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UeJib!O u3yqeH11H ,ll.llCl{llnJIIIHbl ''TeopllH aBTOMaTOB" HBJIHeTCH nonyqeH11e CTy)].eHTaMII 

Haqa.JibHblX TeopeT11qecKIIX 3HaHIIH O q>OpMa.JibHb!X H3bIKax 11 )].IICKpeTHblX aBT0MaTax, 

113yqeH11e 3JieMeHT0B Teop1111 KOHeqHbIX aBT0MaTOB, OCHOBHb!X 3TanoB a6cTpaKTHOrO 

II CTpyKTypHoro CIIHTe3a K0HeqHblX aBT0MaTOB, 3JieMeHTOB TeOpllll q>OpMa.JibHblX 

rpaMMaTIIK, noJiyqeH11e npe,n;cTaBnem1fi 06 aKTYa.JibHb!X 3a,n;aqax Teop1111 aBTOMaTOB II 

COOTBeTCTBIIII KJiaCC0B H3b!KOB II M0,l].eJieil: aBT0MaTOB. 

3HaHHH, noJiyqeHHb!e CTy)].eHTaMil B xo,n;e 0CB0eHIIH )].11Cl{lln,111Hbl, Tpe6yJOTCH 

)].JIH 113yqeHIIH l{IIKJIOB cnel{Ila.JlbHb!X )].IICl{llnJIIIH: onepamIOHHh!e CIICTeMhl, 

cxeM0TeXHIIKa, MO)].eJ111poBaH11e, TeXH0JIOfllH' nporpaMMllpOBaHHH, KOHCTpynpoBaHne 

8BM, 11cKyccTBeHHbI:ll: HHTeJIJieKT. 

,[(JIH 113y'leHllH HaCTOHll{eil: )].IlCl{llnJlllHbl OT CTy,n;eHTOB Tpe6yJOTCH o6meMaTeMaTH'leCKile 

3HaHl!H II 3HaHIIH no TaKllM ,ll.l!Cl{IlnJinHaM, KaK )].IlCKpeTHaH MaTeMaTnKa, IIHq>OpMaT11Ka 

ll H3b]Kll nporpaMMilpOBaHHH, HOB nepByJO oqepe,n;b q>OpMaJibHaH (11J111 MaTeMaTH'leCKaH) 

JIOfllKa. HMeHHO C Hee Mb! Il Ha'IHeM nam Kypc. 

MATEMATJiqECKA.H JIOrIIKA 

MaTeMaTH'ICCKaH ( cpopMa.JibHaH, 6yJieBa ll T.)]..) JiornKa - 3TO q>OpMa.Jill3al{llH o6bl'-IHOH 

KJiaccnqecKOH JI0rllKII, B KOTOpo:ll: 3aKOHbl, npaBl!JlbHOrO MhllllJieHl!H nepeHeCeHhl 

Ha onepal{llll C MO)].eJIHMll rrpOll3BOJlbHblX o6'beKTOB ll OTHOIIIenn:ll: Me)K,l].y HIIMll. 

CooTBeTCTBlle Me)K,l].y 6a3nCHblMII nOHHTIIHMII KJiaCCil'IeCKOH H MaTeMaTll'leCKOH 

JIOfIIKII CJie)].YJOll{ee. IJpe)].JIO)KeHIIHM (Bh!CKa3hIBaHIIHM) KjJaCCilqeCKOH JIOfIIKII 

C0OTBeTCTBYIOT a6c'rpaKTHbie nepeMeHHbJe MaTeMaTil'leCKOH, a 3Ha'leHIIHM "IICTHHa", 

"JIO)Kh" 'rrpe,D;JIO)KeHIIH - 3Ha'leHIIH "1", "0" nepeMeHHbIX. Bnpo•IeM, TepMIIHhl "IICTIIHa", 

"JIO)Kb" yrrOTpe6JIHIOTCH II B q>OpMa.JihHOH JIOfIIKe KaK CBOeo6pa3HhJe TepMIIIIOJIO!'Il'leCKile 

peJIIIKThI. B cpopMa.JibHOfi J1or11Ke cymecTBYJOT II 0606menm1 norI1qecKI1X rrepei\ieHIIhIX 

C )].BOilqHbIX Ha Il-3Ha'IHbJe. ,[(JIH BBO)].HOro Kypca B aBTOMaTHblC CHCTeMbl HaI160JibIIIIIH 

IIHTepec rrpe,n;cTaBJIHeT )].BOil'IHaH q>OpMa.JibHaH JIOrIIKa. 

HGYTICJIEHHE TIPE,[(J1O)KEHHM - KJ1accI1qecKaH JIOr!IKa HaqiluaeTCH HMe11uo 

c Hero. TipoCTbIM rrpI1MepoM HBJIHeTCH aTOMapHoe (Hepacq;1em1Moe Ha ,n;pyrne 

npe,D;JIO)KeHHH) Bb!CKa3h1BaH11e. HanpHMep, IIMeeM )].Ba BhICKa3hIBaHHH "2 qeTHOe 

'IIICJIO" n "2 x 2 = 5"; nepBOe HBJIHeTCH IlCTllHHbIM, BTOpoe JIO)KHhIM. Hx IICTIIHHOCTh n 

,10)KHOCTb 6bIJIII ycTaiJOBJieHhl aHaJ!ll30M co,n;ep,KaHHH 3TllX BblCKa3b!BaHIIH. HanpOTHB, 

B cpopMa.TJbHOH JI0rnKe, r,n;e pOJlb TaKIIX BblCKa3hIBaHIIH Ilrpa!OT IIpOCThie JIOrnqeCKile 

nepeMe!IHblC p llJIIl q, !IX JIOr11qecK11e 3HaqeHHH IIOCTYJIHpy!OTCH. 

B aBTOMaTHKe 3TH JIOrilqecKne nepeMeHHbie HCII0,1b3YIOTCH ,l],JIH o603HaqeHIIH CilfHa.JIOB 

(3JICKTpnqeCKllX, UHeBMaTilqecKHX ll T.,n;.). TipII 3TOM BblCOKIIH ypoBeHb clirHa.Jia B 

pa~1Kax upocTefiIIIefi ,'f.BOil'IHOH K.1acc11q'nKa111rn 060311a•meTCH KaK "1", Hll3KllH - KaK "O". 
Cnrna.llbl u;npKyJinpy!OT BO BpeMeim. TaK KaK OCHOBHhlM pe)KIIMOM pa60Tbl ycTpOfiCTB 

aBTOMaTIIKil HBJIHeTCH )].IICKpeTHhIH, TO COOTBeTCTBYJOll{IIH IIHTCpBaJI BpeMeHn, B KOTOpOM 

pa6oTaeT TO IIJIII lIHOe ycTpOHCTBO, ,ll.CJIIITCH Ha TaKThl - BpeMeHHblC npoMe)KyTKII, B 

K0TOphie npOHCXO)].HT BCeB03MO,KHhie B03)].efiCTBIIH CilrHaJIOB Ha ycTpOHCTBO. Curmi.JibI 

npn 3TOM MoryT IIMeTb JIH6b HMilYJibCHYJO cpopMy, eCJIII ,/1,JIIITCJlbJIOCTb B03)].eHCTBIIH 

Clll'HaJia MeHblllC )].JIIITCJlbHOCTH TaKTOBoro IIHTepBMa, nn6o IIOTeHl{lla.JlbHYJO, ecmI 
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3Haqemie CIH'HaJia He MemieTCH B Teqemie acero TaKToaoro npoMe)KyTKa. fpaqmqecK11 

MO)KHO 11306pa311Tb 3TO CJie,ITylOIIIIIM o6pa30M: 

y vlMITYJibCHbifi IloTeHllll8JlbHbl fi 

0
1 lo 

p 
i2 J3 J4 is t 

OT JIOr11qecKIIX nepeMeHHblX MoryT 6b!Tb IlOCTpOeHbl Jior11qeCK11e cpyHKIIIIII, 

npllHIIMaI011111e TO)Ke Jllllllb ,!l;Ba 3HaqeHIIH: 0 IIJIII 1. ITocKOJibKY q11CJIO 3Haqe1111fi 

nepeMeHHbIX HeBeJIIIKO, BCeB03M0)KHbie cpyHKIIIIII HBJIHIOTCH Jllllllb pa3JillqHblMII 

KOM611tta1111HMII HyJiefi II e,!l;IIHIIII Ha na6opax 113 n 3Haqen11fi nepeMeHHbIX. qllCJIO TaKIIX 

tta6opOB pamio 2n, 11, CJie,!l;OBaTeJibHO, q11cJIO BCeB03MO)KHbIX KOM611na1111fi HyJiefi II 

e,11;11HIIII 6y,11;eT paBHO K - MaKCIIM8JlbHOMY 3HaqeHIIIO ,!l;BOllqHoro q11cJia, l1Me10111ero 2n 

pa3pH,!l;OB, T.e. 2 a CTeneHII 2n. 

,II:JIH n = 1, T.e. ,!l;JIH cpyHKIIIIII O,!l;HOfi nepeMemmfi, K = 4. Mb! MO)KeM 3an11caTb IIX ace B 

q>OpMe Ta6JI1111, IlOJib3YHCb TeM, qTo q11cJIO KaK 3Haqen11fi nepeMeHHbIX, TaK II 3HaqeH11fi 

cpyHKllllfi HeBeJIIIKO ( B OTJI1lq11e OT cpyHKllllfi MaTeMaT11qecKoro aH8Jill3a, r,11;e q11CJIO II 

Tex, 11 ,11;pyr11x, KaK npaa11JI0, 6ecKotteqno): · 

X !1 h f3 f4 

0 0 0 1 1 
1 0 1 0 1 

yJ:3 HIIX cpyHKIIIIII Ji, 14 - KOHCTaHTbl II !2 (cpyHKIIIIH Tllna y = x) - HellHTepeCHbie, a BOT 

cpyHKIIIIH h - 11naepc11H ( 11JI11 0Tp1111att11e) 11rpaeT B cpopMaJib~Ofi JIOmKe orpoMHYIO pOJib. 

Mb! 6y,11;eM o603HaqaTb cpyHKIIIIIO IIHBepc1111 nepeMeHHOfi X KaK x' IIJIII x'. yJ:3 Ta6JI111ibl 

B11,!l;HO, qTO 3Haqemrn X II x' 6y,rryT IIHBepCHbIMII. 

,II:JIH n = 2, T.e. ,l.VIH cpyHKIIIIII ,!l;BYX nepeMeHHbIX, K = 24 = 16; Bb!IlllllleM Ta6JIIIIIY ,!l;JIH 

7 Ba)KHefiIIIIIX 113 HIIX: 

xy Ji h h f4 ls !6 h 
00 0 0 1 1 0 1 1 
01 0 1 1 0 1 0 1 
10 0 1 0 0 1 0 1 
11 1 1 1 1 0 0 0 

cf>yHKIIIIH !1 (x, y) - 3TO KOH'h!OHKIIIIH nepeMeHHbIX X II y. Otta o603HaqaeTCH KaK X & Y, 
IIJIII npocTO xy, IIJIII KaK cpyHKIIIIH II. 3aMeTIIM, qTO OHa paBHa 1 TOJibKO np11 X = 1, y = 1. 
cf>yHKIIIIH !2(x, y) - 3TO ,!1;113'b!OHKIIIIH nepeMeHHbIX X II y. Otta o6o3HaqaeTCH KaK XV Y, 
IIJIII X V y, IIJIII KaK cpyHKIIIIH vi.TIM. 3aMeTIIM, qTO OHa paatta O TOJibKO np11 X = 0, y = 0. 

cf>yHKIIIIH h(x, y) - 3TO 11MnJI11Ka1111H nepeMeHHbIX x II y. Ona o6o3HaqaeTcH KaK x ➔ y 11 

paana O TOJibKO npll x = 1, y = 0. 

cf>yHKIIIIH f4(X, y) - 3KBIIB8JleHTHOCTb nepeMeHHbIX X .11 y; o603HaqaeTCH KaK X = y. 
cf>yHKIIIIH fs(x, y) - 3TO cyMMa no M_O,llyJIIO 2 nepeMeHHbIX X II y. Otta o6o3HaqaeTCH KaK 

X EE) y II HBJIHeTCH cpyHKllllefi, IIHBepCHOfi 3KBIIB8JleHTHOCTII. 

cf>yHKIIIIH f5(x, y) - 3TO CTpeJIKa I111pca nepeMeHHbIX XII Yi o603HaqaeTCH KaK X t y. Ona 

paBHa 1 TOJibKO np11 X = 0, y = 0, T.e. HBJIHeTCH cpyHKllllefi, IIHBepCHOfi ,!1;113'b!OHKIIIIII, 

n03TOMY qacTo o6o3HaqaeTcH KaK YIJ1vl-HE, T.e. !6 = (x Vy)'. 
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cf>yttKIIIIH fr(x, y) - 3TO IIITp11x lllecpcpepa nepeMeHHbIX x Ii y. Otta o603HaqaeTCH KaK x/y, 
IIJIII KaK cpyHKIIIIH vi-HE, TaK KaK OHa paBHa O TOJibKO np11 X = 1, y = 1, T.e. HB,1HeTCH 

cpyHKllllefi, 11naepcnofi KOH'b!OHKIIIIII, T.e. fr = (xy)'. 
OCT8JlbHbie 9 q>JHKllllfi 6oJibIIIOrO npaKT11qecKoro IIHTepeca He npe,11;cTaBJIHIOT. 

cf>yHKIIIIII KOH'b!OHKIIIIII (vi) II ,!1;113'b!OHKIIIIII (vi.TIM) i.!oryT 6b!Tb 0606I11eHbl Ha CJiyqafi n 
nepeMeHHbIX: 

KOH'b!OHKIIIIH (vi) Il nepeMeHHblX f = X1X2X3 •.. Xn 

f = { ·1 eCJI11 ace x; = 1; 

0 11ttaqe 

,!1;113'b!OHKIIIIH (vi.TIM) n nepeMeHHblX f ':" X1 V .X2 V X3 V ···. V Xn . 

f = { 1. eCJIII XOTH_ 6bi O,!l;Ha X; ·=· 1; 

0 11naqe 

vlMilJIIIKa1111H p ➔ q MO)KeT 6bITb BJ,Ipa)KeHa qepe3 onepa111111 ,!1;113'b!OHKIIIIII II OTp1111ai!11H: 

p ➔ q =P'Vq, 

TaK KaK IICTIIHHOCTII 06e11x cpyHKllllfi coana,11;a10T: 

pq p ➔ q p'Vq 

00 1 1 

01 1 1 
10 0 0 

11 . 1 1 

K Jior11qeCKIIM q>YIIKIIIIHM np11MeH11Ma npo11e,rrypa cynepn0311111111, T.e. , IlOCTpoe1111e 

113 3JieMeHTapHbIX cpyHKllllfi, TaKIIX KaK KOll'b!OHKU:IIH, ,!1;113'b!OHKIIIIH, OTPllllaHlle, 

IIMilJIIIKallllH II T.,11;., 6oJiee CJIO)KHbIX Bbipa)KeHllfi C IlOMOlllblO 3TIIX )Ke cpyHKllllfi. ,II:Jrn Toro 

'IT06hI nopH,!l;OK onepa1111fi B TaKIIX Bhipa)KeHIIHX IlOHIIMaJICH OJJ:1!03Haq110, _VCTaH0&1eHhl 

cJie,rryI011111e np11op11TeTbI ,!l;JIH Jior11qecK11x. onepa1111fi: 

• BbICIIIllfi np11op11TeT np11Ha,11;Jie)K1IT onepa111111 OTpllllaHIIH. 

• CJie,ITy!Olllllfi np11op11TeT np11tta,11;Jie)K1IT onepa111111 KOH'b!OHKIIIIII. 

• OCT8JlbHbie onepa111111 IIMe!OT O,!l;IIHaKOBblfi np11op11TeT. 

ECJIII ace )Ke np11op11TeTbl Ha,11;0 113MeHIITb, CJie,rryeT IICilOJib30BaTb CK06K11. Ilpm,Iepbl: 

1. fi(x,y,z) = (x'y V y'z) ➔ xz. B 3TOM Bbipa)KeHIIII CHaqaJia 6y,rryT Bb1q11cJiel!bl 

x', y', 3aTeM ace KOH'b!OHKIIIIII·, 3aTeM ,!1;113'b!OHKIIIIH B CK06Kax II TOJibKO IlOTOM 

IIMilJI1IKal11IH. 

2. h(x, y, z) = (xy ➔ z) = (xz ➔ y ➔ x). 3,11;ecb cttaqaJia 6yA,VT Bb1q11cJieHbI 

KOH'b!OHKIIIIII, 3aTeM IIMilJIIIKa111111. Tai< KaK IIMilJIIIKa111111 B npaaofi qaCTII 11e 

BbI,!l;eJieHbl CK06KaMII, TO CHaqaJia CJie,rryeT BbJqifCJIIITb 1-IO IIMilJIIIKa111110, 3aTeM 2-IO. 

B KOHlle BbJqifCJIHeTCH 3KBIIB8JleHTHOCTb. 
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3. h(x, y, z) = xy' z V x' z' V yz. 3,11,eeh eHaqaJia BhI'lnCJIHIOTeH oTpnuaHnH, 3aTeM 

KOHblOHKUlili, 3aTeM )],1!3blOHKUl!I!. 

4. f4(X, Y, z) = (x Vy' V z)(x1 V z1)(y V z). 3,11,eeb eHa'la.Jia Bb1q11eJIHIOTCH OTpnuaHUH, 

3aTeM )],1!3blOHKUllli, 3aTeM KOHblOHKUHH. 

5. f5(x, y, z) = x V z(xy V x)'. 

<l>yHKUHH /J - 3TO TaK Ha3bJBaeMaH )],H3blOHKTHBHaH HOpMaJibHaH q>OpMa, T.e. JIOruqeeKaH 

q>yHKUHH, HBJIHIOIUaHCH )],H3bIOHKUHeii KOHblOHKUHii nepeMeHHblX HJ]l! HX OTpuuaHHii. 

KpaTKO OHa o603Ha'!aeTeH ,ILH<l>. l.JJieHbl 3TOii q>OpMbl (KOHblOHKUHH nepeMeHHblX) 

xy'z, x1z', yz Ha3bIBaIOTeH TepMaMu ,ILH<l>. 

<l>yHKUHH 14 - 3TO TaK Ha3bJBaeMaH KOHblOHKTHBHaH HOpMaJibHaH q>OpMa, T.e. JioruqeeKaH 

q>yHKUllH, HBJIHIOIUaHeH KOHblOHKUHeil: :J,ll3blOH,KUHii nepeMeHHblX HJIH HX OTp11uaHHii. 

KpaTKO OHa o603Ha'laeTeH KH<l>. l.JJieHbl 3TOii q>OpMbl. (,11,113blOHKUl!H nepeMeHHbIX) 

(x Vy' V z), (x1 V z1
), (y V z) H8.1hIBaIOTeH TepMaMu KH<l>. 

<l>yHKUHH J5 noxm1<:a Ha 3Tll q>OpMbI, HO He HBJIHeTeH HH 0,11,HOii H3 HUX. 

Ilp11Mep BbJqueJieHl!H eJIO)KHOii q>yHKUHll e IlOMOIUblO Ta6JIHUbI. 3~aqa: Bbl'lHCJll!Tb 

Ta6,m•rno q>yHKUIIIO ,11,BYX nepeMeH!fblX: J(p,q) =((pr/)--+ q) v (p--+ q). 

pq pq' --+1 --+2 V, T.e. f 
00 0 1 1 1 
01 0 1 1 1 
10 1 0 0 0 
11 0 1 1 1 

A Tenepb no3bMeM q>YHKUHIO f 1 H3 npnMepon nhlllle - q>yHKUHIO Tpex nepeMeHHblX: 

xyz x'y y'z V xz --+ T.e. f1 KoMMeHTapuii. 

000 0 0 0 0 1 !1=0--+0=1 
001 0 1 1 0 0 ft=l--+0=0 
010 I 1 0 1 0 0 ft=l-+0=0 
011 1 0 1 0 0 !1=1--+0=0 
100 0 0 0 0 1 !1 = 0--+ 0 = 1 
101 0 1 1 1 1 !1 = 1--+ 1 = 1 
110 0 0 0 0 1 !1 = 0--+ 0 = 1 
111 0 0 0 1 1 !1 = 0--+ 1 = 1 

,ILaJiee paeeMOTpl!M eBoiieTna onepaunii KOHblOHKUHH, )],H3blOIIKUl!H 11 OTpnuannH: 

• aecouuarnBHOCTb x(yz)=(xy)z; x V (y V z) = (x Vy) V z; 

• KOMMyTaTHBHOt:Tb xz=zx; .,, V z = z Vx; 

• ,11,neTp116yTHBHOeTb xy V xz = x(y V z); (x V y)(x V z) = x V (yz); 

• aO = O; al = a; aa = a; aa1 = O; 

• a VO= a; a V l = 1; a Va= a; a V a1 == 1; · 
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• a11 = a. 

,ILoKa3aTeJibeTBO, KaK o6hl'IHO, Ta6JiuqHblM MeTO)],OM: ,ILoKa)KeM, HanpnMep, 'ITO 

(x V y)(x V ;) = X V (yz) (eBoiieTBO ,D.HCTp116yTHBHOCTH, OHO n 3TOM CJiyqae ,11.JIH 

JIOrH'leCKHX onepauuii He TaKoe )Ke, KaK ,!I.JIH apl!q>MeTl!'leeKHX), 'i'.e. 'ITO JieBaH qaCTb 

Beer,11,a panHa npaBoii. HMeeM 

xyz xVy xVz JienaH '!aCTb 

000 0 0 0 
001 0 1 0 
010 1 0 0 

011 1 l 1 
100 1 1 1 

101 1 1 ·1 

110 1 1 '1 

111 1 1 1 

'ITO II Tpe6onaJIOCb ,D.OKa3aTb. 

3aKOHhl ,n.e Mopratta: 

1. (pq)' = p1 v 1-
2. (p V q)' = p1q1. 

,ILOKa3aTeJibCTBO - nponepKOii Ta6JIHU: 

pq (pq)' pl V q' (p V q)' plql 

00 1 1 1 1 

01 1 1 0 0 

10 1 1 0 0 

11 0 0 0 0 

yz npaBaH 'laCTh 

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

COBEPillEHHblE HOPMAJlbHblE !l>OPMbl. Mb1 y)Ke neeJI11 onpe,n.eJieH11e 

HQpMaJibHblX q>OpM ,ILH<l> H KH<l> OT n nepeMeHHbIX, a ceiiqae Mb! ,11,a,11,HM onpe,n.eJieHHe 

conepmeHHbIX HOpMaJibHblX q>OpM. ConepmeHHaH )],H3'blOHKTl!nHaH HOpMaJibHaH q>OpMa 

C,ILH<l> - 3TO ,ILH<l>, n Ka)K,11,hlii TepM KOTOpOii nxo)],HT nee n nepeMeHHblX n np.llMOM HJIH 

l!HBepeHOM nu)],e. IlpuMep: J(x, y, z) = x1yz V x1y1 z V xyz'. 
AttaJIOrII'lHO conepmeHHa.11 KOH'bIOHKTHnHaH HOpMaJibHa.11 q>opMa CKH<l> - 3TO KH<l>, n 

. Ka)K)],blii TepM KOTOpoii BXO)],HT nee n nepeMeHHbIX ( n np.llMOM HJill HHBepeuoM BU)],e). 

IlpuMep: J(x, y, z, u) = (x Vy V z V u)(x' Vy V z Vu). 
,ILoeTOHHCTna 06e11x q>OpM BH)],Hbl H3 HX ,11,nyx CJie,11,yIOIUHX cnoiicTn: 

1. BbICTpOTa Bbl'lHCJieHHH: JII06aH H3 3THX q>OpM MO)KeT 6bITb Bbl'!HeJieHa 3a 2 
He3aBHCHMbIX mara - ua H3b!Ke 3JieKTpOHHKll 3a )],Ba JIOr11qecKHX TaKTa; 

2. YHHBepeaJibHOCTb npe,11,cTanJieHHH 'JIOrH'leCKHX q>yHKUl!llj 3TO CJie,11,yeT H3 

TEOPEMbl: 
J1I06an Jioru•ieCKaH q>yHKUH.11 MO)KeT 6hITb 3anucatta KaK C,ILH<l> l!JIH CKH<l>. 
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,LJ:oK83aTeJibCTBO: ero H,!1.e!O MO)KHO IlOHeHHTb Ha npHMepe q>YHKIJ,lflf f(x, y, z}: ,. 

X y z f C,LJ:H<l> CKH<l> x. y z f C,LJ:H<l> CKH<l> 

0. 0 0 1 x'y'z' 1 0 0 0 x' VyVz 
-0 0 1 1:• x'y'z 1 · 0 1 1 xy'z 
0 1 0 0 xVy'Vz 1 1 0 0 , x'Vy'Vz. 
0 1 1 1 x'yz 1 1 1 1 xyz 

Mb1 eTpOHM TepMbl C,LJ:H<l> TaK, 'ITOObI Ha Tex Ha6opax 3Ha'leHHli nepeMeJ{HbIX, 

r,n:e q>yHKIJ,HH HMeeT 3Ha'!eHHe 1, TepM TO)Ke rrpHHHMaJI 3Ha'leHHe 1. ,LJ:JIH 3Toro•" eCJIH 

3Ha'leHHe rrepeMeHHOil: B Ha6ope 6bIJIO 1, TO uepeMeHHaJI BX0,!1.HT B 'npHMOM BH,!l.ej ec:JIH 

)Ke 0, TO B HHBepeHOM. CoOTBeTeTBeHHO, ,11,JIH Ha6opa xyz, = 000 Mb! eTpOHM TepM x'y'z'; 

,11,JIH xyz = 001 TepM 6y,n:eT x'y'z, H T.,!I.. OKOH'laTeJibHO -IlOJiy'laeM 5 TepM0B no 'IHCJiy 

e,!I.HHHIJ, <PYHKIJ,Hlf f. JlerKO 1m,n:eTb, 'ITO Ha Tex ~a6opax, r,n:e f paBHa o, Bee T~pMbI y,LJ:H<l> 

o6paTHTeH B HYJib - B CHJIY B3aHMH0-0,!1.H03Ha'IHOro eoOTBeTeTBHH Me)K)l:y ,!1.BOH'iHblMH 

K0,!1.aMH If noeTpOeHHb!Mlf TaKHM enoeo6oM TepMaMH If Toro q>aKTa, 'ITO KOH'b!OHKIJ,HH 

paBHa 1 TOJibKO npH paBeHeTBe 1 Beex ee eoCTaBJIH!Olll,HX. 

CKH<l> Mb! eTpOHM TaK, 'IT06bI Ha TeX Ha6opax 3Ha'!eHHil" nepeMeHHhIX, r,n:e <PYHKIJ,HH 

HMeeT 3Ha'leHHe 0, TepM TO)Ke IlPHHHMaJI 3Ha'leHHe 0. ,LJ:JIH 3TOro eeJIH 3Ha'leHHe 

nepeMeHHOl!: B Ha6ope 6bIJIO o, TO nepeMeHHaH BXO,!I.HT B IlpHMOM BH.ii;e; eeJm )Ke 1, TO B 

HHBepeHOM. T.e. Hao6opoT, no epaBHeHHJO e C,LJ:H<l>. 

COOTBeTeTBelIHO, ,11,JIH Ha6opa xyz = 010 TepM 6y,11.eT x V y' V z, )J.JIH xyz = 100 TepM 

6y,n:eT x' Vy V z, H T.,!1.. 3,n:eCb TO)Ke MO)KHO BH,!l.eTb, 'ITO Ha TeX Ha6opax, r,n:e f paBHa 1, 
Bee TepMbl CKH<l> o6paTHTCH B 1 - B CHJIY B3aHMHO~~,!I.H03Ha'IHOro e_OOTBeTCTBHH Me)K)l:y 

)l:BOH'IHb!Mlf KO)l:aMH If nOCTpOeHHb!Mlf TaKHM cnoeo60M .· TepMaMH If TOfO q>aKTa, qTO 

)l:H3'b!OHKIJ,HH paBHa O JIHIIlb npH paBeHCTBe O BCex ee eOCTaBJI£!0IIJ,HX. 

OKOH'laTeJibHO HMeeM C,LJ:H<l>: f (x, Y, z) = x'y' z' v x'y' z V x'yz V xy' z v xyz 
H CKH<l>: f(x, y, z) = (x Vy' V z)(x' Vy V z)(x' Vy' V .2;). 

3Ha'leHHe ,n:oKa3aHHol!: TeopeMbI B TOM, '!TO qepe3 C,LJ:H<l> If CKH<l> MbI. MO)KeM 

noeTpOHTh aHaJIHTH'leCKOe npe,n:cTaBJieHHe JIJ06ol!: JIOrH'leCKOl!: <PYHKIJ,HH. ,LJ:pyrHMH 

CJIOBaMH, e nOMOIIJ,b!O onepaIJ,Hll OTpHil,aHHH, )l:H3'b!OHKIJ,HH If KOH'b!OHKIJ,Hlf JIJ06aH 

JIOrH'leei<aH <PYHKIJ,HH MO)KeT 6b1Tb 'lf306pa)KeHa . KaK q>OpMyJia, : T.e. <PYHKIJ,lflf 

KOH'b!OHKIJ,HH, )l:lf3'b!OHKIJ,HH If OTpHil,aHI-Ie o6pa3yJOT B npOCTpaHCTBe JIOrH'leCKHX 

q>yHKIJ,Hli 6a3HC. OH Ha3brnaeTCH 6a3HC 11, l1Jll1, HE. 

Ba31ICOB B .n,eii:CTBHTeJibHOCTH MHOro. 3,n:ecb MO)KHO )'Ka3aTb Ha 2 Ba)KHblX 6a3Hea, 

KOTOpbie Hrpa!OT 60JibIIIY!O pOJib B npaKTH'!eCKOl!: peaJIH3aIJ,Hlf JIOrH'!eCKHX yeTpOil:CTB 

aBTOMaTnKH Ha ocHi>Be HHTerpanbHbIX •c:iceM. 9To ' 

• 683He l1JII1-HE - q>yHKIJ,HH "cTpeJIKa IlHpca", 

• 6a3HC 11-HE - q>yHKIJ,HH "niTp11x illeq>q>epa". 

,LJ:oK83aTeJibeTBO: TaK KaK JII06aH JiorwiecKaH. <PYHKIJ,IIH MO)KeT 6b!Tb 3an11eaHa KaK 

C,LJ:H<l> IIJIH CKH<l>, TO ,n:ocraTO'IHO ,n:oKa3aTb, '!TO <PYHKIJ,IIH HE, l1Jll1, l1 MO:lKHO 

Bbipa3HTh qepe3 11-HE (/} .im6o l1Jll1°HE (t). ,LJ:eliCTBHTeJibHo, 

8 

HE: 'x' 
x' 

11: xy 
xy 

HJIH: X V y . 

xVy 

(xx)' 
(x V x)' 
(xy)" = ((xy)')' 
(xy)" = (x' Vy')' 
(x Vy)" = (x'y')' 
(x Vy)"= ((x Vy)')' 

x/x; 
xtx. 
(x/y)/(x/y); 
(xtx)t(yty). 
(x/x)/(y/y); 
(x t y) t (x t y). 

Ta6n.1. <l>opMyJibl nepeBo,n:a 11,l1Jll1,HE B 11-HE If l1Jll1-HE 

Mbl BOenOJib30BaJIIICb 3aKOHaMH ,11.e MopraHa If TeM q>aKTOM, '!TO )l:BOliHOe OTp!IIJ,aHHe 

<PYHKil,HH HJIH nepeMeHHOll He MeHHeT HX. B pe3yJibTaTe Mbl BH,!I.IIM, 'ITO B OKOH'!aTeJibHblX 

Bb1paJKeH1IHX HenoJib3YIOTeH TOJibKO·q>yHKIJ,IIH / HJIH t, a TeM caMbIM H n106aH norH-'lecKaH 

<PYHKIJ,IIH OKa3bIBaeTeH Bblpa:lKeHHOll qepe3 O.lJ.HY H3 3TIIX 6831IC!lb!X q>yHKil,Hll. 
3anHCb B 3THX 6a:JHCax, KOHe'!HO, 6onee rpoM03)]:KaH If Menee o603p1IMRH, 'leM B ,6a:J11ce 

H,11JII1,HE, HO C TeXHOJIOrlI'1eeKOl!: TO'IKH 3peHHH npH HC00Jlb30Bll!illll lfHTerpa.nbHblX 

cxeM ropa.3)]:0 6onee. JierKO .pe!!,JIH3yeMblMH ' OKa3bIBa!OTCH JIOrlI'leeKHe q>yHKIJ,HH, 

3anncaJ{Hhie 11MeH110 a 3THX 6a.·mcax. 

3A,LJ:N-IA. 3anncaTh B 6a:mce 11-HE q>yHKU.H!O I(x,y, z) = xyz, 
PeII1e1me. Cpa3y 3aMeTHM, '!TO onepaU.H¥ / If t 11eaCCOIJ,HaTHBHbl x/(y/ z) # (x/y)/ Z 

(npoBeplITb Ta6JIH'IHO!); no3TOMY nopH)l:OK BblOOJIHeHHH 3TlfX onepau.ull: BaJKeH If ero 

CJie.n:JeT o6o3Ha'IHTh cK06KaM11. l1MeeM f = xyz = (xyz)" = ((xy)' V z')' = ((x/y) V z')'. 
O6o3Ha'IHM g=x/y. Tor,11.a (g V z')' = g' z. Bocno,1b3yeMCH q>OpMyJiaM11 nepeao,il,a 

K0H'b!OIIKil,HH H OTIJlfll,aHHH H3 Ta6n,-1. I1MeeM f= (g'/z)/(g'/z) H g' = (x/y)/(x/y). 

OKOH'!aTeJibHO HMeeM: f=((((x/y) / (x/y))/z)/ (((x/y)/(x/y))/z)). , 

ITpoBepHM npaBHJibHOCTb peIIICIIIIH c 0OM0IIJ,b!O Ta6JIHil,bl. -X y· z x/y g'/z f xyz 

0 0 0 1 1 0 0 
0 0 1 1 ' 1 0 0 ' 

0 1 0 1 1 0 0 
0 1 1 1 1 0 0 Pernenue Hafi,n:eHo npaBHJibHO: f = xyz. 

1 0 0 1 1 ' 0 0 
1 0 1 1· 1 0 0 
1 1 0 O' 1 O· ·o 
1 1 1 0 0 1 1 

Ml1Hl1M
0

113AUI15I C,LJ:H<l> H CKH<t>: 3an11cb q>ynKIJ,Hii: B BIJ,n.e C,LJ:H<l> HJIH CKH<l> 

yHHB8pCaJibH~, o6Jia,a;aeT onpe,n:eJieHHblM~ 3CTeT~'!eCKHMH ,!l.(?CTOHIICTB3.MH, HO HB.llHCTCH 

u36hlTO'IHO 11ach1IIJ,e1111oli nepeMeHHhiMn. O,n.ttaKo u C,LJ:H<l>, 11 CKH<l> MoryT 6b1Th 

Tpattcci;opMnpoBaHbl B npocTo ,LJ:H<l> unu KH<l> u npu 3TOM ocTaBa~bCH no 3Ha'!eHHHM 

TCMH )Ke Cal',1b!MH .1orH'ICCKHMH q>yHKil,HHMII. ITpn 3T0M MO~T o:,a:JaTbCH, 'I.TO II 

,LJ:H<l>, ~ KH<l> 'co,n.ep:lKaT MCHbIIle Te pM0B, H, ec;TeCTBe11110, Ka)K,ll.blli TepM MO)KCT 

co,n.ep,KaTb MCHbIIIe nepeMeHHbIX. TaKaH K0MnaKTH3aIJ,HH C,LJ:H<l> ii CKl:l<l> Heo6x~,n:11~~ 

npll ucnOJib30BaHHlf l!X B ycTpOHCTBax aBT0MaTl!Kll. . 

HanpHMep, nycTb )1.aHa q>yHKIJ,ttH. f ~ (xyz V xyz'). BocnoJib30BaBIIIHCh cBoficTBOM 

,n:HeTpH6yT11a11ocTH ,!1.ll3'bJOHKU.HH u· K0H'b!OHKU.Hll u TeM, '!TO x V x' = 1, MbI M0JKCM 

3arrueaTb (xyzVxyz') = xy(zVz') = xy. HoaaH ,LJ:H<l> HMeeT aeero 1 TepM n 2 nepeMeHHblC. 
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O6ique aJiropHTMbI ynpo~eHm1 u MUHIIMU3aquu C,UHcf> u CKHcf> octtoBaHbI Ha CB0HCTBax 

Jl0ru'leCKIIX onepaqnfi (cM. BbIIIIe) II TaKUX q>opMynax, KaK 

• Za V Za' = Z(a Va') = Zl = Z; 

• (Z V a)(Z Va') = ZZ V Za V Za' V aa' = Z V Z(a Va')'( 0 = Z V Zl = ~, 

r,!l,e Z - mo6aa nomqecKa.H q>yHKl\11.H. 

IlpuMep: 

xyz V xyz' V xy'z V xy'z' = x'y(z V z') V xy'(z V z')'= xyl V xy'l = x(y Vy')= xl = x. 

KAPTbl KAPHO. Ifa paccMOTpeHHbIX BbIIIIe npuMepqB cTaH0BUTC.H jjCH0, 'ITO 

rJiaBHhIM maroM npu MUHUMU3aq1m C,UHcf> n CKHcf> .HBJI.HeTC.H _ Bbrnecettue 3a CK06Ku 

o6~ux 'laCTefi :repM0B TaK, 'lT06bI B CK06Kax 0CTaBaJIIICb ,!J,113'blOHKl\llll (KOH'blOHKl\1111) 

nepeMeHHbIX II HX OTpuqaHufi, 11 '°CKJie11Battue" 3TUX nepeMeHHbIX. Ilpe,!J,JIO,KeHO 

MH0)KeCTB0 MeT0,!1,0B ,!J,JI.H o6nerqeHH~ 3T0H npoqe,!1,ypbL Mx qeJib - pacnOJIO~<HTb 

TepMbI H0pMaJibHbIX q>opM TaK, 'IT06b1 B HarJI.H,!1,HOH II 0'leBU,!1,H0H q>opMe 6bIJ10 .HCH0, 

KaKue TepMbI, UMe.H 06~10 '!aCTb, OTJlll'lalOTC.H ,!1,pyr OT ,!1,pyra B3aUMH0 HHBepCHblMH 

nepeMeHHblMU. Hau6onee nonynapHbifi MeT0,!I, - 3T0 MeT0,!I, KapT Kaptto. Ero pa60Ty MbI 

paccM0TpuM Ha npuMepe C,UHcf> (CKHcf>) QT q>ynKqufi 2, 3 u 4 nepeMeHHbIX. 

