
K OHe'IHble aBTOMaTbl LUllpOKO UCnOnb3y-  

loTCfl B pa3naYHblX ~ I I + P O B ~ I X  IlpHKJIan- 

HblX CIICTeMaX I I  Y C T P O ~ ~ C T B ~ X ,  o c o 6 e ~ -  

HO B KOHTpOJIJIepaX. B b r x o ~  aBTOMaTa Mypa flB- 

JIReTCR + y ~ K r [ M e f i  TOnbKO TeKYUerO COCTOIIHEIII, 

BbIXOA aBTOMaTa Mma - ~ Y H K ~ X R  KBK TeKY- 

wero cocroaexa, TaK a H a s a n b H o r o  B H e u I H e r o  

~ 0 3 , Q e h c ~ ~ l i J I .  

0 6 b 1 9 ~ 0  K O H ~ Y H ~ I ~ ~  aBTOMaT COCTOUT 113 TpeX 

OCHOBH~IX qac~ejl :  
P e r ~ c ~ p  ~ e ~ y q e r o  c o c T o n a u a .   TOT p e r H c T p  

I lpeACTaBJIReT c o 6 o f i  ~ a 6 o p  TaKTIlPYeMbIX 

D - ~ p H r r e p o ~ ,  CMHXpOHM3HpYeMblX ORHIlM 

CHHXpOCHrHanOM.  TOT ~ a 6 o p  HCnOJlb3yeT- 

CR RJIH XpaHeHIlR KOna TeKyIIJerO COCTORHHR 

aBTOMaTa.  Ann aBTOMaTa  C tl COCTORHIIRMH 

~ p e 6 y e ~ c n  L0g2( t l )  TpHlTepOB. 

n 0 r I i K a  I l e p e X O ~ O B .  K o ~ e Y ~ b l f i  aBTOMaT MO- 

X e T  HaXOnllTbCR B K a m b l i i  K O H K ~ ~ T H ~ I ~ ~  MO- 

MeHT RpeMeHI l  TOJIbKO B OEHOM COCTORHMII. 

K a x a b ~ f i  T ~ K T O B ~ I ~ ~  IIMIlYJIbC BbI3bIBaeT n e -  

peXOn aBTOMaTa Pi3 OnHOrO COCTORHHR B RpY- 
roe. n p a ~ a n a  nepexoaa onpenenxmcx IWM- 

~ I I H ~ I ~ ~ o H H o ~ ~  C X ~ M O ~ ~ ,  H ~ ~ ~ I B ~ ~ M o R  J I o ~ I I K o ~ ~  

n e p e x o n o B .  Cnenymqee c o c T o a H a e  o n p e n e -  

JIReTCR KaK @ Y H K ~ H I I  T e K y W e r O  COCTORHHR 

II BXORHOrO B O ~ ~ ~ ~ ~ C T B M R .  

JIorma + o p ~ a p o ~ a ~ a n  BbIxoRa.  B ~ I X O A  qu- 
~ ~ O B O ~ O  aBTOMaTa O ~ ~ F I H O  OIlpeAeJlReTCR KaK 

+ Y H K ~ I I R  T e K y q e r o  COCTORHHR a M C X O ~ H O ~ ~  

YCTaHOBKH (B CJIyYae aBTOMaTa Mana). @0p- 
MIIpOBaHMe BbKOflHOTO CllrHaJIa aBTOMaTa On-  

p e n e n n e T c n  c n o h l o r q b m  norma  ( P O ~ M I I ~ O -  
BaHHR BLIXOna. 

B KaYeCTBe I I p I l h l e p a  paCCMOTpIIM IlpOeKTII- 

POBaHI le  n p o c ~ e t L U e r 0  CMHXpOHHOrO aBTOMa- 

Ta ,  K 0 ~ 0 ~ b l f i  ~ O P M I I P Y ~ T  ABa HeI l epeKpbIBa lo -  

UJIIXCR MMnynbCa  Out1 El Out2 B OTBeT H a  no- 
RBJIeHIle  CEiTH;1JIQ Run H a  BXOAe a B T O M a T a  

(PMC. la). ~ o J I H o c T ~ K )  C H H X P O H H ~ I ~ ~  ~ 0 ~ e 9 ~ h I f 3  

aBTOMaT MCnOnb3yeT Pe rHCTPbI  RJIR + M K C ~ ~ I I I I  

BCeX BbIXORHbIX CIIrHXIOB YnpaBJIeHHR H COCTO- 

I I ~ a f i ,  a TaKXe  EAR aCHHXPOHHbIX BXORHblX C a r -  

HaJIOB. C J I e n y e ~  3aMeTIITb, YTO CMHXpOHHble KO- 

H e 9 H b l e  aBTQMaTb1 no ~ ~ I C T P O R ~ ~ ~ C T B M K )  YCTY- 

IIaK)T aCHHXPOHHblM. 

no MeTOAY OHE 

B pride cnyraes asToMaTHan MoRenb yc~po i ic~sa  noasonne~ nonyrmb 6 m  
c~pylo  H ~ @ @ ~ K T H B H Y K )  peann3a1.p1~ nocneaosaTenbHocTHoro y c ~ p o i i c ~  
O ~ ~ I W H O  PaCCMaTPHBaIoT ABa THna aBTOMaTOB - aBTOMaT Mnnn (Meauu 
H Mypa (Moore) [I, 21. 

M ~ T K ~ ,  p a c n o n o x t e H H a a  B K ~ X A O M  K p y r e  B ~ I -  

uIe JIHHIIII, - 3 T 0  MMII COCTORHIIfl, a MeTKM H a -  

Xe J t l l ~ I I f i  - 3TO BbIXOAHbIe CIIrHaJIbI, KOTOPbIe 

BbIAaIOTCfl, KOrAa AaHHOe COCTOflHIIe BKTMBHO. 

c a y r u ) ) ,  KOTOPbIe B03BPawaK)TCR B TO Xe CaMOe 

COCTORHHe, - 3 T 0  nepeXOEb1, KOTOpbIe pa6o~a-  
K)T no yMOJI7aHIIK). ~ T I I  AYrII ~ Y R Y T  HMeTb IIC- 

TIIHHbIC 3 H a 9 e H H R  TOJIbKO B C n y Y a e ,  KOrRa H e  

6 y n e ~  IICTIlHHbIX 3 ~ a ~ l e ~ M f i  ,l(pYrIIX YcJ IoRI I~~  lie- 

p e x o , q o ~ . K a x ~ o e y c n o ~ ~ e n e p e x o ~ a a ~ c o c ~ o -  
RHAR B COCTORHHe MMeeT COOTBeTCTBYlowee JIO- 

r I lYeCKOe YCJIOBHe, KOTOpOe ,4OJIXHO B b I n O n -  

HHTbCR, ~ ~ 0 6 b 1  ~ 0 ~ e 9 ~ b l f i  aBTOMaT MOr  I I e p e f i ~ H  

B c n e R y m m e e  c o c T o x H a e .  

