O6 ajnredpamydeckux orepamnugax Ha
rpadax, COXpaHgIOINX CTEIEeHHYIO
II0CJIEJOBATEIHHOCTD

M. . Jlamesa

1. BBenenue

B nacrosimeii paboTe 1oJry4eHbl OpUTHHAJIBHBIE aJrOPUTMbI IS pe-
HICHUsT U3BECTHOM 3a/1a91 O pean3aluax rpadudecKoii moceroBaTe  b-
HOCTH, JIONyCKaloIue 0000meHns Ha CIydal OPMEHTUPOBAHHBIX rpadoB
u runeprpadOoB U UCHOIL3YIONE OrPAHUICHHBI Pecype IMaMsITH.

B usBectnoii sinreparype (3| sra 3amada dopmyaupyercs ciieiyro-
muM obpazom. I'padpuueckast mocse0BaTeIbHOCTD — 3TO MOCIEI0BATE b
HOCTB CTeleHell BepIIMH HeKOToporo rpada, IpH 3TOM ee peajn3arys —
moboit rpad, UMEIoNMii TaKyI0 CTENEHHYIO MOC/IEA0BATEILHOCT. B 06-
meM cirydae rpadudeckast IoCIeI0BaATeIbHOCTh UMEET HECKOJIBKO HoIap-
HO HeM30MOP(HBLIX peajin3aiuil. B ycraHOBIEHUN CBA3U MKy Ipadu-
YeCKUMU Peau3aliusiMi UIPaeT POJib MOHsATHE ITepeKJovdenus. [lycTnb
G = (V,E) — rpad, a,b, c,d — deTbipe pasjiyHble €ro BEpIIUHbI TaKHe,
aro {a,b},{c,d} € E, {a,c},{b,d} ¢ E. Torga rosopsr, uaro rpad io-
nyckaer nepeksodenne {{a,b}, {c,d}}, a pesyasrarom npumenenust ome-
pain nepeksodenns {{a,b},{c,d}} asaserca rpad G' = (V,E'),E' =
(EU{{a,c},{b,d}})\{{a,b},{c,d}}. zBecTen asropurm, UCIoab3yst KO-
TOPBIN ITPH IOMOIIN ONEPAIMH TIEPEKIIoYenns pebep u3 moboro rpada ¢
3aJJaHHOM CTEIIeHHOH T0C/IeI0BATEILbHOCTBIO MOXKET OBITH IIOJIYY€eH JII00O0i
npyroii rpad ¢ TOi ¥Ke CTereHHOH MoC/IeI0BATEe/IbHOCTBIO. BpeMst paboThI
YKa3aHHOT0 aJrOPUTMa PACcTeT 10 TIOPAIKY Kak 12 logy n. [Ipu aTom anro-
PUTM CYIIECTBEHHO HUCIOJIB3YeT BOZMOXKHOCTH HEJMHEHHOrO (10 pasmepy
3aJ1a4n) pacimperust Jubo orepaTuBHOI, JubO BHEIHeH naMsTH.
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B macTosiieit paboTe mOCTpOEH aJropuTM, PENIAOIINil 1T BCceX rpa-
doB Ty ke 3amauy ¢ PUKCUPOBAHHON OIIEPATUBHON NAMSTHIO, BHEIIHSS
MaMsTh KOTOPOT'O PAcTeT JIMHEHHO OTHOCUTEILHO pa3Mepa 3amaqan. 1losy-
YCHbI BepXHUEe OIICHKN BpEeMEHN pa.6OTbI paccMaTpuBaeMOro aJjJaropurMa.

Ormepanust mepekJIoUeHns Jjisi I'padpOB HCIOJB3YeTCsl IIPU  pellie-
HUU HEKOTOPBIX IPaKTUYECKUX IpodseM. Hampumep, npu onTuMusauu
CBOMCTB KOMIILIOTEPHBIX CeTeil ¢ 3aJaHHBLIM MHOXKECTBOM IIPOBailiepoB
n orpaHnvieHudAMU Ha KOMMyTaJ.[HOHHbIe BO3MOXKHOCTHU KazKJI0T'O U3 HHX.
Perenne 310l npakTHYeCcKol 3aa9d ¢ UCIIOJIL30BAHUEM IIPEIJIAraeMblX
aJITOPUTMOB He MOTpedyeT M3ydeHHus IJIODATbHBIX XapaKTEePUCTHUK BCei
CceTu, a JIMIIb 3HaHUA €€ JIOKAJIbHbIX CBOIICTB.

2. OrpaHuveHHbIA IO MAMSITH AJITOPUTM Mpe-
obpa3oBaHuga rpadoB c 3aJJaHHOI CTEIEeHHOMI
I1I0CJIEJOBATEJIbHOCTHIO

2.1. OcHOBHBIE IOHATUSA

Onpepenenne 1 ([2]). I'padom G = (V, E) nasbiBaercst 00bEKT, CO-
CTOSIIIMI U3 JIBYX KOHEYHBIX MHOXKECTB: V' — Ha3bIBAEMOI'O MHOXKECTBOM
BEpIIUH, U MHOXKeCTBa F HEeylopsiJIoueHHbBIX 11ap Pa3/JIMYHbIX 3JIEMEHTOB
us V,roects E CV XV ={{u,v}:u € Vv € V,u#v}, nasosaemoro
MHO>KECTBOM pebep.

Onpegenenne 2 ([2]). T'pad G = (V',E') maspmaercs noxrpabonm
G=(V,E),ecmV CV,E CE.

Onpepenenne 3 ([3]). Myasrurpadom G* = (V*, E*) nassiBaercst 00b-
eKT, COCTOSINUI U3 KOHEYHOIO MHOXKeCTBa BepuinH V* u cemeiicrBa E*
HOJIMHOXKECTB MHOXKecTBa V' X V' pebep (TO eCTb 37€MEHTHI MHOXKECTBA
V x V B E* MOryT moBTOpPSITHCS ).

Onpegenenne 4 (|2]). [pad G* = (V¥ E*) maspsaercs noxrpadbonm
myabrurpada G* = (V*, E*), ecin V¥ C Vv E¥ C E*.
Ounpenenenne 5 ([2]). Isa pebpa mynbrurpada Ha3bIBAIOTCS KPATHBI-

MU, €CJIM OHM MHIUJICHTHBI OJHOI M TOW 2Ke Iape BEpIINH.

Oupenesienne 6 ([2]). Crenensio BeprmHb v HeKOTOPOro rpada (Mysib-
turpada) Ha3bIBAETCS YUCI0 pebep, MHIMJIEHTHBIX €ii.
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Kosmuectso Bepumun Bo Beem rpade G = (V, E) oboznauum |V|.

Omnpepesenne 7 ([3]). Crenenmoii mocsie10BaTeILHOCTHIO BEPIINH I'Pa-
dba G = (V,E), tne |V| = n, HasoBeM HabOp CTelleHell BCeX BEPIIMH
rpada G = (V, E), yuopsiiouennslii 110 HepospacTanuio. CTeneHHyo mo-
CJI6JI0BATEJILHOCTD 0603HaInM d1(n).

ITycrs manwr jBa rpada Gy = (Vi,E1) u Go = (Va, E3), upudem
|Vi| = |Va|, |E1| = | E2|.. Ilycrb cymecTByeT B3anMHO OJTHO3HAYHOE OTOO-
paxenue f : Vi < Vo Takoe, 9TO JJjIs1 JIIOOBIX JIBYX BepIiuH v1 € Vi, v9 €
V1 Bemosastercs ycaosue: {vi,ve} € By < {f(v1), f(v2)} € Ea. Takoe
orobpazkenne HasbiBaercss mzomopdusmom rpados 2] G; = (Vi, E1) u
Go = (Va, E3). Ecomm nyist rpados G u Gy cymecrByer uzomopdusm f,
To G n Gy HazbBatOTCs n3oMopdHbIME (0b03HaueHHe G = Ga).

Pacemorpum HekoTopoe mopmuoxkecTBO Aq(di(n)) MHOXKecTBa rpa-
dbos Mi(dy(n)) ¢ 3aHyMepOBaHHBIMU BePIIMHAMHU, OOJIAJAONINX 3a/(AH-
HOIi CTeleHHOM mocseioBaTesibHOCThIO BepiinH di(n). Oupejgenum ore-
paruio

w(A1(di(n))) = {G'| 3G = (V,E) € Ay(d1(n)),
Jwvy,va,v3,v4 €V, {v1,v2},{v3,v4} € E, {v1,v3},{va, 04} & E,

G = (V.(EU{{v1,vs}, {va,va} )\ { {v1,v2}, {vs,va} D}

OueBnIHO, UTO OINEPAIMIO UMEET CMBICJ ONpeaensaTh npu n > 4. Kpome
sT0r0, ormernM, 410 w(A1(di(n))) asasercsa mogmuozkecrsom M (dy(n)),
TO €CTb OIEPAITNs W HE MEHSET CTEIIEHHYTO [IOC/Ie/I0BATEILHOCTD BEPIIIH.

Byzaem rosopurh, uro onepanust w npumenuMa B rpade G K HEKO-
Topoii mape pebep {vi,, v, },{vj,,v;,}, ecin B rpacde G He cymecTByer
pebep {vi,, Uja h {U’iwvjé}'

2.2. IlocTranoBka 3ajjauu. OnucaHue ajJropuTma

Hastee OyjieM paccMaTpuBaTh MHOXKECTBA IpadOB ¢ KOJUIECCTBOM Bep-
IIIAH, He MEHBITIUM 4.

O60osnaunm I'2 muoxectso map {G1, Go} HeopHEHTHPOBAHHLIX Ipa-
¢OB ¢ 3aHyMEPOBAHHBIMU BEPIINHAME, Y KOTOPBIX COBIIAJIAIOT CTEIICHHBIE
[IOCJIEIOBATEJIBHOCTHA BEPIIUH.
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Pacemorpum mapy rpacdos {G1, Go} € T2
G1 - (V17E1)7G2 = (V27E2)7 ‘Vl‘ - ‘VQ‘ =n.
UsgecrHa ciaeyonast Teopema, [3].

Teopema 1. Cywecmeyiom ueavie neompuyamenvrvie wucaa N1 u Na,
u natodymes epago. G u Gy maxue, wmo

Gi e wM({Gi}) = w(w(...w({Gi}))), i=1,2,

N;

! ~ /
G = Gy
(cuumaem no onpedeaeruro w® (M) = M das nexomopozo mroxcecmea M ).

Tak kak rpader G1 = (Vi, E1) u Go = (Va, E3) uMeoT 0JuHaKOBYIO
CTEIEHHYIO TOCJeI0BATEILHOCTh BepiinH, TO Oueknus r : Vo — Vi, co-
HOCTaBJISIONIAs Kaxkoil Bepriuue vy rpada G = (Vi, E1) Bepiuny vy
rpada Go = (Va, E) ¢ TeMm ke HOMEPOM, COXPaHsIeT CTENeHb BEPIINHbI.

Oupeennm mysbrurpad Gia ciaegyrommm obpasom: Gia = (Vig, E12),
rae Vis = Vi, Ei9 — MyJIbTEMHOXKECTBO, SIBJISIONIEECT O0beTMHEHUEM
myabTUMHOKecTB Eq, Eb, e

By = { {r@),r 0" 0" € B}

Omnpenemum B MyabTurpade Gio nomrpaber GU = (Vig, Ey), G? =
(Via, Eb). Bamermm, uro noarpacd G u rpad Gy (moarpad G2 u rpad Ga)
nzomopubl. TakuMm 0o0pa3oM, CTENEHDb JII000H BEPIIUHBI MyJIbTHIPada
(12 SIBJISIETCST YJIBOGHHOI CTEIIEHBIO BEPIIUHBI C TEM K& HOMEpPOM rpada
G1. O6Go3HAYNM CTEIEeHHYIO MOCIeI0BATEIbHOCT MyJibrurpada Gio —
dg (n)

Beiennm cienyromue cBoiicrBa rpada Gis.

CsoiictBo 1. [l sroboit Bepminbbl Mysbrurpada Gio KOJIMIECTBO
pebep, UHIMIEHTHBIX el U MPUHAJIEXKAIIUX MHOXKECTBY 1, paBHO KOJIU-
qecTBY pebep, MHIMJIEHTHBIX el 1 MPUHAJIEXKAINX MHOXKECTBY E;

CsoiicTBo 2. Mysnbrurpad G2 MOXKeT uMeTh KpaTHble pebpa (Kpar-
HOCTH HE BBIIIE 2), IPUYEM eCJIH €1, o — KpaTHble pebpa G2, To €1 € Fy,
€9 € Eé Ui ey € Eé, es € Fq.
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Pacemorpum nekoropoe mopmuozkectBo Ag(d2(n)) MHOXKeCTBA MyJIb-
turpados My (da(n)) ¢ 3aHyMEpPOBAHHBIMU BEPITHHAME, O0JIAJIAIOIIIX
CTEIIeHHOIT T10CIe/I0BATEILHOCTBIO do(N) ¥ yJIOBIETBOPSIIOIIUX CBOHCTBAM
1 u 2. Oupenenum oneparuo

w(Az(da(n))) = {Gha| 3 G12 = (Vi2, E12) € My(da2(n)),
Jv1,v9,v3,v4 € Vig, {v1,v2},{v3, 04} € By, {v1,v3}, {ve,v4} ¢ E

(I/UH/I {1}1,’(}2}, {’U3,U4} € Eé? {01703}7 {U27U4} ¢ Eé)»
Gy = (Viz, (By U {{v1,v3}, {v2,va} }) \ {{v1,v2}, {vs,v4} })
(mm Gy = (Vaz, (Ey U {{v1, v}, {va,va} }) \ {{v1,v2}, {vs,va} }))}

Byjem rooputh, uro onepanus w 3GpdEKTHBHO IPUMEHIMA B MyJIb-
turpade Gz K HeKoTOpOil mape pebep {v;,vi,} € Ei,{vj,v;} € Ey
(wmm {v;,,vi, } € EY, {vj,,vj,} € E}), ecim B Mmynbrurpade Gig He cyle-
crByeT pebep {vilvvjl} € Ey, {vizvvjz} S ({Uinviz} = Eév {vj17vj2} =
EY), u upu ypanenunu pebep {v;,,vi,} € E1,{vj,vj,} € E1 ({vi,,vi,} €
E} {vj,,vj,} € EbY) n nobasnennn pebep {v;,,vj, } € E1,{vi,,v;,} € Eq
({viy, v, } € By, {vj,,v),} € Ej) B noiydennom mynsrurpade Gy Komm-
YeCTBO KPATHBIX pebep yBeIMInBaeTCs.

[Tepest omucanneM ajropuTMa JOKAZKEM CJIEYIOIIIE JIEMMbI.

Jlemma 1. Ecau cywecmsyiom ne xpamivie pebpa

{Ujlvvjz} € Eé7{vjzvvj3} € Elv
{vj1,vjs} € Ev,j1 # j2,J2 # Js,

mo e myavmuzpagpe G2 = (Via, E12) afppexmusno npumenuma onepayus w.

lokazareabcTBO.
/

Ilaz 1. CymecrByer He KpaTHOe pebpo {vj,, v;, } € Ey (ciegoBaresn-
HO, j4 # J1,Ja # J2)- )

Ecmu ne cymecrsyer pebpa {vj,v;,} € Ey, 10 K pebpam {vj,,vj,},
{vjs,v5,} sdbdexTuBHO MpUMeHnMa omepanust w. Ilomydaem mapy Kpar-
HBIX pebep {vj,,vj, }. OcranoBKa.

