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Bceryn

Jucnuminina </IuckpeTHa MaTeMaTuKa> € OJHIEI0 3 OCHOBHUX (pyHIaMEH-
TaJbHUX JUCIUILIIH y 3araJbHOHAYKOBIHA IMIATNOTOBIl CTYIEHTIB 3a MaTeMa-
TUYHUMH 1 TEXHIYHAMH CIENiaJbHOCTSIMH, 30KpeMa — 3a HampsMmaMmu <llpun-
KJIaTHa, MaTeMaTHKa> i <KoMIIbloTepHi HAyKu>.

SHAYHY YACTUHY JUCKPETHOI MaTeMaTHKHU K y4OOBOI JUCIHUILIIHA CTa-
HOBJISTH THUIIOBI 3a/1a4l, JIJIS PO3B d3aHHY SIKUX ICHYIOTH CTAHIAPTHI METOJIH.
JlaHuii 1MociOHUK Ma€ JIOIMOMOITH CTYJ/IeHTaM y 3aCBOEHHI OCHOBHHUX IIOHSITH
KypCy Ta OIaHyBaHHI OCHOBHHX METO/IIB PO3B’si3aHHsI TUIIOBUX 3aJ1a4.

[TocibauK MicTUTL 3a7adi Mo po3aiaax < Teopisg MHOKUH>, <Teopis Bia-
HOllleHb>, <Kombinaropukas, <Ejiementu Teopii rpyis, <«Peuritku Ta Oy/iesi
anrebpms>, <ABroMarudne A0BeJIeHHA Teopems. /st KO2KHOI THUIIOBOI 3a,/1a49i
nocioHuK mnporonye no 30 BapiaHTiB 3aBiaHb. KoxKHUI PO3/ILT MICTHTH Me-
TOAWYHI BKa3iBKH i3 IPUKJIaJIaMHA po3B’sa3aHHs. 1lops 1 i3 3aCBOCHHSAM CTaH-
JIApTHUX METO/IIB PO3B A3aHH4 3371a9l, CTYIeHTH CTUMY/IIOIOTHCS JI0 MOITYKY
HECTAHIAPTHUX IMIJISXIB, 10 B 6araTboxX BUIAJIKAX CYTTEBO MOJIETTYE PO3B’si-
3aHHS.

Januit mociOHUK MOXKHa BHKOPHUCTOBYBATU Ha MaTEMAaTUIHUX 1 TEXHIU-
HUX (PaKyJIbTeTaX Ta IHCTUTYTaX Yy BUIMUX HABYAJHHUX 3aKI3JaX Ta MOYKE
OyTH KOPUCHUM /)il 1HKEHEPIB Ta HAYKOBUX MPAIliBHUKIB, 9Ki 3alliKaB/IeH] B
OIIaHYBaHHI METOJIiB PO3B’si3aHHY TUIIOBUX 3a/a4 JUCKPETHOI MaTeMaTUKH.
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1. Anrebpa MHO>KIH

1.1. AKciomaTu4yHe JOBEACHHA TOTO>KHOCTEI

JoBectu ToroxkHicTh akciomarununo. Onepanii <\> Ta <A> PO3KPUTH 32

dbopmysnavun A\ B=ANB ta AAB=(ANB°)U (BN A°.
1. A\ (A\ (AA (A1 B)))=AnN B;
2. A\(AA(ADB))=A\B;
(BA(BaA)\B)=AUB;

)

(BA(BAA)\B

AN
BU(
4. AU((BA(BaA)\B
AN
AU (

)=A
)=A
A\ (BA(BAA))) = A;
7. BU(A\(BA(BUA))) =8B

B

8. B\(A\ (B4 (B & A)) = B;

9. (B\(AA(BAA)))\B=g;

10. (A\(AA(BaA)\B=A\B;
11. (AU(AA (BAA))\B=A\B;
12. (B\A)U(BA(BrA)=AUB
13. (B\ A)U (A A (B A A)) = B;

14. (A\B)U(AA(BAA))=AUB;
15. (A\B)U(B A (B A A) = A

16. ((A\B)UA)A (B A) =B;

17. (A\B)UA)*A (BAA)= B¢
18. (A\B)N(B°A(BAA)) =
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30

(A\ B) (1 (A° 5 (B & A)) = (A\ B);
(B\A)U(A A (BnaA)=(ANB)
AU(B\A) = (AAB)U(ANB);
AUB = (AAB) A (AN B);

B\ (B\ (B & (AAB))=AnNB:
B\(B\(AA(AAB))) = B;
AN(B\A)=(AsB)N (AN B);
An(B\A)=(AaB)U(ANB);
AU(BAA) =(AbB)U (AN B);
AAB=(AnrB)\ (AN B);
(AAB)AB=(ANB)U A;

(AAB)AB°=(A°NB) U A

MeToan4dHi BKa3iBKU

Harasaemo, 1110 akciomarudHe JOBeJIeHHSA TOTOXKHOCTEH B ajredpi MHO-
JKHUH [epedadae 3acTOCYBAHHSA Y0THPHOX IIaP OCHOBHEX 3aKOHIB (KOMYTATH-
BHICTb, JUCTPUOYTUBHICTH, HEHTPAJIBHICTH TA JOMOBHEHICTH) O€3 ypaxyBaHHSI
3MICTY omnepalliii HaJl MHOXKUHAMMU:

1. KomyTarusaicts (nepecrapuuii 3akon): AUB = BUA, ANB = BN A.

2. ducrpubyTuBHicTh (PO3MOALILHUI 3aKOH):
AU(BNC)=(AUB)N(AUC), AnN(BUC)=(ANB)U(ANCQC).

3. Heiirpanphicte: AUZ = A, ANU = A.

4. Jomosuenicth: AU A =U, AN A= 2.



1.1. AkciomaTudHe JJOBEICHHS TOTOXKHOCTEH

(%)

[Ipn akciomaTmanoMy AOBedeHHI MOKHA 3aCTOCOBYBATH i iHINI 3aKOHU,
K1 OyJIM BUBEJIEHI 3 OCHOBHUX 3aKOHIB:

5. YuiBepcaabai mexi: AUU = U,

AN =a.
6. A6copbris (mormunanns): AU (AN B) = A,
AN(AUB)=A.
7. ImemnorentHicth: AUA = A,
ANA=A

8. Aconjarupnicts (cnonyunuii 3akon): AU (BUC)=(AUB)UC,
AN(BNC)=(ANB)NC.
AUX =1,
ANX =0
10. TuBosmoruBHicTh: (A°)¢ = A.
11. Bakon (mpasmio) ge Moprana: (AU B)¢ = A°N B,
(AN B)¢= A°U B°.
[Ipu akciOMATHIHOMY JIOBEJIEHHI TOTOKHOCTEl HAMATralOThCsI, SIK MTPABH-
JTO, 3BECTHU OB CKJIAQJIHY YaCTUHY PIBHOCTI /10 OLIBIT mpocTol. fAKImo oon-

JIBI 9aCTUHU PIBHOCTI JIOCTATHBO CKJIAJIHI, CJIIJ] IePEeTBOPUTHU OOU 1Bl YACTUHH,
3BOJAYM IX J0 CIIJIBHOI'O OLJIBII IIPOCTOIO BULJISIILY.

9. €1uHICTH JONOBHEHH: { = (X = A°).

Ilpukaan 1.1. /IoBecTn akcioMaTHIHO TOTOXKHICTD
(A\B)U(AA(AAB)) =B

[IpaBy yacTwHy PIiBHOCTI HEMOXKJIMBO CHPOCTUTH. CHPOCTUMO JIBY Yac-
TUHY, 3BOJid49u 11 70 Burjsmay BC. [leperBopenns 0Oy/ieM0 poOUTH TOCTYIIOBO,
crponryodn miahpopMy/in, sKi BXOAATb y JiBY YacTHHY (HAJ 3HAKaMU PiB-
HOCTi BKa3aHO HOMEDH 3aKOHIB, sIKi 3aCTOCOBYBAJIUCS HA JTAHOMY MEPEXO/):

011£10(

1. (AAB)= (AN B )U (BN A9) A°UB)N(B°UA);
2. AN ((A°UB)N(B°UA)) =
— (AN ((A°UB) N (B°U A))°) U (A°N ((A°U B) N (B°U A))) =Y

S AN ((ANBYU(BNAY)))U((AN(A°UB)) N (BCUA)ZE
2L ((AN(ANBY))U (AN (BN A%))) U (AN (BCU A)) V=7
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ST (AN BY)U (BN (AN A%)) U ((A°N B°) U (A NA)) <

(ANB)YU(BN@)U((A°NB)U )=
2 (ANBY)UB U (A ﬂB)g(AﬂB) U (A° N B)
ZB°N(AUAY) = B°NU < B
3. (A\B)UB°=(ANB°)UB* £ B

ToToxKHICTD J10Be1eHO.

1.2. MoaeabHe noBeaeHHSI TOTOXKHOCTEM

,Z[OBGCTI/I TOTOXKHICTH MOACJIbHUM HIJIAXOM.

1. (AUB)xC)\ (Ax (CuD) (BxC)\ (Ax (CUD));

2. (Ax (CUD))\ ((AU B) x (Ax D)\ (AUB) x C);

(AUB) N B) x (C\ D))

(
(AN (A°UB)) x (C & D) x (CUD)) = (A x (CUD));
(

A\ B) x ((CU D) N (AUB) x

) =

C) =

N(Ax(CUD))=((ANB) x (C\ D));
)U (A

)N C) = (

) U ( C) = ((AUB) x C);

D)
(A\B) x ((CuD)nD))U((AUB) x

AAB)xC=(AxC)A(Bx0(O);

A\ D) x C)\ (Ax (B\C)) = (AUD)\ D) x C;

(
(A
(
(
(
(
(
8. (
(
(
(
(
(
(
(

(
9. (AUD) x C)\ (A x (B\C)) = ((A\ D)UD) x C;
10. ((AUD)xC)a(Ax (B\C)) = (Ax ((BUC)\C))U(((A\ D)UD) x C);
11, (A8 B)x O)\ (B x (D\C)) = (AUB)\ (AN B)) x C);
12. ((AUD) x (C & B)\ (Ax (BNC)) = ((A\ D)UD) x (C A B);
13. ((AUD) x (CNB)\ (Ax (BaC)) = ((A\D)UD) x (CN B);
14. ((A\ D) x (C' & B)\ (Ax (BNC)) = ((AU D)\ D) x (C & B);
15. ((A\ D) x (CNB))\(Ax (BaC))=((AUD)\ D) x (CN B);

(A\ B) x (C'ND));



1.2. MoxneabHe g0BEIeHHST TOTOXKHOCTEH

16. (A\D)x (CNB)U(Ax (BUC)\(BaC))) =Ax (CN B):
17. (A\ D) x (C A B)U(Ax (BUC)\ (BNC))) = A x (C & B);

18. (A\D)x (CNB)U(D x (BUC)\ (BaC)) = (AUD) x (CNB);
19. ((A\D) x (C A B)U(D x ((BUC)\ (BNC))) = (AUD) x (C & BY;
20. (AND)x(CNB))UAx((BUC)\(BAC)))=Ax(CNB);

21. (AND)x (CaB)UAXx((BUC)\(BNC)))=Ax(CasB);

22. ((A\D)x (CNB)U((D\A)x (BUC)\(B&C))) = (AaD)x (CN B);
23. (D\A)x(BAC))U((A\D)x ((BUC)\(BNC))) = (AAD)x(CaB);
24. (A\ D) x (CNB)N(Ax (BUC)\(BaC)) =(A\D)x (CNB);
2. (Ax (C'8B)N((A\D) x (BUC)\(BNC))) = (A\ D) x (C & B)
26. (A\ D) x ((CAB)UC))U((D\ A)x ((CUB)NC)) = (Aa D) x C:;
27. (D\ A) x ((CUB)NC))U((A\ D) x ((CNB)UC)) = (Aa D) x
28. (A\ D) x ((C\ BYUB)N(Ax (CU(B\C)) = (A\D) x (CUB):;
29. (Ax (CU(B\C)))N((A\D) x ((C\B)UB))=(A\D)x(CUB);
30. (Ax (CU(B\C))U((A\D)x ((C\B)UB))=Ax(CUDB).

Meroan4yHi BKa3iBKu

MojenbHuii crocib J1oBeJeHHSI TOTO:KHOCTell 0a3yeTbCcsd Ha BU3HAYEHHI
PIBHOCT1 MHOXKHAH Ta BU3HAYCHHI MlIMHOXKAHA:

(A=B)e (ACB)A(BCA) <
& ((xeA) = (xeB)A((xeB)— (xeA)).
Haraaemo, 1o gekaproBum jg00yTKOM JBOX MHOXKUH A Ta B Ha3uBaIOThH
MHOXKUHY A X B, 10 CKJIAJAEThCd 3 yIOPsJAKOBAHUX Hap Buay (z,y), Je

r €A, ye B:
Ax B={(x,y):x € Ay € B}.

9
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[Ipu MOIeJIbHOMY JIOBEJIeHHI TOTOXKHOCTEH 3 JIeKapTOBHM JOOYTKOM CJIiL
BPaXOBYBaTH, 10 THIOBHM €JIEMEHTOM JIeKapTOBOro no0yTKy A X B € mapa
eJIeMeHTIB (z,Y):

(x,y) € (Ax B) < ((x € A)A(y € B)).
IIpuknan 1.2. /IoBecTun TOTOXHICTD
(AUuB)x(CAD)\(Ax(CuUD))=(B\A)x((CuD)\ (CnNnD)).
1. Pozuumremo Hasexuicrs napu (z,y) JaiBiif 9acTuHi TOTOKHOCTI:
(,y) € ((AUB)x (CAD))\(Ax (CUD)) &
& ((z,y) e (AUB)x (CAD)A((z,y) § Ax (CUD)) &
(e (AUB)Aye(CaD)A((z¢g AV (y¢(CUD))) <
S ((reA)Vv(reB)AN(ye (CAD))A

Mg AV ((yeC)A(y¢ D))=
s(xg AA(zeAV(xeB)Aye(C D))V
V(g C)A(y¢ D)A((z € AV (z € B)A(y e (C D)) ENVE,

A\
A\

e

E=@¢gA)N(zeA)V(xeB))A(ye(CarD))
E=WegC)NyED)A(zeA)V(reB))A(ye(CaD)).
Cupomryoun Bupasu £ i €2 OKpeMo, OTPUMYEMO:
e (g AN(xeA)V((rg AAN(zeB)AN(ye(CarD)) &
SOV({(x¢AN(xeB)ANye(CArD)) <
S (xeB\A)A(ye (CAD));

& e (reA)V(zeB))A(yEC)A(y ¢ DA
N(yeC)N(y ED)VI(ly¢C)A(ye D)) <
S((zeA)VEeB)AN((ygC)NyED)A(yeC)A(y ¢ D))V
Vg O)NwED)N(yEC)N(y e D)) <
S ((reA)V(@eB)ANOV0) < ((zreA)V(reB)AND<O.

Ocrarodno j/1g J1iBOI 9aCTHHN OTPUMYEMO:

(x,y) € ((AUB)x (CAD)\(Ax(CUD)) &= & VE &
SxeB\ANye(CAD)VO& (xeB\A)A(ye (CaD)).

10
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2. Posuuiiemo HasiexknicTb napu (x,y) npasiii 4acTUHI TOTOKHOCTI:

(z,y) € (B\A) x ((CUD)\(CND)) <
s (xeB\AA(ye((CUD)\ (CND))).

OTKe, Tenep sl JOBEeJIeHHsT BUXIJTHOI TOTOXKHOCTI JIOCTATHBO IOKA3ATH, IO
CaD=(CUD)\(CND).

BukopucToByoun MOJAEJILHUNA CIOCIO TOBEACHHS, OTPUMYEMO:

(yeCAD)=(ye (CND)U(DNCY)) <
S ((ye@)AyegD)V(IyE)N(ye D)) =
S((yeO) Ve O)A(lyeC)V(ye D)) Ay ¢ D)V
Viyg C)AN((y¢ D)V (ye D)) <
SIN((yeO)VyeD)N((y¢gD)V(y¢ )Nl =
S (yeO)VyeD)n(yg D)V (y¢C)) =
S yeDUO)A(yeD)A(yel)) =
S ye(CUD)A-(ye (CND)) <
& (ye (CuD)\ (CND)).

1.3. Po3B’ss3aHHsd cucrteMu pPiBHSHDb

Po3p’si3aTu cucreMmy piBHsIHB BIJHOCHO 3MIHHOT X .

| (A\X)uC =BnCcC, . (A\X)NnB=CUB;
X\ A= B |l X\AUB=C.
, J(ANX)U(B\C) =B o JA\X\B=CUB;
"l (X \A) =BeuC. (X \A)\C=B.
, JANX)U(CNnB) =B S JANX)NB=CnB;
| X\ A=B. (X \A)uC =B.
{(A\X (ANB) = C; {(A\X)mCC\B;
4. 8.

X\A=RB (X\A)\ C = B.

11
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(A\X) A B =C;
(X\A)UC = B.

©

(A\ X) A B = CU A;

U Yxvanp=c

, Jauxyuc=snc:
)X\ A= Be

2 Y x\a) = Buc

13.
X\ A=B.

14.
X\ A=B.

(AUX)NB=CUB,;

15.
(X \A)UB =_C.

(AUX)\ B=CUB;

16.
(X \ A)\C = B.

(AUX)NB=CnNB;

T Yx\auc=B

(AuUX)NC =C\ B;
(X\A)\C =B.

—_
*

(AUX) A B =C;
(X\A)UC =B.

—_
©

—N— —— - - /- /- = /= /= =

(AUX)U(B\C) = B;

(AuX)U (CNB)=B8B;

(AUX)U(ANB) =C;

12

20.

21.

22.

23.

24.

25.

26.

N
Y

28.

29.

30.

—— —— —— Y /- - - - " "

(AUX) A B =CUA;
(X\A)NB=C.

(AUX)UC = BNC;
XNA=Be

(AUX)uU(B\C) = B;
(XNA)=BUC.

(AUX)U(CnNB)=08;
XNA=B.

(AUX)U(ANB)=C,
XNA=B.

(AuX)NnB=CUB,;
(XNAUB=C.

(AUX)\ B=CUB;
(XNA)\C =B.

(AUX)NB=CnNB;
(XNA)UC=B.

(AuX)NnC =C\ B;
(XNA)\C=B.

(AUX)A B=C,
(XNA)UC =B.

(AUX) A Be=CUA;
(XNA)NB=C.



1.3. Po3sB’sa3ambst cucteMHu DIiBHSIHD

MeroanuHi BKa3iBKu

st po3B’sI3aHHS CHCTEMH PiBHSHD 3 OJHUM HEBLIOMHM B aJiredpi MHO-
JKUH CJILJT PO3B’sI3aTH KOXKHE PIBHSIHHSI CUCTEMU OKPEMO.
Pozringnemo 3arajbHuit METO pO3B’I3aHHA PIBHAHHS BUTJISLY

A1 (X) = Az (X), (1)

e Ai(X), Ax(X) — nosiibai dopMmy/u agredpu MHOXKHUH, sIKi MOXKYTb Mic-
TUTU JOBIJIBHY CKIHUYEHHY KUIbKICTH Mpono3umidaux Jjitep. IIpomosumiiina
mitepa X BBaykae€ThCs HeBimoMuM (TOOTO piBHsIHHS BimHOcHO X ), BCi i
TPOTIO3UTIIHI JTITepN BBaXKAIOThCA (DIKCOBAHUMHU TTapaMeTPaMU.

BarajbHuil MeToj| pO3B’si3anHst piBHstHHsE Ty (1) mOAiIMMO HA YOTUPU
OCHOBHI eTallu.

1. Bukopucrosyoun exsiBajenTHicts (A = B) < (A A B = &), 3B0uMO
piBasiHHs (1) 10 pIBHSIHHSI 3 TOPOKHBOK MHOYKHHOIO Y TPaBiil YacTuHi:

(AL(X) = Ay(X)) & (AX) = ), me AX) = A (X) & Ax(X).
2. PiBugnnga A(X) = & 306pasuMo y BAIsI
(BiNX)U(BaNX)UB3 =@, (2)

ne B; (i = 1,2,3) — dpopmysu, 110 He MIiCTSITh BXOAZKeHb JTiTepu X . J{j1st 11boro
BUKOHAEMO HACTYIIHI eKBiBajieHTHI nepersopentst popmysu A(X).
1) TMosbaBumoch onepaliiii <\» Ta <A>, BAKOPUCTOBYIOYH TOTOKHOCTI:

A\ B=An B
AANB=(ANB)U(BNA°) abo AAB=(AUB)N(A°U B°).

2) Kopucrywouuce (HeobxigHy KijbkicTh pasis) npasujiom je Moprauna
(AUB)=A°NB° (ANB) = A°UB°

Ta 3aKOHOM iHBOJIIOTHBHOCTI (A°)¢ = A, BHeceMo omepallii JOIMOBHEHHS BCe-
peauny dopmynn A(X). YV dopmyi A(X) He MOBUHHO 3aJUIIATHCEH 30BHIIII-
HiX OIepariii JOMOBHEHH, TOOTO JONOBHEHHS MAIOTh 3aCTOCOBYBATUCA JIUIIIE
Oe310cepeIHbO 10 IPOIO3UIIIHIX JiTep.

3) 3acrocoByoun HEOOXiTHY KUJIBKICTh Pa3iB 3aKOH JAUCTPUOYTUBHOCTI

AN(BUC)=(ANB)U(ANCQ),
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1. Auarebpa MHOKHH

BHECEMO omepariii nepeTuny mij aprymenru o0’eauanns. ¥ dopmyai A(X) He
IMOBUHHO 3aJIUITUTHUCH ONEPAIiil MepeTuny, ki Oyan 0 30BHIMIHIMEA 10 00’€ -
HaHHA, TOOTO apryMeHTaMI MePeTUHIB MalOTh OYTH JIUTITe TTPOTIO3UITIHHI JTiTe-
pu Ta ix JonoBHEHHsI. Y pe3y/brari 3pobJenux nepersopern dopmysin A(X)
OTPUMYEMO 00’ € THAHHS IIePeTHHIB

A(X):(...ﬂ...ﬂ...)U...U(...ﬂ...ﬂ_”)’

Jie apryMeHTaM# KOXKHOI'O IIePeTHHY MOXKYTb OyTH JIMIIIE IIPOIIO3UITIAHI JIiTe-
pH Ta 1X JIONOBHEHHA.

3a3HadIMMO, IO KOMKHA Jy’KKa, KA € apryMEeHTOM 30BHINHBOIO 00’€/I-
HAHHS, MOYKE MICTUTHU JIEeKiJIbKa BXOJKeHb JjiTepu X, 9K 3 JOTMOBHEHHSIM,
Tak 1 6e3 gonoBHeHHs. [IpoTe Hy»KKHU i3 OJHOYACHHUMH BXOJKEHHSIMH X Ta
X¢ NOpIBHIOIOTH MOPOYKHINA MHOXKHUHI (BJACTHBOCTI JOMOBHEHOCTI Ta YHIBEp-
CaJIbHUX TPAHUIh) i MOXKYTh OYTH BUKpPECJEHi i3 30BHIMIHBOrO 00 € THAHHS
(BJIACTUBICTH HEHTPAIBLHOCTI).

KpimMm Toro, ojHo4yacHe BXOJ2KEHHsI B OJHY JYKKY KLIbKOX JiTep X 06e3
BXO/2KeHb X ¢ eKBiBaJIeHTHE, 33 1JIeMIIOTEHTHICTIO, OJJHOKPATHOMY BXOJIKE€H-
a0 X (aHAJOTIIHO, TEKITbKA BXOJZKEHD B OJHY JIyKKY X ¢ 0€3 BXOIKEHb X
eKBIBAJIEHTHE OJIHOKPATHOMY BXOJIZKeHHIO X ©).

