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BUBJIUOIPAOUUYECKHNN CITUCOK



BBEJIEHUE

Hns  npuema, o0paboTkn W (GOPMUPOBAHUS CHTHAJIOB B  OBITOBBIX
PaMO3JICKTPOHHBIX yCTPOWCTBAX W cucreMax [1] pasmuvHOrO Ha3HAYCHUS
MIMPOKOE NMPUMEHEHUE MOJYYMIIH HU(PPOBBIE YCTPOUCTBA, pa3BUTHE KOTOPHIX B
MOCJIETHAE NIECSITHIECTUSI BBIPA3UJIOCh B MHUKPONPOLIECCOPHBIE ycTpoiicTBa. X
pacnpocTpaHeHre OOYCJIOBJIEHO, C OJHOM CTOPOHBI, pPa3BUTHEM METOJIOB
udpoBoil 00pabOTKM CUTHAJIOB, a C JAPYTOM CTOPOHBI — COBEPIIEHCTBOBAHUEM
MUKPOAJIEKTPOHHBIX TEXHOJIOTHM.

Huctunnuna "LudpoBsie yCcTpolcTBa U MUKPOIPOIIECCOPHI" UMEET IEIbIO
o0OecreunTh HEOOXOAMMBIM YpPOBEHb MOJTOTOBKUA CTYJEHTOB IO BOMpPOCaM
IPOCKTUPOBAHUS M TMOCTPOCHUS IUGPOBBIX U MHUKPOIPOIECCOPHBIX YCTPOUCTB
PaINO03IIEKTPOHHBIX CUCTEM. VYriy6nennbie 3HAHUS IIPOIIECCOB
(GYHKIMOHUPOBAHUS ~ LIHUQPPOBBIX  YCTPOMCTB  HEOOXOAMMBI  CTyACHTaM
PAIMOTEXHUYECKUX CHEIUATbHOCTEH JJI MOCIEAYIONIer0o M3Y4YeHUsl NUCIUILINH
CHeIUaIu3alii U MPU HKCIUTyaTallid CHUCTEM OBITOBOTO Ha3HA4YEHUs W CEpBHUCA
[2].

B nmanHoM mocoOuu mpeacTaBiIeHbl METOJMYECKHE YKa3aHHs 1O BBIMOJHE-
HUIO JTA0OPATOPHBIX PAOOT, MOCBAMIEHHBIX HCCICIOBAHUIO JIOTHUYECKUX DJIEMEH-
TOB, TUIIOBBIX HHU(PPOBBIX YCTPOWUCTB, a TaKKe MU(PPO-aHATOTOBBIX U aHAJIOTO-
1 dpoBbIX nMpeodpazoBateneil. g uccienoBanus UGPOBBIX YCTPOUCTB UCTIOIb-
3yeTCsl IporpaMma cxeMmMoTexHuueckoro moaenuposanus Electronics Workbench.
[To Teme kaxmoii 1abopaTopHON pabOTHI MPUBEACHBI HEOOXOIUMBIE TEOPETHYEC-
CKHM€ MaTepHaJIbl, TO3BOJISIONINE CTYJEHTAM CAMOCTOSTEIHLHO MOATOTOBUTHCA K €€
BBITIOJTHCHHIO; TIPEJICTABJICH CITUCOK BOMPOCOB JIJIi KOHTPOJS CTEIICHU YCBOCHUS

CTyACHTAaMU TCOPCTUICCKOI'O MaTCpualia.



HOPAAOK BbIIIOJIHEHUA PABOT

Brimonnenue nabopaTopHoil paboThl 1 0TUYETA IO HEH PEKOMEHIyeTCs TP O-
BOJUTH B CJIEAYIOLIEM MOPSIIKE:

— U3YYUTh JEKIIUOHHBIN U TEOPETUUECKUI MAaTEpUAI II0 TEME;

— BBINIOJIHUTH 3a/IaHUE Ha MOJTOTOBKY K JIaDOpaTOpHOU padoTe;

— OTBETUTH HAa KOHTPOJIbHBIE BOIIPOCHI, U3JI0KEHHBIE B OKOHYAHUH METOIU-
YECKUX YKa3aHUH KaXJI0U 1JabopaTOpHOU paboThI;

— HU3YYUTh CXEMBI UCCIIEIOBAHUIN U 00BEM IPOBOJUMBIX MCCIIEIOBAHUN;

— MOATOTOBUTH OTUET O JabopaTopHO padoTe;

— TIOJIYYUTb JOMYCK K JIabopaTopHOil paborte;

— BBINIOJIHUTH 33JJaHHBIM 00bEM HCCIIeI0BaHUM 10 padoTe;

— ohopMuUTh OTUET 1O pabOTE B COOTBETCTBUU C TPEOOBAHUSAMH U CHOPMY-
JUPOBATh BHIBOJIBI,

— MPEaBbSABUTH OTYET MPENOAABATENIO 1S YTBEPKICHMUS;

— 3aIUTHTH OTYET O BHITTOJIHEHHOU paboTe.



1 HccnenoBanue JOrH4eCKHX 3J1€EMEHTOB

1.1 Henwv pabomur

[lenbro pabOTHI SIBIAIOTCA:

— 3aKperuIeHHEe TEOPETUUECKUX 3HAHHUH 10 0a30BBIM JIOTMYECKUM DIIEMEHTaM;

— TpuOOpEeTEHNE HABBIKOB MMPUMEHEHHS IPOTPAMMBI CXEMOTEXHUIECKOTO MO-
nempoanus Electronics Workbench mst uccnenoBanmst mupoBbIX yCTPOUCTB:

— (opMHpOBaHUE MPUHIMITUATIBHOW CXEMBI IIUPPOBOTO YCTPOHCTBA,

— (hopMUpOBaHUE MTOCIIEIOBATEIIEHOCTEH BXOHBIX CHTHAJIOB,

— ompeneneHUe  TaOMUI] HCTUHHOCTH  KOMOWHAIIMOHHBIX  ITU(PPOBBIX
YCTPOMCTB, MOMyYEHNE BPEMEHHBIX TUarpaMm paboTsl;

— YCBOCHHE METOJWKU U MPHOOPETEHHE MPAKTUICCKUX HABBIKOB HCCIICIOBA-

HUA JIOTHYCCKUM 3JICMCHTAM.

1.2 Kpamkue meopemuueckue céedenusn

@yukyusa f(x;, ... ,x,)Ha3bIBaCTCs J102udecKoul (0ynesoil), eCIu apryMeH-
TBl X, ... ,X, Y 3HA4E€HUS PYHKLIHUU IPUHUMAIOT TOJIBKO /1Ba 3HadeHus — 0 win 1.

1.2.1 CnocoObl 3aaHus JJOTHYSCKUX QYHKIHHA [3]

1.2.1.1 CnoBecHbrii

Jlornueckast GyHKUHMS ONMHUCHIBAETCS CIOBECTHO. [IpuMmeHnsercs npu 3agaHuu
HECJIOKHBIX JIOTMYECKUX (DYHKIIUNA WU JIOTUYECKUX (PYHKIMM, 3aBUCSIIUX OT HE-
OonpUIOr0 uMclia nepeMeHHbIX. Hampumep, "normyeckas (QyHKIUsS KOH'B -
IOHKI U S NOPUHUMACT €IUHUYHOE 3HAYEHHUE, TOJBKO €CIM BCE IEPEMEHHBIC
paBHBI eqUHULIAM "

1.2.1.2 TaOGnuunbIi

Jlorndeckast (DYyHKIIMS OIMCHIBACTCS TaOIUIeH Tabnuya ucmunnocmu

. xI  x2 | f(x1,x2)
UCTUHHOCTH, B KOTOPOW CTPOKH 00O3HAYArOTCs BCE- 0 0 0
MU BO3MOXHBIMU HaOOpaMu JABOMYHBIX MEPEMEHHBIX
M Ha KaXJIOM TakOM Habope 3aJaeTcsi 3HaYEHUe Jo- 0 1 0
rudeckoil pynkuun. KomunuectBo ctpok N cBs3aHO ¢ 1 0 0
YUCJIOM NepeMeHHbIX N cooTHomeHueM N=2n. IIpu-
1 1 1

MCHSCTCA IIPHU KOJHUYCCTBC ICPEMCHHBIX HC ITPCBLI-

maromnemM N=6.



1.2.1.3 Ludposoit

HaGopsl normyeckux MepeMEHHBIX, Ha KOTOPBIX 3HAUEHHUS JOTHYECKOU
dyrkmun npuanMaioT exuanynbie f® (mynespie () smauenns, npencrapmusror-
Csl YHACJIAaMU B IBOMYHOM WM B IECATUYHOM CHCTEMax cuucieHus. Hampumep, mms

paccMoTpenHodt  Ta6munel  uctuHHoctH V(X X%,) ={l1}, ={3}, wm

f @ (x,x,)={00,01,10}, ={0,1,2},,, rme B {..}, | — ocHOBaHMe cucTeMBbI cuHCIIE-
HUSL.
1.2.1.4  Ananmurudeckuit
OcHOBaH Ha MPEJICTABICHUH JIOTHYECKON (YHKUHMHU B BUAE (HOPMYJ, CBSA3BI-
BAIOIIMX MEXIy COOOM TMepeMeHHBIE C TOMOIIBIO AJIEMEHTAPHBIX JIOTHYECKUX
onepanuii u ckobok. Hampumep, f(X,X,)=X & X, =X - X,.

1.2.2 Jlornyeckue pyHKIIUM OJHOTO NEPEMEHHOTO

fo(x)=0 - xOHCTaHTa HYJI; Tabmama 1.1
Apry- OyHKIUA
f;(x)=x - noBTOpEHUE X; Pry
_ venr X | fo(x) | f(x) | f,(x) | f3(X)
f>(x)=X - orpunanue x 5 5 5 1 1
(uHBepCHs X ); 1 0 1 0 1
f3(x)=1 - KOHCTaHTa €IUHULIBI.
1.2.3 Jlornyeckue pyHKIUM IBYX NepPeMEHHBIX
Tabmanma 1.2
Apry-
MCHTHI (DyHKHHH
xp| X2\ fo o o S5 Ja Ss Je f7 S8 So Jio Ji1 Ji2 Ji3 J14 Jis
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
Obosna- | g & — X} <« X @ v \L = 72 < 71 —> | 1
YCHUC
fo(X1,%X2)=0 KOHCTaHTa HYJIA,

f(X, %) =X X, =% &X, =X A X, norngeckoe ymHO)xkeHre, KOHBIOHKIIN S,

joruueckoe U;
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fo(X1,X2 ) =X1AXp = X1 = X2 X1 3amper mo X,, X, HO HE X, ,
f3(X1,X2)=X%q IIOBTOPEHUE X1,

f4(X1,X2 ) = X2AX1 =X > X1 Xo 3aIIpCT 110 X1, X2 HO HE X]_,
f5(X1,X2 )=Xo IIOBTOPEHHE Xj

fs (X1, X2 ) =X ® Xy = X1 <> Xg =X1 =Xp cynoxenue no moaymnwo 2, HEPABHO-

3HAUYHOCTHD;
f,(X, %) =X VX =X + X, norudeckoe cioxenue, AM3bIOHKI WA, noru-
yeckoe UJIN;
fa(X1,Xp )=X1 ¥ Xo =X v X crpenka [upca, Gpynxuus Be66a, oTpuianue
NJIN;

fo(X, %) =X @ X, =X =X, paBHO3HauHOCTh, DKBUBAJIEHTHOCTHD;
f10( X1, X2 ) =Xo OTPHUILIAHUE X),

f11(X1, X2 ) =Xo > X1 =X2 D Xq UMIUIUKALUS, €CIIN X1 TO Xo,

f1o(X1,X2 ) =X%1 OTPULIAHUE X,

f13(X1, X2 )=%X1 = X2 =X1 D X AMIIIAKALYS, €CIIH Xo TO Xq,
f14(Xq, X2 )= Xq[Xo =Xq - X mrpux Hlepdepa, orpunanue U;
f15(x1, %2 ) =1 KOHCTaHTa HYJIA.

[lepeuncriennble GyHKUHUA OT OJHOTO M OT JBYX NEPEMEHHBIX HA3bIBAIOTCS
PIEMEHTAPHBIMU.

Jlornueckast pyHKIUSA, y KOTOPOU MEpeMEHHbIE CBSI3aHbl OJTHOM AJIeMEeHTap-
HOU JIOTUYECKOM Onepanren Ha3bIBAKTCA HPOCMOLL.

JIBe QyHKIUU SBISIIOTCA 3 K 6 U 6 @ 1 € H M H bl M U , €CIIA OHU NPUHHU-
MaloT OJMHAKOBbIC 3HAUYECHUS HA OJHUX U TEX e Habopax MmepeMeHHBIX.

JIBe SKBHUBaJIeHTHbIE (YHKUHUHM, TPUPABHEHHBIE IPYr JPYTry, Ha3bIBAIOTCS
moox 0ecmeom.

OcHoBHble modacoecmea U COOTHOUIEHUS alreOpbl JOTHUKH.

1. IlepemecTuTenbHBIN 3aKOH (KOMMYTaTUBHOCTB)
A-B=B-A AvB=BVA.
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2. CoueraTenbHBIN 3aKOH (aCCOITMATUBHOCTH )

A-(B-C):(A-B)-C, Av(BvC):(AvB)vC.
3. PacnpenenurenbHBIN 3aKOH (AUCTPHOYTUBHBIN)
A-(BVC):AB\/AC, AvBC:(AvB)-(A\/C).
4. 3axonsl [le Moprana (3akKOHbI OTPUIIAHMS)
ﬁzgv,&, AvB=B-A
5. 3aKoHBI MOTJIOUIECHUS
A-(AVC):A, Av AC =A;
A-(AvC)=AC, AvAC=AvC.
6. 3akoHBI TOBTOpPEHUS
A-A-A-A=A Av AvAvAvA=A.
7. CootHomenusi ¢ 0 u [
A-1=A, Avi=1
A-0=0, AvO0=A,
AD0=A, A® A=0,
AD1= A, A®A=1.

8. Av f(4,B,C,--)=Av f(0,B,C,---);
A- f(4,B,C,--)=A- f({,B,C,--").
Hapsimy ¢ OCHOBHBIMEU COOTHOIICHUSIMU TSI YITPOILIEHUs POPMYIT YACTO UC-
MIOJIB3YIOTCS CIEAYIOLINE ITPaBUIIA:

9. IlpaBuia moraomeHUs:

X VXK =X, X (4 VX)) =X,
10. [IpaBuna ckienBaHus
XX VXX =X, X VXX =X VX,

11. 3. IIpaBmi1o 0600IMIEHHOTO CKIICHBAHMS
XXy V XXy VXX VXK, =X X VXX
[TopsioK BBIMOIHEHUS ONEpalfil B CIOKHBIX JOTMYEeCKUX (hopMynax: CKoO-
KW, UHBEPCHSI, IOTHYECKOE YMHOKEHHE, JIOTHYECKOE CII0KEHHE.
1.2.4 Jloruveckue 3j1eMeHTHI
Jlornueckuit snemeHT (JID) B 3neKTpOHHBIX cxemax [4] — 31O ycTpolcTBO,

peanusyrouiee Ty WM UHYIO JIOTUYecKyl0 GyHKUuU0. [Ipu 3TOM joruyeckue cur-
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Hanbl 0 1 1 3a7a10TCsl pa3HBIMU YPOBHSIMU HanpsikeHUst. CUrHal JJOTUYECKOTO HY-
1151 OOBIYHO HPEICTABISIETCS. HU3KHM ypoBHeM Hampspkerust U°, mormaeckoi emu-
HUILIBI — BEICOKUM U!. Takas noruka MOJy4YrJia Ha3BaHUE TTOJIOKUTEIIbHON. B psne
CIIy4aeB HUCIIOJIb3YIOT OTPULATENBHYIO JIOTHKY, IJ1€ JOTMYECKHI HYJIb PEACTaBIs-
€TCS BBICOKMM YPOBHEM HAMPSIKEHUSI, a IOTUYECKAsl €AMHULIA — HU3KUM.

