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[MnaHapHble rpadbl

padb G Ha3biBaeTCA NAAHAPHLIM, €CAN €r0 MOXHO TakK
0TODpa3nTb Ha MIOCKOCTb, YTO:

1) kaxpgoii BepwuHe v € V' conocTaBneHa TOYKa, MPUHEM pa3HbIM
BEPLUMHAM — Pa3Hble TOYKU;

2) kaxgomy pebpy (v, w) € E conocTtaeneHa HenpepbiBHas KpuBas,
CoeMHSAOLLAsA TOYKN, COOTBETCTBYIOLNE BEPLUNHAM V 1 W, U HE
NPOXOAALLAs Yepe3 TOYKMN, COOTBETCTBYIOLNE APYTUM BEPLLUMHAM;

3) KpoMe TOro, KpuBble, COOTBETCTBYIOLME PA3anNYHbIM pebpam, He
MepeceKatoTCa 3a UCKJIIOYEHNEM CBOUX KOHLIOB.

Takoe oTobpaXkeHve nnaHapHOro rpada Ha NAOCKOCTb HA30BEM €ro
YK1aAKOA Ha NJIOCKOCTW.



Cesi3Hble 06N1ACTU NNOCKOCTU, OFpaHUYeHHblE pebpaMu naaHapHOro
rpacdba npm ero yknagke Ha MAOCKOCTU, Ha3bIBAOTCS FPaHsMMU,
HeorpaHuyeHHast 0b61acTb Ha3bIBAETCS TakXKe BHELHEW rpaHblIo.



Popmyna Jiinepa

Teopema (cpopmyna diinepa ans nnaHapHbix rpacdos). Ecim
G = (V, E) — cBs3Hblii nnaHapHblii rpagh ¢ p BEpLUMHAMY U
pebpamu, To AN A5 KaXKAOU €ro YKAaAKN Ha MIOCKOCTU BEPHO
pPaBEHCTBO p — q + r = 2, rge r — YUCJIO rpaHeii B 3TOM yKAaaKe.

[oka3aTenbLCcTBO: UHAYKLUSA NO g NpU 3a4aHHOM p.

basuc nHgykynn: ecnn g = p — 1, To G — pgepeso.
Kaxgoe fepeBo — nnaHapHblil rpadd C 0fHON rpaHblo, NO3TOMY
cdopmyna BepHa.



Popmyna Jiinepa

[HokasaTtenbcTBo.

WHayKTnBHBIA nepexos: pacCMOTPUM CBA3HbIA niaHapHblid rpad G
C p BepwmHaMu u g = p pebpamu. lNycTb 3apaHa ero yknagka Ha
MJIOCKOCTM, B KOTOPOWA r rpaHen.

B rpacbe G HaiigeTca xoTst Bbl OAVH LMK, U NyCTb € — ntoboe
pebpo M3 KaKoro-To €ro LuKa.

Torpa rpad G’, nonyuyennbiii us G yaanexuem pebpa e, snsercs
CBSI3HBIM W MJIaHapHbIM C p BepwmHamu n g — 1 pebpamu, u ero
YKJaZKa Ha MJIOCKOCTU COQEPXUT r — 1 rpaHeii, T. K. NMpu yganeHuu
pebpa e n3 yknagku rpaca G ABe rpaHn COEANHSIOTCS B OfHY.

[nsa rpadha G’ BepHO NpennonoxeHne MHAYKUMN, T. €.
p—(g—1)+(r—1)=2,otkygap—qg+r=2.






HennanapHocts Ks

Teopema. pach Ks He siBnsieTcsi naaHapHbIM.

Joka3zaTtenbcTBo nposegem ot obpaTHoro: nycts rpad Ks
nJiaHapeH.

Torpa ons Npon3BONLHOW €ro yKnafKu Ha nJIOCKOCTU BEPHO
PaBEHCTBO:

p—q+r=2

roe p =5 — yucno Bepwun n g = 10 yucno pebep B rpade, a r —
4ncno rpaHeli B aToii yknagke. lNoatomy r = 7.



HennanapHocts Ks

dokazatenbcTBo. rlyCTb q; — 4ucno pebep, BCTpevatowmxcs npu
obxofe rpaHuubl i-il rpaHn B 3TON yknagke, i =1,...,r.

,
Torpa > gi = 2q, T. K. kKaxgoe pebpo pasgensier Ase rpaHu.
i=1

Ho g; > 3, noatomy 3r < 2q, unn r < % . q.
Monydaem: 7 < 3 - 10 — npoTusopesne.

3HauuT, rpad Ks He ABAAETCA NaaHapHbIM.
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HennanaphocTs K33

Teopema. pacp K33 He sIBNSETCA naaHapHbIM.

Hoka3saTenbcTBO NpoBeAem oT obpaTHoro: nycTb rpad K33
nJiaHapeH.

Torpa ons Npon3BONLHOW €ro yKnafKu Ha NJIOCKOCTW BEPHO
PaBEHCTBO:

p—q+r=2

roe p =6 — 4ucno BepwuH n g = 9 Yncno pebep B rpadpe, a r —
4yncno rpaHeli B aToii yknagke. Noatomy r = 5.



HennanaphocTs K33

dokasatenbcteo. [lycTb g; — 4ncno pebep, BCTpevatomxcs npu
obxoge rpaHnupl i-i rpaHn B 3TOR yknagake, i = 1,...,r.
r
Torga > g = 2q, T.K. Kaxxgoe pebpo paspensier 4Be rpaHu.
i=1
Ho g; > 4, 7.k. B K33 HavMeHblUas AJINHA LMKAA PaBHA YETbIpeM,
nostomy 4r < 2q, v r < 3.

Monyyaem: 5 < g — NpOTUBOPEYUeE.

3HaunT, rpacd K33 He SABNSETCA MNaHAPHBIM.



[lomeomopdusm rpados

FoBopsT, 4to rpacp G’ = (V' E’) nonyuen u3 rpacha G = (V, E)
noapa3sbuernem pebpa e = (v, w) € E, ecnn

V' = VU{u}, reeu ¢V,
E’ EN{(v,w)} U{(v, u), (u,w)}.

pach G’ HasbiBaeTca nogpasbuenuem rpacda G, ecnn G’ moxer
ObITb Nony4veH n3 G KOHEYHBLIM YUC/IOM noapasbueHnii pebep.

Mpacbbl Gy = (Vi, E1) n Gy = (Va, E2) HasbiBatoTCs
romMeomMopHbIMUN, eCN HaliAYTCs N30MOPHbIE KX
noapasbuernst Gf n G} COOTBETCTBEHHO.



KpuTepuii nnaHapHoCTU

Teopema (kputepuii MNouTpsirmHa-Kypatosckoro).
Ipagp G = (V, E) nnanapen Torga v Tosbko TOrza, KOrga B HEM He

HaiigeTcs Hu ogHoro nogrpagpa, romeomopgprHoro ambo rpacpy Ks,
mnbo rpagpy Kz 3.
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