Otrke, y pesyabrari 3pobsienux nepersopenb dhopmysu A(X) orpumyemo:

ni n2 n3

AX) = JBinX) ) uJBenX) U JBsi |- (3)

4) BacTocoBy09H 70 (3) 3aKOH AUCTPUOY TUBHOCTI, BAHOCHMO 3 BiIIOBII-
Hi ayxkn X Ta X° B pesyabraTi oTpuMyeMo:

AX)= (BN X)U(BaN XU B3, ne
Bi=|JBui, Bo=|JBoi, Bs=|JBs.:
1=1 =1 =1

Otke, oTpuMasy 300pazKeHHsI BUXiTHOIO DiBHSHHS Y BUIVIAI (2).
3. Cropucrapuinch ekpiBaseHTHicTIO (AUB = @) < ((A = 9)A\(B = 9)),
PO3KJIa/IeMO PIBHSIHHS (2) B €KBIBAJICHTHY CHCTEMY:

BNX=g
(BlﬂX)U(BzﬂXC)UB;g:@@ BQDXC:@,
Bs = &.
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1.3. Po3sB’sa3ambst cucteMHu DIiBHSIHD

4. Cropucrapimuch exkpiBagenTHicrio A C B < AN B¢ = &, oTpuMyeMo
YMOBY Ha PO3B’SI30K OTPUMAaHOI CUCTEMHU:

BiNX =g, XCBT,

By C X C B¢,
BQﬁXc:@, <~ BQCX, 82—@ 1
Bgzg Bgzg T .

3azHaunMo, 1m0 piBHsSIHHA B3 = & € HEOOXITHOI yMOBOK HA IapaMeTrpn
BUXI1THOTO PIBHIHHSI.

Bignosinb. fdxwo napamempu pienanns (1) sadososvhaomos ymosy
Bs = @, pose’szkamu pisharns (1) e mi i miavku mi X, axi 3a006040HA10Mb
ymosy By C X C BY. Hrwo napamempu pieuanmns (1) ne zadososvraromo
ymosy Bz = &, pisnannus (1) ne mae poss’asxis.

3ayBarkenHd 1. [Ipu po3s’a3anni peaJbHUX 33729 MYHKT 4 9aCTO OMyC-
KaloTh, i Bijl piBHsHHA (3) 01pa3y nepexoidarh J0 cucremu tuiy (4), aje 3
OLIBIIOI KIJIBKICTIO OLJIBII IIPOCTUX PIBHSIHD:

ni na

U(Bl’i N X) U U(Bg’i N Xc) U G Bgﬂ' = <

=1 1=1 1=1

1 oTpuMaHHdg OCTATOYHOI BIANOBIAI B IHOMY BHUIAAKY YaCTO KOPHUCTY-
IOThCA €KBIBAJEHTHICTIO:

A, C X C By,

S (AU A) C X C (BN By). 4
A, C X C By (A1 U A) (B1 N By) (4)

3ayBarkeHHd 2. IIpu po3p’s3aHHI cucTeM PIBHAHDb 3 OJHUM HEBIJOMUM
PO3B’SI3yI0Th OIKMCAHUM BHIINE METOJIOM KOKHe PiBHsIHHSI OKpeMo. OTpumani
PO3B’SI3KM PIBHSIHb 3BOASTH 0 3arajJbHOI CUCTEMH, MICJsI Y0r0 BHUKOPHUCTO-
BYIOTH €KBiBajieHTHICTH (4).

3ayBarkeHHd 3. PiBHSIHHS cUCTeMHU MICTSTh, 9K IIPaBUJIO, CILIbHI Iapa-
MeTpu. B 11IbOMY BHIIQJIKY IOIIYK PO3B’SI3KY MOK€ PI3KO CIIPOCTUTHCH, SIKIIIO
NP TOC/IIOBHOMY PO3B’3aHHI PiBHIHb BPaXOBYBaTH YMOBH Ha MapaMeT-
pu, OTpUMaHI IIPU PO3B’d3aHHI SK MOTOYHOIO PIBHSHHS, TaK 1 MOIEPEeJIHIX
PIBHSIHD CHCTEMH.
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1. Auarebpa MHOKHH

ITpuknaaxm 1.3. Po3p’ga3atu cucremy

CUX = A\ B,
X\A=BnC.

I[. Po3B’sizkeMo 1iepiiie piBHSIHHS CUCTEMH.

CUX=A\B& (CUX)A(A\B) =92 <
S ((CUX)NANB)Y U((CUX)*N(ANBY)) =0 <

(3a mpaBusiom Je Moprana BHOCHMO JIOTIOBHEHHST 10 TPOTO3UIIHHAX JIiTep)

S ((CUX)NA°UB))U((CNX)N(ANBY)) =0 &

(3a auCTPUOYTHBHICTIO BHOCHMO MEPETHH TiT 00’€ THAHHSA)

S(CNAYUXNAYUCNB)UXNBUC°NXNANBY) =0 <

(BUTIHCYEMO 1 PO3B’I3y€MO €KBIBAJIEHTHY CHCTEMY DiBHSIHB)

(X NA =g, (X C A,
XNB=g, X C B,
SCXNCNANB =2, & (XD(C°NANBY, <&
CNAS =g, C CA,
| CNB=g CNB=g
(ANB°NC®) C X C (AN B°), (A\(BUC))C X C (A\B),
<y C CA, & (O CA,
CNB=yY CNB=yY

OTpuMaHuii po3B’I30K IEPIIOr0 PIBHSAHHS HE MiITAa€ThCS MOTAJIBIIOMY
CIIPOIIEHHIO.

II. Po3p’sizkeMo Jipyre piBHSIHHS CHCTE€MH, BPaXOBYIOUH YMOBHU, OTPUMAaHI
[IPHU PO3B’si3aHHI LIEPIITOro PiBHSIHHS.

X\A=BNnCe X\A=o < X C A
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1.3. Po3sB’sa3ambst cucteMHu DIiBHSIHD

III. 3Boasiun PO3B’SI3KM ILIEPIIOrO i APYyroro piBHSIHb J0 3araJibHOI CHCTe-
MU, OTPUMYEMO:

(A\(BUC)) C X C(A\B),
{CUX_A\B, C C A,
& 9 &
X\A=BnC CNB=g,
(X CA
(A\(BUC))Cc X C(A\B)NA,
S0 CA, &
CNB=yg
(A\(BUC)) C X C (A\B),
& C CA,
CNB=g.

Bignosinas. fdxuo C C A ma C N B = &, poss’askamu cucmemu (5) €
mi 1 miavku mi X, axi sadosoavraoms ymosy (A\ (BUC)) C X C (A\B).
Hxwo C ¢ A abo CN B # O, cucmema (5) pose’sskie e mac.

Ilpukaan 1.4. Po3p’a3aTu cucremy

{AmXXUB,

X\A=C\X. (©)

Ha npuknani cucremu (6) mokakemo, sik MOYKHA CIIPOCTUTH PO3B’SI30K
CHCTEeMH B aJIredpi MHOXKHH, FKIITO BPaxOBYBATH KOHKPETHI OCOOJIMBOCTI 3a-
JIAHUX PIBHSHD.

I. [lpoananizyemo uepiie pisasuas cucremu (6). BpaxoBytoun oueBujHuii

daxr
(ANX)C X C(XUB),

OTPUMYEMO PO3B’I30K TEPITOTO PIBHIHHS :
(ANX=XUB)(ANX=X=XUB)& (BCXCA).

II. Ilpoanamnizyemo apyre piBusiaust cuctemu (6). Jlerko 3posymitu, 1o
muoxkuan X \ A ra C'\ X He MaloTh cuijibHuX eaeMentis. JlificHo, npuiycru-
BIIH, IO 111 MHOYKUHHU MICTATH CHLIBHUI eJleMeHT T, OTPUMYEMO TTPOTUPIIYS:

e (X\A), N x e X,
re (C\X) r ¢ X.
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1. Auarebpa MHOKHH

Aute Toai orpumyemo, 1o muoxkuan X \ A ra C'\ X € piBHEME | HE MiCTATD
>KOJTHOT'O CIIJIBHOTO €JIeMeHTa. 3BiJIcM HeraiHO BUILIUBAE, IO

X\A=C\X=0.
OT:Ke, MOXKEMO BUIIMCATH PO3B’SI30K JPYIOro PiBHSIHHS:

X\A=g,

s (CcXCcA
C\X =0

(X\AC\XM#{

IT1. 3Bojsun oTpuMaHi PO3B’A3KHU IEPIIOrO i JAPYyroro piBHAHb Y CHLIbHY
CUCTEMY, OTPUMYEMO:

ANX=XUB BCcXcCA
{ ’ @{ caca & (BUC)C X C A

X\A=C\X CCcXcCA

Bigmosiab. Poss’askamu cucmemu (6) € mi i miavku mi muoscuny X,
AKL 300060ADHAIOMD YMOBY

(BUC)C X C A. (7)

3ayBazKnuMo, 0 OTPUMAHA BIIIOBLAL He nepeadadae J0JATKOBUX YMOB Ha
napamerpu A, B ta C. Oxnak, i3 ymosu (7) serko nobauuru, 1o cucrema (6)
Mage Xoda O OJMH PO3B’A30K TOI 1 TibKu Toji, koau (B U C) C A.
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2. Teopis BiaHOIIEHD

2.1. Jlocuaig»KeHHs1 BJIAaCTUBOCTEI BiJHOIIIEHHS

Binnomenus R C R? nocaingntn Ha:

10.

11.

12.

13.

14.

pedIIeKCUBHICTS;
aHTUPEe(IeKCUBHICTD;
CAMETPUIHICTD;
AHTUCUMETPUIHICTD;
TPaH3UTHBHICTb.
(zRy) < (ry > 0)
(xRy) < (y = kx, keN).
(zRy) & (y—x=n, n€Z).
(zRy) < (0 < £ < 1),
(zRy) < (22 +y* 2 1)
(zRy) & (Jz] +[y] < 1)
(zRy) & (y—x=n, neN).
(zRy) & (r+y=n, n€Z).
(zRy) & (0 < (y —x) < 1).
(zRy) < ((x € Z) V (y € Z))
(xRy) & (2n —1 <

<ly—x/ <2n, neN).

19

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(zRy) < (vy < 0)
(zRy) < (0 < zy < 1)
(zRy) & (2° —y* = n?,
n € N).
(zRy) < (max{|z[, |y} > 1).
(zRy) < (min{|z|, [y} < 1)
(zRy) < (max{|z|, [y[} < 1)
(zRy) < (min{|z|, [y[} = 1).
(rRy) < (n < |y — | <n+3,
n e NU {0})
(zRy) & (n < (y — ) <n+ 3,
n e NU {0})
(zRy) < ([z] + [y] = 2n,
ne7Z).
(zRy) < ([z] + [yl = 2n + 1,
n € 7).



2. 'Teopis BigHONICHD

26. (xRy) < (max{zr,y} =n, 28. (zRy) & (5 < ¥ <2).

n e 7).
29. (zRy) < (3]z| <y < 2|z|).
27. (zRy) < (min{zx,y} =n,
nelZ). 30 (vRy) & (|z| <y < 2lz)).

MeToau4vHi BKa3iBKU

Haraznaemo, o Biguomennss R: A — A (to6ro R C A X A) HazuBaTh:
o pedaexcusrum, axmo Va € A: xRx;

e anmupedpaexcusHum, axmo YV € A: xRx;

e cumempuyrum, Ko Vr,y € A: xRy = yRux;

o anmucumempuunum, skmo Y,y € A: (zRy N yRx) = (z = y);

o mpansumuenum, akimo Vr,y,z € A: (tRy NyRz) = =Rz,

SayBakeHHd 4. B o3HaueHHI CUMETPUIHOCTI, BUXOJSYHN i3 JOBLIBHOCTI
x,y € A, maciainok Va,y € A: xRy = yRx mae Miciie 0JJHOYACHO i3 3BOPOT-
HUM HacaigroM Vx,y € A: yRr = xRy, 1m0 103BOJgE 3aMiHUTH B I[HOMY
O3HAYEHHI JIONIYHUN HACJIJ0K Ha JIOT1YHY eKBiBaJeHTHICTb: [ cumerpudne
Toxi i Tiabku Toxi, Ko Va,y € A: xRy < yRx.

J1Jist mocriizKeHHsT BiIHOIIEHh HA BKa3aHi BJIACTUBOCTI y 6ararhoxX BHUIIAI-
KaX 3pYYHO BUKOPHUCTOBYBATH BIJIIIOBI/IHI eKBiBaJIeHTHI YMOBH:

e (R pednekcusne) < (14 C R);

e (R anrupediiekcusne) < (I N R = 9);
o (R cumerpuune) & (R = R™1);

e (R antucumerpuune) < (RN R~ C 14);
e (R rpansurusne) < (Ro R C R),

e I,: A — A nmo3snadae TOTOXKHE BIITHOINICHHA Ha MHOXKHHI A.
Caig nam’gararn, o pedIeKCUBHICTD 1 aHTHPedIeKCUBHICTH € B3a€MOBH-
KJIFOYHUME BJIACTHBOCTSIMU (TpuHAiiMHI 11t A # &), OJlHAK CUMETPUIHICTH
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2.1. JocaipKeHHsT BJIACTHBOCTEH BIIHOIICHHS

1 aHTUCUMETPUYHICTh HE BUKJIOYAIOTHh OJIHA OJHY; TaK, HOPOKHE 1 TOTOXKHE
BIJTHOITIEHHS OTHOYACHO CUMETPUYHI 1 aHTUCUMETPHUIHI.

st moBejieHHs, MO JaHe BiTHOIIEHHS He Ma€ MeBHOI BJIaCTUBOCTI (TO6-
TO, 100 CIIPOCTYBATH HASBHICTH BJIACTUBOCTI), JIOCTATHHO HABECTU XO4a O
OJIMH KOHTPIPUKJIAJ — BKa3aTH eJeMeHTH i3 A, Jjisgd gKUX g BJIACTUBICTD
He BUKOHYE€TbCs. OIHAK JJIs JIOBEJIEHHs, IO JlaHe BiJIHOIIEHHS MAa€ IIeBHY
BJIACTHBICTH (TOOTO, MO0 TMiITBEPAUTH HASIBHICTH BJIACTHBOCTI), HEOOXITHO
JIOBECTI BUKOHAHHA IEl BJACTUBOCTI AJ14 BCIX eJeMeHTiB i3 A.

Ilpukaan 2.1. Hocainuru Bignomenns R: R — R, 3a1ane ekBiBaJieHT-
mictio tRy < (0 <z +y < 2).

Jng HaovHOCTI 300pa3uMo Ha KOOPANHATHIN MJIOTUHI TeOMETPUYIHE MiCIie
TOYOK, sIKi HaJjIe’kaTh BigHomenuo R (puc. 1).

Hocaigumo BigHomenast R Ha pedIeKCHBHICTD
i anTupedJieKCuBHICTD. I3 puc. 1 Buano, mo ic-
HyoTh napu (z,z) (r € R), aki He HaTEKATH
3aJaHOMY BiJIHOIIEHHIO; 3 IHIIIOTO OOKY, iCHY-
orp napu (z,z) (r € R), gxi namexarn 3a-
JIAaHOMY BiaHomeHnoo. I3 puc. 1 BumHO, 1m0 3a
KOHTPITPUKJIQJ JIJISI CIIPOCTYBaHHS pedJieKcH-
BHOCTI JOCTATHHO B3ATH & = 3, a g CIPO-
CTYBaHHS aHTUPedJIEKCUBHOCTI MOXKHA B3SITH
r = 1.

Puc. 1
Hiiicno, mist nap (1,1) 1 (3,3) maemo:

IR1< (1+1€10,2]); 3R3< (3+3€]0,2)),

T0OTO BifHOMEeHHsT R He € aHi pediekcuBauM (ockiibku 3R3), ani anTHped-
sekcuBHUM (OCKiIbku 1R1).
Hocuriaumo BigHOmeHHs X HA CHMETPUYHICTD:

tRy< (0<x+y<2); yRee(0<y+2<2),

3BiIKN TRy < yRx. Otx)e, BigHomeHHs R cuMeTpuUdHe, 1O TiITBEDIKYETh-
csl i cuMeTpUIHICTIO Tpadika BiHOIEHHS BIHOCHO psiMol y = x (puc. 1).
Hocuriaumo BigHOmeHHsT R HA aHTHCUMETPUUHICTD:

(xRynyRzx) < (0 < 24y < 2AN0 < y+2 < 2) & (z+y € [0,2]) & (z =v),
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2. 'Teopis BigHONICHD

100TO R He aHTHCUMeTpUYHE; 38 KOHTPUPHUK/IAL MoxKHa B3sTu mapy (0, 1),
ockinbku 1RO10R1 (1+0=1¢€0,2]), ame 1 # 0.
Hocmaiaumo BigHOomeHHa R Ha TPaH3UTUBHICTD:

r+y€l0,2],

ytze0.2] # tRz < (z+ 2 € [0,2]),

(rRy NyRz) < {

TOOTO BiHOIICHHS HE € TPAH3UTUBHUM; 338 KOHTPIIPUKJIA] MOKHA B3ATH €JIe-
mMeatn =2,y =0,2=2(2+0€ 10,2, 0+2 € [0,2], ane 2+ 2 ¢ [0, 2]).

Bigmosiapk. 3adare sidnowenna R we pedaekcusne, ne anmupedaercu-
6HE, CUMEMPUYHE, HE GHMUCUMEMPUHE, HEe MPAHIUTIUBHE.

IIpuknan 2.2. JHocaiantn BinHomennsd R: R — R, 3agame eKBiBaJIeHT-
wictio Ry < (x —y =n,n € NU{0}).

3azHauumo, 10 BigHomenHa R MicTuTb Ti i Tinbku Ti napu (z,y) € R?
st sikux © —y € NU{0}.

Binnorenus € pedpyieKcuBHAM, OCKiIbKH yMoBa xR < (x —x € NU{0})
BUKOHYETHCA i BCiX ¥ € R. 3Bigcu BUILINBAE, 110 1€ BiIHOIIEHHS HE MO-
’)Ke OyTu aHTHpedIeKCHBHUM, OCKLIBKH yMOBa ¥ /AT He BUKOHYETbCS [1JIs
x)oauoro x € R (maragaemo, mo [Jis CIPOCTYBaHHsS aHTHPedIeKCUBHOCTI
JTOCTATHBO CIIPOCTYBATH YMOBY TR xo4a 0 jjist omHoro x € R).

BinHomntenHs, 04eBUIHO, HE € CUMETPUUYHUM, OCKIIBKI

(z -y eNU{0}) # (y—z=—(z —y) € NU{0});

3a KOHTPIPHUKJIAI MOXKHA B34TH © = 2, iy = 1.

BijHouientst € anTucumMerpudHuM, ockijibku ymosu r —y € N U {0}
iy—2x € NU{0} MOoxKyrb BUKOHYBATHCH OJHOYACHO JIUIIE Y BUIAJKY
r=1yelR

Hociaumo BigHOIIeHHsT /X Ha TPaH3UTUBHICTD:

r—1y € NU{0},

y— 2 €NU{0) = (z—y)+(y—2) =2 -2 € NU{0},

(rRy ANyRz) < {

TOOTO BiJIHOIIEHHSI TPAH3UTUBHE.

Bigmosiab. 3adane sidnowents R pedaekcusne, ne anmupegpaexcusne,
HE CUMEMPUYHE, GHIMUCUMEMPUYHE, MPAH3UMUGHE.
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{b1, b2},

{Cll, as, CL3}, B

{c1,¢9,c3,¢4}, 0buncauTn (Ro S)~! ta (Ro R7'),.. Kommosumuito Ro S
OGUHCIUTH TBOMA CHOCOOAMI — MATPUISME Ta CTPLTOYHEMH JiarpaMaM.

2.2. Onepariil Ha BiJHOIIEHHSIMU
Hnsg zanapnx R: A— B1aS: B—C, ne A

2.2. Omnepanii Ha1 BITHOITEHHSIMHA
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2. 'Teopis BigHONICHD

21. R = {(a1,bs), (as, bs), (az, b1)}, S = { (b1, cs), (b, c1), (ba, e3), (b, ca)}.
22. R = {(a1,bs), (as, b1), (az, )}, S = {(ba, c1), (b, c2), (ba, ¢3), (bo, 1)}
23. R = {(a1,bs), (a1,b1), (az,b1)}, S = {(ba, c1), (b, c2), (ba, c3), (bo, ca)}.
24. R = {(a1,bs), (as, bs), (az, b1)}, S = { (b2, c3), (b, c2), (b2, 1), (by, ca)}.
25. R = {(as,bs), (az, bs), (az, b1)}, S = { (b1, c1), (b, ca), (b2, c3), (b, c1)}.
26. R = {(as,bs), (a1,b1), (az,b1)}, S = { (b1, c1), (b, ca), (ba, c3), (bo, 1)}
7. R = {(as,bs), (a1, bs), (az, 1)}, S = { (b1, cs), (b, c1), (ba, c3), (b, ca)}.
98. R = {(as,bs), (az, bs), (az, b1)}, S = {(ba, c1), (b, c2), (b2, c3), (bo, 1)}
29. R = {(as,bs), (a1,b1), (a2, b1)}, S = {(ba, c1), (b, c2), (b2, ¢3), (bo, 1)}
30. R = {(as,bs), (a1, bs), (az, 1)}, S = { (b2, c3), (b, c2), (ba, c1), (b, ca)}.

MeToan4dHi BKa3iBKU

Hexait R: A — B, S: B — C, ne A, B, C — nesiki MHOXKUHU.
Haranaemo, 1mo kommosuilig R o S BU3HAYaETHCS eKBIBAJCHTHICTIO

r(RoS)z< Jy € B: xRy NySz,

nex € A,z € C. Enement y € B, icHyBaHHS IKOTO HEOOX1THO JIJIsI BAKOHAHHS
yMmoBH (R 0 S)z, HaA3BEMO MPAH3UMHUM.

JInst obuncIeHHs KOMIO3HINT BiIHOIMEHD V BUMAAKy cKindeHunx A, B, C
3PYYHO BUKODHUCTOBYBATH MATPUIHHN CIIOCIO, a TaKOXK (SIKIO BiAHOIIEHHS
R ta S MicTaTh HEBEJUKY KLJIbKICTH HAP) CTPLIOUHI Jiarpamu.

IMpukmang 2.3. Hexait A = {a1,a9,a3}, B = {b1,b2,b3}, C = {c1,c2}.
Posrignemo BigHomnennd
R: A — B, R={(a1,b),(a2,b1), (az,b3), (a3, b2)};
S:B— C, S = {(bl,Cl), (bg,Cl), (bg,Cg)}.

O6uncauMo KoMIo3uIio R o S 3a J0I0MOroi MaTpuib. 3a IPUPOITHOT
HyMepallil paJaKiB Ta CTOBIIIB MaTPHUIb OTPUMYEMO:

01 0\ /10 0 0
Mpos = MpMs= 110 1| [0 o] =1{1 1],
010/ \1 1 0 0
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2.2. Omnepanii Ha1 BITHOITEHHSIMHA

3Bigkun Ro S = {(as,c1), (az,c2)}.

Haragaemo, mo <Jjioriaanit> 106yTok marpuilb M Mg anajoriaauii Kjia-
CUIHOMY JOOYTKY MaTpuilp (akuil Bimomwmit 3 Kypcy JiHiitHOT anrebpu) i3
3aMiHOIO apudMEeTHIHUX onepaliii cymu i J0OYTKY Ha JIOTidHI oneparii —
BiAITOBIAHO AW3’IOHKINIO Ta KOH IOHKIIO. HaBenemo BiAmoBiIHI 00YMCICHHSI
s eneMenTy (Mpgog)or:

(Mpog)o1 = (Mg)21 A (Mg)11) V (Mg)aa A (Mg)21) V ((Mg)2s A (Mg)s1) =
=(1IALD)VOADV(IAL)=1VOV1=1.

O6uucaumo R o S 3a 10MOMOrOK0 CTPIIOUHUX jiarpam (puc. 2).

