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1 ®opmyJibl JIOTUKHN MTPEANKATOB

YnpaxxHenue 1.1
1. ¥ ={L?%} L(z,y) — x arobum y
Ve L(z,z) — Jy Iz L(y,2)

P(x) — - 3adava
M(z) — - mamemamuk
2% = {PL, M, S%,C2,q,b} g(ac) —  3adaua T - paspewuma
(x,y) — Mamemamur T Mmodcem pewums 3a0aua y
a —  Koncmawma <«f»
b —  KOHCManma «ama 3a0aya»

(Ve (P(2)&S(z) — Fy(M(y) & Cly,2)))) & (M(a)&e=C(a,b)) — S(b)

3. ¥ ={C3a} { C(z,y,t) — 1z Mmoorcem obManymov Y 6 MOMEHM, GPEMENU T }

a —  Koncmanma «Bbis
(3t Vo Cla,z,t)) & (3z Yt (Ca,z,t)) & ~(Vz ¥t Cla, z,t))
Ynpaxkuenne 1.2
1. 3z (Vy (B(y) & C(y) & U(w,y))) & S(x)
2. Vo Vy (B(z) & S(z) & W(y) & C(y) — ~Ul(y,z))
3. Vo (B(z) — (S(z) &(Vy W(y) & Cly) — Uly,2))) vV (C(z) & By (S(y) & U(z,y)))))
4. Yz Yy (B(z) & C(z) & W(y) & S(y) — ~(U(z,y) VU(y,2)))

5. (Va (S(z) — B())) — (¥ (Cly) — ~W(y)))
6. ¥z (~(C(z) & W(2) & (32 (S(2) & U(,2))) — B(@) & (vz (W(z) — U(z,1))))

(W
w(

VYnopaxkaenue 1.3

1. Yz Vy (P(x) & P(y) & -E(z,y) —
3k (L(k) & B(z,k) & B(y, k) & (Vs (L(s) & B(z,s) & B(y,s) — E(k,s)))))

2. Vi (P(i) & L(z) & L(y) & B(i,z) — —B(i,y)) [= Par(z,y)]

3. Vo (L(z) — Vy (P(y) & =B(y,z) — 3k (L(k) & B(y, k) &
Par(x, k) & Vs (L(s) & B(y,s) & Par(z,s) — E(k,s)))))

Vnpaxuenue 1.4
1. Z(z) =Vy S(y,z,y)
2. O(z) =Vy P(y,z,y)
3. T(x) =3k Yy (P(y,k,y) & S(k,k,x))
4- 3y (Z(y) & S(z,y,n))
5. Jy 3z (T(y) & P(z,y,x))
6. (Vk VI (P(k,l,x) — (O(k)vO())) & =(0O(z) vV Z(x)))
1. E(z,y) =3k ((Vy S(y. k,y)) & Sz, k,y))
2. L(z,y) = 3k ((3z ~S(k,z,k)) & S(x, k,y))
3. F(z,y) = 3k P(y,k,z)



2 BpiBojg ceMaHTHYECKUX TaOJINIL

YnpaxkHenue 2.1
1. 3z P(z) & 3z - P(x)

e Bunoanuma o
Dy ={0,1}, P(0) = true, P(1) = false
e He obuesnaruma
Dy = {0}, P(0) = true
2. 3z P(z) V 3z - P(x)

o Obuwesnavuma

0| 3z P(z) v Jz - P(z))

[

(0| 3z P(z), Iz — P(x))

|

(0] 3z P(z), Iz = P(x), P(c1))

|

(0 | 3z P(z), 3z = P(z), P(c1), ~P(c1))

|-
<P(c1) | 3z P(z), 3z - P(2), P(c1)>

3axpuimasn mabiuya

3. 3z Vy (P(z) & —P(y))

o Hesvnoanuma
Jlokaotcem HEBBIMOAHUMOCTNG NYMeM J0KAZAMENDCNEA 00ULEL3HAYUMOCTNY OMPULAHU

(Fz vy (P(x) & —P(y))|0)

L3

(Vy (P(c1) & ~P(y))|0)

LV

(Vy (P(c1) & —~P(y)), P(c1) & =P(c1)[0)
L&

(Vy (P(c1) & ~P(y)), P(c1), ~P(c1)|0)
L

(W (P(er) & ~P(y)), P(ey)|P(c1) )
Saxpoimas mabauya

4. P(z) — Vz P(x)

e Bunoanuma
D; = {0}, P(0) = true
e He obwesnaruma -
Dy ={0,1}, P(0) = true, P(1) = false

5. Vo P(z) — P(x)



o Obwesnavuma (ovesudro)
6. Yy 3z R(xz,y) — Jx Vy R(z,y)

° anomwmaf

D; ={0}, R(0,0) = true
e He obwesnaruma

DI :N7 R(l‘,y) =z >y

7. Vz P(z) — V2 Q(x)) — Vz (P(z) — Q(z))

o Bunosnuma
Dr =N, P(z) = Q(x)
e He obwesnarvuma
Dr = N,P(z) = (z mod 2 == 0), Q(x) = (z mod 4 == 0)

YaopaxkHeHue 2.2

1. 3z P(z) — —Vx =P(z)

Ty = (0| 3z P(x) — —Vx =P(x))

R—
Ty = (3z P(x) | -Vx —P(x))
L3
Ty = (P(c1) | ~Va ~P(x))
R~
Ty = (P(c1), Vo ~P(x) | 0)
LY

Ty = (P(c1), Yz ~P(z), ~P(c1) | 0)

