CEMUHAP 8

ACUMIITOTUYECKUA HAWJIYYIINE METO/bI CUHTE3A CXEM
IJid ®YVHKIWM U3 CIIELUAJBHBIX KJIACCOB

Hanomunwm, aro miist Oymnesoit dynkmun f, f € Pa(n), €€ CI0KHOCTHIO B HEKOTOPOM KJIACCE YIIPABIIAIONTIX
CHCTEM HA3BIBAETCsI MIHHUMAJIbHAS CIOZKHOCTD e peainmsanun B HEM. TaknmM o6pasom, ciokHOCTh LK (f) B
kJitacce KoHTakTHBIX cxeM (KC) ompezensiercs kak

K . .
L™ (f) = 5 fwm fL(EL

a B KJacce cxeM u3 (byHKIMOHAJIBHBIX 3JIEMEHTOB (CCDE))H:

LE(f) = i L(D).
(f) IR C%ISH,EUM f ( )

Haistee Oynem paccMmarpuBaTh (DYHKIUU U3 PA3IMIHBIX CIENUAIbHBIX KjaccoB. llycrs Q, Q C P, —
HEKOTOPBI Kitace OyseBbix dyuknuii. [lycrs, nanee, Q(n) = Q N Py(n). @yukuueii [llennona cioxuocTu
cxeM Jist Kiiacca Q(n) Ha3bIBaeTCsl CJIOXKHOCTH CaMOil CJIOKHON (DYyHKIMH B HEM:

K = max K 5
LK (Qn) = max LX(f)

¢ = max ¢ .
LE(Q(m) = max LX(f)

Haromumm, uro npu Q(n) = Py(n) coorsercrryiomue dbynkuuu [lennomna oboznagatorcs LE (n) u LE (n);
U IpU 1 — 00
A 2n
L)~ =—; L)~ —.
m~ 2 1oy~

YrBepxkaeHue 1. 1. Jaa kaacca gynkyui Q(n) makoezo, wmo

logn = o (loglog|Q(n)|), (1)
BUINOAHAEMCA ACUMNMOMUYECKOE HEPABGEHCTN GO
log |Q(n)]
LE(Q(n)) > —=1= 1
(Qin) = loglog [Q(n)]

2. Jlana waacca gynrwyui Q(n) maxozo, wmo

1
nmo(oElOmLY, o)
log log | Q(n)|
GUBINOAHAEIMCA GCUMNMOMUYECKOE HEPABEHCTNEO

. _log|Q(n)|
L) 2 g tog10(m)]”

Yreepzkenne [I] 6yaer ucrnonb30BaThCs UIsl IOKA3aTeIbCTBA HIZKHUX OlleHOK dyukiun [lennona. st
YCTaHOBJIEHUSI BEPXHEll OIEHKH, KaK [MPaBMUJIO, HeobxoauMo ceecT 3aady cuaTesa COD unu KC st srroboit
dyukipum n3z Q(n) K 3aj1ade CUHTE3a COOTBETCTBYIOMIEI CXeMBbI J[JIsl HECKOJIBKUX [POU3BOJILHBIX (DYHKIHUIT OT
MEHBIIIET'O YuCJjia IIEePEMEHHBIX, 1 BOCIIOJIB30BAaTHCA CHeILyIOH_[I/H\I yTBep)K,ZLeHI/IeMI

YrBepxkaeuue 2. [an mobot gynkuyuu f, f € Py(n) cywecmeyrom peasusyrowue eé KC X1 u CPD Yo
makue, 4mo

A A
L(31) S —; LX) S —.
(1)Nn’ (Q)Nn

3agaua 1. Ycramosurb acumMnroruky ¢yaknun IIIeHHOHA I CJIOXKHOCTH KJjacca BceX (yHKIMi
f(x1,...,2,), paBabix 1 npu 21 = 1, B KC.

lcon pPacCMaTPUBAIOTCA B CTaHmApTHOM Gasuce {&, V, —1}.



Pemenne. B namenm ciaydae Tpebyercs yeranosuts nosegenne L (Q(n)) ms

On) ={f(z1,...,zpn) : f(L,za,...,2,) = 1}.

