2. CokpaweHHas JAH® wu
cnocobObl ee NOCTPOeHUs

Vreepxaenue 2.1. Myctb A’ n A” — cokpawennbie JHD PAJT ' n
f" cooteeTcTBeHHO, a AHD 2 6e3 nornowennii DK nonyuaerca us
copmynbl 2" - A” B pesynbTaTe packpbiTus ckobok U npuBeaeHUs
nopobubix. Toraa 2 — cokpauwenHas JHD OAN f = f/ - .

Cnepcteue. Ecan JH® 2 6e3 nornowennii IK nonyyaercs us KHD

B DA f B pesynbTaTe pacKpbiTuss CKODOK 1 NpuBEAEHNs NOAODHBLIX,
To 2 — cokpauwernHas JH® DA f.



Vreepxaevue 2.2. JH® 6e3 nornowennii IK siensietcs
cokpaterHoli JH® Torpa n Tonbko Toraa, Korga oHa He MMeeT
CTPOrux pacLUpeHunii.

Cnepctsue. V13 noboit AHD A DA f MoxxHO moay4nThb
cokpalerHyto AH® stoii PAJ] B pesynbTaTe NOCTPOEHUS
NoCAefOBaTeNbHLIX CTPOrUX PACLUNPEHUli U NPUBEAEHNSI NOZOBHBIX 8O0
nonydenuns JH® 6e3 nornowennii K, He umeroweit cTpornx
pacLUVpPEeHNIA.






az = {1001}
Bo = {1000}
a1 = {1100}

B

3 = {1011}

N
a3 = {0001}

N7

ag =0

Ne

a5 =
Ng
Bs

{0100}

= {1110}

A = KV KEV Ky VKL,

a7 = {0011}

Ny
a4 = {0010}

ag = {0110}

Bas = {0111}

b= KV K3V K,V KL



g{xl, X2, X3} = x1X3 VXxoX3 V X1X20 V X1X3 V X2X3 V X1X2 .
T O N N o o

{111}

{000}

K1 K2 K3 K4 KS Kﬁ

Wy = ({000}, {111},
Ay = Ky V K V Ks,
Ay = KoV KV Ko,

Az = Ky V KoV, Ka v Ks,
Ay = KoV K3V K5 V K,
As = K3V Ky V Kg V Ky.



3. TynukoBble JJH®, aapo v
IH® nepeceveHne TynmnkoBbIX.
NH® KgaiiHa, kputepunii
BXOXXAEHUSA NMPOCTbIX
mnmnankaHtT B8 JH® cymma
TYNUKOBbIX, €ro JIOKaJ1bHOCTb.



V1eepxaeHue 3.1. [lnsboHkTuBHaS
HopManbHaa dopma NT PAJT f coctouT ns
Tex npocTbix uMmnankaiT PAJ] | koTopble
COOTBETCTBYIOT si1pOBbIM rpaHsim 3Toin PAJI.

Cnepcteue. CokpauienHas [HD PATT
SABNSETCA ee eAUHCTBeHHOW Tynukosoi JH®
TOrAa v TOJIbKO Torga, Korga f — sgpoBasi

DAJI, T.e. BCe ee MaKCMaibHble FpaHn BXOASAT
B S14pO.



V1eepxaeHue 3.2. [lpoctas nmnankanta K
DAJT f BxoanTt B IH® X T Toraa v ToNbKo
Toraa, koraa rpaHe Ny He sBasieTCs
perynsipHoii rpaHbto atoli GAJI.



4. OcobeHHocTn AHD®
JINHEMHbIX 1 MOHOTOHHbIX
hbyHkUn. PyHKLUNA NOKPbLITUSA,
Tabanua KBaiiHa n nocrpoeHune
BCcex TynnkoBbix JHD.



Vr1eepxaeHue 4.1. Cokpauwernnas JHD A
moroToHHol PAJT £, f € Po(n), siBnsietcs
eauHcTBeHHolt Tynukoeoli JH® stori PAJI u
nMmeeT BUS,

A(x1, .oy Xn) = \/ Kg(xl,...,xn).
BeNt

[Tpn aTOM BCe Habopbl 13 Nf+ ABNAOTCS
aaposbiMu Toukamu PAJT £

CnepctBue. MonotoHHas PAJl senseTcs
aaposoit PAJI.



VrepxxaeHune 4.2. OyHKuus noKpbITUS
F(y1,...,yp) matpuuysl M, M € BP*, be3
HyneBbIX cToNbuos 3agaetcs KHD suaa:

F(yl,...,yp):/s\< \/ y,-).

J=1  1<isp
M(i j)=1

CneactBue. B pesynstate packpbiTus
CKObOK 1 npueeaeHns nofobHbix n3 stoli KH®
MOXXHO MONYyYUTb cokpalleHHyto AHD

DA F(y), npocTble MMMINKaHTLI KOTOPOIi
B3alIMHO OJJHO3HA4YHO COOTBETCTBYOT
TYNUKOBLIM MOKPLITUAM MaTpuusl M.