L—

T5 = (P(c1), Vo =P(x) | P(c1))
Baxpoimas mabauya

2. 3aVy R(z,y) — Vy3z R(z,y)
Ty = (0| 3zVy R(z,y) — YyIz R(x,y))
R—
Ty = (JaVy R(z,y) | Yy3z R(z,y))
L3
Ty = (Vy R(c1,y) | VyIz R(z,y))
RY
Ty = (Vy R(cr,y) | Iz R(z,c2))
R3
Ty = (Vy R(c1,y) | Iz R(z,c2), R(cr,c2))
v

Ty = (Vy R(e1,y) . Rle,e2)| 3z R(z,c2), Rlerco))

4



Baxpwmas mabauya
3. Vz (P(z) — Jy R(z, f(y))) — (Gx —P(z) V VaIz R(z,z))

Ty = (0| Yz (P(z) — 3y R(z, f(y))) — (Bz ~P(z) V Va3z R(z,2)))
A
T, = (Vz (P(z) — 3y R(z, f(y))) | 3z =P(z) V Va3 R(z,z))
v

Ty = (Vz (P(x) — Jy R(x, f(y))) | Iz -P(x), Ya3z R(zx,2))

RY
Ts = (Vo (P(z) — 3Jy R(z, f(y))) | Iz ~P(z), Iz R(c1,2))

\‘/LV
1

T, = <w (P(z) — 3y R(z. f(), Pler) — 3y R(er, f(y)) | 3 ~P(a), 3 R(cl,z>>

LHJ/ iLH

Tya =(¢1, 3y Rler, f(y) | 3z ~P(z), 3z R(c1,2))  Taz = (¢, | 3w ~P(x), Iz R(er,2), Pler))

) |

T5.1 = {(¢1, R(c1, f(c2)) | Iz =P(x), Iz R(cq,2)) Ts59 = {(¢1, | Iz —P(z), Iz R(c1,2), P(c1), =P(c1))

N L

Tsi = (01, Rlen, f(2)) | 3z ~P(2), 32 Rler,2), Rlen, f(e2)))  Tsz = (é1, Pler) | 3z ~P(x), 32 R(er,2), Plea))
Baxpvimoie mabauyb

4. VaIyVz(P(z,y) — P(y,2))
Ty = (0 | VaIyVz(P(z,y) — P(y,2)))
RY
Ty = (0| 3yvz(P(c1,y) — P(y,2)))
R3
Ty = (0 | 3yvz(P(c1,y) — Ply,2)),Vz(P(cr,e1) — Plei,2)))
RY
T3 = (0 | yvz(P(c1,y) — P(y,2)),Pler,c1) — Pler,c))
R—
Ty = (P(c1,c1) | FyVz(Pler,y) — Ply,2)), Plei,ca))
R3
T5 = <P(Clvcl) | HyVZ(P(Cl,y) - P(y7z))7 P(CI’CQ)’VZ(P(ChCQ) - P(C27Z))>
RY

Ts = (P(c1,c1) | FyVz(Pler,y) — Ply,2)), Plei,ca), Plei,e2) — Plez,c3))

R—

T, = <P(cl,cl), P(cy,e2)| yVz(P(er,y) — Ply,z)), Plci,ca), P(CQ,C3)>
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Baxpumas mabauya

5. Javy3z(P(z,y) — P(y,z2))

T, = <® | J2VyIz(P(z,y) — P(y,z))>

R3 ¢1

\%
Tl = <(Z) | (rbl? vyElZ(P(Clay) - P(y,Z)»
RVJ/
T = <@ | ¢1, F2(P(cy,c0) — P(CQ,Z))>
R3 P2
\%
T3=(0 | 1, ¢2, Plci,c2) — Plez,c1), Pler,ca) — Plea,c2))
v

Ty = (P(c1,¢2) | o1, ¢2, Plca, 1), Plca,c2))

(¢1)
(02’02)5 VyHZ(P(CQ,y) - P(yvz))>

R3

N<—

T5 = (P(c1,¢2) | 91, ¢2, P(ca,cr),

vd
Ts = <P(C1,Cz) | @1, @2, P(ca,c1), Pca,c2), I2(P(c2,c3) — P(C3,Z))>
R3 3

\
Tr = (P(c1,c2) | 1, ¢2, ¢3, P(ca,c1), Plca,c2), Plea,c3) — Ples,c3))

R—

Ty = (P(c1,¢c2), P(ca,c3) | ¢1, ¢2, ¢3, Plca,c1), Plea,c2), Plcs,c3))

Rr3| (¢2)
Ty = (P(c1,¢2), Pca,c3) | é1, dp2, @3, Plca,c1), Plea,c2), Ples,c3), P(ci,c2) — P(ca,c3))

R—
TlO: P(61562)7 P(CQaCS) ‘ ¢17 ¢27 ¢3a P(627cl)7 P(CQaCQ)a P(C37C3)a P(CQaC3)>
Baxpviman mabauya

6. Vx (P(z) & R(x)) — (Vz P(x) & Vz R(x))



Ty =(0|Vz (P(z) & R(z)) — (Vx P(z) & Vx R(z)))
iRﬁ

T, = (Vo (P(z) & R(z)) | Vx P(z) & Yz R(x))
R& R&
Toq = (Vo (P(x) & R(x)) | Vo R(z)) Toa = (Vx (P(x) & R(x)) | Vo P(x))
RY RY
Ty = (Vo (P(z) & R(z)) | R(c1)) Tz = (v (P(z) & R(z)) | P(c1))
Lv v
T51 = (Vz (P(z) & R(z)), P(a) & R(a1) | R(a1))  Ts.2 = (Vz (P(z) & R(z)), P(a) & R(a) | Pa))
L& L&

