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AnHoTanusa

B pabore mokasbiBaercs, 9TO y CBA3HOTO rpada, B KOTOPOM S Bep-
IITUH CTEeNeHN, OTIMIHON OT 2, CYIIeCTBYeT OCTOBHOE IEPEBO, B KOTOPOM
ne meree (s — 2) + 2 BUCSNX BepIIAH.

[Iycte G — cBasubiii rpad obxpara He MeHee ¢, B KOTOPOM JIJIMHA
HAMOOIBITIEN TIETTOYKY TTOCTEIOBATEIBHO COSTMHEHHBIX BEPITUH CTere-
un 2 ne npepocxoaut k > 1. JlokasbiBaercs, 9To v rpacda G cylecTBy-
eT OCTOBHOE JIEPEBO, B KOTOPOM He MeHee oy (v(G) —k —2) +2 Bucaanx

g+l
BEPIINH, TIE Qg f = %
k>g—2.

[IpupoasiTcs HeckOHEUHBIE CEpUN TPUMEPOB, TTOKA3BIBAIOIINX TOY-
HOCTb BCEX JOKA3dHHLIX OIICHOK.

—2
npu k < g—2u oy = (g—f)w pu

LABTopbl 6marogapar 3a nommep:xkky ncciaenosanuiit POOU, Iporpammy dyHaaMen-
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1 Bseaenne. OcHOBHBIE 0003HAYECHUA

B pabore 6yayT mcmosb3oBaThCd cranaapTabie obo3uauenns. Muoxe-
crBo Bepimn rpada G Mol Gyem o6o3nauars depes V(G), MHOKECTBO
pédep — uepes E(G), ans KomvecTsa BEPIIUH 1 PEGep Oy1eM UCTIO -
3oBarh obozmavenus v(G) u e(G) coorsercrenno. Besyme B pabore
rpadbl He comepKaT MeTeb U KPATHRIX pebep.

Yepes dg(r) obosmaunm crenenb BepmuHabl & B rpade G, MuHu-
MaJIbHYIO CTeleHb Bepiuabl rpada G, Kak 00bIYHO, 0003HAUNM Yepes
d(G). Okpecrrocts muoxkecrsa Bepuud W C V(G) (To ecrb, MHOKE-
¢TBO BCex BepmuH rpada G, CMEKHBIX XOTd ObI ¢ OQHON BEPIIMHONR 13
W) o6oznaanm uepes Ng(W). Uepes g(G) obozmaumm obzeam rpada
G (TO ecThb, UIMHY €r0 HANMEHBIIEro [UKJIA).

Onpenenenne 1. ma ceasnoro rpada G obosnaunm vepes u(G)
MaKCUMaJIbHO BO3MOXKHOE€ KOJUYECTBO BUCAYNX BEPIIMH B OCTOBHOM
nepese rpada G.

Sameuanue. Ecim F' — nepeso, TO HETPYAHO TOHSTH, uTo u(F) —
KOJIMYECTBO €r0 BUCAYNX BEPIINH.

Ouy6/IMKOBAHO HECKOJIBKO PAbOT, B KOTOPBIX JJOKA3bIBAIOTCS OLEH-
ku cuuzy Ha u(G). Tak, B 1981 romy Cropep [1] mpesmosoxui, 9To
u(G) > tv(G) mpu §(G) > 3. B 1981 roxy Jlunman sbickasan Gosee
cunbhyto runoresy: u(G) > gggﬁ + ¢ upu §(G) > 3, e KOHCTaH-
ta ¢ > 0 3aBucur Tos1bKO 0T 0(G). DTa TUIOTE3a NOSIBUIACH HE HA
nycroMm Mecre: st roboro d > 3 Jerko npugyMarh GECKOHEIHYTO
CEepHI0 NpuMepoB IpadOB ¢ MEHAMAJIBLHON CTENeHbIo d, I KOTOPBIX
fjgg)) CTPEMUTCS K g—ﬁ. Takum 0b6pazom, OTeHKA U3 TUTTOTE36 JInHna I
ACHMIOTOTUIECKN TOYHA B TEX CAydasdx, KOTJa OHa BEpHA.

Jlnsa d = 3 yTBepxkaenue runore3nbl pokaszaan Kiedirman m Becr
([3], 1991), mss d = 4 u d = 5 — T'purrc u By ([4], 1996). B o6enx
paborax npumeHsics mMeroq mépmenx eepwun. C pasBuTHEM ITOTO
Meroza st d > 6 ecTb 3HAYMTENIbHBIE NPOOJIEMbI, NATbHEAIINX pe-

3yJIbTATOB Ha HacTosuii MoMent Her. 113 pabor [5, 6, 7] cieayer, uro

JUTST TOCTATOYHO 6ostbiux d runoresa JInanaga vHesepra. OaHaKO, ISt
MaJIBIX BHAYEHUH d > 5 BOMIPOC OCTAETCST OTKPBITHIM.

B pgane paboT paccMaTpmBaOTCS OCTOBHBIE TEPEBhS B KIACCE TPa-
OB ¢ JOTMOJHUTETLHBIMA OTPAHIICHASIMEA BHIA 3aITPETa Ha KaKO#-TO
noarpad. bosbie Bcero paboT mOCBAIIEHO N3y IE€HNUIO OCTOBHBIX flepe-
BbeB B rpadax 6e3 K, (moasoro noarpadpa Ha 4 BeprinHax 6e3 0JHO-
ro pebpa). Cuagana ([2], 1989) 6bu10 nokazano, aro u(G) > W
B CBsI3HOM KyOuueckom rpace 6e3 K . Ilosxe Bomema ([8], 2008)
JIOKA3a/1 JIB€ MHTEPECHBbIE ONEHKHU jis cBasHoro rpada ¢ 0(G) > 3:



W nuist tpada 6e3 TPEYroNbHUKOB (TO ecTh, ¢ g(G) > 4) u

>
u(G) > %(G# aist rpada 6e3 K .

