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BBenenne

Kypc «OcHoBbl kubepHeTnKn» (paHee «DJeMEHTHl Kubep-
HETUKN» ), CO3/[aTeJeM M OCHOBHBIM JIEKTOPDOM KOTOPOTO ObLI
an.-kopp. PAH C. B. {d6momckuit, antaercs Ha dakyabrere
BMuK MI'V ¢ nepsbIx JieT ero cyiecTBoBanus. B HacTosIee
BpeMs OH YuTaercs B 6-8 ceMecTpax U SBJISETCH 00432 T ILHBIM
JJIsT BCEX CTYJIEHTOB, obydaroruxcs 1o crernuaabaoctr 01.02 —
[IpUKJIaJHAs MaTeMaThuKa u MHMOPMATHKA, & TaKxKe DakaJias-
poB onHonMennoro Hanpasienns 510200 u nanpasaenus 010400
nadopMaImoHHbie Texuogoruu. [Ipu sTom 06beM u, B HEKOTO-
poit crenenu, nporpamma Kypca «OCHOBbI KHOEPHETUKU» Ba-
PBUPYIOTCS B 3aBUCUMOCTH OT CIEIIUAJIN3AIUIN U HAIIPABICHUSI.

Kypc «OcHOBbI KNGEPHETHKM» TMOCBAIIEH H3JIOKEHUIO TEO-
PUU IUCKPETHBIX YIIPABJISIONINX CUCTEM, KOTOPas MPEICTaABIIA-
eT coboil JacThb AMCKPETHON MATEMATHKH W MATeMaTUIeCKOM
kubepHeTuKHU. B Hell pa3pabaThiBAIOTC U U3y IaOTCs JTUCKPET-
Hble MaTEMATHIECKUE MOJIEJIM, OMUCHIBAIONINE (PYHKITHOHIPO-
BaHUE U CTPYKTYPY CJIOKHBIX CHCTEM IpeobpaszoBaHust nHMOP-
Marnuy (MHTerpasbHBIX CXeM, IIPOrpaMM U T. 11.). B ocHoBe 311X
MOJIeJIel JIeXKAT PA3JInIHbIE CIIOCODBI 3a/laHust (DYHKIIMOHUPOBA-
HUS YIIPABJSIONIUX CUCTEM C TOMOIIBIO TUCKPETHBIX (DYyHKITMT
U UX CTPYKTYDHAs peaJin3aliys B TeX WM WHBIX KJaccax Ipa-
dbos (knaccax cxem). [lpu uccsie0BaHUN YIPABJISIIONIIX CUCTEM
CTaBATCS W PEIIAIOTCs JIBe OCHOBHBIE 3aJIa4d: 33/a4a aHAJII3a
U 3aJa4a CUHTE3A.

Bajavua aHaIN3a COCTOUT B HAXOXKIEHWH (DPYHKIIMOHUPOBA-
HUs JJAHHON CXEMBbI, & 3aJla9a CHHTE3a — B I[IOCTPOCHUH CXEMBI,
umerorteii (peasnusyroreit) 3agantoe GyHknornposanne. Kax-
Jlasd M3 9TUX 3aJa9 MOXKET PACCMaTPUBATHCH JUOO KaK WHJIM-
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Bgenernne 5

BHUJlyaJIbHAA 3aJiada, U TOLa €€ PelIeHueM SABJISIeTCsl KOHKPET-
Hoe dyHKIMOHUpOBaHUe (cxema), JnbO Kak MaccoBas 3ajada,
U TOIJa €€ PEIleHrueM JOJ2KEH ObITh aJI'OPUTM HAXOXKIEHUSI
dbyHKIOHNpoBaHus (cxeMbl). 3aaua CUHTE3a UMeeT, KakK IIpa-
BHIJIO, MHOKECTBO PEIEHU, U3 KOTOPLIX BLIOMPAIOT PEIleHue,
ONTUMAJIBHOE 10 KAKOMY-JINOO KPUTEpHUio. aiie BCero B Ka-
9eCTBE TAKOTO KPUTEPHS BBICTYIAET CJIOXKHOCTH CXEMBbI, ITOHU-
MaeMas KaK CyMMa, CJIO?KHOCTEH COCTABJISIIONINX €€ 3JIEMEHTOB
WA 33JIePXKKa CXEeMbl, [TOHUMaeMasi KaK MaKCHMAaJIbHAasl CyM-
Ma 3aJepKeK I TOCJIeIOBATEIbHO COSIMHEHHBIX 3JIEMEHTOB
CXEMBI.

C comepKaTeIbHON TOYKN 3PEHNS Pa3InYHble KPUTEPUN OIl-
TUMAaJbHOCTH OTPAYKAIOT Pa3UYHbIE IapaMeTPhl MOJIETUPYe-
MBIX 9JIEKTPOHHBIX CXEeM MJIM IIporpaMM. Tak, HAIpUMep, CJI0XK-
HOCTh MOXKET XapaKTepPHU30BaTh CTOMMOCTD, Pas3Mephbl WJIU II0-
Tpebisiemyio MorHoctb CBUC, a Takske BpeMsl BBIIOJIHEHHS
IIpOrpaMMBbl Ha OJHOM Irporieccope. IIpu aToMm 3amepKKa CXeMbl
xapakrepudyer Bpemsi cpabarbiBanuss CBUC win BpeMs Bbl-
MIOJTHEHUS IIPOTPAMMBI Ha MTapaJslJIeIbHBIX IPOIEeCcCopax U T. II.

Ecin sagada cunresa perreHa B OAHON MOIEIN, MOXKHO IIbI-
TaThCS [IEPEHECTU TO PEIeHue B JIPYTrue MOJEIH C HOMOIIHIO
CTPYKTYPHOI'O MOJe/JNpOBaHusA. KpomMe TOro, MmojydeHHoe pe-
[IEHUEe MOXKHO <«V/IYUIIATB» C HOMOIIBI0 SKBUBAJEHTHBIX IIpe-
obpazopanuii. C Apyroit CTOPOHBI, €CJIN 3312498 CHHTE3a PeIleHa
JUTst OJTHUX (DYHKIIUIT, MOYKHO IIBITATHCST «Pa30UThy (J€KOMIIO3H-
POBaTh) HOBYIO (DYHKIMIO HA YK€ PACCMOTPEHHBIE U TIOCTPOUTH
13 CUHTE3UPOBAHHBIX JIJISI HUX CXEM CXEMY JIJIsI HOBOI (byHKIMHI
C TIOMOIIBIO OIIEPAIliN CyIEePIIO3UIINN.

VKazaHHBIE BBIIIE 38Ia91 PACCMATPUBAIOTCA B JIEKITUSIX JIJTsT
BCEX OCHOBHBIX KJIACCOB CXeM (JIM3bIOHKTHBHBIE HOPMAJIbHBIE
dopMbl, HOPMYJIBI U CXeMbl 13 (DYHKITMOHAJIBHBIX 3JIEMEHTOB,
KOHTAKTHBIE CXEMBI), a TaKKe JJI1 HEKOTOPLIX MO/ IMbUKAIM
9TUX KJIACCOB.

IlepBas riaBa mocBsIeHa pa3aIndHBIM BOIIPOCAM IIPEICTAB-



6 Bgegenue

JieHust (PYHKIMIT aJIreOpbl JIOTUKH C TIOMOIIIBIO TaOJIUIL U JIN3HIOH-
KTHBHBIX HOPMaJIbHBIX (hOpM (MUHUMU3AIMS N3 bIOHK TUBHBIX
HOPMaJIbHBIX (hOpM).

Bropas riiaBa comepKuT omucanue CTPyKTypbl 1 DYHKIIIO-
HUPOBAHUS CXEM U3 OCHOBHBIX KJIACCOB YIIPABJIAIONINX CHCTEM,
a TaKyKe M3 HEKOTOPBIX KJIACCOB, IIPEJICTABJISIIONIUX CODON mX
06061ennsa mim MoauduKannu. B Heil ycTaHaBINBAIOTCS BEPX-
HUEe OICHKHN YHCJIa CXEeM Pa3/IMYHBIX TUIIOB, pacCMaTPpUBAIOTCA
0COOEHHOCTH TPUMEHEHNUsI OTEPAIINN CYTIEPIIO3UIINN B PA3JIHI-
HBIX KJIACCAX CXE€M U HEKOTOPBIE BOIIPOCHI UX CTPYKTYPHOI'O MO-
JIeTNPOBAHHUSI.

Bo BTopoit riiaBe nu3ydarnTcsi TaKyKe SKBUBAJEHTHBIE IPE0D-
pPa30BaHUs CXeM Ha OCHOBE TOXKJIECTB BO BCEX OCHOBHBIX KJIac-
cax yHpaBJIsSiommx cucreM. Jljist KaxKJI0ro u3 HUX HPUBOIUTCS
CUCTEMa <«OCHOBHBIX» TOXKIECTB, J0Ka3bIBa€TCdA IIOJIHOTaA 3TOM
CHCTEMBI ¥ U3YYaiOTCsT BOTPOCHI €€ U3OBITOTHOCTH.

B Tperbeit rmaBe moapobHO paccMaTpUBAETCs 3aJ1ada CHH-
Te3a yIPaBJSIONNUX CUCTeM. B Hell TpuBOAUTCS TENIBIH CIIEKTD
METOJIOB CHHTEe3a cxeM (0T HPOCTENINNX JI0 ACHMITOTHIECKHU OIl-
TUMAJIBHBIX ), YCTAHABJIUBAIOTCS HUKHUE MOIIHOCTHBIE OIEHKI
dyuknuii [lleHHOHA U OIEHKHU CJIOKHOCTH Psifia KOHKPETHBIX
QYHKIHI, JOKA3BIBAETCS MUHIMAIBHOCTH HEKOTOPBIX CXEM.

B uerBepToil riaBe mpejcTaBeHbl HEKOTOPBIE BOIIPOCHI HAa-
JIEKHOCTH U KOHTPOJISL CXeM (IIOCTPOCHUE TECTB JJIst TabJINUII,
CHHTE3 CAMOKOPPEKTUPYIOIIUXCsE KOHTAKTHBIX CXEM ).



I'maBa 2

OcHoBHbBIE KJIacChI YITPABJISIONINX CACTEM.
Onenka 4mciia cxeM, UX CTPYKTYypHbBIE
IpeJiCTaB/IeHNsI. DKBUBAJIEHTHBIE
MpeoOpa30BaHUs YIIPABJISIONINX CACTEM

§1 OcHoBHBIE ITIOHATHUSI U3 Teopuu rpados, cereii,
cxem. CBoiicTBa MaTpuIl, JOCTUXKUMOCTH CeTeli,
OIleHKAa 4YH1CcJIa ceTel

[Touatue rpada, koTopoe 0000IIACT TOHATHE OMHAPHOIO OTHO-
mernsi (cM. §1 raaBbl 1), 9aCTO MCHOIB3YETCs I OIHMCAHUS
CTPYKTYPHBIX MOJIEJIEN, CBI3aHHBIX C BEITUC/IEHUSIME, TTPEJICTAB-
JIEHUSIMY WJIA DEATU3AIUSIME JTUCKPETHBIX byHKIuit. Hamom-
HUM OCHOBHBIE TIOHSITUSI U 0DO3HAYEHUsT U3 Teopun rpaos, ce-
Teil 1 cxeM, a TakxKe cHOPMyJIMPyeM HEKOTOPbIE U3BECTHBIE Pe-
sysbraThl (cM., HapuMep, [3, 27, §|).

Mapy (V, E), tne E — coderanue (¢ BO3MOXKHBIMI TIOBTOPE-
HUSIMU) HAJ| MHOYKECTBOM YIIOPSIOYEHHBIX U HEYIOPSIJIOU€HHBIX
map u3 V, OyzeM, Kak OOBITHO, HA3bIBATH 2padom ¢ MHOMCE-
cmeom eepwun V. =V (G) u muoocecmeom pebep E = E (G).
IIpm sToM mymHA codeTanns F caumraercs uncjaoMm pebdep rpada
G u obosnauaercs yepes |E|. Ynopsiiouennbie (Heyopsii0ueH-
HBbIE) TApbl BEPIINH HA3BIBAIOTCA OPUEHMUPOSAHHbIMY Pebpa-
MU W, WHAYE, 0Yy2amt (COOTBETCTBEHHO HEOPUEHMUPOSAHHL-
MU pebpamu), OJIMHAKOBBIE MAPbl — NAPAAAEALHHMU PEOPAMU
(dyeamu), ayru, OTIIMIAIONIAECS TIOPSIIKOM BEPIIUH, — NPOMU-
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8 I'maBa 2. OcHOBHDBIE KJTACCHI YIPABJISIIOIIHX CUCTEM

BONONOHCHDBIMY JY2aMU, & TIAPHI U3 COBIAJIAIONINX BEPIIUH —
nemaamu. I'pad n3 OpueHTHPOBAHHBIX (HEOPUEHTHPOBAHHDIX)
pebep CYMTACTCST OPUEHMUPOBAHHLM (COOTBETCTBEHHO HEOPU-
EHMUPOBAHHDIM). 3aMETHM, 9TO OMHAPHOE OTHOIIEHUE IIPel-
craBisier coboil OpHEeHTUPOBaHHBIA Tpad 6e3 napasiebHbIX
ayr. Ilpu srom cummerpudnoe anTUpedIEKCUBHOE OTHOIIEHUE
MOYKHO paccMaTpUBaTh Kak HEOPHEHTHPOBaHHBIH rpad 6e3 na-
paJLIeIbHBIX pebep U IeTeb.

Byjiem roBopuTb, 9T0 OPHEHTHPOBAHHOE (HEOPHEHTUPOBAH-
HOE) pedpo UHYUIEHMHO COCTABJISIONINM €r0 BEPIITIMHAM, a JIyTa
(u,v) ucrodum win, nHaYE, 6LLXOOUM U3 BEPIINHBL U U 3GL00UM
WK, uHade, 6rodum B BepiuHy v. Juciao pedep, MHIUIEHTHBIX
BepInHe v (BXOJSIUX B U, BBIXOASAIIMX U3 v) B rpade G, Ha-
3BIBACTCS CMENEeHbI0 (COOTBETCTBEHHO NOAYCMENEHHIO 342000,
noaycmenenvio ucroda) Bepimubl v B rpade G u 0603HaTaETCS
aepes d¢ (v) (coorercrBenno df (v), dg (v)). BameTmm, 1To

Y. da(v) =21E(G), (1.1)

veV(G)

u ato dg (v) = df (v)+dg (v) (dg (v) = df (v) = dg (v)) B cy-
Yae OPUEHTUPOBAHHOIO (COOTBETCTBEHHO HEOPUEHTUPOBAHHOTO)
rpada G.

Bepmnnaa v HasbBaeTcsl u30auposantoli eepuunoli (cmo-
Kom, ucmokom) rpada G, ecin dg (v) = 0 (coorBercTBeHHO
dg (v) = 0, df, (v) = 0). Opuenruposannsiit rpad G HasbLI-
BaeTcs T-H4HBIM (CTporo r-muHeiM) rpadom, ecm df (v) < ¢
(coorsercrsenno dg, (v) = r) st 06O OTIMIHON OT MCTOKA
Beprmusl v, v € V (G).

I'pad G' = (V' E’) naswviBaerca nodepagom rpadba G =
= (V,E), ecru V! C V u E' C E. Ilpu stom G’ cuuraer-
cst nodepadom epada G, HAMAHYMBIM HA MHOICECTNEO GEPULUM
V', ecrm B’ Bkmodaer B cebs Bce BXojdamue B F mapbl Bep-
mmH u3 V', Tloarpad, comepxkamuii Bce BEPHIMHBI UCXOIHOTO
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rpadpa, Ha3BIBAETCSI €r0 0CMOSHVIM nodepagdom. JIerko BUIETS,
qTo moarpad Bcerga MOXKHO IOJYyUYUTh U3 MCXOIHOTO rpada B
pesysbrare (MHOIOKPATHOIO) IIPUMEHEHUsT ollepanuii yoaienus
pebpa wim ydanserus eepuuno.. 11pu 3TOM yiajieHre BepIIUHBI,
KaK OOBLITHO, IIOAPasyMeBaeT yIaJeHHue BCeX MHIMIEHTHBLIX eil
pebep.

IIpu ompeneieHny MOHATHH, CBSI3aHHBIX C «IBUMKEHUSIMU»
1o rpady, OrpaHUIUMCS CIydaeM OPHEHTHPOBAHHBIX rpados,
cumTast, Kak OOBIYHO, YTO HEOPUEHTUPOBAHHOE PEOPO IKBUBA-
JIEHTHO JBYM IIPOTHBOIIOJIOXKHBIM JIyraM, CBSI3aHHBIM C TOM »Ke
napoit Bepumd. Ilocnenosarenbaocrs C, cocrosias u3 pedep
€1, €2, ..., e, 01e e¢; = (v;,vi+1) € E (G) upu Beex i, i € [1,n],
HasbIBaeTcst (v — Vp41)-nymem rpada G. Ilpu srom Bepin-
Ha U] (Up41) CUUTAETCS HAYAALHOT (COOTBETCTBEHHO KOHEYHOU )
BEPILUHOI 9TOr0 IyTH, BEPUIUHLIL V2, . .., Un — €00 6HYMPEHHU-
MU BEPIITMHAMH, & IUCTI0 1 — ero daunotl. Kciau Bce pebpa my-
TH pa3nngHbl (KaK 3JEMEHTHI COOTBETCTBYIONIETO COYETAHNSA),
TO OH HAa3BIBAETCS UEN®IO, & €CJI, KPOME TOTO, PA3JIMIHBI BCE
€ro BepIIUHBI, TO — npocmot uenvto. Ecin Hava bHAs U KO-
HeuHast Bepiusbl 1wyt (memnu) C coBnagaor, To C' cauraercs
3amrHymovLm nymem (COOTBETCTBEHHO yukaom). Lluki, B KoTO-
POM BCe BEpILHMHBI, KPOME HAadaIbHON U KOHEYHON, Pas/iudHbI,
Ha3BIBAETCS MPOCTNBIM UUKAOM.

Bymem ropoputh, 9T0 8epuuna U JOCTMUMCUMG U3 GEPULU-
no, v 6 epage G, re u,v € V (G), ecim uw = v wim B G cyrie-
crByer (v — u)-1elb. 3aMeTHM, YTO OTHOIIEHHE JOCTHKUMOCTU
BepmuH rpacda G sBisiercss pedJIeKCUBHBIM U TPAH3UTUBHBIM,
a ecit G — HEOPUEHTUPOBAHHBINA Ipad, TO U CUMMETPUYHBIM.
CremoBaTeIbHO, MHOXKECTBO BepIuH rpada GG pacnagaercs Ha
KJIACCHI 9KBHUBAJIEHTHOCTH 110 OTHOIIEHUIO UX JOCTHKUMOCTH B
rpade @, KOTOpBIH mostydaercs u3 rpada G 3aMeHOl KaxKk ol
JIyTH Ha COOTBETCTBYIOIIEe HEOPUEHTHPOBaHHOE pebpo (G = @,
eciau G — HeopueHTupoBaHHbIil rpad). IIpu sTom noarpad rpa-
da G, HATAHYTHI HA KaXKJIblil TAKOW KJIACC BEPINUH, HA3bIBA-
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ercst cea3noti komnonenmot rpada G, a MHOKECTBO BCEX €ro
CBSIBHBIX KOMIIOHEHT obo3HadaeTcs depes ¢ (G). I'pad G naspr-
BaeTcst ceaznvim, ecn |c(G)| = 1.

Hamomuanm, aTo

[E(G)| = V(&) +]e(@)] =0 (1.2)

u 91O JieBasi 9acTh (1.2) HA3BIBAETCS YUKAOMAMUNECKUM “YUC-
aom Tpada G. HammoMHEM Tak»Ke, 9TO 3TO YHUCJIO PABHO MAKCH-
MaJIbHOMY YHCJTY JIMHEHHO HE3aBUCUMBIX OTHOCHUTEJLHO OTlepa-
L ocroBHBIX MOrpados rpada
G, coCTOANMX U3 OJHOIO MPOCTOTO IUKJIA U HU30JUPOBAHHBIX
BEPIINH.

MuoxkectBo S, KoTopoe cocrout u3 pebep rpacda G = (V, E)
u obJiaslaeT TeM CBOMCTBOM, YTO BepiinHa U, U € V| JOCTUKU-
Ma u3 Bepmubbl v, v € V| B rpade G, HO He JOCTIKUMA U3
nee B rpace (V, E\ S), nassiBaercs (ulv)-ceuenuem rpada G.
Jlerko Buzmets, uTo sobast (u — v)-menb rpada G UMeeT XOTs
6b1 0j1HO 06IIIee Pebpo ¢ JtobbiM (u|v)-cevennem 3Toro rpada.
Ceuemnre, KOTOPOE HE UMEET COOCTBEHHBIX MOIMHOYKECTB, SIBJIsI-
IOIIUXCS CEYEHUEM, HA3BIBAETCS MYNUKOEHLM.

U CUMMETPUIECKON pa3HOCTH

HeopuentupoBanustit (opreHTHPOBAaHHBI) rpad, He NMero-
Ui UKJIOB (COOTBETCTBEHHO OPUEHTUPOBAHHBIX IIUKJIOB), Ha-
3BIBAETCS AUUKAUNECKUM. 3aMETUM, 9TO B OPHEHTHDOBAHHOM
anukandeckoM rpade G Bcerga ecTh Kak CTOKH, TaK U UCTO-
ku. [Ipu 3TOM 11151 KaxKJ10ii €ro BEePIUHBI ¥ MOXKHO OIPEJIE/IUTD
ee 24ybuny (COOTBETCTBEHHO UCTO0AUYIO 2AY0UNHY ), KAK MAKCH-
MaJibHYI0 JuuHY (u — v)- (cooTBeTcTBEHHO (V — U )-) mMyTeil rpa-
da G, rie u — oAMH W3 UCTOKOB (COOTBETCTBEHHO CTOKOB) G.

Mox cummerpuueckoit pasnocTsio rpados G1 u G nonumaercs rpad
G, IJ1st KOTOPOTO

V(G)=V(G1)UV (Ga),
E(G) = (BE(G1)UE(G2)) \ (E(G1) N E(G2)).
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Jlerko BUIETH, 9YTO OTHOLIECHUE JTOCTUXKUMOCTHU SBJISIETCS OTHO-
MIEHNEM YaCTHIHOTO MOPSIIKA Ha MHOXKECTBE BEPIINH OPUEHTH-
POBAHHOIO ALMKJIMIECKOro rpada u 00paTHoO.

HeopuenTuposaHHblli CBSI3HBIN alUKINIECKUH rpad Ha3bI-
Baercsa depesom. s jpepesa (G, KaK M3BECTHO, UMEET MECTO
PaBEHCTBO

[E(G)] =V (G)]-1. (1.3)

JlepeBo ¢ BbIJIE/IEHHON BepHIMHON (KopHem) Ha3bIBAETCS KOp-
HEBbIM depesom, a BCe OTIMYHBIE OT KOPHSI BEPIMHHBI CTEITe-
HE 1 9TOrO JIepeBa CUUTAIOTCS ero Aucmuvamy. OpUeHTHPOBaH-
HBI Tpad), KOTOPBIM MOJyYaeTCsl U3 KOPHEBOI'O JiepeBa 3aMe-
HOl KaXKJIOro ero HEOPUEHTUPOBAHHOI'O pedpa HA COOTBETCTBY-
FOIIY IO JIYTY, «HAIIPABJIEHHYIO» K KOPHIO, HA3BIBAETCSI OPUEHIMU-
DOBAHHVIM 0EPEBOM.

Hepeso (opuentupoBantoe jiepeBo) D, siBisttorieecs: 0CTOB-
HBIM noarpadom rpada G, HA3BIBAETCS €r0 0CMOSHbIM Nodde-
pecom, a nepeso D', momyuatomeecs nz D B pesynabrare mpu-
COCJIMHEHUsI «KOHEYHON» BEPIIMHBI JIIOOOro He Boleiero B D
pebpa rpada G K Toii ke Bepiruae D, KoTopast 6bL1a ero KoHed-
HOiT BepmmHOil B G, 1 OObSIBJIEHUS] HAYAJBHON BEPIIMHBI 9TOTO
pebpa aucrtoM — ocmostwvim Haddepesom rpacda G. OueBuiHO,
4yTo npu 3ToM rpad G MozkeT ObITh HmojyudeH u3 Jepesa D’ B
pe3ysbTare IPUCOCIMHEHNsT HEKOTOPBIX BepInH crerneHn 1 (-
CThEB) K JIDYTUM €0 BEPIIMHAM. 3aMEeTHM, 9TO JIIOOOH Heopu-
E€HTUPOBAHHBIN CBSI3HBIN rpad, a TakxKe 000l OpUEeHTHPOBAH-
HBII anuKndeckuii rpad ¢ 1 ¢TOKOM Bcerja MMeT OCTOBHBIE
110/1/IEPEBbST U HAJJIEPEBbSI COOTBETCTBYIOIIETO THIIA.

I'pad, Bepmmuam u (nm) pebpamM KOTOPOIO COMOCTABIIE-
HBI OIPEJIEJIEHHbIE CUMBOJIBI (IIOMETKH), CUYUTAETCS NOMEYEH-
HoM epagom. Tlpumepom Takoro rpada sIBISIETCS, B 9aCTHO-
CTH, KOPHEBOE JiepeBo. JIpyrum mpumepoM MOMEYEeHHOTo TI'pa-
da gBisieTcsa aruKInIecKuii rpad ¢ MoHomonnoti nymepayued
6epwiuH, KOTIa JJIs JII0O0# TyT HOMEp BEPIIMHBI, U3 KOTOPOH
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OHa, UCXOJIUT, GOJIbIIIE HOMEpPaA BEPIIUHBI, B KOTOPYIO 9Ta Jyra
pxoautT. OpueHTrpoBaHHbBI rpad G HA3BIBAETCS YNOPAJOUEH-
HolM, ecaii Jisi Jioboil ero Bepmmuel v, v € V (G), Bce peb-
pa, BXOAAIME B U, YHOPSAAOYEHBI ¥ HPOHYMEPOBAHBI YNCIAMA
1,2,...,d5 (v).

