
3. КраȗțȖ аȐȠȜȚаȠȖ. РеȑȡșярțȖ ȖȕраȕȖ. ТеȜреȚа țа 

КșȖțȖ. 

 

Ǹраен детерминиран автомат țȎȞȖȥȎȚȓ ȝȓȠȜȞȘȎȠȎ 

A = < Q, X, q0, , F уб ȘȨȒȓȠȜ 

Q ȓ ȘȞȎȗțȜ ȚțȜȔȓȟȠȐȜ ȜȠ ȐȨȠȞȓȦțȖ ȟȨȟȠȜȭțȖȭ, 

X ȓ ȘȞȎȗțȎ ȐȣȜȒțȎ ȎȕȏȡȘȎб 
q0  Q ȓ țȎȥȎșțȜ ȟȨȟȠȜȭțȖȓб 

 : Q x X  Q ȓ ȥȎȟȠȖȥțȎ функция на преходите, 

F  Q ȓ ȚțȜȔȓȟȠȐȜȠȜ ȜȠ ȕȎȘșȬȥȖȠȓșțȖ ȟȨȟȠȜȭțȖȭ. 

 

ǽȞȓȒȟȠȎȐȭȚȓ ȘȞȎȗțȖȠȓ ȒȓȠȓȞȚȖțȖȞȎțȖ ȎȐȠȜȚȎȠȖ ȟ ȘȞȎȓț 
ȜȞȖȓțȠȖȞȎț ȚȡșȠȖȑȞȎȢ ȟ ȐȨȞȣȜȐȓ ȓșȓȚȓțȠȖȠȓ ȜȠ Qг ǰ ȑȞȎȢȎ ȖȚȎ 
ȞȓȏȞȜ ȜȠ qi ȒȜ qj, țȎȒȝȖȟȎțȜ ȟ x  X, ȎȘȜ  (qi, x) = qj. ǼȏȖȘțȜȐȓțȜ 
țȎȥȎșțȜȠȜ ȟȨȟȠȜȭțȖȓ ȓ ȝȜȟȜȥȓțȜ ȟȨȟ ȟȠȞȓșȘȎб Ȏ ȕȎȘșȬȥȖȠȓșțȖȠȓ 
ȟȨȟȠȜȭțȖȭ ȟȓ ȖȕȜȏȞȎȕȭȐȎȠ ȟ ȒȐȜȗțȖ ȘȞȨȑȥȓȠȎг 

 

ǲȓȢȖțȖȞȎȚȓ  : Q x X*  Q – разширена функция на преходите 

ȝȜ ȟșȓȒțȖȭ țȎȥȖț:  (q, ) = q ȕȎ ȐȟȭȘȜ q  Q, 

 (q, x) =  ( (q, ), x), ȕȎ ȐȟȓȘȖ x  X, q  Q Ȗ   X*б ȕȎ ȘȜȖȠȜ 

 ( (q, ), x) ȓ ȒȓȢȖțȖȞȎțȎб țȓȒȓȢȖțȖȞȎțȎб ȎȘȜ  ( (q, ), x) țȓ ȓ 
ȒȓȢȖțȖȞȎțȎг 

 

ǸȎȕȐȎȚȓб ȥȓ ȎȐȠȜȚȎȠȨȠ A = < Q, X, q0, , F > разпознава думата 

  X*б ȎȘȜ  (q0, )  F. ǳȕȖȘȨȠ LA = {  |   X*,  (q0, )  F } 

țȎȞȖȥȎȚȓ езикб разпознаван от автомата А. 

 

ǮȘȜ ȢȡțȘȤȖȭȠȎ țȎ ȝȞȓȣȜȒȖȠȓ  : Q x X  Q țȓ ȓ ȠȜȠȎșțȎб ȠȜ ȚȜȔȓȚ 
ȒȎ ȞȎȕȦȖȞȖȚ ȎȐȠȜȚȎȠȎ A ȒȜ A ȟșȓȒțȖȭ țȎȥȖț: 

A = < Q  q*, X, q0, *, F >, ȘȨȒȓȠȜ q*  Q, 



* (q, x) =  (q, x), ȎȘȜ  (q, x) ȓ ȒȓȢȖțȖȞȎțȎ Ȗ 

* (q, x) = q*, ȎȘȜ  (q, x) țȓ ȓ ȒȓȢȖțȖȞȎțȎ. 

ǿȓȑȎб ȎȘȜ A ȞȎȕȝȜȕțȎȐȎ ȒȡȚȎȠȎ , ȠȜ ȜȥȓȐȖȒțȜ A ȞȎȕȝȜȕțȎȐȎ . 

ǼȏȞȎȠțȜȠȜ ȟȨȧȜ ȓ ȐȭȞțȜб ȠȨȗ ȘȎȠȜ q* F L A = L 
A г Ƕ ȠȎȘȎ ȏȓȕ ȒȎ 



ȖȕȚȓțȭȚȓ ȓȕȖȘȎ țȎ ȎȐȠȜȚȎȠȎ ȚȜȔȓȚ, ȎȘȜ ȓ țȓȜȏȣȜȒȖȚȜб ȒȎ 
ȒȜȒȓȢȖțȖȞȎȚȓ ȢȡțȘȤȖȭȠȎ țȎ ȝȞȓȣȜȒȖȠȓ ȒȜ ȠȜȠȎșțȎ ȢȡțȘȤȖȭ. 

 

Теоремап ǵȎ ȐȟȓȘȖ ȘȞȎȓț ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ 

A = < Q, X, q0, , F > ȟȨȧȓȟȠȐȡȐȎ ȎȐȠȜȚȎȠțȎ ȑȞȎȚȎȠȖȘȎ Ǳб ȠȎȘȎȐȎ ȥȓ 

LǱ = LA. 

ǲȜȘȎȕȎȠȓșȟȠȐȜп ǽȜȟȠȞȜȭȐȎȚȓ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ = < Q, X, q0, P >, 

ȘȨȒȓȠȜ P = { qi   xqj | ȎȘȜ  (qi, x) = qj }  { qi   x, ȎȘȜ  (qi, x)  F }. 

ǶȕȥȖȟȠȐȎȚȓ Ǳ ȜȠ ȎȘȟȖȜȚȎ Ȑ ȒȭȟțȎ ȥȎȟȠ țȎ ȝȞȎȐȖșȜ Ȗ ȎȘȜ   LA 

(q0  F), ȒȜȏȎȐȭȚȓ ȝȞȎȐȖșȜȠȜ q0   г ǹȓȟțȜ ȟȓ ȐȖȔȒȎб ȥȓ 
ȝȜșȡȥȓțȎȠȎ ȑȞȎȚȎȠȖȘȎ ȝȜȞȎȔȒȎ ȓȕȖȘȎ LA. 

 

Ǹраен недетерминиран автомат țȎȞȖȥȎȚȓ ȝȓȠȜȞȘȎȠȎ 

A = < Q, X, q0, , F уб ȘȨȒȓȠȜ 

Q ȓ ȘȞȎȗțȜ ȚțȜȔȓȟȠȐȜ ȜȠ ȐȨȠȞȓȦțȖ ȟȨȟȠȜȭțȖȭ, 

X ȓ ȘȞȎȗțȎ ȐȣȜȒțȎ ȎȕȏȡȘȎб 
q0  Q ȓ țȎȥȎșțȜ ȟȨȟȠȜȭțȖȓб 

 : Q x X  2Q ȓ функция на преходите, 

F  Q ȓ ȚțȜȔȓȟȠȐȜȠȜ ȜȠ ȕȎȘșȬȥȖȠȓșțȖ ȟȨȟȠȜȭțȖȭ. 

