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OTEPEBO PA3PE30B 1 MUHUMAJIbLHBIN
k-CBA3HBIU TPAD

§1. BBEIEHUE

B paboTe paccMaTpUBAIOTCA HEOPUEHTUPOBAHHBIE TPadbl 663 MeTelIb n
KpaTHBEIX pébep. MBI OymeM MpUMEHATEH CTAHIAPTHBIE OO03HATEHU.

Muoxectso Bepmun rpada G Mel 6ygem o6o3nadars depes V(G), a ux
koammaecTBo — uepes v(G). [as MHOXKecTBa u KonudecTsa pédep rpada G
MBI Gy geM npumeHaTh o6o3nadenus E(G) u e(G) cooTBeTCTBEHHO.

Crenenn Bepumebt = B rpade G Mbl Oy1eM 0603Ha9aTh Uepes dg (), a
MaKCUMAJBHYO CTENeHb BepIMHEL rpada G Oy nem obozuadars depes A(G).

Oxpecmuocmy Bepuussl & B rpade G (TO ecTh, MHOXKECTBO BCEX Bep-
IIUH, CMEXKHBIX C Z) MBL OyaeMm o6o3uadaTh yeped Ng(z).

Onpegenenne 1. Ilycts R C V(G)UE(G). Yepes G — R MBI 0603HAAM
rpad, moaydeHHsn n3 G B pe3yabTaTe yAATEeHUA BCEX BEPUINH U pEGep
u3 R, a Takxe Bcex pébep, MHIMIEHTHBIX BeprwHaM u3 R.

Onpepenenne 2. IIycte R C V(G) U E(G).

1) Hazosem MuOXecTBO R pazdessrowum, eciu rpadp G — R HecBA3EH.

2) Oycrs X, Y C V(G), X ¢ R, Y ¢ R. Bynem rosoputs, 9to R omde-
Afem MHOXKeCTBO X OT MHOXKECTBA Y, eC/IN HUKAKHUE IBE BEPIIUHBL V; € X
u vy € Y He Je:kaT B OFHOU KOMIIOHEHTe cBsa3HocTu rpada G — R.

3) Byaewm rosopurs, uro R pasdeasem muoxkecrso X C V(G), ecau ne
BCe BEpIIMHEI MHOXecTBa X \ R JeXaT B OTHON KOMIIOHEHTE CBA3HOCTHU
rpada G — R.

4) I'pad G maswBaerca k-ceasnvim, eciu v(G) > k u oH ocTaeTCA CBA3-
HBIM [IPHU Y IaJICHAM JTIOO0r0 MHOXKECTBA 13 He Gosee deM k — 1 BepIIuHEL.

5) k-casupil rpad (G HA3BIBAETCA MUNUMAAbHBIM, €CIU NI JI060r0
pebpa e € E(G) rpad G — e He aABasgeTca k-CBA3HBIM.

s onucanuu cTPYKTYpPHI rpada 9acTo UCHOIL3YIOTCA AepeBbsi. CTouT
BCIIOMHUATDL KJIACCUIECKOE depeso 040K08 U MOUEK COUACHEHUS CBAZHOIO

Karouesvie c406a: CBI3HOCTD, AEPEBO, MUHUMAILHBIN k-CBA3HBIA Tpad.
WccnenoBanva BBIIONHEHBI Ipu mnojgaepxke rpanra Ilpesmgenra PP HIM-
3856.2014.1 u rpanta PDPDPU No. 14-01-00545-a.
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rpada (cM., HampnMep, [7]). Touku cousenenus — 5TO OTHOBEPIIMHHBIE
Pa3IeNAINMe MHOXKECTBA, & OMOKA — MUHUMAIBHEIE TI0 BKIIOUYCHUIO IBY-
CBS3HBIE IOArPAdEL CBA3HOIO I'pada.

Lepeso 640%06 u mouek couaenenus rpada G —>TO IBYIOILHEIN rpad
B(G), BepumMHbL OJHOU AOIX KOTOPOI'O COOTBETCTBYIOT BCEM TOYKAM CO-
WIeHeHUd dq, . .., a, rpada G, a Apyrou — BceMm ero Omokam Bi,..., B,
(MBI Oy meM 0603HAYATE 3T BEPIIVHLL TAK XK€, KaK U 610KK). Bepunnt a;
u B; cMexHEL, ecan 1 TOILKO ecan a; € V(B;).

Hecnoxno 1okazaTs, 9T0O ONpeneJeHHsd BLIIE rpad — IMEHHO IepPEeBo,
BCE BUCAYNE BEPIIMHLI KOTOPOT'O COOTBETCTBYIOT 610KaM. Mmenno crpyk-
Typa IepeBa OMOTaeT paboTaTh ¢ GAOKAMEA U TOUYKAMU COUICHEHNA. ITOT
rpad UMeeT U IPYrue MOJe3HBIEe CBONCTBA, C TOMOIIBI0 KOTOPBIX MOIYI€HO
HEMAJO PE3YILTATOB, MPUYEM HE TOJbLKO B TEOPUM CBA3HOCTH.

OgHaxo, MOCTPOEHUE AHAJIOTUYIHOU CTPYKTYPHI s rpadoB GOJAbIIen
CBABHOCTH 34TPYIHEHO B CBA3K C TEM, ITO Pa3neJAONIe MHOXKECTBA, CO-
crosmume 6oee 9eM U3 ONHOU BEPIIUHBI, MOT'YT OBITH 346UCUMbL (TO €CTh,
DTH MHOXKECTBa MOTYT paszbmBaThk Apyr apyra). B 1966 roxy Tart [3]
TTOCTPOWI JIEPEBO, OTOOPAKAIOINIEE CTPYKTYPY B3AUMHOTO PACTIOIOKEHUA
IBYXBEPIIMHHLIX Pa3IeIAiOMyUX MHOXKECTB B IBYCBA3HOM rpade. B cra-
roe [10] aBTOp NPEIOKUI TOX0XKYI0 KOHCTPYKUUIO U IPUMEHUI HOCTPO-
€HHOE NEPEBO MJIA ONEHKH XPOMATHIECKOrO 9UCAa MBYCBA3HOrO rpada u
MOKA3ATEIbCTBA DALY APYTUX PE3YILTATOB.

Teneps paceMoTpuM k-cBsas3ubiu Tpad. Jlroboe ero pasgenamolnee MHO-
JKECTBO COMEPKUT He MeHee k premenToB. K coxanenuto, mis k > 2 moka
HE U3BECTHO AHAJOTWYHOU TEePEBY OJIOKOB M TOYEK COYIEHEHMA KOHCTPYK-
UK — IePEBA, KOTOPOE B OOMIEM CIy9Iae ONMUCHIBAIO OBl B3AMMHOE PACIIONO-
JKeHne k-BepITMHHBIX Pa3IeMANMX MEOXKECTB. /11 HaOopOB 13 momapHo
HE3ABUCUMBIX k-BEPITUHHEIX PA3eIAKNINX MHOKECTB TAKaA KOHCTPYKITUA
mpeaTokeHa aBTopoM B padote [10].

