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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

I. AcumnToTnyeckn Hannyylwme MeToabl CUHTE3a CxeM B

HEKOTOpPbIX MOogendax OUCKPEeTHbIX ynpaBadaluwnx cucrtem
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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

| wacts kypca DTAYC npogonxaet Il pasgen kypca OK u noceelueHa pelieruto
3ajaun cunTesa ans (NponsBonbHbIX) dyHKumnii anrebpsl noruku (PAJT), a Takxe
cuctem PAJT nnn, nHave, onepaTopoB Npu ux peanusauumn B bonee obumx no
CPaBHEHNIO C <KAACCUYECKUMU» MOZAENAMN ANCKPETHBLIX YNPaBASOLLMX

CNCTEM — CXeMaX B T. H. KNMPOU3BOJIbHbIX» 6a3uncax.
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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

B kypce OK paccmatpusannce hopMynbl 1 cxeMbl U3 DYHKLNOHANBHbBIX
anemenToB (CPI) B «cTraHgapTHOM» basuce By, cocTosiem n3 sn1emeHTOB
yHkumoHanbHoro Tuna &, V, -, a Takxe koHTakTHble cxembl (KC) B
«CTaHZapTHOM» Hasnce U3 31E€MEHTOB MPOBOASLLErO TUMA, COCTOSILLEM U3
3aMbIKAIOLLErO KOHTAKTa BUAA X; U Pa3MbIKAIOLLEro KOHTaKTa BUAA X; OT BXOLHbIX

6yneBbix nepementbix (BM) x;, rae i=1,...,n,....
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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

[ns Kaxporo n3 ykasaHHbix knaccos cxem U, CBA3aHHOIO € HUM dbyHKUMOHANA
CNOXKHOCTU 1), The

P(X) = L(X) — obbl4Hast CNOXKHOCTb, T. €. YNC/IO 3/IEMEHTOB CXeMbl X,

P(X) = D(X) — rnybuna CP3I X, T. e. MaKCUMasIbHOE HNCIO MOCNEA0BATENLHO
COEAMHEHHBIX S/IEMEHTOB X 1 T. .,

pelanach 3ajada CUHTE3a.

JTa 3ajaya 3akNt04aETCs B NOCTpoeHnn s npoussonbHoii PAJT (onepaTopa) F
Takoii, peanusytoweii F, cxembl X, ¥ € U, ans kotopoii (L) = miny(Y'), rae
MuHUMYyM bepeTca no scem peanusyowmm F cxemam ¥/ Y € U. Cxema ©
CHNTAETCS MpU 5TOM )-MUHUMANbLHOM, a BennymnHa 1(X) HasbiBaeTCs

y-cnoxHoctblo F B U 1 obosHavaercs ¢(F).
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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

3apaya cunTesa B kypce OK nccnepoBanach, B OCHOBHOM, Kak MaccoBasi 3a4aya,
TO €CTb 3afayva pa3paboTKn METOLOB CUHTE3A, MNO3BONSAIOWNX /151 NPON3BOJLHON
@A (onepatopa) f(x1,...,X,) NOCTPOUTL TaKyto Peasn3yloLyto ee CXeMy X,

Y € U, ans kotopoii BennumHa (L) pasHa uan «bauskay k (f). Ons atoro
BBOAMNACL M u3yyanack npu n=1,2,... dyHkuus (n) = maxp(f), roe
MakcumyMm bepetcs no Bcem PAJT f ot Bl {x1,...,x,}, koTopasi Ha3bIBaeTcs

cdhyHkuymein LLlenHoHna ans knacca cxem U v pyHKUMOHANA CAOXKHOCTY ).
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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

B | yactu kypca DTAVC 3T metoabl n pesynstaThl 0b0b6LWatOTCA Ha cyyaii
opmyn n CP3 B Npon3BoNLHOM KOHEYHOM nosHom basuce b = {v1,...,¢p}.
Kpome Toro, B Heli BeognTca knacc KC B 6asuce b, Takxe knacc T. H.
nTepaTuBHO-KOHTakTHbIX cxeM (IKC) B 6asuce B, ansi KoTopbix ycTaHaBAMBaOTCS

AHANIONN4YHblI€ pPe3yNbTaThbl.
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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

Knacc UKC sBnsieTcs mogensto, B koTopoil coveTaetcst peanusauus GAJl s
BEPLUMHAX CXeMbl C MOMOLLbto cynepno3uuun basucHoix PAJT, xapaktepHas ans
C®P3, c peanuzauymein PAJ] 3a cueT nposognmocTun pebep, otaudatowein KC.
DTOT KNacc SABNAETCS AOCTaTOYHO TOYHON Mogenbto coBpemenHbix CBUC Ha

KMOTI-Tpan3ucTopax.
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I. AcumnToTUYECKN HanayYLINE METOAbI CMHTE3a CXeM

HekoTopsie onpesenenus n obosHadenus uz kypca OK, cBsi3aHHble ¢ 3aga4eri

CUHTe3a:
B={0,1},B"=Bx---xB={8=(61,...,0n) : Bi € B} — egnHununbiii

n
n-mepHblii KyO;

oTobpaxetue f : B" — B — dyHkumns anrebpsr norukun (PAJ1);
X={x1,...,Xn, ...} — cueTHbIi ynopsag. andasut BxogHbix BI1;
Z={z1,...,Xm, ... } — cHeTHbIA ynopsg. andasuT BbixogHbix B,

P>(X) — muoxectso ®AJ1 f(x) ot koHeuHoro muoxecrsa bIM u3 X, X C X;
Py = Py(X), Pa(n) = Po(X(n)), rae X(n) = {x1,...,xn};

PJ'(n) — mHoxectBo (n, m)-onepatopos, T. e. cuctem PAJ]

Buga F = (fi,...,fy), roe f; € Pa(n), unu, nnave, cucrem ypasHeHuii

Buga (z, = f,...,z, = fy).
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

1. ®opmynbl 1 CDD B nponsBosibHOM ba3uce, pyHKLUMNOHANDbI

nx cnoxHoctu. BepxHue oueHkn uncna copmyn n CP3
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Mpogonxum Havatoe B kypce OK uzyderne cpopmyn n CPI Hag npon3BonbHbLIM
KOHEYHbIM NoaHbIM Basnucom b = {8,-}f:1, rae dyHKuMoHanbHbIl snemeHT (PI)
&; peanusyetr PAJ1 p;(xi1, ..., Xk ), KOTOpas B ciyyae k; > 2 CyLIECTBEHHO
3aBucKUT oT Bcex ceoumx BIl.

Byaem no"=npextemy npeacrasnats CPI ¥ B Buge ¥ = X (x; z), ecnn

""— Habopbl, cocTaBieHHble U3 BCex eé

x=Xiy,...,x,)nz=_(z,,...,2,)
Pa3/INYHbIX BXOAHbIX N BbIXOAHbIX En, NepPEHNCNEHHbIX B NOPAAKE BO3PACTaAHNA
nx HoMepoB B andasntax X u Z, COOTBETCTBEHHO.

HanomHuMm, 4To X npeacTaBisieT coboii OPNEHTNPOBAHHYIO aLMKINYECKYIO CETb,
BCE€ NCTOKN KOTOpOI7I N TONIbKO OHWN ABNAKOTCA €€ BXO4aMWN, KOTOPbIM B3aMMHO
oAHO3Ha4HO conocTtaeneHbl Bl Habopa x, ncnonb3yembie B Ka4ecTBe MOMETOK

COOTBETCTBYHOLLNX BEPLUNH.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Jliobas BepLumHa1 v, v € V(X), otinyHas ot Bxogos X, nomedeHa @3 &,

1< i< b, rge ki = d*(v), a Bce BxogsALME B HEe Ayr NPOHYMEPOBAHbI YnCiaMu
1,..., k; B cooTBeTCTBUM C HOMepPOM Toro Bxoga P, ¢ KOTOpPbLIM OHA CBsA3aHa.
Boixogamu CPI ¥ aBnsAoTCs Te ee BepLUMHBI, KOTOPbIE MOMEYEHbI BbIXO4HbLIMU
BI1, npuyem gonyckatoTcs KpaTHbIe BbIXOLbI.

B kaxgoii sBepwmnne v CPD X peanusyerca PAJ f,(x) n cunTaercs, 4to cama
CP3 X peanusyet onepatop F = (fi,. .., fn), rae f; — PAJ], peanusyemas 8
BepLUMHE C NOMeTKol zj, j = 1,..., m.

HanomHuunm, 4yto dpopmyna-cnoso F(xj,, ..., x;j,) B basuce b 3apaercs ceoum
aepesoM Dy, a Takxke kBasngepesom-CPD Dy, KOTOpOe MoJsly4aeTcst

oToxpecTeneHnem nuctees Dy c oanHaKOBEIMK NOMeTKaMu X;, i = 1,...,n.

1Nns rpaca (cxembl) G uepes V(G) n E(G) 0603Ha4atoTCs MHOMECTBA ero BepLunH n pebep
(Byr) cooTeeTcTBEHHO, a ANs BepwUHbl v Yepes dT(v) n d~(v) — uncno ee BxopAwmx un

nexooAawnx oyr COOTBeTCTBEHHO.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

CnoxHocTb, To ecTb 4ucno P, rnybuHy, To ecTb MaKCUMabHOE HMCI0
NoCNeA0BaTENbHO COeANHEHHBIX DI, 1 paHr, TO eCTb YNCIO AYr, UCXOAALUNX U3
BXOZOB, B cxeMe X, cnegys kypcy OK, bygem obosHauatb uepes L(X), D(X) u
R(X) cooTBetcTBeHHO.

Beeném Tenepb «B3BeleHHbIe» (DYHKLNOHANbI CIOKHOCTM 1 rybuHsl CPI.
Byaem cuntaTh, 4TO KaxXAOMY byHKLMOHANLHOMY dnemMeHTy &;, i = 1,... b,
COMOCTaBJ/IEHbI NONOXKUTENbHbIE AelicTBUTeNbHbIe Yncna L; u T;, Ha3biBaeMble ero
«BECOM>» N «3aJepXKKOU», KOTOPbIE XapaKTepn3ytoT CIOXKHOCTb («pasmep»)
Bpems cpabaTtbiBaHus &; cooTBeTcTBeHHO. [pegnonaraercs, 4To «BeC» u

«3agepxxkay» noboro P crangaptHoro basuca by = {&,V,—} pasHbl 1.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Ecnun (vo, v¢)-uenb C gnunnbl t 8 CPD T npoxogut HYepes CBON «BHYTPEHHUE >
BEPLINHBI Vi, ..., V,_1, W BepwunHe v;, j = 1,...,t, npu aTom cooTeeTcTBYeT P
& basuca B, To yncno T(C) = T, + --- 4 T;, byaem HasbiBaTb 3apepKKoOi
3TOi uenu.

Mo aHanoruwn c raybuHoit onpegennm 3apep>ky sepuntsl v CPI ¥ kak
MaKCUMabHYIO 3afiepXKKy Tex ueneli X, KOTopble Ha4MHAIOTCA B OAHON 13 ee
BXOAHbIX BEPLUMH 1 3aKaHYMBaloTCs B BepwunHe v. Ons kaxgoii CPD ¥ nag,
6asucom b nomumo cnoxtoctn L(X), raybunsl D(X) u pavra R(X) onpegenum

cnepytowne napametpebl (hyHKLMOHabI COXKHOCTH):
1) £(X) "— pa3mep X, TO ecTb CymMMa «BecoB» Bcex eé P3;

2) T(X) "— 3apepXKa ¥, TO eCTb MaKCUMasibHas 3afepXKKa eé BepLUH.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

3ameTum, 4T0 byHkumonan L (D) sensieTcs YacTHbiM cnyyaem dyHkunonana L
(cootsercTBenHo T), korga Beca (COOTBETCTBEHHO 3azepkku) Bcex P basuca b
paBHbl 1. Beegem Takxke «uvactuunbiiy pasvep Lg/(X) (3agepxky Tg (X)),
KOTOpbLIii paBeH cymme Becos P ¥ tuna &;, rae &, € B/, 8 CPI ¥
(cooTBETCTBEHHO MakKcuManbHol cymme 3agepxek P ykasaHHoro Buga,
NeXaLunx Ha ofHoN uenm X). AHanornyHbiM obpa3soM BBOANTCS «HaCTUHHAS»

cnoxHoctb Lg/(X) n «yactnyHas» rnybuna Dg/(X) gns CPI X
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Hanomuum (cm. kypc OK), uto CPS HasbiBaeTCsi NPUBEAEHHOM, €CNN BbIXOS,
ntoboro eé P, He ABAAIOWMIACS BbIXOLOM CXEMbI, MOCTYNAET HA BXOZ, APYroro
@3 s70ii cxembl. Mpusegénras CPI (cnctema opmyn) cHuTaeTcs CTPOro
NPUBEAEHHON, eC/N B HEll HET SKBUBANEHTHbLIX BEPLUMH, TO €CTb BEPLUUH, B
KOTOpbIX peanu3ytotcst paBHble PAJT (COOTBETCTBEHHO HET SKBUBASIEHTHBIX
BEPLUMH, NIEXALLNX HA OfHON uenu).

3ameTtum, 4To B cTporo npuseaéHHoin dopmyne nnu CPI vet Tpéx unm bosee

NoC/ief0BaTeNIbHO COEANHEHHBIX OLHOBX0A40BbIX P,
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Nerko BuaeTs Takxe, 4To npu atobom B’ C B ans noboii CP (cuctems
chopmyn) X cyliecTByeT 3kBMBaneHTHas eli ctporo npuseaéiHas CPD
(cootBeTcTBEHHO cucTema chopmyn) X/, anst kotopoit Lg/(X') < Lp/(X) un
Ter () < T (5).

Ons 6asuca B = {€;}b_; nonoxum b= {& | ki =2} v 3ametum, yto
MHOMXeCTBO b He nycTo B cuay nonHotel 6asuca b. na @3 E;, €; € B,
onpesennm ero NPUBEAEHHbIN BEC p; N NPUBEAEHHYIO 3a4EPXKKY T

cnegyowumM obpasom:
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Beenéwm, panee, senuunnbl pg = ming g p; M T = Mming _g 7j, KOTOpbIe
Ha30BEM NPuUBEAEHHLIM BECOM 1 NpUBEAEHHON 3aaep>xKoi basuca b
cooTBeTcTBeHHO. [ns cTangapTHoro b6asuca by = {&,V, —}, ouesngHo,

Bo = {&,V}, pg, = T8, = 1. [Ans yHkumoHana cnoxnoctn ¢ tvna L, £, D, T

yepes 721\():) Bynem obosHauvaTh BennumHy g(X).
VTeepxaerue 1.1

Ans moboii popmynsr F, T € UL, sbinonusoTcs HepaseHcTBa

R(F) < piﬁ(ff) +1, R(F)<27s. (1.1)
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

JokazaTenbcrBo.
Myctb ana kaxgoro i, i = 1,..., b, opmyna F cogepxut s; I &;. MNpn atom

ans vncna pebep keasunpepesa F OyayT BbINONHSATLCS PaBEHCTBA

b b
E@)| =D si-ki=RF)+) _ s—1
i—1 i1

CnepoBaTentHo,

b ki —1 1 1~
R(F) = siltki—1)+1= ! -Liss+1< — Lisi+1=—L(F)+1
(%) ; (ki —1) kZ;z 9 Psgz PGl

1 nepsoe HepageHcTBO (1.1) gokasaHo.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Bropoe HepageHcTBo (1.1) nokasbiBaetcs nnaykumein no D(F). JelictenTensHo,
npu D(F) =0, korga F = Xj, OHO, 04eBUAHO, BbinonHseTcs. [ycTb Teneps
BTOpoe HepaseHCTBO (1.1) BepHO anist ntoboii bopmynbl FaybuHbl MeHbLUe, HeM d,
n nycte F = @i(F1,...,Fy), rae D(F) =d v D(F;) < d, ?(3’1) = t; Npu BCex

J=1,... ki, at = maxygjgx tj. Toraa
k,‘ .
R(F) =D R(F)) < ki-27&
j=1

CnepoBatenbHo, npu k; = 1 dopmyna F yposnetsopsieT BTOpoMy

nepasenctsy (1.1), Tak kak B 5Tom cnydae T(F) = t.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

ﬂpm k,‘ = 2 B COOTBETCTBUU C onpegeneHnemM 7g BbINOJIHAETCA HEPABEHCTBO

VTBepxaeHune fokasaro. [
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

3ameyvaHne

AHanorn4Ho nepeomy HepaseHcTBy (1.1) gokasbiBaeTcsi, 4To
E(9)] < 6(R() ~ 1) (12)

ecnn B KBasugepese opmynbl F HeT Tpéx n bosee NocnefoBaTeNbHO

COENHEHHBIX 0JHOBXOA0BbIX P3.

HeicteutensHo, ecnn F copepxut s; I3 &;, i=1,...,b, 10

R(F) = zb:s,-(k,- D) +1>L(F)+1,

i=1

IE(F)| < 3(R(F) + L(F) — 1) <3(2R(F) —2) = 6(R(F) — 1).

HepagencTBo (1.2) BLINOMHSETCS, B 4aCTHOCTK, L1 CTPOTO MPUBEAEHHO
dopmynbr F.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Cnepys kypcy OK, obosHauum uepes UE n UL mHoxectso CPI Hag 6asucom B
1 MHOXecTBO chopmyn Hag B cooTeeTcTBEHHO, cymTast, 4TO ug’ - ug. Mpn atom
ans kaxgoro A, A € {C, ®}, onpegenum pasmep LA(F) AT unn cuctems

®AJ1 F & knacce U n eé 3apepxky Tg(F) obbidHbIM 0bpasom:
LE(F)=minL(X) wn  Tg(F)=minT(X),

rae MuHumym bepetcsi no scem CPI ¥ € UR, peanusyrowum F.

Yepes L£a(n) u Tg(n) obosHauum cootsetcTBytowme dyHkuynn LlenHona:

LA(n) = LA(F), T, = T=(f).
s(n) = max Lg(f), Ts(n)= max Ts(f)
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

Mycts UE (L, n) (UL (L, n), UD {T,n}) "— mHoxecTBO BCEX CTPOrO

npuseaénubix CP Buga (x1, ..., X, z1) 3 US (cootsetcTaenHo dopmyn
F(x1,- -+, x2) n3 UL), ans kotopbix L(X) < L (cootsetctBenHo L(F) < L,
T(F)LT).

Ons npueepérroii ogHoBbixogHoih CPI ¥ Ha 6asucom b e€ octoBom bysem
Ha3bIBaTb Takyto hopmyny F(x;) nag B, nepeso kotopoii nonyvaercs B
pesynbTaTe NPUMEHEHNS K KaXKAol BepluMHe Y. onepaunii OTCOEANHEHMA BCEX
NCXOAALLMX AYT, KPOME OAHOM, 1 OBBABAEHMS HAYaNbHBIX BEPLWMNH STUX Ayr

JINCTbAMN YKA3aHHOIo AepeBa.

http://mk.cs.msu.ru 3TAYC BecHa, 2021

24 /190


https://mk.cs.msu.ru/index.php/

I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

[ns koHe4wHOro mMHoxecTBa cxeM 8 uepes |8] u ||§|| Byaem, kak obbIYHO,

0b03Ha4aTb 4uco nonapHoO He MBOMOdeHbIX N NONAapPHO HE SKBUBAJIEHTHbLIX CXEM

B S cooTBeTcTBeHHO. ByKBOIM € € paznnyHbIMKU nHaekcamn bygem obosHavaTb

KOHCTaHTbI, 3aBUCALLME TONLKO OT basuca b.