Jlornyeckne CXeMbl COCTOSIT U3 JIOTHUECKUX 3JIEMEHTOB, OCYILIECTBIISIFOIINX
Joruyeckue onepaunuu. IlepedeHb OCHOBHBIX JIOTHUECKUX OINEpaldii IPUBEIEH B
tabmure 1.2.

1.2.4.1 VYcnoBHble rpaduueckre 0003HaAUYEHUS JIOTHUECKHUX IJIEMEHTOB

JUist n300pakeHust JIOTMYECKUX CXEM BCEr/la UCIOJIb3YIOTCSA YCIOBHBIE Ipa-
(uyeckre 0003HAYEHUSI AIEMEHTOB, ONHUCHIBAIOIINE TOJBKO BBIMOJHAEMYIO 3Je-
MEHTaMH (PYHKIHMIO M HE 3aBHUCSIIME OT €ro cXxeMbl. B HacTosiiee BpemMsi B MUpE
CYILLIECTBYET HECKOJBKO OOIICNPUHSTBHIX CTAHJAPTOB YCIOBHBIX O0O3HAYEHUM.
Haunbonee pacnpocTpaHEHHBIMHU SBIISIIOTCS aMEPUKAHCKUM cTaHaapT milspec
806B u cranmapr MOK 117-15 A, co3nanubiii MexxnyHapogHON DIEKTPOTEXHU-
yeckoit Komuccueit. Yacto B JmTeparype UCMIONB3YIOTCA TakKe O0O3HAUYCHUS B
eBporneiickoi cucteme DIN 4070. B oTreuecTBeHHOM NUTEpaType YyCIOBHBIE 000-
3HAYEHUsS DJIEMEHTOB B OCHOBHOM cooTBeTCTBYIOT ['OCT 2.743-82. YcnoBHbIe
rpadgudeckre 0003HaYeHUS OCHOBHBIX JID mpuBenens! B Tabmuie 1.3.

B Tabnune 1.3 moMruMO IBYXBXOAOBBIX JOTHYECKUX DJIEMEHTOB MpeICTaBe-
HbI YCJIOBHbIE Tpadrueckue 0003HaYEHUsI U HEKOTOPBIX TPEXBXOAOBBIX 3JIEMEH-
ToB — 3neMeHTa (XOR — Exclusive OR), tabmmmna uctuaHOoCcTH 1.4; 3jeMeHT
CYMMA 110 MOJVYJIIO 2 (MOD?2), tabnuia uctuanoctu 1.5; MAXKOPUTAP-
HBIU snemenr, Tabmuia neruaaoCcTH 1.6.

B Tabmune 1.4 egunuunbie 3HaueHus: ¢pynkiuu MCKIIFOYAIOILIEE MJIN
COOTBETCTBYIOT CTPOKaM, COAEpk almuM TOibKO oAHy eauHuny. Oynknusa MC-
KIIIOYAIOIIEE HMJIMA BbeIpaxkaeTcs C MOMOILBIO 3JEMEHTapPHBIX JIOTMYECKHUX
oIepanum:

FOGX X)) =X % X VX X - Xy VX - X - X
B tabmune 1.5 enunuunsie 3Hauenus pynkiuun CYMMA 110 MOJIVYIJITO 2

COOTBETCTBYIOT CTPOKaMm, B KOTOPBIX MIAAIIMKA pa3psia apuPMETUYECKON CyMMBI

BXO/IHBIX ITIEPEMEHHBIX paBeH 1. f (Xv X, X3) =X DX, DX,.
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Tabmanma 1.3
Horwge- YcnoBHoe rpaduyeckoe 0003HaYEHHE TaGmuua
CKHH I'OCT MDBK DIN milspec MCTHHHOCTH
3JIEMEHT
HE ﬂ)_ ﬂ)_ Tabm. 1.1,
| ] ] > f(x)
—_— & S _ | Ta6mn. 1.2,
| FHFE D D
— f1(x1,%2)
—1 — =1 — ¥ Tabu. 1.2,
VT R - )
B — — 1 f7(X1,X2)
— & — & — ] Tab6n. 1.2,
SSESS
— E— f1a(X1,X2)
—1 —=1 — Ta6mn. 1.2,
NJIN-HE
— — — fa(X1,X2)
HNCKIIIO-
KJIIO-
—1=1 —=1 I—
YAIO- — Ta6n. 1.4
I[EE /
nJim
CYMMA | — (M2 — M2
— Ta6n. 1.5
[MOMOJ | — —
MAJKO-
- =2 - |=2
PUTAP- Tab6mn. 16
HOCTbH
Tabmuua 1.4 Tabmuna 1.5 Tabmauma 1.6
X1 x2 x3 f X1 X2 Xs f X1 X2 Xz |f
0O 0 O 0 0O 0 O 0 0O 0 010
0O O 1 1 0 0 1 1 0O 0 110
0 1 0 1 0O 1 O 1 0 1 010
0 1 1 0 0 1 1 0 0O 1 11
1 0 O 1 1 0 O 1 1 0 0|0
1 0 1 0 1 0 1 0 1 0 1|1
1 1 0 0 1 1 0 0 1 1 0|1
1 1 1 0 1 1 1 1 1 1 1|1
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MaxopuTapHbBIM AJIEMEHT HMEET MHOIO BXOJOB. BBIXOOHas mnepemeHHas
AJIEMEHTa MPUHUMAET eIMHUYHOE 3HAUYCHUE, €CIIM OO0JIbIIas 4YacTh €€ BXOJIHBIX IIe-
PEMEHHBIX paBHa equHuIe. Tak, mepemMeHHas f Ha BBIXOJE TPEXBXOIOBOTO MaXKO-
PUTApPHOrO 3JIEMEHTA NPHUHUMAET €JUHUYHOE 3HAYEHUE, €CIU JBa WIM TPHU €ro
BX0J1a UMEIOT ¢IMHIYHOE 3HaueHHe (Tabmuma 1.6).

1.2.4.2 TlepenaTouHasi XapaKTEPUCTHKA JIOTHUECKOTO JIEMEHTa

B 3aBHCHUMOCTH OT CXEMOTEXHHUKH U TEXHOJIOTUU OCHOBHOTO (0a30BOIr0) JI0-
rudeckoro 3nemenTa (JID) cyiiecTByeT HECKOJIbKO TUIIOB MUKPOCXEM:

— TTJI(II) - TpaH3ucTOpHO-TpaH3UCTOPHAS Joruka ¢ nuofamu lllorTku unum
0e3 HuX;

— KMOII/n-MOII - ¢ xommementapasiMu i n-MOII Tpan3ucropamu;

— OCIJI - SMUTTEPHO-CBSA3AHHAS JIOTUKA;

— MOIITII - noruka Ha apcenua-ramueBbix MOII cTpykTypax ¢ quomamu
[ToTTKM].

Baxxneiiiieil XxapakTepuCTUKON 0a30BOT0O JIOTHYECKOTO 3JI€MEHTa, B JUTEpa-
Typ€ Ha3bIBAEMOI0 TaKK€ BEHTHJIEM, SIBJIACTCS MEpeJaTOvYHasi XapaKTepUCTHUKa

unBepropa Uswix = f(Usx).

Uekl=
Heti=1l Uoh
Uoht| !
. L
1 1 1
| | 1
1 1 1
1 | 1
1 | 1
1 | 1
i P
| Yy
1 | 1
1 | 1
1 | 1
1 | 1
1 | 1
1 | 1
Uolt i P
Ueeixd Uol . ! | i
i i i = .—i—lex
tUolt Uilt Uikt Uaht| Ucc
il I | Hih
Uex0 < Uex nopl Uex nopl <Uexl
i——'0"——1-- Heonp --{-———- 1T

Pucynok 1.1 — IlepenaTrounas xapakrepuctuka JID
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[TapameTpamu nepeaTouYHON XapaKTEPUCTUKH SIBISIOTCS:

— Ussix1/Uoh - Hanpsbxenue Ha Beixojie JID, COOTBETCTBYOIIIEE JIOTHYEC-
cKou emquHUILe -"'1".

— Ussix1nop/Uoht - moporoBoe HanpsbxkeHue Ha Beixoje JID, emie cooTBeT-
cTBytomee - "1".

— Usnsix0/Uol - Hanpsbxenue Ha Bbixone JID, cOOTBETCTBYIOIIEE JIOTUYE-
cKoMy Hyro - "0",

— UsbixOnop/Uolt - moporoBoe HampsbkeHHe Ha Beixoae JIO, emre cooTBeT-
ctyrormiee - "0".

— Usx1/Uih - nanpsoxkenue Ha Bxojie JID, cOOTBETCTBYIOIIEE JTOTUYECKON
enuaure - "'1".

— Usxlnop/Uiht - moporoBoe HanpsikeHue Ha Bxoje JI9D, eiie cooTBeT-
cTBytomee - "1".

— UBx0/Uil - Hanpsixenue Ha Bxojie JID, COOTBETCTBYIOIIEE JIOTHYECKOMY
Hyso - 0",

— UsxOnop/Uilt - noporoBoe HanpsikeHne Ha Bbixone JID, eme cooTBeT-
ctyrormiee - "0".

— Ucc - nanpsikenue ucTouHuKa nutanus J19.

Uem Gompllie pa3HUIla MEXKY BBIX/BX CHUTHAJaMU U COOTBETCTBYIOIIUMHU UM
MOPOTOBBIMH 3HAYEHUSIMU, TEM BBIIIIE TOMEX0YCTOMYUBOCTD JIO.

1.2.4.3 Jlunamudeckue napamerpst J1D

Cpenu MHOTOYUCIICHHBIX JUHAMUYECKHUX MTapaMeTPOB, XapaKTePU3YIOIIUX
CXEMY, BBIJICJIUM CJIEYIOIIHE:

_ BpeMst mepexoja npy BriIoueHnu (t'°) (3agHuil GpponHT);

_ Bpems mepexoza npu Beikmodennn (1) (mepeaHuii pponT);

_ BpeMst 3aepIKKH PACIIPOCTPAHSHHS IPH BKITFOUCHHH (t,,));

_ BpeMst 3a[epIKKH PACIIPOCTPAHEHHUS IIPU BBIKITIOUCHHH (L, );

~ cpeaHee BpeMs 3aIepiKKH pacmpocTpaHeHus (i, ,) — HHTEpBal BPEMEHH,
pPaBHBIN TOJyCYMME BPEMEH 3aJIeP>KKH PACIPOCTPAHCHUS] CUTHAJA MPU BKIIOYE-
HUW W TP BBIKITIOYEHWH; B JAJTbHEHIIEM 3TO BpeMs OyJeM Ha3blBaTh BPEMEHEM

3a7epKKH deMeHTa (1,,).



16

[TpoumntocTpupyemM HEKOTOPhIE CTAaTUUECKHUE W JHUHAMUYECKUE MapaMeTphl
JOTUYECKUX CXeM Ha mpumepe paboTel sneMenta "HE". Bpemennas nuarpamma
BXOJTHOTO M BBIXOJIHOTO CHUTHAJIOB 3TOr0 JJIEMEHTA, Ha KOTOPOW OTMEUEHBI €ro

CTaTMYECKUE U AUHAMHUYECKHE MapaMeTphbl, IpUBeacHa Ha pucyHke 1.2.

a o r
U, " - 10.9U

) SN ( AZ A \ y0.1U' II].S»U
e - P W Y "
" 4 A
* / 0.9V’
UBL[x LBth / [ SV n
h d 3 Y 0.1U" _
i / i 4 ri-
- Er«'.l > "fs-eg-'

Pucynox 1.2 — Cratuueckue u TuHaMuueckue napameTpsl anementa "HE"

1.2.4.4 Koadpdunuent oobeaunenus JI3

Kosdppunuuentom obbenunenus K, Ha3piBaeTcs KOJIMYECTBO BXOJIOB JIOTHU-
YECKOI'0 JIEMEHTA, YYaCTBYIOIIMX B POPMUPOBAHUHU JIOTUYECKON (DYHKIIMH.

V¥ noruueckoro anementa "HE" koadduiment oobequuenus pasex 1. Y jo-
THYECKUX DJIEMEHTOB, COOTBETCTBYIOMUX Tabmuie 1.2 koaddunueHT oobenuHe-
HUS PaBEH JIBYM, Y JIOTUYECKUX DJIIEMEHTOB, COOTBETCTBYIOMMX Tabiuiam 1.4-1.6
KO3 puuueHT oObeauHEeHusT paBeH TpeM. [IpOMBIIUIEHHOCTBIO BBITYCKAIOTCS
cxeMmsl ¢ Ks=2,3,4,8.

JJ1st TOJTydeHHs CXeM C APYTHMM YKMCIOM BXOJOB OCHOBHBIE 3JIEMEHTHI MOKHO
o0benuHATh. Hanpumep, ecnu TpedyeTcs nsATUBXoA0Bas cxema M, To ee MOXKHO
MOJIYYUTh, UCIIOJIb3YsI COUETATENIbHBIN 3aKOH CIIEIYIOUIUM CIIOCOOOM: Xg°X1X2"X3'X4
= (XoX1) (X2 X3'Xs) = (Xo'X1)X2'X3'X4, T.€. TpeOYIOTCS JABE ABYXBXOJOBBIC W OJHA
TPEeXBXOJ0Bask cxeMbl M, 1711 mepBOro BapuaHTa, 1100 0/Ha IBYXBXOA0BAasi U OJIHA
YEThIPEXBXOI0Bas - 1)1k BToporo (pucyHok 1.3).

Mo3KHO MCIOJIB30BATh U BOCBMUBXOJIOBYIO cxemy U, 11o/1aB Ha HE3a1€eMCTBO-
BaHHbIE BXOAbI "1", 10O HEKOTOPBIEC U3 MTEPEMEHHBIX, B COOTBETCTBUU C BbIpaXkKe-

HUEM Xq'X1°X2°X3°Xa= =Xo'X1 X2 X3Xa'11"1.
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Xo & Xo&X1 Xo & Xo&X1
: [T
& Xo&X1 &Xo&X3&Xy
& Xo&X1 &Xo&X3&X4 Xo
X2 & EXo&X3&X, X3
X5 | X
Xy

Pucynox 1.3 — Cxembl yBenuueHust kodpduiuenra oobenuuenus J19

1.2.4.5 KoadduumeHT pa3BeTBICHUS

Kosddumment pazBersieHus win Harpy3o4Has criocoOHOCTb (K, N) - Mak-
CUMaJIbHOE YHCJIO BXOJIOB KOTOPBHIE MOXHO MOJAKIIOYUTH K OTAEIbHOMY BBIXOIY
MUKpOcXeMbl. [IprdemM cymma BXOJHBIX TOKOB JIOJDKHA OBITh MEHBIIE BBIXOHOTO
TOKa OTJEIBHOTO BBIX0/1a MUKPOCXeMbl. Eciii MUKpocxeMa UMeeT HeCKOJIbKO BbI-
X0JI0OB, TO CYMMAapHBIN TOK BCEX BBIXOJOB HE JIOJDKEH IMPEBBINIATH MACIIOPTHOTO
3HAUYCHMS U1 JAHHONW MUKPOCXEMBI, JIaXKe €CIIM OTJEIbHBIE BBIXOIbI MUKPOCXEMbI
OyIyT HEIOTPY>KEHBI.