B »Tom pabore MEI mocTpouMm depeso paspe306 IAA ONUCAHUA B3AWM-
HOI'O PACIIONOKEHUA MOMAPHO HE3ABUCUMEIX paspez06 k-CBA3HOrO rpada
(pa3ZenANIMX MHOXKECTB, COCTOAIINX U3 Kk 3IeMEHTOB U COAEePKAIIUX XO-
Ts OBl 0qHO pe6po). KoHCTpykims GygeT aHagorudHa omucaHHoOn B [10]
KOHCTPYKIINYU JepeBa pa3OUeHUs: BEepIMHAMEA DTOTO 1epesa OyayT pas-
PE3BI MHOXKECTEA, MOMAPHO HE3ABUCHMEIX pa3pe3oB & m vacTu paszbuenus
Part(6) rpada G 5TuM MHOXKECTBOM Pa3pe30B.
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B Teopeme 1 u caegcTeum 1 OKasaH psj CBOUCTB AEpEBa pPa3pe3os,
AHAJOTUYHLIX CBOUCTBAM fepeBa OJOKOB M TOYEK COWICHEHWA. Tak, BU-
CAYME BEPIIMHEL JEPEBA PA3PE30B COOTBETCTBYIOT YaCTAM Pa3OUEHm, a
Kax OB pa3pes pasgeiser ase dactu u3 Part(G) B mepese paspesos ec-
JIU U TOJBKO ecau OH uXx pasjgenser B rpade G. Kpome Toro, ¢ moMombio
JepeBa paspe3oB MeI gokaxkeM, uTo |Part(S)| = |&| + 1 u BbIACHUM pax
MOJIE3HBIX CBOUCTB dacTen Part(S).

B MunuManbHBIX k-CBA3HBEIX Ipadax Kaxmgoe pedpo BXOAUT XOTSI ObI B
oguu paspes. IlosTomy omucamme CTPYKTYPHI B3AUMHOI'O PACIONOKECHU
Pa3pPEe30B BaXKHO I/ M3YUeHUA TaKuX rpados. Kak BUIHO eIe u3 KIacCh-
1gecknx pabor Manepa [4]-[6], HauboIee BAXKHO U3YINTH B MUHUMATLHOM
k-cBasHOM rpade CTPYKTYpPy MHOXKECTBA pé6ep, 06a KOHIA KOTOPHIX NMe-
0T CTemeHb XOTA Obl k + 1. O603HAYMM MHOXECTBO Takux pédep depes
Eiyq. Mer gokaxewm, uro mpu k < 5 B MuHEMAanIbHOM k-CBSI3HOM I'pa-
de MOXKHO BEIOPATH MHOXKECTBO MOMAPHO HE3ABUCUMBIX paspeso & =
{Se}ecEy 1> TAE S comepxutT pebpo e u k — 1 Bepmuay. OTMeTHM, ITO
B paote [11] moKa3aHO aHATOTMYHOE YTBEDKIEHNE I MPOU3BOILHOTO
k, HO JWIIL IS MUHUMAJBLHBIX k-CBA3HBIX IPadg)OB, COMAEPNKAIUX MUHU-
MaJIBHOE BO3MOXKHOE KOJIMIECTBO BEPIINH CTCIICHU k C IIOMOIIBIO AEpEBa
Pa3pe30B MbI ONUIIEM DAL CBOUCTB MUHUMAJILHLIX k-CBA3HLIX Pad)OB IIpU

k<5,

§2. PA3PE3EI

OTMeTHM, 9TO MBI UCTOJB3YEM HE COBCEM KJIACCUIECKOE OTPENeIeHUe
KOMNLOHERMbL CBAZHOCU — I yIOOCTBA B HAIIEN PadoTe 3TO He MAKCHU-
MAJIBHEIA 10 BKIKOYEHNIO CBA3HLIA MOATPAd, & MHOXKECTBO €r0 BEPIIUH.

Bo Bcen pabore rpadp G Gyxer k-CBA3HBIM.

Ounpegenenne 3. 1) Bynem HaswIBATL pa3pe3osm k-d>IeMEHTHOE Da3Iemi-
Iolee MHOXKECTBO u3 BepmuH u pébep rpada G, comepxaiiee XoTsa Obl
oxHo pedbpo. MuoxecTBo Beex paspesos rpada (G o6osuadum uepes T(G).

2) lna paspesa T € T o6ozuaunm depes V(T) MHOXKECTBO BCEX BXOIA-
mux B T BepiuH, a depe3 W(T') — MHOXKECTBO, COCTOAIIEE U3 BCEX BEPIIUH,
BXOMAMMX B paspe3 T u BceX BepUINH, MHIIMICHTHBIX pébpaM paspesa T'.

B pa6ore [8] nccrenopanuck paspesbl TPEXCBAZHOTO Tpada.

3ameuanwme 1. 1) Huxaxaa sepmmna paspesa T € T(G) (To ecTnb, w3
muoxectsa V(T')) ne MoxkeT OGLITH MHIMAEHTHA HUKAKOMY pebpy u3 T
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2) Maa aodoro paspesa T € T(G) rpad G — T umMeeT 1B KOMIOHEHTH
CBA3HOCTHU, IyCTh 3T0 Uy u Us. lna xaxaoro peopa e € T KOMITOHEHTHI
Uy, u Us comepxkat o OZHOMY KOHILY €.

Temneps onpeneanM IacTu pa3dueHus rpada pa3pe3oM U PAHUILT Pa3-
pesa.

Ompepgenenne 4. 1) Ilycre T € T(G), a Uy u Us — KOMIOHEHTEL CBA3-
Hoctu rpada G — T. Hasoeem muOxkecrBa A; = U; U V(T) wacmamu
pazbuenus rpada G paspesom T. MuI 6ygeM NCIOTB30BATE OG03HAYMEHNE
Part(T) = {Al,AQ}.

2) I'panvuyamu paspeza T Mbl GyneM HA3BIBATH MHOXKECTBA, BEPIIUH

3ameuanue 2. [Iycte T € T3 (G), Part(T) = {41, A>}. Torga Beinonus-
I0TCA CJCAYIOMNE YTBEPXK JCHU.

1) AAUA =V(G), AiNA, =V(T).

2) Ecmm muoxectBo A’ = A; \ W(T') menycro, To Ay N W(T) — onua
u3 rpanul paspesa T — orgeaser A’ or V(G) \ A;. Kaxngas sepumsa
x € Ay NW(T') cmexkra x0oTaA GBI ¢ OfHOK BepruuHou u3 A’.

2.1. Yactu pasz6uenus. Onpepenum pasbuenue rpada MHOKECTBOM U3
HECKOTHLKUX PA3PE30B.

Onpegenenne 5. IIycte & C T(G).
Hasosem xsasuuacmamy pasbuenus rpada G muoxecTBoM paszpe3os &
MHOXKECTBA BUAA

A= () As, rae Ag e Part(S). (1)
Se6
Yacmamu pazbuenus Tpada G MHOKECTBOM paspe3oB & MBI HA30BEM
BCE MAKCUMAJBHBIE TI0 BKIYCHAID KBA3WYIACTU. MHOXECTBO BCEX dacTen
pasbuenus rpada G MHOXKECTBOM paspe3oB & OygeMm 0603HAYATL Yepe3
Part(G; &), a muoxecTBo Beex kBasudacren — uepes QPart(G; S). B cay-
Jae, KOr4a CHO, KAaKou rpad pasbusaercs, OygeM nucars npocto Part(S)
un QPart(5).
Onpepgenenne 6. [Iycre G C T(G), A € QPart(6).
1) I'panuyeii kasugactu A 6yner muoxkectso Bound(A) Bcex Bepruun

DTOU KBAa3WYACTH, ABIAIINXCSA BEPIIMHAMY Pa3pe30B u3 G.
3) Brympennocmpvio KBazudacTu A 6yIeT MHOXKECTBO

Int(A) = A\ Bound(A4).
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4) Onpenennm epanuunbiti pazpes Cut(A) xsasuaactu A: OH COCTOUT
u3 MHOXKecTBa BepmuH Bound(A) u Beex pébep paspesos MHOXKeCTBA &,
uHOUIeHTHBX BepmuaaM u3 Int(A).