Ecnu cymecrByior kpaTnsie pebpa {v;,, v, }, T0 K pebpam {vj,,vj, } €
E1, {vj,,vj, } sddexrusro npumennma onepanust w. Ilosydaem fpe mapor
KpaTHbIX pebep {vj,,v), }, n {vj,,vj, }. OcranoBKa.
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!

Ecnn ne cymecrsyer pebpa {vj,,v;,} € Ey, 1o K pebpam {vj,,vj,},
{vjy,vj,} sdbdexTuBHO MpUMenNMa oneparms w. Ilorydaem mapy Kpar-
HBIX pebep {v;,,vj, }. OcranoBka.

Ecnun cymecrByer kparHoe pebpo {vj,,vj,}, T0 K pebpam {vj,, v, },
{vjo,vj,} € Ep sddexrusno npumennma onepanus w. IToaydaem ise
mapbl KpaTHLIX pedep {vj,, v, }, 1 {v),, v}, }. Ocranoska.

Nuave nepexoauM K mary 2.

Ilaz 2. Cymecryer He KpaTHOe pebpo {vj,, v} € Eq (cienoBaresn-
Ho, j5 # Jj1,Js # J2, js # J3)-

Ecim me cymecrByer pebpa {vj,,v;} € FEi, To K pebpam
{vj1,v45 }5 {vjs, vjs } adbdexTiBHO HpEMennMa oneparus w. Ioryaaem mma-
py KpaTHbIX pebep {vj,,vj, }. OcraHoBKa.

Ecnu cymecrsyer kparaoe pebpo {v;,,vj, }, T0 K pebpam {vj,,vj; } €
E5, {vj,,vj,} sddexrusro npumennma onepanust w. Ilomydaem fpe mapor
KpaTHbIX pebep {vj,,v), }, n {vj,,vj;}. Ocranoska.

Ecnn ne cymecrsyer pebpa {vj,,v;;} € Ei, To K pebpam {vj,, vj,},
{vj,,vj5} sdbdexTuBHO MpUMeHnMa omepanust w. Ilomydaem mapy Kpar-
HBIX pebep {vj,,vj, }. OcTanoBka.

Ecmu cymecrByer kpaTHoe pebpo {vj,,vjs }, To K pebpam {vj,,vj; } €
E%, {vj,,vj, } addexrusno npumennma onepanust w. Ilorydaem jBe mapol
KpaTHbIX pebep {vj,,vj, }, n {vj,, v, }. OcranoBka.

Ecmn ne cymecrsyer pebpa {vj,,v;5} € Ei, 1o K pebpam {vj,, v, },
{vjy, vj5} (mmm x pedbpam {vj,, v, }, {vj,, vjs }) sbdexruHo npuMennma
omeparus w. ITomy4gaem nmapy xkparubix pebep {vj,,vj, } (wmm {v;,,v;,}).
OcTramnoBKa.

Ecmu cymecrByer kparHoe pebpo {vj,,vjs}, T0 K pebpam {vj,,vj, },
{vjs,vj5} € EY (mmm k pebpam {vj,, v, }, {vjs, 05} € Ey) adbdekrusro
IprMeHnMa omnepaiust w. [lomydaem nse maper KpaTsix pebep {vj,, vj, },
u {vj,, v} (o {vj,, v, }, m {vj,, vj5}). Ocranoska.

Nuave nepexouM K mary 3.

Hlge k. Ha npenpiaymem mare nojaywqmm noarpad Giio =
(Vkso, Ext2) rpada G Takoit, uro Vi = {Uju N7 }, a MHOXKe-
ctBo Ejy9 He KpaTHBIX pebep yzoBieTBopsier yciaosuio: {vj,,vj, } € Ei,
eciiu n — Heuernoe, {v;,,vj,} € Fy, eciiu n — uernoe, rie n = 1,k + 2,
1=1,...,n—1.

Cymectsyer mHe KpaTHOe pPe6po {vj,..,Vj.,} € FEi, ecm
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Wjri1s Vi) € El27 U He KpaTHoe pebpo {vj_ ,,Vj..,} € E;, ecin
{Vjri1>Virso f € E1 (cienosarensuo, jrys & {j1,- - Jjr+1})-

JLJtst oTpe Ie/IeHHOCTH TIPEJIIONIONKIM, UTO {Vj, 5, Vj, .5} € 1 (ciyait
(Vi Vs ) € E), paccMaTpHBaeTCs AHATOTHTHO).

Hasnee st Kaxkaoro ¢ = 1,. .., k IpoBepsieM CJIe/IyIoIue 1Ba yCIOBHUS.

Ecom ne cymecrsyer pebpa {vj;, vj,,,} € E1, To X pebpam {vj;, vj, ,, },
{Vji01 Vi s} 2bdexrusro mpumennma onepanus w. Ilomydaem mapy
KpaTHBIX pebep {vj, ., Vj, ., - Ocranoska.

Ecomm  cymecrsyer kparnoe pebpo {vj,,vj_.,}, TOo K peGpam
{0, Vst € B9 {vj, 1,0y, dbdexTHBHO IPHMEHEMA ONepanusa w.
[omygaem aBe mapbl KpaTHBIX pebep {vj;, Vj, b T {Vj, o Vjy s }- OcTa-
HOBKA.

Ecim me cymecrsyer pebpa {vj,.,,vj..,} € FE1, To kK pebpam
{0515 Vjrr b AVis0) Vipys ) 9bdexTuBHO TPHMenEMa onepanys w. Iosy-
"aeM Tapy KpaTHbix pebep {vj, ,vj, ., }. Ocranoska.

Ecomm  cymecrsyer kpatnoe pebpo {vj,,,,Vj, )}, TO K pebpam
Ve Vs b € B, {vj,, 05, .}, s3bdexTuno npumennma onepamus w.
[osyuaem Jipe mapbl KpaTHBIX pebep {vj,, Vj, .1 by U {Vj, 0 V.5 }- OcTa-
HOBKA.

WNuage k := k + 1 u nepexoaum K mary k.

Paccmorpum e kparusie pebpa {vj,vj,} € Eb, {vj,,v;} € Ei,
{vj,,v;,} € Eq, npuMeHsieM K HAM IOCTIEIOBATEJIBHO MArd 1,2 u Tak ja-
nee. JlomycTuM, ocTaHOBKA IMPOM30HIET Ha IIare 7. DTO 3HAYHUT, B MyJ/Ih-
turpade G2 ObLIH HallJICHBI 1Ba pedbpa, K KOTOPBIM 3(DMEKTUBHO MTPUME-
HUMa OIlepalys w, B pe3yabTaTe dero obpasyercsa napa KpaTHBIX pebep,
OJIHO M3 KOTOPBIX NPUHAIEIKUT MHOXKECTBY F1, a Ipyroe — MHOXKECTBY
E,) (wmm 1Be mapbi KpaTHbIX pebep). MHate aqropur™ HaXoauT GecKoHet-
HYIO ITOC/Ie/IOBATEILHOCTD MOMAPHO Pa3IMIHBIX MoArpadoB Myabrurpada
G12, 9TO HEBO3ZMOXKHO B CHJIy KOHEIHOCTH MyJbrurpadga Gis.

Jlemma 1 gokazana.

Ananornuno nokasbiBaerca Jlemma 2.

Jlemma 2. Ecau cywecmsyiom ne kpamivie peopa
{vjlvvjz} € En, {vjzvvjs} € Eév
{Ujpng} € Eévjl 7& j27j2 7& j3a

mo e myavmuzpagpe G2 = (Via, E12) afppexmusno npumenuma onepayus w.
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Jlemma 3. Ecau cywecmsyiom ne kpamivie peopa

{vj1vvj2} € E17{vj2vvj3} € Eé7{”j37vj4} € B, j1 # Ja,

U HE CYWECMBYEM He KPAmHoLr pebep

{vjl ) vjs}v {sz ) vj4}7
mo 6 epage G1o aPPerxmusHo NPUMEHUME ONEPAUUA W.

lokazaTejabCTBO.
Hlae 1. Eciu cymecrsyer peGpo {vj,,vj,} € Ef, (Bo3aMoxkHO, Kpar-
HOE), TO K pebpam
{’1)1, Uja }7 {vj2 ) Uja}
3¢ deKTuBHO IpuMeHnMa onepalus w. [loydaem JBe mapbl KpaTHBIX pe-
oep {vj,,vj, }, {vjs,vj, }. Ocranoska.
Ecnu me cymecrsyer pebpa {vj,,v;,} € E1, To kK pebpam

{’1)1, Ujia }7 {vj3 ) Uj4}

sddexTnBHO npuMennma onepaiys w. [logydaem napy KpaTHbIX pebep
{vjwvjs}-

Nuade nepexojum K mary 2.

Ilaz 2. Cymecryer ne Kparaoe pebpo {vj,, vj;} € E5 (j5#j1, j5 # Jo,
Js # J3)-

Ecnun cymecryer me kparHoe pebpo {vj,,vj;}, To K Tpoiike pebep
{vis, Vs b5 {vies vjs } {v)s, vj5 } mpuMensiem siemmy 1 mim 2 u HaxonuM He
MeHee OJIHOl Tapbl KpaTHbIX pebep. OcTaHoBKA.

Ecmu cymecrsyer pebpo {vj,,vjs} € Ei, to K pebpam {vj,, vj;},
{vjs,vj,} sdbdexTuBHO MpEMennMa omeparms w. Ilomydaem 1Be mapbi
KpaTHbIX pebep {vj,, v, }, {vj,, vjs }. Ocranoska.

Ecim me cymecrsyer pebpa {vj,,vj;} € Ej To K pebpam
{045, 43 }5 {vj4, V)5 } 3bdexTHBHO HpEMennMa oneparus w. Ioryaaenm mma-
py KpaTHbIX pebep {vj,,vj, }. OcraHoBKa.

Nuage nepexonum K mary 3.

BameTuM OpU ITOM, YTO KOJIUIECTBO pebep, NpuHajexkamux FEyp
(obozHauUM n1), MOXKET u3MeHsAThest oT 0 70 2, a KoJm4ecTBo pedep,
npuHajiexkamux El (o6osHaunm ng), — or 2 g0 4, npu TOM 1pH
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ny =2 ng > 3. U3 s1ux paccyxjaennii u cpoiicta 1 rpada G cienyer
BO3MOXKHOCTD IT€PEXOJIa K CIEIYIONEMY Iary aJrOpUTMA.

llaz k. Ha mnpenmpiaymiem mare moaydwin noarpad Giiz =
(Virs, Ex13) rpada G2 takoit, uro Viig = {Ujl, Uy },
KecTBO Fji3 obs3aresnbHO BK/IOYaeT B cebsd He KpaTHble pebpa Bu-
na (nasee 6e3 orpaHuveHusi OOIHOCTH IIOJOXKHUM K YEeTHBIM YUHCJIOM):
{vj2z+1vvj2m+2} € Ey,m {Uj2z+27vj2m+3} € By, tnem =1,[k/2], I = 1,m,

U, KpOMe TOr'0, BO3MOXKHO, COJIEPKUT HEKOTOPBIC U3 HUZKEIIePEeYNCIICH-
HBIX KPaTHBIX pebep: {vj,.,Vj,. ..}, tae m = 1,k + 1 u pebep, KoTOpbIe
MOTYT ObITh KaK KDATHBIMH, TaK W HEe KPATHBIMI: {Vjy, . 1;Vjag s}, TA€

a MHO-

q=1,[k/2], p=0,q—1, u{vj,,,vjp..n}, tre ¢ = 1,[k/2], p=1,q - L.

I[Ipu 5TOM KOJIHYECTBO Pebep BBHIXOIAIIMX U3 BEPIIMHBI Uj, . U MPH-
Ha yiexkamux El, 1o kpaitaeit Mepe Ha 1 Gosiblile KOJIMYIeCTBA TAKHX De-
6ep, npunaeskammx F1. OTciofa BBITEKAIOT CJIeLyIONHe PACCy 7K ICHUS.

Cymectsyer ne kparnoe pe6po {vj, ., vj,.,} € F1, (crenosarensio,
Jita & {1, Jee2})-

Ecimn cymecrsyer ne kparnoe pe6po {vj, . ,, v, ,}, TO K Tpoiike pebep
{V1io Virss b WWintss Vinsa b> WVjisor Vjpya b TIPEMEHACM JTeMMy 1 mimm 2 1
HAXOJIMM He MeHee OJHOI Imapbl KpaTHBIX pebep. OcTaHoBKA.

Unaue jyist kaxkioro i = 25 + 1, j =0, [k/2] uposepsiem ciieyrorine
JIBa YCJIOBUS.

Ecim cymecrsyer pe6po {vj,,v;, ., } € Ej, To k pebpam {vj,,vj, 4},
{0100 Vi s ) 9DdexruBHO IPUMEnIMa Ontepanus w. Ilomydaenm aBe maper
KPaTHBIX Pebep {Vj;, Vj, o > {Vjysg) Vjps - OCTAHOBKA.

Ecmm ne cymecrsyer pebpa {vj;, vj, ,} € E1, To K pedbpam {vj;, vj, ., }
{Vjrs0 Vi) 2bdexrusro mpumennma onepanus w. Ilomyuaem mapy
KPaTHBIX Pebep {vj, ,,,Vj, ., - Ocranopka.

Nuaue k := k + 1 u nepexonum K mary k.

Paccmorpum me kparusie pebpa {vj,,vj,} € Ei,{vj,,v;} € Ej,
{vjs,vj, } € Eq, npuMensiem K HUM IIOCJI€IOBATEIBHO Mark 1,2 I Tak jaa-
nee. JJomycTuM, ocTaHOBKA IMPOM30MIET Ha IIare 7. DTO 3HAYHUT, B MyJ/lh-
turpade G1o ObLIH HalleHbI 1Ba pedpa, K KOTOPBIM 3(h(MEKTUBHO ITpUMe-
HIMa OIlepalys w, B pe3y/abTraTe 9ero obpasyerca mapa KpaTHBIX pebep,
OJIHO M3 KOTOPBIX NPUHAIEIKUT MHOXKECTBY F1, a Ipyroe — MHOXKECTBY
EIQ) (nim iBe mapbl KpaTHbIX pebep). Hade ajaropurM HaxoguT GeCKOHe -
HYIO HOCJIEIOBATEIHLHOCTD TOIIAPHO Pa3IMIHbIX ToArpadoB MyabTurpada
G12, 9TO HEBO3ZMOXKHO B CHJTy KOHEIHOCTH MyJbrurpada Gis.
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JlemMma 3 moKazaHa.
Amnajiormano JiokaseiBaercs Jlemma 4.

Jlemma 4. Ecau cyuwecmasyiom ne Kpammwie peopa
! ! . .
{vj1, v} € By {vja, 055} € 1 {vgs, v} € By, j1 # Jas
U HE CYWEeCmayem He KpamHur pebep
{vjl ) vj3}> {Uj2 ) vj4}v
mo 6 epae G1o afdexmueno NPuUMeHuUMa ONePatUa w.

N3z Jlemm 1—4 ciiejtyeT aJirOpUT™M HAXOXKJIEHUsI Taphbl pebep B MYJIbTH-
rpade G132, K KOTOPbIM 3D MHEKTUBHO TPUMEHUMA OTIEPAITUS W.
Bosee Toumo, BepHa cremyomas seMMa.

