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Ll.eJ'Ib JIEKLIMN — NMO3HAKOMUTb CTYAEHTOB.

C OCHOBHbIMW MOHATUAMMN U OnNpeaeneHns IMn
rpadpa n ero a5IeMeHTOB,;

C onepaunamun Hag rpadamu;
C OepeBbAMM, necowm, BuHapHbIMU
NEPEBBAMMU;

CO cnocobamun  3agaHus rpagoa, C
M30MOPAHBLIMN Frpadamu.



2.1. OCHOBHbIE MOHATUSA U onpeaeneHns
rpadpa u ero afieMeHTOB

pachom G =(IHa3bIBaeTCA Napa ABYX KOHEYHbIX
MHOXECTB: MHOXECTBO TOYEK U MHOXECTBO NNHUN,
COENHSALLMX HEKOTOPbIE Napbl TOYEK.

To4kM HasblBalOTCA BepLUMHAMU, UMK y3namu,
rpada, nMHuM — pedpamum rpada.

Ecnn pebpo rpaha G coegunHaeT [OBe ero
BepwmnHbl V n W, (T.e. ), TO TOBOPSAT, YTO 3TO
pebpo UM nHUMAeHTHO (V. W )e X



[1Be BepLlnHbI rpadpa HasbiBalOTCA CMEeXHbIMM,
€Cnn CyLIecTBYeT WHUMOEHTHOE MM pebpo: Ha

PUCYHKE CMEXHbIMWN ABNAKTCA BepLlIMHbI A 1 B, A
ncC.

A




Ecnu rpad G nmeet pebpo , y KOTOPOro Havarno
M KOHel coBnagalwT, TO 3TO pebpo HasblBaeTcH
netnen. Ha pucyHke pebpo q(C, C) — netns.

q @ F




[1Ba pebpa Ha3bIBalOTCA CMEXHbLIMU, ECINN OHU
MMEIOT o0LLYI0 BepLUMHY. Ha puUCyHKE CMEXHbIMU
ABNAOTCA, Hanpumep, pebpa x, n x, c obLen
BepLinHoun C. D




Pebpa, KoTopble Ha4yMHaOTCA B OOHOU W
TOWN € BepLUMHE, 3aKaH4YMBalOTCA TaKXe B
OgHOM U TOW Xe BepLInHe, Ha3bliBaloTCH

KpaTHbIMM, nnu napannesibHbIMM.
KonnyecTtBo ogMHaKoBbIX nap Bmaa
#HaBbIBaeTCA KpaTHOCTbLIO pebpa V.w) .

Uncno pebep, MHUMOEHTHbIX BepLUMHE A,
Ha3blBAeTCA CTeneHbK J3TOUN BEPLUMHLI U

obo3HavaeTca deg(ef) aHrn. degree —
cTeneHb).



Ha pucyHKke KpaTHbIMU SBMAKOTCHA, HanpuMmep,
pebpa x.(A, B), x,(A, B). BepwmHam A n C
MHUMOEHTHbI pebpa X,, X,, X.. CrnenosaTtesnbHo,
pebpo AC mmMeeT KpaTHOCTb, paBHYyK 3, a pebpo
AB — KpaTHOCTb, paBHyIO 2.




Ha pucyHke BeplumMHa A UMeET CTeneHb, PaBHYIO
1, BepwunHa C — 4, BepwinHa D — 2. 3anuncbiBaeTcd
oto B Buae: deg(A)=1, deg(C)=4, deg(D)=2.




BepwunHa rpadpa, nmerowlasa crteneHb, paBHYHO
HyMO, HasbiBaeTcsa wu3onupoBaHHOWU. [padd,
COCTOALLNN n3 N30/IMPOBAHHbIX BEPLUUH,
Ha3blBaeTCcs Hyrb-rpacom. BepLIJI/IHa rpada,
nvewwlaa cTteneHb, paBHyw 1, Has3blBaeTcs

BMUCAYEMN. Q ‘ E

A
Ha pucyHke BeplUMHa
E — nsonmpoeaHHasq:
deg(E)=0.
D B




Ha pucyHke BepwmnHbl A, B, E, G, H — Bucadue.




