CXEMOTEXHUKA 5BM. UMUTALMOHHOE
MOJIEJIMPOBAHUE OIEPALIMOHHLIX 9JIEMEHTOB

Meroanueckune ykazaHus K BBIIOJHEHUIO JabopaTopHbIX padboT Ne 4-6
Yacts 2



Jlaboparopnas padota Ne 4

JEINUPPATOPBI 1 HINO®PATOPDBI

lens paGotbl: M3ydeHue MNPUHIMIIOB TMOCTPOEHUS PA3IUYHBIX CXEM

nemudpaTopoB U MKUGPaTOPOB.

1. METOANYECKHUE YKA3AHUA

Jemmmdparopom Ha3bIBACTCS ONEPALMOHHBIA JJIEMEHT, WMEIOMHAN N
BX0JIOB M 2" BBIXOJIOB M 00ECIICUYMBAIONINIA TOSIBJICHUE CUTHAIA Ha OMPEICIICHHOM
BBIXOJIE JUISI  KaXJOW KOHKPETHOM  KOMOWHAIlMM  BXOJHBIX  CHUTHAJIOB,
OJIHOBPEMEHHO TMOCTYIHUBIIMX Ha €ro BXOJbl. [lockonbky B ciydae JABOMYHOTO
Koma cymectByeT 2" pasIuYHBIX N-pa3psIHBIX KOMOWHAIMKA, KOJUYECTBO
BBIXO/IHBIX IIMH B 00IIeM ciydae omnpenenstcs Beipaxenrnem N = 2". BoixomgHoi
KO/l IPY 3TOM MPUHSTO HA3BIBATh YHUTAPHBIM, T.€. 3HaU€HUE «1» OyAeT TOJIbKO B
OJIHOM paspsize.

Ecm N = 2", To nemmdparop Ha3pBacTCS MOJTHBIM.

YcnoBHoe n3obpaxenue nemmudparopa s ciydas N = 3 MpPUBEACHO Ha
pucynke 1. Curnan mosiBIsieTCs Ha TOM BBIXOJE, HOMEP KOTOPOTO COOTBETCTBYET

JBOMYHOMY YHCITy, 00pa30BaHHOMY BXOAHOU N-pa3psiAHONM KOMOWHALIUEH.
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Pucynok 1 — I[Tonnslit nemudparop Ha 3 Bxona



Pabora monHBIX AemudpaTopoB MOXKET OBITh OIMUcaHa

NEPEKITIOYaTENbHBIX (DYHKINHI:

COBOKYITHOCTBIO

1)

rac Xi — 3HA4YCHMH BXOJHBIX CUI'HAJIOB nemn@paTopa, a Yi — 3HA4YCHMHSA BBIXOJHBIX

CHUT'HAJIOB.

B kauectBe mpumepa paccMOTpuM mIpocrediuil aemudparop Ha 2 BXoja

(Xo, X1) m 4 Beixoma (Yo, Y1, Yz, Y3). Jlormka pabotel Takoro jemmdpaTopa

oTpaxeHa B Tabimue 1.

Tabmuma 1
Tabnuia HICTUHHOCTH COCTOSIHUM 2-BXOJI0BOTO Jiemurdparopa
Bxonpl Bruixoabl
Xl XO Yo Yl Yz Y3
0 0 1 0 0 0
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 1

Ha ocHoBanuuM mnpuBeAeHHOW TaOMMUbBI  (DYHKIMOHAIbHAA  CXema

nemdparopa MOXKET OBITh OINKMCAaHA CACAYIOIIUMU — ajareOpoIornyecKuMu

BBIPAKECHUSMU:
Yo = X_1X_0i
Y, = )T1X0i
Y,=X; X_oi
Y3 = Xl Xo.

CootBeTcTByMOIIas cxema JemudpaTopa MpeacTaBieHa Ha PUCYHKE 2.

B BbluMciauTenbHOM — TeXHHMKE ~— JemupaTopbl  UCHOJB3YIOTCS IS

pacmrppOBKH KOJIOB U BBIJAYM YIPABIISIONINX CUTHAJIOB B pasinyHbie rienu. OHu

NPUMEHSIOTCST B yCTpoMcTBax ympasieHuss L[IBM  mns  gemmdpauuu  kona

orcpanu M BblJa49W CUTHAJIOB B MHCIIM MAallWMHBI, YYaCTBYIOHIHMC B BBbIIIOJIHCHHUN

JTAHHOU OMEpaIuu.



JlemudpaTopsl  MMPOKO  NPUMEHSIOTCS B KAauecTBE  aJIPECHBIX

KOMMYTAaTOPOB 3alIOMUHAIOIINX YCTPOMUCTB.
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Pucynok 2 — @yHkuuoHanbHas cxema 2-BX0J10Boro aemudparopa

CymiecTByeT  HECKOJIBKO ~ METOJOB  TOCTPOCHHS  Jemu(paTopos,
peanusyronux cucremy (1) pa3nuuHbiM 00pa3oM B 3aBUCHUMOCTH OT (opmara
nemuppuUpyeMoro ciioBa U MapaMeTpOB UCIOIb3YEMbIX JIOTHYECKUX AJIIEMEHTOB, B

YaCTHOCTH, YHCJIa BXOJO0B KaXXJ0I0 3JICMCHTA.

1.1 Jluneitnsie nemmdpaTopsl

JIuneiinble nemmdpaTopbl CTPOSITCS HEMOCPEICTBEHHO IO BBIPAKECHHUSIM
(1), T.e. xaxpgas mnepeknrovaresbHas (QYHKIUS peamu3yeTcss OTIEIbHBIM N-
BXOJIOBBIM  KOHBIOHKTOpOM. IlocTpoenue nemmdparopa 3TUM  CcHocoOOM
BO3MOYKHO, €CJIM M = N, IA€ M - YKCJIO BXOJIOB JOTMYECKOTO JIEMEHTA.

Ha pucynke 3 mokasaH JIuHEWHBIN nemmdpaTop 3-pa3psaHOro BXOJHOTO
cioBa. JlemmdpaTop 00pa3oBaH U3 BOCbMHU 3-BXOJ0BBIX KOHBIOHKTOPOB, KaXKIbIN
U3 KOTOPBIX CpabaThIBaeT MPH OMNpPEIACICHHOW KOMOWHAIMUA BXOJHBIX CUTHAJIOB.
Bpemennbie nuarpamMmbl pa®oThl 3-BXOAOBOTO JemudpaTopa MpeacTaBiIeHbl Ha

pUcyHKe 4.



Pucynok 3 — @yHkIMOHaIbHAS cXeMa JIMHeHHoro aemudparopa
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Pucynox 4 — BpemenHnsle Auarpammsl paboThl 3-BX0I0BOT0 Jiemudparopa



JlemudpaTop MOXKET ObITh peaTu30BaH HE TOJHKO Ha KOHBIOHKTOPAX, HO H
Ha JIpYrUX JOTMYECKHUX »dJeMeHTax. [[is sTtoro HeoOxomumo mpeoOpa3oBaTh
BbIpaxkeHUs (1) B 6a3uc, COOTBETCTBYIOLIUI HCIOIb3YEMbBIM DJIEMEHTAM.

Paznuunbie Tunbl Agemu@paTopoB  OTIMYAIOTCS  OBICTPOJACHCTBHEM U
anmapaTypHbIMH  3aTpaTraMu. bbICTpojelcTBHE MOXKET ObITh  ONPEIEIIEHO
BPEMEHEM 3alla3/IbIBaHUS WM 33JI€PKKH BXOJHBIX CUTHAJIOB T, T.€. HHTEPBAJIOM
BPEMEHH 3a/IEp’)KKH  BBIXOJHOTO CHUTHaJlla OT MOMEHTa T0Ja4yl BXOJHOTO.
AnmnaparypHble 3aTpaThl WIM CJHOXHOCTh aemugpparopoB W Moryr ObITh
OTpe/eNeHbl CYMMApHBIM KOJMYECTBOM BXOJOB HCIOJIb3YEMbIX JIOTHUECKUX
AJIIEMEHTOB 0 MeToxy KBaitHa.

Jlia nuHeniHOTO nemmdparopa ObICTPOAEHCTBUE ONpPEENsieTcs 3aAePHKKOM
B OJTHOM JIOTUYECKOM 3JIeMEHTE 175, Tak Kak BCE OHU TOJKIIOYCHBI K BXOIHBIM
HMIMHAM NapajienbHo. CrnenoBarenbHo, T mm = to.