Jlemma 5. Cywecmeyem aszopumm, Komopuiti 0as 4100020 He KpamHno20
pebpa myavmuepaga Gia ¢ 3a0annol HYMEPAUUET BEPUUN CIMPOUM, NPO-
CMYI0 YENB ¢ HAUAAOM 8 00HOT U3 BEPULUK IMO20 PEOPA, ONPEIeAAIOULYIO
napy pedep, ¥ Komopvim IPHEKMueHo NPUMEHUME ONEPAUUSA W.

HoxkazarenbcrBo. Paccmorpum mpoussosbHoe pebpo {vj,,vj,} € Ey
!

({vj,,vj,} € Es), me sBmsmomieecst KpatHbiM. 1o cBoiictBy 1 cymmecTByer

HE KpaTHOe pedbpo

/
{vi2,vjs} € Ea ({vjy,vj5} € En),
a Tak¥Ke CyIIEeCTBYeT He KpaTHoe pebpo
/
{vis,via} € Bx ({vjs,vj0} € En)-
1) Ecom j4 = j1, To ucnonb3ys jgemmy 1(2), HaiijieM OpoCTyIO Ielb
Vi1, {051, Vjo b Vjos {1Vhas Vjs 11 Vi {0js, Vja 1o Vjas -+ -5 Vjps K<

U napy pebep, K KOTOPBHIM 3(PHEKTUBHO TPUMEHUMA OIEPAITHS W.
2) Ecnu jg # 71, To ucnonb3yst aemmy 3(4), Haiizem IpOCTYIO Ielb

’Uju{vjuvh}?vjw {vjmvja}vvj?n {vj37vj4}>vj4v <o Ugps l<n

u napy pebep, K KOTOpbiM 3hDMEKTUBHO TPUMEHUMA OIePAIUs w.
JlemMma 5 mokazama.
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3amedyaHwue. YjIMHEHNE IPOCTOI TeNN B pe3yJibraTe J00aBjieHnst pebpa
SABJISIETCS] PE3Y/IBTATOM aHAJIM3a OKPECTHOCTH BEPIIUHBI MYyJIbTUIrpada,
UHIUJIEHTHON naHHOMY pebpy. OKpecTHOCTH JII00OH BEepIIUHBI MYJIBTH-
rpada, COCTOSIIIEro W3 7 BEPINNH, COAep:KUT He Oomee n — 1 pebep, a
[IpOCTas IEb B TAKOM MyJbTHrpade cocTouT He bosee, yeM u3 n — 1 pe-
6ep, ciieJoBaTe/IbHO, aaropuT™ JlemMMbl 5 3aKaHUIMBAeT CBOKO paboTy He
Gostee, deM 3a n’ IMAroB.

Tenepb 6ysem npeobpasosbiBarh Mysabrurpad Gio = (Vig, Eia),
|Vi2| = n, u coorBercrBytomue rpader G1 = (Vi, Ey), Go = (Va, E») ¢
3aJaHHOI HyMepanueil Bepmua B coorsercTBuu ¢ O6muM AIropurMom.

Ob6iuit Anropurm.

G/12 = G12
Gll = Gl,GIQ = G2
Huk:

Hlaz 1. Ecin cymectByeT mapa KpaTHbIX pebep {v;, v;}, TO ompeiesmm
MHOZKECTBO

Etp = (Bd\ {vi, v3}) U (B3 \ {vi,v;})

u nepefizeM K mynsrurpady Ghy = (Vig, El5). I'padbr G, G, ocrarorces
663 M3MEHEHUI.

Ecim myssrurpad Gy myct, To ajaropurM 3akaHduBaeT pabory.

ITepexon k mmary 1.

Ecnn B mynsrurpade G, He cyliecTByer napbl KpaTHBIX pebep
{wvi,v;}, TO MEpexon K mrary 2.

IIaz 2. Tak kak mynasrurpad Gy Hemycr, cymecTByer pebpo

{vi,v;} € B ({vi,v;} € Ey),

He sBJsoreecs kparabiM. [lo Jlemme 5 naiiyiem mapy pebep, K KOTOPbIM
3¢ heKTUBHO MPUMEHNUMa Olepaliusl W U MPUMEHUM ee B MyJsbTurpade
|5 1 K coorBercrBytomuM pebpam B rpade G (Gh). O6osznaunm mosy-
geHHble MysbTUrpad u napy rpados, coorsercreerno, Gy u Gy (GY).
ITepexon k mary 1.
Jnst Obrmero AnropuTMa CIpaBejInBa, CJIEIYIONAst TeopeMa.

Teopema 2. O6wuti Anzopumm no dannoti nape epagos {G1,Ga} € T'?
cmpoum usomopgprwie epagoe G u Gb.
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okazareabcTBo. [Ipn pabore aaropmrma mocie KaxKIOro Imara 2 BO
BHOBDL IIOJIYUYEHHOM MYJILTUIpade BO3PACTAET KOJIMYECTBO KPATHBLIX pe-
Oep, a obrmree uncyio pedbep He yBeauuuBaercs. 1losTomy mociie BBITOJ-
HEHUsI KayKJIOro IMKJIA AJropuTMa (KpoMe, BO3MOXKHO, [1EPBOIO) UUCJIO
pebep myasrurpada Gh, ymenbinaercs He MeHee, uyeM Ha 2. Coenosa-
TeJIbHO, AJITOPUTM paboTaeT KOHEUHOE YUC/IO ImaroB. B pesyibrare 1mo-
ayamv: Gy = (Vig, Bly) € wN({G12}) nns mexoroporo N; Bee peGpa
myabrurpadga Gy — ylaneHsl; coorBeTcTByomue rpadbt

Gy e w™M({G1})

Gh e w2 ({Gy)).

[Tpudem, npu odepegnoM i + 1 NpUMEHEHNH OIepaIi w K MYyJbLTUrPa-
by m3 muoxectBa W' ({G12}) HPOMCXOIUT HpHMEHEHME ONepAIH W K
coorBercrByomeMy rpady u3 Muoxkecrsa w'({G1}) mim u3 MHOXKecTBa
w'({G2}), 10 ectb N1 + Ny = N. Tak kax B pesyiabTare pabOThI aJro-
puTMa MHOXKECTBO pebep Mysbrurpada Gy mycro, To Jyist Kazk1oil napbl
BEPIIUH vj,v; pebpo {v;,v;} mmubo cymiecTByer oJHOBpeMeHHO B rpadax
', G u 6bL10 ypaneno n3 myssrurpada G, Ha HeKOTOpOM Iare pabo-

ThI aJI'OPUTMA, JIHOO Takoro pebpa He cymecrByer B rpadax G, GY. 13
sroro cieayer, uro G4 u G usomopdHbI.

Teopema 2 noxkazana.

U3 sr0it TeopeMmbl mostyvaercst uzsectHoe [3| ciencrrue.

Caeacrue 1. Cywecmeyrom wueaoe neompuuamensvhoe wucio N u
epag G| maxue, wmo epagor G,

Gy e wV{G1}) = w(w(...w({G1})))
N

u G usomopgmo, (npu N =0 wN({G1}) = {G1}).

Jlajtee paccMOTPUM HEKOTOPBIE XapaKTEPUCTUKH H3JIOXKEHHOTO aJIro-
puTMA.

ITox BpemMeHHOI CJIOXKHOCTBIO pabOThI AJrOpUTMa OyAeM ToApa3yMe-
BaTh KOJMIECTBO MPOCMOTPEHHBIX 38 BPeMsI ero paboThl pedep.
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Teopema 3. O6wuti Asrzopumm 064adaem CACIYOUWUMU CEOTCTNEAMU:

1) Bpemennas caostcnocmo pabomo, Obuwezo Anzopumma wa epage G

¢ n eepuiunamu, pacmem no nopadky ne oviempee, wem nt.

2) Bpemennaa caootcnocms pabomo. Obwezo Anzopumma na epage G
€ N BEPWUHAMU, CMENeHd Kacdot u3 Komopux ne boavwe k, no
nopadky me npesocxodum k>n?.

3) Bpemennas caosicnocms pabomov. Obwezo Aazopumma, obpabamoi-
8a10We20 2padhvt ¢ N BEPUWUHAMU, CMENEHU KOMOPLIT He NPEeGoc-
xodam Haneped 3adannoti Koncmarnmor K, pacmem no nopadky we

Gricmpee, wem ne.

Hoxka3zaresberBo. 1) [Tocsie KazxK0ro BITOTHEHNS UK/ (KPOMe, BO3-
MOKHO, 1epsoro) O6mero Asropurma uucsio pebep mysbrurpada G,
yMeHbIaeTcst He MeHee, ueM Ha 2. Cjie/oBaTe/IbHO, ajlOPUTM 3aKAHIU-
BaeT CBOIO PaboTy IO TOPsIKY He 6ojee, ueM 3a n’ maros. Ilpunumas
BO BHUMaHUe 3aMedanue K Jlemme 5, 3akjodaemM, 9To o0Ias BpeMeHHast
CJI0’KHOCTB COCTABJISIET 110 TIOPSIIKY He Gostee, dem n’ maros.

2) Tlocste KaxK10ro BBIMOJIHEHUST TIMKJIa (KPOME, BO3MOXKHO, [IEPBOrO)
O61iero Asropurma guciio pebep mysbrurpada G, yMeHbIaeTcs: He Me-
Hee, ueM Ha 2. CJie/oBaTe/IbHO, AJITOPUTM 3aKAHUIUBAET CBOK PabOTy IO
nopsAIKy He Oosiee, ueM 3a kn maros. 13 sameuanus k Jlemme b cienyer,
YTO JIJIsi HAXOXKJIEHUU OYEPETHON maphbl KPaTHBIX pebep Tpebyercst He 60-
snee kn mpocMmoTpoB pebep. M3 sToro 3akimouaem, 9To 00IIas BpeMeHHAs
CJIOYKHOCTB COCTABJISET IO NOPSAKY He Gosee, ueMm k2n? maros.

3) Cnemyer u3 m.2.

2.3. IlonaTe KOHEYHO-aBTOMATHOTO aJITOPUTMA

Pacemorpum Bompoc o cyiecTBoBaHnM KOHedHOro asromara A [1],
kotopuiit o mape (G1,G2) € T'? crpown 661 mapy (G, Gh) Takyto, 1To
Gl e wMNi({Gi}),i=1,2, u G} 2 G,.

Onpepesienne 8. Koneuno-apromarnbiii ajropurm — 31o napa (A,T),
e A — KoHeuHBIH aBTOMaT, 1 — HEKOTOpasl JBYMepHas TabJIuIa,
KazKJIplil 9JTEMEHT t;; KOTOPOl SIBIISIETCS SIEMEHTOM HEKOTOPOrO KOHed-
noro muoxkectsa L. Apromar A npumensiercs kK Tabmmue T B cremy-
IOIeM CMbIce. B MOMEHT BpeMeHm t aBTOMAT HAaXOIUTCS B HEKOTO-
poM cocrosHuK ¢;. Ha BX0J aBrOMaTa MOCTYNAET HEKOTOPDIH 3JeMEHT
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t;j € T. BeixogoMm aBigerca sseMenT u3 L. OH 3ammcbIBacTCA B 9TY
KJIETKY; aBTOMAT TEPEMENIAaeTCs B OJHY W3 KJIETOK C KOODPIUHATAMU
(t—1,7),(4,5 — 1),(¢ + 1,7),(i,5 + 1) (upm ycsioBum, 9To Takas KieT-
Ka CyIIeCTBYeT) WJIM OCTAeTCsl Ha MecTe B KJIeTKe ¢ KoopauHartamu (i,7)
U TEPEXOJUT B HEKOTOPOE COCTOSTHUE ¢ty1. B HAYAILHOM COCTOSTHUHU ((
aBTOMAT HAXOJUTCs B KieTke ¢ koopiauHaramu (1,1), u Ha BXOJ aBTO-
MaTy IOCTyIIaeT 3JieMeHT t11. Pabora aBromMara 3aKaHIMBAETCH, €CJIU OH
IEPEXOJUT B 3aK/IOUHTEILHOE COCTOSHHE ( .

B srom mynkTe 6ymer mokazano, uro O6mumit AJIropuT™m sIBISIETCST
KOHEYHO-aBTOMATHBIM.

Koneuno-aproMaTHbIil ajiroput™m paboTaeT 0 CxeMe: KOJUPOBAHUE,
00paboTKa Pe3y/IbTATOB KOJIMPOBAHUST HEKOTOPHIM KOHEUYHBIM ABTOMATOM,
JEKOJINPOBAHMUE.

PaccmorpuM MHOYXKECTBO TSITEPOK

L= {{01,62,11,12,1}, GS {0, 1,2,3,4, 5},02 S {0, 1,2,3,4, 5},
Il € {O’ 1}5-[2 € {07 1}71 € {07 172}}

Biiok komupoBaHusi KOHEYHO-aBTOMATHOTO aJTOPUTMa Tape rpadoB
(G1,Gs) € T2,G; = (Vi, Ey), |Vi| = n,i = 1,2, B3auMHO OJHOZHAMHO
COIOCTABJISIET TABJIUILY CIIEIUATBLHOTO BUJIA — TPEYTOJLHUK CMEXKHOCTEH
T pazmepa n.

Onpegesieane 9. TpeyroabHIK cMexKHOCTE pasMepa 7, CONOCTaB/ICH-
ueiit mape rpados (G1,Ge) € T2, — 310 Tabmmma ¢ n cTpoYKaMm U 7
cronbmamn, T' = (t;5),i =1,2,...,n,j = 1,i+1,...,n, KaXK/IbIil S7€MEHT
tij KOTOPOIi sBJISIETCA SJIEMEHTOM KOHEYHOr0 MHOXkKecTBa L.
Tpeyronbauk cMexkHocTeil T B3aUMHO OJHO3HAYHO COIOCTABJISETCS
nape rpacdos (G, Ga) € I'? cremyromum obpasom: Jyist i < j TOTOMKIM

tij = {c1,c2, 11,12, I},

rue
61262:0,
I, = 1, ecrm pebpo {v;,vj} € Ey; I, =0, — unaue, k = 1,2;
I'=1ecmi=j,i#1,n, i%# 1,n muboi=11<j < n, mbo
j=n,l<i<n; I=2,ecmi=j5=1,i=j=n,1=1,5=n; [ =0—
uHave.



06 anrebpandeckux onepanusx Ha rpadax 565

Apromar A mepepabaTbiBaeT TPEYrOJIBHUK CMe)XHOcTeir 1T', B COOT-
BETCTBUU C TPHUBEJCHHON HUXKE CXEMOil, B TPEyrOJbHHUK CMEXKHOCTEH
T’, 10 KOTOPOMY B3aMMHO OJIHO3HAYHO BOCCTAHABIMBACTCS Iapa rpadon
(G}, GY) Taxas, uro G} € wNi({G;}),i = 1,2, u G| = GY,.

Buiok sekouposanust crpourt 1o 17 rakyto napy (G, G) caemyrommm
obpazoM: ecsn

tij = {c1,c0, 1, I, I},
tonpu I =1 {v;,v;} € By, k =1,2, unaue — {v;,v;} ¢ Ej,.

Teopema 4. O6uuii arzopumm, xomopwiti no nape (G1,Gs) € T'? ecmpo-

. !
um napy (G, GY) maxyo, wmo G, € WNi({G;}),i = 1,2, u G| = Gy,
ABAACTNCA KOHEUHO-AGTILOMATHBLM.

HokazarenbctBo. Ilocrpoum — Ojok-cxemy — OO6rero  ajropurma
(cm. puc. 1).