Bynem cumrarh, 94T0 pebpa W BEPHIUHBI OCTOBHOTO MOJIIE-
peBa, a Takyke pebpa CBA3aHHOI'O ¢ HUM OCTOBHOI'O HAJIJIepeBa
MMOMEUYEHHOTro rpada MMET Te YKe caMble MOMETKH, KOTOPBIe
OHU MMeJIN B UCXOJIHOM I'pade. DTo 03HAYAET, B YACTHOCTH, UTO
OCTOBHOE HaJIJIEPEBO OPUEHTUPOBAHHOTO AITUKTMIECKOTO YIOPSI-
JIOYEHHOTO rpada sBJISIETC YIIOPII0YCHHBIM.

I'pabur G = (V/,E') u G = (V" E") naswiBatorcst uso-
MOPPHBLMU, €CITH CYTIECTBYIOT TAKUE B3ANMHOOHO3HAYHBIE OTOO-
paxennst @ : V' — V" u : E' — E”, npu KOTOpbIX BepIIUHBI
U HeopHeHTHpOBaHHBbIe pebpa (ayru) G’ mepexomsT B BepIy-
HBI ¥ HEOpHEHTUPOBaHHBIE pebpa (coorsercrienno ayru) G ¢
COXpaHEHWEM OTHOINEHUsI MHIUJICHTHOCTH (COOTBETCTBEHHO HC-
X0Jla, 3aX0jia) BepIIMH U pebep, a TakKe Bcex MmoMerok. Jljisi
(koneuHoro0) MHOXKecTBa rpados G uepes |G| Oyuem o6o3HaYATH
YHUCJI0 TToapHo HemzoMopdHBIX rpados B §. M3sectHO, 9TO

D (g)] < 49, (1.4)

rzie ® (q) — MHOXKECTBO yTIOPsIOYEHHBIX OPHEHTHPOBAHHBIX KOD-
HEBBIX JIEPEeBbEB C He boJiee, 1eM ¢ pedpamu.

BBenem Temepn ofrmmme ompeesieHnst 1 0003HAYEHUS, CBSI-
3aHHBIE C CETIMM U «aOCTPAKTHBIMU» CXEMaMU, C peasu3alei
My QYyHKIOUE, a Tak»Ke ¢ HEKOTOPBIMU CTPYKTYPHBIMU IIPEI-
CTABJIEHUSIMU CXEM.

HaGop suna § = (G; V'; V"), rne G — rpad, a V' u V"’ —
BBIOOPKK 13 MHOXKecTBa V (G) JUIMHBI P U ¢ COOTBETCTBEHHO,
npudeM BuibopKa V' aBisieTcss BHIOGOPKOI 6e3 TOBTOpeHuii, Ha-
spiBaercs (p, q)-cemoto. Ilpu srom BBIGOpKa V' (BBRIGOPKA V")
cauTaercst 6x00not (COOTBETCTBEHHO 6uL00H01) 6bi60pKOT, & ee
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i-51 BEPIIUHA HA3BIBACTCS §-M 6L00HbM (COOTBETCTBEHHO 6bIL00-
HOLM ) NOAIOCOM W, MHAYE, 1-M 62000M (COOTBETCTBEHHO 6blL0-
dom) ceru G. Bepuuibl, He y9aCcTBYIOIIIE BO BXOJHON M BBIXO/I-
HOiT BBIOOPKAX CETH, CIUTAIOTCS €€ GHYMPEHHUMU BEPITHHAMU.

st TOro 9To6Bl BBIIEIUTH BXOJHYIO W BBIXOJHYIO BBIGOD-
ku cetu § = (G; V', V"), 6ynem zanuceisath ee B Buje § =
GV V" mm § = G(V'; V). Cerp, B KOTOpOIT BXOJHASA W
BBIXOJ[HAsI BBIGOPKU COBHAAAIOT (HE COBIAJAIOT), HA3BIBAETCS
cemvio ¢ HepazdeseHHvimy (COOTBETCTBEHHO € Pa3deseHHbLMU)
nomocamu. 1Ipu 3TOM B ciIydae HepasIeJeHHBIX HOJIIOCOB CETh
§ = (G;V;V) = G(V; V) Gynem sanuceiBaTh B BHIe § =
(G; V) = G(V). Kak npaBmio, BXO/IbI 1 BBIXO/bI (II0JTIOCA) CETH
UMEIOT CIEIUAIBHbIE TOMETKH, KOTOPBIE OTJIMYAIOT 3TU BEPIIIH-
HBI OT JPYTUX BEPIIMH CETU M YKA3BIBAIOTCS BMECTO HUX B COOT-
BETCTBYIONMINX BbIOOpKaxX. Takum 06pa3oM, CeTu MOXKHO CUNTATH
CIIETMATBLHBIM YaCTHBIM CJIy9aeM MOMEYEHHBIX Ipados.

[TpuMepoM ceTH sBJISeTCs KOPHEBOE JI€PEeBO, BXOJAMU KOTO-
POTO CUATAIOTCS €0 JIUCThS, a BBIXOJOM — KOPEHb. IIpn 3ToMm
HOPAJIOK JIUCTHEB BO BXOJHON BBLIOOPKE OPHEHTUPOBAHHOIO YIIO-
PSZIOUEHHOTO KOPHEBOro JiepeBa D 3a/1aeTcst «eCTeCTBeHHOM»
HyMepalyeii 7, orobpaxKarolleii MHOXKECTBO BepIINH jgepeBa D
B N Tak, uro 7(v') < 7(v”) Torga u Tombko TOrIA, KOrma JUGO
v moctmknma usz v, smbo k' < k”, rme K u k" — nomepa myr,
[0 KOTOPBIM IIEIH, CoeMuHstiomue sepmunbl v’ u v” coorser-
CTBEHHO ¢ KOpHeM D, BXOJAT B CBOIO NMEPBYIO OOIILYIO BEPINUHY.

JIst IpOM3BOJIbHBIX BBIGOPOK V' = (vi,...,v;) n V" =
= (v{' NN ) u3 mHOXkecTBa V (G) rpada G oupenenum mam-
puyy docmusicumocmu evbopru V' us ewbopru V" kax marpn-
uy M, M € BP9 nia koTopoii

" /
M (i, j) = 1, ecmm v} JOCTHKHMA U3 U,
3 =
0, B OCTAJILHBIX CJIyYasX.

3amernM, uTo B cayuae V' = V" wmarpuna M saBaserca pe-
)
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dIeKCUBHOI 1 TpaHSI/ITI/IBHOfIl, a ecsit, KpoMe toro, G — Heopu-
E€HTUPOBAHHLINA TI'pad, TO U CUMMETPUUHONR Marpuieil. 3ame-
TUM TaK>Ke, YTO TPAH3UTUBHOCTDL pedIeKCUBHON MaTpuilbl M,
M € B™™ pmMeeT MeCTO TOIZA U TOJIBKO TOLJIA, KOTIa>

M? = M. (1.5)

JleiicTBUTENIBHO, TIOJIATasT M=M 2 mosrydnm
. m
t=1

U, cJaeaoBaTeNnbHo, B caydae M = M HepaBeHCTBa TPAH3UTHUB-
HOCTH

6y/1yT BBIIIOJIHEHBI IIPY JIIOOBIX 4, j, t u3 orpeska [1, m]. C apyroit
CTOPOHBI, U3 TPAH3UTUBHOCTU pedleKCuBHOI MaTpunbl M, B
cuiy (1.6), caemyer, 9ro

M (i, j) =M G, ) v |\ M@g5) Mtj) | =M(j5).
1<t<m
t#i,j
Marpurtia JOCTHKHUMOCTH BBIXOJIHON BBHIOOPKM CETH M3 €€ BXOJI-
HOIl BBIOOPKH HA3bIBAETCS MAMPUUET JOCMUNCUMOCTIU ITOH Cce-
TH.

"Marpuna M, M € B™™, cunraercs pedeKCHBHON (TPaH3HTHBHOIN)
TOTJIa U TOJIBKO TOTJIA, KOT/Ia OHA 3a1aeT pedbJIEKCUBHOE (COOTBETCTBEHHO
TpaH3UTUBHOE) OTHOIIEHNE Ha MHOXecTBe [1,m], To ecTsb

M (i,i) =1 (coorsercrBenno M (i, t) - M (t,5) = M (i, 7))

JyIst J06OTO ¢ (COOTBETCTBEHHO JIIOOBIX 4, j U t) u3 orpeska [1,m].
>Cunraem, 4To Tpu yMHOMeHUH MaTpmm u3 0 w 1 BMecTo omeparm
CJIOPKEHHST UCIIOJIB3YETCs ONEPAls (U3 bIOHKIUH.
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Ilon «abcTpakTHOY CXEMOH MOHUMAETCs CeTh, YaCTh ITOMe-
TOK KOTOPOH COCTaBJIAIOT BXOJHbIE IIepeMeHHble M B KazKJoi
BepIHe KOTOpOil peasmsyercss dynkius (cronbern u3 yHK-
uit) or TUX nepeMeHHbIX. [Ipu 3TOM CumTaercs, YTo cama
cxeMa peajim3yer cucreMy (MaTpHILy), COCTOAILYIO U3 (DYHK-
Uit (COOTBETCTBEHHO CTOJIONOB (DYHKIW), PeaTn30BaHHbIX Ha
ee BBIXOZAX. B KadecTBe BBIXOIHBIX ITOMETOK CXEMBI HCIIOJIb-
3yI0TCsI, KaK IIpaBUJIO, CIelHUaJbHblEe BBIXOJHbIE II€pEMEHHBIE,

a cxeMa Y ¢ BXOJHBIMU II€PEMEHHBIMU (BXOJAMHU) Z1,...,Tp
U BBIXOJHBIMU II€EDEMEHHBIMU 21, . . ., Zp, 3AIHUCHIBACTCS B BUJIE
Y =321,y Tni 21y ey Zm)-

Homep v(a) mabopa a = (ai,...,an) u3 B™ cauraercs Ho-

mepom DK (D) panra n or BII X (n) Buna x7*---23" (coor-
BercTBenHo V. . Vadn), MHOKecTBO Beex Takux DAJT 0603Ha-
qaercst (Qy, (cOoTBETCTBEHHO Jy,), & CUCTeMa U3 BCeX YKa3aHHBIX
DAJI, yHopsiIOUeHHDIX IO UX HOMEPAM, HA3BIBAECTCS KOHBIOHK-

mueHbm (COOTBETCTBEHHO OUSBIOHKMUBHbIM) 0ewuPpamopom

nopadka n ot BIl z1, ..., x, n obosnauaercs depes @, (coorset-
—

crBeHHO Jy, ). OyHKIus BUga

P (X1 -+ Ty Yo, - - Y2n 1) = \/ 55?1 "'$z"yu(a)
a=(a1,...,0n)
HA3BIBACTCS MYALTMUNAECKCOPHOT PyHKUUetl, WITH, THAYTE, MYAD-
MUNAEKCOPOM NOPAKA T, & TIePeMeHHbIe T = (X1,...,Ty) (Y =
(Y0, - -+, Yon_1)) CIUTAIOTCS adpecHbimU (COOTBETCTBEHHO UHPBOP-
mayuonroimu) BIT MyabTHILIIEKCODA LUy, -

Mynbrumnekcopayio PAJI mopsaka (n —¢q), 0 < g < n, or
anpecubix BII 2" = (zg41, . .., z,) n undopmannonusix BIT y =
(Y0 -+ -y Ygn—q_1) YACTO UCIOJBIYIOT JJIs PA3JIOKEHUST [POU3-
sosbrol DAJT f (21, ..., 2y) o BII 2” (cm. pasnoxenue [len-
HoHa (2.5) u3 §2 rassb 1).

Cxemy, koropasi peasmsyer cucremy PAJL Q,, (Jn, ) Oy-
JIeM Ha3bIBaTh dewudpamopom (COOTBETCTBEHHO JU3BIOHKMUG-
HolM 0ewuPGpamopom, MyALMUNAeKcopom) nopadka n. CXeMsl,
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peau3yIonue paBHble CHCTeMbl (DYHKIIUN, HA3BIBAIOTCI 9KGU-
sasenmuvmu. Ipeanonmaraercs, 9To0 n30MOpPGHBIE CXEMBI BCE-
IJIa 9KBUBAJEHTHBI, ¥ IIO9TOMY JIJIsl JIIOOOr0 KOHEYHOI'O MHOYKE-
CTBa CXEeM u BBITIOJIHAETCA HEPaBEHCTBO

U < uf, (1.7)

rie [|[U]| — gucno nomapHo He SKBuUBaJIeHTHHIX cxeM B U.

§2 ®Dopmysbl, UX CTPYKTypa, SKBUBAJIEHTHOCTh U
crioco6bI 3aganusd. Onrumu3arust Mo Jo0HbIX HOop-
MYJI IO T1yOmHe

B §1 rnaBer 1 mano nHIYKTUBHOE OIpeIeaeHne (hOPMYJIbl U pe-
aymzyeMoii ero pyHkImu. HamoMumM ero n paccMoTpuM ¢riocob
npeicTaBaeHusT (GOpMyJ aJirebphI JIOTUKH C TOMOIIBI0 OPUEHTH-
POBAHHBIX YITOPSIOYEHHBIX JTEPEBHEB.

[Tycrb, no-upexuemy, X = {1,22,...,Tp,... } — CICTHBII
VIOPsIIOYeHHBIH  asihaBur Bxoaublx bII m mycre B =
={p1,02,...,pp} — 6asuc, rue PAJI @;, i =1,...,b, 3aBucur
or ki, k; > 1, BII u asnsiercsa cymecrsennoit ®AJI, eciu k; > 2.
[Ipepnomnaraercsi, uro B — nosnstit 6asuc (M. §1 riassl 1) u
JIOIIyCKAeTCsI, B OOIIeM cilydae, Hajudne B HeM paBHbIX DAJI.
YHare Bcero Mbl GyjieM umeTsh Jieiio ¢ basucom By = {&, V, —}.

JIrobas nepemennas x; u3 X cunraercs gopmy.aoti 2aydurvl
0 wu, uHAYE, MPUBUANLHOT PopmysoT Had ba3ucom B, KoTo-
past peaymsyer dynkimo ;. Ecim ¢ € [1,b] n aus kazkoro
J» J € [1, k], onpenenena dopmymna F; riybunst ¢; Han B, ko-
Topas peanuzyer PAJIL f;, To sanmmcs F Buna

972901‘(371,...,37;%) (2.1)
SIBJISIETCST (pOPMYA0T 2aybunv, ¢ Had B, Tie

g=max{q,...,qk}+1, (2.2)



§2. Dopmysbl, HX OOTHUMU3AIUS IO TIyOUHE 17

koropas peasusyeT dyukuuio f suna f = ¢; (f1,..., fr,)-

Bce sanucu, nmosydeHubie B pe3yIbTaTe YKa3aHHOTO WHITYK-
THUBHOI'O IIOCTPOEHUSI, U TOJBKO OHU CUUTAIOTCH (POPMYNAMU HAO
basucom B. Ilpu aTom dopmysibl, MOTyIeHHBIE B IIPOIECCE WH-
JIYKTUBHOTO TocTpoerHust popMmysibl F, HA3BIBAIOTCS ee nodPop-
myramu, a Te nogdopmynst I, . . ., Fi,, 13 KOTOPBIX Ha IOCIE-
HEM II1are WHIyKTUBHOTO MOCTPOEHUs cTpouTcst hopmysa F Bu-
Ja (2.1), cauratorcst ee 24a6HuMU TOADOPMYTIAMU.

BameruM, uro 3anuch nogdopmyasl F dopmynsr F sapiser-
cs1 9acThio 3amucn F, IpUIeM KaxKIas TaKas dacTh CUNTAETCS
exooicoenuem F B F wim, unade, nosuyuonnoti noddopmy.aol
euda F' popmynsl F, a uncio yKaszaHHBIX dacTeil Ha3bIBaeTCs
kpamnocmvro F' 8 F. Mo caoocnocmoio (panzom) dopmyirsr F
MIOHUMAETCs YUCJIO BXOXKJICHUH B Hee (DYHKIIMOHABHBIX CUMBO-
JIOB (COOTBETCTBEHHO CHMBOJIOB IIEPEMEHHBIX ), KOTOPOE 0603Ha~
qaercst uepe3 L (F) (coorsercrsenno R (F)).

Hamomunm, uro «rpadudeckus coBnamamoniue hopMyIbl CUu-
TaroTcs usomopprvimu, a popmynst F u F’ | peanuzyromue pas-
nwle bynkmun f' u f”, HasbBalOTCA paGHbLMU WU, THAYE, IKGU-
sarenmuvimu. Ilpu sTom pasenctso Buja t : F = F” cunraer-
cs1 mootcdecmeom. Hepes tg u té OyaeM 0603HAYIATH TOXK IECTBO
KOMMYTATHBHOCTH W TOXKJECTBO accormuaruBHOcTU st DAJI
o (x1,22), THE © € {1 X9, 71V X2, T1 B T2, 1 ~ z2}(cMm. §2
rJIaBbl 1).

MmuoxkecTBO Beex dhopmylt Ha 6azucom B 6yaem obosnagaTn
yepes u% U ITOJIOYKIM ugo = U®. Nunykimeit mo riaybume Jo-
6oit popmyste rIyOnHBI ¢ HaT B MOXKHO COMOCTaBUTDH YITOPSIIO-
YEeHHOE OPUEHTUPOBAHHOE KOPHEBOE JIEPEBO IJIYOUHBI (¢, KAZKI0-
My JcTy KoToporo npunucana BIT uz X, a kark1oit BHy TpeHHei
Bepmae — bynkimonabHblii cumsoi (PC) uz B. @opmyite x;
rayounbl 0 COMOCTABUM <«TPUBHAJIBHOE» JIEPEBO C €IUHCTBEH-
HOIi BEPITUHOMN, SIBJISTIOIIEHCS KOPHEM U JINCTOM OJTHOBPEMEHHO,
koropoii npummcana BII x; (cm. pmc. 2.1a). ®opmyne F Bu-
na (2.1) comocraBum nepeBo D ruryOuHbI ¢, onpeessieMoit pa-
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BeHCTBOM (2.2), U ¢ KOpHEM v, NoKasaHHoe Ha puc. 2.1b, rue
Dj, j=1,...,k; — nepeso riyObunsl ¢; ¢ KOpHEM v, KOTOpPOE
coorsercTByeT dopmyie F;.

a) b)

Puc. 2.1: npencrapienne pOpMysbl 1epPEBOM

Samernm, 9To hopmyaa F IO COMOCTABICHHOMY €l J1epeBy
D BOCCTAHABIMBAELTCS OJHO3HAYHO C TOYHOCTHIO 10 U30MOPDU3-
Ma, ¥ 9TO MPHU 3TOM TOJIIEPEBBs JepeBa D B3aNMHOOIHOZHATHO
COTIOCTABJIAIOTCS O3UITMOHHBIM T101bopmysiam dhopmyint F. Ha
puc. 2.2a IMOKa3aHO JepeBO, COOTBETCTBYIoIIee (bopMyte

((a;l V xg) V 333) V (IL’3 (:L’l vV l’g) vV 1’1:82) , (23)

KOTOpas siBJjsgeTcsa (popmysoit riaybunnr 4 majg Gasucom By u
peammmsyer OAJI s§0’2’3}.

st ymoberBa OyieM CIUTATD, 9TO B UQB) BXOJIAT HE TOJHKO
oreibHbIe (DOPMYJIBI, HO U YIIOPsI0YEHHbIE CHCTEMBI (HAOOPbI )
dopwmyt Ha 6azucom B, 9To Karktas Takas CHCTEMAa PeaIn3yeT
Habop, cocrositiuii 3 PAJI, peanusyembix ee dopmyaamu, u
49TO 9TO cucreme POPMYJI COOTBETCTBYET CUCTEMA U3 JIEPEBLEB,
COITOCTABJIEHHBIX ee (hOpPMYyJIaM.

Bamerum, uro panr R (F) dopmynbt F paBeH ducity jmcrbeB
cBsizaHHOTO ¢ Heil nepeBa D, ee cioxkuocts L(F) paBna umciy
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I Z2

Puc. 2.2: npencrasienue dopmyibt (2.3) nepeBoM u
KBa3HUIEPEBOM

ocraybHbIxX BepimH D, a ee riybuna D (F) — rybune ero kop-
. 3aMeTHuM Tak:Ke, 4TO IOPANOK BxoxkKjaeHnums BII B zammch
dopmysibl F 1Ipu ee MPOCMOTPE CJeBa HAIPABO COOTBETCTBY-
eT IocJieloBaTeIbHOCTH HosBienns BIl Ha JIMCThIX CBsA3aHHO-
r'o C Hell 1epeBa,lIpOCMAaTPUBAEMbIX B «€CTECTBEHHOM» IOPSJIKE
(em. §1).

PaccmoTpum Tenepb HEKOTOPbIE COOTHOIIEHUST MEXK Ty ITapa-
merpamu dhopmyt Hal 6azucom Bg. 3amernum, 9To 1pejicTaBisis
OPMYJIBI JIEPEBBSIMU, TAKHE COOTHOIIEHIST MOYKHO JTOKA3bIBATD
boJiee TTPOCTHIM U HATJISTHBIM CIIOCODOM.

(3]
Jlemma 2.1. Jasa gopmyane F, F € U®, swnosnsomesn nepa-
BEHCMEA

R(F) = Legy (F)+1< L(F)+1<2P0), (2.4)
ede Lg, v (F) — wucno @C & u V 6 dopmyae F.

Zoxazamesvemeso. CpaBuuBast 9uciao pebep, BXOJIAMNUX B Bep-
mmHbl epeBa (bopmyrsl) F ¢ dncioMm pebep, BBIXOASAIMINX U3
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€ro BepIIUH, HOJLyIUM
|E(F)] =2Lgy (F) + L~ (F) = L(F) + R(F) - 1,
rae L, (F) — aucio ®C — B bopmyie F, orkyma cieyer, 9ro
R(F)=1Lgy (F)+1.

Bropoe u3 coorHomenuit (2.4) Jerko ycraHaBJIMBAETCsS UHJLYK-
mueit o D (F).

JlemMa J1oKa3aHa. ]
Caencrsue.

D(3) > Mlog (L () +1)]. (2.5)

st Toro 9robsl BeIAETUTH HAOOD T = (i, .. ., Tj, ), KOTO-

phlit cocrouT u3 Beex paziuunbix BII andasura X, BcTpeua-
omuxcst B popmysie F U MepeUnC/IeHHBIX B MOPSIKE BO3PACTa~
HUsI UX HOMEPOB, OyJieM 3anucbiBaTh ee B Buge F = F (x). Ilpu
3TOM GOpPMYJTy, KOTopast moaydaercs u3 F B pe3y/ibrare 3aMeHb
kaxtoro sxoxaenus Bl z;;, j =1,...,n, bopmyoit F; Oynem
CUHTATDL Pe3yYAbmamom nodcmarnosky gopmysvt FI; emecmo BII
zi;, j=1,...,n, 6 popmyay F m Gynem obozHauaTh €e uepes
F(F1,...,F,). Bamerum, aro dopmyna F(Fi,...,F,) peann-
syer @AJL f(fi,..., fn), tne PAJL f (DPAJI f;) — PAJL, pea-

mmsyemast dbopmyioii F (coorsercrsenno Jj, j =1,...,n). O1-
CIOJIa CJIEJLYeT, UTO eC/IM YKA3aHHYIO MOJCTAHOBKY NDHMEHUTH
K obenm vactam toxzgectsa t 1 F = F' tne F = F (x) n

F" = 3" (), MBI OJLyIUM TOXK/IECTBO
7. ”SF/ _ ’SF//
rne F = F (F1,...,Fn) m F1 = g (F1,...,F), kKoTOpoe Ha-

3BIBACTCA Nodcmaroskol das mosicdecmea t.
W3 onpenieniennii ciieryet, 9To 1jist GOPMYJI UMEET MECTO TaK
Ha3bIBAEMBbIIl ITPUHITUIT SKBUBAJEHTHON 3aMEHbBI. DTO O3HAYAET,
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YTO eC/TH HOSHIHOHHYIO 0abOPMYTY Buta F' (Buma 3 ) dop-
MyJibl ' 3aMEHHTD, YIHTBIBasl TOXKJIECTBO t, SKBUBAJICHTHO cii
dbopmysoit F” (coorsercrsenno F'), To mosyvdeHnast B pesysibra-
Te Takoil 3amennl dopumyita F Gyner sxsusasentaa dopmyie F.
Vkaszauuerii nepexos ot dopmyiast F k dopmyne F HazbBaeTcs
(OZIHOKPATHBIM) 9K6UBAAEHMHBIM Npeobpasosaruem (DII) dop-
myav, F Ha OCHOBE TOXKJIECTBA t, a TOC/IEI0BATETLHOCTD OTHO-
kpaTHbIX I dpopmysibl F, BHIOJIHSIEMBIX Ha OCHOBE TOXKJIECTB
u3 cucTeMbl T, canrtaercs eé (MHorokparueiM) DI Ha ocHoBe
9TOHU CHUCTEMBI.

Dopmyser w3 UP, momywaronmecss apyr u3 apyra SKBHBa-
JIEHTHBIMEU TTPEOOPA30BAHUSIMUA HA OCHOBE TOXKJIECTB tg u t¥
a TaKyKe TOXKJIECTB tgAl u t}, maspBarorcs nodobrumu. Jlerko
BHUJIETh, UTO MOM0OHBIE (POPMYJIBI IMOJYUIAOTCS JAPYT U3 JIpyra
HepeCTaHOBKOﬁ APryMEHTOB WU U3MEHEHUEM IIOPsAIKa BBIIIOJIHE-
HUsI OJTHOTHUITHBIX JBYMECTHBIX OA3MCHBIX OTepaluii, o6pa3yro-
IIIUX COOTBETCTBYIOILYID MHOTOMECTHYIO OITEPAIMIO, U HOITOMY
MOTYT OTJIHIATHLCS APYT OT JIpyTa TOJIBKO TIyOUHOI.

BaMeTI/IM7 YTO CJIO?KHOCTDH XapaKTepusyeT BpeMsd BbIYHC/Ie-
Hust GOPMYJIBI Ha OJTHOM TTPOIIECCOPe, a TIyOnHa — BPEeMs ee mma-
PaJIIeTbHOTO BBIUUCIEHUS] HA HEOIPDAHUIEHHOM UHUCJIE MPOIEC-
copoB. ITosTomy onrummsarust moao0HBIX (GOPMYJT IO TIyOHHE
SIBJISIETCsT IaCTHBIM CJIYIAEeM <«PACIapa/lIeJInBaHUs» BbIUHUCJIE-
HU.

