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Chyorch tezizi. Qiymatlarni hisoblash algoritmi mavjud har ganday
funksiya Tyuring mashinasida hisoblanuvchi funksiyadir.

Bu tezis algoritmlar nazariyasining asosiy tezisidir.

Algoritm tushunchasini Tyuring mashinasi orqgali ifodalash ko‘pgina
ommaviy muammolarning algoritmik yechimi mavjud emasligini isbot gilish
imkonini hosil gildi. Lekin birorta ommaviy muammo algebraik yechimga ega
emas degani, muammo umumiy holdagina yechimga ega emasligini bildiradi,

xolos. Har bir xususiy hol 0°z yechimiga ega bo‘lishi mumkin.

Takrorlash uchun savellar
1. Tyuring mashinasi hagida tushuncha bering.
2. Tyuring mashinasida realizatsiya qilinadigan algoritmlarga misollar
keltiring.
3. Chyorch tezisi ma’nosini tushuntiring.

4. Tyuring usulida hisoblanuvchi funksiya hagida ma’lumot bering.
Mashqglar

1. Standart boshlang‘ich vaziyatdagi 01...10 so‘zni o°‘z-
H_/
X
0°ziga o‘tkazuvchi Tyuring mashinasini shunday quring-ki, mashina to‘xtaganda,
karetka chetki chap katakchada bo‘lIsin.

Quyidagi funksiyalarni hisoblovchi Tyuring mashinalarini quring :

f(x)=x+1;

f (X1, X2, X3) =Xz
fF(xy)=x-y;
)=
f(x)=2x+1.
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V1.5- §. Algoritmik yechimga ega bo‘Imagan

masalalar na’munalari

Algoritmga aniq ta’rif berilganidan so‘ng berilgan ommaviy muammolar
algoritmik yechimga ega bo‘lish yoki bo‘Imaslik masalasini hal etish imkoniyatlari
paydo bo‘ldi. Algoritmik yechimga ega bo‘lmagan masalalar na’munalarini ko‘rib
chigamiz .

1936-yili A.Chyorch tomonidan predikatlar hisobi uchun formulalarning
umumgiymatli bo‘lish yoki bo‘lmasligini hal giladigan algoritm mavjud emasligi
isbotlandi.

4.1-ta’rif. Biror bir alifboning so ‘zlar to‘plami o zining chekli sondagi
0 ‘rniga qo ‘yish goidalari bilan birgalikda assotsiativ hisob deyiladi.

Assotsiativ hisobning ixtiyoriy ikkita so‘zi uchun bu ikkita so‘zning teng
kuchli bo‘lish-bo‘Imaslik masalasi assotsiativ hisobda so‘zlarning ekvivalentlik
muammosi deyiladi.

Bu masala 1911-yilda e’lon gilingan. 1946-47-yillarda rus matematigi
A.A.Markov va amerikalik matematik E.Postlar ekvivalentlik muammosi
algoritmik yechimga ega emasligini hal etganlar.

1955-yilda rus matematigi P.S.Novikov gruppalar nazariyasida so‘zlar
ekvivalentligi muammosi algoritmik yechimga ega emasligini isbotladi.

1900-yilda matematiklarning Parijda bo‘lib o‘tgan ikkinchi halgaro
kongressida yechilishi giyin bo‘lgan 23 ta matematik muammolar e’lon qilindi.
Shu muammolarning o‘ninchisida har qanday butun koeffitsientli n ta
o‘zgaruvchili ko‘phad butun ildizlarga ega bo‘lish, bo‘lmasligini aniglaydigan
algoritm bor yoki yo‘qligini aniglashdan iborat edi. Bunday ko‘phadlarga
quyidagilar misol bo‘ladi :

f(x,Y,2)=x"+Yy+7"-2xyz,

f(x)=58>-x"+x+15.
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Hususiy holda butun koeffitsientli bir noma’lumli

f(x)=ax"+ax" +...+amx+a, (ag#=0)
ko‘rinishdagi n darajali ko‘phadning butun yechimlarini topish algoritmi mavjud
ekanligi ma’lum.

