Il. Cemunnap 1

«OcHoBbl kKnbepreTrkn (3-i NOTOK)» J

JlekTop —
aouenT, a.d.-m.H. 1. C. Pomaros

NHdpopmaurorHas noaaep)xka Kypca:
https://mk.cs.msu.ru/index.php/0OcuoBs_kubepueTuru_(3-#_mI0TOK)
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Il. Cemunap 1

Cemunap 1. MNpeacrasnenne dyHkumnii anredbpbl norukn
(PAJ1) c nomMoLLbIO AN3BIOHKTUBHBIX HOPMaJibHbIX (hopm
(AH®), umnaunkaHTbl M NpocTblie nMNANKaHTbl PAJI.

CokpawénHaa JH® n meToabl eé nocTpoeHus.
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Il. Cemunap 1

1. EAuHnYHbIR KYO 1 Tabnu4Hbie cnocobbl 3agaHus AT,

Mycte B={0,1} n B"=Bx ---(npa3)---xB={B=(B1,...,Bs) : Bi € B} -
eAnHNYHBIA N-MepHbli Kyb, ans kotoporo |B"| = 2". Mpumepsi:

B = B = {0,1}, B?> = {(00),(01), (10), (11)},

B3 = {(000), (001), (010), (011), (100), (101), (110), (111)} n T.5. Habopsi
B=(B1,...,B,) ns B" ynopspounsatorcs, Kak npaBuao, B COOTBETCTBUN C UX
nekcukorpacpuyeckumun Homepamu v(B) =S 32"~ sapatowmumn
B3aUMHO-OJHO3HaYHOe cooTBeTCTBUE B <& [0,2"), koTopoe onpegensietT Ha B"

OTHOLUEHNE ﬂeKCMKOFpad)I/ILIECKOI'O (I'IOJ'IHOFO nnn J'II/IHeﬁHOI'O) nopsigka.
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Il. Cemunap 1

Byaem cuutats, 4to B" = B"(x1,...,X,), rAe X = {X1,.. ., Xn,. .. } -
ynopsigoveHHbIll cHeTHbIl andaenT (BxogHbix) bynesbix nepementbix (BIT). Mpu
stom nog PAJT f(x1,...,x,) ot BN X(n) = {x1,...,x,} byaem noHnmatb
oTtobpaxkeHue B" B bynem 3apaBaTh €€ Nubo cTo6LOM 3HaYEHUIT

ar = (ag,...,am_1) € B, rae f(B) = Q,,(3), KOTOPbIiA, 0BbIYHO, pasMmelaeTcs
B JIMHEiHON AN NpsaMoyronbHol Tabauue 3Havennii f, nnbo xapakTepucTnyeckum

mHoxectsom Nf = {3 € B": f(3) = 1} unn ero pononnennem Ny = B"\ Ny,
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Gy mazsanne ynkipm f
(00)  — 70" (koneTanTa HyIs)
(11)  — 1" (koneranTa eaununa)
(01)  — rompuecrsennan dhyHKIms
(10)  — orpunanne
(0001) — wombroHKImS (yMEOKEeHHE)
(0111)  — auzbwonkIMA
(0110)  — eyama no voaymo 2
(1001) — skBHBAJIEHTHOCT
(1101)  — mMnaEKanuE
(1110)  — wrpnx Meddepa
(1000)  — erpenka Tupea
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Il. Cemunap 1

HekoTopbie cyHKLMOHaNbI U OTHOWeEHUsS HA Kybe B”,
xapakTepucTnyeckme pyHKLUN HEKOTOPbIX €ro

noAoMHOXXeCTB.

Ons Habopa B = (f1,...,0n) € B" uncno ||B|| = P11 + -+ + Bn Bysem cumtaThb
ero Becom, a 3atem gast i =0,1,...,n mHoxecteo B = {5 € B": ||5|| = i}
onpepenum Kak i-ii caoii Kyba B", pnsi kotoporo, ouesugHo, |Bf'| = Cl.
3ameTum, 4to PAJT f,f € Pa(n), cummeTpnyHa < eé xapakTepuCTUHECKoe
mHoxecTBo N npegcrasnsiet coboii obbeguHernne croés kyba B”".

Hanomuum, uto gns Habopos 5 = (B1,...,0,) u v = (y1,.-.,7n) n3 B™

® BbLIMNONHEHO HEPABEHCTBO 3 > 7y < [ = ~y; npu Beex i,i € [1,n];
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Il. Cemunap 1

e senuuuHa p(B,7) - T.H. paccTosHue XammuHra mexgy 3 v vy, - paBHa quciy
Tex pa3psgos i, i € [1, n], ans KoTopbix f; # ;i U 4TO B Cyyae, Korga
p(B,7) =1, 3T Habopbl Ha3bIBAOTCS cOCEAHUMMY.

