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1 Bsenenme. OcHoBHBIE 0003HAYCHUSA

Mpu1 pacemarpuBaeM rpadbl 6e3 reresib 1 KpaTHbix pébep. B pabore 6y-
IYT WCIOJIb30BAThCS CTaHAapTHBIE 0bo3Hauenns. MHOKeCTBO BEPITUH
rpada G MBI Gyaem obosnadars gepe3 V(G), nycers v(G) = |V(G)|.
MmuoxectBo pébep rpada G mbr Gygem obo3nadars uepes F(G).

Has B C E(G) gepes G — E 6ynem o6o3uagaTh rpad, TOTy IeHHBII
u3 G B pesynbrare ynanenus pébep muoxkectsa E. [lna V C V(G) mbrt
Oyem oboznauaTs yepe3z G —V rpad, nonydennsiit u3 G B pe3yJsibrare
yJIaJIeHNs BEPIIWH MHOXKeCTBa V U BCEX MHIIMJIEHTHBIX UM PEdEp.

Yepes dg(z) obosHaunm cremenb BepmiuHbl & B rpade G, MuUHU-
MaJIbHYIO CTeleHb BepiuHbl rpada G, KaK 00BITHO, 0003HAUNM UYepes
d(G). Oxpecrrocts Beprumubl © € V(G) (T0 ecTh, MHOXKECTBO BCeX
BepiuH rpada G, cMexKHBIX ¢ x) 0603HaunM uepe3 Ng(x).

Hns pebpa e € E(G) uepes G-e mbl 0603Ha9nM rpad, Moty 9eHHbIi
B pesysbrare cmazusanus pedpa e (KOHIBI pebpa e CTATMBAIOTCS B
HOBYIO BepIIUHY, KOTOPOit OyayT WHIUIEHTHB B (G - € BCE BEPIIUHBI,
uHIAAeHTHBIE B G X0Ts GBI OHOMY W3 KOHIIOB pebpa e).

Onpenenenne 1. /Iia ceasuaoro rpada G obosznaunm gepes u(G)
MaKCHMAJIBLHO BO3MOMKHOE KOJHUUECTBO BUCAYUX BEPIIHH B OCTOBHOM
nepese rpada G.

Sameuanue 1. Eciim F' — nepeso, T0 HETPYAHO TOHATH, UT0 u(F') —
KOJIMYEeCTBO €TI0 BUCAYMX BEPHINH.

C 1981 roma, koraa Cropep [1] mpeamooxus, uro opu 0(G) > 3
seiostastercs u(G) > UTG) ObLI0 OIyOJIMKOBAHO HeMaJso pabor 06
onenkax u(G). Tlogpobuee 06 mcTOpUM BOMPOCA MOXKHO HNPOYUTATH
B [11]. MBI ke mpuBe/IeM JIAIIb PE3YJIBTATEL U IPEIIOI0KEHNs, HEIO-
CPEeIICTBEHHO CBSI3AHHLIE C HAIlleil paboToii.

B 1981 roxny Jlunwman Beickazan runoresy: u(G) > ggg;ﬁ + ¢ ipu

§(G) > 3, rue xoucranTa ¢ > 0 3aBucut To6KO OT §(G). DTa TUTIOTE3A
[OSIBUJIACH HE Ha ILyCTOM MecTe: JUisi JI06oro d > 3 JIerko mpujayMarh
OECKOHEUHYIO CEPUI0 MPUMEPOB rpadoB C MUHUMAJIBLHON CTEIeHBIO d,
JI7IT KOTOPBIX % CTPEMUTCS K %. U3 paborsr Amona ([4], 1990)
cJlejlyer, 94To Jist JJOCTaToqHOo 60ubinux d runoresa JIuHuaia HeBepHa.
OniHako, HAM WHTEPECHBI KAK Pa3 CIydan MaJibix d.

B 1991 rony Kueiirman u Becr [2] nokasanu, uto u(G) > 1-0(G)+2
npu §(G) > 3uu(G) > 2-0(G)+ 8 npu §(G) > 4. B 1996 roay T'purrc
u By [3] eme pa3 mokaszanu yreepxaenue st 6(G) > 4 u qoKa3asm,
aro u(G) > 5 - v(G) + 2 mpu 6(G) > 5. dnst d > 5 Bompoc ocTaercs
OTKPBITBIM.

B pabore [2] ckazano o eme oxuoit, 6oee cuabHoil rumorese Jln-

anana: u(G) = X cv(q) ggggﬁ s ceasuoro rpada G ¢ §(G) > 2.




TlomaTHo, wTO pas3 mjast DOMBIIMX CTeTeHel HeBepHa Oosee caabast THU-
moTe3a, To HeBepHa U 3Ta. OJIHAKO, OHA CTUMYJIUPYET MOMBITKH MOy~
gnTh oneHky Ha u((G), B KOTOPYIO KaxKjasi BEPIINHA BHOCHUT BKJIAJ,
3aBUCSIINUI OT €e CTEIIeHMU.

B pabore [13] aBrop nokaszan, uro mis casuoro rpada ¢ 6osee, dem
OJIHOfI BEPIIIUHOMN, S BEPIITUHAMU CTEEHN 3 U ¢ BEPIIIMHAMU CTEIeHU He
menee 4 nmeer mecto onenka u(G) > %t + %s +2 (kpome Tpéx rpados-
uckJroueHuit). B aroit pabore momyckaercs Hasudue B rpade BEPIIHH
creneru 1 u 2. Ilpusenena 6eckoneuynas cepus npuMepon rpados, mais
KOTOPBIX JIOCTUTAETCA PABEHCTBO.

B paborax [11, 12] mokasaus! omenku Ha %(G), B KOTOPBIX YUUTHI-
BatoTcs BepmuHbl crernenn 1. Ilycre G — cBs3ubIil rpad, B KOTOPOM
6oJiee OIHON BEPINUHBI U § BEPIIUHAMU CTEIEeHH, OTInTHOi oT 2. B [11]
asTop copmectro ¢ A.B.Bankesmuem gokazamu, uro u(G) > %s + %,
a B [12] A.B.Banxesuu gokasan, uro u(G) > is+ 3 s rpada G
0e3 TpeyrobHUKOB. Bee 9Tu OleHKHM TOYHBIE, UTO TTOATBEPK IeHO Hec-
KOHETHBIMH CEPUSIME TPAMEPOB.

Ha srom done ecrecTBeHHO BO3HMKAET OCHOBHOM PE3y/IbTaT Halei
paboThI.

Teopema 1. ITycmo G — ceasnwiti epag ¢ boaece vem 0dnot sepusurot,
5 — KoAunecmeo e2o sepwun cmenenetd 1 u 3, a t — Koauwecmeo ezo
sepwun cmenenu we menee 4. Tozda u(G) > %t +is+3.

OrMmeTnM, 9TO 3Ta OIEHKA ONTUMAIbHA MO0 BCEM TPEM KOHCTAH-
Tam. CymiecTByIOT OECKOHEUHBIE CEpUU TPUMEPOR T'padOB, JJIT KOTO-
PBIX OIIEHKA JIocTUTaeTCsA. B KoHIle pabOTHl MbI IPUBEIEM CEPHUI0 TIPU-
MepOB, B KOTOPOI rpadbl coaepKaT TOJBKO BEPITUHBI cTernenedr 1, 3
u 4.

Harre moxa3aresbCTBO MCHOIB3YET IEJIbIN P METOIOB TOCTPOE-
HUsi OCTOBHOI'O JlepeBa ¢ DOJIBINNM KOJTMIECTBOM BUCSIUX BepiuH. Mc-
[OJIb3YETCsl PeJIyKIIMOHHAs TeXHUKa, paspaborannas B [11]. B cayuae
R6 MBI IpuMeHSieM B PEIYKITMOHHOM IIEPEXO0/Ie TEXHUKY Y/IAJIEHUs U3
rpada pébep HEKOTOPOTO MAPIIPyTa, HpuayManayo A. B. Bankesuuem
B [12]. BupoueMm, MeTOABI IPUXOUTCS CYNIECTBEHHO U3MEHUTH, ITOOBI
OHM TIO3BOJISLTH OTAEJBHO YUNUTHIBATH BEPIMUHBI cremeHu 4 u OoJiee.
K coxkasennto, TOJIbKO peJyKIIMOHHBIMU MeTogaMu, Kak B [11, 12], B
HAIeM caydae o60UTHUCh He YIaéTCs.

B ocrapmmixes mocse pegyKinn CIydasix Mbl UCIOJB3YEM KJ1aCCH-
deckuit MeTos mépmenz eepwun |2, 3, 13]. OmHako, 3T0T MeTOm He
[TO3BOJISIET YINTHIBATE B OTIEHKE BEPIITUHBI CTETIEHN |, MMEHHO [TO3TOMY
HaM HYKHO BCe TaKHe BEPINUHB! BKJIIOYUTE B 6a3y rnocrpoenud. [loaTo-
My 6a3oBoe mocTpoenue ByIeT He IePEeBOM, KaK B YKA3aHHBIX paborax,
a secom. Takyro uiero MoxkHO yBuaeTh B pabore 9] H. B. I'pasuna, Ho
B COYETaHUU C JPYTUM METOOM.



2 Jloka3zaTeJbCTBO TeopeMbI 1

Kak Bcerja, npu 0OCTPOEHIH HCKOMOTO OCTOBHOTO JiepeBa Jyist rpada
G MBI OyeM CYUTATH, 9TO JJIs BCEX MEHBINMUX TPpaOB TeopeMa yike
nokazana. Ilycrs S(G) — mHOXKecTBO BepmuH creneneit 1 u 3, a T'(G)
— MHOXKeCTBO BepimH crenenn He MeHee 4 B rpade G, s(G) = |S(G)|,

HG) = [T(G)].

