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1. llcTopun palBHTHH 3BM 

C )'BerruqemreM o6neMa BI,1q0:cnettuii rroHBBJICH rrepBhiii cqertt1,1ii rrepettoc

Hoii liHCTJ))'MeHT - «cqmrn. B Haqane 17-ro BeKa B03Hll:Kna Heo6xo,z:urMOCTh B 

CJIO)KHhIX BI,JqHcJieHBHX, rro-rpe6oBanll:Ch cqeTHhie yc-rpoiiCTBa, crroco6Hbie Bhl

IIOJIHHTh 6oJihIIIOii o6'heM BI,1q0:cneHlili C BhICOKOii TOqffOCThlO. B 1642 r. cppaH

IIy3CKlili MaTeMaTBK Ene3 IlacKanh CKOHCTJ)yttpoBan rrepByIO Mexatt0:qecKYIO 

cqerttym MaIIIBHY «ITacKan0:tty». B 1830 r. attrn0:il:cK0:il: yqetti,10 qapnhl fo660.L()I( 

rrpe,zirrO)l(Hn H,n;eIO rrepBOB rrporpaMMHpyeMOB BI,1q0:cJIHTeJihHOB MaIIIliHhl - «aHa

JlliTliqecKaH MaIIIHHa>). Ilo 3aMhICny yqettoro, OHa )];On)l(Ha 61,ma rrpBBO,D;liThCH B 

,n;eil:CTBlie CHJIOB rrapa, a rrporpaMMhl KO,n;HpOBaThCH Ha rrep«pOKapTaX. Peanll:30BaTh 

:ny H,D;eIO He y,n;anOCh, TaK KaK HeKOTOpbie ,n;eTanli MaIIIHHhl B TO BpeMH HeB03M0)1(

HO 6hmo c,n;enaTu. AMep0:KattcK0:ii BH)l(ettep repMatt Xonnep0:T 61,m rrepBhIM, KTO 

cMor pean030BaTh 0,n;em rrepcpoKapT. Ott 0306pen MaIIIBHY ,n;AA o6pa6oTKB pe3yn1,

TaToB rrepeIIHCli HaceneHBH. B CBOeii MaIIIBHe OH BrrepBhie rrpBMeHHJI 3JieK-rpli

qecTBO ,D;JIH pacqeTOB. 

B 1930 r. aMepHKaHCKHB yqeHhiii BatttteBap Eyrn mo6pen «,n;H«p«pepeH

a;HanhHhiii aHanH3aTop» - rrepBhlli B Mlipe KOMIIhIOTep. DOJlhIIIOii TonqoK B pa3-

BliTHH BI,JqHCJIHTeJibHOii TeXHHKli ,n;ana BTOpaH MHpOBaH BOBHa. BoeHHhIM rro

Ha,n;o6HJICH KOMilhIOTep, KOTOphIM CTan «MapK- 1 » - rrepBhlll B MHpe QH«ppOBOii 

KOMIIhIOTep, H306peTeHHhlli B 1944 r. rrpocpeccopoM Ail:KHeM. B HeM HCIIOJlh30-

BanOCh coqeTaHHe 3JieK-rpHqecKHX ClirHanOB li MexaHHqecKHX rrpHBO,D;OB. Pa3-

Meph1 KOMIIhIOTepa - 15 X 2,5 M. OH COCTOHJI H3 750000 ,n;eTaneii H Mor rrepe

MHO)l(HTh ,n;Ba 23-pa3pH,D;Hhie qHcna 3a 4 ceKyH,n;hI. 

B 1946 r. rpyrrrroil: HH)l(eHepOB 110 3aKa3Y BoeHttoro Be,n;oMCTBa ClllA 61,m 

C03,D;aH rrepBhlli :meKTJ)OHHhlli KOMIIhIOTep - «3HHaK» C 61,1c-rpo,n;eiicTBHeM 5000 

orrepau;0:il: CJIO)l(eHHH H 300 orrepau;Hil: )'MHO)l(eHHH B ceKYff,D;y. Pa3Mepb1 KOMIIhIO

Tepa: )];JIHHa - 30 M, o6'heM - 85 M
3 

H Bee - OKOJIO 30 TOHH. B HeM HCIIOJlh30Banocb 

18000 3JieK-rpOHHhIX JlaMII. IlepBaH MaIIIHHa C xpattHMOB rrporpaMMOB «3,n;caK» 
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61,ma co3,n;atta B 1949 r., a B 1951 r. co3,n;anH MaIIIHHY «IOH0:BaK» - rrepBhIB ce

p0:il:HhIB KOMIIhIOTep c xpattHMOii rrporpaMMOil:. B 3TOB Marn1rne BrrepBhle 61,ma 

HCIIOJlh30BaHa MarHHTHaH neHTa )];AA 3aIIHCli li xpatteHBH HH«pOpMaIIHH. 

2. Harrpaenemrn palBHTHH II rroKoneuun 3BM 

2.1. AuanorOBhie BhJqlfCJIIITeJihHhle MalIIHHhl 

B aHanoroBhIX Bh1q0cmnenhHhIX MalIIHHax (ABM) Bee MaTeMarnqecKHe 

BeJIHqHHhl rrpe,n;CTaBnHIOTCH KaK HerrpephIBHhie 3Haqemrn KaKHX-JIH6o 4)H3HqecKHX 

BeJiliqHH. B KaqeCTBe MalIIHHHhIX rrepeMeHHhIX BhICTyrraeT HarrpH)l(eHHe 3neK-rpH

qecKOB u;errH, a H3MeHeHHH HX BenHqHH rrpOHCXO,D;HT IIO TeM )Ke 3aKOHaM, qTo H 

H3MeHeHHH 3a,n;aHHhIX 4)YHKQHH. B 3THX MalIIHHaX HCIIOJih3yeTCH MeTO,D; MaTeMa

rnqecKoro MO,n;enHpoBaHHH, TO eCTh C03,D;aeTCH MO,D;eJih HCCne,n;yeMOro o6'heKTa, a 

pe3ynhTaThI BI,JqHCJieHHii BI,IBO,D;HTCH B BH,n;e 3aBHCHMOCTeil: 3JieK-rpHqecKHX Ha

IIp}l)l(eHHB OT BpeMeHH Ha 3KpaH OC[(HJIJIOrpa«pa HnH «pHKCHPYIOTCH H3MepHTenh

HhIMH 11p06opaMH. OcHOBHhIM HaJHaqeHHeM ABM HBAAeTcH perneHHe JIHHeil:n1,1x 

H ,D;H«p«pepeHa;HanhHhlX ypaBHeHHB. 

,n:ocTOHHCTBa ABM: BI,ICOKaH CKOpOCTh perneHHH 3a,n;aq, COH3MepHMaH co 

CKOpOCThlO rrpoXO)l(,D;eHHH 3JieK-rpHqecKoro CHrHana; IIpOCTOTa KOHCTJ)YKU:HH; 

nerKOCTh IIO,D;fOTOBKH 3a,n;aqH K perneHHIO; HarnH,D;HOCTI, npoTeKaHHH HCCne

,n;yeMhIX npou;eccoB; B03MO)l(HOCTI, H3MeHeHHH napaMeTpOB HCCne,n;yeMhIX npo

u;eccoB BO BpeMH caMoro 0ccne,n;oBaHHH. 

He,n;ocTaTKH ABM: ManaH rnqHoCTh nonyqaeMhIX pe3yn1,TaTOB (,n;o 10%); 

anropHTMHqecKaH orpaHHqeHHOCTI, pernaeMhIX 3a,n;aq; pyqHOB BBO)]; pernaeMOB 

3a,n;aqH B MaIIIHHy; 6onhIIIOB o6beM 3a,n;eiiCTBOBaHHOro o6opy,n;oBaHHH, pacTy

I[(HB C yBeJIHqeHHeM CJIO)l(HOCTH 3a,n;aqH. 

2.2. 3JieKTpOHHhle BhJqlfCJIHTeJihHhle MalIIHHhl 

B orn0qHe OT ABM B 3neK-rpOHHO-Bh1qHCJIHTen1,n1,1x Marn0Hax (3BM) Ma

TeMarnqecKHe BeJIHqHHI,I rrpe,n;CTaBAAIOTCH B BH,n;e nocne,n;oBaTeJII,HOCTH QH«pp. B 

COBpeMeHHI,IX 3BM ocyIQeCTBAAeTCH IIpHH[(HII nporpaMMHOro ynpaBneHHH, a 
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':IIICJia npe,n;CTaBIDIIOTC11 B Bil,n;e ,L\BOil':IHI,IX KO,L\OB, TO eCTb B BII,n;e KOM6IIHaIIIIH 

«l» II «0». 

)J.oCTOIIHCTBa 3BM: BI,ICOKa1! TO':IHOCTI, Bbl':IIICJieHIIH; YHIIBepCaJII,HOCTh; 

aBTOMaTII':leCKIIH BBO,L\ IIHq>OpMaQIIII, Heo6xo,n;IIMOH ,L\JI1I perneHil11 3a,n;a1:1I1; pa3-

Hoo6pa3I1e 3a,n;a1:1, pernaeMbIX 3BM; He3aBIICIIMOCTI, KOJIH':leCTBa o6opy,n;oBaHH11 

OT CJIO)KHOCTII 3a,D;a':IH. 

He,n;ocTaTKH 3BM: CJIO)KHOCTI, no,n;roTOBKH 3a,D;a':IH K perneHHIO (propa-

6oTKa cneQHaJibHbIX MeTo,n;oB perneHH11 3a,n;a1:1 n nporpaMMHpoBaHI111}; He,n;ocrn

TO':IHa11 HarJI11,L\HOCTI, npoTeKaHH11 npoQeCCOB H CJIO)KHOCTI, H3MeHeHH11 HX napa

MerpoB; CJIO)KHOCTI, 3KcnnyaTaQHH " TeXHH':leCKoro o6CJIY)KHBaHH11. 

2.3. IloKoJieunH pa3BHTHH 3BM 

Mo)KHO BI,I,D;eJIHTb 1:1er1,1pe OCHOBHhIX noKoJieHH11 3BM ( Ta6n.2. l ). 

Ilepeoe noKO!leHue. 3BM Ha 3JieKrpOHHbIX JiaMnax (E3CM, «Crpena» }, 

61,1cTpo,n;eiicrnne nop11,L\Ka 20000 onepaQIIH B ceKyH,n;y, ,n;JI11 Ka)K)];oii MaIIIHHbI -

CBOH 113!,IK nporpaMMHpOBaHH11. 

Bmopoe noKo!leHue. B 1960 r. B 3BM («MIIHCK-2», «Ypan-14») npnMe

HIIJIH TPaH3HCTOpbI, H306peTeHHI,Ie B 1948 r. 3TH 3BM CTaJIII 6onee Ha,D;e)KHI,I

MH, ,n;onroBe':IHI,IMH " o6na,n;aIOIQIIMH 60JII,IIIOH onepaTHBHOH naM1!TI,IO. B Ka':le

CTBe HOCIITeJieii HH!pOpMaQHII IICilOJII,30BaJIIICI, MarHIITHI,Ie JieHTI,I. 

Tpembe nOKOJleHue. B 1964 r. Il011BHJIHCI, nepBbie HHTerpanbHbie cxeMI,I 

(HC), Ha 6roe KOTop1,1x 3aTeM CTaJIII co3,n;aBaT1, 3BM. l1HTerpan1,Ha11 MHKpo

cxeMa - 3TO KpHCTaJIJI nonynpoBO,L\HIIKa, IlJIOIQa,n;i, KOTOporo OKOJIO 10 MM
2

• 

O,n;Ha HC cnoco6Ha 3aMeHHTh ,n;o 1000 TpaH3IICTopoB. B 3TIIX 3BM no11BI1Jiac1, 

B03MO)KHOCTh o6pa6aTbIBaTI, napanneJII,HO HeCKOJII,KO nporpaMM. 

t/emeepmoe noKo!leHue. B 3BM CTaJIH npnMeH11T1,c11 6on1,rnI1e HHTe

rpan1,H1,1e cxeMI,I (EHC). 3TO npHBeJIO K CHH)KeHHIO CTOHMOCTH npOH3BO,D;CTBa f 

KOMilbIOTepoB. B 80-x ro,n;ax QeHrpan1,H1,1ii npoQeccop 3BM ~e 61,rn Bhrnon

HeH Ha o,n;HoM KpncTanne, TO ecT1, Ha EHC («l1nnI1aK», <<3ni,6pyc»). 
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Ta6JII1Qa 2.1. OcHOBHbie noKoneHH11 3BM 

XAP AKTEPMCTMKM ITOKOJIEHM.51 3BM 
I II III IV 

fo)(bl IIPHMeHeHIUI 1946-1960 1960-1964 1964-1970 1970-1980 

OcHOBHOH :meMeHT 3rr. m1Mrra TpaH3HCTop MC EMC 

Kom1qecTBo CoTHII TblCl!'III .[(eCSITKII Tb!Cll'I M11J1JIIIOHbl 

3BM B M11rie (nn.) 
Pa3Mepb1 3BM EorrbIJIHe 3Ha'IHTeJlbH0 M11H11-3BM M11Kpo3BM 

MeHbIJle 

DhlCTPO)(eil:cTBlle (ycrr) 1 10 1000 10000 

HoCHTeJlb IIH<pOpMa~1111 ITep<poKaprn MarnHTHal! ,[(HCK f116KIIH 

ITepqiorreHTa rreHTa )(IICK 

B HaCT01!IQee BpeM11 pa3BIITile BI,I':IIICJUITeJII,HOH TeXHIIKII n,n;eT B HanpaB

JieHHII C03,D;aHIIH 3BM C IICKYCCTBeHHbIM IIHTeJIJieKTOM. flo,n; IICKYCCTBeHHI,IM 

HHTeJIJieKTOM IlOHHMaIOT: B03MO)KHOCTI, 3BM ,n;enaTI, JIOrII':leCKHe BI,IBO)];I,I Il3 

npell;CTaBJieHHI,IX cpaKTOB; B03MO)KHOCTI, BBOl];a IIH!pOpMaQIIH B 3BM npII no

MOIQH ronoca; B03MO)KHOCTb BBOl];a B 3BM pa3JIII':IHbIX H3o6pa)KeHIIii II ll:P- 3rn 

eIQe 60JII,IIIe pacIIIIIpIIT B03MO)KHOCTII 3BM Ii CTaHeT IlOMOIQHIIKOM ':leJIOBeKy 

BO BCeX o6JiaCTHX HayKII II TeXHIIKII. 

3. 

3.1. 

IlonHTHe curnana, THnbl curuanoe 

Tunbl curuanon 

floll; TepMIIHOM «CIIrHaJI» IlOHIIMaeTCH ynopHll;O':leHHOe (KaKIIM-JIII60 o6-

pa30M) oTo6pa)KeHIIe npoQecca, TO ecTh xapaKTep II3MeHeHIIH B npocrpaHcrne, 

BO BpeMeHII IIJIII no JII06oii ll;pyroii nepeMeHHOH !pII3II':leCKIIX BeJIII':IIIH, !pII3Il

':leCKIIX CBOHCTB IIJIII !pII3II':leCKOrO COCTOHHIIH 061,eKTa IICCJiel];OBaHIIH B peani,

HOM MaCIIITa6e BpeMeHII. Cnel];OBaTeJII,HO, CilrHaJI HBJIHeTCH OT06pa)KeHIIeM 06-

IQeii Il3MepIITeJII,HOH IIH!pOpMaQIIII. 

Bee CIIrHaJibI prol];eJI11IOT Ha l];Be KpynHhie rpynn1,1: l];eTepMIIHilpOBaHHbie 

II cny1:1aiiHbie. O6hI':IHO BI,Il);eJIHIOT l];Ba KJiacca l];eTepMIIHIIpOBaHHbIX CilrHaJIOB: 

nepIIOl];II':leCKile II HenepIIO,L\II':leCKIIe. K nepIIOl];Il':leCKIIM CIIrHaJiaM OTHOCHT 

rapMOHII':leCKIIe II IlOJIIIrapMOHil':leCKIIe CilrHaJII,I, a K HenepIIOl];II':leCKIIM - Il0':1-

TII nepIIOl];II':leCKIIe II anepIIOl];II':leCKIIe (IIJIII nepexol];Hbie) CiirHaJII,I. 
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PacCMOT{)HM THIII,I CHrHaJIOB, KOTOpbIM COOTBeTCTB)'IOT orrpe.n.eneHHI,Ie 

qiopMbI HX MaTeMaTH1IeCKoro OIIHCaHml. 

Am1.llo20ebzii CU2H(1.ll (analog signal) HBJUieTCH HerrpepbIBHoii q>yHKI.\Heii 

HerrpepbIBHoro apryMeHTa, TO eCTb orrpe.n.eneH ,ll.JIH mo6oro 3HaqeHHH apryMeH

TOB. llcToqHHKaMH aHaJIOrOBbIX CHrHaJIOB, KaK rrpaBHJIO, HBJIHIOTCH q>H3HqeCKHe 

rrponeccbl H HBJieHHH, HenpepbIBHbie B ,ll.HHaMHKe CBOero pa3BHTHH BO BpeMeHH, 

B rrpoc-rpaHCTBe HJIH IIO JII06oii He3aBHCHMOH rrepeMeHHOH, IIpH 3TOM perHCTJ)H

pyeMbIH cHrnan rro.n.o6eH (aHanornqeH) nopo)KJ:(aIOII.\eMy ero nponeccy. 

5 
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>, 
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' I I --,----J-
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I -,---
' :---: --:·--~ : 

I I 
! 

23456739 

Koop,!\HHara t 

PHc.3.1. AnanoroB1,1ii cHrnan 

IlpHMep rpaqiHqecKoro OT06pIDKeHHH ,ll.aHHOro CHrHaJia rrpHBe,ll.eH Ha 

pHc.3.1, r.n.e KaK CaMa q>yHKI.\HH, TaK Hee apryMeHTbl MOryT IIpHHHMaTu JII061,ie 

3HaqeHHH B rrpe.n.enax HeKOTOpbIX HHTepBaJIOB yl:S y :S Y2' ti::: t :S t2. ECJIH 

HHTepBaJII,I 3HaqeHHH CHrHana HJIH ero He3aBHCHMbIX nepeMeHHI,IX He orpaHH

qeHbl, TO IIO yMonqaHHIO OHH rrpHHHMaIOTCH B HHTepBane OT - 00 ,ll.O + 00. 

MHO)KeCTBO B03MO)KHI,IX 3HaqeHHH CHrnana o6pa3yeT KOHTHHYYM - He

rrpepMBHOe rrpoc-rpaHCTBO, B KOTOpOM JII06aH CHrHaJibHaH TOqKa MO)KeT 6bn1, 

onpe.n.eneHa c TOqHOCTbIO ,ll.O 6eCKOHeqffOCTH. IlpHMepoM CHrHaJIOB, aHanoro

BbIX no CBOeii npHpo.n.e, MO)KeT 61,1TI, H3MeHeHHe HanpH)KeHHOCTH 3JieK-rpHqe

CKOro, MarHHTHOro, 3JieKT})OMarHHTHOr0 IIOJIH BO BpeMeHH H B rrpOCTJ)aHCTBe. 

B rrpHpo.n.e Bee CHrHaJII,I aHaJIOfOBbie, HMeHHO n03TOMy rrepBbie 3JieK

T{)OHHI,Ie yc-rpoiicTBa 6I»IJIH aHaJIOrOBI,lMH. OHH rrpeo6pa30BbIBaJIH q>H3HqecKHe 

12 

aeJIHqHHbl B rrponopnHOHaJibHbie HM HanpH)KeHHH HJIH TOK H BI,IIIOJIHHJIH Ha,[( 

HHMH KaKHe-TO orrepau;HH. O.n.HaKO aHaJIOfOBbie CHrHaJibl H pa6oTaIOII.\aH c 

HHMH ananorOBaH 3JieK-rpOHHKa HMeIOT 6oJibIIIHe He,ll.OCTaTKH, CBH3aHHble 

HMeHHO C npHpo.n.oii aHanorOBI,IX CHrHaJI0B. ,[(eno B TOM, qTo aHaJIOfOBI,Ie CHr

HaJlbl qYBCTBHTeJII,Hl,I K .n.eiiCTBHIO BCeB03MO)KH~IX «napa3HTHbIX» CHrHaJIOB -

IIIyMOB, HaBO,ll.OK H noMex. lliyM - 3TO BHy-rpeHHHe xaoTHqeCKHe cna61,ie CHr

HaJibl JII06oro 3JieKTJ)OHHOro yc-rpoiicTBa (TpaH3HCTOpa, pe3HCTOpa HT. ,lJ..). Ha

BO,ll.KH H noMeXH - 3TO CHrHaJibl, rrpHXO,ll.HII.\He Ha 3JieKTJ)OHH)'IO CHCTeMy H3BHe 

H HCKIDKaIOII.\He none3Hblll CHrHaJI (HanpHMep, 3JieKTJ)OMarHHTHI,Ie H3JiyqeHmr). 

l(ucKpemHbzii cu2HaJZ ( discrete signal) no CBOHM 3HaqeHHHM TaK)Ke HBJIHeTCH 

HenpepbIBHOH q>YffKnHeil, HO orrpe.n.eneHHOll TOJII,KO no ,ll.HCKpeTHblM 3HaqeHHHM 

apryMeHTa. Ilo MHO)KeCTBY CBOHX 3HaqeHHii OH HBJIHeTCH KOHeqHI,IM H onHCbl

BaeTCH ,ll.HCKpeTHOH nocne,[(OBaTeJII,HOCTI,IO OTCqeTOB y( nb.t ), r.n.e y I :S y :S y 2' 

Lit- HHTepaan Me)K,ll.y oTcqeTaMH (rnar .n.ncKpeTH3annH), n = 0,1,2, ••• ,N. BennqHHa, 

o6paTHaH rnary ,ll.HCKpeTH3anHH (f= 1/Lit), Ha3bIBaeTCH qacTOTOii ,ll.HCKpeTH3anHH. 
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KoopAHHara n 

PHc.3.2. ,[(HcKpeTH1,1ii CHrnan 

EcnH ,ll.HCKpeTHbIH CHrHaJI rronyqeH ,ll.HCKpeTH3au;Heii (sampling) aHanoro

Boro CHrHana, TO OH rrpe,[(CTaBJIHeT co6oii II0CJie,ll.OBaTeJibHOCTI, OTcqeT0B, 3Ha

'leHHH KOTOpbIX B ToqHOCTH paBHI,I 3HaqeHHHM HCXO,ll.HOro ClffHaJia no KO0p,[(H

HaTaM nb.t. IlpnMep ,[(HCKpeTH3al\HH aHanoroBoro cnrnana, npnBe,lJ.eHHOro Ha 

pHc.3.1, rrpe.n.cmBJieH Ha pnc.3.2. 
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~urjJpoeou cu21-1Clll ( digital signal) KBaHTOBaH no CBOHM 3HaqeHHHM, J:(HC

KpeTeH no apryMeHT)' H onHCbIBaeTCH KBaHTOBaHHOH peIIIeTqaTOH cpyHKQHeil: 

y = Q [y(n~t)], 
n k 

me Q - q>YHKIIHH KBaHTOBaHHH C qHCJIOM ypOBHeil: KBaHTOBaHHH k, npH 3TOM 
k 

HHTepBaJibl KBaHTOBaHHH MOryT 6bITb KaK c paBHOMepHbIM pacnpeJ:(eJieHHeM, TaK 

H c HepaBHOMepHbIM, HanpHMep, JIOrapmpMHqecKHM. 3aJ:(aeTCH IIHq>pOBOH CHrHaJI 

B BHJ:(e J:(HCKpeTHoro pHJ:(a ( discrete series) qHCJIOBbIX J:(aHHbIX - qHCJIOBoro Mac

CHBa no nocJieJ:(OBaTeJibHbIM 3HaqeHHHM apryMeHTa npH ~t = const, HO B 06111eM 

CJiyqae CHrHaJI MO)KeT 3aJ:(aBaTbCH H B BHJ:(e Ta6JIHllbl J:(JIH npOH3BOJibHbIX 3Haqe

HHH apryMeHTa. 
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PHc.3.3. UHcppoBoil: cHrnaJI 

Ilo CyIQeCTBy, IIHq>pOBOH CHrHaJI no CBOHM 3HaqeHHHM (oTcqeTaM) HBJIHeTCH 

cpopMaJIH30BaHHOH pa3HOBHJ:(HOCTblO J:(HCKpernoro CHrHaJia npH OKpyrneHHH OT

cqeTOB nocJieJ:(Hero J:(O onpeJ:(eJieHHOro KOJIHqecTBa IIHq>p, KaK 3TO nOKa3aHO Ha 

pHc.3.3. l.vicppoBOH CHrHaJI KOHeqeH no MHO)KeCTBY CBOHX 3HaqeHHH. Ilpo11ecc 

npeo6pa30BaHHH 6ecKOHeqHblX no 3HaqeHHHM aHaJIOroBbIX oTCqeTOB B KOHeqHoe 

qttCJIO IIHq>pOBblX 3HaqeHHH Ha3bIBaeTCH KBaHTOBaHHeM no ypOBHIO, a BO3HHKaIO

IIIHe npH KBaHTOBaHHH OIIIH6KH OKpyrneHHH OTcqeTOB ( oropaCbIBaeMbie 3Haqe

HHH) - rnyMaMH (noise) HJIH OIIIH6KaMH (error) KBaHTOBaHHH (quantization). B J:(HC

KpeTHbIX CHCTeMax H B 3BM CHrHaJI Bcer,[(a npeJ:(CTaBJICH c roqHOCTb~ J:(O onpe

J:(CJICHHOro KOJIHqecTBa pa3pHJ:(OB, CJICJ:(OBaTeJibHO, OH BCerJ:(a HBJIHeTCH IIHq>pOBbIM. 
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PHc.3.4. JiornqecKHil: CHrHaJI 

JI02utteCKUU CU2HaJl. JiorHqeCKHH CHrHaJI HBJIHCTCH qaCTHbIM CJiyqaeM 

IIHq>pOBOfO CHrHaJia, KOrJ:(a 3HaqeHHe cpyHKIIHH npHHHMaIOT TOJibKO q>HKCHpo

BaHHbie 3HaqeHHH «O» JIH6o «l». Ha pHc.3.4 noKa3aH BHJ:( JiornqecKoro cHrnaJia. 

3.2. licKa,KCHHC DOJIC3HhIX curuaJioB, rnyMhl H uaBOJl:KH 

Bee onepaIIHII, npOH3BOJ:(HMbie 3JICKTPOHHbIMH ycTpoil:cTBaMII mm CHr

HaJiaMII, MO)KHO ycJIOBHO pa3J:(CJIHTb Ha TPH 60JibIIIHe rpynnhI: o6pa6oTKa (HJIH 

npeo6pa3oBaHHe ), nepe.r(aqa II xpaHeHHe. Bo Bcex 3THX cJiyqMX noJie3Hbie cHr

HaJibI HCKa)KaJOTCH napa3HTHbIMH CHrHaJiaMH (IIIyMaMH, noMeXaMH, HaBOJ:(KaMH). 

KpoMe Toro, npH o6pa60TKe CHrHaJIOB (HanpHMep, npII ycIIJICHHH, q>HJihTPa

IIHH) TaK)Ke HCKa)KaeTCH H HX cpopMa H3-3a HCCOBeprneHcTBa (HeHJ:(CaJibHOCTH) 

3JieKTpOHHbIX YCTPOHCTB, a npn nepe.r(aqe CHrHaJIOB Ha 6onhIIIIIe paccTOHHHH 

HJIH npn HX xpaHCHHH aMnJIHT)'J:(bl 3THX CHrHaJIOB ocna6nHIOTCH. 

B cnyqae aHaJIOroBbIX CHrHaJIOB BCe 3TO cy111ecTBeHHO yxyJ:(IIIaeT none3Hblll 

CHrHaJI, TaK KaK Bee ero 3HaqeHHH pa3perneHbl (pIIC.3.5). CneJ:(OBaTeJibHO, Ka)KJ:(Oe 

npeo6pa3oBaHne, Ka)KJ:(Oe npoMe~oqHoe xpaHeHne, Ka)KJ:(ill! nepe.r(aqa no Ka6e

n10 yxyJ:(rnaeT aHaJIOfOBblll CHfHaJI, HHOrJ:(a BnJIOTh J:(O ero noJIHOfO YHHqTO)KeHIIH. 

OrMeTHM, qTO BCe IIIyMbl, noMeXII II HaBOJ:(KH npHHIIHnIIaJibHO He no,[(J:(aIOTCH 

TOqHoMy pacqery, nO3TOMY TOqHO OIUICaTb noBeJ:(eHIIe JII06bIX aHaJIOroBblX ycT

poil:cTB a6coJIIOTHO TOqHo HCBO3MO)KHO. K TOMY )KC co BpeMeHeM napaMCTPbI BCCX 

aHaJIOfOBblX YCTPOHCTB H3MemIIOTCH H3-3a crnpeHHH 3JieMeHTOB, BCJieJ:(CTBIIe qero 

xapaKTepIICTHKH 3THX_YCTPOHCTB He OCTaIOTCH nocTOHHHbIMII. 

B OTJIIIqIIe OT aHaJIOroBbIX, IIIIq>pOBble CIIfHaJibl, HMeIOIQIIe BCero ,[(Ba 

pa3perneHHbIX 3HaqeHIIH, ropa3J:(O nyqrne 3aIQIIIQCHbl OT J:(eHCTBIIH IIIYMOB, Ha-
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BOAOK ll TIOMex. He60JihIIIlle OTKJIOHeHllH OT pa3perneHHhlX 3Ha1IeHllli HllKaK He 

llCKIDKaIOT u.ml_:>poBofi CllrHaJI, TaK KaK y HllX BcerAa cym;ecrnyroT 30Hbl AOnyc

TllMhIX OTKJIOHeHllli (pttc.3.5). 11MeHHO Il03TOMY u.mj:>pOBbie CllrHaJibl AOTiyc

KaIOT 6onee CJIO)KHYIO tt MHorocryneH'laTyro o6pa6oTKY, 6onee AJIHTeJibHOe 

xpaHeHtte 6e3 noTeph ll ropa3AO 6onee Ka11ecrneHHYIO nepeAaqy, 11eM aeanoro

Bhie. K TOMY )Ke IlOBeAeHlle u.mj:>pOBhIX YCTPOliCTB MO)KHO a6COJIIOTHO TO'IHO 

paCC'lllTaTh ll npeACKa3aTb. 

HaBOAKa 
-mv..----
• 1::: ~:::: r 
ol~---~----· 

Pttc.3 .5. 11cKa)KeHtte aHanoroBoro ( cneBa) ll u.ml_:>poBoro 

CllrHaJia ( cnpaBa) rnyMaMll ll HaBOAKaMll 

I(ml_:>poBble YCTPOliCTBa ropa3AO MeHbIIIe TIOABep)KeHbl crnpeHHIO, TaK KaK 

He60JihIIIOe ll3MeHeHtte llX napaMeTPOB HllKaK He OTPIDKaeTCH Ha llX q>yHKQllO

HllpOBaHllll. KpoMe Toro, U.llq>pOBhie YCTPOliCTBa npoIQe npoeKTllpOBaTb ll OT

Jia)KllBaTb. Bee 3TH npettMym;ecTBa 06ecne1IttBaIOT 6ypHoe pa3BllTlle U.llq>pOBOli 

3JieKTPOHHKll. 

OAHaKo y U.llq>pOBhIX CllrHaJIOB eCTh KPYTIHhlli HeAOCTaTOK. ,n:eno B TOM, 

'ITO Ha Ka)KAOM ll3 CBOllX pa3perneHHhIX ypOBHefi U.Hq>pOBOli CllrHan AOJI)KeH 

OCTaBaTbCH XOTH 6bI B Te1IeHlle HeKOTOporo MllHllMaJihHOro BpeMeHHoro llHTep

Bana, llHa'!e ero HeB03MO)KH0 6yAeT pacno3HaTb. AHanOroBblli CllrHan MO)KeT 

npttHllMaTb JII06oe CBOe 3Ha1IeHtte 6ecKoHe1IHO MaJIOe BpeMH. 11Ha1Ie roBOpH: 

aHanoroBhlli CllrHan onpeAeJieH B HenpepbIBHOM BpeMeHll (B JII06ofi MOMeHT 

BpeMeHtt), a Qllq>pOBOli - B AllCKpeTHOM BpeMeHll (TOJihKO B BhIAeJieHHhie MO

MeHThl BpeMeHtt). Ilo3TOMY MaKCllMaJihHO B03MO)KHOe (AOCTll)KllMOe) 6bICTPO

AeHCTBlle attanoroBhIX ycTPoiicTB BcerAa npttHU.llTillaJihHO 6oJibIIIe, 11eM U.Hq>-
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poBhIX ycTPoficTB. AHanoroBhie ycTpoficrna MOrYT pa6oTaTh c 6onee 6bICTPO 

ll3MeHHIOIQllMllCH CllrHaJiaMll, 1IeM U.llq>pOBbie. CKopOCTh o6pa60TKll ll nepeAa

'lll llHq>OpMaQllll aHanorOBhIM YCTPOllCTBOM BCerAa MO)KeT 6bITh CAeJiaHa BhIIIIe, 

1IeM CKOpOCTh ee o6pa60TKll ll nepeAa'lll U.llq>pOBhIM YCTPOllCTBOM. 

KpoMe rnro, Qllq>pOBOli CllrHaJI nepeAaeT llHq>OpMaQllIO TOJihKO ABYMH 

ypoBHHMll, a aHaJIOroBhlli nepeAaeT llHq>OpMaQllIO eIQe ll Ka)l(AhIM TeKym;llM 3Ha

qeHtteM CBOero ypoBHH, TO eCTb OH «6onee eMKllli» C TO'!Kll 3peHHH nepeAa'Ill 

llHq>OpMaQllll. Ilo3TOMY AJIH nepeAa'lll TIOJIHOro o6'beMa TIOJie3HOli llHq>OpMaQllll, 

KOTOpblli COAep)KllTCH B OAHOM aHaJIOrOBOM CllrHaJie, 1IaIQe Bcero npttXOAllTCH 

llCTIOJlh30BaTb HeCKOJihKO Qllq>pOBhIX_ CllrHaJIOB. K TOMY )Ke, KaK ~e OTMe11a-

~OCh, B npttpOAe BCe CllrHaJihl aHaJIOrOBbie, Il03TOMY AJIH llX npeo6pa30BaHllH B 

~U.llq>pOBbie CllrHaJihl tt o6paTHO TPe6yeTCH npttMeHeHlle cneQllaJihHOli annapary

~pbl (aHanOrO-Qllq>pOBhlX tt Qllq>poaeanoroBbIX npeo6pa3oBaTeneii). 

'\-.:. 
4. liyJieBbl onepau;uu KaK 0CH0Ba u;u<t,poeoii TeXHHKH 

4.1. OcuoBbI 6yJieeoii aJire6pb1 

B OCHOBe o6pa60TKll U.llq>pOBhIX CllrHaJIOB Jie)KaT 6yJZe6bl onepalfUU. Ilo

cpeACTBOM 3TllX onepau.ttfi MO)KHO ll3 OAHOrO llJlll HeCKOJihKllX CllrHaJIOB Ha BXO

Ae IlOJIY'lllTh HOBhIH CllrHaJI, KOTOpbIH B CBOIO 011epeAh MO)KeT 6bITh IlOAaH Ha 

BXOA OAHOli llJill HeCKOJihKllM TaKllM onepau.HHM. Ilo CYTll, llMeHHO 6yneBhl one

paQllll B CO'leTaHllll C 3aTIOMllHaIOIQllMll 3JieMeHTaMll (HanpttMep, mpu22ep0J.tu) 

peaJill3YIQT Bee B03MO)KHOCTll COBpeMeHHOli Qllq>pOBOH TeXHHKll. 

EyneBoii anre6poii Ha3hrnaeTCH Henycrne MHO)Kecrno A c ABYMH 6ttHap

HhIMll onepau.HHMll: /\ - K01lb1011KlfWl (6ttHapHaH «11» ), V - OU3b1011KlfWl 

(6ttHapHaH «11.Jil1»); c )'HapHofi onepau.tteii-, - omputfa11ue (yHapHaH onepau.ttH 

«HE») ll ABYMH BhIAeneHHhIMll 3JieMeHTaMtt: «0» ( <<lloJICb») tt « 1 » ( «Hcmu11a» ), 

TaKoe, 'ITO AJIH BCex a, b ll C ll3 MHO)KeCTBa A BepHbl CJieAYIOIQlle aKCllOMhI: 

1) accoQllaTHBHOCTll - a v (b v c) = ( a v b) v c, a /\ (b I\ c) = ( a /\ b) I\ c; 

2) KoM~THBHoCTH- ♦fi&y~iH\i.¾e-£H~ll'€cKaH I 
6tt6JIHOTCKa 

01iJSIH 



3) nornorn.emrn - av (a" b) =a, a/\ (av c) =a; 

4) ,IUIC1pH6yrnBHOCTH - av(bAc)=(avb)i\(avc),:. 

a v(bAc) = (a vb)A (av c).· 

Ta6nm~a 4.1. EyneBbI 0THorneHHH )].IlH )].~yx noiw~ecKn:x nepeMeHHbIX 

EyneBbl 0TH0IIIeHHH )].Byx nornqecKHX nepeMeHHbIX CBoiicTBa 

avb=bva aAb=b/\a KOMMyTaTHBHOCTb 

a v (b v c) = ( a v b) v c a /\ (b /\ c) = ( a /\ b) /\ c AccoQHaTHBHOCTb 
a v (b /\ c) = ( a v b) /\ ( a v c) aA(bv c) =(a/\ b)v(a AC) ):viCTPH6yTIIBHOCTh 

ava=l aAa=0 KoMITneMeHTHOCTh 

(avb)=aAb (aAh)=avb 3aKoH )].e Mopra1rn 

· av(aAb)=a aA(avc)=a 3aKoH nornorn.eHHH 

a v (a" b) = ( a v b) a/\ (a Vb)= (a/\ b) EneiiKa-IlopeQKoro 

ava=a a/\a=a l1)].eMilOTeHTHOCTh 
a=a I1HBOillOTHBHOCTh 

0TPHQaHHH 
av0=a a" o·= 0 

',.; < ' aAl=l a/\l=a CBoiiCTBa K0HCTaHT 

)].ononHeHHe 0 ecTh l )].0il0nHeHHe 1 eCTb 0 

0=1 1.=0 
( a v b) " (a v b) = b (aAb)v(aAb)=b CKneHBaHHe 

«-» - «TOr,l].a H T0ilbK0 T0r,l].a, K0r)].a>> 3KBHBaneHTHOCTh 
~<-» - «cne)].0BaTenbH0» MMnnHKaQHH · 

«EB» - «HcKnJOqaiomee H.Jlli» Cno)l(eHHe no 
M0)].YIDO)].Ba 

«!» - 0TPHQaHHe OU3'b101-IKlJUU ( X ,1.. y = (x Vy)= X A y) CTPenKa IlHpca 

«\» - QTPHQaHHe KOHblOHKlJUU ( x I y = ( x " y) = x v y ) lliTPHX IIIecpcpepa 

IlpocTeiiIIIHM H HaH6onee IIIHp0K0 npHMeHHeMbIM npHMepoM TaK0li 

anre6paHqecKOli CHCTeMbl HBmieTCH MHO)l(eCTBO A, COCTOHIIl,ee _Bcero H3 )].BYX 

:meMeHTOB A E { JlO)l(b, J1CTHHa}. B MaTeMaTHqeCKHX Bblpa)l(eHHHX <<.!IO;JJCb)) 

OTO)K)].eCTBilHeTCH C norH1-IeCKHM HyneM, a «Hcmu1-1a» - C nomqecKoii e)].HHH

Qeli. Tor,l].a onepaQHH-, npHo6perneT CMbICil BbJqHTaHHH H3 e,l].HHHQbI; V - He-
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MO)].YilbHOro CilO)l(eHHH, " - JMHO)l(eHHH. Ha ,l].aHHOM MHO)l(eCTBe A MO)l(HO 

3a)].aTI, qeTbipe y1-1ap1-1b1e H IIIeCTHa)].QaTb 6u1-1ap1-1blX 0THOIIIeHHii, npe)].CTaB

neHHbIX B rn6n.4.l. 0)].HaKO BCe OHM MOryT 6bITb nonyqeHbl qepe3 cynepn03H

QHIO TPex BhI6paHHbIX onepaQHii «H», «HJI11», «HE». 

4.2. Jloru11ecKne 3J1CMCHTbl H J1oru11ecKne cl>YHKQHH 

4.2.1. Jloru11ecKue cl>YHKQHH 

JlozuttecKaa pyHKlJUR - 3TO cpyHKQHH, apryMeHTaMH KOTopoii HBnHIOTCH 

norHqecKHe nepeMeHHbie, npHHHMaIOIQM TOilbKO )].Ba 3HaqeHHH: «0» Hllll «l». 

B CBOIO oqepe)].b, caMa norHqecKM nepeMeHHM TO)l(e MO)l(eT npHHHMaTb TOilb

KO )].Ba 3HaqeHHH: «0» HilH «1». 

JlozuttecKuii 3J1eMe1-1m - 3TO ye1poiicTBo, peanH3yrorn.ee 3a)].aHHJIO nomqe

CKJIO cpyttKQHIO. JiornqecKM cpyttKQHH y = f(Xl,X2,X3, ... ,Xn) MO)l(eT 6b1Tb 3a

)].aHa rn6nHQeii, KOTOpM Ha3bIBaeTCH «rn6nHQeii HCTHHHOCTH» (pHc.4.1 ). KonH

qecrno CTPOK B Ta6nHQe COOTBeTcrnyeT qHcny B03MO)l(HhIX Ha6opoB 3HaqeHHli 

apryMeHTOB cpyHKQHH H paBHO N = 2n, r,l].e n - o6mee qHcno BXO)].HbIX nepe

MeHHbIX. qHcno pa3nHqHbIX 3HaqeHHii cpyHKQHii OT n norHqecKHX nepeMeHHbIX 

2n 
paBHo N=2 . 

Xl,X2,X3, ... ,xn I Y=f(Xl,X2,X3, ... ,Xn) 

Ha_5op sHatieHMM I '.3HatieHMe ~ymu.1,1,11,1 Y (D MJIM 1) 
apP:fMeHTOB Xl, .. ,Xn 

PHc.4.1. Ta6nHQa HCTHHHOCTH nornqecKoii cpyHKQHH Y=f(x1,,,xn) 

4.2.2. Jloru11ecKne cl>ynKQnu 0AHOii nepeMenuoii 

PaccMOTPHM nornqecKHe cpyHKQHH OT O)].HOli nepeMeHHOli. Ta6nHQa HC

THHHOCTH )].nH cpyHKQHH OT O)].HOH nepeMeHHOli Y=f(X) CO)].ep)KHT BCero )].Be 

CTPOKH, a o6rn.ee qHcno cpyHKQHii paBHO 4. 3TO cpyHKQHH: 
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1. <PyHT<lfWl Ko11cma11ma «0» (Y=0). TexttttqecKrui: pea.rrH3aIJ:H.H 3TOH 

q>YHKI.J;HH COCTOHT B coe,n;HHeHHH BbIXO,n;a Y c HyJieBbIM IIOTeHI.J;HaJIOM. Ta6-

JIHI.J;a HCTHHHOCTH q>YHKI.J;HH «KOHCTaHTa 0» HMeeT cne.n;ywII.J;Hll BH,D; 

X Y=f (X) 

0 0 
1 0 

2. <PyHKlfWl n0Bmope11wt Y=f(X)=X . .D:n.H TeXHHqecKoii pea.rrH3aI.J;HH 3TOll 

q>yHKI.J;HH Heo6xo,n;HMO coe,n;HHHTh Me)K,n;y co6oii BhIBO,D;hI X H Y. Ta6nttu;a 

HCTHHHOCTH «q>yHKI.J;HH IIOBTOpeHH.H» HMeeT BH,D; 

X Y=f (X) 

0 0 
1 1 

3. <PyHKlfWl ompu71a111m Y=f(X)=NOT(X) - 3TO «HE» HJIH «HHBepcH.H» 

(NOT(X)» HJIH «HE(X)). TexHHqecKrui: pea.rrH3aI.J;H.H 3Toii q>yttKI.J;HH -_ HHBeprnp 

Ha mo6oM TPaH3HCTope HJIH nornqecKOM :meMeHTe, HJIH TPaH3HCTOpHblll KJIIoq. 

Ta6nttu;a HCTHHHOCTH «q>YHKI.J;HH OTPHI.J;aHH.H» H o6o3HaqeHHe nornqecKoro 

3JieMeHTa «HE» rrpHBe,n;eHbl Ha pttc.4.2. 

X I Y•f(X) 
0 1 
1 0 

a) 

~11 t Y=(X) 

oJ 
Pttc.4.2. Ta6nttu;a HCTHHHOCTH H o6o3HaqeHHe nornqecKoro 3JieMeHTa «HE» 

4. <PyHKlfWl Ko11cma11ma «1» (Y=l). TexHHqecKrui: pea.rrH3aI.J;H.H 3TOii 

q>yttKI.J;HH - coe,n;HHeHHe BbIBO,D;a Y c HCTOqHHKOM IIHTaHH.H. Ta6nttu;a HCTHHHO

CTH q>yHKI.J;HH KOHCTaHTa « 1 » HMeeT BH,D; 

X I Y•f(XI 
0 1 
1 1 

Ba)I(Heiirneii q>YHKn;tteii OT o,n;Hoii rrepeMeHHOii .HBJI.HeTC.H ompulfa11ue 

(«HE»), OCTaJibHbie q>yHKI.J;HH .HBJI.HIOTC.H TPHBHaJibHbIMH. 
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4.2.3. JloruqecKne <l>YHKQHH OT ,n;Byx nepeMeHHblX 

Ta6nttu;a HCTHHHOCTH q>yHKI.J;HH OT ,n;Byx rrepeMeHHhIX Y=f(Xl,X2) co

,n;ep)KHT qeTbipe CTPOKH, a o6II.J;ee qHCJIO q>YHKI.J;Hll paBHO 16. PacCMOTpHM He

CKOJibKO OCHOBHbIX q>YHKI.J;Hll OT ,n;Byx BXO,D;HblX rrepeMeHHblX. 

1. JI02U'leCKOe «11Jil1» (nornqecKoe CJI0)KeHHe, ,D;H3'blOHKI.J;H.H) 

Y=Xl +X2=Xl VX2. 

TexHHqecKrui: pea.rrtt3aI.J;H.H 3TOll q>YHKI.J;HH - ,n;Ba napa.rrneJihHO coe,n;HHeHHbIX 

KJiroqa. 

tX1 
X1 X2 Y=f(X1,X2) ~>t 

0 0 0 1Xl: °= ~x, 0 1 1 I » t 2 
1 0 1 t~ 1 1 1 

)lot 

a) 6) 8) 

Pttc.4.3. JiornqecKHH 3JieMeHT «MJI11» 

Ha pttc.4.3 npttBe,n;eHa Ta6nttu;a HCTHHHOCTH 3JieMeHTa «HJIM», ero Bpe

MeHHrui: ,n;HarpaMMa H JIOrHqecKoe o603HaqeHHe cooTBeTCTBeHHO. 

2. JI02u'lecKoe «H» (nornqecKoe yMHO)KeHHe, cxeMa coBna,n;eHHii) 

Y=Xl•X2=Xl &X2. 

TeXHHqecKrui: peaJIH3aIJ:H.H 3T0ll q>yHKI.J;HH - ,n;Ba rrocne,n;oBaTeJibHO coe,n;ttHeHHbIX 

JIOrHqeCKHX KJIIOqa. 

X1 X2 Y= f(X1,X2) 

0 0 0 
0 1 0 
1 0 0 
1 1 1 

a) 

1~,t 
1x2 [L ,t 
ty : ; 
_:___fL_ )t 

6) 

Pttc.4.4. JiornqecKHii 3JieMeHT «H» 

21 

X1 
X2 I & ly = X1. X2 

8) 



Ha pttc.4.4 rrpttBe,n;eHa Ta6Jlllu;a HCTHHHOCTH nornqecKoro :meMeHTa «H», ero 

BpeMeHHillI ,D;HarpaMMa H <pyHICnHOHaJII,HOe o6o3HaqeHHe Ha cxeMax. 

3. <PyHKlfWl cmpeJZKa llupca («HJII1-HE») 

Y = NOT(Xl + X2). 

Ta6JIHD;a HCTHHHOCTH <pyHKUHH «HJII1-HE» H ero <pyHICnHOHaJihHOe o603Haqe

HHe IIpHBe,n;eHbl Ha pttc.4.5. 

X1 X2 Y=f(X1.~) 

0 0 1 
0 1 0 
1 0 0 
1 1 0 

X, 

x2 I 1 v=X1+X2 

a) ·6) 

Pnc.4.5. JiornqecKHii 3JieMeHT «HJIH-HE» 

4. <PyHKlfWl utmpux llie¢¢epa («H-HE») 

Y = XllX2 = NOT(X1X2). 

Ta6nnua HCTHHHOCTH <pyHKUHH «H-HE» H ero cpyHKUHOHaJihHOe o6o3HaqeHHe 

rrpHBe,n;eHhI Ha pnc.4.6. 

X1 X2 Y=f(X1,X2) 

0 0 0 
0 1 1 
1 0 1 
1 1 1 

X1 
X2 I &y=X1 ·X2 

a) 6) 

Pnc.4.6. JiornqecKHil: 3JieMeHT «H-HE» 

5. <l>yHKlfWl cJ10:»eeHue no MoiJymo 2 («HcKmoqruoID;ee HJIH») 

Y = Xl©X2 = NOT(X1X2). 

X1 X2 Y=f(X1,x2) 

0 0 0 

~ 0 1 1 
1 0 1 

2 

1 1 0 

a) 6) 

Pttc.4.7. JiornqecKHH 3JieMeHT «HcKJIIO'fllIOID;ee HJIH» 

22 

Ta6nnua HCTHHHOCTH 3JieMeHTa «I1CKJIIOqaIOID;ee HJIH» H ero <p)'HKUHOHaJihHOe 

o6o3HaqeHHe rrpnBe,n;eHhI Ha pttc.4.7. 

4.3. Ilpuee.r.euue JIOm'leCKHX cJ>ynKQHii K cJ>y11KQnouaJILHO noJiuoMy 6a3ucy 

CyID;eCTByIOT TaKHe Ha6oph1 nornqecKHX q>)'HKUHH, C IIOMOIUhIO KOTOpbIX 

MO:>KHO Bblpa3HTh JII06hie ,n;pyrne HX KOM6HHaD;HH. 3TH Ha6oph1 Ha3bIBaIOTCH 

<pyHKlfUOHaJlbHO nOJlHblMU HJIH 6a3UCaMU. Han6onee H3BeCTHhIH TaKOH 6a3HC -

Ha6op q>yHKUHH «H», «HJIH», «HE». <l>yHKUHH utmpux me¢¢epa TaK)Ke HBJIH

eTCH 6a3HCHOH, KaK H <pyHKnHH cmpeRKa llupca. Ilo3TOMY c IIOMOID;hIO nornqe

CKHX 3JieMeHTOB «H.Jll1-HE» HJIH «H-HE» MO:>KHO co6paTh JII06yIO nornqecKyIO 

cxeMy. 

llpeo6pa:1oeaHue JlOZU'-leCKUX <pyHKlfUU K 6c13ucy HJJH-HE WlU H-HE 

JiornqecKHe cxeMhl COCTOHT H3 JIOrHqecKHX 3JieMeHTOB (JI3), OCyID;eCTB

JIHIOID;HX nornqecKHe orrepau;HH, a yrrpoID;eHHe CTPYKTYPhI 3THX cxeM ocyID;ecrn

JIHeTCH Ha ocHoBe 3KeueaJ1e11m11bzx npeo6pa:1oea11uu 6yneBoil: anre6ph1. B Kaqecrne 

rrpHMepa yrrpoCTHM Bblpa:>KeHHe nornqecKOH <pyHKUHH 

y=a vbvcv(a v bvc). 

I1crroJih3YH rrpaBHJIO iJe Mopza11a ,nm Bhipa:>KeHHH B CK06Kax, rronyqaeM 

y =a vbvcvav(b vc)= 1 vbvc v bvc = 1 vc = 1. 

CyID;eCTByIOT TaK)Ke crreu;HaJihHble MeTO,D;hl yrrpoID;eHHH nornqecKoil: cpyHKUHH, 

HarrpHMep, «KapThI KapHo», «MeTo,n; Kyail:Ha - MaK-KJiaCKH» H ,n;p. 

JI106yIO nornqecKyIO <pyHKUHH OT n rrepeMeHHhIX MO:>KHO rrpe,n;CTaBHTb C 

IIOMOID;hIO Ha6opa TPeX 3JieMeHTapHbIX q>yHKD;HH: HHBepCHH, ,D;H3'bIOHKUHH H 

KOH'bIOHKUHH, TaK KaK 3TOT Ha6op HBJIHeTCH q>yHKUHOHaJihHO IIOJIHhIM. 

IlocKOJihKY 6a3HC utmpux llle¢¢epa H cmpeJ1Ka llupca TaK:>Ke HBJIHIOTCH 

cpyHKUHOHaJihHO IIOJIHhlMH, TO JII06yIO q>yHKUHIO MO:>KHO TaK:>Ke 3aIIHCaTb B 

6a3Hce «HJIH-HE» HJIH B «H-HE», TO ecTh B ,n;H3'hIOHKTHBHoii HOpMaJihHOii 

cpopMe (,[(H<l>) HJIH KOH'bIOHKTHBHOH HOpMaJihHOH <pOpMe (KH<l>). AnropHTM 
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nepexo,n;a OT Ta6nHQbl HCTHHHOCTII nomqecKoii 4JYHKQHH K ee 3ailHCH B BH,D;e 

)Uf <l> cne,n;yIOIQHii: 

• BbI6pan, B Ta6nHQe HCTHHH0CTH TaKIIe Ha6opbl BXO,D;HI,IX nepeMeHHbIX, 

KOTop1,1e o6paIQaIOT qJyttKQHIO B e,n;HHHQy; 

• 3ailHCaTI, .MUHmep.Mbl ,n;mi: BbI6paHHbIX Ha6opoB BXO,Zl;HI,IX nepeMeHHbIX, 

npH 3TOM ecnH 3HaqeHHe BXO,Zl;HOH nepeMeHHOli B Ha6ope e,n;HHHqHoe, TO OHa 

3aTTHCbIBaeTCSI B npSIMOii qiopMe, ecnH )Ke 3HaqeHHe nepeMeHHOli HyneBoe, TO -

B HHBepcHoii qiopMe; 

• nonyqeHHble MIIHTepMbI 061,e,n;IIHHTh Me)K,Zl;y co6oii 3HaKa.MH ,Zl;H3'I,IOHKQHH. 

ArrropHTM nepexo,n;a OT Ta6nHQI,I HCTHHHOCTH norIJqecKoii 4JYHKQHH K ee 

3anttcH B BH,n;e KH<l> cne.n;YIQIQHii: 

• BbI6paTb B rn6nHQe HCTHHH0CTH TaKHe Ha6op1,1 BX0,Zl;HI,IX nepeMeHHbIX, 

,n;nSI KOTOpbIX 4JYHKQHSI npHHHMaeT HyneBI,Ie 3HaqeHmI; 

• 3ailHCaTh MHHTepMbI ,n;nSI BbI6paHHblX Ha6op_OB, npH 3TOM eCJIII 3HaqeHHe 

BXO,Zl;HOH nepeMeHHOH B Ha6ope HyneBoe, TO oHa 3ailHCI,IBaeTCSI B npSIMOli qiop

Me, ecnH 3HaqeHHe nepeMeHHOli e.n;HHHqHoe, TO - B HHBepCHOli qiopMe. 

PaccMOTPHM npHMep npHBe,n;eHHSI nomqecKoii qiyttKQHH OT ,n;Byx nepe

MeHHbIX B 6a3Hce )Uf<l> H KH<l>: 

y=xI -x2 +x, •x2. (4.1) 

IlepBoe HHBepTHpOBaHHe (4.1) C yqeTOM meope.Mbl oe Mop2aHa npHB0,D;HT K 

Bblpa)KeHHIO 

y=x, •x2 +x1 •x2 =xI ·x2 -x1 ·Xi. 

Brnpoe HHBepTHpOBaHHe C yqeTOM 3aKOHa 060UH020 ompUZfQHl,lR npHBO,Zl;HT K 

HCKOMOH qiopMe B 6a3HCe 4JYHKQHH zumpux me<jJ<jJepa 

y=y= X 1 ·X 2 ·X 1·X 2 . (4.2) 

qeTbipeXKparnoe HHBepmpoBaHHe (4.2) ,n;aeT HCKOMYIO qiopMy B 6a3HCe qiyHK

QHli cmpellKa Ilupca 
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y=x1 ·x2 +xI ·X2 =xI ·X2 ·X1 ·X2 =(x, +x2)·(xI +x2), 
= =-----=- ---
y = y = ( x, +x2)·(x1 +x2)=(x, +x2)+(x1 +x2), 

~ = y = (x, +x2)+(x1 +x2), 
= =--=- --
y = y = ( x I +x2)+(x1 +x2). 

5. ,[(eou'lnoe Ko,n;upoeauue 

O,n;IIHOqffI,lli noruqecmii CHrHaJI He HH<pOpMaTIIBeH, TaK KaK MO)KeT npHHH

MaTh TOJihKO ,n;Ba 3HaqeHHSI «0» H «1». Ilo3T0MY, Kor,n;a H~HO o6pa6aThIBaTh HnH 

nepe,n;aBaTh 6onr,urne o6oeMbI HHqJOpMaQHH, npHMeHSIIOT HeCKOJihKO naprumeJII,

HI,IX QHlppOBI,IX CHrHaJIOB, KOTOpbie paccMaTPHBaIOTCSI O,Zl;HOBpeMeHHO. B 3TOM cny

qae pe% H,n;eT o oeou'lHblX Kooi:Jx, o6pa30BaHHbIX ,n;B0Hqe1,1MH CHrnanaMH. 

~CCJITH'IBOC 'IHCJIO 

~

x10° (e'AH}IHIU>I) 
x101 (.itecl!TKH) 
X}Ol (COTUH) 

XJQ
3 

(TLICll'IH) 

~OH'iHOC 'IHCJIO 

1011 

~

t L x2° (p83pl1Jl 0> 
L x21 (p83pllJI I) 

x2 z (pa3PllJI 2) 
x23 (p83pl1Jl 3) 

PHc.5.1. ,ll;ecSITHqHoe II ,Zl;BOHqHoe KO,D;HpOBaHHe 

Ka)K,Zl;blli m ,Zl;BOHqHI,IX CHrHaJIOB (pHc.5 .1 ), BXOMIQHX B KO,D;, Ha3bIBaeTCSI 

pmpROO.M. qeM 60JII,IIIe pa3pSI,D;OB - TeM 60JII,IIIee 3HaqeHHe MO)KeT npHHHMaTh 

,Zl;aHHI,lli KO,D;. CttcTeMa cqHcneHHSI B TaKOM Ko,n;e Ha3bIBaeTCSI OBOU'lHOU HJIH CHCTe

MOH C OCHOBaHHeM «2». ,lJ;nSI npeo6pa30BaHHSI JII06oro ,n;eCSITHqHoro qHCJia B ,Zl;BO

HqHblli KO,ZI; Ha,D;O nocne,n;oBaTeJihHO ,n;eJIHTh 3TO qIJcno Ha 2, Ka)K,Zl;blli pa3 3anHCbl

BaSI OCTaTOK. HanpHMep, npeo6pa3yeM ,n;ecSimqHoe 'IBCilO 13 B ,Zl;BOHqHI,lli Ko,n;: 

1310--► 13/2 =6, --► OCTaTOK «1», 

6/2 = 3, --► OCTaTOK «0»; 

3/2 = 1, 

1/2 =0, 

--► OCTaTOK «1»; 

--► ocTaTOK «l». 

3anHCI, OTBeTa HaqIJHaeTCSI C MJia,D;IIIero 3HaqaIQero pa3pSI,D;a, TO eCTh 1310= 110 l 2. 
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,[(mi npeo6pa3oBamrn: ,nBoHqHoro Ko,na B ,nec.HTHqHoe qlfcno Ka)K_noe 3Ha

qemie ,nBoHqHoro pa3p.H,nHoro Ko,na Ha,no yMHO)KaTb Ha nocne,noBaTeJibHbie CTe

neHH qlfcna 2, TO ecTb 11012 =lx 23 + lx 2 2 + Ox 21 + lx 2° = 13
10

• 

,[(JI.H CHCTeM, HMeIOIQIIX TOJibKO ,nBa COCTO.HHH.H, 06b1qHo npHMeH.HIOTC.H 

060U'lHble 'lUCna. O,nHaKO 3anHCb TaKHX qHcen MO)KeT 6bITb oqeHb ,nJIHHHOH, 

no3TOMY 06b1qHo HcnoJib3YIOT JIH6o eocbMepu1JHy10 HJIH wecmHaol{amepu1JHy10 

CHCTeMy cqJfcJieHH.H. Pa3Hlll~a 3aKJIIOqaeTC51 B OCHOBaHHlf, HanpHMep; ,nJI.H 3anH

Clf ,nBOlfqHoro qJfcJia B BOCbMeplfqHou ClfCTeMe Ha,no pa36HTb ero Ha rpynnbl no 

TpH 6Hrn, HaqHHa.H c Mna,nmero pa3p.H,na, If 3aTeM ,nn.H Ka)K_nou rpynnh1 onpe,ne

JIHTb ero BOCbMeplfqHblll 3KBHBaJieHT: HanpHMep: 

83510 = 11010000112 = (1 101 000 0112) = 1503g. 

,[(n.H IIIeCTHa,nQaTeplfqHou ClfCTeMbl Bee ,nBOlfqHbie pa3p.H,nbI pa36HBaIOTC51 

Ha rpynnb1 no qeTbipe pa3p.H,na, HaqHHa.H c Mna,nIIIero, a 3aTeM y)Ke Ka)K_na.H 

rpynna KO,nHpyeTC.H o,nHHM 16-plfqHbIM CIIMBOJIOM. Ka)K_na51 TaKa.H rpynna 

Ha3bIBaeTc.H nony6aiimoM, a ,nBe rpynnhI - 6aiimoM. Ka)K_noe qeTb1pexpa3p.H,n

Hoe ,nBolfqHoe qlfCJIO MO)KeT npHHHMaTb 16 pa3JI1fqHbIX 3HaqeHHH. B KaqecTBe 

nepBbIX 10 CIIMBOJIOB 6epyT qlfcJia OTO ,no 9, a 3aTeM HCnOJib3YIOTC51 6 3arJiaB

HbIX 6yKB naTHHCKoro anq>aBHTa, TO ecTb 0,l,2, .•. ,9,A,B,C,D,E,F (pHc.5.2). 

,l{BOH'IHOC 'IHCJIO: 

16-pH'IHOC 'IHC!IO: = ~ ~ 
Crapmuli 6aliT Mnll,!IIIIHH 6aliT 

PHc.5.2. Tipe,nCTaBJieHHe ,nByx6aiiTOBOro qlfcJia 

,[(n.H nepeBo,na 16-pHqHoro qHcna B ,nec.HTHqHoe Heo6xo,nHMo YMHO)KlfTb 

3HaqeHHe Mna,nIIIero pa3p.H,na Ha e,nHHHQY, nepBoro Ha 16, BToporo Ha 256 If TaK 

,nanee. HanpHMep, nepeBe,neM 16-pHqHoe qlfcno A 17F B ,nec.HTHqHoe qlfcno: 

A17F=F·16° +7-161 +1·161 +A-163 = 

15 -1 + 7 -16 + 1 · 256 + 10 · 10 + 4096 = 41343. 
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6. Jloru'leCKUe 3JieMeHThl B ycTpOHCTBax nuif>pOBOU 3JieKTpOHUKU 

6.1. PeaJIU33QHH 6UTOBhlX onepanuii 

PeaJIH3aQII.H 6HTOBbIX onepaQHH B nornqeCKIIX ycrpoiicTBax, B npHHQHne, 

MO)KeT 6bITb JII06ou: MeXaHlfqecKOH, 3JieKTpHqecKOH, MarHHTHOH If 3JieKTpOMar

HHTHOH, a TaK)Ke B BH,ne HX KOM6HHaQHH, HanpHMep, 3JieKTpOMeXaHHqecKOH. 

HaH6onee pacnpocrpaHeHa 3JieKTpOHHa.H peanll3aQH.H 6HTOBbIX onepa:uHii Ha 6a-

3e TpaH3HCTOpOB If MHKpocxeM. 