KonndecTBo MCHONIB3yeMBIX JJOTHUECKUX DJIEMEHTOB cocTaBisier 2", rae N —
YUCI0 BXOAOB Aemudparopa. Kaxapiii anemeHT umeer N BXxoa0B. Cle10BaTeNbHO,

o011ast cmoKHOCTh AemudpaTtopa onpenersiercst kak Wy = n2",

1.2 TMupamunanbHble ASTUGPATOPHI
Ecin 4ncno BXOJOB M JIOTMYECKHX D3JEMEHTOB MEHBIIE Pa3psIHOCTU
nemuppupyeMoro koaa — N, TO TOCTpoeHHE JemudpaTopa MO JHUHEHHOU
CTPYKType HEBO3MOXXHO. OJIHMM U3 BO3MOXHBIX CHOCOOOB TMOCTPOCHHUS
nemr@paTopoB B 3TOM ciyyae sBIIs€TCS MUpaMuAajbHasi cTpykrypa. CyTh ee
3aKJII0YaeTCsl B CIEAYIOIIEM: COBOKYNMHOCTh IEpeKItovarenbHbiX (QyHkiui (1),

OMHKCHIBAIONIAS padOTy Aemudparopa, MOKET ObITh IPEACTABICHA B BUJIE:

YO = [[[Xn—l Xn—z] Xn—S] )Tl] ')TOJ
= [[[Xn—l Xn—Z]Xn—3] X_1] Xo; (2)




N3 Beipakenuit (2) BumgHo, uto Kaxmas ¢yHkmus Yj dopMmupyercs
nosranHo. Ha mepBom stame peanusyrorcss BbpaxkeHus X; . X;;, HA BTOPOM —
KOHBIOHKIIMY TOJNyYEHHBIX BbIpXeHHH U Xi2 U T.1. Cxema NUpaMuIaIbHOTO

nemurdpaTtopa Ha 3 BX0/a MPUBEACHA HA PUCYHKE 5.
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Pucynok 5 — @yHKk1MOHaNbHAsS cXeMa MUpaMuIaIbHOTO Aemudparopa

Jlns  ompenencHus OBICTPOACHCTBUSA MUPaMUAAIbHOrO aemmudparopa
ClIeyeT YydecTb, 4YTO Kaxnaas ¢yHKOus Yj cucreMbl (2) peaiusyercss Mocie
NPOXOKJICHHS CUTHaIa depe3 N-1 JTOrHYecKHX 3JeMEHTOB, 00Pa3yIOIHX CTYICHH
nupamuael  (pucyHok  5).  CnenosarensHo, T = (n-1)tn.  CiooxHOCTb
nupaMuganbpHoro aemmdparopa onpenensercsa kak Wy = 8(2"1 -1).

HemocratkoM mupaMuganbHBIX ACA(PaTOpOB SIBISETCS HEPaBHOMEpPHAsS
Harpy3ka Ha BXOJbl JIOTHYECKHX DJIEMCHTOB JACHIM(PPUPYEMOro KoJa, a UMEHHO
or 2 g0 2" noruueckux smementos. Tak, Ha pUCyHKe 5 BUIHO, 4TO BXOH X>

Harpy>XeH Ha 3 JJOTHYECKUX JIEMEHTa, a BX0 Xp - Ha 9.



1.3 Crynenuatsie aemundpaTopsl

Jns  oOpa3oBanust  JnemH(ppaTopoB  CTYNEHYATOH  CTPYKTYpPBbI
nemupupyeMoe CJIOBO pa30MBaeTCsl Ha CIIOTH, pPa3psIHOCTh KOTOPBIX HE
IPEBBIIIACT KOJMYECTBO BXOJOB HCIHOJB3YEMBIX JIOTUYECKUX BJIEMEHTOB. J[is
KaXJIOTO CJIOTa peain3yeTcs COOTBETCTBYIOIIUIM JHMHEHHBIH nemmdparop, 4To
oOpasyeT nepByio cTyrneHs aemuppanuu. [locneayromue cTyneHn ooecrneunBaoT
BBIMIOJTHCHHE KOHBIOHKIIMM CHTHAJIOB C BBIXOJOB MOJYYCHHBIX JIMHEHHBIX
nemudparopoB. Jng momyuenuss Bcex 2" BBIXOAOB JAemmdparopa Ha
KOHBIOHKTOPBI JOJDKHBI OBITh TOJAHBI BCE TMapHbIE KOMOWHAIMU BBIXOJIOB
JMHENHBIX JEMHPPATOPOB.

Jlig peanuzanuu ABYXCTYNEHYATOTO Jemu@paropa ocHoBHas cucrtema (1)

PEACTABIIACTCS B BUJC.

rie i = V2 npu n - wernom; i = (N-1)/2 npu n - HeyeTHOM.

OyHKIMOHAIBbHASA CXEMa ABYXCTYIIEHYATOro jAewmudparopa Ha 4 BXojaa npu
UCTIONIb30BaHNU Mapada3Horo BXOJHOTO CUTHANIA IPUBEICHA Ha PUCYHKE O.

[Tpu oueHke OBICTPOACHCTBUS ABYXCTYNEHYATHIX IEHIM(PPATOPOB CIETYET
y4€CcTh, YTO BXOJHOW CHUTHAJ 3aJEpKUBACTCS HA JBYX JIOTUYECKUX AJIEMEHTax,
TIOCIIe Yero MOsIBISIETCS Ha BeIXoie AemudpaTopa, T.e. Toc = 2o,

AnmaparypHble 3aTparhl AJi1 peanu3aluy MepBoil CTyneHu aemmdparopa

OMPENIECTIAIOTCS B COOTBETCTBUU C (POPMYIIOi:
W, = 2M2%.n

Ipy N — YETHOM;

)= n+1 on+1/2 4 n—1 on-1/2

Py N — HEYETHOM.



0 & 9 3?55

& ®
X1 T X3
nXI * ] & 2| HX3

=] o] R g g o] R g g R o g g R o g
Pucynoxk 6 — @yHKIMOHANbHAS cXeMa JIBYXCTYIIEHYATOro AeundpaTopa

BTopyto cTyneHb jaemmdparopa o0pa3syloT 2-BXOJOBblE KOHBIOHKTODHI,
YUCII0 KOTOPHIX PABHO YUCITy BBIX0J0B Aemuppartopa. Cle0BaTeNnbHo,
JL= 220 = 2,
O6masi CIOKHOCTb JBYXCTYIEHYATHIX AelM(PaTOPOB ONpeAesierca Kak
CyMMa anmnapaTypHbIX 3aTpaT Ha IEepBYIO ¥ BTOPYIO CTYIEHH AemudpaTopa:
_ / 17
Woe = Wy + Wy
JIByXcTymeHuaTele  jgemmdparopsl npu  N>3  TpeOyloT  MEHBIIUX

anmapaTrypHbIX 3aTpaT, 4YeM MHPaMHUIAIBHBIE, KOTOPHIE B CBOK OYEpEIb IMPOLIE

JMHENHBIX JEMHU(PPATOPOB, YTO CIAEAYET U3 CPABHEHUS (POPMYIT CIOKHOCTH.

10



1.4 Henonusie aemmudpaTopsl
B HEKOTOpBIX cinyyasx OTCYTCTBYET HEOOXOAMMOCTh B JEIIM(PPUPOBAHUU
Bcex 2" KoMOMHAIM BXOAHOTO N-pa3psaHoro cioBa. [Ipy 3TOM 4HCIO BBIXOAHBIX
mmmH aemudparopa N < 2", Takue nemmdparopbl Ha3bIBAIOTCS HEMOJIHbIMH. T.e.
N-pa3psaHble  KOMOMHAIIMM, TPU  KOTOPHIX  BBIXOJHBIE  CHUTHAJIBl  HE
BbIpa0aThIBAIOTCS, HA3BIBAIOTCS  HeCcyllecTBeHHbIMH. OHU MOryT  OBITh
UCIIOJIb30BaHBI JIsl YIPOIIEHHUS CXEMbl HEMOJIHOTO JemmudpaTtopa.

Hampumep, HE0OX0qUMO CHUHTE3UpOBaTh AcmM(pparop ais BbiaenaeHus 10

HaOOpPOB:
Yo = X3 X; X1 Xo; Ys = X3 X,X; Xo;
Y; = X3 X; X1 Xo; Yo = X3 X2X;1 Xo;
Y, = X5 X, X1 Xo; Y; = X5 X, X Xo;
Y; = X3 X, X1 Xo; Yo = X3X, X1 Xo;
Y, = X3 X3X1 Xo; Yo = X3 X; X1 Xo.

Ha ocTanpHBIX HECyleCTBEHHBIX Habopax aemudpartop He onpeneneH. s
YIOPOLICHUS ~ CXEMbl  HUCHOJB3yeM  auarpaMMmy  Beiiwa  (pucyHok 7).

HecymectBeHHbIe HA0OPHI 0003HAYUM MTPOUYEPKAMH.

X4
Xo

Yol Y2 | Ya | Vs
Yg | - - Yo

X2 Y4 Ye Y7 Y5

‘Xs

Pucynok 7 — MuHHMU3a1Ms IepeKtoyaTeabHbIX (YHKIUNA HETIOJIHOTO Jetmudparopa

Jns HemocpencTBeHHOW peanm3anuu GyHKOUHR Yo, ..., Yo HEOOXOIUMO
JeCAaTh 4-BXOJOBBIX KOHBIOHKTOPOB. B pesynbrare MHUHUMHU3AIUMU CTPYKTypa
HETIOJTHOTO JeIudparopa yIpoIaeTcs U COCTOUT:

~ U3 ABYX 4-BXOJIOBBIX KOHBIOHKTOPOB (peanm3arus Yo, Y1),
— IIECTH 3-BXOJOBBIX KOHBIOHKTOPOB (peanu3anus Yo, Y3, Ya, Ys, Yo, Y7),

~ JBYX 2-BXOJIOBBIX KOHBIOHKTOPOB (peanu3anus Yg, Yo).
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Takum 00pa3oM, yIpoOILEHUE CXEMbI COCTaBUIIO:

AW =10-4—(2-4+6-3+2-2) = 10 Bx.

1.5 udpatopsr
IIudgpaTopamMu HA3BIBAIOTCA OIMEPAIMOHHBIC Yy3Jbl, TMPEOOPA3YIOIIHE
MOCTYMNAIONIMA Ha BXOJ| YHUTapHBIH koI («1» B KakoM-muOO OJHOM paspsiic) B
COOTBETCTBYIOIIYIO KOMOWHAITMIO BBIXOJHBIX Z-pa3psaHBIX CHUTHAJOB. Y CIOBHOE

o0o3HaueHue mudparopa NpUBEACHO HA PUCYHKE 8.