Dopmyisl 13 UP MOKHO OHTHMH3ZNPOBATEL TAKIKE [0 UHCIIY
OTPHUIAHKI C IIOMOIIBIO SKBUBAJEHTHBIX ITPeodpa30BaHMil Ha OC-
HOBE TOXKJIECTB

tg : (l‘l . 562) =21V Tg, ti\//[ : (951 \/332) =17 - X9,

M (T) =m

— ToxjaecTB Jie Moprana Jijisd KOHBIOHKIIUU, JU3bIOHKIIUA U
OTPHUIAHUSI COOTBETCTBEHHO, a TaKKe IIPeoOpPa3’0OBaHU ITOI0-
6us. Toxxmecrso tM HUCIIOJIB3YETCS TIPU 3TOM JJIT YCTPaHEHUsI
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HECKOJIbKMX ITOCIeI0BaTe/IbHbIX BXOxKIeHnii @C — B onruMu-
3upyeMoil popMmysie, a TOXKIECTBA tM, t{\//[ — JIJIsI BBIIIOJIHEHUS
nepexoma

?,:?10'--O?t:(?10"'0?15),

riae (0,0) € {(&,V),(V,&)} ut > 2, Bo Bcex ee MakcCHMAaJIb-
HBIX 10 BKJIOUYeHHIo noadopmynax suga F', dbopMupyeMbix ¢
IIOMOIIBIO0 TPeodpas3oBaHMIl TTOTO0MST.

Qopmyna, B Koropoit Bce @C — BCTpedaroTcsi TOJBKO HaJT
BII, nassiBaercst hopmyaoti ¢ noduamoimuy, ompuyaruamu. Jler-
KO BHJIETD, UTO C MOMOIIBIO TOXK,1ecTB jie Moprana y1obyio ¢pop-
myay m3 UP MoxkHO mpeobpasosars B (hOPMYILY ¢ MOIHATHIMMI
OTPUIIAHUSMH. 3aMEeTUM, YTO MpeoOpaszoBaHus MOI00Us U IK-
BUBAJIEHTHBIE IPe00pa30BaHust (DOPMYJI HA OCHOBE TOXKJIECTB JI€
Moprana He U3MEHSIIOT paHT 3THX (HOPMYJ U, CJIETOBATEIHHO,
qnciao PC {&, V} B nux.

Oupegennm anprepaupoanne Alt (F) dbopmynbr F ¢ noa-
HSITBIMU OTPHUIAHUSAMY KaK MAKCHUMAaJIbHOE YHUCIO U3MEHEHUH
tunoB OC & u V B Hemnsix gepesa, COOTBETCTBYIOIIETO (hopMyJIe
F. Bamerum, uro anbrepauposanne DK wmwim /1 paBHo HyTIO,
a ajprepHuposanue J06oit (ormmanoii or DK u 9/1) THD wuim
KH® pasro 1.

Teopema 2.1. Jlas a1060t dopmyarve F ¢ nodusmoimu ompu-
yanuamu uz UL cywecmsyem nodobruas eti gopmyaa F ma-
KQA, 4O

D (F) < [log (L (F) + 1)] + Alt (F). (2.6)

Jloxasamesvemso. JlokazaTebCTBO TPOBENEM WHIYKIHEH 1O
panry dopmyist F. Eciin R (F) = 1, To dopmyna F umeer Bu
F =2f, 0 € B, u cama yI0BJIeTBODsieT HepaBeHCTBY (2.6).
[Tycrs HepasencTso (2.6) crpaBeiuBo 111t JiI060it mozbop-
myabl F rakoit, aro R(F') < r—1, tae r > 2, u nmycrs dhopmyia
F umeer paur r u aaprepHUpoBaHUE . [IpemcraBum dopmyry
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F B BueE:

F=d(F,....5),

rue t > 2, dopmyaa ®(yi, ..., y;) upu Hekoropom o, o € {&, V},
UMeeT BHUJ Y1 O ... O Yy, albTepHupoBanue mnoiadpopmya Fi, ...
..., Fr dopmyiier F e 6osbie, gem a’, e o' = max{0, (a — 1)},
a ux panr He npesocxoxut (r — 1). Tlomoxum

d=[log(L(F)+1)]+a—d u di=[log(L(F)+1)],

rme ¢ = 1,...,t, a 3aTeM s Kaxk10i opmyisl F; mocrponm
10 MHIYKTUBHOMY IIPEJIIOJIOXKEHHIO TOI00HYIO eif (hopmyny F;
TaKyIO, 9TO

D (f}"z) <d;+ad.

3aMeTuM, 9TO IPU ITOM
> ot <2t (2.7)

JeitcTBUTeNIBHO, ecau a — a’ = 1, To

t

t
20> 2(L(F)+1) =) 2(L(F)+1) = 2%,
i=1 i=1

Ot

aecma=a =0, 10 F =z o---ox]" u, ciegoBaTeIbHO,

Dot =N (L(af)+1)=L(F)+1<2%

i=1 i=1

3aMernM Takke,dTo mepeHymeparmeit hopmyn F;, i =1,... ¢,
MOXKHO JOOUTHCS BBIIIOJIHEHUS] HEPABEHCTR:

dy>dy > >dy (2.8)
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[Tycrs Teneps @' — dbopmysa Buga 41 © - - - 0 Ygd, KOTOPOii CO-
OTBETCTBYET IIOJIHOE JIBOMIHOE d-sipyCHOE JepeBO, a (OpMy-
na ®” nonyuaercs uz @ ynanenumem mociaenHux q, rjue q =
(2d —2h ... 2dt) uq > 0B cuy (2.7), Bxoxzaenuit BII
Bmecre ¢ Temu DC, KoTopsle ¢ HuME cBsizaHbl. B cuty (2.8)
nepsbie 29 Bxoxnennit BII B & cocrasisior mondopmyny 1,
KOTOPO#l COOTBETCTBYET IIOJIHOE JBOMYHOE di-sIpYCHOE JIEPEBO,
coneparnee 29 pxoxkmennit BII B ®”, cienyrommue 292 Bxox-
nernit BIT B ®” — moadopmyny @9, KOTOpoii cOOTBETCTBYET
ITOJTHOE JIBOUYHOE do-sIDYCHOE JIEPEeBO, W TaK JaJjee, BILUIOTh JI0
nocseaanx 2% pxoxkmennit BII B @, cocrasistiomux 1mo1¢bop-
Myasry Py, KOTOPOH COOTBETCTBYET MOJTHOE JBOMYHOE dy-pyCHOE
JIepeBo.

O603naunM depes F dpopmyity, kKoTopast nosydaercs us o
zamenoii mogdopmysael ®; Ha dopmyay fr’v‘i, 1 =1,...,t. Bame-
M, uro F noxobua F, umeer riiybuHy He GOJIbIIE,TeM

d+ad = [log(L(F)+1)] +a,

U [I09TOMY YJIOBJIETBOpsieT HepaBeHCTBY (2.6).
Teopema moxkazana. ]

Caenctsue 1. Jlas awboti K usu 3/ K cyuwecmsyem nodob-
nas gopmysa K maxas, wmo

D (K) = [log (L(K) + 1)], (2.9)
KOMOPas, 6 CuAY AemMmol 2.1, MUHUMGADHA TO 2AYOUHE.

Canencreue 2. /Jlas a060t JHD usu KHD A cywecmseyem
nodobnas et gopmyaa A maxas, 4mo

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

Sameuarue. JlokazaTebCTBO TEOPEMBI JTAET WHIYKTUBHBIN Me-
TOJ ONITUMU3AIAN (POPMYJI C ITOJHATHIMU OTPUIAHUSIMHA T10 TUIY-
OuHe C MOMOIILIO IPeoOPa30BaHUl TOT00MS.
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§3 3amaya 3KBUBAJIEHTHBIX Pe0Opa30BaHUIil cxeM
Ha npumepe ¢dopmysn. llosHoTra cmucrembr oc-
HOBHBIX TOXK/IECTB JIJISI S9KBUBAJIEHTHBIX MPE00-
paszoBanuii hopmys 6aszuca {&,V, -}

DksuBajeHTHbIE TpeobpaszoBanus (D), To ecrb nmpeobpaszosa-
HUsI, HE U3MeHSoIre (PyHKIIMOHNPOBAHUSI CXeM, UTPAIOT BaK-
HYIO POJIb TIPY PEIIeHNN Pa3INIHbIX 33/1a9 TEOPUN YIIPABJISIO-
X CHCTEM M, B 9YaCTHOCTH, 3a/[a49u cuHTe3a cxeM (cM. §1 rraBb
3). Caenys [30], uzmozkum psij Bopocos DT cxem u3 OCHOBHBIX
KJIACCOB M PACCMOTPUM CHAYAJIa MOHSATHUSI, CBA3AHHBIE C YKBU-
BaJICHTHBIMU TTPEOOPAZOBAHUSIME CX€M Ha OCHOBE TOXKIECTB HA
npumepe dopmyist wHag H6aszucom b. HamomuuM, aT0 HEKOTOpBIE
911 dopmyna baszuca By yzke HCIOJIB30BAUCH IS PACKPBITHS
CKODOOK ¥ IIPUBEJIEHUSI TIOJIOOHBIX TIPY IOCTPOESHUN COKPAIIEHHON
JHD (cwm. §3 rmaBsl 1), a Takke npu onTUMU3AIAN (DOPMYII 1O
riybune (cM. §2).

Opnnokparuoe DIT dopmynsr F B Gopmyny F ¢ HOMOLIBIO
ToxkecTBa t (cM. §2) OymeM 3amKCBIBATH B BHJE OJHOKDPATHOM
BBIBOANMOCTH Buga F l? F. Anasnornanoe I F 8 F B pe3yiib-
TaTe IPUMEHEHHsI OJTHOIO U3 TOXKJIECTB CUCTEMBI T (HECKOJIbKIX
[OCJIeIOBATE/IbHBIX IIPUMEHEHUIT TOXKIECTB U3 T) Oy/IeM 3alli-
CBIBATb B BUJIE OJIHOKPATHOMN (COOTBETCTBEHHO KPATHOIi) BBIBO-
jgumoctn Buja F = F (coorsercrsenno F = F). Ilpu srom

T

CYUTACTCH, 9TO TOXKICCTBO
t: F=F

BHLI800UMCA U3 CUCTNEMDL TONHCACCNE T, U ITOT (DAKT 3aIHCHI-

BAETCSL B BHJE BBIBOANMOCTH T — ¢ WM T 3 { B 3aBHCHMOCTIX

OT YHCJIa UCHOJIL30BAHHBIX HEPEeXO/I0B. 3aMeTUM, 4TO B CHJY

obparumoctu D11 u3 Beogumoctu F = F coemyer obparHast
T

BeiBogmMocTh F (2 F. Cucrema TOXKIECTB T HA3BIBACTCS NOAHOT
T
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st DI bopmyst Han B, ecin 1y1st TI00BIX IBYX 9KBUBAJIEHTHBIX

dbopmyn F u F’ wan B umeer mecro eiBOmMMOCcTE F' = T
T
PaccMOTpUM, B 9aCTHOCTH, CHCTEMY T, KOTOPasl COCTOUT U3

TOXKlecTB Jie MopraHa 1 TOXKJiecTBa
1K ) —
tl,& A (xg\/.%'Q) =7,

— TOKJICCTBA II0/ICTAHOBKU KOHCTAHTHI 1 = X9V To B KOHbIOHK-
o (eM. ToxaectBa (2.2) us rimassl 1). [Tpumep D11 dopmys uz
U® ¢ TOMOIMIBIO CHCTEMBI TOXKIECTB T JIAeT CJIe Iy Iomast TelouKa
BBIBOJMMOCTEIL:

X1 (ZCQ.%'g V To \/f3) — X1 (Z'ng V X9 - .2173) — . (3.1)
te e

Hamee OymeM paccMaTpuBaTh TOJBKO (POPMYJIbI HaJL Oa3ucoM
By, HazbBas ux mpocTo popMyIaMu. 3aMETHM, ITO UMEIOT Me-
cro (cm., B wacTtHoCTH, §2 TiaBbl 1, a Takxke §2) ciejyroriue
TOXK/IECTBA aCCOIMATUBHOCTH

AL

tg @ xp0(xgox3) = (21 0x9) 0 w3,
TOXKJICCTBA KOMMY TATUBHOCTH
tK

o X1 0T = T20X2

U TOXKJIECTBa OTOXKJaecTBjieHus BII
tOOH :

rox =uw,

rae o € {&,V}, ToxkaecrBa auCTpubyTHBHOCTH «O» OTHOCH-
TEJIHHO «O»

t]cio : xpo(ra0ox3) = (r10x9) 0 (21 023)
u ToXKIecTBa («mpaBmiay) ge Moprana

tll‘/l : fl) =2, tl(:/l : (ml O:EQ) = (51) <o (fg),

—
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e (0,0) € {(&, V), (V, &)}, Tox 1ecTBa nojicTaHOBKU KOHCTaHT !

IIK . =\ — IIK . -\ _
t07& Al (.732-1‘2) = T9 - T, tl,& Al (xz\/:vg) =1,
1K . - 1K . =\ _ —
t07v.x1V562'332—x1, tlv.x1V(aZ2\/x2)—x2\/$2,
a TaK»Ke TOXKJICCTBO ITOIJIOIICHUS

s TV T1T2 = 27,

TOXKJIECTBO ODOOIIIEHHOIO CKJICHBAHISI

tOC D X1X2 VIT1x3 = 2122 V T1x3 V Tox3

U OpyTHe.
JokaxkeM, ITO

{t, XMy w {5, M B {T],

rne ™™ = {tM, M t\l\//[} JleiicTBUTEIBHO,

x1 VX9 E (El) V (%2) ltg[) (fl) . (fQ) g T1 T2

T1VIToa+—=>T1VIor— T Ty T T1 ’:{ xo V I1.
tM tM &

& ¥, 1M

AHaJIOrHYHBIM 00PA30M JOKA3LIBAETCS, YTO

{te, A0} {01
{tey, ™ ed m {tog T B D)

'B orsnune or TOXKIECTB (2.1)7(2.2) ryiaBbl 1 JaHHBIE TOXKJIECTBA, T10/I-
CTAHOBKH KOHCTAQHT OPUEHTHPOBAHBLI Ha Oasuc Bg, rme poab koHcTaHTbl 0
(xoHcTanTe! 1) urpaer dopmysa Buga &; - T; (COOTBETCTBEHHO T; V Ts).
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rae o € {0,1}. 3aBepiuasi IpuMepbl BHIBOAUMOCTEN, JTOKaZKeM,
4TOo

D A K ,OII II
{tl&m t&,\mt\/’tvvt\/ }’:;t .

LeficTBUTEIBLHO,

x1V T1To '—) T (xg V $2) V X122 '—) T ((.TUQ V Tg) V .1‘2)

tl & t& \
’Z{ T ((mg V .732) \/fz) — T ($2 \/52) — X7.
8 1K Q1 G
TTostoxkum

t= Lt M e e, 12T tRvs i, tok
A= {1, 0},

K= {18, 15},

L

{t& vy b &}

= {to.g: e to 1y
FocH _ {TM A7 TK, 7_OH7 7_D’ THK, tH}.
Cucremy 79" GyieM HA3BIBATD CUCTEMOT OCHOBHDBLL TOHCIECTNG,
a cucremy T — pacwupennoll cucmemot 0CHOBHLT MOIIC-
decme. PaccMOTpeHHBIE BBIIIE MPUMEPBI BBIBOJMMOCTEN JTOKaA-
3BIBAIOT CJIEYIOIIEE YTBEPKICHUE.

H

JIemma 3.1. Cucmema 7° gunsoduma u3 cucmemnvs 78

ITokazkem Ternepb, 9TO C IIOMOIIBIO 9II Ha ocHOBE cuCTEMBI

" w3 110601 POPMYSIBI MOXKHO IMOJIYIUTH COBEp-

TOXKJIECTB T°
mennyo JH® win dbopmyny z1T;. Beemem mjist aToro neko-
TOpbIE MOHATUS, XaPAKTEPU3yIoIIue (GOPMYJIbl, OABIISIIONTIAECS

Ha TPOMEXKYTOUHBIX 3Tanax ykazanuoro III. IIpousBosbHyto
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KOH'BIOHKIINIO OYKB, COJIEPKAIIYIO, B OOIEM CJiydae, MOBTOPsI-
TOIIMECs WJTU TPOTUBOIIOJIOXKHBIE OYKBDI, Oy/1eM HA3BIBATDL 0000-
wennot DK (ODK), a IU3bIOHKIMIO TAKUX KOHBIOHKIIHUIL, CO-
JIeprKAIIy0, B ODIEM CJIyUae, MOBTOPSIIOIINECS] «CJIaraeMbles, —
0606miennoit JJTHO (OAH®D). O6branyio 9K (JIHD) u dopmyry
x1-T1 Oysem caurarb karnonuveckoti ODK (cooTBeTCTBEHHO Ka-
nonuveckott OJTH®D), a coseprennyio JJHD u dopmyny x1 - T3
— cosepwennvimu OJJH®. Hamomaum (eMm. §2); uro dopmyia,
B koTopoit Bce PC — npumenstorcs Toiabko K Bl u mer aByx
nocsieioBaTeibHO puMeHsieMbix OC —, HazbBaeTcst hopMyJIoit
C TTOJTHSITBHIMU OTPHUTAHUSIMHE.
[Tycrs dopmyna F (1, ..., xp) peammsyer PAJL f (z1,...,xy,).

Hokaxkem cymectsoBanue 11 Buna

FrY = FRERTF = T (3.2)

™ {tB,th} FIII {tgyvﬂ_nn}

rae 7 = {7A, 7K FIK 2O 4L 157 popmyna ¢ nogusTer-
vt oTprnannsvy, 7 — obobmennasa JTH®, a F u F — kanonn-
geckas n copeprieanas OJIH® PAJI f coorsercrBenno. eii-
CTBUTENILHO, noduamue ompuyanul, To ectb nepexoxn or F xk F
B (3.2) (cMm. §2) MOXKHO OCYIIECTBUTH IPUMEHEHHEM TOXKIECTB
MM u Mk nondopmynam suma (1), (F1- Fo) u (F1 V Fa)
COOTBETCTBEHHO JIO TeX IOP, IMOKa BCe TaKue IoA(MOpPMYJIbl HE
OyayT «ycrpanenbi». [lepexon ot F x 7 B (3.2), KoTOpHIiT Ha-
3BIBAETCS PACKPLIMUEM CKOOOK, OCYIIECTBISETCA TPUMEHEHIEM

TOXKIECTB {tg,vv tg} k nojgdopmynam suga Fp - (Fo V F3) nim
(F1 V Fa) - F3 110 Tex mop, MOKa OHU BCTPEYAIOTCS B IIpeobpasy-
emoit popmyie.

IMepexon or F' k F B (3.2), KOTOpBIi HA3BIBACTCS NPUGE-
deruem nodobHvLT, BBITIOJHSETCSI B Tpu dTama. Ha mepBoM sra-
ne kaxgas O9K K" nz OJITH® F” npeobpasyercss B KaHOHU-

geckyio O9K K ¢ moMOIIBI0 TOXKIECTB {tgn, tgg, 2 tg}, a
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TaK>Ke TOXKIeCTBa
X;Tp =121, (3.3)

KOTOPOE BBIBOJIUTCS U3 HUX CJIEIYIONIUM 0Opa30M:

T T tﬁ( (l’l -fl) . (xz . Tz) % (xz . TZ) . (.%'1 ~T1) t% X1 T1.

Ha Bropowm stamne nosyuennas dopmyna F mpeobpasyercs B F
IIyTeM «YCTPAHEHUsI» MOBTOPHBIX BXOXKJIEHUN PABHBIX 3JIEMEH-
TapPHBIX KOHBIOHKITNI UiIn 110DOPMYJT X1 - T1 C TOMOIIBIO TOXK-
JIECTB {TA K tOH} u, B ciayaae f # 0, nocnegylomero «yCTpa-
nerns> OK 21 - 71 ¢ momompio Toxaects {t, 5, to,v

3aMeTuM, 4YTO IEpBbIe JBa dTalla HPUBEIEHUS IOJ0OHDBIX,
Ha KOTOPBIX IPOMCXOAUT npuseenne nosroperuit BIT B O9K n
9K, yxe pator HaMm uckomyio ¢popmyiay F. OnHako, s yMeHb-
[IEHUs 9HCJIa MAaroB B nocieaytommux D11 MoKHO BBIIOIHUTH
TPETUil STAll MPUBEJEHUS MOJOOHBIX — STAIl TPUBEJICHUS IO~
rmomennii OK. Ha kaxkmom mare Toro srama B MOy IeHHO
JH® ¢ nmoMoribo TOXKIECTB {TA, TK} BBIJIEJISIETCST TIOJIPOPMY-
aa suta K"V K" - K, rne K" n K — nexoropnie 9K, a 3aTem
9K K" - K «ycrpansiercss» ¢ nomoinpio 11

K// \/ Kl/ . K ? K//.
t

3aMeTnM Tak»Ke, UYTO PACKPBITHE CKODOK U PA3JUIHbIE ITAIIBI
IIPUBEIEHNS TIOJIOOHBIX MOXKHO U€PEeIOBATh JAPYT C JAPYTOM IIPU
SII nondopmyn dopmyssr F wmn bopayr I, 7.
Tepexon ot F x F B (3.2) Bpmosmsiercss B aa srana. Crava-
Jia Kaxkaas DK K us 97 KOTOpasi UMEeT PAHT I', TIAe r = n—q <
n, u ue cogepxkut Oyks BII x;,,...,x;,, IpuBOAUTCHA K ee Co-
Bepiennoit JIHD K or BII X (n) B pesyabraTe CJIEIYIOMIEro
OII: N
[? ’:i I?(l’ll \/Til) cee (l’iq \/fiq) ’:?, K.

IIK D
t t&N
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3arem B nostyuenuoit OJIH® ycTrpaHSIOTCS MOBTOPHBIE BXOXK-
JIeHHST CJIAraeMblX TaK, KaK 3TO JealoCh PaHee IPH Iepexo/ie
or F x F, u B pe3ysbraTe Mbl IPEXOIUM K coBepiernoii OJTHD
F. Takum obpazoM, MOKA3AHO CJIEAYIOIIee YTBEPKICHUE.

Jlemma 3.2. Jhooyro gopmyay F(x1,...,x,), pearusyrowyro
QAJI f, ¢ nomowwro III Hna ocrose cucmemvr mostcdecme T
MOdHCHO npeobpasosams 6 cosepwennyro OJHD QAJI f om BII
X (n).

Pacemorpum onmcannbie Bbiite D11 wa npumepe dhopMyJibl
F = (1’1 \/1‘2) . (1'1 -.Ig) . (,IQ\/$3),
JJIsl KOTOPOH

EFDTZ(fL‘l\/IL‘Q)'(fl\/Tg)'(l‘g\/l’g) ::}"7
te

F ’:3 12273 V T1X2 V T122x3 V T2T3 =F = ?,
{t , rim\et}

§r ’:3 ZT1x2 V XT3 =3,

F ’:? T122%T3 V T1X2T3 V T1X2x3 V T1X2T3 =7

D IIIT
{t&,v’T }
Teopema 3.1. Cucmema 7°% — noanas cucmema mostcdecms.

Jloxazamenvcmeo. Ilycrs F' u F”’ — sksusasnentusie hopmyibl,
peammsytomue pasabie PAJL f/ u f” coorBercrBenno, a nabop
x (n) = x comepxutr Bee pazmmunbie BII, Berpeuatomuecs: 8 F
u F". Mycro, nanee, PAJIL f (z) pasua f'u f”, a F — cosepuuen-
Hag OJH® DAJI f or BIl X (n). B cuny aemmsr 3.2, umeer
mecto D11

f'f, ’:; §" ’:& f'f”,

7OocH TocH

KOTOpOE JIOKa3bIBaeT TEOPEMY. O
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§4 3amanme dopmyn rpacdamm, cxembl 3 PyHK-
MAOHAJIBHBIX 3jieMeHTOB. OrieHka 4Ywucjia ¢op-
MyJ1 u cxeMm B 6asuce {&,V, -}

Paccmorpum Temepnb Gosiee OOIMyIO 110 CpaBHEHHIO C (hoOpMyJIa-
MU MOJeJIb — MOJIeJIb CXeM U3 (byHKL[I/IOHa.HbeIX QJIEMEHTOB
(CDD), B KOTOPOIt TOCTIEIOBATEIHLHOCTD OMEPAIHil CyTIEPIIO3H-
nun 6azucHbix PAJI 3amaercst ¢ TOMOIIBIO OPUEHTUPOBAHHOTO
AIMKINIECKOro rpada, 000DIIAoIero 1epeBo,  riae BO3MOXKHO
MHOTOKPATHOE HUCIOJIH30BAHNE MPOMEKYTOUYHBIX PE3YIbTATOB.
[To cymecrBy COD mosydaeTcst U3 CUCTEMBI JIePEBLEB (crcTe-
MbI (hOpPMYJI) B pe3y/bTaTe OTOXKJECTBJIEHUsI HEKOTOPBIX U30-
MOPQHBIX MOJJIEPEBbEB (COBIIAJIAIONINX 1101HOOPMYJI).

[TycTs Z — cueTHbI yHOpsiioueHHbIH ahaBUT (BBIXOIHBIX )
BII, koropsrit He umeer obmux BII ¢ andasurom X. Cormo-
craBuUM KakjoMmy dyukiponaibaomy cumpoiy (PC) ¢;, @ =

1,...,b, dbyukiuonanbueii sjement (P) &;, umeromuii k; Bxo-
JIOB, IPUYeM BXOJy ¢ HOMePOM j cooTBeTcTByeT j-a BII 2; PAJI
i, e j =1,..., k;, u omua BeIXOM, HA KOTOpoM 3Ta DAJI pea-

muzyercst (eMm. puc. 4.1a). YpouieHHbl BapHanT n300parkeHust
O3 &; B Bujie BepIIuHBI rpada ¢ IMOMETKOM (;, B KOTOPYIO BXO-
JAT k; YIOPSIOYEHHBIX, TO €CTh IMPOHYMEPOBAHHBIX THCIAMU
1,..., k; nyr, nokasan Ha puc. 4.1b. IIpu sT0M 1pemmoaraercs,
4ro gyra ¢ HomepoM j, 1 < j < k;, COOTBETCTBYET j-My BXO-
ay @9 &;. B nanpueiineM Mbl, KaK IPaBUJIO, He OylIeM JIeJIaTh
pasmauiit MeX 1y (DyHKIIMOHAIBHBIM CUMBOJIOM (o; U (PYHKIU-
OHAJILHBIM 3JIEMEHTOM &;.