Onpenesnenne 2. Bygem cuurarh, aro yena seprmmubl & € T(G) —
910 ¢ (z) = 3, yena sepmmnsl « € S(G) — 910 ce(z) = 1, Nena 1060
apyroii Bepiuabl 0. Cmoumocmeio rpacda G HA30BEM BeJIMUUHY

o(G) = %t(G)JrZs(G): S calo).

zeV(G)

g nroboro moarpada F' rpada G ompenesinM e2o cmoumocms 6
epage G, Kak

ca(F)= Y cqla).

z€V(F)

[\V][9N]

Mer xorum nokasarh HepaseHcTBO U(G) > ¢(G) +

2.1 Penaykuus

B HEKOTOpBIX Cydasgx MbI OyJeM CBOIUTHL 3ajady K MEHBIIEMY T'pa-
dy. Dra yacrb uieiHO HoBTOPsieT u3soKeHHoe B pabore [11] ¢ opHoil
JIETAJIBIO: TENEPh HAM HYKHO OT/IEJBHO YYUTHIBATH BEPIIUHDLI CTEIIEHN
4 u boJiee, KOTOpBIE CTOSIT JOpokKe BepimH crenenn 1 u 3. Onuinem
PeIYKIIMOHHBIE TPABUJIA. B KaKI0M CJIEAYIOIMIEM MYHKTE MBI CANTAEM,
9TO HE BBLIOJHAITCH YCIOBAA HU OJHOTO M3 MPEIBIIYIINX.

Cdopmynupyem zBe semmbl n3 pabors [11], KoTOpbie HaM TOHA0-
OsiTes.

JIemma 1. ITycmo G1 u Gy — epagpu ¢ V(G1) NV (G2) = @ u su-
CANUMY sepuiuHamy 1 U To. Hlyemov G — 2pad, noayywennmd uz G
u Gg CKACUBGHUEM NO BEPUIUHAM T U T2 U NOCACOYIOULUM CMALU-
BAHUEM HECKOALKUL MOCTMO6, He UNHUUdeHmuux sucaium cep. Toeda

uw(@) = u(G)) + u(G) — 2.

Jlemma 2. IIycmov a,b € V(G) — emencnue sepwunss, a nodepap G’
— Komnowenma cessnwocmu epada G — a, codepocawan eepwuny b.
Tozda, ecau b — mouxa courenernus epada G', mo u(G) > u(G') + 1.

R1. B zpagpe G ecmv sepuiuna a cmeneny 2.
Ecan a — Touka cowieHneHus, TO, CTIHYB €€, MLl IIOJIYINM MEHDLIIHH

rpad G’ ¢ ¢(G") = ¢(G) u u(G") = u(G).



Ecan xxe a — He TouKa CoOUNEHEHWs, TO WHITMIEHTHOE eif pebpo ab
~— H€ MOCT ¥ MBI pacCMOTpHUM cBa3HEI rpad G’ = G — ab. Oueruano,
cer(a)—cg(a) = L meq(b)—cer (b) < 4, mostomy ¢(G') > ¢(G). Tax kax
moboe ocToBHOE JepeBo rpada G aBIgeTcsa OCTOBHBIM JepeBOM rpada
G, mb1 mveem u(G') < u(G). B obonx ciyuasx yTBepKIeHNE TEOPEMbBI
qtst rpadha G ciiejiyeT U3 yTBEPKIeHUsI TEOPEMBI JJIsi MEHBIIero rpada
Gl
3ameuanue 2. amgee Mbl OyIeM CINTATH, UTO BCE BEPITUHBI Tpada
(G UMeroT CTenensb He 2.

[Iycte U — mHOXKecTBO BeeX Bucsguux Bepiiut rpada G. Mol 6y-
geM cautarh, uto U # @& (cayuait rpada 6e3 BUCAYINX BEPIIUH MBI
pa3bepéM B CJIeIYIONIEM paszee).

Ecnu kakne-10 1Be Bepriunbt u3 U cMeXKHBI, TO B Ipade eCThb TOIb-
KO 9TH JIB€ BEDINUHBI, a /Ui rpada u3 JIByX BEPINUH yTBEPKJEHUE
TeopeMbl 1 oueBugHO. Janee mor 6ydem cuumamo, 4mo 6 epagde bosce
deyx sepuiun, noymomy rukakue dse sepuuros u3 U ne cmeorcrot.

[Mycrs W C V(G) — MHOXKECTBO BCEX BEPIIUH, CMEXKHBIX ¢ BUCH 11~
mu, a X C V(G) — muOokecTBO Beex He Bommeamux B U u W sepmnH,
cMexuawix ¢ W.

IMycte H = G — U. Tougrwo, aro rpad H ces3en.

Gy G, G, : E G,
Puc. 1: Peayknus R2

R2. I'pap H ne deycsazen.
[Iycts a — Touka cowienenus rpada H. Torma a — Touka cowe-
mvenus rpacda G u cymecTByOT Takue ceasubie rpadbl G u Ga, 910

V(G)UV(Ga) = V(G), V(G)NV(G2) = {a} u v(G1),v(Ga) > 2.

Hns i € {1,2} paccmorpum rpad G, nonyuenusiit n3 G; npucoean-
HEeHVeM HOBOW BHCsUell BepINIUHBI x; K BepruHe a (M. puCyHOK 1).
Torga rpad G noayuaerca u3z Gy n GY ckieiikoit BepmuH 1 1 o B
OZHY BEPIINHY I U IOCJIEIYIONIAM CTATMBAHUEM [IBYX WHIUJICHTHBIX T
MOCTOB (TIpw 3TOM ABe Konmu BepumHbl a B rpadax G| n GYy ckrear-
cs B BepumHy a rpada G). Takum 06pa3oM, BBIIOJTHSIOTCS YCIOBHUS
nemmbr 1 u mMbt umeem u(G) = u(GY) + u(Gh) — 2.

Hockonbky dg(a) = dgr (a) +dgy,(a) — 2, TO HECIOKHO IPOBEPHUTS,
aro cg(a) < cgi(a) + cgy(a). Tak kak sepmunpl 71 € V(GY) n 72 €
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V(GY) (xoropbie crosit 1o 1) ne npunagiexar V(G), a Bce oTndHble
oT a BepiwHBl rpada G BXOAAT poBHO B oauH u3 rpados G} u Gy n
UMEIT B 9TOM Tpadye TaKylo e CTenelb, Kak B rpade (G, Mbl uMeeM
o(G) < e(G)) +c(Gh) —2- 1.

Herpynuo nouars, aro v(G)) < v(G) n v(GY)
[0 WHIYKIHOHHOMY npesnooxkennto u(G)) > ¢(GY)

¢(Gh) + 2. Taxum o6pason,

w(G) = u(G)) +u(Gy) — 2 > c(GY) + c(GY) — % + ; >c(G)+ =

9TO ¥ TPeOOBATIOCH JOKABATH.

3ameuanue 3. B nasipueiimenm Mot Oyaem canTtars, uro B rpade H mer
TOYEK COUJIEHEHUS. DTO O3HAYAET, UYTO BCE TOUKHU COUjieHEHUs Trpada
G — 310 Bepmunbl MEHOKecTBa W (KaxK1as Takasg BEPHINHA, OTJe/IseT
CMEXKHBIE C Hell BUCAYNE BEPIIMHBI OT OCTAJIBHBIX BEPITUH Tpada).

R3. Cywecmeyrom maxue cmeocruve sepuwunvs ,y € V(G), umo
dg(x) > 5 udg(y) > 5.
Torma paccmorpuM rpad G = G — xy. U3 asyceasnoctn rpacda H =
G — U oueBnHo ciemyer cBsa3HocTh rpada G’ 115 Hero yTBepx jeHnue
TeopeMbl yiKe nokazano. [lousaruo, uro ¢(G') = ¢(G), a ocroBHOE Jepe-
Bo rpada G’ aBisieTcsa ocTOBHLIM JepeBoM (G, TTOITOMY yTBepxKeHue
nokazamo u gast G.

RA4. Cywecmeyrom maxue cmencnve sepuuns, a,b € V(G), wmo b
— mouxa couaenenus 6 codepocaweti ee xomnonenme ceasnocmu G’
epaga G — a u ¢(G') > ¢(G) — 1.
Tak xak Bepumna b € Ngv(a) sBagerca Toukoit counenenus rpada G,
no jemme 2 Mbl umeeMm u(G) > u(G') + 1. dna mensuiero rpada G’
YTBEPKIEHUE YiKe JOKA3AHO, TIOITOMY

w(@) 2 u(G) +1 2 (@) +1+ % > ¢(G) + %

9TO ¥ TPeOOBAIOCH TOKABATH.

Jlemma 3. Ecau epad ydosaemsopaem o0HOMY U3 CACOYIOULUL YCAO-
6uti, MO MOJICHO nposdecmu pedyruuto R4.

1° Cywecmeyrom maxue cmencnve sepwuns, a,b € V(G), wmo b
— mouxa couaenenus ¢ codepocaweti ee xomnonenme ceasnocmu G’
epagpa G — a u dg(a) > 3.

2° Cywecmesyem cmeoicnan ¢ w € W eepwuna x € U maxas, 4mo
dg(x) < 3.

3° Cywecmeyrom dee gepuunvt x,y € U, cmescnve ¢ 0o0noti sep-
wunot w € W.



4° Cywecmesyem cmestcnasn ¢ W eepwuna © makas, wmo dg(x) < 6
u T cmescna ne boaee, wem ¢ 0dnotl sepwunot us S(G).

5° Cywecmeyem cmeocnan ¢ W eepwuna © maxas, ywmo dg(x) = 4
u x cmesicna ne boaece, wem ¢ dsyma sepuunamu us S(Q).