Jlist onpenenenus N HaxoAsT OTAEIBHO JIB€ CyMMBI BXOJHBIX TOKOB JUISI JIO-

ruueckoro 0 u 1 Ha j-BBIXOJE:!

n m
0 0 1 1
Iswc > Z(_Iex) ' ‘_Ieblx >Z(st)'

MunumansHast cymma u Oynet Ky, — N =min(n,m), m, n - nensie 3HaueHns

(pucynok 1.4).

1.3 Cpeocmea uccneoosanus yugposvix
ycmpoiicme npozpammst Electronics Workbench
[Mporpamma Electronics Workbench [5] no3Bonsier MoaenupoBaTh aHalloro-
Bble, U(]poBbIE U IU(PPO-AHAIOTOBBIE CXEMbl OOJIBIIONW CTEHEHU CIOKHOCTH.
Nmeromuecs B nmporpaMme OMOIMOTEKH BKIIIOYAIOT B c€0s1 00JIbII0N HAOOp mIUpo-
KO PaclpOCTPaHEHHBIX JIEKTPOHHBIX KOMIOHEHTOB. ECTh BO3MOKHOCTB MOAKITIO-

YCHUA U CO34aHUA HOBBIX OMOIMOTEK KOMITOHECHTOB.
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1 n3
MwuKpocxema 2
1
D glf;bzx
g . .
o i Bbixog, j
&S 0
|
\[Gblx I 1
~~ 3
ka\
'Iex
N-2 JiE)
N-1
N

Pucynok 1.4 — Onpenenenve ko3pPpuuueHTa pa3BeTBICHUS

1.3.1.1 Tenepatop cioB

Ha cxemy BBIBOJIUTCSI yMEHBIIIEHHOE U300paKeHUE TeHEpaTopa CJIOB.

0000 OO :

Ha mectHannaTe BbIXOJIOB B HMXKHEN YAaCTH F€HEpaTopa MapajuiesibHO Moja-
I0TCSI OUTHI TEHEPUPYEMOTO CIIOBA.

Ha BbIxon TakTOBOTO CUTHANIa (ITpaBblil HUKHUM) MOJIAETCS MOCIEI0BATENb-
HOCTb TAKTOBBIX UMITYJIBCOB C 3aJAHHOW 4aCTOTOM.

Bxon cunxponm3zanuu (mpaBblid BEpXHUIN) HUCHOJIB3YETCS NI MOJAYd CHUH-
XPOHU3HUPYIOLIETO UMITYJIbCA OT BHEIIHETO UCTOYHHUKA.

JIBOMHBIM TIEIYKOM "'MBIIIU" OTKPBIBAETCS PACHIMPEHHOE M300pa’KeHUE Te-
Hepatopa (pucyHok 1.5, a). JleBas uwacTh reHepatopa COAEpKHUT 16 paspsiaHbIe
CJIOBa, 3aJjaBaeMble B IIECTHAIIATEPUIHOM Koje. Kaxknas xomoBas KoMOUHAIIHS
3aHOCHUTCSI C TOMOIIBI0 KiaBuatypel. Homep pemaktupyemoii stueitku (ot 0 g0
03FF, 1.e. ot 0 1o 2047) BeicBeunBaetcs B okorike Edit. B mpomecce paboTsl re-
HepaTopa B orceke Address muamuupyeTcs aapec Tekyimied sueiiku (Current),
HavajabHOM stuekiku (Initial) u koneunoit sueiiku (Final). BeimaBaembie Ha 16 BbI-
X0JI0B (BHM3Y reHepaTopa) KoI0Bbie KoMOMHauu nHaunupytores B koae ASCII u

nasouyHoM koze (Binary).
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['enepaTop MoxeT pabOTaTh B IMIATOBOM, ITUKIMYECKOM M HEMPEPHIBHOM pe-
KUMaX.

- Knomka Step nepeBoANUT reHepaTop B MOLIATOBBIN PEKUM;

- Knomnka Burst - B uukian4eckuii pexxumM (Ha BbIXOJ T€HEpaTopa OJHOKPATHO
MIOCJIEIOBATENILHO MOCTYIAIOT BCE CIIOBA;

- Knomnka Cycle - B HenpepbIBHBIH pexxuM. [[i1s1 Toro uToObI IpepBaTh padoTy
B HETIPEPHIBHOM PEKUME, HY>KHO ellie pa3 HaxaTh kHonky Cycle.

[Tanens Trigger ompexnensieT MOMEHT 3amycka reHeparopa (Internal - BHyT-
peHHsIST cHMHXpoHu3arws, External - BHemHss CHHXpOHH3AIMs 1O TOTOBHOCTH
JTAHHBIX ).

PexxuM BHEIIHENW CMHXPOHU3AIMU UCIOIB3YETCS B CIydae, KOrja UCCIeaye-
MO€ YCTPOMCTBO MOXET KBUTHPOBATH (IMOATBEPXkAAaTh) MOJYyYEHHUE NAaHHBIX. B
ATOM CJIy4ae Ha YCTPOMCTBO BMECTE C KOJOBOW KOMOMHAIIMEN MTOCTYIAET CUTHAJ C
kinemmbl Data ready , a uccieayemoe yCTpoOHCTBO JTOJDKHO BBIIATh CUTHAJ IOJTY-
YCHUS JAHHBIX, KOTOPBII TOJKEH OBITH TIOJKIIFOUEH K KieMMe Trigger reaeparopa
CJIOB. DTOT CUTHAJI U MPOU3BOAUT OYEPETHOM 3aIMyCK Fr'eHepaTopa.

Knomka Breakpoint nmpepbiBaeT paboTy reHeparopa B yKa3aHHOH sueiike. s
ATOr0 HYKHO BBIOpaTh TpeOyemyro SYEHKy KypcopoM, a 3aT€éM HaXKaThb KHOIKY
Breakpoint

Knomnka Pattern orkpsiBaeT MEHIO ¢ TOMOILBIO KOTOPOTO MOXKHO

Clear buffer - crepets conmepxumoe Bcex sUeeK,

Open - 3arpy3uth K0JI0BbIe KOMOMHAIMK U3 (haiina ¢ pactmpenuem .dp.

Save - 3anncath Bce HaOpaHHBIE HA YKpaHE KOMOWHAIIUHY B (paiiir;

Up counter - 3anonHuTh 0ydep skpaHa KOAOBBIMA KOMOMHAIIMAMU, HAUUHAS
c 0 B HyneBo# suelike W Aajiee ¢ NMPUOABICHUEM €IUHULBI B KKJION MOCIIETyI0-
IIEH STYCHKE;

Down counter - 3anosHuTh Oydep dKpaHa KOJOBBIMA KOMOUHAITUSMH, HAYH-
Has ¢ FFFF B HyneBoli siuelike v jpajiee ¢ yMeHbIIEHHEM Ha 1 B KaXI0M mocieny-
IOLICH STYCHKE;

Shift right - 3anomHUTE Kaxabie yeThipe ssuciiku komOuHanusmMu 8000-4000-
2000-1000 co cmernieHreM UX B CICAYIOIIMX YEThIpEX siueiKax BIPaBO;

Shift left -to ke camoe, HO cO cMelEeHHEM BIIEBO.
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1.3.1.2  Jlornueckuii mpoOHUK

Jlornueckuit mpobHuk (Red Probe) - —"y. CBeTUTCS KpacHBIM CBETOM, €CITU
Ha HEro MOJAETCs CUTHAJ C YPOBHEM JIOTHYECKOH equHullbl. B okHe CBONCTB 1BET
MOJKeT OBITh M3MEHEH Ha 3enéHbIi (Green) wim cunuii (Blue).

1.3.1.3 Jloruueckuit aHaMH3aTOP

Ha cxeMy BBIBOIUTCSI YMEHBIIIEHHOE M300pa)keHUE Jorhye-
CKOT'0 aHaJIu3aTopa.

Jlornuecknii aHANIM3aTOP NOAKIIIOYAETCS K CXEME C IIOMO-
IIbI0 BBIBOJIOB B €ro JieBoi yacTu. OJHOBPEMEHHO MOTYT HaOIt0-
JaThCsl CUTHAMBI B 16 TOUKax cxeMbl. AHAIM3aTOp CHAOXKEH ABYyMS
BU3UPHBIMU JIMHEUKAMH, YTO MO3BOJIIET MOJIy4aTh OTCUYETHI Bpe-

MeHHBIX uHTepBasIoB T1, T2, T2-T1, a Takxke ITMHENKONU IPOKPYT-

KU T10 TOPU30HTAJIH.
JIBOMHBIM IIETYKOM "MBIIIK" OTKPBIBAETCS PACIIMPEHHOE

n300pakeHME JIOTUYECKOTO aHanu3zaTopa (pucyHok 1.5, 0).

] 1 Logic Anal

| Word Generator §3 0gICinAYZEY - 2 B
—Pddres=

HEE1 :‘ Edit |0008 Cicle|

§§§§ Current (0000 Burst |

L Iritial |0000 El

gaas Final 0007 Breakpairt |

gggg : Pattemn... 9]

oog| | e S8

HAERA EEREl Edemal | ER = | & o

gggg = Frequency (V)

HAEA = = | CData o]

BE8E 4 ] [kHz 2 | ready & al -

BaEE

BaEa ASCI .. :

EEE ~| | Binary[2000000000000000 ] R e — e T

T2 | 57.5000 me |1000f |- Feck T‘Tﬁgg
ueset T 14875 me Extemnal fi_lﬂLlaIifier i Duﬁlﬁ
a 0

Pucynok 1.5 — Cpenctpa ucciaegoBanust Iu(POBHIX YCTPOUCTB:
a — reHepaTop CJOB; O — JIOTUYECKUN aHATTN3aTOP

B onoke Clock umerorcsa xieMmsbl s noaxirodenuss oosiunoro External u
u3zoupatensHoro Qualifier HICTOYHMKA 3aMMyCKAOUIUX CUTHAJIOB, MapaMeTpPhbl KOTO-

PBIX MOTYT OBITh YCTAHOBJICHBI C IOMOIII0 MEHIO, BEI3BIBAEMOTO KHOTIKOM Set.
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3amyck MOXKHO TIPOM3BOJIUTH 1o mepeaHemy (Positive) wm 3amHemy
(Negative) ¢GpoHTY 3allyCKalomero CHUTHAJla C HCIIOJIb30BAHWEM BHEIITHETO
(External) uma Baytpennero (Internal) ucrounuka. B okne Clock qualifier moxxuo
YCTaHOBUTH 3HaUCHHE Jiormdeckoro curHama (0,1 wim X) mpu KOTOpOM MPOU3BO-
JUTCS 3aIlyCK aHaJIN3aTopa.

BHemHss CHHXpOHU3AIMS MOXKET OCYIIECTBIACTCS KOMOWHAITUEH JIOTHYe-

CKHX ypOBHeﬁ, MMOoJIaBaCMbIX HA BXOAblI KaHAJIOB aHAJIN3aTOpa.

1.4 Cxema uccnedosanusn 102uuecKux 31€MeHmM 08
CxeMa uccneoBaHus JOTHYECKUX DJIEMEHTOB MpeJICTaBleHa Ha pucyHke 1.6.
Ha »Toi1 cxeme npeacTaBiaeHbl TPEXBXOI0BBIE JJOTHYECKUAE AIEMEHTHI U dJie-
meHT "HE", nzo0pakeHHbIe B COOTBETCTBUH cO cTraHaapToM milspec 8068. B ka-
YEeCTBE YCTPOWCTBa, (HOPMHUPYIOIIETO BXOJHBIE TECTOBBIE IOCIIEI0BATEILHOCTH
JUTSL KCCTIEyEeMbIX JIOTUYECKHUX AJIEMEHTOB, UCIIOJIb3YETCsl TeHepaTop clioB. Bxo-
HBIE U BBIXOJIHBIE CUTHAJIBI JJOTHYECKUX DJIEMEHTOB OTOOPAX,arTCs JTOTUYECKUMU
NpOOHUKAMU, a TaKXKe MOJIAI0TCS Ha BXOJbI JJOTUYECKOTO aHaIu3aTopa Jijisi 0To0-

pa)KeHI/IH B BHUC BpeMeHHI)IX I[I/IanaMM JJIA HOCJ’IC,HYIOIHGFO dHaJIn3a.
X2

| 0000 XXXX_[3 X1
oo oo o0 DO Ll e e QXO

*e P

LT e e R e B R e S e R e R R R

Pucynok 1.6 — Cxema uccienoBaHus JOrHY€CKUX AJIIEMEHTOB
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1.5 3aodanue na nposedenue uccinedoeanusn

HccnenoBanue BKIItOYaT B c€0s SKCIIEPUMEHTAIBLHOE OIpeiesieHre Tabaull uc-
TUHHOCTH JIOTHYECKHX JJIEMEHTOB, MPEACTAaBICHHBIX Ha cxeme 1.6, cHsTHE Bpe-
MEHHBIX JHarpaMM BXOJHBIX M BBIXOJHBIX CUTHAJOB M COIOCTABIICHUS BPEMEH-
HBIX JHarpamm C TabJIUlaMi HCTUHHOCTH.

1.5.1.1 [lns onpexnenenue TabIUI] HCTUHHOCTH HEOOXOUMO!

— HACTPOWTH F€HEPATOpP CJIOB, KaK IMOKa3aHO Ha pucyHke 1.5, a;

— B IIOIIArOBOM pexuMe (KHOMKa Step) MmocpescTBOM JIOTUYECKHUX MPOOHU-
KOB, TIOJIKJIFOUYEHHBIX K BXxojaM (mpoOHuku x2, x/, x() M BBIXOJaM JIOTHUECKHX
AJIEMEHTOB, ONPEACTUTh 3HAUCHHSI BBIXOIHBIX CUTHAJIOB IS KaXK10M KOMOWHAIUN

BXOJIHBIX CUTHAJIOB U 3alOJHUTH Tabauiryl.7.

Tabmuua 1.7
3HaveHuUs 3uauenus QyHKIUHU
apryMEeHTOB o
1 | X2 | X3 1 2 3 4 3 6 !