STI/I PEIYIBTATHI HE JaI0T OTBETA Ha BOMPOC, KaK OIIEHUTH KOJINYe-
CTBO BUCSYUX BEPIIUH B CBA3HOM rpade ¢ BepmmHamMu crerneneii 1 m 2.
Henapmo mosgsuinch paboThl, B KOTOPHIX HAJIUYIUE BEPITUH cTemeHn 1
u 2 B rpade He MEMaeT MOCTPOEHUIO OCTOBHOTO JepeBa ¢ JTOCTATOTHO
GOMIBIIMM KOJIMYECTBOM BHCAYUX Bepiiut. B pabore [9] pist cBsa3HOTO
rpada G ¢ g(G) > 4 u v3 BepuMHAME CTeNeHH XOTs Obl 3 J0Ka3aHa
onenka u(G) > % (Ha camoM fiesie, OIEHKa JO0Ka3aHa jas Oosee
mupokroro kjacca rpacdos). B pabore [10]| ans ceazuoro rpada G ¢
d(G) > 3 u v3 BepIIMHAMU CTENEHW 3 U VU4 BEPIIMHAME CTENEHU XOTS
661 4 okazana omerka u(G) > 224 4 25,

EcrecrBennbiM npogo/mnkernemM 3tux padboT Oyaer meppasd TeopeMa
n3 Hareil paboThl, r/ie CBOI BKJIAJ B OIEHKY KOJIWYECTBA BUCAINX BEP-
IIIH OCTOBHOTO J€peBa BHOCAT U BUCSINE BEPITMHBI HCXOIHOTO rpada.

Teopema 1. I[lycmv G — ceasuvili epagd, 68 KOMOPOM S BEPUIUH UME-
1om cmenens, omaunnyro om 2. Tozda y 2paa G cywecmeyem ocmos-
HOe JePeso, 8 KOMOPOM HE MeHee %(s — 2) 4 2 sucanur 6epUIUH.

B kagecTBe 09eBUIHOTO CAEACTBUS MBI TOJyIaeM OTEHKY Ha KOJIU-
9eCTBO BUCSYMX BEPIWH B OCTOBHOM nepese rpadpa 6e3 Bepmma cre-
meHn 2.

Caencreue 1. ITycmv G — ceasunill 2pad 6es3 sepuun cmenenu 2.
Tozda y epagpa G cywecmseyem ocmosroe depeso, 6 KOMOPOM He MEHEE,

vem 1 (v(G) — 2) + 2 eucanux sepuun.

Ounpeaesienune 2. O6o3uaunm depes £(G) KOJIUIECTBO BEPIIUH B MaK-
CUMAJILHOM TeMoYKe TI0CIeI0BATeILHO COSIUHEHHBIX BEPIIMH CTeIeHH

2 B rpade G.

B pabore [11] gus casuoro rpada G ¢ ((G) < k (rge k > 1)
nokazana onenka u(G) > ﬁ’u(G). OJHAaKO JT0KA3aTeIbCTBO, MPH-
BejgénHoe B [11], cymecrBenno ucnosnb3osasno, uro k > 1. Caexcreue
1 moka3zwiBaer, uro u juid k = 0 oleHKa mnojaydaercs Takoil xe. Mbl
yeuaum pesysbrar paborsl 11, mosyunB HOBYIO CEpHIO OLIEHOK, KO-
TOpas CBI3bIBAET KOJMYECTBO BUCAYUX BEDPIIUH B OCTOBHOM JI€DEBE C
obxsarom rpadea.

Teopema 2. I[Iycmv G — ceasuwti epap, g(G) > g, a U(G) < k,
k > 1. Tozda y epaga G cywecmeyem ocmosnoe depeso, 6 KOMOPOM
ne menee, wem oy | (V(G) — k — 2) + 2 sucawuz sepwun, 2de

- W(zaen:[%]) npu k < g — 2,
7 et npu k> g -2



OTmeTnM, 9TO BOIPOC O TAKKUX ONEHKaX jyist ciryvast k = 0 (1o ecTs,
rpada 6e3 BepmmH crenenn 2) 0CTaéTCst OTKPBITHIM.

2 OcHOBHOIT MHCTPYMEHT

B sTom paznesie Mbl chOpMYIUPYEM U JOKAXKEM JIEMMY, SBJISIIOILYTO-
¢S OCHOBHBIM MHCTPYMEHTOM BCEX JIOKA3aTeNhCTB Halleil paboThl. DTa
JIEMMa [MOMOXKET PEJIYIIUPOBAThH J0KA3aTEIbCTBO OIEHOK B Teopemax 1
u 2 B CJIy9asix, Korga B rpade ecTb TOYKHM COJIEHEHUsT U, Ha0060POT, CO-
OUpaTh SKCTPEMATbHBIE TIPUMEPHI /1 HAIIIAX OIEHOK, KAK U3 JeTaJseit
KOHCTPYKTOPA.

Har meron ucmonb3yer Teopuio 6,10KOB 1 TOUEK coduaenenus. s
y100CTBa MBI IPUBEJIEM OTIPEIe/IeHUsT OCHOBHBIX moHsiTHit. [logpobree
KJIACCHIECKHe PE3YIbTATHI 0 OI0KAX W TOUKAX COUICHEHUT M3TOKEHDI
B [12] u Apyrux KHUTAX.

Omnpenenenne 3. Touxoli cowaenenusn cBsa3uoro rpacda G Ha3bLIBaET-
cst JiE0Dast ero BepInvHa, IPU YIAJIEHUM KOTOPOH TepSercs: CBSI3HOCTb.
syceastvim TpadoM HABBIBAETCS HEMyCTON CBI3HbIN Tpad 6e3 Touek
cownenenus. Baox rpada G — 3TO ero MaKCHMATBHBIN 110 BKJIIOUEHHTO
OBYCBsI3HBIN ToATrpad.

Mocm rpada G — 510 pebpo, He BXOJAIIEE HU B OTUH ITHAK.

Ounpepesienune 4. 1) Ilycrs nansl gsa rpada Gru Gacx; € V(G) u
x9 € V(G1). Craeums rpacder G u G 110 BEpIImMHaM 1 ¥ T2 3HAYUAT
CKJIEUTH JBE BEPUINHBI ] W T2 B OJHY BEPIIUHY &, KOTOPO# OYIyT
[epeJIaHbl BCE BBIXOISIIIUE U3 1 U T pEOpa oboux rpados. OcrajibHbie
BepIuHbI 1 pébpa rpacdor G1 u G2 BOWIYT B TIOJYUYEHHBIN U CKJIeHKe
rpacd 6e3 m3menenwnii. Bce ocmaavhbie sepuiunv, oboux epados npu
oMol ONEPAYUL Mbh CHUMAEM PAAUNHDLMAU.

2) Hdns moboro pebpa e € E(G) onpenemum rpad G - e, B KOTOpoM
KOHIIBI pebpa e = XY CKJIEEHBI B OJIHY BEPIIWHY, KOTOPO# mepeIankl Bce
UHIUIEHTHBIE T U Y pébpa. Bynem rooputh, uto rpad G - e monyden
n3 G B pe3ynbTaTe cmausahua pebpa e.