Onpenenenune. Cremol u3 GYHKUUOHAADHOLT IAEMEHMNOE HAOD
ba3ucom B Ha3bIBaeTCs OPUEHTUPOBAHHAS AITUKJINIECKAS yIIO-
PSITIOYEHHAST CeTh Y., BXOIHAsT BBIOOPKA KOTOPOi COCTOUT U3 BCEX
HUCTOKOB Y., & BEPIIMUHBI IOMEYEHbI CJIEIYIONUM 00pa3oM:

1. kaxzomy Bxomy (Bbixomy) X conocrasiena BIT uz X (co-
OTBETCTBEHHO %), SIBJSIOMIAsICS MOMETKOIN CBSI3AHHOW ¢
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a)
Puc. 4.1: dyskimona bHbIi 2j1eMeHT E;

HUM BEPIIUHBI, [IPUYEM PA3JINIHBIM BXOJaM (BBIXOIaM)
corocTaByieHbl pasiaundnbie BII, a ynopsimoueHHOCTH Bep-
IIIAH BO BXO/[IHON M BBIXOIHON BBIOOPKAX Y. OIPEIesIsieTCs
YIIOPsiJIOUEHHOCTBIO COMOCTaBIeHHBIX nM BII;

2. KaxKJasl OTJIMYHAA OT MCTOKA BEPIINHA U CXeMbl Y IOMe-
yena OC ¢;, rae k; = d; (v).

3aMeTnM, YTO B ODIIEM CJIyvae BEPIIUHBI B BBIXOIHOM BBI-
6opke CDI MOryT HOBTOPATHCS, TO €CTh OJHOW W TOU K€ BbI-
XOJIHOHM BepIINHE MOXKET ObITh COMOCTaB/IeHO HecKobKo BIT u3
Z. Ecin muozkectBo X = {x;,,...,zi, } (Z = {2j,,...,2j,}) co-
CTOUT U3 BCEX BXOJHBIX (COOTBETCTBEHHO BBIXO/HBIX) BII CDD
3}, TIEPEUNCIEHHBIX B TOPSIIKE BO3PACTAHUS WX HOMEPOB B aj-
dbasure X (coorsercrBenHo Z), 1o, B coorBeTcTBHA ¢ §1, Oyiem
sanuceiBath COD ¥ B Buge ¥ = X (X;7) wm ¥ = X (z;2),
rae € = (i, ..., %,) 1 2= (2,...,%,) — Habops! BII, coor-
BeTCTByIOINEe MHOXKecTBaM X U Z.

Cxema 3, KoTOpasl MoJy4aercst u3 jepesa D, CBA3aHHOTO C
dopmyioit F uz qu’, B pe3y/bTaTe OTOXKJIECTBJIEHUS JINCTHEB C
OJIMHAKOBBIMU TIOMETKAMU U TIPUMTHCHIBAHUST €r0 KOPHIO BBIXOJI-
woit BII us Z, HasbiBaeTCs k8a3udepesom, cOOMBEMCMEYOULUM
popmysre F. 3amernm, 9TO YKazaHHOE KBA3UJEPEBO Y. OJHO-
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a)

Puc. 4.2: CO, nonyuennas u3 KBasugepeBa Ha puc. 2.2b

3Ha4vHO ompeessierT hopmyny F u ssisiercs CPD Hax 6azucom
B. U3 sroro kBasujepesa IyTeM «OTOXKJIECTBIeHHsI» (HAIOXKe-
HUs1) ero n30MOPMHBIX KBa3UIIOJIEPEBHEB MOKHO IOJIYYIaTh U
apyrue COI, zamarorue dpopmysny F. Ha puc. 2.2b noxkazano
KBasugepeBo Haj basncoMm By ¢ Bxomubivu BII x1, 2, 3 1 BbI-
xonuoit BII 21, Koropoe mosyueHo u3 gepesa, COIOCTaBICHHOTO
dbopmyste (2.3) u uzobpaxkennoro na puc. 2.2a. Ha puc. 4.2a
npupegena CDPI, mosrydyeHHasi U3 JAHHOI'O KBa3uJEpeBa B pe-
3yJIbTaTe OTOXK/IECTBJIEHUS JIBYX €ro M30MOPMHBIX KBA3UIIOIIE-
peBbeB, a Ha puc. 4.2b nano 6ojee «HATJIsITHOE» U300paKEHUE
sroit CPD B BUME CHUCTEMBI COECTMHEHHBIX COOTBETCTBYIOIINM
obpazom 0.

OboznaunM depes ug MuO2kKecTBO Becex CDI nas Gazucom
B, u nycrs UC = ugo. 3aMeTnM, UTO CUCTEMa KBa3UIEPEBbEB
¢ OOIMME BXOJAMU, COOTBETCTBYIOIIas cucTeMe (pOopMyJT HaJ
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basucom B, sBasercs COID man B, ecinu BbIXOZaM 3THUX KBa-
3UAepPEBbEB IPUMNCAHBI pas3anvdHble BhIxoaHblie BII. B cBssu ¢
aruM (POPMYJILl Hal B 1 ux cucreMbl OyIeM CUUTATL YACTHBLIM
cayaaem CO Hax B, mosarasi, 970 UMeeT MECTO BKJIIOUEHHE
u% C Ug. 3amerum Takxke, aro CPD X, ¥ € Ug, BXOIUT B u%
TOrJIA U TOJILKO TOIJIA, KOIJIA BCE CTOKU Y, U TOJILKO OHH, SIB-
JISIIOTCSL €€ BBIXOJAMHU, 8 U3 KaXKIO0H BEPIIUHLI Y, OTJIUYHONR OT
€€ BXOJIOB U BBIXOJIOB, UCXOJUT OJIHA, JyTa.

Ompeneium  Teneps  dyuknuonupopanne CPD ¥ =
= Y (x1,...,%n;21,...,2m) Hag Gasucom B. Crauasa nHIyK-
nmeit mo ¢, ¢ = 0,1,..., ompemesum Ay KaXKIOM BEPIIIHBI
v TUIyOMHBI ¢ B CXeMe ). peajin3yeMmyro B Heit dpopmyny F, =
Fv (z1,...,x,) raybunst g Hag 6asucom B. Ecim ¢ = 0, To ecth
v — Bxog X, nonoxum F, = x;, rae x; — Bxoauaa BII, como-
craByieHHas Bepmume v. [lycTs Tenepsh v — BepunHa TIyOUHDBI
q, q = 1, cxembl X, KOTOpasi UMEET MOMETKY (; U B KOTOPYIO
BXomuT k; myr, mpudem jayra ¢ HomepoMm j, 1 < j < k;, ucxoaut
U3 BEPIIUHBI Uj IVIyOUHBI ¢j, LJie y’Ke peajm3oBaHa (GopMyIa
F; = Fy, vaybunsl qj, a Jyist 9UCeN ¢, q1, - ., (k; BBIIOJIHE-
HO (2.2). Torma B BepmmHe v peanusyercss dopmyna F = F,
Buza (2.1), koropast umeer rrybuny ¢. IIpu srom cuwmraercs,
gro B Beprmue v COD ¥ peanusyemes DPAJL f(x1,...,x,),
eciim DAJI f peamusyercss dpopmynoit Fy,, u uro COI X pea-
ausyem cucmemy PAJ F, F = (fi,..., fm), wim peaarusyem
cucmemy byaeswur ypashwenuld z1 = fi, ..., Zm = fm, €cin
fi» 3 =1,...,m, — O®AJI, peasmszoBaHHad B TOH BBIXOIHOII
seprune CPI ¥, koropoit npunucana BII z;.

SaMeTnM, 9TO KBa3WIEPEBO, KOTOPOE COOTBETCTBYET (hOp-
mysie F, peanuzyromnieit @AJI f, a takxke smobas CDI, momy-
JeHHAas U3 HEro OTOXKJECTBJIEHUEM U30MOPQHBIX KBA3UIIOJIE-

peBbeB, peanusyer u popmyny F, u PAJI f. Tak, CPI Ha puc.
4.2 peammzyer dopmyiay (2.3) u AJI 350’2’3} (1,22, x3), WiIn

0,2,3
ypaBHeHUE z] = sg } (z1, 22, 3).
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B coorercrun ¢ §1 e COD cumrarorcsi n30MOPGMHBIMHE,
€CJTM OHU M30MOP(MHBI KAK TOMEYEHHBIE TPAMBI, N SKBUBAJIEHT-
HBIMU, €CJT OHU Peau3yioT pasuble cucteMbl PAJI. 3amernm,
aro CD Beeria S9KBUBAJIEHTHA cHCTeMe (POPMYJI, PeaTn3yeMbIX
€10 Ha CBOUX BBIXOJAX. 3aMETUM TaKyKe, 9TO W3MEHEHHe HyMe-
pamuu JIyr, BXOASIUX B Takyko BepiuHy v CDOI X, KoTopoit
comoctaBien P &; ¢ cummerpuaeckoit DAJI ¢;, He uzMeHs-
er ®AJI, peasimsyemyro B BepIlMHE v, a 3HAUUT, HEe BJIUIET HA
dyukmmonuposanne Y. CXeMbl, TOJYJaIONUecs APyT U3 Ipyra
B pe3y/IbTaTe yKa3aHHBIX MPeobpa3s0BaHUil, HAZBIBAIOTCS K6aA3U-
UBOMOPPHVLMU, & HOMEPA, YT, BXOJSIINX B BEPITUHY U C CHM-
merpuueckoit @AJI, kKak mpaBuiio, He YKa3bIBAIOTCs. JIerko Bu-
JIeTh, 9TO B COOTBETCTBYIOIINX APYT APYTY BEPITHHAX U30MOP(D-
HBIX (KBasuu3oMopdubix) CPD peaynsyoTcs 0MHAKOBbIE (CO-
OTBETCTBEHHO 1O/I00HBIE) (DOPMYJIbI, & 3HAYUT, U OJMHAKOBBIE
DAJIL. CrenoBaresbho, nBe u3oMopdHbie (KBa3un30MOpQHbIE)
CDD skBuBaJIEHTHBI, TO ecTh it CDD crpaBe IuBo HEpaBEH-
crso (1.7).

Bepminaa COD HazbiBaeTcst gucAueli, €CJii OHA SIBJISIETCS
CTOKOM, HO He SIBJISIETCsT BBIXOJOM cxeMbl. Cxema Ha3bIBaeTCst
npueedernoti, €CIM B HEfl HET BUCSYIMX BEPIIUH. 3aMETUM, ITO
cucreMa popMyJ1 saBjsieTcs npusenentnoit COD, u 4To U3 Jro-
6ot CDD MOXKHO TOJYIUTH IKBUBAJIEHTHYIO €if MPUBEICHHYIO
CD3 ¢ MOMOIIBIO OITEPAIIH YJIGAEHUA BUCAHUL SEPUUH. JaMe-
TUM Tak¥Ke, 9To npuseennble CPD, U TOJIBKO OHU, MOJIyda-
IOTCSI U3 CUCTEM KBa3WIEPEBLEB B PE3YJILTATE OTOXKICCTBICHNUS
HEKOTOPBIX M30MOP(QHDBIX KBA3UIIOIEPEBbEB, U UTO B IPUBE-
nenabix COD Bce BEpHIMHBI JIEXKAT HA TENIX, UAYIIAX OT BXO-
JIOB CXEMBI K €€ BBIXOJIAM.

Takzke Kak u st bopmyi, st Kazxkpoit COD X, X € UC,
OIIPEJICSTUM  CJIeIyTomHe apamMerpbl (DyHKIMOHABI CIO0KHO-
cru):

1. L(X) — caoorcnocmoy X, To ectb unciio Bcex ee O
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2. D(¥) — eaybuna 3, To ecTh MaKCUMaJbHasl [JIyOnHA €e
BEPINUH.

3. R(X) — pane X, TO €CTh YHCJIO JIYT,HCXOAIINX U3 €€ BXO-
JIOB.

Jlemma 2.1 o6o6mmaercs st COD cirey oM 06pa3oM.

JIemma 4.1. Jlaa npusedennotc CPD X, ¥ € UC, ¢ odnum
BHILO00M, BHINONHAIOMCA HEPABEHCNEA

R(E)< Lgy (D) +1<L(T)+1<2P®) (4.1)
ede Lg, v — wucno @3 & uV 6 3.

C comepzkaTeIbHON TOYKN 3peHHs pas3JIndHble (hOyHKINOHA-
JIBI CJIO?KHOCTH OTPAXKaIOT PA3JUYHBIE IAPAMETPhI MOACIUpPY-
eMBIX CXeM WM IporpaMm. Tax, Haupumep, CJIOXKHOCTb MO-
JKET XapaKTepU30BaTh CTOMMOCTb, PasMEPhbl WU IIOTpebJIsie-
Mmyio momuoctb CBIUC, a Takzke BpeMs BBIIOJIHEHUS [IPOTPAM-
MBI Ha OJHOM IIponeccope. IIpnm 9ToM 3ameprKKa CXeMbl XapaK-
tepusyer Bpemsd cpabareiBanng CBYC mwin BpeMs BLIIOIHEHAS
IIporpaMmMbl Ha ITapaJiJIeJIbHBIX IIpOIlecCcopax. PaHF CXeMbI OT-
paxKaeT 4YucI0 OOpalleHuii IporpaMMbl K IIAMSTH, B KOTOPOM
XpaHATCs 3HaYeHnsa BXoaHbrx BIT u T

O6osmaunm gepes UL (L, n) n UL [D, n] Muoxectso dopmyi
F = F(x1,...,2z,) Hay 6asucom B, s koropeix L (F) < L u
D (F) < D, upuiem unjekc By 6yzeM, Kak 00BITHO, OIyCKATE.
BameTuM, 4T0 U3 HepaBeHCTBA (2.4) BBITEKAET BKJIIOUEHUE

U® [D,n] CU® (2P — 1,n). (4.2)

Jlemma 4.2. Jlas a0bvix namypasvtux n, L, D evinoanarom-
CA HEPABEHCMBA

[U® (L,n)| < (10n)"*, (4.3)
[U® (L, n)|| < (8n)"*,
|u® [D,n]|| < (8n)%”. (4.5)
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Jloxasamenvcmeo. OneHUM CBEPXY YHCIIO MOIAPHO HE N30MOpd-
HBIX (IOIAPHO He KBa3HU30MODPQHBIX) (HOPMYII BO MHOXKECTBE
U® (L,n). Insa Toro, 9To6BI 33/1aTh ¢ TOYHOCTBLIO JI0 H30MOD-
dbusma ynopsgodennoe gepeso D, coorsercTByoniee dpopmyiie
F, F € U®(L,n), nocratouno:

1. BBIOpaTH yHOps 0YeHHOE JBOMYHOe KopHeBoe jepeso D’ ¢
q, ¢ < L, HeIUCTOBLIMU BEPIIMHAMU, B KOTOPOM BEPIIIIHEI
¢ ToJIyCTeleHplo 3axoa 2 nmomevdensl OC &, V;

2. Kaxaplil ncroxk D’ momerurs onnoit us BII xq, ..., ,, &
BEPIIUHBI ¢ MToJIycTenenbio 3axoga 1 — PC .

[TporyMepyeM MHOXKeCTBO HeJIMCTOBBIX BepluH Aepesa D’ unc-
jgamu 1, 2,..., ¢ B 0OpaTHOM OTHOCUTEILHO €CTECTBEHHOH Hy-
mepanuu 7 (cM. §1) mopsijike U COOCTABUM KaxK/I0ii Takoil Bep-
IMHE v ¢ HoJIycTelenbio 3axoa d, d € [1,2] mabop a, o € BY,

e o = (oq,..., o) # a = 1 TOrJa W TOJIBKO TOIJA, KOLJA
Jlyra ¢ HOMEpPOM j, BXOJMAINAsd B U, HAUMHACTCA C JIACTA, JIepe-
Ba D’. Bameruwm, uro Habop v = (y1,..., YL), TA€ i — Ha-

0op, COMOCTaBJIEHHBII BepImuHe ¢ HOMepoM i, ecin 1 < 1 < ¢,
U IPOU3BOJILHEIT HabOp m3 obbeauuenus B' U B? B ciyuae
i > ¢, a Takyke Habop @C & u V, NpUNUCAHHBIX TEM BepIINHAM
v, 1 < i < L, n1st KoTophix y; € B2, o1H03Ha4HO ompe/iesiser
nepeeo D' ¢ ToarOCTBIO 10 M30MOpdU3MA.

CuietoBaTeIbHO, YUCIO YIOPSIOUEHHBIX Jepesbes D’ pac-
cMaTpHBaeMoro Buaa He 6oubire, dem 107, a umcso roJrydae-
MBIX U3 Hero jepesbes D He 6osbie, gen ntl
JieMMbI 2.1

, TaK KaK B CHJIY

R(F)<L+1

[TepemuoOXKasi yKazaHHbIE YHCIA, T0IyYaeM oleHky (4.3). Ouen-
Ka (4.4) 110Ka3bIBAETCS AHAJIOIUIHO € YIETOM TOTO, YTO IIPH CHSI-
THU HyMepanun ¢ Jayr jepesa D’ TO ecThb NpH paccMOTPEHHU
dOopMyJT ¢ TOYHOCTBIO JI0 KBazuuzomopdusma, TBOUUHLIE Ha-
GOpPBI JIJINHBIL 2, COIIOCTABJIEHHBIE €I'0 BEPIIUHAM , MOYXKHO BBIOU-
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parb u3 muoxxecrsa {(00), (01), (11)} u mosromy uncso Heymo-
PsI/I0UeHHBIX JlepeBbeB D’ paccmaTpuBaeMoro Buja He GoJIbIIe,
gem 8E.

Hepasenctso (4.5) Beirekaer u3 (4.4) u (4.2).

JlemMa mokKazaHa. OJ

Craencrue 1. Yucao nonapho ne K6a3uu3oMophuuLr Gopmya
¢ nodnamuimu ompuvaruamu om BII X (n) panea ne 6oavue,
R

wem R, ne npesocxodum (12n)™.

HeiicTBuTesbHo, cortoctaBuM dpopmysie F ykazaHHOTo Buia Gop-
mysy F us Uf{p&’v} ot BIl z1, ..., T9,, KOTOpas mOIyJIaeTCs U3
F zamenoit kaxoil eé nogdopmyis T;, ¢ € [1,n], dopmyioii
Zjtn W JJIsL KOTOPOIi, B cuity (2.4)

L(F)=R(F)-1<L-1

C y4éToM 3TUX COOTHOIIEHUN U3 JIOKA3ATEIHCTBA JIEMMbI BbI-
TEKAEeT, YTO YUCJIO MTONAPHO HE KBA3MU30MOP(MHBIX (POPMYJT BU-
na F' KoTopoe, 0UeBHIHO, PABHO UCKOMOMY YHCJIY, He OOJIbIIe,
aem (12n).

JlemMma 4.3. Jlas a06oix wamypasviur 1 u L ewnoansemcs
HEPABEHCNBO

|UC (L, n)|| < (8(L+n))". (4.6)

Zoxasameavcmeo. 3aMeTUM, 9TO JJist TOTO, 9T00bI 3a1aTh CDD
¥, ¥ € UC(L,n), ¢ TounocTbio 10 KBazuuzoMopdusMa J0CTa-
TOYHO:

1. BBIOpaTH €€ OCTOBHOE HeyIopsIodeHHoe HaJepeso D’ ¢
g, ¢ < L, HeIMCTOBBIMY BEPIIMHAME, KOTOPBIE IIOMEYEHbI
OC 6aszuca by;

2. IPUCOEIMHNTD Kaxkaplil uct D’ 6o K 0HOMY 3 1 BXO-
J10B X, 60 K OJHOi U3 HeJMCTOBLIX BepmmH D', oramy-
HOM OT KOPHSH.



40 I'maBa 2. OcHOBHDBIE KJTACCHI YIPABJISIIOIIHX CUCTEM

Omenka (4.6) nosrydyaercst U3 NPUBEJIEHHON B JieMMe 4.2 OleHKH
4qncsia JiepeBbes D’ U ONEHKH YHc/a cIocoboB MPUCOeIMHEHUS
KazkJ10ro jmcra D' myTeM nx nepeMHOXKeHUs.

JlemMa JoKaszaHa. O

§5 DkBuUBaJIeHTHbBIE Ipeobpa3oBaHus cxeM U3 PyHK-
MUOHAJIBHBIX 3JIEMEHTOB 1 MOJEJINPOBAHUE C UX
MMOMOIIbIO SKBUBAJIEHTHBIX ITpeobpa3oBaHuii pop-
myJs. MoaesmpoBaHne 3KBUBAJIEHTHBIX ITPe0D-
pasoBaHUii (poOpMysI U cXeM B PA3JIUIHBIX Oa-
3Ucax, TeopeMa mepexoja

PacrnpocrpanuM BBeneHHbIe B §3 HMOHATUS U OOO3HAYEHUS] HA
pou3BOJIbHLIN Kjacc cxeM U. B cooTBeTcTBUU C ompejeieHn-
avu n3 §3 skBuBaseHTHOCTH cxeM Y u L 3 U mmeer mecTo
TOrJIa M TOJILKO TOrja, Korja Y’ u Y pealmsyloT paBHBIE CH-
crembr (Marpuier) @AJIL. IIpu sToM, 0OBITHO, TIPEITOIATACTCS,
9YTO COOTBETCTBYIOIIME JIPYT JAPYTY TOJOCA (BBIXOJbI, BXOJbI) B
¥ u ¥ uMmeror olMHAKOBBIE IOMETKH, a 9KBUBAJEHTHOCTD X' U
Y. zanuceiBaeTcs B BUAE TOXKJIECTBA

t: Y~

Hns cxem u3 U, kak u jyist hOPMYJI, OIPEIEIISIETCS Pl
<IIPOCTEHITNX» IPeodbPa30BaHU, COXPAHSIONINX SKBUBAJIEHTHOCTD
€XeM, KOTOpbIe Ha3bIBAIOTCH nodcmanoskamu. Tox1ecTBO

(RS END il

KOTOpOE IOJIy4aeTcsad B pe3y/abTaTe IIPUMEHEHUs OJHON M Toii
JKe IOJICTAHOBKM K 00enM dacTaM Toxkaectsa t : X ~ X na-
3pIBaeTCd nodcmanoskoti moscdecmea t. Cxema Y/ HazbiBaercs
nodcremotl cremv, X, €I

VE)cv(E), EX)CE®R)
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u Jynobas Bepmmna v, v € V(X'), koropast b0 oTHOCUTCS K
MHOKECTBY BXOJIOB (BBIXOJIOB) 3, IH6O CJIY?KUT KOHETHOIA (cOOT-
BETCTBEHHO HAYAJIBHON) BEPIIMHOIT HeKoTOpOoro pebpa n3 F(X)\
E(Y), siBnsiercst BXOJOM (COOTBETCTBEHHO BBIXOJOM) Y.

Bynem cumrarh, uro st cxem u3 U, Kak u st (hOPMY.T,
MMEET MECTO IIPUHIUI SKBUBAJEHTHON 3aMEHBI, TO €CTh 3aMe-
HSIS TIOJICXEMY §/~CXGMI>I Y SKBUBAJICHTHOM efi cxeMoii %7 Mbl
MOJIyYIaeM CXeMy Y, KOTopasl 9KBUBajeHTHa cxeme Y. [Ipu aTom
BCe BBEJIEHHDBIE B §3 JJIsT CJIydasi SKBUBAJEHTHBIX Mpeobpa3oBa-
Huii hbopMyIt IOHsITHs (OJHOKPATHAS M KPATHAST BBIBOJMMOCTD,
[OJTHOTA CHCTEMBI TOXKJECTB ¥ JIP.), & TaKKe CBA3AHHDBIC C HU-
Mu 0D03HaUYeHUs HepeHocaTcss Ha, caydait DI cxem uz U Ge3
U3MeHeHuit. 3aMeTUM, UTO BOIPOC O CYIIECTBOBAHUN KOHETHOM
nosaoii cucreMbl ToxKiecTB (KIICT) siBsisiercst ojiHUM U3 OCHOB-
HBIX BOIIPOCOB, CBABAHHBIX ¢ usydenuem I cxem uz 3aganHoro
kitacca U.

Paccmorpum sTtu Bonipocs! Ha mpumepe I COD. Mbr 6yiem
HCTOJIB30BATD BCE BBEJEHHDIE BBIIIE OOIINE TTOHATHS W ONMpeie-
JteHust, Kacatoruecst D11 cxem, canrast mogcranoskoit COI rre-
penMeHoBaHne (C BO3MOYKHBIM OTOXKJECTBJICHHEM) €€ BXOJHBIX
BIT u nepeunvenoBanue (¢ BOSMOXKHBIM JyOJUPOBAHUEM U CHSI-
tem') ee BuIxOIHBIX BII.

Hamomuum, aTo dopMysbl NpeAcTaBIsioT coboil dacTHBINH
ciayqait COI, u [jist ONPEIEICHHOCTH OYIeM CIUTATD, UTO JIO-
bast bopmyna F us u% siBJIsieTcst (popmyJioii-ciioom (eMm. §2); a
COOTBETCTBYIOILYO €if hopmysy-rpad, T. e. KBasugepeso (cum. §2),
Oynem oboznauars depes F. [lpu stom Toxkmecrsy t: F = F”,
rie 7' u F” —cdopmynnt uz UL, GyseT cooTBETCTBOBATH TOXK-
nectBo t : ' ~ F" rne I u F” — coorsercreyromme F' u F
CXeMBI U3 ug, SIBJISTIIOITEECS «CXEMHBIM» aHAJIOTOM TOXKJIECTERA, t.
MuoskecrBo CO®I Buma F, tne F € § C U‘IB’, OyaeM 0003HAYIATH

Tlon my6mmposanuem (crsiTiem) Bhxoma 2; COD MOHMMAaeTCs: HaHece-
HIEe Ha BEPIIWHY C IIOMETKON z; eIne oaHoi BbrxomgHoi BIT (COOTBeTCTBeHHO
yIAJEeHUe C HEE IIOMETKH 2;)
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Z1 Z2 Zq Z2
~ - - ~Y L]
zZ1
1 2 & \Y
z1 v z1
a) b)

Puc. 5.1: Toxmecrsa % u tll_lg

Jepes §, a CUCTeMy TOXKJIeCTB Bujia t, rae t € 7, a 7 — CHCTeMa

TOXKJIECTB JIJIs1 u%, — uepes 7. Tak, na puc. 5.1a u 5.1b npuse-

JEHDbI TOXK/1eCTBa tgé/[ n tll—lg, ABJIAIOINNECA CXEMHBIMU aHaJIOI'aMM
_ )

BBEJIEHHBIX BbIlle (POPMYJIbHBIX TOXKIECTB t%{ u tEg.

