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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
JUIst Beex 6akasiaBpoB (MHTEIPUPOBAHHBIX MATUCTPOB) HAIPAB-
nerust 01400 — «Ilpukiragnast MmareMaTuka U MHOOPMATUKA>.
[Ipu sTOM 006bEM U, B HEKOTOPOIl CTEIeHH, IpOorpaMMa Kypca
«OCHOBBI KHOEPDHETUKI» BAPBUPYIOTCS B 3aBUCUMOCTH OT IIPO-
.

Kypc «OcHOBBI KHOEPHETUKI» TTOCBSIIIEH W3JI0XKEHUIO TEO-
pUU JUCKPETHBIX YIIPABJIAIONINX CUCTEM, KOTOPas IIPEICTaBIIsA-
eT cobOHl YacTh JMCKPETHONH MATEMATUKH U MaTeMATHIECKON
kubepueruku. B Heil pa3pabaTbIBAIOTCS U U3y YIAIOTCS JTUCKPET-
HbIE MaTEeMaTUIeCKUEe MOJEJIM, OIUCHIBAIOIE (DYHKINOHUPO-
BaHME U CTPYKTYPY CJIOXKHBIX CHCTEM Ipeobpa3oBanus HHAPOP-
Maryu (MHTErpaJbHBIX CXeM, IPOrpaMM | T. I1.). B ocHOBe 9THx
MojIesIell JIeXKaT pa3IndHbIe CIIOCOOBI 3aJaHus (DYHKIIMOHUPOBa-
HUsl YIPABJISIONIMX CUCTEM C TOMOIIBIO JTUCKPETHBIX (DYHKIUI
" X CTPYKTYPHasl peajin3dalivsd B TEX WJIN MHBIX KJIaCCaX I'pa-
dos (kmaccax cxem). [lpu mcesreoBaHrN yIPABIISIIONIIX CHCTEM
CTaBSITCS W PEIIAIOTCs JIBE OCHOBHBIE 3aJ[a"d: 331298 aHAJIM3a
U 3a/la9a CUHTE3A.

3ajiavua aHaJIN3a COCTOUT B HAXOXKICHWM (DYHKIIMOHUPOBA-
HUS JTAHHOU CXEMBI, a 3aJa4ya CUHTEe3a — B [OCTPOCHUU CXEMBI,
nmerorneii (peanm3yioreii) 3aanuoe dyHKIoHnpoBanue. Kax-
Jlasi U3 9TUX 3aJ1a9 MOXKET PACCMaTpPUBATHCS JIUOO KaK WHJIH-
BHJIya/IbHAs 3aJ/[a9a, U TOTJA €€ PEIleHUeM sIBJISIeTCs KOHKPET-

3



4 Bgenerne

Hoe (yHKIuoHUpoBaHue (cxema), Jimbo KaK MaccoBas 3ajada,
U TOTa ee PelIeHHeM OJKEH OBITh AJTOPUTM HAXOXKIEHUSI
dbyukumonnposanus (cxembl). 3aja4a CHHTE3a UMEET, KaK IIpa-
BUJIO, MHOYKECTBO PEIIEHU, U3 KOTOPLIX BLIOMPAIOT PEIEHUE,
ONTHUMAJIBLHOE 110 KAKOMY-JIHOO KpUTEpHIio. alle BCEro B Ka-
YeCTBE TAKOIO KPUTEPHUsl BBICTYIIAET CJIOXKHOCTb CXEMbI, TTOHU-
MaeMasl KaK CyMMa CJIOXKHOCTEH COCTABJIAIONINX €€ 3JIEMEHTOB
WA 33JIePrKKa CXEMbl, [TOHUMaeMasl KaK MaKCUMaJbHasl CyM-
Ma 3aJepKeK JIsl IOCJIeI0BATEILHO COEIMHEHHBIX 3JIEMEHTOB
CXEMBI.

C comepkaTeIbHOI TOYKN 3PEHNS Pa3INIHbIe KDUTEPUN OII-
TUMAaJIbHOCTH OTPaYKalOT pas3juyHble IapaMeTpPbl MOJIEIUPYe-
MBIX 9JIEKTPOHHBIX CXEM HJIM IIporpaMM. Tax, HalpuMep, CJI0K-
HOCTh MOXKET XapaKTepU30BaTh CTOMMOCTDH, PasMephbl WJIH II0-
Tpebisiemyto Mormaocth CBUC, a Takke Bpemsi BBITIOJTHEHUS
[IpOrpaMMBbl Ha OJHOM IIporeccope. IIpu aToM 3a1epKKa CXeMbl
xapakTepusyer BpeMmsi cpabarbiBanus CBUC uan Bpemst BbI-
[TOJIHEHNS ITPOrPAMMBbI Ha MapaJjljlejbHbIX [IPOIeccopax U T. II.

Eciu 3amada cuaTe3a pellleHa B OJHON MOEN, MOYXKHO ITbI-
TaThCsI [IEPEHECTH TO PEIleHne B JIPYrhe MOJEIH C IOMOIIbIO
CTPYKTYPHOTO MOJE/JNpOBaHus. Kpome TOro, moJiydueHHOe pe-
[IEHNE MOXKHO <«YJIYYIIMTL» C IIOMOINbLIO SKBUBAJEHTHBIX IIPE-
obpasoBanwuii. C Ipyroi CTOPOHBI, eC/In 3a/1a9a CHHTE3a PellleHa
JIUIsT OTHUX (DYHKITHI, MOYKHO IIBITATHCST «Pa3bUuThy (JEKOMIIO3H-
poBaTh) HOBYIO (DYHKIMIO HA y7Ke PACCMOTPEHHbIE U IOCTPOUTH
13 CUHTE3UPOBAHHBIX JIJIsI HUX CXEM CXEMY IJIsl HOBOI (DyHKIII
C TIOMOIIIBIO ONEPAIIAN CYIIEPITO3UITHH.

YKa3aHHbBIE BBIIIE 38a91 PACCMATPUBAIOTCS B JIGKIUAX I
BCEX OCHOBHBIX KJIACCOB CXeM (JIM3bIOHKTUBHbIE HOPMAaJIbHbIE
dopMbI, HGOPMYJIBI U CXeMbI U3 (PYHKIMOHAJBHBIX JIEMEHTOB,
KOHTAKTHBIE CXEMBI), & TaKXkKe JiJIs HEKOTOPBIX MO ipUKAIit
9THUX KJIACCOB.

IlepBas riaBa mocssiieHa pa3IddHbBIM BOIIPOCAM IIPEICTAB-
JIEHUST PYHKITAHI aarebpbl JOTUKH C ITOMOIIBIO TAOJINIL ¥ U3 BIOH-



Bgenernne 5

KTUBHBIX HOPMAJIbHBIX (hOpM (MUHUMU3AIIUST U3 BIOHK THBHBIX
HOPMAaJILHBIX HOpM).

Bropas riaBa coIepKuT oIucaHue CTPYKTYPLI U PyHKIIIO-
HUPOBAHUS CXEM U3 OCHOBHBIX KJIACCOB YIIPABJISIOIMINX CHCTEM,
a TaKXKe M3 HEKOTOPBIX KJIACCOB, IIPEICTABJISIONUX CODOM WX
0b606menus nim Mogudukanun. B Heil ycTaHABINBAIOTCS BEPX-
HHE OIEHKH YNCJIa CXeM PA3JIMIHBIX THUIIOB, PACCMATPUBAIOTCS
0CODEHHOCTH IIPUMEHEHHSI OIEPAIUU CYIIEPIO3UIMA B Pas3jidd-
HBIX KJIACCAX CXeM U HEKOTOPbIE BOIIPOCHI UX CTPYKTYPHOI'O MO-
JeJTUPOBAHUSI.

B Tperbeit rmaBe moapoOHO paccMaTpPHUBAETCS 3aJada CHH-
Te3a yUPaBJILAOIINX CUCTEM. B Hell MpuBOIUTCS EbIH CIEKTD
MEeTO/IOB CHHTe3a cxXeM (0T MPOCTEeHIINX JI0 ACHMIITOTHIECKH OII-
TUMAJIBHBIX ), YCTAHABJIUBAIOTCSI HUYKHUE MOIIHOCTHBIE OIEHKU
dyuknumii [lleHHOHA U OIEHKHU CJIOYKHOCTH Psifa KOHKPETHBIX
GYHKIHI, TOKA3bIBAETCSI MUHIMAILHOCTh HEKOTOPBIX CXEM.

B gerBepToil riaBe n3ydaroTcsi SKBUBAJEHTHBIE TIPeobpa30-
BaHMS CXEeM Ha OCHOBE TOXKIECTB BO BCEX OCHOBHBIX KJIACCAX
YIPAaBJISIONUX cucTeM. st KayKjgoro u3 HUX MIPUBOJUTCS CU-
CTeMa «OCHOBHBIX» TOXKJECTB, JIOKA3BIBACTCA IIOJTHOTA ITOH CHU-
CTEMbI ¥ M3Yy4YalOTCs BOIIPOCHI €€ N30BLITOYHOCTH.

B maroii ritaBe mpesicTaBaeHbl HEKOTOPBIE BOITPOCHI HAJIEK-
HOCTH ¥ KOHTPOJIsI CXeM (IIOCTPOEHUE TECTOB Jijisi TabJIUIL, CUH-
Te3 CAMOKOPPEKTHPYIOMINXCS KOHTAKTHBIX CXEM ).



I'maBa 2

OcHOBHBIE KJIACCHI YITPABISIONINX CUCTEM.
Omnenka umciia cxeM, UX CTPYKTypHbBIE
npejictaBiieHusda. Hekoropbie Mmonenan u
KJIaCChl CXe€M, CBI3aHHbIE C
mporpaMMHO-aNmnapaTHoil peaJjau3alueit
aJITOPUTMOB

§1 OcHoBHBIE IOHATUSA U3 Teopuu rpados, cereii,
cxeM. CBoiicTBa MaTpuI] JOCTU>KNMOCTH CeTeii,
OlleHKa 4YucJia ceTeit

[TouaTue rpada, koTopoe 0600IIACT TOHATHE OMHAPHOIO OTHO-
mennst (cM. §1 raaBbl 1), 9acTO UCHOJIB3YeTCs NI OLMCAHMS
CTPYKTYPHBIX MOJIeJI€ll, CBA3aHHBIX ¢ BBIYUCJICHUSIMU, TIPEJICTAB-
JICHUSIME VUM Peasin3alusMi JUCKpeTHbIX (yukiuit. Hamom-
HHUM OCHOBHBIE TIOHATHsI 1 0003HaUYeHUs U3 Teopur rpados, ce-
Teii u cxeM, a Takyke chOpMyJIMpYeM HEKOTOPbIe U3BECTHBIE Pe-
sysbraThl (cM., HapuMmep, [3, 27, §|).

[Tapy (V, E), rne E — coueranue (¢ BO3MOXKHBIMHU [IOBTOPE-
HUSIME) HaJ{ MHOYKECTBOM YIIOPSAZOUCHHBIX U HEYIIOPSTOUCHHBIX
nap u3z V, GyzueM, Kak OObIYHO, HA3bIBATH 2padhom ¢ MHOHCE-
cmeom eepwun V- ="V (G) u muoocecmeom pebep E = E (G).
[Tpu sToM JyinHa coderanus E cauraercs ducsiom pebep rpada
G u obosnauaercst depes |E|. YiopsijodeHtble (HeynopsijoueH-
Hble) Tapbl BEPIINH HA3BIBAIOTCH OPUEHMUPOSAHHOIMYU PEOpa-

6



§1. OcHoBHBIE MOHSITHSI H3 TEOPHH I'PApOB, CETEH, CXEM. 7

MU WK, UHAYE, 0y2amt (COOTBETCTBEHHO HEOPUEHMUPOSAHHDL-
MU PEOPAMU), ONUHAKOBBIE TAPLI — NAPAAAEALHOMU PEOPAMU
(dyeamu), ayru, OTIIMIAIONIAECS TIOPSJIKOM BEPIIUH, — NPOMU-
BONOAOHCHDIMY JY2a.MU, & TIAPBI U3 COBIAIAIONINX BEPITHH —
nemaamu. I'pad u3 opueHTHPOBAHHBIX (HEOPUEHTUPOBAHHDIX )
pebep CUUTAeTCs 0PUEHMUPOSAHHBIM (COOTBETCTBEHHO HEOPU-
EHMUPOBAHHDBIM). 3aMETHM, YTO OMHAPHOE OTHOIIEHHE IPE/I-
cTaBJisieT CoOOM OPUEHTUPOBAHHBLIN rpad 06e3 mapassieTbHbIX
ayr. Ilpu srom cummerpuyunoe anTupedJIeKCUBHOE OTHOIIIEHUE
MOXKHO PaCcCMaTpPUBaTh KAK HEOPUEHTUPOBAHHbIN Ipad 6e3 ma-
paJlIeIbHbIX pebep U IeTeb.

Bysiem roBopuTh, 4T0 OpUEHTHPOBAHHOE (HEOPHUEHTUPOBAH-
HOE) pebpPOo UHYUIEHMHO COCTABIIAIONIINM €r0 BEPIITIHAM, a JIyTa
(u,v) ucxodum wnu, UHAYE, 6bLLOOUM U3 BEPIIUHBL U ¥ 34X00UM
W, WHade, 6x00um B BepiuHy v. ducsio pebep, HHIUIEHTHBIX
BepIHe v (BXOJMANIUX B U, BBIXOJASIUX u3 v) B rpade G, Ha-
3BIBAETCS CMenervlo (COOTBETCTBEHHO NOAYCMENEHbI0 362004,
noaycmenenvio ucroda) BepmHbl v B rpade G 1 06o3HaTAECTCS
aepes dg (v) (coorsercrsento df (v), dg (v)). 3amerun, uTo

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

veV(G)

u uto dg (v) = df (v)+dg (v) (da (v) = df, (v) = dg (v)) B cay-
Jae OPUEHTHPOBAHHOTO (COOTBETCTBEHHO HEOPUEHTUPOBAHHOIO)
rpada G.

BepiuHa v Ha3BIBAETCS U30AUPOSAHHOU Gepwunoli (cmo-
Kom, ucmokom) rpada G, ecim dg (v) = 0 (coorBercTBEHHO
dg (v) = 0, df, (v) = 0). Opuenruposannsiit rpad G Hasbl-
Baercs r-UdHBIM (CTporo r-muHbM) rpadon, ecn dgf (v) < 7
(coorsercrsento df, (v) = r) st 06OH OTIMIHON OT HCTOKA
Bepimsbl v, v € V (G).

