KOJIEeOaHMH MOXKHO HOJIYYUThH OOJIBIIIOE YHCIO TApMOHHK. JTHM, B YACTHOCTH, U
orpezieNsieTcs Ha3BaHue MYJIbTHBHOpATOpa — TeHEPaTOp MHOXKECTBA KOIEOaHHH.

OcHoBHas cxeMa MYJIbTUBHOpATOpa Ha JUCKPETHBIX KOMITOHEHTaX NPUBEEHA Ha PHC.
5.1[1] u puc. 1.36 [2]. TIporecchl, onpeaensioiue UIMTENbHOCTh UMITYJIBCOB U TIEPHOT
MIOBTOPEHHS MYJIBTHBHOpATOpa B aBTOKOIE0ATELHOM PEXHMME, COCTOST B TI00YEPETHOM
3apsjie U paspsijie KOHICHCATOPOB, BXOSIIMX B LIEMb MONTOKHUTEIBHON 00paTHO# cBsi3u [1]
puc. 5.2, c. 165.

OCHOBHBIMU ITapaMeTpaMHu TeHEPUPYEMbIX KOJICOaHUH SIBIISIOTCSL:

— aMIuIuTyaa uMIyapcoB Up, KoTopast onpesiensercs 3HaueHneM BeJIMUHHEI
MTUTAIOMIETO KOJUIEKTOPHOI'O HaNpshKeHHs E, ¥ B mepBoM NpHOIMKEHNN MOXKHO CYMTATh

Uszk-

T T
— JUIMTCJIBHOCTD T'CHCPUPYEMBIX UMITYJIbLCOB ! n Y2 , KOTOpas OonpeaciasacTCs
BPEMCHEM pa3psia BpEMA3aar0NX KOHACHCATOPOB, CTOAIINUX B LECIIHA MOJIOKHUTEIHLHON

. 7,=0,7CR;.
O6paTHOI/I CBA3HU, UCPE3 0a30BLIE PE3UCTOPHI: ,
— JUIMTCJIBHOCTD MEPECIHETO (prHTa HNMITYJIBCOB, KOTOpas ONpeaACIACTCSI BPEMCHEM

3apsjia BpeMsi3aIalolinX KOHICHCATOPOB Yepe3 KOJIEKTOPHBIC PE3UCTOPHI: Lo~ 3R, C .
Pacuer nmapameTpoB kojiebanuii npuseaeH Ha ¢. 167...168 [1] u c. 55...56 [2], a Be1OOp
3JIEMEHTOB cXeMbI TpuBeseH B [1] ¢. 169...170.

CTabuIbHOCTh YaCTOThI KOJEOaHU I MYyTbTHBHOPATOPA CUIIBHO 3aBUCUT OT
TemrepaTypsl. Onpeaensercs 3T0, B OCHOBHOM, TEMIIEPATYPHON HECTAOUIBHOCTHIO

BXOJIHOI XapaKTePUCTHKM TPAH3UCTOpA 0 (TEIIOBOro TOKa) OT Temmepatypsl. dopma
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BuyTpeHHue conporuBieHus ncroyHnkoB cmenienust E u curnana E, paBusi 0,
muon uaeanbubiit (Ry, = 0, Rysp = 9°). HapucyiiTe BpeMeHHbIE IMarpaMmsl
BBIXOHBIX CHTHAJOB. OnpeneniTe HanpshDKeHHEe Ha BBIXOE CXEMBI IPU
OTCYTCTBUH BXOAHBIX UMITYIbCOB (U« (0)). Onpenenure aMIummTy bl
BBIXOAHBIX UMITYIBCOB (U 11 Unp) ipu I€fiCTBUM TONTOKUTENBEHOTO U
OTPHUIATENFHOI0 UMITYJILCOB Ha BXOJIE. 3a7ady PelnuTe Uil yKa3aHHBIX
3HAYEHUH aMIUTATY/] BXOAHBIX UMITYNBCOB (U o) U HANPSDKEHUH HCTOYHUKA
cmenienust (E):

a) Uy s = 12B, E=5B; 6) Up o = 12B, E = 14B; B) U ox = 4B, E = 5B.

3aoaua 47 BeinonHute 3aaHue 3a1a4u 46 JUIsl yKa3aHHBIX 110 BApUaHTaM CXEM U
3aJJaHHBIX 3HAUCHUI aMIUTUTY/ BXOAHBIX UMITYAbCOB (U 5x) ¥ HANIPSDKEHUH
HCTOYHHUKOB CMEIICHUS:

a) Un = 21B, E; =8B, E; = 6B; 6) Uy o = 21B, E; = 6B, E, = 8B, E3 = 6B; B)
Unwx =7B, E; =8B 1) Un = 7B, E; = 6B, E; = 8B.

3aoaua 48: Ha Bxoz orpannuurens puc. 16, mogaercs CMHyCOMJaIbHOE HAaNpsDKEHUE ¢
ammuutynoit Up o = 10B, conpoTusienne auosa B IpsMOM HanmpaBieHuH Ry, =
100 Om, B o6patHOM R,5, = 200 kOM, R, = 10 kOM, Ry, = 1 kOM. Onpenennte
aMIUTATYY HAIPsDKEHUSI HA BBIXOJE TPU JICHCTBUH MOJTOXHUTEITBHON U
OTpHIATEIEHON ONTYBOIH Uy,

3aoaua 49: Pemute 3anauy 48, ecmi R, = Ry, = 1 KOM.

3adaua 50: Peumure 3amauy 48, eciu B cxeMe MPOU30LIEN 0TKa3 JUO0Ja: CONPOTUBIICHUE B
00paTHOM HaIpaBJIeHUH YMEHBIINIOCh 10 Rys, = 100 Om.

3adaua 51: Ha cxeMbl, yKa3aHHBIE 110 BapuaHTaM (CM. pHc. 18), HofatoTcst HIMITYIBCHI PHC.
15. BHyTpeHHHE CONPOTHUBIICHUS UCTOYHUKOB cMerieHus E u curnana R paBHBI
HyI10, oA uaeanbHbii (Ry, = 0, Rosp = o0 ), Ru >> R,,. Hapucyiire
BPEMEHHBIC THarPaMMBI BBIXOHOTO curHaia. OnpenenuTe 3HaueHue
HATPSDKCHUS Ha BBIXOJIC CXEMBI B OTCYTCTBHH BXOIHBIX UMITYJIHCOB.
OnpenenuTe aMIUTUTYbI BRIXOTHBIX HIMITYITBCOB (Umy, Unp) ipu aeficTBum
MTOJIOKHUTEITHHOTO U OTPHUIIATEILHOIO MMITYJILCOB HAa BXOJIE. 3a/1a4y PEIIUTE s
YKa3aHHBIX 3HAYCHHUH aMIUIUTY]] BXOTHBIX UMITYITbCOB (U 5x) ¥ HAIIPsDKEHUN
ucrounuka cmemnienus (E):
a) Upex = 12B, E=5B; 0) Uy = 12B, E = 14B; B) Uy, 5 = 4B, E = 5B.

3aoaua 52: B cxeme puc. 18, a E = 10B, R = 500 Om, R, = 10 kOM, Ry, = 1 kOM,
BHYTPEHHEE CONPOTHUBIIEHHE MCTOYHHMKA cMenleHus Rir = 0, ITuon uieanbHbIN
(Rp = 0, Ryg, = ). Ha BXom momaeTcs CHHYCOM/QJbHOE HANPSIKEHHE
ammuutynoit 20 B. Hapucyiite BpemeHHble AuMarpaMmbl  BBIXOIHOTO
HaANPSKEHUS U ONPENENNUTE MOPOr OrPaHUYEHUS.
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3aoaua 35: Onpenenure GopMy, aMIUTUTYLy U JJTUTEIBHOCTH BBIXOIHOT'O UMITYJIBCA B
cxeMme puc. 12, ecu JUIUTETLHOCTD MPSIMOYT'OIBHOTO BXOTHOT'O UMITYITBCA Uy oy =
50 mxc, R=10 kOm, C = 0,1 MKkD, Uy, = 20 B.

3aoaua 36: Kax n3menntcst popma, aMIDIMTY/IA M JUTUTEIILHOCTH BBIXOJHOTO UMITYIIBCA B
3amade 35, ecnmu: a) t, = 500 Mkc; 0) t, = 5 MKc.

3aoaua 37: Kak U3MEHHUTCS aMIUIMTYAA U ATUTENBHOCTh BEIXOJHOIO UMITYJIbCA B 3a]a4e
35, ecau MOCTAaBUTD TaKOH K€ PE3UCTOp a) MapajuienbHo pesuctopy R; 0)
TIOCIIE/IOBATENBHO ¢ pe3ucropom R?

3adaua 38: Kak u3MEHHUTCS aMIUTUTYIa U JJIMTEIbHOCTh BBIXOJJHOTO UMITYJIbCA B 3a/1a4e
35, ecii KOHJICHCATOP TAKOH K€ eMKOCTH a) MOCTABUThH MapalIeIbHO
koHieHcaTopy C; 0) MOCTaBUTH MOCIIEIOBATENBHO KOHIeHcaTopy C?

3adaua 39: Onpenenure MakCUMalbHOE 3HAUEHHE TOKA 3aPS/IKK U pa3psiIKU KOHAEHCAaTopa
B 3a1aue 35.

3aoaua 40: Ha Bxox orpanuuutens (cM. puc. 13,) mogaercs CHHyCOHIaIbHOE HANPsDKEHUE
¢ ammuutyaoi 10 B. ConpoTuBienne quoaa B npsMoM Hanpasienud Ry, = 100
Owm, B 06patHOM — R,6, = 400 kOM, conpoTusneHue Harpysku R, = 1 kOm.
Onpenenute 3HAYSHUs! HAPSDKEHUST Ha BBIXOJIE MTPU ICHCTBUM TIOJIOXKUTEINEHON
W OTPHULIATENEHON TIOTYBOJIH BXOAHOTO HANPSHKEHHS.

3aoaua 41: Ha BX0J] OrpaHHYHTENS CBEPXY M HYJIEBOM YpOBHE (cM. puc. 13) nomaercs
CUHYyCOUAANIbHOE HamnpshkeHue ¢ ammuintyaoit 30 B. B cxeme ucnonb3oBan
MukpociiaBHoit muon tuna KJI 504 A ¢ mapamerpaMu: MOCTOSIHHOE MPSIMOE
HanpsbKeHue 1pu Toke |y, = 100 MA, Uy, = 1,2 B, nocTosiHHBII 00paTHBIH TOK
npu Ugg, =40 B, losp = 100 MKA, emkocTs auofa — 16 nd. Onpenenure
COTIPOTHUBJICHHUE HATPY3KH R, M aMILTUTYTy BEIXOTHOT'O HANIPSKEHUS MTPH
JICHCTBUU TTOJIOKUTEIHLHON M OTPHUIIATEIEHON TTOTYBOJH BXOIHOT'O HATIPSKCHUS.