Vreepxaerune 1.2

Llns mobbix L >0, T > 0 u 11060ro HaTypaabHOro N CrnpaBeaInBbl HEPABEHCTBA :

IUE (£, n)|| < (cr(& + n))7e (1.3)
||Ug’ (L, n) || < (czn) et (1.4)
U@ (T, n}|| < (c2n)?™. (15)
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

JHokazatenbctso.
Mycte ¥ € UC (L, n), a F "— octos L. B cuny yTB. 1.1 1 3ameqannsi K HeMmy Ans

v

F BbINOMHAOTCA HEPaBEHCTBA

a MOCKOJIbKY YMC/IO0 TaKMX MOMAPHO HE N30MOPMHLIX POPMYN-OCTOBOB HE
npesocxogut 4 E . pLI) | 10, cnegosaTensHo, nx Yncno He Gonblue, Hem

=
(c2)7s
Niobas dopmyna F (CPI ¥) us UC (L, n) MmoxeT bbiTb NosyyeHa B pesynbTaTe
npucoeamterust kaxxgoro 3 R(F) nuctoes gepesa dopmynsl F k Bxogam
X1, ..., X, (COOTBETCTBEHHO K BXOAAM X1, . .., X, U BHYTPeHHUM BepwmnHam F),

KOTOPOE MOXHO OCyliecTBUTH He bonee, yem nf(Y) (cooTseTcTBEHHO
(L(F) 4 n)RP)) cnocobamu.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 1. ®opmynsl u CPD e nponseonsHom basuce

YuuTbiBas To, 4TO cornacHo onpegenenusm n (1.1)

L(F) < iL(F) n  R(F) < izz(fvf) +1,
B PB

clT,' 1, NEPEMHOXasl MOJIyYEHHbIE BbILLE OLEHKH,
npuxoanm K (1.4) n k (1.3) (c koHcTanTol ¢1 = ¢ max{cp,1}).
B cayqae ¥ =F € U {T, n}, paccyxpaas ananornuro, npuxopum k (1.5) c

YHETOM TOro, 4TO 14ncao pébep B dhopmyne F He Gonbuue, vem 6 - 27/ yucno

roe mg = minlg,-gb L,’ =

T/
Takux chopmyn He npesocxoauT (c2)? "%, a nx paHr orpaHuyeH Ceepxy B
cuny (1.1) uncnom 27/78,

VTBepxaeHne fokasaHo. [
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

2. HekoTopble MoanuKaunm KOHTAKTHbIX CXeM,
nTepaTUBHbIE KOHTAKTHble cxeMbl. BepxHne oueHkun yncna

CXeM KOHTAKTHOro tuvuna
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

Paccmotpum Tenepb knacchl koHTakTHbix cxem (KC) n ntepaTneHo" =KOHTaKTHbIX
cxeMm (MKC) Hag 3aganHbiM 6asucom n3 dyHKLMOHaNbHO" =npoBogsymnx
anemenToB (PrD) unm, Ans KPaTKOCTU, KOHTAKTOB, YaCTHBIM CIy4aeM KOTOPbIX

aBnseTca Knacc «obbluHbixy KC.

PaccmaTprBaembie cxembl ctposites us P basuca b = {Ky,...,Kp}, kaxabiii
anemenT K;, i =1,..., b, koToporo npegcransiet coboii Tpoiiky {p;, L;, 0;), rae
;i "— ®AJ], cywecTtBeHHo 3aBucswas ot Bl xy, ..., xk, £; "— nonoxurensHoe

OeACTBUTENbHOE YNCo, a 0; "— DyneBckasi KOHCTaHTa.
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

Mpeanonaraetcs, 4to 4ncno L; xapakTepusyeT cnoxHocTb («Becy) PN K;,
KOTOPbIA COCTOUT U3 OPUEHTUPOBAHHOrO B ciyyae o; = 0 1 HEOpPUEHTNPOBAHHOIO
B C/lydae 0; = 1 KOHTaKTa, NpoBoAsiero Ha Habope « 3Hauenuii Bl x1, ..., Xk
TOrfa u Tonbko Torga, koraa pi(a) = 1, npnyém ykasaHHasi NpoBOANMOCTb B
cnyyae o; = 0 UMeeT MecTo TONIbKO B HanpasnaeHuun opueHtaunm K;.

Mog crangapTHbIM 6asncom 55«: bynem nonmmats 6asuc, cocroswumii us P13
Bnga (x1,1,1), T. e. 3aMbIKatOLLErO HEOPMEHTMPOBaHHOTO KoHTakTa, u PI13 Buga

(X1,1,1), T. e. pa3MbIKatOLLEr0 HEOPUEHTUPOBAHHOTO KOHTAKTA.
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

Takum obpasom, ¢ opmansHoii Toukm 3peHus P K; npeacrasnsier coboii
KoHTaKT (pebpo) K; c nomeTkoll ¢; 1 ykasaHuem HanpasneHHocTu, ecim o; = 0.
Mpy 3ToM 13 copeprraTesibHbIX COODpaXkeHnii MOXKHO cuuTaTtb, 4to P33 K;
cocTonT 13 KoHTakTa K; 1 PyHKLMOHAILHOIO aN1eMeHTa &;, peanunsyoLero

DAJT p;, BbIXOL KOTOPOro «YMpPaBJSET» NPOBOAUMOCTbIO K;.

" QX - xk‘) v " [OX S Xk|) O y

(0,=1) (0,=0)
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

Cnepys kypcy OK, onpegenum (opHoexogosyto) KC X = X(xq, ..., Xpi Z1, -+ -, Zm)
Hag 6asucom B kak 4acTMYHO opueHTUpPOBaHHbIN rpadd € eANHCTEEHHbBIM
(npoBoasLWNM) BXOAOM, NOMeHeHHbIM cumBosioM 1, n m (nposogsmMm)
BbIXO4AMU, NOMEYEHHbIMU BbixogHbIMU Bl z1, . ..z, KaXK4oe opneHTUpoBaHHoe
(cooTBETCTBEHHO, HEOPNEHTUPOBaHHOE) PEBPO KOTOPOrO MOMEYEHO OfHON U3
6asucHbix PAJ1 ¢;, rae o; = 0 (cooTeeTcTBEHHO, 0; = 1), 3aBUCsLLEl OT K;
nepeMeHHbIX U3 MHOXeCTBa BxogHbix (ynpasnsiowmx) BIM X(n) = {x1,...,x,}.
[Ons noboii ynopsigoyeHHoii napsl (u, v) BepwuH ganHoin KC cTtangapTHbiM

obpasom eeogutcs PAJT nposogumocTu oT u K v, 3aBucswas ot BM X(n).
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

Byaem, kak 0bbl4HO, cUUTaATL, YTO B KaXK4oii BepwuHe paccMaTpusaemoii KC X
peanusyetcs PAJ] nposogumocTu ot Bxoga 1 k aToll BepwmHe, n 4to cama KC X
peanusyet cuctemy PAJ1 Fx = (fi,...,fy), roe f; "— PAJN, peannsyemas B
BepLHe ¥ ¢ nomeTkoili zj, j=1,...,m.

MycTtb u’g "— knacc KC Hag 6a3zucom B, BxogHble n BoixogHble Bl koTopbix
BepyTCst U3 CHETHBIX YNOPSAOHEHHbIX Henepecekatomxcs andasuTos
X={xi,x2. s Xn,...} WZ={21,220,...,Zm, ...} COOTBETCTBEHHO.
Mpeanonaraercs, 4to 6asuc b senserca nonHbiM, To ectb Mtobass PAJT ot Bl

n3 X mMoxeT 6biTb peanusosana cxemoii us UK.
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

3ameTum, 4To Ntoboii 6asuc, cogepKalmii «ODbIYHbIE» HEOPUEHTUPOBAHHbIE
3aMblKatoLWNli 1 Pa3MbIKAOLWMIA KOHTAKTbI, T. €. KOHTaKTbl ¢ basucHoin PAJ] x; un
X; COOTBETCTBEHHO, SIBASETCA MOJIHbIM. DTO BEPHO, B YAaCTHOCTU, AJIs
cTaHgapTHoro basuca EOKC.

Ons ynobctea byaem npegnonarath, 4TO Npw NOCTPOEHUUN cxeM Hag basucom B
pa3peLLaeTcs NOACTaBNATL KOHCTaHTbl BMecTo Bl ero koHTakToe. B aTtom cny4ae
HEOBXOANMBIM 1 [OCTAaTOYHbLIM YC/IOBUEM MONHOTHI B siBnsieTcs Hanuumne cpeau
ero 6asucHbix kak PAJI, koTopas He saBnsieTcst MOHOTOHHOI, Tak u PAJI, koTopas

He SIBNSeTCS aHTUMOHOTOHHOIA.
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Tak, KC X1 n X5 Hag nonaHsimun basucamnm E(P)(C "
5@ = {<X1 D X2, 1>7 <X1 ~ X2, 1>}r roe

51O 49X @ X3@X“Q 2

peanusytoT ogHy n Ty xe PAJT (x1 B x2) - (X3 B x4) U, cregoBaTensHo,

SKBUBAJIEHTHbI.
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

Mog cnoxnocTbio £(X) KC I, ¥ € UK, noHumaercs, kak obbiuHo, cymma Becos
Bcex eé PI13, a nog cnoxtoctbio LE(F) cuctemsl PAN F = (f,..., fy) oT Bl
n3 X "— MUHUMaNbHas U3 CNOXHOCTeR cxem knacca UK, eé peanusytowmx. Jns
yKa3aHHOro dyHKLMOHaNa CNOXHOCTN 0BblYHBIM 0Opa3oM BBOAUTCS

cooTBeTcTBytowas yHkums LLleHHoHa

L£8(n) = max LE(f), 2.1
() = max £K(f) (1)
rae, Kak obbiuHo, Pp(n) "— muoxectso Bcex PAJ1 ot BN X(n), n=1,2,....
Onpegenum panee knacc USKC "— knacc nTepaTMBHO-KOHTAKTHBIX CXeM Hap,

6a3sucom b.

http://mk.cs.msu.ru 3TAYC BecHa, 2021 36 /190


https://mk.cs.msu.ru/index.php/

. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

[ns aToro paccMoTpuM CHETHBIN YNOpsiAOYeHHbI andaBuT utepatusHbix Bl
Y=y s ¥ps-- 5 tBEYNX =YNZ =0, uungykuneit no t, t =0,1,.. .,
BBEAEM KJlacc UEKtC "— knacc MKC ntepatusHoro pasra t Hag 6asucom b.
Basuc ykasaHHO nHAYKLUUKM COCTaBASAET KNacc ug!ﬁc "— knacc KC

nTepaTusBHoro paHra 0, KoTopblii COBNafaeT C KaccoM UE.

VngykTueHblin nepexoa, nossonstowmii ot UKC X = X(xq1,...,Xn; 21, .., Zm) U3
Ksacca ugKtC, peanusytowein cucremy PAJ (fi, ..., fy) ot BM x = (x1,. .., Xn),
nepexoanTb k peanusytoweii cuctemy PAJ (f], ..., f 4, ) o BN

X' = (X1, Xic1, Xit1s - -5 Xn) WKC Y =X (X, 21, ..., 21, Zj41, . . ., Z;m) W3

Kflacca ngﬁl, CBA3aH C MPYMEHEHNEM OnepaLun NpUCOeANHEHNS BbIXOAA Z;

NKC X k eé Bxogy X;.
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

JTa onepauus npumennma, ecan PAJ1 f; He 3aBNCUT CyLLLECTBEHHO OT X; 1
COCTONT B 3aMeHe NomeTkn z; BbixogHol BepwnHbl v IKC X, a Takxe Bcex
nomeTtok Bl x; Ha koHTakTax ¥ nometkamu BI1 y;11. Npn aTom npeanonaraercs,
uto PAJ1 f/(x'), roe s # j, nonyyvaetcs us PAJ1 f;(x) nopcranoskoii PAJT f;(x’)
smecTto Bl x;.

Bygem cuntath, 4To gnst onucarHbix Boiwe cxem MIKC X siensetcs 6a3osoii
MKC panra t gna MKC ¥’ n uto nepexoas ot KC X k eé 6azosoii IKC N
patra (t — 1) u 7. 4. Mbl npugém k 6azosoii gns UKC ¥’ KC . 3ameTum, 4To

~

cnoxHoctu Beex noctpoeHHbix VIKC ognHakosbl u pasHbl L(X). Onpegennm,

Hakorel, knacc UMKC kak obbeaunenne knaccos UMK no Becem i, i = 0,1,. ...
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

Tak, UKC X’/ Buga

asnsietcs MKC ntepatusHoro patnra 2, kotopas peanusyet PAJT x; © xo D x3.
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

3ametum, uto knacc USKC aensetca nonHbiM Toraa u Tonbko TOrAa, KOrAa NonoH
Knacc UE M 4TO Ha €ro MoJIHOTY He BAUSIET Hanm4due B basuce b I3 K;, ans
koToporo ¢; = 0 (T. H. «n3onsTopay), a Takxe PN K;, ans kotoporo p; =1 un
0j =0 (T. H. «ABYCTOPOHHEro NpoBOAHMKa» ). Bonee Toro, Kaxkablii U3 yKasaHHbIX
DI1D moxeT bbITh yaaneH n3 cxembl 6e3 n3MeHeHUs ee hyHKLMOHNPOBAHNS, €Cnu
npy 3TOM OTOXAECTBUTH KOHLeBble BeplunHbl K. B cBA3n ¢ 3Tum bygem
npegnonaraTe, 4to P13 gaHHoro Tuna B 6asuce b otcyrcTeytoT.

[ns nonworo knacca UYKC u nponssonshoii cuctemsr AN F = (1, ..., fy)
obbiuHbIM 0bpasom onpegensietcs cnoxhocts LUKC(F) "— cnoxrocTs
peanusauun cuctemsl F B knacce USKC, a zatem aHanornuro (2.1) eeogutcs

cooTeetcTBytowas ynkums LLlennona £4KC(n).
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. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

MycTb, kak 0bbIYHO, Ul‘gv(ﬁ, n), rae W € {K,NKC}, "— mHoxecTBo BCEX
ofHoBbIXOAHbIX cxem oT Bl xq, ..., x, us UEV, peanusytowx ogHy PAJ1 us Po(n)
€O cnoxHocTbio (C pasmepom) He Bosblue, Yem L.

Ons 6asuca b = {XKy,...,Xp} nonoxum

. Li
g = min L;, P = min - ks = max k;.
1<i<bh 1<i<h ki +1 1<i<b

CnpaBegnuneo criegytollee yTBEPXKAEHNE.

V1eepxaerne 2.1

Lns moboro L > 0 u n10boro HaTypasibHOro n CrnpasBea/nBbl HePaBEHCTBA

S (L, n)| < (cson'®) e (2.2)

|[UAKE (£, ml| < (ca(& + n))7e (2.3)
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/Lokazatensctso.

Myctb ¥ = X(x1,...,Xn; z1) — cxema ot (ynpasastowmx) B x,..., x, €
(npoBogswmm) Bxonom, nmeroum nometky "1", u BbixogoMm zp, koTopas
npuHagnexut mHoxectsy ULKC (L, n), Brntovatowemy B cebs MHOXeCTBO

UK(L. n) B kauecTBe nogmHoxecTsa. Npu 3ToM ans cxembl ¥, copepxalueli ans
B\~ 4 4 ot wen 4

kaxgoro i, i=1,...,b, i = qi(X) koHTakToB K;, BbINOJHAIOTCA COOTHOLLEHUS:
b b L
L(X) = L<LL=0(X)=Y qg<|=]|; 2.4
5= 0 ®=>a<| ] (2.4
b
R=R(X)=> kg < ksl; (2.5)
i=1
> b k411
L + R= ;(k/ + l)ql - ; CI,L/ L,' < ﬁ;L(Z) (26)

http://mk.cs.msu.ru 3TAYC BecHa, 2021 42 /190


https://mk.cs.msu.ru/index.php/

. AcUMNTOTUYECKN HanNyYlLIMe MeToAbl CUHTe3a cxem 2. Mopundhmkauum KOHTaKTHBIX cxem

OueHUM CBEpXY HYNCIO MOMapHO HEN3OMOPMHBIX HEOPUEHTUPOBAHHbIX CBA3BHBIX
rpacpoB cxeMbl XL ykasaHHOro BuAA. [nsi 3Toro Bbibepem cHadana ee 0CTOBHOE
ynopsigodeHHoe nogaepeso D ¢ KOPHEM B BbIXOAHOV BEpLUMHE ¥ TakK, Y4TObbl OHO
COAEPXKano BCE UHLMAEHTHbIE KOPHIO pebpa cxeMbl X, a ee BXOA 6bin Bbl cCaMbIM
"nesbim" nnctom D.

HocTponm, panee, aepeso D o octosHoro Hagaepesa D rpacba cxembl ¥ nyTem
NPUCOEANHEHNA OfHOV KOHLEBOU BEPLUMHBI KaXkaoro us He soweawnx 8 D pebep
Y K OfHOl U3 OT/UYHbBIX OT BXOAA U BbIXOLA MHUMAEHTHbLIX eMy B L Bepwiud D un
0B bsBNIEHNS! APYTOli BEpLIMHBI 5TOro pebpa nucTom gepesa D. 3ametum, uto
(cm. [1]) 4ncno pasnuuHbIX NosyHeHHbIX Takum obpasom aepesbes D He Gonbuue,
deM 4L a 4nNcno OTAMYHBIX OT KOPHs BepwH D, cpeam KOTOPbIX COAEPKATCS BCE

€ro NINCTbs, He bonblue, yem L.
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3ameTum Takxe, 4TO No fepesy D Bx0a 1 BbIXOA T ONPEAENSIOTCS OFHOZHAYHO, 2
OJ151 NONyYeHUst N3 Hero rpada CXeMbl ¥ AOCTAaTOYHO MPUCOEAUHNTL KaXKAbIA ero
JINCT K OfHOU M3 OTAINYHbBIX OT KOPHSI BEpLUWH D, NpUYeM YMCIO BapuaHTOB
YKa3aHHOro NpucoeanHeHnsi He 6onblue, Yem LL.

Mocne atoro ans 3agaHnst camoll CxeMbl ¥ AOCTAaTOYHO KaxAomy ee pebpy

npUNMcaTh TUN CBA3aHHOrO C HUM KoHTakTa K;, i =1,..., b, (b* BapnanToB) u, B
CNly4ae OpPUEHTUPOBAHHOCTN KoHTakTa K;, — OpUeHTaLMIO CBA3aHHOIO C HUM
pebpa (He 6onee 2L BapnanTos). 3atem ans kaxpgoro i,i = 1,..., b, n kaxAOro

koHTakTa K; cxembl ¥ Bbibpath k; Bepwun unu Bl1, cooTeeTcTBYtOLMX
aprymeHTam 6asucroit PAJ1 ¢;, ynpasnsioweii ero nposognmoctsio, (Bcero R
BbIBUPaeMbIx Mo3uumii), To ecTb He Gonee, Yem n® u (n+ L)R sapnanTos B

cnyqae ¥ € UL n & € USKC cooTseTcTBeHHO.
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V13 Bcero ckaszaHHoro Bbiwe ¢ ydetom (2.4) — (2.6) BbiTekaeT, 4To
JUS(L, n)|| < (8bL): - nR < (8bn*s L)L,

[IUSC(L, m| < (8bL)"(n + L) < (8b(L+ n))"*R

n, CNeEQOBATENIBHO,

1

[UE (L, )| < (esLn*®) s, [[UERC(L, )| < (ca(& + m))7s ©

VTBepxaeHue gokasaHo. [

http://mk.cs.msu.ru 3TAYC BecHa, 2021

45 /190


https://mk.cs.msu.ru/index.php/

I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 3. H THBIE oLeHKMN chyHKL w

3. HuxxHue mouwHocTHble oueHkn dpyHkumin LLleHHoHa
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VCTaHOBUM psifi HUXKHNX OLLEHOK AJisi BBEAEHHbLIX B Bonpocax 1 un 2 dyHKumii
LLIenHoHa. Bce 3Tu oueHKM nosyyeHbl C MOMOLLbIO MOLLHOCTHOrO METOAQ,
npepnoxeHHoro LlleHHoHoM, koTopblii ocHoBaH Ha ToM, 4To 4ucno PAJI ot Bl
X1y ..., Xp HE MOXET 6bITb MEHbLLUE HNCaa TEX NOMNAPHO HE SKBUBAJIEHTHbLIX CXEM,

CJIOKHOCTb KOTOPbIX HE MPEBOCXOANT 3HAYEHUSI COOTBETCTBYIOLLEN hyHKLMUN

LLleHHoHa OT aprymeHTa n.
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Mycte U "— opuH n3 paccMoOTpeHHbIX Bbile KiaccoB cxem, W "'— geeféHHbIl Tam
yHkunonan cnoxtoctn, a W(n) "— dyHkumus Lllennona gns knacca U
otHocuTensHo W. ObosHaunm depes U(W, n) mHoxecTBo Tex cxem L, X € U,
koTopble peanusytoT ogHy PAJT uz Py(n) u gnsa kotopeix V(L) < V. Cregytouiee

&«MOLHOCTHOE» PaBEHCTBO BbITEKAET HENOCPEACTBEHHO N3 OI'IpGp.EJ'IGHVIVIZ
U(W(n), n)]| = 2%. (3.1)

3ametum TAKXXE, 4YTO e€C/INn AN HEKOTOPOro HAaTypasibHOIo n un JJ,GMCTBVITeﬂbeIX

\TJ, 6, rae 0 < 6§ < 1, BLINOMHAETCS HEPABEHCTBO
IW(W,n)|| <622, 7o (3.2)

To V(f) > W ansi He Metee uyem (1 —6)-22" ®AJ f u3 Py(n).
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[ns nonyYyeHns HWKHUX MOLLHOCTHBIX OLeHOK dyHkuuii LLleHHoHa gokaxem

CHa4ana cneayroulee TEXHNHECKOE yTBEPXKAEHNE.

VTeepxaerne 3.1

Lns v € {0,1} u nonoxutenbHbix ZERCTBATENHBIX YUCEN 8, &, Y, § TAKUX, H4TO
(ay")™ > q, (3.3)

g cnyqae v =1 u 2 log q > 1 BbinonHseTcs HepaBeHCTBO

log q log log (£ log q) (3.4)
alog (g log q) log (% log q) '
rge e "— ocHoBaHue HaTypasibHbix Aorapubmos, a B ciydae y =0ua>1 "—
HEPaBEHCTBO
> Oi%gqa (3.5)
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Lokazatensctso.

