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1 Bcrynuenue

WNuTepec K MUHUMAJIBHBIM U MUHUMAJIBHBIM 10 CTATHBAHWIO TpadaM BO3HUK
nociie paborst B. Tarra [3], B KOTOPOii GBIJIO TAHO MOJHOE OMHCAHNE CTPYKTYDBI
3-cBa3HOrO rpada B TEPMUHAX yAaJeHWs W CTaruBanus pebep. Bompoc o Towm,
KaKOBa, CTPYKTYPa MUHUMATBLHOINO U MUHUMAJIBHOTO 1O CTSTHBAHUIO k-CBI3HOTO
s k Gonbiux 3 6bw1 paccmorper B crarbe P. Xamuna [1]. B sroit xxe crarbe
ObLJI 33/1aH BOIIPOC O TOM, KAKOBA KOHCTAHTA, C, TAKAasl YTO KOJMUYECTBO BEPIIUH
cTemeHn k B MUHAMAJILHOM W MUHHUMAJILHOM TI0 CTSTUBAHUIO k-CBs3HOM rpade
paBHO 1o Kpaitueit mepe c|V|. B nanbHeifieM uccieg10Bajuch B OCHOBHOM K-
cBsi3HbBIE TPadbl 00IATAIOIINE TOJIBKO OJHUM U3 IBYX CBOMCTB - MUHUMAJBHOCTH
WM MEHUMAJBHOCTD 1O craruBanuio. Haubosibiiiee NpoaBUKEHNE B IEPBOM U3
9TUX Haupasjenuii 6puio nossyvyeno B. Maupepom B crarbe [6] (cm. Teopemy
2.1). O6umx pe3yabTaTOB BO BTOPOM HANPABIEHUM TOJIYyY€HO HE ObLIO, HO
CYIIECTBYIOT MPOABUXKeHNS B u3ydenun 4, 5, 6 u 7-cBs3ubix rpados. Caydait
4-cBs3HbIX rpadOB MOHOCTHIO onucan B paborax M. @onre [4] u H. Maprunosa
[5], mius 4-cBsa3HbIX TpPadOB TAaKkKe MOJIYYEHO, YTO U3 MHUHMUMAJILHOCTU IO
CTATHBAHUIO CJAEIyeT MUHHMAJIbHOCTH U J0Kazano ¢ = 1. /Ins rpacdos Gosee
BBICOKOI CBSI3HOCTH CYIIECTBYIOT TPUMEPHI MUHUMAJIBHBIX IO CTSATHBAHUIO,
HO HE MHUHHMAJBHBIX TpadoB, M, TAKUM OOPa30M, pacCMOTpeHwe rpados,
obsamaonmx 0O00MMHU CBOCTBAMY, CTAHOBUTCH coaeprKarenbHbiM. CTpyKTypa
MUHAMAJIBHBIX 10 CTATUBAHUIO J-CBA3HBIX IPaAdOB HAMOOIIE€e TOAPOOHO U3ydeHa
B cepuu crareil K. Auyo u ap., 3asepuiatomieiics crarbeii [7] (cm. reopemy 2.2). B
uzy4deHuu rpadgoB CBA3HOCTH BbIIIe 7 CyIIECTBEHHBIX [IPO/IBUKEHUN IOy YEHO HE
ObLT0. B Harmeit ctarhbe TOKa3BIBAIOTCS OIEHKHU HA, KOJUYIECTBO BEPIIWH CTEIEHN
5u 6 B 5 u 6-cBA3HBIX rpadax COOTBETCTBEHHO.

2 Omnpegenenus.

ITox rpacdom B manHO# pabOTE MOHMMAETCA KOHEUYHDLIH HEOPHEHTHPOBAHHBIN
rpad 6e3 meTesb U KpaTHBIX pedep. MHOKeCcTBO BepIiinuH rpada (G TpaIuImoHHO
oboznavaerca V(G), a mHO)ectBO pebep — F(G). Cremenb BepMHBI v
oboznauaercs d(v). IMoarpad, uHAyHMPOBAHHBII MHOXKECTBOM BepuiuH A, —
G(A). Konuuecrso sBepuun rpada G mbr Oyaem oboznauars |Gl.

Omnpegenenne 2.1. Ilycrs A — nogmuokecTBO MHOXKeCTBA BepinuH rpada G.
Tornma uepe3s Ng(A) Oymer 0603HAYATHCS MOAMHOMKECTBO MHOXKECTBA BEPIITHH
rpada G, cocrosimee U3 BCEX TEX BEPIINH, KOTOPbIE CMEKHBI XOTsI ObI ¢ OIHOIT
BepIInHO#M n3 A u He jexar B A.

Oupegnenenne 2.2. Eciu A C V(G), ro yepes G — A obo3nauaercst rpad
C yIJAJIEHHBIM MHOXKE€CTBOM BepIIMH A M MHOXKeCTBOM pedep, MHIMHIEHTHBIM
BeplIrHAM U3 MHOXKecTBa A.