Hoxka3zaresbcrBo. 1° U3 asycsasnocrn H ciaexyer, uro B G’ BXogdar
Bce BepiwHbl rpada G — a, KPOMe CMEXKHBIX C (¢ BUCSYUX BEPIIUH
(B caygae a € W). Or yMmeHbIleHus CTemeHH Ha 1 I[EHA BEPIIHHBI
YMEHBITIAETCsT He DoJiee, ueM Ha %, TTO3TOMY

(G) — (@) < cala)+ 3 (ca(v) —cor(v) <4~ =1

4
vENgG(a)

u ycsosue R4 nig Bepiui a w b BBITTOJIHEHO.

2° 1 3°. B 06oux caydasgx pacCMOTPEM KOMIOHEHTY cBaznoctu G’
rpada G — x, comepxkairyio w. OUeBUIHO, W — TOYKA COUJEHEHUS
rpacda G’, Tak Kak oT/e/sgeT CMEXHYIO C Heil BUCAUIYIO BepIuuHy (0T-
JIMYHYIO OT &) OT ocTasbhbix Bepima rpada G. Ciaegosarebao, rpad
yIIOBJIETBOPsieT ycaoBuio 1° misg a = x u b = w.

4° u 5°. [lycts w € W — BepmmHa, cMexHas ¢ . B oboux ciaydasax
paccMoTpuM KoMioHenTy cesznoctu G’ rpada G — x, copepKalyio w.
Kak u BbIme HETPYIHO MOHATH, 9T0 G’ CONEPIKUT BCE BEPINUHBI Tpa-
da G — x, KpoMe CMEXKHBIX ¢ T BUCAINX BEPIIWH, & W — TOYKA COUTIe-
nenus rpada G’

Ocranock mokazars, 410 ¢(G) — ¢(G') < 1. OT ymenbmenus cre-
nenu Ha 1 1eHa Bepmuabl u3 S(G) yMeHbIIAETCS Ha %, a Tena, Jioboit
ApYyTroit BeprmHbl — He Hojiee, ueMm Ha % — i = % Hanwumem onenky
Jutst caydas 4°:

/ 1.1 1
o(@)—el@) < cale) + Y (ealy) —eor®) < 5+ 5 <L
yENg(z)
AmnayornvHas OMeHKa BEPHA U B CIydae H°:
(&) —e(@) S cala)+ S (ealy)—caly) < =422 42 = <1.
- -3 4 12 —

yENg(x)

Temeps MbI BugnM, 910 ycaoBusd R4 mqas a = & u b = w BBITIOJTHEHBI.

O

3ameuanue 4. B ganpHeitineM Mbl cauTaeM, 910 rpad He yIOBJIETBO-
pser HU oxHOMY M3 ycioBuit 1° — 5° nemmbl 3.

Jlemma 4. Ecau neavsa npumenums npasusa R1 — RS, mo nuxaxue
dee sepwunv. uz W ne cmeorcunt 6 epage G.



JokazareabcTBo. Ilpenmomoxum mpoTuBHOE, TOTAA Tpad HE yI0-
BJIETBOPSIET HU OJHOMY U3 yCI0BHil JeMMbI 3. IlycTs cymecTBytoT nBe
cvexkubie Beprmabl w,w € W, dg(w) < dg(w'). Torna dg(w) < 4
(nHate MOXKHO 6bL710 661 BEIIOHUTE R3). Bosee Toro, dg(w) = 4 (nna-
ge w u w ymosaerBopsioT ycaosuio 2° gemmbl 3). Bee cmexnbie ¢ w
BEPIIIUHBI, KPOMe OJHOIl BHCsUeil, UMEIOT CTelleHb He MeHee 4, WHa-
we Tpad ymoBmeTBopger omHoMmy u3 yenosuit 2° wim 3° semmbr 3. Ho
B TaKOM CJIydae ¢ BEPIIMHA W YIOBJIETBOPSET yCJI0BUIO 4° jeMMBbI 3,
IPOTUBOPEIHE. O

3ameuvanue 5. Taxkum obpazom, kaxkmasd seprmmuaa w € W cumexna
¢ oxuoit Bepumuoii u3 U u dg(w) — 1 BepumHoii muoxkectBa X. B
YACTHOCTH, OTCIOA cienyer, ut0 X # &. Tak Kak HeIb3si BHIIOJHUTH
R4, Bce Bepmmubl MHOKecTBA X mMeOT B Tpade G cremeHb XOTsa Obl

4.

R5. Cywecmesyem sepwuna x € X, emescnas ¢ eepuunamu w, w',
npuuém w € W, dg(w) = dg(w') = 3 u 6 Ng(w') ne 6oaee 0dnoti sep-
wunve u3 S(G).

Sameuanue 6. Tak kak X NS = &, B ciywae w' € W ycnosue R5
BBIIIOJJITHEHO.

Ilyers Ng(w) = {z,y,u}, tne v € U. llo 3amevanmio 5, MbI nMe-
em dg(y) > 4.
Jlerko monsaTs, uro rpad G = G - wzx ceasen. Ilycrh BepmmHa

2’ € V(G') obpazosana npu crsrusannu x u w (cM. pucynok 2). Tormga
amobas mouka counenenus v 7 x' epaga G' asaaemca moukoti coune-
Henua epaga G u deaum 2pagd Ha MaKUe HCE KOMNOHERNDL CEAZHOCTU
(moavko sepuwuna &' € V(G') nepexodum e dee cmeorcrvie sepuiunb

z,w e V(Q)).

Y x Y x’

Puc. 2: I'padpur G u G'.

Taxum obpaszom, ipu w’ € W rpacd G’ — w' casen, a npu w' € W
rpad G’ —w' cocront U3 1BYX KOMIOHEHT CBSI3HOCTH, O/IHA, U3 KOTOPHIX
COCTOMT M3 BHCAYeil BepmmHbI rpada G, cMexkHOI ¢ w'.

Beprmaa ' — Touka counenenns rpada G’ (¢ meit cmexxna BUCA-
9as BEPIIHMHA U), IOITOMY B CUJLY JIEMMbI 2

w@) > u(G) > u(G —w)+1>c(G —w')+1+ g



Ocranock gokazark, aro ¢(G'—w') > ¢(G)—1. Ormernm, uro der (x') >
4, mosromy cgr(2') = % = cg(x). llpu craruBamuu pebpa zw CTeNeHb
OTJUYHON OT T M W BEPHIWHBI MOTJIa YMEHLIINTHCA TOJIBKO Ha 1 (B
ciiydae, KOTJa 9Ta BepiimHa cMexHa B rpade G u ¢ x, u ¢ w). Ta-
KOI BEPIIMHON MOXKeT ObITh TOIBKO Y, nostomy cor(y) > ca(y) — 5,
CTeleHn ocTanbHbIX BepmmH B rpadax G u G’ omnnaxosbl. Cirenosa-
reabno, ¢(G') > ¢(G) — 1. Ocraerca samernts, uto 8 N (w') ne Gosee
onoii Bepruubl u3 S(G), M09TOMY, KaK HETPYIHO NOHATL, B Ngr (w')

He Gostee onuoit Bepumub u3 S(G'). CaeposarensHo,

(G —w) = (@) —ca) = 3 (ear(v) = coruv) 2

> (@)~ - (411”'112) :c(G')—gzc(G)—L

q9TO AJId HaC J0CTAaTOYHO.

R6. Cywecmsyem sepwuna © € X, dg(x) < 6.

Mgl BbIOEpEM TaKyIO BEPIIWHY & HaumMeHbIeil cremenu. Tak Kak Bep-
[IWHA T He JOJKHA YIOBIETBOPATDH YCIOBHUIO 5° JIEMMBI 3, TO OHA CMEK-
Ha X0oTs ObI ¢ nByMs Bepimuamu u3 S(G). Tak xkak x ¢ W, obe stn
BEepIUHLI UMEIOT cTeneHb 3. 1locKoabKy Henab3d BLITOTHUTE R5, TO
XOTs OBI OfHA W3 9TUX ABYX BepmmnH y & W.

[Iycts Bepmmua w € W cmexna ¢ z. Ha stor pa3 dg(z) > 3.
Paccymorpum mBa corygas.

R6.1. dg(z) = 4, de(w) > 4.

IIycre Ng(x) = {w,y,y1,y2}. Torna da(y) = da(y1) = da(y2) = 3,
MHAYE BBINOJHACTCS yCa0Bue 5° jieMMbl 3.

Hawa nepsas uyeav — nocmpoums 6 epage G npocmotis nymo P
om eepwunst Yy do nexomopoti sepwunve q (20e ¢ & S(G) UNg(z) uau
q € {y1,y2}), ece snympennue eepuunve komopozo aexcam 6 S(G) u
ne aesicam 6 Ng(z), a epap G — E(P) — x ceasen.

Paccmorpum z € Ng(y), z # x. Tak kak dg(y) = 3 u z cmexna
cy, 10 z ¢ {x,w}. Ecau pebpo yz — moct B G — , T0 £ — TOUKA
cousienennst B rpade G — y W BBITIOJHEHO ycjaoBue 1° jemMmbl 3 juis
BEPILUH Y U X, IPOTUBOPeYHe. 3HAUYNT, MOXKHO HAadaTh nyTh P ¢ pebpa
yz. Mb1 3uaem, uro y € W, nosromy dg(z) > 3.

Bynem crpouts myTh P, oKa 3T0 BO3MOXKHO. IIycTh B HEKOTODBIH
MOMEHT 1ocTpoeH nyTh P’ or y 1o ¢, npuuém rpad G — E(P') — z cBa-
3eH, dg(t) >3 ut # w (B ciydae t = z BCe 9TH yCJIOBUS BBHIIOJIHEHB).
IMousTao, uto t € S(G) (10 ectb, d(t) = 3) nut & {y1, y2}, nHate sToT
MyTh HAM TIOIXO/INT.