1. Hukusisi onenka. Haiigem |Q(n)|. OueBuano, uro Kaxkjaasi GyHKIMs OJHO3HAYHO OIPEJIEIsIeTCsT
3HaYeHUsIMU Ha Beex Habopax Buja (0, ag,...,qp), T1e ag, ..., a, € {0,1}. Takux HabOPOB B TOUHO-

crm 271, Crenosaremnio, |Q(n)| = 22", Yenosue (1)) Borsaur Tax:
logn = o (loglog |Q(n)|) = o(n — 1)
U OCTAETCsl CHPABEIIUBBIM, [I09TOMY MOYKHO IIPUMEHHUTH yTBeprkaeHue [T}

K log|Q(n)| _ 2"t 2
LHem) 2 loglog|Q(n)] n—1" n

2. Bepxuss oneska. Ilycrs f(z1,...,x,), f € Q(n). Pazmoxum dyskiuo f 0o nepeMeHHoil T :

flz1, 29, .. xn) = Z1f(0, 20, ..., xn) Va1 f(L,za, ... xn) = Z1f(0,22, ..., 2n) Va1 =21V f(0,29,...,25).

DOyuxiys g(za, ..., x,) = f(0,22,...2,) 3aBucur 0T N — 1 MEPEMEHHBIX, & 3HAYWT, 110 YTBEPKICHUIO
anl anl

2l mozkeT ObITH peanmzoBana KC X, co ciaoxkuocTbio L(3g) S 1~ T Cxemy Xy i1 byHKIMI
n— n

f MOXKHO HOCTPOUTB COIVIACHO pPa3JIoKeHUIo f(x1,Ta,...,Tyn) = x1 V g(,T2,...Ty) :

z1

2n—1
Ipu stom L(Xy) = L(X,) +1 S —.

mn
2n—1

ComnocTap/Istst BEPXHIOI W HIKHIOI orenk, nomydaem LX(Q(n)) ~ =—.
n

Bamaua 2. YcranoBurh acumnroruky dyuaknun [lennona mis ciroxkuoctn Kiacca S(n) Beex caMoIBOI-
crBerHbix Gyukimit 8 COI.

Pemenne. Hanomuum, uro dyuknus f camonsoiicrennas, eciau f(z1,...,%,) = f(T1,...,Tn).

1. Huxusas orenka. [lockonbky kaxaas dyuknus f(x1,...,2,) € S(n) B3aHMHO OHO3HAYHO OIpe-
JleJIsieTCs TIOJIOBUHOI cBOero crosibiia 3HadeHnii (KoTopblii umeeT B (g ... Qgn—1Qgn—1 ... Q201 ),
n—1
10 |S(n)| = 22" . D10 O3HATAET BHITOTHEHUIE YCIOBHST 1) U, CJIeJIOBATE/ILHO,

log|S(n)] 2"
¢ > ~
(Sn) 2 loglog |S(n)| n

2. Bepxusisi onenka. /s jiokasaTesbCTBa BepXHEH OIEHKHM PACCMOTPHUM IIPOU3BOJIBHYIO (DYHKIIHIO
f(z1,...,zy) € S(n). Eé cronbern 3nauenuii nmeer Bu

a1 Q9 ...0n—-1 Qon—1...0Q2Q01).
2 2

Pacemorpum dyukimio g(xs, . . ., Ty), croabern 3HaueHnit KoTopoii umeer Bug, (1 asy . . . gn—1). Crpa-
BEJJIMBO CJIeLyTOMIee TIPEeICTaBIeHHe:

flx1,...,2n) =21 © g(21 © 22,21 D 23,...,21 D Ty).

Heiicreuresnbho, npu x1 = 0 umeem f(0,29,...,2,) = g(z2,...,%,) U COBUAJIEHNE CTOJIOIOB 3HAUE-
auit, apu 1 = 1: f(1,z9,...,2,) =1 DB g(xe ®1,...,2, B 1) = g(ZT2,...,Tn) = f(0,Z2,...,Ty).
ITockospky g € Po(n — 1), To cymecrsyer peanusyiomas eé CDPD Y, cl10KHOCTH KOTOPOii

2n—1
L(5,) <.