3ameqanue 3. 1) Ilepecedenue nByx pasaudHbix keasudacren Ay, As €
QPart(G) — sro mogmuoxkecTso V (S) mia mekoToporo paspesa S € 6.

2) I'paHV9IHBIT pa3pe3 YaCTU He 00A3aTEMLHO ABIACTCA paspesoM. [liaa
sToro Heobxo Mo, 9T06b1 Cut(A) comepxkan poBHO k BIEMEHTOB U Cpean
HUX 6bLIO XOTA OBI OJHO PebpO.

Jlemma 1. Jasn muoscecmea paspezos & C T(G) svinoansomes caedyio-
wue YmeepHcoenua.

1) Iyemo xsazuuacmy B € QPart(S) ne asasemea wacmovio Part(S).
To2da B C V(S) das nexomopozo paspeza S € S.

2) ycmy 6 = 61 UG, npuuem &1 NGy = &. Tozda wacmu Part(S) —
MO MAKCUMAADHBIE N0 BKAOUEHUIO MHOHCECTNEA BEPUUN, NPELICTNABUMbLE
6 sude

A=A NAs, ede A;c€ Part(G,-). (2)
MoxkasareabcTso. 1) [Iycte B C B’ € Part(S), npuuem

B=()Bs, B'=()Bs rae Bs,Bsec Part(S).
Se6 Se6

Cymectsyet Takoe S € &, uro Bg # By. Torza B C Bs N By = V(5).

2) Oycte A € Part(6), Torga gt i € {1,2} cymecTBYIOT Takue 4acTH
A; € Part(6;), uro A C A;. Ilycre A’ = A1 N As. Torga A’ € QPart(6)
n A C A, orkyna no onpegenenuto qactu caeayer, aro A = A’. Taxum
obpasom, Bce dactu Part(6) npencraBumer B Buge (2).

IMMycts A = Ay N Ay — MakCUMATBHOE TIO BKJIIOYEHUI) MHOXKECTBO BU-
1ga (2) m A ¢ Part(S). Ouerugno, A € QPart(&). 3uauur, cymectsyer
rakasa yactb B € Part(6), uro A C B. Kax mbl 3uaem, gacts B npejcra-
BuMa B Buje (2), 4T0 OPOTUBOPEIUT MAKCUMAILHOCTH A. O

Jemma 2. ITyecmv & C T(G), A € Part(6), npuuen Int(A) # &. Mycme
A — o6vedunenue scex omanunoiy om A uwacmeti Part(S). Toeda stinoa-
HAOMCA CALOYOUUE YMBEPHCOCHUS.

1) Cut(A) omdeasem A om A.

2) Eeau |Cut(A4)] = k u Cut(A4) codepacum zoms 6br 0dno pebpo, mo
Cut(A) - pazpes c Part(Cut(A4)) = {4, A}.
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MokazareancTBo. 1) OTmeTnM, 9T0O
ANA=Bound(4), AUA=V(G). (3)

Jo60e pe6po e € E(Q), surxogamee w3 Int(A) 8 A\ Bound(A), coequnser
IBe BEPIIMHEL, Pa3IeICHHEIE XOTA OBl OTHAM U3 pa3pe3oB MHOXecTBa &, a
BHAYUT, IPUHAJIEKUT OTHOMY U3 dTux paspesos. Ho rorga e € Cut(A).

2) U3 ycaosua u mynkra 1 caeayer, uro Cut(A) — paspes. Suaunmr,
|Part(Cut(A))| = 2. B cury (3) mouaTno, aro Part(Cut(A4)) = {4,4}. O

§3. HE3ABUCHUMBIE PA3PE3BI

Ounpegenenne 7. Paspeswt S,T € T ((G) HABBIBAIOTCA HE3ABUCUMbILMIU,
ecau MOXKHO BBecTu Takue obosnadenus Part(S) = {41, A2}, Part(T) =
{Bi1, B2}, uro A; D By u B; D A,. Nnave mbr GygeM Ha3LIBATH PA3PE3LL
S u T 306ucumbimu.

Crenyromas HeCJIOXKHAA 1eMMa, fokasaHa B [11].

Jlemma 3. IIycmo paspeswt S, R, T € T(G) maxosbr, umo S u R nezasu-
cumbt, a maxxce T u R nezasucumwvt. Ilycmo

Part(S) = {Al,AQ}, Part(T) = {Bl,Bg}, Part(R) = {Dl,DQ},
npuuem D1 D Ay u Ds D By. Toeda paspesvt S u T nezasucumol.

Jlemma 4. ITycmo paspeswr S, T € T(G) nezasucumby, Part(S)={A;, A2},
Part(T) = {By, B2} npuuem Ay D By uw By D As. Toeda svinoansomes
CALOYIOUUE YMBEPHCOCHUSA.

1) A1 D Bound(B3), A 2 Bound(Bs).

2) Ecau S u T ne umerom obwuz pébep, mo

A DW(T) w Az 2Bound(By).

[MoxkasareabcTBo. 1) OueBunno, A1 O Bz D Bound(Bs;). IIpeanomno-
xKuM, 970 Az O Bound(Bz). Torza

k—1=[V(S)| = |4, N As| > [Bound(By)| = k,

YTO HEBO3MOKHO.

2) Iycte bibe €T, b; €Int(B;). Mer 3HaeM, ato by € Ay. Ecau by €5, To
by € As C By, 1ro HeBepHO. 3Ha4uT, by ¢ S. llockonbky by bs ¢ S, To Bepiu-
Hol by u by He pasgeneHsl paspesoMm S, TO ecTh, by € A;. CiegoBarennno,
A1 D W(T)
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Ipeamonoxum, aro As D Bound(B;). Toraa
kE—1=1|V(S)| =|41 N As| > |Bound(By)| = k,

YTO HEBO3MOKHO. (]

Ounpegenenne 8. 1) [lycte & — MHOXECTBO, COCTOAINEE U3 MOMAPHO HE-
3aBUCUMEIX pa3spesos rpada G. Jepeso pazpezos mmoxecTBa & — 5TO
By goasubi rpad BT (G, G): ogay goxio obpasyior paspessl u3 &, a BTo-
pyto — gactu u3 Part(6), npuuem muoxkecrso S € 6 u gacts A € Part(6)
CMEXHBI TOTIA U TOJIBKO TOTA, KOraa A CONEPKUT OHY W3 TPAHUIL Pa3-
pesa S.