B cnyvyae v =0 un a > 1 HepasencTso (3.5) nonyyaercs B pesynsraTe
norapucpmmuposatus (3.3) u geneHus obenx vacTtell NONY4YEHHOrO HEPABEHCTBA Ha
alog a.

PaccmoTpum Tenepb cayuaii, koraa vy = a = a= 1 un log g > 1. B gaHHom cnyuae

HepaseHcTBO (3.3) umeet Buga y” > q, a Hepasenctso (3.4) — Bug y > y/, rae

log g log log log g
! = 1 = .
v =1+ loglogq’ c log (e log q)

Mpu atom HepasercTso (3.4) cnepyet n3 Toro, 4to NneBast Yactb (3.3) MOHOTOHHO

BO3pacTaeT no y u (y’)y/ <gq.
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[HelicTButensHo,

I
y'logy' = (1+ 5)%(Ioglogq — logloglog g + logeln(1 + 5)) <

log log log g eloge
loglog q log log q

=logqg(l+e)(l—¢)=logqg(l— 52) < logg.

< logq(l+¢) (1

3ameTum, 4To B caydae v =1, a > 0, a > 0 HepasercTBo (3.3) akBMBaNEHTHO
HepaBeHCTBY
(ay)¥ > q=,

1 nosToMy HepaseHCTBO (3.4) nosyvaetcs n3 HepaBeHCTBa y > y' B pesynbTaTe
3ameHbl y Ha ay u log g Ha 2 log g, ecnm BbINonHeHo ycnoene = log g > 1.

VTBepxaeHue gokasaHo. [
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Bepxtue ouenkn sennumnsl ||[U(W, n)||, ycTaHoBneHHbIe B BOonpocax 1, 2 gas
Pas/INYHBIX KNACCOB CXeM 1 (PYHKLMOHAIOB CIOXKHOCTM, @ TaKXKE COOTHOLLEHMS!
(3.1)—(3.2) cayxaT oCHOBOI ANSt NONYYEHUS HUXHIUX MOLLHOCTHbIX OLLEHOK
cooTBeTcTBytowux pyHKumnii LLleHHona u cnoxHoctn noutu Becex PAJL.
Hanomuum, 4to (cm. (1.3)—(1.5), (2.2)—(2.3)) Ans Kaxg[oro HaTypanbHOro n

CnpaBea/INBbl HEPABEHCTBA!

IUE (L, n)|| < (ca(L +n))7e ™", (3.6)
U (.|| < (eam) 7=, (37)
UK (L, )] < (csbne) 7 (38)
UK (L, )| < (ca( + ) Pe, (3.9)
U@ (T, n}|| < (con)?™® (3.10)
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Mpu nonydeHnn HUKHNX oueHok dyHkumii LLlenHona suaa LA(n), rae
A€ {C,P,K,NKC}, n Tg(n), a TakxKe COOTBETCTBYIOLMNX UM K TUMNYHBLIX>
3HaueHnii ByAemM OpNeHTNPOBATLCA Ha MX K e-NPUBAMKEHNS> — dYHKLMY

LA(n,€) n Tg(n,€) cootsercTaenHo, rae

n

~ 2n 2" 2
Lg(n,e):p57(1+e), Lg(nve):pE‘@(l_e)a LE(H,E) :WBF(l_G)a

n

2 ~
LEKC(n,€) = ﬁ57(1 +¢e) un Tg(ne)=75(n—loglogn—e).

Hanomuum, 410 ans ctangapTHbix 6a3ucos By n BOKC 3TN NpubavxeHus npu

€ = 0 ABASAIOTCS aCMMNTOTUYECKN TOYHBLIMM.
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V1Bepxaerue 3.2

Ansa kaxgoro knacca cxem UL, rge A € {C, ®, K, UKC}, cywecTsyer Takas
HeoTpuyaTenbHas v cTpemsiyasscs k 0 nocnegoBaTe/bHOCTb eé(n), n=12...,

yto gons tex PAJI f,f € Pa(n), 475t KOTOPBIX BbIMONHAETCS HEPABEHCTBO
L8(f) = Lg(n, ea(n)), (3.11)
a npu A = ®, kpome TOro, — HepPaBEHCTBO

Ts(f) > T(n, €2 (n)), (3.12)

He MeHbLue, 4em 1 — %
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[Jokazatensctso.

Kaxgoe Hepagenctso (3.11), rae A € {C, @, K, UKC}, BoiBogMTCS 13
COOTBETCTBYIOLLEro paccMaTpuBaemMomy knaccy cxem Up ¢ yHKLMOHaNOM
cnoxHocTn LA HepaBeHcTBa M3 (3.6)—(3.9) Ha ocHOBE MOLYHOCTHOrO
HepaBeHcTBa (3.2) ¢ ucnonbsosarnem Yts. 3.1.

[ns obocHOBaHMS 3TOro BLIBOAA PAaCCMOTPUM MHOMecTBO UA <Z'/E‘(n,e)7 n>, a

TaKXXe CBSI3AHHOE C HUM HEPaBEHCTBO
A/FA Lo
HuB <L5(n,e),n>H <22, (3.13)
3ameTum, 4To neeasi HacTsb (3.13) sagaet uncno tex PAJ f, f € Pr(n), ans

KOTOPbIX Lé(f) < Lé(n,e), W, CnefoBaTENbHO, €CAN OHO BbIMOJHAETCSH, TO JONA

Takux PAJ1 B P>(n) He Gonblue, dem i.
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VYKa3zaHHOe COOTHOLLEHNE BYAET, O4EBUAHO, UMETL MECTO N TOrAa, KOrAa
BbINOAHSETCS (MCXOAHOE) HepaBeHCTBO, nonydatoweecs s (3.13) B pesynbTate
3aMeHbl €ro NIeBOl 4acTU Ha MpaBylo 4acTb COOTBETCTBYIOLLErO

HepasencTga (3.6)—(3.9) npu £ = LA(n, €) n nocneaytouiero npeobpasosarus,
NPUBOASLLEro ee K BUAy NeBoit vactu (3.3) 6e3 yMeHbLUEeHNS NCXOZHOTO
3HayeHus. V13 obpatHoro k nocnepHemy (MTOroBOro) HEpaBEHCTBA C MOMOLLbIO
V7B. 3.1, rae g = 122", naxoguTcs uckomoe 3HadeHme ef(n) kak 3HadeHue, npu

KOTOPOM MOJTy4aeTCsl COOTBETCTBYtOWEee 3HaqeHue npasoii Hactu (3.4).
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Paccmotpum ons npumepa knacc ug—, OIS KOTOPOrO ONUCAHHOE BbILLE NCXOLHOE

HEpaBeHCTBO ByAeT BbIMISAETh CreaytowmmM obpasom

~ =y n,e)+1 1 n
(ca(E§(n, €) + m)) e <t < 292",
3ameTum, 4TO NeBasi 4acTb 3TOr0 HEPABEHCTBA Dyaer He bonblue, Yem nesas
vactb (3.3), raey=l,a=¢,a = p%; ny=LE(n e)+ n+ pg. Mpu 31om

npasas 4actb (3.3), kak yxe rosopusock, byger paBHa g = %22n.
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Pewwas cooTBeTcTBylOLLEE NTOrOBOE HEPABEHCTBO coracHo (3.4), nony4um

1 2"—logn log(n + c 1 2" logn — &
o ) Eeticl (P ) S

>7.
Y e Tt n+c” JZ3

log n—2&

n , Mbl NOJTy4M NCKOMO€E

rae & > 0. Takum obpasom, nonaras eS(n) =
3HaYeHne, Tak Kak npu 3Tom

“C C 2" C

L5(n eg(n)) = —(1+eg(n) > yo + n+ ps,
Ha4YMHasA C HEKOTOPOro N = ng.
CneposatensHo, gons tex PAJ1 f, f € Py(n), anst koTopbix

LE(F) < LE(n, e(n)), He Bonbue, uem X, ecan n > .

n'
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AnanoruyHsiM obpasom Ha ocHose HepaseHcTs (3.10) u (3.2) ¢ ucnonb3sosatmem

Vte. 3.1, roe
1 n T 1
g=>2%, y=2"09 4y=0, a=— u a=oc,
n U
ycTaHaenmsaetcs cnpaseannsocts (3.12) npu ef (n) = Io;zn ANS1 HEKOTOPOrO

c5 > 0.

VTBepxaeHune fokasaHo. [
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Cnepncteue 1

Lns noutn Bcex PAJI f, f € Py(n), 0ogHOBPEMEHHO BbIMONHSIOTCS BCe
wepasenctsa suga LE(F) > LE(n,0), rge A € {C,®, K,UKC}, a Takxe
wepasenctso Ts(f) > Ts(n,0) — o(1).

Cnepctaue 2

n n n n

2 2 )
LE(H)Zps? L2(n) 2 pg——, QE(")ZWBT LQKC(”)ZPEF,

Ts(n) > 75(n — loglog n — o(1)).
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4. Ob0b6LeHHOe pa3noxkeHne mynbTunaekcopHoix @AJ1, ero
ocobeHHocTU. YHusepcanbHble MHoxecTBa MAJ], nx

nocTpoeHune n peaan3iayusa
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Mycte A = (1,...,0,) — pasbuenne kyba B" ot Bl x = (x1,..., xp).
ObobiyerHas mynbTunaekcopHas ®@AJI cootseTcTBytowan pasbueruto A
onpesensieTcsi paBeHCTBOM
P
pa(x v, up) =\ xe (<),

i=1

roe s, — xapaktepuctuyeckas PAJ1 komnoHeHTbl §;. Toraa cTaHfapTHYO

mynbTunnekcopryto PAJ1 nopsiaka n

tn(X, U, ... Um_1) = \/ Ko (X) (o)

o=(01,...,00)EB"

MOXHO pPacCMaTprBaTh Kak 0bobwéHHyto mynbTunnekcopHyto DA pa ¢

TPUBMANbHBIM pasbueHnem A Takum, 4T0 d,(s) = {0} ANna kaxporo o, o € B".
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V1eepxaerue 4.1

Lns moboii cywectertori PAJT Y(ya, ..., Yp) 1 moboro pasbuenus
A= (d1,...,04), d =p, kyba B" or BI1 x = (x1,...,x,) cywecrByror PAJl
gi(x,u;), i =1,...,p, KOTOpbIE MOHOTOHHO UAN AHTUMOHOTOHHO 3aBucsaT oT bl
U, ..., Up, Takne 970 Y(g1, ..., 8p) = pa(X, U1, ..., Up).
Jokazatenbctso.
CywecteenHocte PAJT 1) o3Havaet, 4to ans noboro i, i =1,..., p, HaligyTcs
OyneBckMe KOHCTaHThI Qi 1,. . ., Q p TaKNE, HTO

1/1(6%1, ey Qi1 Yiy Qligly e ai,p) =YiDaj;. (4-1)
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3nauuT, onpegenus PAJT g; Tak, 4ToO

Qj j, ecnu B € 0; npu j # i
gj(ﬁa Uj) =

u; ®ajj, ecam f € dj;

ans Besikoro 3, B € 6;, byaem nmets

w(g1(67 ul)a cee 7gi71(ﬁ7 U,',].), gi(ﬁa U,'), gi+1(ﬁa U,'+1), DR agp(67 up)) =
= <P<ai,17 e Qi1 Yi D gy Gty vai,p) = (yi @ Oéi,i) Daji=y =
::U‘A(Ba Ula"'aup)' (43)
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W3 (4.1) cnepyer, uto kaxxgast PAJ1 g; 3aBucut ot Bl u; Tonbko Ha
KOMMOHeHTe Jj, Ha KoTopoii gj = uj & «; ;. CnegosaTensHo, kaxxaas PAJT gj nubo
MOHOTOHHO, IM60 aHTUMOHOTOHHO 3aBucuT ot Bl ;.

VTBepxaeHne pokasaHo. [

3ameyatue 1

V71B. 4.1 oCcTaértcsi BEpHbIM 1 B TOM CJiyHae, korga d < p, ecaum npu 3ToM
dopmanbHO CYMTATL BCE HEAOCTAIOLWNE KOMMOHEHTLI pa3bnenns A nycTbiMu, TO
ecTb 0g+1 = -+ = 0p = . CooTBeTCTBYIOL|ME NYCTHIM KOMMOHeHTam Bl

Yd+1s - - - » Yp ABnstorcs puktusHsiMu BIT AT gyi1, .. ., 8p, Ha-
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3ameyvatue 2

B ycnosusix VTB. anst kaxgoro j, j = 1,...,d, nonoxum o; = 1 (cootBetcTBeHHO
oj =0), ecnin ®AJT gj(x, uj) MOHOTOHHO (COOTBETCTBEHHO AHTUMOHOTOHHO)
3aBucut ot Bl x;. Torga, nonaras, uto gns 7 = 0,1 PAJ g; . (x) = gj(x,7),
noay4mm

gi(x, u;) = gj.5,(x) V ufjgj,gj(x). (4.4)

3ameyatue 3
B Ttom cnyvae, korga A — TpusmansHoe pasbuerne kyba B" n d = 2" ©AJ]

gj.o(x) n gj1(x) otnnyatoTcs Apyr OT Apyra TONbKO Ha OGHOM Habope 3HaueHuit
bIl x.
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Hanomuum (cm. [1]), 4to mHoxectBo PAJ1 G HasbiBaeTcs
AN3BIOHKTUBHO-YHUBEPCaNbHbIM MHOXecTBoM ([IVM) ®AJT nopsigka m v patra
p, Torga n Tosibko Toraa, korga G C Py(m) v ans nwboin PAJ1 g, g € Pa(m),
HalayTCst PyHKLMN &1, ..., 8p U3 G, ANs KoTOpbIX g = g1 V - -+ V gp.

O6obwum nowsitue JYM PAJT cnegytowmm obpasom. Myctb Y(y1, ..., ¥p) "—
cywecteeHHass PAJ], To ectb PAJ], cylecTBeHHO 3aBucsLas ot Bcex ceoux BI1.
MHoxecteo PAJ1 G, G C P>(m), Ha3biBaeTCs Y-yHUBEPCATIbHBIM MHOXECTBOM
(v-YM) nopsigka m, ecan nobass PAJ g, g € Po(m), moxeT bbiTh

npep,CTaBneHa B BI/IAe
g=1v(g1,---,8) (4.5)

roe g € G npu Bcex i, i = 1,..., p. 3ametum, yto nousaTue -YM nopsinka m

coBnagaet ¢ noHsstueMm [IYM nopsigka m n paHra p B cnyyae

Yy, Yp) =1V V.
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Tak xe, kak u AYM, byaem ctponts 1-YM nopsgka m Ha ocHose pa3bueHus
A = (d1,...,0p) eanHuyroro kyba B™, rae |6;| = s;,i=1,...,p,
cooTHowennii (4.1) n Ye. 4.1.

O603Haunm uvepes GY), j=1,...,p, ceszannoe c BI1 yj ®AJ1 1) mHOXecTBO,
cocTosiee n3 ecex Tex PAJ1 us Pr(m), kotopsle npu atbom i, 1 < i< pu

J # i, paBHbI (j j Ha MHOXeCTBe Habopos d;, 1 NycTb
G=G6Wy...ugh, (4.6)

3ameTum, 4To npu 3Tom B cuny (4.1)—(4.3) mHoxectso GU), 1 < j < p, —
MHOXeCTBO, cocTosilee n3 Beex 29 pasnundnbix PAJT suga gj(x, g(x)), rae g(x) -

npoussonsHas PAJ1 us Pr(m). Otcropa cregyert, 4To

pa(x, g(x),. .., g(x)) = ¥(gi(x, g(x)),- - -, g(x, g(x)) = g(x),

TO ecTb BbinoaHeHo (4.5) n G sensetcs ¥-YM nopsigka m, onsi KOTOPOro
|G| <25t + ... 4 2%,
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Tabanua 3navenunn cuctemsl PAJ G

X, oo X 5(1>(x) 6(2>(x) (E(P)(x) g
0..0 00 1
o | o o, o, | B
01...1
00 1
52 | a,, 00 a,, [32
01...1
00 1
o i .
11 Ba | e oo . B
1...1 01...1
281 252 25;1
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MocTpoenHoe Takum obpazom 1-YM G nopsinka m bygem HasbiBaTb
cTaHgaptHeim Y-YM, cBsizanHbiM ¢ pa3buennem A. Ecan npu sTom gns s,
1< s< 2™, A - pasbuerne kyba B™ Ha d = [2™/s] < p, nocnepoBaTesbHbIX
OTPE3KOB, AJINHbI KOTOPLIX, 33 UCKJIIOYEHUEM, BO3MOXHO, MOCAEAHErO
(HenycToro), pasHbl s, TO MHOXecTBO G Byaem HasbiBaTb 10-YM nopsgka m u
BbICOTBI S.

Mpueeaém npumep crangaptHoro Y-YM ans doyHkumn

Yy, Yp) = V1y2 Vy3ya V...V yar_1Yar, TAe p = 2t, CBA3AHHOIO C
pasbuennem kyba B™ Ha nocnegoBaTesibHble OTPE3KU 1, ..., p ANHDI S, ..., Sp
COOTBETCTBEHHO, FAe 51 + - -+ + 5, = 2. Beibepem ans ero noctpoexus
KoHCTaHTbl B (4.1) Tak, 4To @ j = 1 Tonbko Toraa, Korga |i —j| =1wu
max{i,j} = 2¢ npn Bcex £, =1,...,t. Torga B Tabnuue 3Ha4eHNii
cooTBeTCTBYlOLWero crangaptHoro ¥-YM G’ suga (4.6) ntoboii ee
«BHEANArOHaNbHbIA» HeHyneBo BAOK cocToUT TOMbKO M3 1 1 npumbikaeT K 2

COCefHUM «ANaroHanbHbIM» Biokam ¢ Homepamu (20 — 1) n 24, rpe £ =1,... ¢t.
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VTBepxaerue 4.2

B ycnosusix V18. 4.1 cywectsyer -VYM G nopsigka m v H4eTHOW BbICOTbI S TaKOE,

47O

G| <p-2°, LAG)<ea- |G|+ O(p-2m/?), (4.7)

rae Ac {K,C} nex =2, ec =4.

JokaszaTenbcrBo.
MocTpoum crangaptHoe -YM G nopsigka m un BbicOTbl S B cooTeTcTBUN C (4.6)

N 3aMETNM, HTO Npn 3TOM
G| < \G(l)| S |G(P)‘ <p-2°.

[ns pokasaTenbcTBa BTOpOro HepaBeHCTBa (4.7) BOCTaTOYHO peasn30BaTb
cuctemy PAJT G cxemoii Y, L € UA, nocTpoeHHoli No MeToay Kackaios,

ncnonb3ysi B kavectee nepeoii bl pasnoxenne PAJ1 ns G Bl x,.
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JeiicTBuTensHO, Ha peannsaunto ykasaHHoro passioxeHus nawoboin PAJ1 ns G
notpebyeTtcs He bonee e4 3/1EMEHTOB, YMCAO Pa3INYHbIX «OCTaTO4YHbIXy DAJ
Takoro pazsioxenus ans scex PAJ1 uz G B cuny vetHocTu s byget He bonblue,
Yem p - 25/2 3 cnoHoOCTb KaXkgoin n3 «octatouHbixy PAJT He npeBocxoanT,
ouesmgHo, O(2M).

VTBepxaeHue gokasaxo. [

3ameuatue
VTBepxaeHue OyaeT BepHo 1 B ToM ciy4dae, korga d < p (cm. 3amedaHue 2
k Y1B. 4.1). lNpu atom B cnyyae j > d MHOXECTBO GY) 6ypet coctosiTh n3

eanHcTeenHoii PAJT gj(x) n3 ykasaHHOro 3ameyaHmsi.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 5. AcMMATOTMYECKM HannyYLwnii metom cuHtesa CP3 u NKC

5. AcumnToTnyeckn Hanny4wuini metod cuHtesa CP3I u

MKC B npousBosbHOM DOa3suce
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Ncnonb3yem noctpoerHble Bbilwe cTaHgapTHble 1-YM gns cuntesa CPI B basuce
B, B = {&}2,. B cuny nonwotsl 6asuca b 8 UL cywecteytor chopmynsl Fg,, Fy
n -, peanunsytowme PAJ1 x1 - xo, X1 V Xo N X1 COOTBETCTBEHHO, KOTOPLIMU Mbl
bynem 3amensiTe P Gasuca By npn cuHTE3e CxeM Ha OCHOBE KOHBIOHKTUBHbLIX 1

ON3BIOHKTUBHBLIX I'IpeACTaBJ'IeHI/Iﬁ.

V1eepxaerue 5.1 (cp. [1])

Ans noboii @AJT f, f € Pa(n), cywectsyer peannsyrowas eé COI ¥ ¢, ¥ € UE,

£(55) < psz—nn (1 + 3'°g":0(1)) . (5.1)

Takas, 4To
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JokazatenbctBo.