1968-yili yugorida keltirilgan masala umumiy holda algoritmik yechimga

ega emasligi Yu.Matiyasevich tomonidan isbot gilindi.
To’plamlar nazariyasi va matematik mantiq elementlarini

takrorlash uchun mashqglar

1. ABc M={l,...,20} to‘plamlar uchun quyidagilarni aniglang:
A\B,B\A,A «vB,An B, A’,B":

1.1. A={1, 3, 5}, B = {11, 13, 15};

1.2. A={2, 4, 6}, B ={12, 14, 16};

1.3. A={7,9, 11}, B = {17, 19};

1.4. A={2, 3,5}, B = {10, 13, 18};
15.A={3,5,7}, B=1{1,3,5};

1.6. A={1, 4, 5}, B ={1, 4,5}
1.7.A={11,13,14}, B={11,12,13};
1.8.A={5,86, 7}, B ={1, 11, 15}

1.9. A={10,13,15}, B={1, 11, 15});

110.  A={4,5}, B = {17, 18, 19};
111. A={3,5 7} B={8, ..,15})

112. A={l1...,5, B={l,...13}%
113. A={1,...,10}, B={11,...,15)
114.  A={5,...,15}, B={10,...,19};
115,  A={1,2,3,4}, B={11,12, 13, 14};
116.  A={1}, B={10,...,15};
117. A={3,..,15}, B={12, 13, 15}
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1.18.
1.19.
1.20.
1.21.
1.22.
1.23.
1.24.
1.25.
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A= {5}, B={L...15)
A={4,5, 6}, B = {12, 13, 15};
A={1,...,18}, B={l, 15}
A={7,..,15}, B={l12,...,15});
A={10,...,15}, B={l1,..,15};
A={3,...,8, B={2...,10}
A={5,...,12}, B={12...,15);
A={l,...,5, B={2...,7}

2. Quyidagilarni isbotlang va Eyler - Venn diagrammalarini tuzing:
2.1. (A\B)\C=(A\C)\(B\ C).
22. A\(B\C) cA LC.
2.3. (A\C)\(B\A) cA\C.
24. A\C c(A\B) v(B\C).
25. (A\B) xC=(A xC)\ (B xC).
26.Ax(B\C)=(AxB)\(A xC).
2.7. (A uB)’n(A”uB))’=A UB.
2.8. (A UB) xC=(AxC) u(B xC).
2.9.A x(BC)=(AxB) N (A xC).

2.10.
2.11.
2.12.
2.13.
2.14.
2.15.
2.16.
2.17.
2.18.

(ANB) x(C D)= (A xC) n(B xD).
AcBcC=AuB=BnC.

AcB = A\CcB\C.

AcB = AnCcBnC.

AcB = AuCcB uC.
BcAAC=A\B =A=B uC.
AzBABNC=g = AuC B uC.
C=A\B=BnC=4g
BNC=IAANC==>A\B =D
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2.109. AcC=AuBnC)=(AuB)nC.
2.20. A\(BNC)=(A\B) v(A\B).

3. R, S, T - binar munosabatlar uchun quyidagilarni isbotlang:
31. (RNS)“=RYNSY
3.2.(RUS)Y=RYUSY.
33.Ro(SoT)=(RoS)oT.

3.4. (RoS)Y=S"Y0RY,

35. (RUS)oT=RoT USoT.
3.6.Ro(SUT)=(RoS) UR oT).
37.(RNS)eTcRoT NS oT.
38.Ro(SNT)cRoSARoT.
39. Dom(R“)=ImR..

3.10. Im (R “) =DomR..
3.11. Dom (R oS) « Dom S.

3.12. Im(R ©S) = ImR.

3.13. (R\S)Y=RY\S ",

3.14. R, S - tranzitiv = R US,R NS, R Y, S “ - tranzitiv.
3.15. R,S-refleksiv = R US,RNS,RY,S “-refleksiv.
3.16. R, S - simmetrik = R US, RS, R“, S~ -simmetrik.
3.17. R, S - ekvivalent = R US,RnS,R“, S “-ekvivalent.

3.18. R, S - gat’iy tartib = R US, RS, R“, S - qat’iy tartib.

3.19. R, S - gisman tartib = R US, RS, R “, S “-gisman tartib.
3.20. R, S - chizigli tartib = R S, RS, R, S “- chizigli tartib.
3.21. R, S - antirefleksiv = R US,R S, R, S 7 - antirefleksiv.

3.22. R, S - antisimmetrik = RS, R»NS,RY,S Y-

antisimmetrik.
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3.23. AcB = A xC cB xC.
3.24. AUBcC=AxB=(AxB)»(C xB).
3.25. (AxB) vU(BxA)=CxC=A=B=C.