Ha puc. 5.2a n 5.2b mokasaHbl TOXIECTBO 6eMBAEHUA tlg’i
U TOXKJIECTBO CHATNUSA tgi ons PyHKryUOHaILHO20 dnemenma E;, 1 €
[1,0], cooTBeTCTBEHHO, & Ha PUC. 5.2C — TOXKJIECTBO CHAMUA
6zoda t$ . 3aMeTuM, UTO IPHMEHEHHE TOXKICCTBA CHITHS DaB-
HOCHJIBHO BBIITOJTHEHUIO OII€pAIlN yIaJICHUA BUCA4YEn BEPIINHBI
cooTBercTByfomero tumna (cm. §7). 3amMerum TakxkKe, 4TO TOXK-
JeCTBa tlgi, tgi, tgx He SIBJISFOTCS aHaJIoraMHu (DOPMYJIBHBIX TOXK-
JIeCTB U ITOJIOZKIM

7—1133 = {t?z'}le ’ TBC = {tgi}?:l U {tSX} .

OueBHIHO, UTO C IOMOIIBIO ITUX TOXKIECTB MOXKHO U30aBUTHCS

OT BCE€X BHUCAYNX BEPIINH U BCEX BHyTpeHHI/IX BeTBﬂeHHﬁ, nume-

tomuxest B CPD. Crenosarensuo, st oot COD B, 3 e UE,

cymecryer DIl Buna ¥ = F, rne F — dopmyna (cucrema
{r€,rB}

dbopmyan) nz UE.
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Puc. 5.2: TO2K/I€CTBa BETBJICHUA, CHATHUSA D u cuarus BXOa

IIycts, namee, F = F — onuokparaoe I mis dopmyn uz

UL, rie ToxecTso t uMeeT BujL
. 3’"’/ _ Sr'//
t: F(xy,...,zn) =F" (x1,...,2p),

a dopmyia F nosydaerca u3 ¢dopmyabl F 3ameno#t momdop-
mynet F (Fq, ..., Fn) dopmynoit F7 (Fq, ..., F,). Conocrasum
sromy DI «momenupytomiees ero omaokparHoe DI COD Bu-
na F e ) (cm. pue. 5.3). 3amerum, 94TO B TOM CIydae, KOrJa

dbopmynsr F u F’ aensiorca GecrioBropHbIME (POPMYJIAMHU, a
BIl z1,...,x, — ux cymecreerasivu BII, CDD b COBIIAJIA~
er ¢ COD F”. B ocranbHbIX Caydagx U3 10a¢pOopMyJIbl BHIA
F (F1,...,Fn) bopmyasr F HEOOXOAMMO ¢ OMOIIBIO TOKIECTB
5 chopmuposath crnauana nogcxemy I (Fy, ..., F,), a zarem
MPUMEHUTE TOXK,1ecTBO t. [Ipm sTom B CPD ) MOTYT MOSTBUTHCST



44 I'maBa 2. OcHOBHDBIE KJTACCHI YIPABJISIIOIIHX CUCTEM

-

¥ 5

Puc. 5.3: mogenuposanue 11 ¢popmys ¢ nomompio I COI

BHCSIUME BEPIIVHBI WX BHYTPEHHUE «BETBJIEHHST», U TOLIA JIJIsI
nepexosia or 3 Kk F Heobxonumo nposecru D suma X = F.
{r¢,rB}

CanemoBarenbho, st soboro DI suga F = T , e F, Fe ug,

cytecTByeT Mojiesiupytoiiee ero D11 Buma

A=

B {85} B

Ha puc. 5.4 mokazano DIT C®D uz UC, koropoe momempyer
D11 (3.1) s bopayan uz UP:

€1 (1‘2]}3 VTV Tg) ? T (x2$3 V xo - x3) ig{ €.
by e
W3 ornmcannoro BhiIe crocoba «mojeaupoanusiy 11 dop-
Myt ¢ iomorrpio DI COD, a Takxke criocoba mepexomna oT Gpop-
Myt Kk COD u obparuo uHa ocHoBe Il ¢ MOMOIIBIO TOXKIECTB

B C
Tg, TR BBITEKAET CIIPABEIIUBOCTD CJICLYIOIIEro yTBePKICHUS.

Teopema 5.1. Ecau T — KOHEUHAA NOAHAA CUCTEME TNOXHC-
decme daa I popmys u3 Ug, mo {L 7C, TB} — KOHEUHAA
noaraa cucmema mootcdecms das I CPI u3 Ug.

Caencteue. Cucmema mootcdecms {IOCH, 7B, TC} — KIICT
ona OIT CPS us UC.
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Zq ) z3 x1 T2 T3
- & &
& vV — —
tl\/[ - tB
& &
\Y V
& &
21 z1
1 ) x3
&
T1 29 w3
b 71
Y B 1 & = 2
tg 0% < 2
V
&
z1

Puc. 5.4: mpumep moxpesimpoBanrus D11 dpopmysn ¢ momornipio I

Cod
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PaccMmoTpuM sajiee BOIPOCHI CTPYKTYPHOIO MOJIEIMPOBAHMS
dopmyn B pasnmaHbix Oasmucax. Ilycts mommmo Gaszuca B =
b N . .
= {pi},_; y HAC mMeeTcs JPYroii KOHEUHBIH IHOJIHBIN 6asmc

B = {90;_}2’/:1, u mycrs dopmyna P (xl, e ,:ck/_) u3 U%,, re

ki > ki, peanmusyer ®AJI ¢;, ¢ = 1,...,b. Bamernm, 4r0o B
ciayaae ki > k; BII xp,41,. .., %y saBisiorcs GukrusabivMu BII
dbopmyner . TTonoxum

' = (D),...,Py), I = (11,...,11) ,

rae IT; — roxpecrso Buga p; = @), i =1,...,b, u dpopmysl u3
@’ (toxmectsa us I') Gymem HasbBaTh opmyaamu (COOTBET-
cTBEHHO modicdecmeamu) nepexoda om basuca B x 6asucy B'.

Hust dopmynsr F, F € UL, obosmaumm wepes 1T’ (F)
dbopmyny mas 6asmcom B’ koTopas momyuaerca mz F zame-
HOM Kazkoil ee moxdopmyist Buga ¢; (F1, ..., Fy,) dopmytoit
P! (ffl, ooy Ty Thoyt1s - - ,:rk;>, TO €CTh SIBJISIETCS PE3YABTATOM
nozacranosku opmyner F; Bmecro BII z; B dopmyny @) mis
Beex j, j = 1,..., k;. lepexon ot bopmynbt F k opmyite I (F)
OyJileM Ha3bIBATH CMPYKMYPHOIM MOOEAUPOBGHUEM HOPMYNoL F
6 6asuce B’ na ocnose dopmya neperoda ® wmim, wnaue, wna
ocnose mosicoecms nepexoda 1I'. 3aMeTuM, UTO 3TOT IEpPeXoJ,
sIBJIsieTcst crienuaabubiM DT Bua

FE I (9)
I

s dopmya ma 6asucom B U B'. Orcroma ciemyer, B 9acTHO-
CTH, UTO B PE3yJIbTaTe YKA3AHHOTO CTPYKTYPHOIO MOJIEJIUPOBAa-
ust obenx JacTedl TOXKIECTBA ¢, SBISIOMUXCS (HOPMYIAMA U3
u%, HOJIy9aeTcss TOKAECTBO ¢ st bopMyn u3 ug,, KOTOPOE
MbI Oyziem obosHadaTh depes 11 (). MuoxkecTBO hopmyst Buga
I (F), e F € § C U, 6ynem oboznadars uepes 11 (§), a
MHOXKeCTBO TOXKIecTB Buja I (t), rue t € T — TOXKIECTBO HAJY
UL, — wepes IT' (7).
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PaccmorpuMm Tenepb Bonpochl MojenupoBanus D11 dop-
Myn B 6asuce B ¢ momompio DI dhopmyn 6asuca B'. Ilycrs
@' = (P,...,P}) — cucrema dopmys nepexona or G6asuca b
basucy B', a II' = (II}, ..., II}) — cucrema TOXKIECTB IEPEXoa,
ceasannag ¢ ®’. Bamernm, uro mobGoe DI mus dpopmysr usz Ug,
UMEIoITee BUJL

F= 7, (5.1)

MOYKET OBITH «IIPOMOJIEIMPOBAHO» ¢ TTOMOIIBIO I a1 popmyn
u3 UE, BUJIA,

Fe7, (5.2)

rie ¥ = I (F), F = I(F) u 7 = I (7). deiicrsurensho,
nycrs III (5.1) aBasercst ognokparabiM D11 Ha OCHOBE TOXK J1€-
crBa ¢, t € T, KOTOPOE UMEeT BHJ

t: A(xy,...,xq) =B (T1,...,24),

u nycTb popMmyJia F HOJIy4aeTCs B Pe3y/IbTaTe 3aMeHbl 01(hop-
myast A (I, ..., Fy) dopmymnsr I bopmyioit B (Fy, ..., F,). To-

ria roxaectso t' = IT' (t) umeer Bug
t A (2r,...,21) =B (21,...,24)

rie A = I (A) u B’ = I (B), a dopmyisa F Moxer 6bITh
nosiydena u3 dbopmysbl F B pesysbrare 3aMeHbl ee 10/hbopMy-
aor A (F,...,F7), oe g, = I'(F;) nna seex j, j € [1,q],
dbopmynoit B (F,...,F,). Monemmposanue xparnoro I su-
Ja (5.1) ¢ momommpio kparaoro I Buga (5.2) ocymiecTsiisiercst
IIyTeM I10CJIeI0BATEILHOIO MOJIEIMPOBaHUsT OJHOKpaTHbIX DT,
cocrapistormux 11 (5.1).

OmnmcanHoe BbIIIEe MOJEIMPOBAHKE O3BOJISIET BBIIOJIHATH
Il juist Tex 9KBUBAJIEHTHBIX (DOPMYJI U3 u%,, KOTOpbIE TPH-
nagezkar Muozkectsy 11 (UR), To ecTb sBastoTCs «Mozessivm»



48 I'maBa 2. OcHOBHDBIE KJTACCHI YIPABJISIIOIIHX CUCTEM

dbopmyn uz UL, na ocnose cucremst Toxects 11 (1), apisio-
MIUXCS «MOJEJISIMU» TOXKIECTB u3 7. J[j1s1 TOro 9Tobnr IpoBo-
Jquth DI 17151 Tpon3BONBHBIX (HOPMYJT U3 ug, C UCTIOJIb30BAHU-
eMm cucrembl ToxecTB 11’ (7), BbIOEpEM KaKyto-1mubO CHCTEMY
dbopmyn nepexoma ® = (®q,...,Py) or 6asuca B’ x Gaszucy
B u paccMoTpuM CBsI3aHHYIO ¢ HeEl CHCTEMY TOXKJECTB IIepe-
xoma IT = (IIy,...,Iy). Iycrs I — cucreMa TOXKIECTB BHIA
IT = IT' (IT) st IT bopmyr u3 ug,, KOTOpasl I0JIydaeTcs B pe-
3yJLTATe CTPYKTYPHOTO MOJETUPOBAHNS MPABBIX JaCTEeH TOXK-
nects u3 II Ha ocHoBe cucrembl ToxKaecTs 11, JInsa nponssob-

Hoit dopmymner F, F € UL

B+ OTIOZKIM

II(F) =1 (L (F))
n 3aMeTI/IM, qgTOo

FrF=1(F), Fell(Uf).

II

B cuty ckazaHHOTO BLIIIE, OTCIONA BBHITEKAET CIPABEIMBOCTD
CJIETYIOIIEr0 YTBEPIK/ICHUSI.

Teopema 5.2 (teopema mepexona). Ifycmv T — KIICT dan
I popmyn us qu’, a Il u II — cucmemwv. moscdecme Oas
nepexoda om 6asuca B x 6asucy B’ u om 6asuca B’ x 6asucy B
coomeememeenno. Tozda cucmema mootcdecmes {11 (1) , 1" (1) }
asasemesa KIICT oas O11 gopmyn us u%.

CaencrBue. Uz cucmemv, mootcdecme 7°°% dasa I dopmya
uz U (cm. §3) yrazanmwim 6 meopeme cnocobom mosicno no-
ayywumo KIICT oas DI gopmya 6 mobom basuce B.

AnajornuuabiM 00pa3soM Ha OCHOBE TeopeMbl 5.1 perraiorcs
porpocsl nocrpoerust KIICT must 911 COD B npousBoibHOM
basuce.
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§6 KoHTakTHBIE CXEMBI U T-CXEMBbI, OI€HKA UX YHC-
aa. OcobenHoctu (HyHKIIMOHUPOBAHUS MHOTO-
MOJIIOCHBIX CXEM

PaccMOTpUM KJIacC KOHTAKTHBIX CXEM, B KOTOPBIX Pean3aIis
®DAJI ocyriecTBisieTcst He € IIOMOIIBIO IIPEOOPA30BAHUSA BXOJI-
HBIX 3HAYCHUI B BBLIXOJHBIC, KAK 9TO IIPOUCXOINT, HAIIPUMED, B
cxemax u3 (byHKIMOHAJIBHBIX 3JIeMeHTOB (cM. §4), a B pe3yJib-
TaTe Mepemadn 3HaUEeHUH mo pebpam rpada, TPOBOIANMOCTHIO
KOTOPOTO «YyIIPaBJIAoT» Bxogauble BII. Pe6po mim gyra rpada c
HOMeTKON ; (T;) HA3bIBAETCS 3AMbIKANOULUM (COOTBETCTBEHHO
pasmoikaroujum) kourakrom BII z; (em. puc. 6.1).

- loa

vVe——oeoU Vo——oU Voe——oU
a) b) c)

Puc. 6.1: Tunel koHTaKTOB

T Z;

1 1

U._TILU v._fjp_.u
a) b)

Puc. 6.2: pusnveckas nHTEpIIpETAIINST KOHTAKTOB

Cunraercst, 9To KOHTaKT Buma =7, o € {0,1}, mposBoaut
TOrJa U TOJBKO TOIJa, KOIJa T; = O, IpUYeM OPUEHTUPOBAH-
HBIJI KOHTAKT, TO €CTh KOHTAKT, CBA3aHHBIN C Iyroil, IPOBOLUT
TOJIBKO B COOTBETCTBYIOIIEM HAIIPABJICHUU.

C TOuYKM 3peHusi yIpaBJeHUsl ITPOBOIUMOCTBIO HEOPUEH-
TUPOBAHHBIA Pa3MbIKAIOIINHA (3aMb1Ka}onmﬁ) koHTakT BII z;
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dyukumonupyer kak p-MOII (coorsercreenno n-MOII) Tpan-
3HCTOp, Ha 3aTBOp KoToporo mocrymnaer BII z; (cm. puc. 6.2a
u 6.2b), a aHAJIOrUYHbI OPHMEHTHPOBAHHBIN KOHTAKT — KAK
MOII-Tpansucrop cooTBeTCTByMOMEro Tuna ¢ auoiom Illort-
ku [17, 23|. Kpome TOro, OpueHTHpPOBAHHbLA KOHTAKT BHIA X7,
WLyl U3 BepIIMHBL ¥ B BepumimHy u (cM. puc. 6.1c), dacrto
paccMaTpUBAIOT KaK KOMAaHJy YCJOBHOIO IE€pexojia U3 U B U,
KOTOPBINA BBIIOJHACTCA, €CJIN T; = 0.

Cerb ¥ ¢ BXOJAME @, . . . , G, M BBIXOJAMHU @1, . . . , Gy, B KOTO-
poii Bce pebpa (Jyru) mOMedYeHbl IEPEMEHHBIMU X1, . . . , Ly UIJIN
UX OTPUIAHUSIMU T1,...,Tpn, HA3bIBAETCS (P, q)-KOHMAKMHOU
cxemot (KC) om BI xi,...,x, u obo3Havdaercs Y =
=3 (x1,...,Ty) wm 3 = Z(:Ul,...,xn;a’l,...,a;,;a’ll,...,a;’).
[Ipu 5TOM YMC/I0O KOHTAKTOB HA3BIBAETCs CA0dcHocmbio KC X
u obosnaqaercst depe3 L (3). Ha puc. 6.3a—c moxkasaHbl HEKOTO-
pote koukperabie KC ot BII 1, 29, 3 ¢ BXOI0M a1 1 BBIXOIaMU
as, as.

[Iycrs ¥ — KC or BII X (n) u a = (a1,...,0p) — Ha-
6op u3 B". Onpejennm ceTb Y|, Kak CeTb, MOJIYYAIOILYIOCS
u3 ¥ B pesysbrare yJajeHus Bcex pebep (jayr) ¢ momerkamu
o On 1o ecThb peGep, KOTOpble He IPOBOJSAT Ha HabO-
pPe «, U CHATHUS IOMETOK C OCTaJbHBIX pebep X. g Beprmmn
v u u KC X BBeneM ¢ynryuio nposodumocmu om eepustitbl v
x eepwune u kak PAJL gy, (z1,...,2y), KoTOpas pasHa 1 Ha
nabope a = (ai,...,q,) € B™ Torma u TOJIBKO TOrA, KOTJIa
B cetu Y|, cymectByer (v — u)-Iellb, TO €CThb TOIJA U TOJIb-
KO TOTIa, KOTJa B Y MMEETCsI Iellb W3 MPOBOIAIMX Ha Habope
@ KOHTaKTOB BHJa =], ..., 0", uiaymas u3 v B u. Byzem ro-
Boputhb Takxke, ayro PAJI g, , aBiasgerca dyrnkyueld docmuosrcu-
MOCTU BEPULUHDL U U3 BEPUUNDL VU, WJIH, UHAYUE, PEAAU3YENCA
mencdy sepuunamy v u u. VI3 ompemenenns ciaemyer, 9To st
naxoxaennss PAJI g, (21,...,2,) HOCTATOYHO IPOCMOTPETH
BCe HADOPHI o, o € B", m [JIsT KaXXI0r0 U3 HUX BBISICHUTH Ha-
JIndue WM OTCYTCTBHUE B X IEIHU, COCTOSAIIEH M3 IPOBOJISAIINX

a1
Ty, ., T
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U3
1 X2
ay as
T xo
a) b)
ai T L2 L3 as
x3
x3
v z1 To T3 92

Puc. 6.3: nekoropsie KC or BII z1, z2, x3

Ha Habope ( KOHTAKTOB, KOTOpas UJIET U3 ¥ B U. 1aK, mpocMar-
puBas Bce Habopbl 3Haderuit BII x1, xo, MOXKHO yOeauThHCA B
toM, a0 PAJI mpoBOAUMOCTH ¢y, 4, (1, 22) B KC X, nokaszan-
HOiT Ha puc. 6.3a, paBHa 1 @ x2, a PAJI TPOBOIUMOCTH Gy vy
pasua 0.

Byaem cunrtars, uro B Kaxkzaoii Bepumue (1, m)-KC
YX(x1, ..., Ty; a1; a2, ..., amy1) peamusyercs PAJI nposoau-
MOCTH OT BXOJIa @ K 39TOH BEpIIUHE U UTO Y Pean3y-
er cucremy PAJl F = (f1,..., fm), tme f; — PAJI mpo-
BOAUMOCTH OT @1 K BBIXOLY C IIOMETKOH ajt1, j € [1, m].
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[Ipu sToMm, oueBmuHO, B Bepmuue ap peanusyercs DAJI 1,
KOTODYIO B JaJIbHEMIeM MO yMOJYaHUIO OyJeM MCIOJIb30-
BaThb B KadecTBe MoMeTKH eaumHcTBeHHOro Bxojga (1, m)-KC.
Tax, KC, wusobpakennble Ha puc. 6.3a, 6.3b u 6.3c, pe-
ammsytor DAJl x1 & xe, H (x1, 2, x3) u nabop DAJI
(1 ® x2 @ x3, 1 O x2 ® 23 D 1) coorBercrBenno. Ha puc. 6.4a
nokazana (1,2")-KC D (z1,...,z,;1;0a0,...,a9n_1), KOTOpast
HasbiBaercst (1, 2™)-konmaxmmovim depesom nopsdka n or BIT
X (n). Jlerko BuaeTb, YTO B BBIXOJIHOI BepIIMHE a;, & =
0,...2" — 1, sroro kouraktHoro Jjepesa (K/I) peasmsyercs DK
Buga z7' - 29", tne v (oy,...,0p) = (i — 1), u aro PAJI mpo-
BOJIMMOCTH Me¥K/Ly JII0ObIMU ero BbixogaMu pasHa 0. Takum 06-
pasom, (1,2")-K/I nopsizika n siBjisiercst emmdpaTopoM mopsiji-
Ka M, TO €CThb CXeMoii, peaju3syonieii cucremy @, n3 Bcex K
panra n or BII X (n).

Cxempr X' n ¥ cunrarorces, Kak 0OBITHO, U30MODPHHbLMU, €C-
Ji1 130MOP(HBI COOTBETCTBYIOINE UM Tpadbl, U IKGUGCAAECHM -
HbLMU, €CITTH OHU pean3yIoT paBHble cucteMbl PAJI. Mzomopd-
ubie KC, 04eBnIHO, SKBUBAJIEHTHDI.

Hust muOokecrBa €, COCTOSANIEr0 W3 KOHTAKTOB BH/JIA
i, .., x7" B KC X, ompenenum ero dynryuro nposodumo-
cmu K (C) n gynrxyuwro omdesumocmu J (C) xax PAJI Bu-
za :U;-Tll cexitom :Uzl V...V :L‘?: coorBercTBeHHO. [lpm sTOM
mHO)ecTBo C' HazblBaeTCss nposodsugum (omdesumvim), ecin
K (C)#0 (J(C) # 1), u nysesvim (COOTBETCTBEHHO eQuMUY-
HbLM) B IIDOTUBHOM CJIydae. 3aMeTUM, 4TO B pe3yJibTrare Ipu-
Besiennst moo0HbIX (cM. §4) ormmanas or 0 PAJI K (C) u or-
mnaast or 1 @AJI J (C) moryT 6biTh npeobpasosansl B DK n
91 coorBercrBenHo. OYEeBUIHO, TAKXKE, 9TO

K(CY>K(C) u J(C)<J(C),

ecm C' C C.
U3 BBejeHHbIX ompejesnennii (cM. takxke §1) ciemyer, 4To
DAJI g, peamuzyemas KC X (21, ..., zy; a1;a2), obparmaercs B 1

a1
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Fn, 00
Tn
T2 ai
x1
T2 o1 on
1 T2 473 = Tn
1
2 - agn 2
n
n Neagn_q
a)
ag Tn
al Tn T
1
To a
T2
1
X
agn_9 T 2
agn_1 e

b)

Puc. 6.4: (1,2")- u (2", 1)- KOHTaKTHBIE JIePEBbsl OPsiJIKA 7
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(obparmaercs B 0) Ha HAGOPE (v, av € B™, TOr1a 1 TOJILKO TOIJIA,
KOTJ/Ia B Y CYIIECTBYeT MHOXKeCTBO KoHTakToB (', 0bpa3syiolree
[POCTYI0 HPOBOJSILYO (a1 — a2)-1ienb (COOTBETCTBEHHO TYIIN-
KoBoe orzesumoe (aq|az))-cevenne), s koroporo K (C) =1
(coorBercrBenno J (C') = 0) na nabope . Takum o6paszom,

g(z1,...,2n) =K (C1)V...VK(C)) =
=J(S)&...&J(S,), (6.1)

rme Cq,...,Cy u S1, ..., S5, — BCe IPOCTBHIE IPOBOISIIIE
(a1 — ag)-nienm ¥ BCe TYMHUKOBBIE OTIeauMble (a|ag)-cedenus
KC X.

Bamernm, aTo nepsas u3 ¢opmyi (6.1) MokeT OBITH Peoh-
pazoBana B JIH®, a Bropag — B KH®, B pe3ynbrare mpusee-
Hust 110100HbIX (cM. §3), ecsin g Z 0 u g Z 1 COOTBETCTBEHHO.
Tak, B KC, mokazannoit na puc. 6.3b, uMeroTcst Tpu mpocThIe
npososiue nenu Cq, Co u C3, KOTOpBIe UAYT U3 a1 B as. Ilpn
9TOM

K (Cl) == fll‘gl‘g, K (02) = T1T2X1 = T1T2, K(Cg) = 13
u, cjaeaoBaTe/JIbHO,

g (21,22, 23) = T1z023 V 2122 V 2123 =

=x1x9 V xox3V ax3ry = H (xl, 1’2,.7}3) .

PaceMoTpuM Tenephb mapasiiebHO-TOCTIe0BATeTbHbIE WIIH,
UHaue, T-CXeMbl, KOTOPbIE SBJSIOTCA YacTHbIM ciaydaem KC.

[Ipocreiimeit m-cxemoit canraerca mobas (1,1)-KC, xo-
TOpasi COCTOMT M3 OJHOTO KOHTAKTa, COCIMHSIONICrO MOJIOCA
(cm. puc. 6.6a). Ecam m-cxembl X u Yo yiKe OIpeeIeHbI, TO
(1,1)-KC ¥’ (¥"), xoropas mosydaercs B pe3yJbTare UX Ia-
paJlIeJILHOTO  (COOTBETCTBEHHO II0CJIE/IOBATEIBHOIO) COe/[IHE-
uus (cM. puc. 6.6b n 6.6¢) Toxke ABIILETCS T-CXEMOIL. 3aMeTnM,
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C1

Ch

Puc. 6.5: KC, monenupytormue JJTHO® u KHO

9TO TPU 3TOM BX0J, (BbIx0) Y sIBJIsIETCS] PE3YJIBTATOM OTOXK-
JIECTBJICHUsT BXOJIOB (COOTBETCTBEHHO BBIXOJOB) X1 W Mg, TO-
IJla Kak BXOJIoM X' sBjIdeTcs BXOJ Y1, BBIXOJOM Y — BBIXOJI
Y5, a BBIXOJ, Y| OTOXKIECTBJIAETCS C BXOJOM Yo U CTAHOBUTCS
BHyTpeHHefl Bepmmnoii X", JIerko BUIeTh, 4TO T-cXeMa, OKa-
sanHasi Ha puc. 6.6a, peamusyer PAJT 27, a m-cxempr ¥/ u X
(em. puc. 6.6b u 6.6¢) — DAJIL f1V fo u f1& fa coorBercTBeHHO,
rae f1 u fo — DAJL, peanusyemble T-CXeMaMU X1 M Yg COOT-

BETCTBCHHO.