6.2. TnnL1, CTPYKTYPa, BXO~HLie u BLIXO~HLie KacKa~hl MHKpocxeM 

6.2.1. Pe3ucTopuo-Tpau3ucTopuaH noruKa 

B HaCTO.HIQee BpeM.H peaJIH3aQH51 6HTOBbIX onepaQHH Bb!ITOJimieTC51, B oc

HOBHOM, Ha 6a3e :umppOBbIX HHTerpanbHbIX MHKpocxeM (11C): 3TO pe3HCTOpHo

TpaH3HCTOpHa.H nornKa (PTJI), ,nHo,nHO-TpaH3HCTOpHa.H nornKa (,[(TJI), rpaH3H

crnpHO-TpaH3HCTOpHa.H nornKa (TTJI), KoMnneMeHrnpHa.H nornKa (KMOTI- norn

Ka), 3MHTTepHO-CB513aHHa.H JIOrHKa (3CJI). 

CBoe Ha3BaHHe PTJI-nornKa nonyqHna 6naro,nap51 peanH3aQHH nornqecKHX 

<pyttKQHH C noMOIIJ.bIO pe3HCTOpHbIX Qeneii If yCHJieHH51 CHrHaJia C nOMOIQbIO TpaH-

3HCTOpa. CxeMa ,nByxBXO,nOBOfO nornqecKoro 3JieMeHTa «11JI11», BbIIlOJIHeHHOro B 

PTJI-cxeMe, noKaJaHa Ha pHc.6.1. 

CxeMa pa6oTaeT cne,nyIOIQHM o6pa30M. TipH nornqecKoM «0» Ha Bxo,nax 

(nonoJ1CumenbHWl, unu no3umU6HaJl, nozuKa), TO eCTb npH OTCYTCTBIIH Hanp51-

)KeHH51 Ha Bcex BXO,nax, nepBblll rpaH31fCTOp 3aKpbIT If Ha BbIXO,n qepe3 pe3HCTOp 

nocrynaeT Hanp51)KeHHe, 6JIH3i<Oe K Hanp.H)KeHHIO nHTaHH51, n02U'leCKaJl « 1 ». 

TipH nocrynneHlflf nornqecKOH «1» Ha KaKOH-JIH6o BXO,n nepBbIH rpaH3HCTOp, 

pa6oTaIOIIJ.HH B KJIIOqeBOM pe)KHMe, OTKpbrnaeTC.H, II BbIXO,nHoe HanpH)KeHHe na

,naeT noqTH ,no HYJIH. TaKHM o6pa30M, Ha Bbixo,ne 6y,neT nornqecKHii «0», a ca

Ma cxeMa B UOJIO)KlfTeJibHOH JIOrnKe BbIIlOJIH.HeT cpyHKQHIO «11JI11-HE», a B OT

PHQaTeJibHOH (HczamueHou) - «11-HE». TaK KaK TaKoii KacKa,n HBJIHeTcH HHBep-
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Tllp)'IOIIl;IIM, TO K HeMy .n:o6aBJUieTCH .n:orroJIHUTeJibHblll BbIXO,n:HOH KaCKa,n; (llH

Beprnp ), qrn6b1 rroJiyqUTb JiornqecKyio orrepaQmo «11JIM». 

-U +U 

A~ 

B 

Puc.6.1. Pe3UCTOpHO-TpaH3llCTOpHaH JIOrUKa 

K ,n:OCTOllHCTBaM PTJI-cxeM CJie,n:yeT OTHeCTll llX KOHCTpyKTllBH)'IO rrpo

CTOTY ll Hll3K)'IO CTOllMOCTb. He.n:ocTaTKU: BbICOKaH pacceuBaeMaH MOIQH0CTb Ha 

BKJIIOqeHHOM TpaH3llCTope ll Ha pe3UCTOpax; HeqeTKUH ypoBeHb CllrHaJI0B (ypo

BeHb JiornqecKOH «1» rrpllHUMaeT 3HaqeHUH OT ~ 0,9 B .n:o HarrpH)KeHllH IIUTa

HllH); KpaiiHe Hll3KOe 6bJCTpO,n:eiicTBue ll noMexoycrniiqUBOCTh; HH3KaH Harpy-

3oqHaJI crroco6HOCTb BbIXO.ll:OB (06b1qHo He 6oJiee TpeX BXO.ll:OB OT .n:pyrnx 3Jie

MeHTOB). 

3TOT THII JIOrllKH 6Jiaro,n:apH CBOett Hll3KOH CTOHMOCTll 6bIJI oqeHb pac

rrpOCTpaHeH B 1960 ro,n:ax. O,n:HaKO ll3-3a BbICOKOro 3Hepro1IOTpe6JieHUH B Ha

CTOHIQee BpeMH IIOJIHOCTblO BbIIIIeJI ll3 yrrOTpe6JieHUH. 

6.2.2. ,ll;HO,n:Ho-TpaH3HCTOpHaH JIOrHKa 

B ,n:uo,n:Ho-TpaH3llCTOpHoii JI0rnKe peaJIU3aQllH JiornqecKux <PYHKQlltt Bbl

rroJIHHeTcH C IIOMOIQbIO ,n:uo,n:HblX Qerreii. YrrpoIQeHHaH cxeMa .ll:BYXBXO.ll:OBOro 

.D:TJI-3JieMeHTa IIOKa3aHa Ha puc.6.2. B 3TOH cxeMe ecJIU XOTH 6bJ Ha o,n:UH ll3 

BXO.ll:0B rro,n:aH ypoBeHb JioruqecKoro «0», TO TOK B cxeMe TeqeT qepe3 pe3llCT0p 

Rl u qepe3 OTKpbITbIH ,n:uo.n:, r,n:e rrpucYTcTByeT JiornqecKuii «0». Ha aHo,n:e oT

Kpbnoro .n:uo.n:a 6y,n:eT HarrpH)KeHUe ~0,7 B, qTQ He,n:oCTaTOqHo .ll:JIH OTKpbIBaHUH 

TpaH3llCTOpa ll ,n:JIH Toro, qrn6bI rrepeBecru ero B pe)KUM HaCbIIQeHllH. TpaH3U

CTOp 3aKpbIT, ll Ha BbIXo,n:e cpopMupyeTCH ypoBeHb JiornqeCKOH «1». 

28 

EcJIU Ha Bee BXO.ll:bl IIOCTYIIaeT ypoBeHb JioruqeCKOH «1», TO TOK TeqeT qe

pe3 Rl B 6aJy TpaH3ucmpa, o6pa3yH Ha aHo,n:ax rra,n:eHue HarrpH)KeHuH 1,4 B. Ilo

CKOJibKY HaITpH)KeHue JIOruqeCKOH «1» 60Jib11Ie 3TOH BeJiuqllHbl, TO BXO.ll:bl .n:uo

,n:oB o6pamo CMeIQeHbl u He yqacTB)'IOT B pa6oTe cxeMbl. TpaH3UCTOp OTKpbIT u 

rrepeBe,n:eH B pe)KllM HaCbJIQeHllH, qTO COOTBeTCTByeT ypOBHIO JioruqecKoro «0». 

·ITT +Un 
2k 

04 UBblX I+ 
U1 1 •1 ti , r T1 

,+ 

U2 

L - -

02 

R2 
5k 

Puc.6.2. ,nuo,n:HO-TpaH3llCTOpHaH JIOrnKa 

OcHOBHoe rrpeuMyIQecrno .D:TJI Ha,n; 6oJiee paHHeii PTJI-TexHoJiorneii -

B03MO)KHOCTb co3,n:aHUH 6oJibllIOro qucJia BXO.ll:0B. K He,n:OCTaTKaM CJie,n:yeT OT

Hecru ,n:ocTaToqHO 60JibllIOe BpeMH 3a,n:ep)KKH curHaJia, KOTOpoe CBH3aHO C Me,n:

JieHHbIM rrpoQeCCOM yTeqKu 3apH,n:a C 6a3bl TpaH3UCTOpa B pe)KUMe HaCbJIQeHUH 

rrpu rro,n:aqe Ha o,n:uH U3 Bxo,n:oB HU3Koro JiornqecKoro ypoBHH. 

6.2.3. TpaH3HCTOp110-TpaH3HCTOpHaH JIOrHKa 

Ha pHc.6.3 II0Ka3aHa yrrpoIQeHHaH cxeMa TpaH3llCTOpHo-TpaH3llCTOpHOH 

JI0rnKH. OcHOBHOe OTJIHqHe JIOruqeCKHX 3JieMeHTOB TTJI OT ,nTJI COCTOUT B TOM, 

qro B TTJI BXO,n:Hbie .n:uo,n:bl 3aMeHeHbl O.ll:HllM MHOf03MHTTepHbIM TpaH3llCTOp0M 

(M3T). B rrepBOM rrpu6JIU)KeHUH p-n rrepexo,n:bI 6aJa-3MUTTep MH0ro3MHTTepHoro 

TpaH3llCTOpa Tl MO)KHO cqHTaTb BXO.ll:HbIMll .ll:llO.ll:aMll, KaK y cxeM .D:TJI. 

Y=~ 

;:===-.J I ~ 
x, 
x, 

PHc. 6.3. TpaH3llCTopHo-TpaH3ucmpHaH JiornKa 
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CxeMa pa6orneT cne.nyrom:nM o6pa.3oM. llpn ypoBHe nomqecKoii <<1» Ha 

Bxo,nax rpaH3HCTOp Tl 3aKphIT; a T2 oTKphIT n: Hachlm:eH. Ha Bhixo,ne cxeMhI 

6y,ner nomqecKnii «O». Kor,na Ha o,nnH n3 axo,noa cxeMhI nocrynaeT nomqe

CKHii «O», MHOr03MHTTepHbIH rpaH31ICTOp Tl CTaHOBIITCH rpaH3HCTOpOM, 

BKnIOqeHHhIM no cxeMe C o6m:eii 6a.Joii: llpn TaKOM nepexo,ne rpaH31ICTOp T2 ll3 

OTKpbITOro (HaChim:eHHOro) COCTOHHIIH nepexo,nnT B 3aKpbITOe, npn 3TOM HaKo

nneHHhIH B 6a.Je T2 3apx,n 6bICTPO paccaCbIBaeTCH qepe3 OTKpbIThIH MHOro3MIIT

TepHbIH rpaH31ICTOp Tl, qTQ cym:ecTBeHHO yMeHbIIIaeT BpeMH nepeKmoqeHHH 

acero TTJI-3neMeHrn no cpaBHeHHIO c .[(TJI. 

Oco6eHHOCThIO MHOro3MHTTepeoro rpaH31ICTOpa B OTKpbITOM COCTOHHIIII 

HBnHeTCH OTCYTCTBHe npRMOro B3aHMO,neiicTBIIR 3MHTTepoB Me:>I<:,ny co6oii, TaK 

KaK HX pa.3,nenRIOT yqaCTKll 6a.3bl. Mo:>I<:HO cq0TaTh, qTo MHOr03MHTTepHbIH 

rpaH3llCTOp BO BKilJOqeHHOM COCTOHHllll - 3TO crpyKrypa ll3 HeCKOilbKHX rpaH-

31ICTOpOB, HMeIOm:nx 06m:0ii KonneKTOp. 

t
l,l tO,l 

=4 l::1 
Pnc.6.4. BpeMeHHaH ,nnarpaMMa pa6oThI TTJI-cxeMhI 

Ha pttc.6.4 nOKa.3aHa BpeMeHHaH ,ri;HarpaMMa pa6oTbI TTJI-cxeMbI, r,ne 

3a,nep:>I<:Ka BKJIJOqeHHH II BbIKilJOqeHHR cx.eMhI cpaBHHTeilbHO Mana 6naro,nap.si 

pa6oTe rpae3ncTopa Tl. llapaMerpbI c0rnanoa ,nnx TTJI-MttKpocxeM cne,nyro

m:0e: axo,ri;Hhie HanpH:>K:eHttH: U«1,,nop = 2,4 B n U«o»nop = 0,4 B; Bh1xo,ri;Hh1e Ha

npH:>K:eHnx: u,<O»BhIX <= 0,4 B II U«1»BhIX >= 2,4 B. 

6.2.4. KoMnJieMeuTapuaB JI0ruKa ua MOII-TpaH3ucrnpax (KMOII-JioruKa) 

B 1963 r. <l>p3HK BoHnac mo6pen KMOll-MnKpocxeMhI, KOTopb1e B Ha

cToRm:ee BpeMH RBnRIOTCH Ha06onee pacnpocrpaeeHHhIM KnaccoM · ceMeiicTBa no-
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mqecKHX 3neMeHTOB. Ha KMOll-nomKe nocrpoeHhI Bee MHKpocxeMhI 6onhIIIoii 

(EMC) n cBepx6onhIIIoii cTeneHH HHTerpaQHH (CEllC). 3TO CBH3aHO c TeM, qTQ 

KMOil-TeXHonomH n03BOnHeT c03,naBaTh MHKpocxeMhI c ManhIM 3Hepronorpe6-

neetteM II 6onbIIIOH CTeneHbIO IIHTerpaQHll 3IleMeHTOB Ha 0,lJ;HOM KpHCTanne. 

---,-,--,1 • 0 u. 

A&B 

A..._----+--' 

B------~ 

Pnc.6.5. KMOll-nomKa 

Ha pnc.6.5 noKa.JaHa KMOII-cxeMa nomqecKoro 3neMeHrn «211». Pac

CMOTPHM pa6ory 3Toii cxeMhI, nocrpoeeeoii no TeXHonom0 KMOII. Ecn0 ea 

o6a BXO,na A II B no.nae BhICOKIIH ypoBeHh, TO o6a TpaH3HCTopa CHH3Y Ha cxeMe 

OTKpbIThI, a o6a BepXHHX 3aKpbIThl, BhIXO,lJ; coe,nHHeH C «3eMneii». 

EcnH xorn 6bI Ha 0,lJ;llH 03 BXO,lJ;OB no.nae Hll3KHH ypoBeHb, COOTBeTCT

ay10m:0ii rpaH3llCTOp. CBepxy 6y.ri;eT OTKpbIT, a CHH3Y 3aKpbIT. TaKHM o6pa.30M, 

BblXO,lJ; 6y,neT coe,nHHeH C HanpH:>I<:eHHeM nHTaHHR II OTCOe,lJ;HHeH OT 3eMilll. Cne

,lJ;OBaTeilbHO, ,naHHaH cxeMa peanmyeT nomqecKyro <pyHKQHIO «211-HE». TaK KaK 

cne,nyrom:nii KacKa,n HBnHeTCH HHBepTopoM, TO 3Ta cxeMa pean03yeT nornqe

CKyIO <pyHKQIIIO «211». 

B KMOll-cxeMax HeT HHKaKnx earpy3oqHhIX conpoTnBneenii, no3TOMY B 

CTaTnqecKOM COCTOHHIIH B cxeMe npoTeKaIOT TOilbKO TOKII yTeqKJI qepe3 3aKpbI

Thie Tpae30cTOpb1, B CBH3H c qeM 3HepronoTpe6neene oqeeb Mano. llpn nepe

Kn10qee0xx 3IleKrpnqecKaH 3HeprHH rpaTHTCR B OCHOBHOM Ha nepe3apRO eMKO

CTeii 3aTBopoB rpaH3HCTOpOB II npoBO,lJ;HIIKOB cxeMbI. llorpe6nxeMaH Mom:

HOCTb, nponopQHOHanbHaH qaCTOTe 3TIIX nepeKnJOqeHnii, cpaBHHTeilbHO HeBe-
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JIHKa. KMOIT-cxeMbI no napaMe'I'paM 3JieK'I'pHqecKHX cHrnanoB He OTJIHqa10Tc11 

OT TIJl-JIOrHKH. 

rnaaHbIM He,n;OCTaTKOM KMOI1-MHKpOCXeM HBJIHeTCll HX Y113BHMOCTh no 

omomeHHIO K craTHqecKoMy 3JieK'I'pHqecTBy. ,n:ocrarnqHo KOCffYTbCll PYKOii BbI

Bo,n;a MHKpOCXeMbl H ee neJIOCTHOCTh )')Ke He rapaHTHpyeTCll. 

B Hacrnmnee BpeM11 no napaMe'I'paM 6bIC'I'pO)];eiicTBH11 KMOI1-MHKpocxeMbI 

npH6JIH)KaIOTC11 K TIJl-MHKpocxeMaM. Ha npaKTHKe B cxeMOTeXHHKe HCnOJib3Y

IOT CJie,ll;YIQIIIHH no,n;xo,n; - TaM, r,n;e Heo6XO,ll;HMO 3KOHOMHTI, no'I'pe6neHHe TOKa, 

npHMeHlllOT KMOI1-MHKpocxeMbl, a TaM, r,n;e Ba)KHee CKOpOCTI, H He 'I'pe6yeTC11 

3KOHOMHH no'I'pe6JIHeMOll MOIIIHOCTH, npHMeHHIOT TIJl-MHKpocxeMbl. 

6.2.5. MuKpocxeMLI c 3MHTiepuo-ceHJanuoii noruKoii (3CJI) 

3CJ1-MHKpocxeMbl HBJIHIOTCll caMbIMH 6bICTpo,n;eiicTBYIOIIIHMH H3 Bcex 

THnoB nornK. 3To 6blcTpo,n;eiicTBHe o6ecneqHBaeTCH 3a cqeT nenoro pa,n;a oco-

6eHHOCTeii. 

1. rnaBHaH oco6eHHOCTb, nOBbIIDaIOIIIaH 6bIC'I'pO,ll;eHCTBHe 3CJI, 3aKJIIOqaeT-

ca B TOM, qTo cxeMa ee nornqecKoro 3JieMeHTa ocHoBaHa Ha ,n;mpcpepeHnHanb

HOM ycHJIHTeJie (pHc.6.6), )];Ba 'I'paH3HCTOpa KOTOporo nepeKJI10qa10T TOK H He 

nonMaIOT B pe)KHM HaCblIIIeHHll (6naro,n;apa qeMy 3HaqHTeJibH0 C0KpamaeTCH 

BpeMl! nepexo,n;a TpaH3HCT0p0B H3 OTKpbIT0ro C0CTOHHHH B 3aKpbITOe). 

2. BeJIHqHHa TOKa, 3MaBaeMaH reHeparnpoM crn6HJibHOro T0Ka (rCT), npoTe

KaIOIIIero qepe3 'I'paH3HCT0pbI H conpoTHBJieHHH pe3HCTOp0B B K0JIJieKTopHbIX Ha

rpY3Kax (pnc.6.6.), BbI6paHbl TaKHM o6pa30M, ~o6bI HCKJIIOqHTI, peJICUM HGCblUje

HWl 'I'paH3HCTOp0B B 0TKpbIT0M C0CT0HHHH He3aBHCHM0 OT pa36poca K03cpqmnneH

Ta ycHJieHHH KaCKMa. 

3. B 3CJ1-MHKpOCXeMax BBe,n;eHbl )];Ba npOTHBO!pa3HbIX BbIX0,n;a - npHMOH n 

HHBepcHbIH. I1o3TOMY B 3CJ1-MHKpocxeMax 0TCYTCTBYIOT npoMe)KyTOqH1,1e HH

Beprnp1,1, K0Top1,re B TIJI- H KMOI1-MHKpocxeMax BHOCHT ,n;onoJIHHTeJibHYIO 

3MeP)KKY H CHH)KaIOT o6rnee 6blc'I'po.n;eiicTBHe. 
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4. C neJiblO yMeHbIDeHHH BpeMeHH nepe3apMa napa3HTHbIX eMKOCTeH 3a 

cqeT yMeHbIDeHHH BbIX0,ll;H0ro conp0THBJieHHH non1qeCKHX 3JieMeHT0B B 3CJI

cxeMbl BBe,n;eHbl M0JnHbie 3MMHTTepHbie Il0BT0pHTeJIH C conponrnJieHHHMH Ha

rpy3KH MaJIOH BennqHHbI (50 OM). 

5. ConpoTHBJieHHH Harpy3KH BbIXO)];HbIX 3MMHTTepHbIX noBTOpHTeJieH no,n;

KJIIOqaIOTCH He K IDHHe O'I'pHnaTeJibH0ro IlHTaHHH, a K 0T)];eJibH0MY HCToqHHKY 

cMeIIIeHHH. HanpH)KeHHe HCTOqHHKa CMeIIIeHHH MeHbme, qeM Ha IDHHe 0'I'pHna

TeJibHOr0 nHTaHHH, no3TOMY M0IIIH0CTb, pacceHBaeMaH 3THMH conp0THBJieHHH

MH Harpy3KH, CHH)KeHa Ha nopMOK. 

6. YMeHbIDeHHe BpeMeHH 3Mep)KKH B 3CJ1-MHKpocxeMax ,ll;0CTHraeTCH 

TaK)Ke 3a cqeT yMeHbIDeHHH ,ll;JIIITeJibH0CTH cppoHTOB BbIXO)];HbIX HMIIYJibC0B H 3a 

cqeT yMeHbIDeHHH nepena,n;a HanpH)KeHHll Ha cppoHTaX HMnyJibC0B: 

U«t»BblX = - 0,96 B, U«O»BbIX = -1,65 B. 

. r T1 1:.1 1~1 t.T"1 : l j : 
,I - j - / 

05l!1~~ 2 

Q = A+B+C 
-<>-

Q = A+B+C 

A ~s ~c ···r·u~~~· =-5,2B UcM=-2B 

Pnc.6.6. CxeMa 3CJI nornqecKoro 3JieMeHTa «11JII1» 

OcHOBHaH o6nacTb npnMeHeHHH 3CJ1-MHKpocxeM - 6b1c'I'po.n;eiicTBYIO

lllaH nHcppoBaH 3JieK'I'p0HHKa. 

6.3. BLIXOJ(Hhle KaCKaJ(hl H cornacoeauue CBH3CH Me,imy MHKpocxeMaMH 

Ha pHc.6.7 n0Ka3aHbl 'I'pH THna BbIXO,ll;HbIX KaCKMOB MHKpocxeM. 3To 

CXeMbI c ,ll;ByMH C0CTOHHHHMH Ha BbIXO)];e (pHc.6.7, a), cxeMbI c o6IIIHM K0JIJieK

T0p0M (pHc.6.7, 6) H cxeMbl C 'I'peMH C0CT0HHHHMH Ha BbIXO,ll;e (pHc.6.7, 6). 
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Un I I 

Ll 
)_ 

K 

)_ ' 

a) 6) 

tun 

) BblXOA3C 

e )_ ,, 

PHc.6.7. THilbI BbIXO,U:HbIX KaCKa,n:oB y MHKpocxeM 

.D:m1 CTaH,n:apTHbIX THITOB TTJl-MHKpocxeM 3HaqeHHe BXO,U:HOfO TOKa co

CTaBJUieT nop11,n:Ka 1,0 MA, a HX BbIXO,U:Hbie KacKa,n:bI o6na,n:ruoT xopomeii Harpy-

3oqHoii cnoco6HOCTbIO, Il03TOMY conpR)KeHHe Me)K.n:y co6oii TTJl-3JieMeHTOB He 

npe,n:CTaBJIJ!eT HHKaKOH npo6JieMbI. B TOM cnyqae, Kor.n:a BbIXO,U:HOH KaCKa,n: 

MHKpocxeMbI He MO)KeT o6ecneqHTb TPe6yeMbIH TOK ,U:JIJI rpynnbl cxeM, no.n:

KJIIOqeHHbIX K 3TOMY BbIXo,n:y {pnc.6.8, a), HCilOJib3YIOT ,U:OITOJIHHTeJibHbie JIOfH

qecKHe 3JieMeHTbI (pnc.6.8, 6). 

J •• ,x= loxt J••:i lox3 

a) 6) 

Pnc.6.8. HarpY30qHrui cnoco6HOCTb BbIXO,U:HbIX KacKa,n:OB (a) H 

Hapam;HBaHHe qncna BXO,U:OB ( 6) 

,n:pyra11 B03MO)KHOCTI, yBeJIHqHTb K03cp<pHI.(HeHT pa3BeTBJieHHJI cxeMbI no 

Bblxo.n:y - npHMeHeHHe MHKpocxeM c OTKpbITbIM KOJIJieKTOpOM (pnc.6.9, a). B 

3TOM cnyqae BbI6opoM BHeIIIHero pe3HCTOpa MO)KHO no,n:o6paTb TPe6yeMoe 3Ha

qemie BbIXO,U:HOfO TOKa. KpoMe Toro, 3TOT KaCKa,n: Il03BOJIHeT BbIIlOJIHHTb no 

BbIXo,n:y onepaQHIO «rrpOBO,U:HOfO 11JI11», KaK 3TO IlOKa3aHO Ha pnc.6.9, 6, qrn 

npHBO,U:HT K COKpam;eHHIO o6m;ero KOJIHqecrna JIOfHqecKHX Mo,n:yneii. 
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Un Un 

x,---t 

r~' 

x, I ~- o-+- BblX 
x, 
x, 
x, 

x,.--1 I I 
Xm-1 

x,. 
a) 6) 

Pnc.6.9. BbIXO,U:HOH KaCKa,n: c OTKpbITb!M KOJIJieKTOpOM 

T3 

Q Q 

T2 

OE----tl...--------' T1 

Pnc.6.10. Bb1xo,n:Hoii KacKa.n: c TPeMH cocTOHHHHMH 

Ha KMOil-cxeMax ,U:OCTaTOqHO npOCTO C03,U:aBaTb BbIXO,U:Hbie KacKa,n:bI C 

mpeMR cocmORHWIMU, r.n:e TPeTbe COCTOHHHe - OTKJIIOqeHO. Ha pHC.6.10 IlOKa3aH 

Bbixo,n:Hoii KacKa,n: KMOil-cxeMbI c TPeMH cocTOHHHHMH. Ilpn nornqecKoii «1» Ha 

Bxo.n:e OE cxeMa pa6orneT B 06b1qHoM pe)KHMe. IlpH nornqecKOM «0» Ha Bxo.n:e 

OE TPaH3HCTOpbI Tl H T4 3anepTbI H Bhixo.n: Q OTKJiroqeH OT nHTaHHH. 

6.4. U:enu nuTaHHH MHKpocxeM 

6.4.1. Ilapa3HTHble CBH3H MHKpocxeM 

O,n:HOH H3 fJiaBHbIX 3a,n:aq npH pa3pa6oTKe UH<ppOBOH 3JieKrpOHHKH Ha 6a3e 

MHKpocxeM HBJIHeTCH 6opb6a C myMaMH H noMeXaMH, KOTOpbie npHBO,U:HT K c60HM 

q>yHKUHOHHpOBaHHH JIOfHKH. THnOBOH npo6JieMOH 3,n:ecb HBJIJ!eTCH HaJIIfqlfe TOKO

BbIX HMnyJibCOB npH JIOruqecKOM nepeKJIIOqeHHH 3JieMeHTa H3 Bb!COKOfO COCTOH

HHH B HH3KOe, H Hao6opoT. 3TH HMnyJibCbl no uenHM nHTaHirn H no 3eMAAHb!M 
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IIIHH8M pacnpocrpaIUllOTCH K .npyrnM 3JieMeHT8M H Bbl3I,IBaIOT c6oH B pe)KHMe pa-

6oThI cxeM. ,[(ml 6op1,61,1 C 3THMH IIOMeXaMH H)l)KHO: o6ecne1illTI, «xoporn.yro 3eM

JIIO» 3a C'leT CHH)KeHHSI conpomBJieHH.Sl 3eMJIHHI,IX IIIHH, COKpaIIIeHHe nyreii npo

XO)K,ll;eHH.Sl TOKOB B cxeMe, qmJibrpaQHIO IIHTaIOIT(ero MHKpOCXeMI,I HaIIpSl)KeHmI. 

6.4.2. OnT03JleKTpOHHaH pa3BH3Ka 

B Tex CJiycIMX, Kor.na He y.naeTCH «OTCTPOHTbCH» OT IlOMex, H,ll;YIT(HX IIO 

3eMJie, IIpHMeHHIOT MeTO)l;I,I raJII,BaHH'leCKOli pa3BH3KH, TO eCTI, JIOrH'leCKHe 

3JieMeHTI,I He HMeIOT o611(HX CBH3eii HH IIO IlHTaHHIO, HH IIO 3eMJie. 3To peanH-

3yeTCH B MeT0,11;e OIIrpOHHOli pa3BH3KH (pHc.6.11 ). 3.neci, nepe,11;aqa CHrHaJia OT 

HCTO'lHHKa npHeMHHKY BbIIlOJIHSieTCH OIITH'leCKHM MeTO,ll;OM C HCIIOJib30BaHHeM 

Ha BI,IXO,ll;e CBeTO,ll;HO)l;a, a Ha BXO,ll;e q>ornrpan3HCTOpa. 

U.x~ ~u •• ,x 

Ceeroa,oo 

1 
::t ) OorolJ)aH3HCrop 

PHc.6.11. OIIT03JieKrpOHHaH pa3BH3Ka 

6.4.3. <l>HJILTpa~HH DUT8IOIQUX HanpmKeHHU 

,lv!H q>HJibrpan:HH HaIIpSI)KeHHH Me)K)l;y IIIHH8MH IlHTaHHH H 3eMJieii BKJIIO

'laIOT KOH,ll;eHCaTOpbI. YcTaHOBKa !pHJibrpyIOIT(HX KOH,ll;eHcaTopoB C03,ll;aeT KO

poTKHH II}"Tb, no KOTOpOMY npoTeKaIOT TOKOBbie HMilYJibCbl nepe3apH,11;KH, B03-

HHKaIOI1(He B MOMeHTbl nepeKJIIO'leHHH JIOrHKH. 3TH KOH,ll;eHCaTOpbI ,ll;OJI)KHI,I 

HMeTb Manoe conpoTHBJieHHe )l;JISI BI,ICOKO'laCTOTHbIX CHrHaJIOB H MaJibie napa-

3HTHbie HH,ll;YKTHBHOCTII. 

6.5. 3JieMeHTLI 3a~ep~KH, ct>opMupoBaTeJIH HMDYJILC0B 

IlpH pa3pa60TKe U:H!ppOBOH 3JieKrpOHHKH B 6oJibIIIHHCTBe cnyqaeB HCIIOJII,-

3YIOTCH TPH Mo,11;eJIH npe,ll;CTaBJieHHH U:Hq>pOBI,IX CHrHaJIOB: Jl02U'leCKOJl MOOeJlb 

(pHc.6.12, a), MO)l;eJII, C BpeMeHHbIMH 3a,11;ep)KK8MH - <JnnutteCKOJl (pnc.6.12, 6), 

MO,ll;eJib C ycieTOM 3JieKrpH'leCKHX 3q>q>eKTOB - peaJlbHOJl (pnc.6.12, 6 ). 
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l-1Hseprop 

-e..ITTw-
BXOA---u B~XOA 

B~ 
I I 

B~~ 

B~· 

I I 

B~~ 

Bx~ 

I I 

B~~ 
a) 6) a) 

PHc.6.12. TpH MO,ll;eJIH OilHCaHHH U:H!ppOBbIX CHrHaJIOB 

IIepByro MO)l;eJib HCilOJib3YIOT npH pa3pa60TKe U:Hq>pOBblX cxeM, pa6oTaI0-

11(HX C HH3KOH CKOpOCTbIO, TO eCTI, Kor.na 61,1crpo,11;eiicTBHe He npHHU:HIIHaJII,HO. 

BTopaSI MO)l;eJib ycIHTbIBaeT 3a,11;ep)KKII cpa6aTbIBaHHH JIOrH'leCKHX 3JieMeHTOB, 

'lTO Heo6xo,11;HMO ycIHTbIBaTb )l;JIH BCeX 61,1crpo,11;eiicTByrol1(HX cxeM, a TaK)Ke npH 

pa3pa60TKe JIOrH'leCKHX ycrpoiicTB, B cnyqae O,ll;HOBpeMeHHOrO H3MeHeHHH He

CKOJibKIIX BXO,ll;HblX CHrHaJIOB. TpeTbH MO)l;eJib HCilOJib3yeTCH npH peaJII,HOM 

npoeKTHpOBaHHH KOHKpeTHOH U:Hq>pOBOH cxeMI,I. OHa ycIHTbIBaeT peaJII,HI,Ie 3a

.nep)KKH, BXO)l;Hble H BI,IXO,ll;Hbie TOKH, nepeXO,ll;Hbie conpoTHBJieHHH H eMKOCTH. 

Bx~X 

~7..rLJ.h... 

a) 

B~

3 
X t3 J 

-i 
O BblX I I 

Bx ~ 
~ =;-

I I B~blX 

IC1 
6) 

B~IX 

IC1 i)) 
Uc~ 
Bb1:_J-t_ 

l) 

PHc.6.13. THnOBbie cxeMhI U:Hq>poBoii 3a,11;ep)KKH cHrnanoB 

IlpH He06XO,ll;HMOCTH nonyqeHHH eIT(e 6oJibIIIeii )l;JIHTeJibHOCTH 3a,11;ep)K

KH cHrnana 1Icnon1,3y10T cxeMhI c BKJIIO'leHHOii RC-cemb10 (u:enoqKoii). TaK, 

eCJIH B CXeMe TOJibKO C KOH,ll;eHCaTOp0M (pHc.6.·13, e) 3a,11;ep)KKa COCTaBmieT 

oKono 100 HC, TO B cxeMe c RC-ceJ/.3b10 (pHc.6.13, a) 3Ta 3a,11;ep)KKa H3-3a 

60JII,IIIOH IlOCTOHHHOH BpeMeHH 't 2:: 1/RC (HOMHHaJI pe3HCTOpa MO)KeT 6bITI, 

IIOpH,ll;Ka COTeH OM) MO)KeT 6hITb ,ll;OCTaTO'lHO 3Ha'lHTeJibHOH. 
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6.6. 3JieMeHTbl HH~HKai_.uu 

,[(m.1 HH.D:HKan:HH B l(Hq>pOBOH 3JieKTpOHHKe HCI10Jlh3)'IOTC51 CBeTO,n:HO.lJ:hI. 

Ha pHC.6.14 IlOKa3aHhI ,n:Be THilOBhie cxeMhI BKJII01:IeHH51 CBeTO.lJ:HO.lJ:OB B cxeMax . 

HH.lJ:HKal(HH. 

Un 

R1 

~ 
VD1 

VD2 

PHc.6.14. THIIOBhie cxeMbI l(Hq>pOBOH HH.lJ:HKal(HH 

B rrepBOH cxeMe (pHc.6.14, a) CBeTO,n:Ho,n: «ropHT», Kor,n:a Ha BhIXO,n:e HH

BepTOpa JIOrH'leCKHH «O», a BO BTOpoii CXeMe ,n:Ho,n: «ropHT», Kor,n:a Ha BhIXO,n:e 

JIOrH':IeCKa51 «I». CorrpOTHBJieHHe RI BhI6HpaeTC51 B 3aBHCHMOCTH OT xapaKTe

pHCTHK HCI10Jlh3yeMoro THila CBeTo,n:Ho,n:a. 

7. «l>yuKi_.uouaJihHaH ycTOH'IHBOCTh u pHCKH c6ou e JIOrH'leCKHX cxeMax 

7.1. PHCKH c6ou B KOM611uai_.110HHhlX cxeMaX 

Il3MeHeHIIe 3Ha1:IeHIIH BhIXO.lJ:HhIX CHfHaJIOB JIOrH'leCKOro 3JieMeHTa rrpOHC

xo,n:HT C HeKOTOpbIM 3alla3.lJ:hIBaHHeM no OTHOilleHHIO K BXO.ll:HhIM CHrHaJiaM, KO

TOpoe YlfHTbIBaeTC51 3a,n:ep)KKOH B Mo,n:eJI5IX 3JieMeHTOB. Ka)R'.,n:hIH 3JleMeHT xapaK

TepH3yeTC51 HeKoTOpoii cpe,n:HeH 3a,n:ep)KKOH, 3Ha':IeHHe KOTopoii MO)KeT MeH51ThC51 

B 3aBHCHMOCTH OT pe)KHMa pa60ThI 3JieMeHTa, KOM6HHal(HH BXO.lJ:HhIX CHI'HaJIOB, 

TeMnepaTyphI, OTKJIOHeHHH B TeXHOJionrn H3fOTOBJieHirn 3JieMeHTa H T. ,n:. Bpe

MeHHOe paccorJiaCOBaHIIe BXO.lJ:HhIX CHfHaJIOB 3JieMeHTa MO)KeT npHBeCTH K 

1105.IBJieHHIO JIO)KHOro CHrHaJia Ha Bhlxo,n:e JIOrH'leCKOfO 3JieMeHTa. TaKM B03-

MO)KHOCTh IlOHBJieHH51 JIO)KHhIX CHrHaJIOB HOCHT Ha3BaHHe «pHCKa c6om>. 

PHCKOM c6o51 Ha3hIBaeTC51 B03MO)KHOCTh Il05.IBJieHH51 Ha BhIXO,n:e l(Hq>poBoro 

YCTJ)OHCTBa CHrHaJia, He npe,n:yCMOTpeHHoro anropHTMOM ero pa60ThI, 'ITO MO

)KeT rrpHBeCTH K JIO)KHOMY cpa6aTbrnaHHIO. OrMeTHM, 'ITO pHCK c6051 npe,n:cTaB-
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MeT co6oii TOJlhKO 603MO:J/CHOCmb JIO)KHOro cpa6aThIBaHH51, TO eCTh npH HaJIH-

1:IHH pHCKa c6o51 MO)KeT OTCJTCTBOBaTh JIO)KHOe cpa6aTbIBaHHe. CJie,n:oBaTeJihHO, 

pHCK c6o51 npe,n:CTaBAAeT co6oii HaHxy,n:IlIHH CJIYlfaH. Pa3JIH'laIOT CJie,n:)'IOII(He BH

.lJ:hl pHCKOB c6o51: CTaTH':IeCKHe, .lJ:HHaMH':IeCKHe, JIOI'H':IeCKHe H q>YHKI(HOHaJihHhie. 

7.1.1. CTaTH'lecKne pucKn c6ou 

Ha pHc.7.1 noKa3aHa pa6orn 3JieMeHTOB «H» H «HJI11» npH no,n:aqe Ha HX 

BXO.lJ:hI ,n:Byx rrocJie,n:oBaTeJihHhIX BO BpeMeHH Ha6opoB X 1 = x1xo = «OI» H X2 = 

x1x0 = «IO». 3Ha':IeHHe Bhixo,n:Horo CHrHaJia Yi ,n:AA 3JieMeHTa «H» Ha 3THX Ha6o

pax ,n:OJI)KHO OCTaBaTbC51 IlOCT05.IHHhIM H paBHhIM «O», a 3Ha':IeHHe Y2 - paBHhIM 

«I». 3TO ycJIOBHe BhII10JlH5.leTC51 B CJIYlfae pa36poca MOMeHTOB nepeKJIIO':IeHH51 

nepeMeHHhIX BO BpeMeHH X1 H Xo, KaK IlOKa3aHO Ha pHc.7.1, a H pHc.7.1, 6. 

X 1 -----f&l----- Y1 
Xo--l___J 

X1 ~ XJ ~ 
Xo ==ii== Xo ~ 

I r. 

Y1 1 Y1 :--Fl±:: 
a) 6) 

x1--fil.-Y2 
Xo--l___J 

XJ~ X1~ 

Xo~ Xo===ii== 

Y2 
1 

Y2~ 

6) 2) 

PHc. 7 .1. Pa36poc BO BpeMeHH MOMeHTOB rrepeKJIIO'leHHH 

EcJIH pa36poc MOMeHTOB nepeKJIIO':IeHHH COOTBeTCTByeT 3Ha'leHH5.IM Ha 

pHc.7.1, 6 H pHc.7.1, 2, TO oqeBH.lJ:HO, 'ITO Ha BhIXO,n:e cxeMhI «H» IlOHBHTCH JIO

rnqecKHH CHfHaJI «1» .D:JIHTeJihHOCThlO L'lT I, a Ha BhIXO,n:e cxeMhI «HJI11» - CHr

HaJI «O» .D:JIHTeJihHOCThlO L'lT2. 3TH JIO)KHhie CHI'HaJihI H HBJI5.IIOTCH pucKCJMU c6oJl, 

npH'IeM BH.lJ:HO, 'ITO OHM MOfJT npHCJTCTBOBaTh, a MOfJT H OTCYTCTBOBaTh. Bee 

.D:aJihHeHilIHe npHMepbI 6y.n:YT HJIJIIOCTpHpOBaThC51 BpeMeHHhIMH ,n:HarpaMMaMH 

.ll:JIH HaHxy,n:Illero CJIYlfM, Kor,n:a pHCK c6oH o6SI3aTeJihHO HMeeT MeCTO. 

CmamutJecKUMU Ha3hIBaIOTCH pHCKH c6oH B CJIYlfae, ecJIH y(Xl) = y(X2), 

r,n:e y- 6yJieiia qiyHKI(HR; XI, X2 - Ha6ophl BXO.lJ:HhIX CHrHaJIOB ,n:o H nocJie co6hI

THH H3MeHeHHH nepexo,n:a COOTBeTCTBeHHO. EcJIH CHfHaJihI Ha BhIXO,n:e cxeMhl .D:JIH 
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)J;Byx CMe)KHhlX BXOMhIX Ha6opoB OCTaIOTCll O)J;HHaI<OBhIMH, a BO BpeMH rrepexo;:i;

Horo rrpm~ecca B03M0)KHO IIOllBJieHHe JIO)KHOro CHrHana rrpOTHBOIIOJIO)KHOro 3Ha

'IeHHll, TO 3TO Ha3hIBaercx cmamU'leCKW,t pUCKOM c6011 (pHc. 7 .1, 6, pHC. 7.1, 2 ). 

PHcK c6ox Ha3hIBaeTcH cmamu'leCKW,t 6 Hy;ze S0, ecnH y{X
1
) = y(X

2
) = «0». 

PHCK c6ox Ha3hIBaercx cmamu'lecKW,t 6 eouHut,e S1, ecnH y{X
1
) = y(X

2
) = «1». 

TaKHM o6pa30M, Ha pHc.7.1, 6 HMeeT MeCTO CTaTH'IeCKHH pHCK c6ox B Hyne So, a 

Ha pHc.7.1, 2- CTaTH'IeCKHH pHCK c6ox B e)J;HHHQe s,. 
Ilpn )J;OCTaTO'IHO 60JihIIIOH pa3HOCTH Li 't IIOMexa 6y;:i;eT HMeTh )J;JIHTeJih

HOCTh, rrpeBhIIIIaIOIQYIO BpeMH rrepeKJIIO'IeHHll 3JieMeHTa, H aMIIJIHTy;:i;y, paBHyro 

HOMHHaJihHOMy CHrHany. 3To ~e IIOJIHOQeHHhlH CHrHan, Ha KOT0phlH MOryT 

peampoBaTh IIOCJie~IOIQHe 3JieMeHThl (BXO)J;hl CHHXpOHH3aQHH, YCTaHOBKH B 

«O» HJIH «1», 3arpy3KH ;:i;aHHhIX HT. II.). TaKHe IIOMeXH llBJIHIOTCll orraCHOH CH

TyaQHeil: )];Jill QH!ppOBhIX CXeM, TeM 6onee 'ITO HX rrpaKTH'IeCKH HeB03MO)KHO 

YBH)J;eTh Ha OCQHJIJIOrpacpe. OHM MoryT cy)KaThCll ;:i;o IIOJIHOro HC'Ie3HOBeHHll, HO 

MoryT H paCIIIHpllThCll, rrpoxo;:i;x qepe3 JIOrH'IeCKHe QeIIH. 

7.1.2. ,ll;nHal\UPICCKHe pHCKH c6oH 

Ha pnc.7.2, a IIpHBe)J;eHa cxeMa, peaJIH3YfOIQM cpyHKQHIO y= X2X1 + Xo. 

IlyCTh BXO)J;HOH Ha6op CHrHaJIOB x, = X2X1xo= «010» H3MeHHeTCll Ha BXO)J;HOH 

Ha6op X2 = Xzx,xo= «101». Ha pnc.7.2, 6 IIpHBe;:i;eHhl BpeMeHHhie )J;HarpaMMhI, 

COOTBeTCTBYfOIQHe Hanxy;:i;rneMy cnyqaro pa36poca MOMeHTOB rrepeKJIIO'IeHHll 

nepeMeHHhIX x 2 , x 1 H xo. IlocKoJihKY y(X,) = 0, a y(X2) = 1, H3 pHc.7.2, 6 BHk 

HO, 'ITO Ha BhlXO)J;e cxeMbl HMeeT MeCTO MHOroKpaTHOe rrepeKJIIO'IeHHe BMeCTO 

n;:i;eanhHOro anropHTMH'IecKoro rrepexo;:i;a «0 1 ». 

IlycTh Bxo;:i;Hoil: Ha6op X 1 = x 2x 1 xo= «0 1 I» H3MeHxeTCH Ha BXO)J;Hoil: Ha-

6op X2 = X2X1 xo= «100», Tor;:i;a H3 pnc.7.2, 6 BH)J;HO, 'ITO BMeCTO H)J;eaJihHOro 

anropnTMH'IecKoro rrepexo;:i;a «1 0» Ha Bhlxo;:i;e HMeeT MecTo MHoroKparnoe rre

peKJIIO'IeHne. 
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x,~ 
XJ~ X2~ 

X1 I I I 

x, 1 y x 1 I L 
I xo71 Xo Xo~ -4,,! 

y :ru y7LJ7_ 
a) 6) e) 

PHc. 7 .2. BpeMeHHM ;:i;narpaMMa pa6oThI 3JieMeHTa 

rrpn )J;HHaMH'IeCKOM pHCKe c6ox 

PncK c6ox Ha3hIBaeTCH ou11a.Mu'leCKW,t, ecnn y(X 1) -:f- y(X2), r;:i;e y - 6y

neBa cpyHKQHll. l{IrnaMH'IeCKHH pHCK c6ox rrpe;:i;rronaraeT B03MO)KHOCTh MHOro

KpaTHOro H3MeHeHHll CHrHana Ha BhIXO)J;e rrpH rrepexo;:i;e OT BXO)J;HOro Ha6opa 

x, K Ha6opy X2, Kor;:i;a BhIXO)J;HOH CHrHaJI MeHlleTCll Ha rrpoTHBOIIOJIO)KHhlll. 

PncK c6ox Ha3hIBaercx )J;HHaMH'IecKHM THrra D+ rrpn nepexo;:i;e Ha Bhixo;:i;e «0l», 

ecnn y(X 1) = 0, a y(X2) = 1. PncK c6ox Ha3hrnaeTcx ;:i;HHaMnqecKHM Tmrn D_, 

eCJIH y(X,) = 1, a y(X2) = 0. Tm<HM o6pa30M, Ha pnc.7.2, 6 HMeeT MeCTO )J;HHa

MH'IeCKHH pHCK c6ox D+, a Ha pnc.7.2, 6 - )J;HHaMH'IecKnil: pHCK c6ox D_. 

lfa BpeMeHHhIX )J;HarpaMM pa60Thl cxeMhl BH)J;HO, 'ITO )J;HHaMH'IeCKHH 

pHCK c6ox llBJIHeTCll CJie)J;CTBHeM CTaTH'IeCKOro pHCKa c6ox. HanH'IHe )J;HHaMH

qecKHX pHCKOB c6ox B QH!ppOBOH cxeMe TaK)Ke MO)KeT npHBeCTH K HapyrneHHIO 

3aKOHa ee 4JYHKQHOHHpoBaHHll. 

7.1.3. Jloru11ecKuii pucK c6oH 

JlorH'IeCKHM pHCKOM c6ox Ha3hIBaeTCll CTaTH'IeCKHH pHCK c6ox, IIOllB

JIHIOIQHHCll rrpH CMeHe coceOHllX Ha6opOB BXO)J;HhlX CHrHaJIOB, KOTOphiii MO)KeT 

6b1Tu ycrpaHeH H3MeHeHHeM nomqecKoii CTPYKTYPhI, peanmyroIQeii 6yneBy 

4JYHKQHIO. 

PacCMOrpHM rrepexo;:i; Ha6opa BXO)J;HhlX CHrHaJIOB OT x, = X2X1Xo= «11 0» K 

X 2 = x2x1x0= «010» )J;JIH 4JYHKQHH y, rrpe;:i;craBneHHoii KapToil: KapHo (pHc.7.3, a). 

nomqecKoe Bhipa)KeHHe )J;JIH ,!l;aHHOii q>yHKQIIH 6y;:i;eT y =x x + x x , a ee 
2 I · 2 0 

CXeMHM peanmaQHll rrpHBe;:i;eHa Ha pIIc.7.3, 6. O6paTIIM BHHMaHHe, 'ITO B )J;aH-
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HOM enyqae oe)'II(eeTBJUiereH nepexo,n Me)K)zy eoee,nHHMH Ha6opaMH, rrpnqeM x
1
= 

1 tt Xo= 0 HBJUIJOTeH KOHeTaHTHbIMH ettrnaJiaMH. CJie,noBaTeJibHO, ,nJUI :noro eJiy-

qa51 MO)I(HO 3arrneaTb y =x + x . QqeBH,nHo, qTo 3,neeb y(X
1
) = y(X2) = 1. O,n-

2 2 

HaKO Ha 3JieMeHTe «MJIB» BO3MO)I(eH eraTnqeeKHH ptteK e60H B e,nHHHIW (3TO 

OTpa)I(eHo Ha pne.7.3, e). 
x, 

Xii/ 61715141 
2 3 1 0 

y 
X, 

X, 
a) 

X.i~ 
x, 

1 y 

Xi & 
x, 

6) 

Pne. 7.3. JiornqeeKnii ptteK.e6oH 

Xi~ 
x,_--t-----
x, I 

XiX1-n 

XiXo ======::: y=-r--i.s--= 
e) 

MO)I(HO yeTpaHHTb 3TOT ptteK e6oH, BH,nOH3MeHHB arrnapaTHYJO peaJIH3a

U:HJO .naHHOH <pyHKr:t;HJt. )];JIH 3TOro BBe,neM B KapTe KapHo ,nonoJIHHTeJibHbIH 

KOHTYP, IIOKa3aHHbIH illTpHXoBoii JIHHHeii Ha pne.7.3, a. Tor,na ypaBHeHne 

<)>yHKU:HH 6y,neT HMeTb BH,n y =x
2 

x 
1 
+ x 

2 
x 

0 
+ x 

I 
x 

0
. TaK KaK npn nepexo,ne 

OT Ha6opa XI K X2 npoeTM HMIIJIHKaHTa XI XO Bee BpeMH paBHa (( 1 », TO ptteK 

e6oH, BbIHBJieHHbIH Bhlme, He 6y,neT npOHBJIHTbeH Ha BbIXo,ne .naHHOH exeMbI. 

3Ta ettryar:t;HH OTpa)I(eHa Ha BpeMeHHOH .nnarpaMMe, npe,neTaBJieHHOH Ha 

pne.7.4, a, a ee exeMHM peanH3ar:t;HH IIOKa3aHa Ha pne.7.4, 6. 

Xi~ 
x,_-+-----
x,="'=1====== 

Xix1=cL.._ 

xixo==:=;==:::::=== 
x

1x,==t=::::;:::::;:::=== 
y I L! 

a) 

Xi 
x, 

xi 
x, 

x, 
x, 

6) 

Pne.7.4. YeTpaHeHne JiornqeeKoro ptteKa e6oH 
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7.1.4. cf>yHKQUOHaJibHbIH pucK c6m1 

PtteKH e6oH, npO.HBJI5llOmttee.H npH MH020MecmHOU (He eoee,nHeii) eMeHe 

Ha6opoB tt onpe,neJI.HeMbie, xapaKTepoM eaMoil: q>yttKQHH, Ha3bIBaJOTe.ll q>yHK

r:t;HOHaJibHbIMH. TaKne ptteKH e6o.H He MOryT 6bITb yerpaHeHbl H3MeHeHHeM JIO

rnqeeKOH CTpYKrypbI, peaJIH3YJOmeii 6yJieBy q>yHKQHIO. 

0 ,,----- 0 
[ITQ]]J [fil::IIJ~ 3HaqCHHe tbvHKmlli 

'---1 1 0 1 

a) ~(1,1•,.IXllillill /= 
HoMep Ha6op 0 X 1 
m6opa 1411 0 0l'---""'lfilIIID 

6) 

1 ~-- 1 , 1010001 ~~ 

0 0 0 ~ 1 =(1,1•: ,1Qa11:•1/= 
rnI]Ij'---.... IIDII! 

Pne. 7 .5. <l>yHKU:HOHaJibHbIH ptteK e6o.H 

PaeeMOTpHM IlOBe,neHHe BbIXO,nHoro enrnana q>yHKU:HH npn MHOrOMeeTHOH 

eMeHe Ha6opoB. IlyeTb Ha6op «O» nepexo,nnT B Ha6op «7». TaK KaK Bee rrepe

MeHHbie H3MeH.lllOTe.H, a MOMeHTbl HX H3MeHeHH.ll B 061r:t;eM enyqae HeH3BeeTHbI, 

TO BO3MO)I(Hbl pa3JIHqHbie nepexo,nbI OT Ha6opa «O» K Ha6opy «7» (pne.7.5, a). 

CymeernyeT e,nHHeTBeHHbIH IIYTb eMeHbl Ha6opoB: 0-2-6-7, npH KOTOpOM He 

6y,neT eraTHqeeKoro pneKa e6o.H, TaK KaK y(X1 = 0) = y(X2 = 7) = 1. Bo Beex oe

TaJibHbIX enyqMX 6y,neT eTaTnqeeKHH ptteK e6o.H B e,nHHHr:t;e S1. IlpnqeM HHKa

KHMH annapaTHblMH epe,neTBaMH yeTpaHHTb ero HeJib3.ll, TaK KaK 3HaqeHH.ll BbIXO

,na Ha rrpoMe)I(JTOqHbIX Ha6opax onpe,neJI.lllOTe.ll xapaKmepoM CaMOU <pyHKlJUU. 

Ilo TeM )Ke npnqHHaM rrpn nepexo,ne OT Ha6opa X 1 = «1», Ha KOTopoM y(X1) 

= 0, K Ha6opy X 2 = «6», Ha KoTopoM y(X2) = 1, BO3MO)I(eH cJie.nYJOir:t;Hii nyrb eMe

HbI Ha6opoB: 1-0-4-6, Kor,na HMeer MeeTo OUHaMu11ecKuu pncK e6o.H D+, TaK-
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)Ke orrpe.n;eJUieMbIH xaprucrepoM caMoii cpymai;HH. Bo Bcex OCTaJibHbIX cnyqruix 

cMeHhl Ha6opoB (pHc.7.5, 6) 6y.n:er qHCTO anropHTMHqecmii rrepexo.n: «0l». 

7.2. <l>yHKQHOHaJILHaH ycrou-.iuBOCTb, COCTH3aHHH B JioruqecKUX cxeMaX 

<l>yHKlfUOHQJlbHaJl ycmOU'IU60Cmb orrpe.n;eJUieTCH CTa6HJThHOCTblO peanH3a

IJ;HH IJ;Hq:>pOBbIM YC1J>OiicTBOM 3a,!l;aHHoro anropHTMa pa60Thl rrpH HaJIHqHH pa3-

6poca 3a.n;ep)KeK BbIIIOJIHeHHH orrepaIJ;Hii B nomqecKHX :.meMeHTax, 3a.n;ep)KeK cHr

HaJIOB B JIHHHHX CBH3H H :meK1J)OMarHHTHbIX HaBO,!l;OK H rrapa3HTHblX CHrHaJIOB. 

B cxeMOTeXHHKe rrpo6JieMa q:>)'HKIJ;HOHaJibHOH ycrniiqHBOCTH MO)Ke'f 6bITh 

CBe.n;eHa K YC1JlaHeHHIO orracHbIX coCTH3aHHH (roHoK) cHrnanoB yc1J)oiicTBa. IIpo-

6neMa YCTPaHeHHH rOHOK B cxeMOTeXHHKe HBJUieTCH oqeHb cepbe3HOH 3a)];aqeii, 

TaK KaK 60JII,IIIHHCTBO TPY.D:HO o6Hap)')KHBaeMbIX OIIIH60K CBH3aHO HMeHHO C roH

KaMH. 3cpcpeKT COCTH3aHHH CHrHaJIOB, rrpHBO.D:HIIIHH K HeycTOHqttBOH pa6ore IJ;Hq:>

poBoro YC1J>OHCTBa, H3BeCTeH ,!l;aBHO. Hatt6onee HarJIH,!l;HhlM IIpHMepoM HBJIHeTCH 

3cpcpeKT «.n:pe6e3ra» KOHTaKTOB pene HJIH KHOIIOK B YC1J)OHCTBax. 

Cocrn3aHHHMH HJIH roHKaMH CHrHaJIOB Ha3bIBaeTCH rrpoIJ;eCc HX pacrrpo

C1J)aHeHHH B pa3JIHqHI,IX IJ;eIIHX IJ;Hq:>poBoro YC1J>OHCTBa rrpH cyIIJ;eCTBOBaHHH 

pa36pocoB BpeMeHHblX 3a.n;ep)KeK 3THX IJ;erreii. L(erri, - COBOK)'IIHOCTI, nomqe

CKHX H .n:pyrHX 3JieMeHTOB H JIHHHH CBH3H Me)K.n:y HHMH. All20pumMU'leCKUM ne

pexoOOM Ha3I,IBaeTCH H3MeHeHHe CHrHaJia Ha BbIXO,!l;e KaKOH-JIH6o cxeMbI, rrpe

.D:YCM01J)eHHOe anropHTMOM ee pa60Th1. HeaJl20pumMu'leCKUM nepexoiJoM Ha-

31,rnaeTCH H3MeHeHHe BbIXO,!l;HOro CHrHana, He rrpe.n:ycM01J)eHHOe anropHTMOM 

ee pa60Thl. OrraCHbIMH Ha3bIBaIOTCH TaKHe COCTH3aHHH, KOTOpbie MOryT IIpHBec

TH K HeanropHTMHqeCKOM)' rrepexo.n:y B IJ;Hq:>pOBOH cxeMe npH 3a,!l;aHHbIX ycno

BHHX ee pa6oThI, a HeorraCHblMH Ha3bIBaIOTCH TaKHe COCTH3aHHH, KOTOphle He 

MOryT rrpnBeCTH K HeanropHTMHqecKOMY rrepexo.n;y. 

3a.n;ep)KKa nomqecKoii cxeMbI - C)'MMa 3a.n;ep)KeK cpa6aTbIBaHHH nomqe

cmx 3JieMeHTOB H 3a.n;ep)KeK pacrrpOC1J)aHeHHH CHrHaJIOB IIO IJ;eIIHM CBH3H Me)K.n:y 

HHMH. Ba)I(HeHIIIHM napaMe1J)OM, xapaKTepH3yIOIIJ;HM HHepIJ;HOHHOCTI, nomqe-
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cKoro 3JieMeHTa, HBJIHeTCH cpe.n;Hee BpeMH 3a.n;ep)KKH BbIXO,!l;HOro CHrHana IIO OT

HOIIIeHHIO K BXO,!l;HOMY t,.a.cp.• Tpy.n;HOCTI, yqern 3a.n;ep)KeK rrpH rrpoeKTHpOBaHHH 

3aBHCHT OT COOTHOIIIeHHH 3HaqeHHH 3a.n;ep)KeK B caMHX norHqecKHX 3JieMeHTaX H 

3a.n;ep)KeK B IJ;eIIHX CBH3H tea. Me)K.!l:y HHMH. 

CHT)'all;HH, KOr.n;a 3a.n;ep)KKll tea rrpeBblIIIaIOT 1:,.a.cp., B03HHKaIOT IIpH HCIIOJib-

30BaHHH He oqeHb 6bIC1J)O,!l;eHCTB)'IOIIJ;HX 3JieMeHTOB, H Kor.n:a CHrHaJII,I rrepe.n:a

IOTCH Me)K,!l;)' 6noKaMH Ha ,!l;OCTaTOqHO 6oJibIIIOe paccTOHHHe. CneIJ;HcpHqecKHM 

cpaKTOpOM, rrpHBO.D:HIIIHM K pa36pocy ~.cp., HBJIHeTCH ,!l;JIHTeJibHOCTb cppoHTa ( crra

.n:a) BXO,!l;HOrO CHrHaJia rrpH HaJIHqHH pa36poca rroporoB cpa6aTblBaHHH nomqe

CKHX 3JieMeHTOB. TaKoe HBJieHHe qacTO Ha3bIBaIOT roHKaMH IIO BXO.D:Y (pHc.7.6). 

OrracHOCTI,IO B03HHKHOBeHHH roHOK IIO BXO.D:Y ofo,HCHHIOTCH orpaHHqeHHH Ha 

MaKCHMaJibHYIO ,!l;JIHTeJibHOCTh rrepexo.n;oB «0l» H «10» BXO,!l;HbIX CHrHaJIOB, rrpH

BO,!l;HMbie B rracrropTax MHOrHX MHKpOCXeM. 

r-& 1-H BblX0/1 

B~ 2-HBblXO/I 

a) 

Bxo11 
Unopl 

Unop.2 

l-l!BblX0/1====~==~==== 

2-H BblX0/1 ~ 

6) 

Pnc.7.6. roHKH IIO BXO.D:Y 

Ha rrpaKTHKe H3MeHeHHe Ha6opa BXO,!l;HbIX rrepeMeHHbIX KOM6HHaIJ;HOH

HOH cxeMbl qaCTO rrpOHCXO,!l;HT rrpH HecornacOBaHHhlX BO BpeMeHH H3MeHeHHHX 

pa3JIHqHI,IX BXO,!l;HbIX rrepeMeHHblX. IlpH 3TOM cxeMa cpaKTHqeCKH HaXO,!l;HTCH 

rro.n: .n;eHCTBHeM HeCKOJlbKHX IIOCJie,!l;OBaTeJibHO cMeHHIOIIJ;HXCH Ha6opoB, rrpHqeM 

Ka)K.!l:bIH H3 HHX .n:po6HTCH eIIJ;e Ha HeCKOJibKO Ha6opOB rrpH rrpoXO)K,!l;eHHH qepe3 

CXeMy H3-3a HecornacoBaHHbIX 3HaqeHHH t3.a.cp. 3JieMeHTOB. B pe3)'JII,TaTe H3Me

HeHHe CHrHana Ha Ka)K,!l;OM BbIXO)l;e cxeMbl H BHY1J)eHHeM Y3Jie B .n:eiiCTBHTeJib

HOCTH rrpoHCXO,!l;HT He MrHOBeHHO, a o6paJyeT HeKOTOpbIH CJIO)KHI,IH )l;HHaMHqe

CKHii rrpoIJ;ecc. KpoMe Toro, BC1J)eqaIOTCH yqacTKH, r.n:e CHrHaJI pa3BeTBJIHeTCH H 
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nonyqHBllIHeCR ,L(Ba cnrnana pacnpoc-rpamnoTCR no ,LIB)'M He3aBHCHMbIM Ha

npaBneHHRM, a noTOM o6a CHrHana BCTpeqaJOTCR Ha BXO,Llax O,L(Horo 3IleMeHTa. 

B 

a) 

1-ai:i 
2-ab 
3-ab 
4-ab 

d(a) 

d(b) 

d(1) 

d(2) 

d(3) 

d(4) ,__~~ 

0.60 0.80 T 

6) 
Pnc.7.7. Ilpoxo)K,LleHHR cnrnana qepe3 nornqecKne 3neMeHThI cxeMbI 

HanpnMep, B cxeMe Ha pnc.7.7, a KOHCTaHTa «I» B TpaKTe A npoxo.z:1nT ' 

qeTHOe qncno BeHTHneii, a B TpaKTe B - HeqeTHOe. AHanH3 no.z:106Hoii cxeMbI 

MeTO,LlaMH aJ12e6pbl Jl02UKU 6e3 yqeTa 3a,Llep)KKH nOKa3bIBaeT, qTo BbIXO,LI cxeMbI 

6y.z:1eT paBeH «I» npn mo6oM 3HaqeHnn Bxo.z:1a. Ecnn )Ke yqecTb cyMMapHyro 3a

.z:1ep)KKY npn npOXO)K,LleHHH CHrHana no 06OHM TpaKTaM, TO MO)KeT OKa3aTbCR, 

qrn 3a.z:1ep)KKa no TpaKTY A He paBHa 3a,Llep)KKe no TpaKzy B. 3rn 06crnRTen1,

CTBO BbI3OBeT Ha BbIXO,Lle IlO)KHOe cpa6aTbIBaHHe. B 3TOM nerno y6e,L(HTbCR, 

aHann3npyR BpeMeHHYIO .z:1narpaMMY, npnBe,LleHHYIO Ha pnc.7.7, 6. 

TaKHM o6pa30M, B pa3nnqHI,IX qacrnx KOM6HHaQHOHHOM cxeMbI, B 3aBH

CHMOCTH OT qncna nocne,L(OBaTeilbHO BKn10qeHHbIX 3IleMeHTOB, nepexo,L(Hblll 

npoQecc nocne CMeHbl BXO,LIHOro Ha6opa 6y.z:1eT 3aKaHqnBaTbCR B pa3HOe BpeMR. 