Ty, = <Vx (P(z) & R(z)), P(c1), R(c1) | R(c1)> Tyq = <vx (P(z) & R(z)), P(c1), R(c1) | m>

Baxpouimoie mabauyw

7. (Vx P(z) & Vz R(z)) — Va (P(z) & R(z))

Ty =0 | (Vo P(z) & ¥z R(z)) — Yz (P(z) & R(z)))
R—
Ty = (Vo P(z) & Yz R(z)) | Vo (P(z) & R(z)))
L&
Ty = (Vz P(z), Yz R(z)) | Yz (P(z) & R(x)))
RY
T3 = (Vo P(z), Yz R(z)) | P(c1) & R(c1))
LY

Ty = (Vz P(z), Yz R(z), P(c1), R(e1) | P(c1) & R(ey))

[ s L e

Tyt = <Vx P(z), V& R(z), P(ci), R(cy) | R(c1)> Tio = <\m P(z), Yz R(z), P(c1), R(cy) |M>

Saxpoimoie mabauyw

8. Jdx (P(z) V R(x)) — (Jz P(z) V Jz R(z))



Ty = (0 |3z (P(xz) V R(z)) — (3z P(z) V 3z R(z)))
R—

T, = 3z (P(z) V R(x)) | 3= P(z) vV 3z R(z) )

Ty = (P(c1) V R(er) | 3z P(z) V 3z R(z) )

T3 =(P(c1) V R(e1) | 3z P(z), 3z R(z) )

R3

Ty = (P(c1) V R(e1) | 3z P(z), 3z R(z), P(c1), R(c1) )

L L
Ty = <R(c1) | 3z P(z), 3z R(z), P(c1), @> Tyo = <m | 3z P(2), 3z R(z), P(c1), Rlc1) >
Baxpoimoie mabauywe

9. (3z P(z) V 3z R(z)) — Jz (P(z) V R(z))
Ty=0| 3z (P(x) Vv 3z R(x)) — Iz (P(z) V R(zx)))
qu
Ty = {3z (P(xz) V 3z R(z) | 3= (P(x) V R(x)))
Lv Lv
Ton = 3z R(z) | 3z (P(z) V R(z))) To2=(Iz P(z) |3z (P(z) V R(x)))
L3 L3
Ts1 = (R(cr) | 2 (P(z) vV R(x))) Ts2=(P(c1) |3z (P(z) V R(z)))
R3 R3

Ti1 = (R(c1) | 3z (P(x) V R(z)), P(c1) V R(c1)) Tyo=(P(c1) |3z (P(z) V R(x)), P(cr1) V R(c1))

RV Rv

Ts1 = <R(c1) | 3z (P(z) V R(z)), P(c1), M> Ts.o = <M | 3z (P(z) V R(z)), P(c1), R(c1)>
Baxpoimoie mabauyw

10. (Vx P(z) V R(y)) — VYa (P(z) V R(y))



To=(0| (Vo P(z) V R(y)) — Vz (P(z) v R(y)))
R—

Ty = (Vx P(x) V R(y) | Vo (P(z) V R(y)))

RY

Ty = (Vx P(x) V R(y) | P(c1) V R(y))

Rv

Ty = (Vx P(x) V R(y) | P(c1), R(y))
le RV
Tia = (Ve P(z) | Pler), R(y)) Tiz=(R@) | Pler), Rw))

[
Ts.a = (Vo P(@), P(cr)] P(cr), R(y))
Baxpoimoie mabauywe

11. Vo (P(z) V R(y)) — (Vo P(z) V R(y))
Ty=(0| Ve (P(z) v R(y)) — (Vz P(z) V R(y)))
o
Ty = (Vz (P(z) vV R(y)) | Vz P(z) V R(y)))
RV
Ty = (Vz (P(z) V R(y)) | Vz P(z), R(y))
RY
Ts = (Vo (P(z) V R(y)) | P(c1), R(y)))

LY

Ty = (Vz (P(z) V R(y)), P(cr) V R(y) | P(c1), R(y)))

Toa = (Yo (P) V Ry), Ple) | Pler), Ry)) Too= (¥ (P@) V R(y)), R(y) | Pler), Ry))

Saxpoimoie mabauyw

12. YWz Q(z,y) — YaIy Q(z,y)



Ty =0 | Iva Q(x,y) — Vady Q(z,y))
R—

T = (Fyvz Q(z,y) | Y23y Q(z,y))
RY

Ty = (Fyve Q(z,y) | Ty Qlc1,y))

L3

Ts = (Vo Q(x,¢2) | Fy Q(c1,9))

LY

Ty = (Vo Q(z,c2), Qc1,c2) | Ty Qler,y))

R3

Ty = <V$ Q(z,c2), Qer,c2) | Fy Qler,y), Q(01a02)>

Baxpoimas mabauya

YaopaxkHeHue 2.3

1. Vz (P(z) vV Q(x)) — (Vz P(z) V Vz Q(x))
Buwisod we 6ydem ycnewrvim max Kax Gopmysa He 00Wes3HAMUMG.
Dr = N,P(z) = (z mod 2 == 0), Q(x) = (z mod 2 == 1)

2. dx (P(z) V Q(z)) — (Bz P(z) v Jz Q(x))
Iocmpoum 61600

(0 Fz (P(z) v Qz)) — (3z P(z) Vv Jz Q(z)))
R—s

(Fz (P(z) vV Qz))Fz P(z) V 3z Q(z))

3

(P(c1) vV Q(c1)|Fx P(z) vV 3z Q(x))