Haiigém cpean @3 6asuca B, b = {€;}5_,, anement &;, Ha koTOpom mocTuraercs

npuBeAgHHbIN Bec pj = pg (cMm. Bonpoc 1), To ecTb

= migp,‘ = PB- (52)

MycTe, panee, m, s, t, p"— HaTypasbHble YNCNA, NPUYEM S — YETHOE, TaKMe, YTO

p=t(k—1)+1, (5.3)
2m 2m
h<<p<+(k-1) (5.4)
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Moctpoum us t P E£; becnosTopHyto opmyny J; ¢ p BXxOfaMu, KOTOpasi UMeeT
Bug kBasunosHoro [-sipyctoro, | = [log, p], aepesa n peanusyetr PAJ]

Y(y1,- .., ¥p). Nycts G, G C P>(m),"— crangapthoe ¥-YM nopsigka m un
(vetHoii) BbicoThl s. [MocTpoum no YTB. 4.2 peanusytowyto cuctemy PAJ G CPd
n3 UC, a saTem nytem 3ametbl ee P &V, — cxemamn Fg, Fy, F_ nonyuum

skBuBaneHTHyto el CPI ¥ us ug Takyto, 4TO
L(Xg) = O(p-2° +p-2mts/2), (5.5)

lMyTem aHanoruyHoro mogennposatust Mynbtunaekcoproii CPI nopsgka (n — q)
ot agpecHbix Bl x” B cTaHaapTHOM basunce, KOTopasi UMEET CIOKHOCTb He
Gonblue, vem 4 - 2"~9 (cm., Hanpumep, [1]), noctpoum skensanenTHyto eii CPI
Y n3 UE:

L(X")=0(2"9). (5.6)
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Nckomast CDPD XL cTponTesi, Kak obblvHO, Ha ocHoBe pasnioxeHus PAJ

f(x1,...,Xp) no nepemerHbIM X" = (Xg41,- -, Xn)

FX ") =\ Ko (X) - 5 (X'), (5.7)

o eBr—a

rae g =m, X' = (x1,...,Xq), a for(x") = f(x’,0”). Mpu 3Tom ans peannsayun

kaxgoii PAJ £, (x"), o’ € B"9, ncnonbayercs eé npescrasneHne

fo’”(X/) = w(go"',lv" '7ga'”,p)7 (58)

roe AT gy 1,. .., 85 p BepyTca n3 MmHoxecTsa G.
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Myctb, panee, CPI Y’ cogepxunt CPI Y B KA4ECTBE NOACXEMBI U A5 KAXKAOMO
o, 0" € B"9, peanuzyer PAJ] f,./(x") B cootBercTBUM C (5.8), Mcnonbays ans
storo copmyny F;. Cxema X¢ npepcraBasieT coboli cynepnosnumio Buaa
Yr=Y"(X'), rae CP3 X" "— mynstunnekcop nopsgka (n— q) ot Bl x”, n
peanusyer PAJT f B cooreetcTBum ¢ (5.7). CnoxnocTb noctpoertoin CPI Xy,

Y € UE, c yuétom (5.5)—(5.6) byaeT yaoBNeTBOPSTL HepaBeHCTBY

L(Ef) < Lj-t-2"m 4 02 4 p-2°5 4 p-2/2Tm), (5.9)
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M3 sToro HepaBeHcTBa npu

-3l
m=gq=[2logn], s=2 [n?;ogn—‘ (5.10)

1 MPU 3HAYEHUSIX OCTabHbLIX NapameTpos, onpegenéhbix us (5.3)—(5.4),
cnepyet (5.1).

VTBepxaeHne fokasaHo. [J

Cnepctsune
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V1Bepxaerue 5.2

Lns moboii AT, f € Py(n), cywectsyer peanusyrowas eé KC g,
ff S ugKC, Takas, 4To

- 2 3 o1
L(Ef) < ps— (1 + Og”:()) . (5.11)

JlokazaTenscrso.
Haiigém cpean ®M3 basuca B, B = {K;}2_,, sanement XK, pns Kotoporo pj = pg

(cm. Bonpoc 2), To ecTb

= min p; = 0
G+ 1 lgigbpl PB,

npuyem B cnydae k; = 0 @I X; apnsetcs «BeHTUNEMY, T. €. OPUEHTUPOBAHHBIM

npoeogsium pebpom (cm. Bonpoc 3), n, cnepoBaTesnbHO, 0; =0, ¢;=1.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 5. AcMMATOTMYECKM HannyYLwnii metom cuHtesa CP3 u NKC

Myctb, panee, m,s, t, p "— HaTypasibHble YnuCna Takue, 4YTO
2m 2m
p = t(kj+1), kjg?gp<?+kj.

Myctb (t,1)-KC §"t Hag b6asucom b npegcrasnsier coboii «3Be3gy» u3 t
ynpaensiembix Henepecekatowumucst Habopamn BN yM .y nanuel ki

koHTakToB K; (B cnydae k;j = 0 aTw Habopsl bygem cunTaTh nNycTbimu).

0]
yl( ).

A

0
yl( )
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 5. AcMMATOTMYECKM HannyYLwnii metom cuHtesa CP3 u NKC

Mpu 3Tom LeHTp 3Be3abl aBnsieTcs Bbixogom KC Fy, kK koTopomy, B Ciy4ae
oj =0, HanpaBneHbl gyrn koHTakToB K, a eé KoHLeBble BepLUMHbI '—
nposoaswmmMun Bxogamm F;, nomedeHHbiMu pasnuydHsimMu Bl Habopa

©

y© = (y; - y9). Takum obpasom, KC F, peanuzyer ®AN

~

s y) =W o (YD) v vy g (v19).

Ob6o3Hauum yepes G CTaHfapTHoe @—VM nopsiaka m un BbicoTsbl s Buaa (4.6),
koTopoe B cnydae k; = 0 ssnsietcs JJYM nopagka m v padra t. B octanbHbIx
C/lyHasx nocTpoum G Ha ocHose COOTBETCTBYtOLLEro pa3bueHus kyba B™ Tak, 4yto
ans nobbix cuctem PANT g gD B3aTEIX 3 Tex KOMMOHEHT 5 KoTopble
cesizanbl ¢ Habopamu By . () coortsercTBEHHO M Nt06OrO HaBoOpa o
sHadennii B x e bonee ogroit nz AN h)(a) = ¢; (g (), rae i =1,....t,

obpawaetcs B 1.
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5. AcMMATOTMYECKM HannyYLwnii metom cuHtesa CP3 u NKC

[eiicteutensho, nycte M, M € BX'% — maTpuua cyliecTeHHoi 3aBUCMMOCTY

®AJ1 pj, a ¥ n B — HekoTopble Habopbl 13 B% Takne, uTo i(7v)=0mn

gaj(ﬁ) = 1. Torga aHanorn4Has maTpuua M ana GAJ 12 JatoLLast MHOXECTBO

¢ TpebyeMbiMu cBoicTBaMU opToroHansHocTy PAJ h(i)(x), nMeeT BUA

y(O)1 y(l) y(O)z y(')
| oA 1 A

1 .. | bl p-k |p-k+1f .

Yo, 1|0 B 0 Y

[ 2 0 Y
ya ; M ;

| k1] 1 0 Y

yo pk| o 0 B

( p-k+1| 0 %

y<t>< M

p 0 Y 1
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 5. AcMMATOTMYECKM HannyYLwnii metom cuHtesa CP3 u NKC

Moctpoum NKC ff aHasorm4Ho Tomy, kak ctpownacs CPI X ¢ npu
pokasaTenbctee YTB. 5.1, Ha ocHoBe pasnoxeruii (5.7) n (5.8) ¢
ncnonbsosaHnem PAJI ’(Z)\ Bmecto PAJT ¢, NKC f/ft BmecTo popmysbl Fy 1
MHOXecTBa G BMeCTo MHOXecTBa G.

Myctb A = |@| n nycts (1, A)-KC % ¢ noctpoeHa no YTe. 4.2 13 KOHTAKTOB
6asnca b, Mogenupylownx 3aMbIKaIOLLNIG 1 PAa3MbIKAIOLWMA KOHTAKTbI
cTangaptHoro 6asnca (cm. Bonpoc 2), peanusyet cuctemy us PAJ1 mHoxecTBa G
U NMEET CJAOKHOCTb

L(Zg) < O(t-2° +t-2mF/2), (5.12)
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3ameTum, 4To B cusy Y-yHusepcansHocTu MHoxectBa PAJT G ans nwoboii

@PAN g(x') cnpaBegnnBo npegcrasnexne

g(x') =v(g1,---,8p) (5.13)
rae g € G ana scex j, j=1,..., p. nsa peanusaunm gaHHOro npencraBieHuns
LOCTAaTO4HO BXOAbI ¥1,. .., Yp KC 5’} npucoeanHnTb K Bbixogam KC ic B

cooteerctauu ¢ (5.13). MNpu 3ToM ykasaHHast peanusaLns SBASETCS KOPPEKTHOM
Cyrnepnosunumeii COOTBETCTBYIOLWMX CXeM MO0 B CUJTy OPUEHTNPOBAHHOCTY
koHTakToB K; KC C?"t, KoTopasi 0bsizaTeNbHO MMeeT MecTo B ciydae kj = 0, 1mbo
B CUNy OTMeYeHHBbIX Bbilwe CBOlcTE opToroHansioctn ®AJT h()(x) npu

pasnanyHbIX i, i =1,...,p.
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Mycts NKC ¥/ ot BM ' copepXuT B KadecTee nogexembl KC f(; n peanusyet
kaxgyto PAJ1 o (x'), o’ € B""9, Ha ogHom n3 cBoux 2"~ 9 BbIXOZOB

cornacto (5.13), ucnonbsys ans 3Toro cxemy F,, BXOAb! KOTOPOIi MPUCOEAMHEHDI
K BbIXOZ;aM TG COOTBETCTBYIOLMM 06pasoMm.

Nckomas NKC if copepxut NKC Y/ B KauecTBe NOACXeMbl U MpeAcTaBAseT
coboli pesynbTaT KOPPEKTHON Cynepnosnunn Buaa s = f”(f’), rpe £ "—
(2"79,1)-KC, mogenupytowasi B basuce b koHTakTHoe aepeso ot BI1 x”/, Bxogbl
(nucTbs) KOTOpPOro NpUcoefMHeHbl K BbIXOAAM ¥/ B COOTBETCTBIM C (5.7).

Cnoxtoctu MKC £/ n KC £ YAOBNETBOPSIOT HEPABEHCTBAM
L(E)<L(Tg)+2m9-¢-L;,  L(T") <0Q9)
U, C/efOBaTENbHO,

L(Zf) <L;-279 £+ 0(2"79) + O(2° - t + t - 297%/2),
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Ouetka (5.11) nonyyaercs n3 NOCIEAHErO HEPABEHCTBA MPU TEX >Ke 3HAYEHNAX
napamMeTpoB, 4TO U B Teopeme 5.1, Npu KOTOPbIX, HAa4YMHAsH C AOCTATOYHO
60/1bLIOro N, BbINOAHEHLI BCE HEODXOAUMbIE COOTHOLLEHUS.

VTBepxaeHue gokasaHo. [

Cnencrsue

U3 (5.11) c y4étom HmxHeli oueHku Bonpoca 3 BbITEKAET COOTHOLIEHNE

NKC 2"
Lg - (n) ~ ﬁ57~
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6. ACUMNTOTMYECKN HaMNYHWKUi MeToa cuHTe3a hopmyn u

KOHTAKTHbIX CXeM B NpoOon3BOJIbHOM ba3suce
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Mpu cunteze CPI B 6asuce b = {€;}5_; mMbI ncnonbzosann HekoTopeie
dopmynsl Fg, Fy n I, us ug’, peanusytowme PAJ x1 - xo, x1 V x2 n X1
COOTBETCTBEHHO, AJISi MOAEINPOBAHNS KOHBIOHKTUBHBIX N AN3BIOHKTUBHbIX
npeactaenernii PAJ1. MNpun 3ToM BO3MOXXHOCTb TaKOro MOLENNPOBAHUS U €ro
CJIOXKHOCTb He Hafaranm Ha faHHble POPMYJbl KaKuUX-IMBO CTPYKTYPHbIX WK
napamMeTpuyecknx orpaHu4derunii. B 1o e Bpemsi npu ncnosib30BaHny
dopmyn Fg,, Fy, F_, AN aHaNOTMYHOTO MOLENNPOBAHNS KOHBIOHKTUBHBIX 1
ON3BIOHKTUBHbIX npeactasneHuin PAJT B knacce ug Heobxognumo obecrne4nTb
OTCYTCTBME «BHYTPEHHUX» BETBJIEHWIA B MOJYYAIOLUXCA CXEMAX 33 CYET

onpefeneHHbIX OrPaHNYEHUA HA UX CTPYKTYPY.
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Hanomuum, yto BI1, BCTpeyatowasica B 3anucy popMysibl TOSIBKO OAUH Pas,
cuuTaeTca 6ecnosTopHoin Bl stoli dhopmynbl n uto chopmyna, sce Bl
(cooTBeTcTBeHHO, Bee cywiecTBeHHble BI1) koTopoli GecnosTopHbI, Ha3biBaeTCs
GecnoBTopHOii (COOTBETCTBEHHO, KBa3nbecnoTopHoii). B [1] 6bino gokasano

cnefytollee yTBEpXKIeHNE.

V1eepxaerne 6.1

CywectBytoT kBasubecrnosTopHble cpopmynsl F_, Fg, u F, Hag 6asucom b,

KkoTopblie peannsytoT PAJT X1, X1 - Xo M X1 V Xo COOTBETCTBEHHO.

http://mk.cs.msu.ru 3TAYC BecHa, 2021 90 /190


https://mk.cs.msu.ru/index.php/

I. ACMMNTOTMYECKM HaNNYHLWIME METOAbLI CUHTE3a cxeM 6. ACUMNTOTMYECKM HAMNYYWWiA MeTod cuHTesa chopmyn n KC

JokazatenbctBo.

B cnny nonHotbl cuctemer ®AJI {<p,-},4’:1 MOXHO nocTpouTs dopmynsl Fo, Fp ot

Bl y Hap B, koTopble peannsytoT koHcTaHTbl 0,1 1 siBRsiioTCA

KBa31beCnoBTOPHbLIMY B CBSA3W C OTCYTCTBUEM cyliecTBeHHbIX BI1. V13 nonHoTh

cnepyet Takxe, 4To cpean basucHoix PAJT ectb HemoHoToHHas PAJ]
O (x1, ..., xk’) n Henuneiinasg PAJT " (xq,...,xx). B cuny nemmsbl o

’
HemoHoToHHol PAJT, HaligeTcs Habop (ai, o, ..., ax ) us BX n uucno

i,1 < i<k, Takue, yto
/ —
4,0(al,...,a;_l,x,-,oz,url,...,ak/) = Xj.
CnepoBatenbHo, opmyna
\FTF—\(X) = \FTF_\(X,y) = LP/(?QI; .. -7:}-04;_1;)(735(1,-_,_17' . ,S’Hak,)

sensieTcst becnosTopHoii hopmynoii Hag B, peanusytoweii PAJT x.
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Monoxxum:

FOx,y)=F.(x) n FOx,y)=x

M3 pokasaTenbcrea sieMmbl 0 HenuHeiinoin PAJ] cnepyet, 4TO HaligeTcs Takoi
1 . . . .
Habop B = (B1,. .., Bkr) w3 BX", natypanbHbie uncna in j, 1 <i<j < k", a

TaKXe KOHCTaHTa 7,y € B, ans koTopbIx

Soll(ﬁh e >6i717xi ® BI'JBH»L e 76]717Xj @ 6j7/8j+17 cee 7ﬁk”) = X XJ EBFY
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Toraa dopmyna Fg, Buga

EF&(XlaXQay) = 3‘(;}’)(%0”(35617 s 7356171ag‘(ﬁﬁi)(xlay)7
?51417""?Bj—17?£‘ﬁj)(x27y)7?/8j+17' .- 7‘?@”)’)/)

aBnsieTcst KBasubecnosTopHoii hopmynoii Hag b u peanusyer AT x; - xo.
Keasubecnostopras dopmyna Fy (x1, x2, y), koTopas peanusyet PAJT x1 V xp,

nonyyaercsi u3 cpopmysibl

F-(Fe(F-(x1,¥), F-02,¥),¥),¥)

«yBaneHnem» BCEX BXOXAEHWI AByX nocnefoBaTeNbHbix chopmyn F_,.

VTBepxaeHue gokasaHo. [
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Hanomuum, ganee, 4o (cm., Hanpumep, [1]) MHoxecTBO §, § C B9 HasbiBaeTcs
0| =2™ n Bce

npecbukcbll AMMHLI M HabopoB U3 § Pa3NUYHbLL. 3aMeTUM, YTO M-PEryaspHOMY

Mm-perynsipHbIM MHOXXeCTBOM Habopos kyba B9, ecim m < q,

MHoXecTBY 0, § C BY, MOXXHO B3aMMHOOLHO3Ha4HO conocTaBuTb cuctemy PAJI
g=1(g1,-..,8q—m) n3 P3~"(m) TaK, 4to Habop a = (3,7), rae 5 € B™ n

v € BI™™, npuHagnexuT § Torga u Tonbko Torga, korga g(f) = . 3ametum
Takxe, 4yto nobas PAJl g, g € Po(q), coBnagaer Ha m-peryasipHOM MHOXeCTBe
Habopos J, § C B9, ¢ nekotopoii PAJ1 us Pp(m), ecan paccmatpusath Po(m)
Kak MHoxecTBo Bcex PAJT n3 Po(q) ¢ HecywectBenHbiMU Bl Xmi1, ..., Xq. Mpn
sTom ntobass PAJT 3 ceazaHHO € § cMcTeMbl DYHKUWI COBNagaeT Ha & C

cooteetcTytoweii Bl kyba BY.

1 ns cnoea (Habopa) o Buaa a = (v cnoeo 3 () cuuTaetcs ero npecbrkcom

(cooTBeTcTBEHHO Cydbdpukcom).
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PacnpocTpaHum onepaumio cnoxeHns ABonYHbIX Habopos (cnoB) no mogynto 2 Ha

TOT CAydaid, KOrAa ANMHA BTOPOrO C/1araeMoro MoXeT 6biTb 6onblie ANHbI

nepsoro. [ns Habopos o = (a1, ...,am) € B™" u = (p1,...,08,) € B", rge

n > m, onpegenum nx cymmy a & 3 kak Habop v = (y1,...,7vn) € B", koTopbIii

npeactaenset coboii nopaspsaHyto CymMy no moayito 2 npedukca AANHbI N

Habopa («,...,a), rae @a = [n/m], c Habopom 3 n 3aMeTUM, 4TO Npn 3TOM
—

a pas
ypaBHeHune « @ 8 = 7y UMeeT eANHCTBEHHOE OTHOCUTENLHO 3 peLleHmne npu

mobbix a, a € B™, n v, v € B".
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Ha ocroge BBeaéHHoli onepauun npu mobbix 3, B € B, n A < t 0bbI4HbIM
obpasom onpegensietcs cymma 0 ® 3, rae 6 C B, a Takxe cymma g @ 3,

rae g = (g1, --,8)) € P3(m). Mpu 3Tom nocnegHss cymma siensetcs Habopom
OJIMHBI t, KOTOPbIN no-npexHemy coctout us PAJ1 cuctembl g nam nx oTpULLAHNIA
N 3303ET M-perynspHoe MHOXECTBO Habopos kyba B!. 3ameTum Takxe, 4TO
nobas PAJ1 cuctemsl g xoTsi Bbl 0OANH pas BxoanT B cuctemy g @ 3 bes
oTpULaHus, ecnm anst Kaxgoro i, i = 1,..., )\, xoTs Bbl 0gMH N3 paspsigoB

Habopa /3 c HomepoM i+ A -j, rae 0 <j < [t/A] m i+ X-j<t, pasen 0.
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Mycte G C Py(m) n |G| =X\, a A= (d1,...,02-m), TBe g > m, "— pazbuenne
Kyba B9 Ha m-perynsipHble KOMMNOHeHTbI. Byaem rosoputk, 4to pasbueHne A
mogenpyet @AJT uz G ¢ nomowbto Bl nan nx otpuuyarnnii, ecnn gns atoboro i,
i €[1,297™], nobas PAJ1 g, g € G, coBnagaet Ha d; C HekoTopoli Byksoii xj’,
rae 1 <j < guo € B. KomnoHeHTa §; CHUTAETCS NpU 3TOM XOPoLLEd
KoMmoHeHTol pa3buenns A (oTHocuTenbHO MHoXecTBa G) B TOM CilyHae, Koraa

ans noboii PAJ1 g, g € G, ykazaHHOe coBnageHne umeet mecto npu o = 1.
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V1eepxaerune 6.2

Mycts G C Py(m),

m-perynspHoe pazbuenne kyba B9, kotopoe cootsetcTByeT cucteme PAJI 8 @ p,

Gl=X g=m+a\unycrb 6;, i=1,...,29°m, "—

rge B € BI™™ nv(B) =i— 1. Torga cuctema mHoxects A = (01, ..., 00q-m)
0bpazyeT m-perynsipHoe pasbuenne kyba B9, kotopoe mogennpyer ®AJI nz G ¢

rnomMmoulbro Bl nan nx OTpl/IL{aHl/Iﬁ n MMEET TMpn 3TOM LOJIIO KMJIOXUX» KOMITOHEHT

A
2a°

He bosblue, Yem

JHokazatenbctso.