ABTOM~T IIpMHHMaeT YeTbIpe COCTOflHMR: Idle, 
Delay, Next, Done (pac. la). B o c I I o ~ ~ ~ ~ ~ M c R  Me- 

TOROM nBOI19HOrO KORNPOBBHIIR COCTORHM~~,  KO- 

~ 0 p b 1 f i  06ecne9a~ae~  BbICOKYH) CTeneHb  KOAH- 

POBaHHR I lOCneAOBaTeJIbHOCTH C O C T O R H U ~ .  

Ann ItOnIlpOBaHHR c o c ~ o f l ~ a j l  n o ~ p e 6 y e ~ c n  RBa 

T p a r r e p a .  3 a n ~ r u e ~  6 y n e ~ b r  n o r e s e c K a e  y p a B -  

HeHBR: 

- - 
Idle= SO * 51; 

Delay = * SO; 

Next = S1 * SO; 

Done = S1 * %; 
SO := (Idle, Run)+Delay 

S1 := Delay+Next+(Done, RG); 
Out1 :=Idle, Run; 

Out2 := Next. 

I 

Delay qLpl' 
Run 1 I 

BbIXOR, H ~ O ~ X O A H M ~ I ~  AJIR XpaHeHI lR  K C -  

KyII(er0 COCTORHHR aB'I0MaTa II BbIXOAHbE - I 
HaJIOB. C X ~ M ~ ,  nOCTpoeHHaR no 6 y n e ~ b n :  7 7  . ' 

HeHIlHM B CAnP nnMC Quartus 11 KOh?L: ~ !,: 

Altera, n o ~ a s a ~ a  H a  pac. 2. Ha p ~ c .  3 mar: . . 
HbI BpeMeHHbIe  a H a r p a M M b 1  p a 6 0 ~ b 1  a B T C  . . 
Y ~ ~ B H ~ H M ~  RJIR BbIXOHHOrO CI I rHaJ Ia  i 

n p e n c T a s n n e T  coGofi +YHK~I IK)  K ~ K  COCTQ~> ::. 

TaK Il BXO.L(HOr0 CHrHaJ l a  Run. K O H ~ ~ H E  . 
TOMaT C TaKMM BHROM C T ~ O ~ H P O B ~ H I I R  51 

ROB IIa3blBaeTCfl aBTOMaTOM M l m ~ .  Y ~ ~ B E :  Ill' 

Rnn B b I x o p H o r o  c a r H a n a  Out2 3 a n ~ c b 1 ~ 1 :  

KaK + Y H K ~ I I H  TOJIbKO COCTORHHR aBTOhlaTi  

COOTBeTCTByeT C T p y K T y p e  a B T O M a T a  4: ~ ',,, 

Ann aBTOMaTOB Manx y ~ o 6 ~ o  I IpenCT%: .  8 ,  

RIIaI.paMMb1 B RPYrOM BIIRe ( ~ M c .  16). 
M ~ T O A  one hot encoding (OHE -KO- .'#:,., 

HMe c OAHKM ~ K T I I B H ~ I M ,  ana r o p m a M ,  c :' 

RHHeM; IIHaYe - YHIlTapHOe KO,QMpOBaHH? 1 1  

J I p l l J I  TaKOe Ha3BaHHe nOTOMy, YTO B KG? 1 18111!11 

K O H K P ~ T H ~ I ~ ~  MOMeHT BpeMeHH BKTIIBHbIY ' I  

MOXeT 6 b 1 ~ h  TOnbKO ORIIH T P I I r r e P  COCTCI: :',, 

Has K a x n o r o  coc 



C ~ P O C  COCTORHM~ BCerO aBTOMaTa, K p O M e  COCTO- 

RHllR 1) B ~ a Y a n b ~ b 1 f i  MOMeHT c 6 p a c b 1 ~ a e ~  CO- 

_"___.--. CTORHllR 2-7 (S2-S7) B HOJIb, a COCTORHlle 1 6y- 
n e T  HaXOnllTbCR B enmwiqe. Aanee C l l r H U  RSTG 
,QOJIH(eH B C e r n a  O C T a B a T b C R  J I o ~ H Y ~ c K o ~ %  1. 
B CJIyYae, e C n l l  K O H ~ Y H ~ I ~  aBTOMaT BCe Xe OKs- 

- - - XeTCR B HenOnyCTllMOM COCTORHllll, H a n p l l M e p ,  

B C O C T O R H K P ~  3, TO c n p l l x o n o M  cnenymwero 
n e p e n H e r 0  ~ P O H T ~  C l l H X p O l l M n y n b C a  6 y n e ~  YC- 

T a H O B n e H O  COCTORHlle 4. C O C T O R H ~ ~ ~  4 C ~ P O C I I T  

COCTORHlle  3. C O C T O R H ~ ~ ~  4 M O X e T  C ~ P O C K T ~  

Pi COCTORHlle 2. C O C T O R H ~ ~ ~  5 c 6 p a c b 1 ~ a e ~  COCTO 

RHMe 4, COCTORHlle 6 c 6 p a c b 1 ~ a e ~  COCTORHlle 5, 
, COCTORHlle 7 C ~ P ~ C ~ I B ~ ~ T  COCTORHlle 6, a COCTO- 

RHMe 1 C ~ ~ O C M T  COCTOflHlle 7. T ~ K H M  06pa30~ ,  
n n f l  I I p a ~ M J l b ~ o f i  p a 6 o ~ b r  KOHeYHOrO aBTOMaTa 

,QOCTaTOYHO er0 ORMH pa3 c 6 p o c a ~ b  C nOMOWbK) 

c H r H a n a  RSTG, a R a n e e  a B T o M a T ,  ruararr no co- 
CTORHRRM, cnoc06e~ CPM MX C ~ P ~ C ~ I B ~ T ~ .  