Teopema 3.1. Bepagpe G = <V, X > cymMma
cmerieHelu 8cex ea20 8epWUH — YUucrio 4YEMmHoe,
pasHoe yO080eHHOMY Yucrly pébep epapa:

D deg(V,) =2m
i=1

roe ;= \V\' YMCIO BEPLLWH;

— |X|q|/|cno pebep rpada.



BepwunHa HasbiBaeTcaA 4YE€THOU (He4yeTHowu),
eCcnu ee cteneHb — YeTHOe (HeYETHOE) Yncno.
Ha pucyHke deg(D)=2, deg(F)=3, 3HauuT Yy

roradpa BepwnHa D gaBngetca 4yetHon, a F —
HEeYEeTHOMN. X




Teopema 3.2. Yucrno HeYEMHbIX 8epUUH
t0boeo epagha — YHEMHO.

Crnedocmeue. HeBO3MOXHO HayepTuUTb rpad c
HEYETHbIM YUCITOM HEYETHbLIX BEPLLUUH.

[pad G Ha3bIBaeTCA NMosiHbIM,
ecnu noodble aBe ero pasnunyHble
BEPLUNHbI COeAUHEHbI OOHUM WU
TOJSTIbKO OAHUM pebpom.




[ononHennem rpada G = (V' HadkIBaeTcs rpad
drepiaXke BeplumHamm V, yto U1 rpad G,
MMEIOLLNN TE€ U TONMbKO Te pebpa , KoTophle
Heobxoanmo aobasuTb K rpadpy G, 4ToOblI OH cTarn
nonHeiM. Ha pucyHke gononHeHnem rpadgpa G, Ao
rpadpa G asngaetca rpad
G

G /\ G1 G




Ecnun Bce napbl (V,,VBp  MHOXecTBe X

ABNAOTCH yrnopsaaoYeHHbIMMN, T.€.
KopTexamMun ONnHbl 2, TO rpad HasblBaeTCH
OPUNEHTUPOBAHHbIM, oprpagom, nnu
HanpaBfeHHbIM. V,
V1

@«




Hayanom pebpa Ha3biBaeTca  BepLUUHA,
yKka3aHHas B KOpTeXe nepBOW, KOHLLOM — BTOpagd
BEPLUMHA 3TOW napbl (rpadpmyeckm oHa yKasaHa
cTpenkon). Pebpa opueHTUpoBaHHOro rpada
MMEKT onpeaeneHHble PUKCUPOBaHHbIE Ha4varo u
KOHeL, U Ha3blBalOTCA AyraMu.

CteneHbd Bxoga (BbIxoga)  BepLUUHBI
OPUEHTUPOBAHHOIO rpadpa HasbiBAaeTCA 4UCIIO
pedep, AONs KOTOPbIX 3Ta BepLIMHA SABMSETCAHA
KOHLIOM (Ha4yanom).

[1yrn oprpada HasblBalOTCA KpaTHbLIMU, €Cnu
OHU MMEKT OAMHAKOBble HavalbHbIE U KOHEYHbLIE
BEPLUUHbI, T.€. OAWHAKOBbIE HanpaBieHUS.



CTteneHb Bxoaa BepwuHbl V 0b003Ha4yaeTcs
deg,(V), a cteneHb Bbixoga — deg (V). Ha pucyHke
deg,(V,)=1, deg,(V,)=1, deg,(V,)=2, deg (V,)=1,
deg (V,)=2, deg (V,)=1.

KpaTtHbivu siBnsitotesa ayru (V,, V) nu(V,, V,).




[TocnegoBaTenbHOCTL NONAPHO CMEXHbIX BEPLUUH
HEOPUEHTUPOBAHHOIO rpada, T.€.
nocnenoBartenbHOCTb pebep HEOPUEHTUPOBAHHOIO
rpada, B KOTOPOM BTOpasd BeplUMHA npeabliayLiero
pebpa coBnagaer cC nepBon BEPLUNHON
CreayoLlero, HasblBaeTCs MapLUpPyTOM.

Uncno pebep maplipyta HasblBaeTca OJSIMHOWU
MapLupyTa.

Ecnn HayanbHasa BeplUMHa MapLupyTa coBnagaer
C KOHeYyHOW, TO TakouM MapLlpyT Ha3blBaeTCH
3aMKHYTbIM UM LUKITOM.