Omnpegenenne 2.3. Ilycrs A — noarpad rpada G. Torua uepes A ob6o3Haunm
nogrpad G(V(G) \ (V(A) UNg(A))) rpada G.



Ounpeneinenue 2.4. Bepuwunnot ceasnocmoro rpadba G (oboznagaemoii £(G))
Ha3bIBAETCST MOIIHOCTH HANMEHBINEr0 MOIMHOKECTBA MHOYKECTBA BEPIINH rpada
G Takoro, 4To TpH ero yaaaeHnu G CTAHOBUTCS HECBSI3HBIM WJIM TPHBHAJIBLHBIM
(ro ecTb cocrosiuM u3 oxHoil Bepruuubl). [Ipu sTom, rpad G HasbiBaerca k-
cBa3HBIM, ecu k(G) > k.

Bamerum, uro ecau rpad G — k-cBasublii, o d(v) > k 1is BCcex BePIIUH

rpada G.

Omnpenenenne 2.5. Pasdeastousee mHodMCECME0 — 3TO MHOXKECTBO BEPIIWH,
TIpY YIAJEHUU KOTOPBIX TEPSeTCst CBI3HOCTH. COOTBETCTBEHHO, k-pa3IeIsomniee
MHOXKECTBO — PA3IESIONee MHOXKECTBO, COCTOsIee u3 k BEPIUH.

Onpenenenne 2.6. Bynem roBoputh, d9TO pa3ieidmoliee MHOXKECTBO T
omdeasem HekoTopbIi moarpad B rpada G, ecim moarpad B mpeacTaBiserca
B BuJe OObeJIMHEHNs HEe MeHee 4eM OJHOI, HO He BCeX, KOMIIOHEHT CBS3HOCTH,
[IOJTY YaIOIIUXCs [IOC/IE YIAJIEHNUs Pa3Iesioiero MHoXKecTBa, 1.

JIemma 2.1 (cm. [8]). ITycmov paszdesstowsee mmnoocecmeo R omdeasem om k-
c843m020 2paga G womnonenmy G1. Tozda xasrcdasn u3 eepwun mmoocecmea R
CMENCHA ¢ 00HOT U3 8epuuH Komnonenmo, Gy .

Onpenenenune 2.7. Bynem ropoputh, 9To pasiessiomniee MHOX)KeCTBO R rpada
G pazgensier Habop BepmuH X, €CIM TIPU yIaJeHun MHOKecTBa R He Bce
HEyTaJIeHHbIE BEPITUHBI HAOOpa X OKaXKyTCs B OIHON KOMIIOHEHTE CBA3HOCTH.

Onpepnenenne 2.8. Hazosem paszensomue MmuOXkectBa R m T rpada G
Hezasucumvtmu, ecii R we pasnmensier T, u T we pasnpensier R. B nmporuBaOM
ciydae Mbl Oy/IeM HA3bIBATH 3TH MHOYKECTBA 3A6UCUMbLMU.

JIemma 2.2 (cum. [8]). IIycmo pasdeastougue muosicecmsa R, T € T(G) makosl,
wmo R wne pasdeasem T. Tozda T ne pazdeasem R (mo ecmv amu mmnoocecmsa
HE3A6UCUMDL).

Omnpenenenne 2.9. Pebpo Ha3bIBaeTCs cyusecmeerHviM, €CIH TPH  ero
VIaJEHUU CBA3HOCTH rpada yMEHbITAETCS.

Onpepnenenne 2.10. I'pad HA3BIBAETCI MUHUMGADHBIM, €CIIH BCEe ero pedpa
CyImeCTBEHHDI.

Onpenenenune 2.11. Ilycrs rpad G — k-cBa3ubiii. Pebpo nasbiBaercs k-
CMALUBAEMBLM, €CJTH TIPU €r0 CTATUBAHUEU rpad COXpaHAET k-CBI3HOCTH, HHAYE
PEBPO HABBIBACTCS HECTNAZUBAEMBLM.

Bamerum, uro ecau pebpo (z,y) — HeECTArUBaeMo, TO cyuiecrByer k-
Pa3IIENIAIONIee MHOKECTBO COMEPIKAIIEE ONHOBPEMEHHO BEPIIUHBL T U .

Onpenenenune 2.12. T'pad HA3BIBAETCT MUHUMAAOHOM OMHOCUMEALHO
cmazusanuA pebep, eCIu BCe ero pedbpa HeCTATHBAEMBI.



O6o3nauum Vi (G) muoxecrBo Bepmmu crenenu k rpada G u Vi (G) —
MHOXKECTBO BepriuH rpada G, CTemeHn KOTOPhIX OObIe, uem k.

Teopema 2.1 (cMm. [6]). ITyemv G — munumanrvuod k-ceasuodi epad u C —
MHONHCECTNBO SEPUIUH NPOU3E0ALHO20 Yukaa 6 G. Toeda C NV, (G) # @

Caencreue 2.1. Ilyemv G — munumasvholi k-ceasnuti epag. Tozda
Vi(G)| = 325 IV(G)].

