OcHOBBI KNOEPHETUKN

Agstop: podeccop C. A. JIoxkkuH
JIekTop: npodeccop d.C. Pomauos

YHactp 3. CuHTE3 yHPaBIAIOMINX CUCTEM



Banmaga cuHTE3a I
©000000000000000000

§ 1. 3amaua cuutTe3a. Ilpocreiitiinme MeToabl cCuHTE3A
CXeM 1 CBS3aHHBbIE C HIMH BEPXHIE OIEHKN
cJIOYKHOCTH (PYHKITIIT



Bapnaua cuHTE3a I
0®00000000000000000

B obmmem Buje 3ama4ua CHHTE3a COCTOUT B MOCTPOEHUH TIO
3a/IaHHON cucTeMe (DYHKIUI peaan3yomneil ee cXeMbl, KOTOpast
MPUHAIIERKUT 3aJJaHHOMY KJIACCY W Ha KOTOPOH JOCTUTAETCS
MUHUMAJIbHOE 3HAUEHNE 33JaHHOTO (DYHKITMOHAIA CJIOKHOCTH.
YacTHbIM ciIydaeM 3Tol 3a/lauu ABJIsIeTCS PacCMOTPEeHHAsd B §7
riasel 1 3amava vuanvusanuy JTH®. lagum ocHoBHBIE
OTIpeIeIEHNsI, CBSI3aHHbIE C 3a]aYeil CHHTE3a CXeM, U BBeJeM
HeoOXoIuMBbIe 0003HAYCHN].



Banmaga cuHTE3a I
00®0000000000000000

[Iycte U — ojuH U3 BBEJEHHBIX B TVIaBe 2 KJACCOB CXEM,
KOTOprﬁ ABJIAETCA TTOJTHBIM B TOM CMBICJIE, 9TO KazKIYIO
cucremy @AJI F' MOXKHO peanmn30BaTh HEKOTOPOH €ro CXeMoi
3, a ¥ — kakoit-1ub0 HyHKIMOHAJ CI0KHOCTH cxeM Kjacca U,
TO ecTh oTobpaskernne U BO MHOXKECTBO HEOTPUIATENTHHBIX
MEHCTBUTEMBHBIX duces . Bygem cuntarh, 910 QyHKIIMOHAT
ciaoxuoctu U obsiagaer CBOMCTBOM MOHOMOHHOCMU, TO €CTh
U (X) >0 (YY), ecm X, €U, u ¥ monyaaerca uz X B
pesysibrare yaajeHus BepinuH win pebep (cp. ¢ §7 ri. 1). Bee
BBCJCHHBIC B TJIaBE 2 (byHK]_H/IOHaJIbI CJIOZKHOCTHU 3TUM
CBOMCTBOM 00JTaTaf0T.



Bapnaua cuHTE3a I
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Onpegenum cioxuocts W (F) cucrembr @PAJT F orHOCHTEIBHO
dyuximonana ¥ B kiacce U Kak MUHUMAJIbHOE 3HAUEHUE
sesmamnibl W () Ha MHOKecTBe Tex cxem X u3 U, KOTOpBIE
peammzytor F. Ilpu srom cxema X, npunajyiexaiias kKiaccy U,
KoTOpasg peanmsyer I u mias koropoit W (X) = U (F),
HA3BIBACTCH MUHUMAALHOU cxremoti B Kaacce U OTHOCHTETHHO
dyuxmmonana V. B cuny mororonHoct dyHknunonama ¥,
MUHUMAJIbHAS CXeMa, BCEryia MOXKeT ObITh Hailjena cpemu
IPUBEACHHBIX CXEM.



Banmaga cuHTE3a I
0000®00000000000000

Besmuuny ¥ (F') B ToM ciydae, Korma dyHKmoHaa ¥
COBIIQJIAET C BBEJECHHBIM B Tiase 2 dyukimonasom L (D, R,

u T. 71.), OyseM Ha3bIBATH CAOHCHOCTNHIO (COOTBETCTBEHHO
2Ay6unot, paneom, u T. 1.) cucmemo. PAJI F. Bremem dbyHKIHIO

KOTOpag, 06BIYHO, HA3bIBaeTca gynkyuel [lennona dasn waacca
U omuocumenvro pymuxuyuonass caoocrocmu V. B
JaJibHelmeM cJIoKHOCTL cucrembl PAJI F orHOCHUTEIBHO
dyukimonasa ¥ mrd 100070 U3 BBEIEHHBIX KJIACCOB BHIA Ué
(Buma UA) Gyaem obozmauats gepes WA (F) (coorsercrremto
TA (F)), a dynkmmo ITlerrona 1Tt 5TOT0 K1acca
orrocurensao ¥ — wepes Wh (n) (coorsercrsenno ¥A (n)). B
0003HAYEHNX KIACCOB ug, u%’, a TaKXKe CBABAHHBIX C HUMH
pyHRIMOHATOB caoKHOCTH U pyHKumii [lennona, HIKHAH
nagexkc b Buma By Oymem, kak 0OBIYHO, OMyCKATH.



Bapnaua cuHTE3a I
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OTMeTHM HEKOTOpBIE IPOCTEHIINe COOTHOIIEHN MEXKIY
BBEJeHHLIME PyHKIUAMA. O9eBUIHO, YTO JJId CJIOKHOCTEH

V' (F) n U (F) cucrembr PAJT F orrOCHTENHHO (DyHKITIOHATA
¥ B kaaccax cxeM W n U” cooTBETCTBEHHO BHIIOIHSIETCS
HepaBeHCTBO

U(F) <(F),

ecm U O U”. B wactHOCTH,
V(F) < UL(F), WK (F) < U (F)

u T. 7. JIOBOJIBHO 9aCcTO BBIJEIEHNE MOIKJIACCOB U3 OCHOBHBIX
KJTACCOB CXEM MPOUCXOUT 33 CUET HATOKEHUS PABTUIHBIX
JIOTIOJIHUTEJIBHBIX CBOMCTB HA paccMaTpuBaeMble cxeMbl. B
vactHoCTH, n3 Kaacca KC seigensator m-cxembl, KC,
0bJ1a1aroIe CBOMCTBAMU PA3IEIUTENbHOCTH, U T. 1.



Bapnaua cuHTE3a I
000000e000000000000

Bamerum, uro s ciaoxkuoctu L (F) cucrembr @AJT
F = (fi,..., fm) B IIO60M U3 PACCMATPUBAEMBIX KJIACCOB CXEM
BBITTO/THAIOTCS HEPABEHCTBA,

m

max L(fi)éL(F)gzL(fi)-

1<i<m .
i=1

3amada CHHTE3a JOIMYCKAET TPUBUAJILHOE PEINeHNe, CBI3aHHOe C
HCIIOJIb30BAHNAEM IIepebOPHOro airopuTMa, KOTOPBI, OIHAKO,
nMeeT HOIBIIYIO TPYIOEMKOCTh W MPAKTUIECKH HE IPUMEHUM,
ecsmt gncio BII Gomabine 5.



Bapnaua cuHTE3a
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Jlna peagusarun mpon3BoabHBIX OAJI u mosyueHnst BEPXHUX
OIEHOK KX CJ0KHOCTHM MOYKHO MCIOJIB30BATH JIPYTOit
MPOCTEHINMIT MeTO CUHTE3a CXeM, OCHOBAHHBIN Ha
vogenuposanuu copeprnenuoit JIH®. Ha ocmose sToro
MOJEINPOBaHNU, B TaCTHOCTH, TOKA3LIBAETCA CIIEIVIONIee
YTBEPKICHTE.

Jlas 210600 pynkyuu anzebpue aoeuky f(x1,...,2y,), f#0,
cywecmsyrom gopmyaa Fyp, Ty € U®, u 7-cxema X ¢, Komopvie
peasusyrom [ u 0ai KOMOPouIT CNPasediuss, HEPAGEHCTNEA:

LF)<2m-INJ -1,  LE)<nINg. (1)




Bapnaua cuHTE3a

00000000e0000000000

Caencraue 1

B cuay (1.1), ¢ yuemom moezo, wmo @AJI O mooicro
PEAAUZOBAML T -CLEMOT CAONHCHOCTNY 2, 6 makdce Gopmysol us
U® , umerowetdi croscnocms 2, 6bnoAHAIMCA HEPACEHCMEA

. 27’L—|—1 _ 1’

B cuay caedemeus 1 u ¢ yuémom caedecmeus 2 us meopemvs 2.1
24060, 2 CNpasediuso HEPABERCMEO

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

.




Bapnaua cuHTE3a
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Curemytoriiee yTBEPXKICHIE TOKA3BIBACTCA MOMETUPOBAHIEM
copeprernoft JIH® ¢ ncmonb3oBanneM KOHTAKTHOTO JIEPEBA.

Aas w060t QAJL f, f € Py(n) u f#0, cywecmsyrom
m-cxema Xy u popmyaa Ty, Fp € U®, xomopuwie pearusyrom f
U 0AA KOMOPHLT CNPAGEIAUCH. HEPAGEHCTNEA!

L(Zp) 2"+ |Ng|—2,  L(Ff) <2 4 |Ng| -4




Bapnaua cuHTE3a
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Puc. 1.1: (1,2"™)-KOHTAKTHOE JEPEBO MOPSIKA 7



Bapnaua cuHTE3a I
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Joka3aTeabCTBO

B xauecTse X MOXKHO B3ATb TM-CXeMy, KOTOPasd IOJIy4aeTcs U3
(1,2™)-KI nopsinka n ot BIL x1,...,2, (puc. 1.1) B
pe3ynbTaTe CHATHS TeX ero BBIXOJOB, rie peaan3yiorca K, me
Bxogsmmne B coBepinennyio JTHO ®AJL f, oToxkmecTBIeHIs
ocranbHbIX BeIX0s0B K/l 1 mepexojia K cOOTBETCTBYIOIIET
npusegennoit KC. Tak Kak mpu yaaJeHun BEPIIUHEL YA IAFOTCS
U BCE WHITUIEHTHBIE €if KOHTAKTHI, TO

L(Sy)<2(2"—1) — (2"~ [Nj]) = 2" + [Ny| -2




Banmaga cuHTE3a H
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[Tponoskenne TOKa3aTENBCTBA,

®opmyna Fy mosydaercsa B pesybrare MOJIeJUpOBaHUs
HOCTPOEHHOMN 7-CXeMBl X¢ B K/aacce popMy/I ¢ HOTHATEIME
OTpHUIAHUAME (CM. §2 T71. 2), U MOITOMY

R(Ty)=L(Z),  L(TFy)=R(Ty)+L-(¥5) 1,
rae L_ (Xf) — 4mcao pa3MbIKaoIMX KOHTAKTOB B CXeMe 2.
CremoBarenbHo,
L(F) < L(Ep)+2"—2 < 2™ 4+ |Ny| — 4,

TaK KaK YACI0 PA3MBIKAIOIMX KOHTAakTOB B KJI mopsiaka n
paeuo 2" — 1.
JleMMa TOKA3aHA. Il




Bapnaua cuHTE3a

0000000000000 e00000

[MocTpoennaa m-cxema Xy apiderca KKC, cioxmocts KoTopoit
yaosaersopsier (1.1).




Bapnaua cuHTE3a
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K cxemam, mosryueHHBIM HA OCHOBE MPOCTEHINTHX METOI0B
CUHTE3a, 110JIE3HO IIPUMEHSATH C [EJbI YMEHBIIEHU NX
CJI0YKHOCTH SKBUBAJIEHTHBIE [IPe0OPA30BAHUA U, B YACTHOCTH,
CJIEYIONTHE OTEPAINi ITPUBE/IEHN.



Banmaga cuHTE3a H
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[Tycre Bepmimbaa w COD Y He [MOCTUXKUMA U3 €€ BEPIIUHBL U, &
CDD ¥ monyuaerca nz COD ¥ B pesysnbrare yaagleHust
BEpIUHBI ¥, 00bABJIEHNS BEPITUHBI W HAYAJIBLHON BEpIIUHOMN
BCEX HUCXOJUWBINNAX U3 ¥ JYT W MEPEHOCa B BEPIIUHY W BCEX
BuIxoaHbIX BII, npummcannbix Bepmmue v. Torma COD Y/
cuuTaercs: pesyabrarom npumenerus k COD X onepatyuu
NPUCOCIUHEHUA BEPWUNDE U K BEPWUHE W . 3AMETUM, UTO JITIsT
JIIOOBIX JIBYX BEPIIWH CXEMBI OHY W3 HUX BCETIA MOXKHO
npucoeuHUTb K Apyroii. JIse eprmasr CPD HAZBIBAIOTCH
SKBUBAACHMHBLMY, €CJTT B HUX peagnu3ytorcst pasubie AL
[Mpumensig k COI ¥ onepalinto TPUCOETUHEHUS OJHON U3 JIBYX
SKBHUBAJEHTHBLIX BEPIINH K APYToil, Mbl moxyanm CPD ¥
KOTOpasi, OUEBUTHO, SKBUBAJICHTHA, .