I3 puc. 2 Gauumo, 1o Kommo3uilis R o S micrurh aBi mapu — (asg,cq)
(TpamsuTHHit esement by) i (ag, c2) (Tpan3uTHU enement bs). Takum duHOM,

Ro S ={(asc1), (az, c2)}.

Bignosigs. Ro S = {(az,c1), (az,c2)} (06uucaeno deoma cnocobamu,).

Jns obuncaennd igBepcHoro BimHomenns R~': B — A y BUIaIKy CKiH-
YeHHUX MHOKIUH A Ta B 3pyYHO BUKOPHCTOBYBATH MATPUUHMI CIIOCIO, TpaHC-
MOHYIOUN MATPHIO BUXigHOro Bignomenna: Mz = (Mg)T.

IMpukaaz 2.4. Oouncanmvo S~1: C' — B ana sigxomenna S: B — C i3
IIOIIEPETHBOIO IPUKIAILY:

1 0
1 0 1
MS_IZ(MS)T: 0 0 :<O 0 1)7
1 1

3Bi,ZLKI/I S_l = {(Cl, bl), (Cl, bg), (CQ, b3)}
Bignmosiab. S~ = {(c1,b1), (c1,b3), (c2,b3)}.
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2. 'Teopis BigHONICHD

Hexait R: A — A — Ginapue Bignomenns Ha muoxuni A. Haramaemo,
MO0 TpaH3uTUBHE 3aMuKanuga R : A — A Binnomenng T € MminiMaJbHEM
POBIIMPEHHSIM BiHOIIEeHHsT 1’ 10 TPAH3UTHBHOTO (PO3TOPHYTE BU3HAYEHHSI
auB., Hanp. y [12, 22]). Orxke, jjisi 00YMC/IEHHS TPAH3UTUBHOIO 3aMUKAH-
Hs Ry, y BUIIAIKY CKiHYeHHOI MHOXKHUHE A MOXKHA, BUXOASIYHN i3 BU3HAYCHHS
TPAaH3UTUBHOI'O 3aMHKAHHS, MOCJILIOBHO AOAaBaTH A0 BIIHOIICHHA T1 MapH,
K1 HeoOXiTHI /119 BUKOHAHHS YMOBH TPaH3UTUBHOCTI. [IpakTudno me o3Ha-
Jae, 10 32 HASIBHOCTI y BijiHOIIEHH] HA JaHomy kpori nap (z,y) i (y,2) 10
BijiHOIEHHS HEOOXiHO nogaru napy (x, z). O64uc/aeHHs 3pYIHO IIPOBOIUTH,
300paKyIo4uy BiIHOIIEHHS Y BUILJIsIII OPIEHTOBAaHUX I'padis.

Hagenenunii cnoci6, npuiingaTHuil 11 MHOKUH A 3 HEBEJHUKOIO KIJILKICTIO
eJIeMeHTIB, BayKKO BUKOPUCTOBYBATHU Y BUMAIKY BEJIMKOI KIJIbKOCTI €JIeMEHTIB
y MHOXKWHI A, 1 HEMOK/INBO BUKOPUCTOBYBATH Y BUIAIKY, KOJIU MHOKHHA, A
HeCKiHYeHHA. YHiBepcaJbHUil c1ocid it 0O0YUCAEHHS TPAH3UTUBHOIO 3aMU-
KaHHg BigHomenus R: A — A manae dopmysia

Ry=|JR*=RURU---UR‘U---,
k=1

ne R' = R, R¥ = Ro---oR. Jlna ckindeHHOI MHO:KUHU A 00’€IHAHHS Y
—_—

k
npaBiif 9acCTUHI peajbHO MICTUTHUME JIUIIEe CKIHYeHHY KIJIbKICTh <KOMIIO3U-

mifiaux cremeHiss> RF:
n
Ry, =|JR*=RURU---UR",
k=1

e N — KIJIBKICTh eJIeMEeHTIB y MHOXKHIHI A.

KopucHo 3po3yMmirn, 1m0 <koMmmo3uiiina creminbs> R micturs came Ti
mapi, sKi HeobXinHO nofaTn Ha k-My Kpori 10 BinHomenns RUR?U---URF,
BUXOJIAYH i3 BUKOHAHHS YMOBH TPAH3UTHBHOCTI. Inmmmu caosavm RFF wic-
TUTL mapy (x,2z) Tomi i TimbKm Tomi, Komm Bimmomenna R U R?2 U --- U R¥
micturh napu (z,y) i (y, z) aaa geskoro y € A.

IMpuknanx 2.5. Hexait A = {a,b,c,d}. Ha puc. 3 300pazkeHo mporiec
HO6YI[OBI/I TPAH3UTHUBHOI'O 3aMUKaHHA BirZLHOIHeHHH

R:A— A, R={(ab),(bc),(cc)(cd)}.
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2.3. Ob6uncjieHHsT (paKTOP-MHOXKHHH

b

a

Puc. 3. IlobynoBa TpaH3UTUBHOIO 3aMUKAHHS BijHOIIEHHS R:
a — Bigpomenus R; 6 — signomennss R U R?; B — Binnomenns Ry, = RU R2U R3

Ha nepmomy kporii J1o BijHOmeHHss R Oyu gomaxi jBi napu: mapa (a, ¢),
ockibku R micturs napu (a,b) i (b, c¢), Ta nmapa (b, d), ockiibku R micTuTh
napu (b, c) i (c,d). Y pesyabrari orpuMann signomenns RU R?. 3aznaunmo,
mo R? = {(a,c), (b,d), (b,c), (c,d), (c,c)}, onnax napu (b, c), (c,d), (c,c) Bxe
MICTSThCS y BiaHOIIeHH] K. Y 1bOMY IPUKJIAIL MH He 3yIUHSIEMOCH Ha 00UUC-
JIEHHI KOMTIO3UIIIT BiTHOTIEHb, OCKIJIBKH BiIMOBITHI MOSICHEHH OyJIM 3p00IeHi
BHIIIE.

Ha apyromy xpoui 10 Biganomenns RU R? 6yna nonana oqa napa (a, d),
ockinbku R U R? micturs napu (a,b) i (b, d) (1o neobximnocri monaru (a, d)
MozKHa OyJ10 mpuiitu i uepe3 mapu (a,c) i (¢, d)). Y pe3yabraTi oTpuMa/In Biji-
nomennst RUR*U R®. 3aznauumo, mo R* = {(a,d), (a, ), (b, ¢), (¢,d), (¢, ¢)},
OflHAK 13 nuX 'ty nap Jjuie (a,d) Oyja <HOBOK>, TOOTO He MICTHIACH Y
BinHomenni R U R?.

Ouesnunno, Bigmomenng R U R? U R? ¢ TpaH3UTHBHUM, i TPaH3UTHBHE
3aMIKaHHS mobyaoBaHe: Ry, = R U R? U R3. 3aznadmMo, 110

R* = {(a,c), (b,c),(c,d),(c,c)} C RUR*U R

2.3. O6unciaenna pakTop-MHOXKNHA

Bignomenns exBiBajeHTHOCTI <~ 3a1aHe Bigoopazkennam f: R? — R:

((z1,72) ~ (y1,12)) & (f(21,22) = f(y1,42))-

HeobOxinno:

1. ommcarn 3arajbpHAi BUIIAT (BaKTOP-MHOKHUHN R2 / o

2. 300pa3uTH HA KOOPJIUMHATHIN IJIOMIKMHI KJIACH €KBIBaJIEHTHOCTI, 110 BiJI-
IOBIIAI0TH 3aaHKM 3HaYeHHAM o = f(x1, T3).

1. f(x1,m0) =22 — 23, a=0;1;—1.
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2. 'Teopis BigHONICHD

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

f(x1,29) = |23 — 23], a=0;1;4.
f($1,$2):1715€2, a=0;1;—-1
flxy,x9) = |r129], 0=0;1;4.
f(x1,20) = min{xy, 2}, o =0;2;—2.
f(xy, z0) = min{|xy|, |z2]}, o= 0;2;4.
f(x1, 20) = max{xy, z2}, a=0;2;—2.
f(xy, 0) = max{|xy|, |z2]}, o =0;2;4.
flar, @9) = |o| + |22f, o0=0;2;4
fxy, 20) = |z1] — |22|, o =0;2; -2
flxy, z0) = ||z1] — |22||, 2=0;2;4
flxy,xe) = 1] + [22], a=0;2;—2
flxy,20) = [11] — [22], a=10;2;—-2
flzy,22) =23+ |22], a=0;4;1
f(z1, ) = |21] x%, a=0;4;,—4
f(x1, 29) = |y — |23], a=0;1;—1
f(x1,20) = 29277, a=0;1;-2
flr,29) =21 -27%2, a=0;1; -2
flz1,20) = 2y - 22 0 =0;1; -2
foy,z9) = 29 - 211 o =0;1; -2,
f(x1,20) = |z2| — cosxy, a=0;1;—1/2,
f(z1,29) = |22 —sinzy, a=0;1;—-1/2.
fxy,29) = 29 — |cosay|, o=0;1;—1/2.
(1, 22)

fxy,29) = x9 — |sinzy|, a=0;1;—1/2.
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2.3. Ob6uncjieHHsT (paKTOP-MHOXKHHH

25. f(x1,x9) = |29 —cosay|, a=0;1;1/2.
26. f(x1,x2) = |29 —sinzy|, a=0;1;1/2.
27. f(xy,x9) = ||za| — cosxy|, a=0;1;1/2.
28. f(x1,29) = ||we| —sinzy|, a=0;1;1/2.
29. f(x1,x2) = |29 — |coszy||, a=0;1;1/2.
30. f(z1,29) = |29 — |sinay||, a=0;1;1/2.

MeroanuHi BKa3iBKu

Haragaemo, 1110 BiiHOIIIeHHSIM €KBiBAJICHTHOCT] Ha MHOXKUHI A HA3UBAIOTDH
Oimapue Bigmomenns R: A — A, gaxke € omHOYacHO pedIeKCUBHUM, CAMET-
puunuMm i TpansurusauM. s bakry Ry (z,y € A) y Bunajiky BijgHOIIEHHS
eKBIBAJIEHTHOCTI TPAIUIIHHO BUKOPUCTOBYIOTDH MO3HAYCHHS ' ~ Y (KaXKyTh,
IO eJIEMEHT & eKBiBajeHTHuUil exementy y). KiracoMm ekBiBaseHTHOCTI, sKuii
MOPOIKEHIT ejleMeHTOM a € A, Ha3MBAIOTh MHOXKHWHY €JIeMEHTIB, €KBiBa-
nentHux a: [a) = {x € A: x ~ a}. ®akrop-mHOKHHOWO A/  HasmBalTH
MHOYKHHY BCIX KJaciB €eKBIBaJeHTHOCTI:

A/ ={la]:a € A}.

Caix mam’aratn, o paxTop-MHOKIHA A / __ YTBOPIOE PO3OUTTA MHOKIUHH
A, TobTO:

® KJACH eKBIBaJIEHTHOCTI ab0 He IepeTUHAIOTHCsI, ab0 30iraroThCs;
® KJ/IACU €KBIBAJEHTHOCTI — HENOPOXKHI MHOXKMHU (HpuHANMHI a € [a]);

e 00’ HANHs BCIX KiaciB ekBiBasenTHOCTI 30iracThes 3 A: | [a] = A.
acA

PosrisiHeMo BaxK/IMBHI BUIIAI0K, KOJIM BIIHOIIEHHsI €KBIBAJIEHTHOCTI Ha
MHOKIHI A mopomKyeThesa BinoOpazkenusam f: A — B, ne B — nesska, MHOXKH-
Ha: (z1 ~ x2) < (f(x1) = f(x2)). ¥ nmpomMy BUMAIKY KJIACH €KBIBAJIEHTHOCTI
MAalOTh BUIJISLI:

Ay ={z: f(z) =a}, o€ lmy,
ae Imy = {f(x): v € A} — obpa3 Binobpazkennst f. Muoxuny A, inomi
HA3WBAIOTh MHOXKHHOIO PiBHS o JUI 3adaH01 PYHKINT f.
OueBuno, mo axrop-MHOXKMHA A/ € cyKynHicrio BCix MHOKMH Aj:

Al ={Ay:a € Imy}.
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2. 'Teopis BigHONICHD

IMpukaan 2.6. Hexait A = R?, BigHomenHS eKBiBAJCHTHOCTI <~ 3a1a-
eTbes Bimobpaxkennsam f: R? — R, f(xy, x9) = 22 + 23 — 221:

((r1, m2) ~ (Y1, 92)) & (f(r1,22) = f(y1,92))-

ITorpi6bno smaiitu (axrop-muoxuny R?/. i 300pa3uTu Ha KOODIHHAT-
Hiit TUTOTITMHI KJIACH €KBIBAJE€HTHOCTI, 1O BIIMOBIIAIOTH 3aJaHUM 3HAYEHHIAM
piBusi: o = f(x1,29) = —1;0; 3.

BusnaunMo BUTJISI KJIaciB €KBIBAJCHTHOCT] 9K MHOXKHUHY PIBHI O

(z1,72) € Ay) & (23 + 25 — 211 =) & (2 — 1)* + 25 = a + 1),

3BIJIKM BH/IHO, IO oL MOXK€ HAaOyBaTH 3HAYEHb i3 MHOKHHU [—1; 00).

A4={(1, 0)}

Puc. 4

Otxke, dakTOop-MHOKHHA R? / _ € DO30UTTAM KOODJMHATHOI ILJIOIIU-
nn R? na KoHleHTpH4HI Koja 3 menrpamu y toumi (1,0) i paaiycamm
V1+ o > 0 (Bumaaky r = 0 BimmoBigae OJHOTOYKOBHIA KJIaC €KBIBAaJCHT-

wocri [(1,0)] = {(1,0)}).

Ot:Ke, OTPUMYEMO KJIACH €KBiBaJIEHTHOCTI
Ay = {(z1,12): (1 — 1)* + 25 =a + 1},

e o > —1. Kiacu ekBiBajieHTHOCTI st BunaakiB oo = —1;0; 3 300pazkeHi Ha
puc. 4.
daxTop-MHOKHIHA R? / _ € MHOXKMHOIO BKa3aHHUX KJIACIB €KBIBAJEHTHOCTL:

R?/ ={A,:a>—1}.

30



3.1. Bubip aHymepoBanux 006’€KTIB

3. KoMmbinaTopuka

3.1. Bubip HymepoBaHux 00’€KTiB

Y nocyAauHi 3HAXOAATHCS 7M1 OLINX, N9 YOPHUX TA N3 YEPBOHUX KYJIHOK
(Bci KyabKE HyMepoBaHi). CKiJIbKOMa CIIOCODAMHU MOXKHA BHTITTH K KYJIbOK
0e3 moBepHeHHsI Ta 0e3 ypaxyBaHHsI MOPsJIKY Tak, o0 y BUOIpI Oy/I0 He
MeHII HixK ky OL1ux, ko 9opHUX Ta k3 YepBOHUX KYJIbOK?!

Ne ni %) ns k ]{31 ]{32 ]{ig Ne ni %) ns k ]{31 kg ]Cg
1 3 4 5 | 6| 1 1 2 16 3 4 5 | 6] 1 2 1
2 3 4 5 | 7] 2 1 2 17 || 3 4 O | 7T 2| 2 1
3 3 4 5 | 711 2 2 18 4 6 2 |71 2 1 1
4 4 6 2 16| 2 2 0 19 4 6 2 16| 2 1 1
5 4 | 6 2163 1]0 20| 4 | 6 216,130
6 4 4 6 | 8] 3 | 2 1 21 4 4 6 | 8| 3 1 2
7 4 4 6 | 8| 2 1 3 22 4 4 6 | 8] 2 | 3 1
8 4 4 6 | 8| 1 3 | 2 23 4 5) 6 | 8] 2 | 3 1
9 4 ) 6 | 8] 2 1 3 24 4 ) 6 | 8] 3 1 2
10 || 4 5 6 |8 3| 2|1 25 4 5) 6 |8 12| 3
11 4 4 6 |8 3 |03 26 4 4 6 |81 3 |30
12 4 4 6 | 8| 1 1 4 27 || 4 4 6 |71 211310
13 4] 4|6 |70 3] 2 28 || 4 5 6 |72 |3 |0
14 || 4 5) 6 |71 2|01 3 29 || 4 5 6 |73 |02
15 4 5) 6 |73 |20 30 4 5) 6 |71 0 2|3

MeroanuHi BKa3iBKu

CrangapTHEM METOI0M aHAJI3y HEBIIOPSIKOBAHOTO BUOOPY HYMEPOBAHUX
06’¢kTiB (TOOTO 00’€KTIB, SKi MOMAPHO PO3PI3HAIOTHCS) € KOMOIHATOPHA CXe-
Ma, BiJJOMa IIiJI HA3BOIO <3aJa4a PO JeTaJli>: SIKII0 Y KOPOOIll MICTUTHCS N;
nerasneii i-ro copry (i = 1,2,...,k), To BUTATTH M MeTajeil 63 MOBepHEHHS
i 0e3 ypaxyBaHHsI IOPSIAKY Tak, 100 y Bubipii O0y/10 m; aeraJeit -ro copry
(i=1,2,...,k), moxxma C;[}C"2 - - - C1"* cocobamu.

K110 KiJIBKICTH e/IeMEeHTIB KOXKHOI'O COPTY He »KOPCTKO (pikcoBaHa, a 3a-
JIAETHCs IIeBHUMHU OOMEXKeHHSIMH, MOXKHA CKOPUCTATUCS IIPUHIUIIOM CYMH,
TOOTO TepedpaTH BCi BapiaHTH PO3IOILIY JeTajeil y BuOIpIli mo coprax, 3a-
CTOCOBYIOUH CXEMY 3aJadi PO AETaJl I KOXKHOTO (PiKCOBAHOTO PO3MOILITY
JeraJjei 1o coprax.

ITpukmgan 3.1. Y nocyauHi 3HAXOAATHCS 3 OLIUX, b YOpHUX Ta 4 3eJeHnX
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3. Kowmbinaropuka

KyJbOK (BCi Ky/bKH HyMepoBati). CKUIbKOMA CIIOCOOAMI MOXKHA, BUTSATTH 7
KYJILOK 0€3 MOBEepHEeHHs Ta 0€3 ypaxyBaHHsd HOPSIKY Tak, Mo0 y BUOipIIi 6y/10
He MEeHIT HiXK 2 6iymx, 3 YopHUX Ta 1 3e/eH0l KYJIbKu?

3Be1eMO y Tab/INI0 BapiaHTH PO3MOJILIY KY/JIBOK y BUOIPI 3a KOJIbOpa-
MH, [IO3HAYUBIIH 4Yepe3 Mg, My, M, KiIbKICTb Y BHOIPII BiAOBIAHO OLINX,
JOPHUX Ta 3€JCHUX KYJIbOK.

mg | My | My | KiibkicTs crmocobis

2 | 3|2 |C3CCT=3-10-6=180
2 | 4|1 |C3CC;=3-5-4=060
313 |1 [C5CC;=1-10-4=40

Taxkum umHOM, 3arajbHa KijabKicTb criocodiB 180 4+ 60 + 40 = 280.
Bignosinb. 280 cnocobis.

3.2. Bubip HeHyMepoBaHuUX 00’€KTiB

bByker KBiTiB MOKe MIiCTHUTH XpU3aHTEMHU, TPOSHIN, POMAIIKH Ta IBOHII.
Bci kBiTH BBazKalOThCI HEHYMEPOBAHUMU, TOOTO KBITH OJHOTO BHIY HE PO-
3pizHsaoThCA. llopsimok kBiTiB B Oykeri He Mmae 3HadeHHs. CKIJIbKH MOXKHA,
CKJIACTHU Pi3HUX OYKeTiB i3 1 KBiTIB, SIKIIO KOKeH OYKeT IMOBUHEH MICTUTHU He
MEHII Hi2K k1 1 He OLJIBII HixK Ny XpU3aHTEM, He MEeHIN HixK ko 1 He OLIBII HixK
N9 TPOAHJ, He MEHII HI>K k3 1 He OLIBII HIXK N3 POMAIIOK, He MEHI HiXK ky 1
He OLIBIN HiXK 74 HIBOHIAT

Ne n kl ni kz N9 kg ns k4 Ny
1 10 2 4 1 3 1 4 2 3
2 10 2 4 3 5 1 3 1 4
3 10 3 5) 1 4 1 3 1 4
4 10 3 5) 1 3 1 4 1 5)
5 10 3 6 1 4 1 5) 1 3
6 10 1 4 2 3 1 4 2 3
7 10 1 4 3 5) 1 3 1 4
8 10 1 4 1 4 1 3 1 4
9 10 1 4 2 4 1 4 1 5)
10 || 10 1 4 4 6 1 3 1 3
11 || 11 2 4 1 3 1 4 0 2
12 || 11 2 4 3 5) 1 3 0 3
13 || 11 3 5) 1 4 0 3 1 4
14 || 11 3 5) 1 3 0 2 1 5)
15 || 11 3 6 0 3 1 5) 1 3
16 || 11 1 4 0 2 1 4 2 3
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3.2. Bubip mHemyMepoBaHUX 00 €KTIB

Ne n kl nq kg N9 kg ns k4 Ny
17 || 11 0 3 3 ) 1 3 1 4
18 || 11 0 3 1 4 1 3 1 4
19 || 11 1 4 0 4 1 4 1 )
20 || 11 1 4 0 3 1 3 1 3
21 || 12 2 4 1 3 0 4 0 2
22 || 12 2 4 3 5) 0 3 0 3
23 || 12 3 ) 0 4 0 3 1 4
24 || 12 3 ) 0 3 0 2 1 )
25 || 12 0 6 0 3 1 ) 1 3
26 || 12 0 4 0 2 1 4 2 3
27 (|12 || O 3 3 ) 0 3 1 4
28 || 12 0 3 1 4 0 3 1 4
29 || 12 0 4 0 4 1 4 1 5}
30 || 12 0 4 0 3 1 3 1 3

MeroanuHi BKa3iBKu

CraHJapTHEM METOOM aHAJi3y BUOOPY HEHyMepOBaHUX 00’€KTiB (TOOTO
00’€KTiB, IKi y MezKaxX OJHOTO THUILy HE PO3PI3HSIOTHCS) € cXeMa KOMOiHaMii
3 HOBTOPEHHSIMH: KiJIbKICTh HAOOPIB i3 n 00’€KTIB 3a HasABHOCTI k THIIB 00’-
€KTIB, AKIIO 00’€KTH OIHOTO THIYy HE PO3PI3HAIOTHCA 1 IX pO3TAITyBaHHA y
Habopi He Mae 3Ha4eHHd, gopisnioe Cff = C7 .

Aximo 3a1a4a MiCTHTh <OOMeKeHHs 3HI3Y >, TOOTO HaDOPHU B YMOBI 3a1a4i
MalOTh MICTUTHU He MEHIII HiXK Nj 00'€KTiB k-T'0 THUIIY, MOXKHA JIETKO IePelTH J10
3a/1a4i 0e3 00OMerKeHb: BBarXKalo4H, 110 HAOOPU MICTATH MIHIMAJIBLHO HEOOXII-
HY KIJIBKICTh 00’€KTiB KOXKHOI'O THUILY, (DOPMYEMO HAOOPU MEHIOI KiJIbKOCTI
00’eKTiB 03 0OMEerKEeHHS.