I'pad G' = (V' E’) naswiBaercsa nodepagom rpadba G =
= (V,E), ecru V! C V u E' C E. Ilpu stom G’ cuuraer-
cst nodepadom epada G, HAMAHYMBIM HA MHOINCECTNEO GEPULUM
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V', ecim E' Bkimowaer B cebs Bce Bxojdmue B E napbl Bep-
mmu u3 V', Toarpad, comep:kammnmii Bce BePITHHBI HCXOHOTO
rpada, Ha3BIBAETCSI €10 0CMOSHVIM nodepagdom. JIerko BUIETS,
9T0 moarpad Bcerjga MOXKHO IOJIYIUTb U3 UCXOTHOTO rpada B
pe3ysbrare (MHOIOKPATHOIO) IIPUMEHEHUsT ollepanuil yoaienus
pebpa wim ydanrerus eepuuko.. 11pu 3TOM y1ajieHrne BepIINHBI,
Kak OOBIYHO, MOIPA3yMeBaeT yaajeHne BCeX MHIIMICHTHBIX el
pebep.

IIpu omnpesesieHUN MOHATHI, CBSI3aHHBIX C «JIBUYKEHUSIMI»
mo rpady, OrPAHUTIMCS CIYIAeM OPHEHTHPOBAHHLIX T'PadOB,
cumTast, Kak OOBIYHO, YTO HEOPHUEHTHPOBAHHOE PEOPO IKBUBA-
JIECHTHO ABYM IIDOTUBOIIOJIO2KHBIM JIyTraM, CBA3aHHBIM C TOH 2Ke
napoit BeprmuH. Ilocmenosarensrocts C, cocrosimas u3 pedbep
€1, €2, ..., ey, 11e ¢; = (v;,v;+1) € E (G) upu Beex i, i € [1,n],
HasbIBaeTcst (V1 — Vp41)-nymem rpada G. Ilpu srom Bepin-
Ha U] (Up41) CUUTAETCS HAYAALHOT (COOTBETCTBEHHO KOHEYHOU )
BEPITIMHON 9TOTO My TH, BEPIIUHDI Vg, . . . , Uy — €70 GHYMPEHHU-
MU BEPIIUHAMU, & IUCJTO0 N — ero daurnot. Ecim Bce pebpa my-
TN pa3nnIHbl (KaK 9JEMEHTHI COOTBETCTBYIONIETO COYCTAHSA),
TO OH HA3BIBAETCS UENHIO, a €CJIM, KPOME TOTO, PA3IUIHBI BCE
€ro BEepPIUHBI, TO — Npocmol uenvio. Kcinm HagambHas m KO-
HeuHast Bepiunbl 1wyt (mernu) C' coBnajaor, To C' cauraercs
3amrHymovLm nymem (COOTBETCTBEHHO yukaom). Lluki, B KoTo-
POM BCe BEPIIUHBI, KpOMe HaYaIbHONH W KOHETHOM, pa3jIMIHBI,
HAa3BIBAETCS MPOCTNBIM UUKAOM.

Bynem roBoputnb, uTO gepuwiuma u docmusicuma u3 epuit-
no, v 6 epagpe G, re u,v € V (G), ecim uw = v wim B G cytie-
crByer (v — u)-1elb. 3aMeTHM, YTO OTHOIIEHHE JOCTHKUMOCTU
BepruH rpada G aBisteTcss pedIeKCUBHBIM U TPAH3UTUBHDIM,
a ecin G — HEOPUEHTUPOBAHHBINA Ipad, TO U CUMMETPUYHBIM.
CremoBaTeibHO, MHOXKECTBO BepIuH rpada G pacuagaercs Ha
KJIACCHI 9KBUBAJIEHTHOCTHU TI0 OTHOIIEHWIO WX JOCTUKUMOCTH B
rpade @, KOTOpBIH mostydaercs u3 rpada G 3aMeHOl KaxK 10l
JIlyTH Ha COOTBETCTBYIOIIee HeOpUEHTHPOBaHHOE pebpo (G = G ,
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eciin G — HeopuenTuposanHublii rpad). IIpu srom noarpad rpa-
da G, HATAHYTHI Ha KaxKJblii TAKOW KJacc BEPINUH, HA3bIBa-
ercst ceA3noti komnonenmot rpada G, a MHOKECTBO BCEX €ro
CBSIBHBIX KOMIIOHEHT obo3Ha4daeTcs depes ¢ (G). I'pad G naswr-
BaeTcs ceazvim, ecn |c(G)| = 1.

Hanmomunwm, wTo

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

u 9TO JieBasi 9acTh (1.2) HA3BIBAETCS YUKAOMAMUNECKUM “YUC-
aom rpada G. HarmoMHEM Tak»Ke, 9TO 3TO YHUCJIO PABHO MAKCH-
MaJIbHOMY YHCJIy JIMHEHHO HE3aBUCHUMBIX OTHOCHTEIBLHO OIepa-

Y CUMMETPUICCKON paBHO(:TI/I1

OCTOBHBIX TO/rpadoB rpada
G, cOCTOAIMX U3 OJHOIO MPOCTOrO MUK/ U U30JUPOBAHHBIX
BEPIIHH.

MuoxkecTBo S, KoTopoe cocrout u3 pebep rpada G = (V, E)
u obJiaIaeT TeM CBOMCTBOM, YTO BEPIIUHA U, U € V| JOCTUKU-
Ma u3 BepmiuHbl v, v € V| B rpade G, HO He JOCTMKUMA U3
nee B rpade (V) E \ S), naspiBaercs (u|v)-cewenuem rpada G.
Jlerko Bugers, uro mobas (u — v)-menb rpada G uMeer X0Ts
661 0/1HO 001Iee pebpo ¢ JbbIM (u|v)-cederneM 3Toro rpada.
Ceuemnre, KOTOPOe HE UMEET COOCTBEHHBIX MOIMHOYKECTR, SIBJIsI-
IOIIUXCA CEYEHUEM, HAZBIBAECTCA MYNUKOEHLM.

HeopuenrupoBanublii (oOprueHTHPOBaHHbBIN) rpad, He UMero-
Uil UKIIOB (COOTBETCTBEHHO OPUEHTUPOBAHHBIX I[UKJIOB), Ha-
3BIBAETCS AUUKAUYECKUM. SAMETHM, UTO B OPUEHTHPOBAHHOM
arukandeckoM rpade G Bcerjga ecTb Kak CTOKU, TaK U UCTO-
xu. [Ipm aTOM 17151 KarK A0 ero BepIUHBI ¥ MOYKHO OTPEIETUTh

lox cummerpuueckoit pasnocTsio rpados G1 u G monumaercs rpad
G, 111 KOTOPOro

V(G) =V (G1)UV (Ga),
E(G) = (E(G1)UE(G2))\ (E(G1)NE(G2)).
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ee 24Yybuny (COOTBETCTBEHHO UCTOOAUYIO 2AYOUHY ), KAK MAKCH-
MaJIbHYIO JtnHY (u — v)- (cooTBeTCcTBEHHO (V — u)-) 1MyTeil rpa-
da G, rae u — onuH U3 UCTOKOB (COOTBETCTBEHHO CTOKOB) G.
ﬂeFKO BU/IE€Th, 9TO OTHOIIECHNE JOCTH2KNUMOCTHU ABJIACTCA OTHO-
MIEHUEM YaCTUIHOTO MOPSIJIKA Ha MHOXKECTBE BEPIIUH OPUEHTHU-
POBaHHOI'O AIUKJINIECKOTo I'pacda u 0O6paTHO.

HeopuenTupoBaHHbBIi CBSI3HBIN AIMKINIECKU Tpad Ha3bI-
Baercs depesom. Jlnsa nepeBa (G, KaK H3BECTHO, UMEET MECTO
paBeHCTBO

[E@)] =V (&) -1, (1.3)

HepeBo ¢ BBIIEIEHHON BepIIMHOI (KopHem) HA3BIBACTCS KOp-
HEBbM O0EepesoM, & BCE OTJIMYHLIE OT KOPHS BEPIIUHBI CTEIle-
nu 1 9TOro Jepesa cuanTaloTcs ero Aucmovamu. OpueHTUPOBaH-
HBli rpad, KOTOPLIH [OIydaeTcs U3 KOPHEBOI'O JIepeBa 3aMe-
HOI KaXkK0ro €ro HEOPUEHTUPOBAHHOIO pebpa Ha COOTBETCTBY-
IOLLYIO AYTY, <HAIIPABJIEHHYIO» K KOPHIO, HA3BLIBAETCS OPUECHIMU-
POBAHHBIM 0EPEBOM.

Hepeso (opuenTnpoBanHoe JjiepeBo) D, siBiistroreecsi OCTOB-
HbIM nofirpadgom rpada (G, HA3BIBAETCS €ro 0CMOSHbIM Nodde-
pesom, a nepeso D', momyuaromeeca us D B pesyiabTare IIpu-
COeIMHEHNs «KOHEYHOM» BEPIIMHBI JIIOOOro HE Bomeamero B D
pebpa rpada G K Toii ke BepimHe D, Koropasi Obli1a ero KoHed-
Hoit BepmmHO#t B G, 1 00bBICHUST HATAIBHON BEPIIHHBI 9TOTO
pebpa JmmcToM — ocmosHuiM Haddepesom rpada G. OdeBuaHO,
uyTo npu 3roM rpad G MoxkeT ObITH HojyudeH u3 Jepesa D’ B
pe3ysibrare IMPUCOEMHEHNsI HEKOTOPBIX BepIiuH crerenu 1 (-
CTbEB) K JIDYI'MM €ro BepIIMHAM. 3aMeTuM, 9To JI00OoH Heopu-
€HTUPOBAHHLIN CBA3HBIN rpad, a TakxXKe 1000 OpHEeHTUPOBAH-
HBIN arukndeckuit rpad ¢ 1 cTOKOM Bcerja MMeIOT OCTOBHBIE
IO/ IePEBbs U HAAEPEBbsl COOTBETCTBYIOIIErO THIIA.

I'pad, Bepummnam u (mam) pebpam KOTOPOrO COIOCTABJIE-
HBl OIPEJIEJIEHHBbIE CUMBOJIbI (IIOMETKH), CUUTAETCS NOMEYEH-
HotM 2pagom. Tlpumepom Takoro rpada sSIBISIETCsS, B YaCTHO-
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CTH, KOPHEBOe JiepeBo. JIpyruM mpuMepoM MOMEYEHHOI'O Ipa-
da gBiIgeTCa aIUKITIecKuil rpad ¢ MoHOMOHHOT HYymepayuet
GEPWUH, KOTJIA JIJIst JIIOOOH JyI'M HOMED BEPIIUHBI, U3 KOTOPOI
OHA HMCXOJUT, OOJIbIIEe HOMEpa BEPHIMHBLI, B KOTOPYIO 3Ta JIyTa
Bxoyut. OpuentupoBanubiii rpad G HA3BIBACTCH YnopAadoveH-
HoLM, ecJiu Jiist 1060l ero BepumHbl v, v € V (G), Bce peb-
pa, BXOJMINKE B U, YIOPSJAOYEHbI U IIPOHYMEPOBAHBI YHUCIAME
1,2,....d5 (v).

Bynem cuuntarh, uTo pebpa M BEPIIUHBI OCTOBHOI'O IOIE-
peBa, a TakyKe pedpa CBA3aHHOI'O ¢ HUM OCTOBHOI'O HAJJIepeBa
noMedeHHoro rpada MMEIOT Te ¥Ke caMble IMOMETKH, KOTOpbIe
OHU UMeJIU B UCXOJIHOM I'pade. DTo 03HAYaeT, B YACTHOCTH, YTO
OCTOBHOE HAJJIEPEBO OPUEHTUPOBAHHOTO AIUKIMIECKOTIO yIIOPsi-
JIOUEHHOTO Tpada sABJISIeTCsI YIIOPSIT0YEHHBIM.

I'pabwt G = (V/,E') u G = (V" E") naseiBatorcst uso-
MOPPHBLMU, €CTTU CYIIECTBYIOT TaKUe B3aUMHOOIHO3HATHDBIE 0TO0-
paxernnst ¢ : V' — V" u : E' — E” npu KOTOpbIX BepIIUHBI
U HeopueHTHpoBaHHBbIe pebpa (ayru) G’ mepexomsT B Bepiu-
HBI U HEOPHEHTUpOBaHHBIE pebpa (cooTBercrBenHo ayru) G” ¢
COXPaHEHUEM OTHOIIEHUs WHIUJIEHTHOCTU (COOTBETCTBEHHO UC-
X07la, 3ax0/la) BepIIUH U pebep, a TakxkKe BeeX MOoMeTok. Jlist
(koreunoro) MuoxkectBa rpados g depes |G| Oymem obosHadaTh
YUCJIO TonapHo Hem3oMopdHbIX rpados B §. U3BecTHO, TO

D (q)] < 4%, (1.4)

rie O (¢) — MHOKECTBO yIOPsJIOUeHHBIX OPUEHTHPOBAHHBIX KOP-
HEBBIX JIepPeBbeB ¢ He boJiee, ueM ¢ pebpamu.

Beenem Temeph obiime ompejieieHnss U 0003HAUEHUsI, CBsI-
3aHHBIE C CETIMU U «a0CTPAKTHBIMUIY» CXEMaMH, C PeaTu3aliuei
MU (QYHKINH, 8 TaKXkKe ¢ HEKOTOPBIMU CTPYKTYPHBIME TPE]I-
CTaBJIECHUAMU CXEM.

Ha6op Buna § = (G; V'; V"), tne G — rpad, a V' u V" —

BbIOOPKHN u3 MHOXKecTBa V (G) JUIMHBL p U ¢ COOTBETCTBEHHO,
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npudeM BuIOopKa V' sBisercst BLIGOPKOil 6e3 IOBTOpeHHuit, Ha-
spiBaerca (p, q)-cemoto. Ilpu srom BBRIGOpKa V' (BRIGOPKA V')
cauTaercst 6x00not (COOTBETCTBEHHO 6uL00M0M) 6bi00PKOT, & ee
i-51 BEPIIIMHA HA3BIBAETCSI i-M 6L00HbIM (COOTBETCTBEHHO 6bIL00-
HOLM) NOAIOCOM WU, HHAYE, i-M 62000M (COOTBETCTBEHHO 6bILO-
dom) cern G. BepiimHbl, He y4acTBYIOIIUE BO BXOJIHOM U BBIXO/I-
HOil BBIOOPKAX CETH, CIUTAIOTCS €€ 6HYMPEHHUMU BePIINHAMU.