Mokaxkem cHavana, 4To cUCTeMa MHOXeCTB A siBnsieTcst pasbueHnem kyba BI.
[ns aToro B cuy TOro, 4TO MOLLHOCTb KaXXAOro M3 HUX paBHa 2™, [OCTaTOYHO
ybeautbca B ToM, 4to A "— nokpbiTue kyba B9, To ecTb ntoboii Habop v,

v € B9, BxoanT x0Ts Bbl B OAHO 13 MHOXeECTB d;, i € [1,297™].
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[eiicTButensHo, npeactasum Habop v B Buge v = (a, %), rae o € B™, n Haiigém
Habop B, B € BI™™, KOTOpbIii SBNAETCS €4UHCTBEHHLIM PELLEHUEM YPaBHEHUS
3(04) @ = 4. CnepoaTensHo, 7y € d;, rae v(B) =i — 1, n cucrema

MHOXecTB A siBnsieTcss pa3buennem kyba BY.

3aMeTuM, 4TO B CUJIy OTMEYEHHbIX BbILIE CBOWCTB OMEPaLMmN CIOXKEHNS MO
mogynto 2, pa3buerune A obnafaet BcemMu HeobXOgMMbIMU ANt MOAENUPOBAHUS
MHoxecTBa PAJT G cBoiicTBaMM, 1 YTO MPU STOM HUC/IO €rO KMNJIOXUX>
KOMMOHEHT He bonblue, yem \ - 29~ M2,

VTBepxaeHune gokasaro. [
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V1eepxaerune 6.3

Lns moboii PAJT f, f € Py(n) cywectsyet peanunsyrowas eé ¢popmyna Fr,

Fr € ug’, Takas, 4To

£(Fr) < ps (6.1)

2n (1 N log log n + O(l)).
log n log n

JokazaTenbctBo.

Buibepem P &, BBeaéM HaTypasibHble napameTpsl m, s, t, p, I, A n onpegennum
pasbuenue [, dopmyny F;, PAJT ¢, -YM G nopsgka m Tak, Kak 370 Obio
coenaHo B gokasatenbctee YTB. 5.1 n Tak, 4TODbI BbINOMHANMNCH

cootHowenus (5.2)—(5.5) n (4.7).
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Bbibepem, panee, HaTypasbHble NapamMeTpbl g 1 a Tak, 4TO
g=m+a\<n (6.2)

n noctpoum no Y1B. 6.2 gns muoxectsa PAJ1 G cooTeeTCTBYyIOLLEE
m-perynsipHoe pasbuerne A = (01,...,0-m) Kyba B ot BT X' = (x1...Xq).
3ametum, uTo gnisi npomssoasHoit PAJ1 g(x’) n noboro i, i € [1,297™], B cuny
1)-yHNBEPCaNbHOCTN MHOXeCTBa G, m-perynsipHocTu pasbuerus A n
Bo3MOXXHoCTN MmogenunpoBaTe PAJ1 ns G Ha komnoHeHnTax A ¢ nomowbto BIT nan
NX OTPULAHWMI BCErAa HalAYTCsS Takne HaTypanbHbIE YUCNA ji, ..., Jp, U3 [m+ 1, q]
1 ByneBbl KOHCTAHTLI (v, . . ., (tp, KOTOPbIE paBHbl 1, ecin §; "— «xopowass

KOMMOHEHTA, U ANS KOTOPbIX PAaBEHCTBO
g(x’) :@/;()gfl,...,xjj") (6.3)

BbINOJIHSIETCS Ha JiloboM Habope U3 J;.
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Bosbmém (cm. (5.7)) pasnoxerne PAJ f no BN x”" = (Xg41...Xa) 1

NPOAOKIUM ero Ha ocHoge (6.3) Tak, 4To

20-m
// O‘l,i,a” apj,o”
Fx) =\ Ko () for () = V xi )\ Ko () 0 G, 0770,
o/’ €Bn—a o' €Bn—a '
(6.4)
roe xi(x") "— xapaktepuctudeckas PAJ1 komnoHeHTbl §; pasbuenus A. Wckomas

copmyna Fr nonydaercs us nocnegHero npeactasnerus (6.4) PAJ f

cnegyowum obpasom:
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1) xapakTepuctuyeckas PAJT x;, i € [1,297™], peanusyeTtcs no ceoeii

coepLueHHoi JH®;

2) mynbtunnekcoptas PAJ1 p,_4 nopsiaka (n — q) ot agpectbix BT x”,
CBs3aHHas ¢ pasnoxerueM f no atum BI1, peanusyercs ¢ nomowbto
becnosTopHoll no nHdopmaumorHsim BT dopmynsl ns UC cnoxHocTn He
Bonble, yem 4 -2"79 (cm. [2]);

3) kaxpass PAJ1 Buga (6.3) peanusyercsi ogHoit copmynoii F, ¢
HeobxoguMbiMu nHeepcusamu eé Bl B cnydae «naoxoli» KOMMNOHEHTBI O;;

4) Bce Ucnosib3yemble Npy peanusayun Gopmyn U3 nyHKToB 1-3 anemeHTbI
6asuca By 3ameHsIlOTCA COOTBETCTBYIOWMMUN UM BECNOBTOPHLIMY

dopmynamn Fg,, Fy, F, u3 Vs 6.1.
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[nst cnoxxHocTw nocTpoeHHol Takum obpasom dopmynbl Fr byaet (cp. ¢ (5.9))

CrnpaBeasinBo HEPaAaBEHCTBO

»)
L(Ff) gLJ--r-2"*m+o(2"*m(1+g—a)+q~2q), (6.5)

KOTOPOE MpU 3HaYEHUAX NAapaMeTpPOB
m = |3loglogn], s=|logn—3loglogn| —1, a={[logn] —1

YAOBNETBOPSIOLLNX NPU AOCTATOHHO Bonblimx n ycnosusim (6.2), faér
ouerky (6.1).

VTBepxaeHne pokasaHo. [
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VTeepxaerue 6.4

Ans noboii @AJT f, f € Pa(n), cywectsyer peanusyrowas eé KC L, ¢ € UK,

£(X) <7r5% (1+o("?%’)>. (6.6)

Takas, 4Tto

JlokazaTenscrso.
Haiigém cpean ®M3 basuca B, B = {K;}2_,, sanement X;, ans Kotoporo

L; = mg (cm. Bonpockl 2, 3), To ecTb

LJ‘ = m_in L,‘ = TB.
1<i<h

B Tom cnyuae, korga ¢; = 1, 10 ectb Pl K; siBnsietca senTunem, nckomas KC
Y bbina noctpoeHa npu gokasatesnsctee YTB. 5.2. B octanbHbix caydasx PAJI

(pj CYLLeCTBEHHO 3aBUCWT x0T bbl oT ogHoii BIT.
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MycTb pns onpegenénroctu, ns 6asuctoii PAJ1 ¢; (cm. Bonpoc 3) NoACTaHOBKOI
KOHCTaHT MoxHO nonyuuts PAJT x1, a nz PAJT p,, 1 < r < b, "— PAJI ;.
O6o3Ha4mm yepes Xnk nonydatowmecs npu 3tom us X; u X, 3ambikarowmii n
Pa3MbIKaOLLNA KOHTAKTbl COOTBETCTBEHHO U MOJIOXKMUM L= L, L=2c,.

Bynem ctponts KC Xf 13 KoHTaKTOB X n K B COOTBETCTBUM C aCMMNTOTUYeCKM
Hanny4wum metogom cuntesa KC B ctangaptHom 6asuce (cm. [1]) ¢
ncnonb3osaHuem YTB. 6.2 gns Toro, 4tobbl JONI0 KOHTAKTOB K B 2 f MOXHO

6bI0 caenaTb BECKOHEYHO MasoNA.

Mycte m, s u t "— HaTypasbHble YuCAa Takue, 4TO
2m
s< 2™, t=|—/|, (6.7)
s
a = (m,...,m) "— pasbuerne kyba B™ Ha nocnepoBaTesbHble OTPE3KU

ONMNHbI HE 6OJ'IbI.IJe, HYEM S.
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O6o3Hauum yepes G crangaptHoe YM nopsigka m v paura t ot Bl

(x1,.-.,Xm), KOTOpOe CBsi3aHO C pa3buenmuem [, u nycrb
A=[Gl<t- 2 (6.8)
a hy,..., hy "— Bxopswme B Hero xapakTepuctudeckne PAJT oTpeskos 7y, ..., T;

cooteeTcTBEHHO. Hanomuum, yto npn stom G = GO U ... U G®, rge GO,
i=1,...,t, coctout ns scex PAJ1 g, ona kotopbix g < h;.

Beesém HaTypanbHbili napameTp a, NonoXum
g=m+a-A<n (6.9)

n paccMoTpum pasbuenne A = (d1,...,00-m) Kyba B9 o1 BN x’ = (x1,..., Xq)
Ha M-perynsipHble KOMAOHEHTbI, nocTpoeHHoe no VTe. 6.2 ansa cuctembl PAJ
h=(hy,..., h).
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Myctb no-npexHemy (cm. Bonpoc 5) F, "— (t,1)-KC u3 t koHTakTOB X ot BN
y© = (y1,...,y:), cooTeeTCTBYyIOUMX €€ «NPOBOASUWUM> BXOoAaM u Bl
Y = (Vi1 .., yor), ynpasnsiowmx eé KOHTaKTamMu, koTopasi peanusyet PAJ]

~

1/}(},(0)’)/(1)) =Y1Ye+1 V...V ViYor.

3ameTum, uTo nobas PAJT g(x’) Ha ntoboii komnoneHTe §; pasbuenus A

cosnagaet ¢ PAJI

i i, i,
gl'(X/) = qZ](gi,la -5 8isty XJ',.’:7 s 7in,tt)7 (610)
roe gi.r € G m+1 <jir<qguTi,€Bnpnecexr, r=1,...,t npniém
Ti1=...=Tir =1, ecin §; "— «xopolasi» KOMMNOHeHTa.
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Monaras, kak u paHble, X" = (Xg41,- .., Xn), PA3NOKNM peannsyemyto

®PAN f(x',x") cnepytowum obpazom

F(x,x") = \/ WOV K () - i), (611)
o'reBn—a
rae xi(x') "— xapaktepuctudeckas PAJ1 komnoHeHTs §;, i =1,...,2% a
PAN £, i(x"), 0" € B"9, nmeeT Bug npasoii yactu pasencrtsa (6.10) gns
PAN fon(x') = f(X',0").
Myctb (1, A)-KC X, nocTpoeHHas n3 KOHTaKTOB X n K, peanusyer cucremy
DA 8 Ha ocHoBe coBeplleHHbIx JH® Bxopawmx B Heé PAJ] ¢ ucnonbsosaHnem

KOHTaKTHOro fepesa oT Bl (x ..., Xy) CO CIOXKHOCTBIO

L(Z6) < (L+L)-2m (6.12)
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MycTb, panee, ans kaxgoro i, i =1,...,297™, (1,2"79)-KC X} copepxut

KC X B KauecTBe cBoeii NOACxeMbl U peanusyeT kaxayto PAJ . ;, o’ € B"9,
Ha OQHOM M3 CBOUX BbIX0ZoB B cooteTcTBUM C (6.10). [ns sToro ncnonbayercs
nnbo KC 3’}, ecnn 0; "— «xopowasy komnoHeHTa, ambo KC, kotopas
NoJy4aeTcs ns F, 3ameHoli YacTn konTakToB K KoHTakTamm K, B ocTanbHbIx
cyyasx. 3aMeTUM, YTO YKa3aHHbIe CXEMbl SIBASIOTCA PasfeNuTebHbIMU MO
BXOflaM Ha KOMMOHEHTE J;, 4TO obecneynBaeT KOPPEKTHOCTb NPUMEHSIEMbIX
onepauuii cynepnosuumnn Ha Heil. Onpegenum (1,27~ ™)-KC ¥’ kak KC, koTopas
nonyyaercsi otoxgectsneHmem exogos y scex KC X, i=1,...,297" n

peanusyeT Ha cBoux 2"~ ™ Bbixogax sBce PAJl Buga f, ;i(x).

http://mk.cs.msu.ru 3TAYC Becha, 2021 110 /190


https://mk.cs.msu.ru/index.php/

I. ACMMNTOTMYECKM HaNNYHLWIME METOAbLI CUHTE3a cxeM 6. ACUMNTOTMYECKM HAMNYYWWiA MeTod cuHTesa chopmyn n KC

PaccmoTpum Teneps (2977, 1)-KC T, koTopas nonydaerca us (29,1)-K[ ot

BM x’ otoxpaectsnennem ans kaxaoro i, i = 1,...,297™ Tex ero AnCTbLEs,
KOTOPble COOTBETCTBYIOT KOHBIOHKLUAM BUAA Xy - ... Xq", rAe (01,...,04) € 6;.
MocTpoum, HakoHew, (2"~ ™ 1)-KC L, koTopasi nonyyaeTtcs B pesynsrare
npucoeauHeHnst K kaxxgomy sxogy KC Y Bbixoaa (kopHs) (2779, 1)-KoHTaKTHOrO
aepesa ot Bl x”. 3ameTum, 4To BCE ONEpauLNmM Cynepno3nuUnmn, NCNOSb30BaHHbIE
npu noctpoennn KC ", aensaioTtca KoppekTHbiMU 1 nosToMy X pasgenutensHa
no Bxogam, a cuctema PAJ1 npoBOAMMOCTUN MeEXAY €€ BXOAAMU U BbIXOAOM

coctonT u3 Bcex PAJ Buga x;(x’) - Ky (x"), rae i € [1,297 ™ n ¢ € B"9.
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Nckomasa KC ¢ cogepxunt KC X/ B KavecTee noacxembl 1 npeactaBaseT coboii
pesynbTat cynepnosuuun Buga > = 2”(X’), npu BbinosHeHun koTopoi

Bxoabl X" npucoepmHsioTcs K Bbixogam ¥’ B cooteetcTBum ¢ (6.11). B cuny
pasgenntensioctn KC I no Bxogam ykasaHHasi Cynepnosuuus sBasieTcs
koppekTHoli u noatomy KC ¥ ¢ peiicteutensHo peanusyer ®AJ1 f.

Wz (6.7)—(6.9), (6.12) c y4E€TOM TOro, HTO YMCIO KOHTAKTOB B KOHTaKTHOM
Aepese ot d B pasHo 29+ — 2, BriTexaeT HepasencTso (cp. ¢ (6.5))

L(TF) L2t 4020427 (14 tz'aA)).
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I. ACMMNTOTMYECKM HaNNYHLWIME METOAbLI CUHTE3a cxeM 6. ACUMNTOTMYECKM HAMNYYWWiA MeTod cuHTesa chopmyn n KC

Ouenka (6.6) noayyaetcs U3 NOCIEAHEro HEPABEHCTBA NPU CAESYIOLNX

3HaYeHUsIX MapaMeTpoB

2= llogn|, m— BlognJ, s = [n—3ayn],

MpN KOTOPbIX, HAYMHASH C JOCTATO4HO DOMBLIOrO N, BbIMOJHEHbI BCE HEOOXOANMbIE
COOTHOLLEHNS 1, B 4aCTHOCTH, HepaBeHCTBa (6.9).

VYTBepxaeHue gokasaHo. [

CnepctBune
Uz (6.6) c y4EToM HuXHEN OLeHKN Bonpoca 3 BbITEKAET COOTHOLLEHUE
n

LE(") ~ 757.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

7. Noeepgenne pyHkunn LLleHHona gns 3agepxkun PAJ1 B
npoun3sonbHoM 6a3uce. Cunrtes CPI acmmnroTnyeckn

ONTUMAJIbHbIX KAaK MO CZIOXXHOCTWU, TAK N NO 3aep>XkKe
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

Paccmotpum Bonpockl onTumusaumn no rnybuHe (3agepxke) dopmyn nin CPI B
npon3BoJsibHOM ba3uce, peanusyrowmx mynstuniekcoptbie PAJ1, a Takxe
BOMPOCH! MOJYHEHUSI AOCTATOYHO TOYHbIX OueHOK hyHkuuu LLlenHoHa ans
3agepxku PAJ.

Hanomuum, 4to PAJT iy, TO ecTb cTaHAapTHas MyabTuniekcopHas GAJ
nopsigka n, 3aBucnT oT n agpechbix Bl x = (x1,...,x,) n 2" nHpopMaLnoHHbIX

BN u = (up,...,u_1) TaK, 4ToO

pnx, 1) = \/ Ko(X)uy(o)

o=(01,...,00)EB"
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

3ametum, yto nbyto PAJT g ot Bl x = (xq, ..., X,) MOXKHO NONYHUTL B
pesynbTaTe NOACTAHOBKM Habopa KOHCTAHT (g, SBASIOWErocs CTONbLOM ee

3HaueHnii, BMecTo Habopa Bl u = (up, ..., upn_1) B PAJT pp(x, u), T0 ecTb

g(x) = pn(x, Bg)- (7.1)

OTctopa, B 4aCTHOCTHW, CleflyeT, 4To
T (n) < To(pn) + s, (7.2)

rae ¢s = max{ T5(0), Tg(1)}.
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I. AcumnToTUYECKN HannyYluNe METOAbI CUHTE3a cXem 7.

LLI. Ann DA

VTeepxaerue 7.1

Mycte x = (X1, .., %y) M u= (Ug,...,Uw_1), ragen=12 ..., — Habopsi BII.
Torga 8 UR cywectsyer 6ecnosTopHas no BI1 uz u ¢popmyna Fn(x, u) ,

peanunsyrowas PAJT pn(x, u) n Takas, 4yto

T(Fn) <78 :n+ celogn, L(F,) < c7n2". (7.3)

JokazatenbcrBo.

Nckombie popmynbl F,, n=1,2,..., Bygem cTpouTb UHAYKTUBHO HA OCHOBE

amxotomum Habopa ee agpecHbix BI.
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I. AcumnToTUYeCKN HannyYlINe MeToabl CMHTe3a cxem 7. Dy

MycTb:
Q@ m= ng x'=(x,...
x=(x',x");

Q@ v={(w,..

Sy vam_1) n u = (ug,..

nHcpopmauuonHsix Bl rae u, = o0,...,

nogpsig uaywmx Bl Habopa u.

Jlerko BuAeTb, 4TO Npu 3TOM

(%, 1) = pim (X', pin—m(x", u?), . ..

http://mk.cs.msu.ru 3TAYC

s Xm)y X' = (Xma1, - - -

oy U2n71) =

PAN

,Xn) U, TEM CaMbIM,

(u©, ... u®"-

1)) — nabopsi

2™ — 1, — Habopbl n3 2"~"

S 0C0)) (7.4)
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

Hanomuum (cm. V1B. 6.1), yto Fg, Fy n F_, — BecnoBTOpPHbIE MO CYLLECTBEHHBIM
Bl dopmynbl us u‘g, peanusytowme PAJ1 x1 - X2, X1 V X2 N X1 COOTBETCTBEHHO,

NS KOTOPbIX
max{ T (Fg), T(Fv), T(F-)} = cg, max{L(Fe), L(Fv), L(F-)} = co.

Moctpoum, kpome Toro, B bazuce b popmynsl Fy n Fi, peannsyroLine KOHCTaHTbI

0 n 1 COOTBETCTBEHHO Takue, 4TO

max{ T(%o), T(F1)} = cs, max{L(Fo), L(F1)} = co.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

Monoxnm:
Q@ &, — dyHKunoHanbHbIN 3nemeHT B Takoid, uTo T, = Tp;
Qt= H:—:H p=tlk-—1)4+1>2"ul= [log, pl;
© Popmyna @ npeacraensier coboil kBasunosHoe [-spycHoe k,-n4HOe AepeBo C
p nucTbsimun, noctpoeHHoe n3 t @I €,, u peanusyer cywecreeHHyo DAJ

Yy yp)-

http://mk.cs.msu.ru 3TAYC Becha, 2021 120 /190


https://mk.cs.msu.ru/index.php/

I. AcumnToTUYECKN HannyYluNe METOAbI CUHTE3a cXem 7.

LLI Ans DA
Mo VTs. 4.1 naiigem takne PAJ1 gi(x',v;), j=0,...,2" — 1, n PAN gj(x),
Jj=2",...,(p—1), ans koTopbIX

fim(x,v) = ¥ (go(X', v0), - - - om 1 (X', vam 1), gom(X'), .., gp-1(X')).  (7.5)

Mpu sTom B cuny 3amevannii 2 u 3 k Y18. 4.1 PAJ1 gi(X', vj) Anst kaxgoro j,

j=0,...,2" — 1, n cooTeeTCTBYIOLLEro eMy byNneBCKOro 3HaYeHUs (v UMeeT BU,
(X, v) = &(xX )V Ki(X) v (7.6)
&i\X, Vi) = §j j i -

roe Kj(x') — anemenTapHas KoHbloHKUuMst patra n ot Bl x/, obpalatowasics B
enuHuuy Ha Tom (eguHcTBeHHOM) Habope 3Haueuii Bl x/, Ha KoTopom

otnuyatorest PAJT gj(x',0) n gj(x’,1), a gi(x’) — munumanehas ns stux PAJI.
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I. AcumnToTUYECKN HannyYluNe METOAbI CUHTE3a cXem 7.