Ko 3a/1aua MICTHTh <OOMeKeHHsI 3BepXy>, ToOTO HabOpH B YMOBI 3a-
Jladi MalTh MICTHUTH He OLIBII HiXK Ny 00'€KTiB k-TO THIY, MOXKHA IepeiiTn
JTO 3BOPOTHOI 3a7a491 — OOYUCINTH KLTBKICTH HAOOPIB, dKi He 33 T0BOJTHHAIOTH
3aJaHIM OOMerKeHHsIM 3Hu3y. P0o3B 130K BUXiIHOT 334441 JIETKO OTPUMATH SIK
PI3HUIO Mi2K KLJIBKICTIO HAOOPIB s 3a1a4i 6e3 00MezKeHb 1 KIJIBKICTIO MOXK-
JIMBUX HAOOPIB /I 3BOPOTHOI 3aj1a4i. 3p0o3yMijIo, IO JJIsl 3BOPOTHOI 33,124l
oOMeXKEeHHS 3BepXy HabyIyTh BUTJISIY OOMeXKeHb 3HH3Y, TOOTO MU 3BEJIEMO
33129y JI0 TAaKOI, IKy MI BMi€EMO po3B’si3yBaTn. OcoOUBICTIO TAKOTO T IX0Ty
€ Te, 110 3 IIePeX00M JI0 3BOPOTHOI 3a/1a4i KOH IOHKIlisl 0OMeXKeHb 3BepXy Ha-
OyBa€ BUIVISLY /13’ I0OHKIIT 0OMeXKeHb 3HHM3Y, 1 JIJIsl epeXody J0 KOH IOHKIIIT
YMOB JTOBOJIUTHCA 3aCTOCOBYBATH (POPMYIY TOTYZKHOCTI 00’ €THAHHS CKIHYEH-
HUX MHOXKHH (00’€IHYIOTbCS MHOXKUHEM HAOOPIB Jijisl KOXKHOI OKPEMOT yMOBH
3BOPOTHOI 3a/1a4i).
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3. Kowmbinaropuka

Hapeimri, y BHIAAKy HasIBHOCTI SIK OOMe:Ke€Hb 3BEpPXY, TaK i OOMeKeHb
3HU3Y, CJIiJ crodarky mo30yTucs oOMerKeHb 3HuU3Y (He HaBmaku!), a MOTiM
nmepeiiTy 710 3BOPOTHOI 3aadi. [lepexonsaun 10 3a1a4qi 6e3 oOMeKeHb 3HU3Y,
HEOOXIHO BIAIOBITHUM YMHOM 3MEHIIYBATH YHUCJIA, sKi 331aI0Th 00MerKeH-
Hs 3BEPXY, OCKLIbKH KOXKeH Habip BKe MICTHTH jiesKy (a came MiHIMAIbHO
HeoOXi/IHY ) KUIBKICTh 00’€KTiB KOKHOT'O THITY.

IIpukaan 3.2. byker KBITIB MOYXKe MICTUTH XPU3aHTEMU, TPOSHINA, PO-
MallK#i Ta IHiBoHiI. Bci KBiTH BBaKaloTbCsd HEHYMEpPOBAHUMH, TOOTO KBITH
OJTHOT'O BUIY MizK cODOIO HE pO3Pi3HAIOTHCs. [Topsaa0oK KBiTiB B OyKeTi He Mage
3HadeHHs. CKUTbKH MOXKHA CKJIACTU pi3HUX OyKeTiB i3 n = 10 KBITiB, IKIIO
KOXKeH OyKeT IMOBHHEH MICTUTH He MeHII HixK ki = 1 1 He OlabIn HIXK Ny = 4
XpH3aHTeM, He MEHII HixK ko = 2 i He OLIbII HiXK No = 3 TPOAHJ, HE MEHII
Hi2K k3 = 1 1 He OlIbII Hi2K N3 = 4 POMAIIIOK, HE MEHII HiXK ks = 2 1 He OLIbII
Hi2K M4 = 3 TIBOHINT

Ilepeitaemo 1o 3agau 6e3 0OMerkeHb 3HU3Y, TOOTO Oy1eMO BBarKaTH, IO
OykeT BxKe MicTuTh 1 XpuzaHrTemy, 2 TPodHIM, 1 pomaluky i 2 niBonii. Ta-
KUM 9HHOM, OTPUMYEMO 3a1ady: Oyker (i3 KBiTiB, siKi MU J0/a€MO 70 MiHi-
MaJIbHO HeOOXigHux) mMae Mictutu n = n — (k; + ko + k3 + k4) = 4 xBiTKH,
cepesl IKUX He OLIBII HIXK 11 = Ny — ki = 3 XpU3aHTeMHU, He OLIBLIN HiXK
Ny = Ng — ko = 1 TpostEa, He OLILII HIXK Ny = N3 — k3 = 3 poMalKu 1 He
OLIbII HizZK Ty = Ny — k4 = 1 miBoOHIS.

OT:ke, oTpUMaJIM 3a/1a4y, siKa MICTUTH JIKIle oOMexKeHHst 3BepXy. Ilo3na-
YUBIMH KUJTBKICTH XpU3AaHTEM, TPOSH/I, POMAIIIOK 1 MBOHIH y OyKeTi BiITOBII-
HO Yepe3 My, Mg, M3, My, 3ANAIIEMO OTPUMaHe OOMEXKEHHsI y BULJIL L]

A=(my <3)A(me <1)A(m3 <3)A(my <1).
Banuiemo 0OMezKeHHsl Jjist 3BOPOTHOT 33,/1a4i:
A= (my =24)V(my=2)V(mg=>4)V(my > 2).

[losuauarouu vepes N(P) kijbkicth OyKeTiB, iKi 3a0BOJIbHSIIOTH yMO-
Bi P, i3 dopmysnn s mOTyzKHOCTI 00’e¢aHanHs (YOTUPHOX) MHOKHH y 3a-
rajJibHOMY BULJISI/II OTPHMYEMO:

N(PLV P,V P3V Py)=N(P)+ N(P,)+ N(Ps) + N(Py)—
—N(P,ANPy) — N(PLANP3) — N(P,APy) — N(Py A P3)—
—N(P,ANP)) — N(PsAP)+ NPLAP,ANP3)+ N(PL APy A Py)+
+N(PLAP3 AP+ N(PoAPsANPy) — N(PL APy APy A\ Py).

(8)
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3.2. Bubip mHemyMepoBaHUX 00 €KTIB

BukopucroBywouu dopmyay (8), sanumemo supa3 g N(—A):

N(=A)=N(my >4)+ N(me =2 2)+ N(ms > 4) + N(my > 2)—
N (= 4) A (ma > 2) — N((ma > 4) A (mg > 4))—
—N((m1 =2 4) A (my =2)) — N((me = 2) A (m3 > 4))—
—N((mg = 2) A (my = 2)) — N((m3 = 4) A (my > 2))+

+N((mq = 4) A (mg = 2) A (mg = 4))+
+N((my = 4) A (mg = 2) A (mg = 2))+
+N((my = 4) A (m3 = 4) A (my > 2))+
+N((me = 2) A (ms = 4) A\ (my = 2))—
—N((my = 4) A (mg =2) A (mg = 4) A (my > 2))

Tenep KoxkHUIT 101aHOK B oTpuMaHoMy Bupasi 1t N (—A) € po3s’s3kom
3aj1a4i 3 oOMexkeHHsMuU 3HU3Y (6€3 0OMeKeHb 3BepXy) 1 06UUC/II0EThCsT Yepes3
dopmyty ajis KOMOiHANIH 3 IIOBTOPEHHSAMMU:

NE=A) =CO+C?4+C0+C?—0-0-0—0—CY — 0+
+0+0+0+0-0=C{+C3+Cy+C? —Cy=1+10+1+10—1=21.

KinpkicTs 6yKeTiB ai1s 3amadi popMyBaHHg OyKerTiB i3 n = 4 KBiTiB 0€3
obMexkeHb (yMOBa 0OMeKeHHsT TOTOXKHA 1):

N(1)=Ct =t =35
Haperri, octrarounuii pe3ybTaT OTPUMAEMO K Pi3HHITIO
N(1) — N(=A) =35 —21 = 14.

Bignosiape. 14 6ykemis.
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4. 'Teopis rpym

4. Teopiga rpyn

4.1. BusnadyeHHs rpymnm

Hocipuru, un € ajrebpuuna crpykrypa (R, *) 3a BKa3aHOw onepariero
<x>. ZKmo Hi, TO 3By3uTH R Tak, mobd orpuMaHa MHOXKHHA Oy/ia I'PYIOIO
3a BKa3aHOIO OIEPAIi€io (32 MOMKJIMBOCTI TAKOTO 3By KeHHs ). Bkazartu Heii-
TPAJBLHUI eJIeMEeHT IPYIH, JJId KOKHOTO eJIeMeHTa BKa3aTH OOepHEHUi, 10-
CAANTU TPYIY HA KOMYTATUBHICTD.

Ne Omneparris Ne Omneparis

1 |axb=15a+ 15b+ 5ab+42 | 16 | a*b = 2a + 2b+ 6ab + 1
2 a*b——ga——b——ab—— 17 a*b:la+lb+iab—§
3 a*b:§a—l—§b—|—2ab—§ 18 a*b——ga——b—i—loab—i-
4 laxb=2a+2b+3ab+4 |19 |axb=2la+ 21b+ Tab+ 60
5 laxb=—2a—2b+3ab+2 |20 a*b:—Ba—Bb—lab—Sél
6 a*b:%a—l—%b—l—%ab—Z 21 a*b——ga 6b—|— ab—l—
7 |axb=ja+gb+gab—2 |22 a*b:§a+§’b+4ab+1
8 laxb=3a+3b—ab—06 23 a*b:§a+§b+8ab+§
9 laxb=4a+4b+ 4ab+3 24 |axb=2a+ 2b+ sab+ 2
10 a*b:—a—b+ﬁab+22 25 a*b——a+7b——ab——
11 a*b:3a+36—ﬁab—66 26 a*b——ga——bqt ab+—
12 a*b:2a—|—2b—%ab—14 27 a*b:—a—l—%— sab —

13 |axb=14a+ 14b+ Tab+26 | 28 | ax b= —2a — 2b+ ab+
14 | a*xb= —3a—3b+ sab+ 36 | 29 a*b:—2a—2b——ab—12
15 a*b:—a—b—i—?)ab—l—% 30 a*b———a 3b b—%

MeTtoanuyHi BKa3iBKHU

Haranaemo, 1o ajnrebpuuny crpykrypy (G, *) HA3UBAIOTH IPYIIOKO, SIKIIO
BUKOHYIOTLCSI YMOBH:

e 3aMKHeHicTh: Va,b € G:axb € G,

e aconiatusHicTb: Va,b,c € G: (a*xb)xc=ax (b*c);
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4.1. BusnadeHHS rpymnn

e icHyBaHHS HeHTpaabHOrO ejeMmenTa: de € G:Va € G:axe =exa = a;

e icnyBaHHSA OOEPHEHOTO €JIeMEHTA:

VaeG:Ja ' =a " eG:axat=a xa=c.

AKimo omepailiisg * KOMyTaTUBHA, IPYILYy HA3UBAIOTH abeIeBOIo.

IMpukaam 4.1. Jocaigumo, un € muoxkuna (R, %) rpy1moro 3a onepalieo
a*xb = a4 b+ ab. Onepaliisg 3aMKHeHa, OCKUIBKE 3 a € R, b € R Bumim-
Bac a x b € R, Ta KoMyTaTuBHa, OCKLIBKH @ * b = b * a. Jlnga mepeBipkn
ACOIIATUBHOCTI 3aIUAIITEMO:

(axb)xc=axb+c+ (axbc=a+b+ab+c+ (a+b+ab)c=
=a+ b+ c+ ab+ ac+ bc+ abe,
ax(bxc)=a+bxc+albxc)=a+b+c+bc+alb+c+bc)=
=a+b+c+ab+ ac+ ab+ abe.

Jiiicno, onepallist € acoIiaTuBHOIO.

[Mlykaemo mHefiTpaabHUil egeMeHT. /IJs MOMYyKYy TpaBOro HEHTPAJIBLHOTO
eJIEMEHTa 3alUIIeMO: G * €, = a, a + e, + ae, = a, (1 + a)e, = 0. PiBuicrs
MOBUHHA BUKOHYBaTHCH Jjid BciXx a € R, tomy e, = 0. Onepariig kKomyTa-
TuBHA, ToMy () € OgHOYACHO § JIIBUM HEUTpPAJIbHUM, &, OTZKEe, JTBOCTOPOHHIM
ueiirpaabauM. OTke, (R, *) € KOMyTaTHBHUM MOHOTTOM.

st a € R mykaemo obepuennii esement. s momyKy npaBoro odep-
HEHOTro 3ammmemo: a x a " =e, a+a " +aa " =0, (14+a)a™'" = —a.
Esiement a = —1 He Mae npasoro ooeprenoro, romy (R, ) He € rpyuoro. Ane

714 BCiX a # —1 mpasmii obeprenuit icnye i gopisnioe a1 = ——% . Onepa-
a

1is KOMYTaTHBHA, TOMY — 25 € OJHOYACHO i JIIBUM OOepHeHNM ZE)I a, OTXKe,
JIBOCTOPOHHIM ODEPHEHWM.

Hocaigumo, an € (R\ {—1},*) rpynoro.

st mepeBipKM 3aMKHEHOCT1 omepallil <*> IOTpiOHO BIEBHUTHCS, IO 3
a # —1 1a b # —1 BunuBae a + b + ab # —1. llpunycrumo cynpoTtusHe:
wexait a +b+ab = —1. Toxi (e + 1)(b+ 1) = 0, ane a # —1, b # —1.
OTpuMaHa CYIepedHiCTh JI0BOJIMTh 3aMKHEHICTh Ollepaillil.

AconiaTuBHicTh omeparii <*»> Ta iCHyBaHHS HEHTPAIbHOIO eJeMEHTA
e =0 € R\ {—1} nepesipeni Buie. Takoxk 0yJI0 JTOBEIEHO, O I KOKHOTO

1 a 1 1

a € R\{—1} icuye enemenr = = — -4 € R, maxwif, mo a*xa™' = a” xa = ¢;

oiHaK HeoOxiaHo BresHuTHCH, 1o ¢+ € R\ {—1}. TIpunycrumo cynporushe:
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4. 'Teopis rpym

1__ a

a” " = —1 pna peaxoro a # —1. Toxai —=5 = —1, 3Bigku @ = a + 1 — oTpu-
MaHa CyHepedHicTh JOBOJUTDL, Mo a + # —1, ro6ro a~' € R\ {—1}. Takum
q9UHOM, eJieMeHT a~ ! € obeprenum j10 a € R\{—1} B ctpykrypi (R \ {—1}, *).

BucunoBok. (R, *) € KOMyTaTuBHUM MOHOIJIOM, &/ HE I'PYIOI, OCKi/ih-
Ku enement —1 He mae obepuenoro. (R\ {—1},%) e abenesoro rpymnorwo 3

HelTpaabHuM ejieMedToM e = (), JUIsI eJleMeHTa @ OOEPHEHHM eJIEMEHTOM €
Cl_l _ ___a
T a4+l

4.2. I'pymnu 1miicTaHOBOK

JIng 3a1aH01 TiJICTAHOBKH 6 € S1o:

® 3HANTH PO3KJIAJ Y He3aJEXKHI [UKJIH;

® BU3HAYUTH, YU € MiJCTAHOBKA G HAPHOIO;
® OGUMCJINTH HOPSJIOK |G| eeMenta 6 € Sa.

BapianTu 3aBaanb jguB. B Tabuuii 3.

MeToan4dHi BKa3iBKU

Posknamanns migcradoBku o: {1,2,... ., n} — {1,2,...,n} y He3anexHi
UK/ MOXKHA HOYMHATH 3 Oy/b-aKOTO0 ejnementa ig € {1,2,...,n}. 3adikcy-
BaBIIIU, HALIPUKJIAJL, 9 = 1, OYJAyIOTb IOCJIiIOBHICTH

190 = 1, 11 = G(’Lo), 19 = G(Zl> =0 (1), 13 = 0(22) =0 (1), eyl =0 (1), ce
YpaxoByoOUn CKiHYEHHICTh MHOXKUHU {1,2,...,n}, eleMeHTH TOCTiI0B-
HOCTI %0, %1, ...,%, ... IOYHYThb IOBTOpIOBaTHCI. JlaJi, BpaxoByodn OI€KTUB-

HIiCTB (SKIMO OLIBIT KOHKPETHO — iH €KTHBHICTD) IiJCTAHOBKU G, IOBTOPEHHSI
MOXKe IOYATHUCS JIHIIEe 3 ejleMeHTa tg. OTKe, A1 JesIKOro HOMepa 1M OTPH-
MAaEMO TONAPHO Pi3Hi ig, 11, .. -, lm_1, alde 6(iy,_1) = ig. [lobymoBana moCTi-
JIOBHICTH BUBHAYAE LUKJL (10,91, - - Gm_1)-

Axmo y muokuui {1,2,...,n} 3aIMIIMINCL €JIeMEHTH, sSKi He yBifinm
y nobynoBanuil MuKJ, OyAyIOTH BUIIEONHCAHUM METOJIOM HACTYIHHI IUKJI,
MOYMHAIOYN 3 Oy/ib-sIKOTo ejeMenTa jo € {1,2,...,n}, jo & {io, 91, im_1}-
Axuo y muoxkuui {1,2,...,n} 3amuimmiucey ejgeMedTu, siki He yBifiuuiu y
1100y10BaHl MUKJ/IU, OyAyIOTH TPeTii MUK 1 T..1.
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4.2. I'pynm mircTaHOBOK

Tabs. 3. T'pynu migcranosok. Bapiantu 3aBganb
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4. 'Teopis rpym

[Tpomec mae 3aKiHIUTHUCH 3a CKIHYEHHY KIJILKICTh KPOKiB, OCKLJILKHA MHO-
x)una {1,2,...,n} ckinuenna. ITobyg0BaHi ONUCAHUM METOJOM IUKJIH 3aB-
JKJTU He3aJIe¥KH, OCKIJTBKA 3a OOy I0BOIO HE MOXKYTh MaTH CILILHUX eJIeMeH-
TiB (BUIIMBAE 3 1H €KTUBHOCTI 1iICTAHOBKH).

Ilpukjgan 4.2. 3006pa3uMo y BUIJISAI KOMIIO3UINT He3a/eXKHUX IUKJIIB
1 234567 8)

2586 4173
1) mobyayemo mepinuii MUKJI, MOYNHAIOYN 3 ejeMenTa 1:

[iJICTAHOBKY G = (

TOOTO OTPUMYEMO THKJI JOBXKUHOIO b: (1,2,5,4,6); nporenaypa Mae mpoIoB-
JKYBATHUCS, OCKIJTHKH ICHYIOTH €JIeMeHTH (HAMPUK/IAL, 3), 0 He yBIfnLIm 10
1100y I0BAHOIO IUKJIY;

2) nobyIyeMo APYIuil MUKJI, TIOYAHAIYH 3 eJIeMEHTa 3:

TOOTO OTPUMYEMO IUKJI JOBXKUHOK 2: (3, 8); Hpole/ypa Mae Ipo0BKY BaTH-
Csl, OCKLJIbKH 3aJIUIIABCS €JIEeMeHT 7, 1[0 He YBIHIIOB J0 100YI0BaHUX IIUKJIIB,;
3) mobyIyeMO TpeTiit MUK/, MOYNHAIOYN 3 eJIeMeHTa 7:

7, 0(7) =71,

TOOTO OTPUMYEMO IHUKJI JTOBKUHOIO 1 (TOTOXKHY mifcTanoBky): (7) = €.
OT:ke, TiACTAHOBKA G JIOIYCKAE TAKUH PO3KJIAJ Y KOMIO3UIIO He3aIexK-
HUX IAKJIIB:

c=(1,2,5,4,6) 0 (3,8) o (7).

3B’30K MOOYI0BAHUX IUKJIIB 3 MCTAHOBKOIO G IIKABO IIPOCTEXKUTH, I1e-
pecTaBUBIIN BiIIOBITHO CTOBII MaTPHUIIl G:
7
-

o — 1 25 46 3

~\2 5461 8

[IinkpecanMo He3aeKHICTD pe3yJabTaTy KOMIIO3HIT He3aJdeKHUX ITUKJIIB
BiJI IOPSIZIKY 3aMKCy apryMeHTIB (KayKyTh, MO HE3aJIeXKHI UK MiK COOOI0

Komymyroms). Tak, mis nijgcranoBku o i3 npuki. 4.2 icaye 6 BapianTis 3a-
IHACY Y KOMIIO3HITIIO He3a/IeXKHUX THKJTIB:

wW oo

o =(1,2,54,6)0(3,8) 0 (7) = (3,8) 0 (1,2,5,4,6) 0 (7) = ...
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4.3. T'omomopdizmu rpyn KJjaciB JIHIIKIB

st ob64uncieH s TapHOCTI IiJICTAHOBKH, SIKY PO3KJIAJIEHO Y KOMIIO3HILIO
He3aJICyKHUX MUKJIIB, CJIiJI BpaXOoBYBATH, IO MUK HApHOI JIOBXKUHH € Helap-
HOIO TiJICTAHOBKOIO, OCKLIBKHU PO3KJIATAETHCS Y KOMIIO3HUINIO HemapHol (Ha 1
MEHIIOT 38 JOBXKUHY IUKJIA) KIJIbKOCTI TPAHCIIO3UIIH, I HABIAKK — IUKJI He-
IIAPHOI JIOBXKUHU € IAaPHOIO IiIcTaHOBKOIO. OT2Ke, IapHICTh KOMIIO3UIIIT He3a-
JIeZKHUX [UKJIB BUBHAYAECTHCSI KITBKICTIO UKJIIB ITAPHOI JTOBXKUHY (HEMAPHIX
ITICTAHOBOK ), OCKLTbKY UKW HEMApPHOI JOBKUHU (TAPHI MiJICTAHOBKH) HE
3MIHIOIOTH HaPHICTh KOMITO3uIii. OCTATOYHO MAEMO: SKIINO PO3KJIAL I ICTa-
HOBKH y KOMIIO3HUINIO HE3aJIE?KHUX IMUKJIIB MICTUTH MapHY KIIbKICTH IMUKJIIB
IMapHOI JIOBXKWHU, BUXIJHA MiJICTAHOBKA MHAapHA, SKIO HelapHY KIJIbKICTh —
HernapHa.

IMpukaazx 4.3. Ilincranoska 6 = (1,2,5,4,6) o (3,8) o (7) i3 npuki. 4.2
MAa€ OJIMH NUKJI HapHOI joBKubu (k1 (3,8)), a OTKe € HEenapHOIO.

st obunCIeHHsT TOPSIKY IiJICTAHOBKH O, SKY PO3KJIAAEHO Yy KOMIIO3HU-
10 He3aJeXKHAX IUKJIB, CJiJ BPaXxOBYBaTH, IO MOPAI0K KOKHOTO IUKJIY
JIOPIBHIOE Or0 JOBXKHUHI — IIe BUILIUBAE 3 O3HAYCHHS MOPAIKY eJIeMeHTa I'py-
1 9K HAHMEHIIOro JOJATHOIO MOKA3HUKA CTEIeHsl, IPU i THECEeHH]I 10 AKOTO
OTPUMYEMO HEATpaTHHUN eJIeMeHT (TOTOXKHY ITiICTAHOBKY ).

Jlasi, ocKibKY He3a/ eXKHI MUKJIN KOMYTYIOTh, CTelliHb KOMIO3UITT He3a-
JICZKHUX IUAKJIIB JOPIBHIOE KOMIO3HINI CTEIICHIB:

(GIOGQO-..oOk)m:(571”0672”0...0021’

e o; (7 = 1,2,...,k) — mezamexni nuksu. [3 maBegenoi piBHOCTI Onpasy
BUILINBAE, M0 MOPSIO0K MiJICTAHOBKH G = G1 O G2 O - -+ O O Ma€ OyTHU Haii-
MEHIIIIM 13 Unces, sKi KpaTHi mopsjakaM mukiais o; (j = 1,2,..., k), To6T0
’G| == HCK(’Gl‘, ‘02|, NN ‘OkD

IMpuknax 4.4. Iligcranoska o = (1,2,5,4,6) o (3,8) o (7) i3 npuki. 4.2
MICTUTh TPH He3aJexKHI IMUKJIH 3 JOB:XKUHAMH D, 2 Ta 1. TakuMm dmHOM,

6| = HCK(5,2,1) = 10.

