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         PRINT; 
       UNTIL LIST[POINTER]=LASTCODE; 
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RND. 
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. 

, 
. 

- , , , 
RND Creation

1000000000 (109). 
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, 
. , 

. 
. 

, , 
. 
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. 

#§2. BECOMING

BASIC BECOMING, 
. 

. 
        1 REM   BECOMING 
        5 X1%=38 : X2%=800 : X3%=2000 : X4%=4000 
        8 DIM V1%(X1%) : DIM V2%(X2%) : 
          DIM V3%(X3%) : DIM V4%(X4%) 
       10 PROCCreation 
       20 PROCOblivion("V4%") 
       30 PROCPast("V3%") 
       40 PROCCreation 
       50 PROCOblivion("V3%") 
       60 PROCOblivion("V4%") 
       70 PROCPast("V2%") 
       80 PROCPast("V3%") 
       90 PROCCreation 
      100 PROCOblivion("V2%") 
      110 PROCOblivion("V3%") 
      120 PROCOblivion("V4%") 
      130 PROCPast("V1%") 
      140 PROCPast("V2%") 
      150 PROCPast("V3%") 
      160 PROCCreation 
      200 REPEAT 
      210 PROCOblivion("V1%") 
      220 PROCOblivion("V2%") 
      230 PROCOblivion("V3%") 
      240 PROCOblivion("V4%") 
      250 PROCPast("V1%") 
      260 PROCPast("V2%") 
      270 PROCPast("V3%") 
      280 PROCCreation 
      290 PRINT " " 
      300 UNTIL FALSE 
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      310 END 
      320 : 
      330 DEF PROCCreation 
      340 FOR I%=1 TO X4% 
      350  V4%(I%)=RND(1000000000) 
      360 NEXT I% 
      370 ENDPROC 
      380 : 
      390 DEF PROCOblivion(X$) 
      400 C%=0 : E%=0 
      410 IF X$="V1%" 
             FOR I%=1 TO X1% : V1%(I%)=0 : 
             NEXT I% : GOTO570 
      420 IF X$="V2%" GOTO 450 
      430 IF X$="V3%" GOTO 490 
      440 IF X$="V4%" GOTO 530 
      450 REPEAT 
      460  E%=RND(X2%) 
      470  IF V2%(E%)>0 V2%(E%)=0 : C%=C%+1 
      480 UNTIL C%=X2%-X1% 
      485 GOTO 570 
      490 REPEAT 
      500  E%=RND(X3%) 
      510  IF V3%(E%)>0 V3%(E%)=0 : C%=C%+1 
      520 UNTIL C%=X3%-X2% 
      525 GOTO 570 
      530 REPEAT 
      540  E%=RND(X4%) 
      550  IF V4%(E%)>0 V4%(E%)=0 : C%=C%+1 
      560 UNTIL C%=X4%-X3% 
      570 ENDPROC 
      580 : 
      590 DEF PROCPast(X$) 
      600  C%=0 
      610  IF X$="V1%" GOTO 640 
      620  IF X$="V2%" GOTO 700 
      630  IF X$="V3%" GOTO 760 
      640  FOR I%=1 TO X1% 
      650    REPEAT 
      660     C%=C%+1 
      670    UNTIL V2%(C%)>0 
      680    V1%(I%)=V2%(C%) 
      690  NEXT I% 
      695  GOTO 820 
      700  FOR I%=1 TO X2% 
      710    REPEAT 
      720     C%=C%+1 
      730    UNTIL V3%(C%)>0 
      740    V2%(I%)=V3%(C%) 
      750  NEXT I% 
      755  GOTO 820 
      760  FOR I%=1 TO X3% 
      770    REPEAT 
      780     C%=C%+1 
      790    UNTIL V4%(C%)>0 
      800    V3%(I%)=V4%(C%) 
      810  NEXT I% 
      820 ENDPROC 
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10 160

( . ). 
, 1 (Step 1) 10 , 
2 (Step 2) - 20 . ., . . i

10 × i BECOMING, i = 16
. 

, , , 
, . 

5
V1%, V2%, V3% V4%, , , 

. , , 
, 

, . . s > 0, 

BECOMING. 
, . 

? V4% , 
V3%, , , 

V4%, , , 
V3%. , 
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( ) V3%
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V3% . 
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(Step1 )

Creation ( 10
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330 370. 
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V4%
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, 
RND. 

- -
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, 
V4%

-
v(1). 
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. 

(Step
2) -
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Oblivion
( . 20) X$ = "V4%", . . 
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RND. 
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3
Past V3%

( 30). Past
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(1) ∀x¬(x < x), 
(2) ∀x∀y∀z(x < y & y < z → x < z), 
(3) ∀x∀y(x < y ∨ y < x ∨ x = y). 

, « » «<». 
, Z (1) -

(3) . 
BECOMING

, Z. , -
. BECOMING

, Z . 
, 

BECOMING. , BECOMING
, , 

BECOMING
. , . 

ARRAY =Df {V1%, 
V2%, V3%, V4%} {1, 
2,..., n} ( n - 1 )

V =Df {0, 1, ..., 109}. dom(f)
rng(f) f , 

RNG =Df {m | ∃v(v ∈ ARRAY & rng(v) = m}. 
m RNG ( ), 0

m , 0, 
m:

(m) ↔Df (m ∈ RNG & 0 ∈ m & ∃x(x > 0 & x ∈ m). 
, m , 

- (
), 

. 
m RNG ( ), 0 ∉ m. 

∀x(x ∈ m → x > 0). , 
(m) ↔Df (m ∈ RNG & ∀x(x ∈ m → x > 0)). 

, m , 

- , 
, 0. 
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K M . , 
K ∩ M = ∅. K ∪ M ( )

« , », KR: m KR m*, 
, m, 

, m*. 
« » R, « , 

», KR M: m
R m* ↔Df (m ∈ M & m* ∈ M & m KR m*). 

. 
KW =Df <K ∪ M, KR> , K ≠ ∅. 

W =Df <K ∪ M, R> , 
K = ∅ M ≠ ∅. 

, 
1, 4, 9

16, - 1 0. 
. 

, 
. 

-
. 

. 
, BECOMING

, 
M. h ∈ M, 

(∀m ∈ M)(m R h ∨ m = h). 
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∈ M & m R h}. 
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REPEAT
x := x + 0
UNTIL x > 0 . 

(x = 0) {γ} (x = 0 & x ≠ 0) !
, « x = 0 γ , x = 0
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. «x = 0 γ
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«γ » , . . 
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(
); , - , 

- . 

, 
, , 

. 
, α

W , 
, 

(« ») , 
, 

. 

, 
, , 

. 
, 

( ;
, 

)
. 

, 
, 

(
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, 
). 

. 
. 

- , -
, , , 

. 
, - , 

?
- , : , 

, 
- , 

. , 

. 
- , 

. 

. . 
, . , , 

(
, , 

. .). 
-

, 
. 

, 
, , 

. 
, , 

, 
. 

, 
, 

, 
. 

, . 
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, 
, , 

. 

. π, I, I-
, π

I . π
, 

, 
   , 

. 
, BECOMING

( , 
), -

. π
. 

I1

I2. . . 
In

. 

π
π↑, Ij- π  

π(Ij)↑. 
Q - , 

, {π(Ij)}Q , 
Ij π Q (

). , 
Q Ij , , Ij-

. {π(Ij)↑}Q ↔Df π(Ij)↑ &
{π(Ij)}Q. 

, , 
, f- . π - , 

Ij, Q - , 
π . π f-

Ij Q, π(Ij)↑ → {π(Ij)}Q. 
, Ij Q π f-



231

, Ij- π
Ij- Q. 

, π f-
Ij Q, {π(Ij)↑}Q. , 

Ij Q π f- , f-
Ij- . 

, 
f- . , 

f- π, 

, π(Ij)↑ π(Ij)↑
→ {π(Ij)}Q , π

Q, 
. 

f-
, 

π
. 

π↑, 
f- . , π↑ , 

« π↑,  ...»
, 

. 
, f-

, 
( , , 

; , 
, ). 

π(Ij)↑ → {π(Ij)}Q, 
π(Ij)↑. 

f-
? π, 

. 
Ij Q, , . 

, BECOMING Q

(*)   @ X. 
BECOMING

, 
. (*)
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BECOMING, . , 
, I280, 

. 
f-

(pf)   BECOMING(I280)↑ → {BECOMING(I280)}(*) , 
f-

(tf)   {BECOMING(I280) }(*) , 
(*) , 

Mm @ I280

- . 
, (*)

, «X»
, 

. (*)
(**)   ∃X(X @ & X - ) , 

. 
(pf) (tf), 

f- BECOMING
I280 (*)?