3TO npnBe,L(eT nn6o K .z:1ecpopMHpOBaHHIO ,LIIlHTeilbHOCTH BbIXO,LIHbIX cnrnanoB, 

nn6o K nORBileHHIO pHCKOB c6oR. Ecnn no.z:1 BO3,Lle:iicrnneM BXO,LIHbIX cnrnanoB 

cxeMa H3 O,LIHOro COCTORHHR MO)KeT nepeiiTH B pa3nHqHI,Ie COCTORHHR B 3aBH

CHMOCTH OT 3a,Llep)KeK B 3IleMeHTax cxeMbI, TO B 3TOM cnyqae COCTR3aHmI Ha3bI

BaIOT KpnmqecKHMH. KpnTnqecKHe COCTR3aHHR npHBO,LIRT K noRBileHHIO IlO)K

Horo cpa6aTI,IBaHHR, He npe.z:1ycMOTpeHHoro anropHTMOM pa60ThI CXeMI,I. 

,[(JUI HaxO)K,LleHHR KpHTnqecKHX COCTORHHM ncnonb3YeTCR OUHQMU~eCKUU 

QHaJlU3 KOM6UHQlfUOHHOU cxeMbl. B 3TOM aHailH3e H3MeHeHHe BXO,LIHOro Ha6opa 
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paccMaTpHBaeTCR KaK HeO,L(HOBpeMeHHI,Je H3MeHeHHR pa3nnqHI,IX BXO,LIHbIX ne

peMeHHbIX, 06pa3yrow;nx 3TOT Ha6op. Ilo3TOMY nocne,LIOBaTeilbHOCTI, BXO,LIHbIX 

Ha6opoB MO)KHO paccMaTpHBaTb KaK Ha6op BXO,LIHbIX nocne,LIOBaTeilbHOCTeii H3 

Hyneii H e,L(HHHQ, .z:1eiicrnyrow;nx He3aBHCHMO .z:1pyr OT .z:1pyra Ha pa3HbIX BXO,Llax. 

3aTeM npon3BO.z:IHTCR attann3 nepeKmOqaTen1,Horo npoQecca. 

IlepeKmOqaTeilbHbIM npoQeCCOM Ha3bIBaeTCR nocne,LIOBaTeilbHOCTh ypoBHeii 

«I» H «0», KOTOpaR Ha n1060M KOHeqHoM Ha6n10.z:1aeMOM HHTepBane BpeMeHH 

co.z:1ep)KHT KOHeqHoe qncno nepexo.z:1OB «0I» n «IO». IlpnMep1,1 nepeKn10qa

Tenl>HbIX npoQeccoB npnBe.z:1eirn Ha pnc.7.8 . .[l;nnHoii nepeKn10qaTen1,Horo nf5o

Qecca Ha3bIBaeTcR o6w;ee qncno H3MeHeHnii cnrnana B HeM. HanpnMep, .z:1nR 

npoQecca x 4 Ha pnc.7.8 .z:1nnHa paBHa 3. 

' x5 I 

X4~ 

X3 ~¼ll~;;=-='':c====~======.;;-="'-="'-~!r:::~ X2 =• 
X1 

Xo 

t'n t'n+l 

Puc. 7 .8. Cno)KHl>Iii nepeKn10qaTenl>Hblii ripoQecc nornqecKoii cxeMbI 

IlepeKmOqaTeilbHbIB npoQecc Ha3bIBaeTCR CilO)KHI,IM, ecnn ero ,LIIlHHa 

60ilbllle HnH paBHa 2. B npoTHBHOM cnyqae OH Ha3bIBaeTCR npOCTbIM nepeKmOqe

HHeM. )];nR BeKTOpHoro npoQecca COOTBeTCTBYIOIQHM nOHRTHeM RBAAeTCR 6eKmop 

OJ/UH. KoMnOHeHThI 3TOro BeKTopa - ,LIIlHHI,I npoQeCCOB, RBilRIOIQHXCR KOMnOHeH

TaMH BeKTopHoro npoQecca. HanpHMep, BeKTOpHbIB npoQecc, KOMnOHeHTaMH KO

TOporo RBnRIOTCR rneCTh npoQeCCOB Ha pnc.7.8, HMeeT BeKTOp ,LIIlHH (5, 3, I, I, 0, 0). 

BeKTopHblll nepeKnJOqaTeilbHblll npoQecc cqHTaeTCR npOCThIM nepeKmOqeHHeM, 

ecnn BCe ero KOMnOHeHTI,I - npoCThie nepeKmOqeHHR, COBeprnaeMbie O,LIHOBpe

MeHHO. B npoTHBHOM cnyqae BeKTOpHblll npoQecc cqnTaeTCR CilO)KHbIM. 
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8. KoM6nua~HOHHbie JIOrH'leCKHe ycTpOifCTBa 

8.1. KJiaccmJrnKa~nH JIOruqecKnx ycTpoiicTe 

y CYpOHCTBa, OITepHpyIOIIJ;He C )];BOH'IHOH (,n:HcKpernoii) HH<pOpMau;Heil:; 

ITO)];pa.3,n:eJUIIOTCR Ha ,n:Ba KJiacca: KOM6UHQ1JUOHHble H nocneiJoeame!lbHOCmHble. 

KoM6HHaIIHOHHble yc-rpoil:cTBa (KY) xapaKTepH3YJOTCR OTCyYCTBHeM :meMeHTOB 

ITaMRTH. CHrHaJibl Ha HX BblXO)];ax B JII06oil: MOMeHT BpeMeHH O)];HO3Ha'IHO OITpe

,n:eIDIIOTCR CO'leTaHHeM CiffHaJIOB Ha BXO,n:ax H He 3aBHCRT OT ITpe.n;bl)];yIIJ;HX CHr

HaJIOB. CxeMHbIMH ITpH3HaKaMH TaKHX yc-rpOHCTB RBJUleTCR OTCYTCTBHe QeITeii 

o6paTHOH CBR3H C BbIXO,n:a Ha BXO)];. K KOM6HHaQHOHHblM yc-rpoiiCTBaM OTHOCRT

CR CYMMaTOpbl, .n;enmcppaTOpbI, nrncppaTOpbI, ITpeo6pa.30BaTeJIH KO)];OB, MYJibTHIT

JieKCOpbI, ,n:eMyJibTHITJieKcOpbI, cxeMbl CpaBHeHHR H ITpeo6pa.30BaHHR KO)];OB. 

B ITOCJie,n:oBaTeJibHOCTHblX yc-rpoiicTBax (HJIH aBTOMaTax C ITaMRTbIO) Bbl

XO)];HOH CHrHaJI OITpe,n:eJUieTCR He TOJibKO Ha6opoM CHrHaJIOB, .n:eil:CTBYJOIU;HX Ha 

BXO,n:ax B ,n:aHHblll MOMeHT BpeMeHH, HO H BHyrpeHHHM COCTORHHeM yc-rpoil:cTBa, 

KOTOpoe 3aBHCHT OT Toro, KaKHe Ha6opbl CHrHaJIOB .n:eiiCTBOBaJIH BO Bee ITpe.n:

rnecTBYJOIU;He MOMeHTbl BpeMeHH. Cne,n:oBaTeJibHO, MO:>KHO rOBOpHTb, 'ITO ITO

cne,n:oBaTeJII,HOCTHble ycTpOHCTBa o6na,n:aIOT ITaMRTbIO, TO ecTb xpaHRT CBe,n:e

HHR O ITpOllIJIOM pa60Tbl yc-rpoiicTBa. 

PaccMOYpHM ITpHMep KOM6HHaQHOHHoro yc'I'pOHCTBa. ITyCTb KY cpopMHpyer 

Ha BbIXo.n;e JIOrH'leCKHH CHrHaJI, OITpe.n;eJIRIOIIJ;Hll COBITa,n:eHHe CHrHaJIOB Ha BXO,n:ax. 

B TaKOM YC'fPOHCTBe Ha BbIXO,n:e cpopMHpyeTCR JIOrH'leCKM «I» TOJibKO TOr,n:a, KO

r.n:a Ha o60HX Bxo.n:ax ,n:eil:cTByeT JIOrH'leCKM «I» JIH60 Ha o6oHX BXO,n:ax .n:eiicTBy

eT nornqecKHil: «O». EcnH :>Ke Ha o,n:HoM H3 Bxo,n:oB .n;eil:cTByeT norH'lecKaH «I», a 

Ha .n:pyroM - JIOrH'leCKHH «O», TO Ha BbIXO,n:e yc-rpoiicTBa 06pa.3yeTCH nornqe

CKHH «O». JiornqeCKOe yc-rpoil:CTBO, B KOTOpOM 3Ha'leHHe q>OpMHpyeMOH Ha Bbl

xo.n:e JIOrH'leCKOH q>yHKQHH OITpe,n:eJUieTCR JIHlllb 3Ha'leHHRMH ee apryMeHTOB B 

,n:aHHbIH MOMeHT BpeMeHH, RBJUleTCR KOM6HHaQHOHHblM. 
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PacCMO'I'pHM .n:pyroii ITPHMep. C'leT'IHK ITO)];C'IHTbIBaeT 'IHCJIO HMITYJibCOB. B 

KroK.D:blll MOMeHT BpeMeHH ero COCTORHHe COOTBeTCTByeT 'IHCJIY ITOCyYIIHBllIHX Ha 

BXO)]; HMITYJibCOB, a pe3yJibTHpYJOIU;M BbIXO)];HM HH<pOpMaQHH 6y,n:eT OITpe,n:eJIHeT

CH TeM, KaKOe 6blJIO ero COCTOHHHe .n:o HHTepBana BpeMeHH C'leTa H CKOJibKO HM

rryJibCOB ITOCyYIIHJIO Ha BXO)]; B ,n:aHHOM HHTepBane. Cne,n:oBaTeJibHO, ,n:aHHOe ycT

poHCTBO RBJUleTCR ITOCJie,n:oBaTeJibHOCTHblM. 

8.2. CyMMaTOp 

CyMMaTOpOM Ha.3bIBaeTCR cpyHKIIHOHaJibHOe ycTpOHCTBO, rrpe,n:Ha.3Ha'leH

HOe )];JIH CJIO:>KeHHH )];BOH'IHblX 'IHCeJI. IlOC'I'pOeHHe )];BOH'IHbIX cyMMaTopoB o6bl'I

HO Ha'IHHaeTCH c CYMMaTOpa no·MoiJymo 2. 

X Y. Out 
0 0 0 
0 1 1 
1 0 1 
1 1 0 

PHc.8.1. Ta6JIHQa HCTHHHOCTH cyMMaTOpa ITO Mo,n:yJIIO 2 

Ha pHc.8.1 rrpHBe.n;eHa Ta6JIHu;a HCTHHHOCTH {TII) TaKOro CYMMampa. Ee 

MO:>KHO ITOJIY'IHTb, HCXO)];H H3 rrpaBHJI cyMMHpOBaHHH B )];BOH'IHOH apH<pMeTHKe. 

B COOTBeTCTBHH C 3TOH Ta6JIHQeH HCTHHHOCTH peanH3yeM cxeMy cyMMaTOpa no 

Mo,n:yn10 2. 3rn cxeMa ITPHBe.n;eHa Ha pHc.8.2. 

X y x y 

Out 

PHc.8.2. CxeMa cyMMaTOpa ITO Mo.n;yn10 2 

CyMMaTOp ITO MO.D:YJIIO 2 BblIIOJIHReT cyMMHpOBaHHe 6e3 yqeTa rrepeHOCa. 

B nOllHOM 060U'lHOM cyMMamope Heo6xo,n:HMO YifHTbIBaTb 3Ha'leHHe rrepeHOCa. 

3TO -rpe6yeT .n:orrOJIHHTeJibHbIX cxeM, cpopMHpYJOIU;HX 3Ha'leHHe ITepeHoCa B 

CJie)];YJOIU;HH )];BOH'IHblH pa.3pH,n:. Ta6JIHQa HCTHHHOCTH TaKOH cxeMbl, Ha.3bIBae-
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MOH noJ1ycyMMamopoM, npHBe,!l,eHa Ha pHc.8.3, a, a ee npHHU:HilHaJibHruI cxeMa 

Ha pHc.8.3, 6. CxeMa IlOJIYC)'MMaTopa cpopMHpyeT nepeHOC B CJieeyIOIIJ,HH pa3pH.IJ;, 

HO He MO)KeT )"IBThIBaTh nepeHoc HJ npe,!1,bI.lzyln:ero pa3pH,[(a, Il03T0MY 0Ha H Ha-

3bIBaeTC5I IlOJIYC)'MMaTOpOM. 

B 

A B S PO 

0 0 0 0 
0 1 1 0 
1 0 1 0 
1 1 0 1 

a) 

AB AB 

s 

PO 

6) 

Pnc.8.3. Ta6JIHU:a HCTHHHOCTH H cxeMa nonycyMMaTOpa 

Pl AB S PO 

s 0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 

~-----po 1 1 1 1 1 

a) 6) 

Pnc.8.4. CxeMa nonHoro ,!1,BOH'IHoro cyMMarnpa 

Ha pHc.8.4, a npHBe,!),eHa npHHU:HilHaJibHruI cxeMa nOJIH020 060U'lH020 oiJ

HOpa3pROH020 cyMMamopa, nocTPoeHHoro no ero rn6nnu:e HCTHHHOCTH. Ta6nn

n:y HCTHHHOCTH IlOJIHOro ,!J,BOH'IHOro 0,!J,HOpa3pH,[(HOro cyMMaTopa MO)KHO nony

'IHTb H3 npaBHJI C)'MMHpOBaHHH ,!1,BOH'IHbIX 'IHCeJI. B 3TOH Ta6nnu:e (pHc.8.4, 6) B 

Ka'IeCTBe BX0,!1,0B HCilOJib30BaHbI O,!l,HOpa3pH,!1,Hbie 'IHCJia A H B; nepeHOC Ha BXO

.n;e o6o3Ha'IeH 6JKBOH PI (ncnoJibJyeTCH 6yKBa I, coKpaiu:eHHe OT attrnnii:cKoro 

CJIOBa input - BXO,!J,), a nepeHOC Ha BbIXO,!J,e - PO ( COKpaIIJ,eHHe OT aHrJIHHCKOro 

CJIOBa output - BbIX0,!1,). O603Ha'IeHHe IlOJIHoro ,!1,BOH'IHOrO C)'MMaTOpa Il0Ka3aHO 

Hapnc.8.5. 
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PI 

AO 
BO B 

so 

POI---PO 

PHc.8.5. O60JHa1IeHHe IlOJIHOro ,!l,BOH'IH0rO cyMMaTopa 

Amr TOro 1IT06bI IlOJI)"IHTb MHOropa3pH,[(HbIH C)'MMaTOp, ,!l,OCTaTO'IHO coe,!J,H

HHTb BXO,!l,bl H BbIXO,!J,bI nepeHOCOB COOTBeTCTBYJOIIl,HX ,!l,BOH'IHbIX pa3pMOB. CxeMa 

'IeTbipexpa3pMHOro C)'MMaTopa npHBe,netta Ha pHc.8.6, a Ha puc.8. 7 noKa3aHo ero 

o6oJHa<JeHHe. 

- P!SM -PI 

AO 
BO 
-A 

Al 
Bl 

-B 

A2 

B2 

A3 

B3 

s 
-POi- PISM s ,-

A 
I--

B PO ,-- P!SM s 
A 

r-
B PO t-- pJSM ,_ Si---

A 
I--

B PO ,___ . --,_ 

so 

SI 

S2 

S3 

PO 

PHc.8.6. CxeMa 1IeTb1pexpa1pH,!1,HOro ,!1,BOH'IHOro cyMMaTopa 

P01 

PHc.8.7. O6o3Ha<JeHHe <JeTblpexpa3pH,!1,HOrO ,!1,BOH'IH0ro C)'MMaTopa 

8.3. IIIml>paTOp 

lllncpparnpoM Ha3bIBaeTcH KOM6HHaU:HOHHoe ycTPOHCTBO, npeo6pa1y10iu:ee 

KaKOH-JIH60 KO)],, no)],aBaeMbIH Ha BXO,!J,Hbie IIIHHbl, B COOTBeTCTBYJOIIl,HH (TPe-

6yeMbIH) KO)], Ha BblXO)],ax. Ilo3TOMY Ja)],a<Jeii: urncpparnpa HBJIHeTCH ccpopMHpo

BaTb HY)KHblH KO,!),. Ha BBO)], IIIHcpparnpa MOryT IlO)],aBaTbCH pa3JIH'IHbie CHrHaJibl, 

HanpHMep, JIOrH'IeCKHH «O» 'Iepe3 K0HTaKTbl KHOil0K KJiaBHarypbl ynpaBJieHHH 
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HnH eHrHanbI e ,n;pyrnx ye'I'poiieTB. Bo Beex en~rurx B umqipaTope rrpoHeXO,ZJ;HT 

rrpeo6pa:mBaIIHe O,Zl;HOro eHrnana B n-pa3pH,n;Hblll KO,n;. 

Ha pHe.8.8 rroKaJaHa exeMa umqiparnpa, KOTOpbIH rrpeo6paJyeT HoMep -

epa6oTaBIIIeii KHOIIKH B ,ll;BOHqHblll KO,Zl; Ha BbIXO,n;e. EenH HH O,n;Ha KHOIIKa He Ha

iKaTa, TO Ha BbIXO,n;ax 1-2-4-8 IIIHqipaTopa yeTaHaBnHBaeTeH eHrnan e ypOBHeM 

nomqeeKoii «l». IlpH HaiKaTHH Ha O,n;Hy H3 KHOIIOK Ha BbIXO,n;e 1-2-4-8 IIOHBnH

eTeH eHrnan ,Zl;BOH~oro KO,ZJ;a, eoorneTeTB)'IOID;Hll HOMepy HaiKaTOii KHOIIKH. 

o CD 
ug_,.,-____J I I 

2 
3 2 
4 
s 4 
6 

i--__,.,.. '7 8 

PHe.8.8. lllHqiparnp 

XO XJ X2 X3 X4 X5 X6 X7 

PHe.8.9. CxeMa qeTb1pexpa3pH,n;Horo IIIHqiparnpa 

,!vrn IIOeTJ)OeHHH TaKOro IIIHqiparnpa MOiKHO Herronb30BaTb norn:qeeKHe 

exeMbl «I1.Jll1» - no O,Zl;HOll Ha KaiK,Zl;blll BbIXO,Zl;. IlpH 3TOM exeMa pa36HBaeTeH Ha 

n rrpoeTbIX qiparMeHTOB. K BXo,n;y 3neMeHTOB «HJIH» KaiK,n;oro BbIXO,ZJ;HOro pa:3-

pH,n;a ,n;oniKHbl 6bITb IIO,Zl;KmoqeHbl Te BXO,Zl;bl IIIHqJparnpa, B ,n;BoHqHoM rrpe,n;

eTaBneHHH HOMepa KOTOpbIX eeTb e,n;HHHUa B ,n;aHHOM pa3pH,n;e. HarrpHMep, K 

3neMeHTy «I1.Jll1» (pHe.8.9) Mna,n;IIIero pa3pH,n;a qiopMHpyeMoro BblXO,ZJ;HOro KO

,n;a ,n;oniKHbl 6bITb IIO,n;KmoqeHbl Bee qeTHbie BXO,Zl;bl, IIOeKOnbKY y Beex qeTHblX 
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HOMepoB, H TOnbKO y HHX, B Mna,n;IIIeM pa3pH,n;e eo,n;epiKHTeH e,n;HHHQa. <l>yHK

UIIOHanbHruI exeMa TaKOro IIIHqipaTopa IIOKaJaHa Ha pHe.8.9. 

8.4. ,[I;emml>parnp 

,[I;eIIIHqJpaTOp (HnH ,n;eKo,n;ep) - 3TO KY e HeeKOnbKHMH _BXO,Zl;aMII II BblXO-

,n;aMII, y KOTOporo orrpe,n;eneHHblM KOM6IIHaQIIHM BXO,ll;HbIX eIIrHanOB eooTBeT

eTByeT aKTIIBHOe eoeTOHHIIe O,Zl;HOro II3 BbIXO,Zl;OB (pIIe.8.10). ,[I;eIIIIIqJpaTOp rrpe-

06pa3yeT ,Zl;BOIIqHbIH IInII ,n;BoIIqHo-,n;eeHTHqHblH KO,Zl;bl B yHIITapHblll KO,Zl; (TO 

eeTb B KO,Zl;, y KOTOporo TOnbKO O,Zl;IIH II3 pa3pH,n;OB paBeH norn:qeeKOll (( 1 » ). 

DC 
0 
I 
2 

2 I I 3 
4 
5 

3 I I 6 
7 

PIIe.8.10. ,[I;eumqipaTOp 

Ilo rrpIIHUIIIIY rrOeTJ)OeHIIH ,n;eIIIIIqipaTOpbI ,n;enHTeH Ha 0O11ocmyne111Jamb1e 

II MH02ocmyne111Jamb1e. O,n;HoezyrreHqaTble ,n;eIIIIIqJpaTOpbI BbIIIOnHHIOT rrpHMOe 

rrpeo6pa3oBaHIIe BXO,ZJ;HblX eIIrHanoB, rro,n;aHHblX B ,Zl;BOIIqHoM (rrapannenbHOM) 

Ko,n;e, B BbIXO,Zl;HOll eIIrHan Ha O,Zl;HOM II3 BbIXO,Zl;OB. EenII ,n;eIIIIIqJpaTOp HMeeT n 

BXO,Zl;OB II m BbIXO,Zl;OB II IIerron1,3yeT Bee B03MOiKHbie Ha6opb1 BXO,Zl;HblX rrepe

MeHHbIX ( m = 2" ), TO TaKOll ,n;eIIIIIqJparnp Ha3bIBaIOT nollHblM, eenII )Ke IIerronb-

3YIOTeH TOnbKO qaeTb Ha6opoB, TO TaKOll ,n;eIIIIIqJparnp Ha3b1Ba.IOT HenollHblM. 

,[I;eIIIIIqJpaTOpbI B oeHOBHOM IIerronb3)'IOT ,n;nH o6pam;eHIIH K pa3nIIqHI,IM 

UIIqlpOBblM yeTJ)OHeTBaM, HOMep KOTOporo ( ero a,n;pee) rrpe,n;eTaBneH ,n;BoIIqHI,IM 

KO,ZJ;OM. <l>opManbHO OIIIIeaTb pa6ozy ,n;eIIIIIqJpaTOpa MOiKHO, 3a,n;aB errtt:eOK 

4JYHKUIIH, 01'pa6a'i1,maeMbIX KaiK,Zl;bIM H3 ero Bbixo,n;oB Yi, HarrpIIMep: 

Y
0 

= a
4
a

2
a1; Y1 = a4 a2a1; Y2 = a4a2 a1; Y3 = a4a 2a1; ... Y7 = a4a2a1 

MampU'lHble oemu</Jpamopbl eoeTOHT II3 norn:qeeKIIX exeM eoBrra,n;eHIIH 

«H», KaiK,Zl;ruI II3 KOTOpbIX IIMeeT n BXO,ll;OB. Ha BXO,Zl;bl rro,n;aIOTeH Bee B03MO)K-
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Hble KOM6HHaI1HH npHMblX H HHBepCHblX pa3pH,n;OB .n;emmppnpyeMoro 1IHCJia X. 

He,n;OCTaTKOM MaTpH1IHblX .n;emmppaTopoB SIBJISieTCSI cyIIJ;ecTBeHHOe yaeJIH1IeHHe 

1IHCJIO BXO)J;OB JIOrH1IeCKHX 3JieMeHTOB C pocTOM ero pa3pH,n;HOCTH. 

XI J 11 , r:;l 
n 1 

X3 

X4 ~ ., 4 I 

Pnc.8.11. CxeMa .n;emmppaTOpa B 6a:JHCe «H-HE» 

B Ka1IecTBe npHMepa IIOCTpOHM . .n;emmppaTOp )J;JISI nepeBo,n;a )J;BOH1IHblX 

1IHcen OT 3 .n;o 8 B .n;ecSITH1IHbIH KO.U B 6a:Jnce «H-HE». Ta6nm:i;a HCTHHHOCTH pa-

6oTbI ,n;aHHoro .n;emmppaTOpa npe.n;cTaBJieHa B rn6n.8. l. 

Ta6nm:i;a 8.1. Ta6nm:i;a HCTHHHOCTH .n;emm:ppaTOpa 

BXO,llhl BhIXO,llhl 

X4 X3 X2 X1 y 

0 0 1 1 Y3 

0 1 0 0 Y4 

0 1 0 1 Y5 

0 1 1 0 Y6 

0 1 1 I Yl 

I 0 0 0 Y8 

l13 rn6n.8. l nonyqaeM q>YffKIJ;HH .UJIH Ka:lK.n;oro Bblxo.n;a IIYTeM 3anHcH KH<I>: 

Y3=X4X3X2Xl; Y4=X4X3X2Xl; Y5=X4X3X2Xl; 
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Y6 = X4X3X2Xl; Y7 = X4X3X2Xl; Y8 = X4X3X2Xl. 

TTpeo6pa:JyeM nonyqeHHbie Bbipa:lKeHHH K 6a:J0cy «H-HE»: 

Y3 = X4X3X2x1 = X415c3lx21x1; Y 4 = X4X3X2XI = X4jX3lx"2jx1; 

Y5 = X4X3X2Xl = X4jX3IX2jX1; Y6 = X4X3X2Xl = X41X3JX2JX1; 

Y7 = X4X3X2Xl = x41x31x21x1; Y8 = X4X3X2Xl = X4JX31x2jx1. 

no nonyqeHHbIM Bbipa:lKeHHSIM peanmyeM npHHIJ;HIIHaJibHYIO cxeMy .z:i;emHq>pa-

TOpa (pnc.8.11) )J;JISI nepeao.n;a )J;BOH1IHblX 1IHCeJI a .n;ecHTH1IHbIH KO)]; B 6a:JHCe 

«H-HE». 

8.5. MyJihTHDJICKCOp 

MyJibTHIIJieKCOpOM (MS) Ha:JbIBaeTCSI KOM6HHaIIHOHHOe ycTpOHCTBO, npe.n;

Ha3Ha1IeHHOe )J;JISI KOMMYTaIIHH B :lKeJiaeMOM nopH,n;Ke CHrHaJIOB C HeCKOJlbKHX 

BXO)J;HbIX mHH Ha O.n;Hy BbIXO.n;HylO, C IIOMOIIJ;I,IO MYJibTHIIJieKcopa ocyIIJ;eCTBJISieT

CSI BpeMeHHOe pa3,n;eJieHHe HHq>OpMaIIHH, IIOCTYfiaIOIIJ;eH no pa3HbIM KaHaJiaM. 

MyJibTHIIJieKCOpbI HMeIOT (KaK MHHHMYM) ,n;Be rpynn1:,I BXO)J;OB H O.UHY 

rpynny BbIXO)J;OB. BXO)J;bl ,n;eJISITCSI Ha: HHq>OpMaIJ;HOHHbie, a,n;peCHble H pa3pe

maIOIIJ;He. Ha nepBbie no.n;aeTcSI HHq>opMaIJ;HH, no.n;ne:lKaIIJ;M nepe.z:i;aqe Ha BhI

xo.n;. A.n;peCHbie BXO)J;bl onpe,n;eJISIIOT HY:lKHbIH HHq>OpMaIJ;HOHHbIH BXO)];. EcJIH 

a.n;peCHbIX BXO)J;OB n, TO HHq>OpMaIJ;HOHHblX BXO)J;OB 2". Ha pa3pemaIOIIJ;HH BXO,U 

no.n;aeTCSI CHrHaJI, pa3pemaIOIIJ;HH nepe.z:i;aqy HHq>OpMaIJ;HH C BXO,n;a Ha BhIXO)];. 

Han01I0e pa3pemaIOIIJ;ero Bxo.n;a IIO3BOJISleT CHHXpOHH3HpOBaTh pa6ory MYJibTHII

JieKcopa c pa6oTOH .n;pyrnx ycTpOHCTB, a TaK:lKe HapaIIJ;HBaTb ero pa3pSI.UHOCTb. 

Ka:lK.n;bIH H3 BXO)J;OB ,n;aHHblX HMeeT CBOH HOMep, 3a)];aBaeMbIH Ha a.n;peCHbIX 

BXo,n;ax. Ha6op nepeMeHHbIX, nocTynaIOIIJ;HX Ha a.n;pecHble BXO)J;bl, 3a.z:i;aeT )J;BO

H1IHOe 1IHCJIO Ni BH.n;a X1X2XJ ... Xk, IlpH no.z:i;aqe cttrnana Ha BXO.U C BblXO)J;HaSI ne

peMeHHaSI MYJibTHIIJieKcopa Q IIOBTOpSieT nepeMeHHYIO HHq>OpMaIJ;HOHHOrO 

BXo,n;a DNi C HOMepoM N;, 3a,z:i;aBaeMbIM )J;BOH1IHhlM KO)J;OM Ha a.n;peCHblX BXO,n;ax. 

Ilp0 oTCYTCTBHH c0HxpoH030py10IIJ;ero c0rnana (C = 0) CBH3b Me:lK.UY HHq>op-
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MaQIIOHHbIMII BXO,D;aMII II BhIXO,D;OM OTcyrcrnyeT (Q = 0). Ha p1Ic.8.12 IlOKa3aHO 

ycJIOBHOe o6o3HaqeHIIe cxeMbI MYJibTIIITJieKcopa. 

MS Q 

Q 

PIIc.8.12. y CJIOBHOe o603HaqeHIIe cxeMbI MYJihTIIITJieKcopa 

Pa3pa6oTaeM nplIHQIIITIIaJihH)'IO cxeMy CIIHXpOHHOro MYJibTIIITJieKcopa Ha 

TPII a,n;peCHbIX BXO,D;a, pa6oTa KOTOporo onpe,n;eneHa Ta6JIIIQeii IICTIIHHOCTII 

(TH) Ta6n.8 .2. 

Ta6n1IQa 8 .2. Ta6JI1IQa IICTHHHOCTII MYJihTIIITJieKcopa 

Bxoob1 BblXOObl 

Al A2 A3 C Q 
0 0 0 1. DO 
0 0 1 1 DI 
0 1 0 1 D2 
0 1 1 1 D3 
1 0 0 1 D4 
1 0 1 1 DS 
1 1 0 1 D6 
1 1 1 1 D7 

B COOTBeTCTBIIII c Ta6JI.8.2 COCTaBmi:eM JIOrliqecKoe Bbipa)KeHIIe ,n;mI 

BbIXO,D;a Q II CTpOIIM nplIHQIIITIIaJihHYIO cxeMy MYJibTIIITJieKcopa B 6a31ICe «lf

I1JIII-HE». <l>yttKQIIH BbIXO,D;a B BII,D;e COBeprneHHOll ,D;II3'blOHKTIIBHOll HOpManb

HOll cpopMhI (C)UI<I>) nonyqaeTcH KaK cno,KeHIIe KOH'hIOHKQIIH Ka)K)];oii II3 CTPOK 

Tlf, II IIMeeT BII,D;: 

Q = C(DOA1A2A3 v D1A1A2A3 v D2A1A2A3 v 

- --
v D3AlA2A3 v D4A1A2A3 v D5A1A2A3 v D6A1A2A3 v D7 A1A2A3). 

lfcnOJib3YH nonyqeHH)'IO cpyHKQIIIO, CTPOIIM cxeMy MYJibTIIITJieKcopa (plIC.8.13.) 
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A2 
A3 

-
-

Al A2 A3 C 
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J. 

r 
I 

D:S -
D2 
Dl.-
DO 

I 

n,1 

'-

~ 

D7 
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PIIc.8.13. IlpHHQIIIlliaJihHaH cxeMa MYJihTIIITJieKcopa 

8.6. ,[(eMyJihTIIUJieKCOp 

Q 

,UeMyJihTIIIlJieKCOp (DS) - 3TO ycTpOttCTBO (pHc.8.14), npe,n;Ha3HaqeHHOe 

)];JIH KOMMYTaQIIII BXO)];a )];aHHhIX D Ha O)];lIH lI3 BbIXO,ll;OB Q1, Q2, ... , Qn, a,ll;pec 

KOTOporo BbI61IpaeTCH npH IlOMOIQII ynpaBJIHIOIQIIX BXO,ll;OB A1, A2, ... , Ak (r,n;e 

n = 2k -1 ), npII IlO)];aqe cnrnana ClIHXpOHII3aQIIlI Ha BXO,ll; C. ,UeMyJihTlIIIJieKcop 

lIMeeT npIIHQlIII )];ellCTBIIH, o6paTHhlll npIIHQimy ,n;ettCTBlIH MYJihTIIIlJieKcOpa. 

IlpH n-pa3pH,D;HOM a,ll;pece )];eMyJihTIIIIJieKcop MO,KeT lIMeTb 2" BhIXO,ll;OB. 

,UeMyJihTIIIIJieKcop MO)KeT lICilOJih30BaTbCH KaK ;:i:ernIIcpparnp. B 3TOM 

cnyqae Ha BXO,ll; )];eMyJihTlIIlJieKCOpa IlO,ll;aeTCH KOHCTaHTa D = 1, a Ha a,n;peCHbie 

BXO,ll;bl - npIIHHMaeMaH KO,ll;OBaH KOM6IIHaQIIH. B 3aBIICIIMOCTII OT 3HaqeHIIH ne

peMeHHhIX Ha a,ll;peCHhIX Bxo;:i:ax JIOrliqecKaH «1» 6y;:i:eT JilIIllh Ha O,ll;HOM ll3 Bbl

XO)];OB ,ll;eMyJihTlIIIJieKCOpa. 

Ha pHc.8.15, a noKa:JaHa cxeMa ;:i:eMyJihTIInJieKcopa, peanII3YIOIQero no

mqecKIIe <pyttKQllll (pHc.8.15, e), 3a,D;aHHbie Ta6JIHQeii lICTIIHHOCTII (pIIc.8.15, 6). 
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Ai, 

C 

DMS Qo 
.Qi 

Qn 

Pnc.8.14. ,[(eMynhTHnneKcop 

FO 
1 

F2 ID so F3 
S1 

a) 

so 
0 
0 
1 
1 

S1 FO 
0 A 
1 0 
0 0 
1 0 

6) 

Fl F2 
0 0 
A 0 
0 A 
0 0 

F3 
0 
0 
0 
A 

F0 = AS0S1 

Fl =AS0S1 

F2 =AS0S1 
F3 = AS0S1 

6) 

Pnc.8.15. PeanmaQmi: cxeMhI ,n:eMynhTHnneKcopa 

8.7. 1Ipeo6pa3onaTeJIH KO;:J;OB 

B QHq>poBhIX ycTPoiicrnax qacTO BO3HHKaeT Heo6xo,n:nMocTb npeo6pa3o

BaHHH qncJIOBOH HHq>OpMaQHH H3 o,n:Horo BH)];a B .n:pyroii, HanpHMep, H3 Jl:BOHq

HO-,n:eCHTHqHoro KO,n:a B ,n:BoHqHbIH KOJl:. 3m npoQe,n:ypa BbIIIOJIHHeTCH c HC

noJib3OBaHHeM npeo6pa3oBaTeneii KOJl:OB. Ilpeo6pa30BaTeJih Ko,n:a - 3TO KOM6H

HaQHOHHOe nornqecKoe YCTPOHCTBO Jl:M aBTOMaTnqecKoro nepeBo,n:a OJl:HOH 

q>OpMbI qncna B ,n:pyryio. Han6on~e pacnpocTPaHeHbI cne,n:yioIQne ,n:Ba no.n:xo.n:a 

K nOCTPOeHHIO npeo6pa30BaTeneii KOJl:OB. IlepBblll no,n:xo.n: OCHOBaH Ha CHHTe3e. 

m He3aBHCHMbIX o,n:HOBbIXOJl:HbIX q>yHKQHH no 3a,n:aHHOH Ta6JIHQe HCTHHHOCTH 

(rn6nnQe COOTBeTCTBHH Ko,n:oB). BTOpoii no,n:xo.n: - 3TO nOCTPOeHHe npeo6pa30-

BaTeM Ko,n:oB no MeTo,n:y «oewu<jJpamop-um<jJpamop». B Kaqecrne npnMepa, 

HJIJIIOCTPHPYJOIQero BTopoii no,n:xo.n: nOCTPOeHHH npeo6pa30BaTeneii KOJl:OB, 

peanH3OBaHa cxeMa «QHq>pOBOH HHJl:HKaQHH». 

Ha pnc.8.16 nOKa3aHa npHHQHnHaJibHM cxeMa «QHq>pOBoii HH,n:HKaQHH», 

BbIIIOJIHeHHM Ha TPeXpa3pH,n:HOM .n:enrnq>paTOpe H BOCbMHpa3pH,n:HOM llIHq>paTOpe, 

a Ha pnc.8.17, a npnBe,n:eHa Ta6JIHQa HCTHHHOCTH pa60Tbl .D:aHHOro YCTPOHCTBa. 
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Pnc.8.16. CxeMa ycTpoiicrna QH<ppoBoii HHJl:HKaQHH 

X3 X2 X1 XO 

0 a~D 1 AO O BE 
2 0010F 
3 OO([])H 
4 ~@=Q)D 

5 B 0 1 ijE 
6 0 1 t!JD F 
7 ~ cr::::])H 

8 C 1 0 @=Q) D 

9 1 0 Q:3) E 

a) 

y1 y2 y3 y4 y5 y5 y7 

1 1 1 1 1 1 0 
1 100000 
1 1 0 1 1 0 1 
1 1 1 1 0 0 1 
0 110011 
1 0 1 1 0 1 1 
1 0 1 1 1 1 1 
1 110000 
1 1 1 1 1 1 1 
1 1 1 1 0 1 1 

y1 

,.1--,:-1,, 
,.1-1~ 

y4 

6) 

PHc.8.17. Ta6nHQa HCTHHHOCTH cxeMhl QHq>pOBOH HHJl:HKaQHH 
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9. IloCJie,D;OBaTe.JlbHOCTHbie u:mJ1poBLie ycrpoiicTBa 

9.1. Tpurrep 

9.1.1. Onpe.D;eJieuue Tpurrepa 

Tpu22ep - :no nomqecKoe ycTpoiicrno, rrpe,n;Ha:maqeHH0e ,D;llil xpaHeHHH 

O,D;H0fO 6nm nmpopMan:nn. Tpnrrepbl OTHOCHTCH K KJiaccy cxeM, 3HaqeHHH Bbl

XO,D;HbIX CHrHaJIOB K0TOpbIX 3aBHCHT He TOJibKO OT 3HaqeHHH BXO,D;HblX CHrHaJI0B, 

HO H OT II0CJIC,D;0BaTCJibH0CTH HX H3MeHeHHH. Tpnrrepbl HMCIOT ,n;Ba ycToHqHBblX 

C0CT0HHHH, KOTOpble ycTaH8BJIHBaIOTCH HMIIYJihCHbIMH HJIH II0TCH1(HaJibHbIMH 

CHrnaJiaMH. Ilo cnoco6y 3allHCH nmpopMa1(HH TpHrrepbI rro,n;pa3,D;CllilIOTCH Ha 

acwap0Hflble H maKmupyeMble. B aCHHXp0HHbIX TpHrrepax M0MCHT nepeKJiroqe

HHH onpe,n;ellilCTCH M0MCHT0M CMCHbI KO,ll;OBOH KOM6HH81(HH Ha nmpopMa1(HOH

HbIX BXO,n;ax. B CHHXp0HHbIX Tpttrrepax CMeHa COCTOHHHH ocyIIIeCTBllileTCH B 

CTporo onpe,n;eJieHHbie M0MCHTbI BpeMeHH ,n;eHCTBHH TaKTHPYIOIIIHX HMIIYJibC0B. 

OrnnqnreJibHbIMH oco6eHHOCTHMH TpHrrepoB HBJIHIOTCH: qncJI0 BHYTpCHHHX 

ycTOifqnBbIX COCTOHHHH, paBH0e ,D;BYM, qeMy COOTBCTCTBYeT o,n;Ha nepeMCHHaH B 

npHMOH ( Q) HJIH HHBepCHOH q,opMe ( Q ); qncJIO BbIX0,D;0B y Tpttrrepa, TIUOKe paB

H0e .n;BYM, O,D;HH H3 HHX Ha3bIBaIOT rrpHMbIM ( Q ), ,n;pyroH HHBepcHbIM ( Q ), npnqeM 

3HaqeHHH BbIX0,D;0B paBHbI CO0TBCTCTBYIQIIIHM 3HaqeHHHM BHYTpCHHeH rrepeMeH

HOH. CoCTOHHHe TpHrrepa onpe,n;CllilCTCH no ypoBHIO HaIIpIDKeHHH Ha ero npHM0M 

Bhixo,n;e. EcJIH 3TO HaIIpIDKeHtte ypoBHH nomqecKOH «I», TO eCTb Q =I, TO roBopHT, 

qTQ TpHrrep HaxO,D;HTCH B e,D;HHHqH0M C0CT0HHHH HJIH B TpHrrep 3arrncaHa «I». 

EcJIH )KC Q = 0 -TpHrrep HaX0,ll;HTCH B HYJICB0M C0CTOHHHH (3anHCaH «0» ). 

9.1.2. KJiaccmJrnKan:m1 TpnrrepoB 

Krraccttq,HKan:HH TpHrrepoB ocyIIIeCTBJIHCTCH no pH,n;y npH3HaK0B. OCHOB

HbIM H3 HHX HBllilCTCH npH3HaK Jl02U'leCK020 <jJyHK'lfUOHUp06QHllJl, rrpn HCII0Jib-

30BaHHH K0Toporo TpHrrephI pa3,D;CllilIOT no BH,n;y xapaKmepucmuttecK020 ypae

Hemm (ypaBHCHHIO nepexo,n;OB). EIIIe O,D;HHM Ba)KHbIM KJiaCCHqlHKaIIHOHHbIM rrpn-
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3H8K0M HBJIHCTCH cnoco6 3anucu UH<jJopMa'lfUU B TpHrrepbI. Krraccnq,HK8QIUI 

·qmrrepoB 110 YKa3aHHbIM rrpH3HaKaM rrpHBe,n;eHa Ha pHc.9.1. 

Tp!IITep~l I no cnoco6y 30IIl<CH 

HH<j,OpMl!IlHH 

Ac,mxpoHH1>1e 

C,mxpoHH1>1e 

PHc.9. I. KnaccHq,HKaIIHH THIT0B TpHrrepoB 

Co cn:omroiinonm:oii 

Ynp=eMMe ypo,tteM 

:YnpWillO~lO ij,poHTOM 

OAHoc,yneHG:&Tl>Ie 

/:1,yxc,yneHG:anie 

Ila J102uttecK0My <jJyHK'lfUOHupoeaHu10 pa3JIHqaroT TpHrrephI: RS-, D-, T- H 

JK-THIIOB. Ha pnc.9.2 npHBe,n;eHbl ycJI0BHble o603HaqeHHH TaKHX TpHrrepoB. 

KpoMe Toro, HCn0Jib3YIQTCH KOM6HHHpOBaHHbie TpHrrepbI, B KOT0pbIX C0BMC

IIIaIOrCH 0,D;H0BpeMeHH0 HeCK0JibK0 THII0B, H TpHrrepbl co CJIO)KHOH BXO,ll;HOH JI0-

nIKOH. 

f":171---Q __foTrl- ~ --rsR-~ --frTrl-~ 
l.J..j--Q 7_lJ- Q ---w__J- Q ---hl_j- Q 

a) 6) e) z) 

Pnc.9.2. rpaq,nqecKHe o6o3HaqeHHH T-mpu22epa (a), D-mpu22epa (6), 

RS-mpu22epa (e) H JK-mpu22epa (2) 

T-mpu22ep - 3TO npocTeHIIIHH TpHrrep, HMCIOIIIHH T0JihKO o,n;HH HHq,op

MaIJHOHHhIH BX0,D; «T». OH coxpaHHeT CB0C C0CTOHHHe npH no,n;aqe Ha ero BXO,ll; 

cnrnana ypoBHH «0» H H3MeHHeT C0CTOHHHe Ha rrp0THB0II0JI0)KH0e rrpH 110,n;aqe 

BX0,D;H0ro CHrHaJia yp0BHH «I». TaKOH TpHrrep eIIIe Ha3hIBaeTCH cttemHblM (co 

cqernbIM BXO,ll;OM). 

Ba)KHbIM MCT0,ll;0M, HCII0Jib3YCMbIM ,D;JIH 0IIHCaHHH q,yHKU:HOHHpOBaHHH 

Tpttrrepa, HBllileTCH MCTO,D; ma6J1U'lf cocmOJ/.HUU (rn6JIHU: rrepexo,n;oB), TaK KaK 
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Ta6m1na IICTIIHHOCTII COCTOHHIIH TJ)IIrrepa OTJ)IDICaeT JIIIIIIb ,ll;IIHaMIIKY II3MeHe

HIIH COCTOHHIIH TJ)IIrrepa II He y<IIITbIBaeT CBOHCTBO TJ)IIrrepa 3aITOMIIHaTb e,n;II

HIIQY IIH<popMaQIIII. IlOJIHM Ta6JIHna COCTOHHIIH y<IIIThIBaeT BJIIIHHIIe 3Haqemfa 

npe,n;bI,n;~ero cocToHHIIH TJ)IIrrepa Qk Ha ero nponecc ynpaBneHIIH, npIIqeM Qk 

npe,n;cTaBJIHeTCH KaK BXO,D;HM nepeMeHHaH. Ta6JIIIQY COCTOHHIIH CTJ)OHT TaK )Ke, 

KaK II Ta6JIIIQY IICTIIHHOCTII. 

Tk Qk Qk+l 

0 0 0 
1 0 1 
0 1 1 
1 1 0 

PIIc.9.3. Ta6nIIna cocTOHHIIii T-mpu22epa 

Ilo rn6nIIne cocTOHHIIii T-mpuzzepa, npIIBe.n;eHHOii Ha pIIc.9.3, nonyqaeM 

BbipIDICeHIIe ,ll;JIH xapaKTepIICTIIqecKoro ypaBHeHIIH T-mpu22epa 

Qk+I = QkTk V <tTk' 

Qk+I = QkTk V QkTk. 

(9.1) 

QqeBII,ll;HO, qTo T-mpu22ep peaJIII3yeT nornqecKyIO q>yHKQIIIO «CYMMa no 

Mooymo 2». 
! 

D-mpu22ep (D - OT cnoBa delay - 3a,n;ep)KKa) npIIHIIMaeT IIHq>OpMaQIIIO: 

no BXO,D;Y «D», a ero COCTOHHIIe IlOBTOpHeT BXO,ll;HOH CIIrHaJI, HO C 3a,D;ep)KKOH, 

onpe,n;en11eMoii TaKTOBhIM CIIrHaJIOM C. Ta6nIIna cocTOHHIIii D-mpu22epa noKa-

3aHa Ha pIIc.9.4. 

Dk Qk 
k+l 

Q 

0 0 0 
1 0 1 
0 1 0 
1 1 1 

PIIc.9.4. Ta6nIIna cocTOHHIIii D-mpu22epa 

l13 m6JIHQhI cocTomIIii nonyqaeM xapaKTepIIcmqecKoe ypaBHeHIIe D-mpuzzepa 

62 

Qk+I = DkQk V DkQk =Dk: (9.2) 

Qk+I = DkQk V DkQk =Dk. 

/(«yXexoooebze mpu22epb1 RS- u JK- mnoB yCTaHaBJIIIBaIOTCH (nepeKJIIOqa-

IOTCH) B COCTOHHIIe «1» npII no,n;aqe CIIrHaJia ypoBHH «1» Ha O,D;IIH II3 BXO,ll;OB, 

o6o3HaqaeMbIH «S» (,n;nH RS-mpu22epoe) IIJIII «J» (,n;JIH JK-mpu22epoe) II ycrn

HaBJIIIBaIOTCH B COCTOHHIIe «0» npII no,n;aqe CIIrHaJia ypOBHH « 1 » Ha BXO,ll; «R» 

(,n;nH RS-mpu22epoe) IIJIII «K» (,n;nH JK-mpu22epoe). 3TH BXO,D;Hbie CIIrHaJihI Ha3hl

BaIOTCH ycTaHaBJIIIBaIOIQIIMII IIJIII nepeKJIIOqaIOIQIIMII CIIrHanaMII. IlpII OTCY'fCT

BIIII IIX Ha BXO,D;ax TJ)IIrrep coxpaHHeT CBoe TeK~ee COCTOHHIIe. Pa3JIIIqIIH Me)K)];y 

RS- II JK-mpu22epaMU npoHBJIHIOTCH B IIX peaKQIIHX Ha O,ll;HOBpeMeHHyIO no,n;aqy 

ycTaHaBJIIIBaIOIQIIX CIIrHaJIOB Ha o6a ycTaHOBoqHbIX BXo,n;a. ,[{.rm RS-mpu22epa Ta

KM KOM6IIHaQIIH BXO,D;HbIX CIIrHaJIOB HBm1eTCH 3anperneHHOH, a JK-mpu22ep MeHH

eT cBoe Te~ee coCTomIIe Ha npomBonoJio)KHOe. Ta6nIIna cocTOHHIIii RS- II JK

mpuzzepoe npIIBe,n;eHa Ha pIIc.9.5. 

IX r>Z 
k+l 

Qk Q 
k 

RS·rp. JK•rp. k 

0 0 0 0 0 
0 0 1 1 1 
0 1 0 1 1 
0 1 1 1 1 
1 0 0 0 0 
1 0 1 0 0 
1 1 0 * 1 
1 1 1 * 0 

PIIc.9.5. Ta6nIIna cocTOHHIIii RS- II JK-mpu22epoe 

R• R• 

s• 

s•I 

a• a• a• 

PIIc.9 .6. Kaprn KapHo cocTOHHIIH RS-mpu22epa 
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H3 Ta6nm:~bl COCT05IHIIH (pIIc.9.5) MO)KHO IIO.JIY'IIITI, Bblp8)KeHIIe rorn xapaK

TepIIcrnqecKoro ypaBHeHIIH RS-mpu22epa. ,[vIH 3Toro cocTaBJIHeM Kapzy KapHo 

OT BXO,L(HbIX rrepeMeHHbIX, IIpII KOTOpbIX BbIXO,L(HOe COCTOHHIIe RS-mpu22epa -

paBHO «1» (Qk+l=l), II rrpoBOAIIM COOTBeTCTB)'IOmue KOHzypbl (puc.9.6). B pe-

3YJibTaTe MllHllMll3aQUII rrepBblll ll BTOpoii KOHTYPl>I (ropB30HTaJII,Hblll ll BepTB

KaJII,Hbiii) AaIOT xapaKTepuCTIIqecKoe ypaBHeHue RS-mpu22epa 

Qk+l = sk viP AQk' (9.3) 

KOTopoe IIOKa3bIBaeT, KaK MeH5IeTC5I COCT05IHIIe TPBrrepa B 3aBBCUMOCTII OT Te

Kymux 3HaqeHIIii COCT05IH05I ll BXOAOB. 

llo cnoco6y 3anucu UHqJOpMalfUU pa3JIIfqaJOT aCIIHXpOHHbie (HeTaKTII

pyeMbie) II CIIHXpOHHbie (TaKTIIpyeMbie) TPBrrepbI. B aCUHXpOHHbIX TPBrrepax 

rrepeXOA B HOBOe COCT05IHIIe Bbl3bIBaeTC5I ll3MeHeHU5IMll TOJII,KO BXOAHbIX IIH

cpopMaQUOHHI,IX CIIrHaJIOB. CIIHXpOHHI,Ie TPBrrepbl (puc.9.7), KpOMe llHq>OpMaQll

OHHbIX BXOAOB, UMeIOT OTAeJibHblll BXOA CllHXp0Hll3aQllII, 061,1qHo o6o3Haqae

Mblll 6YKBoii «C». H3MeHeHIIe coCTOHHII5I cuHxpoHHoro TPIIrrepa MO)KeT rrpomoii

rn rrpu 0,L(HOBpeMeHHOM B03AeiiCTBIIII BXOAHbIX IIHq>OpMaQIIOHHbIX CllrHaJIOB ll 

CIIrHana CllHXpOHII3aI.J,UII. 

Bxo~ Cl1HXPOHH3a~1rn/ 

Puc.9.7. CuHxpoHHbiii RSC-mpu22ep 

Q 

Q 

llo cnoco6y eocnpURmUR cwtxp0HU3upy10up1X cu2HaJ1oe TPIIrrep1,1 ,L(eAATCH Ha 

yrrpaBAAeMl>Ie ypoBHeM II TPIIrrepbl C AIIHaMuqecKUM yrrpaBJieHUeM. YrrpaBJieHue 

ypoBHeM 03HaqaeT, qrn rrpII O.L(HOM ypoBHe cuHxpocurnanoB (C=l) TPBrrep Boc

rrpIIHIIMaeT BXOAHbie llHq>OpMaQIIOHHbie CIIrHaJibl ll pearupyeT Ha HIIX, a rrpu 'APY

roM (C=O) He BOCIIpllHUMaeT ll OCTaeTC5I B Hell3MeHHOM COCTOHHllll (puc.9.8, a). 

IlpII ABHaMUqecKoM yrrpaBJieHIIII (puc.9.8, 6) pa3perneHue Ha rrepeKJIIOqeHue 

TPIIrrepa AaeTCH TOJibKO B MOMeHT rreperra,L(a CIIHXpocurnana (Ha q>pOHTe IIJill cpe-
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3e CIIHXpOIIMIIyJibca). B OCTaJibHOe BpeMH AeiiCTBBH CllHXpocurnana, He3aBUCllMO 

OT ero ypoBHH, TPIIrrep He BOCIIpllHUMaeT BXOAHbie curHaJibl II, CJieAOBaTeJibHO, 

OCTaeTC5I B HeU3MeHHOM COCTOHHIIII. 

3anRCh pa3P emeRa 

r n_J A]J 
0annch:Bnp~em 

➔ 

..... -r-.. 1 T r·--· 
~I : ?, r---, _ _1 __ _ 

-Es> -© -@ 

Ynpa1me11ue ypo6HeM jfuHaMU'-lecKoe ynpa6ne11ue 

a) 6) 
Puc.9.8. BpeMeHHbie AIIarpaMMbI TPBrrepa, yrrpaBnHeMoro ypoBHeM (a) 

ll C AllHaMifqecKBM yrrpaBJieHIIeM ( 6) 

CuHXpOHHblll BXO,L( B AllHaMifqecKOM yrrpaBJieHUH MO)KeT 61n1, rrpHMbIM llJill 

llHBepCHbIM. Ilpu rrpHMOM BXOAe pa3perneHue Ha rrepeKJIJ0qem1.e TPBrrepa UMeeT 

MeCTO rrpII ll3MeHeHBII CIIHXpocurnana C ypoBHH HYJIH AO YPOBH5I eAUHlll.J,bl 

(rroJIO)KUTeJibHbIM cppoHTOM CUHXpocurnana). Ecnu Y TPBrrepa llCIIOJib3yeTC5I 

llHBepCHblll CIIHXpOHHI,Ill BXO.L(, TO ero rrepeKJIJOqeHIIH B03MO)KH1! TOJibKO rrpu 03-

MeHeHIIll CllHXpocurnana C ypOBH5I eAUHIII.J,bl AO ypoBH5I HYAA ( OTPUI.J,aTeJII,HbIM 

cppoHTOM CllHXpOCIIrnana). Ha ,L(UarpaMMaX CIIHXpOBMIIYJibCOB (puc.9.8) oTMe

qeHO coAep)KaHue rrpoI.J,eccoB Ha OT.L(eJibHbIX yqacTKax, a no,n AIIarpaMMaMB 

npIIBeAeHbl ycJIOBHbie rpacpuqecKIIe mo6pa)l<eHIIH CIIHXpOHH11x BXO,L(OB AJIH 

COOTBeTCTB)'IOmIIx TIIIIOB TPIIrrepoB. 

llo muny npotfecca nepeKJ110'leHUR TPIIrrepbI AeJifilCH Ha O.!J;HocTyrreHqaTuie II 

,n;ByxCTyrremaThie. B O,L(HOCTyrreHqaroM TPIIrrepe rrepeKJII0qeH11.e B HOBOe COCTOH

Hlle rrpoIICXO,nHT 3a OAIIH TaKT, B .L(ByxCTyrreHqaroM TPIIrrepe - no :narraM. 

~yxCTyrreHqaTI,Ill TPIIrrep COCTOIIT II3 Be~ero (M) II Be,noMoro (S) -rpur

repoB (pIIc.9.9, a). IIepeXOA B HOBOe COCTOHHIIe IIpOIICXO,nlIT B o6oux -rpIIrrepax 

nooqepeAHO. 0AIIH II3 ypoBHeii CIIHXpOCIIrHaJia pa3pernaeT rrp11.eM IIHq>OpMaI.J,IIII 
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B M-mpU22ep, rrpn 3TOM COCTOHHlle S-mpu22epa OCTaeTCH Hell3MeHHhIM. ,lq,yroij 

ypoBeHh · cnHxpocnrmma pa.1pernaeT rrepe.n:a-qy HOBoro cocTOHHHH M-mpu22epa 

B S-mpU22ep (pnc.9.9, 6). 

C: 

r------------------
1 M-Tplll'rep S-Tplll'rep 
I 
I -;-- _, 
I 

_l 

I 
I 
L-----------------~ 

a) 

Q 

Q 

C 
3anm:i,a T1 

6) 

ffl=~ 
e) 

Pnc.9.9. CrpyicrypHaH cxeMa (a), BpeMeHHhie .n:narpaMMhI, rroHcHHIOmne 

pa6ozy(6), n ycJioBHoe rpaqmqecKoe mo6pmKeHHe .n:ByxczyrreH

qamro TPHrrepa ( e) 

9.2. CxeMOTCXHHKa TpnrrepoB 

9.2.1. Acu11xpoHHhlii RS-Tpnrrep 

CxeMa acnHxpoHHOro RS-mpu22epa MO)KeT 61,1Tb rroCTPOeHa Ha 6a.1e Jiom-, 

'leCKOro 3JieMeHTa (JI3) H3 mo6oro cpyHKIIHOHaJihHO IIOJIHOro Ha6opa. O.n:HaKO 

OIITHMaJihHOe cxeMHOe perneHHe rronyqaIOT rrpn HCIIOJih30BaHnll q>YffKIIllOHaJih

HhIX Ha6opoB «11-HE» nJin «MJIM-HE». 

IlpHMeHHB rrpaBnJio oe Mop2aHa K Bhipa)KeHHIO xapaKTepncTnqecKoro 

ypaBHeHnH RS-mpu22epa (9.3), rrpeo6pa.1yeM ero B 6a.1nc «11-HE» 

k k -k k -k -k k 
Q +I = s V R /\ Q = s /\ R /\ Q ' (9.4) 

Qk+I =Rk vSk AQk =Rk ASk AQk. 

s R 

R s 

a) 6) 
Pnc.9. IO. CxeMa acnHxpoHHoro RS-mpu22epa 
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Ifa aHaJill3a xapaKTepHCTll'leCKOro ypaBHeHHH (9.4) O'leBHJ:(HO, 'ITO npOCTOH 

RS-mpu22ep MO)KHO CKOHCTPYHPOBaTh, coe.n:HHHB «KpecT-HaKpecT» .n:Ba 3JieMeH

Ta «11-HE», cooTBeTCTBYJOmaH cxeMa rrpHBe.n:eHa Ha pnc.9.I0, a. 

.[vIH IIOCTPOeHnH cxeMhI acnHxpOHHOro RS-mpu22epa B 6a.1nce «MJIM-HE» 

npeo6pa.1yeM xapaKTepHCTll'leCKOe ypaBHeHHe (9.3) K BhI6paHHOMY 6a.1ucy. ,ll,IH 

:noro, ncrron1,3yH rrpaBnJio oe Mop2aHa, rrepenurneM ero B BH.n:e 

Qk+l = Sk V R k V ct, 
Qk+l = R k V Sk V Qk. 

flponHBepTHpOBaB 3TH COOTHOIIIeHHH, rroeyqaeM Bhipa)KeHHH J:(JIH acHHXpOHHO

ro RS-mpu22epa B 6a.1nce «MJIM-HE»: 

Rk 

0 

0 

I 

I 

Qk+l =Sk vRk vQ\ 

Qk+l = R k V Sk V Qk . 

Sk Qk+l 

0 Qk 

I 0 

0 I 

I .. 

a) 

(9.5) 

Rk Sk Qk+l 

0 0 * 
0 I 0 

I 0 I 

I I Qk 

6) 

Puc.9. I I. Ta6JIHIIa cocTOHHnii acnHxpoHHhIX RS-mpu22epoe, IIOCTPOeHHhIX 

a) - Ha JI3 «MJIM-HE» H 6) - Ha JI3 «11-HE» 

CxeMa, peaJim)'IOmaH 3TH Bhipa)KeHHH, rrpHBe.n:eHa Ha puc.9.10, 6. I-fa 

cxeM Ha puc.9.10 BHJ:(HO, 'ITO rrpn 3aMeHe OJ:(HHX JI3 .n:pyrHMll cxeMa TPHTrepa He 

MeHHeTCH, MeHHIOTCH MecTaMH TOJihKO BXOJ:(hl (HJill BhIXOJ:(hI) cxeMhI. AcnHxpoH

HhIH RS-mpu22ep Ha JI3 «MJIM-HE» yrrpaBJIHeTCH rrpHMhIMH BXOJl:HhIMll cnrna-

JiaMH «Rn S», a Ha JI3 «11-HE» - HHBepcHhIMH cnTHaJiaMH «Rn S». Ilpu o.n:Ho

BpeMeHHoii rro.n:aqe nepeKJIIO'laIOmux cnTHaJIOB Ha o6a Bxo.n:a (R=S=I .n:nH TPHT

repa Ha JI3 <<l1JIJ'.l-HE») HJIH (R=S=0 .n:JIH TPnrrepa Ha JI3 «11-HE») TPHrrep 
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pacrra,n;aeTCH Ha ~Ba aBTOHOMHI,IX HHBepmpa. ITpH 3TOM Ha ero o60HX Bl>IXO~ax 

6y~eT CHrHa.JI ypoBHH «O» (~IDI TPHrrepa Ha JI3 «MJIH-HE») mm ypoBHH «l» 

(~JUI TPHrrepa Ha JI3 «H-HE» ), B CBH3H c 1IeM cxeMa «TepHeT» TPHrrepHI>Ie cBoii

CTBa fI03TOMY )'Ka3aHHble KOM6HH~HH BXO~HI,IX CHrHa.JIOB HBJUIIOTCH 3arrpe

tneHHl>IMH. Ta6nm:~a rrepexo~OB ~IDI aCHHXpOHHl>IX RS-mpu22epo6, IIOCTPOeHHl>IX 

Ha «MJIH-HE» H «H-HE» 3JieMeHTax, rrp0Be~eHa Ha pHc.9.11. 

9.2.2. CuuxponnL1ii RS-Tpurrep 

,[(JUI rronyqeHHH xapaKTepHCTH'!eCKoro ypaBHeHHH CHHXpOHHOro RS

mpu22epa BBO~HM B Bl>Ipa)KeHHe (9 .4) TPeTI,IO BXO~HYIO rrepeMeHHYIO - CHrHa.JI 

CHHxpoHH3aQHH «C». ITpH C=l TPHrrep H3MeHHeT cBoe cocTOHHHe B cooTBeTcT

BHH c nornKoii cpyHKQHOHHpoBaHHH acHHxpoHHoro TPHrrepa, a rrpH C=O co

CTOHHHe TpHrrepa OCTaeTCH HeH3MeHHl>IM, TO eCTI, 

Qk+I =Sk /\Ck vQk(Rk vc?), 

Qk+I =Rk /\Ck vQ\sk vCk). 

(9.6) 

B 6a3Hce «H-HE» xapaKTepHCTH'IecKoe ypaBHeHHe CHHxpoHHoro RS-mpu22epa 

HMeeT cne~YIOtnHii BH~: 

Qk+I = sk J\ ck J\ Qk /\ R k /\ck' (9.7) 
-k+I k k k k k 
Q =R AC /\Q /\S /\C . 

CxeMa, pea.JIH3YIQJ.naH 3TH ypaBHeHHH, rrpHBe~eHa Ha pHc.9.12, a. OcHo-

Boii 3TOH cxeMI>I HBJUieTcH acHHXpOHHI>Iii RS-mpu22ep Ha 3JieMeHrnx 3 H 4, a 

3JieMeHTI>I 1 H 2 o6pa3YIQT cxeMy BXO~Hoii JIOrHKH. ITpH C=O Ha BI>Ixo~ax 3Jie

MeHTOB 1 II 2 ~eHCTBYIOT e~HHH'!Hl>Ie CHfHa.JII,I II aCHHXpOHHI,IH TPHrrep, ~JIH 

KOToporo 3TH CHfHa.JII,I HBJIHIOTCH BXO~HI,IMH, He H3MeHHeT CBoero COCTOHHHH. 