[Iycts Ng(t) = {t/,v1,v2}, re ' — npenpiayiasi BepivHa My TH
P. Torma dg(t') = 3. Tlonpo6yem mpoaymTh myTh P’ Ha 011HO PEGPO.
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He ymajssa obIIHOCTH MOXKHO CIHTATh, 9TO v1 # w. llycts tvg
— wmocr rpada G — E(P') — x. Torna t — Touka counenenus rpada
G — E(P') — x — t' (KOTOpBIii, O9EBHIHO, CBA3EH, TaK KaK MOJyYeH
u3 cesasuoro rpada G — E(P') — x ynajnenuem Bucsiueil Bepuianbl t').
Torma,

wG) > u(G—-EP))>uG—-EP)—xz—1t)+2

(B ocToBroe mepeso rpada G — E(P') — x — t' nobasum jaBe HOBBIE
BUCSYNE BEPIIUHLI: T IPHUCOSJIMHUM K TOUKe codeHeHHd w, a t' — K
TOYKE COUNCHEHN ).

Puc. 3: pexykuuga R6.1, nyts P.

Onennm ¢(G) — ¢(G — E(P') — x — t'). Ucuesnu sepmunabl x n t/
CYMMapHOH CTOMMOCTBIO % + i. Tak Kak IleHa BEPIUH CTeleHu 1 u
3 ojlMHAKOBa, TO LEHa OTAMYHBLIX 0T t' u t BepmuH 1yTu P’ He usme-
amsack. Torga mena MOryIa U3MEHATLCA JIANIb y TPEX OTJIMYHBIX OT Y
seprinn u3 Ng(x) u asyx sepumn u3 Ng(t'), 4To qaer HaMm MakucMym
2. Buaunt, ¢(G— E(P)—z—t) > ¢(G)— 3-8 > ¢(G)—2nmo
UHIYKIITOHHOMY TIPEINOM0KEHUIO TMEEM

W(G) > w(G—E(P)—a—t')42 > c(G—E(P’)—x—t')+2+g > c(G)—i—g.
B sTom ciyuae Teopema JoKa3aHa.

Ocraerca caywait, korma tv; — me moct rpada G — E(P') — .
Torma dg_ppy(v1) > 2, crepoparensro, vi ¢ V(P') n dg(vi) > 3.
Mol npomsum nyrh P’ Ha pebpo tv; M NPOAOJIKHM PacCyKAeHHA C
BEpIINHON v1. PaHO mim mo3nHO mporece BBHAY KOHEYHOCTH Tpada
3AKOHYMUTCH M MbI [TOJIY9UM MCKOMBINA 11yTh P.

Teneps pacemorpum rpad G—E(P)—x. AHATOrTIHO TOKa3aHHOMY
soiie, u(G) > u(G — E(P) —x) + 1 u Ham ocraercs Julib OLEHUTH
c(G) — ¢(G — E(P) — ). Mbl ynanuiu Bepmuty @ nenoii . [lpu g ¢

{y1, Y2} MBI YMEHBINNIN TIEHY TPEX OTJUIHBIX OT Yy BepriuH u3 Ng(x)

(MakcuMyM Ha 2 - % + %, Tak Kak w € S) m BepmmHbl ¢ (HA 1—12)
ITpu q € {y1,y2} MBI YMEHBITAIN TIEHY TOJBKO JBYX OTJUIHBIX OT Y, ¢

Bepimt u3 N (), MakcumyM Ha § + 15. B oboux ciydasx momydaem
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c(G)—c(G—EP)—z)<1m
u(G)Zu(G—E(P)—x)—i—lZC(G—E(P)—x)—kl—i—;Zc(G)—i—g.

R6.2. Bunoaneno o0no u3 deyr ycaoeul:

— d(x) = 4 wdg(w) = 3

—dg(z) > 4.

Kak u B mynkre R5, MbI pacemorpuMm rpad G = G - xw u mosy9eHny o
npu crsarusannn x u w sepmmny ' € V(G') (em. pucynok 2). Tlongarno,
gro &' — Touka counenenuda rpada G’, oHA OTAENTET OT OCTATHHBIX
BEpIINH BUCAYYIO Bepumuy. Jlerko Bugers, uro dg(x') > dg(x) >
4: sepmmna o’ cvexxna B rpade G co Becemm BeprmmHamu n3 Ng(z),
KpOMe w M, KPOMe TOro, ¢ BuCsueli Beprmuoii u3 Ng(w).

Ecin dg(w) = 3, To ¢(G') > ¢(G) — §, kak nokasano B mynkre R5.
ITycts dg(x) > 4, rorma B X HeT BEpIIWH CTeeHn 4.

[Tpu crarvBanmm pedpa Tw YMEHBIMAIOTCI, TPUIEM POBHO Ha 1,
JIAITL CTEMEHN BEPIWH, BXOISIINX B TPEYTOJIBHUK C W W X, & TaKnue
BepmuHbL npuHaekar X (B Cusy JeMubl 4), a cie0BaTe/IbHO, nMe-
10T B rpacde G cremnens He Meree dg(x) > 5. Takum obpasom, B 3TOM
cayuae o(G) — ¢(G') = cg(w) < 3.
3ameuanue 7. llpu craruBanum pebpa xw yMEHBITUIACEH JIUIIH CTE-
eHb BEPITHH, BXOISIINX B TPEYTOJBHUK ¢ & U w, a Jobast Takas Bep-
[MIUHA B 000MX CAydasx TPUHAIIEKAT X W UMEeT CTENeHb XOTd Obl 4.
ITosTomy, u3 dg(a) = 3 u a # w caeayer, aro dgr(a) = 3.

Tenepr monpobyem, Kak u B myHkTe RS, yaanntsk u3 rpada G Bep-
muHy Y (HAOMHUM, 9TO 9TO TAKasi CMEXKHAd ¢ X BepmuHa, uto y ¢ W
u dg(y) = 3). Ecmm Ng(y) = {z, 2,7}, To paccyxnenne us R5 He
npoiigér gumb npu z, 2’ € S(G), nMeHHO ITOT Caydail Mbl u Oymem
paccmarpuBarh. Tak kak y &€ W, mbl umeem dg(z) = dg(2') = 3, or-
kyna dg(z) = 3 no sameqanuto 7. Ormernm, uro Nev (y) = {2/, 2, 2’}

Ananozuuno npedvidyusemy nywrmy, mot 6ydem cmpoumnv 6 2pa-
pe G' npocmoti nymov P om eepwunv, z 00 1exkomopoli eepusumss q
(20e ¢ ¢ S(G')UNg(y) uau g = 2'), 6ce snympennue sepuunve K0mo-
pozo aeocam 6 S(G') u ne aeocam 6 N (2') u epagp G' — E(P) —y
CBAZEH.

[Iycts v € Ngi(2), v € {y,2'}. Ecam pebpo zv — moct 8 G/ — y,
TO 2z — Touka counenenua B G' — y (a smaunt, u B8 G — y), TOrmA
BEPIIMHLL i U 2 YAOBJIETBOPSIOT YCJIOBUIO 1° IeMMBI 3, IPOTHBOPEYHE.
Buaunt, myTh P MOXKHO HauaTh ¢ pebpa zv u dgr(v) > 3.

Bynem crpouts myTh P, oKa 3T0 BO3MOXKHO. IIycTh B HEKOTOPBIH
MOMEHT TIOCTPOEH IPOCTOoit myTh P’ ot 2 10 ¢, npuuém rpad G—E(P')—
y cBazen, t # {2/, 2} u dg (t) > 3. [lonsTro, uro t € S(G'), mHaue sror
yTh HAM OJIXOJMT, & 3HaUuT, dev(t) = 3.
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[Mompobyem mpogmuts myTh P HA omro pebpo. Ilycrs N (t) =
{t',v1,v2}, vie t' — npemmecreyomas ¢t Bepumua nytu P’ u vy # .
TOF,ZLa dgl (t/) =3.

Puc. 4: penykuua R6.2, nyts P.

[Mycrs tvy — moct rpada G — E(P') —y. Torma t — To4ka couse-
wenust cBsiznoro rpada G — E(P') —y — t' (stor rpad cessen, tak
Kak nojyder u3 ceasuoro rpada G — E(P') — y ynanenuem Bucsveit
pepmmnbl ). Kak n B mpegbliymeM myHKTe,

wW(@) > u(@) > (G — BE(P)) > u(G — E(P)—y—t)+2.

Onennm ¢(G) — ¢(G — E(P') —y — t'). Kak Mbl 3HaeM,

c(G) — c(G') <

Wl

13 rpada G’ ucuesnu seprunbl y 1t cyMMapHOil CTOMMOCTBIO % [Tpn
yaaneann u3 G’ Bepmun y u t’ ena MOTJIa N3MEHUTBCSA y IBYX COCeIelt
y u aByx coceneit t (cremenn cocemelt y u t') meskammx MexKly HEME
wa nyru P’ usmenunauck ¢ 3 wa 1, 9T0 He MeHsieT TieHy BEPIIUHBI), YTO
saer vam makucmym 4 - 1. Buaunt, o(G' — E(P') —y—t') > ¢(G) — &
1 110 WHIYKIUOHHOMY MPENOI0KEHIIO TMEEM

w(G) > uw(G'—E(P)—y—t")+2 > c(G’—E(P’)—y—t')+2+g > C(G)—i—g.
B sTom ciyuae TeopeMa JI0Ka3aHa.

