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1 ZKubIHxap TeOPUSICBIHBIH Heri3ri YFbIMIAPbI

1.1 Kubingap

JKublH MaTeMmaTHKaJarbl HETI3T1 YFBIMAAPBIHBIH Oipi OOJFaHIBIKTAaH, OFaH
aHbIKTamMa Oepinmeial. JKublH genm Oenrial MaTeMaTHKalblK OOBEKTUICPIIiH
YKUBIHTBIFBIH TYCiHEMI3. OJ1 00BEKTIIEP KUBIHHBIH 3JIEMEHTTEP1 € aTajbll, Kl
opinTepMeH, ajl )KUbIHHBIH 631 0ac opirmeH OelriieHel.

a dJeMEHTI A >KMbIHBIHA THICTUITIH a€A, “€” - THICTUIIK KBaHTOPHIMEH
Oenrineimi.

b ¢ A—b snemeHTi A KUbIHbIHA THICTI €MEC.

bizre Genrini )KubIHAAP/IBI aTall OTEHIK:

N — HaTypan caHiap >KUbIHBI;

Z — OYTiH caHap >KUbIHBI;

Q — parmoHaJ1 caHJap KUBIHbL;

R — HaKTBI caHzap >KUBIHBL;

C — KOMIUIEKC caHap KUBIHBI;

() — 060C KUBIH.

JKui KonmgaHbUIaTRIH KBAHTOPIIAP:

- Ke3 Kered, X € A (Ke3 KelreH X A >KHbIHBIH/A ’KaTaJIbl);

3 - Tabeuanel, 3 y € B (B kubIHBIHAH Y 27IEMEHTI TaObLIAIbI);

. (| ) — MbIHAAAM, KACHETIH CHIIATTAy YIIIiH,

= - OyJIaH IIBIFATBIH cajjap;

< - Terne-TeHIK KBAaHTOPHI, TEK COJI JKaranja;

< - KaTaH €HT13y KBaHTOPHI.

JKubiHFa €HETIH SJeMEHTTEp CaHbl IICHEYJl HeMece MIEKCi3 Kom OO0yl
MYMKiH.

1-mpIcas: a) Ka3ak ajngaBUTIHIH dPINITEP KUBIHBI (42 27eMeHT 6ap);

9) HaTypaJl CaHJap >KUbIHBI (% 351IeMeHT1 0ap);
0) x* +5=0 TeHJCYiHIH HAKThl TYOIpJCPiHIH KUBIHbI CIIKAHAH /1a
AIIEMEHTTEH TYpMaiapl, 00C KUBIH.

AKblpabl drcublH €T OChI KUBIHHBIH JIEMEHTTEPIHIH CaHbIHA TeH OOJaThIH
HaTypajd caH TaObUIATBIH JKUBIHIBI aWTaAbl. AKBIPIBI €MeC >KHBIH AKblPCbl3
JICUBIH JTCTT aTajabl.

AKpIpIIBI A k0He B oKkubIHmZappl TEeK KaHa OIpAci dJIEeMEHTTEepJcH
Kypajica, mey dicubiHoap Aen atanein, A=B nen 6enrineHeni.

Erep axbipiibl A >KUBIHBIHIA aKbIPJIbI B *KUBIHBIHA THICTI €éMec 2JIEMEHT Oap
0oJica, *KoHe KEPICIHIIE, OHJIA OJIap MeH emec HCublHoap ACT aTajaajbl.

2-mbicad. {0, 1, 2}={1, 2, 0}, {0, 1}#{1, 2,0, 3}.

AKubiHaapabiy 0epiiy Taciiaepi.

1. Mymenepin (37€MEHTTEPiH) Ti31I Ka3y apKbUTbl. AKBIPIIbI dKUBIH

A:{ai,az,...,an} akpIpchI3 xkubiH B={1, 3,5, 7, ..., } — TaKk canmap >KUbIHBHI.

2. Cunarray apKbUIbl. MbICQIIBI JKUBIHHBIH K€3 KEJITEH X MYIIeci p(X)



KacueTiHe e OOJICHIH, OHJAa OChI 3JeMEHTTepJAcH TyparthbiH C KHUBIHBI ObLIai
oepineni: C={x/p(x)}.
OCBI CHUSIKTBI @HBIKTAJIFaH KHbIHIAP

Q:{ﬂmmez,m;to},B:{x: x=2n-1neN}.
m

A xone B sxubianapsr Oepincid. Erep A >KUBIHBIHBIH K€3 KEJITEH X AJIEMEHTI
B kubplHBIHAA da JKaTca, OHAA A JKHUBIHBI B  KHBIHBIHBIH (KT HCUBIHGL IETT
aTajajpbl.
A = B uemece B= A nen 6enrineneni. Ksantopnap Timinge
(A=B)=(x=A=x < B).

Erep B >xubIHBIHBIH A 1K1 XKUBIHBI B JKUBIHBIHAH koHE D-ICH ©3relle
0oJica, OHIA OJ1 MeHWIKMI [WKi HCublHbl 1eT aTanaapl. KBanTopiap TiiHe,

A B+ A < Bixone A = B.

() Ke3 KeJreH >KUBIHHBIH 111IK1 )KUBIHBI Oostaanl: @ = A.

Kacuerrepi:

a) A S A;

9)A=B,BSA A = B;
0)A=<B,B=C=ACSC.

B kubiHbIHBIH B koHe () 1IKI JKUBIHIAAPBI OHBIH MEHWIKCI3  [UWKI
JrcuviHOapsl aen atananel. Erep skubiH eq OoiMaraH/ia eki 3JIEeMEHTTEH Typca, OHJa
OHBIH MEHIIIKTI 1K1 )KUBIHIAPHI 00T /Ibl.

Mpicanbl: A = {a, B} ’KUBIHBIHBIH 1K1 )XKUBIHAAPHL: {a}, {B}, {D}, {a, B}. by imki
KUBIHAAPJBIH 1IiHAe {a}, {B}- MeHuIikTi, an {a, B}, {d}- MEHIIIKCI3 OOJbII
TaObLIAIBI.

Iuki :kubIHAAPFa KOJIAHBLJIATBIH aMaJIIap
U (yauBepcyM) Jen KeH >KUBIHABI OCNruIediK, SIFHH DSJEMEHTTEpP OChI
YKUBIHHAH aJIBIHBIN OTHIPATHIH OOJICHIH.

Ditep " —Benn ™~ aqHarpaMmachl. Tik TOPTOYPHIIITHIH
HykTeci U )KubIHBIHAH ajlbIHFAaH  JIeT ecenrteiik. Mpeicanra  A={1,2,3,4},
B={1,3,5}, C={5,6} xublHaapbIH anaibIK.

1. En Oonmaranja A KublHbIHA HeMece B KUbIHBIHA THICTI AJIEMEHTTEP
KUBIHBIH A %oHe B ®KUBIHIAPBIHBIH Oipicyi (KOCBIHABICH) (A Y B) nen aittambl.

C.B A Y B={x:x £ A Hemece x = B}

U A v B={1,2,3,4,5},
AU C={123456)

1.1 Cyper

* Jleonapa Ditnep (1707-1783)- mBeHapiIblKk MaTEMaTHK.
** Jloxkon Benn (1834-1923) — arbUIIIBIH MATEMATHT .



n
«bipiry» amanerH xamneinacak, | JA =A UA, UA U.LUA,
k=1

2. A )XubIHBIHA N1a, B JKWBIHBIHA J1a THICTI DJIEMEHTTEP JKUBIHBIH A KOHE
B >xubtHIapbIHbIH KubLibicysl (kedeuTinmici) (A ™ B) mem aTasl.

A ™ B ={x:x€ A kHe x £ B}.

‘.B A N B={1,3},

U B n C={5},
AN C=0.

1.2 Cypert

n
«KuBLIBICY» aMaJbIH KaNMNbUIACAK, ﬂ AA=ANANAN.NA, .
k=1

3. A XubIHBIHA THICTI, OipaK B *KUBIHBIHA THICTI €MeC DJIEMEHTTEP KUBIHBIH
A xoHe B KUBIHBIHBIH aiibipuivsl (A\B) nem altaipl.

A\B = {x:xX € A xoHe X ¢ B}

A\B={24},
G.B B\ C={1,3},

- A\C=A.

1.3 Cyper

4. A xoHe B ubIHIApBIHBIH cummempusiivlk abipmacst (A & B)
JIETI KeJieCl sKUBIHAbI aUTa Ibl:

A AB=(A\B) v (B\A)=

C.B ={x:(x< A xoHe X ¥ B) Hemece (x= B xoHe X £ A) }.

A 4B= {24} v {5}={2,4,5},
1.4 Cyper A 4C={1,2,3,4} v {5,6}={1,2,3,4,5,6}.

U

5.U\A  kubIHBI A  KUBIHBIHBIH MOAbLIKMAYbiubl 1eTl  atansin, A gen
OenriieHeml.

A=U\A



Yuusecym U={1,2,3,4,5,6,7,8,9} Goica, onaa
A={5,6,7,8,9} Gonanpl.

T

1.5 Cyper

1.2 Kubingap ajaredpacnl

Kubingapra amangap KOJJIaHbIN, KaHa KUBIHAAp anyra Oosanubl. Ockl
amMalIapAblH HET13r1 KaCUeTTepl MEH OJapJblH apachlHJarbl OallaHbIC KUBIHJIAP
anreOpackl Jen aTanabl.

1.1 Kecrte-Kacuerrep

U M
1 | (MIEeMIIOTEHTTIK)
AUA=A AnA=A
2 | AybICTBIPBIMABUIBIK (KOMMYTATUBTIK)
AuB=BUA AnB=BnA
3 | YaectipiMaiiik
Au(BUC)=(AuB) UC An (BNnC)=(AnB) nC
4 | TepiMaulK (IUCTPUOYTHUBTIK)
AuBnC)=(AuB) n(AUC) An BuC)=(AnB) u (AnC)
5 | Cinipy
Au(BnA)=A An (BUA)=A
6 | Hommig kacueri Au O=A An O=0
7 | bipmig kacueri Au U=U An U= A
8 | Kocankel mpunmumi (ne Mopran® 3aHpl)
AUB=ANB ANB=AUB
UA=NA NA=UA
k=1 k=1 k=1 k=1
9 | Exi per Tepicke mbiFapy A=A
10 | TombIKTAyBIIITEIH KACHET1
AUA=U AnA=0
Kubiagap apacbiHAarbl KacweTrTep (3aHAap) KOFapbIIarbl KeNTipUIreH

KACHETTEPMEH IIEKTeNin Koimaiael. Kanran KacuerTepi JIoThKa anreOpachiHbIH
epexxenepl  OOWBIHIIA aTamFaH KacHeTTepAl KOJJIaHbIN — ajmyFa  OOJaibl.
AKubiHIapabIH 1eKAPTTHIK (Typa) KebeiTiHaici
MaremMatrkaaa >KUbIHAAPIBIH JKall dJIEMEHTTEP1 FaHa eMec, COHbIMEH Oipre
OJIApJIbIH, PETTENITeH JKYM DJEMEHTTEepl Je Ke3aecenl. (ai,ap,...,ap) AJIEMEHTTEpI
pPETTEINTeH KUBbIH OCPIJICIH, OHBI KUBIHTHIK, BEKTOP, KOPTEXK JEI T€ aTalIbl, a;—

*Qracrec ge Mopran (1806-1871) — moTIaHIbIK MaTeMaTHK
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JKUBIHHBIH i-111 MYIIIECI. (a,az,...,an) —  JKUBIHTHIFBIHBIH  Y3BIHIBIFBI

Jien N KOMIIOHEHTAIap CaHbIH alTaMBbI3.
A xoHe B KubIHAAPBIHBIH Mypa Hemece dekapmmulK Kobelimindici et (a,B)

’KYOBIHBIH KUBIHBIH aliTaMbI3. Ax B Jer Oeriienmis.
AxB={(a, b):ac A,beB},
A=B = Ax A= A?,
AxAx.xA =A",
A=A, A’ ={0D}.

Mpicangap KapacThIPhIN 6TEHIK.
1. A={1,2}, B={1,2,3} xxubiHgapsl OepiiciH. bysn >xuplHIap yIIiH Typa

KoOCHUTIHALIED
AxB={(1,1), (1,2), (1.3), (2.1), (2,2), (2,3)},
BxA={(1,1), (1,2), (2,1), (2,2), 3.1), 3.2)},
A*={(1,1), (1,2), (2,2), (2,2} (2,1)=(1,2).
2. R — HakThI canaap >kublHbI Oepincin. OHga
RxR=R*={(X,y}: (X,y) — %a3bIKTBIKTBIH HYKTEJICPi},
RxRxR=R*={(X,y,2) : (X,Y,Z) — KEHICTIKTIH HYKTeJIepi}.
3. A=[01], A =[23] exi KubIHIBI KapacThIpaibIK. Erep Ka3bIKTHIKTAFbI
JEKAPTTHIK KOOpAWHATANAP )KYWECIH KapacThIpcak, oHJa A x A, Y3bIHABIFbI Olpre
TEH KBaJIpaT PeTiHJe KapacThIpyFa O0Iabl.

A

(B

2

1.6 Cyper
l-ecem. AUB=ANBae Mopran 3aHblH (KOCAQJIKbI MPUHIIUII) AJIENICY

KEpex.
IMemyi: [ omic Diinep-Benn amarpammace! apkpuibl. On yIIiH TEHIIKTIH

COJI )KarbIHAArbl >KUBbIH/IbI KeCKiHI[eH aJlaMbI3:

a) AUB
Q.

T

1.7 Cyper

AN OH ’KaKTarbl >KUBIHIBI OCHHeJey VIIH aJlIbIMCH A KUBIHBIH =
Il ik sxomaxkmen Genrinen ajgambrs. CoHma

KOJIACHCH, >KOJIAKIICH, E JKUBIHBIH



013re KEpeKTl JKUBIH OChl €Kl JKOJIAKTBbIH KHBUIBICYBIHAA, SFHU TOPMEH
KECKIHJIETEH JKUBIH 0O0JI1aJIbl;

?) ANB

ity

r‘ AT
T (| [
_-U- -IU-I == ___LI]_ I!""“'lt--l- —
A B ANB

1.8 Cyper

baiikacak, 1.7 cyperreri muarpammana OosuIFaH >KublH MeH 1.8 cyperreri
TOpMEH OENTUICHIeH XUbIH Olp KUBIHIBI Oepell, OyJ €Kl >KUbIHHBIH TEHJIITH
oinaipei.

II onic KacuetTepre cyheHin, pHEKTEP/Il TYPJICHAIPY apKbLIbI.

AnpsiMen U =V < UcV, VU kacueti 60ibIHIIA:

1) AUB c ANB:

2) AN B c AU B eHri3ynepi opbIHIATATBIHBIH KOPCETEHIK.

1) Xe AUB=>Xxg AUB=x¢A xoHC XgB=XcA XoHe XcB=
Xeﬂmg;

2)  kepicinme, XxeANB=xeA  koHe XeB=xgA  KOHE
X¢gB=>Xx¢ AUB= xeAUB.

KubIHHBIH OypKeyi MeH OoJtikmeci

JKublHmapra KOJJaHbUIATBIH ONepALMsIIap IbIH TaFbl O1p TYP1 - JKUBIHJIBI 11TKI
YKUBIHZIAP KyHeciHe OeMKTey onepamusichl OObIN TaObLIaaAbl. A KUBIHBI OEpIITeH
oonceid. oF ={A1, Ay, ... An} — A KUBIHBIHBIH MK KUBIHAAPBIHBIH KHUbIHGI (1K
YKUBIHIAP KUBIHTHIFBI).

Anbikrama. Erep 1) VA e & (Aic 4, 4i#9); 2) A= 4,
i=1

OH/Ia &£ — A XWBIHBIHBIH OypKeyi el aTanabl.

Anbikrama. Erep 1) VA e 7 (Aic 4, A#Q); 2) A= JA,;

i=1

3) VAA € A [A A =>ANA = Q] memece Vi, j=Lnizj=ANA =0,
OH/IA &¢ — A )KUBIHBIHBIH Oesikmeyi et aTtaaajpbl.

Erep Oypkey aHbIKTaMachIHAAFbl €Kl MIAapTKa 3) MAapTThl KOCCAaK, OHJA
Oypkey Oomikme 0ona amanbl. backama aiiTkanma, erep opOip * €4 snemenTi Tex
KaHa Oip A, 1Kl KMBbIHBIHA THICTI Oo0Jjica, OHJA A KUBIHBIHBIH 0OC emec 1IIKi

KUBIHIAPABIH A Kyleci OHbIH OeJiiKIeci 00Ja anajbl.
1-mbican. A={1,2,3} KUBIHBI OCPIJICIH:

a) A ={{12},{2,3},{3}}- A KUBIHBIHBIH OYpKEYI;
o) A, ={{1},{2}.{3}}- A >XKUBIHBIHBIH O6iKIIIeci 00IaIbL;
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0) A, ={{},{2}} - xanmgaii-na Gip 1MIKi KUBIHIAPABIH KYyHeci, o1 Oypkeyi e
eMec, Oedikieci ae emec, cededl {1} u{2} = {1,2,3}.

2—mbican. N — HaTypai caHzap KUBIHBIH KapacTbipailbik. N o— xym, N —
Tak caHaap kubIHbI 00CchH. OHma {N o, N; } —N Oemikmieci 6osa ajiajsl.

1.3 KarbiHacTap. YHapJbl, OUHAPJIbI, N-OPBIHALI KAaTbIHACTAP

Ay, Ay, ..., Ap KUBIHIAPBIHIAFBI N — OPBIHJIBI KATBIHAC HEMECE N — OPBIHJIBI
npeaukar aen Aj;*A;*... ¥ A, Typa KeOSHUTIHAICIHIH Ke3 KEJI'eH >XHUBIHIIACHIH
Xn DIEMEHTTEPI

.........

n=1 Oomnca, onga P kaTbiHAckl A >KUBIHBIHBIH JKHBIHIIACHEI 0ojanpl, P <A
JKOHE YHAPIbl KAMblHAC HEMECE KACUET JICIT aTajlalbl.

n=2 0oiica, oHJa PoA>d yopi KE3/IECEeTIH €Ki OpBbIHABI KaTbiHAC. by

XKarJanaa onap buxapavl KamviHac HeMece ColKecTik nemn arananbl. CoHbIMEH A
*oHe B KubIHIapbeIHBIH apacblHgarbl P colikectiri A *B  )KUBIHBIHBIH
YKUBIHIIAJIApbl OOJbIN TaObLIaAbL, P < A x A, koHE (X,Y) e P, OHBI kul XPy nen

’Ka3aJibl.
PeA" — A KUBIHBIHJAFBI N-0pbIHObI KamvlHac. Keiibip
OKYJIbIKTa P < A x A, OUHAPIIBIK KateIHacel (P, A, A,) Hemece (A, A,,P) nen

oenruteHeni, Aj;— KaTbIHACTBI KiOepy OOJBICH, A, — KaThIHACTBI KaObuIAAy
KUBIHBI JICT aTaJlajIbl.
1-mbIcad:
a) erep A ={2,345,6,7,8}, an OuHapiblk KartbiHac P={(x;y) / x,y€4, y
sIeMenTi X-ke Ooineni, x =3}, onma P={(2,2),(2,4),(2,6),(2,8),(3,3),(3,6)};
9) P={(x,y) / X, YeR,x<y} KaTblHacblH R >KMBIHBIHIA KapacThIPaWBbIK.
Onma XPy xasyelH x<y Aen Tycinyre Oonaiabl, sSfHM P KaTbiHacel “=7”
CUMBOJIBIMEH OEpiJIreH;
0) A — mnakrtel cangap okubiHBL, oHma {(X,)y)e A’/x*+y?’=9} A
YKUBIHBIHIAFBl OMHAPIIBI KATIHAC OO0JIAIbI;
B) A — ajmamjap >KUBIHBI, OHJA {(X,y) € AxA/y — X-TIH TYBICKaHbl} A-
Jarbl OMHAPJIBIK KaThIHAC.
bunapbl KaTbIHACTapAbIH OEpiTy KOJAapHhI:
1) Ti3in xxa3y apkeLibl, Mbeicansl (2,2), (2,4), (2,6), (2,8), (3,3), (3,6);
2) £< Ax5 Guuapnelk KaTbIHACKIH TpadHK KOMEriMeH KeCKiHey KOJNaiibl.
O3zapa nepnenaukyisip ecrep (Ox — kenaeHeH ec, Oy — TiK 6C) ChI3albIK. A
KoHE B KUBIHAAPBIHBIH JJIEMEHTTEpiH colikec eoctepae Oenrueiik. XOY
JKa3BbIKTBIFBIHJIA KOOpJWHATANIAPHI (X,y) € P OOJaThIH HYKTENIepal OenriicHik.
AJbIHFaH HYKTEIIEp KUbIHBI P KaThIHAChIHA COMKEC KeIei;
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1.9 Cyper

x Y

1 mbIcanaarel P KaTbIHACHI.

3) P kaTpiHachIMeH OaillTaHBICKAH X € A JKOHE Y € B 3JIeMEHTTEp1
CTpEJIKaMEH KOCBUIFaH TYpPiH/E.

2-mbican. A={ab,cjmMen B={1,23}KUBHIAPBIHBIH AapachIHAAFBl P,
KaTbhIHA-ChIH, all A KUBIHBIHIAFbI P, KATHIHACKIH OCiTHEIEeY KepeK:

a) P, ={(a,2),(b1).(c.2)};
9) P, ={(a,b),(b,b),(c.a)};

 —  E—
= 1

b 3
/ P1

[y 9 P,

c
A B
— L — a c
1.10 Cypert

4) akpIpibl S>KUBIHIAPIABIH apacbiHAaFbl OWHAPJBl KATHIHAC JKYIITapIbIH
TI3IMIMEH HeMece MaTpulla apkbuibl Oepiieni. A={a,a,,...a,}, B={b,b,,.,b}
KoHEe Pc AxB  OuHapibl KaThHachl OepuireH OonceiH. byn  xamwinacmuly
mampuyacuwl: [P]=(P;), mxn ©JIILIEM/11, MYH]IaFbI

__:{1’ @b eP T ioTn
1770, (@.b)epP’ T

ConbIMeH HoJl MeH OipJIeH TYPaThIH Ke3 KeJITeH MaTpulla - KaHaai na oip
OWHAPIIBI KATBIHACTHIH MATPHUIIACHI OOJIBIT TaObLIA B,

3-mbicai. a) A ={2}, A ={34} XKublHZApHI MEH OCBl KHUBIHIAP
apaceiHaarel P ={(13)}, P,={(13),(14),(2,3)} xKarbiHacTapbl OepuireH. by
KATBIHBICTAp/Ibl MATPHUILIA APKBLIbI Oepyre 00JabI

10 1 1)
[P1]=(0 oj’ [P2]=(1 oj’
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2) A={2,3456,78 KHBIHBIHIA Pc AxA  KaThlHAcChl  OEpiiTeH:
P={(X,y):y:canvi- x — ke- bonineoi,x <3;x,y € A}y={(2,2),(2,4),(2,6),(2,8),(3,3),(3,6)}
by kaTeiHAaCcKa colikec MaTpuLa

[71-

O O O O o o -
O O O O ~» O
O O O O O -
o O O O O o

O O O O O k- -
o O O O o o
O O O © O B

0 0O 00
AHbIKTaMa. P kaTbIHaceIHBIH aubikmany obavice: (Dp nen Oenrineneni) D,

={x/KeuOip y yunn (x,y)eP}. An mondepiniy ocuvinbt E,={y/xellOip X yuIH
(X, y) € P} ®UBIHIAPHI AUTHLIAIBI.

Dy — »KynThIH OIpIHIII 3JIEMEHTTEPIHEH KYPAIFaH KHbIH,

E, — )KYIITBIH €KIHII 3JIEMEHTTEPIHEH KYPaAJIFaH JKUBIH.

A xoHe B xubIlHIapbIHBIH apachkinia P kaTbiHackl OepijciH.
Pc AxB,P={(a,b):ae AbeB}.

Keneci anbIKTamManapabl €Hri3eniK:

a) Kepi KamuvlHAC'
P ={(b,a)/(a,b) e P}, P'cBxA;

d) moabIKmayviul KamslHAc:
P={(a,b)/(a,b) & P},P c AxB;

0) mene-men KamviHAaC:
| ={(a,a)/ac A}, | A?. Keiine id 4 Jen OenrieHeni, Ax A-AaFbl JTHaroHalb
JICTI T aTalJIbl;

B) VHUBEPCAObl KAMbIHAC:
U={(@b)/acA xore be A}, U=AxA=A’> keline TONBIK KAThIHAC JCH TE
aTalgbl.

4—mpicad. A={2,345,6,7,8} sxubiabinga P ={(X,y)/X,y € A, X anemeHTi Y —
TIH Oenrin X<3} KATBIHACHI OeplireH. Onmnait 0oJca
P={(22),(24),(26),(28),(33),(36)}. byn karbmmac ymin D,={2,3} — anbiKTamy
o6mbicel, Ep={2,3,4,6,8} — MoHIEpiHIH XUBIHBI,
P™"={(2,2),(4,2),(6,2),(8,2),(3,3),(6,3)} — xepi KaTHIHAC.

1. P xareiHaceiHa (TIpeIMKaThIHA) KATBICTBI X JKUBIHBIHBIH Oelineci JeT,
keseci xubIH anTeiaanbl: P(X)={y/(X,y) e P, xeiibip x € X yuria}

2. P mpenukaTeiHa KaTBICTHI Kepi Oetineci nem, P7'(X) memece P~

IpeAUKAThIHA KAThICTBI X JKMBIHBIHBIH OCHHECIH alTa/Ibl.
AHBIKTAMA. Rc AxB xoHe ScBxC 61/1Hapnbn< KaTbIHACTAPBIHbIH,

KOMRo3uyusacol Hemece xkebdetmindici nen P < AxC KaTbIHACHI HeMece
’KUBIHBI aUThUIAAbI, OJI ObLIAal aHBIKTAIa bl
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P=RoS={(a,c)/ae AceC xone dbeB:(a,b)eR,(b,c) e S}.

S5-mbicajl R koHe S - oH OYTIH caHJap >KUBIHBIHAA OeplareH OMHApJIBIK
KaTblHacTap 0omchiH: S ={(X,X+2):X-oH OyTiH can}, R={(X,x*):X- oH OyTiH
caH}. Onna RoS =S(R)={(x, X% + 2) 1 X-0H OyTiH caH} JKOHE
SoR=R(S) ={(X,(x+2)?): x- oH 6YyTiH caH}.

Teopema. Kes kenren P, Q, R GunapibIK KaTblHacTap YIIiH Keeci
KAaCHETTEp OpPbIHIAJIAIbI:

a) (PH*=P;

9) (P-Q)'=Q'ePY

0) (P-Q)eR=P-(Q=R).

Honenneyi [1, 19 6eT].

BuHapJbIK KAaTBIHAC MATPUIACBIHBIH HETI3I1 KacueTTepi
Erep P,Qc AxB xane [P]=(p;).[Q]=(q;), oHna
1. [PuUQ]= (p; +9;) =[P1+[Q]
(MaTpunanapabiy anemeHTrepin Kocy 0+0=0; 1+1=0+1=1+0=1 epexeci OolibIHIIa
KYpriziiaemni);
2. [PnQ] =(p; -q;) =[P]*[Q]
MaTpHULAJIAPbIH COMKEC dJIEMEHTTEPIH KOOSHTY KOIIMT1JIeH 1CKe achIpbLIaIbI,
sran 0 0=0*1=1-0=0; 1° 1=1).
(1 0
1-mbican. [P]=
01
Matpunaiapel 6epuireH. Onap yiiiH

[PUQ]=[P]+[Q]=((1) SHS 3{; 3

pra-rrel-p 3o 3)-(o 5

3. Erep P -kepi KarblHac 0oica, oH1a [P‘1]= [P].

4. Erep P c Q xoHe [P]= (pij);[Q] = (qij) = Pj =0 -
1 00

5. | -Trene-TeH KaTeIHAC Oojca, oHma [1]=[0 1 O} - OipJIiK MaTpuIa.
0 01

01
); [Q] = ( 0 lj 6I/IHapJ'II>IK KaTbIHACTapAbIH

6. P— P -HBIH TOJBIKTAYBIIILI 00JICA, OHJA [5} - Oy [P]-marbr 0-mi 1-re, an
1-n11 0-re aybICTBIpFaH/1a aJbIHFAH MAaTpHIIA.
7. Erep Pc AxB, QcBxC, onma xommno3urust [P-Q]=[P]-[Q] ’koHE

MaTpHIaIap KOIIMI1 MaTpullajgap/ibl KOOSUTy epekeci OOMBIHIIA ICKE aChIPhLIA/IbI,
Oipak MaTpunanapabl KeOeUTy Ke3iHAe AIeMEHTTEP/l KOCHIN, KoOehTy OipiHIIi
MyHKTTET1IeH Kypriziieni
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[PoQ]:[l oj{o 1}2[0 1}_
0 1)0 1 01

AHBIKTaMa. P KaTbiHAChl Ax A aHBIKTaJraH OOJICHIH.