Jlemma 6.1. 10601 T-creme X MOKHCHO CONOCMABUMD IKEUBG-
aewmuyio et gopmyay F us UL ¢ nodnamumu ompuyaruamu
maxyro, wmo R (F) = L (X) u obpammo.

Hoxazameavcmeo. Tlocrpoum opmyiny F urayKImeit mo crpo-
eHnio m-cxeMbl 2. Ecim Y — mpocteiimasn m-cxema Buja xf, TO
nonoxxuM F = z7. Ecmu m-cxemam ¥; u Yo yKe COIOCTaBjIe-
bl popmyabl F1 u Fy ¢ TOMHATHIMU OTPUIIAHUSIME, TO T-CXEME
¥ (X"), nonyvaromeiicst B pe3yJibTare NapajuieJbHOro (CooT-
BETCTBEHHO II0CJIEJIOBATEJIBHOIO) COEJMHEHUs] %1 U Yg, COIIO-
crasum dbopmyny F = Fy V Fy (coorsercrenno F' = F1&Fs).



56 I'maBa 2. OcHOBHDBIE KJTACCHI YIPABJISIIOIIHX CUCTEM

x9
a1 O———OQ a2 .ooap as

Puc. 6.6: K onpenesieHnIo m-cxeMbl

[Tpu sTom
R(F)=R(F") =R(F1) + R (F2)
u, cjaeaoBaTeJIbHO, IO MHAYKTUBHOMY IIPEAIIOJIOKEHUIO,
R(F)=R(F")=L(Z1)+L(Z2)=L(%).

AnajoruuHbiM 06pa30M, UHYKIHEH 110 cTpoeHnto (opmysibr F
C TOJTHSTBHIMUA OTPUIIAHUSIMU MOKHO HANTH SKBUBAJEHTHYIO eif
m-cxeMy X Takyio, uro L (¥) = R (F).

JlemMa JoKaszaHa. ]

Ha puc 6.7a mokasana 7w-cxema, Koropas peajusyer OAJI
H (x1,x2,x3) u coorBercTByeT hOopMyIIe:

H (x1,29,23) = x1 (22 V 23) V 22233,

a Ha puc. 6.7b — m-cxema, KoTopas IOCTPOEHA Ha OCHOBE KOH-
TakTHOTO JiepeBa u peanusdyeT OAJI p,, — MyJBTUILIEKCOPHYIO
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a1 Q O az

z2
aj Zs
1

b)

Puc. 6.7: npumepnr w-cxem
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DAJI nopsizka n, — B COOTBETCTBUM ¢ (DOPMYJIONH

Hon, ($17"'7xn7y0a" . 72/2"—1) =

— o1 02 o
- \/ 1 \/ Lo \/ T " Yu(or,....on)

o1EB o2€B on€B

Cxema, wmogmenupyiomias copepmennyio JIH® OAJT f,
HaspiaeTcss xkanonuyeckott KC mst sroit ®AJI.

Bynem maspars (1, m)-KC npusedennoti, ecan Bce nsomu-
DPOBaHHBIE BEPIIUHBI X SIBJIAIOTCS €€ ITOJII0CaMU, & BCe KOHTAKThI
U OCTaJIbHBIE BEPIIUHBI Y IIPUHA/JIEXKAT IIPOCTHIM ITPOBOJISTIIIM
TETSIM, COeIMHSIIONNM ee BX0oJ U Boixonnl. [Ipu srom KC f], KO-
Topas nosy4daercsa u3d KC X yjaienneM «JIUITHAX», TO €CTb HE
IpUHAJJIEKAIINX TEIsiM YKA3AHHOTO BUJIA, HEIOJIIOCHBIX BEp-
IMUH ¥ KOHTAKTOB, SBJISETCS SKBUBAJICHTHON Y MPUBEICHHON
KC Taxoit, uto L(3) < L (). Bameruy, uro npuseiennas KC
He COJIEPKUT TIeTe b, a mpuBeaennas KC, He peannsyromnas Hy-
nesbix QAJI, amasiercst cBsa3ubiM rpadom. Tak, KC, mokazan-
Has Ha puc. 6.3c, He ABJIFAETCS MMPUBEJIEHHON, & COOTBETCTBYIO-
mas et npuBesennas KC nosydaercs u3 Hee yJIajJeHUEM Bep-
IITUHBI V.

PaccmoTpuM Tenieph HEKOTOPBIE ONMEHKU 9HUCJIa KOHTAKTHBIX
cxeM pazimanbx Tanos. Iycrs UK u U™ — muoxectso Beex KC
U3 HEOPUEHTUPOBAHHBIX KOHTAKTOB M MHOXKECTBO BCEX T-CXEM
coorsercTBerHO. Ecn U» — ouH 13 yKa3aHHBIX KIIACCOB CXEM,
10 yepes UA (L, n) Gyaem 0603HAATS MHOYKECTBO HPUBEICHHBIX
(1,1)-cxem ¥ u3 UA or BIT X (n), s xkoropeix L (X) < L. s
moboro maOkecTBa cxeM U B coorBercTun ¢ §1 wepes |U| u ||U||
OyzieM mo-mpexkneMy 0003HAYMATH UHCJIO MOMAPHO He U30MOopdh-
HBIX U HOIIAPHO HE SKBUBAJIEHTHBIX cxeM B U COOTBETCTBEHHO.
[Ipu sToMm st JTIO6OIO U3 BBEJEHHBIX BBIIIE MHOXKECTB CXEM
HepaBeHCTBO (1.7) GyeT BBINOJIHATHC.
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Jlemma 6.2. Ilpu a0bvix namypasonur L u n evinosnaemcs
HEPABEHCMBO

U™ (L,n)| < (12n)". (6.2)
Zloxasamesvcmeo. B cuny stemmbr 6.1, 10CTATOYHO JT0Ka3aTh,
YTO YUCJIO TONAPHO HE SKBUBaJEeHTHBIX (hopmys F (1, ..., Ty)

C HOAHATHIMEU OTPUIAHUSAMU HaJ, 6asucom Bg, 1Is KOTOPLIX
R(F) < L, me npeBocxoiut (12n)L. Tpebyemass omeHKa BbI-
TEeKaeT U3 CJIEJICTBUA K jeMmMme 4.2.

JlemMma oKazaHa. ]

JlemMma 6.3. IIpu ar06vx namypasviuir L u n ewnosnsemcs
HEPaBeHCME0

U (L, n)|| < (8nL)*.

Hoxazameavcmeo. Bozbmem  npomssosibnyio  KC % =
= X(x1,...,xp5a1502), ¥ € UX(L,n), u Boigemum B meit
ocroBHOE JepeBo D ¢ KopHeM ag Tak, 4Tobbl B D BolLIM Bce
MHIUICHTHBIC (o KOHTAKTHI X, a BepIINHA a1 ObLIa jucToM D.
[Tycts, manee, D' — ceaszannoe ¢ D ocrosroe Haggepeso KC
Y], KOTOpOEe IOJIy4aeTcs IIyTeM IPUCOeNUHEHUs KarKIO0ro W3
He someqmx B D pebep X K OHONI U3 CBOUX KOHIIEBBLIX BEp-
mmH, oTandHoit or a1 (em. §1). Pacemorpum opuenTupoBaHHOE
yrnopsipodennoe sepeso D’ monyuaromeecs uz D’ Bpenenu-
eM (YCJIOBHOI) OpUEHTAINH BCEX ero pebep 10 HAIPABJICHUIO K
KOPHIO 1 TaKUM HX yHOpSI,ZLO“IeHI/IeM7 oIpu KOTOPOM BepHInHa a1
craHoBuTCs nepBbiM Jiuctom D’ (em. §1).

Bamerum, aro uuciao pebep (Bepuiun, jucrbes) jgepesa D’
He Goubrre, yem L (coorBercrBenno L + 1, L), u mostomy, B
cuiny (1.4), 4uciio TaKuX JEPEBLEB C yUIE€TOM IIOMETOK UX pPe-
6ep CUMBOJIAMU T1, . .., Tn, T1,..., Tn He Goubire, dem (8n)L.
3amerum takxke, 9To KC ¥ MoxkeT GBITh [IOJIy4YeHa B Pe3yJ/IbTa-
Te IpHCoeMHEHNs KazKIoro JjucTa jgepesa D’ K oaHoil U3 ero
BEpIIMH, OTJIMYHON OT as. CireoBarebno,

UK (L, n)|| < [UX(L,n)| < (8nL)*.
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JlemMa mokKaszaHa. ]

PaccmorpumM, B 3akimodenHne, 0COOEHHOCTH (YHKIIHOHU-
poBarmss KC ¢ HeckombkuMEM BXOJaMu. byjgem cumrars,
9To B KaxKgoil Bepmmue (p,q)-KC ¥ peamusyercs cros-
ber, cocrapiaeHHbli w3 p PAJI mpoBoIMMOCTH OT BXOIOB
> Kk o9roit Bepmmue, a cama KC Y peanusyer MaTpuiLy,
KOTOpasi COCTOMT W3 ¢ CTOJIOIOB, peajM30BaHHLIX Ha ee
BBIXOJaxX. Takum obpasoMm, dyHKmuoHnpopanne KC ¥ =
=S (z1, ..o, Tn; af, .., Qs @5 - a;’) npeJicrasiser coboit
marpuny F' = F (21,...,2,) C p CTPOKAMH, ¢ CTOJIOIAME U i€~
menTtamu u3 Py(n), mis xkoropoit F' (i, j) — OAJI, peannsyemas
Y,rned € [Lpl mj € [1,q], To ecth npm Jmio-
6oM o, o € B™, marpuna F' («) siBjisieTcst MATpUIEil JTOCTHIKI-
MOCTH CeTH X|o. B uactHOCTH, dyHKIMoHUpoBanue (1,q)-KC
npejicraBisier coboit Habop (crpoky) m3z ¢ PAJI mposogumo-
CTH OT ee BXOjia K BbIXojaM, a dbyHKImoruposanue (p, 1)-KC —
crosber; u3 p OAJI mpoBOAUMOCTH OT €€ BXOJIOB K BBIXO.LY.

Tak, KC X (21,22, x3; a1, v; a2, as), MOKa3aHHAsI HA PUCYH-

MeXILY af U a

Ke 6.3¢ peajausyeT MaTpUILy [%3 53} or BIT X(3), a na puc. 6.4b
3 3

npusezeno (2", 1)-KJI mopsinka n or BII X (n), koropoe nme-
er Bug D (x1,...,%n;0a0,...,02n_1;a) U peajusyer cTojber] u3
Bcex DK mHONKECTBaA (), YIIOPSIOUIEHHBIX CBEPXY BHHU3 10 BO3-
pPaCTaHUIO UX HOMEPOB.

B coorBercrBum ¢ obmummvm npasmiaamu u3 §1, yHK-
muonuposanne KC X = X (zq1, ..., Tp; a1, ..., Gy) €
HEpa3JeIEHHBIMEI  TIOJIOCAMHA  OTPEJIEIAETCS  KaK — (PyHK-
nuonuposanne KC ¢ pasjieJleHHbIMU — TIOJIIOCAMU  BUJA
Y (x1,. s &n; A1y ety Qs A1,y ..., Q). B 9TOM ciydae maTpu-
na F gaBnsiercss pedJIeKCUBHOW M TPaH3UTHBHON MaTpuieii, a
€CJIu, KPpOMe TOrO, Y, — HEOPUEHTUPOBAHHAs CeTh, TO U — CUM-
METPUIHON MaTpureit. 3aMeTUM TakKe, U4TO (DYHKIIMOHUPOBAa-
uue (1,1)-KC u3 HeopreHTUPOBaHHBIX KOHTAKTOB 110 CYIIECTBY
HE OTJTMIAETCsT OT (DYHKIIMOHUPOBAHUSI COOTBETCTBYIONIEH By X-
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noJrocuoin KC ¢ Hepa31e/IEeHHbIMU IIOJIFOCaAMMU.

B gactHocTH, nokazannas Ha puc. 6.3¢ KC ¢ HepasnesienHbI-
MM TIOJIIOCAME a1, G2, A3 PEAIU3IYET MATPHUILY i), lf 18 , KC us
TOXKJIECTBEHHBIX BEPIIUH DPEAJIU3yeT e;LHHHqHng hglall“pnuy, ec-
JIM KasK]1asl ee BEPIIHHA SIBJISIETCS] BXOJIOM U BBIXOJIOM C OTHIM
U TE€M Ke HOMEPOM U T. JI.

C npyroit croponbl, ji0bast CUMMETPUYECKasi, TPAHIUTHUB-
nas u pedpyiekcusnas marpuna F, F € (P (n))™"™, peanuzyer-
ca KC ¥ = ¥ (x1,...,2p5a1,...,0y), KOTOpasl IPeJICTABIISAET
coboii oobenunenne Becex KC Xy = Xy (21, ..., 2n; a4, a5), T€
1<i<j<m, a KC X;; asrgerca m-cxeMoil U IIOCTPOEHA TIO
coseprierroit JIH® ®DAJI F (i, j) u cuauraercs KanoHu4eckot
KC mampuuywn, F.

§7 OxBuBaJIeHTHBIE ITPEOOPA30OBAHUS KOHTAKTHBIX
cxeM. OCHOBHBIE TOXK/IECTBA, BBIBOJ,
BCIIOMOTATEJIbHBIX U O0ODIIEHHBIX TOXKJIECTB

Pacemorpum Borpocsr D11 mms KC w3 UK ¢ mepasierenns-
M (6ecrioBropHBIME) TIOJOCaMu. B coorBerctBum ¢ §1 K-
suBasenTHocth KC X' = Y (z1,..., 2501, ...,ap) 1 X' =
Y (x1,. .. xp;a1, ..., Qy), TO €CTH CHPABEIMBOCTD TOXKIECTBA
t : 3 ~ ¥ osmauaer, 9ro s OOBIX i U j U3 orpeska [1,m]
DAJI nposogumoctu or a; K aj B KC X/ pasna ®AJI npososu-
mocru or a; K a; 8 KC X", Ha puc. 7.1a-7.1e u 7.1f npusene-
HBI Maphl 9KBUBaJIeHTHBIX KC, 0bpasyiolye ToxK aecTBa t1—ts 1
tém), m = 1,2,..., COOTBeTCTBEHHO, KOTOPbIE MbI OyIeM Ha3bI-
BaTh 0cHOGHbMU modtcdecmeamu njst DT KC.

Omnpenenum nogcranoBky st KC kak nepenmenoBanue (c
BO3MOXKHBIM OTOKJIECTBJICHHEM ¥ wuHBeprupoBanmeMm) BII, a
TakKe IeperMeHoBaHue (C BO3MOXKHBIM OTOXKJIECTBJIICHHEM U
CHSITHEM ) TIOJIFOCOB. 3aMEeTHM, 4TO IIPUMEHSIsI OJIHY U TY K€ MOJI-
CTAHOBKY K ABYM 3KBuUBaJeHTHBHIM KC, MBI IOJyYUM SKBHUBAa-
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tli

to :

ts :

[ ] ~ @

1 x9 T2 x1
O———=O ~ O———oO
1 2 1 2

x1 T
O———O ~ @) O
1 2 1 2
xo T
T2
1 2 1 2
) T1

Puc. 7.1: ocuosubie Tox)IecTBa st KC
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a) ty: o—2 0 ~

Puc. 7.2: mojgcraHOBKY [1JIsT OCHOBHBIX TOXKJIECTB

seatabie KC. IlefictBurenbro, st nepenmenoBanusi BII u mre-
penmeHoBaHUs 06€3 OTOXKIECTBJICHUS IOJIFOCOB TO OYEBUIHO, a
B CJIydae OTOXKIECTBJIEHUsI TOJIIOCOB 9KBUBAJIEHTHOCTD IOy Ya-
eMbix KC BbITeKaer u3 toro, 9aro Marpuna jgocrmkumoctn KC,
SIBJISIIOIIENCS Pe3y/IbTATOM OTKIECTBJICHNS, OIHO3HAYHO OIIpe-
JessieTcst MaTpuIieii pocrmkumMoctn ncexonnoit KC. Ha puc. 7.2a
(7.2b) mokazaHa MoJICTAHOBKA 14 ToxKIeCTBA t4 (coorBeTcTBEH-
HO ?5 TOXKJIECTBA t5), CBsi3aHHas ¢ nepenmeHoBanneM BIT xo B
x1 (coorBeTCcTBEHHO HOMOCOB 1 =3 B 1).

Ilongarue moxcxembr mysg KC n3 paccMarpuBaeMoro Kiacca
OIIPeJIeJISIeTCST AHAJIOTMIHO §5 € yUIeTOM HepasesIeHHOCTH II0-
JIIOCOB. DTO 03HadaeT, 4To jid nojcxembl ' KC ¥ umeer me-
cro Brmouenne V(X)) C V(X) u E(Y) € E(X), a noawocamu
Y apnsarorcsa Bee npuHaexKamue eii nomoca KC Yu Bee Te ee
BEpIIUHBI, KOTOPbIE MHIMJIEHTHBI B X pebpam u3 E(X) \ E(Y),
7, BO3MOXKHO, HEKOTOpBIE JIPyrue BepiinHbl. [Ipm TakoM orpe-
JeJIeHUU TIOJICXEMBI JIjIsI paccMarpuBaeMoro kiacca KC 6ymer
BBITIOJTHSITHCSI TIPUHITATI SKBUBAJIEHTHON 3aMEHBI.

Paccmorpum nipumepst D11 KOHTAKTHBIX CXEM C ITOMOIIBIO
CHUCTEMBbI OCHOBHBIX ToxkJecTB. Ha puc. 7.3a—7.3e mpuBemeHbl
TOXKJeCTBa t7—t11, KOTOpble MbI Oy/ieM HA3bIBATH 6CNOMO2G-
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a) tr o—0, ~ .o 0
1 2 1 7 2
T2 2 1 2 2
b) g i ~
1 x2 1 x1
3 73 3
) >
c) tg ~ O
1 1
x1 xr1
1 2 1 2
d) tio : 1 ~ 1 T
3 3

Puc. 7.3: Bcmomorarenbuble ToXXAecTBa, 1151 KC
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Eg — =
tg 1 ts 1 x2 t3
x1 T2 T2 z1

Puc. 7.4: BoiBOJ g

xr1
29 — ﬂrl——) 29
tr 1

(2

Puc. 7.5: BeiBOZ 9

. — 210
ts

210 —
t7 z1

Puc. 7.6: BeiBOZ t19
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2

Puc. 7.7: BoiBOZ 111

meavHumu. ToXKIeCTBO t1( HA3BIBAIOT MHOTAA TOXKISCTBOM 3a-
MBIKQHUS TI0 TPAH3UTUBHOCTH, & TOXKJECTBO 1] — «JIEMMOIT» O
3BE3/IE.

JIemma 7.1. Hmeem mecmo sweodumocmo {t; — t5,té1), téz)} =
{t7 — —t11}.

Jloxasameavcmeo. 3aMeTHM, 9TO BBLIBOJUMOCTD {t5,té1)} = t7
JIOKA3bIBAECTCS IIPUMEHEHHEM TOXKICCTBA tél) K IIpaBoil 4acTH
TOXKIeCTBA 15 (cM. pue. 7.2a) juis yJajleHust U3 Hee <«BHCsUe-
ro» nuKJa JuHbl 1. BeIBoIMMOCTD TOXKIECTB tg—t11 U3 OCHOB-
HBIX TOXKeCTB {t] — ¢35, tél),té?)} [OKa3aHa Ha puc. 7.4-7.7 co-
OTBETCTBEHHO, T/ Y; U Y — JIeBasl 1 [IpaBasi 4acTU TOXKICCTBA

ti, i € [8,11). O

O6o6mum Toxkaecrsa t1—t11 Ha caygait KC or BIT X (n),
rae n > 2. Jna kaxgoro i, ¢ € [1,2"], comocrasum DK Bu-

ga z{t---xfr, tae v(oy,...,0,) = @ — 1, Mogenupylommyio ee
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a) 5 o——o0. ~ o040

b) ~ 0 O o)

c) tfln) :
d) tém :
e) t(7") :
f) tém : .
g) 157
h) 5

Puc. 7.8: o6obmennblie ToxkmecTBa nmopsaka n gias KC
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2
S0y o
1 o

3
Tn—1 2

- & T = z:gn)

ta 1 o 1D 4,

Tn—1 3

Puc. 7.9: BoiBOI tén)

Puc. 7.10: BeIBO, tgn)
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Puc. 7.11: BoiBOS, tfln)

1 I Tn 2 ]. I Tn 2
ts to
I I
3 3
1 I Tn 2
) S—
to t(nfl)
Tn 5
3

Puc. 7.12: BoiBOJ, tén)
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HENOYKY IZ-(n) (cm. §6), u mycrhb

Il(n) = 1;, 7 € [1,277,] s I= I2"7
(S T D T
I@'(n_Q) _ IZ(/’ = [1,271—2] , I = é/ni%
Cucremy TOXKJIECTB () = {tgn), e ,tg?) }, rie tgn) =14, tén) —

(n)

COOTBETCTBYIOIIEE OCHOBHOE TOXKIECTBO (cM. puc. 7.1f), t57 —
CHCTEMa, COCTOsIIIAsl U3 TOXKJECTB, MOKA3aHHBIX Ha PHUC. 7.8a,
e I — mpon3BoIbHAS MEPECTAHOBKA IEMOYKN [, a OCTaJbHBIE
TOXKJIECTBa IPUBEIEHBI Ha puc. 7.8b—7.8i, OymeM Ha3bIBATH CH-
cTeMoit 0bobwerHbLT mosicdecme nopadra n. Ilpu sToMm cucrema
Tn = {tl, ..., ts, tél), oo ,tén)} CYHATAETCsI CUCTEMOU OCHOBHBIX

TO2KIECTB IIOPAJIKA 1, a CUCTEMa BCEX OCHOBHBIX TO2K/IECTB 0060-
SHAYaCTCA IEPE3 Too.

Jlemma 7.2. IIpun>2 umeem mecmo 6u600umocms T, = 7).

ﬂon(wameﬂbcmeo. OrmMmeruM cHadaja cjleayronpe o4eBuIHbIe
BBIBOJVMOCTH:

{tay =tV {te} = iV,

BriBomumocts 7, = tgn), 1 = 8,3,4,5, moKaxkem UHIyKIHei

mon, n=mn;,rgeny =n; =1ung =ng = 2. basuc sroit
g .

WH/IYKIINU COCTaBJISIET TOYKJECTBO t; = tE Z), 1 = 8,3,4,5, a

000CHOBaHNE UHIYKTUBHOTO IIEPEXOa JIaeT BBIBOIUMOCTD ITPa-

(n) (n)

n
;  TOXJIECTBa t,

Egn), oKa3aHHasI Ha puc. 7.9-7.12.

BOIl 9acTu X% , M > n;, U3 €ro JIeBOH 4acTu

Jlerko BUJIETH, YTO BBIBOJUMOCTU
GO0) 5, (0,80} = [, o)
pu N 2 2 JOKa3bIBAIOTCA aHAJIOTUYHO TOMY, KaK 3TO JeIaoCh

Jutst corydast n= 1 (em. puc. 7.6, 7.7).
JlemMa JoKa3aHa. ]
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§8 IlosiHOTa cHMCTEMBI OCHOBHBIX TOXKJIECTB W
OTCYTCTBUE KOHEYHOI!I MMOJIHOI CUCTEMBI
TOXK/JECTB B KJIacCe€ KOHTAKTHBIX CXEM

JlokaxkeM CHavaJja IOJHOTY CHCTEMbI OCHOBHBIX TOXKIECTB Tno
anst D11 KC. st sToro, Kak 0ObIYHO, JOCTATOYHO I0KA3aTh,
qT0 ¢ omotbio DI Ha ocHOBE cruCTEMBI T, Tpou3BoIbHYI0 KC
3 UK mMoxknO mpuBecTH K KaHOHHYECKOMy BHIy. Hamommmm

(cm. §6), aro kanonudeckast KC X (1, ..., Zn; a1, ..., ap), Wi,
uHave, kanonuveckas KC nopadka n, mpeacraiisier coboit 00b-
equuenne kanonmdeckux (1,1)-KC Buma X;5(z1, ..., 2n; a4, aj),

MMOCTPOEHHBIX Ha 0CHOBe coBepieHHbIX JJTHD PAJI nmposognmo-
CTH OT @; K @j JJIs BCeX ¢ U J TaKuX, 4To 1 <1 < j < m.

JIro0y1o nemnb Ii(n) (em. §7), e ¢ € [1,2"], a Takxe 1100yI10
IIElb, KOTOPAas MOJIyYaeTcd U3 IZ.(n) [IEPECTAHOBKON KOHTAKTOB,
Oy/ieM Ha3bIBATH KAHOHUMECKOT UENDBIO Nopadka n. 3aMeTHM,
qro KC & (T1,...,Tp;a1,...,0y) aBiserca kKanonudeckoit KC
[IOPSAJIKA N TOTJIa U TOJILKO TOIJIa, KOrjia OHa 00JIaJlaeT CiIeLy-
FOIUMHU CBOMCTBAMU:

1. mo6oif KOHTAKT ¥ NPUAHAJJIC2KUT HEKOTOPOIT KaHOHIIe-
CKOIl TIeTIN TIOPSIJIKA 1, STBJISTFOIIEHCS TTOICXEMOM CXeMBbI 2.,
IpuYeM IOJIOCAMHU 3TOU IOJACXEMBI CJIYzKAT TOJBKO KOH-
[eBble BEPIIUHbI JaHHON IENu;

2. mobasi BHYTDEHHsS BEPIIUHA Y. SIBJSETCS BHYTPEHHEN
BEPIIUHON HEKOTOPOH IeNu U3 IMyHKTa 1;

3. B KC ¥ orcyrcTBytoT «BHCSAYME IUKJIbI» (CM. TOXKIECTBO

n
té )) n «ITapaJijieJIbHbIe» IIeIIN, TO €CTh KaHOHUYIEeCKHEe I1e-
U TIOPSAJIKA N U3 TMYHKTa 1, KOTOpbIe COSMUHSIOT OTHU U
Te Ke MOJIF0CA U Peam3yoT paBHble JK;

4. B KC X HeT cyIIecTBEHHBIX TPAH3UTHBIX IIPOBOIMMOCTENH,

o n
TO €CThb HaJU4He Ileneil BIIa Ii( ), COEIUHSIONINX ITOJIIOC
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@; C IOJTIIOCOM @y, ¥ TIOJIIOC @y, C TIOJIIOCOM ay (cM. puc. 8.1a),
BJI€YET HAJIMYHE IIEIU TAKOTO YKe BUJIA, COCTUHSIONIE o-
o a; ¢ moJocoM a; (cM. puc. 8.1b).

ag

~ ~ ag
by Q % S

Puc. 8.1: k cBoiictBy 4 KC KaHOHUYIECKOIO BUIA

JIemma 8.1. Jlaa wmoboti KC %, 20e ¥ € UK o ¥ =

=X (x1, ..., Tp; A1, ..., Qy), U 210601 K6USAAENMNHOT X KC
Y (x1, oony Tpi A1, - -y Q) KAHOHUYMECK020 6UJDA CYULLCTNEYEM
I Y = X,

Tn

Zoxasameavcmeo. Ilocrpoum D11 Bua

~

2321:{2232332422,

Tn Tn Tn Tn

rne KC X, i = 1,2, 3,4, obiajiaeT OTMEYEHHBIME BbIIIIE CBOi-

crBamu 1, ...,4, ommmdaromumu Kanorandeckue KC. Ilepsoe u3
srux DI umeer Bu
Y=
¢

n CBA3aHO C IIpUMEHEHHEM K KazKJ/IOMYy KOHTaKTy TOXKJIeCTBa
4
.