Ocraercsa cy4ait, koryga tv; — ne moct rpada G— E(P’)—y. Torna
der—ppry(v1) > 2, mosTomy vy He BXOAWT B myTh P’ u He smisercs
pucsadeil Bepmmuoii rpada G'. [Mosromy de(v1) > 3. Mol npogyum
nyth P’ na pebpo tv; M NPOJOJIKMM PACCyKACHUS C BepIIMHON vy.
Pano win MO37HO MPOIECC BBUIAY KOHEYHOCTH rpada 3aKOHUUTCS U
MBI TIOJIyYUM UCKOMBIH 1IyTh P.

Teneps pacemorpum rpad G — E(P) — y. Anajorudno JjoKaszaH-
womy Bbine, u(G) > u(G') > u(G' — E(P) —y) + 1 u nam ocraercs
noxasath, 4o ¢(G' — E(P) —y) > ¢(G') — 2 > ¢(G) — 1. Ha sror pa3
Mbl yaasuan u3 G BepuimHy y 1eHoit i IIpu q # 2’ Mbl ymMeHbIIMIT
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HeHy JByX OTAMYHBIX OT z Bepmmh m3 Ng(y) (Makemaym ma 1+ 15,
1 _

TaK Kak & ¢ S) u Bepmmubl ¢ (Ha 15). lpn ¢ = 2 i\/[bl YMEHBITHIN

TOJIBKO IIeHy BepIIMHbI &', npudaeM He Gosee, ueM Ha 15. B ofoux ciy-

qasx noytaem ¢(G') — ¢(G' — E(P) — z) < 2, uro u Tpe6oBajioch

JIOKA3aTh.

Jlemma 5. FEcau 6 ceasnom epagpe G boaee d8yxr eepuwun, eCmv 6u-
CANUE BEPUIUHDL U HEBOZMONCHO GHINOAHUMD HU 00UH U3 NYHKIMNOS
R1 — R6, mo 2pagh ydosaemsopaem caedyiowsum YCao8UAM.

1° Bepuwutvr muoscecmea X nonapHo HECMEHCHDE U UMEHM CIe-
nenv xomsa 6w 7.

2° Bepuwutivt muosicecmaea W nonapro HECMENCHDE U UMENM CIme-
nenv He boaee 4.

2° Kaocdas eucanel sepwunots 2pagdo G cmencha ¢ 8EPUUHG MHO-
orcecmsa W. Kaocdas sepuuna muooicecmea W emesicna posno ¢ 00-
HOT sucauel sepuwunoti epaga G.

JokazarenabcTBo. Tak Kak B Tpade XoTs ObI IBE BEPIIUHBI, TO HIKA-
K€ JIBe €r0 BUCAYUNE BEPITUHBI HE CMEXKHBI. JHAUNT, KayKIas BUCIUIAST
BEpIINHA CMEeXKHA ¢ BepIuHoi u3z W.

Tax KaK HEBO3MOXKHO BBITTOJIHUTH RO, BCE BEPIMTUHBI MHOYXKECTBA
X uMeroT crereHb X0Ts 661 7 U, CJIeIOBATEIBHO, TOIIAPHO HECMEXKHBI.
ITo yremme 4 Beprmuabl MHOXKECTBa W OTIAPHO HECMEXKHBI U, KAK MBI
3HAEM, OHU UMEIOT CTeleHb X0Td Obl 3. SHAUUT, KaxK/1ast BEPIIINHA MHO-
xectea W cnvexna ¢ muokKecTBOM X . Tak Kak CTEeHN BCEX BEPITHH
u3 X xord 6bl 7 U HEBO3MOYKHO BBITIOJIHUTE R3, TO cTeneHu BepiiuH
muoxkecTtBa W He mpeBocxoastT 4. O

2.2 Metoa MEPTBBIX BEPINUH

ITycTh HEBO3BMOXKHO IPUMEHUTH HI OJIHO U3 MpaBui peaykimu R1— RS.
B sTOMy Cydae MBI IIOCTPOUM HCKOMOE OCTOBHOE nepeBo B rpade G ¢
LHOMOIIBI0 Memoda mépmenz eepwun (cMm. [2, 3, 13]).

Hama momudukanms 6yeT OTIMIaThCsa OT CTAHJAPTHOTO METO/IA;
Mbl HAUYHEM MOCTPOEHUE ¢ Jjieca (He obs3aresbHO jepesa). Mbr Gygem
ToCJae10BaTe/JIHLHO, IO IMaraM ,ZLO6aB.H${Tb K HEMY BEPHINHBI 1 YMEHb-
IIaTh KOJUIECTBO KOMIIOHEHT CBA3HOCTH.

[Tycts moc/ie HeCKOIBKYX IITAr0B IIEPBOTO ITAIA TOCTPOEHUST MBI T10-
ayauniau jec F ¢ k komnonentamu cessuoctu (V(F) C V(G), E(F) C

Onpenenenne 3. Bucsuyio Beprmuny x seca I mazosem mepmsot,
ecan Bce BepiiuHbL rpada G, cMexXHbIe ¢ &, BXOAAT B jec F', mpuuém
B TY K€ KOMIIOHEHTY CBS3HOCTH, UTO U X.
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Hnst neca F uepes b(F') 0603HaUNM KOJIMYECTBO €r0 MEPTBBIX BEp-
IIIH.

3ameuyanue 8. Herpymuo 3aMernth, 9TO MEDPTBBIE BEPIIHUHBI OCTa-
HYTCS MEPTBBIMU BUCAYMMHU BePIIMHAMM Ha BCEX IOCAEAYIONIMX dTa-
nax mocrpoennd. [lo oKOHYAHUM TOCTPOEHU, KOrAa Oy1eT moCTPOeHo
OCTOBHOE JIEPEBO, BCE €I'0 BUCAYNE BEPIIMHBI CTAaHYT MEPTBBIMU.

s sepmmasl v € S(G) ompenenum ee TeHy Kak c(v) = i, a
ans Bepmubabl v € T(G) onpegenum ee 1eny kak cg(v) = % ITo-
noxmm o(G) = 3 ey ca(v) = $IT(G)| + 115(G)|. Dna nroGoro
nogrpada G’ rpada G monoxum cg(G') = > vev(cr) c(v). B sTom
paznesie OyneT rOBOPUTHCS TOJBKO O IieHe BepinH B rpade G, mosTo-
My [T KPATKOCTU MBI Oyzaem o6o3nadars neny sepmusbl & € V(G)
npocto ¢(x).

Beegem obosnavenuss T = T(G) u S = S(G). B nmamewm ciayuae
V(G)=SUT.

2.2.1 HagvaJjio mocTpoeHusa

OtsiesibHO onuIieM HavaJIo nmocTpoenus. uist jeca F' Mbl onpeeinm
5
—U
6

Bo Bcex caygaax mpu mogcueTe v Mbl OyIeM MMoJIaraTh, 9TO BEPITHHEI,

o(F) = 2u(F) + cb(F) — ca(F).

PO KOTOpLIE HUYET0 He M3BECTHO, MPUHAIEXKAT MHOXKeCTBY 1, 3TO
MIPETOIOKEHNE JINTITH YBEJIMIUBAET UX TIEHY W, TEM CAMBIM, YMeHbITTa-
er «.

B1. B zpage G nem sucavuxr 6epuiu.
B stom ciaywae mbr Hymem cumTarh, 9TO B Tpade ecTh BepruHa ¢
¢ dg(a) > 4, mHave HaIa TeopeMa cyeayer u3 Teopemsl 1 padorsr [11].
Mp! HauHEM OCTpOeHME ¢ 6a30B0T0 JAepesa F | B KOTOPOM a coeIuHeHa
¢ 4 pepmunamu u3 e8 okpecraocry. Torma o F') > 2.4 —1.5=2

B2. B zpage G ecmo sucauue 8epuitH.

B sToM criygae MOKHO CINTATDH BBIMOJIHAETCA YTBEPIKICHIE JTeMMBI 5.

[Iycts Y C V(G) — MHOXKECTBO BCEX BEPINUH, CMEXHBIX ¢ X 1 He
Boremux B W. Pacemorpum rpad G* Ha seprmmaax WU X UU UY,
Bce pébpa KoToporo — 310 pébpa rpada G, uanugentabvie W nin X.
W3 jgemmbr b mougTHO, uro G* — aByaosibHbE rpad ¢ goaasmu W UY
n XUU.

[ycts G' — kommonenTa cesaznoctu rpada G*. Mbl nocrponm B G
ocrosuoe nepeso F' ¢ a(F') > 2. s navyana paccMoTpuM moarpad
G" = G' =Y, nycrs B arom nojarpade k KOMIOHeHT cBazHoCcTH. Pas-
JITIHBIE KOMIIOHEHTHI CBa3HOCTH rpada G Moryr coenmuarbes apyr
C APYrOM 4Yepe3 BEPIIMHbI MHOXKeCTBa Y (CM. PUCYHOK 5).
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Myers W' = WAV(G), X' = XA V(G), Y =Y nV(G),
U =UnV(G), z =|X'|. Kaxxaas Bepiuna MHO)KecTBa X' CMeKHA
x0T On1 ¢ 7 Bepmuaamu u3 W/ UY'. Kaxnas sepmuna Maoxectsa W/
CMeXKHa POBHO ¢ ofHOH Bepmmuoi n3 U u, caeloBaTeNbHO, ¢ 2 W 3
sepumaamn n3 X', O6o3naunm uepes Wi u W4 MHOXKeCTBa BepIIuH U3

W', cmexnpix ¢ 2 u 3 Bepmmnamu n3 X' cooreercreenno. [lonsarno,
aro W, C Su Wi CT.

~ vy

Puc. 5: 6a3a B2, rpad G'.