1. Erep Vae A ymiH (a,a) e P 6osca, oHaa P pegrexcusmi KaTbIHAC €M
atanazasl (P-«0ip Kamaga Typy»).

2. Erep Vva,beA ymiH (a,b)eP-man (b,a)eP mbIFaTeiH Oosica, oHma P
cummempusinbl KaTbiHac fen atanaabl (P-«Oip dupmaga sKyMbIC iICTEY»).

3. Erep VvabeA (ab)eP,(b,a)¢gP-man a=b mperaTeiH OoJica, oHma P

anmupedghnexcuemi nen atananabl (P-«yibl 6051y»).
4. Erep Va,be A (a,b)eP xkoHe (b,a) e P-gaH a=Db MIbIFaTbIH 0oxca, onga P

aHmMuUcCUMMempusiibl KaTblHac Jien atanajibl (P-«0acTbiK 00ITy»).

5. Erep va,b,ce A (a,b)ePxone (b,c)eP -ma (a,c)eP mbIFaThIH OoJica,
oHna P mpansumuemi xateiHac gnen aramanbl  (P-«aracel 0ony» Hemece
a<bb<c=a<c).

2-MbIcajl. A- HaKThl OH CaHJap *KUBIHBI 00JICHIH. P KaTbiHACH peTiHge <,
“>7“=" gapacTeIpyra 001abl.

Eckepre kerenmik, P OwHapibl KaThlHaChl Ax A JKUBIHBIHIA aHBIKTAJFaH

00JChIH. ByJ1 KaThIHACTBIH KACUETTEPIH MATPULIACKHI APKBLIbI TEKCEPyTe 00Ia IbI:
1 * =%

1. P- pednexkcuBti 60aceiH < | P, [P]=|* 1 =*|, MyHOga * OpHbIHA OIp
* % 1
HEeMece HeJiJiep OeNriIeHTeH.
2. P- cummerpusinel 6oscein <> P =P, [P]" =[P].
3. P- antucummerpusisl < PP | Hemece [PAP '] =[P]*[P"']. By
KacHeT [P M P_l} MaTpHUIIachIHJaFel 0ac JWaroHaiblaH 0Oacka JKepieri

AJIEMEHTTEpl HeJire TeH Ooiaapl, Oac AMaroHajgbla jJa Hejjaep OO0Jybl MYMKIH
EKEeHJIIT1H KepCceTe/l.
4. P- tpam3utuBTi <> P-PCP, aruu erep [P-P]=(a;), [P]=[p;], oHna

a; < p;-
111

3-mbIcan. [P]=|0 1 1| wMarpunmaceiMeH OepinreH P KaThIHACHIHBIH
1 01

KacHeTTepiH KapacThlpailblK. [P] MaTpuiaceiHblH Oac jauaroHaiinme Oiprep
TypraHIbIKTaH, P pednexcusTi, stHn | < P. [P] MaTpHIiachl CHMMETPHSUIBI eMec,

oJiaif 6osca P KaThIHACHI 1Ja CHMMETPHSIIBI €MeEC.
1 1 1)(1 0 1 1 01
[pnp—1]=[P]*[P]T= 0 1 1|#/0 1 0|=|0 1 0.
1 01 1 01 1 01
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byn wmarpuna aHTUCUMMETPHUSUTBLIBIKTBI — TEKCepyre Kaxker. bac
IUaroHaibaH Oacka >KepJAeri dJeMEHTTep Helre TeH eMec OosiFaHabIKTaH, P
AaHTHCHUMMETPHSUTBI eMec. KenTipinreH MpicaijaH aHTUCHMMETPHUSUTBIK KaCUET TIeH
CUMMETPUSITBI €MeC KacHeTTepl opTypJii eKeHAIri kepiHeai. EHII TpaH3UTHBTI
KaCHETIHE TeKCepeHiK.

sarHu PoP ¢ P, omaii 6osica TpaH3uTuBTi emec [4, 93 Gert], [6, 13 Get].

Erep P karbiHacel peduieKCHBTI, CHMMETPHUSUIIBI KOHE TPAH3UTUBTI Oolica,
OHJA OJI SKEUBALEeHMMI KamvlHac JEN aTtanaibl. JKBHBAJCHTTLUIIKTI E HeMmece ~
(THIIbZIa) CUMBOJIBIMEH Oenrineiai: xEy, X~ Y.

4-MbIcaJl. «=» TEHJIK KaTbIHACHI Ke3 KeIreH A >KUBIHBIHAA SKBUBAJIEHTTI
KaTbIHAC 00J1abI, ce0eOl:

a) pediekcuBTi (a,a) e P,a=a;

9) cuMMeTpuUsliIbl (a,b) e P = (b,a)e P, a=b=b=a;

0) TpaH3uTHBTI (a,b) e P,(b,c)eP=(a,c)=P, a=b, b=c, a=c.

5-mbicasi.  YmOypelmTap JKUBIHBIH  aJlCaK, YKCACTHIK  KAaTBIHACHI
SKBHUBAJICHTTI OOJIabI.

A  xupHBIHIArel E JKBUBaJIEGHTTIIIK KAaThIHACKI OCBHI A  JKHBIHBIH
AIIEMEHTTEpPl ©3apa JKBHBAJICHTTI 1IIKI >KUbIHAApra Oenenmi. MyHnail 1mmiki
YKUBIHJAP YKBUBAJECHTTUIIK KJIAChI JICT aTalabl.

E — A XUbIHBIHIAFBI DKBUBAJIEHTTLIIK KATBIHACHI JKOHE X< A OOJCBHIH. A
JKUBIHBIHBIH X-K€ JKBHMBAJCHTTI JJEMEHTTEPJIH IMIKI >KUBIHBI X D3JICMCHTIHIH
HKBUBAJICHTTUIIK KJIAChI Jien aTanaabl. £(x) Hemece [X]. aen Oenrineneni

E(X) =[X]e ={y/xEy}.

DKBUBAJICHT KJIACTAp YKUBIHBI A KUBIHBIHBIH E SKBUBaJICHTKE KATHICTHI
¢axmop scuvinel nen atanaasl, A/ E nmem Oenrineneni: A/E ={E(xX)/x e A}. dakTop
JKUBIH OYyJICaHHBIH 1IIIK1 )KUBIHBI OOJIBINT TaOBIIAIbI.

6-mbican. A — ADxDBU cryaentrep xublHbl, E — CTyAEHTTIK rpyrmmara
TUECUTIK KAThIHACHI. ODKBHUBAJEHTTUIIK KJackl — OIp rpynmagarbl CTYACHTTED
#ublHbl. E-re KateicTbl ADxDBW cTyneHTTep >KHUBIHBIHAAFBI (DAKTOpP >KHUBIH
ADxBU cTyneHTTIK TonTap >XUbIHbI 00TaIbI.

AHBIKTaMa OOMBIHIIIA:

a) OSKBUBAJICHTTUIIK KIJIACBIHBIH K€3 KEJITeH DJIEMEHTI SKBUBAJICHTTIIIK
KJIAChIH TYBIHIAWIBL, SIFHU €Tep b e[a], onxa [a]=[b];

9) op0Oip PKBUBAJIICHTTLIIK KJIacTa K€M JIeTeH Ie Oip 2JIEMEHT Oap, SFHH
VaeA [a]#T,

0) emkaHal 3JIEMEHT €Ki opTYpJIl KJIacKa OipAeH THEeCLI1 60J1a aMaiIbl

akEb, onna [a] =[b].

Berikie aHbIKTaMachlH €CKE TYCIPCEK, OHJIa
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Teopema. A/E (akTop-KUBIH A KUBIHBIHBIH OOJIiKIIIEeCi 00BN TaObLIAIbI.
Kepicinmie, erep 4 ={A} - A XKUBIHBIHBIH KaHJaail-1a O1p OeJKIeci, OHJIa OFaH
coiikec E 2KBUBaNEHTTIMIK KATIHACKIH XEy <> X,y € A (i =1,n) opHaTyFa 60nabl.

CoHbIMEH, A KUBIHBIHIAFBI OAPIIBIK YKBUBAICHTTIK KATHIHACHI MEH A-JaFbl
OapJIbIK OesTiKIIIeNep apachiHaa e3apa O1pMOH/1 COMKECTIK OpHaTyFa 00abl.

7-mMbicajl. A={1,2,34} >KUbIHBI OCPIJICIH.

A={{} {2,3,4}}={A, A}— A Gemikuieci, an

E={(x,y)/xyeA,i=12}t={11),(12),(23),(24),(33),(32),(34),(44),(4.2),(43)} —
OCBI OOJIIKIIIETE COMKEC DKBUBAJIEHTTIK KAaThIHAC 0OJIaIbl.
8-Mbicas. A={l,2,34,5,6} ;KUBIHBI OepiICiH. P = A’ jKoHE
P={(11).(22).(33).(4.4).(55).(6.6).(1.2).(1.4).(21).(2.4).(35).(5.3).(4.2).(4.2)}
OOJICHIH:
a) P KaThIHACBIHBIH JIKBUBAJICHTTI KAThIHAC OOJATHIHIBIFBIH KOPCETEHIK,
SFHA OyJ1 KacueT pedIeKCUBTI, CHMMETPHSIIBI J)KOHE TPAH3UTHBTI KacHeTTepre ue

60J'IaTBIH-III>IFBIH TGKCGpGMi3. On YI[IIH P KaTbIHAaCHIHBIH MaTpHULACbIH KYPaMbI3
1 0100

Pl

o O
O Rk O Kk K
B, O KL, O
o r O
o O O o

O B O+ O

0 00O 1
1) P - peduekcuBTi, cebebi MaTpuIaaarsl 6ac quaroHasbaa Oipyiep Typ;
2) P - cummeTpusibl, ce6ebi [P]=[P]' ;

3)
110100110100 110100
11010O0||1 10100 110100
0 01 010||]OO01O010O0 001010
[PoP]= . - ~[P].
11010O0||1 10100 110100
0O 01 010|]|]0OO01O010O0 001010
0O 00 OO0 1){0 0 O0O0O01 0 00 0 O01

Connpiktad P - Tpan3utuBTi. Onaii 60jca, P - SKBUBAJICHTTI KaThIHAC,
9) 9KBUBAJICHTTLIIK KJIACHl MEH OapJIbIK IKBUBAJICHTTUIIK KJIaCTaPbIHBIH
KUBIHBIH (SFHU A/P (DaKTOp-KUBIHBIH KYPabIK).

[1], = {xl(x1)eP}={1,24},

[2], = {xI(x.2) e P} ={2,1,4},
[3], = {xI(x.3) P} = {35},
[4], ={xI(x4)eP}={4,2,1},
[5], = {xI(x5) e P} ={5.:3},
[6], = {xI(x.6) € P} ={6}.



CoHbIMEH YIII KBUBAJICHTTUIIK KJIachl O0ap
[1]=[2]=[4]={1.2.4},
[3]=[5]=1{35},
[6]=1{6}.
ConmpIKTaH (HaKTOp-)KHBIH A/P = {[1] , [3][6]} = {{1 2,4},{3,5}, {6}} . CoHbIMEH

OepiNTeH SKBUBAJICHTTI KAThIHACKA COMKEC A KUBIHBIHBIH OOIKIICCIH aJIJIBIK.
by MeIcannaH:

a) PKBUBAJICHTTUIIK KJIACHIHBIH K€3 KEJIreH 3JCMCHTIHCH JKBUBAJICHTTLUIIK
KJ1acc TybIHIaiabI (siFHU b e[a]=[a]=[b] );

0) opOip SKBHUBAJICHTTUIIK KJAchlHIA €H OoiMaraHaa Oip 3JeMEHT 0oy
Kepek (srHu Vae A [a] = D),

0) op 3JIeMEHT TeK Olp FaHa KJlacKa THecll 001y Kepek
(aPb=a~b =[a]=[b]).

1.4 PerTik KaTbIHACTAP
Erep A >xubiHBIHIAa P KaThiHACBI aHTUCHMMETPHUSIIBI KOHE TPaH3UTHUBTI
OoJica, o1 pemmik KamvlHac e aTanajibl. PeTTik KaThiHac pediiekcuBTi OoJica,
OHJAa OJ depbec pemminik (KaTaH €MeC, MbICabl <), al aHTUPEDICKCUBTIK
KOCBLJICa, OH/Ia Kamay pemminixk (KaTaH, MBICANbI, <) JICT aTalabl.
A KUBIHBIH/IA PETTIK KaTbIHAC OepiireH 0oJichbiH. Erep OChl JKUBIHHBIH €K1 a,
b snemenTTepi ymiH a<b Hemece b<a opbiHAanca, oHAa Oyl 3JIEMEHTTEp
CanblCmbipMaivl el aTanagbl, Kapchl KaFgailia canblcmulpbliIMAUumulH  JIeTl
aTayajpl.
Erep A >KUBIHBIHBIH Ke€3 KEJITeH €Kl AJIEMEHTI CalbICTBhIPhLIMAbl 0o0JIica,
OHJIa OCHI YKUBIHAAFBI JePOEC PETTUIIK Cbl3biKmbl (TOIBIK, TI30CKTEH) eI aTalabl.
HlepOec (CBI3BIKTBI) PETTUTIK AaHBIKTAJIFaH >KUBIH JepOec peTTeNreH KUbIH
(CBI3BIKTBI PETTEIITEH JKUbIH) JICTI aTaJIBIM, 1.p.2K. (C.p.)K) Aen OenTiIeHe.
1-mbIcan. A={a,b,c}KUBIHBI OCPIIICIH:
a) P={(a,a),(a,b),(b,b),(c,c)}- nepbec peTTuIiK KaThIHAC.
On chI3BIKTHI OoJIMaiapl, ceOebl a koHe b, b KoHe ¢ apachlHJIa KAaThIHAC KOK,
CaJIBICTBIPYFa KEIMEHIi.

1.11 Cyper
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OnbiH MaTpunacel [P]= - Oipnik Marpuna, pedieKkcuBTI (Terme-

o O -
O B -
L O O

TEH);
3) P (A)={9,{a} {o}.{c}.{a,b}{a c}.{b,c} {a,b,c}}.

Ocsl P(A) >)xUbIHBIHA KeJIeCl KATBIHACTHI aHBIKTAWbIK: P ={(A,A)/ A c A}=

={(«{a}),(D,{b}),..., {a}.{a,b},....,{a,b}.{a,b,c}),...,{a,b,c}.{a,b,c})}.

P (A) — nepbOec peTTenreH »KublH 00Jazbl, OipaK CHI3BIKTHI PETTIIIK emec, ceOedi
{a,b}, &, {a,b,c} campicTRipManel, an  {a,b} skoHe {b,c} CaNBICTHIPHUIMANUTHIH
DIIEMEHTTED;

0) cBI3BIKTHI perTenreH kublH — Oy N, Z, Q, R *xuslHgaps! (K9IIMI1 peT
OOMBIHINIA aJIbIHFAH “<”, “>”] “="_ ). ByJl CBI3BIKTBI peTTeIreH XUBIHIBI <N, <>,
(Z, <) xyObI peTiHae Oenrineii.

ChI3BIKTBI PETTENTeH JKUBIHBI OIpIHIII dJIEMEHTIHE Kapail 0emyre Oosajbl.
Mpicaiibl, erep ChI3BIKTHI PETTENTEH JKUBIH PETIHJE HATypas *oHe OyTiH caHuap
JKUBIHBIH aJaThlH 0OJICaK, OHJAa HAaTypasl caHJapjia Kilil 3JieMeHT 0ap, ain OyTiH
caHaap/a >KOK.

Erep perrenren A >KMBIHBIHIA X<a (X>a) OPBIHAAJIATHIH X DJICMEHTI
Ooyimaca, a 3JIeMEHTI MUHUMALObL (MAKCUMAIObL) IETI aTaJdajbl.

Erep CBI3BIKTBI pETTENTeH >KUBIHHBIH OOC eMec iIKi KUBIHBIHIAA MUHUMAJbIbI
arieMeHT Oap OoJica, oHa OJ1 260eH pemmeieer N aTanajbl.

2-mMbicajl. (N,<)—0o0JIcH peTTeITreH KUBIH.

3-mbicadi. ([0,1],<) — obmen perTenreH xubiH, cebedi (0,1] <[01], Oipak (0,1]
-JI€ €H KIIII1 DJIEMEHT KOK.

JlekcukorpaukTik perTiiik

JlexcukorpaduKTIK PETTUTIKTE CO3MIKTErl CO3JEpAiH pETTeNyl Herisre
anbiHFaH. MpIcanbl «apMan» ce3i «0onar» ce3iHeH OypbiH, ce6ebi andaBurre a
opimi O opiniHeH OYPBIH OpHAIACKaH.

X ={x,v,z,.}00c eMec CHMBOJJIap JXHBIHBI OepiireH, oj aadaBuT AN
atanajpl. X-T€H allblIHFaH OipiHEH COH Oipi Ka3bUIFaH CUMBOJIIAPABIH aKbIPJIbI
JKUBIHTBIFBI CO3JEP ACH aTajllafibl, MBICAJIBI, (X,Y,XY,XyZ,...). X, X,,..., X, CO31HIH X,
9JIEMEHTI OHBIH i— Il KOOPJAMHATACHI, all N OHBIH Y3bIHIBIFGI Jen atanaabl. W(X) -
X andaBUTIHAETI CO3/EP KUBIHBI.

<— X-Teri perTik KarblHac OOJCBHIH, SIFHM  (X,<)- PETTENreH >KUBIHBI
oepinren. W(X) >KUBIHBIHAAFBI JIeKCUKoepaghukmik pem nen (<,Z aemn OeriacHe i)
KeJleci epekere CYHeHETIH KaThIHAC aThIIa bl

XXy X ZY, Y, Yy <> (M <N KOHE X =Y, Vi =1,m) HeMece (Fi<m:x <y, ) xKoHE

Vj<i ymin X; =Y,

; LIapThI OPbIHAAIIAIBL.
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1.5 ®ynkuusa. PyHKIHOHAIABIK KATbIHAC

AnbIKTama. Erep

a) D, =A E, =B;

) (xy)ef.(xy)ef=y =y,
mapTTapel OpblHAAICa, OHAAa A >KUbIHBIHAH B skublHbIHA f < AxB OHHapIIbI
KAThIHACHI DYHKYUOHANOBIK ((DyHKYUs) NET aTalabl.

(srHM OyJ1 OMHApPJIBIK KaTblHAcTa OIpIHINI dJEMEHTI Oipjied, ajd eKiHII 3JIeMEHTI
OPTYPJIi €Ki KYIT OosMaiIel HeMece Vae A dbe A (a,b) e f, f — QyHKITNA).

Erep E, = A opHblHa E, — A opblHJalica, oHAa f — Odepbec ¢ynkyus nen
atananel. A-naH B-ra Oeitnenenerin f (QyHKuusIchl Obl1al O6enrineneni: f: A— B
Hemece A——B.

Erep (x,y)e f Ooinca, ovnma y= f(x) (y—f GYHKIUACBIHBIH MOHI, al X-—
apryMeHTi jgemn aramanbl) Hemece f:x—>y (f QYHKIMICHI X DJIEMCHTIHE Y
DIIEMEHTIH COMKEC KOS/IbI).

MbicaJbl:

a) {1.2),(2,3),(3,2)} - dyHK1ms;

9) {12),(13),(2,3)}— pynkuus emec, ce6bedi X =1 3JIEMEHTIHE Y, =2, Y, =3
AJIEMEHTTEP1 COMKEC KeJe i,

0) {(x,x* +4)/x € R}— QyHKIUS, MYHJIAFbI Y =X +4;

B) {(x*,X)/ X € R} —dyHk1us emec.

AHbIKTamMa. f : A— B OOJCBHIH.

a) erep f ' KarbIHACBI aepOec GyHKIMA Ooica, IFHU Ke3-KeITeH VX, X, € E,
NEMEHTTepl YIIH X, # X,-AeH f(x)# f(X,) exeHl wbIFaThiH Oosica (HeMece
(%,y) e f xoHe (X,,y) e f =x =X,), onna f (yakumsace unvexmuemi (MHBEKINS
HEMece SPTYPJIl MOH/I1) e aTana/ibl;

Nubexnust (CIOPBEKIHS eMec)

1.12 Cyper

o) erep E, =B 6osca, onna f dyHkuumsce! cropvexmusmi (CropbeKius) aer

arananel. VyeB 3Ixe A|y =f(X)= f:A—>B cropbekuus;
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| |

Cropbekius (MHBEKIUS eMeC)

1.13 Cyper

0) erepf &yHKUMACH Opi MHBEKTUBTI, Opi CYpPBEKTHUBTI Oojca, SIFHU A
KUBIHBIHBIH opOip ayeMeHTiHe B JKUBIHBIHBIH TeK Oip 3JeMeHTI xoHe B
KUBIHBIHBIH Op 3JI€MEHTIHE A KUBIHBIHBIH KeHO1p 2J€MEHTI colikec KeleTiH Oorca,
OHJIa 01 buexmusmi (OUEKIUS HeMece e3apa OipMoH/I1) AeN aTalabl.

Bueknus f : A<> B nen 6enrinienesni.

1-mbIcan
L _,.,-'—""";i;. -_H""'\—\-._ '
] 1 s
A B A E
KaThIHAC €MeC UHBEKIHS (CEOPBEKITUS eMeC)
- fﬁ 'M}qﬂ
A B A B
CIOPBEKIIUS (MHBEKIIUS €MEC) OMeKLUA
1.14 Cyper
2-MbIcaJl.
f:[01]—>[01],i=14 YA
(GYHKIUSIIAPBIH KapaCThIPANBIK,.
f,- GuexTuBTi; fl
f,- NHBEKTUBTI, CIOPBEKIIHS EMEC; fy
f, - cropbexuus, HHbEKLUS EMEC; ;
f, - uHBEKLUS eMec, CIOPBEKINS ?
eMec. »
1.15 Cyper
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KubiHaap KyaTsl

JKublHIap KyaThl TYCIHITI 3JIEMEHTTEpP CaHbIHA OalIaHBICTHI >KUBIHIAP]IBI
CaJIBICTBIPY OapbIChIHAA Taia OoIabI.

AnbikTama. Erep f:A<«> B Owubeknuscel 6ap Oosica, oHga A >xoHe B
KUBIHIAPHI oKx8usaienmmi nemn atanaasl (A~B — nen Oenrieneni).

CoHBIMEH aKBIPJIBI AIEMEHTTEP CaHbI 0ap €Ki JKUBIHHBIH 3JIEMEHTTEP CaHBI
TeH OoJica, ojlap SKBUBAJICHTTI O0Majbpl. A erep AJIeMEHTTEp CaHbI MIEKCI3 Kol
0oJca, OHJa )KUBIHHBIH KyaThl JIETeH TYCIHIK maimaa 001asl.

AHBIKTaMa. A JKUBIHBIHBIH Kyamsl JI€T A JKABIHBIHA 3KBUBAJICHTTI
YKUBIHJAP KJIaChl alThLIAIbI, \A\ - 1en OeJruIeHenl:

a) erep A JKHBIHBI aKbIpJIbl N BJIEMEHTTEH TYPaThIH KMbIH Oonca, |Al=n

Oomanel. A sxoHe B SKBUBANEHTTI JKUBIHAAP KyaTTapsl Oipei 00BN ecenTtenei;

9) erep A BIEeMEHTTEp CaHBI aKBIPCHI3 >KHUBIH *)oHe N- HaTypand caHmap
JKUbIHBIHA SKBHUBAJIEHTTI Oosica, OoHAa A — caHamaibl (caHaylibl) >KUBIH JIEM
aTanajpl (CaHaMalibl KUBIHHBIH 3JIEMEHTTEpIH HeMipieyre 0oisiajpl). A KUBIHbBI
MeH N HaTypan caHaap XKUbIHBIMEH e3apa OipMoH[I OaiiiaHbic OopHaTyFa OoJca,
OHJIa A caHaMallbl KUbIH JICTI aTalabl;

0) HaTypaj caHJap >KUbIHBIMEH ©3apa OIpMOH/II COMKECTIK OpHATHIIMANTHIH
aKbIPChI3 KUBIHAAP CaHAMAJIbl €MEC KUbIHAAP JE aTalajbl.

Muicaabl, KanTop Teopemacsl OoitbiaIIa [0,1] KeciHmICIHAE HAKTHI CaHaap
JKUBIHBI CaHaMalibl eMec. MyH/Iail )KUbIHAAp KyaThlH KOHTUHYYM Jien atanaabl (C
Jen OenruieHeni). AJ JKUBIHHBIH ©31H KOHTHHYaJIJIbl HEMECE KOHTHUHYYM Jell

ataiiibl. COHBIMEH KOHTHHYAJJbl XWUBIH KyaTbl |A| =C =2, arHM caHaMaJbl

YKUBIHHBIH OapJIbIK 1K1 )KUBIHIAPBIHBIH )KUBIHBIHBIH KyaTbIHA TCH.
Kanmbl ke3 kenareH U SKUBIHBI YIIIH, OHBIH KYyaThl \p(U)\:Z‘U‘. p(U) —

YKUBIHHBIH 1K1 )KUBIHJAPbIHAH TYPATHIH )KUBIH HeMece OylieaH.
1-mbican. Canamabl )XHBIHIAP:
a) OYTIH caHaap *KUBIHBI (OH XKOHE TEPiC);
9) paunoHai canaap ubiHbl (Q);
0) Hatypan canaap *UbHBIHBIH (N) Ke3 KenreH 1K1 KUbIHIAPbI;
B) N? caHamallbl.
2-mbican. KoHTuHyanpl KublHAAp:
a) HaKThI canjap >kublHbl N (caH ©CiHAEr HYKTeNep KUbIHBI);
9) KEHICTIKTET1 (’a3bIKThIKTaFbl) OYK1J1 HYKTEJNEP KUbIHBI,
0) caHaMaJIbl )KUBIHHBIH 11IK1 >KUbIHIAPbIHBIH )KUBIHBL (o(U);U — canamanbl

YKUBIH).

Kubtagap TeopusiChIHIA Ke3 KENTeH KyaTThl JKHBIH YIINH OHBIH 1IIKi
KUBIHIAPBIHAH TYPAThIH KUBIHHBIH KyaThl oJjeKaija >korapbl. COHIBIKTaH €H
YKOFaphl (€H KOT, MaKCUMAJIbl) KyaTThl KUBbIH OosiMaiinbl. JKUBIHHBIH KyaThbIiHA
KaHa Ke3KapacrleH Kapayra 0oJiaJibl, OHbI KaHJal ga Oip jkaHa OOBEKT pEeTiHAe
KapacThIpcak 001a/1bl, OHBI KapAWHAI HEMece KapIuHaJIbl CaH JICT aTalIbl.

20



3-MbIcaJl.
a) Ke3 KeJIreH Harypal caH N (N 3JEMEHTTEH TYpaTbiH aKbIPJIbl KHBIHHBIH

KyaThl);
2) w, 2°, 2% xomne T.6.

2 MareMaTHKAJIBIK JIOTMKA dJIeMeHTTepi

MaremMaTUKaJIBIK JIOTMKAa €Ki Heri3ri OeJIMHEH Typajbl: alThUIBIMIAP
JIOTUKACHI KOHE TIPEANKATTAP JTOTUKACHI.

AHBIKTaMAa. AtimolabiM 7N A1 OChl YaKbITTa OHBIH aKUKATTBHIFBI HEMeEce
YKaJTFaHJIBIFBI OCNTLT Xabapiibl COUIEM/I1 alTaIbl.

Msicaabl. Exi Kocy exi TeH TepTke (xabapibl ceilnieM, akukaT). MaHat —
KazakcTaHHBIH BaTtoTaChl (Xa0apJibl COMIIEM, JKaJIFaH).

AHbIKTAMa. Kapanaitiviv atimolieiv 1€ OOJIKTEIMENTIH, OYTIH Oip
YVFBIMJIBI alTajbl (KUBIHHBIH 3JIEMEHTTEP1 CUSKTBI). AUThuIbIMAapasl A, B, C, ...,
P, Q, ... 6ac opinTrepmen Oenriieimi.

AnbIKTama. Kypzaem — ailTeuibiMaap  Jen  JIOTHKaJbIK  OaillaHbIC
(omepanmsiap, KUcanTap) apKbpUIbl OaillaHBICKaH KapamalbIM alThUIBIMIApAaH
TYpaThIH COMIIEM/T1 alTaIbl.