P P P P, O o o olX
r P O O + rr O o
r O B O Fr O +r O

Tun normyeckoro
OJICMCHTA

@yHKIHOHAIBHAS
JJIEKTPUYECKasl CXemMa
(ECKD)

1.5.1.2  ]lns cHATHUSA BPEMEHHBIX AUArpaMM HEOOXOIUMO:
— MEPeKIIYUTh T'eHepaTop CJIOB B UKIMYeCKuid pexxum (kHomka Cycle) u 3a-
MyCTUTh CXEMY;
— mepeBectu nporpammy Electronics Workbench B pekum mays3sl (KHOIKa
Pause)

— JIBOMHBIM IIETYKOM "MBIIIK" pa3BepHYTh JOTMUYECKHI aHATU3ATOP;
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— JIMHEHMKOW MPOKPYTKH MO TOPU3OHTAIM MEPEBECTU HKpaH aHaIu3aTtopa Ha
HaYaJIbHBIA y4aCTOK BPEMEHHBIX JUArpaMM;
— TIEPEPUCOBATh WM CKOIMMMPOBATH BPEMCHHBIC JUATPAMMBI.
CxomupoBaTh CXeMy WJIH MPOU3BOJBHYIO YacTh Pa0OUYEro IMoJjs MPOrpamMMbI
Electronics Workbench mosxxuo xomanmoi Copy as Bitmap Bxiranku mento Edit.
1.5.1.3 ConocTaBbTe OJIYICHHBIC TAOIHUITBI ICTUHHOCTH U BPEMEHHBIE M a-
IPaMMBl.
1.5.1.4 Cnuenaiite BBIBOJBI IO padoTe.
1.5.1.5 Odopmute otuet o padore.
1.6 Tpebosanus xk omuémy no pabome
OT14€T Mo paboTe MOKET BBIMOTHATHCS B OTACIBHOU TETpaau (BMECTE C OTUE-
TaMU 110 IPYTUM padoTaM 3TOH Ke AUCIUIUTHHBI) WK B BUE OTIEIHLHOTO OTYETA
Ha CTAaHJAPTHBIX JIICTaX OyMaru ¢ TUTYJIbHBIM JINCTOM, O(OPMIICHHBIM TI0 00IIIe-
MIPUHSATHIM TPeOOBAHMSIM.
OTU€T NOJKEH COAEPKATh:
— 11eJ1b paboThI;
— KpaTKHE TEOPETHYECKUE CBEICHUS O JIOTHICCKUX DJIEMEHTaX
— (YHKIIMOHATBHBIC AJICKTPUUECKUE CXEMBI HCCIIETyEeMbIX YCTPONCTB ¢ 000-
3HAYCHUSIMU JIOTUYECKUX DJIEMEHTOB;
— Ppe3yabTaThl HCCIICOBAHUS JJOTHYECKHUX AJICMEHTOB, MPE/ICTABIICHHEIE B
BUJI€ TaOIULIbI 1.7 M OJIy4eHHBIX BPEMEHHBIX IUarpamm;
—  BBIBOJIBL.
1.7 Konmponwvnsie éonpocwl
1. Tlepeuucnure U oXapakKTepU3yWTe CHOCOOBI 3aJlaHUs JIOTHYECKUX (DYyHK-
uui. [IpuBeaure nmpumepsl.
2. CKOJIbKO pa3IMYHBIX JIOTHYECKUX (PYHKIIUNA MOXKET OBITh OMPEICIICHO Ha
MHO’KECTBE N MEPEMEHHBIX?
3. Ilepeuncnure u oxapakTepU3ynTe OCHOBHBIC JIOTHYECKUE (DYHKITHH.
4. TlpencraBbre GYHKIUU ABYX MEPEMEHHBIX B JTU3BIOHKTUBHON (KOHBIOHK-
TUBHOW) HOpMaJIbHOU (hopme.

5. JlokaxuTe OCHOBHBIEC TOXKIECTBA AJIr€OPHI JTOTUKH.
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6. IlpuBenuTte TaOMUIBI UICTUHHOCTH U yCIOBHBIE M300pa’KEHUS OCHOBHBIX
JIOTUYECKUX SJIEMEHTOB.

7. Kak 0003Ha4ar0TCs JIOTHYECKHUE UHTErPATbHBIE MUKPOCXEMBI?

8. Ha3zoBuTe ocHOBHBIEC cTaTHUECKHE MapameTpbl toruueckux MMC.

9. HazoBute ocHOBHBIEC AMHAMHUYECKHE MapameTpsbl Jorundeckux MMC.
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2 UccnenoBaHne THMOBBIX KOMOMHAIIMOHHBIX YCTPOMCTB

2.1 Ilenv pabomuwt
[lenbro pabOTHI SIBISIOTCA:

— 3aKpeIyICHUE TEOPETUYECKUX 3HAHUM [0 THUIOBBIM Yy3JaM IU(PPOBBIX
yCTpoiicTB — pemmdparopam, mpeodpa3oBaTensiM KOJAO0B, MyJIbTHILIEKCOPOB [3, 4];

— TpHOOpEeTeHHEe MPaKTUYECKUX HaBBIKOB HCCIENOBaHUS jaemudparopa,
npeoOpasoBareiis JBOMYHOIO KOJA B KOJ CEMUCEIMEHTHOTO MHAMKATOPA, MYJIb-
THILIEKCOPA, BEINONHEHHBIX HAa IMC.

2.2 Kpamkue meopemuueckue céedeHus
JlemmdpaTopoM Ha3bIBaeTCS YCTPOWCTBO, MMEIOINIEEe HECKOILKO BXOJOB U

HECKOJIbKO BBIXOJOB, IIpeoOpa3yroliee Kojl, MoJaBacMblii Ha BXOJ, B CUTHal Ha
OJIHOM M3 BBIXOJIOB.

VYcnoBHoe rpaduueckoe oO03HaueHUe JemudpaTopa Ha JiBa BXOoJa Mpe-
ctaBjeHO Ha pucyHke 2.1. [Ipu mogade konga Ha Bxoasl AO, Al, Ha3bIBa€MbIE B HE-
KOTOPBIX HMCTOYHMKAX aJPECHBIMHU, CUTHAJ TOSBISETCS HA OJHOM U3 BBIXOJIOB
Q0-Q3. Bxon E sBasiercs BcrioMoraTeiabHbIM BXOJOM — OH MpeAHA3HA4YeH IS
paspeiieHusi (CTpoOMpOBaHUS) BbIJAYM BBIXOJHOTO CHUTHala jaemudparopa. B
tabnuie 2.1 mpuBeneHa TabaMIa UCTUHHOCTH.

Jemudparop, UMErOIIUH n BXOJ0B U 2" BBIXOJIOB, HA3bIBAETCSI MOJIHBIM.

DC Tabmauma 2.1
—A0 o0—— Al A0 E 00 01 02 03
S ol 0 o[ T[T 0o 0 0
02 o 1 [1]0 1 0 O
c 3 1 0 1 0 0 1 0
Q 1 1 1 0 0 0 1
X X 0 0 0 0 0

Pucynok 2.1
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JlemmdpaTop, UMEIOMIMIA N BXOJOB U MEHbIIE 4eM 2" BBIXOJOB, Ha3bIBAETCS

HETOJIHBIM.
. a
HNemmdpartop, mpeAcTaBICHHBIM Ha pucyHke 2.1 - —
MTOJTHBIM. £ b
g
B cucremax ymnpaBieHHs U CBA3HM LMIUPOKOE MPUMEHE- o
C
HUE HaXOJAT MpeoOpazoBaTenu KOJOB, MpeoOpa3yroline d h
4
OJIHO KOJIOBOE MPEACTABICHNE TUCKPETHOW MHPOPMALIUU B PrcyHOK 2.2
apyroe. Cpeau HUX €CcTh peoOpa3oBaTeay JBOMYHOTO KO-
#17S
7a B KOJ CEMHUCErMEHTHOTO MHAMKATOpa, KOTOpbIE MpUMe- RO a
—@al b —
HSIOTCSl B PA3IMYHBIX MU(PPOBBIX YCTPOHCTBAX WHIWKAIIWU. 20 -
CxeMa pacroNOKEHUs CETMEHTOB B TAKOM HMHAUKATOpE U — A3 d
e ——
0003HAYCHHE CETMEHTOB IPEACTABICHO Ha pucyHke 2.2. Ha .
pHUCYHKe 2.3 MPeACTaBICHO yCIOBHOE Tpadudeckoe 0003Ha- 9r—
hl—
YeHne MpeoOpa3oBarTessi JBOMYHOTO KOJa B KOJ CEMHCET-
Pucynok 2.3

MEHTHOTO MHAMKaTopa. B Tabmume 2.2 npuBeacHa Tabmuia
MCTUHHOCTH TIpeoOpa3oBartesis Koja.

Mynbmunnexcopom HazbiBaeTcs HUGPOBOE YCTPOMCTBO, MpEeIHA3HAYEHHOE

JUIs BBIOOpA OJTHOTO OJHOPA3PSIHOTO JBOMYHOTO CUTHAJIA U3 HECKOJBKUX BXOJ-

HBIX U IIEPEAAYy €r0 Ha BBIXO.

TabOmuna 2.2
D3 D2 D1 DO ()10 a b C d e f g
0] 0 0 0 0 1 1 1 1 1 1 0
0 0 0 1 1 0 1 1 0 0 0 0
0 0] 1 0 2 1 1 0 1 1 0 1
0 0 1 1 3 1 1 1 1 0 0 1
0 1 0] 0 4 0 1 1 0 0 1 1
0 1 0 1 5 1 0 1 1 0 1 1
0 1 1 0 o 1 0 1 1 1 1 1
0 1 1 1 7 1 1 1 0 0 0 0
1 0] 0] 0 8 1 1 1 1 1 1 1
1 0 0 1 9 1 1 1 1 0 1 1
1 0] 1 0 10 1 1 1 0 1 1 1
1 0 1 1 11 0 0 0 1 1 1 1
1 1 0] 0 12 1 0 0 1 1 1 0
1 1 0 1 13 0 1 1 1 1 0 1
1 1 1 0 14 1 0 0 1 1 1 1
1 1 1 1 15 1 0 0 0 1 1 1
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YcnoBHoe rpaduueckoe 0003HaUYeHUE MYJIBTHILIEKCOPA MPEACTABICHO Ha
pucyHke 2.4.

MynpTHUIUIEKCOP  UMEET  HECKOJIBKO  HMH(QOPMAIMOHHBIX  BXOJOB -
D,, D, D,, ..., ampecusie Bxousl - A, A, A, ..., BXox paspemeHus - E u
OJIMH BIXO - Q.

Kaxnomy na(opmanmonHomy Bxony D, mpucBamBaercs aapec, KO KOTOpO-
ro nojaercs Ha Bxonsl aapecusie A, A, A,, .... IIpu nomade Ha Bxon E (ctpo-

OWpyromuid BXOJ) CUTHANIA pa3pemeHust (U1 MyJIbTHIUICKCOpa Ha pHCYHKe 2.4
CUTHAJI pa3peIICHHs] — CUTHAJ HYJICBOTO YPOBHsI) Ha BeIxo Q mepemaercs mBowWd-

Hasl IEpEMEeHHas Co BxoJia D,, aJipec KOTOPOTo 3aJlaH aJ[peCHBIM KOJIOM.

— IpoMs Tabmuia 2.3 — Tabnuia GyHKIMOHNPOBAHUS
:B% 0 AQpEeCHB KOOI B 0
3 < A0 Al
0 0 0 DO
A 0 1 0 D1
A 1 0 0 D2
—CE 1 1 0 D3
Pucynok 2.4 x x 1 0

2.3 Cxembl uccnedo6anus KOMOUHAUUOHHBIX YCIPOIICM G

Ha pucynke 2.5 mpeacraBiieHbl CXeMbl HUCCIECIOBaHUS nemudparopa (MUKpO-
cxeMbl 74138) Ha BOCEMb BBIXOJIOB C TPEMsI BXOJaMH pa3pelieHus], 00beTMHEHHBIX
no cxeme M. Tabnuia uctuaHOCTH MUKpocxembl 74138 npecrasiena B Tadnuiie 2.4.

Ha pucynke 2.6 mnpeacTaBieHbI CXEMbl HUCCIECIOBAHHS JIBYXPa3psaIHOTO
MyJbTUILIEKCOpa (MUKpOCXeMbI 74353 — nBa ABYXpa3psiAHBIX MYJIbTHUILIEKCOPA)
Ha YEeTBhIPE BBIXOJIa C BXOJOM paspemieHus. Tabiniia UCTUHHOCTA MHUKPOCXEMBI
74253 npencraieHa B Tabduie 2.5.

K uersipeM MHQOPMAIIMOHHBIM BXOJIaM MYJIBTHILUIEKCOpPA MOJKIIOYCHBI HC-
TOYHUKHU CUTHAJIOB: Jioruyeckoro "0" u Tpu reneparopa ¢ yactoramu — 0.5 kI,

1.0 kI['mr, 2.0 xI'1I.
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Ha pucynke 2.7 mpencraBieHbl CXeMbI UCCIIEIOBAaHUS MTpeoOpa3oBaTeis BO-

WYHOTO KOJIa B KOJ CEMHUCETMEHTHOTO HHIUKaTopa (MUKpocxeMbl 7448). Tabmuma

HMCTUHHOCTU MUKpocXxeMbl 7448 mpencrasiena B Tadnuie 2.6.

0000 HAXX |8
!:\0000000 ooooo0 |D OO LL
[i_l' Word Generator 3
— —PAddress ol |
BEE1| - el
Bagg :J Edit 0000 Cyyele " ‘_ & 2 -
EEER Current [0000 Burst [ & o~
Eggg Initial [0000 EA | | ~— )
Final |[J00F Breakpoint .. o el
3883 Pattem... P—c|—
il — o3
BABC [EREN Eemal | El | & ®— o —
8680 = *— -~
HOGE Tequency Data ol ==
2ger = 1 . o
Bgan A5C [oo | & WICC oo
aegg| .|| Binary [soooooosooooooon ] A g o} v L3 PN O
2 14
HOOOOO00 00000000 ) C ¥l = L S
Gea' Y2 )
=q GeB Y3 9,
e MR 0 'S
L{y7  ys U O
1 GND Y6 2 ® OO
— L
- 74138

Pucynox 2.5 — Cxema uccnenoBanus aemudparopa

Tabnuna 2.4 — Tabnuna nctuaHOCTH Acemudparopa 3-8 74138 (KS55U]17)

Bxonp! paspemenus

AnpecHble

BXO/bI

Brixonanl

@
>
()

@
vy)

B

<
o

<
[E_N

<
N

<
w

<
N

<
(€]
<
(@]
<
~

P OO0OO0OO0OO0OO0OO0OOX X|N
PR R RPRRRPRRPRPOX

1

P RPPRPPOOOOXX|0O

OO OO OOOOCOX KN

x

X P RPOORRFOOX X
X POFRPRORFRPRORFROXX|>

PRPRRPRPRPRRPRPRLRORR

1

PR RPRRPRRPRRPRPORRRE

1

PR R R RORRRR

PRPRRPRPRRPORRRERPR

PRPRRPRPRORRPRRERPR

PR RPORRPRRPRRERRR
PR ORRPRRPRPRRRERRERE
RPORRPRRPRRPRRRRERRR

[Mpumeuanue: Bxoael G2A, G, G2B o0weaunens! o cxeme U;

X — MPOU3BOJIbHOC 3HAYCHHC HA BXOJC

Pazpemaromue curnaibl GOpMUPYIOTCS MPU TTOMOIIU TPeX NepeKrouaTene

—"R", "B", "L". Ha Bxoas!l D, C, B, A mogaercst ABOUYHBII KO,
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2.4 3aodanue na nposeedeHue ucciedo8anus

HccnenoBanue BKIOYaT B ce0s DKCIIEPUMEHTAIBHOE CHSTHE BPEMEHHBIX

auarpaMm BXOJHBIX W BbBIXOAHBIX CUTHAJIOB MUKPOCXCM z(enm(bpaTopa n MYJIbTHU-

mekcopa (Mmukpocxemsl 74138 u 74253) u conocraBiieHre BPEMEHHBIX THArpaMM

TabJIMIlaM UCTUHHOCTH, a TaKXe OMpe/esieHne Tabaul HICTUHHOCTU Mpeodpa3oBa-

TeJs IBOMYHOTO KOJIa B KOJI CEMUCETMEHTHOTO MHJUKaTopa (MUKpocxema 74438).

<

LeRtr i ]

LR el C R e e B R R

5] Word Generator E3
TEEERIN —Address
8001 e oo || 0000 XXXX J8
ae63 Current | 0000 Burst fTooooo0 GCoooo
: Initial  [0000 Step F¥
g Final |0007 Breakpairt |
SSSS —Trigger PEKLI ..
§ F_ Beemal | B | G *
o ~ Fraquency
gggg rl\jeaatt?v 0] ® 1 1Gr \/[:[: 16
2 AsCIl oo P
S | | Binary [ponoonoooooooooo ] L 2 B EG "%
00000000 00000000 ¢ y 1C3 A =
1C2 2C3 —=—
. 2 1C1 ece e
S 1co ect
f Ty eco B
Gu . 5 JGND  2Y 2
U S 74253
L I
L
1T .

