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�¥à¢ë© ¯à¨¬¥à ¬®£®®¡à §¨ï ã¨¢¥àá «ìëå  «£¥¡à á ¥à §à¥è¨¬®© íª¢ æ¨® «ì®© â¥®-
à¨¥© ¡ë«  ©¤¥ �.� àáª¨¬ (á¬. [1]{[3]). �.�.M «ìæ¥¢ ¢ à ¡®â¥ [4] ¯®áâà®¨« ª®¥ç® ¡ §¨àã-
¥¬®¥ ¬®£®®¡à §¨¥ ª¢ §¨£àã¯¯ á ¥à §à¥è¨¬®© íª¢ æ¨® «ì®© â¥®à¨¥© ¨ ¯®áâ ¢¨« ¢®¯à®á [5]
® áãé¥áâ¢®¢ ¨¨ ª®¥ç® ¡ §¨àã¥¬ëå ¬®£®®¡à §¨© ¯®«ã£àã¯¯, £àã¯¯ ¨ ª®«¥æ á ¥à §à¥è¨¬®©
íª¢ æ¨® «ì®© â¥®à¨¥©. �®«®¦¨â¥«ìë© ®â¢¥â   íâ®â ¢®¯à®á ¤«ï £àã¯¯ ¯®«ãç¥ ¢ [6]. �¥à¢ë©
¯à¨¬¥à ª®¥ç® ¡ §¨àã¥¬®£® ¬®£®®¡à §¨ï ¯®«ã£àã¯¯ á ¥à §à¥è¨¬®© íª¢ æ¨® «ì®© â¥®à¨-
¥© ¯®áâà®¥ ¢ [7]. �àã£¨¥ ¯à¨¬¥àë ¬®£®®¡à §¨© ¯®«ã£àã¯¯ á ¥à §à¥è¨¬®© íª¢ æ¨® «ì®©
â¥®à¨¥© ¬®¦®  ©â¨ ¢ ([8], â¥®à¥¬  3.16, [9], [10]). � [11]  ®á¨à®¢ ®, çâ® ¯à®¨§¢®«ì®¥ ª®¥ç-
® ¡ §¨àã¥¬®¥ ¬®£®®¡à §¨¥  áá®æ¨ â¨¢ëå ª®«¥æ ¨¬¥¥â à §à¥è¨¬ãî íª¢ æ¨® «ìãî â¥®à¨î.
�à¨¬¥àë ¬®£®®¡à §¨© ¥ áá®æ¨ â¨¢ëå ª®«¥æ á ¥à §à¥è¨¬®© íª¢ æ¨® «ì®© â¥®à¨¥© ¯®-
áâà®¥ë ¢ [12]{[17]. � à ¡®â¥ [18] ¤®ª § ®, çâ® áãé¥áâ¢ã¥â ª®¥ç® ¡ §¨àã¥¬®¥ ¬®£®®¡à §¨¥
¯®«ã£àã¯¯ â ª®¥, çâ® íª¢ æ¨® «ì ï â¥®à¨ï ª« áá  ¢á¥å ¥£® ª®¥çëå ¯®«ã£àã¯¯ ¥à §à¥è¨-
¬ . �¯¨á ¨¥ ¬®£®®¡à §¨© ¯®«ã£àã¯¯ á â ª¨¬ ãá«®¢¨¥¬ ¯®«ãç¥® ¢ ([8], â¥®à¥¬  3.17). �à¨¬¥à
ª®¥ç® ¡ §¨àã¥¬®£® ¬®£®®¡à §¨ï ¥ áá®æ¨ â¨¢ëå ª®«¥æ â ª®£®, çâ® íª¢ æ¨® «ì ï â¥®à¨ï
ª« áá  ¢á¥å ¥£® ª®¥çëå ª®«¥æ ¥à §à¥è¨¬ , ¯®áâà®¥ ¢ [19]. � á¢ï§¨ á íâ¨¬¨ à¥§ã«ìâ â ¬¨
¯à¥¤áâ ¢«ï¥â ¨â¥à¥á

�¥®à¥¬ . �ãé¥áâ¢ã¥â ª®¥ç® ¡ §¨àã¥¬®¥ ¬®£®®¡à §¨¥ ¥ áá®æ¨ â¨¢ëå ª®«¥æ á ¥à §-

à¥è¨¬®© íª¢ æ¨® «ì®© â¥®à¨¥© â ª®¥, çâ® íª¢ æ¨® «ì ï â¥®à¨ï ª« áá  ¢á¥å ¥£® ª®¥çëå

ª®«¥æ â®¦¥ ¥à §à¥è¨¬ .