4.3. I'omomopdi3zMu rpyn KJjaciB JIMIMNKIB

3naiiTi Bci roMoMopdi3Mu 3 aAUTUBHOL IPYIU Zy B UTUBHY IPYILY L.
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4. 'Teopis rpym

m||Ne | n | m]|| N | n | m

21 19 | 12 | 16 25 |12 | 14

10 | 15 8 4 | 10 14 10 20| 9 | 12 26 | 12 | 15

= o | oy | 3

10 | 12 9 | 10| 18 15 18 21| 9 | 15 27 | 14 | 20

16 | 18 10 | 16 | 20 16 | 15 | 20 22 | 16 | 22 28 | 15 | 21

18 | 21 11 | 20 | 25 17 | 12 | 20 23 | 15 | 24 29 | 12 | 21

OO | | W N |-

18 | 20 12 | 20 | 26 18 | 20 | 28 24 | 21 | 27 30 | 24 | 28

MeTroan4dHi BKa3iBKU

T'omoMmopddism, 110 i€ i3 Oy/Ib-sIKOI MUKJIIYHOI I'PYIIH, OJHO3HAYHO BU3HA-
JaeThCcd CBOIM 3HAUYCHHSAM Ha TBIPHIiM, OCKIJIBKN OYIb-IKHI eJIeMEHT IMHKJIi9-
HOI TPYIHN € 3a BU3HAYCHHIM JEeIKHM CTelleHeM TBipHOI. Takum 9umHOM, 115
BU3Ha4UeHHSA TOMOMOpdi3my f: Z,, — Z,, JOCTATHRO BUBHATUTH f (T), OCKLJTh-
KH ejeMeHT 1 € Z, € TBipHIM (K TpaBWIIO, OJHIEIO i3 TBIPHUX B A UTHBHIN
rpyti Zy,).

Beegemo noznauenus k = f(1) € Zp,, ne k = 0,1,...,m—1. I3 o3nauenus
roMmoMop@i3zMy MaeMo:

FO) = fn) = F (D) = (FO)"" =F"" =Fn € Zn.

3 inmoro 6oky, f(0) = 0 € Z,, (romomopduuit 06pa3 HeHTPAILHOTO —
HeiiTpasabauit). OTKe, OTPUMAEMO TAKY PIBHICTD Y Zy,:

(kn =0) < ((kn mod m) = 0).
TakuMm unHOM, UncI0 k MOKe HAOYBATH JINIIE TAKUX 3HAUYCHD 13 MHOKWHU
{0,1,...,m — 1}, 3a skux kn giiurbcs Ha m. Beegemo 10 po3rigiLy 4uc/ia
My Ta N1 13 PIBHOCTEH

m = HCI(n,m) - my, n=HCI(n,m) - n;.

Ockinbrku HCJI(ny,my) = 1 (ducma my ta ny 3a mobyI0BOIO B3aEMHO
IPOCTi), OTPUMYEMO:

(kn = 0) < ((kn mod m) = 0) & ((kn; mod my) = 0) < ((k mod m;) = 0).
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4.3. T'omomopdizmu rpyn KJjaciB JIHIIKIB

OTKe, OTPUMYEMO TaKi MOXKJ/IUBI 3HaUYeHHs k (HAragaeMo, 1o HAC [IKAB-
Jaarh e 3uadents 0 <k <m — 1):

ke {0,mq,2myq,...,(HCO(n,m) — 1)my}.

Tenep 3nadgennst romoMopdismy f Ha KOXKHOMY ejeMeHTi j € Z, MOXKHa
OOYHCJIUTH 13 CIIBBLIHOIIEHHS

fG) = (Y =F" =&j € Zn.

SayBakeHHd 5. 3araJibHa KiJbKicTh TOMOMOpdiamiB f: Z, — Z,, 10-
pisutoe HC/I(n, m) (3a kiabkicTio MoxkuBux 3Hadenb k € {0,1,...,m—1}).

3ayBaxkeHHda 6. 3a Oyab-gkux n,m € N, 3aBxK/u icHy€ TakK 3BaHUI
TpuBianbHui roMoMOPdisM fo: Z, — Ly, SKUR 3aBXKIU NPUIMAE 3HAUCHHS
0 € Zy, (fo, oueBuaHO, Bianosigae 3uadentio k = 0),

ITpuknan 4.5. Ilobyayemo romoMopdizmu i3 aauTuBHOl Tpynu Zis y
rpyny Zg. Y BBeJIEHUX TO3HAYEHHAX MAEMO:

n=12, m =38, HC(n,m) =4, ny =3, my = 2.

OT1Ke, OTPUMYEMO TaKi MOYKJIMBI 3HAYCHHS JIJIs f(I) = k € Zsg
(0<k<T):

ko=0-2=0k =1-2=2, ky=2-2=4, ky =3-2=6.

F'omomopdizmu, gki BiAOBIAAI0TH 3HANIEHUM 3HAYEHHSAM K, IO3HAYIMO
qepes fo, fa, f1, fo; iXHI 3HAUEHHS 3BeIeMO B TaO/IHIO (OOUNCIEHHS 3HAYEHD
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4. 'Teopis rpym
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5. HacTKOBO BIOPAAKOBaHI MHOXKWHI
Ta PEenIiTKN

5.1. HacTkoBOo BHOpdAAKOBaHI MHOXXuUHH. BepxHi Ta
HI>KHI MexKi

JLng 3a0aH01 cucTeMu MHOXKHUH A, BIIOPSIKOBAHOI 38 BIJIHOIIEHHSIM BKJIa-
TeHHsT <C>, HeOOXiTHO:

e nooyayBaru jgiarpamy [ecce;

e JiId 3aJiaHol niyMHOoKUHU B C A BuU3HAYUTH MaKCUMAaJbHI Ta MiHi-
MaJIbHI eJIeMeHTH, HAHOLIBIN Ta HaWMEHII eJIeMeHTH, CYIIPEeMYM Ta iH-

imym;

® BU3HAYNUTH, YU € 3a/aHa YACTKOBO BIOPgIKOBaHa MHOXKuHA (A, C) pe-
IIITKOIO;

o axio (A, C) € pemiTKow0, J0CJaiIuTH 11 Ha JUCTPUOYTUBHICTD Ta BU3HA-
YUTH JOTOBHEHHS JIJIsI KOXKHOT'O eJIeMEeHTA.

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

9. A={{1,2,3,4},{1,2,3},{1,2,4}, {1,2},{2,3}, {2,4}, {2},
B =1{{1,2,3},{1,2,4},{1,2}}.

3. A={{1,2,3,4},{1,2,3},{1,2,4},{1,3,4}, {34}, {1,2}, {4}, &},
B ={{1,2,3},{1,2,4},{3,4}}.

4. A=1{{1,2,3,4},{1,2,3),{1,2,4},{1,2}, {2, 3}, {2,4}, {4}, 2},
B ={{1,2,3},{1,2,4},{2,4}}.

5. A={{1,2,3,4},{1,2,3},{1,2,4},{1,3,4}, {3.4}, {1,2}, {4}, {2}, &},
B ={{1,2,3},{1,2,4},{3,4}}.

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

7. A={{1,2,3,4},{1,2,3},{1,2,4},{1,2}, {2,3}, {2, 4}, {3}, {4}, &},
B ={{1,2,3},{1,2,4},{2,3}}.
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5. YHacTkoBO BIOpSIIKOBaHI MHOXKHHH Ta PEITITKH

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

CA=1{{1,2,3,4},{1,2,3},{1,2}, {1,3}, {1}, {2, 3,4}, {2,3}, {4}, &},

B ={{1,2,3},{1,2},{4}}.

- A={{1,2,3,4},{1,2,3},{1,2},{1,3},{1},{2,3,4},{2,4},{3,4}, {4}, &},

B ={{1,2,3},{1,2},{4}}.

A={{1,2,3,4},{1,3},{1,2}, {1}, {2, 3,4}, {2, 3}, {4}, &},
B = {{2,3,4},{1,2}, {4}}.

A=1{{1,2,3,4},{1,2,3}, {1,2,4}, {1,2},{2,3}, {1,4}, {2}, {1}, &},
B ={{1,2,3},{1,2},{1,4}}.

A={{1,2,3,4},{1,2,3},{1,2}, {1},{2,3,4}, {3,4}, {3}, {2, 3}, &},
B ={{1,2,3},{1,2},{3,4}}.

A=1{{1,2,3,4},{1,2,3},{1,2,4},{1,2}, {2}, {1}, &},
B ={{1,2,3},{1,2,4}, {1}}.

A={{1,2,3,4},{1,2,3},{1,2,4},{1,2},{2,3}, {2}, @},
B ={{1,2,3},{1,2},{2,3}}.

A=1{{1,2,3,4},{1,2,3}, {1, 2}, {1}, {2, 3,4}, {2, 3}, {3}, &},
B =1{{1,2,3},{1,2},{2,3}}.

A=1{{1,2,3,4},{1,2,3},{1,2}, {1}, 11,3}, {2,4}, {3,4}, &},
B ={{1,2,3},{2,4},{3,4}}.

A={{1,2,3,4},{1,2,3},{1,2}, {1}, {1,3},{2, 4}, {3, 4}, {4}, &},
B ={{1,2,3},{2,4},{3,4}}.

A={{1,2,3,4},{1,2,3},{1,2},{1},{1,3},{2,4}, {3,4}, {2}, &},
B ={{1,2,3},{2,4},{3,4}}.

A={{1,2,3,4},{1,2,3},{1,2}, {1}, {1,3},{2, 4}, {3, 4}, {2}, {4}, &},
B ={{1,2,3},{2,4},{3,4}}.

A=1{{1,2,3,4},{1,2,3}, {1,2}, {1}, {1,2,4}, {1,4}, {2, 4}, {4}, &},
B ={{1,2,3},{2,4},{1,4}}.

A=1{{1,2,3,4},{1,2,3},{1,2}, {1}, {1,2,4}, {1,4}, {4}, &},
B ={{1,2,3}, {4}, {1,4}).

A=1{{1,2,3,4},{1,2,3}, {1,2}, {1}, {1,2,4}, {1,4}, {2,4}, {2}, &},
B ={{1,2,3},{2,4},{1,4}}.
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23. A= {{1,2,3,4},{1,2,3}, {1, 2}, {1}, {1, 2,4}, {1,4}},
B ={{1,2},{1,2,3},{1,4}}.

24. A =1{{1,2,3,4},11,2,3},{1,2,4},{1,3}, {1}, {2,3}, &},
B =1{{1,2,4},{2,3}, {1}}.

25. A ={{1,2,3,4},{1,2,3},{1,2,4},{1,2}, {1}, &},
B ={{1,2,4},{1,2,3},{1}}.

26. A =1{{1,2,3,4},{1,2,3},{1,2},{1,3}, {1}, @},
B = {{1,2,3},{1,3}, {1}}.

97, A=1{{1,2,3,4},{1,2,3},{1,2},{1,3}, 2},
B ={{1,2,3),{1,2},{1,3}).

28. A= {{1,2,3,4},{1,2,3}, {1}, {2}, {3}, &},
B = {{17273}7{3}7{1}}'

29. A={{1,2,3,4},{1,2,3},{1,2},{1,3}, 2},
B ={{1,2,3},11,3},{1,2}}.

30. A=1{{1,2,3,4},{1,2,3},{1,2},{1,3},{2,3}, 2},
B ={{1,2,3},{1,3},{1,2}}.

MeTroanyHi BKa3iBKU

g nobynosu aiarpamu ['ecce 3a1aHOT 9aCTKOBO BIIOPSIJIKOBAHOI MHOKH-
mn (UYBM) neobximmo:

1. PostamyBatm Ha miomuHi egeMmentn 3aaanol YBM 3rigmo 3 obpa-
HIUM HAIPIMKOM <3pOCcTaHHd>. Mu BBarkaTuMeMo, MO eJeMEeHTH <3POCTa-
I0Tb> 3HHU3Y BrOpPYy, TOOTO jJjisi @& < b ejileMeHT a pO3TallOBYETHCI HUXKUe
ejieMenTa b.

2. 3’enHaTu peOPOM KOXKHY IMapy eJeMeHTIB a < b 3 Ge3mocepeTHiM mepe-
JTYBAHHSM.

ITpukaan 5.1. Po3risgaemo cyKynHICTb MHOXKWH

A=1{{1,2,3,4},{1,2,3},{1,2,4}, {1}, {2, 4}, &},

BIOPA/IKOBAHY 34 BIJIHONIEHHAM BKJajgeHHs <C>. Muoxuni {1,2,3,4} ue-
penyIoTh BCi eleMeHTH cyKynmHOCTI A, cama MHoxkuHa {1,2,3,4}, oueBniHO,
He 1epejlye KO/HIi 3 MHOkKUH cyKynHOCTI A (okpim camol cebe). Muounu
{1,2,3} ra {1, 2,4} nepeaytors muoxuni {1, 2, 3,4} 6e3nocepeiibo, OCKiIbKN
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5. YHacTkoBO BIOpSIIKOBaHI MHOXKHHH Ta PEITITKH

MICTSTh JIMIIe HA OJUH €JeMeHT MeHIe, Hixk Mmicrurhb {1,2,3,4}. MHoxKuHi
{1,2,3} crporo nepeayiors MHOKuHM {1} i &, onHak Ge3nmocepesHbO Hepe-
nye qurre {1}, Muoxuni {1,2,4} ctporo nepeayiors muoxuum {1}, {2,4} i
@, 6esnocepeaubo nepeayiorb {1} 1 {2,4}. Koxuiit 3 muoxun {1} ta {2,4}
CTPOTO IepeJIye Juile &, i e nepeayBaHHs Oe3rnocepeane. Haperri, mopox-
Hili MHOXKWHI & He Iepeaye »KoaHa 3 MHOXKHUH, OKpiM camol &. Temep Mmaemo
BCe HeoOXiTHe 1t modymoBu miarpamu Lecce (quB. puc. 5).

{1,2,3,4}

{1,2,3} {1,2,4}

{1} {2,4}

)

Puc. 5

MinimManbauil (MAKCHMATHHUN) €JeMeHT TJAMHOXKUAHU B 9acTKOBO BIIO-
PSIAKOBAHOI MHOXKHHE A — IIe eJleMeHT, aKuif HaJleXKuTh B, i SKoMy He mepe-
aye (BIAOBIHO, 38 IKMM He CJIiJLy€) »KOJIeH iHiuii ejiement i3 B. Y Bunajky
HEBEJINKOI KiJIbKOCTI eJIeMeHTIB y MHOXKHMHI B, IOMYK MiHIMaJIbHUX Ta MaK-
CUMAaJIbHUX €JIEMEHTIB 3pYy4YHO IPOBOJAUTHU Ha jiarpami ['ecce. 3a3HaduMo, 110
OyIb-siKa CKIHYeHHA HEIMOPOXKHS MHOXKHHA B 000B SI3KOBO MICTHTH ITpHUHA-
MHI OWH MIHIMAJbHHUN 1 OANH MaKCUMAJIbHUHA €/IeMeHT.

Ilpukaag 5.2. 3HaiineMo MiHIMaJIbHI Ta MAKCHMAJbHI €JIEMEHTH JIJIsT
vuoxkuan B = {{1,2,3},{1},{2,4}} y cxkmani UYUBM (A, C) 3 npukaary 5.1.
Enement {1,2,3} cainye 3a {1} i wenopiBuanuuit 3 {2,4}, a orxke € max-
cumasibiuM (asie He MiHiMasabHuM) B B. Enement {1} nepeaye enementy
{1,2,3} i nenopiBugnuuit 3 {2,4}, a or:ke € MiHIMATbLHUM (aJie HE MAKCH-
maibauM) B B. Emement {2,4} menopisusuumii 3 exementamu {1,2,3} Ta
{1}, a orke € onHOYACHO MiHIMAJBHUM 1| MAKCUMAIBLHUM B B.

Haijivenmmit (mafiolipmmit) esreMenT miaMHOKAHE B 9acTKOBO BIOPSI-
KOBaHOI MHOKHHE A — 1e esiemenT, sikuil HaexKuTh B, 1 skuil nepejye Bcim
iHIIIM eslemenTaM (CJIiaye 3a BciMa iHmMME egeMenTaMu) MHOKuHU B. Ha
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BiZIMiHY Bij MiHIMAJIBHOTO (MAaKCHMAJIBHOIO) eJIeMeHTa, HaiiMeHmnuil (Haii-
OlTbIITHit) esleMeHT MHOKUHE B Mae OyTH NOPIBHSHHUHE 3 KOKHAM €JIeMeH-
TOM MHOXKWHHU . 3a3HaunuMo, MO OY/b-Ka MHOXKUHA, B MICTUTH He OiLIbIe
OJIHOI'0 MIHIMAaJLHOIrO Ta He OiJbIlle OJHOT0 MAaKCHUMAJILHOTO €JIeMeHTa. 3a
BU3HAYEHHSM, HAiMeHIuil (HaiOLIbIINii) eJleMeHT MHOKIHA B € 0HO9aCHO
MiHIMAJIBbHIM (MAKCHMAJIHHUM) €JeMEeHTOM B, 3BOPOTHOIO HACJIIKY HEMAE.

IMpukaax 5.3. Muoxkuna {{1,2,4},{1},{2,4}} v ckraxi UYUBM (A4, C)
3 nupukaaay 5.1 micrurh Haiiblibmuii enement {1,2,4} (sakuit ogHOUACHO €

MAaKCHMAJIBHAM) i He MICTHTh HAHMEHIIOro (Xo4a MICTHTH MiHIMAJbHI eje-
mentu {1} 1 {2,4}).

Jns Busnauennst cynpemymy (indimymy) nigmuoxubu B 3ananoi YBM
(A, C) cain ciouarky BusHauuTH Bei BepxHi (HuzkHi) Mexi muoxkunu B. Cy-
npemyM (iHdiMyMm), SKIo icHye, € HaiimeHIon (HaibLIBIIOW) y ceHci 3a-
JAHOTO BiTHOIIEHHSI MOPSJIKY CepeJl YCiX BePXHiX (BiAMOBITHO HUXKHIX) MexK
MuOXKWHN B. Tligkpecanmo, Mo cympeMyM Ta iHE@IMYM, 9K 1 Oy/Ib-gKa Bep-
XHd YU HUXKHS Mezka, Hajexkarb 3aganiii YBM A i MoxKyTb He HajexKaTu
MHOXKHHI B C A.

Y Bunaaky ckimdennol UYBM 3 meBesmKkoio KiJIHKICTIO €JIeMEHTIB, MONTYK
iH(pIMYyMiB Ta cCynpeMyMiB 3pyIHO 3/ificHIOBAaTH Ha Jiarpami ['ecce.

IMpukaang 5.4. Muoxuna B = {{1,2,4},{1},{2,4}} vy ckmnani YBM
(A, C) 3 npukaaay 5.1 mae Bepxui mexi {1,2,3,4} ta {1,2,4}, najimenuioro
3 akux € {1,2,4}. €aunoro (i, 0YEBUIHO, TOUHOKW) HIKHBOIO Mexkew B e
nopoxkus MHOKUHA. OTKe, sup B = {1,2,4}, inf B = @.

YacrkoBo BlOpgAKOBaHa MHOKHHA (A, C) BU3HAYAE PENITKY 3 Oleparii-
avu xVy = sup{z,y} ta x Ay = inf{z, y} Toxi it Tinbku ToOMI, KOMM sup{z,y}
ta inf{z,y} icaytors mis oyab-saxkux z,y € A. OcKiIbKI

(z <y) & (sup{z,y} = y) & (inf{z,y} = ),

icnyBanns sup{x,y} ta inf{x,y} nocrarupo nepesipurn Jmmie s HENOPIiB-
Haauaux r,y € A. Haramaemo, 1o perriTky iHoai Bu3sHavYaioTh came sk UBM
(A, C) 3 ymoBoro, 1o sup{z, y} ra inf{x, y} icuywors g 6yap-skux z,y € A.

IMpukaan 5.5. YacTkoBo BlopsiakoBaHa MHOKUHA (A, C) 3 npukaary 5.1
€ PeINnTKOW (BU3HAYAE PEIITKY), OCKIIHKH JOMYCKAE JIUIIe Bl Tapu Hemo-
PIBHAHHUX €JIeMEeHTIB, 9 9KUX ICHYE CYIpeMyM Ta iH@iMyM:

sup{{1,2,3},{1,2,4}} = sup{{1,2,3},{2,4}} = {1,2,3,4},
inf{{1,2,3},{1,2,4}} = {1}, inf{{1,2,3},{2,4}} = .
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JuctpubyTUBHICTD PELIITKH 3 HEBEJIMKOIO KLIBKICTIO €JIEMEHTIB JIOLLIbHO
IEePEBIPITU 33 JOTOMOIOI0 KPUTEpPid AUCTPUOYTUBHOCTI: PEIITKA € AUCTPH-
OYTUBHOIO TOJII 1 TITBKY TO/T1, KOJIM BOHA HE MICTUTH I IPENTITOK, i30MOppHIX
penritkam Ky ta Ko (aus. puc. 6 i 7 BignosigHo).

a a
b b d
c
d
e e
Puc. 6. Pemirka Ky Puc. 7. Pemritra Ko

IMpuknanx 5.6. Jocaigumo Ha auctpubyTuBHicTh perritky (A, C) 3
npukaaay 5.1. Ockinbku MHOKMHA A MicTuTh Juiie 6 ejgeMeHTiB, TOO-
TO MICTUTD JIHIIIE 065 = 6 OIAMHOXKHH 3 O €JeMeHTIB, IOILJIbHO CKO-
puctatuch Kpurepiem aumcrpuOyrusHocti. [Migmuoxuna A \ {{1,2,3,4}}
(muB. puc. 8) He € pEIITKOI, OCKLIBKH HE MICTUTH CYMpPeMyMy MHOXKWHU
{{1,2,3},{1,2,4}}. Hinmuoxuna A\ {} € nyamsnoio 10 A\ {{1,2,3,4}}.
Muoxkuna A\ {{1,2,3}} (nuB. puc. 9) € periTkor, i € MiAPEIIITKOW PertiTK
A, ajie ug nigpenritka He i3omopdua ani Ky, ani Ko. ITinmuokuna A\{{2,4}}
e nyasnbuoto 10 A\ {{1,2,3}}. Higmuoxkuna A\ {{1,2,4}} (nus. puc. 10) €
PEINTKOI, ajie He € MAPeNnTKOK permTkn A, OCKIIbKHA CyIpeMyM MHOZKH-
au {{1},{2,4}} nabysae pisunx 3uauenp B A i A\ {{1,2,4}} ({1,2,4} i
{1,2, 3,4} Bignosinno). Iinmuoxuna A\ {{1}} e nyaapuoro no A\ {{1.2,4}}.

{1,2,3,4} {1,2,3,4}

{1,2,3} {1,2,4} {1,2,3}

{1} {1}

{2,4}

{1} {2,4)
{2,4}

Puc. 8 Puc. 9 Puc. 10
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Or2Ke, 2KO/HA 3 H-eJIeMEeHTHUX HiJAMHOXKKH pernitku (A, C) He € nigperrir-
K010, i3oMopduoo [ un Ko, a 0TzKe, 3riTHO 3 KPUTEPIEM THUCTPUOYTUBHOCTI,
perriTka (A, C) aucTpubyTUBHA.

JlonoBHEHHS /10 eJIeMeHTiB B OOMerKeHiil pelriTii MOXKHa IIyKaTu 0e3110-
cepeTHbO 3a BU3HAYEHHAM, TOOTO /I (DIKCOBAHOTO eJeMeHTa a 3HalTH BCi
Taki eqemenTs b, mo a Ab = 0, a V b = 1. 3a3Haummo, 110 TOPIBHAHHI eJie-
MEHTH MOXKYTh OYTH JONOBHEHHSM OJIMH JIO OJIHOTO JIUIIE TOJl, KOJU OJIUH
3 HUX € OJIMHUIICIO, & ApyTruil — myaem pemiTku. OT¥kKe, IKIO €JIeMEHT @ He
€ OJIMHUIEI0 YU HYJIEM DPeIlTKU, JONOBHEHHS JI0 HBbOI'O CJIJ MIYKATU JIUIIE
cepel eJleMeHTIB, HEIOPIBHAHHUX 3 a.