YHKLY L Ans DAN

Torpa B kadecTBe nckoMoii hopmysbl F,(X, ) MOXHO B3sATb pOpMyy, KOTOpast
NoJly4YaeTcsi B pesynbTaTe CeaytoLux npeobpasosaHunii npaeoii Yactu

pasencTea (7.5):
© 3amenoiit PAJ1 ¢ bopmynoii P;
@ 3amenoit kaxgoit PAJT gj(x',v;), j =0,1,...,2" — 1, Ha npasyto
4acTb (7.6) ¢ nogcraoskoit Bmecto PAJ1 g chopmysbl f}',,,(x’,ﬁﬂéj)

cornacto (7.1) n ncnons3zosavnem opmyn Fg, Fy, F, n Fo, F1 Bmecto P

6a3unca By n KOHCTaHT COOTBETCTBEHHO;
© noacraHoskoii dopmynbl F,_p(x”, ul)) Bmecto B vj, j=0,...,2" -1,

@ noacTaHoBKol opMysbI S"m(xﬁgj) smecto PAJ gj(x'),j =2",...,p.
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I. AcumnToTUYECKN HannyYluNe METOAbI CUHTE3a cXem 7.

YHKLY L Ans DAN

Mony4yenHas Takum obpasom dopmyna F,(x, u) byaet peannsosbisate PAJ
pn(x, u) B cootBetcTBUM C (7.4) —(7.6). /13 ee nocTpoerusi, a Takxke onmcaHns

BBEAEHHBIX BbILLE€ NAaPaMETPOB N KOHCTAHT BbITEKAOT HEPABEHCTBA!

TEF)<!- T, + max{ T(Fm) + cs, max{ ([Iog m] + 2) cs, T(Fpem)+ 2c8} + cg,
(7.7)

L(F,) <t L+
+2™(L(Fm) + €10 2" + L(Fnem) + (2m —2) - co)+
+ (p — 2m) (L(?m) + C10 - 2m). (7.8)
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

W3 (7.7) c yvetom Toro, 4To m < n— mu
T(Fn—m) = c11(n—m) = [log m] - cg,
€CAN N = Crz, NOAYYUM, YTO MPU N > C12 BbINOJHSAETCA HEPABEHCTBO
T(F,) <mem+cs+ T(Fpm),
N3 KOTOPOro CleAyeT, YTOo

T(F,)—7mn< T(Fnem)— (n—m) 75 + C13.
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I. AcumnToTUYECKN HannyYluNe METOAbI CUHTE3a cXem 7.

YHKL LLI Ans DAN

Mycts k = [logn], n = ng, m = mg v nycTb n; = {""2’11 m; = L%J ONs BCEX |,

i=1,...,k. Jlerko Bugetb, 4to npu 3tom n; < 2X~7 ans BCex yKasaHHbIX
3HayeHuli | U, B HacTHOCTW, Nk = my = 1. 3ameTum, yto B cuny (7.9) ans Beex

i=0,...,kg— 1, roe ny, < C12 M Ngy—1 = C12, OYAYT BLINOAHSATLCS HEPABEHCTBA
T(Fn)— 16 -ni < T(Fn.y) — 76 - Nix1 + Ci3,

cymMmMupysi kotopble no Bcem i,i =0,..., kg — 1, nony4ymm HepaBeHCTBO
T(Fs) =16 -n< T(Fn,)— T Nk + c13ko,

AOKa3bIBaloLLEee CrpaBefIMBOCTb NepBoOro HepaseHcTea (7.3).
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

V3 (7.8), B cBOIO OYEpesb, BLITEKAET HEPaBEHCTBO
L(Fp) < 2™(2L(Foem) + cra - 27,

N3 KOTOPOro cnenyet, 4To

5(23:") < 2L(Tn-m) + c1a. (7.10)

2nfm
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

M3 HepagetcTea (7.10) BbIBOAUTCS LEMOYKa HEPABEHCTB

L(F, L(F, L(T,
( )<C14+2M<C14+2(C14+M) <... <

on om onz
L (S:kaz )
QNk—2

Sca(l+244+- 423 + <cren,

KOTOpasi AOKa3blBaeT BTOpPOe HepaBeHCTBO (7.3), Tak Kak nx_o < 4.

VTBepxaeHue gokasaHo. [

CnepctBune

B cuny (7.2) u HuxHedi oyeHkn YTB. 3.2 nMeIOT MeCTo HepaBeHCTBa

75(n — loglogn — o(1)) < Tg(n) < 75n + O(log n).
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I. AcumnToTUYECKN HannyYluNe METOAbI CUHTE3a cXem 7.

YHKLY LLI Ans DA

VTBepxaerue 7.2

Mpn Bcex n =1,2,... gns moboii PAJI f, f € Pa(n), cywectyer peanusyrowjas
ee CPI Y ¢ Takasa, 47O

2"
T(Xf) S8 0, L(Xr) 5%7.

LokaszaTenbcrBo.
Nckomas CDI ¥ ¢ cTpouTCs aHaNoOrMYHO TOMY, Kak 3TO AEe/1afoCk npu
AoKa3zaTenbCTBe TeopeMbl 5.1, ¢ Toli nnwb pasHuueli, 4Tto B Kadectee CPD X7,

peanusytoweii PAJT 1,_q oT agpectbix Bl x”/, ncnonssyercst dopmyna F,_g,
nocTpoeHHas no Vte. 7.1.
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I. AcMMATOTNYECKN HaNNyYLINE METOAbI CUHTE3a CXeM 7. YHKLY L Ans DAN

Mpu 3Tom napameTpbl m, g, S BbIBUPAOTCS Tak, YTODbLI NO-NpeXxHeMy

BbINOAHsIOCH cooTHowenmne L(X) = 0(2—”"). [JocTaTouHo, Hanpumep, NoONOXMUTL
g=m=[2logn], s=[n—4logn].

VTBepxaeHne gokasaHo. [

Cnencrsue
Lns noqtu Bcex @AJI f, f € Py(n), MmoxHo noctpouts peanusyrowyto ee CHI
Yr, Tr € US, c acumnToTUYECKN ONTUMANBHBIMYA KAK MO CAOKHOCTY, TaK U MO

3a[4EPXKKE 3HAYEHNAMU.
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1l. HekoTopele Bonpocekl HagexHocTu CPD

Il. HekoTopbie Bonpocbl HagEXHOCTU CxXemM n3

(byHKLMOHAIbHbIX 31EMEHTOB
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

8. BeposiTHOCTHOE onvcaHne NCTOYHUKOB NOMEX U
nospexaeHuii CP3. HeBO3MOXXHOCTb NOCTPOEHUS CKOJb
YrogHO HaZEXHbIX CXeM A1l UICTOYHMKOB HeliMaHOBCKOIro

T™MNna
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

[ns onpefenerHns ypoBHs HaZEXHOCTU CXEMbl HaCTO MPUMEHSIETCS
BeposiTHOCTHbIN noaxog. Cneays kypcy OK, 6ygem cuutats, yto M = (X, W) -
HEHafEXHAsi CXEMA X OT MEPEMEHHBIX Xi, . . . , X,, NEPEXOAsALLas nof AeldCTBUEM
nctounnka HemcnpasHocteid W B coctosiius ¥ = (1) ¥ ¥ () g kotopbix
peanusytorcst pyrkuun F = FOF@) F(O) coorsercTBeHHO, onpeaenérHbie
Ha mMHoxecTBe Habopoe N = {f; ..., Bp}. [ycTb fanee BeposiTHOCTL TOrO, 4TO
CXeMa X HaxXxoAWUTCS B COCTOSIHMM ¥, nssectra u paBHa 7, rae i =1,...,t,
o<m<lnYi =1

B panbheiiwem, smecto napsl M = (X, W) bygem, kak npasuno, yKasbisaTb
MPOCTO X, €C/IN N3 KOHTEKCTA SICHO, KaKOW UCTOYHWK HEWCNpaBHOCTEN UMeeTCs B

BUAY.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

Beefém cnepytowine BennynHbl, XapakTepusyoLme HEHAAEXXHOCTb CXEMbI 2 B

mogenn M = (X, 1):

) =Y m,

FU2F
2Kt

= >

D(B)AF(B)
2<J<

rae S € N, a 3aTeM NONOXKUM

n(M) = gg&(M B),

an(X1, -, xn) = E(V (X1, .- o, X))
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

3ametum, uTo BennumnHa &(X) (£(X, B)) 3a/aéT BEPOSATHOCTL TOrO, 4TO CxeMa X
peanusyeT byHKLMIO, He paBHyto F (COOTBETCTBEHHO He paBHyto F Ha Habope [3),

1 NO3TOMY
n(X) < &(X) < pn(%), (8.5)

OTKyfa Cneayert, B HacTHocTn, 4to N(X) = 0 Torga u TosbKo TOraa, KOraa

£(X) = 0. Cxema X cunTaercs abconoTHo HagéxHoi B moaenn M, ecan

N(X) =0 (um £(X) = 0). ITo 03HAYAET, HTO BCE COCTOSIHUS CXEMbI X, UMEIOLLME
MOJIOXKNTESNbHYIO BEPOSITHOCTb, SKBUBAIEHTHbI L. 3aMETUM TaKXe, 4TO
abcontoTHo HagéxHast (B mogenn M) cxema - 3To camokoppekTupyrowasics (B
mogenn M) cxema.

®PyHkuns gs (X1, ..., X,) Ha3bIBAETCS hYHKYMEN BEPOSTHOCTY HENPABUTILHOIO

cpabaTbiBaHUs CXeMbl L.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

Takum obpasom, umeeTcs gBa cnocoba onmcaHus paboTbl HEHAAEKHON CXeMbl X_:
1) 3apaHne BEPOSTHOCTEl €€ NEpPexXOf0B B Pa3fiNyHble BOSMOXHbIE HENCMPABHbIE
COCTOSIHUSI — T.H. pacnpejesneHue pexumos; 2) 3agarue yHKLNN BEPOSTHOCTYN eé

HenpaBubHOro cpabaTbiBaHUs Ha Habopax obnacTu onpeaeneHHOCTN.

1 e T o
3aMeTuM, 4TO NO pacnpefeneHnto PpeXxnuMoB B1Aa HEHaAEXHO
T, ... Tt
cxeMbl X = X(X1, ..., Xn; 21) PyHKUNSA gz (X1, ..., X,) BEPOATHOCTE €&

HenpaBAbHOro cpabaTbiBaHus Ha Habopax Kyba B" BblumcasieTcs ciegyowmm

obpazom:

Gr(xts ) =72 (@ B) ...+ (RS ). (86)
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

C ppyroii cTopoHbl, anst ntoboii yHkuMn (X1, ..., X,), KOTopas Ha Habopax

B" npuHumaet felicTBuTenbHble 3HaveHns ns otpeska [0, 1], u noboin PATI

1 o
f(x1,...,Xn) CYyLLECTBYET TaKOE PacnpefefieHNEe PEXXNMOB ,
T, .., Tt

KOTOpOE €€ nopoxaaer, n ans kotoporo f; = f. [JeiictButensHo, nyctb

B1,...,Pt—1 — BCe Te Habopbl kyba B", ans kotopbix g(3) > 0 u nycTb, ans
onpegenenroctn, g(B1) < --- < q(Bi—1). Toraa B Ka4ecTBe UCKOMOrO

|
pacnpefeneHunsi peXXrMoB MOXHO B35iTb pacrnpegenieHve Buaa

1, v Tt

Kyba

rae m = 1—q(Bt-1), m2 = q(B1) v mi = q(Bi—1) — q(Bi2) npn i =3,...,t, a

dyHKunN fi,. .., f; ONpeaenstoTcs U3 COoTHOWeEHNA ; = g; § L n Tabanubl 1
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

&1 &2 &3 e 8t
p1 0 1 0
B2 0 1
Bt-1 0 1
OCTallbHble 0 0 0 e 0
Habopsl
Tabnwnuya 1.

Mycte U — nonHbIA KNACC CxeM, TO €CTb KIACC, B KOTOPOM MOXHO Peasn30oBaTh
nobyto cuctemy PAJT, a l — nctouHnk HencnpaeHocTeli, AENCTBYIOLNIA HA CXEMbI
n3 U. Torga bygem rosoputs, yto (U, V) — knacc HenagéxHbix cxem. Cunraercs,
yto PAJ1 f ponyckaeT ckonb YrogHo HagéxHyto peannsauuto B knacce U, ecnn
ans moboro € > 0 cywecteyeT cxema X, ¥ € U, koTopas peanusyeT f n ans
koTtopoii 1(X) < e. W3 (8.5) cnepyer, 4to npu astom PAJT f gonyckaet ckonb

YrOAHO HaZEXHYIO peann3aumio n OTHOCUTENBHO dyHKumoHana £(X).
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

PaccmoTpum BeposiTHOCTHBIN noaxon Ha npumMepe HeHaaéxHbix CDI Hag
6asucom b = {€;}5_; rae ®I &; peanusyer bynesy dyHkumio w;i(x1, ..., Xk )-
Mycte gns kaxgoro i, i = 1,..., b usBecTHo pacnpeseneHne pexumos paboTsi
D3 &;, To ecTb Ans Kaxaoro j, j = 1,...,22" nssectha n pasHa T j BEPOSITHOCTb
Toro, 4to @I &; peanusyet j-t0 byneBy pyHKUUIO OT ByNEBbIX NEPEMEHHbIX
X1,. .., Xk (€CNM c4MTaTh, 4TO BCe ByNeBbl PYHKLMM OT MEPEMEHHBIX X1, . . . , Xk;
ynopsifioHeHbl B COOTBETCTBUM C HOMepaMm Ux cTonbuos 3Haveruit). Mpu
HaXOXKAEHUN HeHAAEXHOCTN cxeMbl X Hag basucom b bygem cuutath, 4TO BCe eé
D3 nepexoAsiT B CBOW COCTOSIHMSI HE3aBUCUMO APYr OT Apyra, u 4Tto stoboe

coctosiHue CPI X onpepensierca coctosiHusimn P 3.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

B cooTBETCTBMM C 3TUM Ha OCHOBE BBELEHHbIX Bbilue CooTHoLeHnA (8.1)—(8.4)
MOXHO HaliTn 3HadeHns HeHagé&xHocTy £(X) u n(X) pns CPI X, a Takke
pacnpegeneHne pexxumos eé paboTbl n yHKLNIO gs (X1, - . ., X,)-

Taknm obpasom, oba crnocoba onucanusi HeHagéxHocTu CDD obnagatot
CBOCTBOM MOJIHOTBI, TO €CTb, 3Has COOTBETCTBYIOLLEE OMUCAHNE AJ/1S SIEMEHTOB
6a3uca, ero MoxxHo onpeaennTs U ans awoboli CPI B gaHHom basuce. Mpu sTom
NpoCTpaHCcTBO cobbITuil (cocTosiHmii) cxembl T ByaeT cocTosTs U3 Habopos
BCEBO3MOXHbIX PEXIMOB €€ 3/1EMEHTOB U BCEBO3MOXHbIX HabOpOB 3HaveHni B e

BEpLUMHAX, NPU NEPBOM 1 BTOPOM CMOCOBax OnuMCaHusi COOTBETCTBEHHO.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

Bynem roeopuTb, 4TO UCTOYHUK HencnpaBHocTeli U ona knacca ug asnseTcs’

NCTOYHUKOM HeliMaHoBCKOro Tuna, ecam m;; > 0 ans kaxgoro i =1,...,bwn
kaxkgoro j = 1,...,2%.

,DJIFI 6a3suca b u3 HeHaAé)KHbIX d’)yHKLI'I/IOHaJ'IbeIX 2/IEMEHTOB BBEAEM BEINYUHDbI

&= min  min mij, s = min min min{{(&;, ), 1 —&(E, B)}, (8.7)

1SiSh 1 ¢jgoahi 1<i<b BeBki

roe senuduna E(€;, B) onpepensietcst B cooTeeTcTBUM C (8.2). 3ameTum, 4TO

& > 0unng >0, ecin b - 6basuc HelimaHoBCKOro Tuna.

1|'|pep,nonaraeTc;|, yto U 3a0Qa€eT pacnpenesieHne peXXxmmMmoB 3J1IEMEHTOB 6asuca 5, KOTOpoOE, B

AaﬂbHeﬁLLleM, 6y,D,eM CHNTAaTb anM6yTOM 3TUX HeHa,D,é)KHbIX 31EMEHTOBY
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

Vreepxperue 8.1 (Teopema Heiimana)

Lns noboii COI ¥ B basuce b nz HeHafExHbIX PyHKLUMOHABbHBIX 3JIEMEHTOB,

e,qMHCTBEHHbIﬁ BbIXo[ KOTOpOﬁ SBJISIE€TCSA BbIXOAOM 3J1IEMEHTA, BbINOJIHAKOTCA

HepaBeHCTBa

X)) =8, n(X) =76 (8.8)
LokazatenscTso.
Mycts ¥ = (X1, ..., Xp; Z1) U NYCTb 4UHCTBEHHBIN Bbixogd z; CPD XL sensercs

BbIXOAOM €€ 3/1eMeHTa &;, BXOAbl KOTOPOro NPUCOeANHEHbI K BEpLUMHAM
Vi, ..., Vg, SiBASOWAMCS 11bo BXxogaMmn X, nubo BbIXOAAMMN SEMEHTOB,

cBsi3aHHbIMK C "BHYTpeHHUMun' Bl uq, ..., uk.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 8. NcTo4HnKmn HelimaHOBCKOro Tuna

ns Habopos a, a € B" n vy, v € BX, 0bosHauum Hepes p(a,y) BeposTHOCTL
TOro, 4To Npn x = (X,...,X,) = @ Habop BM u = (uy, ..., Uy ) NnpuHUMaeT
3HaqeHus . V13 (8.7) cnepyert, 4to npu u = v BeposiTHoCTb (7, @) nosiBNeHNs Ha
Bbixoge &; 3Ha4eHunsA f(oz) HE MeHblle, YeM 7jg. DTO O3HAYAET, YTO BEPOSATHOCTb

noABNEHUA NP X = x 3HAYEHUA f(()é) Ha BblXOo4e Zi, KOTOpas, O4e€BNAHO, paBHa

ZweBk:‘ pla,7) - q(v, a)

W, TEM CaMblM, He MEHbLUE, YeM Tjg
lMepBoe HepaBeHcTBO (8.8) fOKa3bIBAETCSH aHaNOrM4HO.

VTBepxaeHue gokasaHo. [
CnepctBune
Jns noboii otangrosi ot B ®AJ f 8 knacce UE, rge B - 6azuc HeliMaHOBCKOro

TUMNA, HEBO3MOXHA CKOJIb YroAHO HaféxHasi peanusauyus PAJI, otanyHbix ot

BxogHbIx BI1.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

9. ddbhekT HapacTaHus HeHagexHocTu. [ocTpoeHue ckonb
yrogHo HagéxHbix CPI B 6a3mce 3 HeHafEXKHbIX
anemenTtoB {&,V,—~} n abcontoTHO HAAEKHOrO 3/1emMeHTa

rosiocoBaHusA
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

Henagextocts CPD B Hasncax n3 HeHaAEXHbLIX DYHKLMOHANBHBIX /1EMEHTOB
XapaKTepU3YIOTCS PAAOM MHTEPECHBIX U, WHOMAA, HEOXKMAAHHbIX 3heKToB.
OAHUM 13 HUX ABNSAETCA T.H. 3cbdpekT HapacTalolel HeHaAEKHOCTH.
PaccmoTpum ero Ha npumepe aByx (HenonHbix) 6asucos: By = {€g} n

Be = {&€&}, rae anementsl Eg n gy xapakTepusMpyIOTCs CleytoWwmm

pacnpeaeneHneM peXXnmMoB:

x1-Xx2; 0 X1 B X2, X1 VX
e nég: LYo e ,0< p<1.

8&:
I—-pi p 1—p; p

http://mk.cs.msu.ru 3TAYC Becha, 2021 144 /190


https://mk.cs.msu.ru/index.php/

1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

WNccnepyem cHavana COD Zg’) B ba3uce by, KoTopast uMeeT BXOAbI X1, ..., X;,

BbIXOZ Z1 U npeacTaBnsieT coboii uenoyky us (n — 1) nocnegosatensHo

COEANHEHHDbIX 3/IEMEHTOB 8& (CM.

T it

http://mk.cs.msu.ru

}(n—l)

Puc. 9.1).