MrnK, nycTb Ta6nu'!HO 3a,zi,atta q>yHKl\llH 2 nepeMeHHbrxf(x,y), C,UHcf> K0Topofi paBHa 

x'y' V x'y,. a CKHcf>, = (x' V y)(x' Vy'). 

00 1 
01 1 
10 0 
11 0 

KapTa Kaptto ,!J,JIH ttee nMeeT cne,!J,yJO~ufi BJl,!I,: 
oo 01 11 io 

11+11+1°1°1 
B KJleTKax HaX0,!l,HTC.H 3Ha'!eHJIH <PYHKl\JIJI f, Ha,!1, Ka,K,!J,0H KJleTKOH ee "KoOp,!1,JIHaTbI" 

- 3Ha'leJIJIH nepeMeHbIX x, Y, Ha K0T0pbIX Otta npuHUMaeT 3Ha'!eHJle, nax0,!l,.H~eeCH B 

KJieTKC. K.'ICTKH, TaKIIM o6pa30M, B3aUMH0 - 0,!l,H03Ha'IHO COOTBeTCTBYIOT TepMaM C,UHcf> 

II CKHcf>. 

Koop,!1,UHaTbl BbIIIHCaHbI ne TaK, KaK npu Ta6JIJl'IHOM 33,!l,aIIHJI q>yHKl\JIJI, a J1Me1rno: 00, 
01, 11, 10, T.e. nocne 01 Jl,!l,eT He 10, KaK o6bi'IHO, a 11, JI Jllllllb 3aTeM 10. 9To C,!l,eJiaH0 

,11,.,'IH TOl'0, 'lT06bI JIJ06aH napa coce,!1,HHX K,leT0K ( a TeM CaMbIM JI C00TBeTCTBYIO~Ue 

TepMbl C,UHcf> JI CKHcf>) J1Me,1a 06nzy10 '!aCTb u B3aJIM_Ho UHBepcubie nepeMeHHb1e, 

K0T0j)bie M0I'YT 6bITb "cKJieeHbI". 

3aMeTUM, 'ITO coce,!J,HJIMII HBJIHIOTCH TaK,Ke KJleTKII c "KOOp,!1,JIHaTaMu" 00 JI 10. 
IlpenMy~ecTBO' Kaj>T Kaptto B TOM, 'ITO Ha uux cpa3y BJl,!l,Hhi npJ1MbIKa10~ue· ,!1,pyr K 

,!1,pyry C,!l,HHJl!Ibl JIJIJI Hy,'lu, u BbI,!l,e.'IIITb' coce,!l,HJle napbl nerK0. O6bI'lHO TaKJle ·napbl 

Il0Kj)bIBalOT q>urypofi Jl3 ,!1,BYX K,1CT0K, JIJIH M0)KH0 noMeTJITb HX KaKHM-J1J160 CIIMB0JI0M 

(B name~1 c.'ly•iae "+"). · 
MJ1HHMH3aqnH C,UHcf> ocy~ecrn,1HCTCH rto e,11,J1H1IqaM, MJ1HJ1Mli3a1111H CKHcf> no HYJIHM, 

no3T0MY npu MHHJIMH3al\HJI C,UHcf> He HaH0CHTCH tta KapTy nynu, a 11p1t' MJIHJIMH3aqnu 

CKHcf> - e,11,uttHIIbI. 

B o6oux CJiy'laHx B3aHMHO JIHBCj)CHbie IiepeMeHHbie CKJleHB!tlOTCH, . o6Ii(aH 'IaCTb 

0CTalO~HXCH MJIHJIMa,lbHblX Tep MOB BblllHCbIBaCTCH 110 T0MY )KC npllBJIJIY, 'ITO'' H 
npn nocTpoettnn C,UHcf> (CKHcf>) - e;i;nttnIIaM cooTBeTCTBYIOT npHMbI'e BX0)K,!l,CHJIH 
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nepeMeHHbIX, nynHM JIHBepcHwe (B cnyqae CKHcf> nao6opoT). 

BJl,!J,HO, 'ITO KJlCTKH C KOQp,!1,HHaTaMU .00 II 01 HBJIHIOTCH COCe,!1,HJIMH. OTCIO,!l,3 ,!J,JIH C,UHcf> 

JIMeCM f(x, y) = ,x'. IlepeMCHHaH y "cKJICUJiacb". 

MHHJIMU3aIIUH CKHcf> ,n:aer T0'IHO TaKofi )Ke pe3yJI.bTaT. 

,UaJiee paccMOTPJIM CJiyqafi q>yHKl\llJI 3 nepeMeHHbIX J(x, y, z), C,UHcf> KOTopofi 

paBua x'y'z' \/ x'y'z V xyz V xy'z V xy'z'. · ' 

KapTa Kapuo ;vrn nee JIMCeT cne,!l,yIO~Jlfi BJl,!I,: xy f 
000 1 

xy f 
100 1 (y= 00 01 11 10 

001 i 101 1 z=( l+ l+ 

010 0 110 0 z=l l+ 1- l+-

011 0 111 1 

Koop,!1,HHaTbl 3,!l,eCb CKJla,D,bIBalOTCH TaK: qiepxy xy, c6oKy z. TaK KaK Mb! 

MIIHJ1MJ13upyeM C,UHcf>, TO uyJIJI He BblllJICbIBaeM. · · 

B,c,nyqae 3 nepeMeHHblX caMbie eyoJibIIIJle 110Kpb!TJIH ,!J,C,lalOTCH q>urypaMU H3 4 KJleTOK (2 
x 2) l!Jlll (4,x 1). B CJlyqae nameii <PYHK!IIIII Mb! llOKpOeM CJIC,!J,y!O~Ue coce,n:nue KJleTKU: 

qernepHOC IlOKpbITUe (KJICTOK 000,001,100,101) (noMeTJIM HX 3H3KOM ·+) H ~BOfiHOe 

(KJieTOK 111,110) (noMe'!eHbI 3HaK0M -)-- ' • 

B pe3yJibTaTe Ha 'lCTBepHOM; noKpbITHH B3aJIMHO HHB~pCHblMH 0Ka3b!BalOTCH nepeMCHHbie 

x II z, a na ,!l,B0iiHOM nepeMeHHaH y. OKOH'laTeJibHO MHHHMaJibHOii ,UHcf> 6y,n:eT y'. V xz. 
E,!1,JIHHI:t;a B npaBOM HH,KHeM yrny 0Ka3aJiaCb IlOKIJblTOH ,!l,Ba)K,!1,bl, HO 3TO He CTpaurno: Mb! 

KaK 6bI Y,!1,BOHJlH COOTBCTCTBYIO~Hfi TCpM B C,UHcf>, HO ,!l,H3'blOHKl\HlI ,!1,BYX 0,!1,HHaKOBblX 

TepMOB ne MeHHeT 3Ha'ICHHH C,UHcf>. 3aTO 3TOT npneM Il03BOJlJIJl HaM npoBCCTH 6onee 

3q>q>eKTJIBHYIO MHHJIMH3aqJIIO. Ecnn 6bI Mb! OCTaBJIJlJI 1 Ha KJieTKe 111 HCilOKpbITOii, 

TepM 3T0ii KJleTKJI 6b!Jl 6w xyz, T.e. C0,!1,Cp)KaJI 6bi 3 nepeMCHHbIX, a ue 2. 

M, uaKoHeq, paccimTpJIM cJiy'laii q>yHKIIHH 4 nepeMeHHbIX J(x, y, z, u), C,UHcf> 

KOTopoii paBHa x'y'z'u' V x'y':lu V xy'z'u.' V ,i:,1/z'u V x'y'zu' V x'yz'/.L'. V,xyzu' V xy'zu'. 

xyzu f xyzu f 

0000 1 1000 1 

0001 1 1001 1 

0010 ·1 1010 1 

0011 0 1011 0 KapTa Kap110-;1,Jrn nee: 

xycc· 00 01 11 10 
zu .. ~oo 1- 1-
zu .cOl 1- 1-

0100 0 1100 0 

0101 0 1101 0 

Zll - 11 
Zll 10 lt- 1 +- 1+ l+ 

0110 1 1110 '1 

0111 0 1111 0 

Koop,!1,HHaTbI :J/f.CCb CTJ>0ffl'C>I TaK: c11Ppxy :ry, c6oKy ;u, l\Jb1 MHHHMH:rnpyeM C,UH<I>, 

TaK 'IT0 nynu CHOBa IIC BblIIIICblll,WM. 

B CJiy'!ae 4 nepeMCIIHblX caMhIC 60J11,llll1C II0KJ)bl'l'IIH )lCJ!i\lOTCH q>11rypaMII 11:3 8 KJleTOK 

(4 X 2}; ,!1,aJICC H,!l,yT q>uryp1,1 113 4 KJWI'OK (2 X 2) HJIII, lli\K0IIel\, lf:I 2 KJieTOK (2 X 

1). B cnyqae uarneii qiyHKl:t;IIII Mb! II0KJ>0CM C.JJeJ\YIOll\llC C0CCJ\1111!' K:IC'fKII: '!eTBCj)HOC 

II0KphiTIW {KJJCTOK 0000,0001,1000,1001) CIIMB0Jl0M - u 'Il~l'Bepuoe IIOKJ>bITUe (KJJeTOK 

11 



0010,0110,1110,1010) CIIMBOJIOM +. M,[LH<I> B pe3y.'lhTaTe 6y,IJ,eT TaKoii: f = y'z' V zu'. 
Ilo ,IJ,aHHOii KapTe MbI MOrJI11 nocTpOIITb II MKH<I> (noKpbIBaH HYJIII cpyHKIJ,1111). Ho 3TO 

He )].aJIO 6bI HaM BblllrpbIIIJa. 3,IJ,eCb TO,Ke 6blJIII 6bi 2 'IeTBepHblX IIOKpbITIIH HyJieii 11 

M,LLH<I> 6b1Jia 6b1 TaKoii: f = (y' V z)(z' V u'). 
EcJIII 6bI B KJieTKax 0011 11 1011 CTOHJIII e,IJ,IIHIIIl,bl, Mb[ CMOrJIII 6bi C)].eJiaTb IlOKpbITIIe 

cp11rypoii 113 8 KJieToK (0000, 0001,0011,0010,1000,1001,1011,1010) 11 cp11rypoii 113 4 
KJieTOK (0010,0110,1110,1010) 11 M,LLH<I> TOr,IJ,a 6blJia 6b1 f = y' V zu'. 
M11H1IMII3aIJ,mO cpyHKil,IIH 6oJiee 'IeM 4 •rrepeMeHHbIX ,IJ,eJiaTh Bpy'IHYIO 3aTpy,n;HIITeJihHO. 

3,n;ecb yMeCTHee IICilOJib30BaHIIe nporpaMMHblX MeTO)].OB. Mx aJirOPIITMbl OCHOBaHhl Ha 

Tex ,Ke caMbIX 11,n;eHX "cKJie11iiaH1IH" B3alIMHO IIHBepCHbIX rrepeMeHHbIX rrp11 HaJill'IIIII y 

TepMOB 06II1,1IX 'IaCTeii. 

HE IlOJIHOCTblO OilPE,LLEJIEHHbIE <I>YHKUMM. Mo,KeT TaK 6h1Tb, 'ITO 

JIOrll'IeCKaH q>yHKil,IIH 3a,IJ,aHa He Ha Bcex iia6opax 3Ha'IeHIIH CBO.IIX nepeMeHHbIX. Mb! 

MO,KeM IICilOJib30BaTb .3TO 06CTOHTeJibCTBO ,IJ,JIH 6oiee. 3cpq>eKTIIBHOH MIIHIIMII3aIJ,IIII 

C,LLH<I> (11JI1J CKH<I>) TaKoli cpyHKIJ,1111, ,n;oorrpe,IJ,eJIHH ee TaK, 'IT06b1 aTo no3BOJIHJio 

"cKJielIBaTh" 60Jibllie nepeMeHHbIX. PacCMOTplIM 3TO Ha np11Mepe CJie,IJ,YIOIIl,eii ci>.YHKIJ,1111 

4 nepeMeHHbIX f(x, y, z, u), C,LLH<I> KOTOpoli paBHa x'y' z'u' \I xy' z'u' V xyzuV. IlycTb 

Ha tta6opax xyzu = 0010, 0110,1110,1010 cpyHKil,IIH He onpe,IJ,eJieiia. M B Ta6JI11IJ,e, 11 na 

KapTe Kapno Mhl OTMe'IaeM 3TO TeM, 'ITO CTaBIIM ~a COOTBeTCTBYIOIIl,lle MeCTa CIIMBOJI * 
BMeCTO O IIJIII 1: 

xyzu f xyzu f 
0000 1 1000 1 

0001 0 1001 0 xy= 00 01 11 10 

0010 * 1010 * zu=00 1+ 1+ 
0011 0 1011 0 KapTa Kapno ,n;JIH Hee: zu=0l 

0100 0 1100 0 zu=11 1-

0101 0 1101 0 zu=lO *+ * * - *+ 
0110 * 1110 * 
0111 0 1111 1 

MbI MO,KeM IlOKphlTh irneTKII 0000 II 1000 q>1Irypoli 113 ,IJ,BYX KJieTOK, KJieTKY, 1111 

ocTaBIITb Hen0Kpb1Toii II npo1Ir11op11poBaTh 3Be3,IJ,O'IKII. Tor,n;a MbI noJiy'I11M M,[LH<I>: 

f = y' z'u' V xyzu. Ho Mhl MO)l{eM IlOCTaBIITb BMeCTO 3Be3,D;O'IeK B KJieTKax 0010,1110,1010 

e,n;HHIIIl,bl, a B KJieTKe 0110 HOJlh (Ha q>yHKil,HIO 3TO HIIKaK He IlOBJIIIHeT, IlOCKOJihKY 3TII 

tta6ophI He Bxo,n;HT ·B o6JiaCTb ee onpe,n;eJiettm1), 11 TOr,IJ,a MHHIIMH3aIJ,11H 6y,n;eT 6oJiee 

3q>cpeKTIIBHOli: IlOKpbIBaeM KJieTKII 0000,1000,0010,1010 (oHII TO,Ke coce,n;1rne) q>nrypoii 

II3 4 KJieTOK (noMe'IeHbl CHMBOJIOM +), a KJieTKH 1111,1110 cp11rypoii II3)1.BYX (noMe'IeHhl 

CHMBOJIOM "-") 11 noJiy'IaeM M,LLH<I>: f = y'u' V xyz. MMeeM 5 BXO,K,!l;eHIIH nepeMeHHbIX, 

TOr,IJ,a KaK 6e3 HCil0Jlb30BaHIIH 3Be3,D;O'IeK 6hIJIO 7 BXO)K,ll;eHHH. 

B 3aKJIIO'IeHHe yKa,KeM, 'ITO BO .Bcex CJIY'IaHX noKpbIBaT·b KaK 1, TaK II 0 MO,KHO TOJibKO 

cp11rypaMH B 2, 4, 8, 16 II T.,n;. ~JieTOK. > » 

IlPMMEP 1. ,[Latta cpyttKIJ,IIH f =(a ➔ b) v (a' ➔ c). m.ieeM Ta6Jiney /: 
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abc f a.be f 
000 1 1 0 0 1 

001 1 1 0 1 1 

0 1 0 1 1 1 0 1 

0 1 1 1 1 1 1 1 

<I>yHKil,IIH f 0Ka3aJiaCb KOHCTaHTOH (TaBTOJIOrHeii). IlocMOTpHM, MO,KHO Jill 3TO 

ycTaHOBHTb, aHaJIII3HpyH q>OPMYJIY f. MMeeM 

f = (a' V b) V (a V e) == a' V b V e V a= (a', V a) V b V e = 

=lVbVe=l. 

CJie,n.oBaTeJibHO. 
IlPMMEP 2. PacCMOTplIM cpyHKIJ,HIO f = (ab V be V ae) n Ta6JI11ey ,IJ,JIB nee: 

abc f abc f 
000 0 1 0 0 0 

0 0 1 0 101 1 

0 1 0 0 11 0 1 

0 1 1 1 1 1 1 1 

9Ta cpyHKil,II}i y)Ke He KOHCTaHTa. 

B Ka'IeCTB~ ynpa,KHBHHB MO)KHO paCCMOTpeTb q>yHKil,1111: 

Ji = (ab V be V ae V abe) 

h = (ab V be V aeVabeVa'b'e') 

h = (a V b V e V abe Va'b'e 

Bonpoc: 6y,IJ,YT JIii TaBTOJIOrHBMII /1, /2, h? 
IloKa3aTb TaBTOJIOrH'IHOCTb q>yHKil,IIH: 

f 4 = (a Va') V (b Vb') V (e Ve'); 

/s =(a ➔ a) V (b-+ b) V (e ➔ e). 

1~ 



BA)KHEMIIIME KOMBMHAUMOHHbIE CXEMbl. 

)],Mee MbI paCCMOTpHM BruKHeitrrrne npHJIO)KCHHH MaTeMaTH'ICCKOit JIOrHKH B aBTOMaTHKe 

H 3JICKTpOHHKe. Ha'IHCM C KOM6nHall,HOHHbIX cxeM. KC-cxeMa - 3TO cxeMa, KOM6HHaD;HH 

BbIX0,11,HbIX cnrHMOB KOTOpOit 0,!l,H03Ha'IHO onpe,11,eJJHeTCH KOM6nHau;neit BX0,11,Hh!X 

cnrHMOB. 

IIpnMep: mo6oit npeo6pa30BaTeJJb 6e3 naMHTH. Mb! paCCMOTpHM Ba)KHCHIIIHe, HO CHa'IMa 

BBC,11,CM HC06X0,!1,HMbie 

fPA«I>I-P-IECKHE OBO3HNIEHH51. 

Ilpn npoeKTHpOBaHHH 3JICKTpOHHblX cxeM HCnOJib3YIOTCH CJJC,11,YIOIIJ;He rpaqmqeCKHe 

o603Ha'leHnH: Ka)K,11,0MY cnrHMY conocTaBJIHCTCH IIIHHa - npOB0,11,, no KOTOpOMY npOX0,11,HT 

cnrHM. KoHTaKTbl ocyrn;eCTBJIHIOTCH Ha 6oKcax, KOTOpbie npn 3TOM peMH3yIOT. TY HJIH 

HHYIO JIOrH'ICCKYIO <pyHKll,HLO OT CllrHMOB: 

X ---

X ------G-1' 
;====0--x&y 

;===[D----xvy 

X3 & X44 
X2 ' 1 
Xi . . , & • f 

3,11,ech npnne,11,eHhI npnMephI rpacpnqecKoro n3o6pa)KeHn~ c11rJiMa x, er~ HHBepcnn x', 
KOH'hIOHKll,HH n ,!1,H3'hIOHKll,HH cnrHMOB x n y n <pyHKll,HH f ::, x1x 2 V X3X4• 3aMeTnM, 'ITO 

Kpy)KOK B Ha'IMC JIHHHH 03Ha'laeT HHBepCHIO CHrHMa, KOTOpbIH ,!!,Mee 6y,11,eT npOX0,11,HTb 

no 3TOH IIIHHC. HanpnMep, ,!l,JJH rpacpn'IeCKOro H306pa)KeHHH cxeMbI, BbI'll!CJIHIOIIJ;eit 

l!HBepCl!IO KOH'b!OHKD;HH cnrHMOB x· H Y, acnOJih3yeTCH CJJC,11,YIOIIJ;Hit pncyHOK: 

;==@- (x&y)' 

Ha TaKHX cxeMax oco6eHHO 'ICTKO BH,11,HO 60JibIIIOe 3Ha'leHne MHHHMH3au;nn 

JIOrH'ICCKHX <pyHKD;HH - 'ICM MeHbIIIe nepeMeHHbIX H <pyHKD;HH, TCM MCHbIIIe IIIHH, 

KOHTaKTOB H 3JieMeHTOB, TeM MCHbIIIe paCX0,11,bI, TCM Bblll!e Ha,11,C)KHOCTb pa60Tbl CXCMbI. 

IIPOIIYCKHOM BEHTHJib. )],aHhI nornqecKne nepeMeHHhie x n y. Tpe6yeTcH: 

nponycTHTb CHrHM X (HyJieBOH HJIH e,11,HHH'IHhlii), eCJIH y=l, H 3a6JIOKHpOBaTh HHa'le: 

CxeMa: 

J=x&y ➔ !={~ 
x ~ r 
y ~ 

ecnn y=l; 

nHaqe (y=0) 

IlponycKHOH BeHTHJlb MO)KCT ncnOJib30BaTbCH TaK)Ke ,!l,JJH cpopMHpOBaHHH CHrHMa 

HMIIYJibCHOH <pOpMbI. Ilycrb cnrHMbI X - IIOTCHD;HM, a y - HMIIYJibC. Tor,11,a cnrHM 

z = x&y 6y,n:eT l!MeTb HMIIYJibCHYIO cpopMy. 9To CJJC,11,YeT H3 BpeMeHHOH ,11,narpaMMbI: 
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X 

ZI 
Z=X&Y 

0 t 
0 3 4 5 

KOMIIAPATOP. )],aHhI 2 n-pa3pH,!J;Hh!X K0,11,a: Xn-·•-X1Xo, Yn•• .. Y1Yo• 

Tpe6yeTCH Bb!pa6oTaTb cnrHM. f = 1 (ecJIH noJIHOe COBna,D,eHne K0,11,0B) llJlll 0 
(HeCOBIIa,D,eHne XOTH 6bI 0,11,HOil: i-i! rrapb1): 

f =·&f;, r,11,e f; : (x; = Y;). 

CocTaBHM Ta6nnu;y <pyHKll,HH f; n rrocTponM ,!l;JIH Hee C)],H«I>: 

X; Yi f; 
0 0 1 

Ta6nnu;a f: 0 1 0 
1 0 0 
1 1 1 

X; x: 'Y,i 'Y,
1 . 

CxeMa: 

•· 

& - - 1 
& 

f; 

f; = (x;&y~)V(x;&y;) 

~=°-! fn=u 
C.JIO)KEHHE ITO MO)],Y.JIIO 2. )],aH KO,!l; X = Xn .. ,,X1Xo, n + 1 = zk. 

Tpe6yeTCH: Bb!pa60TaTb cnrHM 'ICTHOCTH cyMMbl e,11,nmui Ko,n:a: 

f = 0 (tJeTHaH cyMMa), 1 (He'leTHaH). 

Pa1611BaeM KO,!J; Ha napbl, <pOpMllpyeM coce,n:Hlle norrapHbJe 'IC'TIIOCTll Bcero Ko,n:a, 3aTeM 

coce,n:Hlle rrorrapHbie 'leTHOCTll ,!l;JIH Hl!X H T.,!J;. 

Ha rrepBOM rrpoxo,n:e IIOJiyqaeM zk-l Cl!rHMOB 'leTHOCTll f;; K Ka,K,!J,OH nape f;, fi+l 113 

Hl!X npnMeHHeM TY )Ke caMyIO rrpou,e,11,Ypy H IIOJiyqaeM zk-2 HOBb!X CllrHMOB 'leTHOCTll, JI 

T.,n:. ,n:o Tex rrop, IIOKa He OCTaHyTCH 2 cnrHMa; HX tJeTHOCTb IIJIH ue'leTHOCTb COBIIa,11,eT c 

'leTHOCTbIO HJIH He'H;THOCTblO BCero K0,11,a. CxeMa 6y,11,eT C.'lC,.~,YIOJU,eii: 

Xi~~ 

&Lj 
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,L(Ellllllf>PATOP. ,L(aH ,11,B0llqHbIH K0,11, X = Xn .... x 1xo. 113 (n+ 1} p83pa,11,0B M0)KH0 

110CTp01ITb 2n+1 K0,11,0Bb!X KOM6UHa~uli. ,[(011ycTUM, Mb( X0TIIM C0110CTaBUTb Ka)K,l],0li 

KOM6irna~uu e,11,1rnnqHblH Bb!X0,11, JI0ruqecK0H cxeMbI, T.e. Bcero 2n+1 BblX0,11,0B. 

'.:ho M0)KH0 c,11,eJiaTb, paccMaTpUBaa ,11,B0HqHblll K0,11, KaK a,11,pec C00TBeTCTBYIO~ero Bb!X0,l],a. 

X1 x; 
I 1- r I 

ITpuMep ,ll,ByXp83pH,ll,H0r0 Ko,11,a: 

fo 
Ji 
fz 
h 

x0 Bfoo DC !01 
X1 f10 

Ju 
Ka)K,11,blll Bb!X0,11, 6y,11,eT C00TBeTCTB0BaTb a,11,pecy X1Xo, II C Hero 6y,11,eT CHUMaTbCH 

e,11,mmqHb!H CllfHaJI. 

Ha11pnMep, ecJiu x 1x0 = 10, ro Bhrxo,11, fz 6y,11,eT paBeH 1,. ocTaJihHhre BhIX0,11,bI 6y,11,yT 

HyJieBblMU. 

C11paBa HaX0,11,IITCH YCJI0BH0e o603HaqeHue ,11,eumcppaTopa. 

llil11f>PATOP. ,L(aH ,11,BouqHhili K0,11, Xn ... x1x0 , r,11,e 0,11,uH X; = 1, 0CTa.,1bHbie paBHhI 

O; n + 1 = 2k. O11epa~ua IIIucppa~uu o6paTna orrepa~uu ,11,euiucppa~un, T.e. Tpe6yeTca 

llhlpa6oTaTh ,11,ll0ll'IHhlll a,11,pec e,11,uun~hl: 

Xn .. X1Xo {==;, ak ... li1ao 

CTpOIIM JI0fU'leCKUe cpyHK~llll p83pH,1l,0B a,11,peca 110 06bI'IHOH Ta6JIU'IHOH 11po~e,11,ype. 

B03bMeM, ua11p11Mep, n = 3, T.e. k = 1. I1MeeM 

X3 X2 X1 Xo 

0 0 0 1 

0 0 1 0 

0 1 0 0 

1 0 0 0 

a1 
0 

0 

1 

1 

ao 
0 

1 

0 

1 

CTpOHM CKHlf> 110 0 o6eux cpyHK~uli. 

a1 = (x3 V X2 V X1 V x~)&(x3 V x2 V x; V x 0} 

ao = (x3Vx2Vx1 Vx~)&(x3Vx;Vx1 Vxo) 

MuHIIMll311pyeM o6e cpOpMbl C 110M0~bl0 KapT Kapuo. 

00 01 11 10 

00 *+ o+ *+ o+ 
,ll_;rn a1 01 * * * ,L(Jia ao 

11 * * * * 
10 * * * 

OTc10,11,a 110Jiy'!aeM MKHlf> ao = X1 V X3; a1 = x2V X3. 
Hu)Ke ,!l;ana cxeMa IIIHcppaTopa X1ma X3 

a X2 1 
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00 01 11 

00 *+ 0+ * 
01 o+ *+ * 
11 * * * 
10 * * 

10 

* 
* 
* 

~ II~ 
~ 

M11u11M113a~11a 110 e,11,uu11~aM ,11,aJia 6b1 cJie,11,yro~11e M,L(Hlf>: a1 = x; &x~; ao = x;&x;. 

M'YJibTHITJIEKCOP. ,L(aHbI: ,11,B011qnh1li a,11,pec A = ak .. ,a1a0 , )l;B0ll'IHhie c11rnaJihI 

Xn .. X1Xo, n + 1 = 2k+l_ ' 

Tpe6yeTca: Bh16paTh c11rHaJI Xj, r,11,e j paBH0 a,11,pecy A. 
PeIIIeHue: a,11,pec 110CbIJiaeTCH Ha ,11,eIII11cppaTop, a Bh!X0,11,hl C Hero ua 11po11ycKHbie BeHTIIJIII, 

oT1111paeMhie c11rHaJia~m x;. 
PaccMoTpuM 11p11Mep: k = 1, n + 1 = 4. I1MeeM CJie,11,_VIO~IO cxeMy: 

ao j l=: aoo DC ao1 

ai a1:~
0

I I I ao 

a1 

Xo [§Ej1r, xo J MS f-f 
X1,· X1 
X2 X2 
X3 X3 

PaCCMOTpeHHhlH pe)KIIM pa60Tbl MYJihTIIl1JieKcopa IICl10Jlh3YeTca ,11,JIH '!Ten.Ila ,l],aHHhIX, 

HO 3T0 )Ke ycTp0HCTB0 M0)KHQ a,11,a11TupoBaTb K pe)KUMY 3a1111cu IIH<pOpMar~Hll - )l;Jl51 

3T0ro ,11,0CTaT0qHQ 110MeHHTb BX0,11, II Bh!X0)I; ,l],aHHhIX MeCTa~m; a,11,peCHblll BX0)I; pa6oTaeT 

aHaJI0rnqHo II ocy~eCTBJIHeT HY)KHYIO K0MMyTa~UIO IIIIIH 3al11ICbIBaeMbIX ,l],aHHbIX II IIIIIH 

11pneMHUKa 3T0H IIH<pOpMa~llll. 

KoJinqecTBO KOMMyTa~11li 11pu 6oJibIIIOM 'IIICJie IIIIIH '!Tenua / 3a11ucu H, C00TBeTCTBenuo, 

,l],JIIIHH0M a,11,pece M0)KeT OKa3aTbCH qpe3Mepuo 6oJihIIIHM. B 3TOM CJiyciae MO)KHO 

11ocTpo11Th uepapxuqecKy10 11upaMu,11,y a)J,peca~u11 - pa36HTh a,11,pec ua 110,ll,a,11,peca, 

caMblll CTapIIIHH 110,l],a.n;pec 110,11,aeTca Ha a,l],peCHhlll BXO)I; BepxHero MYJibTIIl1J1eKCOpa II 

KOMMyTupyeT Bh!XO,l],hl MYJihTlll1JieKCOp0B Hll)KeJie)Ka~ero CJIOH; ua a,;:i:peCHbie BX0,11,hl 

110CJie,l],HHX 110.n;aeTCH 110,11,a,11,pec, CJie,11,ylO~Hli 3a CTapIIIIIM, II T.,l],. 

MyJihTIIl1JieKCOp MS MO)KHO HCl10Jlb30BaTb ,l],JIH peaJI113a~HII JIOfU'!eCK0H cpyHK~IIH: 

eCJIII eCTb n + 1 3uaqeHUH <pyHK~llll (fo .. ,f n) Ha k + 1-p83p5I)l;Hh!X Ha6opax B;BOII'!Hh!X 

11epeMeHHhIX AoA1 ... Ak, TO, B3HB MYJihTIIl1JieKcop MS(A0 ... Ak, fo ... fn), Mhl 110Jiy•mM 

B03MO)KHOCTh BhI'IUCJIIITh 3uaqeu11e cpyHK~HH J na ua6ope A0 A1 ... Ak. 
C11paBa uaX0,11,IITCH ycJIOBHOe 06o311aqeuue MY-lhTIIl1JieKCOpa. 

C'YMMATOP. ,llaubl 2 ,11,BOUqnhIX Ko.n;a: X = (xn .... X1Xo) u Y 
Tpe6yeTC51 110JIY'IIITb ,11,B0llqnylO cyMMY 3TIIX KO,ll,OB. 

CJIO)KIIM 2 ,11,BOll'IHhIX 'IIICJia. CJIO)KeH11e 11poTeKaeT TaK: 

01010010 1-e c,1arae~10e 

+ 00101011 2-e CJiaraeMoe 

01111001 1-a 11opa3pa,n.Haa cyMMa 

+ 00000100 11JIIOC 11epeHOChl 

01111101 OKOH'!aTeJibHaa cyMMa 

(yn .... Y1Yo), 

Mb! BH,11,IIM, 'ITO 11pH CJIO)KeHllll Ka)K)l;b!X i-x pa3pH,ll,0B CKJia,l],bIBaIOTC51 TPII ,1l,B011'1Hh!X 

'06·r,e,qrrHeHmn1 HHCTHTJT 
H,TJ;epmrx f\0CJie,qoBamrii 

r:; r1nf1HOTEEA 



'IHC,1a: Xi, Yi H Pi (nepeimc H3' (i-1)-ro pa3p51,!1,a) H Bbipa6aT1,1BaJOTC51 ,[\Be BeJJH'IHltbJ: S; 

(i-51 nopa3p51,[1,Ha51 cyMMa) H Pi+! (nepeHOC B i+l-fi pa3p51,!1,). 

<I>ynK~nn s; n Pi+I ,[l,JJH onepa~nn c.10,Kettue B i-M pa3pH,il,e 6y,zzyT BhirJJH,!l,eTb TaK: 

X; Yi Pi S; Pi+I S; Pi+I 
0 0 0 0 0 

0.0 1 1 0 x:y:p; 
0 1 0 1 0 x:y;p; 
0 1 1 0 1 -ti x;y;p; 
1 0 0 1 0 XiY:Pi 
1 0 1 0 1 xiy/pi 
1 1 0 0 1 x;y;p; 
1 1 1 1 1 XiYiPi X;YiPi 

CnpaBa yKa3aHhI TepMbI ,!1,J151 CJJ:H<I> o6eux <pyHK~Hfi. JJ:n51 nocTpoeHH51 nx 

MHHHMaJJbHbIX JJ:H<I> HCII0.'Ib3yeM KapTbl Kapno: 

00 01 11 10 00 01 11 10 

JJ:JJ51 Si 00 1 1 JJ:JJH Pi+1 00 1+ 
01 1 r 01 1+ 1+ 1+ 

OTCJO,[\a HMeeM: B 1-fi. 1-:apTe IIOKpblTHH neT, q>OpMa He MHHHMII:mpyeTc51; BO 2-fi 

IIOKpbIBaeM 3 naphl C/{IUIHI{ <pnrypa:,.rn H3 2 KJICT0K: 

s; ~ x;y;pivx:yip;vx;yipiVxiy;p;, 

Pi+I = YiPiVxiyiVX;Pi· 

I1TaK, onepaL{IIH C:Jl();K(!JIIIH peaJrn:1yeTCH fl 2 3Tana: 

1. Mfll0BCIIII0e 11opa·ipH;u1oc Bhl'IHCJJCHIIe pa3p51,!1,0B nepBH'IHOH cyMMhl s(i), 

0, 1, 2, ... , n; 

2 .. 11oc;ie;1.iman::11,11oc Bbl'IIICJIC!Ille nepeH0C0B (cnpaBa HaJJeBo) P1, P2, ... , Pn (Po = 0) 

If IIOC:JICf{OllaTem,1ioc CJIO)KCHIIC nx. C pa3J)51,[\aMH nepBH'IHOfi cyMMhl. 

Ofi111.<1P upe~rn Bhmo:menHH oncpa~mI pamm T + ndt, r,[l,e 

T - BpeMH, 11co6xo,,nMoe l{JIH Bhl'IHCJJeHII51 nepBH'IIIOH cyMMhI; 

dt - BpCMH, neo6XO,lHMOC ~'\-1H cyMMIIJ)0BaHII51 C Ol{HHM nepeHOCOM. 

f1pmrn,1hHhlll pe3yJJhTaT 6y,:i:eT IIOJJy.'IeH TOJ!hKO IIOCJJe TOl'O,. KaK IIp01I30H,[\eT CJJO)KCHIIe 

c nepenocoM B n-fi (nocJ1e;urnfi ·JICBh1i1:) pa3p51,!1,. ITepenoc B n + 1 pa3pH,a: - npn3naK 

ncpeno.rmenlIH pa·}!'H/\ttofi ceTKl1 cyMMaTopa. 

TaKl1M o6pa30M, ( n + l )-pa'3pH,iI;Hhlll cyMMaTop - 3TO n + 1 0,[\HOpa3pH,!1,HhIX, IIOCTaa:1cnHhIX 

pH,il;OM, H Ka)K,!1,blll H3 HIIX Bh!pa6aTbIBaeT TCKYlllYIO nopa3p51,!1,HyJO cyMMY II nepenoc B 

c.1e;J,.YIOll{Hfi cyMMaTop. CxeMa: 
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'J 

~ in 
W_J 
,X,JJnPn , X1Y1P1 XoY□Po 

JJ:JJ51 Bhlpa60TKl1 <pyHK~l1ll Si,Pi+I B Ka)K,[1,0M pa3p51,[1,e HCIIOJ!b3YIOTC51 CJIC,!l,YIOll{He cxeMbI: 

Xix;y;y/pip; 

rrrm 
& ru~., & 1 _ Si 

& 
& 

BbP-II1TAHI1E. ITycTb naM Tpe6yeTc51 BhI'IHCJJl1Th pa3nocTb KO,!l,OB X 11 Y. 8TO 
,a:eJJaeTCH CJJC,[l,y!Oll{HM o6pa30M. 

Bhl'IIICJJHM K0,!1,;' HHBepCI!blll K K0,!1,Y Y, T.e. 3aMeHHM Bee Xi Ha 11X IIHBepc1111: X --t Y'. 
CyMMa 3TOrO KO,[\a H cne~HaJJhHOrO K0,!1,a 000 ... 001 ,[\aCT HaM KO,[\, ,!1,0IIOJJHl1TCJJhHblll K 

Ko,a:y Y. O603na'l11M ero Yd. Tm.;,!l,a pa3nOCTh Ko,a:oB X 11 Y ecTb cyMMa K0,!1,0B X H Yd: 

X-Y = X+ Yd-

BhI'IHTaHne X - Y, TaKHM o6pa30M, eCTb <paKTH'ICCKH CJJO)KC!IHe no MO,!l,YJJIO 2n+l II 

M02KCT 6hITb ocyll{CCTBJJCHO c IIOMOll{blO paCCMOTpeHHOro BhIIIIe · cyMMaTopa. 

ITpnMep: HMeeM 3a,[\a'IH 6-2=?, HJJH 0110 - 0010 = ? 

CTpo11M HHBepcHbifi KO,!l, K Y: Y' = 1101. CTpoHM ,a:onoJJ111ITeJJbHh1fi KO,!l, KY: Yd= 1110.' 

CKJJa,!1,bIBaeM X H Yd: 0110+1110 = 0100 n 1 B KpafineM JJeBOM nepenoce; pe3yJJhTaT· 

Bhl'IHTaHH51 = 4, T.e. 3a,[\a'!a pemena npaBl1JlbHO. 3aMCTl1M, '!TO B TO BpeM51 KaK B cJJy'!ae 

CJJO)KeHH51 1 B KpafineM JJeBOM nepenoce cJJy)K11Jia np1I3HaKOM aBapnfiuoro 3aBepmemrn 

onepa~1111, 3,[l,ecb, B cJJy'lae llhI'IHTamrn, 3TO np1I3HaK ycnenrnoro :iaBepmenirn onepa~nn. 

BPEMEHHbIE JJ:I1AfPAMMbI. PaccMoTpHM napy BpeMeH!IhIX ,a:narpaMM: 

H;.{CaJJbHOH H COOTBeTCTBYJOll{efi efi peaJJhHOfi. 

.Ii:attbI HMIIYJJhCHhie cnrna.,1b1 X n Y n nocTpoennh1fi H3 nnx cnrnan Z = X&Y. Ha 

BpeMCI!HhIX J{UarpaMMax HX COOTHOlllenne 6y,a:eT BhirJIH,[\eTb TaK. 

