NEKUUA Ne3

I'PADDI.
OBIIUE MMOHATHS



[lousitue rpada

Onpenenenne: YmopsimoueHHas mapa (V, E), rme V
IIPOM3BOJIBHOE HeITyCTOoe MHOXXECTBO, a E
IIOMHOXXECTBO MHO)XeCTBa V2, Ha3bIBaeTCsI 2paghom.

Ecmu | V] = n, To uncno n HasbiBaeTcst nopsiokom epaga.
Ectu |Vl= n u |El= n, to rpad naseaercs (n, m)-
rpadom.

O6oznauenwue: G(V, E) - rpad G,
V(G) - mHO)XecTBO BepuvH rpada G,

E(G) - MmHOXecTBO pebep rpada G.

N



[eomeTpuyeckass UHTepHpeTalys

G(V, E)

V(G)=1{y,2,3,4,5,6, 7},

E(G) = {(1, 5), (1, 7), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6),
(4,7), (5, 6)}



Mynprurpad

Omnpegenenue: rpad, B KOTOPOM [JOMYyCKaeTCs
CYLIECTBOBAaHWE  KPATHBIX  (ITOBTOPSIOIIMIXCS)
pebep, Ha3bIBaeTCs My/ibmu2pagpom.

E(G) ={(1, 5), (1, 7), (2, 5), (2, 6), (3, 4), (3, 5), (3, 6),
(4,7), (5,6), (6,2),(7,1)]



[IceBoorpad

Omnpeaenenue: rpad, B KOTOPOM JOIMYCKAaeTCS
CyllecTBOBaHUEe TmeTenb (pebpo, coeauHsIOIIEe
BepUIMHY caMy ¢  co06oi),  Ha3bIBaeTCs
ncesdozpacgpom.

2

E(G) ={(1,1), (1, 5), (1, 7), (2, 5), (2, 6), (3, 4), (3, 5),
B, 6), (4, 7), (5, 6), (7, 7]}



OpueHTHpPOBaHHBIHN rpad

Onpenenenue: rpadp G(V, E), rae E sBasieTcs
MOAMHOXeCTBoM VXV, Ha3bIBaeTcsi opzpagpom
(opueHmuposaHHbviM 2pagom).

E(G) ={(1, 5), (1, 7), (3, 5), (4, 3), (5, 2), (6, 2), (6, 3),

(6,5), (7, 4)} )



[loHssTHE CMEeXXHOCTHU

OnpezaeneHue: e BepUIMHBI rpada Ha3bIBAIOTCSA
CMENCHbIMU, €CJTU OHU COeUHEHBI peOpoM.

Omnpenenenuvie: aBa pebpa rpada Ha3bIBAKOTCA
CMENCHbIMU, €CIU OHU BBIXOAAT W3 OLHOU
BEPLUVHEI.

~J



[lorsTre UHLIMIEHTHOCTU

Omnpegenenve: peOpo W BepLIMHA Ha3bIBaIOTCS
UHUUJeHMHbIMU, €CTU JaHHAsl BepLINHA SIBIsSeTCS
KOHIIOM JaHHOTO pebOpa.

3



Oxpy)xeHue BepIINHBI

OmnpeaeneHue: oKpyweHuem sepwuHbl v B rpade
G, HasbIBaeTCsi MHOXECTBO CMEXHBIX C Heu
BeplKrH rpada G.

O6o3Hauenue: N(v), Nq(v).

N(S) = {1’ 2, 3, 6}

9



[TycToii rpad

Omnpeaenenue: ['pad HaspiBaeTcss nycmuviM, eCau
OH He COAEPXUT HU ofgHOTO pebpa, To ecTh E = .

O6osnHauenue: O, - mycTou rpad nmopsiaka n.

3 @
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[MTomubrit rpad

OmnpegeneHue: rpad Ha3bIBACTCSA NOJIHbIM, €CJU
A00bIe ABe ero BepLINHbI COeJUHEHBI peOpoMm.

O6osHauenue: K, — momHbIN rpad mopsigKa n.
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[Tonuerit rpad

Teopema:
n(n-1)

2

Yucno pebep B mosHOM rpade paBHO
J/loKasaTe/IbCTBO:

Bcero B rpade n BepunH. M3 Kaxgoil U3 HUX
BBIXOZUT (n-1) pebpo.
Takum o6pasom, moayaum n(n-1) pedpo.