Sameuanme. 1) Ilpu craruBaHum MOCTOB He 00pa3yeTcs TeTeNb U
KPaTHBIX pedep.

2) Ilycrs rpad H noryuen w3 rpadga H' cTaruBanmeM HECKOJBLKAX
moctor. Torma, ouesnano, u(H) = u(H').

JIemma 1. ITyemo G1 u Go — epagos ¢ V(G1)NV (G2) = D u sucauu-
MU sepuuramy 1 u To. Hyems G — epad, noaywennoild us G1 u Go
CKACUBAHUEM NO BEPWUHAM T1 U T2 U NOCACOYIOUUM CMALUSGHUEM
m’ — 1 mocmoe. Tozda 6uNOARAIOMCA CACOYIOUUE YMBEEPAHCOCHUA.



1) u(G) = u(G}) + u(Gh) — 2.
2) ITycmo

w(G1) > a(v(G1) —m)+2, u(G2) > a(v(G2) —m)+2 um'>m.
1)

Tozda u(G) > a(v(G) — m) + 2. Ecau ece mpu nepasencmea us (1)

obpawaromes 6 pasencmeo, mo u(G) = a(v(G) —m) + 2.

Iokazareancrso. 1) Ilycre G’ — rpad, nonyuennsiii uz G| n GY)
ckylemBaHmeM 1o i u ra. [1o sameuannto 2 mbr nmeem u(G') = u(G).
Ocraéresa mokasare, uro u(G') = u(Gy) + u(Gh) — 2. Ilycrs © — Bep-
mmna rpacda G, noaydyeHHas U3 T U To B PE3Y/IbTaTe CKICHBAHU.

>. Paccmorpum ocrosrble nepesba 171 u Th rpados G u GY ¢
w(Th) = u(G)) n u(Tz) = u(Gh). Ckaens B HUX BUCAYIME BEPITHHDBI
T1 W To B OJHY BEPINWHY T, MBI TOJIy9uM OCTOBHOE nepero 1’ rpada
G c u(T) = u(Th) + u(T2) — 2 (Bce BUCAIME BEPUIUHBI JepeBbes 1] u
Ty, KpoMe X1 U Ta, ocTamuch Bucaaumu B gepese T'). CremoBaTensHo,
w(G") > u(G)) + u(Gh) — 2.

<. Teneps paccmorpum ocrosroe gepeso 1" rpada G’ ¢ w(T') =
u(G'). BepmmHa 2 gBIgeTCA TOYKON counenenus rpacda G’ u moromy
He sIBJIsIeTCs BUCaveii Bepmmaoil nepesa 1", snaunt, dp (v) = der(x) =
2. OueBuno, Jepeso 1" cKJeeHo 10 BepIInHAM T U T U3 OCTOBHOTO
nepesa 1] rpacda G (B KOTOpOM BeplIMHA 1 — BUCHYAst) U OCTOB-
woro nepesa T4 rpada G (B KOTOPOM BepmmHa To — BuCAdas). Bee
OCTAJIbHBIE BUCSYINE BEPITUHBI 1epeBbes 1] u 1Y ABISIOTCA BUCTINMA
BepmmHamu gepesa 1’, nosTomy

u(G') = u(T") = u(T7) + w(Ty) - 2 < u(GY) +u(Gy) — 2.

2) Ormernm, uro v(G) = v(G)) +v(G5) —m/. HeiicrBurensHo, ase
BEPpHIWHbLI 1 U T2 Mbl CKJIEMJIX B OAHY BEPHINHY I, IIOCJI€ Y€Tr0 CIIie
m’ — 1 pepmmny cremenu 2 cramyan. [loce moKaszaTenbCTBa IyHKTA 1
OCTAETCSL JIUIIb HAIINCATH OEero9Ky HEPABCHCTB!

u(G) = u(G) + u(Gy) = a(v(Gh) —m)+2+a(v(Gy) —m) +2-2 =

= a((v(G)) +v(GL) —m') —m+(m'—m)) +2 > a(v(G) —m) +2. (2)

Herpyano 3amMeTnTh, 94TO B CIydae, KOrja Bee HepapeHcTBa 13 (1) 06-
PAIAIOTCS B PABEHCTBA, BCE HEPABEHCTBA B (2) Takyke 0OpammaTcs B
paBEHCTBA. O



3 Teopema 1 u cepud 3KCTpeMaJIbHBIX
IIpUMeEPOB

JokazareabcTBo Teopembl 1. Mol 6yaem cautarh, 9To B rpade G
€CTh BUCAYMEC BEPIINHDBI, NHAYC MOXKHO BOCIIOJIB30BATHCA PE3YIbTATOM
paboTsl [3].

JIemma 2. (D. J.Kleitman, D. B. West, 1991.) ITycmv G — ceas-
noti epad, 6(G) > 3. Toeda u(G) > @ +2.

[Mycre U — muOXKecTBO BCex Bucgamx BepinuH rpacda G, W —
MHOKECTBO BCex Bepiind rpada G, CMEXHBIX ¢ BUCTIAMHA, X — MHO-
JKECTBO BCEX HEBHCS4MX BepiuH rpada G, CMEKHBIX C BEPITMHAMU U3
W u, naxonerr, ¥ — MHOXKECTBO BCEX OCTAJBHBIX BepmuH. [lra npons-
BOJILHOTO Tpada I obosuaunm depes S(F') MHOKeCTBO BepinuH rpada,
cTereHb KOTOPBIX He papHa 2, a yepe3 s(F') — ux xoam4ecTro.

[Iycte H = G — U. Ouesunno, rpad H cesazen. JokazaregbcTBo
Teopembl | ByzieM BeCTHM WMHAYKIMEHR 1o pasmepy rpada: npucrynas K
JTIOKA3aTeTbCTBY s rpada G 6ymeM cIuTaTh yTBEPKIEHHE TOKA3AH-
HBIM 1 TPadOB ¢ MEHBITUM IHCJIOM BepPIUH W rpadoB € TAKAM KE
IUCTIOM BEPINHH, HO MEHBIITHIM YHUCIOM pEdep.

Basy undyxyuu cCOCTAaBUT OYEBUIAHBIN Cjydaii, korga B rpacde H
e Gojiee IBYX BEpIIMH. Bce BO3MOMKHBIE B 9TOM C/Iy9ae BapPUAHTHI
HETPY/IHO nepedpars.

B undyxuyuonnom neperode Mbl pazbepéM HECKOIBKO CyUIaEB.