EcnH C=l, TO ~JUI cHrHa.JIOB SH R :meMeHTl>I 1 H 2 cTaHOBHTCH HHBepmpaMH 0 

aCHHXpOHHl>IH TPHrrep rronyqaeT HyJieBOH ycrnHaBJIHBaIOtnHH CHfHa.JI OT BXO~a, 

Ha KOTOpOM ~eiicTByeT e~HHH'!Hl>IH CHrHa.JI. Cne~oBaTeJII>HO, ycrnHaBJIHBaIO

J.nHMH (rrepeKJIIO'!aIOJ.nHMH) CHrHa.JiaMH MH CHHXpOHHOro RS-mpu22epa HBJIH-
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}OTCH CHfHa.JII,I ypoBHH JIOrH'!eCKOH «l». BpeMeHHaH ~HarpaMMa pa60Thl CHH

xpoHHOfO RS-mpu22epa H306pa)KeHa Ha pHc.9.12, 6, aero Ta6JIHQa COCTOHHHH

Ha pHc.9.13. 

C 

R 
_________ ..J 

a) 

t~~ ts~ 
t___L__m_ 
tQ 

6) 

PHc.9.12. CxeMa CHHxpoHHoro RS-mpu22epa 

PelKHM pa6on,1 BXOilbl Bb!XOilbl 

C s R Q Q BJIHRHHe HaBb!XO):l Q 
XpaHeHHe _fl 0 0 l3e3 II3MeHeHHH l3e3 H3MeHeHIIH 

Y CTaHO BK a 1 SL 0 1 0 1 C6poc HJIH O'lHCTKa a 

COCTORH!Ie 0 
YcTaHOBKa 0 _fl 1 0 1 0 C6poc IIJIII O'llICTKa a 

COCTORH!Ie 1 
3anpeIIt eHHoe _fl 1 1 1 1 3anpe11t eHo - He 

COCTORH!Ie II C IlOJib3'{eTCR 

PHc.9.13. Ta6JIHQa cocTOHHHii CHHxpoHHoro RS-mpu22epa 

9.2.3. CuuxpouuL1ii D-Tpurrep 

CHHxpoHHI>Iii D-mpu22ep pea.JIH3yeT 3a~ep)KKY BXO~Horo CHrna.Jia D c 

IIOMOJ.nl>IO TaKmpoBaHHH, rrpHHHMaH CHfHa.JI TOJII,KO ITO pa3perneHHIO TaKTOBOfO 

CHrHa.Jia C. l13 xapaKTepHCTH'!eCKOfO ypaBHeHHH CHHXpOHHOro D-mpu22epa 

Qk+I =Ck /\Qk vck /\Dk (9.8) 

BH~Ho, 'ITO rrpH Ha.JIH'IHH CHHxpoHH3HPYIOtnero cHrna.Jia ( CK= 1) TPHrrep rrepe

xo~HT B COCTOHHHe Dk - Qk+I = ckDk =Dk, a rrpH ero OTCYTCTBHH (Ck = 0) 

TpHrrep coxpaHHeT CBOe COCTOHHHe 

Qk+I =Ck /\Qk =Qk. 
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TaKHM o6pa:mM, CHrHaJI Ha BhIXO,D;e TJ)Hrrepa a TaKTe k+l (Qk+l) IIOBTOpHeT 

CHrnarr, KOTOphiii 6hm Ha axo.n:e D B npe,n:hI,n:~eM TaKTe k (Dk). 

CxeMy CHHXpOHHoro D-mpu22epa JierKo IIOJI)"IHTh H3 cxeMhI CHHxpoH

Horo RS-mpu22epa nyTeM ,n:o6aaJieHHH HHBepTopa, CBH3hIBaIOII:(ero cHrnarr D c 

ycTaHOBOqHhIM R-BXOJl:OM CHHXpOHHOrO RS-mpu22epa. Ha pHc.9.14, a IIOKa3aHa 

IPYHKIIHOHaJihHM cxeMa CHHxpoHHoro D-mpu22epa, a Ha pHc.9.14, 6 cxeMa CHH

xpoHHOro D-mpu22epa, ynpaaJIHeMM TIO nepe.n:HeMy cppoHzy CHHXpOCHrHaJia C. 

S--=,----------, 

D~Q C C 
1 R Q 

Q 

Q 

a) 

PHc.9.14. CxeMa D-mpu22epa Ha 6a3e CHHXpOHHoro RS-mpu22epa 

y CJIOBHOe rpacpHqecKoe H306pmKeHHe CHHXpOHHoro D-mpu22epa H ero 

BpeMeHHhie xapaKTepHCTHKH IIpHBe,n:eHhl Ha pHc.9.15. 

=u=Q 

-
Q 

a) 

t~ 
rnJ tD ~ 

t <:_____J---i 
6) 

► 
t 
➔ 

t 
► 

PHc.9 .15. y CJIOBHOe rpacpHqecKoe o603HaqeHHe CHHXpOHHOro 

D-mpu22epa (a) Hero apeMeHHM xapaKTepHCTHKa (6) 

CepHHHO BhIIIYCKaeMhie D-mpu22epbl HMeIOT ,n:Ba ,D;OIIOJIHHTeJihHhIX 

aCHHXpOHHhlX BXO,n:a: Bxo.n: npe,n:BapHTeJihHOH ycTaHOBKH «S» H BXO,n: oqHcT- . 

KH «R». YcJIOBHoe rpacpHqecKoe o6o3HaqeHHe D-mpu22epa c .LIBYMH ,n:onoJIHH

TeJihHhIMH BXO,n:aMH IIOKa3aHO Ha pHc.9.16. 
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Ilpe;:iycraHOBKanS Q 

C Q 
O<rHCTKa R 

PHc.9.16. O6o3HaqeHHe D-mpu22epa C ,D;OIIOJIHHTeJihHhIMH BXO,n:aMH 

Bxo):lbl 
BbIXO):lbl 

PelKHM pa60Thl .Ac1rnxp O HHbIH CnHxpoHHbrli 

s R C D Q Q 

.Ac:lrHxp OHH aH ycTaH OB Ka 1 0 I X X 1 0 

.Ac:lrHxpOHHaHYCTaHOBKa 0 I 0 X X 0 I 

3anpelI(eHHoe cocromme 0 0 X X I 1 

YcTaHOBKa 1 1 1 i 1 1 0 

YcTaHOBt<aO I I i 0 0 1 

PHc.9 .17. Ta6JIHI:(a COCTOHHHH D-mpuz2epa C ,n:oIIOJIHHTeJihHhIMH BXOJl:aMH 

Ha pHc.9 .17 IIOKa3aHa rn6JIHI:(a coCTOHHHH .n:JIH D-mpuz2epa c .n:onoJIHH

TeJihHhIMH BXO,D;aMH. norHqecKHH «0» Ha BXO,D;e s HHHI:(HHpyeT ycTaHOBKY JIOrH

qecKOH «1» Ha Bh1xo.n:e Q. nomqecKHii «0» Ha axo.n:e R HHHI:(HHpyeT ycTaHOBKY 

rrornqecKoro «0» Ha BhIXO,D;e Q (O'lUCmK)' BhIXO,D;a Q). B aKTHBHhIX COCTOHHHHX 

BXO,D;hI S H R 6JIOKHPYIOT ,n:eiicTBHH axo.n:oB D H C. TipH pa36JioKHpoaaHHH axo

,D;hI D H C .n:eiiCTBYJOT KaK B 06h1qHoM D-mpu22epe. 

9.2.4. T-Tpurrep 

T-mpu22epoM Ha3hIBaeTCH -rpHrrep co cqeTHhlM BXOJl:OM, B KOTOpOM Teey-

11:(ee COCTOHHHe H3MeHHeTCH Ha IIpOTHBOIIOJIO)KHOe Ka)KJl:hIH pa3, Kor.n:a Ha ero 

BXO,D; npHXO,D;HT oqepe,D;HOH TaKTOBhIH CHrHaJI. O6o3HaqeHHe T-mpu22epa npo

H30IIIJI0 OT nepaoii 6)'KBhI aHrJIHHCKoro cJioBa toggle - 3all:(eJIKa. T-mpu22ep 

HMeeT o,n:HH BX0,n: T (cqeTHhIH BX0,D; -rpHrrepa) H p;Ba BhIX0,n:a Q H Q. 

T-mpu22ep JierK0 M0)KeT 6bITh II0JiyqeH II3 CIIHXp0HH0ro RS-mpu22epa 

(pllc.9.18, a). O,n:HaKO Ha npaKTHKe T-mpu22ep IIOJiyqaIOT II3 cxeM CIIHXpOHHOrO 

D- HJIH JK--rpmrepoB. EcJIH o6o3HaqHTh axo.n: cHHXp0HH3al:(HH D-mpu22epa qepe3 
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T, a ero HHBepcHbIH BblX0,11; coe,n:HHHTb C BXO~OM D, TO eCTb c,n;enaTu D=Q 

(pnc.9.18, 6), TO xapaKTepnCTHqecKoe ypaBHeHne D-mpu22epa (9.2) npHMeT BH,n;, 

COOTBeTCTBYJO~H ypaBHeHHIO T-mpuz2epa (9 .1 ). ,[vrn npeo6pa30BaHIDl JK-

mpU22epa B T-mpu2zep ,n;oCTaTOqHo o6oe,n;nHHTb ero BXO,ll;bI J, K H C (pnc.9.18, 6). 

n Q 

T -
Q 

a) 

m+-Q T-i:.LJ-LQ 
6) 

-ifil= Q 

T -
Q 

e) 

Pnc.9.18. l1peo6prooBaHHe RS-(a), D-(6) H JK-(6) TPHrrepoB B T-mpu22ep 

f T_n_n_n__n_ ~ 

fS7_J7_~ 
Pnc.9.19. BpeMeHHM ,n;narpaMMa pa6oTbI T-mpu22epa 

XapaKTepHoii oco6eHHOCTbIO T-mpu22ea HBIDieTc.si: TO, qm qacmrn H3MeHe-: 

HHH BbIXO,ll;HbIX CHrHaJIOB B ,n;Ba proa MeHbIIIe qacTOTbl BXO,ll;HbIX (pHc.9.19). 3TO 

CBOHCTBO T-mpu22epa HCIIOJib3yeTCH npH IIOCTPOeHHH Ha HX OCHOBe ,n;eJIHTeneii 

qaCTOTbl cne,n;oBaHHH HMIIYJibCOB n ,ll;BOHqHblX cqe~HKOB. Ha pHc.9.19 IIOKa3a

Ha BpeMeHHM ,n;narpaMMa pa6oTbI T-mpu2zepa. 

9.2.5. JK-Tpnrrep 

JK-mpu22ep - Han6onee IIIHpoKo ncnonb3yeMbIH yHHBepcanbHbIH Tpnr

rep, o6na,n;aIOIIIHH xapaKTepHCTHKaMH Bcex ,n;pyrnx THIIOB TPHrrepoB. JK

mpu2zep B OTJmqne OT RS-mpu22epa He HMeeT 3anpeII1eHHbIX KOM6HHaQHH 

BXO,ll;HbIX CHrHaJIOB, KOTOpble cne,n;yeT HCKJIIOqaTb IIpH pa6oTe u.mppOBblX CHC

TeM. Ha pnc.9.20 IIOKa3aHo ycnoBHoe rpaqrnqecKoe o6o3HaqeHne JK-mpu2zepa. 
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l1HqJOpMa4HOHHblH nQ npRMOH 

C11HxpoH113a411R C 

l1H(pOpMa4110HHblH K Q 11HBepCHb111 

Pnc.9.20. YcnoBHoe rpaqrnqecKoe o6o3HaqeHne JK-mpu22epa 

PelKHM pa6oru Bxo11u Buxo11u 

C J K Q Q BJIHllHHe Ha BUXOII Q 

XpaHeHHe _Il 0 0 B e3 H3MeHeHHii B e3 H3MeHeHHii -

6JIOKHpOBKa 

YcraHOBKa 1 Jl_ 1 0 0 1 C6poc HJIH O'iHCTKa B 

CO CTOllHH e 0 
YcraHOBKa 0 .JL 0 1 1 0 YcraHOBKa B 

COCTOllHHe 1 

3anpeIIteHHO e SL 1 1 n epeKJIIO 'iaeTCll l13MeHeHHe 

CO CTOllHHe COCTOllHHll Ha 

m:i OTHBOilOJlOlKHO e 

Pnc.9 .21. Ta6nn:u:a cocTo.sIHHii pa6oTbI JK-mpu22epa 

PacCMOTPHM Ta6JIH:U:Y COCTOHHHH JK-mpu22epa (pnc.9.21), HJIJIIOCTPH

pyroi:u:yro IIpHH:U:HIIbl ero pa60Tbl. lli Ta6JIHQbl BH,ll;HO, qTQ Kor,n;a Ha o6a BXO.n;a J H 

K no,n;aeTc.si: ypoBeHb nornqecKoro «O», TPHrrep 6noKupyemcR H cocTOHHHH ero 

BhIXO,IJ;OB He U3Me11Jl10mCR. B 3TOM cnyqae TPHrrep HaxO,ll;HTCH B pe)l(HMe xpaHe

HHH. Bmpa.si: H TPeTuH CTPOKH (pHc.9.21) OIIHCbIBaIOT pe)l(HMbI, COOTBeTCTBYJOIIIHe 

ycTaHOBKe TPHrrepa B COCTOHHHe «O» H «1». qeTBepTaH CTPOKa COOTBeTcTByeT ne

peKJIIOqaTeJibHOMY (cqeTHoMy) pe)l(HMY pa60Tu1 JK-mpuz2epa. EcJIH Ha o6oHX 

Bxo,n;ax J HK yCTaHOBJieH ypoBeHb nornqecKoii «l», To cne,n;yroi:u:He ,n;pyr 3a ,n;py

roM TaKTOBbie HMIIYJibCbl 6y,n;yT Bbl3bIBaTb H3MeHeHHe ypOBHeii CHrHaJIOB Ha Bbl

xo,n;ax TPHrrepa OT «1» K «O», OT «O» K «1» HT. ,n;. 

J,fa Ta6JIH:U:bl COCTOHHHH JK-mpu22epa (pHc.9.5) BblBO,ll;HM xapaKTepHCTH

qecKoe ypaBaeane ero pa6oTbI 

Qk+I = J /\ K /\ Qk VJ/\ K /\ Qk VJ/\ K /\ Qk VJ/\ K /\ Qk = 
=Qk(J I\ K v J /\ K)v Qk(J I\ K /\Qk v J /\K) = JQk +KQ\ 

(9.10) 

KOTopoe MO)l(eT 6bITb peanH30BaHO C HCIIOJib30BaHHeM ,n;Byx 3JleMeHTOB «H» H 

RS-mpu22epa (pHc.9.22, a) HJIH B 6a3Hce «H-HE» (pHc.9.22, 6). JK-mpu22ep 
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M0)l(eT HMeTh ,n;Ba ,ll;0il0JIHHTeJibHblX aCHHXp0HHbIX BXo,n;a - rrpe,n;BapHTeJibHOH 

ycTaH0BKH SH 01IHCTKH R (puc.9.23). 

J 
C 
K 

a) 6) 

Puc.9.22. CxeMHIDI peanH3aQHH JK-mpu22epa 

n p e.!lYCTaHOBKa 
Q 

Q 

Puc.9.23. YcnoBHoe rpaqmqecKoe 060JHa1IeHHe JK-mpu22epa 

Bxo11PI 
Bh!lroll(,I ArnmmCJHHble CllllXllOBirue PemMpa6om 

s R C J K Q Q 
Arn:BXpCIHIB!l 0 I X X X I 0 j'C'aHOBra I 
Arn:BXpCIHIB!l I 0 X X X 0 I VCl'aHO!lra 0 
3aqi~oe 0 0 X X X I I rocrrunrne 
Xpa1umre I I _fl_ 0 0 Ee3 R:~.re,umJ:i 
Yc:raH!JB[,(aQ 

I I _fl_ 0 I 0 I 
y c:raH!JB[,(8_ 0 

I I _fl_ I 0 I 0 
nepeXJllO'relllie 

I I _fl_ I I npOTHBOIIOJJO)K 
Hoecocramme 

Puc.9.24. Ta6JIHl.(a C0CTOHHHH JK-mpu22epa C ,ll;0il0JIHHTeJibHbIMH BX0,ll;aMH 

Ha puc.9.23 rroKaJaHo ycnoBHoe 060JHa1IeHHe JK-mpu22epa, a Ha 

pHc.9.24 - Ta6JIHl.(a C0CT0HHHH pa6oTbl JK-mpu22epa C ,ll;0il0JIHHTeJIJ,HblMH 

BX0,n;aMH. AcHHXpOHHbie BX0,ll;bl S H R B aKTHBHbIX C0CT0HHHHX 6JIOKHp)'IOT 

,n;eiicTBHH CHHXp0HHbIX BX0,ll;0B. AKTHBHblM C0CT0HHHHM acHHXp0HHblX BX0,ll;0B 

cooTBeTCTB)'IOT rrepBbie TPH CTP0KH rn6JIHQbI C0CT0HHHH JK-mpu22epa 

(puc.9.24). B 3THX pe)l(HMax CHHXp0HHbie BX0,ll;hl 6JIOKHpOBaHbl H HX C0CTOHHHH 
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He BJIHHIOT Ha C0CT0HHHe BbIX0,ll;0B TPHrrepa, Il03T0MY ,ll;JIH BX0,ll;0B J, K H C B 

3THX CTP0Kax Il0CTaBJieH 3HaK «X» (mo6oe COCTOHHHe). O,n;HOBpeMeHHIDI no,n;a

qa Ha o6a aCHHXp0HHbIX BX0,n;a aKTHBH0ro yp0BHH CHrHaJia (norn1IeCKOro «O») 

cooTBeTCTByeT 3arrpem;eHH0MY C0CT0HHHIO. IlpH 6JIOKHpOBaHHll o6oHX acHH

xp0HHblX Bxo,n;oB SH R ypoBHeM nornqecKoii «l» pa6ory TPHrrepa KOHTPOJIH

p)'IOT CHHXp0HHbie BX0,ll;bl, KaK Il0Ka3aH0 B 1IeTbipex HH)l(HHX CTP0Kax Ta6JIHl.(bl 

COCTOHHHH JK-mpu22epa (puc.9.24). 

Ha 0CH0Be JK-mptt22epoe M0)l(H0 peaJIH30BaTh 0CH0BHbie THilbl TPHITepOB, 

HaIIpHMep, D-mpu22ep. ,lvIH rrpeo6pa30BaHHH B D-mpu22ep ,n;ocTaT0'IH0 o6'be,n;H

HHTb qepe3 HHBepT0p BX0,ll; J co BX0,ll;0M K (puc.9.25). 

~ I I 
Q 

Q 

Puc.9.25. Ilpeo6pa3oBaHHe JK-mpU22epa B T-mpu22ep. 

9.3. ,ll;eyxcryneu'laTLie Tpurrepbl 

9.3.1. ,ll;eyxcryneu'laTLie TpurrepLI ua 6ue cuuxpouHLIX RS-Tpnrrepoe 

,lvI.sr Ha.n;e:>KHoii pa6on,1 TPHrrepHbIX H1IeeK B MHoropa3pH.n;HhlX YCTPOHCTBax 

(pernCTPax, C1IeT1IHKax) ucrroJib3yIOTCH ,n;ByxcTYIIeH1Ian,1e TPHrrepbI, HaJbrnaeMbie 

MS-mpU22epaMu (master/slave - Be,n;ym:uil:/Be,n;oMbIH HJIH Macrep/IlOMOID;HHK). B 

3THX TPHrrepax BX0,n;HIDI H BbIX0,ll;HIDI CTYIIeHH TaKTHp)'IOTCH aCHHXp0HHO, TO eCTh 

IIpHeM HmpopMaQHH pa3pemaeTCH rrooqepe,n;H0. 3TO Il03B0JIHeT peaJIH30BaTb JII0-

6b1e THilbl TPHITepoB 6e3 pe:>KHM0B reHepaQIIH (TO ecn, 6e3 Il0MeX ll c6oeB) H ,n;aeT 

B03M0:>KH0CTh Il0CTP0eHHH CHHXp0HHbIX aBT0MaT0B 6e3 orraCHbIX BpeMeHHblX COB

rra,n;eHHH, Hapymawm:ux HX pa6ory. 

,lv3a BapHaHTa cxeMbl TaK0r0 TPHITepa, C0CT0.si:m;ero H3 ,n;Byx CHHXpOHHblX 

RS-mpu22epoe, Il0Ka3aHbl Ha pHc.9.26, a Ha pHc.9.27 Il0Ka3aHa BpeMeHHaH ,n;Ha

rpaMMa HX ynpaBneHHH. B nepB0M BapHaHTe ,n;ByxcTYIIeH1IaTOro RS-mpu22epa 

(puc.9.26, a) aHTHCHHXp0HH0e TaKTHpoBaHHe CTYIIeHeil: 0'IeBH,ll;H0, IlOCKOJibKy ne-
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pe3anHCb COCTO.IDUUI TM-mpU22epa (MaCTepa) B m-mpU22ep (IIOMO~HHK) rrpoH3-

BO,!l;HTCH CJie,eyIO~HM CHHXpOHMIIYJibCOM. Bo BTOpOM BapHaHTe (pnc.9.26, 6) cry-

ynpaBJIHeT IIOJIHbIH ( C <ppOHTOM II cpe30M) TaKTOBblH HMIIYJibC «C». B MOMeHT 

t
1 

rpHrrep TIT H30JIIIpoBaH OT TM, a B MOMeHT t2 pa3peIIIaeTcH rrpHeM ,n;aHHbIX 

rreHH H,!l;eHm'lHbl no CHHXpOBXO,!l;aM, a ,!1;JIH HX aHlliCHHXpOHHOro yrrpaBJieHHH- axo,n;aMH TM rpHrrepa (pHc.9.29). Cne.n;oBaTeJibHO, BXO,!l;HaH KOM6HHaQHH 6y-

BKJIIOqeH HHBepTOp. TeopemqecKH B 3TOM BapHaHTe B03MO)KHbl c6oH - ecJIH ,n;eT 3aITHCaHa B rpHrrep TM B MOMeHT rrpHXO,n;a I;IOJIO)KHTeJibHOro rreperra.n;a 

rpHrrep rrepeKJII04HTCH 61,1crpee, qeM CHHXpOCHIBaJI rrpoii,n;eT qepe3 HHBeprnp, HO TaKTOBOro HMIIYJibCa C. Kor.n;a rrpH,n;eT OTPHQaTeJibHbIH rreperra.n; BXO,!l;Horo HM-

Ha rrpaKmKe 3TO He rrpOH30H,!l;eT, TIU< KaK BpeMeHHaH 3a,n;ep)KKa MO,!J;yJIH HHBeprnpa nyn1,ca C, Ha BblXO,!l;e HHBepTopa OH IIOHBHTCH KaK IIOJIO)KHTeJibHblH H B MOMeHT 

MeHbIIIe qeM 3a,n;ep)KKa rrepeKJIIOqeHHH rpHrrepa. 

s __ ___, 

~ ll.!LIJ 
a) 

Q 

Q 

S---LlU 

R---+--< 

c---

Q 

Q 

PHc.9.26. CxeMa ,n;ByxcTyrreHqarnro RS-mpu2zepa (a) H ,n;ByxcryrreHqarnro 

RS-mpu22epa c pa3Horron.apHbIM yrrpaBJieHHeM ( 6) 

3anHCb 3anHCb 3anHCb 
B~ 

C - ~ nepeHoc nepeHoc C nepeHoc 
B~ BTn 

C ru 

CB~ 

a) 

PHc.9.27. BpeMeHHaH ,n;HarpaMMa yrrpaBneHHH ,n;ByxczyrreHqaToro 

RS-mpu2zepa (a) II ,n;ByxcTyrreHqarnro RS-mpu22epa 

C pa3HOIIOJrnpHbIM yrrpaBJieHHeM (6) 

9.3.2. ,ll;syxcyYneu11aTbie JK-TpurrephI 

,[(Byx<pa3HblH crroco6 yrrpaBJieHIIH IIOJIHbIM TaKTOBbIM HMIIYJibCOM rrpHMeHHeTCH 

H )];AA ,n;ByxczyneH'laTbIX JK-mpu22epo6. 3TOT TIIII rpHrrepa, KaK H rrpoCTOH JK

mpU2zep, HMeeT o6paTHbie CBH3H C BblXO,!l;OB Ha BXO,!J;bl, HCKJIIOqaJO~He Heorrpe

,n;eJieHHOe nornqecKoe cocToHHHe (pHc.9 .28). 

Ha pHc.9.28 IIOKa3aHa cxeMa ,n;ByxczyrreHqarnro c IIOJIHbIM TaKTOBbIM 

IIMnyn1,coM JK-mpu22epa, a Ha pHc.9.29 - BpeMeHHaH ,n;HarpaMMa rrepeKJIIO

'laIO~ero HMllYJibCa, Ha KOTOpoii OTMe'leHbl 3Tallbl pa60Tbl COCTaBHOro rpHrre

pa. J,fa ,n;HarpaMMbI Ha pHc.9.29 BII,n;Ho, 'ITO cocTaBHbIM rpHrrepoM «TM-TIT» 
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t4 nepeIIHIIIeT ,!l;aHHble OT BbIXO,!l;OB Q H Q B rpHrrep TIT. · 

PHc.9.28. CxeMa ,n;ByxcryrreH'!aTOro JK-mpu22epa 
t ; ' 

t1 ~ ~ t4 

PHc.9.29. CxeMa yrrpaBAAIO~IIX qipoHTOB TaKmPYIOinero HMrryn1,ca 

·OcHOBHOe CBOHCTBO ,n;ByxczyrreHqaToro rpHrrepa COCTOHT B TOM, qTo 

BXO,!l;bl rrpHeMa ,n;aHHbIX 3a rrepHO,!l; TaKTOBOro HMIIYJibCa, TO eCTb BO BpeMH 3a

rpy3KII 1-ro 6HTa HH<pOpMaQHH, He HMeIOT CKB03HOH CBH3H C BblXO,!l;HblMH ne

IlHMH. M30JIHQHH BXO,!l;OB OT BbIXO,!l;OB o6ecrreqHBaeT ycTOH'IHBOe rrepeKJIIOqeHHe 

TpHrrepa, .n;IDKe ecnH qaCTOTa TaKTOBbIX HMIIYJibCOB HeCTa6HJibHa. 

10. IloCJieJ].OBaTeJibH0CTHble u;u4>pOBbie ycTpoiiCTBa 

10.1. C11eT1IHKH H 11epec11eTHble ycTp0iiCTBa 

10.1.1. O6mue CBCJJ.CHHH 

CttemttUKU - 3TO rrocne,n;oBaTeJibHOCTHble QII<ppOBbie ycrpoiicTBa, o6ec

neqHBaIO~He xpaHeHIIe CJIOBa HH<pOpMaQHH H BblIIOJIHeHHe Ha,n; HHM MIIKpo

onepaQIIII cqern. MIIKpoorrepaQHH C'leTa COCTOHT B II3MeHeHIIH xpaHHMoro 3Ha-
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qeHHH CJIOBa HHq>OpMa{lHH (COCTOHHHH cqeTqHKa) Ha «l». CqeHHK, Ha KOTO

poM peaJIHJyeTcH MHKpoonepaqHH «C=C+ 1», HaJhrnaeTCH CYMMHPYJOJ:nHM. Ec

JIH Ha cqeTqHKe peanH3yeTcH MHKpoonepaQHH «C=C-1», TO :no BhiqHTaIOJ:nHH 

cqeHHK. CqeHHK, Ha KOTOpOM peaJIH3YJOTCH o6e YKa3aHHhie MHKpoonepaQHH, 

HBJIHeTCH peBepCHBHhIM. 

IlepecttemHblM ycmpoi'tcmeoM Ha3hIBaeTCH IIOCJie~oBaTeJihHOe QH<ppOBOe 

YCTPOHCTBO, o6ecneqHBaIOJ:nee XpaHeHHe CJIOBa HHq>OpMaQHH H BhlIIOJIHeHHe, 

Ha~ HHM MHKpoonepaQHH npOH3BOJlhHOH CMeHhl COCTOHHHH. Bcne~CTBHe 3TOro 

onpe~eJieHHH «CYMMHPYJOinHil:», «BhiqHTaIOJ:nHH» H «peBepcHBHhlH» HenpHMe

HHMhl K nepecqeTHhIM YCTPOHcTBaM. 

CqeTqHKH H nepecqeTHhie ycTPoiicTBa npHMeHHIOTcH: ~JIH o6pa3oBaHHH 

a~pecoB cnoB B 3anoMHHa10i:nn:x ycTPoiicTBax; ~pecoB KoMaH~ B YCTPOHCTBax 

ynpaBJieHHH; Bhipa60TKH cneQHaJihHhIX IIOCJie~oBaTeJihHOCTeH ynpaBJIHIOJ:nHX 

CHrHaJIOB; no~cqern qHCJia QHKJIOB CJIO)l(eHHH H BhlqHTaHHH; nOCTPOeHHH pac

npe~eJIHTeJieil: HMIIYJihCOB; B KaqecTBe ~eJIHTeJieH qacTOThl H T. ~- B nponecce 

pa60Thl cqeTqHK IIOCJie~OBaTeJihHO H3MeI:rneT CBOH COCTOHHHH . .[(JIHHY cnHCKa 

pa3perneHHhIX COCTOHHHH Ha3hIBaIOT MO~JieM (ocHOBaHHeM) cqern HJIH eMKO

CThlO cqeTqHKa k. 3To MaKCHMaJihHOe qHCJIO e~HHHqHhIX CHrHaJIOB, KOTOpoe 

MO)l(eT 6hITh cocqHTaHO cqeTqn:KoM. Ilpn 3TOM O~HO H3 B03MO)l(HhlX COCTOHHHH, 

cqeTqHKa npHHHMaeTCH 3a HaqanhHOe. EcJIH cqeHHK Haqan pa60TaTh OT Ha-, 

qaJihHOro COCTOHHHH, TO Ka~hlil: BXO~HOH CHrHaJI, KpaTHhIH k, CHOBa ycrnHaB

JIHBaeT cqeHHK B HaqaJihHOe COCTOHHHe, a Ha BhIXO~e cqeHHKa IIOHBJIHeTCH 

CHrHaJI k-HqHoro nepeHoca (B cyMMHpyroi:neM cqeHHKe) HJIH 3aeMa (B BhiqH

TaIOJ:neM cqeHHKe ). 

10.1.2. KnaccucJ>nKaQnH C'ICT'lnKoe 

CqeT'IHKH KJiaCCHq>HQHpyroT: no 3HaqeHHIO MO~JIH, no HanpaBJieHHIO 

cqfaa, no cnoco6y opraHH3aQJUf Me)l(paJpH~HhIX CBH3eii, H no cnoco6y no~aqH 

TaKTOBoro HMnyJihCa. 

78 

Ilo 3HQ'leHU10 MoiJyJZR cttema pa3JIHqaJOT ~BoHqHhie (Mo~yJih = 2"), ~BO

HqHO-KO,n:HpoBaHHhie ( C npoH3BOJihHhIM Mo~yneM, HO KO~HpoBaHJieM COCTOHHIIij 

P:BOHqHhIMH KO~aMH) H cqeHIIKH C O~HHapHhIM KO~HpOBaHHeM. 

Ilo Hanpa6JleHU10 cttema cqeHIIKH ~eJIHTCH: Ha cyMMHPYJOJ:nHe (npHMOro 

cqern), BhiqHTaIOJ:nHe (o6parnoro cqfaa) H peBepcHBHhie (c H3MeHeHHeM Hanpaa

neHHH cqfaa). 

Jlo cnocp6y Op2aHU3QlJUU MeJICpa3p510HblX C65l3eU pa3JIHqaJOT cqeHHKH C 

rrocnep:oBaTeJihHhIM, napanneJihHhIM H KOM6HHHpOBaHHhIM rrepeHOCaMH. Ilapan

JieJihHhie cqfaqHKH Ha3hIBaJOT CHHXpOHHhIMH, a IIOCJie~OBaTeJihHhie - acHHXpOH-

HhIMH. 

10.2. Acnnxponnble ctJeTqHKH 

:QH<ppoByIO CXeMy, BhIIIOJIHHIOJ:nYIO cpyHKQHIO cqfaa, MO)l(HO co6paTh Ha 

TPIIrrepax. PaccMOTPHM cxeMy acHHxpoHHoro ~BoHqHoro cqfaqHKa no «Mo~y

JIIO 16». IlpoQe~ypa ~BoHqHoro H ~eCHTHqHoro cqern IIOKa3aHa pIIc.10.1. 

lfuolI'IHblii cqer ' ,l\"eClITII'!Hb!H 

D C B A cqer 

8 4 2 1 
0 0 0 0 0 
0 0 0 1 1 
0 ' 0 1 0 2 
0 0 1 1 3 

0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 1 0 0 12 
1 1 0. 1 13 
1 1 1 0 14 
1 1 1 1 15 

PHc.10.1. Ta6JIHQa ~BoHqHoro H ~ecHn1qHoro cqern 
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HcrroJib3YH 4 ,n;BoHqHbIX pa3pMa (D, C, B H A), MO:>KHO cqHTaTb OT 

«0000» .n;o «I 11 I» B ,n;BoHqHoii cHcTeMe cqttcneHHJI (TO ecTb OTO .n:o 15 B .n;ecJI

THqHoii CHCTeMe). CTOn6eu: A COOTBeTcrnyeT caMoMy MJia,n;meMy pa3pH.L{y, a 

CTOJI6eu: D caMoMy CTapmeMy pa3pH.L{y. Cne,n;oBaTeJibHO, ecJIH Hy:>KeH cqeTqHK, 

cq1na10rqttii OT «OOOO» .n;o «I 11 I», y Hero ,n;oJI:>KHO 6bITb 16 pa3JIHqHbIX Bbixo.n;

HbIX COCTOJIHHH, TO eCTb HJ:>KeH cqfaqHK C Mo,n;yneM 16. J13 pttc. l 0.1 BH.D;HO, qTQ 

U:Hq>pbl (I HJIH 0) B CTOJI6qe A H3MeHJIIOTCJI Ha Ka)K,D;OM mare cqeTa, TO eCTb 

TPHrrep Tl rrepeKJI10qaeTCJ1 c npttxo.n;oM Ka:>K,n;oro HoBoro TaKTOBoro HMnynhca. 

Tpttrrep T2 (cTOn6eu: B) nepeKJI10qaeTcJ1 B ,n;Ba proa pe:>Ke TPHrrepa Tl, a Ka:>K

.D;biii 6onee crnpmttii propM rrepeKJI10qaeTCJ1 B ,n;Ba proa pe:>Ke npe,n;bl,n;yrqero 

(CTOJI6U:bl C tt D). 

.QBOll'lffblU BblXOA 

Tl 
A 

T2 
B C D 

J 

K K 

"111 ----------+---------11------...l 

Pttc. l 0.2. CxeMa ,n;BoHqHoro cqeTqHKa no Mo,n;yn10 16 

Ha pttc.10.2 rroKroaHa cxeMa ,n;BottqHoro cqeTqHKa no Mo.n:yn10 16, co

cTaBJieHHaJI H3 qeTbipex JK-mpu22epoe B COOTBeTCTBHH C rn6nmi;eii .D;BOHqHoro 

{pttc.10.1). Ka:>K,n;blii JK-mpu22ep pa6oTaeT B pe:>KHMe nepeKJIIOqeHHH (J=K=l). 

IlycTh B HaqaJibHblH MOMeHT COCTOJIHHe BblXO)i:OB cqmHKa COOTBeTCTByeT .D;BO

HqffOMy qflCJIY «0000» (cqmHK oqHrqeH). IlpH nocryrrneHHH TaKTOBOro HMnyJib

ca «I» Ha CHHxpoHH3HpJIOiqHii Bxo.n: C TPHrrepa Tl 3TOT TPHrrep nepeKJIIOqaeTcJI 

(npH npoxo:>K,n;eHHH cpe3a HMnyJibca) H Ha BblXO,D;e IlOJIBJIJleTCJI .D;BOHqHoe qHCJIO 

«0001». TmcroBbIH HMrryJibC 2 B03BparqaeT TPHrrep Tl B ttcxo.n;Hoe cocTOJIHHe «O» 

(Q=O), ~o, B CBOIO oqepe,n;b, rrpHBO.D;HT K rrepeKJIIOqeHHIO TPHrrepa T2 B COCTOJI-
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HHe «I» (Q=l). Ha Bbixo.n;e noHBHTCH qHcJio «0010». CqeT rrpo.n;on:>KaeTcJI: cpe3 

cttrnana Ha Bbixo.n;e Ka:>K,n;Oro TPH:rrepa 3anycKaeT cne.n:YIOrqHii TPHrrep. 

Bxo.n: C 111 l?I Pl l'tl !JI 
r;"'1 r,:n r:=;i 17'1 1'71 m'm m 191 IITi1 --- -- - -

r--, r-1 C7 I I I I A 

r_B 
TlQ{__j___JL._...J___J,_.J.___ 

~TIQL_J~-~--~-~--~ g 
~ 
~ 

TIQ ____ c 
T4Q:,_ __________ .....,__ ____ D 

oooolooo1loo1oloo11lo100lo101lo110I 0111l1000I 1001I 1010 
.D;BOHqlil,lll cqeT 

Pttc. l 0.3. BpeMeHHbie .n;ttarpaMMbI pa6oTbI cqeTqHKa no Mo,n;yn10 16 

Ha pttc.10.3 noKroaHa BpeMeHHaJI .n;ttarpaMMa pa6oTbl cqeTqHKa B npmi;ec

ce cqera .n;o IO (,n;BoHqHoe qncno « 10 IO»). CttHXpOHH3HpJIOrqeMy Bxo.n;y cooT

BeTcrnyeT BepXHAA .n;ttarpaMMa, a HH:>Ke rrpHBe,n;eHbl .n;narpaMMbl .D;JIJI BbIXO,D;OB Q 

TPHrrepoB Tl, T2, T3, T4. BHH3Y rro.n: .n:narpaMMaMH yKroaHbI ,n;BoHqHbie qttcna, 

COOTBeTCTBJIO!qHe pa3JIHqHblM COCTOJIHHJIM cqfaqHKa. AHaJIH3HpyH .n;ttarpaMMbl 

Ha pttc.10.3, MO:>KHO c,n;eJiaTb BbIBO.D;, qTO TaKTOBbie HMnyJibCbl 3anycKaIOT TOJlbKO 

TPHrrep Tl, TPHrrep Tl 3anycKaeT TPHrrep T2, TPHrrep T2 3anycKaeT TPHrrep 

T3 II T . .n;. Ka:>K,n;biii TPHrrep B03,n;eiicTBYeT TOJibKO Ha o,n;HH ( cne.D;JIOJ:qHH 3a HHM 

TPHITep ), n03TOMy .n;mr nepeKJIIOqeHmI BCeX TPHITepoB Heo6xo,n;HMO HeKOTOpoe 

apeMJI. HanpttMep, Ha HMnynbce 8 (pttc.10.3) TaKTOBbIH HMnynbc 3anycKaeT 

TPHrrep Tl, BbI3bIBaJI ero nepeKJIIOqeHHe B cocTOHHHe «O». 3To, B CBOIO oqepe,n;b, 

npHBO.D;HT K nepeKJIIOqeHHIO TPHITepa T2 H3 COCTOJIHHJI «I» B COCTOHHHe «O». 

3aTeM TOqHo TaK :>Ke nepeKJIIOqaeTCH TPHITep T3. B MOMeHT ycrnHOBKH ypoBHH 

nornqecKoro «O» Ha BbIXo,n;e Q TPHrrepa T3 3anycKaeTCJ1 TPHrrep T4, KOTOpbIH 

nepeKJIIOqaeTCH H3 COCTOJIHHJI «O» B COCTOJIHHe «I». TaKHM o6pa30M, H3MeHeHHe 

COCTOJIHlIH nocJie,n;oBaTeJibHO pacnpOCTPaHHeTCH no u:enoqKe TPHITepoB. Pac

CMaTJ)HBaeMbIH cqmHK Ha3blBaIOT aCHHXpOHHbIM, nocKOJlbKY npe,n;bl,D;J!qHH 

TPHrrep Bbipa6aThrnaeT .D;JIJI nocJie,D;YIOrqero TaKTOBbie HMnyJibCbI. Ilo HanpaBJie

HHIO cqern 3TOT cqeTqHK JIBJIJieTCH CYMMHpJIO!qlIM (npHMOrO cqeTa). 
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10.3. AcuuxponnL1e C'ICT'IHim no Mo.LJ;ymo 10 

CtJeTIIHK no MO,LJ;ymo 10 CtJHTaeT OT «0000» )1.0 (( 1001 » ( OT O )1.0 9 B )l.eCJI

TlltJHOH CHCTeMe). ,[{JUI nOCTpOeHHJI TaKoro CtJeTtJHKa TaIOKe He06XO)I.HMO tJeTI,I

pe TpHrrepa, HO OH )I.OJDKeH HMeTb o6paTHbie CBJl3H, OCTaHaBJIHBaIOIQHe CtJeT 

npu KO)l.e «9=1001». Ha puc.10.4 nOKa3aHa cxeMa CtJeTtJHKa no MO.IJ.YJIIO 10, B 

KOTopyro KpOMe tJeTb1pex TpllrrepoB BKJIIOtJeH JIOrHtJeCKllll 3JieMeHT «11-HE», 

)I.JIJI ycTaHOBKH Bcex TpHrrepoB B HyJieBoe COCTOJIHHe ( OtJHCTKH CtJeTtJHKa) C 

npHXO)I.OM )l.eCJITOro HMnyJibCa. 

,/IBOll'IHblH BblXOP, 

A B C D 

Puc. I 0.4. CxeMa acnHxpoHHoro .IJ.BOHtJHoro ctJeTIIHKa no MO.IJ.YJIIO 10 

PaccMOTJJHM npHHQHn pa60Tbl )l.aHHOH cxeMbl. J13 Ta6JIHQbl Ha pnc.10.1 

Bll)I.HO, 'ITO 3a tJHCJIOM «1001» CJie)l.yeT «1010» (10 B )l.eCJITHtJHOH CHCTeMe). 

IlpH no)l.atJe JIOrntJeCKOH «1», CO.IJ.ep)KaIQeHCJI B pa3pH)l.ax )I.BOHtJHOro tJHCJia 

(( 1010», Ha BXO)l.bl 3JieMeHTa «11-HE» 3TOT 3JieMeHT no,LJ;acT JIOrHtJeCKHH «O» Ha 

BXO.IJ.bl R Bcex TpHrrepoB. TaKHM o6pa30M, Bee TpHrrepbI ycTaHOBJITCJI B co

CTOJIHHe «O» H CtJeTIIHK CHOBa HatJHeT CtJHTaTb OT «0000» )1.0 (( 1010». IlO)I.06Hoe 

ucnOJib30BaHHe JIOrHtJeCKOro 3JieMeHTa «11-HE» n03BOJIJleT C03)1.aBaTb CtJeTIIHKH 

C .IJ.pyrHMH 3HatJeHHJIMH MO.IJ.yJIJI. CtJeTtJHK, H306pa)KeHHblll Ha puc.10.3, Ha3bl

BaIOT TaIOKe )l.eKa)I.HblM (.IJ.eCJITlltJHbIM) CtJeTIIHKOM. 

10.4. CuuxpoHHLie c'leT'IHKH 

B CHHXpOHHbIX CtJeTIIHKax Bee TpHrrepbl nonyqaroT TaKTOBblll HMnyJihC 

0)1.HOBpeMeHHO, noCKOJihKY HX TaKTOBbie BXO)l.bl coe)I.HHJIIOTCJI napaJIJieJibHO. 
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TaKHe rpurrepbl nepeKJIIOtJaIOTCJI npaKTHtJeCKll 0)1.HOBpeMeHHO. B aCHHXpOH

HblX CtJeTtJIIKax Ka)K)l.blll rpurrep BHOCHT B npoQecc CtJeTa onpe)l.eJieHHYIO 3a

.n,ep)KKY, no3TOMY MJia.IJ.IIIIIe pa3pH.IJ.hI pe3yJihTHPYIOIQero KO.n,a noHBJIHIOTCH Ha 

BhlXO)l.ax TJJiffrepoB He O.D,HOBpeMeHHO (He CIIHXpOHHO C COOTBeTCTBYfOIQIIM 

TaKTOBblM HMn,YJibCOM). HanpIIMep, .D,JIJI tJeTbipexpa3pH.IJ.HOro aCIIHXpOHHOro 

ctJeTtJHKa KO.D, «1111» noJIBIITCJI Ha BblXO.D,ax TpIIrrepoB ~e nocJie TOro, KaK 

nocrynIIT IIIeCTHa)I.QaTblll TaKTOBblll IIMnyJihC, TO eCTb KO)!. « 1111 » cqiopMIIpy

eTCJI He 0)1.HOBpeMeHHO. 

R 

C 

A B C D 
,/IBOll'IHblii BblXO,ll, 

Pnc.10.5. CxeMa CIIHXpOHHOro ,[(BOIItJHOro ctJeTtJHKa no MO.IJ.YJIIO 9 

Ta6JIHQa 10.1. CtJeTHaJI nocJie)I.OBaTeJibHOCTb IIMnyJibCOB 

CTp0Ka HoMep 
t:\BOW·lHaR C'-leTHaR ,:\eCRTl,1'-lHble 

TaKT0B0rD 
nocneA0BaTenbH0CTb --i1,1cna 

"1Mnynbca 
D C B A 

1 0 0 0 0 0 0 

2 1 0 0 0 1 1 
3 2 0 0 1 0 2 
4 3 0 0 1 1 3 

5 4 0 1 0 0 4 

6 5 0 1 0 1 5 

7 6 0 1 1 0 6 

8 7 0 1 1 1 7 
9 8 1 0 . 0 0 8 

Ha pnc.10.5 noKa3aHa cxeMa tJeTb1pexpa3pH.IJ.HOro )I.BOHtJHOro ctJeTtJHKa 

no MO.IJ.YJIIO 9. Bee cnHxpoHII3HpYfOIQIIe BXO.IJ.hI TpIIrrepoB C coe.n,nHeHhI na

panJieJibHO, TO eCTb TaKTOBbie IIMnyJihCbl nocrynaIOT Henocpe)I.CTBeHHO Ha CHH-
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xpoHH3HpyiomHii BX0A KIDKAOro TJ)Hrrepa. IlocneAOBaTeJibHOCTb AB0ifqHbIX qH

ceJI, rrpHHHMaeMaH cqeTqlfKOM 3a 0AHH I.J;HKJI cqeTa, rrpHBeAeHa B Ta6n.10.l. 

PacCMOTJ)HM rrpHHI.J;HII pa60Tbl AaHH0rO cqe~HKa B TeqeHHe 0AH0ro I.J;HK

Jia cqeTa (Ta6n.10.l). Ha KIDKA0M mare I.J;HKJia BXOAHOH HMIIYJibc rroczyrraeT Ha 

CHHXpOHH3HpyiomHH BX0A K~0ro TJ)Hrrepa. 

lfMnyJlbC J(c-rpoKa 2) - rrepeKJiroqaeTcsi TOJihK0 -rpHrrep Tl, rrocKOJibKY 

TOJibK0 y Hero Ha BX0Aax J H K AeiicrnyeT ypoBeHb nornqecKoii «I». TpHrrep 

Tl rrepex0AHT H3 cocT0SIHHSI «0» B cocTOSIHHe «I». Pe3yJibTaT: Ha BblX0Ae cqeT

qHKa «0001». 

lfMnyllbC 2 ( c-rpoKa 3) - rrepeKJiroqaIOTCSI ABa -rpHrrepa Tl H T2, TaK KaK 

Ha BX0Aax J HK 3THX -rpHrrepoB AeiicrnyeT ypoBeHb nornqecKoii «I». TpHrrep 

Tl rrepeXOAHT H3 cocTOSIHHSI «I» B cocTOSIHHe «0», a T2 - H3 cocT0SIHHSI «0» B 

COCT0SIHHe «I». Pe3yJibTaT: Ha BblX0Ae cqeTqHKa «0010». 

lfMnyJlbC 3 (c-rpoKa 4) - rrepeKJiroqaeTCSI 0AHH TJ)Hrrep Tl (rrepeXOAHT H3 

C0CT0SIHHSI «0» B C0CT0SIHHe « 1 » ), a T2 He rrepeKJIIOqaeTCSI, II0CKOJibKY Ha ero BX0-

Aax J HK AeHCTBYeT ypoBeHh nornqecKoro «0». Pe3yJihTaT: Ha BblXOAe «001 I». 

lfMnyJlbC 4 ( CTJ)OKa 5) - TpHrrepbl MeHSIIOT CB0e C0CT0SIHHe Ha rrp0THB0-

II0JIO)KH0e, Tl H T2 rrepexoASIT H3 «I» B «0», T3 rrepeKJiroqaeTCSI H3 «0» B «I». 

Pe3yJihTaT: Ha BbIXOAe cqe~Ka «0100». 

lfMnyllbC 5 ( c-rpoKa 6) - -rpHrrep Tl rrepexoAHT H3 cocToSIHHSI «0» B co

CT0SIHHe «I». Pe3yJibTaT: Ha BbIXOAe cqeTqHKa «0101». 

JfMnyJlbC 6 ( CTJ)0Ka 7) - rrepeKJIIOqaIOTCSI ABa TpHrrepa, Tl rrepeX0AHT H3 

«I» B «0», a T2 - H3 «0» B «I». Pe3yJihTaT: Ha BbIXOAe cqe~HKa «0110». 

JfMnyllbC 7 ( c-rpoKa 8) - -rpmrep Tl rrepexoAHT H3 cocT0SIHHSI «0» B co

CTOSIHHe «I». Pe3yJihTaT: Ha BbIXOAe «0111». 

lf11myJlbC 8 (c-rpoKa 9) - BCe -rpHrrepbl MeHSIIOT CB0e C0CT0SIHHe, rrepexo

ASI H3 «I» B «0». Pe3yJihTaT: Ha BbIXOAe «1000». 
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CneAyeT 3aMeTHTb, qTQ B AaHH0M cqe~m<e JK-mpu22epb1 HCIIOJib3YJOTCSI 

KaK B pe)KHMe rrepeKJiroqeHHSI (J=K=l), TaK H B pe)KHMe 6noKHpOBKH (J=K=0). 

10.5. BLI'IHTaJOa_.He C'ICT'IHKH 

IloMHMO CYMMHpyiomHx cqeTqHK0B (rrpSIMoro cqeTa), pacCMOTJ)eHHbIX 

BbIIIIe, cymecTB)'IOT cqeTqHKif, KOT0pbie C'IHTaIOT B o6paTHOM HarrpaBJieHHH -

BbJqHTaIOmHe. PacCMOTJ)HM CXeMY aCHHXp0HH0ro BbJqHTaIOmero C'leTqHKa IIO 

M0AYJIIO 8 (pHc.10.6). 

A 

):\BOH'IHblli Bh!XO.zl 

B 
flpe.z1ycTaHOBKa-----+--..... --+--~ 

TanoBh!e 1i J 
HMilYJihChl 

K 

C 

!Q 

PHc.10.6. CxeMa acHHxpoHHoro BbI'IHTaIOmero c11eTqHKa rro M0AYJIIO 8 

Ta6nHn;a 10.2. Cqernrui: rrocneA0BaTeJibH0CTb HMIIYJihC0B 

Ho1111:p ~DH'IHBJI C'le'ntBJI 

TllKTDBDI"D 
DDClle,!IDBBTCIJI,HOCTh 1);el:lll'H'IHl,1e 

HMny.lll,Ca C B 
'IHC!Ia 

A 

0 l l l 7 
l l l 0 6 
2 l 0 l 5 
3 l 0 0 4 
4 0 l l 3 
5 0 l 0 2 
6 0 0 l l 
7 0 0 0 0 
8 l l l 7 
!) l l 0 6 

OTJIH'IHe AaHHOH cxeMbl OT cxeMbl cyMMHpyiomero cqe~HKa C0CT0HT B 

crroco6e rrepeHoca cHrnana OT -rpHrrepa K -rpmrepy. B CYMMHpyiomeM cqeTqH

Ke CHHXpOHH3Hp)'IOmHH BX0A KIDKAOro -rpHrrepa CBSl3aH C rrpSIMbIM BbIX0A0M Q 

npeAhIAymero -rpHrrepa. B Bbl'IHTaIOmeM cqeTqHKe CHHXpOHH3HpYJOmHH BX0A 

I<~oro -rpmrepa CBSI3aH C HHBepCHblM BbIX0A0M Q rrpeAbIAymero TJ)Hrrepa. B 
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cqeT'IHKe, H306pa)KeHHOM Ha pHc.10.6, rrepe,ri: Ha'laJIOM C'leTa B o6paTHOM Ha

rrpaBJieHHH rrpe,ri:ycMOTPeHa rrpe,ri:BapHTeJibHilll ero ycTaHOBKa B COCTOHHHe 

« 111 » (,ri:ecHTH'IHOe 'IHCJIO 7) c IlOMOII(bIO BXO,ri:a rrpe,ri:ycTaHOBKH «S». CqeTHilll 

rrocne,ri:oBaTeJibHOCTb JJ:BOH'IHbIX 'IHCen rrpHBe,ri:eHa B Ta6n.10.2. 

10.6. CaMOOCTaHaBJIUBaIOIIJUCCH cqeTqUJm 

BbI'IHTaIOII(Hll C'leTtIHK, cxeMa KOTOporo IlOKa3aHa Ha pHC. l 0.6, HBJIHeTCH 

cqeTtJHKOM O:HKJIH'leCKOro THila. Kor,ri:a 3TOT C'leT'IHK rrpHXOJJ:llT B COCTOHHlle 

«000», OH cHoBa Ha'lnHaeT c'leT c JJ:BOH'IHoro qncna «111». Ha rrpaKTHKe B He

KOTOpbIX CJIY'lilllX HY)KHbI cqeT'lllKll, KOTOpbie OCTaHaBJIHBaIOTCH, Kor,ri:a ncqep

IlbIBaeTCH BCH cqeTHilll rrocne,ri:oBaTeJibHOCTb. 

,ljB Oll'!Hblll BhlX0,!1 

9 A B 
I 1 

flpe,11ycTaHOBKa 

r-,~ n= ~, bJ-11~1 b I rlC 

Pnc. l 0. 7. CxeMa caMoocTaHaBJIHBa10rn:erocH cqeT'IHKa rro Mo,ri:yn10 8 

PacCMOTpHM, KaKlle H3MeHeHHH HY)KHO BHeCTll B cxeMy BbI'lllTa10rn:ero 

C'leTtIHKa, 'IT06bI C'leT rrpeKparn:arrcH rrpn JJ:OCTll)KeHllll COCTOHHllH 000. J,fa cxe

Mbl Ha pnc.10. 7 BllJJ:HO, 'ITO .D:JIH ,3rnro HY)KHO BBeCTH nornqeCKllll 3JieMeHT 

«tt.Jlll», KOTOpbIH 6y,ri:eT ycrnHaBnnBaTb Ha Bxo,ri:ax J n K TPHrrepa Tl ypoBeHb 

nornqecKoro «0», Kor,ri:a Ha Bbixo,ri:ax (C, B, A) c'leT'lnKa rroHBHTCH cnrnarr 

«000». Ecnn HY)KHO Ha'laTb HOBbIH O:HKJI cqern c JJ:BOll'IHoro qucna «11 l», Ha 

BXOJJ: rrpe,ri:yCTaHOBKH s cne,ri:yeT rro,ri:aTb ypoBeHb nornqecKOro «0». 

I1crronh3YH 0JJ:llH norHqeCKllll 3JieMeHT llJIH HX KOM6HHaQHIO, MO)KH0 0CTa

HaBJIHBaTb C'leT B rrpHMOM H o6paTHOM HarrpaBneHllH Ha n1060M Harrepe,ri: 3a

,ri:aHH0M JJ:BOH'IHOM 'IHCJie. ,[(nH 3Toro BbIX0JJ: noruqecKoro 3JieMeHTa Ha,ri:o rrpn

coe,ri:HHHTb K BX0JJ:aM J H K rrepBoro TPHrrepa B acllHXpOHHOM C'leT'lllKe. Ilpn 

3TOM TPHrrep Tl rrepeBOJJ:llTCH B pe)KllM xpaHeHllH ll C'leT 0CTaHaBJillBaeTCH. 
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10.7. CqeTqmm - ,11;enuTeJiu qacroTbI 

O.ri:HOH ll3 <pyttKI(llll, K0TOPYIO BbIIIOJIHHIOT C'leT'lllKll B l(ll<ppOBbIX CHCTe

Max, HBAAeTCH ,ri:eneHHe qacTOTbI. IlpHMep rrpoCTOH CllCTeMbI C ,ri:eJIHTeneM qac

T0Tbl IIOKa3aH Ha pnc. l 0.8. 3Ta CllCTeMa COCTaBJIHeT 0CH0BY O:HtppOBbIX qacoB. 

Ilepno,ri:HqecKnu cHrnarr 3neKTP0CeTn c qacT0Tou 50 ru:, cqiopMnpoBattHbIH B 

Bll,ri:e rrocne,ri:oBaTeJibHOCTll rrpHMoyroJibHbIX llMIIYJibC0B, rro,ri:aeTCH Ha BX0JJ: CllC

TeMbI, K0TOpilll ,ri:eJIHT qacrnzy Ha 50. Ha BbIXO,ri:e cxeMbI llMeeM rrocne,ri:oBa

TeJibH0CTb rrpHM0yronbHbIX HMIIYJibCOB c qacTOT0H 1 ru: (1 llMIIYJibC B 1 ceKyH

,ri:y), TO eCTb HBJIHeTCH TaiiMepoM ceKyH,u. 

BXOA 

50 r4 
CxeMa AeneHH~ 

Ha 50 

BblXOA 

{ J UM./'V'JibC 6 J C) 

1 r4 

Pnc. l 0.8. CncTeMa c ,ri:ennTeneM qacTOTbI 

Ha pnc.10.9 cxeMarnqecKn nJo6pa)KeH ,ri:eKa,ri:HbIH cqeHnK, a Ha pnc.10.10 

rrpnBe,ri:eHbI BpeMeHHbie ,ri:narpaMMbl JJ:JIH ero CllHXp0Hll3llpymrn:ero Bxo,ri:a C ll 

BbIX0,ri:a QD' COOTBeTCTBy10rn:ero JJ:BOH'IHOMY pa3pH,n:y 2
4

• 

.z:leKa,I!HhIH C'ieT<l!IK 

QA A 

Bxo, 71 QB B 
J7IL C 

Qc C 
TaKTOBhie 
H MilYJih ChI QD D 

PHc.10.9. CxeMa ,ri:eKa,ri:Horo cqeHHKa 

fu~ c~m§mm~~rnmm@m§rnm~@mmm 
861XOA QD _ _ __ __ CJ CJ 

PHc. l 0.10. BpeMeHHbie ,ri:narpaMMbI pa6oTbI ,ri:eKa,ri:Horo cqeT'IHKa 

J13 pnc.10.10 Bll,IJ;HO, qTQ 20 HMIIYJibCOB Ha BX0,ri:e C'leT'lllKa rrpeo6pa1y

IOTCH B JJ:Ba BbIX0JJ:HbIX HMIIYJibCa. BbIIIOJIHHeTCH ,ri:eneHne 20/2=10. CHllMilll 

87 

'II. ', I-

'i' 
: [: 

1!1;1,111 

:,1\I' iii 
1,1,,:,1 

11 

I I' 

I I,, 

111! 

:,{ 
,1 

'i: 
11 



CH:rHarr c BXO,n:a QD, ,n:eK~Horo cqeT1JHKa IIOJI)"IHM cqeT'IHK-,n:eJIHTeJib Ha 10, 

TaK KaK qacTOTa BbIXO)]:Horo CHrHarra COCTaBmleT 1/10 qacTOTbI Ha BXO,n:e cqeT

qHKa. flocne,n:oBaTeJibHO coe,n:Hmrn: paccMOTJ)eHHblll ,n:eKa)]:HbIH cqeTqHK ( cqeT

qHK-,n:eJIHTeJib Ha 10) H cqeT1JHK no Mo,n:ynro 5 ( cqeTqHK-,n:eJIHTeJib Ha 5), nony

qHM cxeMy, ocym:ecTBmlIOllIYJO ,n:eneHH5I BXO)]:HOH qacTOTbI Ha 50. C'TpyK'rypa 

TaKOH cxeMbl IIOKa.3aHa Ha pHc.10.11. 

C'ler'lliK no ,:!J;eKa,QHbIH 
MQ[lymo 5 C'leT'lHK 

Bxo.r:t BbIXO.r:t 

so n.i ~ 1 n.:i 

PHc.10.11. CTJ)yKTypHaH cxel\m ,n:eJIHTeJIH qacTOTbI Ha 50 

flocne,n:oBaTeJibHOCTb npHMOyrOJibHbIX HMIIYJibCOB c qaCTOTOH 50 rn II0-

crynaeT Ha BXO,n: cqeTqHKa-,n:eJIHTeJIH Ha 5, a c ero BbIXo,n:a c qacTOTOH 10 rn 
no,n:aeTCH Ha BXO,n: cqeTqHKa-,n:eJIHTeAA Ha 10. Ha BbIXO,n:e cxeMbI IIOJI)"IHM CHr

Ha.JI C qaCTOTOH 1 fQ. <f>yttKQHH ,n:eJieHHH qacTOTbI HCIIOJib3YeTC5I B TaKHX QHq>

pOBbIX YCTJ)OHCTBax, KaK qaCTOTOMep, OCQHJIJiorpatp H T. II. 

10.8. IlnTerpaJihHhle CXCMhl C'ICT'IUKOB 

Ha pHc.10.12 npHBe,n:eHa cxeMa qeThipexpa.3pH,n:Horo ,n:BoHqHoro cqeT'IH

Ka-,n:enHTeJIH Ha 2, Ha 6 H Ha 12 (aHarror MHKpocxeMhI K155HE4). EcnH no,n:aTb 

TaKTOBbie HMIIYJibChI c 11acTOTOi1 F Ha Bxo.n: C 1, TO Ha Bblxo,n:e A nonyqHM qac

TOTY F/2. TaKTOBbie UMIIYJibCbI c qacrnrni1 F Ha Bxo,n:e C2 3anycKaIOT ,n:eJIHTeJib 

Ha 6, H Ha Bh1xo,n:e D HMeeM qacrnry F/6. IlpH 3TOM Ha Bhixo,n:ax B H C HMeeM 

HMIIYJibCbI c qacrnrni1 F/3. Ha BXOJJ:bI Rl H R2 no,n:aIOTCH KOMaH,n:hI c6poca. 

C D 

Bxo,11 
Cl 

PHc.10.12. CxeMa qeTbipexpa.3pH,n:Horo ,n:BOH'IHoro cqeTqHKa 
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~ IIOCTJ)OeHH5I cqeT'IUKa C Mo,n:yneM ,n:eJieHHH 12 TJ)e6yeTC5I 061,e,n:u

HUTb ,n:enuTeJIH Ha 2 u ua 6, coe,n:HHHB Bhixo.n: A co Bxo,n:oM C2. Ha Bxo.n: Cl no

,n:aeTCH BXO)]:HaH qacTOTa F, Ha BbIXO,n:e D nonyqaeM nocne,n:oBaTeJII,HOCTb HM

nyJibCOB c 11acT0Toi1 F/12. 

10.9. IlpoeKTuposaune c11eT11HKOB 

B KaqecTBe npuMepa pa.3pa6oTaeM cxeMy cyMMHPYJOIIIero CHHXpOHHOro 

(naparrnenbHoro) ,n:eK~Horo c11eT1IuKa no Mo,n:ynro 10 Ha JK-mpu22epax. Cne

,n:yeT OTMeTUTb, qTO CHHXpOHHbie cqeTqHKH 06b1qHO CTJ)05ITC5I Ha 68.3e RS-, JK-, 

D- TJ)HrrepoB, CHHXpOHH3HpyeMbIX q>pOHTOM. 

s 

C 

A B C D 
PHc.10.13. CxeMa cqeTqHKa no Mo,n:ynro 10 HaJK-mpu22epax 

,lvrH pearrH3aQUH C'leT'IHKa HaM IIOTJ)e6yeTC5I qeTbipe TJ)Urrepa. qT06bI IIOJiyqUTb 

C'fPYK'fYPY C MHHUMa.JibHbIM qHCJIOM TJ)HrrepoB, IIpUHHMaeM m=4 (qeTbipexpa.3-

pH,n:Hblll C'leT'IHK). IlpH 3TOM 2m - M = 24 -10 = 6 COCTOHHHH cqeT'IHKa 6y.n:yT 

HeunarnhIMH. CxeMa TaKoro c11eT1IHKa npHBe,n:eHa Ha pHc.10.13. OHa pearrH30-

BaHa Ha 'leTbipex TJ)Hrrepax H TPex nornqecKHx 3JieMeHTax «H». CqeT'IHK HBAA

eTcH naparrneJibHbIM, TaK KaK Bee TJ)Hrrepbl nepeKJIJOqaJOTCH CUHXpOHHO. 