~
n

MoxkHo nocTpouTh cxemy Yy caeyIomuM obpasoM:



3nech Yg — cxema, peanusyomnas cioxkenne adb. Takas cxema, 0UEBUIHO, MOXKET OBITH PeaTH30BaHa
C KOHCTAHTHOH CJIO?KHOCTBIO.

2n—1
LEp) sn-L(Be)+L(E) < L(Eg)+0(n) s —
2n—1
Umeenm B pesymbsrate LE(S(n)) ~
n

Bamaua 3. Ycranosurh acumnroruky ¢yukiun [lennona s cioxkuocrn Kiacca Q(n) Beex dyHKIWIL,
cuMMeTpudHbIX 110 nepBbiM Tpem BII, B KC.

Perenne. Ykazannbiii Kiaacc GyHKI MOKHO ONPEIEIUTH CIeayomum obpasom. Ecau f € Q(n), To as
JIOOBIX 01,092, 03 € B, n m0060ii iepectaHoBKY T HHIEKCOB (1,2, 3) crupaseymBo:

flo1,02,03,74,...,7) = f(Or(1), On(2)s On(3), Tds - - -, Tn)-
JTrobast pyHKIMsT ¢ TAKMM CBOHCTBOM HPUHAJJIEXKUT Kjiaccy Q(n).
1. Hukusisi onenka. Jlobast dyukius f € Q(n) onpese/siercsi OJJHO3HAYHO Y€ThIPbMsT (DYHKIIUSIMU:
go(z4, ..., xy) = £(0,0,0,24,...,25),
g1(x4, ... xn) = f(0,0,1,24,...,2,) = f(0,1,0,24,...,2,) = f(1,0,0, 24, ...,2,),
92(4, .. ymy) = f(0,1, 1, 2q, ... xn) = f(1,0,1,24,...,2,) = f(1,1,0, 24, ..., 2,),
93(x4, ... xn) = f(1, 1,1, 24,0, 20),

Kazk1as n3 KoTopbix 3asucut ot (n — 3) BII. ITosromy
n— 4 n—
Q)| = [Pa(n = 3)* = (2) =22,

U, AaHAJIOTUYIHO MIPEJIbIIYIIMM 3aj1a49aM, yesosue (1)) BoimosiHsIeTcst u

LE@em) 2 2

n
2. Bepxusisi ouenka. Pazioxum npoussoibhyo dbysknuio f € Q(n) 110 IepeMeHHbIM T, T2, T3
f(z1, 29,3, 24, ..., 2y) = T122T3f(0,0,0, 24, ...,2,) V T1Z2x3f(0,0,1, 24, ..., 24)V
V Z120Z3f(0,1,0, 24, ..., 20n) V T1xoxs f(0,1,1, 24, ..., 25)V
V x1Z9Z3f(1,0,0, 24, ..., 2n) V x1Z2x3f(1,0,1, 24, ..., 2,)V
VxixeZsf(1,1,0,24, ..., 2n) Varzexs f(1, 1,1, 24, ..., xy).



[Ipeobpasyem 3T0 pas3/ioXKeHue, UCIOJIb3YsT 0003HAYEHHbIE BhIe PYHKIUA o, g1, 2, g3

f(x1, e, w3, 24, ..., xy) = T1T2T3 - go(T4, ..., Tn)V
V (Z1Zox3 V T1w2T3 V x1Z9T3) « g1 (T4, -« -, Tn)V
V (T2 V 21T2x3 V £129T3) « g2(T4, - - -, Tn)V
V x1x9w3 - g3(Ta, ...y XTy).

CorytacHo yrBepxkenuto (2, st byHKIui go, g1, g2, g3 € Pa(n — 3) cylmecTByoT peajusyoliime ux
KC X4, %y,, X4, Xy, COOTBETCTBEHHO, CIOKHOCTH KOTOPBIX
2n—3
L(¥,) S —, i=1,2,3,4.
n

KC ¥y ana f moxker ObITH IIOCTpOeHa UCXO/A U3 PA3/IOKEHUSA BEIITIE:

[Tpu sTom:

