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ITPABIJIA
PABOTBI B JABOPATOPUH DJIEKTPOTEXHUKHN
N JIEKTPOHUKHA

1. K pabGote B abopaTopuu CTYyACHTHI JIOIYCKAIOTCS TOJIBKO MOCTE
WHCTPYKTaKa M0 TEXHUKE O€30MIaCHOCTH.

2. Kaxzplil CTYJCHT OJDKEH TOJTOTOBUTHCS K 3aHSATHIO MO JaHHO-
My yueOHOMY MOCOOWI0O M PEKOMEHAYeMOW JMTepaType: BBIIOIHHUTH
MPEIBAPUTEIBHBIN pacyeT K IKCIEPUMEHTY, Ha4epTHUTh HEOOXOIUMBIE
CXeMBbl, TpaQuKu 1 TabmuIpl. He moAroToBUBIIMECS CTYACHTHI K 3aHs-
THUIO HE JIOITYCKAIOTCS.

3. Ilepen cOOpKoil ANMEKTPUYECKON LEeMu HEOOXOauMO yOeauThCs B
OTCYTCTBHHU HATIPSHKSHHS HA DJIEMEHTaX LEITH.

4. COopKy Lien# ClIeyeT HAYMHATh OT 3aKMMOB UCTOYHHKA, TPEKIIE
BCEro, cOOpaTh [EIH TOKa, a 3aTeM IeNH HAPSHKEHUS.

5. Ilepen BKIIOYEHWEM MCTOYHHMKA IMHUTAHUS HAa PETYIHPYEMBIX dIie-
MEHTaX JIOJDKHBI OBITh YCTAHOBJICHBI 33JJaHHBIC TAPAMETPEI, a PErYJISTOP
JIATPa nomkeH HaXO0IUTHCSA B HYJICBOM IOJIOKCHUH.

6. BriroueHue 1eny MojA HamnpspKEHHE MPOM3BOIAMTCS TOJIBKO MOCTE
MIPOBEPKH €€ MPEIOAaBaTeNIeM K JIA00PAHTOM.

7. VI3MeHeHHs B CTPYKType LENH MPOU3BOIATCS MPU OTKIIOUEHHOM
WCTOYHUKE NMUTAHUS.

8. CornacHo mporpamMmMe paOOTHI CAeNaTh HEOOXOIMMbIE H3MEPEHHUS
U 3aII0JIHUTh COOTBETCTBYIOIINE TAOIHIIBI.

9. OtknrounTh UCTOYHMK MUTaHUs. [lokazaTh pe3yibTaThl Mpenoaa-
BaTEINI0 U MOJMYYUTh pa3pelieHre Ha pa30opKy IeTy.

10. TIpusecTu B nopsa0k pabouee MeCTO: pa3o0OpaTh ICMH, aKKypaT-
HO CJIOKHUTH IPOBOJA.

11. OdopmuTs OTYET O BBHINOJIHEHHOW paboTe coriacHO TpeOoBaHU-
SIM K COJIEp’KaHHIO 0TYEeTa B KOHKPETHOU padore.

12. TlpeacraBUTh OTYET O PabOTE MPEMOAaBaTEIO, OTBETUTh HA KOH-
TPOJIbHBIE BOIIPOCHI, MTOJIYYUTh 3a4eT MO BBINOJHEHHON paboTe W 3aja-
HUE K CIEAYIOUIeMY 3aHSITHIO.



JladopaTtopHas pabdota Ne 1
MOJYIMPOBOJHUKOBBIE BbBITIPSAMUTEJIN

Llenv pabomul: W3yvueHUe NPUHLUIA EHCTBUS U CBOWCTB oAHOda3-
HBIX M Tpex(a3HbIX BBHINPSIMUTENCH; O3HAKOMJIEHHE C NPOCTEHIINMU
CTIIQ)KUBAIOIIUMHU (PHITIBTPAMHU.

O0umue cBexeHua

Brimpsimurenem Ha3bIBaeTCs yCTPOMCTBO NMpeoOpa3oBaHUs MEPEMEH-
HOT'O HANPSDKEHUS B MOCTOSIHHOE. BBIMPSIMUTENTBHOE YCTPOMCTBO, TOMH-
MO BBIIpSAMHTENS B, B KOTOPBIN BXOJAT OAWH WM HECKOJBKO BKIIIOYCH-
HBIX MO OIPENENICHHOW CXeMe BEHTHJIEH, COACPKUT B cebe CHIIOBOM
tpanchopmarop T, crioaxuBaronuii GumsTp C® u cradbuwmmsatop Ct
(puc. 1.1). B 3aBucuMocTH OT ycloBUil pabOTHl U TpeOOBaHMI OTIEINb-
HBIE Y3716l BHIIPSAMHUTEIBHOTO YCTPOICTBA MOTYT OTCYTCTBOBATb.

Uz uzl B Co Cr Uﬂl Ry

7

Puc. 1.1

OCHOBHBIM 3JIEMEHTOM BBIIPSAMUTENS SABISETCA BEHTHIb (JIMOJ) —
9TO HEJMHEHHBIH 3IeMEeHT, 00JaJalomnii He3HAYUTEIbHBIM CONPOTUB-
JICHHEM TOKY B IIPSIMOM HaIIPaBJICHUH U BECbMa OOJIBIINM — B OOpaTHOM.
Haubonpmiee pacpocTpanenre NOIYYHIN TOTYTTPOBOAHUKOBBIE THOIBI,
BEHTWJIBHBIE CBOMCTBa KOTOPBIX ONPEIENSAIOTCS CBOWCTBaMHU P-N-

repexosa — KOHTaKTOM ABYX IOJIYNpO-
BOJHHUKOBBIX MaTE€PHaJIOB C Pa3THYHBIMH
Inp Ly TUIIAMH 3JIEKTPOTIPOBOIHOCTH.

—= |
vp T BonbramnepHas XapakTepUCTHKa IO-

JYTPOBOJHUKOBOTO JWOIA U €0 yCIIOB-

o ; Hoe Tpaduyeckoe oO03HauCHHE TpPHUBE-
P | JeHbl Ha puc. 1.2. Jlnd ykasaHHBIX
U o6p.max ; HAlpaBICHUH IIOJIOKUTEIbHBIE TOK H

—_ UHP HaMpsOHKCHUEC HA3BIBAIOT INPAMBIMH, OT-

Puc. 1.2 PULIATCIIBHBIC — O6paTHLIMI/I.



OCHOBHBIE ITapaMeTpPhl JAUOI0B: PEISIBHO JIOYCTUMBIN MPIMOM TOK
(TTOCTOSIHHAS COCTABIIAIONIAS) U MAaKCUMAILHO JOITyCTUMOE MTOCTOSHHOE
oOpaTHOe HampspkeHue. [IpeBblllicHHEe WX MPUBOJUT K HEOOPATUMBIM
IpoleccaM B P-N-epexojie, pa3pyLIaroIiuM ero.

Paccmotpum criefyroniue BHIPSAMUTENN, UMEIOIIHE TUPOKOE TpaK-
TUYECKOE HCIONB30BaHMe: OMHO(DA3HBIN OIHOMONYNEePHUOIHBIA, OIHO-
(a3ubpIit MOCTOBOH 1 Tpex(da3ubiii MocToBOU. IIpu aHanm3e pabOTHI BHI-
NpsIMUTENCH OyeM CYUTATh BEHTUJIHM UJICATBHBIMHU, T.€. COIPOTUBJICHUE
BEHTIJIA B MPSMOM HaIpaBlIeHUH PaBHO HYINIO, a B 00paTHOM — OecKo-
HEYHOCTH.

OonoghasHblil 0OHONONYNEPUOOHDBI BbINPAMUMETL COACPKHUT OJIUH
BeHTHIb VD, KOTOpEI BKJIFOYEH MOCIEIOBATEILHO C HATPY30YHBIM pe-
3ucTopoM R, ¥ BTOpmuHO#H 00MOTKO# TpaHchopmatopa T (puc. 1.3, a).
[IpeneOperaeM MHIYKTUBHBIM COMPOTUBICHUEM PACCESIHUS M aKTHBHBIM
COIMPOTUBIICHHEM OOMOTOK )
Tparcopmaropa U cuuTa- T VD i|>

N
eM, 4TO HampsbkeHue U, Ha 7 ' +
v —
BTOPUYHOM obmoTke ) | u, 1 Co !
TpaHchopmaropa HU3IMCHS- U, .' Ru "
é _

ercst o 3aKOHY

Uz = Uppsinwt. Tlpu moso- a)
JKUTEITBHBIX 3HAYCHHUAX (), Uom
9TOTO HAMpPSHKCHUSI BEH-
b VD  OTKpeIT, W B Ut
Harpy304HOM  PE3HCTOpE | T/ZUT 3172 12T
R, mpoTexaet Tok ) i i i
U : UH max : :
i =—2Mgint Vs X\ |
AN Ul
. sh . ; ! i
SIBJISIOIINICS JUTS BEHTHIIA
OPSMBIM TOKOM. | Useo U
B stom uHTEpBaje Bpe- 5)
MEHH (0...772; T...3T/2) Puc. 1.3

Uy = Uy = Upsinwt; u, =0

(puc. 1.3, 6). IIpu oTpHUIATENBHBIX 3HAUCHHUAX Uy BeHTW b VD 3aKphIT,
€ro  COMpOTHBIICHHE  OECKOHEYHO  BENHKO,  3Hauut, U, =0;
Uy = Uy = UpmSinwt,



[lepuognueckoe TOBTOPEHHWE OJTUX TMPOLECCOB (QOPMUPYET Ha

Harpy3Ke HECHHYCOHIAIBHOE BBIIPSIMIICHHOE HAmpsvkeHHe Uy = MOCTO-
T/2 1

SIHHAs cocTaBistiomas koroporo U, . = = AU, maxSinWtdt=—U, a5

0 p

VunteiBast, 9T0 Uy max = Uom = \/EUZ, MOJTy4aeM COOTHOIICHHE HJIS

BbIOOpa HampsbKeHHsA TpaHcdopMmaropa MO 3aJaHHOM MOCTOSHHOHM Co-
CTaBJISIOILEH BBIIPAMIIEHHOTO HAIPSKECHUS:

Usep = 2U2/p=0,45J2 um Uy = 2,22 U, ¢,

IIJ'ISI Ha)le)KHOfI pa6OTLI BCHTHJIN BI)I6I/IpaIOT u3 YCHOBI/Iﬁi
Inp max2 IH cp! UoGp max > U2m = pUH cpr

KOS(l)(I)I/ILIPIeHTOM Hy.]'[BC&LIHfI BBIIIPAMIICHHOT'O HANPSXKCHUA p HA3bI-
BaIOT OTHOIICHHUE aMILJIUTY IbI OCHOBHOM TapMOHHUKHA K MIOCTOSSHHOM CO-

crapisirolied. s OJHONOJYNEPUOAHOIO BBIIPSIMUTENS HaIPSKEHUE
npejcTasigercs paaom Oypoe:

N =UHCp%+Ecoswt +Ecos’2vvt- 3cosﬁlwt +2
¢ 2 3 15

-l _ooz

Torna ko3 duureHT Myabcaui

u P
p:UHmOCH: HCPZ:B:].,S?.
UHcp UHcp 2

HenocraTkoM 0JHONOMYNEPUOAHBIX BBIPSIMUTEIECH SBISETCS BBICO-
KWW ypOBEHb ITyJIbCAllMi, MOAMarHUUMBaHUE CepACYHHUKA TpaHCPopMa-
TOpa MOCTOSIHHBIM TOKOM. OHU NPUMEHSIOTCS IJIs1 MUTaHUs Leneil mMa-
soit momHOCTH (10...15 BT) BRICOKOTO HAmMpsDKEHWS, HAIpUMEp, dIIEK-
TPOHHO-Y4YEBBIX  TpyOOK. OTMEUYEHHBIX HEJOCTATKOB  JIMIICHBI
JIBYXIIOJIyIEPHOAHBIC BHIIPSMUTEIH.

Oonoghasnolii  08YXNONYNEPUOOHDBIL ~ MOCMOBOU  BbINPAMUMENb
(puc. 1.4, a) comepxur yersipe BeHTWIs VD1...VD4, BriIIOUeHHBIX 11O
MocTOBO# cxeme. K omHOM U3 auaroHaneid MocTa MOAAHO CHHYCOUIAIBHOE
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Hanpsokenne Uy = UonSINWE, K Ipyroit — MOAKITIOUEH HArPy30uHBIA pe3n-
ctop Ry. [Ipn non0XHUTENBHBIX 3HAYEHUSIX HampsbkeHus U, BeHTHn VD1
u VD3 oTKpbITHL, U B Lenu Tpancdopmarop — BeHTHis VD1 — pesucrop
Ry — BeaTris VD3 npotekaet Tok (puc. 1.4, 6). B aTOoT HHTEpBaN Bpeme-
HU Uy = Uy, a K 3akpbITeIM BeHTWIsIM VD2 1 VD4 nHampsixenue U, Oyaer
NPUIOKEHO Kak oOparHoe. [Ipu oTpuuaTensHbIX 3HaUEeHHUAX U, BEHTHIIN
VD1 u VD3 3akpsitel, a VD2 u VD4 — otkpeithl. [IpoTekaromuii B nenu
tpancpopmarop — VD2 — R, — VD4 Tok orpuniatesneH s Tpanchopma-
TOpa, HO TIOJIOKUTEIIEH AJIsl HArPY304YHOTO PE3UCTOPA.

[lepuoanueckoe MOBTOPEHUE 3THX HPOLECCOB OIpeNesseT HECHHY-

COMJIAJIBHOE HAINPSKEHUE HArpy3ku Uy, paBHOE |u2| (puc. 1.4, 0).

U, Iz Uz
Iz Q
i [ 772 \T 37 |
52 Uiy | N ,Bf !
Ug3, iB : : l :
| I ' |
A i \ i
Us1, Us3 4/\' //E i\\//: t
Uy, Ty UH.thax Uy | ! E
AKALAL AU
A
H H Cp
t
a) 0)
Puc. 1.4

[locTostHHAsT cocTaBistONIas 3TOTO HANPSHKEHUST BIBOE OOJbINE, YeM
TP OTHOTIOTYTIEPHOTHOM BBITIPAMIICHUH

UH cp = UH max-

T N

Y4uuThIBasi COOTHOLIEHHS HANPSKEHUH W TOKOB, MOJIYYUM BBIpaXke-
HUSL A7 BBIOOpa HampshkeHus: TpaHcdopmaTtopa U, 1 BeHTHIIEH B cXeMy
BBINIPSIMUTEIIS:



2.2

UH cp: _— U2: 0,9U2, U2 = 1,11UH Cp;
p
2 . 2 — p
Inp max0,5ln cpy U06p max U2m —-_ E UH cp -

MoOCTOBO# BBINIPSIMUTEN 110 CPABHEHHIO C OJHOTONYIEPHOIHBIM
UMeeT TO NPEUMYILIECTBO, YTO CPEIHMH BBINPAMIECHHBIH TOK |, o, M
HanpsbkeHue U, ¢, BIBOe 0oJblIe, a MyIbCalluy HAIPSKEHUS M TOKA 3Ha-
YUTEIHHO MeHblne, P = 0,67, BEHTHIN B CXeMe BBIOMPAIOTCA N0 MEHb-
UM oOpaTHBIM HANPSHKEHUSM U MO TOJIOBHHE TOKA HArpy3KH, TpaHC-
¢dopmaTop uMeeT xopomrre yciosus pabotel. [IpuMeHseTcs B ycTpoii-
CTBax MaJION M CpeaHEil MOIMHOCTH (OT €IUHUIL 10 COTEH BaTT).

Tpexgasznviti Mocmogou GbInpAMUMENb CONCPKUT MIECTh
BeHTHIeH (puc. 1.5, a), mpennoxen B 1923 rogy A. H. JlapnoHOBBIM.
[Toaraem, 4To MOTEHIMAT HEHTpaJbLHON TOUkH TpaHchopmaropa N pa-
BEH HYJIIO, TOTJIA UarpaMMa HarpspKeHUH Uy, Up, Uc SIBIISIETCS JUArpam-
MOH MOTEHIMATIOB | TOYeK a, b, ¢ (puc. 1.5, 6). B 11060ii MOMEHT Bpe-
MEHH B 1IETH, BKIIOYAIONIel pe3ucTop R, U 1Ba BEHTHJIS, IPOTEKAET TOK.

~
=~

A B C _ _
u, | Uy, )b
Uaija .k
T —— \ \ | \
n o R
VD1 % VD2 A AIA AL/
i 4 /NN NN D
a\U, Ug = kjimd b 0 0 0
vo3  \| |vDs RRRARRARACAR
VD5 VD6 Do Uimak 1| WUl
14 1 A T E e
<< TN PRPRD (RPN RPN PN
ih Ry Y YT Y Y Y
A _ ob— ¥ i iV Tyime:
—)UH
a) 0)
Puc. 1.5



Hanpumep, B uHTEpBasiec BpeMeHH 1;...{, BO3HUKAET TOK B ICIH BEHTHIIb
VD1 — pesuctrop R, —Bentuns VD4; B wunTepBane bp..t;: VD1-R,-—
VD6. Tok B rpyme Bentmwieir VD1, VD3, VD5 MoxeT npoTeKaTh TOJb-
KO Yepe3 OJIMH U3 HUX, MOIKIIOUEHHBIH K TOYKe ¢, b wiH ¢, To#, KoTopas
UMeeT HanOoJiee BRICOKMH MOTEHIMal. J[Ba IPYTruX BEHTUIIS 3aKPBITHL, U
OPOBOJAIINIA BEHTHJIb 00ECIeYMBACT TMOTEHIHAT TOYKH K, paBHBIN
HanboJjiee BEICOKOMY M3 IMOTEHIMAIOB TOYeK d, b mmm ¢ (puc. 1.5, 06).
B rpynmne Bentuneii VD2, VD4, VD6 Tok npoTekaeT yepe3 OAMH U3 HUX,
MOAKJIIOYEHHBIA K TOYKE a, b mmu ¢, umeromeil Haubosee HU3KUHI I0-
TeHIMaa. Torma moTeHIMal TOYKd M paBeH Hanbojee HU3KOMY IOTEH-
Ay To4ek a, b mnu ¢ (orubaromasd j , puc. 1.5, 6).

HanpasneHue TokoB B R, ocTaeTcs OJMHAKOBBIM, a BBITPSIMIICHHOE
HanpsHKEHUE Uy SBIISETCS Pa3HOCTHIO MOTEHIHAIOB TOYeK K 1 M u ompe-
JIENAETCS OTHOAIOIIUMHE TrUarpaMmel U, Uy, U. (puc. 1.5, 6). Hanpsoxerue
U, IMeeT MaIyro mynbcarnuio P = 0,057, ero moCTOsTHHASI COCTABIISIONIAS

T/3 3
UHcp = ﬁJH maxsmwtdt = _UH max-
T/6 p
Ammatyga JINHEHHOTO HaPsKCHUS TpaHC(bOpMaTOpa

Uom =v2U, =U,, hax (puc. 1.5, 6) u cootHOomenune mexay U, o, U 1eii-
CTBYIOIIMM 3HaY€HHEM JIMHEHHOTO HaNpspKeHHUs TpaHcdopMaTopa

UHcp :ﬂuz =139,.
p
Tak kak TOK B Ka)JIOM BEHTHJIC MpoTeKaeT 1/3 mepuozaa, TO BRIOOP
BEHTWJISI OCYIIECTBIIsIeTCst 110 1/3 ToKa Harpy3KH: |y max 2 Ly opf3.
Br160p BeHTHIIS 110 OOPaTHOMY HAIPSHKEHUIO BBITIOIHSIIOT UCXOS U3
MaKCHUMAJIBHOTO HAIPSHKCHUS Ha 3aKPBITOM BEHTHIIC:

_p _
U06p maX2 U2m _§UHCp _:LO45JHcp'

JlocTomHCTBA BBIIPAMUTENS: Majas ITyJbCalks BBIIPAMIICHHOTO
Harnpspkenust, P = 0,057, 94To MO3BOJISIET OTKA3aThCsl OT (PHIBTPOB; OTCYT-
CTBHE MMOJMArHUYMBAHUS TTOCTOSIHHBIM TOKOM CepJIeuHHKa TpaHchopma-
Topa. OH MIPUMEHSETCS B YCTPOHCTBAX cpeaHel U OOJIBITION MOIITHOCTH.



PeanbHble TpanchopMaToOphl U BEHTHIM UMEIOT conpoTuBieHus. [Tpu
U3MEHEHUU TOKA HAarpyskd |, o, BO3HMKAIOT MaJ€HMs HANpsKEHUs Ha
COTIPOTUBJICHUH BTOPUYHBIX OOMOTOK TpaHc(hopMaTopa M MPsIMOM CO-
MIPOTUBJICHUU BEHTUJIEH, B pe3yibTaTe yero HampsyKeHHe Ha Harpyske

y™menbmaercs U, ., =U (Rnp +R, )I Hep-

HCp HCp

HCp) Ha3bIBAlOT 6HeUW HeU xapakxKkme-

3agucumocts U, = f (I
pPUCMUKOU BbINpAMUMETA.

JIst yMEHBIICHUsS MyJIbCAIIMH BBHIIPSMIICHHOTO HANPSDKEHUS TIPHMe-
HAIOTCSL cenanxcuearwyue @uivmpus . OCHOBHBIMU JIEMEHTaAMU
(GUIBTPOB SIBISIIOTCS KOHJCHCATOPHI, MHIYKTHBHBIC KATYUIKH U TPaH3H-
CTOPBI, CONPOTUBIICHUSI KOTOPBIX Pa3IMYHbI AJISl MOCTOSHHOTO U Tepe-
MEHHOT'O TOKOB. D(PeKTUBHOCTh PHUIbTpa XapaKTepU3yoT Kod3huIm-
€HTOM CTJI&KUBAHUS, PABHBIM OTHOLICHUIO KOA(DHUIMEHTOB MyIbCallnit

P1 10 yCTaHOBKHM (UIIBTPA U P; — MOCIE YCTAHOBKH (QUIIBTPA!

s=P
P2

Emkocmuvim Guavbmpom ciayxur kongeHcatop Cy, MOm-
KJIIOYaeMBblil MapajiieNIbHO Harpyske, IpH 3TOM HampspKeHHE KOHJIEHCa-
Topa Uc = U, OIpenemnsiercss HpoLec-

u i caMmH ero 3apsja u paspsja. B omHo-
MOJYTIEPUOJHOM BBITIPSIMUTENE (CM.
puc. 1.3, a) xonnencarop C, 3apsika-
eTcsa depe3 BEHTWNb, Koraa U,> Uc
(uHTEpBAI BpEMEHU .1,
puc. 1.6, a). Korna U, < Uc (uHTEpBan
BpeMeHH 1;...13), BEHTWJIb 3aKpBIT H
a) KOHJICHCATOP pa3psbKaeTcsl yepe3 pe-

u, i _ 3uctop R, C MOCTOSHHOW BpeMeHH

t,=CyR,, (uC =Ug(t=0)® t’tp).
[\ r\ Hcrosp30BaHHEe E€MKOCTHOTO  (DHJTb-
: ' ' Tpa 1enecoo0pasHO B  YCIOBHUSAX
51y I3 5) Ry >>R menu 3apsina. Torma ObicT-
Puc. 1.6 pBIif mpoliecc 3apsaa KOHACHCATOpa
CMEHSIETCSI MEUICHHBIM €ro paspsi-

oM. Kpusast Uc(t) — mmaBHast, ¢ MaJIBIMM Ty IBCAITHSIMH.
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BpeMenHble auarpaMMbl JIByXIOJXYHEPHOAHOTO MOCTOBOTO BBINPS-
MUTEIIS C eMKOCTHBIM (DMIIBTPOM TpHBEIeHBI Ha puc. 1.6, 0.
EmkocTb koHaeHcaTopa Cy BHIOUPAIOT U3 YCIOBHUS:

)(C:L< R C¢>>L,
mwC,, MR,

re M — YKCIIO MyJIbCAIUil BBITPSIMIICHHOTO HATIPSDKEHHUS 32 IEPHOI.
Huoykmuseuwvim uivompom CIyKUT UHIYKTUBHAS KaTyLIKa
¢ napameTrpamu Ry 1 Ly, BKIIOYaeMas MOCIeJ0BaTENbHO ¢ CONPOTHBIIE-
HUeM Harpy3ku R,. HecuHycommanbHOe BBIIPSIMIICHHOES HAIPSOKCHHE
MOYKHO TPEJCTaBUTh TAPMOHUYECKUM DPSJIOM, COCTOSIIUM U3 MOCTOSH-
HOM COCTaBIISIIOILCH U CYMMBI CHHYCOUJI Pa3IMYHBIX 4acTOT. MHIyKTHB-
HOCTb L4 He OKasbIBaeT CONPOTHBICHUS ITIOCTOSHHOM COCTaBIISIOIICH
TOKa HArpy3Kkd, a MOJHOE CONPOTHBJICHHE IENH I TapMOHHK TOKa

z = \/ (RH + Rp)z + (k\Nch)2 BO3pPACTaeT ¢ POCTOM HOMeEpa TapMOHUKH

k. Ecmn Ry << R, 1 WLy >> Ry, TO 1Ipy BKIIFOUEHNH (HIBTPA IIOCTOSHHAS
COCTaBJISIOIIAsA TOKA MOYTH HE M3MEHSETCs, a MepEeMEHHbIE COCTaBIAIO-
M€ 3HAYUTEIbHO MEHBIIE, U MyJIbCALlMU TOKAa HAarpy3kH, a 3Ha4uT, U
HanpspKeHUs Uy , YMEHBIIAIOTCS.