 

ǲȓȢȖțȖȞȎȚȓ  : Q x X*  2Q – разширена функция на преходите 

ȝȜ ȟșȓȒțȖȭ țȎȥȖț:  (q, ) = { q } ȕȎ ȐȟȭȘȜ q  Q, 

m 

 (q, x) =  (q, x) ȕȎ ȐȟȭȘȜ x  X,  (q, x) =  (qpi 
, x) , 

i=1 

ȘȨȒȓȠȜ  (q, ) = { q  , q  б …б q   }. 

p1          p2                        pm 

 

 

KȎȕȐȎȚȓб ȥȓ ȎȐȠȜȚȎȠȨȠ A разпознава думата   X*б ȎȘȜ 



 (q0, )  F  . EȕȖȘȨȠ LA = {  |   X*,  (q0, )  F   } 

țȎȞȖȥȎȚȓ езикб разпознаван от автомата А. 

 

Теоремап ǵȎ ȐȟȭȘȎ ȎȐȠȜȚȎȠțȎ ȑȞȎȚȎȠȖȘȎ Ǳ = < N, T, S, P > 
ȟȨȧȓȟȠȐȡȐȎ ȘȞȎȓț țȓȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ А, ȠȎȘȨȐ ȥȓ LA = LǱ. 
ǲȜȘȎȕȎȠȓșȟȠȐȜп ǯȓȕ ȜȑȞȎțȖȥȓțȖȓ țȎ ȜȏȧțȜȟȠȠȎ ȚȜȔȓȚ ȒȎ ȟȥȖȠȎȚȓб 
ȥȓ Ȑ Ǳ țȭȚȎ ȝȞȓȖȚȓțȡȐȎȧȖ ȝȞȎȐȖșȎг ǻȓȘȎ E  N  T. ǸȜțȟȠȞȡȖȞȎȚȓ 
ȎȐȠȜȚȎȠȎ A ȝȜ ȟșȓȒțȖȭ țȎȥȖț: 

A = < N  { E }, T, S, , F уб ȘȨȒȓȠȜ 

 (A, x) = { B | A  xB  P}  { E}, ȎȘȜ A  x  P Ȗ 
F = { E }б ȎȘȜ   LǱ Ȗ F = { S, E }б ȎȘȜ   LǱ. 
ТȞȖȐȖȎșțȜ ȟȓ ȝȞȜȐȓȞȭȐȎб ȥȓ LA = LǱ. 

 

Теоремап ǵȎ ȐȟȓȘȖ ȘȞȎȓț țȓȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ 

A = < Q, X, q0, , F > ȟȨȧȓȟȠȐȡȐȎ ȘȞȎȓț ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ A, 
ȠȎȘȨȐ ȥȓ L A = L 

A . 
ǲȜȘȎȕȎȠȓșȟȠȐȜп ǽȜȟȠȞȜȭȐȎȚȓ ȘȞȎȗțȖȭȠ ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ A
ȝȜ ȟșȓȒțȖȭ țȎȥȖț: A = < Q, X, { q0}, , F уб ȘȨȒȓȠȜ 

Q  2Q ȓ ȚțȜȔȓȟȠȐȜȠȜ ȜȠ ȐȟȖȥȘȖ M  Q, ȠȎȘȖȐȎ ȥȓ ȟȨȧȓȟȠȐȡȐȎ 
ȒȡȚȎ   X*, ȠȎȘȎȐȎ ȥȓ  (q0, ) = M. ФȡțȘȤȖȭȠȎ  : Q x X  Q ȓ 



 

 

p1          p2                        pm 

m 

     pi

 

ȒȓȢȖțȖȞȎțȎ ȝȜ ȟșȓȒțȖȭ țȎȥȖț:  ({ 
 

Ȗ F = { M|M  Q, M  F   }. 

q  , q  б …б q   }, x) =    (q  , x) 

i=1 

ǿ ȖțȒȡȘȤȖȭ ȝȜ ȒȨșȔȖțȎȠȎ țȎ  ȧȓ ȝȜȘȎȔȓȚ, ȥȓ 

 (q0, ) =  ({ q0 }, ). 

ǯȎȕȎп ǻȓȘȎ  = , Ƞгȓг d () = ег ǶȚȎȚȓ  (q0, ) = { q0 } Ȗ 

 ({ q0}, ) = { q0}   (q0, ) =  ({ q0 }, ). 

ǽȞȓȒȝȜșȜȔȓțȖȓп ǻȓȘȎ ȠȐȨȞȒȓțȖȓȠȜ ȓ ȖȕȝȨșțȓțȜ ȕȎ ȒȡȚȎȠȎ . 

ǿȠȨȝȘȎп Щȓ ȝȜȘȎȔȓȚ, ȥȓ  (q0, x) =  ({ q0}, x). 

ǻȓȘȎ  ({ q0}, ) = { q  , q  б …б q   }. ТȜȑȎȐȎ ȝȜ ȒȓȢȖțȖȤȖȭȠȎ țȎ 
p1          p2                        pm 

m 

ȖȚȎȚȓ  ({ q0}, x) =  ({ q  , q  б …б q   }, x) =  (q , x) . 

i 

p1          p2                        pm p 

i=1 

ǼȠ ȖțȒȡȘȤȖȜțțȜȠȜ ȝȞȓȒȝȜșȜȔȓțȖȓ ȖȚȎȚȓ 

 (q0, ) =  ({ q0 }, ) = { q  , q  б …б q   } 
p1          p2                        pm 

m 

 (q0, x) =  (qpi 
, x) 

i=1 

=  ({ q0}, x). 

ǶȚȎȚȓ  (q0, )  F     ({ q0}, )  F     ({ q0}, )  F. 
Ƕ ȠȎȘȎ L A = L 

A . 
 

ǸȎȠȜ ȘȜȚȏȖțȖȞȎȚȓ ȠȞȖȠȓ ȠȓȜȞȓȚȖ ȝȜșȡȥȎȐȎȚȓб ȥȓ ȎȐȠȜȚȎȠțȖȠȓ 
ȓȕȖȤȖ (ȠȓȕȖ ȘȜȖȠȜ ȟȓ ȞȎȕȝȜȕțȎȐȎȠ ȜȠ ȎȐȠȜȚȎȠțȖ ȑȞȎȚȎȠȖȘȖ), ȟȎ 
ȠȜȥțȜ ȠȓȕȖ ȓȕȖȤȖб ȘȜȖȠȜ ȟȓ ȞȎȕȝȜȕțȎȐȎȠ ȜȠ ȘȞȎȗțȖ ȒȓȠȓȞȚȖțȖȞȎțȖ 



(țȓȒȓȠȓȞȚȖțȖȞȎțȖ) ȎȐȠȜȚȎȠȖ. 

 

ǼȠȠȡȘ țȎȠȎȠȨȘ ȟȥȖȠȎȚȓб ȥȓ ȐȟȖȥȘȖ ȎȐȠȜȚȎȠȖ ȟȎ țȎȐȟȭȘȨȒȓ 
ȒȓȢȖțȖȞȎțȖ. 

 

ǸȞȎȗțȖȠȓ ȒȓȠȓȞȚȖțȖȞȎțȖ ȎȐȠȜȚȎȠȖ A Ȗ A țȎȞȖȥȎȚȓ 

ȓȘȐȖȐȎșȓțȠțȖ, ȎȘȜ L A = L 
A . 

ǸȞȎȗțȖȭȠ ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ A0, ȘȜȗȠȜ ȞȎȕȝȜȕțȎȐȎ ȎȐȠȜȚȎȠțȖȭ 
ȓȕȖȘ L ȟȓ țȎȞȖȥȎ минимален ȕȎ ȠȜȕȖ ȓȕȖȘ L, ȎȘȜ ȕȎ ȐȟȓȘȖ ȎȐȠȜȚȎȠ 
A, ȘȜȗȠȜ ȓ ȓȘȐȖȐȎșȓțȠȓț țȎ A0 ȖȚȎȚȓ |Q0|  |Q|, ȘȨȒȓȠȜ Q0 Ȗ Q ȟȎ 
ȚțȜȔȓȟȠȐȎȠȎ ȜȠ ȟȨȟȠȜȭțȖȭȠȎ ȟȨȜȟȠȐȓȠțȜ țȎ A0 Ȗ țȎ A. 