— 0
— 1 CD 10—
— 2
— 3
4 20—
—1 9
— 6 30—
—A 7

Pucynok 8 — [lludparop

MudpaTopsl  Kcnonab3ylOTCAs  JUIsI  KOAWPOBaHMA  HUHpOpManMu U
npeoOpa3zoBaHus KojaoB. /[l cuHTe3a wmmdpaTopa MOXKHO HCIOJIB30BaTh

Tabmuiry 2.
Tabnuma 2

Tabnua ICTUHHOCTH COCTOSIHUM mmHdpaTopa

Brixonasl Bxozer
0 1 r

0 1 0 :
1 0 1 : 0
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Hanpumep, coctaBum T1abnuily (YHKIIMOHUPOBAaHUSA MIH(paropa A
npeoOpa3oBaHus ACCITHYHOTO KOJIa B IBOMYHBIN Ko (Tabmuia 3).
Ta6uuma 3

OyHKIIMOHUPOBaHKE MU paTOopa

Brixonbl

Bxoxab! Xi

N
w
N
N
N
[
N
o

o

OloN|og|~WIN|F
PIPOO O 00O OO0 O
OO\, FRPFPIOOOO
O 0O, P O|I0O|FR,|Ik,|IO|O
RO O OO |O

Ha ocHoBanum Ta6HI/IHBI 3 IMOJIYYHUM BBIPAXKCHUA AJII BBIXOAHBIX CHI'HAJIOB
mH(bpaTopa, COOTBCTCTBYIOIIHUX B HAHHOM IIPUMCPC paspiadaM ABOWYHBIX YHCCII,

MOJIYYEHHBIX B pe3yJibTaTe MPeoOpa30BaHUs U3 AECATUUHON CUCTEMBI:

Z3 = Xg Vv Xo;
Zo=Xav X5V Xe Vv X7:

Z1 =X v X3V Xe Vv X7;
Zo=X1Vv X3V X5V X7V Xo.

[TosryueHHbIe anreOpOIOrNUYECKUE BBIPAXKEHUS MOTYT OBITh peali30BaHbl HA
normueckux dnementax tuna «UJIN» (pucyHok 9). BpemeHHbIe auarpaMMel
paboTel mudpaTopa A MpeoOpa3oBaHUs NECATUYHOTO KOJA B JBOWYHBIN KOJ
npenacraBiieHbl Ha pucyHke 10.

Ha ocHOBe COBMECTHOIO HCIOJIb30BaHUS ACHIU(PPATOPOB U MHU(PATOPOB
MOKHO TOCTPOUTh OJWUH M3 BapHAaHTOB CXEMbl KOJOBOTO IpeoOpazoBaTes.

O600uIeHHas cxema Takoro npeodpa3oBaTess npuBeieHa Ha pucyHnke 11.
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Pucynok 9 — @yHkuunoHanabHas cxema mugparopa

KO
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Pucynok 10 — BpemeHHbIe TrarpaMMbl paOboOThI mudparopa
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Pucynox 11 — KII

3Has 3aKOHBI MpeoOpa3oBaHUs KOAOB (CM. JabopaTopHyio padoty Ne 2),
MOKHO TIOCTaBUTh B COOTBETCTBME U COEJAMHUTH KOHKPETHBIE BBIXOJbI
nemrdpaTopa ¢ Bxogamu  wmmudparopa, T.e.  OOECHEUUTh  3aJlaHHOE

npeoOpa3oBaHuUE.

2. TIOPAIOK BBITIOJIHEHM A PABOTHI
1. CoctaBuTh CXeMy HEMOJHOTO JAemuparopa COTIACHO BapHAHTY 3a/laHus,
MOJIy4YeHHOMY IIPH BBIMOJIHEHUH JIa0OpaTOpHOU padboThl Ne2.
2. TlpousBectu MoaenupoBanue cxeMbl nermdparopa B Micro-Cap 10.

3. IIpoBeputh mMpaBUIBHOCTH pabOTHI  nmemmdparopa MO  BpPEMEHHBIM

uarpammam.
4. Bemmonnute  cuHTe3  mmdparopa.  CocTaBUTh  CXeMy  KOJOBOIO
npeodpa3oBaTersi.

[Mpoussectn Mmonenuposanue KIT B Micro-Cap 10.
[IpoBeputs npaBuiibHOCTH padoThl K11 Mo BpeMeHHbIM ArarpaMmmMam.

Pe3ynbpTaThl paboThl OKA3aTh MPENOIaBATEINIO.

© ~N o o

OdopMuth oTyer.

3. COAEPXXAHUME OTYETA
OtuyeT 0 mabopaTopHOI paboTe TOKEH COJICPIKATD:
— TUTYJIbHBIN JIUCT;
— Ttabmuna ¢pynkunonuponanus KII;

— TabJiMIa ICTUHHOCTH COCTOSTHUM HETOJHOTO AemudpaTopa;

15



TabNHIa ICTHHHOCTH COCTOSIHUN mudpaTopa;

3Tarbl CHHTE3a HEMOJHOTO Aetundparopa (nepsas crynens KlI);
aTarbl cuHTe3a mudparopa (Bropas cryness 11K);

cxema KII, cmonenupoBannas 8 Micro-Cap 10;

BpPEMEHHBIE TUarpaMMbl paboThl HenosiHoro Aetmudparopa u KII.

4. KOHTPOJIBHBIE BOITPOCHI

. Hemmdparopsl: onpeneneHrue, METO Ibl MOCTPOCHHUS I (PaTOPOB.

. Jluneiinpie aemmdpaTopbl: MOCTPOEHUE, OMNpENENCHUE OBICTPOACHCTBUS U
CJIIOXHOCTH JlemugpaTopa.

[Tupamupanbable Aemn@paTophl: TOCTPOECHUE, ONPEAEICHIE OBICTPOAECHCTBUSA
U CJIOKHOCTH Jiemudparopa.

CryneHuaTsle Iemu(paTopbl: NOCTPOCHUE, ONpEesIeHne ObICTPOACHCTBUS U
CJI0KHOCTH Jletudparopa.

CuHte3  komoBoro  mpeoOpa3oBarensi  (COBMECTHOE  HCIOJIb30BaHUE

nemudpaTopoB U mudpaTopoB).

16



Jlaboparopnas padora Ne 5

CTATUYECKUE PET'UCTPBI

ens pabothl: M3ydeHune (QPyHKIMOHAIBHBIX BO3MOXKHOCTEH CTATUYECKUX
PErUCTPOB C pa3jIMYHBIMU IEMsMH BBOJA W BbIBOJA HH(OpPMAILIUU, CXEM

(bopMHUPOBaHUS OCBEIOMHUTEIBHBIX CUTHAJIOB.

1. METOANYECKUE YKA3AHUA

Craruyeckuii perucrp - ONEPALMOHHBIN 3JIEMEHT OBM,
MpeHA3HAYCHHBIA MJIi XpaHEHUs JBOMYHOW MHGOpMAIMU B BUJE MAaIIMHHBIX
CJIOB Y BBIMIOJIHEHUS! JIOTMYECKUX OIepaluil HaJ 3THUMHU CIIOBaMH, a TaKXe s
BBIPAOOTKHU OCBEJIOMUTEIIbHBIX CUTHAJIOB OTHOCHUTEJBHO Xapaxkrepa
coJiepkaleics: B HeM HHGOpPMAIIHH.

Peructp mnpencraBisieT coOOM COBOKYMHOCTh 3JIEMEHTOB MaMsITU (Kak
MPaBUJIO, TPUTTEPOB), YUCIO KOTOPBIX OMpPENENseTCS Pa3psIHOCTHI0 MAITUHHBIX
CJIOB, U KOMOHWHAIIMOHHBIX CXE€M, OOECIEUYMBAIOIIMX BBIMOJHEHUE YKa3aHHBIX
GbyHKIHA.

OCOOEHHOCTBIO CTaTUYECKOTO PETHCTpa SBISIETCS PETYISPHOCTH  €ro
CTPYKTYphI: Kaxablid d7eMeHT namsitu (I11), BeimonHsonuid GyHKIUIO XpaHeHUs
OZHOTO paspsiaa CJIOBA, JOTIOJTHSIETCS KOMOMHAITMOHHOM CXEMOH,
obOecrnieunBaronieil (PyHKIUKU BbIBOAA WH(OpPMAIIMU U BBIMIOJIHEHUS JIOTHYECKUX
onepauuii Haja ciaoBamMu. CHHTE3 CTaTHYECKOTO PETHCTpa, pPEAU3YIOIIEro
onpejieieHHble (DYHKIIMM HaJ CJIOBAMH, CBOJUTCA K CHHTE3Y HEOOXOIMMOM
KOMOMHAIITMOHHON CXEMBbI JJIsl OJTHOTO pa3psiia perucTpa U €€ MOBTOPEHUIO IS
OCTaJIbHBIX €r0 pa3psiaoB.

[IpeameToM wu3yueHHs B JaHHOW J1aOOpaTOpHOW paboTe SIBISIIOTCA TPHU
rpymbl QYHKIUNA CTATUUECKOTO PErUCTpa:

—  YCTaHOBOYHBIE (PYHKITUU;

— JIOTHYCCKHEC OIICPAlNH;
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- (opMHUpOBaHHE OCBEIOMUTENBHBIX CUTHAJIOB.

Peanuzamuss  QyHKIui  mepBBIX  ABYX ~— TPYON  COMPOBOXAAETCS
NIEPEKIIIOYEHUEM TPUITEPOB pETucTpa. bynem cuuTaTh, YTO HA BBIIIOJHEHHE
KaXXI0W (QYHKIIUU OTBOAMTCS TaKT MAIIMHHOTO BPEMEHH, a 00pa3oBaHKe 3HAUCHUI
(GYHKIMM AJI1 BCEX pa3psiioB perucrpa CUMHXPOHM3UPOBAHO BO BPEMEHHU IIyTEM
[0JIa4YM CIIEHUATbHOIO CUHXPOCUTHANIA Ha BX0Abl C BCEX TPUITEPOB PETUCTPA.