Teopema 2.2 (cMm. [7]). B 5-c64A3HOM, MUNUMAABHOM OMHUCUTNEALHO
CMALZUBAHUA, 2pade A10007 BEPUIUHA CMENHCHA NO KPATHeT mepe ¢ 2 8epuiuHamu
u3 muoorcecmsa Vs(G).

3 OcHOBHOI1 pe3yJbTaT

JIemma 3.1. ITyemv G — munumasvnvild k-ceasnwuid epagd, |G| > k + 4 u
z,y € V(G) — cmescnme sepwuns. Tozda ecau Ng(y) C Ng(z) U {z}, mo
cmenenu 6cexr sepwun, 8rodsuur 6 Ng(y), pasno k.

Zlokazameavcmeo. 3aMeTuM, 9TO CTEMEHb MO KpaiiHeil Mepe OJHON W3 BepIIWH
x u y 6onbie k. Unade Ng({z,y}) = k — 1 n, ciaegoBaresbHo, T,y OTAEISAIOTCT
(k — 1)-pasgensomum MHOXKecTBOM. [lo mpeamosnoxenuto jemmbl Ng(y) C
Ng(z)U{x} u, cnenoarenbho, d(x) > d(y), 3Ha4NT, MOKHO CIATATH, 4TO d(T) >
k. IIpeanonoxum, 9T0 yTBEpKAEHUE JIeMMbI He BbinoHsgercs. Cie1oBaTenbHo,
CYLIECTBYET BEPIIUHA, CMEXKHA C T U Y, CTelleHb KOTopoit bosibuie k. O6o3HaY1MM
5Ty BepmuHy z. Paccmorpum (k — 1)-paszensitoinee MHOKeCTBO B rpade G —
{(x, 2)} u oboznauum ero T'. O6ozuauum H, u H, komnonentst G—{(z,2)} —T,
cozepzKalme r 1 2 COOTBETCTBEHHO.

Ouesugno, y € T. C apyroit crposst, Ng(y) C Ng(x) U{z} C V(H,)UT.
Kpowme roro, d(z) > k u d(z) > k u, cneposarensno, V(H,) \ {z} # @ n
V(H.)\ {z} # @. Cnenosarenwro, T U {z} — k-paznensitomiee MHOXKeCTBO B G.
Takum obpazom, B G eCTh k-pa3aessronee MHOXKECTBO, COIEPKAIIEe BEPIITUHY
(a UMEHHO — ¥), CMEXKHYIO C BEPIIMHAMHU TOJILKO B OIHOI KOMIIOHEHTE CBSI3HOCTH
rpada G — (T'U{z}). onyuennoe nporusopeune ¢ 2.1 nokaspiBaer jgemmy. [J

JIemma 3.2. ITyemv G — munumasvuvil 6-ceasund epad, |G| > 10.
IIpednonoostcum, wmo G-pazdeastouee muodcecmeo T, codeporcawsee cmencHbLe
BEPWUHLL T U Y, OMICAAETM MHONCECTNBO, COCOAUEE U3 He bonee wem 06YT
sepwun. Tozda x cmedcha ¢ sepuunot cmenenu 6.

Jokazamesvcmeo. 3aMeTHM, 9TO €CIM MHOYKECTBO 1’ OTIENsieT OfHY BEpITHHY,
TO 3TA BEPIINHA CTENeHN 6, KOTOpas CMeXKHa, CO BCEMU BEPIIMHAMHU, BXOAAITUMHI
B 1. Takum 00pa3om, yTBEPK/IEHUE JIEMMBbI BBITIOIHIETCS.

Ocrasoch paccMoTperh ciiydail, Korjaa T oTaesaser MHOXKECTBO, COCTOSIIEE U3
ABYX CMeKHbBIX Bepiiud. Bo srom ciaydae ubo 1 3TUX BEPUIMH BBIIOJIHAIOTCS
ycnoBusi jeMMbr 3.1, b0 WX CTemeHw paBHBI 6 W TO KpaiiHell Mepe OHa u3
HUX cMexkHA ¢ 2. [IpeanomoxkuM, 9To peannsyercs mepBasg BO3MOXKHOCTD. Ecan



crereHu 00euX BEPINWH PABHbI 7, TO OHU CMEXKHbI CO BCEMHU BepimuHamu 6-
pa3IendIonero MHOXKecTBa 1’ W, clegoBaTe bHO, 1O JeMMe 3.1 cTemeHm Bcex
BepmuH MHOXKecTBa 1" paBHBI 6. B ToM umcie m BepmuHbl Yy, Jexkameir 8 1T u
CMEXKHOMU C T MO YCJAOBHIO ieMMbl. Ecin TOIBKO OHA M3 BEPIIUH, OTIEISIeMbIX
T, uMmeer creneHb 7, TO BTOPas JO0/KHA OBITH CMeXKHA Jinbo ¢ x, gubo ¢ y. B
[I€PBOM CJIy4ae BEPIINHON creneHu 6, CMEKHOM C T, sABJIAETCH BEPINUHA O/IHA
u3 OTAeIAeMbIX T’ BEPIHUH, BO BTOPOM ciydae — 1o jemme 3.1 crernens 6 nmeer
BepIInHA Y. O