Ha pwucyHke HCDFD - wmapwpyTt aonuHon 4.
O6o3HaveHue: |HCDFD|=4. MapwpyT npuUHATO
3afjaBaTb Kak nocnegoBaTtenibHOCTL  pebep,
MOCKOSIbKY 9TO YyOOOHO nMpu HannMymnm KpaTHbIX
pebep.




B rpade Ha pucyHke (t, s, p, r), (U, s, t, r) —
UMKnbl gnuvHon 4, (r, t, q, S, Uu) — UUKN ANUHON 5,
(t, s, u, r,t s p, r)—8-unkn, (p, U) — 2-UnKn, NeTns

() — 1-umkn.
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PacctosaHuem wmexaoy AOBYMS  BepLUMHAMWU
Ha3blBaeTCA MMWHUMArbHas OfMHa U3 OfIMH BCEX
BO3MOXHbIX MapLUpPyTOB MeXay 3aTMMKU BeEPLUNHAMU
Npn yCNoBUN, YTO CYLLIECTBYET XOTS Obl OANH TaKoW
MapLpyT. Obo3Ha4yaeTcs Kak (OoT nar. distatio)
— paccTosHue) .

diV,V,) = min‘V ...Vz‘

Ecnn noboe pebpo B mMaplupyTe BCTpe4YaeTcs
TONMbKO OAOWMH pa3, TO MapwpyT Ha3bIBaeTCH
Lenblo.



B rpade Ha pucyHke (L, s, p) — 3-uerns.

C A
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B oprpage MapLupyT ABNAETCH
OPUEHTUPOBAHHbLIM U Ha3bIBAETCH My TEM.

MyTb — ynopsgodYeHHaa nocnenoBaTefibHOCTb
pebep OpMEHTUPOBAHHOIO rpada, B KOTOPOW
KOHel, npeabliayLwero pebpa cosnagaeTt ¢ Ha4Yanom
CrieyroLlero n Bce pebpa eaquHCTBEHHHI.

Linkn B oprpade — nyTb, y KOTOPOro cosnagatT
Ha4yano M KoHew,

Llenb, nyTb M UWKN B rpade HasbiBalTCH
MPOCTbLIMU, ECIIN OHU MPOXOOAT Yepe3 byt n3

BEpLNH He bonee ogHOro pasa.



Ha pucyHke (u, s, r, t) — 4-nyTb, (f, U) — 2-NyTb,
(s, r, t, S) NyTEM He ABndaeTcq.
(s,r,t) n (U, S, r) — 3-LUNKNbI.




HeopueHTUpoBaHHbLIN rpad Ha3blBaeTCH
CBA3HbIM, €Cnu Mexagy nodbiMu OBYyMSA €ero
BEPLUMHAMU €CTb MapLUpPYT.

[pacpbl G1 1 G3 Ha puUCYHKE HABNAIOTCH
CBA3HbIMU, a rpad G2 — HeCBA3HbIM.
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[1Be BepLUMHbI Ha3bIBAKOTCS CBA3HbLIMW, €CHn
CyLleCcTBYeT MapLlpyT mexgy Humu. CBS3HOCTb
MeXay BeplMHaMn  SBNSAETCA  OTHOLLUEHMEM
aKeuBsasIeHMHocmu.

Bce noarpadbl V. (knaccbl 3KBMBaNeHTHOCTH)
rpadpa G HasbIBAlOT CBA3HLIMW KOMMOHEHTaMMU,
NN KOMMNOHEHTaMWN CBA3HOCTW.

Teopema 2.3. [ moao ymobbl ces3HbIU 2pag
G sensrncs rnpocmbiM  UUKITOM, HeobxoOumo U
docmamo4yHo, 4Ymobbl Kaxoasi e20 e8epuwuHa
umMmerna cmerneHb, pasHyr 2.



Pebpo <V,%>3;|3Horo rpadba G HasbiBaeTcs
MOCTOM, ecnu nocne ero yganeHna G cTaHeT
HECBSAI3HbIM N pacrnafgeTcsl Ha ABa CBSA3HbIX rpada
" . G G

Teopema 2.4. Pebpo epaha sernsgemcs
MOCmMoM moada U mosibKO moeoda, Koeoda He
npuHaosexxum HU 0OHOMY UUKIy.