Mpu 3ToM oTHOWeHNE B > 7 3agaéT Ha B" oTHOLWeHNEe MOHOTOHHOIO
(4actuuHoro) nopsigka.

Kyb B" npu n < 4 ygobHo 3apaBaTh B «F€OMETPUYECKOM» BapuaHTe B BUAE
rpacha ¢ 2" pacnonioXKeHHbIMU MO CNOsSIM BeplunHamu u n2"~1 pébpamu, koTopble

COEAUHSIIOT COCeAHME BEPLUMHBLI KyDa, Nexxalume, O4eBUAHO, B COCEAHUX CIIOSIX.
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Il. Cemunap 1

g{Xl, X2, X3} = x1X3 VXoX3 VX1X2 VX1X3V X2Xx3V X1X2 .
O o o
K]_ Kz K3 Ka Ks Kﬁ

{111} Ng = {{000}, {111}},
A1 = K1V K3V Ks,
As = Ko V Ka V Kg,

Az = K1 V KoV, Ka V K,

As = KoV K3V Ks V Ko,

As = K3V Kg V Kg V Ki.

{000}
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Il. Cemunap 1

BaxHeiiee cemeiicTBo nogMHOXecTB Kyba B" coctaBasitoT ero rpavu. Jns
Habopa HaTypanbHbix yucen | = (i,...,0), rae 1< ih < - - <i, <nwm
ABou4Horo Habopa o = (01,...,0,) € B" onpesenum cBA3aHHYIO C HUMU rPaHb

paHra r wnu, uHade, pasmepHoctu (n — r) kyba B" kak MHOXeCTBO
J )
Bg' :{ﬁ:(ﬂl,...,ﬁn)EBn.ﬁ,‘l:O'l,...”B,'V:O',L

MOLLHOCTb KOTOPOro paeHa 2", [laHHyo FpaHb MOXHO OHO3HAa4YHO 3aAaThb
TpoudHbIM Habopom v = (v1,...,7s) € {0,1,2}", rae vi = B, ecnu i € I, n

Yi = 2 B OCTaJibHbIX cny4dasax.
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Il. Cemunap 1

1 3TOM caM K 4ynTaeTcs rpaHb MepHOCTW N, ero H bl - FpaHsAMN
Mpu aTom ca 6 B" cuuTaeTtcs rpaHblo pasmMepHOC ero Habo a
pa3mepHocTu 0, a pébpa - rpaHsMmu pasmepHocTM 1. 3aMeTUM, 4TO, YMCNO rpaHeii
paHra r B kybe B" pasvo C/2"~", a uncno Bcex rpaneii - 3",

aMeTUM TaKXe, YTO B CUNly CBOIACTB X1 * Xp XapaKTepUCTUHecKas
3 DAJ DAJ
YKa3aHHO BbllUe rpaHy 3afaéTCs T.H. /IEMEHTAPHON KOHBIOHKUNEN paHra r ot

BT X(n) Buga K = x,.‘zl °--- ox;f’, roe, Kak obbiuHo, x° =X n x! = x.
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Il. Cemunap 1

N3 ceoiicte PAJT x1 V x2, B CBOIO o4epenb, cinefyet, 4To chopMyna Buaa
A=KiV---VKs, rae Kj - 9K patra rj ot Bl X(n) u Ki # K; npn i # j, koTopas
Ha3bIBAETCA JUIBIOHKTUBHON HopmanbHoi ¢popmoii (JHP) ot mHoxectsa Bl
X(n), 3apaér xapaktepuctuyeckyto PAJ1 f mHoxectea Nf = Ni, V- -V N,.
Mpu 3ToM uncno s 3agaét T.H. gauny N(2L), a 4mcno rp + -+ + rs - T.H. paHr
R(A) OH® 2. B Tom cnyuae, korga R(2() = n|N¢|, To ectb patru Bcex K AHP
2l paBHbI N, oHa Ha3blBaeTca coBeplueHHol JH®P.