2) Ecin wacre A € Part(6) coorBeTcTBYeT BHCAYEH BEpIINHE AepeBa
BT(G, ), To nazoBeM Takyio 4acThb kpaiinei.

Teopema 1. ITycmv G — k-ceaznuii epad, a & C T(G) — nabop uz nonap-
HO HE3ABUCUMBLT Pa3PE306, npuuem 6 S nem Jeyx paspezos, coOEPHCAUIUL
0dno u mo e pebpo. Toeda evinoanaomes caedyrowue ymeeprcoenus.

1) I'pag BT(G,S) - depeso.

2) Jhob6oii paspez S € S cmeacen 8 BT(G, S) posno ¢ deyma wacmamu
Part(&), npuuem smu dse wacmu codepacamca 6 pazunixr wacmaz Part(S).

3) Paspez S € & omdeasem sepwuny B om sepwunwt C' 6 BT(G, S)
ecau u moavko ecar S omdeasem mmoxncecmeo B om mmomcecmsa C 8
epage G.

4) Ecau xpaiinas wacmo A cmexena 6 BT(G,S) ¢ paspesom T, mo
A € Part(T).

5) Kpaiinue wacmu Part(S) — amo 6 mounocmu MunuMEAbHBIE NO 6K.A10-
wenuIo uacmu cpedu scexr wacmet pazbuenus epada G odnum pazpezom u3
muoxrcecmsa S.

MoxkasareabcTBo. WHIyKINMs Mo KomudecTBY paspes3os. Faza: mna |G| =1
BCE TATH YTBEPK JCHUN OIEBUTHEI.

Hnwoyxyuonnurii nepexod. Iycrs aaa moboro menbuiero em & MHO-
JKECTBA PA3PE30B yTBEPXKICHUE yXKe TOKa3aHo. Beibepem paspes T € &
Tak, 4T0 ofHa u3 dacren B € Part(T) — MuHUMAIbHAA IO BKIIOYEHUIO
cpemu Bcex WacTen pasbmenus rpada G oguuMm paspesom uz S. Ilycts
&' = 6\ {T'}. Torga rpad BT(G, &) — mepero. Ilycts ab — peGpo pas-
pesa T, Part(T) = {B, B'}.

Paccmorpum paspes S € &', Tak kak S u T HE3aBUCHMBL U B CUTYy MAHU-
manbHOCTH dacTy B € Part(T'), cymecrByer rakas dacts Ag € Part(S),
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uto B C Ag. Ilycrs Part(S) = {Ag, As}. Torga B’ O A%. Ilo nemme 4
Mbl umeeM Al 5 Bound(B).

Beegem omucamnble BblNle 0603HaYeHMA NI Beex paspesoB S € & u
PaCCMOTPHUM KBAa3UIACTh

A= (] 4s € QPart(&).
see’
Jobas oramunas ot A gacts A’ € Part(&’) aexur B A'y mis HeKoTOPOro
paspesa S € &' u moromy A’ 7 Bound(B). Orciona cregyer, uto A €
Part(&').
Benomuny, uTo no aemme 1 gactu D € Part(S) — 510 MakcuMalbHbE
IO BKJIIOYECHUIO MHOXKECTBA BU A

D=HNF, rie HecPart(T) n F= () Fs € Part(&'). (4)
Ses’
Paszbepem HECKOIBLKO CIydaesB.

a. [lycts F € Part(&'), F # A.

Torxa gusa mexoroporo S € &' mbl umeem Fg # Ag u nostomy Fg = Al
CaenoBarenbro, B’ D Ay D F. Hosromy BNF C F = B'N F. Caego-
BaTEAbHO, BCE MAaKCUMAJAbHBIE II0 BKIIOUEHUIO MHOXKeCTBa Buga (4), rge
F # A —o1o vactu F € Part(®&’) n Tomeko oun. Takum o6pazoM, Bce
orimanbie 0T A gactu Part(&’) — sTo wactu Part(S).

OTmernM, uro mo aemme 4 dacts Fg = A He COZEpKUT HU OJHO
u3 muoxects Bound(B) u Bound(B'), cregosareasno, F' He cmexna B
BT(G, 6) c paspesom T'. Takum o6pasom, Npr(¢,e)(F) = Ner(g,e/)(F).

b. D=HnNA.

Eciu H = B, to D = AN B = B. Jlerko nousaThb, 9T0 B — MaKCUMaIbHOE
0 BKJIIOYEHUIO MHOXKeCTBO Bujga (4), a suauur, B € Part(&). Ilo temme 4
9acTh B HE COMEpXKUT HUKAKUX TDAHUL Pa3pe3oB MHOKecTBa &, caeno-
BaTenbHO, B — Bucsavas sepmmua nepesa BT(G,S), cMexHas TOIBKO ¢
paspesom T'.

Ocraerca nocrequmin crydan D = A N B’. Kak Mo 3maem no Jem-
me 4, qacte B’ comepxur BCce rpamuner paspesoe m3 &', xoTopoie Je-
xar B A. Kpome Toro, mma Bcex S € &' no memme 4 mur mmeem Ag D
Bound(B'’), a suauut, A D Bound(B’). Caegosarensuo, D = ANB’ comep-
xuT Bound(B’) u Bce rpanuier paspesos uz &', aexammue B A, a 1pyrux
rpanun paszpesos u3 & He cOgepxKUT. ITO O3HATAET, ITO

NB1(@,6)(D) = Np1(c,60)(4) U{T}.
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N
A A

7

Puc. 1. Magyxnuonnsm mar noctpoenus aepesa 1(G, 6).

Takum obpasom, rpadp BT(G, &) moryuaerca us BT(G, ') nepenme-
HoBaumeM BepumHbl A B D, mpucoeaunenuem k D paspesa T, a x T —
gactu B (cMm. pucynok 1).

1) u 2) U3 ckazamnoro shime acuo, uto BT(G, &) — nepeso. OTmeTnm,
4uTo paspe3d T CMexkeH B 3TOM [IepeBe ¢ ABYMs YACTAMU, COIEPKAIIAMA
ero rpamunsl — 510 B u D C B’, m gpyrux takux gacren mer. Temepn
MOHATHO, 9TO 1A Aepesa BT(G, S) BumoaneHo yTBEpXK neHue 2.

3) Mer nokazaau, uro dacts B’ € Part(T') cogepxkur Bce gactu Part(S),
kpoMe B m mia xaxgoro paspesa S € & wacte B’ comepxuT 4UacTh
Ay € Part(S). 9o osHauaeT, uTo paspes T OTIeIseT KPANHIOW 9acTh B
OT BCeX OCTaJIbHBIX YacTen u pa3pe3os kak B BT (G, &), rak u B rpade G.
Boaee Toro, T He oTgenseT apyr oT apyra B rpadge G HUKaKue OTINTHLIE
ot B uactu Part(&) u paspesst u3 &', Tak kax Bce 3TH 9aCTU U PA3PE3BL
nmexxat B dactu B’ € Part(T).

