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BBenenue

Kypc «OcnoBbl kubepuerukus» (panee «DjeMeHTHl Kubep-
HETUKW» ), CO3JaTeJIeM W OCHOBHBIM JIEKTOPOM KOTOPOIO OBLI
wr.-kopp. PAH C.B. fd6yonckuit, ynraercst Ha ¢aky/jabreTe
BMK MI'Y c nepBbIX JIeT ero cyIecTBoBanus. B macrosIee
BpeMsi OH YuTaeTcs B 6—8 ceMecTpax U sABJIsieTCst 00I3aTeIbHBIM
JUIsT BeeX 6akasiaBpoB (MHTErPUPOBAHHBIX MATMCTPOB) HAILIPDAB-
sgenus 01400 — «IIpukragnas maremMaTuka u UHOOPMATUKAY.
[Ipu sTOoM 006bEM U, B HEKOTOPOH CTEleHH, IIpOrpaMMa Kypca
«OCHOBBI KHOEPDHETUKI» BAPBUPYIOTCS B 3aBUCUMOCTH OT IIPO-
st

Kypc «OcHoBBI KHOEPHETUKI» TTOCBSIIEH M3JIO2KEHUIO TEO-
PUU JUCKPETHBIX YIIPABJIAIOIINX CUCTEM, KOTOPas IPeICTaBIs-
erT coboil YacTh NMCKPETHONH MaTEMATUKA W MATEMATHIECKOI
kubepueruku. B Heil pazpabaTbiBAIOTCS U U3y YIAIOTCS JTUCKPET-
HbIE MaTEeMaTUYEeCKUEe MOJIEJIH, OIUCHIBAIOIE (PYHKIIMOHIPO-
BaHWE U CTPYKTYPY CJIOXKHBIX CHUCTEM IIpeodpa3oBaHust HHQPOP-
Maryy (MHTErpaJbHBIX CXeM, IIPOrPaMM U T.1I.). B ocHOBe 9THX
MOJIeJIEH JIeYKAT PA3JIUIHbIE CIIOCOOBI 3a/IaHusT (PYHKITMOHUPOBa-
HUs YIPABJIAIONINX CUCTEM C IOMOIIBIO JUCKPETHBIX (DYHKITHIT
U UX CTPYKTYPHAs PeAJM3alis B TeX WJIM WHBIX KJIACCax Ipa-
dos (kraccax cxem). [Ipu ucciieoBaHIN yIIPABIISIONUX CUCTEM
CTaBATCS U PEIIAIOTCS JIBE OCHOBHBIE 3aJIa49d: 3a/[a1a aHAII3a
7 331298 CUHTE3A.

Bajiavua aHaan3a COCTOUT B HAXOXKJIEHUHM (PYHKIIMOHUPOBA-
HUS JAHHOW CXEMBI, a 3aJia4da CUHTE3a — B IMIOCTPOCHUU CXEMBbI,
umeroIneit (peasm3yioneii) 3a1anH0¢e GyHKIoHnpoBanme. Kax-
Jasi U3 9TUX 3aJad MOXKET PACCMaTPUBATBLCS JIMOO KaK WHJIM-
BUJIyaJIbHAs 3aJia9a, U TOTJA €€ PelleHneM SBJISAeTCH KOHKPeT-
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Hoe (DYHKIMOHMpOBaHue (cxema), Jimbo KaK MaccoBas 3ajada,
U TOTJa €e PeNIeHHEM JIOJI?KeH OBITh AJIPOPUTM HAXOXKJIEHUSI
dyukmonnpoBanust (cxembl). 3aada CHHTE3a UMEET, Kak Ipa-
BHUJIO, MHOYKECTBO PEIEHU, U3 KOTOPBLIX BLIOMPAIOT PEIleHHE,
ONTUMAJILHOE II0 KAKOMY-JIMOO KpHUTEpHIo. Jalle BCero B Ka-
YeCTBE TAKOT'O KPUTEPHS BBICTYIAET CJIOXKHOCTH CXEMBbI, IIOHU-
MaeMasl KaK CyMMa CJIOXKHOCTEH COCTaBJISIIOIIUX €€ 3JIEMEHTOB
WIN 33JIeprKKa CXEeMbl, ITOHUMaeMasl KaK MaKCHUMaJbHas CyM-
Ma 3aJIepXKeK JJIsl TOCIe0OBATeIbHO COEIMHEHHBIX 3JIEMEHTOB
CXEMEL.

C comeprkaTe/IbHON TOYKHU 3pEHUsT PA3INIHbIE KDUTEPUH OIl-
TUMaJIbHOCTH OTPAaKaIOT pas3jIMdHble IapaMeTPbl MOJIEJIMpye-
MBIX 9JIEKTPOHHBIX CXEM HJIM IIporpaMM. Tak, HallpuMep, CJI0¥XK-
HOCTH MOYKET XapaKTEPU30BATh CTOMMOCTDH, Pa3Mepbl WM II0-
Tpebisiemyto momtHocTs CBUC, a Tak:ke BpeMsi BBITIOJHEHUSI
IIporpaMMBbl Ha OJIHOM Iiporeccope. Ilpu sToM 3a1epKKa cXeMbl
xapakTepusyer BpeMmsi cpabarbiBanuss CBUC wuiu Bpemsi BbI-
[TOJTHEHMST IIPOTPaMMBI Ha IapaJjljleIbHBIX [IPOIEccopax M T. II.

Ecin 3amaua cunTe3a perieHa B OJHON MOJEIHN, MOXKHO IIbI-
TaThCsA MMEPEHECTH TO PEIleHne B JPYTrhe MOJEJH C IIOMOIIHIO
CTPYKTYPHOI'O MOJIeJIpoBaHusi. Kpome TOro, IMOJIydeHHOe pe-
[IEHHEe MOXKHO <«V/IYUIIATB» C IOMOIIBIO SKBHUBAJEHTHBIX IIpe-
obpaszoanwuit. C Ipyroit CTOPOHBI, ec/in 3a/1a9a CHHTE3a PEeIleHa
TSt OHUX (DYHKITHI, MOYKHO IIBITATHCS «Pas3buThy (JIEKOMIIO3H-
pOBaTh) HOBYIO (DYHKITMIO HA Y2KE PACCMOTPEHHbIE U TIOCTPOUTH
13 CHHTE3UPOBAHHBIX JIJIsT HUX CXEM CXeMY JIJIsl HOBOM (DYHKITII
C IIOMOIIIBIO OIIEPAIINK CYIIEPIIO3UIINML.

VKazaHHBIE BBIIIE 331491 PACCMATPUBAIOTCS B JIEKITUSX JIJIsT
BCEX OCHOBHBIX KJIACCOB CXeM (M3 bIOHKTHBHBIE HOPMAJIbHBIE
dopmbl, GOpMysIBI 1 CXeMbl U3 (PYHKIINOHAJTBHBIX 3JIEMEHTOB,
KOHTAKTHBIE CXEMbI), a TAK¥Ke JJIsi HEKOTOPbIX MO ubuKaiuii
9THUX KJIACCOB.

[Teppast ryiaBa MOCBSIIEHA PA3IUIHBIM BOIIPOCAM IIPEJICTAB-
JleHus PyHKITUH aareOpbl JJOTUKH C ITOMOIIBIO TabJIUIT 1 U3 HIOH-
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KTUBHBIX HOPMAJIBHBIX (GOPM (MUHUMU3AIUS U3 bIOHKTHBHBIX
HOPMAaJIbHBIX (GOPM).

Bropast rmaBa cosepkut onucanue CTpyKTypbl U (DYHKITHO-
HUPOBAHUSA CXEM U3 OCHOBHBIX KJIACCOB YIIPABJISIONIAX CUCTEM,
a TaK)Ke M3 HEKOTOPBIX KJIACCOB, IPEJCTABJISIIONINX CODOH MX
obobimenus wim MoguduKanuu. B Hell ycTaHABINBAIOTCA BEPX-
HU€ OIEHKH YHCJ/Ia CXEM Pa3JIMYHBIX THUIIOB, PACCMATPUBAIOTCS
HEKOTOPBIE BOIIPOCHI UX CTPYKTYPHOI'O MOJIEJIUPOBAHUSI.

Bo BTOpOIit Ty1aBe n3yvyaroTcs TakXKe SKBUBAJICHTHBIE TTPEOD-
pa30BaHUs CXEM Ha OCHOBE TOXKJIECTB BO BCEX OCHOBHBIX KJIAC-
caxX yIpaBJsomux cucteM. i KaXk/10ro m3 HUX MPUBOIUTCS
CHUCTEMa «OCHOBHBIX» TOXKJIECTB, JJOKA3BIBACTCS IMOJIHOTA STO
CHUCTEMBI U U3YYaIOTCS BOIPOCHI €€ N30bITOUHOCTH.

B tperbeit ryraBe mojpobHO paccMaTpUBAETCS 3ajiava CHUH-
Te3a YIPAaBJISIONIX CUCTEM, & TaKXKe U3yJaloTCs 0CODEHHOCTH
[IPUMEHEHUsI ONEPAINU CYIEPIIO3UINI B PA3JIMIHBIX KJIACCAX
cxeM. B meit mpuBoauTCA 1IEJIBIH CIIEKTP METOIOB CHHTE3a CXEM
(oT TpOCTEHIINX 70 ACHMITOTHICCKN ONTUMAJIBHBIX ), yCTAHAB-
JINBAIOTCsI HU2KHIE MOIITHOCTHBIE oneHKn (pyHukiuit [Ilennona u
OTIEHKHM CJIOZKHOCTHU Ps1a KOHKPETHBIX (PYHKIN, JIOKA3bIBAETCS
MUHUMAJBHOCTh HEKOTOPBIX CXEM.

B dgerBepToit ritaBe mpecTaBieHbl HEKOTOPBIE BOIIPOCHI Ha~
JIEZKHOCTH U KOHTPOJIsi CXeM (IIOCTPOEHUE TeCTB JJIst TabJINIL,
CHHTE3 CAMOKOPPEKTUPYIOIIUXCSI KOHTAKTHBIX CXEM ).
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CuHTEe3 U CJIOXKHOCTbD YHPaBJ/JIAOIINX
cucremM

§1 3apaya cumHTe3a. MeToabl cMHTE3a cXeM Ha OC-
HoBe /IH® u cBaA3aHHbIE C HUMU BEPXHUE OIEH-
KW CJIOXKHOCTU (DYHKITHUIA.

B obmem Buze 3aja4a CUHTE3a COCTOUT B IIOCTPOEHUU IIO 3a-
JaHHOl cucTeMe (PYHKIUH peanu3yioneil ee CXeMbl, KOTOPas
IMPUHAJJIEXKUT 3aJJAHHOMY KJIACCYy M Ha KOTOPOW JOCTUTAETCS
MUHUMAJIbHOE 3HaYEHNE 3aJaHHOTO (PYHKITMOHAJIA, CJIOXKHOCTH.
YacTHBIM CIydaeM 9TOH 3a1a9u ABJISI€TCsT PACCMOTPEHHas B §7
rinaBbl 1 3ajada muanMusarun JIH®. Jlagum ocHOBHBIE OIpe-
JleJIeHNsI, CBSI3aHHBIE C 3aJ/adeil CHHTe3a CxXeM, U BBeJIeM HeoD-
XOTUMbIe 0DO3HAYEHMUSI.

IIycte U — ofuH U3 BBEJEHHBIX B TJIaBe 2 KJACCOB CXEM,
KOTOprf/i ABJIAETCA MOJIHBIM B TOM CMBICJIE, ITO KazKIAYIO CHU-
cremy OAJI F' MOXKHO peajim30BaTh HEKOTOPOI €ro cxeMoil 2,
a ¥ — kakoit-nbo (pyHKITMOHAJ CJIOXKHOCTH cxeM Kjacca U,
TO ecThb orobpazkenne U BO MHOXKECTBO HEOTPHUIATEIBHBIX Jeti-
CTBUTEJ/IbHBIX YHCEJI. Byﬂel\l CIUTaTh, 9TO (byHKI_[I/IOHaJI CJIOZK-
Hoct W 06s1a/1a€T CBOMCTBOM MOHOMOKHKOCTMU, TO ecTh W (X)) >
U (X), ecrm X,Y € U, u ¥ nomyvaercss uz X B pesysbrare
yAajenusi Bepiius mwin pebep (cp.c §7 1. 1). Bee BBesenubie B
raBe 2 pYHKIIUOHAJBI CJIO2KHOCTH 3TUM CBOMCTBOM 00JIAIAIOT.
Omupenennm caoxkuocts ¥ (F') cucremsr @AJI F' orHOCHTETIBHO
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dyuxnuonana ¥ B kiacce U Kak MUHUMAJIbHOE 3HAYEHUE BEJIU-
qunbl U (X)) Ha MHOXKecTBe Tex cxeM Y u3 U, KOTOpbIE Pean3y-
ot F. IIpu sTom cxema X, npunajjexaiias Kiaaccy U, kKoTopas
peanuzyer F' u jist koropoit ¥ (X) = W (F'), Ha3bIBAETCST MUHU-
Manorol cremol B Kiaacce U orHocuTebHO (yHKIMOHATA V.
B cuny monoToHHOCTH (yHKIMOHANA W, MUHUMAJbHAS CXEMa
BCerjia MOXKeT ObITh HaiijleHa CPeJid IPUBEJIEHHBIX CXEM.

Bemuauny W (F), B Tom ciryuae Korma dbyukiponan U cos-
najiaer ¢ BBeJIEHHBIM B TiiaBe 2 dyukiuonasom L (D, R, u . 1.),
By1eM Ha3bIBATD CA0HCHOCTIDI0 (COOTBETCTBEHHO 2AYO6UHOU, Pak-
2om, u T. 11.) cucmemv. PAJI F. Beenem dyHKImo

KOTOpasi, 00BIYHO, Ha3biBaeTCs PyHkyued [llennona dan xaac-
ca U omnocumenvro gynryuonasa caoocrocmu V. B naibHeii-
meM cJiokHOCTh cucteMbl @AJI F' oTHOCUTETBEHO (DYHKITHOHA-
ga U nyst 110600 U3 BBEIEHHBIX KJIACCOB BHUIA u% (Buga uA)
6yem obosnauath uepes Wa (F) (coorsercreenno WA (F)), a
dbyukiumo [llennona mjisg 3Toro kjacca orHocuTeibHo ¥ — de-
pes WA (n) (coorserctienno WA (n)). B 06o3Havennsax Kiaccos
ug, u%, a TaK2Ke CBI3aHHBIX C HUMU (DYHKIIMOHAJIOB CJIOYKHO-
cru n pyukmuit [llennona, umxauit nnaeke b suma By Oymew,
KaK OOBIYHO, OITyCKATh.

OTMeTnM HEKOTOPBIE TPOCTENIINE COOTHOIICHUST MEYK Ty BBE-
nenabivMu GyHKImMI. OueBuHO, UTO Jyis cioxHOocTeil W/ (F)
u V" (F) cucremsr PAJI F orHocuresnbHo dyuknnonana VU B
kinaccax cxem U u U’ cooTBETCTBEHHO BBINOJIHAETCS HEpaBeH-
CTBO

U(F) < T(F),
ecn U D U”. B wacTHOCTH,

VG (F) S TR (F),  UX(F) < U™ (F)
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u T. 1. JJoBOJIBLHO YacTo BLLIEIEHHUE IOIKJIACCOB U3 OCHOBHBIX
KJIACCOB CXEM IIPOMCXOJNT 38 CYET HAJOXKEHUS Pa3JIMIHBIX J10-
IOJIHATEIBHBIX CBOMCTB Ha pacCMATPHUBAEMBIE CXEMBI. B dgacr-
vocru, u3 Kiaacca KC swraensior m-cxembl, KC, obJrajarorime
CBOMCTBAMHU Pa3JeJUTEILHOCTH, U. T. II.

Bamernm, uro juist ciaoxkuoctu L (F) cucrembr PAJT F =
(f1,..., fm) B JIOOOM M3 PACCMATPUBAEMBIX KJIACCOB CXEM BbI-
MOJTHSIIOTCST HEPABEHCTBA

1T<niz>fnL(fi) SL(F) < ZL(f)z‘-

3Bajiaua cuHTE3a JOIyCKAeT TPUBUAJILHOE PEllleHne, CBA3aH-
HOE C HCIOJIL30BAHUEM IEPEOOPHOr0 aJropuT™Ma, KOTOPBIH, O/I-
HaKO, UMeeT OOJIBINYIO TPYA0EMKOCTh U HPAKTUYECKH He IHPU-
MeHuM, ecsu qucyio BIT 6osbmie 5.

Jnst peanuzanun npous3BosbHbIX PAJI n momydyenus: Bepx-
HUX OIEHOK UX CJIO2KHOCTH MOXKHO WCIOJIB30BATL APYTOH ITPO-
CTEHIMIA MeTOJT CUHTEe3a CXeM, OCHOBAHHBIA Ha MOJICJINPOBAHUN
coBepmennoit JIH®. Ha ocHOBe 3TOro MoJie TMpOBaHus, B JacT-
HOCTH, JIOKA3bIBAETCS CJIEIYIONIee YTBEPKIEHHE.

Jlemma 1.1. Jlas mobot yrryuu areebpo, nozury f (1, ..., Ty),
f # 0, cywecmeyrom gpopmyra Fy, Fy € U®, u m-cxema Xy,
Komopuie peasudyrom [ u das KOMOPwHT cnpasediuss, HEPaGeH-
cmea:

LE)<m-INf| -1, LE)<nNJ. (1)

CaencrBue 1. B cuay (1.1), ¢ ywemom moeo, wmo DPAJI 0
MOCHO PEAAUSOBATND T -CLTEMOT CAOHCHOCTU 2, a maKdce Pop-
myaoti us U, umerowetdi croocnocmo 2, 6binoanaomes mepa-
6eHCmBa

®(n) <n-2mt -1,
<n

<L
< L™ (n) <n-2m
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CnenctBue 2. B cuay caedcmeusa 1 u ¢ yuwémom caedcmeus 2
u3 meopemvt 2.1 2aa6b. 2 cNpasedsuso HEPaGEHCNEO

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

Crenyromiee yTBepKIeHIE JTOKA3BIBAETCST MOJIEINPOBAHIEM
cosepirennoit JJTH® ¢ ucnospb3oBanmeM KOHTAKTHOTO JIepeBa.