I --- r:-i l __ r:-i 11------.1 
S--+-+-0 

C 

R~ 

Q 

Q 

Q 

Q 

Q2 

Q1 

+1 ======:!::~========~~========~Qo -1 

Puc.10.14. CxeMa peBepcHBHoro ,n:BouqHoro cqeT'IHKa 
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Ha pnc.10.14 noKa3aHa npHHI~HnHa.JibHITTI cxeMa .[(BOHqHoro peBepcHBHO

ro cqeTqnKa, BoIITOJIHeHHoro Ha TPeX D-mpuzzepa:x. lhMeHeHne ynpaBnemrn 

cqeTa opraHH30BaHO Ha O,[(HOpa3pH.IJ:HOM MYJibTHnJieKcope, BblilOJIHeHHOM Ha 

,nByx 3JieMeHTaX «H» H O.[(HOM 3JieMeHTe «HJil1». 

11. PerucTpbI 

11.1. KnaccmlmKaQHH perucTpoe 

PezucmpaM~ Ha3oIBaJOTCJI nocne,noBaTeJioHOCTHoie QmppoBoie YCTPOHCT

Ba, BoIITOJIHJIIOIQHe qiyHKQHH npneMa, xpaHeHmrn nepe,naqIJ HHq>opMaQHH. HH

qiopMaQHJI B pemcTPe xpaHHTCJI B BH.[(e .[(BOHqHoro KO.[(a, TO eCTI, npe.[(CTaBJieHa 

KoM6HHaQneii cnrna.rroB nomqecKoro «0» H nomqecKoii «l». KIDK,noMy pa1p11-

,ny Ko,na, 3anncaHHOMY B pemcTP, coorneTcrnye'i · CBoil: pmpx.n: pemcTPa, BoI

nonHeHHoiii, KaK npaBHJio, Ha ocHoBe TPHrrepoB RS-, D- HJIH JK-Tnna. ,npym

MH CJIOBaMH, perHCTP - 3TO QenoqKa TpnrrepoB .[(JIJI 3anOMHHaHHJI O.[(HOro .[(BO

nqHoro qncna. O6IQee KOJIHqecTBO TPHrrepoB paBH0 HaH60JII,IIIeii pa3p11.[(HOCTH 

xpaHHMoro qncna. 

B QHq>poBoil: 3JieKTPOHHKe pemcTPoI BoIITOJIHJIIOT PM qnepaQHii c nmpop

MaQHeii, npe.[(CTaBJieHHOll B BH.[(e MHOropa3pH.IJ:HOro, .[(BOHqHoi:o KO.[(a. K 3THM one-

paQHJIM OTHOCRTCJI: xpaHeHHe, C.[(BHr B pa3pH.IJ:HOH c~e, nopa3pH.IJ:Hoie nomqe

CKHe onepaQHH H BI,I,[(aqa qncJIOBblX CJIOB B onpe,neneHHOM KO.[(e .. PemCTPbI JIBJIJI

IOTCJI O.[(HHMH H3 caMoIX pacnpocTPaHeHHoIX y3noB B QmppoBoIX ycTPoil:crnax. 

OCHOBHblMH KJiaCCHq>HKaQHOHHblMH npH3HaKaMH, no KOTOpoIM pa3JIHqaJOT 

pemCTPbI, JIBJIJIIOTCJI: cnoco6 3anHCH HHq>OpMaQHH (KO.[(a qncna) B pemCTP, cno

co6 npe.[(CTaBJieHHJI BBO,[(HMOH HH<pOpMaQHH n cnoco6 TaKTHpOBaHHJI. 

. llo cnoco6y 3anucu MO)KHO BoI.[(eJIHTh pemcTPoI TPeX THnoB: napaJIJieJioHoie 

( CTaTHqecKHe ), nocne,noBaTeJII,HI,Ie ( C.[(BHraJOIQHe ), napaJIJieJioHO-nocJie,[(OBaTeJII,

Hbie. B napaJUle!lbHble pezucmpbl 3anHCI, qncJia OCYIQeCTBJIJleTCJI napa.rrJieJII,HbIM 

KO.[(OM, TO ecTh BO Bee pa3pH.IJ:bI O.[(HOBpeMeHHO. JlocJ1eooBameJ1bHble pezucmpbl 

xapaKTepH3yIOTCJI nocJie.[(OBaTeJibHOll 3anHCblO KO.[(a qncJia, HaqHHITTI C MJia.[(IIIero 
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HJIH CTapIIIero pmpx.n:a, nyreM nocJie.[(oBaTeJibHOro C.[(BHra KO.[(a TaKTHpYJOIQHMH 

HMnyJibCaMH. IlapaJUle!lbHO-nOCJleOoBameJlbHble pezucmpbl HMeIOT BXO.[(hl KaK .[(JIJI 

napaJIJieJioHoii, TaK H .[(JIJI nocne,noBaTeJibHOii 3anncn Ko,na qncna. IlonoMy BBo,n 

HJIH BbIBO,[( HHq>OpMaQHH B HHX MO)KeT OCYIQeCTBJIJIThCJI KaK B napaJIJieJioHOM, TaK 

H B nocJie.[(OBaTeJibHOM KO,[(ax. 

Ila cnoco6y npeocmaBJleHlm BBOOUMou u11rpopMaZfuu pmnnqruoT pemcT

poI O.[(HOq>a3HOro H napaq>mHoro Tnna. B 0011orpm11b1x pemcTPaX HH~OpMaQHJI 

BBO,D;HTC.8 no O,D;HOMY KaHa.rry (np11MOMY HJIH HHBepCHOMY), a HH<pOpMaQHJI Ha 

BbIXO.[(e npe,n;CTaBJieHa B np11MOM HJIH B o6paTHOM Ko,n;ax. B napaq>a3HblX pem

CTPax BBO.[( HHq>OpMaQHH ocym;eCTBJIJleTCJI no ,D;BYM KaHa.rraM O.[(HOBpeMeHHO 

(no np11M0My H HHBepCHOMY BXO,n;y), TO eCTI, O.[(HOBpeMeHHO B np11MOM H HH

BepCHOM KO.[(ax. Ha BI,IXO,n;e B napaq>a3HI,IX pemcTPaX HHq>OpMaQHJI TaK)Ke MO

)KeT 601Tb npe,n;CTaBJieHa B npJIMOM HJIH B o6paTHOM KO,nax. Pea.rrH3aQHJI napa

q>a3HbIX pemCTPOB BoIITOJIHJ1eTc11, B ocHOBHOM, Ha TPHrrepax CRS-muna, a o,n;

HOq>a3HoIX - Ha TPHrrepax CD-muna. 

no cnoco6y TaKTHpOBaHHJI H B 3aBHCHMOCTH OT THna HCnOJio3yeMblX 

TPHrrepoB pa3JIHqaJOT perttCTPbl MHOrOTaKTHOro H O,D;HOTaKTHOro ,n;eiiCTBHJI. 

11.2. IIapanneJILHLJe perncTphl 

IIapa.rrneJioHblii pemcTP ncnoJio3YeTCJI ,n;AA KpaTKOBpeMeHHoro xpaHeHH.8 

qnceJI, npe,n;cTaBJieHHbIX B napa.rrJieJioHOM ,D;BOHqHoM Ko,n;e. Ilo3TOMY napaJIJieJII,

HI,Ie pemcTPoI Ha3oIBaJOTCJI eIQe perucTPaMH naMJITH. B napaJIJieJioHoIX pemcT

pax cxeMbl pa3pH.IJ:OB He o6MeHHBaJOTCJI ,n;aHHbIMH. Me)K)];y co6oii. O6IQHMH ,D;JIJI 

pa3p11,D;OB JIBJIJIIOTCJI TOJibKO Qenn ynpaBJieHH.8 (rnKTHpOBaHHJI, c6poca, ycrnHOB

KH, pmpeIIIeHH.8 BbIXO,n;a HJIH npneMa). B napa.rrJieJII,HbIX pemCTPax npneM H BI,I

,n;aqa ,D;aHHblX npOH3BO,D;HTCJI no BCeM pa1p11,n;aM O,D;HOBpeMeHHO, TO ecTu BpeM.8 

BBO,n;a qncJia B perHCTP paBHO BpeMeHH BBO,D;a O,D;HOro pa3pH.IJ:a B TPHrrep. 

,lvIJI noCTPOeHHR N-pa3pH.IJ:HoIX napaJIJieJioHbIX pemcTPOB Heo6xo,n;HMO nc

noJib30BaTh N TPHrrepoB, K~blii H3 KOTOpoIX ,n;oJI)KeH HMeTu qncno Bxo,n;oB, co-
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OTBeTeTByio~ee q0:eny HeToqHHKOB HH<popMarJ;HH, IIO)];KJIJOqeHHbIX K BXO)];y pem

crpa. KIDK.n;bIH H3 rpmrepoB B pemerpe HMeeT eaoii He3aBHeHMbIH 0:mpopMari;H

OHHbIH BXO)]; H eBOH He3aBHeIIMbIH HHq>OpMarJ;HOHHblH BbIXO)];, a TaKTOBI,Ie BXO)];bl 

C eoe,n;0:HeH1,I Me)K)zy eo6oii:. TaKHM o6pa30M, rrapaJIJieJibHblii pemcrp rrpe.n;erna~ 

JllleT eo6oii: MHOrOpa3pH,n;HbIH, MHOrDBXO,Zl;OBblll rp0:rrep. 

OoHorjJa:JHble napaJllleJlbHble pezucmpbl O0HOmaKmH020 oeucmeUR 

Peanmru~mI O)];HOTaKTHblX rrapaJIJieJII,HI,IX O,Zl;HOq>a3HblX pemCTpOB, B oe

HOBHOM, BI,IIIOJIIDieTe.sr Ha CD-mpuzzepax. Ha pHe.11.1 rrpIIBe,n;eHa cpytt~HOHaJII,

Ha.sI exeMa TaKOro pemerpa ,n;llI 3arr0:e0: .n;ao0:qHoro q0:ena A( a1, ••• , a.). KIDK,n;I,1ii 

rp0:rrep B pernerpe e.JIY)KHT )];llI xpaHeHH.sI o,n;Horo pa3pH,n;a q0:ena, 3Ha~T, ,n;llI 

xpatteHH.sr n-pa3pH,n;Horo ,nao0:qHoro qIIena Heo6xo,n;HMO IIMeTb n D-mpu22epoe. 

3arr0:e1, ~ena A( aP ... , a.) oe~eeTBAAeTe.sr npH noerynneHIIH nepe,n;Hero cppoH

Ta eHHXpOHMnyni,ea T, Ha BXO,Zl;bl D KOTOpbIX no,n;aHbl eOOTBeTeTBYJO~He pa3pH,n;bl 

~ena A, 6e3 npe,n;BapIITeJII,HOH ycTaHOBKII Beex pa3pH,n;OB pemerpa B eoeTOHHHe 

«O», TO eeTb O,Zl;HOTaKTHO. 

3an11cb ~11c11a A 

Ti!Pl ~ .~ 
01 02 On 

PIIe.11.1. CTPYKTYPHa.sr exeMa napanneni,Horo o,n;HOq>a3Horo 

pemerpa Ha D-mpu22epax 

OoHorjJa:JHble napaJllleJlbHble pezucmpbl oeyxmaKmH020 oeucmBUR 

HaII6onee 3KOHOMIIqHI,IMH no q0:eny KOMnoHeHTOB .sIBJI.sIIOTe.sr O,Zl;HOq>a3-

Hbie pernerpbl ,n;ByxTaKTHoro .n;eiieTBH.sI, B KaqeeTBe pa3p.sI,Zl;OB KOTOpbIX HenOJII,-

3)'IOTe.sI rp0:rrepb1 CSR-muna IIJIH .n;ayxTaKTHbie D-mpu22epb1. KaK ene.n;yeT H3 

Ta6nHQbI eoeTO.sIHHH RS-mpu22epa (p0:e.9.1 l), .n;n.sr 3anIIeH «1» Heo6xo,n;HMO no

,n;aTh «1» Ha Bxo.n; S H «O» Ha Bxo.n; R, a .n;n.sr 3anIIeII «O» - Hao6opoT, «1» Ha 
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BXO.n; R H «O» Ha Bxo.n; S, TO eeTb HHcpopMaQH.sI .n;omrrna rroerynaTb Ha o6a Bxo.n;a 

RS-mpu22epa. IlonyqeHHbIH pernerp 6y.n;e-r naparjJa3HblM, np0:qeM Bxo.n; S rrp.sr

MOH, a BXO)]; R - IIHBepeHbiii:. ,n:n.sr eHHXpOHHOii: 3an0:eH BO Bee rp0:rrep1,1 O,Zl;HO

BpeMeHHO HX TaKTOBbie BXO)];l,I Heo6xo,n;HMO ofo,e.n;IIHIITI, a o,n;Hy IIIHHy. 

PaeeMOTpHM enoeo6 noerpoeHH.sI O,Zl;HOq>a3HbIX pemerpoB ,n;ByXTaKTHOfO 

,n:eueTBH.sr Ha RS-mpu22epax. Ha pHe.11.2 npHBe,n;eHa exeMa napannenhHoro pe

merpa .ABYXTaKTHOro .n;eiieTBH.sI e O,AHOq>a3HbIM pe)KHMOM 3an0:eH ,ABOHqHoro 

q0:ena A. Bxo,n;I,I pernerpa X 1,X2 , ••• ,Xn (pHe.11.2) eooTBeTeTByIOT axo,n;aM 

pa3p.sr.n;oB .n;BoHqHoro qIIeJia A( a1, a2 , •.• , an). Ilepa1,1ii TaKTHpYJO~Hii e0:rnan T1 

oey~eeTBJI.sieT yeTaHOBKY Beex pa3pH,n;HbIX TPHrrepoB B HyJieBoe eoeTO.sIHHe 

( Q1 = Q2 = ... = Q. = 0 ). Ilo nepe,n;HeMy cppoHTy BToporo TaKrupyio~ero e0:r-

HaJia T2 06eeneq0:BaeTe.sr 3an0:e1, q0:ena AB ,n;aHHblii: pernerp. 

3anHcb ~•cna A 

T2 

YcraHOBKa e 1 0" 

X1 

T1 -1--.__ ____ -4_.. ____ _ 

Xn On 

P0:e. l L2. CTpyKTypHa.sr exeMa napanneJibHOro ,n;ByxTaKTHoro 

o,n;HOq>a3Horo pernerpa Ha eHHXpOHHbIX CSR-mpu22epax 

llapar/Ja3Hble napaJllleJlbHble pe2ucmpb1 

Ilapacpa3H1,1e napannen1,H1,1e pernerpbl (IIIIP) He orn0:qa10Te.sr TaKIIM nrn

pOKHM MHOroo6pa3HeM, KaK o,n;Hoq>a3Hhie. Bee IIIIP no eBoeMy npHHQHny .n;eii

eTBH.sr .sran.srIOTe.sr o.n;HoTaKTHbIMII H BbIIIOJIH.sIIOTe.sr Ha rpHrrepax CRS- HJIH CJK

muna. 

Ha p0:e.1 l.3, a npIIBe,n;eHa exeMa IIIIP .n;illl 3arr0:eII ,n;BOHqfforo q0:ena 

A(a1 ,a2 , ••• ,an), BbIIIOJIHeHHa.sr Ha JK-mpu22epax, a Ha pHe.11.3, 6 aHanornqHa.sr 

exeMa IIIIP, BhIIIOJIHeHHa.sr Ha RSC-mpu22epax. B 3THX exeMax qIIeno A noery-
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naer Ha pemc-rphl no .r(B)'M KaHaJiaM (npHMOMY H HHBepcHOMY) H 3aHOCHTCH B 

HHX no TaKTHPYJOII.\eMy HMnynncy T. 

T 
a) 

Q, 

QI 

QI 

T I 

6) 

QI 

QI 

PHc. 11.3. CxeMa napaJIJieJinHoro pemc-rpa Ha -rpHrrepax JK- H RS-muna 

11.3. C~euraromue perucTphI u ux KJiaccmJ,uKan:nH 

C.r(BHrruoru:He (Shift Register) HJIH nocne.r(oBaTeJihHhie pemc-rphI nonyqHJIH 

CBOe Ha3BaHHe OT BH.r(a O.r(HOH H3 Ha.H6onee pacnpoc-rpaHeHHhIX onepan;Hii, BhI

noJIHHeMhIX B 3BM - onepan;HH C.r(BHra KO.r(a 'IHCna. OnepalJWl coeuza - 3TO ne

peMell\eHHe (C.r(BHr) no.I:( .r(eil:cTBHeM BHeIIIHHX TaKTHPYJOIIUIX HMnyJihCOB CO.r(ep

)KHMOro pemc-rpa Ha onpe.r(eJieHHOe 'IHCJIO pa3pH.r(OB Bnpaso HJIH BJieBO. qall1e 

Bcero TaKoe nepeMell\eHHe oc~ecTBJIHeTCH Ha O.r(HH pa3pM, H 3TY onepan;mo 

MO)KHO 3aIIHCaTh B BH.r(e Qt1 = Q~_J, f.r(e Qt1
- CO.r(ep)KHMOe i-ro (nocJie.r(YJO

Jl\ero) pa3pH.r(a pemc-rpa nocne U:HKJia C.r(BHra;Q~1 - co.r(ep)l(HMOe (i-1)-ro (npe

.r(hl.r(~ero) pa3pH.r(a .r(O C.r(BHra; i=l,2,3, .. ,n - 'IHCJIO pa3pH.r(oB pemc-rpa C.r(BHra. 

BpeMH BBO.r(a 'IHCJia B pemc-rp nocJie.r(oBaTeJihHOro THna paBHO mxT, r.r(e m -

'IHCJIO pa3pH.r(OB BBO.r(HMOfO 'IHCJia, a T - nepHO.r( CJie.r(OBaHHH TaKTHPYJOin:HX CHr

HaJIOB, oc~eCTBJUIJOIIUIX BBO.r( (BbIBO.r() HHtpOpMaD;HH. 

Hrur6onee o6ru:HMH KJiaCCH<pHKaD;HOHHhIMH npH3HaKaMH C.r(BHfaIOII.\HX pe

mc-rpoB (CP) MO)l(HO C'!HTaTh CJie.r(YJOru:He: cnoco6 ynpaBJieHHH C.r(BHfOM KO.r(a 

'IHCJia; BH.r( 3JieKT{)H'leCKOH CBH3H Me)l(.r(y pa3pH.r(aMH; HanpaBJieHHe C.r(BHra H 

cnoco6 IIpHeMa H Bhl.r(a'IH KO.r(a 'IHCJia. 
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Cnoco6 ynpaeJ1e11Wl ccJeuzoM Koaa 'IUCJla npe.r(nonaraer .r(eneHHe perncT

poB IIO 'IHCJIY TaKTHpyioru:nx CHfHaJIOB, Heo6XO.r(HMbIX .r(JIH BhIIIOJIHeHH1! onepa

U:HH C.r(BHra HH<pOpMaU:HH Ha 0.r(llH pa3pH.r(. Ilo 3TOMy IIpH3Haey Bee CP IIO.r(pa3-

.r(eJI11IOTCH Ha perHCTf)hI 001wma1<m11ozo H M11ozoma1<m11ozo .r(eiiCTBHH. Oco6eH

HOCThIO O.r(H0TaKTHhIX CP 1!BJIHeTCH TO, 'ITO B HHX C.r(BHr KO.r(a 'IHCJia Ha O.r(HH 

pa3pH.r( oc~eCTBJIHeTC11 3a 0.r(HH TaKT. B MHOfOTaKTHhlX CP C.r(BHr KO.r(a 'IHCJia 

Ha O.r(HH pa3pH.r( oc~eCTBJI.SieTC11 KaK MHHHMYM 3a .r(Ba TaKT0BhlX HMIIYJibCa. 

Ilo euoy 3Jle1<mpu11ec1<ou ceJl3u Me.J1CcJy pcnpRoaMu CP no.r(paJ.r(eJIHIOTCH 

Ha pemc-rphl c ocJ11onpoeocJ11ou (o.r(HO<paJHoii), 0Byxnpoeoo11ou (napa<paJHoii) H 

CMeuta1111ou THIIaMH CBH3eii. IlepBbie BhIIIOJIHHIOTCH Ha Tf)Hrrepax D-muna, BT0-

pbie Ha -rpHrrepax RS- HJIH JK-muna, a -rpeThH BhIII0JIHHIOTCH Ha -rpmrepax RS

H D- HJIH JK- HD- munoe. 

Ilo 11anpa8lle11wo COBUW pemc-rpbl IIO.r(pa3.r(eJIHIOTCH Ha Tf)H BH.r(a: pern

CTf)hI, oc~eCTBJIHIOin:He C.r(BHr K0.r(a 'IHCJia BIIpaBo (B CTOpOHY MJia.r(IIIHX pa3-

PM0B ); pernc-rphl, C.r(BHraIOru:He KO.I:( 'IHCJia BJieBo (B CTOpoHy CTapIIIHX pa3pH

.r(OB); pernc-rphl, C.r(BHraroru:He KO.I:( 'IHCJia KaK BIIpaBo, TaK H BJieBO - peBepCHB

Hhie perHCTf)hl C.r(BHra. IlocJie.r(oBaTeJihHhlH C.r(BHraIOru:Hii «BJieBo» pemc-rp, IIO

c-rpoeHHhlll Ha D-mpuzzepax, IIOKaJaH Ha pHc.11.4. 
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C---.>-----------+-------
PHc.11.4. C.r(BHraIOin:Hii «BJieBo» pernc-rp Ha -rpHrrepax D-muna 

11:HOr.r(a perHCTP .r(0JI)KeH HMeTh B03MO)KH0CTh C.r(BHra HHtpOpMaU:HH B 

.r(Byx HanpaBJieHHHX, naparrneJibHOH 3aIIHChIO H C'IHThIBaHHeM 'IHCJia. B 3T0M 

cnyqae HCIIOJih3YJOTCH peeepcUBHble pezucmpbl TaKHe, · KaK II0Ka3aHO Ha 

pHc.l 1.5. 3TOT pemc-rp opraHH30BaH Ha 6aJe D- -rpHrrepoB. 
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PHc.11.5. PeBepcHBHbIH pemc'Tp Ha TJ)Hrrepax D-muna 

~JUI IlOCTJ)OeHH.H nocJZeooeameJZbH020 peeepcueH020 pe2Ucmpa, B KOTo

poM KO)]; qffcJia MO)KeT C,ll;BHraTbC.H KaK BJieBo, TaK H BnpaBo, Heo6xo,n:HMO Me)K

.n;y TJ)HrrepaMH perHC'Tpa B~JnoqHTb YCTIJOHCTBa ynpaBJieHH.H HanpaBJieHHeM 

C,ll;BHra. 3TH yCTJ)OHCTBa, B 3aBHCHMOCTH OT 3HaqeHH.H ynpaBJIHIO!qHX CHrHaJIOB 

«C,ll;BHr BnpaBO» H «C,ll;BHr BJieBo», ,ll;OJI)KHbl nepeKJIIOqaTb BXO,ll;bl K~oro TJ)Hr

repa pemc'Tpa JIH6o K BbIXO,n:aM npe,n:bl,n:yiqero, JIH60 K BbIXO)];aM IlOCJie,ll;YIQiqe

ro TJ)Hrrepa (pHc.11.5). IlocKOJibKY 3JieMeHT «2ll-ll.Jlli-HE», BbIIlOJIHHIOiqHii 

pOJib KOMMyraTopa, HHBepTHpyeT 3HaqeHHH CHrHaJIOB, TO )];JIH no,n:aqH Ha BXO,ll;bl 

COOTBeTCTBYIQlqHX pa3pH,ll;OB C,ll;BHraeMOro KO,n:a B npHMOM BH,n:e Heo6xo.n;HMO 

HCilOJib30BaTb HHBepCHbie BbIXO,ll;bl 3THX TJ)HrrepoB. llmpopMa[(HIO Ha CaMbIH 

nepBbIH 3JieMeHT «2ll-ll.Jlli-HE» C BXO,ll;a IlOCJie,n:oBaTeJibHOrO BBO,n:a Heo6xo

,ll;HMO no,n:aBaTb qepe3 HHBeprnp. B npaKTHqecKHX cxeMax )];JIH ynpoiqeHHH npo

Qecca ynpaBJieHHH pe)KHMaMH HanpaBJieHHH C,ll;BHra BMeCTO ,ll;Byx CHrHaJIOB 

«C,ll;BHr BnpaBO» H «C,ll;BHr BJieBo». HCilOJib3yeTC.H TOJibKO O,ll;HH H3 3THX CHrHa

JIOB. Brnpoii CHrHaJI qwpMHpyeTCH qepe3 HHBeprnp. 

llo cnoco6y npueMa u 6b10a11u Koda 11ucJZa pemCTJ)bI no,n:pa3,n:eJIHIOTCH Ha 

TJ)H BH.n;a: C nocne,n:oBaTeJibHbIM npHeMOM H IlOCJie,ll;OBaTeJibHOH Bbl,n:aqeii HH

cpopMa[(HH; C napanJieJibHbIM BBO,ll;OM KO,n:a qHcJia H napanJieJibHbIM BbIBO,ll;OM; C 

nocne,n:oBaTeJibHO-napaJIJieJibHbIM BBO,ll;OM H IlOCJie)];OBaTeJibHO-napanJieJibHbIM 

BbIBO,ll;OM KO,n:a qffCJia. Ilocne,n:oBaTeJibHO-napaJIJieJibHbie pemC'TpbI HBJIHIOTCH 
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HaH60Jiee YffHBepCaJibHbIMH, TaK KaK OHH Moryr npHMeHHTbCH B KaqecTBe nep

BOrO H BToporo THna CP. 

Ha pHc.11.6 IIOKa3aH C,ll;BHraIOiqHH BnpaBO nocJie,n:oBaTeJibHbIH perHC'Tp c 

napaJIJieJibHoii 3anHCbIO Ko,n:a, nOCTJ)OeHHbIH Ha D-mpu22epax. KaK H B nocne

,n:oBaTeJibHOM perHCTJ)e, BBO,ll; HHq>OpMa[(HH B nocne,n:oBaTeJibHOM Ko,n:e ocyiqe

CTBJIHeTCH no Bxo.n;y A. ~JIH TaKTHpOBaHHH C,ll;BHra CHHXpOBXO,ll;bI Bcex TJ)Hrre

poB o6'be,ll;HHeHbI. IlpH 3TOM ,ll;JIH B03MO)KHOCTH BBe,n:eHHH KO,ll;a qHcJia B napan

JieJibHOM BH,n:e HcnoJib3YIQTCH 3JieMeHTbI «ll-HE» (D1-1 + Dn-2) B CBOHX pa3pH

.n;ax. 3JieMeHT D 1-1 ocyiqeCTBJIHeT cpyHK[(HIO C'Tp06HpOBaHHH H HHBepmpoBa

HHH pa3pH,n:a B; npH e,n:HHHqHo_M ypoBHe ynpaBJIHIOiqero CHrHaJia «napanJieJib

HaH 3anHCb». B pe3yJibTaTe Ha BXO,ll; s ycTaHOBKH B «1» TJ)Hrrepa T; npoXO,ll;HT 

HHBepcHoe 3HaqeHHe pa3pH,n:a B; napanJieJibHOro KO,ll;a qHcJia TOJibKO B TOM cny

qae, eCJIH CHrHaJI pa3perneHHH Ha JIHHHH «napanJieJibHaH 3ailHCb» HMeeT 3Haqe

HHe «1». 3JieMeHT D1-2 BbIIlOJIH.HeT cpyHK[(HIO HHBepTHpOBaHHH CHrHaJia H ne

pe,n:aqH ero Ha Bxo.n: R c6poca TJ)Hrrepa T; TaK)Ke no aKTHBHOMY ypoBHIO cHrna

na pa3perneHHH «napanneJibHoii 3anHcH». B pe3yJibTaTe napaq>a3HbIH Ko,n: Bcex 

pa3pH,ll;OB napanJieJibHOro Ko,n:a npoxo,n:HT Ha COOTBeTCTBYIOiqHH TJ)Hrrep TOJibKO 

npH aKTHBHOM ypOBHe CHrHaJia pa3perneHHH «napanJieJibHOH 3ailHCH». Ilo

CKOJibKY 3JieMeHTbl «ll-HE» HMeIOT HHBepCHbie BblXO,ll;bl, TO TJ)Hrrepbl T; ,ll;OJI)K

HbI HMeTb HHBepCHbie BXO,ll;bl RH s. 
81 Q1 Q2 B Qn 

T T 
A 

C 

aapan. 
3am{Cl, 

PHc.11.6. C,n:BHraioiqHii BnpaBo pemc'Tp c napanJieJibHoii 3anHCbIO 
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ECJIH BblXO,l( IlOCJie,l(Hero T}JHrrepa COe,l(HHHTb C BXO,l(OM nepBoro, TO no

JI)"IHTCR KOJlblfeBOU pezucmp C06Uza. 3anncaHHM B ero pa3pMbl HHCpopMaIIHR 

no,l( B03.l(eifcTBHeM C.l(BHrruo111nx HMnyJihCOB 6y.l(eT 11npKynnpoBaTb no 3aMKHY

TOMY KOJibIIY- KoJibIIeBOH perncT}J HHa'LJ:e Ha3bIBaeTCR KOJibIIeBbIM C'leT'IHKOM. 

Ero K03<pqm11HeHT nepec'LJ:eTa paBeH 'IHCJIY pa3pR.l(OB n IlOCJie,l(OBaTeJihHOro KO

,l(a. E.l(HHHIIa, 3anHCaHHM B 0,l(HH H3 pa3pR.l(OB, nepHO,l(H'leCKH 6y.l(eT IIORBJIRTb

CR B HeM nocJie Toro, KaK 6y.l(YT 110,l(aHbl n C,l(BHraIOIIIHX HMIIYJihCOB. 

11.4. <l>ym.:~noHaJILHLie Tpe6oeaum1 npu npoeKTnpoBaHnn 

C,l(BHr0BhIX perncTp0B 

B OCHOBY npHBe,l(eHHbIX KJiaCCH<pHKaQHOHHbIX IIpH3HaKOB CP ipaKTH'le

CKH noJio)KeHhI <pyHKIIHOHaJihHhie T}Je6oBaHHR, npe.l('hRBJIReMbie K HHM. 3m 03-

Ha1IaeT, 'ITO IIpH HX npoeKTHpOBaHHH BCer,l(a 3a,l(aIOT: HanpaBJieHHe C,l(BHra; 

cnoco6h1 npHeMa H BhI,l(a'IH KO,l(a 'IHcJia, npe.l(CTaBJIRIOIIIHe co6oif qJYHKIIHO

HaJihHhie T}Je6oBaHHR ,l(JIR JII06oro CP. KpoMe rnro, K <pYHKIIHOHaJibHblM T}Je6o

BaHHRM CJie.l(yeT OTHeCTH <pYHKIIHOHaJibHYIO Ha,l(e)KHOCTb C,l(BHroBoro perncT}Ja, 

KOTOpM xapaKTepH3yeTCR OTCYTCTBHeM onaCHblX Me)KKaCKa,l(HbIX COCTR3aHHH 

(roHOK) npH BbIIIOJIHeHHH C,l(BHra pa3pR.l(OB perHCT}Ja Ha qJYffKIIHOHaJibHO Ha~ 

,l(e)KHbIX T}JHrrepax. K OCHOBHblM 'PYHKIIHOHaJibHbIM napaMeT}JaM perHCT}JOB 

C,l(BHra MO)KHO OTHeCTH TaK)Ke HX pa3pMHOCTb n 6hICT}JO,l(eHCTBHe. 

12. 3anOMHH3IOIQHe ycTpOHCTBa 

12.1. OnpeAeJieuue JanoMnuawmux ycTpoiicTB 

IlaM.Rmb10 3BM Ha3bIBaeTcx coBOKYfiHOCTh ycT}JOHCTB, CJIY)KaIIIHX .l(JIR 3a

IIOMHHaHHR, XpaHeHHR H Bhl,l(a'IH HHqJOpMaQHH. 0r.l(eJibHhie ycT}JOHCTBa, BXOM

IIIHe B 3TY COBOKYfiHOCTb, Ha3bIBaIOTCR 3an0MUHa10UfUMU ycmpoucmBaMU (3Y) TO

ro HJIH HHOro THIIa. TepMHH «3aIIOMHHaIOIIIee ycT}JOHCTBO» HCIIOJib3YeTCR B rex 

CJI)"IMX, KOr,l(a pe'lb H,l(eT O IIpHHIIHIIe IIOCT}JOeHHR YCT}JOHCTBa IlaMRTH (HanpH

Mep, IIOJIYIIpOBO,l(HHKOBOe 3Y, 3Y Ha )KeCTKOM MarHHTHOM ,l(HCKe), a TepMHH «na

Mflb)) HCIIOJib3YJOT, KOr,l(a XOTRT 110,l('IepKffYTb BbIIIOJIHReMyw ,l(aHHbIM YCT}JOHCT-
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aoM 'PYHKIIHIO HJIH MeCTo pacnoJio)KeHHR B cocTaBe o6opy.l(oBaHH11 3BM (Hanpn

Mep, onepaTHBHM IIaMRTu, BHeIIIHRR IlaMRTb ). B CJI)"IMX, KOr,l(a 3TH OTJIH'IHR He 

npHHIIHIIHaJibHbl, repMHHbl «IIaMRTb» H «3aIIOMHHaIOIIIee ycT}JOMCTBO» HCIIOJib-

3YJOTCR KaK CHHOHHMbl. 

3a110MHHaIOIIIHe ycT}Joiicrna Hrpa10T Ba)KHYJO ponh B CT}JYKTYPe 3BM. I1o 

HeKOTOpbIM 011eHKaM, 11pOH3B0,l(HTeJibHOCTb KOMllhIOTepa Ha pa3HblX KJiaccax 3a

,[(a'l Ha 40 - 50% 011pe.l(eJIReTCR xapaKTepHCTHKaMH 3Y, BXO.l(RIIIHX B ero COCTaB. 

12.2. OcuoBHble napaMeTpbl 33D0MHH3IOI.QHX ycTpoiiCTB 

K OCHOBHbIM 11apaMeT}JaM, xapaKTepH3YJOIIIHM 3a110MHHaIOI11He YCT}JOH

CTBa, OTHOCRTCR: eMKOCTb llaMRTH, opraHH3aIIHR 11aMRTH, 6bICT}JO,UeiicTBHe. 

EM«ocmb naMRmu - 3TO MaKCHMaJibHOe KOJIH'leCTBO ,l(aHHbIX, KOTopoe 

MO)KeT xpaHHTbCR B Heii. EMKOCTb H3MepxeTCR KOJIH'leCTBOM a.l(pecyeMbIX 3Jie

MeHTOB (R1IeeK) 3Y H .l(JIHHoii x'leiiKH B 6urnx. B Hacrnx111ee apeMR B 3BM 

11paKTH1IeCKH Bee 3a110MHHa10111ne YCT}JOHCTBa B Ka'LJ:eCTBe MHHHMaJibHO a,l(pe

cyeMOro 3JieMeHTa HCIIOJib3YIOT I 6aiiT (I 6aiiT =2
3 

= 8 ,l(BOH'LJ:HblX pa3pMOB 

(6HT)). I1o3TOMY eMKOCTb llaMRTH o6bI'IHO 011pe,l(emieTCR B 6aiiTa:X, KHJI06aiiTax 

(I K6aiiT =z1° = 1024 6aiirn), Mera6aiiTax (I M6aiiT = 2 20 = 2
10 

K6aiiT), rnra-

6aiiTax (I r6aiiT = 2
30 

= z1°M6aiiT) HT. ,l(. 

Op2aHU3alJWl naMRmu - 3TO 11pOH3Be,l(eHHe 'IHCJia xpaHHMblX CJIOB Ha HX 

pa3pR.l(HOCTb. Xorn 3TO 11pOH3Be,l(eHHe ,l(aeT pa3Mep HH<pOpMaIIHOHHOH eMKOCTH, 

OHO RBJIReTCR caMOCTORTeJibHbIM 11apaMeT}JOM. 3a O,l(HO 06pa111eH1Ie K 3Y npo

H3B0,l(HTCR C'IHTbIBaHHe HJIH 3allHCb HeKOTOpoii e.l(HHHIIhl ,l(aHHblX, Ha3hIBaeMOH 

CJl060M (pa3JIH'IHOH ,l(JIHHbl ,l(JIR YCT}JOHCTB pa3HOro THlla). 3TO 011pe.l(eJixeT 

pa3HYJO opzaHU3alJU10 naM.Rmu. Ha11pnMep, 11aMRTh o6oeMOM I Mera6aiiT MO)KeT 

6bITh opraHH30BaHa KaK IM cJioB 110 I 6aiiry, HJIH 512K cnoB 110 2 6aiITa Ka)K

,L\oe, HJIH 256K CJIOB 110 4 6aiirn H T • .l(. B TO )Ke epeMx B Ka)K.l(OH 3BM nc110Jib-

3yeTcx CBOe IIOHRTHe MaUlUHH020 CJl0Ba, KOTopoe llpHMeHReTCR npH 011pe.l(eJie

HHH apXHTeKTypbI KOMllbIOTepa, B 'LJ:aCTHOCTH 11pH ero 11porpaMMHpOBaHHH, H He 
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3aBHeHT OT pa3MepHoeTH enoBa naMHTH, HenOJih3yeMOH AAA noeTPOeHirn AaH

HOH 3BM. HanpHMep, KOMnhIOTepbI e apxHTeKrypoii IBM PC HMeIOT ManmH

HOe eJIOBO AJIHHOH 2 6aiiTa. 

Sbicmpooeiicmeue naMRmu onpeAenHeTeH npOAOJI)KHTeJihHOeThIO onepa

IJ;HH o6pruu;eHHH - BpeMeHeM, 3aTPaqnBaeMhIM Ha noHeK HJ)KHOH HH<popMaIJ;HH 

B naMHTH H Ha ee eqHThIBaHHe, HJIH BpeMeHeM Ha noHeK MeeTa B naMHTH, npeA

Ha3HaqaeMoro AJIH xpaHeHHH AaHHOH HH<pOpMaIJ;HH, H Ha ee 3anHeb: 

to6p = max(to6p cq, to6p Jn), 

rAe 1o6p cq - 6bICTPOAeiieTBHe 3Y npH eqHTbIBaHHH HH<popMaIJ;HH; to6p 30 - 6bieT

poAeHCTBHe 3Y npH 3anneH. 

12.3. KJiaccmfmKan:nH u cTpyKrypa ycTpoiicTB naMHTH 

3anOMHHaIOm:He YCTPOHCTBa BhIIlOnHHIOT q>yHKIJ;HH 3ailOMHHaHHH HJIH xpa

HeHHH MaceHBOB HHq>OpMaQHH. K~oe HHq>OpMaQHOHHOe CJIOBO xpaHHTCH B OT

AenhHOM :meMeHTe naMHTH, Ha3bIBaeMOH J/.'leUKOU nCJ.MJlmU. OeHOBHaH qJyHKU:HH 

nI06oii naMHTH eoeTOHT HMeHHO B BbJAaqe HHq>OpMaQHH H3 3THX j{qeeK no BHeIII

HeMY 3anpocy. CneAoBaTenhHO, 3TH yeTPoiicrna MO)KHO KnaeeHq>Hu;npoBaTh TaKHM 

o6pa3oM (pnc.12.1): no cnoco6y 3anHCH H xpatteHHH HHq>OpMaQHH, no runy opra

HH3aQHH o6pruu;eHHH K jiqeHKaM naMHTH. 

Ilonmy 
o6paw:emm 

3anOMllllaIOIUHe 

yctpoikma 

no oprm-1maI.tHH 
,nOCl)'I13 

Pnc.12.1. KnaecHq>HKaQHH 3anoMHHaIOII.\HX ycTPoiieTB 

Jlo cnoco6y 3anucu u xpa11e11Ufl HHq>OpMaQHH Bee 3Y noApa3AeAAIOTeH Ha: 
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A. IlocmoJ1.1111oe 3anoMu11a10UJee ycmpoiicmeo I13Y, HJIH ROM (Read Only 

Memory), B KOTOpoe HHq>OpMaQHH 3aHOeHTeH TOJlhKO OAHH pa3 H OHa He npona

AaeT npH BhIKnJOqeHHH nHTaHHH, TO eeTb 3HeproHe3aBHeHMaH·naMHTh. 

B. Ilpo2paMMupyeMGJ1. nocmoRHHGJ/. naMRmb III13Y, HJIH PROM (Pro

grammable ROM), B KoTopyw HHq>opMaQHH MO)KeT 3aHOCHTheH nonh30BaTeneM 

orpaHnqeHHOe qncno pa3 C noMOII.\hlO eneu:HanbHbIX MeTOAOB. liHqiopMaQHH B 

naMHTH TaK)Ke He nponaAaeT npH BbIKnJOqeHHH nHTaHHH (3HeproHe3aBHeHMa). 

C. Onepamue11oe 3anoMu11a10UJee ycmpoiicmeo O3Y, mm RAM (Random 

Access Memory), B KOTopoe 3anHCb MO)KeT npOH3BOAHTheH eKOJibKO yroAHO pa3 

Ha npOTH)KeHHH Beero cpoKa CJIJ)K6hI MHKpOCXeMhl. liHqiopMaQHH B naMHTH 

nponaAaeT npH BbIKnIOqeHHH nHTaHHH, TO eeTh OHa 3Hepr03aBHeHMa. 

IlaMHTh THna I13Y H IIII3Y nenonh3yeTeH B npou:eece pa60Th1 npou:eeco

pa AJI.ll xpaHeHH.ll napaMeTPOB, Heo6XOAHMbIX AJIH 3anyeKa KOMnhIOTepa B pa6o

TY, a TaK)Ke AJIH xpaHeHHH noeTO.llHHbIX nporpaMMHbIX KOHeTaHT. B HeKOTOpbIX 

3BM, npeAHa3HaqeHHbIX, HanpHMep, AJIH pa60Tbl B CHCTeMax ynpaBneHHH no 

OAHHM H TeM )Ke HeH3MeHHeMblM anropHTMaM, Bee nporpaMMHOe o6ecneqeHHe 

MO)KeT xpaHHTheH B I13Y. IlaMHTh runa O3Y nenonh3yeTeH npou:eeeopoM AAA 

xpaHeHH.ll BhIIlOJIH.lleMbIX nporpaMM, HeXOAHhIX AaHHhIX, npoMe)KyToqHbIX H 

OKOHqaTeJibHblX pe3yJihTaTOB. 

Ilo muny op2a11U3alfUU oocmyna Bee 3Y Aen.s1Te.s1: 

a) Ha 3Y C npoU360JlbHblM oocmynoM - BpeM.ll AOeTyna He 3aBHeHT OT MeeTa 

paenOJIO)KeHH.ll yqaeTKa naM.llTH (HanpHMep, O3Y); 

6) Ha 3Y e npRMbl.M (~KnHqecKHM) iJocmynoM - 6naroAap.s1 HenpepbIBHOMY 

Bpruu;eHHIO HOeHTenH HHq>OpMaQHH (HanpHMep, MarHHTHhIH AHeK) B03MO)KHOCTh 

o6pruu;eHH.ll K HeKOTOPOMY yqacrey HOeHTenH QHKnHqeCKH noBTOpHeTC.ll (BpeM.ll 

AOcryna 3aBHeHT OT B3aHMHOro pacnoJIO)KeHHH 3TOro yqaCTKa H roJIOBOK qre

mrn/3anneH HBO MHOroM onpeAeJIHeTC.ll CKOpOCThIO Bpruu;eHH.ll HOeHTeJIH); 
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B) Ha 3Y C IIOCJie,L(OBaTeJH,HhIM ,LIOCT)'IIOM, r.r1e rrpOH3BO,LIHTCH IIOCJie,L(OBa

TeJibHhIH rrpoCMOTP yqacTKOB HOCHTeJIH HH<pOpMaQHH, IIOKa H)')KHhIH yqa

CTOK He 3aHMeT TPe6yeMoe IIOJIO)KeHHe, HarrpHMep, HarrpOTHB roJIOBOK qTe

HmiharrHCH c MarHHTHOH JieHThI. 

CyIIIeCTByeT MHO,KeCTBO rrpoMe,KYTOqHhIX THIIOB rraMHTH, a TaK,Ke IIO,LITH

IIOB, HO YKa3aHHhie THIIhI - caMhie rnaBHhie, rrpHHQHIIHaJihHO OTJIHqaIOIIIHeCH 

.r1pyr OT .r1pyra. 

B o6IIIeM cnyqae 3JieMeHTbI 3Y HMeIOT CJie.L(ymIIIHe BXO,Llbl H BhIXO,LlhI: 

1. AopeCHble BXOObl, KOTOpbie o6pa3YIOT UlUHY aopeca. Ko.z:1 Ha a.z:1peCHhIX 

JIHHHHX rrpe,LICTaBJIHeT HOMep xqeiiKH rraMHTH, K KOTOpoH rrpoHCXO,LIHT o6paIIIe

HHe B ,LlaHHhIH MOMeHT BpeMeHH. KonHqeCTBO a.z:1peCHhIX pa3pH,LIOB orrpe.r1enxeT 

KOJIHqecrno JiqeeK IIaMHTH (.LIJIJI ll a,LlpeCHhIX pa3pH,LIOB KOJIHqecrno 11qeeK rraMJI

TH paBHO 2" ). 

2. BbzxoObz ommbzx, KOTopbie o6pa3YIOT utuHy oaHHbZX IIaMHTH. Ko.z:1 Ha 

JIHHHJIX ,L(aHHhIX rrpe,LICTaBJIJ!eT co.r1ep,KHMOe TOH xqeHKH IlaMJITH, K KOTOpoii 

rrpoH3BO,LIHTCJI o6paineHHe B ,LlaHHhIH MOMeHT BpeMeHH. KonHqecrno pa3pH,LIOB 

J:laHHhIX orrpe.r1en11eT KOJIHqecrno pa3pJI.LIOB 11qeeK rraMJITH. 

3. B cnyqae orrepaTHBHOH rraMHTH IIOMHMO BXO,LIHOH a.z:1peCHOH IIIHHhI He

o6xO,LIHMa exoOHaR utuHa oaHHbzx, Ha KoTopym rro.r1a10TCH .r1aHHhie, 3arrHchrnae

Mhle B xqeiiey IIaMJITH. Bo3MO,KeH BapHaHT COBMeIIIeHHJI BXO,LIHOH H BhIXO,LIHOH 

IIIHHhI .r1aHHhIX, TO ecTh opraHH3aQHH oeyHanpaB!leHHOU utUHbl OaHHbZX. Ha

rrpaBneHHe rrepe.z:1aqH IIO 3TOH IIIHHe orrpe.r1enxeTCJI yrrpaBJIJIIOIIIHMH CHrHaJiaMH. 

4. y 60JihIIIHHCTBa MHKpocxeM rraMHTH HMeIOTCH ,LIOIIOJIHHTeJibHhie BXO

.L(hl, KOTOpbie orrpe,LleJIJIIOT pe,KHM pa60ThI. B qacTHOCTH, 3TO BXO,LI BbI6opa MHK

pocxeMbI «CS» (HX MO,KeT 6bITh HeCKOJihKO, o6ne,LIHHeHHhIX JIOrHqecKOH orre

paQHeH H), a y orrepaTHBHOH rraMJITH o6H3aTeJibHO rrpHcyTcrnyeT BXO,LI 3aIIH

CH/qTeHHJI (( WR» aKTHBHhIH ypoBeHb Ha KOTOpOM rrepeBO,LIHT MHKpocxeMy B 

pe,KHM 3aIIHCH • 
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12.4. IlocTOHHHble 3aD0MUHaromue ycTpOHCTBa 

12.4.1. O.r1uoKpaTHO nporpaMMnpyeMble D0CT0HHH0 3aD0!\1UHaJOmue 

ycTpOHCTBa 

IlocTOHHHhie 3arroMHHaIOIIIHe ycTPOHCTBa .r1en11Tc11 ua o.r1uoKpaTHO npo

rpaMMHpyeMble OIT3Y (HarrpHMep, 6Hrro~pHhie OIT3Y c «rrnaBKHMH» coe,I(H

HeHHHMH) H MHOroKparno 3JieKTPHqecKH rrporpaMMHpyeMhie MOTT IT3Y. 

0.L(HOKpaTHO rrporpaMMHpyeMbie IIOCTOJIHHhie 3aIIOMUHaIOIIIHe YCTPOHC113a 

(OIT3Y) 3TO HaH6onee .r1erneBhie, eMKHe H 6hICTPo.r1eiicrnymIIIHe 6oJihIIIHe HHTe

rpanhHhie cxeMhI (EHC). CYIIIecrnyeT TP" ocHOBHhIX crroco6a IIOCTPOeHIIH OIT3Y: 

llCIIOJib30BaHHe IIJiaBKIIX rrepeMbiqeK; HCIIOJih30BaHHe rrpO,KIIraeMbIX KpeMHHeBhlX 

rrepeMbJqeK; rrporpaMMHpOBaHIIe Ha O,LIHOM 03 ,LIOIIOJIHHTeJibHhIX (rrpoMe~oq

HhIX) 3Tarrax H3roTOBJieHHH (MacoqHbie OIT3Y). TaK, HarrpHMep, cepHHHO BhIII)'C

KaeMbie MHKpOCXeMhI rraMHTH OIT3Y THrra KP556PT4 H KP556PT5 HCIIOJih3yJOT 

rrpo,KHraeMbie KpeMHHeBbie rrepeMhJqKH. MHKpocxeMa KP556PT4 co.r1ep)I{HT 

256 x 4, a KP556PT5 - 512 x 8 JiqeeK rrporpaMMHpyeMoii rraMHTH. M0Kpocxe:MhI 

COCTOJIT H3 MaTPHQ HaKOIIHTeJIH, ,L(eIIIH<ppaTOpOB a.z:1pecoB, H3 MaTPIIQhI rnJIH, 

o6ecrreqttBaIOIIIHX rrpO,KHraHHe rrepeMbJqeK H MOIIIHhIX KJIIOqeii .LIJIJI KOMM~lIH 

IIpO,KHraIOIIIero TOKa. 

PHc.12.2. YcJIOBHo-rpa<pHqecKoe o6o3HaqeHHe MHKpocxeMhI K556 PT5 

C O,LIHOKpaTHOH 3aIIllChIO HH<pOpMaQHH 

Ha p0c.12.2 IIOKa3aHo ycnoBHo-rpa<pHqecKoe o6o3HaqeHHe OIT3Y 

K556PT5, r.z:1e Uynp - BXOJ:1 cHrnana yrrpaBneH011; U - BXOJ:1 Harrpx,KeHIIH rrHTa-
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Hm1; ov - BXO.D: o6~eii IIIHHI,I IIHTaHHH H CHrHaJIOB; Ao + Ag - ,n:eBHTHpa3pH,n:

Ha.sI IIIHHa a.n:peca; D0 + D7 - BOCbMHpa3pH.n;Ha.sI IIIHHa ,n:aHHbIX; CSl + CS4 -

CHrHaJII,I Bbl6opa KpHCTaJIJia. Ha pHc.12.3 IIOKa3aH q>parMeHT MaTPHIJ:l,I HaKOIIH

TeJIH OII3Y c rrpm1rnraeMbIMH CBH3HMH. 

Ao-1----i---1--...1--

A 11+---:--,-lf..--c--?-t--,-.,.-,-

A2..f_-,-,+---,-. 

A3 

D1 D2 D1 Do 

PHc.12.3. <I>parMeHT MaTPHIJ:bI HaKOIIHTeJIH OII3Y 

12.4.2. IlepenporpaMMnpyeMhie 113Y c YJihTpa<f>uoneTOBhIM cTnpauneM 

IleperrporpaMMHpyeMhie rrocTOHHHbie 3arroMHHaIOIIJ:He ycTPoiicrna c 

B03MO:>KHOCTI,IO CTHpaHHH 3aIIHCH YJibTpaq>HOJieTOBI,IM H3Jiy<IeHHeM HJIH 3JieK

TPHqecKHM crroco6oM .n:orrycKaIOT MHOroKpaTHOe CTHpaHHe 3aIIHCbIBaeMOH HH

q>OpMaIJ:HH. 3TO ,n:oCTHraeTCH 6naro,n:apH HCIIOJII,30BaHHIO MOI1-TPaH3HCTOpOB C 

H30JIHpOBaHHI,IMH 11Jla6a10UJUMU 3ameopaMu. lli-3a B03MO:>KHOCTH MHOroKparno

ro CTHpaHHH 3aIIHCaHHOH HHq>OpMaIJ:HH 3TOT THII MHKpocxeM Ha3I,IBaIOT MHOro

Kparno-rrporpaMMHpyeMbIMH 113Y (MI13Y). 

KoHCTPYKIJ:HH rroJieBoro MOI1-TPaH3HCTopa c rrnaBaIOIIJ:HM 3arnopoM 

rrpHBe,n:eHa pHc.12.4, a Ha pHc.12.5 IIOKa3aH q>parMeHT MaTPHIJ:I,I HaKOIIHTeJIH 

MI13Y Ha rroneBbIX MOI1-TPaH3HCTopax c H30JIHpoBaHHbIMH 3arnopaMH. 

Vu Via VtD 
p-SI ROAIIOllOOI 

V tB • nopor C'IIITl,IBa Kiili 

•~ CTOK 38TB!!!.Jl 
8t.a60p1C11 " HCTOK 

n3 

PHc.12.4. MOI1-TPaH3HCTop c rrnaBaIOIIJ:HM 3arnopoM 
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MOI1-TpaH3HCTOp C H30JIHpOBaHHbIM IIJiaBaIOIIJ:HM 3aTBOpOM - 3TO 

p-KaHaJihHhiii HopMarrhHO 3aKpbITbIH MOI1-rrpH6op. lliaBaIOIIJ:Hii 3arnop rrpe.n:

cTaBJIHeT co6oii o6JiaCTI, KpeMHHH, OKp)')KeHHYIO co Bcex CTOpOH .D:H3JieKTPHKOM, 

TO eCTI, OH 3JieKTPHqecKH He CBH3aH C ,n:pyrHMH 3JieKTPO.D:aMH H ero IIOTeHIJ:HaJI 

«rrJiaBaeT». TOJIIIJ:HHa HH:>KHero .D:H3JieKTPHqecKoro CJIOH 061,1qHo COCTaBJIHeT .n:e

CHTKH aHrCTPeM. IloJIO:>KHTeJibHOe CMeni:eHHe Ha BepXHeM 3aTBope ( OTHOCHTeJII,

HO rronyrrpoBO.D:HHKOBOH IIO.D:JIO:>KKH) Bbl30BeT HaKOIIJieHHe 3JieKTPOHOB Ha IIJia

na10ui:eM 3aTBope (Me:>K,n:y IIJiaBaIOIIJ:HM 3aTBOpOM H 061,1qHI,IM 3aTBopoM - IIIHHOH 

rrporpaMMHpOBaHHH Uynp), TO eCTI, rrpH rrpoxo:>K,n:eHHH qepe3 IIIHHY rrporpaMMH

pOBaHHH HMIIYJibCa TOKa Ha «IIJiaBaIOIIJ:eM» 3arnope B03HHKaeT HaBe,n:eHHI,IH. 3a

pH,n:. B pe3yJII,TaTe 3Toro rrpH rrporpaMMHpOBaHIIH Ha H30JIHpoBaHHI,IX (rrJiaBaIO

IIJ:IIX) 3aTBopax B03HHKaeT OTPHIJ:aTeJII,HI,IH 3apH,n:, KOTOpbIH 6naro,n:apH BI,ICOKOMY 

y.[(eJII,HOMY corrpOTHBJieHHIO .D:BYOKHCH KpeMHHH MO:>KeT coxpaHHTI,CH HeH3MeH

HbIM B Teqemfe MHOrHX JieT. 3TH 3apH,n:bI 3aKpbIBaIOT HJIH OTKpbIBaIOT KaHaJII,I 

rroneBbIX TPaH3HCTopoB. HarrpHMep, ecJIH rrnaBa10ui:n:ii 3arnop 3apH:>KeH OTPHIJ:a

TeJibHbIM 3apH,n:OM, TO TPaH3HCTOp C n-KaHaJIOM 3aKpbIT, a eCJIH HeT, TO OTKpbIT. 

Ao+----::-:-::-r-- ·~· 

'y ' A1 I y 

Ai 

A I ::v I 11 ¥ I 

Dll Di Do 

PHc. 12.5. <I>parMeHT MaTPHIJ:bI HaKorrn:TeJIH MI13Y Ha MO11-TPaH3n:crnpax 

c H30JIHpoBaHHbIMH 3arnopaMH: +E - HarrpH:>KeHHe TIHTaHHH; 

Ai - JIHHHH a,n:peCHOH IIIHHI,I; Di - JIHHHH IIIHHI,I ,n:aHHbIX 
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MOil--rpaH3HCTOp C nmmaro~HM 3arnopoM HCIIOJih3yeTC.sI B Kaqecrne 

::meMeHTa IIaM.sITH co BpeMeHeM xpaHeHH.sI paBHhIM, BpeMeHH ,!J;H3JieK-rpHqecKOH 

penaKCaQHH c-rpyKTyphl, KOTOpoe MO)KeT 6hITh oqeHh BeJIHKO H B OCHOBHOM OII

pe)J;en.si:eTC.sI HH3KHMH TOKaMH YTeqKH qepe3 6aphep Si-SiO2• TaKoii 3JieMeHT 

naM.sITH o6ecneqHBaeT B03MO)KHOCTh HenpepbIBHOfO cqHThIBaHH.sI 6e3 pa3pyme

HH.sI HH<pOpMaQHH, IIpHqeM 3aIIHCh H cqHThIBaHHe MOfYT 6hITh BhlIIOJIHeHbl B 

oqeHb KOpOTKOe BpeM.sI. TaK, HaIIpHMep, cepHHHO BhIIIYCKaeMa.si: naM.sITh THIIa 

KP573P<l>2 .sIBJI.sieTC.sI Mil3Y eMKOCThlO 2048 6aiiT co CTHpaHHeM HH<pOpM~HH 

ynh-rpacpHOJieTOBhlM H3nyqeHHeM. MHKpocxeMhl 6oJibIIIeii eMKOCTH, IIO)J;06Hble 

MHKpocxeMe KP573P<l>2, - 3TO KP573P<l>4, KP573P<l>6, KP573P<l>8. 

CTHpaHHe 1rncpopMaQHH B TaKoii IIaM.sITH ocy~ecrnn.si:eTc.si: IIYTeM o6nyqe

HH.sI KpHCTaJIJIOB MHKp0CXeM ynh-rpacpHOJieTOBhIM H3JiyqeHHeM qepe3 cneQHaJih

HOe OKHO B Kopnyce MHKpocxeMbl. Ilo,!J; ,!J;eHCTBHeM o6nyqeHH.sI ,!J;BYOKHCh KpeM

HH.sI qacTHqHo HOHH3HpyeTC.sI IIO BCeMy o6'beMy H Tep.si:eT CBOH H30JI~H0HHbie 

CBOHCTBa TaM, Ky,!J;a npOHHKaeT H3JiyqeHHe. IlpH 3TOM 3ap.sI,!J; 3aTBopa CTeKaeT Ha 

IIO,!J;JIO)KKY, H IIOJieBbie -rpaH3HCTOpbl CHOBa 3aKpbIBaIOTC.sI. 

12.5. OnepaTHBHLie 3anoMnHarom:ue ycTpoiicTea 

CoBpeMeHHhie onepaTHBHhie 3aIIOMHHaIO~He yc-rpoiicrna (O3Y) BhlIIOJI

HeHbl Ha KOMIIJieMeHTapHhIX MOil-MHKpocxeMax (KMOil), KOTOphie ornHqa

IOTc.si: MaJIOH no-rpe6JI.sieMoii MO~HOCThIO. 3TO ,!J;OCTHraeTC.sI 3a cqeT IIpHMeHeHHll 

naphI MOil--rpaH3HCTopoB c pa3HhIM THIIOM KaHanoB: n-MOil H p-MOil. B 

KMOil-HHBepTope, KaK IIpH HH3KOM, TaK H IIpH BhlCOKOM ypOBHe CHrHana Ha 

BXO)J;e, O,!J;HH H3 -rpaH3HCTOpOB 3aKphIT (pHc.12.6), II03TOMY no-rpe6neHHe 3Hep

rHH IIpOHCXO,!J;HT TOJihKO IIpH nepeKJIIOqeHHH cxeMhl c « 1 » B «O» HJIH o6pamo. 

AHanomqHo Ha qeTu1pex MOil--rpaH3Hcrnpax (2 n-MOIT H 2 p-MOil, BKJIIO

qeHHhIX napanneJibHO H IIOCJie,!J;OBaTeJihHO) MO)KHO IIOCTJ)OHTh H ,!J;pyme 6aJo

Bhie nomqecKHe 3JieMeHTbl «M» H «MJIM» C0OTBeTCTBeHHO. Ha HX OCHoBe 

c-rpol!TC.sI Bee ,!J;pyrHe 6onee CJIO)KHhie norHqecKHe cxeMhI. 
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PHc.12.6. KMOil-HHBeprnp 

OnepamuBHbze 3anoMuHa10UJue ycmpoucmea no,1J;pa3,1J;en.si:10Tc.si: Ha: 

3aIIOMHHaIO~He yc-rpoiicrna (3Y) C IIpOH3BOJihHOH BhI60pKOH (3YilB): 

a) onepaTHBHhie crnTHqecKHe 3aIIOMHHaIO~He yc-rpoiicrna (CO3Y); 

6) ,!J;HHaMHqecKHe onepaTHBHhle 3aIIOMHHaIO~He yc-rpoiicTBa (,[(O3Y); 

3aIIOMHHaIO~He yc-rpoiicTBa C IIOCJie)J;OBaTeJihHhIM )J;OCTYITOM: 

a) perHCTJ)hl C,!J;BHra; 

6) npH60pbI C 3apl!,!J;OBOH CB.sI3hIO (Il3C). 

12.6. OnepaTHBHLie 3anoMunarom:ue yCTpoiicTBa cTaTuqecKoro Tuna 

Pa3JIHqaJOT CTaTHqecKHe O3Y Ha n-MOil-CTJ)yKTypax H k-MOil

CTJ)YKTYPax. 3neMeHrnpHoii .si:qeiiKoii CTaTHqecKoro O3Y c npoH3BOJihHOii BhI-

6opKoii .sIBJI.sieTc.sI TJ)Hrrep Ha TJ)aH3HCTopax T1 + T 4 c KJIIOqaMH T
5 

+ T
8 

,!J;JI.sI ,1J;oc-

ryna K IIIHHe ,!J;aHHhIX (pHc.12.7), r,!J;e TI , T 2 - 3TO 3JieMeHThI Harpy3KH, a T
3

, T
4

-

:meMeHThI TJ)Hrrepa. ConpoTHBJieHHe 3JieMeHTOB TI , T2 nerKo perynHpyeTc.si: B 

npouecce H3fOTOBJieHH.sI TJ)aH3HCTopa IIYTeM IIO)J;fOHKH noporoBoro HaIIp.sI)KeHH.sI 

IIpH nempOBaHHH KpeMHHeBOro 3arnopa. Konlfqecrno TJ)aH3HCTOpOB Ha .si:qeiiKy 

3aBHCHT OT nomqecKOH opraHH3~HH IlaM.sITH MHKponpoueccopHOH CHCTeMbI. 

JlqeiiKa 3Y CO)J;ep)KHT TJ)Hrrep, .sIBJI.sIIO~HMC.sI 3JieMeHTOM IIaM.sITH, H ynpaBJI.sIIO

~He KJIIOqlf )J;JI.sI BhI6opa .si:qeiiKH, 3aIIHCH H cqHThIBaHH.sI HH<pOpM~HH. 

