O nmepekJirovaTeIbHBIX aJITOPUTMAaX
ImpeoOpa30BaHns HEKOTOPHIX KJIACCOB

rpados

M. U. Jlamesa

B pabore BBOIUTCS TOHSITHE MEPEKJIOYATETHHOTO AJITOPUTMA,
JUIS TIepexoa OT OHOTO 3aJAaHHOTO rpada K APYroMy C COXpaHe-
HUEM CTEIeHHO MOCIe0BaTeIbHOCTH U Kjacca rpados. CoiicTsa
IIepeKJII0YaTeIbHBIX aJIOPUTMOB IIO3BOJIAIOT UCIOIb30BATh UX JIJId
ONTUMU3AINHA CBOWCTB KOMIIBIOTEPHBIX CETeil ¢ 3aJJaHHBIM MHOXKe-
CTBOM HPOBAJIEPOB U OI'PDAHUYEHUSIMU HA KOMMYTAIITMOHHBIE BO3-
MOXKHOCTH KaKJIOTO W3 HUX. 1Ipu 3TOM HEOOXOIMMO 3HATH JIUIIb
JIOKAJIbHBIE CBOWCTBA CETH, a He IVIODAJIbHBIE €€ XaPAKTEPUCTUKH.

KoioueBble cjoBa: CreleHHasl 0CJIeI0BATEILHOCTD, KOHEY-
HBIIl ABTOMAT, IEPEKJIIOIATEIbHBIN AJITOPUTM, J€PEBbs, YHUITUKJIb,
CBSI3HBIE TpadbI.

1. BBenenue

CrerneHHON TOC/IEI0BATEILHOCTBIO I'pacda HA3BIBAETCS IOC/IEI0Ba~
TEJLHOCTH CTENEeHell BCeX ero BEPINUH, TO eCTh KOHEYHasl TOC/Ie0BATE b
HOCTB TEJIBIX HEOTPHUIATEILHBIX YHCEJI, YIIOPSIOUYeHHAs 110 He BO3PacTa-
HUIO, 3HAsT KOTOPYIO, MOXKHO BOCCTAHABJIMBATL HEKOTOPHIE CTPYKTYPHBIE
xapakrepuctuku rpada [7|. Mcropuyeckn nepBbiME BO3SHUKAIOT CJIE/LYTO-
mue jBe npobsembl. Ilepsast mpobieMa — ONPEJETUTh, ABIAETCS JIT 3a-
JIaHHAsT KOHEYHAasl TOC/Ie0BATETbHOCTh HEOTPUIATEILHBIX TEJIbIX YUCesT
rpacduvaHoit, TO ecThb cymiecTByeT Jin rpad, nHade rpadudeckas peasiu-
3aIs, ¢ TAKOW CTENEeHHON IMOC/Ie0BATEILHOCTLIO. Bropast mpobiema —
OLpPeJIeSIUTh ([IEePEUYNCIINTD) BCe Pa3JIMIHble Peaan3aluy JaHHO rpadud-
HOIT TocsieioBarebHoCTH. 1oy rpadaMu Ipu 3TOM HOHUMAIOTCS CaMble
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pa3JIndHble BAPUAHTHI HEOPUEHTUPOBAHHBIX IpadoB: 6€3 1eTelib U ¢ MeT-
JiiMu, 0e3 KpaTHbIX pebep U ¢ KpaTHbIMU pebpaMu, — BCE OHHU UCIIOJIb-
3yIOTCA KaK MaTeMaTUIecKne KOHCTPYKITUN, MOJETUPYIONINe CXeMbI CBsI-
3eil 3JIeMEHTOB peaJibHbIX cucTeM. A mMmenHo, B 1875 . A. Koaym, uzygast
CTPYKTYpPHBIE U30MePHI HACBHITEHHBIX YIVIEBOIOPOIOB, IPHUITIES K 3a1ate
[IEPEUNCIICHNs] JIEPEBbEB, CTENIeHN BEPIINH KOTOPBIX pasHbl 1 u 4 [3]. B
1951 1. JIxx. CeHMOp Jjist YCTAHOBJICHUSI COOTHOIIEHUS MEXKJLY Pa3Jiid-
HbIMU rpaduvIecKiMU peasiusanysiMu B pabore [4] BBOAUT U UCHOJIB3yeT
omeparyio nepeHoca (nepenadn) pebep, COXpaHsIONLY 0 CTEEeHHY IO TTOCTIe-
JIOBaTEJILHOCTD JIjI HEOPUEHTHUPOBAHHBLIX MyJIbTUrpadoB. Takoit BHIOOD
THIIA U3y9IaeMbIX IpadoB ObLI 00YCJIOBICH UX IPUJIO2KEHUSIMU B PEIIEHUN
TEOPEeTUIECKUX 3aJad OPraHMYeCcKON XUMHM, TaK KaK MHOTHE CBOMCTBa
MOJIETUPYEMbBIX CHUCTEM — B JAHHOM CJIyYae OPraHMIeCKUX MOJIEKYJT —
YACTO OOBACHSIIOTCA CTPYKTYPHBIMU CBOMCTBAMU COOTBETCTBYIOIIUX I'Da-
dos.

Hautee, 8 1962 1. C. Xakumu, u3ydasi IpobIeMy HAXOXK/IEHUS BCEX BO3-
MOXKHBIX CXEM CTPOEHHUS MOJIEKYJIbI IPOU3BOJILHOIO XUMUIECKOTO COEJI-
HEHUSI, TOCTABUJI 33129y HOCTpoeHust 3(PDEKTUBHOTO AJTOPUTMA, JIJIs T1e-
pebopa Bcex MyabTUTrPadUIECKUX peau3aliuil 3aaHHON CTEeHHOl 1o~
CJIEJIOBATELHOCTH (TO €CTh JIONMYCKAIOIINX CYIIEeCTBOBAHUE KPATHBIX Pe-
6ep) [5]. Dror mepebGop 1peIoIaragoch OCyIeCTBIISTh € IIOMOIIBIO Olle-
paIuu 3/IEeMEHTAPHOTO d-MHBAPUAHTHOTO IPEOOPA30BAHUS — IIEPEKIIOte-
HUsi pebep, COXPaHSIONIEr0 CTEIEHHYIO MOCJIEI0BATEIbHOCTh MYJIBTUI DA~
GOB 1 He JOIyCKAIONIEro nosgBienus neresib. [Ipu aTom panee, B 1955 1.,
B. TaBesiom ObLia mpejjioyKeHa HPOIEIypa MePexoia OT OJHOTO 3ajaH-
HOT'O HEOPUEHTUPOBAHHOTO rpacda 6e3 meresib U KpPaTHLIX pedbep K Jpy-
roMy C COXpaHEHHWEM CTEeIeHHOW mocJenoBareabHocTu (6|, B smreparype
U3BeCTHasE Kak mporeaypa laBesa-Xakumu. DTOT EPEX0J] OCYIIECTBIISI-
Csl IyTeM TI0CTIeI0BATEIbHOIO BBITIOJIHEHNUST OTepaluii nepex/rodenus |7],
HCKJTIOYAIONINX TOJTyIeHne KPATHLIX pebep U 1eTe/ b B HEOPUEHTUPOBAH-
HbIx rpadax. [Ipu aTom mporeaypa mepexoma CyIiecTBEHHO UCIOJIb3yeT
BO3MOXKHOCTB HeJIMHEHHOro (110 pa3Mepy 3aJ1auu) PacIIupeHus 6o ore-
paTUBHOM, MO0 BHEITHEH MaMsITH.

Asropom B [18] mocTpoeH aaropuTm, peraroniyii st Bcex rpados Ty
2Ke 33724y ¢ (PUKCUPOBAHHON OMEPATUBHON MAMSITHIO, BHEIIHSIS TaMATh
KOTOPOT'O pacTeT JIMHEHHO OTHOCUTEIHHO pPasMepa 3aJIadu.
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HaJstee, ipu perrieHun podJIeMbI IEPEYUCIIEHUST BCEX PA3JIUYIHBIX Pe-
aau3aInii 3aJaHHON TpadudIeckoil MocIe 0BaTEe/IFHOCTH d BOSHUKAET TI0-
Hsitre rpada peasusaruii, BBesennoe B 1980 r. P. Orrirornom u . Xost-
ToHoM B pabore [10]|. I'pad peanmzammit R(d) — HeopueHTUPOBAHHBII
rpad, UMeIoNuil CBOUMH BEPITUHAME Pa3J/IMYHbIE OTMEYeHHbIE Tpadute-
CKUe peaJin3aIiuu, a pedpo MeXK/Iy JABYMsI BEPIIUHAMHI CYIIECTBYET TOIJIa
U TOJIBKO TOTJIA, KOTJIA CYIIECTBYET OIEPAINs MEePEKTIOUCHUST, T€PEBOIs-
1ast OJIHY BepIuHy (TO ecTh OTMedeHHbI rpad) B jpyryio. 13 pesyibra-
ToB, mosydeHubix B. TaBesiom [6], BeITeKaeT cBsizHOCTH rpada peasmsa-
nnit. B mputokenusx Teopun rpadoB, Kak MPaBUIO, U3YJIAIOTCA CTATU-
CTUYECKUE XapPAaKTEPUCTUKN MHOXKECTBA BCeX IpaUUecKUX pearm3aruit
3aJIaHHOI CTeleHHoil nocenoBareabHocTn [17].

Jpyrumu ciioBamu, rpad peajm3aliuil onucbiBaeT MHOrooOpas3ue rpa-
duvyeckux peaym3ainii MpPOU3BOJIHLHON CTEIIEHHON MOC/IeI0BATEILHOCTH,
UHCTPYMEHTOM WCCJIEJIOBAHUST KOTOPOIO SIBJISIETCS OIePaIlus MePeKJIo-
genus. [Ipu m3ydyeHun pacrnosiokeHusi rpadpuIecKux pean3aiuii BHyT-
pu rpada peasinzanuii B 3aBUCUMOCTH OT UX CBOWCTB BO3HHMKAET 3a]1a49a
OIIPE/ICTICHNUST TIEPEKIIIOYaTEe/IbHO HOIHBIX CBOfiCTB rpados [11]. A nmen-
HO, nycTh P ectb HekoTOpoe cpoiicrBo rpada. O6osnaunm R(d, P) mo-
poxenublii mogrpad 7| rpada peanusanuii R(d), obOpazoBaHHbI BeeMu
BepiuHamMu co ceoiicreom P. CeoiictBo P, jyist kotoporo rpad R(d, P)
CBSI3€H, HA3BIBAETCS EPEKJIIOIATEIHHO TTOJTHBIM.

[IpuBesiem npuMepbl HEKOTOPBIX MTEPEKIOUATEHLHO TTOJHBIX CBOHCTB.
B 1977 r. Y. Kosibopu mokaszaj mepeKIiovaTe/IbHYIO MOJTHOTY CBOWCTBa
6biTh Jepesom [15]. B 1980 r. M. Cucioy — mepekodaTesibHy 0 TOJTHO-
Ty cBoiicTBa ObITH yHUIMKINIHBbIM Ipadom [12]. B 1980 . u B 1982 r.
P. Tsitiop — CBOHCTB CBA3HOCTU W BEPIIUHHON JIBYCBA3HOCTU TpadoOB,
coorBercrBenno B [13| u [14]. B mepetunciiennbix paborax JioKasaTesib-
CTBA TEPEKJIIOYATE/ILHON MMOJTHOTHI OCHOBAHBI HA ITOCTPOCHUHU AJTOPUT-
MOB, OCYIIECTBJISIONIUX [IEPEXOJL C TIOMOIIBIO OIIEPAITIH TEPEKJIIOUEHUs OT
IPOU3BOJILHOrO I'pada C 3a[aHHBIM CBOMCTBOM K JIIOOOMY JAPyTrOMy I'Da-
dy ¢ TakuM CBOHCTBOM, HMPUYEM HA KAXKJIOM Iare mepexoja 3a/[aHHOoe
CBOICTBO COXpPaHAETCH.

B namnmoit paboTe aBTOPOM BBEJIEHO TOHSTHE EPEKTIOYATEIHHOTO AJl-
FOPUTMA U ITOCTPOEHBI MEPEK/II0UATEIbHBIE aJrOPUTMbI i ITpeodpa3o-
BaHUs JICPEBBEB, YHUITUKJIIOB, CBS3HBIX U JBYCBS3HBIX I'PAQOB € ITOMOIIBIO
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KOHEYHOI TTOCJIeI0BATEIHHOCTH ONePAIuil MTePEKIIOUEHN s, COXPAHSIIONTIE
CTEIEHHYIO TI0CJIE/I0BATE/ILbHOCTD U 3 IAHHDBIN KJIAaCC IPadOB MIPU KaXKIOM
ITePEKJTIOYEHNH.

N3BecTHO, 9TO CyIIECTBYIOT CBOMCTBa I'padOB, HE SIBJIAIOIINECS Iepe-
KJIIOUaTesIbHO HosiHbIME. Hampumep, 2-packpaimsaemocts [15] u cBoii-
CTBO MMeTh (DUKCUPOBAHHOE YUCJIO BEPIMHHOI cBsizHocTH [13]. B nanuoii
paboTe aBTOPOM TaKXKe IIOKA3aHO, UYTO CBOWCTBO ILIAHAPHOCTHU HE SIBJIs-
eTcs TepPeKJTIOYATEeTHbHO TTOJTHBIM.

ITepekmouarebHbIE AJITOPUTMBI MOTYT OBITh HCIIOJIB30BAHbBI JIJIA OII-
TUMU3AINN CBOMCTB KOMIIBIOTEPHBIX CETEl ¢ 33 ITAHHBIM MHOXKECTBOM TIPO-
BalJIEPOB U OI'PAHUYCHUSAMH HA KOMMYTAITMOHHBIE BO3MOXKHOCTH KazKJ10-
ro u3 uHux. [Ipu 3TOM HCHOJIBL30BAHUE MMEPEKTIOUATEILHBIX aJrOPUTMOB,
B OTJIMYHE OT AJrOPUTMOB, IPUBEJIEHHBIX B paborax [15, 12, 13, 14| ue
noTpedyeT u3ydeHus r7100aIbHBIX XapaKTePUCTUK BCeil ceTu, a JINIb 3Ha-
HUSI ee JIOKAJIbHBIX CBOMCTB.

2. IlonsaTne mepekJIIOYaTeIbHO MOJIHOTO CBOii-
ctBa rpadosn. IIpumepbl nepekJrOUYaTEeIHHO
TIOJTHBIX CBOICTB

2.1. OcHOBHBIE IOHATULA

Onpepenenne 1. ([2]) I'padom G = (V, E) naspiBaercst 00bEKT, CO-
CTOSIIIUI U3 JIByX KOHEYHBIX MHOXKECTB: V — Ha3bIBAEMOI'O MHOXKECTBOM
sepmnH, n Muoxkectsa E C {{u,v} :u € Vv € V,u # v }, nassiBaemoro
MHO>KECTBOM pebep.

Onpenenenne 2. (|2]) I'pad G' = (V', E') nassiBaercs noarpadom G =
(V,E), ecru V' CV,E' CE.

Omnpepenenne 3. ([7]) Mynbrurpadom G* = (V*, E*) nasbiBaercst 06b-
eKT, COCTOAIIMIT U3 KOHEYHOT0 MHOKecTBa BepmmH V* nu E* — neynops-
nodeHHoro Habopa pedep {{u,v} :u € V,v € Vyu # v}.