 

ǻȓȘȎ X ȓ ȝȞȜȖȕȐȜșțȎ ȎȕȏȡȘȎг ǾȓșȎȤȖȭȠȎ R  X* x X* țȎȞȖȥȎȚȓ 

дясно-инвариантна, ȎȘȜ ȜȠ (, )  R  (, )  R 

ȕȎ ȐȟȭȘȎ ȒȡȚȎ   X*. 

 

 

ǻȓȘȎ A = < Q, X, q0, , F > ȓ ȘȞȎȓț ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ. 

ǼȝȞȓȒȓșȭȚȓ ȞȓșȎȤȖȭȠȎ RA  X* x X* ȝȜ ȟșȓȒțȖȭ țȎȥȖț: 

RA = { (, ) |  (q0, ) =  (q0, ) }. 

 

ǹемап RA ȓ ȞȓșȎȤȖȭ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ Ȗ ȓ ȒȭȟțȜ-ȖțȐȎȞȖȎțȠțȎг 
ǲȜȘȎȕȎȠȓșȟȠȐȜп ТȞȖȐȖȎșțȎ ȝȞȜȐȓȞȘȎг 



ǻȓȘȎ X ȓ ȝȞȜȖȕȐȜșțȎ ȎȕȏȡȘȎ Ȗ L  X* ȓ ȝȞȜȖȕȐȜșȓț ȓȕȖȘг 
ǲȓȢȖțȖȞȎȚȓ ȞȓșȎȤȖȭȠȎ RL  X* x X* ȝȜ ȟșȓȒțȖȭ țȎȥȖț: 

RL = { (, ) | ȕȎ ȐȟȭȘȎ ȒȡȚȎ   X*,  Ȗ 
ȓȒțȜȐȞȓȚȓțțȜ ȟȎ Ȑ L ȖșȖ țȓ ȟȎ Ȑ L }. 

 

Теоремап ǾȓșȎȤȖȭȠȎ RL ȓ ȞȓșȎȤȖȭ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ Ȗ ȓ 
ȒȭȟțȜ-ȖțȐȎȞȖȎțȠțȎг 

ǲȜȘȎȕȎȠȓșȟȠȐȜп ТȞȖȐȖȎșțȎ ȝȞȜȐȓȞȘȎг 

 

 

ǻȓȘȎ A = < Q, X, q0, , F > ȓ ȘȞȎȓț ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ. 

ǿȨȟȠȜȭțȖȓȠȜ q  Q țȎȞȖȥȎȚȓ достижимо, ȎȘȜ ȟȨȧȓȟȠȐȡȐȎ ȒȡȚȎ 

  X*, ȠȎȘȎȐȎ ȥȓ  (q0, ) = q. ǮȘȜ ȕȎ ȐȟȭȘȎ ȒȡȚȎ   X* ȖȚȎȚȓ 

 (q0, )  q, ȘȎȕȐȎȚȓ ȥȓ ȟȨȟȠȜȭțȖȓȠȜ q ȓ недостижимо. 
ȍȟțȜ ȓб ȥȓ ȜȠȟȠȞȎțȭȐȎțȓȠȜ țȎ țȓȒȜȟȠȖȔȖȚȖȠȓ ȟȨȟȠȜȭțȖȭ țȓ 

ȝȞȜȚȓțȭ ȓȕȖȘȎб ȞȎȕȝȜȕțȎȐȎț ȜȠ ȎȐȠȜȚȎȠȎг 

ТȎȘȎ ȚȜȔȓȚ ȒȎ ȟȥȖȠȎȚȓб ȥȓ ȎȐȠȜȚȎȠȨȠ A ȖȚȎ ȟȎȚȜ ȒȜȟȠȖȔȖȚȖ 

ȟȨȟȠȜȭțȖȭг ǰȟȓȘȖ ȘșȎȟ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ RA ȟȨȒȨȞȔȎ ȒȡȚȖȠȓ 
ȜȠ XЯб ȘȜȖȠȜ ȒȜȐȓȔȒȎȠ ȎȐȠȜȚȎȠȎ ȒȜ ȒȎȒȓțȜ țȓȑȜȐȜ ȟȨȟȠȜȭțȖȓг Щȓ 
ȜȠȏȓșȓȔȖȚ, ȥȓ ȠȨȗ ȘȎȠȜ ȎȐȠȜȚȎȠȨȠ ȓ țȎȐȟȭȘȨȒȓ ȒȓȢȖțȖȞȎț ȐȟȭȘȎ 
ȒȡȚȎ ȜȠ X* ȒȜȐȓȔȒȎ ȎȐȠȜȚȎȠȎ ȒȜ țȭȘȜȓ ȟȨȟȠȜȭțȖȓг TȎȘȎб ȎȘȜ 
ȎȐȠȜȚȎȠȨȠ A ȓ țȎȐȟȭȘȨȒȓ ȒȓȢȖțȖȞȎț Ȗ ȖȚȎ ȟȎȚȜ ȒȜȟȠȖȔȖȚȖ 
ȟȨȟȠȜȭțȖȭ, ȖțȒȓȘȟȨȠ țȎ ȞȓșȎȤȖȭȠȎ RA ȓ ȘȞȎȓț - ȠȜȥțȜ|Q|. 

 

Теоремап ǻȓȘȎ L  XЯг ǾȓșȎȤȖȭȠȎ RL  X* x X* ȖȚȎ ȘȞȎȓț ȖțȒȓȘȟ 
L ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг 

ǲȜȘȎȕȎȠȓșȟȠȐȜп ǻȓȘȎ L ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг ТȜȑȎȐȎ ȟȨȧȓȟȠȐȡȐȎ ȘȞȎȓț 

ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ A = < Q, X, q0, , F >, ȠȎȘȨȐ ȥȓ LA = L. 

ǹȓȟțȜ ȟȓ ȐȖȔȒȎб ȥȓ ȎȘȜ (, )  RA, ȠȜ (, )  RL. ǽȞȖ ȠȜȐȎ 
ȝȜșȜȔȓțȖȓб ȐȟȓȘȖ ȘșȎȟ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ RL ȟȓ ȟȨȟȠȜȖ ȜȠ 
ȘșȎȟȜȐȓ țȎ RA Ȗ ȠȨȗ ȘȎȠȜ RA ȖȚȎ ȘȞȎȓț ȖțȒȓȘȟб ȠȜ RL ȟȨȧȜ ȖȚȎ 
ȘȞȎȓț ȖțȒȓȘȟг 

ǻȓȘȎ ȖțȒȓȘȟȨȠ țȎ RL ȓ ȘȞȎȓț. ǻȓȘȎ [] ȓ ȘșȎȟȨȠ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ 



țȎ ȞȓșȎȤȖȭȠȎ RL ȟ ȝȞȓȒȟȠȎȐȖȠȓș   XЯг ǲȎ ȜȕțȎȥȖȚ ȟ Q 

ȚțȜȔȓȟȠȐȜȠȜ ȜȠ ȘșȎȟȜȐȓȠȓ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ RL (ȠȜ ȓ ȘȞȎȗțȜ)г 
ǽȜȟȠȞȜȭȐȎȚȓ ȘȞȎȓț ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ 

A = < Q, X, [], , F >. ǹȓȟțȜ ȟȓ ȐȖȔȒȎб ȥȓ ȐȟȓȘȖ ȘșȎȟ țȎ 
ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ ȞȓșȎȤȖȭȠȎ RL ȟȨȒȨȞȔȎ ȒȡȚȖ ȟȎȚȜ ȜȠ L ȖșȖ ȒȡȚȖ 
țȓ ȜȠ L (ȜȠ ȒȓȢȖțȖȤȖȭȠȎ țȎ RL ȝȞȖ  = ). 
ТȎȘȎ ȚȜȔȓȚ ȒȎ ȒȓȢȖțȖȞȎȚȓ F = { [] |   L }. 