3aoaua 42: Pemute 3agauy 40, ecny BHyTpEHHE CONPOTHBIIEHUE UCTOUHUKA
cHHycouanbHOro HampspkeHus R = 500 Owm.

3aoaua 43: Pemute 3amauy 40, eciii BHYTPEHHE CONMPOTHBIICHUE UCTOUHMKA Rj = 1 kOM.

3aoaua 44: Pemnre 3anauy 40, ecnu napayuiensHoO auoay (puc. 14, a) mocTaBuiIn TakoH xe
JINO/1, @ BHYTPEHHEE CONPOTHUBIICHNE NCTOUHMKA curHana R; = 500 Om.

3aoaua 45 Pemnre 3agauy 40, eciu mociie10BaTeNbHO ¢ AM00M (puc. 14, 6) mocraBuiIn
TaKOH K€ IMO0JI, @ BHYTPEHHEE CONPOTHUBIICHNE UCTOUHMKaA curHaia Ry = 1 kOwm.

3adaua 46: Ha cxeMmbl, yKka3aHHBIE 110 BapuaHTaM puc 17, moaaroTest UMITyJbes (puc. 15).
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TeHEepHPYEMBIX KOJIEOaHUH TaKkKe HECKOIBKO OTIIMYAETCS OT MPSIMOYTOJIbHOM. J[i1st
YITy4IIeHUsT (POPMBI HMITYJTBCOB ¥ ITOBBIICHUS TEPMOCTAOMILHOCTH MPUMEHSETCS
yenokuenue cxem [1]c. 170...172; [2] ¢. 57...59.

[[Iupokoe pacrpocTpaHECHUE MOTYYUITH MYTBTUBHOPATOPEI, pabOTAIOIIHE B JKIYIIEM
peXuMe, Tak Ha3bIBaeMbIe OHOBHOpaTOopbl. OHU MPUMEHSIOTCS B KAUECTBE AICKTPOHHOM
JIUHHY 33JICP>KKH, KOMITapaTopa, FTeHepaTopa OJMHOYHBIX UMITYIBCOB. OMUCaHne UX
paboThl, cxeMbl mpuBezeHs! B [1] ¢. 172...174, [2] c. 46...53.

PaboTa B pexxuMe CHHXPOHHM3AIMH U JIEJICHUS YacTOThI paccMoTpeHa B [1] ¢. 174...177,
[3] c. 171...172. Heobxomumo pa3obpaTthes B rpadhHueCKOM WILTIOCTPALIMH, IPUBEICHHON
Ha puc. 5.6 [1]. 3aech Ha0 MOHATH U MOMHUTB, YTO JUIS MOTYYKEHHUS PEKUMA YCTONYHBOM
CHUHXPOHH3AIINU, COOCTBEHHBIN Mepro] KoJeOaHwit MyapTiBHOpaTopa T, T.e. mepuo
KoJieOaHMH B aBTOKOJIE0ATEILHOM peXHMe paboThl, IOJKEH OBITH OOJblIe eproia
CHUTHAJIOB CUHXPOHM3AIMH T oy

O6byHO T = (1,2 = 1,4) Teyuxp. TOra UIMITYNBC CHHXPOHU3AIMU OTKPHIBAET 3aKPBITHIN
TPaH3UCTOP PaHbIIIE, YEM 3TO IIPOU30H/IET B aBTOKOIEOATEILHOM PEXHME Ha BPEMsI
At=T-T,,.,

. Ha puc. 4 npuBeieHBI SITIOPHI IMITYIBCOB CHHXPOHU3AIIUH U
HaIpsDKeHUH Ha 0a3e 1 KOJIJIEKTOpe TPaH3UCTOpa THIa P — N — p MyJIbTUBHOpaTopa B
pexxume cuaxponusarpn. [ITpuxoBoit TuHUEH ToKa3aHbl MOMEHTBI OTKPBIBAHUS B
aBTOKOJIE0aTEIFHOM peKUME paboThl MyJIbTHBHOpaTopa. B peskimMe /ieneHnst 4acToThl
(puc.5) mporiecchl aHAIOTUYHBI U TIEPHOJT BEIHYKICHHBIX KoJeOaHwi Ty, TOKEH OBITH
MeHbIne mepuona T, a gactoTa Fyyy, O0bIIe 9acTOTHI COOCTBEHHBIX KOJNICOaHHI
MyabTHBHOPATOpa: Ty = N To < T, Fopw > F, THE N — KOODdUIMIEHT Nenenus, N =
1,2,3... Ha (puc. 3) n = 4.

) ‘
,,,[ f:—"m—-;y 2( [Tpumep pacyera MynbTHBHOpaTOpoB AaH B [1] c.
L3 ' ‘ . 177. ®opmyssl pacuera ecTh Takke B [2] ¢. 55...56,
wp e [3]c. 155u[5] c. 164...168.
””T““I’_"’/—,“’—“ CTpyKTypa MOHOJIUTHBIX UHTErPaIbHBIX
| : MYJIbTHBAOPATOPOB MOBTOPSET CXEMY Ha
i JIUCKPETHBIX KOMITOHCHTAaX, HO BPEMsI3a IatoIInue
e (T . KoHJeHcaTopbl HaBecHble ([1] puc. 5.8), T.k.
" ! . METOaMH UHTETPATEHONU TEXHOJIOTHU HE
. S L, BBITIONTHSIOTCS KOHIEHCATOPBI OOJIBIIION0 HOMHHAIIA
ey } | [1]c. 177...179;[2] c. 59...61; [3] c. 152; [5] c.
Puc.3. AT 7~ 168...170.
“H - : B Hacrosiee BpeMs 00JbIIOE IPUMEHEHUE

- Taetam, AMEIOT CXEMBI MYJBTHBHOPATOPOB OMEPAIIOHHOTO
fuw=gl%e  YCUITMTENS, KOMIIAPATOpPa M JIOTMUECKHUX (I(POBBIX)
cxeMax. DTH BOIPOCHI paccMOTpeHbI B [1] c.
179...187. B [3] c. 136...162 kpome cxem, paccMmoTpeHbix B [1] u [2] npuBeneHo u
pa3obpaHo MHOTO APYTHX CXEM MOCTPOEHHSI MYJIbTHBUOPATOPOB.
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Bonpocut ons camonposepku

1. YUem onpenensieTcs: MepHo/] MOBTOPEHUSI IMITYJIBCOB MYJIBETUBHOpaTopa’?

2. UTo ¥ Kak clieyeT U3MEHHUTh B CXEME CUMMETPHYHOTO MYJIETUBHOpATOpa Mpu
TIPEXKHEM TIEPUOIC TOBTOPEHUS HMITYJIHCOB?

3. Uem obecrieunBaeTcs K IyIIHNA pexXUM pabOThI MyITbTUBHOpaTOpa?

4. Kak ckaxeTcsl yBEIMYCHUE aMILTUTY/IBI CHHXPOHMITYJIECOB Ha paboTe
MYJIBTHBHOpPATOPa B PESKAME JICIICHUS YaCTOTHI?

Tema 4.2 Tpurrepst

Tema 4.2.1 Tpan3ucTopHbie TPUTTEPHI
Obwue ceedenust 0 mpuezepax. CuMmempudHblil mpueeep ¢ 6HeUHUM CMeUJeHUEM.
Hecummempuunwiti mpueeep ¢ smmumeprnoul cesazvlo (mpueeep Llmumma). Buowl 3anycka

mpueeepos (cuemtulil, pazoenvHulil). Boicmpoodeticmaue mpueeepa.
Jlureparypa: [1], c. 214...226; [3], ¢. 217...242; [4], c. 101...185; [5], c. 234...299.

METONUYECKUE YKA3AHUA

Tpurrepom, To4HEe TPUTTEPHON CUCTEMOH, HA3BIBAIOT OOJBIION KIIACC AIEKTPOHHBIX
YCTPOHCTB, 00J1a1al0MINX CIIOCOOHOCTBIO JUTUTENBHO HAXOUTHCS B OJJHOM U3 IBYX

YCTOfIQHBLIX COCTOSIHMH 1 UepeaoBaTh UX TOJBKO MO BOSﬂeﬁCTBHeM BHCIIHUX CUI'HAJIOB.

AKTHBHBIE 3JIEMEHTBI TPUITEPA Pa0OTAIOT B KIFOUEBOM PEXKHME, KaK M B IPYTHX
HUMIYNbCHBIX YCTPONCTBAX.

IloHsiTHE «TpUTTEP) OXBATHIBAET MHOI'O YCTPOUCTB, KOTOPBIE CYILIECTBEHHO
pas3nnyaroTCst MEXLy COOOH 110 BBITOMHAEMBIM (YHKIHMSM, cIioco0am yrpaBieHus, 110
JNEKTPUYECKUM U KOHCYIbTaTUBHBIM TapaMeTpaMm.

Jlys1 obneryeHnst OpueHTUPOBaHKS B OOJIBILIOM pa3HOOOpa3vK TPUITEPOB UX
CHCTEMAaTH3HUPYIOT 0 ONPE/ICIEHHBIM, HanboJiee BaKHBIM MPU3HAKAM OT CXEMHBIX
pelIeHu, KOHCTPYKTHBHOMY MCIIOJTHEHUIO, DJIEMEHTHOH 0a3e M mapaMerpaM MUTaHMS.

Kaxxaplil Tpurrep Mo>keT UMeTh HECKOJIBKO BXO/IOB — JIENIAETCS 3TO JIs yAyqlIeHUs
SKCILTYTAlMOHHBIX XapaKTEPUCTHK, HO B OCHOBE TaKHX TPHUITEPOB JIEKUT COOCTBEHHO
Tpurrep — OuctaOuiIbHasE cxema, sryelika MmaMsITH, KOTopasi B MIHTepBaJle MEXIy
MEPEeKIIOYAOIMMU CUTHAJIAMU HE U3MEHSET cBoero cocTosHus. Ha puc.4 mpuseneHa
CTPYKTYpHas cXeMa TpHUrrepa.

| e |

N : fom 3, |5uomo : Q

EEWM& LR : g oo Puc. 4.
[ |
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|
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L
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Yyepe3 KOHICHCATOP B 3a/ade 22 MpH 3apsake KOHJISHCaTopa U paspsake (pu
3aMBIKaHHH U Pa3MbIKaHUH KiTto4a S).