[IpuBenennas cxeMa HA3BIBACTCI CMPO20 NPUGEIEHHOU, €CTT B
Heil HeT 3KBUBaJEHTHBIX BepiuH. U3 roboit CPD MoxkHO
MOJTYIUTh SKBUBAJEHTHYIO €it cTporo npusemenuyo CPD ¢
TOMOIIBE) OTIEPAIUN TTPUCOSNHEH NS IKBUBAJIEHTHBIX BEPIITUH U
OTIEPAITIN YIATEHNsT BUCSIUX BEPIIHH.



Bapnaua cuHTE3a I
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AHaTOTHIHBEIM 06PA3OM OTTPEIEISIETCS OMePATTAsT
npucoenunenust Bepiud B KC, ¢ Toit e pazHuneit, 9mo Ha
Hee He HAKJIAIbIBAIOTCS KaKne-aubo OrpaHuveHus, CBSI3aHHbIE C
JIOCTHUKUMOCTBIO BEPIITHH.

g muoxkecrsa PAJI G, G C Py (n), uepes fel Oyem
0b0o3HAYATH CHCTEMY, COCTOSAIIYIO U3 BCeX pasanduabix PAJI
MHOXKeCTBa (G, YIOPSIOYEHHBIX B COOTBETCTBAN C HOMEPAMU WX
crosbuos 3nadenuii. IIpu srom cucremy ®AJI Po (n) Gyuem
Ha3BLIBATh YHUBEPCAADHOU CUCTEMOT TIOPIIKA 1.



Bapnaua cuHTE3a
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Has waocdozo namypaavrozo n 6 Ug cywecmsyem CPI U,

xomopas peasusyem cucmemy PAJ Pao(n) u caoorcrnocms
o n
xomopoti pasna 2% —n.




Banmaga cuHTE3a H
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Jloka3aTeabCTBO.

B cuny monHoTHI 6a3uca, B ug CYIIECTBYeT cucreMa hopMysa X

or BIl x1,...,x,, koropas peamusyer cucremy ®AJI Py (n).
Nckomas CO®I U, aeaserca crporo npusejieHHoir CDI,
KOTOpas SKBUBAJIEHTHA Y U TOJYUIAETCS U3 HEE B Pe3yJibrare
MIPUMEHEHHUsT OTIepaliiii TPUCOEINHEHNS YKBUBAJTEHTHBIX
BEPIITMH, & TAKyKe OTeparnuii yJaaeHus BUCTInX BepimH (cM. §4
ryaBbl 2). JleficTBUTEIbHO, U3 OCTPOEHHS! CIEYET, YTO YUCII0
Beex sepima CP®D U, , BKIOYAs N ee BXOJOB, pasHo 22 1

IO3TOMY
L(U,) =2%" —n.

JlemMMa JTOKa3aHa. O]

Canencreue




HuxkHue oneHkn
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§ 2. Huxxkuume onenku ciaoxxkHoctu PAJI, peann3aimus
HeKOTOpPhIX PAJI 1 MUHUMAJIIBHOCTh HEKOTOPHIX
cxeM



HuxkHue oneHkn
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Paccmorpum cragasia mpocTeiiime HUKHUE OMEHKH CI0XKHOCTH
®AJl u cBA3AHHBIE ¢ HUMW TIPUMEPHl MUHUMATHHBIX CXEM.

Ecau @AJL f(x1,...,%,) Cywecmsento 3a6ucum om 6cex
ceoux BII, mo

L°(fy=n—-1, LX(f)>n (2.1)

Ecau npu omom @AJI | ne asazsemea monomonnoti PAJI
(kaocdasn BIT x;, i € [1,k], ne asasemea wu MOHOMOHKOT, HU
unmonomonnot BIT @AJI f), mo

LC(f) =n (coomeememeenno L¥ (f) >n+k).  (2.2)

v




HuxkHue oneHkn
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JlokazaTeabCcTBO

[Iycts ¥p — muanmanbnag mno caoxaocta COD u3 uc,
peanusytormast ®AJI f. U3 cymectsennoit 3apucnmoctn @AJL f
or BII z1,...,x, cregyer, uro R(Xy) > n, u mosTomy, B CHILY
coorHotenuii (4.1) riassl 2,

LO(f) = L, v (Bf) 2n— L.

Ecnu ke, kpome Toro, DAJI f me asaserca monoronHoit OAJI,
TO CXeMa XMy JO/DKHA COAepPkKaTh XoTd Obl ogun O — n,
CJIETOBATENBHO, B YKA3AHHOM CIydae

L°(f)=L(Zp) > n.

Takwum ob6pasom, nepsbie u3 HepasencTs (2.1) u (2.2) gokazaHbI.




Hurkaue oneHku
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HpOﬂOJ’[}KeHHe JOKa3aTe/IbCTBa

I[Iycts Temepph ¥f — MuHEMaNBHAS 10 caoxkHocTn (1,1)-KC,
peanmmsytoras ®AJI f. U3 cymectsennoit 3apucnmoctu PAJL f
or BII z;, i € [1,n], creayer, uro smbo KOHTAKT BUJA X;, 16O
KOHTaKT BHJa T; BcTpedaercsa B KC Xy, u mosTomy

LY (f) = L(Zy) 2 n.

Ecnu ke, kpome Toro, BII z;, i € [1, k], He aBagerca an
MoHOTOHHOM, HE naMonoToHHOH BIT ®AJI f, TOo KAk KOHTAKT
BUJIA T;, TAK U KOHTAKT BUJA T; BXOIAT B Ef, ",
CJIEJ0BATEJILHO, B JJAHHOM CJIy4ae

X(f)=L(Zy) >n+k.

JlemMMa JTOKa3aHa. O




HuxkHue oneHkn
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O,n—1
Huxxune onenku ciaoxuoctn PAJ f = SL’ }, BBITEKAIONINE U3

JeMMBI 2.1, TOKa3bIBAIOT MUHUMAJILHOCTD 7 -CXEMBI,
mvogenupytomeit I T V- VT, = f, B kimacce KC u
MUHUMAJIBHOCTE (hOpMYITBI (21 -+ - y) = f B Kaacce CDI, uro
ycramapmmBaer paserctsa LX(f) =n u LO(f) =n.

€




HuxkHue oneHkn
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as cuememvr F'= (f1,..., fm), cocmoawetds uz nonapno
pasausno QAT omausunbvx om KoHcmanwm (0m nepemeHHbiT),
CNPABEJAUBO HEPAGEHCTNGO

ILX(F)>m (coomeemcmeenno LS (F) > m). (2.3)




HuxkHue oneHkn
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JlokazaTeanLCcTBO.

Bropoe u3 mepasencts (2.3) BhITeKaeT u3 Toro, uro Bece GAJI
fi, i =1,...,m, peamusyTcs Ha TMOMAPHO PABTUIHBIX BBIXOIAX
C®D3, OTIUIHBIX OT €€ BXOIOB.

Ilycrs Teneps Xp — npusenenuas (1, m)-KC, peamusyrormas
cucremy @AJI F. VI3 npuBeieHHOCTH Y p W YCJIOBUM JIEMMBI
BBITEKAET, UYTO Y — CBA3HBIA rpad ¢ He MeHee yeM (m + 1)
BEPITMHOMN, U MO3TOMY, B CHIy HepaseHCTBa (1.2) riassr 2,

L(ZF) > |V (SF)| -1 m.

JleMMa JTOKA3aHA. []




HuxkHue oneHkn
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Cnencreue

B cuny ciencreusa yausepcanbuags COD U, , mocTpoeHHAsT B
jgemme 1.3, aBiasgercd MuUHUMaAbHOM 1o cioxuaOocTH COD B
KJ1acce ug.




HuxkHue oneHkn
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JIOBOJIBHO 9acTo 3329y CHHTE3a TPUXOINTCH PEIaTh JIJIst
ciaengyomunx OAJI u cucrem OAJI:

mmueitaoit ®AJI nopsiaxa n, To ects ®AJI £, um PAJL 4, ;
mysibruiiekcopaoit PAJL u, mopsaka n;

nemudparopa @, (II3BLIOHKTHBHONO JIentundparopa 7n)
MopsijIKa, n;

YHUBEPCAJILHOM CHCTEMbI ?2 (n) nopsiaka n.
PacemoTpuM HEKOTOpBIE CXeMHBIE PeATH3ATUN 1
COOTBETCTBYIOIAE UM BEPXHIE ONEHKW CJIOKHOCTH JIJIst
yrazauabix OAJI u cucrem OAJI. Bygem, kak 06b1aHO,
HA3BIBATDH (CXEMHBIM) MYJbTHILIEKCOPOM, IENHbPaTOPOM,
M3 HIOHKTHBHBIM AU PATOPOM U YHUBEPCATBHBIM
MHOTOTTOJTIOCHAKOM JTIOOYIO CXeMY, KOTOPasi Peajn3yer
cooTBeTCTBYIONYIO cuctemy PAJI.



HuxkHue oneHkn
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S /LTO6020 HamMmypatrbroco 1M 8HBINOAHANOIMCA HEPABEHCINGA.
A. yp P
L9(0,) < 2"+ O(n-2%), LK(Q,) <2 -2 (2.4)
LC(7n) <2"+0(n-22), LK(7n) <22 ¢, (2.5)
L™(pn) <3-2" -2, L®(uy,) <272 — 4 (2.6)
_ 1
L0, < 4n —4, LY, < 4n—4+ {J (2.7)
n




HuxkHue oneHkn
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JlokazaTeabCTBO

B xtacce UC mocrponm cxemubiii gemmdparop nopaixa n,
YZIOBJIETBOPSIONINI IEPBOMY HepaBeHCTBY (2.4), ciemyromum
obpaszom:

pazobbem mabop BII X (n) ma rpynmsr x’ =

= ($1,...,$q), x" = (‘Tquly'--,xn)v rne q = [n/Q—‘7

BosbMeM Jsiemucparops X u X" or BIT 2/ n 2” nopaaka q u
(n — ¢) COOTBETCTBEHHO, PEATU3YIONINE KAXK Y0 CBOI) CHCTEMY
9K mo ngemme 1.1;

oobequnum CO Y/ u Y| nociie yero KOHLIOHKTHPYEM
KazKJIblil BBIXOJ], X/ € KaxK/IbIM BBIXOJ0M X a BBIXOJbI BCEX
HCIIO/Tb30BAHHBIX it 31010 2" @ & (¥ TONBKO UX) 00bIBAM
BBIXOaM¥ MCKOMOTO JermmdpaTopa.




HuxkHue oneHkn
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[Tponoskenne T0Ka3aTENBCTBA,

ABAJIOTUYHO CTPOUTCA JU3BHIOHKTUBHEIN memmdparop

nopsizka 1 B kaacce UC | yrosmersopsommit (2.5).

NckoMBIM KOHTAKTHBIM (KAaCKa HBIM) J1emudPaTOPOM MOPSAIKA
n geasgercs: (1,2")-KOHTAKTHOE IepeBo, MoKa3aHHoe Ha puc. 1.1,
a MHBEPCHad K HeMy KaCKaJHad KOHTaKTHad CXeMa

(cm. §10 1. 2) upencrasysier cO60i U3 BIOHK TUBHBII
KOHTaKTHBIi Jerudparop mopsaka n, yaoBiaeTBopdromuii (2.5).




HuxkHue oneHkn
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as

Yan —1

Puc. 2.1: m-cxema Aj1s1 MYJIbTUNIIEKCOPHON (DYHKITUH



Hurkaue oneHku
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[Ipogomkerue T0Ka3aTETHCTBA

I/ICKOMBIM KOHTAKTHBIM MYJIBTUIIJIEKCOPOM ITOPAJKA 7 ABJISACTCA
T-cxeMa, NpuBejieHHast Ha puc. 2.1. 3aMeTuM, 4TO CJIO0KHOCTD
cxeM, nmoka3aHHbIX Ha puc. 1.1 u 2.1, pasma 2"t —2 u 3.27 — 2
COOTBETCTBEHHO, TO €CTh YJOBJIETBOPAET HepaBeHCTBaM (2.4) u
(2.6), mpuYeM IHCIO PA3MBIKAIOIINX KOHTAKTOB B KayKIOi 13
mux paBao 2" — 1.

B pesyabrare MomenupoBaHusi YKa3aHHONW 77 -CX€MbI MOYKHO
IIOCTPOUTHL OECIIOBTOPHYIO 110 mHMopMaruoraabiM BIT dopmymmy

gjn (3717---71'71;907---;92"—1) -

_ g1 (o) g
= \/ .’L'l \/ .1‘2 st \/ xnnyy(al,...70'n) T ’

01€EB 02€B on€B

KOTOpas yIOBJETBOPsieT BTOPOMY HepaBeHCTBY (2.6), Tak Kak
peammzyer QAJI p, w umeer ciaokuocTh 4 - 2" — 4.




HuxkHue oneHkn
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a) b)

Puc. 2.2: npumep cynepnozuruun COD



HuxkHue oneHkn
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[Tpomomkerne TO0KA3aTETHCTBA

Hepagencrsa (2.7) npu n = 1, 04€BUIHO, BBINOJIHAIOTCS.
Uckomoit CPI, peanmsytomeit nuneitayio PAJL £,, n > 2, co
croxuocThio (2.7), senserca CPY NP | nokazannas wa

puc. 2.2a.b. Anamormunag C®D aaa PAJI ¢, momyuaercs B
pesynbrare 3amensl @D & ma @I V u @I V ma P & B
nepBoii mogcxeme BuAa YNy cxembl N (cMm. puc. 2.2a).

