
S e s a v a l i  

 

Tanamedrove ekonomikuri da socialuri ganviTarebis 

damaxasiaTebeli Tviseba aris urbanizaciis procesis 

intensivoba, e.i. qalaqebis, maTi teritoriebis da mosaxleobis 

ricxvis zrda. 

qalaqebSi mosaxleobis masiurma koncentraciam, romelic 

warmoiSva mimdinare saukunis dasawyisSi migviyvana iqamde, rom 

dedamiwis mosaxleobis mesamedi cxovrobs qalaqebSi, amasTan am 

raodenobis 20% Seadgens qalaqebis mosaxleobas, romelTa 

ricxovnoba aRemateba 100 aT. adamians. 

ukanaskneli aTeuli wlebis manZilze warmoiSva superqalaqebi, 

romelTa mosaxleoba Seadgens 7-12 mln. adamians da e.w. 

aglomeraciebi (regionaluri, urbanuli gaerTianeba), romlis 

mosaxleoba aris 30 mln.-mde. 

adamianTa aseTi udidesi ricxvis ganlagebisaTvis moxda 

teritoriis regionaluri gafarToeba. 

regionaluri, urbanuli teritoria da mosaxleobis 

ricxovnoba ar warmoadgens maTi ganviTarebis erTaderT 

maxasiaTeblebs. miTumetes es ori maCvenebeli axasiaTebs 

regionalurs, mxolod mis SigniT. 

regionaluri garemos xarisxobrivi maCveneblebi da maTi 

ganviTareba, sakmarisad didia. isini daniSnulia daaxasiaTon 

regionaluri, urbanuli teritoria ufro detalurad sxvadasxva 

TvalsazrisiT. mravali maTgani warmoadgens, romelime 

ricxobriv maCveneblebs, magaliTad, xmauris done, regionaluri, 

urbanuli teritoriis sahaero da wylis auzebis dabinZureba, 

transportis SeRwevadoba, magistralebis datvirTuloba, 
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samrewvelo warmoebis done, demografiuli maxasiaTeblebi, 

sacxovrebeli fondis mdgomareoba da a.S. magram regionaluri 

teritoriis yvela maxasiaTebeli ar SeiZleba gamoisaxos 

cifrebSi. misi maxasiaTeblebi iseTia, rogorc arqiteqturuli 

saxe, mimzidveloba, moxerxebuli sacxovrebeli pirobebi, 

mosaxleobis sazogadoebrivi aqtiuroba da sxva, romelTa 

raodenobrivad Sefaseba saeWvoa. 

zemoT naxsenebi maCveneblebis erToblioba axasiaTebs 

regionaluri teritoriis mdgomareobas, xolo maTi cvlileba 

drois mixedviT - mis ganviTarebas. zustad, rom vTqvaT isini 

warmoadgenen, romeliRac procesebis Sedegebis maCveneblebs, 

romelic mimdinareobs, rogorc regionaluri teritoriis 

SigniT, aseve mis gareT. 

Sida procesebi ganpirobebulia regionaluri teritoriis 

Semadgeneli elementebis urTierTmoqmedebiT. es elementebi 

SeiZleba gavaerTianoT sam jgufad, romlebsac SemdgomSi 

vuwodebT organizaciebs.  

pirveli maTgani - Sromis organizacia, romelic regionalur 

teritoriaze aerTianebs im obieqtebs, sadac mosaxleobas 

SeuZlia gamoiyenos Tavisi Sroma. es SeiZleba iyos 

sasamarTloebi samrewvelo sawarmoebi, administraciuli 

dawesebulebebi, momsaxurebis sawarmoebi da a.S. meore 

organizacia - sacxovrebeli, sadac Sedis regionaluri 

teritoriis yvela sacxovrebeli obieqtebi. es organizacia 

erTgvarovania, misi Semadgeneli obieqtebis funqcionaluri 

ganawilebis TvalsazrisiT.  

regionaluri ganviTarebis procesi dakavSirebulia misi 

teritoriis rekonstruqciasTan an axali teritoriis 
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aTvisebasTan. amitom misi ganviTarebis maCveneblebi SeiZleba 

ganvmartoT, rogorc regionaluri teritoriis damaxasiaTebeli 

maCveneblebi. aRniSnul teritoriaze ganlagebulia sxvadasxva 

obieqtebi: sasamarTloebi, sacxovreblebi, administraciuli da 

sazogado Senobebi, samrewvelo obieqtebi, dasvenebis zonebi da 

a.S. TiToeuli maTgani Tavis mxriv gavlenas axdens regionaluri 

teritoriis nawilis maCveneblebze. regionaluri teritoriis 

monakveTi, romelic gadis sacxovrebeli obieqtebis qveS, 

xasiaTdeba SeRwevadobis xarisxiT Sromis gamoyenebis 

adgilebSi, momsaxurebis da dasvenebis centrebSi, obieqtebisa 

da sainJinro komunikaciebis RirebulebiT, sanitarul-higienuri 

da esTetikuri maxasiaTeblebiT. amave dros regionaluri 

teritoriis monakveTi, romelzec ganlagebulia samrewvelo 

obieqtebi xasiaTdeba sxva maCveneblebiT, romelTa Soris 

yvelaze arsebiTs warmoadgens samrewvelo obieqtis ekonomikuri 

maCveneblebi. 

regionaluri teritoriis maCveneblebis mravalsaxeoba 

warmoSobs or principulad sxvadasxva tendencias. erT-erTi 

maTgani mdgomareobs imaSi, rom Seiqmnas raime globaluri 

maCvenebeli, romelmac unda gaiTvaliswinos yvela kerZo 

maxasiaTeblebi. am mimarTulebiT perspeqtiulia regionaluri 

teritoriis miwis fasebis dadgena. meore tendencia 

sawinaaRmdegoa, uaryofili xdeba aseTi globaluri maCveneblis 

Seqmnis SesaZlebloba da regionaluri teritoriis 

daxasiaTebisaTvis gamoiyeneba yvela maxasiaTebeli. 

regionaluri ganviTarebis maCveneblebi axasiaTeben 

regionaluri qvesistemebis mdgomareobas. es ukanaskneli, 

urTierTqmedebs ra erTmaneTTan, gavlenas axdens regionaluri 
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sistemis mdgomareobaze. misi aRwerisaTvis maCveneblebi, 

romlebic gamoyenebulia qvesistemebisaTvis, zedmetad 

detalizebulia. mTlianad regionaluri mdgomareoba xasiaTdeba 

ganzogadoebuli maCveneblebiT, romlebic dakavSirebulia misi 

qvesistemebis mdgomareobis maCveneblebTan. 

dawesebulebis, firmis, regionis marTvisas Sesabamisi 

dawesebulebis xelmZRvaneli iRebs gadawyvetilebebs. kerZod, 

aucilebelia Tavidapirvelad wlis dasawyisSi, SemuSavebul 

iqnas firmis (saxelmwifo iqneba Tu kerZo) biujeti. keTdeba 

biujetis e.w. gamsxvilebuli varianti, perspeqtiuli varianti. 

biujetSi gaTvaliswinebulia (gaTvaliswinebuli unda iyos) 

absoluturad yvelaferi: xelfasebi, samSeneblo xarjebi, 

komunaluri gadasaxadebi, transportis xarjebi, premiebi, 

reklamaze xarjebi, qonebis SeZena, gauTvaliswinebeli xarjebi 

da a.S. 

didi mniSvneloba aqvs Tu rogori sizustiT iqneba Sedgenili 

biujeti. rameTu biujetiT gaTvaliswinebuli xarjebi unda 

daifaros SemosavlebiT. Semosavlebi ki aris magaliTad kerZo 

firmisaTvis produqciis warmoeba-gayidviT miRebuli mogebidan 

gadasaxadi. saxelmwifosTvis Semosavali aris gadasaxadebi, 

romlebsac ixdis iuridiuli Tu fizikuri pirebi. amitom cxadia, 

didi mniSvneloba aqvs swori realuri biujetis Sedgenas, misi 

parametrebis zust dadgenas. mogexsenebaT, rom realurad 

aucilebeli xdeba biujetis koreqtireba damtkicebis Semdeg. 

icvleba fasebi produqciaze, dawesebulebas gamouCndeba 

sxvadasxva problemebi. magaliTad, ruseTma moulodnelad 

akrZala qarTuli Rvinoebi. wlis dasawyisSi, gaformebuli iyo 

xelSekrulebebi ruseTTan produqciis miwodebaze. e.i. cnobili 
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iyo ramden Tanxas Seitandnen biujetSi, moulodnelad moxda 

katastrofa (rogorc maTematikuri TvalsazrisiT, ise 

socialuri Tu ekonomikuri) da biujetma dakarga Semosavlebi. 

aseve privatizaciidan (obieqtebis gayidvidan) Semosuli Tanxa 

midis biujetSi. es Casmulia biujetis SemosavlebSi, 

gaTvaliswinebulia, dagegmilia misi xarjvac. yvelaferi 

urTierTkavSirSia da urTierTdamokidebulia, amitom mcire 

SeSfoTebam (biujetSi Tanxa ar Semovida an Semovida da, ise ar 

daixarja rogorc saWiroa) SeiZleba katastrofuli Sedegebi 

mogvces [1], gavrceldes mTel sistemaze da Semdeg sistema 

daingres. disertaciaSi ganxiluli problemis gadawyveta - 

regionaTaSoris resursebis gacvlis maTematikuri modelireba 

warmoadgens biujetis marTebuli dagegmvisa da marTvis 

aucilebel winapirobas. Cvens SemTxvevaSi ZiriTadad xarjviTi 

nawilis swor dagegmvas. Cven davamuSaveT biujetis formirebisa 

da marTvis maTematikuri modelebi romlebsac aqvs zogadi 

xasiaTi, anu misi gamoyeneba SesaZlebelia, rogorc saxelmwifo, 

ise kerZo dawesebulebebisaTvis. Cvens mier damuSavebuli 

meTodebi gamoviyeneT, davnergeT sabiujeto organizaciaSi, 

magram rogorc zemoT aRvniSneT maT aqvT zogadi xasiaTi. 

marTvis obieqtad aviReT (zogadobis SeuzRudavad) saxelmwifo 

dawesebuleba, romelic marTavs qveynis mTel teritoriaze 

ganTavsebul dawesebulebebs. amasTanave Tavad am dawesebulebebs 

(obieqtebs, es obieqtebi arian erTgvarovani, Cvens SemTxvevaSi 

sasamarTloebi) Soris arsebobs urTierTkavSiri, informaciebis, 

materialuri resursebis gacvla-gamocvla da sxva.  

warmodgenil naSromSi SemoTavazebulia Semdegi: 
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1. Seqmnilia regionalur, urbanul teritoriebze ganlagebul 

obieqtebs Soris resursebis gacvlis maTematikuri modeli, 

romlis parametrebi ganisazRvreba entropiis maqsimizaciis 

principis gamoyenebiT. igi saSualebas gvaZlevs 

ganvsazRvroT mosalodneli jamuri danaxarjebis yvelaze 

albaTuri mniSvneloba. 

2. Seqmnilia regionebSi ganlagebuli obieqtebis 

(sasamarTloebis tipis erTgvarovani obieqtebis) 

funqcionirebis modeli, romelic saSualebas gvaZlevs 

SevafasoT obieqtis maxasiaTebeli parametrebis cvlilebis 

zemoqmedeba obieqtis funqcionirebaze. imitaciuri modeli 

saSualebas gvaZlevs miviRoT optimaluri gadawyvetileba, 

sistemuri midgomis safuZvelze dawesebulebis 

marTvisaTvis. 

3. aRniSnuli modelebis safuZvelze Seqmnilia biujetis 

xarjviTi nawilis marTvis algoriTmi, romelic 

iTvaliswinebs biujetis Semosavlebis saimedobas da 

dasafinansebeli sferoebis prioritetulobas. 

4. Seqmnilia sabiujeto dawesebulebis samsaxurebis 

organizaciuli struqturis srulyofis davalebaTa 

ganawilebis, TanamSromelTa saqmianobis Sefasebis meTodi, 

romelic saSualebas gvaZlevs miviRoT optimaluri 

gadawyvetileba sakadro cvlilebis ganxorcielebisaTvis. 