2n—3 2n—1

L(Yp) = 14+ L(Sg,) + L(Zg,) + L(Zgy) + L(Zy,) S 4 =

2n—1

Nnmeem B pesyisrare LK (Q(n)) ~ =—.
n

CHUHTE3 CAMOKOPPEKTUPYIOIIUXCs KC

Bynem paccmarpusats mgBa Buma HeuctpapHocTeil B Kiacce KC, KoTopble MOTYT TTPOU30MTH C OJHUM KOH-
TAKTOM:

(1) O6peiB kouTakTa. CooTBeTCTBYIOIIEE PEOPO YIAISETCS U3 CXEMBI.
(2) Bambikanue KOHTaKTa. KKOHTAKT IIPOBOUT MIPH JIIOOOM 3HAYEHUH TIepeMeHHO. MOXKHO 1peicTaBisTh

9TO KaK 3aMeHy KOHTaKTa IIPOBOJHUKOM (pebpoM 6e3 IOMeTKH )

o o 06PVIB KOHMAKMA

” —
T~

o 3AMBIKAHUE KOHMAKMA

Cxema Y HasbiBaercs (p, q)-caMOKoppeKTupyomeiics, p,q = 0, ecan mobast cxema Y/, NOJydeHHAS U3 X
0OpbIBOM He 0oJiee p KOHTAKTOB U 3aMbIKAHHEM He 0oJiee ¢ KOHTAKTOB, SKBUBAJIEHTHA, Y.

TpuBuaabHBIM CIIOCOOOM MOCTPOEHUS CAMOKOPPEKTUPYIOMIEHCS CXeMbl SIBJISIETCS JIyOJIUPOBAHUE KOHTAK-
ToB. JIsT KOppeKIuu p 0OpPBIBOB MOXKHO 3aMEHUTH KaXKJIbIfi KOHTAKT Ha p + 1 mapaJiaesbHbIX OJMHAKOBBIX
eMy, a JIJIsi KOPPEKIINU ¢ 3aMbIKaHU — Ha ¢ + 1 1ocjie/ioBaTeIbHbIX.



p+1

KOPPEKyUA P 00pvi806

— ' o Z;
\ xlg ml )
—————e&— - —0————» KOPPERUUA q 3aAMBKAHUY

g+1

Kpowme Takoro criocoba Jijist peleHnst 3a/1a9 IMPUTOJANTCS METOJI, HeTPUBHAJIBHOM KOPPEKIUH OJHOTO 00pPbIBa
WA OJTHOTO 3aMBIKAHUS B T. H. OJIHOPOJIHBIX MOJCXEMAX.

Byjiem HasbBaTh 0HOPOIHOI JI00Y10 cBsi3Hyt0 KC ¢ Hepas ie/leHHbIMUI TTOJTI0CAMU, COCTOAILYIO U3 KOHTaK-
TOB OJJHOT'O U TOro ke THita. B so6oit rakoit KC, cocrosimieit n3 KontakToB Buja  , QyHKIHS IPOBOAUMOCTI
MEK/Iy JIOOBIME JIBYMsI LIOJIIOCAMU DaBHA X7 .

IIycte S — ommopomnast KC, cocrosimast u3 KOHTAKTOB 7, C IIOJIOCAME G, . .., (p. LOI/a OHA SKBUBA-
nenrna (1,0)-camoxoppekrupyiomieiicst cxeme Cpy(27) u (0,1)-caMokoppekTupyiomieiics: cxeme Zy, (x7) :

am am

IIpu srom L(Cy,(27)) = L(Z(27)) = m.

[Ipencrapmenne KC ¥ B Bume oO0beauHenns: ee OJHOPOJHBIX MOACXEM 0e3 OOIUX KOHTAKTOB OyIeM Ha3bl-
BaTh oxHOpoaHbIM pasdbuenneMm KC ¥, a MuUHIMAaJIbHOE YHCJIO TIOJCXEM B TAKUX pasdbneHnsx Oymem 0603HaTaTh
gepes ((X). Ecom X4, ..., ¥¢ — onaoponnoe pastuenne KC X, a sxsuBasenrnas eit KC ¥’ momygaercs n3 ¥ B
pesyJIbTaTe 3aMeHbl KazK0ii IOJCXeMBI X; Ha SKBHBAIEHTHYIO i X, To ¥ ~ ¥'. Ecsin mpu 9T0M BCe 3aMeHb
npou3BOAMINChL Ha cxeMbl Buja Cp,, To Y/ KoppekTupyeT 1 oOpbIB, ecu ¥Ke Ha Z,, TO OJHO 3aMbIKaHUe.