2.1 Heri3ri JjorukaJjbIK onepanusiiap (Kacanrap)

2.1.1 Konblokuus (<CKOHE» ONEepalusChl, JIOTUKAIBIK KOOCHTY), Oenriienyi
PAQ, P-Q, PQ, P&Q (“P xone Q” nem oKbLIaIbI).
P sxore Q alTBUTBIMIApPIBIH KOHBIOKIMSCHI JIEM TEK €Keyl Je¢ aKkukaT OoJFaH
JKarmalaa akdkaT OoJIaThIH, KaJFaH JKarmaiaa oKajlraH OOJaThIH aWTHUIBLIMIbI
anTaabl.

2.1.2 JIm3bOHKIUA («HEMEce» ONEePANMsIChl, JIOTUKAIBIK KOCBIHIBI),
oenritenylt PvQ, P+Q (“P nemece Q” men okpuibiHagmb). Exeyi ne sxanraH

OonraH >KarjaWja JKajdraH OOJIBII €CCNTEJIETIH, KajiFaH JKarjJanja aKuKaT
AU TBHIIBIM.

2.1.3 Tepicke mbirapy (uHBepcus, «0ipak»), 6enrinenyi P, "P (“P emec”,
P Tepic” nen OKbUIbIHAAGI). P alThLIBIMHBIH Kepici aen P skanran OosiraHaa
aKUKaT 00J1aThIH, a P akukat OonraHaa »kajaraH O0JaThIH auTHIIBIMIIBI alTabl.

2.1.4 HWmnaukanus (TOTHKAIBIK cangap), Oenritenyi P—->Q (P>oQ)
(“erep P Oonca, onma Q” Hemece “P-mwiH cammaper Q”, “P-man Q mmbragsr’” mem
OKBILJIaJIbI ).
P akuwkar, an Q >xamran OojraHJa >kalFraH OOJIATBIH AWTBHUIGIM. P aWTHUIBIMBI
UMIUTHKAIUSHBIH 0acTamachl, ar Q — KOPBITBIHABICH JCIT aTajabl.

2.1.5 DxBUBaNEHTTIJIIK (3KBUBAJICHLUA, Oipaei mMoHul), OenriieHyl P ~Q,
P« Q, P=Q (“P aiftbuibiMbl Q alTHUIBIMBIHA SKBUBAICHTTI”, “P , Tek erep Q” ,
“P men Q GipmoHAi” Aen oKbUIBIHAE). P MeH Q akuKaT MoHJIepl COMKEeC KENTeH e
akMKaT OoJlaThIH, KapChl JKarjaiga okajgraH OOJaThIH  aWTBLIBIMOAP.IBI
AKBUBAJICHTTI aUTBUIBIMIAP JCT aTalIbl.
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2.2 Jloruka ajaredpacsl

Jloruka anreOpachlH KOJIJAHBIN, AWTHUIBIMIAP JIOTMKACBIHBIH Ma3MYHbBIH
KapacThIpablK. ANTa KeTeNiK, JOTMKa ajureOpachbiHAa JIOTHKAIBIK (opmyranap
anreOpaliblK  OpHEKTEp PETIHAE KapacThIPbUIAbI, OJapibl JOTHKAJBIK 3aHAapra
OarblHATBHIH epeXkenep OoMbIHINIA TypJeHaipyre Oosanbl. Jlormka anredGpachl
MaTeMaTUKAJIBIK JIOTUKAHBIH Oip OeJiri peTiHIAe JOTHKAIBIK aWThLIBIMIAPIbIH
(bopmynanapabiH) KOHE anreOpabIK 9MICTEP KOMETIMEH OJIap IblH aKUKATThIFbIH
AHBIKTANIBI.

P alThUIBIMBIHA X JIOTMKAIBIK AWHBIMAJIBICBIH COMKeC KosiMbl3. Erep P
akukaT 0oJica, OHJA X aWHBIMAJEICH 1 MoHIH, an P skxanran Ooiica, onma 0 MOHIH
KaOBbLIIalThI.

AnbiKTama-1. Ke3 kenreH aWHbIManbl ¢ghopmyna OONbI TaOBUTANBI (€H
KIIIKeHTall opmysia — aToMm, aTomMapiibl (hopMyIia IeT T€ aTajiajibl).

AnbiKTama-2. Erep ¢ xoHe yw  Qopmymamap Oojica, OHJa
TQ, AV, OV, @y, @~y OpHEKTepi e Gpopmysa OoJabl.

AHBIKTaMa. AHbIKTaMa-1 JkoHE aHbIKTaMa-2 OOWBIHINIA KYpbUIFaH
dbopmynanapaan e3re Gopmyia )KOK.

Erep ¢  Qopmymacel  {X,X,,.,X,} IKHBIHBIHA THICTI  JIOTUKAJIBIK
alfHBIMaJIbUIApJIaH KypasFraH Ooiica, oHAa ¢fX,,X,,...X,} JIeM ka3ambI3. JIOTMKaIbIK

omeparusiap HOTHXKECI aKUKAT KecTecl apKbUIbl Oepuieni. Mpicanbl Tepicke
HIBIFAPY OMEPAIUSACHI

2.1KecTe
@ —Q

0 1

1 0

Kanran norukanblK omeparusuiap aHbIKTaMachlH TOMEHI1 KECTe apKbUIbI €CKe
Tycipyre 60maabl.

22KecTe
) 4 PNY VY Zhd' Q<Y
0 0 0 0 1 1
0 1 0 1 1 0
1 0 0 1 0 0
1 1 1 1 1 1

byn kecte apkbuibl Ke3 KeareH (GOpMyJaHBIH aKHUKATTHIFBIH aHBIKTAM
aylaMbI3, SIFHU OJIap YILUIH aKUKAT KECTECIH KYpyFa 00Jiajibl.

1-mbIcaur.
@=((X—>Y)A((y > z—X))) popMynachIHbIH aKUKATTHIK KECTECI
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23KecTe

X|ylz| x>y |yly=>z2 x| (yo>2)>x |9
0|00 |1 110 1)1 1
0|0|1 |1 11 11 1
0/1/0 |1 01 11 1
01|11 01 11 1
1/0{0]0 110 0|1 0
1/0{1]0 1|1 0|0 0
1/1/0]1 0|1 0|0 0
11|11 01 00 0
2-MbIcaJl.
F(x,y,2)=z—> ()_< v 9) (bopMyIIachIHBIH aKUKATTBIK KeCTeCl
24KecrTe
Iy [z x|y ] xvy ] zo06vy)
0/0|0]1 1 1 1
oOo/jo0| 1|11 1 1
O/1/0]1 /0 1 1
oj1|1]1,0 1 1
110,001 1 1
1101101 1 1
111,000 0 1
111,100 0 0

bacrankel 6ec HEeri3ri JIOTHKaJBIK ONepanusiian 6acka TaFbl YIII JIOTUKAJIBIK
oreparus 6ap:
a) Illeddep mTPUXbI (AHTUKOHBIOHKLUA), OENTiIeHYl @ |y .

(@ly) =—(p ) nemece (P|y) = (P Ay);

5) ITupc crpesnkackl (aHTUAN3BIOHKLUA), Oenriaenyi o4 v .
(0¥ w)=—(pVvy) Hemece (¥ w)=(pvy);

0) cakMHAJAbl KOCBIHABI (JIOTUKAJBIK KOCBIHJIBI, €Ki MOJYJib OOMBIHIIIA
KOCBIH/IbI), OCNTUICHYl ¢ @y .
Pp@y =—(p <> y) Hemece POy =(p ~y).

AHBIKTaMara CyHeHin, Oy omepainusiiapiblH aKMKATTBIK KEeCTeCIiH Kypyra
OoJtaanl

25KecTe
el v | dly | oly | p®y
010 1 1 0
0|1 1 0 1
1] 0 1 0 1
1] 1 0 0 0

23



Martematukana epHEKTI TYpJICHIIPreHIe alAbIMeH KeOeWTy, colaH COH
KOCY HEMECe a3aTy aMajapblH OpbIHAAaFaH CUAKTHI, JOTHKA aJire0pachiHia Aa, dp
oTepalusaHbIH 03 Ke3eri 6ap. O yIliH TOMEeHT1 KeliciMaep/Il KeNnTipenik:

a) CBIPTKBI JKaKIIanap bl xkaz0ayra 00J1abl;
Mpicanbl. ((XAY) —>z) OpHBIHA (X A'Y) — Z JKa3yFa 0oJabl;

3) {7\ AV, =, >, /,1, @} - TOrHKaIIBIK OnepanysIap KUBIHBIHAA < «KYIITIPEK»
HEMece «KymTepi OacklM» JKOHE ~ «KywTepl Oipaei»  TpaH3UTHBTIK
KaTbIHACTAPBIH KeJiecl cys10a OOMBIHIIA SHT13eHiK.

2.1 Cyper

byn xemicimmepre coiikec amammapabl OpBIHAAQY JKaKIIa JKOK JKepie
aNIBIMEH «KYIITIPEK» OaiTaHbICTaH OACTAIIBII, «AJICI3ICH» asgKTadabl, all «KYIIi
Oipaei» OaiilaHbICTap YIIIH aMallgapIbl COJIJIaH OHFA Kapail OpbIHAAY KepekK.

Keneci dbopmynanapna amanmap opbiHaay peTiHE cail kakiia KOt Kepek.

3-MbIcasl. XA YV Z,

Kayaber: (XAY)VZ.

4-mpIcasl. XVY <>Z —>U,

KayaOsr: (XvYy)<«>(z—>u).

5-Mbicas. X —> (Y —> Z) epHeriHjae *aKIIaHbl alblll TacTayFa OOIMAaiiipl,
ce6ebi Gisain KemiciM GOWBIHIIA X —> Y —>Z epHeriHe (X—>Y)—>Z dbopmynace
Ccolikec Keep ei.
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Jlornka anredpacbIHbIH pyHKIUSAIAPDI

OpOip ¢opmysiaHbl JOTUKAIBIK aWHBIMAIbUIBI JIOTUKAIBIK (YHKIHUS ACI
TyciHyre 60761, 01 GyHKIUSA TeK ekl MoHA1 0 skoHe 1-711 KaOblaai anaipl.

AHBIKTaAMA. X;,X,,..., X, N alHBIMAIBUIBL f(X,,...,X,) Jlocuxa aneebpacvlHviy

@yHryuscol aen, ke3 kenreH (o,,0,,...,0,) HOIIAEP MEH OlpiepiiH >KUBIHTHIFBIHA
f(0,,0,,...,0,) €{0} MOHIH ColKeC KOSATHIH Ke3 KeJIreH (DYHKIUSIHBI alTabl, SFHU
f:{01" >{01.

Jloruka anreOpacbiHBIH (PYHKIUACH 0)1b (DYHKYuUsACHl, €KUIK QYHKIUS
HEMECE ayBICTBIPBIT-KOCKBIIT (DYHKIHS [N aTajbIm, p,,p,(Nn), p, Aen OenriieHen.
Ce0eb61 Oyn gyHkmusizap Oenriti O01p KOHIBIPFBIHBIH KIPY CHUTHANJIAPBIH LIBIFY
CUTHAJIIApbIHA TYPJICHIIPYIH cunaTTaiapl. KOHABIPFBIHBIH N X, X, ,...,X, KIpYy (€HY)
OJIbI Oap, oylapra TOK Oepuiyl Je, OepiiMeyl 1€ MYMKIH KoHE OChbl KOHIBIPFbIIA
Oip WIBIFY >XK0ibl Oap, OFaH Ja TOK Oepiiyl, OepiiMeyl Kipep >KOjja TOKTHIH
OepiinyiHe OaiJIaHBICTHI.

Il—

X -y e Sy 1)

x—

L

2.2 Cyper
byn sxarpmaiiga i-Hum Kipy KOJIbIHA TOK OepinreHne X, =1 MoOHIH, al
Oepinmmerenge  x, =0  MOHIH  KaOBbUIJANIbI. f(o,,0,,.,0,)=1  (MyHHa

X, = 0},.., X, = 0, ) MOHIH, TOK IIBIFYy KOJIbBIHAH ©TKEeH1e, an  f(oy,0,,...,0,) =0 TOK
OTIEreH JKarmanaa KaObLIJaiabl.
Mgicanira, f(X,y)=XAYy QYHKIHUACH €Ki KIpYy KOJIbI )KOHE OIp IIBIFY YKOJIbI
0ap KOHIBIPFbIIAFbl KOHBIOHKIUS ONIEPALUSICHIH KOPCETEI.
X

XAY

2.3 Cypert
byn xarnmaiina erep eki kipy MoHi e 6ipre TeH 0oJica, MIbIFy MoHI Je Oipre
TeH OOJIaIbI.

JlorukagsiK pyHKIHAJAPABIH OepllLy KoJIIapbl

1. AKUKATTBIK KECTEC1 apKbLIbI.

KecTteHiH coJl )KarbIHIA X,,X,,..., X, APTYMEHTTEPiHIH KaObUIIaWThIH MOHEPI, aJl OH
JKarbIHJIa OFaH Colikec f MOHI OpHaacapl.

2. @Oyukrusabl 0 MOHIH (HOJMIK JKUBIHTBHIK) KaOBUITAWTBIH OapiIbiK
KUBIHTBIKTAP/IBI Ti3Y JKOHE COJI CHSIKTHI 1 MoHIH (O1pJIiK KUBIHTHIK) KaOBLIAANTHIH
KUBIHTBIKTAP/IBI Ti3y apKbUIbI OepyTe 00Iabl.

3. OYHKUUAHBIH OepiTy TocUIl peTiHAe PopMyiaHbl KApacThIpyFa 00Iabl.
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Jlaypic Oepy MBICAJIBIH KapacThIpAaWbIK. YT MYIIEACH TYPAThIH KOMHTET
KaHIai 1a Oip Pe30NIOIUSHBIH KaObu1iay OapbIChIH KaJaFalalThiH KYPBUIFBIHBI
KapacTelpaiiblk. KoMUTETTIH opOip MYyIIeci pe30JIIOIUIHbBl KOJIAaWThIH 0oJica, ©3
KHOIIKAChIH 0Oacajpl, erep KOIIIIIr Kojjaca, OHJla PEe30JIous KaObUITaHabl.
ByHBI KOHJIBIPFBI ©31HE OCNTiaeiIi.

CoHBIMEH KOHJABIPFBIHBI f(X,y,z) (QYHKIHMACHI iCKE achIpaibl, aKMKATTBIK
KecTeci MbIHA Typ/ie Oepiiesi.

24Kecrte
X y z f(x,y,2)
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
Kenmiimik nmayeic 2 Hemece 3 OoJsiFaHja, f =1 kaObumaHangel. by
GYHKITASHBI HOJIJIIK YKUBIHTBIKIICH KaObu11ayFa OoJnazbl:
f(0,0,0) = f(0,0,1) = f(0,1,0), f (1,0,0) =0 HEeMece O1pITiK JKUBIHTHIK;

f(011) = f(L01) = f(110), f(LLD) =1

AHbIKTaMa. f(X,,...,X,) QYHKIUACBIHBIH MoHOEpIiHiH 8exmopwul nen f -TiH
OapaBIK MOHIEPIHIH PETTENTEH JKUBIHTBIFBI AWTHUIAABI, Al MOHACP apryMEHT
xubiHbIHaH {0,}" ( f :{0,}" —{0,}) nexcuKOorpaduKTIK TOPTIIIECH PETTEICI.

Korapeimarel Mbicamma f(x,y,z) wMoHaepiniH BekTopsl (0,0,0,1,0,1,1,1)
JKUBIHTBIFBI O0IadbI.

E c x e prtTy - JlekcuKo-rpaQuKTIK PETTUIIK €Kl CaHHaH TYpPaTbiH
KUBIHTBIKTBIH ©CYy peTiHe colikec keneni. ['padrap TeopuschIHIaFbI aFall YFRIMBIH
KoJiJaHaThiH Oosicak, 0 koHEe 1 opTypiil >KUBIHTHIKTapbIH KEJEeCl JKOJIMEH aiyFa
Oosazpl: Oyl aramIThiH opOip KabaTblHIA Y3BIHABIFEI N OonateiH (o,,0,,..,0,)

OpTYPJIi HEJIIEp MEH O1pJiepAiH KUBIHTHIFBI OpHanacaabl. | kabaTeiHIa (KOFapHIIA)
- n=1; Il kabaTeHga - N=2; III kabaTeiHga - N=3, ..., T.0.

A

(Boc ces)

00 0 10 11

000 001 010 01 100 38l 10 111

2.4 Cypert
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Conbimen, 0 >xoHe l-meH TypaThiH OapiibIKk MYMKIH JKHUBIHTBIKTap n
alHBIMAJIBUIBI (DYHKITUSIHBIH CaHbl 2" TEH, sSIFHU O1p alHBIMAJIBUIBI (DYHKIIHS YIITH
2, eKki alHbIMaNbUIBI QYyHKIMS yuiiH 2° =4, T.0. An OapiblKk MYMKIH OOJIAThIH
opTYpai n (QyHKUMsIApAeH caHbl 2"  Oomranma, 0 MmeH 1-miH  opHanacy
JKaFIaiIapbIHBIH CaHbIHA TEH, SFHH 27 .

Erep B"={0}" nen f(x,,...,X,) OYHKIUSHBIH apryMEHTTEPIHIH MOHICPIHIH
KUBIHBIH Oenrinecek, an P,(n) GapibIK X, X,,..., X, apryMeHTT1 QpyHKusiap 6osca,
OHJIa OVJI )KUBIHJAPABIH KyaThl |B"

IR, =4, |R,(2)|=16, |P,(3)|=256, T.6.

AnbiKTama. Erep f(x,...X,)=g(h (X, %), ..;h (X, X)), OHAA f(X,..0y X,)
byHKIUACH  g(Y, Y,)  KOHE D (X(,., X, )y N (X,en X)) QYHKIMSTIAPBIHBIH
CYynepno3uyusAcsl 1em aTanajipl,

=2", |P,(n)|=2". ConsiMeH P,(n) Te3 ecexi.

Mpeicaabi: F (X, X5, X35, X,) = X X, DX, X5 D XX, (GyHKUHSICBI
gy, Yo, ¥5) =Y, @Y, Dy, koHE h =XX,, h,=X,X;, hy=x,% QYHKIUIAPHIHBIH
CYIIEPIIO3ULIHACHL.

AHBIKTaMa. f(X,,.X,) GYHKUHMSICBI HOJI MeH OipaepliH OapibIK

KUBIHTBIFBIHIA 1 MoHIH (0 MoHIH) KaObUIAaca, siFHU f(x,..,X,)=1 (=0), onma on 1
koncmanmacsi (0 Koncmanmacet) Oe1 aTaaajbl.

dDopmyJiajap IKBUBAJIEHTTIT.

Jloruka ajare0pachbIHbIH HEri3ri IKBUBAJICHTTIK KATHIHACTAPBI

XKorapeigarel  1-Mbicanmmarel  ¢(x,y,z) = (x> Y)A((y >z —>X)))  KoHE
o(X,y,2) =x (opMyIanapblHbIH aKUKATTHIK KecTenepi Oipaeit 6omysl MyMKiH. Byt
YKaF/Iai1a SKBUBAJICHTTI (hopMyIaliap YFBIMBI Mai1a 00Iabl.

AnbIKTama. Erep o(x,...X,), w(X,..X,) GOpMyJalapblHbIH aKUKATTHIK
KecTenepi Oipneit Oosca, oHAa oyap oxsusarenmmi (Kyur Oipaei) Aen aTajbld,
o~v (p=y,p=y) aen OenariacHe/Il.

Mbicaibl. ¢p=X—>Y, ¥ = ;1 —> X dhopMynanapsl yiiiH aKUKATThIK KECTECIH

KYpaubIK.

25 KecrTe

X ly |V |x e |vw AKUKATTBIK KecTecl OipaeH, COHIBIKTaH
O |0 |1 |1 (1 |1 X=>Yy)~(y—>Xx)

O |1 [0 |1 (1 |1

1 /0 (1 |0 (O |O

1 /1 |0 |0 |1 |1

byn mbicanaa ¢opmynanap SKBUBAJEHTTUITNH KOIIMIT CTaHAAPT OHICIEH
TEeKCepAIK:
a) opOip popMynara aKUKATTHIK KECTECIH KYPJIBIK;
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9)

alHBIMAJILIHBIH

MOHJIEPIHIH

HOTHXKENEPl CANbICTHIPIBIK.
backa agnic - SKBUBaJIEHTTI TYypJieHaIpyJep. MyHaa SKBUBAJICHT KaTblHACTAP
(3aHIap) MEH aybICTBIPY epekenepl KOJIJaHbLIA IbI.

KUBIHTBIFbI

OOWBIHIIIA  KecTemeri

2.6 Ke c e - Herisri s5kBuBajieHTTIK KaTbIHAcTap (3aHaap)

1 | OpbiH aybic- XAY=YAX Xvy=yvX
TBhIPBIMABLIBIK
(KOMMYTAaTHUBTIK)

2 | Tepimninix (XAY)AZ=XA(YAZ) (Xvy)vz=xv(yvz)
(acconmaTHUBTIK)

3 | Ynecripimainik XA(YVZ)=(XAY)V(XAZ) | Xv(YAZ)=(XVY)A(XV2Z)
(TUCTPUOYTHBTIK)

4 | UaeMnoTeHTTIiK X A X=X XVv X=X

5 | Cinipy 3aHbI XA(XAY)=X XV (XAY)=X

6 | Jde-Mopran 3aHb1 XAY=XVY XVY=XAY

7 | Exi peT Tepicke mbIFapy X =X

8 | KoncranTanapasiy XAl=X xvl=1
racet xA0=0 X v 0=X

9| xAX=0- KapaMa-KaiIbUIbIK 3aHbI ‘ XV X =1- WBIFBII KaTFad YIIiHII 3aHbI

2.7 KecTe - Tarpl ga 6acka KepeKTi SKBUBAJICHTTIK KAThIHACTAP

10 | XKanceipy 3aHbI XAY)V(XAY)=X

10 a | Tapkaty X = (X A y) v (X A y)

11 | Xannburanran XAZD)VYADVXAY)=(XAZ)V(YAZ)

KATICBIPY

12 | Xv(XAY)=XVvYy XV((XAY)=XVY

13 | XA(XVY)=XAY XAXVY)=XAY

14 | xoy=(xvy)a(yvx) | Xy=X=>¥)A(y>X)=(XVvy)A(XxVYy)

15 | (Xx>y)=Xvy X|y=XAYy

16 | xdy=xvy XD Yy=x<y=(xvy)A(yvXx)

AnbikTama. Erep  o(x,..X,) ¢opmymacet 1 wmoniH (0 MOHIH)

KaObLIJaNThIHAAN alHBIMAJIbl MOHJICPIHIH J>KUBIHTBIFBI TaOBUIATHIH 0o0Jica, OHJIA
P(Xy,-s X,) GOPMYJIACHI OPBLIHOAIAMBIH (MEPICKe Wbl2aPbLIambit) 1T aTaaabl.

MpbIcaJjbl.

Tepicke MmbIFapbuIaThiH (0 A 0 =0) Oonaabl.
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AnbIKTama. Erep ¢o(x,..,X,) dhopmynacel aifHpIMaIbl MOHACPIHIH OapIIbIK
JKUBIHTBHIFBIHIA 1 MoHIH (coiikec 0 MoHIH) KaObuInaca (ssFHu 1 KoHcTaHTa HeMece 0
KOHCTaHTa 0oJica), oHaa ¢(X,,...,X,) Gopmymnacel mene-mey axuxam (Kbl MOH]II)
HEMece «maemonozusy (KaJIbl XKalFaH, KapaMa-KalIbUTBIK) ST aTaTabl.

Mbpicanabl. xv X (GOpMyJIacel — TEIE-TCH aKUKAT,
X A X (hOpMYJIachl — Kbl XKajiFaH 0oJajbl, cebebi
28KecrTe
X X |[XVvX|[XAX
0 1 1 0
1 0 1 0

Erep ¢ Tene-teH akukar 0osica, oHzIa
o=

“~ ¢ nen Oenriaeimis.

Erep ¢ xanmsl xairan 00jca, OHJa
Eckeprynep
1 Erep ¢ ¢opmynacel Teme-TeH akUKaT Oojica FaHa, OHAA OJ TEIe-TeH

@ JeT Oenriaenmis.

JKaJFaH 00J1a bl = P~ .
2 Erep ¢ ¢Qopmynacel Teme-TeH akuKaT OojiMaca FaHa, OHbI TEPICKE

mibiFapyra 0onabl ¥= ®.

3 Erep ¢ Qopmynacsl Tene-TeH >KajfaH O0oaMaca FaHa, OJ1 OpBbIHAAIAThIH

0oJ1aIbI ~ Q.

4 Erep ¢, Teme-TeH aKUKaT, ¢, TeMe-TeH XaiFaH Oosca, OHIA Ke3-KeITreH
@, w YUIIH KeJIeCl 2KBUBAJEHTTIKTEP OpPbIHAaTa/1bI

PAQ =@ Do~ g,
P APy~ P, PDp ~
(py > o)~ P®@, ~
(p>ovy)~¢

ONVQ @

PV @y~ @

2.3 byas aaredpacst

AJNABIHFBI TaKBIPBINTA KOPCETUIreHJeH, Oilp FaHa JOTHUKaIbIK (QyHKIMS
OpTYpJII JIOTUKAJBIK ONEpalUsUIapJblH KUBIHTBIFBl apKbUIbl Oepijie  anajibl.
MBICATIBI X, | X, = X, AX, = X,V X, .

AnbIKTama. Erep ke3 KenreH JOTUKAIBIK (YHKIHUS CUTMaarbl (2)
(QYHKIUSIAPIBIH ~ CYIEPIO3UIMACH  Oosica, OHma curma () JIOTHKaJbIK

GyHKUMSUTapABIH KYyiecl (KUBIHTBIFBI) (QYHKYUOHANObI MONbIK Jicylie (Hemece
Oa3uc) JIer atajiajbl.

Mubicajbl TOTUKaIbIK q)yHKuI/I;IJIap)]BIH TOJBIK )KYfI@CiZ
TYNVAR S NIR W (VAR WA\ W A5 W NN | S N O (VIDENT <) W NP ) € o

OcbLIapAbIH i0TiHAE Ui KOJAJAHBUIATEIH {A,v, } 0a3UC OOJIBIT TAOBLIA b
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AWHBIMAJIBIIAH, )KaKIIagaH 0acka KOHBIOHKITUS, TU3BIOHKIINS JKOHE TEPICKE
HIbIFapy TaHOANMapbIHAH TYPAThIH opmydanap 6y popmynanapel NN aTanaibl.
Teopema. Ke3 kenren norukanbsik pyHKIus 0yiab hopMynacel 001a anajbl.

Byman Y. =(A,v, } KyiieciHiH (YHKIUHOHAIBI TOJNBIKTBIFEI IIBIFAIBL

ConpaplKkTaH KaHAai-ma Oip omepamysuTapAblH KUBIHTBHIFBIHBIH TOJBIKTHIFBIH
TOJEINey YIIiH OIepanusyiap KUBIHTBIFBl aPKbUIbI KOHBIOHKIIHUS, IU3BIOHKITUS
JKOHE TEpICKE IIbIFapy ONepalusuiapblH ©pHEeKTeyre Oonanbl. Byn TyXbIpbIMabI
YKaJMblIacak,

Teopema. Erep 2 (yHKIMOHANIBIK TOJBIK JKYHECIHIH  OapIbIK
(GyHKIUSIApBIH ) -JaFbl  popMyalapMeH epHeKTeyre Oosca, oHma 2. -1a
(YHKITMOHAIIBIK TOJIBIK JKyHe 00Jabl.

1-mbrcan. X, ={ A IKOHE Zzz{v,_} Xy#enepi, 2., ={A,v, } 6Gasuci
Oepinren. >,, 2, GyHKOMOHANABI TOJNBIK Oomaabl, cebedi  omapabIH
OPKalCBICBIHIAFBl ) -/I€ JKETNEeH TypFaH ONepaunusHbl KaJdFaH eKeyl apKbLIbI
OpHEKTEyTre O0Mambl (2, -/1€ «v», 2., -JIe « A» KETHEH Typ).

X VX, =X AX, Jle Mopran 3aHsl ), yIIiH } x
X AX =% VX, Jle Mopran 3aHsl Y yIIiH

2-MBICAIL. XX, VX, (X vX,) Oyib QopMynaceiH Y., >, Kylenepinmue
KapacThIPANBbIK.

f (Xi’xz) :[Zl'ue] =X X, X_2X_3X_4’
f(xl’xz):[zz z[e]zx_lvx_zvxz VX3V X,
CoHbIMEH (YHKIMOHAIABIK TOJBIKTHIK PETIHAE >, KYHECIH KeH ayKbIMIbI

JIeTl ecenrTeyre Ooianbl, ce6ebl 0JlaH KOHBIOHKIMSHBI HEeMece IU3BbIOHKITHSHBI
IIBIFAPBIN TACTACaK, OJI TOJBIKTHIFBIH JKOMMaiabl. bipak Zl, ZZ KEH ayKbIMJIbIFa

KETKI3y YIIH (*) amalblH KOJIJIaHFaH[a, TEPICKE HIbIFapy amaibl IIaMaJaH ThIC
KOIl EHT13UIeI].