Cvens mier damuSavebuli meTodebis bazaze Seqmnili iqna 

gamoyenebiTi programuli sistemebi, romlebic gamoyenebuli iqna 

teqnikuri da socialuri sistemebis marTvisas. 
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Tavi 1 

regionaluri sistemebis maTematikuri modelebis 

mimoxilva 

 

1.1 regionaluri teritoriis lokaluri maCveneblebi 

 

lokaluri maCveneblebi gansazRvraven regionaluri 

teritoriis romelime monakveTebis maxasiaTeblebs. es 

maCveneblebi SeiZleba davyoT or jgufad. erT-erT maTganSi 

Sedis maCveneblebi, romelTac SeiZleba daematos raodenobrivi 

Sefaseba. meore jgufSi erTiandeba maCveneblebi, romlebic 

SeiZleba Sefasdes mxolod xarisxobrivad. maCveneblebis 

CamonaTvali, romlebic axasiaTeben regionaluri teritoriis 

mdgomareobas mocemulia nax. 1.1 da nax. 1.2-ze. 

 
qalaqis teritoriis xarisxobrivi maxasiaTeblebi 

 

 

 

 

 

 

 

 

 

 

 

 

nax.1.1 regionaluri teritoriis xarisxobrivi maCveneblebi. 
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pirveli jgufi, maCveneblebis pirveli sami tipi (nax.1.1) 

izomeba Rirebulebis erTeulebSi da warmoadgens regionaluri 

teritoriis ama Tu im nawilis aTvisebas an rekonstruqciaze 

danaxarjebs. rac Seexeba sanitarul-higienur maCveneblebs isini, 

rogorc wesi izomeba Sesabamis naturalur erTeulebSi. 

 qalaqis teritoriis raodenobrivi maCveneblebi 
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nax.1.2 regionaluri teritoriis raodenobrivi maCveneblebi. 

 
amitomac, udidesi sirTuleebi iqmneba pirveli sami tipis 

maCveneblebis formirebis dros, radgan amisaTvis saWiroa 
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qselebis maCveneblebis gansazRvrisaTvis. 
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da kapitaluri danaxarjebis wilidan, romelic ganisazRvreba 

efeqturobis koeficientiT. am maCveneblis ZiriTad nawils 

warmoadgens eqsploataciuri danaxarjebi, romelic gamoiTvleba 

romelime xvedriTi danaxarjebis mixedviT, qselis momsaxurebis 

TiToeul tipze da misi teqnikuri maxasiaTeblebis mixedviT: 

sigrZe, simZlavre, gamtarunarianoba, mavneblobis xarisxi da a.S.  

aseTi meTodika efeqturi xdeba SedarebiT martivi, erTi tipis 

obieqtebis mdgomareobis SefasebisaTvis. Tu Sefasebuli 

obieqtebi sxvadasxva tipisaa da didi raodenobiT, maSin is xdeba 

gamouyenebeli. 

am SemTxvevebSi modeli, romelic axasiaTebs kavSirs obieqtis 

naturalur maCveneblebsa da maT RirebulebiT gamosaxulebebs 

Soris, formirdeba ufro zogad terminad.  - Ti aRvniSnoT 

romelime obieqtis naturaluri maCvenebeli, romelsac adgili 

aqvs 

( )tG

t  drois momentSi, ( )[ ]tGn  - xvedriTi (naturaluri 

maCveneblis erTeulze) danaxarjebia obieqtis mSeneblobaze. 

 funqcia zogadad, damokidebulia mraval faqtorze, 

romelic Tavis mxriv damokidebulia obieqtis naturalur 

( )Gn

G  

maCvenebelze. 

obieqtis daZvelebis mixedviT danaxarjebi, romlebic iyo 

Tavdapirvelad, ufasurdeba, e.i. tλ >  drois momentSi isini 

iqnebian mcire vidre ( )[ ]tGn . es gaufasureba savaraudod atarebs 

eqsponencialur xasiaTs: 

( ) ( ) ( )tn G n G t eρ ττ −⎡ ⎤ ⎡ ⎤=⎣ ⎦ ⎣ ⎦ .                          (1.1.1) 

ρ  parametri axasiaTebs danaxarjebis gaufasurebis siCqares. 

maSin sruli danaxarjebi Tt ≤≤τ  droisaTvis ganisazRvreba 

Semdegi gamosaxulebiT: 
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( ) ( ) ( ) ( )
T

t
T

t

S t n G e G dρ ττ τ τ−= ⎡ ⎤⎣ ⎦∫ .                     (1.1.2) 

zogierT SemTxvevebSi [ ],t T  drois intervali ganixileba 

usasrulo. amasTan sruli danaxarjebi gamoiTvleba formuliT: 

( ) ( ) ( ) ( )t

t

S t n G e G dρ ττ τ τ
∞

−= ⎡ ⎤⎣ ⎦∫ & .                      (1.1.3) 

am gamosaxulebaSi Sedis naturaluri maCveneblis warmoebuli, 

rac yovelTvis ar aris xelsayreli. nawilobiTi integrirebis 

wesis gamoyenebiT (1.1.2) gardavqmnaT Semdegi saxiT: 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( )( ) ( ) ( ) .

t T
T

T
t

t

S t n G T G T e n G t G t

n G n G e G d

ρ

ρ ττ ρ τ τ τ

−

−

= −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦

+ − +⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦∫ &

+

          (1.1.4) 

am gamosaxulebaSi pirveli wevri gansazRvravs danaxarjebs t  

drois momentSi, meore - [ ),t T  intervalze maT cvlilebas. 

SemovitanoT aRniSvna: 

( ) ( ) ( ) .m G t n G t n G tρ= −⎡ ⎤ ⎡ ⎤ ⎡⎣ ⎦ ⎣ ⎦ ⎣& ⎤⎦                     (1.1.5) 

( )m G t⎡⎣ ⎤⎦  funqcia axasiaTebs xvedriT danaxarjebs naturaluri 

maCveneblis erTeulze da xvedriT danaxarjebs drois 

erTeulze, rac dakavSirebulia ( )G t  naturaluri maCveneblis 

mqone obieqtis mSeneblobasTan. 

maSasadame, RirebulebiTi maCvenebeli ( )S t  warmoadgens raime 

arawrfiv funqcionals ((1.1.2) saxiT an (1.1.4) saxiT), romelic 

damokidebulia  naturaluri maCveneblis cvlilebaze ( )G t [ ),t ∞  

intervalSi. 

misi praqtikuli gansazRvrisaTvis aucilebelia funqciebi 

 (1.1.1) an  (1.1.5). Cveulebriv isini moicema normativebiT, ( )n G ( )m G
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magram SeiZleba gansazRvrul iyos agreTve statistikuri 

monacemebis damuSavebisas. 

zogierT SemTxvevaSi xelsayrelia (1.1.2), (1.1.4) funqcionalebis 

diskretuli forma, radgan mravali normatiuli maCveneblebi 

moicema drois romeliRac intervalze: 

( ) ( ) ( ) ( )
N

t k i
N

t k

S k n G i e G iρΔ −

=

= ⎡ ⎤⎣ ⎦∑ Δ .                        (1.1.6) 

an 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) .

t k N
N

N
t k i

t k

S k n G N G N e n G k G k

n G i e G i t

ρ

ρ

Δ −

Δ −

=

= −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦

+ Δ Δ⎡ ⎤⎣ ⎦∑

+
          (1.1.7) 

am gamosaxulebebSi ( ) ( )S k S k t= Δ , ( ) ( )G k G k t= Δ , 

( ) ( ) ( )( )1G k G k t G k tΔ = Δ − − Δ , tΔ  - drois intervalia. 

ganvixiloT (1.1.6) gamosaxuleba. masSi ( ) ( )n G i G iΔ⎡ ⎤⎣ ⎦  namravli 

warmoadgens raime absolutur RirebulebiT danaxarjebs. 

SemovitanoT aRniSnvna: 

( ) ( ) ( ).n G i G i P iΔ = Δ⎡ ⎤⎣ ⎦                                (1.1.8) 

( )P iΔ  funqcia axasiaTebs danaxarjebs i -ur droiT intervalze. 

(1.1.8) da (1.1.6)-dan gveqneba: 

( ) ( ) .
N

ti tk
N

i k
S k P i e eρ ρ− Δ Δ

=

⎛ ⎞
= Δ⎜
⎝ ⎠
∑ ⎟                          (1.1.9) 

am gamosaxulebaSi danaxarjebis gaufasureba axasiaTebs tie ρ− Δ  

eqsponents. miviCnevT, rom 0ρ > , is warmodgeba Semdegi saxiT: 

( )
1 1 ,

1

i
ti

it
H

e
e E

ρ
ρ

− Δ
Δ

⎛ ⎞= =⎜ ⎟
⎝ ⎠ +

 

sadac  1.t
HE eρΔ= −
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ekonomikur kvlevebSi HE  koeficienti sakmarisad 

gavrcelebulia da atarebs kapitaldabandebis efeqturobis 

koeficientis saxelwodebas. viyenebT ra mas,  sruli 

danaxarjebi warmodgeba Semdegi saxiT: 

( )S k

( ) ( ) ( )
( )

,
1

N

N i
i k H

P i
S k k

E
β

=

Δ
=

+
∑                           (1.1.10) 

sadac ( ) ( )1 .k
Hk Eβ = +  

RirebulebiTi danaxarjebis miRebuli gamosaxuleba 

naturaluri maCvenebliT efuZneba varauds, rom ( )G t  

naturaluri maCvenebeli, ( )n G t⎡ ⎤⎣ ⎦  da ( )m G t⎡⎣

S

⎤⎦  xvedriTi 

danaxarjebis funqciebi cnobilia. amas garda, danaxarjebis 

ganfasebis maxasiaTebeli am gamosaxulebebSi miRebulia 

eqsponencialurad. magram zogjer SeiZleba davamtkicoT, rom 

aseT situacias aqvs adgili. ufro realisturad  funqciaSi 

Semavali danaxarjebis gansazRvras warmoadgens raime 

SemTxveviTi funqciis maTematikuri molodini, e.i. 

( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

2 1 2 1 2 1

2 2 2 3 3

, , , , , , ,

, , ,       , , .t

n G t n G t G t t

G t G t t t e tρ

λ λ λ ξ λ λ

3λ ξ λ ψ λ ξ λ

= +⎡ ⎤ ⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ ⎣ ⎦
= + = +

           (1.1.11) 

1 2 3, ,λ λ λ  - parametrebi warmoadgens sivrceTa Sesabamisi 

albaTobebis elementebs, xolo 1 2 3, ,ξ ξ ξ  - centrirebul 

SemTxveviT funqciebs. am funqciebs unda hqondeT dispersiis 

SezRudva, xolo ( )2 2,tξ λ  funqcia unda gadiferencirdes. 

am gamosaxulebis (1.1.2)-Si CasmiT, miviRebT, rom ( )TS t  

danaxarjebi aris SemTxveviTi funqcia da amitom mizanSewonilia 

ganvixiloT saSualo danaxarjebi: 
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( ) ( ) ( ) ( )1 3 2, , , ,
T

T

t

S t M n G G d .τ λ λ ψ τ λ τ λ τ
⎧ ⎫

= ⎡ ⎤⎨ ⎬⎣ ⎦
⎩ ⎭
∫ &  

es toloba (1.1.2)-is gaTvaliswinebiT gardaiqmneba Semdegi 

saxiT: 

( ) ( ) ( ) ( ) ( ) ( )1 2 2 1 3 3 2 2, , , ,
T

T

t

S t S t M G d .ξ τ ξ τ λ λ ξ τ λ ξ τ λ τ
⎧ ⎫

= + + ×⎡ ⎤⎨ ⎬⎣ ⎦
⎩ ⎭
∫       (1.1.12) 

movaxdinoT am gamosaxulebis ilustrireba gadaadgilebaze, 

drois danaxarjis RirebulebiTi Sefasebis gansazRvris 

magaliTze. es maCvenebeli aris satransporto qvesistemis erT-

erTi mniSvnelovani maxasiaTebeli. 

ganvixiloT raime drois intervali  nomriT, romelsac aqvs 

saaTebis 

i

( )L i%  sigrZe. Tu mas gamovaklebT dros, romelic 

saWiroa fiziologiuri moTxovnilebebis dakmayofilebisaTvis 

(Zili, sakvebi da a.S.), maSin rCeba saaTebis efeqturi ( )iL  dro, 

romelic principSi SeiZleba sasargeblo iyos. ( )i
PT -iT avRniSnoT 

muSa dro, ( )i
HT - drois arasawarmoo danaxarjebi. maSin erTi 

mSromelis Tavisufali dro: 

( ) ( ) ( ) ( ).i i i i
C PT L T T= − − H  

am TvalnaTliv gamosaxulebaSi ( )iL  da ( )i
PT

(

 mniSvnelobebi 

SeiZleba iyos zustad gansazRvruli, maSin )i
HT  sidide, zogadad, 

rom vTqvaT, SemTxveviTia da damokidebulia mSromelTa 

kategoriaze, cxovrebis pirobebze da a.S. 

avRniSnoT am sididis ganawilebis simkvrive ( )( )1
i

HTω -iT. magram 

ara yvela ( )i
HT  SeiZleba iyos Sefasebuli RirebulebiT 
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erTeulebSi, aramed mxolod misi raRac nawili ( ) ( )i i
C CT Tα=% , 

romelic gavlenas axdens Sromis nayofierebis amaRlebaze, e.i. 

( ) ( ) ( )( ) ( ).i i i
C PT L T Tα= − −% i

Hα                         (1.1.13) 

α  koeficienti SeiZleba mocemul iqnas orientalurad. 

moxerxebulia ganisazRvros mxolod 1 2,α α  intervali, romlis 

SigniT mdebareobs am koeficientis WeSmariti mniSvneloba. 

ramdenadac aranairi sxva cnoba masze ar aris, amitom 

mizanSewonilia is CavTvaloT SemTxveviT sidided, 1 2,α α  

intervalSi Tanabrad ganawilebulad.  