1. B epape H ecmo sepwiuna a cmenenu 2.
Ecan a — Touka cousieHeHus, TO, CTSIHYB €€, Mbl [OJIyYUM MEeHbIINl
rpad G’ ¢ s(G') = s(G) n u(G') = u(G). Ecmm xe a — He TOUKa
COUJIEHEHMsI, TO MHIH/IEHTHOE eii pebpo ab — He MOCT U Mbl PACCMOTPUM
ceszmplii rpad G = G — ab. Iockombky a € S(G') \ S(G), S(G) \
S(G") C {b}, To mbr umeem s(G') > s(G). Tak Kak 060€ OCTOBHOE
nepeso rpada G’ gaBagercsa ocTOBHBIM jepeBoM Tpada G, MBI MMeeM
u(G") < u(@). B 06oux cayqasx yreepxaenue Teopembl jia rpadba G
CJIeJIyeT U3 yTBEPKIEHHUsT TEOPEMBI J/id Menbinero rpada G'.

Aanee mor 6ydem cwumams, umo s(G) = v(G) (mo ecmw, 6ce sep-
wunwt 2paga G umerom cmenens He 2).

2. I'pagp H we deyceasen.

[Iycts @ — Touka counenenud rpada H. Torma a — Touka codie-
uvenus rpada G, TO ecTh CYIEeCTBYIOT Takue cBsi3ubie Tpadbl G u Ga,
9TO

V(Gl)UV(Gg) = V(G), V(Gl)ﬂV(Gg) = {a} " ’U(Gl),’l)(Gg) > 2.



Hna i € {1,2} paccmorpum rpad G, monyuenuwiit uz G; npucoenn-
HEHUEM HOBOI BUCHYell BepUIHHBI X; K BepimuHe a. Torma rpad G mo-
ayuaaerca u3 G} u G ckyieiikoii BepIIMH T1 W T3 B OJHY BEDPIIUHY
T W TOCJeAYIONEero CTATUBAHUSA JBYX WHIUJAEHTHBIX & MOCTOB (mpwu
9TOM siBe Konuu Bepumubl a B rpadax G u GY) cknesTcst B BepImmy
a rpada G). Takum 06pa3soM, BBITOJHSIOTCS yCJIOBUS TTyHKTA 1 Jiem-
mbl 1 1 vt mveem u(G) = u(GY) + u(G5) — 2. Herpyano nouaTs, 910
v(G)) < v(G) n v(Gh) < v(G). Torga MO MHIYKIMOHHOMY HPEIITON0-

xenmio u(GY) > S(GI}# + 2w u(Gh) > S(G%# + 9.
Ormernm, uro s(G) = v(G) u Bee Bepmmnbl rpacdos G n G,

kpome a, mMetor crenenb He 2. [Tockombky 3 < dg(a) = ch/1 (a) +
dgy(a) — 2, To BepmAHA @ MMeeT CTeleHb He 2 XOTA Obl B OJHOM U3
rpados G u GY. Tosromy

5(G) = v(G) = v(G)) +v(Gh) — 3 < s(GY) + s(Gh) — 2.
Takum obpazowm,

s(G)) —2  s(Gh) — 24_2 > s(G)—2

u(G) = w(Gh)+u(Gy) =2 > —— 1 4

+2,

970 ¥ TpebOBATOCH JOKA3ATH.

B dasvnetiwem mor 6ydem cuumamo, wmo 6 2page H nem mouer
counerenua. Imo 03Hawaem, 4mo 6ce mouky cowsenenua epaga G —
amo eepwunv. mroscecmsea W (sepwuna w € W omdeasem cmesrcrvie
¢ Hetll BUCAYUE BEPWURDL OM OCTNAALHOIT SEPUUH 2Pada).

JLst manbHERTIIX TPOIBHKEHUH HaM TOTPebyeTcs JeMMa.

JIemma 3. ITyecmw a,b € V(G) — cmesicnme sepwunss, a nodzpagd G’
— Kxomnonenma ceasnocmu epaga G — a, codepocawsasn sepuuny b.
Tozda, ecau b — mouka cousenenua epada G', mo u(G) > u(G') + 1.

HokazaTeabcTBo. Paccmorpum octosroe nepeso T rpada G c u(T') =
u(G"). ocTpoum ocrosroe nepeso T rpada G, NTPUCOEMHUE BEPITUHY
a K b ¥ Janee NIpHCOCIUHKB K BEpHIMHE @ BCe oTamdHbIe 0T G KOM-
moHeHTHl ¢BasHocTu rpada G — a. Bepmmua b — Touka cowieHenns

rpacda G’, mosTOMY OHA He sBJIgeTCA BUCAYell BepmmHOi B nepese 1.
Crenosaremsro, u(G) > w(T) > u(T')+ 1 =u(G") + 1. O

[Ipomoskum pazbop ciaydaes B J0Ka3aTeIbCTBE TeOpeMbI 1.

3. Cywecmsytom maxue cmeschve sepwuns, a,b € V(G), umo
dg(a) <3, a b — mouxa counenenua epagpa G — a.
ITycts G’ — koMmnonenTa cesasnocru rpada G — a, cogepxkarasn b. 13
neycBasHocrn H monsTHO, uto B G He TI0Omasa TOJLKO BEpIIMHA G U
CMEXKHBIE C Hell BUCHUYME BepIuHbL. Takum 00pazom,

S(G)\S(G') c {a}UNg(a), mnosromy s(G') > s(G)—dg(a)—1 > s(G)—4.



Ilo mHAYKIIMOHHOMY TPEITOIOKEHNIO, JJeMMe 3 M JOKa3aHHOMY BHIIITE
MBI TMeeM

s(G) —2

3>
oz 4

+ 2,

970 ¥ TpebOBATOCH HOKA3ATH.

4. Cywecmeyrom makue cmeschve eepwunse ,y € V(H), umo
de(x) > 4, da(y) > 4.
Torna pacemorpuM rpad G’ = G — zy. Tak xak rpadp H apyceasen,
rpad G’ — cBa3eH U JJI9 HEro yTBep:KJeHne TeopeMbl yyKe J0Ka3aHo.
[Tonarno, aro s(G') = s(@G), a ocToBHOE nepero rpada G’ apagerca
0CTOBHBIM giepesoM (G, TIO3TOMY yTEREpKJeHne Aokazano u gt G.

5. lloaprToxxkum pazobpaHHbie CAydan W BHISCHUM CBOWCTBA, KOTO-
pBIMH Temeps obaamaer rpad G.

Jlemma 4. Ecau epap G we ydosaemeopaem ycaoeuro Hu 00H020 U3
PA3OOPAHHBIT CAYHAEE, MO OH YJOBAECTNGOPAELM, CACOYIOULUM CEOTCTNGAM.