JIemma 1.2. Jlaa mobots QAJL f, f € Po(n) u f # 0, cy-
wecmeyrom w-crema Xy u popmyna Fp, Fy € U, xomopuie
peanrusyrom [ u das womopwix, napady c (1.1), cnpasediuco
MaKIICe HEPAGEHCTNEA:

L(Z) <2"+|Ng| =2, L(Fy) <2"™ +|Ny| -4
Lloxasamenvcmeo. B Kadectse Yp MOXKHO B3AThb T-CXEMY, KO-

Topast nosydaercs u3 (1,2")-K/I nmopsnka n or BIl zq,...,z,
(puc. 1.1) B pe3ysibrare CHITHs TE€X €rO BBIXOJIOB, IJI€ Peasin3y-

z, 200
In
i) ai
z1
T2 o1 on
1 o a; T xy
z1
T2
z, agn_2
n Seagn_q

Puc. 1.1: (1,2")-koHTaKTHOE JIEPEBO HOPSIJIKA T
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forcst DK, e Bxomsmue B coeprnennyio JJHD® @AJI f, orox-
JeCTBJICHUS OCTa/IbHBIX BbIx0J0B K/l m mepexoma K cOOTBET-
creytoreit mpuBesierHoi KC. Tak Kak npu yajeHnn BEPITUHBI
VAAJISAIOTCS U BCE UHITUJIEHTHBIC €l KOHTAKTBI, TO

L(3y) <2(2"—1) = (2" — [Ng[) = 2" + [Ny| = 2.

Dopmysna JF ¢ MOTyIaeTCs B PE3YIbTATE MOEIIPOBAHHST TOCTPO-
eHHOIT T-cXeMbl X ¢ B Kyacce (POPMyII ¢ HOJHSATBIMU OTPUIAHU-
savu (cM. §2 1. 2), ¥ H09TOMY

R(Fp)=L(Xp), L(Fp)=RTFp)+L (5f) -1,

rpe L™ (Xy) — 9HCIO PasMBIKAIONIIX KOHTAKTOB B CXeMe .
CeroBaTe IbHO,

L(Ff) <L(Zy)+2"—2< 2" + |Ny| -4,

TaK KakK IHCJI0 pasMbIKaommnx KoHTakToB B K/ mopsigka n pas-
o 2™ — 1.

Jlemma Jioka3ana. O
CaencrBue.

L™ (n) <2 -2, (1.2)

L®(n) <3-2" — 4. (1.3)

K cxemaMm, mojiydeHHBIM Ha OCHOBE IIPOCTEMINNX METOIOB
CUHTE3a, TOJIE3HO IIPUMEHSTH C IeJIbI0 YMEHbBIIEHUsI UX CJIOXK-
HOCTHU 5KBHUBAJIEHTHBIE ITPe0Opa30BaHusl U, B YACTHOCTH, CJIEIy-
IOIIUE ONEPAIAN [TPUBEJICHUS.

[Tycts Bepmmaa w COID ¥ He TOCTUKUMA U3 €€ BEPIIUHBIL U,
a COD Y/ nonyuaerca uz COD ¥ B pesysbTarTe yaaJeHns Bep-
IIUHBI U, OO'bsIBJIEHUST BEPIIUHBI W HAYAJBHON BEPIIMHON BCEX
UCXOJIUBIINX U3 U JIyT W [IEPEHOCA B BEPIINHY W BCEX BBIXO/I-
nbix BII, npummcannbix sepmune v. Torma COD Y/ cumraercs
pesyabraTroMm npuMmeHenns k COD X onepayuu npucoedureHus
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BEPWUHDL V K 8EPULUHE W. 3aAMETUM, UTO JJIsT JIIOOBIX JIBYX BEP-
IINH CXeMbI OJJHY M3 HUX BCErJla MO2KHO IIPpUCOCIUHUTDL K IPY-
roit. JIe Bepruabl CDD HA3BIBAIOTCST 9KEUBAACHMHbLMU, ECITH
B HuxX peaym3yiorcs paBubie OAJI. Ilpumensisi k COI X ore-
PAINIO TPUCOETMHEHNUST OJTHOM U3 JBYX 9KBUBAJEHTHBIX BEPIITAH
K zapyroii, mpl noayuuMm CO Y/ KkoTopas, 04eBUIHO, SKBUBa-
JIEHTHA, 2.

[TpuBeentast cxemMa HA3BLIBAETCS CMPO20 NPUBEIEHHOU, €C-
JI B Hell HET SKBUBAJIEHTHBIX BepIimnH. U3 jr060it CPD MOKHO
MOJTYIUTD IKBUBAJEHTHYIO efi cTporo npuseeruyio CPD ¢ mo-
MOIIIBIO OIlepallui IIPUCOCINHEHNA IKBUBAJICHTHBIX BEPIIUH U
OTIEPAITNHN YIAJEHUsT BUCSINX BEPIIUH.

AHaornyHbIM 06pa30M OIPEJIETISIETCST ONEPAIUs TPUCOE -
Henust pepimmH B KC, ¢ Toii JuIms pasHUIEil, 4To Ha Hee He Ha-
KJIQJIBIBAIOTCST KaKWe-JTi00 OrpaHUYeHNsI, CBI3aHHBIE C JIOCTH-
KIMOCTBIO BEPIITNH.

s muoxkecrsa PAJI G, G C Py (n), uepes fel Oyem 060-
3HAYATH CHCTEMY, COCTOSIIIYIO U3 BceX pasandHbix DA JI MHOXKe-
cTBa (3, YIIOPSITIOUEHHBIX B COOTBETCTBUU C HOMEPAMU UX CTOJIO-
noB 3uadenuii. [Ipu srom cucremy PAJI Po (n) Gymem Ha3bI-
BaTb YHUBEPCAALHOU CuCmMemol TOPIIKa .

JIoBOJIBHO 9aCTO 3a7a9y CHHTE3a MPUXOAUTCA PEIaTh JJIs
caenyromux PAJI u cucrem OAJI:

1. snuneitnoit ®AJI nopsiaka n, 1o ectb PAJI £, win GAJ £,
2. mynbrumiekcopuoit DAJI p, mopsiaka n;

3. mermmdpaTopa 671 (I3 bIOHKTUBHOTO Jiemudparopa 7n)
MIOPSIJIKA M

4. yHUBEpCAJIBHOW CHCTEMBI ?2 (n) nopsika n.

Jlemma 1.3. Jlas xaostcdozo namypaavhozo n 6 ug cywecmsy-

em CO5 U,, xomopas pearusyem cucmemy PAJI Pa(n) u
caoorcnocme Komopoti pasha 22 —n.
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Jlokasameavcmeo. B cuiy momHors 6asuca, B US cymectsy-
er cucrema ¢opmya X or BIl zy,...,x,, KOTOpas peayusy-
er cucremy PAJI Py (n). Uckomas CDD U, sBisiercst cTpo-
ro npusegerHoir CPD, KOTOpast SKBUBAJIEHTHA Y. U IOJIy IaeTCsI
U3 Hee B Pe3y/IbTaTe MPUMEHEHUsT OlepaIuil MpucoeIMHEHNsT K-
BUBaJICHTHBIX BEPIINH, a TaK>Ke OHepaHI/Iﬁ YAaJaeHusd BUCAIUX
BepiuH (cM. §4 riasbl 2). JleficTBUTENBHO, U3 TIOCTPOEHUST CJIe-
Jyert, 9To uncyio Beex pepmua COD Uy, BKIOUAsT N €€ BXOJIOB,
pasHo 22" u mosTOMYy

L(U,) =2%" —n.
JlemMa. JIoKa3aHa. ]
CaencrBue.

LS (?ﬂn)) <2% —n.

§2 Hwxkuue omnenku ciaoxkuoctu PAJI, peanuza-
st HeKOTOpbiX PAJI U MMHUMAJIBHOCTb HEKO-
TOPBIX CXEM.

Pa.CCMOTpI/IM CHa4vaJIa HpOCTeﬁHIHe HHN>KHNE OEHKHN CJIOZKHOCTH
DAJI u cBsi3aHHDBIE C HUMU nIpuMepbl MUHUMAJIBHBIX CXEM.

JIlemma 2.1. Ecau QAJI f (x1,...,x,) cywecmeenno 3a6ucum
om ecex ceoux BII, mo

L°(fy=n—1, LX(f)=n (2.1)

Ecau npu amom PAJI f ne asasemea monomornnot PAJI (rkaorc-
das BII x;, i € [1, k], ne asasemea nu MOHOMONHOU, HU UHMO-
rnomonnot BIT @AJI f), mo

LC(f)=n (coomeememeenno L¥ (f) =n+k). (2.2)
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Hoxasamenvemeso. Ilycrs ¥ — MUHEMAJIbHAA 110 CJIOKHOCTH
CDD uz UC, peammsyromas PAJI f. U3 cymecTBennoil 3aBu-
cumoctu PAJL f ot BII 21, ..., 2z, caenyer, uto R (Xf) > n, n
HI09TOMY, B CUJLy COOTHOIIEHUIT (2.6) IJIABBL 2,

LO(f) = Lg, v (Zp) =n - 1.

Eciu xe, kpome Toro, ®AJI f He siBisteTcss MOHOTOHHOIT
DAJI To cxema ¥y JoKHA cojlepKaTh X0Td Obl ogua @D — 1,
CTIEJIOBATENIBHO, B YKA3aAHHOM CJIyIae

L°(f)=L(Zy) = n

Takum 06pazom, nepsblie u3 HepaBeHcTB (2.1) u (2.2) goKa-
3aHBbI.

ITycTs Teneps Xy — MuHEMaIbHAS 110 caozkuocTH (1,1)-KC,
peanuzyiomasa PAJI f. Uz cymecrsennoit 3apucumoct PAJI f
or BII z;, ¢ € [1,n], ciemyer, 9410 OO KOHTAKT BUJA T;, JIUOO
KOHTaKT Busa T; Bcrpedaercsa B KC Xy, u mosromy

LX(f)=L(S)) 2 n

Ecin ke, kpome Toro, BII z;, i € [1, k], He siBiIsteTcst HU MOHO-
touHOM, HU mHMOHOTOHHOU BIT ®AJI f, To KaK KOHTAKT BHIA
T;, TaK U KOHTaKT BUJA T; BXOIAT B Xf, U, CJIeJ0BATEILHO, B
JIAHHOM CJIydae

L*(f)=L(Zy) = n+k.

JlemMa. JloKa3aHa. ]
CaencrBue.
LO(ty) > n, L¥(6n) > 2n,
L (un) = 2" +n, LX) > 2" 4 2n



Bgenernne 15

O,n—1
Samevanue. Huxuame omenku cioxkuoctu PAJI f = SL },

BBITEKAIOIHE U3 JIeMMbI 2.1, JIOKA3bIBAIOT MUHUMAJBHOCTH -
cxeMbl, Mogiesiupytorieit 9 71 V --- VT, = f, B knacce KC u
MUHHUAJIBLHOCTD (hopMyJibl (21 ...xy,) = f B kiacce COPD, gro
ycramapimsaer pasencrsa LX(f) =n u LE(f) = n.

JIemma 2.2. Jlas cucmemor F = (f1,..., fm), cocmoawet u3s
nonapro pazauunvir PAJL omavunwx om xoncmarnm (om ne-
PEMEHHDIT), CNPAGEOAUCO HEPAGEHCTMEO

IX(F)=m (coomeememeenmo LS (F) > m). (2.3)

Jlokasamenvcmeo. Bropoe n3 HepaseHCTB (2.3) BbITEKaeT U3
toro, uro Bce PAJI f;, i =1,...,m, peanusyiorcss Ha IOIAp-
HO pasJugHbIX Bbixogax CPD, OTIMIHBIX OT €€ BXOJOB.

[Tycrs renepp Xy — npusegennas (1, m)-KC, peanusyio-
mas cucremy OAJI F'. 3 npuBeseHHOCTH Y U YCJIOBUIA JIEM-
MBI BBITEKAET, YTO Y — CBA3HBIN rpad ¢ He MeHee yeM (m+ 1)
BEPIIMHOM, U [O9TOMY, B cuiiy HepaBeHcTBa (1.2) ruiaBsl 2,

L(Zp) 2|V (Ep)-12m.
Tlemma. JroKasara. 0
Creacreue.
S@)sr (@)
¢ (7n) > on, X (7n> > on,
LS (1_32 () 22% —n, LK (1_32 (n) > 2% -2

WV

Sameuanue. B cuiy ciencrus yuusepcasibHas CPD U, no-
CTpOeHHAast B JieMMe 1.3, sIBJISIETCsI MUHUMAJIBHOM 110 CJI0YKHOCTH

CD3 B kitacce ug.
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PaccmorpuM HEKOTODBIE CXEMHBIE peajid3allid U COOTBET-
CTBYIOIIME UM BEPXHUE OIEHKH CJIOKHOCTH J1J1sT HeKOTOPhIX DAJI
u cucreM PAJI. Bynem, kak 0OBITMHO, HA3BIBATH (CXEMHBIM) MYJIb-
THUILIEKCOPOM, JeIudpaTopoM, NU3bIOHKTUBHBIM JCITU(PPATO-
POM U yHHBepCaIbHBIM MHOT'OIOTIOCHIKOM JIIOOYIO CXeMy, KOTO-
pasi peaJin3yeT COOTBETCTBYIOILYIO crucreMy DAJI.

JlemmMma 2.3. /[asa 2106020 HamypanivHo20 N biNOANAIOMCA HePa-
BEHCMBA:

LE(0,) <2"+ 0(n-2%), LO(T,) < 2" + O(n-23); (2.4)
LX(@,) <2+ — 2 (2.5)
L™ () < 3-2" =2, L% (pp,) <272 - 3; (2.6)
LE(,) < 4n — 4, LY(l,) < 4n —4+ {J (2.7)

Jokazameavemso. B knacce UC mocrponm cxemublii gemmdpa-
TOD MOPSJIKA N, YJOBIETBOPSIONIUIT IepBOMY HEpaBeHCTBY (2.4),
CJIETYIOMUM 00pa3oM:

1. pazobrem mabop BII  X(n) wa rpymoer 2/ =
= (z1,...,2q), 2" = (Tg41,-..,2Tn), D0E ¢ = [N/2];

2. BosbMeM gemmdparopsl X' u ¥ or BII 2’/ n 2 nopaaxka
g u (n — q) COOTBETCTBEHHO, PEAUZYIONINE KAKIYIO CBOIO
9K no ngemme 1.1;

3. oobeguanm COD ¥ u ¥, mocie 4ero KOHBIOHKTHPYEM
KaxK/Iblil BBIXOJL, Y ¢ KaskKIbIM BBIXOJ0M Y, a BBIXOJBI BCeX
UCIHOJIb30BAHHBIX Jyist 3Toro 2" @ & (1 TOIBLKO ux) 00b-
SIBUM BBIXOJAMH UCKOMOTO JleudpaTopa.

AHaJOrnIHBIM 0OPA30M CTPOMTCS JIMIBIOHKTUBHBIA CXEM-
HBIiT tendpaTop MOpsi/Ka N, YAO0BIETBOPSIONINT BTOPOMY Hepa-
BeHCTBY (2.4).
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z2
a
1 To

2

Puc. 2.1: m-cxema s @AJIL p,

WcKOMBIM KOHTAKTHBIM JemudpaTopoM IMOPSIAKa 1 sIBJIs-
ercst (1,2™)-KoHTaKTHOE JIepeBO, MoKa3aHHoe Ha puc. 1.1, a uc-
KOMBIM KOHTAKTHBIM MYJIbTUILIEKCOPOM IOPSIIKA 7 SIBJISIETCS
T-CXeMa, NpuBejicHHas Ha puc. 2.1. 3aMeTuM, 4TO CJIIO2KHOCTD
cxeM, HOKa3aHHLIX Ha puc. 1.1 u 2.1, pasna 2"t —2 1 3.2" —2
COOTBETCTBEHHO, TO €CTh YJIOBJIETBOPsieT HepaBeHCTBaM (2.5) u
(2.6), puYeM YHUCIO PA3MBIKAIONIUX KOHTAKTOB B KaxKJOH u3
HuX pasHO 2" — 1.

B pesymbraTe mMosenupoBaHus YKa3aHHOU T-CXEMbI MOXKHO
ITOCTPOUTH OecrtoBTOPHYIO 10 nHdopmaruonabiM BIT dopmyny

9:71 (xl,...,wn,yg,...,ygn_l) =

— o1 02 a
= Vot [ Vg V 2l wenon | | ]

01€B 02€B on€B

KOTOpasl yJIOBJIETBOPsieT BTOPOMY HepaBeHCTBY (2.6), Tak Kak
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Iy Z2

a) b)

Puc. 2.2: CO3 gna ®AJI ¢y u l,

peamuzyer OAJI u,, n nmeer ciaoxuOCTD 4 - 2 — 3.
Hepasencrsa (2.7) mpu n = 1, 09eBUHO, BBIIOJIHSIIOTCS.
Uckomoit CPI, peanusyromeit juneitayio PAJL £,, n > 2,
co cnoknocteio (2.7), aeasierca CPD XP nokasamnas na
puc. 2.2a,b. Ananoruuanas COD nas GAJI £, monydaercs B pe-
gysbrare 3aMeHbl O & wHa O V u O V Ha OD & B 11EPBOIl

nojicxeme BUja Y5 cxembl L (eM. puc. 2.2a).
JlemMa mokazaHa. ]

CaencrBue.

LY(Q ) ~ LE(T ) ~ 2n.

Jlemma 2.4. Ecau cucmema PAJT F = (f1,..., fm) cocmo-
um u3 nonapno passuunoir PAJI om BII X(n), omauuwnvix
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om0 ul, mo
m

LX(F) =27 "Ny,
j=1

Jokazamenvcmeso. Bospmem npusenennyio (1, m)-KC X, pea-
nuzyroryio cucremy @AJI F| u 3amMeTuM, 9T0 TIpH JIIOOOM x, v €
B", B cetn X, uMeercs CBsI3HAsI KOMIIOHEHTa, KOTOPasi COJIEP-
JKUT BXOJI X U T€ ee BBIXOBI, Tyie peanusyeMbie PAJI obpara-
1orcst B 1 Ha Habope a. 113 HepaBencrsa (1.2) riasbl 2 ciepyer,
YTO IIPHU ITOM

|E(E]a)| = fila) + -+ fm(a).