Paccmorpuum mobon paspes S € &', manmomuum, uro Part(S) ={Ag, A5},
mpudem Ag O B. B rpade G paspes S oTgenseT 4acTW W pPaspesn, CO-
Iepxamuecs B Ag or wacren u paspesos, comepxamuxcsa B Ay, Ham
Hy>KHO [JOKa3aThb, 9TO TO ke caMmoe BepHO u aas gepesa BT(G,S). Us
MHIYKIMOHHOTO Tpennoaoxenusa nia nepesa BT (G, &) caegyer, ato sTo
YyTBEPKIEHNE BEPHO A paspesos uz &' u gacren Part(S), aprawommx-
ca gactamu Part(G’) — a mo gokasaHHOMY BHIIIe 5TO Bee dacTn Part(6),
kpome Bu D = ANB’. Paapes S ue orgeasier B gepese BT(G, &') wacts
A € Part(®’) or ocranbHBIX YacTen u paspesos, Jexammx B Ag. Orme-
tuM, 4T0 Ag O A = DUB. llo nyukry 2 gemumbr 4 Mot umeem Ag O T. Uz
nocrpoerus BT (G, &) u cka3zaHHOTO BHIIIE CIENYET TOKA3BIBAEMOE yTBEP-
XK ICHC.

4) [lna kpavuen gactu B yTeepxkmenume BrImomHeHO. Jobas npyras
kpanusan dacts H € Part(S) coorBercTByeT BUCAYEH BepIIMHE AEPEBA
BT(G,®’), a smaunT, niaa mee cymecTByeT Takou paspes 7' € &', aro
H € Part(T").



IEPEBO PA3PE30B U MUHUMAJIbHBIN k-CBA3HLIA I'PAD 31

5) BemomunM, uto Part(T) = {B, B'}, npudeM kpaiHss 9acTh B 6bl1a
BEIOPAHA KaK MUHUMAJTLHAA TIO BKIIOUEHUIO CPEIM BCEX YaCTen pasbume-
mus rpada G omHuM paspesom m3 MEHOXKecTBa O, a 1acTs B’, o9eBmaHO,
TAKOBOU HE SBIAETCA.

o weAyKImMOHHOMY HpeAnoaoKenutoo, kpannue vactu Part(G’) — sTo
B TOYHOCTYM MUHUMAJBHBIE TI0 BKIOYUEHUIO CPEIU BCEX YaCTEN Pa3OUeHusa
rpada G oganM paspesom us3 MEOKecTBa &'. Jlrobas Takas qacts H ocTa-
nacek kpanuen u B Part(S). Tak xkax H C B’ € Part(T), wacts H aBisercs
MUHUMAJILHOU MO BKJIIOYEHUIO Cpean Beex dacren pazbuenus rpada G ox-
HEM pa3pe3oM u3 MHOxecTBa G. (|

Omnpegenenne 9. Ilycte G — MHOXECTBO, COCTOAIIEE U3 IOMAPHO HE3A-
BUCUMEIX pa3pe3oB rpada G. Mo moctpoum rpad T(G,S) caenyrommm
006pa3oM: BEPUIMHEL 5TOr0 rpada — 510 dactu u3 Part(S), npudiem gactn
A, B € Part(6) cMexHBL TOrJa U TOJIBKO TOIAA, KOIAa COAEPIKAT IDAHM-
IILI OMHOT'O ¥ TOrO XKe paspesa u3 S.

CaencrBue 1. IIyemv G — k-ceasnwii epad, a & C T(G) — nabop uz
NONAPHO HE3ABUCUMBLT Pa3pe308, npuvem 6 S nem deyx pazpesos, codep-
HeaWUT 0010 u Mo e pebpo. Toeda svinoanstomesn caedyrouwue ymeep-
Hcoenu.

1) I'pag T(G,S) — depeso.

2) Hocmasum 6 coomeememsue xaxcdomy peopy AB depesa T(G, S)
paspe3 uz S, epanuyvt Komopozo codeprcamcsa 6 wacmar A u B. Toeda
amo omobpancenue — 63AUMHO 00HOZHAUKOE COOMBEINCINEUE MEHCIY PE-
opamu depesa T(G,S) u paspesamu uz S.

3) |[Part(6)] = S| + 1.

4) IIyemv R — epanuyae odnozo uz paspezos wabopa S. Tozda cyue-
cmeyem posno odua wacmev Part(S), codepacawas R.

5) Ecau wacmu A, B € Part(S) cuexncnor 6 depese BT(G,S) ¢ odnum
paspesom S, mo AN B =V(S).

6) Ecau wacmu A,B € Part(6) cmexwcuwr 6 depese T(G,S), mo
|[ANB| =k —1.

7) das wacmu A € Part(S) ee epanuya Bound(A) — amo o6vedunenue
epanuy, paspesos, cmexncnvir ¢ A 6 BT(G,6).

HMoxkazareanctBo. 1) u 2) ITo teopeme 1 rpadp BT(G, &) — aepeso, npu-
YeM BCe ero BEPLIMHBI, COOTBeTCTBYyIomue pasdpesaM, umeor B BT(G, 6)
crenenb 2. I3 myukTa 2 TeopeMbl 1 MOHATHO, YTO 3aMEHUB B 3TOM Iepe-
Be Kax e paspes S € G ma pebpo, COETUHAIONME IBE CMEXHEIE C HUM
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B BT(G, 6) gactu Part(S), mbr moxyanm nepeso T (G, S), npuaem naa
DTOTO IEPEBA BLIMOJHACTCA YTBEDXKACHAE 2.

3) HenocpencreeHnoe cieqcTBUe yTBEPIKACHUA 2.

4) HenocpencTBeHHOE CleNCTBUE yTBEPXKACHU 2 TeopeMsl 1.

5) Ilo Teopeme 1 gactu A u B cogep:kaT pasHble IDaHULEBL pa3pesa S,
nostomy ANB D V(S). Paspes S orgenser qacts A or wactu B, mosTomy
V(S) > AnB.

6) Ilo onpegenenuio u nyukry 2 teopemsr 1, yactu A u B cMexusl B
nepese BT (G, 6) ¢ oguum paspesom S. Taxum o6pazom, nysktT 6 ciegyer
73 IYHKTA J.

7) o onpenenennio aepeBa pa3pe3os, YacTb A COMEPKUT OTHY U3 Tpa-
HUII KaxX 00O paspesa, cMexknoro ¢ Hen B BT(G, &). [Maa xaxmoro pas-
pesa S’ € 6, me cmexHOrO ¢ A, cymecTeyeT paspes S € &, cMeXHBIN
B BT(G,6) ¢ A u orgesnommun S’ or A B zepese BT (G, &). Ilo nynk-
Ty 3 Teopemur 1 Torga S ormemnser S’ or A m B rpade G, a 3HauWmT,
ANV(S) c AnV(S). CrenosareasHo, Bce Bepummusl w3 Bound(A) mpu-
HAUIEXKAT TPAHUIAM Pa3pe3os, cMexubx ¢ A B BT(G, 6). O

§4. MUHUMAJIBHBIE k-CBA3HBIE I'PADBI

[Jlamee MBr 6y 1eM BECTH PA3rOBOP O MUHUMAIBLHOM k-cBsasHoM rpade G
¥ ACIIOJIB30BATH I HEro ciaexyoume obo3uadenus. depes Vi, mer o603Ha-
YUM  MHOXECTBO Bcex BepummH rpada (G, uMemux crerneHs k,
Vi1 = V(G) \ Vi. Oycrs Ej11 — Mmuoxectso pébep rpada G, oba koHna
KOTODEIX JIeXKAT B Viy1.

