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mecnierebis sxvadasxva dargSi _ sociologiaSi, 
ekonomikaSi, biologiaSi arsebuli mravali sakiTxi 
maTematikuri  disciplinebis gamoyenebiT gadaiWreba. 
es dargebi erTgvari stimulia axali, saintereso 
maTematikuri aparatis ganviTarebisTvis, romelic 
maTematikuri modelirebis saxeliT aris cnobili. 
swored am TvalsazrisiT maTematikuri modelireba 
interdisciplinarul gamokvlevaTa gamorCeulad 
moqnili da nayofieri instrumentia [1, 2].

maTematikuri modelireba raime obieqtis (origi-
nalis) modelebis Seqmnas da Seswavlas warmoadgens 
erTmaneTTan dakavSirebuli wesebis, gansazRvre-
bebis da meTodebis gamoyenebiT. misi ZiriTadi 
mizania: a) originalis saintereso Tvisebebi sakma-
risi sizustiT aRweros, b) prognozi drois mcire 
danaxarjebiT  gaakeTos, g) modelis Sedegebis 
originalze gadatanis saSualeba mogvces. 

maTematikuri modelebi SeiZleba iyos deter-
ministuli, albaTuri da sxv. albaTur modelebs 
zogjer stoqasturs uwodeben.

deterministuli modelebi zust prognozs 
iZleva; albaTuri – prognozs imis Sesaxeb, rom 
xdomiloba drois garkveul monakveTSi gansaz-
Rvruli albaTobiT xdeba. amasTan, albaTuri 
modeli procesis parametrebis saSualo mniSvne-
lobebisTvis praqtikulad misaReb prognozs iZleva. 
socialuri sistemebis albaTur modelebSi gansa-
kuTrebiT mniSvnelovani gamoyeneba aqvs markovis 
jaWvebis Teorias da grafTa Teorias  [1,3,4].

amis ilustracias qvemoT SemogTavazebT. Cven 
daveyrdnobiT cnobili avtorebis gamokvlevebs da, 
Cveneuli xedvis gaTvaliswinebiT, maT Tavisebur 
sinTezs movaxdenT.

mosamzadebeli sakiTxebi
rogorc aRvniSneT, naSromSi arsebiTad aris 

gamoyenebuli markovis jaWvebis da grafTa Teorie-
bi, amitom am paragrafSi am sakiTxebze mokled 
SevCerdebiT  [5].

markovis jaWvi aris iseTi stoqasturi pro-
cesi, romlis mdgomareobaTa simravle, aseve dro, 
diskretulia. amasTan drois t+1 momentSi proce-
sis raime mdgomareobaSi yofnis albaToba damok-
idebulia mxolod imaze, Tu ra mdgomareobaSi 

imyofeboda procesi drois t momentSi, da ar aris 
damokidebuli procesis mdgomareobebze drois 
wina momentebSi. es damokidebuleba t-s mimarT in-
variantulia.

Cven ganvixilavT markovis jaWvs mdgomareobaTa  
sasruli simravliT.   mdgomareobaTa Yyovel i da 
j-ur wyvils pij ricxvi Seesabameba. igi warmoad-
gens albaTobas imisas, rom Tu drois romelime 
momentSi jaWvi ui-ur mdgomareobaSi iyo, momdevno 
momentSi uj-ur mdgomareobaSi gadava. am ricxvs 
markovis jaWvebis gadasvliTi albaToba ewodeba. 
gadasvliTi albaTobebis erToblioba matricas 
saxiT  warmoidgineba:
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P matricas yoveli veqtori arauaryofiTi ricx-

vebisgan Sedgeba, romelTa jami 1-is tolia. maT 
albaTuri veqtorebi ewodeba. albaTuri veqtorebi-
sgan Semdgar matricas  _ stoqasturi matrica. 

markovis jaWvebis yovel stoqastur matricas 
Sewonili orgrafi  (orientirebuli grafi) See-
sabameba. grafi aris figura, romelic  wertileb-
is (wveroebis) da maTi SemaerTebeli wirebisgan 
(wiboebisgan) Sedgeba. SesaZlebelia, SeerTebuli 
iyos mocemul wveroTa yoveli wyvili, an,  mx-
olod maTi nawili, an raime wvero _ Tavis Tav-
Tan; raime ori wvero SeiZleba ramdenime wiboTic 
iyos SeerTebuli. wveroebis saSualebiT sxvadasx-
va daniSnulebis elementebs gamosaxaven, wiboebiT 
ki maTi urTierTkavSiri gamoisaxeba [1].

Ggrafi SeiZleba iyos orientirebuli, anu, mis 
TiToeul wiboze miTiTebuli iyos sawyisi da 
bolo wveroebi. aseT grafs orgrafi ewodeba.