2.4 IN3bIOHKTHUBTI )K9HEe KOHBIOHKTHUBTI KAJBINTHI (hpopmaJiap
(AK®, KK®)

AHBIKTaMa.  AWHBIMANBLIAPABIH ~ HEMecCe  OJapAblH  TEpICTEPIHIH
KOHBIOHKITUSCHI DJIEMEHTAp KOHBIOHKIUS (KOHBIOHKT) Jem aTamanubl (OapiibiK
allHBIMAJIBUTAPBI KaMTy KaxkeT emec). OChbl CHSAKTBI dJEMEHTAp U3BIOHKIIHS
(IM3BIOHKT)  JAen  alHbIMAJbLIApJbIH  HEMece  OJIapAblH  TEPICTEepiHIH
JTU3BIOHKIUSCHI AUThLIAIbI.

1-MBICAI. XV Y\ Z KOHE XV YV X — JU3BIOHKT.

2-MbICAJL. X X,X; JKOHE X, A X, A X; — KOHBIOHKT.

3-MpIca. X-— O1p Me3riIae KOHBIOHKT T€, TU3BIOHKT T¢ 0OJIaIbI.

AHBIKTaAaMAa.  DJIEMEHTAp  KOHBIOHKIUSJAPABIH  (KOHBIOHKTTap/bIH)
JTU3BIOHKIUACHL Ouzvionkmuemi xaavinmol ¢popma (JAKD), an nu3bIOHKTTAPIABIH
KOHBIOHKITUSICHI KOHbIOHKmMuemi Kanvinmol popma nen atanaisl. (KKD).
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4-mbIcas: @) XA Y AZ, XX, —KOHBIOHKT;

2) x§/ v yzZ — JIKD.
S-MbICaJI: a) 9 V XV Z, XV Z—IU3BIOHKT;
3) (xv Y)(xv 2)(Y Vv XV z) —KK®.

®opmyaansl IK® — ke keaTipy epexesiepi:

a) dbopMynanarel KE37eCeTIH JIOTUKAJTBIK oTIepaIysIapabl
AKBUBAJICHTTIKTEP/I1 KOJIIAHBIT, KOHBIOHKIIHS, TU3BIOHKIIHS )KOHE TEPICKE IIBIFapy
(A,V, ) apKBLIBI OPHEKTEHMI3:

1) (p>v)~ovy;

2) (pow)~(pv) Ay v o),

3) ply ~ory;

4 ply~ovy;

5) 0@y ~p oy ~(pvy)Aly ve);

9) 1e Moprad 3aHbIHA CYHEHIIT:

Dory~ovy;

2) pvy ~ oAy
TEpiCKe MIbIFapyJapapl alHBIMAIbUIApFa KOJIJITAHAMBI3 JKOHE X=X epeKeciHe
CYMeHII, €Kl ecell TePICKEe MIbIFapyaapabl KOSMBbI3;

0) ynectipiMaimik (AUCTpUOYTUBTIK) 3aHBIH KOJAAHBIN, (HOPMYIIaaFsl
KOHBIOHKITUSJIAP TU3bIOHKIMSIIaH OYPhIH OPBIHAANIATHIHIAN €T TYPIASHIIpEMIs.

6-mbIcal. ¢=(X— y)¥y—z popmynacein JIKD-ke KenTipy Kepek.

On yurin ¢GopMmyiaagarsl —,y TaHOalapelH A,v, TaHOaJapblHa ayBICTHIPY
KEpeK.

o=(xvy) L (yvz)=(xvy)v(yvz)=(xvy)A(yvz)=(Xry)A(yvz) =
(XAY)A(YVZ)=(XAYAY)V(XAYAZ)

Conrel  dopmyna [1] Ooibibiama JIK® Oombmm ecentemneni. An [2]
OKYJIBIFBIHIA OpOip alfHBIMANIBI KOHBIOHKIIUSIA KOHE JU3BIOHKIUAAA Olp-aK per
Ke37eCyl KepeK.

CoHppIKTaH, apTHIK AaWHBIMAIBUIAPJLI JKOKO YINIH KeJeci SKBUBAJIEHTTIKTI
KOJITaHAMBI3:

a) PV O =@,QA@=¢ (AIEMIIOTSHTTIK);
d) PV (; =1 (yuiHIIiHi 5K010);
@ A@=0 (KapaMa-Ka#IIbUIBIK 3aHbI);
0) pAl=¢, Ppv1=1,
#v0=0, ¢v0=¢ -( xoucranramap Kacueri),
o=(XAY)V(XAYAZ)- [2] Gotibrama JIKD.
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®opmyaanbl KK® — ke kearipy JK®d-ke kentipy CHUSKTHI XKyprizijeni,
TeK 3) MyHKTTErl epexxe OpHbIHA Kelieci epeke 00y Kepek: 3') yIecTIpIMIiIIK
(mucTpuOYTUBTIK)  3aHbIH  KOJJAHbIN,  (oOpMyJaJarbl  JU3BIOHKIUSIIAP
KOHBIOHKIUsATIApAaH OypblH  OpBIHAAJATBIHAAN  €Tim  TYPJCHIIPY  Kepek.
vy rx)=(@vy)rlov ).

l-ecem. p=(X—>Y)A ((S/ —>17)—> )_() dbopmynaceiH KKD-ke kentipy kepex.

Ilemyi:  anabIMEH —> ONEpaUsCHIH aybICThIPAMBI3

0=(xvy)A((Y > 2)vX)=(xvy) A((YV2)VX) =[Te-Mopran 3amsi, cochin

y=yl =(Xvy)A(yA)v)=(xvy)A((yrZ)vX)=(XVY)A(YyvX)A(ZVX) -
KKo®.

Opl Kapail TypJeHIIpeniK, OJ YUIIH aJIJIbIHFbl €Kl JKaKiia YIIH YJIeCTIPIMILIIK
3aHJIbl KOJIJIaHAMBI3.
O=(XVYAYV(XVY)AX)IA(ZVX)=(YAX)VXA(ZVX)=XA(ZVX)=X -
JK®, KK® 60na anassl.

ConbiMeH, Oip (opmynanbiy OipHeme JIK®, KK® 6Gonanbl, KalafbI3IbIK
KACHUETI OpbIHIaJIMaNIbI.

AHbIKTaMa. Myamikciz ouzvionkmuemi Kanvinmol ¢popma (MIAK®D) nen
opOip 31eMeHTap KOHBIOHKIMIFAa €HETIH opOip allHbIMaibl Olp-aK peT Ke3[AeceTiH
JKOHE €HETIH He ©31, He OHBIH Tepici raHa OonaThiH JIK®-Thl allTaMbI3 KOHE
AJIEMEHTap KOHBIOHKTTAp apachiHia Oipaeit 00aMaysl Kepek.

AHBIKTaAMa. Mynmikciz xouwvionkmuemi xanvinmol Gopma (MKKD)
JereHiMi3  Kejecl maprrapabl KaHaratTauasipaThiH  KK®: opOip anementap
JTU3BIOHKIIMSFA EHETIH opOip aHbIMAaNbI O1p-aK PeT Ke3/1ecel KoHe He aifHbIMAJIbI,
HE OHBIH TEpICIHIH eKeyiHIH Oipeyl FaHa eHy KepeK, dJeMeHTap AU3BIOHKTTAPAbIH
Oipaeit 6omMay Kepek.

7-MbICa:

a) X X_2X3 v X_1X2 X3 - MAKD;

3) (XvyvI)A(XVYVZ)A(XvYvz)- MKKD;

0) X XoX3 VX X, X3 VX XXy - MJK® emec, OipiHII »koHE YULIIHIII
KOHBIOHKTTAp OipJieH;

B) X1X_1X3 V X X, X3 - MIAK® emec, OipiHII KOHBIOHKTKE X, ZeKeyi Jie eHin
TYP.

2-ecemn. T(X,Y,2) =XAYVXA(YVXAZ)AXA(YVZ)VYAZ)
dbopmynaceia JIKD-ke kenTipy kepek.
Memryi

f(X,Y,2)=(XAY)VXAY)VXAXAZ) A((XA(YVZ)IA(YAZ) =(XAY)V (XA

AYVXAXAZ AV (YVZ)AYVZ)=(XAY)V(XAY)A XV (YAZ)A(YV Z) =YXV yZ
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3-ecen. f(X,y,2)= Xy Vv iy Vv XZ dopmynacein KK®-ke kenripy kepek.
Mlemryi

f = XYV XYVXZ=XYAXYAXZ :(iv;)/\(;vy)/\(iv;):(iv YIAXVY)A(XV2)

=(XAXV(XAY)V(YAX)V(YAY)A(XVZ) = (XA Y)V (Y VX)A (XY Z) =

XAYAXVYAXAXVXAYAZVYAZAZ=XYVXYZVYAZ=][XYVXYZ=XYy]=

:)_q_/vyxzle/\ﬁ:(XVy)/\(yv;(vE).

Teopema (MIK® men MKK®-ubiH 0ap 00Tybl MEH JKaIFbI3/IbIFbI) .
Opbip norukanslk ¢dopmynansl Oip raHa xoimeH MJIK® (MKK®) typinae
kazyra 0osasel. (DJeMeHTap KOHBIOHKTTIK JU3BIOHKTTIH TI311y PETiHIH JQJIIITIHE
JIeHiH).
MJIK®-ka kentipyaiH eki ofici 6ap:

1 opmic. Angeimen QopmynanbiH JIK® Tabambi3, COCBIH OHBIH
KOHBIOHKTTapbIH KeJeCl aMaliJapMeH TYpPJICHIpEMi3:

a) erep KOHBIOHKT KYpaMblHIa ailHBIMAJILIMEH KOCa OHBIH Tepici Je 0oJca,
oHJ1a oHbI JIK®-TaH anbIll TacTalIbl;

9) erep X afHBIMAbICHl MEH OHBIH Tepici X KOHBIOHKTKA OipHeIIe peT eHce,
OHJ1a OipeyiH KaJIJBIPHII, KaJIFAHBIH aJIbIIl TACTAUIBI (ITFHH XyX —> XY );

0) erep KaHjai ga 61p KOHBIOHKT KYpaMbIHa Kei0ip y aifHpIMAJIBICHI eHoece,
OHJIa OHBI TAPKATy HEMECE Kepi KarChIpy 3aHbIH KOJIJIaHY apKbLJIbl €HT13€/11;

B) erep Oipjacil KOHBIOHKTTEP Ke3Jecce, WISMIIOTCHTTIK 3aHIbl KOJIaHBIII,
OipeyiH KaaabIpasbl.

4-ecen. @ =Xy Vv XZ Vv zZU- JIK®, oust MJ[K®-ke KkenTipy Kepek.

Memyi

o ={xy(zv Z)(uvu)v{xz(y v y)uvu)hv{zu(xv x)(y v y)}={(xyz v xyz) A
AUV U IV{(xzy v xz2y)(u v u)Iv{(zux v Zux)(y v Y)} = Xyzu v XyzU v Xyuz v

VXYZU 'V XZYU v XZYU v XZUY v XZYU V ZUXY Vv ZUXY Vv ZUYX Vv ZUXY = XyzZU v
VXYZU Vv XYUZ v XYZU V XZYU V ZUXY Vv ZUYX Vv ZUXY |

2 aaic. bepinren dopmynansiH akukat kecteciH Kypaabl. Cocweia [llennoH
TEeOpeMachlHA HETI13/IETeH ePEKEeH] KOJITaHAIbI:

f (X, X,) Gynxuusaeig MJIK®-na f Monmep OaraHacklHaa Kauma 1 Gosica,
COHINIA KOHBIOHKT Oonanel; (0,,0,,..,0,) HOI MeH OipiepmiH opOip Oipiik
KUBIHTBIFbIHA OapiblK alHBIMANbUIAPJBIH KOHBIOHKTACHI COHKEC Kejell, erep
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5 =0 Gomnca, oHma x, TepiciMeH ansHambl koHe O, =1 Gomca, omma X; Tepicke
HIbIFApMai ©31 albIHAIBI.

S-ecen. @ =XV YV >_<ng - IK®, onst MJIK®-ke kenTipy Kepek.

Memryi

29KecrTe

x|y 1z |x |y [ YAz | xay | xyz | xvyz |o
0/j0 |0 |1 |1 |O 1 0 0 0
0|0 |1 |1 |1 |0 1 1 0 1
0/j1 /0 {1 |0 |O 0 0 0 0
oj1 (1 |1 |0 |1 0 0 0 1
1/0 (O (O (1 |O 0 0 1 1
1/0 |1 (0 (1 |O 0 0 1 1
1/1 |0 (0 |0 |O 0 0 1 1
11 |1 (0 (0 |1 0 0 1 1

byn kecrenmeri coHfbl OaraHHaH ¢=1  OIpJIK JKUBIHTBIKTAPAbl TEPII
»azambi3: {(0,0,01),(0,11),(10,0),(1,0,),(1,1,0),(11)}. CoHFBI oaic OOMBIHIIIA
@ =XYZV XYZNV XYZV XYZV XYZ\ XYZ |
KK®-up1 MKK®-ra kentipy JK®-up1 MIAK®-Fa kenTipy CHSIKTHI KYPri3iiei:

a) SKBUBAJICHTTI TYPJIACHAIPY;

9) aKUKaTThIK kecteci Ooibiaa MJIK®-ra kenripy:
GyHKIUSHBIH MoHJEpiHiH OaranbiHga Kanima 0 Oonca, MKK®-na conma
JU3BIOHKT 00J1aJbl. (0),0,,...,0,) HOJI MEH OIpJep/iiH HOJIK )KUBIHTHIFbIHA OApPIIBIK
alHBIMAJIBUIAP/IBIH, JU3BIOHKTAChl COWKec Keleml, erep o, =1 0Ooica, OHIA X,
TEpICIMEH aJIbIHAJBI XKoHE erep o, =0 Oosca, OHAA e3repicci3 Kajaasl (Tepicke

HIbIFapMail).
8-mbican. AnneiaFbl ecenteri popmynansl MKK®-ra kentipeitik.

(0:;=Xv YZVXYZ=XAYZAXYZ=XA(YVZ)A(XVYVZ)=

(Y VZ) (XY V XZ) = XYYV XZYV ZXY V ZX = XZY V ZXY V ZX = XZY V ZXy vV ZX(Y V Y) =

XZYV ZXYV ZXYV ZXY =XZYV ZXY =XZY A ZXY =(XV ZV Y)A(ZV XV Y).

byn Gipinmii omic 6oibiHIIA. Al ekiHmm oiic O6oibiHIIA 1 Kectemeri ¢ =0
HOJIJIIK KUBIHTBIKTAP/IbI TepiM ka3aMbi3: {(0,0,0),(0,1,0)}, 2' OoiibiHIIA

P=(XVvZIVvY)A(ZVXVY).
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2.5 Iu3bIOHKTHBTI KAJAbINTHI (popMaiap KJIACHIHAA MUHUMHUIH3AIUIIAY.

KapHo kapracsi

[IpakTukanblk  ecenTepAl  IIEUIKEHJE, JIOTHKAIbIK  (opMmynanapabl
MUHUMUWIM3aUsAIay ecebl  JKui  Ke3jecedi. Peneini-koHTakT —cyii0achkIMEH
MBICAJIIBI ajicak (HeMece KOMMYTAIIUSUIBIK CyJ10a, SJIeKTp Ti30eri), opOip cysnbaHbl
JIOTUKAIIBIK (pOopMyJlaMeH curartay kepek. @opMyiia HEFypiibIM KapanaiibiM 0osica,
OHJIa cyJi0a Ja COFYPIbIM KapamaibiM OOJabl.

Enerin  aifHpIManmbiap CaHbl MHUHUMAQIABI  OONATBIH  TU3BIOHKTHBTI
dbopmanapapl Taby ecenTepi )KaKChl 3ePTTEITECH.

AVHBIMAJBIHBIH, €Hyl Aem, ¢GopMysaaarbl alHBIMAIBIHBIH aJIaThIH OPHBIH
TycCiHyre 0OoJabl.

AHBIKTamMa. AWHBIMAJIBIHBIH €HY caHbl eH a3 OonateiH JIK® munumanowvi
JIK® nen atanagpl.

Munumanasr  JJK®-#p1  amy kongapbiHblH  O0ipi KapHo  kaprachkiH

(InarpamMmaceiH) KojijgaHy Oonbin  TaObumagbl. (backa xoibl — 3leMeHTap
TYPJCHIIPYJIEP apKbLIbI).
Kapno wxapmacet — Oyn opOip kierkachl (YSIIBIK) KOHBIOHKIIUSIAH

(KOHBIOHKTAJIaH) TYPaThIH KECTE. X;,X,,..., X, N alHBIMAIbUIBI QyHKIMSA yuIiH 2"

AJIeMEHTap KOHBIOHKLMS Oap Oosiajpl (N aliHBIMAIBLUIBI (YHKUIMS YIIIH HOJ JKOHE
Oip/iH MYMKiH OoJiap >KUBIHTHIKTAp CaHbI CUSAKTHI). SIFHU N=2 yIIiH 2° =4

) XAY,XAY,XAY,XAY, N=2;

3) XAYAZXAYAZLXAYAZLXAYAZLXAYAZLXAYAZXAYALZ,

N=3 xoHe T.0.

Kapao kapracer 2"*x2“ emmemai marpuiia TypiHae canbiHaabl. OHBIH
OaraHbIHA X, X,,..,X, AWHBIMAIBUIAPBIHBIH MOHI COMKeC KeJleidl, »KOJIbIHA

Xei1s Xiipree0 X, AMHBIMAIIBUIAPBIHBIH MOHI COMKEC KeJeAl HeMece KepiciHuie, ai

n
KOpIIl YSAIIBIK (TITIHEH HE KOJIIEHEH allbpMAIIbUIBIFBI KOK) O1p alfHbIMaJbIHBIH
MOHIHE FaHa e3renie Oonaapl. Aita Keremik, Oip dynkums yuriH OipHerie Kapho
KapTachIH cayryra 00Jabl. v 7
Mpbicajbl: .

a) X, y ekl aitHpIMaibl pyHKIus yiniH KapHo kaprace

#

2.5 Cyper

9) X,Y,Z YII alHBIMAJIBUTBI (hVHKITHS VIITiH:

b i
poam, g,

#|

T o’ T

z

0) X,Y,z,t TOPT aifHBIMAJIBI (DYHKITUS YIIIH:
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x|
s,

z

2.7 Cyper
Z Oynb QyHKIUSHBIH MUHUMAIBI JIK®-bIH aHBIKTAY YIIIH aJJAbIMEH OHBIH
MJK®-biH Taby Kepek (akukaT Kecteci keMeriMeH), cogad coH MJIK®-H opbip
AJIEMEHTap KOHBIOHKIMACHIH coiikec KapHo kapraceiHIarbel ysmibikka 1 jemn
Oenriiey Kepek.

1-MbIcall. @) @ = Xy v Xy yiria KapHo kapTacsl
¥ W
W 1]

#|

2.8 Cyper

Erep Kapno kapracbiHja TiriHeH He KeJJIeHeHIHEeH kepiiuiec 2, 4, 8 (TepT
allHpIMasibl (YHKUMS YIIIH) yAambikra 1 Oonca, oHga Oyil YAIIBIKTapAbl TYTac
«OJOKKa» >KMHayra Oojaabl, SIFHU COWKEC KOHBIOHKTTAPABIH AU3BIOHKIUSCHIH
KbICKapTyFa 001a/bl.

AJNABIHFBI MbICAJIZIA KOJIJICHEHHEH €K1 YSIIBIKTA | Typ, OFaH COKeC KeNeTiH
dopmyia

XyvXy=Xv(yAy)=xal=Xx.

CoHbIMEH €Kl YSIIBIKTaH TYpaTbiH OJOKKA Olp X alHBIMAJIbICHI *ayar

Oepeni (OHBI KECTEIeH Kopyre 00J1ajibl):

3) @ =XYZV XYZV XyZ - MJIKD

¥ v
g, pudan,
i 1 1
x 1
z "-%F', z
2.9 Cyper

Benrinenren 610KKa >xayan OepeTiH KOHBIOHKT yz. COHOBIKTaH OepiireH

dbopMyIaHbIH KbICKAPTHUIFAH TYpl: @ = YZV XYZ;
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6) ¢ = XYyZ v XYZ N XYZV XYZ.
P .

® 01 1

=

1 1

T Neymd 2
z

2.10 Cyper
Kapno kapraceiHblH eki Z Oaranbl ga 1-re TonTeippuiFraH. Erep ockl
OaraHmapAbl «alHaNIbIpa» OETTECTIPCEK, TOPT YAIIBIKTAH TYPAThIH OJIOK allaMbI3.
byn TepT YAIIBIK Z ailHBIMANBICBIH TOJNBIK «KAaMTHABDY, COHJIBIKTaH OepiireH
dbopMynansl Oip aiHBIMAJIbIFa ACHIH KbICKapTcaK Oomaasl @ = Z ;

B) @ = Xyzt v Xyzt v Xyzt v Xyzt.

Y v
por -
{ 1 1 t
}T
K_{ 1 1 t
F "'-,:-l’ z
2.11 Cyper

byn ¢ynkuusuel cunarraidTeiH KapHo kaprtacelH OaraH Oaranfa (z z-Ke),
KoJ1 xkoJFa (t t-ra) OerreceTiHned eTinm «Oypayra Oomanbi». SArHu Oy KapTana
TOPT «YAILIBIKTaH» TYpaThiH 050K Oap. On z meH t alHbBIMAJIbLIAPBIH KaMTHUIBI,
COHJIBIKTaH OepinreH Gpopmynazapasl ¢ = zt Jem KbICKapTyFa 001a/Ibl.

r)
@ = Xyzt v Xytz v Xyzt v xyzt v yzxt v yxzt v yztx v xyzt v xyzt v xzty v xz yt

Kypsuiran KapHo kapTacel O0HbIHIIA:

1) 8 ymIBIKTHI OJIOKKA Y alfHBIMAJIBICHl COMKEC KeJeIl;

2) 4 yAIIBIKTHI OJIOKKA Xt XCOHMKEC Kele/Il;

3) 2 yAIBIKTHI OJIOKKA XYz COMKEC KEele.

Oumaii 6osca, 6episreH hopMyIaHbIH MUHUMHU3ALUASIIAHFaH TYPi

p=yvXtvxz, , -
prn g

N | 1) 1]t

i

Hl (_1 — — —




l-ecen. ®=(AAB)v(C AD)YBv D dopmynacs Gepinren:
a) IK®-ra kenTipy Kepek;

9) aKMKaTTHIK Tabnuuace! 6oiibiHIIa MIK® Kypy Kepek;

0) Kapno xaprtacel kemerimer MuHUMAIIHI JIKD;

lemyi:

a) popmynanbiH [JKD-biH d: (X J y=XvVv y) OIEPALMSICBIHBIH AHBIKTAMAChIH
YKOHE JIOTHKAJIBIK OTepaIysIapablH KaCUeTTEePiH KOJIIaHbIT Taba aJaMbl3:

CD:(K/\ B)V(C ADNIBv D=(K/\ B)\/(C A D)vti D )=[ de-Mopran

BaHBI]Z(:E\ A B)v (C A D)/\ (Bv D J=[eki peT Tepicke mbIFapy]=
= (K A B)v (C AD)A (B v D)=[uctpubyTusrik]=
:(K ABA B)v (K ABA D)v (C AD AB)Vv/(C A D A D)=[unemnotentrik]=

=(K/\ B)V(K/\ BA D)\/(C/\ DA B)V(C/\ D).
Cownrbl epHek hopmynanbiH [IKD 60mbin TaObLIabI;

9) hopmynanapAblH AKUKATTHIK Ta0IUIIAChIH KYPaMBbI3.

AKUKATTBIK TabIuIackl OOMBIHINA (HOPMYJIAHBIH MYJTIKCI3 AU3BIOHKTHUBTI
KanbinThl dopmackin (MJK®) kypambiz. On ymiiH ¢opMmynadbiH | MOHIH
KaOpL1AaiThH (P =1) aliHBIMAIBI MOHIEPIHIH KUBIHTHIKTAPBIH Ti31II 5Ka3aMbI3
{(0011),(0100),(0101),(0110),(0111),(1011),(1111)}. Keneci epeKeHi
KOJI/TaHAMBI3: f(X,X,,..,X,) ¢yaxmuacemein  f(X,X,,...,X,) MOHAEPIHIH
OaranbiH/a KaHIIa OipJik 6osnca, MJIK®-biHIa COHIIA KOHBIOHKT 00Jajbl; 9pOip
(0,,0,,...,0,) HeNIIK >koHe OIpiiK XHUBIHTHIKTapbiHA: erep O, =0 Oonranma X,
TEpICKE IIBIFApbUIBIN, al o, =1 OosiraHga X, TepiCKe ILIbIFapbliIMail aJIbIHFaH
OapJIbIK alHBIMANIBUIAP/IbIH KOHBIOHKTACH! coiikec Keneni. CoHbIMEH, OepiiareH
dbopmynanbiH MJIK® AU3BIOHKIUSACHI
®=ABCD v ABCD v ABCD v ABCD v ABCD v ABCD v ABCD  typiuzeri
KETl KOHBIOHKTaNapJaH Typaasl ( A TaHOACHIH ’Ka30a/IbIK).
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A |B|C |[D| A| ArB| CAD| (AAB)v(CAD) (AnBM(CAD)| BVD |BVD | @
0|00 |O]1 |O 0 0 1 0 1 0
0|00 |1]1 |0 0 0 1 1 0 0
O|0f1 |[0]|1 |O 0 0 1 0 1 0
O|0f1 |1]|1 |0 1 1 0 1 0 1
0O [1/0 |01 |1 0 1 0 1 0 1
O/1/0 |1]|1 |1 0 1 0 1 0 1
O/1(1 |[0|1 |1 0 1 0 1 0 1
o111 |1|1 |1 1 1 0 1 0 1
1 /0|0 (O[O0 |0 0 0 1 0 1 0
1 /0(0 (1|0 |O 0 0 1 1 0 0
1 /0(1 (0|0 |O 0 0 1 0 1 0
1 /0|1 (1(0 |0 1 1 0 1 0 1
1 /1/0 (00 |0 0 0 1 1 0 0
1 (1/0 (1(0 |0 0 0 1 1 0 0
1 (1|1 (00 |0 0 0 1 1 0 0
1 /11 (1(0 |0 1 1 0 1 0 1

6) TopT aliHbIManbUIEl (GyHKUMSHBIE KapHo Kapracekl 2° =16 ysambIKTan
TYpaThlH TaOIHIaHbl OLIAIpel (TOPT alHBIMAIBUIbI (YHKIHUSHBIH MYMKIHAITTHILIE
KaHma 0 jxoHe | JKUBIHTBIKTApbl 00JiCa, COHILA YSIIBIK CaHbl), KOPIIl YAIIBIKTAp
Olp aliHBIMAJBIHBIH MOHIHE e3remie OoJaTbhlH KOJIJap MEH OaraHap ailHbIMAJIbI
MOHJIEpIHE HEMECE OHBbIH TepiciHe caiikec keneni. Munumanasl JK® any ymix
byakuusapiH MJIK®-H opOip  KoHBIOHKTackl KapHO KapTachIHAAFbl COWMKeEC
ySIIbIKTa OipMeH OenrineHesi:

B B
A |17 N | D
1 D
A li:j 1/ D
C C C
2.13 Cyper

Munnmanaer JIK® amy ymrie OipiikTep KaTap TYPFaH TIK KOHE KoJACHEH
XKoJIapabl O1pikTipy Kepek. bipikripinaren Oipiikrepai 6710k e Te ataiabl. biok
2, 4, 8 ysambIKTaH TYPYbl MYMKIH, 2 VSIIBIKTaH OJIOK NNl KaTap TYpPFaH eMec,
TabnumanbiH Oip kaK OYpBINIBIHIA TYpFaH OipiikTepii aiTyra Oonaasl. Hemece
TaONHUIIAHBIH TOPT OYPHIMIBIHAA TYPFaH 4 OIpIIKTeH TYPaAThIH Aa 4 YSAIIBIKTHI OJIOK
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Oonanpl, Oy karmaiina 6aranael Oaranra (C-ab1 C-Fa) xoHe xonma xoira ([1-Hbl
J-ra) “Oypayra” 6onaasl. bi3ain KapHo kapTaceiHaa 4 yAmbIKTaH TYPFaH €Ki 0JI0K

6ap. Temenri coi 6¥prHJTaFBI OIOKTBI A JKOHE BaﬁHLIMaHLIHapBI }Ka6aﬂ},1,
COHIBIKTAaH OFaH A A B  KOHBIOHKIMSICHI  COMKEC Kenemi, KapTaHbIH
OyphIIbIHAAFEl 4 yAIBIKTEL O0JI0KKa C A D KOHBIOHKIMACHI COMKEC KeJe/l.
Conbimer, ®=(A AB) v (C AD) dopmynanss murnmanis JKO.