Bonee »(dexTrBHOE Cria)XMBaHUE BBITPSIMICHHOTO HAMPKCHUS
MONy4aroT ¢ TnoMombelo ['—ob6pasnbix LC—gpurvmpos
(puc. 1.7). MHIyKTUBHOCTH KaTymKu L, yMeHbIIaeT NMEepeMEHHYIO CO-
CTAaBIAIONIYI0O TOKa, a eMKOCTh Cy,
YMEHbBINIAs 3KBUBAJIEHTHOE CONPOTHUB-

JeHue ydacTka nenu R, — Cy, CHUKaeT l
U

emie OoJbIIe TapMOHMYECKHE COCTaB-
JISAIOUIME HANPSKEHUS Harpy3KH.

B osnexmpounwvix ¢guavmpax
BMECTO MHIYKTHBHBIX KaTyIIEK BKIIIO-
YaloT TpaH3UCTOpHL. lcmonp3oBaHUe
TPaH3UCTOPOB OOYCIIOBIIEHO TEM, YTO CONPOTUBIICHUE MPOMEKYTKA KOJI-
JIEKTOP-3MUTTEP MOCTOSIHHOMY TOKY Ha 2—3 MOpsAKa MEHBIIE, YeM Iie-
PEMEHHOMY TOKY, H IyJIbCAI[UN YMEHbBIIAIOTCS B 3—5 pas.
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HpeleapnTeﬂLHoe 3aJaHUE€ K IKCICPUMECHTY

Jnst ykazaHHOro B Tabn. 1.1 TuHa BBIPSMHTENS 10 3aJIaHHBIM TOKY
liop ¥ compoTuBieHHIO R, Harpyskum paccuurtaTh HampsokeHus U qp,

X -
HalpsDKCHUe — Harpyskn npu  xomoctoM  xome U, =U, .+

+ (R,Tp + RT)IH cp» HANPSDKEHHS BTOPHYHOW OOMOTKHM TpaHc(popmaTopa
5, ko3¢ uImenT TpanchopMauu N, aMIDIUTYQy OOpaTHOTO Harps-
#KeHUSI Uqgp max U IPAMON TOK Iy, o, BeHTHIEH. Hanpsbkenue nuraromei
cern U; = 220 B, wacrora f = 50 I'ti. TIpHHATE CONPOTHBIEHUE AUOM0B U
tpanchopmaropa R, + R, =5 Om.

Pesynbrarel pacueToB 3anucaTh B Ta0. 1.2.

Taommma 1.1

Bapuant 1 2 3 4 5 6 7 8
Tun Puc. | Puc. | Puc. | Puc. | Puc. | Puc. | Puc. | Puc.
BeIpsimutens | 1.3 14 1.5 1.3 14 1.5 14 1.5

Ry, OM 25 25 25 32 32 32 41 39
liops A 0510 15|04 08|12 | 06 | 1,0

Tabmuua 1.2
RitRe| liw | Uuep |US | 1 [ Usspmax | lupep [Udep | Unen/U3
Brranc- 5 U3
JICHO Tabm. 1.1
M3mepeno

Ilopsaok BbINOJHEHHUS IKCIIEPUMEHTA

1. CoOpaTp >NMEKTPUUECKYIO LIETb MO cXeMe O0THO(a3HOrO OAHOIIO-
nyniepruoAgHoro Bempsmurens (puc. 1.8, Beikmrovarenn Bl, B2 oTkiro-

YEHBI).
2. BKJIIOYUTH HANpsOKEHUE CETH U CHSTH BHEIIHHE XapaKTEPHCTHUKU

BeIIpsMuUTENst Uy oy (luep) 0€3 duibTpa M ¢ eMKOCTHBIM (GHIBTPOM

12



(B3 BruroueH), u3MeHsIsl TOK Harpy3Kd OT HYJISL 1O MaKCHUMaJIbHOTO 3Ha-
yeHus. Pe3ynbraTsl M3MepeHni 3anucarte B Tabdmd. 1.3.

+
T a VDlZ: VD3 X VD5 K
A p PA
\Ui C
b R,
B | PV
¢ Bl B2 B3 {
c - .
VD2 ZK VD4 ZK VD6 ZK
Puc. 1.8
Tabmuna 1.3
Tun BbI- OnrOda3HbIH 0JTHO- OnnodasHbIi Tpexdas-
IPSMUTENS NOJTYIEPUOAHBIN MOCTOBOM HBIH
6e3 pubTpa | ¢ GuasTpom | 6e3 GunbTpa | ¢ PuIbTpOM | MOCTOBOM
U; UHcp IHcp UHCp IHCp UHCp IHcp UHCp IHCp UHCp IHCp
Unep /U3

3. Moaxmounth ociuiorpad K 3axuMam pesuctopa Ry u 3apuco-
BaTh C 9KpaHa KpuBbie Uy(t) 6e3 duibTpa U ¢ eMKOCTHBIM (QUIBTPOM B
peXHMax XO0JIOCTOTO X0Ja U MakCUMaJbHOTO ToKa. Ha ocimnorpamMmmax
yKa3aTh OCH BPEMEHHU W aMIUTUTYIbl HAMIPSDKEHUS, a TaK)Ke U3MEPEHHBIE
B 1.2 Benn4uHHbl U, p. CHATHE OCIMIIIOrPaMM IPOU3BOIMTS TIPH OJIMHA-
KOBBIX KO3(uimenTax ycuieHus ocuuiorpada.

4. Co0OpaTp 3NMEKTPUUYECKYIO IeTb TI0 cXeMe OJHO(a3HOTO MOCTOBO-
ro BeIpsamMuTes (puc. 1.8, Bl oTKIII0YEH) W BBITIOJHUTE MCCIICTOBAHUS
COIJIACHO YKa3aHHsIM mil. 2, 3.
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5. CoOpaTh 37EKTPUUYECKYIO LEMb M0 cXeMe Tpex(ha3HOro MOCTOBOTO
BeIpsimuTtens (puc. 1.8, B1, B2 BkiltoYeHBI) U CHATH €T0 BHEIIHIOK Xa-
PaKTEpUCTHKY.

6. M3meputs nudpoBbIM BOJIBTMETPOM HampsbkeHHe U, U BBIUHC-
JIUTh JJI1 KaXKJIOTO BBINPSMUTENS OTHOILIEHUE UI’{‘ op / Ué‘ B PEXHUME XO-

JIOCTOTO XOJ1a.
7. Tlo BHemIHeW XapaKTepUCTUKE YKA3aHHOTO B Ta0d. 1.1 BeMIpIMHE-
TeJsl PACCYUTATh CONPOTHBIEHUE Ry, + R;, CPaBHUTH pe3ynbTaT ¢ 3a/1aH-
HBIM B Tabm. 1.2.
DKCIEpUMEHTOM TPOBEPUTH PACUETHl TPEIBAPUTENBHOTO 3aJaHUA,
pe3ynbTaThl 3amucarh B Ta01. 1.2,

Conep:xanue oTyera

Llenb paboThI; CXEMBI UCCIIEIOBAHHBIX BhIpsiMutene (puc. 1.3, 1.4,
1.5); pacuer npeaBapUTEILHOrO 3aaanus, Tada. 1.2; tadn. 1.3; BHemHME
XapaKTePUCTUKHU BBIIPSIMUTENCH B OOIIEH cHcTeMe KOOPIHMHAT;, COOT-
HOULICHHUS AJIsl BBIOOpa BEHTHJICH K BhIIpsiMuTensiM puc. 1.3, 1.4, 1.5 u
cooTHomeHnst Mexny U, o, 1 Up; ocimutorpamMmsl Uy(t); cpaBHHTENbHAS
OIIEHKA MCCIIEJOBAHHBIX CXEM H BBIBOJIBI.

KO]—[TpOJILHbIe BOIIPOCHI

1. KakoBBI OCHOBHBIE MTapaMeTpPhl TOTYIIPOBOIHUKOBOTO JHOa?

2. IlpuHOMT IEHCTBUS KaKJOTO PACCMOTPEHHOTO BBIPSIMHUTENS, J10-
CTOMHCTBA M HEJOCTaTKH.

3. Kak BBIOMpAIOT BEHTWIHM JJs BBIIpAMUTENCH u KO3pdumueHT
Tparchopmanuu TpaHcPopMaTopa s BHIIPSIMUTEIFHON YCTAHOBKH?

4. OOBSACHUTH XapakTep MOJYYEHHBIX BHEIIHUX XapakTepucTHk. K
KaKMM TOYKaM BHEUIHMX XapaKTEPUCTHUK OTHOCSTCA 3apHCOBaHHBIE OC-
LHUJUIOIPaMMBbI?

5. Kaxosl otHOmEHUSt Uy, o /U2, Uy op /Uy max AT pa3IHYHBIX BEIIPS-
mutenei? [loueMy 3T OTHOIIEHHS YKa3bIBAIOT JAJIS PEXHMa XOJIOCTOrO
xona?

6. Uto Takoe K03 PHUITUEHT IMyIbCAINA, Y€MY OH PaBeH IS Pa3IHy-
HBIX BBIIPSIMHUTENEH?

7. IpuHuun aefcTBUS €eMKOCTHOT0, HHAYKTUBHOTO, 3JIEKTPOHHOTO U
LC—dunbTpos.

8. Kak omnpenensercs koahpunmenT criraxxuanus QuibTpa?

14



JlabopaTtopHas padora Ne 2
YIPABJISIEMBIN BBITIPSIMUTEJIb

Llenv pabomsi: W3ydeHNe yCTPOMCTBA U NPUHLIUIA JEHCTBUS yIpaB-
JIIEMOTO BBIIPAMHUTENS, SKCIIEPUMEHTAIBHOE HCCIEN0BaHUE €r0 Xapak-
TEPUCTUK NIpH paboTe Ha AKTHBHYIO HATrPy3Ky

O0mue cBegeHHNA

PerynupoBanue BBIXOIHOTO HANPSKEHUS BBIIPSIMUTENS BO3MOXHO C
MIOMOILBIO peocTaTa WM MOTEHUUOMETPA B IIEMHU ITOCTOSHHOTO TOKA WU
aBTOTpaHcopMaTopa B IeNH IepeMeHHoro Toka. Oba crmocoba MmpoCTHI,
HO MMEIOT cyliecTBeHHbIe HepocTaTku: Hu3kuil KIIJl BcimeacTBue 3Ha-
YUTEIHHOTO TOTPEOJICHUSI SHEPTUU PETYIHPYIOMUMH AJIEMEHTaMHU, TPO-
MO3JKOCTh U BBICOKas CTOMMOCTb PEryJATOpoB. B HacTosmee Bpems
ITUPOKO TIPUMEHSAIOT OoJiee DKOHOMUYHBIE W YIOOHBIC ynpasisemvle
svinpsamumeny. B kauecTBe BEHTHIICH B HUX UCTIOIB3YIOTCS MUPUCINOPYL,
MO3BOJISIIOIINE COBMECTUTD MPOLIECCHI BHIMPSMIICHUS U PETYJIUPOBAHMUSL.

Tupucrop npeacrasisier coboi MOTYIPOBOTHUKOBBINA TPUOOP C Tpe-
Msi Wik Oojiee P—N-miepexojiaMu U TpemMst BeiBogamu. CTpyKTypa, YCIOB-
HOE 0003HAaUEHHUE U BOJIBTAMIICPHASI XapaKTEPUCTHKA TUPUCTOPA MTPHUBE-
neHsl Ha puc. 2.1. OCHOBY THpHCTOpa COCTaBISIET KPUCTAIUT KPEMHUS, B

R VS
L—| |— + —
A <+— I”P B
p N
|
===41]] o+ P _
. h - 5 lyy> 1> 1,= 0
— > Y E—=—o ]2 o—_ I ; 6
p U YA c-fF>7-</2a
+ ====T[3 | " U R ’
y n 06p max / : | UHL
— U UBKnZ UBKnl UBI(J'I max
T KI oo |06p
a) B)
Puc. 2.1
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KOTOPOM CO3/1aHBl YETHIPE CJ0S C Pa3HBIMH THUIIAMH 3JIEKTPOIPOBOIHO-
ctd. BHemHui P-ciioii Ha3sIBalOT aHOAOM (A), BHEITHUH N-CIIOH — KaTo-
oM (K), a nBa BHyTpeHHUX cioa — 6a3zamu. OqHa u3 6a3 UMeeT BBIBOJ —
ynpasisttomui anextpos (V). Ilpu npsMoM BKIIIOYEHHH (aHO MOJIOXKH-
TEJICH MO OTHOIIEHHUIO K Karony) mepexonast [11 u [13 cMmemiens! B nps-
MOM HaIpaBJIEHUU U TOK |y, onpenensercss BBICOKUM CONPOTHBIEHHEM
3akpeiToro nepexona I12. Jlo tex mop moka I12 3akpsIT, mpsMoil TOK
MIPaKTUYECKU paBeH Hyx 0. IIpu MmocTymiieHnn Ha YNpaBJISIOLIUI 3eK-
TPOA MMITyJILCHOTO CHTHAJIa 3a CUEeT IepepaclpeneneHusl 3apsioB B 00-
nmactu 6a3 mepexof 112 orkpeiBaerca. ConpoTHBIEHHE €T0 YMEHBIIACT-
Csl, ¥ TUPUCTOP MEPEXOAHUT Ha pabouylo 4acTh XapaKTEPUCTHKH, IMOI00-
HYIO IpSIMON BETBU XapaKTEPUCTUKU auoAa. Takum oOpa3oMm, TUPHUCTOP
MOYKHO CHUHTATh YHPABIAEMBIM JHOAOM, KOTOPBII IPOBOAUT TOK TOJIBKO
B OJJHOM HAlpaBJIEHUH TOCJIE MOCTYIUIEHNS pa3pelliaroliero CUuruaga Ha
YHpaBIAOMMNA 31eKTpoA. OH ocTaeTcd BO BKIIOYEHHOM COCTOSIHHH, IO-
Ka MPOTEKAIOIUI Yepe3 HETo TOK OO0JIbIIe KPUTHUECKOTO, Ha3bIBAEMOT0
ToKOM yzaepxanus ly,. Kak Tonsko I, craner mensme ly,, THpHCTOp 3a-
KpBIBaeTCl.

[Tpu oOpaTHOM BKIIOYEHHU TUPUCTOpPA (AHOA OTPULATEJICH 10 OTHO-
IICHHIO K KaToay) 3aKkphIThl 1Ba nepexona [11 u I13 u Tupuctop ToKa He
npoBoAMT. 11l HOpMaJIbHOM PabOTHl TUPUCTOPA HA/IO0, YTOOBI HATIPSIKE-
HUE HAa HEM HE NPEBBIIIAJO0 NPU NPSMOM U IPU OOpAaTHOM BKIIIOUCHHUH
J0omycTUMBIX 3HaYeHHH Usr max ¥ Uosp max-

Ha puc. 2.2 mokazana cxema CTeHIa JJIs UCCIICIOBAHUS YIIPABIISEMO-
ro BelmpsiMutens. [Ipu oTkiarodeHHOM BhIKNIIOUatene B nens Tupucropa

VS2 pazomkHyTa W TOdy4daem

IFI CXEMYy  OJHONIOJYNEPUOIHOIO
BBIIIPSMUTEN Ha JIByX IIOCie-

VS&H JIOBATENbHO BKJIIOUEHHBIX BEH-

T VSlEI | | tusx VD2 u VS1. [wox VD2
OTKPBIT BCE MOJIOKUTEIbHbIE
~U; |§ U, X VD1 |HJ7 RulUs  nonymepuonsl Hanpskenus, u
HPOLECCHl  yMPABICHUS  BbI-
/ B V'?/Zl OPSIMJICHHBIM ~ HalpsDKCHHEM
i ™ B onpenensoTcs paboToil TUpH-

Puc. 2.2 ctopa VS1.

be3 ympasisiomero Toka iy
TUPUCTOP HE OTKPOCTCA MHaXKE€ B IMOJOXKHUTCIBHBIC TTOJYIICPUOIAbI Uo.
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Hampsbkenue Ha Harpyske Uy U TOK i, OyIyT paBHBI HYJIO. YTIPaBIIsioO-
UK TOK Iy B BUIE KOPOTKUX MMILYJIbCOB BBIPAOATHIBACTCS U TOJAETCS
Ha YIPaBISIOUINI 3JIEKTPOI THpUCTOpa OloKoM ympasieHus bY. Dtu
UMITYJIbChl CHUHXPOHU3UPOBAHBI C MOJOKUTENBHBIMU TOIYIIEPUOAAMU
HanpskeHus Uy, C MOMOIIBbI0 MOTEHIHOMETPA UX MOXKHO CMEIIATh 10
¢a3e OTHOCUTENBHO Uy HA YTOJl &, HA3bIBAEMBIU yenom ynpaenenus. YToml
a MOKHO U3MEHSTH B mpezenax ot 0 1o 180 .

Ecnn ynpasndroomue MMITyJIbChl MPUXOAAT HAa THUPUCTOP B Hadase
KaXI0r0 TOJIOKHUTENBHOro monyrnepuoaa (& =0), To Tupucrop cpasy

OTKPBIBACTCSA M TOK 4Yepe3 Harpys3Ky
NpoTeKaeT BECh THIOJTyTIEPUOJ
(puc. 2.3) Cpennee HampsKeHHE Ha
Harpyske OyZeT Takoe ke, KaK 1 MpH
paboTe HeymnpaBIsIeMOro BBINIPSIMU-
TCIIA

1 P
w0 = fHom SINWtdwt =
Po
:ﬂ:@uz =0,4%J,
Y p

Ecnu ¢ nomomisto BY umnysnbcel
Iy CMECTUTb Ha yroyl 8 OTHOCHTENb-
HO HampsDKEHHs U, TO TUPUCTOP OT-
KpOeTCsl C 3ama3pIBaHueM, U OyIeT
MPOIYCKAaTh TOK TOJBKO YacTh IO-
Jynepuojaa oT a a0 p. B stom ciy-
yae

1P :
Usep :Z_p AJ 5, SINWEAWE =
a
:Uﬂ(1+00$):UHOl+Cﬂ.
2p 2

uz
U2m

0 p 2p 3pwt

Q PA 2p 3p wt

Puc. 2.3
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Takum 00paszom, usmensis a ot 0 10 180 , MOKHO IIIABHO PETYIIHUPO-
BaTh U, ¢, 0T Uy 110 0. Tok Harpy3sku noBTopseT Uy

| _UHCp_I 1+cosa
HCp — RH ~ w0 2 .

I[Tpu BKIIOYEHHOM BBIKIIIOUaTesne B paGoraror Bce yeThlpe BEHTWIA U
MOJy4YaeM CXeMy MOCTOBOI'O YIPABISIEMOTO BBIIPSMHTENS. [IpUHIAT
paboThI THPUCTOPOB B ITOW CXEME HE OTIMYAETCS OT OMUCAHHOTO BBILIE.
Vipapisiomue UMITyIIbehl Iy mogatorcs Ha VS1 u VS2 cHHXpOHHO C 110-
JIOKHUTELHBIMU MOy TIEPUOIAMH HAMPSDKEHHSI HA KKIOM U3 HUX.

Cpennee 3HaueHHE BBHINPSIMICHHOTO HANpPsDKEHHs BABOE OOJIbIIIE,
YeM IPH OAHOIIOIYTIEPUOTHOM BBHIIPAMIICHUH

_1p . _.. l+com
cp__ﬁJZmSIn\Ntd\Nt_UHOT’ rae UH0:0,9U2.

a

U

H

BO3MOXXHOCTH yIpaBISIEMbIX BBIIPSIMUTENCH OMPEICTSIOT JBE OC-
HOBHBIC XapaKTePUCTHKH:

1. XapakTepuCTHKa YIpPaBICHHs, IMPEIACTABIAIONIAs 3aBHCHMOCTb
U, op () mpu R, = const.

2. BHemHfs XapaKTepHCTHKA, OTpaxkaromas 3aBUCUMOCTb Uy o (1 cp)
npu a = const.

Hpe[(BapnTe.m,Hoe 3aJaHUE€ K JKCIIEPUMCEHTY

JeiicTByloliee 3HauE€HUE HANpSIKEHUS BTOPUYHOM OOMOTKH TpaHC-
dopmaropa (cm. puc. 2.2) U, = 30 B, gacrora f = 50 I'u. {ns 3aganHOrO
B TaOJ1. 2.1 yIpaBisieMOro BHINPSIMUATEIIS M yTIia YIIPaBJICHUS a.

1) paccuntath U,m 1 HOCTPOUTE B MaclITabe BpEMEHHYIO JHarpaMMmy
HaIpsDKCHHS Ha Harpy3Kke (He MeHee 2 TIepHOIOB);

2) paccuuTaTh CpefHee HallpsDKEHHE Ha Harpy3Ke M yKa3zaTh ero Ha
IIOCTPOEHHOU BPEMEHHOU IHarpaMMme;

3) paccuuTaTh U MOCTPOHUTH B MaciiTabe XapaKTEPUCTHKY yIpaBiie-
Hus U, o, (@), monaras Tpanc(opMaTop ¥ BEHTHIIN UICAIbHBIMY;
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4) onpenenuth, Ha Kakue HANPSKEHUS Ugsp max M Upnmax JOKHBI
ObITh BBIOPAHBI BEHTHJIM JUIS 3a7[aHHOTO BBITPSIMHUTENS, pabOTaroIIero
Ha aKTHUBHYIO Harpy3Ky.

PesynpTathl pacueroB 3amucath B Tabm. 2.2.

Tabnuna 2.1
Bapuant 1] 2[3[4]5]6]7]8
Brimpsamurens OJIHOIIOJIyIEPUOAHBIN MOCTOBOM
a,” 30 | 60 | 90 [ 120 | 30 [ 60 | 90 [ 120
Tabnuna 2.2
au_ ‘UZ:B U2m:B UHcp,B U06pmaX,B UBKJImaXaB

Brruncneno | u3 taba. 2.1

H3mepeno |

Hopsaaok BbINOJIHEeHUsI PA00THI

1. CoOpaTb 3/IEKTPUYECKYIO LeNb M0 cXeMe puc. 2.2 (BBIKIIOYATENb
B pasomknyT). K 3axumam Harpysku R, moaximounTs ocrpiuiorpad.

2. V3meHsis ¢ moMOIIbIo R, TOK HArpy3Kd OT HYJISl 10 HAHOOJBINETO
3HAYCHUSI, CHSTh BHEIIHHE XapaKTEPUCTUKU OIHOIOIYIEPUOTHOTO BbI-
npsmutens Uy o (ly op) st Tpex 3navenuit yrina ynpasnenus a (0, 60,
120 ). Pe3ynbraThl u3MepeHuii 3anucarsb B Tadi. 2.3.

Tabmuma2.3
Uiep, B
a=0 £

IH cps A

Uiep, B
a==60

IH cps A

| Uup, B
a=120

IH cp» A
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3. llpu cpeanem 3HayeHuu R, u3MeHss yron ympamienus ot 0 g0
MaKCHUMAJIBbHOTO, CHATh XapPAKTEPUCTHUKY YIPABICHUS OHOTIONYIICPHOI-
Horo Beimpsmutens U, (&) npu R, = const. Pe3ynbraTsl nusmepenuii 3a-
nucathb B Ta0m1. 2.4.