Ha pHc.12.8 IIOKa3aHa CTJ)YKTypHa.si: cxeMa KMOil-MHKpocxeMhI O3Y 

KP537PY10. 3m MHKpocxeMa co,1J;ep)KHT 2048 BOChMHpa3pMHhIX cnoB onepa

THBHoii naM.sITH, r,!J;e A - a)J;pecHa.si: IIIHHa; D - ,IJ;BYffaIIpaBJieHHa.sI IIIHHa )J;aHHhIX; 

DCx - ,!J;eIIIHcpparnp CTJ)OK; DCy - ,1J;emucpparnp crnn6uoB. MHKpocxeMa co,1J;ep

)I{lfT MaTJ)HUY-HaKOIIHTeJib eMKOCThIO 2048x8 6HT. Bb16op Ka)K,!J;Oro H3 2048 
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cnoB ocym:ecTBm1eTcH c noMOW:hIO .n:ernmppaTOpoB CTPOK DCx H cToJI6QOB DCy 

MaTPIIUhl COOTBeTCTBeHHO. MHKpocxeMa MO)KeT pa6oTaTh B TPeX pe)KHMax: pe

)KIIM cqHThIBaHHH, pe)KHM 3anHCH II pe)KIIM xpatteHHH. Pe)KIIM pa60Thl onpe.n:e

JIHeTCH CIIfHaJiaMH, no.n:aBaeMhIMII Ha BX0.0:hl cxeMhl ynpaBJieHHH cornacHO Bpe

MeHHOH ,n:HarpaMMe, IlOKa3aHHOH Ha pIIc.12.9, r.n:e A - CHrHaJihl a.n:peCHOH lllII

Hhl; D - CIIrHaJihI lllHHhI ,n:aHHhIX; CE, CO - CTP06CIIrHaJihI 3anucu H cqIIThIBa

HIIH; W - CIIrHaJI pa3perneHHH 3aIIHCH H cqHThIBaHHH. 

lliHHa 
/laHHlilX 

Un=5B 

Blil6opn no X Y 

Blil6opKa 
noX 

B1i16opn 
noY 

lliHHa 
iiaiiiiiix 

PIIc. 12.7. JlqeiiKa cTaTuqecKoro O3Y 

A llffllfiiiifii'ifM<eJ,&i&,w,3a 

D 

w ----dJ. 0 co CE 

Puc.12.8. CTPYKTYPHaH cxeMa crnTuqecKoii naMHTH KP537PY10 

A 
-==t..:.~ 

D 

'I I I i 1 
'L 

t,t2 t3 tq 

Puc.12.9. BpeMeHHhie ,n:uarpaMMhl 3aIIHCH H cqHThIBaHHH 

,n:aHHhIX B KP537PY10 
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12.7. OnepaTHBHhle 3an0MHHarom;ue ycTpOHCTBa ,n;uuaMHlfeCK0ro Tuna 

B OTJIIIqMe OT CTaTMqecKIIX 3Y ,ll;IIHaMIIqecKMe O3Y CTpOHTCH no 

n-MOII-TexHonornM M xapaKTepM3yIOTCH OTCyTCTBHeM TPaH3IICTopoB, pa6o

Ta.IOW:IIX B KaqecTBe Harpy3oqHhlX pe3MCTOpOB. B 3TOM TMile naMHTII MH<popMa

UIIH xpaHIITCH He B perMCTPax, a B BM,n:e 3apH,n:a Ha KOH,D;eHcaTOpax. TaKIIe cxe

Mhl 6onee KOMilaKTHhl, HMeIOT MeHhlllyIO CTOIIMOCTh, HO .O:JIH COXpaHeHMH ,n:aH

HhlX Heo6xo,n:IIMa IlOCTOHHHaH pereHepaQHH (nepe3anMCh) MH<popMaUIIM. KpoMe 

roro, OHM MMeIOT 6onee HII3KOe 6bICTPO.O:eHCTBMe no cpaBHeHMIO co CTarnqe

CKMMM 3Y. O6JiaCTh npIIMeHeHMH .O:MHaMMqeCKOH naMHTM ropa3,n:o y)Ke, II B oc

HOBHOM OHM npMMeHHIOTCH B KaqecTBe CMCTeMHOH onepaTMBHOH naMHTM KOM

IlhIOTepoB, r.n:e coo6pa)KeHMH CTOMMOCTM BhIXO.O:HT Ha nepBhIH IlJiaH. 

WHH8118HHYX AnpecHa~ WHH8 ( ~ 

__J T1 Crpoi:a 
l T1 LJFi""""7 6) __J T 2 a, Cron6eq 

CT Pa3p~nHa~ 

WHH8 

PMc.12.10. 3arroMHHaIOW:aH j{qeiiKa .O:MHaMMqecKoro O3Y 

IIpoCTeiirnaH .n:HHaMHqecKaH j{qeiiKa O3Y noKa3aHa Ha pMc.12.10, r.n:e .n:JIH 

XpaHeHHH O,n:Horo 6MTa B jiqeHKe IlaMHTII H~hl BCero O,D;HH MJIH ,n:Ba TPaH3IICTopa 

H HaKOillITeJihHhlli KOH,D;eHcaTOp. Bo BpeMH 3aIIIICII ynpaBmllOW:MH IIMilYJlhC lllIIHhl 

a,D,peca OTKphIBaeT TPaH3IIcToph1 Tl II T2, a eMKOCTh C 3apH)KaeTCH TOKOM pa3pH.n:

Hoii lllIIHhl • .lvrn pereHepaQIIM co,n:ep)KMM0ro jiqeHKH Heo6xo,n:MMO Il0BT0pHTh 3a

IlMCh HJIH C'Il:IThlBaHMe qepe3 onpe,n:eJieHHhie IrnrepBaJihl BpeMeHH. PereHepauHH 

M0)KeT np0M3B0,n:HThCH TIUOKe C Il0M0IQhIO o6m:ero TaKrnpyIOm:ero YCTPOHCTBa qe

pe3 onpe.n:eneHHhie HHTepBaJihl BpeMeHM (Ka)K,n:hie I+ 20 MC, B 3aBMCMM0CTII OT 

YP0BHH HHTerpaQMM MHKpOCXeMbI). ,lvrn 3TOro B MMKp0CXeMax ,n:HHaMIIqecKoro 

O3Y eCTu 0,n:HH HJIH HeCK0JihK0 TaKT0BhIX reHepaTOp0B H JI0rnqecKaH cxeMa .n:JIH 

B0CCTaH0BJieHHH HHlpOpMaQHOHHOro 3apH,n:a, CTeKaIOm;ero C K0H.O:eHCaTOpa. 
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DI 

DO 

PIIc.12.11. C-rpyKTypa 3Y c npoII3BOJibHoii Bb16opKoii (3YllB) 

KP565PY5 Ha 64K x 1 6IIT 

Ha pIIc.12.11 IIOKa3aHa C'fPYKTYPHllil cxeMa MIIKpocxeMbI 3Y c npoII3BOJih

Hoii BbI6opKoii (3YllB) KP565PY5 eMKOCThIO 64 x 1, r,n:e: DO - IImpopMaIIIIOH

Hhiii Bxo.n:; DI - IImpopMaIIIIOHHhIH BhIXo.n;; A1 + A 7 - a,n;pecHbie Bxo,n:1,1; WE -

Bxo.n: 3arrIIcb/<JTeHIIe CS ( Chip Select); CAS, RAS - Bxo,n:1,1 Bb16opa KpIICTanna 

(Column Address Strobe II Row Address Strobe). MIIKpocxeMa KP565PY5 - 3TO 

3Y c oprattma11IIeii xpatteHmI IImpopMaIIIIII 65536 6HT Ha 1 pa3p.sI.[(. HaKoIIIITeJih

Hllil MaTJ)IIIIa C O,[(HOTJ)aH3IICTOpHbIMII 3aIIOMIIHaIOIIIIIMII 3JieMeHTaMII IIMeeT pa3-

Mep 512 x 128. ,nm: yMeHhIIIeHIIH KOJIII<JecTBa HO)KeK y MC (16-Bxo,n:oBhiii DIP 

Koprryc) rrpIIMeH5IeTC51 MYJibTIIIIJIIIKaIIII51 a,n;peca, 'ITO BII,[(HO no HaJIII'IIIIO OT,[(eJih

HbIX ,n:eIIImpparnpoB CTJ)OK II CTOJI6IIOB (pIIc.12.11). Yc-rpoiiCTBO ynpaBJieHmI 

BKJIIO<JaeT ,n:Ba reHepaTopa TaKTOBbIX CIIrHaJIOB II reHepaTop CIIrHaJIOB 3aIIIICII II 

o6ecrre'IIIBaeT <JeThipe pe)KIIMa pa6oTuI: 3aIIIICII, C'IIITbIBaHIIH, pereHepaIIIIII II 

MYJibTIIIIJIIIKaIIIIII a,n;peca. BpeMH pereHepaIIIIII IIaM51Tll - 2 MC. 

12.8. MnKpocxeMbl naMHTU B COCTaBe MHKponpo11eccopuoii CHCTeMbl 

Ha pIIc.12.12 rroKa3aHo B3aIIMo.n;eiicTBIIe MIIKpocxeM rraMHTII K573P<l>2 II 

K573PY9, IIMeIOIIIIIX o,n:IIHaKOBYIO opraHH3aIIIIIO ( 2K x 8 ), c cIIcTeMHoii MarII· 

CTJ)aJibIO. ,ll;eIIImppaTOp K55511,ll;7 rrocpe,n:cTBOM CIIrHaJia cs (BbI6op KpIICTaJI· 

na) II03BOJI5IeT BbI6paTh IIOJIO)KeHIIe KOHKpernoii MIIKpocxeMbI 3Y B a,n:pecHOM 
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npoc-rpaHCTBe. ,ll;JIH ,n:aHHoro CJIY<JaH - 3TO a,n;peca «0000h-07FFh» ,n:JI51 

113Y(ROM) II «0S00h-0FFFh» ,n:nH O3Y(RAM). 

AllpeCHa~ WHHa AO -Al 5 .--------
AD-AlO 

DC1 0 

1 
2 
3 
4 
5 
6 
7 

~ roM1~ 

IIIHH8 118HHl,IX DO - D7 

-D 
0 

7 

MEM!'f-------------' 
MEMW-------------' 

AO-AlO 

~ IRAMI~ 
+-+ 
D 
0 
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PIIc.12.12. MIIKpocxeMhI O3Y (K573PY9) II 11113Y (K573P<l>5) 

B COCTaBe MIIKponpo11eccopHOM CIICTeMbI 

TIIIIII'IHbie BpeMeHHbie ,n:IIarpaMMbl IIIIKJIOB 3aIIIICII II 'ITeHII51 rrpIIBe,n:eHbI 

Ha pIIc.12.13. ,ll;JI5I 3aIIIICII IIHq>OpMaIIIIII B rraMHTb Ha,n:o BbICTaBIITb KO,[( a,n:peca 

Ha a,n;peCHbIX BXO,n:ax, BbICTaBIITb KO,[( 3aIIIICbIBaeMbIX B 3TOT a,n;pec ,n:aHHbIX Ha 

BX0,n:ax ,n:aHHbIX, rro,n:aTb CIIrHaJI 3aIIIICII WR II no,n:aTb CIIrHaJI BbI6opa MIIKpo

cxeMhl cs. Ilop.sl,[(OK BbICTaBJieHII51 CIIrHaJIOB 6brnaeT pa3JIII'IHbIM, OH MO)KeT 

6bITb cyI11eCTBeHHbIM IIJIII HecyI11eCTBeHHbIM, HarrpIIMep, MO)KHO BblCTaBJI51Tb 

IIJIII CHIIMaTb cs paHbIIIe IIJIII II03)Ke BbICTaBJieHII51 IIJIII CH5ITII51 WR. Co6cTBeH

HO 3aIIIICh o6bI'IHO rrpoII3BO.D:IITCH cIIrnanoM WR IIJIII CS, rrpII<IeM ,n:aHHbie 

,n:oJI)KHbI y,n:ep)KIIBaThCH B Te<JeHIIe Bcero cIIrnana WR (IIJIII CS) II 33,D;aHHoe 

BpeMH IIOCJie ero OKOH'IaHII51. 

AJ MJ)CC C A=j A;i,pec x:: 
-WR\____/ __ 

a) -CS \__J 
·WIY 

6) -CS \ I 
DI~ DO~ 

PIIc.12.13. TIIIIII'IHhie BpeMeHHI,Ie ,n:IIarpaMMbl 3aIIIICII B naMHTh (a) 

II 'ITeHII51 II3 rraMHTII ( 6) 
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BXO.llJIJ,Ie IDUIHLIC 

PIIc.12.14. YBenIIqeHIIe pa3pNl,HOCTII IIIIIHbI .[(aIIHbIX 

B cnyqae MIIKpocxeM rraM.HTII c .[(ByHanpaBneHHOH IIIIIHOH .n:aHHbIX Heo6-

XO.[(IIMO IICIIOflb30BaTb IICTOqHIIK 3aIIIICbIBaeMbIX .n:aHHbIX C BbIXO.[(0M, IIMeIO

II(IIM TPII cocTO.HHII.ll (3C), IInII c o6m:IIM KonneKTopoM (OK), qrnfihI H36e)KaTb 

KOH<pnIIKTa .[(aHHbIX, 3aIIIICbIBaeMbIX B naM.lITb, C .[(aHHbIMII, BbI.[(aBaeMbIMII II3 

rraM.lITH B pe)KIIMe qTeHII.ll. Ha pIIc.12.14 IIOf\a3aHO o6'be.[(IIHeHIIe MIIKpocxeM 

rraM.lITII K155PY7 .n:n.H yBenIIqemrn pa3p.ll.[(HOCTII IIIIIHbI .n:aHHbIX. 

12.9. 03Y ,l).JIH BpeMeuuoro xpaueuuH uucf>opMaa:nn 

rnaBHOe npIIMeHeHIIe MIIKpocxeM orrepaTIIBHOH rraM.HTII - :no BpeMeH

HOe xpaHeHIIe U:II<ppOBOH IIHq>OpMaU:IIII, BCeB03MO)l(HbIX MaCCIIBOB KO.[(0B, Ta6-

nIIa: .n:aHHbIX, O.[(IIHoqHbIX qIIcen II T . .[(. IJ;enb TaKOro xpaHeHII.ll IIHq>OpMaQIIII 

COCTOIIT B TOM, qTo6bI B nro6on: M0MeHT IIMeTb B03M0)KHOCTb 6bICTpo ee rrpoqII

TaTb ,[(n.ll ,[(anbHeHIIIeH o6pa6oTKII IInII ,[(n.ll .n:pyroro IICIIOflb30BaHII.ll. B 3aBIICII

MOCTII OT Toro, B KaKOM rrop.H.[(Ke MO)KeT 3aIIIICbIBaTbC.ll IInII qIITaTbC.ll IIH<pop- . 

MaQII.ll, cyru;eCTBYIOT .[(Be pa3HOBII.[(HOCTII O3Y: O3Y c rrapannenbHbIM, Hn!I 

rrpoII3BOnbHbIM, .n:ocryrroM II O3Y C rrocne.[(OBaTenbHbIM .[(0CTYIIOM. 

12.9.1. 03Y C napaJIJICJlhHbIM, HJIU npon3B0JlhHblM, ,!J.0CTynoM 

llapaJlllellbHblU, WlU npoU360llbHblU, iJocmyn HaII6onee npocT II He TPe6y

eT HIIKaKIIX .[(OIIOnHIITeJibHbIX :meMeHTOB, TaK KaK IIMeHH0 Ha 3TOT pe)KIIM He

rrocpe.n:cTBeHHO paccqIITaHbI MIIKpocxeMbI rraM.HTII. B 3TOM pe)KIIMe MO)KH0 3a-
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nHChlBaTb IIHq>OpMaa:IIIO B JII06on: a.n:pec O3Y II qHTaTb HHq>OpMaQHIO H3 JII06o

ro a.n:peca O3Y B rrpoH3BOnbHOM rropNl,Ke. O.n:HaKo rrapanneJibHbIH .n:ocryrr TPe-

6yeT <popMnpOBaHU& .[(OBOJibHO CJIO)l(HbIX rrocne.n:oBaTeJibHOCTen: Bcex BXO.[(HbIX 

cHrHan0B IIaM&TH. To eCTb .[(JI& 3aIIHCH HHq>OpMaQHH Heo6XO.[(HMO Cq>OpMHpo

BaTb KO.I( a.n:peca 3aIIHCbIBaeMOH .Hqen:KH H TOflbKO IIOTOM IIO.[(aTb .[(aHHbie, co

npoBO)K,[(aeMbie yrrpaBn&IOIQHMH cHrnanaMH CS H WR (pHc.12.13.). ToqHo TaK 

)Ke Heo6XO.[(HMO IIO.[(aBaTb IIOJIHbIH KO.I( a.n:peca qHTaeMOH gqen:KH npH onepaa:HH 

qTeHH&. 3TOT pe)KHM .n:ocryrra qam:e BCero rrpHMeH.HeTC& B KOMIIbIOTepax H KOH

TPOJIJiepax, r.n:e CaMbIMH rnaBHbIMH !paKTOpaMH '&Bn&IOTC& YHHBepcanbHOCTb H 

m6KOCTb HCIIOflb30BaHH& IIaM&TH .n:n& caMbIX pa3HbIX u;enen:. 

12.9.2. 03Y c D0CJIC,l).0BaTeJibHhIM .a:ocrynoM 

IIocne.n:oBaTenbHbIH .n:ocTyrr K IIaM&TH rrpe.n:rronaraeT 6onee rrpocrnn: rro

PMOK o6ru;eHH& C IIaM&TblO. B 3TOM cnyqae He Ha,[(O 3a,[(aBaTb KO.I( a.n:peca 3aIIH

CbIBaeMOH HJIH qHTaeMOH gqen:KH, TaK KaK a.n:pec IIaM&TH <popMHpyeTC& cxeMOH 

aBTOMaTHqecKH. ~.rrn 3aIIHCH HHq>OpMaQHH Ha,[(O Bcero nHIIIb IIO,[(aTb KO.I( 3aIIH

CbIBaeMbIX .[(aHHbIX H corrpoBO.[(HTb ero CTP060M 3aIIHCH. ~n& qTeHH& HH<pop

MaQHH Ha,[(O IIO,[(aTb CTP06 qTeHH& H rronyqHTb qHTaeMbie .[(aHHbie. ABTOMaTH

qecKoe 3a.[(aHHe a.n:peca IIpH 3TOM ocym:ecTBJI&eTC& BHYTPeHHHMH cqe~HKaMH, 

MeH&IOII(HMH CBOe COCTO&HHe no Ka)K,[(OMY o6pam:eHHIO K IIaM&'tH. HanpHMep, 

.[(eC&Tb rrocne.[(OBaTenbHbIX QHKJIOB 3aIIHCH 3aIIHIIIYT HHq>OpMaQHIO B .n:ec&Tb rro

cne.[(OBaTenbHO pacrroJIO)KeHHbIX gqeeK IIaM&TH. He.[(OCTaTOK TaKoro IIO.[(XO.[(a -

HeT B03MO)KHOCTH 3aIIHCbIBaTb HJIH qHTaTb gqeiiKH C rrpOH3BOJibHbIMH a.n:pecaMH 

B JII060M IIOpNl,Ke. 

Mo:>KHO Bbl.[(eJIHTb TPH OCHOBHbIX THIIa O3Y c IIOCJie.[(OBaTeJibHbIM .z:1ocry

IlOM: IIaM&Tb THrra FIFO (First In - First Out, TO ecTb rrepBbIM BoIIIen - rrepBbIM 

BbIIIIen); IIaM.HTh CTeKoBoro THIIa LIFO (Last In -First Out, TO ecTb rrocne.[(HHM 

Bomen - rrepBbIM BbIIIIen); IIaM&Tb .[(n& xpatteHH& MaCCHBOB .[(aHHbIX. 
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,[(Ba nepBhIX THna nawi:TH FIFO H LIFO no,n:pa.3)'MeBaIOT B03MO)KHOCTh 

qepe,n:oBaHHH onep~Hii 3anHcH H qTeHHH B naMHTH. TipH 3TOM naMHTh FIFO BhI

,n:aeT ,n:aHHhie B TOM )Ke nopH,LU<e, B KOTOpOM OHH 6hIJIH 3aIIHCaHhl, a TiawITh LIFO 

- B nopg,n:Ke, o6paTHOM TOMY, B KOTOp0M OHH 6bIJIH 3aIIHCaHhl B nawi:Th. TiaMHTh 

FIFO MO)KHO cpaBHHTh co c,n:BHrOBhIM perncTPOM. Tiawi:Th c npHHQHnOM LIFO 

HCnOJih3YeTCH, B qacTHOCTH, B KOMnhIOTepax ( CTeK), r,n:e OHa xpaHHT mi:cpopMa

QHIO o napaM~ax nporpaMM H no.n:nporpaMM. ~ naMHTH FIFO TPe6yeTc.si 

xpaHeHHe ,n:Byx KO)];OB a,n:peca (a,n:pec )];JIH 3anHCH H a,n:pec )];JIH qreHHH), ,n:JIH naMH

TH LIFO .n:ocrnmqHo o,n:Horo Ko,n:a a,n:peca. 

TiaMHTh MH xpaHeHHH MaCCHBOB npe,n:nonaraeT,, qTO CHaqana B naMHTh 

3anHChIBaeTCH QeJIHKOM 6oJihIIIOH MaCCHB ,n:aHHhIX, a noTOM 3T0T )Ke MaCCHB Qe

JIHKOM qHTaeTCH H3 naMHTH. 3Ta naMHTh TaK)Ke MO)KeT 6bITh YCTPOeHa no .ZJ:B)'M 

npHHQHnaM (FIFO H LIFO). B nepBoM cnyqae (FIFO) 3anHcaHHhIH. MaccHB qH

TaeTcH B TOM )Ke nopx,n:Ke, B KOTopoM H 6hm 3anHcaH, BP BTOpoM cnyqae (LIFO) 

- B npOTHBOnOJIO)KHOM nopg,n:Ke (HaqHHaH C KOHQa). B. o60HX 3T.HX CJiyqaHX )];JIH 

o6IQeHHH c naMHThlO TPe6yeTCH xpaHHTh TOJihKQ O)];HH KO)]; a,n:peca naMHTH. 

03Y muna FIFO 

Ha pHc.12.15 nOKa.3aHa q>YHKQHOHaJihHM cxeMa naMHTH THna FIFO Ha 

MHKpocxeMax C pa.3,n:eJihHhlMH IIIHHaMH BXO)];HhIX H BhIXO)];HhIX .ZJ:aHHhIX. A,n:peca 

naMHTH 3a)];aIOTCH .ZJ:B)'MH cqe~HKaMH - cqe~HKOM 3aIIHCH H cq~HK0M qTeHHH, 

BhIXO)];Hhie KO)];hl KOTOphIX MYJihTHnJieKCHpyIOTCH c noMOIQhlO 2-KaHaJihHOrO 

MYJihTHilJieKCOpa. 3anHCh ,n:aHHhIX OCyIQeCTBJIHeTCH no CTP06y 3anHCH «3an», 

~eHHe ,n:aHHhIX - no CTP06y ~eHHH «qT». CBOHM 3a)];HHM q>pOHTOM CHrmUI 

«3arr» nepeKJIIOqaeT cqe~HK 3aIIHCH, a 3a)];HHH q>pOHT CHrnana «qT» nepeKJIIO· 

qaeT cq~HK qTeHHH. B pe3yJihTaTe K~aH CJie.n:yJOIQaH 3aIIHCh ocyIQeCTBJIHeTCH 

B cne.n:yIOIQHH no nopx,n:Ky a,n:pec naMHTH. ToqHo TaK )Ke K~oe cne,n:yroIQee 

qTeHHe npOH3BO)];HTCH H3 cne,n:yroIQero no nopH.ZJ:KY a,n:peca naMHTH. 
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PHc.12.15. <l>yttKQHOHaJihHaH cxeMa naMHTH THna FIFO 

PaccMOTPHM pa6ory O3Y THna FIFO. Tiepe,n: HaqanoM pa60Tu1 Heo6xo,n:HMO 

c6pocHTh cq~HKH B «0» cHrnanoM «C6poc». TipH OTCYTCTBHH onep~Hii 3aIIHCH 

H ~eHHH nawi:Th HaxO,n:HTCH B COCTOHHHH ~eHHH ( CHrHaJI WR paBeH e,n:HHHQe ), a 

Ha a,n:peCHhie BXO)];hl naMHTH no,n:aeTCH KO)]; a,n:peca 3aIIHCH co cq~HKa 3aIIHCH. 

TipH no,n:aqe CTP06a 3aIIHCH «3arr» npOH3B0)];HTCH 3aIIHCh BXO)];HhlX )];aHHhIX no a.n:
pecy H3 cq~HKa 3anHCH. Bxo,n:Hbie (3anHChIBaeMhie) .ZJ:aHHhie )];OJI)l(Hhl BhICTaB

JIHThCH paHhIIIe Haqana curHana «3arr», a 3aKaHquBaThCH nocne 3Toro cHrHana. 

Tipu no,n:aqe CTP06a ~eHHH «qT» MYJihTHnneKcop nepeKJIIOqaeTCH Ha nepe,n:aqy 

a,n:peca ~eHHH, H Ha BhIXO,n:e nawi:TH nOHBJIHeTCH HHq>OpM~HH, KOTOpaH cqHThIBa

eTCH H3 a,n:peca qTeHHH, 3a,n:aBaeMoro cqe~HKOM ~eHHH. )];eiiCTBHTeJihHhlMH Bhl

X0)];Hhle (qHTaeMbie) .ZJ:aHHhie 6y)];YT no 3a,n:HeMy (noJIO)KHTeJihHOMY) q>pOHTY CHr

HaJia «qT». 3arrHCh HaqHHaeTCH C HyJieBoro a,n:peca naMHTH H npOH3BO)];HTCH no 

nocne,n:oBaTeJihHO HapaCTaIOIQHM a,n:pecaM. ToqHo TaK )Ke qTeHHe HaquHaeTCH c 

HyneBoro a,n:peca nawi:TH H npOH3BO)];HTCH no nocne,n:oBaTeJibHO HapaCTaIOIQHM 

a,n:pecaM. Onep~HH 3aIIHCH H qTeHHH M0ryT qepe,n:OBaThCH. BpeMeHHhle ,n:ua

rpaMMhl QHKJIOB 3aIIHCH H qreHHH nOKa3aHhl Ha pHc.12.16. 

Bx. JllllL ::J J(am11,1c X.._ __ _ 

3an~ 
I 

AJlpec AAp.3a!I=5 :xA.ctp.3a11=6 

a) 

qT --i_____r-
1 I 

Bw: . .ll3H~ 

A,npec A,Ap.3llll X AJtp.'!T XAJt?.1an 

6) 

PHc.12.16. BpeMeHHhie ,n:HarpaMMhl QHKJIOB 3anHCH (a) 

H qTeHHH ( 6) ,n:nx naMHTH THna FIFO 
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y CJIOBHH npaBHJII,HOH pa6on.1 cxeMI,I cne,nyioinHe. ,[(JIHTeJibHOCTh CHrHa

Jia «3an» He ,nomIrna 6oITl, MeHoIIIe MHHHMaJII,HO ,nonycTHMOH .D:JIHTeJibHOCTH 

CHrHana WR naMHTH. ,[(JIHTeJibHOCTI, CHrHana «1-IT» He ,nom1rna 601Tb MeHoIIIe 

CYMMbl 3a,nep)KKH nepeKJIIO'leHHH MYJibTHnJieKcopa H 3a,nep)KKH BbI6opKH a,npe

ca naMHTH. IlepHo,n cne,noBaHHH CHrHaJia «3an» He .D:OJI)KeH 601Tb MeHbIIIe cyM

MI,I 3a,nep)KKH nepeKJIIO'leHHH C'leT'IHKa 3aIIHCH H .D:JIHTeJibHOCTH CHrHana 

«3an». Ilepno,n cne,noBaHHH cHrnana «1IT» He ,noJI)KeH 61,n1, MeHorne cyMMbI 3a

,nep)KKH nepeKJIIO'leHHH C'leT'IHKa 'ITeHHH H .D:JIHTeJII,HOCTH CHrHana «qT». 

03Ymuna LIFO 

<l>yHKIIHOHaJibHaH cxeMa naMHTH THna LIFO (pHc.12.17) npo~e no 

cTpyKrype, qeM cxeMa naMHTH FIFO, TaK KaK oHa co,nep)KHT TOJibKO o,nHH c'leT

'IHK H He Tpe6yeT MYJioTHnneKCHpoBaHHH. Ha pHc.12.17 naMHTb THna LIFO Hc

non1,3yeT .D:BYffaIIpaBJieHH)'IO IIIHHY BXO}lHI,Ix/BoIXO.D:HbIX ,naHHI,IX. 

C6poc .n. 

3an___2:. 
'-IT v 

K155l1E7 KP541PY2 
CT1 

K155Af15 
,--

BF 

BblXOAHble 
A3HHble 

PHc.12.17. <l>yHKIIHOHaJioHaH cxeMa naMHTH THna LIFO 

B 3TOH cxeMe Heo6xo,nHM peBepCHBHblll C'leT'IHK a,npeca, C pa3,neJII,HI,IMH 

TaKTOBbIMH BXO,naMH IIpHMoro H o6parnoro C'leTa (HanpHMep, 11E7). Ilocne npo

Be,neHHJI IIHKJia 3anHCH IIO 3a,nHeMy qipoHry CHrHaJia «3an» C'leT'IHK YBeJIH'IHBa

eT CBOH BbIXO.D:HOH KO.D: (a,npec naMHTH) Ha e,nHHHIIy. Ilepe,n npoae,neHHeM IIHKJia 

'ITeHHH no nepe,nHeMY qipoHry CHrHaJia «qT» C'leT'IHK YMeHoIIIaeT CBOH BI,IXO,n- . 

HOH KO.D: Ha e,nHHHIIy. TaKaH opraHH3aIIHH nepe6opa a,npecoB II03BOJIJleT opraHH-

30BaTh 'ITeHHe H3 naMHTH B nopH,n:Ke, o6paTHOM IIOpMKY 3aIIHCH B IIaMHTI,. Ha

IIpHMep, nycn, HCXO.D:HOe COCTOJIHHe C'leT'IHKa - 2 H Ml,I npOH3B0.D:HM TpH IIHKJia 
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3anHcH: nepBoiii - B a,npec 2, ampoii - B a,npec 3, TpeTHii - B a,npec 4. Ilocne 

rpen.ero IIHKJia 3aIIHCH C'leT'IHK 6y,neT BhI,naBaTI, KO.D: 5. 3aTeM npoae,neM TpH 

UHKJia 'ITeHHH: nepBblll - H3 a,npeca 4 (nepe,n 'ITeHHeM a,npec YMeHbIIIHJICH Ha 

e.nHHHIIY), BTopoii - H3 a,npeca 3, TpeTHii - H3 a,npeca 2. Ilocne Tpen.ero IIHKJia 

qTeHHH C'leT'IHK 6y,neT BbI,naBaTI, KO,n 2. Mbl BepHyJIHCh B HCXO.D:HOe COCTOHHHe, 

npO'IHTaB 3aIIHCaHH)'IO HH<pOpMaIIHIO B o6paTHOM nopH,n:Ke. 

llcxo,n:Hoe COCTOHHHe CtJeT'IHKa B ,naHHOH cxeMe He Ba)KHO, TaK KaK He 

Ba)KeH TeKyinHii a,npec naMHTH, B KOTOpblll npoH3B0.D:HTCH 3aIIHCb H l::I3 KOTOporo 

IlOTOM IIpOH3B0.D:l::ITCJI 'ITeHHe. 0,nHaKO B cnyqae, Kor,na l::ICIIOJib3yeTCH Ha'laJih

Hhlll c6poc C'leT'IHKa a HyneBO~ COCTOHHl::Ie (no CHrHaJIY «C6poc» ), MO)KHO 

npo~e opraHH30BaTo KOHTpOJib 3a nepenonHeHHeM IIaMHTH LIFO . .D:nH KOHTpO

JUI nepenoJIHeHHH MO)KHO HCIIOJII,30BaTb BhIXO.D:HOH Cl::IrHaJI nepeHoca crnprnero 

CtJeT'IHKa (> 15). 

a) 
Bx. JJ.aQ ~amwe X'---
3an~ 

A.llpec A.np.=S ;[ A.np.=6 

1I1'.~ 
• I ~- ~ 

OJ Bhlx . .ll!IH. : ~ 

A.llpec A.np.=6' X A;Jp.=S 

PHc.12.18. BpeMeHHbie ,nHarpaMMhl IIHKJIOB 3an1::ICl::I (a) 

H 'ITeHHH ( 6) ,nnH naMHTH THna LIFO 

BpeMeHHbie ,nHarpaMMI,I 111::IKJIOB 3anHCl::I H 'ITeHHJI npHBe,neHbl Ha 

pHc.12.18. B 111::IKJie 3anHCl::I no Cl::IrHaJIY «3an» OTKpornaeTCH BXO,n:Hoii 6yqiep 

Ail5 l::I BXO.D:Hble (To eCTI, 3aIIHCbIBaeMbie) ,naHHble nocrynaIOT Ha BXO

AhllBhIXO.D:bl IIaMHTH. 0,nHOBpeMeHHO IIO 3TOMY CHrHany naMHTI, nepexo,nHT B 

pe)KHM 3aIIl::ICl::I. B pe3yJioTaTe B TeKyinHii a,npec naMHTH 3aIIHCbIBaIOTCH BXO,n

Hhie .D:aHHbie, IIOCJie qero a,npec yaeJIH'IHBaeTCJI Ha e,nHHHIIy. Bxo,nHI,Ie ,naHHbie 

AOJI)I(Hhl Ha'IHHaThCH ,no Haqana CHrHana «3an» l::I 3aKaH'IHBaTbCH IIOCJie ero 

KOHIIa. B 111::IKJie 'ITeHHJI no CHrHaJIY «qT» a,npec yMeHoIIIaeTCH Ha e,nHHHIIy, IIO

CJie qero OTKpornaeTCJI BbIXO.D:HOH 6yqiep Ail5, KOTOpblll BbI,naeT Ha BhlXO,n cxe

M:bl '11::ITaeM)'IO H3 naMJITH HHqJOpMaIIHIO. IlpHMeHeHHe BI,IXO,n:Horo 6yqiepa He 
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o6H3aTeJibHO, O,D;HaKO OH npe,D;OTBpaIIIaeT nonMaHHe Ha IIIHHY BbIXO,I(HblX ,D;aH

HbIX umpopMaIIHH, 3anHCb1BaeMOH B naMHTb B IIHKJie 3anHCH. BbIXO,I(Hbie ,D;aH

Hbie ,D;eHCTBHTeJibHbl no 3MHeMy <ppOHTY CHrHana «l.JT». 

03Y OllR xpauemm Maccueoe oaHHbZX 

TpeTHH THn O3Y ,I(JIH BpeMeHHoro xpaHeHHH ,D;aHHbIX - naMHTb ,I(JIH xpa~ 

HeHHH MaccHBOB ,D;aHHbIX. PaccMOTPHM cxeMy TaKoii naMHTH Tuna FIFO. A):(pe

ca naMHTH B ,I(aHHOM cnyqae 3a,D;aIOTCH O,I(HHM e,D;HHCTBeHHbIM C1IeT1IHKOM, KO

TOpbIH pa6oTaeT B pe)I(HMe TOJibKO npHMOro C'IeTa (puc.12.19). Ilepe,D; Ha'IaJIOM 

pa6oTbI Heo6xo,D;HMO c6pocHTb c1IeT1IHK ( curnan «C6poc» ). 3areM npoH3BO.I\llT

CH 3anHCb MaCCHBa ,D;aHHbIX. IlpH 3TOM nocne Ka)I(,D;Oro IIHKJia 3anncu no 3a,D;He

MY <ppOHTY CHrHaJia «3an» Bbl:XO,I(HOH KO.I( C1IeT1IHKa yBeJIH'IHBaeTCH Ha e,D;HHH-

11y. Ilocne OKOH'IaHHH 3amICH Bcero MaCCHBa CHOBa HMO c6poCHTb C'IeT'IHK B 

HYJib ( CHrHaJI «C6poc» ), a 3aTeM npOH3BO,I(HTb 'ITeHHe MaCCHBa, Ha'IHHaH C HY· 

neBoro Mpeca. Ilpn noM nocne Ka~oro IIHKJia ~TeHHH no 3a,D;HeMy <ppoHry 

. " 

CHrHana «qT» BbIXO,I(HOH KO.I( C'IeT'IHKa CHOBa yBeJIH'IHBaeTCH Ha e,D;HHHIIy. B 

pe3yJihTaTe MaCCHB ,D;aHHbIX 'IHTaeTCH B TOM )Ke nopH,D;Ke, 'ITO n 6hIJI 3anucaH. 

KOHTPOJib 3a ,I(JIHHOH 3anHCb1BaeMoro H C'IHThII!aeMoro MaCCHBa B03JiaraeTCH Ha 

BHemHee (no OTHOIIIeHHIO K npnBe,D;eHHoii cxeMe) ycTPoiicrno. 

HE7 KP541PY2 Ail6 
CT2 RAM BF 

A "?' 
+1 D1/0 A B 

-- I Bx/eb1x. ,11aHHb1e C6poc .n. I IR WR 
cs 

Pnc.12.19. <l>yHKIIHOHaJihHaH cxeMa naMHTH ,D;JIH xpatteHHH MaccuBoB ,D;fillHhIX 

,[(JIH ,D;aHHOH cxeMbl ,I(OJI)I(Ha ncnOJib30BaTbCH HeTaKTHpyeMaH naMHTb 

(HanpnMep, KP541PY2) c ,D;ByHanpaBJieHHoii IIIHHoii BXO,D;HhixlBhIXO.I\HhIX ,D;aH· 

HbIX. Cne,D;oBaTeJihHO, ,I(aHHbie no,D;aIOTCH Ha cxeMy H 'IHTaIOTCH H3 cxeMbl TaK)I(e 
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no ,D;ByHanpaBJieHHOH IIIHHe ,D;aHHbIX. Me~y naMHTbIO H 3TOH IIIHHOH BKJIIO'Ia

eTCH ,I(ByttanpaBJieHHblH 6y<pep (Tuna AII6), KOTOpbIH MO)I(eT noHM06HTbCH, 

HanpnMep, ,I(JIH 06ecne1IeHHH 60JibIIIOrO BblXO,D;HOro TOKa H MaJIOro BXO,I(HOro 

TOKa co CTOpOHbl BHeIIIHeii ,I(ByttanpaBJieHHOH IIIHHbl ,D;aHHbIX (THnH'IHaH curya

IIHH npn nOCTPOeHHH MHKpOnpo11eccopHbIX n KOMnbIOTepHI,IX CHCTeM). 3TOT 

6y<pep OTKpbIBaeTCH Ha nepe,D;a'Iy ,D;aHHblX B naMHTb no cnrnany «3an» ( CHrHaJI 

«EZ» CTaHOBHTCH paBHbIM HYJIIO, cnrnan «T» TaK)I(e HyJieBoii) H OTKpbIBaeTCH 

,I(JIH 'ITeHHH ,D;aHHbIX H3 naMHTH no cnrnany «l.JT» (cnrnan «EZ» CTaHOBHTCH 

paBHhIM HYJIIO, cnrnan «T» - e,D;HHHIIe ). 

y CJIOBHH npaBHJibHOH pa60Tbl cxeMbl CJie~IIIHe. ,[(nnTeJihHOCTb cnrnana 

3allHCH ,I(OJDKHa 6bITb He MeHbIIIe MHHHMaJibHOH ,I(JIHTeJibHOCTH CHrHaJia WR na

MHTH. Bxo,D;Hble (3anHCbIBaeMbie) ,I(aHHbie ,I(OJI)I(Hbl Ha'IHHaTbCH ,I(O Ha1Iana CHrHaJia 

«3an», a 3aKaH'IHBaTbCH nocne ero OKOH'IaHHH. ,[(JIHTeJibHOCTb CHrHaJia 'ITeHHH He 

,I(OJDKHa 6h1Tb MeHbIIIe CYMMhl 3Mep)I(KH 6y<pepa n BpeMeHH Bb16opKH Mpeca na

MHTH. ,[(eiiCTBHTeJihHbIMH 'IHTaeMbIMH ,I(aHHbIMH 6y,D;YT ,ll;aHHbie, Bb16paHHble no 

3MHeMY <ppOHTY CHrHaJia ((qT}), 3a nepHO,I( CJie,D;oBaHHH CHrHaJIOB «3an» H «l.JT» 

cxeMa ,I(OJDKHa ycneBaTb BbIIlOJIHHTb onepaIIHIO 3allHCH H 'ITeHHH, KpOMe Toro, 

,I(OJDKeH ycneTh noJIHOCTbIO nepeKJIIO'IHTbCH C'IeT'IHK Mpeca naMHTH. 

12.10. 03Y KaK nucl>0pMau:uouuL1ii 6y!J>ep 

Brnpoe Ba)I(HeiiIIIee npnMeHeHne MHKpocxeM oneparn:aHoii naMHTH co

CTOHT B opraHH3aIIHH pa3H006pa3HbIX HH!pOpMaIIHOHHbIX 6yqiepoB, 6y<pepHOH 

naMHTH ,I(JIH npoMe)I(YTO'IHOro xpaHeHHH ,D;aHHbIX, nepe,D;aBaeMhIX Me~y .I\BYMH 

ycTPoiicrnaMn nnn cncTeMaMn. CYTh nH<popMa11noHHOro 6yqiepa cocTOHT B 

cne,D;yIOIIIeM: nepe,D;aIOIIIee ycTPoiicrno 3annchrnaeT nepe,D;aBaeMbie ,D;aHHbie B 

6y<pep, a npnHHMaIOIIIee ycTPoiicrno 'IHTaeT npnHnMaeMhie ,D;aHHbie H3 6y<pepa 

(pnc.12.20). TaKoe npoMe)I(YTO'IHOe xpaHeHne Il03BOJIHeT ny1I111e CKOOp,D;HHHpo

BaTb pa6ory YCTPOHCTB, yqaCTByIOIIIHX B o6MeHe ,D;aHHbIMH, IT0BbICHTb HX He3a

BHCHMOCTb ,D;pyr OT ,D;pyra, cornacoBaTb CKOpOCTH nepe,D;a'IH H rrpneMa ,D;aHHbIX. 
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Yc-rpoiiCTBO I Byit>ePna,i: YC'l'poiiCTBO 2 
JlllMJlTI, 

Pnc.12.20. BKmo'IeHne 6y<pepHoil: naMHTtt 

IlycTh, HanpttMep, B Ka'IecTBe nepaoro ycrpoil:cTBa Bb1crynaeT KOMIIbIO

Tep, a B Ka'IeCTBe BTOporo - Ka6eJih JIOKaJibHOH ceTtt. KoMIIhIOTepy 3Ha'IttTeJibHO 

y.r106Hee BbI,LlaBaTb .r1aHHbie co CKOpOCThIO, onpe.r1eJIHeMOH ero co6crneHHhIM 6b1-

crpo.z:1eil:cTBlleM, HO B JIOKaJihHYJO CeTb HMO nepe,LlaBaTb ,LlaHHble co crporo OII

pe,LleJieHHOH CKOpOCThIO, 3MaBaeMOH CTaH.r1apTOM Ha ceTtt (HanpttMep, 100 

M6ttT/c). KpoMe Toro, KOMIIhIOTep IIO B03MO)KHOCTll He ,LIOJI)KeH OTBJieKaTbCH Ha 

KOHTPOJib 3a TeK~llM COCTOHHtteM ceTtt, 3a ee 3aHHTOCTbIO ll OCB060)K,LleHtteM. B 

,LlaHHOM CJiy'Iae 6y<pepHaH naMHTh npocTO Heo6xo,LIHMa. TO'IHO TaK )Ke 6y<pepHaH 

IIaMHTh H~Ha npn nptteMe ,LlaHHbIX, nocryna10mnx ll3 JIOKaJibHOH ceTH B KOM

IIbIOTep. 

rnaBHOe OTJlll'Ille 6y<pepHOH naMHTll OT naMHTll ,LIJIH BpeMeHHoro xpaHe

HllH llH<pOpMa:u:nn, paccMorpeHHOH B pa3,LleJie 12.9, COCTOllT B TOM, 'ITO K llH

<popMa:U:llOHHOMY 6y<pepy acer.r1a ttMeIOT ,LIOCTYII He O,LIHO BHemHee ycrpoil:CTBO, 

a .z:1aa (nnn .z:1a)Ke 6onee). I-fa-3a :noro ttHoma cymecrneHHo ycJIO)KHHeTcH KaK 

cxeMa 3MaHHH a.r1peca MttKpocxeMbl naMHTll, TaK ll cxeMa pa3,LleJieHttH IIOTOKOB 

,LlaHHbIX (3aIIllCbIBaeMbIX B naMHTh ll 'IttTaeMhlX ll3 naMHTll). 

I Yc-rpoHCTBO I I ' · ( B~4:= Ycrpoiic-rso 2 

Pnc.12.21. ,lJ;ByHanpaBJieHHblll llH<popMa:U:ttOHHhlll 6y<pep 

MH<popMa:u;llOHHble 6y<pepb1 6bIBaIOT O,LIHOHanpaBJieHHbIMll (BXO,LIHblMll 

llJill BblXO,LIHbIMll) ll ,LIByHanpaaJieHHhIMll, TO eCTh BXO,LIHblMll ll BhIXO,LIHbIMII O,LI

HOBpeMeHHO (pnc.12. 21). HanpnMep, 6y<pepHaH naMHTh ceTeaoro Mamepa 

,n;ay1rnnpaBJieHHaH, TaK KaK OHa 6y<pepnpyeT ll llH!pOpMa:U:HIO, nepe.r1aaaeMyIO B 

ceTb ll3 KOMIIhIOTepa, ll llH<pOpMa:U:llIO, npttHHMaeMyio ll3 ceTtt B KOMIIbIOTep. 
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,[(ay1rnnpaaneHHhie 6y<pephI acer.r1a CJIO)l(Hee npoeKTttpoBaTh tt3-3a 6oJibmero 

KOJitt'IeCTBa IIOTOKOB ,LlaHHbIX. HH<pOpMa:u;llOHHbie 6y<pepbl MOryT o6ecneqnaaTb 

nepttO,Llll'IeCKllll o6MeH Me)K,Lly ycrpoil:cTBaMtt llJlll HenpepbIBHhIH o6MeH Me)K,Lly 

HllMll. IlpttMepoM 6y<pepa c HenpepbIBHhIM pe)KllMOM o6MeHa MO)KeT CJl~llTh 

KOHrpOJIJiep Bll,LleOMOHllTOpa, llH<pOpMa:u;llH ll3 KOTOporo IIOCTOHHHO Bbl,LlaeTCH 

Ha Bll,LleOMOHllTOp, HO MO)KeT ll3MeHHTbCH IIO llHll:U:ttaTttBe KOMIIbIOTepa. 11H

<pOpMa:u:ttoHHbie 6y<pepbl c nepttO,Llll'IeCKHM pe)KllMOM o6MeHa ,LlaHHbIMll MOryT 

6bITh opraHtt30BaHhI no THIIY FIFO ttJitt no Tttny LIFO. 

HmpopMGlJUOHHble 6y<J>epbl c nepuoiJu'leCKUM o6MeHOM 

ilH<popMa:u;ttOHHbie 6y<pepbI C nepttO,Llll'IeCKllM pe)KttMOM 06MeHa Moryr 

6bITh opraHll30BaHbI no Tttny FIFO ttJitt no Tttny LIFO. B cnyqae FIFO Maccna 

,LlaHHhIX 'IttTaeTCH ll3 IIaMHTll O,LIHllM ycrpoil:CTBOM B TOM )Ke IIOpH,LIKe, B KaKOM 

OH 6blJI 3anttcaH B naMHTh APYrttM ycrpoil:c'iaoM. BhmycKaIOTCH ,Lla)Ke cne:u:n

aJihHhle MttKpocxeMhI 6b1crpo.r1eil:crnyiomeil: 6y<pepHoil: naMHTtt Tttna FIFO, KO

rnphre He ttMeIOT MpeCHOH illllHhI n npe,LICTaBJIHIOT co6oil:, IIO cyrn, MHOrOpa3-

PMHbIH C,LIBttroBhIH perncrp. B ornnqne OT o6bI'IHOH MttKpocxeMbI c.r1anroaoro 

perncrpa, r.z:1e 3aIIHCbIBaeMyIO HH<pOpMa:u;HIO M0)KH0 Ct:IHTaTh TOJlbKO TOr,Lla, KO

r.r1a oHa IIpO,LIBHHeTCH II0 BCeM Ht:IeHKaM perncrpa, HH<pOpMa:u;llIO C BbIXO,l:10B 

6y<pepa FIFO MO)KHO Hat:IttHaTb 1:IttTaTb C BbIX0,l:10B cpa3y II0CJie 3aIIHCll. 
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PHc.12.22. O.r1HoHanpaBJieHHbIH 6y<pep Tttna FIFO 
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Ha puc.12.22 noKa.3aH npocTeiiumii o,n;HottanpmrneHHbIH 6yqiep c nepuo-

,n;u11ecKHM pe)KHMOM o6Metta no npHHQHny FIFO. O,n;Ho ycTPoiicrno 3anucbrna~ 

eT HHqJOpMaQHIO B 6yqiep, Ha ,n;pyroe YCTPOHCTBO BbI,n;aeTC.sI HHqJOpMaQH.sI H3 

6yqiepa. IlaM.sITb Bcer,n;a 3aITHCbIBaeTc.si: nOJIHOCTbIO, no BCeM a,n;pecaM, H 1IHTa

eTC.sI TaK)Ke noJIHOCTblO. CTP06 3aIIll:CH «3an» noczynaeT B pe)KHMe 3amICH C 

11acrnrnii, Heo6xo,n;uMoii ,n;JI.sI 3am1cn:, CTP06 11TeHH.sI «qT» noczynaeT npn: 11Te

HHH C 1IaCTOTOH, Heo6xo,n;n:MOH ,D;JI.sI 1ITeHml. Illn:Hbl ,n;aHHbIX ,D;JI.sI 3anucu H 1ITe

HH.sI B naM.sITb B cnyqae, n?Ka.3aHHOM Ha pHCYHKe, OT,D;eJibHbie. IlpH TaKHX ycno

BHHX B cxeMe Heo6xo,n;HM Bcero JIHIIIb o,n;HH c11eT1IHK ,n;n.si: nepe6opa a,n;pecoB 

naMHTH, pa6oTaIOIQHH T0JibKO B pe)KHMe IIpHMOro C'leTa u HMeIOIQHH BXO,n; Ha-

1IaJibHOro c6poca B «0». 

Ilepe,n; Ha'laJIOM pa60Tbl ycTpOHCTBO, IIpOH3BO,D;HIQee 3aIIHCb B naM.sITb, 

c6paCbIBaeT C1IeT1IHK B «0» CHrHaJIOM «C6poc» Ii: ycTaHaBJIHBae'T pe)KHM 3anH'

CH B naM.sITb. 3aTeM Ha1IHHaeTC51 npoQecc 38IIHCH: 3aIIHCbIBaeMbie ,n;aHHbie no~ 

czynmoT c o,n;HoHanpaBneHHoro Bxo,n;Horo 6yqiepa (ADS) u 3anHCbIBaIOTCH B 

naM.sITb CHrHaJIOM «3an», KOTOpbIH CBOHM 3a,D;HHM qipoHTOM nepeKJII01IaeT a,n;

peca naM.sITH. TionHM npoQe,n;ypa Janucu BKJI1011aeT B ce6H CTOJibKO QHKJIOB 3a~ 

IIHCH, CKOJibKO HMeeTC.sI 51qeeK y HCnOJib3yeMOH naMHTH. 

Ilocne OKOH1IaHH51 npoQe,n;ypbl 3aIIHCH ycTpOHCTBO, npOH3BO,D;HBIIIee 3a

nHCb, pa.3peIIIaeT 1ITeHHe H3 naMHTH, YCTaHaBJIHBM B (( 1 » TPHrrep IIOJIO)KHTeJib

HbIM qipOHTOM CHrHana «TiycK» ( «0» Ha HHBepcHOM BbIXO,n;e ). IlpH 3TOM pa.3pe

IIIaeTC51 npoxo)KJJ:eHHe curnana «qT». A,n;peca naMHTH nepeKJIIO'laIOTCH no 3a,n;

HeMy qipoHzy CHrHaJia «qT» H no 3TOMy )Ke qipoHzy ,n;aHHbie, 1IHTaeMbie H3 na

M.sITH, qJHKCHPYIOTC.sI B BbIXOJJ:HOM perucTPe 11P27. 

BbIXO,D;HOH pernCTP BbIIlOJIH.sieT ,D;Be qiyHKQHH: He nponycKaeT Ha BbIXO,!I 

,n;aHHbie, 3anHCbIBaeMbie B naM.sITb (no CHrHaJIY WE 3anpeIQaeTC.sI 3anHCb B 

TPHrrep ); 06ecne1IHBaeT O.l(HOBpeMeHHOCTb H3MeHeHH51 Bcex pa.3p51,D;OB 1IHTae

MbIX .l(aHHbIX. Ilocne OKOH1IaHH51 1ITeHH51 Bcero o6'beMa naM.sITH, Bbipa6aTbIBaeT-
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C.sI CHrHaJI nepeHoca C1IeT1IHKa p, KOTOpbIH nepeBO.l(HT BCIO cxeMy B pe)KHM 3a

nHCH, nepeKJII01IM TPHrrep B «0» ( « 1 » Ha HHBepcHoM Bbixo.n:e ). Ilocne ::noro 

3anHCbIBaIOIQee BHeurnee YCTPOHCTBO CHOBa MO)KeT Ha1IHHaTb npoQe.n:ypy 3aITH

CH B naMHTb. 

,lvI.si: npaBHJibHOH pa60Tbl cxeMbl Heo6xo.l(HMO, 1IT06bI ,D;JIHTeJibHOCTb CHr

HaJia «3an» ,D;OJI)KHa 6bITb 6oJibIIIe MHHHMaJibHOH ,D;JIHTeJibHOCTH CHrHana WR 

naMHTH. Ilepuo.n: CJie.l(OBaHH.sI CHrHaJIOB «3an» .l(OJI)KeH 6bITb 6oJibIIIe cyMMbl 

,D;JIHTeJibHOCTH CHrHaJia «3arn> H 3a,n;ep)KKH nepeKJII01IeHH51 C1IeT1IHKa. TiepHO.l( 

CJie.l(OBaHH.sI CHrHaJIOB ((qT)) .l(OJI)KeH 6bITb 6oJibIIIe cyMMbl BpeMeHH BbI6opKH 

a,n;peca naM.sITH u 3a,n;ep)KKH nepeKJI1011eHHH c11eT1IHKa. 

HH<jJOpMGljUOHHble 6y</Jepbl C Henpepbl6HblM o6MeHOM 

Eyqiepbl C HenpepbIBHbIM o6MeHOM - 3TO 6ycpepbl C HenpepbIBHbIM pe

)KHMOM pa60Tu1. C O.l(HHM H3 YCTPOHCTB TaKOH 6yqiep o6IQaeTc.si: HenpepbIBHO, a 

C ,n;pyrHM TOJibKO B MOMeHT o6paIQeHH51 co CTOpOHbl 3TOro YCTPOHCTBa. B .n:aH

HOM cnyqae Heo6XO.l(HMO HMeTb .l(Ba C1IeT1IHKa a,n;peca naMHTH, BbIXO,D;Hbie KO.l(bl 

KOTOpbIX Ha,D;O MYJibTHnJieKCHpoBaTb C noMO!QblO MYJibTHnJieKCOpa. 

HE7 KUii 

ml~ L 11 (C'JCT'Dll( I 
'I'rel1HJI) 

+l I r,v I -Im --1 I IBLIX. lUIIIHLIC 

--
CT2 

(C'let'IHK 
311IUIC1t) 

C6poc .n.. n ; 1 

HE7 
I 

Jru!,r 

Puc.12.23 Tiepe.l(aIOIQHH 6yqiep c HenpepbIBHbIM pe)KHMOM pa6oTbI 

Ha puc.12.23 noKa.3aH npocrnii O.l(HOHanpaBJieHHbIH H nepe.n:aIOIQHH 6y

qiep, TO eCTb Kor,n;a 0.l(HO YCTPOHCTBO TOJibKO 3anHCbIBaeT B naMHTb HH<pOpMa-
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QHIO (B H)')KHhie MOMeHThI), a Ha .n.pyroe YCTPOHCTBO IlOCTOHHHO BhI.n,aeTCH HH

q>OpM~HH, 1IHTaeMM H3 Bcex no.n.pM MpeCOB IlaMHTH. C1IeT1IHK 1ITeHHH Henpe

pbIBHO nepe6HpaeT Mpeca naMHTH c 1IaCTOTOH TaKTOBoro reHeparnpa H C'IHThI

BaeMaH H3 naMHTH HHq>opM~HH qepe3 pemcTP RG Bh~aeTcx Ha BhIXO.!J. YCTPOHCT

Ba. B pe)l(HMe 3aIIHCH no CHrnany «3an» MYJihTHnJieKcop no.n,aeT Ha MpeCHhie 

BXO.!J.hl naMHTH KO.!J. C'IeT'IHKa 3aIIHCH H ynpaBJIHIOmHii CHrHaJI WR. TaKM nocne

.!J.OBaTeJihHOCTh CHrHaJIOB no3BOJIHeT 3aIIHCaTb B naMHTh BXO.!J.Hhie .n,aHHhie no M

pecy 3aIIHCH co C1IeT1IHKa 3anHCH H He MeHHTb co.n.ep)l(HMOe H'IeeK naMHTH C .n.py

rHMH MpecaMH. 

Ilepe.n. Ha'IaJIOM pe)l(HMa 3ailHCH B naMHTh C1IeT1IHK 3anHCH c6pacbrnaeTCH. 

B «0» no CHrnany «C6poc». Ilocne Ka)l(.!J.OH onep~HH 3anHCH no 3a.n,HeMy 

q>pOHTY CHrHana «3an» KO.!J. Ha BhIXO.!l,e C1IeT1IHKa 3anHCH yBeJIH'IHBaeTCH Ha 

«I». To eCTh .!l,JIH Toro 1IT06hI 3anHCaTb BCIO naMHTh, He06XO.!J.HMO c6pOCHTh 

C1IeT1IHK H npOH3BeCTH CTOJihKO QHKJIOB 3ailHCH, CKOJihKO H'IeeK HMeeTCSI B na

MSITH. 

y CJIOBHSI npaBHJihHOH pa60TbI cxeMhI cne.n.YIQmHe. C1IeT1IHKH .!l,OJI)l(Hbl 6bITh 

CHHXpOHHhIMH .!l,JIH 6bICTPOro nepeKJII01IeHHSI, a naMHTb HeTaKTHpyeMax, c pa3-

.n,eJihHhIMH BXO.!J.aMH Il BhIXO.!J.aMH ~ .!J.aHHhIX. Cnrnan WR .!J.OJI)l(eH HMeTb .!J.OCTa

TO'IHYIO MHTeJibHOCTh ~ 3aIIHCH IlH!pOpM~IllI B naMHTh. 3a BpeMH .n.eiiCTBHSI 

cnrnana «3an» .!J.OJI)l(eH ycneTh cpa6oTaTh MYJihTHnJieKcop Il .!J.OJI)l(Ha 3aIIHCaThCSI 

HHq>opM~HH B naMHTb. Bh1xo.n,Hoii perHCTP .!J.OJI)l(eH cpa6aThIBaTh no q>poHry 

ynpaBJIHIOmero CHrnana. ,l(JIHTeJibHOCTh nepHo.n,a TaKTOBOro CHrnana .!l,OJI)l(Ha 

6bITh 60JibIIIe CYMMbI 3Mep)l(KH BbI6opKH Mpeca naMSITH H 3Mep)l(KH nepeKJII0-

1IeHHSI C1IeT1IHKa '!TeHHH. 3a nepHO.!J. CJie.!l,OBaHHSI c11rnana «3an» HH!pOpMaQIISI 

.!J.OJI)l(Ha ycneTb 3a1111caTbCSI B naMSITh H nepeKJII01IIIThCSI C'IeT'IHK 3arr11c11. 

He.n.ocTaTOK rrpHBe.n,eHHOH opraHII3aQHII 6yq>epa COCTOIIT B TOM, 'ITO rrpII 

rrpoBe.n,eHHII QIIKJia 3aIIHCH B rraMSITh Ha BhIXO.!l,e cxeM'bI 6y.n,eT He Ta IIH!pOpMa

QHH, KOTOpaSI .!J.OJI)l(Ha 1IIITaThCSI H3 rraMSITH B .n,aHHhIH MOMeHT. ,l(nH rrpeo.n.one-
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HHH :noro He.!l,OCTaTKa HMO rrpOH3B0.!J.HTh 3anHCh B IIaMSITh TOJihKO B Te MOMeH

ThI, Kor.n.a BhIXO.!J.HM HH!pOpM~HH 6yq>epa He Ba)l(Ha. HarrpHMep, ecJIH pe'Ib 

n.n,eT O 6yq>epe KOHTPOJIJiepa BH.!l,eOMOHIITOpa, TO 3aIIHCh B IIaMHTh MO)l(HO rrpo

H3BO.!J.HTh TOJihKO BO BpeMSI KMpOBOrO racxmero HMIIYJibCa, KOr.n,a Ha 3KpaHe 

HII1Iero He OT06pa)l(aeTCSI. 

13. MHKpOKOHTpOJIJiep 

13.1. BeeAeHue 

CrpYKTYPa 3BM co.n.ep)l(IlT HecKOJihKO ocHOBHhIX KOMIIOHeHTOB, KOTOphIM 

oTBe.n,eHhl orrpe.n.eneHHhie q>YHKQHH H KOTOpbie BhIIIOJIHHIOTCSI onpe.n.eneHHhIM crro

co6oM. ,l(Ba TaKHX KOMilOHeHTa BnepBbie 6bIJIII onIICaHhI B 1833 roey qapJib30M Ee-

6~eM B npoeKTe «AHaJIIITH1IecKoii MaIIIHHhI». Ee6~ BBen Ha3BaHHe YCTPoiicT

Ba, Ha3BaHHOro MeJihHHQeii, B KOTOpOM npOH3BO~H .n.eiiCTBHH HM BeJIH'IHHaMil, Il 

((CKJIM», r.n.e XpaHHTCSI 3Ha1IeHIISI BeJIH1IHH H Pe3YJihTaThI BhIIIOJIHSieMbIX orrep~11ii. 

B cOBpeMeHHhIX 3BM :no, cooTBeTCTBeHHO, apnq>MemKo-nomqecKoe YCTPOHCTBo 

(AJIY) H orrepamBHoe 3aIIOMHHaIOmee ycTPoiicrno (O3Y). 

AJIY HBJISieTCH qacThIO rrpoQeccopHoro ycTPoiicTBa KOMIIhIOTepa, KOTo

poe BhIIIOJIHHeT HHCTPYKQHH, a TaK)l(e ynpaBJIHeT IlH!pOpMaQHeii, rrocryrra10meii 

B MaIIIHHy. Bee KOMIIOHeHThI KOMIIhIOTepa, B OCHOBHOM, pa60TaIOT IIO IIpHHQil

rry rrocne.n,oBaTeJihHOH o6pa60TKII .n,aHHhIX. 11AeT JIH pe1Ib O MHKpOKOMIIhIOTepe, 

rrepcOHaJihHOM KOMIIhIOTepe HJIH O MOmHoM cynepKOMIIhIOTepe - Bee OHH pe

lllaIOT 3a.n,a1IH B rrocne.n,oBaTeJibHOH pe)KHMe, B Ka)l(.!l,hIH MOMeHT BpeMeHH, aHa

JIIl3HpyH H HCIIOJIHHSI TOJihKO O.!J.HY HHCTPYKQHIO, IIOCJie qero nepeXO.!J.HT K CJie

.!J.YIOIQeii. ,l(a)l(e peIIIeHHe npocroii 3Ma1IH, HanpHMep, CJIO)l(HTh .n,Ba 1IIlCJia HJIIl 

rrepeiiTH OT CTPO'IHhIX 6YKB K rrponHCHhIM, TPe6yeT BhIIlOJIHeHHSI HeCKOJihKilX 

MeJIKHX rrpoQe.n.yp (MHKpOKOMaH.n,). 

13.2. O6o6~euuaH CTpyKTypHaH cxeMa K0MDblOTepa 

Ha pHc.13. I rrpe.n.craBJieHo cxeMaTH1IecKoe . H3o6pa)l(eHHe mnoBoro 

l<OMIIhIOTepa, KOTOpoe IIOMoraer IIOHHTh ero BHYTPeHHee ycrpoiicrno H IIPilH-
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QHIIbI pa6on,1. 0,~HaKo, no C)'II(ecrny, ,n:aHHhle 3JieMeHThl xapaKTepHbI MR mo-

6oii Bbl'IHCJIHTeJibHOH CHCTeMbl. 

,...I ii;~a.m,Hoe 1; 
ycTpoilcTBo ,------- ,....-----, 
ynpaBJICHIDI 

!~11;~ · · ow • , 
PerncrpoBasi: 

naMHTb 

~onoJIH~eJibHoe I : .___...,:.._.....:._, 
ycTpOHCTBO ,....._--=-.---=-~ £ 

ynp aBJICH_ll'.il_ 

I l..lempa.m,m,m 
1 

MOHHI'Op KJiaBHaTYPa 

1 rrp o~eccop 1 L ______ , __ .J 

PHc.13 .1. CxeMa'I'H'IeCKOe mo6pIDKeHHe THII0B0ro K0MIIbIOTepa 

Lfe1-1mpanbHblU npolfeccop 

U:eHIJ)aJII,Hl,IH npoQeccop B COBpeMeHHI,IX K0MIIbIOTepax npe,n:CTaBJI1!eT co-

6oii MUKponpolfeCcop, TO ecTI, BI,IIIOJIHeH Ha o,n:HOH MHKpocxeMe (EMC, CEHC). 