Onpegenenne 4. ([2]) I'pad G* = (V*¥, E¥) nassiaercs: noarpadom
mysnbrurpada G* = (V*, E*), ecan V¥ Cv* E¥ C E*.
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Oupenenenne 5. ([2|) dsa pebpa mysbrurpada Ha3bIBaIOTCs KPaTHbI-
MU, €CJIM OHM MHIUICHTHBI OHON U TOii »Ke Imape BepIInH.

Omnpepesenne 6. (|2]) Crenenbio BepuuHbl v HEKOTOPOIo rpada (Myirb-
turpada) Ha3bIBACTCS YUCIO PeGEp, MHIMICHTHBIX €if.

Kommaecrso Bepiima MuOKecTBa V' OyjieM, Kak IpuHsATO, 0603Ha4aTh |V|.

Onpenenenne 7. ([7]) Crenennoii nociaegosaresnsuoctsio d(G) rpada
(mynbsrurpada) G = (V, E), HazoBeM HAOOp CTElEHEl BCeX BEPINUH I'pa-
da (mysbrurpada) G = (V, E), ylnopsii09eHHbI 110 HeBO3PaCTAHUIO.

ITycrs d(n) — mocsieoBaTesIbHOCTD IEJIBIX HEOTPHUIATEbHBIX THCE
JIMHBL N.

Omnpepenenne 8. (|7]) I'pad G, 1ist koroporo d(G) = d(n), Gyuem Ha3bI-
BaTh rpaduueckoil peanusanueil Toi CTEIEHHON MOC/Ie0BATEILHOCTH.

Omnpepenenne 9. (|7]) IocaenoBarensrocts d(n) HaspBaeTcst rpadut-
HOI, eCJIll y Heé CyIIecTBYeT XOTs Obl ojHa rpadudecKast pean3alus.

[Tycrs manwbr nBa rpada G; = (Vi,Eq) u Go = (Va, Es), npuuem
|Vi| = |Val, |E1| = |Es]. IlycTs cymiecTByer B3aMMHO OJHO3HAYHOE OTOO-
paxenme f : Vi < V5 Takoe, 9To mjIs1 JIIOOBIX JBYX BepimuH v; € Vi,
ve € Vi Bemosnsiercst ycaosue: {v1,va} € By < {f(v1), f(v2)} € Es.
Takoe orobpazkeHue HasbiBaeTcsi m3oMopdusmom rpados 2] G1 u Gs.
Ecim s rpados G1 u Gy cymecrByer m3omopdusm f, to Gy u Go
Ha3BIBAIOTCST M30MOpdHbIMI (0bo3HadteHne G = Ga).

IIycrs d(n) — rpadudnas HocIe0BaTeIbHOCTD. depes M (d(n)) obo-
3HAYUM MHOXKECTBO BCeX I'padOB CO CTENEeHHON OC/Ie[0BATEIHbHOCTHIO
d(n). Honoxum M (d(n)) = {G : rpad G nomyden mymepaieii BepIinm
HexoToporo rpaca us M (d(n)), moce0BaTEIBHOCTD CTEIEHeil BepITIH
KOTOPOTI'O, BBIIMCAHHAS B MOpsiJIKE BO3pACTAHUsI HOMEPOB, COBIAJAET C

[Tycrs A(d(n)) C M(d(n)).

OnpeiesiuM onepanuro
w(A(d(n))) ={G'| 3G = (V,E) € A(d(n)), 3 vi,v2,v3,0v4 €V,
{v1,v9},{vs,v4} € E, {v1,v3},{va, 14} ¢ E,
G' = (V.(BU{{v1,v3}, {v2,va} }) \ { {v1, 02}, {vs,va} })}-
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O4eBnIHO, UTO ONEPAIIO W UMEET CMBIC/ ONpeessaTh pu n > 4. Kpome
sroro, ormernM, 4ro w(A(d(n))) sBisiercs nogmuozxecrsom M (d(n)), To
eCThb OIepanyus w He MEHsIeT CTENEeHHYIO MOC/IeI0BaTeILHOCTD BEPITHH.
B [7] paccmarpusaercst onepanus nepeksiodenust pebep B rpade. By-
JIEM TOBOPHUTH, YTO ONEPaIlus IIEPEKIOYeHns pebep npuMeHnMa B rpade
G x mape pebep {vi,, Vi, }, {Uj1 » Uja }, mm uro pebpa {v;,,vi, }, {Uj1 ) vjz}
epekJIIovaoTcs Ha pebpa {v;,, v;, }, {vi,, vj, }, ecan B rpade G He cyie-
crByer pebep {v;, , vj, }, {viy, vj, }. Taxum obpaszom, w(A(d(n))) cocrout n3
BCeX Tpad OB, KOTOPBIE MOI'YT OBITH TIOJIyI€HBI U3 3JIEMEHTOB MHOXKECTBA
A(d(n)) olHOKpaTHBIM IIPIMEHEHUEM OIlepAIuy [IepPeKJIIUeHnsT pebep.
Pacemorpum Heopuentuposanusiii rpad G = (V) E),|V| = n, co cre-
[EHHOH oC/Ie10BaTeILHOCTIO d(n). 3aHyMepyeM HEKOTOPBIM 00pasoM
BCE €ro BEPIIMHBbI W TOJIyYUM 3aHyMepoBaHHbBIH rpad, nanpumep Gi.
Pacemorpum MHOXKeCTBO Beex 3aHyMepoBaHHbIX rpados {Gy,...,Gn},
MMEOIINX OJMHAKOBYIO CTEIIeHHYIO I10CJIeI0BaTeIbHOCTD d(n).

Ounpenenenne 10. ([10]) I'padom peanmzanmii jyist naunOi rpadud-
HOIi TOC/Ie/I0BaTeIbHOCTH d(Nn) HAa3BIBAETCSI HEOPHEHTHUPOBAHHBINH rpad
R(d(n)) = (Vg, Er), taxoit uro Vg = {G1,...,Gn}, u {Gi,G;} € Egr
TOr/Ia U TOJIBKO Toria, Korja B rpade G; cyiecTByer mapa pebep, K Ko-
TOPBIM [IPUMEHUMa Ollepalysi NepeKIoueHrsi pebep, U B pe3ysbrare eé
npuMeHeHus noiydaerca rpad G.

PaccmoTpum BOIIpoc 0 B3aMMHOM PACIOJIOXKEHUN BepHInH rpada pe-
A3, 00JIIAI0IIUX HEKOTOPBIM 3aJIaHHBIM I'PaOBBIM CBOHCTBOM.

[Iycte P — cBoiicTtBo Tpada G. Hampumep, cBOilCTBO «OBITH jepe-
BOM» HJIM CBOMCTBO cBsizHocTH. O603uaunm R(d(n), P) uigynnpoBanHbLii
noarpad |7] rpada R(d(n)), obpazoBaHHbBIl BceMu BEpIIUHAMU CO CBOi-
crBom P.

Onpepenenne 11. ([15]) CroiictBo P, juist kotoporo rpad R(d(n), P)
CBSI3€H, HA3BIBACTCS IEPEKJIIOYATEIHLHO IIOJIHBIM.

2.2. IlepekaroyaTesibHasg MOJIHOTA CBOWCTBA <«OBITH Je-
peBoM»

Onpepenenne 12. ([2|) Hepeso T = (V, E) — 910 CBsI3HBIN HEOPHEHTH-
poBaHHBII rpad 6e3 IUKJIOB.
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[Tycts d(n) — Hekoropast rpadudHasi II0CJIEOBATEILHOCTD. depe3
T(d(n)) obo3HAYNM MHOXKECTBO BCEX JIEPEBLEB C 3aHYMEPOBAHHLIMI BEp-
IIIHAMIE CO CTEIEHHO}T ocsIe10BaTesIbHOCTEIO d(n), Takoe uro ¥ (d(n)) C

Paccmorpum nekoropoe nopvuozkectso T (d(n)) MHOXKeCTBa JepeBbEB
T (d(n)). OnpeennmM omepaIio

w'(T(d(n))) ={T" € T(d(n))| 3T = (V. E) € T(d(n)),
3 U1, 0V2,0V3,V4 € V, {’1)1,’1)2},{’1)3,’1)4} S E, {01,03}, {02,1)4} ¢ E,

T' = (V,(E U {{v1,v3}, {va,va} }) \ { {v1,v2}, {vs,va} })}.

OueBnIHO, YTO ONEPAIIO W* UMeeT CMBIC onpeensTh npu n > 4. Kpo-
Me Toro, ormernM, 4T0 w*(T(d(n))) asaserca mogmuokecrsom T(d(n)),
TO eCTh oleparys w* He MeHsIleT CTENEHHYIO MT0C/IeJ0BATEIbHOCTh BEPIINH
U He BBIBOJUT U3 KJIACCA JEPEBLEB.

B [15] paccmarpuBaeTcsi omepaisi OMDAHMYEHHOIO  IIEPEeKJIHoe-
HUs B JiepeBe. ByjieM TIoBOpUTH, YTO OIllepalisi OTPAHUYEHHOTO IIe-
peksifouennsi npumennMa B jiepee I = (V,E) kK Hekoropoii mna-
pe pedep {vi,vi,}, {vj,,v),}, ecim B gepese T He cymiecTByeT pebep
{’invh}v {Ui27vj2}v u rpad

T = (Vv (E U { {Uilvvjl}v {vinvjz} }) \ { {Uilvviz}v {Ujl ) vjz} })

SIBJISIETCS  JIEPEBOM, WM ecau B jiepeBe T He cymiecTByer pebep
{’invjé}v {Ui27vj1}v u rpad

T = (Vv (E U { {Uilvvj2}7 {vi2vvj1} }) \ { {U’ilvvi2}v {Ujlvvjé} })

siBJIsieTCst JiepeBoM. Ecii orepaiiysi OrpaHuueHHOr0 IePeKJIFOUeHNs] IPH-
MeHHMa K mape pebep {vj, v, }, {vj,,j,}, TO OylieM Takxke TOBOPHTH, B
IIEPBOM CiIydae, 9To pebpa {v;, , i, }, {v;,, ), } mepekimodatorcst Ha pebpa
{viy, v, }, {viy, vj, }, mm, Bo Bropom citydae, Ha pebpa {v;,, v, }, {viy, vj, }-

Byzem paccmarpuBaTh MHOXKECTBA J€PEBLEB C KOJMYECTBOM BEPIIIVH,
HE MEHBINM 4.

O6ozmaumy T2 muozkectBo map gepesven {11, Th} ¢ 3aHyMepoBan-
HbIME BepiimHamu, Takux 910 d(1h) = d(T3).
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Pacemorpum npoussosibhyto napy gepesbes {11, T2} € T @)
= (‘/17E1)7T2 - (‘/27E2)7 ’Vi‘ - ‘VQ‘ =n.
UssecrHa cieyiomast Teopema |15].

Teopema 1. Cywecmeyiom ueavie neompuyamenvrvie wucaa N1 u Na,
u natioymes depesva T u Ty, marxue wmo

7

T € W)V ({T}) = w' (W (... w ({T3}))), i = 1,2,

N;

T =T,

(cuumaem no onpedeaeruro (w*)°(T) = T das npoussosvrozo mosice-
cmea T).

2.3. IIpumep rpacdoBoro cBoiicTBa, He ABJISIOIIETOCs e~
PEKJTI0YaTEJIbHO TTOJTHBIM

Oupenenenne 13. (|7]) Ilmockuit rpad — 910 rpad, BepmuHB KOTOPO-
ro SABJISIIOTCS TOYKAME ILIOCKOCTH, a pebpa — HEeIpPEPBbIBHBIME ILJIOCKHU-
MU JTMHUSAME 0€3 CaMOoIepecevdeHuii, COeUHSIIONMMI COOTBETCTBYIOIIUE
BEPIIMHBI TAaK, YTO HUKaKWe JiBa pebpa He UMEIOT OOMIMX TOYEK, KpOMe
UHIAJICHTHONR UM 0OOMM BEPITUHBI.

Onpepenenne 14. (|7]) [lnanapubivM rpadom OyjeM HasbBaTh JH00O
rpad, n3o0MopdHBIl JIOCKOMY rpady.

Onpenenenne 15. ([7]) TpeyroabuukoM Ha30BeM IpaHb IIOCKOTO I'pa-
da, orpaHIYeHHYIO I[UKJIOM JJIHHBL 3.

Onpepenenne 16. (|7|) Ilnockas Tpuanryssinus — 9T0 CBS3HBIH 110C-
Kuil rpad, Kazxjas rpaHb KOTOPOTO, B TOM YHUCJIe M BHEIHsIsI, SBJISETCSI
TPEYTOJBHUKOM.

[TocTponm JBe HenzoMopdHbBIE MIJIOCKHE TPUAHTYJIAIANA CO CTEIEeHHOM
nocieoarenbaocTeio d(10) = {8,6,5,5,5,5,4,4,3,3}.

A umenno, neppas (puc. 1) — A = (V,E), tne V. = {v1,...,v10},
BEPIIMHBI 3aHyMEPOBAHbI B IIOPSJIKE HEBO3PACTAHMsI CTENeHeil, a pebpa
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YCTPOEHBI CJICAYIOIIUM O6pa3OM: V1 CME2KHa CO BCEMHU OCTaJIbHBIMU BEp-
nminHaMu, KpoMe vy, V9 CMeXXHa C V3, ..., U8, (’1)3, V4,8, V5, Vg, ’1)7) — IUKJI,
Vg CMeXKHa C U3, U4, a U190 CMEXKHa C Us, Ug.

Puc. 1.

Bropass tpumanrymsmust (puc. 2) — A’ = (VI E'), tne V' =
{vl,...,v]p}, BepUIMHBI 3aHyMEpPOBAHBI B IOPSJIKE HEBO3PACTAHUS CTe-
neHeii, a pebpa yYCTPOEHBI CJIEJYIONMM 00pasoM: U] CMeKHa €O BCe-
MU OCTAJIbHBIME BEDIIMHAMH, KPOME V), Uh CMEXKHA C Uh,...,0V%,
(vh, vly, V5, VG, v, vF) — IHEKIL, Vg CMEXKHA C U3, U4, & U9 CMEXKHA C Vs, Ug.

BameruM, uTo B A JyInHa KpaTdaiiiieil nemu, coeInHsIonel BepIiiHbl
Vg U V10 (€JIMHCTBEHHbBIE BEPINUHBI B rpade cTenenu 3) u He IPOXOJIsIeii
yepes v1, paBHa 4, B To BpeMsa Kak B A’ JyinmHa Takoil Kparuaiiieii memnu
paeHa 3. OTcroma ciieryer

JIemma 1. [lrockue mpuaneyrsvuu A u A’ ne asasomes uzomopdnov-
MU.

U3 onpenenenus onepanuu w n rpuanrynsmuit A u A’ cinemyror

Teopema 2. Mnoowcecmea w({A}) uw({A'}) ne codeporcam naanaprvix
epagos.
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Puc. 2.

JIemma 2. B epagpe pearusayut R(d(10)) ne cywecmsyem nymu meorc-
oy A u A/, nporodausezo mosvko uepes GEPULUNDL, COOMGEMCMEYIOULUE
NAGHAPHBM 2DAPAM.

Teopema 3. [lianapHocmd He ABAACMCA NEPEKAOUAMENDHO NONHBIM
csotlicmeom.