Tabmuua 2.4

a, 0 30 60 90 120 150
UH Ccp» B

4. TlpocmenuTh Ha 3KpaHe ocHuLIorpada 3a U3MEHEHHEM (HOPMBI
KpuBOH Uy,(t) mpu pasHbeix a. 3apucoBarh B MacimiTabe STH KPHBBIC IS
tpex 3navenuit @ (0, 60, 120 ) u juist @, yKa3aHHOTO B MPEIBAPHTENb-
HOM 3a/laHu#. MI3MepuTh BOJBTMETPOM CpelHEee 3HAUYCHUE HAIPSKEHUS
U, p UL IaHHBIX & U YKa3aTh Ha OCLMIIOIPaMMax.

5. Breixmogatenem B Bxmounts muon VD2. McecnenoBarh omHodas-
HBI MOCTOBOW yTIPaBIISIEMbIH BBRIIPSIMHUTEND COTJIACHO ITyHKTaM 2—4.

6. Ilo pesympTaTaM H3MEPEHHHA B OOIIMX KOOPAMHATAX IMOCTPOUTH
CeMeiiCTBa BHEIIHUX XapaKTePUCTHK Ui 3adaHHbiX 3Hauenuit a (0,
60 , 120 ) aust 060UX BEIIPAMUTETIEH.

7. I1o BHEIIHUM XapaKTEPUCTHKAM OIPEACIIUTh BHYTPEHHEE COIPO-
TUBJICHHE BHIPAMUTENS. [ 3TOTO MpeAcTaBUTH BBIIPSIMHUTEIHh SKBU-
BaJICHTHBIM TeHepaTopoM ¢ E, = U, .

8. Ha mocTpoeHHO# B MpeaBapUTEIbHOM 3aaHUU XapPaKTEPUCTHKE
yIpaBJIeHUs] HAHECTH SKCIEPUMEHTAIbHBIE TOYKU U3 Tabm. 2.4.

9. DKcrepUMEeHTAIIbHO MPOBEPHUTH PacdeThl MIPEIBAPUTEIHHOTO 3a/1a-
HUS, pe3ysbTaThl 3anucaTh B Ta0n. 2.2. CpaBHUTH AKCIEPUMEHTAIIbHBIE
XapaKTEPUCTUKU U OCLIIIJIOTPAMMBI C MOJyYEHHBIMU B IPEIBAPUTENb-
HOM 3aJIaHUH.

Conep:xanue oT4eTa

Lens paboTHl B cXeMa HCCISAYEMOTO BBIIPSIMHUTENS; pacdeT (Talur.
2.2) u rpaduKu TIPEABAPUTENHLHOTO 3aaHMsT; OCIMILIOrpaMMbl Uy (t) s
000MX BBHIMPSAMUTENCH; TaOIHUIBI U3MEPEHUM; XapaKTEPUCTUKH BBITIPSI-
vuteneit Uy p(@), Uscp(lucp); CpaBHUTENBHAS OLCHKA MCCIIEIOBAHHBIX
CXEM U BBIBOJBI.
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KO]—[TpOJILHbIe BOIIPOCHI

1. YTo Ha3bIBAIOT YIIPaBIIsEMBIM BHIIpAMUTEIEM?

2. 1514 4ero MpUMEHSIOTCS ATH BBIIPAMUTENN?

3. KakoBbI UX OCHOBHBIE TOCTOMHCTBA?

4. Yto Takoe TUpUCTOp?

5. KakoBbI €ro npuHIUI JEHCTBUS, OCHOBHBIE XapAKTEPUCTUKH U Ia-
pameTpni?

6. [ToueMy TUPUCTOPHI MPUMEHAIOT B KaUeCTBE BEHTUJIEH B YIpaBJisi-
€MBIX BBITPSIMATEIAX ?

7. HazoBUTE OCHOBHBIE 2JIEMEHTHI YIIPABIIEMbIX BRIIPAMUTENEH U UX
Ha3HAuYCHUE.

8. UTo Takoe yroa yrpaBlieHHs & U KaK €ro MOKHO M3MEPHUTH C T0-
MO0 ocmiuorpada?

9. KakoBbI OCHOBHBIE XapaKTEPUCTUKHU YTIPABIIEMOTO BHIIPSIMUTEIS?

10. MoxHO 1 B MOCTOBOW CXE€M€ B Ka4e€CTBE BEHTUJICH HCIIOJIB30-
BaTh YEThIpe THpHCTOpa?

JlabopaTtopHas pa6ora Ne 3

HNCCIEJOBAHUE KOMIIEHCAIIMOHHOT' O
CTABMIN3ATOPA NOCTOSAHHOT'O HAIIPAKEHUSA

Llenv pabomul: N3yyeHre yCTPONCTBA, MPUHLIMIIA IEHCTBUS U HCCIIe-
JIOBaHWE XapaKTEPUCTHUK KOMIEHCAIMOHHOTO CTaOMIN3aTopa IMOCTOSH-
HOTO HaIpsDKEHUs Ha MOJYTIPOBOAHUKOBBIX TpHOOpax.

O0mue cBegeHHNA

MHorue ycTpoHCTBa, HCTOYHMKOM MHTAaHUS KOTOPBIX CIIYy>KHT BBI-
MPSIMATENb, TPEOYIOT I HOPMAILHOW PabOTHI BRICOKON CTaOMIIBHOCTH
MUTAIOIIETO HaIpspKeHUs. MeXTy TeM BBIXOTHOE HAINpsDKEHHE BBITIPS-
MUTENsI 3HAYUTEIBHO MEHSETCS MPH KOJICOAHUSX HANpPSDKEHHUS] B CETH
MIEPEMEHHOT0 TOKa U MpU U3MEHEHHUHU Harpys3ku. B aTux cimyuasx mexay
BEITIPSIMUTEINIEM M Harpy3KO# BKIIFOUAIOT CTaOMIH3aTOoP.

Cmabunuzamopom Ha3BIBAIOT YCTPOICTBO, aBTOMATHYECKH MOJ-
JIepKUBAIOIlee Ha Harpy3ke HanpspDKeHHe ¢ TpeOyeMoW TOYHOCTBIO MpH
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W3MCHEHUM IUTAIOIICT0 HAMPSKCHHUS W CONPOTHBIICHUS HArpy3KH B
00yCIIOBICHHBIX MpEeax.

OCHOBHBIM ITapaMeTPOM, XapaKTCPU3YIOIIUM CTa0HIIN3aTOP, SIBJISCT-
¢ K03 PUIMEHT cTaOMIN3aluy, KOTOPBIA MPECTaBIseT COOOH OTHO-
IICHHE OTHOCHTEIBHOTO M3MEHEHHS HAIpPSDKEHUS Ha BXOJIE K M3MEHe-
HHUIO OTHOCHTEIBHOI'O HAMPSUKEHUS Ha BBIXOJE CTaOMIM3aTOPa:

K = DU BX DU BBIX
cT .
U BX U BBIX

KauecTtBo paboThl cTabumuzaropa 1Mo Harpy3Kol OLEHMBAETCS! BHEII-
Hell XapakTepUCTUKON Uy (lpix) HITM BBIXOTHBIM COIPOTHBIICHUEM:

DU
=—=2%; U, =cons.
Rux =

BBIX

[MpuMeHsIFOT JBa THIA CTA0MIM3ATOPOB HANPSHKCHUS: MapameTpuye-
CKHE U KOMITCHCAITHOHHEIE.

B mapaMerpuueckux crabunm3aTropax HCIOJB3YIOTCS 3JEMEHTHI C
HEJTMHEHHOW BOJBTAMIIEPHON XapaKTEPHCTHUKOM, oOecrieunBaroniei mo-
CTOSTHCTBO HANPSDKCHUS Ha 3JICMEHTE NPU 3HAYUTEIBHBIX M3MEHCHHSX
MPOTEKAIOUIET0 Yepe3 Hero Toka. TaKuMH 3JIeMEHTaMU MOTYT OBITh I10-
JYTIPOBOAHUKOBEIE CTaOMIUTPOHBI. Ko3dduument crabunmmzanuu s
aToro Tumna crabuiusaropos gocruraet 30...50. Hepocrarkamu sSBISIFOT-
cs1 He0OoIbION KO3()(MUIMEHT MMOJIE3HOTO ACUCTBHS, HE MPEBBILAIOMINN
0,3, u 6ombmIoe BHyTpeHHee conpotuBieHue (5...20 Om).

KomrieHcaninoHHBIE CTAaOUIN3aTOPHl HANPSDKEHUS 00J1a7aloT 00JIh-
M ko3 GUiMeHTOM cTabMIM3alMi U MEHBIINM BHYTPSHHHUM COIPO-
TuBieHneM. OHHU MPEACTaBIAIOT cOO0i CHCTEMY aBTOMATHYECKOTO pe-
TYJIAPOBAHUS C OTPHUIATEILHON 00PAaTHOH CBS3BIO.

Bnok-cxema KOMIIGHCAIIMOHHOTO CTa0MIU3aToOpa TIpUBEIeHa Ha
puc. 3.1. OHa COCTOUT U3 peryaupyrouiero 31eMeHTa P, ynpasmstoniero
3MeMeHTa Y U UCTOYHHKA onopHoro Hanpsbkenuss MOH.

[TpuHnun aelcTBUA KOMIIEHCALMOHHOIO CTa0MIM3aToOpa OCHOBAH Ha
HETPEPHIBHOM CPaBHEHHUHU HAIPSKEHUsT HArpy3Ku Uy, (MM 4acTH ero) ¢
onopHbIM (00pa3ioBeiM) HampspkeHueM. Pasznocts DU = Uy, — Uy
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YCUJIMBAETCS W TOAAeTCs Ha
PETYIHPYIOLTHIA AJIEMEHT
(0OBIYHO  TpPaAH3HUCTOP), CO-
MPOTUBIIEHUE KOTOPOTO WU3-
MEHSETCS B 3aBHUCHMOCTH OT
Bean4MHBI M 3Haka DU, koMm-
neHcupyst usMeHeHus: Uy«

B nannoit pabore mpema-
raeTcsi  HCCICA0BATh  MPO- Puc. 3.1
CTEUIINH KOMIIEHCAIIMOHHBIN
cTabmImM3aTop, cXeMa KOTOporo mpuBeAcHa Ha puc. 3.2. B kadecTBe mc-
TOYHHMKA OIOPHOTO HAIPSDKCHHSI MCIIONIB3YETCS MapaMeTpPUIeCKUil cTa-
Ounusarop Ha cTalu-
mutpone VD, pexum Uxoi
paboTEl  KOTOPOTO = \VT1
3a/1aeTCsl PE3UCTOPOM
R1. VYmpasnstomum
DIIEMEHTOM  CITY>KHT
Tpansucrop VT2, mo- U,
TEHIMAI  DMUTTEpa
KOTOPOTO TOCTOSTHEH,

a 0asza TOAKITIOYEeHA

yepe3 aenurtenb R3, —o
R4 Ha wacTh BBIXOI-

HOT'O HAIPSDKEHUS.

Nsmenenue Uy, NPUBOIUT K U3MEHCHHIO HANPSHKCHUS HA IMHUTTEP-
HOM mepexone VT2, u3sMeHeHuto Toka 0a3bl g, u Toka kosekTopa ly;.
Ho lx,+ I51=11° const, mosTomy u3menenue ly, BbI3bIBAET NMPOTHBOIIO-
JIO)KHOE M3MEHEHHWe TOKa |p;, KOTOPBI ympaBiseT NmaJeHueM HamlpsoKe-
HUS Ha perynupytomieM Tpansucrope VT1.

[Myctb Ugyy yMeHbImnoch, Toraa ymenbmutcst DU = Ugy, 1 cooTBeT-
CTBEHHO |5y U . Tok 6a3el perynupyromero Tpansuctopa lg; yBeanyau-
Baetcs, Tpan3uctop VT1 otkpoercs u Uygs; yMeHbIUTCA. DTO MOIAep-
KUT Ugyy B 331aHHBIX Ipeaenax, Tak Kak Uy, = Ugx— Ugor.

Ha puc. 3.3 usobpaxena muarpamma BxogHoro Hampspkenus (Us,),
BbIX0HOTO HanpspkeHUs (Uyyx) M TaleHusT HanpsDKeHHs Ha TpaH3UCTope
VT1 (Uk»1) OT BpeMeHH.

Puc. 3.2
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U, B nocnegnee Bpewms
IIHPOKO MIPUMEHSIOTCS
KOMIICHCAIIMOHHBIE CTa0u-
Uspix JU3aTOpPBl B MHTETPAILHOM
0 t ucnonHennu.  Hampumep,
MHKpOCXeMa K142EH1
Puc. 3.3 MIPEICTaBIICT COOOH pery-
JUpYEeMBIH  cTaOWUIM3aTOp
HalpspKeHUsl ¢ TIpeaesiaMu peryiaupoBaHus oT 3 no 12 B Ha Tok 10
150 MA. OH uMeeT 3amuTy OT Heperpy3kd U KOPOTKUX 3aMbIKAaHUH Ha
BBIXOJI€.

UK31

HpeaBapnTenbﬂoe 3aJaHUE€ K IKCIIEPUMEHTY

1. Husa cradmmsatopa ¢ K., =40, HOMHHAIEHBIM BXOIHBIM HAIpsI-
s)keHueM U, =24 B u BeixomueiM U, = 12 B ompenenuts u3MeHeHHe
BBIXOHOTO HampspkeHus DU, npu 3amanHOM B Tabm. 3.1 m3MeHeHUH

BxonHoro DU,,.
Tabmura 3.1

Bapuant | 1 2 3 4 5 6 7 8
DU,,B | 12 4 5 6 7 8 9 10
I, MA 10 15 20 25 30 35 45 40

2. Hanpsokenue xosoctoro xoja crabunmmzaropa Uy =12 B, BbI-
X0JTHOE (BHYTpPEHHE) CONPOTUBICHHE Ry,x =3 OM. Omnpenenuts Harmps-
’KCHUE Ha Harpy3Ke MPH 33JaHHOM TOKE HArpy3KH ;.

HOpﬂZ[OK BBIINIOJIHEHUSA IKCIIEPUMEHTA

1. [TonaTs Ha BXOJHBIC 3aKUMBI CTEHJA HANpsKEHUE OT J1aboparop-
Horo aBToTpaHchopmartopa JIATP. Jlns naMepeHns BBIXOIHOTO HAIps-
JKEHUS TIOAKIIOYUTE HU(POBON BOJIBTMETP.

2. Cuatpb 3aBUCUMOCTD Uy, (Uyy) cTabummsaropa mpu MakCHMaIbHOM
COTIPOTUBIICHUU HArpy3ku R, (moteHmmometp R, BIeBO 110 ymopa), pery-
mupys Uy, o1 0 1o 30 B. Pe3ynmeraTer n3mMepennii 3anucarh B 1a01. 3.2.

Tabnuma 3.2

UBX? B
UBBIX’ B
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3. Ycranosuth BXxoaHoe HampsokeHue Ug, = 25...30 B. H3menss co-
MIPOTHUBJICHNE HATrPy3KH BO BCEM JIHMAIIA30HE C TOMOIIBIO TIOTEHIIHOMETPA
Ry, CHATH BHEMIHIOI xapakTepucTuKy crabmmmsatopa Upyy (lox). Pe-
3yJbTaThl U3MEPEHUi 3anucats B Tadm. 3.3.

Tab6muua 3.3

I BBIX> MA

UBbIX) B

4. Tlo pesynpTatam u3mepeHuii moctpouth auarpamMmbl U, (Ugy) u
Upux (Isux). Ha TiepBoii X HHUX yKa3aTh paOounii AHama3oH CTa0MIN3aTo-
pa | Ui HeTo OnpeenuTs K03 puuneHT crabumn3anim.

5. CpaBHUTH Pe3yJIbTaThl PACUCTOB MPEABAPUTEIBHOTO 33aJaHUsI C pe-
3yJIbTaTaMH dKCIICPUMEHTA.

6. Ilo BHemIHEH XapaKTEPUCTUKE ONMPEACIUTh BBIXOJHOE COMPOTHB-
JICHHE CTaOMIM3aTopa.

Conep:xanue oTyera

Lenp paboThl; monHAas cxemMa KOMITEHCAIIMOHHOTO CTa0MIIM3aTopa
(cm. puc. 3.2) ¢ obo3HaueHHEM BCEX DJIEMEHTOB W yKa3aHWEM TOKOB M
HATPSDKSHUIA;, pe3yJIbTaThl pacueTa NPeIBApUTEIBHOTO 3aJIaHUST;, PE3YJib-
TaThI SKCIIEPUMEHTA B BHJIE TaOJWII U [uarpamm; pacuet kodddunnenta
CTa6I/IHI/I3aHI/H/I " BBIXOJJHOTO COITPOTHUBJICHUSA CTa6I/IHI/I3aTOpa; CpaBHHU-
TEJIbHBIA aHAJIN3 PE3YJIbTATOB.

KO]—[TpOJILHbIe BOIIPOCHI

1. KakoBo Ha3HaUYE€HHE DICKTPOHHBIX CTAOMIIN3aTOPOB?

2. Kak ycTpoeH u Kak paboTaeT napaMeTpuieckuii crabunmzatop?

3. [osicHuTe HA3HAYECHHWE OCHOBHBIX 3JIEMEHTOB KOMIICHCAIIMOHHOTO
crabunmzaTopa

4. Kakyto pons B cxeme urpaet cradmmrpon VD?

5. Moxuo mu BKITtouuTh 0azy VT2 Ha Hampsokenue Uy, Hemocpen-
CTBEHHO, 0e3 nenuteis R, R4?

6. Kax MoxHO ocymecTBUTh peryiupoBanne Uy, ?

7. 3menutcs mu Ko UIIMEHT CTa0MIN3aluy CTaOUIN3aTopa, eciu
1enb CTa0WIUTPOHA Yepe3 R; muTaTh OT HE3aBUCUMOTO MCTOYHUKA TO-
CTOSTHHOTO HAIPSDKEHUS ?
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JladopaTtopuas padora Ne 4

NCCIIEJOBAHUE OJHOKACKAJHOT'O
TPAH3UCTOPHOI'O YCHUJIUTEJISA

Llenv pabompul: W3ydeHHe TPUHIWIA ACHCTBUS W OMpEAETIeHHe OC-
HOBHBIX MTApPaMEeTPOB M XapaKTEPHUCTUK OJHOKACKATHOTO TPAH3UCTOPHO-
T0 YCUJIUTE.

O0mue cBegeHHNA

YeunureneM Ha3bIBalOT YCTPONCTBO, MO3BOJISIONIEE YBEIUYUTH
HampsKeHHe, TOK, MOIIHOCTD CJIA0bIX AJIEKTPUUECKUX CUTHANOB. B ycu-
JUTENSX UCTIOIB3YIOT OUIOJSIPHBIC U TTOJIEBBIE TPAH3UCTOPHI, a MOCIIE]I-
HUEe Tonbl — HHTErpasibHble MUKkpocxembl (UMC). Ycumurenn vHa UMC
00J1a1al0T BBICOKOM HAJEKHOCTHIO M SKOHOMHYHOCTBHIO, OOJIBIIIAM
OBICTPOJCHCTBUEM, UMEIOT Mallbie pa3Mepbl U Maccy, BBICOKYIO YyB-
cTBUTENHbHOCTh. OHM 00ECTIEUYMBAIOT YCHIIEHUE OYEHb CIIA0BIX CHUTHAJIOB
(manpsoxenne opsiaka 1072 B, tokn g0 10 A, mommocTs mopsiaka 10
% Br).

MHorue ycuiauTelnn COCTOAT U3 HECKOJIBKUX CTYNEHEH, OCYIIECTB-
JSIONIMX TOCITIEI0BATENIFHOE YCHJICGHHE CHTHANAa W Ha3bIBAEMBIX Kac -
KagaMu. B 3aBUCHMOCTH OT BBINOJNHSAEMBIX (PYHKIHMH yCHIUTEIbHBIC
KacKaJlbl TOMAPA3ACISAIOT HAa KACKAObl NPedsapumenbHo20 YCULeHUs,
MpeTHa3Ha4YeHHBIE JUTSI TIOBBIIIEHUS] YPOBHSI CHTHAJIA IO HANPSHKEHUIO, U
8bIXOOHbIE KACKAObI — JUIA TIOy9eHUS! TPeOyEeMbIX TOKa WIJIA MOIIIHOCTH
B Harpyske.

PaccmoTpuM pUHIUT TOCTPOEHUS U pabOTHl YCHIIUTEIBHOTO KacKa-
Jla Ha CTPYKTypHOH cxeme puc. 4.1. OCHOBHBIMHU 3JIEMEHTAMH SIBISFOTCS
yIpaBisieMblil yieMeHT YD (OUMONSpHBIA WM TOJIEBOIM TPAaH3UCTOP) U

+E pesuctop R, KOTOpble COBMECTHO C HC-

TOYHUKOM THUTaHUS E 00pasyroT 6w1x00-

R HYI0 yens Kackaoa. Y CUJIeHNE BBIXOJAHOTO
CUTHaNA Ugyy MPOMCXOIUT 32 CUET JHEp-

TMd HCTOYHHKA ITOCTOSHHOI'O HaIIpsKe-

o— VO [ lu%‘x Hus E. [Ipu nojgaye BXOJAHOTO CUTHAMA Ugy
u‘”‘l U3MEHSIOTCS COINPOTHUBIICHHE YD M TOK
© [ ° BBIXOJTHOM IIETH Iy, MO 3aKOHY, 3a/1aBac-
Puc. 4.1 MOMY Uy. IlepemenHast cocTaBisronias
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lpex CO3ACT TIEPEMEHHBIN CUTHAM Uyyy. Y CUITUTENBHBIC CBOICTBA KacKa-
Jla 3aBUCAT OT CTENEHH BIUSHUS Uy Ha TOK YIPaBISEMOTO SJIEMEHTA.
Uem Oospliie u3MEHsIETCA TOK, TeM OOJble OyJeT MajieHre HalpsKeHUs
Ha pe3ucTope R, a 3HaYUT, U CUTHAM Uy, KOTOPBIH TaK)Ke 3aBUCHUT U OT
BEJIMYUHBI R.

OcCHOBHBIE MTapaMeTPhl YCUIIUTEIBHOTO KacKaaa:

- KO3(pPUIIMEHT YCHIICHUS TI0 HATIPSHKCHHTO

KU = UBI>]X / U

BX 7
- K03 UIHUEHT yCUIICHHUS 110 TOKY
KI = IBB]X/IBX ;
- KOS(I)(bI/I]_[I/ICHT YCHUJIICHUS 11O MOIITHOCTHU
KP = PBL]X/PBX =UBL]XIBI)IX/UBXIBX = KU KI :

(B COOTHOMIEHUSX UCTIOIB3YIOTCS aMIUTATYIbI TOKA M HATIPSDKEHHUS ).

B nactoseit pabote uccienyeTcs yCUIUTe b Ha OUITOISIPHOM TpaH-
3UCTOPE, KOTOPBIH BBIIOIHSAET POJIb YNPABISEMOIo 3ieMeHTa. TpaH3u-
CTOp — 3TO TOJYMPOBOAHUKOBBIA MPUOOP € IBYyMs P—N-Tiepexoamu,
MMEIOIMKA TpH BBIBOJA. B 3aBHcHMOCTH OT uepenoBaHus obiacteil mo-
JYNIPOBOAHUKOB C Pa3lIMYHBIMU THIIAMH D3JIEKTPONPOBOJHOCTH pa3iu-
YaloT TPAaH3UCTOPHI THIA P-N-P u THma N—P-n. Mx cxematnueckoe
YCTPOHCTBO M YCIOBHOE Tpaduueckoe o0O03HaueHHWE IMOKa3aHbl Ha
puc. 4.2.

LenTpanpHbIil cioil TpaH3UCTOpa HasbIBalOT Oazou (B), HapyKHBIN
CJIOH, SBISIOUIMIICS MCTOYHUKOM 3apsiOB (AJIEKTPOHOB HMIIM JBIPOK), —
omummepom (D), a HAPYXKHBIM CIOH, NPUHUMAIOMIUNA 3apsIbI,
konnekmopom (K).

Ha mepexon smutTep — 6aza HanpspKeHHE UCTOYHUKA F, TTONAaeTCs B
MPSIMOM HaIpaBJIEHUH, U MPSIMOE COMPOTHUBIEHHE Mepexoja Mayo, IMo-
9TOMY Ja)xe MpH MajblX £, BOZHHMKAeT 3HAYUTEIbHBIA TOK SMUTTEpP —
6a3a l,. Ha nepexon xomuiekrop — 6a3a HanpspkeHHe UCTOYHUKA E, oaa-
eTcs B 00paTHOM HalpaBJICHHH.