Jliist Toro 4To0BI BBIIEUTDL BXOAHYIO M BBIXOIHYIO BBIOOD-
ku cetu § = (G; V', V"), 6ynem sanuceiBath ee B Bujie § =
GV V" wm § = G(V'; V). Cerb, B KOTOpOII BXOJIHAS 1
BBIXO/[HAsI BBIOOPKHM COBIAJAIOT (HE COBIAJAIOT), HA3BIBAETCS
cemvio ¢ Hepazdesennvimy (COOTBETCTBEHHO € pasdeseHHbLmu)
noatocamu. Ilpum 9TOM B cirydae Hepas3/IeeHHBIX HMOIIOCOB CETh
g = (G;V;V) = G(V; V) bynem szamncoiBarh B Bujge § =
(G; V) = §(V). Kak npaBmio, BXObI U BBIXO/BI (IIOJIIOCA) CeTH
HMEIOT CIEIHAIbHbIE IOMETKN, KOTOPBIE OTJIMIAIOT ITH BEPIIIH-
HBI OT JIPYTUX BEPIIMH CETH M YKA3bIBAIOTCsI BMECTO HUX B COOT-
BETCTBYIOIMNX BbIOOPKax. Takmm 06pa3oM, CeTH MOKHO CINTATh
CIIEIUAJIbHBIM YaCTHBIM CJIyYaeM [OMEYEeHHbIX rpadoB.

[TpuMepoM ceTH sBJIgeTcs KOPHeBOoe JIePeBo, BXOJaMi KOTO-
POro CUUTAIOTCS €ro JICThS, a BBIXOJOM — KOpPeHb. IIpu aTom
HOPAJI0K JIUCTHEB BO BXOJHON BEIOOPKE OPHEHTHUPOBAHHOIO YIIO-
PA0UEHHOTO0 KOPHEBOro jiepeBa D 3ajiaeTcs «eCTeCTBEHHOI»
HyMepalyeii 7, 0ToOparkaroleii MHOXKEeCTBO BepInH jepeBa D
B N rmak, aro 7(v') < 7(v”) Torma u ToabKo Torga, Korga aubo
v” nocrmxkuma us v, mbo k' < k", rue k' u k" — nomepa myr,
[0 KOTOPBLIM eI, coejuHgione sepmunbl v’ u v” coorser-
CTBEHHO ¢ KOpHeM D, BXOAAT B CBOIO HEPBYIO OOIILYIO BEpIIUHY.

JIs IpOM3BOJIbHBIX BBIGOPOK V' = (vi,...,v;) n V" =

= (v{' NN ot ) u3 maoxkectBa V (G) rpada G oupenennm mam-

puyy docmusicumocmu evbopru V' us ewbopru V" kax marpn-
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ny M, M € BP9 nia koTopoit

1 /
Al — 1, ecin v} TOCTHXKHUM U3 U,
<Zv ]> -
0, B OCTAJIBHBIX CIIyYasiX.

Bamerum, uro B ciayqgae V' = V" marpuna M sBisercs pe-
dekcuBHON U TpaH3HTHBHoﬁ1, a ecju, Kpome Toro, G — Heopu-
E€HTUPOBAHHBII rpad, TO U CHMMETPUYHON Marpuiieii. 3ame-
TUM TaKzKe, ITO TPAH3UTUBHOCTDL pedieKCUBHON MaTpuilbl M,

M € B™™ pmMeeT MeCTO TOIZa U TOJIBLKO TOTJIA, KOTIa>

M? = M. (1.5)

HeitcTBuTeIBHO, TTOJIATAST M=M 2 HosrydmmM
- m
t=1

U, CJIeJOBATENbHO, B CIIydae M=M HEPABEHCTBA TPAH3UTHB-
HOCTH .

M (i, j) = M (i, j) = M (i,t) - M (t, j)
6y/1yT BBIIIOJIHEHBI TIPY JIIOOBIX 4, j, t u3 orpeska [1, m]. C apyroit
CTOPOHDBI, U3 TPAH3UTHUBHOCTU pedJieKCuBHON MaTpuilbl M, B

cuiy (1.6), ciexyer, 4ro

Mgy =M@@,5)v | \/ M) M{t,j) | =M,j).
1<t<m
1#4,j

"Marpuna M, M € B™™, cunraercss pedieKCUBHOI (TpaH3UTHBHOI)
TOTZIa U TOJBKO TOTJIA, KOT/IA OHA 3a7aeT pedIeKCUBHOE (COOTBETCTBEHHO
TPAH3UTUBHOE) OTHOIEHHE Ha MHOXKecTBe [1,m], To ecThb

M (i,i) =1 (coorsercrsenno M (i,t) - M (t,j) = 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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MaTtpuna JoCTHKIMOCTH BBIXOJHOW BBIOOPKU CETH M3 €e BXO/I-
HOi1 BBIOOPKH HA3BIBAETCS MAMPULeEts JoCmuMCUMOCMU ITOM ce-
TH.

Tlox «abcTpakTHOY CXEMOI MOHUMAETCS CeTh, YaCTh ITOMe-
TOK KOTOPOI COCTABJISIIOT BXOIHBIE IIEpEMEHHBbIE U B KarKI0i
BepIInHe KOTOPOii peasmsyercst GyHKuus (cronber; u3 QyHK-
uit) OT 9TUX MepeMeHHbIX. IIpu sTOoM cumraercs, 4T0 cama
cxema peajimsyer cucreMy (MaTpHILy), COCTOSILYIO U3 (DYHK-
it (COOTBETCTBEHHO CTOJIOIOB (DYHKIINIT), PEATN30BAHHBIX HA
ee BBIXOJIaX. B KadecTBe BBIXOIHBIX MOMETOK CXEMBI HCIIOJIb-
3yI0TCSA, KaK IPABUJIO, CIENUAJbHBIE BBIXOIHBIE ITepEMEHHBIE,

a cxeMa Y ¢ BXOJHBIMU II€DEMEHHBIMU (BXOJAMHU) 1, ..., Ty
U BBIXOJHBIME [IEPEMEHHBIME 21, . . . , 2, 3aIlICBIBACTCS B BHIE
Y =31, T 21y ey Zm)-

Howmep v(a) vabopa o = (a1, ..., ap) u3 B™ cauraercs Ho-

Qn

mepom DK (D) panra n or BII X (n) Buna z7*---z2" (coor-
BercrrenHo V. . Vo), muoxkectso Beex Takux ®AJT o6osHa-
qaercs (Jy, (COOTBETCTBEHHO J),), & CHCTEMaA U3 BCEX YKA3AHHBIX
OAJI, yHopsiIOUeHHBIX 110 UX HOMEpPaM, HA3BIBAETCS KOHBHOHK-
mueHviM (COOTBETCTBEHHO OU3BIONKMUGHDLM) 06%(ﬁpam0pom

nopadka n or BIl z1, ..., x, u oboznauaercs uepes @, (coorser-

%
cTBeHHO Jy, ). OyHKIuMs BUga

fn (X1, Ty Yoy e Yom_1) = \/ T Y (o)
a=(a1,...,0n)
HA3BIBACTCST MYALMUNACKCOPHOT PyHKyuet, WIN, THATE, MYAb-
MUNAEKCOPOM NOPAJKA M, & TIEPEMeHHbIe T = (X1, ...,Ty) (Y =
(Y0, - - -, Yon—_1)) CIUTAIOTCSI adpechbimy (COOTBETCTBEHHO UHPBOP-
mayuornvimu) BIT mynbrumuiekcopa fiy, .

Mynbrumiekcopayio ®AJT nopsiaka (n —¢q), 0 < g <n, or
agpecubix BII 2" = (2411, . .., 2y) 1 undopmarmonusix BITy =
(Y0, - -+, Ygn—q_1) FIACTO UCIOJBIYIOT JIJIsi PA3JIOKEHUS TPOU3-
BostbHOit DAJT f (21,...,2,) no BII 2" (cm. pasnoxenne I1len-
HoHa (2.5) u3 §2 rassl 1).
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Cxemy, koropast peasusyer cucremy OAJL Q,, (Jn, ) Oy-
JleM Ha3bIBaTh dewudpamopom (COOTBETCTBEHHO JU3BIOHKMUG-
HoM 0ewuPGpamopom, MyAbmMUniekcopom) nopadka n. Cxems,
peaM3yIolue paBHbIE CUCTEMbI (DYHKIINN, HA3BIBAIOTCS 9K6U-
saaermuvimu. [peanonaraercss, 9T0 M30MOPMHBIE CXEMbBI BCe-
IJla 9KBUBAJIEHTHBI, W [TO3TOMY JIJIsI JIFOOOIN0 KOHETHOIO MHOXKE-
ctBa cxeM U BBITIOTHAETCST HEPABEHCTBO

U < uj, (1.7)

rae ||U|| — uwmcsno nonmapho He sKBUBaJIeHTHBIX cxeM B U.

§2 PopmyJibl, UX CTPYKTypa, SKBUBAJIEHTHOCTh U
crioco6bl 3aaanng. OnrTuMusanusi IoJ00HbIX (op-
MYJI TI0 TJIyOuHe

B §1 rytaBer 1 gaHO MHIYKTUBHOE OlpejieieHne (bOpMYJIBl U pe-
anmzyeMoii efo pyHkImu. HamoMumm ero n paccMoTpuM crocob
npezacrapaeHus GOpMys anredphl JJOTUKHU C TOMOIIBIO OPUEHTH-
POBAHHBIX YIIOPSIOUEHHBIX TEPEBLEB.

[Tycrs, no-npexuemy, X = {x1,x2,...,&pn,... } — CICTHBII
yropsiaodenubiii  andaBur Bxogubix bIl m mycte B =
={¢1,92,...,p} — 6azuc, rae PAJI ¢;, i =1,...,b, 3aBucur
or k;, k; > 1, BIl u asnsierca cymecrsennoit ®AJI, ecin k; > 2.
[Tpeanomaraercst, uro B — nomusrit 6asuc (cm. §1 riassr 1) u
JIOIIyCKaeTCst, B 00IIeM ciydae, Hajaudue B HeM paBHbIx DAJI.
Yare Bcero Mbl OyzeM uMeTh jiesio ¢ 6asucom by = {&, V, —}.

JIiobas nepemennag x; u3 X cunrtaercs Gopmyaoti 2aybums
0 win, uHavde, MPusuarbhol Bopmyroti nad basucom b, KoTo-
pas peanmzyer ¢yHkmuio z;. Ecim ¢ € [1,b] u ausa xkaxgoro
J» J € [1,k;], onpenenena dopmymna F; rybunst ¢; Han B, ko-
Topas peamuzyer PAJI f;, To sammce F Buma

9::@7;(951,...,3‘;91.) (21)
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SIBJISIETCST (OPMYA0T 2aybunv, ¢ Had B, Tie
q:maX{Qb..-,Qki}—Fl, (22)

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

Bce 3amnucu, moJiyueHHbIe B pe3y/ibTaTe YKa3aHHOTO WHILYK-
TUBHOTO TIOCTPOEHUS, N TOJBKO OHU CIUTAIOTCS (POPMYAGMU HAO
6asucom B. Tlpu sroM popMyJibl, OJyYEeHHBIE B MIPOIECCE UH-
JIYKTHBHOTO TIOCTpOeHusT popMyJibl F, HA3BIBAIOTCSI ee noddop-
my.aamu, a Te moadopmyier I, . . ., Iy, , B3 KOTOPBIX Ha IIOCTIE-
HEM IIIare WHIYKTUBHOIO IOCTPOEHUsI cTpouTcst hopmysia F Bu-
na (2.1), canrarorcs ee 24a6HbMU TOIMDOPMYITAMU.

BameruM, uro 3anuch noadopmyasl F dopmyasr F asiser-
cs1 qacThio 3anucu F, mpuuéM Kaxkjiasl Takas 9acTb CUATAETCS
exooicoenuem F B F mim, unade, nosuyuonnoti noddopmy.aol
euda F' dopmynsl F, a uncio yKazaHHLIX dacTeil Ha3bIBaeTCs
kpamnocmvro F' 8 F. Mo caoocrnocmoro (panzom) dopmyirsr F
TOHUMAETCsT IUCIO BXOXKIEHUI B Hee (PYHKIIMOHAIBHBIX CHMBO-
JI0B (COOTBETCTBEHHO CHMBOJIOB [IEPEMEHHBIX ), KOTOPOe 0603Ha~
qaercst uepe3 L (F) (coorsercrsenno R (F)).

Hamomuum, ato «rpadudeckus coBraaoniue GopMyIbl CUn-
TaroTcs usomopdrvimu, a popmyast F u F' | peanusyromue pas-
nele pyuxiyn f/ u ) HaszpIBAIOTCA PAGHHLMU WA, UHAYE, IKGU-
sanenmmvimu. IIpu sToMm pasencTso sujia t : F' = F” cunraer-
cst mootcdecmeom. Yepes tf’f u té OymeM 0003HAYATH TOXKIECTBO
KOMMYTATHBHOCTH W TOXKJIECTBO accormuaruBHOCTU st DAJI
@ (x1,22), rae @ € {1 22,21V 22,21 ® 2,21 ~ T2}(cM. §2
rJIaBel 1).

MmuoxkecTBo Beex dhopmyst na 6azucom B 6ymaem obosnagaTn
qepe3 u% U TTOJIOXKIM ugo = U®P. Unpykimeit mo riaybune jo-
6oit hopmyste rayOunbl ¢ HaL B MOXKHO COMOCTABUTDH YIIOPSIIO-
YEeHHOE OPUEHTUPOBAHHOE KOPHEBOE JIEPEBO TTYOMHBI ¢, KAXK 10~
My jucTy KoToporo npunucana Bl uz X, a kak 10t BHy TpeHHei
BepiuHe — bynknnonabubii cumsoi (PC) uz B. Popmye x;
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rnybunbl ) COMMOCTABUM «TPUBHUAJIBLHOE» JIEPEBO C €IUHCTBEH-
HOW BEPIINHON, ABJIAIONICHCA KOPHEM W JIACTOM OJHOBPEMEHHO,
koropoii npummcana BII x; (cm. puc. 2.1a). ®opmyne F Bu-
na (2.1) comocraBum sepeso D riuybunbl ¢, onpejessiemMoii pa-
BeHCTBOM (2.2), U ¢ KOpHEM v, NoKasaHHoe Ha puc. 2.1b, rue
Dj, j=1,...,k; — nepeso riybunsl q; ¢ KOpHEM v, KOTOpPOE
cooTBeTcTBYeT bopmyse J;.

a) b)

Puc. 2.1: npencrapienne GoOpMybl 1ePEBOM

Samernm, 9To hopmyaa F MO COMOCTABICHHOMY €l JIepeBy
D BOCCTAHABIMBAELTCS OJHO3HAYHO C TOYHOCTDIO J10 U30MOPDU3-
Ma, U YTO IPU STOM IOIIEPEBbs AepeBa D B3aUMHOOIHO3HATHO
COTIOCTABJIAIOTCS O3UITHOHHBIM T101cbopmystam dhopmyint F. Ha
puc. 2.2a IMOKa3aHO JepeBO, COOTBETCTBYIoMIee (bopMyte

((3?1 vV 332) V 1‘3) V (.%'3 (.%'1 vV :6'2) V xlxg) , (2.3)

KoTOpasi siBisieTcst popmysoit rayounsr 4 Haj 6azucom By u
peamuzyer OAJI 5&0’2’3}.

st ymobersa OyneM CIUTATD, 9TO B u% BXOJIAT HE TOJBKO
oTJesibHbIe (DOPMYJIBI, HO U YIIOPsIOYEHHbIE CHCTEMBI (HabOPbI)
dopwmyit nazg 6a3ucom B, 9To Kaxk1as Takas CUCTEMA PeaIu3yeT

Habop, cocrosmuit u3 OAJI, peamuzyeMbix ee dhopMmymamMu, u
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Puc. 2.2: npencrasienue dopmyibt (2.3) nepeBoM u
KBa3HUIEPEBOM

9TO 9TOi cucTreMe POPMYJI COOTBETCTBYET CUCTEMA, U3 JI€PEBLEB,
COIIOCTABJICHHBIX ee POpPMysIaMm.