3. IlocTpoenme mnepeKJaOYATEIHLHOTO aJITOPUT-
Ma IpeoOpa30BaHUs JIePeBbEB C COXPaHEHU-
€M CTeIleHHOM IT0CJIeI0BATEeIbHOCTA

3.1. IloHsATHE TIEpeKJII0OYATEJIbHOTO aJroOpuTMa

SadukcupyeM HaTypaJibHOE 9UCI0 P U pacCcMOTPUM MHOXKECTBO IIsi-
TEPOK

L(P) :{{Cl,CQ,Il,IQ,I}, S {O,...,P},CQ S {0,.“,P},
I € {0,1}, I, € {0,1}, 1 € {0,1,2}}.
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Bynem paccmarpusaTh JBymepHble Marpunpl M = (my;), i =
1,2,...,n, 5 =1,2,...,n, KaxKJplil 3JIEMEHT 1M;; KOTOPOIii SBJIACTCA 3JIe-
MEHTOM KOHEeYHOro mMuoxectsa L(P).

Onpepesienne 17. T-aproMar — 3T0 KOHEUHBIH aBTomar [1], KoTOpbI
npuMensieTcsi K mMarputie M B clieyIomeM cMbicyie. B MOMEHT BpeMeHu
t aBTOMAT HAXOJUTCsSI B HEKOTOPOM cOCTosiHuM ¢r. Ha BXx0s aBTOMAaTA 110~
CTyIaeT HEKOTOPbIH 31eMeHT m;; € M. BhixonoM sIB/IseTcs SIeMeHT n3
L(P). On 3anuceiBaeTcs B 9Ty KJIETKY; aBTOMAT II€PEMEIAeTCs B OJ[HY U3
KJIeTOK ¢ Koopaunaramu (i —1,7),(i,5 — 1), (i+1,7), (i, + 1) (upm ycio-
BUM, YTO TaKas KJETKa CyIIECTBYET) MU OCTAETCS HA MECTE B KJIETKE C
KoopuHaTamMu (i,7), a TaKyKe MEePEXOJUT B HEKOTOPOE COCTOSIHUE ¢y11. B
HAYAJIBLHOM COCTOSTHUU () ABTOMAT HAXOJUTCS B KJIETKE C KOODJMHATAMU
(1,1), u Ha BXOJ aBTOMATy MOCTyIaeT 3JeMeHT mqji. Pabora aBromara
3aKAHYMBACTCS, €CJIM OH MEPEXOUT B 3aKIOIUTELHOE COCTOSHUE ¢ .

Ounpenenenne 18. Ilepekiouaresnbupiii aaropury — 31o napa (A, M),
rae A — sto T-aBTOMAT, KOTOPBI IIpuMenseTcs K Marpune M, my;; €
L4),i=1,2,...,n,5=1,2,...,n.

3.2. CymiecTBOBaHME MEPEKJIIOYATEIbHOIO AajJropurMa
npeobpa3oBaHus JepeBbeB. IlocTanoBka 3asaun

PaccMOTpUM BOIIPOC O CYHMIECTBOBAHUHI TI€PEKJII0UATE/ILHOIO aJrOPUT-
ma g, KoTopsIit 1o mape gepesbes (11, Ty) € T3 crpour mapy (T7,T5)
raxyio, aro T/ € (W) Ni({T;}),i = 1,2, u T] = T},

Iape nepesves (11,Th) € TO,T; = (Vi, By, |Vi| = n, i = 1,2,
B3AMMHO OJHO3HAMHO COIOCTABHM cuMMerpuunyio wmarpumy M@ =

(0) (0)

(mij Ynxns m,;’ € L(4) mna moboro i,j = 1,...,n, caexyomum 06-
pa3oM:

I 4 < J IOJIOXKUM m,gg) ={c1,c0, 11, 12,1}, rae:

1) Cl = C = O,

2) I, = 1, ecom pebpo {v;,v;} € By, unave I, =0, k =1,2;

3)I=1—mpui=y,i#1li#nupui=11<j<n,artakxke
nupu j =n, 1 <i <n;

I=2 mpui=j=1i=j=n,i=17]=n;

I =0 — unadge.
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Tak kak gepesbst 11 = (Vi, E1) u Ty = (Va, E2) UMEIOT OIMHAKOBYIO
CTENEHHYIO TIOCIeI0BATE/IbHOCTD, TO buekiust f : Vo — Vi, comocrasiisi-
fomast Kaxkoit Bepmune vy gepesa 17 = (Vi, Eq) Bepmuny ve jepeBa
Ty = (Va, E) ¢ TeM Ke HOMEpOM, COXPaHseT CTeIleHb BEePIIUHBL.

Oupegennm mysbrurpad 1o caeyronmm obpasom: Tio = (Vi, Elg),
E15 — MyJILTUMHOXKECTBO, SIBJISIONIEEC OObeJMHEHNEM MYILTUMHOXKECTB

!
E17 E27 rae

By = {{f("), FW")}I{v" 0"} € Ea }.

Omnpenesmm B Mystbrarpade T noarpadbe T = (Vi, Ey), T? = (W4, EY).
Bamernm, uaro noarpad T u gepeso T (noarpad T? u nepeso Ty) uso-
Mopdubl. Takum 06pazoM, crerneHb Jito0o0i BepIuHbl MysbTurpada 1o
SIBJISIETCA YBOEHHOMN CTEIEHBIO BEPINNHBI C TEM K& HOMEpPOM Jiepesa T7.

0 = (mz(?))nxn; mE?) € L(4) mis moboro i =

1,...,n, j=1,...,n, oupeuenser myabsrurpad Tis.

Urax, marpura M

Broinenum cirenyromue cBoiicrBa MyJsibrurpada Tho.

CsoiictBo 1. s Jioboit Bepruabl MysbTurpada 1o KOJTTIECTBO
pebep, UHIMIEHTHBIX el U IPUHAJIeXKAINX MHOXKeCTBY K1, paBHO KOJIU-
gecTBY pebep, MHIUJCHTHBIX €ff M IPUHAJICIKAIIUX MHOXKeCTBY E).

CsoiicTBo 2. Mysnsrurpad 119 MOXKeT UMETh KpaTHble pebpa (Kpat-
HOCTH He Bbllle 2), IpHUYeM, ecjiu e1,e; — KparHble pebpa Tha, TO
e1 € Ey,eq € By wii eq € El), e5 € Fy.

CsoiictBo 3. Kaxpiit u3 noarpacdos T u T? sBisercs 1epeBoM.

[Tycrs d(n) — mociie1oBaTesIbHOCTD 1eJIbIX HEOTPUIATEIbHBIX YHCel,
Takasi 4To cymecrByer myabrurpad Gia, d(Gi2) = d(n) u G2 obiagaer
csoiictBann 1, 2. Yepes Mys(d(n)) 06O3HAMIM MHOKECTBO BCCX MyJIb-
TuUrpadoB O CTEIeHHOII 0CJIe/[0BATEILHOCTEIO d(1), 0018 Iaf0IuX CBOi-
cramu 1, 2. Tonoxkum Mio(d(n)) = {Gi2 : myabrurpad Gio mosyden
HyMeparyeil BepIimH HeKOTOPOro MyJabTurpada n3 Mlg(d(n)), HOCJIE 10~
BATEJLHOCTL CTENeHeil BEpIIMH KOTOPOT'O, BBIIMCAHHAS B IMOPSIIKE BO3-
pacraHusi HOMepoB, coBnajaer ¢ d(n)}.

Yepes T12(d(n)) ob6o3HAIMM MHOXKECTBO BCeX MyabTUrpadoB ¢ 3a-
HyMEPOBAHHBIMH BEPIIMHAMU CO CTEIEHHOM 110CJIeI0BATeIbHOCTBIO d(N),
obsratatonux cBoiicTBoM 3, Takoe uro Tia(d(n)) C Mia(d(n)).
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Pacemorpum zekoropoe mnoamuoxkectBo Tia(d(n)) MHOXKECTBA My/Th-
turpacdos Ti2(d(n)). Oupenennm onepanuio

w*(T12(d(n))) = {11, € Tr12(d(n))| 3 T2 = (Vi2, E12) € T12(d(n)),
J w1, v2,v3,v4 € V12,
{v1,v9},{vs,v4} € Ey, {v1,v3},{va,v4} & Fy,
Tis = (Vig, (B1 U { {v1,v3}, {va2,va} }) \ { {v1,v2}, {vs,va} } U E3)}

U
{T15 € T1z(d2(n))| 3 Thig = (Viz, Er2) € T12(d2(n)),
Jwvy,v9,v3,v4 € Vig,
{v1,v2},{vs,va} € E, {v1,v3}, {va,v4} &
Tiy = (Viz, (B3 U {{v1,v3}, {vz,va} }) \ { {v1, v}, {vs,va} } U E1)}.

Bynem roBoputh, 9To omnepaiiusi OrpaHUYeHHOTO MEPEKTIUCHUS -
dexkTuBHO TpuMeHUMa B MysabTurpade 11z K HEKOTOpoil mape pebep
{wiy, viy }5 {vj,, ), }, ecim BemoIHEHO TGO yCsOBHE i, OO yCJIOBUE i

i) omeparus npumennma B noarpacde T, 1 Moy YeHHbBIH B pesy/bTaTe
noarpad nMeeT cBoiicTBa 1, 2, 3, a TaKXKe yBEJIUINBACTCA KOJTUIECTBO I1ap
KpaTHbIX pebep B MyJbrurpade 1o,

ii) onepanus nmpumennMa B oarpade T2, U MOy YeHHBIH B pe3y/IbTaTe
noarpad uMeeT cBoiicTBa 1, 2, 3, a TaKXKe yBEJIUINBACTCA KOJTUIECTBO I1ap
KpaTHbIX pebep B MyJbrurpade Tho.

JIemma 3. B mobom depese T = (V. E), |V| = 4, x mobot nape we
cmeancHor pebep {i, , Vi, b, {Vj,,Vjo } npumenuma onepayus ozpanuen-
HO20 NEPEKAIOUEHUA.

IIpu amom wemeepre eepuiurs (Vg , Vky, Vj; , Vjy) CONOCTMAGAACTNCA HY-
MEPAYUA (Ui17vi2vvi37vi4)7 makas 4mo pebpa {’UiUUzé}? {’Uigvvm} nepe-
Katouaromen na pebpa {vi,, vig },{viy, vi, }. Hymepayua conocmasaaemcs
maxum 00pazom, wmobbl ObiA0 BHINOAHEHO YCAOBUE | UAU YCAOBUE ii:

i) cywecmeyem nymov 6 depese T = (V, E), npoxodauut uepes eep-
WUHDL Vjyy Vi U HE NPOTOOAULUT HEPES BEPULUHVL Vjy , Vjys

i) cywecmeyem nymov 6 depese T = (V, E), nporodawuti wepes sep-
WUHDL V;y , Vi, U HE NPOTOOAULUT, UEPES BEPULUHDL Viy, Vi -
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okazareabcTBo. IlycTh Bhmosneno ycaosue ¢. llockonbky 1 — mepe-
BO, He cyIlecTByeT pebep {vi,, Vis }, {Viy, Vi, }- [Tokaxkem, uro rpad

T = (V7 (E U { {viuvis}? {7)1'2,1}1'4} }) \ { {Uilvviz}v {Ui37vi4} })

SIBJISIETCST JIEPEBOM.

1. ITycrs cymecrsyer mukn C’ B rpade T

ecsn ks C coepkur pebpo {vj,, Vi }, T0 B T CyImecTBOBAI KT
C, conepxammuii pebpo {v;,, v, }, Tak Kax B T’ cymecTByer 1myTh MexKLy
BepiuHaMu {v;,, U, }, (AHAJOMMYHbIE PACCYYKIIEHUS Jisl CJIydasi, KOTJIa
muka C' copepxut pebpo {v;,, v, }),

ecyim muks1 C' He COMEPKUT HU OHOTO U3 pebep {vi,, Vig by {Viy, Viy s
TO ITOT IUKJI CyIIecTBOBaI B Jepese T.

Canenosarenbho, rpad T’ He CONEPKUT IUKJIOB.

2. I'pad T ceasen, Tak kak B T’ cymiecTByer IIyThb, COEJIUHAIONIUI
BEPIIMHBL V;;, ¥ Vjy, Uiy U Vjy.

CiresioBaTeIbHO, MOXKHO IepeK/IIoInTb pebpa {v;,, vi, }, {viy, vi, } HA
{vi1 ) U’i3}7 {vi2 ) vi4}'

AHaJIOTUYIHO JIeMMa JIOKA3BbIBAETCSI JJIs YCJIOBUS 4.

Jlajiee TOCTPOUM TIEPEKJIIOYATEIbHBIN aJropuT™ 2, KOTOPBIH MaTpu-
uy M ©) ompeaensiontyo Mmyasrurpad Tio, nepepabaTbiBaeT B MaTPHUILY
MW ), OIpeIENSIONLYIO0 MyJIbTHTPad T}, IIpu s1oMm 1o T, B3aUMHO OJI-
HO3HAYMHO BoccTanasimBaercs napa (17, Ty), Takag uro T] = T" i =1,2,
u T (W)Ni({T"}),i=1,2.

3.3. IlocTpoeHne TepeKJI0YaATEJILHOTO AJIrTOpuTMa Mpe-
obpa3oBaHUs JEPEBbEB C COXPAHEHUEM CTEIEeHHOM
OCJIeI0BAaTE€JIbHOCTH

JloKazkeM CJIe/IyIONIyI0 JIEMMY.

Jlemma 4. Cywecmeyem anzopumm, KOmMopuid, Havumas pabomy c
HEKOMOPO20 NPOU3BOALHO20 He KpamHozo pebpa myavmuepapa Tio =
(V1, E12), ydosaemeoparowezo ceoticmeam 1, 2, 3, naxodum napy pebep,
K KOMOPbLM IPHEKMUBHO NPUMEHUMAE ONEPAUUS 02PAHUYEHNHO020 NEPEKAIO-
YEHUA.
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okazareabcrBo. Illar 1. Paccmorpum IIPOU3BOJILHOE pebpo
{vj,,v;,} € Ey (6e3 orpanndenust OOIIHOCTN]), He SIBJISIOIIEEC KPATHBIM.
ITo cBoiictBy 1 cymecrByer He KpaTHOe pebpo {vj,,vj,} € Ej.

1) Iycrs cymecrByer He kparnoe peGpo {vj,,vj,} € Ej, Torma 1o
cBoiicTBy 1 cymiectByer He KpaTtHOoe pebpo {vj,,vj, } € Ei, ja # ji. Ile-
pexof K mary 2.

2) Ilycrs cymecrsyer He kparHoe pebpo {vj,v;,} € Ep, Torma mo-
MeHsIeM MeCTaMH B IIEIIOYKe Vj, , Uj,, Vj; HEPBYIO U TPETbIO BEPIIMHBL U C
TOYHOCTBIO IO TTEPEMMEHOBAHUST STUX BEPIIIH U 3aMEHBI TTOIMHOKECTBA
Ey va Ely u El wa Ey oBTOPUM PACCyK/JICHUST TIPEbILYIIEro [yHKTA.

3) B ocrampubix ciayudasix — {v;,,v;,} € E1, {vj,vj,} € E) nm
{vj,, v} ¢ En, {vj,,vj,} ¢ B — 1o csoiicrsy 1 cymiectByeT He KpaTHOE
pebpo {vj,,vj, } € E1, ja # ji. llepexon k mrary 2.