Ha pucyHke wmoct (CE) pasgenun CBA3HbIN
rpadp G
Ha goBa pa3nuyHbIX CBA3HbIX rpada: c BepLiMHaMu
(AB,C,D)

7 C BepLUMHaAMW
(E,F,G,H,l). Pebpo BC —
MOCT.




[padobl HasbiBAlOTCA MU3OMOPMHLIMU, €CNU
CyLLlecTByeT B3aUMHO-O4HO3HA4YHOE COOTBETCTBUE
Mexay ux pebpamum M BeplIMHaAMWU, TPUYEM

COOTBETCTBYHOLLME pEébpa COEANHSAIOT
COOTBETCTBYOLLNE BEPLUUNHBDI.
B 3
A
1 2
D @




[pad G HasbiBaeTcd nrfiaHapHbIM (MJIOCKUM),
eClnn CcyLlecTBYeT U3OMOPMHLIM eMy rpad ;' B
N300paXXeHnMn KOTOPOro Ha MNIOCKOCTN pebpa
nepecekarTcst ToNbko B BeplwnHax. 'padgbl G,
G3 ABNATCA NaHapHbIMKU, a 62 — HEeT.




ObnacTbio Ha3blBaeTCH NOAMHOXECTBO
MNIOCKOCTWN, MNepecekawlleeca C NNaHapHbIM
rpadPpomM TOSNbKO MO HEKOTOPOMY MPOCTOMY LMKNY
rpadpa, ABNALWEMYCA rpaHuLEen obnacTtu.

[1aHHbIV rpad BbIAENAET q A
B MMOCKOCTU crieqytoLme ]
obnactu: A, ¢ rpaHuuen q; C
A, ¢ rpaHnuen (o,s,t); A, C
rpaHuLedt (q,s,u,nt); A, ¢ t
rpaHuuen (p,u); A, c rpa-

Huuewn (o,p,r).




MHoxectBO A, Ha pucyHke obnactblo He
SIBMSIETCS, TaK kak nepeceyeHne A,NG coaepxut
TOYKY Q, HE NpuHagneXxawlyto HUKaKoMy LIUKIY.




Teopema 2.5 (Ounepa). CBA3HbIXA NNOCKUU rpad
C N BepwuHamMn M m pebpamn pasbuBaet
NIOCKOCTb Ha r obnacten (BKMN4Yad BHELLHIOW),

NPUYEM n-m#+r =2

3agada 16 «O Tpex konoauax». [NponoxuTb
OOPOXKN OT TPEX AOMOB K KaxOoMy U3 Tpex
KonogueB TaK, YTOObl HUKAKMUE [OBE OOPOXKU He

nepecekanmcs.
A B C

| | |
— O

1 2 3



PelwleHue.

[MpegnonoXxmm, 4To 3TM 9 TPOMUHOK MOXHO
NPONOXUTb.

O6o03Haunm gomukm Todkamu A, B, C, konoaubl -
Toukamu K1, K2, K3. Kaxayro To4ky-4omM coeguHUm
C KaXXOoW TOYKOUN-KONoaLeM.

[Tonyuynnmuce pebpa (rpada) B KOMUYeCcTBE
NEBSATU LUTYK, KOTOpble nonapHo He
nepeceKkaroTCs.

Takme pebpa obpasyoT Ha paccmMaTpuBaeMou
MNSIOCKOCTU 3aJa4yn MHOrOYrofibHUK, MNOAEeneHHbIN
Ha MEHbLLUNE MHOIOYronbHUKMN.

[Ona Takoro pasbueHunsi OOMKHO BbINOSTHATLCS
N3BECTHOE COOTHOLUEHUe dunepa nN-m+r = 2,
npudyem n=6u m=9. [Nlonyyaetcqa, r = 5.



Kaxgaa M3 natm rpaHen MMeeT No KpauHew
MEpe 4YeTbipe pebpa, Tak Kak, No yCrnoBuo 3agaqu
annepa, HWM oOagHA W3 [OOPOXeK He [JoSmKHa
HanpsiMyl0 COeAuHATbL OBa Konogua wnu aBa
aoma.