Bamernm, uro paur R (F) dopmysasr F paBen quciy ImucThes
cBsi3aHHOIO ¢ Heil siepesa D, ee cioxuocts L(F) paBna uuciy
ocrasbHbIX BepuH D, a ee riuybuna D () — raybune ero Kop-
He. 3aMeTHuM Tak:Ke, 4TO HOPANoK BxoxjaeHnns BII B zamuch
dopmyabl F mpu ee mpPoCMOTPE CJIeBa HAIPABO COOTBETCTBY-
eT I[ocJjieloBaTeIbHOCTH HosBienns BIl Ha JMcThaxX CBsI3aHHO-
IO ¢ Hell JIepeBa,IPOCMATPUBAEMBIX B «ECTECTBEHHOMY» TIOPSIKE
(em. §1).

PaccmoTpum Temepb HEKOTOPbIE COOTHOIIEHUST MEXK Ty Iapa-
merpamu dhopmyit HaJl 6azucom Bg. 3amernm, 9To 1pejicTaBisis
dOpPMYIBI IepPEBhSIMU, TAKINE COOTHOIIEHUST MOYKHO JTIOKA3bIBATH
0oJiee TTPOCTHIM U HAIJISTHBIM CIIOCODOM.

JIemma 2.1. Jaa gopmyane F, T € UL, svnosnaomea nepa-
6EHCMEA

R(F) =Ley (F)+1<L(F)+1<2°0, (24)
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ede Lg v (F) — wucao @C & u V 6 dopmyne F.

Hoxazameavcmeo. CpaBHuBasi 9UCJIO pebep, BXOIAIINX B BEp-
mmabl gepesa (Gopmyiasl) F ¢ quciom pebep, BBIXOISIMX U3
€ro BepIIUH, ITOJIYIUM

|E(F)| =2Lgyv (F) + L~ (F) =L (F) + R(F) -1,
rie L (F) — aucino ©C — B dopmyie F, oTKy1a ciemyer, 9To

Bropoe u3 coornomennii (2.4) Jerko ycTaHaBIHBACTCS HHJLYK-
nueit no D (F).

JlemMa mokaszaHa. ]
Caencrsue.

D(F) = Jlog(L(F)+1)]. (2.5)

st Toro uTobbl BeIEaUTh HAOOD = = (X4, ..., T;, ), KOTO-

pblit cocrouT u3 Beex paznuunbix BII andasura X, BcTpeua-
omuxcsd B popmysie F U MepPeUnC/IeHHBIX B HOPSJIKE BO3PACTa~
HUsT UX HOMEPOB, Oy/eM 3amucbiBaTh ee B Bujge F = F (z). Ilpn
3TOM POPMYITy, KOTOpas moaydaercs: u3 F B pe3yabTaTe 3aMeHbl
kaztoro sxoxaenus Bl z;;, j =1,...,n, bopmynoit F; Oynem
CUHTATDL Pe3yAbmamom nodcmarnosky gopmysvt I; emecmo BII
zi;, J = 1,...,n, 6 dopmyay F n Oynem obosnauaTh ee uepes
F(F1,...,Fn). Bamerum, uro dbopmyna F(Fy,...,F,) peanu-
syer DAJL f(fi1,...,fn), tme PAJL f (PAJL f;) — DPAJI, pea-

mmsyemas dbopmyioiit F (coorsercreenno Jj, j =1,...,n). O1-
CIOfTa CTIEYeT, 9TO €CJIN YKA3AHHYIO MOJICTAHOBKY TPUMEHUTH
K obenm vacram toxzgecrsa t @ F = F' tne F = F (x) n

F" = 3" (), MBI HOJLy UM TOXKECTBO

=g
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rie F = F (F1,...,Fp) u F = F (F1,...,F,), KoTOpOE HA-
3BIBAETCS NOJICMAHO8K0T 0Af MoXHcIecmea t.

W3 onpeenenuii ciaemyer, 9To 11 GopMyJI IMEeT MECTO TaK
Ha3bIBaeMBbIil ITPUHITUIL SKBUBAJIEHTHON 3aMEHBbI. 9T0 O3Ha4vaeT,
qTO eI TIO3MIHOHHYIO TIoopMy Ty Bria I (Buya F ) dop-
MyJibl ' 3aMEHUTB, yIUTBIBAsI TOXKIAECTBO 2\, 9KBUBAJIEHTHOM e
dopmysoit F’ (coorsercrBenno F'), To nmoyvueHHasI B pe3yIibTa-
Te Takoi 3amensl (opmyia F Gyner sxsusasenTHa dhopmye F.
Vkazan#blii nepexos oT popmysisl F K popmysie F masbiBaercs
(OIHOKpATHBIM) 2K6UBaLeHMHbLM Npeobpasosaruem (D11) dop-
myave F HA OCHOBE TOXKIIECTBA t, a IOCIeI0BATEILHOCTD OHO-
kpaTHbIX T dpopmysbl F, BLIIOIHAEMBIX Ha OCHOBE TOXKIECTB
U3 cucTeMbl T, cauraercs eé (muorokparmbiM) DII ma ocnose
3TOI CHUCTEMBI.

Dopmynsr w3 U, mosmywaromuecs Apyr U3 Jpyra SKBHBa-
JIEHTHBIMHM TPEOOPA30BAHUSIMU Ha OCHOBE TOXKJIECTB tfé u th,
a TaKXKe TOXKJIECTB tgAc u t{}, HA3BIBAKOTCST N0J0OHbIMU. JIerKo
BHUJIETh, YTO 1OA00HBIE (POPMYJIBI MOJIYYAIOTCH JAPYT U3 JIpyra
[I€PECTAaHOBKOI apr'yMEHTOB U U3MEHEHUEM IOPs/IKa BBIIIOJIHE-
HUS OJHOTHIIHBIX JIBYMECTHBIX OA3MCHBIX OIEpaIuil, 00pa3yio-
MIUX COOTBETCTBYIOILYI0O MHOI'OMECTHYIO OIEPAIlAIO, U IO3ITOMY
MOT'YT OTJIMYIATLCA JPYT OT JAPYyTa TOJIBKO [JIyOWHOI.

3aMeTnM, YTO CJOXKHOCTH XapaKTepPU3yeT BPEMs BbIUHCJIE-
HUst GOPMYJIBI Ha OJTHOM IIPOIECCOPE, a TIIyOMHA — BPeMs ee Ta-
pPaJIIeIbHOTO BBIYNCIEHUS HA HEOIDAHUYEHHOM YHUCJIE HPOIIEC-
copoB. [losTomy onrumuzariusi MogOOHBIX (HOPMYJT 10 TUIyOUHE
ABJIACTCA YaCTHBIM CJIydaeM <«pacClapaJijieJIMBaHUuA» BbIYUCIIE-
HUI.

DopmyJibl U3 U® moxxHO OIITUMU3NPOBATH TaKzKe 110 YUCILY
OTPUIIAHUH C TIOMOIIBIO SKBUBAJIEHTHBIX [IPE0OPA30BaHUl HA OC-
HOBE TOXKJIECTB

tg : (:El . 132) =71V Zg, ti\//[ : (331 \/1‘2) =17 - X9,
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M (@) =m

— ToxaecTB Jie Moprana Jijiss KOHBIOHKIUU, JIU3bIOHKIIUA U
OTPHUIAHUSI COOTBETCTBEHHO, a TaKKe IIPeoOpPas3’OBaHU ITOI0-
6us. Toxxmecrso tM HUCIIOJB3YyeTCdA IIPU 3TOM JJId yCTPAHCHUA
HECKOJIbKHX ITOCIe0BaTe/NbHbIX BXOxKaeHnii ®C — B onruMu-
3upyeMoil bopMysie, a TOXKIECTBA tlgf, t{\//[ — JIJISI BBIIIOJIHEHUS
nepexoia

?/:?10"‘0?15: (3:10"‘05%)7

rae (0,0) € {(&,V),(V,&)} nut > 2, Bo Bcex ee MakcuMaJIb-
HBIX 10 BKJIOYeHHIo noadopmynax suga F', bopMupyeMbrx ¢
IIOMOIIBIO TPeodpa30BaHMU TTOTO0MSI.

®Qopwmyna, B kKoropoit Bce @C — BeTpedaroTcss TOJBKO HAJL
BII, nasbiBaercst opmy.aot ¢ nodnamuimu ompuyarusmu. Jler-
KO BHJIETD, 9TO C IIOMOIIBIO TOXK 1ecTB Je Moprana jto0yio ¢hop-
myity 3 UP MoxkHO mpeobpazoBarh B (DOPMYITY € HOIHATHIME
OTPUIAHUSIMU. 3aMETUM, YTO IIPEOOPA30BaHUs OJI00UST U K-
BUBAJICHTHBIE TPEOOpa30Banusi (GOPMYJT HA OCHOBE TOXKJIECTB JIe
Moprata He U3MEHSIIOT PAHT 3TUX (OPMYJI U, CJIEIOBATEIBHO,
qucito PC {&, V} B Hux.

Oupenennm anbrepaupoanne Alt (F) dbopmynbr F ¢ nox-
HITBHIMI OTPHUIAHUSAMY KaK MaKCHUMAaJIbHOE YHUCIO M3MEHEHUH
tuoB OC & u V B nemsix jgepesa, COOTBETCTBYIOIIETO (hopMyJIe
F. Bamerum, uro anbrepauposanne DK wmwim /1 pasHo nysto,
a ajprepHupoBanue 060l (ormmanoit or K u /1) THD win
KH® pasnro 1.

Teopema 2.1. Jlas w060t dopmyasve F ¢ noduamoimu ompu-
yanuamu uz UP cywecmsyem nodobnas et dopmyaa F ma-
KQA,4Mo

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

Jloxaszamenvcmeo. JlokazareabecTBO TPOBEJIEM HMHJYKIUEH 110
paury dopmyiast F. Ecin R (F) = 1, To dopmyrna F umeer Bu
F =27, 0 € B, u caMa yJI0BIeTBOpsieT HepaBeHCTBY (2.6).
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[Tycrs HepasencTso (2.6) crpaseuBo st Jiro6oit mozdop-
myatet F Takoit, uro R(F') < r—1, rae r > 2, u mycrs dhopmyna
F uMeer panr r u agbrepuupoBanue a. Ilpegcrasum dpopmyry
F B BUIE:

F=d(F1,....F),
rie t > 2, dopmyaa ®(yi, ..., y;) upu Hekoropom o, o € {&, V},
UMeeT BHUJ Y1 O ... O Yy, ajbTepHupoBanue mnoiadopmya Fi, ...
..., Fr dopmyiet F e 6osbie, gem a’, e o' = max{0, (a — 1)},
a ux panr He npesocxoaut (r — 1). Tlomoxum

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

rme ¢ = 1,...,t, a 3aTeM s Kaxk10i popmysisl F; mocrponm
10 MHIYKTUBHOMY IIPEIIOJIOXKEHHIIO oI00HYIO eif (hopmyny F;
TaKyIO, 9TO

3aMeTuM, 9TO IPU ITOM
> ok g2, (2.7)

IeitcTBuTenbHO, ecau a — a’ = 1, To

t t

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

247

aecma=a =0, 10 F =z o---o0x}" u, cliegoBaTEIBHO,

t

ZQdi_zt:(L(xfi)+1)_L(?)+1<2d.

i=1 i=1

3amMernM Takke,dTo mepeHymeparmeit hopmyn F;, i =1,... ¢,
MOXKHO JIOOUTHCS 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 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 (eM. puc. 3.1a). YIpouieHHbIi BapUaHT U300parkeHust
O3 &; B Bujie BepIIuHBI rpada ¢ IMOMETKOM (;, B KOTOPYIO BXO-
JAT k; YIOPSIOYEHHBIX, TO €CTh IMPOHYMEPOBAHHBIX THCIAMU
1,..., k; nyr, nokasan Ha puc. 3.1b. IIpu sTom npesnosaraercs,
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. 3.1: 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. 3.2: CO, nonyuennas u3 KBasugepesa 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. 3.2a
npupegena CDPI, mosrydyeHHasi U3 JAHHOI'O KBa3uJEpeBa B pe-
3yJIbTaTe OTOXK/IECTBJIEHUS JIBYX €ro M30MOPMHBIX KBA3UIIOIIE-
peBbeB, a Ha puc. 3.2b mano 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.
3.2 peammsyer dbopmyny (2.3) u PAJI 350’2’3} (1,22, x3), WiIn
ypaBHEHHE 2] = s§0’2’3} (z1, 22, 23).
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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 3.1. Jlaa npusedennotc CPD X, ¥ € UC, ¢ odnum
BHILO00M, BHINONHAIOMCA HEPABEHCNEA

R(E)< Lgy (D) +1<L(T)+1<2P®) (3.1)
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). (3.2)

JlemMma 3.2. /Jlas awbvix namypasvtux n, L, D evinoanarom-
CA HEPABEHCMBA

[U® (L,n)| < (10n)"*, (3.3)
[U® (L, n)|| < (8n)"*,
|u® [D,n]|| < (8n)%”. (3.5)
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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

ITepemHOXKast yKa3aHHBIE YUCIIA, IOy IaeM OneHKy (3.3). Onen-
Ka (3.4) 110Ka3bIBAETCST AHAJIOIUIHO € YUETOM TOTO, YTO IIPH CHSI-
T HyMeparuu ¢ Jayr jgepesa D') To ectb npu paccMoTpeHun
dopMysT ¢ TOYHOCTBIO 10 KBa3HU30MOpPGU3MA, JIBONIHBIE Ha-
OOpBI JJIUHBI 2, COIOCTABIEHHBIE €T0 BEPITHHAM , MOXKHO 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 (3.5) Beirekaer u3 (3.4) u (3.2).