Bamerum, uro npu srom L(X) < L(X) 4 ¢.

3amaga 1. Ilocrpouts mo KC X :

skBUBaJIEHTHYIO eif KC, KOppeKTUpyoILy o

1) onun 06pBIB,
2) 0JIHO 3aMBbIKaHUE

U UMEIOIIYIO CJIOXKHOCTH He OoJtee 25.



Pemenne. L(Y) = 13, mosroMy eciim BOCIOJB30BATHCS METOJOM JIyOIMPOBAHUS KazKJOro KOHTAKTa, TO
[IOJIy9eHHast cXeMa Oy/eT MMeTb CJOXKHOCTH 26, UTO He YJOBJIETBOPSET YCJIOBHIO 3aJla4M. 3aMETHM, 4TO B
cxeMe Y MOXKHO HAfTH OJIHY OJHOPOJHYIO MojcxeMy Y u3 6oJiee OJIHOrO KOHTAKTA:

Jljist cirydast KOPPEKIUI OJHOIO 0OPBIBA BCE OCTA/IbHbIE KOHTAKTHI HPOLYOIMpPYeM [apaslIeIbHO, a OJCXe-
my X samenum Ha tukia Cs(x3)

B nostygennoii cxeme 25 konrakToB u ona (1, 0)-camokoppekTupytomasics. /s ciydas KOPPEKIHH OHOTO
3aMBIKAHUS BCE OCTAJIbHBIE KOHTAKTHI IIPOAYOIUPYEM MOCTIEI0BATEIBHO, & MOACXeMy Y 3aMEHUM Ha CXEMy

Zg(l:g) :




3amaya 2. Ilocrpours o KC X :

skBuBasieHTHYIO eif KC, koppekTupymoiyo 1 3aMbIKaHne, U UMEIOIILYI0 CJI0XKHOCTE He bosiee 13.

Pemenune. B cxeme ¥ MOXKHO HaiiTH OIHY OZHOPOIHYIO IOJACXeMy Y/ u3 6oJiee OJHOTO KOHTAKTa:

Jutst caydasi KOpPEKIUK OJIHOTO 3aMBIKAHUS BCE OCTAJbHBIE KOHTAKTBI ITPOIYOJIMPYEM ITOCJIeT0BATEIbHO,
a nojicxemy Y 3aMeHUM Ha 3Be3iy Z3(x2) :

B nosyuennoii cxeme 13 korrakTos u oHa (0, 1)-caMOKOPPEKTUPYIOMIASCS.

3amaya 3. Ilocrpours o KC X :

skBuBasieHTHYIO eit KC, KoppekTupymoiyo 1 00phIB, 1 UMEIOINILYIO CJIOKHOCTH He Hosiee 18.

Pentenue. PaccMoTpum CaeayroNiyio mojicxemMmy B 3 :



3

ay T2\ /T2 a9

970 cxema Kap/io u ona peanusyer JTuHEHHYIO QYHKIUIO T1 B To @ x3® 1. DKBUBAJIEHTHYIO €if CXeMy, KOPPeK-
TUPYIONTYIo 1 00pPBIB, MOYKHO IIOCTPOUTD T0OABIEHIEM BCEro 4 KOHTAKTOB, HE BJIUAIOININX Ha €€ MTPOBOIUMOCTD:

Herpymuo ybenurhest, uTo Takas cxeMa KoppekTupyeT 1 oOpbIB.
Jutst Koppekinu 1 0OpbIBa B UCXOIHON cxeMe Y 3aMeHuM HojcxeMy Kapmao Ha IIOCTPOEHHYIO BBIIIE CXEMY
¢ 100aB/IeHNEeM YeThbIPpeX KOHTAKTOB, a OCTaJbHbIC TPU KOHTAKTA IPOILYyOIUpyeM:

[Monyuennas (1,0)-caMOKOPPEKTUPYIONIASICS CXeMa UMEET CJIOKHOCTD 18.
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