Peanuzanmst kaxaoit GyHKIIUNA MPOUCXOTUT IO ICUCTBUEM OTIPEICICHHOTO
ynpapjasiiomero curiana. Takum o00pa3oM, € PETUCTPOM, BBITOJHAIOIINUM
HECKOJIBKO (DYHKIIMH, CBSI3BIBACTCS MHOXKECTBO YIMPABJISIONINX CHUTHAJIOB, Ha
KOTOPBIE HAKJIAIBIBAETCS OJHO OTPAHMYCHHUE: B KaXKIbIi MOMEHT BpEMEHU
AKTHBHBIN (B JaHHOM CJIy4ae - BLICOKMI) YPOBEHb MOKeT MMeTh JIUIIb OJAUH
YIPaBJIAOIIUI CUTHAJ MHOeCTBAa. BeIlloNHEHHEe perucTpom Kaxaon GyHKIUN
MOKET OBITh 3allMCAaHO B BHUJAE OTAEIBHOW MHUKPOOINEPALHUU C YyKa3aHUEM
COOTBETCTBYIOILETO YIIPABJIAIOIIETO CUTHAA.

dopmupoBaHue OCBEIOMUTEIBHOTO CUTHana peanusyercs
KOMOMHAIIMOHHOW CXEMOM, Ha BXOJbl KOTOPOH IOAAIOTCSI CUTHANBI C BBIXOJOB
TpurrepoB perucrpa. [loaToMy 3HaUeHHE OCBEAOMMTENBHOTO CUTHAJA B MOMEHT
BpeMeHHU t omnpenensercs COCTOSIHUEM TPUITEPOB PETUCTpa B TOT K€ MOMEHT
BPEMEHH W, CJIEJJOBATEIbHO, OTJEIBHOIO MAIIMHHOIO TakTa Ais (GOPMUPOBAHUSA
OCBEIOMUTEIILHOTO CUTHAJIa HE TpeOyeTcsl.

PaccMmoTpum GyHKIIMHY, BBITIOTHAEMbIE CTATUYECKUM PETUCTPOM.

1.1 YcranoBouHble pyHKIUN
dyukuus coOpoca. BreimonHenue 3Toi GyHKIUU CBOAUTCS K OOHYJICHUIO
(yctanoBke B «0») Bcex paspsgoB peructpa. COOTBETCTBYIOIIAS MUKPOOTIEPAIIUS
MO>KET OBbITh ONMKCAHA CAEAYIOIHUM 00pa3oMm:

YCBP: RG[OTl - 1] = O,

t+1 t+1 _
SR La 1)
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@yHKUMS BBOJAa B PErucTtp npsaMoro koaa 4yumciaa B. B pesynbprate
BBIMIOJHEHHSI 3TON (YHKIIMU TPUTTEPHI PETUCTPa YCTAHABIMBAIOTCS B COCTOSHUS,

COOTBCTCTBYIOIIHC 3HAYCHHUAM Pa3pssa0B BBOAUMOI'O CJIOBA:

Yggmp: RG [0:n — 1] := B,
rac B= bn-1 bn-z b1 bo.
@dyHKIMs BBOAA B peructp odpatHoro koaa 4duciaa B. B pesynbrare
BBINIOJIHEHUS 3TOM (DYHKIIMU TPUITEPHI PETHCTPA YCTAHABIMBAIOTCS B COCTOSIHUS,

IIPOTUBOIIOJIOKHBIC 3HAYCHUAM pa3psAd0B BBOIUMOI'O CJIOBA:

YBB.OBP:RG [On — 1] := B.

1.2 Jlornyeckue onepanuu
OTMeTUM OCOOEHHOCTH peau3alluy JIOTHYECKUX Olepaluii B CTAaTUYECKOM
perucrpe:
1. BeimosiHeHHE T1000i1 JIOTMYECKOM ornepalui Haj CJIOBaMHU HOCUT NOPa3psIHbII
XapakTep, T.€. pe3yJbTaTOM OIIEpallUM SBIISETCA CIIOBO, 3HAYECHHE KaXIOTO
paspsiia KOTOPOrO €CTh pe3yJbTaT 3TOM Ollepaluy HaX 3HAYCHUSAMHU

OJHOMMCHHBLIX pa3psAd0B CJI0OB, YHACTBYIOIINX B OIICPpAIIHNH.

ITycte A* B = C, roe A = an-1..a0;
B - bn_lbo,
C = Cp-1..Co;

* - 3HAK JIOTUYECKOU oreparuu.
Torma pa3psasl coBa C onpeaenstores CleayIuM 00pazom:
Co= Qo * by .. g = Apq * by_1.

Hamnpumep, C = A & B:

PesynbTaT onepanuu &

A=01101111 01101111
B =00110110 00110110

C = 00100110
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2. byneM cuuWTath, 9YTO K MOMEHTY BBITIOJHEHUS JIOTUYECKOW OTEpaIldu CIIOBO,
SIBIISIOIIEECS] OJJHUM W3 ONIEPaHJIOB, HAXOAWTCS B PETUCTPE, a CJIOBO — BTOPOK
OIlEpaHji BBOJUTCS B PETUCTP HW3BHE;, pE3yJbTaT JIOTHYECKOH OIepaluu
oOpasyeTcsi B peructpe. Takum o00pa3oM, MHKPOOIEPAIHs BBIMOTHECHUS

JIOTUYECKOM OIICpannunu MOXKCT OBITH 3amucana CIcayronmum O6p&30M:

Y,:RG [0:n — 1] := RG [0:n — 1] * B,

t+1 _ Nt t t+1 _ At t
o = Qo * bg,...,QpI1 = Qn_q1 * by_y,

riae Y« - YIOPaBJSIIONIMA CUTHAJI, WHUIIMUPYIONIUN BBIMOJHEHUE JIOTHYECKON

OTIEPALIIH «».

1.3 CuHTE3 CXeM CTaTUYECKOTO PETUCTpa
PaccMOTpUM CHHTE3 CXEM CTaTUYECKOTO PErucTpa Uil BBIIIOJIHEHUS
(GyHKUMIA epBbIX ABYX rpynn. Kak Obl10 OTMEYEHO BBIIIE, JJI PELICHUS JaHHOU
3aJ1ayyl TOCTATOYHO IOCTPOUTH CXEMY JUIsl OJHOTO paspsja perucrpa. B kadectse
UCXOJHOM HMH(OpManuu OyJeM HCHOJb30BATh MHOXKECTBO (DYHKIUH, KOTOpBIE
JIOJDKEH PpEeaM30BaTh PErMCTp, TUMN TpPUITEpa M TaONMIy (PYHKIMOHHPOBAHUS
TpUITEPA YKa3aHHOTO TUIIA.
[TycTh MHOECTBO (DYHKLIMI BKITIOYAET B CEOS:
— ¢yHKIUI0O cOpoca;
— (yHKIMIO BBOJIa B PETHCTP 0OPATHOTO KOJA YMCTIA;

— JIOTHYECKYIO OTepaIiiuio — KOHBIOHKITHIO.
Bosbsmem tpurrep J-K-tumna (tabnumna 1).

BX0oaHBIMU CUTHAIaMU CXEMBbI SBJISIOTCS:
—  Ycpp — yIPaBIAIONIUMN CUTHAJ, THUIMUPYIOMUN PYyHKIIHIO cOpoca;
—  Ypp — yHpaBiSIOMUNA CHUTHAJ, WHUIIMHPYIONUH (YHKIIMIO BBOJIA B PETUCTP
KOJIa YUCIa;
—  Yeg - YIOpaBIAIOUMN CUTHA, UHULUUPYIOMIHN KOHBIOHKIIHIO;
— bi'— curnan i-ro paspsiza BBoQuMOro ciioBa;

t -
- Qy - cocTosiHME TpUrrepa I-ro paspsaa K MOMEHTY pean3aunuu QyHKIUY.
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BbIXOAHBIMU CUTHATIAMU CXEMBI SIBJISIFOTCS
t+1 .
- Q - COCTOSIHME Tpurrepa I-ro paspsga Mociae  IPOXOXKIACHUS

CHHXPOUMITYJIbCA, T.€. PE3YJIbTAaT BHIOJHEHUS QYHKIUH.

Ta0muma 1

Tabnuna ynkunonuposanus J-K-tpurrepa

Jt Kt Qt Qt+1
0 - 0 0
1 - 0 1
- 1 1 0
- 0 1 1

Cxema f0JpKkHa BEIpabaTeiBaTh pyHKIUHU Bo30y)aenus Ji' u K, oqHo3Hauno
OTPECTSIONINE COCTOSHHE TpHITEpa I-ro paspsaa B MOMEHT BpeMeHH U+1,
KOTOPOE SIBJISICTCS PE3YJITATOM BBITOJIHEHUST (DYHKIUH JJ1s1 I-T'0 pa3psia.

CuHTE3 CXEeMBI CTATUYECKOTO PETUCTPA COAEPIKUT CIEAYIOLINE ITAIbI:

— omnpeneneHne Tabauibl UICTUHHOCTH U1 pyHKImi Ji n K;;

— IIOCTPOCHHME Ha €€ OCHOBe auarpamMMm Behua mnsa yHkumii Ji m K, 1 nx
MUHHAMH3ALUS;

— cocrapiieHne MUHUManbHbIX [JH® dhyHKumii Bo30yxKaeHMS;

— IIOCTPOCHUC 110 IIOJIYYCHHBIM BBIPAKCHHUAM KOM6I/IHaHI/IOHHI)IX CXCM.