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 3.3. Jlasa a0b6vx namypasviur 1 u L ewnoansemcs
HEPABEHCNBO

|UC (L, n)|| < (8(L+n))". (3.6)

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.
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Omenka (3.6) mosrydyaercst U3 IPUBEJIEHHON B JieMMe 3.2 OlEHKH
quca gepeBbes D' 1 ONEeHKHN 9ucsa cocoGOB MPUCOETNHEHNS
Kaxk10ro jimcra D' myrem MX mepeMHOKEHUS.

JlemMa JoKaszaHa. O

§4 KoHTaKTHBIE CXeMbI U T-CXEMBbI, OI[EHKA WX YC-
aa. OcobenHoctu (HyHKIIMOHUPOBAHUS MHOTO-
MOJTIOCHBIX CXEM

PaccMoTpuM KitacCc KOHTAKTHBIX CXEM, B KOTOPBIX DEAJIN3AIMs
DAJI ocyrecTBsieTcss HE ¢ TOMOIIBIO TPEOHPAZOBAHUST BXO/I-
HBIX 3HAYEHUIN B BBIXOJHBIE, KAK 9TO MPOUCXOIUT, HAIIPUMED, B
cxemax u3 (byHKIMOHAJIBHBIX 3JIeMEHTOB (cM. §3), a B pe3yJib-
TaTe Mepeaadn 3HaUYeHUi mo pebpam rpada, TPOBOIANMOCTHIO
KOTOPOTo «ylpaBJaioT» Bxoaubie BII. Pebpo nmm ayra rpada c
HOMETKON ; (T;) HA3bIBAETCS 3AMbIKANOULUM (COOTBETCTBEHHO
pasmvikarougum) koarakrom BIT z; (em. pue. 4.1).

€X; ZT; xd

Vo— ol Vo— ol Vo— ol
a) b) c)

Puc. 4.1: Tunsl KOHTAKTOB

L T

1 i

v'—FILU v._fjp_.u
a) b)

Puc. 4.2: dusnueckast mHTEpIIpETAIsT KOHTAKTOB

Cunraercs, uro KoHTakT Buma =7, o € {0,1}, mposBozut
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TOrJIA W TOJIBKO TOTJA, KOTJa T; = O, IPUIeM OPUEHTUPOBAH-
HBIJI KOHTAKT, TO €CTh KOHTAKT, CBA3aHHBIA C Iyroil, IPOBOAUT
TOJIBKO B COOTBETCTBYIOIIEM HAIPABJIEHUN.

C TOYKHU 3peHUsi yIpaBJIeHUsI IPOBOJMMOCTHIO HEOPUEHTHU-
POBaHHBI pa3MbIKatoIuii (3ambikatonmii) konrakt BII z; byHk-
monupyer kak p-MOII (coorsercrBernno n-MOIT) Tpansucrop,

Ha 3aTBOp Koroporo nocrynaer BII z; (cm. puc. 4.2a u 4.2b), a
AHAJIOTUYHBIN OpUEHTUPOBAHHBI KOHTAKT — Kak MOIl-Tpansucrop
coorBercryolero tumna ¢ auogom [orrku [17, 23]. Kpowme To-

ro, OPHEHTUPOBAHHLIN KOHTAKT BHUJIA Tf , WIAYIIUH 13 BEPITTHBI

v B BepimHy 4 (cM. puc. 4.1¢), 4acTO pacCMAaTPUBAIOT KaK KO-
MaH/y yCJIOBHOT'O IIEPEXO/IA U3 U B U, KOTOPBIN BBIIOJIHAETCS,
ecau T; = 0.

Cerb X ¢ BXOJIAME @, . . . , 4, M BBIXOJIAMH @Y, . . . , Gy, B KOTO-
poii Bce pebpa (Jyru) moMedYeHbl IEPEMEHHBIMU X1, . . . , Ly UJII
UX OTPUIAHUSIMHE T, . . . , Tp, HA3BIBAETCs (D, q)-Konmakmmol cxe-
moti (KC) om BII x1,...,x, u obo3HauaeTcs Y =
=3 (x1,...,Tp) wim X = X ($1,...,xn;a’1,...,a;);a’l’,...,ag).
[Ipu 5TOM YMC/I0O KOHTAKTOB HA3BIBAETCS CA0dCHOocmbio KC X
u obosnadaercst depe3 L (3). Ha puc. 4.3a—c mokasanbl HEKOTO-
poie koukperable KC ot BII 1, 29, 3 ¢ BXOI0M a1 1 BBIXOIaMU
as, as.

IIycrs ¥ — KC or BIl X (n) v a = (ai,...,ap) — Ha-
6op u3 B". Oupenenum cerb Y|, KakK CeThb, MOJLYYAIOILYIOCT
u3 Y B pe3ysbrare yJajeHus Bcex pebep (Iyr) ¢ moMeTkaMmu
x?l, oo, 8" TO ecTh pebep, KOTOpbIe HE MPOBOJAAT Ha HabO-
pe «, U CHATHS MMOMETOK C OCTAJILHBIX pebep Y. [ljst BeprnuH
v u u KC X BBemeM dynryuio nposodumocmu om eepusHbl v
x sepwunre u kKak PAJT gy (z1,...,2y,), KOTOpAs paBHa 1 Ha
nabope a = (aq,...,q,) € B™ Torja u TOJBKO TOIJA, KOTJIA
B ceTu Y|, cyiecrByer (v — w)-Iellb, TO €CTh TOTJa U TOJIb-
KO TOTJa, KOTJ[a B Y UMEETCsl IEIb U3 MPOBOJISIINX Ha HAabope
(v KOHTaKTOB BHJA =], ..., 0", wiymas u3 v B u. Byzem ro-
BopuTh Takxke, uro PAJI g, , aBngerca dynxyueld docmuoicu-
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U3
Ty T2
ai as
X1 )
a) b)
ai T L2 L3 as
3
z3
v = = = as

Puc. 4.3: nekoropsie KC or BII 1, z2, x3

MOCTU GEPUIUHDBL U U3 GEPUWUNDL U, WIN, UHATE, PEaAU3YEMCH
Mmeocdy sepuiuramy v u u. VI3 olnpeneseHus ciaeiyeT, 9To st
naxoxkennss PAJI g, (21,...,2,) 1OCTATOYHO ITPOCMOTPETH
BCce HADOPBI o, o € B™, 1 JjIsI KasKJI0r0 U3 HUX BBISCHUTH Ha-
JITIUE WX OTCYTCTBHE B X IEIIH, COCTOSINEH M3 MPOBOISIIIX
Ha Habope v KOHTaKTOB, KOTOpas UAET U3 v B u. Tak, mpocMar-
puBas Bce Habopbl 3uadenuit BII x1, xo, MOXKHO yOequTHCA B
toM, aro PAJI mpoBOAUMOCTH Gy, 4, (1, 22) B KC X, nokaszan-
Hoil Ha puc. 4.3a, paBHa =1 @ x2, a PAJI npoBorUMOCTH Gy 4y,
pasua 0.
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Byaem cunrtarh, uro B Kaxkzoii Bepmmue (1, m)-KC
YX(x1, ..., Tp; a1; a2, ..., amy1) peamusyercs PAJI nposoau-
MOCTH OT BXOJAa @1 K O3TOil BEpIIMHE M 4YTO Y PpEAJn3y-
er cucremy PAJl F = (f1,..., fm), tae f; — PAJI mpo-
BOAUMOCTH OT @] K BBIXOLY C IIOMETKOH ajt1, j € [1, m].
IIpu sToM, oueBmiaHO, B Bepmube a peanusyercs DAJI 1,
KOTOPYI0O B JAJbHEHIIEM II0 yMOJYAHHIO OyIeM HCIOJIb30-
BaTh B KadecTBe HOMETKH ejuHCTBeHHOro Bxoma (1, m)-KC.
Tax, KC, wusobpakennbie Ha puc. 4.3a, 4.3b um 4.3c, pe-
amusytor DAJl 1 ® xe, H (x1, 2, x3) u nHabop DAJI
(x1 @ a9 @ x3, T1 ® T2 ® w3 B 1) coorBercTBenno. Ha puc. 4.4a
nokazana (1,2")-KC D (z1,...,xs;1;a0,...,a9n_1), KOTOpasi
nasbiBaercs (1, 2™)-koumaxmmuoim depesom nopadka n or BII
X (n). Jlerko BuJeTh, 4TO B BBIXOAHOI BepIIUHE @, 1 =
0,...2" — 1, sroro kourakTHOro nepesa (KJI) peanusyerca DK
Buga z7' - 29", tne v (oy,...,0p) = (i — 1), u aro PAJI upo-
BOJUMOCTH MEXKJTy JIIOOBIMU ero Bhixogamu pasua 0. Takum o6-
pasowm, (1,2")-KJI nopsizika n sBiistercst gemudpaTopoM Mopsiji-
Ka M, TO €CTh CXEeMOii, peajusyolieil cucremy ), u3 Bcex DK
panra n or BIT X (n).

Cxembl X/ n Y cunratorces, Kak 00BIYHO, U30MOPHHOLMU, €C-
JI1 U30MOP(HBI COOTBETCTBYIONINE UM I'Padbl, U IKGUCAAEHIT-
HbLMU, €CJTH OHU pean3yioT paBuble cucreMbl OAJI. Mzomopd-
nnie KC, oueBuHO, SKBUBAJICHTHEIL.

st muoxkecrBa, C, cOCTOSIEro W3 KOHTAKTOB BHJIA
g1
€T-

zl,...,xg’: B KC X, ompenenmum ero ¢gynxuyuro nposodumo-
cmu K (C) u gynrkywo omdesumocmu J (C) xax PAJI Bu-
Azl ealtom xfll V...V a;Zf cooTBeTcTBeHHO. Ilpu sTOM
muO)ecTBo C' HazbiBaeTCs nposodswum (omdesumvim), ecin
K (C)#0 (J(C) # 1), u nysesvim (COOTBETCTBEHHO eQuHUY-
HbLM) B TIDOTUBHOM CJIydae. 3aMEeTHM, 9TO B Pe3yJbTaTe Ipu-
Bejiennst o06HbIX (cM. §3) ommmunas or 0 PAJI K (C) u or-

mmanas or 1 @AJI J (C) moryr 6biTh npeobpazoBanbl B 9K u
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Fn, 00
Tn
T2 ai
x1
Z2 o1 on
1 To a; T xy
x1
2 z agn 2
n
™ Neagn_q
a)
ag Tn
al Tn T
z1
xo a
T2
x1
X
agn_9 T 2
agn_1 e

b)

Puc. 4.4: (1,2")- u (2", 1)- KOHTaKTHBIE JIePEBbsl MOPsiJIKA T
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9/ coorBercTBerHO. OUEBUIIHO, TAKXKE, ITO
K(C)>K(@C) u J(C)<J(C),

ecn C' C C.

U3 BBenenubix onpezenennii (cM. takxke §1) ciemyer, aro
DAJI g, peamuzyemast KC X (21, . . ., y; a1; a2), obpamaercs B 1
(obpammaercs B 0) Ha HabOpE (v, av € B™, TOTIa 1 TOJILKO TOT/IA,
KOIJIa B Y CyIIECTBYeT MHOXKeCTBO KoHTakToB C', obpasyiolee
IPOCTYIO TPOBOJANLYIO (4] — ag)-Tenb (COOTBETCTBEHHO TYIIH-
KoBoe orzesmmoe (aq|az))-cedenue), st koroporo K (C) = 1
(coorsercrenno J (C') = 0) na nabope «. Takum obpasom,

g(@1,...,an) =K (C1) V...V K (Cy) =
=J(S)&...&J(S,), (4.1)

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

Bamernm, aTo nepsas u3 ¢opmyi (4.1) MoxkeT OBITH MPeoh-
pazoBana B JIH®, a Bropag — B KH®, B pe3ynbrare mpusee-
Hus nomo0HbIX (eM. §3), ecom g # 0 m g # 1 COOTBETCTBEHHO.
Tax, B KC, nokazannoii va puc. 4.3b, uMer0TCs TPpU MPOCTHIE
npososiue nenu Cq, Co u C3, KOTOphIe UAYT U3 a1 B as. Ilpn
9TOM

K (Ch) =ZT1xoxs, K (Co) = x12221 = 2122, K (C3) = 2123
u, CJIG,ZLOBaTeJIbHO,
g (21,22, 23) = T1x023 V 2122 V 2123 =

=x1x9 V xox3 V x311 = H (21, 22,73) .

PaccmoTpum Temnepnb mapaJiie/ibHO-TIOCIeI0BATE/IbHBIE U,
WHAYe, T-CXEMbI, KOTOPBIE ABJISIOTCA 9acTHBIM caydaeMm KC.
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C1

Ch

Puc. 4.5: KC, monenupytormue JJTHO u KHO

[Ipocreiimeit 7-cxemoii canraerca mobas (1,1)-KC, xo-
TOpasi COCTOMT U3 OJHOIO KOHTAKTa, COEJMHSIONIErO IOJI0Ca
(cm. puc. 4.6a). Ecam m-cxembl X u Yo yiKe OLDeEIEHbI, TO
(1,1)-KC ¥’ (¥"), xoropas mosydaercs B pe3yJbTare UX Ia-
paJlIeJILHOTO (COOTBETCTBEHHO II0CJIEIOBATEIBHOIO) COe/[IHE-
uust (eMm. puc. 4.6b u 4.6¢) Toxke sABJISIETCS T-CXEMOIE. 3aMeTuM,
9TO 1pU 3TOM BXOJ (BBIXOJ) Y/ SIBJISIETCS PE3YJIBTATOM OTOZK-
JIECTBJIEHUsI BXOJIOB (COOTBETCTBEHHO BBIXOJOB) X1 M Yo, TO-
ryla Kak BXojoM X' siBjisgeTcst BXOJ Y1, BBIXOJOM Y — BBIXOJ
Yl9, & BBIXOJ, 21 OTOXKJIECTBJIIETCA C BXOIOM X9 U CTAHOBUTCH
BHyTpeHHeil Bepmmnoil ¥”. JIerko BUeTh, 4TO T-CxeMa, MOKa-
sannast Ha puc. 4.6a, peamusyer PAJT 27, a m-cxemer ¥/ u X
(cm. puc. 4.6b u 4.6¢) — DAJL f1V fo u f1& fo coorBercTBEHHO,
rae f1 u fo — DAJL, peanusyemble m-CXeMaMU X1 U g COOT-
BETCTBEHHO.