11,a:eaJJbHhIC cnrHaJJbl Pea.,'lbHhJe 

X 

y 

z 

PeaJJhHh!e CllfHaJJhl HMCIOT HaK,1011Hhie <p]>OHThI, npw1eM )'TJ!hl HaKJJOIIa q>JJyKTYllPYIOT If 

B (!pocTpattcTBe, 11 BO BJ>CMCHH. 11MeJOT MeCTO 3a,a:ep,KKll BbIIIOJIHeHllH onepa~HH &,' 11 V. 

B II0CJIC,il;0BaTeJihHhTX cxeMax B031111KaIDT HaK0TIJJeHHC C,[\Blll'0B cnrna.1108 no cpaBHeH!II{) 
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C paC'IeTal'-111 II T.H. "copeBHOBaHHe CHrllaJIOB 11
• 

ITpeo,n:oJieHHe 3TOro - CHHXpOIIH3aI.WH Bcex orrepal.{HH HMilYJibCaMH C rrepHO,!];OM 

3lla'IUTeJibH0° MeHblliUM, 'IeM y pa60'IUX CHrHaJIOB. 

YITPA)KHEHI1E. 3 curna.na X, Y u Z rrocTyrraJOT na Bxo,n; ycTpoii:cTBa, 

Bb1pa6aTbIBaJO~ero rnrna.n U = XY' V X' Z' V XY Z. HaqepTHTb BpeMennyJO ,n;uarpaMMy 

curna.na U. 
Pememie. ITycTh BXO,ll;Hhie cHrHa.nbI X,Y,Z 3aBltCHT OT BpeMeHn t TaK, KaK 3TO 

rrpe,n;cTaBJieHO Ha HI!)KeCJie,n;yJO~HX BpeMeHHbIX ,n;narpaMMax: 

X 

y 

z 

t=O 4 5 

t 

t 

Is 9 
t 

B MOMeHT BpeMeHH t=O U = 01 V 11 V 000, T.e. 1. O'IeBH,!];HO, 'ITO 3Ha'Iemrn U 
MeHHTbCH MoryT TOJ!bKO rrpn H3MeHeHHH 0,!];HOrO Il3 cnrHaJIOB X,Y,Z, T.e. B MOMeHTbl 

BpeMe1rn ti, t2, ... , tg. ,LL.rra y,n;o6CTBa 'ITeHnH 3TH MOMeHTbl IlOMe'Iellbl rryHKTRPHOH JIHHReii:. 

CJie,n;oBaTeJibHO, 6y,n;eM nMeTh: 

U(0,t1 ) = 01 V 11 V000 = 1. 
U(ti, t2) = 11 V 00 V 101 = 1. 
U(t2, t3) = 11 V 01 V 100 = 1. 
U(t3, t4) = 10 V 01 V 110 = 0. 
U(t4, ts) = 00 V 11 V 010 = 1. 
U(ts, t6) = 01 V 11 V 000 = 1. 
U(t6,t1) = 01 V lOV00l = 0. 
U(t,, ts) = 01 V 11 V 000 = 1. 
U(ts, tg) = 11 V 01 V 100 = l. 
U(t9 , ... ) = 01 V 11 V0O0 = 1. 
,[(pyrnMn c.'loBaMu, BpeMennaH ,n;HarpaMMa cnrna.na U 6y,n;eT CJie,n;y10~eii: 

u I I I I I 
t=O t1 t2 t3 {4 ts t5 t1 ts t!, 
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TEOPlf.H ABTOMATOB 

KoM6HHal.{ROllllbIC cxeMbl He nMelOT rraMHTif, no3TOMY KJiacc 3a,n;aq, KOTOpb!e OHH 

MoryT peI.IllfTb', neBeJIHK I{ npliMifTifBen. BoJiee CJlO)l(HbIMH ycTpoii:CTBaMif, KOTOpbie 

MOryT BbIIlOJIHHTb ,n;elkTBifH, xapaKTepli3YJO~IfeCH HeKOTOpb!Mlf orrpe,n;eJieHHblMH 

"IfHTeJIJieKTYaJlbHbIMif" qepTaMH, HBJIHIOTCH aBTOMaTbI, lirpaJO~Ife cero,n;HH B 

3JieKTponuKe q>yH,n;aMeHTMbHYJO poJib. 

A6cTpaKTHblH aBTO~aT npeo6pa3yeT BXO,ll;HYJO. nttq>OpMal.{IfJO B BblXO,ll;HYJO B 3aBncn

MOCTif OT CBOifX BHyTpeHHllX COCTOHHifli I{ TeM caMbIM HBJIHeTCH IfHq>OpMal.{IfOHHblM 

rrpeo6pa30BaTeJieM 6oJiee Bb!COKOrO paHra no. cpaB_HeHifJO C KOM61fHal.{1fOHHb!Mlf cxeMaMif, 

T.e. HBJIHeTCH CHCTeMOH C naMHTbJO. 

B aBTOMaTe pa3JIIf'IaJOT: 

• Bxo,n;Holt a..:1q>aBifT X - MH0)KeCTB0 CJIOB x 1, X2, X3, ••• , Xn; 

• Bb!XO,ll;HOI! a.nq>aBifT Y - MHO)KeCTBO CJIOB Yi, Y2, Y3, ... , Ym; 

• AJI<paBifT COCTOHHifll Q - MHO)KeCTBO CJIOB Q1, Q2, q3, ... , Qk. 

,[(HCKpeTHblll aBTOMaT pa6oTaeT B ,ll;llCKpeTHOM Bpel\IeHif, T.e. B MOMeHTbl t = ... , 0, 1, 2, .... 
qaCTHblM CJiyqaeM aBTOMaTa HBJIHeTCH KOHe'IHblH aBTOMaT - aBTOMaT C KOHe'IHb!Mlf 

'IlfCJiaMif CJIOB B a.nq>aBinax. Mbl 6y,n;eM l!MeTb ,n;eJIO TOJlbKO c TaKifMll aBTOMaTaMif. 

ABTOMAT (MlfJin) - Mli0)KeCTBO A= (X, Y, Q, y(X, Q), q(X, Q}), r,n;e 

y(X, Q) - q>yHKl.{llH BblXO,!];OB, Bblpa6aTbIBalO~aH no TeKy~uM c,10BaM 1{3 X I{ Q mi TaKTC 

i CJIOBO ll3 Y; 
q(X, Q) - q>yHKl.{IfH nepexo,n;oB, Bb1pa6aTbIBa10~aa no TeKy~HM CJIOBaM If3 X n Q Ha 

TaKTC i COCTOHHllC ,n;JIH TaKTa i + 1: Q,+1 = q(X;, Q;). 
MbI orpaHH'IlfMCH B HaI.IleM Kypce Jllfllib ,!];CTCPMllHllpOBaHHblMil aBTOMaTaMu, B KOTOpb!X 

o6e q>yHKl.{Ifil HBJIHIOTCH HCCJiy'Ial!HbIMll, T.e. pe3yJibTaTbl llX pa60Tbl rrpn HCR3MCHHblX 

YCJIOBllHX BCer,n;a· O,!];Hlf ll Te )Ke. B He,n;eTepMllHRpOBaHHbIX aBTOMaTaX Bbipa60TKa 

q>yHKl.{llHMif y(X, Q) n q(X, Q) BbIXO,!];HblX CilrHaJIOB ll cnrnanOB nepeKJIJO'IeHUH 

COCTOHHRII co,n;ep)Kl!T 3JICMCHT CJiy'IaliHOCTll, OilRCbIBaeMblll OHpe,n;eJICirnOlt q>yHKl.{neii 

pacrrpe,n:eJiellRH BepOHTHOCTCH. 

,[(JIH 'IaCTHOrO CJIY'IaH aBTOMaTOB (aBTOMaTbl Mypa} q>yHKI~IlH q = q(Q;), T.e. He 3aBRCUT 

OT BXOJJ:HOII nHq>OpMau:uu. 

ABTOMaT MO)KCT pa6oTaTb B nerrpepb!BHOM pe)KUMC (6e3 Haqa.,1a u KOHU:a), a MO)KCT llMCTb 

oco6bie (Ha'IaJibHblC u/IfJII{ KOHC'IHb!e) COCTOHHllH Qo ll QJ, 

Bxo,n;naH IlOCJIC,!];OBaTMbHOCTb ClfrHaJIOB MO)KeT 6bITb ne yrropH,Ll;O'IeHa ,!];,1H JIJ06blX TRilOB 

aBTOMaTa - OHR MOryT IlOCTynaTb B JII060M nopn,n;Ke. Bb1pa60TKa B orrpe,n;eJiellHblll TaKT 

BpCMeHn i no BXO,!];HOMY ClfrHa.ny X; BbIXO,!];llblX CllrHaJIOB Y; comacHO q>yHKl.{IfR y(X;, Q;) 
JIOrU'ICCKif ocy~eCTBJIHeTCH aBTOMaTOM B COCTOHHIIIf Q; BMCCTC C ·uo,n;roTOBKOlt IIOBOro 

COCTOHHRH Qi+l B 3aBHCifMOCTll OT X; I{ TeKy~ero COCTOHHRH Q;, ll, TaKHM o6pa30M, 

rrapa peKyppeuTHbIX COOTHOllleHllll . 

Y; = y(X;, Q;); Q;+1 = q(X;, Q;)' 

OilllCbIBaeT B03M0)KHYJO 3BOJIIOl.{Ifl0 aBTOMaTa, BO BpCMH KOTOpon aBTOMaT npOH3BOJJ:IlT 

HCKOTOpyJO pa6oTy no C03,!];aHifJO IlOJIC3HOlt HH<popMau:nn. 
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3AllAHIIE ABTO11ATA. AJicpamIThI ·3Ma10TcH rrepe'!HCJieHneM. <l>yHKI.Vm MoryT 

3aJJ,aBaTbC51, eC,lH HeT cpopMy,1bHOro OlIHCaHH51 aBTOMaTa, JlB051KO: 

1. Ta6,lH'!HOe 3aJJ,aHJie. ,LL151 CTpOK C rrapaMH x, q CTp051TC51 K0.10HKH 3Ha'!eHHH Y(x, q) 
II Q(x,.q). 

2. C rroMOll\blO rpacpa. BepIIIHHbI rpacpa o6o3Ha'!a~T cocTOHHna, JlYrll YKa3hIBaJOT 

Ha rrepeXOJlbl 113 OJlHHX coc:ro~mnii B ~yrne; Beca JlYf ,YKa3bIBalOT. Ha rrapbl x, Y, 
KOTOp_bil\m_corrpoBO)KJl,aeTC51 ,n;aHHblH rrepeXOJl. 

A6cTpaKT!!Oe OlIJICaHHe aBTOMaTa paCKpblBaeT ero COCTaB H cpyHKll;HIO, HO He MO)KeT 6bITb 

HenocpeJJ,CTBeHHO rrpeTBOpeuo B TeXHH'!eCKYIO cxeMy. · ~51 rrpaKTH'!eCK0H peaJIH3all;HH 

aBTOMaTa caMblM JIY'!IIIHM MeTOJlOM OKa3aJIOCb HClIOJib30BaHHe JlBOJl'!HOii KOJlllpOBKH Jl,Jl51 

aJicpaBHTOB H JlBOH'!HblX JIOrH'!eCKHX cpyHKll;IIH JJ,JI51 aJirOpHTM0B. 

IlplI CHHTe3e aBTOMaTOB cpopM1Ipy10T CHCTeMy H3 ,IJleMeHTapHblX aBTOMaTOB, 

3KBHBaJieHTHYIO 3aJJ,aHH0MY a6cTpaKTHOMY aBT0MaTy, - CTp)'KTYPHhlH aBT0MaT. 

8JieMeHTapHbJe aBT0MaTbl (nHa'!e lIOJJ,aBTOMaTbl) C0JJ,ep,KaT B ce6e KJiacc 6a3HCHblX 

rroJJ,aBTOMaToB, 113 KOTOpbIX cocTOHT B 0611IeM CJiy'!ae JIJ06oii kpyrrHbiii aBTOMaT. Harne 

ll3,10)KeJrne Mbl Ha'!HeM C HllX. 

BA3HCHbIE ABTOMATbI. TaKOBbIMII B rrepByJO. oqepe,11,b 51BJ15U0TC51 Tp11rrepa, 

,11,a1011Ille 8031\IO)KHOCTb caMblM npOCTblM H ecTeCTBeHHblM cnoco6oM npC,[1,CTaBJl51Tb co6oii 

JlB0ll'!Hble K0,11,bl II xpaHHTb HX. KJiacc TpHrrepoB 0'ICHb 06u111pe11, 11 Mbl 9y,L1,eM BBOJll1Tb 

HX, Ha'!l1Ha51 C npocTeiiumx 11 llOCTClICIIHO yCJlO)KIUl51 11X. 

ACHHXPOHHbil1 RS-TPHfrEP. 

8To cxeMa CJ1CJlY1011Iero BIIJJ,a: 

m 
(l1 <L2 

',, 

Ypam1cmrn TpmTepa: 

Y1 = (a1 V Y2)'; 
Y2 = (a2 V Y1)', 

f'PIIIPIIII(! _vpairne1mli IIaXO)l,IIM ;vrn BCeB03MO)K!lblX KOM6111Ial\llH BX0,.'l,0B: 
, . , .. ' . 

l. a, = 0; a2 = O; ⇒ YI = .1k Y2 = y~ j 

2. <11 = O; a2 = l; ⇒ Y1 = y;: Y2 = 0; 

3. ,a1 = 1; a 2 = 0; ⇒ Y1 = 0; Y2 = Yi; 

4. a1 = I';' i12 = 1; ⇒ YI= 0; Y2 = 0. 

IToc;reJJ,H5151 KOM61111au;na Ha Bxo;1,e RS-Tp11rrepa ue,n;onycTHMa, TaK KaK 2 nyJia Ha em 

BhlXO,Ll,e HeCOBMCCTllMbl C TOH p0.:Ibl0, KOTopy!O nrpa!OT Tpl!ITepa B CXCMax ycTpOiiCTB 

aBT0MaTHKH. MmKHO .C,Ka3aTb, '!TO 11('/lOil)'CTHMbl H 2 uyJrn, H 2 P/\11111111,bl Ha BblXO,ll;C, 

BCJJe/\CTBIIC Toro, 'ITO TpllrTepa OKa:l~IHCb caMblM y,LJ,OUHhIM _II )'1111BCJ>G.;lbllblM cp~JlCTBOM 
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11306pa)KeHlrn II xpaHeHII51 JierKO '!IITaeMoii II JierKO H3MeH51eMOii JlBOWIHOH 1rncpopMau;111I. 

C RS-TpnrrepOM CB513aHbl 2 COCT051HH51, KOJlbl KOTOpblX CJieJJ,ylOll\lle: "0" COOTBeTCTByeT 

BblXOJJ,aM Y1 = 0, Y2 = 1; "1" COOTBeTCTByeT BblXOJJ,aM Y1 = 1, Y2 = 0. 
OKa3aJIJICb O'!eHb yao6HblMII CJieJJ,ylOll\He ycJIOBHbJe o603Ha'!eHH51: 

CnrHaJI R (oT aHrJlllHCKOro reset) - 3TO B ,n;eiiCTBHTeJlbHOCTH
0

liapa a1 = 1, a2 = 0, KOTOpa51 

BKJlJO'!aeT COCT051HHe "0", a s (OT set)- 3TO B JJ,eiiCTBHTeJlbHOCTH rrapa a1 = 0, a2 = 1, 
BKJlJO'!a1011Ia51 COCT051HHe "l ". 

CnrHaJI 0 - 3T0 rrapa a1 = 0, a2 = 0, He MeHHJ011Iaa TeKy11Iee cocT0HHlle Tpnrrepa ("0" 

HJlll "1"). 
AHaJIOfH'!HbJe YCJIOBHble Ha3BaHH51 BBe,U.eHbl II ,11,Jl51 BblX0,11,0B Tpnrrepa, HClIOJlb3yeMblX 

,11,Jl51 orrpoca COCT051Hll51 Tpllr!'epa. 

CnrHaJI Q - 3TO B aeiiCTBHTeJlbHOCTll rrapa CHrHaJIOB YI = 1, Y2 = 0; 03Ha•iaeT, '!TO 

Tpnrrep HaXO,l1,HTC51 B COCT051HHH "1". 
CnrHaJI Q' - 3TO B ,u.eiiCTBHTeJlbHOCTll r.apa cnrHaJIOB Y1 = 0, Y2 = 1; 03Ha'!aeT, '!TO 

Tpnrrep Hax0,U.HTC51 B COCT051HHII "0". 

B TaKnx. o6o3Ha'!eHHHX Mbl MO)KeM onncaTb RS-Tpnrrep KaK aBT0MaT c.1eJlY10ll\1IM 

o6pa30M. . . . . , . 

HMeeM Bxo,u.Hoii aJicpaBnT:.X=R,S,0; BbIXO,.'l,IIoli: Y=Q,Q'; iwcpaBnT coc-roHH11li: Q~0,l H 

Ta6JIH'!HO 3a,u.aHHbie,ipyHKll;HII ~blXO,D.OB (Q,Q') II nrp,<'K.TIIO'Jelllrn C0CT051Hllli (0,1). 

RI Q' s Q 
() Q' 

() 

/ () Q' 
/ 1 Q 
I o Q 

1 

I o 
I i 
/ 1 

SID· s T Q 
R R Q' 

C11pa11a 110Mmu;e110 :ycJIOBH_oe rpacpwiecKoe 060:ma•ien11<' RS-TpmTepa. 

,Ll,a11111,1li Tp11rrep peaJill30BaH B 6a3nce HJ1H-HE, 110 3TO MO)lrno cae.11aTb n B 6a:rnce H

HE (3aMeHHB 3JieMCHTbl HJ1H-HE 11a H-HE); JiornKa pa6oTbl ycTpoficTBa 11c JI3MCIIIITC51, 

II JIIIII.lb rrom!pHOCTb BXOJlHbIX II ,BblXOJlHbIX CHrHaJIOB rrepeii,11,e; B mmcpcHyJO '(poJib 

HyJieii 6yJJ,yT HrpaTb e,u.HHHll;bl, a e,u.HHHll; - Hy,1n). 

CHHXPOHH3AUH51 RS-TPHfrEPA. 

Bb1rue paccMOTpeHHbitt acnHxpoHHbiii RS-Tpnrrep, pearHPYIOll\llH 11a BX0)\IIbW cm·mi.;11,1, 

lIOCTyna1011IHe B' CJiy'!aHHbJe MOMCHTbl BpeMeHH, MO)KC_T 6b!Tb CIIIIX!)0HH:3HJJ0Ban, 

T.e. rrpHB513aH K Cl!rHaJiaM, lIOCTyrralOll\HM B onpe,n;eJleHHblC MOMCl!Tbl BJW~ICIIII, C 

IlOMOll\blO IlO,.'l,a'!H cnr11a.n0B a1, a2 Ha rrporryCKHbie BeHTHJIH, OTlIHpaeMbJe ('111'1Hw1a~III 

CllHX!JOHII3aI(IIII. 
a1 a2 µ mQ 

' Q' 
a1 C a2 

3,u.ecb CHrHaJI c, CCJUI Oil paBeH 1, OTn11paeT &-3JlCMeHTbl II ,11,aeT B0:IM())l(!IOCTb 

CHrHaJiaM a1' a2 B0:3,'1,CHCTBOBaTb Ha RS-Tpnrrep. EcJIH C paBCH 0, &-:➔JICM<'IITbl :JaKpb!Tbl 

H Ha RS-Tpm-rep 11ocTy1rneT c1IrmlJI 0, Ha KOT0phIH OH He pearnpye-r. 
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CnpaBa IIOMern;eHO YCJIOBHOe rpaqmqecKoe 060JHaqeHI1e RS-Tpilrrepa, 

CIIHXpOHII3IlpyeMoro CilrHaJIOM c. 

YTIPA)KHEHME. ,il,aHhI CilrHaJihI X II Y. B TeqeHI1e. BpeMeHII !0,t] 3TII. c1irHaJib1 

IIOCTynalOT Ha S II R BXO)].bl RS-Tpilrrepa, CIIHXpOHII3IlpyeMoro .curHaJIOM c. HaqePTIITb 

BpeMeHHYIO )].IlarpaMMY Q-Bb!XO)].a 3TOro Tp11rrepa. 

PemeHI1e. HaqepTllM )].IlarpaMMY BXO)].HblX CllrHaJIOB u 6y,n:eM cquTaTb, qTo HaqaJibHOe 

COCTOHHile Tpilrrepa eCTb 0. 
I ,--

c 

R 

s 
t=0 2 3 

XoTH CllrHaJI s IIOCTynaeT Ha Tp11rrep C 0-ro MOMeHTa BpeMeHII, ero BKJIIO'Ielittc II' 

1-e COCTOHH!le rrpO!I30H)].eT TOJlbKO B MOMeHT t1 rrpuxo,n:a rrepuoro CIIHXpOIIMII.YJll,Ca -

BbIXO)]. Q 6y,n:eT paBeH e,n:HHHu;e. IlocTyrrnuni:nii )].Mee R-cllrHaJI CM0)KeT rrepeKJIIO'mTi. 

Tpllrrep B 0-e COCTOHH!Ie TOJibKO B MOMeHT t2, ll B 3TOM COCTOHIIIIII Tpllrrep TaK H 

OCTaHeTCH - CJie,D:yIOlll;IIH S-c!lrllaJI He CMO)KeT rrepeKJIIOqllTb Tpllrrep, a CJie,D:ylOU\Hll: 

CllrllaJI R B MOMeHT t3 Jll!Ulb rrpO)].OJl)KIIT HyJieuoe COCTOHHHe. 

Ilo3TOMY upeMeunaH )].HarpaMMa curua.na Q 6y,n:eT cJie,n:y10rn;eii: 

QI I I . 
t1 t2 

,il,BYCTYTIEWIATbIH RS-TPllfrEP. 

t3 
t 

O6paTHble CBH3H, Ha KOTOph!X OCHOBaHbl 3aMeqaTeJibHhie CBOHCTBa RS-Tpllrrepa, IIMeIOT 

H 11eraT11Bllhie CTOpOHbl - IIHOr)].a rropO)K)].aIOT Cpb!Bbl ll ueycToiiqm:ioCTh B ero pa6oTe. ,il,JIH 

np!I)].dlll!H KOIICTPYKD;llll TpHrrepa 60;1bUieii ycTolhllBOCTH rrp1I6eraIOT K )].BYXTaKTH0MY 

pe)KHMY ero pa60TbI: 

• ua rrepB0M TaKTe, rrpOIICXO)].HT rrpe,n:Bap!ITeJibHOe rrepeKJIIQqeH!Ie COCTOHIIIUI 

Tp11rrepa; 

• ua BT0p0M 0K0HqaTeJibH0e. 

IlepBblii " BT0JJOH TaKTbl cnrna.,lbH0 pa3)].eJlellbl H pa6oTaIOT B 11errepeceKaIOI1\ll('CH 

MOMeHTbl BJJ!!MCIIH. 

,il,uyxTaKTllblH pe)KIIM pa60Tbl o6ecrreqHBaeT KOHCTpyKD;HH, COCTOHrn;aH u:i /\11.YX 

II0CJie)].OBaTCJibH0 coe,n:uneHHbIX RS-TpllrrepoB, rrepBblH H3 KOT0pbIX (m,L~tcr) 
ynpaBJIHeTCH rrpHMbIM CHHXpOCHfllaJIOM, a BTOpoll: {slave) - mmepcttell: '.➔TOI"() 
CHHXp0CII!'HaJia. HH)KC ,n:ana cxeMa TaKoro Tp!Irrepa. 
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;i/ml r1 [Ts~ ~Q 

=tiLtQ' 
CrrpaBa HaxO)].IITCH rpaqmqecKoe I1Jo6pa)KeHI1e 2-TaKTHoro Tpilrrepa. 

T-TPllffEP. 

QqeHb fla)KHOii u Heo6XO)].llMOii orrepau;Ileii HBJIHeTCH IIHBepCllH COCTOHHllH Tpilrrepa. 

1:hy onepaa;IIIO MO)KHO ocyrn;ecTBllTb, CJierKa ll3MeHIIB KOIICTpyKD;IIIO RS Tpllrrepa H 

IICIIOJlb3YH ,n:JIH q>OpMllpOBaHIIH KOMaH)].bI HHBepcllll IIH<pOpMau;mo O TeKyrn;eM COCTOHIIIIH 

TpHrrepa, Ja)].aBaeMylO cur11aJiaM11 Q u Q'. 
A IIMeHHO, CllrHaJI IIHBel)Cllll T nocTynaeT Ha rrporrycKHbie BeHTIIJIII, OTIIHpaeMbie TaK, 

qTo Ha BbIXO)].aX q>OPMIIPYIOTCH CllrHaJibI: 

a1 :"' T & Q'; a2 = T & Q. 

ECJIII Tp11rrep 6bIJI B COCTOHIIHll "0" (T.e. Q = 0, Q' = 1), TO rrpu T = 1 Bb1pa60TaeTCH 

KOMan,n:a a1 = 1, a2 = 0, T.e. KOMaH)].a s (BKJIIOqHTb 1-e COCTOHHHe). 

ECJIII )Ke Tpnrrep 6bIJI B COCTOHHIIII "1" ( Q = 1, Q' = 0), TO rrpH T = 1 Bbipa6oTaeTCH 

KOMan,n:a a 1 = 0, a 2 = 1, T.e. KOMau,n:a R. 

HyJieBoii CHrllaJI T COCTOHHIIH Tpllrrepa ne MeHHCT. . 

T-TpHrrep Kai< aBTOMaT OTJI!lqaeTCH OT CTa1I)].apT110ro RS-Tpllrrepa TOJlbKO BXO)].llblM 

aJI<paBHTOM {0,T). CTpyKTypHaH cxeMa T-TpHrrepa 6y,n:eT CJ1e,n:y10rn;eii: 

T ~-ilTTfi+~, :~Q 
Ll_j-Q' 

B cxeMe Cllflla.Hb! T II C o6'be)].HHeHbI, HO K011eq110 OHi! M0ryT 6b!Tb H pa3)].CJibllbIMII. 

Crrpaua naxo)].HTCH rpa<puqecKoe HJ06pa)Ke1111e T-Tpurrepa. 

TaK Kll.K orrpOKII)].b!BaHne (T.e. IIOHBJICHIIC ycToHqnuoro COCTOHHHH) rrpOHCX0,J],IIT T0alhK0 

IIOCJie ,n:eiiCTBIIH CllrHaJia T, TO M0)KH0 CKaJaTb, '!TO T-Tpnrrep pearnpyeT ua 3a,JJ,Hl!H 

<ppoHT HMIIYJibca T. 

JK-TPllfrEP. 

Ha OCH0Be RS- II T-TpHrrepoB Mb! MO)KeM IIOCTp0HTb cxeMy ymrnepcaJibH0ro 

Tpnrrepa, crroco611oro pa6oTaTb B JII060M H3 3THX p!!)KHM0B. .ll.JIH 3TOro Mb! MO)KeM 

B0CII0Jib30BaTbCH TeM, qTo KOM611uau;HH BX0,J],Hb!X cnrHMOB RS-Tpnrrepa a1 = 1, a2 = 1 

HBJIHeTCH uenCIIOJib3yeMoii. O6'bHBHB TaKyIO KOM6HHaI\HIO CllfH8JI0M T ll C0OTBeTCTBCHH0 

peaJIH30BaB ee, Mb! II0CTpOHM YHHBepCaJihHblll: Tplirrep. 

H11)Ke rrpHB0)].HTCH CTPYKTypHaH cxeMa TaKoro Tpnrrepa ( JK-Tpnrrep) n ero rpacpnqecKoe 

0603uaqeune. 
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l =ill=j l I TT a+~, ~~Q 
K~Q' 

J,fraK, JK-Tpnrrep HMeeT 4 KOM6nHau;nH BX0,!l;Hb!X CHrllaJI0B: 

1. J=0, K=0 - cocT051Hne Tpnrrepa He MeH51eTc51; 

2, J=l, K=0 - BKJIIO'laeTC51 cocT051Hne 1 Tpnrrepa; 

3. J=0, K=l - BKJIIO'laeTC51 cocT051HHe 0 TpHrrepa;' 

4. J=l, K=l - C0CT051HHe Tpnrrepa MeH51eTC51 Ha rrpOTHBOIIOJIO)i<Hoe. 

OrrpoKH,!J;hIBaHne JK-TpHrrepa rrponcxo,n:nT rrocne 0KOH'lamrn HMIIYJibCOB J H K. 

D-TPMrrEP. 
B 3aKJIIO'leHne yrrol\,rnHeM ell\e o,n:Hy KOHCTPYKIJ;HIO Tpnrrepa: D-TpHrrep. ::ho RS

~imrrep, Ha BXO,l.\bl 8 ll O R KOT0poro rro,n:aIOTC51 cnrHaJibl D H D' C0OTBeTCTBeHHO. 

3Ha'!enne D=l (TeM caMhIM D'=0) COOTBeT_CTByeT BKJIIO'leim10 Tpnrrepa B cocTmrnne. 

"1"; D=0 (TeM caMbIM D'=l) - BKJIIO'leHuIO Tpurrepa ·~ cocTo511-rne "0", ·T.e. BhI~O,l.\bI Q,Q' 
D-Tpurrepa Bcer,1.1a rroBT0p.HIOT BXO,l.\Hbie curnanbI D,D', HO c 3a,n:ep)KKOH na 1 BpeMeirnoii 

TaKT. 
BxO,[\Hble curua.Hbl D-Tpnrrepa o6513aTeJibHO ,l.\OJl)Kllbl l!MeTb IIOTeHIJ;llaJlbHYio cpopMy B 

aCI!HXpOHHOM pe)KHMe HJIII 6b!Tb ue y)Ke, 'leM Clll!XpOHMIIYJibC 1i' CIIHXpOHil3I!pOBaHHOM. 

D-Tpnrrep HCIIOJib3YeTC51 KaK ,l.\Jl51 u;eJieii xpaHeHH51 IIH<pOpMau;un, TaK 11 ,l.\Jl51 C,[\Bl!ra 

curnanoB no BpeMenn. 
CTpyKT:VpHa51 r:xcMa D-Tp11rrepa 11 ero rpacpwrncKoe o603na'l·enne CJ1e,1.1y10111ne. 

~ ~~, [TT~~, 
PErI1CTP ,n:mI XPAHEmrn KO,.O:A. 

~~Q (. LlJ-Q' 

EcJm 3a,1.1aH ,l.\IlOil'lllblll (n + 1)-pa3p51,l.\llblll KO,l.\ Xn----X1Xo, TO ero MO)KHO OTo6pa3HTb Ha 

(n + 1)-pa1p.H,Llllblll pcrncTp: IIOCJJC,!l;OBaTeJib!IOCTb 113 n + l Tp11rrep0B,. H3 KOTOpb!X i-ii 

BKJIIO•JaeTC5I B COCT051!111e X;. TaKoii perncTp xpaHHT ,1.1aHHblll KO,[\, 11 3TOT KO,[\ ;.i,ocryrreH 

,l.\JI.H ,1.1aJ1hi1eiimero 11CIIOJlb30BaHl151 nyTeM 'ITeHil51: IIp51M0rO _' C Bb!XO,!l;OB Tp11rrepOB Q; II 

mrnepc11oro - c BI,;xo,n,oB Q\. · · 
CxcMa 11aKoII11TeJ1b·11oro perncTpa MO)KeT 6bITb CJ1e,1.1yio111en. 
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Xn 

~ 
xrl.i_l_j-

n 

Qn 

Q~ 

X1 Xo 

~QI ~Qo 

rl.i_l_j- Q; rl.i_l_j-Q~ 
x; x~ 

Ilo curnany C (um1 B aCHHXp0HH0M pe)KHMe) rrpoH30H,[\eT BKJIIO'leH11e rpnrrepoB B 

HY)KH0e cocT0511111e. BMeCTO RS-TpurrepoB ,n:JI51 u;Meii xpaHeHll51 l!Hq>Op~iau;nn 110:iKHO 

HCIIOJib30BaTb TaK)Ke II D-Tpurrepa. 

KOI1I1POBAHI1E KO,.0:OB ITP5.IMOE 11 CO C,.O:BI1fOM. 
IlycTb Tpe6yeTc~ Ko,n:, 3arrncaHHblll na perucTpe Reg1, CKOIIHpOBaTb na Reg2. 8TO MO)KHO 

C,D,eJiaTb, narrpHMep, coe,[\IIHIIB QQ'-Bb!XO,l.\bl TpHrrepoB perHCTpa Regi C SR-Bxo,a,aMII 

TpurrepoB perucTpa Reg2 • Tor,D,a curnan c, 110,1.1aBaeMhIH na cuHxpoBXO,l.\bI TpurrepoB 

perucTpa Reg2, CbirpaeT p0Jib K0MaH,l.\bl Tpe6yeMoro KOilllpOBaH:lrn. 
Hu)Ke ,1.1aH 3JieMeHT cxeMhI Korr11poBaHH51 i-ro· pa3pa;xa perncTpa Reg1 na i-ii pa3p51,n: 

perucTpa Reg2. KorrupoBanue ocTaJibHbIX pa3p51,l.lOB ocyll\eCTBJI51eTC51 aHa.norwmo. 

PerucTp Reg1 PerucTp Reg2 

~!IT, l ~ ~ ~ IT,~~: 
C 

EcJIH )Ke Tpe6yeTC51 KO,l.\, 3arr11caHHhiii Ha perucTpe Reg3, neperrncarb Ha perncTp Reg4 co 

C,l.\BIII'OM _Ha O,l.\llH p~p51~ BJieBO IIJIII BIIpaBO, TO cxeMa peaJIH3au;uu TaKoro C,IJ,B11ra 6y,1.1eT 

aHaJIO~H'IHOfi; pa:rn'uu;a Jllllllb_ B TOM, 'ITO QQ'-Bb!XO,l.\bl i~ro Tp11rrepa perHCTpa Reg3 6y,l.lyT 

coe,D,HHeHbI c SR-Bxo,1.1ar-.111 He i-ro Tpurrepa perncTpa Reg4, a (i + 1)-ro (c,1.1Bttr BJ1eio), 

IIJIH ( i - 1 )-ro ( C,l.\Bllr BnpaBO). . . . 
Ilpu 3TOM_ KO,l.\, B~ITaJIKirnaeMhiii 3a 11pe,ie,1b1 perncrpa Reg4, 6y,1.1eT J11160 11porra,1.1aTb, H 

TOr,D,a Ha MeCT0.0CB060,l.\llBIIIel'OC51 MJia,[\llICro (11J111, uao6opOT, CTapmPrO) pa3p~,l.la MO)KHO 

3a11ucaTb, na11p11Mep, 11yJ1b; n1160 OH MO,KCT 6h!Tb IIIIKJIH'IeCKII ncpencc~H- B l\!Jla;IIIIIIH 

(cooTBeTCTBCIIHO, B crapurnii) pa3p51,1J,. · · 
Ponb KOMaH,l.\hI. TaKo~o C,l.\BHra1 KaK u panhme, M0)KCT nrparh, uanpm,1ep, curHa.n 

c1111xpoH113au;1111 c, 110,1.1aBaeMbiii Ha perucTp Reg4 . 

C,1.1BHf ue o6513aTeJib!IO M0)KeT 6b!Tb rrpHMeneH K I\Cal0MY K0,IJ,y. HanpnMep. KO/I, ,l.\BOH'IIIOl'O 

'IHCJia -101.1101, 11306pa)Ka!Oll\Cro ,D,eC51Tll'IHOC '111CJI0 -5.9375, K0TOpoe IIMPCT /1,BOH'Illhlll 

B11,l.\ ..:.1QU101 · 2+11 , MO)KCT '6~!Tb 3ar111CaH KaK 10111011101; '.l,l.\CCh 

u;Hq,pa Ko,z.a 
HOMep pasp.H,D;a 

1 0 1 1 1 0 1 1 1 0 1 
10 9 8 7 6 5· 4 3 2 1 0 

lOcii pa3p51,D, - 3T0 3HaK ·'IHCJia (M1111yc), 9cii - 3HaK nop.H/\Ka (nmoc), 7-8-ii pa3Jl}lil,bl - 3TO 

nop51,l.\0K (,D,BOll'l!IOC 11, ,1.1ecHTl1'1H0e 3), pa:3pHJ\hl 0-6 3T0 MaHTl!Cta 'IIICJia. Ilpn TaKoii 

K0,D,llp0BKe C,[\BHraTb 11,eJiecoo6pa.1110 Jllllllb MalITIICCy; C)l,Blll'aTh 3lli\Kll II IIO!JH)l,OK CMhJC./Ia 

nc HMeeT. Ilo3TOMY pa:-1Jrn•ia10T 

• aptt<pMCTll'ICCK11ll C)l,BIII' - C)\BIII' 0)1,IIOH MHHTIICChl; 
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• J!Orll'i€CKl!ll C,ll.Bllr - C,ll.Bllr BCero KO,!],a. 

O6a C,ll.Bl!ra MOryT 6hITh ocyrn;eCTBJieHbl BhIIIIepaccMOTpeHHhlM cnoco6oM. 

G4ETqJ1K. 

9TO ew;e O,ll.HO ycTpOii:CTBO, Hrparow;ee 6oJibllIYIO pOJih B cxeMax aBTOMaTHKll. C'!eT'!IIK 

npe.n,cTaBJilleT co6oii: aBTOMaT, llMerow;11ii: perl!CTP TeKyrn;ero ,ll.BOll'IHOro KO,ll.a, KOTOpblll 

yBeJill'll!BaeTCll Ha 1 np11 nocTynJieHIIII BXO,ll.HOrO Cl!rHaJia. H11)Ke npllBO,ll.llTCll np11Mep 

C'!eT'!llKa, npl!HIJ;lln .n,eii:CTBIIH KOTOporo OCHOBaH Ha pacnpocTpaneu1111 IIOJIO)Kl!TeJibHOro 

nepena.n,a CllrHaJIOB no u;enO'IKe JK-Tp11rrepOB: eCJIII i-ii: Tp11rrep MeHHeT COCTOHHl!e "1" 

ua "O'', TO Ha Q-Bh!XO,ll.e TaKoro Tpllrrepa B036y)K.n,aeTCll CllrHaJI, onpOKll,ll.bIBarow;11ii: 

c,1e.n,yrow;11ii: (i+ 1)-ii: JK-Tp11rrep. ECJI11 )Ke coCTOHHHe nepexo.n,11T 113 "0" B "1", TO c11rHaJI 

He B036y)K;u,aeTCll. 
TaKOH ClffHaJI MO)KcT 6b!Th np0113Be.n,eH, HanpHMep, .n,mpcpepenu;11pyIOIIJ;IIM 3JieMeHTOM II 

nopor0BhIM orpaHll'll!TeJieM IIJIII .n,pyrl!MII TeXH!I'leCKIIMll npHeMaMll. 