ǲȓȢȖțȖȞȎȚȓ  ([], x) = [x] ȕȎ ȐȟȭȘȜ x  X. ТȎȕȖ ȒȓȢȖțȖȤȖȭ ȓ 
ȘȜȞȓȘȠțȎб Ƞгȓг țȓ ȕȎȐȖȟȖ ȜȠ ȝȞȓȒȟȠȎȐȖȠȓșȭ țȎ ȘșȎȟȎ țȎ 
ȓȘȐȖȐȎșȓțȠțȜȟȠ, ȠȨȗ ȘȎȠȜ ȞȓșȎȤȖȭȠȎ RL ȓ ȒȭȟțȜ-ȖțȐȎȞȖȎțȠțȎг 
ǹȓȟțȜ ȟȓ ȐȖȔȒȎб ȥȓ LA = L. ТȎȘȎ L ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг 

 

Следствиеп ǮȐȠȜȚȎȠȨȠ A = < Q, X, [], , F > ȜȠ ȠȓȜȞȓȚȎȠȎ ȓ 
ȚȖțȖȚȎșȓț ȕȎ ȓȕȖȘȎ L. 

ǲȜȘȎȕȎȠȓșȟȠȐȜп ǰ ȝȞȜȤȓȟȎ țȎ ȒȜȘȎȕȎȠȓșȟȠȐȜȠȜ țȎ ȠȓȜȞȓȚȎȠȎ 
ȝȜȘȎȕȎȣȚȓб ȥȓ ȖțȒȓȘȟȨȠ țȎ RL ȓ ȝȜ-ȚȎșȨȘ ȜȠ ȖțȒȓȘȟȎ țȎ RA ȕȎ ȐȟȓȘȖ 



1 2 

Q 

1 2 Q 

j Q 
Q Q 

1 

Q 

ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ A, ȘȜȗȠȜ ȞȎȕȝȜȕțȎȐȎ L. ǼȠ ȒȞȡȑȎ ȟȠȞȎțȎб 
ȝȜȟȠȞȜȓțȖȭȠ ȎȐȠȜȚȎȠ ȖȚȎ ȠȜȥțȜ ȠȜșȘȜȐȎ ȟȨȟȠȜȭțȖȭб ȘȜșȘȜȠȜ ȓ 
ȖțȒȓȘȟȨȠ țȎ RL, ȠȎȘȎ ȥȓ ȠȜȗ ȓ ȚȖțȖȚȎșȓț. 

 

ǻȓȘȎ A = < Q, X, q0, , F > ȓ ȘȞȎȓț ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ Ȗ LA = L. 
ǿȥȖȠȎȚȓб ȥȓ ȎȐȠȜȚȎȠȨȠ ȓ țȎȐȟȭȘȨȒȓ ȒȓȢȖțȖȞȎț Ȗ ȖȚȎ ȟȎȚȜ 
ȒȜȟȠȖȔȖȚȖ ȟȨȟȠȜȭțȖȭ. 

ǿȨȟȠȜȭțȖȭȠȎ qi, qj  Q țȎȞȖȥȎȚȓ еквивалентни, ȎȘȜ ȟȨȜȠȐȓȠțȖȠȓ 
ȖȚ ȘșȎȟȜȐȓ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ ȞȓșȎȤȖȭȠȎ RA ȝȜȝȎȒȎȠ Ȑ ȓȒȖț Ȗ 
ȟȨȧ ȘșȎȟ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ ȞȓșȎȤȖȭȠȎ RL. 

ǼȠ ȠȎȕȖ ȒȓȢȖțȖȤȖȭ Ȗ ȜȠ ȠȓȜȞȓȚȎȠȎ șȓȟțȜ ȟȓ ȐȖȔȒȎб ȥȓ 
ȚȖțȖȚȖȕȎȤȖȭȠȎ țȎ ȎȐȠȜȚȎȠȎ A ȟȓ ȟȐȓȔȒȎ ȒȜ țȎȚȖȞȎțȓ țȎ ȐȟȖȥȘȖ 
ȝȜȒȚțȜȔȓȟȠȐȎ țȎ Q ȜȠ ȓȘȐȖȐȎșȓțȠțȖ ȟȨȟȠȜȭțȖȭ. 

ǹемап ǮȘȜ q1, q2  Q, q1  F Ȗ q2  F, ȠȜ q1 Ȗ q2 țȓ ȟȎ ȓȘȐȖȐȎșȓțȠțȖ. 

ǹема (тест на едната буква)п ǻȓȘȎ q1, q2  Qг цȘȜ ȟȨȧȓȟȠȐȡȐȎ 

x  X, ȠȎȘȎ ȥȓ  (q1, x) țȓ ȓ ȓȘȐȖȐȎșȓțȠțȜ țȎ  (q2, x), ȠȜ q1 Ȗ q2 țȓ ȟȎ 
ȓȘȐȖȐȎșȓțȠțȖ. 

 

ǹемап ǻȓȘȎ Q = { Q1, Q2, …б Qs} ȓ ȞȎȕȏȖȐȎțȓ țȎ Q, ȠȎȘȜȐȎ ȥȓ 

Q j  F ȖșȖ Q j  Q\F, j = жб зб …б sг ǻȓȘȎ ȕȎ ȐȟȭȘo Q jб ȕȎ ȐȟȭȘȎ 
ȏȡȘȐȎ x  X Ȗ ȕȎ ȐȟȓȘȖ q1, q2  Q j ȖȚȎȚȓп  (q1, x)  Qk, 

 (q2, x)  Qk ȕȎ țȭȘȜȓ k  { жб зб …б s}г ТȜȑȎȐȎ ȐȟȭȘȜ Q j ȟȓ ȟȨȟȠȜȖ 
ȟȎȚȜ ȜȠ ȓȘȐȖȐȎșȓțȠțȖ ȟȨȟȠȜȭțȖȭ. 

 

ТȞȖȠȓ șȓȚȖ ȐȜȒȭȠ ȒȜ ȟșȓȒțȖȭ ȎșȑȜȞȖȠȨȚ: 

1. ǼȏȞȎȕȡȐȎȚȓ ȞȎȕȏȖȐȎțȓȠȜ S0 = { 

 

Ȗ   0
 

Q0 , Q0 }б ȘȨȒȓȠȜ   0  = F 

Q2  
= Q\F, i = 0. 

2. ǻȓȘȎ ȟȚȓ ȝȜȟȠȞȜȖșȖ ȞȎȕȏȖȐȎțȓȠȜ Si = { Qi , i б …б   i   }. 

li 

ǰȟȭȘȜ Qi
 ȞȎȕȏȖȐȎȚȓ țȎ { i+1 , 

j1 

i+1 б …б 

j2 

i+1 

jm 
}, ȠȎȘȖȐȎ ȥȓ 

ȓșȓȚȓțȠȖȠȓ țȎ ȐȟȭȘȜ ȜȠ Ƞȭȣ țȓ ȟȓ ȒȨȞȔȎȠ ȘȎȠȜ 



țȓȓȘȐȖȐȎșȓțȠțȖ ȟ ȠȓȟȠȎ țȎ ȓȒțȎȠȎ ȏȡȘȐȎ Ȗ ȜȏȓȒȖțȭȐȎȚȓ 
ȝȜșȡȥȓțȖȠȓ ȞȎȕȏȖȐȎțȖȭ Ȑ Si+1. 

3. ǮȘȜ Si+1 = Si – ȘȞȎȗ, ȖțȎȥȓ i++, ȝȞȓȚȖțȖ ȘȨȚ 2. 
ǻȓȘȎ Sr = Sr+1 = … ȓ ȝȜȟșȓȒțȜȠȜ ȞȎȕȏȖȐȎțȓг 

ȍȟțȜ ȓб ȥȓ ȜȠ ȝȜȟșȓȒțȎȠȎ șȓȚȎ ȝȜȒȚțȜȔȓȟȠȐȎȠȎ Ȑ Sr ȟȓ ȟȨȟȠȜȭȠ ȟȎȚȜ 

ȜȠ ȓȘȐȖȐȎșȓțȠțȖ ȟȨȟȠȜȭțȖȭг ǼȟȐȓț ȠȜȐȎ șȓȟțȜ ȟȓ ȐȖȔȒȎб ȥȓ țȓ ȓ 
ȐȨȕȚȜȔțȜ ȓȘȐȖȐȎșȓțȠțȖ ȟȨȟȠȜȭțȖȭ ȒȎ ȟȎ Ȑ ȞȎȕșȖȥțȖ 
ȝȜȒȚțȜȔȓȟȠȐȎ țȎ ȞȎȕȏȖȐȎțȓȠȜ Sr. 