[TocTponm KOHEUHBIE ABTOMATHI, KOTOPhIE IIPUMEHSIOTCST K TPEYTOJIb-
HUKY CMeXKHOCTel T’ U peaju3yoT CJieyIoIine HHCTPYKITUH.

WNucrpykuusa 1. Haganashoe cocrosaue 1. Haxossich Ha HEKOTOpOM
pebpe {v;, v;} MysmbTUrpada, IOMEHSITh I[BET BEPIINHBL V; HA C U BEPHY Th-
cs1 Ha MCxonHOoe pebpo {v;, v;}.

Hauasnbnoe cocrosimme 1. Haxomscs na mexoTopom pebpe {v;,v;}
MyJIETHTpada, HIOMEHATE IBET BEPIITNHEL U Ha € U BEPHYTLCH Ha, HCXOTHOEe
pebpo {v;,v;} (coorBercTByoOmTas quarpamma Mypa crponrcst aHaIornd-
HO npepiayeit ¢ 3amenoit R wa U, U na R, L wa D, D na L).

Mucrpyknus 2. Haxosics Ha HekoropoM pebpe {v;, v;} MysbTurpa-
a, nposepurs Hekoropoe yciosue f : L — {0,1} juis okpecTHOCTH BEp-
ITHHBI U; 1 BEPHYTHCA Ha, UCXOHOE PeOPO {vj, V) }, IIPU STOM BBIIOHEHIE
ycsioBust ipoucxoaut npu f = 1.

MNucrpyknus 3. Haxomsics Ha HekoropoM pebpe {v;, v;} Mysbrurpa-
da, ocMOTpeTh OKPECTHOCTb BEPIUHBI ¥; U NepeiTH Ha pebpo u3 3Toit
OKPECTHOCTH, YJIOBJIETBOPSOINIEE HEKOTOPOMY YCJIOBHUIO: YCJIOBHEM SIBJIsI-
ercst Hekoropast dbyukiust f : L — {0, 1}, upu 5T0M BBIIIOJIHEHUE YCJIOBHsI
npoucxoyut npu f = 1.
3ameuanwue. [y ymoOcTBa KOHEUHBIE COCTOsIHUS Ha amarpamme Mypa
npoTyOINPOBAHEI.

Nucrpykumsa 4. Oboiitu TpeyroibHUK cMexHOcTeit T B ropu3oH-
TATBLHOM HAIIPABJIEHUHU, POBepsist HekoTopoe yciosue f @ L — {0,1} B
KayKJI0M sTuefike, IIPU 9TOM BBINOJHEHNE YCIOBUSI TpoucXoauT npu f = 1.
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Puc. 1. Bsok-cxema Obrriero ajgropurma.

NMucrpykims 5. BepuyThest B siueiiky ¢ koopaunaramu (1, 1).

Ha puarpammax Mypa cOOTBETCTBYIOIIUX ABTOMATOB YKa3aHbI CTPEJI-
KU C TIPUIUCAHHBIMUA UM CTPOKAMU JIBYX BHUJIOB.

1. Crpoka Buga ni/ng, M, tme n; € {0,1,2}, i = 1,2, a M €
{R,L,U, D, S}, o3navaer, 4ro B CIy4ae MOCTYIICHUS Ha BXOJ ABTOMATA
nsrepkn t;; = {c1,¢2, 11, 2,1}, tae I = nq, (B ciayuae Mucrpykrmn 2 —
IIPU BBITTOJIHEHUU JIJIsT 9TOW MATEPKU 3aJJaHHOTO yCJOBUS, €CJIN yCJIOBUE
erre He ObLIO BBIOJHEHO) aBTOMAT
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Huctpykipa 1

dy=c¢, dy=cy, ecm M € {R, L},
¢ =c, dy=c,ecm M € {U,D},
dh=c1, h=cy, ecrm M =S,
(B ciiyuae Muerpyknuu 2 — apromar (pUKCUpyeT 3HadeHue 1 yCaoBust
f u nasee ero He nposepsieT) u
2) nepemernaeTcs:
Brupaso, ecsim M = R,
BeBo, ecou M = L,
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Hucrpykmps 2

BBepX, ecoiu M = U,

BHU3, eciiu M = D,

u ocraercs Ha Mmecte, ecaiu M = S

2. Crpoka Buma n/M, tne n € {0,1,2}, a M € {R,L,U,D, S},
O3HavaeT, UTO B CIydae HOCTYIUICHHs Ha BXOJ| aBTOMATa HATEPKH t;; =
{c1,¢9,11, 12,1}, vae I = n, jy1st KOTOPOIT He BBINOJIHSIETCSI 38/IAHHOE YCJIO-
BHe, T0 ecTb f(c1,co,I1, I2, 1) # 1, aBTOMAT IIEpEMeIaeTCs: BIPABO, €C/IH
M = R, BaeBo, eciu M = L, BBepx, ecmtu M = U, Bau3, eciiu M = D, n
ocraercs Ha Mecte, ecin M = S, a TakyKe M3MeHsieT HEKOTOPBIM 06pa3oM
[BETA Cq, Co, €CJIM TO JIOMOJHUTE/BHO YKA3aHO B ONMMCAHUE aJrOPUTMA.
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Hucrpyxopa 3

OnucanneMm 6j10KoB 0J10K-cxeMbl O61ero Ajropurma sIBJISIETCS I10-
CJIEIOBATEILHOCTE VIHCTPYKII, IPU 9TOM CJIELYET OTMETUTD, YTO JHa-
rpamMbl Mypa MHCTpyKInit 1-3 cOCTOSAT U3 JIBYX aHAJOTUYHBIX KYCKOB,
AMEIOT ABa HAYaJILHBIX M JBa KOHEYHBLIX COCTOAHUA. B onucaHuy mocie-
JoBaTeIbHOCTH VIHCTPpYKIMIA TOIpa3yMeBaeTcsI, UTO €CJU HPEeIbLIyIast
paboTa aBTOMAaTa 3aBEPIINIACH B IIPOCTOM KOHEYHOM COCTOSTHUU (KOHEY-
HOM COCTOSIHHHU CO IITPUXOM ), TO cJiejiytoriast VIHCTPYKITHs BBITIOJIHSIETCST
B COOTBETCTBMHU C auarpaMMoil Mypa ¢ IpocThbIM HAYAJIbHLIM COCTOSHUEM
(¢ HAYAJILHBIM COCTOSIHMEM CO IIITPUXOM ), €CJIU SIBHO HE YKa3aHO MHOE.

Teneps onmmem paboTy Kaxkjaoro 6jo0ka 6J1o0k-cxembr Ob61ero AJro-
purMa ¢ omortbio Uacrpykmmit 1-4 u 1—4°.

O6muit AnropuT™ HaAYUHAET CBOIO PAbOTY ¢ BJIOKA TPOBEPKHU YCJIOBUST
CYIIIECTBOBAHUS HE KPATHOTO pedpa.
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Tuerpyxu 4 IR 1 oL oR 2R

Hucrpyxmps S

VYcioBue cyliecTBOBaHUS He KpaTHOro pebpa.

Apromar pabGoraer 1o MucTpykium 4, 1OpoBepss  YCIOBHE
f(er,co, 11, I, I) = I + I. O603HAYNM MOCTYIUBIIYIO [IPU BBITOTHEHUN
YCJIOBUSI HA BXOJ| aBroMaTa usrepky — (c1,co, I, 15, I).
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VYasimHeHue mpoctoii menu—1.
Asromar paboraer mo Mucrpyknnu 1 (maganbaoe cocrosinue 1) ¢ ¢ = 4,
no Uncrpykiuu 1 (Havanbaoe cocrosinue 1°) ¢ ¢ = 3,
no Nucrpykiwn 3 ¢ yeaosueM f(cq,co, 11,12, 1) = 1 Tosbko tpu ¢; = 3,
c2 =0, Iy # Iy,
o Mucrpykruu 1 (magansaoe cocrosinme 1) ¢ ¢ = 2.

YcnoBue mocTpoeHusi IPOCTOrO IUKJIA JNJIMHBL 3.
Asromar paboraer nmo Mucrpykiuu 2 ¢ yeaopuem f(cq,co, 11, 12,1) = 1
TOJBKO Tipu ¢ = 2, co = 4, I1 # Is.

VYajimHeHue MpoCToil 1enu—2.
Asromar paboraer no Mucrpykimu 3 ¢ ycnosuem f(cq,c9, 11,12, 1) = 1
TOJIBKO TIpu ¢ = 2, ¢ =4, I # Is.
Apromar paboraer no Vucrpykimn 1 (HagasibHoe cocrosinue 1) ¢ ¢ = 4,
sareM no Mucrpykimn 1 (magansioe cocrosinne 1) ¢ ¢ = 2 upn [ = I,
I, =1I5.
Apromar paboraer o UucTpykiuu 5,
o Mncrpyknuu 4 ¢ f =0, samenss ¢; = 1,¢; =5, i = 1,2,5 = 1,2 na 0,
o Uncrpykmum 5,
o Mucrpykmum 4 ¢ f = 1 Toabko nipu ¢ = 4,¢0 =2 win ¢; = 2,¢0 = 4
u Il 7& 127
upu Iy # I}, Is # I3, (I = I, Is = 1) no Nncrpyknnu 3 ¢ yciaoBueMm
f(Cl,CQ,Il,IQ,I) = 1 TosIBKO npu 61:2, 62:0, Ilsz, 1-2:]57 (Il%If,
-[2 7& Iék)?
no Uncrpykrmn 1 (magansaoe cocrosinme 17) ¢ ¢ = 2,
no Uncrpykiuu 1 (HauanbHOe cocrosinue 1) ¢ ¢ = 3,
o Mucrpyknuu 3 ¢ yeiouem f = 1 TosibKo 1ipu ¢ = 3, ¢o = 3,
no Wucerpykiun 1 (Hagansaoe cocrosinme 1) ¢ ¢ = 4,
o Mucrpyknun 3 ¢ yeiaouem f = 1 Tosbko 1ipu ¢ = 4, ¢o = 4,
no Uncrpykrun 1 (magansaoe cocrosinme 17) ¢ ¢ = 1,
o Mucrpyknuu 3 ¢ yeiouem f = 1 Tosbko 1ipu ¢ = 4, ¢ = 3,
o Uuctpykinn 3 ¢ yeiaosuem f = 1 Tonbko mipu ¢ = 3, ¢g = 2.

VciioBue yaJIMHEHUsT TPOCTOoi 1ernu—1.
Ipu I # I}, I # I, (I = If, I, = I}) asromar paboraer mo Nn-
crpykiun 2 ¢ ycaosueM f(cq,co, 11, Io, 1) =1 Toabko mpu ¢; =2, co =1,
L=Ify =1, (L #If, Iy # IJ) wmm npu ¢; = 2, co =4, I, = I},
L=1I; (h#1f, L#1I;)
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VajauHeHne mpocToii menu—3.
Asromar paboraer no Mucrpykiuu 3 ¢ yenosuem f(cq,c9, 11,12, 1) = 1
ToJIbKO Ipu ¢1 =2, co =0, [1 = I}, I = I3,
no Nucrpykruu 1 (HavanbHoe cocrosinue 1°) ¢ ¢ = 2,
no Uncrpykrmn 1 (maganbroe cocrosiue 1) ¢ ¢ = 3,
o Muacrpyknum 3 ¢ yejaouem f = 1 ToibKo 1iput ¢ = 3, ¢o = 3,
no Uncrpykiuu 1 (Havanbaoe cocrosinue 1°) ¢ ¢ = 4,
o Nucrpyknuu 3 ¢ yeiouem f = 1 Tosbko 1ipu ¢ = 4, ¢o = 4,
no Uncrpykruu 1 (HavanbHoe cocrosinue 1°) ¢ ¢ = 1,
o Muacrpyknun 3 ¢ yejaouem f = 1 Tosbko 1ipu ¢ = 4, ¢o = 3,
o Mucrpyknuu 3 ¢ yeaosuem f = 1 ToJibKO 1ipu ¢ = 3, ¢ = 2.

VYcioBue yaJIMHEHUsI ITPOCTOM 11ermn—2.
Ilpn Iy # I}, Io # I3, (Iy = I, Iy = I;) aBromar paboraer 1o Mn-
crpykimn 2 ¢ ycaosueM f(cy,co, I, I3, 1) = 1 Tosibko 1ipu ¢1 = 2, ¢g = 1,
L#L, L#I, (=1, Ir=1I3).
VYasimHeHue mpocToil nenu—4.
Ipu Iy # I}, Iy # I3, (Iy = I, Iy = I;) aBromar paboraer 1o M-
crpykiun 3 ¢ yeaosueM f(cq,c2, I, I2,I) = 1 Toabko npu ¢; = 2, ¢o = 0,
L= L=1 (L #17, L # ),
no Uncrpykrmn 1 (magansaoe cocrosinme 17) ¢ ¢ = 2,
no Uncrpykrmn 1 (maganbroe cocrosiue 1) ¢ ¢ = 3,
o Muacrpyknun 3 ¢ yeiaouem f = 1 ToJibKo 1ipu ¢ = 3, ¢o = 3,
no Wucerpykiun 1 (Haganbaoe cocrosinme 1) ¢ ¢ = 4,
o Nucrpyknuu 3 ¢ yeiouem f = 1 Tosbko 1ipu ¢ = 4, ¢o = 4,
no Uncrpykruu 1 (Havanbaoe cocrosinue 1°) ¢ ¢ = 1,
o Mucrpyknuu 3 ¢ yeaouem f = 1 Tosibko 1ipu ¢ = 4, ¢ = 3,
o Mucrpyknuu 3 ¢ yeiaosuem f = 1 ToJibKO 1ipu ¢ = 3, ¢ = 2.

VYajauHeHne NpocToil menu—>s.
Apromar paboraer o UucTpykiuu 5,
o Uucrpykiuu 4 ¢ f = 0, 3amensist ¢; = b Ha ¢; = 1 mw¢; = 1 Ha
c=95,1=12,
Ipu I # I}, I # I3, (I) = If, I, = I3) asromar paboraer mo Un-
crpykimu 3 ¢ ycaosueM f(cy, o, I, I3, 1) = 1 Tosibko tipu ¢1 = 2, ¢g = 0,
L=1I}, =15 (I #If, I # I3),
no Uncrpykrmu 1 (nagansaoe cocrosinme 17) ¢ ¢ = 2,
no Uncrpykimu 1 (HauanbHoe cocrosinue 1) ¢ ¢ = 3,
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o Muacrpyknuu 3 ¢ yejaouem f = 1 ToJbKO Tipu ¢ = 3, ¢o = 3,

no Wucrpykiun 1 (Hagansaoe cocrosinme 1) ¢ ¢ = 4,

o Muacrpyknuu 3 ¢ yeiaouem f = 1 Tosbko 1ipu ¢ = 4, ¢o = 4,

no Uncrpykruu 1 (Havanbaoe cocrosinue 1°) ¢ ¢ = 1,

o Nucrpyknuu 3 ¢ yeaouem f = 1 Tosibko 1ipu ¢ = 4, ¢ = 3,

o Uuctpykinn 3 ¢ yeiaosuem f = 1 Tonbko mipu ¢ = 3, ¢g = 2.
Omneparusi mepekJaoyenus: pedep—1.