5. NpagueHTHbIV anropuTm n
oueHKa AJINHblI rPaaNEeHTHOro
NOKPbLITUS, lIeMMa O
NPOTbIKalOWWUX Habopax.
lcnonb3oBaHMe rpagneHTHOro
asroputmMa Agnst NOCTPOeHUs

OH®



VT1BepxaeHue 5.1 ﬂyCTb NS
pelictentensHoro v, 0 < v < 1, B kaxxgom
cronbue matpuusl M, M € BP® nmeetcs He
MeHbLUE, YEM 7Y + P, eAnHNL. Toraa nokKpbITue
MaTpuubl M, nonydaemoe C NoMoLLbO
rPagveHTHOro aNropuTMa, MeeT AJAUHY He

bonbLue, Yyem
1 1
[— |n+(fys)—‘ + —,
8 8

. Inx, ecnmx > 1,
roe InT x =
0, ecim 0 < x < 1.



VT1BepxaeHue 5.2 [lpn nobbix

HaTypasbHbIX N U M, m < n, B Kybe B" Bceraa
HaETCS MOAMHOXECTBO MOLLHOCTU He boree,
yem n - 2™ npoTbiKatoLlee BCe TpaHy paHra m.



6. 3agaya muHummsauynm JHD.

[loBepneHne cpyHkunii LLleHHOHa

N OLEHKU TUMUYHbIX 3Ha4YeHumn
Ans paHra n gnvnHbl JAH®,

VT1BepxaeHue 6.1 [lnsa noboro n,n € N,
NMEIT MECTO COOTHOLLEHUS

AMn)=2""1 R(n)=n-2""1



VT1eepxaeHue 6.2 [lna noutn scex PAJ £,
f € Py(n), BbiNONHSOTCA HEpaBEHCTBA

3n— —n
M) <2271 (1+0(n-2777)),

w

Af)<=n-2"1(1+0(n-27"7)).

S



7. AnropntmMmmnyeckune

TpyAHOCTU MUHUMU3aunm JHD
N OUEHKN MaKCUMaJlbHbIX

3HAYeHNN HEeKOTOPbIX
CBSA3aHHbIX C HEen napamMmeTpos.
Teopema HO. NI. XXypaBneBa o
IAH® cymma MMHMManbHbIX.



VT1BepxgeHue 7.1 Hucno TynukoBbix
(MuHuManbHbix) AH® y AT f us
Py(n), n > 4, Bnaa

F(xt, .., x0) = g(xt, x2,%3) - (x4 B - B xp),
rae N, = {(000), (111)}, pasro 5°""
(cooTsetcTBEHHO 227 1),

CnepcrtBue

2n74

T(n) =5 ", pa(n) =2

2n74



VT1BepxpgeHune 7.2 ap,=1

3n Nn—l Nn
)\COKp.(n) = 9177 Qp—1 [T R}
roe €1 — HEKOTOpaA KOHCTaHTa.
a9 Q2p—2
Ny Nop_2
a1\/oz2n_1
0

Puc.: uenHast ®AJT gavnbl (2n—2) B
Kybe B"



YT1BepxaeHue 7.3 [Npn nobom

ne N, n>3 8 Pyn) cywectsytor PAJ] ' un
" umeroLme obLyto NPocTyto MMNankaHty K,
koTopasi BxoauT B AH® > M oaHoii, HO He
exoanT B AH® M npyroii us atux ®AJ1 un
anst kotopoid S,-3(Nk, f') = Sp—3(Nk, ).



3amedaHue V13 TeopeMbl cnemyeT, 4TO
kpuTepuii Bxoxaerns dK 8 AHD LM He
NMEeEeT TaKOro JIOKaJIbHOTO XapakKTepa, Kak
KpuTepuii Bxoxaenns dK 8 JHD LT

Sameyanne V3BectHo, 4to npu n = 14 B8 Py(n)
MMeeTCa LenHas PAJT yeTHo OJIHBI

t, t > 2" — 4, ua ocHose KoTOpOIi
CMpaBeA/IMBOCTb TEOPEMbI MOXXHO YCTaHOBUTb

NS OKPECTHOCTU nopsigka (5 — 2).



II. OcHoBHble Knaccbl ANCKPETHbIX
yNpaBAsilOWNX CUCTEM, CTPYKTYpPHbIE
npeacTaB/ieHNs CXeM U OLeHKa nx
yuncna



8. @opmMynbl n cnocobbl X 3aaaHus,
3KBMBaJIEHTHOCTb popMyn ”
(pbYHKLMOHANbl X CJIOXKHOCTW.
OnTuMmunsauma nogobHbIX cbopmMyn no
rnybune.