ǿȓȑȎ Ȑȓȥȓ șȓȟțȜ ȚȜȔȓȚ ȒȎ ȝȜȟȠȞȜȖȚ ȚȖțȖȚȎșțȖȭȠ ȎȐȠȜȚȎȠ 

A0 = < Q0, X, t0, 0, F0 >, Q0 = Sr. ǶȕȏȖȞȎȚȓ t0 = Qr , ȠȎȘȎ ȥȓ q0  Qr , 

p                                         p 

ȠȨȗ ȘȎȠȜ țȎȥȎșțȜȠȜ ȟȨȟȠȜȭțȖȓ țȎ ȎȐȠȜȚȎȠȎ ȓ ȘșȎȟȨȠ țȎ 
ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ RL, ȘȜȗȠȜ ȟȨȒȨȞȔȎ , Ȏ  ȓ Ȑ ȘșȎȟȨȠ țȎ 
ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ RA, ȟȨȜȠȐȓȠȓț țȎ q0. MțȜȔȓȟȠȐȜȠȜ ȜȠ 
ȕȎȘșȬȥȖȠȓșțȖȠȓ ȟȨȟȠȜȭțȖȭ F0 ȜȝȞȓȒȓșȭȚȓ ȝȜ ȟșȓȒțȖȭ țȎȥȖț: 



F0 = { Qr | Qr  F }, ȠȨȗ ȘȎȠȜ ȕȎȘșȬȥȖȠȓșțȖȠȓ ȟȨȟȠȜȭțȖȭ ȟȎ ȠȓȕȖ 

p        p 

ȘșȎȟȜȐȓ țȎ ȓȘȐȖȐȎșȓțȠțȜȟȠ țȎ RL, ȘȜȖȠȜ ȟȨȒȨȞȔȎȠ ȟȎȚȜ ȒȡȚȖ ȜȠ L Ȗ 
ȠȜȑȎȐȎ ȠȓȕȖ ȘșȎȟȜȐȓ ȟȎ ȜȏȞȎȕȡȐȎțȖ ȠȜȥțȜ ȜȠ ȘșȎȟȜȐȓȠȓ țȎ RA, 
ȟȨȜȠȐȓȠțȖ țȎ ȕȎȘșȬȥȖȠȓșțȖ ȟȨȟȠȜȭțȖȭ. 

ФȡțȘȤȖȭȠȎ țȎ ȝȞȓȣȜȒȖȠȓ 0 ȒȓȢȖțȖȞȎȚȓ ȝȜ ȟșȓȒțȖȭ țȎȥȖț: 

0 ( Qr , x) = Qr б ȎȘȜ ȕȎ ȐȟȭȘȜ q  Qr ȖȚȎȚȓ  (q, x)  Qr . 

p                    j                                                     p                                                   j 

ǲȓȢȖțȖȤȖȭȠȎ ȓ ȘȜȞȓȘȠțȎб ȠȨȗ ȘȎȠȜ ȐȨȐ ȐȟȖȥȘȖ ȓșȓȚȓțȠȖ țȎ Sr, 
ȟȨȟȠȜȭțȖȭȠȎ ȞȓȎȑȖȞȎȠ ȓȒțȎȘȐȜ țȎ ȠȓȟȠȎ țȎ ȓȒțȎȠȎ ȏȡȘȐȎг 

 

ǻȓȘȎ X ȓ ȎȕȏȡȘȎг ǰȨȐȓȔȒȎȚȓ ȜȝȓȞȎȤȖȖ Ȑ ȚțȜȔȓȟȠȐȜȠȜ ȜȠ ȐȟȖȥȘȖ 
ȓȕȖȤȖ țȎȒ ȎȕȏȡȘȎȠȎ X: 

1. ǻȓȘȎ L1  X*, L2  X*. ǲȓȢȖțȖȞȎȚȓ сума țȎ ȓȕȖȤȖȠȓ L1 Ȗ L2: 

L1 + L2 = L1  L2. 

2. ǻȓȘȎ L1  X*, L2  X*. ǲȓȢȖțȖȞȎȚȓ произведение țȎ ȓȕȖȤȖȠȓ 

L1 Ȗ L2: L1.L2 = {  |   L1,   L2 }. 

ǲȓȢȖțȖȞȎȚȓ L0 = { }, L1 = L, L2 = LL, …б Ln+1 = LnL. 

 

3. ǻȓȘȎ L  X*. ǲȓȢȖțȖȞȎȚȓ итерация țȎ ȓȕȖȘȎ L: 

 

ǻȓȘȎ X = { x1, x2, …б xn} ȓ ȘȞȎȗțȎ ȎȕȏȡȘȎг 



L* =  Ln . 

n=0 

ǾȎȕȦȖȞȭȐȎȚȓ X ȒȜ X = X  { , , *, +, ., (, ) }. 

ǯȓȕ ȜȑȞȎțȖȥȓțȖȓ țȎ ȜȏȧțȜȟȠȠȎ ȚȜȔȓȚ ȒȎ ȟȥȖȠȎȚȓб ȥȓ ȒȜȏȎȐȓțȖȠȓ 
ȟȖȚȐȜșȖ țȓ ȟȓ ȟȞȓȧȎȠ Ȑ X. ǲȓȢȖțȖȞȎȚȓ ȖțȒȡȘȠȖȐțȜ ȝȜțȭȠȖȭȠȎ 
регулярен израз Ȗ езикб съпоставен на този регулярен израз: 

(ȞȓȑȡșȭȞțȖȭȠ ȖȕȞȎȕ ȓ ȒȡȚȎ țȎȒ X б ȟȨȝȜȟȠȎȐȓțȖȠȓ ȓȕȖȤȖ ȟȎ țȎȒ X) 

ǯȎȕȎп ǲȡȚȖȠȓ , , xi, i = жб зб …б n țȎȒ X ȟȎ ȞȓȑȡșȭȞțȖ ȖȕȞȎȕȖ Ȗ 

ȟȨȜȠȐȓȠțȖȠȓ ȖȚ ȞȓȑȡșȭȞțȖ ȓȕȖȤȖ țȎȒ X ȟȎ 

{  }, , { xi }, i = жб зб … , n. 

ǽȞȓȒȝȜșȜȔȓțȖȓп ǻȓȘȎ ,   X Я ȟȎ ȞȓȑȡșȭȞțȖ ȖȕȞȎȕȖ Ȗ ȟȨȜȠȐȓȠțȖȠȓ 



ȖȚ ȞȓȑȡșȭȞțȖ ȓȕȖȤȖ țȎȒ X ȟȎ L Ȗ L. 

ǿȠȨȝȘȎп TȜȑȎȐȎ ()+(), ().(), ()*  X Я ȟȎ ȞȓȑȡșȭȞțȖ ȖȕȞȎȕȖ Ȗ 

ȟȨȜȠȐȓȠțȖȠȓ ȖȚ ȞȓȑȡșȭȞțȖ ȓȕȖȤȖ țȎȒ X ȟȎ L + L, L.L, L*. 

 

ǰȨȐȓȔȒȎȚȓ ȝȞȖȜȞȖȠȓȠ țȎ ȜȝȓȞȎȤȖȖȠȓ Ȑ ȟșȓȒțȖȭ ȞȓȒ: 

ȖȠȓȞȎȤȖȭ, ȝȞȜȖȕȐȓȒȓțȖȓ Ȗ ȟȡȚȎг ǽȜ ȠȜȕȖ țȎȥȖț ȚȜȔȓȚ ȟȨȧȓȟȠȐȓțȜ 

ȒȎ ȜȑȞȎțȖȥȖȚ ȡȝȜȠȞȓȏȎȠȎ țȎ ȟȘȜȏȖ Ȑ ȞȓȑȡșȭȞțȖȠȓ ȖȕȞȎȕȖ. 