JlemMa ToKazaHa.

Cnencreue




HuxkHue oneHkn
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YcraHoBUM, B 3aKJ0UEHHE, psijl 60Jiee TOUHBIX HUKHUX OTIEHOK
cinoxuoctd @AJI u HA UX OCHOBE JIOKaXKeM MUHUMAIbHOCTH
HEKOTOPBIX CXEM.

Hokazkem cuagasa, 910 (1,2")-KOHTaAKTHOE IEPEBO —
MUHUMAIbHBI KOHTAKTHBIN memudpaTop mopsaaKa N B KJIacce
pasgemurenbHBIX (10 BhIxomaMm) KC.

Ecau pasdeaumenvran no ewxodam (1, m)-KC ¥ peasusyem m
pasauunvir PAJL, omavunviz om 0, mo

L(X)>2m-—2.




Hurkaue oneHku
0000000000000 0000e0000000000

Jloka3aTeabCTBO.

[lycte 3 — npusenenHast u, ciaegoparesbHo, cesa3ras KC or BII
T1,...,Tn. N3 pABAEIUTEILHOCTH Y CAEIYET, UTO mpu JII000M
a, a € B™, cetb Y|, COCTOUT HE MEHEe UeM U3 1 CBS3HBIX
KOMIIOHEHT. 3aMETHM, YTO y/aJIeHle BCIKOTO pebpa
VBEJIMYINBAET IUCIO0 CBAZHBIX KOMIIOHEHT Tpada He Dojiee uem

Ha eJIMHAUILY, U To9ToMy uucio |E (X|g)| — 9HCI0 KOHTaKTOB, He
IPOBOJSIINX Ha HAOOPE (v, — Y/IOBJIETBOPSIET HEPABEHCTBY
|E (Zlz)| =2 m— 1. (2.8)

Cymmupys (2.8) 110 Bcem o, o € B™ | u yumThiBasg, 9T0 KazkKblit
korTakT KC ¥ He mpoBOMT POBHO Ha MOJIOBHHE BCEX HAOOPOB
kyba B", momyuum

2 IL(Z) = 2"(m—1), L(Z)>2m-—2.

JlemMMa, ToKazaHa.

| O




HuxkHue oneHkn
000000000000000000e000000000

A ABNA A M M 1]
Konmaxmmnoe depeso nopadka n A6AAEMCA MUHUMAALHOU
pasdeaumenvnot (1,2™)-KC, peasusyroweti cucmemy PAJ Q,, .

JleficTBUTEILHO, B COOTBETCTBHUN C JieMMO#t 2.4, CJI0KHOCTD
pazgemmrensroit (1,2")-KC me Menpmre wem 2" — 2, 10 ecTn
He MeHbIe cIokHoCcTH (1,2™)-KOHTAKTHOTO JepeBa MOpdIKa n.



HuxkHue oneHkn
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Ecau cucmema QAJL F = (f1,..., fm) cocmoum us nonapro
pazavunoir PAJ om BIT X (n), omavunwx om 0 w 1, mo

m
LE(F) 227 DNy .
j=1




Hurkaue oneHku
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JloKa3aTeabCTBO.

Bosbmem npusesennyio (1,m)-KC X, peanusyroniyio cucremy
®AJI F, u 3amernm, 9To mpu JoboM «, « € B™, B ceru X,
MMEETCsT CBA3HASA KOMIIOHEHTA, KOTOPAs COMEPXKUT BXOJ X U T€
ee BBIXOJIbI, e peanusyembie OAJI obpamarorcst B 1 Ha Habope
a. 13 mepasencrra (1.2) rnaser 2 caeayer, ITO MPH 3TOM

|E (Zla)| = fi(a) + -+ fm().

CymMMupyst Oy 9€HHOe HEPABEHCTBO IO BCeM HaGopam
a, a € B" npugem (cM. J0Ka3aTenbCTBO eMMbl 2.4) K

HEPaBEHCTBY
m

n—1
2"L(E) > § | N, |
7=1
73 KOTOPOrO BBITEKAET HEPABEHCTBO JIEMMEI.
JleMMa TOKA3aHA. []




g2} HuxkHue oneHkn I
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LX(J,) = 2"t — 2.

3ameganue

B cuay crneacrsus (1,4)-KC ¢ BxogoM a, KoTopasi COCTOUT 13
JIBYX HENEPECEKAIOIUXCA 110 BHYTPEHHUM BEPIINHAM

(a — a)-neneii (nukaoB) ¢ DK mposoguMOCTH T1ToT] U T1T2X1,
ABJIAeTCH MUHUMAIbLHBIM JIN3bIOHKTHBHEIM KOHTAKTHBIM
IemudpaTopoM MOPSIKa 2.




HuxkHue oneHkn
0000000000000000000000e00000

Ecau dan PAJL f, f € Py(n), u das awbozo o, o € B, OAJI
fozf($1,...,33n_1,0)$_£0,1, mo

Lxcz,,v(f) > min{Lgv(fO), Lg,v(fl)} +2. (2.9)




HuxkHue oneHkn
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JlokazareabcTBO

[Mycts ¥ — murmmanbaas mo ancay P9 & n V CDI u3
kaacca UC | koropas peanmsyer ®AJI f u Koropas e
COEPKUT TIEMOYEK U3 JABYX TOCTETOBATENLHO COETMHEHHBIX
@3 —. Ilycrs koHCTAHTA 0, 0 € B, paBua 0 Torga u TOJIHKO
torma, Korma BII x, momaerca B X au6o ma sxom P &, ambo
Ha Bxoj P —, BRIXOJT KOTOPOro mocrymaer Ha Bxoj @I V.




HuxkHue oneHkn
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HpOJJ;O.T[}KGHI’Ie JOKa3aTe/IbCTBa

Pacemorpum COD f], roropag peamuzyer QAJL f,, fr 0,1, n
noiydena n3 COI X B pesysibrare MOJCTAHOBKUA Ty = 0, A
takske nocaeayomero 1 ma ocrose Toxzects 7K (cum. §5

1. 2) BIJIOTH JI0 yCTPAHEHUs] BCEX BXOXKJICHUH KOHCTAHT.
Yb6enumcst B ToM, 4To 1ipu yKazaHHoM DI 6ynyT yraasieHsl 1mo
kpaitaeit Mmepe aBa O Tuna & wam V.




Hurkaue oneHku 1
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[Tpomomkerne m0Ka3aTETHCTBA

HeitcrBuresnpho, B ciydae o = 0 uz COI X 6yaer yaauen O
&', apnaronmmiica 6o @D Tuna &, Ha BX0J KOTOPOTO MOJAETCA
BII z,, tu60 @3 Tuma V, Ha BXOJ KOTOPOTO MOTAETCS BBHIXOT
O —, IPUCOEIMHEHHOTO K BXOJY Tp. 3AMETHM, 9TO Bbixog @D
&’ He MOXKeT OLITH BBIXOJOM CXEMbI U HE MOXKET OLITH BXOZOM
DD —, BLIXOJ KOTOPOI'O SBJISETCS BBIXOJOM CXEMBI, TaK KaK IIPH
srom QAJI f, Ovura 661 paBHa KoHCTaHTe. ClIETOBATEILHO, B
COD X umeerca ®D & tuna & wunam V, Ha BXOJ KOTOPOro
nocrynaer 6o seixon &, 6o Beixog O -,
npucoemHennoro K serxoay €. Jlerxko sumers, uro I &£
TOXKE OymeT yIoaJieH P Iepexone OT Y K Y U, CJIEI0BATEILHO,
CIIpaBeJINBLI HEPABEHCTEA,

~

Lgv(f) = Lgv(E) 2 L v(8) +2 2 Lg v(f5) + 2,

U3 KOTOPBIX BbITekaer (2.9).
JlemMMa, TOKazaHa.

uf O



g2} HuxkHue oneHkn I
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Canencreue 1

LC () > 2" 40— 1. (2.10)

HeticrBurensro, (2.10) nosyvaercs B pe3yabrare MPUMEHEHMsI
JieMMBI 2.0 1ocjIe0BaTeNbHO KO BceM nHpopMarinonabiM BIT
Yan_1,...,Y1 C Y9ETOM TOrO, YTO KaKJad MOJIyUUBIIAACH B
pe3yIbTaTe COOTBETCTBYIOIIMX MOACTAHOBOK KOHCTAHT PAJI
cymectBenno 3apucut ot bIl 1, ..., 2., Y0, a cama byHKIHIA
My, HEMOHOTOHHA.



HuxkHue oneHkn
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Crencraue 2

Hs (2.10) 6 cuay aemmol 4.1 eaasvt 2 evimeraem Hepa6encmeo

3amMeuanue

B cuny ciencreug 1 dbopmyna Ty V £1y1 ABIsgeTCA
murnvaibaoi COD, peamusytomeit A py, u LE(u1) = 4.




MeToz & oB ana KC u C®3
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§ 3. MeTon KacKagoOB [IJisT KOHTAKTHBIX CXE€M U CXE€M
n3 PYyHKITMOHANBHBIX 3aeMeHTOB. Metoa Illemnona



MeTog aa KC u C®3
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[TpuBenennnie B mepsoM naparpade 9T0it 9acTu IpocTeime
METOJIbI CHHTE3a TMO3BOIAIOT CTPOUTDH (DOPMYJILI U 7T -CXEMBI,
crrerunKa KOTOPBIX HE JOMYCKAET MHOTOKPATHOTO
WCIIOJIb30BAHUA «IIPOMEKYTOUHBIX Pe3yabTarToBy. Mero
KaCKa/I0B SBJIAETCA JTOCTATOYHO IIPOCTBIM M B TO XK€ BPEMSI
I0BOJIbHO 3¢ peKTUBHLIM MeTogoMm cuaTe3a Kak KC, Tak u
C®3, kotophlit MO3BOIAET 3TO AenarTh. OH CBA3aH C
IIOCJIeIOBaTEILHBIM pasJoxkenneM 3adanubix OAJI mo BII u
PEKYPCUBHBIM TIOCTPOEHUEM CXeMbI, peasnsyiorieit ymu OAJI.



MeTog aa KC u C®3
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Meroy Kackai0B TO3BOJISIET 110 ITPOU3BOILHON 33,1aHHOT
cucreme yHkuit aarebper goruku F = (f1,..., fm),

F € Py (n), crpours (1,m)-KC Yp, Xp € UK, u COI Uy,
Up € UC, kotopsie peasmsyior F. Bynem caurars, 9To BCe
DAJL f1, fa,..., fm cucrembr F pa3nudHbl, OTAWIHBI OT
KOHCTAHT, u fjs Kaxpoit BII x;, 1 <4 < n, cpenn Hux ecth
®AJIL, cymecTBeHHO 3aBUCALIAS OT ;.



MeTog aa KC u C®3
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Pazmoxum OAJL f1, fo, ..., fin cHagana mo BII x1, moTrom mo
BII x2 m Tak gagee. [Ipr 93TOM TTOCTPOUM TIOCTIEIOBATETBHOCTH
muoxects G; u Gy, cocroamux u3 ®AJI or BII

Ty Tigly---,Ty, DA€ ¢ =1,2,...,n, TaKue, 4T0:
G; cocrout u3 Beex paznuaubix PAJL g (x4, ..., x,) BUIA
g=1fj (01, 0i-1, T, Tig1, - Tn),
: i—1.
Fﬂ61<]<m7 (0'17"'707§—1)€B1 )

G; cocTouT U3 BCeX pasandHbix GyHKIWI ¢, g € G;, KOTOpHIE
CYTIECTBEHHO 3aBUCAT OT ;.
Jlerko BUAETDH, 9TO

Gl:{fla"'afm}’ @ng{xnvjn}v

a muoxkectsa QAJI Gy, ..., G, He OyCcTH U MOTAPHO HE
TEPECEeKATOTCS.



Merog xackazos ana KC u COS
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Samernm, aro Jaiobyo PAJl g, g € G;, rae 1 < i < n, MOXHO
opeacTaBuTb B BUAE

g = (i, 90, 91) = Tigo V wign, (3.1)

e go = g (0, %iq1, ..., Tpn), U, CJACTOBATENBHO,

g0 € Giy1 U{0,1} nnst Beex o, 0 € B.

Ecau pu arom aqs mekoroporo o, o € B, ®AJI g7 pasua 0, To
BMecTO (3.1) GyaeM HCHob30BATE PA3IOKEHIEe

9 =27 9o, (3.2)

e go € Gig1 U {1}



MeTog aa KC u C®3
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C ITOMOIIIBIO OHepaHI/Iﬁ TPpUCOCAMHEHNA OJHOTO WJIN JIBYX
IIPOTHBOIOJIOKHBIX KOHTakTOB nocrponm KKC Yp KOTOpast
peanuzyet cucremy PAJL G, rme Gp = GiU...UG,. [Ipu
9TOM JIJIst KakI0ro i, i =n,(n —1),...,1, kaxgas OAJI

g, g € Gy, peanusyercst cornacto (3.1) ((3.2)) ma Bbixoge v,
KOTOpEIit ipn o = 0,1 (COOTBETCTBEHHO v = 0 ) COEINHEH
KOHTAaKTOM BHJa T§ € TeM BBIXOJIOM U, , TAe peanusyerca PAJI
Jo = g (@, Tit1,...,Ty) TAK, KAK ITO TOKA3AHO Ha puc. 3.la
(coorBercTBeHHO pHC. 3.1b).