Ilpukaan 5.7. BuznaunMo JONOBHEHHS A0 KOXKHOTO €JIEMEHTY B PEIIiT-
i (A, C) 3 npukaany 5.1. Exemenrt {1,2,3,4} € onuaunero pemitku, a or-
JKe Mag €JiuHe JIONOBHeHHs & (Hy/Jb PEInTKE). AHAIOTIYHO, eJeMeHT & €
HyJIEM PelriTKu, a oTyke Mae ejaune jgonosuenns {1,2, 3,4} (ogunuig peurir-
ku). Ejgement {1, 2, 3} nenopisasianuii umnte 3 enemenramu {1,2,4} ra {2,4}.
OO6uncI004Yn BiAMOBIIHI A3’ FOHKINT I KOH IOHKIIIT, OTPUMYEMO:

{1,2,3V v {1,2,4} = {1,2,3,4}, {1,2,3} A {1,2,4} = {1} # o&;
{1,2,3} v {2,4} = {1,2,3,4}, {1,2,3} A {2,4)} = &.

Orxe, enement {1,2,3} mae oxne jgonosHenus — enement {2,4}. Anajo-
riubo, ejemenrt {2,4} nenopiBusauuuit 3 enemenramu {1,2,3} Ta {1}, aue
{2,4} v {1} = {1,2,4} # {1,2,3,4}; orxe, {2,4} mae oame nONOBHEHHS
— enement {1,2,3}. Enement {1,2,4} wenopiBusiaumii jumre 3 {1,2,3}, aie
{1,2,3} N {1,2,4} = {1} # ©; orxe, emement {1,2,4} He Mae KOTHOTO
JIOIOBHEHHS. AHAJIOIIYHO, YKOJHOTO JIONOBHEHHsI He Mae ejemenT {1} — Bin
Henopisaguuuii ume 3 {2,4}, ane {2,4} v {1} = {1,2,4} # {1,2,3,4}.
OTzke, OTpUMaJIH JABI Hapu B3a€MOJIOIOBHEHUX €JIEMEHTIB:

{1,2,3,4} e @, {1,2,3} e {2,4}.

Jlama permriTka He JTOMOBHEHA, OCKITbKE 1Ba emementn ({1,2,4} ta {1}) ne
MAalOTh YKOJHOTO JOMOBHEHHS.

ITpukman 5.8. Po3rignemo cyKynHICTh MHOXKWH

{{1,2,3,4},{1,2,3},{1,2,4},{1, 3}, {2,4}, o},

BIOPsIIKOBAHY 32 BIJIHOIIEHHAM BKJIIeHHst <C> (iarpama ['ecce 300parkena
Ha puc. 11).
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5. YHacTkoBO BIOpSIIKOBaHI MHOXKHHH Ta PEITITKH

{1,2,3,4}
{1,2,3} {1,2,4}
{1,3} {2,4}

1)
Puc. 11

[Ls YBM € pemnriTkoio, OCKiIbKH JJIs BCIX MAp €JIeMEeHTIB (I0CTATHBO Hepe-
BIpUTH JINIIIEe TAPU HEMOPIBHSIHHUX €JIEMEHTIB) iCHye cympemyM Ta iHbiMym:

sup{{1,2,3},{1,2,4}} = sup{{1,2,3},{2,4}} = {1,2, 3,4},
sup{{1,3},{1,2,4}} =sup{{1,3},{2,4}} = {1, 2,3, 4},
inf{{1,2,3},{1,2,4}} = inf{{1,2,3},{2,4}} = &,
inf{{1,3}, {1,2, 4}} = inf{{1,3}, {2,4}} = .

I3 naBesieHux cuiBBigHomMenb H6adumo, mo exementn {1,2,3} i {1,3} mators
1o jaBa gonosuenns — {1,2,4} i {2,4}. Orxke, orpuma/u 1’arh nap B3aEMO-

JMONOBHEHUX €JIEMEHTIB (BPAXOBYIOUN OJMHUINIO | HY/Th PEITiTKH):
{1,2,3,4} e @, {1,2,3} o {1,2,4}, {1,2,3} o~ {2,4},
(1,3} oo {1,2,4), {1,3} o {2,4).

JlaHa penriTka JOMOBHEHA, OCKLIbKH KOXKEH eJIeMEeHT Ma€ IpUHAiMHI oTHe
JTOMOBHEHHSI.

Haramaemo, 1m0 B aucTpuOyTuBHIii 0OMeXKeHil pemntiTii KOXKeH eJIeMeHT
Mae He Oliabine ogHOro aomoBHeHHs. Lleit daxT iHOAI 103BOJISE JOBECTU He-
JUCTPUOYTUBHICTL PENITKU. Tak, pelriTka 3 IPUKIAIY 5.8 HeIUCTPUOYTUB-
Ha, OCKIIBKHU JedKl eJJeMeHTH MaloTh 10 JIBa JIOTIOBHEHHS.

5.2. PerrriTka AIJIbHUKIB HATYPAJILHOTO YMCJIA

Hng perritkn L,, ginpaukiB dikcoBanoro uncaa n € N (qu3’toHKIisg Ta
KOH FOHKIIiY BU3HAYEH] BIAIOBITHO sIK HAafiMeHIIIe ClllJibHe KpaTHe Ta HAfO11b-
A CHLTBHII TITBHUK) HEOOXITHO:
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5.2. PemriTka JIJIbHAKIB HATYPAJbHOTO THC/IA

e nooyayBaru jgiarpamy [ecce;
® BU3HAYNTH, SIKi eJleMeHTH MaioTh B L, JIONOBHEHHSI;

e 00UHMCIUTH cynpeMyM Ta iHdiMyM miaMmuokuan A C L,.

Ne | n A Ne | 'n A
1 |30 {2,6,15} 16 | 30 | {3,5,10}
2 | 30| {2,5,15} 17 | 30 | {3,6,10}
3 20| {2,4,5} 18 | 20 | {4,5,10}
4 28| {4,714} 19 | 28| {2,4,7})
5 | 24| {4,6,12} 20 | 24 | {6,8,12}
6 | 24| {2,4,6) 21 [ 24| {2,3,4}
7 18] {2,6,9} 22 | 18 | {3,6,9}
8 | 18| {2,3,9} 23 | 18 | {2,3,6}
9 |40 | {2,5,8} 24 | 40 | {4,5,10}
10 | 40 | {5,8,20} 25 | 40 | {2,8,10}
11 | 90 | {2,5,15} 26 | 90 | {2,10,45}
12 | 90 | {6,18,45} 27 | 90 | {2,9,45}
13 | 60 | {3,6,15} 28 | 60 | {3,20,30}
14 | 60 | {4,10,20} 29 | 60 | {2,3,20}
15 | 84 | {4,6,12} 30 | 84 | {3,12,42}

Mertoan4uHi BKa3iBKu

g mobynosu giarpamu I'ecce 3aganoil YBM neoOxinHo:

1. PosTamyBaTu Ha miomuHi eademMeHTH 3aganol YBM 3rigno 3 obpanum
HAIIPSIMKOM <3pOCcTaHHs>. Mn BBazKaeMo, 110 eJ1eMeHTH <3POCTAI0Th> 3HU3Y
BIOpY, TOOTO i @ < b eJIeMeHT G PO3TAIlOBYEThCSI HUXKYE ejleMeHTa b.

2. 3’eHATH peOPOM KOXKHY Mapy eJeMeHTIB a < b 3 6e3nocepe HiM mepe-
Iy BAHHSIM.

ITpukman 5.9. Ilodynysatu miarpamy [ecce penmiTku Lyo.
Haramaemo, mo B pemnritii L, (3rigHo NpuitHITHX B HAIIOMY KypCi MO3HA-
YeHb) BIJIHOIIEHHS TOPSIKY 30Ira€ThCst 3 BiIHOMIEHHSAM MO/ITBHOCTI:

(axb)e (FkeZ:b=ka).

Ouesnino, mo Ly = {2137: 0 <4 < 3; 0 < j < 2}. Jlerko nepesipurh,
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5. YHacTkoBO BIOpSIIKOBaHI MHOXKHHH Ta PEITITKH

o a < b Ge3mocepeHbO TOJI 1 TLIBKK TOJI, KOau b = p - a, ge p — jgesike
npocte ducio. Temep Moxkemo modyxyBatu giarpamy ecce (nuB. puc. 12).

72

Puc. 12

J1J1s1 BU3HAUYEHHsI, sIKi eJIeMeHTH B 3aJaHiil pemriTii L, MaiTb JOIOBHEH-
He, CJIiJI PO3KJIACTH YUCJIO 1 Ha MPOCTI MHOYKHUKMU:

_ AN LD) ez
n=p P DPm

ze p1, P2, - .. ,Pm — TpocTi yucia. OueBuIHO, MO OYIb-IKUi ejgeMeHT a € L,
Ma€ B PO3KJaJl Ha MPOCTI MHOXKHUKU JIUIIE YUCTA P1, P2, - - -5 Pm!

— aj a2 a
a=Dpy PP

,ZLGOSCLJ‘ S?’Lj (]:1,2,,m)
Bigomo, 1m0 ejieMeHT a Ma€ JOIOBHEHHS TOJI 1 TLIBKH TOJ1, KOJIN

V] € {1,2,...,m}:aj € {0,7?/]'}.

Homopuenns b € L, no exementa a € L, MOKHa O0YHC/IATH 33 HACTYII-
HAM IPaBUJIOM:
a=pyps--pim, b=pypl e plr, )
(aj:())i(bj:nj), (aj:nj):>(bj:()); 7=12,...,m.
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5.2. PemriTka JIJIbHAKIB HATYPAJbHOTO THC/IA

JlonoBHEHHS JI0 €JIeMeHTIB B pelrniTii L, MOoxKHa IIyKaTh i 6e31ocepeHbo,
KOPHUCTYIOUNCh BU3HAYEHHSIM JH0T0oBHEeHHs. OCKIJIbKN U3 IOHKIlIsS 1 KOH IOHK-
mig B L, obuncaomrhes Bianosiano sk HCK ta HCII, orpumyemo:

HCK(a, b) = n,

HC/I(a,b) = 1. (10)

(b € L, € nonosHeHusM Ji0 a € L,) <

Ilpukaan 5.10. Busnauntu, gki e1eMeHTH B penmiTii Lo MaOTh A0TO-
BHEHHSI.

Posk1agemo 4ncao 72 Ha mpocti MHOKHEKK: 72 = 23 - 32, 3rigHo 3 npa-
BIJIOM (9) OTPUMYEMO HACTYIIHI MAPU <eJEMEHT S JTOMOBHEHHST>:

1=2°.3"572=2%.3%
8=2°.3059=2".3"

3a3HaIMMO, [0 OTPUMAHU Pe3yJIbTAT i ATBEPAKYETHC 1 CIiBBI IHOIITEH-
wamu (10):

HCK(9,8) = HCK(72,1) = 72: HCJI(9,8) = HCJI(72,1) = 1.

Hns Busnauenns: cynpemymy (indimymy) migmuaoxkuau A 3amanoi YBM
CJIIJ CTIOYATKY BU3HAYUTH BCi BepxHi (HUzKHI) Mexki MHOKuHE A. Cynpemym
(inpimym), K110 icHYE, € HANIMEHIIO0 (HAHOLIBIIOW) Y CeHCI 3a1aHOT0 BiJHO-
IIeHHS OPAIKY Cepe yeiX BepxXHixX (BiAMOBIIHO HUZKHIX) MEXK MHOXKHHHE A.
Haragaemo, 1mo cynpemyMm Ta iHdiMmyM HaJiexkaTb 3ajaHiii YBM i MoOXKyThb
He HaJexKaTu caMiii MHOKuHI A.

Y BunajKy ckigrueaHol YBM 3 HeBemKko0 KiIBKICTIO €1eMEeHTIB, MONTYK
indiMyMiB Ta cynpeMyMiB 3pydHO 3jificHIOBaTH Ha Jiarpami ['ecce.

Ilpukmaan 5.11. Y 4acTKOBO BHOPSAKOBaHIi MHOXKHUHI L7o 3HaTH 1HI-
MyM Ta cyupemyMm muokunu A = {4,6,12}.

Hiarpama lecce muoxunu Lro HaBefena suiie (puc. 12). Jlerko 3posy-
MiTH, 110 BepxHiMu mexxamu MHOKuHE {4,6,12} € enementu 12, 24, 36 Ta
72, cepen skux HajiMeHmow (Tobro cympemymoMm) € 12. Huxknimu mexkamu
muoxkubu {4,6,12} € enementu 11 2, cepej sskux Hali6LIBIIO0 (TOOTO iHDI-
MyMoM) € 2. OTKe, OTPUMYEMO:

sup{4,6,12} = 12, inf{4,6,12} = 2.
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6. DByuesi anreopn

6. Bynesi anredpn

6.1. /In3’fOHKTUBHI Ta KOH IOHKTHUBHI
HOpMAaJIbHi popMu

g OyneBol PyHKIIT, 3aJaH0l BEKTOPOM 3HAYECHD:
1) nooynysaru JIJJIH® i JKH®;
2) 3HaTH BCI TYNUKOBI Au3’IOHKTUBHI HOPMAaJbHI (hopmu:
a) 3a jionoMmoror kapr Kapuo a6o jgiarpam Beitua;
b) meromom Kpaiina — Mak-Kiiacki 3 noja/ibinnm 3acTocy BAHHIM Me-
tona Ilerpika.

1. f = (0000 0011 1101 1011); 16. f = (0000 0001 1011 1101);
2. f=(0000 0011 1110 0111); 17. f = (0000 0001 1101 1011);
3. f = (0000 0101 1011 1101); 18. f = (0000 0001 1110 0111);
4. f = (0000 0101 1110 0111); 19. f = (0000 0010 0111 1110);
5. f = (0000 0111 0111 1010); 20. f = (0000 0010 1011 1101);
6. f = (0000 0000 0111 1110); 21. f = (0000 0111 1100 1110);
7. f = (0000 0000 1011 1101); 22. f = (0000 0111 1101 1010);
8. f = (0000 0000 1101 1011); 23. f = (0000 0111 1101 1011);
9. f = (0000 0000 1110 0111); 24. f = (0000 0111 1101 1110);
10. f = (0000 0001 0111 1110); 25. f = (0000 1010 0111 1110);
11. f = (0000 0111 0111 1100); 26. f = (0000 0110 0111 1110);
12. f = (0000 0111 1010 1110); 27. f = (0000 0110 1110 0111);
13. f = (0000 0111 1011 1100); 28. f = (0000 0111 0110 1110);
14. f = (0000 0111 1011 1101); 29. f = (0000 1001 1011 1101);
15. f = (0000 0111 1011 1110); 30. f = (0000 1001 1101 1011).
MeTtoanuyHi BKa3iBKU
Hexaii 6ysieBa dyukiis f(xy, xe, ..., T,) 3ajJaHa BEKTOPOM 3HAYEHb, TOO-

TO 3HaYeHHAME Ha HaOopax i3 0 Ta 1 mpwm Hywmepariil HabOpPIB 3TiTHO JBiii-
KOBOT cucremu uucjenus. s mwobymosu JIJIH® (jockonanol jqus’oHKTH-
BHOT HOpMaJIbHOI opmu) OyseBoi byHKIIT f KOPHCTYIOThCsT THM (DAKTOM,
110 KOH'IOHKT IOBHOI JOBXKUHHU IIpHUiiMae 3HaYeHHsI 1 B TOYHOCTI Ha OJHOMY
Habopi i3 0 ta 1 (<ogunuunumit> wabip Gyl f, sKuil BiAmOBiTaE TaHO-
my kou'toHKTY). Tenep JI/IH® Oyayerbes sk ju3’tOHKIsS KOH TOHKTIB, sKi
BIAIIOBLIAIOTH OAMHUIHUM Habopam pyHKII f.
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6.1. /Im3’roHKTHBHI Ta KOH IOHKTHBHI HOPMaJIbHI (hopMu

Awnasnoriuno, ang nobynosu JIKH® (mockonamol KOH'IOHKTHBHOI HOD-
MaJTbHOT POPME ) KOPUCTYIOTHCST TUM (DAKTOM, 10 U3 FOHKT MTOBHOT JOBKUHU
npuiimae 3uadenns () juire Ha ogHOMY Habopi i3 0 Ta 1 (<HynbOBHIt> HABIP
byukuii f, skuii Bignosigae ganomy aus’oukry). Tenep JIKH® Gyayernes
sIK KOH FOHKIIis I3 IOHKTIB, SKi BiAIIOBLIAI0TH HYIHOBUM HabopaMm GyHKINT f.

[Tinkpecaumo, mo JJIH® i JIKH® msa 3aganoi OysieBoi pyHKINT BU3Ha-
YAIOTHCs OJHO3HAYHO (C TOYHICTIO JIO HepecTaB/ieHb apIyYMEHTIB BCepeInHi
U3 IOHKITH 1 KOH TOHKII).

IMpukaaxg 6.1. Hexait f = (1111 1110 0001 0011). OueBugno, mo f €
PYHKITIEI0 9OTUPHhOX apryMeHTiB. {19 3pydHOCTI BUNHTIIEMO TaOJIUIIO 3HA-
yenb GyHKIiT f(21, T2, T3, T4) HA HAOOPax i3 0 Ta 1. /19 KOXKHOIO <OjuHIY-
HOTO> Habopy GyHKINI [ BKaykeMO BIAIMOBIAHMI KOH IOHKT, a JJIs KOXKHOT'O
<HYJBOBOTO> HAOOPY — BiANOBIAHUN 113 IOHKT.

x1 | X9 | X3 | T4 | f(21, T2, T3, 24) | U3 FOHKT/KOH TOHKT
0,000 1 T1 ATy ANx3 ATy
0100 |1 1 T1 AN Tog Ax3 A1y
0,010 1 T1 ATy A3 ATy
0Oj]01]1 1 T1 A To ATg A\ 2y
011010 1 1 ANTog ATz ATy
O[1]0]1 1 T1 A\ Xog AN xg A\ Ty
0O/1]11]0 1 T1 A To ATg A\ Xy
O(1]1]1 0 1V IaVarsViry
110]07]0 0 1V xoVagVay
11001 0 1 VoV asVay
1170110 0 1 VoV asVay
170111 1 1A Ta ATz A\ xy
1111010 0 1V Xy VgV ay
1]1]0]1 0 AV Ty V xs V Ty
1711110 1 T1 A Ta ATz N\ Xy
111|111 1 1 Nxo9g N\ T3 N\ Ty

Terep mu moxkemo punucatu JIJIH® gk u3’TOHKIII0 BKa3aHUX KOH TOHK-
TiB Ta JKH® 9K KOH'IOHKIIII0 BKa3aHUX JIN3’ FOHKTIB.

57



6. DByuesi anreopn

HAH®: (x1 Axa Axg Axy) V(T Ao ATg Axy) V(X1 ATo A g A Ty)V
(x1 ANxo Axg Axy) V(T Axo A3 ATy) V (X1 Ao AT A Tg)V
(x1 ANxo Axs ATy) V(T Ao Axg Axy) V(21 Ao AT ATy)V
(x1 Ao A3 A Ty);

AKH®: (x1 Vs VazVay) A(xyVaeaVaegVaeg) A(x Ve VeV
( )

> >

El\/.’ﬂg\/ig\/ﬂfgl (El\/EQng\/:c4)/\(El\/EQV:C3\/E4)

[Ipr momryky TYOHMKOBUX W3’ IOHKTHBHUX (POPM MeTOAOM KapT Kapno
CJIiJ BpaxoByBaTH Taki (paKTu:

e cycimHiM psakam (cToBigM) Kaptu KapHo MaooTh BimoBiaTu cycimani
HAOOPY 3MIHHUX, IPUIOMY KPaiiHi PsijiKu (CTOBITUUKE) BBAXKAIOTHCS Cy-
cimHiME; Tak, A1d QYHKII] YOTUPhOX 3MIHHUX MOKHA CIIBCTABUTHU YO-
TUPBOM psiaKaM Habopu (x1,T2), (1, x2), (T1,72), (x1,T2), & 4OTUPLOM
CTOBIIAM — Habopu (T3, T4), (T3, 24), (T3,24), (T3, 24);

® KOXKHOMY KOH IOHKTY Ha KapTi KapHo B3a€MHO OAHO3HAYHO BiIMOBIIA€
NpAMOKYTHUK (i3 ofuHMIL) posMipHocTi 2F x 27, TobTo mroma 287 ¢
IIJIAM CTEIeHeM 9nCJia 2, MPUIOMYy 9ucao k + j JOPiBHIOE KiJIBKOCTI
3MIHHHX, BIJICYTHIX V KOH IOHKTI;

e BCi oauHMI HA KapTi KapHO HEOOXiIHO OKPUTH CHCTEMOIO IIPSIMOKYT-
HuKiB posmipnocti 2% x 27 (k,j € NU{0}) (koxKeH npgMOKYTHHK BiJI-
MOBiTa€ JeIKOMY KOH IOHKTY TYTIHKOBOI Jin3 FOHKTUBHOT (hOpMH ), MTPH-
YOMY:

— JKOJIEH IPSIMOKYTHHK HE MOXKHA 30LIbIINTH TaK, 11100 fOoro mioIma
3aJIMNIMJIACD IITUM CTereneM ducia 2 (Tobro, mob Bin i Hagami
BiIMOBIIAB JIeSIKOMY KOH TOHKTY );

— KOJICH IPSIMOKYTHHUK He MOKe IIJIKOM JIyOJIIOBATHCS IHITAMU TPsi-
MOKYTHHKaMHU (IIPOTEe, OKpeMi OJUHUIN MPIAMOKYTHHKA MOXKYTh
BXOJIUTH B IHII IIPAMOKYTHUKH).

Ilpukmaan 6.2. 3a gonomorow Kapt Kapuo 3naiitu Bci Tynukosi JIH®
s (byHKIT, 3a/1aH01 ¢BOIM BeKTOpoM 3Hadenb: f = (1111 1110 0001 0011).

[lo6yyemo kapry Kapuo js panoi dbyukuii f(zq, o, T3, 24), HOKH 110
He BU3HAYAIOUUCH i3 TynukoBuME (popmamu (juB. Tabi. 5).
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6.1. /Im3’roHKTHBHI Ta KOH IOHKTHBHI HOPMaJIbHI (hopMu

T1T2 51:132 5152 1'152
T3T4 1 1 1
53334 1 1
T3y 1 1
37354 1 1 1

Taosr. 5. Kapra Kapuo ansa dyskunii f (6e3 minimizanii)

[Iepebip TymukoBux GopM HOYHEMO 3 MOKPUTTS OJMHHUIIN, IO BiAIOBiAA€E
KOH'IOHKTY Z1 A To A x3 A T4. 1[I0 OMMHHUINO MOXKHA IOKPUTHU JIUIIE OJTHUM
HPAMOKYTHUKOM, ILIOILY SKOT'O HE MOXKHA 30LIBIIMTH — € IPSIMOKYTHHK,
110 BiAmoBinae KoH 1OHKTY 21 A T3 (Tabi. 6).