KocaakblIbIK NpUHIAII

Anbikrama. Erep f*(X,,...x,) = f(X,,...,X,) opeiaaanca, ouma T (X;,..., X,)
byskmuscel  f(x,..,X,) QYHKUHACBIHA KOCAJIKbl (QYHKIMS [l aTallajbl.
KocalIKpUIBIK KaThIHACHI CHMMETPHSUTBL, sFHU f* =g, oHma g* = f .
f*=1f Oomca, oama f e3iHe ©31 KOCAIKbI (PyHKIIHS.

Mpicainbl. Keneci kecTeH1 KapacThIpaibIK.

29KecTe
f 1 0 X, VX | X AX, X
£ 0 1 X, A X, X, VX, X

byn kecTeneH JU3BIOHKIMSAFA KOCAJIKbl KATbIHAC KOHBIOHKIMS, —all
KOHBIOHKILIMSAFa — IOU3BIOHKIHUSA, | KoHcTaHTackiHa — (0 KOHcTaHTachl >xoHE 0
KOHCTaHTacklHA — 1 KOHCTaHTackl 60Jassl. Jle MopraH 3aHbIH KOJIJJaHCAK,

1) f=x =>f =x=x , OyJIaH TepicKe IIbIFapy 63 631He KOCAJIKBI,
2) f(X,¥,2)=XyVvXZVvYyZ ¢ynkumsacel o3 e3iHe KOCAIKb eKEHiH
KepCeTeHiK.

Ixomer. T =XyvXxzvyz=Xvy)AXvAa(yvz)=
=(XVY)A(XVIA(YVZ)=XyVvXZVYZ
2 ojbl. f YIIIH aKMKATTBIK KecTeciH KypaMmbi3 (2.11 kecre), comaH KeiiH
OHJIaFbI MOHEPJI KapChl MOHTE aybICThIpaMbI3, f° YIINIH aKUKATTHIK KECTECIH
anmambi3 (2.12 kecre). f* (QyHKIUACBIHBIH AKUKATTBIK KECTECIH KOIIMII *KOJIMEH
aimy kepek OosicblH. OHJla aifHBIMAJIBUIAP MOHJIEP! JIEKCHUKOTPa(UKAIBIK PETIICH
*a3pUTy Kepek. Ol yIIiH COHFbl KECTEHIH OapJiblK OaraHIapblH «aWHaJIBIPHII

TYCYPY KEPEK».
2.11KecTe 2.12KecTe

<
IS
>
<
—_-
*

RPIRPRPRPPOO O O|x
Pl |lolokr|klolo|x
== ==
S === =l=]l=)
=l == =1l==1F
N==ll=1Eelelle
=1 E=1l=ll=]
o|lo|lo|o|rR|kr|kik
o|lo|r|kr| ook
Ol OoOlrR|IorR o|r|~
o|lo|or|or|kr|k
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KocaakbuiblKk npuHnumni: f QyHKIMACHIH 6pHEKTEHTIH F (opMynacbiHaa
(GYHKIUSHBIH OapiblK TaHOANTapblH COMKEC KOCAIKbl (BYHKIMSHBIH TaHOAChIHA
©3repTCeK, OHAa alblHFaH F* dopmynacel f QYHKIUACBIHA KOCANKBI f*
(YHKIUSCHIH OPHEKTEUTIH O0Ia IbI.

Bynp anre6pachlHIaFsl KOCATKBI TPUHITUII: (AKOFaphIIarsl MbIcanaa) erep f
GYHKIHSICHIH OPHEKTCHTIH F (QopMyTachlHIa KOHBIOHKIMSHBI TU3BIOHKIINSFA, |-
a1 0-re, 0-x11 1-re anmacTteipcak  f -ke Kocaikbl f* (QYHKIIUACHIH OPHEKTEUTIH F*
dbopmyracelH anamei3. Erep ¢yHkmusiap teH, srau f, = f, OoJica, OHIa oJlapabIH
colikec KocalKbl (hyHKIHSIIAPHI a TeH Oomanbl ' = f,".

l-ecen. f(X,Y,2) =XV YyzVvXyZ QpyHKIUIACH OepinreH:

a) KOCAJIKbI (DYHKITMSHBIH aHBIKTAMACHIHA;

9) bynb anreOpachiHIaFbl KOCAJIKBI TPUHIUIIIHE CYHEHIT,
f* Kocaskpl pyHkMAHBIH JIKD-b1H TaOY KEpek.

Hlemnyi:

a)

f =XAYZAXYZ=XA(YVZ)V(XAYAZ)=XA(YAZ)A XV YVZ)=(YAZ)A

(XXV XYV XZ) = (Y A Z) A (XY V XZ) = XYYV YXZV ZXY V XZZ = YXZ V ZXY V XZ =

XZ(YV Y) VX2 =XZ v X2 = XZ;

o) ' (X y,2)=x(yv 2)(XV YV Z)=XyZ Vv XYZV X2 =XZ.
AngeiMen f(x,y,z) pyakmusacein Keickaptcak f(X,Y,2Z)=XVvZ, coman coH

6yI1b anreOpachIHAaFbl KOCATKB! IPHHIKII 0oiibHIma | f=Xz.
ConbimeH, JIK®-ra KK® coiikec keneal, KKd-ra IKO, MJIKD-ra MKK®
ColiKeC Kenel.

ByJanb anredpacsl :koHe JKUBIHAAP TeOpeMachl

Kubingapra KoJIaHbUIaTBIH —omepanusuiap  (Kubuibicy, Oipiry, 1-10
KacueTTep) MeH Oynp  anreOpachlHIarbl  JIOTHKAIBIK  (QYyHKIHsUIapra
KOJITAaHBUIATBIH SKBUBAJICHTTI KaThiHACTap (1-9, SFHU KOHBIOHKIIMS, JU3BIOHKIIHS,
TepiCKe MIBIFapy) apachiHaa OailiaHbIC OailiKatabl.

Heri3ri SKBUBAJICHTTUIIK KaThIHACTAPbI KAaHAFATTAHABIPATHIH €Ki OWHAPIIBI
YKoHE O1p yHapJbl oneparusgad TYPAThIH Ke3 KeIreH anredpa Oyib anreOpacs e
aTayaJpl.

1. (P,,AV, ) - KOHBIOHKIHS, AN3BIOHKIHS, TEPICKE LIBIFAPY ONEPaLsUIaphI
Oap Oynb anreGpachi.

2. (Pz(m),/\,v,_) - M  alHBIMAIBUIBI JIOTUKAIBIK (YHKIUSHBIH Oyib
anredpacsl, (P,,A,v, ) anrebpaHblH ilki anredpackl 6onaasl, cededi P(m)c P,.

3. (# (U),Av, )- KUBLIBICY, Gipiry, Tepicke WIBIFapy ONepalusaapbl 0ap
YHUBEpPCYMarbl (U) KUBIHHBIH OyJib anreOpachl.
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4. (B,,v,A, ) - Y3BIHIBIFEI N €KiJik BEKTOpIAp/bIH Oy anrebpacsl. Eximik

BCKTOpJIapta KOJAaHbLIIaThIH JIOTUKaJIBIK orIcpanu:AiIap Kenecl KOJIMCH
AHBIKTAJIFaH.

Va=(a,, ), B= (B Pore S,) BEKTOPIAPHI YIITIH:

a) anf=(a, APy APy, AS)), MYHAAFBL a; A B =1, erep «, = B, =1,
KaJraH xarganna o, A S, =0;

d) avp=(a, Vv B,a N P, v B). avpB =0, erep «, =0, =0; KanraH
XKarpanna o, v =1,

0) a=(a,.a,),erep a, =1, oua «, =0,an erep ¢, =0 Goica, ;izl.

JlorukanblK (YHKIHUSIIAPAbIH >KUBIHAAPBIHBIH €KIJIIK BEKTOPJIAPBIHBIH OyIb
anredpackl YIIIiH KeJleci TeopeMaiap OpbIHIaIaIbl:

Teopema. Erep [U|=n (U kyartsl n-re TeH) Gonca, onma (# U).Av, )
KUBIHHBIH Oynb anredpacsl (B,,v,A, ) €Kilik BEKTOpIapAbIH OyIb anrebpachiHa
U30MOP(THI (SIFHU ©3apa O1pMOH/1) CoKeCcTIK opHaTyFa O0onaasl [20, 156 Gert].

Teopema. U|=2" Gosca, OHJa KUBIHAAP/BIH Oyiib anre6pacst (PU),A,v, )
GyHKUMsIapABIH OyIIb anredpackina (P, (m),A,v, ) H30MOPQTHI GonaibL.

ConbiMeH, erep [U|=n=2" Oonca, onma OepinreH Oynb anreOpanap
apaceiH/ia e3apa n3oMopdu3M opHaTyFa 0oJiasbl. by sxarnaiina
| P (U)|=|B,|=|R,(m)| xoHe P (U), B, xoHe P,(m) KUbIHIAPHI apachlHAa ©3apa

O1pMOH/II COMKECTIK OpHATyFa 00Jaibl.

bynp anreOpacbiHblH u30MOp(HU3MI  KOMITBIOTEPIIIK €cCenTeyieple Kui
KOJIaHbLIaAbl.  MpbICalibl, JKUBIHAQP HEMece JIOTUKAIBIK  (QYHKIUsIapra
KOJIAHBLJIATBIH  OTEepalusiiap OpHBbIHA OJIApABIH HM30MOP(THI aHAJOTTapblH -
KOMITBIOTEPJIE OHAll 1CKE AacChIPhUIATHIH EKUTIK BEKTOPJIAp/bIH OleparusiapbiH
KOJIZTaHyFa O00JaIbl.

2.6 KommyTanusiiibIK cyJidaaap

1938 xbimbl Knon IIeHHOH aKMKAaTTBIK KECTeCl MEH 3JEeKTp TI30eKTepi
apacblHIarbl OailnaHbIcThl Oaiikagbl. Tok ke3i (2.13 cypeT) MeH 3JeKTp
namnackiHaH (2.14 cyper)

- ©)

2.14 Cyper 2.15 Cyper
TYPATHIH ayBICTHIPHIT-KOCKBIII CYJI0aHbI KAPACThIPANBIK.
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- O

2.15 Cyper

Erep p xoHe ( aybICTBIPFBIIITAPBI TYHBIK Oo0Jca, oHAa onapra 1 MoHI
oepineni. Kapcor xarmaitna 0 moni Oepineni. Jlammouka sxanranga cyiioara 1 MoH1
Oepinmi nen ecenTeiiMi3 (SFHU AJIEKTP TOThI OJ1 apKbUIbl ©Tefi). AlTa KeTenik,
TI30EKTIH P JKOHE (] AJEMEHTTEPIH Ti30eKTel KOCKaHAa 3-CypeTTeriied exi
aybICTBIPBIII-KOCKBIIUTBHIH €Keyl A€ TYWbIK OosiraHna, sFHU P 1a,  na 1 MoHIH
KaObpUIaraHaa FaHa JaMIOYKa KaHaJbl KoHE cyji10a MoH1 1-re TeH Oosajsl.

CoHbIMEH cyJ10a p A TYKBIPbIMbIHA COUKEC KeJeIl.
AYBICTBIPBIN-KOCKBIIITBIH, MYHJIail OpHajacybl P KoHE (

AIIEMEHT] HEMECE JIOTHKAJIBIK K6OCUTY CyJI0achl JIeT aTanabl.

byt morukanbiK 3J€MEHT

R | g il il
HeMece

2.16 Cyper 2.17 Cyper
TYPIH/I€ KOPCETIIeI].
Enmi p koHE ( aybICTHIPHIN-KOCKBIITAPHl  Tapajlieib
ayBICTBIPBITI-KOCKBIII CYJI0aChIH KapaCThIPAUbIK:
AliTa KeTeliK €Kl aybICTBIPFBIIITHIH Oipeyi

JIOI'MKaJBIK

KaJlraHraH

TYWBIK OoJiFaHma, SFHH p=1 Hemece (=1 P
(Hemece ekeyi nae l-re TeH OosFaHza)

JaMITOYKa JKaHa/bl )KOHE cyJi0a MoH1 1-Te TeH o
Ooonaabl. byn cynba pvqg TYKbIpbIMbIHA —
coiikec Kenemi. AYBICTBIPBIN-KOCKBIIITHIH
MYHJIall OpHaJIacysl P Hemece (] Hemece

2

JIOTUKAJIBIK KOCY Ccys10achl emn atananbl. by
JIOTUKAJIBIK ~ DJIEMEHT KeJlecl CHUMBOJIMEH

oenrineHeni: 2.18 Cyper

L

HEMECCC

2.19 Cyper 2.20 Cyper
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Bip p aybICTBIPBIN-KOCKBIIITH cysiba Oepiyiai nen ecenteiik. Erep p ambik
OoJica FaHa JaMIIOYKa JKaHa/bl, sSIFHU erep p MoHi 0-re TeH Oosca, cyiba MoHi 1-re
teH. Erep p moni 1-re Ten 6Gonca, cynba moni 0-re TeH Gomanel. Byn cynba p
TYKBIPBIMBIHA COWKEC KeJe[i, al COMKEC JIOTHKAIBIK JIEMEHTI mepicKe wvl2apy
JIOTHUKAJIBIK SJIEMEHT HEMECE UHEepmop JCT aTaiabl.

A

P
2.21 Cyper

1-MbIcag

T ®
3 %3

:(1—3(2 XJ
2.22 Cyper 2.23 Cyper
| |~
LA
W LI
| o6
I [ Y I Y

2.24 Cyper

2.22 cyperTe KepceTuireH cyjbara 2.23 cyperTeri 2JIeKTp cyji0achl jKoHE
2.24 cypeTTeri KOHTAaKTTep cyyidackl coiikec kenexdi. byn cynbamapra xeneci Oymib
dbopmyracel coliKec Keei

F OG0 %00 %5) = (% v X)) ALK v X0) A X v X TV X A X, AXG]
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2-MbIcaJl.

cyI6ackiHa (X, A X,) v (X, A X,) (DOPMyIIachl coiikec Kele]i.
2.25 Cyper

3-MbIcaJl.

cynbacea (X, Vv (X_2 AX3))V (X_1 A X,) GopMynacel colkec

Keneml.
2.26 Cyper

4-mpICAJL.

cynbaceia (X, V X,) Vv (X; A X;) hopmynacel colikec

Keneml.

2.27 Cyper
S-mbIcaJi. Y1II KipeTiH >koHe O1p IIBIFATBIH KO0JIbI Oap cysida caimy kepek. Eki
KIPETIH OJIJJa CUTHAJl Oeplice, TEK COJI JKaFJaija IIbIFAThIH JKOJAa CUTHAI 00y
KEpeK.
IMlemyi: x,y,z yu kipep o7 60JchiH. bepuiren ecenrerti

CYI0aHBI CUMTATTAUTHIH (hopMyIIa

f(X,V,2)=XyZ Vv XYZV XYz

2.28 Cyper

CoHBbIMEH, ayBICTHIPFBINT (YHKIHUSHBI CHIATTAUTBIH (opMysa HEFYPIIbIM
KapamaiibeiMm  0Oojica, COFypJibIM cyi0a jJa KapamaiibiM — Oomanbl.  JIK®
MUHHUMUA3ALUIAY OCBIHIAN KaFqaiiapaa Kaxer.
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6-mpicas. CynbaHbI KbICKapTy KEpek

e x4 -
*; —
%3
— 5
2
X, -
—_— x;
2
X % ey
2.29 Cypert
Ilemyi:  Oepinred cyiba yIIiH ©TKI3TIIITIK PYHKIUICHIH KYPANBIK

F (X%, %) =X VX)A((X VX,)AX)VX)V(X, AX, AX,). Byl dyHKIMAHBI
Oenrunl aaicTepAiH (MbIcanbl, 3JIeMEHTap TypJeHaipy, KapHo kaprackl OoiiblHIIA
MUHUMU3AIUSIIAY KoHE T.0. of1icTep) O1piH KOJIJaHBIN, KbICKApTaMbI3

f (X, X,,X,) =[aucTpubyTUBTiK]=

(X v X )A((X ARV (X, AX )V X, )V (X A X, A X, )=[cinipy kKacueti]=

:(X1 V X, ) AXyV ()(1 A Xy A X3) . AnpiHFaH QopMynarbl Kelecli cyi0a CoWKec

KeJenl
X
e X
j % 3
— po e
L
X X, X;
2.30 Cyper

3 KomOuHaTopuka
S, - N 3JIEMEHTTEH TYpaThIH KUbIH Oepuired. OHbI 3JIEMEHTTEP CaHbIHA Kapai

N-)KUBIH JeN Te aTaiapl. (n,r) - S JKUBIHBIHAH TaHJAN AJIBIHFAH I JJIEMEHTTEH

TYpPAThIH 1Kl KUBIH mMayoay (6v100pKa), all T — OCbl mayoayowly Kejemi Jer
atananel. Erep (n,r) TaHmayblHAa SJIEMEHTTEPIIH OpHAJACy PEeTi ecKepiiice, O
(n,r)- opwvin armacmoulpy (nepecTaHOBKA), ajd  SJAEMEHTTEPIIH OpHAIacy peTi
eckepinmece (n,r)- mepy naen atananasl. Tepyne dJIeMEHTTEpAiH KalTalaHybl [,
KaTamanO0aypl Ja MYMKiH. DJIEMEHTTEpl KaWTalaHybl MYMKIH peTTelreH (n,r)-
TaHAAy 1 21emenmmepoeH ¥ OOUbIHUA KAUMAIAHAMbIH OPbIH AJIMACMbIPY HEMECE
kaumananamotn (N,F)- opvin armacmelpy nen atananasl. Erep perreireHn (n,r)-
TaHJAayJbIH 3JIEMEHTTEpP1 OpTypJii OoJica, OHAA MYHIAW Tepy KaumaianOaumolH
(n,r)-opwin armacmuipy nen aranajsl. (n,r)-tanaayiap canel P, memece P(n,r),
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al  KaliTalaHaTBIH OpBIH ajMacTeipyiap cawel - P Hemece P(n,r)

cuMBoJiapeiMeH OenrineHeni. KeiOip okymnbikTapia (n,r) OpblH aJMacTBIPYBIH
opHanacmeipy (pasmewjeHue) nen artam, A cuMBoJbIMeH OenrineHeni. OpbiH
aIMacTeIpy Aen (n, n) peTTeNreH TaHaayasl aTyra Oonaasl. Perrenmeren (n,r)-
TaHAayAa dSJIEMEHTTEpl KalTalaHybl MYMKIH, OHBl N 3JEMEHTTEH r OOWbIHINIA
KalTanmaHaTeiH Tepy nen ataiinel. KaiitamanOGaittein Tepymin canet C(n,r), C.,

n r . .
( ], an Karitajganatein C(n,r), C, mem OenrieHesi.
r

Meican. A={a,b,c},r=2 GoncbiH. Bapibik perTeireH »oHe peTTelIMErcH

KalTaJaHAThIH JKOHE KaWTajdaHOAWTBIH YII AJIEMEHTTEH €Ki AJIEMEHT OOWBIHILIA
TaHJ1aybl Ta0y KEepek.
1. aa,ab,ac,ba,bb,bc,ca,cb,cc - TorbI3 KaliTagaHATBIH OpPBIH AJIMACTBIPY

P32 =9.
2. ab,ac,ba,bc,ca,cb - ante KaiiTanan6aiiTein opein anmacteipy P, =6.

3. ab,ac,bc - yur kaiitagaHOalTeIH TEPY C32 =3.

4. aa,ab,ac,bb,bc,cc - anter kaiitananarein Tepy C; =6.

3.1 Kocy xkoHe Ko0eHTy epexesiepi

1. Kocy epeoiceci. Erep S n-»KubIHbIHAH A 11IK1 )KUBIHBIH N TOCUTIMEH, A-1aH
o3re B ilIKi XUBIHBEIH M TOCIIMEH TaHaan aayra 0oica, onaa S xkubsiasiHan AU B
KUBIHBIH N+M TOCUIMEH allyra OoJsiajgpl, MyHAarbl A >k0He B >KubIHIapbIH
Oipmesriuiae anyra OoaMaibl.

Kocy epexeciH )ublHIAp TEOPUACH TEPMUHIEPIHIE KoyaaHalbIK. Erep A
N-KKBIHBI )oHe B m-kubinel Gepince, ouga A(1B=C Gomranna, AUB OGipiryi
(n+m)- xub Gomagsl. Erep S=AUA, U...UA Oenikreyi Oepince, MyHIaFbl

r
AN A =1, j=12,..r,i # ] xoHe A —n, —XubIH O00JIca, OHNA S )KUBIHBI - Zni -

i=1
’KUBIH OOJIaIbl.

2. Koebeuimy epesceci. Erep S n-KubIHBIHAH A 1IIK1 >KUBIHBIH N TOCIJIMEH, all
OChIHIall opOip TaHmaymaH KeiliH B 1mIki KUBIHBIH M TOCUIMEH TaHJAI aixyFa
Oonca, oHma A >koHe B TepyiH allThuIFaH peT OOWBIHINA N-mM TOCUIMEH TaHIAI
aiyra 0oJajibl.

KubtHmap TeopusAChl TepMUHIHIAE Oy epeke >KUBIHIAPABIH JICKapTTHIK
KOOEUTIHIICI YFBIMBIHA COMKeEC KeJeai: erep A n-KublH, ain B m-xxubiH 6oJica, oHaa
AxB - n-m-xuem Oomanel. JKanmel Jkarmaiina, A —nN, —KHUBIH OOJICHIH,

1=12,...r. Keneci »xuslHgapabl KypaubIK:

M;=A, M, =AxA =M xA,M;=M,xA;,... M =M, xA.
Onga M, —(n,-n,-...-n.)-xublH 6oansl. backama aiiTkaHza, I' amall xKacay Kepek
OouichIH. bipiHII amMansl N, TOCUIMEH, EKIHINI aMajabl N, TICUIMEH, COJI CUSKTBI T
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amanra [JEHIH N TOCUIMEH OpbIHAAayFa OoJIaTbIH OOJCHIH, OHAA I aMaljbl
n, -N,-...-N. TOCUIMEH OpbIHayFa 0OJIa/bI.

Mpbican. bipinmn cemectpne cryaentrepre 9 mon kypriziteni. Cabak
KecTecinze ayiicenoire 4 opTyp:i cabakThl KaHIIa TOCUIMEH KOoFa 0oJazbl?

9 snemeHTTEH 4 KalTanaHOAWTHIH OPBIH aybICTHIPY/IBI ecentey kepek. Cabak
KecTeciHae OipiHII cabakThl 9 TOCIIMEH, €KIHII ca0aKThl 8, YIIHIIICIH 7 kKoHE
TOPTIHIIICIH 6 ToCUIMEH KotoFa 0osaasl. KebelTy epekeci OOMBIHIIIA KECTeHI KYPY

TOCUIZICP CaHbl MbIHAFaH TEH A94 =9.8.-7-6=3024.

3.2 KajitanaH0aiThIH KOHe KAUTAJTAHATHIH OPBIH aybICTBIPY MEH

Tepyai ecenrtey popmyJiaiapbl

Bapnbik MyMKiH 6osap (n,r)-OpbIH aybICTBIPY CaHBIH, SIFHU OPHAJIACTBIPY/IbI
TabaiiplK. O yIIiH KeOelTy epexkeciH OipTiHaen KojaaHamsel3. CoHbIMEH, S - N-

KUBIHBIHJA (N,r)-OpbIH aybICTHIPYBIHBIH OIPIHII 3JEMEHTIH TaHay YVIOIH n
MYMKIHIK Oap, eKIHII 3J€MEHTIH TaHaay yuH N-1 mymkingik 6ap. Cebe61 Oip
peT TaHJaJIFaH SJIEMEHT KaJlFaH TaHjayFa KaTbICMaWbl, KalTanaHOANUThIH OpbIH
aybICTBIPY KapacThIPbIN >KaTbIpMbI3. COJI CUSKTHI T-1111 3JIEMEHTTI TaHAAy YILUIH
N-r+1 myMmkiHaik Kanaael. OHna

A" =n(n-1)(n—2)...(n—r +1) =(ni—'r)|
Paceiaa
nt 1.2.3.(n-rnh-r+1)..(n-1)-n
(n—r)!_ 1-2-3..(n—r)

=(n-r+1)...,(n=1)n

myHaarel 0!=11=1. CoHbIMEH Kejieci TeopemMa JoJICIICHII.
Teopema. S - N-)KUBIHHBIH PETTENTEH I SJIEMEHTTI 1IIKI >KUBIHJAPbIHBIH

; n!
caHel A = (—)I (bopMyIachIMEH aHBIKTAIA IbI.
n—r)!
. n n!
Hepbec xarnaiina A/ =P, =R = o =n!

By n- 35IeMEHTTI 11IK1 JKUBIHAAP/IbI PETTEY TACUIAEPIHIH CaHBbl.

MywmkiH 6onap KailTalaHaThIH (N,r)-OpbIH aybICTBIPY CaHBbIH ecenTerik. by
XKarjaiia (n,r)-opblH aybICTBIPYBIHBIH K€3 KEJT€H 3JEMEHTIH TaHJam ajfaHHaH
KEeWiH Je KeJeci AJeMEeHTTI TaHjay YIIH h MYMKIHIIK COJ KYWIHIE KaJbIl
oteipannl. Onaii Oosca, keOeUTy epexeci OOHMBbIHINA KalTajdaHaThiH (N,r)- OPbIH

aybICTBIPY CaHbl MbIHaFaH TE€H 00JIaJIbI: A: =n-n.n=n".

TepyniH caHbIH ecenTeik. DIeMeHTTepl KaWTalaHOAMTBHIH peTTeIMereH
(n,r)-Tanmaynap OepinciH. Bapiabslk MyMKiH (n,r)- TepyaeH TYpaTbhiH >KUBIHHBIH
seMeHTTepiHiH canbiH C; e Oenrineiimis.
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C! xoHe Al CaHAApBIH CANBICTHIPAbBIK. A’ - N 3JIEMEHTTEH I GOMbIHIIA PETTEreH
tagmay cadbl; C' - n 3MeMEHTTeH r OOWBIHIIA PETTEIMEreH TaHIady CaHbL. T
KeJemal opOip peTTenMereH Tepyai ! opTypii TocuUIaepMeH perTeyre Oomamibl,
sran r!Cr = A'. bynan

"t i (n-r)t

AJBIHFaH HOTH)KCHI TeopeMa TYPIiHIe TYKbIpbIMIayFa 00JIa Ibl.

Teopema. S, - N-KUBIHBIHBIH OapyblK PpETTEIMEreH I 3JIEMEHTTI 1IIKi

cr=h__nt (1)

JKUBIHIAPBIHBIH CaAHbI

dbopMyIacbIMEH aHBIKTAIAIbI.

S,=AUAU..UA,. ANA=T,i=j,i,j=12..k

TYpiHae OeunikTey OepuICiH, sFHM A - S - N -)KUBIHBIHBIH, [ -1IIKI )KUBIHBI JKOHE

k
ZI}:n. S,- N-xubHbIHBIH (I;,1,,...,I)-06iKTey caHBIH ecenTeiik. S - N -
i—1

JKUBIHBIHBIH A I -ilIKi KUbIHBIH TaHman any yuin C' mymkinaik 6ap. Coman
KeHiH A, I,-IIKi JKUBIHABI KaaFaH N—1I DICMEHT apachlHaH TaHJall alyra

Gomasl, ce6e6i A N A, =, Byn tangayasr C?  TociiMeH icke ackipyFa 00Jajibl.

n
Ochl CHSKTHI KajFaH 1Kl KUBIHAAP Ja TaHJan ajbiHanbl. Kebelty epexeci
KOJIAAHBIM, S - N-KUBIHBIHBIH (I}, T,,...,I)-06IIKTey CaHbl MbIHAFaH TE€H

n!
h.Cc2 .ChB T - -
Cl+Crty Crty O T
S>'r, FRLIPL AN P

i=1

(2)

Pacreinna
n! (n—r)! (n-r-r,—.—r_)! nl
t(n-n) n(n-r-n) " ri(n-r-r—.-r) L.l

CoHbIMeH, CoMKec 3JIeMEHTTEepiHiH caHbl I,1,,...I -Fa TeH A,A,,...,A K

pETTEIIMETEH JKHUBIHAAPHI Oepiyice, OHAa OCHI KUBIHAAPILIH KOCHIHIBICHI PETiHJIC
n! .

S, - N-KUBIHBIH ———— OJIICIIEH KepceTyre 00Iabl.

rir.l.r!

!