Pucynox 2.6 — Cxema ucciaenoBaHusi MyJIbTUILIEKCOPA

Tabnuma 2.5 — Tabnuia HCTUHHOCTH MyJIbTHILIEKcopa "4-1" 74253

Adipechrre Bxomer Bxonrpl nannpix | Beixoasl
BXOJbI paspereHus
B A GX CoO C1 C2 cC3 YX
X X 1 X X X X V4
0 0 0 0 x X X 0
0 0 0 1 X X X 1
0 1 0 Xx 0 X X 0
0 1 0 Xx 1 0 x 1
1 0 0 Xx x 0 x 0
1 0 0 X X 1 X 1
1 1 0 X x x 0 0
1 1 0 X x x 1 1

[Ipumeuanue: Z — TpeTbe COCTOSHHME HA BBIXOJIE;

X — IMPOU3BOJIBHOC 3HAYCHNEC HA BXOJIC
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[ oooo HOOK |i:|

o000 00D o000

1k Ohm sy 1 kOhm sy 1 kOhm 5y —

+ +V +
ol o Ep o
C CF Py
[B] ., 1 2 LT 0 14 P O o
() 4 BI/REO" 04 L2 * {h A
[ ——=+ REI' Op & . O b
& I oc | Py O C ;
’— L4 on & *
& GMD OF 2 * (e

L 744

Pucynox 2.7 — Cxema uccieaoBaHus mpeoOpa3oBaTess
JIBOUMYHOTO KOJa B KOJ CEMHUCEIrMEHTHOTO MHAMKATOpa

# | Word Generator ik
—Pddress
AEEE | -
B A 1 :I Bt [000E | | Crcle]
e Cument [0001 | Burst |
R Initial (0000 | Step |
aBa¢ Final [o00F | Breakpaint |
AEE S . Pattem... |
AEA9 —~Trigger
G588 [EEN Eermal | El x| @
ESSE = Frequency .
SSEE I Bl [Hz & | ready &
BEE A
AEEE Asci [
R ~| | Binany 000000000000 1110 ]
CHCHEICHEHCHCTEY

Pucynox 2.8 — HacTpotiika reneparopa cioB

2.4.1]Ins cHATUS BPEMEHHBIX JUArpaMM HEOOXOIUMO:
— HACTPOUTh T€HEpaTOp CJIOB, KaK MOKa3aHO Ha PUCYHKax 2.5 (Mpu HUccClie-
JOoBaHUU Aemmudparopa), 2.6 (mpu uccaeqoBaHUU MYJIbTUILIEKCOPA);

—  JIBOMHBIM HIETYKOM "MBIIIHN" pa3BepHYTh JOTUUECKUN aHAIN3ATOD;
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— TEpEeKJIIYUTh TEHEPATOp CIIOB B MUKIUYECKHi pexkuM (kHomka Cycle) u

— mepeBectu nporpammy Electronics Workbench B pesxxum may3er (kHOmKa

Pause)

— JUHEWKOW MPOKPYTKU MO TOPU3OHTAIM MEPEBECTU PKpaH aHaIu3aTopa Ha

HavyaJbHBIN Y4aCTOK BPCMCHHBIX TUAI'PAMM;,

— HCPCPHUCOBATH UJIN CKOIIMPOBATH BPCMCHHBIC TUATI'DAMMBI.

Tabnuma 2.6 — Tabnuiia MICTHHHOCTH TTpeoOpa3oBaTelIss TBOMYHOTO KO B
KOJI CEMHUCETMEHTHOTO MHMKaTopa (Mukpocxema 7448)

Bxone! JIBOMYHBIN KO Nupunupyemas Brixonasl cerMeHTOB
paspenieHus
RBI BI/RBI LT |D C B A wippa a b ¢ d e f ¢
X 0 X X X X X - O 0 0O O O 0 0
0 X X X X X X - O 0 0O O O 0 0
1 1 0 X X X X - 1 1 1 1 1 1 1
1 1 1 0 0 0 0 0 1 1 1 1 1 1 0
1 1 1 0 0 0 1 1 0 1 1 0 0 0 O
1 1 1 0 0 1 0 2 1 0 1 1 1 0 1
1 1 1 0 0 1 1 3 1 1 1 1 0 0 1
1 1 1 0 1 0 0 4 0 1 1 0 0 1 1
1 1 1 0 1 0 1 5 0 1 1 1 0 1 1
1 1 1 0 1 1 0 6 0 0 1 1 1 1 1
1 1 1 0 1 1 1 7 1 1 1 0 0 0 O
1 1 1 1 0 0 0 8 1 1 1 1 1 1 1
1 1 1 1 0 0 1 9 1 1 1 0 0 1 1

[Ipumeuanue: X — MPOU3BOJBHOE 3HAUEHUE HA BXOJIE

Electronics Workbench moxxno komannoii Copy as Bitmap Bkinanku mento Edit.

KOJIa B KOJI CEMUCETMEHTHOTO UHIMKATOPa HEOOX0IUMO:

CkonupoBaTh CXeMy WJIM MPOU3BOJBHYIO YacTh PabOYero mojsk mporpaMMabl

2.4.2 ]lna onpezaeneHue TaOIUIl UCTUHHOCTH TTpeoOpa3oBaTesis JTBOUYHOTO

— HACTPOUTh TEHEPATOP CIIOB, KaK MOKa3aHO Ha pUCYHKe 2.8;

nocpeactsoM kiasuil R, B, L;

3HAUYCHHA CHUTIHAJIOB Ha BXOA4dX pPa3pCHICHHA Hpeo6pasoBaTen51 MCHATH
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— B IONIArOBOM pexuMe (KHOIKa Step) mocpencTBOM JIOTHYECKUX MPOOHU-
KOB, MOJKJIIOYCHHBIX K BBIXOJaM JIOTHYECKHUX 3JIEMEHTOB, ONPEICIUTh 3HAUCHHSI
BBIXOJHBIX CHTHAJIOB JIJISl KaXKI0W KOMOWHAITUU BXOJTHBIX CUTHAJIOB (OMpEAeNaTh
10 3HAYEHHWSM CUTHAJIOB HA BBIXOJAX I'€HEpaTopa CJIOB) W 3allOJIHUTH TaOIuILy,
aHaJIOTMYHYIO Tadsumie 2.6.

2.4.3 ComnocraBbTe TaOIUIBI UCTUHHOCTH IMpeoOpa3oBaTesisi, MOTyUYCHHbIE
TaOJIUIIBI KICTUHHOCTH W BPEMEHHBIC AWarpamMMmbl Ui jaemudpaTopa U MyJIbTH-
IeKcopa.

2.4.4 CpenaiiTe BBIBOJIBI 110 paboTe.

2.4.5 Odopmute otuer o paborTe.

2.5 Tpebosanus k omuémy no pabome

OTuéT 110 paboTe MOXKET BBIMIOJHATHCS B OTJASIBHON TeTpaau (BMECTe C OTUE-
TaMH T10 JAPYTUM paboTaM 3TOH K€ TUCIUIUIMHBI) WK B BUIE OTJASIBHOIO OTYETA
Ha CTaHJAPTHBIX JINCTaX OyMarv ¢ TUTYJIbHBIM JINCTOM, O()OPMJICHHBIM I10 OOIIIe-
MPUHATBHIM TPEOOBAHUSIM.

OTYET NOJIKEH CONIEPKATh:

—  11eJb paboThI;

— KpaTKHe TEOPETUYECKHE CBEJSHUS 00 HCCIeayeMbIX KOMOMHAITMOHHBIX
yCTPOMCTBAX;

— CXEMbI IPOBEACHUS UCCIIC0BAHUIA;

— TMOJIy4YEHHBIE BPEMEHHBIX JUarpaMmM, Ha KOTOPBIX yKa3aTh BCE BXOJHBIE U
BBIXOJIHBIE KOJIOBbIE KOMOWHAITMM TaOJWI] WCTUHHOCTH COOTBETCTBYIOIIUX
YCTPOMCTB;

— BBIBOJHI.

2.6 Kounmponvnsie éonpocol

1. HaznaueHue, OCHOBHBIEC MapaMeTphl U Kiaaccuukaius aemudpaTopos.

2. Cxema u paboTa JIMHEHHOTro Jemudparopa.
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3. MHoroctyneH4arslie 1emudpaTopsl.

4. Haznauenue, ycnoBHOe rpaduieckoe 0003HaueHHE MpeodpazoBaTeiei Ko-
1a.

5. HaznaueHue v NpUHLMI OCTPOEHHUS MpeoOpa3oBaTes IBOUYHBIA KOJ -
KOJI CEMHCETMEHTHOTO JIeru(paropa.

6. Koasl s mpencraBiaeHus: OUMOISIPHBIX CUTHANIOB. CBSA3b MEKIY HUMHU.

7. IlpyHIMIIBI TOCTPOCHMSI PeoOpazoBaTeseil OUMONAPHBIX KOJOB AT Ipe-
CTaBJICHUSI OUTIOJIAPHBIX CUTHAJIOB.

8. Haznauenwue, ycioBHoe rpaduieckoe 0003HaueHUE MYIbTHUILIEKCOPOB.

9. CriocoObI MOBHIIEHUS Pa3pPSAHOCTH MYJIbTHUILIEKCOPOB.

10.ITpuMeHeHne MyIbTHILIEKCOPOB.
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3 MHccaenoBanue TPUITEPOB HA MHTErPAJbHBIX MUKPOCXeMAaXx

3.1 Ilenv pabomwt
[{ennpro pabOTHI SBISIOTCS:
— 3aKperieHUE TEOPETUUECKUX 3HAHUH TI0 TPUTTEpaM;

- HpI/IO6peTCHI/Ie MMPAKTUYCCKUX HABBIKOB MCCIICAOBAHUS TPUTTCPOB.

3.2 Ilopsaook evinonnenus pavomaol

Brinonnenue 1adbopatopHoil pabOThI U OTUETA 110 HEH PEKOMEHIYETCS MPO-
BOJHTH B CJICAYIOIIEM MOPSIIKE:

— WU3YYUTh JICKIIMOHHBIM MaTepuan 1o TeMe, OTBETUTh Ha KOHTPOJIbHBIE BO-
POCHI;

— M3Y4YUTHh JA0OPaTOPHYIO YCTAaHOBKY M O0BEM HCCIEIOBAaHUN, MPEICTaB-
JICHHBIE B TIo/ipa3fene 3.4 HaCTOAIIEro PyKOBOJICTBA,

— BBIMOJHUTH 33JIaHKE K JIA0OPAaTOPHOU paboTe, MpecTaBIeHHOE B 11.3.5;

— ohopMHTH OTUET TIO paboOTEe B COOTBETCTBUH C TpeboBaHUsAMH 11.3.6;

— NPEeABSIBUTH OTUET MPENOJABATEINIO ISl YTBEPKIACHUS;

— 3AUIUTUTH OTUYET O BBHIOIHEHHOU paboTe.

3.3 Kpamkxue meopemuueckue ceedenus

Tpuceepom [3, 4] Ha3biBaeTCs YCTPOMCTBO, UMEIOIICE JBA YCTOMYUBBIX CO-
CTOSIHUSL M CIIOCOOHOE€ MOJ| IEWCTBUEM YIPABISIOIIUX CUTHAJIIOB CKaYKOOOpPa3HO
IIEPEXOUTH U3 OJTHOTO COCTOSIHUS B IPYIOE€.

MareMaTuyeckor MOJENBIO TPUITEPA SABIISAETCS dJIEMEHTapHbIM aBToMaT My-
pa, xapakrepusyromuiics MmHoxectBoM {X, S, Z, fs, f;}, B koTOpomM noamMHOkecTBa
S U Z cojaepKaT TOJBKO IO J1Ba 3JieMeHTa. Tpurrep, kak npoctedmmnii nuudpoBoi
aBTOMAT, MPEAHA3HAYCH U1 XPAHEHUS 3HAUYCHUS OJTHOM JIOTUYECKOU NIEPEMEHHOU

(oHOTO pa3psijia JBOUYHOTO YHCIIA).
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JIBa BBIXOma TpuUrrepa obo3Havarorcs: npsamou - O u uneepcusii - Q . Co-

CTOSIHHE TPUITEpa ONPENEISAETCA MO 3HAYCHMIO MOTEHIMAaIa Ha MPSAMOM BBIXOJE:
€CJIM ATOT NOTEHIMAJl UMEET 3HAYEHUE, COOTBETCTBYIOIIEE JIOT. «1», TO cunTaercs,
YTO TPUITEP HAXOAUTCS B €IUHUYHOM COCTOSIHUU, NHAYE - B HYJIEBOM COCTOSIHUU.
Bxoapl Tpurrepa aenstcss Ha MH(GOpPMALUMOHHBIE W BcriomorarenbHble. Cur-
HaJIbl, OCTYMAaIKe Ha UHHOPMALIMOHHBIE BXO/IbI, SBISSICh CUTHAIAMHU BO30YX-
JIE€HUS, YIPABIISIIOT COCTOSIHUEM Tpurrepa. CUTrHaibl, HOCTyNAOIIKME Ha BCIOMOT a-
TEJIbHBIE BXO/IbI, YIPABISAIOT IPEABAPUTEIBHON YCTAaHOBKOW TPUTTEPA U CHHXPO-

HH33HHCI>1 MOMCHTOB BPEMCHHU IICPCKIIIOYCHUSA COCTOSHUS.

3.3.1 Knaccudukauusi TpUrrepon

[To pyHKIMOHATBHBIM BO3MOXKHOCTSIM:

1) Tpurrepsl ¢ pa3ienbHON YCTaHOBKOM - RS-TpurTeph!;

2) TPUTTEPHI ¢ TPUEMOM HH(OPMAITUH 110 OJJHOMY Bxoxy D-Tpurrepsr;

3) TpUrTEpHI CO CUECTHBIM BXOAOM |-TPUTTEPHI;

4) yauBepcanbHbie Tpurrepbl JK-Tpurrepsi.

[IpunsTHI cienyrone 0003HaUYEHUS BBIBOJIOB TPUITEPOB:

— S - pa3genbpHBIM BXOJ YCTAHOBKH B €IMHUYHOE COCTOSHUE MO MPSIMOMY
Beixoy Q (Set - ycraHoBKa);

— R - paznensHbIil BX0A cOpoca TpUITepa B HYJIEBOE€ COCTOSHHE IO MPAMO-
my Beixoay Q (Reset - copoc);

— Hasnauenue J- u K-Bx010B aHanornyHoe R— S —BXOJaM.

— D - undopmanumonnsiii Bxon (Data Input), na xoTopbiii mogaercss UH-
dbopmartius, npeHa3HaAYeHHAas AJis 3alIMCU B TPUITED.

— T - cuernsiii Bxoz (Toggle - nepexirouaresp).

— C - BX0J CUHXPOHU3AIINH.

ITo crtocoOy nnpuema nHbOPMALINH.
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1) acuHXpOHHBIE (HETAKTHPYEMBIC);

2) CHHXPOHHBIE (TaKTUPYEMBIE).

Acunxpornunvie mpuczeepbsb MEHIIOT COCTOSHUE B MOMEHT IOSBIIE-
HUSl CUTHAJIOB BO30YKIEHUS Ha MHPOPMAaLMOHHBIX Bxonax. Cuuxponuuvl e -
IIpU BO3/CHCTBUU CUTHAJIOB HAa MH(QOPMAIIMOHHBIX BXOJaX M HAJIMYUU pa3pela-
IOIMX CUTHAJIOB CUHXPOHH3ALUU.

CHHXpOHHBIE TPUITEPHI OBIBAIOT CO CTATHYECKUM YIPABICHHEM IMPUEMOM
MH(pOpMaluy, ¢ AMHAMUYECKUM YIIPABICHUEM U ABYXCTYIIEHUATHIE.