1 1 1 
I 

·~ITT: J TTo Qo J TT1 
C C ...... 
K Q~ K Q; 

1 1 1 

C'!eT'IIIK pa6oTaeT CJie,11.YIOlll;IIM o6pa30M. Bxo.n,HhlM llBJIHeTCll CIIHXpoc11rHaJI, 

no,11.aBaeMhiii. Ha c11Hxpoaxo,11. MJia.n,IIIero 0-ro Tp11rrepa. Ha JK-BX0,11.hI acex Tp11rrepoa 

no.n,aeTCll IIMnyJihCHhlll Cilrna.1 "1", T.e. ,ll.OCTaTO'IHO 3a.n,ei1CTBOBaTb e.n,IIHil'!HhlM CilrHaJIOM 

c1rnxp0Bxo.n,, II npoI13oi1.n,eT onpoKI1,ll.hIBaHI1e TpI1rrepa. 
IToHCHIIM pa6oTy C'!eT'!IIKa Ha '!eTbipexpa3p51,!],HOM nplIMepe. ITyCTh Haqa,1bHhIM 6b!JIO 

COCTOHHIIe 0000. ITplI no,n:aqe CllrHaJia C Ha C-BX0,11. 0-ro Tp1Irrepa OH onpOKIIHeTCH, HO TaK 

KaK nepexo.n, 6hIJI "O - 1", TO c ero Q-BhlXO,ll.a CIIrHaJI He IIOCTYIIIIT Ha BXO,ll. c 1-ro Tp1Irrepa. 

TeKyrn;ee cocTOHHIIe c'leTLrnKa 6y.n,eT 0001. C.rre.n,yrorn;1Iii: c1IrHaJI c ycTaHOBIIT 0-ii. Tp1Irrep 

B "0", HO TaK KaK nepexo.n, 6bIJI "1-0", TO c ero Q-BhIXO,ll.a 6y.n,eT CHHT nOJIO)KIITeJihHhIH 

nepena.n,, KOTOpbIH nOCTYIIIIT Ha CIIHXpOBX0,11. 1-ro Tpilrrepa II onpOKIIHeT ero. ITocKOJihKY 

nepexo.n, 1-ro Tpilrrepa 6bIJI "O - 1", TO ,ll.MhHeilll!ero pacnpocTpaHemrn CIIrHaJIOB He 

6y)I.eT, II TeKylll;IIM COCTOHHlleM C'!eT'IIIKa 6y,n:eT 0010. CJie.n.yrow;11ii: C onpOKl!HeT 0-n 

Tp1Irrep, HO He onpOKIIHeT 1-ii:, 11 TeKYlll;IIM c11rHaJIOM CTaHeT 0011; ·.n,aJiee, CJie,!J.YIOlll;IIll c 

onpOKIIHeT 0-ii:, 1-n 11 2-n Tp1Irrepa II COCTOHHlle CTaHeT 0100, u T.,!],. 

C'!eT'!IIK MO)KeT 6b1Th IIOCTpOeH II Ha 0CH0Be o6w;ero II0,11.XO,ll.a K peaJin3aIJ;IIII 

aBTOMaTOB. TioHCHIIM 3TO Ha nplIMepe C'!eT'IIIKa 6oJiee o6w;ero TIIna: C np0113B0JlhHhlM (He 

o6a3aTeJihHO e,ll.lIHII'!Hh!M II IIOJJO)KIITeJJbHhIM) maroM II co C'!eTOM no MO,!J.YJJIO MeHbll!eMy, 

'!eM 2n+1_ 
3A,ILA qA 1. On11caTh Tpexpa3pH,ll.Hhlii. c'!eT'III.K, pa6oTarow;un c ll!aroM 2 no MO,!J.YJIIO 5 KaK 

aBT0MaT, T.e. np11 nocTynJieHIIII BXO,ll.Hb!X CIIrHaJJOB COCTOHHIIH C'!eT'!IIKa 6y.n.yT TaKIIMII.: 

0, 2, 4, 1, 3, 3aTeM CHOBa O; HJIII B ,ll.BOII'IHOM Bll,Ae 000, 010, 100, 001, 011 II CHOBa 000 

H T.,!J.. 
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GocraBHM a6cTpaKTHOe onm:rume aBTOMaTa. l1MeeM:· 

• Bxo.n,Hoii. aJiq>8.BllT: X - BX0,11.HOil CllrHaJI C'leT'lllKa. 

• BhlxoiHoil aJiq>aBHT: q - a6cTpaKTHOe 3Ha'!eHHe COCTOHHllll pemCTpa C'!eT'lll~a ll 

q2qiqo - ero ,!I.BOH'l,l:[Oe 3Ha'!eHHe. 

• OH )Ke aJiq>aBHT COCTOHHllii.. 

TiocKOJihKY nepeKJiroqeHHH cqeTqHKa npo1Icxo,11.HT TOJihKO npn ; x = 1, cpyHKIJ;llIO 

nepeKJIIOqeHllll COCTOHHllil MO:lKeM cqHTaTh He3aBllCllMOii. OT x. HH:lKe .. ripHBe,ri.eM 

Ta6JIIIIJ;hl a6cTpaKTHOrO aBTOMaTa H COOTBeTCTByrow;ero ,11.BOllqHO KO,!J.!ipOBaHHOro, KaPThl 

KapHO ,!I.Jill MIIHIIMH3aIJ;llll <PYHKIJ;llil BKJIIOqeHllll CJie,!J.YIOlll;IIX COCTOHHllil Q2, Qi, Qo II 

nonyqeHHhle M,ll.Hct>. 

q Q 
0 2 
1 3 
2 4 
3 0 
4 1 
5 * 
6 * 
7 * 

q2 qi qo 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 

1 1 1 

Q2 Qi Qo 
0 1 0 

0 1 1" 
1 0 0 
0 0 0 
0 0 1 

* * * 

* * * 

* * * 

00 01 11 10 
1+ Q2 = qi&ifo 

1 * * *+ 

1+ 1+ Q1 = lf2&ifi 
1 * * * 

-I- Qo = q2 V q~&qo 
1 1+ *+- *+ *+ 

3,11.ecb 3HatieHllll <PYHKIJ;Hli nepeKJIIO<JeHIIll COCTOHHllli Ha Ha.6opa.x apryMeHTOB 101, 110, 
111 Mbl 3aMeHIIJIH CIIMBOJIOM *, nOCKOJibKY . no yCJIOBII.SlM pe:lKIIM3 pa60Thl cqeT'IIIKa 

(cqeT no MO,!J.YJJIO 5) OH He MO:lKeT nonacTh B 3TII cocTOHHIIH. 9TOT CIIMBOJI 'noMor HaM 

ocyiu;eCTBIITh. MUH11M113an;11ro C,ILH ct> 6onee · 3q>q>eKTIIBHO. · · 

C11rHaJJhl Q2 , Q1 , Q0 nocrynaIOT Ha BX0,11.hI Tp11rrepoa per11crpa C'!eTq11Ka II nepeKJiroqaroT 

IIX HJ:lKHhiM o6pa3oM.' . . . 

3A,ILA qA 2. TiocrpOIITh aBTOMaT - KOJJhn;eaoli cqeTqIIK, T.e .. ( n + 1 )-pa3pll,ll.Hblii. 

per11CTp, Ha O,AHOM Il3 pa3pll,!J.0B KOTOporo 3anI1CaHa e,11.IIHIIIJ;a, Ha OCTaJJbHhIX H)'JJll, II no 

BX0,11.HOMY CllrHaJJY 3Ta e,11.IIHUIJ;a IJ;llKJlll'!eCKll nepeMern;aeTC.Sl B,ll.OJlh perIICTpa (aneBO min 

Bnpaao). 

CMHTE3 ABTOMATOB OBlll.Ero TMTIA. 

TioHCHIIM 3TY npou;e.n.ypy Ha nape KOHKpeTHhIX npnMepoB. 

TIPMMEP •.l, TiycTh ,MhI XOTIIM ,nocrponTh aBTOMaT, ynp8.BJIHJOIIJ,118 pa6oToii: •Jmq>Ta B 

HeKOT0pOM 3-3Ta:lKHOM p.oMe CJie,!J.YIOIIl,IIM o6pa30M: Ha:iKaTa.Sl KHOnKa Ha 3Ta:lKe 03HaqaeT 

Bbl30B Jillq>Ta, T.e. no.n,aqy ero Ha C00TBe'l'CTBYlOIIJ;Illi 3Ta:lK; eCJIII KHOnKII 0T:lKaTbl, Jlllq>T 

OCTaeTCll Ha TOM,.3Ta:iKe, r,11.e HaxO,ll.llTCH; aBT0MaT pear11pyeT T0JlbKO Ha 0,ll.HY Ha:lKaTylO 

KHOnKy. 
HaqHeM c a6crpaKTHOro aBTOMaTa. On11ll!eM aJJq>aBIIThl. 

• Bxo.n,non·ancpaa11T X: (1,2,3) - H0Mep 3Ta:lKa c Ha:iKaroli KHOnK0li 11 0 - cn'cyTcra11e 

Bb130Ba; 

29. 



• BbIXO,U.HOii a.11<pa.BHT Y: (+,-,0} - KOM8.H,ll.bI Ha MOTOp:-,n;Bnra.TbCSI BBepx, BHH3, He 

,ll.BHr8.TbCSlj 

• A.11q>a.BHT COCTOSIHHii Q: (1,2,3) - 3T8.)K, r,n;e H8.XO,ll.HTCSI JIHq>T B ,ll.8.HHblii MOMeHT. 

,UaJiee H,11,yT q>yHKll,HH Bbipa6oTKH Bb!XO,ll.HOii HHq>OpMall,HH H nepeKJIIO'leHHSI COCTOSIHHii . 

Ha'IHeM C HX Ta6JIH'IHOro 3a,n;a.HHSI. 

Xi q; Yi qi+l Xi q; Yi qi+l 
0 1 0 1 2 1 + 2 

0 2 0 2 2 2 0 .2 

0 3 .0 3 2 3 - 2 

1 1 0 1 ' 3 1. .+ 2 

1 2 - 1 3 2 + 3 

1 3 - 2 3 3 0 3 

A Tenepb IlOCTpOHM H306pa)KeHHe ,n;aHHoro 8.BTOMa.Ta· B BH,U.e rpaq>a. BepIIIHH8.MH 

Ta.Karo rpaq>a 6y,n;yT COCTOSIHHSI. 11TaK, HMeeM rpaq>: 

2/+, 3/+ 

1/-

o;o--;-1;0 o;o--;-2;0 

BHyTpH BepIIIHH rpaq>a yKa3aHbl. COCTOHHHH aBTOMaTa, pH,U.OM C ,n;yraMH Ha,U.IlHCH: 

KaKHe BXO,ll.Hbie CHrHaJibl Bbl3bIBa!OT ,n;aHHblll: nepexo,n; H KaKa_H npH ;)TOM Bbipa6aTb!BaeTCH 

Bb!XO,U.HaH HHq>OpMall,HH. 
Tenepb nepexo,n;HM K npo11,e,11,ype CHl!Te3a aBTOMaTa. Ha'IH_HaeM C ,ll.BOH'IHOll: KO,U.HpOBKH 

aJiq>aBHTOB. 
BH,U.HO, 'ITO ,ll.JIH ,n;BOH'IHOil: KO,ll.HpOBKH 3Ha'!eHHii BXO,ll.HbIX H Bb!XO,ll.llb!X CHrllaJIOB .H 

CI'.!rHa.JIOB TeKylll,ero COCTOHHHH ,D,OCTaTO'IIIO 2-pa3pH,D,Hb!X KO,D,OB X1Xo, Y1Yo H q1qo. 

Ta6m-111,a KO,D,OB 6y,n;eT c.11_e,n;ymll1eii: 

X X1Xo y Y1Yo q Q1Qo 
0 00 0 00 

1 01· + 01 1 01 

2 10 - 10 2 10 

3 11 3 11 

HoMcp TeKylll,ero COCTOHHHH, T.e.- HOMep 3Ta)Ka, Ha KOTOpOM 118.XO,ll.HTC51 JIHq>T, Mb) 

6y,n,eM xpaHHTb na 2-pa.3p51,ll.llOM TpHrrepHOM perHCTpe; nepeKJIIO'laTb TpHrrepa ,n;.11'a 

c.11e,n;y10ll1ero TaKTa Mb! 6y,n;eM 110,n;aBaeMblMH Ha BXO,ll.bl TpHrrepOB KOMaH,n;aMH s HJIH 

R .. 
Mb! BH,ll.HM, 'ITO q>yHKll,HH · Bb!XO,ll.0B 6y,n;yT 2-pa3pH,D,llb!MH q>yHKll,HHMH 4 ,D,BOH'IHblX 

nepeMeHHblX: 

Y1 = Y1(x1,xo,Q1,qo); Yo= Yo(x1, xo, Q1, Qo)- · 

<l>yHKll,HJ:I nepeKJIIO'leHml COCTO.HJ!Hll:, T.e_. CH_r~aJibl Ha. BXO,ll.bl TpHrrepon, . 6yJ].eM 

o603Ha'!aTb KaK Q1 Qo - 'IT06b1 He nyTaTb HX C cnrnaJiaMH C Bb!XO,D,OB Tp_ttrrepoB QJ Qo-
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9TH q>yHKll,HH TO)Ke 6y,n;yT 2-pa3pS1,ll.Hb!MH q>yHKll,HSIMH 4 ,ll.BOH'IHbIX nepeMeHHbIX: 

Q1 = Q1(x1,Xo,q1,qo); Qo = Qo(x1, lo, qi, q~). 

KIDK,11.aH H3 3Tnx 4 q>yHKll,Hii MO)KeT 6hITb peaJIH30Baiia KaK, HanpHMep, C,UH<I>. ,D;JIH 

3TOro IlOCTpOHM 06nzy10 Ta6JIH11,Y 4 q>yHKll,Hii. 

X1XoQ1Qo Y1 Yo Q1 Qo X1XoQ1Qo YI Yo Q1 Qo 
0000 * * * * 1000 * * * * 

0001 0 0 0 1 1001 · 0 1 1 0 

0010 0 0 1 0 1010 0 0 1 0 

OOll 0 0 1 1 1011 1 0 1 0 

0100 * * * * 1100. * * * * 

0101 0 0 0 1 1101 0 1 1 0 

0110 1 0 0 1 

0111 1 0 1 0- I 
1110 0 1 1 1 

1111 0 0 1 1 

TaK KaK COCTOHHHH O HeT, TO BCe 4 q>yHKll,HH Ha Ha6opax, r,n;e q1Qo paBHO Hy.1110, 6y,n;yT 

He onpe,n;eJieHbl. Mb! OTMeTHM 3TO o6CTOHTeJibCTBO 3Be3,U.O'IKaMH .. 

Mb1 MOrJIH 6bl no, 3THM Ta6.11n11,aM nocTpOHTb G,UH<I>. Bcex 4 q>yHKll,Hll:. Ho •.TaKHe 

npe,n;cTaBJieHHSI co,n;ep)Ka.JIH 6bI MHOrO TepMOB H MHOrO nepeMeHHbIX, a 3TO JIHIIIHHe IIIHHbl 

H KOHTaKTbl, a CTaJIO 6b!Tb, H MeHhIIIaH Ha,n;e)KHOCTb H 60JibIIIaH CTOHMOCTb. Ilo3TOMY 

MbI 6y,n;eM MHHHMH3npoBaTb 3TH C,UH<I>, T.e .. CTpOHTb M,UH<I>,. HanpHMep, c noMOlllbIO 

KapT KapHo. TiocTpOHM cHa'laJia y1 H y0 KaK M,UH<I>. 11MeeM 

Q1qo= 00 01 11 10 Q1Qo= 00 01 IL 10 

x1xo=00 * X1Xo=OO * 

x1xo=Ol * 1+ 1-t, X1Xo=01 * 

x1xo=ll * X1Xo=ll *+- l+ 1-

X1Xo=l0 * 1 X1Xo=l0 *+ l+. 

JleBall KapTa ,ll.JIH MHHHMH3all,HH q>yHKll,HH Yi, a npaBaH ~ ,ll.JIH Yo• IloKph!THH llOKa~aHhl 

aa KapTax 311aKoM +. B pe3yJibTaTe m,ieeM 
, V ,- , , , 

Y1 = x 1XoQ1 . X1X0 Q1Qo, Yo = X1Q1 V X1XoQ0 . 

A Tenepb npo,n;e.11aeM TO )Ke ca.Moe ,ll.JIH q>yHKll,Hil: Q1 H Qo 
Q1Qo= 00 01 11 10 Q1Qo= 00 

X1Xo=00 '* ' ' 1-+ 1-+ X1Xo=00 *+ . 1+- 1-

X1Xo=Ol * 1-

x 1x 0=11 *+' l+ 1+-. l+-

x1xo=Ol *++ l+ l+ 
X1Xo=ll *++ 1-' 1+-

X1Xo=l0 *+ l+ 1+-+ 1+-+ X1Xo=l0 * 

-JleB!iH icapTa' ,D,JIH MHHHMH3all,HH rpyHKll,HH Q1 j a npaBaH - ,ll.JIH Qo. KapTa ,ll.JIH 

Qi ,n;onycKaeT BOCbMepHOe IlOKpblTHe - caMaH 3q>q>eKTHBHaH MHHHMH3all,HH. -,D;.1IH Qo 
HCllOJib3yeM 2 IlOKpb!THH H3 4 KJieTOK H 2 IlOKpb!THH H3 2 KJieTOK. 11MeeM 

• ,I; : ~ ' ' • • 

Q1.= X1 V Q1Qo V x~ql, . 

Qo = x~q~ V xocfo · V x~x~qo V XiXoQ1- · 

CxeMa noc~poeHHOrO _.aBTOMaTa 6y,1\eT COCTOHTb H3 2 qacTefi: -. 
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1. 2-p33pH,!!.Hblfi TpnrrepHblll perncTp ,ZJ,Jrn xpaHeHHH TeKym;ero COCTOHHllH - HOMepa 

3Ta)Ka, Ha KOTOpOM HaxO,!l.llTCH JJmpTj 

2. KOM6nHaII,HOHHaH cxeMa, peaJJH3yIOIII;M q>yHKII,llll Y1,Yo,Q1,Qo ll II0,!1.BO~aH llX 

Ha 
0

BbIX0,!1.HOe yCTpOfiCTBO (yrrpaBJJeHne MOTOpOM JJmJ:>Ta) ll Ha BX0,!1.bl Tpnrrepoa 

perncTpa. 

CxeMa pernCTpa 6y,!l.eT CJJe,!I.YIOIII;efi. 

Q1 

~

Ql 

<Ii 
I 
1 

Qo 

~

qo 

<lo 
I 
0 

CnrHaJJ i-ro TaKTOBOro llMIIYJJbCa 6y,!l.eT IJO,!l.aBaTbCH Ha CllHXpOBXO,!l.bl c. C Bb!X0,!1.0B 

TpnrrepOB 6y,!I.YT CHllMaTbC$1 CllrHaJJbl Q1 ll Qo- CnrttaJJbl Q1,Qo 6y,!I.YT IIO,!l.aBaTbC$1 Ha 

S-BX0,!1.bl, a llX,llHBepcnn - Ha R-BX0,!1.bl TpnrrepoB ll BKJJIO'laTb llX B HY)KHOe COCTOHHHe. 

3,!l.eCb MO)KHO 6bIJJO llCIIOJlb30BaTb D-Tpnrrepa, TaK KaK ace llX COCTOHHllH BKJIIO'laIOTCH 

rrpnHY,!1.llTeJJbHO. 

,IJ;anee, KOM6nHaII,llOHHaH cxeMa ,!1.JIH peaJJn3aII,llll IJ>YHKl.\llll Y1, Yo= 

x--' _xox0qiqi, oqo X 1X1 XOXo 1 ~ qoifo 

& 1 
& 

Yi 
& 1 t---

& 
Yo 

CIIrHllJibl Xi, Xo - 3TO CIIrHaJJbl OT KH0II0K Ha 3Ta)KaX. M,ll;H«l>, peaJJII3yeMbie ,!1.aHHblMII 

cxeMaMH, 3TO IJ>YIIKI.\IIII Yl = X1XoQ1 V X1XoQ1Qo II Yo= X1Q~ V X1X0Qo• . 
11, HaK0Hen., KOM611Hal.\U0HHaH cxeMa )VI~ peanlI3aII,IIII q>YHKI.\IIH Qi, Qo: 

Xl Xt XoXoql qi qoqo X1X1XoX0Ql~QOqO 

1 1 

~ II l l I I I I & 

M,ll;H«l>, peaJJII3yeMble ,!1.aHHb!Mll cxeMaMll, 3T0 q>YHKl.\llll Q1 = X1 V QiQo V .. XoQ1 ll 

Qp = x'1Q1 V ,xo<fo V X1X0Qo V X1XoQ1- . 

IIPI1MEP 2. IIonpo6yeM C03,!l.aTb aBTOMaT, KOWpblfi ynpaBJJHeT pa6oTofi c~eToq>opa'. 

9TOT CBeTOq>OP aBTOMaTII'leCKll nepeKJJIO'laeTCH ClfrHaJJaMll TafiMepa, CJJe,!1.YIOIII;llMll qepe3 

orrpe,!1.eJJeHHble rrpoMe)KyTKll BpeMeHll, ll M0)KeT rrpIIHY,!1.llTeJJbHO BKJJIO'll!Tb 3eneHblfi CBeT 

,!I.JIH rreruexo,!I.OB ( TeM caMblM KpacHblil ,!I.JIH aBTOM06n:71eli.) no CllrHaJJY OT KHOilKll Ha CTOJJ6e 
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CBeToq>opa (TaKlle CBeTOq>Opb! ,!I.JIH y,!!.o6cTBa rrernexo,,:i;oB a o6nJJllll nMeIOTCH a 3aIIa,!I.HOii 

Eaporre). 

OnnrneM a6CTpaKTHblll aBTOMaT. 

• Bx0,!1.HOll aJJq>aBHT X: (0-CHrHaJJ OT Tali.~epa; 1-CllrHaJJ OT KHOIIKn);' 

• Bb1xo,!1.HOli. anq>aanT Y: (R,G,Y) - BKJJ10qaeMhiii n.aeT ceeToq>opa, R - KpacHbili., G 
- 3eJJeHbili., Y - )KeJJThlii. , 

• Anq>aBIIT ·coCTOHHIIli. .Q: (R,G,Y, J) - TeKym;IIli.. n.eeT caeToq>opa, R - KpaCHbili., G -
3eJJeHbili., Y - )KeJJTblll IJOCJJe KpaCHOro, J - )KeJITblll IJOCjie 3eJJeHoro . 

Ha 3TOM rrpnMepe,Mbl BII,!1.IIM, KaK pa6oTaeT MeXaHII3M rraMHTll y aBTOMaTa. Bnaro,!!.apH 

COCTOHHIIHM aBTOMaT 3HaeT, KaKoli. II,BeT BK.riJO'laTb rroCJJe ,KeJ.ITOro: · KpaCHblll llJ1II 

3eJJeHblll. KoM6HHaII,IIOHHM cxeMa 3,!l.eCb He CMOrJla 6bI npmrnTb npaBIIJlbHOe perneHIIe. 

BbIIIHIIIeM Ta6JJIIII,Y 3Ha'leHIIll q>yHKI.\IIfi Bblpa60TKH BblX0,!1.HOii IIH<popMal.\Hll II 

nepeKJJIO'leHIIH COCTOHHIIfi. 

X; Qi Y; Qi+l X; q; Yi Qi+1 

0 R y y 1 R R R 

0 G y J 1 G R R 

0 y G G 1 y R R 

0 J R R 1 J R R 

IIepeXO,!l.llM K npon.e,!I.Ype Cl!HTe3a aBT0MaTa. lfraK, uaqnHaeM C ,!I.BOII'lH0ll K0,!1.llp0BKII 

aJJq>aBIITOB. 

Bll,!1.HO, 'ITO ,!I.JIH ,!I.BOII'IHOH K0,!1.llpOBKll 3Ha'leHIIii BXO,l.l;H0rO Cl-IrH!l.Jia ,!I.0CTaTO'lHO l
p33pH,!1.H0ro K0,!1.a Xo, a )J.JJH Bb!X0,!1.Hb!X CIIrllaJJ0B 'II cnrua.rIOB TeKyII~ero C0CTOHHIIH 

2-pa3pH,!1.HbIX K0,!1.0B Y1Yo II Q1Qo, Ta6JJIIl.\a K0,!1.0B 6y,!l.eT CJJC,!I.YIOII.\Cll 

X Xo y YiYo q QiQo 

0 0 R 00 R 00 

1 1 y 01 y 01 
G 10 G 10 

J 11 

HoMep TeKym;ero cocT0HHIIH, T.e. I.\BCTa caeToq>opa, 6y,n;e.\1 xpanIITb na 2-p33pH,!1.HOM 

TpnrrepttoM perIICTpe. 

BH,!I.HO, 'ITO q>YHKI.\IIII Bb!X0,!1.0B 6y,!1.YT 2-pa3pH,!1.Hb!Mll IJ>YHKI.\HHMll 3 ,l.l;BOll'lHbIX 

nepeMeHHbIX'. 

Y1 = Yi (xo, Q1, Qo); Yo= Yo(xo,Q1,Qo), 

<I>yHKl.\llll nepeKJJIO'leHirn COCTOHHllii 6y,!l.eM o6o3Ha'laTb, KaK II pattee. Q1Qo, 9TH 

q>yHKl.\llll T0)Ke 6y,!I.YT 2-p33pH,n;HhIMII q>yHKl.\l!HMll 3 ,!I.B0il'lllb!X rrepeMellllbIX: 

Q1 = Qi(xo,Qi,Qo); Qo = Qo(xo,Q1,Qo), 

Ka)K).l,aH l!3 3Tl!X 4 q>yHKl.\llii 6y,n,eT peaJJII30BaHa, KaK II panee, KaK M,Il,H<I>. ,Il,JJH 3Toro 

II0CTp0llM o6uzy10 Ta6JJI!II,Y 4 IJ>YIIKl.\llll. 
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XoQ1Qo Y1 Yo Qi Qo XoQ1Qo Y1 Yo Q1 Qo 
000 0 1 0 1 100 0 0 0 0 

001 1 0 1 1 101 0 0 0 0 

010 1 0 1 0 110 0 0 0 0 

011 0 0 0 0 111 0 0 0 0 

CTpOHM M.D:H <I> wrn Y1 n Yo c noMo~bIO KapT KapHo 

Q1Qo= 
Xo=0 
Xo=l 

00 01 11 

1 
10 

1. 
Q1Qo= 
xo=0 
Xo=l 

00 01 
1 

11 10 

JleBaH KapTa ,11,JHI MHHHMH3a~Hll <pyHK~llll Y1, a npaBaH - ,11,JJH Yo- I1MeeM 

Y1 = x~q;qo V ·x~q1q~, 

Yo= x~q;q~. 

AHaJJOrH'IHO CTp0HM M.D:H<I> ,11,JJH Q1 H Qo: 

Q1Qo= 
Xo=0 
xo=l 

00 01 

1 
11 10 

1 
Q1Qo'" 

Xo=0 
xo=l 

00 01 11 10 

11 I 1+ 

JleBaH KapTa ,JJ,.IIH MllHHMll3aI\llll <pyHK~Hll CJ1, a npaBaH - ,11,JlH Qo, TioKpblTHH 

noKa3aHbl na KapTax 3HaK0M +. B pe3y,1bTaTe l!MCCM . 

Q1 = x~q;qo V X~(M!i, 

Qo = :r:~q;. 

2-pa3pH,!!,Hblii Tpllrl'CJ)Hblll perHCTJ) ,11,JlH xpa11e1111>1 IIOMCJ>a C0CT0HHIIH aBT0MaTa 6y,11,eT 

TOT )Ke caMblii, '!TO II B Bb1IIIenp1rne,n:eHIIOM IIJ)IIMCJJC, a KOM6nna~1IOI1I1aH cxeMa ,11,JlH 

peamI3a~nll <pyHK~llii Y1' Yo 6y)\CT CJJC,!1,YIOII\Cii: 

xox' i' 1q1qoqo :ro:1:(i<( 1 <{( '{oq_(, 

r-- & 
~ 1 Y1 Yo 

& 
~ 

11 KOM6nna~no1111aH cxeMa ,il,JIH pea,1n3a~nn cpynKI\Hii Qi, Qo: 

XoXo<(I q\ IJ_o(J_/1 xox(1qi q\ qoq_[, 

1 

Ml1HI1MI13Al.U15I ABTOMATOB. 

B TO BJ)CMH KaK IIJJH IIJ)0CKTHJ)OBaHIIII aBTOMaTa ,apancc :m;\all Tllll llX0)\IIOH II llb)XO)\HOH 
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llH<pOpMa~HH, Tpe6yeMoii d'i'· 3Toro aBT0MaTa, BC:mpoc 0 -C0CT0HHHHX qacT0 6bmaeT 

Heacen. Heacno, '!TO 6paTb 3a C0CT0HHHH; CK0JlbK0 IIX 6paTb. PacCMOTpllM npHMep ,11,BYX 
'·· aBT0MaT0B. 

y· HHX 0,11,IiimKOBbie BX0,11,Hh!e a,b II Bb!X0,!J,Hb!e 0,1 aJJ<paBHTbI, HO pa3Hb!e aJJ<paBIITbl 

C0CT0HHllii: y 1-ro· 1,2,3,4, y 2-ro 1,2,4. 

1-ii aBT0MaT 2-ii aBT0MaT• 

X; Q; Y; Qi+1 X; Q; Yi Qi+l 
a 1 0 2 a 1 O' 2 

b 1 0 4 b 1 0 4 

a 2 0 3 a 2 0 2 

q 2 0 1 b 2 0 1 

a 3 0 2 a 4 1 2 

b 3 0 1 b 4 1 i 
a 4 1 3 

b 4 1 1 

MO)KHO o6paTIITb BHHMaHHe na TO, 'ITO XOTH ")Kll3Hb" 1-ro aBT0MaTa 6oJJee 

pa3noo6pa3Hiu1, ecJJn · o6'be.inHHTb cocTo~nnH' 2 n 3 1-ro anToMaTa, TO Bb1xo,n:naH 

IfH<pOpMii~n~, np~II3B0,!1,HMaH aBT0MaTaMII 1 COBepll!eHHO 0,11,HHaK0Ba H o6ycJJOBJJeHa 

0,11,HHMH H TeMH )KC. BXO,rr,aMII. C 'lllCT0 VTllJ111TapHOH T0'IKII 3peHIIH 3TH ,!!,Ba aBT0MaTa 

,11,Jli na'c 0,11,HHaKOBbl, irnri, <pOJ)MaJJbHO, •3KBHBaJieHTHbl no Bbl~0,11,HOH HH<pOpMaU,HH, HO 
2-ii aBTOMaT npo~~ no HC.no.rinenn10. . ; . '. 

C YTH~IITapnofi: TO'IKII 3peirnH 'peaJJn3a~HH 1-ro aB~O-MaTa l!36bITO'!Ha. Tipo~e,11,ypa 

p~,11,yK~IIH aBTOMaTa K cX:eMe, B KOTOpOii n0,11,MHO)KeCTBa 3KBIIBaJJeHTHbIX no Bb!X0,11,aM 

C0CT0HHllii 3aMeHeHbl Ha e,11,HHil'IHbie C0CT0HHHH, Ha3bIBaeTCH MIIHI!Mll31tl\lleii aBTOMaTa. 

E~e 6oJJee oqe~~,11,Hb;H 3JleMeHT 
0

ll36bITO"IHOCTll ~ 3~0 i.'n. 1-1e/46CTll)KJ1Mbie COC~OHHHH; 

T.e. TaKne; Il K0TOp~1e aBTOM:iT c ,11,aHHbIMH xapaKTepnCTJ1'1CCKHMII '<pyHKIJ,HHMH 11 

,11,annbIMH B~0,11,HbIMH incpaBnTaMH HHKor,i:I,a nc iwna,11,eT. BbIHBJJCHlle TaKnx cocT0HHl-lii 

ocy~eCTBJJ.HeTCH ;yTeM nepe6opa BCeB03MO)KHbIX TpaeKT0pnii, BC,11,y~HX ll3 '0,11,HHX 

C0CTOHllllll B ,11,pyrne. Tipn 3TOM ne,ri,ocTH)KllMbIMII MoryT, B np1rn~IIIIe, 6b1Tb rpynnbl 

C~CTOHHHii, T.e. aBTb~aT'
0

MO:lKeT pacnaCTbCH na neCKOJlbKO ~Oj\aBTOMaTOB, pa60Ta10~11x 

ne3aBttCHM0 ,11,pyr o;·,11,pyra. Ho 
0

llCKJ110'len11e TaKHX coc~0Hn11ii cpopMaJJbHbIMH MeT6,11,aMn 

ne~eJJecoo6pa3HO. 3,11,eci. 'neo6xo,11,11M anaJJn3 nep~onaqaJJbimro npoeKTa aBT0MaTa n ero 

npeo6pa3onanne na ocnoiie co,11,ep,KaTeJJbHbIX B~mo,11,0B. 
- , . ·: ~ ' 
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PA3BHTHE ABTOMATOB 

MAfA3HHHbIE ABTOMATbl. 

ABTOMaTbl .HBIIJIHCb ycTpOii:CTBaMII, crroco6Hb!MII peaJill30BaTb IICKJIIO'IIITeJibHO umpOKllll 

KJiacc aJirOpllTMOB, HO BCe-TaKII cym;eCTByeT 60JibIIIOe MHO:lKeCTBO 3a,D;atJ, )J,JI.H peIIIeHII.H 

KOTOpblX aBTOMaTbl B rrp11Hu;11ne He rrp11ro,L\Hbl. 

PacCMOTpllM cne.n;y10m;y10 3a.n;atJy. liMeeTC.H l!Hq>OpMall,IIOHHa.H u;errotJKa: 

2 + 3 + 2 + 9 + 4 + 6 + 3 + 6 + .... + 7 + 5 + 8. 

Tpe6yeTC.H: C03,L\aTb ycTpOii:CTBO, crroco6Hoe B aBTOMaT11tJeCKOM pe:lKIIMe Bbl'IIICJIIITb 3TO 

Bbipa:lKeHue. 9To MO:lKHO c.n;enaTb C IIOMOID;b!O rrpocTeliIIIero aBTOMaTa, COCTCiam;ero H3 

perucTpa TeKym;eii: cyMMbl II KOM611Hall,HOHHOlt cxeMbI, .n;o6aBJI.HIOID;eii: K Heii: rrpO'IHTaHHblll 

CHMBOJI, eCJIII 3TO u.ucppa, II 11rHopupy10m;elt ero, eCJill 3TO 3HaK +. 
Ho c11Tyau;11a MeH.HeTC.H pa,L\HKaJibHO, eCJIII uenotJKa IIMeeT, Harrp11Mep, BH,L\ 

2 * 3 + 3 + 2 + 9 * 8 * 4 * 3 * 5 + 4 + 6 * 7 + 3 * 4 * 9 * 1 + 6 + .... + 7 * 2 + 5 * 3 * 4 + 8. (1) 

3.n;ecb Tpe6yeTc.H (.n;na BbI'IIICJieHu.H rrpo113Be.n;eHuii:) 3arroM11HaHue Brrepe.n;, rrp11tJeM 

'IHCJIO 3anOMHHaeMbIX CHMBOJIOB 3apaHee He orpaHH'leHO. ,LI:pyrHMH CJIOBaMH, 

naM.HTll O rrpOIIIJIOM OIIbITe, KOTOpyIO aBTOMaT HMeeT Ha OCHOBe COCTO.HHHii:, 3,L\eCb 

He,L\OCTaTO'IHO. IlaM.HTb Ha OCHOBe COCTO.HHHli - 3TO CTaTHtJeCKa.H BHyTpeHH.H.H naM.HTb, 

cnoco6HaH y.n,ep:lKaTb Jlllllib BeCbMa orpaHH'leHHOe KOJIH'leCTBO J!Hq>OpMau;nn. ,LI:Jrn 

peIIIeHHH npOH3B0JibHO IIIHpOKOrO KJiacca 3a,n;atJ Tpe6yeTC.H ',n;onOJIHHTeJibHO BHeIIIH.H.H 

,L\HHaMHtJeCKaH naM.HTb, crroco6Ha.H paCIIIHp.HTbC.H HeorpaHH'leHHO, 'IT06b1 aBTOMaT 

OCTaBaJIC.H KOHe'IHblM. 

B o6m;eM, Tpe6yeTC.H o6o6m;eune nouaTH.H KOHetJuoro aBTOMaTa. 9To 0606m;eHIIe ,n;oJI:lKHO 

He TOJlbKO KOCHYTbC.H naM.HTH, HO ll B006m;e rrepeCMOTpeTb cpopMbI, CTPYKTYPY ll cpyHKIJ;llll 

opraHH3aIJ;Hll KaK BXO,L\HOii:, TaK ll _BblXO,L\HOii: HHq>OpMaIJ;Hll. B tJaCTHOCTH, Mb! ,L\OJI:lKHbl 

,L\OIIyCTHTb nOCTYIIJieHue BX0,21,HOii: HHq>OpMall;HH KaK B perynHpHOM, ·yrrop.H,ll;OtJeHHOM 

pe:lK11Me, TaK II B CJiytJaii:HOM, no c11r11a.,1aM rrpepbrnaHHli. 9TO ue rrpOCTO a6CTpaKTHblll 

rrepexo,n: OT ,n;eTepMHHHpOBaHHOro aBTOMaTa K He,n;eTepMIIHllpOBaHHOMY, a MO,L\eJI11poBaHHe 

peaJIIICTH'leCKOro B3aHMO,n;eii:CTBll.H cy61,eKTa ll 061>eKTa, B KOTOpOM CJiyqaii:HOCTb II 

npe,n;cKaJyeMOC~b rrepeMeIIIaHbl HC cpopMa.ilbHO, a co,n:ep:lKaTe,1bHO. , . 

,lI:aJieC, Bb!XO,L\Ha.H IIH<pOpMaIJ;IIH MO:lKeT CTpOIITbCH no OtJeHb CJIO:lKHblM 3./lrOpllTMaM, T.C. 

aBTOMaT MO,KCT npe,n;cTaBJI.HTb co6oii: CJIOlKHYIO ceTeByIO, B tJaCTHOCTH, 11epapXll'ICCKYIO 

CTPYKTYPY, COCTO.HID;YIO 113 CCMCii:CTB no,n;aBTOMaTOBj BXO,n:HaH II Bb!XO,[\Ha.H l!Hq>Op!-.tall;IISI 

MO,KeT 6b!Tb KaK MrHOBCHHOii:, TaK II npe,n;Ha.1Ha'ICHHOii: )J,JISI )J,Jil!TeJibHOro xpaHCHIISI. 