ITar 2. Ilo cBoficTBY 2 BO3MOXKHBI CJIE/IYIOIINE CIYYaUd PaCIIOIOXKE-
Husl pebep, MHIMACHTHLIX BepIIUHE Vj, U KaKOi-11b0 U3 BePIIUH V), W
UjQ.

1) Ecin me cymectByeT pebep, HHIUJIEHTHBIX BEpIIHHE Uj, U KAKOii-
/OO0 U3 BEPIIMH Vj, WIH Vj,, TO IO CBOHCTBY 3 ¥ 1O JileMMe 3 oleparus
OrPAHUYIEHHOIO IEPEK/IOUeHnsT MPUMeHnMa K mape pebep {vj,,vj,} €
Ei, {vj,,vj,} € Ei, upu sToM b0 mHoJIydaeM Iapy KpaTHBIX pebep
{vj,, v, }, U0, He IPUMeEHSIsT OIEPAIHIO, IO CBOICTBY 1 cymecTByeT peb-
po {vj,,vjs } € By, js # j1, j2. epexon k mary 3.

2) Ecim cymiectByeT TosIbKO He KpaTHOe pebpo {vj,,vj, } € E1, T0 10
CBOWCTBY 3 U TIO JieMMe 3 OTIEePAITUsT OTPAHUICHHOTO TTePEKJTIOUEHIS TPH-
MeHHMa K mape pebep {vj,,vj,} € Ei,{vj,;,vj,} € E1, upn arom 6o 11o-
JIydaeM HEKOTOPYIO Mapy KPATHBIX pedep, Tub0, He IPUMEHSIST ONePalluio,
1o cpoiicty 1 cymiectByer pebpo {vj,,vj;} € El, js # ji, jo. Ilepexon k
mary 3.

3) Ecim cymiectByer TosibKO He KpaTHOE Pebpo {vj,,vj, } € E1, T0 1m0
CBOHICTBY 3 W 110 JieMMe 3 ollepaliust OrPAHUICHHOIO EPEKTIOUEHUS TPU-
MeHHMa K nape pebep {vj,, vj,} € Er,{vj,;,vj,} € E1, Ipu 9T0M 10y aeM
napy KpaTHbIX pebep {vj,, vjs, }-

Bameuanne. I1o cBoiicTBY 3 He MOXKeT CyIeCTBOBAThH OJIHOBPEMEHHO Iia-
pel pebep {vj,,vj, } € E1, {vj,,v;,} € Ei.
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4) CymectByeT TOIBKO He KpaTHOe pebpo {vj,,v;,} € Eb, Torma mo
CBOHMCTBY 3 W IO JieMMe 3 OIlepallis OrPAHUYIEHHOTO TepPeKIIoueHns -
(beKTHBHO NpUMEHNMA B JBYX CJIydasX:

6o k nape pebep {vj,,vj, } € B, {vj,,v;,} € Eb, upu sToM nosyda-
eM JiBe napbl KpaTHEIX pebep {vj,,vj, } 1 {v);,vj, };

mbo k mape pedep {vj,,vj,} € E1,{vj;,v;,} € E1, npu 910M HOJIyYa-
eM Tapy KpaTHbIX pebep {vj,, v, };

Jimbo, IIOCIEIOBATE/IbHO IPUMEHMB oOlepalyio w* K Imape pebep
{vj,, v} € Ey, {vj,,v5,} € E), 3arem k mape pebep {vj,,vj,} € En,
{vjs,v;,} € Eq, momy4aem 118e mapbl KpaTHbIX pebep {vj,, vj, } u {vj,, v, }.

5) CymiecTByer TOJIBKO He KpaTHOe pebpo {vj,,v;,} € E4, Torma mo
CBOHMCTBY 3 W IO JieMMe 3 OIepaliis OrPAHUYIEHHOTO MepPeKIIoueHns d-
dexTuBHO TpUMeHnNMa K mape pebep {vj,,vj, } € Er,{vj;,v;,} € E1, npn
9TOM IOJTydaeM mapy KpaTHeix pebep {vj,,vj, } mmbo {vj,,vj,}.

6) CymecrByior ne kKparnoe pebpo {vj,,vj,} € By u {v),,v;,} € Ej,
TOT/IA IO CBOMCTBY 3 M 10 JIeMMe 3 oTlepallisl OrPAHTYEHHOTO TTEPEKTI0Ye-
Hus 9DPeKTUBHO IpuMeHnMa K mape pebep {vj,,vj,} € B, {vj,,v5,} €
E4, npu sTOM mOJIyYaeM mapy KpaTHbIX pebep {vj,,vj, }.

7) Cymectyior ne kKparnoe pebpo {vj,,vj,} € By u {v;,,v;,} € Ej,
TOTJIA IO CBOMCTBY 3 M IO JIeMMe 3 oTlepaliisl OrPAHTYEHHOTO TIEPEKTI0de-
Hus 9DPeKTUBHO IpuMeHnMa K mape pebep {vj,, v, } € B, {vj,,v5,} €
E1, npu 5TOM TIOJTy4daeM JiBe Hapbl KPaTHbIX pedep {vj,, v, } 1 {vj,, vj, }-

8) CymiecrByior He KparHble pebpa {vj,v;,} € Ej, {vj,,vj,} € Ej,
TOT/IA IO CBOMCTBY 3 M 10 JIeMMe 3 oTlepallisl OrPAHTYEHHOTO TIEPEKTI0de-
Hust 3¢ eKTUBHO HpUMeHHMa K 1ape pebep {vj,,vj, } € Eb, {vj,,vj,} €
E%, npu sTOoM moJtydaeM JBe Hapbl Kparubix pebep {vj,,vj, } u {vj,, v, }-

9) CymecrByior mapa KpaTHbIX pebep {vj,,v;,} U He KpaTHOe peb-
po {vj,,v;,} € Ej, torma mo cBoiicTBY 3 M 1O JleMMe 3 OLepaliyst
OrPaHUYEHHOrO TepeKIoYenns 3p@PEKTUBHO IIPUMEHIMa K nape pebep
{vj,v5,} € Er,{vj;,vj,} € E1, upn 9T0M 10/IydaeM mapy KpaTHBIX pe-
Gep {Uj27vj4}'

10) CymecrByior mapa KpaTHbIX pebep {vj,,vj, } n He KparHoe peb-
po {vj,,v;,} € Ej, torma mo cBoiicTBy 3 M 1O JeMMe 3 OLepaliist
OrPaHUYEHHOrO TepeKIovYenns 3p@MEKTUBHO IIPUMEHNMa K mape pebep
{vj,, v} € Er,{vj;,v;,} € E1, upu 9T0M mOJIy9IaeM Hapy KPaTHBIX pe-
oep {Uj1 ) Uj4}'
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HTar k£ — 1.
Ha npesbiiyieM mare moJjty 9u/iu o4epeiHoe pebpo HCKOMOii IenouKn
/
{vjy Vjpir } € B1 wm {vj,, 05, } € Ej.
. ) ) /

Paccmorpum crywait, xoria {vj,,vj,., } € Ej.

Hns xaxxgoro | = 1,...,(k — 2)/2 no cBoiicTBy 2 BO3MOXKHBI CJle-
JIYIOIIIe CIydal PacroJioyKeHns pebep, HHIMICHTHBIX BEpHIIHHE Uj, | 1
KaKO#-/TM00 U3 BEPHIUH Ujy, Vg, o WA Vjy o -

1) Ecin ne cymecrByer pebep, MHIMICHTHLIX BEPIIAHE Vj, Vj, , U
KaKOI-nb0 U3 BEpIIMH Vj, ,, WA Vj, , ., TO IO CBOHCTBY 3 M 110 JieM-
Me 3 onepanyst OrpaHUIeHHOrO MepeK/IIOUeHNsT IPUMEHUMa K rape pebep
{000 Vi n } € B, {0, 05,1 } € Ey. Ilpumensiem e Oneparuio To/b-
KO B TOM CJIydae, Korjia oHa 3(h(MEeKTUBHO IpUMEHNMa |, CJIeJI0BATEIIBHO,
HoJy9aeM napy KpaTHBIX pebep.

. . /

2) Ecim cymecrsyer ToIbKO He KpatHoe pebpo {vj, ., v, } € L,
TO 10 CBOHCTBY 3 M II0 JIeMMe 3 Olepalysi OrPaHUIeHHOIO MEPEKJII0Te-

. . / . . /
HUS TIPUMEHNMa K mape pebep {vj, .., Vj, o} € By, {vj,v5,,} € Ey.
[TpumensieM >Ke oIeparnmio TOJIBKO B TOM CJIydae, Korjaa oHa 3(hMeKTHBHO
IPUMEHUMa U, CJIEJOBATE/BLHO, MOJIyYaeM I1apy KpaTHbIX pebep.
. . !

3) Ecin cymiectByer TOJIBKO He KPATHOE PEOPO {Vj, o, 1, Vjp,y } € £,
TO 10 CBOHCTBY 3 M 110 JIeMMe 3 Olepalysi OrPaHuIeHHOIO MEPEKJII0Te-

. . / . . /
HUS TIPUMEHNMa K mape pebep {vj, ., Vj, ..} € By, {vj, 5.} € Ey.
[TpumensieM >Ke OIeparnmio TOJIBKO B TOM CJIydae, Korjaa oHa 3(hMeKTHBHO
IPUMEHUMa U, CJIEJOBATE/IBLHO, MOJIyYaeM Iapy KpaTHbIX pebep.

3ameuanwue. [lo cBoiicTBY 3 HE MOXKET CyIIECTBOBATH OTHOBPEMEHHO ITa-
/ !
ol pebep {Ujk72l7vjk+1} € Ey, {Ujk72l+1’vjk+1} € Ey.

4) CymecrByer TOJIBKO He KpaTHoe pebpo {vj, ,,,vj, ., } € E1, Torma
[0 CBOHCTBY 3 W IO JIeMMe 3 OIlepalsl OrPAHUYCHHOrO IIePEKJII0YCHUST
9(pHEKTUBHO TPUMEHUMA B JIBYX C/IyJasX:

6o K mape pebep {vj, o, V., € F1,{vj,_,,v;,} € E1, upn sToMm
nojlydaeM Hapy KparHeX pebep {vj,,vj, ., }i

/ /

760 K mape pebep {vj, o Viy_oq t € By, {V5,, V), } € Ey, npn aToM
nOoJIydaeM Hapy KPaTHBIX Pebep {Vj, u,Vj, 1} —

60, TOCIeI0BATEIHLHO IIPUMEHNAB ONEPAIMI0 OIPAHMYEHHOrO Iepe-
KJTIOYeHusl K 1ape pebep {vj, oV} € £1,{vj,_,,v;} € E1, 3atem
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! !
K mape pebep {vVj, .., Vj,_ a1} € Ey,{vj,,vj,,,} € Ey, nomydaem mapy
KpaTHbIX pebep {vj, ., Vj, }-

5) CymecTByeT TOJIBKO He KpaTHoe Pebpo {v), o 1, Vj,,, } € E1, Torma
[0 CBOMCTBY 3 ¥ IO JIeMMe 3 OIlepalsl OrPAHNYEHHOrO IIePEKJII0YCHUST
5 dEKTUBHO IPUMEHUMa B JIBYX CJIydasX:

mmbo K nape pedep {vj, o, 1, Vi, } € E1,{vj,_,,v5,} € E1, mpu aTom
noJIyuaeM mapy KpaTHbix pebep {vj,, 5, }i

. . / . . /

6o K mape pebep {vj, o, Vi, o1} € By, {05, 05, } € Ey, npn atom
TOJIyaeM mapy KpaTHbIX pebep {vj, .1, Vi, 1 }i

60, TOCIeI0BATEIHLHO IIPUMEHNAB ONEPAIMI0 OIPAHMYEHHOTO Iepe-
Kodenns K mape pebep {vj, .., V..t € E1,{vj,_,,v;,} € E1, 3atem

! !
K 1ape pebep {vj, o, Vi, o1} € Eo {vj,, v, } € Ey, nomydaem mnapy
KPaTHBIX Pebep {Vj, o, 1, Vj, }-
. . /

6) Cymecrsylor me xparnoe pebpo {vj, .,V .} € FEy m
{Vjs o141+ Vjin b € E1, Torma mo cpoiicrBy 3 u 1o JileMMme 3 oneparus
OTPAHUYEHHOIO TepeK/ouenns 3pdeKTUBHO TpUMEHNMa K Iape pebep

) . ! ) ) ! _
{v]k72l7v.7k72l+1} € Ey, {v]k7v]k+1} € E5, pu 3TOM nOJTydaeM napy Kpar
HBIX pebep {Ujk_21+1,1)jk+1}.

7) CymecrBylor He KpaTHOoe pPebpo {Ujk72l,vjk+1} € FEi n

. . / 7
{Vjr_ari1>Vjrn } € B, TOrma mo cpoiicTBy 3 M IO JleMMe 3 oleparus
OrPaHUYIEHHOTO TIEepeKIoYenns 3p@PEeKTUBHO IIPUMEHIMa K mape pebep

. A Lo /

{00 Vi n } € B9, {0, 05,1 } € Ey, pn 9TOM TI0/Iyqaem mapy Kpat-
HBIX Pebep {vj, o, Vj, ., |-

8) Cymecrsyior — me  Kparmble  pebpa  {vj, ., v} € E1,
{Vjso1419Vjn b € E1, Torma mno cpoiicrBy 3 u 1o jiemme 3 oneparus
OTPAHUYEHHOrO TepeK/ouenns 3pdeKTUBHO TpUMEHNMa K Iape pebep
Vo> Vi b € B AV _oi1s Vji_aipe b € E1, IDH 9TOM mOJTydaeM mapy
KPATHBIX PEOED {Vj, o5 Vjy_arsy )+

9) CymecrByloT mapa KpaTHbIX pebep {vj, ,,,vj_ ,} W He KpaTHoe
pebpo {vj, .15V, } € E1, Toraa mo cpoiictBy 3 u 10 JemMme 3 ore-
panysl OrpaHuIeHHOro NepeKIioueHns 3(MMEKTUBHO MPUMEHUMA K [1ape

! /
pebep {Vj, o Vjp_ors1 f € B, {vj,,vj, ., } € E, Ipu 9TOM HOTyHaeM mapy
KPATHBIX PEOEP {Vj, o1 Vjyyy )

10) CymiecTByIoT mapa KpaTHBIX pebep {Vj, o, ,;Vj,,, } ¥ He KpaTHOe
pebpo {vj, o, V5., } € E1, TOTIA 1O CBOWCTBY 3 M 10 JIeMMe 3 olepariust
OrPaHUYEHHOTO TepeKIodenns 3p@PEeKTUBHO IPUMEHIMa K nape pebep
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) . ! ) ) ! _
{v]k72l7v.7k72l+1} € Ey, {v]k7v]k+1} € E5, pu 3TOM nOJTydaeM napy Kpar
HBIX pebep {Ujk_Ql,Ujk+l}.

OTaenbHO  paccMOTpPHUM — CIydaii, Korjga — CymecTByer  pebpo
{vj17vjk+1} S

JinbO 10 CBOHMCTBY 3 U 10 JieMMe 3 oIepaliis OrPAHUYCHHOTO Iepe-
kmodenus adexTuBHO MpEMennMa K mape pebep {vj, v, } € FEi,
{vj,_.,vj.} € Ey, Torga noyyaem napy KpaTubix pebep {vj,,vj, ., };

b0 10 CBOMCTBY 3 M 1O JieMMe 3 olepaliisi OrPpaHuYeHHOTO Iepe-
k/odenns 3dekrusHo npuMenuma K nape pebep {vj, ,,v;,_,} € Ej,

/ .