[Mockoarky rpad G MUHEMATIEH, TO M Kaxaoro pebpa e € Fpiq1 cy-
IECTBYET paspes, conepxkammmi € u k— 1 Bepiruny. [lycTs R — MHOXKECTBO
BCEX TAKUX Pa3pe3oB. MBI U3y4IuM CBOUCTBA Pa3pe3oB u3 R.

4.1. MMapa 3aBucumbIX paszpesoB. [lycts paspessr S,T € R 3aBucu-
MBI, IPpUYEM BXOMAAIINE B HUX PEOPA PABIUUHEL,

Part(S) = {F1, F»}, Part(T) ={H:,H:}, G;; =F,NH;,
a @M — obbeguHeHNe TPEX OTINIHLIX 0T (F; ; 1acren. Torga
QPart({S,T}) = {G1,1,G1,2,G2,1,G22}.
IMomoxum

P=TnS§S, Ti:Int(Fi)ﬁT u Sj:Int(Hj)ﬁS.
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OrmeTrnm, uTo MHOXKecTBa P, T; m S; comepxat Tonbko BepmmHHL. IlycTh
R;; = Cut(G ;).

B manpmeumem s onrcaHWs CBOUCTB NAP 33BUCUMBIX PAa3DE30B MEL
OyaeM ynoTpeOasaTh UMEHHO Takue O003HAYEHU.

Jlemma 5. |R; |+ |Rs—i3—j| <|S|+|T| = 2k.

[MokaszaTeabcTBo. Muoxecrso R;; cocrour u3 P UT; US; u pébep
paspeso T u S, Bepumuer u3 P B 00enxX 9aCcTAX CYUTAOTCA IBAXK THI,
a OCTAJBHBIEC BEPINMHLI U pébpa u3 S u T B J€BOM YaCTU CIUTAIOTCA HE
6oJee YeM OUH Pa3, a B IPABOM YaCTH — POBHO OJUH Pa3. (I

Crenyrommme JeMMa U CIeICTBHE NOKasaHbl B paboTe Magepa [4]. Toxa-
3aTeJbCTBa 3TUX yTBep}K,E[eHI/Iﬁ OJOCTATOYHO HECJOXKHEBL 1 TaKXKe IIpuBeae-
uel B [11].

Jlemma 6. Ilycmo ab,ac € Eji1, Typ 5 ab u Ty O ac — paspeswvt u3 ‘R,
a € H, € Part(Typ) u ¢ € F, € Part(T,.). Toeda |H,| > |Fe|.

Caegcrsue 2. I'pap Gri1 — aec.
Ham moTpebyerca HECKOMBLKO BCIOMOTATENBHBIX OIIPE I ICHHN.

Ounpegenenne 10. 1) Hazosem paspes S € R xpusblm, eCin CyIECTBYET
gactk A € Part(R) ¢ |Int(A)| < 2 n wopmasbHbim, eCIn TAKON TIACTU HE
CYLIECTBYET.

2) Hasosem ymopsgodeHnyio napy saBucuMmbix paspesos (S,T) uz R
naozot, ecan cymecrsyeT Takas d4acTb A € Part(S), uro Int(A) C T.

3) HazoBeMm HeymopsagoUueHHy0 napy paspesos S, T us R zopowet, ecin
o6e ynopsgodennsie napsl (S,T) u (7, S) He ABIAIOTCA TUIOXUMHE.

Jemma 7. ITycms napa zasucumwuiz paspezos S, T uz R — zopowas, pe-
6po bibs € T ne npunadaencum paspesy S. Toeda cywecmsyom maxue
i,5 € {1,2}, umo R;; > b1bs — paspes.

MoxkasareabcrBo. IIycrs Int(Gy 1) # &, Int(Ga2) # @. Torga us nem-
MEL 5 caexyer, 9to |Ry 1| = k = |Ra2|. 9T0, B 4acTHOCTH, O3HAYAET, UTO

Rl,l U Rz,z =SuUT.
He ymanssa obmuocTy, nomoxuM biby € Ry ;. Torga paspes Ri,; HaMm noa-
xogut. Cuyuan Int(G1 2) # &, Int(G,1) # @ pazbupaeTcs aHATOIMYHO.

IIycTs ycaoBua PACCMOTPEHHEIX BEIE CAy9aeB HE BLIIOJAHEHEL. 1orna
He yMa/ds OOIHOCTH MOKHO cauTarh, 4To Int(Gh,1) = Int(Gy2) = &, To
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ecth, Int(Fy) = T4, a aT0 o3HagaeT, uro mapa (S,T) — mroxaa. [IpoTuso-
peune. (I

Jemma 8. ITycmv k < 5, a napa 3asucumwniz paspezos (S,T) uz R —
naozras. ycmb ajas € S u biby €T — pazauwunvie pébpa u3 Eiyq. Toeda
BBINOANAIOMCA CACOYOULUE YMBEEPHCIENUA.

1° Paspes S — xpusoi, a pazpez T — nopmasvubii.

2° Cywecmsyrom maxue i,j € {1,2}, wmo R; ; 3 biby — paspes.

HokazaTeabcTBo. He ymanas oOOMIHOCTH MOXKHO IPEIIONOKUTH, ITO
Int(Fy) C T, ro ects, Int(Fy) = T3. Toraa oaun u3 koHIOB pebpa ajas € T
aexut B Ty. Ilycts a; € Ty (cm. pucynok 2a). OrmeruM, 910 dg(ar) >
k + 1 n BCe BEPIIMHLL, CMEXHEIE ¢ aq, JexkaT B Ty UV (S) U {as}. Caenosa-
rensHo, |T1| = t > 2. Boxee Toro, BepwmHa a; MOXeT GblTb HECMEXHA HE
6onee yem ¢ t — 2 BepMHaMu paspesa S.

Tax xak T =Ty UTs U P U {b1b2}, MBI uMeeM

Ty +|Pl=k—t—1 u

5
(Ro| + |Rasl = S|+ 20Tl + 1P| + (b} < 3k —20. )

PaccmoTpum aBa cay«as.

1.1 =2.
Torga a; cmexua co Bcemu k — 1 Bepmmuamu paspesa S. [Ipexmosoxum,
aro by € S (cm. pucynok 2b). Torma aiby € Eyi1, ciaegoBareibHo,
arby € T' € R. Tycrs A € Part(T’) — gacts, cogepxaman by. OdesuaHo,
b1 # as. Torga mo memme 6 Ml umeeM |Int(A4)| < |Int(Fy)| = 2, caexosa-
renbHO, Int(A) = {b1}. Oxuaxo, Toraa dg(by) < k, mpoTusopetne.

3uauur, by ¢ S u, ananoruqno, b ¢ S. Torga MOXKHO caUTATH, UTO
by €Int(G2,1) u be €Int(G22) (cM. pucyrok 2a). B arom ciyuae |Ra 1| >k
u |Roo| > k. U3 k < 5 u mepasencTsa (5) cregyet, uto |Ro 1| = k wim
|R22| = k (mycTh BHImOMHEHO mepBoe paBeHCTBO). Torma Rsq € R — pas-
pes, cogepxaumit pe6po bibs. Takum obpaszom, R 1 yooBIeTBOpAET Tpe-
OOBaHUAM IYHKTA 2.