3aoaua 24: Onpenennure 3aKOHbI U3MEHEHUS HANIPSDKEHUSI HA KOHJEHcATope Ucy U
pesucropax R; u Rs B 3agaue 22 npu 3apsjke U pa3psaake KOHIEHcaTopa.

3aoaua 25 J1o Kakoro HaIpsHKEHUS HAZlO0 IPEBAPUTENILHO 3apSAAUTh KOHAEHCATOp B
3agade 21, 4TOOBI B LI NPH 3aMBIKaHWH KJTF0Ya S cpa3y HaCTYIHII
YCTaHOBMBILHICS PEXUM?

3adaua 26: Onpenenure, 10 KAKOro 3HaYEHHsI HApacTaeT HaMpsHKEHUE Ha KOHEHCaTope 3a
BpeMs t = 1 Mc moce 3aMbIKaHUs Kio4a B monokeHue 1 B cxeme puc. 11,
ec R =10 xOm, C = 10000 n®d, E = 10 B.

3aoaua 27: Onpenenure Bpemsi, HEOOXOIUMOE IS pa3psIKd KOHACHCATOPA JI0
HanpspkeHust 2 B nocie pazmbikanus kimoda S (puc. 8), ecmu Ry = R, = 5 kOM,
C=1000 nd, E=15B.

3adaua 28: Kax msmenurcs Bpems B 3ajaue 27, ecnu E = 40 B?

3aoaua 29: Onpenenure 3HAYCHAUE HAMIPSDKEHUS HA KOHACHCATOPE B 3ajaue 26, eciu: a)
napaienabHo KoHaeHcaTopy C MoCTaBUTh KOHJEHCATOP TaKOM jke eMKOCTH; 0)
TIOCJIE/IOBATENBHO C KOHAEHCATOPOM ITOCTABUTH KOHACHCATOP TAaKOU jKe
€MKOCTH: B) mapajuresibHO R mocraButhb Takoii xe pesucrop R; r)
TIOCJIE/IOBATENBHO C R MOCTaBUTH Takol ke pe3nCTop.

3adaua 30: OnpenenuTe AUTETHLHOCTH UMITYNIbCA Ha pE3UCTOpeE B Lieny puc. 12, ecnn R =
10 xOm, C = 1000 n®, U, = 10 B, a 1auTensHOCTE BXOIHOTO
IpSIMOYTOJIbHOr0 nmnynsca t, = 50 Mkc.

3aoaua 31: Hapucyiite BpeMeHHbIE JUarpaMMbl HAIPSHKEHUS Ha KOHJIEHCATOPE U TOKa B
3agaue 30.

3aoaua 32: Kax n3MeHNTCS JUTMTEIBHOCTH UMITYIIbCA Ha pe3nucTope B 3anade 30, eciau: a)
YBEIUYUATE CONMPOTHUBIICHUE pe3ucTopa 110 20 kOM; 0) yBETHIUTH EMKOCTh
koHjeHcaropa 0 2000 nd?

3aoaua 33: Onpenenure JUIMTETLHOCTb MOJOKUTEIBHOIO M OTPULIATEIEHOTO UMITYJIECOB
Ha pe3ucTope R B 3amaue 30, ecnu [UIMTETHHOCTh BXOJHOTO HMITyJbca by, = 20

MKC.

3aoaua 34: Hapucyiite BpeMeHHbIE JUarpaMMbl HanpsbkeHUsl Ha koHaeHcatope C 1 Toka B
ey B 3aga4de 33.
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mpu Uy, = 10 B; t; = 10 mkc; t, = 20 MKc;

0 npu t<0;
13 U(t) kt npu 0<t<ty;

| —kt+Um mpu y<t<ty;
0 npu t=ty

npu K = B/mkc; Uy =20 B; t; = 10 mxc; t, = 20 MKkc.

3aoaua 14: 3anummTe B aHATUTHYECKOH (hOpMe NMITYJIbCHBIE KOJIEOaHUs,
MpeCTaBIeHHBIMUA BPEMEHHBIMH JHarpaMMaMK  Ha pHc. 3, a— 6).

3aoaua 15: [Tapamerps! 1ieru puc.4 paBuel: Ry = 1 kOM, R, = 1 kOmMm, C; = 0,015 Mx®, C; =
0,1 Mmx®. Onpenenure 3naueHus Hanpspkeauit Ury, Urz, Uct, Ucy 1 TOKOB iy, Iy,
i3, i4 B YCTAHOBHBIIIEMCSI PEXKHMME, €CJTH CXEMA MOAKIIIOUEHA Ha TOCTOSHHOE
HanpsbkeHue E = 12 B.

3aoaua 16: [Tapamerps! 1iemu puc. 5. paBHel: R; = 1 kOwm, C; = 1000 nd, C, = 0,1 Mx®.
Onpenenure 3HaueHus HanpsokeHU Ucy 11 Ucy, B YCTAHOBUBIIIEMCSI PEKUME,
€CIIM cXeMa MOJKJIIOUEeHA Ha TIOCTOsIHHOE HamnpsbkeHue E = 5 B.

3aoaua 17: Onpenenure 3HaueHus HanpspkeHUd Ucy Uy, 1 Ucs B cxeme puc. 6 B
ycraHoBuBIeMcs pexume, ecia Cp = 0,15 Mmx®, C; = C3=0,1l Mmx®, R; =1
kOm, E=10 B.

3aoaua 18: Onpenenure HanpskeHUs Ha KoHJeHcaTopax Cy u C, B yCTaHOBUBILEMCS
pexume B 3agaue 17, ecnu C; = 0,15 mx®, C, = C3= 0,1 Mx®.

3aoaua 19: Onpenenute HanpshxeHUs Ha KoHaeHcartopax Cp u C, B cxeme puc. 7 B
ycraHoBuBIeMcs, ecii R = 5 kOwm, R; = 10 kOwMm, C; = 1000 n®; C, = 4000 nd,
E=15B.

3aoaua 20: Onpenenure NOCTOSIHHbIE BPEMEHU 3aps/a U paspsina konaeHcatopa C; B
CXEMe€ PHUC. 8§ COOTBETCTBEHHO IPH 3aMBIKaHHH M Pa3MbIKaHUM KIto4a S, eciu
R;=R,=1x0Om, C; =0,1 mx®, E=10 B.

3aoaua 21: Onpenenute NOCTOSIHHbIE BPEMEHH 3apsfa U paspsna konaeHcaTopa C; B
cxeme puc. 9 rmpy 3aMbIKaHUH KJII0oYa S U pasMbIKaHHH, €CJIN MapaMeTphl LEeTH
R; =1xkOm, R, =1 kOm, C; = 0,1 Mx®.

3aoaua 22: Onpenenute NOCTOSIHHbIE BPEMEHH 3apsfa U paspsna konaeHcaTopa C; B
cxeme puc. 10 COOTBETCTBEHHO ITPpY 3aMBIKAHWH U pa3MbIKaHUK KJIro4Ya S, eciu
R; =1 kOwm, R3 =4 xkOm, R, =5 kOm C; = 10 Mmx®, E = 10 B.

3aoaua 23 Onpenennure 3aKOHbI N3MEHEHUS HANIPSDKEHUsI HA KOHZEHcATope Ucy U TOKa
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AcRHYPORHHE

CiHXpoHitie

[ nasc 1
Co CTaTHYOCKmM C INHaMITIOCKIM
YHDOBIOHHEH b,

Bce MHOr000pasue TpUrrepoB Mo GpyHKIMOHAILHOMY Ha3HAYCHHIO OTPEIETIICTCS
CXEMOH YIpaBJICHHsI, KOTOpask PacIiO3HAET CUTHAIIBI YIIPABJICHUS U MEPEKII0YaeT
OMCTaOHIBHYIO CXEMY U3 OJTHOTO COCTOSIHHMS B Zpyroe. B mpocteiiiem BapraHTe
YIIpaBIISIONIee yCTPOHCTBO MOXKET OTCYTCTBOBaTh. CxeMa KIIaCCU(UKAIINY TPUITEPOB 10
(bYHKIMOHATEHOMY TIPH3HAKY MpUBeCHA Ha puc.S. OYHKIMOHATBHBIN MIPU3HAK
CHCTEMATH3HPYET TPUITEPHI MO YUCITY JTOTHIECKUX (MHPOPMAIIMOHHBIX) BXOJIOB H HX
(bYHKIMOHATFHOMY Ha3HaueHHI0. [IpuBeIcHHbIC B CXeMe Ha3BaHHs TPUTTEPOB OyayT
YACHEHBI U3 JaNbHEHIIero Mateprana.

Bropast kiaccudukanus TpUITEPOB XapaKTepH3yeT crocoObl BBOAA HH(GOPMAIMH U
OLICHUBACT UX MO BPEMEHU OOHOBIICHHUS BBIXOJHOW HH(OPMAIMH OTHOCUTEIBHO MOMEHTA
cMeHbl H(pOpMaIK Ha BXozax (puc. 6).

Puc. 6

Onun gRQopManHoR- u Goxea i o~
il Bx mu!ommx xxo]%gp‘

ey npe sl

Jlsa nufopuarFoRmx BX0na

Mo criocoOy npencraBieHus BEIXOAHON HH(GOPMAaLUK (TpEeTHH B KJIACCU(PHUKAIIIHN)
TPUITEPBI ITOPA3JIEISAIOTCS Ha IBE OOJNBIINE TPYIIIBI: CTaTHYeCKHe (MOTeHIUAbHbIE) 1
JTMHAMHYeckue. JlnHaMUYecKre TPUITephl HaXOAAT OrpaHndeHHoe puMeHenne. Hanbonee
pacIpocTpaHeHbl B COBPEMEHHOW PaiO3JIEKTPOHHON anmnaparype CTaTHIeCKue TPUITEPHI,
COCTOSIHHE KOTOPBIX XapaKTepHU3yeTcsi HeM3MEHHBIMU YPOBHSIMH BBIXOHOT'O HAIPSHKEHHUSI.

[TpOMBIIIEHHOCTH BBITYCKAET Pa3HOOOpa3HBIE TUITHI TPUTTEPOB B HHTEIPAIILHOM
ucrionHeHnH. OHU MOT'YT OBITh TAK)KE BBITIOTHEHBI M Ha U(POBBIX HHTETPAJIBHBIX CXEMax
(Tema 6.2), ¥ Ha ONIEPALIMOHHBIX YCUIINTENSIX, U Ha AUCKPETHBIX KOMIIOHEHTAX, T1e
aKTHUBHBIMH 3JIEMEHTaMH SIBIISTIOTCS, TJIABHBIM 00pa3oM, TPaH3UCTOPHI.