( )/ i
i in Q T= Δ %xvedriTi danaxarjebi drois -ur intervalSi i C , 

sadac  aris Sromis nayofierebis gazrdiT miRebuli 

erovnuli Semosavlis nazrdi. 

iQΔ

iQΔ  sidide agreTve SemTxveviTia 

( )3 iQω Δ  ganawilebis simkvriviT. 

regionalur teritoriaze, gadaadgilebaze daxarjuli dro 

aRvniSnoT ( )i
nT -iT. ( )i

nT dide Zlier icvleba transportis saxeze, 

dRe-RameSi droze, meteopirobebze damokidebulebiT da a.S. am 

sididis SemTxveviTi xasiaTi aRiwereba ( )(

 si

)4
i

HTω  ganawi  

simkvriviT. 

lebis

drois -ur intervalSi, regionalur teritoriaze 

gadaadgilebasTan dakavSirebuli danaxarjebi vipovoT 

i
( )i

i i nnTΠ =

i k

 

formulis mixedviT. (1.1.6)-is Tanaxmad sruli danaxarjebi = -

dan i -mde periodSi iqneba: N=

( ) ( )
N

i
N i

i k

k nT
=

Π =∑ n

am gamosaxulebaSi ganfasebis funqcia erTeulis tolia, 

radgan danakargebi drosTan ar icvleba. 

 

( )N kΠ  funqcia aris 
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Se

uri 

mTxveviTi da amitom Sefasebis saxiT mizanSewonilia 

gamoviyenoT danakargis maTematik molodini 

( ) { } ( ){ }.
N

i

i k

k M n M T
=

Π =∑  gvaqvs ra ganawilebis simkvriveebi N i n ( )2ω α  

da ( )( )1
i

HTω , (1.1.13)-is ZaliT SeiZleba ganvsazRvroT ( )( )i
CTω %

 iyos ganawilebis simkvriviT, 

azRv

 im xerxiT, RirebulebiT 

. 

yvela funqcia mocemuli unda

s  

zo

moxerxebulia moyves regionalur 

te

 Tu

er

rac aucilebelia saSualo danakargebis gans ri aTvis.

gjer maTTvis moxerxebulia movaxdinoT regionalur 

teritoriaze mosaxleobis korespondenciis kvleva. magram es gza 

sakmarisad Sromatevadia. meore SesaZlebloba mdgomareobs 

satransporto kavSiris sistemis statistikur modelirebaSi, 

romlis Sedegad SeiZleba napovni iqnas yvela aucilebeli 

ganawilebis simkvrive.  

Cveulebriv, aseTi modelebis agebisaTvis gamoiyeneba 

analogiebi, romelic 

ritoriaze mosaxleobis migraciasa da raime fizikur 

procesebs Soris. ase Seiqmna migraciis markirebuli da 

Termodinamikuri modelebi. 

maSasadame, pirveli jgufis maCveneblebis pirveli sami tipi 

SeiZleba gamoisaxos ama

TeulebSi. rac Seexeba am jgufis maCvenebelTa meoTxe tips, 

isini ganisazRvrebian naturaluri saxiT. maTi gamoTvlisaTvis 

gamoiyeneba garemos fizikur-qimiuri modelebi, romlis 

meSveobiT mosaxerxebelia Sefasdes sahaero da wylis auzebis 

dabinZurebis da xmauris fonis maCveneblebi [2]. aris mcdeloba 

am naturalur maCveneblebs daematos RirebulebiTi Sefaseba, 

romlis qveSac igulisxmeba Cveulebriv teritoriis 
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gajansaRebaze danaxarjebi, e.i. naturaluri maCveneblebis miyvana 

raime mocemul donemde. 

 

1.1.1. regionaluri teritoriis ganzogadoebuli maCveneblebi 

 

emoT ganxiluli lokaluri maCveneblebi saSualebas 

gv

md

veneblebis formulireba saWiroa 

ga

z

aZlevs davaxasiaTod regionaluri teritoriis monakveTi im 

obieqtebis mixedviT, romelic masze imyofeba da misi kavSiris 

mixedviT sxva monakveTebTan. ramdenadac regionalur 

teritoriaze ganlagebuli obieqtebi, friad sxvadasxvagvaria, 

maSin aseTi maCveneblebi sakmarisad mravalia. amitomac 

bunebrivia Cndeba survili movaxdinoT ganzogadebuli 

maCveneblebis formulireba. aq situacia msgavsia imisa, rasac 

adgili aqvs optimizaciis mravalkriteriuli amocanebis dros, 

sadac ama Tu im wesiT Semotanilia ganzogadebuli kriteriumebi. 

aseTi maCveneblebis damuSavebas, regionaluri teritoriis 

gomareobis SefasebisaTvis aqvs erTis mxriv Semdegi specifika. 

is mdgomareobs imaSi, rom yvela lokaluri maCveneblebi ar 

SeiZleba gamoisaxos raodenobrivad. amitom tradiciuli 

kriteriumebis erToblioba, romelic gamoiyeneba 

mravalkriteriul amocanebSi, romlebic mocemul SemTxvevaSi ar 

SeiZleba agebul iqnas. 

ganzogadebuli maC

nvaxorcieloT sxva gziT. erT-erTi maTgani mdgomareobs imaSi, 

rom movawesrigoT regionaluri teritoriis monakveTebi 

“saukeTeso-uaresi” wesis mixedviT da SemoviRoT miwis fasi [3,4]. 
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am poceduris pirveli etapi, romelic Sesdgeba monakveTebis 

ranJirebaSi efuZneba varauds, rom arsebobs monakveTebis raime 

mowesrigebuli (an naxevradmowesrigebuli) mimdevroba. unda 

aRiniSnos, rom es hipoTeza TiTqmis mudam gamarTlebulia 

regionaluri teritoriis (planirebuli zonebis) msxvili 

monakveTebisaTvis da piriqiT iSviaT SemTxvevaSi sruldeba 

mcire monakveTebisaTvis. 

monakveTebis mowesrigebuli mimdevrobis arseboba gvaZlevs 

saSualebas gadavideT meore etapze da SemoviRoT maTi xarisxis 

raime raodenobrivi zoma. amasTan, am zomis absoluturi sidide 

TiToeuli monakveTisaTvis arc ise mniSvnelovania, rogorc misi 

fardobiTi cvlileba “uaresi” monakveTidan “saukeTeso” 

monakveTamde. 

aseTi raodenobrivi zoma SeiZleba iyos miwis fasi. miwis 

monakveTis fasi dgindeba diferencialuri da absoluturi 

danaxarjebis safuZvelze. diferencialuri danaxarjebi 

dakavSirebulia miwis sxvadasxva monakveTebis fardobiT 

xarisxTan, xolo absoluturi - srul danaxarjebTan 

(danaxarjebi + mogeba), amasTan erTic da meorec ganisazRvreba 

im obieqtebis maqsimaluri RirebulebiT, romlebic SeiZleba 

ganlagdes miwis gansaxilvel monakveTze. 

davuSvaT, rom mTeli regionaluri teritoria R  farTobiT 

dayofilia jr  farTobis mqone monakveTebad, sadac j  -  

romelime simravlis indeqsebis mouwesrigebeli mimdevrobaa. 

J

vivaraudoT, rom raime mowesrigebuli mimdevroba indeqsebisa 

 romlisTvisac 1, , ,i = K m 1i =  nomris mqone monakveTi “uaresia”, 

xolo  nomris mqone monakveTi - “saukeTesoa” am 

mimdevrobaSi. 

1i m= >
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maSasadame, mocemul SemTxvevaSi Tanafardobebi 

1 2 ,m< < <K                                (1.1.14) 

1 2 mp pKp                                (1.1.15) 

eqvivalenturia. 

am mimdevrobaSi TiToeuli monakveTebisaTvis SeiZleba 

vaCvenoT naSeni obieqtebis tipebi: samrewvelo, satransporto, 

sacxovrebeli, sazogado da sxva. vTqvaT arsebobs aseTi 

( ) 1, ,kg k N= K  obieqtebis  tipi. maSin TiToeuli ubnisaTvis 

SeiZleba vaCvenoT dasaSvebi obieqtebis farTobi da krebuli:  

N

monakveTi 1: ( ) ( )
1

1 1
1;  , , ,

qk kr g gK  

           LLLLLLL                                   (1.1.16) 

monakveTi : m ( ) ( )
1 1;  , , ,

q qm m

m m
m k kr g g

−
+ K  

sadac  iReben mniSvnelobebs 1-dan -mde. 
1 11, , , ; 1, ,

mq qk k k k
−
+K K K

mq N

( ) { }( )1 1  1, ;  1, ; ; 1,i
ki g k N q q q
ν ν ν −∈ = +K m m  - monakveTze yoveli dasaSvebi 

obieqti xasiaTdeba ( )i
kS
ν
 danaxarjebiT mis nagebobaze da 

eqsploataciaze da ( )i
kF
ν
 mogebiT. srul “gasayidi” ( )i

kS
ν

%  

Rirebulebas yoveli obieqtisaTvis eqneba saxe: 

( ) ( ) ( ).i i
k k kS S F
ν ν ν
= +% i                            (1.1.17) 

( )i
kg
ν
 obieqtebs Soris, romlebic agebulia i  monakveTze, 

arsebobs erTi an ramodenime, romlisTvisac sruli Rirebuleba 

maqsimaluria: 

( ) ( ) ( )( )
1 1max , , .

i qi i

i i
s kQ S S

−
+= % %K

q

i
k  

maSin (1.1.16)-is nacvlad gveqneba: 

monakveTi 1: ( ){ }1

1
1, ,sr Q  
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                                              (1.1.18) LLLLLLL

monakveTi : m ( ){ }, .
m

m
m sr Q  

ganvixiloT TanafardobaTa mimdevroba: 

( ) / ,             1, , .
i

i
i s ic Q r i m= = K                         (1.1.19) 

roca 

1 2 ,mc c c< < <K                                   (1.1.20) 

maSin monakveTebis ranJireba “saukeTeso-uaresi” principis 

mixedviT (1.1.15) da (1.1.19) Tanafardobebis mixedviT erTmaneTs 

emTxvevian. 

am SemTxvevaSi miwis fasisaTvis gamoiyeneba sidideebi: 

( )( )
1

1 max 1, , ,       1, , .
q qi i

i
i k k

i

c S S i
r −

= + =% K mK               (1.1.21) 

(1.1.20)-is Tanaxmad yvelaze cud monakveTs aqvs minimaluri 

fasi, xolo yvelaze kargs - maqsimaluri. miwis fasis amaRlebas 

monakveTis xarisxze damokidebulebiT (1.1.15) aqvs gansazRvruli 

azri. Tu fasi aris erTnairi da -is toli, maSin is 1c 1i =  

monakveTidan minimaluri SemosavliT aris garantirebuli. sxva 

monakveTebze Semosavali aris maRali da ar aris aranairi 

stimuli pirveli monakveTis aTvisebisaTvis. imisaTvis, rom 

“erTnairi sargeblobiT” aTvisebul iqnas yvela monakveTi, maTi 

Semosavali unda iyos erTnairi, rac miiRweva miwis cvalebadi 

fasis dros (1.1.21). 

miwis fasis gansaxilveli gansazRvra SeiZleba gamoyenebul 

iqnas mxolod (1.1.20) pirobis Sesrulebisas. am SemTxvevaSi (1.1.15) 

da (1.1.20)-s ranJirebebi emTxvevian. 

davuSvaT, rom  (1.1.19) sidideebis gansazRvris Semdeg 

aRmoCnda, rom monotonurad zrdad mimdevrobas 

1c
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1 2 1, , , ;    , , 1,
mi i i mc c c i i m∈K K  

aqvs indeqsebis μ  inversia  mimdevrobasTan SedarebiT. 

es aRniSnavs, rom Tu movaxdenT monakveTebis ranJirebas  (1.1.19) 

sidideebis mixedviT, maSin rangebis mimdevrobas 

1 2, , , mc c cK .

1c

1 2 mi i i< < <K                                   (1.1.22) 

agreTve eqneba μ  inversia (1.1.15)-Tan SedarebiT. 

aseT situaciaSi  sidideebi ar SeiZleba emsaxurebodes miwis 

fass, radgan mowesrigebuli mimdevroba (1.1.15) aris arsebiTad, 

maCvenebelTa kompleqsis mixedviT miwis monakveTebis Sefasebis 

Sedegi, xolo ara mxolod ekonomikuri maCveneblebis mixedviT. 

maTi gamoyenebisaTvis aucilebelia 

ic

μ  inversiis ricxvi davides 

nulamde an minimizirdes. es SeiZleba miRweul iqnes ori xerxiT: 

SevcvaloT monakveTebis farTobi (maSasadame maTi raodenobac) 

an movaxdinoT dasaSvebi obieqtebis nakrebis varireba. orive es 

xerxi gavlenas axdens (1.1.22) da (1.1.15) rangebis mimdevrobaze. 

amitom μ  inversiis ricxvi damokidebulia dasaSvebi ( ) ( )
1

1 , ,
qm

m
k kg gK  

obieqtebis monakveTebis m raodenobaze, maT  farTobze. 

miwis fasebis (1.1.21) saxiT formirebisas aucilebelia winanswar 

Semdegi pirobis miRweva: 

1, , mr K r

( ) ( )( )1

1
1

1

;  , , ;  , , 0,   .
qm

m
m

m k k i
i

m r r g g r Rμ
=

= =∑K K                 (1.1.23) 

zogierT SemTxvevaSi es piroba SeiZleba Seicvalos sxva 

pirobiT: 

( ) ( )( )1

1
1

1

;  , , ;  , , min,   .
qm

m
m

m k k i
i

m r r g g r Rμ
=

→ ∑K K =              (1.1.24) 

amgvarad, miwis fasi (1.1.21) warmoadgens regionaluri 

teritoriis ganzogadebul maCvenebels, romelic iribad 
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iTvaliswinebs nax.1.1 da nax.1.2-ze mocemul lokalur 

maCveneblebs. 