Jlemma 3.3. Ilycmv G — 6-c8a3HbLT, MUHUMAADHOIT U MUHUMAALHBLE
ommuocumenvro cmsazusanus, zpad u |G| > 12. Cmenenv sepwunst a pasna
6. Tozda svinosnsemecsa 00HO U3 caedyrowux d8yT ymeeprciernuti:

(1) cywecmeyem G-pasdeasrouee mmoocecmeo T, codeporcawee a u no
kpatinetd mepe odny eepuwuny us Ng(a), maxoe wmo cpedu Komnowewm
ceasnocmu G — T ecmo codeporcawsasn posno odny sepuuny u3 Ng(a).

(2) No(a)NVs(G) # 2.

Jlokasamenvcmeo. PaccMoTpuM TTPOM3BOILHOE 6-pa3maensaioIiee MHOXKECTBO 1,
cofiepsKalliee a W TIO KpaifHeii mepe onHy BepimHy w3 Ng(a). Ecim cpean
KOMIOHEeHT cBsisHocTH G — T ecTh cojepikaliasi POBHO OJHY BEDIINHY W3
N¢(a), T0 yrBepKAeHue 1eMMbI BbIIOTHEHO. IIpeanonoxum nporusroe. Takum
0bpa3oM, Bce KOMIIOHEHTHI cBasHocT G — T cojepxkar 1o KpaiiHeit mepe 2
Beprmnbl 13 Ng(a). CrenoBarensno, G — T cOOepKUT POBHO 2 KOMIIOHEHTBI
CBSI3HOCTH M OJHA M3 HUX COAEPYKUT POBHO 2 BepimuHbl 3 Ng(a). Obo3naumm
H xommonenry G — T, rakyio uro |V (H) N Ng(a)| = 2. Bepmunbl MEHOXKeCTBa
V(H) N Ng(a) obozHaduM ap, az.

Paccmorpum paspensromee MuOKecTBO 17, comepxkamee a,a;. MHoxkecTBa
T u T7 moryr Obith JimbO He3aBucuMbl, JubO 3aBucuMbl (ciayudau (1) u (2)
COOTBETCTBEHHO). PaccMoTpuM 3TH ciyvan.

(1) Mo wameMy mpexanonoXKeHno, MHOXKectBa 1T u 1) HE3aBWCHMBL
Cnenosarensro, Ti NV (H) = @. Takum o6pazom, H comepKuTcs B OTHOM
u3 koMoueHT G —T7, mockoIbKy B G — T ObLIO POBHO 2 KOMIIOHEHTHI — H
u H. Bee Bepmmust T 6bLTH CMEKHBL ¢ KAaKIMU-TO Bepirunamu H. To ects
sepumnbt (TN Ng(a)) \ 71 u H nexat B 0HO#i KOMIIOHEHTE CBS3HOCTH
G—T1. Crenosarensno, sepumnnt Muozkecrsa Ng(a)\ (T1U{az}) nexar B
onuoit kommnonente G—T;. CiemoBarenbuo, B G—T] POBHO 2 KOMIIOHEHTHI,
O/lHA U3 KOTODPBIX COAEPXKUT €IUHCTBEHHYIO BEPIIUHY, CMEXKHYIO C 4 —
as. Takum 006pa3soM, yTBEPXKICHHE JIEMMbI BBIIOJHAETCA: KOMIOHEHTA,
coJiepzKalias €IUHCTBEHHYI0 CMEXKHYI0 C a BEepIIMHY, OTJejadercda 6-
paznensommy MEOKecTBOM 1) Takmm, aro {a;} C 171 N Ng(a).

(2) o namemy upeunosnoxenuto, muoxkecrsa 1’ u T; 3aBucumbl. To ecrb
V(H)NT, # @, V(H)NT; # @. BamernM, uTo Bce KOMMOHEHTH G — T}
mepecekarorcs ¢ 1. O0o3HaYNM TPOM3BOIBHYIO KoMmonenty G — 17 — Hj.