, , , 
. , , 

(pf) (tf). , 
BECOMING

. 
BECOMING. 

( )
, , 

. . 
BECOMING , 

(pf) (tf), 
. 

, 
BECOMING ( , 

, 
. .) -

, 
BECOMING, 

. 
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, . 
, BECOMING

(
!), (tf) . 

, BECOMING
f- I280

(*). 
, 

BECOMING. 

# 14. 
ABT

§1. . 

, , 
, 

, 
. 

, 

(
161), 

. 
, 

. 
    I. ;
  II. ;

III. . 

                                                     
161 - ( , .:

. . . ., 1986.). 
- ( ), 

, - . .:
. . . ., 1983. 
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. 
I.1. . 

, –

. , := Y, 
INTEGER ( ), Y – REAL

( ). :=
TRUNC(Y), «TRUNC» – REAL

INTEGER. 
« - » , 

, 
, . 

. 
, 

, . 

, x y: I1 J(3,2,5); I2 S(1); I3

S(3); I4 J(1,1,1). , , 
, , 

. 
I.2. . 

. 
, 

. 
, , , 

X := 0, –
X

( ). X
. , ( -

OPY F G) , 
G , 

. 
«COPY» G

. 
II.1. . 

. , 
. 

, 
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, , 
. , , 

:
II.2. . 
II.3. . II.3 , 

. . 
: , 

N. 
. 

n, m ∈ N, n – m – , 
, 

k = mn

. . , 
, – II.3

, 
. . 

, , 
( , R0

:= R0+1, R0 – ;
II.3

). 
III.1. . , 

. , a priori , 
, . 

III.2. . 
. 

. 
, 

. , III.2
III.1. 

. 
, 

, 
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(I.1) (II.2). , 
, 

. , 
, 

, , 
. , 

. 
, 

. 
, 

, 
, . 

, – α- , α –
162. . . , 

( , 
, , , )

163. 

, ( )
. (

), 
, 

. 
, , 

-
. , , 

, 
. 

, , 
. , 

, 
, 

. . 
, 

, , , 

                                                     
162 .: ., . //

. .III. . ., 1982; .
. ., 1972; . α-

// . .III. . ., 
1982. 
163 ., . . .166-167. 
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. 
, 

. 
, ?

, , 
, 
? – , , . 
. , 

. 
, , 

, 
:

, ( )
, 

, 
. , 

, , , ω+1 . 

, 
ω+1 164. , 

, 
. 

§2. . 

. , 

, , 
. , 

, 
( , 

« ») . 
, 

                                                     
164 . . . 520. 
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. 
. 

. 
π

α , 
α . 

. , 
π α, 

π, αi, αj – α i j, 
i, j π. 
π i ≠ j α

; i = j, 
α. 

, 
. , -

S(1). 1
n, 1 (R1). 

?. , 
(

), S(1) . 
- , 

: (
) (
, ), R1;

R1 n + 1. 
, 

, , R10? R9 . .?
n + 1 R1?

n, ?
, , ?

, . , -
(

) . 
. . 

. (
) p q. p ∨ q

, . 
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, α β
OR. 

α OR β? , 
. 

? α, β, 
? , 

, 
. , x := 0 OR x

:= 1. : PRINT(x), 
. α OR β

, 
. 

. β
, 

γ. β , 
α. 

. , 
, 

. 
–

. , 

. . 
. 

, « »
« ». , 

. , 
. 

. 
. 

α OR β

? . 
γ1, γ2, …, γn, α OR β ( γi, α β -

). , ?
: , . 

? : α OR β! , 
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γi, 
γi+1, ( i = n) α OR β. γi

? , γi 0?. 

. γ1, γ2, …, γn, α OR β, α
γ1, γ2, …, γn, α OR β, β, ( , 

γ1, γ2, …, γn, α OR β)
, - . 

α OR β ( « », 
« »), 

. « » « ». 
-

( B- A- -
), : -

. 
. 

L, <, 
. 

1. ∀x¬(x < x)
2. ∀x∀y∀z(x < y & y < z → x < z)
3. ∀x∀y(x < y ∨ y < x ∨ x = y)
4. ∀x(∃y(y < x) → ∃z(z < x & ∀u¬(z < u & u < x)))
5. ∀x(∃y(x < y) → ∃z(x < z & ∀u¬(x < u & u < z)))

(L, <)
. 1 – 5

, 
, TLD. 

165. 
. 4 5 , 

, . 

. 
4 5 , 

( ), 
, 

. 
4. , 

                                                     
165 . .8, §4. 



241

, , 
(

– , 
). 

, 
, 5. 

, 
TLD, . . . 

( 166) . , 
, –

( ) . 

§3. . 
ABT

(
) – . 

@
<Mm, Pr>, Mm – @, 

, Pr – , 
. 

« » , 
Mm Pr

, , 
, . . 

, 
, 

, « »
. , , 

, . . . 

. 
, Mm @ = <Mm, Pr>

. 

                                                     
166 , . 
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, Mm(S) – Mm, 
, ( Mm)

( ) S:
(a) Mm(S) ⊂ Mm. 

Mm(S)

. , , {∅}
, {∅,{∅}}, . . 

|Mm({∅})| < |Mm({∅,{∅}})|. , 

  |Mm(S)| < |Mm(S*)| ⇔ |S| < |S*| , 
. 

. , 
, 
  |Mm({ω})| < |Mm({∅, {∅}})| , 

|{ω}| < |{∅, {∅}}|. 
{ω} ω, 

{∅, {∅}} , 
ω. 

, 
E(S), S, . E(S)

( ⊂) , 
(b) (c):

(b) S ∈ E(S) , 
(c) ∀x∀y(x ∈ y & y ∈ E(S) → x ∈ E(S)). 

(d) Mm(S) ≠ ∅ → |Mm(S)| = |E(S)| . 
|Mm(S)| = |E(S)|, 

Mm(S) ≠ ∅?
, -

, , 
. -

, – , – . 
, (b) ∅ ∈ E(∅), E(∅) ≠ ∅. 

S E(S) ≠ ∅. Mm(S)
Mm, 

S. S
Mm ? , S

, . . Mm(S) = ∅. 
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, S Mm, 
Mm(S) ≠ ∅. Mm(S) = ∅, S Mm

. , (d)
: Mm(S)

E(S) , S
Mm. 

, (d) , 
, , 

{∅} {ω} :
Mm({∅}) ≠ ∅ Mm({ω}) ≠ ∅, 

, 
. , 

{ω} . 
, Mm(S), 

. 
Mm S S* (

, ), , 
Mm, 

:
(e)  S ≠ S* → Mm(S) ∩ Mm(S') = ∅. 

S = S*, , , Mm(S) = Mm(S'). 
, 

? :

, . , 
, S, 

<S, 0> <S, 1>. <S, 0> ≠ <S, 
1>, 

. 
- , 

, Pr
, ABT –

. , 
Pr ABT- . , 

, ABT- Mm
Mm . 

, 
, 

, 
. ABT-
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, ( ). 
, . 

. 
, , 

. 
« » . 

– . 
, ABT- , 

ABT- . , 
ABT- ABT- , 

. 

:

Mm

Pr
ABT  

ABT

  Ii0

  Ii1

    . 
    . 
    . 
  Iin

( i0, i1, ..., in – ij < ik, j < k), 
, 

. 

ABT, 

  IF THEN  , 
IF ... THEN ( , , 

PASCAL). , 
, , . 

-
- . , 

Mm Mm(...). , 
: X ⊂ Y , {∅} ∈ ω , Mm(X) ≠ ∅ & X |= T , ∃z(Mm(z) ) &

∀x(x ∈ z → Mm(x) = ∅) , {x| P(x)} ∈ Y , Mm\Mm(S) = ∅, Mm(x1) ∪
Mm(x2) = Mm , |Mm(y)| < |Mm| . . 
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. 

(x, y, z, X, Y, Z) , 
– . 

ABT- . , 
ABT- –

Mm. , 
, , 

Mm. , 

  IF {∅} ∈ ω THEN
{∅} ∈ ω Pr , 

, {∅} ω Mm
. 
, , 
ABT- . 

, , x ∈ y , x y
( . . Mm(x)

≠ ∅ Mm(y) ≠ ∅). 
ABT. 

GOTO. . 
ABT-

  GOTO Ij, 
Ij – ABT- . 

. 
ABT- END. 

END, ABT-
. ABT-
, 

. 
, 

. 
CHOOSE. ABT-

. 
  CHOOSE |

, 
IF...THEN, , 

, 
( . . 
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). 
:

, 
, Mm. 

, 
Mm, ABT-

, , 
. 