Tak kKak kKaxzgoe peOpPO OTHOCUTCA K IBYM
BepLIMHAM, MpPH TaKOM ToAc4YeTe OHO Oyzer
YUYUTBIBAThCSA ABaXAbl. CraeayeT MOAeNUTh Ha 2,

TIOTYYUM: n(n—1)

2




JlortoHUTE TEHBIN rpad

Onpenpenenue: donoaHeHuem 2papa G(V, E) nnm
IOTIOTHUTENHHBIM rpadoM K rpady G, Ha3bIBaeTCs

rpap G(V,E).

3 3




M3omopdusm rpados

Omnpeaenenue: /IBa rpada Ha3pIBalOTCA U30MOPPHBIMH,

eC/in CyleCTBYeT 6I/I€KHI/IH MEXAYy MHOXeCTBaMH HX
BEPLUIMH, COXpaHAKOLIIEeCe OTHOMICHNE CME>XHOCTH.

O6o03Hauenue: G = H.
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CaMOIOIIO/THUTEIbHBIN IPad

Onpeznenenvie: ecnu rpad usomopdeH cBoemy
OOTIOTHEeHUIO, TO OH Ha3bIBaeTCs
Camo0donONHUMENbHbIM.




MapupyT. PaccTtosinne mexxay BepiurnHaMu

OnpeaeneHne: TOCAeIOBAaTeIbHOCTh BEPIIMH U
pebep rpada Buzaa v,(v,v,)v,(v,v,)v,..v, (v, Vo)V,
Ha3bIBAETCS mMapwpymom, COeIUHSAIO LM
BEPIIWHBI V, U1 V,,.

Omnpenenenuve: O0AuHOU mapwpyma Ha3bIBaeTCs
YK C/I0 BXOASALIMX B HEro peodep.

OrnpeneneHre: paccmMosiHueM MeXIy BepIIMHaMU
U W vV Ha3bIBaeTCs MJIMHA KpaTdaillero Maplpyra
MEXXy HUMH.

O6Go3sHauenue: d(u, v).

16



M3 1B 6 cyliecTByeT 2 MapLIpyTa:

1(1, 2)2(2, 6)6 1 1(1, 4)4(4, 5)5(5, 6)6
Bt 6) = 2

M3 1B 10 HET MapuIpyTa.
d(1, 10) = ©



MeTpuyeckue XxapaKTepHUCTUKU

OmnpegeneHue: paccTosHUe 10  Haubosee
yAQJIECHHOW OT BepLIMHBI U BepLIMHBI rpada
Ha3bIBAETCS IKCUCHMPUCUMEMOM 8ePUUHDBL U.

e(u) = g/?é()d(u,x)

Omnpepenenue: paduycom e2paga Has3bIBaeTCs
HAaUMEHbBIINN U3 3KCLEHTPUCUTETOB €ro BepLUMVH.

r(G) = min e(u)

ueV(G)

18



MeTpuueckre XxapaKTepUCTHUKH

Omnpenenenune: duamempom epaga Ha3bIBaeTCs
HauOOMBIINN U3 SKCLIEHTPUCUTETOB €r0 BEPIIHH.
d(G) = max e(u)
ueV(G)
OmnpeaeneHre: MHOXXECTBO BepmIMH Trpada cC

HAaUMEHBIIMMM 3KCLEHTPUCUTETAMU Ha3bIBA€TCs
ueHmpom epaga.

Z(G) = {u = V(G)‘ e(u) = r'(G)}
OmnpeneneHvie: BepIIMHBI ¢  HaWOOJBIINMHU

SKCLeHTPUCUTETAMU Ha3bIBAIOTCA
duamempanbHbIMU UIH NepepepuliHbiMU.

D(G) = {u = V(G)| e(u) = d(G)}

19



e(1) =3, e(2) =2, e(3) = 4, e(4) = 4, e(5) = 4, e(6) =3,
e(7) = 4, e(8) = 4, e(9) = 3, e(10) = 4.

r(G) = 2, d(G) = 4.

Z(G) = {2}, D(G) = {3, 4,5, 7, 8, 10}.

20



CreneHu BepinH rpada

OmnpegeneHue: cmeneHblo gepwuHbl u rpada G
Ha3bIBAETCS KOIMYECTBO UHLIUJAEHTHBIX eil pedep.

O6o3Hauenue: deg(u).

[Ipumep:

deg(1)=3, deg(6)=4, deg(2)=deg(4)=deg(5)=deg(8)=2,
deg(3)= deg(7)=deg(10)=1 — BUcsIYME BepIIUHBI.
deg(9)=0 — M3o/MpoBaHHasI BEpIIHHA.



OxaHopoaHbIie rpadbl

Omnpenenenuie: rpad Ha3bIBAaeTCI OO0HOPOOHbIM,
€C/IU CTEIIeHU BCEeX €ro BepLUMH paBHBL. dwucio,
KOTOPOMY PaBHBI Bce CTerneHU rpada, Ha3bIBaeTCs
CTEeNEeHbIO0 OZHOPOAHOTO rpada.

k o
O6GosHauenue: R | roe k - cTemeHp KaXAOU

1

BEPLUMHBI, N — IOPSAAOK rpada.