�®ª § â¥«ìáâ¢® â¥®à¥¬ë ®á®¢ ®   ¨â¥à¯à¥â æ¨¨ à ¡®âë ¤¢ãå«¥â®ç®© ¬ è¨ë M¨-
áª®£®. �â¬¥â¨¬, çâ® ¢¯¥à¢ë¥ íâ®â ¬¥â®¤ ¡ë« ¨á¯®«ì§®¢  ¢ [20] ¯à¨ ¤®ª § â¥«ìáâ¢¥ ¥à §à¥è¨-
¬®áâ¨ ª¢ §¨íª¢ æ¨® «ì®© â¥®à¨¨ ª« áá®¢ ª®¥çëå ¯®«ã£àã¯¯ ¨  áá®æ¨ â¨¢ëå ª®«¥æ. �®-
¤à®¡®¥ ¨§«®¦¥¨¥ ¬¥â®¤®¢ ¨â¥à¯à¥â æ¨¨ ¬ è¨ M¨áª®£®,   â ª¦¥ ®¡§®à ®â®áïé¨åáï áî¤ 
à¥§ã«ìâ â®¢ ¤  ¢ [8].

�ãáâì P { ¥ª®â®à®¥ à¥ªãàá¨¢® ¯¥à¥ç¨á«¨¬®¥ ¥à¥ªãàá¨¢®¥ ¬®¦¥áâ¢®  âãà «ìëå ç¨-
á¥«, p | ç áâ¨ç ï å à ªâ¥à¨áâ¨ç¥áª ï äãªæ¨ï ¬®¦¥áâ¢  P [21]. �¡®§ ç¨¬ ç¥à¥§ M ¤¢ãå-
«¥â®çãî ¬ è¨ã M¨áª®£®, ¢ëç¨á«ïîéãî äãªæ¨î p [22]. � ¤ «ì¥©è¥¬ ¡ã¤¥¬ ¯®« £ âì,
çâ® q0; q1; q2; : : : ; qm | ¢ãâà¥¨¥ á®áâ®ï¨ï ¬ è¨ë M, £¤¥ q1 |  ç «ì®¥ á®áâ®ï¨¥, q0 |
§ ª«îç¨â¥«ì®¥ á®áâ®ï¨¥. �á«¨ ¬ è¨   å®¤¨âáï ¢ á®áâ®ï¨¨ qi ¨ j-ï «¥â  á¤¢¨ãâ    �j
ïç¥¥ª ¢«¥¢®, â® ¡ã¤¥¬ £®¢®à¨âì, çâ® M  å®¤¨âáï ¢ ª®ä¨£ãà æ¨¨ qi�1�2.

�¢¥¤¥¬ àï¤ ®¡®§ ç¥¨© ¤«ï á«®¢ á¢®¡®¤®£® £àã¯¯®¨¤  � á® á¢®¡®¤ë¬ ¯®à®¦¤ îé¨¬ ¬®-
¦¥áâ¢®¬ e; e1; e2; : : : ; en; : : : �ãáâì

s(x1; : : : ; xk) = ((xk�1((: : : (x4((x1x2)x3))x5 : : : )xk�2))xk);

t(x1; : : : ; xk+l) = s(s(x1; : : : ; xk); xk+1; : : : ; xk+l):

�á«¨ w(e1; : : : ; ek) 2 �, â® ç¥à¥§ wk(x) ®¡®§ ç¨¬ á«®¢®, ¯®«ãç¥®¥ ¨§ w(e1; : : : ; ek) ¯®¤áâ ®¢ª®©�
e1 : : : ek
x : : : x