 

1.2. regionaluri sistemebis modelebi 

 

regionaluri sistemis ganviTarebis kriteriumebi SeiZleba 

davyoT or jgufad. pirvel jgufSi Sedian formaluri 

kriteriumebi, romlebic dakavSirebulia  ganviTarebis 

programasTan, 

( )u t

( )f t  garemos zemoqmedebasTan da regionaluri 

sistemis dakvirvebad ( )y t  koordinatebTan. isini warmoadgenen 

raime funqcionalebs, romlebic mocemulia , ( )u t ( )f t , ( )y t  

veqtorul procesebSi, TiToeuli maTgani gansazRvrulia [ ]0,T  

intervalSi. isini avRniSnoT ( ) ( ) ( ), ,k u t f t y t t0 ,TΦ ⎡ ≤ ≤ ⎤⎣ ⎦  sadac 

 [5]. 1,k N= K

( )u t  da ( )f t  procesebis kΦ  funqcionalSi CarTva 

dakavSirebulia resursebis iribuli Sefasebis mcdelobasTan, 

romlebic ixarjeba ganviTarebis programis realizaciaze da 

moixmareba garemos mier. es resursebi Cveulebriv SezRudulia 

da ramdenadac regionaluri sistemis qceva masze  programis 

da 

( )u t

( )f t  garemos zemoqmedebisas ar aris srulad gansazRvruli, 

amitom am SezRudvebis gaTvaliswineba funqcionalebis 

formirebisas ar aris xelsayreli. 
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nax.1.3 regionis maxasiaTeblebis normatiuli maCveneblebis 

gaTvlis meTodikisaTvis. 

 

amitom  da ( )u t ( )f t  procesebi Tu Sedis  funqcionalSic, 

mxolod iseTi woniT, romlis drosac maTi gavlena  sidideze 

umniSvneloa. es gvaZlevs safuZvels imisas, rom CavTvaloT  

kΦ

kΦ

( ) ( ) ( ) ( )
( ) ( )

, , 0 0

, 0 ,   1, ,
k k

k

u t f t y t t T y t t T

u t f t t T k Nε

Φ ⎡ ≤ ≤ ⎤ = Φ ⎡ ≤ ≤ ⎤ +⎣ ⎦ ⎣
+ ⎡ ≤ ≤ ⎤ =⎣ ⎦

⎦
            (1.2.1) 

sadac kε  funqcionalebi sakmarisad mcirea. 

Cveulebriv, pirveli jgufis kriteriumebis qveS aigiveben 

( ) 0k y t t TΦ ⎡ ≤ ≤ ⎤⎣ ⎦

sakmaod gavrcelebuli aris Semdegi saxis kriteriumi: 

 funqcionalebs, romlebic damokidebulia 

ganzogadebuli regionaluri sistemis veqtoris mdgomareobaze. 

am kriteriumebis formirebis zogadi meTodika mdgomareobs  

moqmedi mdgomareobis SedarebiT  normatiulTan, dakvirvebis 

mocemuli intervalis bolos. 

y

0
Ty
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( ) ( )( )00 ,k k Ty t t T y t yϕΦ ⎡ ≤ ≤ ⎤ = −⎣ ⎦                                   (1.2.2) 

sadac kϕ -raime dadebiTi skalaruli f

kr meb

unqciaa. kerZod, am 

iteriu s SeiZleba hqondeT Semdegi saxe: 

( ) ( ) 20y t y T yΦ = −⎡ ⎤⎣ ⎦ ,                        k T                                (1.2.3) 

an 

( ) ( ) 20

0

T

k Ty t y t y dtΦ = −⎡ ⎤⎣ ⎦ ∫ ,                                                   (1.2.4) 

sadac  - veqtoris normaa mR⋅  sivrceSi. pirveli maTganis 

az gori md mareobs T  periodis olos normativis saukeTeso 

miaxloebaSi da meore - danakargebis minimizaciaSi 

regionaluris dakvirvebadi y  koordinatis Seusabamobidan 0
Ty  

normatiuli gavrcelebis mTel traeqtoriaze. [ ]0,T  intervalz  

normatiuli maCveneblebi SeiZleba Seic os, magram 

mniSvnelovnad nela, vidre 

b

e

val

( )y t . 

Cveulebriv moiazreba, ro [ ] ( ) 1,iT i N= K0,Tm  intervali iyofa  

wertilebiT [ ]1,i iT T−  intervalebze, romelTa SigniT n  

maCveneblebis veqtori mudmivia. 0
Ty  veqtoris aseTi cvlileba 

Seesabameba m

ormatiuli

R  sivrceSi raime diskretul traeqtorias, rac 

naCvenebia nax.1.3-ze organzomilebiani SemTxvevisaTvis (nax.1.3, 

mrudi 1). am traeqtoriis TiToeuli wertili axasiaTebs 

normatiul maCveneblebs [ ]1,i iT T−  intervalze. ( )y t  veqtoris 

cvlileba Sesabamisi iqneba me uwyveti trae riis amave 

sivrceSi (nax.1.3, mrudi 2), romelic unda minimizirdes (1.2.2). Tu 

regionaluri sistemis traeqtoria 

 rai qto

[ ]1,i iT T−  intervalebze 

ganisazRvreba misi mdgomareobiT t T= -is dros, maSin (1.2.2) 
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SeiZleba Seicvalos ( )i
kΦ  kriteriumebis mimdevrobiTobiT, 

romelic moqmedebs yovel intervalze. 

nax.1.3-ze gamosaxul y  tareqtoriidan Cans, rom  

( ) 0y t ≥& ,                                    (1.2.5) 

-s yvela mniSvnelobisaTvis. es Tviseba aris specifikuri 

reg

m pirveli jguf riteriumebis sxva tipebi SeiZleba 

iy

t

ionaluri sistemisaTvis. is aRwers im faqts, rom 

regionaluri sistema SeiZleba mxolod gaizardos an 

imyofebodes SeCerebul mdgomareobaSi, magram ar Semcirdes. sxva 

sityvebiT, rom vTqvaT, regionaluri sistema aramdgradia, da am 

procesis Sedegad warmoiqmneba superqalaqebi. es faqti 

aucilebelia gaviTvaliswinoT ganviTarebis modelebis aRweris 

dros. 

amito is k

os iseTebi, romlebic afaseben ara regionaluri sistemis 

mdgomareobas (1.2.2), aramed misi ganviTarebis tendencias. (1.2.2)-

sagan gansxvavebiT isini warmoadgenen raime funqcionalebs, 

romlebic damokidebulia ( )y t  dakvirvebadi koordinatis 

warmoebulze: 

( ) ( )( )0 ,k ky t t≤ ≤

lar

T y tΦ ⎡ ⎤ = Φ⎣ ⎦% & &                      (1.2.6) 

sadac  dadebiTi ska uli funqci

iTarebis procesis 

xa

kΦ ebia. 

(1.2.2) da (1.2.6) kriteriumebi axasiaTeben ganv

risxobrivad sxvadasxva mxareebs. pirvel SemTxvevaSi fasdeba 

mxolod sistemis sasruli mdgomareoba, xolo misi miRwevis 

procesi SeiZleba iyos nebismieri. (1.2.6) tipis kriteriumis 

gamoyenebisas, piriqiT, sistemis sasruli mdgomareoba SeiZleba 

iyos nebismieri, xolo fasdeba misi zrdis xarisxi. naTelia, rom 

am ori ganapira tipidan SeiZleba movaxdinoT bevri 
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kompromisuli kriteriumis formireba, romelSic Sefasebuli 

iqneba regionaluri sistemis sasruli mdgomareobac da misi 

miRwevis xasiaTic. 

regionaluri sistema warmoadgens rTul, mravalelementur da 

ar

uri sistemis mdgomareoba, rogorc zemoT aRiniSna 

ga

wavla mdgomareobs iseTi modelebis 

po

dviT erTgvarovani 

el

fondi, transporti, mosaxleoba. 

aerTgvarovan dinamikur sistemas. am sistemaSi Sida 

urTierTqmedeba imdenad sxvadasxvagvaria, ara mudmivia, xolo 

zogjer SemTxveviTic, rom xSirad mouxerxebelia gamovyoT 

mizez-Sedegobrivi kavSiri mis elementebs Soris, e.i. 

warmovadginoT sistema Sesasvlelis da gamosasvlelis mqone 

elementebis raime SeerTebis saxiT. magram sxva mxriv am 

urTierTqmedebis gare gamomJRavnebas SeiZleba davakvirdeT da 

SevafasoT, regionaluri sistemis mdgomareobis maCveneblebis 

meSveobiT. 

regional

nisazRvreba ara mxolod Sida procesebiT, aramed garemos 

zemoqmedebebiT da ganviTarebis programiT. regionaluri sistema 

gardaqmnis maT zemoqmedebis Sida meqanizmebis Sesabamisad, raime 

dakvirvebad procesad. 

am meqanizmebis Ses

vnaSi, romelTa meSveobiT xdeba ganviTarebis procesis raime 

maxasiaTeblis kvlavwarmoeba. imaze damokidebulebiT, Tu 

rogori jgufis maCveneblebi gamoiyeneba, regionalur sistemaSi 

modelirdeba ama Tu im elementebis Tviseba. 

Tavisi funqcionaluri daniSnulebis mixe

ementebi moxerxebulia gavaerTianoT jgufebSi, romelTac 

vuwodebT qvesistemebs. regionalur sistemaSi SeiZleba gamovyoT 

xuTi aseTi qvesistema: mrewveloba, momsaxureba, sacxovrebeli 
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“mrewvelobis” qvesistemaSi (arqiteqturuli termini 

“regionaluri Semqmneli baza”) Sedis yvela obieqtebi 

re

qvesistema. is ganisazRvreba imiT, rom am 

qv

 mis qvesistemebSi, materialuri obieqtebis CaTvliT 

Se

gionalur teritoriaze, romelic dakavSirebulia materialur 

mrewvelobasTan an samecniero-kvleviT saqmianobasTan. 

umetesobisaTvis es qvesistema gansazRvravs mis ganviTarebas. 

magram msoflios mraval msxvil qveynebSi aris tendencia 

regionaluri teritoriis struqturaSi mrewvelobis rolis 

Semcirebisa da “momsaxurebis” qvesistemis wonis gazrdisa. 

ukanaskneli aerTianebs obieqtebs regionalur teritoriaze, 

romelic dakavSirebulia mosaxleobis momsaxurebis sxvadsxva 

saxeebTan: kulturul-sayofacxovrebo, samedicino, savaWro da 

sxva. momsaxurebis obieqtebi teritoriulad izidaven 

regionaluri teritoriis im monakveTebs, sadac Tavmoyrilia 

sacxovrebeli masivebi, romlebic Sesdgeba “sacxovrebeli 

fondi” qvesistemisagan. 

regionalur qvesistemebs Soris gansakuTrebul mdgomareobas 

ikavebs “satransporto” 

esistemebSi Semavali obieqtebi daniSnulia sxva qvesistemebis 

kavSirisaTvis da maTze damokidebulni arian mniSvnelovani 

xarisxiT. 

regionaluri sistemis specifika mdgomareobs imaSi, rom yvela 

CamoTvlil

dis xalxis koleqtivebi. am koleqtivebis socialur -

demografiuli Tviseba mniSvnelovnad axdens gavlenas 

regionalur qvesistemebSi mimdinare procesebze da 

maxasiaTeblebze. ra Tqma unda es gavlena gamoixateba Semdegi 

klasebiT: Semadgenloba, aqtiuroba kvalifikacia, moxmarebis 

done da “mosaxleoba” qvesistemis sxva maCveneblebi icvleba 
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regionaluri garemos materialuri Semdgenebis maTze 

zemoqmedebisagan. 

bunebrivia regionaluri sistemis Seswavla misi qvesistemis 

modelirebiT. amasTan, qvesistemis romelime formalizebuli 

wa

elaze 

ga

s 

md

bs e.w. ganviTarebis modelebis agebaSi, romlebSic 

Se

inamikas, romlebic mimdinareobs 

re

rmodgenis agebiT ganisazRvreba is arxebi, romlis mixedviT 

mocemuli qvesistema gavlenas axdens meoreze da piriqiT. 

aseTi arxebis gamoCenis Semdeg SeiZleba gadavideT maTi 

Tvisebebis modelirebaze. am klasis modelebs Soris yv

vrcelebuli aris e.w. dasaxlebis modelebi, romelTa 

meSveobiT ganisazRvreba qvesistemebs Soris urTierTqmedebis 

ara yvela tipebi, aramed mxolod isini, romlebic 

dakavSirebulia regionaluri mosaxleobis Sida migraciasTan. 