B nanHO# TeMe paccMaTpHBalOTCS OCHOBHBIE CXEMBI TPAH3UCTOPHBIX TPUITEPOB:
CHMMETPHYHbIE TPUITEPHI C BHEITHIM U aBTOMAaTHYE€CKHM CMELIEHHEM M HECUMMETPUYHBIH
TpUrrep.

CXeMBI TPUITEPOB, OITMCAHHE MX paboThI, CIIOCOOBI 3aITyCKa, MOBBIIIEHUS
OBICTPOJEHCTBHS TOCTATOYHO ITOJTHO PACCMOTPEHBI B YKa3aHHOM BhIIIe uTeparype. [lpu
N3Yy4EeHUH HEOOXO0IMMO BCIIOMHHUTBH MaTepHI TeMbl 2.1, BHUMATeIbHO pa3o0paThes B
TIPUBEJICHHBIX BPEMEHHBIX JJHarpaMMax, 3allOMHHUTh YCIOBHOE rpadryeckoe H300pakeHne
ocHOBHBIX THITOB Tpurrepos ([1]) c. 218, puc. 7.3, c. 223, puc.7.6). Heobxoaumo Taxke
VSICHUTB ¥ 3aIIOMHHUTh OCHOBHBIE TTOHSITHS U ONPE/IeICHNUs], BBOJUMBIE /TSI BXO/IOB U
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BBIXOJIOB TPUITEPOB, PEKUMOB HX PabOThI, OCHOBHBIX XapPaKTCPHUCTHK.
BoT HekoTOphIC U3 HUX:
— B 00IIEeM ciTydae TPUTTEP UMEET JIBa BBIXO/A: OCHOBHOM, o0o3Havyaercss Q (wmm P) u

WHBEPCHBIN, 0003HavaeTCs Q (unu P )i

— MEepEKITIOYEHUE TPUTTEPa MOXKET OCYLIECTBISATHCS (PPOHTOM BXOJHOTO UMITYJIBCA, 3TO
JIUHAMHUYECKOE YIPaBJIEHUE, COOTBETCTBEHHO BXOJ] Ha3bIBACTCS AUHAMHUUECKUM, UIH
YCTaHOBMBIIHMMCS YPOBHEM BXOAHOI'O CUTHAJIa — CTATUYECKOE YIPaBJICHUE,
COOTBETCTBEHHO — CTATUUECKUI BXOJ;

— uHpOpMAaIHs MOXKET MOCTYNATh Pa3/ieNIbHO Ha JIBa HH(OPMAIMOHHBIX BX0/1a
Tpurrepa S ¥ R, 3T0 Ha3pIBaeTCs pa3/eNbHbIN 3aITyCK WM OTHOBPEMEHHO Ha OO BXOJ
(Bxozp! S u R coemmHeHbI) — CYETHBIN 3aITyCK;

— ObICTpOAEIiCTBHE TPUITEpa ONPEAEIIAETCS CKOPOCTHIO NEPEKIIIOUCHUS
TPaH3UCTOPHBIX KITIOUEH, U3 KOTOPBIX OH COCTOMT, M OL[EHUBAETCSI HAMOOJIBIINM HaJIeKHBIM
YHCIIOM NIEPEKITIOYeHNH B CeKyHy (T.e. yacToroid) (cMm. Temy 2.1);

— paspelaroliee BpeMs, 3T0 MUHUMAJIBHO JOMYCTUMBII HHTEPBAI MEXTY
3alyCKAOIIMH UMITYIbCAMU, OIPEAENIETCS BPEMEHEM IIEPEXOIHBIX MPOLECCOB B
Tpurrepe. beicTpoaeiicTBie 00paTHO MPOIOPIIUOHAIBLHO Pa3PEIIatOIIeMy BPEMEHH.

Tak kak B HacToslIee BPeMs TPUITEPHBIE CUCTEMBI UMEIOT OUYEHb IIUPOKOE
MIPUMEHEHNE B HU(PPOBBIX YCTPOUCTBAX, TO 3TO HAIILIO OTPaKEHHE U B TEPMUHOJIOTHH,
KOTOPBIM MOJIB3YIOTCA MPU OMUCAHUY TPUTTepoB. MaTepuan JTaHHOHM TEMBI SBISETCS
OCHOBOITOJIATAIONINM IS TAJIbHEHIIEro H3yu4eHHsT ¥ IOHUMaHHs paOoThl BCEX TPUTTEPHBIX
CHCTEM.

Bonpocut ons camonposepku

1. TTouemy Tpurrep MO>XKHO UCIOJIB30BaTh B KAUECTBE 3aIlIOMUHAIOILETO YCTPONUCTBA U
KaK JIeINTENh YaCTOThI?

2. OObsICHUTH Ha3HAUYCHUE YCKOPSIOIINX KOH/IEHCATOPOB.

3. Uem oTiIMUaeTcst TPUITEp OT JKIYIIETO MYIbTHBHOpaTopa?

Tema 4.2.2 UnTerpajibHble TPUITEPBHI
Buovl unmeepanonvix mpueeepos. Acunxponnsiii RS — mpueeep na snemenmax H-HE u
HJIN-HE. Cunxponusiti RS — mpueeep, oonocmynenuamoiii, 0gyxcmynenuamoti. T—

mpueeep, D—mpueeep. IK — mpueeep. [lepexmouamenvhvie madbauybl.
Jlureparypa: [1], ¢. 227...237; [3], ¢. 217...242; [4], c. 101...185; [5], c. 234...299.

METOINUYECKUE YKA3AHUA

WurerpasbHbie TPUITEPH HANOOJBINIEE MPUMEHEHHE UMEIOT B IIU(POBOI TEXHUKE,
MOATOMY BEJIMYMHA HAPSDKECHUH HA MX BXO/AX M BBIXOAaX COOTBETCTBYET 3HAUCHUSIM,
MPUHATBIM B KauecTBe joruueckoro 0 u sorndeckuii 1. OHM peanu3yroTcs Ha JIOTHUECKUX
anementax UI-HE u WJIU-HE. ([1], ¢. 227, puc.7.10, ¢.229 puc.7.12; [2], ¢.174 puc.3.1,
¢.175 puc.3.3).
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3aoaua I: Yxaxure nepuos KojaeOaHnii HMITYJIbCHBIX ITOCIIE0BATENbHOCTEH,
NIPUBENICHHBIX Ha pUCYHKE 1, a — 0.

3aoaua 2: Onpenenure Nepro KOICOaHUHA UMITYIILCHON TIOCIIEIOBATEIFHOCTH U UX
CKBa)XKHOCTB , €CJTH JUINTENBHOCTh UMITYJIBCOB 1, = 100 MKc, a JITMTeTHbHOCTD
nayssl t, = IMc.

3adaua 3: Onpenenure JUIMTEIBHOCTh UMITYITbCa t, 1 KOI(QUIIMEHT 3aIOIHEHNUS, €CITU
niepuof koiebanmii T = 15 Mc, a AmUTenbHOCTS Nay3kl t, = 900 MKc.

3adaua 4: Onpenenute cpeHee 3HaAUCHUE HAMIPSDKEHUS TIOCTEI0BATENIbHOCTH
TIPSIMOYT OJIBHBIX UMITYJIBCOB, €CJIM IepHos Koiebanuit T = 1,5 mc,
JUTHTENEHOCTH May3sl t; = 500 mkc, ammumaryna Uy, = 15B.

3aoaua 5: Onpenenure NTUTETBHOCTE UMITYIIBCA, €CITH YacToTa ciaenoBanus F = 10 k[, a
CKBaXXHOCTh Q = 2.

3adaua 6: Onpenenure CpeHIO MOIIHOCT UMIYJIbCHOTO KOJI€0aHHs, €CIIM 4acTOTa
cienoBanust F = 5 k', amurensHOCTS UMITYNBCOB t, = 10 MKC, MOLITHOCTH B
nmmynsce P, = 400 MBT.

3adaua 7: Onpenenure MOIHOCTB, TOTPEOISIEMYIO OT HCTOYHHUKA UMITYJILCHOH CXEMOI,
€CITM MOIIHOCTH B umiyisce P, = 800 MBT, a ckBakaocts Q = 10.

3adaua 8: Onpenenure, KaKoi MOIIHOCTH HEOOXOIMMO BBIOPATH PE3UCTOP B UMITYJILCHOM
cxeme, ecii R = 500 Om, a ammiuTya HarpsHKeHUs IPSIMOYTOJIBHOM  (DOPMEI
Ha HeM Uy, = 10 B nipu ckBaxkHOCTH Q = 2.

3aoaua 9: Onpenenure, Kakoi MOIIHOCTH HEOOXOAMMO BHIOpATh PE3UCTOp B 3ajade 8 mpu
MJI000pa3HOM HamNpsDKEHUU Ha HeM (pHc. 2).

3aoaua 10: Onpenenure KPyTU3HY GPOHTOB MPSIMOYTONIEHOTO UMITYITECA, €CITH aMILTATY1a
Um = 20 B, anurensHocTh uMnyibca t, = 10 Mxc, anuTensHocTh GponTa ty = 0,1

MKC, JJIMTENEHOCT cpe3a te, = 0,2 MKc.

3aoaua 11 -- 13: Tloctpoiite rpadukn GpyHKIMIA:

0 t<0;
11uit)={ "

Um npu t=0;

0 npu t<ty;
12 u(t)=qUpy npu t<t<ty;

0 nmpu t-to,
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11. Ecnmu B paboTe MOMyIIEHBI HEAOYETHI M OIIAOKH, TO YYAIIUACS JODKEH
BBITIOJIHUTD BCE YKa3aHUS NPENOAABATENs, CICIaHHbIE B PELICH3HH.

12. KoHTposbHBIE pabOThl JOMKHBI OBITH BBHIMIOJHEHBI B CPOK (B COOTBETCTBUH C
YYeOHBIM IIAHOM - TPAPHUKOM).

13. PabGora, BbINOIHEHHAss HE 10 CBOEMY BapHaHTy, HE YUYHUTBIBAaeTcs W
BO3BpAIIAETCs yyamemycs: 0e3 OleHKH.

14. Yyammecs, He MMEIONIMECs 3adeTa M0 KOHTPOJIBHOH padore, K SK3aMeHy He
JIOITyCKAIOTCA.

15. Bo Bpems 5K3aMeHa 3auTeHHbIE KOHTPOJBHBIE palbOTHl MPEACTaBIISIOTCS
MIPENoJaBaTeN0 BMECTE C JaHHBIMU METOANYECKUMU yKa3aHUSAMHU.