Kazxknas BepmmHa MHOXKeCTBa Y’ CMEKHA ¢ BEPIIMHAMH MHOZKE-
crea X', uMeronmMn creneHb XoTd Obl 7. Tax Kak HeIb3s BBHIITOJIHUTD
R3, Bepmmnbl u3 Y/ nmeror crenenb He Gosee 4, TO €CTh, KaxKaasd U3
HUX CMexKHa He Gosiee, yeM ¢ 4 pepiunamu u3 X'. O6ozHauum uyepes
Y, mMHOKecTBO BCex BepumH n3 Y/, cMexkHbIX ¢ 4 BepmmHaamu u3 X/
nycrs Yy = Y/ \ Y,. Beeném obGosmavennss wy = |Wy|, wy = |Wjl,
ys = |Y3|, ya = |Y]|. Torga

2wsg + 3ws + 3ys + 4ys
7 .

|U'| = wy + w3, z< (1)

Boigesum B rpacde G ocrosnrrit gsec F') nogsecus k W U X' sep-
munbl w3 Y/ UU’ (stu eprmub 6yayT sucaanmvu). HeTrpyauo nousTs,
Y9TO B TAKOM JIECY W + w3 + Y3 + Y4 BUCHUNX BePIIUH U kK KOMIIOHEHT
ceszHocTH (CTOMBKO XKe, cKojibko B rpade G = G' —Y). Tlocrpoum
octosroe gepeso 1’ rpada G’, cBa3as 3T kK KOMIOHEHT CBA3HOCTH B
OJIHY, IIJIS 9€ro IpoBeaéM HoBble pédpa Mexay Y/ u X', B pesynbrare
KOJIMUYECTBO BUCSUMX BEPIIUH YMEHBINMUTCsT He Oojiee, yeM Ha k — 1 u
[IOJTY YATCS

w(T') > wy + w3 +y3 +ya — k + 1.

Onennm a(T"). CrommocTn

1
ca(T) < = - (2w + w3) + 3 (w3 + 2 4+ y3 + y4).

=~ =

Bce Bepmmunbl u3 U’, 0ueBuIHO, ABIAIOTCS MEPTBLIMU BEPITHHAME JI€-
Y Y
pesa T”. TIocKo/IbKY KaxK/last BEpIIMHA U3 Y uMeer crelieHb He 6osee 4,
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TO Te BepIIMHbI n3 Y, KOTOPbIE SIBJISAIOTCS BUCSYNMU BEPIIMHAMU B
nepese T — MEPTBBIE BEPIIMHBI 9TOrO jepesa. Takum o6pasoM, MeHb-
1IIe BCEro MEPTBBIX BepIIHH y aepea 1’ B cirydae, KOTa BCE BUCSIHE
BepIIUHbL Jieca F/, mponasume npu CKiefike KOMIIOHEHT CBS3HOCTH,
nexaau B Y, U MbI nMeeM

T > U | +ys—k+1=wy+ws+ys—k+ 1.

YunrsiBaga TOJIYYE€HHBIC BBIITC HEPABEHCTBA, TOJIy1aeM

)
Oé(T/)Zw2+w3+y4+6y3—cG(T/)—k+12

1 5 1 2 1
w2-§+w3~ﬁ+y3‘§+y4-§—x-§—k+1- (2)
Jlastee HaM HYKHO OIeHUTH k. PacCcMOTpUM KOMITOHEHTY CBA3HOCTH
Gy rpada G”. B Gy ectb Bepumua v € Wy U Wi, Ecm v € W3, 10 B
Gy xorst 661 ape Bepmmubl u3 X', a ecim v € W4 — 10 x0Ts1 GBI TpPH

pepmunbl 13 X', Takum o6pasou,
2% < 1. (3)

[Iycts ko — KOMMYECTBO KOMIIOHEHT cBsa3HocTH rpada G, conepxa-
mux 10 Ase seprmubl 13 X' . B Kaxk10it TaKoil KOMIIOHEHTE CBA3HOCTH
obs13aTesIbHO ecTh BepimuHa u3 Wi, mosromy kg < we. C Apyroii cro-
POHBI,

x23(k—k2)+2k2:3k—k223k—w2,

9TO MBI IIEPEIINIIEM B BHUIIE

3k < x4 ws. (4)

\G][VV)

Cr1okMB yMHOXKEHHOe Ha 5 HpaBeHCTBO (3) u HepaseHcTBO (4) U CO-

KpaTuB Ha 6, HOJIyInM

5 1
< — —wW9.
k< 12x+ 6w2 (5)

Ormernm, uro X' # @, a kaxkjgas seprinHa u3 X' cMexkHa XOTs
6u1 ¢ 7 epmmmavu n3 W UY”. Ilostomy

wo +ws+ys+ys > 7. (6)

Tenepb paccMOTPUM HECKOJBKO CIIYIAEB.

B2.1. W3 = @.
Beprémca x mepasencty (2). C yuerom ws = 0 u mepasencrsa (3)
[OJTydaeM

(T") > 1-1— 1-1— 2 1+1 +1
o wy - = 3= e A B .
= W2 2 Y3 2 Y4 3 3 9
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IMopcrasus onenky wa x u3 (1) n yanrosas (6), moayanm

11 1 4 1
T > N .z 1> 41 >2
a(T") > we 1 T s T oy > (w2 + Y3 + ya) - +t122,

9TO U TPeOOBAIOCH TOKA3ATH.
B2.2. W, =02, k=1.
Torna us Hepapencrsa (2), we = 0 u k = 1 nonyvaem

) 1 2 1
/

ol > - — 4 -+ [ — e
( )_w3 12 Y3 9 Ya 3 € 3

[lopcraBus onenky Ha x u3 (1), momyanm

a(T) > w §-l— E—F E>w §+( +14) 5
= W3 ey Y3 14 Y4 o1 = W3 g4 Y3 T Ya 14
Ecmm y3 = y4 = 0, T0 BCe BuCAYME BepIMHBI nepeBa 1’ — MEDPTBBIE,

To ecth, G = G'. B aTom cayuae u3 (6) umeem ws > 7 n

) 23
u(G) > u(T') > e(@) + .

TeopeMa TIOJHOCTRIO JOKa3aHa. cnm xKe y3 + y4 > 1, To MBI IMeeM

23 5
TY>6-— 4+ — =2
AT) 26 g+ =2

4TO HAC ycTpauBaeT.

B2.3. k> 2.
B ocrapmmumMest ciyuae MOXKHO cumTaTh w3 # 0, WHAYE MOXKHO BOC-
nosb3oBarhed nynkTom B2.1. B rpade G xoTs 6b1 1Be KOMIOHEHTBI
cesizaocTH. Cpein HUX eCTh KOMIIOHEHTA, KOTOPAs COJNEPYKUT BEPIIH-
ubl u3 Wi, B Heit xora 661 3 Bepumuer u3 X'. B apyroit komnonenre
CBABHOCTH HE MeHee, yeM 2 Bepmmubl u3 X'. Takum obpasom, x > 5.
Bocnonbsyemcs HepasenctBoM (2) u onenkoii va k uz (5):

a(T) > w 1—|—w 5+ 1—i— 2 a:3 w 1+1
= W25 3123/323143 g Wi T

Bocrnonbzosasmmcs fBa pasa omenkoit wa x w3 (1) u tem, uro x > 5,
TTOJTYy UM

5 2 5 5 2
T >wy  —4ws ——+ys oo tys -+l - +1>2
(T) Zwa-gg Fws- gy T gty gy Hlze-g
Heticmeya maxum obpasom, mui svdesum 6 z2page G* ocmosnvil
A€C, 8 KOMOPOM Kadtcdaa Komnonenma ceasnocmu T" umeem a(T') > 2.
Ommemum, 4o 8 9Mom AeC BOWAY 6CE BucAwUE seputnb, epaga G.
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2.2.2 IMTar mocTpoenus

Yepez Au u Ab mbl HymeMm 0003HAUATH TPUPOCT KOJUIECTBA, BUCAINX
BEPIIVH W KOJUIECTBA MEPTBBIX BUCIYNX BEPINUH B Jiecy F COOTBET-
CTBEHHO, & depe3 Ak — ymenvuierue KOTMIeCTBa KOMIIOHEHT CBA3HO-
ctu neca F wa ogepenmnowm mare agroputma. depes At u As — kosn-
gecTBO BOmemmux B jiec F sepmua uz T u u3 S coOTBETCTBEHHO HA
OYEpeHOM Iare ajropuTMa.

Hazosém dorodom mara A Benuunny

) 1 1 1

Mg OyieM BBITTOJHATD TOJIBKO IMATH, JjId KOTOPBIX JAOXOM HEOTPUIlA-
TeJICH.

Sameuanue 9. Ilycrs Mb1 mHawaam nocrpoenme ¢ jeca F/ (mocrpo-
enHoro B 6aze) W Ha HACTOAIMNI MOMEHT mocTpownu jec F ¢ u Bu-
CAYNMY BepPITHHAMU U b MEPTBHIMU BEPITMHAMH, TOT/IA %u + %b >
cq(F) 4 a, rne « pasusiercs cymme o F') u noxonos Beex maros. To-
rja ux ceoiicTs 6azoBoro jeca F' u onpesenenns J0X0/a Maros MOXKHO
CIeJaTh BBIBOJI, 9TO (v > %, ecau rpad F ceazen u o > 2k, ecim k > 1
— KOJIMYECTBO KOMIIOHEHT CBs3HOCTH rpada F'.

OmnmriieM Bee BO3MOXKHBIE Taru. s yao6cTBa MbI B OTIMCAHWY TTTa-
ra Oygem 0003HAYATH MHOXKECTBO BEPINWH, HE BOIIEJITHX B Jjec F
Jepe3 /. BepmmHbl MHOXKECTBa Z, CMEXHBIE XOTs ObI ¢ OZHON U3
Bepmna V (F'), HazoBeMm sepuunamu ypoewsa 1. JIns Kax1oit Bepiiu-
HBl T € Z depe3 P(x) obo3HatmM MHOXKeCTBO Beex BeprmH n3 V(F),
CMEXKHBIX C T.