Jlemma 4.1. Jhoboti m-cxeme X MOIAHCHO CONOCTNABUMS IKEUBG-
newmaro et gopmyay F us UL ¢ nodnamumu ompuyarnusmu
maxyro, wmo R (F) = L (X) u obpammo.

oxazameavcmeo. [loctpoum dopmyiry F wHAyKIMEH 110 CTPO-
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x7
a1 O———O0 a2 .o oa as
b))
a) b)
.o oap Yo D a2

c)
Puc. 4.6: K onpeiesieHnio m-cxeMbl

ennio m-cxeMbl . Ecim X — mpocteiimasg m-cxema BUga 7, TO
nonoxxkuM F = z7. Ecmu m-cxemam Y1 u Yo yKe COIOCTaBjle-
bl popmysbl F1 u Fy ¢ TOMHATHIMU OTPUIIAHUSIIME, TO T-CXEME
Y (¥"), nonydaromeiicsi B pe3yJbrare NapaJjiieJbHOro (cooT-
BETCTBEHHO I10C/IE/I0BATEILHOTO) COEJIMHEHNsT 1 U Y9, COIO-
crauM dopmyiy F = Fy V Fy (coorsercrBenno F' = F1&TFs).
ITpu sTom

R(F)=R(F') = R(F1) + R (F2)
u, cjaeaoBaTe/IbHO, IO UHAYKTUBHOMY IIPEAIIOJIO?KECHUIO,
R(F)=R(F)=L(S1)+L(S) =L(%).

AHnajoruaHbIM 06pa30M, UHYKIHEH 110 cTpoeHno (hopmysibl F
C TOJTHSITBIMUA OTPUIIAHUSIMU MOKHO HANTH SKBUBAJEHTHYIO eif
m-cxeMy X Takyio, uro L (X) = R (F).

JlemMa mokaszaHa. ]
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a1 Q O az

2
al Fa
1

b)

Puc. 4.7: npumepnr w-cxem
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Ha puc 4.7a nokazana m-cxema, koropas peaymusyer OAJI
H (z1,x2,x3) u coorBercTBYeT (hOPMYIIE:

H (z1,22,23) = x1 (x2 V 23) V 2223,

a Ha puc. 4.7b — m-cxema, KOTOpas IIOCTPOEHa HA OCHOBE KOH-
TakTHOTO JiepeBa u peajuzyer OAJI p, — MyJIbTUILIEKCOPHYTO
®AJI nopstaka n, — B COOTBETCTBUH ¢ (DOPMYJIOH

Hn ($17' -y Tny YO, - - 73/2"71) =

— o1 02 g
- \/ .’171 \/ 332 \/ l‘nnyy(glr'wo’n)

o1€B oo€B on€B

Cxema, wmojenupyioriast cosepiennyio JIH® @DAJI f,
HazbpiBaeTcst xanonuyeckoti KC mrs sroit GAJI

Byzaem nazpBats (1, m)-KC npusedennot, ecim Bce n3omm-
POBAHHBIE BEPIIMHBI Y. SIBJISTIOTCS €€ TIOJIIOCAMU, & BCE KOHTAKThI
1 OCTaJIbHBIE BEPIIUHBI Y IPUHAJIEXKAT ITPOCTHIM ITPOBOISIIIIIIM
TETSIM, COEJIMHSIIONIMM ee BXo/| U Bbixosbl. [Ipu srom KC f], KO-
Topast mosydaercsa u3z KC X yaajleHneM «JIUITHAX», TO €CTb HE
MPUHAIEXKAIINX TIEMsIM YKA3aHHOTO BUJA, HETOJIOCHBIX BEp-
OIMH 1 KOHTaKTOB, fABJISACTCHA SKBUBAJIEHTHOMI Z HpHBeﬂeHHOﬁ
KC Taxoit, uto L(3) < L (X). 3amery, uro npusegennas KC
HE COJIEPXKUT IeTe/ib, a npuBesiennas KC, He peasusyomnas Hy-
seBbix ®AJI, aBistercs cBsasubiM rpadom. Tax, KC, mokazan-
Hast Ha puc. 4.3c, He sIBJISIETCsI TIPUBEJIEHHOM, 8 COOTBETCTBYIO-
mas et npusenennas KC moydaercs m3 Hee yaajgeHuEM Bep-
IITUHBL V.

PaccMoTpuM Teneps HEKOTOPBIE OLEHKH YHUCJIa KOHTAKTHBIX
cxeM pazsmanex tunos. Iyers UK o U™ — muoxkectso Becex KC
N3 HEOPHUEHTUPOBAHHBIX KOHTAKTOB N MHOXKECTBO BCEX 7TT-CXEM
coorsercTBerHo. Ecm U — ofiH 13 yKa3aHHBIX KITACCOB CXEM,
10 qepes UA (L, n) Gymem 0603Ha4ATH MHOYKECTBO IPHBEICHHBIX
(1,1)-cxem ¥ u3 UA or BIT X (n), s koroperx L (X)) < L. s
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Jiroboro muozkecTBa cxeM U B coorBercruu ¢ §1 yepes |U| u ||U||
OymeM Mo-upekHeMy 0003HAYATH YUCJIO MOMAPHO HE U30MOPd-
HBIX U HOIMAPHO He SKBUBAJEHTHBIX cxeM B U COOTBETCTBEHHO.
[Tpu 3TOM 151 J1IOGOrO M3 BBEJIEHHBIX BBINIE MHOXKECTB CXEM
HepaBeHcTBO (1.7) Oy/IeT BBITOJIHATHCS.

JlemMma 4.2. IIpu aw06vx namypasviur L u n evnoansemcs
HEPABEHCMEO
U™ (L, n)|| < (12n)". (4.2)
Zloxasamesvcmeo. B cuny stemmbr 4.1, 10CTATOYHO JT0Ka3aTh,
9TO YUCJIO TONAPHO HE dKBUBaJIEeHTHBIX (hopmyn F (z1,. .., Ty)
C TOJHATHLIMUA OTPHUIAHUSIMU HaJ 6azumcoMm DBy, s KOTOPBIX
R(F) < L, ue npesocxomur (12n)*. Tpebyemas ouenka Bol-
TEeKaeT U3 CJAEJCTBUS K jJeMMe 3.2.

JlemMma mokaszaHa. OJ

JlemMma 4.3. Ilpu a0b6vix namypasviur L u n evnoansemcs
HEPAGEHCTNBO

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

Hoxazameavcmeo. Bozbmem  npomsposibHyio  KC % =
= Y(x1,...,Tp;a1502), ¥ € UK(L,n), n Bbytesum B Heit
ocTopHOe HepeBo D ¢ KopHeM as Tak, 4ToObl B D BoLLI BCe
MHIUJEHTHBIE (o KOHTAKTBHI X, a BEPIIUHA a1 ObLIa jucTtoM D.
[Tycts, nanee, D' — ceasannoe ¢ D ocrosnoe mamuepeso KC
3, KOTOpOE IMOJIyYaeTCs IMyTeM MPUCOEIUHEHUsI KarKJI0ro W3
e somemx B D pebep X K 0OHONI U3 CBOUX KOHIIEBBLIX BEp-
nmH, oTdHOit or a1 (em. §1). Pacemorpum opueHTHpOBaHHOE
yropsiodennoe jiepeso D’ monyuatomeecs uz D’ Bpejenu-
eM (YCJIOBHOI) OpUEHTAIMH BCEX ero pebep 10 HAIPABJIEHUIO K
KOPHIO M TAKUM UX YIIOPSIOYEHUEM, [P KOTOPOM BEPINUHA (11
cranoBuTCs nepsbiM suctom D’ (em. §1).

Bamerum, 9To umncso pebep (BepruH, aucThes) gepesa D’
He Goubrie, yem L (coorBercrBenno L + 1, L), u mostomy, B
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custy (1.4), 4MCIO TAaKUX JIEPEBbEB C YyYETOM IIOMETOK UX pe-
6ep CUMBOJIAMH T1, . .., Tn, T1,..., Tn He Gombire, dem (8n)L.
Bamerum Takxke, uro KC ¥ MoxKeT ObITH HOJIy4YeHa B pesy/bTa-
Te IpHCOoeMHEHNs KazKIoro Jjucta jgepesa D’ K oaHoil U3 ero
BEPIIHUH, OTJIUYHON OT ao. CileoBaTebHo,

UK (L, n)|| < [UWX(L,n)| < (8nL)*.
JlemMa Jl0Ka3aHa. O

PaccmorpuMm, B 3akiodeHue, OCOOGEHHOCTH dyHKITMOHM-
poBarmss KC ¢ HeckoIbKHME BXOJaMu. bymeM cuurars,
gro B KaxKjoil Bepmmue (p,q)-KC ¥ peamusyercss cros-
Gen,, cocrapiaeHublii w3 p DAJI mpoBoaMMOCTH OT BXOIOB
> k oroit Bepmwmue, a cama KC ¥ peanusyer wmarpuity,
KOTOpasi COCTOUT W3 ¢ CTOJIOIOB, PeaJM30BAHHLIX Ha ee
BBIXOJIaX. Takum obpasom, dbyakmuonupoBanne KC ¥ =
=Y (x1, ..., zp; af, ..., s Y5 - a;’) npeJcTaBiasger coboit
marpuny F' = F (21,...,2,) C p CTPOKAMU, ¢ CTOJOIAME U JIe-
MenTamu u3 Po(n), aus koropoit F (i, j) — ®AJI, peanusyemast
Mexay aj u aj, tae i € [1,p] m j € [1,q], To ecTh mpu Jro-
6oM o, o € B™, marpuna F («) siBjisiercsi MaTpuIeil JJOCTHKI-
MocTu cetu Xl,. B uacraocTu, dynknmonuposanue (1,q)-KC
npejicrasisier coboit Habop (crpoky) u3z g PAJI mposoaumo-
CTH OT ee BXOJIa K BbIXojaM, a dyHKImonuposanue (p, 1)-KC —
crosber u3 p PAJI HpoBOAUMOCTH OT €€ BXOJIOB K BBIXO.LY.

Tak, KC ¥ (21, x2, x3; a1, v; a2, as), TOKa3aHHAsT Ha PUCYH-

Ke 4.3¢ peanusyeT MaTpUILy [53 53} or BIT X (3), a na puc. 4.4b
3

I3
npusezieo (2", 1)-KJI nopsinka n or BII X (n), koropoe ume-

er Bug D (z1,...,2n;0a0,...,02n_1;a) U peajnu3yeT CTOJIOEI] U3
Beex DK muOXKecTBa (), YIOPSJIOYEHHBIX CBEPXY BHU3 110 BO3-
PACTAHMIO UX HOMEPOB.

B cooreercrBum ¢ obmmvu npaBmwiamu w3 §l, QyHK-
muonnpoBanne KC ¥ = X (z1,...,Tp; a1, ..., Gy) C
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HEPA3J/IEJIEHHBIMU  TIOJIIOCAME  OIIPEJIeJisieTcss  Kak  (PYHK-
mmonnpoBanne KC ¢ pasmeseHHBIME  TIOJIOCAMHU  BHUIA
Y (Z1, ey Xn; A1y ety Qs A1y ..o, Q). B 9TOM crlydae mMaTpu-
na F' aeisierca pedieKCUBHONM W TPAH3UTUBHON MATPHUIEH, a
€CcJiu, KPOMe TOr0, Y. — HEOPUEHTUPOBAHHAs CETh, TO U — CUM-
METPUIHON MaTpuiieif. 3aMeTuM Tak»Ke, 9TO (PYHKIIMOHUPOBA-
aue (1,1)-KC u3 HeopueHTHPOBAHHBIX KOHTAKTOB TIO CYIIECTBY
HE OTJInIaeTcs 0T (DYHKITMOHUPOBAHUST COOTBETCTBYIOIIEH JIBYX-
nostioctoit KC ¢ Hepaz/ie/IeHHbIMU TTOJTIOCAMH.

B gacrrocTn, nokazannast Ha puc. 4.3¢ KC ¢ HepasneieHHbI-
11313
MU IIOJIIOCAMU a1, G2, a3 peanusyer Marpuiy |lz 1 0 |, KC u3

1301
TO2K/IECTBEHHBIX BEPIINH DEaJIM3YyET €IUHUIHYIO MaTPHUILY, €C-

JIN KazKJlasgd €€ BepIInHa ABJIACTCdA BXOJAO0M M BBIXOJIOM C OJHUM
U TEM K€ HOMEPOM H T. .

C napyroii cTOpoHBI, J00asi CUMMETPpUYECcKast, TPAH3UTUB-
nas u pedpyrekcusnasg marpuna F, F' € (P (n))™"™, peammsyer-
ca KC ¥ = X (z1,...,Tpn;a1,...,0n), KOTOpasl PEJCTABIISAECT
coboit obbenunenue scex KC ;5 = Y5 (21, ..., 2n; a4, a5), T1€
1<i<j<m, a KC X;; asngerca m-cxeMoil U IIOCTPOEHA II0
coseprrernoit JIH® DAJI F (i, j) u canraercs kKanoHu4eckod
KC mampuyo F.

§5 Omnepanusi cynepno3vium U €€ KOPPEKTHOCTh
JJisi HEeKOTOpbIX TuiioB cxem. KackajgHble u
pa3zeanTesibHbIe KOHTAKTHBIE CXEMBbI, JIeMMa
IITennona.

PaccmoTpuM  cTpyKTypHBIE TPEoOPa30BaHUsT CXE€M, KOTOPBIE
00600IIAI0T ONEePANIO CyIEePIO3UIINN (DYHKIIMA U HCIIOJIb3YIOT-
csl JIJIsSI TIOCTPOEHHUsT CJOXKHBIX CcxeM mu3 0ojiee MpocThIX. ba-
3MCOM TAaKHUX ITOCTPOEHUMN SIBJIAETCA OOBIYHO CXeMa U3 OJIHOM
M30JIMPOBAHHOI BEPIINHDI, ABJISIONIEHCS €€ BXOJOM. Y Ka3aHHasi
BEPIIIHA HA3BIBACTCSI Mootciecmeertot 6epULUHOT KPAMHOCMU
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k, k > 0, eciu oHa OJHOBPEMEHHO ABJISETCS Kk-KPATHBIM BBIXO-
JIOM JIAHHOH cxeMbl. [Ipu 9TOM KpaTHOCTH OJMH, KaK [IPABUIIO,
HE yKa3blBAeTCs, a TOXKJICCTBEHHAs BepIIMHBI KpaTHOCTH () cun-
Taercst Gurmuerol.

[pocrefimuvu BUJaMu CyIIEPIO3UIMA CXeM SIBJISIOTCS: 1)
OIIEPAIAS NEPEUMEHOBAHUSA GL0006 CTEMb. ¢ BO3MOKHBIM X
OTOXKJICCTBJIEHUEM; 2) OIEPAIUs NEPEUMEHOBAHUA GBL0J06
CTeMbL ¢ BOBMOYKHBIM MX JIyOJIMPOBAHUEM WJIM CHATUEM; 3) OIe-
patust 06sedunerus crem, He UMEIOIMNX OOIMUX BEPIIUH U 00-
HIMX BXO/I-BBIXOJHBIX IIOMETOK, HOHUMaeMasl, KaK 0ObIYHOEe 00b-
eIMHEeHNEe COOTBETCTBYIOMNX IpadoB.