Tak xax |[Int(Fy)| = 2, paspes S — xpusou. Ocrajsocs Z0Ka3aTh, YTO
paspes T umopmanen. Jokaxewm, aro |Int(H;)| > 3. Kak mam ussecrso,
by € Int(G21) u dg(b1) > k + 1. He Gonee gByx péGep MOXKET BBIXOIUTH
u3 by B BepmmHbI He n3 G2 1 — 9TO pebpo b1 by n, B cryvae, korga as = by,
pebpo byay. YaureBas camy Beprunay by, noaygaeM |Gz 1| > k. Ipu sTom,

|G271QT|:|T2UP|§]€73
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Puc. 2. Pasbuenne rpada mapou 3aBUCHMBIX Pa3pe30B.

no mepaseHcTBy (5). 3uaunt, |Int(Hi)| > |G21 \ T| > 3. Aramormumo,
|Int(Hs)| > 3 u paspes T' — HOpMaJieH.

2.t > 3.

B cuny (5) rorga |Ra1| + |Rz22| < 2k, a 3HA4YUT, MOXKHO CYATATH, ITO
|Ro1| < k. B aTom caygae Int(G2,1) = @ u Int(H;) = S;. Torga onum u3
KOHIIOB pebpa by by gexut B S1, mycTh 5TO b .

IIpeamonoxumM, 9TO BEPIIUHLI by U @y CMeXHBEl (CM. pucyHOK 2¢). To-
rna a1by € Egi1, caenoBarensho, a1by € T' € R. Mycrs A € Part(T') —
4acThb, cogepxkamas by. O4ueBugno, by # as. Torga no aemme 6 MbI LUMeeM
|Int(A)| < |Int(H;)|. Kak noxasesamnocs Beie, [Int(A)| > 2, cregoBarens-
HO, |S1| = |Int(H;)| > 3.

IIycte Bepmmubl by u ay HecMmexubl. Tak kak dg(bi) > k + 1, a Bce
BEPIINHLL, CMeXHBIe ¢ by, gexar B .S; U(V(T)U{b2}), MBI 1 B 5TOM caydae
noxygaem |S1| = 3.

MuoxectBo Ry 2 BrmodaeT B cebsa BepumHer u3 P, Sy, T u He 6oaee
4eMm nBa pebpa. Takum o06pasomM, BO BCEX CIYYAAX,

[Roo| < (192 +|P[+1) + (I T2[+1) < (k= [Si1)) + (k= [T1]) <2k -6 <k,

a 3uauuT, Int(Ga22) = @. Ho Torga b € Sy M aHAIOIMYHO TOKA3aHHOMY
BBIIIE MBI BMeeM |Sa| > 3, 94TO HEBO3BMOKHO. O

B sapepuiennu pasaena chopMyIupyeM elie OaHy JeMmy u3 paboTst [11].

Jlemma 9. Iycmo S, T € R — napa 366uUcCumMbiT Pa3pe308, NPUBeM G102 € S
u biby € T — pasavunvie pébpa u3 Epiq, R;; 3 biby u |R; ;| = k. Tozda
cywecmeyem pazpes R € R, ydosaemsoparowui caedyrowum céoticmeam:

1° Part(R) = {G,;, U}, npuuém aubo U = G; j, aubo U = G; ; U {a},
ede a — xoney pebpa aras, aexcowul 6 G j;
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2° R nesasucum u ¢ S, uecT.
4.2. O cTpyKType MUHUMAJIBLHLIX k-CBA3HLIX r'padoB.

Teopema 2. IIycmov k < 5, a G — munumasbnvil k-ceasnviii epad. Toada
dan Kaxcdozo pebpa e € Epi 1 moxno evibpamsb codepacawut e paspes
Se € R mak, umo sce suiOpanubie PA3PE3bl NONAPHO HEZABUCUMbL.

JokazaTenbcTBo. OnumeM airOPUTM IOCTPOEHUS MCKOMOI'O MHOXKe-
CTBa TIOMAPHO HE3ABUCUMBIX pa3pe3oB. HaM moHamo6ATCsa ABa CIETINKA P
u q. Uzrauganasno monoxuMm p = q = 0.

IITar aaropuTMma.

1. Bui6op pe6pa e.
[IycTs mepen maroM MMeEIOTCSA TMOMAPHO HE3aBUCUMBIE DAa3PE3bI: KPUBLIE

K, ..., K, v nopmansuee Ny, ..., Ny (ecam p = 0 wim ¢ = 0, 10 cooT-
BeTCTByIOIMX paspe3o Her). Ilycte e; € K;, f; € Nj, npudem e ...,
eps f1, ..., fq — pasmuunee pébpa u3 Epyq. llycrs

G} :{Kl,...,Kp,Nl,...,Nq}, E/:Ek+1\{61,...,€p,fl,...,fq}.

Paccmorpum pebpo e € E', mycts e € T € R. [omoxum &' = &. Mwi 6y-
dem no ouepedu paccmampusamsv paspesvt uz S, cosepwams ¢ HUMU NO-
caedyrowne wau, usmenaouue paspes T, nocae ue2o dobasasmo paccmo-
mpeunvili paszpes 6 muoxcecmso S,

IMepengem k BLIGOPY paspesa S.

2. BeiGop paspesa S.

Ecan paspes T — HOpMaTBHBIN, TO BEIGEpeM JT060u paspes S € 6\ &' (ec-
au ou cymectsyer). Ecau paspes T — KpuBon, TO BEIGEpEM JHO0N KPUBOK
paspes S € G\ &’ (ecm oH cymecTByeT). B ciydasx, Korga HEBO3MOXKHO
BEIOPATL pa3pes S, MBI IePErIeM K OKOHYAHUIO LWara anropuTma.

IMycTs MBI cMorum BeIGpaTh paspes S. Ecau paspessr S u T nezaBucu-
MEL, TO MBI ToMecTuM S B &’ u BepHeMca K BbI6Opy creaytowero paspesa S.
Ecau paspessr S u T 3aBUCUMEL, TO MBI IIEpENIeM K Npeobpa3oBaHuIo pas-
pesa T.

3. IIpeo6pa3oBanue pa3pesa 7.
IIycTs
Part(T) = {Hl,Hg}, Part(S) = {Fl,Fg}, Givj = FZ N H]’.

ITo BeIGOpPY paspesa S ynopsagodennas napa paspesos (S,T) ne spasercs
mioxou. Torga mo memmanm 7, 8 u 9 cymecrByer Takou paspes R O e, aro
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omma m3 wacreir Part(R) — 510 Gy 4, a 1pyras gacts U — au60 G o, 5, 1100
Gop U{a}, rae a — xomen pebpa e = ab, aexammuit B G 4.

LHoxancem, umo R mezasucum ¢ npouzsosvwbim paszpezom S’ € &,
Mycrs Part(S’) = {D1, D2}. Tak kak paspeswt S u S’ HesaBucuMEI, pa3-
pesel T w S’ HesapucuMEL, a paspessl S u T 3aBUCUMEL, TIO JeMME 3 MOKHO

CIYUTaTh, ITO
Fi :)DQ, FQCDl, H; :)DQ, H> C D;. (6)

Paszbepem HECKOIBLKO CIydaesB.

a.a=2.
Torga G2 3 C F» C Dy uU D Fy D Dy (cm. pucyrok 3a), To ectb, Ru S’
HE3ABUCHUMEI.