3ameTum, 4TO Zg’) peanusyet PAJT x1 - ... x,,
ecnu Bce eé aneMeHTbl paboTatoT NpaBuULHO, 1

®DAJT 0 B ocTanbHbix ciy4dasx. CnegoeaTenbHO,

= (=) ==y, (1,...,1)) =
_ (1 _ p)n—l
N, TEM CaMbIM, HEHAAEXKHOCTb ):g’) (B nobom

CMI:-ICJ'Ie) CTPEMUTCA K 1 npn n, CTpeMAaleMCs

K OQ.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

http://mk.cs.msu.ru

Paccmotpum, panee, CP Zég) B basuce bg,
KOTOpas UMeET BXOAbl X1, X» U NPEACTaBASET CO-
601 LenoYKy N3 N NociefoBaTE/IbHO COeANHEH-
HbIX MO BTOPbIM BXOAAaM 3/IEMEHTOB &gy, NEPBbIE
BXOfbl KOTOPbIX MPUCOEAMHEHbBI K BXOAY X2 (CM.
Puc. 9.2).

MycTb n - HeYeTHOE YMCo. 3aMeTuM, YTO B AaH-
Hom ciyyae CPD Zg) peanusyet PAJT x; B xo
KaK B WCMNPaBHOM COCTOSIHUW, TaK 1 B Jil0bom
M3 HENCrnpaBHbIX COCTOSIHWI, €CAn Npu 3TOM
xo =1 Takkak x1 Bl =3 VI = Xy. Jlerxo Bu-
JeTb Takxe, 4To, ecn Xo = 0 n xota bbl oguH
3/IEMEHT CxeMbl CpaboTas HenpaBubHO, Ha €é

Bbixoge noseutcs 1.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

Takum obpazom, CPI Zg) peanusyet PAJ] x; B xo B MCNPAaBHOM COCTOSIHUN U

DAJT X, V X B 110OOM 13 HENCMPABHbIX COCTOSIHWIA, T.€.

(D) = (1 - p)" = (=) = 0=, (0,0)),

1, TEM CaMbIM, HEHAAEXHOCTb Zg) (8 ntobom cmbicne) cTpemunTes K 1 npu n,

CTPEMSLLEMCA K OO.
3ameTuM Takxe, 4To x0Tsi basnc Bg, dhopManbHO He SIBASIETCS MOJHLIM, B HEM
BO3MOXXHa CKOJIb YrogHO HafexHas peannsauus LLeddeposoit PAJ1 X1 V Xo 1,

TEM CaMbIM, CKOJIb YrOAHO HaAexHasi peanusauus nponssosibHoii PAJI.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

MepeiigeM K BONpPOCY 0 BO3MOXHOCTW MOCTPOEHUSI CKOJb YroaHO HagéxHbix CPI
ans npounssosibHbix PAJT B ncxogHom basuce b. [JokarkeM, 4To Takoe nocTpoeHune
BO3MOXHO, ecnu B basuce b umeercs abcontotHo HapéxHblin P E;,
peanusytolnii yHkumio ronocoBarus H(xi, xa, x3) = x1x2 V x1x3 V X2X3.
[eiicteutensHo, ecnn CPI X peanusyer PAJ1 f u n(X) = ¢, 10 ans
HagexHoctn CPD Y1), nokasanHoii Ha Puc. 9.3.a, KoTOpasl Toxe peanumsyer f,

NMEET MECTO pPaBEHCTBO
n(EM) = 0(e) = 3¢ — 2¢3

(rpacdhuk dyHkunm 7 = 6(e) nokasan Ha Puc. 9.3.b).
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

(@)

Punc.: 9.3
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

3ametum, 410 6(0) =0, 6(3) = 3, 4To nepeble ABE NpoussoHsie dyHKUMM 0(<)
Ha oTpe3ke [0; 2] HeoTpuuaTensHbl, npuuém 0”(0) = 6”(3) =0m 6'(3) > 0,
6'(0) >0, n uto 6(c) < &, ecnn £ < 1. Mo3ToMy, pekypcMBHO MPUMeHSS
yKa3aHHyto npoleaypy nosbilenns HagéxHoctn kK CPI ¥(K) | pesynstatom
koTopoii siensietcss CP LKD) k=12 ..., noctpoum nocnesoBaTenbHOCTb

CPa xM @ ¥ . peanusyowmx f, ans KOTOPOIi
n(E®) <O(n(E)) < (n(X)) = 0 npn k — oo,
roe 6o(c) = ¢, Ok(e) = 0(6k—1(c)). 3ameTum, 40 ecnm npu 3Tom £ < %, TO

0u(c) < %(35)25 (9.1)
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

3ametum Takxe, 4to CPI (K cogepxut 3X nogexem Buga X n

1+3+...+3k*1:3k2;1¢3 i, TO ecTb

k
L£(zR)y < 3kL(2) + %L(&)

AHanorun4xbie NOCTPOEHNA N OUEHKU MPUMEHUMbBI N ONA NOBbIWEHNA

&-HenapéxHoctn CPI.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

Myctb 6a3uc b gonyckaeT noctpoeHue ckonb yrogHo Hagéxubix CPI ana nwoboii

DAJ1. Onpegenum B 3700 ciyyae gns npoussonbHoit PAJT f n aroboro &,

0 < e < 1, doyHKLMOHAN CNOXHOCTM Lg(f,a), paBHbI MUHUMAJNIEHON U3

cnoxHocTelt Tex CDPI ¥, ¥ € UE, koTopsle peanusytor DAJ1 f n gns KoTopbix

n(e) < e. 3aTem BBeAém cooTeeTCTBYOLWYIO yHKUMto LLleHHoHa

LE(n,e) = fg;::?n)ﬁé(f,s),

Ans kotopoii (cM. cnegctene 2 yTB. 3.2 ) ByaeT crpaBefimBa HUKHAS

MOLHOCTHaA OLUEHKaA
n

Lg(n’g) 2 9577

rae pg - NpuBenEHHbI Bec basmuca b.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

3aMeTuM, 4TO B COOTBETCTBUU C BbICKa3aHHbIMUN paHee CoobparkeHnsIMU ANs
ntoboro gelicteutensHoro 6, 0 < 6 < % YKa3aHHbIM CBOWCTBOM MOJIHOTHI
obnapgaer basuc Eg, coctoawmii ns P eeca 1 g, Ev,E n &y c BasucHbiMK
PAN x1 - X2, x1 V x2, X1 1 H(x1, X2, X3) COOTBETCTBEHHO, ,u,n;l kotoporo N(Ex) =0
nn(€e) =n(Ev) =n(€-) = 4. Tak kak npu 3Tom pg_ =1, 1o B cnny (9.3)

(9-4)

2/7
L (n g) 2> —

> L
2

VTBepxaerne 9.1

Lns noboro §, 0 < 0 < % mn=172 ... CyljecTByeT CTPEMSILLUASICA K HYJIHO
HEOTPULATEIbHAS MOCAEA0BATENLHOCTL € = €(Nn) Takasi, 4To

2n

1
C
»C’E\S(n,s(n)) Y 5 . 7
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1l. HekoTopele Bonpocekl HagexHocTu CPD 9. DchchekT HapacTaHNs HEHAAEKHOCTN

[Lokazatenscrso.

TpebyeMas HUXKHSIS aCUMNTOTMYECKasi OLEHKa Teopembl BbiTekaeT u3 (9.4).

[ns nonyyeHuns Heobxofmmoli BepxHeli acCMNTOTUYECKOWA OLEHKN TEOPEMBI
Bo3bMEM npoussobHyto PAJT £, f € Pa(n), n nocTpoum Takyto peannsytolyto eé
CP3 ¥, CIOKHOCTL KOTOPOJ aCUMNTOTMYECKN He GonbLue, Hem 1. 27 a
7)-HEHAAENKHOCTb HE MPEBOCXOAUT £(n).

ﬂ'ﬂﬂ 9TOro B COOTBETCTBUN C aCUMNTOTUHECKN HaUNy4HLWNM METOAOM CUHTE3A

CP3 B nponseosnsHom basnce b (cm. yTB. 5.1) BbIbEpEM fnisi basuca b = Eg

HaTypaJsibHble napameTpbl m, s, t n p, NpuyeM s —4eTHoe, Takue, 4to (cm. (5.3)

n (5.4))

m m

2
m<n, s<2™ p=2t+1, ?<p<—+2, (9.5)
s

a B KayecTBe aneMeHTa &; Dyaem ncnonb3oBaTh anemeHT Eyy.
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Moctpoum no yt8. 5.1 CPI Y ¢, peanusytowyto GAJ] f, Tak, 4T0bLI B
cooTBeTcTBUM C HepaseHcTBoM (5.9) yncno snemenTos €y B X, TO ecTb Le, (X¢),

n 4ncno anemeHtos 6asuca By B L¢, T0 ecTb Lg,(Xf), ynosnetsopsiiu

HEpaBeHCTBaM
1,2m 1 2n
Lu(Er) < t-277" < 2 (7 + 1) e R AR (X))
2m s
Leo(T7) < O(277 + (5 +2) (278 +27)) (9.7)
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Byaem Tenepb noebiwats HagéxHocts CPD ¥ ¢ ¢ nomowbto abcontoTHo
HagéxHoro P £y n Tex NpUEMOB, KOTOPbIE ONMMCaHbl B HaYasie JaHHOro BOMPOCa.
Haligém, cHauana, HaTypanbHoe /, ans kotoporo 6:(p) = & < %, u nocrpoum CPH

] 6
Y ¢ 3ameHoli kaxgoro @D €, ¢ € By, 8 CPI L cxemoli (MakposeMeHTOM

@
o~ i‘ o ~
Ep = 850). MycTtb, panee, | - HaTypanbHbiii napametp, a CPI ¥ ¢ nonyyaercs us
~ . . - N~

CDS XY 3ameHoli Kaxkgoro eé MakpoasiemenTa &€, @ € By, cxemoii el

@ ®
Cxema Y ¢ peanusyet, oueugro, PAJ1 f, a u3 vepasencts (9.6), (9.7)ud < % ¢

6

Yy4€TOM NpUBELEHHBIX B HaYase AAaHHOrO BOMPOCA COOTHOLLIEHWIA, KAaCatOLLUMXCS

NOBbILEHNSA HALEKHOCTHY, CNelyeT, 4To

L(E5) < % : 2? +o(3(2mm+ 2,,:5 + 22m%)) (9.8)
n(Es) = 0(3’(2"—"’ + ? + 22"7%) : 2-2’). (9.9)
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13 nony4eHHbIX OLEHOK CrefyeT, YTO Mpu AOCTaTO4HO BOMbLINX 3HAYEHUSIX N 1
I'=Tlogn], m=2l+[2logn], s=[n—2m—1-log3] (9.10)

ycnosusi (9.5) ByayT Binonkensl, a noctpoeHast CH T & cuny (9.8), (9.9)

byzeT yaoBNeTBOPSiTL TPEDYeMbIM COOTHOLLEHUSAM

. n(Zr) = o(1).

_ on
L < -
(Zf) S -

N~

VTBepxaeHue gokasaro. [
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10. CamokoppekTtupytowmecas CP3 B 6basucax us
HeHaaEXHbIX anemeHToB {&,V, -} n abcontoTHO HaAAEXHOro
3/1leMeHTa roIoCoBaHUs, aCUMMNTOTUYECKN HanyYLiune

MeTOoAbl NX CUHTE3a
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

Myctb 6asuc b = {Si}f’:l, rae @3 &;, i =1,..., b, umeer Bec L; u peanusyer
PAN @i(x1,..., Xk ) C n-HeHagé&xHOCTbIO 17, 0 < 17 < % Mpu atom P &;,

i € [1, b], B cooTBeTcTBUM C BONpocom 9 cuuTaeTcs (a6COMOTHO) HAZEKHBIM,
ecnu n; = 0 n HeHagéxHbIM B NpoTUBHOM cay4dae. [pegnonaraercs, 4o
HeHaféxHblli DI E; npu BbIxoAe M3 CTPOSI MOXET MEpexoanTs B aoboe n3 22"
HEUCMPaBHbIX COCTOSIHUNIA, B KOTOPbIX peanusyetcst Bce pasnuyHoie PAJ]1 oT ero
BxoaHbix BIl.

Byaem roeoputs, 4to CPI ¥, ¥ € UE, koppekTupyeT d owmnbok, ecnn oHa He
M3MeHsieT CBOE (hyHKLMOHNPOBaHME NP BbIXOA4E N3 CTPos Ntobbix He bosee, Hem

d, HeHaAé)KHbIX 2JIEMEHTOB.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

3ameTum, 4To ecnu B 6asuce b BoamoxHa (cm. Bonpoc 9) ckonb yrogHo
HagéxHas peanusauyus npoussosbHoii PAJ], To ana noboro HaTypansHoro d u
noboii PAJ] B HéEM Bo3mOoxHO nocTpoeHne CDI, kotopast peanusyet aty GAJ] n
KoppekTupyeT d owmnbok.

B ykasanHom cny4vae gnsi npoussosibHoii PAJT f u HaTypanbHoro d onpegennm
PYHKLMOHAN CNOXKHOCTU Lg(f, d), paBHblli MUHUManbHON cnoxHocTu Tex CPI
Y, re ug, koTopsle peanusytor PAJT f n koppektupytoT d ownbok. 3atem

BBeLEM COOTBETCTBYOLYIO hyHKuMto LLleHHoHa

LE(n,d) = max LE(f,d),
g(n,d) (max g(f,d)
OJ15 KOTOPOIA cornacHo cnepcTeue 2 yTB. 3.2 OygeT cnpaBeainBa HUKHSS

MOLLIHOCTHas OLeHKa
n

LE(n,d) > P (10.1)
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

Byaem paccmaTpueath ganee basuc EO, coctoswuii us PI €y, €y, €. n &y Beca
1, u3 koTopbIx abcontoTHO HagéxHbIM siBsieTcs Toibko P €y, a Takxe basuc
Iéo, KOTOPpbI/i OTANYAETCS OT go anwb Tem, 4to "Bec" Ly DI Ey B HEM Bonblue
aByx. [TockonbKy B KaXxaoM 13 6a3nCoB BO3MOXKHA CKOJIb YFOAHO HagEéXHas
peannsauus npoussosnbHoii PAJT (cm. Bonpoc 9), To ANs HUX OnpefeneHb
BBEAEHHbIE Bbille PYKHUMOHAbI CAOKHOCTM 1 dyHKuuu LLleHHoHa, koTopbie B
cuny (10.1) ynoBneTBOpsOT aCUMNTOTUHECKUM OLEHKaM

LE (n.d) 2

2!7
— 10.2
—, (102)

2!7
< > il
Lso(n, d)z =

N —

TaK Kak pg = % pg = 1.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

Jns noctpoerus camokoppektupytowmxcs CPI B basucax by, by Bocnonbsyemcs
KOHCTpyKumsamu Bonpoca 9. Tak, ungykumein no / = 1,2,... nerko nokasatb, 4TO

CP3 £, noctpoennas tam no CPI X, koppekTupyet (2! — 1) ownboxk.

V1eepxagerune 10.1

Ansn=1,2,... n noboii HaTypanbHoii nocnegqosatensHoctu d = d(n), Takoii
yro log d(n) = o(n), cnpaBeg/IMBo acMMNTOTUYECKOE PABEHCTBO
1 2"

L& (n,d(n)) ~ 5

Lokazatenscto. Tpebyemas HUXKHAS aCUMNTOTMYECKAs OLeHKa (DYHKL MK

C
LLlennona Lé;(n, d) BoiTekaet u3 (10.2).
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

Onsi nonyyerunsi HeobxoanmMoin BepxHel aCUMNTOTUYECKON OLEHKU PYHKLMM
LLlenHoHa Bo3bMéM npowussoabHyto PAJT f, f € Py(n), n noctpoum Takyto

peanusytowyto eé CPI g KoTopas KoppekTupyeT d owmnbok u nmeert
2n71
—.

CNOXHOCTb aCUMMNTOTUYECKN HE MPEBOCXOAALLYIO
[MokaxeM, 4To B KadecTBe nckomoin CPI mMoxHo B3aTL CPD sz MOCTPOEHHYIO
npu AokasatenbcTee yTB. 9.1, ecnu cynutath, 4TO T=0nl= [log(d+1)], a
OCTaJsibHble NapaMeTpbl KOHCTPYKUmMn BbibpaHsl cornacHo (9.10). [eiicteutensHo,
nosydeHHas Takum obpaszom CPI )E; cocTouT u3 abcontoTHo HagéxHbix P Ey
1 MaKpO3JIEMEHTOB BMAA eﬁ,’), @ € Bo, KaXAbIA N3 KOTOPLIX KOPPEKTUPYET

2/ — 1> d ownbok. Mpn sTom cnoxHocTs CHD Tf & cuny (9.8) byger
2"—1
—.

ACUMMNTOTUYHECKN HE 6OJ'IbLlJe, HYEM

VYTBepxaeHue gokasaHo. [
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

Hanomtuum, 4to (cm., Hanpumep, [3]) wapom pagmyca r ¢ LEHTPOM B TOUKE a,
« € B", Ha3blBaeTCs MHOXeCTBO BCex Habopoe (3, € B", anuHbl n, pacctosiHne
OT KOTOpPbIX A0 & He npeBocxoamnT r. Obo3sHaumnm Yepes S,(n) ymcio Toyek
(HabopoB gnuHbI n) B Wwape paguyca r. Touku Wwapa paguyca r - 3TO ero LeHTp,
MHOXeCTBO HabOpOB, OTNMYAIOWLMXCS OT LeHTPa B OAHON koopauHaTe, - ux Cr,
MHOXeCTBO HabOpOB, OTNMYAOLLMXCSA OT LEHTpa B ABYX koopauHaTax, - ux C2, n

T.4. CnegosaTensHo,
S(n)=C0+---+C.

Onpegenum dyrkuuto M,(n) kak MakcMManbHOE YNCA0 MOMapHO He
nepecekatoLLMXcs WapoB paguyca r, yknagbisatowuxcs 8 B". Cnpasegnnso

cnepytollee yTBepXKAEHUNe, JokasaHHoe B Kypce M.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

VTeepxpaerne 10.2

Lns ntobbix HATypasibHbIX N U r, A€ r < N, CIPaBeAINBO HEPABEHCTBO

M, (n) < 2"/S5.(n).

Lokazatesnscteo. Bynem nocnefoBatensHo pasmellaTb HenepecekatoLmecs Wwapsbi
paguyca r B kybe B". Bbibepem B KayecTBe LieHTpa NepBOro Lapa npou3BOJbHbIiA
Habop oy kyba B". [Ina Bbibopa Habopa o B KayecTBe LeHTpa BTOPOro Luapa
HENb351 UCMOJIb30BATb TOYKMN, HAXOAALMECS OT (v; HA PACCTOSIHUM MEHbLUE, YEM
2r 4+ 1, Tak KaK MHa4e nepsblii 1 BTOPOI wapbl byayT nepecekaTtbes. ycTs yxe
BbIOpaHbl Habopbl a1, . . ., a, TOrAa ANs BbIOOpPaA (ik1 YMCNO

"3anpeLyeHHbIx" Touek He bonblue, Yem k - Sy (n), To ecTb, ecim k - Sy, (n) < 27,

TO MOXHO BbIOpaTb (k1.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

MycTb Takum obpasom BbIbpaHo m HabopoB Q. .., Qy,, @ BbIOOp Habopa a1 B
Ka4ecTBe LIEHTPaA OYepesHOro Lapa HEBO3MOXKEH. DTO O3HAYaeT, YTo

m - S3.(n) > 2", 10 ecTb

2'7
M, (n) >m>——.
H(n)=zm> 0
VTBepxaeHue fokasaxo. [
V1eepxaerne 10.3
Anan=12 ... umnoboii HaTypanbHoii nocnegoBatensHocty d = d(n), Takoi

yro d(n) = o(n/log n), cnpaBeg/MBo acMMNTOTUHECKOE PABEHCTBO

2"
L8, (n d(m) ~ =

Jokazatenbcteo. Tpebyemas HKHSAS aCUMNTOTUHECKas OLeHKa DYHKLMN
Lennona L& (n, d) ebiTekaet uz (10.2).
Bo
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

Onsi nonyyeHmsi HeobXoAMMOI BepXHEN aCUMNTOTUYECKON OLEHKU LAHHOIA
yHkuum LLleHHoHa BosbméM npoussonshyto PAJ1 f, f € Py(n), n noctponm

Takyto peanusytowtyto eé CPI Y, koTopas koppekTupyet d owmnbok n umeet
2n71

n

CNOXHOCTb, aCMMNTOTUHECKN HE NPEBOCXOAALLYHO

Bbibepem HaTypanbHbie napamatepsl m, N u R Takue, 4To
m<nN=2"R=N+2d-(m+1) <2, (10.3)

O KOTOPbIX, O4E€BUAHO,

22d(m+1) oR oR

N =N o <
omt12d = R2d 0 4 ... 4 CRI

TO eCTb C y4éTtom yT8. 10.2
2N < My(R). (10.4)
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

W3 (10.4) cnepyert, 4TO CyLLECTBYET TaKoe NHBLEKTUBHOE OTODPaXKEHME 1), KOTOPOE
nepeeoguT Habopbl Kyba BY B LeHTpbI HemepecekatoWwmxcs Wapos paguyca d Kyba
BR. Ha ero ocHoge onpeaennm otobpaxeHue 1)1, nepeogsiee NPon3BobHbIii

Habop 3, 3 € BR, & Takoii Habop a, a € BN, gns kotoporo Habop () sensercs
6avxaiiwmm K 5 LeHTPOM OLHOr0 N3 yKa3aHHbIX WAPOB. 3aMeTUM, 4TO MpU 3TOM

Y ~1(y) = a ans noboro Habopa 7, NpUHaanexalero wapy c ueHTpom 1 (a).
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

Monoxum, Kak 0bbIuHO, X' = (X1, ...