Jlna moxyuennst uckomoit KC Y p 70CTaTO9HO «CHSITHY TIOMETKH
¢ Tex BbixogubIX Bepim KC g, B KOTOpbIX peannsyrorcd
DAJL, otmmunsie o f1, ..., fm.



Merog xackazos ana KC u COS
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Pwuc. 3.1: mpucoenwrenne 0JHOTO UK JBYX TMTPOTUBOTOIOKHBIX
KOHTAKTOB



MeTog aa KC u C®3
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AnamornaaeiM 06pazoM O MeTOIy Kackaaos crpoutcst 1 CDD
Ur , peamusyiomas cucremy ®AJI G g, ¢ Toit JHUIIL pasHUTIEH,
qTo:

cragasa peansyiorcesa see PAJI suma T;, 1 < i < n, KoTOphle
Berpedatorest B KC Xp; R
s Beex 4, 1= (n—1),...,1, paznoxenue (3.1), tne g € G; n
90,91 € Git1, peanusyercd Tak, Kak IMOKa3aHO Ha puc. 3.2a, a
pasyioxkenue (3.2), npumensiemoe B caydae gz = 0 (pasnoxkenune

g=27V g,2l =27V g, (3.3)

B clydae gz = 1), — Tak, Kak mokasaHo Ha puc. 3.2b
(coorBercTBeHHO 3.2¢);



MeTog aa KC u C®3
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kaxjasg PAJL Buja goxy , ucLOIb3yeMas B 1IPEblILYIIEeM

IyHKTE IIPH peaan3anny pa3soxennii suga (3.1) nm (3.2) mua
pasmuanabix PAJI g, peamuzyercst TONBKO OJUH Pa3.

Kax u B cnyuae KC, COD Up, peammsyiomas cucremy OAJI F
I TIOCTPOEHHAS [0 METOJy KacKajoB, nomydaercs uz CPD Ur B
pe3yabTaTe «CHATHUS» T€X BBIXOAO0B, B KOTOPBIX PEATHU3YIOTCS
DAJI, ormmunsie or PAJL u3 F.



Merog xackazos ana KC u COS
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Puc. 3.2: k MmogenmupoBaHuIoO oneparuii MpUCcoeINHEHNsT KOHTAKTOB B
kaacce COD



Merog xackazos ana KC u COS
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Ilycrs, manpumep, F = (f1, f2), Tae

J1="Tzo (153 %) $4) V (:UQ vV x3f4) ,
fo=z1(x3® 24) VT124.

Torma:

G1=G1={f1, f2};
G\z = {J,‘Q (xg b x4) , T2 V 33354} , Gy = 62 U {:133 D x4,x4} ;
63 = {Ig D $4,l‘3f4} , G3 = 63 U {1‘4} ;
Gy = {24, T4} .
Ha puc. 3.3 nokasana IOCTpOeHHas J/Is JAHHON CHCTeMbI DAJI
KC YF, Bepiiunbl KOTOPOit TIOMeUYEHBI COIOCTABIEHHBIMU UM

QAJIL, ma puc. 3.4 — coorercrBytomias eit KC Y, a Ha
puc. 3.5 — COD Up.



MeTong Kack oB aiia KC u COD
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Puc. 3.3: npumep KC ¢ momedeHHbIMY BepIIHHAMH,
TTOCTPOEHHOM MeTOJOM KaCKaIOB



Merog xackazos ana KC u COS
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Puc. 3.4: npumep KC, mocrpoennoit MeTo oM KaCKa10B



Merog xackazos ana KC u COS
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f2 h

Puc. 3.5: CO® s cucrembr PAJI F', nocTpoeHHAs METOIOM
KACKA,/I0B



Merog xackazos ana KC u COS
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Tn—1

Puc. 3.6: cxema Kapmo mis nmuneitnoit byukmun £,



MeTog aa KC u C®3
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Hpyrum npumepom KC, mocTpoeHHO# 110 METO Ty KACKAJIOB JIJIst
munefiroit ®AJL £, Tne n > 2, ABIAETCS M3BECTHAST CXEMa
Kapgo, nokasanunas na puc. 3.6. 3amerum, uro sra KC umeer
CJIOKHOCTD (4n — 4) u gBJsercst MUHUMA/IBHON. B 10 xKe Bpemsi
CPD, nocrpoennast aist £,, n = 2, 10 METOAY KacKaI0B UMEET
CJI0KHOCTL (7Tn — 9) W He sIBJIsIeTCs MUHUMAJIBHOM, TaK Kak
nMeeT 6GIBIIYI0 CI0KHOCTD 110 CPABHEHUIO CO CXeMOil Y.
caoxuoctu (4n — 4), mokasanHoil Ha puc. 2.2. AHaTOrHIHbIe

onenku crnpaseamuebl aag OAJL £, (cm. memmy 2.3).



MeTog aa KC u C®3
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[Tpu nocrpoennn 1o merony kackamnos (1,2")-KC,
peanusyrorneit cucremy GyHKINNE aJrebpbl JOTHKA 67“ MBI
MOJIYINM KOHTAKTHOE JMEPEBO MOPSAKa 7, MOKA3aHHOE Ha
puc. 1.1. Kak 6yuer nmokazano B §6, aro K/l He sBiigercs
MUHUMAJIbHBIM KOHTAKTHBIM JeMu(QPaTopoM.



MeTog aa KC u C®3
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AnanoruusbiM 06pa30M ¢ MOMOIIBIO METO/Ia KACKAJIOB MOXKHO
IIOCTPOUTH KOHTAaKTHBINA yHHBepC&J’[beIfI MHOI'OIIOJIFOCHUK
CITOKHOCTH He 6obine, yeM 2 - 22" | a TakKe KOHTAKTHBIH
MYJIBTHILJIEKCOD TOPAIKA N U CaoKHOCTH 3 - 2" — 2,
nmokasaHHublil Ha puc. 2.1 (eM. semmy 2.3). Bamerum, 4To
YKa3aHHBIN MYJIBTUIIIEKCOP TOaydaeTcs npu pasiaoxkenun PAJI
[bn, CHAYAJIA 110 3IPECHBIM, a 3aTeM 1o nadopmaruonabiM BIL. B
TO K€ BpeMsd, KOHTAKTHBIM MYJIBLTUIIIEKCOD MOPAIKA N,
TTOCTPOEHHBII TI0 METOIY KacKagos npu pasjoxenun QAJI u,
cHadga & 1Mo nH(MOPMAIMOHHBIM, a 3aTeM 110 ajapeciabim BII,
comepxut K/ nmopanka 2" ot madopmannonubix BII u mostomy
nMeeT CJI0XKHOCTH He MEHbIIe, YeM 22n+1 . STO TTOKa3bIBaLT, 9YTO
BBIOOD «IIPABUIBHOTO» TOPSIAKA TEPEMEHHBIX [TPU PA3JIOXKEHUN
DAJI MOKET CYIIEeCTBEHHO YMEHDBIUTH CI0KHOCTE KC,
IOCTPOCHHOM’ II0 METOAY KaCKaJl0B.



MeTog aa KC u C®3

0000000000000 00000e0000

VauTniBag BCe CKa3aHHOe BBIMIE, JOMOTHUM JeMMbl 1.3 u 2.3
CTIETYIONIAM YTBEPK ICHUEM.

Zas ar06020 namypaavroeo n u o € B ewnoanaomcs
HEPABEHCINEA,:

LX (00) < 4n — 4+ HJ : LK(?2(n)) <2-2%.




MeTog aa KC u C®3
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Paccvmorpum, B 3aksmodenue, meros Hlennona g cunreza KC
u COI, KOTOPHIiT TIO3BOJISIET YCTAHOBUATE TOPSIIOK POCTA
dbyrkuuit Iennona LX (n) u LC (n).

Meton [Tlentona 3ak/IrOUaeTCa B BRIOOPE HEKOTOPOTO TTapaMeTpa
¢, 1 < ¢ < n, n n0oCTpoeHUn CXeMbl Yy, Peaau3yonei
npoussostbHyo PAJL f (x1,...,2,) Ha OCHOBE €€ PA3IOKEHMUSI
[0 9aCTH IepeMeHHbIX (CM. paBeHcTBO (2.5) u3 ru. 1):

flatay=" N gyl S (o), 34)
U//:(O'q+17~~~»o'n)
e o' = (z1, ..., xg), ¥ = (Tgq1, ..., Tn) U for (') =

= f(2',0") npu Bcex o”, ¢’ € B"1.



MeTog aa KC u C®3
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[Ipu sTom KC (CDI B 6a3uce By) Xy mpejcrasiger coboit
KOppeKTHyIo cyneprnosunuio suga X (X)), rme X7 —
(2"79,1)-KOHTAKTHOE J€PEBO (COOTBETCTBEHHO MY/IBTUILIEKCOD
nopsiaka (n — q)) or aapecuwix BIT x| ubm BxoHI
(cooTBeTCTBEHHO MHMDOPMAMOHHBIE BXO/IbI) PU BHITIOTHEHUHT
YKQ3aHHON CYIePIIO3HINN TPHCOCIRHIIOTCA K BBIXOIaM
YHUBEpPCAIbHOTO MHOTrOIOMOCHUKa Y nopaaka ¢ ot BII 2’ B
coorBercTBnm ¢ (3.4).



MeTog aa KC u C®3
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Ilonaraa
q = |log (n —2logn)]|,

nocrpoum jnsg GAJL f (zq,...,2,) yKa3aHHBIM BbIIIE CIOCOOOM
KC (C®3 B 6asuce By) X, rme ¥ — (2"79,1)-K/I nopsaxa
(n — q) (coorsercrBenno dopmyna F,_g u3 aemmsl 2.3), a X —
YHUBEPCATBHDIN MHOTOIIOMIOCHUK 13 JeMMbI 3.1 (COOTBeTCTBEHHO
geMMer 1.3). KoppeKTHOCTD TOCTPOEHHOM CYIEepIO3UINY B
cayaae KC obecnieunBaercs pazgeaureabHOCTbIO K.



Merog xackazos ana KC u COS
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JI1e CITO2KHOCTH HOTyYeHHOM cxeMbl X ¢ OyAyT CIpaBejiuBbl
OTIEHKHU

L(Ef)<2.22q+2-2"—Q<L+2+0 z
n—2logn n2)’

ecu EfEUK,H
8. 2" n
L) <2 4429 —— 10>
(%) * n—210gn+ <n2>’

ecmn Xy € UC . Takum 06pa3oM, [JOKA3aHO CJIEAYIOIIEe
VTBEpPXKICHIE,

Jas dymwsuut Hennona LK (n) u L€ (n) evinoanenvi
COOMHOWLEHUA

on
Lfn)$4-=—, L%n)<8-
n

™

27’1,
n.




HurkHue mMougHO
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§ 4. Hu>kHue MOIITHOCTHBIE ONEeHKU (DYHKIIUii
Illennouna



Husknaue monga
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YcTaHOBUM TeENEePh P/l HUKHUX OINEHOK 71t (DYHKITH
[MTennona, BBemeHHBIX B TIEPBOM maparpadye 9Tl J9acTu Kypca.
Bce 5T oneHKH MOTYyYIEHDBI ¢ TTOMOIIBLIO MOIITHOCTHOTO METOA,
npemaoxkeHuoro [lenHonoOM U OCHOBAHHOTO HA TOM, 9TO UUCJIO
®AJI or BII z1,...,x, He MoxeT ObITh OOJIbIIE YUCIA TEX
ITOTIAPHO HE 3KBUBAJIEHTHBIX CXEM, CJIOYKHOCTH KOTOPBIX HE
PEeBOCXOIUT 3HaYeHus coorrercrByiomei dhyukiun [Mlenmona
OT apryMeHTa 7.



HurkHue mMougHO
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[Myctes U — oamH U3 paccCMOTPEHHBIX B TiaBe 2 KJIaccoB cxeM, W
— BBeJEHHBIN TaM (DyHKInoHa cioxkuocta, a W (n) —
dbyukima [Hlennona mnga xmacca U orHocurensuo W,
O6o3naunm gepe3 U (¥, n) mMHOXKECTBO Tex cxem %, 3 € U,
koTopbie peanusyror ogny PAJI uz P (n) u 1j1d KOTOPBIX

U (X)) < V. Caenyromiee «MOUTHOCTHOE» PABEHCTBO BBITEKAET
HEIOCPEJICTBEHHO M3 ONpeJIeIeHuil:

U (W (n), )l = 2*". (4.1)

Bamerum TakzKe, 9TO €CJIM JJIsT HEKOTOPOrO HATYPAJBHOIO N U
neiicteuTebHbIX WU, §, e 0 < § < 1, BBITOJTHSIETCS
HEPABEHCTBO

Hu (@,n)” <622 ToU(f)=T (4.2)

a1 ve Menee gem (1 —§) - 22" ®AJL f us Py(n).



HurkHue mMougHO

0O00@00000000O!