1-mbIcag. 4 Gipneli maTematuka, 6 OGipaeit nadopmaTuka, 2 Oipred XuMuUs
OKYJIBIKTaphl 0ap. bapawirer 12 kiTanThl KiTall cOpeciHE KaHIA TOCUIMEH KOIOFa
oomannr?
12!

416121

=13860.
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2-mbicas. “Kazakcran™ ce3iHaeri opinTepAiH OpHBIH ©3TepTKEeHIET]
aJIBIHATBIH CO3/IEP/IiH (MaFbIHACHI3) CAHBIH Ta0y KEepeK.

“Kazakcran” cesinjeri oprypil apinrep A, A,,..., A, )KUBIHIAPBIH KYpaibl.
bepinren ce3mi OChl KUBIHAApFa OOJICEK, OJApIbIH OipiryJepi jkaHa MarbIHACKI3
ce3nep Oepeni. Mynnarel K=6, A ={a,a,a}, A ={kk}, AA={3}, A ={c}, A=
{t}, A, ={H}.bynan =3 r,=2,,=r=r=r=1.

bepinren xubH S ={K,a,3,a,K,c,T,a,H}. (2) hopmynacsl OOHUbIHIIA

]l 1.2.3-4.5-6-7-8-9
31z21nnt 1.2-3-1.2

Eunmi S, JKMBIHBIHAH KaWTanaHaThlH (N,I)-TEpy CaHBIH €CENTEHIK. S

= 30240.

n
KUBIHBIHBIH 3J€MeHTTepl 1,2,...,n caHAapbIMEH HOMIpJIEHT€H OOJICBIH. S - N-

JKUBIHBI aKBIPJIBI JKOHE CaHaMalibl OOJIFaHABIKTaH, OYJI KHCANTBl JKYPri3yre
MYMKIHIIriMi3 6ap. OHzna S, >KuUbIHBIHAH (n,r)-TepyZlH OpHbIHA ©3apa OipMoH.I
ColiKeCTiK apKachIHAa OraH SKBUBAICHTTI S ={L,2,...,N} skublHaFel (n,r)-Tepyui
KapacTeIpcak Oomansl. S’ JKUBIHBIHAAFB Ke3 KedreH (n,r)-tapmay {n,n,,...,Nn}
TYpPIHAE JKa3bUIaAbl, MyHAArel N, <N, <..<N , TEHAIK TaHOACHl KalTaJlaHATHIH
TaHJAyAbl KapacTbIpFaHABIKTaH MYMKiH Oomagsl. {n,n,,..,N} r-TagnaysiHa
aneMeHTTepal apTypai {n,n, +1,n, +2,...,n, +r—1} r-KUBIHBIH COHKEC KOSMBI3.
{n,.n,,...,n} xone {n,n, +1L,n, +2,...,n +r—1} apacelHnarsl coiikecTik 6ipMOHIL
{n,n,+Ln,+2,...,n +r—1} r-xusmeman S'U{L2,..,r =1} n+r-1-xusiHpiHaH
KalTanaHOaNThIH I-Tepy OOJIBIN TaObLIAIbI.

(1) bopmynacel OoiibiHIIa KaTanaHnOalTeiH (N+ 1 —1,1)-Tepy caHbl MbIHaFraH TCH

—! _
C' .. Ouma cr-cr_ - (n+r-D! n(+1)..(n+r-1) |
ri(n-1)! r!
Mpeicaa. Jlykenne koudertiy 10 opTypii Typiepi carbuianbl. 12 xkoHGETTI
KaJlail Tagaan aixyra 0oJiajbl?
12 koHder 10 op TypiHEH KailTallaHbII TaHAAI AJBIHATHIH OOJFaHIBIKTAH,
(10+12-1) 21!
12110-1)! 12!9!

TOCLIIMEH KOH(DETTI caThIl ajiyFa 00J1ajibl.
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4 I'pa¢Tap TeOpUACHIHBIH JJIEeMEHTTePi

Keitbip kommanOanpl MaTemaTHKa ecenTepiHjae OipHeme OObeKTiIep
apacblHIarbl Oaitnanbic xyhenepl 3eprreneni. OObeKTiIep mobenep AN aTaibll,
oJIap HYKTeMeH OelrijeHe/ 1, aja ockl Tebesep apachiHaarsl OaililaHbIC doeanap Jet
aTaJIbII, COMKeC HYKTEJIEp apachlHa CTpeiKaiap KO apKbUIbl OeNTICHEe/I!.
OcpiHpaii ky#enep rpadTsl Kypaiiasl. Mpeicangap: Kajgaaarbl
Kerienep xyieci: rpag Tebesepi - Kele KUbUIBICTaphl 00Jica, all
Joranap -0arbpIThl OENTUI KOIIeNnep; AIEKTP KYHecl; XUMUSIIBIK
OaiiaHbICTaFbl MOJIEKYJIanap; reorpadusIbIK KapTa; agamaap
apachIHIaFbl OailTaHbIC (aTa-Teri); MpPOrpaMMaHbIH OJIOK-
CYI0aChI; TPAHCIIOPT, dye Koymapsl. COHFBI MbICasIa Oip

4.1 Cyper NOyHKTTEH €KIHII MYHKTKE MapLIpyTTap caHbl OipHemiey Ooica,
OHJIa €H KbICKAChIH, KOJIAMJBICHIH 1371ecTipeMi3. OChl CHSKTHI €CEeNnTepil IIeury
yIIiH rpadTapra ecenreynep Kyprizy kepek [2, 196 oert].

d

K|

T

4.1 Heri3ri yFeIMJAap MeH aHbBIKTAMAJIAP

['padpra oOBEKTIIEp apachIiHAAFbl OAMIAHBICTHI CUMATTAUTHIHBI OENTLIl, aj
OaiimaHbpIc OaFbITTaFAaH HeMece OarbITTaaMaraH O0oJybl MYMKIH. COHJBIKTaH
rpadrap TeopuschiHAa TpadThIH HETi3rl €Kl TYPIH KapacThIpajbl: OarbITTaJIFaH

rpad — opepagh, barpiTTanIMaran rpad - H-epag.

41Kecte

H-rpa¢ (GarpiTTanmaran)

Oprpad (6arpITTanFaH)

1 G 6aseimmanmazan epagh nereHimMiz
exi xublHHBIH xyheci G=(V,E) He
G=G(V.E), mynnarel V-31emMeHTTEp1
Teberepi Jen  aTaJaThIH  aKbIPJIbI
KublH, E—31emeHTTEepl Kabwipea nen
aTajaTbhlH, €K1 DJJIEMEHTTIH  1IIKI
KUBIHIAPBIHBIH ~ JKWBIHBI, O  V
(pemmenmecen xynrTapiaH TypaTbiH)
JKUBIHBIHBIH 11Kl JKUBIHBL, {u,v}eE
opOip KaObIprachlHA U JKOHE V—
TeOeNepl OPTYPIIl 1€ ecenTeiHe/I].

2 erep e=(u,V) kaObIpra OoJica OHJIa,

a) U »xoHe V Telernepi KaObIpFaHbIH
wemxki Hykmenepi (ywTapbl) e
aTananbpl. U<V aemn OenriaeHenl;

o) {u,v} xaObIpFrachl U JkoHE V
TeOenepine UHYUOEHMMEN2EH,
KepiciHme U »oHe V Tebernepi {U,V}
KaObIpFacblHA HMHIUICHTTEITCH eI
aTaaJibl;

1 G o6asvimmanean epagh Ta exi
xubtHMeH O0epueni G=(V,E), myHnars
V-  onemeHTTepl  Tebenep  jAen
aTanaTtbhlH aKpIpibl kUbIH, E —V-man
aNBIHFAH pemmeieeH KYNTAP >KUbIHBI,
SFHA V xV KUBIHBIHBIH 1K1 >KUBIHBL,
JIEMEHTTEP1 doea JIeT aTanabl.

2 a) erep e=(u,v) nora 0oJjca, OHJA U-
JIOFaHbIH 0achl, V-COHBI IS aTajajbl.
(u,v) JOFaChIH u ToOeciHeH
OactanatblH  (IIBIFATBIH) JKOHE  V
TeOeciHe OaTaTblH (KIpeTiH ) Jen
aTalgpl. U—>V (HEMece u—g—>V) Jen

OeJnriieHenl;
9) u xoHe v Tebenepi (u,v) J0FachiHA
UHYuOenmmi JIeT aTanabl.

Erep nora v tebecinen Oacraica
HeMece Vv TebOeciHe Oarca, OHIA OI
nora Vv TeOeciHe unHyudeHmmi eIl

aTajajpl;
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0) U koHEe V HYKTenepl KaObIpFaHbIH
IIeTKI HYKTenepi Oosica (HeMece erep
TeOenepi Olp KaObIprara WHIIUJICHTTI
Oosica), oHma U xoHe V Tebenepi
covloauinac Nen atanajbl.

3 V mebeciniy Oapediceci JieNl OFaH
WHIUJAEHTTI  KaObIprajap  CaHBIH
aiitanmanel (p(V) aen OenriieHem).

4 merki HyYKTenepi  OerreceTiH
KaObIpFa my3ax Jem aTajajbl.

5 erep mMm - G H-rpadbIHBIH
KaOBIpFanap caHsl 6osca, onma »_ p(Vv)

veG
=2m, srHM OapiuelK  TeOenepAiH
JOpexKeepiHiH KOCBIH/IBICHI eKi
€CEeJICHIeH KaObIprajap CaHbIHA TEH.

0) moraHbIH U 0acbl V COHBI 0OOJIATHIH
TeOeNepi coibatiiac et aTajiajibl.

3 V mebeciniy wwviey Oapedceci
TebeciHae Oackl OOJaTBHIH JIOFaiap
CaHbIH aTambI3 (o (v),  p1(Vv) men
OenrieHemi);

Kipy Oapedceci el V TOOECI COHBI
OOJaTBIH JOFajiap CaHbIH alTambI3 (
P (v), p2(v) men Oenrineneni).

p(V)=p" (v)+ p" (v)
TOpeKeci.

4 noraHbIH Oachl MEH COHBI OETTECETIH
0oJica, 0N my3ax NeT aTtaaajpl.

5 erep m — G oprpadbIHbIH J0Faiap
caHbl OoJica, OHJA

To0ECIHIH

v

byn xKeple TY3aKTbIH Te0e
JopexesaepiHe KOocaThIH yiieci 2.

> )= Y p,v)=m.

VeG VeG
Exi nmopexere pae TY3akTBIH Kocap
yneci 1.

Eckepre kerenik, keiOip OKYJIBIKTa J0Fa OpHbIHA KaOBIpFa JIET >Ka3bLIabl.

Keneci anbIKTamManap/ibl €HT13eHiK.

1. Tex KaHa exi TeOere MHIUACHTTI 00JaThIH KaObIpFalap napaiieib HEMECe
eceni gen atajaaabl.

2. An ecemi KaObIpranapsl 0ap rpad myremuepagh nem atanaibl.

3. Erep anementrepi (Tobenepi MeH KaObIprajap *UbIHbI) IIEKTEYJ OoJca,
OHJIA epagh wiekmeyni AT aTanabl.

4. Erep tebenep xublHbI 00c (0yail Gosica KaObIpramap >KUBIHBI Aa 00C)
0oJica, oHa epag Ooc nen atanajisbl.

I'pa¢grapabin Oepiny Tociagepi

1. I'padgTet V xone E (Tobenepi MeH KaObIpranap) >KUbIHAAPBIHBIH KYOBI
TYpiHIE€ HeMece KaObIpFajap >KUBIHBI apKbUIbl Oepyre Oomaabl, oHma opOip
KaObIpFa MIETKI HYKTEJIEPiHIH XYOBbIH OLIAIpe/IL.

Mbicaanr: a) V={a,b,c} tebenepi men E={e e, } KaObIipramapbl apKbLIbI
oepuiirex rpad;

o) E={{a,b},{b,c}} - H-rpad yuin Gepinay *oJbI;

0) E={(a,b),(b,c)} - oprpad yuin Oepimy *oJbl.

2. I'padTel cyperre OcitHeney apkpuibl Oepyre Oomane, V={a,b,c},
E={{a,b},{b,c}} kabOwipranap >kubIHbI OOJATHIH CypeTTETiACH Oepyre OoaIbl.
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4.2 Cyper 4.3 Cyper
Mynga a xoHe b Tebenepi ceibaiinac xoHe onap e;={a,b} xKaObIpramapbiHa
UHIUICHTTI, al ¢; KaObIprackl a,b Tobenepine HHIMIACHTTI.

1-MbIca.
1 2 Y
e v 1X2
y iy * 4 3
Y J Ca B >y
G,
o
2 1 )
1 2
C d
3 ]
NG k| L|3 G, Ga
L
el q el
< Y
4 4
L|
E’ﬂ

4.4 Cypet
Cyperte kenrtipiired rpadTapapl CaabICThIPANBIK.
1. G;- G7 - H-Tpadrap,
Gg- Gy, - oprpadrap.
2. Gyxone G, - TonbIK Tpadrap, conpiMeH Katap Gi;= Gy,
3. G7 TombIK eMec, ce0eb1 TebeepiHiH KYObl KaObIpFaMEeH KOChLUIFaHBIMEH
1 Ty3ak (3 Tebene) Oap.

4. Gz Oapawlk TeOenepi Oesnek-Oesek opHanackaH (TpadThiH KaObIprajap
YKUBIHBI 00C).
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5. G4 xxone Gs rpadrapsl Oip-OipiHe TONBIKTAybI Oosanabl, siFHU Gi= G
xoHe Gs5=G,.

6. Gs— mynpTHrpad, cededi, a xxone b, e xone f ecenmi KabbIpramaps Oap.

7. Gg— oprpad, Gs— H-rpadbiHa ColiKec Kelei.

8. Gy xoHe Gyg TeH emec, ce0eOb1 e3rermie goranap 6ap: Gy -na (4,1), Gy -
na (1,4);

9. Gy; — OarpITTaNTFaH MyJabTUTpad, ce0edl a )KOHE B JIoFaapbl ecerl.

10. Gy, — mynpTurpad OoNMaiiabl, cebedi a KOoHE B JOFaJlapbl OPTYpJl
OarbITTaJIFaH.

2-mbicall. G- G, rpadTapbeIHbIH TOOSTEPIHIH JTOPEKECIH eCeNTey KepeK.

4.5 Cyper 4.6 Cyper

[emyi. Exi rpadteiy ga TepT Tebeci O6ap. V={1,2,3,4} TebenepiHiy
JOpekKeciH Tady Kepek:

a) angeiMeH G; rpadbIHBIH TOOEIEPIHIH I9pEKECiH TaOAMbIK.
p(1)=3, p(2)=4, p(3)=3, p(4)=4 (a-rpadTa TY3aKTBIH YJjeci 2-r¢ TCH).
ConbiMeneH, Y p(V)=14 =2m, m=7 - rpadTarsl KaObIpranap caHsl;

VeG
9) G, rpadbIHbIH TOOCIEPIHIH AOPEKECIH TAOaAMBbI3:
1) meiry mopexeci: p1(1)=2, pi(2)=3, pi(3)=1, pi(4)=1 (oprpadra
TY3aKThIH YJieci 1-re TeH);
2) xipy mopexeci: p2(1)=1, p2(2)=1, p2(3)=2, p2(4)=3;
3) > )= S pl)-7-m.

VeG, VeG,
3. 'padTeiH Gepiy KOJITApbIH 9pi Kapail KapacThIpabIK. AJIFAIIKbI €Ki JKOJI
OEM konnanyMeH ecentepil LblFapyFa kapamaiisl. ['pad OepiinyiHiH Tarbl O1p
TYP1 — epagpmouiy UHYUOEHMMIK MAMpUuya apKulivl Oepinyi.
G rpadwiablH OapiablK TeOenepli MEH KaObIpranapbl (Jofanapbl) TY3aKIeH
Koca HemipyieHreH ooncbiH: G=(V,E), myHmarb
V={V1,V,,V3,...Vn} - TOOCIIEPIHIH KUBIHBI,
E={e1,65,€3,...6,} - KaOBIpFajapbIHBIH KUBIHEL.
G rpadbIHBIH UHYUOEHMMIK Mampuyacsl TET eymeMi MxN GonaTeH (ajj)
MaTPHUIAChIH aTaMbl3, OHBIH YJIEMEHTTEP1 KeJIeCl )KOJIMEH aHBIKTaIa Ibl:
a) G H-rpadsI yuIiH
{ 1, i-mi Te0e j-11i KaObIpFaMeH UHIIMICHTTI OoJica,
a;=

0, Kapchl XKaraanaa;
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9) G orpadsl yiiH
1,erep i—wimobecinen j—wiodocacel wwblKca,

—1, erep I—wi mobecine j—wi doeacwl Kipce

a = _ Ny
" 2, erep j—wi myiiin,
0, kapcwt drcazvloatioa.
3-MbIcCaJl.
V={V{,V,,V3, V4} TeOeep KUBIHBI MEH

E={e; 6,63 €4 €}  KaObIprajgap >KUBIHBI
OeplireH.
byn rpad ymiiH = WHIOUIEHTTIK

MaTpHUIIAChI
1 1100
A= 1 00 0O .
0 0110
0 0011
4-mbIcaJl.

V={a;,a,a3} TebOeep )KUbIHBI MEH
E={1,2,3,4,5,6} noranap >KubIHbI OEpPLITEH.
byn rpaThlH HMHUMAEHTTIK MaTPULACHI
KYpaMbI3

-1 -10 0 0 0
A=l1 1 1 1 -1 1
4.8 Cyper 0 0 0 -1 1 -1

TeopusbIK 3epTTEyJe MHIMICHTTIK MaTpUIla KEH KOJJaHbUIFAaHMEH, OVII
O/IICTIEH €cel LIbIFapy OTe Y3aK.

4. I'pagpmol cwvibatinac mampuya apxviivl 6epy. I'padThiH MaTpuna Typie
OeplylHIH KOJaiibl Typl — chi0aiijlac MaTpulila apKbUIbl OepiITyi.

G=(V,E) rpadsmbmr B=(bjj) cbibaiinac marpumacel gem, esmemi NxN
OonaThlH IIApIIbl MaTpuia auTeuiafgel (N TebenepiHiH caHbl). CpiOaiinac
MaTpHUIIAHBIH JIEMEHTTEP1 KeJIeCl )KOJIMEH aHbIKTAJIa IbI:

a) G H-rpads yiriH
1, i-mi TeOe j-m1i TebeMeH chibaiiaac 6osca,
bij: <
L 0, Kapchl xKaraaiiaa;

9) G oprpad yriH:

1, i-mi TebeneH -1 Tebere JIoFa xKyprisiice,

~

L 0, Kapchl Kargana;
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0) G mynbTurpads! yuriH:
K, H-rpad YIIiH i-1111 )koHe -1 Tedenepal KocaTbiH KaObIpFrajiap CaHbl,

bij= HeMece oprad yiniH Oackl i-11i Tebeae COHBbI j-1i  Tebene 00JIaThIH
JIOFaJiap CaHebl;
0, Kapchl xKaraiia.
5-mbican. CyperTe kepceTuIreH H-rpad YIIiH cbl0aiIacThlK MaTPHUIIACHI

7 0110100
1001010

5 6 1001100
o1 10010

B_1110001

1 . 0001001
4.9CypeT 0 000110

6-mbican. CyperTe KopceTuireH oprpad YIiiH ChI0aiIaCThIK MaTPHUIIAChI

Vs 111
v B=1l0 0 1
010
Vg
4.10 Cyper

7-mbicasn. CypeTrre KepceTulreH MyibTUrpad YIIiH ChIOaNIacThIK
MaTpHIAChI

O R N O
=
R O R
R = P O

4.11 Cyper

Alita kerenik, H-TpadThIH cblOailyiac MaTpULIaChl A — CUMMETPHUSIIBI OOJIBITT
TaObLIaabl, sFHU A=A" (01 Karmaiia OHbIH OapIbIK KaObIpFaaaphl KOFapblaarsl
OH ymoOypeinTa aHbiKTanraH). Erep Oyn rpadra Tty3ak Oosimaca, oHjma Oac
JIMaroHajba HeJAep TYPaJbl.

Coi0aiinac maTpuila KeMeriMeH TeOeliep »KoHe KaObIprajap CaHbIH
aHBIKTayFa OoJajzpl:  TeOeyep caHbl N - MaTPHUIIAHBIH PETI,
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n n
KaObIpFajiap caHbl M = Zzbij .
i=1 j=1
Oprpad yoriH i-un >xoimarbl OipAiH caHbl i-mi TeOeHIH pi(V;) IIBIFY
AQpexeciHe TeH; j-11i OaraHgars! OipAiH caHsl j-1ui TeOeHIH po(Vj) Kipy AopexeciHe
TEH.
Jlofra caHbl cbI0aiiiac MaTpUIIAHBIH OapIIbIK 3JIEMEHTTEPIMEH aHBIKTaIa Ibl
n n
m=2.2.5
i=1 j=1
5. I'pagpmuiy Kabwvipeanap (Ooeanap) mizimi apxviivl Oepinyi.
NHIMIeHTTIK KaThIHACTHI WHIMACHTTIK MaTpHUIlaChIHAH Oacka KaObIpra
(mora) Tizimi apKpUIBI Oepyre Oomanbl. J[oFamap caHbl TeOenep caHbIHA KaparaHa
aHarypJibIM a3 OOJIFaH Ke3Jle KOJIJIaHFaH Kojaiibl. byi Ti3iM/l exi OaraHfa Ti3in
’Kazy apKbUIbl Oepeni: OipiHII OaraHra OapibIK KaObIprayiap (Jorajnap), ajl eKiHIIl
OaraHFa OChl KaObIpraylapFa HHIIMACHTTI ToOeNep/l eHrizei; H-rpad yiuiH Tedenep
peTi (koJizia) KajaybIHIA »Ka3bUla/ibl; all oprpad yIIiH ajajbIMeH Jora OachIHBIH
HOMIPI1 Ka3bIJIaIbI.

8-MbIcau.
42KecTe

Kabsipranap | Tebenep

AJNABIHFBI 3-MbICAIIAFbl TPAPTHIH
KaObIpFanap Ti3IMIMEH Oepiiyl.

o —h DO O O T D
A WODNNPE P -
AR DbbowownNnpdN

9-mMpbIcaJl.

4.9 Cyper
Ce30ama Oepinren rtpad apamac TunTi (kehOip KaObIprajmap as, ag
OarpITTalIMaraH), as alllllaKk OpHaJacKaH, €Kl Ty3aK (a; >KOHE a4 TeOeNepiHae), eKi
nora 6ap (a az), (azas).
Jloramap Ti3iMi €Ki JKUBIHTBIKIICH Oepiiaei
m=(1,1,2,3,4,4),
n=(1,2,3,4,3,4).
H-rpadter oprpadka aliHanapipy yIniH OarbITTaiMaraH KaObIprara Kapama-
Kapchl OarbITTalFaH €Ki JIOFaHbl Oepy Kepek. OpOip Ti3iMje KaHIma JoFa 0oJca,
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coHima sneMeHT Oomanbl. by meicanaa antet gora 6ap (1,1) (1,2) (2,3) (3.4) (4,3)
(4,4).

6. I pagpmoi cvibaiiiacmoly mizimi apxwlivl 6epy.

Keitbip ecenTepai mbirapy OapbIChiHIa TOOeIep MEH KaObIpraiap >KUBIHBI
e3repir OThIPabl (0J1 KUBIHHAH SJIEMEHTTEP aJbIHBIIN Ta, KOCBUIBI Ta OTHIPAIbI).
byn xarmaiina rpadThiH OepiTyiHIH KOJalabl Typl ChIOAMIACTHIK Ti31Mi apKbLUIbI
oepityl. by xaraaiiael KapacTelpMaiiMbI3, [5, 292 6et], [3, 244 6eT] cunarTairaH.

4.2 I'padprap usomopdusmi

['padTer opTypai xongapmeHn Oepyre OonaTeiHBIH Kepaik. Ceiz0ara Kapar,
Oip rpadThIH €Kl KEeCKiHI Me, 9J/ie OpTypil rpadrap Ma €KeHiH OuTy KHbIH.
Temenperi exi cyperte 6ip rpad O6epinren.

Ll
i K Us Hs
"."EI .
g ) Ug
U
4.10 Cyper 4.11 Cyper

['padThIH MaTpULIACHIHBIH K9HE KAaObIPFa TI3IMIHIH TYp1 OHBIH TeOeIepi MEH
KaObIpFajapblHbIH ~ HeMipJjeHyiHe OaiimanbicThl. Erep rpadTeiH Tebenepi
HOMIPJICHTEH 00JIca, OHA OJ1 MOoablRbIMEH DepiieeH epagh Nen eCenTeNHeIl.

AnbIKTama. Tex kaHa TebenepiHiH KoHe KaObIpFalapbIHBIH HOMIPJICHY1H/ e
FaHa albIpMAIIBUIBIFEI O0ap rpadTap uzomopgmel epagpmap nen atanaibl.

AnbikTama. Erep e;=(u,V)eE < e,=(o(u),p(V))eE, CbIOaIaCTHIKThI
CaKTaWThIH Oumekuust @:V, —»V, Oap Ooisica, onna G;=(V1,E;) xone G=(Vy,Ey)
rpadTapsl uzomopgmer nen aransin, G1-G, nen o6enrijaeHenl.

Teopema. I'padTeiH wu30MOpdU3MI OSKBUBAJCHTTUIIK KaThIHAC OOJIBIT
taObutaapl. PachkiHma wW30MOp(HU3M  SKBHUBAJICHTTIIIK  KATBIHACTHIH — OapiIbIK
KacHeTiHe cail Kenel:

a) pedaexcurTi (G-G);

) cummetpusiibl (Gi- Go= Gy-Gy);

6) TpaHBI/ITI/IBTi (G1~G2’ G2~G;3:> G1~G3).

['padprapasl n3omopdusm nomnairine AeiiH KapacTelpyra Oomnaabl. bapibik
u30MOp(pTHl TpadTap YIIH OIpAeil CaHIBIK XapaKTepUCTUKANap 2epaghmouly
UHBApUAHMbL 1€ aTaIabl.

Mpbicagsl, N(G) — Tedenepiniy canbl MeH M(G) — KaObIpranapeiHbIH caHbl G
rpadbIHBIH WMHBAapUaHThl OoJibin TaObLIaAbl. bipak Oysl artanfaH WHBapUaHTTap
U30MOPPU3M JONIriHE JACHIH aHbIKTaMmaiapl. MpIcaiabl, TOMEHIETI CypeTrTe
Tebenep caHbl MEH KaObIpFaap caHbl Oipjel, 6ipak Oyiap u3oMopQTh eMec.
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4.12 Cyper 4.13 Cyper

Erep exi rpadthiH Oip-OipiHEeH aillbIpMAIIBUIBIFEI TEK TeOENepiHiH
HOMIpJIeHylHJle FaHa O0oJica, OHJA OJIAapAbIH HHIIMACHTTIK >KOHE chIOaiiac
MaTpulaigapel 9pTypii Oomanel. bipak Oip rpadTbiH HMHUMACHTTIK (chiOaiinac)
MaTpPULIACKIH €KIHII TrpadThIH OCBIHAAN MaTPHUIIACHIHBIH >KOJIbI MEH OaraHIapblH
ayBICTBIPY apKBUIBI ayFa OOJabl.

Mpeicanbl 5x5 emmeMai MaTpuiaaa >koj MeH OaraHmap aybICTHIPBIM CaHBI
5!=n! 6onaaer. CoHABIKTaH MYHAl )KOJIMEH MaTPUIIAHBIH U30MOP(GU3MIH TEKCEPY
eTe y3aK.

Keitne rpadteiy wu3omMopdTulirin rpaduKTIK KepiHIC OoWbIHIIA KO3
xeTkizyre 6onanel. Cyperreri G, xoHe G, rpadTapsl usoMopdThl, cededi 3 TodeH1
2 xoHe 4 Telenep IeHreliHE KOTEpPCeK koHe G,-HI TOHKEpceK, G, XoHe G,
rpadTapeiHbiH hopmaniapsl Oipaet (Oipael rpadrap mbIFy yiniH TebenepiH KanTa
HOMIpJIEY KepEK).

— AN
( N

1 4 5 3

Gl GZ
4.14 Cyper 4.15 Cyper

Iuki rpagrap

Anbikrama. Erep V, ¢V xone E;cE opwiananca, onna G;=(V1,E;) rpadsr
G=(V,E) rpadsinbiy 6esici 1€ aTanabl.