ITpu ¢1 = 2,¢o = 1 aBromMaT paboTaer CJe/lyonIM 00pa3oM:

Mpu I # If, I, # I;, (I = If, I = IJ) aBromar 3anucbiBaer B

TEeKYILYIO siueiiky nsarepky (c1,ca, 11,15, 1), Takyio aro I1 # I, I # I,

(L =1If, L =1I)

3atem paboraer o Uucrpykiuu 3 ¢ yejaouem f = 1 Tojbko npu ¢ = 1,

Cy = 4,

ABTOMAT 3AIMCHIBACT B HAMJICHHYIO sideiiKy ¢ msitepkoii (c1,ce, Iq, Ia, 1)

usitepky (cq,c2,0,0,71),

zarem paboraer 110 ucrpykiuu 3 ¢ yeiosueMm f = 1 TosibKo 1ipu ¢ = 4,

Cy = 3,

ABTOMAT 3aIMCHIBACT B HaNJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, )

nsarepky (cq,c2,1,1,1),

zarem paboraer 110 Mucrpykiuu 3 ¢ yeiosueMm f = 1 TosibKo 1ipu ¢ = 3,

Cy = 2,

aBTOMAT 3AIMCHIBACT B HANJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, 1)

nsarepky (cq,c¢2,0,0,7).

IIpu ¢; = 2,co = 4 aBTOMaT paboOTAET CJIEILYIONIUM 00PA3OM:

Ilpu I} # I}, I # I, (I = I, Iy = I;) aBTOMAT 3allCHIBACT B

TEeKYILYIO siueiiky nsarepky (c1,ca, 11,15, 1), rakyio aro I] # I, I # I,

(It =17, Iy = I3)

3atem paboraer o Uucrpykiuu 3 ¢ yeiaouem f = 1 Tojbko npu ¢ = 4,

Cy = 1,

ABTOMAT 3aIMCHIBACT B HANJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, 1)

usitepky (cq,c2,0,0,71),

zarem paboraer 110 Mucrpykuuu 3 ¢ yegosueMm f = 1 TosibKo 1ipu ¢ = 1,

Cy = 3,

aBTOMAT 3aIMCHIBACT B HANJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, 1)

nsarepky (cq,c2,1,1,1),

3atem paboraer o Uucrpykiuu 3 ¢ yeiaouem f = 1 Tojbko 1pu ¢ = 3,

Cy = 2,



574 M. . Jlamesa

ABTOMAT 3AIMCHIBACT B HANJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, 1)
nsarepky (cq,c¢2,0,0,7).

Omnepariusi mepekJOYeHnst pedbep—2.
IIpu I 4+ Iy = 0 aBToMaT paboTaeT CAEAYIOMIIM 00PA3OM:
Ipu I} # I}, I # I, (I = I, Iy = I;) aBroMaT 3allUCHIBACT B
TEeKYILYIO siueiiky nsarepky (c1,ca, 11,15, 1), rakyio aro I1 # I, I, # I,
(I =17, Iy = I3)
3atem paboraer o Uucrpykiuu 3 ¢ yeiaouem f = 1 Tojbko npu ¢ = 1,
Cy = 4,
ABTOMAT 3AIMCHIBACT B HAJICHHYIO sideiiKy ¢ msitepkoii (c1,ce, Iq, 1o, 1)
usitepky (cq,c2,0,0,71),
zarem paboraer 110 Mucrpykiuu 3 ¢ yeiosueM f = 1 TosibKo 1ipu ¢ = 4,
Cy = 3,
ABTOMAT 3aIMCHIBACT B HANJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, 1)
nsarepky (cq,c2,1,1,1),
zarem paboraer 110 Mucrpykiuu 3 ¢ yeiosueMm f = 1 TojibKo 1ipu ¢ = 3,
Cy = 2,
ABTOMAT 3AIMCHIBACT B HAMJICHHYIO sideiiKy ¢ msitepkoii (c1,ce, Iq, I2, 1)
nsarepky (cq,c¢2,0,0,7).
IIpu I 4+ I = 1 aBromaT paboTaer ClIEAYIOMIIM 00PA30OM:
Ilpn I # I}, Ih # I3, (I = If, I = I) aBromar 3ammcbBaeT B
TEKYIILYIo sT9eiiKy nsitepky (cq,ce,0,0,1),
3atem paboraer o Uucrpykiuu 3 ¢ yeiaouem f = 1 Tojbko npu ¢ = 1,
C2 = 47
ABTOMAT 3AIMCHIBACT B HAMJICHHYIO sideiiKy ¢ msitepkoii (c1,ce, Iq, I2, 1)
usitepky (cq,c2,1,1,1),
zarem paboraer 110 Mucrpykiuu 3 ¢ yeiosueMm f = 1 TosibKo 1ipu ¢ = 1,
C2 = 37
ABTOMAT 3AIMCHIBACT B HANJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, )
nsarepky (c1,¢2,0,0,7),
zarem paboraer 110 Mucrpykiuu 3 ¢ yegosueMm f = 1 ToJibKo 1pu ¢ = 3,
Cy = 2,
aBTOMAT 3aIMCHIBACT B HANJIEHHYIO siueiiky ¢ msitepkoii (c1,co, I1, I, 1)
nsarepky (cq,c2,1,1,1).

OOuyJieHne 1IBETOB BEPIINH.
Apromar paboraer o UucTpykiuu 5,
zarem 1o Mucrpykrmmm 4 c¢ yciaouem f = 1, 3aMeHssT KaXKIyIo IIO-
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CTYIUBIIYIO Ha BXOJ aBroMara usitepky (ci,co,li,ls, 1) Ha mnsrepky
(0707[17-[27-[)'

Teopema joKa3ana.

O6ruit AIropuT™ sIBJASIETCSI KOHETHO-aBTOMATHBIM, TIO9TOMY pa3Mep
3aJ1a9M OIPeJIeJINM KaK KOJMIECTBO sTUeEeK TPEYTOJbHUKA CMEXKHOCTEN,
HEeOOXOIMMOro JIJIsl 3aIaHusl BXOJAHBIX JaHHbX Obirero AjropurMma.

Teopema 5. Obsem namamu, neobxodumwiii dis pabomuv, Obwezo Anzo-
PUMMA, PACTEM AUHETHO OMHOCUMENDHO YBEAUMEHUA PA3MEPL 30004 U.

JokazaresibeTBo. IlycTh BxoaabiMu ganabivu OOIero aaropurMa -
nstercs napa (G1,Ge) € T2, G; = (V;, E;),|Vi| = n,i = 1,2, Torma xo-
JIMIECTBO STIeeK TPEeyTOJLHEKA CMEsKHOCTell paBHO MO Mopsaaky n? (cie-
JlyeT U3 Olpejie/ieHHsl TPeyroJibHUKa cMexkHocTeil). 13 jokasareabersa
IOPEIbIIYINeil TeOpPEeMbI CJIIYeT, 9TO 00beM HeOOXOIUMOI I paboThI
O61iero ajaropurMa maMsTH BO3pacTaeT He OoJee, 4eM Ha 1 gdeiiKy 1o
CPaBHEHHIO C 00EMOM, HEOOXOIUMBIM JIJIsI 33 IaHUs BXOJHBIX JIAHHBIX,
a CJIeIoBaTeIbHO, PACTeT JIMHEHHO OTHOCHTEILHO YBEJUYeHHUs pa3Mepa
33J1a41.
Teopema J10Ka3aHa.

3. OrpaHunYeHHbIi IO IIAMSTH aJTOPUTM IIPeos-
pa3oBaHUSA OPUEHTHUPOBAHHBLIX I'padoB C 3a-
JAHHOU CTENEHHOI MOoCJIeJOBATEJIbHOCTbIO

3.1. OcHOBHBIE IOHATUA

Onpezaenenne 10 ([2]). Opuentuposanusiv rpadom G = (V, E) nasbl-
BaeTCsi OOBEKT, COCTOANIMA U3 JIBYX KOHEUHBIX MHOXKECTB: V — Ha3bIBae-
MOI'O MHOYKECTBOM BEDIIINH, U MHOYKECTBa F yIOPSIIOUEHHBIX Tap pas/ind-
HbIX ssteMeHToB U3 V, o ectb B C VXV = { (u,v) :u € Vv € Viu # v },
HA3BIBAEMOI'O MHOYKECTBOM JIyT.

Onpenenenne 11 ([2]). Opuenruposannsiii rpadp G’ = (V', E') naser-
Baercst opueHTHpoBaHHbIM noArpadom G = (V, E), ecm V! CV, E' C E.
Ounpenenenne 12. OpuenrtupoBannbiM Mysnbturpadom G* = (V) E*)
HA3BIBAETCST OOBEKT, COCTOSIINN M3 KOHEYHONO MHOXKecTBa BepriuH V™
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U MyJbTHUMHOXKeCTBa Jyr E* (TO ecTh MHOXKeCTBa, B KOTOPOE KayKJIblii
9JIEMEHT BXOJUT C HEKOTOPOil KPATHOCTBHIO).
/ / /

Onpepenenne 13 (|2]). Opuentuposannsiii rpad G* = (V*, E*) na-
3bIBaercs 1ojrpadoM opueHTHpoBaHHOrO Mysbrurpada G* = (V* E*),

/ /
eciu V¥ CV* E¥ C E*.
Onpepenenne 14 ([2]). e xyru opuentuposanroro mysnsrurpada Ha-
3BIBAIOTCST KPATHBIMU, €CJIM OHU SIBJISTIOTCST BXOJSANIUMHE JIJIsi OJIHOM U TOA
K€ BEPIIUHBI U UCXOAINIUME JIJIsl OJJHON M TOM YK€ BEPIIUHBL.

Onpenenenue 15. CrelneHbO BEPIIMHBI U HEKOTOPOIO OPUEHTH-
poBanHoro rpada (Mysnbrurpada) Ha3bIBAeTCs yIOPsJIOYEHHas! Iapa
{dout(v),din(v)}, TE doyt(v) — 4MCIO JIYT, UCXOJANMX U3 BEPIIUHBI U,
a dip (V) — 9UCIIO JIyT, BXOJSAIIUX B BEPIIUHY 0.

Kosmuectso BepimH Bo BceMm opueHTnpoBanHoM rpade G = (V) E)
obozuadnm |V].

Omnpenenenue 16. CreneHHOI TOC/IEI0OBATEIHHOCTHIO BEPIITUH OPUEHTH-
posannoro rpada G = (V, E) Ha30BeM HEBO3PACTAIONLYIO B JIEKCHKOIDa-
dugeckoM CMBICTIE MOCIIEOBATEILHOCTD CTEIeHell BCeX BepIuH rpada

G = (V,E). O6oznaunm ee di(n).

ITycrs panbr asa oprpada Gi = (Vi, E1) u Gy = (Va, Es), upudem
[Vi| = |Val|, |E1| = |Es2|. IlycTs cymmecTByeT B3aMMHO OHO3HAYHOE OTOO-
paxenue f: V] — V5 Takoe, 9To JIst JIIOOBIX JIBYX BepInuH v1 € Vi, v9 € V)
BBILIOJIHSIETCs yeaoBre: (v1,v2) € By < (f(v1), f(v2)) € E2. Takoe oro6-
paxkeHne HasbiBaercsi uzomopdusmom oprpados [2] G = (Vi,E1) u
Go = (Vi, Ey). Ecom jyist oprpados G1 n Go cymecrByer nzoMopdusm
f, 1o G1 u G2 HasbBarorcs uzoMmopdubiMu (06o3Hauenne G = Ga).

Pacemorpum Hekoropoe noamuozkecTBo Aj(di(n)) MHOXKeCTBa oprpa-
dos Mi(dy(n)) ¢ 3aHyMepOBaHHBIMU BEPIIMHAMHU, OOJIAJAONINX 3a/(AH-
HOIl CTENeHHOl Hoc/Ie10BaTeIbHOCTRIO BepruH di(n). Oupemesanm ore-
panuio

w(Ai(di(n))) ={G"| 3G = (V. E) € A1(d1(n)),
3 U1, 0V2,0V3,V4 € V, (1}1,’1)2), ('1}3,’1)4) S E, (1}1,’1)4), ('1}3,’1)2) ¢ E,

/

G = (V,(EU{(v1,v4), (v3,02) }) \ { (v1,2), (v3,04) })}-

O4eBUIHO, YTO OIEPAIMIO UMEET CMBICI OHpelesaTh upu n = 4. Kpome
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s1oro, ormeruM, 9to w(A1(di(n))) aeiasgercs nogmuozkecrsom M (dy(n)),
TO €CTh OIlePaIUsl W He MEHSIeT CTEIEeHHYIO [OC/IeI0BATEeIbHOCT BEPIIHH.

Byzem ropoputh, 4To oneparus w npumeHnma B oprpade G K HeKo-
Topoit mape 1yr (vi,,vi,), (vj,,vj,), eciu B rpade G He CyIecTByeT IyT

(Uh ) sz)v (Uj1 ) Uiz)'

3.2. IlocranoBka 3aga4un. Onucanue ajropuTMa

Hamnee 6ymem paccMaTpUBATH MHOXKECTBA IPAGDOB € KOJUIECTBOM BEP-
IITMH, He MEHBITM 4.

O60osnaunm I'? muokectso map {G1, Ga} oprpados ¢ 3amymMepoBan-
HBIMU BEPIIIMHAMHU, ¥ KOTOPBIX COBIAJAIOT CTEIEHHBIE ITOCJIEI0BATETBHO-
CTHU BEpIIHUH.

Paccmorpum mapy oprpados {G1, Go} € T'2

G1 - (V17E1)7G2 = (V27E2)7 ‘Vl‘ - ‘VQ‘ =n.

Cdopmynupyem ciieyrontyo reopeMy (aHAJOTUIHYIO TeOpeMe JJisi
HEOPHEHTHPOBAHHBIX I'PadOB).

Teopema 6. Cywecmsyrom wucaa Ny w No u natidymcsa opuen-
muposannvie epadu. Gy u Gy maxue, wmo Gi € wNi({G;}) =
ww(...w{Gi})), i = 1,2, u G} = G (cuumaem no onpedesenuro

N;
WO(M) = M das nexomopozo mmosicecmea M ).

Tak xkak G1 = (Vi, E1) u Gy = (Va, E3) MMeOT OJIMHAKOBYIO CTEIIeH-
HYIO TI0C/IEI0BATEILHOCTD BEPINH, TO buekius r : Vo — V], comoctaBiis-
folast Kaxk1oif Beprune v oprpada G1 = (V1, Eq) Bepruny vy oprpada
Go = (Va, E3) ¢ TeM ke HOMEPOM, COXPaHsIeT CTEIeHb BEPIIUHBI.

OrnpestesiuM  OpueHTHPOBaHHBIN MyJabTUrpad (G1s ClIeayrommuM 06-
pasom: Gio = (Vig,Er2), tne Vis = Vi, Ei3 — MyJbTHMHOXKe-
CTBO, siBJIsTIONeecs: O0bejmHenneM MysabTumHoxkects Eq, EY, tne Ef =
{(r(v/),r(v”))](v/,v”) € By } Oupejie/iiM B OPHEHTUPOBAHHOM MYJIb-

turpacde Gio opuenruposamnbie noarpaber G' = (Vig, Ei), G? =
(Vi2, EY). 3amerum, uto opuenTuposanubii moarpad G u oprpad Gi
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(opmenTupoBanmbiit oarpad G2 u oprpad Ga) mzomopdubl. Taxum 06-
pa3oM, CTeneHb JIo60i BepImHbl (G112 SIBJISETCS YIBOEHHON CTEIIEHBIO Bep-
IIIUHBI ¢ TeM Ke HoMepoM oprpacda G1. OBO3HAYNM CTEIeHHYIO ITOCIeI0-
BATEJILHOCTH OpHEHTHPOBaHHOrO Mysbrurpada Gia - da(n).