Tabnuua uctunnocty anst ynkuuit Ji u K; conepxut B obuem ciaydae 32

CTPOKH, TTOCKOJIbKY OHHU SIBISIOTCS (DYHKIUSAMH OT TSTH apryMeHTOB: Ycsp, Yps,
t

b, Q;. C yueroM OrpaHMYCHHUs Ha YIPABISIONIAE CHTHAIBI (TOJNBKO OJHH

YOPaBISIONIUN CUTHAI UMEET BBICOKMM YPOBEHb B KaXKIbII MOMEHT BPEMEHH, T.€.
BBINIOJIHAETCS. TOJBKO OJHA OINepalus) COKpAIIaeTCsl YUCIO BCEBO3MOXKHBIX
Ha0OpOB, a, CIEIOBaTEIbHO, M YHCJIO CTPOK B TaOJHMIIC WCTHHHOCTH 10 16

(Tabmura 2).
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Ta0numa 2

OYHKIIMOHUPOBAHUE Pa3psa CTATUYECKOTO PErucTpa

Yosr | Yes | Ye | Q| bt | Q| 4 | K DyHKIUA
0 0 000 0 0| -
0 0 0|01 0 0| - X
0 0o |o|[1]o0 1 - 10 paHcrHe
0 0 011 1 - 10
1 0 000 0 0| -
1| 0o |ojo|1| o |o]- QCtSSFZCO
1 0 010 0 - 11 '
1 0 0ol 111 0 _ | 1 | mupumobom sHaueHMH bi'
0 1 000 0 0| -
0 1 001 1 1 - BBoj xoga gyucna
0 1 010 0 - 11 1= p!
0 1 0O[1]1 1 - 0
0 0 11010 0 0| -
0 0 1101 0 0| - KonbroHKIus
0 0 |1[1]0 0 -1 Q; &bt
0 0 11111 1 - 10

Huarpammbl Beitua miis @yukiuit Ji u K mpencrasiensl Ha pucyHke 1.

Ycsp
Y3s
Ye
OO0 |-(0|-]-|-10
o'l [ofia -Jol-t-1-1o
bit
Ji
Ycsp
Y3s
----------- > !&___
S I R I
0 f i f-faf-Failad 1
0|0 |=70-1-]-]11
Qit - - - - l\- B - -/}I
bit T
Ki

Pucynox 1 — Munnmuzanust pyHkuuit Bo3Oyxaenus Ji u Ki
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Munumanesubie JIH® ynkmuit Bo30yxaenus J; u K;:
— t
Ji = Yz b,
Ki = YCEP V YBB blt V Y&blt
[Io moJIydeHHBIM BBIPpQKEHUSAM CTPOSTCS CXEMBbI, BbIpaOaTHIBAIOIINE

cUrHabl Juisi QyHKIMM Bo30yxaeHus. CUHTE3UpOBAaHHASI CXeMa OJHOro pazpsiaa

CTaTHUYECKOTO PETUCTpa MOKa3aHa Ha PUCYHKeE 2.

+
S

Yee =TT ]

i

i = —
® L e aldl
——c|
Yee & 1&

J 1 1« —
Y& | & — TR
Ycop

FeHepaTop
CUrHana ouucTKM

Pucynok 2 — Cxema pa3psia CTaTHYECKOTO PETHCTPA.

1.4 ®opMupoBaHuE OCBEIOMUTENBHBIX CUTHAJIOB

YacTo Ha perucTpax BEIYUCISIOTCS 3HAYCHUS JOTHUECKUX YCIIOBUM BUA!
<RG> <omepaliys OTHOIMIEHUS> <KOHCTaHTa>,

rne <RG> - cogepxkumoe peructpa,
<onepanus OTHOIIEHUS>: >, >, =, #, <, <,
3HaUYCHWE JIOTMYECKOTO YCIOBHS  OTOOpakaeTcss  OCBEIOMHTEIILHBIM
CUTHAJIOM:
~ 1 — ycioBUE BBIMOTHAETCS;

— 0 — ycioBue He BBITIOHSAETCS.
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dopmMupoBaHue OCBEIOMUTEIILHOTO cUrHaja OCYILIECTBIISIETCA
KOMOWHAITMOHHOW CXEMOM, Ha BXOJbI KOTOPOW TMOMAIOTCS CUTHAJBI C BBIXOJOB
TPUTTEPOB PETUCTPA.

Hanpumep, HeoOX01uMO BBIpaOOTaTh OCBEAOMHUTEIBHBIN curHal fa ms 4-
paspsiaHoro peructpa RGA, ecnu <RGA> <9,

CoctaBuM TaOJMIly YCIOBHS BBIPAOOTKM OCBEJIOMHTEIHBHOTO CHTHAJIA
(Tabmuna 3).

Tabauna 3

VYcaoBue BhIpaOOTKU OCBEOMUTEIBHOTO CUTHAJIA

Hecsatnunoe

SHAUCHIE Qs | Q2 Q1 Qo fa
0 0 0 0 0 1

1 0 0 0 1 1

2 0 0 1 0 1

3 0 0 1 1 1

4 0 1 0 0 1

5 0 1 0 1 1

6 0 1 1 0 1

7 0 1 1 1 1

8 1 0 0 0 1

9 1 0 0 1 0

10 1 0 1 0 0

11 1 0 1 1 0

12 1 1 0 0 0

13 1 1 0 1 0

14 1 1 1 0 0

15 1 1 1 1 0

Ha ocHoBaHMM cocTaBlieHHON TaOJMIBI MOCTPOUM JIuarpammy Beitua nms

¢bynkuuu fao 1 MuHEME3UpYEeM ee (pUCYHOK 3).

Qo
O
1y 1| 1] 1,
‘ EHENERES
‘ 0ojojo0]oO
Q [111]0]0]0

Qs

Pucynok 3 — Munumuzanust GyHkiuu fa
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B pe3ynbraTe MUHUMU3AIUH [TOJTyYUM BBIpaKeHHE 11 GYHKIUU fa

fa= Q3 vQo Q1 Q2.

KomOunannonnass cxema, QopMHUpyIOIIas JaHHBI OCBEIOMUTEIbHBIH

CUTHAJI, IPUBECHA HA PUCYHKE 4.

+
ST ézj' ST ng S|t ézf S |17 QO
J J J J
RGA C C C C
K K K K
R R R R

leHepaTop &
CHHXpOCHTHana 5

]_ﬁ

leHepaTop
CHrHana QuucTKM 4

Pucynok 4 — Cxema BIpaOOTKH OCBEIOMHUTEIBHOTO CUTHAJIA

Muxkponporpamma paboThl CTATUYECKOTO PErucTpa (PUCYHOK S5) COCTOUT M3

CIICAYIOIIMX MUKPOOTICPAITHIi:
1. Yo: RG[0:n-1] := 0 — oOHy/IeHHUE BCEX pa3psIOB PETHCTPa,;
2. Y1i: RG[0:n-1] := A — 3anuch MamHHOTO cjioBa A B PETHUCTD;
3. Y2: RG:=RG *B - BbHIIIONHCHWE JIOTHYECKOW omeparmuu  «*»
COZEPKMMBIM PETUCTPA M MAIIIMHHBIM CIIOBOM B, BBEJICHHBIM B PETUCT;
4. Y3: Z:=RG [0 : n-1] — BeIBO HH(OPMALIUN U3 PETHCTPA;

5. X! opmupoBaHre OCBEIOMUTEIBHOTO CUTHAIA.

Y3

EIQN

>

RG
n-1 0

il

Y2 Yo

Y1

>t o

Pucynok 5 — Peanusanum MUKpOIIpOrpaMMBbl

Haj
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Ecnu peructp BbIMONHSET 3amuch HWH(OpManuud 0e3 MNpeaBapUTEIHLHOTO
OOHYJIEHUS, TO IEpBasi MUKPOOIEPALIU OTCYTCTBYET.

B naGoparopHoii paboTe uccieayrorces:

— LIeMHU BBOJA U BbIBOJIa MH(POPMAIIUH JIJIs1 OJTHOTO pa3psijia perucTpa;

— peanu3anys JIOTMYECKUX Ollepaluui HajJ MalIMHHBIMHM CJIIOBAMH C IOMOUIBIO
SJICMEHTHOM 0a3bl M BCIIOMOTaTeIbHBIX reHepaTopoB umiyinbscoB Micro-Cap 10;

— cxembl ((OPMUPOBAHUS OCBEAOMUTEIBHBIX CUTHAJIOB.

Pabora perucrtpa xapakrepusyercs HaOOpoM HMH(POPMALMOHHBIX U
YIPABJISIFOUIUX CUTHAJIOB.

Nudopmanuonnbie CUTHAJIBI MOCTYIAIOT Ha crie[uaibHbIC
UHPOpPMAllMOHHbIE  BXOABl  peructpa. Eciau  BBOA  MalIMHHOTO  CJIOBA
OCYULIECTBJISIETCS MapajuleNIbHbIM KOJAOM, TO YHCJIO TAaKMX BXOJIOB PABHO YHCIY
pa3psAI0OB PETHCTPA, €CIU BBOJ OCYIIECTBIIETCS IOCIEAOBATEIBHBIM KOJIOM, TO
TpeOyeTcs, Kak MpaBuiio, oauH BxoJ. [Ipu BeiBoje nHpOpManmu napamieabHbIM
KOJOM TpeOyercs IO OAHOMY BBIXOAY Ha KaXAbld paspsi perucrpa mnpu
MOHO(Ma3HOM Koje, Hpu mapada3HOM Kojae — IO JBa. B pexume BbIBOnA
NOCJIEOBATEILHOr0O MOHO(A3HOr0 KOJAa HEOOXOIUM OJHMH BBIXOJ, apagazHoro -
JBA.