 

 

Теоремап ǮȘȜ L1 Ȗ L2 ȟȎ ȎȐȠȜȚȎȠțȖ ȓȕȖȤȖ, ȠȜ L1 + L2 ȓ ȎȐȠȜȚȎȠȓț 
ȓȕȖȘг 

ǲȜȘȎȕȎȠȓșȟȠȐȜп 

ǻȓȘȎ ȓȕȖȘȨȠ L1 ȟȓ ȝȜȞȎȔȒȎ ȜȠ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ1 = < N1, T1, S1, P1 >. 
ǻȓȘȎ ȓȕȖȘȨȠ L2 ȟȓ ȝȜȞȎȔȒȎ ȜȠ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ2 = < N2, T2, S2, P2 >. 
ǯȓȕ ȜȑȞȎțȖȥȓțȖȓ țȎ ȜȏȧțȜȟȠȠȎ ȚȜȔȓȚ ȒȎ ȟȚȭȠȎȚȓб ȥȓ 

N1  N2 = , N1  T2 = , T1  N2 = . ǮȘȜ ȠȜȐȎ țȓ ȓ ȖȕȝȨșțȓțȜ 
ȚȜȔȓȚ ȒȎ ȝȞȓȖȚȓțȡȐȎȚȓ ȟȨȜȠȐȓȠțȖȠȓ țȓȠȓȞȚȖțȎșȖ, ȘȜȓȠȜ țȭȚȎ ȒȎ 
ȖȕȚȓțȖ ȓȕȖȤȖȠȓ L1 Ȗ L2. ǻȓȘȎ S  N1  N2  T1  T2. 

ǽȜȟȠȞȜȭȐȎȚȓ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ = < N1  N2  { S} , T1  T2, S, P >, 



P = (P1  P2)\{ S1  , S2   }  { S  S1, S  S2 }  { S  б ȎȘȜ 
ȖȚȎȚȓ S1   ȖșȖ S2   }. ǽȜșȡȥȓțȎȠȎ ȑȞȎȚȎȠȖȘȎ ȓ ȎȐȠȜȚȎȠțȎ Ȗ 

ȐȓȒțȎȑȎ ȟȓ ȐȖȔȒȎб ȥȓ L   = L  + L    = L1 + L2. 

1               2 

 

Теоремап ǰȟȓȘȖ ȘȞȎȓț ȓȕȖȘ ȓ ȎȐȠȜȚȎȠȓț. 

ǲȜȘȎȕȎȠȓșȟȠȐȜп {  } ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘб ȠȨȗ ȘȎȠȜ ȟȓ ȝȜȞȎȔȒȎ ȜȠ 

ȎȐȠȜȚȎȠțȎȠȎ ȑȞȎȚȎȠȖȘȎ Ǳ = < { S }, { a }, S, { S  } >. 

ǱȞȎȚȎȠȖȘȎȠȎ Ǳ = < { S }, { a }, S, { S  aS } > ȓ ȎȐȠȜȚȎȠțȎ Ȗ ȝȜȞȎȔȒȎ 

ȓȕȖȘȎ . ǻȓȘȎ L = {  },   ,  = a1a2…ak. 

ТȜȑȎȐȎ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ = < { S, A1, A2, …б Ak-1 }, { a1, a2, …б ak}, S, 

{ S  a1A1, A1   a2A2, …б Ak-2   ak-1Ak-1, Ak-1   ak } > ȓ ȎȐȠȜȚȎȠțȎ 
Ȗ ȜȥȓȐȖȒțȜ LǱ = L = {  }. 

ǻȓȘȎ L = { 1, …б m } ȓ ȝȞȜȖȕȐȜșȓț ȘȞȎȓț ȓȕȖȘб m  1. 

ТȜȑȎȐȎ L = { 1 } + { 2 } + … + { m } Ȗ ȜȠ ȝȞȓȒțȎȠȎ ȠȓȜȞȓȚȎ L ȓ 
ȎȐȠȜȚȎȠȓț ȓȕȖȘб ȠȨȗ ȘȎȠȜ ȓ ȘȞȎȗțȎ ȟȡȚȎ țȎ ȎȐȠȜȚȎȠțȖ ȓȕȖȤȖ. 

 

Теоремап ǮȘȜ L1 Ȗ L2 ȟȎ ȎȐȠȜȚȎȠțȖ ȓȕȖȤȖ, ȠȜ L1.L2 ȓ ȎȐȠȜȚȎȠȓț 
ȓȕȖȘг 

ǲȜȘȎȕȎȠȓșȟȠȐȜп 

ǻȓȘȎ ȓȕȖȘȨȠ L1 ȟȓ ȝȜȞȎȔȒȎ ȜȠ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ1 = < N1, T1, S1, P1 >. 
ǻȓȘȎ ȓȕȖȘȨȠ L2 ȟȓ ȝȜȞȎȔȒȎ ȜȠ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ2 = < N2, T2, S2, P2 >. 
ǼȠțȜȐȜ ȏȓȕ ȜȑȞȎțȖȥȓțȖȓ țȎ ȜȏȧțȜȟȠȠȎ ȚȜȔȓȚ ȒȎ ȟȚȭȠȎȚȓ, ȥȓ 

N1  N2 = , N1  T2 = , T1  N2 = . 

ǻȓȘȎ   L1,   L2. 

ǽȜȟȠȞȜȭȐȎȚȓ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ = < N1  N2, T1  T2, S1, P >, 

P = (P1  P2)\{ A  a| A  a  P1 }  { A  aS2|ȕȎ ȐȟȭȘȜ 

A  a  P1}. ǼȥȓȐȖȒțȜ Ǳ ȓ ȎȐȠȜȚȎȠțȎ ȑȞȎȚȎȠȖȘȎ Ȗ ȐȓȒțȎȑȎ ȟȓ 
ȝȞȜȐȓȞȭȐȎб ȥȓ LǱ = L1.L2. 

ǻȓȘȎ   L1,   L2 (ȟșȡȥȎȭȠ   L1,   L2 ȟȓ ȞȎȕȑșȓȔȒȎ ȎțȎșȜȑȖȥțȜ)г 
ТȜȑȎȐȎ L1 = L1 + {  },   L1, Ȗ L1 ȟȨȧȜ ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг 



ǿȓȑȎ L1.L2 = (L1 + {  }).L2 = L1.L2 + L2. ǼȠ ȠȜȘȡȧȜ ȒȜȘȎȕȎțȜȠȜ L1.L2 ȓ 
ȎȐȠȜȚȎȠȓț ȓȕȖȘб L2 ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘ Ȗ ȜȠ ȠȓȜȞȓȚȎȠȎ ȝȜ-ȑȜȞȓ L1.L2 ȓ 

ȎȐȠȜȚȎȠȓț ȓȕȖȘг 

ǻȓȘȎ   L1,   L2. ТȜȑȎȐȎ L1 = L1 + {  } Ȗ   L1, L2 = L2 + {  } Ȗ 

  L2, L1 Ȗ L2 ȟȨȧȜ ȟȎ ȎȐȠȜȚȎȠțȖ ȓȕȖȤȖ. 

ǶȚȎȚȓ L1.L2 = (L1 + {  }).(L2 + {  }) = L1.L2 + L1 + L2 + {  }. 
ǼȠ ȒȜȘȎȕȎțȜȠȜ ȝȜ-ȑȜȞȓ L1.L2 ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘб ȟȨȧȜ L1 Ȗ L2 ȟȎ 
ȎȐȠȜȚȎȠțȖ ȓȕȖȤȖ Ȗ {  } ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘб ȕȎȧȜȠȜ ȓ ȘȞȎȓț  
L1.L2 ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг 

 

Теоремап ǮȘȜ L ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘб ȠȜ L* ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг 
ǲȜȘȎȕȎȠȓșȟȠȐȜп 

ǻȓȘȎ ȓȕȖȘȨȠ L ȟȓ ȝȜȞȎȔȒȎ ȜȠ ȑȞȎȚȎȠȖȘȎȠȎ Ǳ = < N, T, S, P >. 
ǯȓȕ ȜȑȞȎțȖȥȓțȖȓ țȎ ȜȏȧțȜȟȠȠȎ ȚȜȔȓȚ ȒȎ ȟȚȭȠȎȚȓб ȥȓ Ǳ ȓ ȏȓȕ 
ȎȘȟȖȜȚȎ Ȑ ȒȭȟțȎ ȥȎȟȠ țȎ ȝȞȎȐȖșȜг 

ǽȜȟȠȞȜȭȐȎȚȓ ȑȞȎȚȎȠȖȘȎ Ǳ = < N, T, S, P уб ȘȨȒȓȠȜ 

P = P\{ S  }  { A  aS | ȕȎ ȐȟȭȘȜ ȘȨȟȜ ȝȞȎȐȖșȜ A  a  P }. 