CyMMupysI ITOJIyYeHHOE HEPaBEHCTBO 10 BceM HabopaM o, o €
B"™, npugeMm K HEpaBEHCTBY

m
(S Z Ny, |,
7j=1

13 KOTOPOI'O BBITEKAET HEPABEHCTBO JIEMMHBI.
Jlemma JioKa3ana. O

CaencrBue.
LE(J,) = 2ntt — 2.

Samevwanue. B cuny caencrsus (1,4)-KC ¢ Bxogom a, Koropast
COCTOHT U3 JIBYX HEIIEPECEKAIOIINXCs 110 BHY TDEHHUM BEPIITHAM
(a — a)-neneit (nukios) mmnel 3 ¢ DK nposopumoctu T rowy
U T1T221, SABJISETCS MUHUMAJBHBIM U3 bIOHKTHBHBIM KOHTAKT-
HBIM JIemudpaTopoM HOpsiaKa 2.

JIlemma 2.5. Ecau dasn @AJL f, f € Py(n), u das arbozo o,
o € B, QAJI f5 (z1,...,2pn-1,0) Z0,1, mo

Lxcz,v(f) Z min{Lgv(fO), Lg,v(fl)} +2. (2.8)
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Joxazamesvemeo. Ilycrs 3 — munuMa bHAst 10 yncay O &
1V CD us knacca UC, koropas peammzyer ®PAJI f u koropast
HE COJIEPKUT TIEMOYEK U3 JIBYX MOCTIEOBATETHLHO COETMHEHHBIX
OO —. U3 ycnoBust jieMMbl ciietyer, 9To Bbixon O —, mpuco-
€IMHEHHOTO K BXOAY T, CPI ¥ He MOKET OBITH €€ BBIXOIOM.

IIycrs nens C' coemunsier Bxo £, CPD X ¢ eé BBIXOIOM 21
U TMyCTh KOHCTaHTa 0, ¢ € B, paBua 0 Torma u TOJBLKO TOTTIA,
koraa BII z,, momaerca B C' mubo Ha Bxog P &, mmbo Ha BXOJ,
P -, kK BEIXOLY KOoTOporo B C' mpucoequuén P V.

Pacemorpum COD /X\], koropast peayuzyer CAJI f,, f, Z0,1,
u nonydena n3 COI ¥ B pesysnbrare HOJICTAHOBKUA T, = O, a
taxxke nocienyiomero D11 ma ocmoBe TOXKIECTB THK (cm. §5
[JI. 2) BIUIOTH JIO YCTPAHEHHs BCEX BXOXKJCHUT KOHCTAHT. Y 0e-
JINMCSI B TOM, 9TO TIpU yKaszanuoM DI 6yayT yaameHs! mo Kpaii-
Heit Mepe nBa O Tuna & wam V.

HeiictBurensho, B ciaydae 0 = 0 uz COI X Oyuer yraajieH
DD &', apnatomuiica nepspiM O Tuna & wm V nemm C. 3a-
MeTuM, 9T0 Buixon P &' He MOKeT GBITH BBIXOJOM CXEMbI U HE
MOXKET OBITH BXOHOM PO —, BBIXOJ KOTOPOI'O SIBJISIETCSI BBIXOIOM
cxeMbl, Tak Kak mpu 5ToM PAJI f, 6bita 661 paBHA KOHCTAHTE.
Cuenosarensho, Ha nenu C CDD ¥ umeerca O &” rtuna &
nm V, Ha BXOJI KOTOPOTO MOCTymaeT jubo Beixo &, mbo BbI-
xo1 @D —, npucoeauHeHHoro K Buixony &, Jlerko BujeTh, 4To
D@ & Toxke OymeT yaajeH Ipu mepexoe oT X K 5 u, cjejoBa-
TeJIbHO, CIIPABEJJINBbI HEPABEHCTBA

~

Lev(f) = Lgv(E) > L v(E) +2 > Le v(fs) + 2,

13 KOTOPBIX BbITEKaeT (2.8).

Cayuait 0 = 1, xkorma BII x, nmomaércsa B C mubo Ha BXOH
OO V, mubo Ha Bxox P -, K BEIXOLY KOTOPOIO IIPUCOENUHEH
OO Tuna &, paccMaTpUBaeTCsl aHAJIOTHTIHO.

Jlemma JioKa3ana. O
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Caencrsue 1.
LC () > 2" 40— 1. (2.9)

HeiicrBuresbHo, (2.9) nosyyaercss B pesysbrare IPUMEHe-
HUsl JIEMMBI 2.5 TOCJIEIOBATEILHO KO BCEM HHMOPMAINMOHHBIM
BII yon_1,...,y1 1 yIUTHIBASI, YTO IOJIyIUBIINASICI B PE3yJIbTa-
Te COOTBETCTBYIONNX TOICTAHOBOK KOHCTAHT PAJI cymecTren-
uo 3aBucut ot BIl x1,..., x5, Yo.

CaencrBue 2. U3 (2.9) 6 cuay semmol 4.1 2na6v 2 svimekea-
em Hepasercmeo
D(ppn) =2 n+1.

Samevanue. B cuny ciaencrsus 1 dpopmysna T1ygVr1y1 sSABISIETCS
vmuanMaIbHON CDI, paeamusyromeit DAJI py u Lc(ul) =4.

§3 Pazioxenue ®AJI u onepanus cyneprio3unumn
cxem. KoppeKTHOCTBH cyliepno3uiiuu ajs HEKO-
TOPBIX TUIIOB CXeM, pa3JdelinTeIbHble KOHTAKT-
Hble cxeMmbl U JiemMma IllenHoHa.

PaccMoTpum cTpyKTypHBIE TPe0OPA30BAHMS CXeM, KOTOpbIe 0600~
IIAIOT OIIEPAINIO CYIIEPIO3UINK DYHKITUI U UCIIOJIb3YIOTCS JIJIst
[TOCTPOEHUsI CJIOZKHBIX CXeM U3 0oJjiee MpOCThIX. ba3ucoM Takux
ITOCTPOEHUN SBJIAETCA OOBIYHO CXeMa U3 OIHOM N30 IUPOBAHHOIT
BEPIIUHBI, SABJISIONIENCSd ee BXOMOM. YKa3aHHAas BepIINHA Ha-
BBIBAETCS Modicdecmeennots sepwunot kpamuocmu k, k = 0,
€CJIM OHAa OJ[HOBPEMEHHO sIBJIsieTCs k-KPaTHBIM BBIXOJIOM JIaH-
HOIt cxeMmbl. IIpu 3TOM KpaTHOCTH ONWH, KAK IIPABUIO, HE yKa-
3BIBAETCsl, & TOXK/IECTBEHHAS BEPITUHBI KpaTHOCTH () camTaeTcs
PpuxmueHotl.

[Tpocreiinvu BUgaMu CyHEPIIO3UIAN CXeM SIBISIOTCS: 1)
OTIEPAIIUST NEPEUMEHOBAHUA BL0008 CLEMb, C BO3MONKHDBIM HX
OTOZKJIECTBJICHHUEM; 2) OIIEPAITUST NEPEUMENHOBAHUA BBILO00E CTEMbL
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C BO3MOKHBIM UX JyOJUpOBAHUMEM WM CHATHEM; 3) Oleparus
0bseduHenUs crem, He IMEIOINX OOIIUX BEPIINH 1 ODIIUX BXOJI-
BBLIXOJIHBIX IIOMETOK, IOHHMaeMas, KaK OOBbIYHOe 00beIMHeHNe
COOTBETCTBYIONUX IpadoB.

Byznem rosoputs, uro cxema Y umeer Bug X = X(3); To
ecTb sABJsercs cynepnoduyuet crem Y u Y 6e3 obmux BepmH
U BXOJI-BBIXOJHBIX HOMETOK, €CJIM OHa, II0JIydaeTcs B Pe3y/IbTa-
Te OObEMHEHUsT ITUX CXEM M IIPUCOEMHEHUsT (YacTh) BXOJ0B
cxembl X" K (HEKOTODPBIM) BBIXOZAM CXeMbl Y. YKasaHHAs Cy-
HEepIOBUIHA CINTACTCA HECN06MOPHOT, €CIN PAa3INnIHbIE BXOIbI
Y/ npucoe uHAIOTCH K Pa3IMYHBIM BBIXOJHBLIM BepIIMHAM X' .
Cynepnosunus Buga Y = X/ (X') nasoisaercs cmoikoexot, ec-
JI 9HCJI0 BXOJOB CXeMbl %' paBHO YHCJIy BBIXOJIOB CXeMbl X' U
KaxKJIplil Bxoj X" mpucoeunsercsa K BBIXOJLY Y ¢ TeM Ke HO-
MEPOM.

BaMeTHM, 4TO onepaluy o0beIMHeHIs CXeM U IIepenMeHO-
BAHMS UX BXOJOB (BBIXOJIOB) SIBJSIOTCS YACTHBIME CJLyIasiMU
BBEJICHHOIT onlepaluy cyneprosuiyn. JleficTBUTeIbHO, IS 06D-
CINUHCHNA CXEM 39TO O4YeBUIHO, a .)_[10606 IIepeuMeHOBaHe BbI-
X0710B (BXOJIOB) CXeMBI Y. MOXKHO 3aJIaTh CyIEpPHO3UIMeil BU-
na X5(X7(X)) (coorsercreenno (X (X)))), rae cxembr X u
Y7, 4 = 1,2, COCTOAT U3 TOXKIECTBEHHBIX BEPIINH Pa3JIHIHOI
KPaTHOCTH.

BameTnm TakKe, 4To Cyneprosuius obmero uga X = L (L)
BCEria MOJKeT GBITh CBEJIeHA K CTLIKOBKe BHaa Y = .7 (fl' ), TIe
exembl 3 u % monyuatorest u3 cxem Y u X COOTBETCTBEH-
HO ,ZLO6aB.HeHI/IelVI TO2K/IECTBEHHBIX BEPHIINH U IIE€pEMMEHOBaAHUEM
BbIx010B. CrhikoBKa Buja X = X" (X)), B cBOIO 0OUYepen, MoxKeT
6bIT CBelleHa K GeCIIOBTOPHOI! cTbikoBKe Buta ¥ = 3/ (3), rie
cxempr & 1 8 momyHarores w3 cxem Y u Y CHATHEM BHIXOOB
U OTOKJIeCTBJIEHHEM BXOJI0B COOTBETCTBEHHO.

st cynepriosunuu cxem Bujia X = L (X') xapakrepHo, Kak
PaBHJIO, TO, YTO CXeMa Y peajusyeT (PYHKIUH, II0JIyIaioIIue-
Csl B PE3yJIbTATe COOTBETCTBYIONIEH MOJICTAHOBKY (BCEX MM Ta-
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ctu) byHKIHi, peanu3oBaHHBIX cxeMoil Y./ BMecTo (BCex win
LIaCTH) BXO/IHBIX II€PEMEHHBIX CXEeMbI Z”. B CJlIy1a€ CTBIKOB-
KU, HAITPUMED, 9TO O3HAYAET, UTO CXeMa Y. pPeaim3yeT Habop
byuxumit suga F’(F'), rne I’ u F — naboper dbyukunii, pea-
muzoBannble cxemamu L u Y coorBercrienno. Cyneprosumms
Y = Y/(Y') cunraercs npasuavhotl, eciam cxema Y obJajaer
YKa3aHHBIM CBOWCTBOM, U KOPPEKMHoU, eCJIn, KPOME TOTO, B JITO-
6oii BepiuHe Y, KOTOpas COOTBETCTBYET BLIXOIHOI Bepmune Y,
peajuzyercsa Ta ke caMasi (PyHKIUSA, YTO U B X' . 3aMeTuM, 9To
npasusibHas cyneprosunus suga Y (X) apromarndecku sBisi-
eTcsI KOPPEKTHOH, eciin KPATHOCTD JIF0OOM BBIXOTHOM BEPIITHUHBI
Y GosbIe YncIa IpUCOeAMHAEMBIX K Hell BxoaoB Y. 3amernm
TaK¥Ke, 9TO C COJAEPIKATENbHONM TOYKH 3PEHUS KOPPEKTHOCTD Cy-
neprozuin Buga L (L) mo3BosisieT 0HOBpEMEHHO HUCIOJIB30-
BaTh BLIXOJLI Y/ B APYTUX CYIEPIO3UIIUIX.

Jlerko Buyerh, o Jobas CPD moxkeT OBITH MMOJIyYeHA B
pe3ysibTaTe MHOI'OKPATHOT'O IPUMEHEHU S Oll€epalu CyIIepIIo3u-
U, Ha KAyKJOM Iare KOTOPOi MPOUCXOIUT TyOJINPOBAHIE BbI-
xoj1a, win npucoeanaenne ogHoro O k Boixogam CDOD, repso-
HAYAJILHO COCTOAIIEH N3 TOXKIECTBEHHBIX BEPIITHH.

Taxk, na puc. 2.2a nokazana CPD 289 , IMEIOITIasT CJIOYXKHOCTH
4 u peamuzytommasa OAJI x1Pxe, a na puc. 2.2b — COI X n >
3, KOTOpas sIBJISIETCA PE3YJILTATOM <IIOCIEI0BATEILHOM» CyTep-
nosumun (n — 1) exem X5 u peammsyer OAJL £, (21, ..., T,) co
CJIO2KHOCTBIO 41 — 4.

Omneparus cyneprosurun KC u Bee ee 9acTHBIE CITydan ompe-
JE/IIOTCs 00bIYHBIM 0OpazoM. [Ipu 3ToM rmoMeTkaMu BXOJOB U
Beix010B KC, B ortmane or CP, He 00s13aTEILHO SIBJISTIOTCSI
nepeMmennbie, a BII, ympaisiolue IpoBoIUMOCTHIO0 KOHTAKTOB
KC, nukak He CBsI3aHBI C ee BXOIaMHU.

PaccmoTpum Borpockl, CBsI3aHHbBIE ¢ HAXO0XKICHUEM (PYHKITU-
oHupoBaHus A cynepuosunuii cereir min KC. 13 coobpake-
Huit yyobersa 6yeM jonyckars Haauane B KC opueHTHpoBaH-
HBIX (HEOPUEHTHPOBAHHBIX) pebep 6e3 MOMETOK, KOTOpPbIE IIPO-
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BOJISAT TIPU JIIOOBIX 3HAYEHHSIX YIPaBJIAONMX BXOAHBIX BIT B
YKa3aHHOM (COOTBETCTBEHHO B JIF0OOM) HAIIDABJIEHUU U HA3bl-
BAIOTCsT BEHTUJIAME (COOTBETCTBEHHO NPOGOOHUKAMU ). DTO O3~
BOJISIET CUUTATDH, YTO CETHU SABJSIOTCA YacTHbIM ciaydaeM KC u
peau3yioT CBOU MaTPHIbI JJOCTUKUMOCTH, COCTOSIIINE U3 KOH-
craaTHbIX OAJL.

Jlerko BuzeTH, 4TO HEepecTaHOBKA BX010B(BBIX010B) KC mo-
POXKJIaeT B PEATU3yEMOM €10 MATPUIE TAKyIO YK€ MePECTAHOBKY
CBSI3AHHBIX C HUMH CTPOK (COOTBETCTBEHHO CTOJIOIOB), & CHATHE
(my6imposanme) BbrxooB 1ot KC — yrarenne (coorBercrse-
HO JI00aBJIeHNE) CBSI3aHBIX C HUMHU CTOJIOIOB. 3aMEeTUM TaKIKe,
gro KC X, xoropas asmsiercss oobenunennem KC ¥ u Y| pea-
musytomux Marpunsl B u F” cooTBercTBenHO, peajnsyer Mar-
puiy F Brial:

F'| 0
O F//

F:

Obparumcs, gajiee, K ocoberrocTsiM dyHrkimonuposanust KC,
MOy YaloIIUXCsl B pe3yJibTaTe IPUMEHEHUs] Oollepalluil CyIepIio-
sury 06IIero Bua. HamoMmmM, 9To cyneprno3urinst o6Iero Bu-
Ja CBOJUTCA K ITOC/jIe10BaTE/JIbHOMY BBITTIOJIHEHUIO OHGan,HfI I1e-
PEMMEHOBAHUS BBIXOJIOB, JTOOABIEHUST TOXK/IECTBEHHBIX BEPITAH
U CTBIKOBKU. [Ipyu 3TOM CTBIKOBKA, B CBOIO OYE€pElh, CBOIUTCS
K CHSITHIO BBIXOJIOB, OTOYKIECTBJICHUIO BXOJOB U OECTIOBTOPHOMN
CTBIKOBKE.

BaMeTI/H\A7 9TO pe3yJjibTaT OTO2KAECTBJIEHUA IIEPBLIX P BXO-
o KC ¥ skBuBajieHTeH pe3yJbTaTy CTBIKOBKH Buja X (),
a pe3yJbTaT pP-KpaTHOro JybiaupoBaHusi nepBoro Bbixomga KC
Y, — pesynbrary creikoBku Y (X)), e KC Y| ¥ cocrosar us

"Ipemnonaraercs, aro Homep Joboro Bxoma (Beixoma) KC ¥ menbire
HoMepa, Joboro Bxozia (coorsercTienno Beixona) KC X7 8 KC X, a BHyT-
penHss ymnopamodenrocTs momiocop KC ¥ u ¥ B KC ¥ coxpansercs.
B ocTanbHBIX Cllydasx TPOMCXOJUT HEOOXOAMMasl MepeCcTAHOBKA BXOJOB W
BeixogoB KC X.
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al ag ap a

Y1 Y2 Yp

21

¢)
Puc. 3.1: npoBogsiime 1 BeHTUIbHAS 3BE3IbI TOPSIKA P

(1, p)-poBojsmeit 3Be3/bl (cM. puc. 3.1a, a — BXOJ) U TOKJIE-
CTBEHHBIX BEpPIIMH. 3aMETHM TaKrKe, 9TO CTBIKOBKA BUA E(i),
rie KC £ cocrour u3 (p, 1)-upoBossineii 38e3/p1 (M. puc. 3.1b,
@ — BBIXOJ]) M TOXKJECTBEHHBIX BEPINUH, COOTBETCTBYET OTOXK-
JIECTBJIEHUIO TIePBBIX p Bbixo10B KC X.