VT1BepxaeHue 8.1 [lns dopmysbl
F, T € U®, soinonHsoTcs HepaBeHCTBA

R(F) = Ley(F) + 1 < L(F) +1 < 2P0,
rae Lg v(F) — qucno ®C & u V B dopmyne J.
Cnepcrtsune

D(F) > Tog(L(F) + 1)].



VT1BepxxaeHue 8.2 [lnsa ntoboii hopmynsl F
¢ nogHsTbimn oTpuuannsamu ns U® cywectsyer
nogobHas ein dpopmyna F Takas,uTo

D (F) < Jlog (L(F) +1)] + Alt (F).



Cneacteue 1. [Ins nwoboii K nan 311
KcylecTsyeT nogobHast et popmyna K Takas,
4TO

D(K) = [log(L(K) + 1)1,

KOTOpPad, MUHNMaJIbHa Mo FJ'Iy6I/IHe.

Cneactsue 2. [ina noboii IHP nan KHO

20 cyuwiectByet nogobHas eii dopmyna 2 Takas,
4TO

D(2) < [log(L(2A) +1)] + 1.



9. CxeMbl N3 PYHKLMNOHANbHbIX
3/IEMEHTOB N onepaunm unx

npuBeaeHnsi. OueHka 4ncna
chbopmyn n cxem B basuce

{&7 \Z _'}

V1eepxxgeHue 9.1 [lna npusegentoin CPI
Y, ¥ € U, c 04HUM BbIXOZOM, BbIMNOJHSIOTCS
HepaBeHCTBa

R(Z) < Lgy (D) + 1< L(X) +1<2°%),
rae Lgv — yncno @3 & n Ve 2.



VT1BepxaeHue 9.2 [Ins nwobbix
HaTypanbHbIX N, L, D BbINOAHAIOTCS

HEPaBEHCTBA
U® (L, n)
|U® (L, n)
|U® D, n]|

NN N

(1On)L+1 |
(8n)L+1 7
(8n)% .

CnepctBue Hucno nonapHo He
KBa3UN30MopdHbIX POPMYI C NOAHATLIMU

oTpuuaHusmm paHra R ot bll

bonbue, vem (12n)R.

X1, ..., Xp HE



VT1BepxaeHue 9.3 [lns ntobbix
HaTypPaJIbHbIX N " L BbIMONMHAETCA HEPABEHCTBO

HUC (L, n)H < (8(L+n)) .



10. KOHTaKTHbIe cxeMbl N T-CXeMbil,

MoaenunpoBaHne popmMysl U T-CXeM.

OueHka 4Yncna KOHTAKTHbIX CXeM u
T-CXeM, OCODEeHHOCT!

(pyHKLMOHNPOBAHNSA MHOFOMOJIKOCHbIX
CXem

X ?,' X;7
Vo ol Vo—— ol Vo—W ol

a) b) c)

Puc.: Tunel koHTakTOB



Xi Xi

1 1

vJILu V._fTLu

a) b)

Puc.: dunsnyeckas nHTepnperaLms KOHTaKTOB



x|
S

x|
/

3

X2

X7 X2 \7 G

a1 X1 X2 X3 a3
' ' 'X3
AA

V' X X2 X3 92

Puc.: nekotopblie KC ot Bl x1, x2, X3



VT1BepxaeHue 10.1 Jloboli m-cxeme X
MOXXHO COMOCTaBWTb SKBUBANEHTHYIO €0

bopmyny F us U® ¢ nogHaTbIMU oTpUL@HUSMMY
Takyto, 4to R(F) = L(X) n obpatHo.

VT1BepxxaeHune 10.2 [Npn ntobbix
HaTypPaJibHbIX Lwn BbIMONMHAETCA HEPABEHCTBO

U (L, n)l| < (120)"

VT1BepxaeHue 10.3 [lpu nobbix
HAaTypaJibHbIX L N N BbINONMHAETCA HEPABEHCTBO

HUK (L, n H 8nL



11. Onepaunsa cynepnosuvunm n ee
KOPPEKTHOCTb AJ1I HEKOTOPbIX TUMOB CXEM.
KackagHblie n pa3genuTtenbHble KOHTAKTHbIE

cxeMbl, nemma LLleHHOHa

Vr1eepxaeHue 11.1 llycts KC X aBnsietcs
pesynbTaToM cThikoBkM Buga . = X"(¥'), a F,
F' v F"" — matpuubl, peannsyemblie KC X, Y un
Y cooTeeTcTBEHHO. Toraa

F>F -F'uF=F.F",

ecan KC X" pasgenutensHa no exogam nan KC
Y/ pasgennTtenbHa no BLIXOAAM.



CneactBue B cnyyae pasgenntensHoctn KC
Y" no Bxogam B Kaxgoii sepwunre KC X,

Y =Y"(¥'), koTopas cooTseTcTBYET BbLIXOAY
KC ¥/, peanusyetcs TOT xe camblii cTonbel

DA, yton B KC ¥/,

CnepctBue Pasenctso F = F' - F”
BbINOJIHAETCA Ha JtoboM Habope 3HaveHuid BIT,
Ha koTopom KC Y” paspenntensHa no Bxogam
nnn KC ¥/ pasgenutensHa no BbIxogam.