�
:
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�ãáâì

AP (x) = tk+17(x); BP (x) = tk+18(x); CP (x) = tk+19(x);

DP (x) = tk+20(x); EP (x) = tk+21(x); GP (x) = tk+22(x);

KP (x) = tk+23(x); LP (x) = tk+24(x); MP (x) = tk+25(x);

AV (x) = tk+26(x); BV (x) = tk+27(x); CV (x) = tk+28(x);

DV (x) = tk+29(x); QPi(x) = tk+i+30(x); QVi(x) = tk+i+m+31(x);

£¤¥ i 2 !, k | ä¨ªá¨à®¢ ®¥  âãà «ì®¥ ç¨á«® â ª®¥, çâ® k � 40. �ã¤¥¬ áç¨â âì, ¥á«¨ ¥
®£®¢®à¥® ¯à®â¨¢®¥, çâ®

w1 : : : wn = (: : : ((w1w2)w3) : : : )wn; w1w
n
2 = (: : : ((w1w2)w2) : : : )w2

¨ çâ® y0 | ¯ãáâ®© á¨¬¢®«.
�à®¨§¢®«ì®© ª®¬ ¤¥ qi�1�2 ! qj"1"2 ¬ è¨ë M á®¯®áâ ¢¨¬ ª®¤¨àãîé¥¥ ¥¥ â®¦¤¥áâ¢® ¢

á®®â¢¥âáâ¢¨¨ á® á«¥¤ãîé¥© â ¡«¨æ¥©:

�1 �2 �®¦¤¥áâ¢®

1 1
QPi(x)CP (x)DP (x) =

QPj(x)EP (x)AP "1 (x)BP "2(x)CP (x)DP (x)

1 0
QPi(x)AP (x)DP (x) =

QPj(x)EP (x)AP "1+1(x)BP "2(x)DP (x)

0 1
QPi(x)BP (x)CP (x) =

QPj(x)EP (x)AP "1 (x)BP "2+1(x)CP (x)

0 0
QPi(x)AP (x)BP (x) =

QPj(x)EP (x)AP "1+1(x)BP "2+1(x)

1 1
QVi(x)CV (x)DV (x) =

QVj(x)AV "1(x)BV "2(x)CV (x)DV (x)

1 0
QVi(x)AV (x)DV (x) =

QVj(x)AV "1+1(x)BV "2(x)DV (x)

0 1
QVi(x)BV (x)CV (x) =

QVj(x)AV "1(x)BV "2+1(x)CV (x)

0 0
QVi(x)AV (x)BV (x) =

QVj(x)AV "1+1(x)BV "2+1(x)

�ãáâì

WP = fAP (x); BP (x); CP (x);DP (x); EP (x); GP (x);KP (x);

LP (x);MP (x); QPi(x) j 0 � i � mg;

WV = fAV (x); BV (x); CV (x);DV (x); QVi(x) j 0 � i � mg:

�¡®§ ç¨¬ ç¥à¥§ X1 ¬®£®®¡à §¨¥ ª®«¥æ, § ¤ ®¥ â®¦¤¥áâ¢ ¬¨

QPi(x)CP (x)DP (x) = QPj(x)EP (x)AP "1 (x)BP "2(x)CP (x)DP (x);

QPi(x)AP (x)DP (x) = QPj(x)EP (x)AP
"1+1(x)BP "2(x)DP (x);

QPi(x)BP (x)CP (x) = QPj(x)EP (x)AP
"1BP "2+1(x)CP (x);

QPi(x)AP (x)BP (x) = QPj(x)EP (x)AP
"1+1(x)BP "2+1(x);
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ç¥à¥§ X2 | ¬®£®®¡à §¨¥ ª®«¥æ, § ¤ ®¥ â®¦¤¥áâ¢ ¬¨

yAP (x)BP (x) = yBP (x)AP (x); yCP (x)DP (x) = yDP (x)CP (x);

yAP (x)DP (x) = yDP (x)AP (x); yBP (x)CP (x) = yCP (x)BP (x);

yAP (x)EP (x) = yEP (x)AP (x); yBP (x)EP (x) = yEP (x)BP (x);

yCP (x)EP (x) = yEP (x)CP (x); yDP (x)EP (x) = yEP (x)DP (x);

yEP (x)KP (x)z = yKP (x)(zEP (x)); zEP 2(x)GP (x) = zEP (x);