XapaKTCpllCTll'ICCKIIC cpyHKIJ;IIII aBTOMaTa MOryT 6b!Tb nepeuacTpaHBaeMbIMII caMIIM )KC 

aBTOMaTOM. li nOHBJI.HeTC.H I!OBblll Tlln 11aHMCHOBa1111ii: - CCblJIKa Ha IIM.H 11epeMeH110ii: 

(c11r11a.na), 1111a•rn a,.'),pec, yKaJaTC..'lb n T.,.'J,. 

Mb! paCCMOTpllM 3,L\CCb 3 0606m;e1111S1 aBTOMaTOB: 3TO MaraJIIHHbilt aBTOMaT (cal\toe 

npOCToe) II caMbie IIIHpOKl!e - MaIIIJIHa Tb!Opl!Hra II KOMIIblOTep; Mbl orpaHII'lllMCH 

npocTeii:IIIeii: cpopMOii: rrocJie,n;Hero - 3TO T.H. ,L\IICKpeTHblll npeo6pa30BaTeJib IIHq>OpMaI\1111 

fnyIIIKOBa. 

MaraJHHHblll aBT0MaT, qam;e H3.1bIBaeMblll aBTOMaTOM C MaraJHHHOii: rraMS!TblO (Mil

aBTOMaT), B ,/1,0IIOJIHeHHe K o6b!'IHblM np11Ha,L1,Jie:lKHOCTSIM aBTOMaTa HMeeT BIWIIIIIIOI0 
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,L\llHaMHtJeCKYIO l]aMHTb, 3anOJIIICHlle KOTOpOii: Clll\180J1a~m 11anmnmaeT 3apH,L\KY 

naTpOHaMH BllHTOBO'IHOro MaraJHHa (oTKy,D,a II TepMHHOJIOrHH), T.e. pa60Ta10m;y10 

no npHHil,Hny: nepBblM BOIIIeJI, IIOCJie,L\HllM BblIIIeJI. CnMB0,1bl. B MaraJHH aBTOMaTa 

3aIIl!CbIBalOTCH noc,1e.n;oBaTCJibHO, a ll3BJietJem1e llX 113 naMHTll np0113B0,L\JlTCH C KOHIJ;a, 

T.e. C noc.1e.n;11ero 3aIIOMHeHHoro CllMBOJia. BnpotJeM, IIOCJ1e,L\Hllii: CllMBOJI B Mil

aBTOMaTe Ha3bIBaeTC.H ero BepIIIHHOii:. OTCYTCTBlle llHq>OpMau;nu B MaraJHHe 060311atJaeTC.H 

cneqllaJibllblM CllMBOJIOM: f llJill nyCTbIM CHMBOJIOM. qTem1e 113 aBTOMa,Ta MO,KeT 6b!Tb 

naCCIIBHhlM (BhI,L\atJa KOIIllll CIIMBOJia Ha Bepumne) II aKTIIBHhIM (BhieMKa Bepnurnnoro 

CllMBOJia ll3 MaraJHHa). 

liTaK, npo.n;yMaeM aJirOpllTM, KaK C IIOMOIIl,blO Mil-aBTOMaTa Mb! CMO:lKeM Bbl'IIICJil!Tb 

BbipruKeHHe (1). Cero,n;H.H rrpll rrpoeKTllpOBaHHll aJir0pHTMOB CTa.i1 npHBbl'IHbIM CTIIJib, 

CB0liCTBeHHbilt nporpaMMllpOBaHHIO. Mb! TO,Ke BOCl!0.1b3yeMCH TeXHIIKOii: COCTaBJieHIIH 

nporpaMM, Hanp11Mep, Ha H3b!Ke c++. B npHHll;HIIe, H3bIKII nporpaMMllpOBaHIIH B03HllKJill 

II pa3BHBaJillCb B pyCJie 11,D,elt ll MeTO,L\OB, rrpHHHThIX npu K0HCTpyHpOBaHHll aBTOMaTOB, 

TaK '!TO B HIIX HMeeTCH BnOJIHC ,L\OCTaTO'IHO cpe,n;CTB, Henocpe,n;cTBeHHO np11rO,L\HhIX 

,L\JIH MO,L\eJIHp0BaHl!H CTPYKTYPbl ll cpyHKil,llll Mil-aBTOMaTa. TaK KaK B HaIIIeM CJiytJae 

0TKpb!TbIM HBJIHeTCH TOJibKO BOnpoc O COCTOHHJIHX l\'fil-aBTOMaTa ( BX0,11,HOJi, ll BhlXO,L\H0ii: 

aJI<paBHTbI otJeBH,L\HbI), TO Mb! BOCIIOJib3YCMCH SWITCH - oneparopoM H3bIKa C++, 

case-onn.nn K0TOporo 11 eCTb TO, '!TO COOTBeTCTByeT noHHTlllO COCTO.HHIIH aBTOMaTa. 

HcnOJib30BaH11e 3TOro no cym;eCTBY aBTOMaTHoro IIOHHTHH OKa3a.i10Cb O'ICHb ycneIIIHblM 

npHeMOM npoeKTllp0BaHHH nporpaMMH0ro 06ecne•1eHJ1Hj ero M0:lKHO paccMaTp11BaTb KaK 

npocTeii:IIIHii: npnMep SWITCH (Jljm automata-based programming)-TexHo.1orn11. 

Ho CHatJaJia HCCKOJibKO ynpOCTIIM 3a,n;a•1y, TaK KaK pea.n113au;11H apuq>MeTll'ICCKIIX 

,L\CllCTBHii:, He MeHHH npHHD;lllllla.JlbHYIO CTOpouy ,L\CJia, cepbe3HO ycJIO,KHHT TCXHll'ICCKYIO 

cpopMy aBTOMaTa. Ilepenl!IIICM (1) TaK: 

00 + 0 + 0 + 11001 + 0 + 11 + 0011 + I + 10 + 100 + I = (2) 

lI nyCTb Halli aJiropHTM 6y,n;eT 3aKJIIO'laTbC.H B CJ1e.n;y1om;eM: Mb! 'll!TaCM CHMB0.1bl 

CTpOKH (2), TpaKTYCM onPpa!\IIIO t- KaK ,L\ll3blOHKIJ;HIO, a npHMblKaHIIC CIIMBOJ10B' KaK IIX 

Ilp0ll3BC,L\CIJHC II Bbl'IHCJIHCM TCKYID;YIO cyMMY 3TIIX npOll3BC,L\eHllii: ,LIO Tex nop, fI0Ka ne 

6y,D,CT npo•mTaII CHMBOJI =. 
B XO,L\C Bbl'IIICJICHHH cyMMbl· Mb! ,L\OJI:lKHbl peryJI.HpHO 0II03HaBaTb c,1araeMbIC cyMMbl -

rpynm,I COMHO,KllTPJieii:. ,n:.'IH 3TOro Mb! 3an11Cb1BaCM B MaraJHH npHMbIKalOIIl,HC l\Hq>pbl, 

II0Ka ne BCTpC'rHTCH 3HaK +, noCJie tJero nepeMH0lKaCM ( cpaKTll'ICCKH JIOrll'ICCKII) 

3aIIOMHCHHblC u;11cppbl 11 .n;o6aBJIHCM llX K TCKym;eii: ,L\H3blOHKll;IIH. 

Ha H3hIKe Gt+ cooTBCTCTBYIOIIl.aH nporpaMMa 6y,n;eT HMCTb BH,.'),: 

#include <iostream.h> 

int stack[100]; 

int n=0; 

int sum=0; 

int pr; 

int i,j,ic; char ch; 

I* Mara3HH (no-aHrn11ii:cKI1 stack) *I 
I* CtJeT'IHK Mara3HHa *I 
I* CyMMa (\ref{eq12}) *I 
I* TeKy~ee npoH3Be~eHHe *I 

char* tape="1111+0+11001+1+10+0011+0+11+100="; 
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void push(int c){stack[n++]=c;} I* function: B Mara3HH *I 
· iht pop(){return stack[--n] ;} ;:,,. function: H3 ·Mara3HHa· *I' 
int mult(int a, int b){return a*b;} "/* function: * *I' 
int ·add(int a, int b){return a+b;} I* function: +· *I 
void make_itemO ,, I* function: c<t,opMHpoBaTb cnaraeMoe *I 
{int ns,k; ns=n; 
'for(k=0; k<ns:' k++) 

{j=pop(); pr=mult(j,pr); 
} 

sum=add(sum,pr)·: pr=!; 
} 

main() 
{ic=0;·pr=t; while(ch != '=') 

{ch=tape[ic]; ic++; j=(int)ch-48; 
sw:i:tch(ch) 

} 

{case '0': {push(j); break;} , 
case '1': {push(j); break;} 
case '+.'·: {make_itemO; break;} 
case '=': {make_item(); break;} 

} 

} 
cout << "sum= 11 << sum << '-\n' ;· 

I* llimTai.rur Bxo~oH HH<t,o *I 
I* CocTOXHHH: peaK~x Ha BXO,!l.hl *I 

A Terrepb ,[\a,L\HM q>OpMaJibHOe om1cam1e 3Toro aBTOMaTa Ha 11p1rn°hJqHo~ HaM H3bIKe. lITaK, 

aJI<paBJITbl 

• BXO,[\HOH: Clli\lBOJibl 0,1,+,=; 

• RhlXO,[\IIOli: rrepeM8HHhie sum,pr; 

• Mara31IHHbIH: u,eJibie qJICJia 0,1 11 B
0

8pII1ttiia Mara3JIHa;· 

• COCTOHHl1li: 0,1,2 11 2 ,[\OIIOJJHIIT8.'lbHbIX: CTapTOB08 80 11 q>IIHaJibHOe 8 J; B CTapTOBOM 

r,QCT0HHl1H aRT0MaT cpa~y RKJllOqaeT COCT0HHJie 0, B q>II]j&1hHOM pa6oTa aRTOMaTa 

3aKall'IHBaeTCH, 

Ta6,1m~a MTI-aBTOMaTa 6y,L\eT HMe'rb Bil,[\: 

Xi 

0 
1 
f· 

rn; 

f 

[ 

f 

f 

0 
1 

Q; 

0 
o·' 
0 
0 

1 
1 
1 
2 

Y; 
f 

f 

-- f 

*pr=0 

*pr 

*sum=*smn V *pr 

*sum=*sum V *pr 

Qi+! 

0 
0 
i'' 
2 
1 
1 
0 
3 

ffi;+J 

0 
1 

*stack[n} 

*stack[n) 

*stack[n} 

*stack[n} 

f 
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Mb! llCilOJib3yeM COKpalll,eHHYIO Ta6m1u,y MTI-aBTOMaTa, TaK KaK peaKU,llH Ha BXO,[\Hble 

CIIMBOJibl ocylll,eCTBJIHeTCH TOJibKO B COCTOHHllll 0, a Ha Mara3IIHHbie TOJlbKO B 1. 
O603HaqeHnH: m; - TeKylll,ee 3HaqeHH8 BepIIIllllbl Mara31111a rrpII. qTeHHH, KOMaH,L\y 3ail!ICII 

B Mara3HH 6y,L\eM o603HaqaTb !11;; ffi;+J - 3HaqeHne BepIIIHHbl Ha CJI8,L\yl0lll,8M TaKTe. 3HaK 

f o6bJqHo CJIY)KHT ,[\JIH o603Haqemrn rrycToro CHMBOJia HJIII rryCTOH orrepau,IIII; eC.'III OH 

HaXO.L\IITCH Ha Bepunrne MarasnHa, 9TO 03HaqaeT, qTo MarasIIH rrycT. 

MbI IIM88M 3 9Jl8M8HTa BH8UIH8H rraMHTII: stack, sum II pr.; Mb! He 3HaeM IIX KOHKpeTHOro 

C0,[\8p)KaHIIH B Ka)K,[\b!H TaKTOBblH MOM8HT, HO OHII a,L\pecyeMbl II Mb! MO)K8M IICIIOJlb30BaTh 

CCbIJIKY (yKasaTeJib) Ha HIIX: *stack, *sum II *pr. KaK B H3bIKe c++, eCJI_ll B orrepau,IIII 

IICIIOJlb30BaH yKa3aTeJib, TO ,[\8HCTBll8 ocy11J,eCTBJIH8TCH Ha,[\ rrepeMeHHOil:, Ha KOTopy10 OH 

yKa3bIBaeT. 

,LJ:BollqHaH KO,L\llj)0BKa COCTaBJIHIOIIJ,llX MTI-aBTC1taTa IIM8eT BII,[\; 

X 

0 
1 

+ 

X1Xo 

00 

01 

10 
11 

8bJXO,[\Hb!Mll 

YI Yo q I Q1Qo m I m1mo 

p Io 
s 1 

0 00 

1 01 

2 10 

o I 00 
1 01 

t )0 

3 11 
rrepeMel!HblMll 6y,L\yT p - 3aHyJI8Hlle 11po113Be,L\eH11H, s - Clll'HaJI 

KOppeKTllp0BKII cyMMbl. 

,LJ:JIH xpaHeHl!H TeKy11J,ero 3HaqeHII51 cyMMbl II rrpOII3B8,[\eHll~ Mb! 6y,L\eM llCIIOJib30BaTb 2 

TpIIrrepa; Mara3IIH 6y,L\eT IIOKa npoCT0 qaCTblO BH~llIHeli rraMHTll, B T8XHH'l8CKlle ,[\eT&111 

KOTOpoli Mb! IIOKa BX0,[\l!Tb He 6y,L\eM. 

Tiegen11meM Ta6JIIIIJ,y MTI-aBTOMaTa, llCIIOJib3YH y,1<e ,[\BOllqHyJO KO.L\llPOBKy. 

Mo X1Xo m1mo Q1Qo Yo Q1Qo 

00 00 00 0 

01 00 00 1 

10 00 01 

11 00 10 

00 01 0 01 

01 01 01 

10 01 1 00 

11 01 * * 

10 1 11 
<l>yHKI~IIH Yo He 3aBllCl1T OT BXO,[\HOH llH<popMarvm; '➔TO J11160 p - C,L\llllll'IHblH C'III'IIa.,1 mt 
:➔.Jlel\ieHT pr rrp11 3Ha•1e1111II m 1m 0 = 00, q1qo = 01, .:11160 s - 11a sum rrp11 m 1ni0 =·10 11 

Qi (Jo = 01 11JI11 Q1 Qo = 10. 

TiocTpOllM KapTbl KapHO /~JJH 06011x CllrHaTJOB p 11 8: 

Q1Qo= 00 01 11 10 Q1Qo 0= 00 01 11 10 

-•m, mo 0=-00 1+ m1mo=00 

m1m0=01 *+ rn1rno~~o1 * 1+ 
m1mo=ll * * * * . m1mo=ll * * t * *+ 

m1mo=l0 m1 Tllo'-" 10 1+ 
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OTCIO,n;a rronyqaeM q>OpMyJibl ,ll;JUI 3TUX curHaJI0B 

p = m;q;qo, s = m1q;qo V m~q1Q~-

CnrttaJI 3aIIUCll ~ Mara3UH paBeJi e,n;HHllIJ;e T0JlbK0 IIpll YCJI0Bllll X1Xo. = f}Q IIJ.;ll X1Xo ~ 01 
u q1q0 = 00. Tio3TOMY · · 

M = x;x~q;q~ V x;x0q;q~ = x;q;q~. 

Q1 paBH0 1 rrpu yCJI0Bmrx X1Xo = 11, Q1Qo = 00 ll Q1Qo = 10. Tio3TOMY 

Q1 = X1Xoq;q~ V Q1%• 

Ami..,1ornqHo M0)KH0 II0Ka3aTb, qT0 

Q I I' I I,· V ' 
a= X1XoQ1Qo V m1Q1Qo Q1Qo• 

Hn)Ke ,n;aHa CTPYKTypHaa cxeMa ,n;aHHoro MTI-aBTOMaTa. 2-pa3pa,n;Hhii1 TpnrrepHhii1 

perucTp ,ll;JIH xpaHeHHH TeKyni:ero C0CT0HHIIH 6y,n,eT T0qHo TaKHM )1(8, KaK H Ha 

puc.l (aBTOMaT yrrpaBJieHHH J!Hq>TOM), TaK qTQ 3;i;ecb ,ll;0CTaT0qH0 rrpnBeCTH Jlllllib 

KOM_6nHaIJ;HOHHYIO cxeMy, peann3yIOIIJ:YIO q>yHKIJ:HH p,s II Af, · · 

mlll11riw 1 ~ : 
xix; l;o~o\11\l; qocfo 

I I 
P = m1q1qo; s = m1q; Qo V m~q1q~; 

M 

I I I 
]i,f = X1Q1Qo, 

ll KOM6UHaIJ;UOHHY!O cxeMy ,ll;,1H pea.ilu3au,11u q>yHKIJ;llH Q1' Qo 

r1 x; X0Xoq1 q; qoqb x1.r'1 .ro:.:oq1 q;@qb 

1 

m' If~ I I I I I IT l~I I 

I 0-Q; 
1 

Q1 = X1Xoq;q~ V Q1Q~; Qo = m;q;q~ V X1X~q;q~ V Q1Q~-

YTIPA)KHEHI1E. B o6nxo;i:e rro;i: aBT0MaToM 06h1qHo II0HHMaeTca ycTpoi1cTBo, 

q>yHKIJ;llOHUpyIOIIJ:ee 6onee l!Jlll MeHee aBT0H0MH0, T.e. He Tpe6yIOni:ee BMeIIIaTeJibCTBa 

qeJI0BeKa B yrrpaBJieHue HM, 3a HCKJIIOqeHneM CTapTa H OCTaH0BKll. OrpOMHOe K0JinqeCTB0 

peaJibHbIX aBT0MaT0B B TaK0M CMbICJie rrpe;i:cTaBJIH!OT co6oi1 peryJIHT0pbI, llCII0Jib3Y!OIIJ:lle 

II0JI0)KIITeJiblIY!O UJ!ll OTpuri:aTeJibHY!O o6paTHY!O CBH3b. B KaqecTBe nornqecKoi1 cxeMbl 

TaKoro ycTpoi1CTBa M0)KeT 61,1Th B3HT MTI-aBTOMaT. 3a;i:aqa: rrocTpOHTh CTPYKTYPHYIO 
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cxeMy TaKoro aBT0MaTa. YKa3aHne: BbIX0)i:HaH llHq>OpMaIJ;HH 3aII0MHHaeTCH B MaraJHHe, II 

Ha CJie,ll;y!OIIJ;eM TaKTe B 3aBHCHMOCTH OT Hee Bh!pa6aTbIBa!OTCH KOMaH,D,hl rrepeKJIIOqeHHH 

C0CT0HHHi1. 

MAlllHHA TbIOPHHrA. 

A Terrepb rrepett,n,eM K MeTO,ll;y peann3aIJ;HH anropnTM0B C II0M0IIJ;h!O IIIHpOK0ro o6o6ni:eHHH 

IIO.HS!Tl!H aBTOMaTa - MaIIIl!HhI.Tb!OpHHra, l!Jlll T-MaIIIUHhl. 

T-MaIIInHa npe,n;cTawrner co6ott aBT0MaT )J.JIH peann3aum1 anropuTM0B caMoro IIInpoKoro 

KJiacca, 11CIIOJib3yeMbIX qenoBeKOM B llHTeJIJieKTYaJihH0tt pa6oTe B006ni:e. 

XOTH 0Ha Ha3bIBaeTCH MaUIHH0H, HO Ha CaM0M ,n;ene pe'lb 3,D,eCb 11,n;eT O BeChMa 

a6cTpaKTHhIX Beni:ax, KOT0pbte K COBpeMeHHOMY _II0HHTH!O MaIIIHHhI, T.e. npeo6pa30BaTeJIH 

npe11MyIIJ;eCTBeHH0 BeIIJ;ecTBa H :mepr1111, npaMoro OTHOIIIeHl!H He HMe!OT. 9To, 

CKOpee, npeo6pa30BaTeJih HHq>OpMaun11, peaJibHhie ,n,ettCTBHH KOT0poro npoTeKa!OT 

no,n; ynpaBneHneM qeJioBeKa 3a C'leT 3Hepnm nocne;i:Hero; HO B npnHri:11rre 3T0T 

npeo6pa30BaTeJib M0)KeT 6b!Th H MaTepllaJibHblM ycTpottCTB0M, B3aHMO,!J;eilcTBY!OIIJ;11M C 

'leJIOBeK0M B llHTepaKTllBH0M pe)Kl!Me. 

A Tenepb nepett,n;eM Kee <popManhHOMY onpe,n,eneH1110. HTaK, T-MaIII11Ha 11MeeT: 

• BHyTpeHH!O!O naMHTb, orrpe,n;enaeMyIO ee C0CTOS!Hl!HMH, Ka)K,ll;OMY 113 KOT0pb!X 

COOTBeTCTBYT Cl!MBOJI 113 ee BHyTpeHHero anq>aBl!Ta: Qo, Q1, ... , Qn• Cpe,n;n 3Tl!X 

COCTOS!Hlltt Mb! MO:lKeM Bbl)J;eJil!Tb 0,I(HO, Hanp11Mep, Qo 11 C'lllTaTh ero Ha•IaJibHhIM, 

H ,n;pyroe, Hanp11Mep, Qn 11 C'lHTaTb ero q:>HHaJibHbIM, llJill 3aKJI!Oql!TeJibHbIM. 

• BHeUIH!O!O naMHTb, rrpe,n,cTaBJIH!OIIzylO co6oii HeKy!O eMK0CTb, Hanp11Mep, JieHTY, 

pa36HTY!O Ha K0He'!H0e (Ho HeorpaH11qeHHoe) 'IHCJIO aqeeK; B Ka)K,ll;ott TaKoil H'leilKe 

MO)KeT HaxO,D,l!TbCH Cl!MBOJI H3 BHeUIHero anq:,aBl!Ta ao, a1,· ... , am; O,I(l!H 113 HllX, 

Harrp11Mep, ao, M0)KeT 6bITb rryCThIM Cl!MB0JIOM. 

• roJIOBKY '!TeHmI/3anncu; cyni:eCTByeT ycTpOHCTB0, B K~,I(hlil TaKTOBblil M0MeHT 

BpeMeHn "o6o3peBaIOmee" onpe,n,eneHHYIO aqefiKy BHeIIIHeil naMHTH u cnoco6Hoe no 

K0Mau,n,e 'JHTaTh ll3 uce JanucaIIllbIH B Heil CHMBOJI HJIH, H_ao6opoT, nucaTb CHMBOJI 

B nee. 

• YcTpoficTBO ynpaBJienn.11 - YY; B Ka)K,n;1,1i1 Tal<:TOBhltt M0MeHT BpeMeH11 YY 
M0)KeT Bblfl0JfHHTb KOMaH,n,y, K0Topa.11 B 3aBHCHM0CTI! OT COCT0HHHH T-MaIIIHHbl 

11 npoqTCIIII0ro BIICIIHICro ClfMB0Jia M0)KeT BKJI!O'llfTb H0B0e C0CTO.IIHlle, 3arrucaTb 

KaK0i1°;m6o ciiMBOJI B aqeiiKy 11; B03M0)KHO, nepe,n;BHHYTb rOJIOBKJ. ;~SI C,D,BHra 

l'OJIOBKlf HMe!OTC.II KOMaH,I(bl H3 anq:,aBl!Ta: 

L - c,n;Bur BJieB'o;_a R - c,n;~iir BrrpaBo Ha 1 H'lellKy; 0 - c,n,~11r He Hy)KeH. 

Tip11 pea;mJari:1111 KaKoro-n1160 anropl!TMa T-Mam11ua ynpaBJiaeTCH rrporpaMMoll, 

C0CTOHIIJ;eii 113 KOMaH,n; Tllna 

q;a; ➔ qratSk, I$ i,r $ n; I$ j,t $.m;. sk E (L,R,O). 

CMbICJI K0MaH,D,bl c.ne,n,ymni:11il: ecn11·TeKyni:ee COCTOHHlle T-Ma.Illl!Hhl q; 11'npO'ITCH CHMBOJI 

a;' TO cne,n,yeT 3a1mcaTh B TCKYIIzylO H'lei1Ky Cl!MB0JI at' BKJI!O'll!Tb C0CT0HH11e Qr 11 

Bb!Il0JIHHTb KOMaH,n,y C,I(BHra rGJIOBKH Bk-
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IlpnBe,n.eM npnMep pea.nn3aqnn T-Ma!IIHHOll: KaKoro-nn6o liJirOpHTMa. IlyCTb Mb! XOTHM 

CJIO:lKHTb 2 ·qnCJia. By,n.eM cqnTaTb, qTQ JieHTa )J.O pa60Tbl 3ailOJIHeHa nyCTbIM CHMBOJIOM 

a0 • l.Jncna 3aKo,n.npyeM cne.n;yrom;nM o6pa30M: eCJin x - qeJioe qnCJio, TO Ha JieHTY•3aHeceM 

ero KaK noCJie,n.oBaTeJibHOCTb x e,n.nHnU, a KOJJ.OM onepaunn 3annmeM +. 11:TaK, Ha JieHTe 

3anncaHbl x e.n;nHHU nepBoro CJiaraeMoro, 3aTeM 3HaK +, 3aTeM y · e.n;nHHU BToporo 

cnaraeMoro; · KOHUOM 3anncn .siBJIHeTCH. npo6e.rr · ao. 
T-MamnHa )J.OJI:lKHa TaK nepepa6oTaTb 3TH CHMBOJibl, qTo6bl HTOrOBblM KO)J.OM CTaJIH Ha 

JieHTe x+y e)J.HHHU' cyMMbl; OCTa!JibHbie CHMBOJibl )J.OJI:lKHbl ncqroHyTb. 

B ,n.aHHOM CJiyqae·Mbl HMeeM:'3a,n.aHHbill:. BHemHnll: aJI!paBHT (ao, 1, +}, HO IiHyTpeHHHll: 

aJiq>aBHT Mb! CTpOHM caMH. IlyCTb HM 6y,n.eT CJie.n;yrom;nll: a.nq>aBHT: 

qo - Haqa.JII,Hble marn )J.O )J.OCTH:lKeHHH nepBOll: e,n.HHHUbl; 

ql -· )J.BH:lKeHne BnpaBO ,n.o )J.OCTH:lKeHHH 3HaKa +; 
q2 - ,n.:sil::lKemi:e BnpaBo ,n.o ,n.oCTn:lKeHHH Kpall:He npaBoro npo6eJia a0; 

q3·- q>HHa.JlbHOe COCTOHHHe., 

CocraBHM Tai<yIO nporpa.MMy: 

1. qo ao ➔ qo '.ao ·R; 

2.qo+ ➔ qaaoO; 

3. q~ 1 ➔ q1 ao.R; 

4. q1 1 ➔ ql 1 R; 

5. ql + ➔ qi 1 R; 

6. q1 ao ➔ q3 ao O; 

7. q2 1 ➔ q2 1 R; 

8,. q2. ao ➔ q3 ao 0. 

HaqaJibHoe cocTOHHne q0: no KOMaH.n;e ·1 YY T-MamnHbl 6y,n.eT ABHi'aTb roJIOBKY 

BnpaBo, H eCJIH qnTaeTCH CHMBOJI ao, HH OH, HH COCTOHHHe He MeHHIOTCH. 

Ilo KOMaH,n.e 2, ecJIH B.cocTOHHHH q0 BCTpeTH.TCH 3HaK +, TO.OH py,n.eT 3aTepT, a T-MalllnHa 

OCTaH~BHTCH, .T.e. BKJJJOqHTCH ci>nnaJI~Hoe COCTOHHne q3. ::ho npaBHJlbHO, TaK ~aK T~KOll: 

cnyqall: oinaqaeT, .qTO pe11IaeMaH 3a.,n.aq11t 6b1na: O+y. · · · ' 

KoMaH,n.a 3 ·pa60TaeT, Kor,n.a B cocTOH~HH q~ BCTpeTnJiacb J; Mb! ee 3aTnpaeM, BKJIJOqaeM 
' ... --·· . -. ' .... ,.' 

COCTOHHHe q1 H )J.BH:lKeMCH Bnpaao. 

KoMaH,n.a 4 npO,ll,OJI:lKaeT )J.BH:lKeHne _BJlpaBO B,!1.0hb ~)J.HHHU, He MeHHH HX,, 

Ho KOMaH,n.a 5 3aMeHHCT + Ha 1, BKJIIO'laeT coCTOHHne q2 n npo,n.on:lKaeT JJ.BH:lKenne 

anpaao. 
KoMaH,n.a 6 , BCTpeTHB B COCTOHHHH q1 3HaK ao, OCTaHOBHT T-MalllnHy; TaK, KaK B 3TOM 

COCTOHIIHH CJie,n.oaa.rio CHaqa.na BCTpeTHTb 3HaK +, a OTCJTCTBHe + B 3anHCH 03HaqaeT, 

qTo TeKym;nll: KOJJ. Ha neliie HBJIHeTCH cyMMOll:. · · 

KoMaH,n.a 7 np0,!1.OJI:lKaeT )J.BH:lKeHne BnpaBO B)J.OJlb e.n;nHn.u, 1,1e MeHHH HX. . . , , 

M, 'HaKoHeu,, 
1

KoMaH,n.a 8 ()C'J:'aHOBHT T-MalllnHy ~ nCTpeTHB q>H
0

HaJibllbill: npo6e.n, BKJiroqnT 
q>HHa.JlbHOe COCTOHI!He q3'. . . . . , . . 
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U:eJib )J.OCTHrHyTa: 3aTepTaH B CaMOM'Haqa.ne 1 3anncaHa Ha MeCTO 3HaKa +, TaK qTo Ha 

JieHTe 6y,n.eT KO,n., paBHb!ll: cyMMe x n y. 

Ko,n. cyMMa OKa3aJICH CJJ.BHHYTbIM Ha neHTe, HO ecnn 6bl Tpe6oaa.nocb xpaHHTb ero Ha 

TOM :lKe caMOM MeCTe (HalJHHaH c TOil: :lKe caMOH gqefiKH), TO Mb! MOrJIH 6bi paCllIHpHTb 

nporpaMMY, ,n.o6aBHB em;e O)1.HO COCTOHHHe H B HeM opraHH3OBaB TpaHCilOpTHpOBKY 

Kpall:Heii npaaoii: e,n.nHHUbl BJieno Ha Mecro nepe,n. Kpall:Hell: neBoii. 

Mb1 paccMoTpeJin oqeHb npocToll: npnMep, KOTOpblii: He ,n.aeT OTBeTa Ha aonpoc: a 

r,n.e rapaHTHH, qTo npOH3BOJibHb!ll: anropHTM CMO:lKeT TO:lKe 6b!Tb pea.nn3OBaHHblM 
T-MamnHoll:. · 

8 MaTeMaTnqecKOH Teopnn a.nropHTMOB IlOJIO:lKHTeJibHblH OTBeT Ha Hero BbITeKaeT H3 

o6m;enpn3HaHHOll: cero,n.HH ecTeCTBeHHO-HayqHoii rnnoTrobl, 06b1qHo cpopMyn'npyeMoii: 

KaK "Te3HC l.Jepqa" ( HJIH ''Te3HC Tb!OpHHra"): KJiacc a.nropnTMnqecKH ( HJIH MallIHHHO) 

BI,IqHCJIHMblX qnCJIOBblX <PYHKUHH coana.,n.aeT c KJiaCCOM T.H. o6m;epeKypCHBHblX <PYHKUHH. 

Bb!JIO noKa3aHo, qTo · 3TH o6m;epeKypcnBHble <PYHKqnn MoryT 6bITb pea.nn~oaaHbI T

MallIHHoll:, T.e. 6bIJIH _C03)J.aHbl COOTBeTCTBJIOIIl;He nporpaMMbl )J.JIH Hee. 0,n.HaKO 3TH 

nporpaMMbl CJl~llIKOM rp_OMO3,!1.KH,. H HX H3JIO:lKeHHe Bb!XO)J.HT 3a. paMKH )J.aHHOrO IlOC06HH. 

06bJqHo KOMaH)J.bl nporpaMMbI )J.JIH T-MallIHHbi Bb!IlOJIHHIOTCH noCJie,n.oBaTeJibHO, 

HO Boo6m;e--ro aTOT nopHJJ.OK · cpopMaJibHO He pernaMeHTnpoaaH. B pea.nbHOM Mnpe, 

KaK Mb! 3HaeM, o&beKTbl H npouecCbl B3aHMO)J.ei!CTBYIOT Me)K)l;y co6on He TOJibKO, 

IlOCJie,D,OBaTeJibHO, HO H napa.'!JieJibHO. IlapaJIJieJIH3M aJirOpHTMOB
0 

HMeeT MeCTO H B 

npoCTblX aBTOMaTax,.;aK qTo, ecTeCTBeHHO, OH ,n.onycTnM n )J.JIH T-MallIHHbI. 

TeopnH a.nropHTMOB nepBOHaqaJibHO CTpOHTCH )J.JIH uenoqnCJieHHbIX nepeMeHHbIX. 

Pe3JJibTaTbl nepeHOCHTCH Ha cnyqall: npOH3BOJlbllblX qnceJI C IlOMOIIl;blO Tex :lKe C3.Mh!X 

aJirOpHTMOB, qTO H )J.JIH qeJiblX . qn~eJI, IlOCJie q>OpMaJIH3aqllH IlOHHTHH npe,n.eJia 

IlOCJie)J.OBaTeJibllOCTH. 

XoTH H3 paccMOTpeHHbIX npnMepoa an,n.11O, qTo T-MalllnHa He caMoe' ecreCTB.eHHoe 

H Jier,Koe cpe)J.CTJ3O . )J.JIH pea.nn3aunn IlOBCe,n.HeBHbIX a.nropnTMOB, '·ee pOJib B 

pellleHHH pa3JIHqHbIX npo6JieM · TeopeTnqeCKOll: HHq>OpMaTHKH - HanpnMep, npo6JieM 

a.JlrOpHTMHq\l,CKOil pa3pe11IHMOCTH MHornx , o6m;cMaTeMaTnqecKHX 3a,n.aq, OKa3a.JI8Cb 

orpOMHOi!. , . 

l.JTO :lKe. KaCaeTCH HCilOJib3OBaHHH H,!1.eH T-M8ll1Hllbl Ha npaKTHKe, TO 3)1.eCb Ilp
0

0p~IBHhIM 

HHCTpyMeHTOM. aBTOMaTn3aUHH nepepa60TKH CaMoro lll'npoKoro KJiacca HHq>OpMaUHH 

CTaJI ee He MeHee yimaepCaJibHbii!, 
0 

HO HeH3MepnMO 60Jiee npHBbJqllblfi H y,n.o6Hbli! aHaJIOr 

- KOMnbIOTep, nHaqe 8BM, (MnKpo)npoueccop n T.JJ.. 

CETH IIETPH. 

·oqe11b nonyJIHpHbIM 0606m;e11neM npOCTblX aBTOMaTOB 6bIJIH CHCTeMbl, IlOCTpOeHHhle 

Ha MO)J.eJIHpOB8HHH pa60Tbl rOJIOBH~ro M03ia - T.e. npe,n.cTaB~IHIOIIl;He co6oi! ceTH 

coe,n.nHeHHhlX Me:lK.n;y co6oi! 3JieMeHTOB, cnoco611b1e nepepa6aTbIB8Tb B 38BHl.:HMOCTH OT 

TeKym;ero COCTQHHHH H nepexo,n.a BXO)J.Hy!O HHq>OpMaumo B BbIXOJJ.HYIO HH<popM3UHIO, HO 

TaK, qTO peaKUHH 3JieMeHTOB no,n.qnHeHa "noporoBoll:" JIOrHKe (KaK B H8CTOHIIl;eM MO3ry, 

r,n.e OTKJIHK Bblpa6aTbIBaeTCH JIHlllb Ha pa3,n.pa:lKeHne onpe,n.eJieHHOfi CHJibI) .. 

0,n.Holl: H3 TaKHX KOHCTPYKUHfi HBJIHIOTCH CeTH IleTpH (CIT). ct>opMaJIH3M err 
(Petri nets) 6b!JI CO3)J.aH B 1966 r. (Carl Adam Petri). ct>opMaJibHO err - 3TO 
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,n;By,D;OJibHblil. OpHeHTHpOBaHHblil. rpacp, MO)];eJIHPYIOIIJ;Hil. )];HHaMH'leCKYIO . )];HCKpeTHYIO 

MHOrOKOMilOHeHTHYIO CHCTeMy, pa6oTaIO~IO B . "noporoBOM" pe)KHMe (p~c.l, 

KJiaCCH'leCKHii npHMep). 

C 

NaCl 

02 

Pnc.1. eeTb rreTpH .KaK: MO)J;eJib. XHMH'lec~oro npon;ecca 

rJiaBHbie 3JieMeHTbl err - 31'0 COCTO.HHH.H p H nepeXO)];bI T .. eocTO.HHH.H (H8.3blBaeMbie 

TaK)Ke Il03HIJ;H.HMH' (p1ace), YCJIOBH.HMH H T;~.) o603Ita'la!OTC.H Ha rpacpe KpyraMH, 

nepeXO)];bl (TaK)i{e C06b!TH.H} Ilp.HMOyi'OJibHblMH <pHrypaMH. 9TH 3JieM'eHTbI COe,D;HH.HIOTC.H 

·,n;yraMH A, ·3a,n;aIOIIJ;HMH riapaM "no3HIJ;H.H - nepexo,n;" OTHOIIIeHHe. "Bxo,n; ' - BblXO,n;''. 

eooTBeTCTBeHHO, B nepexo,n;ax 6y,eyT onpe,n;e.rreHbl Bxo,n;.11w;iie n Bhlxo,n;.11w;ne c1rrHa.nb1. 

l'..£epHbie TO'lKH B n;eHTpax KpyroB - 3TO MapKH '(token), nepe,n;nnraIOIIJ;IIeC.H npa 

nepexo,n;ax H 3a,n;arow;ne Tei<yrn;ee coc'i'o.HHHe ,n;eJI B ceTH (Ha p1Ic.f Ha'la..iibHOe 

cocTO.HHne). Ka)K)];a.H no3HIJ;H.H IIMeeT HeKOTOpoe (0,1,2, .. ) 'liICJIO MapoK. Pacnpe,n;eJieHne 

TaKHX MapOK H8.3bIB3.eTC.H p8.3MeTKOit · err. rrepexo~ B. err. cpa6aTbIBaeT, eCJIII ero 

BXO)I.Hble )];YrH' co,n;ep~T )];OCTaTO'lHOe ( 06.H3a.TeJlbHO, 6oJibllie HYJI.H) 'lHCJIO MapOK~ 

B CJiyqae cpa6aTbIBaHII.H MapKH . norJIOIIJ;alOTC.H BblXO)];HOtl. Il03HIJ;Hetl. )];JI.H. ,n;aHHOro 

nepex.o,n;a. . epa6aTblBaHH.e .HBJI.HeTC.H aTOMapHbIM, )];HCKpeTHbIM, aCHHXpOHHblM II 

ne,n;eTepMHHHpOBaHHblM aKTOM. 

eonoKynHOCTb Ka'le.CTB err ,n;eJiaeT HX . npHI'O)l;HblM cpopMaJIII3MOM )];JI.H MO)l;eJIHpOBaHH.H 

KOHKYPIIPYIOIIJ;HX pacnpe)l.eJieHHblX CHl:TeM.. -

<I>opMaJihHO pa6oTa · ceTII rreTplt onncbIBaeTc.H MHO)KeCTBOM riocJie,n;oiia.TeJibHOcTeH 

cpa6aTbIBaHHil. II MHO)KeCTBOM peaJIH3yeMblX p8.3MeTOK Il03HIJ;Hit. 

eocTO.HHHe, CHCTeMbl cpo'pMHpyeTC.H B pe3yJibTaTe pearin3aIJ;HII JIOKMbHb!X onepan;nit, 

iI8.3hIBaeMbIX ycJIOBH.HMH peaJI.1I3an;u1I co6hITIItl.. YCJioiine HMeeT eMKOCTh: · 
1 . , , ,I · 

• YCJIOBHe He BblilOJIHeHO - eMKOCTb paBHa HYJIIO: 

• YCJIOBHe Bb!IlOJIHeHO - eMKOCTb paBHa 1. 