Bepxumne onenkn Besmuunns ||[U(W, n)||, ycraHoBrennse B

raase 2 JJId PA3JIMYIHBIX KJIACCOB CXeM U (byHK]_U/IOHaJIOB
CJIOXKHOCTH, a Takxke cooTHomenns (4.1)-(4.2) caykar ocHOBO
JJIA TTOJIYy9IEeHU A HU2KHUX MOHITHOCTHBIX OIEHOK
coorBercrByomux ¢dyukimit [llennona n ciaoHOCTH TOYTH BCEX
®AJL. Hanomunwm, gto (cm. gemwmbl 4.3, 4.4, 6.2, 6.3 u3 riassl 2)
It JIIOOBIX HATYPAJBHBIX N U L CIpaBeIuBbl HEPABEHCTBA!

U (L, n)|| < (8(L +n))"t, (4.3)
|U® (L, n)|| < (8n)" ', (4.4)
U (L,n)|| < (8nL)*, (4.5)
U™ (L, )|l < (120)", (4.6)
U (D, n]|| < (8n)2". (4.7)



Hu>kHre MOIHOC

[e]elele] Jlelelelelele]lolol

as nososHcumesvHuLT 0etcmeUmenbHolr Uces a, Y, q u3
HepaGeHcme
Y
alogg>1, (ay)!>q, (4.8)

mec?yem HEPABEHCIM GO

log g log log (alog q)
Y= ——=— (4.9)
log (alog q) log (aelog q)
20e € — OCHOBAHUE HANYDAALHBLIT NO2GPUPMOE, 0 U3
nepasencme a > 1, a¥ > q — nepasencmeo
1
5 20 (4.10)

~loga’




Hu>kHre MOIHOC
00000@®0000000

JoKa3aTeabCTBO

Paccmorpum cragasia caywaii, korma a = 1 u logg > 1. B sTrom
cirydae HepaBeHCTBO (4.9) cieayer U3 Toro, 4To JeBas J9acTh
(4.8) MOHOTOHHO BO3pACTAET IO Y, U sk

) log ¢ _ loglogloggq

o — (il _
h=(+e loglogq’ e e log (elogq)’

CIIPABEIJIMBLI COOTHOIICHUS
ylogy =
lo
(14 o) BT

loglog q
log loglog q eloge
<1 1 1-—
084 ( +€)< loglog q +loglogq

=logq(l+e¢)(1—¢)=1logqg (1 —62) < logg.

(loglog g —logloglog g+ logeln (1 +¢)) <




HurkHue mMougHO
0000008000000

[Tpogokerue TO0Ka3aTETHCTBA

Bamerum, uro B ciaydae a > 0 HepaBeHCTBO (4.8) SKBUBAJIEHTHO
HEPABEHCTBY

(ay)™ > ¢*,
U TI03TOMY HEpaBeHCTBO (4.9) moJrydaeTcst w3 HEPABEHCTBA Y >
B pe3ysbTare 3aMeHbl y Ha, ay u logq Ha alogq, ecaun
BBIIIOJIHEHO ycioBue alogg > 1.
Hepagencrso (4.10) B ciiyuae a > 1 mosty9gaercs B pe3ysibrare
JorapudMrpoBaHna HepaBeHcTBa a¥ > q u meserunst obenx
JacTel MoyYeHHoro HepaBeHcTBa Ha log a.

JlemMMa JTOKa3aHa. O




Hu>kHre MOIHOC
0000000@00000

Zas nexomopwx nocaedosamenvrocmets €;=e;(n), 2de
i=1,....,5 un=12,..., makuz, wmo £; (n) =0 npu n = ny
u g; (n) cmpemumes x 0 Npu N, CMPEMAWEMCH K
beckoneunocmu, daa noumu ecex dynkuyut f us Pa(n)
BHNOAHAIOMCA HEPABEHCNEA

LE(f) 2 (L+e1(n) —, (4.11)
L (f) > (1 — &2 (n)) 102;”, (4.12)
IK()> 1 -es () 2, (1.13)
LT (f) > (1 —e4(n)) lognn’ (4.14)

D (f) > n —loglogn — e5(n). (4.15)




HurkHue mMougHO
00000000 ®0000

JoKa3aTeabCTBO

Banymepyem Bce dynknuu u3 Pa(n) mo HeyObIBAHUIO 3HAUCHUS
dbynkmmonana L ux caoxuocTn B Knacce cxem U w O603H8HI/IM
qepes f QYHKIHIO ¢ HOMEPOM [22"/ n] TOTHA JIT 0 = = W
CIOKHOCTH (DYHKITHN f B KauecTse U bymer, OquH;:Ho,
BBITIOJTHATHCST TOHOE JIJTsT TIPUMEHEH JeMMbl 4.1 HepaBeHCTBO

Hu (@n)H >4§.92". (%)




[Tpomomkerne TO0KA3aTETHCTBA

Hepasencrsa (4.11)—(4.14) BbIBOASTCH U3 COOTBETCIBYOLIETIO
paccMmarpuBaeMoMy KJaccy cxeM U ¢ dyHKIIMOHAIOM
caoxuoctn L Hepasencrsa (4.3)—(4.6) Ha OCHOBE MOIIHOCTHOTO
HepaBeHCTBa (%), B KOTOpoM & = 1/n, ¢ UCmoIb30BaHIEM

n
memmbl 4.1, rae ¢ = 22" /n, a Taxkxe

1) a=S38, y=L°(f) +
2) a=8n, y—L‘I’(f)+
3) a=8n, y=LK(f),
4) a=12n, y—L”(f),

ec/m
eCJIn
€CJIn
ec/m

HurkHue mMougHO
000000000 ®00O

U =Uuc;
U=u®
U = Uk,
u="ur.




HukHne MOIIHOC
0000000000 @OO!

[Tpomomkerne mO0KA3aTEIHCTBA

JleficTBUTEIBHO, TTOJCTAB/ISAA YKa3aHHbIE 3HAYeHus B (4.9),
MOJIY9MM, 9TO ACUMITOTHIECKU HE MeHbIe, yeM (1 — 1/n),
nonsg rex PAJL f w3 Pa(n) (a umenno, GyHKIWIA, CI0KHOCTD
peaM3aIi KOTOPBIX HE MEHBIIE, 9eM Y f ), U1l KOTOPBIX

1) LO(f) > 2" —logn log(n+3 —o(1)) IS
n+3—o(1) n + log(8e) — o(1)
n — —
22<1+10gn 3 0(1));
n n
(4.16)
2" —logn 2" 3+ o(1)
L) 2" 1> [ : 4.17
) L7() logn + 3 logn< logn ) (4.17)
3) LK(f) > 2 ] log(n 4+ 3 +logn) —o(1) -
n+3+logn n+ 5+ logn

L (o ko))

n n



Huxkune mMomgHO
0000000000080

[Tponoskenne TO0Ka3aTENBCTBA,

Crenosaresnsro, nepaserctso (4.11) ((4.12), (4.13)) Oyzmer

CIIPABEJIUBO s OCTATOYHO OOJIBLIIUX 1 TpH €1 (n) = bg+_4
_ _4 _ 4

(coorercTBEHHO €2 (N) = 577, €3(n) = 7).

AHaIorMuHBIM 00pa30M yCTaHABINBACTCA CIPABEIINBOCTE

(4.14) n (4.15) upu e4(n) = logn =e5(n).
Teopema mokazama. O




Huxkune mMomgHO
0000000000008

L (n)ziv Lq) (n)Z ) LK (n)>77
n logn ~n
2n
L™ (n) 2




HurkHue mMougHO
0000000000000

MormHocTHBIE COOOparKeHns MOYKHO HCIIOJIB30BATH TIPH
MTOJIYIeHUY HUKHUX OIeHOK Jaa (yrkiuit [[lennona,
cBst3aHHBIX ¢ peanm3anueit DAJI u3 kmacca Q,
0=9(1HUQ((2)U...UQ(n)U..., tae

QCPuQn)=9n~k(n), n=12,....

[Iycte U — ofiuH M3 pacCMOTPEHHBIX B IVIaBe 2 KJIACCOB CXeM,
U — BBejsiernblil Tam dyHKIMOHAT caoxkHocTH, a V¥ (Q (n)) —
dbyukuna Mlennona (g kracca cxem U OTHOCHTEIBHO
dbyuknmonana croxkuoctu W), ces3anuast ¢ kiaaccom GAJI Q,
TO eCTh

¥ (Q(n) = fgl%)‘l' (f).



HurkHue mMougHO

0000000000000

Caenyroree «MOIIHOCTHOE» HEPABEHCTBO 0000IIaeT
paBencTBo (4.1) U BbITEKaeT HEMOCPEJICTBEHHO W3 OMPE/IeJICHMI:

UCE(Q(n)), )|l =12 ()] (4.19)

OmHo TO3BOJTSIET TOTYYNTH HAKHIONW OTeHKy (dyukiun [1lemmona
VU (Q(n)) Ha OCHOBE M3BECTHON BEPXHEN ONEHKN BEJTNIHHBI

U, n).



Hu>kHre MOIHOC

0000000000000

PaccvoTpumM, B 9acTHOCTH, HUXKHIE MOITHOCTHBIE OIEHKHU JIJTS
bynxmmit L€ (Q (n)) u LX(Q(n)), To ects dynxmmii Illennona
s cnoxkaocTr peanusanun PAJI uz kaacca Q cxemamu u3
kiaaccos UC u UK coorsercrsenno. Ha ocHOBE MOMIHOCTHBIX
coobpakenuii (cM. (4.19)) aHAJIOTHTIHO TOMY, KaK 9TO OBLIO
crnenano B Teopeme 4.1 ms cayuaa Q = Po, 10Ka3bIBaeTCS
CIAEAYIOIIEe YTBEPKICHUE.

Jas xaacca PAJL Q marozo, ymo n = o (%)
(logn = o (loglog |Q(n)])), ewnoanaromes caedyrousue

ACUMNIMOTMUYECKUE HEPABEHCTNEA

c log |9 (n)]
FER g log o]

log |Q (n)]
- > loglQ@)] o)
(coomeemcmeenio @)= log log !Q(n)|) 20

_— = = -




Husknaue monga
0000000000000

[Tycrs, mampumep, kiaacc Q cocrout u3 Becex GAJI,

cuMMeTpudHbIX 10 nepBbiM AByM BII. Jlerko Bujers, 9To mpu
39n

sroM |Q(n)| =24% | Tak kak f € Q(n) TOrga M TOIBKO TOI/IA,

KOI/[a BTOPAsl ¥ TPEThsl Y€TBEPTU CTOJOIA 3HATEHME O f

copaaroT. CenoBaTenbHO, B CHIY JEMMBI 4.2, 0TCIO/1a

BBITEKAECT, 9TO

271

n

fem)z T Kam)z (422

>~ w
]



§ 5. /In3bIOHKTUBHO-YHUBEPCAJIbHbIE MHOXKECTBA
dbyuknuii. ACcuMOTOTHYECKN HAWIYy YU MeTOx
O.B. JlynanoBa aJjis cuHTE3a CXE€M U3
dyHKIIMOHATIBHBIX 3JIeMeHTOB B 6azuce {&,V,—}



PaccmoTpun MeTog cunTesa cxeM u3 Kiacca UC | koropsrit Gbli
npepaoxkern O.B. JIynanHoBbIM ¥ O3BOJIAJI BIIEPBLIE YCTAHOBUTD
acuvrrrorky dyuxmun Ierrorma LC (n). Dror Mero, kax n
meron [llennona (cm. maparpad 3 9Toil 9acTH), OCHOBaH Ha
upezcrasiennn peanuzyemoit PAJL f, f € Py (n), B Bume (3.4)
u ocrpoennn uckomoit CO®I Xy, peammzyromeit PAJI f, xak
CyIeprosuiuu cxeM Buga Ly = X (X/).



ITpu srom cxema Y no-npexkHeMy SBJASETCS MYJIbTUILIEKCOPOM
nopsiika (n — q) or agpecusix BII 2" = (zg41,...,%,), a cxema
Y peammsyer Bce DAJI Buma fon (2'), roe

¥ =(z1,...,2q), 0" € B" % u fon(z) = f(a',0"). Opnaxo, B
ormune ot Merona [ennona, kaxnas ®AJL f,r (z') Gepercs
He C BBIX0Jla YHUBEPCAILHOTO MHOronorocHnka or BIT 2/, a
peann3yerca Ha BBIXOJe Y KaK JIU3bIOHKINS HEeKOTOphIX DAJI,
BBIODAHHBIX U3 cHenuaabHoro Muoxkecrsa G, G C P (q),
pPeasMm30BAHHOrO Ha, BBIXOJAX COOTBETCTBYIOIIEH MOACXEMBI
cxembl Y.



Muoxecrso PAJI G, G C P, (m), naswiBaercs
QUBBIOHKEMUBHO-YHUBEPCAAbHYM MHOoKcecmeom (Y M) nopadxa
m u panea p, ecom mobas QAT g, g € Py (m), moxer ObITH
IpeICTABICHA B BUIE

g=g V...V,

rae g; € G npu Beex 4, ¢ = 1,...,p. CraggapTHblii cr1ocob
IIOCTPOCHUA TAKNX MHOXKECTB CBA3aH C pa36I/IeHI/I$[MI/I
eIUHIIHOTO Kyba.