CHOOSE

  CHOOSE X0,X1,X2,...,Xn | (X0,X1,X2,...,Xn) , 
Xi – , Xi Xj , 

i ≠ j. «
( ) X0,X1,X2,...,Xn , 

(X0,X1,X2,...,Xn)». 
, 

  CHOOSE x,x,y | ∃x(x ∈ x)
: - , 

x ; - , 
∃x(x ∈ x)

( y); - , 
x, . 

, 
(*) CHOOSE x,y,X | x ∈ X & y ∈ X

. , x ∈ X & y
∈ X

x,y,X. 
(*) ABT-

, 
x,y,X (*). 

, 
(*) p:

  Mm(x)=∅ & Mm(y)=∅ & Mm(X)=∅ . 
CHOOSE

. 
Pr ABT- @=<Mm, Pr>

I
  CHOOSE X0,X1,X2,...,Xn | (X0,X1,X2,...,Xn)

P
  Mm(X0)=∅ & Mm(X1)=∅ & Mm(X2)=∅ &...& Mm(Xn)=∅  
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, : . 
P , Pr ( )
( ) S0,S1,S2,...,Sn, , 

X0,X1,X2,...,Xn , 
I. Pr

Mm S0,S1,S2,...,Sn. 
( ) S0,S1,S2,...,Sn, 

I
Mm, , I . 

( . . )
I , 

:
(f)  Mm(Si) ≠ ∅ i,  0 ≤ i ≤ n ;
(g)  (S0,S1,S2,...,Sn) . 

@ = <Mm, Pr> Mm, 
, Pr, ABT- , 

. 
  I1 CHOOSE x,y,X | x ∈ X & y ∈ X

, I1

Mm - . 
Mm(x)=∅ & Mm(y)=∅ & Mm(X)=∅

. , 
x ∈ X & y ∈ X, . 

, , 
, . . 

, x = y = ∅ X = {∅}. (b)
(c), E(∅) = {∅} E({∅}) = {∅, {∅}}. , Mm(∅) ≠ ∅
Mm({∅}) ≠ ∅. (d) |Mm(∅)|
= 1 |Mm({∅})| = 2. , ∅ ≠ {∅}, (e)
Mm(∅) ∩ Mm({∅}) = ∅. , ∅

{∅} 1 + 2 = 3 Mm – , 
. , ∅ ∈ {∅} & ∅ ∈ {∅}

∅ {∅}
. ABT-

. 
ABT- . T – -

. 
  I1 CHOOSE X | (X |= T)
  I2 GOTO I1
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T. , 
I1 CHOOSE

. , 
, I1. 

, - , 
, , 

I1 . 
Mm T , 

, , 
, Pr

Mm, Mm , 
T , 

. 
ABT- , 

(
), 

I1 Pr
. , @

, Pr
, 

. 
, 

I1, , 
CHOOSE

. 
CHOOSE :

( )
. 

I1

ABT- Pr
I2, 

I1. 
GOTO, . ? , 
Mm(X) ≠ ∅ I1. 

CHOOSE
, 

, Mm. 
, , , 

ABT- . 
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, , 
ABT- , 

, 
. 

DELETE. :
  DELETE  , 

( , 

CHOOSE). 
. 

  DELETE  X0,X1,X2,...,Xn

. 
Pr ABT- @=<Mm, Pr>

I
  DELETE  X0,X1,X2,...,Xn , 

P
  Mm(X0)≠∅ & Mm(X1)≠∅ & Mm(X2)≠∅ &...& Mm(Xn)≠∅  

, : . 
P , Pr I

, :
(h) Mm(Xi) = ∅ i,  0 ≤ i ≤ n . 

§4. ABT-

DELETE
ABT- 167

, T Mm
. 

DELETE
, , 

. 
(π1)    (π2)    (π3)

I1 CHOOSE X| X |= T I1 CHOOSE X| X |= T I1   DELETE X
I2  GOTO I1  I2   DELETE X  I2 CHOOSE X| X |= T
I3  DELETE X  I3   GOTO I1   I3   GOTO I1

, ABT- π1
, . ABT-

π2 : T
                                                     
167 .9, §4. 
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I1, Pr
I2. Mm(X) ≠ ∅

, Pr I2 Mm(X) =
∅ , I3, GOTO I1. 

Mm(X) = ∅ , I1

. . – π2
. 

. 
ABT- π3, Pr

I1, , 
Mm(X) ≠ ∅. X

ABT-
CHOOSE, 

DELETE, I1

DELETE I2

CHOOSE π3. 
, :

ABT- π3 . 
, 

ABT- . 

. ABT- ABT-
. 

, , ABT-
π3 , . . 

π3
. 

. , , 
I1, Pr I3, 

– I2, ABT-
Mm(X) ≠ ∅. GOTO I1

, DELETE
. I1

Mm(X) = ∅, I2 . . 

:
  ..., I1,I2,I3,I1,I2,I3,I1 ... . 

π3
, , 
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, -
. 

, , ABT- π2
π3 , π3

, π2
, . 

π2, , 
. π2

, 
π3. 

π2 , 

« », , 
π2 ABT- , 

. 
, . 

. , 

. 
, , 

, π2;

π3. , ABT-
. 

, 
. , 

π2
GOTO I1. 

  I0   GOTO I1

  I1   CHOOSE X| X |= T
  I2   DELETE X
  I3   GOTO I1

ABT- ( π4)
, . , 

I0, 
. 

  I0,I1,I2,I3,I1,I2,I3,I1 ... . 

, . 
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LD – , 
, 

LD. , , α ∈ LD. , 
  LD(α) =Df {x ∈ LD | (x < α) ∨ (x = α)} . 

X LD, 
α ∈ LD , X = LD(α). , 

X LD
( , 

X LD). , , LD
( , LD

). 
LD

:
  (∀α,β ∈ LD) (α < β → |E(LD(α))| ≤ |E(LD(β))| . 

, α < β |E(LD(α))| = |E(LD)| , |E(LD(α))|
= |E(LD(β))| = |E(LD)| . 

X LD
β ∈ LD , β ∉ X ∀x(x < β → x ∈ X). 

X+ X ∪ {β}. , X+

LD. 
: α, β ∈ LD (α

< β & ¬∃x(α < x & x < β)), , , 
α+ =Df β. 

LD E- , 

  LDE =Df {x ∈ LD |  |E(LD(x))| = |E(LD)|}
, LDE , , LDE

. , 

  ∀x((x ∉ LDE) ∨ (∀y ∈ LDE)(y = x) ∨ (∃y ∈ LDE)(y < x)) . 
-

. 
LD , ABT-

CC_LD. 
  I0  DELETE X
  I1  CHOOSE X | (X LD) & X = Y+

  I2  IF X = LD THEN END
  I3  DELETE Y
  I4  CHOOSE Y | (Y LD) & Y = X+

  I5  IF Y = LD THEN END
  I6  GOTO I0
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LD α, ABT-
CC1LD. 

  I0  CHOOSE X | X = LD(α)
  I1  IF X = LD THEN END
  I2  CHOOSE Y | (Y LD) & Y=X+

  I3  DELETE X
  I4  IF Y = LD THEN END
  I5  CHOOSE X | (X LD) & X = Y+

  I6  DELETE Y
  I7  IF X = LD THEN END
  I8  GOTO I2

CC_LD ABT- @ =
<Mm, Pr>, , 

LD:
(a)  LD E- , |E(LD)| ≤ |Mm| ;
(b)  LD E- , |E(LD)| < |Mm| . 

, CC1LD
ABT- LD E(LD):

(c)  E(LD) LD E- , |E(LD)| ≤ |Mm| ;
(d)  E(LD) LD E- , 

|E(LD)| < |Mm| ;
(e)  E(LD) β –

LD, (|E(LD(β))| + |E(LD)|) ≤ |Mm| . 
, ABT- , 

CC_LD CC1LD, 
. 

- , , 
S ABT-

, S. , 
:

f E(S) Mm, Pr
S Mm f

. 
, , -
Mm ω, 

E(ω) , . 
ABT- . 

  I0 CHOOSE X| X = ω
, Pr
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Mm ω. 
. 

ABT- . 
  I1  CHOOSE X| X = {x| x ∈ ω & x }
  I2  CHOOSE Y| Y = {y| y ∈ ω & y }

Mm , 
I1 :

Mm, 
, ( , 

, , ) Mm. 
, I1 . 

, ABT-

I2. 