• YCJioime BhmOJIHeHo c n-KpaTHhiM 3anacoM· - eMKciCTh p'a1rna n. 

Onpe,n;eJieHHa.H KOM6HHaII,H.H yCJIQBHii MQ)KeT CTIIMYJIHpOBaTb (fire) onpe,n;eJieHHOe 

co6blTHe, KOTOpoe Bbl30BE!'r B CBOIO O'lepe,n;b H3MeHeHIIe YCJIOBIItl.. HeKOTOpble co_6blTH.H 

Moryr IIrpaTb HHrH61IpyIO~IO pOJib )];JI.H ,n;pymx co6blTIItl.. ECJIII YCJIOBH.H Hl;i )];JI.H O)];HOro 

1'13 nepexo,n;OB He peaJIH30BaHbl, CeTb nepexo,n;HT B 3a6JIOKHpOBQHHOe COCTO.HHHe. 

err HQIIIJIH IIIHpOKOe IlPHME!HeHHe npH pemeHHR CJie)];YIOIIJ;HX. 3a.,u,aq: 

• Software design. 

.44 

• YnpaBJieHHe IlOTOKaMH . 

• AnaJIH3 ,n;aHHhIX. 

• rrapaJIJieJibHoe nporpaMMHponamre. 

• KottTpOJib Ha,n;e)KHOCTH CHCTeM . 

• ,ll,narHOCTHKa CHCTeM. i. YnpaBJieH1;1e )];HCKpeTHblMH npon;eccaMH. 

rro,n;po6ttoe H3JIO)KeHire MaTepHaJia no err MO)KHO HafiTII, Hanp11Mep, B KHl!re: B.KOTOB. 
CeTH rreTpH (Petri Nets). M.: HayKa, 1984. 
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KOMilblOTEP 

Cero,J.\HH uer 06m,enp11HHToro onpe,!\eJieu11H nocJie,J.\Hero 11 uer 06m,enp113uauuofi ucTopuu 

ero IlOHBJieum1. ITo3TOMY, ,J.\a)Ke cerO,J.\HH HeJib3H ,J.\aTb yBepeHHblfi OTBeT Ha BOnpoc: TaK 

6bIJI 3JieKTpOMexam1'leCKl1fi penefiIIblfi KaJibKJJIHTOp, C03,J.\aHHhlfi KoHp~OM lfy3e OKOJIO 

1940 ro,J.\a, KOMilbJOTepoM 11n11 HeT? 

Bnpo'IeM, MHOrHe cpaKTbl 113 npaKT11Kl1 pa60Tbl C l1H<pOpMau,11efi U3BeCTHbI, 11 Ha ux 

OCHOBe MO)KHO BCe )Ke IlOilh!TaTbCH ,J.\aTb onpe,!\eJieuue KOMilbJOTepa. 

O6bI'IHO UCTOpHIO C03,J.\aHHH KOMilbJOTepa U3JiaraJOT B KOHTeKCTe pa3BUTUH 11,1\efi 

a6cTpaKTHOfi Teopuu anropHTMOB (y>Ke ynOMHHyTaH T-Manrnua, "a.,1ropncpM" MapK9Ba, 

o6m,epeKypcnBHaH cpyHKU,1151 II T.,J.\.). Ho Ha caMOM ,J.\eJie nepBhie pea.,1bHh!e KOMilbJOTepbl 

ue 6bi,111 CTOJib rrpHMOJIIIHefiHh!M CJie,J.\CTBUeM <pllJIOCO<pCKO- MaTeMaTU'leCKOfi U,!\eonoruu. 

9ro, KCTaTII, OTpa)KeHO 11 B ux Ha3BaHl111 - computer 03HaqaeT rro-pyCCKII Bhl'IIICj]UTenb, 

'ITO OTpa)KaJIO ux nepBOHa'laJibHOe Ha3Ha'leHue. 

B 30-e rO,J.\hl xx BeKa 6bJJIU O'leHb nonym1pHbl ,J.\eMOHCTp11pOBaBI1rne Bb!COKYJO 

3<p<peKTIIBHOCTb Jil!HefiHhle aHaJIOrOBb!e 11HTerpaTOpb!. Be,J.\a, 0,1\HaKO, 6bIJia B TOM, 

'ITO caMb!e aKTYaJibHb!e 3a,J.\a'IH, Bbl,J.\BllraeMbie npaKTIIKOfi, l!MeJIII, KaK rrpaB11no, 

ueJrnuefiHyJO cpopMyJI11poBKy. 11, ecTeCTBeIIHO, orpOMHbie ycunnH 6bIJIII npnJIO)KeHbl B 

ua'IaJie 40-x rO,J.\OB rrponmoro BeKa K C03,J.\aHHJO HeJI11Hefiuoro aHaJIOroBoro 1rnTerparopa. 

O;i;uaKO B XO,J.\e rrpOBO,J.\11MhlX pa6oT IIO ero C03,J.\aIImO 6ecnepcneKTl1BHOCTb ananorOBb!X 

MCTo;i;oB ,!\JUI perueHIIH IIOCTaBJieHHOfi 3a,J.\a'll1 CTaJia O'leBl1,J.\HOfi. Bo3HIIKna 11,1\eH 

C:03,1,aTI, r116p11,!\ auanorOBOro ll u,11cpp0Boro IlO,!\XO,J.\OB, ll 11MeHH0 u,ncppOBb!e 3JieMeHTbl 

y6ei\llTCJlbHO IIOKa3aJill CBO!O YHl1KaJibHYJO a,J.\eKBaTHOCTb 3a,J.\a'IC TaK, 'ITO auanoroBaH 

TCXHIIKa IIC'le3Jia 113 ,J.\H3afiHa coopy>KaeMoro ycTpofiCTBa BOofau,e. 

11 BOT 3Tll C03,J.\allllh!e B rrepBOfi IlOJIOBllHC 40-x ro,J.\OB ll,ll<ppOBbie ycTpOfiCTBa 

,J.\IICKpCTHOI'O ,J.\CfiCTBllH, B o6UJIIIII CHafoKClll!b!C BCeB03MO)Kllb!MII ll3BeCTHb!MII ll BHOBb 

U306peTCHIIb!MII nplleMaMII, npeBpaT!IBlllllMII 3TH ycTpOfiCTBa B caMblC YHIIBCpCaJibHb!e 

upco6pa:mBaTeJill IIH<pOpl\iall,1111 npe,!\eJiblIO lll11p0K0I'0 KJJaCC:a, II 6b!Jl11 11CTOpll'ICCKll 

J!ej)Bb!MII KOMilbJOTepaMll. 

TaK KaK11e )Ke Ka'ICCTBa !ll,I,1,CJIHIOT K0MilblOTCP cpe,!\ll BCex npeo6pa30BaTeJiefi 

IIII<jlopMaJ\111I MaKCIIMaJiblI0fi 3qJ<pCKTIIBIIOCTU'? MmKIIO 0TBeTIITb TaK: KOMilbJOTep 

- '➔TO npeo6pa30BaTeJib lll!!pOK0l'O KJiacca !WOII'IIIO-K0,!\11J)OBallllOfi llH<pOpMau,1111 C 

U0M0lli;blo aJII'Op11TM0B, KOT0pb!C pea.,1u3yJOTCH KaK Il0CJIC,l\0BaTeJibH0CTb onepau,11fi 

,1,llOll'JHOfi >KC JI0rl!Kll; 11 ,J.\aHHbIC, 11 Cal\111 aJll'Op!ITMbl II0MCIUaJOTCH B o6m,efi a,!\pecyeMOfi 

uaMHTII II cpopMa.TJbHO MC)KA)' co6ofi ncpa3Jlll'IHMbl. IToCJIC,J.\Hee ,J.\CJ!aCT KOMilbJOTep 

C,!\IIIICTIWIIHblM npeo6pa3oBaTeJieM, cnoco6HbIM nenocpe,!\CTBCHHO nepepa6aTb!BaTb KaK 

,L\aHIIbJC, TaK 11 caM11 a.,1rop11TMbl nepepa60TKII '.➔TUX ,J.\aHIIb!X. 

TaKOMY onpe,,1,eJienuJO B o6IIl,CM-T0 IIC np0TUB0!JC'lllT 11 TOT cpaKT, '!TO cpe;i;11 peaJibHblX 

KOJ\1111,I0TC]J0B HCKOTOpb!e l!MC,11I ,L\CJI0 C: K0i(aMII lll!Ofi, IIC)KeJil1 ,J.\B011'JHaH, pa3pH,J.\HOCTll 

(TpOH'lllaH, 11anp11111ep, l!Jlll IIJ!aHllj)}'Cl\lU}I IILIIIC 2n-pa3p}I,1,IIOC:Tb KO,;:(OB KBaHTODb!X 

K0Mllh!0TCJ)0B, II T./\. ), TaK KaK nee TaKIIC K0MllblOTCJJLI pa6oTaJOT ua OCHOBe 

l\lllOl'O:!lla'IIIOH cpopMaJibHOfi ,1or11K11, K0T0J>a}I CCTb ncero Jllllllb npocToe pacnmpeul!e 

/!BOll'IIIOH. 
M1,1 ntK)KC' JI(! .JiBH3bJBaCM II0IIHTl1C K0Mlll,IOTepa C 3JICKTpll'IeCKOII npl!JJO,J.\Ofi curnanon, 

11a K0T0JJhlX oc11onana pa6oTa K0MllhJOT(\JJa, TaK KaK 3T0, C.Ji/Vl 110 Tpen;i;aM pa:3BUTl1H 

f!0Cll<'i!IIPl'0, HllJJHCTCH UCT0J>ll'ICC:KII IIJJCX0,'1,HIUl1M MOMCIJTOM. 
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KaK II T-111am11na, KOMilbJOTep cnoco6en BbI'lllCJil1Tb ,1J06yJO o6m,epeKypcuBHYJO 

(GR) cpyHKU,11!0. Ho Mb! 3,1\eCb B paMKax noco6IIH orpaH11'luMCH numb npocTefimefi 

UJIJIJOCTpaU,Hefi ll,J.\efi, Ha K0TOpb!X IlOCTpOCH KOMilblOTep, - Mb! paCCMOTJ)llM ,1J;ITl1f: 

,Il;l1CKPETHbIM ITPEOBPA3OBATEJib 11H<I>OPMAI.]JII1 B.M.fJIYlI.IKOBA. 

PaccMOTpeHHblfi npuMep T-Mallll1Hhl ,;:\aJI uaM ll,J.\eIO nporpaMMbl - YKa3aHllfi 

Bbl'lllCJ!llTeJibIIOMY ycTpofiCTBY, KaKIIe warll npe;:(IIJ)IIHHTb 11 KaKlle ,n;efiCTBllH 

Bb!IIOJIHl1Tb, 'IT06LI peaJIH30BaTb ny>KHhlfi naM a.,1ropllTM. Ho. rrpe)K,ll;e BCero Mhl 

,ll;OJl>KHbl <pOpMaJIU30BaTb 3TH maru ll 3Tll ,J.\efiCTBllH, 

KaK 6hlJIO CKa3aHo, KOMilbJOTep llCIIOJib3YeT ,J.\BOU'IHYJO KO,ll;l1J)OBKY ,n;aHHb!X u orrepaU,lll1 

,J.\BOll'IHOfi JIOrl!Kll. CJie,J.\OBaTeJibHO, eCJIU !\lb! noKa)KeM, 'ITO ,1J06b1e ,n;aHHble MOryT 

6h!Tb rrpe,J.\CTaBJieHbl B BU,J.\e ,ll;B011'IHOrO KO,J.\a, a JIJ06bie Bbl'l11CJieHl1H - KaK KOMil0311ll,11H 

onepau,Hfi ,J.\BOll'IHOfi JIOrl!Kll, Mb! TeM caMb!M o6ocuyeM ll,J.\CIO YHUBepCaJibHOro ,J.\B011'IHOro 

npeo6pa30BaTeJIH UH<pOpMaU,Hll. 

ITepBoe YTBep)K,n;en11e O'leBll,J.\HO: Mb! 3arrl!Cb1BaeM IlOJIO)KllTeJibHOe 'IUCJIO ero 

npHMb!M ,J.\B011'lllblM KO,J.\OM, a OTp11u,aTeJibHOe - ero ,!\B011'lllblM ,J.\OIIOJIJll1TeJihHb!M. 

BTopoe yTBep)K,ll;eH11e Tpe6yeT Bhrncneuu.H, KaKUM o6pa30M Mhl CMO)KeM BhIJ)a3HTb 

OCHOBHble ap11<pMeTl1'leCKJie onepaU,llll qepe3 onepau,11u ,J.\BOll'IHOfi JIOrUKll. Mb! CIIOBa 

orpaHll'lllMCH u,eJIO'll1CJieHHb!Mll Bbl'll1CJieHl!HMll, IIOMlrn, 'ITO pacml!peH11e apll<pMeTl1Kll 

Ilp11Hll,11Il11aJihllblfi xapaKTep ee anropl!TMOB ne MeHHeT. 

11TaK, CJIO)Ken11e 11 BbI'Il!TaHue. Mb1 y)Ke Bl1,J.\eJIII B rJiaBe o cyMMaTope, 'ITO o6e orrepau,11u 

MOryT 6b!Tb peann3oBaHbl 'Iepe3 ,10r11qecK11e cpyHKU,lln: OTJmu,anue, KOH'bJOHKU,11!0 u 
,[1113'b!OHKU,ll!O. 

OcTaIOTCH YMHO)KeJ111e ll ,J.\CJieHl!e . .D:.,151 Ha'la.'!a B03bMeM 2 ,J.\BOll'lllbIX 'lllCJia ll YMHO)KUM 

11X, 'IT06b! Bll,J.\CTb, KaK pa6oTaeT npou,eA)lpa YMHO)Kemrn ,J.\BOH'lllb!X 'll!CeJI. ITyCTb 

Tpe6yeTCH BbIIIOJIHl!Tb 011epau,Ii11: 3 X 5 = '? (n ,J.\BOll'IHOM Bl1,J.\e: 0011 X 0101) 11 15 : 3 = ? 
(1111 : 0011) 

0011 1111 11 
X 0101 11 1 

001 0 
0011 0011 1 

0000 11 
0011 Pe3yJibTaT = 101 = 5 

0000 

0001111 = 15 (B A€CHTll'IHOM KOAe) 

T.e. Mbi Bl1,J.\11M, '!TO YMHO>Ke1111e 2 n-pa3p.H,[111hlX K0,'1,0B CB0;1,11TCH K IlOCJie,n;oaaTeJibHOMY 

,!\06annenmo K TeKym,e11 cyMMe BCJll1'l11HhI, KOTopaH 11a i-M ware paana JIII6o nepnoMy 

COMJIO)Kl!TCJIIO (eCJIII i-fi pa3J).H,J.\ BToporo paBell 1), J!II0O HYJJIO, ll II0CJICA)'JOIIl,eMy c,z:i;n11ry 

nepnoro C0MHO)Kl!Tf'Jrn·na 1 Pa3JJH,J.\ BJJeBO. EcJrn COMIIO>KUTC,1b o-rp11u,aTf'JICH (11JI11 o6a), 

TO MO)Kl!O nepeMHOX<HTb i1x IIJ)HMb!C KO)J,bl, a 3aTCM (no 11paB11JiaM JIOI'IIK11) rrpllCBOllTb, 

IIJ)0113Be,J.\eHl!IO ny)i(liblfi 3HaK. · 

CJie,J.\OBaTeJibHO, ,J.\JIH peanu3aU,lll1 YMHO>KCJJUH neo6xo;i;l1Mhl onepal\1111 CJ!O>KeHu.H, C,J.\BUra, 

npoaepK11 ycJI0BUH ll nepe;i;a<m yrrpaBJieHUH (T.C. 11:lJI.ICll<'HllH nopH,z:i;Ka BbIIIOJIHeHl1H 
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011epau;IIii:), K0T0pbie BII0JJHe M0l'YT 6b!Tb ocyrn;eCTBJJeHbl C 110M0il.l;bIO J]Q['JlqeCKHX 

<pyHKD;Illl. 

AHaJJO['llqHO, BII.D.H0, qTQ orrepaLI;HH ,n;eJJeHirn T0)Ke M0)KeT 6bJTb peaJIII30BaHa qepe3 

orrepaD;IIII Bbl'IllTaHIIH, C.D.Blll'a, rrponepKII YCJJ0BIIH II rrepe,n;aqn yrrpaBJJeHHH. C,n;BHl' II 

II0PH.D.0K BbJII0JJHeHl!H orrepau;IIii: T0)Ke peMil3YJOTCH J]Q['l!qecKIIMH )Ke cpyHKD;IIHMI!. 

Ifa MaTeMaTHKII MhI JHaeM, qTo J1106aH aHMIITilqecicaH cpyHKU:IIH M0)KeT 6bITh BhJqI1cJ1eHa 

C KaK0ll Yl'0,11,H0 TQqHQCTbJO qepe3 0Tpe30K C00TBeTCTByJOrn;ero CTeIIeHH0l'0 pH,11,a, T.e. 

qepe3 0CH0BHhJe apil<pMeTHqecKHe orrepau;HH, a Tel\! caMhIM II qepe3 J]Q['IlqeCKHe. 

CIIMBOJ!bl II JJJ06bJe 3JJeMeHTbl rpa<pIIKII T0)Ke l\!0l'YT 6hITb 3aK0,!1,Ilp0BaHhl ,!),BQIIqHbJMII 

K0,!),aMH, a orrepau;HII c HHMH - 06'be,!1,HHeH1Ie n u:eJJoe, BbJ,!),eJ1eH1Ie HJIII pa36I1eH11e Ha qaCTH 

II T.,!J,., M0l'YT 6bJTb peMH30BaHhl KaK JI0['HqecKHe orrepau;HII Ha,!), C00TBeTCTBYIOil.l;IIMII 

,11,B0ilqHblMII K0,11,aMH. 

MbI TeM caMhIM II0Ka3MII o6rn;epeKypcIIBH0CTb (rro TepMIIHOJI0l'HII Tbi0p11Hm) ncex 

rrpaKTnqeCKII BbJqllCJll!MblX cpyHKD;Illl 0TH0CHTeJJbH0 CIICTeMbl 0CH0BHbIX J]Q['l!qecKHX 

<p.}'HKU:llll II M0)KeM rrepeX0,11,IITb K THII0B0MY rrp11Mepy II0CTp0eHHH rrpaKT11qecKoii: cxeMbl 

)J,f111f. 

KaHOHnqecKaH CTpYKTypa CIIHXp0HH0l'O ,Il,fUir C0CT0IIT 113 ,11,nyx qacTeii:: 

orrepau:miHH0l'0 II yrrpaBJJHJOil.l;ero aBT0MaT0B. 

Bxo,n;HaH 
IIH<pOpMaLI;HH---~ 

C11HxpoH11Jau;11H 

<lJyHKD;IIH 

O11epaLI;1IOHHbJi1 

aBT0MaT 

CilrHa.ilbl M1IKpOKOMaH,11,h1 

y rrpaBJIHIOil.l;llii: 

aBT0MaT 

P11c.2. O6rn;aH cxeMa ,Il,Illff 

Bhlxo,11,HaH 
IIH<pOpMaD;IIH 

11,TIHr pa6oTaeT cJie,rr,yIOrn;IIM o6pa3oM. ,Il,aHHhie rrocTy11a10T B ,Il,TIHr rro nrnHaM "Bxo,11,HaH 

IIII<pOpMau:1rn", K0MaH;:i,a 11a BbJII0JJHeHHe Mr0pHTMa - 110 "<l>yHKD;IIH". AJJrOpHTM 

pea.n113yeTCH II0CJIC.D,0BaTCJ[hlJ0CTbJO MHKp0K0MaH.D,, peryJ111pyeMoi1 IIMl1YJJbCaMII 

IIH!Ilbl "C1111xpo11113aJ\H}I". JJ:IJl1f 0TI03HaeT KO,!), Tpe6yeMoii: <pyHKD;IIH II BK,1JOqaeT 

C00TBCTCTBY!Orn;JIO nporpaMMY, MIIKp0K0Mall,!),bl KOTOpoi1 11ocTy11aIOT B "OnepaLI;HOHHbiii 

aBTOMaT"(OA). B II0C,1C/\HCM HaX0,11,HTCH nee ycTp0i1CTBa, OTpa6aTb1Ba10rn;11e 3TH 

MHKp0K0MaH,!),bl 11 TCM caMhIM peMH3YJOil.l;lle mal'H Ml'OpllTMa. PacmH<ppOBKY 

MHKp0K0MaH.D, rrporpaMMbl II 06ec11eqemte ycJJOBllll ,llJIH IIX BblII0JJHeHIIH ocyrn;ecTBJIHCT 

''YrrpaBJJHIOil.l;lli1 aBTOMaT" (YA), KOTOpblll rrplI 3T0M M0)KCT IICl10Jlb30BaTb IIH<pOpl\Iall;IIIO 

o xo,11,e BhIII0JJHeHHH MHKpoKoMaH.D., 11ocTy11a10rn;y10 110 IIIIIHe "C11rHMhI" (n qacTHOCTH, 

pearnponaTb Ha 3a11poch1 OA). Bh1xo,I1,Hoi1 11H<p0pMau;1Iei1 ,Il,TIHfa HBJJHeTCH peJyJJhTaT 

pa60Tbl Ml'OpllTMa II ,11,11ar1I0CTl!Ka KaqecTna ero BbIII0JJHeHHH (B qaCTH0CTII, coo6rn;e1111H 

06 OIIll16Kax). 
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BJIOK CHHXPOHI13AU:1111 (BC)• 

KaK paHee 0TMeqaJJQCb, rrporpaMMa Ha K0MIIbIOTepe - 3T0 11oc.1e.J,0BaTe.TJbH0CTb K0MaH,J;, 

BblII0J1HeH11e K0T0PbIX y11opH,11,oqeH0 BO npeMelJH, II Ha~, Heo6xo.J,IL\IO BbIHCHIITh; KaK 

ocyrn;ecTBJJHeTCH rrpnBH3Ka rnaroB nporpaMMbl K npeMeHHbDI TaKTa11,1. 

OCHOBOi1 6JJoKa CHHXp0HH3aLI;IIH HBJJHeTCH reHepaTop TaKT0BbIX (c1rnxpo) IIMl1YJJbC0B. 011 

rrpo113B0,D:IIT u:erroqKy CIIl'HM0B C; == 1, i = 1, 2, 3 ..... mmy.1hCII0i1 <pOpMbI, 3a.D,a10rn;11x 

HaqaJJa TaKTa t;, II eCJJH Mbl XOTIIM, qT06hI Clll'H&1 3a11ycKa 0Tpa60TKII k-ro mara Pk 
cpa6aTblBM HMeHHO B M0MeHT BpeMelll! tk, Mhl ,il0.TJ,KHhl II0ChTJlaTh 3T0T CllfHM qepe..1 

rrponycKH0ii: BeHTl!Jlh, Ha pa3perna10rn;11ii BX0.D. KOTOporo II0;'\aeTCH CIIHXp0Clll'HM ck: 

Pk= Pk&Ck-

TaKaH CIIHXp0Hll3au;IIH M0)KeT 6hITb ocyrn;ecTB.1eHa CJJe,n;JIOil.l;IIM o6pa30M. ,Il,JJH 
rrp0CT0Tbl 6y,n:eM cq11TaTb, qTo K0MaH,11,bl HCl10'1ll.HCMbIX Ha ,11,aHH0M ,Il,TIHr rrporpaMM 

IICII0J!b3YJOT 1 . npeMeHHOi1 TaKT Ha 0Tpa60TK)' Ka)K,n:oro rnam (M11KpOKOMaH,D:bl) 

,11,aHH0il K0MaH,D:bl. Pa3yMeeTCH, K0Mall,D:bl M0I'YT Hl\H)Tb pa3,111qHoe q1ICJI0 maron. ,Il,JJH 

ToqHoi1 H,11,eHTH<pHKau;rtri c11HxponM11yJ1hC'OB MhI M0)KeM 011pe,11,eJJHTh MaKCHMMhH0e 

qnCJJ0 rnaron, Tpe6yeMbIX K0Man,11,aMH ;'\aHH0ro ,Il,TIHr (11yCTb 3TO 6y,11,eT n), pa361!Tb 

B 11p11Hll;ll11C 6eCKOHe•my10 . 110CJJe~'1,0BaTeJJblI0CTb CIIHXp0Clll'HM0B Ha rpy1111bl 110 Il 

CIIHXp0Clll'IIM0B B Ka,K,!),0i1 II 3a11yMcpollaTb .Ka)K,D:hlll Clll'HaJJ B rpy1111e H0MepoM OT 1 ,11,0 

n. TaKaH opra11113au;m1, K0IIC'III0, IIC HBJIHCTCH 011TIIMaJJbH0i1, HO Hae noKa IIHTepecyeT 

11pHHU:HIIIlaJJbllaH CT0pona ;1,eJJa. CKa:ia1111oe M0)KH0 peMH30BaTb, Ha11p11Mep, TaKoii 

Jl0['1!qecK0i1 CXCM0ii:. 

111\HIYJlbC <; 

C6poc Uc 

C 
R 

X 

COUNTER :r 
DC 

P11c.3. CxPwt BC 

t1 
t2 
t3 
t4 

BC pa6o-m.PT c.11c)\.VI0l1\HM o6pa3oM. C1111xpo1111,111~·J1bcb1 reHepaTopa e; 11ocTy11a10T Ha C

BXOA c•11•T•1111m COUNTER (R-nxo,11, CJJY)KIIT ;vrn ycTaH0BKH ero B HO.TJb). n-pa3pH.D,Hhii1 

IW/\ ("'H''l''(lll(a II0CTy11aeT Ha ,n:eIIrn<ppaTop DC, na 2" BbIX0,11,aX K0T0poro JJ0CJJe.D,0BaTeJlbH0 

IIOHB./IHIOTCH CHl'flaJlbl t;. CqerqJIK C'IIITaCT ((() l\lO,il,_,VJIJO 2n, TaK qTo nee Clll'HaJJb[ 

r·; pa:16i111a10TcH Ha rpy1111b1 110 2n cnmrumn fl Ka*;'\0i1 (Ha cxeMe n=2). O6b1q110 

)\.IIHTPJlbII0CTb 11epeX0,!),HbIX 11pou:eccon fl C'ICT'IIIKC 6o.1bllle, qeM y CIIHXp0111,my.1bca, 

11(1:➔'l'OMY 11epBbli1 Clll'llaJJ t1 6y,n:eT C00TBCTCTB0BaTh HaqaJJbH0MY C0CT0HHHIO perIICTpa 

C'WT'IIIKa. C11rHaJJbl C Bb!X0,!),a DC IIMeJOT 110T('III\llaJlbll.YIO <pOpMy; JIIIHei1Ka 11po11yCKHblX 

B('IITH.TJei1 c11pana 11peo6paJyeT IIX B IIM11YJJbC'H.YIO-

KO,Il, OTIEPAU:1111. 

A Te11epb . paCCM0T!)IIM OTpa60TKY IIH<pOpMaLI;IIII, 3a,11,anaeMoi1 K0MaH,11,oil "<l>yHKU:HH". 

O6rn;11i1 <pOpMaT K0MaH,11, Ha K0Ml1hJOTepax 1-ro 110K0JieHHH 6b!JI 0pl!eHTllp0BaH Ha pyq11oe 

11porpaMM1!p0Ba1111e B MaUIIIHHhIX Ko,n:ax II ,!),.,1H y,11,06CTBa 11porpaMMIICT0B 6b!JI 1103TOMY 

CJ1e,n;ymrn;11M: 

COP A 1 A2 A3 
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CMbICJI TaKoii K0MaH)],bI: B3HTh 'IHCJia, HaX0,11,HIII.HCCH no a,11,pecaM A1 H A2, npHMCHHTb 

K HHM onepau,mo (ttanpnMep, CJJO)Kel!ne HJIH Bbl'IHTaJme), ycJI0BH0 o6o3Ha'laeMyJO 

K0,11,0M COP, , n 3anncaTb pe3yJihTaT no a,11,pecy A3• HanpnMep, Ha co3,11,att11oii, B · 50-

e f0,11,bl 0TC'ICCTBeHH0ii MaIIIHIIC M20 onepau,nH CJI0)KeHHH M0fJla BblfJIH,11,CTh TaK (B 

B0CbMepH'IHblX K0,11,ax) 

001 1067 2003 0533 

O,11,11aK0 C pa3~HTHeM anropnTMH'ICCKHX H3b!K0B BblCOKOfO yp0BHH (AJiro.h, <I>OPTPAH, 

n T.,11,:) cpopMaT Mallll!l!Hhix K0MaH)], CTaJIH onpe,11,eJIHTh Ii C00TBCTCTBHH c Tpe6oBaHHHMH 

TexHn'lecKoii u,eJiecoo6pa3Hocrn. HanpnMep, nporpaMMa·· CJI0)KCHHH 2 qnceJI Iia H3hIKe 

AcceM6J1epa ( T.e. Tex )KC MaIIIHIIHhIX K0MaH,11,, HO. 3anncaHHhlX B CHMB0JIH'leCK0ii cpopMe) 

)],.TJH npou,eccopoB caMhIX pacnpocTpaHCHHhIX B HaCT0Hm.ee BpCMH K0MnhJOTepoB cepm1 

IBM 80486 M0)KCT BhlfJIH,11,CTh TaK: 

MDV 
ADD 
MDV 

ECX,A1 
ECX,A2 
A3,ECX 

IlocnaTb _'lllcno no a.i:1pecy Al B 
~o6aBHTh K ECX 'IHCJIO no A2; 
nepecnan: cyMMy H3 ECX no A3; 

pern'cTP ECX 

CerO)],HH MaKCHMaJihH0 y,11,06Hh!M H B TO )KC BpCMH ,11,0CTaT0'IH0 3<p<pCKTHBHhlM 

HBJrneTC.11 nporpaMMHp0BaHne Ha H3h!Kax BhIC0K0f0 yp0BHH, TaK 'ITO ,11,a)Ke CHCTCMHbie 

nporpaMMHCThl npe,11,no'lnTaJOT C0CTaBJIHTh nporpaMMhl He B•MaIIIHHHhIX K0)],aX (npHMhiX 

l!Jll! acceM6,1epHbIX), a HanpnMep, Ha H3hlKC' C++. IloCMOTpnM, KaK M0)KeT BhlfJl.11)],eTh 

nporpaMMa Ha C++, HanpnMep, )],Ji}! HaX0)K,11,CHHH B rpynne rt 'IHCCJI MaKCHMaJihH0I"O, 

MHHIIMaJihlI0I"0 II 6Jitt)KaiiIIIero K Il,CJI0MY cpe,11,11ero 3Ha'ICHIIH 'IIICCJI B 3T0ii rpynne. 

#include <iostream.h> 
main() 
{int ar [100] ; 
int i,n·,mx,mn,sr; 
n=50; 

I* Mac~HB ar'COACPlKHTn (n < 100) qncen *I 

I* nonolKHM n=50, 11anpHMep *I 
mx=ar[O]; mn=ar[O]; sr=O; 
for(i=O; i<n; i++) I* a.z1pecau,nH B MaccHBe 11a C++ c 11yJ1H *I 
{ .if (mx<ar [i] ) mx,;,ar [i] ; 

if(mn>ar[i]) -mn=ar[i]; 
sr=sr+ar[i]; 

} 

sr=sr/n; 
cout <<"max"<< "min"<<" sr".<< '\n'; 
cout, << mx << ' ' << mn. << ,' ' << sr << '\n'; 

}, 

TIPl1MEP TIPOCTEMillEfO ,2J,Ill1f. 

IlY,CTb ;J,aJihl 2 ~~pa;3pH,1],llblX ~0,11,!1 'IIICCJI_ X H Y; ponpo6yeM IlOC'rpOIIT~ Y<;Tp~iiCTB0 )],JIH 

fWaJI_tt:mI~IIII CJIC,!l)'.IOll\llX K0MaH,11,: . . 

l. CJJO)KIITI, X II Y; COP 3TOii onepa111111 nycTh 6y,11,eT or; 

2. BbI'lCCTb 11·1 X Y; COP IIYCTb 6y,J,CT JO; 

50 

·' 

3. C,11,BnHyTh X BJieBo Ha 1 pa3pH,11,; COP nyCTh 6y,11,eT 11. 

CB060,11,Hh1ii COP = 00 6y,11,eT 03Ha'laTh OTCYTCTBtte onepau,1111: NOP (no operation). 

,2],JIH pean113au,11n TaKHX onepau,nii HaM 6y,11,yT HY)KHbI: cyMMaTop, C'ICT'IHK II C,11,BllfOBhlii 

perncTp. 

Onpe,11,eJinM Hy)KHhle MIIKp0K0MaH,11,hl. Mb! MQ)KeM orpaHH'IIIThCH TaKHMII onepail,IIHMH, 

KaK: 

• n0ChIJIKa K0,11,0B Ha BX0,11,Hh!C perncTpbl CYMMaTopa, C'ICT'll1Ka, C)],B11f0B0I"0 

11 BblX0,11,H0r0 per11cTp0B, T.e. pa3peII1aJOm.11x Cl1l'HaJI0B Ha C00TBCTCTByJOm.ne 

nponyCKHb!El BeHTl1JI11; ' 

• no,11,aqa Cl1l'HaJI0B Ha C'ICTHhlii BX0,11, 11 BX0,11, c6poca C'ICT'll!Ka. 

Tor,11,a M0)KH0 peaJIH30BaTb K0MaH)],hI: 

• CJI0)KCHHH 3 TaKTaM11: n~ChIJIKa X 11 .Y Ha cyMMaTop, fI0Ch!JIKa pe3yJibTaTa Ha 

BhIX0,11,H0ii perttcTp, 3anepmeH11e onepa11nn; 

• Bbl'IHTaHl1H 5 TaKTaMn: n0Ch!JIKa l1HBepc1rn y Ha cqeT'll1K, ,!(06aBJICHIIC 1, IlOCb!JIKa 

pe3yJih-r'.aTa II X Ha cyMMaTop, Il0CblJIKa pe3yJihTaTa Ha BbIX0,11,H0ii perncTp, 

3anepII1eH11e oi:Iepau,11n; 

• C,11,Bllra 3 TaKTal\111: n0ChlJIKa X Ha C,11,Blll'0Bhlii perIICTp, fI0CblJIKa pe3.YJihTaTa Ha 

Bb!X0,11,H0ii perllCTp, 3aBepII1eH11e onepal\1111. 

MaKCl!MaJihHOe . 'IHCJI0 TaKT0B 5, T.e. 6JIOK CIIHXp0HH3au,1111 ,!\0JI)KeH Bb!pe3aTb H3 

n0CJIC)],0BaTeJlhH0CTl1 C; rpynnhI no 5 CIIHXp0IIMnyJlbC0B. 

Bxo,11,Hoii 11H<pOpMau,11eii 6y,11,yT K0,!\hI qnceJI X II Y. 
O6m.eii cxeMoii 3T0f0 ycTpoiiCTBa 6y,11,eT Ta, 'ITO 11306pa)KeHa Ha pnc.2, a 3,11,CCb Mhl 

nocTp0IIM CTPYKTyp111,1e cxeMbI ero 0T,11,CJihllbIX y3JI0B. Ha'IHCM c YA . 
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IloHCHeHHll K cxeMe. 
B C0CTRB y A BX0,ll;llT: 

• IIIHHR CHHXp0HMnyJibC0B C;; 

• 6JIOK "<I>yHKIJ;Illl", Ha KOT0pbli1 no,n;aeTCll 2-pa3pll,ll;Hbli1 K0,ll; onepau;nn k1ko; 

• Tpilrrep "3aHHTO / CB06o,n;no"; 3T0T Tpilrrep 6JIOKI1pyeT ,n;ocTyn K ,n:rr11:r BO BpeMll 

I1cnoJineHI1ll TeKyiu;ei1 onepaa;I1I1; 

• BC (pIIC.2); naM ny,1<nb1 5 TRKToB; MH 3T0ro eqeTqIIK BC ,n;oJI,1<en IIMeTb 

pa3pll,ll;H0eTb KRK MIIHIIMYM n=3 JII160 eqIITRTb no M0,ll;YJIIO 5 e IIIaroM 1. Mb! 6y,n;eM 

I1en0Jib30BRTb T0JibK0 BbIX0,ll;bl t1, t2, t3, t4, ts; 

• IIIIIHa eI1rHaJia 3anyeKa yeTpoi1eTBa Start; 

• exeMa aHaJIIl3a eI1rHaJI0B OT OA II Bb1pa60TKI1. MIIKp0KOMaH,n; Ha OA. 

TpI1rrep Tl 3a,n;aeT pe,1<I1M "eBo6o,n;Ho - O" / "3aHHTO - l". B pe,1<I1Me "eBo6o,n;no" ero 

QcBb!XO,ll; 6JIOKilpyeT noeTynJieHil_e em1xpoI1MnyJibeOB. Ha 6JIOK eIIHXp0Hll3Ru;HII BC II 

2-pa3pH,n;Horo KOila K 1K 0 Ha ,n;eIIII14'paTop DC. B pe,1<I1Me "3aHHTo" Q'-Bbixo,n; Tl 

npenHTeTByeT noeTynJieHIIIO H0B0ro enruaJia start ,n;o K0Ha;a Bb!Il0JIHeHilll onepaIJ;IIII. 

Tl yeTaHaBJIIIBaeTeH no,n;aqei1 enma.na start.ua S-Bxo,n;; e6paewBaeTeH eI1rHaJIOM "e6poe". 

CqeTqIIK BC onpoKil,ll;bIBaeTell eI1r11a.,10M e;; yeTanaBJIIIBaeTeH B HYJlb eI1rHaJIOM "e6poe". 