Tak kak noboe pPeEDBPO NEXUT POBHO B 2-X
rpaHax, TO Konn4ecTBo pebep rpadpa AOMKHO ObITh
He MeHbLlle 5*4/2 = 10.

OTO NPOTUBOPEUYNT YCIOBUIO MCXOOHOW 3aaayu,
Mo KOTOPOMY MX YMCIO paBHO OEBATh!

[lony4yeHHOEe npoTMBOpeYMe [OOoKasblBaeT, 4TO
OTBeT B 3agadye O 33X Konoguax 3Junepa
oTpuLuaTeneH.



[padp HasbiBaeTCcA ABYOONbHLIM, €CNU €ro
BEPLIMHbLI pa3buTbl HA ABa HenepecekKatoLmXcs
nogMHoXecTBa: V=V 0l V,, a pebpa cBaA3biBalOT
BEPLUMHbI TOMBbKO U3 pasHblX KnaccoB (He
obasarenbHO BCe naphl).

Ecnun kaxpaa seplunHa MHoXecTtBa V71 cBA3aHa
pedbpPOM C Kaaon BepLUIMHOMN MHOXecTBa V2, TO
OBYOONbHbIMN  Tpadp  HasbiBaeTcd  MOJIHbIM
ABYAONbHLIM 1 0603HavaeTca K ,rne  m=V,

n3piilepomM  OBydonbHOro  nonHoro  rpada
ABNAEeTCA rpad K pacCMOTPEHHOU 3ajade,
KOTOPYIO Ha3blBalOT « Tpu AomMa — Tpu Konoguay,
nokasbiBagd 93TMM [OBa HenepeceKarLnxcs
MHOXeCTBa BepLUMH rpada.

b



JunepoBbiIM nytéem  (uMknom) rpada
Has3blBaeTcda NyTb (LMKMN), KOTOPLIN COOEPXUT BCE
pebpa rpapa TOMBKO oAMH pa3. [pad,
obnagatownmn anMNepoBbLIM LKUKITOM, Ha3blBaeTCH
aunepoBbIM. [lnocknn annepoB rpad TakKke
Ha3bIBAlOT YHUKYpPCaSibHbIM.

Teopema 3.6. pagp G sersemcs auneposbIM
moada U mosibKO moeda, koeda (G — c8s3HbIU
egpagh, uMmerowjuu ece YEMHbIe 8EPUWUHBI.

Ha pucyHKke nsobpaxeH
npumMep anneposa rpada.




[amMuneTOHOBLIM nNyTeM (UMKNOM) rpapa G
HasblBaeTca nNyTb (UWMKM), nNpoxoadawmn depes
Ka)XOyr €ero BepLUMHY TONbKO oauH pas. [pad,
cogepXawun ramunsTOHOB LMKN, Ha3blBAeTCH
raMmurnibTOHOBbLIM. B rpade Ha pUCyHKe nyTb
(V3,V4,V1,V2,V5) ABMAETCA raMMUNbLTOHOBbLIM, a NYTb
(VZ,V3,V4,V1,V2,V5) He ABNSAEeTCH raMni1bTO-HOBbIM.

1




3apadya 17 «O KeHurcoeprckmx mocTax»
(Ounepa). Heobxognmo obonTn BCE 7 MOCTOB TakK,
4YTOObI Ha KaXaom nobbiBaTb TOMIBKO OOUMH pa3 U

BEPHYTLCA K Hayany nyTwu. A

A




PelLlueHue.

[lpegctaBum 3agadvy B Buae rpada, B KOTOPOM
ocTpoBa U bepera 000O3HAYMM TO4YKaMWU, T.€. OHWU
byayT BepwmHamu rpadpa. MocTbel byayT pebpamu
rpada.

[Tockoribky HeobxoguMMoO MNPOUTM NO  BCEM
MOCTaM Mo 0gHOMY pa3sy U BEPHYTLCS Tyaa, OTKyaa
Ha4yann obxog MOCTOB, 3TO 3HAYMUT, YTO HYXKHO MO
BCEM pebpam rpada NponuTn No ogHoOMy pasy, T.e.
obpa3oBaTb 3NNEPOB LMK,

CnepgoBaTteribHO, HY)XXHO NPOBEPUTb, ABMSAETCH
Ny paccMmaTtpuBaeMbIn rpad 3nNNeEPOBLIM.