B coorBercrBum ¢ 06IUMHU IIPABUJIAME CTBIKOBKA (CyIIEpIIO-
sumust) KC suga ¥ = Y (YY) naswsaerca’ npasuavnoti, eciu
st marpur, F, F' u F”, peammzyembix KC 3, ¥/ u X" coot-
BETCTBEHHO, BBINOJHSAETCS PABEHCTBO

F=F.F" (3.1)

2310 ompe/eIeHne COOTBETCTBYET «OOBIMHOMY» OIPEIETeHHI0 KOPPEKT-
HOI CyNepIO3UINA B PAMKaX MOJEIN TaK HA3bIBAEMBIX MPEe0OPa3YIOIIIX

KC.
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VKazaHHas CyNepHO3BHUIHSA CINTACTCS KOppeKmmoti, eCim, Kpo-
Me TOro, B BBIXOJHBLIX BepHIMHAX IIOJICXeMbl X' cxeMbl Y pea-
qu3ytorcs Te ke cambie ctosonsl PAJI, aro u B camoii cxeme
Y. AHaJIOruIHbIM 06Pa30M OIPEIENIAETCs TIPABUIBHOCTD U KOP-
pekTHOCTHL cynepnosuin KC Ha 3aganHoM HabOpe 3HAYEHMI
yupasistionux BII.

BameruM, uTo npu npaBubHOli crbikoBke (1, p)-KCu (p, 1)-
KC, peamuzyrommx crpoky u cronben nz OAJI ( s le)) n
(fr,..., le?/) coorBercrBenno, nosyuaercs (1,1)-KC, peanusy-
rormast ®AJT f1 f{'V---V f, f}, ipu IPaBHILHOM OTOXKIECTBICHIN
Bx0710B (BbIx0/10B) KC B peamsyemoii €0 MaTpuUIie ImpoucxoiuT
HOPAa3Psi/iHAs JU3bIOHKIMS TeX CTPOK (COOTBETCTBEHHO CTOJIO-
IOB), KOTOPBIE COOTBETCTBYIOT OTOXKIECTBJIECHHBIM BXOJaM (co-
OTBETCTBEHHO BBIXOJ[AM) W T. II.

Jlerko BUJIETH, YTO OIEpals [ePENMEHOBAHUS BXOJIOB (Bbl-
x0710B) KC 6e3 oroxecrsiienus, onepaius obobeaunenns KC,
a TakxKe olepalys ocjenoBaresbHoro coepunenns (1,1)-KC
KOPPEKTHBI B JIIOGOM ciiydae. B TO 7Ke Bpemsl HmapaJlieJbHOe
coenunenue (1,1)-KC, npu KoTopoMm cHavaja OTOXK IECTBIISIIOT-
¢l BXOJIBI, a 3aTeM BBIXOAbI coenmusgembix KC, me sBisgercs,
B 00IIEM cJiydae, KOPPEKTHOIN oneparueii Cyrnepro3uimu, XOTs
SIBJISIETCS TIPU 3TOM NPABUJIBHON CyNepHo3uIyeil, Tak Kak I10-
nydennas KC peanmzyer quzbionkiuio PAJI, peanusyembx nc-
xomubiMu KC. BamernM, 9TO KOPPEKTHOE IU3bIOHKTUPOBAHUE
BbIXOAHBIX PAJI MOXKHO OCYIIECTBUTH C HMOMOIIBIO CTHIKOBKHU
ucxomuoit KC ¢ BentmibHol 38e3/10i (cM. puc. 3.1c).

Cxema Ha3bIBaETCS pasdesumenvrots no exodam (svirodam),
eciu DAJT NPOBOIMMOCTH MEXK Ty JTIOOBIMHU €€ PA3TUIHBLIMU BXO-
namu (coorBercrBeHHO Bbixogamu) pasaa 0. Tak (p,1)-cxema
Y = ¥"(y1,...,Yp; #1), HOKa3aHHAs HA pHCYyHKe 3.lc, sABIIS-
eTCsl pas3JIe/INTEILHON 10 BXOJaM CXeMOii, KOTopasi Ha3bIBaeTCs
seHMUALHOT 363001 nopadka p. Ilpumepom pasienTebHON
no BexozaMm (Bxogam) KC moxker ciayxureb (1,2") (coorser-
crBerno (2", 1)) koHTakTHOE JiepeBo nopsizika n (cMm. puc. 1.1).
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Bynewm rosoputs, uro KC % or BIl zy, ..., z, pazdesumesvna
na nabope o = (au,...,q,) 3Hadennii stux BII, eciam coor-
BETCTBYIOIIEH Pa3/e/UTebHOCTBIO 0bIa1aeT ceThb X|q. Ciemy-
fOITee YTBEPIKJIEHNE SIBJISIETCsT 000DIIeHneM W3BECTHON JIEMMBbI

Hlennona (cm. [32, 14]).

Jlemma 3.1. Ilycmov KC % asasemces pe3yavmamom Cmulkos-
ku euda X =Y (X)), a F, F' u F" — mampuyw, pearusyemuvie
KCX, Y uXY coomeemecmesenro. Tozda

F>F . F'uF=F . F" (3.2)

ecau KC X" pasdeaumenvna no exodam usu KC Y paszdenu-
MEALHA NO GHTOIAM.

Loxazameavcmeo. Ilycte KC Y siByisitercst cHadasia pe3y/ibra-
ToM GecriopTopHoii crbikoBku (p, ¢)-KC X' u (¢, s)-KC X" or BII

Z1,...,%y. [Iycrsb, kpome Toro, v’ (v”) — npousBosbHAST BepIIy-
na KC ¥’ (coorsercrrenno X”), a ®AJI f] (coorsercrsenno f}'),
J € [1,q], — ®AJI nposopumocTn oT BepuMHBL v\ K j-My BbI-

xoay B KC ¥/ (coorBercrBenno ot j-ro Bxoma K Beprute v’ B
KC ¥). Hokaxem, aro ayst DAJT f — OAJI nposoaumocTu or
epmunel v’ K Bepmune v 8 KC X, — cupaseyimBo HepaBeHCTBO

f(x17axn)>f{ {,\/\/féfga (33)

KOTOPO€e IEPEXOIUT B PABEHCTBO

f(xlw"axn):f{' {,\/\/fé ‘;/’ (34)

ecsiu KC ¥/ pazgenurensna no seixogam uin KC Y paznenu-
TeJIbHA, II0 BXOJAM.

HeiicTBurensuo, nycts aj, j € [1,q], — Bepmmna KC X,
KOTOpas HOJIyYaeTcs B Pe3yJbTaTe IPUCOCIUHEHUS j-I'O BXO-
aa KC Y k j-my Beixogy KC ¥/ (em. puc. 3.2a). Crpasen-
JIMBOCTH HepaBeHCTBa (3.3) cjelyeT m3 TOro, UTO €ro mpaBas
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9aCTh OIKCBIBAET «CYMMAapHYI0» HpoBoAuMOCTh Tex (v — v”)-
neneit KC X, KoTopble IPOXOAT Uepe3 BePIIHHEL a1, . . . , (g POB-
HO ofuH pa3 (cM. puc. 3.2a). Jlobas apyras (v/ — v”)-nens KC
3. MPOXOIUT Uepe3 yKa3aHHbIC BEPIIMHBLI HE MEHBINE TPEX pa3
(cm. puc. 3.2b) u B cayuae pazgenurensaoctu KC ¥ o Bbixo-
nam un pasgemurensbaocrn KC X7 mo Bxomam nmeeT HyseByio
POBOJINMOCTb.

U3 (3.3) u (3.4) HemocpeICTBEHHO BhITEKAET (3.2) ¢ ydIeToM
Toro, uto npu v’ = a; u v" = af, vae i € [1,p] u j € [1,s], ye-
Basi([IpaBasi) 9aCTh ITUX COOTHOIIEHUI PABHA SJIEMEHTY MaTPH-
upt F' (coorBercreenno F' - F'), pacnonioxkennomy B i-if crpoke
u j-M croJbiie.

ITycrs tenepsr KC X monywaerca uz KC X7 B pesynabrare
HNPHUMEHEHHsI OllePaIi OTOXKIECTBICHH BXOJ0B, TO €CTh Y 9K-
BUBaJIeHTHA GecrioBTOpHOM cThikoBke Bujia L (X'), roe KC X/
COCTOMT M3 NPOBOJAMIEH 3BE3/bI U TOXKJIECTBEHHBIX BEPINUH. B
5TOM cJiydae HepaBeHCTBO (3.2) mmeer Buy F > o , TIe MaT-
pura F” nosnyaaerest n3 Marpuist F” B pesysbTaTe mopaspsi-
HOII AN3BIOHKIUN CTPOK, COOTBETCTBYIOIINUX OTO2KJICCTBJISAEMbIM
Bxogam KC Y/ n mo-npexkHeMy nmepexoiuT B PaBEHCTBO, €CJIN
KC X" pazzenurenbua 1o sxogaM. B nociegnenm ciydae, Kpo-
Me TOro, U3 aHAJOTMYHOI'O paBeHCTBa, ceaszanHoro ¢ KC X7
Koropag mnonydaerca u3 KC ¥ B pesynbrare obbapienus ee
BXO/IOB BXOJIAMH U, OJIHOBPEMEHHO, BhIxojaMu Y| ciejyer pas-
nenurenbaocTs KC X mo Bxomam.

BameTnm, HAKOHEII, YTO CTBIKOBKa 001ero sujga % = 3 (X')
CBOIUTCHA K HOCJIeILOBaTe.HbHOMy BBIIIOJIHCHUIO OTOXKIECTBJICHU S
Bxo0B Buma 3 = Y (2”) 1 GECIOBTOPHON CTBIKOBKH BH/IA
Y =3 ’(f]’ ), tie KC ¥ cocront 3 mpoBoIsIeil 3Be3/b1 i TOK-
JecTBeHHBbIX BeprmH, a KC Y nonyvaercsa n3 KC ¥/ casruem
HEKOTOPBIX BBIXOJIOB. IIpu 9TOM HepaBeHCTEO (B ciiydae pasie-
murenasroctn KC X7 mo Bxomam pasencrso) (3.2) miusa KC X,
Y/ 3" BBITEKAeT N3 yCTAHOBJIECHHBIX BbIIIE AHAJOTUIHBIX COOT-
nomenwii ms KC i”, Y ¥ u KC X, i’, I CUJLy aCCOIN-
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ATUBHOCTHU Tpou3BejieHust Marpuil. Ciydail pas/iennreJbHOCTH
KC ¥’ 110 BbIXOaM paccMaTpuBaeTcs aHAJOTUIHO.
JlemMma JoKazaHa. ]

CaencrBue 1. B cayuae pazdesumenvrocmu KC ¥ no exo-
dam 6 Kasicdoti sepuune KC'X, 3 = X" (X)), xomopas coomeem-
cmeyem evizody KC'Y | pearusyemcs mom oce camwiti cmonbeu
QAJI, wmo u 6 KC' X', mo ecmv paccmampusaemasn cynepno-
BUYUA ABAAELMCA KOPPEKMHOU.

Heiicreurensuo, nomarast v’ = a) u v" = aj, tne i € [1,p),
a j € [l,q], m3 (3.4) momyumm tpeGyemoe pasencrso f = fi.
Ciryuaii CTBIKOBKH 0OILIEro BHIa PACCMATPUBACTCH aHAJIOIMYHO.

CaencrBue 2. Pasencmeo (3.2) svinoanaemcs na s06om na-
bope snavernuti BII, na xomopom KCY pasdesumenvra no 6xo-
dam uau KC'Y' pasdesumenvna no ewzodam.

§4 KackagHble KOHTAKTHbBIE CXEMbI I CXeMbl U3 Py HK-
IMMOHAJIBLHBIX 3JIeMeHTOB. MeTo/ KAaCKa/ 0B U IIPU-
Mmepbl ero npumenenus. Meroa Illennona

[Ipueenennnie B §1 mpocTeiiiiime METONBI CUHTE3a O3BOJISIIOT
CTPOUTDH (DOPMYJIBI M T-CXEMBI, CITeNMpUKa KOTOPBIX HE JOILYC-
KaeT MHOTOKPATHOI'O UCIOJIb30BaHUs «IIPOMEXKYTOYHBIX PE3YJIb-
TaToB». Meros Kacka 0B [21] siBiiseTcst 1OCTATOYHO IPOCTHIM U
B TO K€ BpeMsl JI0BOJIbHO 3 (HEKTUBHBIM METOIOM CHHTE3a, KaK
KC, rak u CPI, KoTopshlil mo3BOJIsIeT 9T0 Jejark. OH CBs3aH
¢ IocJIeIoBaTeIbHBIM pasioxkenneM 3aganabsix OAJI no BIT u
PEKYPCUBHBIM IIOCTPOEHUEM CXeMbI, peayiu3ytorieit sru OAJI.
Paccmorpum cHadasta cienmualibHBIN 9aCcTHBIA CITydail KOp-
pekTHOIt cynepriozuriun KC — omepariuio npucoenHEeHNsT K BbI-
xotaM 01HOBX0,10B0it KC 01HOTO mjIn IBYX MPOTUBOIIOIOKHBIX
KOHTaKTOB, KOTOpasl 3aKjo4aercs B ciemytomieM. [lycrs (1, m)-
KC ¥ nomywaercs u3 (1,m)-KC ¥ B pesyssrare gobasjienus mo-
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Puc. 4.1: npucoenuaerne 0qHOTO WU ABYX IIPOTUBOMIOJIOXKHBIX
KOHTAKTOB

BOI BBIXO/HOI BEPIINHBI U, KOTOPAsI COEJINHAETCS C BBIXOJIHBIMI
seprmaamu vy u v; KC ¥ konrtakrtamu T; U &; COOTBETCTBEHHO
(cm. puc. 4.1a). Torma B Bepnaax vo u v1 KC ¥ B cuiny Hyse-
BOI1 IIPOBOIMMOCTH MEXK/Ty BXOJaMHi Ipucoeunsiemoii (2, 1)-KC

peasmsytorcst Te ke camble PAJI gg u g1, aro u B KC X, a B
Beprmae v — QAJI g Bua

9= 1 (i, 90, 91) = Tigo V Tig1. (4.1)

Amnajiornanble COOTHOIIEHUs! OY/IyT CIpaBe/INBBI U TOL/IA,
kora BepimmHa v KC X cBsg3aHa ¢ BEPIIMHONA Uy TOJIBKO OJHUM
kouTakToM Buza 7, o € {0,1} (cm. puc. 4.1b). B srom ciygae

B Bepmnbe v KC X peanmsyercs OAJI
g= xggUa (42)

a B BepIIUHE U, Ho-upexkueMmy peausyercs OAJI g, .
OHHC&HHBIG BBIIIIE OIIepallvi IIPUCOCINMHEHUA OJHOI'O MJIN
JIBYX IIPOTHBOIIOJIOKEHHBIX KOHTAKTOB OUeBUIHLIM 00pa30M pac-
npoctpansitorcst Ha ciryvait KC ¢ Heckonbkumu Bxomgamu. Kpome
TOr0, OHM JIOIYCKAIOT MojieaupoBanue B kjaacce CDI B bazuce
By. Taxk, nepexox or CPD U, U € UC, koropasi peanusyer B
BBIXOJHBIX BepiunHax vg u v1 PAJI gy u g1 COOTBETCTBEHHO, K
CDD U, U € UC, koropast peanmsyer PAJI ¢, yunoBieTBopsiio-
myio (4.1) ((4.2)), mokazan Ha puc. 4.2a (coorBercTBerno 4.2b).
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BameruM, uTo 1pu 3ToM pazsoxkenue (4.1) B caydae gz = 1 9k-
BUBAJIEHTHO ITPEJICTABJIEHUIO

g:x?\/gg,

cxeMHasl peaJin3alirs KOTOPOro IokKa3aHa Ha puc. 4.2c.

Ompenenum, najee, xackadnyro KC kak npusenennyio KC
6e3 30 IMPOBAHHLIX TIOJIIOCOB, KOTOPas MOYKET OBITH IOJIyYeHa
13 CHCTEMBbI TOXKJIECTBEHHBIX BEPIINH B PE3Y/IbTATE PAJIa Olepa-
LM IPUCOEIUHEHNS OIHOIO UK JABYX IIPOTUBOIIOIOKHBIX KOH-
TaKTOB U OIlepaIuii mepenMeHoBaHust BeIxonoB. Kackaanas KC
(KKC) cunraercss noanoti, eciu oHa Obljia HOCTpoeHa 6e3 mc-
[TOJIb30BAHNS OIEPAIUU TPUCOSINHEHNS OJHOTO KOHTaKTa. Tax,
Hanpumep, K anciay KKC orHocuTCsI KOHTaKTHOE AEPEBO, ITOKa-
3aHHOe Ha puc. 1.1, npuuem coorsercrByomiee emy (2" 1)-KJI
sipsiercs nosHon KKC.

BamernM, jrajiee, 9TO, B CHJy OTMEYEHHBIX BBIIIE CBONCTB
paccMaTpUBaEeMbIX ollepalinii nprucoeaunenns Kourakros, KKC
nmeer HyseBble OAJI TPOBOIUMOCTH MEXKTY CBOUMHU BXOJIAMHU.
Orcrona ciemyer, uro B Kaxjoit Bepminne KKC peanmmsyercs
croJiben, B KoropoM Hukaxkue jase PAJI He obpalmaiorcs: B eJu-
HUITY OJHOBPEMEHHO, mpudeM B cirydae moaHot KKC mu3bionk-
musa Bcex PAJI sroro crosbia gaer 1. Tax, B wacTHOCTH, B
Kaxkoii Bepmuae nosHoit KKC ¢ aByMst BXomaMu peaansyercst
crober U3 JIByX IPOTHBOMOIOKHLIX DAJI.