16. BrimonHsieMblii BapHaHT  KOHTPOJILHOW paboThl Ompesessercss 10 JBYM
MOCJIEIHUM ITUdpaM HOMepa 3a4eTHON KHM)KKHM B COOTBETCTBHHU C TaONuIel yKa3aHHOH B
MPUIOXKEHUH 1.

17. PucyHKH K 3a/1auaM yKa3aHbl B IPUIOXKEHUH 2.
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[Tpn u3yuennn ux paboTHI HAJO BHIMOJIHUTH MAaTEPHAN UX TEMBI 2.3 U YSICHUTB, YTO
€cJIM XOTs1 Obl Ha O/TMH UX BX0J0B 31eMenTa I-HE nonan curnan 0, To Ha BbIXOzE
BO3HMKAET CUr'HaJI 1; a curHai 1, mogaHHbIA X0Ts Obl Ha ONUH UX BXOJ0B 3neMeHTa NJIM-
HE , ycranoBur Ha ero Beixoze cursain 0.

Takue joruueckre ypoBHH, KOTOpbIE ACHCTBYS Ha OTHOM U3 BXO/IOB 3JIEMEHTA,
OJTHO3HAYHO 33a0T JIOTHYECKUI YPOBEHb Ha €T0 BBIXOJI€, HE3aBUCHMO OT YPOBHEH Ha
JIPYTHX BXO/aX, Ha3bIBAIOTCS aKTHBHBIMHU YPOBHSIMH (0OpaTHBIE UM YPOBHH Ha3bIBAIOTCS
MTACCUBHBIMU JIOTHYECKUMH YPOBHSIMH).

Ecnu Tpurrep nepekitogaercss CHrHaJaMM JOTHYECKHH 1, TO Ha3bIBaeTCs TPUITEPOM C
MIPSIMBIM YIIPaBIEHUEM, €CJIU MEPEKIII0YAETCs] CUTHATaMHU Jorndeckoro 0, To Ha3bIBaeTCs
TPUTTEPOM C UHBEPCHBIM YIPABICHUEM.

BxonHble curHanisl, a COOTBETCTBEHHO U BXOJbI TPUITEPOB MOAPA3AEISAIOTCS IO
(YHKIIMOHATEHOMY Ha3HAYE€HHIO Ha MH(OPMALMOHHBIE (JIOTHYECKHUE) U yIPaBIISIOLINE.
VYnpasisomue B CBOI0 04epe b MOpa3eisioTCs Ha MMOAr0TOBUTENIbHEIE (pa3pelaronye,
MIPE/IyCTAaHOBKH) M UCTIOJIHUTEIbHBIE (CHHXPOHU3UPYIOLINE, TAKTOBBIE). B Tabnuie 1
TIPUBEJICHBI YCIOBHOE 0003HaUEHHE M Ha3HaYECHHE BXOJIOB TPUTTEPOB.

Tabnuya 1
YcnosHoe HasnaueHne
obosHaveHne

S Bxop Ans pasgenbHoi yCTaHOBKM TpUrrepa B cocTosiHue 1

R Bxop Ans pasfgensHoi yCTaHOBKU Tpurrepa B cocTosiHue 0

J Bxop ans yctaHoBku cocTosiHus 1 yHuBepcanbHoro JK — Tpurrepa

K Bxop ans yctaHoBku coctosiHus 0 yHuBepcanbHoro JK — Tpurrepa

T Bxop cyeTHoro Tpurrepa (CHETHbI BXOA)

D Bxop ans yctaHoBku Tpurrepa B coctosiiue 1 1 0

\Y MoproToBUTENbHLIN YNPaBNAOLLMIA BXOA ANS pa3peLleHns npveMa
nHdopMaLumn

C WcnonHutenbHbIV yNpaBnsaoLwnin BXOA A5 OCYLLLECTBIEHUS npuema
nHdopmMauumn. Bxog CMHXpOHM3aL MK (TAKTUPYIOLLMIA BXOA)

Beiiiie yxe yka3pIBaaoch, YTO 10 XapaKTepy PEakiuy Ha BXOJHBIC CUTHAJBI TPUTTEPHI
JIENIATCSI Ha JIBa TUTIA: ACHHXPOHHBIC U CHHXPOHHBIE (pHC. 7).

ACHHXPOHHBIE TPUTTEPHI HUMEIOT TOJIBKO HH(POPMAIIHOHHBIE BXO/BI, CPA0ATHIBAIOT
cpasy Mmociie H3MEHEHUSI CUTHAJIOB TIOCIIe U3MEHEHUSI CUTHAJIOB Ha BXOJaX

(I1] c. 228 puc. 7.11).

[Mpunnun paboTel acHHXpOHHOrO RS — Tpurrepa omucax B [1] ¢. 227...230, [2] c.
174...178. HeoOx0omuMo 00paTHUTh BHUMAaHKE U 3aTIOMHHTE, YTO OJTHOBPEMEHHAS Moj[ada
aKTUBHBIX YpOBHEH Ha 00a Bxoma R u S He momyckaercs (3amperieHa), T.K. IPH UX CHATHA
COCTOSIHUE TPUTTEPa OKAXKETCsI HEOPEICIEHHBIM: MOT'YT OCTaThCsI IPEKHUE COCTOSTHUS Ha
BBIXOJIaX, @ MOXKET MPOU3OUTH MEPEKITIOUYCHIE.

W3-3a BIMSHUS IOMEX, WM HCOTHOBPEMEHHOCTH OCTYIUICHUS! CUTHAJIOB HH(OpMAIHU
BO3MOXKHBI JIOKHBIC Cpa0aThIBAHUS ACHHXPOHHBIX TPUITEPOB. UTOOBI 3TO MPEOTBPATUTH
YCIIOKHSIOT CXeMY — JOOABIISIOT CXEMY YIIPABJICHUS U TIOTYYat0T CHHXPOHHBIC TPUITEPHI.
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CHHXPOHHBIE TPUTTEPHI UMEFOT
e/ kpome R u S eme oqun Bxoxn — C,

—S| TS 7‘——-? l I cuaXpoHmupyrommuii ([1] ¢.230
R —* — ¢
1
I
|

puc.7.14; [2] ¢.175 puc.3.6).
€2 OnpoKubIBAHHE TAKOTO TPUTTEPA

er 2 MIPOMCXOJUT TOIBKO NPU HATTUUUHU

¢
Puc. 7.

cootBercTByrONMX curHayioB Ha S, R u C Bxomax ([1] ¢.231 puc.7.16). [Toatomy
CHHXPOHHBIE TPUITEPHI 10 CPABHEHHIO C aCHHXPOHHBIMU 00J1a/1a10T O0Jiee BEICOKOU
MTOMEX0yCTOWIMBOCTRIO. Omucanue padbothl mpuseneHo B [1], ¢.230...233, [2], ¢.178...180.

Ecnu B TeueHue BpeMeHH JIEWCTBHSI TAKTOBOT'O UMITYJIbCA IIPOM30MIET CMEHA CUTHAJIOB
Ha MHQOPMAIMOHHBIX BXOJaX, TO POM30MIET HOBOE cpabaThiBaHue Tpurrepa. Bo Mmaorux
CITy4asix 3TO MOXKET OKa3aThCsl IPUYMHON HapylIeHui B padore. JIJ1st HCKITIOUYEHHS 3TOr0
MIPUMEHSIOT ABYXCTYIEHYATHIE TPUTTEPEHI.

JIByXCTyneH4aThle TPUITEPHI coJiepKaT JiBe ssdeiiku nmamsty (aBa RSC — tpurrepa).

®dopmupoBaHKE HOBOT'O COCTOSIHUS HA X BHEIIHHUX BbIBoAaX (Q u Q ) IPOMCXOMUT 32 /1Ba
TakTa. B mepBoM NpouCcXoauT 3anKCh BXOAHON HHPOPMAIMK B TIEPBYIO SUEHKY, C
MIPUXOJIOM BTOPOT'0 TaKTOBOTr0 MMITyIbca (C2) MporCXOmuUT Mepe3anuch BO BTOPYIO sIMEHKyY
1 00HOBJICHUE HH(pOPMAIMK Ha BHEITHHUX BbIBOMax (puc. 7) ([1], ¢.231...233 puc.7.18).

VY1paBisTh ABYXCTYIIEHYATHIM TPUTTEPOM MOXKHO HE TOJIBKO JIBYMSI, HO ¥ OJTHUM
TaKTOBBIM MMITyNIbcoM. [Ipn aTOM 3anmce nHdopmManuy B IEPBYIO CTYNEHb TPOU3BOJUTCS C
MIPUXOJIOM TaKTOBOT'O MMITYJIbCa, a TIEPE3arich BO BTOPYIO — B MOMEHT €ro OKOHYaHus, T.C.
MIPOUCXOJIUT ANHAMUYECKOE YIIPaBIICHHUE.

[Tpumep CHHXPOHHOTO JBYXCTYIEHYATOr0 TPUITEPA C ANHAMUYECKHM YIIpaBJICHUEM,
T.e. yIpaByieHHeM (DPOHTOM HJIH MeperaioM HarpsbkeHus npuseseH B [1], ¢.231 puc.7.17;
[2], c.182 puc.3.12, c.184 puc.3.13.

Cxemsbl 1 ipuHIUNEI padotsl T — Tpurrepa (cueTHsiii Tpurrep) u D — tpurrepa
(Tpurrep 3a1epKKH) pHUBEAEHHI U pa3odpaHsl B [1], ¢.233...236; [2], ¢.178, 179...180,
183...184.

B mm¢poBoit TexHuKe mmpokoe npumenenne Haxomut JK — Tpurrep, Tak Ha3bpIBaeMBbIH
YHUBEpCAJIBHBIE TPUTTEP. DTO TPUITEP aHAIOTMYEH pacCMOTPEHHOMY BhIIe RS —
TPUITEPY, HO OH HE MMEEeT 3alpellleHHbIX KOMOHHaMK ypoBHEH Ha Bxozax. [Ipu
TIOCTYIIJICHUH aKTHBHBIX YPOBHEW Ha 00a Bxoza oH pabotaeT B cueTHoM pesxkume (T —
TPHUTTEP).

Ha 6a3e JK — Tpurrepa npocTo peaiu3yroTcs pa3inyHble TUIB TPUTrTepoB. OH BXOUT
B COCTaB MHOTHX cepuil. Omucanue paboTsl 1 MHOTHE cXeMHble peanu3anyn JK — tpurrepa
npuBeneHsl B [1], ¢.236...237; [2], c.176...178, 180...181, 185...186.