BC Bb!pa6aTbIBReT TaKT0Bble IIMnyJibCbl t1, ... , t5. 
DC npeo6pa3yeT K1K0 'B noTeHIJ;Il!IJlbI k1 , k2, k3 - eilrHaJibI onepau;I1i1 eJio,1<eHI1H, 

BbJqIITRHilll II e,n;Bilra. 
3 JIIIHei1KII K0H'b!OHKT0p0B no enrHaJIY onepaa;HII kj HR KR)K,ll;0M TRKTe t; Bb1pa6aTblBRIOT 

MHKp0K0MRH,lJ;bl Ha onepaa;IIOl!Hbli1 6JIOK OA - eilrHaJibl IIMnyJibeH0i1 cpopMbl ffiji: 

• mu - ,ll;Jlll no,n;aqn K0,ll;0B X II Y ua BX0,ll;Hbie perileTpbl eyMMRT0pa (oTKpbIBRll 

e00TBeTeTBYIOIIJ;He nponyeKHbie BeHTIIJrn); 

• m12 - Mll no,n;aqII eyMMbl X + Y e perneTpa eyMMaTopa Ha BbIXO,ll;HOi1 perileTp; 

• m
13 

- eI1rHaJI 3aBepIIIeHHll onepaa;IIII. - Bbipa6oTKa eI1rua.,1a "e6poe"; 

• m
21 

- ,n;JIH no,n;aqII X na l-i1 Bxo,n;noi1 perneTp eyMMaTopa, a IIHBepcHoro Y Ha perncTp 

eqeT'lIIKa; 

• m22 - Mll yBeJIIlqeHilll e'JeT'lHKR Ha 1 - · cpopMilpOBaHilll ,n;onoJIHIITeJibHOro KO,n;a K 

Y· , 
• m23 - Mll no,n;a'III KO,n;a e perneTpa e'leT'lHKa na 2-i1 BXO,ll;HOi1 perileTp eyMMaTopa; 

• m24 - Mll no,n;a'III pa3H0eTII X-Y e perneTpa eyMMRTOpa na Bb!XO,ll;HOi1 perneTp; 

• m
25 

- eI1rHaJI 3aBepIIIeHIIH onepau;I1n - Bbipa6oTKa eI1rHaJia "e6poe"; 

• m31 - Mll no,n;a'III KO,n;a X ua e,n;Bilr0Bbli1 perneTp; 
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• m32 - Mll no,n;a'III e,n;BIIHYT0ro Ko,n;a na BbIXO,ll;HOil pernCTp; 

• m33 - ·eilrHaJI 3aBepIIIeHIIH onepau;nn - Bbipa6oTKa e11rHa,1a ··c6poc··. 

KoMaH,n;a ko 0,ll;HOTRKTHRll - Bb!pa60TKR eI1rHaJIR "e6poe". 

C 6JioKa OA YA noJiy'laeT eI1ruaJib1 s 1 II s2 ; eI1rHaJI s1 - 3Ha•1eH11e (n-1)-ro pa3pH,n;a 

perneTpa eyMMRTOpa; eCJIII OH paBeu· e,n;IIHIIIJ;e npII c.,101KeHI1ll II.111 Hy.110 rtp11 Bbl'IIITRHIIII, 

TO npoI130IIIJIO nepenoJIHeHI1e (overflow). CI1rua.,1 s2 - 3Ha•1e1111e (n-1)-ro pa3pH,n;a 

e,n;BI1r0Boro perIICTpa; ec.,1I1 OH paBtm e:i;I1unu;e, npo11301II.10 BbITa.1K1rnaune Ko,n;a 3a 

pa3pH,n;HyIO eeTKy. Bee TRKHe CJIY'IRII llBJillIOTell aBapniiHbl~l 3aBepmem1e~1 onepaa;IIII. 

TpI1rrep T2 CJIY,KIIT IIH,ll;IIKaTopoM H0pMaJibH0ro 3aBepIIIeHilll (coCTOllHHe 0) IIJIII 

aBapI1i1uoro. ABapI1i1Hoe eoeT0HHile yeTaHaBJIIIBaeTrn curna.1m1 k1&sj V k2&s; V k3&s2. 
B ,n;aHH0i1 exeMe Bee eilrIIaJibi eqnTaIOTell II)l,ea.,ibHhnlll: Kpm1e Toro. Mb! npette6peraeM 

nepexo,n;Hb!MII npou;eeeaMII, TaK qTo aua.,1n3 BpC~ICIIIIhlX .:uiarpil\lM B ,:i;aHH0M c.,1yqae 

onyiu;en - MbI onI1paeMeH JIHIIIh na .11orttKy Hoc.11e.:1onaT<'.11,11ocn1 co6hiT1111. Ho B CJiyqae 

peaJibllblX yeTpoi1eTB, pa3yMeeTell, 6bIJI 6hI lll'06xo;1m1 a11aml3 T0'lllbIX BpeMeHHblX 

eOOTHOllleHrii1 Me,1<,n;y eI1rHa.,1aMII Ii peaKIIllmm mt' IIIIX. 

A Tenepb nepei1,n;eM K OA. OH 6y,n;eT· co,1ep,1,;an, c:ie:1,.non1ee o6opy,n;oBaHne: 

• eyMMaTop e 2 n-pa3pH,n;n1,1~111 11xo;1111,n111 p('l'lll'Tpa~m RX II RY n o,n;nn (n+l)

pa3pll,ll;Hbli1 perneTp MH cj)Op~111po11,11111H c~·~1M1,1 RS; 

• e'leT'lllK Counter C n-pa:1pH:(III,n1 P<'l'll("l'pm1; pcrncTp Mll cpopMHpOBRHIIH cyMMbI; 

• e,n;BI1ron1,1i1 pernnp Rl'!!:SIIL pa:ip>L\II0("TII n f L 

CTpyKTypnaH cxeMa OA ;1ai111oro .n- rpoiit;rna 6y,n;eT CJie,n;ymiu;ei1. 
X Y mll m21 -'1-'1 ml2 m24 

Slli\l 
Rout 

RS 

+l 

Pilc.5. CTpyKTypHall cxeMa OA 

Bee cnrHaJibl Ha exeMe 6b!JIII o6'bllCHeHbl Bblllle. IlocTyna10iu;11e MIIKP0KO~faH,ll;bl miJ 
ynpaBJill!OT pa60T0i1 exeMblj pe3yJibTRTbl onepaa;11i1 3an11eh1BRI0Tel1 Ha BbIX0,1],II0ll perncTp 

Rout; 11ncpopMaIJ;I1ll 06 yenexe/neyenexe 011epau;11fi ( c11rnaJibI s1, s;, s2) 110,uacTcll ua YA. 
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Mm1rno Jllllllb ,n;o6aBHTb, 'ITO H3o6pa)KeHH.H IllHH ,n;aHHbIX X H y H pe3yJlhTaTOB onepa~uli 

tta,n; HHMH yCJIOBHbie (,n;JI.H 60J1bllleli narmi:,n;HOCTH cxeMb!). B _,n;elicT_BHTeJlbHOCTH 3TO 

n-MepHble BeKTOpbl IllHH, paBHO KaK ll COOTBeTCTBYIO~He nponyCKHbie BeHTHJIH, ua 

KOTOpb!e no,n;a!OTC.H oTnnpa!O~He curHaJlbl )];JI.H npOXO)K,Ll;eHH.H ,n;aHHblX K o6'beKTaM 

Ha3Ha'leHH.H; n-MepHbl TaK)Ke ll JIHHeliKH KOH'b!OHKTOpOB (,n;u3'b!OHKTOpOB). 
YCJIO)KHEHI1E TTPI1MEPA. TTocTpoenttoe ycTpOliCTBO 6bwo CJIHillKOM ppHMHTHBHbIM. 

l..JT06b1 , npu6nu3HTb ero K MO,n;enu CKOJlbKO-Hu6y,n;h ;3penoro MHKponpo~eccopa, 

Mhl ,Ll;OJl)l(Hbl . cua6,n;nTh ero qepTaMH, KOTOpbie 6b! n03BOmlJIH eMY aBTOMaTH'leCKH 

OTpa6aTbIBaTb nocne,n;oBaTeJlbHOCTH KOMan,n;, T.e. nporpaMMbl, ll )];JI.H 3TOro OHO )];OJl)KHO 

6paTb ,n;aHHble ll caMll KOMaH,Ll;bl ll3 a,n;pecyeMoli naM.HTll. 
A,n;pecyeMa.H naM.HTb, KaK BHelIIH.H.H, TaK II BHyTpeHH.H.H onepaTHBHa.H, c, TO'lKll. 3peHIIR 

JIOrHKll - 3TO noc,1e,n;oBaTeJlbHOCTb, n-pa3p.H,Ll;HbIX perncTpOB, Ka)K)];OMY 113 KOTOpbIX 

npHCEOeH HOMep, T.e. a.n;pec. 
l.h·enue umpopMa~uu H3 TaKoli naM.HTH noru'leCKH ocy~eCTBJI.HeTC.H qepe3 

MYJlbTHnJleKCOp: a,n;pec 'lHTaeMoro. Ko,n;a no,n;aeTC.H Ha a,n;peCHblH BXO,Ll; MYJlbTllilJleKCOpa, a 

Ha ero Bb!XO)];e no.HBHTC.H caM 'll!TaeMb!H KO,!I., B ttallleM npuMepe 3TO 6bIJI 6w KO,!I. X l!Jlll 

Y, a MHKpOKOMaH,Ll;bl oTnnpaHll5l nponyCKHbIX BeHTIIJleli (mll, m21, m31). nOCblJlaJIH 6bI 

npe,n;aapuTeJlhlIO 3anpOCbl ua MYJ1bTl!nJ1eKCOp BbI)];aTb Tpe6yeMblH KO,[\ H3 .H'leHKII naM.HTll 

C 3a,n;aHHblM a,n;pecoM ua llll!Hbl X HJIH Y. Jlorii'leCKH pa6oTa no nOCblJIKe, l!anpuMep, XII 
y Ha perucTpbl cyMMaTopa CJ10)K.HCC - noTpe6oaaniICb 6w 4 OT)];eJlbHbIC MHKpoonepa~llll 

no nepecb1JIKe Xu Y. Ho B ocTaJlhHOM pa6oTa YA u OA He H3MeHHJiaCb 6h1. 

3anHCb HH<pOpMa~Illl B a,n;pecyeMy!O HaM.HTh MO)KHO ocy~eCTBJI.HTb ll C nOMO~b!O 

MYJlbTHnJleKCOpa, y KOTOporo 06pa111eHbl BXO,Ll; ll Bb!XO,Ll; ,n;al!HbIX;. a,n;pecHa.H 'laCTb 6y,n;eT 

pa6oTaTb TaK )Ke, KaK a cnyqae 'ITCIIII.H. 
O,n;naKO nau6onee cyU\CCTBCll!lbIM H3MeuettlleM ·B KOHCTpyK~llll ycTpOHCTBa 6bIJIO 6bl 

co1,n;attue annapaTa O'rpa6oTKII nporpa11,1Mb1. 
B narneM npuMepe no KoMau;w st.art )];OJl)KHO 6b1J10 6w BKJIIO'laTbC.H cne~uanbuoe 

ycTpofiCTBO ynpaBJICIIII.H (YY), KOTOpoe 6b! BBO,n;HJIO KOMaH)];bl nporpaMMbl a 
onepaTlrnHy!O naMRTb ll O'rpa6aThll!arIO HX aBTOMaTH'leCKH, 6e3 yqaCTH.H onepaTopa. TaK 

pa6cnano YY y;Kc ynoM.HHyToli coneTCKOli 8BM M-20: nocne tta)KaTUR KHOnKH "Bao;( 
11a nyJihTP 8BM nporpaMMa rmo,n;HJiaCb C nepcpoKapT B onepaTHBHYIO naM.HTb, Ha'll!Ha51 C 

·m;iarnroro Ha rrcp<l>oKapTaX ;Ke a,r1peca, a 3aTeM Ha'lHHaJIOCb nocne,n;oBaTe,1bHOC 'ITCHHC 

K0M;ur;1 WI orwpaTHBJIOll rraMRTII H IIX ucno.TJHCHIIC. 
TToc;w;1011aT()Jll,II0C:Tb 'ITCIIII.H K0MaH)I MO)KCT 113Mell.HTbC.H caMOli )Ke nporpaMMOli: 

c:rwnnam,111,re K0Mall/(bl M0I'YT ;.1,aTh YKa3anue yy 113MeHHTh nop.H)IOK <JTCHII.H (KaK 

r0B0J>}IT, rwpe;1a-rr, ynpailJICIIIIC) B 3aBHCIIMOCTH OT ycJIOBll51 (nanpuMep, OT 3Ha'lemrn 

p<r1y;11,nrra npe;11,r;zynwfi onepannu) ,mu 6e3 BC.HKHX yc110n11fi: ttanp11Mep, ec;m 

Bl,III0Jill}IC~!a}I K0Ma11;1a 6bIJla npo•1ina11a H3 51qeliKII Al, TO CJle,!I.y!O~eli )];OJl)l(Ha 6bITb 

111,11101111erra ire K0Ma11;1a H3 wiefiKH Al+ 1, a, cKa)KeM, .113 51qefiK11 A2. 
B Ka'JCCTBC upuMcpa MO)KIIO IIJ>IIBCCTII cpparMeUT acceM6J1ep11oli nporpaMMhl ;(.151 

IIJ>Ol({)(:C:0!J0II IBM 80486 

add count,1 yBenu'IHTb_ 'IUC,!I0 no a,n;pecy count Ha 1 

mov al,count nepecnaTb u3 count B 6hlCTJ;>hli(perHcTp AL 

cmp al,20h cpaBHUTb c ,20H (32 ~eCHTU'IHOe) 

jl ready ecnu < 32, nepe~aTb ynpaBnettue ready 
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jmp get_out utta'Ie nepe~aTb ynpaBnemre get_out 

ready: 

get_out: 

3,n;ecb 'IIICJIO 113 .H'leliKU count cpaBHIIBaeTC.H C 32 (16-pH'IHOe 20) u, eCJlll OHO MC!Ibllle, 'leM 

32, npoHcxo,n;nT ycnoBHblli nepexo,n; no a,n;pecy re_ady; ecjrn HeT, TO 6e3ycnoBHblli nepexo,n; 

no a.n;pecy get out. 
Bee npHne,n;eHHbJe KOMaH,Ll;hI - 06b1KHOBeHHb1e n-.pa3p.H,n;H~Ie (,n;nH~1cili · KpaTHbJe 6aliTy) 

a,n;pecyeMbie KO,Ll;bI. <I>opMaT KoMaH,n; Ha 3THX npo~eccopax: "KOTT, 6b1CTpb1fi perHcTp, 

a,n;pec, naM.HTH", nu6o "KOTT, a,n;pec naM.HTH, . 6b1CTpb1li perHcTp". JL n JMP H eCTb 

KOMaH,Ll;bl yCJIOBHOrO ll 6e3yCJIOBHOI'0 nepexo,n;on. 

OcTaHOB YY npoHcxo,n;HT TO)Ke no cne1ll!a.J1hHOfi K<,>Matt_de. 
"4To6bl nony'll!Tb npe,n;cranne1rne O TOM, KaK pa6oTa!OT nporpaMMbl, paCCMOTpl!M 

KOHKpeTHb!H npl!Mep c++ npor'paMMbI, Bbl'IHCJI.HIO~eli X MaKCl!M&1bHOI'O 3Ha'leHH51 

3a)];aHHOH_ Ta6Jlll'IHO <pyHK~llll f(x)."x=l,2,3, ... ,50. 

#include <iostream.h> 

main() 

{int ar[50]; 

} 

int i,xm,fmax; 

fmax=ar[0]; xm=0; 

for(i=0; i<50; i++) 

{if(fmax<ar[i]) 

{fmax=ar[i]; xm=i; 

} 

} 

Pa3yMCe'fC.H, TaK nanucaHHa.H nporpa:-rMa 11a KOMllhlOTepe IICIIOJIII.HThC51 He MO)KCT. 

Otta npe)lnap11TeJ1bHO ,n;OJl)l(Ha: ·6i,iTh npeo6pa:ionana B "MaII1HHHy10" cpopMy, T.e. 

B TIOCJie,n;oBaTCflbHOCTh )];BOH'lHblX KOMaH)l. TaKue npeo6pa30BaHll51 ocy11l,eCTBJI.HIOTC51 

cne~uaJlbHhlMll nporpaMMaMH - TpaHCJl5ITOpa~rn. )lJI.H KOT0ph!X C++ TeKCT HrpaeT pOJib 

)];aHHblX. 
Bu,n;tto, 'ITO ;J,.1151 BbITIOJIHeHll.H c++ nporpa~!Mbl IIJ)Kllhl c;1e,,ymu1He KOMaH,,hI: 

• nputsoe1111e 3Ha'lettn.H nenn•mtte - :m1111c1, ero 110 a;1pecy :➔Tol1 ne1111qutt1,1; 

• c.11o)Ke11He ·•mcen; 

• Bhl'll!Ta1111e q11cen (,n;na cpanue1111.H ,lllYX quce.11) 

• CJIO;KeHHC ll ~hl'IHTaHlie caMHX a,n;pecOB (H3Mene1111e i, ar+i)"; 

• 3anucb c:aMoro a,n;peca B aqeliKy no 3a;1a11110My a;wecy; 
,. . ~ 

• KOMaH,n;a ycnon11oro nepexo,n;a MH peanu3at\llH npoll,e,n.ypw ll,HK.1a (for); 
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• K0MaH,!l.a 0CTaHoBa. 

Ha 3T0M llpHMepe Blf,!1.H0, KaK0B ,!1.0JDKeH 6h!Tb MlfHlfM8.'lbHblfi Ha6op KOMaH,!l;, 

He06X0,!1.lfMblfi ,!I.JIH lfCII0.'lHeHHH BbIIIIellpHBe,!1.eHH0fi 11porpaMMbl. 

A cefiqac II0CM0TpHM, KaK0fi ,!1.0JDKHa 6bITb 6JIOK-CXeMa 11pocTefiI1Iero YY, ,!I.OCTaToqHaH 

,!I.JIH lfCII0JIHeHHH 11porpaMM ,!I.JIH peaJIH3aU:lflf apmpMeTifqeCKlfX anropHTMOB. 

I,JTaK, Mb! HMeeM ,llJU1T c a,!l.pecau:Hefi KaK ,!l.aHHbIX, TaK If 11porpaMM If pa60TaIOiu;Hfi 110 

TaKHM 11porpaMMaM. ,L(JIH llp0CT0Tbl 0IIYCTlfM 3Tall 11epalfqHofi 3arpy3Klf 11porpaMMhl C 

BHeIIIHero H0CHTeJIH ( C 11epcpoKapT, MarHlfTH0ro H0CHTeJIH lfJ!lf lfHTepaKTlfBHO C IIYJibTa) If 

6y,!1.eM cqHTaTb, qTQ 11porpaMMa y:a<e HaX0,!1.lfTCH B 11aMHTlf, HaqlfHaH C a,!1.peca Ap. By,!l.eM 

cqHTaTb, qT0 3TO np0H3Be,!l.eH0 ClfrHaJI0M start. 

TaKHM o6pa30M, nepaoe, qTQ Mhl ,!I.0Jl)KHbl lf·MeTb, - 3T0 perHCTP ,!I.JIH xpaHeHHH a,!1.peca 

HCIIOJIHHeM0fi K0MaH,!1.bI; nyCTb 3T0 6y,!l.eT Radr.·. 

HaIIIlf K0MaH,!1.bl 6y,!1.eM (;qlfTaTb Tpexa,!1.pecilblMlf. 

B 11pHMepe ,llJUir Ha pHc.4,5 Mb! y:a<e HMeJIH ,!1.aHHhle Ha IIIHHax: X,Y If KO,!I. KOMaH,!1.bI 

Ha IIIHHe COP. TTpo.rpaMMHO y11paBJlHeMbifi ,IIJIHf ,!1.0JI)!(eH noJa6oTHTbCH caM o TOM, 

qT06hl lf3BJieqb K0MaH,!I.Y lf3 11aMHTlf no a,!1.pecy, xpaHHM0MY Ha Radr (a Haqane TaM 

6y,!1.eT Ap), BbI,!1.eJIHTb H3 Hee KOTT, BbI,!1.eJIHTb H3 Hee a;:i,pec 011epaH,11,oa, npoqecTb K0,11,bI 

110 3THM a,!l.pecaM If 110,11,aTb KOTT Ha nnrny COP, a K0,!1.hI orrepaH,11,0B Ha mttHhI X,Y. 
)l:aJibHefiIIIaH 0Tpa60TKa K0MaH,!I. M0,KeT 11p0X0,!l,lfTb 110 T0fi )Ke cxeMe, qTQ If Bb!Ille, HO 

11pe,11,aapHT8JlbH0 YY ,11,0JI:a<H0 MO.L\H<plfU:HpOBaTb C0.D,ep,KHM0e perHCTpa Radr - yaeJIHqHTb 

ero Ha 1 (a ycTp0fiCTBaX c 6afiTOBOfi a~1pecau;ttefi Ha K0J!l!qec_TB0 6afiTOB a CJIOBe KOMaH,!J,b!). 

EcJIH K0MaH.D,a 0Ka:a<eTCH KOMaH.D,0fi 11epexo.D,a (yCJIOBHOro HJ!lf 6(!3YCJIOBHOrO)' OHa .caMa 

3a11HI1IeT a.D,pec, Ha KOT0pblfi Hy:a<H0 11epe.D,aTb y11paBJJeHHe, Ha perHCTP Radr. 

TTpe.D,IIOJIO)KlfM, qTQ Mb! X0THM Ha HaIIIeM .[\0II0JIHeHH0M a,!1.pecau:Hefi If 11porpaMMHblM 

y11paBJieHHeM ,IJ:TTHfe (H3 llpHMepa Ha p11c.4,5 ) BblII0JIHlfTb cJie,!1.YIOIII:YIO 11porpaMMy. 

TTycTb B 11aMHTlf 110 a.D,pecaM Al,A2,A3 Haxo,11,HTCH qHcJia. Mb1 xoTHM CJIO:a<HTb HX, cyMMY 

yMH0)!(lfTb Ha 4 If pe3yJibTaT 3a11HcaTb 110 a.D,pecy A4. Tor.D,a 11porpaMMa cJie,!1.YIOIII:ero 

Blf.D,a, pac110JI0:a<eHHaH B 11aMHTlf, HaqlfHaH c HqefiKlf Bl, BblrJIH.D,eJia 6bI TaK: 

A,n;pec nporpaMMhl 
B1 
B1+1 
B1+2 
B1+3 

KOil 
ADD 
ADD 
SHL 
SHL 

A,n;pecl A,n;pec2 A,n;pec3 
Al A2 A4 
A4 
A4 
A4 

A3 A4 
A4 
A4 

Radr 
B1 
B1+1 
B1+2 
B1+3 

3.D,eCb C0.D,ep,KHM0e perHCTpa Hapaiu;HB8.'10Cb 6bI II0CJI8.[\0BaTe.'lbH0, 11epe.D,aq y11paBJI8HlfH 

HeT. 2 K0MaH,L\bl SHL (shift left) - C,L\Blfr BJI8B0 - Bb16paHbl IIOTOMY; qTQ Ha }iaI1IeM ,n:TTHf 

HeT K0MaH,L\bl YMH0:a<eHHH, HO C.[\Blfr u:eJIOr0 qifCJia B.JleB0 Ha 1 pa3pH.L\ 3KBlfB8.leHTeH 

YMH0:a<eHHIO Ha 2. 

Pac11HI1IeM 110 TaKTaM Bb!Il0JIHeHHe O.[\H0fi K0MaH,11,hl- CHaqana CJie,!1.YIOT 

110.[\rDT0BIIT8JlbHble TaKTbl pa60Tbl YY. 

l. 1-n TaKT. Bb16opKa K0MaH;:J,bl 113 11aMHTlf, T.e. II0CblJIKa a.D,peca 113 Radr Ha a.D,peCHblfi 

BX0,L\ MYJibTlfllJieKC0pa qTeHIIH 11, TeM caMbIM, II0Cb!JIKa Bbi6paHHOfi KOMaH.D,bl Ha 

perncTp K0MaH.D,bI Re. 
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2. _2-fi TaKT. l;3bI.[\eJieHHe K0.D,a 011epaU:IIII H II0Cbl.'lKa ero Ha perncrp KOITa; Bb!X0.[\bl 

11oc.ne.D,Hero - 3T0 IlllfHbI COP; O.L\H0BpeMenuo Bbt:i;e.1em1e a.:i;pecoa 011epaH.D,0B 

If II0CblJIKa IIX Ha a,!1.peCHbJe BX0,L\bl c11eu:11a.:lbHblX ~1y.1bT1II1.leKC0p0B qTeHIIH 

011epa!1.[\0B_; II0J!b30BaTbCH paHee YII0MHHYTblMII He.lb3H - 11p11I11,l0Cb 6bl Bb!Il0JIHl!Tb 

. 3 II0CJie.D,0BaTeJibHb!X TaKTa qTe!llfH. 

3. 3-n TaKT. TTpHeM 011epaH.D,0B C Bb!X0,L\0B .D,aHHblX 11y.1bTI!Il.leKC0p0B ll 3a111ICb IIX Ha 

perHCTpb! '011epaH.D,OB; Bb!X0,L\bl II0CJie.D,HIIX - IIIIIHbl X JI y. 

,n:anee uaqlfHaeTCH lfCII0JIHeHlfe TaKT0B apncpMeTIIqecKUX 011epau,Hii 6JIOKOM OA HaI1Iero 

,IJ:TTHfa TQqHQ TaK :a<e, KaK If B paHee paCC!'.IOTpeHH0M CJiyqae, 3a lfCKJJIOqeHHeM 

TaKTa 3aBepI1IeHHH 011epaa;1Ilf. 3a11HCb pe3yJibTaTa B 11al\1HTb II 3aaepI1IeH1Ie Bb!Il0JIHeHIIH 

K0MaH,L\bl ocyiu;ecTBJIHIOTCH CH0Ba TaKTaMH YY. 
TaKHM o6pa30M, ,L\JIH K0MaH,11, CJl0)!(8HlfH HaM nomi,:i:o6HTCH 2 TaKTa (cIIrHaJibl t4, t5), a 

.D,JIH BblqnTaHIIH 4 (CHrHaJibI t4 , t5 , t6 , t7 ). 01111 6y;.1,yTyrrpaa.1HTb pa6oTOfi OA. 

,n:anee CJie,!1.YIOT TaKTbl 3alllfClf pe3yJibTaTa 011epa1\Illl B rraMHTb ( ts) II° 110,n;roT0BKll K 

qTeHHIO CJie,!1.YIOIII:efi K0MaH.D,bl ( tg ). 

1. 8-n TaKT. TTOCblJlKa a,!1.peca pe3y.HbTaTa 11a ,qpeCllblll BX0,LJ;, a caMoro pe~yJibTaTa Ha 

BX0.L\ .D,aHHb!X MYJibTIIIIJieKC0pa 3aTIIICII . 

2. 9-ii TaKT. 3aaepI1IeHHe 011cpa1\1111 - .vm•.:111•w1mc a,1peca Ha Radr Ha 1. 

EcJIII 6bI Halli )l:f111f IIMCJI K0WUl)\hl Ill'Jll'X0,l,<l, Ta° Ha Radr 6bIJI 6b! II0C.'laH a.D,pec 

K0Ma!l,L\bl B 11aMHTlf, KOTOpoii C.IWAVl'T lll'Jll','\aTb y11paBJiem1e (qepe3 BX0,!I. cqe'fql!Ka A). 

HTaK, 6JIOK-CXeMa Harncro yy 6~')\PT (',JJl';~\"IOl[\CH: 

ITycK 7 S I Ts8 
Q, t2 

ko 
( CTOII} 

~ 
C 
T 
tg 

JJaMHTb 
~ 

f I 
/., 
f;~ 
f J 
tr, OA+YA 

ko 

tn 
t7 
tti 
tg 

y Res 

PHc.6. BJioK-cxeMa YY 

flm1c11CIIIIH K cxeMe. PerHcTp Radr 6y.n;eM cq11TaTb perIICTp0M cqeTqnKa, Ha K0T0pblfi 

M0;J<fl0 3a1mcaTb HOBblH KO,!!, (110 BX0,!1.Y A) l!JIH yaeJIH'IIITb CTapblfi Ha 1. 
Tp11rrep Tss IIPII 110,n;aqe ClfrHaJia "11ycK" 0TKpbmaeT 11po11yCKH0H BCHTIIJ!b ,!I.JIH 110.D,aqII 
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a,n;peca TeKym;eii I1cnonm1eMoii K0MaH/1,hI c Radr Ha MYJJbTilnJJeKcop MXc, K0T0pb1ii 'IIITaeT 

113 naMHTII K0/1, K0MaH/1,bl II 110,n;aeT ero Ha perIICTp Re; 0TCI0/1,a '!aCTII 3Toro K0/1,a (K0/1, 

onepa111111 11 a,n;peca ouepaH,n;oB) no,n;aIOTCH Ha perI1cTpbl Rcop, Ral, Ra2, Ra3; ,n;anee 

Ha MYJlbTIIHJleKC0p MXxy, K0T0pb!H 'll!TaeT Il3 naMHTII KO,D;h1' X II Y II no,n;aeT IIX Ha 

C00TBeTCTBy10m;11e IIIIIHbl. CilrHaJJ Qi pa3pemaeT pa60Ty yy /1,0 Tex uop, II0Ka OH He 

6y,n;eT c6pomeH K0MaH/1,0H k0 (cTon). 

3aTeM /1,JJH ·Bb!IlOJJHeHIIH caMIIX K0Man,n; uporpa~M 110,n;KJJIO'laeTcH 6n~K "OA+YA" - 3T0 

0nIICaHHh!H paHee ,l]JI11r (pilc.4,5), B K0T0p0M y6paH Tpifrrep "3aHHTO / CB060/1,HO", a 

/1,emmppaIJIIH CIIHXp0IIMnyJJbC0B II Bb!pa60TKa TaKT0Bb!X IIMnyJJbC0B,HepeHeCeHa B ,n;aHH0e 

YY (,n;enrncppaTOp DC). 

Bb!HOJJHeHile K0MaH/1, ynpaBJJHeTCH TaKT0Bb!MII CilfHaJJaMJI t4, ts, t5, t1, a CB060,D;Hb!i! 

KOTT = 00 YY I1cnoJJb3YeT KaK K0MaH/1.Y ocTaHoBa. Pe3yJJbTaT Bhln0JJHeHIIH .K0MaH,n; c 

BbIX0/1,H0ro perucTpa Res .B 6noKe "OA+YA" npII pa3pernarom;eM TaKT0B0M CilrHane t8 

110,n;aeTcH qepe3 MYJJbTilnJJeKcop 3a11I1cI1 MXw B naMHTb. 

TaKTOBb!i! CilfHaJJ t9 3aBeprnaeT Bb!Il0JJHeHile K0MaH,i).bl - n0BbIIIIaeT perIICTp C'leT'!IIKa 

Radr Ha 1; curHaJJ t1 cJJe/J.YIOID;ero IJI1K,1a nornneT ero Ha MXc, II T.,n;. KoMaH,n;a ocTaHoBa 

k0 c6pocI1T Tpilrrep ''Tss" B "O" 11 3a6noKI1pyeT no,n;aqy a,11,peca K0MaH/1,hI Ha MXc II TeM 

caMbIM npeKpaTHT pa6oTy (noJJe3HYIO) ycTpoiiCTBa. "O" Ha Bb!X0/1,e Qi 3a6.10KI1pyeT TaK)Ke 

BCHKYIO 3aHIICb B uaMHTb - T0'!Hee, 3aUl!Cb!BaTbCH 6y,n;eT ilyJJeBoi! K0/1, no a,11,pecy 0. 
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cl>OPMAJibHbIE rPAMMATllKll 
l1CX0/1,HblM n0H.IITileM: .IIBJl.lleTC.11 6yKBa (cIIMBOJJ): a, x, N, c, 1, 5, +, - ll T./1,. EcTb 

TaK)Ke nycTaH 6yKBa (uycron CHMBOJI) - yCJJ0BUOe II0H.IITHe, o603Ha'!aIOm;ee 6yKBY, 

cyJiJ;eCTBYIOID;YIO Jlllllib "BHPTYaJJbHO"; 'HO He peaJJbH0 - KaK 6bl "He3aHHTOe MeCTO" /1,JJH 

6yKBbl. 

ITOCJJe,i).OBaTeJibHOCTb 6yKil, · paccMaTpirnaeMa.11 · KaK 11enoe, Ha:3b!BaeTC.II CJJ0B0M. 

KoJIH'leCTBO' 6yKB B CJl0Be - 3TO /1,JlHHa CJl0Ba. ByKBa HHa'!e M0)KeT 6b!Tb Ha3BaHa 

CJJ0B0M /1,Jlllllbl 1. CJJOBO, COCT0Hm;ee Il3 ·uycTblX 6yKB, 6y,n;eT uyCTblM CJJOB0M," T.e. CJJ0BOM 

/1,Jlllllbl 0. 
9'.ac:Tb. CJlOBa, T.e. '!aCTb noCJJe/1,0BaTeJibH0CTll 6yKB CJl0Ba, Ha3blBaeTC.II ll0/1,CJl0B0M 

,n;aHHoro cnoaa. Cnoao a ec'.tb H0,iJ.CJJ0Bo• CJJoBa b,. eCJJH b = cad,. r,ll.e c,d - CJJOBa 

(B03M0)KHO, nycTb!e) ,n;aHH0ro ancpaBHTa. 

CJJoBa · MOryT 6hITb · TepMHHaJJaMll (oKOH'laTeJlbllb!MII) n HeTepMHUaJJaMII 

(npe/1,BapHTeJibHblMll}. TepMIIHaJJhHble CJl0Ba COCT0HT T0JlbKO II3 TepMIIHaJJ0B, 

HeTepMIIHaJJbHble CO,i!.ep)KaT CJl0Ba o6oIIX 'TIIU0B. 

,LI:mr CJJOB onpe,n.eneHhI CJie/1,YIOID;IIe onepaIJIIII: 

• K0IJKaTeHaIJII.11, T.e._ coe,n.IIHeHIIe 2 IIJIII 6onee CJJ0B B 0)1,HO CJJOBO; HanpHMep, nyCTb 

CIIMBOJI KOHKaTeHaIJllll. 6y/1,eT EB; T0r,n.a Bb!p~eHIIe abc,$ 22 EB -p 6y,n.eT CJJOB0M 

abc22-p; JII06oe CJJOBO eCTb KOHKaTeHaIJII.11 6yKB; 

• pa:3?IIe~He cir?Bami noiCJJoaa - o6paTHaH oneJ?B.IIHH K ~?HKaTeHaIJIIH;. 

• 3aMem;eHiie · o,II.Horo 110,n.CJJoaa cnoaa Ha ,n;pyroe - Ba)KHa.11 011epa11II.11 B 

cpopMaJJII3Me pa60TbI co CJI0BaMII; 3aMem;eHIIe np0II3B0)J,IITC.II 110,lJ,CTaH0BKaMII, 

KOTOpbie OllllCbIBaIOTCil upaBHiiaMll ,n;ii:irnoro 'H3b!Ka TIIUa 'Z ➔ w, r,n.e 'z, W: -
cnoBa ,n.aHHoro .H3b!Ka; HaiipHMep, 3aMeHa abc ➔ DH npeo6pa:3yeT cnoBo abc22-p B 

DH22-p. 

CJJOBO· He MeH.HeTC.11 OT)J.06aBJieHH.II (y,n.aneHIIH) IJYCToro, c~·111:1ona (cJIOBa). 

ByKBl>l o6pa3yIOT ancpaBIIT, a CJI0Ba, _COCTaBJJeHHbie. II~ 3THX 6yKB, CJIOBapb H3b!Ka, 6y,n;h 

TO .113b!K 'leJIOBe'!eCKoro o6m;eHH.II IIJIII •.JII069i! cpopMaJJbHbli,i .113b!K -(nporpaMMHpOBaHIIH, 

IIHCTPYKTa)Ka, rpacpHKII, cpopMaJJbHblX OUIIC~HIIH, MY3bIKII II T,,n..). . 

CJJOilaM M0)KHO ·COII0CTaBI1Tb, IIX 3Ha'!eHH.II -. B. opbl'IHblX .113b!Kax 3TO_ CMbICJibl CJJ0B, B 

cpopMaJJbHbIX .113bIKaX 3T0 HeK0T0pb!e cpopMaJJbHble K0/1,bl, CMb!CJlbI (KaK cpopMaJJbllbie, 

TaK II HecpopMaJJbHb!e) o6pa3yIOT IIepapXHIO, T.e • .n.peB0BII/1,HYIO CTPYKTYPY· B o6bl'!Hbl?( 

H3bIKax 3T0 po,n.OBbie, BII)J,0Bbie II T.,n.. OTHOIIIeHIIH, B cpopMaJJbH~IX - OTH0IIIeHil,.11 Me)l</1,Y 

HeTepMHHaJJaMH II TepMIIHaJJaMII. 

HanpIIMep, CJJOBO. (2+8):2 IIMeeT,CJle/1,YIOID;IIe CMb!CJibI: 3TO apHcpMeTU'le\:KIIil TepM ll 

(ypOBHeM IIOHII)Ke) 3TO 5 - apIIcpMeTII'leCKOe 3Ha'!eHIIe 3T0ro Tep~rn. 

TEPM11HAJ1bl H HETEPMHHAJibl. C.~oBa Ka)Kl1,orq . KOHKpeTHoro aJb!Ka 

H0p0)l()J,aIOTC.11 _c nOM0ID;bl() rp!J,Mr,faTIIKII - C~0/1,a npaBIIJI, no KOT0pblM Il3 6yKB ancpaBIITa 

3Toro .113b1Ka CTp0HTC.11 IICXO,ll.Hble CJl0Ba, a II3 IICX0/1,Hb!X BCe noCJie/1,YIOID;IIe .. 9TII CJlOBa 

/1,eJJ.HTCH Ha ,II.Be Ba)KHble KaTeropni1 .~ TepMIIHaJJbl H ~eTep_MHHaJJbl. OTHOUieHHH Me)K/1,Y 

HIIMII - 3TO,CJl0)Kllbie, 0THOilleHIIH Me~ o6m;IIM II qacTHbll-4, Me.lK,lly 11eJI_b!M II '!aCTblO ll 

T.)J.. 

C npo6neMOi! TepMHHaJJOB II HeTepMIIHaJJOB, IIX pOJJII B npo11el1,Ypax Bb!B0/1,a BIIJI0THYIO 
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CTOJIKHynacb Kn6epHeTHKa. BonpeKH "eCTeCTBeHHOMy" MHeHHIO, 'I'.J.'0. BOCnJ)HHTHe 

opraHaMH Hanrnx 'IYBCTB )].aeT HaM nOJIHYIO HH<pOpMall,HIO O HallieM OKpy)KeHHH, pa60Thl 

Kn6epHeTHKOB no C03)].aHHIO, HCKYCCTBeHHOrO HHTeJL/leKTa Cpa3y )Ke Bb!HBHJIH TOT <paKT, 

'ITO CO)].ep)KaHne 3TOro BOCnpHHTHH eCTb JIHllib rpy6hlil cypporaT 3TOil ,HHq>OpMan,nn, a 

TO'IHee, ee Cblpon nonycpa6pnKaT. 