Ho B Teopeme 3.6. roBOpUTCA O TOM, 4YTO AN4
TOro 4YToObLI rpad ObiN annepoBbIM HEOHXOAUMO U
OOCTaTO4YHO, 4YTOObI rpad Obin CBA3HLIM, U BCe
BEPLUMHbLI ObIfIN YeTHble, T.e. 4YTOObl U3 KaXOoWu
BEPLUMHbI NICXOOUIMO YETHOE KONMNYECTBO peEDEp.

Ecnn nocuutatb pebpa, TO yBMOAUM, YTO
BepwmnHbl A n B, KoTopbiMn 0b603Ha4YeHbl Depera,
MMEIT CTEeNeHb 3, cnegoBaTesibHO, OHU HEYETHbIE.

Takum  obpasomMm, YycrioBne TeEOpPEMbl He
BbINOMTHEHO, 3HAYUT OTBET 3agaun
oTpuuaTtenbHbIU: HEBO3MOXHO 0DONTU BCE MOCTHI
No 0gHOMY pa3y U BEPHYTLCS B UCXOOHYIO TOUKY.



2.2. Onepaunmn Hap rpadamMu
O6weguHeHnem rpadoB G =, AW  HassEaSTeS
rpad , MHOXXEETBO,BEPLLINH KOTOPOIro , a
MHOXXeCcTBO pEedap . X=X0X,

[lepecevyeHnem rpagoB G, U (G, Ha3blBaeTcH
rradp G =G, OoGia KOTOPOro X =—XMHO¥KEeCTBO
pébep, a - MHOXeETBO/BEpLUMH.

KonbueBoun cymmoun OByx rpadoB Ha3blBaeTCH
rpad G=G, (—DGZI'IOpO>K,EI,éHHbII7I MHO>XeCTBOM BepPLLUWNH

N MHOXEQTBOM pebep , .. MHOXECTBOM
pebep, cogepxawmxeca nmobo B, nnbo B , HO e
B . G, GG,






Moarpadhom rpada G = (V,Ag3biBaeTca rpad
, GBAB, XRepInHbl N pebpa KOTOpOoro SABMAKOTCS
NOOMHOXECTBaMM MHOXECTBa BepLUNH N pebep
rpada G.
KoMmnoHeHTON CBA3HOCTU HEOPUEHTU-
poBaHHoro rpada G =(KaBhbiBaeTca ero noarpad
G’ NHQXECTBOM BEepLUVH 7
WHEHECTBOM pebep X' —WHUN-0EHTHbIX
TONMbKO BEPLUMHAM U3 MHOXECTBA , MPUYEM' HU

oJHa BepLUMHA U3 He cmed‘Hal't BeplUMHaMM
N3 MHOXECTBa . VA\V'



HecBAa3HbIW rpadp G COCTOUT N3 OABYX KOMMNOHEHT
CBA3HOCTU, T.e. U3 ABYyX nogrpadoB (¢ . G’

G”

Gr



2.3. lepeBb4. Jlec. bBuHapHble aepeBbs

[lepeBOM Ha3blBalOT KOHEYHbIN CBA3HbLIU rpad C
BblAENTEHHOU BepPLUMHOU (KOpHEeM), HE UMEIOLLUA

LUMKMNOB.
0 0-1 apyc

1-n apyc

AN SN
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[1na kaxgon napbl BeplwWH gepeBa — y3/ioB —
CYLLECTBYET €OMHCTBEHHbLIN MapLupyT, MNO3TOMY
BEPLUMHbI YOOOHO KraccuuumpoBaTtb MO CTENEHM
yAaneHHOCTUN OT KOPHEBOWU BEPLLUMUHDI.