Jlis Gonee neTaibHOrO M3YUEHHSI MaTepHrajia STOH TEMbI PEKOMEHIYeTCs
BOCIIOJIb30BaThCA JONOIHUTENIBHON TUTepaTypoil. B HacTosIee BpeMst U34aeTCsl MHOTO
KHUT, OpOLIIOp 10 aBTOMATHKe, BEIYUCINTENbHON TexHuke. Hanpumep, E.A. 3enbaun.
Tpurrepsl. — M.: OHeproaromusaat, 1983. Aupma C.A. ImnynecHast TEXHUKA U
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5. SATIAHUS JJISI KOHTPOJIBHOM PABOTHI 1
METOANYECKHUE YKA3AHUA 11O UX BBIITIOJIHEHHUTIO

B cootBetcTBHE ¢ TpeOoBaHMAMHU y4eOHOro IUIaHa U IUIaHa—TpaduKa 110 IperIMery
«mnynbcHas v mpdpoBast TEXHUKa BBITTOIHSAETCS OJ[HA JIOMAIIHSAST KOHTPOJIbHAs padoTa.

KoHTponbHass paboTa BBINONHAETCS yYalIUMCSI CAMOCTOSITENBHO M TOJBKO ITOCHE
TOro, Kak IpopaboTaH COOTBETCTBYIOIIMI TEOPETHYECKW Marepual W pelleH
HEOOXOANMBII MUHUMYM 3aa4. Tak Kak KaxJIOH COOTBETCTBYET 3a/laua WIN yHpakKHEHHUE,
TO KOHTPOJBHYIO PabOTy PEKOMEHAYETCsSl BBIIOIHATH IIOCTETIEHHO IO Mepe H3y4eHUs
MaTepuana.

[Ipn BBHINOIHEHNH KOHTPOJBHOTO 3aJaHKsd HEOOXOIMMO OOOCHOBATH KaXKABIH IHar
pelnieHus 3a1a4m, UCXOsl M3 TEOPETHYECKUX OCHOB NpeaMera. PemeHne Kaxod 3amadu
JIOJDKHO OBITH JIOBEJICHO /IO OKOHYATEIILHOTO OTBETA.

K BeimosHeHn10 1 0hopMIIeHHIO pabOoTHI IPEIBSBISIIOTCS CIEAYIONIE TpeOOBAHMS:

1. KouTponbHas pabora BEITIONHsAETCS Ha Jjuctax ¢opmara A4. CrpaHHIIBI
MIPOHYMEPOBBIBAIOTCS, HA HHUX OCTAaBIISIOTCS TOJIST HE MEHee 3 CM. JUIsl 3alHCH 3aMeYaHud
TIperno/iaBaTes.

2.Ha o0noxkke M0KeH OBITH MPUKIEEH TUTYJBHBIH JIMCT YTBEPXKIESHHOIO 00pasia
WJIN aKKypaTHO 3aITiCaHbl BCe TAaHHBIE TUTYIILHOTO JIMCTA: MH(D, CIENHaTbHOCTD, €CJIH OHa
He OoTpaxkeHa B IMQpe, haMmiIns, UMs, OTYECTBO yJallerocs, MpeaMeT U HOMep padoTEhI.

3.Pabora nomxHa OBITH BBINOJHEHA YEPHHJIAMH OIHOIO LBETA, AKKypaTHO H
pa3bopunBO MK OTIICYaTaHa.

4. Kaxmyro 3a1a4y Ha/lo HAYMHATH C HOBOM CTPaHMIIBI.

5.Pemenne 3amad JKenaTeNbHO pacrojiaraTb B TIOpsiIKE HOMEPOB, yKa3aHHBIX B
3aJjaHuH, HOMEpa 3a/1a4 CIIEYeT YKa3bIBaTh Mepe]] YCIOBHEM.

6.YcnoBust 3amad  AOMDKHBL OBITH 00SI3aTEJBHO TIEPENHCAHBl  OJHOCTHIO
B KOHTPOIILHYIO padoTy.

7. Tlpu odopmieHHH 3amuceld HEOOXOMUMO BBIIONIHUTH OOIIUE TPEOOBAHMUS
K KyJAbType UX BesleHus. BaxxHeinine 3 5THX TpeOOBaHMIA:

7.1 VYyammecs IOKHBI COONIOAATH a03albl, BCAKYIO HOBYIO MBICIB
clle/lyeT HauYMHATh C KPACHON CTPOKH.

7.2 Baxuble (hopMysbl paBEeHCTBA, ONpPEAENEHHS HYAHO BBIICISATH B OTAEIBHBIE
CTPOKH, YTOOKI CeTaTh UX 0onee 0003pUMBIMHU.

7.3 Ilpm omucaHWM pelIeHWs] 3aJaddl KpaTkas 3aIlich YCIIOBHUSI OTHEISIETCS
OT pELIeHHUs ¥ B KOHIIE PEICHHs IIPE/ICTaBIISIETCS] OTBET.

7.4 Cepbe3sHoe BHUMAaHME CJIEIyeT YAEISITh IPABUIBHOMY
HAIMCaHUIO COKPAIIEHHBIX BEITWYHH.

7.5 HeoOXomiMo MpaBWIIbHO YIOTPEOIISATh YCIOBHBIE 0003HAYEHMSI.

8. Pemienust 3ama4  JOMKHBI COMPOBOXKAATHCS KPATKMMH, HO JOCTAaTOYHO
00OCHOBaHHBIMHU MOSICHEHUSIMH, HCIIOIb3yeMble (HOPMYITbI HY)KHO BBIMHCHIBATh.

9. UepTexu CeAyeT BBINONHATh KAPAHAAIIOM C HCIOJIb30BAHHEM YEPTEHKHBIX
HWHCTPYMEHTOB, cobronast MacmTad u 'OCT.

10. B xoHIe paboOTHI ClleAyeT yKa3aThb JIMTEPaTypy, KOTOPOH BBI
HOJIb30BAJIUCh.
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4 IEPEYEHHh PEKOMEHJYEMOM JIUTEPATYPBI

OcHoBHas JMTEpaTypa:

1.

2.

Bpammep 10.A,, ITamyk U.H. MnynscHas TexHuKa, 31, 6 — M.:
Beicmas mkoma, 1999.

KamnabexoB b.A., Mam3eaeB U.A. OCHOBBI aBTOMATHKU U
BBIYMCIUTEIbHON TeXHuKH.— M.: CBs3b, 1980.

JomonnuTenbHAS JIUTEpaTypa

1.
2.
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Tonsaentepr JI.M. VmmnynbcHbie yeTpoiicTBa. - M.: Paguo u cs3p, 1981
CnpaBoYHHUK N0 HHTErpasbHBIM MuKpocxemam. [lon pen. b.B. Tapabpuna. —
M.: Dueprus, 1981.

YexyaaeB M.A. COOpHUK 33/1a4 ¥ YIPAXKHEHUH 110 UMITYJIbCHON TEXHHUKE. —
M.: Beicmas mkona, 1986.

. Antexceenko A.I'., larypun U.U. Mukpocxemorexauka — M.: Paauo u

cBsI3b, 1982

snoruueckue anemeHTsl DKBM. — M.: MamHoctpoenue, 1983.
Bonpocul ons camonposepku

1. CocraBbTe nepexiovatenbHyro Tadbiny RSC —tpurrepa ¢ ”HBEpCHBIMH BXOJIaMH.
2. CocraBbTe nepexiovaTenbHyro Tabnuy D—rpurrepa.
3. Iosicaure Ha3HaueHne V—Bxoa.

Tema 4.3 BJIOKHHI — reHepaTophl

Tema 4.3.1 TpanzucTopHbie OJTOKHHT — FreHepPaTophI
Obwue ceedenust 0 OIOKUHE — 2eHepamopax, ux euovl. Aemokonebamenvuvie OIOKUHE —
eenepamop Ha mpaHzucmope. JKoywuii 6noxurne — eenepamop. CUHXPOHUSUPOBAHHbII
bnokune — eenepamop. Qusuueckue npoyeccol 8 HIOKUHE — 2eHepamope.

Humezpanvivie 610kun2 — 2eHepamopbl, 0COOEHHOCU NOCMPOCHUS. CXEM.
Jlureparypa: [1], c. 287...295.

METOIUYECKHUE YKA3AHUA

BJIOKMHr-TeHepaTop 3TO peaKCalHOHHbBII reHepaTOp KPAaTKOBPEMEHHBIX
MPSMOYTONBHBIX UMITYJIbCOB COMEPIKAIIMN OTHOKACKAIHBIH YCHIUTENb C IMITY/IbCHBIM
TpaHcdopMaTopoM B LIETIN MOJIOKUTENBHOU 00paTHoi cBsizu ([1] puc. 5.16). Hanmuue
HUMITYJILCHOTO TpaH(opMaTopa No3BoJIsAeT GOPMUPOBATH UMITYIbCHI C AMILTUTYIOM,
3HAYUTENHHO MPEBBIIIAONICH KOIIEKTOPHOE HAMPSHKEHHUE, C AIUTENEHOCTHIO 10
HECKOJbKUX HAHOCEKYH]] M 3HAYUTEIbHOH CKBaXKHOCTHI0. OCHOBHBIM KOHCTPYKTHBHO-
TEXHOJIOTHYECKUM HEJIOCTATKOM OJIOKUHT — FeHEPATOPOB SBIISIETCS, TO YTO UMITYIbCHBIN
TpaHchopMaTop He MOAeTCS MUKPOMHUHUATIOPH3AIMH. BIOKHHI—TeHepaTopsl MOT'YT
paboTaTh B aBTOKONIEOATEIBHOM, JKAYIIEM, a TAKXKE B PSKUME CHHXPOHHU3ALUU U JICTICHUSI
YaCTOTHI.

Mo cpaBHEHHIO ¢ MYIBTHBHOPATOPOM OJIOKHHT—T€HEPATOpP HMEET MEHBILYIO
CTaOMITBHOCTD YACTOTHI, MO3TOMY Yallle paboTaeT B JKAYIIEM HIH PEKHUME CHHXPOHU3AIUH

U JiesieHust 4acTothl. [10apo0OHO 9TH pexXUMBI paccMOTpeHsI B [2], ¢. 64...66 u [3], c.
169...171.

Bonpocul ons camonposepku

1. Haueptute Bpemennbie quarpammbl Us (1) u Uy (t) s aBTokonebarenbHOro
OJIOKUHT — reHepaTopa. [TokakuTe, KaKk OTPA3UThCS HA HUX YBEMUEHUE WM YMEHBIICHHE
€MKOCTH XpOHHpYIoIIero konaeHcatopa C.

