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Tavi 4. grafTa Teoria

1. grafis ganmarteba da magaliTebi

grafi Sedgeba wveroebisagan da wiboebisagan. wveroebi warmoadgenen 
wertilebs, xolo zogirTi wyvili wveroebisa SeerTebulia wiboTi. 
wveroTa simravle aRiniSneba V-Ti (vertices) , xolo wiboTa simravle E-Ti 
(edges). |V| aRniSnavs grafis wveroTa raodenobas, xolo |E| ki wiboTa 
raodenobas.
mogvyavs ramdenime mniSvnelovani grafis magaliTi

1. tetraedris grafi            2. kubis grafi
|V| = 4, |E| = 6                                                                        |V| = 8, |E| = 12

3. n-wveroiani sruli grafi – am grafs aqvs n wvero da wveroTa yvela
wyvili SeerTebulia wiboTi. aseTi grafisaTvis |V| = n, |E| = n (n-1) / 2.                                                        
kerZod 

3. 4-wveroiani sruli grafi   4. Ria konverti     5. 5-wveroiani sruli grafi

 (daxuruli konverti)                          
|V| = 4, |E| = 6                                         |V| = 5, |E| = 8                            |V| = 5, |E| = 10

2. grafTa mocemis xerxebi
grafi SeiZleba aRiweros misi wveroebisa da wiboebis ubralo 

CamoTvliT:

am grafSi 4 wveroa A,B,C,D da 5 wibo c = (A,B), b = (A,C), a = (C,B), d = (D,B), e = 
(D,C).   es grafi ase SeiZleba aRiweros

V ={A,B,C,D},   E = {(A,B),(A,C),(B,C),(B,D),(D,C)}.

                    A
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grafis Cawera SeiZleba e.w SeerTebaTa matriciTac. es aris |V| × |V| 
zomis kvadratuli matrici, sadac (i,j) adgilze aris 1 Tu i-uri da j-uri 
wveroebi SeerTebulia wibiTi, da aris 0 winaamRdeg SemTxvevaSi. Cveni 
grafisTvis es matricia

arsebobs gansxvavebuli gza grafis matriciT aRwerisa - incidentobis 
matrici. es aris |E| × |V| zomis matrici, sadac (i,j) adgilze aris 1 Tu i-ur 
adgilze mdgomi wvero ekuTvnis j-ur adgilze mdgom wibos, da aris 0 
winaamRdeg SemTxvevaSi. Cveni grafisTvis es matricia

3. grafTa komponentebi

gza grafis v da w wveroebs Soris ewodeba wveroTa mimdevrobas 
(v0,v1,…,vn), sadac v = v0, w = vn da yoveli wyvili [vi,vi+1] qmnis wibos.

gzas ewodeba cikli, Tu is Sekrulia, anu v0 = vn.
grafs ewodeba bmuli, Tu SesaZlebelia misi yoveli ori wveros gziT 

SeerTeba.
grafs ewodeba xe, Tu is bmulia da acikluri (e.i. ar aqvs ciklebi).
grafis wveros xarisxi (valentoba) ewodeba im wiboTa raodenobas, 

romlebic Seicaven am wveros.
Teorema. grafis yvela wveros xarisxTa jami luwi ricxvia.
Teorema. grafis kent xarisxiani wveroebis ricxvi luwia.

4. planaruli grafebi

grafs ewodeba planaruli (brtyeli) Tu SesaZlebelia misi sibrtyeze 
ise daxazva, rom wiboebi erTmaneTs ar kveTdnen. 

sibrtyeze daxazul grafi warmoqmnis regionebs – areebs, romlebic
SemosazRvrulia garkveuli ciklebiT. aseT regionTa simravle aRvniSnoT 
R-iT (aRvniSnoT, rom regonebSi iTvleba agreTve erTi usasrulo 
regioni ganlagebuli grafis gare konturis gareT).

eileris formula. |V| - |E| + |R| = 2.

         A  B  C  D
A       0   1  1  0
B       1   0  1  1
C       1   1  0  1 
D       0   1  1  0

         a    b   c   d   e
A       0   1   1   0   0 
B       1   0   1   1   0
C       1   1   0   0   1
D       0   0   0   1   1
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sami Wis amocana. SevaerToT sami saxli sam WasTan ise, rom bilikebi 
erTmaneTs ar kveTdnen. 

am naxazze bilikebi erTmaneTs kveTen, magram SeiZleba Tu ara am
bilikebis ise gatareba, rom isini ar ikveTebodnen? eileris formulidan 
SeiZleba imis gamoyvana, rom es SeuZlebelia, anu es grafi planaruli 
(brtyeli) ar aris. am grafs ewodeba K3,3.

araplanaruli garfis meore magaliTia 5-wveroiani sruli grafi K5.:

Teorema (grafis planarulobis kriteriumi). grafi planarulia maSin da 
mxolod maSin, rodesac is ar Seicavs K3,3 an K5 qvegrafebs.

5. Semovlis amocanebi

wiboTa Semovlis amocana
1. SeiZleba Tu ara mocemuli grafis yvela wibos ise Semovla, rom 

TiTeul wiboze gaviaroT mxolod erTxel? es formulireba 
eqvivalenturia Semdegis: arsebobs Tu ara grafSi iseTi gza, romelic 
grafis yovel wibos TiTojer Seicavs? aseT gzas eileris gza ewodeba.