4. M={1,2,...,20} to‘plamda berilgan quyidagi binar munosabatlarning

xossalarini tekshiring va grafini chizing:

41. R={<x,y>|xyeMax<y+1}

42.R={<x,y>|xy eMax*=y*}.

4.3. R={<xy>|xy eMalx| =1y }.

4.4, R={<x,y>|xyeMax:y}L

4.5. R={<x,y>|xyeMax<y}

4.6. R={<x,y>|xyeMax<y }

4.7. R={<x,y>|xyeMax=y}

4.8. R={<x,y>|xy eMaxX’+x=y*+y}

4.9. R={<x,y>|xy eMaxX*+y*=1}

4.10. R={<x,y>|xy eMax:yvx<y }L

4.11. R={<x,y>|xyeMakx-y). 2}

4.12. R={<x,y>|xyeMax+y=121}.

4.13. R={<x,y>|xyeMax+y<7}

414, R={<xy>|xyeMax+y=20}

415, R={<xy>|xy eMax+y>20}.

4.16. R={<x,y>|xyeMakx+y) 5}

4.17. R={<x,y>|xyeMaXx>yax:3)}

4.18. R={<x,y>|xyeMax+y>10}

4.19. R={<x,y>|xyeMax-y>5}

4.20. R={<x,y>|xyeMax+y=10}.

4.21. R={<x,y>|xyeMax+y=21}
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4.22. R={<x,y>|xyeMax-y=2}
4.23. R={<x,y>|xyeMax-y=-21}
4.24. R={<x,y>|xyeMax-y=4}
4.25. R={<x,y>|xyeMax-y=6}

5,R=AXxB,S=BxA binar munosabatlar uchun R0S,SoR, R*, S* larni

aniglang:

51. A={1, 3,5}, B ={11, 13, 15};

52. A={2, 4, 6}, B ={12, 14, 16},

53. A={7,9, 11}, B ={17, 19};

54 A={235},  B={10, 13, 18}

55. A={3,5, 7}, B={1, 3,5}

56.A={1,4,5}, B={l,4 5}

57. A={11, 13, 14}, B={11,12, 13};

58. A={5,6, 7}, B ={1, 11, 15};

5.9. A={10, 13,15}, B={1,11, 15},

5.10. A ={4, 5}, B ={17, 18, 19},

5.11. A={3,5, 7}, B=4{8,...,15};

5.12. A={1,2,3,4}, B={3,...,6}

513. A={3,...6}, B={4 ... 8}

5.14. A={5...,9}, B={8,...,12};

515.  A={1,2,34}, B={ll,12, 13, 14}:

5.16. A={1}, B ={10,...,15};
5.17. A={3,...,10}, B={12,13,15};
5.18. A = {5}, B={1,...,7}

5.19. A={4,5,6}, B = {12, 13, 15};
5.20. A={1,...,9}, B={1, 15}

5.21. A={4,...,9}, B={23 5}

5.22. A={7,...,11}, B={1112,13,15};
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523.  A={6,...,9}, B={13, 14,15}
524.  A={11,...,15}, B={11, 15}
525.  A={8,...14}, B={11,...,15}%