Ons noboii DA f,f € Py(n),f £ 0, eé cosepwenHas JH®P umeer Bug

A=\ X

(o1,...,00)E N
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Il. Cemunap 1

3apaua 1. (ra. I, Ne2.3(3))

Moctpountsb cosepennyto AH® gnsa PAJ ,f € P>(3), ans kotopoii

ary = (01010001).
PeweHune:
© noctpoum Tabanuy PAJI f;

© Haxoaum Habopbl n3
Nr ={(001), (011), (111)};

© BLinucbIBaem

A cos. ( f) = X1X2X3 VX1X0X3 V X1 X2X3.

http://mk.cs.msu.ru OK

Xy Xo x3 | f
0 0 0O
0 0 1 |1
0 1 00
0o 1 1 |1
1 0 010
1 0 110
1 1 010
1 1 1 |1
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2. CokpauweHHasa AHD n

cnocobbl eé NoCcTpoeHus
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Il. Cemunap 1

Ecnu gns 9K K ot BN X(n) n ®PAJT f us P(n) nmeeT mMecTo BKIOHEHME

Nk C Nf, To K Ha3sbiBaeTcs umninkaHTos, a MHoxecTBo Ny - rpaHbto f.

Ecan e npu atom, kpome Toro, HeT Takoii DK K’ ot Bl X(n), ans kotopoii
Nk C Nk C Nf, To K cuutaetcsa npoctoii umnankantoii ®AJ1 f, a rpavb Nk -
e€ makcumasibHoii rpansto. Mpun atom cokpawénrnas JHD PAJT f onpepensiercs
KaK An3bloHKLMs Beex eé npocTbix umnaunkanT (M), koTopas cootsetcTayeT
nokpbITUIO MHOXXecTBa Ny BcemMu MakcuManbHbiMu rpaHsmu PAJT f.
«leomeTpuyeckuniiy cnocob noctpoeHuns cokpawwénHoin JHDP ocHosaH Ha eé

onpegeneHnnm n NCnosib30BaHNN reoMeTpumn rpaHe|7| €ANHNYHOIo Ky6a.
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Il. Cemunap 1

3apaua 2. (ra. IX, Ne2.1(1, 2)) U3 sapaHHoro mHoxectea IK Boigenuts U
®AJT f, a 3aTteM nocTpouTtsb €€ cokpawénryto AH®P reomerpuyecknm crnocobom.
1) A= {x1,X3, x1%2, XoX3 } 2) A= {x1X2, XaX3, X1 X2X3 }

N¢ = {(000), (010), (100), ar = (01111110)

(101), (110), (111)}

ar = (01101111)

{111}

{111}

{000}

OteeT: x1,X3. A = x1 VX3

http://mk.cs.msu.ru OK BechHa, 2022 15 /25


https://mk.cs.msu.ru/index.php/\T2A\CYRO \T2A\cyrs \T2A\cyrn \T2A\cyro \T2A\cyrv \T2A\cyrery _\T2A\cyrk \T2A\cyri \T2A\cyrb \T2A\cyre \T2A\cyrr \T2A\cyrn \T2A\cyre \T2A\cyrt \T2A\cyri \T2A\cyrk \T2A\cyri _(3-\T2A\cyrishrt _\T2A\cyrp \T2A\cyro \T2A\cyrt \T2A\cyro \T2A\cyrk ) 

Sabarg 3 (wh, ,5[4,())_ %”WW@.WWW¢4%M/W
AL PA £, e 1) L= (11110100, 6) 2, =( 1111 10000100 1100)

Sewerne

,d/(:f; ) K;:"sz/. %(F]=/C4V/<z
M= N ={ (o), (009 (015) o)
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Il. Cemunnap 1

= (01010111)
2) ar =

3apaua 4. (ra. IX, Ne2.6(1, 5)) Haiitn cokp. AHP PAJT f ¢ nomotybto
MUHUMU3UPYIoLWeli KapTsl KapHo
1) oy

(0001101111011111)

L ' Ty /3 (/J//vt 73 Zu % 22 ?3 L/Z/Z”
€1 'K.;v [> [b( L = Kg
http://mk.cs.msu.ru
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1l. Cemunap 1

4 o0 | 1
x2*3

>
e

doer—-»-ﬂr-
ofB®| |~ o

[m] = = =
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Il. Cemunap 1

ToxpaecTso nornouienuns tM : x; = x; V X1 xo UCNONL3YeTCs NP NOCTPOEHNN

cokpawérHoii IH® ns KH® B cooteetcTBMM CO Cnegyowum YTBepXaeHnem.