am tipis modelebis Tavisebureba mdgomareobs imaSi, rom isini 

gansazRvraven drois fiqsirebul intervalze zemoqmedebi

gomareobasa da amave intervalSi mis parametrebs Soris 

kavSirs.  

dabolos, mesame etapi regionaluri sistemis modelirebisa 

mdgomareo

dis qvesistemebis modelebis Semadgeneli nawilebi da maT 

Soris urTierTqmedeba. 

ganviTarebis modelebis formirebisas gansakuTrebuli 

yuradReba eTmoba procesebis d

gionaluri sistemis SigniT qvesistemebSi da arxebSi, romelTa 

gavliT isini urTierTqmedeben erTmaneTTan. 
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1.2.1. regionaluri qvesistemebis modelebi 

 

regionalu ba Sida 

procesebiT, romlebic masSi mimdinareobs garemosTan 

ur

ri sistemis mdgomareoba ganisazRvre

TierTqmedebiT da ganviTarebis programiT, romlebic aris 

mmarTveli zemoqmedeba. amitom i -uri qvesistemis modelebis 

agebisas saWiroa ganisazRvros qvesistemebis cvladi 

mdgomareoba sxva qvesistemebis ( )iz -ze moqmedeba da garemos ( )if  

zemoqmedeba, agreTve ( )iu  marTva. am oTxi klasis faqtors Soris 

pirveli sami dakavSirebulia konkretul qvesistemasTan. 

isini erTi tipisaa yvela qvesistemebisaTvis da warmoadgenen 

an ganlagebis gegmas (Setanis) 1u  obieqtebis, an 2u  obieqtebis 

ga

qvesistemebis modelirebis dros, maTi modelebi 

Se

motanis gegmebs, an sxva kapitaldabandebis nakads, romlebic 

aucilebelia qvesistemebis funqcionirebisaTvis da maTi 

obieqtebis modernizaciisaTvis. aqedan Cans, rom u  marTva 

dakavSirebulia materialur obieqtebze raime zemoqmedebasTan. 

amitom isini SeiZleba arsebobdnen pirvel oTx qvesistemebSi da 

gamoiricxebian “mosaxleoba” qvesistemaSi. vmarToT am 

qvesistemis mdgomareoba, SeiZleba mxolod iribad, masTan 

dakavSirebuli sxva qvesistemebis mdgomareobis cvlilebis 

saSualebiT. 

maSasadame, faqtorebi, romlebic unda iqnas gaTvaliswinebuli 

regionaluri 

iZleba daiyos or jgufad.  pirveli jgufis modelebSi 

(nax.1.4a) gaiTvaliswineba faqtorebis oTxive klasi. aseTi 

modelebi Seesabamebian Semdeg qvesistemebs “mrewveloba”, 

“momsaxureba”, “sacxovrebeli fondi”, “satransporto”. meore 
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jgufis modelebi (nax.1.4b) ar Seicaven marTvas. isini 

xasiaTdebian “mosaxleoba” qvesistemiT. 

 

       ( )i
qu              

 ( )i                    S ( )iZ               ( )iS                    ( )iZ         

 

 ( )if  ( )if  

                                                                       

 
nax.1.4. regionalur qvesistem e momqmedi zemoqmedebebi. 

 

nvixiloT dawvrilebiT pirveli jgufis modelebi. maT 

So

a) b) 

ebz

 
ga

ris yvelaze metad damuSavebulia Semdegi qvesistemebis 

modelebi: “mrewveloba”, “momsaxureba” da “satransporto”. 

qvesistema “mrewveloba”. es qvesistema aerTianebs regionaluri 

Se

temaSi Sedian sawarmos 

mqmneli bazis obieqtebs, romlebic SeiZleba davyoT 

erTgvarovani obieqtebis Semcvel jgufebad. magaliTad, jgufebi 

qmnian sawarmoebs, warmoebis saSualebebis, moxmarebis saqonlis, 

mSeneblobisaTvis masalebis, samecniero-kvleviTi da saproeqto 

sawarmoebis da sxva warmoebisaTvis. 

davuSvaT, rom gansaxilvel qvesis 0μ  

jgufebi. Nμ -iT avRniSnoT sawarmoebis raodenoba μ  jgufS , 

xolo (

i

)y μ
ν -iT am jgufis erTi sawarmos produqti maSin . μ  

jgufis yμ  sawarmos erToblivi produqti ganisazRvreb  

gamosaxulebiT: 

a

( )
0

1

,   1, ,
N

Y y
μ

μ
μ ν

ν

μ μ
=

= =∑ K . 

qves stema i qvesistema 
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am produqtebis nawili ixarjeba regionaluri sistemis 

moTxovnebis gaTvaliswinebiT. maSin 

0,  1, , ,X Yμ μ μα μ μ= =% K                               (1.2.7) 

sadac 0 1.μα≤ <%  

samrewvelo sawarmos yoveli CamoTvlili jgufi STanTqavs 

kvalifikaciis doneebis mixedviT ganawilebul SromiT 

resursebs. davuSvaT, rom arsebobs kvalifikaciis m  done, 

amasTan es doneebi jgufis sawarmoebisaTvis tolia. 

( ) 1, ,r r mμ= K  kvalifikaciis mqone μ  jgufis ν  sawarmoSi 

( )μ
rqTanamSromelTa ricxvi avRniSnoT ν -iT. maSin  kvalifikaciis 

mqone TanamSromelTa saerTo raodenoba toli iqneba: 

m                           (1.2.8) 

 sidideebi axasiaTeben SromiTi resursebis moqmed 

ganawilebas kvalifikaciis doneebis mixedviT “mrewveloba” 

qv

r

( )0

1 1

N

r r

μμ
μ
ν

μ ν= =

,     1, , .Q q r= =∑∑ K

1, , mQ QK

esistemisaTvis. magram am moqmed ganawilebasTan erTad 

arsebobs SromiTi resursebis cocxali ganawileba ( )0  1, , .rQ r m= K  

0Q Q Q− = Δ  sxvaoba gansazRvravs r  kvalifikaciis mqone 

SromiTi resursebis siWarbes an deficits da  

r r r

warmoadgens

“mosaxleoba” qvesistemaze gavlenis mqone mniSvnelovan faqtors. 

μX  (1.2.7) ( )0,,1 μμ K=  produqtebis erToblioba, romlebic 

gamoiyeneba regionalur sistemaSi da ( )1, ,rQ r m= K  SromiTi 

resursebis ganawileba

temis mdg

 aris ZiriTadi faqtori, romelic 

gaiTvaliswineba gansaxilveli qvesis omareobis 

Sefasebisas [6,7]. 
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maSasadame, davaxasiaToT “mrewveloba” qvesistemis mdgomareoba 

t  drois momentSi ( )z t  veqtoriT, Semdegi koordinatebiT: 

( ) ( )
( ) ( )

,  1, ,

,  1, , ,

t

t

z X t i

z Q t i m

μ

0

0,

0 0

i i

i i μ μ μ

= =

= = + +

K

K
                   

−

  (1.2.9) 

sadac  da ( )iX t ( )
0iQ tμ−

tS

 funqciebi wa

gamoSvebas da SromiTi resursebis ganawilebas doneebis 

mi  drois momen

rs, radgan isini mniSvnelovnad 

ga

is xasiaTi SeiZleba 

iyos 

xridan. yvelaze did gavlenas axdens qvesistema - 

“m

rmoadgenen produqtebis 

xedviT i. 

mdgomareobis veqtoris meore jgufi warmoadgens regionaluri 

teritoriisaTvis specifiku

t

nsazRvraven regionaluri teritoriis mimzidvelobas da misi 

mosaxleobis demografiul Semadgenlobas. 

( )z t  veqtoriT aRweril mdgomareobaze gavlenas axdens sxva 

qvesistemebi, marTva da garemo. am gavlen

orgvari: an is midgoma gansaxilvel qvesistemebis romelime 

materialuri nakadebi, romlebic uSualod monawileoben am 

qvesistemis produqtebis warmoebaSi; an aramaterialuri 

faqtorebis zemoqmedeba, romlebic warmoebis procesSi uSualod 

ar monawileoben, magram gavlenas axdenen mrewvelobis 

struqturaze. 

am TvalsazrisiT ganvixiloT zemoqmedebis jgufi sxva 

qvesistemebis m

osaxleoba”. igi mJRavndeba regionalur sistemaSi mcxovrebi 

muSa Zalis ω  nakadSi. es materialuri nakadi uSualod 

monawileobs warmoebis procesSi da warmoadgens iX  

produqtebis erT-erT mTavar komponentebs. 

“sacxovrebeli fondi” qvesistemis mxridan gansaxilve  

qvesistemaze gavlenis momxdeni faqto

l

rebis erToblioba 
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RniSnoT { }1, , ng g g= K -iT, “momsaxureba” - { }1, , qs s s= K , 

{

av

“satransporto” - }1, , lp p p= K

zemoqmedebebis analogur gayofas adgili aqvs u

maTi nawili (

. 

 marTvaSi. 

)1u  d ( )2ua  warmoadgens aramaterialur faqtorebs, 

romlebic gavlenas axdens struqturaze, gamoSvebaze, mocemul 

qvesistemaSi SromiTi resursebis ganawilebaze da ar 

monawileoben warmoebis procesSi. ( )3u  marTva sruliad sxva 

tipisaa. kapitaldabandebis nakadi, romelsac is axasiaTebs muSa 

Zalis ω  nakadTan erTad warmoadgen sawarmoo procesis sxva 

ZiriTad komponents. 

zemoqmedebis ganxiluli ori jgufisgan gansxvavebiT, garemos 

gavlena ZiriTadad 

s 

mJRavndeba  nedleulis materialuri 

na

c

kadebiT da gω  damatebiTi muSa ZaliT. orive es nakadi 

uSualod monawileobs sawarmoo procesSi. 

amgvarad, mrewveloba warmoadgens Tavisebur sistemas, 

romelSic mimdinareobs ( ) ( ) ( ) ( ),  ,  ,  t g t s t p tω  procesebis gardaqmna, 

romelic warmoiqmneba regionaluri sistemis Sida 

urTierTqmedebiT, ( ) ( ) ( ) ( ) ( ) ( )1 ,  u t viT da ( )c t  da 2 3,  u t u t  marT ( )g tω  

garemos zemoqmedebiT ( )z t  procesSi, romelic axasiaTebs mis 

mdgomareobas. 

es aRniSnavs, rom  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( )

1 2 3

0

; , , , ; ,z t ;

,g

A z g s p u u u

t

τ

,c t

ω τ τ τ τ τ τ τ

τ

⎡
⎣

⎤⎦
    (1.2.10) 

sadac 

=

τ ω τ ≤ ≤

A - zemoTaRniSnuli gadraqmnis damaxasiaTebeli 

Tvisebis raime operatoria. am gamosaxulebaSi gaiTvaliswineba 
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is eb garemo a, rom gansaxilvel qvesistemaSi produqtis nawili 

gamoiyeneba mis SigniT. 

A operatoris konkretuli saxe damokidebulia im 

hipoTezebze, romlebic gamoiyeneba mocemuli qvesistemis SigniT 

kavS

ufebs Soris kavSiri ar arsebobs, 

e.i

irebis modelis agebisas. 

erT-erTi umartivesi modeli aris is, romelSic igulisxmeba, 

rom samrewvelo obieqtebis jg

. erTi tipis sawarmo funqcionirebs avtonomiurad sxva tipis 

sawarmoebisagan. es niSnavs, rom A operatori SeiZleba 

warmovadginoT iA  damoukidebeli operatorebis erTobliobis 

saxiT, romlebic axasiaTeben i  tipis sawarmos produqtebis 

gamoSvebas. 

iA  operatoris aRwerisaTvi  gamoiyeneba kobba-duglasis 

modeli [8,9

s

] (sawarmoo funqcia), romelic axasiaTebs ( )iX t  

produqciis gamoSvebis damokidebulebas ( )tiω  muSa Zalis 

sidideze da ( )k t  kapitaldabandebaze. gveqneba: 

( ) ( ) ( )i ia b

0,

i

,i i iX t t k tω= ⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦                            (1.2.11) 

sadac   0,  1.i i i ia b a b> > + =

( )i tω  muSa Zalis sidide Sesdgeba ZiriTad (regionaluri 

teritoriis) ( )0i tω  da damatebiTi mosaxleobisagan (cxovrobs 

qalaqgareT da muSaobs qalaqSi) ( )gi tω , e.i.  

( ) ( ) ( )0i i git .t tω ω ω= +                              (1.2.12) 

( )k t  kapitaldabandeba iqmnebai  ZiriTadi fondebisagan, 

romlebic arsebobda ( )ik t t− Δ  drois momentSi, sakuTari 

esursebis xarjze ( )i iX t tα − Δ  nazrdisagan - produqtis nawilia, r
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romelic iwarmoeb ta t − Δ  momentSi, dabolos gare 

kapitaldabandebisagan ( ) ( )3
iu Sasadame, 

(

t . ma

) ( ) ( ) ( ) ( )3 .i ti i i ik t k t X t t uα= − Δ +t− Δ +

i  da 

e

               (1.2.13) 

am gamosaxulebebSi  parametra ib ebi damokidebulia 

( ) ( ) ( ), ,i it s t p t  zemoqmedeb bze, romlebic dakavSirebulia sxva 

 da ( )1u  da 

ig

qvesistemebze ( )2u  marTvaze. martiv SemTxvevaSi es 

damokidebuleba wrfivia. 

sxvaobis gantoleba (1.2.13) aRwers  jgufis sawarmoebis mier 

pr

m produqciis 

na

i

oduqtis gamoSvebis cvlilebas. am modelSi navaraudevia, rom 

sxva regionaluri qvesistemebis mdgomareoba da ganlagebis an 

gamotanis gegmebis saxiT marTva gansazRvravs Sromis gavlenis 

xarisxs da ZiriTad fondebs gamoSvebis sidideze. 

martiv SemTxvevaSi SeiZleba vigulisxmoT, ro

wili xmardeba ( )i tΠ  mosaxleobas, e.i. 