Ynpasasiomme CHTHAJAbl ONPECISIOT PEXUMBI pabOThl  PETUCTpA.
Kaxnplii ynpaBislONIMid CUTHAJI TOCTYNAET HA ONPEACIICHHBIM YIPABIISIOIUN
BXOJI PETHUCTpA.

[TomMuMO BbIIIEYKAa3aHHBIX CUTHAJIOB UCIOJIb3YIOTCS CHHXPOUMILYJIBCHI JIJIS
opraHu3anuyd paboThl PErHCTpPa B TAKTUPYIOLIEM PEXHME. DTO 3HAYUT, YTO MPH
HAJIUYUM  ONpEACNICHHBIX HH(MOPMALMOHHBIX M  YNPaBJISIONIMX CUTHAJIOB,
3aal0lUX  peaju3aluio ToWM wiaM WHOM  (yHKuMHM, paboTa perucrpa
OCYULIECTBJISIETCS NOJ JEHCTBUEM TaKTHUPYIOLIErOo CHUTHajla, MOCTYHAIOLIEro Ha
Bx0J C Ka)KJ0ro TpUrrepa perucrpa.

Hccnenyemas cxema CTaTUYECKOTO PETUCTPA COACPKUT TPUITEPHl U

KOM6I/IHaI_II/IOHHBIe JJOTHYICCKHUC CXCMBbI, OAMHAKOBBIC IJIA KaKI0I'0 pa3psaaa.
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CurHanbl ¢ BBIXOJOB JOTHYECKMX CXEM IMOCTYNAIOT Ha MH(OpPMAIMOHHBIE
Bx0/6I TpurrepoB: Bxoabl J-K mimu D. Ecnu uccnenyercs peructp Ha R-S- win 7-
TPUTTEpPaX, TO HECIOKHBIM ITyTEM OH MOXeT ObITh peanu3oBaH Ha J-K- u D-
TpUTTEpax.

HcrounnkamMyu WHQOPMAIMOHHBIX U  YNPABISAIONIMX CUTHAJIOB CXEMBI
SBIIAIOTCS TreHepartopbl umnyiascoB B Micro-Cap 10. Jlns Bu3yaabHOTO
HaOmoeHNsT 3a paboTol CXEeMbl CTATHYECKOTO PETUCTpa  HEOOXOIMMO

HCIIOJIB30BAaTh BPCMCHHBIC IUArpaMMBI.

2. TIOPANOK BBITIOJIHEHUA PABOTHI

1. Tlomy4nTh BapuaHT 3aJaHUs y MIPEMOTaABATEIS.

2. BBINOMHUTH CHHTE3 CXEMbl CTATUYECKOTO PErucTpa B COOTBETCTBUU C
WHIUBU Ty AJTbHBIM 33JTaHHACM.

3. [IpousBecTn MoOjAEIMPOBAaHUE CXEMBI pa3psa CTAaTUYECKOTO PETUcTpa B
cucreme Micro-Cap 10 (Tpurrep paccMaTrpuBath Kak MOJYJIb, HE CTPOUTH €IO0
U3 JIOTUYECKHUX DJIEMEHTOB).

4. TloctpouTh KOMOMHAIIMOHHYIO CXeMy (HOPMHUPOBAHMS OCBEIOMUTEIHLHOTO
CUTHAaJA.

5. IIpoBeputh pabOTOCIIOCOOHOCTH CXEMBI CTAaTMUYECKOTO pErucrpa Ha
BPEMEHHBIX JUarpaMMax.

6. Pesynbrarsl paboThI MOKA3aTh MPETIOAABATEIIO.

7. OdopmMuTh OTUET.

3. 3AJIAHME K JIABOPATOPHOM PABOTE

3aganue K JlaboparopHod pabote Qopmupyercs mno Tabmmie 4 B
COOTBETCTBHUH C BAPUAHTOM, TIOJIYYCHHBIM y MPETOAaBaTeIsl.
XapaKTepruCTUKN CHHTE3UPYEMOT0 PETHCTpa:
|. Tun Tpurrepa:
1. J-K,
2. D,
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3. R-S,
4. T.

Il. Kox BBOAA:
1. mMoHoda3HbIH,

2. mapada3HbIi.

I11. Kox BeiBOA:
1. mapadasnsrii,
2. MOHO(a3HBIN MPSIMOH,

3. MoHO(Da3HBIN OOPATHBI.

IV. Obnynenue:
1. ects,

2. HET.

V. YcaoBue popMHUpoBaHHS OCBEIOMUTEIBLHOTO CUTHAJIA:
1. <RG> - gyeTHOE, HE ACANUTCSA Ha 3;
. 3<<RG><10;
. <RG> - HeueTHOE, AEINUTCA Ha 3;

. 2<<RG> < 11;

2
3
4
5. <RG> gemurcs Ha 3 unu 4;
6. <RG> gemnurcsa Ha 2 u 3;

7

. 10 <<RG> = 15.

VI. Jlornueckas oneparus:
1. Konsronkius: Q & b.
2. Jlm3pronkims: Q v b.
3. Cnoxenue o mod2: Q @b.
4. ®ynxims leddepa: Q - b.
5

. Oynknus [Mupca: Q v b.



Ta0nuua 4

NHnuBuayanbHbIC 3aaHUS

Ne

Ne
B I 1 i | 1v [ Vv | VI B I I i | Iv | Vv | VI
1 1 2 1 1 1 5 16 | 4 1 3 2 2 2
2 2 1 2 2 2 5 17 1 2 2 1 3 4
3 3 2 3 1 3 1 18 | 2 1 1 2 4 4
4 4 1 3 2 4 1 19 | 3 2 1 2 5 3
5 1 1 2 1 5 4 120 | 4 1 2 1 6 3
6 2 1 1 2 6 4 | 21 1 1 3 2 7 1
7 3 1 1 2 7 2 | 22| 2 1 3 1 7 2
8 4 1 2 1 7 2 | 23| 3 2 2 2 6 3
9 1 1 3 2 6 3 | 24| 4 1 1 1 5 4
10 | 2 1 3 1 5 3 | 25 1 2 1 1 4 5
11 | 3 2 2 2 4 1 |26 2 1 2 2 3 5
12 | 4 1 1 1 3 1 |27 | 3 1 3 1 2 4
13 1 1 1 1 2 5 128 | 4 1 3 2 1 3
14 | 2 1 2 2 1 5 129 1 1 2 1 1 2
15| 3 2 3 1 1 2 30| 2 1 1 2 2 1

> W e

4. COAEPXAHUME OTYETA

Otuer 0 1ab0opaTopHOl paboTE NOJKEH COACPKATh:
TUTYJIbHBIN JIUCT;
VHIVMBUAYAJIBHOE 3aaHUE;

9Tallbl CHHTC3ad CTATHYCCKOI'O PCrucTpa,

cxema cratuyeckoro peructpa u KC QopMupoBaHus OCBEAOMHUTEIBHOTO

curHaia, nocrpoenssie B Micro-Cap 10;

BPEMEHHBIE THATPAMMBI.

5. KOHTPOJIBHBIE BOITPOCHI

Cratudeckuil perucTp: CTpyKTypa.
OYHKIMHU CTATUYECKOTO PETUCTPA.
MuxkponporpamMmma paboThl CTATHYECKOTO PETUCTPA.

NudopmanmonHsie U ynpaBIsioNfe CUrHabl peructpa. CHHXpPOCHUTHAJIBI.
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Jlaboparopnas padora Ne 6

CIABUT'AIOIIUE PEI'UCTPBbI

ens pabotel: M3ydyeHne (QPyHKIIMOHAIBHBIX BO3MOKHOCTEH CIIBUTAIOIIMX

PETrUCTPOB.

1. METOJUYECKHUE YKA3AHIA
CaBurapuuii peructp - onepauuoHHbIN 35eMeHT DBM, KOTOPBIN CITyKUT
JUISL XpaHEHWs MAIIMHHOIO CJIOBA Y BBINOJHEHMS HAJl HUM OJHOM MM HECKOJIBKHX

onepauuﬁ CABHUTA.

HeobxoaumocTs B ciBure nH(GopmManuu BO3ZHUKAET:
- mpu 1npeoOpa3oBaHMM  MNApajUIENbHOTO  KOJa  MAIMHHOTO  CJoBa B
nocJe0BaTeIbHbIN KO U HA000pOT;
— TpY BBIIOJIHEHUH HOpMAJIU3aI[UU YHUCEIT;
— TIPH BBIIOJIHEHUH apu(PMETUYECKUX U JIOTHUECKUX OIEPALIN;
—~ MpU TEHEepaluuu Ma4YeK YNPaBIAIONIMX CUTHAJIOB C 33JaHHBIM HHTEPBAJIOM

MCIKAY HUMU.

CTpyKTypy CIBUTAIOIIETO PETUCTPA ONPEACIISIIOT:
— cnoco0 3aaaHus MpoIEayp BBOAA U BbIBOAA MH(MOpMALINH;
— TPUHUUII OPTAaHU3ALNHN MEXPa3psIHbIX CBA3EH;

— THII TpUTITCpA.