Yreepxaenune 2.1. Myctb A’ n A" — cokpawennbie JHD OAN ' n
cooTteeTcTBeHHO, a JAH®D A 6e3 nornowernii IK nonydaetca us dopmynsr A’ - A"

B pesyfibTaTe pacKpbiTusi CkoboK U npueeneHnst nonobubix. Torpa 2A —
cokpawerHas JH® PAN f = - ",

Cneacrteue. Ecan JH® 2 6e3 nornowennii IK nonydaercs nz KH® B PAJT
B pesysibTaTe pacKpbiTusi CKOBOK 1 npueegeHns nogobHbix, To 2 — cokpaueHHas
OHD DA f.
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Il. Cemunap 1

3apaua 5. (rn. IX, Ne2.3(1, 2))

MoctponTb cokpawérnyto JH® n3 zaganHoit KH®.

1) (x1VxaVX3): (X1Vx2Vx3):(X2VX3)

2) (x1 VX2) - (X1 Vx2 VX3

Pewenune:

1) aVxeVX3) - (X1VxaVxs) (X2VX3)=(xVxix3VXi1x3) (X2 VX3) =
= XoX3 V X1X2X3 V X1X3

2) (X1 \/Y2) . (Xl V Xo \/Y3) = X1 V X2X3
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Il. Cemunap 1

Toxpaectso 0606wWEHHOrO cknemsanmnsa tOC : X1x V x1x3 = X1x0 V X1 X3 V XoX3
ncnonb3yercs npu nocTpoeHun cokpaténroin JH® ns JH®D B cooTBeTcTBUNM CO

cnegyrounMm yTBepXXAEHNEM.

Yr1eepxaerHue 2.2. IH® 6e3 nornowennii IK sinsercs cokpawerHoii AHD

TOrAa N TONIbKO TOrAaa, Korga OHa HE MMEET CTPOormnx paCLumpeHvuﬁ.

Cneacrsue. V13 noboiit JHD A PAJ] f moxkHO noayunTb cokpatteHtyto JHD
a1oii PAJ] B pe3ynbTaTe NOCTPOEHNA MOCNEAOBATENbHBIX CTPOrUX PacLUMpeHnii n
npueegeHmnsi nogobHbix fo nonydennst JHD® 6e3 nornowennii IK, He umetoLei

CTPOrux pacLmnpeHuii.
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Il. Cemunap 1

3apaua 6. (ra. IX, Ne2.2(1, 2))

MocTponTb cokpawénnyto JHD PAJT f no eé AHD:

1) A = X1X2 V x1X2Xa V XoX3Xa

2) A = x1X2x3 V X1X2Xa V X2X3X4

Pewenune:

1) X1X2 V X1 X2X4 V XoX3Xg > X1X2 V X1 XoXgq V XoX3Xg >

— X1X2 V XoXa V XoX3Xa —> X1X2 V XoXa V X3Xq

2) X1X2X3 V X1XoXa V XoX3Xq H X1X2X3 V X1X0Xq V X2X3X4 V X1X2X4 >

— X1YQX3 \ }1X2X4 V ?2}3}4 vV X1Y2Y4 \ }1?3}4
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Il. Cemunap 1

3apaua 7. (rn. IX, Ne2.9(1, 3)) Haiitu gnuHy cokpawéntoin JHP PAJT f:
DFf=x1® DX,

3)F=(x1VxoVx3)(X1 VX2 VX3)(x1 D D xp)

Pewenune:

1) Coe. AH® anunbl 2"~ aensetcs eanncteennoli JH® ®AJ1 f ot BN X(n).
3) Mpepcrasum PAJT F B Buge f = g(x1,x2,%3) - Ih—3(x1, ..., %) 1
BOCMOJIb3yeMCsi TeM, 4TO cokpawéHHas JH® PAJT g coctout us 6 pébep kyba
B3(x1,x2,x3), a cokpawgnas AH® PAJ I, 3(xq, ..., x,) coBnagaer c eé
coeeplenHoll IH® n coctont us 2"~5 Habopos kyba B"*(xq, ..., Xn),
uMeroLmx HedéTHoe Yncno eannuy. CnefoBaTensHo, no yTeepxaeHuto 3.1

cokpalgnHas [JH® DAJT f byaet cocTosiTb u3 6 - 27> rpaneii paura 3.
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az = {1001}
Bo = {1000}
oy = {1100}

Il. Cemunap 1

Bs = {1011}
N3
as = {0001}

as = {0100}
Ng

Bs = {1110}

A =K VK,V K, VK,

http://mk.cs.msu.ru

OK

az = {0011}

N,

s = {0010} Pa = {0111}

e = {0110}

A, =Ky V Ky VK, VK.
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