3ameuvaHune OToxaecTBaeHE BXO40B
(BLIXOAOB) Y Pa3AenMTENLHONR MO BXOAAM
(Bbixogam) KC paet pasgenutensHyto no
paccmaTpusaemoii rpynne noatocos KC.



[ naBa 3

CunHTE3 "N CA0OXHOCTb
YyNpaBAsAOLWNX CUCTEM

15. 3apgada cuHTe3sa.
[lpocTenune meToabl CMHTE3a

cxeM Ha ocHoBe [IH® un oueHkwn
CBsiI3aHHble C HUMW BepxHune

CNOXXHOCTUN hbyHKU WU



VT1BepxaeHue 15.1 [Ina noboii dpyHKLUK
anrebpsl norukn f(xi,...,x,), f #0,
cywectsytoT chopmyna Fr, Fr e U®, n
T-CXEMA L f, KOTOpbIE peannsytoT f n ans
KOTOPbIX CMpPaBeA/INBbl HEPABEHCTBA:

L(Fr) <2n-|Nel =1, L(Xf) < n|Ngl,
D(Fr) < [log(n - |N¢|)] + 2.



CnepctBue 1. B cuny ykasaHHbix
HepaBeHCTB, ¢ y4eToM Toro, 4To PAJ] 0 MoXKHO
PEaNn30BaTh TM-CXEMOW CAOXKHOCTU 2, a TakxKe
dbopmynoii us U®, nmetowein cnoxuocTs 2,
BbINOJIHAOTCA HEPABEHCTBA

LC()\LCD()\ 2n+1 17
X(n) < L™ (n) < n-2"

CnepcrtBue 2.

D(n) < n+ [logn] + 2.



VT1BepxaeHue 15.2 [ina noboit GAJI

f, f€Py(n)nf+#0, cywecTeytoT m-cxema
Y ¢ v chopmyna Fr, Fr € U®, koTopbie
peannsytoT f 1 ans KOTopbIX CNpaBeauBbl
HEPaBEHCTBa:

L(Xr) <27+ |Nf| — 2,

L(Fr) < 2" 4 | Ng| — 4.
CnepcrtBue

L™ (n)

L®(

S
~—



DyHKUNN, BCTpPeYatoWmecs B NPUIOMKEHUSIX:

1. nnneiinas PAJI nopsgka n, To ectb PAJ1 £,
nnn AN 4,

2. mynbtunnekcopHas PAJT p, nopsiaka n;
3. pewndpaTtop 8,7 (A3 BIOHKTNBHbI
fewndpatop J ,) nopsigka n;

4. yHuBepcanbHasa cucTema 32 (n) nopsigka n,
cocTosilast u3 Bcex pasnnyHbix PAJI MHoxe-
ctBa P> (n), ynopsiioHeHHbIX B COOTBETCTBIY
C HOMEpaMI UX CTONBOLOB 3HAYEHWIA.



VT1BepxaeHue 15.3 [lna noboro
HaTypanbhoro n B U cyuiecteyet
yHuBepcanbHas CPI nopsigka n, CAOXHOCTb
KoTopoii paBHa 22 — n.

Cnepctsue

LS(Po(n) <22 = n.



16. Hn>xHne oueHKN CIOXKHOCTWK
DAJ], peannzaunms HeKOTOPbIX

DPAJl M MNHNMANTBHOCTb
HEKOTOPbIX CXemM



V1eepxaeHue 16.1 Ecnn PAJI
f(x1,-..,Xn) CYLLECTBEHHO 3aBNCUT OT BCEX
ceoux bll, To

L(F)=n—-1, (K(f)=n.

Ecau npn atom PAJ] f He sBnsercs
moroToHHol PAJT (kaxagas Bl x;, i € [1, k],
He SABASIETCS HU MOHOTOHHOW, HY

mHmoHoToHHo#i BIT AT ), To

L°(F)=n  (cooreetctaenno LX (f) > n+k).



CnepactBue

LE(€n) = n, L¥(£y) = 2n,
Lwn) = 2"+ n,  [X(u,) = 2"+ 2n.



V1BepxaeHue 16.2 [Ins cuctemsl

F = (f,...,fn), cocTosiwen n3 nonapHo
paznuunbix PAJ] oTAnYHBIX OT KOHCTAHT (OT
MepEMEHHLIX), CMPABEAIMBO HEPABEHCTBO

[X(F)>m  (cootsetcreentols (F) = m).