n0cne T o r 0  KaK YCTaHOBneHbI HaYaJIbHbIe  CO- 

CTORHRR, H ~ O ~ X O U M M O  IIOCTPOllTb JIOrkIKy nepe- 
xona B cneuymwee c o c T o r l H a e .  Ann o n p e n e n e -  

Pnc. 2. C x e ~ a  KotierHoro asToMara, nocTpoeHHoro no nornqecKwM ypasHeHnaM 

Pnc. 3. B p e ~ e ~ ~ b ~ e  AwarpaMMbl paborb~ KoHerHoro asroMara 

HllR I I H ~ l l B l l n Y a J I b H O ~ O  COCTOHHMR BOCnOJlb3Y- 

eMCR aJIrOpRTMOM, I I p e w l O X e H H b l M  B pa6o~e [3]. 
B ~ a s a n e  n o n c s M T b l s a e T c l r  w c n o  y c n o ~ ~ i i  ne- 
PeXOnOB, B e n y w R X  K naHHOMY COCTORHBIO, I3 DO- 

6 a ~ n f l e ~ c ~  ewe o n m  nepexon, e c n M  ycnowe no 
YMOnYaHll IO jJOnXHO OCTaBnflTb K O H ~ Y H ~ ~ A  aB-  

TOMaT B TOM Xe CaMOM COCTOflHMll. &nee CTpO- 

AOB, P a B H b I M  w c n y  y c n o s ~ f i  n e p e x o n o B ,  onpe- 
A e n e H H b I X  P a H e e .  

Aanee, xaxnoro sxona B e H T M n r r  MJIM 
CTPOMTCR J I ~ r l l ~ e ~ K l l f i  BeHTllJIb M, BXOnaMll  KO- 

T o p o r o  c n y x a T  n p e n b l n y w l l e  COCTORHHR K ero 
n o r M K a  YCnOBMR. E c n ~  no YMOnYaHll IO KOHeY- 

~ b l f i  aBTOM3T ,QOJIXeH OCTaBaTbCR B TOM Xe Ca- 

< l M ~ M ~ y a n b ~ b l f i  T p M r r e p ,  a 3 a T e M  O p r a H l l 3 y -  Yl lTb JIOrMYeCKyIO HeIIpOTllBOpeYEiBOCTb, B X O n  MOM COCTOflHIIM, CTPOllTCR J I o ~ M Y ~ c K M ~ I  B e H -  

2 4  CXeMa, I IO3BOnRIOwaR B KaX,IIblfi KOHKpeT- HOR I I H ~ O P M ~ ~ K O H H ~ I ~ ~  CMrHaJI  3 T O r 0  T p l l r -  T M n b  M, BXORaMM KOTOPOrO C n y X a T  ,QaHHOe CO- 

3 MOMeHT BpeMeHM TOJIbKO OAHOMY COCTOR- repa T 3 K X e  EiHBepTl lpYeTCR.  T ~ K B M  0 6 p a 3 0 ~ ,  CTORHUe M 0 6 p a ~ ~ m  BeJIllYMHa BCeX B03MOXHbIX 

- lo 6 b 1 ~ b  aKTllBHbIM [3, 41. COCTORHkie 1 B ~ a Y a J I b ~ b l f i  M O M e H T  B p e M e H k l  ycJI0~kifi I l e p e X O n O B ,  K C X O n R w l l X  113 ,QaHHOrO 

?BCCMOTPIIM K O H ~ Y H ~ I ~ ~  ~ B T O M ~ T M ~ ~ ~ ,  ripe- I I p M H M M a e T  3 H a Y e H M e  J I o r ~ Y e c K o f i  e n l l H M q b 1 .  COCTORHMfl. 

f i a ~ p ~ ~ a m w ~ f i  c e M b  ~ ~ ~ J I H Y H ~ I X  c o c ~ o ~ ~ ~ f i  Ann B c e x  n p y r k i x  C O C T O R H R ~ ~  2-7 ~ c n o a b s y e ~ c n  9 ~ 0 6 6 1  o n p e n e n m b  s m n o  ycno~liR n e p e x o -  

41. ~ O C T P O I I M  T P ~ ~ - ~ B T O M ~ T  I I p O e K T M p y e -  D-~pllrrep C aCl lHXPOHHblM C ~ P O C O M ,  TaKTllpY-  n O B  n n R  COCTORHllR 1, PaCCMOTpMM ~ P ~ @ - ~ B T O -  

-TO Y C T ~ O ~ ~ C T B ~  (pllc. 4). ABTOM~T ~ ~ P ~ X O A M T  ~ M ~ I R  ~ P O H T O M  C H H X ~ O C M ~ H ~ J I ~ .  MaT. M3 PIIC. 6 BMAHO, YTO COCTORHlle 1 MMeeT 

COCTORHHR B COCTORHlie I I 0  I I e P e n H e M Y  4 ~ 0 ~ -  ABTOM~T CnPOeKTklPOB3H T3K, YTO ~ K T M B H ~ I ~  OnMH I tepeXOfl  OT COCTORHllR 7, K O r n a  n e p e M e H -  

, a o f l I q a R  M3 7 ~ ~ O K O B  S1-S7 M JIOrl lKl l  ~ O P -  

l p O B a H l i R  BbIXOna, B CAnP nJIMC Quartus 11 

- -2 n o r m e c K H e  B X O ~ ~ I  n o M e Y a m T c R  K ~ K  nepe- 
;XHbIe OT A A 0  E. B ~ I X O ~ ~ I  KOHeYHOrO aBTO- 

::a HOCRT H ~ ~ B ~ H I I R  Multi, Contig II Single. 

Contig, Mult Contig Cont~g, Single XL 
m 

H a Y a n b H o e  COCTORHlle, BbIXOn T P H r r e P a  PHC. 4. rpa@-asro~ar  npoeKrnpyeMoro ycrpoic~sa (KA Mypa) 
X O R H I I R  1 IIHBePTIIPYeTCR, a Y ~ 0 6 b 1  o6ecne- 



IIO YMOJIsaHHK), B e f l y w e e  B COCTORHHe 1. T ~ K H M  
06pa30~, COCTORHIle 1 HMeeT n B a  YCJIOBHR nepe- 
XOnOB. n 0 C J I e  3TOTO MOXHO IIOCTpOIlTb RBYX- 

B X O ~ O B O ~ ~  JIorI1seCKI1fi BeHTHJIb 2MJIM C OnHIlM 

B X O ~ O M  n n R  ycnosm nepexona OT COCTORHHR 7, 
a ,qpyrHM - ,qna nepexona no y M o n s a a H m ,  s ~ o -  
6b1  OCTaBaTbCR B COCTORHHH 1 (PIIC. 6). 