Boigenum cieyromue cBoiictBa Go.

CsoiictBo 3. s jroboit Bepmnabl MysbTurpada Gio KOJIMIECTBO
JIyT, UCXOJAININX U3 Hee W NPUHAJIEXKAINNX MHOKECTBY F1, paBHO KOJIH-
9eCTBY JIyT, UCXOJSAIINX U3 Hee M MPUHAJIEIKAIINX MHOXKeCTBY Fb; a Ko-
JITIECTBO [IyT, BXOJASAIIUX B Hee U IPUHAJJICKAIIX MHOKeCTBY F1, paBHO
KOJINYECTBY JIyT, BXOJSIUX B Hee U NIPUHAJIEXKAIINX MHOXKeCTBY F).

CsoiicTBo 4. G2 MOXKeT UMeTh KpaTHbIe JIyru (KPATHOCTH HE BBIIIE
2), npuuem ecau eq,eg — Kparnbie ayru Gio, 10 e1 € Ey,e9 € E) wm
e € Eé,eg e F.

Pacemorpum mHekoropoe noamuoxkectBo As(ds(n)) MHOXKeCTBa OpHEH-
TupoBaHHbIX Mysbrurpados Ma(da(n)) ¢ 3aHyMepOBaHHBIME BEpIIHHA-
MU, O0JIAJIAIOIIUX CTEHEeHHON 10CIe/I0BATeILHOCTEIO da(n) U yI0BIeTBO-
psitormux cBoiicrBam 3 u 4. OupeesimM orepaimro

w(Az(da(n))) = {G'2| 3 Grz2 = (Viz, E12) € Ma(da(n)),

F vy, v9,v3,v4 € Vg, (v1,02), (vs,v4) € E1, (v1,v4), (v3,02) ¢ Ey
(mmm (v1,v2), (vs3,v4) € Eb, (v1,v4), (v3,v2) ¢ Eb),

Gla = (Viz, (B1 U { (v1,v4), (v3,v2)) }) \ { (v1,v2), (v3,v4) })
(mm Gy = (Viz, (Ey U { (v1,04), (v3,v2) }) \ { (v1,v2), (vs,v4) }))}-

Bynem rosoputh, uro onepaist w 3hbGEKTHBHO IPUMEHNMa B OPU-
enTupoBaHHoM MyJbrurpade Gia2 K Hekoropoii mape uyr (v, ,vi,) € En,
(vj,,v),) € By (mmu (vs,,vi,) € B, (vj,,v5,) € EY), ecin B G2 He cylie-
CTByeT JIyr (Uiuvjz) € F, (Ujuviz) S (('Uilavjz) € Eé, (Ujuviz) € Eé)?
u npu ypanenun jayr (vi,vi,) € Ei,(vj,v5,) € Ei ((vi,vi,) € Ej,
(vj,,vj,) € FE}) m nobasnenmu nyr (vy,v;, € FEi,(vj,v,} € FE

71> V2 2 it y i15 Uja 15 \Uj1, Vig 1
((viy,vjy) € Eb, (vj,,v5,) € E)) B HOTy4eHHOM OPHEHTHPOBAHHOM MyJlb-
rurpade Gy KOIMIECTBO KPATHBIX JyT yBEJININBAETCH.

[lepest onmucanneM ajropuTMa JOKAZKEM CJIEYIOIIIE JIEMMbI.

Jlemma 6. Ecau  cywecmeyiom wne wkpamnwve dyeu (vj,,v5,) € Fi,
(Vjy,0j5) € EY u xpome omux 06yx 0yez, 603MOICHO, CYULECTNGYEM HE
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kpammas dyea (vj,,v5,) € Eb, aubo napa xpamwox dye (vj,,v;,) € En,
(V) Vjy, Vjy — 6CE PAAUNHDLE BEPUAUNDL), TNO 6 OPUEHMUPOSAHHOM MYNb-
muepage Gia = (Via, E12) cywecmeyrom dse dyeu, x xomopvim sppex-
MUBHO NPUMEHUMA ONEPAUUA W .

lokazaTejabCTBO.

Ilaz 1. Ilo ceoiictBy 1 opmenTHpOoBaHHOrO MyJbrurpada Gig cyiie-
cryer ayra (vj,,vj,) € E.

Ecimn cymecrsyer nyra (vj,,v;,) € Ef, 10 K myram (vj,,vj,), (Vj,, ;)
npuMeHsieM onepanuio w. Ilormydaem nBe mapsl KpaTHBIX YT (Vj,,Vj, ),
(vjy,vj5). OcTanoBKa.

Ecmu me cymecrsyer nyru (vj,,vj,) € Eqp, 10 K ayram (vj,,vj,),
(vj,,vj;) TpuMeHsieM omepanmio w. IlosydaeM mapy KpaTHBIX JyT
(Vjy,j5). OcTanoBKa.

Nnave cymecrsyer ayra (vj,,v;,) € Ey.

ITepexon k 1mary 2.

Ilaz 2. Tak KaK MCXOIANMX U3 BEPIINHBI Uj, JyT, HPHHAJIEKAIAX
MHOKeCTBY Fp, 6oIbIIre, YeM NCXOANIX U3 BEPHINHBI Vj, JyT, IPUHAJITIe-
JKAIIUX MHOXKECTBY Ef, TO 10 CBOHCTBY 3 Jijlst BEIIMHBL Vj, CYIIECTBYET
ucxonsmast xyra (vj,, vj;) € Eb.

Ecmu cymecrsyer jyra (vj,,v);) € E1, 0 K gyram (vj,,vjs), (Vjy, Vjs)
npuMensieM oneparmio w. Ilomyuaem e mapsl KpaTHbBIX YT (Vj,, Vjs),
(vj,,vj5). OcTaHoBKA.

Ecim me cymecrByer nyru (vj,,vj;) € Ej, mo x myram (vj,,vj,),
(vj,,vj;) upuMensiemM onepammio w. IlosydaeM mnapy KpaTHBIX JIyT
(vj,,vj5). OcTaHoBKA.

Nuade cymecrsyer ayra (vj,,vj;) € Ej.

Ecmu cymecryer gyra (vj,,vj;) € FEi m He cymecTByer jyrn
(vj,,v4,) € E1, To x myram (vj,,vjs), (Vj,, Vj;) TPUMEHSIEM OIEPAIHIO W.
[Tosy4aaem mapy KpaTHbIX ayr (vj,,vj;). OcTaHoBKa.

Ecmu cymecrsyer nyra (vj,,vj;) € E1 n nyra (vj,v;,) € Ei, 3na-
quT cymecrsyer ayra (vj,,v;,) € Eby. Iaiee, ecin He CylecTByeT Jyru
(vj,,vj5) € Eb, To k gyram (vj,,vj,), (Vj,, Vj;) HIPEMEHSIEM OLEPAIHIO W.
[Tonyuaem mapy KpaTHbIX jayr (vj,,vj,). OcTaHoBKa.

Nuaue cymecrsyer ayra (vj,,vj;) € Ej.

ITepexon k 1mmary 3.
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Ilaz 2k + 1. Ha npeapiaymiem 1mare moJIy9uIn OPUEHTUPOBAHHDIIH
noarpad Gokys = (Vogrs, For13) opuentupoBanHoro myJbrurpada Gig
TaKoit, uro Vop i3 = {Uju 0 S } , & MHO2KecTBO Foi13 cocrour,

BO-TIEPBBIX, U3 HE KPATHBIX JIYT BUJA: (Vs 0, Vjy ;) € F1, THE M =
1Lk,l=1,m+1,u {Vjor, Vjorein } € By tme m =1,k +1, I =1,m,

BO-BTOPBIX, M3 HEKOTOPOIO IOJMHOXKECTBA HE KPATHBIX JIyT BHUJIA:
(V15 Vjgmsr) € Ey, m < k, b0 KPaTHBIX JIyT TAKOTO BHARA (Vjy, Vjg,y1)
(HO TakuM 06pa30M, UTO COXPAHSIETCsI CBOHCTBO 4 OPHEHTHPOBAHHOIO
mysbTurpada Gia),

U, B-TPETbUX, U3 HEKOTOPOIO MOJMHOYKECTBA KPATHBIX UM HE KpaT-

HBIX JIyT, He HAPYIIAIONIMX HE KPATHOCTH JIyT, OIMCAHHBIX BBIIIIE.

Ipu srom kosmmdecTsBo ayr u3 Ej, BXOAAIMX B BEPIIUHY Vj,, ., 1O
KpaiiHeit Mepe Ha 1 Gosibine KomuecTBa Takux Jayr u3 Fi. Orcona BbI-
TEKAIOT CJIEJLYIOIINE PACCY 2K JICHUSL.

CymecrByer He KparHas jyra (
Jok+a & {15+ Jok+2}). o

Haustee st kaxkyoro ¢ = 21+ 1, | = 0, k nposepsieM ciieyrorime JiBa
YCJIOBHSI.

Ecmm cymecrsyer jyra (vj,,.,,,v;) € Ej, 10 k gyram (Vj,,,,05),
(Vjor s Vjop45) dbbexTnBHO pUMennMa onepanus w. [lomydaem gse ma-
PBI KPATHBIX YT (Vjgy 05 Vs )s (Vjopsas Vjoyys ). OCTAHOBKA.

Ecrm me cymecrsyer ayru (v, ,,v5;) € E1, T0 K gyram (vjy, ., v5;),
(Vjopias Vjors) 2bdexTnsrO mpumenmma onepamus w. Iomywaem napy

Vjorsar Viorss) € E1, (creosarenbo,

KPATHBIX JIYT (Vjgy o5 Vjoyss)- OCTAHOBKA.

ITepexon k mary 2k + 2.

Hlaz 2k + 2.

Ha mnpeabiaymem 1mare TOMYyYWJI  OPUEHTHPOBAHHBIN — moArpad
Gokt+a = (Vakta, Fogt4) opuentupoBannoro myJbsrurpada Gia Takoii,

9r0o Vogiq = {Uju ey Vg } , & MHO2KecTBO Foi1 4 cocrour,
BO-TIEPBBIX, U3 HE KPATHBIX JIYT BUJA: (Vjy,. 40, Vjs_ ;) € E1, THE M =
Lk+1, Il=1m+1 u{vj,,vj,..} € Ey,tnem=1k+1,1=1m,
BO-BTOPbIX, U3 HEKOTOPOI'O MOJMHOMXKECTBA HEe KPaTHBIX JIyTI' BHJA:
(V15 Vjgpyr) € By, m < k, mb0 KPaTHBIX JIyT TAKOTO BHAR (Vjy, Vjg,s:)
(HO TakuMM 0OOPa30M, UTO COXPAHSIETCsI CBOWCTBO 4 OPHEHTUPOBAHHOIO
mysbrurpada Gia),
U, B-TPETbUX, U3 HEKOTOPOIO MOJMHOMKECTBA KPATHBIX UJIM HE KPaT-

HBIX YT, HE HaPYIIaIOMNX HE KPAaTHOCTU AYT, OIIMCaHHbLIX BBIIIIEC.
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IIpu sToM Kosm4ecTso Jyr u3 Fi, BXOAAIMX B BEPIIUHY Vj,, ., 11O
Kpaiineil Mepe Ha 1 Gosble KosmuecTBa Takux Jyr u3 B Orciona sbite-
KaloT CJeyIOlIe PacCyzKICHU.

CymecrByer He KparTHas jyra ( € E), (crenoBarenbHo,

Jok+s & {J1s- -, Jok+3})-
Haustee st kaxkyoro ¢ = 21, | = 1,k + 1 upoBepsieM cjieyroIine JiBa
YCJTOBHSL.

Vjokta> vj2k+5)

Ecrm cymecrsyer nyra (vj,,vj, ..) € Ei, To X ayram (v, Vjy,.s),
(Vjorsas Vjors5) dbbexTnBrO mpuMennma onepanus w. [lomydaem jgse ma-
PBI KPATHBIX JIYT (Vj;, Vjgys)s (Vjopias Vjopss ). OCTAHOBKA.

Ecu ne cymecrsyer gyru (v, v, ,5) € Ey, T0 K gyram (vj;, Vjy, ),
(Vjorsar Viopys) 2PdexTuBHO MpEMennMa onepanus w. Ilomygaem mapy
KPATHBIX JIYT (Vg 4> Vjoyys ) OCTAHOBKA.

Unase cymecrsyer gyra (vj;,vj, ;) € Ej. Ilepexommm K mposepke
JUIST CJIEJIYIOIIErO i.

Ecmm cymecrsyer ayra (vj,,vj,.,s) € [E1 m He cymecrByer jyru
(Vj1 s Vjopys) € E1, TOK JTyTaM (Vj1, Vjgy 5 )5 (Vjny a5 Vjoyrs ) TPUMEHSICM OTTC-
panuio w. [lomydaem mapy KpaTHBIX JYT (Vjy, . s Ujy,.5). OCTaHOBKA.

Ecrm cymectsyer ayra (vj,,Vj,,.5) € E1 1 ayra (vj,,vj, .,) € E1,
BHAMHUT CYHIECTBYET Jyra (vj,,Vj,, ,) € F5. Hamnee, ecim ne cymecrsyer
ayri (Vjy, Vg, .5 ) € B, 10 K tyraM (Vj;, Vjoys)s (Vjar a5 Vjo5) TPHMEHSI-
em onepanmio w. [Toryyaem mapy KpaTHBIX YT (Vjy, s Vjoys). OCTAHOB-
Ka.

Wuage cymecrByer jyra (vj,, V), . ;) € 5.

Hastee nonaraem k := k 4+ 1 u nepexopum K mary 2k + 1.

Paccmorpum se Kparubie ayru (vj,,v5,) € E1, (v),,05,) € Eb, 1, ecin
TAKOBBIE CYIIECTBYIOT, HE KPATHYIO Ayry (vj,,vj,) € Ef, 1ubo napy xpar-
HBIX JyT (vj,,v5,) € E1, (vj,,0),,0j, — BCe Pa3IMYHble BEPIIUHbI), IPU-
MeHsEeM K HUM IIOCJIeI0BaTeIbHO maru 1,2 u tak gajee. JomycTum, octa-
HOBK& [IPOM30MIET Ha Imare n. To 3HAYUT, B OPUEHTUPOBAHHOM MYJIBTH-
rpade G2 ObLIN HARJEHBI JIBE JyTH, K KOTOPBIM 3(DMEKTUBHO TPUMEHU-
Ma, Ollepallus w, B pe3yJbrare 4ero o0pasyercs mapa KpaTHBIX JIyT, OJIHA
3 KOTOPBIX TPHHAJIEIKAT MHOKECTBY F1, a gpyras — MHOKeCTBY Ey)
(nmm gBe mapel KpaTHBIX Jyr). MHadve agroput™m HaXomuT GECKOHEUHYIO
HOCJIEJIOBATETLHOCTD TIOIAPHO PA3JINIHBIX HOArpad 0B OPUEHTHPOBAHHO-
ro myJsbrurpada (G2, YT0 HEBOZMOXKHO B CUJIy KOHEIHOCTH (G19.
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JlemMma 6 moKa3aHA.
Amnajiormuno JiokaseiBaercsd Jlemma 7.