®AJl f B BUgE
FX X)) =\ Ke(X)-fu(x"), (10.5)
o'=(01,...,0m)
rae Ko (X') = x{* -+ xZm n for (X7") = f(o, x").
[Monaras, yTto
m=m(n)=o(n)nd<2 —1, (10.6)

rae | - HekoTopblii napametp, noctpoum CPD Y ¢ 3 ciemyroWwmnx NOLCXEM:
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

1) nogcxembl X Hag 6asucom Bg, koTopasi peanusyet cuctemy PAJ
F" = (f5(x"), ..., fi(x")) ns PX(x"), nonyyena acumnToTndeckn HamnyHwmm

meTogom (cMm., Hanpumep, yTB. 5.1 n HepaseHcTteo (5.1)) n gns KoTopoii

2n—m
L") S R—: (10.7)
2) noacxembl Xy, Hag 6asucom 5(()') U3 MaKpO3JIEMEHTOB 8(1), E(VI), 8@, KoTopas
peanusyet cuctemy ®AJT = 1(yy,. .., yr), nonyuena metogom LLlenHona [1] n
NMeET CNIOXKHOCTb 2R
£(5,) = 02" % -3, (10.8)

a eé Bxogbl npucoeguterbl B CPI Y ¢ K BbIxogaM noacxemsl L ¢ Temu xe

HOMepamu;
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

3) noacxembl X', npeactaBnsioweii coboii mynstunnekcoptyto CPI nopsigka m un

CIIOKHOCTHU

£(¥)=0(3"-2m) (10.9)
Hag 6asucom E(/), afpecHbIMU BXoAamu koTopoii seastotca bl x/, a eé
nHdopMaLuoHHble Bxogbl (Ug, . . ., Upm_1) NMPUCOEANHEHBI K BbIXOAAM MOACXEMBbI
Y4 c Homepamu 1,...,2™ COOTBETCTBEHHO.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 10. CamokoppekTupyrowmnecs CPD

N3 noctpoenns CDS ¢ 1 0OTMeUeHHbIX Bbillie CBOICTB oTobpaxeHuii 1, ¢!
cnepyert, 4To oHa peanusyer PAJT f, koppekTupyeT, ¢ ydetom (10.6), d owmbok,
a eé cnoxtoctb B cuay (10.7)—(10.9) yaoeneTBOpsieT HepaBeHCTBY

n—m 2R

l- m.i
— 032" %),

L(ZF) SR
3 nonyueHHoi OLEHKM CReayeT, 4TO Npn JOCTaTOMHO BOMbLINX 3HAYEHNSX N 1
m=llogn| —1, [=/[logd+1]

ycnosusi (10.3) n (10.6) OyayT BbinonHeHbl, a noctpoentas CPI XL byger
YAOBNETBOPSITL BCEM TPeboBaHMSIM TEOPEMbI.

VTBepxaeHue gokasaHo. [
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

11. Cepuueckume cpyHkumn. CNoXKHOCTb INHERHOW U Jpyrux
byHKUNIT B K/1TacCe KOHTAKTHbIX CXeM U”

CaAMOKOPPEKTUPYHOLLNXCA KOHTAKTHbLIX CXeM
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

®ynkumto f u3s Pa(n) Byaem HasbiBaTb a—cehepuyeckoli, rae o € B, ecnn pns
Ntobbix Habopoe 5 1 vy n3 B", oTanYaloWmxcs OT v POBHO B OAHOM 1 POBHO B
AByx paspsigax cootsetcTseHHo, () = 0 u f(v) = 1. Mpu stom O—ccbepuueckyto
®AJl, byaem HasbiBaTb npocTo ccpepuyeckoii. MycTte s,’;, rore0<i<n —
anemeHTapHas cummetpudeckas PAJT ¢ pabounm yncaom 7, To ects PAJT ot

Bl xq1, ..., x,, obpawatowascs B 1 Ha Bcex Tex Habopax, KOTopble cofepX<aT
poBHO i epuHny. 3ametum, uto DAJ] s2 aensetca cchepuueckoii, a PAJT si —
I—cpepueckoii n 4to PAI T, (1) sBnseTca a—cdepnyeckoin ans Bcex

Habopos « n3 mMHoxectea B (BI,, ), conepxalyero Bce Habopbl B" ¢ 4éTHbiM

YéT.

(COOTBETCTBEHHO HEHETHBIM) HUCIOM EAUHUL.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

Hapsigy ¢ KC 13 «obbiuHbix» (abcontoTHO HafgéxHbIX) KOHTaKTOB Byaem
paccmaTpuBaTb KC 13 HEHaf@XHbIX KOHTAaKTOB, KOTOPbIE MOTYT BbIXOAWUTbL U3
CTposi B pe3ynbTate obpsisa, korga PAJ1 NnpoBOAUMOCTN KOHTaKTa CTaHOBUTCA
pasHoii 0 nnu 3ameikauus, korga ata ®AJ] ctaHoBuTcsa pasHoli 1. Bygem
rosoputs, 4To KC X koppektupyer p, p = 0, obpbisos n q, q > 0, 3ambIkaHnii,
ecnv oHa akBuBaneHTHa moboii KC, nonyyaroyerics us ¥ B pesysnstate obpbisa
He bosiee Yem p, u 3aMmbikaHusi He bosiee H4em q KOHTAKTOB.

B kypce OK paccmatpuBannce npocTteiiine MeTofbl CUHTE3a
camokoppekTupytowmxcss KC, cBazaHHble ¢ aybavpoBaHueM, a Takxe
HETPUBUAJIbHbIE METOAbLI CAMOKOPPEKLIMN, OCHOBAHHbIE HA KOPPEKLMN OLHOMO

obpbiBa WM 3aMbIKaHUS B OLHOPOAHBIX NOACXEMAX.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

VTeepxaerue 11.1

Ecnn KC X peanusyet cpepudeckyto PAJT f uz Py(n), To B X BcTpeyarorcs
3ambikatoLme KOHTaKTbl Bcex Bl xq, ..., X,, NPU4EM KOHTAKTbI BCEX STUX TUIMOB,

3a NCKJ/IIDHYEHNEM, bbITb MOXET, ABYX, BCTPEHAIOTCA B Hell He MeHee AByX pas.

JokazatenscTso.

N3 cdhepnunoctu PAJT f cnepyet, 4TO OHa CyLLECTBEHHO 3aBUCUT OT BCEX CBOWX
BIM n He aBnseTcs aHTUMOHOTOHHOI HU No oaHol u3 Hux. CnegoBaTenbHO, B X
MMeTCs 3aMblKatolume KoHTakThl Beex Bl xq, ..., x,. ObozHauum 4yepes a; u a»
nontoca KC X, a yepes E; (E;) — MHOXECTBO Tex €€ KOHTaKTOB, KaXAblii 13
KOTOPbIX SIBASIETCS NEPBbIM (COOTBETCTBEHHO MOCIEAHNM) 3aMbIKAIOLLMM

KOHTaKTOM AJis1 Kakoii-nmbo nposogswein uenun KC X naywein ot a1 K as.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

Jokaxewm, cHavana, uto E; N E; = &. OelictButensHo, nycts 1 N Ey # @ w
nostomy B KC ¥ umeetcs kontakt K Buga xj, 1 < j < n, koTopelii aensetcs
nepebiM (NOCNEAHNM) 3aMbIKAIOLLMM KOHTaKTOM npoBogsieit uenu Cy

(cootsetctBento C), uayLueid ot a; K a,.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

Onst i = 1,2 obosHaumm yepes C! n C!' HauanbHyto (go koHTakTa K) un

3akntouuTensHyto (nocne kontakta K) noguenn uenu C;. Mycts, ganee, uens C

cocTouT u3 HadanbHoli noguenu C!, koHTakTa K 1 3aKJOHUTENBLHON

noguenu C), ecnu uenn C; n G, npoxoasaT KoHTakT K B OAHOM HanpaeneHUU 1

cocTonT U3 HavanbHoii noguenu C, kOTopasi Cpasy MepexofuT B

3akaouuTensHyto noguens CJ' B npotueHom ciydae. 3ametum, yto noguenn Cf
1

n Cy NO NOCTPOEHNIO COCTOAT TOJIbKO N3 Pa3MbIKAOLWNX KOHTAKTOB, Cpean

KOTOPbIX HET KOHTAKTOB BuAa X;, U nosTomy Lenb C byaeT npoBoanTL Ha Habope

yTo npotusope4nT chepuyrnoctn PAJT f.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

Joka>keM Tenepb, 4TO Kaxxaoe U3 MHOXeCTB E5, s = 1,2, copep)XnT 3aMblKatoLme

KoHTakTbl Beex Bl xq, ..., X, 3a nckno4eHnem, bbITb MOXET, OAHOIA.

OeiictButensHo, us cpepuynoctu PAJ1 f cnepyer, 4To fns nobbIxX i 1 j,

1<i<j<n 8KCEX umeerca uens C, ngywas n3 a; B ay, KOTopasi NpoBoguT

Ha Habope

——
i n—j+1

v=1(0,...,0,1,0,...0,1,0,...,0)
——

N COCTOUT N3 3aMbIKaOLWNX KOHTAaKTOB Bl Xj, Xj, @ TaKXe pa3MblKatownx
KOHTaAKTOB ocTanbHbix BIl. 3aMeTI/IM, yto B C He MOryT OTCYTCTBOBAaTb

3aMblKatoLiMe KOHTaKTbl HU ofHol n3 BT x;, x;, Tak Kak unayve ®AJ] f

obpauwianack bbl B 1 Ha HekoTopom Habope 3, coaep)kalem poBHO ofHy 1.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

CnepoBaTenibHO, NepBbIii M3 KOHTAKTOB BUAA X;, X; Ha Uenn C Boiigér B Eq, a
nocneguuii — B E> n nostomy kak B Ej, Tak 1 B E; KOHTakThl BUAA X, Xj He
MOFyT OTCYTCTBOBaTb O4HOBPEMEHHO. Takum obpasom, Bo mHoxecTee E; U Ey He
MOryT OTCYTCTBOBAaTb 3aMbIKatOLME KOHTaKTbl Tpéx u bonee BI1.

VTBepxaeHue fokasaxo. [

Cnepncteune 3

Ecnn KC X peanusyer a—cepepuyeckyro PAJT f uz Py(n), rge a = (e, ..., ap),

TO KOHTaKTbl BCEX TUMOB X;*, . .., X(" BCTPe4aroTcs B L. Mo KpaiiHeii mepe t = 1

n

pPas, I'lpl/l‘-léM KOHTaKTbl BCEX 3TUX TUMNOB 3a NCK/IKOYEHUNEM, bbITh MOXKET, AByX

BCTPEYAIOTCS B 2. HE MEHee I = 2 pas.
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

Cnepctaue 4

Ecan KC X koppektupyet p, p > 0, 0bpbIBOB, TO B yc/ioBUSIX CAEACTBUS 3 UMeeM
t=2p+1lur>2[(p+1)/2], 10 ecTp

L(Z)>2(p+1)+2 P’;ﬂ (n—2).

JeiAcTBUTENbHO, PACCMOTPUM, /151 ONPESENeHHOCTU, Cayyail a; = ... = a, = 0.
Ecnu npn 3TOM KOHTaKT X; BCTpedaeTcs B L He bosiee p pas, To, obopBae BCe 3Tn
KoHTaKTbl, Mbl nony4um KC, peannzytowyto PAJ], koTopas 3aBucut ot X; nubo

PUKTUBHO, MO0 NHMOHOTOHHO U, CNEAOBATENBLHO, HE SIBNSETCS CPEPUYECKON
DA,
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1l. HekoTopele Bonpocekl HagexHocTu CPD 11. Ccbepuueckue chyHkumMn

Myctb, panee, B ¥ umetotcs Tpu BI1, Hanpumep, x1, X2, X3, 3aMblKatome
KOHTaKTbl KOTOPbIX BCTPEYaloTcst B X MeHblue, Yem r = 2 [(p + 1)/2] pas, Ho He
MeHbLue, yem t = (p + 1) pa3. D70 BO3MOXKHO TONIbLKO B TOM CllyHae, Korga p —
4ETHOE 4MC/IOo 1, cnefoBaTenbHo, r = (p + 2), a KOHTaKTbl BUAa x;, 1 = 1,2,3
BCTpeyatoTcst B X poBHO (p + 1) pas. B atom cnyvae xoTs Obl B ogHOM 13
MHOXecTB K1, Ko okaxeTcsi He bosblue, HeM p/2, 3aMblKatOLWMX KOHTAKTOB MO
Kpaiinein mepe aByx u3 Bl x1, x2, x3. Toraa, obpeiBas 3Tu He bonee, Yem p,
KOHTAKTOB, Mbl YCTPaHUM M3 AaHHOro MHoxecTea 2 BI1, 4to npotusopeuunt
yTBepxaeHunto 11.1 B ycrioBuUsix CaMOKOPPEKTUPYEMOCTMN X,

Cnegncreue 4 fokasaHo.
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Byaem HasbiBaTb MHOXecTBO §, 6 C B", paBHOMepHbIM, eClin ANSt KAXKXAOTO |,

i € [1, n], yncno Tex HabopoB o = (a1, ..., q,) U3 §, y KOTOPLIX o = 1, paBHO
%. 3ameTum, 4To Kaxablii koHTakT KC X = X(ay,. .., a,) npoogut (He

MPOBOAMT) POBHO Ha MOJIOBMHE BCEX HADOPOB PAaBHOMEPHOTO MHOXECTBA 4,

0 C B", u, cnepoBatensHo, B 0bo3HaveHnsx [1] BoinonHstoTcs paseHcTBal

I 2 Z|E )l = =S () L(Z) (11.1)

a€d

KOTOPble 33JaAl0T «CPELHIO» MPOBOAUMOCTb (HEMPOBOANMOCTL) KOHTAKTOB X Ha
Habopax mHoxecTBa §. B kauecTBe MHOXECTBa & MbI, Yalle Bcero, byaem
BbIOMPaTb BECb eANHUYHBIA KyD B, a Takxxe HEKOTOpbIE €ro NOAMHOXECTEA U, B
Bn

yactHoctw, Bl.,, Bl

1Yepes E(X|a) obosHauaeTca mHoxecTso koHTakTos KC ¥, nposogsawmx Ha Habope a.
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Vreepxgerne 11.2

[pu nt0bom HaTypasbHOM N UMET MECTO PaBEHCTBA
[X(st) = LX(s" 1) =3n— 2, (11.2)

aecamn>=2, 7o

(1) = LX(1,) = 4n — 4. (11.3)

JokazatenscTso.

Bce HeobxopnMble BepxHME OLEHKN MOTYT ObiTb MNOMYYeHbl C MOMOLLLIO METOAA
kackagos (cm. kypc OK).

Mycts KC ¥ peanuzyer ®AJ] f = s"~1. U3 Toro, uto PAJ1 577! ne asnserca Hn
MOHOTOHHOW HW aHTUMOHOTOHHOI HM Nno ogHolt u3 ceoux bll, cregyer yto B

KC X BCTpevatoTCst KOHCTaHTbl BCEX TUMOB Xy, . .« .y Xpy X1y - - « 5 Xp-
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X2 Xn—1

Puc.: Cxema Kapao

Puc.: Cxema Paburosnya
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3amMeTuM, 4TO MpU 3TOM KOHTAKTbl BCEX TUMOB X1, . .., X, 3@ UCK/IOHEHNEM, DbITh
MOXET, [iBYX BCTPEYaloTCs B X He MeHee AByx pas. [elicTButensHo, nycrs,
Hanpumep, KOHTaKTbl TUMOB X1, X2, X3 BCTPEYAKOTCS B L TOJIbKO MO OLHOMY pasy.
Torpga, nogcTtaeus kKoHcTaHTy 1 BMecTo Bcex Bl xg, ..., X,, Mbl noayuum KC X/,
koTopast peanusyet cchepuueckyto AJ1 s2 1 copepKUT TONLKO NO OAHOMY
3aMblKatolleMy KOHTaKTy cBoux Bll, 4To npotueopeunT VYTB. 11.1.
CnepoBaTentsHo,

L(X)>3n—2.

Cnyuaii, korga KC ¥ peanusyetr ®AJ1 f = s}, ceogutcs k paccMoTpeHHomy
cayyato nisepTtuposaHuiem b1,

Takum obpasom, paseHcTsa (11.2) gokasaHbl.
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Myctb Teneps n > 2 n KC X peanusyetr PAJ1 f = I,. U3 toro, uto PAJT

sBAsieTcst a—cbepuyeckoin npu nobom o s B, , B cuny (11.1) n cnepersus 3

n3 yTB. 11.1 BbITeKaeT HepaBeHCTBO:
2"21(X) = 2" 1(2n - 2),

N3 KOTOPOro clieayeT, H4To
L(X) > 4n—4.

Cnyuaii, korga f = [,, paccmMaTprBaeTcst aHaNOrM4YHO.

VTBepxaeHue gokasaHo. [
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ﬂ,nﬂ DAl f up >0, g >0 onpesenm «CaMOKOPPEKTUPYIOLLYIOCS > CIOKHOCTb
L q)(f) KaK MUHUMasbHYtO 13 cinoxHocTell Tex KC, peanusytowux PAJ1 f,

KOTOpbIE KOPPEKTUPYIOT p ODPLIBOB U ¢ 3aMbIKaHWIA.

VTBepxaerne 11.3

[pu n106bIX HATYpasibHBIX p M N, N > 2, UMEIOT MECTO PaBEHCTBA
p+1
L(Kpm(/ ) —4(p+1)—|—4[ > —‘(n—Z), (11.4)

L 1y (ln) = 8n. (11.5)

JokaszaTenbcrBo.
Huxusist ouenka B (11.4) pokasbiBaetcst aHanoruyHo HuxkHeid ouenke (11.3) ¢

ucnosib3oBaHnem cneacteust 4 ytse. 11.1.
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Bepxttoto ouenky (11.4) B cnyyae p = 1 gaér cxema Pabunosnya ns kypca OK
(cm. cnaiig 185), kotopas nonyyaetcs uz KC, nocrpoentoii anst nunelinoin @A
no MeToly Kackagos, pobasnenunem 4 koHTakToB. B obem cnyuyae npu p > 1
nckomas KC npeacrasnsier coboii pesynstaT napaniensHoro

coegunerns [(p+ 1)/2] ykasanHbix Boilwe camokoppekTupytowmxcs KC
n((p+1)—2[(p+1)/2]) KC, nocTpoeHHbIX NO MeTOAY KaCKaAOB.

Bepxtioto ouerky B (11.5) paér KC, koTopasi nonyyaetcst B pesysibTaTe
NOCNeA0BaTEILHOO COeANHEHNS ABYX YNOMsHYTbIX Bbilwe KC ans nuHeiiHoli

DAJ1, koppekTupytowux 1 obpbis.
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[nsi pokasaTenbCTBa HUDKHER OLEHKN 3aMEeTUM, 4TO B CUJIy TEOpPeMbl O
MaKCUMabHOM MOTOKE U MUHUMasbHOM paspese B KC ¥, koTopas peanusyer
DAJT f n koppekTupyet p 0bpbiBoB, ass nboro Habopa a, o € Nf, cywectyer
He MeHee, deM (p + 1), He nepecekaloWNXCst MO KOHTAKTaMU MPOBOAALLNX Ha
Habope « ueneii, coeguHstowmx nontoca X. Ecaum npn atom f =17 n KC &
KOPPEKTMPYET ¢ 3aMblKaHUNIA, TO KaXK4asi U3 yKa3aHHbIX Lieneli MMeeT OnHy He

MeHbLue Yem (g + 1)n, n cnegosatensHo,
(10| = (p+1)(q + ) (11.6)

Ans noboro Habopa a, a € Ny. U3 (11.6) B cuny (11.1) npn § = N BbiTekaer,

4TO

L. (7)) = (p+1)(g + 1)n.

VTBepxaeHune fokasaHo. [
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@ Jloxkun C. A. Jlekunn no ocHoBam knbepHetuku. M.: MI'V, 2004.
(DneKkTpoHHbIE BEpCUM NEKLMIA NOCAEAHNX NIET MOXHO HaliTW No agpecy
http://mk.cs.msu.ru/index.php/0cHOBEH_

xubepHeTury_(2-%_NOTOK, _3_KypC) ).

(5 S6noHckuii C. B. dnemeHTbl MaTeMaTUHeCKON knbepretukn. — M.: Bbicwas
wkona, 2007.

D Anekcees B. 6. Jlekuun no anckpetHoii matemaTtuke. — M.: MI'Y, 2004.
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