2. Kak MoBIHseT MepeKIToueHne KOHIIOB 6a30Boi 00MOTKH TpaHchopMaTopa B cxeme
OJIOKHHT — TeHepaTopa?

Tema 4.4 I'eHepaTopbl JUHEHHO H3MEHSIOIET0CS HANPSIKEHUSI U
TOKA

21



Obwue ceedenust 0 2eHepamopax NUI00OPA3HbLIX UMNYIbCOS. [Ipunyun nonyuerus
JIUHEUHO usmeHsioujecocs nanpsxcerus (JIMH). [Ipocmetwuil cenepamop JIMH
KOMNEeHCayuonHozo mund. anmacmpoHHblil 2enepamop 8 Hcoyujem u
A6MOKOIeOAMENLHOM PENHCUMAX.

Tpunyun nonyyenus auneiino usmenstoweeocs moka (JIMT). Cxemol eenepamopa JIUT
Ha MPAaH3UCmopax u ONepayuoOHHOM yCuaumerne.

Jlureparypa: [1], c. 197...212.

METOIUYECKUE YKA3AHHUA

I'eneparops! JIMH (I'JIMH), wnu renepatopsl MH1000pa3HOro HANpspKEHUS ITUPOKO
MIPUMEHSIOTCA B allapaType CBA3H, TEIEBUACHUH, PATUOIOKALUK: IS CO3/IaHUsL
BpeMeHHOH pa3BepTkH Jyda B DJIT ocumnorpados, npu npeoOpa3oBaHUN aHAIOTOBBIX
CHTHAJIOB B IM(POBOH KO, B CXEMaX AJIEKTPOHHOU 3a7epKKH U T.1. CXeMBbl IpocTeHIero
I'JIMH u BpeMeHHbIe TuarpaMMEl, TIOSCHSIONIUE ero padoTy MPUBEICHBI Ha puc. 6.2, 6.3,
6.4 [1] m puc.1.47 [2]. PaGota Takux reHepaTopoB OCHOBaHA Ha IPIMEHEHUH HHTETpaTopa.

OcHoBHBIM TpeOoBanueM K JINH siBiisieTcst ero BRICOKAs TMHEHHOCTh, KOTOpast
OIpEICNIICT TOYHOCTh PabOTHI YCTPOKCTBA B cocTaB Kotoporo Bxomut ['JIMH. JIuneitHOCTH
Hanpspkerust U (t) onpenesseTcs: MOCTOSHCTBOM CKOPOCTH €ro M3MEHEHHUS B TCUCHHE
npsimoro Bxoja (t,) JIMH. Ctenens nuHeiHOCTH XapakTepusyeTcs KoddduieHTom
HeJIMHEHHOCTH

lenay —!

_ CKOH
Y=

CHAa4

)

TJI€ l¢ yaus Ic xor — TOKM KOH/ICHCATOPA COOTBETCTBEHHO, B HAYAJIC M KOHIIE
¢dopmuposanust JIMH.

[Mpu m3yuennn unterpupyromeit RC — nernm ObLIO MOKAa3aHO, YTO IKCIOHEHIIHAIBHO
usMmensttorieecs Hanpspkenne U (t) 6113K0 K THHEHHOMY, €Cii BpeMsi ero U3MEHEHHs
(Bpemst 3aps/ia WM paspsijia KOHJIEHCaTopa) MHOTO MEHBIIIE TOCTOSTHHOM BpeMeHu nenu. Ho
TIPY 3TOM YCJIOBHH OKa3bIBaeTcs MayibiM Tako napamerp ['JIMH, kak koa¢ddunueHt
WCIIONIb30BaHMS HAIIPSDKEHHS MCTOYHMKA Tanus E onpenensemslii kak

e Un

E

Jls obecrieueHmst TpeOyeMbIX BHICOKMX 3HaueHUH Ko duireHTon YuE HCTIONIB3YIOT
YCIOXKHEHHE CXEM, TIPUMEHSISI WITH TOKocTabmn3upyromue snemenTts! ([1], ¢. 201...202;
[2], c. 69...71), wu cxembl kommeHcanmonHoro tuna ([1], ¢. 203...204; [2], c. 71...74; [3], c.
177...186).

[MpuHIMI JeHCTBHS 3THX CXEM OCHOBaH Ha 00ECIEUeHNH MOCTOSHCTBA TOKA o,
3apspKaroIero WK paspsbkaroniero konaencatop C unterpatopa. Hanpsbkenue Ha
KOHJIEHCATOpe

| t
UC::

< Jiect
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KombOunarus S = 0, R = 0 sBisieTcst 3anpenieHHON Tak KaK Ha MPSMOM H HHBEPCHOM
BBIXOJIaX TPUITEPA CHTHAJBI MPUHUMAFOT 3HAUYEHHE 1, T. €. CXeMa mepecraet
(YHKIIMOHUPOBATH KaK TPUTTEP.
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C=C,=200 nd.

Pemenue:

[IpoBepka yciaoBuit pabOTOCIIOCOOHOCTH TPUTTEPA CBOJUTCS K IPOBEPKE YCITOBUIMA
3alMpaHus ¥ HACBIIICHUS KaXI0ro u3 TpaH3ucTopoB (Ecy>lR: 1

Ek ECM > Ek

R.+R R. ~BR ). Tak kak pesuctopst Ry u R’ samryntuposanst
k2 1 2 k1

koneHcaropamu Cy u C,, TO OTHAAaeT HEOOXOTUMOCTh MPOBEPKH YCIOBHS
JIABUHOOOPA3HOTO MIEPEKITFOUCHUS OTIaacT. Y CIIOBHE 3aKPBITOrO COCTOSIHUS TPAH3UCTOPa
BBITIOJTHSACTCS, TAK KaK
2 B>100-1010-10°>1 B.
VY cIIoBHE OTKPBITOIO COCTOSTHUS TAK)KE BBIMOTHSICTCS, TaK KaK

i, =1,23m4 > 1, =1ud,

E E 20 3

=K o - - - =1,23n4;
R.+R, R, 12.10°+1-10° 10-10

l,,=E,/BR, =20/20-1-10° =1u4

eode l; =1, —1,

3AJTAYA 4 B cxeme Ha pucynke Ex=10 B, R;=R,=15 kOm, C;=C,=9100 n®, B=30, Ri,=
Rk,=1 kOMm. PerynupoBka neprosa kKonedaHui ocyniecTBisieTcs: u3aMeHeHneM E.
PaccuuTaiiTe MUHUMAJTBHBIC U MAKCUMAITLHBIC 3HAYCHUS
Eo 1 mepuob! koieOaHuid, €CITH JOIMyCTUMBIEC MPEICIThI
W3MEHCHUS CTCTICHH HACHIIICHUS COCTABIAIOT S=1—4.
Pemenne:

Tok HACBITIIEHHUS TPAH3UCTOPA COCTABIISIET
l6:=E/(RB)=10/(1-10*30)~333 MA.

Jliis obecrieuenust Toka 6a3el i5=ls, u S=1 HanpsbKeHue
Eq, cocraBnsier

Eo1=l6,R1,=0,333-102-15-10°~5 B.

Hanpsoxenune Eg, oOecrnieurBaroiee CTENIeHb HACHIIEHUS S=4, COCTaBUT

E04:4' 'E01:20 B.

[epuomsr konebanuit onpeaearmM mo hopmyie

t = RC In(l+ o)
EO

rac U6m — aMIUTUTYyJla OTPHULIATCIIbHOI'O HAIIPSXKCHUSA HaA Oase 3alMpacMoro TpaH3ucTopa, Eo

— HanpsHKEHUE YIPABIISAIONIET0 UCTOYHUKA.
COOTBETCTBEHHO NIEPHO,T KOJICOAHMIA COCTABUT
T=2t,=15-10°9100- 10 In(1+10/5)=300 mxc.

3AIAYA 5 ITouemy Ha Bxoap! RS-Tpurrepa Ha anemenrax M-HE Hexnb3st omHOBpeMeHHO
noxasath curansl R=0, S=0?

Pemenue:
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U, =—2t=K-t
C

=1, = const N
, TO , T.C. ABJIACTCA JTUHCUHO

| C

U eciu
n3MeHstoneiics GyHkIpei BpeMeHr. B Takux cxemax K03 QUIEeHT 4 OyzeT UMeTh Mayoe
3Ha4YeHHe /10 OoJiee BEICOKMX 3HAUYeHHH E.

B kauecTBe Takol cXeMBl MOKET OBITh IPUMEHEH 1 uHTerpatop Ha OY. Cxema u
omnricanue padots! qansl B [1], ¢. 204....205; [3], c. 186...189.

Paccmotpens! Beime cxemsl ['JIMH ynpasnstoTcs UMIyibcaMy OpSMOYTOJIbHON
(hOpPMBI C JUTHTETFHOCTBIO, PABHOH JUTHTEITLHOCTBIO MPSAMOTro (pabouero)xoma
MHII000pa3HOT0 HATIPSDKEHUSI.

BriBaeT HE0OX0IMMO BBIPAOATHIBATH OAWH MEPUOJ MHI000PA3HOTO HANIPSKEHHUS TIOCTIe
M0Ia4H KOPOTKOTO 3aITyCKaIOIIEro NMITyiibca. I eHepaTopsl, paboTaromue B TAKOM PeXHUME,
Ha3bIBaloTCs (paHTacTpoHHBIME TeHepaTopamu ([1], c. 205...210). Onu MoryT paboTaTh Kak
B XKIYIIEM, TaK ¥ B aBTOKOJIcOaTeIbHOM pexkumax. Pabota daHTacTpoHa B Kakoil Mepe
aHaJlorn4Ha pabore MynbTHBHOpaTopa. B (haHTacTpoHAX JTMTENBHOCT MPSIMOTO X013, a
aBTOKOJIE0ATEIFHOM PEKUME H MIEPHO]] TIOBTOPEHUSI, ONPEEIISIOTCS TapaMeTpaMH CXEMBI,
a X PErylnpoBKa OCYIIECTBISETCS JOCTATOYHO MPOCTO.