Bepmuna KKC, BBesenHasi B Hee € IIOMOIIBIO OIll€palldn
[IPUCOEINHEHNST OMHOIO KOHTAaKTa, HA3BIBAETCA HEMOAHOU 6ED-
wunoti stoit KKC. Bynem rosoputsb, uro KKC Y apnsercs
donoanenuem uenosmoit KKC Y/, ecam ona mosydaercss B pe-
3yJIbTaTe COCJMHEHUsI BCeX HENOJHBIX BEPUIMH Y OTCYTCTBY-
OIMMUMA B HUX KOHTAKTAMH C HOBBIM BXOJIOM, V/IAJIEHHUSA BCEX
«CTapbIX» BXOJIOB U IIEPEXOJa K COOTBETCTBYIOIIEH NPUBE/IEH-
noit KC. Ilpu sToMm, oueBuaHO,

L(X") <2L(Y), (4.3)
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Puc. 4.2: Kk MogenpoBaHUIO OmepaInii IpUCoeIMHEHNSI KOHTaK-
ToB B Kjacce CPD
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a oobemuuenne X' u Y asngerca nommoit KKC. Jononnenne
¥ k nosmoit KKC ¥ ¢ 1 BxogoM OyzieM Ha3blBaTh UHGEPCHOT
x X' KKC. 3amerum, uro KKC ¥, B ciily 0TMEUeHHBIX BbIIIe
cBoiicT noiabix KKC, peausyer cucremy OAJI F/, ecu KKC
Y peamuzyer cucremy PAJI F'. Takum obpasom, B cuiy (4.3)
CIIpaBEeJINBO CJIELyIONIee YTBePIK IeHIe

JIemma 4.1. Ecau (1,m)-KKC Y peaausyem cucmemy PAJI
F' = (f{,-.., f],), mo cywecmsyem (1,m)-KKC ¥, xomopas
peasusyem cucmemy PAJI F = ?11, e ,?lm> U 0 Komopot
L (X" < 2L ().

MeTo KaCKaJI0B [TO3BOJISIET 10 IIPOU3BOJILHOM 33 JaHHOM CU-
creme dyukuuii anrebpet soruku F' = (f1, ..., fm), F € P3* (n),
crpouts (1,m)-KC Lp, Lp € UK, u COD Up, Ur € UC, koro-
pbie peanusytor F. Bynem cunrars, aro Bce AJI f1, fo,. .., fm
cucreMbl F' pa3indHbl, OTJUYIHBI OT KOHCTAHT, U JJIs KaXKJIOit
BIT z;, 1 < i < n, cpeau aux ectb QAJIL, cyrecTrBeHHO 3aBUCS-

mast oT &;.
Pasznoxum ®AJI f1, fo, ..., fin cHagana mo BII x1, moTowm o
BII z9 u Tak maJiee. [Ipu 3T0M OCTPOUM IIOC/IEA0BATEILHOCTH
muoxkectB G; u G4, cocrositux u3d PAJI or BII x;, 41, ..., Ty,
rie ¢ = 1,2,...,n, Takue, YTO
1. G; cocrour u3 Beex paziuunbix PAJL g (x4, ..., x,) BUIA
g = f] (0-17' 3 03—1, L4, Tj41,y - - - 75871)7
. i—1.
Fﬂelgjgma (0-17"’70'i—1)€BZ )

2. (G; cocToUT U3 BCEX Pa3IUYHBIX QYHKIWE ¢, g € G;, KO-
TOpbIE CYIIECTBEHHO 3aBUCST OT Ij.

Jlerko BUIETH, UTO

Glz{fla"'afm}a éng{xnafn}a
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a muoxkectsa PAJT Gy, ..., G, He IyCTHL M IONADPHO HE IEpece-
KaOTCsl.

Bamernm, uro Jodyro GAJL g, g € @-, rie 1 < i < n,
MOXKHO MpeJ/ICTaBUTh B Buje (4.1)

g = 1 (i, 90, 91) = Tigo V Tig1,

e go = g(0,%it1,...,2n), U, CICTOBATEIBHO, §y € Gip1 U
{0,1} mus Beex o, o € B. Ecin npu 31oM JIjIsi HEKOTOPOTO
o, 0 € B, ®AJI gz pasua 0, To BmMecto (4.1) Gyem ucrob3o-
BaTh passoxkenue (4.2)

g = 55?907

rne go € Gi+1 U {1}

[ocrponm KC Y5, koropast peaymsyer cucremy OAJT 8 ol
rne Gp = él U...u én C IIOMOIIBIO ONEPAINI TPUCOCTMHCHUSA
OJTHOT'O /I JIBYX TIPOTUBOIOJIOKHBIX KOHTAKTOB. [Ipu 3TOM J1/151
Kaxkoro i, =n, (n—1),...,1, kaxkuas PAJl g, g € @i, peasm-
syercst cornacuo (4.1) ((4.2)) na BbIXOzE v, KOTODBIi Ipn o =
0,1 (COOTBETCTBEHHO (v = ) COEIMHEH KOHTAKTOM BHJIA T C
TeM BBIXOJIOM Uy, TJe peamudyerct DAJL g, = g (o, Tiq1, ..., Tp)
TaK, KaK 9T0 oKa3aHo Ha puc. 4.1a (coorBercrBenno puc. 4.1b).

BameTnM, 9TO yKa3aHHOE [MPUCOEMHEHIE OJIHOTO WJIH JIBYX
[IPOTUBOIIOJIOKEHHBIX KOHTAKTOB He usmensier GAJI, peanusy-
eMble B BEpIIMHAX Vg, & € {0, 1}.

Hutst mostygenust uckomoit KC X p 10cTaTO9HO «CHATBY T10-
METKH ¢ TeX BBIXOAHBIX Beprmua KC g, B KOTOPBIX peasnsy-
torcst PAJL, oryimanbie ot fi, ..., fm.

AnajornuasiM 06pa3oM O METOJY KACKaJIOB CTPOUTCS U
CDD Uy, peanusyiomas cucremy PAJI G p, ¢ Toit mmmb pas-
HUIIEH, 4TO:

1. cmauasna peaymsyrorcs Bce PAJI suna T;, 1 < i < n,
kotopble BecTpedatores B KC Yp;
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2. st Beex 4, @ = (n—1),...,1, pasnoxenne (4.1), rae
g € Giugo, g1 € Gis1, peanusyercs TaK, Kak IOKA3AHO
Ha puc. 4.2a, a pasnoxenne (4.2), mpuMeHsieMoe B cJIydae
g7 = 0 (pasnoxkenne

g= x;? V gex§ = x? V 9o (4.4)

B ciydae gz = 1), — Tak, Kak HokasaHo Ha puc. 4.2b
(coorBercTBeHHO 4.2C);

g

3. kaxgag PAJl sBuna gyx?,
[IYHKTE [IPY PeaTn3aIiiy pa3joxkenuii susa (4.1) win (4.2)
qutst pasaunanabix OAJL g, peamusyercst TOJBKO OJIMH pas.

HCIIOJIb3yeMasd B IIPEAbIIYyIIEM

Kak u B cayuae KC, CO9 Up, peanusyiomas cucremy OAJI F
1 ITIOCTPOEHHAsT TI0 METOAY KacKajos, nmojydaercs uz COI Up

B PE3yJIbTATEe «CHATHA» TEX BLIXOJOB, B KOTOPBLIX PEAJN3YIOTCA
OAJI, orimansre or OAJI uz F.
[Tycrs, nanpumep, F = (f1, f2), tae

fi=T1xe (x3 B x4) V 1 (2 V 23T4) ,

fo=z1(x3® 24) VT124.
Torna:

Gi=Gr={h, f};

Go = {x2 (v3 B 24) , 22V 23Ta}, Ga=GaU {3 ® x4,24};
Gy = {23 ® x4, 2374}, Gs = Gs U {4}

@4 = {m4, T4} .

Ha puc. 4.3 nokasana nocrpoerHas Jijisi JauHoit cucreMmbl OAJI
KC Y, BepIIMHBI KOTOPOil TTOMEYEHBI COMOCTABICHHBIMI HM
OAJI, ma puc. 4.4 — cooreercreyomast eii KC Y, a Ha puc. 4.5 —
COD Up.

Hpyrum npumepom KC, mocTpoeHHO# 110 METOMLY KACKaI0B
st aaeitnoit ®AJI £, rie n > 2, ABIsSeTCs U3BECTHAS CXEMa,
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Puc. 4.3: npumep KC ¢ momedeHHBIME BepIIMHAM,
[IOCTPOEHHOH METOJIOM KACKaJIOB

Puc. 4.4: npumep KC, mocTpoeHHOit METOIOM KacKa 0B
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I T4 T3 L2

fo fi

Puc. 4.5: CO s cucrembr PAJI F, mocrpoeHHast METOIOM
KaCKaJI0B

52 e in71
T v v Zn
1Q ! 2 P I oY/

Puc. 4.6: cxema Kapmo ms smmneiino#t dyuknnm £,
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Kapzo [32|, nokazannas ma puc. 4.6. 3amernm, uro sra KC
HMeET CJIOKHOCTD (4n — 4) n siBjsiercss MUHAMAJILHON. B 10 ke
Bpemst CPD, mocrpoennast st £,, N = 2, 10 METOLY KACKaI0B
UMeeT CJIOKHOCTH (7Tn — 9) u He sIBJIsieTCsi MUHUMAJIBHOM, Tak
KaK MMeeT GOJIBIIYIO CJOKHOCTD MO CPABHEHHIO CO CXeMoil L
cioxkuoctu (4n — 4), nokazaHHoi Ha puc. 2.2. AHajoruYHBIE
onenkn cripasemuBel 41t DAJI £, (em. ey 2.3).

[Tpu mocTpoennn mo mMeromy Kacka1os (1,2")-KC, peanusy-
foreil cucreMy (byHKIUN ajredpbl JIOTUKH (), MBI [TOJIYIAM
KOHTAKTHOE JIEPEeBO IOpsiaka N, rnmokaszannoe na puc. 1.1. Kak
OyeT nokazano jgajee 3ro K/ He sBIsgeTcs MUHUMAJIbHBIM KOH-
TaKTHBIM JeIudPaTOPOM.

AHajoruaHbBIM 00PA30M C MOMOIIBIO METO/IA KACKaI0B MOXK-
HO IIOCTPOUTH KOHTAKTHBIN U3 BIOHKTUBHBIH jemudparop mo-
psJIKa N M CJI0KHOCTH He 6osbine, deM 212 — 6, KoHTaKTHLII
YHUBEPCAJILHBIIT MHOTOIIOJIIOCHUK TOPSIKA 70 U CJIOXKHOCTU HE
Goubiire, ueM 2 - 22" a TakyKe KOHTAKTHBIH MyJIBTUILIEKCOD II0-
psafKa n u caoxknocT 3 - 2" — 2 mokasaHHbIil Ha puc. 2.1 (cMm.
aeMmy 2.3). BaMeTHM, 9TO YKa3aHHbBIH MYyIbTHILIEKCOD TI0JIy da-
ercst upu pasyioxkenun OAJI w,, cHagaa 10 aJpecHBIM, a 3aTeM
o uadopmanuonabiM BII. B To ke BpeMsi, KOHTAKTHBIN MYJIb-
TUIJIEKCOP IIOPSJIKa 7, IIOCTPOECHHBIN 10 METOLY KaCKaJOB IIPU
pazmoxkennn OAJI p, cHadama mo HHGOPMAIMOHHBIM, & 3aTEM
o agpecHbiM BII) comepxxut K/ nmopsinka 2" ot uadopmariu-
onubIx BIT 11 I09TOMY MMeeT CJIOKHOCTD He MeHbIie, dem 22 11,
DT0 MOKA3BIBAET, UTO BEIOOD «IIPABUILHOTO» MOPSIJIKA T€PEMEH-
HbIX TIpu pazioxkennn DAJI MoXKeT CyIEeCTBEHHO YMEHBIHUTE
cioxkaocTh KC| 1MOCTpOEHHO 110 MeTOo/1y KacKaoB.

YuuTbiBast Bce CKa3aHHOE BBIIIE, JIOTTOJTHUM JieMMbI 1.3 11 2.3
CJIETYIONNM yTBEPXKIEHUEM.

JlemMma 4.2. Jlas a06020 namypasvrozo n u o € B evnoana-



40 Bgsexenne

romcs HepaseHcImea.:!

n

LE(07) <4n—4+ FJ , IX(Pan) <2-27,
LX(7,) <22 6.

Paccmorpum, B 3akmiodenne, meros [llennona /i cuHTe-
3a KC u CDD (cm. [33, 14]), KOTOPEIl 11O3BOJISIET YCTAHOBUTH
nopsok pocra dynximit emmona LX (n) u LC (n).

Merton Tlennona 3ak/oyaeTcsa B BLIOOPE HEKOTOPOT'O TTapa-
Merpa ¢, 1 < ¢ < n, 1 IOCTPOEHUH CXEMbI X f, peaausyonieit
upoussosbayto OAJL f (z1,...,T,) HA OCHOBE ee pPA3JIOKEHUsI
110 JaCTHU IIePEeMEHHbIX:

FEat) = N el g (), (45)

U//:(O'q+1,...,0'n)

rne @ = (x1,...,2q), 2" = (Tgq1, ..., xn) 1 for(2)) =

= f(2/,0") npu Becex 0", ¢” € B"~9. IIpu srom cxema X mpei-

crapysier coboit cynepnosummio suga X (X)), rme X — wmysn-

TurIeKcop nopsaka (n — q) ot agpecubix BIT 2 undopmary-

OHHBIE BXO/IbI KOTOPOI'O IPY BBIIOJHEHUN YKA3aHHON CyIepIIo-

SUIUK IPUCOCUHSIOTCS K BBIXOJAM YHUBEPCAJILHOTO MHOIOIIO-

mochuka Y nopsiiika ¢ ot BIT 2/ B coorBercTBum ¢ (4.5).
Ilomaras

q = [log (n —2logn)],

nocrpouM ist PAJL f (x1,...,x,) YKA3aHHBIM BBIIIE CIIOCOOOM
KC (CD3 B 6asuce By) X, tme X" — (2"79,1)-K/I nopsinka
(n — q) (coorsercrBenno dopmyna Fy,_q u3 aemmor 2.3), a X' —
YHUBEPCAJbHDI MHOTOIIOJIIOCHUK U3 JIeMMBbI 4.2 (COOTBETCTBEH-
HO JieMMbI 1.3). KoppekTHOCTD 1I0CTPOEHHOI Cyepo3uIyu, T.e.
peaymzanus cxemoit Xy PAJI f B ciygae COD ouesnnna, a B
ciaygae KC obecrieunBaeTcss TeM, 9TO €€ MOYKHO IPEJICTABUTH
B BHjIe pe3yJIbTaTa MHOINOKPATHON Onepaluyd IPUCOEUHEHUS
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JBYX IIPOTHBOIIOJIO?KEHHBIX KOHTAKTOB, KODPEKTHOCTH KOTOPOIt
6bL1a oTMedeHa Boiite (cM. puc. 4.1). st CJI0KHOCTH Oy YeH-
HOIt cXeMbl X ¢ Oy/yT CIIpaBe/l/IuBbl OIlCHKH

L(Ef)<2-22q+2-2"—q<L+2+0 z
n—2logn n2)’

ecm Xy € UK, u

L(3s) <22 4+4.2m9¢ ﬂﬂ) z
A “n—2logn n2)’
ecm Ly € UC. Takum o6pasoM, JIOKA3AHO CJIEAYIONIEE YTBEp-
JKIEHHE.

Teopema 4.1. Jas dynxyut Hlewnona LX (n) u LC (n) evi-
NOAHEHDL COOMHOUEHUA:
2n n

L¥ (n) <4=— LC (n) <8=.
(n) ~ n b (n) ~ n

§5 HuwuxkHaue morHOCTHBIE orieHkn pyHKInu I1leH-
HOHa, NX 0000IleHne Ha cJjydail cMHTe3a cXeM
aJist pYHKIUI N3 CleluaIbHBIX KJIaCCOB

YCTaHOBUM Teleph Psiji HUKHUX OIEHOK JIJIsi BBEICHHBIX B §1
dyukiumit [[lennona. Bee 9Tu OeHKN TOJIyYEHBI € TOMOIIBIO
MOIIHOCTHOTO MeTo/1a, npeyiozkentnoro [lennonom [33, 14|, ko-
TOpbIil ocHOBaH Ha ToM, uro unciao ®AJI or BII x4, ..., x, He
MOXKET OBLITh MEHbIIEe YKCJa TeX IIONAPHO He SKBUBAJEHTHDLIX
CXeM, CJIO2KHOCTBb KOTOPBIX HE€ IIPEBOCXOJUT 3HAYCHUA COOTBET-
crytomeii dyukuun [lenHona or aprymesra n.

IIycrs U — oun 3 pacCMOTPEHHBIX B IVIaBe 2 KJIACCOB CXEM,
U — BBesieHHBIT TaM GyHKIMOHAT caoxkHOCTH, a W (n) — dyHK-
nus [lernona s kiaacca U orHocurensuo V. Obo3HaynM de-
pe3 U (¥, n) MaO)KECTBO Tex cxeM X, % € U, KOTOpBIE pean3y-
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1o oany PAJI uz P; (n) u ans koropeix ¥ (X) < . Crenyro-
IIee «MOIIIHOCTHOE» PABEHCTBO BBITEKAET HEIIOCPECTBEHHO W3
onupe/JieJIeHni:

(W (n) )| = 2*". (5.1)

3aMeTnM TakKe, 9TO e€CJIU JJIsi HEKOTOPOro HATYPAJBHOIO 1 U
neficrBuresnpubix W, J, e 0 < § < 1, BBINOTHAETCS HepaBeH-

Hu (9.n) H <622, T0U(f) =T (5.2)

st we Menee gem (1 — §) - 22" OAJL f us Py(n).