Jlemma 7. Ecau  cywecmeyrom we kpammwve Oyeu (vj,,vj,) € Ej,
(Vjy,v55) € E1 u kpome smuz deyr dye, 603MONHCHO, CYwecmeyem He
kpammas dyea (vj,,vj,) € Ei, aubo napa xpamwox dye (vj,,v;,) € Eb,
(Vs Vjy, Vjy — 6CE PAAUNHDLE BEPUAUNDL), TNO 6 OPUEHMUPOSAHHOM MY Nb-
muepage Gia = (Via, E12) cywecmeyrom dse dyzu, x xomopvim sppex-
MUBHO NPUMEHUME ONEPAUUA W.

Jloka3zaTeabCcTBO. AHAJOTUYHO JTOKA3ATEILCTBY JIEMMBI 6.

Jlemma 8. Cywecmeyem aszopumm, Komopoili 048 410000 He KPamHol
dyeu opuenmuposariozo mysvmuepaga Gia ¢ 3a0annoti wymepayuet; eep-
WU CMPOU, NPOCYIO UEND € HAUAAOM 6 00HOT U3 sepuwiur, Imoti dyeau,
onpedeasrowyro napy dye, K Komopwvim IPPHEKMUSHO NPUMEHUMAL ONEPQ-
YUA W.

HokazarenbcTBo. PaccMorpuM 1TPOM3BOIBHYIO HE KpPATHYIO JIyTy
(Vjy,vj,) € E1 (CHMMeTpUYHBIN CiTydail PacCMaTPHBAETCS AHAJIOIMYHO).
ITo cBoiicTBy 3 CylecTByeT He KpaTHast JLyra

/
(vjzvvjs) € E27

a TaK2Ke€ CYIIEeCTBYET HE KpaTHasd Jyra
(’Uj4,’l)j3 S El.

1) Ecou j4 = j1, paccCMOTPHM CJIe/LyTOIHe CILy Jam:

€C/IM He CyLIECTBYeT He KparHOil gyru (vj,,v;,) € Ej, To K jyram
(Vjy,Vj3), (Vjy,v5,) npumernma Jlemma 6(7); B pesynbrare HaiizeMm mpo-
CTYIO Iellb

Ujgv(szvvj3)7vj27(vjzavj1)7vj17-'- » Ujiy s I<n

¥ mapy JIyT, K KOTOPbIM 3(bQEKTUBHO IIPUMEHNMA OIepPaIyst w.
eClM CyIIECTBYeT He KparHas Iyra (vj,,v;,) € E) u He cymecrsy-
er He KpaTHOil ayru (vj,,v;,) € FEj, 3HaUUT CyIeCTByeT He KpaTHas
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ayra (vj,,vj,) € Ei, u k gyram (vj,,v5,), (vjs,v;,) npumennmMa Jlem-
Ma 6(7) (mpu 9TOM NIPOJOZKEHHEM IEHOUYKH SIBJISETCH yKe HajiJeHHast
ayra (vj,,vj,)); HalileM IPOCTYIO Ielb

Vjor (Vjo, V51 ), Uiy s (Vjas Vgt )5 Vs (Vja, Vja )y Vs -5 U5y LS

U TIapy JIyT, K KOTOPbIM 3PPEKTUBHO MIPUMEHIMA OMEPAIUS W.

€CJIM CYIIeCTBYeT He KpaTHas jyra (vj,,vj,) € Ey u cylecrByer He
KpaTHast Jyra (vj,,vj,) € E1, 3Ha4nT

760 cymecTByeT He KparHast ayra (vj,,vj,) € Ej, u rorja, oueBuiHo,
[OJIyYeHHbIH 1orpad OPUEHTHPOBAHHOTO MyJIbTUTrpada COOTBETCTBYET
JIBYM 130MOPGHBIM HoArpadaM UCXOAHBIX 0prpados;

7mbo cylecTByeT He KpaTHas xyra (vj,,vj,) € Ej, 3HAYAT K JyraMm
(Vjs,v5,), (vjs,v5,) mpumennma Jlemma 6(7) (mpu 9TOM MpOIOIKEHHEM
IIETIOYKN SIBJISIETCS yrKe HafiieHHast 1yra (vj,, V), )); HaiileM IIPOCTyIO Ielb

Vs (Uj37vj1)>vj3v (vj37vj2)>vj2v (vj47vj2)>vj4v <o Uy I<n

U mapy Jyr, K KOTOPbIM 3(hDEKTUBHO TPUMEHUMA, OLEPAIUs W.

2) Ecom jg # j1, TO ucnonn3yst jgemmy 6(7), HaiiieM mpocTyio Ielb

Vi1 (Vjo, Vg1 )y Vjas (Vjas Vjs )5 Vjs, (Vg Vs )y Vjas -5 U5y LS

U mapy JAyr, K KOTOPBIM 9(h@PEeKTUBHO IIPUMEHNMA OLEPALUs w.
JlemMma 8 mokazaHa.

3amMeuaHue. YIJIMHEHWE IPOCTON IENU B pe3yjbTaTe J100aB/ICHUSA Y-
U SIBJIIETCA PE3YJILTATOM AHAJIN3a OKPECTHOCTH BEPINMHBI OPUEHTUPO-
BaHHOI'O MYJIbTUIPada, MHIMAECHTHON HaHHoit gyre. OKpecTHOCTD 000
BEPIIMHBI OPUEHTUPOBAHHOIO MYJILTUrPada, COCTOLAIIEr0 U3 7 BEPIINH,
colep:KUT He 6osiee 1 — 1 BXOIAIUX WJIH UCXOASAIINX YT, & IPOCTas Lelb
B TAKOM MYJIBTUI'pade cocTouT He bojiee, 9eM u3 1 — 1 AyT, ceaoBaTeIb-
HO, aJropuTM JIeMMbl 8 3aKaHUYMBAET CBOIO PaGOTy He Gojee, ueM 3a n°
IAroB.

Temepnr Oymem 1peoOpa30BBIBATL OPUEHTUPOBAHHLINA MYJILTUTPAD
Gi12 = (Vig,E12), |Vi2| = n, u coorsercrByiomue oprpader G =
(V1, E1),Go = (Va, E2) ¢ 3a7aHHOil HyMepalieil BEPITHH B COOTBETCTBIM
¢ O6muM AsrropurMom.
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OGmuii Asiropurm.

G/12 = G12
G} :=G1,Gy =Gy
Huk:

Hlaz 1. Eciu cymecTByeT mapa KPaTHBIX JIyT (Ui, Vj), TO OIPEJIE/INM

MHOXKECTBO
By o= (E1\ (vi,v5)) U (B3 \ (vi,05))

u 1epeiijieM K opueHTHpoBaHHOMY MyJbrurpady Gy := (Vig, El5). Op-
rpabbr G, G ocratores 6e3 n3MeHeHuil.

Ecnun mynbrurpad G, IyCT, TO aaropuT™ 3akaHIuBaeT paboTy.

ITepexon k mary 1.

Ecim B opuentupoBannom Mmysnbrurpade G}, He CymecTByeT mapbl
KPaTHBIX JyT (vj,V;), TO HEPEXO K Imary 2.

Ilaz 2. Tak kak myasrurpad Gy Hemycr, cyliecTByer Jayra

(Ui,Uj) €k (('Ui,Uj) € Eé)v

He sBigionissca kparuoit. [To Jlemme 8 maiigem mapy mayr, K KOTOPBIM 3¢-
bekTuBHO IpEMEHNMa Ollepallist W U IPUMEHNM ee B Myabrurpade G, n
K COOTBETCTBYIOIMM Jiyram B oprpade G (G%). O6o3HaunM 1oy YeHHbIE
myabrurpad u napy oprpados, coorsercTBenHo, Gy u G (GY).
ITepexon k mary 1.
Jnst Obrmero AnropuTMa CIpaBejInBa, CJIEIYIONAast TeopeMa.

Teopema 7. O6uuti Anzopumm no dannoti nape opepagos {G1,Ga} €T?
cmpoum usomopgproie opepago. G| u Gb.

HoxkaszaresnnscrBo. [Ipu paGore ajropurma I1ocjie KaxKJIoro mara 2 Bo
BHOBb II0JTyY€HHOM OPHEHTUPOBAHHOM MyJIbTUrpade BO3pacTaeT KO-
9eCTBO KPATHBIX JyT, & o0llee Yucso Iyl He yBeaumduBaercs. Ilosromy
110CJIe BBIIOJHEHHsT KaXKJ0r0 IUKJIa ajaropurMa (KpoMe, BO3MOXKHO, Iep-
BOro) 4mcsio gyr myabrurpada G, yMeHbIIaeTcs He MeHee, UeM Ha 2.
CiietoBaTesIbHO, AaropuT™ paboTaeT KOHEYHOEe YHUCJIO MIAaroB. B pesyiib-
tate nomyanm: Gy = (Vig, Ely) € w¥({G12}) s mexkoroporo N; Bee
nyru myabrurpadga Gy — yaamseHsr; cooTBeTCTBYyIOMME oprpadbl

Gy e w™M({G1})

Gh € w2 ({Gy}).
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[Tpuyem, npu ouepesHoM i + 1 IPUMEHEHUH ONEPAIHM W K OPUEHTUPO-
BaHOMy MyabTurpady m3 muoxkectsa w'({G12}) mpoucxomuT mpuMene-
HIIe OTIepallii W K COOTBETCTBYyIomIeMy oprpady n3 muokecTBa w'({G1})
un m3 MuoxkectBa w'({Ga}), To ectb Ny + Ny = N. Tak Kak B pesyiibra-
Te paboThl AJrOPUTMa MHOXKECTBO Jjiyr Myabrurpada G, mycro, To st
KaKJI0i1 Tapel BEPIINH v;, U JAyTa (v;, v;) b0 CyIeCTBYeT OJHOBPEMEH-
Ho B rpadax G, G}, u 6bua yaanena us my/asrurpada G, Ha HEKOTOPOM
mare paGoThI aJIFOPUTMa, JTMOO TaKoii JyrM He CyIeCTBYeT B oprpadax
", G U3 storo caenyer, uro G u GY nzoMopdHbI.
Teopema 7 moxkazana.

Caeacrue 2. Cywecmeyom uenoe neompuuamenvroe wucao N u op-
epap G| maxue, wmo opepago, G,

Gy e wV{G1}) = w(w(...w({G1})))

u G usomopgmo, (npu N =0 wN({G1}) = {G1}).

Jlajiee pacCMOTPUM HEKOTOPBIE XapPAKTEPUCTUKH H3JI02KEHHOTO aJIrO-
pUTMA.

ITox BpemeHHOI CIOXKHOCTBIO PAbOTHI AJropuTMa OyIEM MTOIpa3yMe-
BaTh KOJIMIECTBO IMPOCMOTPEHHBIX 32 BPEMs €ro pabOoThI JIyT; a IOJ] CTe-
MIEHBIO BEPITIMHBI — 00Iee KOJTUIECTBO MHIMICHTHBIX €if JIyT.

Teopema 8. O6wuti Anrzopumm 06aadaem CACIYOUWUMU CEOTCTNEAMU:

1) Bpemennas caoorcnocmov pabomo. Obwezo Anzopumma 1a opepage

G ¢ n sepwunamu, pacmem no nopadky ne ovicmpee, wem nt.

2) Bpemennaa caoocrocmov pabomu, Obusezo Anzopumma na opepage
G ¢ n sepwunamu, cmenend Kacdot u3 KOmopux 1e boavuwie k, no
nopadky me npesocxodum k>n?.

3) Bpemennas caosicnocms pabomov. Obwezo Aazopumma, obpabamoi-
6a10ULE20 OP2PAPDL C N BEPWUHAMUY, CTMENEHU KOMOPHLL He NPesoc-
xodam Haneped 3adannoti Koncmarnmor K, pacmem no nopadky we
Gricmpee, wem ne.

HokazareabcTBo. Crieyer n3 JIOKa3aTeIbCTBA aHAJOTHIHON TEOpEeMbI
JUJIsi HEOPUEHTUPOBAHHBIX I'pacOB.
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3.3. IlocTpoeHne KOHEYHO-aBTOMATHOIO aJITOPUTMAa JJIs
OPUEHTHUPOBAHHBIX TpadoB

Paccmorpum Bompoc o cyiecTBoBaHHM KOHedHOro asromara A [1],

kotopriit 1o mape (G1,G2) € I'? crpoun 6b1 napy (G, Gh) Takyto, 1o
Gl e wNi({Gi}),i=1,2, u G} 2 G.
Onpepenenne 17. Koneuno-apromarhslii ajgropurm — 1o napa (A4, 7)),
rie A — komewHblii aBromar, T — HeKOTOpas JByMepHas TabJHuIa,
KA K/IbIil 9JIeMEHT ¢;; KOTOPOM SIBJISIETCS 3JIeMEHTOM HEKOTOPOIr'o KOHed-
Horo MHOxkectBa L. ABromar A mnpumensiercss K Tabjuie 1 B ciey-
IOIEM CMbICJIe. B MOMEHT BpeMeHH t aBTOMAT HAXOJUTCS B HEKOTO-
poM cocrosiHuu @y Ha BXOJ aBTOMaTa IOCTYIAET HEKOTOPBIH 3JIEMEHT
t;j € T. BeixogoMm aBidgerca sseMenT u3 L. OH 3ammcbIBacTCA B 9TY
KJIETKY; aBTOMAT IIepeMeIaeTcs B OJHY W3 KJIETOK € KOOpJMHATAMU
(t—1,7),(4,5 — 1),(¢ + 1,7),(i,5 + 1) (upm ycsioBum, 4T0 Takas KieT-
Ka CyIIeCTBYeT) WJIM OCTAeTCsl Ha MecTe B KJIeTKe ¢ KoopauHartamu (i,7)
U [EPEXOUT B HEKOTOPOE COCTOSIHUE (4i1. B HAYAJILHOM COCTOSHUM (o
aBTOMAT HAXOJIUTCS B KieTke ¢ koopiauHaramu (1,1), u Ha BXOJ aBTO-
MaTy IOCTyIIaeT 3JeMeHT t11. Pabora aBromMara 3aKaHIMBAETCH, €CJIU OH
IEPEXOUT B 3aK/IOUHTEILHOE COCTOSHIE ( .

Koneuno-apromaTHbiil ajgroput™m paboTaeT IO CXeMe: KOIUPOBAHUE,
00paboTKa Pe3y/IbTATOB KOJIMPOBAHUST HEKOTOPHIM KOHEUYHBIM ABTOMATOM,
JIEKO/IUPOBAHUE.

PaccmorpuM MHOXKECTBO ceMepOK

L= {{617627IfUt7ISUt7]{n7I§n7I}a
c| € {O, 172,3,4,5}, co € {0, 1,2,3,4, 5},
19" € {0,1}, 18" € {0,1}, I{" € {0,1}, 15" € {0,1}, 1 € {0,1,2}}.

BJ10K KopupoBaHus KOHEYHO-aBTOMATHOIO aJIrOPUTMa Hape oprpados
(G1,G9) € T2,G; = (Vi, E;), |Vi| = n,i = 1,2, B3auMHO OIHO3HAMHO
corocTaBgeT Tab/IMILy CHelUalbHOrO BUJa — TPEYTOJIbHUK CMeKHOCTeil
T pazmepa n.