4 ¥ ®3




CreneHu BepinH rpada

YTBepXIeHUEe: CyMMa BCEX CTeIleHEeU BepLIUH

rpada eCcTh YeTHOe YUCJIO, PaBHOE YABOEHHOMY
KOJIMYeCTBY pebep.

YTBepxaeHre: YUC/I0 BePLIMH HeUYeTHON CTeleHU
B 1F0O00M rpade 4eTHO.

YrBepxaeHue: B J00O0M rpade 00si3aTesIbHO
HAWJyTCsA ABE BepPUIWMHBI, UMEKIIHe OJMHAKOBYIO
CTETICHb.

YTBepxaeHue: B 11000M OZHOPOAHOM rpade nubo
ero mopsifoK, Nu0OO0 CTeleHb ero BepIINH ecCTh
YeTHOE YUCJIO.

N
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CremneHHas rmocjie0BaTe/IbHOCTD

Onpe,ueneHHe: ImocjaeA40BaATCJIbHOCTD BCEX

cTereHed BeplUrH rpada Ha3bIBACTCS CMeneHHoU
nocaedosameibHOCMbIO 2padga.

[Ipumep: 3 ¢ P4
112,233




[TomeuyenHbIe rpadmI

Omnpenenenuve: rpad mnopsizka N  Ha3bIBaeTCs
IIOMEYEHHBIM, €C/JIU €ero BepLIMHAM IPUCBOEHBI
HEKOTOpbIe UMEHa.

f d 1 2
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[Toarpadsr

Onpenenenue: rpap G(V, E,) Ha3biBaeTcs
nodepagpom rpadpa G(V, E), eciu V.cV,a ECE.

Onpezgenenue: moarpad G,(V, E,) rpada G(V, E)
Ha3bIBaeTCsI 0CmMo8HbiM, ecniu V.=V, a E CE.

Onpenenenune: noarpad G,(V, E,) rpada G(V, E)
HA3bIBAETCSA NOPOWCOEHHbIM, €CIH [ JHOBIX
BepIIHH u,ve V BepHO, 4TO (u,v) €E TOraa U TOJIBKO
Toraa, koraa (u, v) €E,.



[Toarpadser




Omnepaiyisi 00 beJUHEHUS

Omnpeaenenne: obseduHeHuem  ABYX rpados
G(V,E) u G,(V, E,) Ha3pIBaeTcs rpad
G(V,E) = G,uG,, Takoiiuto V=V. UV, aE =E,UE,.




I3 BIOHKTHOE 00 BbeIUHEHHE

Onpepenenue: OO6benrHeHUe rpadoB
Ha3bIBaeCTCsA QU3BbHHKMHBLIM, eciu VN V,= O,

O6o3nauenue: G(V,E) =G(V,E) + G,(V,, E,).

G = G+G, 2



lekapTOBO NpOM3BeleHUE

Omnpenenenue: dekapmogbiM  npoudsedeHuem
aByx rpadoB G,(V, E) u G,(V,, E,) Ha3bIBaeTcs
rpap G(V,E) = GoG,, Takoii uto V = VxV,, a
((u,v,), (u,,v,))eE TOorma M TOJBKO TOI/A, KOTJA
U,=V,au,~vV, Wi U,=V,, a U,~V,.

19 (a,1) (b,1) (c,1)

4 A4

b @ (a,2) (b,2 (c,2)

- - ) 2 9 4 -
Gl (3’3) (b’3) (C’B)

3 e g -4

- G=GuG,



TeH30pHOE NMpou3BeaeHNE

OnpeneneHue: meH30pHbIM Npou3gedeHUuemM IBYX
rpadoB G(V, E) u G,(V,, E,) Ha3siBaeTcsa rpad
G(VE) = G,x G,, Takoi 4yto V = VXV, a
((u,v,), (u,,v,))eE Torma M TOJIBKO TOI/A, KOTJA
U,~V, 1 U,~V,.