1° Huxaxue dee sepwunve mroncecmea W ne cmescHbi.

2° Bce sepwunvt muoocecmsea W umerom cmeners 3.

3° Muoorcecmso X He nycmo u cocmoum u3 sepuiut cmenen 60-
aee 3.

4° Kaocdaa sepusuna mmooicecmea W emeorcra ¢ 00noti sucavet
gepuurnoli 2paga G u dsyma sepuwunamy mHoscecmea X .

HokazareabcTtBo. Bee Beprmuubl u3 W — Touku codneHenus rpa-
da G. Tak kax rpad He OLLT PACCMOTpPEH B MyHKTE 3, JJId KaxKIoi
BepiuuHbl w € W Bce cMexKHbIE ¢ Hefl BEPIIMHbI, KPOME POBHO OJHOI
BUCAYEH, UMEIOT CTereHnb Oosiee Tpéx. Takum o0OpaszoM, CTEmeHn BCEX
BepInuH MHOXKecTBa X OoJbIme 3.

Hokaxem, aro W — muezaBucumoe MuHOKecTBO rpacda G. Ilycrs
pepmuBbl w,w’ € W cmexubl. Torma xors Gbl OfHA M3 HEX HMeEET
crenens He Gosee 3, mycth dg(w') < 3. Ho B 3TOM Ciiydae Bepim-
Ha w € W cMexHa ¢ HeBHUCSUell BepIIUHON creneru He Hojee 3, 9T0
IPOTUBOPEYAT JOKA3AHHOMY BBIIIIE.

WUrak, W — mesapucumoe MuoxKecto. Torma X # @ um Kaxzgasd
Beprinaa w € W cmexna xorst 61 ¢ dg(w) — 1 > 2 Bepumnamu u3
X. Tak kak cremnenu Bepriua MHOXKecTBa X Gostee 3, o dg(w) = 3.
Takum 06pa3omM, BCe yTBEPXKICHUS JEMMbI JTOKA3AHbI. [

PaccMorpuM BepuHy w € W H cMeKHBIE ¢ Heil BepIIuHb X, €
X. Mycrs a # w — cMexHag ¢ T BepIIuHA. JIerko moHdTh, aro a € W
win a €Y u dg(a) = 3.

Mycts G* = G —2'w, a G’ — xomnonenTa caznocTu rpacda G* —a,
cojiepzkaltas Bepiuny w. OUeBUIHO, BEPIINHA & — TOYKA COUICHEHMUS



rpacda G’ (oTHensiomas w M CMEKHYIO ¢ Hell BUCATYI0 BEPIIAHY OT
OCTaTbHBIX BepIHH rpada), mo3TOMy, IPUMEHUB JeMMy 3 K rpadam
G* u G', mu1 nonyanm u(G*) > uw(G') + 1.

I'padp G — a cBs3eH U BepIUHA & HE ABJISIETCA €10 TOUYKON COUJIe-
HeHus (WHAYe 3T0 ObLT ObI Caydail 3), MO3TOMY Tw — HE MOCT Tpada
G — a. Tak kKax w cMexKHa ¢ BUCHYeH BEPITUHON U JABYMSI BEPITHHAMEI
xz,7’ € X, aro oznadaer, yto r'w — Tak:ke He MocT rpada G — a.
Cunenosarensno, B rpadpe G —a — 2'w = G* — a Bce BepHIMHBL, KpoMe
a u — B ciayyvae, korma a € W — cMexxHO# ¢ Heil BuCAYell BEpPINUHBI,
BxoJdT B KoMmionenTy cesasnocru G'. Ormerum, uro ecim @’ & Ng(a),
to de(2') = dg(2') — 1 > 3. CneporarennHo,

S(G\S(G') C {a}UNg(a), mnostomy s(G') > s(G)—dg(a)—1 > s(G)—4.
Mo napykmmonaOMy Tipeanotoxenuto, u(G') > W—I—Z YuureiBas,
aro G* — moarpad G 1 DOKa3aHHBIE BLIIIE HEPABEHCTBA, MBI HMEEM

S(G/)*2+325(G>*2

u(@) = u(@) 2 u(@) + 1= T ]

+ 2,

49TO U TPeOOBAJIOCH JTOKA3ATh. O

3.1 DKcTpeMaJibHbIE ITPUMEPDI

Paccvorpum mgepeso T, B KOTOPOM €CTh TOJIBLKO BEPIMMHBI cTernmernn 1 n
3, TPUIEM BEPITINH CTETIEHN 3 POBHO N. JIeTKO BUIETH, UTO KOJTNIECTBO
Beprins crenenu 1 rorga pasao n+2, a e(T) = 2n+ 1. Bamennm Kax-
JIYEO BEPIIIHY & cTernenn 3 Jepesa 1’ Ha TPeyroibHUK, TepeIaB KaK 01
13 TPEX BEPINUH TPEYTOAbHUKA M0 OJHOMY U3 pébep, MHITMIEHTHBIX B
nepese T sepmmie z. B monyuernnom rpade G 6yaer n + 2 BepIuHbI
crenern 1 u n rtpeyroabaukos, uroro v(G) = n+ 2+ 3n = 4n + 2.
Bce memucstane Bepmnael rpada G SBISIOTCT TOYKAMHA COUTEHEHUS
u IIOTOMY HE MOTYT 6])ITb BUCAYMMM BepIIMHaMMU OCTOBHOTO JE€peBa.

Cnenosarensno, u(G) =n+2 = % + 2.

4 Teopema 2 m cepusd 3KCTpPeMaJIbHbIX

IIPUMEPOB

Crauasia npuBeieM HeoOXOIUMbIE OTIpeIeeHus U (POPMYIUPOBKY JIeM-
MBI O pacIierienun 60X 610k0B u3 paborst [11].

Onpegnesenne 5. ['panuya 640oka B — 970 MHOKECTBO BCEX BXOId-
mux B HEro Touek cowienenus rpada G (o6osnadenue: Bound(B)).
Brympennocmo 6i0ka B — 910 MuO)KecTBO Bepinut Int(B) = V(B) \
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Bound(B). Bepmmabr u3 Int(B) mbl 6y1eM HA3BIBATH GHYMPEHHUMU
gepuwuHamu 6ioxka B.

Biok Has3BIBAaETCS NYycmouiM, €CAU Y HETO HET BHYTPEHHUX BEPITIAH
(o ectb, Int(B) = &.) Nnave 6,10k HABBIBAETCST HENYCTVLM.