ABT- . , 
ABT-

, . 
ABT-

, . , 
: , ABT- , –

( ), 
, 

( ). 
- , CC_LD LD

, , E(LD) . 
τ

τ × 2 = τ + τ = τ, X Y ABT-
CC_LD , Mm. , 

LD E- , 
. ABT-

CC1LD , LD E(LD)
. Mm

E(LD) . 
, 

CC1LD |Mm(X)| < |Mm(Y)|, |Mm(Y)| <
|Mm(X)|, (e). 

- , 
. , 
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ABT- CC_LD , 
, Pr

X Y , 
. 

( ), . 
, |E(LD(α))| ≤ |Mm| |Mm(X)| = |Mm(Y)| = |Mm| -

CC_LD. 
CC_LD. |Mm(X)| < |Mm| |Mm(Y)| < |Mm|, 

, 
X, Y. 

, , |Mm(X)| < |Mm| |Mm(Y)|
= |Mm|, X
– Pr
Y. , ABT-

, , 
LD , 

Mm. 
E- . 

CC_LD, CC1LD
. , E(LD)

, , 
: |E(LD(α))| = |Mm|, α –

LD, I0 CC1LD
Y = LD(α+), 

I2. 
, LD

. , 
, ABT

, LD CC_LD
CC1LD . _LD –  

, 
, 1LD – , 

. ABT- , 
CC_LD ( , CC1LD) , , 

, , LD _LD
( , 1LD). -

. , - @
π, Mm
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(a) – (e) π, LD –
, π. 

:

ABT- @
ππππ, ππππ

αααα ∈∈∈∈ LD @
, 

Mm(LD(αααα)) ≠≠≠≠ ∅∅∅∅

. LD = ω* +
ω, ω*

( CC_LD
LD ω* + ω, , 

), 
CC_LD ABT-

@ = <Mm, Pr> , |E(ω* + ω)| < |Mm|, 
. CC_LD

, . , ω* + ω E- , 

. 
(

) CC_LD LD = ω* + ω
+ ω*, , 

. . , 
ABT-

(
, , CC_LD

, , 
CC1LD
). , 

, 
, . 

W TLD
. , 

W « »
CC_LD, CC1LD:

α ∈ W
, , 

W, 
α. 
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, , , 
. 

, 
. , 

, ω + 1. , 
, 

ABT- . , , 
, α, 

, , , ABT-
, « »

?
α , 

ABT- , 
α, , . 

, ω + 1
ABT- :
ω + 1 , 

( , , 
ω . .) . 

, 
« »

- , , , 
- , 

, -
, 

. 
π3. , 

. 
? , , 

, , , , 
ω*? π3

, 
?

. 

:

, - ππππ
ρρρρ, , 

ρρρρ ππππ
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, π3 (
, 

)

, 
. π2

, (
, π3)

, π3 , , , 
, . 

, 

, , 
. . , 

CC1LD
, 

. , 
ω + ω*. 

, 
ω, . , 

, 
. 

, . 

CC_LD. 
, ABT-

, 
ABT, 

. ABT-
CC_LD CC1LD , 

ABT- , 
, 

. 
, 

. 
:

, 
, 

LD, 
. 
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, , π3
, , W –

, ABT-

. 
  I0  DELETE X
  I1  CHOOSE X | (X W) & X = Y+

  I2  IF X = LD THEN END
  I3  DELETE Y
  I4  CHOOSE Y | (Y W) & Y = X+

  I5  IF Y = LD THEN END
  I6  DELETE X1

  I7  CHOOSE X1 | X1 |= T
  I8  GOTO I0

# 15. - , 

§1. , 
– ?

. , , 
, 

, . « »
, 

, , , 
, 

, , , 
, . 

, 
, 

, , , 
. 

, . 
( ), 
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, 
, 

. 
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, 

, 
? , 

« » . - , 

. , . . , 
, , , 

, 
«... , . 

»168. 
- , , 

, , . 
, 

, , , 
, . . , 

, . 
, , 

. , , , 
. , 

, « »
, . 

, 
, . 

, 
. .
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, 

, 
, 
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168 . . – . .,1965. . 16. 
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, , , 
...»169. 

« »
, 

, 

, , , 

. 

, , , 
, . 

1. 
. 

. 
2. « »

. 
. 

. 
, , 

. 
- , 

- , , 

. , 
( ) , 

. 
, , , 

, . -
, , 

, 
t, 

, , 
- . 

, -
, 

, 
                                                     
169 . . 46-47. 
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. 

, - . 

. 
, 

. , 
. « »

, , . 
, 

. « , – , –
»170. , 

, , 
, 

. 

. , 
,

:
∀x∀y((x < y → ∃z(x < z & z < y)). 

( , 
, . . x < y x ≠ y, 

.)
, 

. 
, « »
. 

, , 
, 

. 
<. 

(X,Y), 
:

X ∪ Y = P, 
X ∩ Y = ∅, 
∀x∀y(x ∈ X & y ∈ Y → x < y). 

                                                     
170 . . ., 1937. 232b. 
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( ,Y) – , , Y –
. ( ,Y) , 

X ≠ ∅ & Y ≠ ∅. 
. 

1. X x, 
Y y; ( ,Y) . 

2. ,
Y . 

3. , 
Y y. 

4. , 
Y ; ( ,Y) . 

,
, 

( , 
2 3)171. 

?

172. Z. , 
. 

, 
, 

. 
, 

, 
- . 

Q.
, 

, , 
. 

Q , 
Q . , 

, Q
. 173

. 
                                                     
171 ., .: . . . ., 
1977. 
172 , 

. 
173 . 
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« », « »
, 

. , 
. 

, 
, , 

. 
, 

, 
R. , 

, , 
, 174. , 

175. 
, a, b ∈ P,

a ≠ b ∀z(¬(a < z < b). 
(X, Y), 

X = {x | x ∈ P & (x < a ∨ x = a}, 
Y = {y | y ∈ P & (b < y ∨ y = b}, 

. 
, (X, Y) , 

. 

, 
, , 

. 
, , :

. 
. , 

, , –
176. -

t , t, 
, , «...

                                                     
174

. 
175 , . 
176

. 
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»177. , 
t' t. 

, 
. t ≠ t'

. , , 

, . 
2. 

, . , 
t'', t'

t. (
), , , 

? t'' , t
, . 

t'' , t' , 
. 

? , - . 
, . 

– t'' , 
, 

. , , . . 
. 

. , 
, (t, t'), 

, . 
. [M, A] [ , ], 

. 1, 
, 

. 

. , 
, «...

...»178, 
t''. , 

, , t ≠ t'' t'' ≠ t'. , 
, «

», . . . , 
t ≠ t''. , 

                                                     
177 . . 232 . 
178 . 232b. 
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, t'' ≠ t', . , 
. 

, , 
, . , , 

. 

, 
. , , 

, 
, . 

:

, 
. , , 

–
, . , 

. 
, 

. 

- ( -
). 

- . 

? , 
, 

. t
t' , t , t', t' t, t = t'. 

, , , 
. 

, 
, 

. 

:
, 

. 
, 
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, , , 
, , 

. , 
, . 

. 
, 

. 
, , , 

- . 

. 
, 

. 
. , , -

t
. 

t'. , 
, t' t. , 

, , ,
. 

, . 
, . 

, 

, :
, , 

, , 
, 

, - . , 
, , . 

, 
. 

. -
, 

R
( ) ρ, R

∀x∀y(ρ(x, y) = |x - y|). 
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<R, ρ> , 
, ρ

S R
S. 

R1. 
, 

? , t
, 

t, t' t < t'
ρt, t, 

, ρt', t', , 
. , 

, 
, . . 

, f, 

(*) (∀t, t' ∈ T)(t < t' → f(t) < f(t')).
( (*)

“<” , 
“→”

; , 
.)

T
( R1 ), 

t1 t2 , t1 < t2 ∀t(¬(t1 < t < t2)). 
(*) , f(t1) < f(t2), 

(**) f(t1)< a < f(t2)
a ∈ . 

f, 
f–1 f–1(a) = t t ∈ T. 

¬(t1 < t < t2), : t1 = t, t2 = t,
t < t1, t2 < t. t1 = t, f(t1) = f(t) = a, 

(**). t2 = t f(t2) = f(t) = a, (**). 
. t < t1 (*)

, f(t) < f(t1). a = f(t), < f(t1)
(**). t2 < t a = f(t)

f(t2) < , (**).
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, 
R1

, 
. 

R1. 
. 

. 
tb s

. 
, tb

t1 s . 

s : t2 s . s
t3 t4 D . 

, t
s , (

t5 = t ). 
s, , 

, . , 

. t5 s -
, ( . . t5 ≠ t ). 

, 
, 

,
1:

;
. 

, , s
- ( , ) ⊂ ( , 

), = , 
. ( , )

R1 , 
, 
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, 
, . 