B mociaenoBarejibHBIX peructpax HH(OpMaIrsi BBOAUTCS U BBIBOJAUTCS
MOCJEA0BATENBHO pa3psa 3a pa3psaoM. B mapasuiebHO-mMOCIe10BATeNbHBIX
peructpax BBOJ HHGOPMAIUM OCYIIECTBISETCS MNapaJyiebHO, a BBIBOA —
MOCJe0BaTENbHO. B  moc/ieoBaTeIbHO-NIAPA/IeILHBIX PETUCTPAX BBOJA —

MOCJIEA0BATENbHBIN, & BEIBOJI — MapasjiCIbHBIN.
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Peructp, umeromiuii BO3MOKHOCTh OCYILECTBIISITh CIBUTH BJIEBO U BIPABO,
Ha3bIBAETCS peBepCUBHBLIM. [Ipu opraHuzaiuu CIBUTOB C IEIbIO COXPAaHEHUs
uHpopMaIuu KpallHUe pa3ps/ibl PETUCTPOB COCTUHSIIOTCS MEXAY CO0OM, U Takue

PErucCTphl Ha3bIBAOTCS KOJIBIEBbIMMA.

1.1 OGmas MeToIMKa CHHTE3a CABUTAIOIIETO PETUCTPa

Paboty i-ro pa3psa CABHraroIero perucrpa MOXHO OIHCATh CIETYIOIINM
obpazom. Ilpu monmade curHama ciBUra Ha OJWH Pa3psAl MPOUCXOAUT MEPEXO
KaXJI0OTO TOCJIEAYIONIEr0 TPUITEpa B COCTOSIHHE, COOTBETCTBYIOIIEE COCTOSIHUIO
npenpiaymero.  CoctaBuMm — Tabnuiy  (YHKIIMOHMPOBAHUS  I-TO  TPUITEpa,
nepexonamiero u3 cocrosuus Qi B MoMeHT Bpemenn t B coctosnne Qi*! B Moment
BpeMenH t+1 1o Bo3zeiicTBUEM casuraromero uMmyisca. Ipu stom Qi*! Gymer
3aBHMCETh OT COCTOsHMs mpenasiaymero tpurrepa Qiq'. Ha ocHoBe TaGmuirsl
UCTUHHOCTH HCIIOJIb3YEMOr0 TPUITEpa CTPOosITCA AuarpaMMbl Beitua nns GyHkumii
BO30Y)KICHUS KaXKIOrO TPUITEpa, 0OCCICUMBAKOININE TPeOyeMble Mepexopl I-To

paspsiia (tabmmna 1). OyHKIIUH MHUHAMHU3HPYIOTCS, a 3aTEM COCTaBJISIETCS CXeMa

CIIBUTAIOILIETO PETUCTpA.
Tabmuna 1

OyHKIIMOHUPOBAHUE CIBUTAIOIIETO PETUCTPA

Yo | Qid Qi Q!
1 0 0 0
1 0 1 0
1 1 0 1
1 1 1 1

1.2 Cunre3 cnpuraroiiero peructpa Ha J-K-rpurrepax
BbIONHUM CHUHTE3 CABUTAIONIETO perucrpa Ha | paspsan BIOpPaBo MpHU
ucnosb3oBanuu J-K-tpurrepos. [lepexoasl Tpurrepa npuBeAeHs! B TAOIHIIE 2.
Juarpammbl Beitua mis pyskiuii Bo30yxkaenust Ji u K mpencraBiieHbl Ha

pucyHke 1.
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Ta0numa 2

Tabnuna uctuaHoctH J-K-Tpurrepa

Y s Ji Ki Qi Qi
1 0 - 0 0

1 0 1
1 - 1 1 0
1 1 1

Qit+1

o

Ji

Qit+1

o
Qi

K

Pucynox 1 — Muanmuzanus pynkuuit Ji n Ki.

B pe3ynbTaTe MUHUMU3ALMY TOJTYyYUM BbIpaxkeHust ais GyHkumid Ji u Ki:

J; = t+1
e (1)
Ki - Ql .

Cxema cauraromiero peructpa Ha J-K-Tpurrepax nokasana Ha pUCyHKe 2.

X _E T i- 1 _Ai T i _E T i+1
- ) J |
nX il i C |
. K K K
TR 1R 1R
Ycoe
L L L

Pucynok 2 — Casuratonmii peructp Ha J-K-tpurrepax.
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Bpemennble amarpammbl pabOTHl CHBHUTAIONIETO perucTpa (PUCYHOK 2)

IpeICTaBICHbI HA PUCYHKE 3.

pEpEpEpEpNpNaNpNpiy

[

[@i+1) : i

Pucynok 3 — Bpemennble AuarpaMMbl padoThl CIBUTAIOIIETO peructpa Ha 1 paspsij BopaBo

1.3 Cunre3 capuraroniero peructpa Ha D-tpurrepax
BeImomHuM cHHTE3 I-ro paspsjaa CIOBUTAIOIIEro perucrpa Ha D-Tpurrepax

(Tabmuna 3).

Tabmuua 3

Ta6nuna uctuaHoctu D-tpurrepa

Ycns Di Qi Qi
1 0 0 0
1 1 0 1
1 0 1 0
1 1 1 1
dyHKIMA BO30YKICHUSA UMEET BH/I;
D. = Ott?
l l "

Cxema cBuraroliero peructpa Ha 1 pa3psia BpaBo npu ucmnosibzoBanuu D-

TPUITEPOB MOKa3aHa Ha PUCYHKeE 4.
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[eHepar

epar o clrL
CUHAMNA OYUCTEM

x Bt} o 5] T L o R o
12 D | D |
T Yeod = — —
A A

—HE

Pucynox 4 — Cupuraromniuii peructp Ha D-tpurrepax.

Bpemennbie aumarpamMmbl pabOTHI CABUTAIONIETO perucTpa (PUCYHOK 4)

IIPE/ICTABIICHBI HA PUCYHKE O.

L

@ J

Qi

(21+1)

Pucynok 5 — BpeMeHHbIe 1uarpaMMbl paOoThI CIBUTAOLIETO perucTpa Ha 1 paspsj BIpaBo

[Ipy BBIMOJHEHUH CHUHTE3a CJIBUTAIOLIETO pErucTpa Ha [-TpuUrrepax,

BEIpA@KCHHUE, ONMCHIBAIOILIEE CTPYKTYPY PErucTpa, UMEET BUN:
— Nt nt+1 ‘Nt Nt+1 _ At t+1
Ti _ Qi Ql \% Ql i - Qi @ Qi .

N3 3TOrO0 BBIpaXKEHUS BUIAHO, YTO MOCTPOECHHUE perucrpa Ha T-Tpurrepax
UMEET YCIIO)KHEHHOE CXEMHOE pelIeHHe, TaK Kak Ha 7-BXOJbl HEOOXOAMMO
N0JIaBaTh CUTHAJIBI, OMpeneNsieMble kKak cymma mo mod2. Tlostomy Takas cxema

pacnpocTpaHeHus He TOJTy4nIa.
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1.4 PeBepcuBHBIE CABUTAIOLIUE PETUCTPBI
[Ipy moOCTpOEHUU PEBEPCUBHOIO PETHCTPa, OCYIIECTBISIOUIETO CIBUT
uH(poOpMaIMU KaK BJIEBO, TaK M BIPaBO, B HETO JOJDKHBI OBITh BBEACHBI CXEMBI
yIpaBICHUS HANpPaBICHUEM CABHUra. JTH CXEMbl B 3aBUCUMOCTH OT 3HAYCHHI
yopasisonux curHanoB (L — caBur BieBo, R — caBuUr BOpaBo) MOKHBI
MEPEKITI0YaTh BXO/bl KKJIOTO TPUITEpa MO0 K BBIXOJAM MPEAbIAYIIEro, TU00 —
nocneayromero Tpurrepa. [Ipu 3ToM 10KHO BBITIOTHATHCS YCIOBHE:

R-L =0;
{RVL=1. (2)

YpaBHEHUS, ONMHCHIBAIOIINE CTPYKTYPY CBS3EH BXOIOB-BBIXOJOB Pa3psIoB
peructpa, nocrpoenHoro Ha J-K-tpurrepax, ¢ yuderom Bbipakenuit (1) u (2),

3aIIUCBIBAIOTCA CJICAYIOIMIUM O6p2130M:

Ji= R Qi1 VL-Qfyy;
Kilt = R- Qlt—l VL- Qlt+1'

(3)

[IpencraBum Beipaxkenus (3) uepes anementsl U-NJIN-HE:

Ji=R-Q_ VL Q=R Q1L Q4 =RQ1VQ_1 Q4 VL QL.

Taxkak R = L, L= Ru Q'_,Qf, =0, T0:

]it = Rta—1 v LQlt+1 .

AHAaJOTUYHBIMY BBIKIAAKAMU [IOJY4UM BeIpakenue s Kit:

Kit = Rta—1 v Lta+1-

CxeMa peBEepCHMBHOIO CIBHUTAIONIETO peructpa Ha J-K-Tpurrepax nokazaHa
Ha pucyHke 6. CABUTH BJICBO W BIIPABO OCYIIECTBIIIOTCS 1O CHTHAJaM CJIBHTa,

KOTOpbI€ mojaroTcst Ha Bxo C.
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| K — J — J
& c & C =l Ha c
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Xr e R —1&| R &1 R

A A — Iy

T

¥eoe

Pucynox 6 — PeBepcuBHbIii caBuraromuii peructp Ha J-K-tpurrepax

PeBepcuBHBIN CABUTAIONIMI PETHCTP MOXKHO IMOCTpouTh Ha D-tpurrepax.
YcnoBue (YHKIMOHUPOBAHUS I-TO paspsiia PErucTpa BBHIMBIIUT CICAYIOMIAM

oOpazom:

Dit = R- Qit—1 VL- Qit+1-

[Ipoussens npeoOpa3oBaHMs, AHAIOTMYHBIE Ji, TOAyunM  (DyHKIIHIO

B030YKnenus D

Df = RO V LQhrs.