2. SeiZleba Tu ara grafis Semovla ase: daviwyoT romelime wverodan, 
SemoviaroT grafi ise, rom yvela wibo mxolod erTxel gaviaroT da 
davbrundeT sawyis wveroSi. es formulireba eqvivalenturia Semdegis: 
arsebobs Tu ara grafSi iseTi cikli, romelic grafis yovel wibos 
TiTojer Seicavs? aseT cikls eileris cikli ewodeba.

leonard eileris Teorema.
1. eileris cikli arsebobs maSin da mxolod maSin, rocam am grafs 

aqvs mxolod luwxarisxiani wveroebi.
2. eileris gza arsebobs maSin da mxolod maSin, roca am grafis 

kentxarisxiani wveroebis ricxvi ors ar aRemateba.

kenigsbergis xidebi
SeiZleba Tu ara kenigsbergis Svidive xidis Semovla ise, rom ar 

gaviaroT orjer erT xidze?
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es amocana eqvivalenturia Semovlis amocanisa am grafisaTvis:

eileris TeoremiT es SeuZlebelia, radgan am garfs aqvs 4 
kentxarisxiani wvero.

wveroTa Semovlis amocana
1. SeiZleba Tu ara mocemuli grafis yvela wveros ise Semovla, rom 

TiTeul wveroze gaviaroT mxolod erTxel? es formulireba 
eqvivalenturia Semdegis: arsebobs Tu ara grafSi iseTi gza, romelic 
grafis yovel wveros TiTojer Seicavs? aseT gzas hamiltonis gza 
ewodeba.

2. SeiZleba Tu ara grafis Semovla ase: daviwyoT romelime wverodan, 
SemoviaroT grafi ise, rom yvela wvero mxolod erTxel gaviaroT da 
davbrundeT sawyis wveroSi. es formulireba eqvivalenturia Semdegis: 
arsebobs Tu ara grafSi iseTi cikli, romelic grafis yovel wveros 
TiTojer Seicavs? aseT cikls hamiltonis cikli ewodeba.

komivoiaJoris amocana
vTqvaT grafSi dafiqsirebulia yvela wiboTa sigrZeebi. vipoviT 

umciresi sigrZis cikli, romelic Semoivlis grafis yvela wveros.
Tu grafs aqvs hamiltonis cikli, maSin is aris am amocanis amoxsna.

5. oTxi feris problema

minimum ramdeni feria saWiro nebismieri rukis ise SesaRebad, rom 
mezobel qveynebs sxvadasxva feri hqondeT? 

sami feri amisTvis ar kmara:

napiri 1

napiri 2

kunZulii 1 kunZulii 2
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SedarebiT advili saCvenebelia, rom 5 feri kmara nebismiero 
rukisaTvis. didi xnis ganmavlobaSi problemad rCeboda, sakamarisia Tu 
ara 4 feri. es problema gadaiWra mxolod kompiuterebis daxmarebiT 
Catarebuli vrceli gamoTvlebiT.

es problema SeiZleba grafebis enaze iTargmnos. amisaTvis nebismier
rukas SevuTanadoT aseTi grafi: wveroebi iyos qveynebis dedaqalaqebi, 
ori wvero (dedaqalaqi) SevaerToT wiboTi (rkinigziT), Tu am qveynebs 
saerTo sazRvris monakveTi aqvT. maSin rukis SeRebvis problema dadis 
Semdeg amocanaze: mocemuli grafis wveroebs mivaniWoT nomrebi 
(leiblebi) ise, rom mezobel wveroebs sxvadasxva nomeri hqondeT. minimum 
ramdeni nomeri aris amisaTvis sakmarisi? zemoT mocemuli rukis grafia 

mis gadanomrvas Wirdeba 4 nomeri (4 feri)

6. xeebi

yvelaze martivi, magram yvelaze gamoyenebadi grafebia xeebi – bmuli 
acikluri grafebi.

yoveli xe pirvel rigSi brtyeli grafia: aciklurobis gamo is ar 
SeiZleba Seicavdes K3,3 da K5 grafebs (romlebsac aqvT ciklebi). amitom 
xisaTvis samarTliania eileris formula |V| - |E| + |R| = 2. kvlav 
aciklurobis gamo ar arsebobs Siga regionebi, aris marTo gare, e.i. |R| = 
1, amitom |V| - |E| = 1, anu xisaTvis wveroTa ricxvi erTiT metia wiboTa 
ricxvze.

xis struqtura aqvT veb gverdebs, direqtoriebs, internetis 
misamarTTa domenur  sistemas.

Tavad xis struqtura aseTia. xis erTerT wveros uwodeben fesvs (root). 
amis Semdeg Semdeg avtomaturad Cndeba ierarqia: nebismieri ori 
wverodan, romlebis wiboTia SeerTebuli, erTerTi aris mSobeli
(romelic ufro axloa fesvTan), meore ki Svili. fesvs hyavs mxolod 
Svilebi, Sinagan wveroebs hyavT rogorc mSoblebi, aseve Svilebi, 
ylorti ewodeba wveros, Tu mas mxolod mSobeli hyavs.

am xeSi r fesvia, x,y,z Siga wveroebi, a,b,c,d,e,f ylortebi. yoveli ylortis 
valentoba 1-is tolia. binaruli ewodeba xes, Tu misi yoveli wveros 
(ylortebis) garda, 2-is tolia.
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amocanebi
amoxseniT Semdegi amocanebi (a) tetraedris grafisaTvis; (b) kubis 
grafisaTvis; (g) 4-wveroiani sruli grafisaTvis; (d) Ria konvertisaTvis:

1. dawereT am grafis SeerTebaTa matrici;
2. dawereT am grafis incidenciis matrici;
3. daxazeT am grafis brtyeli naxazi;
4. gamoTvaleT kombinacia |V| - |E| + |R|;
5. aqvs Tu ara am grafs eileris gza?
6. aqvs Tu ara am grafs eileris cikli?
7. amoxseniT komovoiaJeris amocana am grafisaTvis.
8. minimum ramdeni feriT SeiZleba am grafis SeRebva?