Mpl 6y/ieM TIBITAThC BBITOJHUTE OYEPEIHOM IIar aJropurMma, Ie-
pexos K CJAEAYIONMEMY BapHAHTY TOJBKO KO/ HEBO3MOXKHO BBIIIOJI-
HUTH HEU OJIUH U3 MPEIbIIYIHUX. JJ0oMoJHUTENbHO 00 3TOM YIOMUHATH
B OIIMCaHUUM ITIaI'OB MBI HE 6y,HeM

OrMmeTum, 9TO BCe He Bouejnne B F Bepumabl npuHajiexar S U
T n umeror crenenn He menee 3. [Ipu sviwucienuy doroda waea Mol
bydem cuumamo, ecau He CKa3aHo obpammuoe, 4mo ece JdobasAeHHbIE
sepuutve npunadiescam muoncecmsy T. Ecim kakast-To qob6aBIeHHasT
BEPITINHA, yUYTEHHAS KaK Bepimuaa n3 1’ He MPUHAIIEXRNT 1, TO TOXO7

1
Irara yBEeJIMYIUTCA Ha 13-

S1. Cywecmsyem pebpo Ty, KOHUBL KOMOPO2O — GEPUIUHDL PUSHBLL
KOMNOKEHM c8a3Hocmu aeca F.
Jobasum B F' pebpo xy, TeéM CAMBIM YMEHDBIITUB KOJTHIECTBO KOMITOHEHT
ceszaocTn Ha 1. Takum obpazom, Ak > 1 u Au > —2. [Tonyuaem

p(Sl)2—2-2+22

Wl =
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S2. B F' ecmb HEBUCANGA BEPUIUHA T, CMENCHAA C EPWUHOT Y He

us V(F).
IMpucoeguamm y x . B atom ciygae Au=1wn
5 1 _ 1
S2) > - — = > —.
P2 25325

3ameuvanue 10. Hamee mbl Oynem CUATATh, 9TO HE BXOMLAIINE B JI€C
I pébpa me MOryT BLIXOIUTH M3 HEBHCIYNX BepImuH F M He MOryT
COEeIMHSTEH Pa3Hble KOMIIOHEHTHI CBSI3HOCTH Jeca F.

S3. Cywecmeyem sepwuna x € V(F'), cmescnan ¢ deymsa sepusu-
HAMY U3 L.

JobaBuM 9TH JIBe BEPINUHBI B JIEPEBO, IPUCOE/IMHAB UX K BEPIIUHE .

Torga Au = 1, croumMocTh ABYX J100ABIEHHBIX BEPIITUH He Hojiee % u

5
6

p(S3) >~ — - >

[SCI )
[N

S4. Cywecmsyem eepuiuna x € Z, CMENCHAA C BEPUUHAMU TOM.A
bvL deyx Komnonenm ceasnocmu aeca F.
Torma coemmuUM 9TH ABE KOMITOHEHTHI 9epPe3 T, TPOBE ST OT KaXK 01 13
HEX 10 ogHOMY pebpy K z. [Tonmyunm Au = —2, Ak = 1 1, TOCKOTBKY
c(x) < %,Top(54) > —2%4—2—%20.

S5. Cywecmeyem sepuuna T € Z, CMEICHAA ¢ M > 3 BEPUUHAMU
us V(F).
Taxk Kak HEBO3MOYKHO BBITIOJHUTL S4, BEPIIWHA T CMEXKHA C TPEMS
BEpIINHAME OJIHOI KOMIIOHEHTHI cBsizHOCTH Jieca F. Ilpucoennaum x
OJIHO M3 9TUX BEPIIINH, jIBEe APyrue cranyT MéprebivMu. Torma Au = 0,
Ab > 2 u, Tak kak c(z) < %, Mbl nostyuaem p(S5) >2- ¢ — 1 =0.
3ameuanue 11. /lajee Mbl cauTaEM, UTO KarxKjasi BUCAYAS BEPIIUHA
Jeca I’ cmekHa POBHO € 0/THOM BEPITUHOM U3 Z ¥ HE CMEXKHA C IPYTUMA
KOMTTOHeTaM” CBsi3nocTn jeca F. Kaxmas seprmma yposms 1 cmexna
He Gostee, ueM ¢ aByMst BeprmmHamu u3 V(F) u, ecam TakuxX BEPIITHH
JIBe, TO OHU TIPUHAJIEKAT OHON KOMIIOHEHTE CBI3HOCTH Jieca, F .

S6. Cywecmsyem sepwuna x € T yposns 1.
Ilo 3ameuanmnio 11 Bepminna x cMexXHa He DoJsee, 9eM ¢ IBYMsI BEPIIU-
mamu u3 V (F'). Paccmorpum nBa coydas.

S6.1. Bepwuna x cmescra ¢ 0dnot eepuunot uz V(F).
Torga x cMexkHA ¢ TpeMsl BepIIMHAMHE, He BomeAmmmu B F, nobasum
x u 3tu Tpu Bepmubbl B F. Tlosmyunm Au = 2, cTOMMOCTE 4eTBHIPEX
J06aBJIEHHBIX BepITuH He Gostee 4 - %, mosromy p(S6.1) > 2- % — % = %
S6.2. Bepwuna x cmesicra ¢ dsymsa sepuunamu us V(F).
Torjma @ cMexHa ¢ JABYMsl BEPIIHHAMH Y1,Y2 € Z, 100ABUM X, Y1, Y2

B gepeso u noayunm Ay = 1. JIe cmexubie ¢ & Bepumabl u3 V (F)
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MpUHAJIE)KAT OJHON KOMITOHEHTE CBA3HOCTH, TIosToMy Ab > 1. Cron-
MOCTBb TPEX J00aBeHHBIX B F' BepiuH He Hojee 3 - % = 1 1 MBI UMeeM
p(S62)>2+1-1=0.

S7. Cywecmsyem sepwunag © € S yposna 1, cmesicnaa ¢ 00nob
sepwunoti us V(F).
Torma x cvexna ¢ AByMd He BomeamuMu B F' peprmunamu 1, Y2, 10-
6aBuM x,Y1, Y2 B mepeBo u moayamM Au = 1. Pa3zbepéMm HECKOJIBKO
CITy9aeB.

S7.1.y1,y2 € 5.
Torga cromMocTsh TPEX HoOABJEHHBIX BEPIUH He bosee 3 - % u B pe-
sysabrare p(S7.1) > % -3 % > %, YTO HAC YCTPAWBAET.
S7.2.9€T.

Torma crommocTs Tpéx mobasieHubix B F' Bepmun He 6osee % +2. % =
11
ﬁ.

ITycts gepeso F/ — kommnonenTa cpsazHocTu Jeca F, ¢ Koropoit
cMexHa BepmuHa x. Jlobasum B gepeso F' Bepmmubl T, Y1, Y2, B pe-

3yJ/IbTaTe IIOJIy9YUM

1

—

1
127

p(S7.2) > > —

| ot
_
[\]

9TO HAM HE MOAXOmuT. PazbepéMm HECKOJIbKO CAYy4YaeB, C 9€M MOXKET
OBITH CMEXKHA BEpIUHA Y| U B KAXKIOM U3 HUX TPOJIOJIKUM IITAT.
S7.2.1. Bepwuna y1 cmescha ¢ z € V(EF').
Torma z B pe3ysbTaTe CIJTAHHOTO Iara, CTaja MEPTBOI BEPIIHHOI (CM.
pucynok 6a). Torma Ab > 1 u mbl umeem p(S7.2.1) > p(S?.Q)—l—é = %,
B 9TOM CJIy9ae ITar BHITOJTHEH.
S7.2.2. Bepwuna y; emescna ¢ z € V(F)\ V(F').
Torma mobasum B F' pebpo zyi, COEIMHUB BE PABIUIHBIE KOMIIOHEH-

T cBs3HOCTH Jieca F' B onny, daxrudecku BeimosHuB mar S1 (cM.
pucynok 6b). B pesyavsrare p(S7.2.2) > p(S7.2) + p(51) > 1.

y y y Y, z y WY,

Puc. 6: mmar S7.2.
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S7.2.3. Bepwuna y1 necmedrcra ¢ V(F).
Tak kak dg(y1) > 4, BepmuHa y; CMeKHA XOTs OBl € JABYMsI €Ile He
nobasiaenubivu B F BepmmHaMmu 21, 20. Jobasum ux B F', dhaktuuecku
BBINIOJTHEUB 1mar S3 (cM. pucyHoK 6¢) n momy«auMm p(S7.2.3) > p(S7.2)+
p(S3) > 7.

S8. Cywecmsyem sepuuna x € S yposusa 1, cmeocnas ¢ deyma
sepwunamu us V(F).
O6e Bepmunbl u3 P(x), KAK 0TMEYAI0Ch PaHee, JIEXKAT B OJHON KOM-
nonente cpsasHoctu F' neca F. JIoGaBuM T B JlepeBo, B pe3y/bTaTe
onua w3 Bepmna P(x) craner méprroii. [loka uTo Mbl nmeem As = 1,
Ab=1.

Bepmmnaa x cMexkHa POBHO € OJIHOM BEPIIUHON W3 7, TMYCTH 3TO
BeprmHa . lobasum y B gepeso. Ilonyuaerca

1

c(y) > ——= —c(y).

>
p(S8) > 2

1
4

=

Pazbepém meckoabko caydaen, OyaeM MPOAOIKATH IMar I0 TEX Top,
[IOKa [TOXOJ He CTAHeT HeOTPUIATEILHLIM.