Biok B Ha3wpiBaeTCs 6OAbWUM, €CTTH KOJUIECTBO €10 BHYTPEHHUX
BepIHH (OJIbIE KOJTMIECTBA ero FPAaHUYHbBIX BepiuH (10 ecTb, |Int(B)| >

|Bound(B)]).

Jlemma 5. Ilycmo G — 2pad ¢ 6oaee wem deyma sepuwunamu. Tozda
cywecmeyem nabop pébep F C E(G), ydosaemeoparouyuti caedyrouwum
YCAOBUAM:

1° epagp G — F' ceasen;

2° y epagpa G — F nem boavwux 640%K08;

3° ecau sepuunn ¢ u Yy cmescnvt 6 G—F udg_p(x) = dag-r(y) =
2, mo dg(z) = da(y) = 2.

JokazaTeabcTBO TeopeMbl 2. U ma 310T pa3 A0Ka3aTesbLCTBO Oy-
JIeT UHAYKITHEH 110 KOJIMYEeCTBY BepIinH rpada, TOJbKO Mbl TTOMEHAEM
MecTaMu Dazy u mepexos,.

1. Cnycx.

Bynem cumrars, uto rpad G’ menbme rpada G ecam u(G') < u(G).
B s7oit wacTu Mbl pa3zbepéM caydan, KOrJa U3 yTBEPKIeHUs] TeOPEMbI
2 JJId BCEX MEeHbIINX Fpa(bOB MbI MO2KE€M BBIBECTH yTBEP2KACHUE IJIA
rpada G.

IIycTh wun — 5TO HEPA3BETBJIEHHOE JEPEBO (BCE HEBUCSYUE BEp-
IIWHBI KOTOPOTO UMEIOT CTETIEHD 2), MPUCOEINHEHHOE 38 OJTHY U3 CBOUX
BHUCSIINX BEPIIUH K TOYKe COUTEHEHUs ¢ (KOTOPYIO MBI HA30BEM OCHO-
BAHUEM WIUNG,).

Hazosém Touky counenenus a rpada G necyusecmeennot, ecan y
rpada G — a poBHO ABE KOMIIOHEHTHI CBA3ZHOCTH, OJHA U3 KOTOPHIX SB-
JISTETCST WUNOM C OCHOBaHHEM a. B IPOTUBHOM CJiydae HA30BEM TOUYKY
COUJIEHEHUS CYUECNEEHHOU.

1.1. B epagpe G ecmv cyusecmeennas mouka COMACHEHUA Q.

Ecin dg(a) = 2, 10 BepmmHa G NPUHAIEKUT HEKOTOPOH HEIouKe
U3 TIOCTIEIOBATEIEHO COSTMHEHHBIX BEPINH CTEMEHN 2, MyCTh KpaiiHue
BEPIUHBI 3TOH MENOYKN CMEXKHBI ¢ BeprmmHamu b u b’ (cremenn KoTo-
pbix He papHbI 2). Tak Kak a — CyIeCTBeHHAs TOYKA COYJCHEHUS, TO
dg(b) >2udg(b) > 2, mpudem b u b’ — TakXKe CyIMECTBEHHBIE TOUKA
COUJICHEHM .

Urak, paccmorpuM crydaii dg(a) > 3. Bepmmna a apiagercs cyie-
CTBEHHOI TOUKOH counenenus rpada G, MOITOMY CyIMIECTBYIOT TAKHe
cesasnble Tpadbl G1 n Go, aro V(G1) UV (Gs) = V(G) n V(Gy) N
V(G2) = {a}, npuuém un opun us rpacdos G u G2 He gBasercs mu-
[OM C OCHOBAHHEM Q.
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[Tocrponm u3 rpada G1 rpad G). Ecm dg, (a) = 1, To G} = G;.
Ecaun xe dg, (a) > 2, To npucoesuuum K BepiimHe a i u3 k + 1
sepmmnbl. Takum obpasom ((GY) < k, g(G}) > ¢(G). Aumanornano
nocrponm rpad Gh.

[Mockonbky 3 < dg(a) = dg,(a) + dg,(a), o dg,(a) > 2 win
dg,(a) > 2. Takum 06pasom, Tpu TOCTPOEHUU XOTS OBl OJHOTO U3
rpacdos G| mmm G4 mbt nobasunm mun u3 k + 1 pepimunbl. YanThiBad,
9TO BEPIIWHA @ BXOAUT B 00a rpada, Mbl OJIy9aeM HEPABEHCTBO

v(GY) +v(Gy) > v(G) + k + 2.

I'pad G nomyuaerca uz G| u G ck1efikoil 1ByX BUCAINX BEPIINH
(KOHIIOB NPUCOEAMHEHHBIX IIUIIOB) U IIOC/AEAYIONIUM CTAMMBAHUEM HE
menee, gem k+ 1 mocra (B pe3ysabraTe JBe KOMUU BePIMUHBI ¢ B rpadax
G| n G, cknearcs B sepimny a rpada G). Ilo mynkry 1 memmbr 1 mbr
mveem u(G) = u(G)) + u(Gh) — 2. Tockombky rpader G1 u Gy He
ABJISIIOTCS MUIAMU ¢ ocHOBanueM a, 1o u(GY),u(Gh) > 3 u cremosa-
rempro u(G)) < u(G) n u(G,) < u(G). Torma MO WHIYKIMOHHOMY
[PE/IIOI0KEHIIO Mbl IMeeM

u(G) 2 agr(v(G1) =k —2)+ 2, u(Gh) = agr(v(Gy) —k—2) +2.

Teneps no mynkry 2 memmbl 1 momygaercs, aro u(G) > agx(v(G) —
k —2) + 2, aTo u Tpe6oBaIOCH OKA3ATD.

1.2. B zpagpe G ecmov 6oavwue 6A0KU.
ITo nemme 5 MBI MOKeM BBIOpaTh Takoil Habop pébep F C E(G), uro
rpad G’ = G — F casen, ne uMeer GOJILITHUX OJIOKOB U JIJIs JIFOOBIX
nByx cMexxubXx B G Bepmmn x u y w3 de(x) = der(y) = 2 cueny-
er dg(z) = dg(y) = 2. Torma £(G') = max(¢(G),1) < k. OueBua-
mo, g(G') > g(G) = g, uw(G') > u(G). TTosTOMY MBI MOXKEM TpPUME-
HATL WHIYKIMOHHOE IpeamnoJoxkenne mis rpadga G’. Tax kak so6oe
octosHOe slepeso rpada G apngerca ocToBHBIM Aepesom rpada G, To
w(G) > u(G') > ay,(v(G) — k —2) + 2, aro u TPeGOBAIOCH JJOKA3ATH.