Cxema PCBEPCUBHOIO CABUTAIOIICTO PCTUCTPA HA D-TpHFFean II0Ka3aHa Ha

puUCyHKe 7.
L
R . .
ny --- T‘&1 “%T_fgi'f L&1 il ! L&1 qR| ; L Qi*]
—] — D — D
& FC & —;E <& —,E
s S s
Yeoe

Pucynox 7 — PeBepcuBHBIii capuratomuii peructp Ha D-tpurrepax

1.5 CuHTE3 CIBUTAIOUINX PETUCTPOB HA 3aJaHHOE YKCIIO Pa3psiioB
Metoabl CMHTE3a PEerucTPOB IS Cilyyas CIIBUTA 3a OJMH TakT Ha 1 paspsn
pacpoCTpaHsIOTCS M Ha OOMIMK CiTy4ail, KOrJa 3a OJIMH TaKT OCYIIECTBIACTCS

CJIBMT BJICBO WJIM BIIPABO Ha | pa3psaos, rue j = 2,3,.., m.
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PaccmoTpum ciayuait casura BupaBo. CocrosHue i-ro paspsga Qi 3aBucur

OT COCTOsIHMS I-j-T0 paspsna Qij' ¥ HoxUMHsIETCs TpaBuiaM (YHKIIMOHUPOBAHHMS,

IIPUBCACHHBIM B Ta6J'II/IIl€ 1, IIpu CJICAYIOIUX OI'PaAHNYCHUAX !

m

A R.=0;
J

j=0
m

ij[ v R]=1 mpu j=p.
p=0

Ot OTpaHUYCHUA O3HAYAIOT, 4YTO B I[ﬂHHI)IfI MOMCHT TOJIBKO OAMH CHI'HAJI

caABUTI'a MOXKECT OBITH paBCH 1, a OCTAJIBHBIC JOJIXKHBI OBITH PaBHBbI 0.

Ha ocHoBanumn JaHHBIX OFpaHI/I‘-ICHHﬁ MOXXHO OIIMCaTb COCTOsSHHI BXOJOB

pPa3psiOB PETUCTPOB, NOCTPOECHHBIX Ha J-K u D-Tpurrepax:

Ji = RiQiy VR:Qi 5 v . VRmQim,

Kf = RQL, vR,QL, v ... vR,QL i
m
DIt = Vv RJ 'Qit_j-
i=1

(4)

[IpencraBum Beipaxkenus (4) uepes anementsl U-NJIN-HE:

m

‘]it: Vv Rj'Qit—j;
j=1
m

Kut: Vv Rj'Qit-j;
J=1
m

D= v R;-Q!,
1=1

BxosHast moruka i-ro paspsiia peructpa Ha D-Tpurrepax [uist cIBUra BIpaBo

Ha 1, 2, 3 u 4 pa3psia nokazaHa Ha pUCyHKe 8.
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Pucynok 8 — Cxema i-ro paspsiia CIBUTAOIIETO peructpa Ha D-tpurrepax

1.6 KomnblieBble CBUTAIONINE PETUCTPHI
KonbieBble peructpsl choykar sl coxpaHeHusi uHdopmamuu mnpu
BBINIOJIHEHUH apU(PMETUUYECKUX M JIOTMYECKHUX omepauui. B Takux perucrpax
KpallHHE BXOJIbl U BBIXOAbl COEIHUHSIOTCS CXEMAaMH, AHAJOTMYHBIMH CXEMam
MEXIY JBYMS COCETHUMHU pa3psIaMHu.
Jlns ciydast cnBura BrpaBo (pUCYHOK 9) BXOJ cTapLIero paspsiia perucrpa

OMHUCBHIBACTCA  CIEAyIOMUMH  BeIpakeHusMu i1 J-K-  u  D-Tpurrepos,

COOTBETCTBEHHO:
]75—1 = R1Q6;
Krs—1 = R1Q_(t)i
Drtl—1 = R1Q6-
| RG —»
n-1 —1> 0
YCZIB

PI/IcyHOK 9- OHCpaI_II/IOHHaSI CXCMa KOJIbIIEBOTO CABUTAOIICTO PETUCTPA BIIPABO
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1.7 Muxkpoornepaluy B CABUTAIOIIUX PETUCTPAX
Peanuzauust Mukpoornepauuy cIBUra Ha M pas3psiioB BOPABO B CABUTAIOLIEM

peructpe (pucyHok 10, a) MOXXET OBITh OTOOpaKEHA CJICTYIOMINM 00pa3oM:
Yeus: RG[0:n-1] := RyRG [0 : n-1],
Ha M paspsi1oB BiIeBO (pucyHok 10, 6):

Yeus: RG[0:n-1] := LnRG [0 : n-1].

a) 0)
RG RG
n-1 — My n-1 «M 0
YCZZB YCLZB
8) 2) t J
RG RG
n-lemM —Myo n-leM —Myp
Y1 Yz Yl Y2

Pucynox 10 — OnepaninoHHBIE CXEMBI CABUTAIOIINX PETUCTPOB

MukponporpamMma paboTbl PEBEPCUBHOTO CABUTAIOIIETO PETUCTpa (PUCYHOK

10, B) MOXeT OBITh ONMKCaHa CIACAYIOITUM 00pa3oM:

Y:: RG[0:n-1]:=L,RG [0 : n-1],
Y,: RG[0:n-1] :=RyRG [0 : n-1].

VYnpasnstomye curHaibl Y1 1 Y, HE MOTYT JIEHCTBOBATh OJTHOBPEMEHHO, T.€.
Y1 &Y, =0.
KonbrieBolt, unu mukaudeckuid, peructp (pucynok 10, 1) peanusyer
CJIEIYIOLIME MUKPOOTIEPALIUHN:
Y1: RG [0 :n-1] := CLxRG [0 : n-1],
Y2: RG [0:n-1] := CR4,RG [0 : n-1].
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CrBurarolue perucTpbl OTHOCATCS K PEryJspHBIM CTPYKTypam, T.K.
pas3psabpl pETUCTpa CTPOSTCS MO OJAHOU U TOU ke cxeme. Kaxpiid pa3psa COCTOUT
u3 sneMeHTa namsatu — tpurrepa u KC mnsa peanuzanuu cisura. Kpome toro, B

KaXXJI0M pas3psaac NMCHOTCS LICIIM BBOJIa U BBIBOAA I/IHq)OpMaI_II/II/I.

2. TIOPAAOK BBIITOJIHEHUA PABOTDI

1. TlomyuuTh BapuaHT 3aJaHus y IPENoAaBaTesl.

2. BBINOTHUTH CHHTE3  CABHTAIOLIETO  PETUCTpa B  COOTBETCTBHHU  C
WHIMBUIYaIbHBIM 33JaHHEM.

3. Ilpouseectn  monenupoBanue B Micro-Cap 10 wm  1poBepuTH
paboTOCIIOCOOHOCTD CABUTAIOLIETO  PErucTpa. Pabora  perucrtpa
KOHTPOJIUPYETCS TI0O BPEMEHHBIM JIHarpaMMaM C MPSIMBIX BBIXOJOB TPUITEPOB
perucrpa.

4. Pe3ynbTaThl pabOTHI IOKA3aTh MPENOIABATENIO.

5. OdopMuUTh OTUET.

3. 3AJIAHME K JIABOPATOPHOI PABOTE

3amanne K JabopatopHoil pabore Qopmupyercas mo Tabnuie 4 B
COOTBETCTBHUH C BAPUAHTOM, TIOJIYICHHBIM y MpPETogaBaTeIs.
XapakTepuCTUKN CUHTE3UPYEMOT0 PErucCTpa:
|. Oneparnus cnpura:
1. caBur BIIEBO,
2. CIBHT BIIPaBoO,
3. PEBEpPCUBHBII.
Il. KonmnuectBo cnBuros 3a 1 Takr:
1. Ha omuH paspsia,
2. Ha JBa paspsja.
I1l. Tun perucrpa:

1. pa3oMKHYTHIH,
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2. KOJBIIEBOM.
IV. Tun tpurrepa:

1. J-K,

2. D;

3. T.

NHnuBuayanbHbIC 3a0aHUs

<

Ne
B

<

Hoo~woubhwn w2

el
A~ O0ODN PR

WNNEFPPFPDNOWOWWNEFEEPDNWWDN P
NFRPFFRNNRERPRNNRPRNNERER

=
a1

PNNRPNERENRPNERENRNERENRE

P NNWOWWNEFEPWNEPEREPNWEDNW

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

P NWWNEPEPEPNWWNEPEEPEDNW

PR NONNNRPERPNNRPERPNNNR RN

NFENEFENENENENEDNNEREDN

P NNWOEFRPNWWNEFPONEFEREPDNW

4. COHAEPXAHUE OTYUETA

OtuyeTt o 1abopaTopHOM paboTE NOKEH CONCPIKATh:

— TUTYJIbHBIN JIUCT;

— HWHAWBHUAYAJIBHOEC 3aJ1aHUC,

— JTalbl CHHTE3a CABUTAIOIICIO PErucTpa,

Tabnuua 4

— cxeMa 4-X pa3psIHOro CIBUTAOIIET0 perucTpa, moctpoentas 8 Micro-Cap 10;

— BPEMEHHBIE JUarpaMMBl.
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5. KOHTPOJIbHBIE BOITPOCHI

. CnBuraroniyie peructpbl. TUIBI pETUCTPOB.

. O6mias MeTo/IMKa CUHTE3a CABUTAIOLIUX PETUCTPOB.

. PeBepcuBHBIE CIBHralIU€ PErUCTPbl: YNPABIAIONINE CUTHAIBI, YCIOBHS
GyHKIHOHUPOBAHMUS.

. Kounb1ieBbIe perucTpsl.

. Mukpoonepaluy B CIBUTaOIIKX peructpax. OnepauruoHHbIE CXEMBI.
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