CymecreoBanue 1

> = o (8.1)
(0,009, 4}
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JIOKaYKeM WHJLYKIIHEH 110 aucity Tex BHyTpeHHux Bepima KC Y,
KOTOpPBIE He sIBJISIOTCH BHYTPEHHUMHU BEPIITMHAMU €€ KaHOHUYe-
cKuX 1erneil. Basuc MHAYKIMT COCTABIISIIOT CXEMBI Y1, KOTOPBIE
HE UMEIOT YKA3aHHDBIX BEPIIUH U JJIsi KOTOPBIX, CJIEI0BATEIBHO,
Y9 = 3. llycrs Tenepsr KC 31 umeer xoTst ObI OJIHY BEPIITHHY
YKA3aHHOI'O BHUJA M IIYCTh ¥ — OJ[HA U3 TAKUX BEPIIUH. YIa-
JIIM C TIOMOIIIBIO TOXKJIECTBA tén) BCe IIPUCOEIUHEHHBIE K U «BU-
cadne» IMUKJIBl B PacCMOTPHUM Bee octasbhble menu Cf, ..., Cy,
KOHIIEBOIl BEPINUHON KOTOPBIX OHA siBjisiercs (cM. puc. 8.2a).
He orpannuamBast o0mHocTr paccyKaeHuil, Oy/1eM CInTaThb, ITO
JIJIST HEKOTOPBIX HATYPAJBbHBIX TUCET

ar=1<a< -+ <ap<ap1 =qg+1

u moboro j, j € [1,p], nema Cy,...,C,
n) _

MU TUTIA I( = Ii;, vae i1, ..., ip — Pa3IUIHBIE YUCIIA OTPE3KA

j41—1 SABJISIOTCS TIelst-

[1,2"]. HpI/IMeHﬂH K KaxkKJ0f U3 3TUX p TPy Ieneil ogHoro Tu-

a TOYKJIECTBO tﬁ), nosyanm KC X}, B KoTOpOil U3 BepHIINHbI
v BBIXOJIUT TI0 OjtHOM Tlenn Kazkjoro tuna I;., j € [1,p] (cm
puc. 8.2b). Ilycrs, nanee, KC XY noayuaercs nz KC X npuco-
eMHEHIEM K BEePIIUHE ¥ ¢ HOMOMIILIO TOXKIECTBA, té") «BUCAIIX >
neneit Cpy1, ..., Con Beex orcyTeTBytomux cpeu I, . .., I;, tu-
noB (cm. puc. 8.2c), a KC XY nonyuaercs us KC XY B pesynbra-
Te yJIaJeHnsl ¢ TIOMOIIBIO TOXKICCTBA tén) BEPIIUHLL U BMECTE CO
BCEMHU <«MHIMJICHTHLIMU» eii HellsIMi M yCTPAHEeHUs C HOMOIILIO
TOXKJECTBa 1 00pa30BABIINXCA IIPU STOM M30JIUPOBAHHBLIX BEP-
IIMH — KOHIEBBIX BepinuH neneit Cpy1, ..., Con (cM. puc. 8.2d).
[To wnaykTueHOMy mnpeanonoxennio naug KC X cymecrsyer
Il Buna
Z/// j
{H09, 60,440,657, 60}

u, cieposarenbho, must KC 3; cymecrsyer 911 (8.1).
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1;,
=
tén)
Van - Up+1
@) O
— 110 ov, = B
$(m) (n)
3 31
O
Vo
d)

Puc. 8.2: Kk mokazaresbcTBy eMMBI 8.1

Ilepexon or KC Y9 k KC X3 ocyIecTBisieTcs ¢ ITOMOIILIO
(n)  (n)

ToxkaecTs tg~ uty; ', aor KC Yo x KC X3 — ¢ nomompio Tox-
JIeCTB tgg).

JlemMa mokaszaHa. ]

Teopema 8.1. Jlasa amobvix dsyx sxsusarenmuvr KC X' u X
om BIl x1,...,x, cywecmeyem III cuda X' = X",

Tn

Jloxasamenvcmeo. Ilycrs X' u ¥ — kanonuueckue KC or BII
T1,...,Tn, 3xkBuBagenTasle KC X' u X" coorsercrsenno. M3
omnpeJiesiennii ciaemyer, uro L' = Y. u 1mosTromy, B CUIy JIeM-

£
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Mo 8.1, cymecrByer D11 Bua

Z/jﬁlji//jz//'

Tn t g” ) Tn

Teopema moxkazama. ]

CaencrBue 1. Cucmema 7, asasemca KIICT dasn 11 KC us
UK om BIT z1,... x,.

Caencreue 2. Cucmema Too Asasemces IHICT oan I KC us
UK.

Jlokazkem Teneps orcyrersue KIICT B kimacce UK. Tna KC 2
or BII z1,...,x, nu HAbOpa o, o € B™, onpeie/iuM BEJIUIUHY

O (%, a) = |E Xl = [V (Ela)] + e (Ela)l,

koropast (cM. §1) 3azaer nuKIOMaTHYeCKoe Ynciao rpada Xq.
[TosmoxkumM, nasee,

O =) 0.

aceB”

JIemma 8.2. FEcau X (x1,...,2,) = X" (x1,...,24), mo
{t1—ts}
OX)=01%"),aecruy = 3", 2dek <n, mo® (X)-0 (X)

Tk

deaumes na 27k,

Joxasamenvemeo. Hokaxem, uro O (X )=0(X"), ecn E’t—>2”
i

Jutst Jiioboro ¢ u3z orpeska [1,5]. Jeiicreurensho, nycrs KC X
nosyvaercs u3 KC Y 3aMenoit ee mojcxeMbl i;, KOTOpas NMe-
eT BHJI JIeBOIl 4aCTH TOXKJECTBa t;, Ha COOTBETCTBYIONIYIO il
IIpaByIo 9acTh i;’ 9TOro ToXKJAecTBa. HeTpyaHo mpoBepuTh, 94To
Jutst Jioboro 4, ¢ € [1,5], 9MciI0 JIMHEHHO HEe3aBUCUMBIX IHK-
noB rpados Y|y u X, oguHakoBO 1pu Beex «, o € B" u,
caenosaresbio, O (X)) = © (X7).
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[ycts reneps ¥ = X" npuuem k < n. Ecmn KC Y/ co-
T

JEPXKUT B KAIECTBE HO};LCXGMBI UK 13 k KOHTAKTOB C OIHUM
nomocoMm, To KC Y/ conepKuT BMECTO HEro OJuH JIMIIL IIO-
moc. PaceMOTpuM MUKJIOMATHIECKOE IHUCIO CeTH Y| JTst pas-
JUYHBIX o, € B". Ecim nukn ykasamnoro suga B KC X/
COJIEPKUT KOHTAKTBI, IIOMEUEHHbIE PA3JIUIHBIMU OYKBaAMU O/I-
moit m toit ke BII, To, oueBmano, mia jawoboro o, o € B™,
O (X')—06 (¥") = 0. B uporusHOM citydae, LyCThb L, . . . , Lj,, —
Bce passmaabie BII, BcTpedaromuecs: cpein TOMETOK yKa3aHHO-
ro nukKJa, upudeMm m < k. 3aMeTuM, UTO eC/IM UKJI [POBOJIAT
Ha Habope o, a € B™, To on nmpoBoguT u Ha Bcex 2"~ Habo-
pax, B KOTOPbIX 3HAYEHUs NIEPEMEHHBIX C UHJIEKCAMU J1, . - -, jm
COBITQIAIOT CO 3HAYEHUSIMI COOTBETCTBYIONINX IePEeMEHHBIX Ha-
bopa a. Takum 0b6pazoM, pa3HOCTH

o) -0() =3 () -0 ()

a=(a1 - rtn)

on—m 2n—k

JeJINTCd Ha u, cjaeaoBaTe/IbHO, AEJINTCA Ha

JlemMa mokaszaHa. O

TeopeMma 8.2. B xaacce UX ne cywecmeyem xonewnoti noanot
cucmemsv, mootcoecms.

Loxazameavcmeo. IlpoBemeM moKa3aTeaIbCTBO OT MIPOTUBHOLO:
nyers 7 — KIICT mgms DI KC UK, u nycrs n — maxcu-
MaJsibHOe unciio BII, Berpevaromuxcs B TOXKIECTBAX CHCTEMbI
7. Torma 7, = 7 u 7, — KIICT mua UK. JlokaxkeM, UTO
T B tén+1). s aroro pacemorpum KC Y. cocrosinyio us
IPOCTOrO NMUKJIA JUIHHBI (1 + 1), comeprKaIero KOHTaKThI C TI0-
MeTKaMu x;, ¢ € [1,n+ 1|, 1 UMEIoIY0 eJIUHCTBEHHBIH T10-
JIIOC C TIOMETKOH 1, KOTOpas ABISeTCs JIEBOH 9aCThIO TOXKIECTEA,
té"+1). Ouesuzpo, uTo eit skpubasentna KC Y/, coneprkamas
M30JIMPOBAHHLIA moJoc 1, KoTopasl SIBJISeTcs MPaBoil 4acThbio
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TOXKJIECTBA ténﬂ). Ecm 7, = tén+1), to ¥ = Y. Cornacno

Tn
JIaHHBIM Bble onpegenenusm, O (X') =1, © (¥”) = 0 u pas-
HocTh © (X') — O (X7) = 1 He genurcst HA 2, 9TO IPOTHBOPEIUT
yTBepkKIeHnio jieMMbl 8.2. Takum oOpa3oM, TOXKIECTBO ténH)
HE BBIBOJIUTCSI U3 CHCTEMBI Ty, & 3HAUAT, U U3 cucrembl 7. OT-
ciofa ciemayer, uro T He MoxKeT siBJisiThest KIICT mrst 911 KC
u3 kmacca UK.

Teopema nokazana. O

§9 KackagHble cxeMbl, pa3ge/inTe/IbHbIe KOHTAKT-
Hble cxeMbl n JjemMa Illennona. Hekoropbie
Mo anduKanuu OCHOBHBIX KjaccoB cxem (BDD,
BBIYUCJISION[E TTPOrPAMMBI)

PacemorpuM cHavasia crienuabHbI YaCTHBIA CIydail T. H. KOp-
pexTHOii cynepriosurn KC — omeparuro mprucoe ImHeHusT 0THO-
IO WK JIBYX IPOTUBOIOIOKHBIX KOHTAKTOB, KOTOPasi 3aKJII09a-
ercs B caenytomeM. [yers (1,m)-KC X nosyuaercs uz (1, 1m)-
KC ¥ B pesymbrare 06aB/I€HIs HOBOH BBIXOIHON BEPIIHHBI U,
KOTOpasi COEJINHSACTCS C BBIXOJAHBIMY BepimHamu vy u v; KC ¥
KOHTAKTaM¥ T; U x; coorBeTcTBeHHO (cM. puc. 9.1a). Torma B
BepimuHax v u v1 KC X B cuty HyJIEBOM TPOBOIMMOCTH MEXKITY
BxoIamu pucoegunsiemoit (2, 1)-KC peanusyiorcs Te ke cambre
DAJI go u g1, uro u B KC 3, a B Bepumne v — PAJT g Buza

9= 1 (@i, 9o, 91) = Tigo V xig1. (9.1)

AHajioruuHble COOTHOIIEHHS OYAYyT CIpaBeIIMBLI U TOLJA,
koria Beprmmia v KC X cBsi3aHa ¢ BEPIIMHON Uy TOJIBKO OJHUM
konTakToM Buza xf, o € {0,1} (cm. puc. 9.1b). B srom cirygae

B Bepiune v KC X peanuzyerca OAJI
g = x?QOv (92)

a B BepIINHE v, TO-TipeykHeMy peausyercsd PAJI g, .
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Puc. 9.1: npucoeJuHeHne OJJHOT'O UJIM ABYX IIPOTUBOIIOJIO2KHBIX
KOHTaKTOB

Onucannble BBIIE ONEPAIIUN TPUCOEIMHEHHS OJHOIO WJIN
JIBYX IPOTHUBOIIOJIOKEHHBIX KOHTAKTOB OYEBHIHBIM 00Pa30OM
pacupocrpansiioress Ha ciaydaii KC ¢ HECKOJIbKUMH BXOJAMHU.
Kpome Toro, oHm momyckaroT MojequpoBaHue B Kjacce COD
B Gasmce By. Tax, mepexon or COD U, U € UC, xoropas pe-
aJIn3yeT B BBIXOJHBIX BeprmHax vy u vy PAJI go u g1 coor-
BercrBenno, Kk COD U, U € UC, koropas peamusyer PAJI g,
yaosisierBopsttoryio (9.1) ((9.2)), nokazan Ha puc. 9.2a (coor-
BercTBento 9.2b). 3amernM, ¥To npH 3ToM pasioxkenue (9.1) B
citydae gz = 1 9KBUBAJEHTHO IPEJICTABICHUIO

g=17Vgo,

CcxXeMHasl peaJim3aliis KOTOpOoro nokazaHa Ha puc. 9.2c.
Orupenenum, nasee, xackadnyro KC kak npusenennyio KC
0e3 M30JIMPOBAHHBIX IIOJIFOCOB, KOTOPasi MOYKET ObITh IOJIyIeHa
M3 CUCTEMBI TOXKIECTBEHHBIX BEPIITNH B PE3YIbTATE PsIJia OTepa-
U TPUCOEIUHEHHST OJTHOTO UJIU JIBYX ITPOTHBOIIOJIOKHBIX KOH-
TAKTOB W omeparuii mepenMenoBanust BoixomoB. Kackammnas KC
(KKC) cuuraercsi noanoti, ecau oHa Oblia mOCTpoeHa 6e3 uc-
[TOJTb30BAHUST OTlepaIlii IIPUCOETUHEHUSI OJHOINO KOHTaKTa. TaK,
nanpumep, KC, nokazannast Ha puc. 6.3c, sABJISIETCs TOJHON
KKC, ecium eé BXomaMu CUMTATh BEPIIWHBI ] U U, & BBIXOJA-
MM — BEpIIUHbI ag 1 ag, win Haobopor. K uuncany KKC orno-
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Puc. 9.2: Kk MmozmesmmpoBaHmio onepanuii IpucoeInHEeHNsT KOHTaK-
ToB B KJlacce CDD
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CATCSI TaKKe KOHTAaKTHBLIE JIepeBbs, IOKa3aHHbIe Ha puc. 6.4,
upudeMm (27, 1)-K/I sBaserca momanoit KKC.

3aMeTuM, jajiee, 9TO, B CHJIy OTMEYEHHBIX BBIIIE CBOWCTB
paccMaTpUBaEMbIX ollepaliyil npucoeunenns Konrakros, KKC
nmeer HyseBble OAJI TpOBOAMMOCTH MEXKIY CBOMMU BXOIAMHU.
Orcroma cienyer, uro B Kaxjoit Bepruimae KKC peanusyercs
crosbern, B koropoM Hukakue npe ®AJI me obpammaiorcs B eau-
HUILY OJHOBPEMEHHO, IpuyeM B ciydae noianoit KKC ausbionk-
musa Becex ®AJI sroro cronbna gaer 1. Tak, B dacTHOCTH, B
Kaxk0i1 BeprmmHe moanoii KKC ¢ nBymst BXogaMu peajin3yercst
cToJI6eI U3 ABYX IMPOTHBOMOJIOKHBIX DAJI.

Bepmmna KKC, BBenenHasi B Hee C IIOMOIIBIO OIIEPaIlAN
MIPUCOEINHEHNSI OJHOTO KOHTAKTa, HA3BIBAETCA HEMOAHOU 6ED-
wunoti sroit KKC. Bynem rosoputs, uro KKC X" gasnserca
donoanenuem nenonnoit KKC Y/, ecau ona mosydaerca B pe-
3yJbTaTe COCJUHEHHUS BCEX HEIOJIHBIX BEPIIMH Y’ OTCYTCTBY-
FOIAMIA B HUX KOHTAKTAMU C HOBBIM BXOJIOM, YV/IAJIEHUsI BCEX
«CTapbIX» BXOJIOB U IEPEXOJa K COOTBETCTBYIOIICH MPUBEICH-
noit KC. Ilpu sToMm, oueBuIHO,

L(Z")<2L(Y), (9.3)

a oobemuuenne Y u Y asnserca nonmnoit KKC. Jononnenne
¥ k nosmnoit KKC ¥ ¢ 1 BxogoM 6yjieM HasblBaTh UHEEPCHOT
x X' KKC. 3amerum, ato KKC X", B crity oTMEUeHHBIX BbIIIe
ceoiict nostabix KKC, peanmsyer cucremy OAJI F,, ecu KKC
Y/ peamuzyer cucremy PAJI F'. Takum obpasom, B cuiy (9.3)
CIIpaBeIJINBO CJIEYIOIEe YTBEPIK ICHHIEe

JIemma 9.1. Ecau (1,m)-KKC Y pearusyem cucmemy PAJI
F' = (f1,..., fl), mo cywecmsyem (1,m)-KKC ¥, xomopas
peanrusyem cucmemy DPAJI F = Tll, . ,ﬂn) U 0as Komopot
L (X" < 2L (X).

Ornepariust pUCOETUHEHNST OJJHOIO WJIA JIBYX ITPOTHUBOIIO-
JIO’KHBIE KOHTAKTOB SABJISETCA YACTHBIM CJIyYaeM CTPYKTYPHBIX
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ao
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a) b)
Puc. 9.3: x onpenenenuo BDD

peodpa30BaHUil CXeM, KOTOpbIe ODODIIAIOT OIEepaINio CyIep-
mo3unuy PYHKIMH U UCIIOJIb3YIOTCS JIJIA MTOCTPOEHUST CJIOKHBIX
cxeM u3 6oJjiee TPOCTHIX. Ba3ncoM Takux MOCTPOEHUN SIBJISIETCST
OOBITHO CXeMa U3 OIHOM M30JIMPOBAHHON BEPIUHDI, ABJISIIONIEH-
¢ ee BXOJIOM. YKa3aHHAsI BEPIITUHA HA3BIBAETCS MOAHCIeCmEeH-
ot sepwunoti xpamnocmu k, k > 0, ecm oHa OTHOBPEMEHHO
SIBJISIETCsT K-KPATHBIM BBIXOJIOM JTaHHOM cxembl. [Ipu aToMm Kpat-
HOCTH OJIWH, KaK IPABUJIO, HE YKA3bIBAETCsI, 8 TOXKIECTBEHHAS
BepiuHbl KpaTHoctu 0 cauraercsa @urmuehot.

[Tpocreiimvy BugaMu CyHEPIO3UIMNA CXEM SBJSIOTC: 1)
oreparus NepeuMeHO8aHUAs 8X0006 CTemb, ¢ BO3MOXKHBIM HX
OTOXKJIECTBJICHUEM; 2) OIEpaIis NePeuMerosanUs 6ur0006
CTemb, ¢ BOSMOXKHBIM UX JIyOJIMPOBAHUEM HJIU CHSTHEM; 3) Olle-
panus 00seduHeHus crem, He UMEIOIIUX OOIIUX BEPIIUH U 00-
IIIAX BXOJI-BBIXOJHBIX IIOMETOK, IOHIMAaeMasd, KaK OOBIIHOE 00b-
€JINHEHNE COOTBETCTBYIOIIIX I'PadOB.

Bysem rosoputh, uro cxema Y umeer sug L = X (3)) To
ecTb ABJsgercs cynepnosuvuet crem Y u Y 6e3 obmux BepmH
U BXO/I-BBIXOHBIX ITOMETOK, €CJIA OHA IMOJIYIaeTCsd B Pe3yJibTa-
Te OObEe/IMHEHUs] STUX CXeM U HPUCOeMHeHHsI (YacTH) BXOJOB
cxembl X" K (HEKOTOPBIM) BBIXOZIAM CXeMbl Y. YKasaHHasi Cy-
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HEepHO3UIHA CINTACTC OECNOGMOPHOT, €CIT PA3IMIHBIE BXOIbI
Y npucoenHAIOTCS K Pa3IMYHBIM BLIXOJHBIM BepHIMHAM Y. .
Cynepnosunus Bujga X = X (X)) HasbiBaercst cmukoskol, ec-
JIE 9HCJIO BXOJIOB CXeMbl Y’ PABHO WHCJIY BBIXOJIOB CXeMbl X' 1
KaxkIplit Bxog, X npucoeuHsaeTcss K BHIXOLY Y € TeM Ke HO-
MepoM.

BameTuM, 4TO onepanuyu oObLeJNHEHUs CXeM U IeperMeHO-
BaHUS UX BXOJOB (BBIXOJIOB) SABJSIOTCS YACTHBIME CJIyIasiMU
BBEJICHHOIT ollepaliuy Cynepuo3uiun. JleiicTBUTeILHO, 17151 00b-
eJIMHEHNS CXeM 3TO OYEBUJHO, a JI000e MepernMEeHOBAHNE BbI-
XO7I0B (BXOJIOB) CXEMbI Y MOXKHO 3a/IaTh CyIEpIO3UNueil Bu-
na X5(X7(X)) (coorBercrBenno (X (X5))), rae cxembl X u
¥/ 4 = 1,2, COCTOSAT U3 TOXKJECTBCHHBIX BEPIIUH Pa3/IXIHOI
KPaTHOCTH.

SaMeTnM Tak»Ke, UYTO CYIepIO3UI|s OOIIero BUIa Y =
Y(¥') Bcerma MoxeT GBITH CBeJleHA K CTHIKOBKE BHJA Y =
S/(S), e cxembl & u £ nosyuatores us cxem X n % co-
OTBETCTBEHHO JI06aBJIEHHEM TOXKJIECTBEHHBIX BEpIIUH U Iepe-
nveHoBaaneM BoixogoB. CreikoBka Buga X = X" (Y), B cBOMO
o4epe/ib, MOXKeT OBITh CBeJIeHa K GECIOBTOPHOI CTHIKOBKE BUIA
% = 5(3), rae exembr &' u 8 nomyuaiorcs w3 cxem X u X
CHATHEM BBIXOJIOB M OTOXKJIECTBJICHHEM BXOJOB COOTBETCTBEHHO.

st cynepniosunuu cxem Buyia ¥ = L7 (X') xapakrepHo, kak
IPaBHUJIO, TO, YTO CXeMa Y peajusyeT (byHKIUH, II0JIyaioIye-
C B pe3yJIbTaTe COOTBETCTBYIOMIEH MOJICTAHOBKY (BCEX UJIU Ha-
cru) dbyHKIHUii, peaqn3oBaHHbIX cxeMoit Y BMecTo (Bcex mim
9aCTH) BXOJHBIX IMEPEMEHHBIX cxeMbl Y. B ciayvae CTHIKOB-
KM, HaIpHUMep, 3TO O3HaJaeT, YTO CxXeMma Y. peajusyer Habop
byuxunit sBuga F'(F'), tne F’ u F' — nabopwr dbyHknmii, pea-
muzoBannble cxemamu L u Y coorsercrienno. Cyneprosuiys
Y = Y(Y') cunraercs npasuavhol, eciu cxema Y o0sagaeT
YKa3aHHBIM CBOICTBOM, U KOPPEKMHOTi, €CJI, KPOME TOTO, B JIIO-
6oii BepIIuHe Y, KOTOpask COOTBETCTBYET BLIXOIHOI BepiuHe Y,
peanmu3syerca Ta e caMas yHKIUSA, 9TO U B Y. 3aMeTUM, 4TO
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Puc. 9.4: npumep cyneprozurun COI

npasusbHast cyneprosunus suga L (X) aBromarndecku sipiisi-
eTcsl KOPPEKTHOM, ec/ii KPATHOCTD JIFOOOM BBIXOTHOM BEPIITUHBI
Y/ GosbIe UncsIa IpUCOoeUHAEMbIX K Heil BXoioB X' . 3aMeTnm
TaK¥XKe, 9TO C COJIEP’KATENbHON TOYKHU 3PEHIST KOPPEKTHOCTD Cy-
nepnosunun Buga Y (X) no3sossieT 0HOBPEMEHHO HUCIONB30-
BaThb BBIXOJLI X' B JIPYTUX CYHEPIO3UIHIAX.

Jlerko Buzerh, aro Jitobast CPI moxkeT ObITH MOJyYeHA B
pe3y/ibraTe MHOMOKDPATHOTO IIPUMEHEHHUsI OIlePaIlii CyIIEePIO3HU-
LMM, Ha KazKIOM IIare KOTOPOH IPOUCXOIUT INyOJIUPOBAHUE Bhl-
xXoJia mim npucoeannenne ogaHoro O k seixogam CDOID, neppo-
HaYaJIbHO COCTOSIIEH U3 TOXKIECTBEHHBIX BEPIIIIH.