2. Basa.
Bynem ymenbmars rpad, Beinosassd maru 1.1 u 1.2 10 Tex mop, 1o-
Ka 9TO BO3MOXKHO. B pesysbrare 0CTaHETCs MPOBEPUTH YTBEPXKIEHUE
TEOPEMBI TOBKO 1711 TpadoB (G, Y KOTOPBIX HET CYIIECTBEHHBIX TOUEK
couweHeHus: U 00abIUX 0J10KOB. Torma Kaskjgasd TOYKA COUJIEHEHUS G
rpada G mesmT ero Ha JABe KOMIOHEHTHI CBA3HOCTH, OJHA M3 KOTO-
pBIX — 1w ¢ ocHoBaHWeM a. [lycts H — rpad, monyuennwiit n3 G
B pe3y/bTare yAaJeHud BEPIUH BCeX ITUX MuUnoB HeTpymHo MOHATH,
aro rpad H aBycesizen (jr06ast Touka cowneHenust rpada H ObLta Obl
CYIIECTBEHHO TOUKOM counenenus rpada G).

[Iycte h = v(H), m — Komm4ecTBO TOUeK counenenud rpada G.

H
Ilockoabky H me siaserca 6oapmuM 6j0KoM rpadga G, To m > %
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Kax nas u3 nux otgensier or rpada mmn we 6osee, vem u3 £(G) +1 <
k + 1 sepruun. Iosromy v(G) < h+ (k+ 1)m.

Cayuaii, korga G — 1epeBo, MOXKHO PaCCMOTPETH OTAEIBHO. JIeTKo
MPOBEPUTH, ITO B HTOM CJIyUIAE BCE OIEHKM 13 TeopemMbl 2 Bepubl. Tax,
oycTh rpacd G — He IepeBo, TOrda ABYCBA3HLIN rpad H comepKur
nuks u3 He 6osee, yem v(H) Bepumn. Cunenosaresnsho, v(H) = h >
9(G) = g. Paccmorpum nBa ciydas.

2.1. m=h.

Torna v(G) < (k4 2)h, u(G) > h. HenocpeacTBEHHBIM BLIYUC/IEHIEM
MPOBEPSIETCS, YTO B 9TOM CJIydae

h—2

WG) 2 Frp((G) =k =2)+2 st Bk = 5oy

Hawm meobxoammo mpoBepuTh, ITO

thin Bhi = Og k-

Ouesupno, B BO3pacTaer ¢ pocToM h, IOITOMY MUHHMYM JOCTHIa-
erca npu h = g u pasen By .
2.2. m<h.

B paccmarpuBaemom ciaydae 60k H — HemycToii, BeibepemM BepIiu-
ny u € Int(H). Hecnoxuo Beigeuts B rpade G 0CTOBHOE 1€PEBO, B
KOTOPOM BUCAYHNMMU BEPIIMHAMHA 6y,ZLyT KOHIIbI BCEX 71 IIMIIOB M BEP-
muna u, noaromy u(G) > m + 1. HenocpencTBeHHbIM BbIYUC/IEHIEM
MTPOBEPSIETCS, UTO

m—1

w(G) Z Mk (0(G)=k=2)+2 ana Yhmr =3 k+D)m—k—2

Ham Hy»KHO IpOBEpHUTH, 9TO IpH h > ¢
/ .
Bhi = D Yp i fe 2 g -

3aMeTnM, 9TO Yy, k BO3PACTAET C POCTOM 117, IOITOMY HOACTABUM MU-

HIMaJbLHOE BO3MOXKHOE 3HAUEHHE 1M = [%] U HOJIY9HM, 9TO
h
[31-1

Bhi = :
Yo h+(k+ D[ k-2
Jlerko Bugers, uto 3y, 1, > (5, .. Hemocpeacrsennoe Bbluuc/ienue

[IOKA3BIBAET, ITO
n—1

m—1)(k+3)+1

Bo3pacraer ¢ pocroM n. Ilosromy munumym 3y, . gocruraercs upu h =
g b
2[4].

/
ﬁ?n,k =

13



Teneps HaM Hy?KHO CPaBHHTD IIOJIy9eHHBIE OLECHKH C (4 k. BmecTo
9TOr0 MBI CPABHHUM IOJIyUeHHBle B IMyHKTax 2.1 m 2.2 omenkm ApyT ¢
JIPYTOM U HOKazKeM, YTO (g j PaBHa MUHMMAa/IbHON u3 HUX. OTHenabHo
PaCCMOTPUM CJIyYan PA3HONU TeTHOCTH (.

2.3. g=2n+2.
/
B sToM caydae HaM HY’KHO CPAaBHUTH (3, ok U Bont2,k- Hecroxuoe
BBIYUCJICHNE ITOKAa3bIBaET, 9YTO

P B n < 2n _ 3
MR Tk +3)+1  2n+1)(k+2) R

TOr/Ia U TOJIBKO TOrIa, Korna k < 2n. Umenno npu k < 2n = g — 2 Mbl
_ g _
UMeeM Qg = /82n+2,k’ anpu k > g — 2 MpI uMeeM g = By k. Taxum
obpazoM, TeopeMa B CIydae YeTHOTO ¢ JOKA3AHA.
2.4. g=2n+1.
/

B srom ciaydae HaM HY:KHO CPaBHUTH (35, 4ok M Ban+1,k- Hecnoxuoe
BBIYUCJIEHNE TTOKAa3hIBaET, 9YTO

3 _ n < 2n—1 3
WMtk T k+3)+1  2m(k42) AtLE

TOrJa U TOJILKO TOrIa, Korma k < 2n—1— % Wnmenno pu k < 2n—1 =
g — 2 MBI uMeeM Qg = (5, ., a upu k > g — 2 Mbl uMeeM Qg = (g k-
Taxum obpazoMm, TeopeMa B CJIydae HEYETHOTO ¢ J0Ka3aHa. O

4.1 DKcTpeMaJbHbIE ITPUMEPDI

MbI npuBeseM GeCKOHEUHYI0 CepHIO IPHMEpPOB I'padoB, MOATBEP:KIa-
IOIYI0 TOYHOCTH OLICHKM M3 Teopembl 2. JIOrMKa IOCTpOeHMs pHU-
Méepa JTOCTATOYHO IPOCTA: MBI IIOCTPOMM TAKOH rpad, I KOTOPOTO
BCe JIOKa3aHHbIe B TeopeMe HepaBeHCTBa CTaHyT paBeHcTBaMu. IlycThb
U(G) =k, g(G) = g. Pasbepém aBa caydas.