( ) ( ) ( ),i i iX t X ti t αΠ = −                           (1.2.14) 

amasTan moxmareb kide

d

a damo bulia mxolod Sromis 

anaxarjebze 

( ){( ) }0 ,i TτΠ = ≤ ≤i it B ω τ                        (1.2.15) 

sadac iB  - raime op ia, romelerator sac SeuZlia emsaxurebodes 

( ) ( )0,  0,  0i iα τ α τ τ≥ → →  woniTi funqciis mqone wrfivi dinamikuri 

xmarebis sidide t  drois momentSi 

damokidebulia muSa Zalis nakadis cvlilebaze drois romelime 

intervalSi, ramdenadac moxmareba ar realizdeba myisierad. 

meores mxriv, iΠ  moxmarebis sididis gavlena t

operatori. iΠ  mo

τ <  drois 

momentSi moxmarebis sidideze t  momentSi  0τ → -is dros. es 
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faqti SeiZleba imitirdes raime ( ) 0i tα τ− ≥

) ( )i gim t mω⎡ Δ + Δ⎣

i

 woniTi funqciiT, 

romelic mcirdeba misi argumentis gazrdiT. 

viTvaliswinebT ra produqciis gamoSvebis ciklur xasiaTs 

(1.2.14) Caiwereba Semdegi saxiT: 

( ) ( ) (0
0

,  .
n

i i
m

t t t m t t t nα ω
=

Π = Δ − Δ = Δ∑ t⎤⎦        (1.2.16) 

warmoebis zogierTi tipebisaTvis α  woniTi funqcia flobs 

( ) 0i t m tα − Δ =  Tvisebas 0m ≠ -is dros. maSin 

( ) ( ) ,it tα ωi iΠ = ⎡ ⎤  ⎣ ⎦

sadac iα  mudmivi koeficientia. amgvarad, gamoSvebis modeli 

miiRebs saxes: 

( ) ( ) ( )
( ) ( ) ( )

( ) ( )
( ) ( )

1

1

0

3

s
i

kk
k

s i tkkk

t

i i gi i i

i

X t t t k t t

u t
ρ ξ

σ ξ
ω ω =

∑
=

∑⎡ ⎤= + × − Δ⎡⎣⎣ ⎦

⎤+ ⎦

( )i t t Xα− Δ +

( )( )1i m tα ω− − Δ

+
        (1.2.17) 

( ) ( ) ( ) ( )
( ) ( )

1

3 ,

n

i i i i
m

k t k t t X t t t t m t

u t
=

= − Δ + − Δ − Δ Δ +⎡ ⎤⎣ ⎦

+

∑
      (1.2.18) 

sadac 

( ) ( ) ( ) ( )
0

1 2 3

/ ,   1,
,   ,i i

n t t
t g t t p t( ) ( ),   s t t i

ξ
ξ ξ
= Δ =

= = =ξ
 

( ) ( ) ( ) ( ) ( ) ( )1 2
4 5,   ,   1,

i i
t u t t u t i 0, .ξ ξ= = μ= K                      (1.2.19) 

exla ganvixiloT ( )z t  mdgomareobis veqtoris koordinatis 

meore jgufi (1.2.8), romlebic axasiaTeben SromiTi resursebis 

ganawilebas kvalifikaciis doneebis mixedviT. 

( ) ( )1, , 
i

i
i i rQν i iν ν ν= < <K -iT avRniSnoT i  tipis sawarmoSi ν  

kvalifikaciis mqone TanamSromelTa ricxvi. kvalifikaciis 
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doneebis mniSvneloba sxvadasxva tipis sawarmoebSi SeiZleba 

nawilobriv emTxveodes, e.i. iν  indeqsebis simravlis gadakveTa ar 

aris carieli. 

i -uri jgufis sawarmoebSi kvalifikaciis doneebis mixedviT 

TanamSromelTa ganawileba warmoadgens muSa Zalis saerTo 

nakadis gaxleCas 1, , ,
ii r iν νK  arxebis mixedviT, romlebic floben 

sxvadasxva gatarebis unars ) ( ), 1  1, ,
k

i
i ik( r< = K , amasTan ( )

,
1

1.
i

k i

r
i

k
νψ

=

=∑  νψ

,k iν  nomeris mqone gatarebis unaris arxis sidide 

damokidebulia SromiTi resursebis gamoyenebis xarisxze ( )iX t  

produqtis warmoebis procesSi, e.i.  xarisxis maCvenebelze 

(1.2.13). rac metia es maCvenebeli, miT naklebad saWiroa maRali 

donis kvalifikaciis TanamSromlebi da metad saWiroa dabali 

donis kvalifikaciis TanamSromlebi. muSa Zalis nakadis 

ganawileba SeiZleba daxasiaTdes gatarebis unaris funqciiT, 

romelic damokidebulia or cvladze - arxis nomerze 

(kvalifikaciis done) da  maCveneblis sidideze. es funqcia 

avRniSnoT 

ia

ia

( ) ( ),
i

i
k iaψ ν -iT. am funqciaSi erTi argumenti ( )iν  

diskretulia, xolo meore  uwyveti. zemoT mocemuli 

mosazrebis Tanaxmad, 

ia

( )iψ  funqcia unda flobdes Semdeg 

Tvisebebs: 

( ) ( ) ( ) ( ), ,
1

, 1,   0   
i

i i

i

r
i

k i i k i
k

a aψ ν ψ ν
=

=∑ ,i
i ≥ yvela -sTvis.             (1.2.20) ia

( ) ( )( ) ( ) (( ) )2 1
, ,i

i
k i i k i ia aν νψ ν ψ νΔ > Δ ,i

i
  roca ( ) ( )1

i ia a> 2 ,                (1.2.21) 

sadac νΔ  - ( )iψ  funqciis pirveli sxvaobis operatoria ,ik iν  

cvladis mixedviT. 
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naTelia, rom es pirobebi gansazRvraven araerTgvarovan ( )iψ  

funqcias. magram mocemul SemTxvevaSi misi konkretuli saxe arc 

ise mniSvnelovania, rogorc aq aRniSnuli Tviseba. 

kerZod, ( )iψ -s SeiZleba hqondes Semdegi saxe: 

( ) ( ) ( ) ( ), ,,
i i

i
k i i i k i ia A a B a ,ψ ν ν= − +                         (1.2.22) 

sadac ( ) ( ),i iA a B a  - uwyveti arauaryofiTi funqciaa, romelic 

uzrunvelyofs (1.2.20), (1.2.21) pirobebis Sesrulebas.  

viyenebT ra am funqcias, warmovadgenT i  tipis sawarmoebSi 

TanamSromelTa ganawilebas kvalifikaciis doneebis mixedviT 

Semdegi saxiT: 

( ) ( ) ( ), , 0,
k i ii

i i
k i i i g iQ aν ψ ν ω ω ,⎡ ⎤= +⎣ ⎦                      (1.2.23) 

vajamebT ra ( )
,k ii

iQν  sidideebs erTgvarovani 
ikν  mniSvnelobebi-

saTvis yvela tipis sawarmoebis mixedviT, miviRebT  ganawi-

lebis funqcias yvela qvesistemebisaTvis: 

rQ

( )
,

1

i
r

i
Q Q

=

= r i∑                                 (1.2.24) 

amgvarad, warmoebis jgufebs Soris kavSiris ararsebobis 

Sesaxeb hipoTezis CarCoebSi “mrewveloba” qvesistemis modeli 

SeiZleba aRiweros (1.2.18), (1.2.19), (1.2.22), (1.2.24) gantolebaTa 

sistemebiT. 

am modelis ganviTarebiT sawarmoebis jgufebs Soris 

urTierTkavSiris gaTvaliswinebiT, SeiZleba miviRoT 

analogiuri arawrfivi modeli. magram unda aRiniSnos, rom 

aseTi saxis modelebma “mravalproduqtiuli” ekonomikisaTvis 

ver hpoves didi gavrceleba maTi mniSvnelovani sirTulis gamo. 

dinamikuri dargTaSorisi balansis tipis yvelaze gavrcelebuli 

modelebi [10-12]: 
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( ) ( ) ( ) ( )
1

,
n

i ij j ij j j
j

X t a X t b V t P tτ
=

⎡ ⎤= + + +⎣ ⎦∑ &
i  

            ( ) ( ) ( ),  0i i jX t V t V t≤ & ≥ ,                          (1.2.25) 

sadac ( )iX t  - t  drois momentSi produqtis gamoSvebaa, ( )iV t  - i  

warmoebis simZlavrea, ( )iP t  - sasruli moxmarebis nakadia,  - 

nedleulis pirdapiri danaxarjebis da fondtevadobis 

koeficientebia; 

,ija ijb

jτ  -  simZlavris mSeneblobis xangrZliobaa. 

aseTi tipis modelebis sruli aRwera da originaluri 

damatebebis rigi mocemulia [11]-Si. 

j

qvesistema “momsaxureba”. es qvesistema Seicavs obieqtebs, 

romlebic daniSnulia mosaxleobis yvela saxis momsaxurebis 

uzrunvelyofisaTvis da agreTve regionalur teritorias - 

yvela resursebiT, romelic saWiroa misi normaluri 

funqcionirebisaTvis. pirvel jgufs ganekuTvneba kulturul-

yofiTi, gamajansaRebeli, samedicino, savaWro obieqtebi, xolo 

meores - regionaluri teritoriis komunaluri meurneobis 

sxvadasxva obieqtebi. 

ganvixiloT pirveli jgufis obieqtebi. isini SeiZleba davyoT 

momsaxurebis klasebad, xolo yovel klasSi gamovyoT 

momsaxurebis tipebi. davuSvaT, rom gansaxilvel qvesistemaSi 

gvaqvs  klasi da yovel maTganSi momsaxurebis  tipi q nm

( )1, ,n = K q . ramdenadac am jgufis obieqtebi dakavSirebulia 

mosaxleobis momsaxurebasTan, maSin maTi mdgomareoba ZiriTadad 

xasiaTdeba adgilebis raodenobiT momsaxurebis tipebis 

mixedviT. zogierTi obieqtebisaTvis am maxasiaTebels emateba 

momsaxurebis dro an obieqtebis gamtarunarianoba. 
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t  drois momentSi adgilebis raodenoba momsaxurebis  

klasisaTvis da  tipisaTvis  avRniSnoT: 

n

,n ri

( ) ( ) ( )
, ,1, , ;  ;  1, ,

n r

n
i n r nQ t n q i I r m= ∈ =K K n

m

. 

momsaxurebis qvesistemis mdgomareobis cvlileba warmoebs 

Semdeg sam faqtorTan dakavSirebiT. pirveli maTgani 

mdgomareobs imaSi, rom mocemuli klasis SigniT erTi tipis  

obieqtebi gadadian sxva tipSi. es gadasvlebi klasis SigniT 

SeiZleba davaxasiaToT raime matriciT zomiT  

n

n nm m×

( ) ( )
,1 ,,   , , ,

n

n n
n nP P i iνμ ν μ⎡ ⎤= =⎣ ⎦ K .                    (1.2.26) 

elementebi, romlebic gviCveneben μ  momsaxurebis adgilis 

romeli nawili gadadis ν  tipSi. aseTi gadasvlebis mizezs 

warmoadgens mosaxleobis nakadebi, romlebic gamoiyeneba 

mocemuli klasis da tipis momsaxurebis adgilebiT. maTi 

gavleniT erT-erTi obieqti unda iqnas gafarToebuli, sxvebi 

piriqiT Semcirebuli. amitom ( )nP  matricis elementebi (1.2.26) 

damokidebulia ( ) ( ) ( )( ){ },
,

n r

n nS t S t K,  1i r ,m= n=  mosaxleobis nakadze, 

romelsac adgili aqvs n  klasis da i  tipis momsaxurebisas, e.i. 

( ) ( ) ( )( ) ( ) ( ) ( )( ),1 , ,1 ,,, , , ,
n n m n n mn n

n n n n n n
i i i iP S S P S Sν μ

⎡ ⎤= ⎣ ⎦K K .                (1.2.27) 

“momsaxureba” qvesistemis mdgomareobis cvlilebis gamomwvevi 

ori sxva faqtori dakavSirebulia Zveli obieqtebis 

dangrevasTan da axali obieqtebis aSenebasTan. 

n  klasis Zveli obieqtebis dangreva SeiZleba davaxasiaToT 

diagonaluri saxis matriciT: 

( ) ( )
,1 ,,    , ,

n

n n
n nC C i iνν ν⎡ ⎤= =⎣ ⎦ K m .                         (1.2.28) 
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am matricis elementebi gansazRvraven ν  tipis moZvelebuli 

obieqtebis nawils. mocemul procesSi ZiriTadi faqtori aris 

dro, amitom ( )nC  (1.2.29) matricis ( )nCνν  - elementebi damokidebuli 

xdeba droze, e.i. 