Tabs. 6. Kapra Kapuo pisa dyskuii f (KOH’IOHKT T1 A x3)

T1To T1To T1To T1Ty
T3T4 1 1 1
3Ty 1 1
T3T4 1 1
3Ty 1 1 1

Hani po3bepeMo MOXKJIUBI HOKPUTTA OAMHUIN T1 A Xo Ax3 ATy, Lo onunn-

III0 MOYKHA, TIOKPUTH OJHUM 3 JIBOX HPAMOKYTHHKIB, IJIONLY SKHX HE MOXKHA,
30LIBIIMTHY — 1€ IPAMOKYTHUKH, 110 BlAIIOBIIAI0TH KOH IOHKTAM T1 /ALy AX3 Ta,
1 AT3AZ4 (TYT i HATAT MU AHAJIIBYEMO JIHTIIE Ti TPIMOKYTHUKH, ILIOMIA TKAX
e minM creneneM 4ncaa 2). Haeegemo nBi kapru Kapro 3 numu mpsiMoKyT-
HUKaMH, BPaXOBYIOUN paHimie 3adikcoBannii NpIMOKYTHHUK, IO BiAIOBiIae

KOH TOHKTY 1 A X3 (muB. Tabma. 7 Ta 8).

Taba. 7. Kor’roHKTH 1 A T3 Ta
1 N T2 N\ T3

1 Nx3g N\ 2y

Tabsa. 8. Kor’roHKTH 1 A T3 TaA

T1T2 511'2 5152 33152 T1T2 515132 5152 33'152
xswg | [ 1] 1 1 x3xy | 1 1 1
£3£4 1 1 53374 1 1
T34 1 1 5354 1 1
w3xy || 1] 1 1 3Ts | 1 1 1
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6. DByuesi anreopn

1. Ha kapri 3 Kor’toHKTAMu 7 A 3 Ta 1 A T3 A o3 (Taba. 7) po3depemo
BapiaHTH NOKPUTTA OJUHUIL T1 A Ty A x3 ATy, 1110 OMUHUIIO MOXKHA OKPUTH
JBOMa CIOCODAME — MPSIMOKYTHUKOM Z1 A Tz (Tabs. 9) Ta MpIMOKYTHHKOM
ToAx3Az4 (Tabi. 10). 3a3HaUMMO, 10 TLIOLLY YKOJHOTO 3 I[UX IPAMOKY THUKIB
He MOKHA 30LIBIINTH TaK, MO0 ILIOINA 3aJIMIIAIACH IILJIUM CTeIleHeM JIBIfiKH.

Tabs. 9. Kon’toHkTH T A T3, Tabs1. 10. KoH’roHKTH T1 A T3,
231/\:22/\333,51/\52 £B1/\Q32A$3,52/\£U3/\£L‘4
T1Ty T1Ty LTz T1T2 T1Ty TiTy T1Ty T1To
XT3Ty | 1 | 1 1 T34 1
T 1 1 —
%3%4 1 1 T34 1 1
34 | 1 | 1 1 T34 1 1
L34 w3Ty || 1] 1 1

1.1. Ha kapri 3 kon’tonkramu o7 A 3, T3 A o A 3 1a 1 A To (1abi. 9)
po30epeMo BapiaHTU HOKPUTT OJAUHUII X1 ALa ATz ATy, 110 OJQUHIIO MOKHA
IOKPUTHU JIBOMA CHOCOOAMHU — MPSMOKYTHHKOM T A 3 A x4 (Tabm. 11) ta
MPSMOKYTHHKOM 21 A Z3 A x4 (Tada. 12).

Tabu. 11. Kon’toakTu 1 A T3, Tab1. 12. Kon’tonkT 1 A T3,
1 N2 /\$3, 51 /\52, 52 /\$3 AN 1 1 N\ /\$3, 51 /\52, 1 /\$3 A 1
T1Ty LTy T 1Ty T T1Ty LTy TiTy T
T3y L’ 1 1 | T3T4 1 1 | 1
53374 1 1 53374 1 1
T3Ty 1 1 T3Ty 1 1
zsTa || 1] 1 1 zsra | | 1] 1 1

1.1.1. Ha xapri 3 xkow’romkramu 1 A x3, T3 A Tg A X3, T1 A Ty Ta
o N\ x3 A\ x4 (Taba. 11) posbepemo BapiaHTH MOKPUTTS OCTAHHBOI OIUHE-
ni — 1 A x9 A 23 A x4, 110 OJUHAIIIO MOXKHA HOKPUTH JBOMa, CIOCODAMH —
MPSMOKYTHHKOM Ta Az A2y (Tabs. 13) Ta mpsMOKYyTHHKOM 21 Axy (Tab. 14).
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Tab. 13. Korn’toHKTH 1 A X3, Tabs. 14. Kon’'oHKTH T1 A X3,
1 /N\IT2 /\a:3, 51 /\52, 52/\%3/\&34, 1 N\ T N\ 3, 51 VAN 52, 52 AN s VAN T4,
To A\ T3 A\ Ty 1 N\ T4
T1Ty T1Ty T1Ty T1T2 T1T2 T1Ty T1T2 T1To
z3rg || 1 1 1| z3rg || 1 1 1|
§3£4 1 1 53334 1 1
L3y 1 1 5354 1 1
TaTy || 1 1] |1 Ty || 1] 1 1

Kapra Kapuo na tabsi. 13 Busnadae rynukoBy JIH® 3ananoi dyskiii:
(51 /\53) V (xl N T2 N 1'3) V (51 /\52) V (52 A T3 A ZC4) V (1'2 N T3 /\54)

Opnak xkapra Kapao na Tabs. 14 He BU3HAYA€ TYNMHUKOBOI (DOPMU, OCKIIBKA
BCl OMHUII KOH IOHKTA X1 A Lo AyOJII0I0THCA IHITNMU KOH IOHKTAMU — L1 A I3,
51 /\54 Ta Eg N 3.

1.1.2. Ha xapri 3 kon’romkramu =7 A T3, 1 A To A T3, T1 A\ Ty Ta
x1 A x3 A x4 (Taba. 12) po3bepeMo BapiaHTH MOKPUTTS OCTAHHBOT OJMHUII
— 1 AN To A 23 A 4. 110 OAMHKUIIO MOXKHA OKPUTH JIBOMA, CIOCODAMU — IPS-
MOKYTHHKOM T A X3 A 24 (Tabs. 15) ta npamokyTHHKOM Z1 A T4 (Tabi. 16).

Tabs. 15. Kon’touktu 1 A x3, 1261 16. Kon’toukTu 1 A x3,
1 A£132/\£133, 51 /\52, 1 /\133/\$4, 1 N xT2 N\ 3, 51 AN 52, 1 N\ s VAN T4,
:132/\:1@3/\54 51/\54
T1Ty T1Ty T1Ty T1T2 T1T2 T1Ty T1T2 T1To
3Ty 1 1 1 T34 1 1 1
531'4 1 1 532134 1 1
3T 4 1 1 T34 1 1
wTa| [L] 1] |1 mrg | |11 1

Kapra Kapuo na Tabs. 15 He BuU3HA4Ya€ TYMUKOBOI JIU3 IOHKTUBHOI HOP-
MH, OCKLTBKH KOH IOHKT X1 /A T3 /A T3 MOBHICTIO MOKPUBAETHCS KOH IOHKTAMUI
1 N x3 Ay Ta T9 A\ 23 A x4. OnHak Kapra Ha Taba. 16 BU3HAYAE TYIHKOBY
3 TOHKTUBHY (hopmy:

(51 /\53) V (LEl AN WAN ZE3) V (51 /\Eg) V (5171 N X3 N\ 5134) V (51 /\54).
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1.2. Ha kapti 3 kon'1oHKTaMu 1 A I3, £1 A 29 A T3 Ta T2 A 23 A 24 (Tabia. 10)
po36epeMo BapiaHTH HOKPUTTH JIBOX OCTAHHIX OJMHHUIDL — X1 A Ta A T3 A X4
Ta L1 ATy A 3 A 4. JIerko 3po3ymiTH, 110 i OJUHUII MOYKHA KOPEKTHO (6e3
JyOJIIOBAHHS IPSIMOKYTHUKIB) IIOKPUTHU JIBOMA CIIOCODAMME: OJIHUM MPAMOKYT-
HUKOM — 1 A x4 (Tabi. 17); 1BoMa IpsiIMOKYTHUKAMHA — Lo A T3 ATy Ta T1 A Ty

(Tabm. 18).

Taba. 17. Kon’®oHKTH T1 A X3, Tabsa. 18. Kon’'oHKTH X1 A T3,
581/\132/\.’133,52/\333/\w4,51/\54 331/\.’132/\333,52/\5[33/\584,
o /\$3 /\54, 51 /\52

T1T9 51332 5152 Z’lig T1T2 51$2 5152 1'152
T34 1 | 1 1 | T34 1 1 1 |
531'4 1 1 EBEZL 1 1
5354 1 1 T3y 1 1
mrg |11 1 mery || 1] 1 |1

Orpumani kaptn Kapao Bu3Ha4gaoTh TynuKoBi 1u3 IOHKTUBHI (popmu, ajte
KapTa Ha TabJ. 18 30iraerbcd 3 KapToio Ha Tad/. 13. BunwuineMo TynukoBy
I3 IOHKTUBHY dopMmy, siKa Bignosigae kapri Kapuo na Tabua. 17:

(El /\53) V (ZCl VAR D IAN .CCg) V (EQ A T3 N .CE'4) V (51 /\54)

2. Ha kaprti 3 kon'toukTamu 1 A 3 Ta 1 A T3 A T4 po3bepeMo BapiaHTH
HOKPUTTI OJMUHUIN 1 A Ty A X3 A T4. 1110 OAUHAIIO MOXKHA MOKPUTH JIBOMA
crocobaMu — MPIMOKYTHHKOM T'1 ATo Ax3 Ta o Ax3 Axy. OQHAK BCl BapianTn
3 KOH IOHKTaMu X1 A3, T1 Ax3 ATy Ta T1 ATy Axz Oyau po3ibpani B myHKTI 1.
Hapenemo kapry Kapuo 3 Ko 1oHKTaMu 1 A T3, T1 A X3 ATy Ta To A\ X3 A Ty
(tab. 19).

Tao1. 19. Kon’JoHKTH T1 A 53, xr1 \Nx3 N\ Ty, T2 N\ T3 N Ty

T1T2 E15172 E152 513‘152

[ 1

L3T4
T3T4
L3T4

1
1
1
T3T

—_ = ==
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Ha Ta6i. 19 HemOKpUTUMHU 3aJUIIAIOTLCA JABI OMUMHUILL — T1 A To A T3 A X4
Ta T1 A Tog A T3 A T4. JIerko 3po3yMmiTu, o I OJUHUII MOXKHA KOPEKTHO
MOKPUTHU JIBOMA CHOCOOAME: OJHUM TPSIMOKYTHUKOM — =1 A Zo (Taba. 20);
JBOMA TPAMOKYTHUKAME — Ty A T3 A Ty 1a £1 A x4 (Taba. 21).

Tabs. 20. Kow’ioHKTH X1 A T3, Tabs. 21. Kow’loHKTH 1 A I3,
1 ANXT3 ATy, o NLT3N\NTy, 1 NTo 1 ANT3 ALy, To ANXT3 ATy, Loz N\T3 A\ Ly,
1 N\ Ty
T1Ty T1Ty T1Ty Tl L1L2 L1l T1T2 L1T2
T34 II 1 |_1 T34 1 1 1
T3x 1 1 —
o324 T34 1 1
T3X4 1 1 — =
L3Tg
3Ty 1 1 1 1’354 1 1 1

Otzke, MU 3HAMIILINA BCl TYINHKOBI Au3’ TOHKTUBHI (popMH 3a1aHO01 PYyHKIIIT
f(x1, z2, x3, T4). Bunumemo 1i dpopmu.

1. (El /\53) V (xl N\ o /\.CCg) V (El /\52) V (52 N\ I3 /\.CC4> V (372 N\ X3 /\54)
(Tab.r. 13).

2. (51 /\53) V (Il /\ZUQ VAN ZC3) V (51 /\Eg) V (.CUl VAN XT3 /\1'4) V (51 /\54) (Ta6ﬂ. 16)
3. (El N 53) V (a:l N i) N\ .Ig) V (EQ N\ I3 N .’,C4) V (51 A\ §4) (Ta6ﬂ. 17)
4. (51 N 53) V (331 N T3 A 374) V (1'2 N T3 N 54) V (51 VAN Eg) (Ta6ﬂ. 20)

D. (El /\Eg) V ($1 /\.Tg /\$4) V (x2 /\$3 /\54) V (EQ /\.Tg /\3}4) V (El /\E4)
(Tab.r. 21).

Merox Kpaitna — Mak-Kiacki nepegbadae, 1o 0yieBa pyHKIIS 3a1aHa Y
purisial JI/IH®. CyTh MeTOMy TONTae y 3aCTOCYBAHHI JIBOX TOTOXKHOCTEI:

1) (ANz)V(AANT)=(AANZ)V(AAT)V A (HenoBHE CKJICIOBAHHS);

2) (AANB)V A= A (noriunanus).

ToroxKHOCTI 3aCTOCOBYIOTH 3JIiBa HAIIPABO; CIOYATKY 3aCTOCOBYIOTH He-
MOBHE CKJICIOBAHHS JOTH, ITOKHU II€ MOYKJIMBO, & TOTIM, MTOKH MOXK/JIUBO — TIO-
rinHaHHs. Pe3ynbrarom poborn agropurmy € ckopodena JTH® (nu3’ooHKiis
BCix npocrux imiytikant). Iligkpeciumo, o ckopouena JTHP naiiuacriie e
€ TYHIHUKOBOIO.
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Kon'toukT K, oTpuMaHHil Ha IEpIIOMY eTalli HEIOBHUM CKJIEIOBAHHSIM
KOH TOHKTIB /(1 1 K5, na apyromy ertami ix noryimae. CrlpaBIzKyeThCcd 1 3BO-
POTHUMIT HACITOK: Ha JAPYTOMY eTalll MOTJIMHAIOTHCA Ti f TITBKYU Ti KOH IOHK-
TH, Ki BUKOPUCTOBYBAJIUCS HA MEPIIOMY €Talll Jijisd HeIIOBHOI'O CKJICIOBAHHSI.
Tomy Ha ImepIIoMy erTalli CJIiJ yKa3yBaTu, siKi caMe KOH IOHKTU BHKOPHCTO-
BYIOThCsI JIJIsi HEIIOBHOI'O CKJICIOBAHHsI, HABITH SIKIIO OJUH KOH IOHKT MOXKHA,
OTPUMATH KIJIbKOMa BaplaHTaMH.

Y KOMIT'IOTepHI# peasti3allil aJTOPUTMY BUKOPUCTOBYIOTH CIEIIaJTbHY HY-
MepaIlilo KOH IOHKTIB: KOXKHifl 3MiHHIN X} CTaBJSITH Y BIAIOBIIHICTDH OIUH i3
TPbOX CUMBOJIIB: <1, SIKIIIO T} BXOJAMTH JI0 KOH IOHKTY 0e3 jiornoBHeHHs; <0,
SIKIO T BXOAUTH J0 KOH IOHKTY 3 JOMOBHEHHSIM; <—>, SIKIIO X} B3araJji He
BXOJUTH 0 KOH IOHKTY. OTpuUMaHI KOJIHM pO30OMBAIOTH Ha I'PYIHU 3a KiJIbKic-
TIO BXOJK€Hb CUMBOJIA <1>, MO CYTTEBO MiJIBUIILYE €(DEKTUBHICTH HOIIYKY
KOH FOHKTIB I CKJICIOBAHHSI, OCKLIBKHI JOCTATHBO IEPEBIPITH apU KOJIB i3
<cycignixs> rpym [2].

IIpukman 6.3. Metonom Kpaitna-Mak-Knacki 3naiitu ckopoueny JTH®
s (byHKIT, 331aH01 ¢BOIM BekTOpoM 3Hauenb: f = (1111 1110 0001 0011).

Hockonasia JIH® 3amanoi dpyskIiil Oy/ia 3HaiigeHa B upukJiaii 6.1. Bunn-
meMo Kojau KoH'roHKTIB miel JIJIH®, po36usiiu iX Ha Py 3a 3POCTAHHAM
KLJIbKOCTI CUMBOJIIB <1>.

1. 0000

0100
0010
0001

0110
0101
0011

1110
9. 1011

10. 1111

3acTOCyBaBIIN 3aKOH HEIIOBHOI'O CKJICIOBAHHSA, OTPUMYEMO JTOJATKOBO 13
KOH'IOHKTIB (y Jy’KKaxX BKA3aHO HOMepPa KOH IOHKTIB, 110 BUKOPUCTOBY BAJIH-
cs1). 3a3HAYNMO, 110, 3aBJSIKM I'PYIYBAHHIO KOH IOHKTIB IO TPyMax 3a KiJb-
KiCTIO OJIMHUIb, JIoBeJIOCh nepesiputu 1 -3+ 334+ 32421 = 20; 6e3
rpynyBanHs goeesiocs 6 3pobutu CF) = 45 nepesipok.

XN o Ot N
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11. 0-00
12. 00-0
13. 000~

(
(
(
14. 01-0 (
15. 010- (
16. 0-10 (
17. 001- (
18. 0-01 (
19. 00-1 (
(

(

(

20. -110
21. -011

22. 111- (8,10)

23. 1-11 (9, 10)

OTpuMaHi KOH IOHKTH JONYCKAIOTh IMOJAJbINE 3aCTOCYBAaHHS HEIIOBHOIO
CKJICIOBAHHsI, OTPUMYIOUM 3 KOH FOHKTH (KOXKEH 13 HUX JBOMA CHOCOOAMHU).

24. 0--0 (11,16)(12,14)

25. 0-0- (11,18)(13,15)

26. 00-- (12,19)(13,17)

ITomaJbie 3acTOCyBaHHS HEMOBHOTO CKJICIOBAHHS HEMOXKJIUBE. 3aCTOCY-
BaHHY 3aKOHY IOIVIMHAHHS 3BOAUTHCS 10 BUKPECJIIOBAHHS THX KOH IOHKTIB,
sIK1 X04 Pa3 BUKOPHUCTOBYBAJIUCS Ha IEPIIOMY eTalli - e Kon roukTr 1-19. O1-
Ke, 3a7aHa QyHKIig f gomyckae 7 mpocTux IMILTIKAHT — KOH IOHKTH 20-26,
To0TO (byHKIIA f Mae Taky ckopoueny JJHD:

(5132/\1'3 /\54)\/(EQ/\ZE3/\SC4)\/([131/\ZE'2/\Q?3>\/(Il/\l‘3/\$4)\/
V(Z1 AT V (@1 AT3) V (T1 A D).

g 3naxomkenns tynukoBux JIH® 3a ckopouenoio IHP gominbmo
CKJIACTH IMILTIKQHTHY TAOJIHIIO, PIJIKA TKOI HyMEPYIOTh MPOCTUMH IMILTIKAH-
TaMH, a CTOBII — KOH IOHKTaMHU ITOBHOI JOBXKWHH, SIKi BXOIATH JI0 CKJIAILY
JIJTH® 3amanoi GyHKIH. ¥ KOMIPpKH IMILTIKAHTHOI TaOJIMIl BIUCYIOTH CUM-
BOJI <>, dKITO IPOCTa IMILTIKAHTa, IO BiIIIOBIIAE PAIKY KOMIPKH, MOTJIMHAE
KOHIOHKT IIOBHOI JIOBXKUHU, KU BiAnoBigae cropuiio. [TodyaroBa TynukoBoi
JTH® 3B0aUTHCS 10 3HAXOKEHHST HEHAJIUIIKOBOI MHOYKIUHU IPOCTUX IMILTi-
KaHT, siKi O y CyKYIIHOCTI ITOIJIMHAJIM BC1 KOH IOHKTH IIOBHOI JIOBXKUHE 3a1aHO1

dyHKIIII.
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Hasti gomiibao BU3HAYATH SAPOBI IMILTIKAHTH (T1 IPOCTi iMILTIKAHTH, SKi
VBIiIYTH /10 cKaaLy Oyab-sikol TynukoBoi JTH® 3amanol (yHKIIT), a TaKOXK
KOH FOHKTH ITOBHOI JOBYKUHU, SKi MOTIHHAIOTHCS ssapoM. OUeBUIHO, IO SII-
POBI IMILUIIKAHTH Ta KOH IOHKTHU MOBHOI JIOBXKHUHU, sIKi MONJIMHAIOTHCS SIJIPOM,
MOKHA BUKJIIOUHUTH 13 IIOJAJIBIIOI0 PO3LJILALY, TOOTO HOIIYK TYIHKOBUX (pOpM
3BOJIUTHCS 0 HOKPUTTS HEsJIPOBUMH IMILIIKAHTAMHU TUX KOH IOHKTIB ITOBHOI
JIOBXKUHHU, SIKi HE TMOTJIHHYJIO SIPO.

Otxke, TONILIBHO TOOY/LYBATH CIPOIINEHY IMILTIKAHTHY TabJIUIIO, IKY OTPH-
MYIOTb i3 IMILTIKaHTHOI TaOJINII BUKPECIIOBAHHAM THX PSAKIB, sIKi BiJIIIOBI 1a-
I0Th SIIPOBUM IMILTIKAHTAM, Ta TUX CTOBIIIIB, SIKi BIIIOBIJaI0Th KOH IOHKTAM
MMOBHOI JOBYKWHU, 110 TMOTJIMHAIOTHCS SIIPOM.

Ilpuknaan 6.4. IlodyayBaTu iMILIIKAHTHY TAOJIMIO, BUBHAYUTHU SIIPO Ta,
noOYIyBaTU CHPOMICHY IMILUIKAHTHY TaOJUIIO I MYHKINI, 3aJaH0I CBOIM
BeKTOpoM 3Hadenb: f = (1111 1110 0001 0011).

Ckopouena JTH® (dpaxruuno — npocri imiiikanru) 3aan0i pyHKILil Oyia
sHaligena B npukiaaz 6.3. [lobyayemo immiikantay tadbauigo (tabia. 22).

Tabu. 22

0000 | 0100 | OO10 | 0001 | 0110 | O101 | OO11 | 1110 | 1011 | 1111
-110 * *
-011 * *
111- * *
1-11 * *
0--0| = * * *
0-0- * * * *
00-- * * * *

IvmtikanTa 0-0- sapoBa, OCKIIBKH TLIbKKA BOHA IOIVIMHAE KOH IOHKT IIO-
Buol moBxkuuu 0101 (BigmoBigHWil cTOBHENH MICTUTH JIIIE OJUH CHUMBOJI
<#>). OCKIJIbKH iHIT CTOBII MICTSTh MPUHAKMHI BA CUMBOJU <k, 1HIII
npocTi iMInikauTu HesJipoBi. Ajposa imiutikanTa 0-0- norsimnae 4 KOH IOHK-
tn noHol mosxkuam: 0000, 0100, 0001, 0101. BukpecauBmu 3 IMILITIKAHTHOL
TabJINI PSIIOK, SIKHi BijinoBinae €pauuiil syrposiit immaikanTi 0-0-, a Takox
4 cToBmId, K1 BIAOBIa0Th KOH toHKTaM opHOI nosxkuaum 0000, 0100, 0001
ta 0101, 1o norimHaTHCA SJPOM, OTPUMYEMO CIIPOIIEHY IMILIIKAHTHY Tab-
o (Tabi. 23).
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Tabua. 23

0010 | 0110 | 0011 | 1110 [ 1011 | 1111
-110 * *
-011 * *
111- *
1-11 * *
0--0 * *
00-- * *

Mertos ITeTpika momyKy TYyIUKOBUX (pOPM 3a CHPOIEHOIO IMILTIKAHTHOIO
TabJINIEIO0 TIOJIATAE V 3icTaBJIeHHI KOXKHifl HesapoBiil MpocTiit iMITiKauTi S
BucjaoBiendsa Ag = <Immiikanara S BxomuTb g0 Tynukosol JH®>. [laui,
JUIsl KOxKHOro KoH'tonkTa Ky cknanl uxigaoi JI/IH® OyayioTh BHCJIOB-
JeHHst By = <K norymmHae npuHaiiMHail ofHa iMIiiKanTa Tynukopoi JH®>,
sIKe, OYEBUIHO, € AU3 IOHKINEI0 THX BUCIOBIeHL Ag, m1a akux S moranHae
kou'1oukT K. Hapemri, y kKopekTHO nobdymaoBaniit Tynukosiit JIH® mnpocri
IMILTIKAHTH MalOTh HOIMNIMHATH BCl KOH IOHKTHU IIOBHOI JOBXKUHU 13 BUXIIHOL
IJIH®D, TodTo KopekTHicTh TynukoBoi JJH® o3nadae icTHHHICTH KOH FOHKIIIT
BCiX BHUCJIOBIeHb Br. MeTon nepenbadae 3BeIeHHSI OTPUMAHOI (DOPMYIN aJl-
redopu BucjosjieHb 10 JIHP 3acrocyBanHsIM 3aKOHIB JIMCTPUOYTUBHOCTI Ta,
SIKIIIO 116 MOZKJIMBO, IIOIJIMHAHHS:

1) (A4 B)&C = (A&C) + (B&C) (auctpubyTuBHICTS);

2) (A+ B)&(A+C) = A+ (B&C) (quetpuby THBHICTS);

3) (A&B) + A = A (nornunanns),
ae <+> T1a <&> Mo3HAYAIOTH onepalil HaJ BUCIOBJICHHIMH — BLIIOBIIHO
JI3’ FOHKINIO Ta KOH IOHKIIO B aJredpi BUCIOBIEHDb. 3a3HAUUMO, IO JIJIs1 3Be-
genng supaly 10 JIH® noctaTHbO BUKOPUCTAHHS 3aKOHY JHCTPHOYTHBHOC-
Ti 1, aJle BAKOPUCTAHHS (KO MOXKJIMBO) AUCTPUOYTUBHOCTI 2 TO3BOJISIE OT-
pumatu JIH® 3 MeHIo0 KiIbKICTIO KOH IOHKTIB.