Ouengno, uro T NTy coxepxkut a. Kpome Toro, muoxecrso V(H) \ Ty



COZepKUT He Bosiee OJHOM BEPIIMHBI, CMEXKHOM € a. 3aMeTuM, 4TO ecJiu
moarpad H N Hy HemycT, TO OH OT/AEJSIETCS PA3eNAONINM MHOXKECTBOM
(VH)NT)U (T NT)U(V(H)NT). Torma quto |(V(H)NT) U (TN
UV (H)NT)| > 7, 6o (V(H)NT)U(TNT)U(V(H)NT)| =6u
@ CMeXKHA POBHO ¢ ofHo# Beprmuoit 8 H N Hi. Anajorudno, ecjiu HEnycT
noarpad H N Hy, to mmbo |(V(H)NT)U(TNTY)U(V(Hy)NT)| > 7, mubo
(V(H)NTY)U(TNTy) U (V(H)NT)| =6 u a cMesxHa POBHO ¢ OHOM
pepmmuoit B H N H,. Eciu Bropad U3 IBYX BO3MOMKHOCTEH pean3yeTcsa
A ogmoro u3 moarpagos H N Hy uw H N E, TO YTBEDIK/IEHUE JIEMMbI
BemmonHeHo. [Ipeamosoxkum obparHoe W paccMOTpuM 3 Ciaydasi: Cpemau
noxrpacdos H N Hy u H N Hy posro 2, 1 uiu 0 Hemycrbix (cayugan (2.1),
(2.2) m (2.3) COOTBETCBEHHO).

o mamemy npemmonoxennto, H N Hy memycro u |(V (H)NTy)U(T'NTy)U
(V(H1)NT)| > 7. Ecim menycr tak ke noarpacd HNHy, To B oTaemsioniem
ero muoxkecrse (V(H)NT)U(TNTy)U(V(Hy)NT) no kpaiiueit mepe 6
Beprna. CremoBaTesbHo,

|(V (H)NT)U(TNT)U(V (H)OT) |+|(V(H)NT)U(TNT)U(V (Hy)NT)| >

C apyroit cropoHbl,

\(V(H)NT)U(TNT)U(V (H)NT)|+|(V (H)NT)U(TNT)U(V (Hy)NT))|
\V(H)NT |+ |TOTy |+ |V (H)NTy | +|V (H)NT |+ TNy |+ V (H)NT| =
= |T| + |Ty| = 12.

U3 nosyueHHoro nporusopeuus caeayer, uro noarpad H N Hp mycr.
AmnajiorndHo U3 Harmero mpenonoxkenus o wernycrore H N Hy u |[(V(H) N
TH)U(TNT) U (V(H,) NT)| > 7 semsomurea V(H N Hy) = @. Takum
obpazom, V(H N Hy) = V(H N Hy) = @ u, cienoarensuo, V(H) =
V(H) N Ty. Jokaxewm, uaro |V (H)| = |[V(H) N Ti| < 2. Hpeanonoxum
obparnoe, To ects |V (H) NTy| > 3.

Ty = |V(H)NTi| + |TNTy| + |V(H)NTi| = 6.
Creposarensuo, |V(H)NTy|+|T'NTy| < 3. Ilo HameMy IpPeAHOIOKEHHIO,
(VIH)NTHU T NT)U(V(H)NT)| > 7,

(V(H)NT)U(TNT)U(V(H)NT)| > 7.
Canenosarensuo, |(V(H)NT)| > 4,u |(V(H1)NT)| > 4. C apyroii cTpoust,

6=|T|=|V(H,)NT|+|TNT|+|V(H)NT| >8.

U3 nomyuennoro mporusopeuns caemyer, uro |V(H)| = |V(H) N Ty| <
2. Takum 00pa30M, BBIMOIHSETCS YCIOBHE JEMMBI 3.2 W a CMEXKHA C
BepumHoiil crenenu 6. [Tomydaem, uro B ciydae (2.1) yTBep:KIeHHE JT€MMbI
BBITIOJIHAETCS.

13.



(2.2)

(2.2.1)

(2.2.2)

(2.3)

(2.3.1)

He ymanss obmuoct MoxkHO cuntarh V(HNH,) # @u V(HNH,) = &
ITo mamemy mpexnnosnoxkenmo, |(V(H)NT)U(TNT)U(V(H)NT)| > 7.
Amanormano caywaio (2.1) momyunm, aro V (H N Hy) = @. Paccmorpum 2
sosmoxnocta: V(HNH,) # @u V(HNH;) = @ (caygan (2.2.1) u (2.2.2)
COOTBETCTBEHHO).

Bamerum, uro V(Hy) = V(Hy) NT, nockonsky V(H NHy) = @ u V(H N
Hy) = @. Jlokaxewm, uro |V (Hy)| = [V(Hy) NT| < 2. Ipenosnoxum
obparuoe, To ecrs |V (Hy)| = |V(H1)NT| > 3.

|T|=|V(H)NT|+|TNTi|+ |V(H)NT| = 6.
Canenosarenbho, |V (Hy)NT|+|TNT;| < 3. Ilo Haemy Ipeno/iokeHuio,

(VH)NT)U(TNT)U(V(H)NT)| > 7,

(V(H)NT)u(TNnT)U(V(H)NT)| =
Cnenosarenwro, |V (H)NTy| >4, u |V(H)NTy| > 3. C apyroit cTponb,

6=T=|VH)NT|+|TNT+|VH)NT| > 1.

U3 nomyuenroro nporusopedns caeayet, ato |V (Hy)| = |V (Hy) NT| < 2.
Orciona, mo gemme 3.2 nosyanm, 94ro yndth;ltybt siemmbl BbimosHsieTCS.