CHHXpPOHHBIE TPUITEPBI CO CMaAMuUu4ecKkuM yYynpaeieHuem Ipue-
MOM HMH(pOpPMALMU MPUHUMAIOT CUTHAJIBI B TE€YEHUE BPEMEHU JEHUCTBUSI CUHXPO-
HU3HUPYIOLIEr0 UMITYJIbCA, CIEJ0BATENbHO, COCTOSTHUE TPUITEPA MOKET TOMEHSTh-
Csl MHOTOKPATHO C U3BMEHEHUEM CUTHAJIOB HA HH(POPMALIMOHHBIX BXOJaX. Y TaKUX
TPUITEPOB BXOJl CHHXPOHU3ALUU CTATUUECKHI.

CHHXpPOHHBIE TPUITEPBI C O U HAMUY ECKUM YNpagleHuem Ipue-
MOM MH(OpMaluy MPUHUMAIOT TOJBKO T€ MH(OPMAIMOHHBIE CUTHAJIbI, KOTOPHIE
MOCTYMAIOT Ha UH(POPMAIIMOHHBIE BXOJIbI B MOMEHT MOJA4H UMITYJIbCA CUHXPOHHU-
3alUM. Y TaKUX TPUITEPOB BXOJ CUHXPOHU3ALUH TUHAMHYECKUU.

CHUHXpOHHBIE IBYXCTYIEHYATHIE TPUTTEPHI COCTOST U3 JIBYX CTYNEHEH. 3anuch
B IIEPBYIO CTYIIEHb MPOU3BOJUTCS C MOSIBJIEHUEM CUHXPOUMIIYJIbCA, & BO BTOPYIO -
MOCJIE OKOHYAaHUsSl JEUCTBUS CUHXpouMIlysbca. CieqoBaTeNbHO, ABYXCTyIEHYa-
THI TpUTTEp 3aJE€pPKUBAET MOSBICHUE MHMOpPMALIMK HA BBIXOJE Ha BpeMs Jeil-

CTBUA CHHXPOHMITYJIbCA

3.3.2 AcuHXpOHHBIE RS- TpUTrTEPHI

RS-Tpurrepsl 5T0 TPUTTEPHI C pa3AeIbHON YCTaHOBKOM. [IpocTelmmmu Tpur-
repamMu SBISIOTCS acUHXpOHHBbIE RS-Tpurrepsl. CTpoATCs Ha IBYXBXOJOBBIX JIO-

rnyeckux demenTtax U-HE n MJIN-HE.
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Tabnuia nepexo10B-BbIX0JI0B
RS-Tpurrepa ¢ npsMbpIMA BXOJAaMHU

el T ? R 11 o RS o®) ITpumeuanue
. Q T 0 1
00 0 1 XpaHeHue
01 1 1 VYcranoBka B "1"
1 0 10 0 0 C6poc B "0"
S — 1 1] x X 3amper

Pucynok 3.1- RS-Tpurrep ¢ npsMbIMu BXOJaMu

Tabnuia nepexo 0B-BbIX0/I0B

— — Q RS-tpurrepa ¢ ”HBEpCHBIMU BXOJIaMH
R Q T RS o) [pumeuanue
Rl T
0 1
>< 00 X X 3arper
_ & (_2 01 0 0 Copoc B "0"
R O—— 10 1 1 VYer.B"1"
11 0 1 XpaneHue

Pucynok 3.2- RS-Tpurrep ¢ H”HBEpCHBIMHU BXOJaMHU

3.3.3 D-Tpurrepsl

D -TpurrepoM Ha3bIBaeTCsi TPUITEP C OJHUM HH(POPMAIMOHHBIM BXOJOM,
MPUYEM CUTHAJ Ha BBIXOJE TPUITEpA MOBTOPSAET CUTHAT HA MH(OPMAIMOHHOM
BXOJIC JI0 MEPEKIF0YCHUS, TO eCTh Q1 =Dy.

Hasznauenune D-tpurrepa - 3amepxka curHana. OH umeeT HH(OOpMAITMOHHBIN
Bxoa D u Bxoa cunxponuzauuu C. B D-Tpurrepe co cTaTUYECKUM YIPaBICHUEM
(pucynok 3.3 a, 6) npuemMoM MH(pOpMaLUU JaHHBIE cO BXxoAa D 3amuchiBaroTcs B
TE€YEHUU BpeMeHU JercTBUs cunxpoumnyibcoB (C=1). B D -tpurrepe ¢ nunamu-
YECKUM yIpaBjieHUueM npueMoMm uHpopmanuu (pUcyHok 3.3 B) JaHHBIE CO BXOJa

D 3anuceiBatoTcs 10 (PpOHTY WM MO cHaay CHUHXpPOUMITYJIbCOB. OOO3HaAUEHUS
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cUHXpOoHM3Upyoumx C-BxoM0B D-TpurrepoB ¢ IWHAMHUYECKUM YIPABICHUEM
MPEACTAaBICHO HAa pUCYHKE 3.3 T, 1.

D-tpurrepsl MOryT OBITH MOCTPOEHBI MO pa3iauuHbIM cxeMaM. [loxpoOHo
paccmoTpum cxemy D-tpurrepa na anementax M-HE (pucynok 3.3 a, 6). Dnemen-
Tl DD3, DD4 cocraBisitoT acuHxpoHHBI RS-Tpurrep. Dnementst DD1, DD2 06-
pa3yroT cxeMy ympaslieHus. BpemeHHble nuarpamma pabotsl D-tpurrepa mpen-
ctaBieHa Ha pucynke 3.4. Ecniu na C-Bxoae Tpurrepa curnan C=0, To coctosiHue
TpUITEpa yCTOMYMBO M HE 3aBUCUT OT curHana Ha D-xone. [lpu 3TOM Ha BXOIBI
aCHHXPOHHOTO RS-TpHrTrepa mocTymaT curHansl R =S = ], He M3MEHSIONIIE €T0
cocrosinus. [Ipu C=1 undopmanms Ha MPSIMOM BBIXOJE OyI€T MOBTOPATH HHPOP-

manuro Ha D-Bxoge. To ects ipu C=0, Qu+1=Qy, a mpu C=1, Qu1=D:x.

Qo —P|T 2
—D| T L@ —1¢
~ B
—c
_ C
. ] 1ls —Fc| . —c

R
DD2 ; DD4 ﬁc‘ﬂﬁc‘

a— D-Tpurrep co craTuyecKkuM yIpaBlIEHUEM,

0 — ¢pyHKIMOHaNbHas cxema D-Tpurrepa co craTH4eCKUM yIIpaBICHUEM,

B — D-Tpurrep ¢ tuHaMu4ecKuM ynpaBlieHUEM,

r — 0003Ha4Y€HNE BX0JIa CHHXPOHU3AIMH CO CpabaThIBAHUEM I10 TIEPETHEMY

¢ponTy,
I — 0003Ha4Y€HKE BX0/1a CHHXPOHHU3AIMH CO cpabaThIBaHUEM 10 33 JHEMY (QPOHTY

Pucynox 3.3 — D-tpurrep

Tabnuia nepexo 0B-BbIX0I0B

CD 0 IIpumeuanue
0 1

00 0 1 "Xpanenue"

01 0 1 "Xpanenue"

10 0 0 3anuce "0"

11 1 1 3amucs "1"
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c. [ ; [ ] i .
-3 T e N o i |
Qo | 3 |
1
c ] ] B .
D B RE
i 7 t
Q
.

30BaTb TPUITCP AJIA ACJICHUA 4aCTOThI BXO,Z[HOﬁ IIoCIaca0BaTCJIIbHOCTH HA JBa, TO

CCTh IPOHU3BOJHTHL IICPCKIIIOUCHUC TPUITCPAa B IIPOTHUBOIIOJOXKHOC COCTOSHHC

a

3.3.4 T-tpurrep

Ka’>XIbIM BXOAHBIM HMITYJIBCOM.

BXOAHOI'0 UMINIYJIBCHOI'0 CUTHAJIa, HA3BIBACTCH T-TpI/IFI‘epOM (C‘-IeTH]:IM TPpHAr-

repom).

Ha pUCYHKe 3.5.

TPUITEPOB CO CTATUYCCKHUM YIIPABJICHHUCM.

o

3

a — TpUrrepa ¢ IMHaMU4ECKUM YIIPaBICHUEM
0 — TpUrrepa co CTaTUYECKUM YIIPaBICHUEM

3

Pucynok 3.4 — Bpemennsie nuarpammsl D-tpurrepa

YacTo B mpakTuke pa3paboTKu MU(PPOBBIX YCTPOMCTB HEOOXOIUMO HCIOIb-

Tpurrep, KOTOpbIii MeHsIeT CBOE€ COCTOSIHME € MOCTYIUIEHHEM KaKI0ro

YcaoBHoe rpaduueckoe 0003HaAUEHHE U BPEMEHHbBIE THArpaMMBbl IPUBEICHbI

PaccmoTpenHble TpUrrepsl HE UCUEPIIBIBAIOT BCE Pa3HOOOpa3He CUHXPOHHBIX

3

0

Ol




40

a - yCJIIOBHOE Tpaduieckoe o0o3HaueHne, O — BpeMEHHBIE THarpaMMbl

Pucynox 3.5 — T-Tpurrep
3.4 Cxemwvl uccneoosanus mpuzzepos

Ha pucynke 3.6 mpencraBieHa cxema uccieqoBaHusl RS-TpurrepoB — acuH-
XPOHHBIX U CUHXPOHHOTO C MMAaHEJIbI0 TeHepaTopa CJI0B, HACTPOCHHOr0 Ha (hopMHU-
pOBaHUE BPEMEHHBIX JMArpaMM BXOJIHBIX YTPAaBIAIONIMX CUTHAJIOB. ['eHepaTop
CJIOB UMeeT 16 ABOMYHBIX BBIXOJOB ISl IIECTHAIIATUPA3PAIHBIX ¢lloB — 15p...0p.
B nanno#t cxeme Ha Tpex Bbixomax (10p, 9p, 8p), COOTBETCTBYIOLIUX BTOPOM
HIeCTHAAIATEpUYHON 1udpe HA HKpaHEe B JEBOM YacTU MaHeNIu TeHeparopa, Gpop-
MUPYIOTCSI CUTHAJIBI JIJIi CHHXpOHHOTO RS-Tpurrepa: 10p — curHan CMHXpOHHU3a-
uu, 9p — curHan ans S-Bxoja, 8p — curHan ans R-Bxona. Ha Beixomax Sp u 4p
(nepBas mectHaauaTepuyHas nudpa) GOPMUPYIOTCS CUTHANBI JIJIT ACHHXPOHHOTO
RS-Tpurrepa ¢ mHBEpCHBIMU BXOJaMH, a Ha Bbixojax lp u Op (HyneBas miecTHa-
nnatepudHas mudpa) GopMUPYIOTCS CUTHAIBI U1 aCMHXPOHHOTO RS-Tpurrepa ¢
npsaMbIMU Bxoaamu. st hopMHUpOBaHHUS BPEMEHHBIX JUArpaMM HCIOJIb3YHOTCS
CEMHAJIATh KOJOBBIX KOMOWHAIIMI TeHepaTopa CJIOB — C SUYEUKH C aJpecom
(0000),, o stueiiky ¢ agpecom (0011), BxoaHbIe ¥ BBIXOIHBIC CUTHAIBI TPUTTEPOB
MOCTYIAIOT HA BXO/JIbI IOTUYECKOTO aHaau3aTropa Jjisi GopMUPOBAHUS BPEMEHHBIX
JuarpaMm paboThl TPUTTEPOB.

Ha pucynke 3.7 npencraBieHa cxema uccieoBanus D-TpurrepoB co cratu-
YEeCKUM U JUHAMHUYECKUM YIIpaBJIeHHWEM Tpuema uHbopmaruu u 7-Tpurrepa Ha
ocHoBe D-Tpurrepa ¢ ITMHAMUYECKUM YIIpaBieHUEM. B maHHOI cxeMe Ha BbIXO4ax
Ip u Op (HyneBas mecTHaauarepuuHas udpa) bopmupyrores curdansl gis C-
BX0J10B U D-BX0J0B TPUTTEPOB COOTBETCTBEHHO. J1J1s1 (hOPMUPOBAHUS BPEMEHHBIX
JavarpamMM HCTIONB3YIOTCS ABAANATh OJHA KOJOBas KOMOMHALMA reHepaTopa C/0B

— ¢ AYeikm ¢ axpecom (0000), tio staeiiky ¢ aapecom (0014),. BxonHbie u BBIXOA-
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HBIC CHUTHAJIbI TPUITCPOB IHOCTYIIAKOT HA BXOAbI JIOTHYCCKOI'O0 aHaInu3aTropa A

(dopMUpOBaHMS BpEMEHHBIX JUarpamMm paboThl TPUTTEPOB.

[ 0000 XXX 2

o000
] Word Generator 23 of[—
—Address g =
B&12 |/« ol —
8236 Eit  [oooo Cycle =
EE%% Current [0011 | Eur=t | g—._.—
G165 Initial (0000 Step o] =
Sé%é Final  [0011 Breakpoin‘t| o|——
az80 , Fattem... =
Baoe | [ 2=
azaa [EEEN Eemal | £ WS & o e
Sggg — Frequency = o~
ata
S ready (@ i
G166
ASCI (00
FEEH -| | Binary [0000000000000000 |

I c

[ ]
a — aCUHXPOHHBIH C MPSIMBIMH BXOJJaMU
b — acHHXpOHHBII ¢ UHBEPCHBIMU BXOIaMH
C — CHHXPOHHBIH TpUrrep

Pucynox 3.6 — Cxema uccnemnoBanust RS-tpurrepon

| 0000 XK |3

L o Lo }

5 ' Werd Generator x|
—Addrazs
BEBAZ | -
HERAZ :I Edit 0001 - g E
SSSS Currerit (0000 Burst | o
aap2 i | ———
ARES Initial |0000 Step | ol
aEal Final |0014 Br\eakpnim| ol
SSS% Pattem... g ol
BaRz —Trigger ol
2557 | || OEEEN Easma | ol EE G 2
% — Frequency =]
Data 3
ESS? ready (% ° -
HEBA 2
@aaz AsCi [ _ ua ol ~r
eeai - Binary [0000000000000010 | |[@— o b ]
CHCHEHEH NG
|— bo
=

o— 1 .

a—D-tpurrep co craTudeckuM ynpaBieHUEM
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b — D-tpurrep ¢ TMHAMHYECKHAM YIPABICHHUEM IO TIEpEHEMY (PPOHTY
¢ — T-Tpurrep Ha ocHOBe D-TpHuTTEp

Pucynox 3.7 — Cxema uccnenoBanusi D- u T-Tpurrepon

3.5 3aoanue na nposedenue ucciedo8anus
HccnenoBanue BKIIOYAET B Ce0Sl IKCIIEPUMEHTAIBLHOE CHITHE BPEMEHHBIX

JUarpaMM BXOJHBIX W BBIXOJHBIX CHUTHAJIOB TPUTTEPOB M COMOCTABIICHHUE DKCITE-
PUMEHTAJIBLHO CHATBIX BPEMEHHBIX AUArpaMM C TaOJMIIAMH TEPEXO0JT0B-BBIXO/IOB
TPUTTEPOB.