, 
(

). -
, 

– –
– . , 

Th , 
179. 

180 TLD
, 

. TLD
– – . , 

TLD . :
, , , Z

. Z
TLD. 

Z , TLD
, . 

TLD
. TLD

, –
, . 

, 
tb M

[ , ] t . 
, [ , ] R1

, 
f [ , ], 

s
[ , ]. , Z, 

, 
. 

. TLD
, 
, :

6. ∃x∀y(x ≠ y → x < y), 

                                                     
179 ., . . . ., 1977. 
180 .: . 14, §2. 



271

7. ∃x∀y(x ≠ y → y < x). 
TLD' . 

, , , 
ω+ω*. 

, 
« » . 

, 

. –
– , '

, 
TLD'.

'
( tb te ), '' -

. , 
f'' '' ( , ). 

f'' f', '

f'(t) = f''(t), t ∈ T'',
f'(tb) = ,
f'(te) = . 

f'
' [ , ]

. 
, , 

, – . 

?
- , 

DRIVING. 

  I0  CHOOSE X | X = tb

  I1  IF X = ' THEN END
  I2  CHOOSE Z | Z = f'(X)
  I3  CHOOSE Y | (Y ') & Y=X+

  I4  DELETE X
  I5  DELETE Z
  I6  CHOOSE Z | Z = f'(Y)
  I7  IF Y = ' THEN END
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  I8  CHOOSE X | (X ') & X = Y+

  I9  DELETE Y
  I10 DELETE Z
  I11 CHOOSE Z | Z = f'(X)
  I12 IF X = ' THEN END
  I13 GOTO I3

I0 – I1, I3 – I4, I7 – I9 I12 – I13

CC1LD. , 
-

, 
I2, I5 – I6 I10 – I11. , 

. I0

tb '. I1 , 
, ' , I1

. I2

[ , ]. 
I3 – I4 ( I5), 

f'(Y) ( I6), tb
+ ∈ '

< f'(Y) < . 
I7 – I9 tb

++ ∈ ', 
f'(tb

+) ( I10)
f'(tb

++) ∈ [ , ]. 
' tb, tb

+ tb
++, 

I12 – I13 I3 –
I13, ' . 

, ' – {tb, tb
+, tb

++} , , . . 
' ' – {tb, tb

+, tb
++} , 

: dom(f) = ', rng(f) = ' – {tb, tb
+, tb

++} f(x) = x+++, 
{y | y ≤ } ; f(x)

= x. I3, I8

te '. 

. , 
– , 

DRIVING, ' , 
I3 ( , , 

– – DRIVING). 
– , 
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DRIVING I0, 
I8 ( , , –

– DRIVING). 
. 

, 
DRIVING I3. 

. 
, ', 

te [ , ], 
I7, I12 -

DRIVING . , 
'

, 
[ , ]. 

. 
. , 

« », 
. 

, , 
, . 

, 
, 

, , . 
, – . 

§2. 

, 
, 

, 
. 

– , . 
. , 

, . 
?

. -
– , 
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, , 
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, 
, , . 

( , ). , 
, 

. , , 
, . 

, . 
, . 

. 
, , 

, , , 
. , 2 2 , 

, 
. 

, « » « », 
:

1. ;
2. ;
3. ;
4. ( )

, 
;

5. ( )
, 

;
6. , 

. 

, ω+1 1+ω*, , 
, 

« » « » (
, –

). , , 
,

, . 
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, 
, 

-
(

, 6). , 
2 2 , 

. 
, ω+1 1+ω*

, , 
, , 

( 4, 5
), . 

ω ω*, 
, 

′ , . 
, ω

ω*, , 
– , 1 2. 

, , 
ω+1 1+ω*

ω ω*
, , –

6 –
. , ω ω*

ω+1 1+ω*
, , . 

, 
ω ω*. 

, , 
(*)

(
), . . 6, 

. 
(*)? , 

, (*), 
¬(*). 

, , , 
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, 
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, 
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. 
, 
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, 
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?
, . 

, , 
. , 

, 

. , 
, , 

–
(

)
. 
(

;
). , , 

(
), 

- . 

. 

?
, 

. , 
n, 

n+1. , 
? , 

?
. 181. 

?

. 
. , 

, (
0) 0

1 . 
, 1 n

                                                     
181 . 2 2 . 
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( , , 
), : 0

– , n – , n + 1
;

. , 
1

. , 
, 

, . 
, 

, 

. 
, -

. , 
. 

. , , , 
ω 1

- 182, 
-

1. , 
1 . 

, 
. ω, 

. ∀n(ω ≠ n+1), ω
-

. 
, ω = ω+0, ω+1, ω+2, …, 

ω+n, … . 
. n

n (1 = 1, 2 = 1 + 1, 3 = 1 + 1 + 1…), 
ω + n . 

, ω 1 + 1 + 1

                                                     
182 .: . . ., 1996. 
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+ … + 1 +… . , 
. 

, , 

1 N. , 
, N. 

, N . , 
N + 1, N + 1 + 1, N + 1 + 1 + 1 . . 

, –
– , 

, 
, 

1. , N N - 1
( . . N - 1 < N), 

α
α - 1 < α. , ω - 1

ω - 1 = ω. 
, 

( , ω/2 = ω . .)
183. 

(
, , 

). 

. N , N + 1. 
, 

N ( , , M = N - 1), 
. , 

, . . 
. 

, 
. 

( , 
, , 

)
, 

. 
, 

                                                     
183 . 
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, , 
, 

. , - , , 
, - , , 

- ( ), . 
, 

184. 

§3. ABT-

ABT
. 

, . 
- . 

, , , 
« ». 
, 

. 
, , -

, - , 
, , 

. 
. 

LS . 
1. ( )

x, y, z, x1, x2, ..., xn, ... 
2. (

)
X, Y, Z, X1, X2, ..., Xn, ... 

3. . 
4. . 
5. . 
6. ( , ). 

                                                     
184

, 
, 

. 
. ., .: . 

. ., 1980. 
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. 

. α - Γ, Δ -
, Γ(α), Δ(α) Γ Δ - . 

, , (x), X(x), X
Y, X . . 

, 
185

:
α ≈ β ∀Γ(Γ(α) ↔ Γ(β)). , α ≈ β
↔Df ∀Γ(Γ(α) ↔ Γ(β)). , 

Γ ≡ Δ ∀α(Γ(α) ↔ Δ(α)): Γ ≡ Δ ↔Df

∀α(Γ(α) ↔ Δ(α)). 
∀X1∀X2∀Y1∀Y2 ((X1 ≡ Y1 & X2 ≡ Y2) → (X1 X2 → Y1 Y2)). «=»

. 

. 
- , 

, . 
, . 

:
m(X) ↔Df ∃Y(X Y ∨ Y X) (X - ), 
X Y ↔Df X Y ∨ Y X ∨ (X ≡ Y & m(X)) (

), 
X|Y ↔Df (X E Y ∨ Y E X) & ∀Z(¬(X E Z E Y) & ¬(Y E Z E X)) (X Y -

). 
TS LS , 

- 1 . 
1. ∀X(m(X) → ∃x1∃x2...∃xn(X(x1) & X(x2) &...& X(xn) & ¬(x1 ≈ x2) &

¬(x1 ≈ x3) & … & ¬(x1 ≈ xn) & ¬(x2 ≈ x3) & ¬(x2 ≈ x4) & … &
¬(x2 ≈ xn) & … & ¬(xj ≈ xj+1) & ¬(xj ≈ xj+2) & … & ¬(xj ≈ xn) &
… & ¬(xn-1 ≈ xn))) ( n > 1

1n)
2. ∀x∃X(m(X) & X(x))
3. ∀X¬(X E X)
4. ∀X∀Y∀Z(X E Y & Y E Z → X E Z)
5. ∀X(m(X) → X H)
6. ∀X∀Y∀Z(Y E X & Z E X → Y Z)

                                                     
185 ., .: . . ., 1960. 5. 



282

7. ∀X(m(X) → ∃Y(Y E X & Y|X))
8. ∀X(∃Y(X E Y) → ∃Z(X E Z & X|Z))
9. ∃X∃Y(H E X & H E Y & H|X & H|Y & X ≠ Y)

TS . 
, 3 4 , E

. 
, , 2. , 2 , 

. 1
. 9

TS ⎯ m(H). 5
H E , H (

E). 
, H , 

H, , H. 6
( ). TS
⎯ ∃X(m(X)), 7

. 7 8 , E
. , 9 , 

H. 
- , TS

. TS , 
. , , 

, 
. 