Toku nunooOpazHol GOPMBI, T.€. C TMHEHHBIM U3MEHEHHEM TOKa BO BPEMEHU
pabodero xoza, UCMIOIB3YIOTCS JUISl CO3JaHUsI BDEMEHHON Pa3BEPTKH B AJIEKTPOHHO-
Jy4EBBIX TPYOKax MpH MarHUTHOM OTKJIOHeHUH Jryda. Harpyskoii renepatopa JIUT B aTom
cirydae SIBJISIETCSl OTKJIOHSIIOINAs KaTyIlKa. Takue CXeMbl MPMEHSIOTCS B MHANKATOpax
PaIMOIOKaIMOHHBIX CTAaHIUH, B TEJIEBU3NOHHBIX ycTpolcTBax. [Ipn m3yuennn Matepuaia
pa3bepuTech B dMIOpax HaNpspKeHWH, Ha puc. 6.14 [1] u puc. 7.11 [3] u ysichure, uTo U151
nony4yeHus B katymike JINT, Ha Hee nomkHO ObITE ogano JIMH ¢ HavaneHbiM ckaukoM Uy
(vHOT 12 HANIpsSDKEHKE TaKoH (POPMBI Ha3bIBAIOT TPAIEEUIATEHBIM).

Cxemsl nipocteiimux reaepatopos JINT u omvcanne ux paboThI TaHBI B yKa3aHHOU
BbIIIIE TUTEpaType. boree moapoOHO 3TOT MaTepuan OyaeT paccMaTpUBATHCS B Kypce
«OCHOBBI PaAMOJIOKAIINH U TEIIEBUICHUS.

Bonpocul ons camonposepku

1. Kakumu napamerpamu cxemsl npocteiiero I'JIMH onpenensiercst HakJIOH TUHUU
MIPSIMOT'O BXOJ[a MAIO00PA3HOT0 HATIPSHKCHUSA?
2. TTosicHUTE JelicTBUE OOpaTHBIX CBsI3ei U UX poik B padote ['JIMH

KOMIICHCAallTUOHHOI'O THUIIA.

Tema 4.5 CejieKTOpBI UMITYJIbCOB
Houssmue cenexyuu. Hasnauenue cenexmopa umnynvcog. Cenekmopuvl uMnyibCog:
— ¢ amMnaumyoot, npegvliiaroujel Nopo2 U MeHvlle Nopod;
— amMnIUmyoa KOMopuix HAX00UMcsi 8 3a0AHHbIX NPeoenax;
— ¢ OnumenbHOCmbi0 60IblUe U MEHbUUE 3A0AHHO,
— C OMUMENbHOCMbIO HAX0O0AWelCs 6 ONPeOesIeHHbIX SPAHUYAX,
— 3A0AHHOU OIUMENbHOCIbIO,
— 6PeMeHHble CeNleKMOopbl.
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Jlureparypa: [1], c. 333...338.

METOIUYECKUE YKA3AHUA

[pu perieHr pasTYIHBIX TEXHAYSCKUX 3a]1a9 HEPEIKO BOSHHUKACT HEOOXOIMMOCTE TIPOM3BECTH
0TOOp MMITYITECOB, OTIMYAFOIIMXCS OT BCEX OCTAITBHBIX OMpPE/ICTICHHBIM MPU3HAKOM. Takoid otoop
TIPUHSATO HA3BIBATh CEJICKIMEH, a SNIEKTPUYECKUE YCTPOMCTBA, BBITOMHSIONIME ATy 339y —
CEJICKTOPaMH.

Yacro nipu cestekimy (hopMa UMITYITBCOB He I3MeHsieTcst. OTHAKO KOrJia YCTAHABIMBACTCS JIUIID
(hakT HAMMUS VMITYJIHCOB C ONPEICTICHHBIMY TPH3HAKAMIL, CHTHAT HA BBIXOJIC CEJICKTOpA MOXKET
CYIIECTBEHHO OTJIMYATBhCS OT BXOMHOTO HMMIYJIbCA, HAJIMYHUE KOTOPOrO OH YCTAHABIIMBACT.
YcrpoticTsa, pelarolye TAaKyro 33/1a4y, Ha3bIBAOT KBA3UCEICKTOPAMU.

CeJIeKIMI0 MOXXHO OCYIICCTBILITH 110 AMIUIUTYIIE, JTUTCITBHOCTH, BPEMEHHOMY TIOTIOXKECHUIO U
T

CeJIeKTOpBI MMITYITHCOB IIIHPOKO MPUMEHSFOTCS B PAIMOTEXHUKE, ABTOMATHKE, TCIICMEXAHUKE W
JIPYTHX OOJIACTSIX TEXHUKH. TaK, HATprMep, B TEJICBH30pax ¢ MIOMOIIIBIO aMILTUTY/THOTO CEJIEKTOpa OT
TIOJTHOrO TEJICBM3HOHHOIO CHUTHAJIA OTACISIOT CHHXPOUMITYJIECHL, KOTOPBIMH CHHXPOHU3UPYFOT
TCHEPATOPhI PA3BEPTOK, B PATHOIOKATOPAX C TIOMOIIBIO BPEMEHHOIO CEIICKTOpa OOCCIICUMBAIOT
ABTOMATHYECKOS COMPOBOXKICHIE TICITH.

AMIUTHTYHBIE CeJIEKTOPbL. AMITMTY/THBIC CEJICKTOPBI TPSICTARISIOT COOOWM  YCTPOWCTBA,
OTOMPAFOIIME UMITYIIBCHI 0 aMIuuTyyie. C MX MOMOIIIBEO M3 TTOCIIEIOBATEIFHOCTH MOYKHO BBIICIISTh
TE VIMITYJTHCBI, AMIDTUTYJIa KOTOPBIX BBIIIIC WK HIDKE OMPE/IEICHHOTO YPOBHS, HA3BIBAEMOT0 YPOBHEM
(moporom) ceekimy. MOXHO TakKe BBIICIATH MMITYIIBCHI, aMIUTHTY/Ia KOTOPBIX OYNET BBIIIC
OJTHOTO U3 33/IAHHBIX, YPOBHEH, HO HIDKE JIPYTOro.

CejleKTOpbl MMIYJIBCOB TI0 NIMTETBGHOCTH. CQICKTOPHI  TAKOTO pOfia  OOBIYHO  SIBJISFOTCS
KBA3UCEIICKTOPaMH, T. €. JIAIIh PETUCTPUPYIOT HAJTMYKE HA BXOJE MMITYJIECOB TOM WM MHON
JUTHTEITHHOCTHL.

Bpemennbie ceekTopbl. CeTeKTOPhI UMITYITBCOB 110 BPEMEHHOMY TONIOKCHHIO (BPEMEHHBIE
CEJICKTOPBI) TIPEJCTABIIIOT COOOH YCTPOKMCTBA, OTOMPAIOIIME TE HMMITYIBCHI, KOTOPBIC
MOCTYTAIOT Ha HUX B ONPENC/ICHHBIC MHTCPBATHI BpeMEHU. Takas CENEeKIwsl 0OCCTICUMBACTC
CpaBHEHVMEM 3aJ]AHHOM TOCIIENIOBATENIEHOCT UMITYJIbCOB CO  CIIELMATBHOM, COCTOSILIEH 113
Pa3pEIIAFOIHX (CTPOOUPYIONTUX X CEIEKTOPHBIX) UMITYIIECOB, BPEMEHHOE TOJIOKEHUE KOTOPBIX
BIIOJTHE OTPEJICIICHHO.

Bonpocwt o camonposepku

1.Hapucyiite cxeMy CeIeKTOpa MUHUMAJLHOW aMILTUTY/IBL.

2.Bu/IbI CENEKTOPOB UMITYIILCOB TI0 [UTUTEILHOCTH.

3.1300pasute rpaduku HAPSHKEHUH CENIEKTOpa UMITYIBCOB 33TaHHOMN
JUTUTETTBHOCTH.
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3 IIPUMEPHI PEHIEHUA 3AJIAY

3AJTAYA 1: Onpenenute 3HaueHus HanpspkeHud U ¢, U ¢, 1 U 3B cxeme puc. B
ycraHoBuBIIeMcs pexume, eciu C; = C; == C3=0,1 mx®, R; =1xOwm, £ =10B.
Pernenne:

Conporusnenue kouaeHcatopoB C;, C;, C3 IO TOCTOSTHHOMY TOKY MHOTO OOJbIIIE
COTIPOTHBIICHUS pe3ucTopa Rj, Mo3TOMY MOXHO cUuTaTh, uto R; mynTupyer Cz. Otcrona
cnenyet, uyto Ucs=Ugr,;=0. Hanpsokenue ucrounuka E pacnpenensercs mexny Cy u C,.

C, ;5 0110°

U, —E ~10 _58: b il
“TEC+C, (01401107 ]:"H :
U,-E—S 19 OL10° _5p £ s
C.+C,  (01+0110°

3AJAYA 2: Ha BX0J] OrpaHU4MTENSI CBEPXY Ha HYJIEBOM

YPOBHE MOJIa€TCsl CHHYCOUIaNbHbBIN curHan ammiuTyaon 30 B. B cxeme ncnonb3oBan
KpeMHHUEBBI MukpocmiaBHoil nuon tuna KJI 504 A ¢ mapamerpaMu6 NOCTOSIHHOE MPSIMOE
HanpsbkeHue 1pu Toke |,,=100 MA Uy,=1,2 B, nocrosHHbIH 00paTHbIit Tok mpu Uys,=40 B
losy=100 MKA. EMkocTs roaa 16 nd. OnpesiennTe conpoTUBIEHHE Harpy3ku R, u
aMIUTUTYAY BBIXOJHOT'O HAIIPSDKEHUS TIPH ACHCTBUM MOJOKUTENBHON M OTPUIIATELHOM
MIOJYBOJIH BXO/ITHOI'O HAaMpPsKEHUSI.

Pemenne:

OmnpenenyM NpsiMoe U 00paTHOE COTIPOTHBIIEHHS ANO0JA:

=Upp/1ip=12 OM; Rogp=Uosp/ lop=400 kOM. CompoTuBrienue Harpy3ku 1o qopmyie

R, =R vk, , tre Ke=Roep/Rrp. [omyunm

3
R, = 12#% = 2,18 xOwm; BeiOHUpaem mo 'OCTy 2,2 kOm.

BrixoiHOE HaNpsHKEHUE OTIPENeTuM o (OPMYITaMm:

R
uBle+ :Um R HR zUm
n R
. =U, =2y, 2
BbIX — m m
RH + R()EP Roﬁp
Ugur-=29,7 B;
usbl,r+:0516 B

3ATAYA 3:IIpoBepbTe, BBINOIHAIOTCA U
yCIIoBHS PabOTOCIIOCOOHOCTH TPUTTEPA, CCITH
Rk1= Rkz=1 kOM R{/=R;=12 xOmMm, R,’=R,=10
kKOwMm, Ecy=3 B, Tpansucropsl umeror B=20.
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