,LLeilCTBHTeJlbHO, BblrJIHHYB, HanpnMep, H3 OKHa, Mb! YBH)].HM )].OMa, YJIHIJ,hl, npoXO)KHX, 

aBTOM06HJIH H T.)].. Ho caMaH npoCTaH npoBepKa Bb!HBJIHeT, 'ITO Ha caMOM )].eJle Mbl 

BH)].eJIH He KOHKpeTHbie )].OMa, a JIHllib 11)].0Ma B006IIJ,e", ne aBTOM06HJIH, a "aBTOM06HJIH 

B006IIJ,e"; Ha npOCTeltmne BOnpOCbl O KOHKpeTHbIX 'IepTax 3THX om,eKTOB ( CKOJlbKO OKOH 

y }J;OMa, KaKOBa MapKa aBTOM06HJIH H T.)]..) caMblil THnH'IHblil OTBeT: "He 06paTHJ1(a) 

BHHMaHHH11
• OKa3hIBaeTCH, )].JIH .q>OpMnpoBaHHH nOJIHOIJ,eHHOro o6pa3a 061,eKTa 0)].HOro 

BOcnpHHTHH MaJIO - Heo6XO)].HMa eme HHTeHCHBHaH pa60Ta aKTHBHOro areHTa Hamett 

ncHXHKH - BHHMaHnH, pe3yJlbTaTOM pa60Thl KOTOporo HBJIHeTCH "TepMHHaJIH3an,nH" 

BOCnpHHHTOro naMH o6pa3a (a TO'IHee, BeCbMa 3anYTaHHOH CMecn o6pa30B pa3JIH'IHOH 

creneHH "TepMHHaJlbHOCTH"). B npHBe)].eHHbIX npHMepax .. Ha'IaJlbHblil 11)].0M", "aBTOM06HJlh11
, 

n T.)].. 6hIJIH HeTepMHHaJlaMH, a nocne BHHMaTeJlbHOrO HX pacCMOTpeHHH npeBpaTHJIHCb 

B TepMHHaJlbl (aHrJI. terminal 03Ha'IaeT OKOHe'IHblil) 11)].BYX3Ta)KHblil )].OM", "aBTOMo6HJlb 

MapKH Jla,n,a" H, T.)].. Boo6IIJ,e, MO)KHO npe,n:nOJIO)KHTb·, 'ITO Harne BOCnpHHTHe BHellIHero 

MHpa pa6oTaeT CJle)].ylOIIJ,HM o6pa30M: pH)]. CHrHaJIOB (B nepBylO O'Iepe)].b CaMbIX 

HHTeHCHBHbIX) no accon,naTHBHOil n,enH nopo)K)].aeT B Hae nepBH'IHYIO CTPYKTYPY 

HeTepMHHaJIOB, a )].anee C nOMOIIJ,blO JIOrH'IeCKOro H accon,naTHBHOro BbIBO)].a Ha'IHHaeTCH 

HX TepMHHaJIH3aIJ,HH. ,LLpyrnMH CJIOBaMH, aHaJIH3 no)].06HOH npaKTHKH IIOKa3aJI, 'ITO 

CO)].ep)KaHne Hamero C03HaHHH - 3TO He q>OTOCHHMOK, He 3epKMbHOe OTpa)KeHne 

BHellIHero MHpa, a, CKOpee, KapTHHa, napnconaHHaH xy)].O)KHHKOM. 

Tnop'IeCKHit xapaKTep "TepMHHaJIH3an,nn" oco6eHHO CTaHOBHTCH HCeH, KOr)].a Mb! 

nhITaeMC5I BblHCHHTb cyIIJ,HOCTb H CBOitCTBa HenpHBbl'IHOro : om,eKTa B HeCTaH,n:apTHOM 

OKpy)KeHHH n HepyTHHHOli o6cTaHOBKe. C 60JlbllIOil nepoHTHOCTblO Mbl MO)KeM noiiTH 

no HeBepHOMY nyTH n YCMOTpeTb n )].aHHbIX 11HHq>OpMaIJ,HI011
, KOTOpoli TaM HeT n 6bITb 

He MO)KeT. B Ka'IeCTBe npiiMepa MO)KHO COCJlaTbCH, HanpnMep; Ha ,n:aHHbie a3po- H 

K0CMH'IeCK0it C'heMKH 3eMHOil rronepxH0CTH. 9TH )].aHHble - ' TaKaH cpaHTaCTH'IecKaH 

MewaHliHa TCJ)MHHaJIOB H HeTepMHHaJIOB pa3JIH'IHbIX ypOBHeil, 'ITO )].JIH Toro, 'IT06bI 

npn HX aBT0MaTH'IeCKOM aHaJIH3C HCKyCCTBCHHOMY HHTeJIJleKTY pa3o6paTbCH B Heli, 

Tpe6yeTCH CJIO)KIICHllIHih1 H30IIJ,peHHCHllIHH amiapaT HOBOrO HanpaBJleHHH B l\taTeMaTHKe 

- TC0pHH pacn03HaBaHirn o6pa30B. 

B 3TOM H0B0M 11ay'IHOM HanpanneHHH MeTO)].OJIOrnH· q>OpMMbHblX H3blKOB np051BJWa 

cefia KaK BeCbMa MOill,Hhlfi H 3<p<peKTHBHbIH HHCTpyMeHT. 

KJIACCl1<I>l1KAU115I rPAMMATl1K no XOMCKOMY. 
fpaMMaTHKH H)].CHTHcpnn,upy10TCH no Tnny ncnonh3yeMhIX n )].onyCTHMbIX 'IIO)].CTaHOBOK. 

11TaK, nyCTb 3a)].aH CJI0!iapb H3bIKa, COCTOHIIJ,Hii H3 MHO:a<eCTBa HeTepMHHaJIOB Vn 
H TepMHHaJI0B ½. B )].a.JlhHeitweM Mbl 6y)].eM 0603na•1aTb HeTepMHHaJlbl 3arnaBiibIMH 

6yKBaMH, a TepMHHaJlbl CTJ)O'IHblMH. ,LLn51 HJIJIIOCTpan,nn Toro, KaK CTJ)OHTCH•q>OpMa.'IbHaH 

rpaMMaTHKa, o6paTHMCH K HecpopMaJlbHOMY o6pa3n,y - ecTeCTBeHHOMY H3blKY o6IIJ,eHHH. 
B03bMCM npe)].JIO)Keime: "::ha npeKpacHaH KapTHHa H306pamaer O'IeHh )KllBOlIHCHhlii 

nei13a)K". Otta M0)KeT 6bITb nocrpoeHa C lI0M0ill,blO cne,n;y!Olll,HX 3aMelll,eHnii: 
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<I>PA3A -> ITO,LLJIE)KAIUEE CKA3YEMOE ,LLOITOJIHEHl1E; 
ITO,LLJIE)KAlUEE -> 11M5I . 

11M5l -> ATPl1BYT 11M5I 

11M5I -> YKA3ATEJih 11M5I 

11M5l -> KapTHHa 

11M5l ~> neii3a,)K 

ATPl1BYT -> HAPEl.Jl1E ATPHBYT 

ATPl1BYT -> npeKpacHaH 
ATPl1BYT -> )KHBOlIHCHblii 

YKA3ATEJih -> 3Ta 

CKA3YEMOE-> n306pa)KaeT 

,LLOITOJIHEHl1E -> .11M5I 

HAPEl.Jl1E -> O'IeHb 

B panee BBe,n;e1rnoii TepMHHOJI0rHH 3)].eCb nerepMHHaJlaMH HB.,1HeTCH cne,rry!Olll,ee 

MHO)KeCTBO cnon: (<I>PA3A, ITO,LL.JlE)KAlll,EE, CKA3YEMOE, ,LLOITOJIHEHHE, 
11M5l, ATPl1BYT, YKA3ATEJih, HAPEl.Jl1E). 

TepMHHaJlbI: (3Ta, npeKpacHa51, KapTHHa, H306pa)KaeT, O'ICHb, )KHBOlIHCHbiii; neli3a)K). 

IloCMOTJ)HM, KaK C nOMOill,blO lIO)].CTaHOB0K Mb! MOn<eM CTJ)OIITb cppa3bl ,n;annoro 513b!Ka. 
Bo3bMeM lIO)].CTaHOBKH: , 

<I>PA3A -> ITO,LL.JlE)KAlUEE CKA3Y'EMOE ,LLOITOJIHEHl1E: 

ITO,LL.JlE)KAlUEE -> 11M5I I CKA3YEMOE -> n3o6pa)KaeT 

,LLOITOJIHEHl1E -> I1M5I I 11M5I -> KapT1rna I 11M5I -> neli3a)K 

IlepBblli HCTepMHHaJI BCer,n;a Bepmnua .. uepapx1m HCTepMIIHaJIOB. TaKHM 6y,!l,eT 
<I>PA3A. 11MeeM: <I>PA3A 0 > ITO,LL.JlE)KAlUEE CKA3YEMOE ,LLOITOJIHEHl1E. 
IlpO)].OJl)KaeM lIO)].CTaHOBKII: 

ITO,LL.JlE)KAlUEE CKA3YEMOE ,LLOITOJIHEHI1E -::.- I1M5I nJo6pa)KaeT 11M.H. 
Cne,n;y!OIIJ,Hil war lIO)].CTaHOBOK )].aeT: 

11M5I n3o6pa)KaeT 11M5I -> KapTnHa H3o6pa)KaeT neliJa)K. 

Ecnn 6b1 Mb! npnaneKnn eIIJ,e no;rr,crnHOBKY 11M5I -> ATPIIBYT I1M.H, TO cMorn11 6b1 

nocTpOHTb cppa3y: npeKpactta51 KapTnHa n3o6pa)KaeT nei1Ja)K, nnn cppa3y: npeKpacttaa 
KapTHHa H306pa)KaeT )KllBOlIHCHblH neii3a)K. 

Ho BOT CJIOBO "3Ta O'Ie!Ib H306pa)KaeT" He MO)KeT '?hl_Tb nonyqeuo, H3 KOJ)HCBOro 

HeTepM1rnana <I>PA3A C lIOMOIIJ,blO .nepeqnc,,eHHbIX lI0,!1,CTaHOBOK, 3Ha•mT, TaKoe C,10B0 
He llpHHa)].JIC)KHT HaweMy 513bIKy, ero CJIOBap!O. 

.Il:anee, ,!1,06aBHB K 11aweMy 513bIKY nycToe cnono t n no)].cTattoBKY CKA3YEMOE -> t, 

Mb! CMOrJIH 6b! lIOCTpOHTb cppa3y: :na npeKpacttaH KapTHHa 0•1eHb·)KHBOlIHCHbiit neii3an<. 
C lI0M0IIJ,blO rpaMMaTHK MO)KH0 peIIIHTb ,!!,BC 3a,D;a'IH: 

1. o6pa30BaHHH CJIOB )].aHHOro 513bIKa; 

2. pacno3HaBaHna ~ onpe,!1,eneHHa npnHa,n,ne)KH0CTH HJIH, ,Hao6opoT, 
Henpm!a)].JIC)KHOCTH CJIOB )].aHHOMY 513bIKy. 
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,[(JUI 3T0ro B MHmKeCTBe Vn ,!1,0JDKeH 6bITb Bbl)],eJieH J<OpHeB0li HeTepMHHaJI (6y,D,eM 

o6o3Ha'laTh ero BHpe,D,b KaK S), C KOTOporo Ha'!HHaJOTCH. B~e IlO,!l,CTaH9BKH, a ianee 

no,ncTaBJIHTb Ha MeCT0 HeTepMHHaJI0B pa3perneHHbie npaBHJiaMH TepMHHaJlbl ,!1,0 Tex nop,. 

noKa CJI0B0 He 0K3)KeTCH C0CT0H~HM H3 0,!1,HHX TepMHHaJI0B. 

BTopaH 33)],a'!a pernaeTCH "o6paTHblMH
11 

Il0,!l,CT3H0BK3MH, T.e. 3aMeHolt TepMHH3.,10B Ha 

pa3perneHHble HeTepMHHaJlbl, Il0Ka He Il0JIY'IHTCH s. . . 
ECJIH cncTeMa npaann, T.e. rpaMMaTnKa, 33,ll,aHa Koppel(TH0, no,D,cTaHOBKH, npHMble 11 

o6paTHhie, ,!],QJI)KHbl paH0 HJIH Il03,!l,H0 npnBeCTH K HCKOMOMY pe3yJibTaTy. 

H.XOMCKllli BBeJI cne,D,yJO~JO cpopMaJIH3311,HJO rpaMM3TllK:. cpopMaJibHaH rpaMM3THKa 

- 3T0 '!eTBepKa noHHTHlt: (Vn, Vi, P, S), r,D,e Vn H Vi - MH0)Keqaa HeT~pMHHa.10B n 

TepMHHaJI0B C00TBeTCTBeHH0; p - MH0)KeCTBO Il0,!l,CTaH0B0K, a s - KOpHeB0H HeTepMHHaJI. 

B 3aBllCHMOCTH OT THila Il0,D,CTaH0B0K p pa3.llH'!aJOT 4 Tnna rpaMMaTHK (c~MBOJibl t,N,G 
o603Ha'!aJOT C00TBeTCTBeHH0 CJI0Ba nma TepMHHaJI0B, HeTepMHHaJI0B H o6cinx THilOB): 

1. HeorpaHH'leHJ1ble rpaMMaTHKil - B03M0)KHbl JIJ06ble aapnaHTbl Il0,!l,CTaHOBOK 

G1 --+ G2, · 
., \ 

r,D,e G1 - nJ06oe nenycToe cnoao, a G2 - n106oe cnoao. 
IlpnMep. Vn = S,A,B; Vi = a,b 

S ➔ aAb I Ab ➔ aA I aA ➔ aB I B ➔ b 
PeJyJibTaT TaKHX no,D,CTaHoBoK: cnoaa aab 11 abb. KoHe•rnocTh cnoaapa ,D,a1rnoro 

H3b1Ka - CJie,D,CTBHe OTCYTCTBHH peKypcnn B Il0,!],CTall0BKax. 

2. KoHTeKCTHble (nHa'le KOHTeKCTHo-3a"mcn,M~ie) rp~MMaTllKH 

t1Nt2 ➔ t1Gt2, 

r,ne t1, t2 M0ryT 6h1Tb nycThlMlf, G - mo6oe'HenycToe· CJIOB0. 

Ilpm,iep. Vn = S,A; Vi a,h 

S ➔ aAb I' Ab ➔ · bAb 1 · Al, ➔ bl, 1 nA ➔ aAa I aA ➔ aa I. 
IlpnMe1rna ,D,aHllhlC 11pa1m:ra, 110J1y•mM TaK11e CJI0ila: anb,·ilbn, n>'O. 

3. BecKOIITeKCTIIblC (nna•w KOIITeKCTIIO-IIC3aBHCHMble) rpaMMaTHKH 

N ➔ G, 

r,ae G - mo6oe 11eny1;roe cJmuo. 

Ilptt~1ep. V,, S Vi a,h S ➔ ub I S ➔ aSb. 
Pe3y,lbTaT no,'(CTall0II0K: ,i"/l', II 0. 

4. AnTOMa'fllhlC (mta•w Jl!ll'yJrnpUl,1! 0

) rpaMMaTIIKII: 

N, ➔ tN2, IIJIH N ➔ t, 

r;ie t - JIIOUQH (-nlK;JW II ny,~roii) TCpMlllla.JI. 

Ilp11Mep. V,, ~ S,A Vi a,h S ➔ A I S ➔ bA I A ➔ nA I A ➔ b 
PlnyJihTaT: c;10na h, hh, aaa .. ah H haaa ... h. 
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JlOCMOTpHM, KaK pernaJOTCH 33,l),a'lll o6pa30BaHHH CJI0B II HX pacn03HaBaHHH B cnyqae 

q>OpMaJibHhlX H3blK0B Ilpll llCil0Jlb30BaHllll a6CTpaKTHblX 0603Ha'le!IHH. B03bMeM np11Mep 

KOHTeKCTH0H rpaMMaTHKH '(nyHKT 2). 6y):leM llMeTb: 

S -> aAb -> abAb -> abbAb -> abbbAb -> ... -> abn. 
Mb! ncnonb3oaa.nn no,D,cTaH0BKH Ab ➔ bAb n Ab ➔ bb. I1cnoJih3YH no,D,cTaHoBKH aA ➔ 
aAa 11 aA ➔ aa, Mhl 6y,D,eM HMeTb 

S -> aAb -> aAab -> aAaab -> aAaaab -> ... -> anb. 
A Tenepb Il0CM0TpHM, KaK M0)KHQ pemHTb 33,l),a'ly noCTp0eHllH rpaMMaTHKH no 33,l),aHHblM 

o6pa3aM. 

Ilp11Mep. IloCTpOH'fb rpaMMaTHKH pa3HblX THil0B na 0CH0Be 3 o6pa30B: caaab, caab, baaab. 

• 6ecKOHTeKCTHaa: S ➔ cAb I S ➔ _bAb I A ➔ aA I A ➔ a 

• anT0MaTHaa: S ➔ cA I S -► bA I A ➔ aA I A ➔ b 

A Tenepb Il0CMOTpHM, KaK pa6oTalOT "o6paTHbie" IlO,!l,CTaHOBKH ,!],JIH pernennH 33,l),a'IH 0 

TOM, M0)KeT JIH ,D,annoe CJI0B0 6bITb CJI0B0M H3bIKa C ,naHHbIMll rpaMMaTHKaMH. B03bMeM 

CJI0B0 baaab n cnyqafi 6ecKOHTeKCTHOii rpaMMaTHKll: 

baaab -> baaAb -> baAb -> bAb -> S. OTBer noJJO)KllTeJibHblii. 

Bo3bMeM ,D,aJiee CJIQB0 caab H cnyqalt aBTOMaTH0H rpaMMaTHKH: 

caab -> caaA -> caA -> cA -> S. OTBeT TQ)Ke IlOJIO)KHTeJibHblii. 

PACI1O3HABAHI1E 

fPAMMATI1K. 

OBPA3OB C ·JlOMOfubIO . <I>OPMA.TlbHbIX 

AnropllTM pacn03HaBaHHH B cnyqaax np0H3B0JlbHblX rpaMMaTHK H0CHT '!aCTII'IH0 

3BpIICTll'ICCKIIH xapaKTep - npII o6IIJIHII Bb16opa BapIIaHT0B neT npaBIIJia, no KaK0MY nyTII 

CJie,D,yeT H,!l,Tll a nepByJO 0'!epe,!],b. 9Toro He)],0CTaTKa JIIIllieHbl aBT0MaTHble rpaMMaTIIKll, 

a llMCHH0, CJI0Ba H3bIKa C aBTOMaTH0ii rpaMMaTIIK0lt M0ryT pacn03HaBaTbCH aBT0MaT0M 

A = (X, Y, Q, y(x, q;), qi+1 (x, q;)), y KOToporo na MecTo axo,nHoro a.ncpaBIITa X, BbIX0,ll,noro 

Y, a.ncpaBIITa COCT0HHIIii Q II xapaKTepIICTII'leCKIIX. cpynKn.IIii y(x, q;), Q;+1(.r. q;) 
n0,ll,CTaBJICllbl BeJIII'IIIHbl, onpe,ll,eJieHHbie HII,KCCJie,D,yJO~eii TeopeMolt. 

TEOPEMA. Ecnn G(Vn, Vj, P, S) - rpaMMaT11Ka aBT0MaTnoro H3hIKa, TO aBT0MaT 

A = (Vi,[], Vn, [], P(X, S)) C Ha'laJibHblM COCTOSIHHCM s II MH0,KeCTB0M K0HC'IHblX 

C0CT0SIHIIlt cnoco6en pacn03HaTb CJI0Ba ,ll,aHH0f0 Sl'.3b1Ka, 111\'IIIHaSI B C0CT0HHIIII s. 3,ll,eCh 

I] - nycT0ii CIIMB0,1, T.e. BblX0,ll,H0ii HHcpOpMall,IIII ,'Wllllblii aBT0MaT He np0II3B0,ll,llT. 

IlpII 3T0M Il0,ll,CTaH0BKa A ➔ aB pa60TaeT TaK: II0Jl.\''IIIB B C0CT0HHHH A na BX0/1,C 

'IIITaeMbllt CHMB0JI a, aBT0l\!aT nepeX0,ll,IlT B C0CT0Sl!llll' fi: 110)1,C"Tall0BKa A ➔ a 03Ha'!aeT 

nepexo,11, B 0,!IH0 H3 ycnellIHblX K(•He'IHblX (B •1acT110CTII, llil'Hl.Jlbll0C S) COCTOHHilii: ec.111 a 

- Il0CJIC,!1,Hllli CHMB0JI, T9 CJI0BO pacn03HaHo Il K0HC'IIIOI) C0CT0mme - C0CT0SIHIIC ycnexa; 

IIHa'!e - npII3HaK T0ro, '!TO CJI0B0 He Ilplllla,IJ,Jie,KIIT ,11,aHH0My H3hIKy. 

IlpnMep. AaToMaTnasi rpaMMaTIIKa: S ➔ cA I S ➔ bA I A ➔ aA I A ➔ b. 
AaToMaT: (a,b, [], S,A, I], P(x,s)) 

TTocTpOIIM ero Ta6JIH'IHOe ·onIICaHIIe. Mb1 . M0)KCM B3SITb T0JibK0. TaKIIe KOM6IllJaUHII 
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"sxo,11," - "TeKymee cocTOHHHe", KaK. (b,S);(c,S),(a,A),(b,A). flpo•rne ,!1.aHHbIM asTOMaToM 

He Oil03HaIOTCH, CJie)!OBaTeJibHO, CJIOBa B HHX H3bIKY aBTOMa'r\l_ He npHHa,!I.Jle:a<aT. 

BXO,!I. TeKymee COCTOHHHe CJie,!l.yIOllllee COCTOHHHe 

b s A 

C s A 

a A A 

b A KOHeII "ycnex" 

CJIOBa H3bIKa C 6ecKOHTeKCTHOfi rpaMMaTHKOfi MOryT 6b!Tb pacn03HaHbl MIT

aBTOMaToM; HO· B npOCTblX CJiyqagx. MO)KHO HCllOJib30BaTb, KaK CKa3aHO. Bblllle, Ii 

3BpHCTHqeCKHe npHeMbl. , 
flpHMep. 5l3bIK IIeJiblX apmpMeTaqeCKHX q>OpMyJI. 

Vt= 0 .. 9+-*/(); Vn = S,Z,N,D., 
CMbICJI HeTepMHHaJIOB oqeBH)J.eH: 3TO "qiopMyJia, 3HaK, qacJIO, IIHq>pa". 

s-+ szs I s ➔ N I 'S-+ (S). 
Z ➔ +,-,*,/ 
N-+DIN-+ND 
D-+ 0 .. 9 
9TO THilHqHaH 6ecKOHTeKCTHaH rpaMMil.TilKa. flpe,!1.IIOJIO)KHM, HaM Tpe6yeTCH nposepHTb, 

HBJIHeTCH Jill 3a,!J.aHHOe CJIOBO CJIOBOM 3TOrO H3hiKa - HanpHMep, npH TpaHCJIHIIHH 

BBO,!I.HMblX B KOMllbIOTep apmpMeTHqecKHX Bbipa)KeHHfi Heo6XO,!I.HMO rrpoBepHTb HX Ha 

KOppeKTHOCTb HallHCaHHH. 
flyCTb, HarrpHMep, ,!J.aHO Bb!pa)Ke!me (12+6) /3. lfro6bl . rrpoBepHTb q>OpMaJibHO, 

0

T.e. 

aJirOpHTMHqeCKHM rryTeM, KOppeKTHO Jill OHO, Mb! ,!1.0JI)KHbl ycTaHOBHTb rrpHHa,!I.Jle)KHOCTb 

3TOrO CJIOBa HallleMy H3bIKy. HMeeM 

(12 + 6)/3 .➔ (DD+ D)/ D ➔ 
; . ! I ·- , . . , 

➔ (ND+ N)/N 7"r (N +N)/S ➔ (S + S)/S ➔ (S)/S ➔ S/S ➔ S 

' BbIBO:l: Bbipa)Ke,HHe HanncaH0 rrpaBHJlhHO; 

ITPHMEP CHHTaKcHqecKoro mrncaHHH H pacn0311aBaHHH o6pa30B. 

PaccMoTpHM';zi,Be reoMe'rpaqecKHX qiarypbl (CH M) Ha p·ac.7. 

·□ I I I IM I 
C · . Pac. 7 

ITonpo6yeM onacaTb 3TH qiary_pbI na qiop~aJibHOM H3bIKe. B KaqecTBe TepMHHaJIOB 

IIeJiecoo6pa3110 B:JHTb '.iJieMeHTapHbie e,!J.HIIHIIbI, H3 KOTOpbIX IIOCTpOeHbl qiurypbl Ha 3TOM 

pacynKe. TaKHC C,!J.Hlllillbl ,!J.OJl)KHbl 6bITb KaK MO)KHO npome, qTo6bl H3 HHX MO)KHO 6b1JIO 

HOCTpOHTb (xon1 61,1 npa6m1me1rno) JIHIIHIO JII06oil' q>OpMbI, ll0CKOJlbKY B peaJibHblX 

3a,!l.aqax q>OpMa.Tlli:JaHHH a:m6pa)KCIIHii o6'beKTbl HHTepeca MoryT HMeTb oqeHb CJIO)KHYIO 

q>OpMy (nanpHMC[>, ci>O[>MaJii13aIIHH OTrreqaTKOB IlaJibIIeB; B KapTOTeKax HX xpaHHTCH 
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MHJIJIHOHbl, Ii JIHH):IH Ka)K,!l.oro o6pa3y!OT rrpuqy,!I.JIHBblii y3op; 3a,n;aqa aBTOMaTH3aIIHH 

OIJ03HaBaHHH _HX HBJIHeTCH llCKJIJOqIITeJibHO aKTYaJibHOii). 

Hama _3a,n;aqa rrpocTa, TeM ne MeHee Mb! TO)Ke B KaqecTae TepMHHaJia B03bMeM caMoe 

npOCTOe - 0Tpe30K IIPHMOii JIIl,IIJIII B pa3HblX paKypcax II BBe,!l.eM CJie,!l.yIOII.\lle 0603uaqeHJ1H: 

I 
a b c· d 

Tor,n;a qiopMaJibHO on11caTb q>I1rypy C MO)KHO TaK: C = cadb. (c -roquoCTbIO, 

,n;o IIIIKJIJlqecKIIX nepecTaHOBOK TepMIIHaJIOB). fpaMMaTJIKa ee 6y,!l.eT ll[>IIMIITIIBHOfi 

(aaTOMaTHolt): 

(Vn = (S), Vt= (a, b, c, d), P = (S ➔ cadblS' ➔ dacb), S). 
fpaMMaTIIKa ,!I.JIH q>Ilrypbl M 6y,n;eT CJIO)KHee, eCJIII ,!I.OllYCTIITb, qTO qIICJIO KBa)J.paTOB 

B ueit MO)KeT 6bITb He orpan11qeHO. TepMHHaJibl 6y,!l.yT Te )Ke, a qnCJIO ueTepMHHaJIOB 

MO)KHO yBeJinqHTb II B3HTb, uanpnMep, TaKyIO rpaMMaTHKy: 

Vn=(S,A), Vi=(a,b,c,d), P, S, r,!1.e P: 

S ➔ c;IS-+ SA;IA-+ adb;IA-+ acb 
9TO y)Ke 6ecKOHTeKCTHaH rpaMMaTHKa. CMblCJI neTepMIIHaJia A oqean,n;eu - 3TO "cK06Ka" 

adb, ,!1.06aBJICHHeM KOTOpoii K "cTep)KHJO" C II IIOJiyqaeTCH qinrypa M. 

CJioaa 3Toro H3b1Ka: cadb, cadbadb, cadbadbadb, .. :· 

BJiaro,n;apH peKypcnaHolt 110,n;cTaHOBKe S -+ SA CJioaapb H3b!Ka 6y,!l.eT neorpannqeH. 

YITPA)KHEHHE. OnncaTb cJioaapb H3bIKa c rpaMMaTnKolt 

S ➔ 2S S ➔ *S S -+ IA 

A-+IB A ➔=B 

B ➔ aC 

C -+ aB C ➔ * C ➔ 1 

K KaKOMY THUY (no XoMCKOMY) OTHOCIITCH ,n;auHaH rpaMMaTHKa? 

By,!1.eT Jill CJI0BO a=2*1 rrpHHa,!I.Jle)KaTb ,n;aHHOMY H3bIKy? KaKHe CJIOBa nop0)K,D;aeT ,n;aunaH 

rpaMMaTHKa? 

9To rpaMMaTHKa aBT0MaTnoro Tnna, q>pa3b1, uaqnua10mnecH c a, ue MoryT 6b!Tb 

Il0CTpoenbl eii. IToKa3aTb 3T0 C II0M0II.\b!O rpaqia aBT0MaTa. 

3AJJ:A tIA. Ha,!1.o c noM0II.\blO K0MllbIOTepa 3aMeHHTb B pyccK0H3bJquoM TeKCTe CJI0Ba 

"aBTOMamnua" ua "aBTOM06HJib", a "aBTOMaT" ua "nyJieMeT". AJiropnTM pemennH 3a,!l.aqn 

,.'l,0JI)KeH IICll0.'Ib30BaTb q>OpMaJibHYIO rpaMMaTHKY ,11.JIH ll0,!I.CTaH0B0K. OnacaTb 3TY 

rpaMMaTI1Ky. KaKoro oua THna? · 
Pemeuae. AJiq>aBHT - Bee THnorpaq>CKHe CHMB0Jibl, BKJIIOqag npo6eJI @. fpaMMaTHKa 

IIMCeT BH,D;: 
S ➔ AB; S ➔ C; A ➔ aBTO ; B ➔ Mamaua ; C ➔ xaBT0MaTy; aBTOB -+ 
aBTOM0611Jibj @aBTOMaT@ ➔ @nyJieMeT@. 

x,y - MH0,KCCTBO npeq>HKCOB H cyq>q>HKCOB K CJI0BY "aBTOMaT". 

65 



fpaMMaTHKa 'KOHTeKCTH8JI. KopHeBOit HeTepMHHaJI s _o6o3HaqaeT qaCTh CJIOB, 

IIO,!l,Jle>Karn;nx aHaJIH3Y C 11,eJihIO 3aMeH CJIOB. KoHTeKCTOM B 6-M rrpaBHJie 6y)I.eT TepMHHaJI 

"aBTO" CJieBa, B 7-M - rrpo6en @ c o6enx CTOpOH. KoHTeKCT B IIOCJie)I.HeM CJiyqae Hy>KeH',' 

T.K. HHaqe rrporpaMMB. 6y)I.eT IIO)I.CTaBJI.HTb "rryneMeT'' B TaKHe CJIOBa, KaK aBTOMaTnqecKriit, 

IIOJiyaBTOMaT H T.)I.. 
3A.Il:AlJA. OrrncaTh cpopMaJihH0 IIO)I.CTaHOBKH, ncrrOJib30BaHHble B CJie)I.yIOrn;nx 11,erroqKax 

CJIOB: 
(,Llpyr -> Bpar): ,!I.pyr Kpyr Kpyrr Kparr Kpa6 rpa6 rpaq Bpaq Bpar 

(Bo)I.a -> BnHo): BO)I.a KO)I.a KOpa Kapa KapT KaHT 6aHT 6HHT BHHT BHHO 

(Myxa -> CnoH): Myxa Maxa MaMa naMa narra nana napa Kapa Kape Kacpe Kacpp KaIOp 

KaIOK Kp!OK ypIOK ypoK cpoK CTOK CTOH CJIOH 

66 

crm:cuK JU1TEPATYPhl 

1. BHJihraeBa H.l_J:. TeopH.H aJiropHTMOB, cpopMaJihHblX .H3b!KOB, rpaMMaTHK H 

aBTOMaTOB. Yqe6Hoe noco6ne. YnaH-Y)I.3: liJJ,!I.-BO BCfTY, 2000 . 

2. JlyrraJI A.M. Teopn.11 aBTOMaTOB. Yqe6Hoe rroco6ne. Cil6.:Cil6fYAil, 2000. 

3. IllaJihITO A.A. SWITCH-TexHonorn.11. AnropHTMHJa11,n.11 H rrporpaMMHpOBaHIJe 

3a,n,aq nornqecKoro yrrpaBJie!IH.H. Cil6.:HayKa: 1998. 

4 fpoH)I.a 0.B., AHTHK M.M., liJBaHeHKO H.C. IlpnKJia,n,Ha.11 Teopn.11 11,ncppoBhlX 

aBTOMaTOB. MeTO)I.HqecKHe YKaJaHH.H II0 BhIIIOJIHeHHIO na6opaTOpHbIX pa60T. M.: 

MMP3A, 1991. 

5. IloTeMKHH M.C. <I>yHKIJ,HOHaJihHhie yJJihl 11,ncppoBoit aBTOMaTHKH. 

M.: 3HeproaTOMil3)1.aT, 1988. 

6. E.Il.YrpIOMOB. U:ncppoBa.11 cxeMoTeXHHKa. 2004. 

7 . .Il:>K.Ty, P.foHcanec. Ilpnn11,IIrrh1 pacrrooHaBaHII.H o6paJoB. M.:Mnp, 1978. 

8. XorrKpocpT .Il:>K. 3., MoTBaHH P., YnhMaH .Il:>K . .LI:- BBe)I.eHIIe B Teopnro aBTOMaToB, 

.H3hIKOB II Bb1qncneHnit, 2-e H3)1.. M.: BIIJih.HMc; 2002. 

OrpOl\1HOe KOJIIIqeCTBO MaTepIIana IIO TeopIIII aBTOMaT0B II CMe>KHh!M )I.IICIJIIIIJIIIHaM 

MO>KHO HailTII B MtITepHeTe . .LI:n.11 rro~cKa CJie)I.yeT BbiitTII Ha caitT 

http://www.google.ru 

na6paTh CJI0Ba )I.JI.H IIOIICKa JIII6o ''TeopH.H aBTOMaToB" (,!1,JI.H IIOHCKa pyccK0.H3hI'IHbIX 

IlCTO'-IHilKOB), Jrn6o "Automata theory" (AJIH aHrJIOH3bl'-IHbIX), Il Jarr'yCTilTb npoIJeJJ,ypy 

noIIcKa: Ha>KaTh Ha KJiaBIIllIY "Enter" nn6o C)I.eJiaTh click MhIIllhIO na KJiaBHllle "IloIICK B 

Google". 

67 



MaTeMaTnqecKa.11 JIOrHKa 

J1cqHCJieHHe rrpe,n;JI0)KeHIIil: 

CO,UEPMAHME 

CoBeprneHHb!e H0pMll,JibHb!e cpopMbl 

MHHHMH3a~mr C,UH<I> H CKH<I> .. 
KapThI KapHo . . . . . ·, . . . . . . 

He: :II0JIH0CTbIO orrpe,n;eJieHHh!e cpyHK~IIH 

BIDKHeHIIIHe KOM6HHaIJ;HOHHble cxeMhI 

fpacpnqecKne o6o3HaqeHHH 

IlporrycKHOil: BeHTHJih ' . 

KoMrrapaTop . . . . . . . 

CJIO)KeHHe rro M0AfJIIO 2 
,UernncppaT<,>p . . 

lllncppaTOp . . . 

MyJihTHIIJieKcop . 

CyMMaTOp .... 

8blqHTaHne . . . 

BpeMeHHbie ,n;narpaMMbl 

TeopHH aBTOMaTOB 

3a,n;aHHe aBT0MaTa 

Ba3HCHbie aBT0MaTbl 

AcHH'..'~(l,HHhiil: RS-Tpttrrep 

3 
3 

7 
9 

10 
12 

14 
14 
14 
15 
15 
16 
16 
17 
17 
19 
19 

21 
22 
22 
22 

C_nnxpomna~HH RS~Tpttrrepa , . . . . . .. . . . . . . . . . . . . . . . . . 23 

,[LBycTy1rnHqaThiil: RS-Tp11rrep • . . . . . . . . . . . . . . . . . . . • . . . . 24 

T-Tp11rrep . 25 
JK-Tpnrrep . . . . . . . . . . 25 
D-TpHrrep . . . . . . . . . . . 26 
PerIICTp ,!l;JIH xpattennH Ko,n;a . 26 
KonHpOBan11e K0,!l;0B npHM0e II co C,!l;BI!r0M 27 
CqeTqlfK . . . . . . . . . . . . . . . . . . . 28 
CHHTe3 aBT0MaT0B o6~ero TllIIa . 

MnHHMH3a~nH aBTOMaT0B 

Pa3BHTHe aBTOMaTOB 

Mara3IIHHhie aBTOMaThl . 

MarnHHa Tb10p11ttra . 
CeT11 IleTpn . . . . . . . 

68 

29 
34 

36 
36 
41 
43 

KoMnhlOTep 

,[LHCKpeTHhiil: npeo6pa30BaTMh HHcpOpMa~nn B.M.f,1yll!KOBa (,UITMf) 

BJIOK CliHXp0HH3a~nn . . . . . 

Ko,n; onepa~Hn . . . . . . . . . 

IlpnMep rrpocTeil:rnero ,UITMr 

ct>opMaJibHbie rpaMMaTHKH 

TepMHHaJihl If HeTepMlillaJibl . . . . . . . . . . . . . . . . . . . 

KJiaccncpnKa~HH rpaMMaTHK no XoMCKOMY . . . . . . . . . . . 

PacII03HaBaHHe o6pa30B C Il0M0~h!O cpopMaJibHblX rpaMMaTnK 

CmrcoK JIHTepaTyphI . . . . . . . . . . . . . . . . . . . . . . . 

46 
47 
49 
49 
50 

59 
59 
60 
63 
6·7 



Y'-!e6Hoe 113)'.(ami:e 

3JIOKll30B BttKTop EopncoBtt'I 

TeopuH aBTOMaTOB 

YHQ-2011-47 

Pe)'.(aKTop E. B. KaJ1UHHUKoea 

Ilony'-IeHo 14.03.2011. IlonnncaHo B ne'-!aTh 10.08.2011. 
<l>opMaT 60 x 90/16. EyMara ocpceTHIDI. Ile'-!aTh ocpceTHWI. 

Yen. ne'-1. JI. 4,31. Y'-I.-H3Jl. JI. 6,14. Tnpa,K 130 3K3. 
3aKa3 N2 57343. 

lfanaTeJihCKIIH 0T)leJI O6be)lHHeHHOro llHCTHTYTa »nepHhlX llCCJie)'.(OBaHHH 
141980, r. ,ny6Ha, MocKOBCKIDI o6n., yn. )Konno-K10pn, 6. 

E-mail: publish@jinr.ru 
www.jinr.ru/publish/ 