B ero cocTaB BX0,n:11T: QeHTpaJibHoe YCTPOHCTBO ynpaBJieHHR - K0MIIJieKc 

cpe,n:cTB aBT0MaTHqecKoro ynpaBJieHHR npoQeccaMH nepe,n:aqH H o6pa6oTK~ 

HH<popMaQHH; apH<pMeTHKO-JiomqecKoe ycTPOBCTBO (AJIY) - YCTPOBCTBO, 

ocyIQeCTBJI1!IOIQee o6pa6oTKY HH<pOpMaQHH H Bhlpa6oTKY npH3HaK0B ynpaB

Jll!IOIQHX cHrHaJI0B; BHYTPeHH1!1! naMRTb npoQeccopa - pemcTP0BaR naMRTb iI 

nocT0RHHaR naM11T1, ycTPoiicrna ynpaBJieHHR. 

OnepamueHaR u nocmoRHHaR nQMJlmb 

Mo,n:yJIH onepaTHBHOH H IIOCT01!HHOB IlaM1!TH CB1!3aHI,I C MHKp0IIp0QeC

cop0M HaIIp1!MyIO IIpH II0M0IQH o6IQeii CHCTeMOH IIIHHhl (Olli). 

Ycmpoucmea 8800a-8bl800a. 

YCTPOBCTBa BB0,n:a-BbIB0,n:a (MOHHTOp, KJiaBHazypa, HaK0IIHTeJIH Ha Maf

HHTHhlX H0CHTeJI1!X HT. ,n:.) CB1!3aHbl C MHKponpoQeccopoM qepe3 KOHTPOJIJiepbl 
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BB0,n:a-BbIB0,n:a, K0T0p1,1e, B CB0IO oqepe,n:1,, CB1!3aHI,I C MHKponpoQeccopoM qepe3 

cHcTeMHyIO Olli. 

IlpoQeccop RBJI11eTc11 11,n:poM 3BM (pHc.13 .1 ). OH ocyIQecTBJ111eT o6pa6oT

KY )l:aHHblX H <pYffKQHH ynpaBJieHH1! CHCTeMOH. K <pYffKQH1!M ynpaBJieHH1! CHCTe

MOB OTHOC1!TC1!: HHHQHHpOBaHHe onepaQHH BBO,n:a-BbIBO,n:a; ynpaBJieHHe ,n:oczy

IIOM K OCHOBHOH IlaMRTH (pa6om c BHPTYaJibHOH IIaM1!TbIO); o6pa6oTKa CHCTeM

Hl,IX npepbIBaHHil:; opraHH3aQH1! MHOro3a,n:aqHI,IX pe:>KHMOB pa6oTbl. 

OpraHH3aQH1! QeHTPaJihHoro npoQeccopa onpe.n:en11eTc11 apXHTeKTYPOH H 

npHHQHIIaMH pa6on,1 3BM (cOCTaB H <popMaTbl KOMaH,n:, opraHH3aQH1! IIaMRTH). 

CTPYKTYPHO 3TH cpe,n:crna pa36HBaIOTC1! Ha cne.n:yroIQHe ycTPoil:crna (pHc.13.1): 

QeHTPaJibHoe YCTPOHCTBO ynpaBJieHH11; apH<pMeTHKo-norHqecKoe ycTPoil:cTBO 

(AJIY); BHYTPeHHIOIO naM11n,; ynpaBJIRIOIQHe ycTPoiicrna, CB1!3aHHbie c KOH

KpeTHhIMH ycTPoiicTBaMH B1,1qHcJIHTeJibHOB MaIIIHHbI. 

Lf e1-1mpanb1-1oe ycmpoucmeo ynpaellemm npHHHMaeT H pacnrn<ppoB1,rnaeT 

KOMaH)l:bI, <popMHpyeT a,n:peca KOMaH.n:, <popMHpyeT IIOCJie,n:oBaTeJII,HOCTH 

ynpaBJI1!IOIQHX CHrHaJI0B H o6ecneqHBaeT KOOp,n:HHaQHIO pa6oTbl BCex Y3JIOB 

nocpe,n:CTBOM Bbipa6oTKH CHHXpOHH3HpyIOIQHX CHrHaJIOB. 

YnpaellRIOUJaR nrummb Bxo,n:HT B cocTaB QeHTPaJihHOro ycTPoiicrna 

ynpaBJieHH1! H OTHOCHTC1! K KJiaccy IIOCT01!HHOB naM1!TH. 3TOT BH,n: naMRTH HC

IIOJlb3yeTC1! .ll:Jl1! xpaHeHH1! MHKponporpaMM. Ee OTJIHqaeT oqeHb BI,ICOKOe 6@CT

po,n:eiicTBHe H He60JII,IIIa1! eMKOCTI,, onpe,n:eJI1!IOIQa1!C1! KOJIHqecTBOM KOMaH.ll: H 

MHKpOKOMaH.n: B CHCTeMe KOMaH,n: QeHTPaJibHOro npoQeccopa. 

B1-1ympemmR pezucmpoeaR nQMJlmb Bxo,n:HT B cocmB naMRTH nepBoro 

ypOBH1!. OHa Henocpe,n:cTBeHHO CB1!3aHa C AJIY H ,n:pyrHMH 6JIOKaMH QeHTPaJII,

Horo npoQeccopa H HMeeT CKOpOCTI, pa6on,1, COH3MepHMyIO co CKOpOCTI,IO pa-

6on,1 6JIOKOB npoQeccopa (Ho MeHbIIIe, qeM y ynpaBJl1!IOIQeii IIaM1!TH). IlaMRTI, 

BhlIIOJIHeHa Ha TPHrrepHbIX 3JieMeHTax H HMeeT He60JiblllyIO eMKOCTI,. 
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13.3. Apu4'MeTHKO-JioruqecKoe ycrpoiicreo 

13.3.1. KJiaccu4'nKaQHH AJIY 

AJIY npe.n:mi:ma'feHI,I .ll:IDI BbIIlOJIHeHHH apmpMernqeeKHX H JiomqeeKHX 

onep~Hii: Ha .D:aHHbIMH (onepaH,n:aMH). Bee AJIY KJiaeempHn;HpyioTeH eJie~~ 

11\HM o6pa3oM (pHe.13.2): no enoeo6y ,n:eii:eTBHii: HM onepaH,n:aMH; no BH,n:y 06-

pa6aT1>rnaeM1>1x 'fHeeJI; no opraHH3~HH ,n:eii:eTBHii: HM onepaH,n:aMH; no rnny 

eTPYKTYPbl. 

BH,!l 
o6pa6an,maeMoil 

HH(jiopM~II 

Cnoco6 
06pa60T1CH 

HH(j)OpM~II 

c-rpyicrypa 
AJJY 

no (jiopIYie npl:/!CT8B_Jiemtll_ 

no pa:3plJ,IIHOC1'11 

no 11cno.m,3yeMOH CIICTCMC 

C'!IICJICHru! 

no cnoco6y npe,!!CTSBJielllll! 
o-rp1111a-re.m.HhIX '!llceJI 

no cnoco6y o6pa6= cJioBa 
BO BpeMeHH 

no cnoco6y pacnpe,[!eJielllll! 
JIO,H'!eCIOIX (jiylllCI1HH 

Me ll;!!Y pernc-rp8M!I 

AJIY C pacl!Il!peHHbIMII 
B03MOl!(HOCTl!MII 

'jc ij)111Cc11p0Baaaoil 3amrroil! 

C IDI8BaJOil!eil 3amrroil 

C llOCTOJIHHOH 

C nepeMeHHoil 

C IICllOJll,3OBaHIICM llO311· 
llllOHHhlX CIICTeM 

C 11cno.m.3OBaa11eM 
aen03HllllOHHblX CIICTCM 

C 11cno.m.3OBaa11eM 
~6p_amoro KO,!la 

C IICllOJll,3OBaHHeM 
,!!OllOJIJIIITeJll,HOI'O KO,!la 

nap8JIJ!e.m.Hbre 

noCJie,!loBare.m.Hbre 

AJJY C O,!!HopO,!!HOH 
CTp}'Xl1'POH 

AJJY c JreCTKOH 

c-rpyicrypoil _ 

AJIY c Marnc-rp am.HOH 
c-rpyicrypoil __ 

AJIY C ,!!OllOJIHIITeJii,HbIMII 
perncTp_aMII 

Maor-ocyMMaropHbre AJIY 

AJIY c pea.mtl~eil 
onepaqHilB 

PHe.13.2. KJiaeempHK~HH AJIY 

Ilo cnoco6y oeucmeuu Hao onepaHOaMU AJIY 61,rnaIOT noeJie,n:oBaTeJibHO

ro H napanJieJI1>Horo ,n:eii:eTBHH. B noeJie,n:OBaTeJI1>H1>1x AJIY .n:eii:eTBHH Ha,n: one

paH,n:aMH npoH3BO~eH noeJie,n:oBaTeJibHO, pa3pM 3a pa3pH,n:OM, Ha'fHHaH e 
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MJIMIIIero. B napaJIJieJibHbIX AJIY Bee pa3pH.D:bl onepaH,n:OB 06pa6aT1>1BaIOTeH 

o,n:HoBpeMeHHO. 

Ilo euoy o6pa6ambUJaeMbZX 'lUCell Bee AJIY MOryT npoH3BO,n:HTb eJie

,n:yIOIQHe onepan;HH: e .D:BOH'fHbIMH 'fHeJiaMH e Q)HKeHpOBaHHOii: HJIH nJiaBaIOil.\eH 

3anHTOii: H e ,n:BOH'fHO-,n:eeHTH'fHbIMH 'fHeJiaMH. IlpH ,n:eii:eTBHH e ,L(BOH'fHO

,n:eeHTH'fHblMH 'fHeJiaMH AJIY .D:OJI)l(Hbl eo.n:ep)l(aTb exeMy .n:eeHTH'fHOll KOppeK

QHH. CxeMa .n:eeHTH'fHOii: KoppeKQHH rrpeo6pa3yeT IIOJiyqeHHblll pe3yJI1>TaT Ta

KHM o6pa30M, 'fT061>1 Ka)l(.ll:blll .D:BOH'fHO-,n:eeHTH'fHblll pa3pH,n: He eo,n:ep)l(aJI U:Hq>

PY 60JI1>II1e «9». IlpH 3anHeH 'fHeJia e Q)HKeHpOBaHHOii: 3aIIHTOii: 3anHTM Q)HKeH

pyeTeH rroeJie MJIMIIIero pa3pMa, eeJIH 'fHeJio QeJioe, H nepe.n: ernpIIIHM, eeJIH 

qHeJIO MeHbIIIe «l». IlpH 3arrHeH 'fHeeJI e nJiaBaIOIQeii: 3aIIHTOii: Bbl,n:eJIHeTeH n:e

JIM qaeTb, KOTOpaH Ha3bJBaeTeH MaHTHeeoii:, H nOKa3aTeJib eTerreHH, KOTOpblll 

Ha3bJBaeTeH nopMKOM H xapaKTepH3yeT nOJIO)l(eHHe 3aIIHTOH. 

Ilo opzaHU3alfUU oeucmeuu Hao onepaHOaMU AJIY ,n:eJIHTeH Ha 6JIO'fHbie H 

MHOrOq>YffKQHOHaJibHbie. B AJIY 6JIO'fHOrO rnrra OT,n:eJibHbJe 6JIOKH rrpe,n:HaJHa

qeHbl ,n:IDI BblIIOJIHeHHH ,n:eii:eTBHH e .ll:BOH'fHbIMH 'fHeJiaMH, e .D:BOH'fHO

,n:eeHTH'fHblMH 'fHeJiaMH, e 'fHeJiaMH e Q)HKeHpoBaHHOH H e IIJiaBaIOil.\ell 3aIIHTOll. 

B MHOroq>YffKU:HOHaJibHbIX AJIY o,n:HH H Te )Ke 6JIOKH o6pa6aTbIBaIOT 'fHeJia e 

!pHKeHpOBaHHOH 3arrHToii:, IIJiaBaIOil.\eii: 3aIIHTOH H ,n:BOH'fHO-,n:eeHTH'fHbie 'fHeJia. 

PHe.13 .3. CxeMarnqeeKoe H306pa)l(eHHe MHoroq>yHKQHOHaJibHoro AJIY 

Ha pHe.13.3 noKaJaHO exeMarnqeeKoe HJo6pa)l(eHHe MHoroq>yHKQHO

HaJI1>Horo AJIY. KoMMJTaTOpbI Kl H K2 ofo,e,n:HHHIOT eYMMaTOpbl 1, 2 H 3 ,n:IDI 

.[(eii:eTBHll HM 'fHCJlaMH e Q)HKeHpOBaHHOH 3aIIHTOH. )];JUI ,n:eii:eTBHll HM 'fHeJia-
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MB C mrnBaIOll(eii 3arnnoii KOMMyrarnp K2 061,e.n;nmi:eT C)'MMaTOpbI 2 n: 3 .n;mi: 

o6pa60TKH MaHTHCC, a KOMMyTaTOp Kl OTCoe.n;n:mi:eT nepBbIH cyMMaTOp OT BTO

poro. CyMMarnp 1 o6pa6aThIBaeT nop.SI,n;Kn:. 

Ila cmpyKmype AJIY .n;eJUITC.SI Ha AJIY C Henocpe.n;cTBeHHhIMll CB.Sl3.SIMH II 

MH0roCB.Sl3Hhie AJIY. B AJIY C Henocpe.n;cTBeHHOH CB.S13hl0 BXOJJ; pemcTJ)a npn:eM

HHKa CB.Sl3aH C BbIX0JJ;0M pemcTJ)a llCT0IJHHKa onepaH,n;0B ll pemCTJ)a, B K0TOP0M 

npon:cxo,n;n:T o6pa6oTKa. Hanpn:Mep, B cxeMe Ha pn:c.13.4 C)'MMn:poBattn:e nponc

xo,n;n:T cne.n;YfOll(HM o6pa30M. Onepatt,n;hI no,n;aIOTCH B pemcTJ) 1. PemcTJ) 2 .SIBIDI

eTCH HaKannn:BaIOIIJ;llM C)'MMaTOp0M. OH cyMMn:pyeT cnaraeMbie, nOCTynaIOll(He B 

pa3Hhie M0MeHTbI BpeMeHH, n: nepe,n;aeT pe3yllhTaT B pemCTJ) 3. 

Pn:c.13.4. CxeMaTw1ecKoe AJIY c Henocpe.n;cTBeHHoii cBH3hIO 

B MH0roCB.Sl3HhIX AJIY BX0JJ;hI lI BhIX0JJ;hI pemCTJ)0B npn:eMHHK0B ll n:c

TQqHJIK0B n:mpopMfill;llll no.n;coe,n;n:HHIOTC.SI K OJJ;HOH IIIHHe, a pacnpe.n;eneHne BX0JJ;

HhIX n: BhIX0JJ;HhIX ,n;aHHhIX npon:cxo,n;n:T no.n; .n;eiicTBn:eM ynpaBIDIIOll(llX cn:rnanoB. 

13.3.2. JloruqecKaH CTpyrcrypa AJIY 

ApHq>MemKo-nomqecKoe YCTJ)OHCTBO q>yHKQHOHMhHO M0)KH0 pa3,n;enn:TJ, 

Ha ,n;Be qacm: MHKponporpaMMH0e YCTJ)OHCTBO (YCTJ)OHCTBO ynpaBneHHH), 3a

.n;a10ll(ee nocne,n;oBaTellhH0CTh MHKp0K0MaHJJ; (KOMaH,n;) H onepaQB0HH0e YCTJ)OH

CTB0, B K0TOp0M peann:3yeTC.SI :na 3a,n;aHHa.SI nocne,n;oBaTellhH0CTh MlIKp0K0MaH,n;. 

Ha puc.13.5 noKaJaHa mnoBa.SI CTJ>YKTYPHM cxeMa AJlY H cro CBH3h c 

.n;pyrn:Mn: 6noKaMH B 3BM. AJIY n:MeeT cne,n;yIOll(Hii cocTa11: perncTJ)hI 

Prl + Pr7, B K0T0phIX o6pa6aTbJBaeTc.SI HHq>opMaQBH, nocTym11011(a» In onepa

THBHOH n:nn: naccn:BHOH naMHTn; N I, N2, .. ,Nr - norw1ecKne cxcM1,I, pca1mJy10ll(lfC 
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o6pa6oTKy Cll0B no MHKp0KOMaHJJ;aM, n0CTynaIOll(llM H3 YCTJ)0HCTBa ynpaBneHH.SI 

npoQeccopa. 

P1.----~ 
r-;:=======:J· P2 Yc;rp~ill:nio 

; ynpaalielllllll 

pm'-r-~-.,.J 
Onepa4~0HHoe ycrpoikrso An ,_ A2 Ai 

Pr7 Pr5 Pr4 Pr3 Pr2 

; /Ji i 11 ~, 11•:- f-Y1 ··. ! F:: 
. t I 

N, ..... N2N1 

Pn:c.13.5. CTJ)YKTYPHM cxeMa AJIY 

3aKOH o6pa60TKH HHq>OpMfill;HH B AJIY 3a.D;aeT KOMaH,n;a M, KOTOpa.SI 3ann:

CbIBaeTC.SI B Bn:,n;e nocne,n;oBaTenhHOCTH MHKp0KOMaHJJ; A 1, A 2, ... , An--1, A 0 • B AJIY 

pa3nn:qaIOT )];Ba Bn:,n;a MHKp0KOMaH,n;: 8Heumue, TO eCTh TaKHe MHKpOK0MaH,n;hI, KO

TOpbie nocTynaIOT B AJIY OT BHeIIIHHX HCTOIJHHKOB ll BhI3hIBa!OT B HeM Te n:nu 

HHhie npeo6pa3oBaHHH HHq>opMm.i:n:n: (MHKpOKOMaHJJ;hI A 1, A2, ... , An--1, Am Ha 

pn:c.13.5), n: BHympeHHUe,, KOTOpbie reHepHpYfOTC.SI B onepm.i:n:oHHOM YCTJ)OHCTBe 

AJIY ll B03,n;eiiCTBYfOT Ha MHKpOnporpaMMHOe YCTJ)OHCTBO, ll3MeHH.SI ecTecTBeH

HhIH nop.SI,n;OK cne,n;OBaHll.SI MllKpOKOMaHJJ;. Hanpn:Mep, AJIY MO)KeT reHepn:poBaTb 

npll3HaKH B 3aBHCHMOCTll OT pe3ynhTaTa BbJqucneHHH j, w, Q n: .n;p. 3.n;ecb j - npn:-

3HaK nepenonHeHn:H, w - npn:3HaK OTJ)HQaTenhHoro qucna, Q - npn:3HaK paBeHCTBa 

«O» Bcex pa3p.SI,n;OB qn:cna. Ha pn:c.13.5 BHYTJ)eHHHe MHKpOKOMaHJJ;hI o6o3HaqeHbI 

P1, P2 , .. , Pm. Pe3ynhTaThI BhNn:cneHuii n:3 AJIY nepe,n;aIOTCH B O3Y no Ko,n;oBhIM 

IIIHHaM 3aITHCH Y1 , Y 2 , .. , Y n • 

Ilepe'IUCJlUM pe2ucmpb1, exoORUJUe e AJJY, u ux pyHKlfUU: 

• Prl - C)'MMaTOp (n:nn: C)'MMaTOphI)- ocHOBHoii pemcTJ) AJIY, B KoropoM 

o6pa3yeTC.SI pe3ynhTaT Bbiqn:cneHHH; 
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• Pr2, Pr3 - perncrphI cnaraeMhIX, C0MHO)KHTeneii, ,nennMoro HnH ,nenHTeIDI; 

• Pr4 - a,npecHhiii pemcrp (nnn a,n;pecHhie pemcrphI PrS), rrpe,nHa3Hat:JeH 

.nmc 3aII0MIIHaHH.H (nHor,na H cpopMHpOBaHH.H) a,n;peca orrepaH,D;0B H pe3yJihTarn; 

• Pr6 - K HH,neKCHhIX pemcrpoB, co,nep)KHM0e K0T0phIX HCII0Jih3yeTC.H ,[{Il.H 

cpopMnpoBamrn a,npecoB; 

• Pr7 - L BCII0M0raTeJibHhIX pemcrpoB, K0T0phie no )KeJiaHHIO rrporpaM

MHCTa M0ryT 6bITh aKKYMYJIHTOpaMH, HH,neKCHhIMH pemcrpaMH HJIH HCII0Jih30-

BaThC.H ,[{JI.H 3arroMHHaHH.H rrpoMe)KYT0t:JHhIX pe3yJihTaT0B. 

qaCTh orrepaQH0HHhIX pemcrpoB .HBJI.HeTC.H rrporpaMMHo-,nocry1rnoii, 0HH 

M0ryT 6bITh a,npecoBaHbl B K0MaH,ne rrporpaMMhl ,[{JI.H BhIII0JIHeHH.H orrepm:.(HH c 

HX co,nep)KHMhIM. K HHM 0TH0C.HTC.H: CYMMaTop, HH,neKCHhie H HeKoTOpbie 

BCII0M0raTeJibHhie pemcrpbl. OcTanhHhie pemcrpbl rrporpaMMH0 He,D;0CTYIIHhie, 

TaK KaK 0HH He MoryT 6bITh a,npecoBaHhl B rrporpaMMe. 

CJIO)KHOCTh nomqecKoii CTPYKTYPhI AJ1Y B rrpoQeccope nnn B MHKpo

rrpoQeccope B orrpe,neJieHHOH CTerreHH orrpe,neJI.HeTC.H K0JIHt:JeCTB0M 0TJIHt:JaIO

II.(HXC.H ,npyr OT ,npyra MHKpoorrepaQHH, Heo6xo,nHMhIX ,[{Il.H BhIII0JIHeHH.H Bcero 

K0MrrneKca 3a,z:i;aq, rrocTaBJieHHhIX rrepe.n AJJY. Ha Bxo,ne Ka)K,noro pemcrpa co-

6paHhI C00TBeTCTBYIOII.(He nornt:JeCKHe cxeMhI, o6ecrret:JHBaIOII.(He Heo6xo,nHMhie 

CB.H3H Me)K,ny perncrpaMn, t:JT0 1103B0n.HeT peanH30BaTh 3a,naHHhIH Ha6op MHK

poo11epaQHH. BhIIIOJIHeHHe 011epaQHH Ha,[{ CJI0BaMH CB0,[{HTC.H K BhlII0JIHeHHIO 

II0CJie,noBaTeJibH0CTH MHKp0K0MaH,n, K0T0pbie y11paBJI.HIOT 11epe,naqeii CJI0B B 

AJ1Y n ,neiicTBHHMH 110 11peo6pa3oBaHHIO cnoB. IIop51,noK BhIII0JIHeHH.H MHKpo

K0MaH,n 011pe,nen.HeTC.H anropHTM0M BhIII0JIHeHH.H orrepaQHH. Cne,noBaTeJibHO, 

CB.H3H Me)K,ny pemcrpaMH AJ1Y H cpyHKI.(HH, K0T0phie ,D;0JI)KHbl BhIII0JIH.HTh pe

rHCTPhl, 3aBHC.HT B 0CH0BH0M OT rrpHH.HTOH MeT0,[{HKH BhIII0JIHeHH.H orrepaQHH: 

apH<pMeTHt:JeCKHX, JI0mt:JeCKHX H c11el.(HailhHOH apncpMeTHKH. 

IIepet:JeHb 011epaQHH, BhIII0JIH.HeMhIX B AJ1Y, 3aBHCHT OT Ha3Hat:JeHH.H QH<p

pOBOH Bhlt:JHCJIHTeJihHOH MamHHhl n OT <pyHKQHH, BhIII0JIH.HeMblX AJ1Y 11pH o6ec-
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net:JeHHH pa60Tbl 0CTanhHhIX ycrpoiicTB MaIDHHhl. IIpH 11pe,nCTaBJieHHH 011epa

UHH B BH,ne IIOCJie,noBaTeJibHOCTeii MHKpOOllepaQHH AJ1Y ,[{0Il)KH0 C0CT0.HTb H3 

3JieMeHT0B, peanH3YIQI.I.(HX 3TH MHKp00llepaQHH. 

TaKHM o6pa3oM, CTPYKTYPa AJ1Y 011pe,nen.HeTc.H Ha6opoM MHKpoo11epa

UHii, Heo6xo,nHMhIX ,nn.H BhIII0JIHeHH.H 3a,[{aHHhIX apn<pMeTHt:JeCKHX, JI0mt:JeCKHX H 

crreQHMhHhIX 011epaQHH, a 3a,z:i;aqy 11ocrpoeHH.H AJ1Y M0)KH0 CBeCTH K 3a,z:i;aqe 

orrpe,neneHH.H rpe6yeMoro Ha6opa MHKpO0llepaQnii, KOTOpbIH II03B0JI.HeT C0CTa

BHTh MHKpo11porpaMMY n106oii H3 3a,z:i;aHHhIX 011epaQnii:. TaKoii: Ha6op M0)KH0 rro

Jiyt:JHTh, ecnH 3aIIHCaTb MHKp0llporpaMMhl Bcex 011epaQHH, BhIII0JIH.HeMhIX B 

AJ1Y, H BbI6paTb H3 HHX Bee, BX0,nHII.(He B MHKpo11porpaMMhI xorn 6hI 0,[{HH pa.3. 

O,nHaKO eCJIH anropHTM 011epaQHH BbI6npaTb 11p0H3B0JihH0, TO K0JIHt:JeCTB0 MHK

poo11epaQHH, BX0,n.HI.I.(HX B IIOJIHhlH Ha6op, M0)KeT 0Ka3aTbC.H CJIHillK0M 6oJibillHM 

H, cne,noBaTeJihH0, AJ1Y 6y,neT CJI0)KHhIM • .r(mI 11onyqeHH.H 6onee 11pocrnii cxeMhI 

AJ1Y anropHTMhl apn<pMeTHt:JeCKHX H nomqecKHX 011epaQHH cne,nyeT Bh16npaTb 

H3 ycJI0BH.H II0JiyqeHH.H MHHHMailhH0ro Ha6opa MHKpOOllepaQnii. IIpn 3T0M He

o6xo,nHMO )'t:JHThIBaTb rpe6oBaHHe 110 o6ecrret:JeHHIO 3a,D;aHH0ro 6b1crpo,neiicTBH.H 

AJ1Y ( CJIHillK0M orpaHnt:JeHHhIH Ha6op MHKpoo11epaQHH M0)KeT 11pHBeCTH K 

OJIUHHbl.M MU1<ponpozpG.MMaM HeKomopblX onepazwii, t:JT0 yBeJIHt:JHBaeT BpeM.H 

BhIII0JIHeHH.H ,[{aHHhIX 011epaQnii). 

13.4. AJiropnTMhI CJIO,KeHnH, BhJquTanuH u YMHO,KCHHH B AJIY 

13.4.1. AJiropnTM CJIO,KCHHH u BbJquTaHUH 

CrpyKrypHlUI cxeMa MHKpo11porpaMMhl CJI0)KeHH.H ,[{B0Ht:JHhlX CJI0B, pea

JlH30BaHHa.H Ha AJ1Y, II0Ka3aHa Ha pnc.13.6. BhIIIOJIHeHne 3T0ro anropHTMa co

CT0HT B cne.nYIQII.(eM: 

1. IIepBoe cnaraeM0e «a» 3allHChIBaeTC.H B Prl, H aHanH3HpyeTC.H ero 3HaK. 

Ecnn 3HaK orpnQaTeJihHhIH, TO 011epaH,n HHBepTnpyeTCH n 11epe,naeTCH Ha Pr3, 

ecnn 110JIO)KHTeJihHhIH - 11epe,naeTc.H 6e3 HHBepcnn qepe3 Pr2 Ha Pr3. 
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2. Brnpoe cnaraeMoe «b» TIUOKe yCTrurn.BJIHBaeTCH Ha Pr 1, H aHaJJH3HpyeTCH ero 

3Hru<. EcJIH 3Hru< 01J)Hl(arem.HI>IH, TO orrep~ HHBepmpyeTCH H rrepe'AaercH Ha Pr2, 

ecJIH IIOJJO)J(JlTeJil,HI,IH - cproy Ha'IIrnaercH CJMMHpoBaHHe orrepaH'AOB Ha Pr 1. 

3. Ilocne CYMMHpOBaHHH aHaJJH3HpyeTCH 3HaK pe3yJJI>TaTa. EcJJH pe3yJJI>TaT 

O1J)Hl(aTeJJI>HbIH, TO OH HHBepmpyeTCH, eCJJH IIOJJO)KHTeJJbHhlH - 'A06aBJJHeTC.S 

«+ 1» K MJJa'AmeMy pa3p.S'AY pe3yJJI>TaTa H BbIIIOJJH}IeTCH aHaJJH3 rrpH3HaKOB rre

peIIOJJHeHHH. 

4. B CJJYtJae nepeIIOJJHeHHH pa3p~HOH ceTKH MaIDHHbI cpopMHpyeTCH IIpH-

3HaK rreperrOJJHeHHH <p, ecJJH rreperronHeHHe OTCyTCTByeT, TO BbIIIOJJHHeTCH rre

peXO'A Ha KOHel( MHKporrporpaMMbI CJJO)KeHHH. 

b 

Prl=b 

Aml.lln:3 3HaI<a Pr! ,+ 

Pr2=mm(Prl) 
Prl=Pr2 

a 

rreperronHeHm! 

pa:3p!!,!!HOH CeTl<H 

1 

<PopMHpoBaHHe rrpmHaxa 
rreperronHeHllil <p 

OcTaHoB 

Pr2=Prl 

"+I" 1..1n 

Pnc.13.6. C'IJ)yKrypHaH cxeMa anropHTMa CJJO)KeHHH n BbI'IlITaHIUI 

,[(JJH Toro 'IT06hl C1J)YKTypHaH cxeMa, IIOKa3aHHaH Ha pHC.13.6, Morna Bbl· 

IlOJJHHTI, orrepal(HIO BbI'IHTaHHH, 'AOCTaTO'IHO rrepe'A BbIIIOJJHeHHeM orrepan:IIII 

rrpoHHBepTHpoBaTI> 3HaK BToporo cnaraeMoro. 
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13.4.2. AnropHTM YMHO,KCHHH 

YMHO)KeHHe 'ABOH'IHbIX 'IHCeJJ C q>HKCHpOBaHHOH 3ailHTOH MO)KHO cBecm 

K nocne'AOBaTeJJI>HOCTH C'ABHroB H CJJO)KeHnii. Han6onee Y'A06eH cne'AYIOlilHii 

anropHTM: YMHO)KeHHe Ha'IHHaeTCH C MJJ~IDHX pa3p~OB MHO)KHTeJJH, KOTO

pbIH C'ABHraeTCH BnpaBo, CYMMa 'IaCTI:l'IHbIX npOii3Be'AeHHH TaK)Ke C'ABHraeTCH 

BnpaBo, MHO)KHMOe - HeilO'ABlf)KHO. Ha pHc.13.7 IlOKa3aHa rpaqm11eCKM HH

TepnpeTal(lfH 3TOro anropHTMa. 

n 1 

F7M~1 
I{mfipa 
MHOll<IITCJlll 

2n I CyMMa 'iacTW!HbIX 
IIpOIJ:3Be,lleHHii 

MHolKHMoe 

PHc.13. 7. CxeMa anropHTMa yMHO)KeHHH 'ABOH'IHI>IX 'IHcen 

Prl=a 
Pr2=Prl 
Pr~Pr2 
·Prl=b 
CqT=n 

AHanm M!Ia,!llllero 
paoplI,Zla 

CYMMlfPOBaHHeHaPr2 

Pr2=C,11BITp(Pr2) 
Pr4=C,11BI1p(Pr4) 

C'iT=C'iT-1 
¢0 ......,,_, _ _., ____ _, 

AH= co,11eplKHMoro 
C'iT 

0 

OCTI!HOB 

PHc.13.8. CxeMa anropHTMa YMHO)KeHHH 'ABOH'IHI>IX 11Hcen 

CTPYKTYPHM cxeMa MHKponporpaMMI>I yMHO)KeHHH (pHc. 13.8) BKJJIO'Iaer 

B ce6H cne'AytolilHe marn: 

1) B Ha11ane onepal(HlI Bee perHC1J)bI ycTaHaBJJlIBaIOTCH B ttyJJeBoe COCTOHHHe; 
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2) MHO:>KHMOe n MHO:>KHTeJib paCTIOJiaraIOTCH B OTipe}:\eJieHHbIX pemcTPax, 

Tipe;:\yCMaTPHBaIOTCH TaK:>Ke perHCTPhI, B KOTOpbIX 06pa3yeTCH CYMMa qacTnq

HbIX TipOH3Be):\eHHil:; 

3) aHaJIH3HpyeTCH MJia):\IIIHB Pa3PM MHO:>KHTeJIH (ecJIH OH HMeeT 3HaqeHHe 

«I», TOK cyMMe qacTHqHbIX TipOH3Be):\eHHB Tipn6aBJIHeTCH MHO:>KHMOe); 

4) TipOH3BO):\HTCH C):\BHf cyMMbl qacTHqHbIX TipOH3Be):\eHHB H MHO:>KHTeJIH Ha 

O):\HH pa3pH.L\ BTipaBo; 

5) ):\eBCTBHH 3 n 4 TIOBTOpHIOTCH n pa3 (n - pa3pH.L\HOCTb COMHO:>KHTeJieil:). 

13.5. AJiropHTM KOHBeiiepuoro (MaTpnquoro) YMHO,KeHHH 

,[(Jul TIOBbIIIIeHHH TipOH3BO):\HTeJibHOCTH Tipou;eccopa TIPH BbIIIOJIHeHHH 

oTiepau;nil: ero oTiepau;noHHOe YCTPOBCTBO MO:>KeT CTPOHThCH TIO 6noqHOMY TIPHH

D;HTIY, B 6noqHhIX OY peann3yeTCH HeCKOJibKO <pyHKD;HOHaJibHO-He3aBHCHMbIX 

HCTIOJIHHTeJibHbIX YCTPOBCTB, BblIIOJIHHIOID;HX pa3JIHqHbie OTiepau;HH HJIH pa3JIHq

Hbie rpynTibl OTiepau;nil:. HaTipHMep, TPH 6JIOKa' u;enoqncJieHHOfO CJIO:>KeHHH, ):\Ba 

6JIOKa u;eJIOqHCJieHHOfO YMHO:>KeHHH, TIO O):\HOMY 6JIOKY ):\eJieHHH, CJIO:>KeHHH n 

yMHO:>KeHHH c TIJiaBaIOID;eil: 3aTIHTOil: H T. J:\ •. 3TH ycTPoil:crna pa6oTaIOT Tiapan

JieJibHO, Ka:>K.L\biil: o6pa6aThIBM CBOH oTiepaH;:\hI. YTipaBJieHHe 3THMH ycTPoil:cT

BaMII OCyID;eCTBJIHeTCH C TIOMOID;blO TaK Ha3bIBaeMbIX ):\JIHHHbIX KOMaH):\HbIX CJIOB 

(Very Long Instruction Word - VLIW). KoMaH.L\Hhie cJioBa BKJIIOqaIOT HHCTPYK

D;HH ):\JIH Ka:>K):\OfO HCTIOJIHHTeJibHOfO YCTPOBCTBa, a TaK:>Ke YKa3aTeJIH Ha HHX. 

ITpenMyID;eCTBOM 6JioqHbIX OY HBJIHeTCH 6onee BbICOKM TipOH3BO):\H

TeJibHOCTb, ):\OCTHraeMM 3a cqeT pacTiapannemrnaHHH BblqHcJieHHB. B TO :>Ke 

BpeMH HCTIOJib30BaHHe TaKHX YCTPOBCTB He Bcer):\a 3<p<peKTHBHO, TIOCKOJibKY He 

BCer;:\a eCTb B03MO:>KHOCTb 3arpy3HTb Bee HCTIOJIHHTeJibHbie YCTPOBCTBa B Ka)K

):\OM TaKTe, H B pe3yJibTaTe qacTb H3 HHX TipOCTaHBaeT. Eonee 3<p<peKTHBHbIMH 

qacTO OKa3bIBaIOTCH KOHBeil:epHbie onepau;HOHHbie YCTPOBCTBa, IIOCKOJibKY KOH

Beil:epH30BaTb BblqHCJieHHH B pMe crryqaeB IIpOID;e, qeM pacnapanrreJIHTb, qTQ , 

CBH3aH0 C IIOBTOpeHHeM O,U:HOTIIIIHbIX BbiqncrreHHB B anropHTMax. 
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THTIHqffblM IIpHMepoM KOHBeil:epHbIX OTiepau;HOHHbIX YCTPOBCTB MOryT 

CJIY:>KHTb TaK Ha3bIBaeMbie MampU'lHble YMHO:»eume.nu. Caoe Ha3BaHHe OHH IIO

JiyqHJIH, BO-IIepBbIX, IIOTOMY, qTo BKJIIOqaIOT <paKTnqecKH MaTPHU:Y OTiepau;HOH

HblX 3JieMeHTOB ( cyMMaTOpOB ), a BO-BTOpbIX, IIOCKOJibKY O,U:HOB H3 Han6onee 

oqeBH,U:HbIX C<pep HX TIPHMeHeHHH HBJIHeTCH YMHO:>KeHHe MaTPHD;. PaccMOTPHM 

npou;ecc YMHO:>KeHHH ,n:Byx ,U:BOHqHbIX 4-pa3pMHbIX IIOJIO:>KHTeJibHbIX qncerr: 

a3 a2 a1 

x b3 b2 bi 

+ + a3b1 
+ a3b2 a2b2 

a3b3 a2b3 a1b3 

a3bo a2bo a1bo 
a2b1 a1b1 aob1 
a1b2 aob2 
aob3 

ao 
bo 
aobo 

C7 C6 C5 C4 C3 C2 Ct Co 

ITo KOCBeHHoil: cxeMe YMHO:>KeHHH Ha ycTPoil:crne c o,n:HHM cyMMarnpoM n 

Ha6opoM perHCTPOB ,U:JIH peaJIH3aD;HH 3TOf0 YMHO:>KeHHH Heo6xo,n:HMO B o6ID;eM 

cnyqae BblIIOJIHHTb qeTb1pe IIIara, Ha Ka:>K;:\OM H3 HIIX BbIIIOJIHHIOTCH onepau;HH: 

YMHO:>KeHHe «A» Ha oqepe,n:Hoii pa3pM bi, CJIO:>KeHHe Ax bi c TeKyID;eil: CYMMOil: 

qacTHqHbIX IIpOH3Be,n:eHHB II C,U:BHf HOBOB norryqeHHOB cyMMbl Ha O,U:HH pa3pM 

BIIpaao. TaKHM o6pa30M, BpeMH Ha BbIIIOJIHeHHe 3T0fO YMHO:>KeHHH 6y,n:eT 

TYMH = 4(t& + 4x tsm + tsh ), 

r,n:e t& - 3a;:\ep:>KKa Ha nornqecKOM BeHTHJie (npn YMHO:>KeHHH A Ha bi), 4tsm - 3a

;:\ep:>KKa Ha CJIO:>KeHHe TIPH HCTI0Jib30BaHHH CYMMaTopa C IIOCJie,n:oBaTeJibHbIM 

nepeHOCOM, tsm - 3a;:\ep:>KKa O,U:HOpa3pH;:\HOfO TIOJIHOfO ,U:BOHqHoro cyMMaTopa, 

KOTOPYIO MO:>KHO TipHHHTb paBHOii 2t&, tsh - 3a;:\ep:>KKa Ha o,n:HH c,n:Bnr, KOTOPYIO 

TaK:>Ke MO:>KHO IIpHpaBHHTb 2t&, 

Ecnn BblqncJIHTh ace Tipomae,n:eHHH Axbi, a pe3yJihTHPYIOID;He nepeHOChI 

yqHTbIBaTb T0JibKO IIpH 3aBepIIIeHHH CJIO:>KeHHH Bcex crraraeMbIX (BMeCTO Toro, 

qTQ6bI paCCqHTbIBaTb HX Ha Ka:>K):\OM IIIare ), TO rrpou;ecc YMHO:>KeHHH MO:>KHO 

3HaqnTeJibHO ycKopHTb. CxeMa, peaJIH3YIQID;aH 3TOT anropHT~, IIpHBe,n:eHa Ha 

pnc.13.9 n HOCHT Ha3BaHHe yMHO:»eume.nJl SpayHa. Ka:>KL\M JIHHeil:Ka cyMMaTO-
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poB npe,!:ICTaBJrneT co6o:ii C)'MMarnp co c1<eo3HbZM nepe11ocoM (CCII), Kornp@:ii 

IIIHpOKO npHMemreTCJI B pa3nHqHhIX apmpMeTHqeCKHX YCTPOHCTBax. 

~ Ps P., pll Ps p• P3 pi P1 

PHc.13. 9. CxeMa MaTPHqHoro yMHO)KHTenH 

13.6. CTpyKTypa AJIY QmJ>poeoro npoQeccopa 

Po 

B KaqecTBe npHMepa paccMOTPHM AJIY QmppoBoro npoQeccopa, npe.z:1Ha-

3HaqeHHOro .z:1nH pemeHHH 3a.z:1aq QmppoBoii o6pa6oTKH cHrnanoB. Ha pHc.13 .10 

IIOKa3aHa 6noK-cxeMa AJIY TaKoro npoQeccopa. 

::::::::::::::::::::::::::::l,::::::::::::::-: llhma Pl\ID llhmaDl\ID 

l\IUX 

f f 
AZ~ X 

y I !AFPtnICTJl 
AN 
AC 

AV ::i A.JD' 
AS 1-c, 
AO 

-.1-------.J....------------ lllHHaR 

PHc.13.10. EnoK-cxeMa AJIY QmppoBoro npoQeccopa 
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AJIY HMeeT TPH 16-6HTHhIX perncTPa, .z:1ocrynHhIX J:ITIJI nporpaMMHCTa: X 

H Y - pernCTPhI onepaHJ:IOB, AR - perncTP pe3ynhTaTa. AJIY Hcnonh3yeT Bxo.z:1-

HOH cHrnan nepeHoca (CI), KOTOphIH 03HaqaeT 6um nepe11oca B perncTPe apmp

MeTHqecKoro COCTOHHHJI. AJIY reHepHpyeT mecTb CTaTYCHhIX CHrHanOB: pe3ynh

TaT «O» (AZ); OTPHI.\aTenhHhIH (AN); nepeHoc (AC); nepenonHeHHe pe3yJihTaTa 

(AV); 3HaK (AS); cocTOHHHe qac1Jioro (AQ). Bxo.z:1Ho:ii nopT X MO)KeT npHHH

MaTh J:laHHhie H3 .[IByx HCTOqHHKOB: H3 6JIOKa perHCTPOB AX HJIH C illHHhI pe-

3YJihTaTa. illHHa pe3ynhTaTOB (R) coe.[IHHHeT BhIXO.[IHhie perHCTPhI Bcex BbJqHC

JIHTenhHhIX YCTPOHCTB, II03BOIDUI HM 6bITh Henocpe,!:ICTBeHHO onepaH):laMH HHCT

PYKI.\HH. oJIOK perncTPOB AX, ·B CBOIO oqepe.z:1h, cocTOHT H3 J:1Byx perncTPOB: AXO 

H AXl. 3TH perHCTPhI qHrneMhI H MOryT 6hITh 3anHcaHhI qepe3 mHHY DMD. 

BhIXOJ:1 6noKa perHCTPOB AX TaKOB, qrn omrn MO)KeT o6ecneqHBaTh onepaH.z:1 J:ITIH 

AJIY, B TO BpeMH KaK .z:1pyro:ii MO)KeT 3aIIHChIBaThCH B IIaMHTh qepe3 mHHY DMD. 

Ta6JIHQa 13.1. CrnH.z:1apTHhie <pyHKQHH AJIY QH<ppoBoro npoQeccopa 

R=X+Y Cno)KeHHe X H Y 
R=X+Y+Cl Cno)KeHHe X H Y c nepe11ocoM 
R=X-Y iBh1qecTh Y H3 X 
R=X-Y-Cl-1 IBhiqecTh Y H3 X c 3aeMoM 
R=Y-X Bh1qecTh X H3 Y 
R=-X ~pmbMeTHqecKoe OTfrnl\aHHe X 
R=-Y ~pHq>MeTHqecKoe OTPHI.\aHHe y 
R=Y+l 0HKpeMeHTY 
R=Y-1 .D:eKpeMeHT Y 
R=PASSX Pe3ynhTaT paBeH onepaHJ:IY X 
R=PASS Y Pe3yJihTaT paBeH onepaHJ:IY Y 
R=O(PASS 0) QqHCTHTh pe3ynhTaT 
R=XANDY JiornqecKoe H (AND) X HY 
R=XORY JiornqecKoe HnH (OR) X H Y 
R=XXORY 11cKnIOqaJOIQee nornqecKoe HnH (XOR) X H Y 
R=NOTX JiorHqecKoe OTPHI.\aHHe X 
R=NOTY JiorHqecKoe OTPHQaHHe Y 

BXO,!:IHOH IIOpT Y TaK)Ke MO)KeT npHHHMaTh ,[laHHhie H3 .[IByx HCTOqHHKOB: 

H3 Ha6opa perncTPOB AY HJIH H3 perncTPa o6paTHOH CBH3H AF. EJioK perncT-
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poB AY cocTOHT H3 ,n;Byx: pemcTPOB AYO H AYl. 3m pemCTPbI 'IHTaeMbI H 

MOryT 6bITb 3armcaHbI qepe3 IIIHHY DMD, a TaIOI<e MOryT 6bITb 3aIIHCaHbI qepe3 

IIIHHY PMD. B1,1xo.n; 6noKa pemcTPOB A Y coBna,n;aeT no CBOHM B03MO)KHOCrnM 

c 6noKoM pemcTPOB AX. Pe3yn1,rnT pa6oTbI AJIY 3arp~aeTCH JIH6o B pemcTP 

o6parnoil: CBH3H AF, JIH6o B pemcTP pe3yn1,rnrn AR. PemcTP o6parnoil: CBH3II -

BHYTPeHHIIH pemcTP AJIY, KOTOpbIH no3BOJIHeT HcnoJib30BaTb pe3yn1,rnT Heno

cpe.n;cTBeHHO KaK onepaH.n; Y. PemcTP pe3yn1,Tarn AR MO)KeT 3anIIc1,rnaThcH KaK 

Ha IIIIIHY DMD, TaK II Ha IIIIIHY pe3yn1,rnrnB. OH TaK)Ke Henocpe,n;cTBeHHO 3a

rp~aeM c IIIHHbI DMD. Ha6op HHCTPYKQHH no3BOJIHeT OCYIIIeCTBHTb qTeHIIe 

3THX pemcTPOB c IIIHHbI PMD, HO npH 3TOM Heo6xo,n;HMO HcnOJib30BaTb YCTPOH

CTBO o6MeHa Me)K.n;y IIIHHaMH DMD-PMD. Jho61,1e pemcTPbI, CBH3aHHbie c 

AJIY, MOryT KaK qIITaTbCH, TaK H nHCaTbCH B O)];HOM QHKJie. PerHCTPbl qffTaIOT

CH B Haqane QHKJia H 3anHCbIBaIOTCH B KOHQe. HoBoe 3HaqeHHe, 3anHCaHHOe B 

pemcTP, He MO)KeT 6bITh cqIITaHO .n;o Haqana cne.n:YIO~ero QIIKJia. B rn6n.13 .1 

npIIBe,n;eHbI cTaH.n;apTHbie QlYHKQIIH, peanH3yeMbie B AJIY. 

13.7. AJIY Ha 6ue u;mf>pOBbIX MMC 

Pa3BHTHe MHKp03JieKTPOHHKII cnoco6cTBOBaJIO noHBJieHIIIO MaJIOra6a

pHTHbIX, BbICOKOHa)J;e)I(HbIX II 3KOHOMHqHI,IX YCTPOHCTB AJIY Ha 6a3e QHQ_)pO

BbIX I1MC. O,n;HHM H3 npe.n;crnBIITeneil: HBJIHeTcH I1MC AJIY cepIIII K1533. 

ALU r1~ 
G~ 

i
l±o 

feO 
1Y --'-,'-€1 

3 --1¾ 

PIIc.13.11. <l>YHKQIIOHaJibHOe o603HaqeHIIe MIIKpOCXeMbl AJIY cepIIII K1533 
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Ha pIIc.13 .11 noKa3aHo QlYHKQIIOHaJibHoe o6o3HaqeHIIe AJIY cepIIII 

K1533, a B rn6n.13.2 npIIBe.n;eHbl BbIIlOJIHHeMbie IIM onepaQIIII. 

Ta6nIIQa 13.2. OnepaQIIII, BbIIlOJIHHeMbie AJIY cep1m K1533 

ITOJIOJKHTeJibHIDI JIOrnKa 
BbI6op 

Jlorn:qecKJie ApmPMeTHKo-norn:qecKHe onep!ll.lHH (M=O) 
q>YJI~HH 

onep!ll.lHH (M=l) CO=l CO=O 

0000 X X X+l 

0001 XvY XvY XvY+l 

0010 XY XvY XvY+l 

0011 0 -1 (oononHeHue 002) 0 

0100 XY X+XY X+XY+l 

0111 XY XY-1 XY 

1000 XvY X+XY X+XY+l 

1001 XEBY X+Y X+Y+l 

1010 y XvY+XY XvY+XY+l 

1011 XY XY-1 XY 

1100 1 X+X' X+X'+l 

1101 XvY XvY+A XvY+A+l 

1110 XvY XvY+A XvY+A+l 

1111 X X-1 X 

14. IIporpaMMnpyeMbie Jioruqecrme HHTerpaJibHhie cxeMhl (IIJilIC) 

14.1. OcuoBHhie THDbl IIJllIC u ux. KJiaccmfmKau;un 

IIporpaMMIIpyeMaH nomqecKaH IIHTerpanI>HaH cxeMa (IIJIHC) - 3JieK

TPOHHbIH KOMilOHeHT, HCnOJib3yeMbIH )];JIH C03)];aHIIH QIIQ_)pOBbIX IIHTerpanbHbIX 

cxeM. B OTJIII'IIIe OT o6bl'IHbIX QHQ_)pOBI,IX MIIKpOCXeM, JIOmKa pa60TI,I IIJil1C He 

onpe,n;eJIHeTCH npH H3roTOBJieHHH, a 3a,D;aeTCH nocpe,n;CTBOM nporpaMMHpOBaHHH. 

IIporpaMMHpyeMI>Ie JIOrHqecKHe HHTerpaJibHbie cxeMI,I noHBIIJIIICI, B KOHQe ce

MH)];eCHTbIX ro.n;oB npomnoro CTOJleTIIH KaK aJibTepHaTHBa nporpaMMHpyeMbIM 

nomqeCKHM MaTPHQaM (IIJIM), OT KOTOpbIX OHM OTJIHqaIOTCH KaK no apxHTeK

Type, TaK II no TeXHOJIOrHH H3rOTOBJieHHH. 
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B nocne,n;HHe rO)],bI npoH3BO)],HTeJIH 60JibIIIHX IIJIHC CTaJIH peKJiaMHpo

BaTb CBOH H3)],eJIH1I B KaqecTBe aJibTepHaTHBbI KJlaCCU'-leCKUM npolJeccopCJM 

lJU<ppoeou o6pa6omKu cuwaJZoB (11)1OC). Ha ocHoBe 6onhmHx IIJIHC cTano 

B03MO)KHO peaJIH30BaTb BbICOKOilpOH3BO)],HTeJibHbie CHCTeMbl napanneJibHOH 

o6pa6oTKH u;mppoBOH HHq>OpM~HH. Ilo.SIBHJIHCb 6H6JIHOTeKH CTaH,n;apTHbIX Y3-

JIOB QTIOC (HanpHMep, u;Hq>poBhie q>HJihTPhI, aHaJIH3aTOpbI HT. ,n;.), npHro)],Hbie 

)],JI.SI BCTpaHBaHH.SI B o6Ju;Hii npoeKT Ha 6a3e TIJII1C. PacCMOTPHM ocHOBHbie rn

IlhI TIJII1C. 

llJIHC muna PLD u llJIHC c npo2pa.MMupyeMou MaKpOll02UJOU 

Ilnnc rnna PLD (Programmable Logic Device) - nporpaMMnpyeMoe no

rnqecKoe ycTPOHCTBO, KoTopoe co,n;ep)KHT ,n;Be nornqecKne MaTPHU:hI - MaTPHU:Y 

«11» H MaTPHU:Y «11JII1». Ha MaTPHU:Y «11» no,n;aroTc.SI np.SIMbie H HHBepciibie 

3HaqeHH.SI BXO)],HbIX CllrHaJIOB, a Ha MaTPHU:Y «11JII1» IlO)],aIOTC.SI cq,opMHpOBaH

Hbie B MaTPHQe «11» nornqecKHe npOH3Be.n;eHHSI BXO)],HbIX cHrnanoB. TaKHM o6-

pa30M, ycTPoiicrno THna PLD peanll3yeT nornqecKyro cyMMY npOH3Be,n;eHHH OT 

BXO)],HbIX nepeMeHHbIX. 

TIJII1C PLD B 3aBHCHMOCTH OT Toro, CTPYKTYPa KaKoii H3 nornqecKHx 

MaTPHU: .SIBJI.SieTc.SI q>HKCHpOBaHHoii, a KaKoii - nporpaMMHpyeMoii, ,n;eJI.SITC.SI Ha 

PROM (Programmable Read Only Memory), PAL (Programmable Array Logic) 

H PLA (Programmable Logic Array). B YCTPOiicrnax PROM nornqecKa.SI MaTPH

u;a «11» .SIBJI.SieTc.SI q>HKCHpOBaHHOH, a MaTPHQa «l1JII1» - nporpaMMHpyeMoii. Ilo

CKOJihKY BCe KOM6HH~HH BXO)],HbIX CllrHaJIOB )KeCTKO 3aIIIHTbl B MaTPHQe «11», 

HCilOJib30BaHHe PROM HaH6onee 3q>q>eKTHBHO )],JI.SI peanH3~HH ycTPoiicrn c H~-

6onbIIIHM qHCJIOM BXO)],OB ll 60JibIIIHM qHCJIOM nornqecKHX npoH3Be,n;eHHH. IlpH

MepaMH TaKHX TIJII1C MoryT CJIY)KHTh oTeqecrneHHhie cxeMbI K556PT1, 

K556PT2, K556PT21, npHHu;Hn peanH3~HH KOTOpbIX OCHOBaH Ha TOM, qTQ mo-

6a.SI KOM6HH~HOHHa.SI q>yHKIJ;ll.SI MO)KeT 6hITb npHBe,n;eHa B BH)],e nornqecKOH 

CyMMbl ( onep~H.SI «IIJil1») OT nornqecKHX npOH3Be,n;eHHH ( onepau;Hii «11» ). 
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He,n;ocTaTOK TaKOH apXHTeKrypbl - cna6oe HCilOJlb30BaHHe. pecypcoB npo

rpaMMHpyeMOH MaTPHU:hI «11J111». Ilo3TOMY )],aJibHeiimee pa3BHTHe nonyqnnn 

MHKpocxeMhI, IlOCTPOeHHbie no apXHTeKrype nporpaMMHpyeMOH MaTPHqHoii 

nornKH PAL. PAL - 3TO TIJII1C, HMeIOIQHe nporpaMMHpyeMyro MaTpHu;y «11» H 

q>HKc0poBaHHyro MaTPHU:Y «11JII1». K 3TOMY Knaccy OTHOCHTC.SI 6onbIIIHHCTBo 

coBpeMeHHhIX TIJII1C c He6onhIIIOH CTeneHbIO HHTerpau;nH. HanpHMep, 0Teqe

crneHHhie PAL: KM1556XTI4, KM1556XTI6, KM1556XTI8, KM1556XJI8 H )],p. 

3TH ycTPoiicrna coqernroT rn6KOCTh, cBoiicTBeeeyro PAL, c 6blcTPo,n;eiicTBHeM, 

cBoiicrneHHhIM PROM. 

B TIJII1C THna PLA o6e nornqecKHe MaTPHU:hI .SIBJI.SIIOTC.SI nporpaMMHpye

MhIMH, qTo ,n;enaeT HX HaH6onee rn6KHMH H3 Bcex ycTPoiicTB THna PLD. Pac

nnaToii 3a 3T0 .SIBJI.SieTC.SI CHll)KeHHe 6bICTPO,D;eiiCTBH.SI ll Il0BbIIIIeHHe u;eHbl. 

X1 Y1 F; 
1,1 1-1n1-1 . 

Xk 
. 
Ym Fn 

PHc.14.1. <l>yHKQHOHaJihHa.SI cxeMa TIJil1C THna PLA 

Ha pHc.14.1 noKa3aHa. q>yHKQHOHaJibHa.SI cxeMa TIJII1C rnna PLA. Bxo,n;

HbJe nepeMeHHbJe Xi,-•,xk nocrynaIOT Ha BXO)], MaTPHIJ;bl «11», B KOTOpoii o6pa3y

eTC.SI m TepM0B (KOH'blOHKIJ;HH) OT BXO)],HbIX nepeMeHHbIX. 3aTeM 3TH TepMbl no,n;a

IOTCH Ha BX0)], MaTPHIJ;bl «l1JII1», B KOTOpoii q>opMttpyroTCH BbIX0)],Hbie q>yHKIJ;llll 

OT nonyqeHHbIX TepMOB B MaT})HIJ;e «11». TaKHM o6pa30M, TIJII1C peanmyer pa3-

JillqHbJe q>yHKIJ;Hll OT. KOM6HHaIJ;Hll BXO)],HblX nepeMeHHbIX, KOTOpa.SI onpe,n;eJI.SleTC.SI 

npH ee nporpaMMHpOBaHHH. 

TIJII1C c nporpaMMHpyeMoii MaKponomKoii npe,n;crnBneHa ea pHc.14.2. 

3ToT rnn TIJII1C co,n;ep)KHT e,n;HHCTBeHHyro nporpaMMHpyeMyro MaTPHU:Y «11-HE» 

HJIH «11Jll1-HE», HO 3a cqeT MHOroqHcneHHbIX HHBepCHbIX o6paTHbIX CBH3eii cno-
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co6eH !pOpMHpoBaTb CJI0iKHI,Ie JI0IWieCKHe !p)'HKI.(HH. K 3T0MY THilY 0TH0CHTCH, 

HanpnMep, PLHS501 H PLHS502 <pHpMbI SIGNETICS, HMeIOIIJ:He Matpm:zy «ll

HE», a TaIOKe XL78C800 <pHpMbI EXEL, ocH0BaHffYIO Ha Matpmi:e «11.Jlli-HE». 

x, I; 

Xk >---<---F,, 

Pnc.14.2. <l>)'HKIJ:HOHaJibHM cxeMa rurn:c c nporpaMMHpyeMOH MaKpOJIOrHKOH 

Bee BI.nuenepeqncneHHI.Ie apxnTeKryp1,1 rurn:c co;:i:ep,KaT He6on1,moe 

qncno nporpaMMHpyeMbIX 5IqeeK. K HaCTOHIIJ:eMy BpeMeHH 0HH M0paJibH0 ycTa

peJIH H npHMeHHIOTCH )J;JIH peanH3aIJ:HH 0TH0CHTeJibH0 npoCTbIX yctpOHCTB, )J;JIH 

K0T0pbIX He cyIIJ:eCTByeT roT0BbIX HHTerpanbHblX cxeM cpe;:i:Heii: CTeneHH HHTe

rpaQHH. 

Ilpo2paMMupyeMble KOMMymupyeMble MampU'lllble 6JlOKU 

TiporpaMMHpyeMbie K0MMYTHpyeMbie MatpnqHI,Ie 6JIOKH (IIKME) - 3TO 

rurn:c, co;:i:ep,K~He HeCK0JibK0 MatpnqHI,IX nomqecKHX 6JIOKOB (Mm>), 061,e-. 

)J;HHeHHbIX KOMMyraIJ:HOHHOH Matpnri:eii: (pnc.14.3). B 3apy6e)I(HOH JIHTeparype 

0HH nonyqnnn Ha3BaHne CPLD ( Complex Programmable Logic Devices). 

r- - - - - - - • - -, 
I "' MaKp0R4el1K8 1 

I g 
I :s7i ------1 
I ~~ 
I {a~ 
I : ~• 
L_ - - - - - - - - - - ' 

• • • 
r- - - -••------·--··---, 
I 
I 
I 
I 

I 
I ~ i=.i-- ·--, 

L_ - - - - - - - - - - J 

"' :::r :s: 
0 
f- >:S: 
"':s: :I: :c 
c; QJ 
ro T 
:c Q 
.0 ~ 
~ c:[ 

l,O 0 
0 C 

c 

,----
' MaKpOR4eiKa - - -, 

"" I g1 
,.:ii I 

I g: I 

1 1;,1- -w~ 
1 

.------i=.i "' I 
L. - - - - - - - - :: _j 

•• 
,----MaKpOR4eiKa - - -, 

I 
I 
I 
I 

~- I 
L I -----------

Pnc.14.3. Matpnri:a CPLD MAX 7000 <pHpMbI Altera 
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Ka)I()];bIH MID> npe;:i:CTaBJIHeT co6oii: CtpYKTYPY THna PLA, nporpaMMH

pyeMyro Matpnri:y «ll», <pHKCHpoBaHHYIO Matpnuy «HJIH» H MaKpoHqeii:KH. 

MaKpOjlqeHKH co;:i:ep)I(aT 0TH0CHTeJibH0 KpynHI.Ie nporpaMMHpyeMbie nornqe

cKHe 6noKH, coe;:i:HHeHHbie c BHeIIIHHMH BbIB0)J;aMH n BHytpeHHHMH IIIHHaMH 

(pnc.14.4). rurn:c Tnna CPLD, KaK npaBnno, nMeIOT BbIC0KYIO cTeneHb HHTe

rpari:nn (;:i:o 10000 3KBHBaJieHTHbIX BeHTHJieii: n ;:i:o 256 MaKpOjJqeeK) n apxHTeK

TYPY, BeCbMa y;:i:o6Hyro )J;JIH peanH3aIJ:HH QH!ppOBblX aBTOMaT0B. <l>)'HKIJ:HOHaJib

H0CTb CPLD Ko;:i:npyercH B 3HeproHe3aBHCHMOii: naMHTH, no3T0MY HeT Heo6xo

)l:HM0CTH HX nepenporpaMMHp<JBaTb npH BKJIIOqeHHH. K 3T0MY THny 0TH0CHTCH 

IlJlliC ceMeiicTBa MAXS000 H MAX7000 <pttpMbI ALTERA, cxeMbI XC7000 H 

XC9500 <pttpMbI XILINX, a TaK,Ke 6oJ1bmoe qncno MHKp0CXeM ;:i:pyrnx npoHJB0-

)1:HTeneii: (Atmel, Yantis, Lucent H ;:i:p.). Ha pnc.14.3 noKa3aHa <pyHKQHOHaJibHM 

ctpYKTYpa CPLD MatpHIJ:bl.MAX 7000'. <pttpMbI Altera, a Ha pnc.14.4 - <pyHK

QH0HaJibHM cxeMa MaKpOjlqeHKH 3TOH MatpHIJ:bl. 

"' :::r 

8X0J1bl 
CJ1PYl11X WHH 

~'"§IIJ ro s 
::;; :c 
l6 g! 
:c Q 
.0 ~ 
~ c:[ 

'g g I 1111 II I 
c 

JloKanbHaR 
w11Ha coe.1111HeH11i1 

rnofianbHblH 
TaKT 

8 M8TPl1LW 

Pnc.14.4. MaKpoHqeii:Ka MatpHIJ:bI MAX 7000 <pHpMbI Altera 

IlpozpaMMupyeMble nOJlb3O6ameJleM 6eHmUJlbllble MampUlfbl 

)ij)yroii: THil apXHTeKrypbI rurn:c - nporpaMMHpyeMble Il0J1b30BareneM 

BeHTHJII,Hbie MatpHIJ:bl (TIBM), C0CT0HIIJ:He H3 nomqecKHX 6JIOKOB (JIE) H K0M

MYTHPYIQIIJ:HX nyTeii: - nporpaMMHpyeMbIX coe;:i:nHeHnii: nnn IIIHH MapmpyrH3a

UHH MatpHIJ:bl (pnc.14.5). B 3apy6e)I(HOH JIHTeparype TaKOH THil rurn:c nony-
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•urn Ha:mam1e FPGA (Field Programmable Gate Array). JiomqeCKHe 6JIOKlf 

FPGA COCT0S!T ll3 O,IJ;H0fO l!Jlll HeCKOJibKHX OTH0CHTeJibHO npocTblX JIOfllqecKltX 

3JieMeHTOB, B ocHoBe KOTOpbIX Jie)KHT Ta6nm.1.a nepeKo,n;HpoBKH LUT (Look-up 

table), nporpaMMHpyeMhifi MYJihTHnneKcop, D-mpu22ep, a TaK)Ke I.J.enH ynpaB

nemrn. TaKnx npocTbIX 3JieMeHTOB B FPGA M0)KeT 6bITh .n;ocTaToqHo MHoro. 