AHbIKTaMa. Yimrapbl V; KUBIHBIHAA OO0JaThIH KaObIprajap (Joranap)
G1=(V1,E;) Oemirinme xatca, ouaa G;=(V1,E;) rpadsr G=(V,E) rpadsitbiH iwki
epaghel et aiTaMbI3.
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Mbicaabl

4 |3"1 I:Tl
B

4.16 Cyper 4.17 Cyper 4.18 Cyper
G1 — G rpadoinsiy imki rpadsr {1,2,3} TeGenepineH TybIHAaFaH,
G, — G rpadbiabIH O6tiri.

I'padrapra KoJgaHbLIATHIH ONepanusijiap

['padrapra KoITaHBUIATHIH ONEpalUsIapAbIH KeUOIpeyiH KeATIpIN eTEHIK:

a) G(V,E) rpadbbiy moavikmayviusr nen, meiHangain G (V,E) rpadsr
aTeuIamel: ke3-kenred UVeV, {u,v}kaOvipracel G rpadsinga katein, an G-ma
JKaTImamabl;

9) G1(V1,E1) xone G,(V,,E,) rpadraps Oepinres:

1) Gy xone G, rpadrapeinbiy Oipieyi nen (6enritenyi G Gy).

G1=G; UG=(V1u V2 E1UE) rpadsin aiitambis;

2) Gyxone G, rpadTapsiabiH Kustisicyst et (G~ Gy).
G1= G; nGo=(V1~ V2 E1nEy) Tpadsn aiitamsis;

3) Gy xonHe G, rpadrapbinbiH srcanzaysl (coequnenne) (Gi+ Gy) nen
G+ G, =(ViuVy EsUE, u{{u v} ue Vi VeV, u#v}) rpadsiH aiiTaMbi3.

3-MblIca.
2 3
2 3
1 G 4 ! G, 4
4.19 Cypet 4.20 Cyper

G, rpadsi G rpadbIHBIH TOJIBIKTAYBIIITBI OOJIATBI.
4-mbican. Gy xone G, rpadrapsl OepisireH.

Oz
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Git+ G
af] a,
a,
4.23 Cyper
Oz
Lz
G1u G E Fa G1n G2
(1
0,
4.24 Cyper 4.25 Cyper

Kes-kenren Tebenepi chiOailnac OOJATBIH TY3aKChbI3 H-Tpad moasblk Jem
atanaapl (SFHU KaObIpraJlapMeH KOChUIFaH). n Tebeni Tonblk rpad K, men
OenriaeHeni.

CypeTtTe TosbIK TpadKa MbIcall KEJITIPUITeH.

K, K3 K, Ks
4.26 Cyper 4.27 Cyper 4.28 Cyper 4.29 Cyper

['padTeiH KaObIpFanap canbl Kejecl GopMyTaMeH €CEeNTeNHEI]:

n(n-1)

m(K,)=

N -rpadThiH 0acThl KJIACCTAPBIHBIH Oipi N emwemoi xyomap (Hemece N-
KyOTap) Jien aTajaTblH Kjacc 0onbin Tadbagsl, Qn memn OenriaeHeni.
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Qn - N emmemai kyoTeIH TOOenepi opTypii 0 meH 1-11 KaOBUTTAWTBIH «N-Kay-
napaaH (KUBIHTBIKTapAaH) Typasbl, ajl KaObIprajapbl Kelleci epekesepre cyueHim
Oepiieni: colikec «N-kKan-jap Oip-OipiHEH Oip KOoOpJAMHATara albIpMAIIbLIBIFBI
OoJiraHja FaHa, TEK COJI JKaFJiaii1a FaHa Tedeepi cpi0aiiac 0omaibl.

5-mbIcaJ.
Rk} 1.1

11 1) (11

0oy (0.1

no
* o 10 {000 01,0

10,00 Tk Ny

4.30 Cyper 4.31 Cyper 4.32 Cypert

4.3 Mapumipyrrap, KoJ:KeTepJ K (JOCTUKUMOCTh), 0aliJIaHBICTBLIBIK
H-rpad men oprpad yurin Tarsl fa sxaHa yreimaap errizeMis. G(V,E) rpadsr

OepiiIciH.
AHBIKTaMa. V1,81, V2,€), ....., €,,Vps1 Ti30erl Vi KoHE Vpiy TeOenepiH
KOCAThIH Mapuipym A€ aTalajbl, MYHIAFbI Vi, Vy, ..., Vni1 e V, €1,6, ..., €, €E.

MapupyTTsl Vi | Vs, ...V TOOETEPIHIH TI3IMIMEH, €1, €, ...,65 KaObIpranap
(moranap) Ti3iMiMeH Oepyre O0oJaabl: Vi- MAPUIPYTTHIH 0aChl, Vpi — MapIIPYTTHIH
COHBI.

[ b1HAKBIp (5K0J1) — OapaBIK KaObIpFanapsl (JoFaiapbl) opTYypJii MAPLIPYT.

[ukn (KOHTYp) — TYMBIKTAJIFaH LIBIHXKBIP (3KOJ), SFHU 0achkl MEH COHBI TEH
(V1:Vn+1) .

Kapamnaiibim, sxaii MBIHXKBIP (3KOJ), kail UK (KOHTYp) — OIpiHII KOHE
COHFBI TeOeciHeH Oacka TeOenepi KaWTalaHOAWTBIH, SFHA €3  INIHAC
KUBLIBICTIAUTHIH TIBIHXKBIP (5K0JT), UK (KOHTYD).

AnbiKTama. Erep rpadra mukn (koHTyp) Oonmaca, OHIA O  AyukIdiK
(KOHTYPCBI3) JIeTI aTaaajibl.

AHbIKTamMa. MapiipyTThlH KaObIpFajJapblHbIH (IOFaapbIHbIH) CAHbl OHBIH
Y3bIHObI2bL ICTI ATAJIAIbI.

Erep U xoHe V TeOenepiH KOCaThIH Y3bIHABIFBI N OOJATHIH IIBIHXBIP (3KOJ)
Oap Oosica, U—"— V eIl J)Ka3aMbI3.

AnbIKTamMa. Erep Gackl U x0HE COHBI V OOJIATBIH MIBIHXKBIP (3KOJI) Oap
OoJica, oHa V Tebect U TodeciHEH Koacemepik (TOCTUKUMBIN) AT aTataibl.

AnbIKTaMa. Erep ke3-keiareH eki OeTTecnedTiH Telenepi MapuipyTieH
Kocblica, onna G u-epaghol baiinanvickan nemn ataaajbl.

AnbikTama. Erep G oprpadsina colikec H-rpad OaiinansickaH Oosica, OHZIa
G opepaghvl 0a 6atinanvickar nen aTanaipl.

Erep ke3-xenreHn U xoHE V ekl TeOeci e3apa KOJDKETEepiik Oosica, sFHU, U
Tebeci V TebeciHeH, ai V Tebeci U TebeciHeH >keTepiik Ooiica, oHaa oprpad
MbIKMbL OAUNA-HBICKAH ETI aTaJabl.

62



AnbiKTama. Keneci mapTtrap opbIHIAICHIH:

a) G; — 6oc emec OalnaHbICKaH (MBIKTBI OaiylaHbICKaH) Tpad;

9) erep G, — G rpadbinbiH OaitmaHbICKaH (MBIKTHI OaiJIaHBICKaH) 11TK1 Tpadbl
xoHe Gi- G, Gonca, onma G; = Gy, saran G; — G rpa@bHBIH MaKCHMabl
OaitmaHbICKaH (MBIKTBI OaljlaHbICKaH) 11IK1 rpadbl 00 bI.

Erep ochl eki mapt opbiHgaica, ouaa G rpadsiabiy G; imki rpadsr G(V,E)
rpadbiHBIH  Oaiianbicmul  Komnonenmacwvl  (OaWIaHBICTBIKTBIH — MbIKMbL
KOMNOHEeHmAcwl) JIeT aTanabl.

1—- mbicana. Cyperre H—Tpad OepiireH:

% % a) (V1,V 3,V4) — JKail TIBIHXBIP;
3) (V1,V3,V2,V1,V3,Vs) — MapuipyT
(IWBIHKBIP, OlpaK KapamnailbiM eMec);
0) (V3,V1,V2, V4) MapuipyT emec ({vy Vs } KOK);

.\/7 ) (V1,V2,V3,V4) — Kail UK,
) V1,V2,V3,V4 TOOCIIEpIHE KOC-KOCTaH JKeTyre OoJajbl
4.33 Cyper (3KeTepuIiK),
. " V5,Ve — Y3BIHJIBIFBI Oipre TeH IIBIHXKBIP;
' V;— ¥3BIHABIFBI  (-re TEH  IIBIHXKBIP,  aJlIlIakK
OpHaJacKaH Te0e;
1) oyn G rpadml OaitiianbickaH eMec, ce0el1 01 I
\ G OaiiylaHBIC KOMITOHCHTAChIHAH TYPAIbl {V1,V2,V3,Vs},
G {vs,ve}, {v7}-
4.34 Cyper

2 — mbicag. G, oprpadsl 6epiireH.

a) 1, 2,4, 5 vemece 1, 2, 3 — xaif xo;

2 %, - 9) 1,2, 3, 1 — xaii KOHTYp;
0) 5 Tebecl Ke3-KeNreH Te0EIEH KETEPIIIK,
3 . 5 TebeciHeH emIKaHAaill Tebere Keryre
OOIMaMIBbI;
C. B) 4 Tebeci 1, 2, 3 ToOECIHEH KETEPIIK KOHE
5 ToOeciHEH JKETIIENI].
4.35 Cyper

byn rpad OGaitnmanpickaH, Oipak MBIKTHI OalijlaHBICKaH emec, OHbIH {1,2,3},
{4}, {5} Tebenep KUBIHBI TYPiHAE OSPUITeH YIII MBIKTHI KOMITIOHEHTACHI 0ap.

Teopema. Ke3-kenren  rpadThl  KUBUIBICIAWTHIH  OailIaHBICKAH
KOMITOHEHTaNapbIH (ajn oprpad yIriH MBIKTHI OailmaHpicKaH) Oipiryl TypiHIe
KepceTyre Oosanel. I'pad Oaitmanbickan (oprpad YIIiH MBIKTHI OalJITaHBICKAH)
KOMITOHEHTanapra Oip FaHa >KOJIMEH >KIKTEJEe/II.
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ConbiMeH, H-rpadThiH OaiinaHbicKaH (HeMece Oprpa@ThlH  MBIKTHI
OaillaHBICKaH) KOMITOHEHTAJIAPBIHBIH TOOEIEPIHIH XKUBIHBI TpadThIH TOOCIEPIHIH
JKUBIHBIHA OOJIIKTEY KYpaiIbl.

G rpadbiHbiH  OaitanbpickaH (oprpad YIIiH MBIKTBI  OalaHBICKAH)
komroHeHnTajdapeiHbly canbl (K(G) nemece C(G) mem OenrineHenmi) OipMoHIi
aHBIKTAJIAIbI.

Erep K(G)=1 6oiica, onga G — OaiinansickaH rpad.

Erep K(G)>1 6oica, onga G - Gaiimanbiciaran rpad.

2- mbicanga G, oprpadpl YIIH MBIKTBI OalJaHBICKAH KOMIIOHEHTAJap CaHbI
K(G,)=3, an {1,2,3,4,5} tebenep xubiHbIHbIH {{1,2,3},{4},{5}} Oemixreyi Oap.

Bail1aHbICTBIK KOMIIOHEHTAJIAPBIH KIHE 0AHIAHBICTBIK
KOMITIOHEHTAJIAP/AbIH MBIKTBICHIH AHBIKTAY
['padThl cHTIATTAMTHIH TAFBI Oip MaTPHIIA KAPACTHIPANBIK.
AHbIKTamMa. Erep
_ 1, erep j ToOeci i-11i ToOeIEH KODKETEPIIiK 00JIca,
Cy = 0, Kapchl Jkaraaiaa.

Cij JIEMEHTTEepiHeH TypaThH M emmeMai (M=|v| - TeGe caHbl) MApIIbI
C=(cijj) maTpumacel oJwcemepnix  mampuya Ien aranansl (H-rpad yIIH —
ChIOAMIIACTBIK MAaTPHUIIACHI).

Kerepnik MaTpHUIIACBIH KEJECl KOJIMEH alyra Oonagbl: A — chlOaillacThIK
Marpuiackl 6onchiH, B=(bj)=E+A+A*+.. +A™ Kypaiibik, coHa

_|1,erep b; =0
i _{O, erepb; =0

by xerepiik Marpunansl Ta0y 9/iCi ThIM Yy3aK, KOJIAWJbl TYpiHiH Oipl —
Yopmonna anroputMmi [4, 282 Oer]. Kapamaiibim sxarmaiina C MaTpuIiachlH
rpadThIH TpadUKTIK KeCKiHIHEH TabyFa Oomaibl.

3-mbicaJ. G rpadsl (aIABIHFBI 2 — MBICAJIJIAFRI) YIIIH KETEPIIIK MaTPHIlA
111 1
111
C=l1 11
0 0O
0 00O

C wmarpunaceiHaa rpad >Je€MEHTTEpiHIH MapIpyT apKblUIbl OailllaHbICHIH
Oakpuiayra Oonanel. H-rpad ymin cj=1 6omca, onna rpad Oarinaneicka. JKammsl,
H-TpadThiH  Oaitmanbickan C  Marpunacel rpadThlH  TeOenep  KUBIHBIH
KOMIIOHEHTTEPre OOJIIKTeHYIHE COMKEC KeJEeTIH JKBUBAJICHTTIK KAThIHACBIHBIH
MaTpHUIIaChl OOJIBITT TAObLIA/IBI.

1-mpicangarsl G rpadbIHBIH )KETEPIIK MAaTPULIACHI.

e

e
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bipnepaen TypaTbiH G0KTap yiI OaiIaHBICTBIK KOMIIOHEHTaIapbIHA COMKEC
kenem. {1,2,3,4}, {5,6}, {7} Tebenep >XUBIHBI, SFHU TOOEIEP >XUBIHBIH OCHI
KOMITOHEHTaIapFa 0eJIKTeyre Colikec Kee/i.

Oprpad yIIIH KETepyliK MaTpulla KeMeriMeH TpadTbhlH  MBIKTHI
KOMITOHEHTanapbelH TaOyra Oomanbl. C=(Cjj) MaTpHUachlHaH Oacka Q=C'=( dij)
MaTpPHUIIAChIH KapacThIPCcaK

1, erep i Tobeci | -11i ToOSIEH KOJDKETEPIIiK 00JIca,

o

Qij =
0, Kapchl Karaaiiaa.

Q-1bI Kelize JkeTepIikke KapaMa-Kapchl MaTpHLA Jel Te aTaiabl. S=(S;;)=Q *
C wMmaTpumacelH KapacThlpaMmbl3, MyHAarbl * omepamusicel C  xone Q
MAaTpPHULANAPBIHBIH DJIEMEHTIH DJIEMEHTKE KOOCHTy 1 OLnaipent, sFHu Si=Cjj- jj .

Erep Vi xoHe Vj ToOenepl o3apa KeTepimik 0oinca, oHxa onap rpadTeiH Oip
MBIKTHI OailJlaHbICKAaH KOMIIOHEHTACHIHAA OpHAJIACKAHJBIFBIH OUIAIpeni *KoHE S
MaTpHULACBIHBIH COHMKeC 3JIEMEHTI 1-re TeH, srHu Sjj=1. CoHbIMEH, V; TeOeciHeH
TYpaTblH MBIKTbI OallIaHBICKAaH KOMIIOHEHTa Sj=1 OonaThlH V; TeOenepiH nue
KAMTH/IBI.

2 — wmbicangarel opradThl KapacTeipaiiblk. OHbIH C xerepiik xoHe Q
KETEPJIIKKE Kapama-Kapchl MaTpullajapblH KYPBIN, OJapiblH S KOOEWUTIHIICIH
KapacThIpaMBbI3.

11111
2 - ] 11111
C=/1 1111
] ] 00011
00001

4.36 Cyper
11100 11100
11100 11100
C'=l11100 S=C*Q= |1 1 1 0 0
11110 00010
11111 00001

S MaTpulachlHbIH OipiHIII KOJbI OOMBIHIIIA O1p TOOECIH KAMTUTHIH MBIKTHI
koMrioHeHTa {1,2,3} TeOenepiHeH Typaabl. S maTpuuacbiHaH 1,2,3 Tebenepine
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CollKeC KeNeTIH kOoJaap MeH OaraHIapnbl ChI3BIN TacTaiiMbl3. MbIHa MaTpUIlaHbI

10
ajJaMbI3 Si= .
0 1

S; MaTpuIachIHBIH O1piHIII KOJBIH/A KanFel3 1 Oap, o 4 TebeciHe coiikec
KeJIe 1, KeJiecl MBIKThI OaljlaHbICKaH KOMIIOHEHTa O1p TeOeeH Typaasbl, oi {4}. S;
—7eH 4 TOOCCIHEH TYPATBIH KOJ MEH OaFaH[IbI CHI3BIN TacTaiiMbI3. Kanran Marpuia
S,= (1). bepinren rpadThlH MBIKTBl OalJIAHBICTHIKTBIH YIIIHIII KOMITOHEHTACHI
eKiHIIiCcl cHusKThl Oip TebOeneH Ttypanasl: {5}. CoHbIMeH, TpadTbIH MBIKTHI
0alIaHBICTBUILIFBIHBIH 3 KOMITOHEHTAchl Oap: {1,2,3}, {4}, {5}.

4.4 I'padpTapabiH MAapUIPYTTAPbIH 3€PTTEY

Chpi0aiinac MaTpHUIIAHBIH HETI13T1 KOJMAAHBUTYBl — OJ apKbUIbI K Y3BIHABIKTHI
MapUIPYTThl aHBIKTAY OOJIBIN TaObLIA/IbI.

Teopema. G=(V,E) rpadsi 6epinciH, V:{le,Vz,...,Vn} TeOesep KUBIHBL, A —
G rpadsinblg ceibaiinac MaTpunacel 6oaceiH. A= A-A- ... -A=(a;) MaTpuIaCBIH
KapacThIpaNbIK.

Erep a;j=m 0ouica, oH1a V; TeOeciHeH Vj ToOeciHe k Y3BIHIBIKTEI M MapLpyT
Oap Gomabl.

1-mbican. CypetTeri apaiac TUITI TpadThl KapacThIpanbIK.

1 2 3
‘\H/
4.37 Cyper
0 0 01
. 1 011
byn rpad Ty chibainac Matpuniacel — A= 010 ol
1100

2 . . . : :
A TabalibIK (MaTpUIlaHBI MaTpullaFa KOOEUTy KapamalbIM OJICTIEH 1CKe
aCBIPBLIAJIBI):

0001y (000 1) (1100
A2zl 0 L1 1011 1201
0100 (0100|1011

1100 1100 101 2

a’13 =0, Y3BIHABIFBI 2-T¢ TeH -1 TobeneH 3-1mi Todere MapmpyT koK (1 —2 3).
a5, =2, Y3BIHABIFBI 2-T€ TEH eKi MapmpyT 6ap (2—2— 2): 2-4-2, 2-3-2.
a’ss =1, Y3bIHABIFBI 2-T¢ TeH |MapmpyT Gap (3 —2—>4): 3-2-4.

66



O Lk O
= =)
O O R, O
o O K
i i
o o N
h Pk O O
N P PO
N P oW e
w N kO
o o N B
B koW N

Enzi MapmipyTThIH ©31H aHBIKTAHbIK.
a’13 =1, y3BIHABIFBI 3-Ke TeH |-meH 3-ke meiiin 1 mapmpyT Gap (1 —2»3): 1-4-2-3.
(1,4,2,3) Ti30erin Marpunagapipl KOOSHTKEHHEH KeWiH aJblHFaH MaTpula
JlIeMeHTiHeH anyFa Gomazgel. A® Marpumaza:
a’13 =a’y;- a3 +a’yy- At a’13- Asst a’14-Ag3

1=1.0+1-1+0.0+0-0.

backama aiTkaHja, a313 DJIEMEHTIHIE HOJI €eMeC KOCBUIFBIIITEI 3212
KoOeUTKil Oeperdl, MyHIarbl a212 YIIIH HOJ e€MeC KOCBUIFBIIITHI a14-a4p O€penl
(IFHU a14-a42 -a23 ). COHBIMEH TOMEHI1 MHJIEKCTEp OOMBIHILIA COHBIHAH >KOFapbl
Kapal KbUDKBICAK, 1-4-2-3 (an kakmanma 1-4-4-2-2-3, xaiitanaHaTelH 4-4 OpHBIHA
4, anm 2-2 opHbIHA 2 CaHbIH ally KEPEK).

I'padgrarsl apa KAIBIKTHIK

G=(V,E) Gaiinansickan H-rpad, an Vi, Vj — G rpadsIHbIH opTYpii Tebenepi
OOJICHIH.

AHBIKTaMa. Vj )KOHE Vj; TeOeIepiHIH apachIHIAFbl apa KauiblKmulk el
yIITapsl Vi oHE Vj OONaTbIH KapamaibIM IIBIHXKBIDJABIH €H Killl Y3bIHIBIFbIH
aitambi3. d(vi, Vj) nmenm OenrineHeni. byn >koJIMeH aHBIKTadFaH apa KaIIBIKTBIK
METPHUKAHBIH OapJIbIK aKCHOMaJIapblH KaHaFaTTaHABIPAIbI:

1) d(vi, vj)>0, consimen katap d(vi, Vj))=0 < V; =V;;

2) d(vi, vj)=d(v;, vi);

3) d(vi, Vj)< d(vj, Vi)t d(Vy, Vj) Oyt yIOypsIuTap TEHCI3Iiri.

V={V1,Vy,...,va} TpadTeiH Tebenep xublHBI OonchiH. D=(djj) MaTpuacsH
KapacTbIpaiiblk, MyHaarsl dij =d(V;, Vj). D MaTpuLacel apa Kaubikmoelx mampunacsl
Il aTajagbl. AiTa KETEIIK, DZDT, aFHUA D — CHMMETpUSIIBI MaTpUIIA.

Keneci anbIkTamanapipl €HT13eHiK.

1. v Tebecinin sxcyenmpucumemi aen (e(v) aen oenrinereni) max{d(u,v)/
UeV} ailTambI3, COHBIMEH JKCIIEHTPHCHUTET JCTEHIMI3 OepiireH ToOeAeH €H albIC
OpHajacKaH Te0ere ACHIHTI apakalIbIKTHIK. D apa KambIKTHIK MaTpUIAChIHAA Vi
TOOCCIHIH dKCyeHmpucumemi AT 1-1I11 )KOJIAFbl €H YIKECH caH alThLIa Ib.

2. G rpadwibiH Ouamempi nen (d(G) nenm OenrinmeHemi) TebenepiHiH
SKCIIEHTPUCUTETIHIH eH yJKeHi aiThuiaasl. d(G)=max{e(v)/veV}.

3. Erep e(v)=d(G) Goica, oHza V anuax opHaiackan mebe 1en aTanajbl.

4. G rpadsbiH paduycet nen (r(G) nen OenrijaeHe 1) dKCUSHTPUCUTETTIH €H
kimrici auteianel. r(G)=min{e(v)/ve V}.

5. Erep e(v)=r(G) Goiica, oHza v opmansvix mebe Aen aTanaipl.

6. OpTalnbIK TeOENEP/IIH KUBIHBI TPA(THIH yenmpi eTl aTaiajbl.
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2-mbican. Cyperreri G rpadsiH KapacTeipaiiblk. OHBIH apa KalIbIKTHIK
Matpunacel - D.

y 5 01312

1 0211

2 D=|3 2 0 2 1

11201

1 21110
4.38 Cyper

MaTtpuiianblH op KOJIbIHAH €H YJIKEH CaHJIbl TaHJalMBbI3, OIpIHIII KOJAa €H
yiikeH caH 3, conapikTan (1) =3. Con cuskrel e(2) =2, e(3) =3, e(4) =2, e(5) =2.
By TaObutFaH  SKCHEHTPUCHUTETTEp apachlHAH €H YJIKEHIH TaHJaWMbI3, 01 - 3,
ouait 6osca quametrp d(G)=3, an eH kimrici paguycthl 6epeni - r(G)= 2. byaan 1, 3
— ajmak opHajackaH teOenep, 2,4,5 — optanblk Tebenep, {2,4,5} — rpadThiy
IIEHTPI.

4.5 I'padrarsl apa KaIbIKTBHIKTHI 3epTTey. EH KbICKA 7K0J1 TYpPAaJibl ecen

I'padTeiH opTanbik TebenepiH Ta0y ecenTepi MpakTUKaAa KUl Ke3IeCel.
Mpicaibl, rpadThiH TeOeepiHe — Kajlajlap/blH ayJaHlaphl, ajl KaObIpFachlHa —
OJIap/IbIH apachIHAFbI KOJIJIAP COKec Kenel Aen ecenTeilik. EMxaHa, nykeH skoHe
T.0. MeKemesep/ i KOJIaabl OpHAJACTBIPY Tajam ETiIedl, SFHU OChl MEKeMere
JNEWIHr1  eH  almaK  OpHajacKaH  ayJaHJapAblH  apa  KallbIKTHIFBIH
MUHUMaNM3anusuiay ecedi TybiHAan oTelp. Omait Gosica, Oyin Mekemesnep/l
OpHAJaCTBIPy OpBIHAAPHl TpadThiH OpTAIbIK Tebenepi 0oy kepek. MyHna
KOWBUIFAH €CeNTep/AiH IWIapThl ewmipjerire cail keme Oepmeiiai, cebeOi
ayJlaHJapabIH apaKalIbIKTBIFBI, )KOJI YaKbITHI T.0. JKaFmaiiapra KeHiaI 0emyre Typa
KeJie/l. OPTYPIIl KaFailsiapAbl €CKepy YIIIH OJIIIeHTeH TpadTap KOJIaHbLIAIbI.

G(V,E) rpader Oepinren. G rpadsiHbIH manbacul (HeMece TaHOaIapabl
OpHAJIaCThIPY) AN

f:V—S, (f pynkuusce! Tebenepinin TaHOAIAPBIH OPHATIACTHIPY),

g: E—>Sg (kaOwipramapblHbIH (AOFAIapbIHBIH) TaHOAJApbIH OPHATIACTHIPY)
XKyObIH aitambi3. Onaii 6oica, (V,E,f,g) TeprTririn enweneen Hemece manbananean
rpad aen aTaliMbI3.

Erep veV, ouma f(v) — v Tebecinin caamarsl, an €< E Oonca, onna g(e) - e
KaOBIPFaChIHBIH (JOFACHIHBIH) CAJIMAFHI.

I'padTeiH Tek KaHa TeOenepi TaHOananraH (OHAa J=CONSt) Hemece JoFanapbl
raHa TaHOananraH (oHma f=const) sxarmaiimapel sxui Ke3aece/i.

1-mbican. Cyperre Y3bIHABIKTaphl OCITUICHTeH aBTOKOJIK KOJIIAPHIHBIH
cynoacel (V,E,f,0) tanOananran rpadbiMeH OepisireH.
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A 400 Vs

600

250 300 Vs
Vy

4.39 Cyper

V; - Acrtana
V, - Ekibacty3
V3 - Cement
V, - Kaparanjsl
V={Vy, Vy V3 V4,V5} , E={{V1, Vo }{V2 V3}, { V1, Vi}{ V2, V4}},
f: VoS, : S — kananap xwubinbl, f(Vi)= Acrana, f(V,)= Ekibacty3, f(V3)=
Cewmett, f(V,4)= Kaparanpl.
g: E->Sg @ S — apakammbikteik Q({Vi V2})=400, g({V. V3})=600, g({V.,
Va})=250, g({V2, V4})=300.

OnuieHred rpadTarbl JOFalapiAblH CaJMarbl Typaisl akmapartsl W=(Wj)
caJMaK MaTpHIackl TypiHje 0epyre 6onaabl. On Keneci TYpAe aHbIKTala b
erep (d;,8j) moracel O6ap Goisca, Wij — (,8j) LOFACBIHBIH CaJIMaFbl, al CaIMAK KOK
KepJIepAiH OpHbIHA KOChIMINIA MaiMeTKe cail 0 Hemece oo TaHOaIapblH KOSABL. (00
- erep tebenep coibaitnac 6onmaca). XKorapeinarsl MpIcaiarbl rpad YIIiH calMak
MaTpPHIIACHI:

0 400 o 250
400 0 600 300
o 600 O 00

250 300 o 0

Onmienren rpadTap YIIH apakallbIKTHIK, SKCIIEHTPUCUTET, Paauyc, T.O.
YFBIMJIAP CHT13UII1.

G(V,E) emmenren rpad OoschiH, MyHmarbl 9pOip (V1,V,) JOFaChIHBIH
caJIMarsbl
1 (V1,V,) canbl OoJickiH. Keneci aHpIKTaMasap sl HI13eHiK:

a) Vi,V Vir1 (Vi Vie1) ©3apa skanraHraH OOJICBIH. ©O3apa »KalFaHFaH

W =

n
MapuipymoliHoly caamaol 1en 1= u(V;,Vi,,) CaHbl alTbLIAIbI;
i=1

9) Vi XKOHE Vi TebOenepiniH apacbiHIarbl 0y(V1Vhe1) (W — apakamibIKThIK)
OIUeH2eH APAKAUBIKMBIK TCTI V1 ¢ V ;1] MAPIIPYTHIHBIH CH a3bl alThIJIAIbI.