R 

R 

i j 

R 

i j 

i j 

ǼȥȓȐȖȒțȜ Ǳ ȓ ȎȐȠȜȚȎȠțȎ ȑȞȎȚȎȠȖȘȎб ȐȖȔȒȎ ȟȓб ȥȓ L = L*\{  }. 
Ƕ ȠȎȘȎ L*\{ } ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘ  L* = L*\{ }  { } ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг 

 

Теорема (Ǹлини)п ǺțȜȔȓȟȠȐȎȠȎ țȎ ȞȓȑȡșȭȞțȖȠȓ ȓȕȖȤȖ Ȗ 
ȎȐȠȜȚȎȠțȖȠȓ ȓȕȖȤȖ ȟȨȐȝȎȒȎȠ. 

ǲȜȘȎȕȎȠȓșȟȠȐȜп ǿ ȖțȒȡȘȤȖȭ ȝȜ ȝȜȟȠȞȜȓțȖȓȠȜ ȧȓ ȝȜȘȎȔȓȚ, 

ȥȓ ȐȟȓȘȖ ȞȓȑȡșȭȞȓț ȓȕȖȘ ȓ ȎȐȠȜȚȎȠȓț. 

ǯȎȕȎп ǳȕȖȤȖȠȓ {  }, , { xi} ȟȎ ȎȐȠȜȚȎȠțȖ ȓȕȖȤȖб ȕȎȧȜȠȜ ȟȎ ȘȞȎȗțȖ. 
ǽȞȓȒȝȜșȜȔȓțȖȓп ǻȓȘȎ L Ȗ L ȟȎ ȞȓȑȡșȭȞțȖ ȓȕȖȤȖ, ȟȨȜȠȐȓȠțȖ țȎ 
ȞȓȑȡșȭȞțȖȠȓ ȖȕȞȎȕȖ  Ȗ  Ȗ ȒȎ ȒȜȝȡȟțȓȚ, ȥȓ L Ȗ L ȟȎ ȎȐȠȜȚȎȠțȖ 
ȓȕȖȤȖ. 

ǿȠȨȝȘȎп ТȜȑȎȐȎ L + L, L.L, L* ȟȎ ȎȐȠȜȚȎȠțȖ ȓȕȖȤȖ 

(ȠȓȜȞȓȚȖȠȓ ȝȜ-ȑȜȞȓ)г 

ǻȓȘȎ L ȓ ȎȐȠȜȚȎȠȓț ȓȕȖȘг Щȓ ȒȜȘȎȔȓȚ, ȥȓ L e ȞȓȑȡșȭȞȓț ȓȕȖȘг 
ǿȨȧȓȟȠȐȡȐȎ ȘȞȎȓț ȒȓȠȓȞȚȖțȖȞȎț ȎȐȠȜȚȎȠ 

A = < Q, X, q0, , F >, ȠȎȘȨȐ ȥȓ LA = L. ǲȎ ȜȕțȎȥȖȚ 

Q = { q0, q1, …б qn }, F = { q  , q  ,..., q  } Ȗ ȒȎ ȟȖ ȚȖȟșȖȚ, ȥȓ ȎȐȠȜȚȎȠȨȠ 

p1        p2                  pr 

A ȓ ȝȞȓȒȟȠȎȐȓț ȟ ȘȞȎȗțȖȭ ȜȞȖȓțȠȖȞȎț ȚȡșȠȖȑȞȎȢ G. 

ǼȕțȎȥȎȐȎȚȓ ȟ   k
 ȚțȜȔȓȟȠȐȜȠȜ ȜȠ ȚȎȞȦȞȡȠȖȠȓ Ȑ G ȜȠ qi ȒȜ qj, ȘȜȖȠȜ 

țȓ ȖȕȝȜșȕȐȎȠ ȘȎȠȜ ȐȨȠȞȓȦțȖ ȐȨȞȣȜȐȓȠȓ qk, qk+1, …б qn. ȍȟțȜ ȓб ȥȓ 
ȐȟȓȘȖ ȚȎȞȦȞȡȠ ȜȠ qi ȒȜ qj ȜȝȞȓȒȓșȭ ȒȡȚȎ   X*, 

ȠȎȘȎȐȎ ȥȓ  (qi, ) = qj. ТȎȘȎ ȚȜȔȓȚ ȒȎ ȜȠȨȔȒȓȟȠȐȖȚ ȐȟȓȘȖ ȚȎȞȦȞȡȠ 

ȟȨȟ ȟȨȜȠȐȓȠțȎȠȎ Țȡ ȒȡȚȎ ȜȠ ȐȣȜȒțȎȠȎ ȎȕȏȡȘȎ Ȗ ȒȎ ȟȥȖȠȎȚȓб ȥȓ   k  ȓ 

 

ȓȕȖȘ țȎȒ X, Ƞгȓг Rk
 

 

 X*. 

 

 

ǹемап ǵȎ ȐȟȓȘȖ qi, qj  Q ȓ Ȑ ȟȖșȎп Rk+1  Rk  Rk .(Rk ) * .Rk  , 

 

k = 0, 1, ..., n. 

ǲȜ
ȘȎ
ȕȎ

ȠȓșȟȠȐȜп ǺȎȞȦȞȡȠȖȠȓ ȜȠ 



i j 

i j 

i j 

i k 

k k 

R 

i j 

k j 

 

 

k+1 i j 

i j             
i j         
i k       
k k           
k j 

 

 

ȞȎ
ȕȏ
ȖȐ
ȎȚ
ȓ 
țȎ 

ȒȐ
ȓ 

ȝȜȒȚțȜȔȓȟȠȐȎ – ȠȎȘȖȐȎ ȘȜȖȠȜ țȓ ȖȕȝȜșȕȐȎȠ qk ȘȎȠȜ ȐȨȠȞȓȦȓț ȐȞȨȣ 
Ȗ ȠȎȘȖȐȎ ȘȜȖȠȜ ȖȕȝȜșȕȐȎȠ qk ȘȎȠȜ ȐȨȠȞȓȦȓț ȐȞȨȣг ǼȥȓȐȖȒțȜ 

ȚȎȞȦȞȡȠȖȠȓ ȜȠ Rk+1 б ȘȜȖȠȜ țȓ ȖȕȝȜșȕȐȎȠ qk ȘȎȠȜ ȐȨȠȞȓȦȓț ȐȞȨȣ ȟȎ 

 

ȠȜȥțȜ ȚȎȞȦȞȡȠȖȠȓ ȜȠ Rk . 

 

ǲȎ ȞȎȕȏȖȓȚ ȝȞȜȖȕȐȜșȓț ȚȎȞȦȞȡȠ ȜȠ 

 

 

 

Rk+1 б ȘȜȗȠȜ ȖȕȝȜșȕȐȎ qk ȘȎȠȜ 

ȐȨȠȞȓȦȓț ȐȞȨȣ țȎ ȥȎȟȠȖ ȝȜ ȟșȓȒțȖȭ țȎȥȖț: qi -- qk -- qk …qk -- qj. 