6. Berilgan A to‘plam va undagi S binar munosabat yordamida A F S
faktor-to‘plamni aniqlang:

6.1. A - tekislikdagi to‘g‘ri chiziqlar to‘plami, S - parallellik munosabati.

6.2. A - tekislikdagi to‘g‘ri to‘rtburchaklar to‘plami, S - o‘xshashlik
munosabati.

6.3. A - tekislikdagi to‘g‘ri burchakli uchburchaklar to“plami, S -
o‘xshashlik munosabati.

6.4. A - tekislikdagi romblar to‘plami, S - o‘xshashlik munosabati.

6.5. A - tekislikdagi to‘rtburchaklar to*plami, S - o‘xshashlik munosabati.

6.6. A={ax+by+c=0|ab,c € R},S- parallellik munosabati.

6.7. A={ax+by+c=0|ab,c € R},S- tenglik munosabati.

6.8. A - tekislikdagi uchburchaklar to’plami, S - o’xshashlik munosabati.

6.9. A - tekislikdagi muntazam ko‘pburchaklar to‘plami, S - o‘xshashlik
munosabati.

6.10. A - tekislikdagi to‘rtburchaklar to‘plami, S - "yuzalari teng"
munosabati.

6.11. A - bir ko‘chada joylashgan binolar to‘plami, S - "gavatlar soni teng"
munosabati.

6.12. A - bir k‘chada joylashgan binolar to‘plami, S - "xonalar soni teng"
munosabati.

6.13. A - bir k‘chada joylashgan binolar to‘plami, S - "egallagan yer
maydonlari teng" munosabati.

6.14. A - tekislikdagi aylanalar to‘plami, S - "radiuslari teng" munosabati.

6.15. A - tekislikdagi doiralar to‘plami, S - "yuzalari teng" munosabati.
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6.16. A - maktabdagi sinflar to‘plami, S - "o‘quvchilar soni teng"
munosabati.

6.17. A - maktabdagi sinflar to‘plami, S - "gizlar soni teng" munosabati.

6.18. A - sinfdagi o‘quvchilar to‘plami, S - "ismlari bir xil harfdan
boshlanadi" munosabati.

6.19. A - sinfdagi o‘quvchilar to‘plami, S - "ismlarda a harfi bir xil marta
gatnashgan" munosabati.

6.20. A={ax+by=0|a,b,c R},S - parallellik munosabati.

6.21. A - tekislikdagi kesmalar to‘plami , S - parallellik munosabati.

6.22. A - tekislikdagi kesmalar to‘plami , S - tenglik munosabati.

6.23. A - tekislikdagi vektorlar to‘plami , S - parallellik munosabati.

6.24. A - tekislikdagi vektorlar to plami , S - tenglik munosabati.

6.25. A = Z , S-"ptubsonga bo’lgandagi qoldiqlari teng" munosabati.

7. Mulohazaning rost yoki yolg‘onligini aniglang:

7.1. 2 e { x| 2x*— 3x*+1=0, xe R}.

x® -1

7.2. -3 e{X 5—=<-2,xeR}
X+ 2
2n+1

7.3. 3e{n| 3n_2,neN}.

7.4. {1;1,2} c{x|xX*+xX-x-1=0,x € Z}.
7.5. {XxX*+x*-x-1=0,xe Z}c{1;12}.
7.6. Xx(x<0=x>0),x e {0,1,2}.
1.7, 2<3;2>3;,2-2<54; 2-2>4,
78, 2-2=4 A2-22>05.
7.9. (xeT) (&®+b®=c?), T uchburchaklar to‘plami va a, b, ¢ uchburchak
tomonlari..
7.10. A A (X* > 0), A —rost mulohaza.
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7.11.(x,yeN)(§:>%).

7.12.{x|0¢+3x-1=0) A (X>0)} = {0; 1}.
7.13. (x € R) (f(x) > 0), f(x) = x> —4x + 3.
7.14.15:5<15: 3.

7.15.15:3 < 15: 6.

7.16.11:6 = 11: 3.

7.17.12:6 =12: 3.

7.18. (x € N) (x -3 >4).

2X-5
X

7.20. (x e A) (x<10),A={1, ..., 10}.
721. (xe A)(x+5< 15),A={1,..., 10}.
7.22.(Xx,ye A (x-y <10),A={1,..., 10}.

7.19.x e R) ( € R).

7.23. (X,yeA)(%eA),A:{l ..... 10}.

724.(xe A)V(yeB) (x<y),A={1,..., 5},B={5,..., 10}.

7.25.xe A)V(yeB)(x: y),A={4k|keZzZ}, B={1,2,4}.
8. Formulaning turini aniglang :

8.1  (/(xXvY)= /(X AY)).

82. (X=Y)=(N = /x.

83. (X=(Y=X AL

84. X=(X=Y)vZ

85. (X AY) <Y) =2 =Y).

86. (X=2Y)a(Y=2)=(X=2Y).

87. (X=2)=(Y=2=XvY=2).

88. (X=Y)=(Xv2)=(Y v2).

89. (XK=(=2)=(X=2Y)=X=2).
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8.10.
8.11.
8.12.
8.13.
8.14.
8.15.
8.16.
8.17.
8.18.
8.19.
8.20.
8.21.
8.22.
8.23.
8.24.
8.25.

9. Berilgan formulalar teng kuchli ekanligini isbotlang:

9.1.
9.2.
9.3.
9.4.
9.5.
9.6.
9.7.
9.8.