Paccmotpum paboty Tpansuctopa Tuma p—n—p (puc. 4.2) (TpaHs3u-
cTop THma N—p—n paboTaeTr aHanoruuHo). [Ipu orcyTcTBUM HCTOYHMKA E,
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SMHUTTEPHBIH TOK |,= 0, U B TpaH3UCTOPE Yepe3 KOJIIEKTOPHBIN Mepexo]
B 00paTHOM HAaIPaBJICHUU MPOTEKAeT MBI TOK (y KPEMHHEBBIX TpaH-
3ucTopoB |, = 0,1...10 MKA).

D b K D b K
I, ¥ &=|a="] ok I, |" o=| e=?| & Lk
. el o= | o=
. e (\Q;)
Is
/| T | Ex
' '

[Ipu moakTtOYeHNH NCTOYHHKA £, BOSHUKAET SMUTTEPHBIN TOK |,: TBIpKH
HPEO0ICBAIOT MEePEX0 IMUTTEp — 0a3za U MOManalT B 00JIacTh 0asbl,
r7le YaCTUYHO PEKOMOMHHPYIOT CO CBOOOJHBIMHU 3JICKTPOHAMH Oasbl.
YOBUIb AIIEKTPOHOB B 0a3e MOMOJIHAETCS 3JEKTPOHAMH, TOCTYMAIOIIMMHU
W3 BHEUIHEH memnu, oOpasys Tok 0a3bl lg. brarogaps nuddysuu gacts
IOBIPOK B 0ase, MpoJosDKas OBMKECHHE, JOXOAMT JI0 KOJUIEKTOpa W IMOJ
JIEHCTBUEM 3JIEKTPUUYECKOTO MO UCTOYHUKA Fy MPOXOAUT KOJUIEKTOP-
HBIHA P—N—Tiepexo. B memu 6a3za — kosekrop mpoTekaet Tok |, = 1, — I;.

CooTHolIeHNE MEXKAY MPUPAIIEHUIMI SMUTTEPHOTO U KOJIJIEKTOPHO-
I'0 TOKOB XapaKkTEePHU3YIOT KO3 HHUIHUEHTOM IIepeaadn TOKa

dl Dl

K o K

91U, =const DI3 U, =const

Tak xak Dl < Dl,, To mist 6unomnsapasix Tpanzucropos a = 0,9...0,995
1 TOK Koyutekropa |, = l,+a 1,9 |,

PaccmoTrpenHas cxema BKITIOYEHHS TPaH3UCTOpPa, rie 0asza sSBIseTcs
00IIMM 3JIEKTPOJOM AJISl SMUTTEPHOM U KOJUIEKTOPHOH Iierieil, Ha3piBa-
eTcsl cxeMoil ¢ obmiei 0a3oil. Ee mpuMeHsroT kpaiiHe peaKo u3-3a HH3-
Koro Kod(duIreHTa nepeaadan Toka.
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CymiecTByeT TpH criocoda BKJIFOUCHHUS TPAH3UCTOpA: ¢ 00IIei 0a30H,
¢ obmum sMutTepoM (0O3), ¢ 00IMUM KOJUIEKTOPOM (IIIEKTPOJI, HaXO/sl-
IIMACS Ha BXOJIE W BBIXOJE CXEMBI OJHOBPEMEHHO, OMpEIesIeT Ha3Ba-
HUEe cxeMmbl). OCHOBHOM sIBISIeTCS cCXeMa C OOLUIMM 3MHUTTEPOM
(puc. 4.3, a), B KOTOPOil BXOAHOH TOK paBeH TOKY 0a3bl:

l=L-L=L-(lxtal)=(1-a)l,- l,<<I,° I

1200 120
MKA / MA
/ ( ls = 800 MKxA
800 80 }/,_ 500
‘reoo / ‘f 60—
400 10 — 00
%200 “20 00
—ls=0
0 020406 B 1,0 0 5 10 15B 25
U53 UK3
a) 0) B)
Puc. 4.3

upokoe MpUMEHEHUE CXEMBI C OOLIMM SMHUTTEPOM OOYCIIOBICHO
MaJIbIM BXOJHBIM (ympaBisitomiuM) TokoM lg. Koadduuuent nepenaun
(ycuneHusi) Toka Juisi cxeMbl ¢ o0mmm smurrepom b = DI,/ Dl kone6-
nercs B mpenenax 10...200.

BxonHbie xapaktepucTuku Tpansuctopa ¢ 0D (puc. 4.3, 6) oTpaxa-
10T 3aBUCHMOCTD TOKa 0a3bl OT HANPsHKEHUS, MPHIIOKEHHOTO MEXIy 0a-
3011 U amuTTEpOM, ITpH Uy, = const. OHu Mano 3aBucsT ot Uy,, mo3ToOMy
00BIYHO TPUBOIAT OHY XapakTepucTUKy lg(Us,).

BbIXoHBIE XapaKTEPUCTUKUA OTPAXKAIOT 3aBUCHMOCTH TOKa KOJUICK-
TOpa OT HANpPSHKEHUS] MEXIY KOJUIGKTOPOM M AMHUTTepoM mipu g = const
(puc. 4.3, B).

PaccmotpuM onauH u3 Haubosiee paclpOCTPaHEHHBIX YCHIINTEIbHBIX
KacKaJOB Ha TPAH3UCTOpax — KackKaj ¢ o0mumM sMutTepoM (puc. 4.4, a).

VICTOYHUK YCHIIMBAaEMOTO CHTHAJIA MOAKIIOYAETCS K BXOAHOW Lenu
Kackaza (Mexay 0a3oil u aMuTTepoM) yepe3 kouneHcarop Cl, a Harpys-
ka Ry — k BeIXOAy Kackana 4yepe3 konaercarop C2. Konaencatopst Cl u
C2 pa3nmensioT 3T LENH MO MOCTOSSHHOMY TOKY U CBSI3BIBAIOT UX IO
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NEPEMCHHOMY. B BBIXOJAHYIO LCIb BKJIKOYACTCA HCTOYHUK EK, 3a CUCT
KOTOpPOTO NPOUCXOAUT YCUICHNEC MOIIIHOCTH BbIXOJHOT'O CUTI'HAJIA.

u Us = UGn + Upx
o+E, /—'T‘~3‘\ i5 = lgn + i~

T

A . :
— = // I = IKn + - —¢7|Km

a) 0)
Puc. 4.4

Hanpsoxkenue nokost Mmexxay 6asoit u amurtepom Ug,, ompenensercs
nenuteneM Hanpsbkerus R1-R2 u pesuctopoMm R,, B pe3yibTare BO3HU-
KaroT TOKU 0a3bl lg; n kommekropa ly,. Pexwum paborer ycunmrens npu
Usx = 0 HA3BIBAIOT PEXKUMOM TTOKOSI.

[Ipu mogaye BXOAHOTO CUTHaNa Uy, Ha TOCTOSHHYIO COCTaBIISIOLIYIO
Toka lg, HakmaabIBaeTCsl MEpPEMEHHAasi COCTaBISIOmas Ig-, ¥ TOK 0a3bl
CTAQHOBHUTCS MYJIbCHPYIOWUM is (puc. 4.4, 6). OH BBI3BIBACT IMYJIBCALIUIO
TOKa KoJuieKkTopa i, = Dis 1 komuekTopHOTro HanpsokeHus Uy, [lepemennas
COCTaBIISIIOIIAs HANpPsKeHUs U~ depe3 KoHzaeHcatop C2 mepenaercs B
Harpy3Ky: Uy = Ugyy.

[To BTopomy 3akony Kupxroda mis BEIxogHOM 1enu

EK: U+ RK iK: (UKI'I+ UK~) + RK(IKH+ iK~)-

Tak kak E,= const ¥ peXXHUM I10 MOCTOSHHOMY TOKY HE MEHSETCS, TO
BUJTHO, YTO C YBEJIMYCHHEM TOKA I~ HAMPSHKEHHUE Uy- YMCHBIIACTCS, OHO
CIBHHYTO 10 (pa3e OTHOCHTEIBHO BXOIHOTO HampspkeHuss Ha 180
(puc. 4.4, 0).

HenocraTkoM MOJIynpOBOJHUKOBBIX YCHJIUTEICH SIBIISETCS 3aBUCH-
MOCTh HX TapaMeTpoB OT TemIiepatypbl. [[ns yMeHbIIEHHS BIUAHUA
TEMIEpaTyphl B PaCCMOTPEHHOM YCHJIMTENIBHOM Kackaze ¢ OO mpume-
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HEHA SMUTTEPHAs TeMIepaTypHas CTa0WIM3alus: B IIEb 3MUTTEpa
BKIIFOUYEH pe3ucTop R,, mryHTHpoBaHHBIN KoHAeHcaTopoM C,. C yBenu-
YeHUEM TEeMIIepaTyphl BO3PACTalOT TOKU TpaH3ucTopa ly,, |, HO BO3HU-
Karoliee majeHue HampsHKeHUs Ha pesucTope R, yMeHbIaeT Hampsoke-
Hue Ug,; = Ury — R, 1, (mpu Ugp = const), 4To MOBIIEYET yMEHBIICHUE
TOKOB lgy, |y, lin. CTabmmusanms tem a¢dektuBHEe, YeMm Oonbpine R,.
Ho nmagenne nanpsoxenus Ha R, ymensinaer Ug, U cHIDKaeT Kodpuim-
SHT YCHWJICHHUS, YTO HEXENAaTeNbHO. DTO SIBICHHE HA3BIBAIOT OTPHUIlA-
TenpHOM 00paTtHOM cBs3bio (OOC). s ocmabiaerus OOC mo nepeMeH-
HOMY HampsDKEHUIO0 pe3uctop R, myHTHpyrOoT KoHaeHcatopom C,, co-
MPOTUBIIEHUE KOTOPOTO X, << R, mIg Bcex 4acToT Uy. Torma mameHue
HampsbkeHus Ha ydactke R, — C, oT mepeMeHHO#H cocTaBistomei i, He-
3HAYUTENHHO, U yCHJIMBAEMOE HANPSIKEHHE MPAKTUYECKH HE MEHSETCS:
Uos ° Ugx.

OcHOBHBIE XapakTepUCTUKH ycumutens: ammmuTyaHas Uy, (Uy) u
ammumuryano-gactotas Ky (f), ompenmensromias 3aBHCHMOCTh MOJIYJIS
K03 dULIEHTa YCUIICH ST HATIPSDKEHHS OT YaCTOThI YCUIIMBAEMOTO CHTHAJA.

AMIityHas XxapakTepuctuka (puc. 4.5) MO3BONSET ONPEACTUTH
JMana30H BXOIHOTO HAMpPsDKEHUs, B IIpejie-
nmax KOToporo 3aBUCUMOCTh Uy (Uyy) -
HeliHast. [Ipu GOnbIION aMILTUTYE BXOIHO-
ro HampspKeHUST Uy, > Uy max  TTOSBISIOTCS
HEeJIMHEHHBIE UCKKEHUS Ugyx, 00yCIIOBIICH-
HbIE HEJIUHEWHOCTHIO BXOOHOW M BBIXOJHOH
XapaKTepHUCTHK TpaH3uctopa (puc. 4.3, 0, B).

AMIUIHTY THO-4aCTOTHASI XapaKTePUCTHKA
(puc. 4.6) BakHA NP YCUIICHUN HECHHYCOU-
JTATBHBIX CUTHAJIOB, TAK KAK TAPMOHUYECKUE
cocTaBJstomNe Ugy YCUIHBAIOTCS B Pa3ivd-
HOW cTeneHd, U opMa Ugyy UCKakaeTcs. [1o
aMIUIATYTHO-YaCTOTHOM  XapaKTEPUCTHKE
OTIPEETISIOT TOJIOCY MPOIMYCKAHUS YCHIIH-
Tensl — AWana3’o” or Hu3mMx fy; 70 BeICIIMX
fs gactor, B KOTOpOM KO3 HUIHUEHT yCHIIE-

UBHX

Hus K 2 Ko/ V2, e Ko — Makcumab-

HBIH KO OUIUEHT yCUITCHUS.
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Vmenbiienne Ky NMpu HU3MIMX YacTOTaX OOYCIOBICHO BIHSHHEM
kouaercatopoB C1, C2, C,. C MOHMKEHHUEM YaCTOTHI XC = %/C yBe-

JUYMBAETCs, U BO3pPAcTAIOT MaJCHUSA HAIpsDKEHUS Ha KOHJEeHcaTtopax. B
JMana3oHe CPeJHUX YaCTOT BIMSHUEM Pa3[eNUTEIbHbIX KOHIEHCATOPOB
MOJKHO TIpeHeOpedb M3-3a MAJIOCTH UX COMPOTHBICHUS, U KO UITHEHT
YCHJICHHS MakCHMaleH. B o0macTh BBICHIMX YacTOT YCHIIMTENbHBIC
CBOMCTBA yXyAIIAIOTCS, TaK KaK U3MEHAETCSI CONPOTHUBIICHUE MEKIIEK-
TPOJHOH €MKOCTH KOJUIEKTOPHOTO Iepexojaa M yMeHbIaeTcs Koddhu-
[IMEHT YCUJICHHUsI TOKa TpaH3ucropa b.

HpeaBapnTenbﬂoe 3aJaHUE€ K IKCIIEPUMEHTY

W3yuuTh yCTPOWCTBO M MPUHIMI PabOThl OJJHOKACKAJHOTO TPaH3H-
cropHoro ycwmrens ¢ OO (puc. 4.4, a), mpoaHaTU3UPOBATh HA3HAUCHUE
BCEX €ro 2JIeMeHTOB. [IncbMeHHO AaTh 000CHOBaHHBIA OTBET Ha BOMPOC
COOTBETCTBYIOLIEro BapranTa B Ta0m. 4.1.

Taomnuua 4.1

Bapu-
aHT

1 |Haznauenue konaeHcatopa C2. Kakoe BIusiHuEe OH OKa3bIBaeT HA

koadduiment ycunenus Ky?

2 |Kak uamennrcs koaddunuent ycunenus Ky, ecnu conpoTusiie-

HUe Harpy3ku R, yBenuuurcs?

3 |KakoBo Haznauenue siemeHTOB R,, C,? M3menurcs mm ko3dhhu

1eHT yewtenns Ky, ecnu uckimounts koHaercarop C,?

4 |Kak W3MEHUTCS aMIUTUTYJla BBIXOJHOTO CHTHaba Uy, ecim R,

YMEHBIIUTCSI IPYU HEU3MEHHON aMIUIUTYJE BXOJHOTO CUrHaja?

5 |Ilouemy konpmencatopsl C1, C2 Ha3bIBalOT pa3NeIUTEIHHBIMH?

Kak m3MeHnTCS BEIXOTHOM CUTHAM Uy, €CIIM €MKOCTh KOHIIEHCATOA

pa C2 yBenuuuTCs IPH HEM3MEHHON aMIUTUTY/ I BXOIHOTO CUTHAaa?

6 |Yro Takoe oTpuuarensHas obpaTtHas cBs3b (OOC)? Kak ocnal-

nsiercs B yeunutene OOC no nepeMeHHOMY HanpsbkeHuio? Kak|

M3MEHUTCS Ugy iy, €CITH eMKOCTh C, YMEHBIITUTH 10 HyJIs?

7 |Hasnauenme pesuctopa R,. UTo Takoe oTpuIaTtenbHas oOpaTHas

CBsI3b TI0 TIOCTOSITHHOMY HarmpsbkeHnto? KakoBo BIusSHHE KOHJICH-

caropa C, Ha ko pumment ycunennst K,?

8 |Kak m3amenurcs kodpduimeHt ycunenus Ky, €Ciii eMKOCTh KOH-

nencatopa C2 yMeHbIIUTCA?

Bomnpoc
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HOpﬂ)IOK BBINIOJHECEHUA IKCIICEPUMEHTaAa

1. CoOpaTh 2JIEKTPUUYECKYIO LIETIh 110 CXEME OJTHOKACKAHOTO TPaH3H-
ctopHoro ycunurens ¢ 09 (puc. 4.4, a).

2. [loaroroButs K padboTe ocumiorpad, reHepaTop 3ByKOBBIX YaCTOT
1 nu(pPOBOH BONBTMETDP: MOIKIIOYHTH NMHTAaHUE, TMPOTPETh B TEUCHHE
5 munyT. [logxmrounTs UG POBOI BOIBTMETP IS H3MEPEHHS BBIXOTHO-
TO HalpsHKCHUS! YCUIUTENs (3aKUMBI R,) M 31IeKTpOHHBIN ocumiutorpad
JUTST BU3yaJbHOTO HabmiofeHus >Toro HampsokeHus. [lomate Ha BXOA
YCHIINTEIIS HAPSHKEHUE OT TeHepaTopa 3BYKOBBIX 4aCTOT.

3. Uzmenss Hanpspkenue Uy, oT 0 mo 100 MB (6...7 3HaueHuit), CHATH
aMIUTUTYAHbIe xapakTepucTuku ycunutens Uy, (Uy) mnpu yacrore
BxomgHoro curHama f=1000 T'm g OByX 3HAYeHHH HArpys3Kd
Ri=1kOm u R; =10 kOM. AMIUIUTYy BBIXOJHOTO HAMPSHKEHUS Ugyx
MpH CHUHYCOUJAILHOW ero (opMe OmpeaeluTh, YMHOXHUB IOKa3aHUE

IH(QPOBOTO BOJBTMETPA Ha/2 . IIpy WCKa)keHWH BBIXOJHOTO CHTHAIA
M3MEPEHHE €ro aMIUIUTYIbl BBIINOJHATH C IMOMOIIBIO ocuuiuiorpada,
ompenenuB Macmtad mo ocu Y. Pe3ynbraTel M3MepeHHi 3amucarh B
tabi. 4.2, nocrpouts guarpammy Uy (Up).

Tabnuma 4.2
U,, MB
R.=1xOm
BBIX B
R,=10 kOm v

4. OnpeaenuTs ¢ MOMOIIBIO OCHAILIOrpada, Ipyu KaKoM HanpsHKeHUN
U, HacTymaer 3aMeTHOe HCKaxeHHe (GopMbl Uy (t). 3apucoBarh st
3TOTO PeXUMa KPUBYIO Ugy(t). OTMeTnTh 3HaueHue Uy, Ha nuarpamme
UBLIX(UBX)'

5. Onpenenuth KO3(QOUIMEHT YCWICHHUS MO HampsbkeHuto Ky mms
NIBYX 3HAYEHUH compoTuBiIeHus Harpy3ku R, = 1 kOwm, R, = 10 xOM mpu
U = 10 MB.

6. M3mensist yactoty BxoaHoro HampspkeHus ot 20 ' mo 200000 I,
CHATH aMILTUTyAHO-4acToTHEE Xapakrepuctuku Ky (f) mpu U, =5 MB,
Ry = 1 xOm mst nByx 3HaueHmit eMkoctu Cy: 1 MK® u 10 Mx®.
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PesynpTaTel n3MepeHuit 3anucates B Ta01. 4.3 ¥ IOCTPOUTH JHArpam-
My Ky(f). Onpenenuts u yka3zarb Ha AuarpamMMe IOJOCY HPOIYCKaHUS
YCUIIUTENS.

Tabnuna 4.3
f, T
— UBLIxs B
Co=1 Mxd Ky
C,=10 Mx® Ui, B
Ky

7. DKCHepUMEHTAIBHO MPOBEPUTH MPABHWIIBHOCTh OTBETA HA BOIPOC
IIPEABAPUTEIBLHOTO 3aJaHUS.

Conep:xanume oTHyeTa

1. Ilens paOoThI; cxeMa OAHOKACKaJHOI'O TPAH3UCTOPHOTO YCHIIUTEIS
¢ OO (puc. 4.4, a); 000CHOBaHHBIH OTBET Ha BOIPOC MPEABAPUTEIHLHOTO
3a/1aHusl; TAOIUIIBI U3MEPEHUi, auarpamMmbl aMITHTY THBIX Up (Upy) 1
ammunTyHo-4actoTHIX Ky(f) xapakrepucTuk ycuiamrens, pacueTHbIC
3HaueHus Ky, mosoca npomnycKaHusl yCUINTENs UL ABYX 3HAUYCHUH eM-
koctu C,; OIEHKa BIUSHUS Harpy3ku R, u eMkocTH cBsizu C, Ha K03(-
¢unuent ycunenus Ky, BEIBOABL.

KOHTpOJ’IBHBIe BOIIPOCHI

1. Yro Takoe OumomsipHbIA TpaH3ucTop? KakoBo ero ycTpodcTBO U
NpUHIHMI paboTH B cxeme ¢ 0D?

2. OOBSACHUTH MPHUHLUI JICHCTBUS TpaH3UCTOpHOTO ycuiutens. Ka-
KOBO Ha3HAaY€HUE TPAH3UCTOPa B YCUJIUTEIBHOM Kackaze?

3. Kaknmu mapameTpaMu XapakTepu3yeTcs yCHIUTENh?

4. Kak cHEUMaeTcs aMIUTUTYIHAS U aMIUTHTYJHO-4YaCTOTHAs XapaKTe-
PUCTHUKHU Kackaga?

5. Kax ompenenuts mosiocy mpomycKaHus YCHIUTEIs?

6. Kax ocyrmecTBisiercst TeMrepaTypHasi CTaOMIN3amus B ycuauTene?

7. B yeM mpU4MHBI MOABJIECHUSA HEITUHEUHBIX UCKAXKEHUH BBIXOJIHOTO
HaIpsDKEHUS U CTaJla aMIUIMTYJHO-YaCTOTHOM XapaKTEPUCTUKU Ha HU3-
KHX ¥ BBICOKHX YacTOTax?
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JlacopaTtopunasn padora Ne 5
HUCCIEJOBAHUE OINEPAIIMOHHOI'O YCUJIMTEJISA

Ilenv pabomei: WCCIEAOBaHUE YCHINTENBHBIX CBOWCTB OIepa-
nuorHoro ycwmrtens (OY); u3ydeHHe THUIIOBBIX CXEM W aHAJIOTOBBIX
yCcTpoicTB Ha 6aze OV.

O0mue cBegeHHNA

Onepayuonnvie ycurumeau (OVY) SABIAIOTCS pa3HOBHIHO-
CTBIO YCHJIMTENIEH IMOCTOSHHOTO TOKa, MMEIOT OOJBIOW Ko3()HUIeHT

yewnenus o manpsoxennio Ky =U,, /U, =3A02 5Q¢ u sricokoe

BXOJHOe compoTtuBieHue Ry =20 kOm...10 MOm. Cospemennbie OY
BBIMOJTHSIOTCS B UHTETPATBHOM HCIIOTHEHUH JBYX- M TPEXKAaCKaIHBIMH.
OcnoBy OV cocraBnsier nuddepeHINaNIbHBINA YCHIUTENb, CITyKaIInui
BXOJIHBIM KacKaJlOM, a BEIXOJTHON KacKaJl — OOBIYHO SMUTTEPHBIN TTOBTO-
pUTEIh, 00ECIICYMBAIOIINH JIOJDKHYIO HArPY30YHYIO CITIOCOOHOCTD.

MaccoBoe npumeHenne OY 00yclOBICHO HX YHHBEPCAIbHOCTHIO:
MOTYT OCYIIECTBJISITh YCUJICHHE C IOCTOSHHBIM KO3(QUIIMEHTOM, CIIO-
’KEHUE, BbIUUTaHUE, MU PepeHIINPOBaHIe, HHTETPUPOBAHHE CHTHAJIOB,
CpaBHEHHE OHJICKTPUYECKUX BEIWYMH, TEHEpalUIO CUTHAJIOB pa3sHOM
(dhopMBI U J1p.

Ycaosaoe obo3znauenue OY mokazano Ha puc. 5.1. OY mmeer nBa
BXOAa W OAMH BBIXOA. [Ipu momaye cUTHaANA Ha HEeUHBEPMUDP VIO -
wui 6x00 Uy, y nupupaiieHue BeixogHoro curHana U, coBmajaer
o 3Haky (caze) ¢ mpupamenneMm Uy, y. Ecnm curnanm monmaH Ha u H -
sepmupyrowyui 6x00 Ugky, To npupamerne Uy, iMeeT 00paTHbIN
3HaK (B MpoTHBOdA3e) 0 cpaBHEHUIO ¢ npupatieHueM U,y u.

+E,
UBXI/I

U BX H U BBIX
E

a K_T_ WA |

Puc. 5.1

© UBle
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WuBepTupyromuii BXOA WCHONB3YIOT B YCHIIUTENSAX IJIS BBEICHUS
oTpunareasHo obparaoii cBs3u (OOC), Gmaromapss yeMy HOBBIIIACTCS
cTabmIpHOCTD Ky, CHIKAIOTCS HEIMHEHHbIC UCKAKEHHS, YBEITMYHUBACTCS
Rex-

Jns wimocTpaliuu Ha puc. 5.2 TpUBeJIeHa NMPUHIUNHAIbHAS cXema
mpocredmero  TpexkackagHoro OV  (WHTErpaJbHas MHKPOCXeMa
K140Y1). Bxoauoit nuddepeHnnanbHelid Kackaa BBITIONHEH HA TpaH-
suctopax VT1 u VT2.