Us V(HNH) = @, V(HNH,) = @ u V(HN H) = @ caenyer,

aro V(Hy) = V(H1)NT u V(H) = V(H) N Ty. JJokaxem, 4T0 BepHO
|V(Hy)| = |V(H)NT| < 2um |V(H)| = |V(H)NTy| < 2. lIpeanonoxum
obpatroe, To ectb |V (Hy)| = |V(H)NT| > 3u |V(H)| = |[V(H)NTy| > 3.
CrepoBarensho, |V(H)NT|+|TNTy| <3u |[V(H)NTy |+ |TNTy| < 3.
Creposarensuo, |V(Hy) NT|+ |T NTi| + |V(H)NTy| < 6. C gpyroit
cropousl, 10 Hamewmy npeanoaoxkenuto |(V(H)NT)U(TNT)U(V(H)N
T)| > 7. Homyuennoe npoTuBopedne gokaseisaet, aro |V (Hy)| = |V (Hi)N
T| < 2wm |[V(H)| = |[V(H)NTi| < 2. CrenoBareaso, mo jemme 3.2
IIOJTy A€M, ITO yTBEPIK/CHHE JIEMMbI BBIIOJIHSIETCS.

o mamewmy mnpemmomoxernuio, V(H N Hy) = @ u V(H N H)) =
@. CnenoBarensro, V(H) = V(H) N Ti. 3amernm, 9TO HE MOLYT
BBINOJHATHCS OTHOBpeMenHo oba pasencrsa: V(H N Hy) = @ u V(H N
Hy) = @ (unaue |G| = |T UTy| < 11). PaccMorpum JiBe BO3MOMKHOCTH:
cpemu V(HNHy) u V(H N Hy) posro 1 uam 0 mycThIX MHOXKeCTB (CTydan
(2.3.1) u (2.3.2) COOTBETCTBEHHO).

He ymansas obmaocTH MoykeM cautarh, uto V(HNHy) = @ u V(HNH,) #
@. Cnenosarensuo, V(Hy) =V (Hy) NT.

®@parment V(H N Hy) oraensiercs muowectsom (V(H)NT) U(TNTy)U
(V(Hy) NT), cnenoarensro, |[V(H)NTy|+|TNTy|+|V(H)NT| > 6.



Torma |[V(H) NTy| 4+ |V (H;) NT| < 5, TOCKOIBKY

12 = T| + T3 =
= |V(H)NT|+|TNTy|+|V (Hy)NT |+ |V (H)NTy |[+|TNTy |+|V (H)NT| =
= (|[V(H)NT|+|TNTy|+|V (H)NTL|)+|V (H )T |+|TOTy | +|V (H )T |
u |T NTy| > 1. Caenosaresnvro, |V(H)| = |[V(H) NTy| < 2 wm
|[V(Hy)| = |[V(Hy) NT| < 2. B oboux cnydasx Mbl HOJydaeM, 910 6-
pa3zsensIomee MHOKECTBO, COAEDPIKAINEe BEPUIMHY G M CMEXKHYIO C Hei,
OTZIeJIsieT KOMTIOHEHTY, COCTOSIIIYIO U3 He Gosee deM 2 BeprmH. OTciona,

TIPUMEHUB JIEMMY 3.2, TIOJIYYNM, 9TO @ CMEYKHA, C BepIWHO cTernenn 6. B
9TOM CJlydae yTBEpPXKJIEHUE JEMMBbI BBITIOJTHAETCS.

(2.3.2) Tlo mamemy mpemnonoxkenmio, V(H N Hy) # @ w V(H N Hy) # 2.

Crenosarensro, orensiomue 3tu dbparmentsr muoxectsa (V(H)NT1) U
(TNTHUWVH)NT)u (V(H)NT)U(TNT)U(V(H)NT) conepxar
o kpaitneit mepe 6 Bepmun. Orciona,
12 < |[V(H)NT |+ TOTy 4|V (H)OT |+|V (H)OT |+ | TNy |+ V (H)NT| =
= [VH)NT|+|TNT| + [V(H) N T+ T 0T +2|V(H) N T =
=|T|+|TNT|+2lVH)NT| =6+ |TNTy|+2|V(H)NT|
CraemoBarebHoO, o
6 <|TNT|+2|V(H)NT|.
Otciona, ucnonssys |7 NTy| > 1, nonygaem uto
4<|TNT |+ |V(H)NT1|
", CJIeJI0BATEIbHO,
|(V(H)NTy)[ = 2.
Cute1oBaTeIIbHO, YTBEPXKAEHHUE JIEMMbI BBINOJIHAETCS 110 JieMMme 3.2.

Takum 00pa3oMm, BCE BO3MOXKHOCTH PACCMOTPEHbI. JleMMa TOJHOCTHIO
JIOKA3aHa.