Cneacrene
1(d,) =2 () =2,
L (7) > o (K (7) > o

€ (?2 (n)> >0 (K (32 (n)> >0 9

\%

3ameuvaHue B cuny cneactaus
yHusepcansHas CDP3 U,, nocTpoeHHas B
yTB. 15.3, siBnsieTca MuHUManeHol no

cnoxHoctu CD3 B knacce ug.



VrBepxxaeHue 16.3 Ecnn gna OAJI
f € Py(n), n gns awboro o, o € B, DA
ﬂxn:U - f(Xla « ooy Xn—1, O-) ?é O; ]-» TO

Lf@i,v(f) > mi”{Lg,\/(f xn=0) Lf@i,v(’[

anl)} + 2
CnepcrtBue

L(pn) =2 40— 1.



V1BepxaeHue 16.4 Ecan cuctema GAJI
F =(f,...,fn) cocTtout n3 nonapHo
paznuunbix PAJ1 ot Bl X(n), oTanyHbix ot
Owul, 1o



VT1BepxaeHue 16.5 [lna noboro
HaTypPaJibHOrO N BbIMOHSOTCA HEPAaBEHCTBA

L) <4n—4, LY(0,) <4n—4+|1/n];
L(pn) <3-2" =2, [®P(u,) < 2" = 3;
LS(G,) <27+ 0(n-2"7), LX(G,) < 2™ -2,
LS(T,) <2+ O(n-22).

CnepctBue

LG, ~ LSSy ~ 2"



17. KackagHble KOHTAKTHbIe
CXeMbl U CXeMbl N3

beH KUMOHAJIbHbIX 2J1eMeHTOB.

MeToa kackagoB v Nnpumepsbl
ero npumMmeHeHus, mertos

Ll leHHOHA



VreepxaeHue 17.1 Ecan (1, m)-KKC ¥’
peanuzyet cuctemy PAJ1 F' = (f{,... f]), To
cywectayeT (1, m)-KKC ¥, kotopas

peannsyet cuctemy PAJI F = (711, . ,7;7) n
ans kotopoii L(X") < 2L(Y).



V1BepxaeHue 17.2 [ns noboro
HaTypasbHOro n U o € B BbiNoaHsOTCS
HepaBeHCTBaA:

LR (00) < 4n—4+ H , LK(?Q(n)) <2.2%

(X(7,) <22 —6.



VT1BepxaeHue 17.3 [lna doyHkunii
LLlenrona LX (n) u LY (n) BbinonHeHsi

COOTHOLUEHUA:
on n

L% (n) < 4=, LY (n) < 8=
n n



18. Hu>kHne mouwHOCTHbIe
oueHkun pyHkuunii LlleHHoHa



V1eepxaeHue 18.1 [1ns HekoTopbIx
nocnegosaTensHocTel €; = g,(n), rae
r=1,...,04, nn=12 ..., Taknx, 410
ei(n) = 0 npn n = ng n gi(n) crpemutcs « 0
npw N CTPEMSLLEMCS K DECKOHEYHOCTU AJist

noutu Bcex PAJT f, f € Py(n), BoinonHsitoTcs
HepaBeHCTBa:

(1-5“@)%; LCU)>(1+5ﬂM)%:

., D(f) = n—loglogn— ea(n).

LE(F)

V




CnepcrtBue

D(n) > [n — loglog n — o(1)],
LC(n) > =
(n)f\J n’
1) 2
log n

2”
[X(n) > =

~
n



19. 1n3biOHKTUBHO-
YH/UBEpCaJbHble MHOXeCTBa

cpyHKUNE. ACUMNTOTUYECKN
Hannydwunii metog O. b.
JlynaHoBa gnsa cuHTe3sa cxem u3
pYHKLUMNOHAbHbIX 3/1eMEeHTOB B
6asuce {&,V, -}



VT1BepxxaeHue 19.1 [1ns nobbix
HaTypafibHbIX p, M U S, Tae p = {%W
cyulectByeT cTaHgapTHoe [AVYM G nopsiaka m u
BbICOTbI S, KoTopoe siBnsieTcs [AYM patra p u
OJ151 KOTOPOro:

1) A= |G| < p2°;

2) cnctema n3 p xapaktepuctudeckux GAJ
P1,..., Y, OYM G obnagaet Tem
ceolicTeoMm, 4To ans ntoboin PAJl g,

g € P> (m), n cooterctytowmx PAJ]
g1, ---,8p U3 G cnpasenBbl
npeAcTaBAEHNS

g:gl\/"‘Vgp:¢1glv"'v¢pgp-



VT1BepxxaeHue 19.2 [1ns noboin PAJ f,
f € Py(n), cywectsyer peanunsytowas eé CPI
Y Y e UC Takas, uto

L(Er) < 2_”(1+5|ogn+0(1)).

n n

CnepactBue. /13 aToro yTeepxaeHns C y4eToM

cnencteus n3s yteepxaeruns 20.1 BbiTekaeT, 4TO
2”

LY(n) ~ =.