SesaZloa orgrafs maryuJi hqondes. maryuJi aris 
wvero, romelic Tavis TavTan aris SeerTebuli.

sociologiuri amocanebis gadaWrisas Sewoni-
li orgrafebi gamoiyeneba. wona namdvili ricx-
viT gamoisaxeba, wiboze iwereba da erTi ele-
mentis meoreze zemoqmedebas aRniSnavs. orgrafi 
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mWidrod bmulia Tu misi yvela elementi erTmane-
Tze zemoqmedebs (SesaZloa arapirdapirac). ar-
sebobs orgrafebi, romlebic mWidrod bmuli ar 
aris, magram aseTi saxis qvesimravleebs Seicavs. 
maT Zlieri komponenetebi ewodeba. orgrafis wi-
boebis mimarTulebis SecvliT Seqceuli orgrafi 
miiReba. Tu grafi D asoTi gvaqvs  aRniSnuli, 
misi Seqceuli orgrafi  C(D) asoTi aRiniSneba. 
Seqcevis dros zogi Zlieri komponenti ergo-
diul simravles qmnis, zogi – aramdgrad sim-
ravles. ergodiuli Caketil simravles aRniSnavs, 
romlis arcerTi qvesimravle Caketili ar aris. 
Tu markovis jaWvi ergodiul simravleSi moxvda, 
mas aRarasodes aRar datovebs. sakmarisia  moce-
muli ergodiuli simravlis yvela mdgomareoba 
gavaerTianoT da igi erT STanTqmad mdgomareobad 
ganvixiloT. aseT SemTxvevaSi ergodiuli simrav-
le erTi elementisgan Sedgeba da markovis jaWvs 
STanTqmadi jaWvi ewodeba (an jaWvi STanTqmadi 
mdgomareobebiT). 

zogi ergodiuli markovis jaWvi regularulic 
aris. Aam SemTxvevaSi  nebismieri mdgomareobidan 
sxva mdgomareobaSi gadasvla zustad k bijis Sed-
egad xdeba. 

ZiriTadi nawili
markovis jaWvebis Teoria da grafTa Teoria 

iseT socialur amocanebSi gamoiyeneba, sadac jgu-
furi gadawyvetilebis formireba xdeba. msgavsi 
tipis amocanebis maTematikuri modelireba da 
ZiriTadi Sedegebi  frenCs (French, [1956] ) da  
hararis (Harary [1959]) ekuTvniT [6,7].

 ganixileba n wevrisgan Semdgari jgufi. jgufis 
TiToeuli wevri gaigivebulia raime naturalur 
ricxvTan. gansazRvrul sakiTxTan dakavSirebiT 
jgufis wevrebma erToblivi gadawyvetileba unda 
miiRon. t=0 sawyis momentSi jgufis yvela wevrs 
garkveuli Sexeduleba aqvs. uk wevris Sexedule-
ba  ka  namdvili ricxviT gamoisaxeba. jgufis Ti-
Toeuli wevri sxva wevrze zegavlenas axdens.  αij 
arauaryofiTi ricxvi  ui–uri wevris uj wevrze  
zemoqmedebas gamosaxavs. miCneulia, rom 
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jgufis wevrebis urTierTzemoqmedeba D or-

grafis saSualebiT gamoisaxeba. D orgrafis 
wveroebs jgufis wevrebi: u1, u2. . .un  warmoad-
gens.  Tu 0¹ijα  ui-dan uj -sken  wiboa gavle-
buli  Sesabamisi  ijα L woniT. daSvebulia, rom 
D zemoqmedebis  orgrafi gadawyvetilebis miRebis 
procesSi ucvlelia. azris gamoTqma da gadawy-
vetilebis miReba drois diskretul momentebSi  t 

= 1, 2, .....   xdeba.  t+1  momentSi jgufis uj wevris 
Sexeduleba Semdegi formuliT gamoiTvleba: 
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modelis mizania, Semdeg kiTxvebs upasuxos:
Rebulobs Tu ara jgufis TiToeuli wevri 1)	

saboloo (finalur) gadawyvetilebas?

*)(lim iit
ata =

¥®
arsebobs Tu ara saerTo jgufuri fina-2)	

luri gadawyvetileba?
modeli ar gamoricxavs, rom finaluri gad-

awyvetilebis misaRebad sakmarisad didi droa 
saWiro. realur SemTxvevebSi, Tu jgufuri azri 
Camoyalibda, is Teoriuli zRvariTi mniSvnelobi-
dan garkveulwilad dacilebulia.

modelis gamosaklevad  D Sewonili orgrafis 
Seqceuli C(D)  orgrafi ganvixiloT.  C(D)  Sei-
cavs (ui,uj) rkals pij   woniT, romelic αji –is tolia 
mxolod maSin, roca  D Seicavs (uj,ui)   rkals  
αji   woniT. Seqcevis dros rkalis mimarTulebebi 
(maryuJebis garda) sapirispirod icvleba. 