X=Y)=2(XAZ2) = (Y A2).
XAY)=ZeX=2(Y =22).
XAY)=Ze(XA/2) = Y.
X=Y) XA M.

X=2)A Y = /X
X=2Y)=2XAZ=Y 2.

X=2Y)A(Z=2T)=2XKXAZ=YAT).
X=2VA(Z=2T)=2KvZI=2Y V).
X <Y) < (/(X=Y) v /(Y =X).

X AY)=@ZAIZ=X v2).
XeY)eX=2Y)a(Y =X).
X=2V)A(Z=X)vYalZ
(/XeDAY)v XvZ)e Z.
XSZ=2Yv/XAlZ.
Y=/YvXaZes /X,
XAZvYaXeas Y= /X,

XvY)A(X v /Y) =X

XAYVZAT =XvDAY VvDOAXVvT)AY vT).
XvY)A(ZvT) = XAZVvYAZVvXAT VY AT.

X = XAYAD vXAY AT vXA Y AZ) v(X A Y ATZ).
X=Y =2

= Y =2

X=7 = Y= /X

XAY v XAY v XA Y =X=Y.

XeY

/X < /Y.
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9.9. Xv(/XAY) = XY,

9.10. X=>(X =Y) = /X Y.

9.11. (XA M) vX=2Y)AX =X VY.

9.12. X =Y)A(XVvY) = XAaY.

9.13. X=2)A(Y =22 =@Z=X) =Xv/Z

9.14. Xv N =2@Z=2Yv WvX)AX VX = (X =X))=Y =X =Y.
9.15. XA [XANX Y AN)=Z) vXv(Y AZ) v(Y £2Z) = 1.

9.16. XA (Y vZ=2Y V) v(Y AXAN) vX v(Y AJ(XATX) =X VY.
9.17. X=2Y)A(Y=22) =(X=2) = 1

9.18. XAZD) vIXAJZ) v(Y AZ) v(/XAY AZ) = XVvYALZ

9.19. X vY=/XvY)aY = V.

9.20. Xv(YAnZ) = XvY)A(Xv 2).

9.21. Xv(Y =Z) =X = [(/XAN)YA (/XAZ).

9.22. XvY v (IXv ) = (XAN)=(XAY).

9.23. ((XvYVvZ)=X)vZ = N/XAYAJZ).

9.24. (X V(Y AZNATZ = I(XA(N Vv IZ)vZ).

925. XvYv/Z = [(XAY)v/Z)= (XAZ).

10. Dekart koordinatalar tekisligida predikatning rostlik sohasini tasvirlang:

2
10.1 X +3x+2<

© X2 +4x+3 0.

10.2. Jx?-1=-3.
10.3. 2x*+x—30> 0.

Xx*> —5Xx + 6
<
x> —2x-3

105. (x>2) A (yz1) A((X<-1) Ay <-2)).
10.6. X + 3y =3.

10.4. 0.
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10.7. x-y >0.

10.8. sinx =siny.

10.9. (x—2)*+ (y+3)*=4.

10.10.1gx =1gYy.

10.11.(Xx > 2) A (y < 2).

10.12.(x =y) v (|X| £ 1).

10.13.(x > 3) = (y < 5).

10.14.x+y=1.

10.15.(X>2) A (Y= 1) A (X <-1) A (y <-2)).
10.16.(sinx > 0).

10.17.(X>-2)A(YZ2)) A (X<1) A (Y<2).
10.18.(|[x +2|<0).

10.19. (x-1)%+y?=4)A(y=x).
10.20.(2x° + x — 1 < 0).
10.21.(x2+2x+1=0) A (2x+3=0).

10.22. X <o.
x—1
10.23.(3x-5=0) A (x?-1=0).

10.24.3x* - 2x+4>0.
10.25. (x+1)*+(y+2)*=9) A (3x-5=0).

11M={1,2,...,20} to‘plamda quyidagi predikatlar berilgan:
AX): "1 (x 1 5)" B(X): "x — juft son"; C(x): "x — tub son"; D(X): "x 3ga

karrali". Quyidagi predikatlarning rostlik sohasini toping:

11.1. A(X) A D(X) = 1C(x).
11.2. A(X) A C(X) = | D(X).
11.3. A(X) = B(X) A 1C(X) .
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11.4. D(x) = 1C(X) v 1A(X) .
11.5. C(x) = 1 (B(X) v D(x)).
11.6. A)x) v |B(X) v D(X).