LP (x)EP (x)GP (x) = LP (x); yLP (x)MP (x) = 0;

ç¥à¥§ X3 | ¬®£®®¡à §¨¥ ª®«¥æ, § ¤ ®¥ â®¦¤¥áâ¢ ¬¨

QVi(x)CV (x)DV (x) = QVj(x)AV
"1(x)BV "2(x)CV (x)DV (x);

QVi(x)AV (x)DV (x) = QVj(x)AV "1+1(x)BV "2(x)DV (x);

QVi(x)BV (x)CV (x) = QVj(x)AV "1(x)BV "2+1(x);

QVi(x)AV (x)BV (x) = QVj(x)AV "1+1(x)BV "2+1(x)CV (x);

  ç¥à¥§ X4 | ¬®£®®¡à §¨¥ ª®«¥æ, § ¤ ®¥ â®¦¤¥áâ¢ ¬¨

yAV (x)BV (x) = yBV (x)AV (x); yCV (x)DV (x) = yDV (x)CV (x);

yAV (x)DV (x) = yDV (x)AV (x); yBV (x)CV (x) = yCV (x)BV (x):

�ãáâì R2 | ¬®£®®¡à §¨¥ ¢á¥å ª®«¥æ å à ªâ¥à¨áâ¨ª¨ ¤¢  ¨ X = X1\X2\X3\X4\R2, X\N
| ª« áá ¢á¥å ¨«ì¯®â¥âëå ª®«¥æ ¨§ ¬®£®®¡à §¨ï X. �¡®§ ç¨¬ ç¥à¥§ FR2, FX, FXi ª®«ìæ 
áç¥â®£® à £ , á¢®¡®¤ë¥ ¢ ¬®£®®¡à §¨ïå R2, X, Xi á®®â¢¥âáâ¢¥®,   ç¥à¥§ R2 \ F, X \ F,
Xi \ F | ª« ááë ¢á¥å ª®¥çëå ª®«¥æ ¨§ ¬®£®®¡à §¨© R2, X, Xi á®®â¢¥âáâ¢¥®. �ãáâì, ªà®¬¥
â®£®, F1X| ¬®®£¥®¥ ª®«ìæ®, á¢®¡®¤®¥ ¢ ¬®£®®¡à §¨¨ X, fe; e1; e2; : : : ; en; : : : g | ¬®¦¥áâ¢®
á¢®¡®¤ëå ®¡à §ãîé¨å ª®«ìæ  FR2. �«ï ã¤®¡áâ¢  á¢®¡®¤ë¥ ®¡à §ãîé¨¥ ª®«¥æ FX, FXi, F1X

¡ã¤¥¬ ®¡®§ ç âì â¥¬¨ ¦¥ ¡ãª¢ ¬¨.

�¥¬¬  1. �ãáâì w1(e) : : : wn(e) | á«®¢® ¨§ á¢®¡®¤®£® £àã¯¯®¨¤  �, £¤¥ wi(x) 2WP [WV .
�®£¤  á«®¢® w1(e) : : : wn(e) á®¤¥à¦¨â ¯®¤á«®¢® t(y1; : : : ; yk+l) ¤«ï yi = epi ¨ l > 16, ¥á«¨ ¨ â®«ìª®

¥á«¨ áãé¥áâ¢ã¥â j â ª®¥, çâ® wj(e) = t(y1; : : : ; yk+l).