Omnpenenenne 18. TpeyroabHUK CMEXKHOCTEl pasMepa 1, COMOCTaB/ICH-
neri mape rpados (G1,G2) € T2, — 310 Tabmmma ¢ n cTpoYKaMm U n
cronbuamu, T' = (t;5),i=1,2,...,n,j = i,9+1,...,n, KaXK/JbIil S77€MeHT
tij KOTOPOIl SIBIISIETCS SJIEMEHTOM KOHEYHOI'O MHOMKeCTBa L.
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Tpeyroipuuk cmexxHocTeil T B3aMMHO OJTHO3HAYHO COIOCTABIISAETCH
nape rpacdos (G, Ga) € I'? creayomum obpasom: st i < j HOTOKIM

_ out jout Fin Tin
tij_{013627-[1 7-[2 7-[1 312 71}7

rie

Cl =C = 0,

Ivt =1, ecn nyra (v, v;) € Ey; I9" =0, — unaue, k = 1,2;

I" =1, ecm ayra (vj,v;) € Ey; I} =0, — unaue, k = 1,2;

I =1 ecmi=3j i#1,n, i # 1,n mboi=11<j < n, mubdo
j=n,l<i<n; I=2ecmi=j5=1,i=j5=n,i=1,7=n; [ =0—
uHaue.

Asromar A nepepabaTbiBaeT TPEYTOJLHUK CMexkHOCTeH T, B COOTBET-
CTBUU C HEKOTOPO! CXEMOH, peain3yIolleil OlMCAaHHBbIA B IIpeablaylieM
IYHKTE aJIFOPUTM, B TPEYTOJIbHUK cMexkHocTeil T, 110 KOTopoMy B3anmM-
HO OJIHO3HAYHO BOCCTaHaB/mMBaercst napa oprpados (G, G5) rakas, aro
Gl e wNi({Gi}),i=1,2, u G} 2 GY.

Buiok sekouposanust crpourt 1o 17 takyto napy (G, G) ciaemyromnmpm

obpazoM: ecin
out goul 71in TIn
tij:{01762711 712 711 712 7I}7

TO HpH It =1 (v,vj) € Ey, k = 1,2, unaue — (v;,v;) ¢ Ej, upn
I"=1 (vj,v) € Ey, k=1,2, nnage — (vj,v;) ¢ Ej.

Teopema 9. O6wuti aszopumam, xomopwiti no nape (G1,Gz) € T? empo-
um napy (G, Gy) maxyio, wmo G5 € wVi({Gi}),i = 1,2, u G} = Gy,
ABAACMCA KOHEWHO-ABMOMATIHBLM.

HoxkazarenbcTBo. CiiejlyeT u3 J10Ka3aTe/IbCTBA AHAJOTUIHON TEOPEMBbI
JIJIsi HEOPUEHTUPOBAHHBIX TpadoB.

Ob6mmmit AJITOPUTM SIBJISIETCST KOHEUHO-aBTOMATHBIM, TIO9TOMY pasMep
33/1a91 ONpEeJe/INM KaK KOJIMYECTBO f49e€eK TPEYTOJbHUKA CMEXKHOCTEN,
HEOOXOIUMOTO JIJIsl 38JIAHUS BXOJHBIX JIAHHBIX AJIFOPUTMA.

Teopema 10. Ob6sem namamu, 1eobxodumsili ois pabomv, Obwezo Ana-
20PUMMG, PACTEM AUHETHO OMHOCUMENDHO YEEAUNEHUA PASMEPA 3a0a-
.

HoxkazarenabcTBo. CiiejlyeT u3 J0Ka3aTe/IbCTBA AHAJOTUIHON TEOPEMBI
JIJIsT HEOPUEHTUPOBAHHBIX IpadoB.
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4. OrpaHMYeHHbI 110 ITAMSTH aJICOPUTM IIPE0O-
pasoBaHug rureprpadoB c 3aJJaHHOI CTelleH-
HOM MOCJIE0BATEIbHOCTHIO

4.1. OcHOBHbBIC IIOHATUS

Ounpenenenne 19 ([3]). 'uneprpadom H = (V| E) nasbiaercs 06b-
eKT, COCTOSIIIUI U3 JBYX KOHEIHLIX MHOXKECTB: V — Ha3bIBAEMOI'O MHO-
JKECTBOM BEDIINH, U MHOXKeCTBa F HEIyCTBIX IOJMHOXKECTB 3JIEMEHTOB
u3 V', Ha3BIBAEMOIO MHOXKECTBOM THIIEppedep.

Onpezaenenne 20 ([3]). Crenensio Bepumubl v Ha3bBaeTCsA IUCI0 d(v)
rureppebep e;, WHIMIEHTHBIX 9TOi BepIuHe (TO eCTh YHUCJI0 TaKuX pebep
€;, 9T0 U € €;).

Onpenenenne 21. CreneHHOl I10C/IEI0BATEILHOCTBIO BEPIIUH THUIIEP-
rpada H = (V, E) Ha3oBeM HEBO3PACTAIOILYIO [IOC/IE[0BATEIHHOCTD CTe-
neneit Bcex Bepimu runeprpada H = (V, E). O6oznaunm ee di(n).

ITycrs nanbr jgsa runeprpada Hy = (Vi, Ey) u Hy = (Va, Ey), upu-
qem |Vi| = |Val, |E1| = |E2|. Ilycrs cymecTByeT B3aMMHO OJHO3HATHOE
orobpazkernne f : V) < V5 Takoe, uro jyist Ji0OOit BepiiuHbl v € V| BbI-
HOJIHSIETCs yesloBHe: U € e, e € By < f(v) € f(e), f(e) € Ea. Takoe oro6-
paxkenune HasbiBaercst nzomopdusmom runeprpados (3| Hy = (Vi, Eq) u
Hy = (Vi, Ey). Ecan st rpados Hy u Hy cymecrByer usomopdusm f,
To Hy u Hy nazpiBatorcs nzoMopdubiMu (0bo3nauenne Hy = Ho).

Pacemorpum sHekoropoe noamuozkecTBo Aj(di(n)) MHOXKeCTBa TUIIEP-
rpadoB Mi(di(n)) ¢ 3aHyMEepOBAHHBIMU BepIIMHAMM, OOJIAJIAIONINX 3a-
JAHHOU CTEHEHHOW MOCJIe/I0BATECIBHOCTBIO BEPIINH dl(n). Oupenenmm
OlepaIyio

w(A1(di(n))) = {H'| 3 H = (V,E) € Ai(d1(n)),
3 V1,02 € V,61 S E,eg € E, V1 € €1,V3 € €2,V1 ¢ €2, V9 ¢ el,
H = (V. (EU{{e1 \vi}Uva,{ez\va} Uvi })\{e1Uez })}.

OueBn/HO, YTO ONEPAIMIO UMEET CMBIC OnpeeaTs npu n > 4. Kpome
5T0r0, 0OTMeTUM, 9T0 W(A1(d1(n))) sBasiercst mogmuoxkectBoM My (di(n)),
TO eCTh Ollepalliisi W He MEHsieT CTEIIeHHYIO T10CJIe/I0BATEIbHOCTD BEPIIIIH.
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Bynem rosoputrh, uTO Omeparus w npuMmenuma B rurneprpade H
HEKOTOpOii nape rumeppebep e;, e;, eciu B runeprpacde H cymecrsyior
BEPIIUHBI U;, Uj, TAKHE ITO U; € €;, V; & € U v; € €j, v; & €;.

4.2. TlocranoBka 3amaun. Onucanme ajropurMa

Hanee Gymem paccMaTpuBaTh MHOXKECTBa TIUNEPrpadoB € KOJIMYE-
CTBOM BEpIIMH, HE MEHBIIUM 4.

Basamm crelyonee B3auMHO OJHO3HAYHOE OTOOParKeHne § U3 MHO-
JKeCTBa THIeprpadoB B HEKOTOPOE IMOJAMHOXKECTBO OPHEHTHPOBAHHBIX
rpados. Ilocrpoum opuenrnposanneii rpad g(H) = Hy = (Vy, Ey)
st runeprpadba H = (V,E) : nyers |V| = m, |E|] = n, V =
{vi,...,om },E ={er,...,en }, Torma Vg = VU{x,...,2n }, By =
EiU...UE,,tne E; = | ] {z,v},1 < i< n. Bamerum uro jyist j11060ii

v €e;
BEPUINHBI Vf KOJIXYIECTBO UCXOJAINX U3 HEe pe6ep PpaBHO O, a JJId JII000it

BEPIINHBI T; KOJIMIECTBO BXO/JIANINX B HEE pe6ep PpaBHO 0.

Jlemma 9. Omobpasicenue ¢ coxpaHsem onepavur w, MO  ecms
w(g(H)) = g(w(H)).

JokazareabcTtBo. Paccmorpum BeprimHbl X1,V1, T3,V TaKWUe, €UYTO

(x1,v1), (x2,v2) € Ey, a (x1,v2), (v2,v1) ¢ E4. i cOOTBETCTBYIONHX

runeprpadoB 9T0 o3HadaeT, UTo €1 € F,eq € E v € e1,v9 € €2, ¢ €2,
/ / / / /

vy & e1. Hpu arom econ H, = w(g(H)), H, = (V,, E,), 0 V, =V, a

By = (EyU{(z1,v2), (x2,v1) )\ { (z1,01), (22,v2) }).
st runeprpados: w(g(H)) = (V' E"), V! =V, a

E' = (EU {(61 \1)1) U’UQ,(GQ \1)2) le}) \ {61,62}.

Crenosaresnsno, w({g(H)}) = g(w({H})).

JlemMma jjokas3aHa.

O6osnaunm ['? muoskectso map {Hy, Hy} runeprpados ¢ samymepo-
BAHHBLIMU BEPITMHAMHI, Y KOTOPBIX COBIIAAIOT CTEIICHHBIE MTOCIIEI0BATE b
HOCTH BEPIINH.

Pacemorpum mapy rumeprpacdos { Hy, Ho} € T2

Hl - (V17E1)7H2 = (V27E2)7 ‘Vl‘ - ’VQ‘ =n.
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CdopmymupyeM ciieayrontyo TeopeMy (aHAJOTUIHYIO TeOpeMe st
HEOPHEHTHPOBAHHBIX I'PadOB).

Teopema 11. Cywecmsyiom wucaa N1 u No u matidymea 2unepepagpot

Hi u Gb maxue, wmo G, € w™i({G;}) = w(w(...w({G}))), i = 1,2, u
N;

G u GY usomopdro (cuumaem no onpedeaenuro w®(M) = M ).

JokaszareabeTBo. [Tocrponm opuenTupoBannbie rpadbr H, gl = (Vgl, E;)
n Hg2 = (VgQ, E;) ITo Teopeme 6 cymecrBytor yncia Ni u Ny Takue, 4To

HalIyTCsa n30MOP(HBIE OPHUEHTHpOBaHHbIe rpadbl H gll c wM({H gl}) =
w(w(w({Hgl}))) u Hg2 = wN2({Hg2}) = w(w(w({Hg}))) . OT06-

N1 N2
pazkenne ¢ coxpamsier onepamuio w, 1o ectb w({H,)}) = g(w({H1})) u
w{H)}) = g(w({Hz})). Crenosaremsno, w™ ({Hy}) = g(w™ ({H1}))
u wN2({H92}) = g(w™N?({H3})). Tax Kak oTObpaskeHue g B3AMMHO OJIHO-
smauno, To wVt ({Hy}) = w2 ({H2}).
Teopema jokazama.

Orcrona u u3 Teopem 7, 8 cienytor Teopembr 12 u 13.

Teopema 12. Cywecmeyem KoHewHO-a8MOMAMHOIT AAOPUMM, KOMO-
puuti no nape eunepepagos (Hy, Hy) € T2 empoum napy eunepepagos
(Hy, Hy) maxyro, wmo H; € w™Ni({H;}),i = 1,2, u eunepepagdo. H, u H,
U3OMOPPHDL.

[Tockonbky aJsiroputm Teopembl 12 TpuMeHsIeTCS K OPHEHTHPOBaH-
HBIM I'pacdaM, CHeruaJ bHO IMOCTPOEHHBIM 110 JaHHBIM THIeprpadam, To
BpPEMEHHBIE XapaKTEPUCTUKHN STOrO AJTOPUTMa M3MEHSIFOTCSI, MCXOJsT 13
TOrO, 9TO JJjIsI Tureprpada ¢ n BepIInHaMU OyIeT IIOCTPOEH OPUEHTUPO-
BaHHBIN Irpad ¢ KOJIUIeCTBAMHU BEPIINH U pedep, 10 HMOPSIKY He IPeBOC-
xomarumu 2" 1 n2", COOTBETCTBEHHO.

ITox BpemMeHHOI CJIOYKHOCTBIO PabOTHI AJArOpPUTMa Ha Trurneprpadax
OyaeM moipa3yMeBaTh KOJMIECTBO ITPOCMOTPEHHBIX 3a BpeMsi €ro paboThl
JIyT' COOTBETCTBYIOIIUX OprpadoB.

Teopema 13. Anzopumm na 2unepzpagar obaadaem caedyrowumu ceoti-
cmeamu:
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1) Bpemennas caoocnocms pabomos anzopumma wa 2unepepage G cn
sepuunamu (a, caedo8amesvro, na opepagde, coOEPIHCAUEM NO NO-
padky ne boaee, uem 2" sepuun u n2™ pebep), pacmem no nopadky
ne Goiempee, wem n>22".

2) Bpemennas caodcnocms pabomos aszopumma na eunepepagpe G c
n eepwunamu (a, caedosamervio, na opepage ¢ ne boaee, wem 2"
sepuunamy), cmenens kadtcdotl u3 komopwuixr e boavwe k (caedo-
68aMEALHO, KoAueC60 pebep opepada no nopadky He npesocrodum
k2™), no nopadky ne npesocxodum k222",

3) Bpemennas caoscrocms pabomo, aszopumma na 2unepepage G ¢
n eepuunamy (a, caedosamenvro, na opepagde ¢ ne boaee, wem 2"
BEPUUNAMU), CTMENENU KOMOPYLT He NPEBOCTo0AM Haneped 3a0ar-
noti Konemanmo, K, pacmem no nopadky ne 6vicmpee, wem 227

AutroputMm Ha Tuneprpadax siBIsSeTCsl KOHEIHO-aBTOMATHBIM, II09TO-
My pa3Mep 3aJa4d OIPEJeINM KAaK KOJNYECTBO AYECeK TPEYyTrOJbHUKA
CMEXKHOCTEN, HEOOXOUMOTO JIJIsd 33J[aHUsT BXOJHBIX JTAHHBIX AJTOPUTMA,
TO €CTb IAPhl OPUEHTUPOBAHHBIX I'PadOB ¢ KOJTUICCTBOM BEPIIHUH, 10 110~
PSAAKY He IMpeBOCXofdmmm 2.

Teopema 14. Ob6sem namamu, HeoOLOIUMbBLT OAf PabOMbL AALOPUMMA
HG 2unepepadar, pacmem AUHETHO OMHOCUMENDHO YEEAUNEHUS PA3MEPQ,
3adavu.

HoxkazarenbcTBo. CrieflyeT 3 aHAJOTUIHON TEOPEMBI JIJIsi OPUEHTHPO-
BaHHBIX I'pacoB.

5. baaromapaocTu

ABTOD BBIpazKaeT TIyOOKYIO MPU3HATEILHOCTE CBOEMY HAYTHOMY Dy-
koBoguTeTI0 A. A. HacoBCKUX, HEM3MEHHO TOOIIPSBITIEMY PabOTy Ha BCEX
JTalax, 3a IMOCTAHOBKY 3aJ/1a4, IIOCTOAHHOE BHUMAaHHUE B XOJIe MCCJIEJI0OBa-
HUs, & TaKXKe IIeHHbIe 3aMeYaHus U NPEJJIOXKEeHN, CyIIeCTBEHHO ITOBJIN-
sIBIIIAE HA TEOPETHYECKYIO YacTh PabOTHI.
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