RV

(P(c1) vV Q(e1)|Fz P(z), Jz Q(x))

R3
(P(c1) V Q(c1)]Bx P(x), Fz Q(x), Pler), Qler))

o) o

(P(c)Be P(a), 32 Q(2), Plar), Q(er)) (Q(e)3e P(a), 3w Qa), Pler), Qler)

VYupaxuenue 2.4 [Tycmv maxas gopmysra cywecmesyem. Pacemompum ee na unmepnpemayuu, obaacms xkomopot
codeporcum mpu anemenma. Ha dannot unmepnpemayuu gopmysa ucmurna. To ecmv das 210600 nodcmaro8ky oHa
ucmunna. Caedogamenvho cywecmsayem nodcmanoska, cocmoauai ud 1 uau 2 06sexmos, wa komopot Gopmyira max
orce ucmurra. Caedo6ameavho Gopmyaa ucmurHa Ha UHMEPNPEMayuL, 004acmd Komopot codepicum mosvKko amu

2 obsexma, caedosamenrvro marxot Gopmyabl HEM.

VYapaxkHaenue 2.5 Jlannas 3a0a4a 6viaa peutena HEKOPPEKMHO.
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3 Hopwmanpubie dpopmbl 1 yHUDUKAITIS

3.1 IlIpeBenenme k CCPD

1. TlepenmeHoBanme mmepeMeHHBIX
E a2 F(x) = JyF)

2. Yunuroxenue nmiuimkamuii = (A — B) = (-A V B)

w

. Orpunanus
(a) F ~(AYB) = (mA{~B)
(b) E (=92F(2)) = (§2-F ()
() E —A = A

4. BpiHoc KBAaHTOPOB

E JaF(z) § B = Ja(F(x) § B)
5.2 A&B V C =(AV C) & (BV O)

3.2 Haxoxagenune HOY

t1 = 51
tg = 89
P(thtg,...tn) = P(Sl,SQ,...Sn) —
tn, = sp
tl = 81
tz = S92
1. { flti,ta, .. tn) = f(s1,82,...5n) —
tn, = Sp
flti,ta,...ty) = f(s1,82,...5k) —  HOY =e cymecrsyer

. tl‘ = X; — xr1 = tl‘ (ti 75 {EZ)

2
3
4. t;=t; — 0
5. x;=1t; (z;¢ Vary, Ik v, € Vary,) —  Bo Bce t; noacTBuUTh BMECTO Z; t;
6

x;=t; (x; €Vary,) — HOVY He cymecrByer

3.3 3agaum
YunpaxxHenue 3.1

1. vy P(zx,y) & VaIy P(y,x)

vy P(x,y) & VaTy Ply,x) — IrVyr Pla1,y1) & YasTys P(ys, 22)
4
1 Vy1 P(x1,y1) & Yaodys P(ye,x2) — Jr1VyVaedys P(z1,y1) & P(y2, x2)

2. Vo((3y P(y,x) — 3Jy P(z,y)) — Qr)) — Jz Q)

Vo((Jy P(y,r) — 3y P(z,y)) — Qx)) — Jz Qz) —

Vo1 ((3yr Py, v1) — Jy2 P(r1,y2)) — Q1)) — 3wz Qa2

3zy (Vyr ~P(y1,71) V Jy2 P(z1,92)) & ~Q(x1)) V 32 Q72
)
T

2.3
) 22
)
5
—

31 VY1 Fy2Vay (P (y1,z1) V Plz1,92)) & =Q(z1) V Q(z2))
)V Q(z2)))

321y 3yaVas ((=P(y1,71) V P(r1,y2) V Qz2)) & (=Q(z
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3. =y (3 P(z,y) — Vu (R(y,u) — Vz (P(z,u) V —R(z,9))))

vy (Jz P(a,y) — Yu (R(y,u) — ¥z (P(s,u) V =R(z,)))) =>
Jy (3z P(z) & (Fu(R(z,u) & ¥z (P(z,u) V =R(z,v))))) =
JyFxFuvz (P(z,y) & R(y,u) & (P(z,u) V R(z,y)))

4. 23y (P(z,y) — R(z)) — Vz (=Jy P(z,y) V R(x))

Jay (P(z,y) — R(z)) — Yo (-3y P(z,y) V R(z)) —
313y (P(z1,91) — R(z:1)) — Voo (—-3ys Plaa,ys) V R(w2)) 25
Vo Vas (P(21,12) & ~R(21)) V VYaa(Vyo =P(z2,12) V R(x2)) i>
Vo Vo Vo ys (P(z1,y0) & ~R(z1) V —Plaa,ys) V R(za)) ——
Vo VoaVaeVys ((P(r1,y2) V 2P(22,y2) V R(z2)) & (=R(z1) V —P(22,92) V R(x2)))

5. Javy (P(z,y) — (=P(y,z) — (P(x,z) — P(y,y)) &(Py,y) — P(z,2))))

Javy (P(z,y) — (~P(y,x) = (P(z,x) — P(y.y) &(P(yy) — P(x,2)) >
Ja¥y (~P(z,y) V Ply,z) V(~P(z,z) V P(y,y)) & (-P(y,y) V P(z,))) —
vy ((-P & (=P(z,y) V P(y,x) V =P(y,y) V P(z,x

z,y) V P(y,z) vV =P(z,z) V P(y,y))
)

6. 3z (Vx P(z,z) vV 3z -~R(z)) — Tz (R(z) — Ty P(f(z),y))