C n e n y ~ o q ~ i i  mar -  TO n o c T p o e H x e  norx- 
KH n e p e x O n O B  nJIR R a H H O r O  BeHTHJIR 2MJIM. 
K a ~ b ~ f i  BXOn BeHTHJIR 2MJIM eCTb J Io rHrecKaR 

~ Y H K ~ H R  M n p e n b r n y q e r o  COCTORHHR H ~ O T H -  

KH IIepeXOnOB COCTORHHR 1. Hanpn~ep ,  COCTO- 

a H H e  7 n o c T y n a e T  H a  sxon COCTORHHR 1, K o r n a  

E HMeeT HcTHHHoe 3 ~ a s e ~ ~ e .   TO 0 6 e c n e s ~ ~ a -  
eTCR I I p H  I I O M O q H  J IOrHreCKOrO BeHTHJIR 2M 
( p ~ c .  6). B ~ o p o f i  BXOn BeHTHJIR MJIM - nepe- 
XOn IIO YMOJIsaHHK), K O r n a  KoHesHbI f i  aBTOMaT 

ROJIXeH OCTaBaTbCR B COCTORHHH 1. Ecnn TeKy- 

Wee COCTORHHe eCTb COCTORHHe 1 I1 HeT  YCJIO- 

~ ~ f i  n e p e x o n o B ,  B ~ I X O ~ R ~ I I X  113 COCTORHHR 1, 
KOTOpbIe IICTHHHbI, TO ~ 0 H e 9 H b I f i  aBTOMaT R o n -  

X e H  OCTaBaTbCR B COCTORHHH 1. COCTORHH~ 1 H a  

R x a r p a M M e  c o c ~ o a ~ ~ f i  XMeeT nsa H c x o n a q H x  

ycnosm n e p e x o n o B  (p11c. 6). 
n e p ~ b l f i  IIepeXOjl RBJIReTCR ~ ~ ~ ~ c T B H T ~ J I ~ H ~ I M ,  

K o r n a  HCTHHHO ycnome (ABc), H B e n e T  B co- 

c T o a H H e  2. B~opofi nepexon, ~ e n y q ~ f i  B c_ - 
RHHe 4, RBIIReTCR ~ ~ ~ ~ c T B H T ~ J I ~ H ~ I M  I I p H  EZ- I 

HOM 3 H a 9 e H H H  YCJIOBHR (ABC). f l0rITz - lilill 

YMOJIsaHHK) - 3 T 0  ~ Y H K ~ H R  M RJIR GO: 

HHR 1 o 6 p a ~ ~ o f i  BeJIHrHHbI BCeX ~ C J I O B H ~  7 

XOnOB, I ICXOnRqIIX I13 COCTORHHR 1 . 3 ~ a  T Ill 

seCKaR ~ Y H K ~ I I R  peaTIH3yeTCR C HCnOJIb301. ' I  

e M  BeHTHJIR 211 C HHBePTOPOM H a  OnHC I1 

BXOnOB H JIOrIlreCKIlX 3JIeMeHTOB, ~ O P M P ~  I 

q H X  CHrHaJI jJJIR H H B e p T I l p y I o q e r O  BXOJZ I1 

THJIR 2M ( p ~ c .  6). K O M ~ I I H ~ ~ I I O H H ~ R  ,I; 

o 6 e c n e s ~ ~ a e ~  n e K o n H p o s a H x e  c y s e T o h r  1 

HbIX CHrHWIOB H CHrHaJIa 0 6 p a ~ ~ o f i  CBR3L 



~ J C T O I I H M ~  4 H e  RBJIReTCR HaYaTIbHbIM COCTO- 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

I C R  BeHTIlJIb 4MnM ( C X ~ M ~  S4, pHC. 7). 

. . . . . . . . . .  . . . . . . .  . . . . . .  . . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . . . .  
. . .  

. . . . . .  . . . .  
8 :seH n p o f i r u  sepes c x e M y  2M c n o r ~ ~ o f i  ero 

X ~ e e  HYWHO n o c T p o a T b  normy, 06ecne~a-  
..!SlQYH) COXpaHeHl i e  COCTORHBR 4, K O r n a  HI1 2. B b 1 ~ 0 n ~ b l e  CIITHaTIbI, @ O P M H P Y ~ M ~ I ~  BO MHO- (EP20K30ETC144-1). A p x E i T e ~ ~ y p a  nnMC Ce- 

1x0 I13 y c n o ~ a f i  I I e p e x o n o B ,  licxonaLL(I1x I13 rI1x CMeXHbIX COCTORHIIRX. H a n p ~ M e p ,  BbI- M e f i C T ~ a  APEX20K C o s e T a e T  B ce6e nOCTOI1HCT- 

LTORHHR 4, H e  kiMeeT I lCTIlHHOrO 3HaYeHIIR.  X O ~ H O ~ ~  CHTHaTI Contig, K O T O P ~ I ~ ~  @OPMUPY- B a  nnBM nnMC C Pix ~a6nkiqa~11 n e p e K o n P i p 0 -  

,I :ZTHJIb M C 0 6 p a ~ ~ o f i  B ~ J I I ~ Y M H O ~ ~  IIpOI13Be-  OIITRMaTIbHOe PeIIIeHlle-  3 T 0  IIpOCTOe #?KO- CllrHaTIOB B nnMC. C y¶eTOM PeZJIbHbIX 3 a n e p -  

;EEM ABC.  TO ~ e o 6 x o n a ~ o  AJIR IIOnnepHcI1- nHpOBaHI1e aKTI1BHbIX COCTORHII~~. Hanpx~ep, X e K  I I e p H O n  TaKTOBOrO CIlrHaTIa CLK nJIR CTa- 