P, H F:
P(X) ↔Df X E H, H(X) ↔Df X = H, F(X) ↔Df H E X. M
= <U, J> TS J(P)

, J(F)
J(E) ( U – , 

M, J -
, {P, H, F} :

J(P) = {Q: Q J(E) J(H)}, J(H) = {J(H)}, J(F) = {Q: J(H) J(E) Q}). 
S =Df J(P) ∪ J(H) ∪ J(F). S

M. M = <U, J> TS
, 

a) m ∈ S
|J(F)| < |2m| ( . . , 

, 
);
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b) m1, m2 ∈ S , m1 J(E) m2

{m ∈ S: m1 J(E) m J(E) m2} ;
c) C , |C| >

ω (∀α ∈ C) (α ∉ U) . 
t-

ABT- BECOMING.ABT, 
(

). 
M = <U, J> TS ( , 

, ). f
M, f

:
a) f S;
b) (∀m ∈ J(F)) (f(m) = m);
c) (∀m ∈ S\J(F)) ((ω ≤ |f(m)|) & (f(m) ⊂ m) & (m\f(m) ≠ ∅));
d) (∀m, m′ ∈ S) (m ≠ m′ → f(m) ≠ f(m′)). 

f . 
S′′′′ =Df J′′′′(P) ∪ J′′′′(H) J′′′′(F). , M′′′′

= <U′′′′, J′′′′> M = <U, J> TS, 
, f

M:
a) J′′′′(H) = f(J(H)), J′′′′(P) = {m′: (∃m ∈ J(P)) (m′ = f(m))};
b) J′′′′(H) = { J′′′′(H)} J′′′′(F) = J(F);
c) m1, m2 ∈ S′′′′, f-1(m1) J(E) f-1(m2), 

m1 J′′′′(E) m2;
d) U′′′′ = ∪S′′′′. 

, U′′′′ = ∪S′′′′
2. , U′′′′ ⊂ U M′′′′ TS. 

TS′′′′ , 
TS 9 m(H). 

TS′′′′
TS, TS′′′′ - TS. 

M = <U, J> TS
m, J(H) , J(H) J(E) m. 

, m. 
a) S′′′′ =Df {m′: m′ J(E) m ∨ m J(E) m′ ∨ m = m′} ( , 

S′′′′ ⊂ S S′′′′ ≠ S, M , 
m, 9 TS);

b) U′′′′ =Df ∪S′′′′ J′′′′(H) =Df m;
c) J′′′′(E) J(E) S′′′′. 
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, M′′′′ = <U′′′′, J′′′′> - TS′′′′. , 
M′′′′ TS′′′′
M TS. 

M1 = <U1, J1> - TS, 
M = <U, J> TS′′′′ , 

a) U ⊂ U1, J1(P) = J(P), J1(H) = J(H);
b) J(F) ⊂ J1(F) J1(H)

, m ∈ (J1(F)\J(F)) &
J1(H) J(E) m, . 

M1 M. 
, M′′′′ = <U′′′′, J′′′′> - TS, 

:
a) U1 ⊂ U′′′′ J1(P) = J′′′′(P);
b) f S1 =Df J1(P) ∪

J1(H) ∪ J1(F) S′′′′ =Df J′′′′(P) ∪ J′′′′(H) ∪ J′′′′(F) , 
i. m1 J1(E) m2 ⇔ f(m1) J′′′′(E) f(m2);
ii. m ∈ J1(H) ∪ J1(F) m ⊂ f(m), f(m)\m

≠ ∅. 
M′′′′ M. 

, ω = {∅, {∅}, {∅, {∅}}, {∅, {∅}, {∅, 
{∅}}}, ...}, ∅, {∅}, {∅, {∅}}, {∅, {∅}, {∅, {∅}}}, ... 

0, 1, 2, 3, ... . ω*
{..., {{∅, {∅}, {∅, {∅}}}}, {{∅, {∅}}}, {{∅}}}, . . ω* =Df

{α: (∃β ∈ ω\{∅}) (α = {β})}. n ∈
ω -n {n} ∈ ω*. 

ω ∈, 
ω. ω* :

(∀{n},{m} ∈ ω*) ({n} < {m} ↔Df m ∈ n) . 
, ω*

. 
LD = ω* +

ω, . . LD
. ω ω* , E(ω* +

ω) = E(LD) . , |E(LD(x))| = |E(LD)|, 
x ∈ LD, , LD

E- 186. 

                                                     
186 E . 14, §3. LD -

. 14, §4. 
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, ABT-
BECOMING.ABT, 

TS. 

BECOMING.ABT

I1  DELETE X
I2  CHOOSE X | (X LD) & X = Y+

I3  IF X = LD THEN END
I4  DELETE Y
I5  CHOOSE Y | (Y LD) & Y = X+

I6  IF Y = LD THEN END
I7  DELETE X1

I8  CHOOSE X1 | X1 = TS & X1 - Y1

I9  DELETE Y1

I10 CHOOSE Y1 | Y1 = TS′′′′ & Y1 -
X1

I11 DELETE X1

I12 CHOOSE X1 | X1 = TS & X1 -
Y1

& X1 & |Mm(X )| ≤ |Mm\(Mm(X) ∪ Mm(Y) ∪ Mm(X1)
∪ Mm(Y1))|

I13 DELETE Y1

I14 CHOOSE Y1 | Y1 = TS & Y1 -
X1

& Y1 & |Mm(X1)| ≤ |Mm(Y1)|
I15 GOTO I1

BECOMING.ABT
187, 

. 

BECOMING.ABT ABT- @
, 

, , . 
I1 - I6 I15, 

CC_LD. I3 I6, 
, 

BECOMING.ABT. 

M = <U, J> TS, 
I14. , 

                                                     
187 BECOMING.ABT

. 14, §3 §4. 
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BECOMING.ABT, 
, , , 

, -
. 

, 

, 
, . 

« », 

. , , 
. , 
, , 

. 
, , 

I7 . 
M, . 
I8 - - , 

, . I9

. 
, U M. 

( I10)
: . 

-
, 

. I11

. , , 
, 

?

, 

. 
      

, - , 
, ( )

. I12 , 
. I13 , 
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. , 
(

)
I14 . 

-
. . 

I12 I14

TS. (b)
, 

. , 
, 

, 
, 

ω* + ω

. 
( ω* + ω), 

, , 
, , . 

, BECOMING.ABT
  ABT- ?

BECOMING, BASIC
, 

BECOMING.ABT
, 

. 
, 

ABT- . 
f- :

, p- , 
. ABT- , 

f-, p- , t-
. 

π - ABT- I - π, 
↑π , π

ABT- , ↑(I)π
I. , 

{↑(I)π(I)↑}Q , I
, , I
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Q . ABT- π, 
{↑(I)π(I)↑}Q, t- I Q. 

BECOMING.ABT I14, 
. 

, , -
TS. t-

BECOMING.ABT :
{{↑(I14)BECOMING.ABT(I14)↑} Y1 = TS & Y1 . 

t-
BECOMING.ABT. 

{{↑(I14)BECOMING.ABT(I14)↑} Y1 = TS & Y1

, 
BECOMING.ABT - @ = <Mm, Pr>

. Mm
M TS , |E(M)| ≤ |Mm|188. 

  
. 

I14 , , 
. 

, , 
, 

, . 

§4. ABT-

. 
, 189

. 
1.

. , 
. 

                                                     
188 , . . -

. 
: . . . . ., 1991. . 

143 – 150. 
189 .: . ., . . 

// « », 2009, 2 (3). . 132 - 163. 
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2. . 
, , 

, 
. 

3.
, – . 

4. , 
. -

, 
, « ». 

5. :
. 

6.
: . 

, , . 
, . 

. 
, 

, , 
, -

. 

. 
ABT- , 

. , 
. 

1. ( , , )
. 

2. . 
3.

DELETE ( )
CHOOSE ( ). 

4. , , 
. « »

, -
: - , 

, 
!  
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5. m
m– ( m

) m+

( m ). , 
. 

6. , (
), ( !) (

). , 
. 

-
, :

? , . , 
1991 . « », 

- , 
« ». , , 
. 

: « , 
». 

. .

. 
, , 

, . 

. 
- . 

π M, P F, 
(

) M, P, 
M, F, 
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1.

: CHOOSE P | P ⊂ M P ≠ M. M P , 
. F . 

2. M : DELETE M. 
, . P -

. , 
, . F . 
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3. :
CHOOSE F | F ≠ ∅ P ∩ F = ∅. P F

. M . 
4. : CHOOSE | M = P ∪ F. 

. M, P F
. 