11.7. B(X) v ID(XX) A A(X).

11.8. B(X) v D(X)< A(X) A C(X) .
11.9. B(X) v D(x) A 1C(x).
11.10.C(x) v D(X) = A(X) A B(X) .
11.11.B(x) v C(X)= D(x) .
11.12.A(x) v B(X) < | C(x) .
11.13.A(X) A B(X) A D(X).
11.14.B(x) A |D(X)v A(x) .
11.15.A(X) A B(X) = D(x).
11.16.A(X) A 1 C(X) v B(X) .
11.17.B(X) A 1C(X) A D(x).
11.18.A(X) A B(X) A 1D(X).
11.19.A(X) v B(X) A 1D(X).
11.20.B(X) A 1C(x) A D(x).
11.21.A(X) A C(X) v I D(X) A1 B(X) .
11.22.D(x) = B(x) v C(X) A A(X) .
11.23.A(X) < |B(x) A D(X) v C(X) .
11.24.C(X) A I B(X) = A(X) v D(x) .
11.25.(B(x) = C(xX) A A(X) vD(x)) .

12. Teng kuchli almashtirislar orgali quyidagi formulalarni MKNFga
keltiring:

121. (IXAZ)V(Y AZ);

122. (XVvY)AZ;
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123.(IXVY)A(XVZ);

124. (IXAY)V(ZAT);

125. (XAYAZ)VT;

126. XAY AZ;

127. (XAY)V(YAZ)V(ZAT);
129. XvYV(I1ZAT):;

12.10. (XAY) Vv Z;
1211 XAY AZAT;

12.12. (Xv IY)A(IXvYvZIAlZ.

13. Teng kuchli almashtirislar orgali quyidagi formulalarni MDNFga
keltiring:

131 [(XVZIA(X=Y);

132.(XaY)Al(Z2=>T);

133. (XV(YAIZNDA(XVZ);

134 (X=>Y)=(Z= IX)=(lYy=12);

1B5.(X=(Y=Z)=(X= 1Z)=(X=1Y)).

14. Mulohazalar hisobida quyidagi formulalar keltirib chigariluvchi ekanligini
isbotlang:

141. A=A,

142. (1A= A)= A;

143. (1A= 1B)=(B=A).

15. Quyidagilarni isbot qiling :
151.F,G,F=(G=H) }H;
152.F=G,G=>H F=H;
153.F=(G=>H) G=(F=H);
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154. [G= |F FF=G.
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Vuv $cellanmasi pedagogika universitetining matematika -informatika
ycenalishi, bakalavr beelimi ceSuv rejasiga kiritilgan «Matematik mantis va
algoritmlar nazariyasi elementlari» fani davlat ta’lim standarti va ceSuv dasturlari
asosida yozilgan beelib, 6 bobdan iborat. Boblarni tashkil etuvchi paragraflar
oxirida takrorlash uchun savollar va mashslar keltirilgan.

Mazkur ceSuv Scellanma na fasat pedagogika universiteti talabalari balki
akademik litsey va kasb-kunar Kollejlari ceSituvcxilari, ceSuvexilari uchun kam
mceljallangan.

Annotatsiya

Dannoe uchebnoe posobie napisano na osnove Gosudarstvennogo standarta i
uchebnoy programmo* predmeta "Elemento‘ matematicheskoy logiki i teorii
algoritmov" vvedennogo v uchebnuyu programmu spetsial’nosti matematika-
informatika pedagogicheskogo universiteta.

Uchebnoe posobie sostoit iz 6 glav. V kontse paragrafov privedeno*
voproso* dlya povtoreniya i uprajneniya.

Uchebnoe posobie rasschitano ne tol’ko dlya studentov pedagogicheskogo
universiteta, a takje dlya uchiteley i uchahixsya akademicheskix litseev i
professional’no‘x kolledjey.

The summary

The given manual is written on the basis of State standard and educational
program of a subject " Elements of mathematical logic and theories of algorithms "
entered in the educational program of a speciality mathematics - computer science
of pedagogical university.

The manual consists of 6 chapters. At the end of the paragraphs the
questions for recurrence and exercise are given.

The manual is designed not only for the students of pedagogical university,
and also for the teachers both learning academic Liceums and professional
colleges.
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