B orpumaniit JITH® koken kKoH 10HKT 3aja€ neBHy TynukoBy JIH®: koxk-
Ha JiTepa y CKJa/l KOH IOHKTAa BiIIOBiIae BXOAXKEHHIO 10 TyunkoBol JIH®
BIJITIOBITHOL IIPOCTOI HESAPOBOI IMILIIKAHTH.

Ilpukaan 6.5. Meronom Ilerpika 3naiitn Bci TynukoBi JJTH® mirg pynk-
i1, 3a1aH01 cBOIM BekTOpoMm 3Hadenb: f = (1111 1110 0001 0011).

fapoBi IMILUTIKAHTH Ta CHpOIIEHa IMILIIKaHTa Tabaunsg Oynm 3HaiigzeHa
B npukaagi 6.4. s nobynosu rynukoBux JIH® nponymepyemo Hesiposi
npocTi iMmtikaaT Jditepamu A—F, gKi M03HAYAIOTH YMOBY BXOJKEHHSI Bijl-
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HOBLAHOT IMILTIKaHTH /10 TynukKoBol JAH®; naa 3pydHoCcTi HaBeAEMO CIIPOIIe-
HY IMILTIKAHTHY TaOJIUIIO 3 THMH TO3HAYCHHSIMU:

Tabu1. 24

0010 | 0110 | 0011 | 1110 | 1011 | 1111
Al -110 * *
B | -011 * *
C| 111- * *
D| 1-11 *
E| 0--0| = *
F | 00-- * *

Bunumnremo y surisiai dpopmysin ajiredpu BUCJIOBIEHb YMOBY KOPEKTHOC-
ti Tynukosoi JIH® (mpocri iMIUTIKAHTH MarOTh MOMJIMHATUH BCi KOH IOHKTH
OBHOT JoBKUHU 13 Buxinnoi JI/TH®D):

(E+ F)&(A+ E)&(B + F)&(A+ C)&(B + D)&(C + D).
3sejiemo 110 gopmyay go JAHD, KopucTyoduch JBOMa 3aKOHAMH JIHC-
TpUOYTUBHOCTI (3HAK <&> /1T CKOPOUYEHHS 3aMUCY OMYCKATHMEMO ):
(E+F) A+ E)B+F)(A+C)(B+D)(C+ D)=
— (E+ F)(E + A)((B+ F)(B+ D))((C + A)(C + D)) =
= (F+ AF)(B+ DF)(C+ AD) =
= BCE+ ABDE +CDFEF + ADEF+
+ABCF + ABDF + ACDF + ADF.

3acToCyBaBIIN 3aKOH MOTJIMHAHHS, OTPUMYEMO OCTATOYHY YMOBY
BCE+ ABDE + CDEF + ABCF + ADF
110 O3HAYAE HASIBHICTD II'ATH TYIHKOBUX (POPM:

(El /\53) V (EQ N T3 AN 564) V (x1 N\ T2 N .733) V (51 /\54),

(El /\53) V (LUQ VAN X3 /\54) V (EQ N T3 N .CU4) V (LUl A x3 N 564) V (El /\54),

(51 /\53) V (331 N g N 55'3) V (331 N\ 3 N\ CE‘4) V (51 /\54) V (51 /\EQ);

(El /\53) V (IQ A T3 /\54) V (52 N T3 N 1'4) V (331 AN i) VAN $3) V (El /\EQ),

(k1 Ax3) V (ra Axs Axy) V(e Axg Axy) V (T1 A xg).

Orpumani tymukosi JIH® 36irarorhes i3 3HaiaeHnMu jis mie€l QyHKIT
MeTooM KapT Kapuo (muB. npukian 6.2).
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6.2. OyHKIIIOHAJIbHA IIOBHOTA HAOOPY OyJsieBMX
dbyHKIII

JocaianTn HaJIeXKHICTD 3aJaHuX (PYHKIH KOXKHOMY 3 II'SSTH OCHOBHUX
dbyHKIIOHATbHO-3aMKHEHNX KJjaciB (3BiBum jgani y tabmuiio [locra) i mjs
KOXKHOT (PpyHKIIT 3a1aH0r0 Habopy mobyayBaTn noginom 2Kerankina. 3pobu-
TH BHCHOBOK 11010 (DYHKIIOHAJIbHOI IIOBHOTHU 3aaHOT0 HabOpy (DYHKIIIA.

1. (xANy) — z, (x@y)<—>(a:\/z),a:\/§;
2. (zVy) =2, (xAy) & (@ V2), 2 Ay;
3. (xAy) 2z, (x ey < (xV2), rdy;
4. (xVy) 2z, (x e y) < (tA2), 2 —y;
5. (r—=y)Vz (x@y) < (xVz2),r—y;
6. (x =y Az, (zDy) & (TV2), 1=y,
7. (r =y Vz, (E@Q)H(:C\/z),iey,
8. (m—>§)\/z, (E@y)(—>(§\/z),x<—§7
9. (= y)Vz, @Dy < (TV2), Ty
10. T—=y) Az @Tdy) o (@Az), 20y
11. (z =y Az, (x@y) < (TA2), 7 =y
12. (z—=y) Az Tdy) & (TA2), T y;
13. (TAy) =2 (Z®Y) & (TA2), T
14. (xAy) >z, TDy) © (TA2), TAY;
15. (xVy) =z, (xey)@(z V), zVy;
16. (x = y)Vz, (T y)@(xVe), (@Vy) Az
17. (xVy) 2z, (< y)d (xVz2), (TAYy) V2
18. (zVy) ¢z, (x+y)d(xVze),zVyVz
19. @Vy) 2z, Ty d(@Ve), s AyAz;
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20. (T—=y) Az, Ty d@V2), (xVY) Az
21. (x—=y) Az, (oY) @ (@ A2), (TAY) V2
22. =y Az, Ty @A), TVYV 2
23. (T—=y)Vz, (oY) ®@A2),TAYAZ;
24. (x—=y)Vz, @y @@A2),TVYV 2
25. (T—=y)Vz, @y d@A2),zVYVz;
26. (T =y ANz, @y ®@A2),TAYAZ;
27. = y)Vz, @ yYA(@®2),TAYAZ;
28. (xAy) =z, T YN (@D2),1DYD 2;
29. (@Vy =z, (@ YPYATD2), 70y 2
30. ZVY) 2z TN T®2), TGy 2

MeToan4dHi BKa3iBKUI

g mepeBipKu pYHKITIOHAJIBHOI TOBHOTU HAaboOpy OyJseBUX (DYHKIIIH KO-
puctyoThes Teopemoro [locra: nabip Oysiesux dyukiit K € pyHkKIioHa/1bHO
IIOBHHUM TO/] 1 TLIBKH TOJl, KOJIX BIH HE € IMIMHOXKIHOIO KOJHOT'O 3 OCHOBHUX
dYHKIIOHAJILHO-3aMKHEHUX KJIACIB:

(3 fn € K: fr, & To;
A fr, € K: fr, ¢ 11;
K — dynknionansro noBuuit < § 3 iy € K fo ¢ M,
dfse K: fp ¢S,
3freK: fL¢L

Mu BUKOPUCTOBYEMO CTaHJAPTHI IIO3HAYEHH )1 OCHOBHUX (DYHKITIOHAJIBHO-
3aMKHEHHUX KJacCiB:

e Ty — xnac dyHKIii, ki 30epiraiors 0;
e 71 — xnac dpyHKIIH, dKi 30epiralorsh 1;

o VM — xjac MOHOTOHHUX (PYHKIII;
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e S — kjac camoBoicTuX (DYHKILIH;
e [ — kjyac JMiHIHHUX (DYHKITIH.

3azHaduMo, 1o s HepeBipku (QyHKIIOHAJIBHOI HOBHOTH (HEIIOBHOTH)
Habopy K mnHaiidacrime He MOTPIOHO IPOBOJUTH IIOBHE JIOCJIJIKEHHsI Ha,
HaJEXKHICTh KOXKHIM DyHKIIT 3 HabOpy K KONKHOMY i3 TATH OCHOBHUX
PYHKITIOHATLHO-3aMKHEHNX KJaciB. Tak, Jad J0BedeHHA (DYHKITIOHATIHHOI
1moBHOTHU Habopy K ciig 3naiitu B K: oaHy (DyHKIIIIO, 110 HE HAJIEXKUTH KJIACy
To; onny (byHKIIIO, 110 He HaJeXKUTh KJjacy 17; ogHy OYHKIIO, 10 He HaJle-
KUTh Kaacy M; oany (byHKIIO, 10 He HAJEKUTH KJaacy S; omaHy (yHKIIIIO,
0 He HaJIeXKUTh Kjaacy L (me He 00OB’SI3KOBO MAlOTh OyTH 1I'STh (DyHK-
i1, OCKiIbKY OfHAa (DYHKIIS MOXKe He HaJIeKaTh JIBOM ab0 OijIbIlle OCHOBHUM
dbyHKIIOHATBHO-3aMKHEHAM KJ1acaM). 3 iHIIoro 60Ky, JJ1sl J0BeIeHHs HelOB-
HOTH HaboOpy K H0CTATHBHO JIOBECTH, IO OJMH i3 (DYHKIIOHAIbHO-3aMKHEHUX
KJIACIB MICTHTH BCi (DyHKITT HAOOPY K.

Ilpukaan 6.6. IlepeBiputu dyHKIIOHAJIbHY IIOBHOTY HabOpy Oy/ieBHX
dyHKII:
K={(zNy) =z (z®y) < (zA2), Ay}

1. docnimmMo Ha HaJEKHICTH OCHOBHUM (PYHKITIOHATHLHO-3aMKHEHUM KJIa-
cam dyukuio fi(x,y,2) = (r Ay) — z. llepeuuniemo yHkIioo y Bursii,
3PYIHOMY /IS JIOCJIIZKEeHHS:

filz,y,2) = (@ Ay)Vz=TVyV 2.

Besmnocepenubo nepesipserses: f1 ¢ Ty, f1 € 1.
[Tepesipusmiu 3uadenns fi; Ha Hadopax (0,0,0) Ta (1,0,0), MoKHa BIIEB-
HUTHUCH Y HEMOHOTOHHOCTI f71:

f1(0,0,0) =1, f1(1,0,0) =0,

TobT0 f1 ¢ M.
O6uncmmo HyHKIIO, ABOICTY 10 fi:

fi(r,y,2) =xVyVz=TAyAz

Jlerko nepekonarucs, o f; # fi: nanpuxaan, f1(0,0,0) # f7(0,0,0). Orxe,
fié¢S.
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Hapemrri, mosxinom 2Kerankina st fi J1erko 0o0YMCIATH, BAKOPUCTABIIH
300pazkeHHs f1 4epe3 KOH IOHKIIIO Ta JIOMOBHEHHS:

filz,y,2) =a2VyVe=aoAyAz=102(yd1)(2®1) = 1B ryDr2rBryz.

OT}KG, fl ¢ L.

2. /locyiauMo Ha HAJIEXKHICTH OCHOBHUM (PYHKIIIOHAJILHO-3aMKHEHUM KJ1a-
cam dynkuio fo(z,y,2) = (z @ y) + (v A 2). Ilepenumemo byHKIIO ¥
BUTIA], 3pYYHOMY JIJI JOCTIIZKEeHHS:

folz,y,2) =2@y@ (zA2) =20y (@A z01)dl=yd(zA2) D1

Besmnocepennbo nepesipgerbes: fo & Ty, fo € Th.
[Tepesipusim 3uauenns fo #Ha Hadopax (0,0,0) Ta (0,1,0), Mo:KHa BIEB-
HUTHCH Y HEMOHOTOHHOCTI fo:

f2(070a0) — 17 f2(07 1?0) - 07

T00TO fo & M.
O6uncanmo HyHKIN0, ABOICTY 10 fa!

fz*(x,y,z)zg@(i/\z)@lzy@(f/\z):y®z@(xAz).

JIerko nepekoHaTuch, mo fo # fo: nanpukiaa, f2(0,0,0) # f5(0,0,0). Orxe,
fo g S.

Haperri, morinom zKerankina maast fo J€rko o69uCINTH, BUKOPUCTABIITT
300pazKeHHs fo depes omepario <@>, KOH IOHKIIO Ta JOMOBHEHHSI:

folr,y,2)=y®(xAN2)Dl=1Dy D xz.

OT}KG, fg ¢ L.

3. JdociiauMo Ha HAJIEXKHICTH OCHOBHUM (PYHKIIIOHAJILHO-3aMKHEHUM KJIa-
cam dyuknito f3(z,y) = = A y. Besnocepeannbo nepesipserbest: f3 € Ty,
fz & Th.

I[TepesipuBuiu 3Hauenns f3 na Habopax (0, 1) Ta (1, 1), MOzKHA BIEBHUTHCh
Yy HEMOHOTOHHOCTI f3:

f3(0,1) =1, f5(1,1) =0,

o610 f3 & M.
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O6uncmmo HyHKIIIO, ABOICTY 110 f3:

filz,y) =z Ay=zVy.

Jlerko mepekonaruch, mo fi # f3: manpuknan, f3(0,0) # f3(0,0). Orxe,
fs & 5.

Hapernri, nosinom zKerajkina jaias f3 Jerko oOYUCINTH, BUKOPUCTABIIN
300parkeHHst f3 depe3 KOH IOHKIIIO Ta JOTMOBHEHHS:

fr,y) =cAhy=102)y =2 xy.

OT)KG, fg ¢ L.
Banoaumo Tabsuio [locra (Tabmuiio Hame:xHOCTI QYHKIIH OCHOBHEM

dbyHKIIOHAIBHO-3aMKHEHUM  KJIacaM) It 3aJaHoro Habopy dyHkiil K
(Tabu. 25).

Tabu. 25. Tabauuga ITocta nas mabopy K.
TO T1 M S L
(xNy) = 2 + - - = =
(zdy) @A) | — + — — —
T Ay + - - = -

OT:ke, 11 KOXKHOTO 3 II'ITH OCHOBHUX (DYHKITIOHAIbHO-3aMKHEHUX KJIa-
ciB icuye npuHaiimMui ojgHa dyuaKIig i3 HAbOpy K, sKa MbOMYy KJacy He Ha-
JIEZKATH (B KOKHOMY 13 I'SITH CTOBIIB TabJuUI 25 € NpuHAHMHI OJUH 3HAK
'—7). Takum anrOM, 32 Teopemoro [Tocta Habip K € DyHKIIOHAIBHO TOBHIM.
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7. ABroMarmyHe JOBEJICHHS TCOPEM

JloBecTn 3araJibHO3HAYYIIICTH 33JIaHOT (DOPMYJIM B aJirebpi mpeuKaTiB:

1) mo0yIOBOIO CEMAHTUYIHOTO JePeBa;

7.1. /loBegeHHsI 3arajibHO3HAYYIIIOCTI DOpPMYJIN
2) METOIOM Pe30JIIOi.

7. ABToMaTn4dHe J0BeJeHHsI TeOpeM
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20. (Vo B(f(x),c) <= Vz A(z)) <> 3z (Vo B(f(z), ¢) < A(z));
21. (32 B(z,c) < Va A(f(z))) ¢ 32 3z Bz, ) + A(f(2)));
22. (3z B(f(x),¢) < Yz A(z)) < 3z (3z B(f(2),c) + A(z)):
23. (Vo A(z,c) « 3z B(f(2))) <>V (Vo A
24. (Vo A(f(2),¢) 3z B(z)) < Vo (Vo A
25. (Jz A(z,c) « Iz B(f(2))) < Ve (3z A
26. (Jz A(f(x),¢) « Iz B(x)) <> Va (Iz A
27. (Vo A(z,c) + Va B(f(z))) < Iz (Vz A
28. (Vo A(f(2),¢) « Va B(x)) < 3z (Vo A(f(z),c) < B(z));
29. (Fz A(z,c) « Vz B(f(z)) < 3o 3z Az, ¢) + B(f(z)));

30. (Fx A(f(z),c) < VaB(z)) <> Jx(Fx A(f(x),c) «+ B(x)).

MeroanuHi BKa3iBKu

[IpogeMocTpyeMO 3aCTOCYBAaHHSA METOAY CEMAHTHYHHUX JE€PEB Ta METOLY
Pe30JI0I11it HA KOHKPETHOMY ITPUKJIAJI.

Ilpuknan 7.1. /loBecTu 3arajbHO3HAYYIIICTH METOAOM CEMaHTHIHUX
JIEPEB Ta METOAOM PE30JIIOII:

(Vax B(x,c) = dx A(f(x))) = doz (Vax B(x,c) = A(f(z))).

OckisbKu 06uBa METOIN (CEMAHTHYHKUX JIEPEB Ta PE30JIIONiil) T03BOJIsI-
I0Th JIOBOJUTU MPOTUPIYHICTh, MU Ma€MO 3BECTH 33J1a4y JIOBEJIEHHS 3araJib-
HOBHAUIYIIOCTI /10 33,1241 JOBEIEHHSI IPOTUPIYHOCTL: (popMyia € 3arajabHO3HA-
YOO TOI 1 TIIBKH TOI1, KOJIH 11 3anepedents nporupivne. [Ipn momgaabmmx
IIePETBOPEHHSX (3BE/IeHHsI 0 HOMepPeTHbOI HOPMATbHOT (hOpME Ta CKy/IeMiB-
CBKOI CTAaHAApTHOI (POPMHU) MOYKE MOPYIIYBATHCS JIOTIYHA €KBIBAJEHTHICTH,
0JiHAK 30epiraeTbcs MPOTUPIYHICTH YU HEITPOTUPIYHICTD.

Otke, Bi3bMeMO 3amepevdenHs BijI 33, 1aH01 (DOPMYJIH i 3BEJIEMO OTPUMaHy
dopMyJ1y 10 mornepeHbOT HOPMaJIbHOT (POPMH.
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—((Vx B(x,c) > dx A(f(z))) —» Jz (Vax B(x,c) = A(f(z)))) &
& o (a(=Va B(z,c) vVIxz A(f(x))) VIx (-Va B(z,c) V A(f(x))))
& (=Va B(z,c) VIz A(f(x))) N—~Fx (-Va B(z,c) V A(f(x)))
& (Fz—-B(x,c) vVIz A(f(x))) AVa (Va B(z,c) N —A(f(x)))
& (Far 2By, 0) V 3w A(f(22))) AV @s (Vg B(aa, ¢) A2A(f(23))) <
< dxydraVasVay (-B(xg,¢) VA(f(x2))) A B(xg, c) AN =A(f(x3)))

=
=

st 3BeieHHsI OTpUMAaHOI (POPMYJIH 10 CKYJIeMIBChKOI CTaHIapTHOI hop-
MM HEOOX1JTHO MM030aBUTHUCH KBAHTOPIB ICHYBaHHSI. 3pOOUMO 1€, BUKOPHCTO-
BYIOUH CTaHJAPTHE MPABIIO BBEJIEHHS CKYJIEMIBCHKUX KOHCTAHT ((DYHKIIIi):

dxy JaoVasVay (0B(z1,¢) VA(f(22))) A B(zg,0) N 2A(f(23))) ~
~ VagVay (0B(a,c) VA(f(D)) A B(xyg,c) N =A(f(x3))) -

3a3HaYUMO, 110 eJIiMiHalligd KBAHTOPIB ICHYBaHHS He € IIePex0JIOM 3a eKBi-
BAJIEHTHICTIO, IIPOTEe IIsI olepailiiss 30epira€ mpoTUPIYHICTH Ta HEIPOTUPIU-
HIiCTH (BIAMOBIIHUIT TIepeXi MO3HAYEHO CUMBOJIOM '~7).

OcranHIM KPOKOM TIEPEXO/Ly JI0 CKYJEeMiBChKOI CTaHIapTHOI (popMu Mae
CTaTH 3BEJIEHHS <IIJKBAHTOPHOI> dYacTHHU POPMYJIU 0 KOH IOHKTHUBHOI
dbopymu (KHD) . [Ipore, B qaHOMY BHIAIKY [iIKBAHTOPHA YacTHHA (HOpMY-
nu BkKe 3HaxouThesd y KH®, oTzke Mu oTpuMa/n CKyJIeMiBCbKY CTaHIAPTHY
dopwmy.

Burnwuiiemo orpuMany MHOXKUHY JIM3 IOHKTIB:

1. =B(a,c) vV A(f(D));
2. B(x4,c¢);

3. —A(f(x3))-

JloBegeMo TPOTUPIYHICTD OTPUMAHOT MHOXKMHU 113 IOHKTIB 38 IaHIME Me-
TOJaMHU.

1. Meto ceMaHTUYHUX JEPEB.

Jng orpuMmaHol MHOXKWHU JN3’ IOHKTIB epOpaHiBChKU# yHIBepcyM H Ta
epOpaHiBchbKuit 6a3uc A HecKiHUeHHI:

H={a,b,c, f(a), f(b), fc), [(f(a)), fF(F(b), f(f(e))s- };
A ={A(a), A(b), A(c), B(a,a), B(a,b), B(a,c),...,B(cc),

A(f(a)), A(f (D)), A(f(c)), B(a, (f(a)),- -}
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IIpu o6y a0BI CeMAHTUIHOTO JIepeBa, 3 METOIO MPUCKOPEHHS MIPOIECy Po-
3B’I3aHHY 33/1a91, BAKOPUCTOBYBATUMEMO B TIEPITY UEPTY Ti eJIeMeHTH epOpa-
HIBCbKOTO 0a3uCy, siKi CIIPOCTOBYIOTH JIITEPH MHOYKWHU JIn3 FOHKTIB (puc. 13).

A(f(b)) —A(f(b))

Puc. 13

Bing cupocroByodnx By3/iB (HO3HAYEHI XPECTHKAME) Y JIyKKAX 3aIUCa-
HO HOMEp AU3'IOHKTA, AKHil CIIPOCTOBYE TaHWi BY30JI, & TaKOXK BiIIMOBIIHI
M ICTAHOBK.

2. Meto/1 pe3oJtioniii.

3aCcTOCOBYIOYH METOJ, PEe30JIIOIiil, OTPUMYEMO IIOPOXKHIil 13 IOHKT 3a JIBa,
KPOKHU:

1. =B(a,c) V A(f(b));

2. B(zy,c);

3. = A(f(x3));

4. A(f(b)) (R(1,2), a/z4);
5. (R(4,3), b/xg)-
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