5. DELETE P, F. . P
F , M . 

6. GOTO 1. 1. 
, 1 – 6
ABT- π. 

   (π)
1. CHOOSE P | P ⊂ M & P ≠ M
2. DELETE M
3. CHOOSE F | F ≠ ∅ & P ∩ F = ∅
4. CHOOSE | M = P ∪ F
5. DELETE P, F
6. GOTO 1

ABT- π
. 

« » , : , 
( 4), 

( 2). 
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: ?

. , 
ABT- π
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. ABT- π

. , 
, - . 
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, .  
ABT- , 

, 
. 2

4 . 
: ABT- π

. , 
ABT. 

, 
. , 

?
ABT- π*. 

   (π*)
1. CHOOSE | M ≠ ∅
2. CHOOSE P | P ⊂ M & P ≠ M
3. DELETE M
4. CHOOSE F | F ≠ ∅ & P ∩ F = ∅
5. CHOOSE | M = P ∪ F
6. DELETE P, F
7. GOTO 2

, 
DC, DC, DC, DC…… , 
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192. 

. 

CREATE. 
CREATE

  CREATE X0,X1,X2,...,Xn | (X0,X1,X2,...,Xn) , 
Xi - , Xi Xj , 

i≠j. «
X0,X1,X2,...,Xn , 

(X0,X1,X2,...,Xn)». 

                                                     
192 . . ., 1973. 
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CREATE
. Pr ABT- @=<Mm, Pr>

I
  CREATE X0,X1,X2,...,Xn | (X0,X1,X2,...,Xn)

P
  Mm(X0)=∅ & Mm(X1)=∅ & Mm(X2)=∅ &...& Mm(Xn)=∅  

, : . 
P , Pr (

) S0,S1,S2,...,Sn, , 
X0,X1,X2,...,Xn

, I. 
Pr Mm

S0,S1,S2,...,Sn. 
S0,S1,S2,...,Sn, 

I
Mm, , I

. ( . . 
(X0,X1,X2,...,Xn)

S0,S1,S2,...,Sn ) I
, :

  Mm(Si) ≠ ∅ i,  0 ≤ i ≤ n ;
  (S0,S1,S2,...,Sn) . 

, . 
- . 

I1 CREATE X | (X ≠ ∅) & ∀Z(Z ∉ X)
, 

Mm(X) = ∅. (X ≠ ∅) & ∀Z(Z ∉ X) , 
( ). 

( ) CREATE
S, , , 

. 
CREATE S , . . S

. Mm(S)
≠ ∅ (S ≠ ∅) & ∀Z(Z ∉ S). 
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L =(U,{Fi} i∈J), J –
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  ) |J| > 1;
  ) Fi≠Fj, i≠j;
  ) i=(U, Fi) 245 L;
  ) – , Fi( )=Fj( )

i,j∈J. 
Fi (i∈J)

L , 
. , 

L – , 
L, 

( ) L. 
f :

L U. –
L, (U, Fi)

f . :
(U, Fi) f, 

j,k ∈ J , (U, Fj) f
(U, Fk) f. 

i = (U, Fi) 1 (0), 
( ) i f. 

i = (U, Fi) = (U, {Fi} i∈J)
, 

(
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=(U,{Fi} i∈J) 1
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( 1) (U,Fi), (
0) (U,Fi). 

– L – L . 
, . 

, 
. 

L
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L U
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(U, Fj) f (U, Fk) f –
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f, . 
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. = (U, {F1, F2}) ′
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F1(a) = F2(b) = 1 (
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, F1(b) = F2(a) = 1), F′1(a) = 1, 

F′2(b) = 2 ( F′1(b) = 2, F′2(a) = 1). 
(a) P(b) . 

(U, F1) ( ) , F1(a) ∈ F1(P), 
(U, F2) ( ) , F2(a) ∉ F2(P). , ( )

1/0 . , 
(b) 1/0 : F1(b) ∈ F1(P), F2(b) ∉ F2(P). 

(a) ∨ P(b) (U, F1), (a) . 
(U, F2) ( ) ∨ P(b) ( ), P(b). 

, ( ) ∨ P(b)
1/0. 

( ) P(b) ′
1/0, F′1(a) ∈ F′1(P), F′2(a) ∉ F′2(P) F′1(b)

∉ F′1(P), F′2(b) ∈ F′2(P). 
( ) ∨ P(b) ′ . ( ) ∨ P(b) (U, F′1), 
( ) (U, F′1). , ( ) ∨ P(b) (U, F′2), 

P(b) . , ( ) ∨ P(b)
′ 1. 

, , 1/0
1/0, 
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u , u
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∃x P(x) L , 
L - . - . 

, =(U, {F1, F2}) L′ = {P, Q} , 
F1(Q) ≠ F2(Q), F1(P) = F2(P), ∃x P(x)

. 
, L , 

{P1, P2, ..., Pm} ∃x1∃x2

... ∃xn1 P1(x1, x2, ..., xn1) ∨ ∃x1∃x2 ... ∃xn2 P2(x1, x2, ..., xn2) ∨ ... ∨ ∃x1∃x2

... ∃xnm Pm(x1, x2, ..., xnm) ( ni

i) L - . 
, 

-
( , , 

) L . ∃x1∃x2 ... 
∃xn1 P1(x1, x2, ..., xn1) ∨ ∃x1∃x2 ... ∃xn2 P2(x1, x2, ..., xn2) ∨ ... ∨ ∃x1∃x2 ... 
∃xnm Pm(x1, x2, ..., xnm)

= {P1, P2, ..., Pm+1}. -
∃x1∃x2 ... ∃xn1 P1(x1, x2, ..., xn1) ∨ ∃x1∃x2 ... ∃xn2 P2(x1, x2, ..., xn2) ∨ ... ∨
∃x1∃x2 ... ∃xnm Pm(x1, x2, ..., xnm) ∨ ∃x1∃x2 ... ∃xnm∃xnm+1 Pm+1(x1, x2, ..., 
xnm, xnm+1), - . 

, -
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5. L -

L. 
L –

. “ ” . 
= (U, F) L′, L ⊂ L′, 

. , L
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- L , , L -
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=(U, F) f ′=(U, F′)

f, =(U, F) f, ′=(U, F′)
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L. 
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L . , 

L - , 
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L - (
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6.   L - , ) (P ∨ ¬P )

∈ T, ) ∃xPx ∈ T, ) T ; L - ∪{Pa}, T∪{¬Pa}
, a ∈ L . 

L ={P, }, – , –
, =({a,b}, {Fi} i∈{0,1}), F0( )=F1( )=a, 

F0(P)={a}, F1(P)={b}. , – L - ={(P ∨ ¬P ), 
∃xPx, ∀x Px}. ∪{P }, T∪{¬P }   , 
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Fi( )
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, ∀x Px
=(U,{Fi} i∈J) , ∀x Px i=(U, Fi)

i∈J f. ∀x Px
i=(U, Fi) f , ( ) i=(U, Fi)

f. , f j,k ∈ J , 
( ) (U, Fj) f ( ) (U, Fk)

f. , 
, j,k, 

( ) (U, Fj) (U, Fk), 
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( ) 1/0. 
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L

, 1, 2, ..., n, ={∀xP1x, ∀xP2x, ..., ∀xPnx}. 
– . , ∀xPix

j∈J , 
Fj(Pi) U. 
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v w

L , 
v

w. , i Fv(Pi) = U
Fw(Pi) ≠ U, Fv(Pi) ≠ U Fw(Pi) = U, ( |U| >
1) Fv(Pi) ≠ U Fw(Pi) ≠ U. ∀xPix

w, v, – v, w. 
, ∀xPix

. -
∀xPkx . ′ . 

U ′ = (U,{F0,F1}), i
F0(Pi) = U, F1(Pi) = U , i≠k. F1(Pk)
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′: ∀xPix, ∀xPkx, 
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∪L1 ∪ { }. L :
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F F1 F2 . 

F(R)=F1(R)=F2(R). ∀xPix ↔ Ai i≠k
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U, F1(Pi)=F2(Pi)=U. 
∀xPkx ↔ Ak. F1(Pk)=∅

F2(Pk)=V≠U, V⊂U, V≠∅. =(U, {F1,F2})
. 

, ∀xPix (U, F1), (U, F2) i≠k. 
Ai (U, F1), (U, F2), Ai
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Ak (U, F1), (U, F2). 
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∃x Pkx, (U, F1) ∃xPkx , 

(U, F2) . , ∃x Pkx
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Pk (U, Fi)
(U, Fj)  i,j∈J (
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α ∈ U: i,j ∈ J , α ∈
Fi(Pk) α ∉ Fj(Pk), , , α ∉ Fi(Pk) α ∈ Fj(Pk), 

∃x Pkx. 
, , = ∃x Pkx. , 
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( )), 

, . ( &
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: (¬ (P(t) → ¬Q(t)))*
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2- = (U, <Fa,Fb>) L , 

Ga=Fb Gb=Fa, 2- ′ = (U, <Ga,Gb>). 
2- = (U, <Fa,Fb>)

L . ° = (U,F)
L° , , 

L F(P) = Fa(P) F(P°) = Fb(P). 