. E n R  T p I l r r e p a  B BbICOKOM YpOBHe ,  I IOKa H e  CIlrHaTI Multi, K O T O P ~ I ~ ~  @OPMIIPY~TCR AJLR CO- 6 1 1 n b ~ o f i  p a 6 o ~ b 1  aBTOMaTa nOrrxteH 6 b 1 ~ b  H e  Me- 

r s i i 3 o f i n e ~  n e f i c ~ ~ l i r e n b ~ b ~ f i  nepexon B cne- C T O R H I ~ ~ ~  2 n 4. H e e  15 HC. Y M ~ H ~ L U I ~ T L  YHCJIO T p u r r e p o B  H a  

3DLL(ee COCTORHI1e. B I IOr I lKe  I I e p e X O n a  I IO  f i n  @OPMHPOB~HIIR JIOrIlKI1 BbIXOnHOrO CIIT- OnHH II03BOnReT neKOnlipOBUlI1e COCTOHHU~~ 3-7 
.J.l¶aHE?H) 1 1 c n o n b 3 y e ~ c ~  BeHTMnb  2M I1 BbI- HaTIa Multi 1 1 c n o n b s y e ~ c ~  neKOntipOBaHkie COGTO- npli nOMOLL(I1 5-BXO~OBO~O BeHTI1nR MnM. Kax-  
2 BeHTHnR 3M C I l H B e p T O p O M  H a  BXOne C. R H H ~  2 I1 4 npI1 IIOMOLL(I1 BeHTIlnR 2MnM. Kax-  nb1f i  pas, K 0 r . W  K O H ~ V H ~ I ~ ~  BBTOMaT OKaXeTCR 

, O C T O R H M ~  2 I l M e e T  TOJIbKO OAHO YCnOBl l e  n b ~ f i  pa3, K O r n a  K O H ~ Y H ~ I ~ ~  aBTOMaT OKaXeTCR B OnHOM I13 3TBX COCTOIIHH~~,  6 y n e ~  C@OPMHPO- 

.. :OMaT 6 y n e ~  HeMenneHHO IIepeXOnliTb IIO On-  HHR BbIXOnHLIX CIlrHaJIOB AJIR CMeXHbIX COCTO- HaR TaKTOBaR YaCTOTa B 0 6 0 1 1 ~  CXeMHbIX pe I I I e -  

- I%)' 113 RBYX IIepeXOnOB I13 COCTORHHR 2 B 3a- R H H ~  IlCIIOJIb3yeTCR C H H X P O H H ~ I ~ ~  R S - ~ p ~ r r e p .  HHRX COCTaBnReT fMAX = 290,02 Mru. 
I;kIMOCTII OT 3 H a s e H l l R  CI l rHaJ I a  D. COCTOR- RS-~pI1rrep YCTaHaBnHBaeTCR I IpH  BXOne B CMeX- OI I l i I I I eM @ ~ H K ~ I ~ o H I ~ ~ o B ~ H I ~ ~  n a H H O r 0  aB-  

12 3, n o n o 6 ~ o  COCTORHHRM 1 I1 4, I lMeeT I I epe -  H o e  COCTORHIle H c 6 p a c b 1 ~ a e ~ c ~  npli BbIXOne TOMaTa H a  113bIKe OIIIlCaHIlR aIIIIapaTHbIX CpenCTB 

:no y M o n s a a a m ,  11 n n R  y n p a s n e H m  s x o n o ~  (p11c. 5). B ~ ~ M ~ H H ~ R  n H a r p a M M a  n p o e K T n p y e -  VHDL. O n ~ l c a ~ a e  n p o e K T H p y e M o r o  K o H e s H o -  

- 7 p H r r e p a  KCIIOJIb3yeTCR K O M ~ H H ~ ~ I I R  CHTHB- MOrO aBTOMaTa I IpenCTaBneHa  H a  pHC. 8. r0 aBTOMaTa C IICIIOJIb30BaHIIeM &BYXIIpOueC- 

3 A u D, COCTORHHR 2 11 COCTORHMR 3. COCTO- Aria p a 3 ~ e y e ~ ~ s  a B T o M a T a  ~ b l 6 e p e ~  c H o r o  ma6no~a 11 n e p e s a c m e M o r o  T n n a  AaHHbrX 

-:ae 5 y n p a B n H e T  c o c T o a H H e M  6 6e3 BCRKMX nnMC no a p x m e K T y p e  n n B M  APEX20K (Enumerated type) H a  ~ 3 b 1 ~ e  VHDL n p l i B e n e H o  

.-:OBK~. K o H ~ ~ H ~ I ~  aBTOMaT X n e T  B COCTOR- 

- :a 6 ,  n o K a  n e p e M e H H a R  E H e  n e p e K n w s m c R  

- ? i s ~ a i i  y p o a e a b ,  npemge s e M  n e p e f i ~ ~ l  B co- 

-3ORHIIRM OIIACbIBaeTCR BbIXOnHaR JIOTIIKB. 

, T O P ~ I X  OTHOCHTCR K o n ~ o f i  113 T p e x  O C H O B H ~ I X  

, - ~ e r o p P i f i  BbIXOnHbIX CATHaTIOB: 

B ~ I X O A H ~ I ~  CIITHaTIbI, @ O P M I I P Y ~ M ~ I ~  B OAHOM 

1 0 M  RBJIReTCR BblXOn T P H r r e p a .  

ZMllOHEHTbl M TEXHOJlOTMM . Ne 10 '2007 W W W . ~ O W ~ ~ - e . r u  



Ranee. n e p e s ~ c n ~ e ~ h r 8  T H n  -  TO T ~ K O ~  T H n  

RaHHbIX,  I I p H  KOTOPOM KOJIHYeCTBO BCeX B 0 3 -  

MOlKHbIX C O C T O H H H ~ ~  KOHeYHO. T ~ K o ~  THII HaH-  

6onee s a c T o  ~ c n o n b 3 y e ~ c ~  nna 0 6 0 3 ~ a ~ e ~ ~ i i  

C O C T O H H H ~  KOHeqHbIX aBTOMaTOB. JI1060il ne- 
p e Y H ~ J l H e ~ b l 8  T H n  H M e e T  BHYTPeHHIOIO HYMe- 

paUH10: n e p ~ b 1 8  3JIeMeHT BCerRa HMeeT HOMep 0, 
~ ~ o p o f i  - 1 H T. n. 