Bepxune onenkn sesmunust |[U(W,n)||, ycranosienubie B
rIaBe 2 JIs PA3JIMIHBIX KJIACCOB CXeM U (PYHKIMOHAIOB CJIOK-
HOCTH, a Takxke coorHomenust (5.1)—(5.2) ciayKaT 0OCHOBOM JiIst
HOJIy 9€HNUST HIZKHUX MOIIIHOCTHBIX OIIEHOK COOTBETCTBYIONHX (DY HK:-
nnit [{lennona u cioxkaoctu nouru Beex GAJI. Hanomanm, uro
(cm. stemmbt 4.3, 4.2, 6.2, 6.3 13 ry1aBbl 2) [171sT JTIOOBIX HATYPAJTh-
HBIX N U L cripaBe/InBBI HEPABEHCTBA:

[UC (L,n)|| < (8(L+n))"*, (5.3)
|U® (L, n)|| < (8n)" ', (5.4)
U (L, n)|| < (8nL)*, (5.5)
U™ (L,n)|| < (120)", (5.6)
(Ll < (8m)* (57)

JlemMma 5.1. /Jlas noaoscumesvrulr 0eticmeumenbhvll “Uucen
a, Y, ¢ U3 HEPaseHCMS

alogg>1, (ay)! > q, (5.8)
caedyem HepaseEHCMEo

y> log g ) loglog (alog q) ’ (5.9)
log (alog q) log (aelog q)
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2de e — 0CHOBAHUE HAMYPAALHBLT L02APUPMOS, & U3 HEPAGEHCTG
a>1,a¥ > q — nepasercmeo

> logq'
loga

(5.10)

Zoxasameavcmeo. Paccmorpum cHavasa ciydait, korga a = 1
u log g > 1. B aTom ciyuae wepasencTso (5.9) cieayer us toro,
9TO JieBast 9acThb (5.8) MOHOTOHHO BO3PACTAET 110 Y, ¥ JIJIsI

log q
/ — 1
y=>0+¢) loglogq’

rje
log log log q
E=——"-,
log (elog q)
CIIPaBE/IJINBBI COOTHOIIEHNUS

y'logy =

1
=(1+¢) 984 (loglog g — logloglog g+ logeln (1 +¢)) <
loglog q

loglog1 1
<logq(1+2) (1- og loglog g eloge
log log g loglog g

=logq(l+¢e)(l—¢)=logq(l—¢c?) <loggq.

Bamernm, 1T0 B caydae a > 0 HepaBeHCTBO (5.8) 9KBUBAIEHTHO
HEPaBEHCTBY
ay a
(ay)™ = ¢*,
1 [I09TOMY HEepaBeHCTBO (5.9) mosIyYaeTcst n3 HepaBeHCTBA Y = Y

B pe3yJibTaTe 3aMeHbI Y Ha ay u log g Ha a log ¢, ec/in BBITIOJIHEHO

/

ycaosue alogqg > 1.

Hepagencrso (5.10) B ciaygae a > 1 nosydaercss B pe3yiib-
Tare JjorapudMIPOBAHNs HEpABEHCTBA a¥ > ¢ u meneHnst obenx
JacTeil MoJIly9eHHOro HepaBeHcTBa Ha log a.

Jlemma JioKa3ana. O



44 Bgsexenne

Teopema 5.1. /las nexomopoix nocaedosamenvrocmets ;=e;(n),
ede i = 1,....,5 un = 1,2,..., makux, wmo &; (n) = 0 npu
n = ng ue; (n) cmpemumen x 0 npu n cmpemawemca x 6ecko-
newrnocmu, das nowmu ecex PAJI f, f € Pa(n), svnoanaomes
HEPABEHCTNBA

LE(f) = (14 e1(n)) —, (5.11)
L* ()2 (-2 () o (5.12)
LX(f) > (1 -5 () 2, (5.13)
() (1= (0) o (5.14)
D (f) =n—loglogn — e5(n). (5.15)

Jlokasamenvcmeo. Hepasencrsa (5.11)—(5.14) BoiBojgTCS N3 CO-
OTBETCTBYIOIIEr0o paccMaTpuBaeMomy Kjaaccy cxeM U ¢ dyHKITH-
onaJsioM cyioknoctn L Hepasencrsa (5.3)—(5.6) Ha ocHOBe MoIII-
HOCTHOTO HepaseHcTBa (5.2), re § = 1/n ¢ ucnosab30BaHUEM
gemmur 5.1, tae ¢ = 22" /n, u

1) a=38, y=L°n)+n, ecm U=UC;
2) a=8n, y=L%n)+1, ecm U=U®;
3) a=8n, y=LX(n), ecim U = UK;
4) a=12n, y= L"(n), ecoim U =UT.

[eiicTBUTeNbHO, ITOACTABISAS yKa3aHHble 3Hadenns B (5.9) mo-



Bgenernne 45

ayanm, aro gosst rex PAJL f, f € Pa(n), mjist KOTOpbIX

e (R = B

N (5.16)
>2<1+logn—3—0(1));
n n
2" — ], 2" 1
o) L)z Zloen g 2 () 3oy gy
logn +3 logn logn
2" 1 1 —o(1
3) LK(f) > ] og(n + 3 +logn) —o(1) S
n+3+logn n+ 54 logn

/2n<1—?’+‘)(1)>,

He MeHblne, YeM (1 —1/n). Crenosarensno, HepaBeHcTso (5.11)
((5.12), (5.13)) 6ymer cupaBeIMBO JIsl JOCTATOYHO OOJIBIINX
n upu €1 (n) = log+_4 (cooTBercTBEHHO £2 (N) = bgn, ez (n) =
4
w):

AHasornIHBIM 06PA30M YCTAHABIMBAECTCS CIPABEJINBOCTD

6

(5.14) u (5.15) npu e4(n) = Toen = es(n).

Teopema jmokazana. O

(5.18)

CaencrBue.

D(n) > n —loglogn — o(1),

Lz 1wz
n logn
2n 2m

Kz =, L"(n)2 —.
n logn

MoImHOCTHBIE COOOPasKeHUsT MOKHO HCIIOJIb30BATh HPH T10-
JIyYeHUH HUKHUX OleHOK it dynkimit [Ilennona, cBa3annbIx
¢ peammsammeit PAJT u3 kmacca Q, O = Q(1),9(2),...

.,9(n),..., ome

QCPuQn)=9nkPn)#9, n=12....



46 Bgsexenne

IIycre U — onuH M3 PACCMOTPEHHBIX B IJIaBe 2 KJIACCOB CXEM,
U — BeejsieHHblil TaM dyHKImoHa caoxkuocTH, a W (Q(n)) —
dyukmus [Mlennona (mus kmacca cxem U oTHOCHTEIBHO (DYHK-
uonasia cyioxkuoctu W), cesizannas ¢ kiaaccom PAJT Q) To ecThb

¥ (Q(n) = frg%)\lf(f)-

Cuiestyrormee «MOIITHOCTHOE» HEPaBEHCTBO 06001aeT paBeHcTBo (5.1
U BBITEKAeT HeIOCPEJICTBEHHO U3 OIIPE 1€ IeHMUIL:

U (Q (n)),n)l| =2 (n)]- (5.19)

OHO 103BOJISIET MOJTYyYUTh HUXKHIO OleHKy (yukimun Hlenuo-
Ha U (Q(n)) Ha ocHOBe M3BECTHOI BEpXHEil OICHKM BEJNYINHBI
U, n)]-

PaccmoTpuM, B 9acTHOCTH, HUZKHHE MOIHOCTHBIE OICHKH
nts bynxmuit LC(Q (n)) u LK (Q(n)), To ects dynkmmit [len-
HoHAa st caoxkuocTu peanusanuu OAJI usz knacca Q cxemamu
u3 xnaccos UC u UK coorsercrsenno. Ha ocroBe MOIIHOCTHBIX
coobpazkenuii (cum. (5.19)) aHAJIOrMIHO TOMY, KaK 9TO OBLIO C/le-
naHo B Teopeme 5.1 st ciaydas Q = Po, JOKa3bIBAETCS CJIeJLy-
IoIlee YTBEPIKICHIE.

Jlemma 5.2. Jiaa xaacca DPAJT Q maxozo, umo n =

=o0 ( log|9(n)| ) (logmn = o(loglog |Q(n)|)), swnosnsomesn cae-

loglog|Q(n)|
JyYrougue ACUMNIMOTMUYECKUE HEPABENCTNEE
log |9 (n)]
L°(Q(n) 2 —>—~ 5.20
Q) o (5.20)
1
(coomeememeenno L (Q(n)) > 082 (n)] ). (5.21)

~ Toglog[9(n)]

IIycre, Hanpumep, kinacc Q cocrout us Becex OAJI, cummer-
pudHbIX 110 1epBbiM gaByM BII. Jlerko Bujaerh, 9TO mIpm 3TOM
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3on
|Q (n)| = 24%", Tax xak f € Q(n) Toraa W TOIBKO TOT/A, KOTJIA
BTOpasl M TPEThbsl YeTBEPTH CTOJIOIA 3HAUEHUI Orf COBIIAJIAIOT.
CreioBaTeNIbHO, B CUILY JIEMMBI 5.2, OTCIOJ]a BBITEKAET, ITO

em) 2L K em)z

2TL
—. 5.22
= 62)

e
1 e

§6 M3 BHIOHKTUBHO-YHUBEPCAJIbHbIE MHOXKECTBA
dbyHKIMil. ACUMOTOTUYECKN HAWITY YIITAN
meron O. B. JIynanoBa jJjisti cuHTE3a
cxeM U3 (PyHKIMOHAIBHBIX 3JIEMEHTOB
B bazuce {&,V,—}

PaccmoTpun MeTog ciHTe3a cxeM u3 kiaacca UC, KoTopslit GbT
npegioxken O.B. Jlynanossim [14] u 10380 BIEpBBIE yCTa-
HOBUTH acuMiToTHKy dyukimu Ilennona LE (n). Dror Merop,
kak u Merox [llennona (cm. §4), ocHOBaH Ha HpeJCTABIEHUN
peanuzyemoit ®AJL f, f € P»(n), B Buge (4.5) u nocrpoernun
uckomoit COD Xy, peammsytomeit PAJI f, kax cymneprnozurun
cxem Buga X = X" (). IIpu arom cxema 3" mo-npezkneMy siB-
JISIETCsI MYJIBTUILIEKCOPOM Topsifika (n — q) or ajpecHbix BIT
2’ = (Tg41,...,%n), a cxema X' pearmsyer sce PAJI Buna
for (&), tnex’ = (z1,...,2¢), 0" € B L u for (') = f(a,0").
Onnaxo, B orimane ot meroga [lennona, kaxmas PAJT for (2)
Hepercs He ¢ BbIXOJIa yHUBEPCAILHOTO MHOTIOIIOMIOCHUKA 0T BIT
2/, a peanmsyercs Ha BBIXOJE Y/ KaK U3 BIOHKINSA HEKOTOPHIX
DAJI, BoibpannbIx u3 crenuagbHoro Maoxkectsa G, G C P (q),
peaIn30BaHHOIO HA BBIXOJIAX COOTBETCTBYIOIIEH TOICXEMbI CXEMbI
Y.

MuoxecrBo PAJI G, G C P, (m), HasbBaercst Ju3sionk-
MUBHO-YHUBEPCANLHBIM MHodHcecneom (IYVM) nopsadka m u pan-
ea p, ecm ymobasg PAJL g, g € Py (m), MmoxKeT ObITH IIpeICTaB-
JIeHa B BUJIE

g=qnV...Vgp,
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rie g; € G upu Beex ¢, ¢ = 1,...,p. CrangapTHbIil ciocob 1o-
CTPOEHUSI TAKNX MHOYKECTB CBSI3aH C PasOUEHUAMU €IUHAIHOIO
Ky0a.

Iycrs I1 = (mq, ..., mp) — pasbuenne kyba B, u mycTsb st
Beex i, © = 1,...,p, DAJT ¥; (1,...,Ty) — Xapakrepucruye-
ckast ®AJI muoxecrsa m;, a G — muoxecrso Beex Tex OAJI

g, g € Py (m), xoropbie obpairatorcs B 0 BHE 7;. 3aMeTHM, 9TO
muoxkectso PAJI G Buna

G=GVu...ugW®

sipisiercss JIYM mopsiaka m u panra p. JleficTBuTeabHo, JTr0bast
DAJL g, g € Py (m), MoxkeT OBITH IPEJCTABICHA B BUJIE

G=a V..V, (6.1)
re g; = ;g U, CJIeIOBATEIbHO, §; € G ysseexi,i=1,...,p.
BaMeTuM TakKe, 4TO MOIHOCTL MuOkecrBa G, i =1,...,p,
paBHa 2%, e s; = |m;|, ¥ YTO MHOXKECTBO G N GU cocro-

utr w3 OAJI, Toxmecreenno pasuoii 0, ecyim 1 < & < j < p.
CrenoBare/ibHO,

p

A=161= ) [60) - -1 < Y2 <,

i=1 =1

rae

S = max S;.
1<i<p

Vkazannoe JIYM G Oynem HaszwBatb AYM, ceasarmvim ¢
pasbuenuem 11. Kommonenrsr paszouenus II Oymem mpu sToM Ha-
spiBaTh noaocamu JIVM G, a OAJL 1 = Xsy, .-+, ¥p = X6, —
ero zapaxmepucmuyeckumy OAJI. 3amernm, 4T0 Xapakrepu-
cruyeckne OAJI monapHo OPTOrOHAIBHBI, TO €CTh OJJHOBPEMEH-
HO B 1 He obparatorcs, u npuHajexar (. 3aMeTuM TaK»Ke,
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T1 T2 Ty 1Ty, | 8182 - 828 [825 41 - Bos+1_q ... 8(p—1)(25—-1)+2 - -&x
0 0 0 o0 1- 1 0 0 0 0
0 0 0 110 0- 1 0 0 0 0
. . 8§=s81
™1 .
00 1 0 0 0 0
00 0 1 1 0 0
00 0 0 1 0 0
) s=sg
™2 .
00 0 0 1 0 0
00 0 0 0 0 0
00 0 0 0 0 0
. F=p—1
Tp—1 :
00 0 0 0 0 0
00 0 0 0 1 1
00 0 0 0 0 1
. sp<s
7\'p .
00 0 0 0 0 0
<—0s 25 —1 25P 1.

Puc. 6.1: K onpeneseHno TU3bIOHKTUBHO-YHIBEPCATHLHOTO
MHOXKECTBA

qro npejcrasienue (6.1) B ciyudae paccmarpusaemoro JIYM G
PABHOCUILHO IPEJICTABICHUIO:

g =191V P2ga V- Vg, (6.2)

Bynem caurare cmandapmuvim IYM nopadka m u ewvico-
mot S, TJIE

s <2™, (6.3)
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IYM panra p, p = [2™/s], cBazannoe ¢ pasbuenunem II =
(71,...,mp) Kyba B™ Ha 1ociie[joBaTebHbIE OTPE3KH, sl KO-
TOPOT'0 HOMEP JII0OOro Habopa U3 MHOXKECTBA T; MEHbIIIE HOMEpa,
J1000r0 HAbOpa U3 MHOXKECTBA, T, €M ¢ < j, U BBIIOJIHEHbI CO-
OTHOIIEHUSI

81282:'--:8p_1:8,

6.4
sp=2"—(p—1)s <s. (6.4)

Tabmuna saauenuiit ®AJI JIYM G npusenena Ha puc. 6.1.

W3 ipoBeIeHHBIX IOCTPOEHUI U OTMEUEHHBIX BBIIIE CBOHCTB
cramngapraoro JIYM BbITeKaeT CIpaBe/InBOCTD CJIEIYIONIEr0 yTBED
2KJICHUS.

JlemMma 6.1. Jlas a1066ix namypasvhelr p, m u S, 20e p =
m

(%W , cywecmeyem cmandapmmuoe JAYM G nopadka m u evico-

mut S, Komopoe asasemcs VM panea p u das Komopozo:

1) A= |G| < p2°;

2) cucmema u3 p zapaxmepucmuveckur PAJ Pi,... Py,
AVM G obaadaem mem ceoticmeom, “4mo 0das a10001
QAJI g, g € Pa(m), u coomeemcmsyrowur DAJI
g1,---,9p u3 G cnpasedruso ne mosvko npedcmasaenue
(6.1), Ho u npedcmasaenue (6.2).

Teopema 6.1. Jlasa wmoboti PAJI f, f € Pa(n), cywecmsyem
pearusyrowan ee COPI Xy, Yy € UC, makas, wmo

n
L) <= <1 + 510gn+o<1)> . (6.5)
n n
Hokazameavemeso. Ilycrs ' = (x1,...,2q), " = (Tg41, ..., Tn)
u for(z') = f(a!,0"”) nna secex ¢” uz B" 1. Ilycrs, nasee,
" — mynsrumiekcop nopsiaka (n — q) ot agpecunix BIT 2”7 u
nadopmarmonnbix BII y = (yo, ..., Yan—g_1), KOTOPBI OCTPO-

€H B COOTBETCTBHH C JeMMoit 2.3, ipeacTaBisieT coboit popmyiry
Fn—q u peammsyer Mmyabrunaekcopuyio PAJT p, 4 (2", y).
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[TycTs s — HEKOTOpBII apamerp, yJaoBiaeTBopsiomuii (6.3),
a G — cranmapraoe JIYM mopsiika m = ¢ U BBICOTHI S, YJIO-
BJIeTBOpsOIIee TpeboBaHusAM JieMMbl 6.1. ObozHaunM depes X
CDD, xoropast peaymsyer cucremy DAJI U IIPEJACTABJIAET
coboii 00'beIMHEHNE CXEM, TIOCTPOEHHBIX JIJIsi KaXKJ0i U3 HUX B
COOTBETCTBUE ¢ JieMMoit 1.2. 3aMeTnm, 9TO, B CHJTY JIEMMBI 2.3,
(1.3) u siemmbI 6.1, BLINOJIHEHBI HEPABEHCTBA

LX) <4279,

- 6.6
L(Z¢) < 3p2°T4. (6.6)

Cxema Y/ conepskur COD Y B KauecTBe MOJCXEMBI U peaJii-
syer kaxyio PAJL fon (2'), tne ¢ € B"~ 9, na ognom u3 cBo-
ux BeixosoB Kak MAJT g (') Buga (6.1) ¢ momonpio COD us3
(p—1) ®D V, BXOJbI KOTOPOii MPUCOEAMHEHBI K COOTBETCTBY O~
M BexogaM Y. Uekomas COD Xy umeer Buy Xy = X" ()
u peasmzyer PAJI f B coorBercTBuu ¢ pasmoxenuem (4.5). st
Hee, B cuity (6.6), Oy/LyT BBIIOJIHITHCST HEPABEHCTBA

L(Zp) <2 (p-1)+L(E")+L(Ze) <
<2V (p—1)+4-2"9 4 3p25t9,
13 KOTOPBIX, BbI6paB 3HaAYCHUA ITapaMeTpPOB

s=[n—>5logn],
m=q=[2logn],

ynosisierBopstiontue (6.3), B coorBercTBuu ¢ JleMMoit 6.1 moiry-
quM

L(%y) < 2n+0<2n> =
on <1+ 5logn+0(1)).

n

Teopema moxazana. ]



52 Bgsexenne

CaencrBue. Us (6.5) ¢ yuémom caedcmeusn uz meopemovi 5.1
6uMEKAE, YN0

Ormernm, B 3aKjI09eHHE, 9TO B cooTBercTBun ¢ (6.5) 1 Teo-
penmoit 5.1 ciokuocts LE(f) mnsa moutn seex ®AJL f, f €
Py(n), acumnroruuecku pasua dbynkumn Hlennona LC(n), To
ectb cioxkuocTH camoii cioxkuoit PAJI uz Pa(n). Tem cambiM,
B ommane or kiacca JH® (cm. §7 mmaser 1), B kiacce cxem
UC umeer mecto T. H. 3ddexr ITleHHOHA — ACHMITOTHIECKOE
paBeHcTBO cioxkHOcTH mouTh Beex PAJI u ciroxkHOCTH caMoii
cioxuoit @AJI or 3amannoro uncia BII, crpemsierocs: Kk 6ec-
KOHEIHOCTH.