Bropoii xackan Ha TpaHzucropax VT4 u VT6 mpencraBisgeT coOoid
T depeHInaNbHBIN yCUIHTENh ¢ CHMMETPHYHBIM BXOJIOM U HECHM-
METPUYHBIM BBIXOJIOM. BBIXOIHBIM KacKajoM CIYXHT SMUTTEPHBIN IO-
BTOpHTENs Ha TpaH3ucropax VT7 m VT9. Ha cxeme moka3aHO IpPOXOK-
JICHWE YCHIIMBAEMOTO TIOJIOKUTEIHFHOTO CUTHANA, MMOJJAHHOTO HA HEWH-
BepTHUpyromuit Bxox 10.

gy

7o+EK
12
2
V7 B
B 2 (&
O o
]
3 |2
R9 )

Brixon

Puc. 5.2
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Baxneitmumu xapakrepuctukamu OV SIBISIOTCS aMIUIATYHBIE (TIe-
pemarounsie) xapakTepuctukd Uy, (U (puc. 5.3). Ha nmHeiHBIX
(HaKJIOHHBIX) y4acTKax KPUBBIX ko3 durueHt YCUJICHHUSI
Ky U /Upx OCTAETCs HEM3MEHHBIM. B HEIMHEHHOM peXHMe ypOB-
HU BxomHOro curHaima OV mpeBwlmaroT 3HadeHUs Uy ISl THHEHHOTO
yuacTtka (Ugx > Upy , i Uy < Uy 5).

Usix

_UBLIX max

HuBeprupyroumit ' HemHBepTUpYyIOMMIA
BXOJ g BXOJ{
+U BBIX Max E UBX
E+ u BX JT mB

[Ipu stoM pexume U, NpHUHAMAaeT OAHO W3 [BYX 3HAYCHHU:
+Uux max A —Upyx max. HenuHEWHBIHA pesxkuM paboTel OY HCMONB3YIOT
MPH CO3aHWW MMITYJIbCHBIX yCTpOWCTB Ha 6a3ze OY: MymbpTHBHOpaTO-
POB, KOMIIAPATOPOB H JIP.

PaccmoTpuM HeKOTOpBIE TPUMEPHI TTOCTPOSHHUS AaHAJIOTOBBIX CXEM Ha
OV, paboTarmux Ha JMHEHHBIX YYaCTKax aMILIMTYIHbIX XapaKTEPUCTHUK.

Uneepmupyrowuii ycurumensv (puc. 5.4) u3MeHser 3HaK
BBIXOJHOTO CHTHAjJa OTHOCHUTEIHHO
BxonHoro. Ha wmHBepTupyromuii Bxon
gepe3 pesuctop R1 momaercs U, u
BBOJAMTCS TMapajuieibHas OTPHUIIATENb-
Hasi oOpaTHasi CBS3b M0 HANPSIKSHHIO C
MTOMOIIBIO pe3ncTopa Roc.

[Ipunumaem loy = 0, Torma st y3na
1 copaBennuso paseHcTBo |, =1,

UBX- UO _UO_ UBb

X

R1 Ro ' Puc. 5.4
C

nim
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Tak kak coOcTBeHHBINH kKO3 duuument ycuienus OY Kyoy- &, TO
Hanpspkenne Ha Bxoge OV Uy =U, . /K, oy - 0, Torma
UBX/ Rl =- UBLIX/ Roc-
Koaddpumment ycunenus

JJiss yMEHBIIEHUS TIOIPEIIHOCTEH OT M3MEHEHHS BXOIHBIX TOKOB J€-
JIAI0T CAMMETPHYHBIMHU BXOJIbI, BBIOUpas Ry, = Ryl €R .

Heunsepmupyrwowuti ycuasumens (puc. 5.5) HE U3MEHIET
3HAaK BBIXOJHOTO CHTHalla OTHOCHUTEIIBHO
BXOJHOTO. BrIpazum Tok B pesuctope R1,
nonaras Up = 0, I,y = 0:

UBLD{/(Q-FR)C):UBX/a "
Torna
UBI)D( :UBX R-L+ ROC ’
R

KUH = LLJJBHX :1+&_
BX R

Puc. 5.5

Boluumamenv-ycunumens (puc. 5.6) mpemHazHA4YCH IS
YCHJIEHUSI Pa3HOCTHBIX CHTHAJIOB.
EcmRi=R, u R,=R, 10

UBL]X = (UBx2 - UBX])&C/&'

Puc. 5.6
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Cymmamopuw . [na mHBepTHUpYIOIIEro cymmaropa (puc. 5.7, a)
(opMya BEIIOIHSAEMOH ONIepaIiH

UB])]X :-%stl*-&UBxZ +2 +&stn§'
ch R R, ks

2
R1
Roc
R1
UBX 1 R
o<
UBX2 R -

Puc. 5.7

Jist HemHBEpTUPYIOIIETO cyMMaropa (puc. 5.7, 6)

U =@(UBX1+U +2 +Uan)’

BBIX BX 2

rae N — 4UciIo BXOHOB.

Hnmeepamopwel CO3aI0T 3aMEHOM pe3rcTopa R,. KOHIEHCATO-
pom C,. (puc. 5.8). OHM HIMPOKO pac-
MPOCTPaHEHBI B AHAJOTOBBIX PEIIA0-
[IUX ¥ MOJCTHUPYIONIMX YCTPOUCTBAX.

BI)IXOZIHOC HaIlps>KEHUE HHTETpa-
TOpa MPOMOPIHOHAIEHO HHTErPary OT
BXOJIHOTO CHTHAJIA.

Tax Kak i = ic WIA
Usx - Cdl‘lamx . TO
R dt
1 Puc. 5.8

t
Uppx = - ﬁ'le dt+UBBIX0'
RCy
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1 t
O6bruno pu t =0 Uy, 0= 0, TOrO2 Uy, = - T il dt,
1
rae t = R;C — mocTossHHAsI BpEMEHHU.
Huoppepenyuamopuor (puc. 5.9). BxogHolt curHam momaeTcs

Ha MHBEPTHPYIOUIMK BXOJ M (OpMyna BbI-
Roc MIOJIHAEMOM Olleparyu

C
dy, dy,
l_{ UBLJX:-ROCC:d_tX:_td_tX
lUBX R B 1u31,1x
2 I
Puc. 5.9
FeHepamop CaAPMOHUYECKUX xonebanuil ¢ mocmom Buna aBisercs

caMoBO30Yy KaaroIumMces reaepatopoM (puc. 5.10).
OH npeobpa3syer SHEPrUi0 MOCTOSH-

Ro Roc HOTO TOKa B IEPEMEHHBI TOK Tpelye-
MoO# yacTtoThl. MocT BuHa, cocTosmuii
+ u3 snemeHToB R;, Ci, Ry, C,, obpasyer

3B€HO YaCTOTHO-3aBUCUMOM IIOJIOXKH-

—O
lum tenpHON  obparnoit  cBszu  (ITIOC).
- BxogHolt curhHan re”eparopa — 3TO
’_HE‘l:Rl'_ —T— 9acTh €T0 BBIXOJHOTO HANPSDKCHUS, TIe-
penasaemas 3seaoM [1OC.
Ipu Ri1=R;=R uw Ci1=C,=C
C2 R2 4acTOTa F'eHepaluu
fo=1/(2pRC).
Puc. 5.10

OnemeHThbl Ry, Ry npeaHasHaueHbl s MOAYYCHUS TPeOyeMOro Ko-
s punmenTa ycuneHus.
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Mynvmusubpamop  CIy>XUT JUIA TIONIYYECHUS MPSIMOYTOIBHBIX HM-
mysbcoB. MyneruBuOpaTop Ha OV (puc. 5.11) OTHOCHTCS K CaMOBO3-
Oyxxmaronumcst reHeparopam. OY pabo-
TaeT B MMITyJIbCHOM peXuMme (Ha HelH-
HEMHOM y4acTKe aMIUTUTYJHON Xapakrte-
pI/ICTI/IKI/I), OH CpaBHHUBACT JBa BXOIHBIX
CHT'HaJa: 110 HEMHBEPTUPYIOLIEMY BXOLY

Ul = UBLIX i
R +R,

n 1o uHBepTHpylomeMy Bxomy Uc —
HanpspkeHne konaencartopa C.

B pesynbrarte mepesapsaku KOHICH- Puc. 5.11
caTopa BBIXOJHOE HANPSHKECHHE CKauKOM
m3MeHsAeTC OT Ugux max M0 Ugpx min = - Ussx maxe [Iput Ry = R, murens-
HOCTh WM mepuon wummynbca t,° 1,1RC; T=2t,° 2,2 RC. Usmenss
t = RC wm Bennmumubl Ry, Ry, MOXHO peryimpoBaTh JUIMTENBHOCTh H
4acTOTY UMITYJIbCOB.

IIpenBapuTebHOe 3a1aHNE K IKCIEPHMEHTY

1. Ilo 3amanubM B Tabm. 5.1 3HavenusMm R, 1 R; = 10 kOm paccun-
TaTh K03 Prmment Ky 1 TOCTPOUTH aMIDTUTYAHYIO XapaKTEePUCTHKY TPH
n3menennun U, ot 0 10 1 B.

2. PaccuuTarh JTUTENHHOCTD MEPHOJIA U YACTOTY BBIXOJHOTO HAMpS-
JKEHHsI TeHepaTopa TapMOHHYECKUX KOJIeOaHWd WM MYJITHBHOpaTopa
1o 3a/laHHbIM 3HaueHusM R u C (Tab. 5.1).

Tab6numa 5.1
Bapuant 1 | 23] 4|56 ] 7] 8
Tun ycumurerst Puc. 5.4 Puc. 5.5
Ro, kOM | 20 | 50 | 100 | 510 | 20 | 50 | 100 | 510
Tur reseparopa Puc. 5.10 Puc. 5.11
R, kOM 5 | 5 J1wo][10] 5 |5 [10] 10
C, ud 102 [10] 2 ]10]2]10]2
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HOpﬂI[OK BBIMOJHEHUHA IKCIEPpPUMEHTaA

1. CobpaTh 3MEKTPUIECKYIO IETh YCIIINTENs, 3aJaHHOTO BApHAHTOM
B Tabn. 5.1 (R; =R, =10 kOmM, R, u3 Tabm. 5.1). Ha Bxoa ycumutens
noaath HanpspkeHue Uy, OT OJTHOTO U3 MCTOYHUKOB OTMIOPHOTO HAMpsIKe-
Hus1. HeoOxoaumyro monsspaocTh U,y yCTaHOBHTH mepekirodarensmu 111
v 112 (+ wmm - ).

2. IIpu U,y = 0 mpom3BecTr KOPPEeKTHPOBKY «HYILD» OV (YT, «0»).

3. Usmenss Uy, ot 0 mo 1000 MB (3atem ot 0 mo —1000 MB), cHsATh
aMIUTATYTHYFO XapaKTEPUCTUKY YCHIIUTEINs, 3aJlaHHOTO BapHaHTOM B
Tabm. 5.1. Pe3ynprarel uaMepenuii 3anucarh B Ta0J. 5.2. ToUky HaHECTH
Ha aMIUIMTYJHYIO XapaKTCPUCTUKY, PACCUYUTAHHYIO B IMPEABAPUTCILHOM
3a/IaHUU.

Tab6muna 5.2
U.., MB 0 1000
UBLI)U B
U,x, MB 0 -1000
UBBIX3 B

4. CoOpath JICKTPUUYECKYIO 1ICTIh BHIYUTATEIIS — YCUIUTENS TI0 CXeMe
pUCYHKa 5.6 (i1 HEYETHBIX BApHUAHTOB) WM CyMMaropa IO CXeMe
puc. 5.7, 6 (U1 YeTHBIX BapUaHTOB). Y CTaHOBUTH R,. = 10 kOM, Ha BXO-
1l monath Uy, 1 Uy, Mo ykazanurio npenogaBatens. Usmeputs Uy, 1
paccuuTath KO3(QQUIHMEHT ycwieHus. Pe3ynbrarel 3amucath B TaOIu-
1y 5.3.

Tabauma 5.3

UBxls MB UBX27 MB UBLIX’ MB K

5. CobpaTh DIEKTPUUECKYIO IIeNb WHTErpaTopa Mo cXeMe puc. 5.8
(U1 HEYeTHBIX BapHaHTOB) win quddepeHnuaropa mo cxeme puc. 5.9
(s getHsix BapuantoB). C =2 H®; R =5 xOm. Ha unaBeptupyromuit
BXOJI ITOJIaTh MPSIMOYTOJIbHBIE HMITYJIBCHI C BBIXO/Ia TeHEepaTopa.

6. BxmrounTh u MOATOTOBUTH K padote ocimuniorpad. CHATH OCIIHII-
JIOTpaMMBbI BXOJJHOTO U BBIXOAHOTO HANpPSHKEHHH.
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7. CoOpatp 3MeKTpudecKylo memnb mo cxeme puc. 5.10 wm 5.11 co-
rmacHo BapuaHTy TaOm. 5.1. IlomyduTs OCHHIIIOTpamMMy BBIXOHOTO
HAMPSIKEHUS Up(t). OTIpeienuTh 9acToTy U mepuo/ Uy, (t), cpaBHUTH UX
C pacCUMTaHHBIMU B IPEABAPUTENIEHOM 3aJIJaHUH.

Conep:xanue oTHueTa

Lenp paboThr; cxema 3aaHHOTO B Tabu. 5.1 ycunwmrens, pacyeTHbIC
koa(pumment ycmnenus Ky u aMImuTy IHbIE XapaKTepUCTHKH YCHIIATE-
75, DKCIIEPUMEHTANIbHBIE TOYKM Ha JTHX XapaKTePUCTHKax, Tadl. 5.2,
cxeMma reHeparopa rapMOHMYEcKUX Kosebanuil (puc. 5.10) umm cxema
MyIbTHBHOpaTopa (puc. 5.11) cooTBETCTBEHHO BapHaHTy TaOuI. 5.1, pac-
YETHBIC M OIMBITHBIC YaCTOTHI U Mepro T BHIXOAHOIO HAMPSDKEHUS; CXe-
Ma BBIYUTATENS YCUIMTEIS M MHTErpaTopa (Ui HEYETHBIX BAPHAHTOB),
cymmaropa W auddepeHnmaropa (IS YETHBIX — BapUAHTOB);
Tabm. 5.3; OCIMIIIOTPaMMBI BXOJHOTO W BBIXOJIHOTO HAIPSKEHUS TU(D-
(depeHnMaTOpa MM WHTErpaTopa, Uy,(t) TeHepatopa rapMOHMYECKHMX
KoJIeOaHW MM MYJIETUBUOpATOPa; BHIBOABI O AocTOMHCTBaX OY m mx
MPAKTHYECKOM HUCIIOTE30BAHUH.

KOHTpOJ’IBHBIe BOIIPOCHI

1. Uto mpencTaBisitoT coO0H ONepanroOHHbBIC YCHIIUTEIH, KAKOBBI HX
JIOCTOWHCTBA U 00JIaCTh IPUMEHCHHUSI ?

2. Uro Takoe NOJIOKUTENbHAs M OTpULATE]bHAsi oOpaTHas CBs3u?
[Touemy B yCHIIUTENSX UCTIONB3YIOT OTPUIATEIBHYIO OOPaTHYIO CBS3H?

3. KakoBbl ocHOBHbIE XapakTepucTuku OY? I'nie ucnob3yrorcs Jiu-
HelHbIe U HeJIMHEWHBIE PeKUMBI paboThl OY?

4. TosicHATEe MPUHIUI TOCTPOCHUSI HHBEPTUPYIOIIETO U HEWHBEPTH-
pytouiero ycunurenst Ha 6aze OY. Kak onpeznemnsiercss ux koadduuuent
yCHIICHUS?

5. IlosicHATEe MPUHIMITBI TOCTPOCHUS BBIYUTATENS, cCyMMaTopa, Ang-
(depeHnmaTOpa, HHTETPaTOPa, TeHEpaTOpa TAPMOHUIECKUAX KOJICOaHU.

6. Kakoe BinsHHE OKa3bIBalOT BEIMYMHBI BHELIHHMX 3JIEMEHTOB Ha
¢yHKUUH, BeIoTHsIeMbie OY?
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JlabopaTtopHas padora Ne 6

HNCCIEJOBAHUE JJOTHYECKHUX 2JIEMEHTOB
1 KOMBUHAIIMOHHBIX YCTPOMCTB

Llenv pabomul: W3ydeHWE TPUHIIMIIA ITOCTPOCHHUS JOTHUECKUX DIIe-
MEHTOB NH(PPOBBIX HHTETPATHHBIX MHKPOCXEM M KOMOWHAITMOHHBIX
YCTPONCTB Ha UX OCHOBE; DKCIIEPUMEHTAIBHOE HCCIEIOBAHUE JIOTHYE-
CKHX 3JIEMEHTOB M KOMOMHAIIMOHHBIX YCTPOHCTB.

O0umue cBegeHHUHA

Jlocuueckue snemenmot (JID) BMecTe ¢ 3aITOMHUHAIONTAMH DJIEMECHTA-
MH COCTAaBJISIIOT OCHOBY BEIYHMCIUTEIBHBIX MAINH, ITUGPOBBIX U3MEPHU-
TENbHBIX MPHOOPOB M YCTPOWCTB aBTOMATUKH. JID BBIMTOMHSAIOT MHpO-
CTelIre JIOTHIecKue orepanuy Han nmudpoBoit mHbopManmen. Mx co-
3Mal0T Ha 0a3e DAJICKTPOHHBIX YCTPOWCTB, palbOTAIOIMHMX B KIIOYEBOM
pexXUMe, KOTOPBIH XapakTEepU3yeTcsl JBYMS COCTOSHHUSMHU KIIOYa:
«Bxmoueno» — «OtkmoueHo». [lostomy 1udpoByro wuHpOpMAaIUiO
0OBIYHO TPEICTABIISIIOT B IBOMYHOHN (OpMe, KOT/1a CUTHAJIBI TPHUHUMAIOT
TOJIBKO /1Ba 3HadyeHus: «0» (Jlorndeckuil Hynp) U «1» (Jlorndyeckas eau-
HUIIA), COOTBETCTBYIOIINE IBYM COCTOSIHUSIM KITIOUa.

Jlorudeckas omeparus mpeoOpasyeT MO OINpeAeTIeHHBIM IpaBUIaM
BXOJIHYI0 WH(GOPMANHIO B BHIXOMHYI0. OCHOBHBIMH JIOTHYECKUMH OITC-
paIusaMu SBIISTIOTCSI:

1) noruueckoe yMHOKeHHe (KOHBIOHKITNS) WK oriepanus M, o6o3Ha-
vaemast 3Hakamu “O wmm @ : F= x;@.®:Q.. X,;

2) moru4eckoe cioxeHune (Mu3bloHKIWA) wim onepanus WJI, o6o-
sHauaemas 3uakamMu “+’ mwm U D F =X+ X+ Xa+ ... + Xy

3) normueckoe orpunanue (naBepcus) wiu onepamust HE, o6o3naqa-
emast 4epToii HaJ nepemenHoii: F = X .

Jlornueckue 3neMEeHTHI, peanusyomue onepanuio Y, Ha3pIBaIOT 3ie-
meHTamu WM. BeixomHoit curnan F anemenrta U paBeH enuHuIle, eciii Ha
BCE €ro BXOoJbl Mojan curHai “1”. O0o3HadeHue syemenTa M u ero tad-
JUIa UCTUHHOCTHU MTOKAa3aHbl Ha puc. 6.1, a.

Jlornueckue snemeHTsl, peanusyromue onepauuo MJIM, HazbiBaOT
anemerTramu WJIW. BeixoaHoi curHan ero F paBeH eawHMIIE, €CIIA XOTS
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OBl Ha OIMH U3 BXOJOB nojaaH curaai “1”. O6o3nauenue sementa NJIN
1 ero TadJIMIa HICTHHHOCTH ITOKa3aHkl Ha puc. 6.1, 0.

Jlormueckuit anmement HE peamnsyer omepamuio HE (unBeptop).
O0Oo3nauenne simementa HE u Tabmuma HMCTMHHOCTH IIOKAa3aHLI Ha
puc. 6.1, B.

u X1X2F X N X1X2F HE
X
X | o 1]0]0 o 1/0]1 ol o 0[1
e oli[o % 0f1]1 170
1({1]1 1(1)1
a) 0) B)
Puc. 6.1

B 3aBucuMocTH OT BHJa UCIIOIB3YEMbIX CUTHAJIOB JID mojpasnensioT
Ha nomeHyuaibHule, B KOTOPEIX «0» il «1» 3agaroTcst ABYMS pa3iidd-
HBIMH YPOBHS ITOCTOSHHOT'O HANIPSDKEHUS (HU3KUI YPOBEHD HATIPSHKCHUS
cooTBeTCTBYeT «0», BEICOKHU YpOBEHb — «1») M umnyavcHvie, B KOTO-
pBIX 3HaUYeHUSIM «0» WK «1» COOTBETCTBYET OTCYTCTBHE WIIM HAIUIHE
uMItyibca. Haumbonpiiee pacmpocTpaHeHUE MOMYyYHIN MOTCHITMAIBHEBIC
aneMeHThl. JID BhINONHIETCS B BUAEC UHTETpalbHbIX Mukpocxem (MMC).

B nanHO# paboTre wcciemyroTcs Jormye- YU-HE
ckue annemenTsl 2U-HE (MMC KIS5JIA3) u X
2UJIN-HE (MMC KISSJIE1). YcnoBHOe 000- o—& |[F=x05
3HAYCHHE W CXEMbl pealu3aliu DJIEMEHTa ¢—o
21-HE noka3ans! Ha puc. 6.2. o—
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Omnepauust U ocymiecTBisieTcs MHOTOIMHUTTEPHBIM TPaH3HCTOPOM
VT1, KOTOpBI MOXHO IMPENCTaBUTh B BUE TpexX nuoaoB. Juoxst VD1 u
VD2 MoaenupyloT 3MUTTepHO-0a3oBbie mepexonsl, a VD3 — 06a3oBo-
KOJUIEKTOPHBIN niepexof (puc. 6.2, B). Eciau xoTs ObI Ha 0AWH U3 BXOAOB
VT1 nmomaH HM3KHMH ypoBeHb HampsbkeHus (curHan «0»), TO COOTBET-
CTBYIONUH TIepexoa oTKpHIT (oawH u3 auoaoB VD1 — VD2). Uepes TpaH-
3uCTOp IpoTekaeT Tok |;. Hampspkeruwe mexmy 0a3oif n oOmiel muHOM
U =E —Ryl; HenoctaToyHo, 4YTOOBI OTKPBITH JiBa IOCIEIOBATEIEHO
BKIIOUeHHBIX TTepexona (VD3 u mepexon 6aza-smurrep VT2). Tpansu-
ctop VT2 3akpbIT, TOK 1;° 0 1 Uy, © E. Tosbko Ipu BBICOKHX YPOBHAX
HampspkeHus (curHai «1») Ha obomx Bxomax VT1 Bce mepexomnl SMUT-
Tep-6a3a VT1 3akpbIThl, 1 MOTeHNIHAaN 0a3bl MOBBIMIAETCS, TPAH3UCTOP
VT2 otkpoercs 1 Uy, = E — Ryl,. Takum o6pazom, VT2 BEIONHSET PoOib
uaBeptopa. Curnan «0» Ha BbIXOJI€ TOJBKO MPU HAJIUYKUUA CUTHAIOB «1»
Ha BCEX BXOJax, 4To cooTBercTByeT onepaunu U-HE.

VYcnoBHoe o0o3HaueHue u cxema snementa 2MJIM-HE npusenens! Ha
puc. 6.3.