n



20. PerynsipHble pa36ueHus
eAVHNUYHOro Kyba un
MogenunpoBaHue cpyHKUWA
nepemeHHbIiMU. CuHTE3 cxem

AN HEKOTOPbIX ,u,el_umcbgaTopOB
N MYJIbTUMJIEKCOP



VT1BepxaeHue 20.1 [na nobbix
HaTypafibHbIX M, A U g = m+ \ n gns nwoboii
cuctembl PAN g = (g1, ..., 8) us Py(m)
CYLLECTBYET m-perynsipHoe pasbuexue

A = (01,...,00a-m) kyba B9 Takoe, 4T0 ntobas
PAJl gi Ha ntoboii KomMnoHeHTe O coBnajaeT

nmnbo ¢ ogHoit us Bl Xxpi1, ..., Xq, 0O C ee
OTPpULLAHNEM.



V1eepxageHue 20.2 Inan=1,2,3,...

BbIMOJIHAKOTCA HEPABEHCTBA

X(d) <2 +0 (27)
(K(T) <2 4 0 <7>



CnepctBue. Ouenkn yteepxaerus 20.2
CNeACTBUSI N3 CNEACTBUS U3 YTBEPXKAEHW
16.2, 16.4 patoT acMMNTOTMYECKNE PAaBEHCTBA

LK(Bn) ~ 2n7 LK(7n) ~ 2n+1.



VteepxaeHnue 20.3 nasn=1,2,...
BbINOJIHAOTCA HEpaBEHCTBA

(i) <227+ 0(2/n).
() <227+ 0(2")n).
D(p1n) < n+6,

NPUYEM CyLLeCTBYeT Takas peanusytolas PAJI
(L, 1 DecnoBTopHast Mo MHopMaymoHHbiM BIl
cdopmyna M, ¢ NOAHATLIMU OTPULLAHKAMMU,
rnybrHa KOTOPOIl YAOBNETBOPSIET NOCAEAHEMY
N3 HUX, aNlbTEPHUPOBaHME He bonblue 3, a
CNIOXKHOCTb He npeBocxoauT 7 - 2",



CnepactBue. 13 nonyyeHHbIX OLEHOK B CUSTY
CneAcTBUA 13 yTeepXaeHus 16.3 BbiTekaeT, 4To

LC(MH) ~ 2 D(pn) = n+ O(1).



21. AcumnToTn4ecku
HaNMNy4yWwmnin MmeTod CMHTe3a
dopmyn B 6a3uce {&,V,—}.

[MToBegeHune pyHkyun LLleHHoHa
ansa rnyonHolr ®AJ]



VT1BepxaeHue 21.1 [lna noboin @A f,
f € Py(n), 8 U® cywecteyeT peanusyrowas ee
cdopmyna Fr, ans kotopoii

L(57) < 2 (1+2|og|ogn+0(1))7

log n log n
D(Fr) < n—loglogn+ 8+ o(1).

CnepctBue. V13 3Tux oUeHOK C y4eToMm
HUXKHER OLIeHKWN CleACcTBUSA 13
yTBepxaeHus 18.1 BbiTekaeT, 4TO

2n

log n’

L®(n) ~ D(n) = n— loglog n 4+ O(1).



22. AcumMmnToTnyeckun
HAUNY4YLNA MeTod CUHTEe3a
KOHTAKTHbIX CXemM



VT1BepxaeHue 22.1 [1ns noboin PAJ £,
f € Py(n), cywectsyer peanunsytowas ee KC
Y £ Takas, 470

L(Xf) < 2—,:<1+ O(%))

CnepctBue. 13 3700 OUEHKM C yYeTOM
HUXKHE OLLeHKWN CeACcTBUSA 13
yTBepxaeHus 18.1 BbiTekaeT, 4TO
2/7
[X(n) ~ =.

n



3ameyanue. [loctpoernyto KC L MOXHO
pa3buTb Ha He bosee, Yem

2/7
ny/n

«3BE3A», KaXAaA N3 KOTOPbIX COCTOUT N3
KOHTAKTOB OAHOIO U TOro »Xe& Tuna.

Ap-2P 2 mH (N 1)29t = O




23. 3agaya cuHTe3a cxem AJis
chbyHKLUNIA N3 cneymnanbHbIX

KslaccoB. AcumMmnrToTmyeckmn
onTMMaJZibHble MeTOdbl CUMHTE3a

cxXemMm n3 beHKLI,VIOHaJ'IbeIX
71eMeHTOB N KOHTAKTHbIX CXeM

ANsa PYHKLUNA N3 HEKOTOPbIX
KJ1aCCOB



V1BepxaeHue 23.1
[na knacca ®AJ1 Q Takoro, 410

SELUR
log log [Q(n)|
(log n = o (loglog |Q(n)])),

BbIMOJNTHAKOTCA aCUMNTOTUHECKNE HEPABEHCTBA
log |Q
LC (Q(n)) Z Og| (n)‘
log log |Q(n)]
log |Q ()| )
™ loglog |Q(n)|"