3.5.1 [Ins cHATHS BpeMEHHBIX JUarpaMm HE0O0XO0IUMO:

— HACTPOUTH TE€HEPATOP CJIOB, KaK MOKAa3aHO Ha pUCYHKax 3.6 (Ipu uc-
cinenoBanuu RS-tpurrepos), 3.7 (mpu uccienoBanuu D- u T-Tpurrepon);

- JBOWHBIM IIEITYKOM "MBIIIU' pa3BEPHYTH JIOTUYECKUM aHATIU3ATOP;

— NEPEKITIOYUTh TEHEpPaTop CJIOB B IHUKIMYECKUN pexuM (KHOIKA
Cycle) u 3anycTuTh CXeMy;

— nepeBectr nporpammy Electronics Workbench B pexum mnayss
(xnomka Pause)

— JTUHEHKOU MPOKPYTKHU MO TOPU3OHTAIM MEPEBECTH dKPAH aHAINU3ATO-
pa Ha HAYAJIbHBIN y4aCTOK BPEMEHHBIX JHarpaMM;

- MIepEPUCOBaTh WJIM CKOIMMPOBATh BPEMECHHBIC JTUATPAMMBI.

CkomnupoBaTh CXeMy WM MPOU3BOJIBHYIO YacTh pabOYero MmoJiis MporpamMMbl
Electronics Workbench mosxxuo xomanmor Copy as Bitmap Bkiagku mento Edit.

3.5.2 CormocraBpTe TaOJIUIIBI MEPEXOJOB-BHIXOJOB TPUTTEPOB M TOTYUYECH-
HbIC BPEMEHHBIE JUarpaMMbl paOoThI. J[J1s1 3TOTO MPOHYMEpPYHTE KOJOBBIC KOMOH-
HaI[MU TeHepaTopa CIIOB, UCIOJIb3yeMbI€ B SKCIIEPUMEHTE, OTMETHTE STUMHU HOMeE-
paMy W 3HAYCHHUSMH KOJIOBBIX KOMOWHAIIMK BXOJHBIC CHUTHAJbI HAa BPEMCHHBIX
quarpaMMax M KakJI0M KOJOBOM KOMOMHAIIMK COTIOCTaBbTE CTPOKHU TaOJIUIL Mepe-
X0JIOB-BBIXOJIOB COOTBETCTBYIOIINX TPUTTEPOB.

3.5.3 Cnenaiite BBIBOJBI 110 padoTe.
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3.5.4 Odopmure otyer o padore.

3.6 Tpebosanus k omuémy no pabome

OT1uéT o paboTe MOKET BBIMOIHATHCS B OTACIBHOMN TeTpaau (BMeCTe C OTUE-
TaMH 110 APYTUM padoTaM 3TOU ke AUCHUIUIMHBI) WU B BUIE OTIEIBHOTO OTUETA
Ha CTaHJIAPTHBIX JIUCTaX OyMaru ¢ TUTYJIbHBIM JTUCTOM, O)OPMIICHHBIM IO 00111e-
IPUHITHIM TPEOOBAHUSM.

OTU€T NOJIKEH COAEPKATh:

—  1eab paboTHI;

— KpaTKHE TEOPETUYECKUE CBEICHUS O TPUITEPAX

—  CXEMBI IPOBEICHUS UCCIICI0BAHUM;

— TOJIyYEHHBIE BPEMEHHBIX JHArpaMM, Ha KOTOPBIX yKa3aThb BCE BXOIHBIC
KOJIOBbIE KOMOMHAIIMU B COOTBETCTBUH € MI.3.5.2, COCTOSIHUS U PEXKUMBI pabOThI
TPUITEPOB JJIA KaXJAOW KOJOBOW KOMOHMHAIIMU B COOTBETCTBUM C TaOJMLIAMH Iie-
PEXO010B-BbIX0O/IOB;

— BBIBO/HI.

3.7 Konmponwvnvle onpocwl

1. JlaiiTe ompejeneHue TpUrrepa.

2. IlpuBemute ycioBHOe rpaduyeckoe o0003HaueHHE, (YHKIIMOHATBHYIO
CXEeMy U BPEMEHHBIE JHarpaMMbl padOThl aCHHXPOHHOTO RS-Tpurrepa ¢ mpsMbIMu
BXOJIaMH.

3. IlpuBemure ycnoBHOe rpaduyeckoe oOO03HaAUYeHHE, (YHKIIMOHATLHYIO
CXeMy M BpPEMEHHBIC IHarpaMMbl pabOThl aCHHXPOHHOTO RS-Tpurrepa ¢ mHBepc-
HBIMU BXOJIaMH.

4. TlpuBenute ycioBHoe rpaduueckoe oOo3HadeHUE, (DYHKIIMOHAIBHYIO
CXeMy U BpEMEHHBIE JruarpaMMbl paboThl CHHXpOHHOTO RS-Tpurrepa.

5. IlpuBenure ycnoBHOe rpaduyeckoe o00O03HaAUeHHE, (YHKIIMOHATLHYIO

CXeMy U BpeMEHHbIE AuarpaMmbl pabotel D-Tpurrepa.
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6. IlpuBenute ycnoBHOe rpaduueckoe 00O3HAU€HHE M BpPEMEHHBIC aHa-
rpaMMBbI paboThl T-Tpurrepa.

7. TlpuBenute ycinoBHOEe rpaduueckoe 00O3HAUY€HHE M BpPEMEHHBIC aHa-
rpaMMBbl paboThI IByXcTyneH4aroro JK-tpurrepa.

8. HazoBuTe nBa cmoco6a mocTpoeHus cxeM 1-Tpurrepa.

9. Ilepeunciure OCHOBHbIE MPUMEHEHUS TPUTTEPOB.

10. Cuctema o603nauenuit UMC, comepkanux TpUrrepsl.
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4 UcciaenoBaHue CYETIYNKOB

4.1 Ienv pabomot.
[{ennpro pabOTHI SBISIOTCS:
- 3aKpeIICHUE TEOPETUUSCKUX 3HAHUH TI0 TUTTOBBIM U(PPOBBIM
YCTPOMCTBAM C MAMSATHIO - CUCTUHKAM,;
— PHOOpPETEHNE MPAKTUIESCKUX HABBIKOB UCCIICOBAHMS JBOMYHOTO

CUCTYMKA U CUCTUMKA C ITPOU3BOJIbHBIM MOJYJICM CUCTA.

4.2 Ilopsaook evinonnenus pabomeol

Brinonnenue 1adbopatopHoil pabOThI U OTUETA 110 HEH PEKOMEHIYETCS IIPO-
BOJUTH B CJIEAYIOLIEM MOPSIIKE:

—  U3YYUTH JEKIUOHHBIN MaTepHall Mo TeME, OTBETUTh Ha KOHTPOJIbHBIE BO-
IIPOCHI, U3JI0’KEHHBIE B 11.4.7 HACTOSIIETO PYKOBOJICTBA;

—  BBINOJIHUTH 33JIaHUE K JTaOOpaTOpHOU paboTe, mMpeACcTaBIeHHOE B 1. 4.5;

— odopMuTh OTYET MO pabOTE B COOTBETCTBUHU ¢ TPEOOBaHHUAMU II. 4.6;

— MPEeaAbSBUTH OTUYET MPEINOJABATEINIO AJIsl YTBEPKICHUS;

—  3alUTUTH OTYET.

4.3 Kpamkue meopemuuecKkue céeoenus

4.3.1I1pencranenue nHbopmaIuu B IU(PPOBHIX YCTPOUCTBAX

B 1mmupoBeIX ycTpoicTBaX M MpeacTaBiIeHUs WHGOPMAITUU HCIIONb3YEeTCS
JBOMYHAS TIO3UIIMOHHAS CUCTEMa CUMCIICHHMS, HCIIOIB3YIOMIAsl TOJBKO JIBE ITU(PHI
(0 m 1) nnst 3anmKMcH MPOU3BOJIBHOTO YKCIIA. ITO O0YCIOBICHO TEM, YTO IU(PPOBHIC
YCTPONCTBA CTPOSATCS M3 AICKTPOHHBIX Y3JI0OB, UMCIOIIUX JBA YCTONYMBBIX COCTO-
STHUH.

JIBon4Has cucTeMa CUYHMCIICHHS, TaK )K€ Kak M JACCATUYHAS, SIBIISICTCS TO3UIIH-

OHHOW. B KaxaoM paspsiie IBOMYHOTO 4YHCJIa MOTYT COAEPKATHCS TOJIBKO JIBE
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uugpsl - 0 unu 1. Bec kaxaoro paspsiaa ABOUYHOTO yucia (0uTa) 3aBUCUT OT TO-
JIOKEHUS pa3psaa.
JIBOMYHOE YUCIIO MOKET ObITh MPEJICTABICHO B BUJIE CYMMBbI CTETICHEH 2:
{aa,,...a8},=a2"+a, 2" +...a2' +8,2°, a={01}.

JIJist cokpanieHus: 3alucy 4ucedl, MPeACTaBICHHBIX B TBOMYHOUN (opme, uc-
MOJIB3YIOT BOCBMEPUYHOE WM IIECTHAALATEPUYHOE MPEACTABICHUE NBOWYHBIX UYH-
cen. B BocbMmepuuHOM popMe mpesicTaBlieHUs] UCTIONB3YIOTCS BoceMb Iudp ot 0
1o 7. Tpu pa3psiia IBOUYHOTO YUCIIa 3aMEHSIOTCS OJTHOM BOCBMEPUYHOM 1TUDpOi.
B mectHaanarepuuHoit dopme MpeAcTaBiIeHUs HCHoOJb3yeTcs andaButr u3 16
cuMBoJi0B — idpsl oT 0 10 9 u 6ykBel: A, B, C, D, E, F. Yerbipex3znauHoe nBoud-
HO€ YMCIIO MPEACTABISIETCS OJHON MU(POH MIeCTHAIIATEPUIHON CUCTEMBI CUKC-
nenust. B tabmuie 1 npencraiaensl yucia ot 0 10 21 B ASCATUYHOM, TBOUYHOH,
BOCBMEPUYHON U IIECTHAAUATEPUUHON CUCTEMAX CUUCIICHUS.

ITepeBon U3 ABOMYHOM CUCTEMBI CUMCIICHUS B IECITUYHYIO CUCTEMY

11001=1-2*+1-2°4+0-2°+0-2"+1-2°=16+8+0+0+1=25.

B mudpoBoli TeXHUKE HHOTA UCTIOIB3YETCS M IBOMYHO-ACCATUYHBINA KOJI, B
KOTOPOM KaKJiast IecATuIHas nudpa 3aMeHsIeTCs IBOUYHBIM KOJIOM.

Tabnauma 4.1 — [IpencraBieHue ynuces B MO3UIIMOHHBIX CHCTEMAaX CUUCIICHUS

Ywucio Ywucio
BOCBMepI/ILI- mecTHaama- JCCATNY- BOCI)MepI/ILI- mIecTHa-
JIECATHYHOE | IBONYHOE JIBOMYHOE
HOE TEPUIHOE HOE HOE JATEpHY.
0 0000 00 0 11 1011 13 B
1 0001 01 1 12 1100 14 C
2 0010 02 2 13 1101 15 D
3 0011 03 3 14 1110 16 E
4 0100 04 4 15 1111 17 F
5 0101 05 5 16 1 0000 20 10
6 0110 06 6 17 1 0001 21 11
7 0111 07 7 18 1 0010 22 12
8 1000 10 8 19 10011 23 13
9 1001 11 9 20 1 0100 24 14
10 1010 12 A 21 10101 25 15
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4.3.2 CyeTyuku
CYeTUYUMKOM Ha3bIBaeTCA MHUPPO-

—1*1CcT2 |Q0— y
o1 BOE YCTPOWCTBO, NPEAHA3HAYECHHOE IS
Q2— HOJICYeTa KOJWYECTBA CHUTHAJOB, TOCTY-
QB_ MarolIMUX Ha €ro BXOI.
— R| ppD1 CR— MaremMaTH4ecKon MOJEIbI0 CYETUU-
PucyHok 4.1 Ka SIBISIETCS TUCKPETHBIM aBTOMAaT C ma-

YcnoBHoe rpadguieckoe

MSTBIO, MEHSIONUM MOCJIEI0BATEIbLHO
0003HaUEHHE CUETUNKA

CBOU COCTOSIHMSI TIOJ] BO3JICUCTBUEM CHT-
HaJIOB, MOCTYMNAIOIINX HA €r0 BXO/.

KonnyecTBO BO3MOXHBIX COCTOSIHMM cueTuMka K Ha3bIBAlOT € MK O -
CThIO CYETUYMKAa, MOJYJEM IepecuyeTa, OCHOBAHHUEM TME-
pecueta WM KOAIPPUUUEHTOM JeeHHus. CdeTunk, coaepamuii n
pa3psiIOB Ha3bIBACTCA N — pa3psaHbIM JBOWYHBIM CUETYMKOM. TakoW cUeTUHK
UMeEeT MOAYJb cueta K =2". K—ii BXOJHOH CHUTHAJ BO3BPAILAET CYETUUK B UCXOJ-
HOE COCTOSIHHE.

ITo MO0 CYETa CYETUMKH JEIATCA HA 1B O MUY H bl € , y KOTophIX K=2" 1
HA CYETYMKU CTIPOU3BONBHEIM MOJYJIEM cdeTa,yKortopeix K#2".
O0603HaYeHne ABOMYHOIO CUYETUMKA MPEJCTABIEHO HAa pucyHke 4.1.

[To HampaBieHUIO cueTa CYCTUYMKH MOJPA3ICIIIOTCI HA CYMM U P Y IO III U €
MBBHIUUTAKIHUE. Y CYMMUPYIOIIUX CUCTUUKOB MPU MOCTYIJICHUH UMITYJILCOB
KOJl HApACTAET, a Y BHIYUTAIOIINX — YOBIBAET.

CdeTHBIN BX0J, B 3aBUCUMOCTH OT TOTO BBIYMTAIOIIUM WM CYMMUPYIOIIUM
SBJISIETCS CUETUYHMK, o003HavaeTcs win —1 win +1. Bxon R siBnsercs Bxogom cOpo-
ca cyeT4yuka B HyJieBoe coctosiHue. Boixoasl Q0-Q3 siBisitoTCst BBIXOAAMU pa3psi-
JOB (TpUTTEPOB) CUETUMKA, HAUMHAs ¢ Mjajmiero paspsana. Beixoax CR sBasercs
BBIXOJIOM IEPEHOCa B CICAYIOMMM Kackaj] cyeTyrka (y CyMMHUPYIOIIUX CUETUYH-
KOB) WJIM BBIXOAOM 3aeMa (y BBIYMTAIOIIUX CUETYUKOB).

Korma B K Miaammx pa3psaax cuyeTyrKa 3aricaHbl €WHUIIBI, TO TOCTYIICHNE

Ha BXOJI CUETYMKA €Ille OJHOM €IUHMIIBI MPUBOJUT K OOHYJICHHIO K MiIaammx pas-
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psIOB M TiepeHocy eauHuIlbl B K+1 paspsia. [To opranmsanum nepeHoca Mexy pas-
pAAaMH CUETYUKH MOAPA3IEISIFOTCS HAa CUETYHKY C MOCIIEI0BaTENbHBIM IEPEHOCOM,
KOI'JIa IEPEHOC PaCIpOCTPAHIETCs MOCIEI0BATENILHO pa3psy 3a pa3psAaoM — OT OA-
HOT'O TPUITEpa IMOCIEA0BATENLHO K IPYrOMy, C MapauiedbHbIM IIEPEHOCOM, KOI/a
MEPEKITIOYEHUE TPUTTEPOB MPOUCXOIUT MPAKTUUECKH OJHOBPEMEHHO, U C TPYIIIO-
BBIM WJIM MapajuiedbHO-TIOCIEA0BATEIbHBIM IEPEHOCOM — BHYTPH TpYyMIbl Hapai-
JIEJIbHBII MIEPEHOC, @ MEXKY TpyIIaMi — OCIIE10BATEIbHBIN.