Tu  D  romelime socialuri jgufis zegavlenis 
orgrafia, maSin (2) formulis gaTvaliswinebiT 
misi Seqceuli C(D) orgrafi stoqasturi iqneba. 
Mmas zemoT mocemuli (1) stoqasturi matrica 
Seesabameba. 

frenCis da  hararis mosazreba, rom zogierTi 
αii?0, rac niSnavs, rom zogi wevri sakuTar Tav-
zec axdens zegavlenas, finaluri gadawyvetilebis 
misaRwevad mniSvnelovania  [2].

 mocemul situacias markovis jaWvebis Teoriis 

Teoremebi kargad esadageba. vTqvaT,  (t)=
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aris t momentSi jgufis wevrebis Sexedulebebis 
veqtori. P -  zemoT mocemuli  stoqasturi mat-
rica. @(2) piroba amtkicebs, rom  

A(t+1) =P·A(t)=PPt · A (0)=Pt+1A(0). 
 Sesabamisad  A(t)=Pt A(0).                               (4)         
Teorema 1. Tu socialuri jgufis zegavlenis D 

orgrafi mWidrod bmulia da erT maryuJs mainc 
Seicavs, jgufis wevrebi saerTo finalur gadawyve-
tilebas iReben. jgufuri gadawyvetileba tolia: 
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Wi - Seqceuli orgrafis Sesabamisi markovis 
jaWvis matricis stacionaluri wertilis Sesa-
bamisi albaTuri veqtoris w=(w
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komponentia.
ai(0) _ sawyis momentSi i-uri wevris Sexed-

ulebaa.
formula warmoadgens jgufis wevrebis sawyisi 

Sexedulebebis saSualo Sewonil  mniSvnelobas. 
damtkiceba:  D  orgrafi mWidrod bmulia, aqe-

dan gamomdinareobs, rom C(D)  mWidrod bmulia. 
C(D) ergodiul jaWvs gansazRvravs. radgan zo-
gierTi  0¹ijp , es jaWvi regularulic aris. 
regularul markovis jaWvebze Teoremis Tanaxmad 

WPlim =
¥®

t

t
. W matricas yvela striqoni erTi da 

igive  (w1,  w2 . . .  wn)  veqtoria.  (4) pirobidan 
gamomdinareobs, rom yoveli   j-saTvis 
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maSasadame jgufis yoveli wevris Sexeduleba 

ai(t) erTi da imave finaluri gadawyvetilebisaken  
miiswrafis. Teorema damtkicebulia.

analogiuri msjelobebis safuZvelze mtkicde-
ba Semdegi

Teorema 2. Tu socialuri jgufis yvela wevri 
erTmaneTze zemoqmedebs da yovel Zlier qvejguf-
Si erTi wevri mainc sakuTar Tavze axdens zegav-
lenas, samarTliania Semdegi debulebebi:

1) jgufis yoveli wevri mdgrad finalur gad-
awyvetilebamde midis. igi mxolod Zlieri qve-
jgufebis wevrebis sawyis Sexedulebebzea damok-
idebuli. 

2) Tu socialur jgufSi erTi Zlieri qvejgu-
fia, mTeli jgufi saerTo finalur gadawyvetile-
bas iRebs. igi Zlieri qvejgufis finaluri gadaw-
yvetilebis tolia da misi wevrebis sawyis Sexed-
ulebebzea   damokidebuli. 

3) Tu ramdenime Zlieri qvejgufia, TiToeuli 
maTgani finalur gadawyvetilebamde midis. roca 
isini erTnairia, mTeli jgufi saerTo finalur 
gadawyvetilebas Rebulobs. igi damokidebulia mx-
olod Zlieri qvejgufebis wevrebis sawyis Sexed-
ulebebze  [2,3,4].

markovis jaWvebis Teoriis gamoyenebiT da ze-
gavlenis grafis garkveuli gardaqmnebis Sedegad 
SesaZlebeli aRmoCnda imis dadgena, rom  jgufi 
saerTo finalur gadawyvetilebas aRwevs. Ggarda 
amisa mtkicdeba, rom TiToeuli wevris Sefardeb-
iTi zegavlena garkveuli ricxviT gamoisaxeba, 
rac gansazRvrulia misi wvliliT finaluri gad-
awyvetilebis miRwevaSi. Yyvelaze saintereso is 
aris, rom amocanebSi, romlebic Tavisi bunebiT 
sruliad ar aris albaTuri, markovis jaWvebis 
Teoriis meTodebi Zalian efeqtiania. vvaraudobT, 

rom momavali kvlevebi gviCvenebs, ramdenad efeq-
tiania markovis jaWvebisa da grafebis Teoriis 
gamoyeneba sxva tipis socialuri sistemebis gamo-
sakvlevad.

Revaz (Iveri) Kakubava,
Nino Kipiani 

George Makasarashvili

Probabilistic modeling of formation 
of the final decisions in social groups

Summary

The work considers the problems of influence and 
authority in social groups. Particularly, the process of 
formation of the final decisions within multi-member 
social group and aspets of evolution of this process. 
On the basis of Markov chains and graph theory the 
following problems are researched: 1) How does each 
member of the group make the sustainable final decision? 
2) In what conditions does the whole group or its distinct 
subgroup make the sustainable final decision? 3) What 
is the relationship between the group’s final decision (if 
it’s possible) and the initial considerations of members 
of the group?
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