1.k<g—2.
Ilycte n = [%} B paccmarpmaeMom cirydae agr = (5, .0
W. [Iycrs Byj — 9T0 OUKI JUIMHBEL 271 + 2, y KOTOPOrO OTMe-

gena n + 1 Bepmumua uvepe3 ommy. K kaxmol ormevueHHON BepImie
npucoenuauM mun u3 k + 1 sepriuabl. OTMedeHHBIE BEPITUHBL OyIyT
TOYKAMU COUJIEHEHWY B HAIIeM Tpade, & HeOTMEUEeHHBIE — BePITHHAMI
cremenn 2. Takum obpazoM, HUKaKHe JBE BEPIMUHLI CTEneHu 2 rpada
By, e cmexubr. Torga v(Bg i) = 2n+2+(n+1)(k+1) = (n+3)(k+1).

Haitném u(By ). B ocroBHOM mepese rpada By BHCAYHIME Bep-
mmHamu OyayT BCe n + 1 Bucsame BeprmmHBl 3T0r0 rpada (KOHIbI
munoB). Tak Kak yJajgeHue BUCSUIUX BEPIIMH OCTOBHOTO JIePEBa HE
AOJIZKHO HapPyHIIaTh CBA3HOCTb, K HUM MOXKHO ,ZLO6&BI/ITB TOJIBKO OJHY
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BEPIIUHY THKJa, K KOTOPOH He MpucoegnHen mun. Takum obpasoMm,
u(Bgr) = n + 2. Hecnoxxuo npoBepuTh, 910

W(Bgp) =n+2 =2+ —— (v(Byx) — k —2).

(k+3)+1

Crenosarenbno, piaa rpada By j onenka u3 TeopeMbl 2 TOYHA.

2. k>g—2.

— _ g=2 _

B paccmarpusaemMoM cirydae qgp = By = =D [Tycts By k
9TO TUKJ JTHHBI ¢, B KOTOPOM K KayKJ0H BepIMUHe TPUCOSTHHEH TITHT
u3 k + 1 sepimnst. Torga v(By i) = g(k + 2).

JIerko BUAETH, 9TO BUCSTIUME BEPITHHAME B JIIOOOM OCTOBHOM JIepe-
Be 910r0 rpada Oy/yT KOHIIBI INIIOB U TOIBKO OHMH, moyToMy U(By 1) =
g. HecmoKHO TpOBEPUTH, 9TO

g—2

u(Bgr) =9 =2+ m

- (v(Bgi) — k —2).

Crenosarenbno, pas rpada By onenka u3 TeopeMbl 2 TOYHA.

3. Teneps noxasicem, Kax 6 000UT CAYHAAT COOUPAMD IKCINPEMAAD-
Hoe npumepvt us epados By, wax us demaseti xoncmpyxmopa.
[Tycts G — rpad, yIOBIETBOPSIONIEH COOTHONEHISIM

W(G) = agi- (@)~ k-2 +2, g(G)>g, UG) >k,

uMeroIuit xorst Obl OJHY BHUCAYYIO Bepiuuny a. Ilocrpoum rpad G':
CKJIenM BepInuHy @ rpada G ¢ KOHIOM OJHOrO u3 munoB rpada By
u cTsiHeM Tocse 3roro k + 1 mocr (pé6pa npuk/eeHHOTO Iuia rpada
By ;). B pesynbrare nosyanrcst rpad G', yaosnersopsitonuii cooTHO-
IIEHU M

v(G") =v(G) +v(Bgp) — k-2, ¢g(G")>g, UG)>E.

ITo mynkry 2 semmbr 1 mbr uveem u(G') = agyp - (v(G') —k —2) + 2,
TO ecThb, rpad G’ TakKe ABJIAETCH SKCTPEMATBLHBIM IPUMEPOM, HOJI-
TBEP2KJIAIOIIMM TOYHOCTH OLEHKKM B Teopeme 2. B kauecrse repsoro
rpada MBI Bo3bMEM G = B}, TTOCTE Yero MOMKeM TTOCTPOUTEL CKOJh
YTOAHO OOJIBITINE IKCTPEMAJIbHBIE TPUMEDBI, TPUKICHBAT KaXKIbIA pa3
o ouepeanomy rpady Bg k.

Crmcok aurepaTyphl

[1] J. A.STORER. Constructing full spanning trees for cubic graphs.
Inform. Process. Lett. 13 (1981), Nel, p.8-11.

15



2]

3]
4]

8]

9]

J. R. Griaas, D. J. KLEITMAN, A. SHASTRI. Spanning trees with
many leaves in cubic graphs. J. Graph Theory 13 (1989) Ne6, p. 669-
695.

D.J. KLEITMAN, D. B. WEST. Spanning trees with many leaves.
STAM J. Discrete Math. 4 (1991), Ne1, p. 99-106.

J.R.Griccs, M.WU. Spanning trees in graphs of minimum
degree 4 or 5. Discrete Math. 104 (1992) p. 167-183.

N. ALON. Transversal numbers of uniform hypergraphs. Graphs
and Combinatorics 6 (1990), p. 1-4.

G.DiNG, T.JOHNSON, P. SEYMOUR Spanning trees with many
leaves. J. Graph Theory 37 (2001), Ne. 4, p. 189-197.

Y.Caro, D.B. WEST, R. YUSTER. Connected domination and

spanning trees with many leaves. STAM J. Discrete Math. 13
(2000), Ne. 2, p.202-211.

P.S. BoNsSMA Spanning trees with many leaves in graphs with
manimum degree three. STAM J. Discrete Math. 22 (2008), Ne. 3,
p. 920-937.

P.S.BoNsMa, F.ZICKFELD Spanning trees with many leaves in
graphs without diamonds and blossoms. LATIN 2008: Theoretical
informatics, p.531-543, Lecture Notes in Comput. Sci., 4957,
Springer, Berlin, 2008.

[10] H.B.I'PABUH. [locmpoenue ocmoshozo depesa epagda ¢ 6oavuwum

KOAUMECTNGOM AuCMmbes. 3aNUCKU HaydHBIX cemuHapoB [IOMU, .
381 (2010), cTp. 31-46.

[11] I.B.KAPNOB. Ocmoshoe 0depeso ¢ 60AbWUM  KOAUHECTNIEOM

BUCAYUL GePUUH. 3anncku HaydHbix cemwaapos [TOMUW 1.381
(2010r.) cTp.78-87.

[12] @.XAPAPU. Teopua epagos. Mocksa, “Mup”, 1973. (IlepeBon c

anrymiickoro. F. Harary, Graph theory, 1969.)

16