3 ~ 0 8  MOReJIH T p H r r e p b I  CHHTe3HpYIOTCR 

T o n b K o  n n R  c H r H a n a  state,  TO n o 3 ~ o n ~ e ~  ~ 3 6 e -  

X a T b  n I i u r H H x  T p H r r e p o B  B CxeMe.  o 6 e c n e -  

YeHHR C T ~ ~ H J I ~ H O ~  H 6 e 3 0 ~ ~ a 3 ~ 0 f i  p a 6 0 ~ b 1  HC- 

IIOJIb3yeTC54 C ~ ~ O C  aBTOMaTa B H a Y U b H O e  COCTO- 

H H H e  ( ~ K T H B H ~ I ~ ~  ~ b 1 ~ 0 l i I i f i  Y P O B e H b  CHrHaJ Ia  

TKST). T ~ K H M  06pa30~,  B c e r n a  0 6 e c n e s u ~ a e ~ -  

CR H H H ~ H ~ J I H ~ ~ ~ I ~ R  aBToMaTa  B H a Y a n b H o e  co- 
CTOHHHe. 

B AaHHOM I I p H M e p e  CTHJIb KOnHpOBaHHH ( ~ a -  
I I p H M e p ,  MeTOR RBOIiYHOrO KORHPOBaHHH HJIH 

K o j p i p o B a H a e  no M e T o n y  OHE) H e  o n p e n e n e H  

B KOAe R3bIKa VHDL. Xilinx P e K O M e H n y e T  HC- 

IIOJIb3OBaTb KOAHpOBaHHe qHC!3po~blx aBTOMa- 

TOB c H C ~ O J I ~ ~ O B ~ H M ~ M  n e p e m c n R e M o r o  mna ,  
TaK KaK B 3TOM CJIyqae CAnP IIpenOCTaBJIReTCR 

B03MOXHOCTb IiCIIOJIb30BaTb MORYJIb JIOrHYeC- 

KOrO CHHTe3a I i  B 3aBHCBMOCTH OT aPXHTeKTYPbl 

nJIMC CaMOCTORTeJIbHO ~ b 1 6 H p a ~ b  MeTOA KORH- 

p o B a H m  [5]. B CAnP Quartus 11 n p e R n a r a e T c R  

HCIIOJIb30BaTh T P H  MeTOna  KOjJHpOBaHHH: Auto, 
OHE, Minimal Bits. B CAIIP Xilinx ~ c n o n b s y -  

eTCR CeMb MeTOAOB KOAHpOBilHHR: Auto, OHE, 
Gray, Compact, Johnson, Sequential, User [5]. 

LIBRARY izee; 
USE ieee.std_logic_lI64.all; 
USE ieee.std_logic-nnsignedall; 
ENTITY avtOHE IS 

PORT( 
A,B,C,D,E.TRST,TCK :IN STD-LOGIC; . 
Multi, Cont~g,Single . OUT STD-LOGIC, 
STATE12 : OUT STD-LOGICYECTOR 

(3 DOWNTO 01); 
END dvtOHE; 
ARCHITECTURE a OF avtOHE IS 
TYPE state-values IS (Stagel. SLage2, Stnge3, Stage4, Stage5, Stageh, 
Stage7); 
i g a l  state,nrxtLstate: stdtecvdlies; .~ 

BEGIN 
-- peracTposLrn 6nos 
statereg: process(TCK,TRST) 
begin 

~f (TRST = '1') then state<=Stagel; 
elsif (TCK'event and TCK='l') then 

state<=nrxtLrtate; 
end if; 

end process statereg; 
-- h'0~6>1~a10pHbll 6 n 0 ~  ( ~ O U K ~  IIc~?xoJ(oB) 
process(state, A,B,C,D,E) 
hegin 
case State is 
when Stagel=> 
STATE]-7 <= ~ ~ 0 0 0 1 ~ ~ ;  
IF (A='l'dnd B='O1 and C='lm) THEN nextLstate<=Stage2; 
ELSIF (A='l' and B='l' and C='O'i THEN nextLstate<=Stage4; 
ELSE next_state<=Slagel; END IF; 
when Stage2=> 
STATEl-7 <= t,OOIO-; 
IF (0-'0') THEN next~slate<=Stage3: 
ELSIF (D='I') THEN next-state<=Stdge4; 
END IF; 
when Stage3=> 
STATE1-7 <= .001 111; 
IF (A='!' or D='17) THEN next-state<=Stags4; 
ELSE next-state<-Stagel; END IF; 
when Stage4=> 
STATEI-7 <= ~ 0 1 0 0 ~ ~ ;  
IF (A='l3 and B='1' and C='O') THEN next~state<=Stdgr5; 
ELSE next-state<=Sugr4;END IF; 
when Stage5=> 
STATEI-7 <= *0101n; 
nextLstatr<=Stageb; 

when Stage6=> 
STATE1-7 <= <O110n; 
IF (E='O') THEN next_state<=Stage7; 
ELSE next_state<=Stage6; END IF; 
when Stage7=> 
STATE1-7 <= 1101 11m; 
IF (k'1')THEN nextLstate<=Stagel; 
ELSE nextitdte<=StageR END IF; 
end case; 
end process; 
-- nOlUKd @ O ~ M R ~ O B ~ H U R  RhlXOna 
process (itatel 
beg~n 
Multi <= '0'; 
Contig <= '0'; 
Single <= '0'; 
case Stdie is 
when Stagel=> 
Mult~ <= '0': 
Contig <= '0'; 
Single <= '0'; 
when StageZ=> 
Multi <= '1'; 
Contig <= '0'; 
Single <= ' 0  
when Slagel=> 
lvfulti <= '0'; 
Contig <= '1'; 
Single <= '0'; 
when Stage4=> 
Multi <= '1'; 
Cantig <= '1'; 
Single <= 'o'; 
when Stage5=> 
Multi <- '0'; 
Contig <= '1'; 
Single <= '0'; 
when Stageh=> 
Molti <= '0'; 
Contig <= '1'; 
Slngle <= '1'; 
when Stage7=> 
Multi <= '0'; 
Contig <= '1'; 
Single <= '0'; 
end case; 
end process; 

END a; 

Ann IIJIMC no a p x m e K T y p e  IInBM CAnP 
Quartus I1 aBToMaTH.rsecKH n p e n n a r a e T c a  HC- 

IIOJIb3OBaTb MeTOn KOjJHpOBaHHR OHE. B MeHIO 

Project/Option&Parameter Settings T a m e  MOX- 

HO ~ b 1 6 p a ~ b  YCTaHOBKY Auto, KOTOpaR I I03B0-  

J IyTI I IH8  XI rOpHTM KORHPOBaHHH. B C J I P a i  1 

6opa YCTaHOBKH User-Encoded CpenCTE-  1 I 
A I i p o s a H m ,  n p e j J c ~ a ~ n e ~ ~ b 1 8  B +she rac 
HOrO OnHCaHIiR.  