. 4 O
2UJIN-HE +E
X Rl R2 R3
1
o—1l |F=x+x, VT1 VD1 VD2
X, T° VT2
0— — VT3
U 0_/ UBbIX
BX.1 JU
BX.2
[0, _T. O
Puc. 6.3

Omnepanuio JIOTHYECKOTO CIIOKEHHsI BBIMOJIHSIOT JIBa THapajlieibHO
BKIIIOUEHHBIX TpaH3uctopa VT1 u VT2, xoTopsle ynpaBisioT padoToH
VT3, BbemonHsiomero posib uHBepTOopa. Ilpu momade BBICOKOTO
YPOBHS Ha OJMH M3 BXOJOB 3MHUTTEPHBIH NEPEX0J] COOTBETCTBYIOILEIO
TpaH3UCTOpa 3aKpbiBaeTcs. HampsbkeHne Mexny 0a3oi 3TOTO TpaH3H-
cTopa M o0miel IUHON CTAaHOBUTCS AOCTaTOYHBIM JJISi TOTO, YTOOBI OT-
KpbeITh quon VD1(2) u smurtepnsiii nepexon VT3. Tpansuctop VT3 me-
peXoauT B pekuM HachImeHus (OTKPHIT) U Uy, = 0. Tonbpko npu HU3KUX
ypoBHAX Ha 6a3ax oboux TpanzuctopoB VT1 u VT2 oTkpbiThl. TOK mpo-
TekaeT yepe3 R1 u R2, 3a cuer majeHus HaNpsDKEHUS HA 3TUX PE3HCTO-
pax noteniuan 6a3el VT3 6mus3ok k Hyto U VT3 3akphiT (U, © E).
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Ha ocHoBe 0a30BBIX JIOTHYECKHUX JJIEMEHTOB MOTYT OBITH CO3JaHBI
JIOTUYECKHUE yCTPOUCTBA, BBHITOJHSIONINE ONEPaIlii JIF00OH CIOKHOCTH.
B koMOMHAITMOHHBIX YCTPONCTBAX CHUTHAJI Ha BBIXone F ompememnsercs
KOMOMHAIEH BXOIHEIX CUTHAIOB X1, X, ... .

[Tycte TpeOyercs COCTaBUTh KOMOMHAIIMOHHYIO CXEMY C TPEeMsI BXO-
IaMU X1, Xp, X3 U OMHUM BBIXOJOM F. BEICOKHMIT ypOBeHBL HANpsOKEHUS
JTOJDKEH TOSIBIISITHCSL Ha BBIXOJIEC TOJIBKO TP HAIMYUHU BBHICOKUX YPOBHEH
Ha JIBYX Bxoaax, T.e. F =1 mpu x; = x, = 1 u x3 = 0. Takyto cxemy MOX-
HO COCTaBHTH ITyTEM TOI00pa 3JIEMEHTOB. ECIIM MCIOIB30BaTh JIeMEH-
THI ¢ aByms Bxoxamu 21-HE u 2WJIN-HE, To ona Oyzaer comep)kath He
MEHee JIByX JJIEMEHTOB. Tak Kak cxema JOJDKHA pearupoBaTh HA OJUHA-
KOBBI€ CUTHAJIBI X] U Xp, TO 3TH BXOJBI CIEIyeT OOBEIUHUTH DIIEMEHTOM
21-HE, Ha BbIX0/i€ KOTOPOT'O MOSABJISIETCA HU3KUH YPOBEHb TOJBKO TPU
X1 = x, = 1. Bropoii ameMeHT nomkeH AaBaTh Ha Beixoae F =1 mpu mo-
CTYIJICHHH Ha €T0 BXOJBI JBYX HU3KHUX YpoBHeH. TakuM 311eMEHTOM sIB-
nsercs snemenT 2WUJIN-HE. TlomydeHHas TakuM o0pa3oM cxema Ipe-
cTaBJicHa Ha puc. 6.4.

[Ipu GompIioM YHCIE BXOJOB METOJ

nonbopa Tpynoemok. bosee panuoHais- X1 | &

HO COCTaBJICHHE YPABHCHUS JIOTHYECKOU

GyHKIMM M TOCIEAYIONee Tpeodpaso- X2 1
BaHHE [0 MpPaBHJIaM aireOpbl JIOTHKH. e—F

o X3
Jns nanHoro mpumepa F =X O K.

Hcnonw3ys ToxmecTBO X = X U thopmy-
nbl e Moprana

Puc. 6.4

Xl(nyzle"'XZ u X1+X2:X1(“y2,

3Ty (1)YHKI_II/I10 MOXXHO IMPEACTABUTHL B BHUAC CYMMbI WU IIPOU3BEIACHUA

bynximit F; =%, u F; =X +X,, COOTBETCTBYIOMMX 3JeMEHTaM
2U-HE u 21JIN-HE:

F =% O g =% O g =% O + X3

[Tony4yeHHOMY ypaBHEHHIO JIOTHUECKOH (YHKLIMU OTBEYAET CXeMa Ha
puc. 6.4.
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MHorve KOMOWHALIMOHHBIE YCTPOWCTBA, YacTO BCTpeyarolluecs B
g poBoil TexHuKe (MM@paTopsl, ASMIUPPaTOPBl, CyMMATOpPhl U Ap.),
npeacTaBisitoT coboit roropeie UMC. B pabote uccienyercst yeTbipex-
pa3psAIHBI CyMMAaTOp, BBITIOJNHEHHEINH Ha mukpocxeme K155MM3. Ero
CTPYKTypHas cxeMma IMokas3aHa Ha puc. 6.5. OH cOCTOUT U3 YETHIPEX OA-
HOPAa3pSIHBIX TBOMYHBIX CyMMaTopoB SM.

So Si S, S3
—ASMOSJ —ASM18J —ASMZSJ —ASM35J
rP P P P P P P P

Puc. 6.5

OpHopa3psaHbI cymMMaTop MMeeT BXoabl 4 U B ans BBoja ABYX
CYMMUPYEMBIX UHCET OJHOTO pa3psiaa U BXoJ P, Ha KOTOPbIA MOCTYIaeT
CHUTHAJI C BBIX0/1a P mpenbiayniero paspsjaa — nepenoc. Ha Beixone S mo-
SIBJIIETCSI CUTHAJ, COOTBETCTBYIOIMN CyMMeE, a Ha BBIXOJE P — CUTHal
MEpPEHOCca, €CIU B PE3YJIbTATE CIOKEHUS MOIYYaeTCs ABY3HAUHOE YHUCIIO.
Hanpumep, mycTh CKIaABIBAIOTCS JABAa JIBOMYHBIX YETHIPEXpa3psTHBIX
yncna A = 0101 u B =1001. Ha Bxoasl cymmaTopa SMy mocTynaror cur-
Hanbl Ag =1 u By= 1, pesynbrar cnoxenus 1 + 1 = 10. Ha Beixone Sy
nosieyisiercst 0, u Po= 1. Ha Bxoas! BTOporo cymmaropa SM; mocrynaer
tpu uncna 4 =0, B=0wu Py= 1. Ha Beixoge S; =1, P1= 0 u T.1. YToOBbI
MOJYYUTh CyMMAarop ¢ OOJNBIIMM YHCIOM pa3psioB, OOBEIUHSIOT He-
cKkosbKko Oonee mpocthix. Tak, nmBa cymmaropa K155MMM3 mo3BomstoT
CKJIa/IBIBATh BOCKMHUPA3PSIHBIC YNCIA.

HpeleapnTeﬂLHoe 3aJaHUE€ K IKCIIEPUMEHTY

1. CoctraBuTh KOMOWHAIIMOHHYIO CXEMY Ha JIOTHYECKHX 3JIEMEHTax
21-HE u 2UJIN-HE ¢ Tpems wim 9eThIpbMs BXOIaMU, YTOOBI Ha BEIXOIE
MOSIBJISICS. BBICOKUN YPOBEHb HANpsOKEHHUS (JIoTMYecKas eAMHUIA) TPU
3HAYCHHSX CHUTHAJIOB HAa BXOJaX, 3aJaHHbIX Ta0i. 6.1. [IpoBeputh pado-
TOCIIOCOOHOCTh CXEMBI, OTMETUTh ypoBHH HampspkeHws (0 wmu 1) Ha
BXOJIaX U BBIXOJIaX JIOTHYECKUX IJIEMEHTOB.
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Tabnumua 6.1

Bapuant

X1

X2

)
=i

R|O|O0O |

X3

X4
A
B 15 14 13 12

(R S T N
N A =10
I = =
o |lo|lo|o|s

11 13 15
10 5 3

N|jOo|Oo|o|j|o|Oo|w

2. TlepeBecTu B ABOWYHBIN KOJ M CIIOXKHTH J1Ba uncia A u B, npuse-
JIEHHBIX B Ta0i. 6.1. Pe3ynbrarsl 3anucate B Ta01. 6.4.

HOpﬂZ[OK BBIINIOJIHEHUSA IKCIICPUMEHTA

1. UccnenoBath nornueckuii anement 2UJIN-HE, miist yero Ha BXodbl
X1 ¥ X, TIOOYEPETHO MOJATh HAMPSKEHUS JIOTHIECKON CIMHUITB ¥ HYJIS.
Jlnst vHANKAIMK YPOBHS BBIXOJHOTO HAMPSHKEHUS BBIXOJ JIEMEHTa CO-
eANHNTH ¢ HHIuKaTopoM F. CocTaBUTh M 3alOHATH TaOJUIYy UCTHHHO-
cti (Tabm. 6.2).

2. HUccnenosats moruyeckui dimement 2M-HE. CocraButs 1 3amod-
HUTH TAOJIUIly UCTUHHOCTH (Tab1. 6.2).

3. CoOpatp AIIeKTPUYECKYIO IeNb 10 COCTABICHHON B MPeaBApUTEIb-
HOM 33/IaHU¥ KOMOWHAIIMOHHOW cxeme. [IpoBepuTs ee paboTy, moaB Ha
BXOJI 3HAYCHMs BXOJHBIX CHUTHAJIOB (TaOy. 6.1) W BKJIIOYHMB Ha BBIXOZ
unaukarop F. HaGpare 2—3 komOWHAIMM, OTIMYHBIX OT 3a7aHHOi. Pe-
3yJBTaTHI IPUBECTH B Ta0JI. 6.3.

Tabmuua 6.2 Tabmuua 6.3 Tabnuua 6.4
_— ecs- BO-
x1 | X Fextn e %O | | x| x2|x3|xs| F Ti[llelﬁ Hi[Hblﬁ
KO KO
0|0 A
0|1 B
1(0 A+B
1)1
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4. HaOpaTp Ha BXoJe cyMMaropa IBOWYHBIC yKcia A U B cooTBeT-
CTBYIOIIIETO BapHaHTa, POBEPHUTH PE3YJIbTaT CYMMHPOBAHUS, TOIyYCH-
HBIH B TIPEJIBAPUTENBHOM 3a/1aHuH (Tabi. 6.4).

Conep:xxaHue oT4yeTa

Hens paboter; cxembl jorumdeckux snemeHtoB 2M-HE, 2UJIN-HE
(puc. 6.2, 6.3); 3amaHHas B TpPEABApUTEIILHOM 3aJaHUM JIOTMYecKas
GYHKIHMST ¥ peanu3yromas ee KOMOWHAIIMOHHAS CXeMa; CTPYKTypHas
cxema cymmaropa (puc. 6.5); 3aganapie yncia 4 1 B B TBOUIHOM KOJIE U
pe3ysbTaT CyMMHpPOBaHUs (Ta0i1. 6.4); pe3yybTaThl IKCIICPUMEHTA B BU-
Jie TaOJIUI]; KPATKHE BBIBOJBI IO COMOCTABICHHUIO PE3YJIBTaTOB dKCIIEPU-
MEHTa C TPeIBapUTENbHBIM 3aJaHUEM.

KOHTpOJ’ILHLIe BOIIPOCHI

1. KakoBbl Ha3HAUeHHE ¥ 00JIACTh MPUMEHEHHUS IOTHYECKHX DIIEMCH-
TOB?

2. Ha3oBUTE OCHOBHBIE JIOTHYECKUE OTIEpaLlH.

3. Uto mpencTaBisAioT co0oi moTeHnanbHbIe Jorndeckne MMC?

4. Kaxk pabotarot noruueckue anementsl MI-HE, NJIU-HE (puc. 6.2 u
6.3)?

5. Yro Takoe cymmarop?

6. Kak mpoucxXoUT CII0KEHHE B YETHIPEXpa3psTHOM cymMmmarope?
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JladopaTtopHas padota Ne 7
TPUITEPBI HA JIOTHYECKHUX 3JIEMEHTAX

Lenv pabomsi: wu3ydeHHe cxeM U (YHKUHUOHAIBHBIX BO3MOXK-
HOCTEH OCHOBHBIX THIIOB TPUITEPOB HA JIOTUYECKUX IEMEHTaX U JKCIIe-
pPUMEHTAJIbHOE HCCIIE0OBAaHNE TPUITEPOB U CXEM YIIPABICHHUS.

O0mue cBegeHHNA

Tpueecepamu HaA3BIBAIOT DIEKTPOHHBIE YCTPOMCTBa, 00Iamaro-
IIME JBYMS COCTOSHUSMH yCTOMYMBOTO PABHOBECHS W CIIOCOOHBIE MO/
BO3IICHCTBHEM YIIPABJIAIONIETO CHTHAIA TIEPEXOIUTh CKAYKOM M3 OJTHOTO
cocTosiHug B Apyroe. Kaxxmomy COCTOSHHIO TpHUITEpa COOTBETCTBYET
OTIpeIeTICHHBIN (BBICOKUI MM HU3KWH) YPOBEHb BBIXOJHOTO HAIpsiKe-
HUS, KOTOPBIH MOKET COXPAHITHCS KaK yroaHO moiro. [losTomy Tpurre-
PBI OTHOCAT K HU(POBBIM aBTOMATaM C MaMmsAThio. B Hacrosiee Bpems
OOJIBIIIMHCTBO TPUITEPOB BBIMOJIHICTCS Ha OCHOBE JIOTHYECCKHUX 3JICMCH-
TOB B B¢ UHTErpanbHbIX MukpocxeM (MMC). OHM npUMEHSIOTCS KaK
MIEPEKITIOYAIONTIE DJIEMEHTHI CAMOCTOSITEIIFHO MIIM BXOIST B COCTaB 00-
Jiee CJIOKHBIX IHUMPOBBIX YCTPONCTB, TAKMX KAaK CUCTUUKHU, JCIUTEIIN
YaCTOTHI, PETUCTPHI U JP.

Kak mpaBuno, Tpurrep nMeeT /Ba BBIXOZAA: MPSMOW W WHBEPCHBIMH,
CUTHAJIbl HAa KOTOPBIX IMPOTHBOIOJIOXKHBI 110 YpoBHIO. Eciu Ha npsiMmom
Beixoqe Q Bbicokuit yposeHb (1), To Ha uHBepcHOoM Q — Hu3KHit (0).
[lo criocoOy yrpaBieHUs TPUTTEPHI ACIATCS HAa aCHHXPOHHBIE, COCTOSI-
HUE KOTOPBIX MOXET MEHSTHCS B JIOOOH MOMEHT BpPEMEHH C MPUXO0M
YOPAaBJISIONIET0 WM HWHGOPMAIMOHHOIO CHUTHAA, ¥ CHHXPOHH3UPYE-
MbI€, KOTOpbIC CpadaThIBAIOT TOJBKO MPH IOJa4Ye Pa3peliaroliero Win
CUHXPOHHU3UPYIOIIETO CUTHANA. B COOTBETCTBUU C 3THM pPa3iNyYaloT MH-
(hopManMOHHBIE W CHHXPOHU3HUPYIOININE BXOABI TpHUrTepa. X MpuHATO
0003Ha4aTh CIEAYIOUIM 00pa3oM:

S — BXOJ YCTaHOBKM TPUITEPAa B COCTOSHHUE C BBICOKUM YPOBHEM
HanpspKeHus Ha Bbixoze Q (Q = 1) ;

R — BXOX yCTAaHOBKM TpPHITEpa B COCTOSHHE C HH3KHM YPOBHEM
HamnpspKeHUs Ha Bbixoze Q (Q = O) ;

51



D — uH(pOopMannOHHBIN BXO (TPUITEP YCTAHABINBACTCSA B COCTOSHHE
C YpOBHEM HampshKeHHs Ha Bbixoge Q, COOTBETCTBYIOIIMM YPOBHIO Ha
Bxoze D);

C — BXOJ CHHXPOHU3AIIUH;

T — CYeTHBIH BXOJ, CHTHAI HA 3TOM BXOJIE MEPEBOTUT TPUITEP B HO-
BOE COCTOSIHUE;

J — Bxon ycranoBku JK-tpurrepa B cocrosiaue Q =1;

K — Bxon ycranoBku JK-tpurrepa B coctosiane Q =0;

Haubonbmee pacnpocrpanenue nonyuwia RS-, 7- , D- u JK-tpur-
Tephl.

Acunxponuviti RS-mpuceep MmoxHO mOCTpouTh Ha ABYX JIO
2UJIN-HE.

CxemMa u ycnoBHoe obOo3HayeHHWe RS-Tpurrepa mokazaHbl Ha pHC.
7.1, a, 06; TabnKIa ICTHHHOCTH — Ta0OI. 7.1.

R—I7 Q Taomuma 7.1
t t+1
0 1 0 1
B _ 1 0 1 0
—S &— Q 0 0 Q t— t+1
1 1 H. 0.
0)

Puc. 7.1

ITycTh B MCXOJHOM COCTOSIHUM JI0 TPUXO0Ja WH()OPMAIMOHHOTO HUM-
MyJbca Ha BBIXOJAE TPHUITEpPa OBII HHU3KHN YpOBEHB HAMPSIKEHHUS
o _t ~
@t =0, Q =18. IMogaua BBICOKOTO ypoBHS Ha R-BXom cocTosiHHE

tpurrepa He mimennt (R=1, Q'*!

=0), Tak Kak BEpPXHHUIl 3JIEMEHT
2NJIN-HE yxe uMeeT Ha HIXKHEM BXOJI€ BRICOKUN YPOBEHB (6 = 1).

Jlast mepeBona Tpurrepa B cocrosiane Q'*! =1 Hago momars ympas-
JIAIOIMM cur"ai Ha Bxona S. Torma 6 - 0, sTOT curHai momagacT Ha

BXOJ BCPXHECTO 2JICMCHTA U TaK KaK Ha 00oux ero BXoagax HU3KHUHU yYpo-
BCHb, Ha BBIXOAC Q = 1. DroT cur"an nonagacTt Ha BXOJ HHMXKHEIO 3JIC-

MeHTa u yaepxuBaer ero B coctosHun Q=0. Takum oO6pazom,
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RS-Tpurrep mepexitodaercsi Mpyu NOOYepeIHON MOAadYe CUTHAIOB BHICO-
koro yposHs (1) Ha S- u R-Bxomp1. [Ipu S = 0 u R = 0 cocrosiHUE TpHrTe-
pa He MeHseTcs, a komOuHaust S = 1 u R = 1 3anpenieHa, Tak Kak mocie
3TOI KOMaH[Ibl COCTOSIHHE €r0 HEONpPEeAeICHHO.

Takxmupyemovii D-mpucecep umeerT HHOOPMALMOHHBIA BXOA
D wu cuaxpoBxox C. Ero MoXHO IOCTPOHTH Ha OCHOBE RS-Tpurrepa,
nobaBuB cxeMy yrpasieHus u3 nsyx JIO 2U-HE (puc. 7.2, a). YcnosHoe
o003Ha4YeHNE TMpHBEJEHO Ha puc. 7.2, 0; Tabnuua HCTUHHOCTH —
Tabm. 7.2.

Tabmuua 7.2
D
D Te Q -
L o—as| T — D c | o'|o™
|| gl ool olo
Q 1 0 0 0
| Nt~ M |lalfz 1] o] 1
& Q
C - ¢ ¢— 0 1 1 0
a) 6)
Puc. 7.2

Ha Bxon C mopmarorcs cuaxpoumiryibehl (C = 1) OT cnenuaabHOTO
reHeparopa uMmIyiscoB. OHM noctynaioT Ha oba JID 21-HE u rorossar
cpabaThIBaHUE CXEMbI yNpPaBJICHUS. ECIM CUHXPOUMITYJIBCHI OTCYTCTBY-
10T, CXeMa NIaCCHBHA IPH JIFOOOM CUTHaJe Ha BxoJie D, Tak KaK Ha BBIXO-
nax JID 2U-HE ypepxwuBaroTcsi BhICOKHE ypoBHH Hampspkenus (1) u
TPUTTEP COXPAHUT MPEIBIAYIIEE COCTOSHUE.

[Tycts B MOMeHT mpuxofa cuHxpoumirysisca D = 0, Torna Ha BXxox S
nonazaer cursan 1, a va Bxog R — 0. Tpurrep nepexonuT B COCTOSIHUE
Q =0. OH COXpaHHT ITO COCTOSHHE IO CJCAYIOUIEr0 CHHXPOUMITYJIbCa,
JIaxe eciau Ha Bxonxe D mosiButces Boicokuit yposeHs (D = 1).Tonbko mpu
D=1wu C=1 okaxercs S=0, R=1 u Tpurrep npumMer COCTOSHHUE
Q=1. Dro cocrosHHE OMATH 3aJCPKUTCA HA OAUH TakT. [lodTomy

D-Tpurrepsl Ha3bIBAIOT TPUTTEPAMH 33JCPIKKH.

Cuemnuviu T-mpueeep uMmeer ogud ynpasistouuii Bxon 7. Ero
yCJIOBHOE 0003HAUEHUE MMOKA3aHO Ha pHUC. 7.3, a; BpEMEHHBIC TUarpaM-
MbI COCTOSIHH Ha puc. 7.3, 0.
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CMeHa COCTOSTHHM TpUrrepa NpoucXoIuT BCIKUNA pa3, KOTAAa MEHSIEeT-
Csl YNPaBISIOMIMN CUTHAJI. 7-TpUITEpPHl OAHOTO THIIA PEArHpylOT Ha

Q T (poHT uMNyJbca, T.C. Ha Mepena

T ¢ 0-1, npyrue — Ha cpe3 (nepenan 1-
J:I_I:I_I:I_) 0). B 1r000M ciyyae yacToTa BbI-

— Q Q XO/IHBIX UMITYyJICOB B 2 pa3a HHU-
|_| |_t K€ YacTOThl BXOAHBIX. [TodTOMY

D 5 T-TpurTepsl HUCHONB3YIOTCS Kak

Prc. 7.3 JETIUTeNIM YacTOTHl Ha 2 WIH

CUYETYHKH 10 MOAyiio 2. B Bune
HUMC Ttpurreps! 3Toro Tuma He BBITycKaroTcs. MIX MOYHO JIETKO CO3/1aTh
Ha ocHoBe D- n JK-Ttpurrepos.

JK-mpueceepwvl OTHOCATCS K YHUBEPCAIBHBIM, HMEIOT WH(MOpMa-
1uoHHble Bxoasl J 1 K u cunxponusupyoomuit sxoa C. OHM UCHOIB3Y-
IOTCSI IPY CO3aHUM CUETYHKOB, PETUCTPOB U IPYrux ycTpoicTs. Ilpu
OTIpeIeTICHHOM TepekiIodeHnr BXxoa0B JK-Tpurrepsr mMoryt paboTaTh
kak RS-tpurrepel, D- Tpurrepsl u 7T-tpurrepsl. biaaronapst Takod yHH-
BEPCANBHOCTH OHHM MMeErOTCsl Bo Beex cepusix UMC. YcenoBHoe 0003Ha-
yenue JK-Tpurrepa nokasasno Ha puc. 7.4, a.

ACHHXpOHHAsl YCTQaHOBKa TpUITE€pa B MCXOqHOe cocTostHne Q=1

wim Q=0 ocymectBisercs moja-

S| TT - _
3 | Q Tt Q  wyeit curnanoB S=0 wm R=0.Itu
C . 7| KOMAaH/Ibl BBITIOJHSIOTCS MPH JIFOOBIX
K Q T E 6 CUTHajax Ha Jpyrux Bxogax. B
T K octasibHoM  JK-Tpurrep pabotaer,
KaK CHHXPOHHBIH, T.€. KOMaH/Ibl BbI-
a) 0) MOJIHSIOTCS. TOJIBKO TPHU TOCTYIUIC-

Puc. 7.4

HUM “MIyJbca Ha Bxon C. Hammuue
BBICOKOTO ypoBHs Ha J-Bxoje (J = 1) mepeBOoAUT TpUTTEp B COCTOSIHHE
Q =1, a curnan K =1 coorBerctByer Q =0. [Ipu BbICOKOM ypOBHE Ha

o0oux Bxoaax (J = K = 1) on paboraet kak 7-tpurrep (puc. 7.4, 6).
IIpenBapuTeabHOE 3a1aHNE K IKCIIEPHMEHTY

CocraButb cxemy RS- miam D- Tpurrepa u Ha4epTUTh BPEMEHHYIO
auarpamMmy ee padots! st BeixogoB Q wmm Q. Tun tpurrepa u Habop
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Jorudeckux 3emMeHToB i UMC, koTopble HaJ0 MCIOIB30BaTh, MPU-
BeleHBI B Ta0I. 7.3.