Jz (Vz P(xz,z) V Jz -R(z)) — Jz (R(z) — Ty P(f(x),y)) 1,

e (Va1 Play,ar) V Faz ~R(wz)) — Jog (Rlas) — Ty P(f(a),9) —>
3k (Fz1 —~P(x1,21) & Voo —=R(ze) V Jxsz(—R(xzs) V Iy R(f(z3),y))) —
FkIz1VeoIzsy (—P(21,21) & —R(xz2) V —R(z3) V R(f(xs
Ik VeoIesIy (0P (x1,21) V —R(xs) V R(f(:

VYaopaxkHenue 3.2

1. Va3yVz3u R(x,y, z,u)

VaeIyVzIu R(x,y,z,u) —
VaVz3u Rz, f(x), z,u) —
Va¥s R(z, [(2), %, 9(z,2))

2. =Vz (Jy R(z,y) — Vz P(z,x)) 23,
3z 3y R(z,y) &3z ~P(z,x)) N
J23Iy3z (R(z,y) & —P(z,2)) —
Jy3z (R(c1,y) & - P(z,¢1)) —
3z (R(c1,¢2) & —P(z,¢1)) —
R(Cl,CQ) & _'P(3acl)

3. =Vy (3z P(z,y) — Yu (R(y,u) — Vz (P(z,u) V —R(2,9))))
Wy (Be Play) = Yu (Rlyu) — ¥z (Pu) v oR(,0)) =
Jy (3z P(z) & (Fu(R(z,u) & Vz (P(z,u) V —-R(z,y))))) —
JyFxFuvz (P(z,y) & R(y,u) & (P(z,u) V R(z,y))) —
JzIuVz (P(x,c1) & R(cr,u) & (P(z,u) V R(z,¢1))) —
JuVz (P(ea,c1) & R(er,u) & (P(z,u) V R(z,¢1))) —
Vz (P(ca,c1) & Rler,c3) & (P(z,¢3) V R(z,¢1)))

4. F3y (P(z,y) — R(z)) — Vo (=3y Plz,y) V R(z))

|-

a3y (P(z,y) — R(z)) — Vo (=3y P(z,y) V R(z))

12

)
3),9)) & (=R(z2) V —R(xs) vV R(f(x3),



Jz13y1 (P(z1,v1) — R(z1)) — Voo (-3y2 Pz, y2) \/R(acg))

Vo Vg (P(z1,y2) & —R(x1)) V Vao(Vyz ~P(x2,y2) V R(xz2)) i>

Vo Vo VaeoVys (P(z1,y2) & —R(x1) V —P(z2,y2) V R(x3)) — N

Vo VeoVaeoVys (P(x1,y2) V. —P(z2,y2) V R(x2)) & (mR(z1) V —P(z2,y2) V R(x2)))

5. Javy (P(z,y) — (—P(y,z) — (P(z,r) — P(y,9)) &(P(y,y) — P(z,2))))

Javy (P(z,y) — (=P(y,z) — (P(x,z) — P(y,y)) &(P(y,y) — P(z,2)))) —

Javy (~P(z,y) V Ply.z) V(-P(z,2) V P(y,y)) & (=P(y,y) V P(z,)))

Javy ((=P(z,y) V P(y,x) V —P(z,z) V P(y,y)) & (=P(z,y) vV P(y,x) V =P(y,y) V P(z,z))) —
Vy (=P(c,y) V P(y,c) V =P(c,c) V P(y,y)) & (=P(c,y) V P(y,c) V =P(y,y) V P(c,c)))

6. 3z (Vz P(x,z) V 3z -R(z)) — 3z (R(x) — Ty P(f(x),y))

Jz (Vo P(x,xz) V Jz -R(z)) — Jz (R(x) — Ty P(f(x),y)) —

3k (Vxl P(l‘l,l‘l) vV dzg _‘R($2)) — dx3 (R(J?g) - Hy P( (-173) )) -
Ik (Fwy ~P(x1,21) & Vaa —R(x2) V Jxs(—~R(xs) V Iy R(f(x3), ))) -
Jk3z 1 Vao3wsIy (—P(x1, 1) & ~R(x2) V - R(f(z3),y)) —

R(z3) vV
FkIz1Vaodzsdy (mP(z1,21) V —R(z3) V R(f(z3),y)) & (=R(z2) V —R(z3) V R(f(x3),y))) —
J1Vaodrsdy (mP(z1,21) V —~R(x3) vV R(f(x3),9)) & (=R(x2) V ﬁR(xs) V- R(f(x3),y))) —
Voodrzdy ((=P(c1,e1) V 2R(z3) V R(f(z3),y)) & (mR(z2) V ~R(z3) V R(f(z3),y))) —
Voody ((=P(c1,e1) V ~R(g(z2)) vV R(g(72),y)) & (=R(x2) V —R(g(x2)) V R(f(g9(z2)),y))) —
Voy ((=P(c1,c1) VvV =R(g(x2)) V R(g(z2), M(z2)) & (mR(z2) V —R(g(z2)) V R(f(9(x2)), h(z2))))

VYupaxkaeuue 3.3 JanHas 3040046 HE PACCMAMPUBAAGCL HA cemunapar. Ecau 6ydem epems, ee pewenue bydem
dobasaerno. Ecau npuwseme mre pewerue 0arnol 3a0auu, 0O NOASUWMCA MYym cKopee ;-).