§7 Perynaspubie pa3bueHus eJJUHUIHOrIO Kyba 1 Mo-
neanpoBaHue PyHKIMI TepeMeHHbIMA. A cuMII-
TOTUYECKW HAWJIYYIINii MeTO I CHHTe3a (POPMYJT
B Gasuce {&,V,—}.

MmuozkectBo 0, 6 C BY, Ha3bIBAETCA M-PE2YAADPHbIM MHOKE-
crBOM Habopos Kyba BY, eciiu m < ¢, |0| = 2™ u Bce mpe-
duxcer! uIHBL M HAGOPOB U3 § PAZIMUHLL 3aMETUM, YTO 1M-
peryasipHoMy MHOKeCTBY 0, 0 C B?, MOXKHO B3aUMHOOHO3HAY-
HO conoctasuth cucremy PAJL ) = (¢P1,...,¢Yg—m)u3 Py " (m)
Tak, 4ro Habop o = (f,7), tne f € B™ u v € BT™ npu-
HaJUIEZKUT § TOrja M TOJIBbKO Torya, Korja ¢ (8) = . Bawme-
tum Takxke, aro jwobas PAJI g, g € P (q), coBuagaer Ha
M~-peryJisipHOM MHO)KecTBe HabopoB 6, & C B? ¢ HeKOoTOpOil
DAJI uz P> (m), eciim paccmarpuBarh P (m) Kak MHOXKECTBO
Bcex PAJI uz P (q) ¢ mecymecrsennpivu BIT 2,11, ..., 4. [Ipn
stom Jiobas PAJI u3 cBsa3amHOM ¢ § cucTEeMBI QPYHKIHIT COBITA-
Jmaet Ha § ¢ coorBercTBytomeil BII kyba BY.

! st cnosa (maGopa) « Buma o = B ciaoso (8 () cuuraercs ero npe-
Pukcom (coOTBETCTBEHHO cydurcom).
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Host mabopos B = (B1,...,0y) n a = (a1,...,04) depes
B @ a bymem obosHadare HabOp Buma (1@ au,..., 0 @ aq).
s muoxkectBa 6, 0 € BY, u mabopa «, o € B, onpeneanm
MHOKECTBO 0 © v KaK MHOXKECTBO Pa3/IMYHLIX HabOPOB BUIA
B8 & a, rae B € §, TO €CTh MHOYKECTBO, IOJIYYAIONIEECs] U3 MHO-
)KecTBa § C¢ABUrOM (TapaJlIe/IbHBIM [EPEeHOCOM) Ha Habop .
3aMeTnM, 4TO IJIsT M-peryJasipHoro MHoxkecrsa 0, 6 C B? u
Jioboro Habopa a, o € BY, MHOXKeCTBO § P (v TaK¥Ke sIBJISIETCSI
m-peryssipabiM. Eciu npu arom v () < 297™ 10 ecThb

a=(0,...,0,7),
~——

m

rae v = (Y1, Yg—m) u v (Y) = v (a), a MHOXKeCTBO HAOOPOB
d coorsercrByer cucreme PAJl g = (g1,...,9¢—m), TO MHO-
»KecTBO HabopoB & @ « Oymer coorBercTBOBaTH cucteme OAJI
(91 D 71,3 9g—m D Yg—m), HOJIyUAIOMIENCS U3 CHCTEMBI § WH-
BepTHpoBaHreM HeKOTOpbIx PAJI.

JlemMma 7.1. /Jlaa mo0bx HamypasvHulr m, A u g =m + \ u
daa moboti cucmemv, PAJL g = (g1,...,9x) us Ps(m) cywe-
cmeyem m-pezyaaproe pasbuerue A = (01,...,09q-m) Kyba Bl
maxoe, wmo mobas PAJI g; na 10601 Komnonenme 6; cosnada-
em aubo ¢ 00noti us BIl Ty, ..., %4, Aub0 c €€ ompuyanuem.

Hoxazameavemeo. Ilyctb § = §1 — m-peryinsipHOE MHOXKECTBO,

coorBercrByiomiee cucreme PAJT g = (g1,...,9)), 1 IyCTh 6; =
9 @, rme v(a) =i — 1, s Beex 4, ¢ = 1,...,297™. U3 no-
CTPOEHUSI CUCTEMbI MHOKECTB A = (41, . .., 0gg—m ) CIIJIyeT, YTO

KaxKJI0e U3 HUX 00J1a1aeT TPeOYEMbIM CBOACTBAMIE, CBA3AHHBIMUI
¢ moxkemmpoBanueM OAJI us g ¢ momormpio BIT.

[Tokazkem Terepsh, uto A — nokpeitue Kyba B?. [{jist sTor0
BO3bMEM IIPOU3BOJIbHBIN Ha0op 3 B? Buna (5,7), rae f € B™
u vy € B a mo Hemy HaiijleM B MHOXKeCTBe 0 HabOp BHJA
(8,7), KOTOpPBIl MMeeTcst B § B CHJIIY M-PErYJISIPHOCTH 3TOTO
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MHO2KeCTBa. CJIe,Z[OBaTeJH)HO,

(8,7) = B,7)@(0,...,07@7) = (8,7) © a,
N——

m

rae v(a) < 297", Takum obpasom, cucrema A obpa3syer I10-
KpbITHe Kyba B™.

C spyroit CTOpOHBI, U3 M-PErYJASIPHOCTH O CJIELyeT M-pe-
CYJISIPHOCTB JTFOO0TO M3 MHOXKECTB 0;, ¢ = 1,...,297™ u noaro-

My

29—m

D 6| =2m2rm =20,
=1

Cnenmosarenbho, cuctema A obpasyer pasdbuenne kyba BY.

JlemMa, JI0Ka3aHa. O
_ _ 1
Sameuanue. Eciu B ycioBusax teMMbl o = (qv, ..., a)) = v (j—
e
1), To g; = x;},, Ha J;.

[Ipumenum texuuky momenupoBanus PAJI uz VM nepe-
MEHHBIMU JIJIsT CHHTE3a (POPMYJ B CTAHIAPTHOM Oaswmce.

Teopema 7.1 (cp. [14]). Jaa moboti QAJI f, f € Py(n), 6 UP
cywecmsyem peasusyrouas ee gopmyaa Iy, daa womopot

2 (1+ 210g10gn+0(1)> .
logn

L(Jy) <

< 7.1
logn (7.1)

Joxaszameavcmeo. IlycTb mapamMeTpsl m, S U P YIOBIETBOPSIIOT
COOTHOIIIEHUSIM

om
3<2m7 p:’VS—‘y m+p25<n7

a G — crapgapraoe JIYM mnopsiaka m U BBICOTHI S, JJIS KO-
toporo |G| =A< p-2° (cm. §6). Ilycrs, manee, ¢ = m + A u,
csieioBaTesibHo, ¢ < n, a A = (1, ...,09x) — pasbuenue Kyba

B4, noxygennoe mo jgemme 7.1 mist cucremsr PAJ G
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[Monoxknm ' = (x1,...,24) U 3aMETUM, ITO IIPOU3BOJILHASE
®AJIL h, h € P3(q), na moboit kommonente &;, i € [1,2], B cuty

ee M-PeryJIApHOCTH COBIaacT ¢ HekoTopoit PAJI h(zi, ..., Tm).

ITpu srom PAJI h pasua qusbionknyun p PAJI uz JIYM G, kax-
Jasi U3 KOTOPBLIX B CUJIy JeMMbI 7.1 coBnamaer Ha ; ¢ OYKBOi
omuoit u3 BII 2,41, . .., 4. CregoBarensno, ®AJI h copnamaer
Ha §; ¢ D/ panra p or ykasanubsix BII.

st PAJT f(z) uz Pa(n), tne © = (21,...,2,), &’ =

(g1, -, %n) PACCMOTPHUM €€ IIPEJICTAB/ICHNE B BH/E
f(z) =
29—m
— \/ x;’i“il ... xgn \/ﬁ fO’” ) —
‘7”:(‘7q+1’~--»‘7n)
2a—m
= V@) Vet g (@) |, (72)
=1 ¢ U,,:(O'q+17...70'n)

I‘,ZLEyC (2') — xapakrepucruueckag PAJI muoxkectsa d;, 1 = 1,. ..
i

a 9/l Jy; panra p or BIl 2,41, . . ., 24, coBuagaer na d; ¢ PAJI
Jor (.CI?/) =f (w,vaﬁ)' "

ITocrponm st PAJI f ma ocnose (7.2) dbopmymny Fy ¢ moz-
HSITBIMEM OTPHUIAHUSIME, KOTOpasl UMeeT BU]

&"f_\/al Foa (¢ T i)

rae Fn—q (2", yo, ..., Ygn-q_1) — GecroBropHasi 110 nHbOPMAII-
onnbM BIT dopmyna us memmsr 2.3, peamusytomas OAJL p, g,
a Ay, i €[1,2"], — cosepurenmas JJTH® DAJI [ .

(2

ITycrn, nanee, popmyna Fy nonydaercs us dopmyiist Iy on-
tumusanueit /1 1o yucsy oTpunaHumii, To €CTh 3aMEHOU KaXK 101t
M Jyn; Bunma V.. Vo VT, V.. VT, , tae t < p, bopmyioir
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~

Jor i BUIA T V. N, VT, Ty, 3aMeTum, 9To uucio O —

BO Beex copmytax 2;, i € [1,2%], pasHo ToIOBHUHE UX CyMMap-

HOT'O PaHra, 49TO B KaxKJ0il dopmyse Buna J,» ; IMeeTcs OIUH

DD -, u manomunM (cM. jgemmy 2.3), uro R(F,—q) <3-2" % u

L (Fp—q) < 2" 9. CremoBaresibHO, B ULy JIeMMbI 2.1 rIaBbl 2,

Lgy (Fp) <297 (¢-2" + (p— 1279 4+3-2"79) (7.3
L. (Fy) <q-20t2nm,

Boibupast 3HaueHHsI TapaMeTPOB M U § TaK, 4TO
m = |3loglogn]| — 1, s = |logn — 2loglogn]| — 1,

U ToZCTaBIIsAs 5TH 3uadenns B (7.3), (7.4), moxyunm nepasen-

L(Ty) < 2" +O< 2 >

= logn — 2loglogn log?n

CTBO

13 KOTOPOTO JIsi CJI0ZKHOCTH hopmyisl J ¢ cieyer onenka (7.1).
Teopema Jokazana. ]

CaencrBue. /3 (7.1) C YUEMOM HUNCHUL OUEHOK CAeICTBUA
u3 meopemdv, 5.1 svimexaem, wmo

2n
L%(n) ~ ogn

Sameuanue. e npu nmoctpoeHnu (HopMys F + u Fy BMecTO
nozdopmyist F_q(2”, Yo, - . ., Yan—q_1) U3 eMMBI 2.3 B35Tb HOp-
myiy M, —q u3 gemmbl 9.2 or rex ke BII, a k nosrydenHnoii B pe-
syJbTare (POpMyJie IPUMEHATH OIITUMU3AIUIO 110 TiybuHe (Teo-
pema 2.1 ryiaBbl 2), TO MOCTPOEHHAST YKA3AHHBIM CIIOCODOM JIJIst
®AJL f popmyna F ¢ Gyner momumo (7.1) yI0BIETBOPATH TAKZKE
HEPABEHCTBY

D(Fy) < n—loglogn + O(1), (7.5)
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n3 KOTOPOTO C y‘IéTOM HU2KHHUX OIECHOK CJIEJACTBUSA TECOPEMbI 51,
BbITE€KaeT, 9TO

D(n) =n —loglogn £ O(1).

§8 AcuMNOTOTUYECKM HAWJJIYUIIUA MEeTOJ[ CMHTe3a
KOHTAaKTHBIX cxeM. Cunte3 cxeMm aja PAJI us
HEKOTOPbBIX KJIACCOB

BameruM cHaYas A, YTO ACUMITOTHICCKN HAMJTY YIITHiT METOJT CHH-
te3a COI u3z §6 6e3 cyIecTBeHHBIX U3MEHEHUH TIEPEHOCUTCS Ha,
KJ1acC KOHTaKTHO-BeHTU IbHbIX cxeM (KBC), B KoTOpbIx HapsiLy
¢ KOHTAKTaMHU MOYKHO MCIIOJIb30BATH «BEHTUIN», TO €CTh OPHEH-
TUPOBaHHBIE pebpa, MPOBOJISIINE TOJBKO B HAIIPABICHUHU CBOEI
opuentanuu. eiicrBuresnsro, s moboit DAJL f, f € Py (n),
peammsyomas ee (1,1)-KBC & # MOKeT OBITh IIOJIydeHa Ha OC-
HOBe pasnozkenns (4.5) Tak xe, kak 1 CPD Xy u3 reopemsr 6.1.
Ona sIBJIsI€TCS PE3yJILTATOM KOPPEKTHON CYyNEepHO3UIid BUIA
Y=Y (%), nie 7 — (2779, 1)-KJT or BIT 2", a (1,2"9)-
KBC Y/ peamusyer cucremy Bcex @AJI suga f,n (z'), o €
B" 4, TIpu sTtom cxeMa Y/ HO-IIpe;KHEMY COACPYKUT B Kade-
crie nogexembl (1, A)-KC X, peanusytomntyio cucremy OAJI
Ha OCHOBe jleMMbl 1.2, u peamusyer kaxayio ®AJT g (2') Tuna
for (2') Ha ocHOBe ee npexcrasaenus (6.1) B BUje TU3BIOHKIUI
g=9g1V -V gp C TOMOIBIO MPUCOCTUHEHUSI BXO/IOB BEHTHUIb-
HOI 3Be3/Ibl MOpsiJIKa P K cooTBeTcTByIOmuM Bhixogam KC Y
(cM. puc. 8.1a), KOTOpOe sIBJIAETCS KOPPEKTHOI CyTIePTIO3UITI-
eit. Cnoxknocth nocrpoennoit KBC Xy npu rex e 3HadeHHAX
ImapaMeTpoB, 4To u B Teopeme 6.1, OyneT yIoBJIeTBOPATL HEpa-
BeHCTBY (6.5).

Hanomuum (cm. §6), uto B cuity creruduku CTanIapTHO-
ro IVM G Bwmecro npezcrasrenns (6.1) gz PAJI g moxHO
HCIHOJIb30BaTh 9KBuBaseHTHoe (6.1) npencrasienue (6.2) Bua

9=¢1~91V"~V1/1p‘9p (8°1)
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Puc. 8.1: Koppekrnas peanusarus nusbionkiuu OAJI
g1, ---, gp B Kmaccax KBC u IKC

u Ha ero ocHoBe peanuzoBaTh DAJI g ¢ MOMOIIBIO KOPPEKT-
HO#l CyIepIIO3UINH T.H. UTEPATUBHO-KOHTAKTHBIX CXEM, IOKa-
3anHOiT Ha puc. 8.1b, rne ®AJI ¢y, . .., 1), yIpaBIaIOT IPOBOIH-
MOCTBIO COOTBETCTBYIOIINX KOHTAKTOB. ACHMIITOTHYECKNA HAU-
sgyaruiit meroy, cunresa KC cBg3aH ¢ «MOJIe/IMPOBAHUEM Y STOi
CYIEpIIO3UIMU U npejicrasrierns (8.1) Ha KOMIIOHEHTaX MOJIX0-
JIATIETO M-PeryaspHoro pazduenus Kyba B P,

IIycrb 0 — m-peryasipHoe MHOKECTBO HaGopoB Kyba B™MHP,
coorsercrByotee cucreme PAJI ¢ = (1,...,1p) (cM. puc. 8.2a),
aA = (d1,...,00) — IOCTPOEHHOE J|jIsl Hee 110 jiemMe 7.1 pa3ou-
enme Ky6a B 1P, Bamernm, uro yiobas PAJT g, g € Py (m + p),
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Tl Tm—1 T | Y ¢2 c ¢p
!0 0 01]1]0 0
0 -0 1 0 0
™1
1 0
[ ;
0 0
> AN N
0] 1 0
0] 0
0] 0
Tp :
1 1 1/0]0 1

Puc. 8.2: m-perysisipHoe MHOXKECTBO § U CBsI3aHHAsI C HUM
cyneprozuiius KC
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Ha JII000H KOMIIOHEHTE 3TOro pasbueHust Buaa 0 P «, Iie

a=(0,...,0,mt1,- -, Cmtp)s
———

m
cosnagaer ¢ PAJI

y T, Tm
g=x, N VoV gy, (8.2)

e g; = gy € GO, i = 1,...,p. Ipu srom PAJL § mo-
JKeT ObITh Pean30BaHa B PE3YJILTATE OIEPAIIUH [IPUCOE INHEHUST
Q41 Qm+p

3Be3/bI U3 KOHTAaKTOB BHU A .fL'm+1 geeey xm+p

K BbIxozaM (1, A)-
KC X, peanuzytorreit cucremy OAJI G, Tak, Kak 970 MOKa3aHO
na puc. 8.2b. 3amMeTuM TakKe, UTO yKa3aHHAs Ollepallus CyIep-
[TO3UINK SIBJISIETCS] KOPPEKTHON Ha MHOYXKecTBe HabopoB & &
B CHJIy TOTO, 9TO M3 KOHTAKTOB mpucoenuusiemoii (p, 1)-KC na

JIFOOOM HAOOpe 3TOr0 MHOXKECTBA, ITPOBOJUAT TOJIBKO OJIMH.