Tabnuma 7.3
Bapuant| 1 2 3 4 5 6 7 8
Tum
TpHI- RS D RS D RS D RS D
repa
Tun JID
wm | 20-HE| 2v-HE PP ss1e1|om-HE| 21-HE PP ™M k1 55181
HE HE
UMC
Brixon Q Q Q Q Q Q Q Q

HOpﬂZ[OK BBIINIOJIHCHUSA IKCIICPUMEHTA

1. Ucnons3ys nabopHoe mose, Ha snemeHTax MMC KI155JIA3 nu
K155JIE1 cobparb cocTaBieHHYIO B MPEABAPUTEIHLHOM 3a/IaHUH CXEMY
Tpurrepa. B kauectBe nHnuKaropa ypoBHs Q ncrnons3oBaTh cBetoauon F.

2. llomaBas Ha WH(MOPMAIMOHHBIH BXOA Tpurrepa curHamel 0 u 1,
MIPOBEPHUTH €0 padoTy. 3alOJHUTE TAOIHIIBI HICTHHHOCTH HCCIIETYEMBIX
TPUITEPOB.

Hns D-Tpurrepa B KadecTBe MCTOYHUKA CHHXPOUMITYIIHCOB HCTIONb-
30BaTh THe3/a «1» 1 «0» ¢ mepexrogarenem.

3. Ha BpemeHHOI1 nuarpamme myHKTa | mpeaBapUTENbHOTO 3a/1aHuUs

INYHKTHPOM OTMETUTh YPOBHH BbIX0J0B Q M Q mpu pasHeix Habopax

BXOJAHBIX CUTHAJIOB.

4. UccnenoBats pabory JK-tpurrepa na UMC K155TB1 B pexume
T-tpurrepa. Cobpate menb mo cxeme puc. 7.4, 6. IlogaBas Ha T-Bxoj
curHain c¢ kiemMm «0» — «1» (c mepekitouaTenem), IPOCIeaUTh U3MEHE-
Hue ypoBHe#l Q . HauepTuth BpeMeHHYO JHarpamMmmy.

5. IIpoBeputs paboty 7-Tpurrepa B Ka4eCTBE AEIUTEIS YAaCTOTHI UM-
nynbcoB. st aToro Ha BxoA T moJaTh CHTHAJ OT TEHEpaTOpa UMITYJIb-
coB. BkmounTs ociuinorpad v mpocMoTpeTh (opMy BXOTHBIX UMITYJIb-
COB, 3apHCOBATh OCIMJUIOTPAMMBI M OIPECINTh YacTOTy cleaoBaHus fi.
Bxirounts ocumiiorpad Ha Beixon Q Tpurrepa u 3apucoBaTh OCIHILIO-

rpaMMy BBIXOAHOT'O HAMPSKCHUS, OIIPCACIIUTD YaCTOTY fz.
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6. Ha Beixom 7-tpurrepa Q BKIIOYUTH €IE OJUH TPUITEP. 3apHCO-

BaTh OCHMIIJIOTPAMMY BBIXOJHOTO HAIPSIKEHUS W ONPENEIUTH YacTOTY
f. IIpoBeputh cootnomenus f;/f, u fi/f;. Cunenars BEIBOABI O BO3MOXK-
HOM HCIOJIL30BAHUN JEIUTENSA YaCTOTEL.

Conep:xaHue oT4YeTa

Lenb paboTHI; CXeMa TPUITEPA, COCTABIEHHAS 110 MPEABAPUTEILHOMY
3aJ]aHUI0, BPEMEHHBIE JUarpaMMbl, TAOJUIBI HCTUHHOCTH; CX€Ma COeIH-
HeHmni BxonoB JK-tpurrepa ans moxydeHus Ha ero ocHoBe D-tpurrepa
u T-Tpurrepa, BpeMEHHBbIE AHMArpaMMbl; OCHMJIJIOTPAMMBbl HMIIYJIbCOB
TeHepaTopa MMITYJbCOB U BBIXOJHbBIE CUI'HAJBl TPUITEPOB C YKa3aHHEM
MacmrTaba BpEMEHH 1 HalpsKeHHUS.

KOHTpOJ’lLHI)Ie BONMPOCHI

1. Yro Takoe Tpurrep?

2. 1511 4ero NCHoAb3yOTCS TPUTTEPHI?

3. Yem oTnmnyaeTcst OpsIMOA U MHBEPCHBIA BBIXOJbI TpUITEPA?

4. Kak pabotator RS-tpurrepsi? Haueptute BpeMeHHYIO TUarpammy
Y TaOJIUIy HICTUHHOCTH.

5. Kak paborator D-Tpurrepsi?

6. Jlnist 9ero mpuMeHSIOT CHHXPOBXO TpHUTTepa?

7. Ilosicaute npuHIMn paboTel 7-Tpurrepa? HauepTure BpeMeHHbBIE
JIUarpamMMmel.

8. HaueptuTe cxemy nenurens 4acTOThI UMITYJIBCOB Ha 8.
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JlabopaTtopHas pa6ora Ne 8
HOUPPOBBIE CYETUUKHU UMITYJbCOB

Llenv pabomwei: u3yuyeHHE CTPYKTYPbl U NPUHLIMIA ACHCTBUA
IU(POBBIX CUYETUYUKOB; HCCIEIOBAHHE PAOOTHl JBOMYHOIO CUYETHYHKA U
CYETYHKOB C MOCTOSTHHBIM MOZYJIEM CUETa.

Oo0mue cBegeHus

LudpoBble CUETYHKH HUMITYJILCOB MpEIHA3HAYCHBl IS IOJACYETa
BXOAHBIX UMITYJIbCOB M (PUKCALUHU MX 4Hcla B KakoM-Tu0o xone. OHu
OTHOCATCSI K HanboJjee paclpoCTpaHEHHBIM IU(POBEIM YCTPOHCTBAM U
CTpPOSITCSI HA OCHOBE TPUITEPOB.

Kosppuyuenmom uaru modynem cuema K Ha3bBalOT
HauOOoJIbIIee YHCIO UMITYJIECOB, KOTOPOE MOXKET COCUUTATh cueTduK. 1o
MOZyJTIO cueTunky aenstes Ha asouansie (K = 2V), nexaxusie (K = 10), ¢
MIPOU3BOJILHBIM ITOCTOSTHHBIM MOJYJIEM, C TIEPEMEHHBIM MOIYJIEM.

[To mpuHIUIy pabOTHl PAa3IUYAIOT: nOCAed08aAMenbH bl e WIN
ACUHXPOHHbBIE CUEemMmYUKU, Y KOTOPbIX HHPOPMAIUS NIEepeaaeTCs
0 HENOYKe TPUITEPOB, HAUNHAS C BXOJAHOTO; napailelbHble WIN
CUHXPDOHHbBlE, Yy KOTOPBIX BXOAHBIE MUMIIYJBbCHl MOCTYHAIOT OJHO-
BPEMEHHO Ha BCE TPUITEPHI, UTO YBEIMUMBAET ObICTPOACHCTBHE.

[To neneBoMy Ha3HAUEHUIO CYETYHKU OBIBAIOT CYMMHUPYIOIIUMH, BbI-
YUTAIOIUMHU U peBEPCUBHBIMU. CyMMHPYIOIIMNA CUYETYUK C MPUXOAOM
KaXJI0OTO HOBOTO MMITYJIbCA YBEJIMUMBACT [I0OKa3aHUE HA CAUHUILY, BBIYH-
TAIOUIM — yMEHbIIAeT. PeBepcHMBHBIE CUETYMKH MOTYT paboTaTh Ha
000X peXKUMax B 3aBUCUMOCTH OT CUTHaJIa Ha CXeMe yIpaBJICHHUS.

CxemMa, yciioBHOEe 0003HaUCHHE U BpEMEHHAs AUarpamMma pabdoThl 10-
CJIEIOBATEIHHOTO CYMMHUPYIOIIETO CYETYHKA Ha TpeX T-Tpurrepax mpu-
BeJIeHbI Ha puc. 8.1. Tpurrepsl MEHAIOT CBOE COCTOSIHHE IO CIay BXOJ-
HOT'O UMITyJIbCa, T.e. IpU M3MEeHeHHH ypoBHs oT 1 mo 0. R-Bxomsl Bcex
TPUITEPOB OOBEOUHEHBI U HAa HUX IOAAETCS] BBICOKHH YPOBEHb HAaIlps-
xerus (R = 1) musg mpeaBapUTEILHOW OYHUCTKH CUETUYHKA M YCTAHOBKH
Q1 =Q2=Q;3=0. Korna na Bxon tpurrepa T1 mocrtymnaer mnepBblii UM-
MyJibC, TPUITEp mepexoaut B coctosiHue Qq = 1. Ilpu sToM 3amuceiBaet-
Csl eIMHMLA B MEPBBII pa3psan cuerunka. [lojgoxeHue ocTaibHBIX TPHUI-
repoB He MeHsercsa. Bropoit ummysnsc nepedpacsiBaeT T1 B cocTosiHUe
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Puc. 8.1

Q1 =0. Brixox Q; coequHeH CO BXOAOM BTOPOIO TpUITEpa W IO CHamy
curnana (Q; m3menmics ¢ 1 g0 0) T, Toke U3MEHHUT CBOE COCTOSIHUE —
Q2 = 1. 3anuceiBaeTcs enMHKUIA BO BTOPOH paspsi CYETUYHKA, YTO COOT-
BETCTBYET YHCIy 2 B JecsITHYHON cucteme. Tpetwii ummynse — Q; = 1 u
Q2 = 1. ITocne uerBeproro umnyiasca Q; =0, Q. =0 u Q3 =1, T.k. cpa-
0oTan TpeTul TpUrrep Mo cpe3y BhIXOAHOrO curHana T2. BocbMmoi vm-
MyJIbC BEPHET BCcE TPUITEPHl B McxoAHoe coctosHue Q; = Q, = Q3=0.
Monyns cuera cuetuuka K = 23 =8. Ecin cuerunk cocrout u3 N TpUT-
repos, To K=2". Uucno, 3ammcaHHOe B CUETYHKE, CUMTHIBACTCS OT
crapuiero tpurrepa T3 k mmaamemy T1. Hanpumep, mocie msata um-
myJbcoB OynieM nMeTh 101 win B JecITHIHOM KoJie 224 2°=5,

Ha puc. 8.2 npuBeneHsl cxeMa U BpeMEHHas AuarpamMma BbIYUTAIO-
miero cueturka. MexomgHoe cocrosiaue Qi = Q, = Q3 = 1 ycTaHaBiIuBaeT-
csl IoJjauell BHICOKOTO YPOBHS Ha S-BXozwl TpurrepoB. Bxoasr T2 u T3

COCAUHCHBI C MHBEPCHBIMH BLIXOJJaMH Qll/I Q2 1 Ha HUX YACPKHUBACTCA
HU3KUM ypoBeHb HampsibkeHus. [lepBblid ummylibe nepeBoaut T1 B co-
crosaue Q; =0, Q; =1. Jlo mpuxona mepBoro UMIyJIbca B CUETUUKE

6pU10 3amucano yucio 111, mocie mpuxoja OHO YMEHBIIWIOCH HA €U-
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Huny — 110. Bropoii umnynsc BosBpamaer T1 B cocrosHue Qg =1,
Q; =0. Ilo cmany ypoBHs Ha Beixoge Q cpabateiBaer T2 —Q, =0,

Q, =1. Tpernii umMnynsc ycranapausaeT Q; =0 u Q; =1. Ha stoT ne-
penaj curHana T2 He pearupyeT W COXPaHAET MPEAbIIYIIee COCTOSHHE.
ITocne yerBepToro ummynsca Q1 =1, Q; =0, Q,=1u Q, =0. ITo cpe-
3y curnana Ha Q, T3 nepeiiner B coctosgnue Qz = 0. CenpMoit uMITyIIBC

BEI30BeT Q; = Q, = Q3 =0, a BOCEMOI — BEpHET BCE TPUTTEPHI B UCXOI-
HOC€ COCTOSIHHUC. 3TOT HpI/IHHI/IH HOCTpO@HI/IH nu pa6OTBI JOBOUYHBIX CYECT-
YHKOB COXPAHSIETCS NPHU JIFOOOM YHUCIIC Pa3PsIOB.

n 12345678910

of o o LROADRADA.,
Bxox | |T1 T T2 3 “ _| '—l '_I l—l I_I '_ t
I I

[ a—
Q2

L=

VcranoBka “1” ‘ I |
t

Puc. 8.2

wn| 3

T
g -

Ipu moxayne cuera K, 2V cuerunk momken cocroste w3 N TpHITepos,
tak uto6s1 2V <K <2V, Torma cooTBeTCTBYIONIMIT TBONUHBIH CUCTUHK
Oyner uMeTh W30BITOYHBIE YCTOHYMBEIE COCTOSIHHS, KOTOPBIE HAJ0
YCTPAHUTh 3a CYET BHYTPEHHEH CBS3M MeEXay Tpurrepamu. [lycTh Hamo
co3nark cueTunk ¢ K =5. 4mciIo TPUTTEpOB JOKHO OBITH HE MEHEe
Tpex. JIBOMUHBIN CUETUHK HA TPEX TPUITEpax UMEET § YCTOHYMBBIX CO-
crosauii. Tabmuia COCTOSIHMI TAaKOro cueTdwka, T.e. 3HadeHus Qi, Q,
Qs 110 ¥ mocCIe IpUX0/1a UMITYJIbCa, MPUBEICHA HIbKe (Tadu. 8.1).

B ucxonnoe cocrostane Q; = Q, = Q3 = 0 cueTynk Bo3BpaInaeTcs mo-
clie BOCBMOTO UMITyJIbca, a Ipu mMoxayJie cueta K =35 gomxeH Bo3Bpa-
aThCs TOCJIE MATOrO, T.e. cpa3y mociie coctosHus Q1 =Q, =0, Q3 =1.
HckniounTh OCTaBIINECS COCTOSIHHS MOXHO C IMOMOIIbI0 KOMOHHAIIMOH-
HOW cXeMBbI, KoTopas nocie Habopa Q; = 1, Q, =0, Q3 = 1 moxaBana Ob
curHajd Ha R-BXOZBI TPHUITEPOB W BO3Bpamiaja Obl MX B COCTOSIHHE

Q1=Q2=Q3=0.
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Tabnuua 8.1

Mo npuxona n [Tocne mpuxozna n
n Q1 Q2 Qs Q1 Q2 Qs
1 0 0 0 1 0 0
2 1 0 0 0 1 0
3 0 1 0 1 1 0
1 1 1 0 0 0 1
5 0 0 1 1 0 1
6 1 0 1 0 1 1
7 0 1 1 1 1 1
8 1 1 1 0 0 0

Takas cxema mokaszana Ha puc. 8.3. [locne maToro uMIryibca Ha BXO-
IIel 37ieMeHTa M mocTymnarT BhICOKHE YpoBHH C BhixonoB Q; u Qz. Ha
€r0 BBIXOJIC TIOSIBIISIETCSI TOXKE BBHICOKUN YPOBEHB, KOTOPBIN MMOJAETCs Ha
R-BX0/BI TpUTTEPOB U MIepedpachIBaeT X B UCXOIHOE COCTOSHHE. Takum
e 00pa3oM MOXXHO IMOCTPOWUTH CUETYMKH Ha JIOO0OW Ipyrod MOIyIb
cyera.

Jis Hanboee 4acTo BCTpedaroUIuXcsl MOAyIe, Takux Kak 5, 10, 12,
CUCTYMKHN HW3TOTABJIIMBAIOTCS B BHJIE TOTOBBIX MHUKpocxeM. Hampumep,
mukpocxema KI55ME2 mnpexacrasiser coO0d JIBOMYHO-ACCSITHUHBIN
CYETUHK, KOTOpbId umeeT Bxoa C, JBa BXOAa MpeABApPUTEIbHON ycTa-
HOoBKH 0 1 9 u yeTbIpe Boixoa (puc. 8.4).

i 12
B T1 4_ T2 { T3 (C|CT
XOX 2/10
— T T
R R
Rl gl 1

Copoc

Q Q Q3

o| -
|
|
|
©
GD-TI\)H

Puc. 8.3 Puc. 8.4
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Muxkpocxema K155ME4 nmeer monyns cuera 12, a KIS5UE6 — pe-
BEPCUBHBII CUETUHK C IperyCTaHOBKOM. OH MMEeT OJUH BXOJ IS Ome-
paIuu CIOKECHHsI, BTOPOH — IS OTepalliid BBIYUTAHUSA, YETHIPE BXOJa
JUTSL TIPEJIBAPUTENIBHO 33aHHOTO yucia oT 0 10 9, KOTopoe MOXKET OBbITh
3aMKMCAHO B CYCTUHUK, U YETHIPE BHIXO/A.

Ha mxanbr u3aMepuTenpHBIX MPUOOPOB U HA TAOIO YCTPOHCTB aBTO-
MaTUKH WHQOPMAITUS MOAaeTCA B BUAE MecATHIHBIX 1udp. [Ipeodpazo-
BaHUE JBOMYHO-JCCITUYHOIO KOJId, B KOTOPOM pabOTAIOT JEKaJHBIC
CUETYNKH, B JECSITHYHBIA OCYIIECTBISIOT OJewugpamopei. Ha
puc. 8.5 mpuBeeHa cXeMa BKIIOUCHHS CUCTUHKA M Ta30pa3psaHOrO WH-
mukaropa MH. demmdparop K155M/]1 umeer yetbipe BXoaa IjIst ofa-
YU CUTHAJIOB C BBIXOJIOB CUETUHKA
U JCCITh BBIXOJIOB, COOTBETCTBY-
romux yuciaaMm ot 0 go 9. B 3aBu-
CUMOCTH TO KOMOWHAIIUM BXOJ-
012» 789  JUH HBIX CUTHAJIOB TOSIBISETCS CHTHAN
Ha OJHOM W3 BBIXOJMOB. IlycTh
CYETUMK OTCUYUTAN MATh HUMITYJIb-
coB. B »aTOM cocTosiHuM mosSIBUTCA
DC |1 BBICOKHH ypOBEHb Ha Bxojax 1 u 4
nemudparopa ¥ HU3KUN YPOBEHb
Ha BbIxoz€e 5. Ha Bcex ocranbHbIX
BBIXOJJAX OCTAeTCsl BBICOKUH IIO-
TEHIIHAJ.

I'azopaspsnHblil HHIHAKATOP

Puic. 8.5 WH mnpencrasnsier coboii mpudop

TIEIONIETO paspsijia C aHOIAOM U

JICCATHhIO KaTOJJaMH, BBITIOJHEHHBIMHU B BH/Ie 1idp ot 0 10 9. Ha aHox ot
OTAEIBLHOTO UCTOYHMKA MUTaHUS MoAaeTca HanpsbkeHue nopsiaka 200 B.
Kaxnapiii kaTo1 UMEET BBIBOJI, KOTOPBIM COEJMHEH C OJHOUMEHHBIM BbI-
BoJIoM jemudparopa. Kak Toibpko Ha BeIBOJIE eliudpaTopa MosBIseTCs
HU3KUH YPOBEHb, HANIPSDKEHUE MEXTY aHOJAOM M COOTBETCTBYIOIIUM Ka-
TOAOM OKa3bIBAECTCSA NOCTATOYHBIM JJIsl BOSHUKHOBEHHUS pa3psiaa MEXIy
HUMH U KaToX CBETHTCA. Uepe3 CTEKIISHHBIN Oa/uIOH BHUIHA, HAIIPUMED,
mudpa 5. [Ipuxon ciaeayroero UMIyJibca Ha BXOJl CYCTUYHUKA U3MECHUT
COCTOSIHHE €T0 BBIXOJIOB, U3MEHHUTCS U BBIBOJ C HU3KUM MOTECHLIMAIOM
nemmdparopa. Pa3psaa mepelineT Ha Apyroil KaTod, U HAYHET BHICBCUH-

0+220 B

CT

o &~ N -
o A~ DN
»
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BaThca uugpa 6. Hapsiny ¢ razopa3psaHbIMU B HACTOSIIEE BPeMs LIHPO-
KO MPUMEHSIOTCS HHANKATOPhI Ha CBETOAMOAAX U JKUAKHUX KpUCTaIIax.

IpeaBapureibHOe 3a1aHNE K IKCIIEPUMEHTY

1. CocTaBuTh cxeMy MOCIIE0BATEIBHOTO CYMMHUPYIOLIET0 CUeTYHKA
Ha ocHoBe JK-tpurrepoB K155TB1 ¢ monynem cuera, 3aiaHHBIM B
Tabm. 8.2. st cokpamieHus Yrciia CBOOOIHBIX COCTOSTHHM HCIIOIh30BaTh
KOMOMHAIMOHHBbIE CXeMBbl Ha Jiormdeckux oajementax 2M-HE,
21JIN-HE.

2. 3aroHATH TaOJUILy COCTOSHUM IMOIy9eHHOTO CYETUMKA.

Tabnuua 8.2

[EY
N
w

Bapuant 4 5 6 7 8
Monynb cyeta | 6 7 9 |10 |11 | 12 | 13 | 14

ITopsaok BbINOJHEHHUS IKCIIEPUMEHTA

1. CoOpatp cxeMy TpexpaspsOHOTO JBOWYHOTO CYMMHUPYIOIIETO
cuerunka Ha JK-tpurrepax K155TB1.

2. Mogare ¢ HabopHoro mosiss curHan R=0, S=1 u ycraHoOBHUTH
cyeTunk B HcxoaHoe cocrosHue Q1= Qy=Q3=0. Jlng1 uHIMKAIIUH
COCTOSIHHSI TPUTTEPOB HCITOJIB3YIOTCS CBETOMUO/BI. Hamnmane BBRICOKOTO
YPOBHS BbI3BIBACT UX CBCUCHHE.

3. Ilomate OT TeHEepaTopa MMIIYJILCOB, PAOOTAIONIET0 B PYYHOM pe-
)kume, 10 UMIyIbCOB M HAYEPTUTh BPEMEHHYIO JUarpammy paOoThl
CYETYHKA.

4. CobOpath cXeMy TpeXpa3psIHOrO JBOMYHOIO BBIYUTAIOIIETO CUCT-
YHMKa. YCTAaHOBUTH CUETYUK B McXoaHOoe monokeHne Q1= Q,;=Q3=1mu
HCCIIeZIOBATh ero paboTy. HauepTuTh BpeMeHHYIO quarpaMmy.

5. CobpaTph cxeMy CYETYHKA, COCTABICHHYIO IO MPEIBAPUTEIHHOMY
3aganuio. [IpoBeputh ero paboTy U HauEPTUTH BPEMEHHYIO AMArpaMMy.
CpaBHUTH ¢ TaOIHIICH COCTOSHHIA TPEIBAPUTEIHHOTO 3aaHHUS.

6. BximtounTs reHepaTop MMIYILCOB Ha Bxona cuetunka K155ME2 u
MpoBepuTh ero padory c¢ aemmdparopom K155MJI1 u ungumxaTopom
NH-17.
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Conep:xanue oTyera

Lens paboTh; cxema cueTyMKa ¢ 3aJaHHbIM (Tabm. 8.2) monyrnem
cyeTa W TabJHIa COCTOSHUN TPUTTEPOB, BpEMEHHAs JHarpaMMa; CXeMbI
JBOUYHBIX CYMMHUPYIOIIEIO U BBIYHTAIOIIETO CUETYNKOB U BPEMEHHBIE
IarpaMMbl UX pabothl; cxema cuerunka K155ME2 ¢ gemmdparopom
K155M 1 u nnaukaropom MH-17, kpaTtkoe nosicHeHHe pabOTHI CXEMBI.

KoHnTposbHBIE BONIPOCHI

1. Knmaccudukamusi cC4eTIYMKOB.

2. Kak ycTpoeH u kak paboTaeT IBOMYHBI CyMMHPYIOIIMN CUETINK?
[TosicHuTe HAa BpEMEHHOMN UarpaMmMme.

3. Kak ycTpoeH u Kak paboTaeT IBOMYHBINA BEIYUTAIOIIUNA CUCTUHK?

4. Yro Takoe peBEPCUBHBIN CUETUUK?

5. Kaxk ctpositest cuerunku ¢ K | 2V?

6. Jlns 9ero npuMeHsIoT aerudparop?

7. Kak ycTpoeH ra3opa3paaHbii HuQpoBoi HHANKATOP?

8. Kakasi nudpa OyneT BhICBEUCHA HA WHAMKATOPE, €CJIM BBICOKHE
ypoBHH moAaHbl Ha ciexytouue Bxoasl KI1SSUJ(1: 1u2; 1u4; 1 uS§;
2ud.
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JlabopaTtopHas padora Ne 9

SJIEMEHTBI HUP®POBLIX
MUKPOITPOIIECCOPHBIX YCTPOMCTB

Llenv pabomul: n3yueHne CXEMOTEXHUKU U paOOThl CEMUCETMEHTHBIX
WHANKATOPOB, MH(PaTOpOB, Aemn(paTopoB, a TAKKe UX MPHUMEHEHHUS B
IUPPOBBIX 1 MUKPOTIPOLIECCOPHBIX YCTPOHCTBAX.