Mycrs II = (my,...,mp) — pasbuenue kyba B™, u nycrs jijis
Beex i, i =1,...,p, ®AJL i (z1,...,2m) —
xapakrepuctnaeckas OAJI muoxkecrsa 75, a G — muOKeCTBO

Bcex tex ®AJI g, g € P> (m), koropsle obpammatorcsa B 0 BHE
;. 3aMeTuM, 9To MHOXKecTBo PAJI G BHIa

G=GVu...ug®

apasgerca JIYM mopsaka m u panra p. Heiicteurenbro, aobas
DAJl g, g € P>(m), MoxeT OBITH TIPEJICTABICHA B BUJIE

g=ag1V...Vgp, (5.1)

re g; = g u, caeposarensuo, ¢; € G ns Beex i,
1=1,...,p.



BameruM TakKe, 9T0 MOIHOCTH MHOKecTBa G, i =1,...,p,
pasua 2% rue s; = |m|, u uro muoxkecrso GO N GU) cocrour
m3 DAJI, Toxkgecreenno pasuoit 0, ecm 1 <4 < j < p.
CrenoBarebHo,

p
A=16) =Y |6
=1

p
—(p—1) <) 2% < p2,
=1

rae

§ = max §;.
1<i<p



Ykazanuoe IYM G 6ynem vaseiBarh AYM, ceasannoim ¢
pasbuenuem 1. Kommonento: pazbuenus II Gymem mpum sToMm
nasbiBarh nosocamu JIVM G, a ®AJL 1 = X6, -, ¥p = X5, —
ero zapaxmepucmuseckumy, DAJI. Samernm, aro
xapakrepuctuaeckue OAJI momapHO OPTOTOHAIBHEI, TO €CTh
omHOBpeMeHHO B 1 He obparmarorcs, u npuHagiexar G.
BamernM Tak:Ke, 9ro mnpejacraBiaenue (5.1) B caydae
paccmarpuBaemoro VM G paBHOCHIBHO e ICTaBIEHHIIO:

g =111 V292 V-V gy (5.2)



Bynem cawrars cmandapmuvim JIYM mopsiika m u BBICOTHI S,
rie

s <2, (5.3)

JIYM, cBazannoe ¢ pasbuennem II = (mq,...,m,) ky6a B Ha
TMOCTIeOBATEIBFHBIE OTPE3KH, TSI KOTOPOTO HOMED JII0OOTO
nabopa 13 MHOXKECTBa 7; MeHbIe HoMepa Jiroboro mabopa u3
MHOZKEeCTBa 7, €C/Iu ¢ < j, U BBIIOJHEHbI COOTHOIICHNMS

2m
b= [-‘7 §1 =82 == 8p-1=S5,

s (5.4)

sp=2"—(p—1)s <s.

Tabmmma smagennit DAJI JIVM G npusemena na puc. 5.1.



Ty To. .. Tpm_1om |8182-- 82882941 Bostl_q - [B(p—1)(25-1)+2 - -8
00 ---0 0}01--1 o -0 () 0
00 ---0 1]00--1 0o -0 BRI 0
- . . . . . . =91
T : : R :
00---1 0 0 -l o 0
00---0 1 -1 -l o 0
00---0 0o - 1 BRI 0
P . . . . . . e=e2
00---0 0o - 1 -l 0 0
00 0 0 0 -l o 0
00 0 0 0 BRI 0
. . . F=ep—1
Tp—1 : : : :
00 0 0 0 0 0
00 0 0 0 1 1
00 0 0 0 0 1
. sp<s
Tp :
00 0 0 0 0 0
<27 1 ———> P 1

Puc. 5.1: Kk onpenereHnio 1u3bIOHKTHBHO-Y HUBEPCATBHOTO -MHO2KECTBA



W=z npoBeieHHBIX TTOCTPOEHUE U OTMEUYEHHBIX BBIIIE CBOHCTB
crargaptaoro JIYM BoiTekaer cnipaBemIuBOCTD CJIEAYIOIIETO
YTBEPXK ICHUS.

Laa 410661 HAMYPANOHYIT P, M U S, 20e p = (%w ,
cywecmeyem cmandapmuoe JAYM G nopadka m, xomopoe
asagemea JYM panea p u 6 Komopom:

UMEEMCA CUCTEMO U3 D OPMOZOHAGADHYIL TAPAKMEPUCTNUYECKUT
QAJI Y1,..., ¢y AYM G, obaradarowux mem ceolicmeom, ¥mo
dna nobott PAJI g, g € Po(m), u nexomopwz PAJI gi,...,0p
us G cnpasedauso ne moavko npedcmasaerue (5.1), Ho u

npedcmasaerue (5.2).




s mobota PAJI f, f € Py(n), cywecmsyem peasusyrousasn ee
COPI Xy, Xy € UC, maxan, wmo

L(Z)) < % <1+51°gn;0<1)>. (5.5)




JoKka3aTeabCTBO

Iycrs '=(z1,...,2q), 2"=(2g41,...,2n) u for (2') = f(2/,0")
g Beex o w3 B"4. Tlycrs, panee, Y — MyabTHILIEKCOD
nopsanka (n — q) or agpecusix BIT 2" u undopmarmonasix BIT
¥y = (Y0,--.,Yoan—q_1), KOTOPBIil HOCTPOEH B COOTBETCTBHUH C
neMMmoit 2.3, npencrasigeT coboit dpopmyny F,_, u peammsyer
MyIbTHIIEKCOPHYI0 DAL 1,4 (2, y).




[Tpomomkenne g0Ka3aTEIBCTBA,

[Tycrs s — HEKOTOPBIH mapaMerp, yaosaersopstomuii (5.3), a G
— crangaptrHoe IYM mopsaka m = ¢ W BBICOTHI S,
VIOBJIETBOPsIIONee TpeboBanusM jgemMMbl 5.1. Obo3naunM depes
Y COI, xoropas peanuzyer cucremy OAJI 8 u
peJIcTaBasgeT coboit obbeTuHEHNE CXEM, TIOCTPOEHHBIX JIJIs
KaxKJIOM W3 HUX B COOTBETCTBHUH C jJemMmoit 1.2. 3amernm, 9T0, B
cuty siemmbl 2.3, (1.3) u jieMmbl 5.1, BBINIOJIHEHBI HEPABEHCTBA

(5.6)

v




[Tpomomkerne mO0KA3aTETHCTBA

Cxema Y/ cogepxur C®D X B Ka4ecTBe IMOICXEMBI I
peammsyer kKaxayto OAJL f,n (2'), tne o’ € B" 7, na omnom n3
conx BeIxos10B kKak PAJI ¢ (2') Buma (5.1) ¢ momompro COD u3
(p—1) ®3 V, BXOABI KOTOPOii TPUCOETHHEHBI K
COOTBETCTBYIOIIUM BBIXOIAM D¢y .




[Tpomomkerne mO0KA3aTEIHCTBA

Nckomast CO Xy umeer sug My = X7 (¥') u peasmmzyer PAJI
f B coorBercTBuE ¢ pasmoxenneMm (3.4). dns wee, B cury (5.6),
6y’Z[yT BBITIOJIHATHCA HEPABEHCTBA

L(Zy) <2 (p-1)+L(Z)+L(Zc) <
<2V 9(p—1)+4-2"9+3p2°9,

13 KOTOPBIX, BEIOPAB 3HAMEHUS MapaMeTPOB
s=[n—>5logn], m=gq=[2logn],
yaosaersopsoriue (5.3), B COOTBETCTBUM € JieMMOii 5.1 mosryanm
2" 2" 2" 5logn + O (1)
LEH)S ——40 |5 )| =— (14 ——— .
(%) n—5logn+ <n2> n ( * n

Teopema mokazana. O |




Hs (5.5) ¢ yuwémom caedemeusn us meopemus 4.1 svimeraem, 4mo




Ormernm, B 3aK/II049EHUE, 9TO B coOTBeTCTBUM C (5.5) 1
Teopemoit 4.1 ciroxuocts LC(f) nma moutn Beex ®AJI

f, [ € Py(n), acumnrornaecku pasha gpyukunn [Tlennona
LC(n), 1o ecrb caoxmoctn camoit cioxmoit ®AJI uz Po(n).
Tem cambim, B oymmame oT Kiracca JH® (em. §7 rraswr 1), B
kaacce cxem UC mmeer mecto 1. H. apdext Mlennona —
ACHMITTOTHIECKOE PABEHCTBO CJIOKHOCTH TIouTh Beex PAJI n
croxuocTH camoit ciaoxkuoit ®AJI ot 3agammoro wumcaa BII,
CTPEMSITETroCsT K OECKOHEUHOCTH.



OmmcammbIi BHITIIE ACHMITOTHYCCKT HAMTYIIIAN METO T CHHTE3a
CXeM OpHMEHTHPOBAH, BOOOIIE TOBOPS, HA TPOU3BOJBLHYIO WM
camyro «caoxuyioy @AJI. Tem He MeHee, BO MHOTHX CJIyUasgX OH
CYKAT OCHOBOH ACHMITTOTHYIECKN HAWIYUIIETO METOIa CHHTE3a,
CDD maa ®AJI us 3a1aHHOrO CrEUaIbLHOrO Kiacca Q u
MO3BOJIAET yCTAHOBUTD /IS 9TOrO KJACCA «CTAHAAPTHYIO»

(cMm. (4.20)) acuMOTOTHKY BHIA

log log |9(n)|

C ~Y
LHQ0) ~ g Tamm)

(5.7)



BameTuM, 9T0 acUMITOTHKA (5.7) yCTaHABINBAETCS, KaK
MpaBmjIo, myreM cBejenns 3agaun cuaTesa COI s aroboit
®AJI w3 Q(n) x 3amaue cuareza CPD s CHCTEMBI U3 OJTHOM
WIH HeCKOBKUX Tpon3BobHBIX ®AJ] or mensiero gucaa BIL.
[Tpu sTom Tpebyercs, 9TO0OBI ABOUUHBIN JIOTAPU(M TUCIE TEX
cucrem PAJL) x peasr3anuy KOTOPHIX CBOJINTCS PEATH3AIAS
®AJI u3 Q(n), 6b1 acumnrornaecku pasen log |Q(n)|, a
CJI0KHOCTE BeroMorarenbubix @AJI, obecrieunBaronux gaHHOe
cBeJieHne, ObLTa ObI CYIIECTBEHHO MeHbIIe npasoit actu (5.7).
AnanoruunsiM obpazom obcrout geqo ¢ kaaccom KC.



BospMmenm B kagecTBe mpuMepa BBeZeHHbIN B §4 kiacc PAJI Q,
cocrosmuii u3 Becex @AJI, cummerpuuHbIx o mepBbiM AByM BII,
U JIOKAXKEM, UTO

3 2"
L€ (Q < 2.2
em)<3-Z,
TO €CTh, ¢ yueroM (4.22), yCTaHOBUM JIJIsT HETO

acumnroruky (5.7) Buga



HeiicrBurensio, pazmarag PAJL f (x1,...,z,) w3 Q(n) mo BII
I, T2, HOJYYIUM

f ($17 x27$/) = \/ x(lfla;?fm,@ (:IZ/) ) (5.8)

(01,02)€B?

rae ¥’ = (23,...,%n) B fo,.00 (%) = fo,.00 (01,02, 2"), mpuuenm
for = fio B cmny cummerpuaroctn ®AJT f mo BIL z1, xs.
Uckomasa COD ¥y peamuzyer PAJI f B coorsercreun ¢ (5.8) n
umeer Bug Xy = X" (¥), rge ¥ — mynsruniexcopuas CPD
nopsaka 2 ot aapecusix BII z1, xo, a C® ¥/ or BII 2
peanusyeT acuMnToTrdeckn HamaydrmM criocobom PAJL fyq,
for = fio u f11 or BII 2’. Jlerko BujeTh, 9T0O CJA0XKHOCTD

n
HOCTPOEHHOM CXeMbl Y ¢ aCUMITOTHYECKH He DOJIbIIe, YeM 7 - %

e



§ 6. PeryngapHble pa3bueHus e JUHUYIHOTO Kyba u
MozeanpoBaHne (PYHKINII ITIepeMEeHHBIMHI.
A cyuMOTOTHYECKN HAWIYYHINII METOJ, CHHTE3a
dopmyn B 6asuce {&,V,—}



Muozkectso §, 0 C BY, HAa3LIBACTCS M -PELYAADHIM
MHO)KecTBOM Habopos Kyba B?, ecim m < ¢, |[0] = 2™ u Bce
npedukcst! amHbL M HAG0POB U3 § PABIMUHBL 3AMETUM, YTO
M-pEryasapHoOMy MHOXKecTBY 6, 0 C BY, MOXKHO B3aMHO
ogaO3HATHO comocTaBuTh cucreMmy PAJT ¢ = (Y1, ..., Yg—m) u3
PJ™ (m) rak, aro mabop a = (f,7), rne S € B™ u y€ BT™™,
MPUHAJIEKUAT § TOTJA U TOJBKO TOraa, Korga ¥ (B) = .
Bamerum Taxke, aro mwbas PAJl g, g € Py (q), coBmamaer Ha
m-peryaspHoM MHOKecTBe Habopos 6, d C BY, ¢ HeKoTOpOik
DAJI uz P (m), ecnn paccmarpusarh Pa (m) Kak MHOXKECTBO
Becex PAJI uz P (q) ¢ necymecrsenusivu BIT zp,41,. .., 24.
[pu srom mobas @AJI w3 cea3amuoit ¢ § cucTeMbl DYyHKITHIH
coBmagaer na & ¢ coorsercrByiomeit BII kyba BY.