( ) ( ) ( ) ( )n nC t C tνν
⎡ ⎤= ⎣ ⎦ .                              (1.2.29) 

dabolos,  klasisa da  tipis axali momsaxurebis 

adgilebis raodenoba avRniSnoT 

n ,n ri

( )
,n r

n
iN -iT. davuSvaT, rom 

momsaxurebis obieqtebis yvela cvlileba warmoebs drois 

diskretul momentebSi tΔ  intervaliT. es aRniSnavs, rom Tu 

 drois momentSi gvqonda t − Δt ( ) ( ) ( ) ( ) ( ) ( ){ },1 ,1
, ,

n n

n n n
i iQ t Q t t Q t tt− Δ = − Δ − ΔK  

momsaxurebis adgili  klasSi, maSin t  drois momentSi iqneba: n

( ) ( ) ( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )n n n n n n nQ t P S t Q t t C t Q t t N t= − Δ − − Δ + .    (1.2.30) 

“momsaxureba” qvesistemis mocemul modelebSi marTvis rols 

(nax.1.4a) asrulebs ( ) ( )nN t  axali mSenebloba, gavlena sxva 

qvesistemebze xasiaTdeba ( ) ( )nS t  mosaxleobis nakadebiT. magram es 

nakadi aRwers ara mxolod “mosaxleoba” qvesistemis gavlenas, 

aramed gansazRvruli xarisxiT “sacxovrebeli fondis” 

qvesistemis gavlenasac, radgan nakadis sidide da struqtura 

bevrad damokidebulia sacxovrebeli fondis mdgomareobaze. 

 

1.2.2. qvesistemebis modelirebis magaliTebi 

 

zogadi ilustraciisaTvis ganvixiloT momsaxurebis obieqtis 

erT-erTi klasi, saxeldobr, saskolo momsaxureba. am klass 

mivaniWoT nomeri . maSin 1n = ( ) ( )
1

1
,i rQ t  -  tipis saskolo klasebis 1,ri
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adgilebis raodenobaa, sadac 1, ,  1, ,10.ri r r= = K  am SemTxvevaSi ( )
1

1
,i rS  

nakadi warmoadgens  asakis bavSvebis raodenobas.  drois 

intervali (weli) da Sesabamisad 

1,rt 1tΔ =

1,2,t = K . 

ganvixiloT, am amocanaSi rogor moiazreba matricebi ( )1P (1.2.26) 

da  (1.2.28). pirveli maTgani axasiaTebs  tipis saskolo 

klasebis gadasvlas 

( )1C r

1r +  klasSi. am gadasvlebis mizezi aris 

mosaxleobis migracia da bavSvebis asakobrivi Semadgenlobis 

cvlileba. zogadad ( )1P  matricas aqvs elementebi: 

( )
,0 nPν μ≤ .                                 (1.2.31) 

μTiToeuli maTgani axasiaTebs adgilebis nawils  saskolo 

klasebSi, romlebic gadadis ν  tipSi. roca sruldeba (1.2.33) 

piroba, maSin es niSnavs, rom ν  tipis adgilebis raodenoba 

ikribeba sxva 1, ,10μ = K  tipebis saskolo klasebidan. 

msgavs situacias aqvs adgili mosaxleobis maRali moZraobis 

mqone raionebisaTvis. mosaxleobis stabiluri sruqturis mqone 

raionebisaTvis ν  tipis mosaxleobis adgilebis raodenoba 

ZiriTadad damokidebulia 1ν +  tipis adgilebis raodenobaze. 

mocemuli matricis elementebi iTvaliswineben Semdeg pirobebs: 

1,11 0≥ > 10,9, ,1 0p p≥ >K . 

am SemTxvevaSi meore wels moswavleebis darCenis 

SesaZleblobis gaTvaliswinebiT ( )1P

10,9 10,10

p

p p

⎡ ⎤
⎢ ⎥
⎢ ⎥

⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

 matrica miRebs saxes: 

( )
22

1
12 33

   
   

0   

p p
P p⎢=

LLLLLL

KKKKKK

11

21

0      

p

⎥ ,                    (1.2.32) 

amasTan 
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, 11 pν ν −> > 0 ,                                     (1.2.33) 

Tvis−=<< − 10,,2 1, Kvpp vvvv .                      (1.2.34) 

( )1P  matricis elementebi, rogorc adre aRiniSna 

damokidebulia ( )
1

1
,i rS  nakadebze. Cveulebriv es damokidebuleba 

aris wrfivi:  

( ) ( )1p S tνμ νμ να= ,                                   (1.2.35) 

sadac .constνμα =  

( )1C  matrica (1.2.29), romelic axasiaTebs moZvelebuli skolis 

dangrevas, aqvs Semdegi elementebi: 

( ) ( ) ( ) ( )1    1C t C kT kT t k Tνν νν= ≤ < + -is dros        (1.2.36) 0,1,2, ,k = K

sadac T  - Senobis arsebobis droa. 

 

1.2.3. mosaxleobis migraciis modelebi 

 

modelebi, romlebic mosalodnelia ganvixiloT am TavSi, 

aRweren regionalur teritoriaze an regionaluri teritoriis 

aglomeraciaSi mcxovrebTa gadaadgilebas, Sesabamisi 

satransportro qselis gamoyenebiT. sxva sityvebiT, es aris 

satransporto qvesistemis modelebi. isini gamoyofilia 

damoukideblad, imitom, rom regionaluri procesebis 

modelirebis mocemuli mimarTuleba yvelaze gavrcelebulia. 

ZiriTadi problemebi, romlebic aq warmoiqmneba  SeiZleba 

davyoT or jgufad: mosaxleobis migraciis modelireba da 

regionaluri teritoriis transportis marSrutebis da 

satransporto magistralebis analizi da sinTezi. 
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tradiciebis mixedviT iseTi situaciaa, rom orive es problema 

ganixileba erTi meorisagan izolirebulad. migraciis modeli 

igeba im varaudiT, rom Sesabamisi satransporto qseli arsebobs, 

da piriqiT, satransporto qselis analizis da sinTezis dros 

ivaraudeba, rom am modelebis mixedviT gansazRvruli 

mosaxleobis nakadebi ar aris damokidebuli realur qselze. 

vTqvaT regionaluri teritoria dayofilia zonebad maTi 

funqciuri daniSnulebis mixedviT. ZiriTad maTgans warmoadgens 

sacxovrebeli zonebi da zonebi, sadac mosaxleoba Sromobs. 

garda amisa, arsebobs savaWro, momsaxurebis, kulturuli, 

dasvenebis da a.S. zonebi. davuSvaT, rom funqcionaluri 

daniSnulebis mixedviT regionalur teritoriaze SeiZleba 

gamovyoT  tipis zonebi obieqtebiT N ( )kQ , sadac 1, ,k N= K . 

TiToeul tips aqvs  zona kn ( ) ( )1,k
iQ i = ,nK k  - moculobebiT. 

naTelia, rom 

( ) ( )

1

,  1, , .
kn

k k
i

i

Q Q k N
=

= =∑ K                         (1.2.37) 

( )k
iQ  moculobebis mqone zonebs Soris warmoebs mosaxleobis 

gadaadgileba. am gadaadgilebebis mizani SeiZleba sxvadasxva 

iyos: samuSaoze, samuSaodan, momsaxurebis adgilze da a.S. -iT 

avRniSnoT adamianTa raodenoba, romlebic gadaadgildebian  

tipis i  zonidan 

ks
ijT

k

s  tipis j  zonaSi. 

Tu es gadaadgileba xorcieldeba mkacrad regionaluri 

teritoriis SigniT drois intervalSi, romlis ganmavlobaSic 

zonebis obieqtebi ar icvleba, maSin  sidideebi unda 

akmayofilebdnen Semdeg pirobebs: 

ks
ijT
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( )

1

sn
kks

ij i
j

T Q
=

=∑ ,                                     (1.2.38) 

( )

1

,   , 1, ,
kn

sks
ij j

i

T Q k s
=

= =∑ K N .                          (1.2.39) 

TiToeuli mcxovrebis gadaadgileba dakavSirebulia raime 

danaxarjebTan . am danaxarjebis mniSvneloba SeiZleba 

sxvadasxva iyos. regionalur teritoriaze, sadac 

sazogadoebrivi transporti sustadaa ganviTarebuli, 

pirovnebisagan gansxvavebiT,  danaxarjebi warmoadgens 

mgzavrobis Rirebulebas  tipis  zonidan 

ks
ijC

ks
ijC

ik s  tipis  zonaSi. 

piriqiT, iq sadac mcxovrebTa gadaadgileba xorcieldeba 

ZiriTadad sazogadoebrivi transportis xarjze, mgzavrobis 

Rirebuleba ar axasiaTebs danaxarjebs, radgan is mgzavrobis 

tipisagan an sustad icvleba, an saerTod ar icvleba. am 

SemTxvevebSi  danaxarjebs aqvT mocemuli mgzavrobis 

moxerxebulobis (an aramoxerxebulobis) azri [13]. 

j

ks
ijC

danaxarjebis konkretul mniSvnelobaze damokidebulebiT maTi 

saerTo raodenoba SezRudulia raime  sididiT. amitom (1.2.38)-

(1.2.39) pirobebs unda daematos kidev erTi: 

ksC

. 1
,   , 1, ,

k sn n
ks ks ks

ij ij
i j

T C C k s N
=

= =∑ K .                     (1.2.40) 

miviCnevT, rom ( ) ( ), ,k s ks
i jQ Q C  da  sidideebi mocemulia. 

aucilebelia ganvsazRvroT gadaadgilebis 

ks
ijC

( ) { }ks ks
ijTϑ =

( )ks

 matrica. 

(1.2.38), (1.2.40) pirobebi amisaTvis arasakmarisia. amitom 

aucilebelia raime damatebiTi varaudi ϑ  matricis 

gansazRvrisaTvis. 
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am varaudis wyaros warmoadgens analogia mosaxleobis 

gadaadgilebis procesebsa da raime fizikur sistemebSi 

procesebs Soris [14]. ase magaliTad,  tipis i -uri zonidan 

mcxovrebTa gadaadgileba da 

k
( )k
iQ  moculoba s  tipis j -ur 

zonaSi da ( )s
jQ  moculoba gvaxsenebs ori ( )k

iQ  da ( )s
jQ  masis 

urTierTqmedebas Sesabamisad. maT Soris warmoqmnili Zala 

(mocemul SemTxvevaSi ) SeiZleba warmovadginoT 

TanafardobiT, romelic niutonis kanonis analoguria. amitom 

modelma miiRo gravitaciulis saxelwodeba: 

ks
ijT

( ) ( ) ( ) ( ) ( )k s k sks ks ks
ij i j i j ijT A B Q Q f C= ,                         (1.2.41) 

( ) ( )0,   0ks ks

x
f x f x

→∞

→ ≥ .                              (1.2.42) 

( ) ( ),k s
i jA B  koeficientebs (1.2.38) pirobis gaTvaliswinebiT aqvs 

saxe: 

( ) ( ) ( ) ( )
1

1

sn
k s s ks ks

i j j ij
j

A Q B f C
−

=

⎛ ⎞
= ⎜
⎝ ⎠
∑ ⎟ ,                           (1.2.43) 

( ) ( ) ( ) ( )
1

1

sn
s k k ks ks

j i i ij
i

B Q A f C
−

=

⎛ ⎞
= ⎜
⎝ ⎠
∑ ⎟ .                            (1.2.44) 

amocana mdgomareobs imaSi, rom daregulirdes ksf  funqciis 

struqtura da parametrebi. amisaTvis davubrundeT (1.2.38) - (1.2.40) 

gamosaxulebebs da visargebloT mosaxleobis gadaadgilebis 

procesis sxva fizikuri analogiiT. 

k  da s  tipis zonebis didi ricxvis dros da  tipis zonebSi 

mcxovrebTa didi ricxvis dros, romelic warmoadgens 

mgzavrobis wyaros, sruliad bunebrivia varaudi imaze, rom 

calkeuli mcxovrebis gadaadgileba erTis mxriv sustad 

k
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moqmedebs yvela procesis mdgomareobaze, romelic xasiaTdeba 

( )ksϑ  matriciT, xolo meores mxriv aris misi cvlilebis mizezi. 

es gvaZlevs safuZvels ganvixiloT gadaadgilebis procesis 

mdgomareobis ori tipi. erT-erTi maTgani sakmarisad srulia, 

ramdenadac es SesaZlebelia, aRwers TiToeuli mcxovrebis 

mdgomareobas da atarebs mikromdgomareobis saxelwodebas. 

mikromdgomareobis simravle warmoSobs raime gasaSualebul 

mdgomareobas, romelsac ewodeba makromdgomareoba. 

gadaadgilebis procesis aseTi warmodgena gvaxsenebs 

izolirebul WurWelSi gazis molekulebis moZraobis siTbur 

procesebs. vsargeblobT ra am analogiiT SeiZleba gamoviyenoT 

gazis sistemis raime Termodinamikuri Tviseba, mosaxleobis 

gadaadgilebis kanonmdeblobis SeswavlisaTvis [15].  