O

Jlemma 3.4. Ilyemv G — 6-c84a3Hbill, MUHUMAALHOG U MUHUMEADHBLY
ommuocumenvro cmsazusanus, epag u |V (G)| > 12. Cmenensv sepwuns a pasra
6. Tozda swnosnsemea Ng(a) N Vs(G) # @.

Zoxazameavecmeo. Ilo nemme 3.3 BBINOSHSETCH OXHO U3 CJEAYIONUX IBYX
YTBEP2KICHUI:

(1) cymectryer 6-pazaensiomnee MHOKECTBO T, cozepkallee ¢ U 1Mo KpaiHeit
Mepe ofiHy BepumHy u3 Ng(a), TaKoe YTO CpeIr KOMIIOHEHT CBSI3HOCTH
G — T ecrb comepxainas poBHO ojHy Bepriuuny u3 Ng(a).



(2) Na(a)NVs(G) # 2.

Bo BTOpOM ciydae yTBEpKIAeHHE JIEMMBbI BBINOJHEHO. PaccMoTpum mepBbrii
ciayvait. OGO3HAYMM KOMIIOHEHTY CBSI3HOCTH, COJEP2KAILyl0 €JIMHCTBEHHYIO
BepIIMHY, CMeXHY0 ¢ a — H. Obo3naunmv eamucTBennyo Beprmuy B V(H) N
N¢g(a) — ay. PaccmorpuM 6-paszesisitoliiee MHOXKECTBO, cofiepsKaiiee a u aq (1
obo3nauum ero T4 ). 3amerum, 9To 6-paspenstoiye Muoxecrsa T u 17 He MOTYT
OBITH HE3aBUCHUMBI, TTOCKOJBbKY WHAYE BCE BEPINUHBI, CMEXKHBIE C @, JTEXKAT B
onuoii komnonenre cpaznoctu rpada G — T. Takum obpazom, V(H) N1y #
@, V(H)N'T), # O u uepecedenne MHOXKECTBA BEPIIMH JIFOO0H KOMIIOHEHTBI
cesa3noctr rpada G — T ¢ T menycro. O603HAYTNM MTPOU3BOIBHYIO KOMITOHEHTY
G-T, — H;.

Ouesungno, uro (V(H)\T1)NNg(a) = @. CnenoBareiabHO, €C/IH KOMIIOHEHTA
H N Hy; wma HN Hy menycra, To ee oraensiomee maozkectso ((H NTy) U (T N
TH)UHNT)u (HNT)U(TNTy)U(Hy NT), COOTBETCTBEHHO) CONEPAUT
o kpaitneit mepe 7 BepiiuH (TOCKOIBKY @ JIEKUT B O0OMX 3TUX PABACTIAIONINX
mHokecTBax). Crenosarenbro, u3 mapsl MHokects H N Hy w H N Hy we Gomee
OJTHOTO HEIYCTOrO, MOCKOJbKY WHAYE

13=7+6 < |[(HNT)U(TNT)UHNT)|+|(HNT)U(TNT)U(H NT)| =
= |HNTy |+ |TNT |+ |HNTy |+ |H NT|+|TNTy |+ |H NT| = |Ty | +|T| = 12

Anajornuno, n3 napel MHokectB H N Hy u H N H; Takxke ne 6ojee 0OTHOTO
Hermycroro. PaccMoTpuM JBe BO3MOKHOCTH — cpeau Muoxkects H N Hy, HNH;,
HNH, u HN H, poBHO 2 1 POBHO 3 IyCTBIX — CAy4ar 1 ¥ 2 COOTBETCTBEHHO
(Bce 4 MHOXKECTBA, IIyCTbIMU ObITH HE MOI'YT, IIOCKOJIbKY B 9TOM Cily4dae B rpade
ue Gosiee 11 Bepiuun).

(1) He ymauisist 0B1IHOCTH MOXKHO CUUTATH, YTO 1ycThie MHOXKecTBa — H N Hy
u H N Hy. Cnenosarensuo, H; = H; NT. Jdokaxewm, uro |V (Hp)| < 2.
Ipennonoxkum obparHoe, To ectb |V (Hy)| > 3. Cienosaresnsro, |(TNT7)U
(V(H,NT)| < 3. Ouesumno, mubo |V (H)NTy| < 2, mibo |V (H)NTy| < 2.
Crenosarensro, mubo |(V(H)NTy) U (T NTy) U (V(H, NT)| < 5, mbo
(VH)NT) U (T'NnTy) U (V(H NT)| < 5. Orcioma nomydaem, 4to
mbo H N Hy, im60 H N H; — mycToe MHOXKeCTBO (MHade HemycTas
KOMIIOHEHTA, OT/IEJIAETCA MHOKECTBOM, COJEPKAIIUM He (ojiee 5 BEpIINH ).
Takum 06pa3oM, HOJIYYEHO IPOTUBOPEYUE C HPEINOJOKEHUEM, 9TO B
crygae (1) cpemu muoxects H N Hy, HN Hy, HN Hy, uw HN H; posHO 2
Henycreix. Crenosarensro, |V (Hi)| < 2. ITo nemme 3.2 moydaem, 4to a
CM€KHA € 10 KpaitHeit Mmepe oJHOIl BepLInHO crenenu 6.