B b 1 6 e p e ~  B M e H m  Project/Option&Para- 
Settings M e l o n  KORHpOBaHHR OHE c n o h l c -  11 I 
YcTaHoBKH State Machine Processing. Pea: 1 

Settings, y c T a H o a l i a  T e x H o n o r m  M a n m a g  , 

HHR Technology Mapper - LUT. npoeerr I 
POB. M ~ K C H M ~ ~ ~ H M  T a K T O B U  YaCTOTd CCZ-. I 

n ~ e ~ f , , , ,  = 290,02 Mrq. T ~ K B M  0 6 p a 3 0 ~ :  

JIO T p H r r e p O B  YMeHbIIIHnOCb H a  ORHH. I 
r P a M M b I  er0 p a 6 0 ~ b 1 .  n o ~ a 3 a ~ b l  IIepeXOZ: 1111' 

COCTORHHRM 1, 4, 5 , 6  11 7. n o  n e p B 0 M ) -  :. 
CIiHXpOHMIIyJIbCa H no YCJIOBHIO ABC ,,#, I 
no T p e T b e M y  TdKTY CHHXPOHMIIYIIbCa aE- 

6 e 3  BCHKHX y c n o ~ ~ f i  n e p e x o n H T  B COCTOL I 
C C ! J O ~ M H ~ O B ~ H H ~ M  BblXOAHbIX CBrHdJIOB I; 

a Single. 
B b 1 6 e p e ~  B M e m o  Project/Option&Pah;- I 

Processing. n p ~   TOM B npoqecce cmae:_. , ' .  

H e Y H O r O  a B T O M a T a  6 y n e ~  MHHHMH3HF; I  , llill~l. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pnc. 9 . 6 n o ~ - c x e ~ a  KoHerHoro aBToMaTa 

Pnc. 10. B p e ~ e ~ ~ a n  nwarpaMMa KoHerHoro aeroMara, onwcaHHoro Ha VHDL. 
n o ~ a 3 a ~ b l  nepeXOAbl no COCTORHMRM 1 , 4 , 5 , 6  M 7 



:ricno ~ l c n o n b s y e ~ b ~ x  T p H r r e p o a .  P e a n m y e ~  
; o M ~ H H ~ ~ I I o H H ~ K )  normy H a  ~ a 6 n ~ q a x  nepe- 
- - O R H ~ O B O K  LUT, M e H m  Option & Parameter 
;dtings, YCTaHOBKa TeXHOnOrHII  MaIIII I IpOBa- 

-rwr Technology Mapper - LUT. 
n p 0 e K T  aBTOMaTMseCKH 6 b 1 n  p a 3 M e W e H  

: nnMC EP20K30ETC144-1.3anefic~~o~a~o 
3 norasecmix s n e M e H T o B ,  3 TPIII repa. M ~ K -  

- Z > l a n b H a I I  TaKTOBaR YaCTOTa  COCTaBnReT 

= 262,81 Mrq. T a r u l ~  0 6 p a 3 0 ~ ,  rlicno T p n r -  

-?POB YMeHbIIIEInOCb H a  YeTbIpe  3a C s e T  MHOrO 

2oco6a KOnHpOBaHHR, HO 3HaqHTUIbHO YBenEI- 

2 , lOCb qIICJIO JIOrHYeCKPiX 3JIeMeHTOB I I  H e -  

-5OJIbKO CHII3IIJIaCb TaKTOBaII 9aCTOTa. C ~ ~ B H H -  
-mn.HbIe p e 3 y n b ~ a ~ b 1  n p e q c T a B n e H b 1  B ~a6nnqe.  

>f+ii~ofi C ~ O C O ~  KOAHPOBaHHR 
- vemw OHEc RS-~pnrrepo~ 20 1 / 290,02 

OHE 1 16 1 7 1 290.02 

~ P O ~ K T ~ I  C HCnOJIb30BaHIIeM ~II@POBMX aB- 

- ? \ t aToB H a  R ~ ~ I K ~ X  O n H c a H n R  a n n a p a T H b I x  

rZJCTB, B TOM qEICne EI HH3KOyPOBHeBbIX, TIIIIa 

- 3DL,  W C T O  n0IIyCKaK)T 3HaYeHIIR ~ I I T O B  CO- 

.-SRHEI~~, KOTOPbIe H e  IIPEICBaHBaK)TCR IIpaBUJIb- 

-?:\I COCTORHIIRM. 3 T H  3HaqeHIIR C HeIIpIICBO- 

- 3 M M H  ~ I I T B M U  COCTOIIHA~~  Ha3bIBaK)TCR He-  

-?3BIIJIbHbIMH ( 1 1 3 6 b 1 ~ 0 ' 3 ~ b I ~ E I )  COCTORHIIRMII. 
- 

~ O ~ K T ,  K O T O P ~ I ~ ~  n e p e x o n a T  B H e n p a B u n b H o e  

~ x o a H H e ,  H a n p a M e p ,  B p e 3 y n b ~ a ~ e  H a p y m e -  

- 3% BpeMeHHbIX ~ p e 6 0 ~ a ~ ~ f i  K YCTaHOBKe HnI I  

L r p X K e ,  M O X a  peaJIH30BaTb o111~6or~b1e BbI- 

BI. n o n b 3 o ~ a ~ e n b  M o w e T  c n e n a T b  B o c c T a -  

- s a e m e  qa@po~oro aBToMaTa  nocne H e n p a -  

I -.XHOrO COCTORHHR IIyTeM IIpHHynHTeJIbHOrO 

- : ? o ~ ~ ~ ~ o B ~ H H R  H e n p a s a n b H o r o  COCTORHUR 

3BeCTHOMy COCTORHIIK), ,QOlTyCTHMOMy B paM-  

--i o n e p a T o p a  CASE 161. 
~ T R  BOCCTaHOBJIeHHR IIOCne HenpaBHJIbHbIX 

LTOIIHII~~ UIeAyeT IIOUMeHOBaTb PIX BCe &lW RaH- 

HOrO aBTOMaTa. npennoxe~ue WHEN OTHERS 
B o n e p a T o p e  CASE, KOTOpOe n p I l H y n A T e J I b H 0  

npeo6pa3ye~ COCTORHIIR, IIpEiMeHReTCR TOnbKO 

K COCTOIIHHRM, KOTOpble 6 b l n ~  0 6 5 ~ 1 ~ n e ~ b 1 ,  a H e  

YIIOMRHyTbI B n p e n n O w e H M a  WHEN. A ~ H H ~ I ~  

H a  COCTORHH~~,  9 ~ 0 6 b 1  n o n p m o c b  HYXHOe YHC- 

no COCTORHH~~.  Haxe IIpHBeneH @ p a r ~ e H T  @afi- 
na, B KOTOPOM peaJIH3OBaH q E i @ p 0 ~ 0 f i  aBTOMaT, 