! st cosa (mabopa) « Buma o = By ciaoso B () cumraercs ero
npedurcom (COOTBETCTBEHHO cyPPurcom).



s mabopos = (B1,...,0¢) 1 o= (ai,...,0y) depe3s B D«
Oymem oboznagaTh Habop Buga (B1 @ o, ..., 0y @ ag). duoa
MHOXKecTBa 0, 0 C B?, mw nabopa «, o € B?, onpenennm
MHOKEeCTBO 0 P @ KaK MHOXKECTBO PA3JMYHBIX HAOOPOB BUIA
B®a, e B E€J, TO €CTh MHOKECTBO, MOJIYUAIOIIEECs U3
MHOYKECTBa O CIABUIOM ([apaJslieJbHBIM TEPEHOCOM) Ha HAbGOp
. 3aMeTuM, UTO JIJI M-PEryaspHOro MHOXKecTBa 0, 0 C BY un
Ji06oro Habopa «, a € B?, MHOXKeCTBO § P (v TaKKe ABJIAeTCs
m-peryaspabiM. Eciu mpu stom v (a) < 297 10 ecTh

a=(0,...,0,7),
~——
m
rae v = (Y1,...,Yg—m) 4 v (7) = v (a), a MHOXKeCTBO HAGOPOB §
coorsercrsyer cucreMe PAJI g = (g1,...,gq—m), TO MHOKECTBO
HabopoB & B a Oyzer coorBercTBOBaTH cucTteme MAJI
(91 B Y15- -5 9g—m D Yg—m), HOTYHAIOMIEHCS U3 CUCTEMEL

WHBEPTUpOBaHmeM HEKOTOPhIXx OAJI.



Besikoe pazouenune A = (dy,...,004-m) Oysmena kyba B? Ha
M-PEryJIsipHbIE MHOXKECTBA 01, ..., 0gg—m HAZBIBAETCS
m-pe2ysaproim pasbuenuem Kyba BY.

Laa A066iT HAMYPAADHUET M, X U ¢ =M + X U dasa 4106070
cucmemvr PAJI g = (g1,...,9x) us Ps(m) cywecmeyem
m-peayaapnoe pazbuenue A = (01,...,09-m) Kyba BT maxoe,
umo aobas PAJI g; na w060t xomnonenwme 0; cosnadaem aubo
¢ 00noti us BII Ty y1,...,24, Aubo ¢ €€ ompuyaruem.




JlokazareabcTBO

[Tycts 6 = 01 — m-peryasipHOe MHOYXKECTBO, COOTBETCTBYIOIIEE
cucreme PAJL g = (g1,...,9)), 1 uycrb §; = 01 D a, Ta€e

v(a) =i —1, nas Beex 4, i = 1,...,297™. I3 nocrpoennst
cucremMbl MHOKECTB A = (01, ..., 09g—m) CJEILYeT, 9To KaxK10e
n3 HUX 06J1a71aeT TpeOyeMbIM CBORCTBAMMY, CBSI3AHHBIMY C
mogeruposanneM ®AJI u3 g ¢ momommpio BII.




HpO,ZLOII}KeHHe JTOKa3aTeJIbCTBa

[lokazkem Temepb, uro A — mokpeiTHe Kyda BY. Ilns storo
BO3bMEM IIPOM3BO/BHBINA Habop w3 BY sumxa (5,7), rae § € B™
u v € B a mo Hemy HaiiieM B MHOXKecTBe 0 Habop BHUIA
(8,7), KOTOPBIit UMeeTCcsd B § B CHUILy M-PETyISPHOCTH 3TOTO
MuOxkecTBa. CieaoBaTe/bHo,

(B,7) =(B,7)@(0,...,0,7 D7) = (8,7) ® a,

m

rae v(a) < 277", Takum obpasom, cucrema A obpazyer
OKphITHE Kyba BY.




[Tpomomkerne TO0KA3aTETHCTBA

C 7pyroit CTOPOHBI, W3 M-PETYAIPHOCTH § CIEIYeT
M-PETYJISIPHOCTE JIOOOTO U3 MHOXKECTB 05, ¢ = 1,...,297™ n

IIO3TOMY
ap=ie

D 18| =2mer™ = 21,
=1

CrenoBarenbro, cucrema A obpasyer pazbuenne kKyba BY.
JlemMMa moKazaHa. 1




[Ipumennm Texuuky mogenupoanns ®AJI mepeMeHHBIME J7TsT
cuHTe3a POPMYJ B CTAHZAPTHOM basuce.

Teopema 6.1

Las moboti PAJT f, f € Po(n), 6 U cywecmeyem
peasusyrowan ee opmyaa Iy, 0asa Komopod

2" 2logl 1
< 1 4 2log ogn + O(1) ' (6.1)
logn logn

L (Fy)

v




JoKa3aTeabCTBO

[Iycts HATYypa bHBIE TAPAMETPHL M, S U P YIOBIETBOPSIOT
COOTHOIIIEHUAM
2m

IS p:[sy m+p-2° < n,

a G — crangaprHoe A YM mnopsaka m U BBICOTBI S, JJIs
koroporo |G| = A < p-2° (em. §5). Ilycrs, namee, ¢ = m+ A\ u,
ceioBaTesibHO, ¢ < My a A = (01,...,09x) — M-PErYISIPHOE
pasbuenue kyba BY, mosydennoe 1o Jjemme 6.1 s cucreMbl

DATT C.




[Tpomomkenne m0Ka3aTEIHCTBA,

[Monoxkum 2’ = (x1,...,2q) U 3aMETUM, YTO HPOU3BO/IbHAS
®AJL h, h € Py(q), 5a moboit kommonenTe &;, i € [1,2%],

CHJTy €e M -Pery/sipHOCTH COBNajaer ¢ nekoropoit AJI

h(ml, .eyTp). [pu sarom OAJI h pasra mmsbroEKIUE p DAJI
u3 ﬂyM G, KaxKJad U3 KOTOPBIX B CHJIy JeMMEI 6.1 coBmagaer
Ha 0; ¢ Oyksoit oguoit u3 BII x,,41,...,2,. CregoBaTensno,
DAJI h cosmamaer Ha 0; ¢ D/ panra p ot ykazauueix BII.




[Tpomomkerne O0KA3aTETHCTBA

Hna ®ATT f(z) uz Py (n), tne = (1,...,%y),

" = (Zg41,...,Tn) PACCMOTPHM €€ IPEICTABIECHHUE B BUIE

pE=m
- Ve (Va@m ) -
U/,:(Uq+1’~~-,0'n)
29—m
VA [ Ve 62
=1

0" =(0g+1,-,0n)

r,:e/c (2') — xapakrepucruueckas ®AJI muoxecrsa 0;,
i

i=1,...,297 asnemenrapuas auzbooskus (D) Jon; (x)
paHra p or BH Tm+1,- - -, Tq, coBuaaer Ha 0; ¢ PAJI

fo’” (x/) — f (ﬂ?l, 0.//)‘




[Tponoskenne T0Ka3aTENBCTBA,

[Mocrpoum mnst DAJL f na ocrose (6.2) dbopmyny F rc
IMOOAHATHIMUA OTPUIHAHUAMM, KOTOPad UMeeT BU/JT

E}Cf = \/ Q[i(x,>3rn—q <$”7 Jﬁ,z” °ecog JTJ) ’
=1

rae Fn_q (@, 90, ..., Ygn—q_1) — Becroeropras 1o

undopmaruonabiM BIL dopmyna uz semmer 2.3, peanusyrorast

DAL pn—q, a Az, i € [1,2Y], — corepmenmag JTHO OAJI 7
(2




[Tponoskenne T0Ka3aTENBCTBA,

Ilycrs, nanee, dopmyna Fy nonyugaercs us gpopmynant Fr
ontumuzanue D/ mo UMCIy OTPUIAHNI, TO €CTh 3aMEHOIT

kax ol L Jyun; Bupa xj V-V, VI, V- VI, e

t < p, dopmynoit Jou; Buma xj V-V i, V(T T,) -
Bamerum, uto unciao ®D — Bo Beex dopmymax Az, i € [1,2Y],
PaBHO II0JIOBMHE WX CyMMAapHOI'0 paHra, 9To B KazK/I0i dopmyte

BUIA Jor; uMeercst oqud @D -, u HaOMHEM (cM. JemMy 2.3),
910 R(Fp—q) <3-2" 9 u L (Fp_g) <279




[Tpomomkerne mOKA3aTETHCTBA

CuoreoBarensho, B cury JieMMbl 2.1 TaaBsr 2,
Loy (F7) < 207™ (- 2™ + (p— 1)2771 4 3. 2779)
Lo (Ff) <g-207 1 4 2n7m p2n7m
Buibupas 3navennsa mapaMerpoB m u S TaK, 9TO
m = |3loglogn| — 1, s = |logn —2loglogn| — 1,

U TOJICTABJIsAs 3TH 3HadeHus B (6.3), (6.4), noryunm
HEPABEHCTBO

L(Fy) < 2" +0 <2n> )

= logn — 2loglogn log?n

U3 KOTOPOIO [I/Isi ClIozKHOCTH popmyibl Fp crejlyer oreHka
(6.1). Teopema moxazaHa.

(6.3)

(6.4)

™ = =




Hs (6.1) ¢ yuemom HUNCHUT OUEHOK CACOCTNEUS U3
meopemuvt 4.1 svimeraem, wmo
2'ﬂ

L%( .

logn




Ecym npu nmocrpoenun dpopmyn Fy u Fy Bmecto mogadopayin:
Fn—q (@, Y0, ..., Ygn—q_1) U3 JeMMBI 2.3 B3Tb SKBHBAJICHTHYIO,
HO 60JIee ONTUMAJBHYIO [0 aJbTEPHUPOBAHUIO (POPMYJTYy OT TEX
ke BIT (410 BBINOAHUMO), & K [OJIy4eHHO! B Pe3y/Ibrare
opmyste TIPUMEHHTH ONTUMH3AIIIO 110 TayOuHe (Teopema 2.1
IJIaBHI 2), TO MOCTPOEHHAs yKazaHHbIM criocobom mast DAJT f
dbopmyra T Gyner nomumo (6.1) yuosiersopsaTs TaKKe
HEPABEHCTBY

D(Ff) < n —loglogn + O(1),

W3 KOTOPOTO C YYETOM HUXKHUX OTIEHOK CJIEICTBUS TeopeMbl 4.1,
BBITEKAET, YTO

D(n) =n —loglogn + O(1).




§ 7. ACHUMOTOTHYECKN HAWJIy4INuii METOJZ CHHTE3a
KOHTAKTHBIX CXE€M



Bamerum cHadasga, 9YTo ACUMIITOTHYECKH HAMIYIIIHH MeTOo
cuareza CO uz §5 He3 CyIecTBEHHBIX U3MEHEHU TePEHOCUTCS
Ha KJlace KoHTakTHO-BeHTHIbHbIX cxem (KBC), B koropbix
HApsAIy ¢ KOHTaKTaMH MOXKHO HCIIOJB30BATh «BEHTHIN», TO €CTh
OpHEeHTHPOBAHHBIE pebpa, TTPOBOIATINE TOJBKO B HATIPABICHUN
cBoeit opuenTanun. eiicturensHo, 1ra moboit PAJL f,

[ € Py (n), peammsyiomasg ee (1,1)-KBC ¥y moxer 6bITH
HOJIydeHa Ha OCHOBe pasznoxkenus (3.4) rax xe, kak n COD X
u3 TeopeMbl 5.1. OHa SBISIETCS PE3yTBTATOM KOPPEKTHOMN
cymeprozuin (cm. §9 tmassr 2) Buga Xy = X" (X), rae ¥ —
(2", 1)-KJI or BIT 2" a (1,2"%)-KBC X' peanusyer
cucremy Bcex ®AJI suna fyr (2'), o” € B" 9.



IIpu arom cxema Y HMO-IpesKHEMY COJAEPKUT B KauecTBe
nogexembr (1, A)-KC X, peanusytonyto cucremy PAJI G na
ocuose jieMMbl 1.2, u peanuzyer kaxayio ®AJI g (2') Tuna

for (2') ma ocuoBe ee mpegcrapaenus (5.1) B Buje MU3BIOHKIAN
g=g1 V-V gy C TOMOIIBIO MPUCOETUHEHNsT BXOJI0B
BEHTUJILHO 3BE3/IbI HOPSAIKA P K COOTBETCTBYIOIIUM BBIXOIAM
KC X (cm. puc. 7.1a), KOTOpoe siBJIF€TCST KOPPEKTHOM
cynepriozutmeit. CiaoxkuocTs mocrpoennoit KBC D ¢ IIpU TexX Ke
3HAYEHUSIX [TAPAMETPOB, 4TO U B TeopeMme 5.1, 6ymer
yZ0BJIETBOPATH HepaBeHCTBY (5.5).