{vj., vj,1 } € B3, TOrDa nomydaem mapy KpaTHBIX pebep {vj, _,,Vj, };

60, TOCIeI0BATEIHLHO IIPUMEHNAB ONEPAIMI0 OIPAHMYEHHOTO Iepe-
Kmodenus K mape pebep {vj, v} € E1, {vj,_,,v;,} € E1, 3atem K

/ /

nape pebep {vj, ,,vj,_,} € By, {vj,,vj,,,} € Ey, nonydaem napy xpat-
HBIX pebep {vj, |, Vj,., }-

MTak, paccMOTpPEB Bee CiIydau, HOIydaeM, 9To JUbOo Ha JTaHHOM IIare
9D HEKTUBHO TPUMEHUMA OlIePallisi OTPAHUIEHHOIO IEPEKI0OUEeHIS, JTH00
cymecryer m,m € {1,...,k/2} pebep, UHIMIEHTHBIX BepIIHHE Vj, ., U

KaKoi-1160 U3 BepUINH Vj,,...,vj, U npumayiexamux Ey. Orcooxa 1o

k
cpoifcTBy 1 cymecTsyeT pebpo {vj, .\, Vj, ..} € E1, jry2 & {J1,- -5 k1)
Ilepexon K miary k.

Amajiormdno paccMarpuBaeTcs caydaif, korga {vj,,vj,,, + € Ei. Or-
meruM, 9to pu stoM [ = 1,...,(k—1)/2, a j1 = jy_o, tae l = (k—1)/2.

Paccmorpum He KpatHOe pebpo {vj,,v), } € E1, IPUMeHsIeM HOCJIe0-
BaresbHO maru 1,2 u tak gasee. lomycTum, ocTaHOBKA MPOU30UIECT HA
mare n. Y10 3Ha4nuT, B MysabTurpade T1s ObLIN HallJleHBI J1Ba pebpa, K
KOTOPBIM 3(PPEKTUBHO MPUMEHUMa OINEPAIUSA OIPAHUIEHHOTO TIEPEKJIIO-
YeHUsI, B pe3ysbTaTe 4ero obpasyercs mapa KpaTHBIX pebep, OTHO U3 KO-
TOPBIX NPUHAJIEXKAT MHOKECTBY F1, a ipyroe — muoxkectBy FY (nm jase
napbl KpaTHbIX pebep). uade ajropurM HaXOIUT GECKOHEUHYIO MOCTIe-
JIOBATENHLHOCTD TOMAPHO Pa3JIMYHbLIX moarpadgos Myiasrurpada Tia, 9To
HEBO3MOYKHO B CHJIy KOHEIHOCTH MyabTurpada Tio. Jlemma mokazana.

N3 pmemm 3 u 4 caenyer anroputm A, npeobpazyromiuit moarpadb
(T, T?) mynsrurpada Tip B mapy noarpados (T71,772), T = T ¢
HOMOIILIO KOHEYHOI HOC/Ie/I0BATeILHOCTH Olepaliii OrpaHuuIeHHOro Ie-
PEKJIIOYeHusT. DTOM TOC/IeI0BATETHHOCTI B3aNMHO OJTHO3HAMHO COIIOCTAB-
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JIIeTCA KOHEYHAs II0CJICI0BATEILHOCTD OlEpalyii OrpaHNYEHHOIO IIepe-

KJIIOUeHus], npeobpasyomast napy jepesbes (11,T5) B mapy JepeBbeB
1A sl !~ .

(T1,13), T1 =15 :

. /.

Tl .— T17T2 .— T2.

Ecom B mysnbrurpade T, Bee pebpa KpaTHbIE, TO aJrOPUTM 3aKaHTU-
BaeT pabory.

Ecimm B mynsrurpade 17, cymecrsyer pebpo {vj,v;}, He sBsiomee-
¢l KpaTHBIM, 110 jJemMe 4 Hafifgem napy pedep, K KOTOpbIM 3(hHEKTUBHO
[IPUMEHUMa, OIIePAIlisi OTPAHUYIEHHOTO TIePEKJIIOUCHUS.

IIpumenum oneparuio B Myasrurpade T7,. O603HAUNM 10y T€HHbIH
mysabsrurpad 17,.

IIpumennM Ty 2Ke oepanuio K nape pedep jepesa T} niu Ty, B3AUMHO
OJIHO3HAYHO COIOCTABJICHHBIX ape pebep noarpada 17 wiu Ty, O6o3Ha-
YnM TI0JTyYeHHbIe Jiepesbs 1] u 1.

[Tepexom K ciemyromnieit UTepaluy MUKJIA.

Asroput™m 207 KOPPEKTEH, TO €CTh CIIPABE/ITNBA CIIETYIONIAs TEOPEMA..

Teopema 4. Jlas 41060t napv, 3anymeposannnr depesves 11, To ¢ odu-
HAKOBOLMU CMENEHHBMU NocAedosamesvrocmamu arzopumm Ap cmpo-
um napy usomoppmor depesves Ty, T5.

HoxkazareabctBo. [Ipu padore anropurma 27 mocie Kaxk /10t urepanum
[UKJIa B IOJTy YeHHOM MysbTurpade 17, Bo3pacraer KOJIu4ecTBO KPATHBIX
pebep, pu 3ToM 00IIee KOJUIECTBO pebep He YBeJMInBaeTcsl. SHAUWT,
[I0CJIE BBITIOJIHEHUST KAXKJOr0 Iara IUKJa ajiropuTMa A KOJIMIecTBO He
KpaTHbIX pebep Mmysbrurpada 17, yMeHbaercs He MeHee, 1eM Ha 2. Ciie-
JIOBaTEJIbHO, ajroputM 2 paboTaeT KOHEYHOE JHCJIO IIaroB. B pe3yiib-
tare nosmyaaem: T}y = (V4, Ey) € (w*)N({T12}) ms mexoroporo N; Bee
pebpa mysnbrurpada 17, — KpaTHbIE; JePeBbs

T € (W)™ ({11})

Ty € (W)™ ({T2}).
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ITputem, npu odepeHoM i+ 1 mpuMenennn oneparun w* K MynbTurpady
u3 MuozkectBa (w*) ({Ti2}) IpoucxoMT MpUMeHeHNe onepanuu w* K co-
OTBeTCTBYIOMEMY JepeBy 3 MuokecTBa (w*) ({T1}) mm u3 MHOMKECTBA
(w*) ({T2}), To ectb N1 + Ny = N. Tak Kax B pesy/ibraTe paboOThI ajro-
purma A7 Bce pebpa Mysbrurpada 1]y CTAaHOBSATCS KPATHBIMHU, TO IS
KazKJI0i1 Iapbl MHIMIEHTHBIX BEPIIMH U, v; pebpo {v;,v;} cymecrByer
oHOBpeMeHHO B Jgepesbsix 17, Ty. U3 sroro ciaeayer, aro T u Tj uso-
Mmopdubl. Teopema g0Ka3aHa.

U3 pesyabraros [18] cieayer cocob mocrpoenus: T-aBromara Ay, KO-
topeiii npumensiercst Kk marpune M = M(©), mz(?) € L(4), oupenessito-
meit mysnsrurpad Tio. B pesynabrare paborsr T-aBromara Aj ¢ Hada b-
HBIM COCTOSTHEEM @Y TIOC/IeIOBATEILHO HAXOMUTCST pe6pO, He sBJIAIONeecst
KPATHBIM, 3aT€M CTPOUTCS MPOCTas MENb ¢ HAYAJIOM B OJTHOW U3 BEPIIHUH,
VMHIUICHTHBIX JAHHOMY PEOPY, U C MMOMOIIILIO TOH ey HAXOAUTCS mapa
pebep, K KOTOPLIM IIPUMEHMMa ONepalis MePeKITIYeHusi (CM. HHCTPYK-
mun 1-5 B [18]). IIpu sTrom T-aBromar A; NPUXOIUT B BBIIEJIEHHOE COCTO-
dHMe ¢ U nepejaer yupasienne T-asromary Ag. B pesyibrare paborThr
T-aBromaTa Ag ¢ HAYATHLHBIM COCTOSTHUEM ¢ TTPOUCXOJIUT MEPeHyMePaIist
YeTBEPKU BEPIIUH, yIACTBYIOIIEH B OlepaIiui, TaK ITOOBI IOy YCHHBIN B
pe3yJbTaTe OlEPAIUU MMEPEKJIOUEHUsS MYyJIbTUIDad BHOBB YJ/IOBJIETBOPSII
ceofictBam 1, 2, 3. CyIecTrBoBaHne Takoil HyMepalun u Crrocod mocTpo-
ennsi T-aBromara As ¢ momorpio wHCTPYKIwii 1-5 u3 [18] ciemyior us
semmsbl 3. Ilpu nepexojie B Bble/IeHHOE cocTostHue g5 1-aBromar Ay CHO-
Ba mepejiaeT ynpasjenne T-aBroMary Ap, B pe3yabTare paboThbl KOTOPOTO
[IPOUCXO/IUT OTEePAIUs IePEKII0UeHN, COOTBETCTBYIOIIAs HYMEPAITIHU, TO
€CTb OIlepaIlst OIPAaHUICHHOIO MEPEKII0UeHIs. epe3 HEKOTOpoe KOHEeU-
Hoe KoJimaecTBO N maros T-aBroMar Aj NPUXOJAUT B KOHETHOE COCTOSTHUE
q}, npu 3rom marpuiia M (V)| m,E]N) € L(4), onpenensier mynbrurpad, B
KOTOPOM Bce pebpa siBJIstoTcs KpaTHbiMu. OTcroma ciiefyer crocob mo-
crpoernst T-apTomMata A ¢ Ha9aTbHLIM COCTOSHHEEM ¢\ M KOHEYHBIM ¢},
KoTOpBIH puMensiercst Kk Marpuie M(©) mz(?) € L(4) u B pesysbrare
paboThl KOTOPOI'O OCYIIECTB/ISIETCSI KOHEYHAs I0CJIEI0BATE/ILHOCTD OITe-
paImii OrpaHUIEHHOrO TIEPEKJIIOUEHNUs], IPUBOISAINAS K TOMY, 9TO BCe Ped-
pa MOJIYIeHHOr0 MyJIbTUrpada cTaHOBATCH KpaTHBIMEU. Takum oOpa3om,
BepHa
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Teopema 5. Anzopumm Ap = (A, M) asaiemcs nepexitonamenvHvim.

Bpemennoit c/1o:KHOCTBIO pabOTHI AJITOPUTMa OyIeM Ha3bIBATH KOJIHYe-
CTBO TIPOCMOTPEHHBIX 38 BpeMs ero paboThl pedep.

3ameuanue. Bpemennas CJI02KHOCTHL pabOTHI aJrOpPUTMa IIOUCKA IPa-
BWJIBHOW HyMEpAIMK YeTBEPKHU BEPIIMH 10 HOPSIKY pacTeT He ObicTpee,

qeM n2.

Orcroza n u3 pesysbraroB |18 rakxke ciejyer

Teopema 6. Bpemennas cA02CHOCTD PabOMbL NEPEKAIOUAMENDLHOZ0 A~
2opumma A 1na mysvmuepagpe Tio ¢ n gepuuHaMu, pacmem no nopacxy
ne Gvicmpee, wem n’.

Pasmep 3agaun onpeesimM Kak KOJMIECTBO A9€eK MaTPHUIILI, HEOOXO-
JUMOR JIJIST 38IaHUS BXOIHBIX JAHHBIX ajaropurMma. TakuMm oOpas3om, JIs
3aJaHusg MyJIbTUrpada ¢ 1 BepIIMHAMHA HEOOXOTUMO n?
Ky aJiroputm 2 dABISIETCS IepPeKI0vaTe/IbHbBIM, TO BEPHA

ddaeek. [lockon-

Teopema 7. Ob6sem srewneti namamu arzopumma Ar omavvaemca om
paamepa 3a0ayu He 60Aee YeM HA KOHCTAHMY.

4. IlocTpoenue nepekJO4YaTeIbHOTO aJrOPUTMa
mpeodpa30BaHUsl YHUIINKJIOB C COXPaHEHUEM
CTeIleHHOIl MOCJIe/IOBATEIbHOCTH

4.1. IlepekJsroyaTresbHas MMOJTHOTA CBOMCTBA «OBITh yHU-
MUKJIOM »

Onpepenenne 19. ([16]) Yauuuka U = (V, E) — 910 CBA3HBIN HEOPU-
eHTHUPOBAHHBIN rpad, comepKalnuii POBHO OIWH ITHKJI.

ITycrs d(n) — Hekoropasi rpadudHasi HOCIE0BATENHHOCTh. Hepes
(d(n)) obo3HaumM MHOYKECTBO BCEX YHUIMKJIOB C 3aHyMEPOBAHHDI-
MM BEPIIMHAMM CO CTEIeHHON I10CJIeI0BATeIbHOCTBIO d(n), Takoe 49To

U(d(n)) € M(d(n)).



O mepekJroUaTeIbHBIX AJIrOPUTMAX MPE0OPA30OBAHMS 361

Pacemorpum Hekoropoe mopmuozkecTBo U(d(n)) MHOKeCTBa yHUIIMK-
a0B U(d(n)). Oupeennm oneparo

w*(U(d(n))) ={U" € U(d(n))| 3U = (V, E) € U(d(n)),
B U1, 0V2,0V3,V4 € V, {’1)1,’1)2},{’1)3,’1)4} S E, {01,03}, {02,1)4} ¢ E,

U = (V.(EU{{vi,vs}, {v2,0a} D)\ {{v1, v2}, {vs, va} })}-

Omneparust w* onpezernena upu n > 4. Ormernm, aro w*(U(d(n))) saBis-
ercst mojMHOXKecTBoM 4U(d(n)), TO ecThb omepalysi w* He MEHsIeT CTelleH-
HYIO [IOC/Ie/IOBATEIBHOCTD BEPIIMH W He BLIBOJUT U3 KJIACCa YHUIMKJIOB.

B [12] paccmarpuBaercsi omneparysi OrpaHUYEHHOTO TIE€PEKJTIOYEHUs
B YHUIMK/IaX. ByjeM TOBOpUTBL, YTO OlEpalisi OrPAHMYEHHOIO IIepe-
KioueHns: npumennma B yHunukie U = (V,E) kK Hekoropoii mape
pedep {vi,, iy}, {vj,,v),}, ecim B yuumukie U me cymecTByeT pebep
{’invh}v {Ui27vj2}v u rpad

U= (V7 (E U { {’invh}v {Ui27vj2} }) \ { {’UZ&?U’L@}? {’Ujl’UJé} })

SIBJISIETCS YHUIMKJIOM, WM ecjii B yHunukiae U He cymiecTByeT pebep
{’invjé}v {Ui27vj1}v u rpad

U' = (Vv (E U { {vilvvjz}v {Uizvvh} }) \ { {Ui17vi2}7 {vjlvvjé} })

SABJIAETCA YHUIMKJIOM. ECaM onepanysi OrpaHMYeHHOTO NEepPEeKIIOYeHMUsT
npuMennMa K mape pebep {v;,,vi,}, {vj,,vj,}, To Gymem Takxke robo-
pUTb, B LIEPBOM Cilydae, 4ro pebpa {v;,vi,}, {vj,,v),} Hepexmodaror-
cs Ha pebpa {vi,v; },{vi,,vj,}, WM, BO BTOpOM ciydae, Ha pebpa
{vh » Uja }7 {Uiz » Uja }

Bynem paccMarpuBaTh MHOMKECTBa YHHIMKJIOB C KOJUYIECTBOM BEpP-
IIUH, He MEHbIIUM 4.