1 e (a,1) (b,1) (c,1)
(a,2) )

- L ® Cc 2 9
Gl (0’3) )

3 e

G=0GxG,



CunpHOe Ipor3BeieHUe

OmnpeneneHue: CUNbHbLIM npou3gedeHuem  IBYX
rpadoB G(V, E) u G,(V,, E,) Ha3eiBaeTcsa rpad
G(VE) = G=G, Takoii utro V =VxV,, a
((u,v,), (u,,v,))eE Torma M TOJIBKO TOI/A, KOTJA
U,~V, A U~V, WIA U,=V, a U,~V,, WIA U,=V,, a
u-~v,

I (a,1) (b,1) (c,1)
- bo e 29 @2
& (a,3) )
3 e
G G — GIEI G2
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Jlekcukorpadudeckoe Mpou3BeIeHHe

Omnpeaenenue: dekapmogbiM  npou3dgedeHuem
nByx rpadpoB G,(V, E) u G,(V,, E,) Ha3pIBaeTCs
rpap G(V,E) = G;G,, Takoit uto V = VXV, a
((u,v,), (u,v,))eE Torma M TOJBKO TOTAA, KOTIA

u1~V1 Uin Ul = Vl, d U2~V2.
- (a,1) (b,1) (c,1)

(a,2)

G, (a,3) ) )
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M3 BIOHKTHOE IPOM3BEeeHUE

Omnpezpenenue: Ou3slOHKMHbLIM npou3gedeHuem
nByx rpadpoB G,(V, E) u G,(V,, E,) Ha3pIBaeTCs
rpap G(V,E) = G, * G,, Takoit uto V = VxV,, a
((u,v,), (u,v,))eE Torma M TOJBKO TOTAA, KOTIA
U, ~ vV, Wi U,~V,.




KopHeBoe npousBeneHue

OmnpeaeneHne: KOpHe8bIM NpoudgedeHuem OBYX
rpadoB G(V, E) u G,(V,, E,) Ha3eiBaeTcs rpad
G(V,E) = G,G,, Takoirt 4to V=VxV, a pebGpaB
E ob6pasyrorcs o npuHuuny E, + E, V..

19 (a,1) (b,1) (c,1)

-4 ® ®

A b‘ c‘ . (a,Z)’ (b,Z). (c,Z).
G, (a,s)l (b,3) (c,3)
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Omnepanys yoaneHus: pedpa
Onpegenenne: rpadp G, ,(V,, E,) momydaercs us

rpada G(V, E) B pesynbrarte ydaneHus pebpa (u,v),
ecu V.=V, aE =E \{(u,v)}.




Omnepauys yaieHUs BepLIMHbI

Omnpeapenenue: rpadp G,(V, E,) momydaercs u3
rpada G(V, E) B pe3ynbraTe yoaneHUs 8ePWUHDbIL V,
ecmu V,= V\[v}, a E, = E \{(v, u)l ue V}.

\WNJ
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Omnepauys OTOXAeCTBIeHUS BepLINH
Onpenenenne: rpadp G,(V,, E,) momydaercs wu3
rpadpa G(V, E) B pesynprate omoxidecmeneHus
gepwuH u n v, ecnu V, = Vulaj\{u,v}, a

E, = EU{(a, y)| y € N(wW)OUNW)}\{(v, u)}.




Omnepanys cTaruBaHus pedpa

OHPG,ZLGJIGHI/IGZ OTOXAECTB/ICHHWE BCPLIMH U WU V

HaspIBaeTcsi cmseusaHuem pebpa (u, v), ecaun
(u, v)eE(G).



CrsaruBaemMsbIii rpad
OHpe,Z[eJIeHHe: Fpa(l) (G Ha3bpIBaeTCS CMA2UBAEMbIM K

rpady G, ecmm G' monydaercst u3 G B pesy/brare
HEeKOTOPOM I10C/IeJOBAaTe/IbHOCTA CTATUBAHUSL €ro

pebep.
4 3 6 a °
7
7
1
X 2
2
G
3
b
7
1
2
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Omnepauys pacuienieHus BePIIVHEI

Onpenenenue: rpadp G,(V, E,) momydaercsi wu3
rpada G(V, E) pacwenneHuem 8epwuHbl V, €CIv
V.= VU{v, v,}\{v}, a E,= EuX U Y\{(v, v,)}, Tme
X ={(v, x)| x e N(v), N(v)c N(v)}, a

Y={(v, y)| y € N,(v), N,(v)c N(v)}.
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Pacmernienuve rpada

Onpenenenue: rpad G* Ha3bIBaeTCA
pacwenneHuem rpada G, ecnu G* monydaeTrcs U3
G B pe3yabTraTe HEKOTOPOM ITOCIEeL0BATE/IBHOCTHU
paclIeIUIEHUS €r0 BepLIVH.

3




Omnepanus moapasdouenus: pedpa
Onpenenenue: rpadp G,(V, E,) momydaercsi u3
rpada G(V, E) B nodpazbueHuem pebpa (u, v),
ecau V, = Vula}, a E, = EU{(q, u), (a, v)}\{(v, u)}.
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