(2) He ymanas oOWIHOCTH MOXKHO CUYMTATD, 9YTO E€JMHCTBEHHOE HEILyCTOE
muoxectso — HNH;. Caenosarennro, (V (H)NT)U(TNTy)U(V (Hy)NTy)
— MHOXKeCTBO, ormensiomee H N Hi, COTEp:KUT He MeHee 6 BEpIIHH.
CnrepoBarensho, |V(H)NT| + |[V(Hy) NTi| < 5. Takum o6paszom, u60
[V(H)NT| <2, mbo |V(H)NT| < 2. Orcioga nonyvaem, aro |V (H)| =
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|[V(H)NT| <2, mub60 |V(Hy)| = |V(H1)NT| < 2. Io semme 3.2 nonyuaem,

9TO @ CMeXKHA C TI0 KpaiiHeil Mepe OJHOI BEPIUHON cTerenn 6.

Takum obpazom, ieMMa MTOJTHOCTHIO JOKA3aHA.
O

Teopema 3.1. Ilycmv G — 5-c6a3HbIT, MUHUMAAGHUT U MUHUMGALHOLT
ommocumenvro cmazusanua, epad. Tozda V5(G) > 2|V (G)|.

Zloxazameavcmeo. Pazobbem MHOXKeCTBO pebep, MHIINIEHTHBIX BEPIIAHAM U3
V<5(G), Ha 1Ba MOAMHOKECTBA:

E-5(G) — pebpa, MHIMIEHTHBIE ABYM BepriHaMm u3 Vss5(G),

E5(G) — pebpa, unnuaeHTHbIe OnHO# Bepriune u3 Vss(G).

U3 reopemsbr 2.1 cinenyer, uro G(Vss5(G)) ansierca secom. CrieoBaTesibHO,
pebep, MHIMIEHTHLIX AByM BepumHaM u3 Vs5(G), we Gonee |G(Vss5(G))| — 1.
Bamerum, 4T0 3, v () A(v) = 2|E55(G)| + [E5(G)|. Cnenosarensio,

Bs(G) = Y dw)=20Es5(G) 2 Y dv) —2(G(Vas(G) — 1) =

veEVs5(G) vEVs5(G)
> 6|V>5(G)] = 2(|G(Va5(G))| — 1) > 4|G(Va5(G))|-

C npyroii cTopoHbI, U3 TeopeMbl 2.2 cieayer, uro jio6oi Bepiiube u3 Vs (G)
UHIUAEHTHO He Gosiee 3 pebep u3 Fs(G). CaenoBarenbHo,

3|V5(G)| = |E5(G)| > 4|G(V>5(G))l-
CureioBaTesbHO,
TIVs(G)] = 3[V5(G)| +4[V5(G)| > 4[V>5(G) + 4|V5(G)| = 4[V(G)|.
Cnenosarensro, |V5(G)| > 2|V(G)|. O

Teopema 3.2. Ilycmv G — 6-c643HbIT, MUHUMAAGHOT U MUHUMGALHOLT
ommocumenvno cmazusanua, epaf. Tozda Vi(G) > 1|V (G)|.

Zloxazameavcmeo. Pazobbem MHOXKeCTBO pebep, MHIINIEHTHBIX BEPIIHHAM U3
Vs6(@G), HAa 1BA MOAMHOKECTBA:

E-4(G) — pebpa, WHIMIEHTHBIE ABYM BepriHaM u3 Vsg(G),

E¢(G) — pebpa, unnuaenTHble onHoil Bepriune u3 Vsg(G).

U3 reopemsr 2.1 cinenyer, uro G(Vsg(G)) ansierca secom. CreoBaTesibHO,
pebep, MHIMIEHTHLIX AByM BepumHaM u3 Vig(G), me Gonee |G(Vse(G))| — 1.
Bamerum, 4T0 3, oy (o) A(v) = 2|E56(G)| + [E6(G)|. Cnenosarensto,

Bs(G) = Y dw)=20E=6(G) = Y dv) - 2(G(Vae(G)| — 1) =

vEVs6(G) vEV56(G)
> 7|Va6(G)] = 2(|G(Va6(G))| — 1) > 5|G(Va6(G))I-
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C apyroit cropoubl, u3 Jjemmbt 3.3 caeuyer, 4ro ja06oit sepune u3 Vs(G)
MHIHIEHTHO He Gosee 5 pebep n3 Eg(G). CienoparenbHo,

5|Vs(G)| = [E6(G)| > 5|G(V>6(G))]-
CrenoBaTebHO,
10[Vs(G)] = 5|V6(G)| + 5| V6(G)| > 5[V>6(G)| + 5Vs(G)| = 5V (G)].

Caepnosarensuo, [Vs(G)| > $|V(G)|. O
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