O6osmauny U?) muoxkecrso nap yummukinos {Up, Us} ¢ 3anymepo-
BaHHbIME BepinuHamu, Takux 4to d(Uy) = d(Us).

PaccMoTpuM mpon3BosbHyio napy yammukios {Uy, Us} € U®),

U1 - (‘/17E1)7U2 = (V27E2)7 ‘Vl, - ’Vé’ =n.

Brepsbie creyromast reopema jjokaszana B [12].
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Teopema 8. Cywecmsyiom uyeavie neompuyamesvrvie wucaa Ni u No,
u natdymes ynuyuraw Uy u Ul maxue wmo

Ui € (W)™ ({Ui}) = 0" (@ (.. w"({Ui})), 2,

N;
! ~ !

4.2. CyuiecTBoBaHME IIE€PEKJIIOYATEIBHOIO aJIrOPUTMAa
npeobpa3oBaHusa yHUNUKJIOB. IlocTanoBka 3amaun

PaccMoTpuM BOITPOC O CYIIECTBOBAHWY TTEPEKJTI0UATEIEHOTO AJITOPUT-
ma g, Koropbiii mo mape yuunukios (Up,Us) € U @) crponr mapy
(U], U}) raxyio, aro U! € (w*)Ni({U;}),i = 1,2, u U] = U},

Tak ke, Kak B 1. 3.2, mape ymmmukiaos (Up,U) € U U; =
(Vi, E;), |Vi| = n, ¢ = 1,2, B3auMHO OJIHO3HAYHO COIIOCTABUM CHMMET-
puanyio marpury M(©) = (m,(?))nxn, (0) € L(4).

Tak kak yuunukisl U; = (Vi, Fy) u U2 = (Vi, E2) umeror ojuHaKo-
BYIO CTEIEHHYIO IOCJIeI0BaTe/IbHOCTD, To bueknus f : Vo — Vi, como-
cTaBJIstiolast Kaxkoii Bepumnne v1 yHunukiaa U; = (Vi, E) BepimHy vy
yuaunukia Uy = (Va, Ey) ¢ TeM ke HOMEPOM, COXPaHsIeT CTEleHb BEPIIH-
HBI.

Omnpenenum mysbrurpad Ure caeayromum obpasom: Uiy = (Vi, Fia),
E19 — MyJIbTUMHOXKECTBO, SIBJISIONMIEECS OObeJIMHEHIEM MYJIBTUMHOXKECTB
Ey, El, rne

= {{f (), FW")}I{' 0"} € B }.

Omnpenenmum B MyabTurpade U moarpadsr Ul = (Vi, EBy), U? =
(V1, E%). 3amernm, urto nogarpad Ul u yrumukn Uy (moarpad U? u yru-
kit Uy) msomopdubl. Takum o6pazom, creneHb Jir060ii BEPIIMHBL MyJib-
turpada Uiy siBJIsIETCs YIBOEHHOM CTEIIEHBIO BEPIIUHBI C TEM YKe HOMEPOM
yaunukiaa U .

Taxum o6pasom, marpura MO = (mz(?))nxn, ml(-;)) € L(4) mus Jiro-
boroi=1,...,n,7 =1,...,n, oupenenser myabrurpad Ups.

Boigesium creyromue cBoiictBa myabturpada Uls.
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CsoiictBo 1. s s1060it Bepiiuabl MyiabTurpada Ups KOTTIECTBO
pebep, MHIMIEHTHBIX el U IPpUHAJIeXKAINX MHOXKeCTBY K1, paBHO KOJIU-
gecTBY pebep, MHIMJCHTHBIX €ff M IPUHAJIEIKAIIUX MHOXKeCTBY Eb.

CsoiicTBo 2. Mynbrurpad Ui MOXKeT MMeTh KpaTHble pedpa (Kpat-
HOCTH He BbIlIE 2), IpUYeM, eClu e1,ey — KparHble pebpa Uiz, TO
e € E1,62 S Eé i ey € Eé,eg e F.

Caoiictbo 3. Kaxprit u3 nogarpacdos U u U? spisercs: yHUITIKIOM.

Yepes i2(d(n)) obo3HAIMM MHOXKECTBO BCEX MyJIbTHIPadOB € 3a-
HyMEPOBAHHBIMH BEPIIMHAMU CO CTEIEHHOM 110CJIe/I0BATeIbHOCTBIO d(N),
obsratatonux coitcTBoM 3, Takoe uto ya(d(n)) C Mia(d(n)).

Paccmorpum nekoropoe nogmuozkectso Upa(d(n)) MHOXKeCTBA MyJib-
turpacdos Uiz (d(n)). Oupegennm omeparuio

w*(Ui2(d(n))) = {Uiy € tha(d(n))| 3 Ur2 = (Viz, E12) € Ur2(d(n)),
J w1, v2,v3,v4 € V12,
{v1,v9},{vs,v4} € By, {v1,v3},{va,v4} ¢ Fy,
Uiy = (Vig, (Ex U {{v1,v3}, {vg,va} }) \ {{v1, 02}, {vs, 04} } U E3)}

U
{Uis € thia(d2(n))| 3 Urz = (Via, Er2) € Uia(da(n)),
J w1, v2,v3,v4 € V12,
{v1,v2}, {vs,v4} € Eb, {v1,v3}, {v2,v4} ¢ E)
Uiy = (Vig, (By U { {v1,v3}, {va, v} }) \ {{v1, v2}, {vs,va} } U E1)}.

Bynem roBoputh, 9T0 omnepaiiusi OrpaHUIE€HHOTO MEPEKTI0UCHUS -
dexTuBHO TpuMenuMma B MmyJsbrurpadge Ups K HekoTOpOil mape pebep
{viy, viy }5 {vj,, ), }, ecim BBITIOIHEHO OJIHO U3 YCIOBUI % M ii:

i) omeparms npumennMa B oprpace UL, n mostyaennsIit B pesybraTe
nojirpad uMeer cBoiicTBa 1, 2, 3, a Tak»Ke YBEJIMINBACTCs KOJIUIECTBO TTap
KpaTHbIX pebep B mysbTurpade Ulo,

ii) onepamus npuvennMa B oarpade U2, 1 oty eHHbIil B pesy/IbTaTe
noarpad uMmeeT cBoiicTBa 1, 2, 3, a TaKXKe yBEJIUINBACTCA KOJTUIECTBO I1ap
KpaTHbIX pebep B MmyJibrurpade Uis.
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JIemma 5. B wmobom ynuyukae U = (V, E), |V| = 4, x w060t nape we
cmeancHor pebep {vi, , Vi, b, {Vj,, Vjo } npumenuma onepayus ozpanuen-
HO20 NEPEKAIOUEHUA.

IIpu smom wemeepre sepwur (Vg , Uk, Vg, , Vj,) CONOCTMABAAENCA HY-
MEPAYUA (UimvizavingM)? maxas “mo p€6pa’ {viuvz'z}? {vigvvm} nepe-
katouaromen na pebpa {viy, Vig b, {viy, vi, }. Hymepauusa conocmasasemcs
maxum 00pazom, 4mobv. ObLAO GBINOAHEHO TOMS Obl 00HO U3 YCAOBUL 1
UAY 15!

i) cywecmeyem nymov 6 depese T = (V, E), npoxodauut uepes eep-
WUHDL Vjyy Vi U HE NPOTOOAULUT HEPES BEPULUHVL Uy, , Vjys

i) cywecmeyem nymov 6 depese T' = (V, E), nporodauuil wepes eep-
WUHDL Uy, Vi, U HE NPOTOOAULUL HEPES BEPULUHDL Vjy, Vi .

JlokazaTesbCTBO. AHAJIOTUYIHO JIOKA3aTE/ILCTBY JIEMMBI 3.

Jlajiee mocTpouM mepeKIIovuaTe/IbHBIN ajaroputM 2, KOTOPbIil MaTpU-
iy M) onpenensiiontyio Mymsrurpad Ujs, epepabaThBaeT B MATPHUILY
MW onpenensiontyo myasrurpad Ul,. TIpu stom 1o Ul B3anmuo ofi-
HO3HAYHO BoccTanas/mBaercs napa (U7, Ub), Takas uro Ul 2 U" i = 1,2,

u U e (w)Ni({U'}),i=1,2.

4.3. IlocTpoeHne mepeKJII0YaTEJbHOTO aJIrTOPUTMa IIpe-
obpa3oBaHUs YHUIINKJIOB C COXPAHEHUEM CTEITIEHHOM’
MOCJIe/I0BATEeJIbHOCTH

JloKazkeM CJIe/IyIONIyI0 JIEMMY.

Jlemma 6. Cywecmeyem anzopumm, KOmMoOpuill, HAYUHAA pabomy c
HEKOMOPO20 NPOU3COABHO20 He Kpamhnozo pebdbpa mysvmuepaga Uiy =
(Vi, Er2), ydosaemsoparwezo ceoticmeam 1, 2, 3, naxodum napy pebep,
K KOMOPbILM IPPHERMUSHO NPUMEHUMA ONEPAUUA 02PAHUMEHHO20 NEPEKNIO-
YEHUA.

JokazaTeabCTBO. AHAJOIMYHO JI0KA3aTEIbCTBY JIEMMBI 4 CO CIEedyIo-
MM 3aMevaHueM st maros k — 1 u k.

N3 coiictBa 3 ciemyer, uro B Mysbrurpade Ujo JUist KaxKJIOro u3
noarpados Ul, i = 1,2, MOXKeT CymecTBOBATL (M €CJIM CYTIeCTBYeT, TO
enuacTBennoe) I; = 1,...,(k—2)/2, i = 1,2, Takoe 4T0 CyIIecTByeT napa
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pebep {vjk72li+17vjk+1} n {Ujk—mivvjkﬂ} ({Uijij} u {Uj27vjk+1})7 OJI-
HOBpeMeHHO Jieskanux B U'. Jlajiee BO3MOXKHBI CiIydan (6e3 orpaHnveHust
obIIHOCTH cuuTaeM, 4ro k — HedeTHo, | = [1):

1) Ha mare k — 1 cymecTByioT ofHOBpeMenHo pebpa {vj, ., Vj,., } €
Eym{vj,_y. ., ) € E1. U3 f0KasaTebeTha IEMMBI 4 CJIeJlyerT, 4To Jii-
60 Ha JAHHOM MIare 3(PMEKTUBHO MPUMEHNMA Olepalisl OrPAHIIEHHOTO
nepekJroUeHust, oo cymecrsyer m,m € {1,...,k/2 4+ 1} pebep, numu-

JICHTHBIX BEPIIUHE Vj, ., U KAKOH-7MO0 U3 BEPIIMH Vjy, . .., Vj, ¥ IPUHA]I-

k
nexanux . Orciofa no coiictBy 1 cymecTsyer pebpo {vj, ., Vj, .} €
P . .
ES, jkvo ¢ {1, -, Jk}, u mpoucxoauT mepexoj K mary k.
2) Ha mare k cymecrsyer ne kparnoe pebpo {vj,,v;, ., € E1. Torna
10 CBOICTBY 3 M IO JIeMMe 5 omeparysi OrPaHUIEHHOrO IE€PEKIOYeHUs
93¢ DEKTUBHO TTPUMEHUMA B CJIEIYIONINX CJIyIasdX:
mmbo K mape pebep {vj,v;, ,} € E1, {vj,,vj.,,} € E1, npu arom
1oJIydaeM mapy KpaTHbIX pebep {vj, ., Vj, s}
/ /
mmbo K mape pebep {vj,_,,v;} € Ey {vj,, v} € E5, upu atom
noJtydaeM mapy KpaTubix pebep {vj,,vj, 1 —
00, MOC/IEIOBATEIHLHO TIPUMEHHUB OIEPAII0 OIPAHUYEHHOIO ITIepe-
Kyouennst K nmape pebep {vj,,vj,.,} € E1, {vj,,vj.,} € E1, 3atem K
/ /
nape pebep {vj,_,,vj. } € £y, {vj,.,,vj..,} € E), momyqaem mapy Kpat-
HBIX pebep {vj,,vj, ., }-
JlemMa jJoKa3aHa.

N3 nemm 5 u 6 caenyer anropurm 2y, npeobpasyrommii moarpadbl
(U, U?) mynvrurpada Uis B mapy noarpacos (U, U?), Ut = U” ¢
HOMOIIBIO KOHEYHOH I0C/IeJ0BATEILHOCTH OIlepaIdii OrpaHIYeHHOrO IIe-
PEKJIIOYEeHUs. DTOM MOCIeI0BATEIBHOCTH B3aUMHO OJIHOZHAYHO COMOCTAB-
JIIeTCsl KOHEeYHAsl MOC/IeJ0BATEILHOCTL ONepalnii OrpaHndeHHOro Iepe-
KJIIOUeHus, peobpasyiomiast napy yHuimkios (U, Us) B 1apy yHUIIUKIIOB
(U}, U3), Uj = Uy

Uiy = Una,

Ui .= Uy, U} = Us.

Ecnn B mysnbrurpade Uj, Bce peGpa KpaTHbIE, TO AJINOPUTM 3aKaHIH-
BaeT pabory.
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Ecim B myssrurpade U,y cymectsyer pebpo {v;,v;}, He sBismiomniee-
¢ KpaTHBIM, 110 jiemMMe 6 Haiigem mapy pedbep, K KOTOPbIM 3P HEKTUBHO
[IPUMEHUMa, OIlePAIlisi OTPAHUYIEHHOTO TIePEKJIIOUCHUS.

!/ o

ITpumennm oneparuio B MysbTurpade Ujy. OO03HAMNM 110y Y€HHBIIH
myasrurpad Ufs.

[Ipumenum Ty ke omepanuio K mnape pebep ynunukia Ui wmu U,
B3aUMHO OJJHO3HAYHO CONOCTAaBJIEHHBIX Tape pebep noxarpada Ul nim US,.
O6osraunM nostyuennble yaurukisl Uy u UY.

[Tepexom K ciemyromnieit UTepaluy MUKJIA.

Asroput™m 207 KOPPEKTEH, TO €CTh CITPABEIJINBA CJIETYIONIAs TEOPEMA..

Teopema 9. Jlas 410600 napve 3anymeposannoir yruyukaos Up, U
¢ 00UHAKOBBIMU CMENEHHBLMU TOCALI0BATNEALHOCAMY as20pumM AL
cmpoum napy uzomopdrvir yruyukaos UL, Uj.

dokazaTenbcTBo. [[0Ka3aTeIbCTBO ClIeAyeT W3 JOKa3aTeIbCTBA JIEM-
MBI 6 1 Teopembl 4.

Orcrona ciieayor

Teopema 10. Anzopumm Ay ABAAEMCA NEPEKAOUAMENEHBIM.

Teopema 11. BpemeHHaA CAOHCHOCTVD PAOOMDBL NEPERAIOUAMNEALHOZO Q-
eopumma Ay na myasvmuepagpe Ui ¢ N sepuuramu, pacmem no nopaoxky
ne Goiempee, wem nZ.

Teopema 12. Obsem shewnetll namamu arzopumma Ay omauvaemes
om pasmepa 3a0aMu He 6oaee uem Ha KOHCIMAHMY.