CueTynku CTpOATCA HA OCHOBE CUETHBIX |-TpUITepoB. TpUITEPHI B CUETUHUKE
COEIMHEHBI MOCJIEIOBATEILHO U MEHSIOT CBOE COCTOSIHUE Ha MPOTUBOIOJIOKHOE

IIpH MMOCTYINNICHUM CUTHAJIOB HAa UX BXO/bI.

4.3.3 JIBonuHbIE CUETYUKH

Ha pucynke 4.2 npencraBieHa (pyHKIIMOHAJIBHAS CXeMa JBOWYHOTO YEThI-
pexpa3psAIHOTO BBIUMTAIONIETO CUETUYMKA HA OCHOBE [-TPUITEPOB C JUHAMHUYE-
CKHUM YIIPaBJICHUEM MO (PPOHTY UMIYJIBCOB C HEMOCPEACTBECHHBIMU CBS3SIMU MEXK-
Ny pa3psaMy U BPEMEHHbIC JHArpaMMbl, MOSICHSAIOUIME paboTy cueTumka. s

yTOro cyetunka K=2*=16.

Y1 Y, Y3
Lot T L L AT LT L AT
Ya
O—l
Copoa 1AL T J‘TR T J‘?R TR
0 15 {1413 {12/ 1110} 9: 87 {65 : 43 {21 {0 15,

CuertT

Y1

Y2 I

E

Ya | | |

Pucynok 4.2 — BeruuTaroniuii 4eTbipexpa3psIHblil TBOUYHBIA CIETUNK
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y1 y2 y3

Cyet

Cbpoc
O—

Ya | L_________

Pucynox 4.3 — CyMMUPYIOIIHI YeThIPeXpa3psIHBINA JBOMYHBIA CUCTIHK

Hcnons3ys T-Tpurrepsl ¢ IMHAMUYECKUM YIIPaBIEHUEM 1O cpe3y (110 3a/He-
My (POHTY) BXOJHBIX UMITYJILCOB WJIM NIEPEAAUy CUTHAIOB HA MOCIETYIOIINI Kac-
KaJl CYeTYMKA C MHBEPCHOTO BBIXOJla TPUITEpa MPEAbIAYLIEro Kackaja, MOMXHO

MOJYYUTh CyMMUPYIOIIHNA CYETYHK (PUCYHOK 4.3).

4.3.4 CyeT4yMKH ¢ NPOU3BOJIBLHBIM MO/YJIEM CUeTA

B cinyyasix, korga TpedyeTcst HoJIydYuTh eMKOCTh cueTduKa K OTIMYHYIO OT
CTETEHU JIBOMKH, TO UCIIOJIB3YIOT CXEMBI CYUETUUKOB C MTPOU3BOJIBHBIM MOYJIEM
cyera. /{1 moCcTpoeHUsI CYETYMKOB C MPOU3BOJIBHBIM MOIYJIEM CUYETA UCTIOJIB3YIOT
CJIEYIOIINE CXEMBI:

—  C HCKIIIOYCHHUEM KOHEYHBIX COCTOSIHHI — I10 cXeMe cOpoca;

— C MCKJIIOYEHHEM HAaYaJIbHBIX COCTOSIHUM — IO CXEME MPEIBapUTEIbHOMN
3amucH Koza fomonHeHns K 10 cTenenu ABoiiky, T.e. 2"-K.

— KOMOWHHMpOBaHHAS.

CTpykTypHas cxeMa CueT4YMKa Ha OCHOBE CXEMbI cOpoca MpejcTaBieHa Ha

pucysake 4.4. K BpIxogam cueTurka MOJKIIOYEH nemudparop, Beiaensonmi K-e
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COCTOSAHHEC CUCTUHKA. HpI/I JOCTHXKCHHUHU CUCTYHMKOM K-10 cocTOSIHUSI CUTHAII C BBI-

Xo0Ja Jaemu@paropa MOCTymaeT Ha BXOJ cOpoca R, yTo MpUBOAUT K OOHYICHUIO

CUETYHKA.

JLL

—_— ©
N+ 1| CT 2
Q0 =
Q1 z
. : I
. - (@]
Cé6poc n-1 g
—IR Q :CCD
DD1 —1DC [0

DD2

CueHan cbpoca

Pucynok 4.4 — CyeTurk ¢ IpOU3BOJIBHBIM MOJYJIEM IO cXeMe cOpoca

CnenyeT OTMETUTb, YTO BpPEMs HAaxXOXKICHHUS cueTyuka B K-M COCTOSIHUM
OTIpe/eIIAETCS BpEMEHEM PaclpOCTPAHEHUs CUTHAA yepe3 AemundpaTop U BpeMe-
HEM 3aJIep>KKH cOpoca TpUITEpOB CUETYMKA OT curHaia co Bxonaa R. Hampuwmep,
JUI. MUKPOCXEM CpeJHEN CTENEeHH MHTETpaliy TPaH3UCTOPHO-TPAH3UCTOPHOM J10-
TMKU BpEMs PaclpOCTPAaHEHHUsl CHTHajda MOXKET HaXOAMThCS B JHMalla3oHE OT He-
CKOJIbKMX HAHOCEKYH]I 10 HECKOJIbKUX JIECATKOB HAHOCEKYH/I, YTO MOKET OBITh BO
MHOTO pa3 MEHbLIE NMepro/ia MOCTYNAOIINX UMITYJIbCOB.

CrpyKTypHasi cxemMa CUeTYMKa Ha OCHOBE CXEMbl MPEIBAPUTENIbHON 3amucu
xozxa mononnenus 2"-K mpencrasiena Ha pucyHke 4.5. B 5Toii cxeMe HCrosb3yer-
Csl CYETUUK, UMEIOIINK Bbixoa nepenonHenus CR U BXoAb! 1715 apayijiesibHOM 3a-
nucu koaa D0-Dn-1 no curnany aunamuyeckoro taktuposanus C.

B 3T10i1 cxeme npu JOCTHKEHUH KOHEYHOTO COCTOSTHUSL (DOPMHUPYETCS CUTHA
nepenoiaHenus Ha Bbixoge CR. [1o curnany nepenoyiHeHus: B CUETYUK HE HYJIEBOM
KOJI, a Ko fonojHenus 2 ™-K, ¢ KOTOpOro u HaYMHAETCS KaKIbli HOBBIN LUK pa-

OOTHI CUETUHKA.
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Pucynox 4.5 — CyeTunk ¢ IpoU3BOJIBHBIM MOJYJIEM 10 CXEME
[IpEeIBapUTEIILHOM 3aIMCH KOAA TOIIOJHEHUS

4.4 Cxema uccneooanus cCuemuyuKkos

Cxema HCCIICAOBAHNA CYMMHUPYIOIICTO TPCXPAa3pAIHOIrO ABOUIHOI'O CUCTUM -
Ka IIpCcACTaBJICHA HA PUCYHKC 4.6. B »TOM cXeMe CUETHEIC TPHUITCPHI IIOCTPOCHLI

Ha D-tpurrepax.

? ® 7

+1

= =

g0 0] 02

D }
a f
=
L
j ]
I
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Pucynok 4.6 — Cxema uccie0BaHUs IBOMYHOTO CYETUMKA
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Pucynox 4.7 — Cuetuuk o moaymo K=10

Ha pucynke 4.7 npencraBiieH CUETYUK MO MOJYJIO JECSATh, IOCTPOCHHBIN 1O
cxeme cOpoca. CueTyuk 4eThIpeXpa3psAHbIA, COJIEPKUT YETHIPE CUETHBIX TPUITE-
pa DD1-DD4, noctpoeHHbix Ha ocHOBEe D-TpurrepoB ¢ 1MHAMUYECKUM yIpaBiie-
HUEM 3anuchio uHpopmaluu no nepennemy Gpponty. IIpsmMoil BBIXOJ MIIaIIIETo
paspsna (DD1) ormeuen cumBonamu (0, a crapmiero (DD4) — 3. B BepxHem mo-
JIOKEHUW TIEPEKITIoYaTesIsl cxeMa paboTaeT Kak YeThIPEeXPa3psIHBIN JTBOWYHBIN
cueTuuk. BpemeHHbie auarpaMMbl pabOThl CUETYMKA B 9TOM PEKUME MPE/ICTaBIIEC-

HBI Ha pucyHke 4.8.

B Logic Analyzer =3

HOE0EE0E

Pucynox 4.8 — BpemenHnbie quarpaMMbl pabOThI IBOUYHOTO CYETUUKA
(pucyHok 4.7)
B HmKXHEM MON0KEHNH TIEPEKITIoUaTeNsl cxemMa padoTaeT, Kak CUETIHK C KO-
s punmnentom nepecuera K=10. JlemmdpaTop coOpaH Ha IBYXBXOJOBOM IJIEMEH-

te U-HE (DDS5). Ha Beixoze aemmdparopa peanusyercs Joruyeckas GyHKIus
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f(a3,92,91,90) = g3-ql.

[IpencraBneHHas jgoruyeckas GyHKIMS 3a7aHa B JU3BIOHKTUBHOW HOPMAaJTh-
HOlt opme. [lepeBenem ee B COBEPIICHHYIO TU3BIOHKTUBHYIO HOPMaJIbHYIO (op-
My:

f(43,92,91,90) =g3-92-ql-q0v g3-92-g1-q0 v g3-¢2-ql-q0 v g3-q2-g1-q0
WIHM B YUCIIOBOU (hopMe MpeIcTaBIeHUS
f®(93,92,qLq0) ={1010,1011,1110,111}, ={10,11,14,15},,..
Kak BunHO u3 npeamectByromero Beipaxenus snemeHT U-HE (DDS5) Beiae-

JISIET YEeThIpEe COCTOSIHMS cueTunka — "10-e", "11-e", "14-e¢" u "15-¢".

[E Logic Analyzer &3

EOEEESE0OE

Pucynox 4.9 — Bpemennbie nuarpaMMbl paboThl cueTdrka 1mo moayito K=10
(pucyHok 4.7)
[TepBbIM Ha BXOBI cOpOCa TPUTTEPOB MOCTYNAET CUTHAN C BBIXOJAA Jemud-

paTtopa, cooTBeTcTBYIOmMA "10-My" COCTOSHHIO CUeTUMKA — CUETUYMK OOHYJISETCA
10 3TOMY CHTHally (BpeMeHHbIC nuarpammbl Ha pucyHke 4.9). CremoBaTelbHO,
KOHEYHBIE COCTOSIHMS cyeTunka — ''11-e", "12-e¢", "13-e", "14-e" u "15-e" He no-
cturarotcs. [IpeOriBanue cyetunka B "10-M" cocTosSHUM 3aHUMAET OYEHBH KOPOT-
KU UHTEPBAJl BPEMEHU 110 CPABHEHUIO C MIEPUOJIOM BXOJIHBIX WMITYJIHCOB, TTOITO-
My Ha BpEMEHHBIX Iuarpammax pucyHka 4.9 Haxoxjaenue cuetunka B 10-M cocto-
SHUHM HE OTpakeHO. Takum 00pa3oM, CUETYMK MOCIEAOBATEIBHO MUKINYHO CMeE-
HSET Jecath cocrosHuil — "0-¢", "1-e", "2-e", "3-¢e", "4-e", "5-e", "6-¢", "7-e", "8§-

e", "9'6".
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4.5 3aoanue na nposedenue ucciedo8anus

[lo 3amanuio mpenojaBareisi HAPUCOBATH CXEMbl JIBOMYHOI'O CUETYMKA M
CUeTYMKa ¢ 3aJaHHbIM Ko3(duimentom nenenus. Cobpatb cxembl Ha pabouem
none Electronics Workbench. Custe BpeMenHbIe ArIarpaMMbl BXOJTHOTO CUTHAJIA U
BBIXOJIHBIX CUTHAJOB KaX/I0r0 pa3psaoB cUETYMKOB. Ha BpeMEHHBIX AuarpaMmax
BBIJICINTh TOJHBIE LUKIbI pAa0OTHl CYETYHKOB, YKa3aThb COCTOSIHUS CUETYMKOB,
MOATBEPAUTDH MOITYYCHHE 3a/JaHHBIX KOA((UIIMEHTOB MepecyeTa.

4.5.1/15151 cCHATHS BpEMEHHBIX IMarpaMMm HE0OXOAUMO:

— 3alyCTUTh COOPAHHYIO CXEMY;

— JBOMHBIM LIETYKOM "MBIIIHN" pa3BEPHYTh JOTUUECKUN aHAIU3ATOD;

— nepeBectu nporpammy Electronics Workbench B pexxum nayser (Pause)

JIMHEUKOHN MPOKPYTKHU II0 TOPU3OHTAIM IEPEBECTH 3KPaH aHAIM3aTOpa Ha
HayaJlbHBIA YYaCTOK BPEMEHHBIX JUArPaMM;

— MEepepUcOBaTh WU CKOIIUPOBATh BPEMEHHBIE THATPAMMBI.

CkomnupoBaTh CX€My WJIH MPOU3BOJIBHYIO YacTh pabOYero moJisi MporpaMmbl
Electronics Workbench moxxuno komanmoi Copy as Bitmap Bkinanku menro Edit.

4.5.2CnenaiiTe BBIBOJIBI 11O paboTe.

4.5.30¢dopmuTte otuet o paboTe.

4.6 Tpebosanus k omuémy no pabome

OtuéT 1o paboTe MOXKET BBIMIOJHATHLCS B OTJCIBHON TeTpaau (BMECTE C OTUE-
TaMU 110 APYTUM padoTaM 3TOH Ke NUCIHUIUIMHBI) WK B BUAE OTJAEIHHOTO OTYETA
Ha CTAaHJAPTHBIX JIUCTAX OyMaru ¢ TUTYJIbHBIM JINCTOM, O(OPMIIEHHBIM TI0 00T1IIe-
MIPUHSITHIM TPEOOBAHUSIM.

OTYET NOJIKEH CONIEPHKATh:

— 1IeJb paboThI;

— KpaTKHE TeOPETUUYECKUE CBEJCHUS O CUCTUMKAX;

— CHHTE3UPOBAHHBIC CXCMBbI CYCTYHUKOB,
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— CXCMBbI IPOBCACHUA HCCHeﬂOBaHHﬁ;
— MOJYYCHHBIC BPEMCHHBIX JHWarpaMM, Ha KOTOPLIX YKa3aTb ITOJIHBIC IUKIIbI
pa6OTI)I CUYCTUYHKOB, YKa3aTb COCTOSIHUS CUCTUHKOB,

— BBIBOJBI.

4.7 Konmponvnwvie gonpocwi

1. Haznauenue, yciaoBHoe rpaduueckoe 0003HauY€HUE, OCHOBHbBIE TAPAMETPHI
U KJaccu(UKaIus CYeTIYNKOB.

2. Cxembl U paboTa CyMMUPYIOIIETO CUETYUKA.

3. Cxembl 1 paboTa BEIYUTAIOIIETO CYCTUHKA.

4. TlpyuHIMIBI TTOCTPOEHUSI CUYETYMKOB C MPOU3BOJIBHBIM MOJIYJIEM CYETa C
UCKIIFOYEHUEM HAYaJbHBIX COCTOSIHUM JIBOMYHOTO CYETYHMKA (C MPEITyCTaHOBKOMN
KOJIa JOTIOJIHEHUSI MOJTYJISI 10 CTETIEHU JBOWKH).

5. [IpyHUIHUIBI TOCTPOCHUSI CUETYUKOB C MPOU3BOJIBHBIM MOJYJIEM CU€Ta C

HCKITFOYCHUEM KOHEUHBIX COCTOSIHUN IBOMYHOTO cUYeTYHKa (110 cxeme copoca).
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