Puc. 7.1: Koppekrnas peanusarusa au3biokima PAJI ¢, ..., g, B
kiaccax KBC u TKC



Hanomanwm, aro B cuay cuerudukn cranpapraoro JIYM G
BMecTo ipescrasiaenus (5.1) ars @AJI g MOXKHO MCIIOTB30BATH
sxBuBasenTHoe (5.1) mpeacrasaenue (5.2) Buaa

g=vY1-g1 V-V gp (7.1)

1 Ha ero ocHoBe peann3oBarh PAJl g ¢ mOMONIIBIO KOPPEKTHOM
CYIEPIIO3NTUU T.H. UTEPATUBHO-KOHTAKTHBIX CXEM, IOKa3aHHOM
Ha puc. 7.1b, rme ®AJI 91,. .., 1), yIpaBIAIOT TPOBOIUMOCTEIO
COOTBETCTBYIOIIINX KOHTAKTOB. ACI/IMHTOTI/I‘{GCKI/I HaI/IJ'[yLI]_HI/Iﬁ
meron cunaresa KC cBsi3aH ¢ «MOJePOBaHUEM > ITOM
CYTIEPIIO3UIINU U mpe/icTaByienns (7.1) Ha KOMIOHEHTaX
HMOIXOAATIEr0 M -PeryasapHoro pazbuenns Kyba B TP,



Ty T T | | | e | W,
0o -0 0 110 0
0o -~ 0 1 110 0
T N N
1] 0 0
1 0
01 0
o : 5
0] 1 0
0] 0 1
0] 0 1
Tp : :
1 1 1 0] 0 1
a) b)

Puc. 7.2: m-perynsproe MHOXKECTBO 0 U CBA3aHHAS C HUM
cyneprosunust KC



[IycTh & — m-peryispHoe MHOKECTBO HABOPOB Kyba B™TP
coorBercrByiomee cucreme PAJL 1 = (¢Pq,...,1p)
(cm. puc. 7.2a), a A = (d1,...,090) — HOCTPOEHHOE /I HEE TIO
nemme 6.1 pazbuenue Kyba B™1P. 3amernum, uro mobag OAJI
g, g € Py (m + p), na mo60if KOMIOHEHTE 9TOT0 Pa3OMEeHNsT BU/IA
) b «, rae

a=(0,...,0,mt1, -, Cmtp)s

——

m

cosmagaer ¢ OAJI



ITpw stom ®AJI § MoxkeT OBITH peaJ30BaHa B PE3YIbTATE
onepanuu NPUCOCIMHEHNS 3BE3/1bl 13 KOHTAKTOB BHUJA

zph ,azs{'jr;” k Beixogam (1,A)-KC Xg, peamusyomeit

cucremy OAJI 8, TaK, KaK 9TO MOKA3aHO Ha puc. 7.2b.
3aMeTnM TaKKe, UITO YKA3AHHAsT OMEPaIlist CYMepPITO3UIIH
SIBJSIETCS KOPPEKTHOM Ha MHO2KeCcTBe HAbOpOB dPas CIIY
paszeuTebHOCTH pucoeuasieMoii (p, 1)-KC Ha srom
MHOXKECTBE.

as mobota PAJL f, f € Py(n), cywecmseyem pearusyrowas ee
KC Xy maxas, wmo

L(E)) < % <1 +0 <\/1%>> (7.3)




JTokazaTeaLCTBO

[Iycrs ¢ =m +p, a A= (01,...,09) — ONUCAHHOE BBHIIIE
paszbuenne kyba BY, ¢ momorisio Kotoporo @AJI f MoxHO
MPEJCTABUTH B BUIE

2P
P =VEE) Vg @)
i=1 0""=(0g4+1,-,0n)
(7.4)
rge/c. — xapakrepuctuueckas OAJI §;, a B kagecrse OAJI
(]

fori mpu Beex o ,0” € B" 9, u i, i € [1,2P], 6epercss DAJI
Gor i Buga (7.2), copnanawomasn ¢ PAJL for (¢') Ha xKommonenre

0;i=0D .




[Tponoskenne T0Ka3aTENBCTBA,

[Tycts g — (1,A)-KC, xoropas peamusyer cucremy DAJT 8
o ux copepinenHbiM JTH® Ha 0CHOBE KOHTAKTHOTO JepeBa (CM.
aemmy 1.2 u onenky (1.2)). dasg kaxgoro i, ¢ =1,...,2P,
nocrpoum (1,277 7)-KC X (cum. puc. 7.3a), KoTopast COAepKuUT
KC X¥¢ B xauecTBe nofacxemsl n peannsyer Kaxayio OAJL gy ;
Buga (7.2) ¢ mMOMOIBIO KOPPEKTHOM Ha MHOXKECTBE HAOOPOB 0;
cyneprio3uiuu, mokazanuoi na pucyuke 7.2b. Ilycrs, nanee,
(1,27=™)-KC ¥ nosydaercst B pe3ysbTaTe OTOXKJIECTBIIEHMsI
BXx0/10B y nocrpoentsix soime KC Y, i € [1,2P], u peanusyer
cucremy u3 Bcex PAJI sunma §o»;, tne o” € B9, i € [1,2P].




[Tpogokerue TO0Ka3aTETHCTBA

BaMeTI/IM, YTO IIPU 3TOM BBIIIOJTHAIOTCA HEPABECHCTBA

L(Zg) < A2mt)
L(Z) <L(Zg)+p2"7Y,
L (%) <p2"™™ 4 X201, (7.5)

[MocTpoum, HAKOHET, Pa3aeuTe by o Bxogam (27~ 1)-KC
¥ koropas peanmsyer crosben n3 Bcex PAJI Buga

/C‘ (a) - mgfll cexfn orne i€ [1,2P] m
1
o’ = (0g+1,...,0n) € B9,




[Tpomomkerne mO0KA3aTETHCTBA

Ota KC moxyaaercd B pesyiabrare obbeaunerns 2P cxem Tuma
(2", 1)-KJI or BII 2", K BBIX0aM KOTOPBIX MPUCOETAHEHDI
Bxogel (2P, 1)-KC, peanusyrorueit cronber; nz GAJI /C,,

i € [1,2P], u nonygaromeiicst 3 (2%,1)-KJI or BIT 2/ 5
pe3yJIbTaTe COOTBETCTBYIOIIETO OTOXKIECTBJICHUS BXOIOB (CM.
puc. 7.3b). Jlerko Bujers, 9T0 mpH ITOM

L (E”) < 2q+1 i 2n—m+1‘ (76)




Ei
I

:i
I

N———
S

1 Z”

a) b)

Puc. 7.3: k nokazarenbcrBy Teopemsbr 7.1



[Tponoskenne T0Ka3aTENBCTBA

Uckomaa KC Xy aBngercs pesynbTaToM KOPPEKTHOM CTHIKOBKH
suga Xy = X" (X'), nomydentoii B pesynbrare IpUCOeINHEHNS
sxon08 KC Y x seixogam KC ¥/ B cooTsercTsum ¢
npescTaBierneM (7.4), CI0XKHOCTB KOTOPOif, B cuity (7.5)—(7.6),
Y/JIOBJIETBOPSIET HEPABEHCTBY

L(Zp) < (p+2)2"7™+ (A+1)207




[Tpogokerue T0Ka3aTETHCTBA

U3 sToro mepasencrsa a1 m = |3logn| n s = [n—2y/n],
IIPU KOTOPBIX JJisl BCEX N, HAYWHAS C HEKOTOPOTO N,
BBITIOTHEHBI yCaoBus § < 2" p = [%] ng=m-+p<n
BBITEKAET HePaBeHCTBO (7.3) [uIst CIIOKHOCTH X f, TaK KAK JJIs

BCEX M, HAYUHAS C HEKOTOPOI'O 7], BEPHO:

o o 1
P g 2 g == i@ — .
(p+2) s n ( - (ﬁ))

92m-+s+p+3

A+ 1)20 g p2s.omiPt2 ¢ 2 <
S

256 2n—f—‘r3logn =O< 2" >
s ny/n

Teopema noka3aHa.




Hs (7.3) ¢ yuemom nuoicned oyenku (4.13) swmeraem, wmo




3amMedanue

[ocrpoennyio KC X MoxHO pa3buTh Ha He 6osee, deMm

n
Ap-2P 427 L (N4 1)2¢T = O <2>
ny/n

«BBE3/», KaxK/Jad N3 KOTOPHIX COCTOUT M3 KOHTAKTOB OJHOTO 1
TOT'O 2K€ THIIa. Z[.HS[ 9TOr0 JOCTATOYHO KOHTAKTBI BCEX 3BE3/1,
ITOKA3aHHBIX HA puc. 7.2b, mepepacupenennTb B 3BE3bI U3
OJHOTUITHBIX KOHTAKTOB, «IECHTPAMMN» KOTOPBIX ABJIAIOTCA
BBIXOJBI TIOACXeM L cxeM X, ¢ =1,...,297™  a mo6oii u3
ocranbHbIX KoHTakToB KC X cunTaTh oTAeIbHOM 3BE3101.




§ 8. CuHTE3 cxeM JJid KOHTAKTHBIX Jeliundparopos



Jaa n=1,2,3,... 66iNOAHANOMCA HEPABEHCMBA
2n
X (Zﬁn) <2"+0 () : (8.1)
n
27’L
X (7n) <2140 <> . (8.2)

n




JlokazaTeabCTBO

Bribepem mapamerpnl m, ¢ u A Tak, 9TO
A=2"" g=m+X u qg<n,

a 3aTeM PACCMOTPHUM M -PEryJIspPHOE MHOXKECTBO HaDOPOB 01
ky6a B? or BII 2’ = (z1,...,%4), cBs3anHoe ¢ cucreMoii AJI
5m (z1,...,Tm), KOTOPas cocrout u3 Beex DK Buma

. x"m rae v(o1,...,0m) =75 —1, 5 €1, A




[Tpogokerue T0Ka3aTETHCTBA

[TocTtpoum mjist 9T0# cucTembl o gemme 6.1 pa3duerne
A = (d1,...,000-m) Kyba BY u 3amernM, aTo mr0bas K
g,

K(z') =a{" - x4?, rne o’ = (01,...,04) € 0;, coBuagaer Ha
MHOYXKeCTBe 0; ¢ om0l n3 DK cucrembr am, TO €CTH COBIAET

@ (a5 .
Ha HEM C OyKBOIt ;7 e m+ 1< jr <q, ayr € B. 3amernwm,
YTO B CHJIy YKA3aHHBIX BBHIMIE CBOHCTB pazbmenus A mobas DK
K=a7"-- 29" tme o' = (01,...,04) € &, 1 <i <2}, moxer
OBITH [IPEICTABJICHA B BUIE

K = x(a') - 257 - Kon(z"), (8.3)

tae ' = (zg+1,...,2n), 0" = (0g+1,-..,0n)-




[Tpomomkenne g0Ka3aTEIBCTBA,

Iycrs, nasee, (1,2%)-KC X' peanusyer crpoky uz @AJI
X = (X1,-- 1 Xon), tae xi(z') — xapaxrepucruaeckas AT
MHOXKeCTBa 0;, 1 € [1, 2*] , ¥ TIOJIYYaeTCs B PE3yJIbTaTe

OTOK/IECTBJICHHA BXOJIOB y cxXeM X, ..., Y, , rae m-cxema X

77?
i € [1,2"], noctpoena no nemme 1.2 aas ®AJI y;, asadercs
KKC cioxkuocru ne Gosee yem ¢2", mpudeM BBIXOLOM X
cunraercs Kopenb coorsercraytomero KJI (em. puc. 8.1).
Nckomas (1,2")-KC E%&) peanmzyer kaxayio 9K w3 @, B
coorsercTBun ¢ (8.3), nmeer Buj, nokaszaHubiii Ha puc. 8.1, u

asagerca KKC.




Tm42-

T4 pgn—m _q

Puc. 8.1: k moKa3aTeabCcTBY JTeMMBI 8.1



[Tponoskenne T0Ka3aTENBCTBA,

[Tonaras
m = [logn] — 2,

TMOJIYIUM, 9TO

)\ZQmSg, g=m+ A< n.

- &
[Ipu 3roMm cioxHOCTH ocTpoeruoi (1,2™)-KC E% ),
SIBIISAFOIIENCST KOHTAKTHBIM JeTTndPaTopoM TOPSIaKa N,
YJIOBJIETBOPSIET HEPABEHCTBAM:

n

L (z;&>) L A2TTM g onmHL 4 094 L oM 4 O (

W3 KOTOPBIX BBITEKAET HEPABEHCTBO 8.1.

2
n )




[Tponoskenne T0Ka3aTENBCTBA,

v
Nckomas (1,2")-KC E% ), ABJAOIMIAACH N3 HIOHKTHBHBIM
KOHTAKTHBIM JIemndPaTOPOM MOPSAJIKA, 1, CIOKHOCTH KOTOPOTO
YZOBJIETBOPSIET OTIeHKE (8.2), MoIydIaeTcs B pe3ybrare

& .,
nepexoga or KKC 22 Kk masepcuoit KKC B coorBercrBum c
gemmoit 10.1 raBel 2.
JleMMa TOKA3aHA.

Ouenkn gemmbl 8.1 u ciaeacreus u3 jgemm 2.2 u 2.5 garor
CJIeIYIOIe aCUMITOTUIECKIE PABEHCTBA.
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