S8.1. Bepwuna y cmescna ¢ V(F).
[MockombKy HEBO3MOKHO BBITTONHUTE Traru S1 — S7 ¢ BeprmHOit y, TO
y € S Uy cMexXHa ¢ [ByMs BEPIINHAMHA OJIHOM KOMIIOHEHTHI CBS3HOCTH
F* neca F. YuuTbiBag jaHHbIe O BEPIIUHE ¥, Mbl HOIy4uM ¢(y) = i u
p(S8) > —1. PaccmoTpum jBa cydast.

S8.1.1. F* = F'.

Torma obe Bepmmubl u3 P(y) W cama BepIIHHA Y CTAHYT MEPTBBIMU

(cM. pucynok 7a) n mbl umeem p(S8.1.1) > p(S8) + 3 - % = %.

Puc. 7: mar S8.1.

S8.1.2. F* + F'.
Tora COeIMANM STH JTBE KOMIIOHEHTBI CBSI3HOCTH, TOGABUB PEGPO MEK-
ny y w onHoit w3 Beprma P(y), dakrtuaeckn Bomoarns mar S1 (cm.
pucynok 7b). Iloxyunm p(58.1.2) > p(S8) + p(S1) > 0.

S8.2. Bepwuna y necmescna ¢ V(F).
Torma Bce cMeX)HBIE C Y BEPIUHBI, KpOMeE X, ere ne Boruiu B F. Pas-
Oepém 11Ba ciryuasi.
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S8.2.1.yeT.
Torma MBI MOKEM J06aBUTL B JepeBo F Tpu CMeKHBIE ¢ i BEPIIUHEI,
dakruyeckn BormosHuB mar S3 u mar S2 (cM. pucyHok 8a). Yum-
ThIBast, 4TO c(y) = %, noxyanm p(S8) > —1% u p(S58.2.1) > p(S8) +
p(S3) +p(52) > 1.

S8.2.2.y e S.
B oM cityuae Mbl MOzKeM J106aBUTh B jiepeso F/ To/ILKO j1Be CMexKHbIe
C Y BepIINHBI 21, 29. Jlobasum nx B nepeso F', B pesybrare BBHIOJIHAB
mar S3 (cM. pucynok 8b). YauTsisast, uto c(y) = 3, nosydum p(S8) >
—% u p(S8.2.2) > p(S8) + p(S3) > —%. TTpogomkuM paccMaTpuBaTh
BapHUAHTHI.

Puc. 8: mar S8.2.

S8.2.2.1. 21,29 € S
Torna nse 1obaBIeHHbIE B TIOCIEIHION 0YEPETh BEPITHHBI CTOAT 2 - %, a
He 2- %, Kak 6b110 ocunTano Beime u p(S58.2.2.1) > p(58.2.2) —1—% >0,
9YTO HAC YCTPAUBAET.

S58.2.2.2. Bepmuna 2; € T cmexna ¢ jecom F.

Ecau 2z, cmexwua ¢ nepesom F’ (cM. pucynok 8c¢), To K mary S8.2.2
jobapiisiercs eie ojHa Mépreas BepiinHa u p(S58.2.2.2) > p(58.2.2) +
§>0.

[Tycts 21 cmexna ¢ gepesom F* # F'. Torma npoeeném peGpo,
coequnsiioniee F* ¢ 21 (cm. pucynok 8d), yMEHBIIMB YUCI0 KOMIIO-
HEHT CBsA3HOCTH Jieca F' u dakrudecku Boinosnus mar S1. Iosyunm
p(58.2.2.2) > p(58.2.2) + p(S1) > &.

S8.2.2.3. Beprmina 21 € T' necmexkHa ¢ jecom F.

Tak kak dg(z1) > 4, BepmuHa 2] CMeXKHA XOTs Obl C JABYMS €IIe He
mobasyentpiMu B F' Bepumaamu. Jlobasum ux B F' (cMm. pucyHoK 8e),
dakruueckn BbinosHue mar S3 u nosyunm p(S58.2.2.3) > p(58.2.2) +
p(S3) > 0.

Crenyromiast 1eMMa 3aBEpPITAET JOKA3ATEILCTBO TEOpeMbl 1.

Jlemma 6. Ilpednosoosicum, 4mo HEBOZMONCHO BUIMOAHUMS HU 00UH
U3 ONUCAHHBIL eviuwe wazos. Toeda F' — ocmosnoe depeso, npuvém

u(F) > c(G) + 3.
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HoxkazareabcTBo. llpeanosoxnm, aTo He Bee BepiuHbl rpada G Bo-
mur B F. Torpa cymectByer He Bomremmiasg B F' Bepmmna, cMeKHasg
¢ F. Tlo mocrpoenwnto, ee cremenb XO0Td ObI 3, a 3HAYUT, MOYKHO BbI-
[OJTHUTL OJINH W3 IIAroB, NPOTUBOpEYHNE. 3HAUUT,F — OCTOBHBIN Jiec
rpada G.

[Ipeanonoxkum, aro rpacdh F mecBszen. Torma Kakme-TO IBE €ro
KOMIIOHEHTBI CBA3HOCTH JOJXKHBLI ObIThH coeguHenbl pebpom B rpade G
1 MOYKHO BBITTOJTHATE m1ar Al. 3aauut, F' CBsI3eH, TO €CTh, 3TO OCTOBHOE
nepeso. Torma Bce Bucsvune Bepiiunb gepesa F'— méprabie, B nepese F
POBHO O/IHA KOMIIOHEHTA CBSI3HOCTH U 10 3aMEYaHUI0 9 MOXKHO C/I€1aTh

caepytomuit BbiBoa: uw(F) = 2u(F) + $b(F) > cq(F) + 2. O

3 OKcTpeMaJibHBIE ITPUMEPHI.

Cuestyromasi jjeMMa TOMOXKET HaM CKJIEUBAThL OOJIBIIHE SKCTPEMaJlb-
HBIE TTPUMEPHI K ONEHKEe U3 TeopeMbl 1 u3 MaseHbKuX. [J1aBHOe Tpe-
foBaHne K 00bEKTAM CKJICHKM — HaJaudue BACAYMX BeprmH. U peiino
JleMMa [10BTOpsier JlokasanHoe B [11], TosibKO ¢ jpyroii 1eHoBoit yHK-
nueii ¢(G). JokazareabcTBo TPOitaéT st ar06oi 11eHoBoH (hyHKIMH,

B KOTOPO# BUCSYNE BEPITUHBI YUUTHIBATC ¢ KOI(DDOUUITTEHTOM %.

JIemma 7. ITycmo G1 u Go — epagos ¢ V(G1)NV (G2) = & u sucauu-
MU sepuwuramu £ u 2. Ilyemos G — epad, noaywennoitd us G1 u G
CKACUBAHUEM NO GEPWUNAM L1 U T2 U NOCACOYIOULUM CNAZUBLHUEM
00nozo mocma. yems uw(G1) = ¢(G1)+3 uu(Ga) = ¢(Ga)+ 3. Tozda
u(G) = c(G) + 3.
HokasaresberBo. Ormernm, uro v(G) = v(G1) + v(Ga) — 2. [eii-
CTBUTEJIBHO, JIBE BEPIIUHBI £ W T2 MBI CKJIEWIH B OJHY BEPIIUHY T,
[OCJIe Yero CTATHBAHME OJHOIO pebpa YMEeHbIIUIO YUC/I0 BEPIIUH eIre
na onuy. Kak Mbl snaem, g, (71) = cg,(22) = 3. Tak Kak Bepuiunbl
x1 € V(G1) u 9 € V(G2) me npunagyexar V(G), a Bce oTudaHbBIE OT
HuX BepiuHbl rpada G BXOJAT poBHO B ojuH u3 rpadoB G u G u
UMEIT B 9TOM I'pade TaKyio »Ke CTerneHb, Kak B rpade (G, Mbl uMeeM
o(G) < c(Gr) 4+ ¢(Ga) —2- 1.

Ocraérca UMb BOCTIOJIB30BATHCA JIeMMO# 1 1 HAMCATE MEMOYKY

HEPABEHCTB:
3
U(G) = U(G1) + U(Gg) —2= C(Gl) + C(Gg) +1= C(G) + 5,
49TO ¥ TPeOOBAJIOCH TOKA3ATh. O

Ocraercs mpuUBECTH 3KCTPEMAJIBbHBIN MpuMep K Teopeme 1, B KO-
TOPOM XOTs Obl JIBe BUCSYIMX BEPIIUHBI U €CTh BEPIIWHBI CTEIIEHU HE
venee 4, 9T0o0bI OIEHKA M3 TEOPEMbI ObLI& OCMBIC/IEHHOI.
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Taxoit rpad MbI BuuM Ha pucyHke 9a. B srom rpade G o 3 Bep-
bl creneneil 1,3 u 4, a sHaunt, ¢(G) = 3 - % +6- % = % Herpynuo
noHsTh, 910 u(G) = 4 (B OCTOBHOM JiepeBe MOIYT ObITh BUCAIUMHU
BepIINHAMEU 3 BHCSYNX BepiiuHbl rpacda G u He Gosee, ueM OfHA U3
seprm crenenn 4). Taxum o6pasom, u(G) = 4 = ¢(G) + 3. Torga no
JieMMe 7 MBI MOXKEM CKJIEMTb U3 TAaKUX rpadoB CKOJIb YIOJIHO JIJIMHHbBIE
nenoukn (cm. pucyrok 9b) m wa 91ux rpadax Gyger 70CTUTaThCA OlEeH-
Ka Ha KOJIMYECTBO BUCAYNX BEPIIUH B OCTOBHOM JiepeBe U3 TeopeMbl 1.

KA. K28

Puc. 9: 9xcrpeMaabHble TPUMEPHI.
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