Ha puc. 9.4a nokazana COD 239, UMeIONIasd CJI0XKHOCTE 4 1
peasusyiomas PAJI z1 @ xz, a ma puc. 9.4b — COI X, ¢ > 3,
KOTOpast IBJISIETCS PE3YJILTATOM <IIOCJIEI0BATEILHOMY CyLepIIo-
sumn (¢ — 1) exem X§ u peammsyer ®AJL £y(z1,...,2,) co
CJIOXKHOCTBIO 4q — 4.
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PaccMoTpuM Temeph BOIPOCLI, CBSI3aHHLIE C HAXOXKICHHEM
GyHKIMOHUPOBaHUs st cynepnosumnuit cereit mmm KC. U3 co-
obpaxkeHuit yoocrsa 6yaem jonyckars Hajandue B KC opuenTu-
POBaHHBIX (HEOPUEHTHPOBAHHBIX) pebep 6e3 IOMeTOK, KOTOpPbIe
[IPOBOIAT IIPH JIIOOLIX 3HAYEHMAX YIPABJISIOMMNX BXOAHLIX BII
B yKaSaHHOM (COOTBeTCTBeHHO B .HIO6OM) HallpaBJICHU U Ha3bI-
BAIOTCs BEHTUJIAME (COOTBETCTBEHHO NPOGOOHUKAMU ). DTO 103~
BOJIAAECT CHUTATh, 9YTO CETHU ABJIAIOTCA YaCTHBIM CJIyYaeM KC n
PeaM3yIOT CBOU MATPHILI JOCTUKUMOCTH, COCTOSIINE U3 KOH-
cranTHBIX DAJI.

Omeparust cynepnosuniun KC u Bce ee 9YacTHBIE CIIydan
OIIPENEIIAIOTC OOLIYHLIM 00pasoM. Ilpu 3ToM moMeTrkamMu BXO-
noB 1 BbixogoB KC, B ormmune or CP, He 0643aTEIbHO SIBJISA-
I0TCs nepeMennble, a BIl, yupasiisiompe TpoBoguMOCTHIO KOH-
takToB KC, HUKAK He CBA3aHLI C €€ BXOJAMU.

Jlerko BusieTh, UTO NepecraHoBKa Bxom0B(BbIx010B) KC mo-
POXKJIAET B PEAIN3YEMOll €10 MATPHUIIE TAKYIO YK€ IEPECTAHOBKY
CBSI3AHHBIX C HUMH CTPOK (COOTBETCTBEHHO CTOJIONOB), & CHATHE
(nybamposanue) Bbixo10B 31oit KC — ynasenue (coorBercrses-
HO J100aBJI€HNE) CBSI3aHBIX C HUMHU CTOJIOIOB. 3aMETUM TaKiKe,
yro KC Y, koropas asisercsa oobeaunenuem KC Y u X7, pea-
muzytomux mMatpunbl F' u F” cooTBeTcTBeHHO, peanusyer MaT-
puny F Bujal:

F'| 0
0 F//

F:

Obparumcst, jajee, K 0COOEHHOCTSIM (DYHKITMOHUPOBAHUST
KC, nonyuaromuxcsi B pe3ysbraTe IPUMEHEHHUs Ollepaluii cy-
neprosunuu 0o61Iero Buga. Hanmomamm, 9to cyneprosuiiust 00-
MEero BUJA CBOIUTCS K MTOCJIE0BATETHLHOMY BBITTOJTHEHHIIO OTe-

pexmonaraercs, aro Homep soboro Bxoma (Berxoma) KC ¥ menbine
HoMepa, oboro Bxoa (coorBercTienno Buixona) KC X7 8 KC X, a BayT-
pennsa ynopanodennocts nomocos KC Y un ¥ B KC X coxpansiercs.
B ocTasbHBIX CiIydasx MPOUCXOIUT HEOOXOIUMAas MMEPECTAaHOBKA BXOJIOB U
BeIxon0B KC X.
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Puc. 9.5: mposomsie 1 BeHTUIbHAST 3BE3IbI TTOPSIIKA P

pamuii mepenMeHOBAHNS BBIXO/IOB, JOOABIEHNST TOXK IeCTBEHHBIX
BEPIIMH M CTHLIKOBKH. I1IpM 3TOM CTBIKOBKA, B CBOIO OY€pelb,
CBO/IUTCA K CHATUIO BBIXOJI0B, OTOXKICCTBJICHHUIO BXO/JI0B 1 6eC—
IIOBTOPHOM CTHIKOBKE.

3aMmeTuM, UTO PE3yJIbTAT OTOXKICCTBJICHHUSA IIEPBBIX P BXO-
o KC Y skBuBajieHTeH pe3y/braTy CTHIKOBKH Buga X (X)),
a pe3yIbTAT P-KPaTHOro myOJmpoBaHus nepsoro pbrxoma KC
Y. — pesyabrary creikoBku L7 (X)), rme KC X/ ¥ cocrosit us
(1, p)-npoBoggineii 3Be3/p! (cM. puc. 9.5a, a — BXOX) U TOXKJIe-
CTBEHHBIX BEPINUH. 3aMETUM TaKXKe, UTO CTHIKOBKA BUIA Z(i),
rine KC S cocTonT u3 (p, 1)-poBojsmieit 3Be3apt (cM. puc. 9.5b,
a — BbIXO‘ZL) 1 TOXKAECTBEHHBIX BEPIINH, COOTBETCTBYET OTO2K-
JIECTBJICHUIO TIEPBBIX p BbIixomoB KC 2.

B coorBeTcTBHN ¢ 00IIMMU TIPABUJIAME CTHIKOBKA (CyTeprio-
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sumus) KC suma ¥ = ¥ (Y) naswsaerca’ npasuavnot, ecim
nnst marpun, F, F' u F”, peamuzyempix KC 3, ¥ u X7 coor-
BETCTBEHHO, BBIIOJIHAECTCST PABEHCTBO

F=F.F" (9.4)

VKkazaHHas CyIepIO3NIUs CIATACTCA KOppeKmHot, eCJid, Kpo-
Me TOro, B BBIXOJHBIX BEpIIMHAX IOJACXeMbl X cXeMbl Y pea-
Jym3yiorcst Te ke camble croonel QAJI, uro u B camoil cxeme
Y. AHAJIOrMYHBIM 00Pa30M OLPEAE/IACTCA IPABIILHOCTD U KOP-
pekTHOCTh cynepnosunun KC Ha 3a1aHHOM Habope 3HAUYEHUI
yipasJigionmux BII.

Bamerunm, 4To 1pu npaBuibHOi creikoBke (1, p)-KCu (p,1)-
KC, peammsyromux crpoky u cronben us PAJT (f],..., f;)) u
( Usees fy ) coorBercTBerHo, nosydaercs (1,1)-KC, peanmsy-
tomas OAJT f1 f{'V---V f, f, Ipu TpaBHIBHOM OTOMXK 1eCTBIICHIH
Bx0/10B (Bbix0s10B) KC B peasnmuzyemoii €10 MaTpuiie IpoucxXoIuT
nopaspsiiHast JUIbIOHKIUS TeX CTPOK (COOTBETCTBEHHO CTOJIO-
II0B), KOTOPBIE COOTBETCTBYIOT OTOXKJIECTBJICHHBIM BXOjaM (CO-
OTBETCTBEHHO BbIXO,[LaM) n T. II.

Jlerko BuIeTh, UTO OmEpalust MepenMEeHOBAHNS BXOJIOB (BbI-
xonoB) KC 6e3 oroxiecrsienust, onepanust oobeaunernst KC,
a TakKe oreparus nocsejgoBaresbHoro coenusaenus (1,1)-KC
(cM. §6) KOppekTHBI B J1060M ciaydae. B To ke BpeMsi mapai-
nenproe coenmuenne (1,1)-KC, mpn koropoMm cHadama OTOXK-
JIECTBJISIIOTCSL BXOJbI, a 3aTeM BbIXOibl coemuHsieMbix KC, He
ABJIAETCA, B OOIIEM CjIydae, KOPPEKTHOHR olepanmeil cymepro-
BUIMU, XOTsl SIBJISETCS [IPU 3TOM IPABUJILHOM CylepHo3unueii,
Tak Kak nosyuenHas KC peanmusyer qusbonknuo OAJI, peasu-
syeMmbix ucxogabeiMu KC. 3aMeTnM, 9T0 KOPPEKTHOE NU3bIOHK-
TupoBaHue BBIXOAHBIX PAJI MOXKHO OCYIIECTBUTH C IIOMOIIBIO
creikoBKU ncxouoit KC ¢ BenTmibHOI 3Be3101 (cM. puc. 9.5¢).

2310 OIIpEJIeJIEHAE COOTBETCTBYET «OOBITHOMY» OINPEIEJIEHUI0 KOPPEKT-
HOIl CyTIepIO3UINA B PAMKaX MOJEIU TaK HA3BIBAEMBIX IIPEOOPa3yIONux
KC.
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Cxema Ha3bIBAETCsI pasdesumenvrots no 6xodam (6wvirodam),
ecau OAJI mpoBOAUMOCTH MEXK Ty JIOOBIMU €€ PA3JIMIHBIME BXO-
jgamu (coorBercrBeHHO BbIxogamu) pasaa 0. Tax (p,1)-cxema
¥ = X" (y1,...,Yp; #1), UOKa3aHHAs Ha pucyHke 9.5c, sBJIst-
€TCsl Pa3/Ie/INTEIBHON [0 BXOJaM CXeMOii, KOTopas Ha3bIBAECTCs
8eENMUNLHOU 36€3001 nopsadka p. Tlpumepom pasjemreabHO
no BexonaMm (Bxogam) KC moxker ciayxurs (1,2") (coorser-
crBenHo (2", 1)) KOHTaKTHOE JiepeBo mopsiaka n (cM. puc. 6.4).
Bynem rosopurs, uro KC ¥ or BIl zy, ..., z, pazdesumeavra
na nabope o = (aq,...,q,) 3Hadenuit stux BII, ecim coor-
BETCTBYIOIIEH Pas3/IeInTebHOCTBIO 001a/1aeT ceTh X|o. Ciemy-
0Illee YTBEPXKJICHUE SBJISICTCsI 00OOIEHINEM U3BECTHOI JIEMMBI
Mennona (cm. [31, 14]).

Jlemma 9.2. ITycmo KC % asasemcea pe3ysvmamom Cmulkos-
ku euda X =Y" (X)), a F, F' u F" — mampuywi, pearusyemovie
KCX, Y u XY coomsemcmeenno. Tozda

F>F .-F'uF=F . F" (9.5)

ecou KC X" pazdeaumenvra no evodam usu KC Y pasdeau-
MEALHA NO BVILOAM.

Loxazameavcmeo. Ilycts KC 3 siBisiercst cHadasia pe3y/ibra-
oM GecrioBTopHoit crbikoBkE (p, ¢)-KC X' 1 (¢, s)-KC X" or BII

Z1,...,Ty. [Iycrb, Kpome Toro, v’ (v") — npoussosbHas Bepiy-
ra KC ¥ (coorercrrenno X)), a ®AJI f} (coorsercrrento f)),
j € [1,q], — ®AJI uposomumMocT! OT BepIUHbL v’ K j-My BbI-

xomy B KC ¥/ (cooTBETCTBEHHO OT j-r0 BXOa K BepmmHe v B
KC Y. Hokaxewm, uro st DAJT f — OAJI nposogumocTu oT
pepumbbl v’ K Bepune v” B KC X, — cupaBeiyinBo HepaBeHCTBO

f($1,,$n)>f{ {/\/\/fé é,a (96)

KOTOPOE MEPEXOIUT B PABEHCTBO

f(wla)xn):f{ {/v\/f(;f(;,a (97)
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ecsiu KC Y/ pasgenurensna no soixogam uiu KC X7 pasnenu-
TeJIbHA IO BXOJIAM.

JeiicTBurensHo, mycts aj, j € [1,q], — Bepmuna KC X,
KOTOpasi MOJIyYaeTcss B PE3YJIbTATE NPUCOEJIMHEHUST j-TO BXO-
na KC Y k j-my Bexogy KC X/ (em. puc. 9.6a). Cupasen-
auBOCTH HepaseHcTBa (9.6) cieayeT m3 TOro, 9TO €ro mpaBas
9aCTh ONMHUCBHIBACT «CyMMapHYI0» HNpoBojuMocTh Tex (v — v”)-
neneit KC 3, KoTopble IPOX0OAT Yepe3 BePIIUHEL 41, . . . , g POB-
HO o/uH pa3 (cM. puc. 9.6a). Jlobas npyras (v — v")-nens KC
Y IpOXOJIUT Yepe3 yKasaHHbIe BEPIIMHLI HEe MEHbIIe TpeX pas
(em. puc. 9.6b) u B cayuae pazgesmrensaoctn KC Y no Bbixo-
sam min pasgesnnreabaocty KC X7 o Bxojgam numeer HyJseByio
POBOJINMOCTb.

N3 (9.6) u (9.7) menocpeacrBenno BbiTekaeT (9.5) ¢ yue-
ToM Toro, uro mpu v\ = a, u v = a;(, rme ¢ € [l,p] n
J € [1, s], neBasi(npaBast) 4acTh TUX COOTHONIEHUH PABHA Ji€-
menTy marpuipl F' (coorsercrsenno F’ - F'), pacnosoxennomy
B i-ff CTPOKE M j-M CTOJIOIIE.

[Tycts Tenepyr KC ¥ momyuaerca nz KC ¥ B pesynbrare
HPUMEHEHMsl Ollepallii OTOXKIeCTBICHUA BXOJIOB, TO €CTh Y 9K-
BUBaJICHTHA GecrioBTOpHO# crhikoBke Buia L (X)), roe KC ¥/
COCTOUT M3 NMPOBOAAIIEH 3BE3/bl U TOXKJIECTBEHHBIX BEPIIUH. B
sTOM Catyuac mepasenctso (9.5) mueer sug F > F”| e mar-
puria F” nosnyuaercs us marpuipt F” B pesysbrare Hopaspsi-
HOH U3 BIOHKIIUE CTPOK, COOTBETCTBYIOIIUX OTOXKIECTBIISEMBIM
Bxogam KC X, u mo-npexkneMy nepexoiuT B PaBEHCTBO, €CJIU
KC X" pazgemurenbna 110 BxoJaM. B mocieanem ciaydae, Kpo-
Mée TOro, U3 aHAJOTHYHOTO paBeHcTBa, cbasamxoro ¢ KC Y,
koropast noiyuaercs uz KC ¥ B pesymnbrare obbsasienns ee
BXOJIOB BXOJIAMU M, OJJHOBPEMEHHO, BbIXomaMu Y, cieyer pas-
nenrenbaocTs KC Y o Bxogam.

Bamernm, HAKOHEII, 9TO CTHIKOBKa 00miero suja Y. = X/ (X)
CBOJIUTCS K IIOC/IJ0BATEILHOMY BBIIIOJHEHUIO OTOK IeCTBIICHHS
BxO70B Buma 3 = Y (f]” ) 1 GECHOBTOPHOI CTBIKOBKH BH/IA
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Puc. 9.6: k 1okazaTe/bCTBY JieMMbI 9.2
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Y =5 (i’ ), rae KC X cocTonT 13 MpoBoIsIeii 3Be3/1561 I TOXK-
nectennbix eprm, a KC 8/ nonywaeres nz KC Y catnenm
HEKOTOPBIX BBIXOJIOB. IIpu 9TOM HepaBeHCTBO (B CIyvae pasie-
murenpHoctn KC ¥ no Bxomam pasencrso) (9.5) mas KC X,
Y/, ¥ BblTeKaeT U3 yCTAHOBJICHHLIX BBIIIE aHAJOTMYHBLIX COOT-
nomenuit ot KC Y7, 3, ¥ u KC X, ¥, 8 B cuy accor-
aTuBHOCTH TpomsBeAenus Marpull. Ciydail pasaeauTeJbHOCTH
KC ¥’ 1o BbIXOJaM paccMaTpuBaeTcst aHAJIOTUIHO.

JlemMa mokazaHa. OJ

CaeacrBue 1. B cayuae pazdeaumenvrocmu KC X' no exo-
dam 6 waocdoti eepwune KOX, ¥ = X" (X), komopas coomsem-
cmeyem evzody KC' Y/, pearusyemesa mom sice camwiii cmonbey,
DPAJI, wmo u 6 KC' ¥/, mo ecmv paccmampusaemasn cynepno-
BUUUA ABAAEMCA KOPPEKMHOU.

Heiicreurensuo, nomarast v’ = af u v" = aj, rue @ € [1,p],
aj € [1,q], uz (9.7) nmomyuum tpebyemoe paBeHCTBO f = f]’
Cury4aii CTBIKOBKH OOIIEro BUJa paCCMATPUBACTCS aHAJIOTHIHO.

CaencrBue 2. Pasencmeo (9.5) svnoansemces na a1060m ma-
bope snavenuti BII, na xomopom KC'Y pasdesumenvra no 6xo-
dam uau KC'Y' pasdesumenvra no evizodam.

B mocnemnune rombl aKTUBHO H3YyYaeTCsT (CM., HaIpUMep,
[33]) omuu crermanbubiil kinace opuenTuposanubix KC — 1. H.
JBonvHbIe permatormue jguarpamMmMbl (BDD), koropbie npecras-
JISTIOT coboit, o cymectny, dacTHblii caydail KKC. Cxema ¥ ¢
OJIHUM BXOJIOM @ U JIBYMsI BBIXOJIAMU G, (], HA3BIBAETCS 060-
unHOT pewarowels duazpammoti, eClIu OHA COCTOUT W3 OPHUEH-
TUPOBAHHBIX KOHTAKTOB U He uMeeT (OPHMEHTHPOBAHHBIX) IIUK-
JIOB, & U3 KaxKJI0l ee BEepIINHBI ¥, OTJIMYHOI OT BBIXO/OB, UC-
XOJSAT JIBE JIyT'U C POTUBOIIOJIOXKHBIMU TIOMETKAMU BUJIA Xj, T;
(cm. puc. 9.3a). IIpu sTom BepimHe v (ag, ai), 06BIYHO, COIIO-
CTaBJISIOT HOMETKY x; (coorBercrBeHHO 0,1), & MOMeTKH T; U
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Puc. 9.7: BDD nna f3

T; y ucxondmmx u3 v pebep 3amensiorT momerkamu 0 u 1 co-
orsercrBenHO (cM. puc. 9.3b). 3amerum, uro BDD ¥ ykazan-
noro Bujga ot BII z1,..., 2, noxydaercs u3 HEKOTOPO MMOJIHO
(2,1)-KKC S=3 (z1,...,Tpn;a0,a1;a) BBEICHUEM OPHEHTAIINN
KaXKJIOro KOHTaKTa S 1o HAIIPABJIEHHUIO JIBUKEHUS IIPOXO/ISIIIIIX
gepe3 Hero IMpOBOJIAIINX Terei i UIyHmX OT @ K ag ,a1. IIpn
9TOM, OYEBHUIHO, CXEMBI Y U ) PeAIM3yI0T MEXK Iy BepIIHHAMEI
a n a; sekoropyio PAJL f (z1,...,x,), MeXKIy BepIIHHAMA Q
uag — OAJL f(x1,...,7,), a DAJI IPOBOAUMOCTH OT ag K a1
u obparHo paHa 0. B Takom ciaydae, 0OBITHO, CAMTAETCH, ITO
3 peanuzyer @PAJI f. Tak, nanpumep, BDD 3, nokazannast Ha
puc. 9.7 (cp. ¢ puc. 6.3¢c), peamuzyer PAJI z1 @ xo ® x3.

Samernm, aro BDD MoxkHO MHTEPIIPETHPOBATD KaK ajpecy-
fone GuHApHBIE TporpaMMbl (cM., Hanpumep, [11]). HeficTeu-
TEJILHO, COTIOCTABUM KaXKJIOH OTJIMYHON OT BBIXOJA BEPIIUHE U
BDD ¥ (cum. puc. 9.3b) KOMaH/y yCJOBHOIO Iepexoja Ha KO-
MaH/Iy, COIIOCTABJIEHHYIO BepIIuHe v,, 0 € B, ecu x; = o, a
BBIXO/IHOM BEPINHMHE C MOMETKON o, 0 € B, — KoMaH;y Ipu-
cBoenust Berancisiemoit ®AJI snavenust o. [loaydennast Takum
00pa3oM IporpaMma HAUUHAET CBOK PAbOTY C KOMAaH/IbI, COIIO-
CTABJIEHHOMN BXOMY Y, U BuIIucysieT Ty ke camyio PAJI, ato n

BDD X.
Cxema %, ¥ € US, ¢ MOHOTOHHOH HyMepaluei
BepmH (cM. §1), HA3BIBAETCS  BHIMUCAAIOWET NPOPAMMOT
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(BII) nad 6asucom B (cm., mampumep, [11]). Ilycre ¥ =

Y(x1, .., Tpi 21, -+ Zm), ¥ ILYCTh, JIJIS ONIPEJIEJIEHHOCTH, V;, | €
[1,p], tne p = |V (X)|, — BepummHa ¢ HOMEPOM i, HPUYEM
BEPIINUHBL V1, ..., VU, HMEIOT MOMETKH Z1,...,Ln, & BEPIIHHBI
Vjyy-- .0, — HOMETKH Z1,..., %, coorBercrBenHo. Comocra-

BUM BepiuHe v;, i € [1,p], «BHyTpenniow» BII u; u Gyaem
CYUTATD, YTO V; BBIIOJHIET KOMAHJLy ¢ HOMEPOM ¢, KOTOpas sB-
JISETCH:

a) KOMaHJIOll BBOJIA Uu; = x;, ecan i € [1,n];
b) Beramcasomei komanmoit u; = @ (u(i) ny ), Tae
: 11 : A i = @ 1o Uiy ), TA
go(z) — @®C or k@ BII, upunucannsii Bepmune v; B X,
a ug-l), j=1,... k() — BII, conocraBieHHast HATATb-
HOW BepIUHE JIyI'M ¢ HOMEPOM j, BXOJsINEdl B v;, ecyn

i€ (n,pl.

Kpome Toro, Oyaem cumTaTh, YTO KaxKJOil BepliumHe vj,,
i € [1,m], coorBeTCTBYyeT KOMaH/1a ¢ HOMEPOM (P + ), sIBJISIO-
masiCs KOMaH IO BBIBOJA 2; = Uj, -

IIpennonaraercsi, uro KoMmauabl BlII ¥ BbIOIHAIOTCS TO-
CJIeJI0BaTe/IbHO B COOTBETCTBHUU € UX HOMEPAMHU B MOMEHTBI
Bpemenu 1,2,...,p + m u uro 3Hadenue BII wu;, BeraucaenHoe
B MOMEHT BpeMeHU i, & € (n,p|, 3aHUMAET OTJEJbHYIO OU-
TOBYIO si9efiKy HAMSATH Ha OTPE3Ke BpeMeHH |[i,a;), TAe a; —
MaKCUMAJIbHBI HOMED KOMAHJIbI, B KOTOPOI BCTPEYAETCS ;.
MakcuMasbHOe 9ucIo OTPe3KOB Bua [i, a;), rjae i € (n,p|, ume-
IOIUX HEIyCTOe Iepecederune, HasbiBaeTcs wupurot BIT X, u
OIIpeJieJisieT MUHUMAJIbHOE YUCJIO SYeeK aMATH, HEOOXOIUMbBIX
21 XpaHenus ee BHyTpenHux BII w,11,...,u,. 3amernm, uto
quciio PO BII ¥ xapakrepusyer BpeMsi BBINOJHEHUSI €€ BbI-
YUCIISIIONUX KOMAHJI Ha OJTHOM ITPOIECCOPE, a MaKCHUMAaJIbHAas
ryOMHA BEPINWH Y — BPEMsl BBITOJHEHUS €€ BBITHCJISIONINX
KOMAaH/I Ha TapaJsjIebHbIX [IPOIECCOPax.
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Iy Z2

I I2

Puc. 9.8: sxkpuBasentunie BII mmupumnt 3 u 2

Taxk, na puc. 9.8a npuBe/ieHa MOHOTOHHAsT HyMepPaIlis Bep-
muH g COD, nokazaHHoU Ha puc. 4.2a, Koropas 3aaer Bl
mupuHbl 3, a Ha puc. 9.8b — sxBuBasienTHas eit BII mmpunbr 2.
eficTBuTesibHO, DY BHINOJHEHUH T1€PBOii (BTOpoit) n3 srux BIT
JUIst XpaHeHusl Becex BHyTpeHHUX Bl mpuna jiexanmx Kax1o-
My u3 mHOKecTB {u4}, {us,u7,ug} u {ug,ug,u1p} (coorser-
crBeHHO {u4,u7,ug} n {us, ug, ug,U10}) MOXKHO HCIIOJIH30BATH
OJIHY U Ty Ke siueiiky mamsitu. JIerko BUEeTh TakKe, 4TO IUIy-
buna obenx paccmarpuBaeMmbix CDD pasHa 4.

Jlemma 9.3. Jlas aobot PAJI cywecmeyem peasusyrowas ee
BII nad 6aszucom By wupunsr ne boavwe, wem 2.

Jloxasameavcmeo. NHayKIneit o AauHe MOYKHO IT0Ka3aTh 9TO
sobast JTHO® min KHO® mnociie ee ontuMuszanuu mo 4ucjay OT-
pUIAHUI U BBINOJHEHNS HEKOTOPBIX ITpeobpa3oBaHuil 1mogo0ms
(cM. §2), a TakyKe HPU HOAXOJISINEH MOHOTOHHON HyMepaIin
Bepiua nepexoaut B BII mmupunnt 2. leficTtBuTe/IbHO, MIyCTh
BII ¥/ man 6asucom By Ha mare ¢ HoMepoM ¢ BLIYHCISET 3HA-



94 I'maBa 2. OcHOBHDBIE KJTACCHI YIPABJISIIOIIHX CUCTEM

genne uy JJHD A’ or BIT X (n), nomerast ero B siaefiky namsitu
¢ somepoM (n + 1), u nycrs JJTH® A umeer Bu

QlZQlI\/KZQ[/\/(leV...\/.Tjr)‘x]ﬂ_l‘...'xj.

q

Torma BII ¥, Beraucstiomast JIHD A, moxydaercs mobaBiieHrnemM
K Y/ komanm!:

Upt1 = Ujy V Ujy, Uph2 = Up1 V Ujgy « -+ oy Uppr—1 = Uphr—2 V Usj.,
Uppr = Utpr—15 Utdr4+1 = Uty " Wjoy gy - ooy Utdq = Ut4q—1 " Ujg,

Utpq+1 = Ut V Uttg,

rje sayTpennue BII ugqq, ..., Uy TOMEIIAIOTCA B A4eliKy Ia-
msATH ¢ HOMepoM (n + 2), a BII w4441 — B gdeiiky ¢ HoMepom
(n+1).

Jlemma mokazaHa. ]

IpuBeseHHbIH CIIICOK KOMAH €CTECTBEHHBIM 06PA30M BHIOM3MEHSICT-
ca B ceaydae r < 1 wm r = q.
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