0) Vi  KOHE V.| TeOelepiHIH apachblHIAFbl ey KblCKa Mmapuipym Jer,
canmmarbl 0yy(Vy, Vn+1)-T€ TCH OOJATHIH MapIIPyT aUTHUIAIBL;

B) V TeOeciHIH onueneen sxcyenmpucumemi nen (ey(V) gem Oenrimenesmi)
ew(V)=max{dy(v,u)/ UeV} canbl aiiTbLIaIbI;
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r) G rpadsinbH onweneen paduycwt (ry(G) men OenrineHemi) Iem opTallbIK

TeOEMEH OJIIIIEHTeH SKCIICHTPUCUTETTI alTaIbl;

1) ew(vV)=min{ey(u)/ueV} opeinaanatein V Tebeci G rpadblHbIH oUEH2EeH
opmanviK mebeci 1eN auTabl.

2-mbicai. JXorapeigarel Mbican yimiH €,(V1)=400 V; Te0eciHEeH MIbIFAThIH
eH y3bIH o1, Con cuskTsl €,,(V2)=600, e,(V3)=600, e,(V4)=300.

A¥iTa KeTelmK, erep opOip MOFaHBIH Y3BIHIBIFBIH 1-T€ TCH JeN ajcak, OHJa
caJIMakchI3 rpad amambl3.

Kbicka MapuipyTThl (3K0J11b1) Ta0y

Kpicka MapiipyTTapabl aHBIKTAyJbIH OipHerne Tocuiaepi (aaropurmuepi)
O6ap. On Tapmay ecenm mapThiHA (MBICATBI KaOBIPFa OJIIIeMi Tepic HEMece KOK
00Jybl MYMKIH), IIEHTYy >KOJbIHA (KOMIBIOTEPAE, KOJIMEH) OaistaHbICThl. (DronI-
Yopmomn [4, 611 6et], Dopa-bennman [1, 126 6et])

Bbapnbik KaObIprajapblHbIH caJMarbl TEPIC eMec OJIIeHreH rpadrapra FaHa
KOJIAHBUIATBIH /letikcmpa aneopummin KapacThIpabIK.

JlefikcTpa adrOpUTMIHIH OPTYPJl HYCKAJAaphlH Ke3aecTipyre OoJajbl,
MBbICAJIbI CajIMaK MaTpHIAChIH KoyimanoOait ( [4, 613 6et] ) skoHE OChbl MaTpPHUIIAHBIH
keMeriMeH ([4, 615 Oet], [1, 127 Get]) komnbroTepae Koyiaany yuriu ([3, 271 Ger)).

bi3 CynomiactoBTa YChIHBUIFAH HYCKAHBI KApacThIpaMbi3.

G(V,E) — n Tebeni emmenren rpad Oepincin. W=(Wjj) — OHBIH caimak
MaTpuuacel (w; >0).

benrinenren 6ip V; TebecineH (OHBI OacTaMachl JeM aTaiMbI3) KaHaai-1a 6ip
Oacka Te0ere NEHiHT1 OJIIIEHIeH apaKalIbIKTHIKTh TA0Yy KepeK.

Ty apxeuisl V \{ vi} TeGenep xublHbIH Oenrineiik, srau T, — 6acramaceiz V
Gapibik Tebenep kubmbl, DV=(d,Y | d,\Y, ..., d,) Gemrineyin enrizeiiix,
MYH/JIAFbl di(l):O, dj(l)=Wij (i#)), sran DO cajMaK MaTPUIAChIHAAFBI 1-1111 YKOJI.

S Kamam kacanbIK. S- KaaaMblHaa | g TeOesep KUbIHBI MCH D(S)=(d1(s) , dz(S),
ey dn(s)) YKOJIIap aHBIKTaNFaH O0JCKHIH. Bi3/liH MakcaThIMbI3 Ts. TeH Tgii-Ke Kollry
wore D® -tem DEV -re kemy. Enmi dj(s):min{ d®/ vy e Ts} opeIHDanmaTeIHAAN
Ts -TeH V; ToOeCiH TaHall alaMbl3.

Ts=Ts{ v j }, D(S+1)=( d1(8+1), ey dn(8+1)) OO0JICBIH, MYH/TaFbI

dk(SA) = dk(s), CIrep v, ETSJrl’
dk(s+l) = min{dk(s),dj(s) +ij}: erep v, €T, .

S=n-1 kamamma D™V=(d;"?, d,"V. ., d,"Y) sxonsH anambi3, MyHKaFEl
— V; ToOeCiHEH Vj ToOECIHE IEHIHIT OJIIICHIeH apakKallbIKThIKKa TeH d j(”'
=d,,(v;, V).

3-mbicana. Cyperreri rpadtbl KapacTelpailblk. A TebeciHeH F TeOecine
JIEH1HT1 KbICKA apa KallbIKTBIKTHI Ta0y KEPEK.

Memryi. V={A,B,C,D,E,F} — Te0enep KUbIHbI.

dl(n-l)
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4.40 Cyper

Ocpl rpad yIIiH calMak MaTpUIIAChIH KypanbIK.

0 5 6 o o o
5 0 3 7 2 10
6 3 0 oo 7 o
W=l 7 0 0 o 2
o 2 7 o 0 4
o 10 o 2 4 0

min=(a,c0)=a
min=(00,00)=00
a+oo=00

00+00=00 JIEIT KEJIICEUIK

A TebOeciHeH F-ke neifiHr1 eH KbICKa *OJIJbl Ta0y KepeK OONFaHIbIKTaH, A
Tebeci Oactama GoJabI:

a) T;=V\{A}={B,C,D,E,F} 0Oacrama HykTeciH TeOejep >KMBIHbIHAH aJIbIIl
TaCTalMBbI3.

D(l):(O, 5,6, 00,00,00) - caJIMaK MaTPHUIAChIHAAFBI O1PIHIII KO,

3) T, mer D® —re xomry ymin DY sxonsimarsr (w, -neH 6acka) caaMakTap
IIIIIHEeH €H KIIIiCiH Taybln Oenruieimis. O — 5, Keneci Kajamaapaa o1 e3repiccis
KaJIBITT OTBIPAJIbI, TaFbI J1a ©3TepicCi3 KaIaThlH MapaMeTp — OipiHmn Typran 0, Oy
A-nan A-ra nediHri apa KalIbIKTHIK. AJl 5 canbl B TebOeciHe coiikec KeneTiH
canMak, oubl Ti- eH anwin Tacra, T, -Hi anamei3 T, ={C,D,E,F}.

D@ any yuriH B TeGecine colikec KeNeTiH >KOJIbI KOIIPII Ka3aibIK.

.,503 7 2 10
55 5 5 5
5812 7 15
Aunsieras sxonasl DY -men CaJIBICTBIPHIII, D®@ -neri coiikec OpBIHFa €H KiIlIl
CaHbI J)Ka3aMbI3 D(2)=(0, 5,6,12,7,15);

0) Ts men D® aJTy YIIiH eKIHII KaJaMIaFbl Iapajgap/ibl KanTaaaiMbI3.
Ts=T\{C}={D,E,F}. W-narsl C-ra caif yIIiHIIIi O0J:
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.6 3 0 o 7 o
6 6 6 6
6 © 13 o
(anmaBIHFBI €K1 CaHIbl KapacThIpMaiMbI3, ceb6ell oJapIpIH OpHBIHIA ©3repMeiTiH
YKOHE 5 caHIaphl TYP).
Anbiaran xomgsl D@ -men CaJIbICTBIPBIII, D® -teri coiirec OpBIHFAa €H
KIIIICIH JKa3aMBbI3 D(S):(O, 5,6,12,7, 15);
8) D®-teri corrs! yiu cannbi 12,7,15 apachlHaH €H KilTiCiH TaHIaHMBI3, 071
7. E TebeciHe coiikec KeIreHIiKTeH, OHbI Ja anbin TactaitMbi3 T4= T3\{E}={D,F}.

0 4 -E Ttobecine caii OeciHIIIl KOJI.
7 7

o 7 11
Aunpiaran xoias D@ nen CaJILICTBIPHITI, D(4)=(O, 5,6,12,7, 11) anampiz;
) eHal D®-ten 15 nenl1 caHJIapbIHBIH Kimrici 11 6oaraHABIKTaH, OFaH
coiikec Te0e F —1i anwim TactaiiMeiz Ts= T4\{ F}={D}.
o 10 o 2 4 0

11 11
13 11
DW-nien CaJIBICTBIPHITI, D(5)=(O, 5,6, 12, 7, 11) amambi3. CoHFBI JXOJaH Keleci
KOpBITBIHIBI Jkacaiimbiz dy(A,A)=0, d.(A,B)=5 dw(A,C)=6, dw(A,D)=12,
dw(A,E)=7, d(AF)=11.
XKayaosr: d,,(A,F)=11.
Alita kerenmik, Oy Hyckana A TeOeciHeH F TeOeciHe KbICKa KO
KECKIHEJIMETEH.
Ochl ecenTi menTy/IiH Kellecl HYCKAChIH KapacThIpanbIK.
Cyperreri rpadThl Keieci Typae e3repremi3 (sSFHU 9p Telere
KOOPJIMHATACHIH TIpKEN ’Ka3aMbl3):

D{c=,0)
B (= .0) F(e.0)
g y
(e 0)
A(=0) ° C{e,0)

4.41 Cypert
a) A TebOeciHeH F TeOeciHe OTETIH KbICKa KOJIJIbI cajlalblk. Op Telere
OCJITUIGHIeH PETTENTeH JKYITHIH (0,0) OIpiHIINI KOMIIOHEHTAaChl TOOETe >KETKEH

Ke3Jlerli KbICKA JKOJJIBIH Y3BIHIBIFBIH, a €KIHIII KOMIIOHEHTa KbICKA YKOJIJIBIH
annbiHFBl TeOeciH Oinmipeni. XKon TaOpuiMaiibiHIa, OIpIHIITT KOMIIOHEHTA oo, all
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exinmrici 0 Gonbin Typanasl. KoMmoHeHTanapel TypakThiFa ailHamFaH Te0e epeKiie
OenruieHeml.

AnropuTMHIH OIpiHIIN KaJaMbIHAH KEWIH MbIHA CypeTTi  anambi3 (A
TeOeciHeH ko O6actanFanabikTad, A(0,0));

0= ,0)

B (.0 F(=.0)

g y
! - E{= 0}
ARDY 5 (e 0)

4.42 Cyper
o) B xone C tebenepi A TebecimeH chibaitiiac OONFaHIBIKTaH, €K1 KajgaM
acayra Oonanbel. B Tebeciniy perrenreH xkyObiHa (5,A) MoHIH O6epemis, cebebi |
KoMroHeHTa 5 —0yi1 A MeH B apa kambIKThIFbI, an [l koMnoHeHTa — aaabIHFBI TOOE
A.
An C rebecine |AC|=6 OomraHibIKTaH (6,A) MoHiH Gepemis. Perrenren

KYNTapFa e3repicTep *aHa apa KalbIKTBIKTap €cKIiClHE KaparaHjga a3 (Kol
V3bIHJIBIFBL a3) OosiFaHza FaHa eHrizuvieni. B Men C yIIiH €CKi Y3bIHIBIKTAphl oo
OOJIFaHIBIKTAH ©3TepIC CHI13IK;

0) ymrHImn KajgamJia yakbITIIa €HTI3UINeH MOHJEPIIH €H a3blH TaHAaiMBbI3.
biznin xargaiina Oyn A-nan B-re meiinri apa KambIKTBIK, 071 5-Ke TeH (a1 A-maH
C-re neiiin 6-ra TeH). ConapikTad B(5,A)-HbI TYpaKThI €Till KaJIIbIPAMBbI3.

0= 0}

C{6,A)

4.43 Cyper
Exinmn kamamra xaita opanbi, B TebeciMen ceiOaiinac yakpitiia (ce6eoi
onap bl a3ipre epekie 6enrutered xxokmbi3) C,D,E,F Tebenepin KapacTeipaMsbI3.
OpOip karmaiima ocel TeOenepre A-maH B-re acHiHri apa KaIlbIKTBIKTHI
KocaMbI3. COHBIMEH,
C Tebeci ymrin 5+3=8;
D Tebeci yurin 5+7=2;
E tebeci yuiin 5+2=7;
F tebeci yurin 5+10=15.
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C TeleciHe KOCKAH KAIIBIKTBIFBIMBI3 8, aIIbIHFBICBIHAH (6-1aH) Kem
OOJIFaHIBIKTaH, €CKI KOMIIOHEHTachlH Kaiuaelpambid. An  D,EF  ymiin
aNJIBIHFBICBIHAH a3 OOJFaHABIKTaH, OJIApJbI e3repicci3 Kaiuasipambiz: D(12,B),
E(7,B), F(15,B).

YuriHmn KajaaMm KacalWMBbI3:  yakbITIIa OepiireH TeOenepre OepuireH
KAIIBIKTBIKTAPABIH ~€H KImIciH Tabambi3 min{6,12,7,15}=6, Oyn C-HbIH
KOMITOHEHTAChl O0JIFaHABIKTaH, OHBI TYPaKThl C(6,A) KblJIaMBbI3.

D{12,B)

| <~ E{7.B)
4.44 Cypert

Enni »xana C Tebecin anaibik. EKiHIN KajgamMHaH eIIKaHJal e3repic KOK
(srau C-ra cpibaiiniac yakpITia Tede KapacTelpy kepek — oin E Tebeci). YmriHmm
kagamaa E(7,B) teGecin TypakThl eTemis.

D(12,B)

F(15.B)

ADOY ® 5a)

4.45 Cyper
XKana typaktel E TeOecin kapacteipambi3. Exinmi kamamma F(15,B)-ab
F(11,E) —re esrepremis, cebebi F(15,B) ecki kommoHeHTara KaparaHa »aHa
7+4=11 a3. Yuinun kagamaa F(11,E) TypakTsl.

D{12,B)




F Tebeci Typaktbira aitHangel, 11 — A-man F-ke geifinri e kimi apa
KaIIIBIKTHIK.

Erep TypakTthl TeOenepMeH chiOaiiyiac TeOenep >KUBIHTBIFBI F TebeciHe
JKEeTKeHIIe JIeHiH OITII KaJjica, €CENTiH MaFbIHACKI KOK Oonap exi, cedeb1 A-man F-
K€ JEeH1Hr1 K0J1 0ojiMac el.

EH KpICKa »OJIJIBIH Y3BIHABIFBIH 11-/11 TanThIK, aja >KOJLIH ©31H Taly YIIiH
CKIHIIII KOMITOHEeHTara Kapaiimbl3. F-TeiH anaesinna E, E-wiH anasinna B, B-HbIH
annaeiHaa A. CoHapIkTaH Kbicka sxo1 ABEF.

4.6 Aramurap, opMaH, MUHMMAJIbI JiHTeKTi aFamurap

Aeaw nmen 1MWK KOK OaiimaHbICKaH H-Tpad, SFHU TY3aFbl JKOHE eceli
KaOBIpFa-japbl )KOK H-Tpad) alTbUIa b

Opman nen UYKIl KoK Oailianbiciarad H-Tpad ailThuIa b
CoHbIMEH, K€3-KEJTeH OpMaHHBIH 0ailIaHbICTBUIBIK KOMIIOHEHTACHI aralll 00J1a/ibl.

MbicaJjibl.
byn rpad arar.
4.47 Cyper
byn rpa¢ aram emec, uuki 6ap.
4.48 Cyper
/< \ Y aramirad KypajiFaH OpMaH.
4.49 Cyper

1-Tteopema. G — Ty3akchI3 N KaObIprayibl H-Tpad OosickiH. Keneci maprrap
HKBUBAJICHTTI:

a) G — ara;

9) G — n-1 kabwipracel Oap OaiiaHbICKaH rpad;

0) G — n-1 xKaOBIpFraybl AIUKIAIK Tpad;

B) G rpadniHBIH OCTTECIIEUTIH €Ki TOOESCIH >KaIFbI3 KaparmaibIM HIBIHXBIP

KOCaJIbl;

r) G — arukiai rpad.
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Erep kanmaii—na 6ip ceibaiinac emec Te0ernepiH KaObIpFraMeH KOCCak, OHJa
anbIHFaH rpadra O1p FaHa IUKI O0JIa IbI.

Anbikrama. Erep rpadrei V Tobecinin nopexeci p(v)=1 Gosca, onga V
TeOeCl coHebl moebe HeMece oicanvipax (HeMece calOblpan TYpFaH TeOe) e
atananbl. COHFBI TOOETE MHIIMICHTTI KaOBIPFa COHebl Kabbipea NeT aTaiabl.

Kes-kenren aramTsl OHBIH KaHJali—1a O0ip V TebeciHe «imim» KoroFa 00asl,
SFHU V TOOECIH KOFapFbl KabaTKa, OHBIMEH chlOaiinac Tebenepi Oip kabat ToMeH,
T.C.C. OPHAJIACTHIPY apPKbLIHI.

4.50 Cyper

byn xarnaiina Vo Te0eci arallIThlH mamulpsl AeN atanaabl. EH TeMeHr1
KabaTTa opHalackaH COHFbl  Tebenep 1 munmi nen artanansl. Erep aramrtan
OIpiHILII THUMNTI TeOENEepal *KOHE OFaH HHIMJEHTTI COHFbl KaObIpFajlapblH ajblll
TacTacak, OHJa araiiTa KajJFaH IIEeTKI Tedenep — 2 munmi ToOenep Aen aTaiaibl.

Ocwl cusikTel 3,4 ... munmi TebOenep aHbIKTananapl. COHFBI araiiTa MIeKTeYI
TUNTI TOOENEp Kaiajsl ’KoHE €H Kol TUITI ToOenepAiH canbl 1 Hemece 2 601aabl.

1-mbican. Cyperteri rpadta Vy, Vs, Vs, Vg, V7, Vg — 1 THNTI TOOENED;

V1 Vg— 2 TunTi Tebenep;

V , — 3 THNTI TOOeNep;

V — 4 turnri Tebe.

OpOip TaMmbIpybl OarbITTaIMaraH (H-rpad) aramn YIIH COHKEC TaMbIpJibl
OarpITTaliFaH arall aHbIKTayFa Oojaabl: MyHAAl aFamThlH —KaOBIpraapbl
TaMbIpblHAH OacTam OarbITTanaabl, OyJ OarbIT >XKalfbi3. backa TeOe—TaMbIpibl
TaHJAUTBIH 00JIcaK, OaFpITTaIMaraH rpad—aralliTal e3re oprpad—aramni ajiambl3.

2-mbican. Cyperreri G rpad—aramThbl KapacThIpalbIK.

4.51 Cyper
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Tebenepnin Oenrineynepi OHbIH THITH OuUTAIpeni. Makcumanapl 4-111 THMITI
eki Tebe Oap. Tambipiapel OChl MakCHUMaAbl THOTI TeOenepne OoJaThIH eKi
OpTYpJ i OaFbITTAFAH TAMBIPIIBI aFallTap TYPFhI3yFa 00JIaIbl:

a) TaMBIP—COJI )KaKTaFbl MaKCHUMaJIbl 4-1111 TUIITI TOOE;

4.52 Cyper

9) TaMbIPp—OH KaKTaFbl MaKCHMaJIbI 4-111i THIITI Te0e.

4.53 Cyper
Erep OarbITTapblH aiblll TacTacak, YII CypeTTeri rpadrap Oip aramTsl
OeliHeneal.
Anbiktama. G=(V,E) H-rpadsiH KapacTbipaiibik, erep V =V’ xoHe G'— G
rpadbIHbIH Ke3-KeJreH OaljaHblC KOMIIOHEHTAChIHIA arall KypalTblH OpMaH
6onca, onna G rpadsaseiy G'=(V' E’) imki rpadsr G rpadsl yIiH Oieex HeMece

Kapxac N aTaiajpl.
Erep G Gaitnanpickan rpad 6osca, onga G' miHreri G rpadbIHBIH Jigeexkmi
azawivl €T atajaTelH 1mKi Tpadsl Oonbim TaObuTaNbl. OpOip rpadTa IJIHTEK
OOJaThIHBI aHBIK: 9pOip OalIaHBICKAaH KOMIOHEHTala UUKIIII Oy3CaK, sSIFHU apThIK
KaObIpFajap/ibl aJIblll TACTACAK, AIHT€KT1 aJlaMbl3.
3-mbicag. Exi 6aiinanpickan koMmoHeHTackl 0ap G rpadblH KapacThIpaibIK.
Kabrsipranaps! nudpiapMen OepiiareH.
G rpadwinbig aiHreri perinae 2,3,4,6, 7 kaObIpraibl
2 i y 4 opMaH/Ibl alyFa 00aabl (UK TYIbIPATHIH
KaObIpFajap CaHBIH aJIbIM TACTAJIBIK).

4.54 Cyper
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4.55 Cyper

byn MbICaJIJIaH TIHTeK O1pMoH/I AHBIKTAJIMAaNThIHbI
kepinei. Ocwl rpadThiH Tarsl Oip AiHreri 2,3,4,6,8 KaObIpralibl OpMaHBI.

JIiHrex aramrapabl 13AC€YIiH OpTYpIl JKOImapel 6ap skoHE TpadThIH MiHTEeK
aFalITapbIHBIH CaHBIH aAHBIKTAUTBIH TeopeMaysiap nma Oap. bipak 013 oraH
TOKTaJIMalMbI3. ©Opi Kapall KapacThIpFajbl OTBIpFaH Teopema TpadThl
CUTIATTAUTBIH CAHIAPBIHBIH O1p1 — YUKIOMAMUKANBIK, CAH TYPaJbL.

2-Tteopema. Kesz-xkenren G H-rpadbIHBIH JIHIET1H aly YIIIH ajblll TacTay
KepeK KaObIpFanap caHbl m-n+c CaHbIHA TEH JKOHE OJ1 KaObIpFajap bl ajblll TacTay
peTiHe Toyesnci3, MYHJarbl M — KaObIpFajap CaHbl, n — TeOelep CaHbl, C —
rpadThIH OailIaHBICTHIK KOMIIOHEHTAIAP CaHBI.

Moaeaneyi. C; — G rpadbiHbIH 1-111 0alIaHBICTHIK KOMIIOHEHTAJIAp CaHbI
oonceia (i=1,c¢). Cj- miH n; Tebdeci 6oschiH. OHma 1-Teopema OolbiHINA OHBIH K;
JIIHIeK araiibIiHbIH (nj -1) KaObIpFrachl 00JIa b

Erep m; — C;jkaObipranap cansl, n; -1— K; kaObIpranap cansl 6oica, ouna Ci-
ner ki-mi amy ymia (mi-(N; -1)) xaOblpra ameim Tactay Kepek. bapibiFel ¢
OailVIaHBICTBIK ~ KOMITOHEHTachl ~ OonFaHAbIKTaH, G  rpadbiHbIH ~ OapibIK
0ailJIaHBICTHIK KOMITIOHEHTAJIAPBIHAH AJIBIM TACTAJIBIHFAH KaObIpFajgapabl KOCCaK

C C C C
D(m—(n-1))=>"m->n+>1=m-n+c
i=1 i=1 i=1 i=1 _

v(G)=m-n+c caubpl G rpadbIHBIH YuKIOMAMUKAILIK caHbl (PaHTi) e
aTasnaspl.

Caanap:

a) v(G)=0 xxarnaiina rana G H-rpadsl arai (opMaH) 00Jia anabl;

9) v(G)=1 xarnaiiga rana G H-rpadbIHa Oip FaHa UK 00JaJIbI.

4.7 EH a3 caJMaKThbl JiHI€KTi aFramiTel TA0y

Ommenredn G rpadbIiHBIH AIHIEK aFalllbIHBIH CAlMA2bl JIHTEK aFalliThiH
KaOBbIpFachIHa JKa3blIFaH CaJIMaKTap IbIH KOCHIH/ILICHIHA TEH.

G rpadbiHbiH 0acka Ke3-KeNreH IHTeriHIH cajJMarblHaH KeM HeMmece TeH
0osaTbiH caaMakThl G rpadbIHBIH JIHIETIH eH a3 caimMakmol azaul IET aTajiajibl.

En a3 canmakTtel AiHrekTi Talby ecebi KO KyHelepiH, dJeKTp OailiaHbpic
KyMenepiH xoHe T.0. KocmapjaraHjna TybIHIAWel. bepiireH opTanbIKTapibl
(Tebenepni) Kanmai na Oip OaitmaHbIC XKyieciMeH (KaObIpraMeH) ObLIail JKaaFaHybl
KEepeK: €Ki OpTalbIK He Typa (0ip KaObIprameH), He 0acKa OpTajbIKTap APKbLIbI
(IIBIHKBIPMEH) KoHE OaiJIaHBIC KaHAJIBIHBIH, >KaJIbl Y3bIHABIFBI apKbUIBI (HEMece
KYHbI, HEMECE CaJIMarhl).

EH a3 canmaxkrthl aiHrekti Tadbyasiy Kpackans areopummin KapacThIpalbIK.
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T=(V,E;) arambiH KypraHga IMKJI TYBIHAAMAWTBIHAAW €TI €H a3
KaObIpFasap TaHJaI alblHAJIbI:

a) G=(V,E) rpadpiaaarsl ¢H a3 caaMaKThl ¢ KaOBIPFAaChIH TaHAaraH/1a OHbIH
(e-HBIH) THICTI eMecTiriH >koHe Ej;-re kockanma T arambplHIa UK Taiiaa
OOJIMANTBIHJIBIFBIH €CKEPEMI3;

9) ochl KaObIpraHbl E; )KUbIHBIHA KOCAMBI3;

0) ochl KacueTTepre ue 00JIaThIH KaObIprajap O6ap 6osica, ojap OiTKEHIIe

KaJFacTeipa Oepemis;

[1]-ne Oy anropuT™m ObLTal OGepineni.

G=(V,E) rpadm1 6epinren:

a) V Tebenep >KUbIHBIHAH JKOHE CajMarbl €H a3 €; KalFbl3 KaObIpFachlHaH
TypatbiH T; rpadbiH KYpaMbI3;

9) erep Tirpadsl KypbUIFaH koHE i <n—c (MyHAarsl N - G rpadbIHBIH TOOE
caHbl, ¢ 0alJIaHBICTBHIK KOMIIOHEHTaJIap caHbl), oHna T; KaObipranap >kublHbIHA Ti-
Jieri KaObIpraiap/blH CaJIMarblHAH a3 CalMakThl >koHe Tj-7eri KaObIpraiapMeH
[UKJI KYPMaNTBIH €j+1 KAOBIPFAChIH KOCY apKbUIbI Tjsy rpadblH KYpaMbI3.

4-mbican. Cyperre G rpader GepiireH. EH a3 caamakThl JIHIEK arallThl
Taly Kepek.

E lemnyi:
a) T;: V ={A,B,C,D,E,F,G} Tebenep KUbIHEI,
3 1 E E.={{B,D}} rpadrarsl eH a3 caMakThl KaOBIpFa
& T—C (canmarsl 1);
Al 2 E o) T2: V esrepmeiini, E,={{B,D}{E,D}}, E;-re

yiibl D Tebecinme OomatbiH a3 canmakTtel {E,D}
KaOBIPFaChIH KOCTHIK;

0) T3: V esrepmeiini,
Es={{B.D}{E,D},{AE}};
4.56 Cyper B) T4 V e3repmeiin,
E,.={{B,D}{E,D}.{AE}{E,F}};

r) Ts: V esrepmerini, Es={{B,D}, {E,D},
{AE} {EF} {F.G}};

n) Te V esrepmeiini Es={{B,D}, {E,D},
{A,E}, {EF}, {F,G}, {C,D}}.

backa KocaTblH KaObIpFa KajFaH JKOK, COHJIBIKTaH €H a3 CaJIMaKThl 13/1eJ1H/I1
JIIHIeK 2-CypeTTe KOPCETUITeH, OHbIH caliMarbl 1+2+2+3+4+4=16.
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4.57 Cyper

A¥iTa KeTeiK:

a) T, T,-mepnl aHbIKTaraHna oxapAbl OIp CypeTTe KeCcKIHAEWMI3, opOip
Kajama 61p KaObIpFajiaH KOCHITT OThIPaMBbI3;

9) KenTipUIreH Meicasiarel rpagta n=7 teb6e, m=10 KabbIpra 001a bl )KOHE
oJ1 OailyIaHbICKAH, SFHU OalJIaHBICTHIK KOMIIOHEHTAJIap caHbl c=1.

CoHbIMeH, JIHreK aixy YHrnH m-n+c=4 (rpdThIH MUKIOMATHKAIBIK CaHbI)
KaObIpFaHbl anbll Tactay kepek emni. Paceiama, {A,B},{A,D},{C/F},{B,C}
KaOBbIpFaapbl ajblll TaCTAIBIH/IBI.
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