5. IlocTpoeHmue nepekJrovaTeJbHOTO aJTOPUTMa
IMpeoOpa30BaHnsI CBA3HBIX I'pad OB C coOXpaHe-
HHEM CTelleHHOIl IocJjie/I0BaTeJIbHOCTU

5.1. IlepekJsroyaTesibHasi MOJTHOTA CBOMCTBA CBA3HOCTU

ITycrs d(n) — nHekoropasi rpadudHasi HOCIEI0BATENHLHOCTh. depes
&(d(n)) obo3HATMM MHOXKECTBO BCEX CBSIBHLIX IpacdOoB C 3aHyMEpOBaH-
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HBIMU BEpIIMHAMUI CO CTEIICHHON MOCJIe0BATeILHOCTBIO d(1n), TaKoe 9To
&(d(n)) € M(d(n).

Pacemorpum sHekoropoe nopmuozkectBo C(d(n)) MHOXKeCTBA CBSI3HBIX
rpados €(d(n)). Oupegennm onepanuio

w*(C(d(n))) = {C" € €(d(n))| 3 C = (V, E) € C(d(n)),
B U1, 0V2,0V3,V4 € V, {’1)1,’1)2},{’1)3,’1)4} S E, {01,03}, {02,1)4} ¢ E,

C' = (V,(EU{{v1,v3},{v2,va} }) \ {{v1,v2}, {v3,va} })}.

Oneparust w* onpegenena upn n > 4. Ormernm, uro w*(C(d(n))) sas-
nsiercst mogaMuoKecTBoM €(d(n)), TO ecTh omeparust w* He MEHSIET CTe-
[IEHHYIO TI0CJIE/IOBATEILHOCT BEPIIMH U HE BBIBOJUT U3 KJIACCA CBSI3HBIX
rpados.

B [13] paccmarpuBaercst onepanusi OrpaHHIeHHOIO HEPEKIIOYCHUsT B
cBst3HBIX rpadax. Byjem ropoputh, 9To onepanusi OrpaHuIeHHOTO Tepe-
KJIIOYeHnst npuMennMa B csisHoM rpade C' = (V) E) Kk HekoTOpOii mape
pebep {v;,, vi, }, {vj,, vj, }, ecan B cBsisHOM rpade C' He cymmecTByer pebep
{vh » Uja }7 {Uiz » Uja }7 u rpacd

' = (V7 (E U { {’invh}v {Ui27vj2} }) \ { {’UZ&?U’L@}? {’Ujl’UJé} })

SIBJISIETCSI CBSI3HBIM, WJIM €CJIn B ¢BsisHOM rpade C He cymiecTByeT pebep
{vh y Ujo }7 {Uiz » Ujy }v n I‘pa(b

C'= (Vv (E U { {vilvvjz}v {Uizvvh} }) \ { {Ui17vi2}7 {vjlvvjé} })

SIBJISIETCsI CBSI3HBIM. Eciin onepanusi orpaHiyeHHOrO HePEKJII0UeHNUsT IPH-
MeHHMa K mape pebep {vj, v, }, {vj,, v, }, TO OylieM Takxke TOBOPHTH, B
IIEPBOM CiIydae, 9To pebpa {v;, , Vi, }, {vj,, ), } mepekimodatorcst Ha pebpa
{vir, vj, }, {viy, vj, }, mm, Bo BTopom citydae, na pebpa {vi,, v, }, {viy, vj, }-

Bynem paccmarpuBaTh MHOXKECTBa CBSI3HBIX IpacdOB € KOJIMIECTBOM
BEPIINH, He MEHbIINM 4.

O603maumy C'?) muOKecTBO Map cBs3HBX rpados {Ch, Cy} ¢ 3amy-
MepoBaHHBIME BeputuHamu, Takux 4o d(Ch) = d(Ca).

Paccmorpum mponssossayio napy {Cp,Co} € O3,

Cl = (‘/vl?El)ch = (‘/27E2)7 |‘/1| = |V2| =n.

Brepsbie creyromast reopema jjokaszana B [13].
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Teopema 13. Cywecmeyrom yeavie neompuyamenvhoe wucaa Ny u No,
u natidymes ceasnwve 2pagor C1 u CYy, maxue wmo

Ci € W)M{C}) =w (W (...w ({Ci}), i =12,
—_———

N;
!~ v
Cl = 02.

5.2. CymiecTBoBaHUE IIE€PEKJIIOYATEIBHOTO aJIrOPUTMA
npeobpa3oBaHusda CBA3HBLIX rpados. IloctaHoBka 3a-
Javun

Paccmorpum BOIIpoc 0 CymecTBOBAHUE MTEPEKTIOYATETHHOIO AJITOPHUT-
ma ¢, KoTopelit o nape cBsi3ubix rpados (Ch, Co) € C @) crpont napy
(C1,C%) Takyto, uro C! € (w)Ni({Ci}),i=1,2,u C] = CY.

Tak ke, kak B 1. 3.2, nape cBsa3ubix rpados (C1,Cs) € c?, c; =
(Vi, E), Vil = n, i = 1,2, B3aUMHO OJHO3HAYHO COIOCTABUM CHMMET-

puanyio marpury M(©) = (mgg))an, ml(?) € L(4).

Tak kak rpabsr C; = (Vi, E1) u Cy = (Va, E2) UMeOT 0JMHAKOBYIO
CTETIeHHYIO TIOCJIETIOBATEILHOCTE, TO Omeknust f : Vo — Vi, comocras-
Jstorasi Kaxkoii sepmune vy rpada Cp = (Vi, E1) Bepuuny ve rpada
Cy = (Va, E2) ¢ TeM Ke HOMEpOM, COXPaHsieT CTeIleHb BEPIIUHBL.

Ompenenum mynasTurpad Cle Tak XKe, Kak B CIy9ae ¢ YHUITUKIaAMH.
©) onpenensier mymsrurpad Cha.

Breimemum cienyrorniue coitctBa mynbsrurpada Cho.

CsoiictBo 1. st r060it Bepiuabl MysbTurpada Clo KOJTTIECTBO
pebep, MHIMIECHTHBIX e U TPUHA/IIeKAINX MHOXKECTBY F, paBHO KOJTH-
4ecTBy pebep, MHIUJIEHTHBIX €ff U MPUHAIEIKAIINX MHOKECTBY .

CsoiicTBo 2. Mysbrurpad Cho MOXKeET UMeTh KpaTHbIe pebpa (Kpat-
HOCTH He BbIIE 2), TpUYeM, eClIu e1,ey — KparHble pebpa Cia, TO
e1 € Ey,eq € By win e € El) e € Fy.

CsoiicrBo 3. Kaxpiit u3 noarpacdos C' u C? asisiercss cBs3HbIM
rpadom.

Yepes €12(d(n)) obo3HAUMM MHOXKECTBO BCEX MyJILTUTPadOB € 3a-
HyMEPOBAHHBIMH BEPIIMHAMU CO CTEIEHHOM 110CJIeI0BATeIbHOCTBIO d(N),
obsataonux coiicrBoM 3, Takoe uro €ia(d(n)) C Mia(d(n)).

ITpu stom Tax xe marpura M
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Pacemorpum mekoropoe mogmuokectBo Cio(d(n)) MHOXKECTBA My/Th-
turpacdos €12(d(n)). Oupesennm oneparuo

w*(Ci2(d(n))) = {C1 € Ci2(d(n))| 3 C12 = (Vi2, E12) € Cia(d(n)),
Jwvy,v9,v3,v4 € Vig,
{vi,va}, {v3,v4} € Ey, {v1,v3},{v2,v4} ¢ En,
Cla = (Viz, (E1 U {{v1,v3}, {vz,va} }) \ { {1, v}, {vs,va} } U E5)}

U
{C15 € Cia(da(n))| 3 C12 = (Viz, E12) € Cra(da(n)),
J w1, v2,v3,v4 € V12,
{v1,ve}, {vs,v4} € B, {v1,v3},{va,v4} ¢ E)
Cly = (Viz, (B3 U {{v1,v3}, {v2,va} }) \ { {v1,v2}, {vs,va} } U E1)}.

Bynem ropoputhk, 9TO omneparisi OrpaHUIeHHOTO MEePEKTI0UEHUsT -
dextuBHO TpHMeHHMa B MyJsbrurpade Clo K HEKOTOpoW mape pebep
{viy, viy }, {vj,,vj, }, ecam BBITIOIHEHO OJHO U3 YCIOBUI 4 WK ii:

i) omeparus npumennma B moarpace C, n mosTydennbIil B pesybTaTe
noarpad uMmeeT cBoiicTBa 1, 2, 3, a TaKXKe yBEJIUINBACTCA KOJTUIECTBO I1ap
KpaTHbIX pebep B mysibrurpade Cio,

ii) oneparus npumenuma B noarpade C2, 1 0Ty YeHHLI B pe3ybraTe
nojrpad uMeer cBoiicTBa 1, 2, 3, a TaK»Ke YBEJIMINBACTCs KOJIUIECTBO ITap
KpaTHBIX pedbep B MmyJsibrurpade Cis.

JIemma 7. B aobom ceasnom epage C = (V. E), |V| = 4, x nape ne
cmeorcnor pebep {vg,, vk, }, {vj,, v}, & KOmMopod npumenuma onepayusn
NEPERNOUEHUA, NPUMEHUMA MAKICE ONEPAUUA 02PAHUNEHHO20 NEPEKAIO-
YeHU.

IIpu smom 6 cayuwae ko2da ® mnape pebep npumenumv. oba 6a-
PUAGHMA ONEPAYUL NEPERAIOUEHUA, “emeepke 6epuun (Vg , Uky, Uj; s Vjy)
CONOCMABAAECA  NYMEPAUUA (Vg Vi, Vig, Uiy ), MaKaa “4mo  pebpa
{v’il ) Uiz}v {vig ’ vi4} NEPERAIOUAIOMCA HA pe6pa {Uil ) Uis}v {viQ ) 7)14}- Hymme-
PAUUA CONOCTNABAAECMCA MAKUM 00pa3oM, 4MOoObL GbLAO GHINOAHEHO TOMNA
6v, 0010 U3 YCAOBUT T UAY Ti:

i) cywecmsyem nymov 6 ceasznwom epage C = (V| E), npoxodsuyui
uepes BEPULUMDL Vjy, Vig U HE NPOTOOAULUT, UEPES BEPULUHDL Vjy , Viy;
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i) cywecmeyem nymv 6 ceaszrnom epage C = (V. E), npoxodsuwui
uepes BEPULUHLL Vjy , Vi, U HE NPOTOOAULUL YePe3 SEPULUHDL Uy, , V.

Jloka3zaTeabCcTBO. AHATOIMYHO JTIOKA3aTENbCTBY JIEMMBI 3.

JlaJiee MOCTPOUM MEPEKII0UATEILHbIA aJlropuT™ 2o, KOTOPLIi MaTpu-
wy M ), ompe e istiony o MyasTurpad Cho, epepabaTbiBaeT B MATPUILY
M®) | onpenenstontyto Myabrurpad C'5. IIpu srom 110 C, B3aUMHO OJ1-
HO3HAYHO BoccTanasuBaercs napa (Cf, Ch), Takas uro Cf =2 C" i = 1,2,

u C" e (w)Ni({C}),i=1,2.

5.3. IlocTpoeHue TepekJIIo4YaTeJbHOI0 ajropuTMa Iipe-
obpa3oBaHus CBA3HBIX rpadoOB C COXpaHEHUEM CTe-
MEeHHOI 110CJIeJI0OBAaTEJIbHOCTH

U3 pesyabraros [18] u jgemmbr 7 ciemyer

Jlemma 8. Cywecmeyem anzopumm, Komopwuid, navumas pabomy c
HEKOMOP020 NPOU3BOALHO20 He KpPamMo20 pebpa myasvmuepaga Crg =
(V1, E12), ydosaemeoparowezo ceoticmeam 1, 2, 3, naxodum napy pebep,
K KOMOPbLM IPHEKMUBHO NPUMEHUMA ONEPAUUS 02PAHUYEHNHO020 NEPEKAIO-
YEHUA.

Uz nemm 7 u 8 ciemyer anroputm Ao mpeobpasyonuii moarpadbi
(Ct, C?) mymerurpada Ca B mapy noarpados (C'1, C"2), C" = C'? ¢ 1o-
MOIIBI0 KOHETHOHN TOCIeTIOBATEILHOCTH ONEpalyii OrpaHnIeHHOTO Tepe-
KJIIOYEHUsI. DTOH MOCIe0BATEIHLHOCTH B3AUMHO OJHO3HAYHO COITOCTABJISA-
eTcsT KOHETHas TTOC/IeI0BATETLHOCTD OMepaInii OrpaHUIEHHOTO TIEPEKJTIO-
JeHust, peobpasyonias napy cesasubeix rpacdos (C1,Cy) B napy CBsI3HBIX
rpacbon (1, CY), € = C} :

C1 = Cy,C = Cs.

Ecom B mysnsrurpade C1, Bce pebpa KpaTHble, TO aJlOPUTM 3aKaH-
YuBaeT paboTy.

Ecim B mynsrurpade Cfy cymecrsyer pebpo {v;,v;}, He sBisomniee-
¢ KPaTHBIM, 110 jieMMe 8 HadijgeMm mapy pedbep, K KOTOPbIM 3PHEeKTUBHO
[IPUMEHUMAa, OIlePAIlisi OTPAHUYEHHOTO TIePEKJIIOUCHUS.
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[Tpumenum onepaiio B mysbrurpabde Cly. OGO3HAUNM [OJTY YeHHbIH
mysbrurpad Cfy.

[IpumMennM Ty 2Ke oneparuio K mnape pebep cpszHoro rpada C| uim
C!,, B3aNMHO OJIHO3HAYHO COLIOCTABJIEHHBIX Iape pebep noarpada Cf uim
C4. Ob6osnaum mostydennsle cssubie rpader Cf u Cf.

[Tepexon x ciemyromnieii nTepauy MUIKJIA.

N3 pesynbraToB 1. 4.3 ciegayior

Teopema 14. /las 410600 napvt 3aHYMEPOSAHHBIL CEAZHBIL 2pados

C1, Cs ¢ 00unaKo8vMU CTNENEHHDLMU TLOCAEO0BAMENDHOCTAMU AA2OPUTIM
! !

Ac cmpoum napy usomopprox ceasnox epagos C1, Cs.

Teopema 15. Aszopumm Ao A6AAEMCA NEPEKAIONAMENDHDIM.

Teopema 16. Bpemernasn caooicnocms pabomo NePEeKLONGMENbHO20 A4~
2opumma Ao na myavmuepagpe Cro ¢ n sepuwsunamy, pacmem no nopalky
ne Guicmpee, wem ni.

Teopema 17. Obsem gnewneti namamu arzopumma Ao oMAUMAENCA
om pazmepa 3a0anu e 6osee wem Ha KOHCTNAHMY.

6. IlocTpoeHme nepekJIIOYaTEIHLHOTO AJITOPUTMA
Impeodpa30BaHusl JBYCBA3HBIX T'padoB C CO-
XpaHEeHNEeM CTENeHHOIl I10CcJie/I0BATeIbHOCTHI

6.1. IlepekJsrouaresibHasi MOJIHOTA CBOMCTBA JIBYCBSI3HO-
cTH

Oupenenenne 20. ([16]) dsycesasublii rpad — cBsi3HbIH rpady, KOTOPHIi
IpH yJaJeHnu JI000i BepHIMHBI BMECTe ¢ MHIMICHTHBIMU eif pebpamu
OCTAETCs CBSI3HBIM.