YnpaxHenue 3.4

1. P(¢, X, f(X)) P(e,Y,Y)

X -y 4 [ X =Y
{f(X)=Y Lix = v

X = Y X = Y
{Y — f(X) i’ {Y _ @ HOY Hem

fXY) = jvx) s
7 = g(Y) — 7 _ g(Y) —
Mzy) = v WZY) = V
X = Y
= Y
Y = Y 4 3
7 _ (Y) — { 7 i g(Y) —
{h(Z,Y) _ mMzY) = v
X = Y X = Y
{ z = g N { zZ = g(Y) HOY nocmpoen
V = h(ZY) Vo= h(g(Y),Y)

13



Z = WX)
{ Z = h(X) 1, X = gl 4
JX0.2) = fgla),Y2) b= Y
Z = Z
Z = h(X) Z = h(X)
{X = g(a) 3, {X = g(a) -
b = Y Y = b
{Z = h(g(a))
X = g(a) HOY nocmpoen
Y = b
4. P(X, f(Y),n(Z, X)) P(f(Y), X, h(f(Y), f(2)))

X - W ol 2%
) = X - z = fv)y
Mz, X) = h(f(Y), f(Z)) X = f(2)

X = f(y) _

[ = 1Y) { P
{X o {X - )

zZ = flvy)y > Z = f(Z) HOY Hem

Yy = 'z Y = Z

5. P(Xl,Xg,Xg.X4) P(f(c, C),f(Xth),f(Xz,XQ),f(Xg,Xg))

X, = fle, ) X, = f(e,c)

Xo = f(X1,X1) 5 Xy = f(f(c0), fle,0) 5,

X3 = f(X2,X3) X3 = f( X2, X3)

Xy = f(X3,X3) Xy = f(X3,X3)

X1 - f(C7 C)

X2 = f(f C, c)vf(ca C)) i,

Xz = f(f(f(c,0), fle,0), f(fle,0), fle,0))

X4 = f(X37X3)

X - F 0. )

Xy = c,c), fle,c

Xy = FUFU(e ). f(e ). F(fe,0), fler)) HOY nocmpoer
Xo = f(f(f(flc,0), fle,0), f(fle,e), fle,0)), F(f(fe,e), fle,e), f(f(e, ), flec))))

14



4 Meron pe3oronmii

YnpaxkHenue 4.1

1. =P(f(z,y), 2, h(z,9)) V R(z,v), Qx) vV P(f(y,x),9(y),v)
D, = _‘P(f(z7y)7zvh(zay)) \ R(Z,U)
Dy =Q(x) vV P(f(y,x),9(y),v)

HOY(P(f(y,x),g(y),v),—\P(f(x,y),z,h(z,y)

~—
~

fly,) = flz,y) , fly,z) = flz,y) )
gly) = =z — 2= gy —
v = = h(zv) v = = h(z,9)
Yy = x Y = T
ro= oy s, ) e = @ 4
z = gy z = g
v= = h(z,y) v= = h(z,x)
Yy = x Y = T
{ o= g = = g
v= = h(Z,l‘) v= = h(g(x),x)
© ={y/z,z/g9(z),v/h(g(x), )}
Dy "2 R(g(@). h(g(x).2)) v Q(a)

2. P(z,y,h(y,)) vV R(y, f(z)), ~P(z, f(z),h(z,y)) V Py, 9(x),h(y,y))

Dy = P(x1,y1, My1,21)) V Ry, f(z1))
Dy = =P(xg, f(2), h(22,y2)) V P(y2,9(z2), h(y2,y2))

HOV(P(x1,y1,h(y1,21)),V P(y2, 9(x2), h(y2,12)))

Ty = Y2
T = Y2
1 = T 3
T R
h(yi,z = h(ys, B
(y1, 1) (Y2, y2) T o=
Y2 = x1 Y2 = Z1
yoo= glz2) 5 yio= glw2) 4
N = Y2 Y1 = T
xr1r = Y2 1 = T
Y2 = x1 xry = Y2
3 5
o= glx2) — o= glw2) —
vy = Y2 Y2 = Y1
T = Y2 r1 = g(g2
5
vy = 9(332) I y = g($2
Y2 = g(v2) Y2 = g(x2)

O = {z1/9(z2),y1/9(x2),y2/9(x2)}

D1,D2

D3 5

R(g(x2), f(9(22))) V —P(22, f(22),, h(x2,9(22)))

15



YaopaxkHeHue 4.2

1. S ={D:, Dy, D3, Dy, D5}

Dy = P(Xy, f(X1))

Dy = R(Y>2,Z2) V —P(Ya, f(a))

D3 = \/R(C, X3)

Dy = R(X4,Ys) V R(Zy, f(Z4)) V —P(Z4,Ys)
D5 = P(X5,X5)

Dq,Do
Do (x,/ivajay @ Zs)
Dy
D1 xzivasizyy TG0 F20) v ~P(Zr, f(Z7))
D7,D3
D £ _p
8 {Xa/f(0). 21/} (¢, f())
Dq,Dg
D¢ E
O Xi/e
2. 8 ={D1, D3.D3, Dy, D5, Dg, D7}
Dy :E(331) vV V(yl) Vi C’(f(xl))
Dy = E(x3) V S(x2, f(22))
D3 = —|E(a)
Dy = P(a)

D5 = P(f(xs)) vV —~S(ys,25)
Dg = =P(x6) vV =V(g(zs)) = V V(ys)
D7 = —\P(IE7) V —|O(y7)

{yG%G(J;)} ﬁP(Ig) v _‘V(g(‘rS))
Dy,D
{:7:/;} ~C(yo)
Dy 5 Vig(a)
D1y {yj%i:)} E(z11) V V(y1)
Py )
D12,D
D13 {95112?/;;

3. S={D1,Dy,Ds3,D,}

Dy = P(y1, f(71))
Dy ==Q(y2) V =Q(22) V =P(y, f(2)) V Q(v)