PaccTtosiHMe 0o KOPHEBOW BEPLUUHbI
HR3bIBAETCH AAPYCOM S BEPLUVHbI, s=d(V,V)

Teopewma 2.7. [pagh G =(V,X)(|Feamemcs
depesomM moada U moOJ/lbKO moeaoa, Koeaoa
8bIrnosiHaemcs xomsi 6b1 OOHO U3 yCr108UU:

* rpad -y, gBA3EH M HE COAEPXKUT LIMKIIOB;

* rpad® He coaepXUT UUKNoB U umeetr n — 1
pebpo,



e rpap G=(,X0BsA3€H N UMeeT M — 1 pedbpo;
e rpadp G=(V,HMe COOEPXKUT LIUKI10B, HO
nobaeneHne pebpa mMexay  HeCMeEXHbIMU

BEpWNMHaAMN MpnBoaAnNT K ModABiieHU0 OAHOIo U
TOJIbBKO OAHOTO 3rieMeHTapHOro uukria,

* rpad® (G=(/,X9BA3HbIK, HO YyTpayMBaeT 3TO
CBOMCTBO rnocrie yaaneHums nodoro pebpa;

* Brpage (=(/BcAKas napa BepLUNH coeuHeHa
Lenbto, N TONbKO OOHOMW.

Bucsaune BepLUnHbI, 3@ UCKNIOYEHNEM KOPHEBOW,
Ha3bIBaOTCA /IUCMbSIMU.



YHck)pﬂnoquHoe o0beanHEHNE  [EPEBLEB
G ApkeggTaBnsieT  cobom  HEeCBSA3HbIM  rpad,
Ha3biBaeMblli FIeCOM.

OctoBoM cBdA3HOro rpada G HasbiBaeTcs
nodbon ero nogrpad, cogepaljmm BCe BEPLUUNHBI
rpada G n aBnsALWMNCA JEPEBOM.

KopepeBom T octoBa T rpada G
Ha3biBaeTca gononHeHne T oo G, T.e. Takou ero
noagrpadp, KOTOpbI COOEPXKUT BCE €ro BEPLUMHBLI U
TOSNbKO Te ero pebpa, KoTopble He BXoaAT B T.



[Mpwn onucaHumu 0epeBbLEB NPUHATO
MCnonb30oBaTb TEPMUHbIL. OmeuU, CbIH, [PeOOK,
MOMOMOK.

Kaxgasa BeplinMHa AepeBa HasblBaeTCcsa Y3M0M,
NpuYeM KaXObln y3en daBnseTcd KOpHEM OepeBa,
COCTOALLEero U3 nogaepeBbeB. Y3en K-ro sdpyca
Ha3blBaeTcs oTuom yana (k + 1)-ro sapyca, ecnu
OHU CMeXHbI. Y3en (k + 1)-ro spyca HasblBaeTcs
CbIHOM Yy3na k-ro gapyca. [IBa yana, umetroLiue
OHOrro OTua, Ha3bIBalOTCH DpaTbLAMM.

YnopsiaoyeHHbIM  OepeBOM  Ha3blBaeTcs
[IepeBoO, B KOTOPOM MOAOEPEBbs KaXKAoro yana
o6pa3yoT ynopsiao4eHHOe NogMHOXECTBO.



[Oona  ynopsgoYeHHbIX  OepeBbEB  MPUHATA
TEPMUHONMOIMNA: cmapwuud w mraodwuu CbiH Ans
00O3Ha4YeHNUss  COOTBETCTBEHHO  MNEPBOro U
nocrneaHero CbiIHOBEW HEKOTOPOrO yana.

V, (Npenok)

V, (NOTOMOK)

V, (oteu V nV.)

V, (cTapwmn cbiH V) V_ (Mnaawmn cbiH V)



[epeBbsA, B KOTOpPbIX Kaxabin Yy3en nubo
ABNSETCS NMMCTOM, NMbo obpasyeT ABa nogaepesa:
NeBoe W npaBoe, Ha3blBAalOTCA OWMHAPHbLIMMW
OepeBbsAMM N UCMNONb3YKOTCA MNpu  AeneHun
MHOXeCTBa Ha AOBa  B3aMMOWUCKIIHOYaloLLMX
NOAMHOXeCTBa no KaKoMy-TO NPU3HaKy
(AMxoTomMmnyeckoe aeneHue).