.
13. L f

(U, Fa) 2- =
(U, <Fa,Fb>) L , , *

f ° = (U,F)
L°. 

n L m
. 

n=0 m . L , 
, L°

* = . F(P) = Fa(P), 
L , , (U, Fa)

f , * f
° = (U,F). 

n=1, m . 
, * = ( )* ( & ¬ \*) ∨ (¬ & \*)248. 

\*
°. 

, , 
. , f. , 

(U, Fa) f (U, Fb) f, , 
(U, Fa) f (U, Fb) f. 

Fa(P) = F(P) ° f, 
Fb(P) = F(P°)

\* ° f. , ¬ \* ° f. (
& ¬ \*) ° f. 
                                                     
248 . 
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, , , 
° f, \*

° f. 
(¬ & \*). 

, f. , 
f , 

. , , 
( & ¬ \*) ∨ (¬ & \*). 

Fb(P) = F(P°) (
L ) \*, 

¬ \* ( & ¬ \*) . , 
Fa(P) = F(P) ( )

, ¬ , (¬ & \*)
. . , 

f , *
° f. 

, i < n j < m
. n

m. , 
KxB, ¬ (B ¤ C), . 

, ( )* = ( *), (¬B)* = ¬(B*) (B ¤ C)* = (B* ¤
C*). , , * C*

. 
, . 

. - , *
. , 

. 3, 
. * = ( )* = ( *)* = * &

¬ *, * & ¬ *
°. 

- , *
. * = ( )* = ( (B*))* = ( * & ¬ *\*) ∨ (¬ * & *\*). 

# D , # D
. 

(
n=0). “ ” , 

# D (# D)*, 
*. , # D ( )

f, (# D)* ( ) °



367

f. , f
* ° f, 

. 
, n=1, 

° :  ( * &
¬ *\*) ° , 

. 
, (¬ * & *\*)

. 
, -

f, ° f. 
f, 

( * & ¬ *\*) ∨ (¬ * & *\*) °
f: , ¬ *\*

, ¬ * ; , 
* *\*. 

. - , , 
*

. 
L - . 2- , 

2- L f, 
f. 

13, *
° f. , 

L°. 
° = (U, F) L°. L°

F(P) = Fa(P) F(P°) = Fb(P), 2-
= (U, < Fa, Fb>) L , 

f, ° , 
. , A* ° f. , *

f, 
*. 

, * . 
L - . 

11, 2- , 
2- ′ = (U, {F, G) -

f. f
F G. F, F = Fa, G = Fb. 

G, F, G = Fa, F = Fb. 
2- = (U, < Fa, Fb>), 
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f . 
13, *

° f. , * , 
, * . 

, -
. 

, 
, 

. 
° L ∪ L°, 

. 
;

∀xA(x) → A(t), A(t) → ∃xA(x);

,→
( )

( )

∀→
→   

( )

( )

→∃
→

( x
A);

(*):

   
*

  

( – L ). 
(*) , 

* L . 
, °

(*), 
A*

, 
L . 

. – ° – °

° ° (
L°) . 

(*) ( )
, ( )

(*). 
1. , ° , 

L . , – °∀ (P°( ) →
P°( )), – °∃ ( P°( ) ∨ ¬ P°( )), – °∀ ((P°( ) → P°( )) → ( P( )
→ P( ))) . . 
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L , , 
L° – L , 

, 
L . 

, . 
5 13, 

( ) (b) :
( ). -

. 
(b). L - , 

*
. 

14. – ° , - . 
- , ∀xA(x) → A(t)

A(t)→∃xA(x) , -
, , 

. 
4- (*). 

(*). 
, 

(*) . 
, * (*)

, 

. – ° * * . 
( ) - . 

-
- . 

– ° . (b) -
. 

, m n
(*). , 

- . m+1

, m+1 -
. m+1 n+1

(*), m ° *, , 
, - . *

L°, 
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( ) * . *

( . . – ° *). (b) - , 
. 

1. ° . 
:

2. °

°. 
– ° , 

L°, , 
– ° . , 

, - , 
1. 

15. L   - , –

° . 
-

L, ( ( )). 
, – ° , ° °, °
( L). 

- L
« », * ° ( (b)). 

, – ° , ° °. 
14 15

° L
. 

2. , – ° , 
(*). 

- 1. 
° ( - (*))

- °, 
L

° L°. , 
° - , , -

, L ∪ L°. , 
1, L . 

16. – L , – °(¬ ). 
, – °(¬ ). , *

, (¬ )* = ¬( )* = ¬[ (( *
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& ¬A*\*) ∨ (¬ * & A*\*))]*. 
, 

. ¬[ ]* = ¬[ & ¬¬¬¬ ]. ¬[ & ¬ ]
. * , 

(¬ )* = ¬( )* = ¬[ ( * & ¬A*)] = ¬[( * & ¬A*) & ¬( * &
¬A*)], . 

17. – L , – °( ( ¤
B) → ( ∨ )). 

* B* , ( (A* ¤
B*))* (A* ¤ B*) & ¬(A* ¤
B*), , . , 

* , *
. ( ( ¤ ) → ( ∨ ))* = ( ( ¤ ))* → ( ∨ )*

= [[(A* ¤ B*) & ¬(A*\* ¤ B*)] ∨ [¬(A* ¤ B*) & (A*\* ¤ B*)]] → [[(A*
& ¬A*\*) ∨ (¬A* & A*\*)] ∨ (B* &¬B*)]. 

, [[(A* ¤ B*) &
¬(A*\* ¤ B*)] ∨ [¬(A* ¤ B*) & (A*\* ¤ B*)]] → [(A* & ¬A*\*) ∨ (¬A*
& A*\*)]. , 

¤. 
, A* , B* . 
( )

( ( ¤ ) → ( ∨ ))* = [[(A* ¤ B*) & ¬(A* ¤ B*\*)] ∨ [¬(A* ¤ B*)
& (A* ¤ B*\*)]] → [(B* & ¬B*\*) ∨ (¬B* & B*\*)], 

¤. , A*, B*
, ( ( ¤ ) → ( ∨ ))*

= [[(A* ¤ B*) & ¬(A*\* ¤ B*\*)] ∨ [¬(A* ¤ B*) & (A*\* ¤ B*\*)]] →
[[(A* & ¬A*\*) ∨ (¬A* & A*\*)] ∨ [(B* & ¬B*\*) ∨ (¬B* & B*\*)]]. 

. 
18. – °( ∃xP(x) → ∃x P(x)). 
∃xP(x) → ∃x P(x). ( ∃xP(x) → ∃x P(x))* =

( ∃xP(x))* → ∃x( P(x))* = [(∃xP(x) & ¬∃xP°(x)) ∨ (¬∃xP(x) &
∃xP°(x))] → ∃x[(P(x) & ¬P°(x)) ∨ (¬P(x) & P°(x)]. 

, – ° ∃xP(x) → ∃x P(x). 
19. ∃x P(x) → ∃xP(x), ∀x P(x) →

∀ ( ), ∀ ( ) → ∀x P(x) °. 
∃x P(x) → ∃xP(x) - , 

, 
. F1( ) = S S ≠ ∅, 

F2( ) = S′, S ⊂ S′ S ≠ S′. -
S′ – S . S′ – S
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, , 
, 

∃x P(x). ∃xP(x) - , 
∃xP(x) . 

, ∃x P(x) → ∃xP(x) - . 
15, ∃x P(x) → ∃xP(x)

°. 
∀x P(x) → ∀xP(x). (∀x P(x) →

∀xP(x))* = ∀x( P(x))* → ( ∀xP(x))* = ∀x[(P(x) & ¬P°(x)) ∨ (¬P(x) &
P°(x))] → [(∀xP(x) & ¬∀xP° (x)) ∨ (¬∀xP(x) & ∀xP°(x))]. 

, ∀x P(x)
→ ∀xP(x) - . 15, ∀x P(x) →

∀xP(x) °. 
, ∀xP(x) → ∀x P(x). 

- . S = U, S′ ⊂ S
S ≠ S′. , 

:
. , ∀xP(x)

« ». ∀x P(x) -
, S ∩ S′

. 
, , . 

∀xP(x) → ∀x P(x) -
, , ∀xP(x) → ∀x P(x)

° 15. 
20. , – ° . 

12, L
, - . , 15, 

°. 
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