�¥¬¬  2. �á«¨ ¬ è¨  M ç¥à¥§ ª®¥ç®¥ ç¨á«® d â ªâ®¢ à ¡®âë ¯¥à¥å®¤¨â ¨§ ª®ä¨£ã-

à æ¨¨ qi�1�2 ¢ ª®ä¨£ãà æ¨î qj�1�2, â® ¢ ¬®£®®¡à §¨¨ X ¢ë¯®«ïîâáï â®¦¤¥áâ¢ 

QPi(x)AP �1(x)BP �2(x)CP (x)DP (x) = QPj(x)AP �1(x)BP �2(x)CP (x)DP (x)EP d(x);

QVi(x)AV �1(x)BV �2(x)CV (x)DV (x) = QVj(x)AV �1BV �2(x)CV (x)DV (x):

�¥¬¬  3. �á«¨ n =2 P , â® ª« áá X \ F ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ã

QP1(x)AP 2
n

(x)CP (x)DP (x)KP (x)(LP (x)EP (x))MP (x) = 0:

�¥¬¬  4. �á«¨ n 2 P , â® áãé¥áâ¢ã¥â â ª®¥ ª®«ìæ® K, çâ® K 2 X \ F ¨

K 2 QP1(x)AP 2
n

(x)CP (x)DP (x)KP (x)(LP (x)EP (x))MP (x) = 0:

�¥¬¬  5. �ãáâì ¢ ¬®£®®¡à §¨¨ X ¢ë¯®«ï¥âáï â®¦¤¥áâ¢®

QVi(x)AV �1(x)BV �2(x)CV (x)DV (x) = QVj(x)AV �1(x)BV �2(x)CV (x)DV (x):

�®£¤  áãé¥áâ¢ã¥â ª®¥ç®¥ ¢ëç¨á«¥¨¥   M, ¯¥à¥¢®¤ïé¥¥ ª®ä¨£ãà æ¨î qj�1�2 ¢ ª®ä¨£ãà -

æ¨î qi�1�2 ¨«¨  ®¡®à®â.
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�¥¬¬  1 ¤®ª §ë¢ ¥âáï   «®£¨ç® «¥¬¬¥ 1 ¨§ [13]. � á¯à ¢¥¤«¨¢®áâ¨ «¥¬¬ë 2 ¬®¦® ã¡¥-
¤¨âìáï ¥¯®áà¥¤áâ¢¥®© ¯à®¢¥àª®©. �¥¬¬ë 3 ¨ 4 ¬®¦® ¤®ª § âì ¯® áå¥¬¥ ¤®ª § â¥«ìáâ¢ 
â¥®à¥¬ë ¨§ [19], ¨á¯®«ì§ãï «¥¬¬ë 1 ¨ 2. �®ª § â¥«ìáâ¢® «¥¬¬ë 5 ¬®¦® ¯à®¢¥áâ¨ ¯®   «®£¨¨
á ¤®ª § â¥«ìáâ¢®¬ «¥¬¬ë 1 ¨§ [12] ¨ «¥¬¬ë 3 ¨§ [13], ®á®¢ë¢ ïáì   «¥¬¬ã 1.

�å¥¬  ¤®ª § â¥«ìáâ¢ . �®£« á® «¥¬¬¥ 4, ¥á«¨ n 2 P , â® áãé¥áâ¢ã¥â â ª®¥ ª®«ìæ® K, çâ®
K 2 X \ F ¨

K 2 QP1(x)AP 2
n

(x)CP (x)DP (x)KP (x)(LP (x)EP (x))MP (x) = 0:

�«¥¤®¢ â¥«ì®, ¥á«¨ n 2 P , â®

X \ F 2 QP1(x)AP
2
n

(x)CP (x)DP (x)KP (x)(LP (x)EP (x))MP (x) = 0:

�âáî¤  ¢ á¨«ã «¥¬¬ë 3 ¢ëâ¥ª ¥â, çâ® ª« áá X \ F ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ã

QP1(x)AP 2
n

(x)CP (x)DP (x)KP (x)(LP (x)EP (x))MP (x) = 0

â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  n =2 P . �«¥¤®¢ â¥«ì®, íª¢ æ¨® «ì ï â¥®à¨ï ª« áá  X \ F ¥à §-
à¥è¨¬ .