D3 =Q(b)
D4 = ﬁC?(a)
Ds 27 Qs) V Q) V Qus)

{TI/ZQTyl/yQ}
Ds

(o5 Tus) =Q(ys) V Q(vs)

{ve/a}

{ur/b}

Dy —Q(yr)

Dy

16



YopaxkHenue 4.3

1. 3z P(z) — —Vx =P(z)

bo = ~(3x Px) — —Vy ~P(x))
po1 = 3z P(x) & Yy ~P(y)
po2 = JaVy P(z) & —P(y)

¢1=Vy P(c) & ~P(y)

S ={P(c),~P(y)}
D1 = P(C)
Dy = =P(y)
Dy,D2
Dy %
{y/c}

2. aVyR(x,y) — VyIzR(z,y)
po = 2(Fn1Vyr1 R(z1,91) — YVy23r2R(72,y2))
¢o1 = VY1 R(x1,y1) & FyaVroR(z2,y2)
Bo2 = Fx1Vy13y2Vae R(w1,y1) & —R(22,92)
1 = VyiVaa R(c,y1) & ~R(xo, f(y1))
S ={R(c,y1), "R(x2, f(y1))}

Dl = R(C7 yl)
Dy = =R(xa, f(y2)) NEPEUMEHOBAHUE TLEPEMEHHBLT
D1,D
D3 1: 2
{932/C7y1/f(y2)}

3. Vx(P(x) — Jy R(z, f(y))) — (Fz -P(x) V VzIzR(x,z))

¢o = ~(Voi (P(z1) — Jy1 Rz f(y1)) — (Ja2 ~P(z2) V VazIziR(zs, 21)))
¢o1 = V1 (=P(x1) V Jp Rz, f(y1))) & Yoo P(x2) & Jr3Ve1—R(xs, 21)
¢o2 = Vo131 VeeIrsVz (- P(x1) V Rz, f(y1))) & P(x2) & —R(x3,21)

¢1 =V VaoVz (-P(x1) V R(z1, f(g(21)))) & P(a2) & —R(h(x1,22),21)
S={-P(z1) V R(z1, f(g(x1))), P(x2), "R(h(x1,32),21)}

Dy = -P(z1) V R(z1, f(g(z1)))
Dy = P(x2)
D3 = =R(h(z31,%32), 23)
D1,D
Dy | =7 R(zg, f(g(za))
{z1/z2}
{za/h(x31,232),23/ F(g(h(w31,232)))}

4. Vaeyvz(P(z,y) — Ply,2))

po = ~(VaIyVz(P(z,y) — P(y,2)))
¢01:3$V932( (,y) & ~P(y,2)))
¢1 =Vy(P(c,y) & =P(y, f(y)))
S ={P(c,y),~P(y, f(y))}
Dy = P(c,11)
Dy = =P(y2, f(y2))
D DléDz
5 fw/ean /1))

17



5. Javy3Iz(P(z,y) — P(y,z))

o = ~(FxVy3Iz(P(z,y) — P(y,z)))
¢o1 = VaIyVz(P(z,y) & —P(y,z)))

do2 = VaVz(P(z, f(x)) & —P(y, 2)))
S=A{P(z, f(x)),~P(y,2)}

Dy = P(xq, f(z1))
Dy = =P(y2, 22)

D1,D2
D3 =

{yz/a1,22/ f(21)}

6. 3vy(Vz(P(y,2) — P(z,2)) — (P(z,z) — PP(y,2)))

¢o = ~(Javy(Vz(P(y,z) — (%Z)) — (P(z,z) — PP(y,2))))
¢o1 = VoIy((Vz(—P(y,2) vV P(z,2))) & P(z,z) & -P(y,2))
b0z = VozIyVz((=P(y,z) V P(z,2)) & P(z,x) & —P(y, 2))

S={-P(y,z) V P(z,2),P(zx,z),~P(y,z)

Dy =-P(y1,z1) V P(x1,21)

D2 = P(‘r27 $2)
D3 = _\P(y?n Z3)
D1,D»
D » P
‘ {y1/z2,21/22} ('1:317 1‘32)
Da,D
Ds 1.Ds

{93/9331723/132}

VYupaxkuaeuue 4.4 Janwnas 3040046 HE PACCMAMPUBAAGCL Ha cemunapar. Ecau 6ydem epems, ee pewenue b6ydem
dobasaenno. Ecau npuwaeme mne pewenue dannoti 3a0auu, 0HO NOAGUMCH MYM CKopee ;-).
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5 XOpHOBCKI/Ie JiormyeckKkue ImnporpamMMBbl. ,Z[eK.TIapaTI/IBHI)Ie n oIepanmnoH-
Hbl€ CEMAHTUKMU.
YuopaxkHeHue 5.1

1. parent(X,Y) «— father(X,Y).
parent(X,Y) «— mather(X,Y).

2. grandfather(X,Y) « father(X,Z),parent(Z,Y).
3. to_be_a_ father(X) « father(X,Z).
4. brother(X,Y) «— parent(Z,X),man(X),parent(Z,Y),Z #Y.

5. of fspring(X,Y) «— parent(Y,X).
of fspring(X,Y) «— parent(Z,X),of fspring(X, Z).

YaopaxkHeHue 5.2
1. list(X)

list(nil) « ;
list(X.Y) — list(Y).

2. elem(X,Y)

elem(X,X.Y) «;
elem(X,Z2Y) « elem(X,Y);

1. True.

2. X - w060t amom.

3. False.

4. X=a,X=bX=c.

5. X - 060t cnuck, codepotcawsuti amom a.
YnopaxkHenue 5.3

1. list(nil).