O0mue cBefeHHN A

Jlrobasi MHKpOIIpOLlECCOpHAs CHCTEMa pealu3yeT MSITh OCHOBHBIX
JTaloB TpeoOpa3oBaHUs WHOOPMAITUH: 6600 UCXOOHOU UHBOpMayuu,
0bpabomxa (BBIIOIIHEHHE JTOTUYECKUX, apU(PMETUIECKUX U IPYTUX OIIe-
panwii), ynpagnerue npoyeccom oopabomku, XpaHenue u 6b1600 pe3yib-
mamos.

B mnpocreitmeit nudpoBoit cucreme, npejicraBieHHON Ha puc. 9.1,
(GyHKUMIO BBOJA MH(OPMAIMH BBHINOIHSACT KHONOYHAS KIA8uamypa, ¢
MOMOIIBIO KOTOPOH OCYLIECTBIAETCS] BBOJ YMCICHHOW MM CUMBOJIBHON
nHpopmaru (1dp, OyKB U APYTUX CUMBOJIOB).
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b a5 dsOudd Lo q gl 56 5O Y
Puc. 9.1

Jnsa hopMupoBaHusi ABOWYHOTO KOAA, BBOAMMOTO B OOHOKPUCTNALb-
Hyto muxpoIBM (OOBM) mpu HaXXaTHH COOTBETCTBYIOIICH KIABUIITU Ha
KIIaBUAType, MpUMEHSeTCcS IUPPOBOE YCTPONUCTBO, HA3bIBAEMOE wilich-
pamopom (I1I). OO6paboTKa W yIIpaBICHHE TPOIECCOM OOpPabOTKHA WH-
dopMmaru ocyiecTrisercs mukponpoyeccopom (MII), Bxoasmmum B
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coctaB MUKpOoOBM. XpaHeHHne UCXOAHBIX JAAHHBIX, TPOMEKYTOUHBIX U
KOHEYHBIX Pe3yJIbTaTOB, a TaKKe MPOrpaMM, MO KOTOPHIM MPOUCXOIUT
00paboTka WH(OPMAIIMU, OCYIICCTBISICTCS 3ANOMUHAIOWUM YCMPOU-
cmeom (3Y), BxoasmuMm takxke B coctaB OOBM. BeiBog undopmanmu
OCYILIECTBIISIETCS] HA CEMUCE2MEHMMHDBLL C8eMOOUOOHBIU UHOUKAMOP .

OTo0paxkeHre COOTBETCTBYIOMIETO CHMBOIA (TGPl Wi OyKBHI) Ha
CEMHCErMEHTHOM MHIUKATOPE OCYIIECTBIILIETCS IIPH To1ade Ha €ro BXO-
JIbI CEMUPA3PSTHOTO YIPABJISIONIETO IBOMYHOTO KOJIa, KOTOPBIi (hopMu-
pyercss U(PPOBBIM YCTPOMCTBOM, Ha3bIBaeMBIM Oeuwiuppamopom (1).
Hemmdparop BeIMONHIET nMpeodpa3oBaHre ABOMYHON MHGOpMAIUH Ha
Beixoge OOBM B cnenmanbHBIA JBOMYHBIM KOJ CEMHCETMEHTHOIO HH-
JTIUKaTOpa, COOTBETCTBYIOLINI OTOOpaKaeMOMY CUMBOITY.

Cemuceemenmuwliti uHOUKamop — TPEICTABISIET COOOW CBETOIHOI-
HYIO MaTPHILy, COCTOSIIYIO U3 CEMHU CBETOJUOJIOB C OOIIMM aHOJIOM WU
KaToJoM B oJlHOM Kopryce. Ha puc. 9.2 nokazaH BHEIIHUNA BUA U CXEMBI
MOJKIIIOUEHUS CBETOIMOAHOTO MHanKaTopa AJIC320.
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Paznuunple KOMOMHALIMU CBETSIIUXCS CErMEHTOB, oOecreynBacMbIe
BHEIIHEeW KOMMYTalreH, O3BOJISIFOT BoctponsBecTd nudpsl oT 0 10 9 u
HEKOTOpbIe cUMBOJEL. B 8-cermenTHrix mHamnkaTopax (AJIC321) Bock-
MOM CETMEHT OTOOpaKaeT JeCATUIHYIO TOUKY.

Hlugpamop (xomep) — 3T0 KOMOMHAIIMOHHOE JIOTMYECKOE YCTPOU-
CTBO, BbIPa0aThIBaIOIIEE HAa BHIXOJaX HapaJuledbHbIH JBOUYHBIA KO IPU
MoJla4ye CUTHaIa TOJIHKO HA OAMH KaKOH-IMOO ero BxoJ. Takoe KoAupy-
Iolllee YCTPOMCTBO MpUMeEHseTCsl sl MpeoOpa3oBaHus CUMBOJIOB OIpe-
JIETIEHHOT'0 KOJia B N-pa3psiAHbIA TBOUYHBIN KOJI.

Uwuciio nHPOPMAITMOHHBIX BXOJOB IMH(paTopa paBHO YHUCITY IPeod-
pa3yeMbIX CUMBOJIOB (KJIaBHII KJIaBHATYphl) U yIOBIETBOPSAET YCIOBHUIO

N, ¢ 2" rae n — umcno WH(OPMAIIMOHHBIX BBIXOJIOB. Pa3psmaHOCTH

mudparopa COOTBETCTBYET Pa3psAHOCTH BBIXOJHOIO JBOWYHOTO KOJA.
4-X paspsIHBIA MH(PATOP MO3BOISET MONTYYNTh ecTHaauats (2° = 16)
BapUaHTOB BBIXOAHOTO JBOWYHOTO KOJAA, JOCTATOYHBIX AJsI Mpeodpas3o-
BaHUs HIecTHaAnaTepuuHsx mudp or 0 mo F.

HHewugpamop (nexomep) — OSTO KOMOWHAIMOHHOE JIOTHYECKOE
YCTPOMCTBO, KOTOPOE TP MOSBICHWU HA BXOJaX MapajuielIbHOTO JIBO-
WYHOTO KOJa BhIpaOaThIBaeT BBIXOJHOH CHI'HAJ Ha OJTHOM U3 BBIXOZOB.
Kak mpaBuio, HoMep BBIX0/1a, HA KOTOPOM MOSBIISETCS BBIXOAHOW CHUT-
HaJl, COOTBETCTBYET ONPEICICHHOMY BXOJJHOMY JIBOMYHOMY Kojy. Takoe
JEKOJMpYIolee yCTPOHCTBO MPUMEHSIETCS AJIsl PACIIO3HABAHHMS BXOIHBIX
JBOUYHBIX KOJOB M NpeoOpa3oBaHUsl IBOMYHOTO KOAA B JPYTUE BUIBI
KOJIOB, HAIPUMEp, B CeMUCe2MeHMHbIll KOO Ul YIPABICHHUS CeMUCEr-
MEHTHBIMU WHIUKaTOpaMu. Yuciao BXOJOB JemudpaTopa paBHO YHCITY
paspsa0B BXOJHOTO ABOMYHOIO KOJAA, & YHCIO BBIXOJOB ONpEAEISIETCS

n
BelpaskeHneM N, . ¢ 2", roe N — uyucno MHOOPMAIMOHHBIX BXOJOB.

[lomueiii MBOMUHBINA nemmdpaTop UMeeT 2" BBIXOJIOB. PaspsinHocTh ne-
mudparopa ONpeaesseTCs Pa3psaAHOCTHI0 BXOAHOTO Koaa. Tak MmOTHETI
A-pa3psiiHBIA ACIU(GPATOP UMEET YEThIPE BXOJa U IIECTHAANATh BBIXO-
JIOB.

B macrosmeit pabote paccMaTpUBaeTCs CXEMOTEXHHUKA TTOIKITFOUCHHUS
CEMHCETrMEHTHBIX HMHIWKATOPOB W YIIPABJICHHE MIpoIleccaMd BBOJA U
otoOpaxenus uHpopmanuu. VccinenoBanue pabOThl KOHKPETHBIX CXEM
BhINoNHsAETCA Ha [I9BM ¢ ucnonbs3oBaHMEM MOAEIUPYIOIIEH Mporpam-
MmeI ElectronicsWorkbench(EWB).

66



HpeleapnTeﬂLHoe 3aJaHU€ K IKCIEPUMCEHTY

W3yuynB paboTy CBETOAMOIHOIO HHAMKATOPa, Aeiudparopa-
(hopMUpOBaTEIs CEMUCETMEHTHOTO KOJ/Ia U IudpaTopa, ONpeesIuTe s
UQPBI, COOTBETCTBYIONICH BaieMy HOMepy BapHaHTa, JBOWYHBIA U
CEeMHCETMEHTHBIM KOMABI. Pe3yNnbTaThl 3amMIIMTE B COOTBETCTBYIOIIHE
rpagsr Tabi. 9.1.

Tabmuma 9.1

Bapmant |4} 5 | 3 | 4 5 | 5| 7| 8| 9

3aJIaHUs
«Cemmucer-
MEHTHBIN KOJI
JIBonuHBII
KOJ

HOpﬂI[OK BBIIIOJIHEHUSA IKCIIEPUMEHTA

dnjdO oCdzs yjdedw MmJ dsd i Ghalig dmblicdets G 5 ¢
tor.EWB).

IMocne 3arpy3ku ¢aiina Indicator.EWB wHa skpane MmoHuTOpa B pado-
gelt obmactu mporpamMMmbl EWB mosBSTCS CXeMBI TTONKITIOUCHUST CEMU-
CErMEHTHOTO WHANKATOpa K 2enepamopy osouunozo kooa (Word Gener-
ator) v kK ucmounuxy nocmosinHozo Hanpsiicenusi +5 B (puc. 9.3).

B cxeme Ha puc. 9.3, a reHepaTtop IBOMYHOTO KOJIa BEIpaOaThIBAET Ha
BBIXOJaX X7, ..., X1 NBOWYIHBIA KOM, yBEIWMUUBAIOIMHNCS Ha 1 TipH Kax-
JIOM Ha)KaTHM yKa3aTeJeM «MBIILN» KHOMNKH «Step», U momaBaeMblil Ha
BXOJIBI MHAMKATOpa. B momaroBoM pexuMe MOXHO NOJaTh Ha WHAWKA-
Top 2’ =128 CceMHpaspAAHBIX ABOMYHBIX K0ZoB (0T 0000000, 10
1111111,) u yBUIETh COOTBETCTBYIOIIYIO OTOOpakaeMyr0 UM HH(OpMa-
UIO.

B cxeme Ha puc. 9.3, 6 mox melicTBHEM IMOJaBAEMOTO HAIIPSHKCHHS OT
muHBl +5 B Ha oThenpHBIE BXOABI MHAHMKATOpAa Yepe3 YIpaBlsieMble
ko X1 ... X7 MOXHO 3aCTaBUTh CBETHTHCS OJUH WM HECKOJIBKO
cerMeHToB. TakuM 00pa3oM, BKIIFOUMB U OTKIIOYHB COOTBETCTBYIOIIHE
KITIOYH, MOXXHO OTOOPa3WTh Ha WHAWKATOPE HYXHYIO HH(POPMAIHIO.
VYrpapieHue KIHOYaMH OCYIIECTBIsIeTCss HaxaTreM kimauir (1 ... 7) Ha
U POBOI KIIABUATYPE KOMITHIOTEPA.
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Indicator EWB

Word Generator WTOME WE M4 w3 w2 X

+
= o
agu =}

o000 0 —

Cooe o]
X1
‘ 150 0 ]

®2
12

Word Generator o
WE E 33

1500 e

K4
4]

Final Ereakpoint 1500
Pattem...
~Trigger
ENEN Exernal | EE x| & HE
Frequeney | 1500 &l
AL w6
Binary [0000000000O000 1

DOBVOOD DOOTOOTT e N
X7TX6X5X4X3X2X1 -

1500 il

Data
ready (%

(=]
<}
@

a) 0)
Puc. 9.3

1 OHOdzd § € + ClyBfngutargedyy poalane, naxxumast yka-
3aTeNieM «MBIIIN KHOMKY «Step» u moaasas, TaKUM 00pa3oM, ABOMYHBIE
KOJIbl HA MHJMKATOP, OMPEJACIUTE U 3alHIIUTe B Ta0NI. 9.2 KOJBI, COOT-
BeTcTBYytomue mudpam ot 0 10 9.

Tabnuua 9.2

Hudpa 0 1 2 3 4 5 6 7 8 9
Kon
X7.. X1

2) C nomormipio kimroueit X1 ... X7 momaiite Ha HHAUKATOP ABOMYHBIE
KOABI U3 Tabm. 9.2 u ydbeauTech B MPAaBUIBLHOCTH OTOOpaXKeHUsI UHDOP-
MAIUH U BHIIOJTHEHUS TPEBAPUTEILHOTO 3a/1aHusl.

dodEO o Cdzs yjdzdw  dzH ] S Ols 548 @ to dge tersj
9 Olsj dzj B8 fj d3d Mj ddelsyn DesaUEEEMB). C 5H O
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[Tocne 3arpy3ku ¢aiina Decoder.EWB Ha skpane MmoHuTOpa B pado-
yeit oOsactu porpammel EWB mnosiBUTCS cxema MOAKITFOUeHUsT HHANKA-
TOpa K dewuppamopy-gopmuposamenio, MpeodOPa3yoOIMEeMy TBONIHBIN
KOJI B CEMUCETMEHTHBIN KOJI MHAUKATOPA JIJIsi OTOOPaKEHUS IECATUUHBIX

udp (puc. 9.4).

¥TOYE YE Y4 Y3 OY2 v

K4 M3 HIOX1 ¥1-7
0000 KK |3 +5BO OC0 OO0 —
O ]
+4ec
— +38 Decoder
—— T
+ Lk WOG HE
u )| —<c OF 2
- —2 LT oG |
~[R] 24 BI/RBO 04 2
—_ | : REBI' OB f
D og
Bl L op 2
- 5 GND OF |-2
7448
Puc. 9.4

Ha puc. 9.4 npuBenena cxema JIsl HCCIIEIOBaHUS COBMECTHOW pado-
Thl TE€HEpaTopa IBOMYHOIO KOJa, MHKpOcxeMbl naermpparopa 7448 u
CEMHCETMEHTHOTO HHANKaTopa. Mukxpocxema KI55//]IsaBnsercsa aHa-
JIOTOM MUKpocxeMbl 7447A, ycnoBHOe 0003HaYeHHE KOTOPOH MOKa3aHO
Ha puc. 9.5, a. Mukpocxemsl KI55H/[] u 7447A MMeEIOT WHBEPCHEIC
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BXOJIbI M BBHIXOJBI B OTJIMYHE OT MHUKpOCXeMbl 7448. JIBowuHbI KOJ
nonaetcst Ha nH(popmanmonnsie Bxonsl A, B, C, D. Bxox LT ucmons3y-
eTCs IS aKTMBHM3AllMM BCEX BBIXOJOB JeliudpaTopa — IMpu Mmojade Ha
Hero HU3KOI'O nanpsikeHHs Ha MHAMKATOpE CBETATCS BCE CETMEHTHI,
HE3aBUCUMO OT KoAa Ha HH(MOpMAanMOHHBIX BXomax. Bxomet RBI u
BI/RBO — BXOmBI «rallleHus» — UCIONb3YIOTCS JJIS TallleHns WHINKATO-
pa ipu ogade Ha HuX HU3KOI'O HampsokeHws.

1 OHOdzed §j € 1 SljBfnpriachmdpy pekalsilze, nonasas nso-
WYHBIE KOABI Ha BXOJBI JeHH(paTopa, 3aN0JHUTE TAONUILy COCTOSTHUN
(tabm. 9.3) mukpocxembl 7448. OOpartuTe BHHMMaHUE Ha HM300paKeHUE
P «IIECTE» M «IEBATHY, & TAKXkKe Ha CIeNU(PUISCKUE CUMBOJIBI JUIS
HEKOTOPBIX BXOJHBIX KOJOB, KOTOPHIM COOTBETCTBYIOT HETIOJHBIE IH]-
POBBIE U300paKEHUs HA HHIUKATOPE.

Tabmuna 9.3.
Bxonsl Brixoasl H3zobpa-
(1BOWYHBIH KOX) (ceMUCEerMeHTHBIH Ko1) JKEHHUE Ha
N1o HH/IUKa-
X4 | X3 | X2 | XL | Y7 | Y6 | Y5 | Y4 | Y3 |Y2| VY] Tope

0] O 0 0 0

» » » » » » » » » » » »

15| 1 1 1 1

2) B muknn4eckoM pekuMe TeHepaTopa BXOAHBIX KOJOB MPOBEPHTE
paboTy aemmdparopa mpu mojadue MOOYEPETHO HA €ro YIPaBIISIOIINE
Bxozsl (LT, RBI u BI/RBO) HU3KOT'O HamnpsikeH#us.

3) IIpoBepbTe pe3yIbTaT MPEABAPUTESIBHOTO 3a1aHHUS.

dnj BO tlssBtcOy j dd VW ddeW sted3Oydd,
C d&zO o d O(paittcCoder. EWB).

IMocie 3arpysku ¢aitnma Coder.EWB na skpane MoHHTOpa B pabodeit
obmactu nporpammbl EWB mosiBUTCSI cxeMa BKITFOUSHHS TU(PPOBON Kia-
BUaTypsl (kiaroun 1...9), mudparopa (Mukpocxema 74147), nemudparo-
pa-bopmupoBatens (MUKpocxeMa 7447) U CEMUCETMEHTHOTO MHIUKATO-
pa (puc. 9.6).
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Mukpocxema 74147 — npuopumemnwlii wugdpamop WMEET IEBITH

BXx00B 12 9 u dopmMupyer BHIXOAHOW ABOMYHBIN

KOO Ha 4YC€TBIPEX BbI-

xonax A,B,C,D . Bxoxsl 1 BBIXOJIbl — HHBEPCHbBIC (AKTUBHBIN CHTHAT —

HU3KUI ypoBeHb Hanpsvkenns). AJpecHble BXOIBI — IPUOPHTETHBIE,

BBICILIMI TIPHOPUTET — y BXoxa 9.

[Tpuopurer BXOIOB MPOSBISIETCS B TOM, YTO
IpU IOoAade aKTUBHOTO CUTHAJIA Ha HECKOJIBKO
BXOJIOB aKTHUBU3UPYETCS (OTKIMKAETCA) BXOJ C
OompmmM mpuoputeToM. Hynb komgupyercs Ha
BBIXOJIe, KOTJa Ha BCE JEBAITH BXOJOB MOJAaHO
Hanpspkearie  BBICOKOI'O  ypoBHA, mo3TOMY
HYJICBOTO BXOJla HET. AHAJIOTOM MHKPOCXEMBI
74147 sBnserca mukpocxema KI155HUB3, ycnos-
HOe 0003HaUYeHHE KOTOPOI MokazaHo Ha puc. 9.7.

[Ipn Ha)KaTHM KaKOH-TMOO KJIABHUINH IHQPO-
BOW KIJIaBHATyphl KOMIIBIOTEPA MPOHCXOIHUT 3a-
MBIKaHHE KJI04a C COOTBETCTBYIOIIUM HOMEPOM
(1...9) ma mmny «emm» (HU3KUHM yposers

K15511B3
1{cp|_
12| |a
13
14
15
16
17
18
9

16-nuranue: 8—o0mmit
Puc. 9.7
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HanpsDKEHUsI), U Ha OJIMH U3 BXOJOB MHUKpocXeMbl 74147 monaetcs cur-
Han HU3KOI'O ypoBHs (Jorudeckuil HyNb). BEIXOMHOW TBOMYHBIN KO
mmparopa orodpaxaercst uHAMKaropamu X4, X3, X2, X1 u nogaercs
Yyepe3 MHBEPTOPHl Ha BXOABI Iemudpatopa-hopMUpoBaTesi, KOTOPBIH
npeoOpasyeT MONYYeHHBIH TBOMYHBIA KOJ B KOJ YIPABICHHS CEMHUCET-
MEHTHOTO MHAnKaTopa. C BEIXO0B JemmdpaTopa CEMUCETMEHTHBIN KO/
Yepe3 MHBEPTOPHI NOJaeTca Ha WHANKATOP, Ha KOTOPOM BBICBEUHMBAETCS
nudpa, COOTBETCTBYIOIIAS HA)KaTOW KIABHILE HUPPOBOH KIaBHATYpPHI
(HOMeEpy KIJIFOYa, 3aMKHYTOMY Ha 3a3eMJICHHYIO IITHHY ).

1 OH Odzd J ¢ 1 G B fligotefedyg Grlkdmas xnaBum
IUQPOBOI KJIAaBHATYPHl KOMIIBIOTEPA, YCTAHOBHUTE BCE KIIIOYHM B UCXOJ-
HOE€ COCTOSTHHE — 3aMKHHTE UX Ha mmHy +5 B. [Ipu 3ToM Ha uHAMKaTOpe
JTOJDKEH BBICBETUTHCS KHYIIBY.

2) TloouepenHO HaXKMMaiTe KIABHIIKA HU(POBON KIABHATYpPhI B MO-
ciaenoBaTenbHocTd 1, 2, 3, 4, 5, 6, 7, 8, 9 , 3amonHsAsd MOCIIE KaKIOTO
HakaTHs TaOnuIy coctosHus mudparopa (tadn. 9.4). Ilocne HaxaThs
KIIABUIIN «9» Bce KIIFOYM OyAyT 3aMKHYTHI Ha HIMHY «3€MJISD», a HA WH-
IuKarope OyaeT BbICBeuuBaThes Ludpa «9». B 3TOoM mpossisercs
HAWBBICHINIA [IPUOPHUTET JCBATOTO BXO0Ja ImdpaTopa — NpU 3aMKHYTOM
KITfo4e «9» Ha MIMHY «3eMIID» HakaThue B J000H MOCIeT0BaTeIbHOCTH
knasui 1, 2, 3,4, 5, 6, 7, 8 He U3MEHUT BBIXOJHOTO KOja mudparopa u
COCTOSIHHSI HHIMKATOPA.

Taonuua 9.4
Howmep Bxojbl Boixoas! CumBon
kmoua |1 [ 2345|6789 |D|C]|B]|A |ungukaropa
0 B/B|B|B|B|B|B|B|B
1 H{B|B|B|B|B|B|B|B
» » » » » » » » » »
9

IIpumeuanue: B — BBICOKUI u H — HU3KUI ypoBeHb HaNpsKEHHSI.
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Conep:xxaHue oT4yeTa

Lenp pabOTHI, CTPYKTYpHas cxeMa MHKPOIPOIIECCOPHOW CHUCTEMBI
(puc. 9.1), ycnoBHble o00o03HaueHus mudpparopa u AemHUdpparopa
(puc. 9.5,a u 9.7), cxeMbl BKIIOYEHHS CBETOIUOIHOTO HWHIUKATOpa
(puc. 9.2, 71 9.5, 6), TAOIHUITEI C pe3yIbTaTaMH SKCIIEPUMEHTOB, BEIBOJIBI.

KOHTpOJ’IbeIe BOIIPOCHI

1. Kakue ycTpoiicTBa Ha3pIBaIOT KOMOMHAIIIOHHBIME ?

2. Kakum oOpasom onuceiBaeTcsi paboTa KOMOHMHAIIMOHHBIX
ycTponcTB?

3. Yro Takoe memmdparop u Kak OH paboTaet?

4. Y10 MOHUMAIOT HOJ MOHITUEM CEMHUCETMEHTHLIN KOa?

5. Kak ycTpoeH cBeTOMMOHBIN WHANKATOP W KaK OH TOJKIF0YaeTCs
IUIST OTOOpakeHUs MHPOPMAIIHH.

6. Uto Takoe mudpaTop 1 Kak OH paboTaet?

7. Kakue 0COOCHHOCTU UMEET MPUOPUTETHBIN 1mudparop?

8. Kakue ObIBaIOT pa3HOBUIHOCTHU ACIIU(PPATOPOB?
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