Bynem rosoputh, uto cxema X nmeer sug L = X (X'), To
ecTb gBysercs cynepnozuyuet crem Y u Y 6e3 obmux sepmu
U BXOJI-BBIXOJIHBIX HOMETOK, €CJIM OHAa II0JIydaeTcsa B Pe3y/IbTa-
Te OObLEeIMHEHNST STUX CXeM U NPUCOeJUHeHUsl (YacTH) BXOJOB
cxembl X" K (HEKOTODBIM) BBIXOJIAM CXeMbl Y. YKasaHHasi Cy-
HEPHOBUIAA CINTAETC OECTOGMOPHOT, €CITA PA3TMIHBIE BXOBI
Y" npucoeIMHAIOTCH K Pa3JMYHBIM BBIXOJHBIM BEPIIMHAM Y. .
Cynepnosunus sujga L = Y”(X') naseisaercs cmukoskot, ec-
JI1 9HCJI0 BXOJOB CXeMbl Y paBHO YHCIIy BBIXOJIOB CXeMbl Y U
KaxKJIplit BxoJ, X" mpucoeuHsieTcss K BBIXOLY Y/ € TeM »Ke HO-
MEpOM.

BameTuM, 9TO onepanuu OObLEJINHEHUST CXEM U [EePENMEHO-
BaHUsl MX BXOJOB (BBIXOJIOB) SIBJISIIOTCS YACTHBIME CJIyYasiMU
BBEJIEHHOIT onepanuu cynepnosuiun. JleficTBuTebHo, 115 00b-
eJIMHEHUsSI CXEM 3TO OYEBHJHO, & JI000E IEePEeHMEHOBAHUE BbI-
XOZI0B (BXOJIOB) CXeMbl Y MOYKHO 3aJ/laTh CyIepIIO3UIueil Bu-
na X5(X7(X)) (coorBercreenno (X (X)))), rae cxembl X u
¥/ 4 = 1,2, COCTOAT U3 TOXKJECTBEHHBIX BEPIINH Pa3/IUIHOI
KPaTHOCTH.

SaMeTnM TakKKe, UTO CYIepIOo3uI|s OOIero BUIa Y =
Y(¥') Bcerma MoxeT OBITH CBeJleHA K CTHIKOBKE BHJA Y =
S(5), rae exempr 3 u 8 nonyuaorces us cxem Y n X co-
OTBETCTBEHHO J00ABJIEHUEM TOKIECTBEHHBIX BEPIIMH M IEpe-
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umeHoBanueM BbixosioB. CreikoBka Buga X = X" (Y), B cBoo
o4epeib, MOKET ObIThH CBEJIeHa K OECIIOBTOPHOI CTHIKOBKE BHJIA
% = S(2), rae exempr ¥ u 3 nomyuatorcs u3 cxem X u X
CHSITHEM BBIXOJIOB U OTOXKIECTBJICHUEM BXOJI0B COOTBETCTBEHHO.

st cynepniozunuu cxem Buyia Y = L7 (X') xapakrepno, kak
MIPABHUJIO, TO, 9TO CXeMa X peaju3dyeT (PYHKIMH, HOJIYIaIONIe-
Csl B PE3YJIbTATe COOTBETCTBYIOMIEH MOJICTAHOBKY (BCEX MJIH Ya-
crn) dbyHKIMiL, peaqu3oBaHHBIX cxeMoil Y/ BMmecTo (BCex mim
9aCTU) BXOJHBIX I€peMeHHbIX cxeMbl X, B ciaydae CTBIKOB-
KM, HAIIPUMEp, 9TO O3HAYAET, UTO CXeMa Y peajm3syer Habop
dbyuxuit sBuga F(F'), tne F”’ u F — nabopsl byukuuii, pea-
muzoBanHble cxemamu L u Y coorsercrienno. Cyneprosuiys
Y = YY) cunraercst npasuavhol, ecim cxema Y obsajaer
YKa3aHHBIM CBOHCTBOM, U KOPPEKMHOT, €CJIA, KPOME TOrO, B JIIO-
6oit BepmmHe X, KOTOPask COOTBETCTBYET BBIXOIHOMN Bepmne Y.,
peasuzyercsa Ta ke camas (PyHKIHUs, 9TO U B X', 3aMeTuM, 9To
npasuibHast cynepnosunus suja X (X') apromaTudecku siBiist-
eTcst KOPPEKTHOI, eC/ii KPaTHOCTD JII0O0H BBIXOAHON BEPIIUHBI
Y/ Gosiblle UncIa IpUCOeIUHAEMbIX K Heil BxojioB X', 3aMeTum
TaKzKe, 9TO C COJEPKATETHHON TOUYKH 3pEHNsT KOPPEKTHOCTD CY-
neprosunun Buga L (L) mo3BosgeT oHOBPEMEHHO HCIIO/B30-
BaTh BBIXOJBI Y/ B JAPYTUX CYIEPIIO3UIASIX.

Jlerko Bumeth, aro mobas COD mMoxkeT OBITH TOTyUEHA B
pesyJbTaTe MHOTOKPATHOTO IIPUMEHEHHUS ONIEPAIUy CyIIePIIO3H-
UM, Ha KasKJIOM IIare KOTOPOil IIPOUCXOIUT J1y6IMpOBaHUe BbI-
xoJ1a mm npucoeanaenne ogaoro P k Beixogam CDI, meppo-
HAYaJbHO COCTOAMICH U3 TOXKIECTBEHHBIX BEPIIHH.

Ha puc. 5.1a nokazana COD E?, UMeIONIasd CJI0XKHOCTE 4 1
peasusyiomas PAJI x1 G xz, a ma puc. 5.1b — COI P, ¢ > 3,
KOTOpasl IBJISIeTCsl PEe3YILTATOM «IO0C/Ie0BATEeILHOI» CyIepIIo-
sumn (¢ — 1) exem X§ u peammsyer ®AJT ly(z1,...,2,) co
CJIOXKHOCTBIO 4q — 4.

Omneparust cynepriosunun KC u Bce ee 4acTHBIE CJIyvan
OIIPEJIENIIOTCS OOBIMHBIM 0Opa3oM. [Ipu 3TOM MmoMeTKaMu BXO-
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Puc. 5.1: npumep cyneprozurun COI

1o 1 Bbixo0B KC, B orymmune or CP, He 0643aTEILHO SIBJISA-
10TCc nepeMennsle, a BIl, yupasiisomye TpoBoauMOCTBIO KOH-
takToB KC, HUKAK HE CBA3AHDI C €€ BXOIaMHU.

PaccmoTpuM cHavajia crenuaibHbI YaCTHBIA ciIydail Kop-
pexTHol cynepnosuimun KC — onepanuio NpucoenHeHns K Bbl-
xomaM oaHoBxom0Boi KC ogHOro min AByX IpOTHUBOIIOJIOXKHBIX
KOHTAaKTOB, KOTOpasl 3aKJjf09aercst B cieytonieM. [Tycrs (1, m)-
KC ¥ nomywaercs u3 (1,m)-KC ¥ B pesymbrare gobasiennst mo-
BOH BBIXOHON BEPIIUHBI ¥, KOTOPasi COEJIMHSIETCA C BBIXOTHBIMU
BepumHaMu vy 1 v; KC ¥ KonTakTaMu T; U &; COOTBETCTBEHHO
(cm. puc. 5.2a). Torga B Bepimuax v u v1 KC X B cuity Hyie-
BOII IIPOBO/IMMOCTH M€Ky BXoJaMu npucoegunsiemoii (2,1)-KC
peasmsyiorcst Te ke cambie ®AJI go u g1, aro u B KC X, a B
pepmnae v — OAJI g Buma

g = 1 (i, go, 91) = Tigo V Tig1. (5.1)
AnajioruunbIe COOTHOIIEHHA OYIyT COpaBeIJIMBLI U TOTJA,
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Puc. 5.2: npucoeJuHeHne OJJHOT'O UJIM ABYX IIPOTUBOIIOJIO2KHBIX
KOHTaKTOB

koria Beprmia v KC X cBsizaHa ¢ BEPIIMHON Uy TOJIBKO OJHUM
kouTakToM Buza xf, o € {0,1} (cm. puc. 5.2b). B srom ciydae

B Bepuune v KC X peanusyerca OAJI
g = x;;jgffu (52)

a B BEpINUHE v, NO-TipexkHeMy peanusyercsa PAJI g, .

Ormncanupie BBIME OTEPAINA TTPUCOCIUHEHUS OHOTO WJIN
JIBYX TPOTHUBOIOJIOKEHHBIX KOHTAKTOB OYEBHIHBIM 00pa3oM
pacmpocrpansioresd Ha caydait KC ¢ HeCKOTBKUMHE BXOTAMH.
Kpome Toro, onm momyckaior mojesnpoBanue B kjacce COD
B Gasuce By. Tax, nepexox or COD U, U € UC, koropas pe-
anm3yeT B BBIXOAHBIX BepmmHax vg u v; PAJI gy m g1 coor-
sercrBenno, Kk COD U, U € UC, koropas peanusyer PAJI g,
yaossierBopsttoryio (5.1) ((5.2)), nokazan Ha puc. 5.3a (coor-
BeTcTBeHHO 5.3b). 3amernM, 4To npu 9ToM pasioxenue (5.1) B
caydae gz = 1 9KBUBAJICHTHO TIPE/ICTABICHUIO

g:x?vgm

CcxXeMHasl peaJim3aliis KOTOpOro IokKa3aHa Ha puc. 5.3c.
Onpenenum, najtee, xackadnyro KC kak npusenennyo KC
0e3 M30JIMPOBAHHBIX IIOJIIOCOB, KOTOpPasi MOXKET OBITH IOJIydIeHa
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Puc. 5.3: Kk MozesmmpoBaHmIo onepanuii IpucoeInHEeHNsT KOHTaK-
ToB B KJlacce CDD
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U3 CUCTEMBI TOXKIECTBEHHBIX BEPIIIUH B PE3Y/IBTATE Psijia Onepa-
Ui TPUCOETUHEHHUS OJTHOTO WJIN JIBYX ITPOTHBOIIOJIOKHBIX KOH-
TaKTOB W OI€pAIUil IepenMeHoBaHus Bbixo10B. Kackanunas KC
(KKC) cunraercss noanod, ecan oHa OblLra mocrpoeHa 6e3 uc-
[TOJIb30BAHUS OIIEPAIUHU ITPUCOEIUHEHUS OJHOTO KOHTaKTa. Tak,
wanpumep, KC, nokazanHast Ha puc. 4.3c, sIBJSIeTCs] TOJHOMN
KKC, ecin eé BxomaMu cUuTaTh BEPIIMHBI G] U U, & BBIXOJA-
MU — BEpPINUHBI g U a3, wim Haobopor. K uuncay KKC orro-
CATCH TaKyKe KOHTAKTHBIE JePeBbsi, IMOKa3aHHble Ha puc. 4.4,
npudeMm (27, 1)-K/I asasercs nouoit KKC.

3amernM, jajee, 9TO, B CUJIy OTMEYEHHBIX BBIIIE CBONCTB
paccMaTpUBAEMBIX Ollepalyil nprucoeunenns Konrakros, KKC
nmeeT HysaeBble PAJI MpoBOIUMOCTH MEXKTY CBOUMU BXOIAMHU.
Orcroma cienyer, uro B Kaxkaoit Bepuimae KKC peanmmsyercs
crosber, B koropoM Hukakue npe ®AJI He obparmmaiorcs B eau-
HUILY OJHOBPEMEHHO, IpuyeM B ciydae oot KKC nu3bioHk-
musa Becex ®AJI sroro cronbna gaer 1. Tak, B dacTHOCTH, B
kaxkioit Bepmmuae nosiHot KKC ¢ nByMst BxogaMu peausyercs
cToJI0eI] U3 ABYX IMPOTHBOMOJIOKHBIX DAJI.

Bepmuna KKC, BBemeHHast B Hee € IOMOIIBIO OIE€PAIMH
[IPUCOEIMHEHNS OJTHOTO KOHTAKTAa, HA3BIBAETCI HENOAHOU 6€p-
wunoti sroit KKC. Bynem rosoputs, uro KKC Y gapiserca
donoanenuem uenonnoit KKC Y/, ecmm ona momygaercss B pe-
3yJIbTaTe COCJMHEHUsI BCEX HENOJIHBIX BEPIIMH Y OTCYTCTBY-
IONUMA B HUX KOHTAKTaMU C HOBBIM BXOJIOM, Y/IQJIEHUSI BCEX
«CTapbIX» BXOJOB U IIEPEX0JIa K COOTBETCTBYIOIIEH ITPUBEICH-
noit KC. Ilpu sTom, oueBuIHO,

L(2") <2L (%), (5.3)

a oobemunenne Y u Y asnserca nonnoit KKC. Jononnenue
¥ x mommoit KKC ¥ ¢ 1 BxomoM OyJieM Ha3bIBAThL UHEEPCHOT
x Y KKC. 3amerum, aro KKC X" B cuity oTMe4eHHBIX BbIIe
croticTs mostbix KKC, peanusyer cucremy OAJI F’, ecau KKC
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a) b)
Puc. 5.4: x onpenenennio BDD

Y peamuzyer cucremy ®AJI F'. Takum obpasom, B cuiy (5.3)
CIIPABE/JIUBO CJIEJIYIOIIEe yTBEPIK ICHUE

Jlemma 5.1. Ecau (1,m)-KKC Y pearusyem cucmemy PAJT
F' = (f1,..., fl,), mo cywecmsyem (1,m)-KKC ¥, xomopas
peanrusyem cucmemy DPAJI F = 7/1, . ,ﬂn) U 0as KOmopot
L (X" < 2L (X).

PaccmoTpuM fiajiee BOIPOCHI, CBSI3aHHBIE € HAXOXKJICHUEM
GyHKIMOHUPOBaHUs JIst cynepriosutiuii cereit mau KC obiero
Buga. U3 coobparkenuii yobcTBa OyaeM JIOMYyCKATb HAJIUIUE B
KC opuenTupoBaHHbIX (HEOPHEHTHPOBAHHBIX) pebep 6e3 mome-
TOK, KOTOPBIE ITPOBOJSAT IIPH JIIOOBIX 3HAYCHUSX YIIPABJIAIONINX
BxozHbIX BII B yKazaHHOM (COOTBETCTBEHHO B JIIOOOM) HAILIPAB-
JICHUW ¥ HA3bIBAIOTCS BEHTUJISIMU (COOTBETCTBEHHO NPOGOOHU-
Kamu). DTO TO3BOJISIET CUATATH, YTO CETU SBJISIFOTCS YaCTHBIM
caygaeM KC u peasusyioT CBOM MATPHUIBI JOCTHKUMOCTH, CO-
crodue n3 kKoncranTHbIx PAJI.