SUBDESIGN recover 
(clk,go :INPUT; ok : OUTPUT;) 

VARlAHLEsequence: MACHINE OF HITS (q[2..0]1 WlTH STATES 
( idle, one, hvo, three, four, illegall, iUrgal2, illegal3 1; 
BEGIN 

sequence.clk = clk; 
CASE sequence 1.5 

WHEN idle => IF go THEN sequence = one; END IF; 
WHEN one =>sequence = two; 
WHEN two => sequence = three; 
WHEN three => sequence = four; 
WHEN OTHERS => sequence = idle; 

END CASE; 
ok = (sequence ==four); 
END; 

B RaHHOM I l p H M e p e  q n Q p o ~ o f i  aBTOMaT HMe- 

e T  T p H  6 ~ ~ a  nnIi 8 C O C T O R H H ~ ~ .  B O ~ % R B ~ ~ H H I I  

3 a n a H b I  TOnbKO 5 COCTORHIIB. C J I ~ R O B ~ T ~ ~ ~ H O ,  

B 0 6 5 R ~ J I e ~ l i e  HYXHO n o 6 a s a ~ b  ewe T p H ~ 0 0 6 -  

p a x a e M b I x  COCTORHIIR illegall, illegal2, illegal3. 
O R H ~ K O  e C n H  YIlCnO C O C T O H H H ~ ~  3HaTEITenbH0,  

TO EIX nOOIIpeReneHHe  MOXeT IIPIIBOnEiTb K CO- 

K p a w e H H K )  ~ ~ I C T P O ~ ~ ~ C T B N R  aBTOMaTa. 

 tam^ 06pa30~, MeT0.Q OHE IIpIIMeHkfTUIbHO 

K nnkic C a p x l l T e ~ ~ y p 0 f i  nnBM n a e T  B03MOX- 

HOCTb CTPOHTb KOHeqHble aBTOMaTbI, KOTOPbIe 

B o 6 4 e ~  cnysae ~ p e 6 y m ~  MeHbIIIHX peCypCOB 

I I  OTJIH4aK)TCR 6onee BbICOKHMIl CKOpOCTHbIMH 

IIOKa3aTeJIRMH, 9 e M  aHaTIOTlFIHble KOHeYHbIe aB- 

TOMaTbI C nBOWIHbIM KOAEIPOBaHMeM COCTORHHB. 

E c n ~  s ~ c n o  COCTOI~HHB H e  6onee 8, TO nBoEisHOe 

KOAHpOBaHEie B 3TOM CJIyYae MOXeT 6 b l ~ b  6onee 
~ @ @ ~ K T I I B H ~ I M .  

~ o B ~ I L L I ~ H H o ~  ~ ~ I C T P O ~ ~ ~ % C T B A ~  IIO M e T o n y  

OHE 0 6 e c n e s ~ s a e ~ c ~  MeElbLUHM YUCnOM ypOB-  

~ e f i  n o r a K I I  MeXRY p a 6 0 s ~ ~ ~  @POHT~MII CHH- 

x p o c n r H a n o B ,  s e M  B cnysae n B o H r H o r o  Kana- 
p o s a H n r r .  n o r ~ r e c ~ ~ e  c x e M b I  npa  TOM ynpo- 
waK)TCR, IIOCKOJIbKy MeTOn OHE IIpaKTIIreCKH 

H e  T p e 6 y e ~  JIOrHKII neKOnHpOBaHIIR COCTOIIHH~~.  

nonysamwaiicn B p e 3 y n b ~ a ~ e  n o c T p o e H m  KO- 

HeYHOrO aBTOMaTa ~ a 6 o p  T P H r r e P O B  IIOXOX H a  

CTPyKTYPy T A n a  C,QBEIrOBOrO PerIICTpa.  

~ ~ I c T ~ o ~ ~ ~ ~ c T B I I ~  KOHesHOrO aBTOMaTa T A n a  

OHE OcTaeTCR n0CTOIIHHbIM C yBenk iYeHHeM 

YI Icna  COCTOIIHII~~.  HanpOTIIB,  6 b 1 c ~ p o n e f i c ~ -  

Bl ie  KOHeYBOTO aBTOMaTa C B ~ ~ C O K O ~ ~  CTeneHbK) 

KOAHpOBaHHri C O C T O R H H ~  CHIIXaeTCR C YBeJIK- 

Y e H I l e M  KOnUqeCTBa  C O C T O R H I I ~ ~ ,  IIOCKOnbKY 

B 3TOM cnysae n n R  AeKORMpOBaHHR ~ p e 6 y e ~ c r i  

6 o n b r u e e  sncno y p o ~ a e f i  normki c 6 o n b r u 1 1 ~  

YHCnOM J I l i ~ H f i .  

I I p H  IIpOeKTIIpOBaHAEI I J H @ p o ~ b l x  aBTOMa- 

TOB H a  R ~ ~ I K ~ X  O n l i c a H n n  a n n a p a T H b l x  c p e n c T B  

B03MOXHO IIORBneHHe He,QOIIyCTHMbIX COCTOII- 

H I I ~ ~ .  B  TOM c n y Y a e  ~ e o 6 x o n u ~ o  n o o n p e n e n R T b  

COCTORHIIR aBTOMaTa, KOTOPbIe, B CBOK) OYepenb,  

MOryT  CHIIXaTb er0 ~ ~ I c T ~ o ~ ~ ~ ~ c T B I I ~ .  
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