Puc. 3. Paspeser S, S’ n T.

b. a = 1. Paz6epem aBa mompciaydas.

bl. f =2.
Torga Go g = Gi12 C Hy C Dy u U D Hy D Dy (cm. pucysok 3b), aTo
O3HAYACT HE3ABUCUMOCTHL paspesos S’ u R.

b2. 5 =1.
B cuny (6) mer umeem Dy D Hy U Fy = 6171 (cm. pucynok 3c). Tax
kak S m S’ me umeroT 06mux péGEp, MO MyHKTY 2 JEMMBI 4 MBI HUMEEM
Dy D W(T) 5 a. 3uauut, D1 D 6171 @] {a} OU.

N3 D1 D F» n HesapucumocTn paspesos S u S’ caeayer, 910

Dg n Int(Fg) = J.
Cregosarensno, Do C Hy \ Int(F2) = G1,1. Takum 06paszom, MBI IpOBepU-
JIM HE3ABUCUMOCTE pa3pesos S’ u R.

IMonmoxum T = R, nobaum S B &' m BepHeMca K BbIGOPY Cneayowero
paspesa S.
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4. OkoH4YaHUe IHara aropurMa.

Ecau paspes T — HOpMAJILHBIN, TO PACCMOTPEHE! Bee paspesst u3 S u T ¢
uuMu HezaBucuM. Torpa monoxnm Ny = T, nomecTuM 3ToT paspes B &
U TOJOXKUM ¢ = q + 1.

Iycre paspes T — kpusou. Torma paccMOTPEHLI BCe KPUBLIE Pa3Pe3kl
m3 G u T ¢ euMu HezasucuM. B sTom crygae nomoxum K1 = T, nome-
cTuM >TOT paspe3 B & u moaoxum p = p+ 1. Kpome Toro, momoxum q¢ = 0
u yZaJauM Bce pa3pesrl N, ..., N, u3 6.

Bepuemcs x Bbi6opy cneaytollero pebpa e.

Ha s>ToMm ommcanme mara aaropuTMa 3aKOHIEHO.

B pesyabTaTe 1eMCTBUA KaXKIOTO AT AITOPUTMA JUO0 YBEIUIUTCA P,
JaubO0 p HE WBMEHUTCS U IPU 5>TOM yBeauwdutTcs ¢. llosromy aaropurm 06s-
3aTeNIBHO 3aKOHYUT PaboTy, B PE3yILTATE HOLYIATCA HCKOMOE MHOXKECTBO
TIOTTAPHO HE3aBUCHUMBIX DA3PE30B. (I

[anee nycts G — MUHUManbHbLINA k-CBA3HBLIN Fpad, a MHOXECTBO
C={Sc}ecr,y CR, roe ecS,

COCTOMT M3 MOMAPHO HE3ABUCUMBIX PA3PE3OB.
YJacTHBIM crygaeM JeMMB 8 u3 [11] apaseTcs crenyiomee yTBEPK JeHUe.

CaegcrBue 3. Ilyemv k < 5, a G — munumasoubiii k-ceazubiii 2pad.
IIyems» R — epanuya paspesa S, € €. Toeda ece sepuunvt u3 Vi1 N R
nPURAIEHCAM PAHBLM KoMnowewmam ceaznocmu 2pada Gryi.

s Habopa M3 MOMAPHO HE3ABUCUMBIX Pas3pe3oB € MOXKHO ONpene uThb
nepesbs BT(G, €) u T(G,€). DTu gepeBbs NOKA3LIBAIOT B3AUMHOE DAC-
nonoxenue paspeso Muoxecrsa € u wacren us Part(€). CymecrByer
B3aUMHO OJHO3HAYHOE COOTBeTCTBUE Mexny pébpamu gepesa T(G,C) u
pébpamu u3 Ejiq. losromy, aepesba BT (G, €) u T(G, €) nokasbiBaroT
TaKXKe CTPYKTYPY B3AUMHOTO PACIOJOKEHUA PEGEP U3 MHOKeCTBa Fjq.
Kpowme Toro, nis n3yIeHus cTpyKTypbl MUHUMAJIBLHOTO k-CBA3HOTO Tpada
Ternepb MOXKHO UCIOIB30BATH MHOMOYHMCJIEHHLIE CBOUCTBA, TOKA3AHHLIE B
Teopeme 1 u crexcTBum 1.

B saxmiouenue mbl gokaxeMm psg csoucts dacren Part(€), ucnoabayio-
X MUHAMATBHOCTH Tpada G.

CaeacrBue 4. ITycmv k < 5, G — munumaspnbrii k-ceasnvii epad, € —
onpedeaennoe sviwe muodxcecmeo pazpesos, a A € Part(€). Toeda sbinoa-
HAIOMCA CAEIYIOUWUE YMBEPHCIEHUA.
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1) Hyemo A — xpatinas wacmos, cmexcnas 6 BT(G,C) ¢ pazpesom Sup.
Toeda A € Part(Sy). Yacme A codepawcum zomas 6vi k eepwun cmene-
nw k, zoma 6vr 00na u3 nuz npunadaescum Int(A).

2) Bepuwunbt mnosxcecmea AN Vi1 nonapno necmemrcubt.

HNoxkazaTeabcTBo. 1) ITo nyuxry 4 Teopemsbr 1 mer umeem A € Part(S,).
IIycrs a € Int(A). Torza Ng(a) \ {b} C A.

IMpeanonoxum, aro ax € Eiy 1, x # b. [lo caencruio 3 Mbl 3HaEM, YTO
x ¢ Bound(A), cregosarensuo, x € Int(A4). Temeps paccMOTpuM paspes
Soz, myeth & € X € Part(S,,;). Torga Int(X)NInt(A) 3 z, vHo Int(X) Z a.
W3 meszaBucumocTu paspesos Sy, u Sgp creayer, uro X ¢ A, uro nporu-
BOPEYUT IIYHKTY 3 TeopeMsul 1.

Takum o6pasoM, BepIIMHA G CMEXHa C k BepmmHamy dactu A u Bce
DTH BEPIINHBEI UMEIOT cTemensb k. Tak kak S, comepxut He 6omee k — 1
BEPIIMHEI, XOTA OLI OJHA W3 CMEXHBIX C @ BEPIIVH CTEMCHU Kk JCXKWUT B
Int(A).

2) Ecan Beprunuet @,y € AN Vi1 cMexHEL, TO paspes S;, € € pasge-
aser ase BepimHer yacTu A € Part(€), 4ro HeBO3MOXKHO. O
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Karpov D. V. The tree of cuts and minimal k-connected graphs.

A cut of a k-connected graph G is its k-element cutset which contains
at least one edge. The tree of cuts of a set &, consisting of pairwise inde-
pendent cuts of a k-connected graph is defined as follows. Its vertices are
cuts of the set & and parts of the decomposition of G by the cuts of &. A
part A is adjacent to a cut S if and only if A contains all vertices of S and
one end of each edge of S. It is proved that the graph described above is a
tree and have properties similar to properties of classic tree of blocks and
cutpoints.

In the second part of the paper the tree of cuts is applied to study
properties of minimal k-connected graphs for k£ < 5.
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