HarrpttMep, y coBpeMeHHhIX FPGA eMKOCThIO .n;o 1 MJIH BeHTHJiefi qncno norn

qecKHX 3JieMeHT0B MO)KeT ,IJ;0CTHfaTb HeCKOJibKllX .n;ec.SITK0B TbIC.Slq. 

c=i c=i c=i 

D 'l!f!____ ~~□ ~ . ;~--- . -
~'tt>'.&' . .,_ ._, ili£f51 

1/0 6noK11 

Di -= D 
□ t !!tic== ~ ~ D 

MaTp1tl.\a • ! . ! "-... norn'lecK11e 
no,O.KJlto'leHIII', : i 6nOKII 

'-~- i4~""'- ~----··::v· 

D •1~- -----~ D 
c=i c=i c=i 

PHc.14.5. CTpyKTypa MaTPHI.J.hI FPGA 

HeKOTOpbre ceMeiicrna FPGA HMeIOT BCTP0eHHbie peKoHqmrypttpyeMhie 

Mo.n;yntt naMSITll EAB (embedded array block), qrn .n.enaeT HX apxttTeKTYPY 

BeCbMa y.n.o6HbIM cpe,n;CTBOM peanH3al].llll anropHTM0B I.J.ll(ppoBOll o6pa6oTKlf 

CllfHaJIOB, 0CHOBHbIMll onepal].HS!Mll B KOTOpbIX .SIBJI.SIIOTC.SI nepeMH0)KeHHe, yM· 

HO)KeHne Ha KOHCTaHTY, cyMMttpoBaHHe II 3a.n;ep)KKa cHrnana. K KJiaccy FPGA 

OTH0CSITC.SI TaKtte ITJiliIC: XC2000, XC3000, XC4000 Virtex II Spartan, qmpMbl 

XILINX; ACTl, ACT2 qmpMbI ACTEL, a TaK)Ke ceMeficTB0 FLEX8000 qmpM!>l 

ALTERA ll HeKOT0pbie .n;pyrne FPGA qmpMbI Atmel II Yantis. 
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Ilo cpaBHeHHIO c CPLD FPGA BblllrpbIBaIOT B cne.n;yioII.J.HX napaMeTPax: 

B He0rpaHnqeHHOM K0JIHqecrne nepenporpaMMllpOBaHtt.SI; B nornqecKOH eMKO

CTll (Ha ,IJ;Ba-TPH nop.SI,n;Ka 6oJibIIIei1 eMK0CTll B qllcJie 3KBllBaJieHTHblX nornqe

CKHX BeHrnneiI, qeM CPLD); B MaJI0M 3HepronoTPe6neHHH. KpoMe Toro, FPGA, 

KaK npaBHJI0, HMeIOT CTaTttqecKoe O3Y, K0TOpoe noqTll He IlOTPe6JI.SieT 3Heprnll 

npn OTCYTCTBllll nepeKJIIOqeHHH, Ii y HX Ha nopSI,D;OK BbIIIIe Ha,IJ;e)KHOCTb, qeM y 

CPLD. 

14.2. 06nacTL'npnMeneuun IIJIIIC 

O.n;HoypoBHeBhie IIJII1C rnna PAL, 6naro.n;ap.SI npocToTe peanH3aI.J.Hll II 

BbICOK0MY 6bICTPO,n;ei1cTBHIO, IIIHpOK0 HCn0Jib3YIOTCS! B npaKTHqecKHX npHMe

HeHHS!X. B I.J.HcppoBhIX ycTPoficrnax, peanmoBaHHhIX Ha PAL, Bee BhIX0.l.J.Hbie 

CllfHaJibl llMeIOT O,IJ;HHaKOBYIO BpeMeHHYIO 3a.n;ep)KKY, qTo no3BOJI.SieT CTPOHTb 

nornqecKHe cxeMbI c BbIC0KHM 6bICTPO,n;ei1cTBHeM. O,n;HaKO Ha HX 6a3e CTP0.SITCS! 

T0JibKO ,IJ;OCTaToqHo npoCTbie JI0fllqecKtte cxeMbI. 

,[(ByxypoBHeBbie PL:q ,n;n.SI peanmaQttH nornqecKttx cpyHKI.J.llll «I1.Jilil» ttc

noJih3YIOT MaTPHI.J.Y BToporo ypoBH.SI. OcHOBHoiI He.n;ocrnTOK ,n;n.SI ,n;aHHoro rnna 

Il.JiliIC 3aKJIIOqaeTC.SI B TOM, qTQ BpeMSI cpopMttpoBaHll.SI BbIX0).J.HbIX CllfHaJI0B Ha 

nepBOM II BTOpoM ypoBHSIX B ITJiliIC pm!lU'lHO. Bb1paBHHBaHHe BhIX0,n;HhIX cm

HaJIOB no BpeMeHii: TPe6yeT .n;onoJIHHTeJibHbIX pecypcoB MaTPHI.J.hI. Ha npaKTttKe 

).I.JI.SI TOf0 qrn6i,1 o6ecneqHTb 0,IJ;HHaK0B0e BpeMSI cpopMHpOBaHllS! BbIXO).J.HbIX Cllf

HaJIOB, Ha BbIXO,IJ;e nornqecKOll cxeMbl llCilOJib3YIOT -perncTpbI, nporpaMMllPYIOT 

BhIXO,IJ;hI ITJiliIC KaK perncTPOBhie. · 3m npnBo,n;HT K CHH)KeHHIO 6bICTPo.n;ei1cTBH.SI 

cxeMhI, a ,TaK)Ke · K Heo6xo,n;HMOCTll cpopMHpOBaHH.SI CllfHaJI0B CllHXpOHll3aI].llll II 

ynpaBJieHH.SI pernCTP0M, qTo B HTore ycJIO)K~.SieT peantt3al].HIO. 

ITJiliIC THna PLD IIIttpoKo HcnoJih3YIOTCSI ,n;n.SI nocTPoeHHSI pa3JIHqHhIX no 

CJIO)KHOCTll Ii B03MO)KH0CTS!M I].ll(ppOBbIX ycTpOHCTB. 3TO I.J.HcppOBa.SI o6pa60TKa 

cnrnana, I.J.ttcppoBa.SI BH,D.eo- · ·ay.n;ttoannapaTypa, BhICOKOCKopocTHa.SI nepe.n;aqa 

).J.aHHbIX, KpHnTorpacpH.SI, npoeKTHpOBaHlle Ii T. ).I., 
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Am,TepHamBou: 11.JIHC HBJIHIOTCH 3aKa.3Hbie EMC (6onh11rn:e HHTerpanb

Hbie cxeMbI), K0TOpbie rrpn MeJIKOCepHllHOM H eAIIHHqHoM rrp0H3B0ACTBe cy111e

CTBeHH0 A0P0)Ke, II K0MIIbIOTepbl (MHKpOKOHTPOJinepbI), K0TOpbie II3-3a rrpo~ 

rpaMMHoro crroco6a peann3a11nn anropHTM0B MeAneHHee ITJIMC •. 

14.3. CTpyKrypa IIJUIC rnna PLD 

OcHoBou: PLO cny)KaT nporpaMMHpyeMhie MaTPIIIIbI «M» IIJIII «MJIM» 

(oAHoypoBHeBbie PLO) IIJIH rrocneA0BaTeJibH0CTb MaTPHII «M» H «MJIM» (MHo:. 

roypoBHeBbie PLO). B nx CTPYKTYPY MoryT BX0AHTb TaK)Ke 6noKH BX0AHhIX n 

BbIX0AHbIX 6yqiepHbIX KaCKa.r{0B. BXOAHbie 6yqiepbl rrpeo6pa.3yroT OAHOqla.3Hbie 

CilTHaJibl B rrapaq>a.3Hble, a BbIX0AHbie 6yqiepbl o6ecrreqnBaIOT TPe6yeMyro Bbl

X0AHYIO Harpy3oqHyro crroco6HOCTb BblX0A0B II pa.3pernaIOT IIJIII 3arrpe111a10T 

II0AKJIIOqeHHe BbIX0A0B ITJIMC Ha BHeIIIHIIe IIIIIHbl. 

;·1 fij Hj m I F, 

Bx6 11 11Jll1 BblX 6 

xk m n 
Fn 

DE-------------------1 

PIIc.14.6. <l>yHKIIII0HaJibHaH cxeMa AByxypoBHeBoii PLO 

Ha pIIc.14.6 rroKa.3aHa CTPYKzypa AByxypoBHeBOll PLO. BxoAHhie rrepe

MeHHbie x, , .. , xk qepe3 BXOAHOll 6yqiep rroczyrraIOT Ha BX0A MaTPIIIIbl «M», B 

KOTOpou: o6pa.3yeTCH m TepMOB (KOH'bIOHKIIHll) OT BXOAHbIX rrepeMeHHbIX, rrpeA

CTaBJieHHbIX B rrpHMOll HJIII B IIHBepcHOll qiopMe. 3aTeM TepMbl IIOAaIOTCH Ha 

BXOA MaTPHIIbl «MJIM», B KOTopou: q>OpMIIpyroTCH BbIXOAHbie 4JYHKIIIIII OT rro

nyqeHHbIX TepMoB B MaTPHIIe «M». TaKHM o6pa.30M, 11.JIHC peanII3yeT pa3nIIq

Hbie q>yHKIIIIII OT KOM6IIHaIIHII BXOAHbIX rrepeMeHHbIX, KOTOpaH orrpeAenxeTCH 

rrpII ee rrporpaMMIIpoBaHIIH. ,[(.ITH rrporpaMMIIpoBaHIIH IICIIOJib3YIOTCH OTJiaAoq

Hbie cpeAbl, II03BOJIHIOIIIHe 3a.r{aTb )KenaeMyro CTPYKTYPY 11nqip0Boro ycTpou:cT~ 
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Ba B BHAe rrpIIHIIIIIIIIaJibHOll 3JieKTPHqecKOll cxeMbl IIJIH rrporpaMMbl Ha crre11n

aJibHbIX H3bIKax (Verilog, VHDL). 

ITporpaMMIIpyeMbie MaTPHllbI «M» II «MJIM» rrpeACTaBJIHIOT co6ou: KOM

MYTaIIHOHHbie MaTPIIIIbI, B KOTOpbIX rrepeMbJqKaMII rrporpaMMIIPYIOTCH MIIHTep

Mbl AII3'bIOHKTIIBHbIX HOpMaJibHbIX q>opM q>yttKIIHll 3THX 3JieMeHTOB. BHaqane 

rrepeMbJqKH BbIIIOJIHHJIIICb B BIIAe rrepe)KIIraeMbIX T0HKIIX rrpOBOAHIIKOB. B Ha

crnxmee BpeMx rrepeMbNKH BbIII0JIHHIOTCH B BIIAe MOIT-TPatt3IICrnpoB c rrna

BaIOIIIIIM 3aTBopoM, KaK B 3JieKTPnqecKH rreperrporpaMMnpyeMOM IT3Y. EonbIIIIIe 

MHoroypm:iHeBbie PLO ornnqaIOTCH TOJibKO TeM, qrn HeCKOJibKO 11.JIHC co6paHbI 

Ha OAHOM KpIICTaJIJie H o6'beAIIHeHbl rrporpaMMIIpyeMbIM rroneM CBH3ell. 

14.4. IIporpaMMHpyeMaH D0Jib30BaTeJieM BCHTHJibHaH MaTpnu:a 

ITporpaMMHpyeMrui' rronh30BaTeneM BeHTIIJibHaH MaTPIIIIa (ITITBM) HBAA

eTCH AaJibHell~ell. pa.3pa60TKOll rrporpaMMHpyeMbIX fI3Y II rrporpaMMIIpyeMbIX 

ITJIMC. OcHOBaTeJIII · ITITBM Pocc <I>pnMeH II EepHII BoHAeprnMIIT ( q>IIpMa 

«Xilinx;>) IIJ06penII ri~pBYJO KOMMepqecm 'rrpIIroAHYIO 11IIBM mrra XC2064 B 

1985 ro'AY. 3Ta FPGA, HMeIDIIIasI ri:porpaMMIIpyeMbie 'BeHTIIJIII' II rrporpaMMII~ 

pyeMbie coeAiiHeHHH Me)KJ(y BeHmAAMII, rrono)KIIJia Haqano HOBou: TexHonoruII II 

HOBOMY pbIHKY. B 1990-x ro,tiax'rrp~U30IIIen pe3KIIH ckaqoK HHTepeca K ITITBM, 

B03pocna IIX cno1H~C~ n'o6neMbl IIpOII3BOACTBa. EcJIH :B Haqane 1990-x roAOB 

ITITBM ~CIIOJib30BaJI~C~ B,.OCH~BHOM ~- o6nacrn Te~e~bMMyttIIKaIIIIll II CeTell 

CBH3II, TO K KOHI~i AeCHTII.ITeTHH. OHJ HaIIIJIH CBOe· ~pIIMeHeHIIe B IIOTPe6IITeJib

CKHX TOBapax, B aBTOM06IIJibHOll rrpOMbIIIIJieHH0CTll H 
0

ApyrIIx 0TPaCJIHX. 

ITITBM rrpeACTaBAAeT co6ou: MaTPIIIIY MaJI0BXOAOBbIX ( OT AByx AO rrxm 

BXOAOB) noruqecKHX 3JieMeHTOB, TPHrrepoB II JIIIHIIll CBH3II, COeAIIHHeMbIX rrepe

MbJqKaMH II3 rroneBblX TPaH3IICTOp0B, K0TOpbie rrporpaMMIIPYIOTCH U3MeHeHIIeM 

ypOBHH ·. 3JieKTPHqecKoro , II0AA . B. 3aTBopax 3TIIX TPaH3HCTOpOB. 3arnopbl Bcex 

rrporpaMMIIpyroIIIIIX rroneBbIX TPaH3IICTOp0B IIOAKJUOqeHbl K BbIXOAaM TPIIrrepoB 

OAH0rO AJIHHHOrO CABHrOBOro perucTPa, KOTOpblll 3aIIOJIHHeTCH rrpn rrporpaMMH-
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poBaHHH IIlIBM. IlpomHBKa 06b1qHo xpaHHTCH B II3Y, pacnono)KeHHOM pHJJ:oM c 

IIlIBM, H nocne BKmoqeHHH nHTaHHH HJIH no CHrnany c6poca OHa aBTOMamqe

CKH nepenHCbIBaeTCH B nporpaMMHpyIOmHii C~BHroBblH perncrp. 3ToT npoQecc 

Ha3hIBaeTCH Ko11<Jmzypupoea11ueM. TaK KaK ocHoBy IIlIBM cocTaBIDllOT TPHITe

pbI, xpaHHmHe npomHBKY, TO OHH H3fOTaBJIHBaIOTCH no TeXHOJIOrHH MHKpOCXeM 

cTamqecKoro O3Y. 

CoBpeMeHHbie IIlIBM co~ep)KaT 6nOKH YMHO)KeHHH H cyMMHpOBaHHH, 

KOT0pble illHpOK0 npHMemIIOTCH npH o6pa60TKe CHrnanoB, a TaK)Ke nornqecKHe 

3JieMeHThI (LUT) H 6noKH HX KOMMYTaQHH. MHKpocxeMbI THna IIlIBM 06b1qHo 

HCnOJib3yIOTCH ~nH o6pa60TKH CHrnanoB, TaK KaK OHH HMeIOT 6onbme nornqe~ 

CKHX 3neMeHTOB H 6onee rn6Kyro apXHTeKTYPy, qeM CPLD. IlporpaMMa KOH

qmrypHpOBaHHH IIlIBM xpaHHTCH B pacnpe~eneHHOH naMHTH, KOTOpaH MO)KeT 

6bITh BbIIlOJIHeHa KaK Ha OCHOBe 3Hepro3aBHCHMblX jlqeeK CTaTHqecKOro O3Y 

(no~o6Hble MHKpocxeMhl npOH3BO~HT qmpMbl Xilinx H Altera) - B 3TOM cnyqae. 

nporpaMMa He coxpaHHeTCH npH BbIKnJOqeHHH 3JieKTPOnHTaHHH MHKpocxeMbl, 

TaK H Ha OCH0Be 3HeproHe3aBHCHMbIX jlqeeK na.MJlfflU - B 3T0M cnyqae npo~ 

rpaMMa coxpaHHeTCH npH Hcqe3HOBeHHH 3JieKTPOnHTaHHH. EcnH nporpaMMa 

xpaHHTCH B 3Hepro3aBHCHMOH naMHTH, TO npH Ka)K~OM BKnroqeHHH nHTaHHH 

MHKpocxeMbl Heo6xo~HMO 3aHOBO KOHqmrypHpOBaTh ee npH II0MOIQH Haqanb~ 

Horo 3arpy3qHKa, KOTophIH MO)KeT 6bITh BCTPOeH B caMy IIlIBM. OcHOBHbie 

rrpoH3BO~HTenH IIlIBM - Atmel, Altera, Lattice-semiconductor, Xilinx. 

14.4.1. ApxuTeKTYpa ITITBM 

IlporpaMMHpyeMM IIOJib30BaTeneM BeHTHJlbHM . MaTPHQa - 3T0 rrony

rrpoBO~HHKOB0e YCTPOHCTBO, K0T0poe M0)KeT 6bITb KOH<)mrypHpOBaHO IIpOH3~ 

B0~HTeJieM HJIH pa3pa6o~HKOM rrocne H3fOTOBJieHHH. OHa rrporpaMMHpyeTCH C 

II0MOmhIO HCX0~Horo K0~a Ha H3bIKe rrpoeKTHpoBaHHH (HanpHMep, VHDL), Ha 

K0T0pOM M0)KH0 0IIHCaTh JIOfHKY pa60Tbl MHKpOCXeMhl. IIlIBM M0ryT 6hITh 

MO~H<pHQHpOBaHbl rrpaKmqecKH B mo6oii M0MeHT B rrpoQecce HX HCII0Jlb30Ba-
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HHH. OHH C0CTOHT H3 KOH<pHrypHpyeMbIX nornqecKHX 6JIOKOB, II0~06HhlX nepe

KnJOqaTenHM C MHO)KeCTBOM BX0JJ;OB H 0~HHM BblXO~OM (norHqecKHe BeHTHJIH). 

B QH<ppOBbIX cxeMax TaKHe nepeKn10qaTeJIH peanH3yIOT .6a30Bbie ~BOHqHbie 

orrepaQHH AND, NAND, OR, NOR H XOR. B 6onhmHHCTBe coBpeMeHHhIX 

MHKp0npoQeccopoB <pyttKQHH nornqecKHX 6JIOKOB qJHKCHpOBaHbl H He MOfYT 

MO~H<pHQHpOBaTbCH. 

IlpHHQHIIHanbHOe ornHqHe IIlIBM COCTOHT B TOM, qTo H cpyHKQHH 6no

K0B, H KOH<pHrypaQHH coe~HHeHHH Me)K~y HHMH MOfYT MeHHTbCH C nOM0mbro 

cneQHanhHblX CHrHan0B, nocbrnaeMbIX cxeMe. B HeKOTOpbIX cneQHanH3HpoBaH

HbIX HHTerpanbHhIX cxeMax (ASIC) Hcnonh3yIOTCH nornqecKHe MaTPHQhI, aHa

nornqHhie no CTPYKTYPe IIlIBM, o~HaKo OHH KOH<pHrypHpy10TcH o~HH pa3 B 

npoQecce npOH3BO~CTBa, B TO BpeMH KaK IIlIBM MOryT n0CTOHHHO nepenpo

rpaMMHpOBaThCH H MeHHTb TononorHIO coe~HHeHHH B npoQecce HCnOJib30Ba

HHH. O~HaKO TaKM rn6KOCTb TPe6yeT cymecTBeHHOro YBeJIHqeHHH KOJIHqecTBa 

TPaH3HCTOpOB MHKpocxeMbl. 

IIlIBM BKJI10qa10T B ce6H TPH rnaBHhIX nporpaMMHpyeMhIX 3JieMeHrn: 

KOMMymupyeMble J102U1JecKue 6J10Ku (IIJIE), 6J10Ku eeooa-ebzeooa (EBB) H 

6Hympe1111ue C6Jl3U MaputpymU3atJUU. IIJIE HBJIHIOTCH <pyttKQHOHanbHblMH 3Jie

MeHTaMH ~JIH nOCTPOeHHH JIOIBKH nOJib30BaTeJIH, EBB o6ecneqHBaIOT CBH3b 

Me)K}J;y KOHTaKTaMH K0pnyca H BHYTPeHHHMH CHTIIanbHbIMH JIHHHHMH. Ilpo

rpaMMHpyeMbie pecypcbI BHYTPeHHHX CBH3eH o6ecneqHBaIOT ynpaBJieHHe ny

THMH coe~HHeHHH BXO~0B H BbIXO~OB IIJIE H 6JIOKOB BBO~a-BhIBO~a Ha COOT

BeTCTByIOmHe ceTH. Bee KaHanbI TPaCCHpOBKH HMeIOT O~HHaKOByIO illHpHHY 

(o~HHaKoBoe K0JIHqecTBo npoBo~HHKOB). EonhmHHCTBo 6noKoB EBB BnHChI

BaIOTCH JIH60 B 0~HY CTPOKY (no BbICOTe), JIH6o B O~HH CTOJI6eQ (no illHpHHe) 

MaCCHBa BeHTHJieH. 

JlozutJecKuu 6J10K KnaccHqecKoil: IIlIBM cocT0HT H3 nornqecKoro ycT

poil:cTBa LUT (Look Up Table) Ha qeTbipe Bxo~a H TPHrrepa (puc.14.7). B no-
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cne~HHe r0~I,I npoH3B0~HTeJIH Haqrum nepexo~HTI, Ha LUT C rnecThIO BX0~aMH 

B BI,IC0K0ilp0H3B0~HTeJII,HI,IX qaCT.SIX cxeMbI, 061,.si:cmrn 3T0 Heo6xo~HMOCTblO 

Il0BI,IllleHH.sI np0H3B0~HTeJibH0CTH. 

Mymb n,nneKCOp 

Ji 

I 
4-BXOAOBafl 

Look-Up ~D 
Table haKT I TpHrrep1 

BbD<OA 

PHc.14. 7. THnHqH1,1ii nomqecKHH 6noK 

THnHqH1,1ii nomqecKHii 6noK HMeeT LUT Ha qeT1,1pe BX0~a H BX0~ cHH

xpoHH3~HH {TaKT). BI,IXO~ 6noKa T0JII,K0 0~HH, OH M0)KeT 6bITh perHCTP0BblM 

HJIH He CHHXp0HH3Hp0BaHHblM ( onpe~eJI.sieTC.sI C0CT0.sIHHeM M)'JlbTHilJieKCOpa). 

IIocKOJibKY cHman1,1 CHHxpoHH3~HH B IIIIBM (a qacTO H ~pyme CHman1,1, pac

naprumeneHHbie Ha 60JII,llIOe K0JIHqecTB0 BXO~OB) TPaCCHpyIOTC.sI oco61,1M o6pa-

30M cneu;HaJII,HI,IMH TPaCCHp0BQqffl,IMH u;en.SIMH, ynpaBJieHHe 3THMH CHrHaJiaMH 

~enaeTC.SI OT~eJibH0. ,[(ml npHBe~eHHoro npHMepa apXHTeKTYPa npe~cTaBJieHa Ha 

pHc.14.7, pacnono)KeHHe KOHTaKT0B nomqecKoro 6noKa noKa3aHO Ha pHc.14.8. 

in3 

■ in4 

in2 

■ out 

inl out 

PHc.14.8. PacnoJIO)KeHHe KOHTaKTOB nomqecKoro 6JIOKa 

Bxo~1,1 Ha cxeMe pacnono)KeHbI Ha OT~eJibHbIX cTopoHax nomqecKoro 

6noKa, BI,IXO~OH K0HTaKT MO)KeT TPaCCHpOBaTbC.SI B ~Byx KaHanax: JIH6o cnpa

Ba OT 6JIOKa, JIH6o CHH3y. BI,IXO~Hble KOHTaKTbl K~Oro nomqecKoro 6noKa 

MOryT . coe~IIH.SJTI,C.SI C TPaCCIIp0BOqHI,IMH cerMeHTaMII B CMe)KHI,IX KaHanax. 

AHanomqHo KOHTaKTHa.SI IlJIOID;MKa 6JioKa BBO~a-BbIBO~a (pad) MO)KeT coe~II

H.SIThC.SI C TPaCCIIpOBOqHI,IM 3JieMeHTOM B JII060M CMe)KHOM KaHane. 
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B MecTe nepeceqeHII.SI BepTHKaJII,HI,IX II ropH30HTaJII,HI,IX KaHaJIOB C03-

~aIOTC.SI nepeKJI10qaren1,H1,1e 6noKII. IlpII TaKOH apXHTeKTYpe ~JI.SI Ka)K~oro npo

'BO~HIIKa, BXOMID;ero B nepeKJI10qaTeJibHblH 6noK, cyru;ecTByIOT TPII nporpaM

MIIpyeMbIX nepeKJIIOqareJI.SI (pIIc.14.9), K0TOpbie Il03B0Jl.sIIOT eM)' Il0~KJIIOqaTbC.SI 

K TPeM ~pyrIIM npoBO~HIIKaM B CMe)KHI,IX cerMeHTaX KaHana. Mo~eJII, IIJIII TO

Il0JI0rH.SI BI,IKJIIOqaTeJieH, IICil0Jib3yeMa.SI B 3TOH apXHTeKTYPe, .SIBJI.SleTC.SI nnaHap

HOH IIJIII ~OMeHHOH TOilOJiomeii nepeKJIIOqaTeJII,HI,IX 6JIOKOB. B 3TOH TOil0JI0-

rHII np0BO~HIIK TPaCCI,I HOMep 1 IlO~KJIIOqaeTC.SI TOJII,K0 K npOBO~HIIKY TPaCCI,I 

HOMep 1 B CMe)KHI,IX KaHanax, np0B0~HIIK TPaCCI,I HOMep 2 IlO~KJIIOqaeTC.SI 

TOJII,K0 K npOB0~HIIKaM TPaCCI,I HOMep 2 II TaK ~anee. Ha pIIc.14.9 IlOKa3aHbl 

coe~IIHeHII.SI B nepeKJIIOqareJII,HOM 6JIOKe. 

Mup111-1a 
nOAKlllO'leHuii 

~ 
MBTpHL\3 • 

nOAKlll0'18HUII -+--------' 

florn'leCKltii 6noK 

11 

-------, 
I 
I 
I 
I 
I - _____ ,..J 

Mupu1.1a • 
nOAKlllO'leHnn 

florn'leCK11ii 6noK 

flont'lecK11ii 6noK 

Mup111-1a • 
nOAKnlO'l&HHH 

PIIc.14.9. OpraHII3~II.SI cB.SI3eii Me~ nomqecKIIMII 6noKaMII B IIIIBM 

CoBpeMeHHhie ceMeiicTBa IIIIBM pacrnIIp.SIIOT rrepeqIIcneHHbie Bbirne 

B03MO)KH0CTII II BKJIIOqaIOT ecmpoe1my10 </JyHKljUOHaJlbHOCmb 6blC0K020 ypoe

HJl. MMe.SI 3TH o6ru;IIe q>yHKD;HH, MO)KHO COKpaTHTI, IlJIOID;a~I, KpHCTaJIJia, K TO

MY )Ke 3TH q>yHKD;HH 6y~yT pa6oTaTI, 6I,ICTPee, qeM ecJIH HX C03~aBaTI, Ha 6a3e 

npUMumueoe. IlpIIMepaMH TaKHX q>yHKD;HH .SIBJI.SIIOTC.SI MYJibTHilJieKCOpbI, 6JIOKH 
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umppoBOH o6pa6oTKH eHrHaJIOB, BCTPOeHHhie YMHO)KHTeJIH, 6bieTPasI JIOrnKa 

BBO,[\a-BhIBO,[\a H BCTPOeHHasI rraM.SlTh. 

THrrHqHhIM rrpHMepoM TIIIBM MOryT CJIY)KHTh MHKpocxeMhI ceMeiicTBa 

Spartan qmpMhI XILINX, B KoTopoii MHO)KeCTBO KoHqmrypHpyeMhIX Jiornqe

CKHX 6JIOKOB 061,e,I:\HH.SIIOTC.Sl C IIOMO!UhlO MaTPHUhl eoe,[\HHeHHH (pHc.14.5). Xa

paKTepHhIMH ,[\JI.SI TIIIBM apXHTeKryp .SIBJI.SIIOTC.Sl 6JIOKH BBO,[\a-BhIBO,[\a, II03BO

JI.SlIOIUHe peaJIH30BaTh ,I:\ByHanpaBJieHHhIH BBO,WBhIBO,I:\, TPeTbe eoCTO.SlHHe HT. II. 

Oco6eHHOCThIO coBpeMeHHhIX IIJIHC .HBJI.HeTc.H B03MO)KHOCTh TeCTHpoBa

HH.Sl Y3JIOB c rroMOIUhIO rroprn JTAG (B-scan), a TaK)Ke HaJIHYrne BHYTPeHHero 

reHepaTOpa (Ose) H exeM yrrpaBJieHH.Sl IIOCJie,[\OBaTeJihHOH KOHqmrypauHeH. 

<l>HpMa Altera rrourna no nym pa3BHTH.Sl TIIIBM-apxHTeKryp H npe,I:\JIO)KH

Jia B ceMeiicTBe FLEXl OK TaK Ha3hIBaeM)'IO .r\ByxypoBHeByIO apXHTeKTYPY MaT

pHUhI coe,[\HHeHHH. JlornqecKHe 3JieMeHThl (JI3) o6'be,[\HH.SIIOTC.Sl B rpynnhl - JIO

rnqecKHe 6JIOKH (Jffi). BHYTPH JiornqecKHX 6JIOK0)3 JI3 coe,[\HH.SIIOTC.Sl nocpe,I:\CT

BOM JIOKaJihHOH nporpaMMHpyeMoii MaTPHUhI coe.r10HeHHH, no3BOJI.SllOIUeii co

e,I:\HH.HTh JII060H JI3 e JII06hIM JI3. JlornqecKHe 6JIOKH CB.Sl3aHhl Me)K,[\y co6oii H C 

3JieMeHTaMH BBO,I:\a!BhlBO,[\a nocpe,I:\CTBOM rno6aJihHOH rrporpaMMHpyeMOH MaT

pHUhl eoe,I:\HHeHHH (rIIMC). JloKaJihHasI H rno6aJihHasI MaTPHUhI coe.r10HeHHH 

HMeIOT HenpephIBHyIO CTPYKTYPY, TO ecTh ,[\JI.SI Ka)K.[\Oro coe,[\HHeHH.Sl BhI,I:\eJI.SleTC.Sl 

HenpephIBHhIH KaHaJI. 

,l].aJibHeiimee pa3BHTHe IIJIHC H,[\eT no nym C03,[\aHH.Sl KOM6HHHpoBaHHhlX 

apxHTeKTYP, coqeTaIOIUHX y.r106CTBO peaJIH3aQHH aJirOpHTMOB umppOBOH o6pa-

6oTKH cHmaJioB (U:OC) Ha 6a3e LUT H peKomjmrypHpyeMhIX MO,I:\yJieii naM.HTH, 

xapaKTepHhIX ,[\JI.SI IIIIBM-eTPYKTYP, H MHoroypoBHeBhIX IIJIHC c y.r106eTBoM 

peaJIH3aQHH umppoBhIX aBTOMaToB Ha CPLD apXHTeKTYPax. TaK, HanpHMep, 

IIJIHC APEX20K qmpMhI Altera co.r1ep)KaT B ce6e JiornqecKHe 3JieMeHThI Bcex 

rrepeqHCJieHHhlX THilOB, qTO Il03BOJI.SleT npHMeH.SlTh IIJIHC KaK OCHOBHyIO 3Jie

MeHTHyIO 6a3y ,[\JI.SI «eHeTeM Ha KpHCTaJIJie» (system-on-chip , SOC). 
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-···--, 
14.5. Oco6eHHOCTH nporpaMMnposannsr IIJIIIC 

B HaCTO.HIUee BpeM.Sl ,[\JI.SI 60JihillHX IIJIHC B oeHOBHOM HeIIOJih3yIOTe.Sl ,[\Be 

TeXHOJIOrHH ,[\JI.SI xpaHeHH.Sl HHq>OpMaUHH O KOHq>mypau00: eTaTHqeeKOe 03Y 

HJIH 3JieKTP0qeeKH rreperrporpaMMHpyeMoe II3Y, np0qeM eo3.r1aH0e ipaiiJia 

KOHq>HrypaQHH HeB03MO)KH0 6e3 aBTOMaTH3HpoBaHHhIX eHeTeM npoeKmpoBa

HH.Sl. TaKHe eHCTeMhl BhmyeKaIOT Bee Be.r1yiu0e rrpOH3BO,I:\HTeJIH IIJIHC. IlpH 

pa6oTe B no.r106HhIX eHeTeMax KOHq>HrypaUH.Sl exeMhl, KOTOpasI ,[\OJI)KHa 6hITh 

no~eHa BHYTPH IIJIHC, HJIH aJiropHTM ee pa6oThI 3a.r1aeTe.S1 JIH6o Ha TeKeTo

BOM .H3hIKe orr0eaHHH (VDHL HJIH Verilog), HanoMHHarom:eM .H3hIK rrporpaMMH

poBaHH.Sl BhieOKoro ypoBH.Sl (Hanp»Mep, C0++), JIH6o Ha rpaip0qeeKOM ypoBHe -

B BH,I:\e 3JieKTPHqeeKoii exeMhI (ADHL). B ,I:\aJihHeiimeM Bee 3TaIThI pa6oThI, 

BKJIIOqasi rrporpaMMHpOBaHHe HJIH 3arpy3KY IIJIHC, BhIIIOJIH.HeT aBTOMaTH3Hpo

BaHHasI eHeTeMa. 

15. ABTOMaTnlaUHH «i>YHKUH0HaJibH0-JI0rH'ICCK0ro npoeKTnposauun 

un«t>poBLIX ycTpOiiCTB ua nporpaMMHpyeMLIX JI0rH'ICCKHX cxeMaX 

«t>npMLI «Altera» C HCII0Jibl0BanneM CHCTCMLI npoeKTnposaHHH 

«MAX plus II» 

15.1. IlporpaMMHpyeMLie JI0rH'ICCKHe HHTerpaJILHLie cxeMLI 

Bee 3JieKTPOHHhie H3,I:\eJIH.Sl yeJIOBHO MO)KHO pa3,I:\eJIHTh Ha ,[\Ba mrra. K 

nepBOMY THny omoe.HTe.H yeTPoiieTBa, KOTOphie o6pa6aThIBaIOT HHq>OpMaUHIO, 

npe.r1cTaBJieHHyIO B aHaJioroBOM BH,I:\e. Ko BTOpoMy THny omoe.HTe.H yeTPoiieTBa, 

nepepa6aThIBaIOIUHe HH<pOpMaUHIO, npe,I:\eTaBJieHHyIO B UH<ppOBOH <popMe. Eiue 

He,[\~HO npe,I:\eTaBHTeJIH nepBoro THna ,I:\OMHHHpOBaJIH Ha,[\ UH<ppOBhlMH yeT

poiieTBaMH. CxeMOTeXHHKa UH<ppOBhIX yeTPOHeTB .SlBHJiaeh orpoMHhIM ,[\OeTH

)KeHHeM HayKH KOHUa xx BeKa. Ee rrpeHMyIUeeTBO nepe.r1 exeMOTeXHHKOH aHa

JIOrOBhlX yeTPOHeTB OeHOBaHO Ha eJie,I:\yIOIUHX <paKTOpax: 

• HH<pOpMaUH.H B UH<ppOBhIX yeTPOHeTBax He IIO,[\Bep)KeHa B03,[\etteTBHIO OK

p~aIOIUeii epe,I:\hl (TeMnepaTYPhI, BJia)KHOeTH, Hanp.Sl)KeHH.Sl IlHTaHH.Sl HT. ,I:\.); 
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• nepepa6oTKY umppoBoii HH<popM~HH MO)KHO ocyru;ecrnmnb c HeorpaHH

qeHHOii TOqHOCTbIO; 

• MHKpocxeMbl UHqJpOBbIX YCTPOHCTB ,nonycKaIOT 6oJiblllyIO CTeneHb HHTe

rpaUHH, BKJIJOqaJOIUyIO ,necHTKH MHJIJIHOHOB TPaH3HCTOpOB. 

Ha nepBOM nane UHqJpOBaH TeXHHKa pa3BHBarraCb B HailpaBrreHHH co3,na

HHH YCTPOHCTB nepepa6oTKH UHqJpOBOii HHqJOpMaUHH c nOMOru;bIO (()KeCTKOii» 

rromKH. TaKHe ycTPoiicTBa npe,nHaJHaqeHbI ,nrrH BbmorrHeHHH o,nHoii KaKoii

rru6o onepaunu. Co3,naHtte ycTPoiicrn Ha «)KeCTKOii» rromKe npHBerro K noHB

rreHHIO YHHBepcarrbHbIX MHKpocxeM, KOTOpbie MO)KHO KOHqittrypupoBaTb B co

OTBeTCTBHH C BbI6paHHbIM 3aKOHOM qiyHKUHOHHpoBaHHH caMHM pa3pa6oTqH

KOM. 3TH MHKpocxeMbl norryqHJIH Ha3BaHHe «nporpaMMHpyeMbie rromqeCKHe 

HHTerparrbHbie cxeMbI (IIJIHC)». O,nHa MHKpocxeMa IIJIHC MO)KeT 3aMeHHTb 

HeCKOJibKO COTeH KOpnycoB MHKpocxeM TPa.nHUHOHHOH (()KeCTKOH» JIOrHKH. 

Oco6eHHOCTHMII COBpeMeHHbIX IIJIHC HBJIHIOTCH: HII3KaH CTOIIMOCTb, 

BbICOKOe 6blCTPO,neiiCTBHe, llIHpOKHe qiyHKUIIOHaJibHbie B03MO)KHOCTH, MHoro

KpaTHOCTb nepenporpaMMIIpOBaHIIH, HH3KOe 3HepronoTPe6rreHHe, m6KOCTb ap

XIITeKTYPbl-

15.2. 3rnnhl npouecca npoeKTnpoBaHnH umJ>pOBbIX ycTpoiicTB 

Ilpouecc npoeKTHpoBaHHH ycTPoiicTBa o6pa6oTKII uuqipoBoii IIHqJOpMa

UHII C HCnOJib30BaHHeM IIJIHC 3aKJIJOqaeTCH B crre,ny10ru;eM: on1IcaHHe JIOrHKH 

qiynKUHOHIIpOBaHIIH Ha H3bIKe IICnOJib3yeMoro nporpaMMHOro cpe,ncrna; Bbl-. 

norrHeHIIe aBTOMaTH31IpOBaHHoro CHHTe3a; npoBe,neHHe Mo,nerrlipOBaHHH II Ha

CTPOHKII BbI6paHHoii IIJIHC c noMOIUbIO nporpaMMaTOpa. Ba)KHOii oco6eHHO

cTbIO HBJIHeTCH TOT qiaKT, qTo BpeMH pa3pa60TKII, _na)Ke oqeHb CJIO)KHbIX cxeM, 

MO)KeT COCTaBJIHTb HeCKOJibKO qacoB, a ,IJ;JIH II3MeHeHHH arrropHTMa pa6oTuI ycT-:

poiicrna ,nocTaTOqHo nepenporpaMMIIpoBaTb IIJIHC. 

JII06oe CJIO)KHOe UIIqJpOBOe YCTPOHCTBO COCTOIIT II3 3JieMeHTapHbIX rrom

qecKIIX YCTPOHCTB (BeHTIIJieii), peaJIII3yIOIUHX KaKyIO-JIII6o qiyHKUIIIO arrre6pbl 
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JIOrHKH •. C DOMOru;bIO rrornqecKHX BeHTHJieii CTPOHTCH KaK KOM6HHaUHOHHbie 

cxeMbl, TaK H nocrre,noBaTeJibHOCTHbie. CoBpeMeHHoe cxeMoTeXHnqecKoe npoeK

™POBaHIIe. JII06bIX cxeM HeB03MO)KH0 6e3 nplIMeHeHHH KOMnbIOTepHblX MeTO,IJ;OB 

pacqe-ra H npoeKTHpOBaHHH 3JieKTPOHHbIX cxeM. PaCCMOTPHM npHHUHnbI npoeK

TIIpOBaHHH OCHOBHblX cxeMOTeXHuqecKHX 3JieMeHTOB H CIIHTe3a HX 4>YHKUIIOHH

p0BaHHH c IICDOJib30BaHHeM CAIIP «MAX+plusll» qittpMbI «Altera». 

15.3. IlpoeKTupoBauue JI0rH'leCKHX 3JICMCHT0B C HCD0Jib30BauneM 

CAIIP «MAX plus II» 

3aoa11ue Ha pmpa6omry <pyHKl4UOHaJlbHOU CXeMbl 

IIpoBeCTH MO,neJIHpOBaHHe H OTJia,ro(y cxeMbI cqeTqHKa, BbIIlOJIHeHHOro Ha 

JK-mpuzzepax: 3a,natta cxeMa cqeTqHKa no Mo,nyJIIO 5 (puc.15.1), r,ne C-TaKTOBbiii 

Bxo,n, R- c6poc Bcex TPHITepoB B «0», Q0, Q l ,Q2 - nHqiopM~HOHHbie BbIXO,nbI. 

PIIc.15.1 CxeMa cqe~IIKa no Mo,nyrr10 5 

Ilp0Beoe11ue pa6omb1 

Illar 1. Co3,naHIIe 4>anrra npoeKTa. 

Ilocrre 3anycKa naKeTa CHCTeMbl aBTOMaTH3HpOBaHHOro npoeKTIIpOBaHHH 

(CAIIP) «MAX+plusll» OTKpbIBaeTcH rrraBHoe 0KH0 nporpaMMbI (plic.15.2). 

C03.IJ;a,nHM npoeKT cxeMbI B rpa4>1IqecKOM pe,naKTope. ,l(.JuI 3Toro C03,IJ;MHM H0-

BbIH qiaiirr (KpaiiHnii rreBbiii 3HaqoK naHerrn IIHCTPYMeHTOB). 

B OTKpbIBllleMcH ,n1IarroroBoM oKHe «New» Bb16epeM nynKT «Graphic Edi

tor file» II Ha)KMeM KH0nKY «OK», nplI 3T0M aBTOMaT1IqecK1I OTKpoeTCH 0KH0 
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rpaqmqecKoro pe~aKTopa. CoxpaHHM HOBbIH cpaiin npoeKTa (qepe3 Memo «File 

> Save») no~ HMetteM counter5 (pacurnpettue 6y~eT npucBoetto aBTOMaTuqe

CKH ). 11M.sr cpaiina npoeKTa. npHB.sI)I(eM K HMeHH rrpoeKTa. ,Z:(Im :noro BhI6epeM 

nyttKT «Set Project to Current File» (B no~Memo «Project» Memo «File» rnaBHO

ro Memo pa6oqero OKHa). ,[(JI.sI C03~attu.sr rpacpuqecKoro npoeKTa ttaM rrotta~o-

6.srTc.sr 6u6mrnTeKu (\Maxplus\Max2lib\Prim), MaKpocpyttKQHH (\~\Max2lib\Mf) 

u rrapaMeTPH3HpoBaHHhIX MeracpyttKQHH (\~\~\Mega_ Lpm ). 

PHc.15.2 rnaBttoe oKtto CATIP «MAX+plus II» 

Illar 2. Co3~am1e cxeMbI npoeKTa 

,[(JI.sI pa3Mern,eHH.sI 3JieMeHTOB B OKHe pe~aKTopa HCIIOJlb3YeTC.sI ~uanoro

BOe OKHO «Enter Symbol», KOTopoe MO)I(HO OTKpbITh qepe3 Memo «Symbol» 

ocHOBHoro Memo pe~aKTopa (nyHKT «Enter Symbol») unu c noMOill,hIO KOHTeK

CTHoro MeHIO (~BOHHblM Ill,eJiqKOM JieBOH KJiaBHIIIH Mbllllll no CBo6o~HOMY rrpo

CTPaHCTBY OTKpbIToro OKHa pe~aKTopa). Ilocne :noil: orrepaQuu Bb16pattirhIH 

3JieMeHT 6y~eT pa3Meill,eH HMeHHO B HY)I(HOM .MeCTe. 

Bb16pan, H ycTaHOBHTb Heo6xo~HMbIH :meMeHT MO)I(HO ~BJM.s! cnoco6aMH: 

Ha6paTb HM.sI 3JieMeHTa (npHMHTHBa, Mera- HJIH MaKpocpyHKQHH) B OKHe 

«Symbol Name» ~uanoroBoro OKHa «Enter Symbol» u Ha)I(aTb «OK»; 

Bb16paTb Heo6xo~HMYIO 6n6JIHOTeKy B OKHe «Symbol Libraries» ~uanoro

BOfO OKHa «Enter Symbol» u ~BOHHhIM IQeJiqKoM neBoil: KJiaBHIIIH MhIIIIH oT-
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KpblTI, ee (puc.15.3). 3aTeM attanomqHbIM o6pa30M BbI6paTh Heo6xo~HMbIH 

3JieMeHT B marn «Symbol File» •. 

PHc.15.3. 0
1
KHO «Symbol File» 

BbIBO~bl 3JieMeHTOB MO)I(HO coeMHHTh CHrHaJibHbIMH JIHHH.sIMH. ,[(Jrn rrpo

Be~eHH.sI CHfHaJibHOH JIHHHH Heo6XOMMO COBMeCTHTh JKa3aTeJib KJPCOpa (KoHeQ 

CTPeJIKH) C BbIBO~OM 3JieMeHTa, npH 3TOM KJPCOp aBTOMarnqecKH npeBpaill,aeTC.sr B 

HHCTPJMeHT pHCOBaHH.sI oprorOHaJibHbIX JIHHHH (nepeKpecrne). Ilocne 3T0f0 npo

BOMTC.sI Heo6XOMMa.sI JIHHH.sI (npH Ha)I(aTOil: H y~ep)I(HBaeMOH JieBOH KHOIIKe 

MbIIDH). 3a OMH IIpHeM MO)I(HO rrpoBeCTH ~a opTOroHaJibHbIX OTPe3Ka EcJIH 3TO

ro He~OC'TilTOqHO, TO rrpoQemy MO)I(HO IIOBTOp.sITb, HaqifHa.sI C KOHQa npoBe~eH

HOH JIHHHH HJIH c BbIBo~a ~pyroro 3JieMeHTa. JiomKa pa3pa6an,rnaeMoro npoeKTa 

MO)I(eT 6b1Th TaIOKe peaJIH30BaHa C HCIIOJib30BaHHeM npHMHTHBOB. Pa3MeCTHM 

TPe6yeMbie 3JieMeHThl 3~aHHOH cxeMbl (pHc.15.1) H BbIIIOJIHHM Heo6xo~HMbie 

coe~HHeHH.sI. 

Illar 3. KoMIIHJI.sIQH.sr H co3~aHHe CHMBona npoeKTa 

Cne~Ill,HH 3TaII - KOMIIHJI.sIQH.sI H C03~aHHe CHMBOJia npoeKTa MJ1 

BKJIIOqeHH.sI ero B q>aiiJI npoeKTa BepXHero ypOBH.sI. Ilepe~ KOMIIHJI.sIQHeii MO)I(-
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HO BhIIIOnHllTh npoBepKy KoppeKTHOCTll BBe,l].eHHoro npoeKTa. ITpoBepKa ocy

mecTBmieTCH qepe3 no,l].Memo «Project» (Memo «File» rnaBHoro Memo pa6oqe

ro oKHa) nyTeM Bb16opa nyHKTa «Save&Check» nnn menqKoM neBoii KHOnKn 

Mbllllll Ha nttKTorpaMMe COOTBeTCTByIDIIIero llHCT}JyMeHTa OCHOBHOH naHenn 

llHCT}JyMeHTOB. 

eJ~G111p~ 

- 81 @ IE'l Ei 

Into: Selecting • device from 'MAX7000' family for AUTO device 'doron' 
Info: Chip 'doron' successfully fit into AUTO device 'EPM7032LC44-6' 

Pnc.15.4. lfTorn KOMnttnHQnn 

KoMnllnHQllH ocym;ecTBnHeTCH TaK)Ke qepe3 nO,l].MeHIO «Project» nyTeM 

BbI6opa nyHKTa «Save&Compile» llnll onHTh m:e c nOMOIIlhlO COOTBeTCTByIDIIIe

ro llHCT}JyMeHTa OCHOBHOH naHenn llHCT}JyMeHTOB. 11ocne KOMnttnHQllll npo

Qeccop coo6m;eHtteM nponmpopMnpyeT Hae o TOM, qTo ,ll.nH peanll3aQnn ,l].aHHO

ro npoeKTa MOryT 6hITh ncnonh30BaHhI 11Jll1C ceMeiicrna «MAX7000», a 

nMeHno 11Jll1C Tnna «EPM7032LC44» (B Kopnyce PLCC c 44 BhIBO,ll.aMn). 

Co3,l].anne cttMBona npoeKTa ocymecTBnHeTcH qepe3 no,l].Meu10 «Project», 

B KOTopoM cne,ll.yeT BhI6paTh nynKT «Create Default Symbol» - :noT nynKT 

CTaHOBllTCH ,l].oczynnhIM TOnhKO nocne 3aKpb1TllH OKHa KOMnllnHTOpa. C03,ll.aH

Hhlll CllMBOn 6y,ll.eT noMem;eH B KaTanor npoeKTa. Hcnonh30Banne C03,l].aHHhlX 
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CllMBonoB, TaK m:e KaK ll 3neMeHTOB ,ll.pyrnx 6n6nnoTeK, npOll3BO,ll.llTCH qepe3 

,ll.HanoroBoe oKHo «Enter Symbol». 

Illar 4. Co3,ll.aHne npoeKTa n CllMBona KOM6ttHaQHOHHoii cxeMhI 

,ll;nH C03,ll.aHllH npoeKTa 3TOro yc-rpoiicrna ncnonh3yeM pe,!].aKTOp BpeMeH

HbIX ,ll.ttarpaMM («Waveform Editorn). ,ll;nH 3Toro cne,ll.yeT Ha)KaTh KHonKy oT

KphITHH HOBoro cpaiina Ha naHenn llHCT}JyMeHTOB, B OTKpbIBIIIeMCH ,ll.llanOroBOM 

OKHe «New» OTMeTHTh nyHKT «Waveform Editor file», B coce,ll.HeM OKHe BhI-

6paTb pac111npeHne .WDF (paclllnpeHne .SCF ncnonh3yeTCH ,ll.nH MO,ll.ennpoBa

HttH) n Ha)KaTh «OK», nocne qero OTKpbIBaeTCH OKHO pe,ll.aKTopa (pnc.13.5). 

Ref~ 

Name· Value· 

:~ ,-R 0 

0 

0 

Y2 

I 
0 

Y3 0 

Y4 

Pnc.15.5. BpeMeHHhie ,ll.ttarpaMMhI 

0KHO pe,ll.aKTOpa llMeeT qeTbipe nomr, pa3,ll.eneHHhlX BepTllKailhHhlMll nll

HllHMll. ITepBoe none cneBa («Name») npe,ll.Ha3HaqeHO ,ll.nH BBO,ll.a llMeHll y3na, BO 

BTOpoM none («Type») orn6pa)KaeTCH Tnn BBO,ll.a (INPUT, OUTPUT, BIDIR), B 

T}JeTbeM none ( ((Value») nOKa3aHbl COCTOHHllH BhlBO,ll.OB, COOTBeTCTByIDIIIlle no

no)KeHllIO cneQllailhHOH BepTllKailhHOM Bll3llpHOM nllHllll, KOTOpM npn OTKpbI

Tllll oKHa ycTaHOBneHa B Haqano roptt30HTailbHOH OCH, pa3MeqeHHOH B e,l].llHllQax 

BpeMeHll. ,ll;nH nepeMem;eHllH Bll3ttpa B HyJR:HOe MeCTO He06XO,ll.llMO COBMeCTllTh 

Kypcop C BepIIIllHOM Bll3llpa (npn 3TOM Kypcop npttMeT Kpecrno6pa3HyID q>opMy) 

ll npll Ha)KaTOii neBoii KHOnKe Mbllllll nepeTam;llTh Bll3llp B HY)KHOe MeCTO. lleT

BepTOe none npe,ll.Ha3HaqeHO ,ll.nH 3a,l].aHllH -rpe6yeMbIX COCTOHHllM Bh~BO,ll.OB, npll 

3TOM ncnonh3yIDTCH llHCT}JyMeHTbl C naHenn llHCT}JyMeHTOB pe,!].aKTOpa, KOTO

paH pacnonO)KeHa BepTllKailhHO B,ll.Onh neBoii CTOpOHhl OKHa. AKTHBll3aQHH na

Henn llHCT}JyMeHTOB npOllCXO,ll.llT TOnhKO B TOM cnyqae, ecnn BhI,l].eneH O,ll.llH ll3 
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Y3Il0B. qT06bI BbIJ].enHTb y3en, He06XOJJ.HMO menKHYTb neBOH KHOnKOH MbIIIIH 

Ha HMeHH y3na, MO)KHO TaK)Ke BbIJ].enHTb mo6oii )"IaCTOK BJ].Onb ropH30HTanb

HOH OCH, nptt 3TOM rpaHHU,bl BbIJ].emreMbIX )"IaCTKOB npHBH3bIBaIOTCH K ceTKe. 

TiapaMeTPbl ceTKH ycrnHaBnHBaIOTCH cne,n:yIOIIJ.HM o6pa30M: C noMOIIJ.blO 

nyHKTa «End Time» (MeHIO «File») 3a,n:afacx MaKCHManbHOe 3Ha1:leHtte BpeMeH

HOro HHTepBana C YKa3aHtteM e,n:HHHU, H3MepeHmI, a C noMOIIJ.blO nyHKTa «Grid 

Size» (MeHIO «Options») - IIIar ceTKH. B BepxHeii 1:1acTH 3KpaHa pacnono)KeHhI 

OKHa ,n:nx TO'IHOro OTC'IeTa HHTepBanOB BpeMeHH. 

B BepxHee none «Node Name» Heo6xo,n:HMO BBeCTH HMH y3na, B OKHe 

«I/O Type» (pttc.15.5) YKa3aTb Tttn,BhIBOJJ.a H Ha)KaTb «OK». KpoMe Toro, MMe

Ha y3n0B MO)KHO BBOJ].HTb ,n:pyrnM cnoco60M. ,z:i:nx 3Toro Heo6XOJ].HMO menK

HYTb neBoii KHonKoii MbIIIIH B none «Name», nptt 3TOM aBTOMaTtt1:1ecKH OTKpbI

BaeTCH ,n:ttanoroBoe OKHO «Insert Mode». 

Pa3MeIIJ.eHHbie y3nbl MO)KHO pe,n:aKTHpOBaTb, nepeMeIIJ.aTb, y,n:anHTb, pa3-

MHO)KaTb ( C o6x3aTenbHbIM pe,n:aKTHpOBaHHeM HMeHH HnH THna, ecnH 3TO Heo6-

XOJ].HMO ). ,z:i:nx pe,n:aKTHpoBaHHH HCnOnh3yeTCH TO )Ke J].HanoroBoe OKHO «Insert 

Mode». OcTanhHbie onepau,HH ocymecTBnHIOTCH aHanorn1:1Ho TOMY, KaK 3TO ,n:e

naeTcH B rpaq>H'IeCKOM pe,n:aKTOpe. 

B HaIIIeM cn)"Iae Heo6xo)].HMO 3aJ].aTb B03MO)KHbie COCTOHHHH BOCbMH 

BXOJJ.0B lI 1:1eTbipex BblXOJ].0B, cooTBeTCTBYIOIIJ.HX Ka)KJ].OMY COCTOHHHIO BXOJ].a. 

,z:i:nx 3TOro BCH ropH30HTanbHaH OCb J].On)KHa 6bITb pa36HTa Ha 32 J].HCKpern. Ha

npttMep, ycTaHOBHB 3Ha1:1emie «End Time» 320 He, a «Grid Size» - 10 He, no

n)"IHM 32 JJ.HCKpern C rnaroM CeTKH 10 HC. flocne 3TOrO nocne,n:oBaTenbHO Bbl

)].enxeM y3nb1 H JJ.HCKpeTbI H, c noMOIIJ.hIO naHentt HHCTPYMeHTOB 3a,n:aeM TPe-

6yeMhie COCTOHHHH BXOJJ.OB tt BbIXOJ].OB (pttc.13.5). 

Illar 5. Ha3Ha1:1eHtte Tttna TIJ111C H BhIBOJJ.OB TIJ111C 

Tttn TIJ111C, Heo6xo,n:ttMbIH ,n:nx peantt3au,HH npoeKrn, MO)KeT 6bITb BbI-

6paH aBTOMaTH'IeCKH HnH Ha3Ha1:leH Bpy1:1HyIO. flpH C03J].aHHH qiaiina npoeKTa 
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no yMon1:1aHHIO ycTaHOBneH pe)KHM aBTOMaTH'IecKoro BbI6opa MHHHManbHOH 

no 66oeMy TIJ111C, B KOTopoii MO)KeT 6bITh peantt3oBaH ,n:aHHhiii npoeKT. flptt 

Heo6XOJ].HMOCTH THn TIJ111C MO)KeT 6bITb Ha3Ha1:leH Bp)"IHYIO c noMOIIJ.blO 

nyHKTa «Device» (MeHIO «Assign» OCHOBHOro MeHIO CHCTeMbI). flocne Ha3Ha-

1:leHHH YCTPOHCTBa npoeKT Heo6XOJJ.HMO nepeKOMnttnttpoBaTb. 

Pttc.15.7. YcTPoiicrno, peantt3oBaHHOe Ha TIJ111C 

BbIBOJ].bl TIJ111C nepBOHa'IanbHO Ha3Ha1:laIOTCH aBTOMaTH'IeCKH (pttc.13. 7). 

flocne 3aBepIIIeHHH pa6oTbl Ha)]. npoeKTOM Heo6XOJ].HMO 3aKpenHTb HnH nepeHa-

3Ha1:IHTb BblBOJJ.bl TIJ111C, ,n:nx Toro 1:IT06bI npH B03MO)KHOH nocne,n:yIOmeii J].O

pa6oTKe ( orna,n:Ke) npoeKTa B COCTaBe BCero H3J].enHH KOMnHnHTOp He MOr H3-

MeHHTb HX Ha3Ha1:leHHe. 3Ta onepauHH BbIIlOilHHeTCH c noMOIIJ.blO pe,n:aKTOpa 

«Floorplan Editor» (pttc.15.8), KOTOpbIH 3anycKaeTcx nn6o 1:1epe3 MeHIO 

«MAX +plus II» (B OCHOBHOM MeHIO ), ntt6o 1:1epe3 naHenh HHCTPYMeHTOB. 

Bee pe3ynhTaTbl pa6oTbl Ha)]. npoeKTOM q>HKCHPYJOTCH B qiaiine 

counter5.rpt, KOTOpbIH npe,n:cTaBnHeT co6oii o6bI1:!HbIH TeKCTOBblH qiaiin tt co

,n:ep)KHT no,n:po6Hoe onttcaHHe peanH30BaHHOro npoeKTa, B TOM 1:!Hcne lI onttca

HHe Ha3Ha1:leHHH BbIBOJ].OB, Heo6xOJ].HMOe ,n:nx pa3pa6oTKH npHHUHnttanbHOH 

cxeMbI u,eneBoro ycTpoiicrna. <l>aiin counter5.rpt MO)KHO OTKpbITh 1:1epe3 MeHIO 

«File» HnH Ha)KaTHeM COOTBeTCTBYJOIIJ.eH KHOnKH Ha naHenH HHCTPYMeHTOB. 
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~JUI 3aBepweHHll pa60Tbl Ha~ rrpoeKTOM Heo6xo~HMO rrpoBeCTH q>yHK

UHOHaJibHOe MO~eJIHpOBaHHe. ~JUI :noro Heo6xo~HMO C03~aTb HCXO~Hblll q>aiiJI 

C pacwttpeHHeM .SCP, 3a~aTb TeCTOBbie (3TaJIOHHbie) COCTOHHHH BXO~OB, Bbl-

6paTh rrpoBepHeMbie BhIXO~hI H 3arrycTHTh «Simulator». 

Pttc.15 .8. Pe~aKTop «Floorplan Editor» 

Illar 6. 3aBepweHHe pa6oThI 

~JIH C03~aHHH HCXO~Horo q>aiiJia Heo6xo~HMO OTKpblTb HOBblll q>aiiJI, B 

~ttanoroBoM OKHe «New» OTMeTHTh rryHKT «Waveform Editor file», ycrnHOBHTh 

B coce~HeM none OKHa pacwttpeHHe .SCF H Ha)KaTh «OK», a 3aTeM coxpaHHTh 

3TOT q>aiiJI qepe3 Memo «File-Save» ocHOBHOro Memo. Ilocne 3TOro Heo6xo~H

MO CBH3aTh ero c rrpoeKTOM. ~JIH 3Toro HY)KHO BOHTH B Memo «Node» H BhI-

6paTh rryHKT «Enter Nodes from SNF». Ilocne Ha)KaTHH KHOIIKH «List» B neBoii 

rraHeJIH ~ttanoroBoro oKHa «Enter Nodes from SNF» IIOHBJIHeTCH crrttcoK ~oc

ryrrHhIX y3JIOB («Available Nodes&Groups» ), BhI~eJieHHhIH CHHHM QBeToM, Ko

rnphIH HY)KHO rrepeHeCTH Ha rrpaByio rraHeJih ( «Selected Nodes&Groups» ), ~JIH 

qero H~HO Ha)KaTb KHOIIKY co crpeJIKOll, paCIIOJIO)KeHH)'IO Me)K~y rraHemIMH. 

IlocJie Ha)KaTHH KHOIIKH «OK» B OKHe pe~aKTOpa IIOHBJIHeTCH rOTOBblll wa6JIOH 

(3arOTOBKa) ~JIH 3a~aHHH TeCTOBbIX COCTOHHHll BXO~OB. Ilepe~ HaqanoM BBO~a 
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TeCT0BbIX COCTOHHHll Heo6xo~HMO B rropH~Ke, OIIHCaHHOM BbIIIIe, 3a~aTb ~JIH

TeJibH0CTb HHTepBana MO~eJIHpOBaHHH H ycTaHOBHTb war ceTKH C yqeTOM Bpe

. MeHHhIX rrapaMerpoB peaJihHblX CHrHaJIOB, KOTOpbie 6y~YT rro~aBaTbCH Ha BXO~ 

II.Jll1C B ueneBoM ycrpoiicTBe. 

CaMH TeCTOBble COCTOHHHH BXO~OB BBO~HTCH TaK )Ke, KaK H rrpH C03~aHHH 

rrpoeKTa. «Simulator» MO)KeT 6bITh 3arryiueH ntt6o qepe3 Memo «MAX +plus II» 

(B OCHOBHOM Memo), JIH6o qepe3 rraHeJib HHCTpyMeHTOB, rrpH 3TOM OTKpbIBaeTCH 

~HanoroBoe OKHO c KH0IIKaMH «Start» H «Open SCF». ~H Haqana Mo~enttpo

BaHHH Heo6xo~HMO Ha)KaTb KHOIIKY «Start», a ~JIH rrpocMorpa pe3yJihTaTOB -

«Open SCF». 

3aKJUO'ICHUe 

B ~aHHOM yqe6HOM rroco6HH paccMorpeH Kpyr BOIIpOCOB, CBH3aHHhIX C 

H3yqemi:eM, rrpoeKTHpOBaHHeM ll rrpnMeHeHneM UHq>pOBbIX 3JieMeHTOB, Y3JIOB ll 

ycrpoiicTB, KOTOpbie HBJIHIOTCH OCHOBOll ~JIH peann3aUHH pa3JillqHbIX cpe~CTB 

o6pa6oTKH HHq>opMaunn B 3BM. B rroco6nn ~aH T0JihKO Heo6xo~HMhIH MHHH

MYM 3HaHHll, KOTOpblll ~OJI)KeH HMeTb pa3pa6orqHK unq>pOBOll cxeMOTeXHHKH. 

~JIH 6onee rny6oKoro ll ~eTaJibHOro H3yqeHHll aBTOp rrpe~JiaraeT HCIIOJib30BaTb 

KHllrH ll3 CIIHCKa peKOMeH~OBaHHOll JIHTeparypbI. 
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