2. list(A.Y) « list(Y).

1. elem(X, X.Y).

2. elem(X, Z.Y) « elem(X, Y).

19



1. ? list(a.b.c.nil)

? list (a.b.c.nil)

N

[ | ? list (c.nil)

<
%
N G

? list (nil)

% %
O

u| A

\%

{
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2. 7 list(a.X.nil)

? list (a.X;.nil)

| ? list (nil)
|

% k
O

X=A

21



3.7 list(a.b)

22

? list (a.b)

(0)



4. 7 elem(X, a.b.c.nil)

? elem(X;, a.b.c.nil)

23

()

? elem(Xy, nil)

A



5. 7 elem(a,X)

? elem(a, X;)

24



VYnpaxHenue 5.4

~

- R(Y) < P(Y),Q(Y);
2. P(a) « ;

3. P(b) « ;

4- Q(a) —;

5. Q(f(x)) <« Q(X)
? R(Y), P(Z)

7 P(2),P(Y),Q(Y)

TP(Y),Q(Y) 7 P(Y),Q(Y)

{v/A}(¥T)
{v/x}F )

W\

? P(Y)

(2){2/%1

O

O

{Z/a, Y /a}

25

? R(Y), P(2)

{r/7}(z)

? R(Y)

7 P(Y), Q(Y)

{v/A}(¥T)

O

{Z/b, Y /a}

(3
){3/5 )

? R(Y)

7 P(Y), Q(Y)

{v/A}(¥T)




YopaxkHeHue 5.5

/Sub
elem(X, [X]|_1]).
elem(X, [_|Y]) :- elem(X, Y).

11

head ([X/| _1, X).

X2

tatl ([_] Tasill], Z) :-tail(Ta<l, Z).
tatl ([_/ B], B).

A3

prefiz ([Head| Tatl_1], [Head| Ta<l_2]) :- prefiz(Tail_1, Tail_2).
prefiz(_, []).

74

sublist (List, Sublist) :- prefitz(List, Sublist).

sublist ([_/] Tail], Sublist) :- sublist(Tazl, Sublist).

45

less([_/Tatl_1], [_/Tasl_2]) :- less(Tail_1, Tazl_2).

less([], [_/_1).

16
subset ([], _).
subset ([Head| Tail], Y) :- elem(Head, Y),subset(Tail, Y).

17
concat (X, [], X).
concat ([Head|/Tail_1], [Head/Tail_2], X) :- concat(Tail_1, Tail_2, X).

48

reverse (X, Y) :- reverse_loop ([], X, V).
reverse_loop (Rev, [], Rev).
reverse_loop (Rev, [Head| Tail], Goal) :- reverse_loop ([Head| Rev], Tatil,

49

period (X, Y) :- loop_period(X, Y, Y).

loop_period ([], [], _).

loop_period (Main, [], Base) :- loop_period(Main, Base, Base).
loop_period ([Head/| Main], [Head| Curr], Base) :- loop_pertiod(Main, Curr,

Goal).

Base).
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YopaxkHeHue 5.6

11
main_less ([], [], 1).
main_less ([], [_1, _).

main_less([_|Tail_X], [_/Tazl_Y], -1) :- main_less(Tail_X, Tail_Y, -1).
main_less([_|Tail_X], [_/Tazl_Y], 1) :- main_less(Tatl_X, Tazl_Y, 1).

main_less ([A/Ta<il_X], [A]/Ta2l_Y], 0) :- main_less(Tail_X, Tail_Y, 0).

main_less ([0/Tazl_X], [1]/Tail_Y], 0) :- main_less(Tatl_X, Tazl_Y, 1).

main_less ([1/Tazl_X], [0]/Tail_Y], 0) :- main_less(Tatl_X, Tazl_Y, -1).
less([0]/Tatl_X], Y) :- less(Tail_X, V).

less (X, [0/Tail_Y]) :- less(X, Tail_Y).

less([], [1/_1).

less([1/Ta2l_X], [1/Tail_Y]) :- main_less(Tail_X, Tazl_Y, O0).

2 Z = X + 7Y

sum(X,Y,Z) :- reverse(X, R_X), reverse(Y, R_Y), reverse(Z, R_Z), vr_sum(R_X, R_Y, R_Z, 0)
r_sum([A|Tail_X], [A|Tatl_Y], [B/Tail_Z], B) :- r_sum(Tatl_X, Tatl_Y, Tazl_Z, 4).
r_sum([_/Tail_XJ], [_/Ta<l_Y], [1/Tasil_Z], 0) :- r_sum(Tail_X, Ta2l_Y, Ta<l_2Z, 0).
r_sum([_|Tail_XJ], [_|/Tazl_Y], [0/ Tasl_Z], 1) :- r_sum(Ta<l_X, Tazl_Y, Tazl_Z, 1).
r_sum([], [1]/Tasl_Y], [0/Tail_Z], 1) :- r_sum([], Tail_Y, Tail_Z, 1).

r_sum([], [0/Ta<il_Y], [1/Tazl_Z], 1) :- r_sum([], Tail_Y, Tazl_Z, O0).
r_sum([1/Tasl_X], [], [0]/Tasil_Z], 1) :- r_sum(Tatl_X, [], Tail_2Z, 1).
r_sum([0/Tasl_X], [], [1/Ta<l1_2Z], 1) :- r_sum(Tatl_X, [], Tail_Z, 0).

r_sum([], N, N, 0).
r_sum(N, [], N, 0).
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6 He pemennbie 3aga4n
1. 25
2. 3.3
3. 4.4
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