BuHapHoe p[epeBO YpOBHA N Ha3blBaeTcs
NOMHbIM, €CNN KaXdblh ero y3en YPOBHA N
ABMSAETCA JNMCTOM, a KaXdblh y3en YPOBHS
MeHbLLIe, YeM N, UMEeeT HeMNyCcToe NeBoe U npaBoe
noaaepeBbs.



buHapHoe aepeBo



LInknomaTn4yeckoe 4ncsio rpaga

LinknomaTtmnyecknm YMCIIOM
HeopueHTupoBaHHOro rpaga G HasbIBAEeTCA YMCIO

v(G)=m(G)*c(G)—n(G)

rae m(G)4meno ero pedep;
c(GY Yvcno CBA3HbIX KOMMOHEHT rpada;
n(Gy YMCno BEPLUVH.

LiInknomaTtnyeckoe 4Mcrno nokasbiBaeT, CKOMbKO
pebep HYXHO yoanuTb U3 rpadpa, YTobbl B HEM He
cTano UMKIoB.



3.4. Cnocobbl 3apaHus rpada.

N30MOpMHbIE rpadbl

[eomeTpuyeckoe npeacrtaBneHne  MII0CKOoro
rpada Ha3bIBaeTCH €ro peanusalmen.

[Mlpn nepexoge ot anrebpanyeckoro crnocoba
(cnocoba 3agaHus rpada gyramm nNyTeéM yKasaHus
BEPLUMH, KOTOPbIM OHW  WVHUWAOEHTHbI) K
reoOMeTPUYECKOMY OQHOMY U TOMY Xe rpady MoryT
COOTBETCTBOBATb pPa3fUyHbIE M30OpaeHnss —
nsomopdHbie rpadbi.

[pad® MOXHO 3agaBaTb Tabrmuewu, COCTOSALLEN
N3 N CTPOK (BepLUUHLI) 1 m cTonouos (pebdpa).

OQHMM M3 caMbiX pacnpoCTpPaHEHHbLIX CNOcoboB
3afjaHuns rpada aBnaeTca MaTpUYHbIA CNocoo.




MaTtpuuewn MHUUOEHTHOCTM Ha3bIBaeTCH
Tabnuuya B, cocTosilaga n3 n CTpok (BepLnNHbI) U m
cTonouoB (pebpa), B KOTOPOW:

* N1 HEOPUEHTNPOBAHHOIO rpadda:
b, =SCTM BEPLUMHA  WHUMACHTHA pebpy ;x,
b, =9CIM BEPLIMHA HE MHUMAEHTHA pebpy ;

* 0119 OPUEHTUPOBAHHOrO rpadda:
b, .eCNN BEPLLUMHA ABIAeTCA Havyanom Ayru ;
p, =§CTM BEPLINHA HE UHLIMAEHTHA Ayre ;

b —,§CNN BEPLLUMHA ABIAETCA KOHLOM OyTn.

ij



MaTpuuen cmexxHocTu rpadpa G = (VREB
KpaTHbIX p€bep Ha3biBaeTCHA KBaapaTtHas MaTpuua
A nopsaka n, B KOTOpPOW:.

a, =8CInn V.. vi)e x

a, 5 @cnu v..v,)e X

ij T

[lpn BOCCTaAHOBMNEHUU rpada No ero martpwuue
MHUMOEHTHOCTM MOXHO MONy4YnTb rpad nullb C
MOYHOCMbIO 00 U30MOPHU3MA.



3apgava. [lyctb rpadp G 3apgaH maTtpuuewn
cMmexxHoctn A. T[loctpoutb Aunarpammy 9TOro
rpaga, ecnu
0 1 o FegugHue. INockonbky maTtpuua
A HébleM%pl YyHa (Hanpumep ),
Ar-c»%)l-}a (])VIC}?}K@T(I) a,330aBaTb TONbKO OPUEHTUPO-
(1) ?CID@aQHg,m rpad.

1 1 10 0
10 00 0
=0 o
0 0 0 8 -l W
0 0 10 1



3apgava. [llyctb rpadp G 3agaH matpuuewn
cMmeXXHocTu A. [locTponTb gnarpammy 3TOro rpada,
ecnu

0 0 0Hewanue. Qnarpammy rpada,

" %Kﬂu{ar@ L?_leéCTb BEPLUWH, MO>HO

‘ﬁb%ﬂ%ﬂisgﬁ% c%ne,u,yrou_u/lM obpasom
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