ITycrs d(n) — nHekoropasi rpadudHasi HOCIE0BATENHHOCTh. depes
PBE(d(n)) 0603HAINM MHOKECTBO BCEX JIBYCBSI3HBIX I'PadOB € 3aHyMEPO-
BAHHBIMU BEDIIUHAME CO CTEIEeHHON I0C/Ie/0BaTeIbHOCTBIO d(n), Takoe

aro BE(d(n)) C M(d(n)).
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Pacemorpum HekoTopoe nopmuozkectBo BC(d(n)) muoxkecrBa aBY-
cesi3HbIX TpadoB BE(d(n)). Oupepennm onepanuro

W*(BC(d(n))) = {BC' € BC(d(n))| 3 BC = (V, E) € BC(d(n)),
B U1, 0V2,0V3,V4 € V, {’1)1,’1)2},{’1)3,’1)4} S E, {01,03}, {02,1)4} ¢ E,

BC' = (V,(EU {{v1,v3}, {v2,va} }) \ { {v1,v2}, {v3,va} })}.

Omnepanus w* onpenesena npu n > 4. Ormernm, uro w*(BC(d(n))) ssis-
ercst mogMHozkecTBoM BE(d(n)), TO ecTh oneparys w* He MEHSET CTEeleH-
HYIO I10CJIEJIOBATEJILHOCTD BEPIINUH U HE BBIBOJUT U3 KJIACCA J[BYCBSI3HBIX
rpados.

B [14] paccmarpuBaercst onepanusi OrpaHHIeHHOIO HEPEKIIOYCHUsT B
JIBYCBsI3HBIX Tpadax. By/ieM roBopuTh, 4To orepaiysi OrpaHuIeHHOrO Ie-
PeKJIIoYeHns IpuMeHnMa B jiBycssizHoM rpade BC' = (V, E) Kk HeKoTODOIi
mmape pebep {v;,, vi, }, {vj;,vj, }, ecim B aBycssasuom rpade BC He cyie-
crByer pebep {Uil » U }7 {viQ ) Uja }7 u rpacd

BC' = (Vv (E U { {vil ) vjl}7 {Uizvvjz} }) \ { {vh ) viQ}v {Uj17vj2} })

SIBJISIETCST JIBYCBSI3HBIM, WJIH €CJIN B IBYCBst3HOM rpade BC' He cytecTByeT
pebep {vi1 ) Uj2}v {Ui27vj1 }7 u rpad

BC' = (Vv (E U { {vil ) vjz}v {Uizvvjl} }) \ { {vh ) viQ}v {Uj17vj2} })

SIBJISIETCSI JIBYCBSI3HBIM. ECiN omepanusi orpaHn<YeHHOIO IePEKJIIOTeHNs
npuMennMa K mape pebep {v;,,vi,}, {vj,vj,}, To Gymem Takxke roBo-
pUTb, B LIEPBOM Ciydae, 4ro pebpa {v;,vi,}, {vj,,v),} Hepexmoyaror-
cs Ha pebpa {v,v; },{vi,,vj,}, WA, BO BTOpOM ciydae, Ha pebpa
{vh » Uja }7 {Uiz » Uja }

Bynem paccmarpuBaTh MHOXKECTBA JIBYCBSI3HBIX I'padoB ¢ Kosmde-
CTBOM BEDIIHH, HE MEHBIINM 4.

O603maumv BC'?) muokecTso map asycesasubix rpados {BCt, BCy}
¢ 3aHyMepoBaHHBIME Beprmunamu, Takux uto d(BCh) = d(BCy).

Pacemorpum npoussosbhyio napy {BCq, BCy} € BC @),

BCl = (‘/vl?El)vBCQ = (‘/27E2)7 |‘/1| = |‘/2| =n.

Brepsbie creyromast reopema jjokazana B [14].
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Teopema 18. Cywecmeyrom yeavie neompuyamenvhoe wucaa Ny u No,
u natidymes ceasnwwe 2pagor BCY u BCY, makue wmo

BC;j € (W) ({BCi}) = w'(w(...w ({BC}))), i = 1,2,

N;
BCY = BCY.

6.2. CyIlmecTBoBaHUE II€PEKJIOYATEIHHOTO AJITOPUTMA
npeobpa3oBaHudA AByCBA3HBIX rpados. IloctanoBka
3a/a4u

PaccmoTpum BOIIpoc 0 CyIecTBOBAHUE MTEPEKTI0YATETHHOIO AJITOPHUT-
ma Apc, KOTOphIi 1o mape aBycBszubx rpacos (BCy, BCy) € BC®?)
crpout napy (BCf, BCY) Taxyio, uro BC! € (w*)Ni({BC;i}),i = 1,2, n
BCY{ = BCY,.

Tak ke, kak B 1. 3.2, nape xasycessubix rpados (BCp, BCy) €
BC® BC; = (Vi,E;), |Vi| = n, i = 1,2, B3auMHO OJHO3HAUHO COIO-
craBuM cummerpranyio marpury M () = (mgg))an, ml(?) € L(4).

Tak xak rpader BCy = (Vi,E1) u BCy = (Va, E2) uMeoT oJMHAKO-
BYIO CTEMEHHYIO MOCJIEI0BATEILHOCT, TO Ouekmust f : Vo — Vi, como-
craBsonas Kaxoii sepimune vy rpada BCy = (Vi, Ey) Bepiuny vy
rpada BCy = (Va, Es) ¢ TeM »Ke HOMEpOM, COXPAHSIeT CTEIeHb BEPIITUHBI.

Onpenenum mysnsrurpad BC1o Tak ke, KaK B CIydae ¢ yHUIUKJIAMIA.

pu srom Tax e marpuna M©) onpenenser mysibTurpad BCis.

Breimenum cienytormue croitctBa Mynbrurpada BCis.

CsoiictBo 1. [Ijs mro60it Bepiuabl Mmyabrurpada BC s KOTTIECTBO
pebep, MHIMIECHTHBIX e U PUHAIIeKAINX MHOKECTBY F1, paBHO KOJTH-
"ecTBy pebep, MHIUJIECHTHBIX €ff U MPUHAIEIKAIINX MHOKECTBY .

CsoiictBo 2. Mynbprurpad BCi1s MOXKeT HMeTh KpaTHble pebpa
(kpaTHOCTH He BBl 2), IIpUYeM, ecin ej, ez — KpaTHble pebpa BCia,
To €1 € Ey,e9 € EY win eq € E},e9 € Ey.

CsoiictBo 3. Kaxprii u3 noarpacdos BC' u BC? spisierca npy-
CBSI3HBIM TpaoM.
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Yepes BEa(d(n)) 0603HAIMM MHOKECTBO BCEX MYyIBTUIPAdQOB € 3a-
HyMEPOBAHHBIMU BEPIIMHAMY CO CTEIEHHOIl 110C/Ie10BaTeIbHOCTBIO d(n),
obsratatonux coitcTBoM 3, Takoe uro Bia(d(n)) C Mia(d(n)).

Paccmorpum  mekoropoe mopmuoxkecrso BCia(d(n)) muoxkectsa
mysbTurpados BE1o(d(n)). Oupepesnnm oneparo

w*(BCi2(d(n))) =
_ {BCl, € BChs(d(n))| 3 BC1a = (Vis, E1) € BCia(d(n)),
Jwvy,v9,v3,v4 € Vig,
{v1,v2},{v3,v4} € By, {v1,vs3}, {ve, 04} ¢ En,
BCy = (Viz, (E1 U {{v1,vs}, {v2, va} }) \ {{v1,v2}, {v3,va} } U E3)}

U
{BC1, € BC1a(da(n))| 3 BCr2 = (Viz, E12) € BCia(da(n)),
Jv1,v2,v3,v4 € Vi,
{v1,ve}, {vs,v4} € B}, {v1,v3},{va,v4} ¢ E)
BCiy = (Viz, (B3 U {{v1,v3}, {v2,va} }) \ { {v1, 02}, {v3,va} } U E)}.

Bynem roBoputb, 9TO Omeparnusi OrpaHUIEeHHOTO TEPEKIIOTEHUST -
dextuBHO npuMmennMma B mysabrurpade BCia K HeKoTOpOil mape pebep
{viy, viy }, {vj,,vj, }, ecam BBITIOIHEHO OHO U3 YCIOBUI 4 WK i

i) oneparusa mpumernma B oprpacde BC, u oty qenHbIit B pesybTa-
Te nofrpad umeer cBoiicTBa 1, 2, 3, a Tak>Ke yBEJUIUBACTCA KOJTUIECCTBO
nap KpaTHbIX pebep B Mysbrurpage BCis,

ii) omeparusa npumennma B oarpacde BC?, 1 HOTyYeHHDIH B pe3yiib-
TaTe noJirpad umeer cBoficTBa 1, 2, 3, a TaKXKe yBEJUIUBACTCH KOJIHIE-
CTBO Tap KpaTHbIX pebep B mynabrurpade BCis.

JIemma 9. B wobom dsycessrom epagpe BC = (V, E), |V| = 4, x nape ne
cmedrcnor pebep {vg,, vk, }, {vj,, vy}, & KOMopotl npumenuma onepavus
NEPERAOUEHUA, NPUMEHUMA MAKAHCE ONEPAUUA 0ZPAHUMEHHOL0 NEPEKAIO-
YEeHUA.

ITpu smom 6 cayuae %ozda % mnape pebep npumenumv, 0ba 6a-
PUAGHMA ONEPAYUL NEPERAIONEHUA, “emeepke 6epuun (Vg , Uky, Uj;, Vjy)
CONOCMABAAECA  NYMEPAUUA (Vg Vig, Vg, Uiy ), MaKaA “4mo  pebpa
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{v’il y Vig }7 {vis ’ vi4} NEPERAIOUAIOMCA HA p66pa {Uil y Vig }7 {viQ y Viy } Hymme-
PAYUA CONOCTMABAAECMCA MAKUM 00PA3OM, 4MOObL ObLAO BHINOAHEHO TOMA
6v, 0010 U3 YCAOBUT T UAY Ti:
i) cywecmeyem nymo 6 deyceasnwom epage BC = (V, E), npoxoda-
WUT wepe3 BePULUNDL Vjy, Vig U HE NPOTOOAULUT YePE3 BEPULUHDL Uj, , Vi,
i) cywecmsyem nymov 6 deyceaznom epage BC = (V, E), npoxods-
WU wepe3 ePULUNDL Uy, , Vi, U He NPOTOOAULUT YePE3 BEPULUHDL Ujy, Vis .

HokazaresnnscTBo. B [7| ykasan kpurepwnii aBycssizHocTn rpada: rpad
JIBYCBSI3€H TOT/IA U TOJILKO TOIJIa, KOIIa JIIoObIe 1Ba pebpa rpada npuHai-
JIeZKaT IPOCTOMY IUKJy. [IpuHIMas BO BHUMaHHe 3TOT KPUTEPHIi, j1ajiee
JI0Ka3aTe/IbCTBO CTPOUTCS AHAJIOIMIHO JTOKA3ATETBCTBY JIEMMBI 3.

Jlajiee mocTpouM MEPEKII0YATENBHBIH aaroput™ Apc, KOTOPBI MaT-
puiy M ©) ompeiesifonyto Mysabrurpad BCiy, mepepabaTbiBacT B MaT-
purty M) onpesensionmyio mymsrurpady BC,. Tlpn stom mo BCY,
B3aMMHO OJIHO3HAYHO BoccTaHaBiuBaercs napa (BCY, BCY), takas 4910

BC!~ BC" i= 1,2, u BC" € (w*)Ni({BC}),i =1,2.

6.3. IlocTpoeHue mnepekJ/IIO4YaTeJHHOIO aJropuTMa Ipe-
obpa3oBaHUs CBA3HBIX I'padOB C COXpAaHEHUEM CTe-
MEeHHOI M0CJIeJOBAaTEJIbHOCTHU

U3 pesynbraro [18] u jemmbr 9 ciemyer

Jlemma 10. Cywecmsyem anzopumm, xomopoill, Havwuras pabomy c
HEKOMOPO20 NPOU3BOALHO20 HE KpamHoz0 pebpa mysvmuepaga BClo =
(Vi, Er2), ydosaemsoparwezo ceoticmeam 1, 2, 3, naxodum napy pebep,
% KOMOPbILM IPPHERMUSHO NPUMEHUMA ONEPAUUA 02PAHUMEHHO20 NEPEKNIO-
YEHUA.

Nz gemm 9 wm 10 cuenyer agroputm 2Apc, mpeobpasyromniuit
noarpader  (BCY, BC?) wyabturpada BCi;2 B mapy moarpados
(BC',BC™?), BC" = B(C™ ¢ noMompio KOHEYHOfl IMOC/TeI0BATEb-
HOCTHU OTepaIii OrpaHMIeHHOTO MEPEKTIOUEHNsT. DTON TOCTIeTOBATE -
HOCTH B3AUMHO OJTHO3HAYHO COIOCTABJISIETCS KOHEUHAsT TOCTICTOBATE -
HOCTL OTeparyii OrpaHMIeHHOTO TEePEKIOUeHNsI, TPeobpa3yromas Ia-
py asyceszabix rpacdos (BCy,BCs) B mapy JBycBsisHbIX rpados
(BCY,BCY), BC] = BCY -
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-

BC{ = BCl, BCé = BCQ

Ecsm B myasrurpade BCY, Bee pebpa KpaTHbIE, TO aJlOPUTM 3aKaH-
YuBaeT paboTy.

Ecim B Myssrurpadge BCY, cymecrsyer pe6po {v;,v;}, He sIBIstione-
ecst KpaTHbIM, 110 jiemme 10 Haiizem mapy pedep, K KOTOPbIM 3P HEKTUBHO
[IPUMEHUMAa, OIIePAIlisi OTPAHUYEHHOTO TIePEKJIIOUCHUS.

[Tpumenum omnepanuio B Mysabrurpadge BC{,. O6o3HAYMM 1Oy YeH-
ublil Myssrurpad BCY,.

[TpumenuM Ty 2Ke omnepanuio K nape pebep csssuoro rpada BC| nim
BCY), B3aMMHO OJHO3HAYHO COIOCTABJICHHBIX Iape pebep nojrpada BCY
wi BCY. O6o3naunm 1oy dennbie jiBycssizubie rpadsr BCT u BCY.

[Tepexon k ciemyromnieii nTepaluy MUKJIA.

N3 pezynbraToB 1. 4.3 ciegayior

Teopema 19. Jlaa 4100600 napvl 3aHYMEPOSAHHHLL 06YCBASHLL 2pados
BC4, BCy ¢ odunaxosvmu cmenentbmu nociedo8amesvHoCmAMU A.A20-
pumm Apc cmpoum napy usomopdrwx deyceasnmx epagos BCY, BCY.

Teopema 20. Anzopumm Apc ABAAEMCA NEPEKAOUAMENLHBIM.

Teopema 21. Bpemennas cA0HCHOCS PGOOMbL NEPEKAIOUAMEADHO20 A~
2opumma Ao na mysvmuepagpe BCla ¢ n sepuunamu, pacmem no no-
padky e Gwempee, wem nt.

Teopema 22. Obsem sHewneli namamu arzopumma Apc OMAUMAEMNCA
om pazmepa 3a0anu e 6osee wem Ha KOHCTNAHMY.

ApTop BBIpaxkaer OjaromapHocTh A.A. HacoBCcKUX 3a BHUMAaHHE K
paboTe U HAYYHOE PYKOBOJICTBO.
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