(cootgetcTeenno LN (Q(n))




Vr1BepxaeHue 23.2 [lycts Q —
nueapuaHTHblli knacc @AJI. Torpa ero
MOLL{HOCTHasl NocneaoBaTensHoCTL ag(n)
MOHOTOHHO He BO3PAaCTaEeT U CXOQUTCS K

npeaeny

og = lim og(n) = lim M

n— 00 n—00 on ’

rae 4Ynucio ogQ YLOBNETBOPSIET HEPABEHCTBAM
0< oo <L



V1eepxaeHue 23.3 [Ins Bcakoro
WHBapuaHTHoro knacca Qun=1,2,...

LC(Q(n)) ~ 0@2—”” npu g > 0,
C 2"
L <Q(n)) = O(UQ7> npu og = 0.



24. 3apga4ya 3KBUBAJIEHTHbIX
npeobpa3oBaHUi cxemM Ha

npumepe cpopmyn. lonHoTa
CUCTEeMbl OCHOBHbIX TOX/JECTB
ANt SKBUBAJIEHTHbIX

npeobpa3oBaHuii hopmy
6a3uca {&,V,—}



TN = {tg/I? tE/[, t&év tgv tg“? tSIL),W t{%’ tgfg}’
™= {1, )},
™=, t},

TOH - {tgnv t&)l‘l} ’
0 = {tg,vv t\]/),&} )

T = {tole, tilg, tows v } s

’7‘:OCH _ {7_1\/17 7_A, 7_K7 7_OI'I’ TD, 7_I’IK) 7:_I_I}.



Vr1eepxaeHune 24.1 Cucrema 7°

BbIBOAMMA N3 cUCTEMbI T,

VT1BepxxaeHue 24.2 Jliobyto dopmyny

F (x1, ..., xn), peanusytowyto PAJ1 f, ¢
nomotbto Il Ha OCHOBE CUCTEMbBI TOXAECTB
T MOXHO Npeobpa3oBaTh B COBEPLUEHHYHO

OJH® PAN f ot BN X (n).

VteepxgeHune 24.3 Cucrema 7°N —
NoJiHasi CUCTEMA TOXK/ECTB.



25. JKBMBaJZIeHTHbIE
npeobpa3oBaHUsI cXemM n3

HKLUMOHA/IbHbIX 3/1eMEeHTOB U
JennpoBaHne C UxX NOMOLLbHO

chopMyIbHbIX Npeobpa3oBaHWiA.

MopenunpoBaHue
9KBNBaJIEHTHbIX
npeobpa3oBaHuii hopmMya u
cXem B(E)a3m/|Lle|x ba3uncax,

emMa nepexoa



V1BepxaeHue 25.1 Ecnn 7 — KoHe4yHas
noaHas cuctema Toxgects gas Jl1 dopmyn us
UL, o {L 7°, TB} — KOHe4YHas noJiHas
cuctema toxgects ana Jl1 CPS us ug

CnepactBue Cucrtema ToOXAECTB
{IOC“, 8, TC} — KMCT ans 2N CPI ns UC.



VteepxaeHue 25.2 [lycte 7 — KICT ans
I dopmyn nz UL, a M u M — cucremsi
TOXIECTB ANs nepexoga oT basuca b k basucy
B’ n ot basnca B’ k basucy b cooTeeTCTBEHHO.
Torga cucrema Toxgects {1 (7), 1" (M)}
aensetca KMNCT ana IMN dopmyn ns UL,

CnepactBue 13 cuctemsl Toxxgects 7°" ans
30 dopmyn n3 U® ykasaHHbIM B yTBEPKAEHUM
cnocobom moxkHo nonyunte KINCT ans 1
cdopmyn B atobom basuce b.



26. DkBMBaJsIeHTHble Npeobpa3oBaHusA

KOHTAKTHbIX cxemM. OCHOBHbIe
TOXAOEeCTBa, BbiBOA4 BCMOMOINraTeJibHbIX

N ODODLLEHHBIX TOXXOECTB



V1BepxaeHue 26.1 Vimeet mecTo
BbIBOAMMOCTb { t—ts, tél), téz)} = {t—tn }

V1BepxageHue 26.2 [lpn n = 2 nmeet
MECTO BbIBOANMOCTb T, =3 7,



27. NNonHoTa cucrtemsbl
OCHOBHbIX TOX/AECTB U

OTCYTCTBME KOHEeYHOW MNOoJIHON
cucrtemMmbl TOXXAECTB B KJlacce
KOHTAKTHbIX CXeM



VT1BepxaeHue 27.1 [na noboit KC X, rae
Y =Y (x1, ..., Xp, A1, ..., am) € UK u
ntoboii akeneaneHTHot ¥ KC

Y (X1, .oy Xy @1, - -+, 3m) KAHOHUYECKOTO
Buaa cyujecteyet D1 YL = X,

Tn



VT1BepxaeHue 27.2 [lna nobbix asyx
skeuBanenTHbix KC X' v X7 ot Bl xq,.. ., X,
cywecteyet Jll euga ¥’ = ¥

Tn
CnepctBue Cucrema 7, asnserca KINCT gnsa
M KC us UR o1 BM x4, .. ., .
CnepctBue Cucrema 7 aenserca [1CT gnsa

M KC us UK.