Jlerko BusieTh, UTO NepecraHoBKa Bxo0B(BbIx010B) KC mo-
POXKIAET B PEAIM3yeMOil €10 MaTPHUIIE TAKYIO K€ IIePECTAHOBKY
CBSI3AHHBIX C HUMH CTPOK (COOTBETCTBEHHO CTOJIOIOB), & CHATHE
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(nybmposanue) Bbixo08 1ot KC — ynanenue (coorBercrsen-
HO JI06aBJIeHNE) CBA3AHBIX C HUMU CTOJIOIOB. 3aMeTUM TaKIiKe,
yro KC X, koropas saBisierca oobeaunennem KC X' u X pea-
mazytomux Marpunsl FY u F” cooTsercTBeHHO, peainsyer MaT-
puny F Bumal:

F'| 0

F=row

Obparumcs, jajee, K 0COOEHHOCTSAM (QYHKIIMOHUPOBAHUS
KC, nonyuatomuxcst B pe3yspTaTe MpUMeHEHHUs Olepaiuii cy-
reprio3unuu 0oIero Buga. HamoMunM, 910 cymnepro3uius 06-
IEr0 BUJA CBOJMTCH K IIOCJIEI0BATE/ILHOMY BBITOJTHEHHUIO OITe-
paruii mepernMeHOBaHUS BBIXOJIOB, TO0ABJIEHIS TOXKIECTBEHHBIX
BEpINUH W CTHIKOBKH. lIpM 3TOM CTBIKOBKA, B CBOIO OYepejib,
CBOJIUTCST K CHSITHIO BBIXOJIOB, OTOXKJIECTBJIEHUIO BXOJIOB U Oec-
ITIOBTOPHOI CTHIKOBKE.

3aMeTnM, UYTO pe3yJIbTaT OTOXKJIECTBJIEHUs] HMEPBBIX P BXO-
o KC ¥ sKBuUBaJIeHTE€H pe3yJbTaTy CTHIKOBKU Buia X (X)),
a pesysbTaT pP-KpaTHOro JybsimpoBaHust HepBOro Bhixojga KC
Y. — pesynbrary croikoBku X (X)), rae KC X)X cocrogar us
(1, p)-upoBosimeii 3Be3/pI (CM. puc. 5.5a, a — BXOJ[) U TOXK/Ie-
CTBEHHBIX BEPIINUH. 3aMETUM TAKXKe, YTO CTHIKOBKA BUA 2(%),
e KC ¥ cocrour u3 (p, 1)-upoBojsimeit 38e31p1 (cM. puc. 5.5b,
@ — BBIXOJ[) M TOXKJECCTBEHHBIX BEPIINH, COOTBETCTBYET OTOXK-
JIECTBJIEHUIO TIePBBbIX p Bhixo10B KC X.

B cooTBeTcTBHM € 00OIMMI TIPABUJIAME CTHIKOBKA (CyTIepIio-
smms) KC suma ¥ = Y () naswaerca® npasuavrot, ecim

pexmonaraercs, aro Homep soboro Bxoma (Berxoma) KC ¥ menbine
HoMepa, sioboro Bxofia (coorercrienno suixona) KC X7 8 KC ¥, a BayT-
pennsa ynopanodennocts nomocos KC Y un ¥ B KC ¥ coxpansiercs.
B ocTasbHBIX CIydasx MPOUCXOIUT HEOOXOIUMAas MMEPECTAaHOBKA BXOJIOB U
BeIxonoB KC X.

2910 oNpeieNieHre COOTBETCTBYET «OBBIYHOMY» OIPEIETEHIIO KOPPEKT-
HOM CyTEepIO3UIIMYA B PAMKAX MOJIEJU TaK HA3BIBAEMBIX MPEOOPa3yIONUX
KC.
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a ay as Qp

al ag ap a

U1 Y2 Yp

<1

c)
Puc. 5.5: mposomsie 1 BeHTUIbHAST 3BE3IbI TTOPSIIKA P

nnst marpun, F, F' u F”, peammzyembix KC 3, ¥ u X7 coor-
BETCTBEHHO, BBLINOJIHSCTCS PABEHCTBO

F=F.F" (5.4)

VKazaHHasi CyTeprIo3nIlns CIUTACTCS KOPPEKMHOT, €CJIN, KPOo-
Me TOro, B BBIXOJHBIX BEPIIMHAX HOJACXeMbI Y cXeMbl Y pea-
Jm3yiorcst Te )Ke camble crobnsl PAJI, uro u B camoil cxeme
). AHAJIOrMYHBIM 00PA30M OIPEEJISIETCS TPABUIBHOCTD U KOP-
pekTHOCTh cynepnosunun KC Ha 3amaHHOM Habope 3HAUEHUI
ynpasistiormux BILL

Bamernm, 4To 1pu npaBuibHoi cTeikoBke (1, p)-KCu (p,1)-
KC, peanmuzyrormux ctpoky u croabern nz OAJI ( 1y f;,) u
(fy,..., £y ) coorsercrsenno, nomyuaercs (1,1)-KC, peamusy-
tomas OAJT f1 f{'V---V f, f), Ipu IpaBUIBHOM OTOXK IeCTBIICHIH
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Bx0/10B (Bbix0s10B) KC B peanuzyemoii €10 MaTpuiie mpoucxXoIuT
nopaspsiiHast JUIbIOHKIUS TeX CTPOK (COOTBETCTBEHHO CTOJIO-
[I0B), KOTOPBIE COOTBETCTBYIOT OTOXKJIECTBJICHHBIM BXOjaM (CO-
OTBETCTBEHHO BbIXO,ZLaM) n T. II.

Jlerko BuIeTh, UTO Omeparust MepenMeHOBaHNs BXOJIOB (BbI-
xonoB) KC 6e3 oroxiecrsienust, onepanust oobepunernst KC,
a TaKyKe oreparus nocsejgoBaresbHoro coenuaenus (1,1)-KC
(cM. §4) KoppekTHBI B J1060M ciydae. B To ke BpeMsi mapai-
nenpHoe coenmuenne (1,1)-KC, mpu koropoMm cHadama OTOXK-
JIECTBJIAIOTCST BXOJIBI, & 3aTeM BBIXOJBI coeaunaseMbix KC, He
SIBJISIETCS, B OOINEM CJIy4ae, KOPPEKTHOMN olepareil cyrepro-
BUIMU, XOTsl SIBJISIETCS [IPU 3TOM IPABUJILHOM Cylepro3unueii,
Tak Kak nosyuenHas KC peanmusyer qusbionknuio OAJI, peasu-
syembIx ncxogubivu KC. BamernM, 9T0 KOPPEKTHOE U3 bIOHK-
TupoBaHue BBIXOAHBIX PAJI MOXKHO OCYIIECTBUTH C IIOMOIIBIO
creikoBKU ncxouoit KC ¢ BenTmiIbHOI 3Be3101 (cM. puc. 5.5¢).

Cxema Ha3bIBaETCS pasdesumensrot no exodam (euxrodam),
ecsin DAJT mpoBOIUMOCTH MEK LY JTFOOBIMU €€ Pa3JInIHBIMU BXO-
namu (coorBercrBeHHO Bbixogamu) pasha 0. Tak (p,1)-cxema
Y = ¥"(y1,...,Yp; 21), IOKa3aHHAs Ha PHUCYHKe 5.5C, ABJIS-
€TCsl pa3e/IMTEILHON 10 BXOMaM CXeMOM, KOTOpas Ha3bIBAETCA
seHmMuAbHOT 36e3001 nopadka p. IlpumepoMm pazmenmnTenbHON
no seixogam (Bxogam) KC moxer ciayxurs (1,2") (coorser-
crBerHo (2",1)) KoHTaKTHOE JiepeBo Hopsiaka n (cMm. puc. 4.4).
Bynem rosopurs, uro KC % or BIl zy, ..., z, pazdesumeavha
na Habope o = (au,...,q,) 3Hadenuit stux BII, eciau coor-
BETCTBYIOIIEl Pa3Ie/IuTeIbHOCTBIO 061a1aeT ceTb X|q. Ciemy-
Iollee yTBEPKIACHUE SABJISIETCs 00ODIIEHNEM U3BECTHON JIEMMBI

lennona (cm. |31, 14]).

Jlemma 5.2. ITycmoe KC % asasemca pe3ysvmamom Cmulkos-
ku euda X =Y (X)), a F, F' u F" — mampuywi, pearusyemovie
KCX, ¥ u X coomeemcmeenno. Tozda

F>F .F'uF=F.F" (5.5)
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ecau KC X" pasdeaumenvna no éxodam usu KC Y paszdenu-
MEALHA NO EHLTOAM.

Loxazameavcmeo. Ilycts KC Y siBistercst cHavasia pesy/ibra-
ToM GecriosTopHoii crbikoBku (p, ¢)-KC X' u (¢, s)-KC X" or BII

Z1,...,&y. [Iycrs, kpome Toro, v’ (v”) — npousBosbHast BepIIy-
na KC ¥’ (coorsercrrenno %), a ®AJI f] (coorsercrsento f'),
J € [1,q], — ®AJI nposogumocTu oT BepuMHBI v\ K j-My BbI-

xony B KC X' (coorBercrBenno ot j-ro Bxoja K Bepinune v’ B
KC Y. Hokaxewm, uro qyst DAJT f — OAJI nposoguMocTu oT
Bepmmnbl v’ K Bepmune v 8 KC X, — cupaseyimBo HepaBeHCTBO

KOTOpOE IEePEXOJIUT B PABEHCTBO
Flon,am) = fl fIV -V fo £ (5.7)

ecsiu KC Y/ pasgenurensna no sexogam uin KC X7 pasnenu-
TeJIbHA 110 BXOJIAM.

JeiicTBurensro, mycrs aj, j € [1,q], — sBepmuna KC X,
KOTOpasl MOJy9aeTcst B Pe3yJIbTaTe MPUCOCTUHEHUs j-TO BXO-
na KC ¥ k j-my Beixoay KC X/ (em. puc. 5.6a). Crpasen-
JIMBOCTH HepaseHCTBa (5.6) cielyer m3 TOro, 4ro ero mnpasas
9aCTh OIMCBIBAET «CYyMMAapHYyIO» HPOBOAMMOCTH Tex (v — v')-
neneit KC X, KoTopble IpOX0oA4T 9epe3 BePIIUHEL 41, . . . , g POB-
HO o/uH pa3 (cM. puc. 5.6a). Jlobas xpyras (v — v")-nens KC
Y. IPOXOIUT Yepe3 yKa3aHHbIe BEPIIMHBLI HE MEHBIIE TPEX pa3
(eMm. puc. 5.6b) u B cayuae pasgernrenasuocru KC X/ 1o Bbixo-
nam man pasgemurensbnocrn KC X o Bxomam umeer HyseByro
POBOJINMOCTb.

U3z (5.6) u (5.7) memocpejcrenHo BbITeKaer (5.5) ¢ yue-
Tom Toro, uto mpn v = a; u v = afj, rme i € [L,p] n
j € [1, s], neas(npaBast) 9acTh TUX COOTHONIEHUH pABHA JIe-
menty marpunbl F' (coorsercreenno F' - F"), pacnosoxkeHHOMY
B i-if CTPOKE M j-M CTOJIOIIE.
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[Tycts renepyr KC ¥ nmomyuaerca nz KC Y B pesynbrare
PUMEHEHHsI OIIEPAIN OTOXKIECTBIEHUS BXOJIOB, TO €CTh Y K-
BUBaJICHTHA GecrioBTOpHO# crhikoBke Buja X (X)), roe KC X/
COCTOUT M3 MPOBOAAIIEH 3Be3/bl U TOXKJIECTBeHHLIX BePIIMH. B
5TOM cityuae Hepasencrso (5.5) umeer Bug F > F” rae mar-
pura F” nonyuaercs s Marpuips F” B pesysbTaTe 1opaspsi-
HOI U3 BIOHKIIUE CTPOK, COOTBETCTBYIOIIUX OTOXKIECTBISEMBIM
Bxogam KC X', u mo-npexkneMy nepexoJuT B PaBEHCTBO, €CJIU
KC X" paznenurensha 1o Bxosam. B nocienenm ciydae, Kpo-
Me TOro, U3 aHAJOTMYHOIO paBeHCTBa, cBazannoro ¢ KC X
koropas nonydaercsas n3 KC ¥/ B pesynbrare oObsasienus ee
BXOJI0B BXOJIAMH 1, OJHOBPEMEHHO, BbIXOAaMU 3, CJIeiyeT pas-
nenanrespnocts KC Y o Bxomam.

Bamernm, HAKOHEII, 9TO CTHIKOBKa 00miero suja Y. = X/ (X)
CBOJIUTCS K II0CJIJ0BATEILHOMY BBIIIOJHEHUIO OTOK IeCTBIICHHS
Bxog0B Buma 3 = Y (2” ) U GECHOBTOPHOI CTBIKOBKH BH/IA
N=35" (i' ), rie KC X cocTonT 13 MpoBOIsIeii 3Be3/1bI I TOXK-
necrennbix sepim, a KC ¥/ nonyuaercs nz KC Y/ cusaruenm
HEKOTOPBIX BbIX0/I0B. [Ipn 3TOM HepaBeHCTBO (B Ciiyuae pasje-
muressroctn KC X7 mo Bxomam pasencrso) (5.5) mus KC X,
Y/, 3" BBITEKAET U3 yCTAHOBJIEHHBIX BBIIIE aHAJOTMIHBLIX COOT-
nomenwit s KC f)”, Y ¥ uKC ¥, f]’, I CUJIy acCOIn-
aTuBHOCTH Tpousseenuss marpull. Ciydail paszieauTebHOCTH
KC Y’ 1o BbIXOZaM paccMaTpUBaeTCs aHAJIOTHIHO.

JlemMa mokaszaHa. OJ

Caencreue 1. B cayuae pazdesumenvrocmu KC X no exo-
dam 6 kasicdoti sepuune KC'X, 3 = X" (X)), komopas coomeem-
cmeyem svizody KC'Y, pearusyemcs mom orce camwiti cmonbey
@AJI, wmo u 6 KC' Y/, mo ecmv paccmampuseaemasn cynepno-
BUYUA ABAAEMCA KOPPEKMHOU.

HeticrBurensho, nonarast v’ = a, n v” = aj, rae i € [1,p],
a j € [1,q], m3 (5.7) momyamm TpeGyemoe pasercreo f = f}.
Cirydaii CTBIKOBKH OGIIEro BUJIa pacCMATPUBACTC aHAJOTHIHO.



58 I'maBa 2. OcHOBHDBIE KJTACCHI YIPABJISIIOIIHX CUCTEM

CaencrBue 2. Pasencmeo (5.5) svnoanaemes na mobom na-
bope snanenuti BII, na xomopom KC'Y pasdesumenvra no 6xo-
dam uau KC'Y' paszdesumenvra no evizodam.
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