ǰ ȚȓȔȒȖțțȖȠȓ ȥȎȟȠȖ țȓ ȟȓ ȟȞȓȧȎ qk, ȠȎȘȎ ȥȓ ȚȎȞȦȞȡȠȨȠ ȕȎȝȜȥȐȎ ȟ 
ȚȎȞȦȞȡȠ ȜȠ qi ȒȜ qk, ȘȜȗȠȜ țȓ ȖȕȝȜșȕȐȎ qk ȘȎȠȜ ȐȨȠȞȓȦȓț ȐȞȨȣб Ƞгȓг 

ȚȎȞȦȞȡȠ ȜȠ Rk  , ȝȞȜȒȨșȔȎȐȎ ȟ ȝȞȜȖȕȐȜșȓț ȏȞȜȗ ȤȖȘșȖ ȜȠ qk ȒȜ qk, 

 

ȘȜȖȠȜ ȚȖțȎȐȎȠ ȠȜȥțȜ ȐȓȒțȨȔ ȝȞȓȕ qk, Ƞгȓг ȚȎȞȦȞȡȠ ȜȠ (Rk
 

 

) * Ȗ 

ȕȎȐȨȞȦȐȎ ȟ ȚȎȞȦȡȠ ȜȠ qk ȒȜ qj, ȘȜȗȠȜ țȓ ȖȕȝȜșȕȐȎ qk ȘȎȠȜ ȐȨȠȞȓȦȓț 

ȐȞȨȣб Ƞгȓг ȚȎȞȦȞȡȠ ȜȠ k  . ТȎȘȎ ȚȎȞȦȞȡȠȖȠȓ ȜȠ Rk+1 б ȘȜȖȠȜ 

 

ȖȕȝȜșȕȐȎȠ qk ȘȎȠȜ ȐȨȠȞȓȦȓț ȐȞȨȣ ȟȎ ȠȜȥțȜ 

 

Rk .(Rk 

 

) * .R k    Ȗ 

 

ȜȘȜțȥȎȠȓșțȜ 

 

Rk+1  Rk 

 

 Rk .(Rk 

 

) * .Rk  . 

i k       k k           k j 

i j             i j         i k       k k           k j 



i j 

R 

R R 

R 

R 
i j 

R 



R 

i i 

i i 

i i 

i j 

i j 

i j 

i j 

 

ǹемап ǳȕȖȘȨȠ Rk
 

 

ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘ ȕȎ ȐȟȓȘȖ i, j  { еб жб …б n }, 

k  { еб жб …б nаж }. 

ǲȜȘȎȕȎȠȓșȟȠȐȜп ǽȞȜȐȓȔȒȎȚȓ ȖțȒȡȘȤȖȭ ȝȜ k. 

ǯȎȕȎп k = ег ǮȘȜ i = j, ȠȜ   0
 ȟȎ ȐȟȖȥȘȖ ȚȎȞȦȞȡȠȖ ȜȠ qi ȒȜ qi, ȘȜȖȠȜ 

țȓ ȚȖțȎȐȎȠ ȝȞȓȕ țȖȘȜȗ ȒȞȡȑ ȐȞȨȣг ǮȘȜ Ȑ ȑȞȎȢȎ G țȭȚȎ ȝȞȖȚȘȖ Ȑ qi, 

ȠȜȑȎȐȎ   0
 = {  } Ȗ   0

 ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘг ǮȘȜ Ȑ ȑȞȎȢȎ G ȖȚȎ ȝȞȖȚȘȖ 

Ȑ qi Ȗ țȎ Ƞȭȣ ȟȨȜȠȐȓȠȟȠȐȎȠ ȏȡȘȐȖ x , x ,..., x  , ȠȜ 

i1        i2                  ir 

0                                                               0
 

R i i
 = { x , x ,..., x  ,  } Ȗ R   ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘб ȠȨȗ ȘȎȠȜ ȟȨȜȠȐȓȠȟȠȐȎ 

i1        i2                  ir                              i i 

țȎ ȞȓȑȡșȭȞțȖȭ ȖȕȞȎȕ x  + x  + ... + x   . 
i1             i2                          ir 

ǮȘȜ i  j, ȠȜ   0
 ȟȎ ȞȓȏȞȎȠȎ ȜȠ qi ȒȜ qj. ǮȘȜ Ȑ ȑȞȎȢȎ G țȭȚȎ ȞȓȏȞȜ ȜȠ 

 

qi ȒȜ qj, ȠȜ   0
 

 

=  Ȗ R0
 

 

ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘг ǮȘȜ Ȑ ȑȞȎȢȎ G ȖȚȎ ȞȓȏȞȎ 

 

ȜȠ qi ȒȜ qj Ȗ țȎ Ƞȭȣ ȟȨȜȠȐȓȠȟȠȐȎȠ ȏȡȘȐȖ 

 

x , x ,..., x  , ȠȜ 

i1        i2                  ir 

0                                                         0
 

R i j  = { x , x ,..., x   } Ȗ R   ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘб ȠȨȗ ȘȎȠȜ ȟȨȜȠȐȓȠȟȠȐȎ țȎ 

i1        i2                  ir                      i j 

ȞȓȑȡșȭȞțȖȭ ȖȕȞȎȕ x  + x  + ... + x  . 

i1             i2                          ir 

ǽȞȓȒȝȜșȜȔȓțȖȓп ǻȓȘȎ ȕȎ țȭȘȜȓ k ȓȕȖȘȨȠ   k
 ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘ Ȗ 

 

țȓȘȎ   k
 

 

ȓ ȟȨȜȠȐȓȠțȖȭȠ ȞȓȑȡșȭȞȓț ȖȕȞȎȕг 

 

ǿȠȨȝȘȎп ТȜȑȎȐȎ ȓȕȖȘȨȠ 

 

k+1 

i j 

 

ȟȨȧȜ ȓ ȞȓȑȡșȭȞȓț, ȠȨȗ ȘȎȠȜ ȟȨȑșȎȟțȜ 

ȑȜȞțȎȠȎ șȓȚȎ ȠȜȕȖ ȓȕȖȘ ȟȨȜȠȐȓȠȟȠȐȎ țȎ ȞȓȑȡșȭȞțȖȭ ȖȕȞȎȕ 



i j         i k       k k           k j 

i j 

R 

k   k .(k   ) * .k  . 

 

 

ǽȞȜȒȨșȔȓțȖȓ țȎ ȒȜȘȎȕȎȠȓșȟȠȐȜȠȜ țȎ ȠȓȜȞȓȚȎȠȎ țȎ ǸșȖțȖ: 

ǶȚȎȚȓб ȥȓ Rn+1 ȟȎ ȐȟȖȥȘȖ ȚȎȞȦȞȡȠȖ ȜȠ qi ȒȜ qj (ȏȓȕ ȜȑȞȎțȖȥȓțȖȓ) Ȗ 

 

ȜȠ ȑȜȞțȎȠȎ șȓȚȎ 

 

n+1 

i j 

 

ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘг ǼȠ ȒȓȢȖțȖȤȖȭȠȎ ȕȎ ȓȕȖȘȎ LA 

ȖȚȎȚȓб ȥȓ LA = Rn+1  Rn+1  ...  Rn+1 , ȠȨȗ ȘȎȠȜ ȒȡȚȖȠȓб ȘȜȖȠȜ ȟȓ 

0p1 0p2 0pr 



ȞȎȕȝȜȕțȎȐȎȠ ȜȠ ȎȐȠȜȚȎȠȎ ȑȜ ȒȜȐȓȔȒȎȠ ȜȠ țȎȥȎșțȜȠȜ ȟȨȟȠȜȭțȖȓ 

q0 ȒȜ țȭȘȜȓ ȜȠ ȘȞȎȗțȖȠȓ q  , q  ,..., q  г Ƕ ȠȎȘȎ LA ȓ ȘȞȎȗțȎ ȟȡȚȎ țȎ 

p1        p2                  pr 

ȞȓȑȡșȭȞțȖ ȓȕȖȤȖ  L = LA ȓ ȞȓȑȡșȭȞȓț ȓȕȖȘг ТȎȘȎ ȐȟȓȘȖ ȎȐȠȜȚȎȠȓț 
ȓȕȖȘ ȓ ȞȓȑȡșȭȞȓț. 

 