VT1BepxaeHue 27.3 Ecan
Y (x1,..0%0) = Y'(x1,..., %), TO
{t1—ts}
O(X)=0(Y"),aecm X = ¥ rae k < n,
Tk

10 © (') — © (X") menutcs Ha 277K

Vr1eepxaernune 27.4 B knacce UN ne

CYLLEeCTBYET KOHEYHOWN MOJHON CUCTEMBbI
TOXKIECTB.



28. 3agayda KOHTPOJISA CXeM 1"

TecTbl Ansa Tabauuy,.

HOCTpoeHme BCeEX TYINMMKOBbIX
TEeCcToB, OUueHKN OJTINHDbI
ANArHOCTMN4HeCKOro 1ecCTad

V1eepxaeHue 28.1 OyHkuus Tecta

f(y1,---,Yp) BN5 OTAENMMOIE MO cTONbLAM
Matpuubl M, M € BP* un yenn kontpona N
MOXET DbITb 3agaHa ¢ nomolybro KH®P

Fye -5 yp) = /\( \V )/t)

(ij)eN IStsp
M<ti>#£M<t,j>



CnepactBune Kaxpaas anemeHTapHas
KOHBIOHKLNS BUAA Vi * * * Yt COKPALLEHHOM
OH® dbyrkumn f(y1, ..., yp), noayvarowascs
n3 atoit KH® B pesynbraTe packpbiTist CKODOK

n NpuBeAeHns NoaobHbIX, COOTBETCTBYET
TYNMUKOBOMY TECTY, CBA3aHHOMY C MHOXXECTBOM

T ={t1,...,t,} nobpatHo.



VT1BepxxaeHue 28.2 [nnHa ntoboro
TYNNKOBOIO AMArHOCTNHYECKOIo TeCTa AJiA

OTAENUMOI MO CTOADLAM MaTpULlbl 13
MHOXecTBa BP® 3akntodeHa B npegenax oT

[logs| @o (s — 1).



V1eepxaerHue 28.3 lMycts p(s), t(s) n
p(s) — uenoumcnenHblie HeoTpuLATENLHbIE
dyHKLMM HATypanbHOro aprymeHTa s, Ans
KOTOPbIX

t(s) = [2logs| +¢(s), p(s) = t(s),
©(s) — oo

Torga y noyTtn BCex OTAEAMUMbIX MO CTOADLAM

MaTpu, u3 BP)S nepsbie t(s) cTpok obpasytoT
[NArHOCTNYECKUIi TeCT.



CneactBue [ns ntoboli HeoTpuuaTenbHO 1
HEOrpaHMYeHHO Bo3pacTatoLlel dyHkunm ¢(s)
y MOYTU BCEX OTAENMMbIX MO CTONDLAM MaTpuL,
n3 BP® pnvHa MuHUManbLHOro
AVAarHOCTMYECKOro TeCTa He bonblie, Yem

2logs + p(s).



29. CamokoppeKkTupytouimnecs
KOHTaKTHbIE CXeMbl N1 MeTOoAbl
NX NOCTOPOEHMUS.

AcmmMmnToTuyeckn Hanaydnii
MeTO/[ CMHTEe3a KOHTAKTHbIX

cxem, 'D'KoppeKTmpyrou_l,mx OO WH
0OpbiB (OAHO 3aMblkaHMe)



VT1BepxxaeHue 29.1 [Ins nobbix p = 0,
g = 0 n moboii KC X cyulecteyet
skBuBaneHTHas et KC X/ Y/ € Ué;,q), ans
KOTOPOI

LX) < (p+1)(g+ 1)L(X)

VT1BepxaeHue 29.2 [lna noboin KC X
cyLlecTBytoT skBuBaneHTHble eif (1,0)- n
(0, 1)-camokoppekTupytoLLmecs

KC Y n ¥ cooTBeTCTBEHHO Takue, 4TO

LE) < L) +(E). LE") < LE)+((T)



V1eepxgeHue 29.3 Ina n=1,2,...
MMerT MECTO C/leflyrolliie aCUMNTOTUYEeCKNE
paBeHCTBa:

2[7
L(K1,0)(”) ~ Léé,l)(n) ~

V1BepxaeHuve 29.4 [lnan=1,2,...
NMErT MECTO PaBEHCTBA

L%%),l) (gn) — L{B,l) (Zn> — 4”.