�§ «¥¬¬ 2 ¨ 5 á«¥¤ã¥â, çâ® ¢ ¬®£®®¡à §¨¨ X â®¦¤¥áâ¢®

QVi(x)AV �1(x)BV �2(x)CV (x)DV (x) = QVj(x)AV �1(x)BV �2(x)CV (x)DV (x)

¢ë¯®«ï¥âáï â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  áãé¥áâ¢ã¥â ª®¥ç®¥ ¢ëç¨á«¥¨¥   M, ¯¥à¥¢®¤ïé¥¥
ª®ä¨£ãà æ¨î qj�1�2 ¢ ª®ä¨£ãà æ¨î qi�1�2 ¨«¨  ®¡®à®â. �âáî¤  ¯® ®¯à¥¤¥«¥¨î ¬ è¨ë
M¨áª®£® ¢ëâ¥ª ¥â, çâ® â®¦¤¥áâ¢®

QV1(x)AV
2
n

(x)CV (x)DV (x) = QV0(x)AV (x)CV (x)DV (x)

¢ë¯®«ï¥âáï â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  n 2 P . �®íâ®¬ã íª¢ æ¨® «ì ï â¥®à¨ï ¬®£®®¡à §¨ï
X ¥à §à¥è¨¬ .

� § ª«îç¥¨¥  ¢â®à å®â¥« ¡ë ¢ëà §¨âì ¡« £®¤ à®áâì ¯à®ä¥áá®àã �.M.� ¦¥¨ã, ¯®¤ àã-
ª®¢®¤áâ¢®¬ ª®â®à®£®  ¯¨á   íâ  à ¡®â , ¨ ¯à®ä¥áá®àã �.�.�¥¢à¨ã §  æ¥ë¥ § ¬¥ç ¨ï ¨
¯®¬®éì ¯à¨ ¯®¤£®â®¢ª¥ áâ âì¨.

�¨â¥à âãà 

1. ChinL.H., Tarski A. Distributive and modular laws in the arithmetic of relation algebras. |
University of California, 1951.

2. Tarski A. Some metalogical results concerning the calculus of relations // J. Symbolic Logic. {
1953. { ò18. { P. 188{189.

3. Tarski A., Givant S. A formalization of set theory without variables. { AMS: Providence, Rhode
Island, 1987.

4. M «ìæ¥¢ �.�. �®¦¤¥áâ¢¥ë¥ á®®â®è¥¨ï   ¬®£®®¡à §¨ïå ª¢ §¨£àã¯¯ // M â¥¬. á¡. {
1966. { �. 69. { ò 1. { �. 3{12.

5. �®ãà®¢áª ï â¥âà ¤ì. { 10-¥ ¨§¤. { �®¢®á¨¡¨àáª, 1986.
6. �«¥©¬ �.�. � â®¦¤¥áâ¢ å ¢ £àã¯¯ å // �à. M®áª. ¬ â¥¬. ®-¢ . { 1982. { �. 44. { �. 62{108.
7. Mãàáª¨© �.�. �¥áª®«ìª® ¯à¨¬¥à®¢ ¬®£®®¡à §¨© ¯®«ã£àã¯¯ // M â¥¬. § ¬¥âª¨. { 1968. {

�. 3. { ò6. { �. 663{670.
8. Kharlampovich O.G., Sapir M.V. Algorithmic problems in varieties // Internat. J. Algebra

Comput. { 1995. { V. 5. { ò4{5. { �. 379{602.
9. �®¯®¢ �.�. �¡ íª¢ æ¨® «ìëå â¥®à¨ïå ¬®£®®¡à §¨© ¯®«ã£àã¯¯ // �§¢. �à «ìáª. ã-â .

M â¥¬. ¨ ¬¥å . { 2000. { ò18. { �ë¯. 3. { �. 162{175.
10. �®¯®¢ �.�. �¡ íª¢ æ¨® «ìëå â¥®à¨ïå ª« áá®¢ ª®¥çëå ¯®«ã£àã¯¯ // �«£¥¡à  ¨ «®£¨ª .