Teopema 8.1 (cp. [14]). Jasa mobot PAJI f, f € P (n), cy-
wecmeyem peausyrowan ee KC Xy makas, wmo

L(Sy) < % <1 +0 (\/15» (8.3)

Jokxazamenvemso. Ilyerb ¢ = m 4+ p, a A = (61,...,0) —
OIMCAHHOE BhIe pasbuenHue Kyba BY, ¢ IIOMOLIBIO KOTOPOIrO
OAJI f MOXKHO MpPENCTaBUThL B BUIE

2r
PR VA Vet ),
. K3
=1 O',/:(O'q+1,~-~7a'n)
(8.4)
I‘,ZLEVC' — xapakrepucruideckas PAJI §;, a B kauectse PAJL for ;
(2

npu seex 0, 0" € B" % ui, i € [1,2P], 6eperca PAJI G, ; BuIa
(8.2), coBnagatomas ¢ PAJI for (z') Ha KoMIOHEHTE §; = 0 D (.
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[Mycrs g — (1, A)-KC, koropas peanusyer cucremy DAJI

o ux cosepireHubiM JIH® Ha ocHOBe KOHTAKTHOTO JiepeBa
(cm. memmy 1.2 u omenky (1.2)). s kaxkmoro ¢, i = 1,...,2P,
nocrpouMm (1,2"77)-KC X! (cm. puc. 8.3a), KoTopast COLep:KUT
KC ¥¢ B kagecTBe nojcxeMbl 1 peaymsyeT Kazxkayio PAJL gy ;
Bujia (8.2) ¢ HOMOIIBIO KOPPEKTHOH Ha MHOXKeCTBE HabOPOB
d; CyTepIIO3UIMH, IOKaszaHHOi Ha pucyHke 8.2b. Ilycrts, ma-
aee, (1,2"™)-KC X' nosyuaercss B pe3y/ibraTe OTOXKJIECTBIIE-
Hus1 BXOZIOB y nocrpoenHsix Boime KC X, 4 € [1, 2P], u peanusy-
er cucremy u3 Bcex PAJI Buna g, ;, rae o € B"9, i € [1,2P].
3aMeTnM, 9TO IPU ITOM BBITOJTHSIFOTCST HEPABEHCTBA

L(Zg) < A2m+
L (%)) < L(Sg)+p2"9,
L (Y) <p2n™ 4+ X201 (8.5)

[TocTponm, HakoHern, Kackasaayto (2", 1)-KC X" koropas

peanuzyet crosiber; u3 Becex OAJI BI/I,HEVC (x") -:quﬁl SRR AL Vi (<
i
i€ [1,2?] u 0" = (0¢41,...,0n) € B" % Dra KC nosyuaercs

B pesynbrare obbeaunennst 2P cxem tuna (279, 1)-KJI or BIT

2", K BbIXOIAM KOTOpBIX npucoeauuenst xoanl (2P, 1)-KC, pe-

aymsymomeii cronben nz OAJI /C,, i € [1,2P], u nosyuaromnieiicst
3

u3 (29,1)-K/I or BII 2’ B pe3y/braTe cOOTBETCTBYOIETO OTOXK-
nectBiennst BxoyoB (cM. puc. 8.3b). Jlerko Bumersh, UTo npn
3TOM

L (") <20t 4 2nmmtl, (8.6)

Uckomast KC X¢ aBisiercss pe3y/ibTaToM KOPPEKTHO CTBI-
koBkI Buja Yy = X" (X), mosydeHHoii B pesy/bTaTe IIpHCo-
equnenns Bxonos KC Y k seixomam KC Y/ B cooTBercTBUM €
upejicrasienneM (8.4), cioxkHOCTb KOTOPOii, B cuity (8.5)—(8.6),
YJOBJIETBOPSIET HEPABEHCTBY

L(Zp) < (p+2)2" ™+ (A +1)20F
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; /Cl
9611 : KI(z")
R
1 o >gg~,i | ke KJI(z')
- — %y
gl,’b : K,Z[(z”)
N———— —
b
E”
a) b)

Puc. 8.3: k nokazarenbcTBy TeopeMbl 8.1

N3 sroro nepaseHcTBa mnpu

3
m = LzlognJ u s= [n—Z\/ﬂ,
[IPY KOTOPBIX BBIOJIHEHBI YCIOBUSA

om
s<2" p= ’VS“ ng=m-+p<n,

BBITEKAET HEPABEHCTBO (8.3) /ISl CJIOKHOCTH X f, TaK Kak

2" 2" 1
22" — 432" =—(14+0(— ,
g < s =S (o)
+1 s m+p+2 22m+s+p+3
(A 1)2970 < p2° - 2MFPTE < <
S
< §2n—\/ﬁ+310gn _ 0< 2" ) .
s ny/n

Teopema moxazana. ]
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CaencrBue. /s (8.3) ¢ yuemom nuorcnet oyenky (5.13) 6w
mexaem, 4mo
K 2"
L™ (n) ~ —.
w2

Samenarue. Ilocrpoernyio KC X ¢ mozkno pazouts Ha e boiee,
geMm

on
. 9P 2n—m+1 1 2q+1 — i
Ap- 2P + +(A+1) @) <n\/ﬁ)

«3Be3JI», KaxK/Jasd U3 KOTOPBIX COCTOUT U3 KOHTAKTOB OJHOTO
7 TOTO »Ke Tuma. st 9TOro J0CTaToYHO KOHTAKTHI BCEX 3BE3I,
[TOKa3aHHBIX Ha puc. 8.2b, mepepacipene/uTh B 3BE3bI 13 OJIHO-
TUIHBIX KOHTAKTOB, «IIEHTPAMHU» KOTOPBIX ABJISIOTCA BBIXOJIbBI
nozcxeM Y cxeM X5, i =1,...,297™ a moboil U3 0CTAIbLHBIX
kontakTos KC X; cumraTh oT/e/bHON 3Be3101.

Omnucannbie B §86, 7, 8 acUMITOTHYECKY HAMJIY YIIIAE METO/IbI
CHHTE3a CXeM OPUEHTUPOBAHBI, BOOOIIE TOBOPsI, Ha ITPOU3BOJIb-
HyI0 wiau camyio «ciaoxuyio» ®AJI. Tem He MeHee, BO MHOI'MX
CJIyvdasX OHU CJIy2KaT OCHOBOW ACUMITOTHYECKU HAMJIY IIINX Me-
TonoB cunreza COD u KC g ®AJI usz 3a1aHHOTO ClIEUAILHO-
ro Kjtacca Q 1 MO3BOJISIOT YCTAHOBUTD JIJIST 3TOrO KJIACCa «CTaH-
mapraeie» (cMm. (5.20) u (5.21)) acumnrornky Buja

log log |9(n)|

K ~ LC(Q(n)) ~
LR(Q(n)) ~ L2(Qm) ~ = a o)

(8.7)
Bamernm, 9ro acuMITOTUKE (8.7) yCTaHABIMBAIOTCS, KaK IPa-
BIJIO, IIyTeM cBeJlenust 3aa4du cunresa COD mwm KC nis Jto-
6oit ®AJI uz Q(n) K 3ajade cUHTE3a COOTBETCTBYIOMIEH CXEMbI
JUTST CUCTEMBI M3 OJTHOW WJIM HECKOJIHKUX MPOM3BOILHBIX DAJI
ot Mmenbirtero gucaa BII. IIpu sTom Tpebyercs, 4ToObl ABOMU-
HbIit Jorapudm gnciaa tex cuctem PAJI, K peamuzanuum KOTO-
pbix cBopuTest peanudanust PAJI uz Q(n), 611 acuMITOTHYECKN
pasen log |Q(n)|, a cioxuocTs Beomorarenbubix PAJI, obec-
METUBAIONINX JIAHHOE CBeJIeHNe, OblIa ObI CYIIIECTBEHHO MEHbITIE
npasoit gactu (5.20) mwm (5.21).
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BosbMeM B KauecTBe IpuMepa BBeIeHHbIH Bhille Kiaacc DAJI
Q, cocrositiuiit u3 Becex OAJI, cHMMETPUYHBIX II0 EPBBIM JBYM
BII, u gokaxkem, 4T0

n

\V)

LE(Q(n)) S

9

»Mco

n
TO €CTh, ¢ yueToM (5.22), yCTaHOBUM JIJIsi HEIO AaCUMITOTHUKY (8.7)
BUIA
LCQ@)~ G
4 n
HeiicrBurensho, pasnaras PAJI f (x1,...,z,) u3 Q(n) no BII
I1, T2, HOJIyIUM

/ (1‘1,562,56/) = \/ xl ‘T22f01,02 (:E/)’ (88)

(01,02)€B?

rae & = (23,...,%n) U fo.00 (&) = for,00 (01,02,2"), npudem
for = fio B cuny cummerpuanoctu @AJL f o BIT x4, z9. Ucko-
mast COD ¥y peanusyer PAJI f B coorsercrnun ¢ (8.8) u nmeer
Bug X = X" (X'), tne X" — mysmbrumiekcopnas COD nopsixa
2 ot agpecubix BIl x1, 29, a C®D ¥/ or BII 2’ peausyer acumr-
rorudecky HamrydmuM crocoboM PAJT foo, for = fio u fi1 or
BII 2. Jlerko BHIETD, YTO CJIOKHOCTDH HOCTPOCHHOI CXeMBI X ¢
ACHMIITOTUIECKN He OOJIBITE, TeM 22 AHATOTUIHBIM 00pa30OM

JOKa3bIBa€TCdA, ITO

32n
L¥(Q(n)) ~ i

§9 CunTe3 cxeMm /[IJIsi HEKOTOPBIX AeinudpaTopoB
A MYJIBTUILJIEKCOPOB

[Mpumennm Texuuky mogenupopanust AJI mepemeHHBIME 1151
CUHTE3a HEKOTOPBIX JIEMNU@PATOPOB U MYJIbLTHILIIEKCOPOB.
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Jlemma 9.1 (cp. [14]). Jaan =1,2,3,... 6vinosnaiomcs nepa-

seEHCMBA "
X @n) <240 <2n> , (9.1)

¥ (7n) <2 10 <n> . 9.2)

n

Joxasamenvcmeo. BeibepeM mapaMeTpsl m, ¢ U A Tak, 9TO
A=2" g=m+X u qg<n,

a 3aTeM PACCMOTPUM 1M-PEryJIspHOe MHOYXKECTBO HAOOPOB 1 KYy-

6a B or BII 2/ = (x1,...,%,), cBa3annoe ¢ cucremoit PAJI
67%(501, ..., &), KOTOpas cocrout u3 Beex DK Buga z{" - - - a2,

viae v(oy,...,om) =7 —1, 7 € [1, Al

[TocTpoum jjist 9TOi crucTeMbl 110 JiemMe 7.1 pasbuenne A =
(01,...,090-m) Kyba B? n 3amernm, uro jobas DK K(z') =
]t xgq, rae o' = (01,...,04) € d;, COBIALAET HA MHOXKECTBE
0; ¢ omuoit m3 YK cucremsr 67”, TO €CThb COBIIQJIET HA HEM C
OyKBOI x?:,/, rme m+ 1 < j < q, ar € B. 3amerum, 9T0 B
CUJTy YKa3aHHBIX BBIIE CBOWCTB pasbuenust A jrobas K K =
x{ - 29 tae o = (01,...,04) € 6, 1 <i < 2}, Moxker 6bITH
[IpEJICTABJIEHA B BUJIE

K = y;(2') x?:,/ Ko (2", (9.3)
rae 2’ = (zg+1,...,2y), 0" = (0g41,...,00).

Iycrs, manee, (1,22)-KC ¥/ = ¥'(a; by, ..., byx) peamusyer
crpoky 3 DAJT X = (X1,...,Xon), e xi(2') — xapakrepu-
cruaeckast OAJI mHOXKecTBa §;, 1 € [1,2)‘], U TIOJIy9aeTCs B
pesysibraTe OTOXKJECTBJIECHHsI BXOJOB Y CXeM X, .. "2,2)" rjie
m-cxema Y, i € [1,2%], mocrpoena no emme 1.2 ast AT y;,
n ssisiercs KKC ciaoxxaoctn He Gosibinie, deMm ¢ - 2™, ¢ BXO-
JOM @; = @ U BBIXOJOM b; — KopHeM cooTBeTcTByIoIero KJI
(cm. pue. 9.1).
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Uckomas (1,2")-KC Z‘%&) peanuzyer Kaxyio K us an B

coorBercrBun ¢ (9.3), nmeer BuJ, mOKasaHHLIT Ha puc. 9.1, u
apisiercss KKC.
Tlonaras
m = [logn]| — 2,

OJIy9YruM, 9TO

)\:2m<g, g=m+A<n.

. &
[Tpu sToM cioxkuOCTH TIOCTpoenHuoit (1,2")-KC 2,(1 ), ABJISIO-
meiicss KOHTAKTHBIM JAeMu(paTOpOM HOPSAKA 71, YIOBJIETBOPSI-
eT HepaBeHCTBaM:

n

L (2555)) < A2nm pgnmtl 4 gon < on 4 O () ,

U3 KOTOPBIX BbITEKaeT HepaBeHCTBO (9.1).

v
Uckomas (1,2")-KC E% ), SIBJISIFOIIASICSL TU3BIOHKTUBHBIM
KOHTAKTHBIM JIEIU(PATOPOM TIOPSIIKA 7, CIIOXKHOCTH KOTOPOTO
yZoByIeTBOpsieT oreHke (9.2), mosrydaercss B pe3ysibTare Iepexo-

na or KKC E,(l&) k uaBepcHoit KKC.
Jlemma Jioka3ana. O

CaenctBue. Ouenku aemmot 9.1, caedemeus us semmos 2.2 u
cAEICMBUA U3 AeMMbL 2.4 0a10M ACUMNMOMUYECKUE PABEHCMEN

X <5n) ~on LK) ~ 2t

Jlemma 9.2. /laan=1,2,... 86inoAHAIOMCA HEPABEHCMEA
2" 2"

LW(NH) <2'2n+0(> ,LC(,“n) <2'2n+0<> )

n n

D(pn) < n+6,
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Puc. 9.1: Kk mokazaTesbcTBY JeMMBI 9.1

npuvem cyuecmsyem maxas peasudyrowas PAJ p, u becno-
emopnas no urgopmavuorrvim BII gopmysa M, ¢ nodnamol-
MU OMPUYGHUAMY, 2AY6UHA KOMOPOT, YIOBACTEOPAET, NOCALO-
HEMY U3 HUT, GALMEPHUPOSAHUE He BoAvbUwe 3, G CAOHCHOCTL
He npesocrodum T - 2",

Hoxazamenvcmeo. Vckomas m-cxemMa Xy, HOJIyYAETCs B PE3YJIb-
TaTe IPUCOeJINHEHNsT K KaxKJIoMy 13 Bbxosos (1,2")-KC E%&),
ITOCTPOEHHON MpH JOKa3aTeJ bCTBe JieMMbl 9.1, KOHTaKTa COOT-
BeTcTBytomeit emy muHpopManmonroit BII u ortoxmecrsienus
KOHIIEBBIX BEPINMH BCEX TAKUX KOHTAKTOB B BBIXOITHYIO BEp-
ARy Yp. Uckomass COD S, mosydaercss u3 (GopMyJIbl ¢ HOJI-

HATBIMIA OTpUaHuIMu F,, KOTOpas MOIEJIUPYEeT T-CXeMYy X
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(cM. §4 . 2), B pe3syibTare NPUMEHEHHsI OIEPAIU [TPUBEIe-
Hus (cm. §1) jyist BepmuH, coorBercTByomux OO —.

Jlns 3aBepIenns J0Ka3aTeIbCTBa JIEMMbI Ha OCHOBE pa3ou-
ennst A, BBeJeHHOro B jiemMme 9.1, u npezcrasienus (9.3) 1o-
crpoum Jast PAJI p,, dpopmymy Fn caeayomuM 00pazom

Fo(T1, oy Tny Y0y n ey Yono1) =
2)\
9.4
= \/ Qll (33,) & & JE” (.’,U”) V \/ .ZU?:// yu(a’,a”) ( )

o'€d;

rie 2A; — copepmennast JTHD® AT y;,i = 1,..., A\, u Jz(2") =
Ko (x"). Jlerko Busiers, ato F,, peaausyer MyIbTHILICKCOPHYTO
OAJI py,, 6eciobropra o BII yq, ..., yon_1 1 ar0 Alt (5’"”) < 3.

[Tycrnb, nanee, dopmyna M, moaydaercs B pesysbraTe Oll-
TUMA3AIUNA (HPOPMYJIBI F,, 1o rinybune. Torma npu

>3 e (2]

CJIOXKHOCTB U TyryOuHa My, OyIIyT yA0BIETBOPSTE YCIOBHUSIM JIEM-
mbl. leficTBuTe/bHO, econ! n > 6, To ¢ < N —m U, clenoBa-
TEJILHO,

R(F,) =27 (q- 2"+ 2" ((n — ) + 2"+)) <
<Mt gnm o Contl L3 on — 5. 9m,
IIpw sTom, odyeBHUIHO,
L.(Fn) < % (R(f;'”n) - 2") < ontl
1, TAKIM 00Pa30M,

L(F) <RTF)+Lo(Fp)—1<7-2"— 1,

LCuyqait n < 5 paccMaTpHBAIOTCS OTIEIBHO.
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oTkysa B cuity teopeMbl 2.1 rmassl 2 caeayer, uro D(M,) <
n + 6.
JlemMma JoKazaHa. ]

CaencrBue. 13 nosyuenHvir OUEHOK 6 CuAy caedcmeutl u3d
Aemmul 2.5 evimexaem, wmo

L) ~ 2, D(ua) =n+O(L).
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