{ 2001. { �. 40. { ò 1. { �. 97{116.

78



11. Belov A.J. Solution of one Maltzev problem // II ¬¥¦¤ã à®¤. ª®ä. \�®«ã£àã¯¯ë: â¥®à¨ï
¨ ¯à¨«®¦¥¨ï" ¢ ç¥áâì ¯à®ä¥áá®à  �.�.�ï¯¨ : �¥§. ¤®ª«. { � ªâ-�¥â¥à¡ãà£, 2{9 ¨î«ï
1999. { �. 9.

12. �®¯®¢ �.�. �ª¢ æ¨® «ìë¥ â¥®à¨¨ ¬®£®®¡à §¨© ¬¥â ¡¥«¥¢ëå ¨ ª®¬¬ãâ â¨¢ëå ª®«¥æ

// �«£¥¡à  ¨ «®£¨ª . { 1995. { �. 34. { ò 3. { �. 347{361.
13. �®¯®¢ �.�. � à §à¥è¨¬®áâ¨ íª¢ æ¨® «ìëå â¥®à¨© ¬®£®®¡à §¨© ª®«¥æ // M â¥¬. § ¬¥â-

ª¨. { 1998. { �. 63. { ò6. { �. 873{881.
14. �®¯®¢ �.�. �¡ íª¢ æ¨® «ìëå â¥®à¨ïå ¬®£®®¡à §¨©  â¨ª®¬¬ãâ â¨¢ëå ª®«¥æ // M -

â¥¬. § ¬¥âª¨. { 1999. { �. 65. { ò 2. { �. 230{245.
15. �®¯®¢ �.�. � ¥ª®â®àëå  «£®à¨â¬¨ç¥áª¨å ¯à®¡«¥¬ å, á¢ï§ ëå á ¬®£®®¡à §¨ï¬¨ ¥ á-

á®æ¨ â¨¢ëå ª®«¥æ // M â¥¬. âà. { 2000. { �. 3. { ò2. { �. 146{170.
16. �®¯®¢ �.�. �¡ íª¢ æ¨® «ìëå â¥®à¨ïå ¬®£®®¡à §¨© ª®«¥æ ª®¥ç®© å à ªâ¥à¨áâ¨ª¨ //

�ã¤ ¬. ¨ ¯à¨ª«. ¬ â¥¬. { 2000. { �. 6. { ò4. { �. 1193{1203.
17. �®¯®¢ �.�. �¥à §à¥è¨¬®áâì ¯à®¡«¥¬ë à ¢¥áâ¢  ¢ ®â®á¨â¥«ì® á¢®¡®¤ëå ª®«ìæ å //

M â¥¬. § ¬¥âª¨. { 2000. { �. 67. { ò4. { �. 582{594.
18. Albert D., Baldinger R., Rhodes J. Undecidability of the identity problem for �nite semigroups //

J. Symbolic Logic. { 1992. { V. 57. { ò1. { �. 179{192.
19. �®¯®¢ �.�. �¡ íª¢ æ¨® «ìëå â¥®à¨ïå ª« áá®¢ ª®¥çëå ª®«¥æ // �¨¡. ¬ â¥¬. ¦ãà. {

1999. { �. 40. { ò 3. { �. 666{675.
20. �ãà¥¢¨ç �.�. �à®¡«¥¬  à ¢¥áâ¢  á«®¢ ¤«ï ¥ª®â®àëå ª« áá®¢ ¯®«ã£àã¯¯ // �«£¥¡à  ¨

«®£¨ª . { 1966. { �. 5. { ò5. { �. 25{35.
21. M «ìæ¥¢ �.�. �«£®à¨â¬ë ¨ à¥ªãàá¨¢ë¥ äãªæ¨¨. { M.: � ãª , 1965.
22. Minsky M.L. Recursive unsolvability of Post's problem of \TAG" and topics in theory of Turing

machines // Ann. Math. { 1961. { V. 74. { P. 437{455.

�à «ìáª¨© £®áã¤ àáâ¢¥ë© �®áâã¯¨« 

â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â 03.05.2001

79