(1.2.38)-(1.2.40) gamosaxulebebi warmoSoben ( )ksϑ  matricebis 

mTlian ojaxs. TiToeuli maTgani axasiaTebs gansaxilveli 

qvesistemis raime makromdgomareobas. Tu daveyrdnobiT 

Termodinamikur analogias, maSin aRniSnuli ( )ksϑ  matricebis 

ojaxSi arsebobs erTaderTi, romlisTvisac sistemis ( )ksH  

entropia maqsimaluria. es matrica 
( )

0

ks

ϑ  Seesabameba mdgrad 

makromdgomareobas. 

amgvarad, imisaTvis, rom ganvsazRvroT 
( )

0

ks

ϑ  matrica, saWiroa 

vipovoT ( )ksH  entropia da movaxdinoT misi maqsimizireba (1.2.38)-

(1.2.40) pirobebis dros. 

cnobilia, rom  

( ) ( )ln 1, , 1,ks ks ks
ij k sH T i n j nω= = = ,                      (1.2.45) 
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sadac ( )1, , 1,ks ks
ij k sT i n j nω = =  -  mcxovrebTa raodenobis 

ganawilebis albaTobaa. 

ks
ijT

varaudoben, rom es albaToba mosaxleobis gadaadgilebis 

procesis mikromdgomareobis SesaZlo ricxvis proporciulia, 

romelic ganisazRvreba TanafardobiT: 

( )
,

!

!
k s

ks
ks ks

n n
ks

ij
i j

T

T
ω ϑ =

∏
,                                 (1.2.46) 

sadac 

, 1

k sn n
ks ks

ij
i j

T
=

= ∑T .                                     (1.2.47) 

aqedan gamomdinareobs, rom gamosaxuleba ksH  entropiisaTvis 

(1.2.45) miiRebs saxes 

,

, 1
ln ! ln !

k sn n
ks ks ks

ij
i j

H T
=

= − ∑ T .                            (1.2.48) 

ks
ijT  didi mniSvnelobebis dros SeiZleba visargebloT Semdegi 

aproqsimaciiT: 

                ln . ! lnks ks ks ks
ij ij ij ijT T T T≅ −

es gamosaxuleba CavsvaT (1.2.48)-Si, (1.2.38)-(1.2.40), (1.2.45), (1.2.46) -is 

gaTvaliswinebiT miviRebT amocanas ksH  eqstremumis pirobaze. 

visargebloT lagranJis mamravlTa meTodiT, SevadginoT funqcia 

( ) ( )

1 1 1 1

, 1

k s s k

k s

n n n n
k sks ks ks ks

i i ij j j ij
i j j i

n n
ks ks ks

ij ij
i j

M H Q T Q T

C T C

λ μ

β

= = = =

=

⎛ ⎞ ⎛ ⎞
= + − + − +⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠
⎛ ⎞

+ −⎜ ⎟
⎝ ⎠

∑ ∑ ∑ ∑

∑
,        (1.2.49) 

romlis maqsimizirebac saWiroa. maqsimumis aucilebel pirobas 

aqvs saxe: 
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/ 0ks ks ks
ij i j ijH T Cλ μ β∂ ∂ − − − = . 

anu - ln , 0ks ks
ij i j ijT Cλ μ β− − − =

saidanac 

ks
i j ijCks

ijT e λ μ β− − −=                                 (1.2.50) 

lagranJis mamravlebi , ,i jλ μ β  ganisazRvrebian Semdegi 

gantolebaTa sistemis amoxsniT: 

           
1

1,    1, , ,
s ks

j iji

n
C

k
j

e e i nμ βλ − −−

=

= =∑ K

1 , 1
1,    

k k sks ks
j i ij i j ij

n n n
C Cks ks

ij
i i j

e e C e Cμ λ β λ μ β− − − − −

= =

=∑ ∑ =                   (1.2.51) 

arawrfiv gantolebaTa es sistema friad specifikuria da misi 

amoxsnis da iteraciul procesTan Sesabamisobis sakiTxebi, am 

amoxsnis povnisaTvis aris specialuri kvlevis sagani. 

Tu { }ks
ijC  matrica da C  konstanta iseTia, rom arsebobs (1.2.51) 

sistemis amoxsna, maSin gansazRvrul iqneba { }ks
ijT T=  matrica 

(1.2.50). 

 

1.3. makrosistemebis maTematikuri modelirebis principebi 

 

maTematikuri modelirebis (identifikaciis) zogadi 

formulireba mdgomareobs SemdegSi [16]. davuSvaT gansaxilvel 

obieqtze moqmedebs ( )tx  zemoqmedeba, obieqtis reaqcia 

(gamosasvleli)    zemoqmedebaze aris ( )tx ( )ty . kavSiri ( )tx   da ( )ty  

Soris zogadad xasiaTdeba A -operatoriT, anu 

( ) ( )tAxty =  
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operatori A  -warmoadgens gansaxilveli obieqtis zogad 

dinamikur maxasiaTeblebs. identifikaciis amocana mdgomareobs, 

  da ( )tx ( )ty  codnis safuZvelze ganvsazRvroT garkveuli 

kriteriumis mixedviT A  operatori, anu vipovoT misi Sefaseba . 

operatori 

Â

Â , mocemuli unda iyos sasruli ucnobi parametrebis 

sizustiT. anu  operatori unda iyos parametrizebuli. aqedan 

gamomdinare modelirebis (identifikacias) amocana ori 

etapisagan Sedgeba. pirvel etapze ganisazRvreba modelis 

struqtura da parametrebi, xolo meore etapze  da 

Â

( )tx ( )ty  

codnis safuZvelze Sefasdeba modelis parametrebi. 

modelis tipis,  operatoris klasis, gansazRvra mWidro 

kavSirSia modelirebis mizanTan, Tu ra mizniT unda iyos 

gamoyenebuli Semdgom maTematikuri modeli. magaliTad, im 

SemTxvevaSi rodesac maTematikuri modeli gamoiyeneba obieqtis 

marTvisaTvis, am dros modelis gamosasvleli  sakmao 

sizustiT unda imeorebdes 

Â

)(ˆ tY

( )ty . e.i. am SemTxvevaSi didi 

mniSvneloba ara aqvs Sesabamisobas obieqtisa da modelis 

struqturebsa da parametrebs Soris. aseT modelebs vuwodoT 

formaluri modelebi. 

aqve unda SevniSnoT, rom xSir SemTxvevaSi marTvis sistemebis 

sinTezisTvis ukve aRar aris sakmarisi iseTi maTematikuri 

modelebis ageba, romelTa struqtura da Sida procesebi ar 

aris Sesabamisi obieqtis struqturisa da Sida procesebis 

identurni. 

SemdgomSi, obieqtis maTematikur models, romelic imeorebs 

obieqtis struqturasa da Sida procesebs vuwodebT fizikur 
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models. fizikuri modelis dadgenisas gamoiyeneba bunebis 

fundamentaluri kanonebi da kanonzomierebani. 

Cven qvemoT ZiriTadad ganvixilavT makrosistemebis fizikuri 

maTematikuri modelebis agebisa da marTvis problemebs. 

davuSvaT makrosistema xasiaTdeba A  operatoriT, romelic 

miekuTvneba uwyvet operatorTa klass, im gagebiT, rom ( )tx  - 

Sesasvleli zemoqmedebis mcire variaciebs Seesabameba ( )ty  - 

gamosasvlelis mcire variaciebi - .  amasTanave ∞<dttY )(2∫
∞−

t

∞≤)(tx .!

ganvixiloT sistema ( )tX  SesasvleliT  da  gamosasvleliT, 

sadac 

( )ty

Tt∈  drois momentebis simravlea. ( )tX  da  - funqciebi 

warmoadgenen Sesabamisad 

( )ty

X  da Y  Sesasvleli da gamosasvleli 

sivrcis elementebs. gardaqmna "Sesasvleli-gamosasvleli" 

zogadad xasiaTdeba L  asaxviT. 

YX L⎯→⎯  

zogadad L  asaxvis kvlevisaTvis (identifikaciisaTvis) 

mimarTaven mis dekompozicias. magaliTad, SesaZlebelia 

sistemebis farTo klasisaTvis gamovyoT garda gamosasvleli 

procesisa misi Sinagani procesebi ( )tZ , romlebic miviCnioT 

sistemis mdgomareobis maxasiaTebel parametrebad.   funqciebi 

warmoadgenen 

( )tZ

Z -sivrcis elementebs. am SemTxvevaSi L  asaxvis 

dekompozicia warmodgeba sami asaxvisagan:  - aRwers gardaqmnas 

"Sesasvleli-mdgomareobis sivrce",  - gardaqmnas "mdgomareobis 

sivrce gamosasvleli",  - gardaqmnas "Sesasvleli-

gamosasvleli". (im SemTxvevaSi Tu , ,  - asaxvebi axasiaTeben 

1L

3

2L

1L

3L

2L L
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determinirebuli procesebis gardaqmnebs, maSin isini arian 

erTgvarovnebi). 

rogorc zemoT avRniSneT, makrosistemas axasiaTebs dualizmi, 

romelic gamoixateba imaSi, rom makrosistemis elementebi 

stoqastikuri bunebisaa im dros, rodesac erTiani sistema 

miekuTvneba determinirebul klass. e.i. makrosistemebSi 

arseboben Sida procesebi ( )tg , romelTa qceva 

aradeterminirebulia. am faqtis aRwerisaTvis  asaxva iyofa 

asaxvebad:  - `Sesasvleli-aradeterminirebuli mdgomareoba-

mdgomareoba~ da  - `aradeterminirebuli mdgomareoba-

mdgomareoba~. Tu Cven yovel asaxvas aRvwerT Sesabamisi 

operatoriT 

1L

11L

12L

1111 LL → ; 1212 LL → ; da SemovitanT operators 
2L , 

romelic warmoadgens pirdapir (dekartul) namravls X  da Z  

sivrceebisa Y -Si. Sesabamisad, makrosistema gaigeba, rogorc , 

 da 

11L

12L
2L  operatorebis kompozicia. 

imisdamixedviT, Tu rogoria elementebis qceva makrodoneze, 

makrosistemebi SeiZleba davyoT or jgufad. makrosistemebi 

elementebis stoqastikuri qceviT da makrosistemebi elementebis 

e.w. koniuqturuli qceviT. pirvel jgufs miekuTvneba iseTi 

makrosistemebi, rodesac sistemas gaaCnia  raodenobis 

energetikuli ujredi, romlebic ivseba 

m

N  raodenobis 

erTgvarovani elementebiT ( )mN >> , amasTanave elementebis 

ganawilebas aqvs SemTxveviTi xasiaTi [17].  

makrosistemebi koniunqturuli qceviT ki iseTi sistemebia, 

rodesac elementebis ganawileba energetikul ujredebSi 

xorcieldeba garkveuli sargeblianobis funqciis Sesabamisad, 
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romlebic miewerebaT elementebs, amasTanave yoveli Semdegi 

ganawileba damokidebulia wina ganawilebaze. 

moviyvanoT stoqastiuri qcevis elementebiani makrosistemis 

maTematikuri modelirebis zogadi sqema. 

wonasworul mdgomareobiani sistemaTa modelebi: ganvixiloT 

abstraqtuli makrosistema, romelic Seicavs N  - erTgvarovan 

stoqastikuri bunebis elementebs. 

vTqvaT sistema dayofilia klasebad ( )λ,1=iKi  da yoveli 

elementi, erTmaneTisagan damoukideblad, SeiZleba imyofebodes 

λ  klasidan erT-erTSi. 

aRvniSnoT -  mdgomareobaTa simravleebi 11 ,, SS L i
i KS ∈ , 

elementebis ganlagebas mdgomareobaTa iS  simravleSi uwodeben 

mikromdgomareobas. 

mdgomareobaTa simravleebi  isea mowyobili, rom maTSi 

SeiZleba gamovyoT 

11 ,, SS L

( )mnS i
n ,1∈  "mezobeli" simravleebi, romlebic 

akmayofileben pirobebs: 

U
m

n

i
n

i SS
1=

=  

∅=I i
n

i
n SS

21
 nebismieri  imnn ,1, 21 ∈  

mdgomareobaTa aseTi dajgufeba gulisxmobs imas, rom yovel 

mdgomareobas iS -Si gaaCnia raRac ricxviTi maxasiaTebeli, 

romelTa saSualebiTac SesaZlebelia  qvesiravleebis 

gamoyofa (mag. maTi tevadoba). 

i
m

i

i
SS ,...,

regionalur sistemebSi resursebis gacvla-gamocvlisa da 

regionebSi arsebuli obieqtebis marTvisaTvis ganvixiloT aseTi 

amocana. 
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1.3.1. qaosis Teoriis elementebis gamoyeneba ganaSenianebis 

maTematikuri modelirebisa da marTvisaTvis 

 

vTqvaT gvaqvs raRac teritoria, romelic dayofilia 

nakveTebad . TiToeul nakveTze aSenebulia 

garkveuli daniSnulebis obieqtebi (nax.1.5).  

0
1,2, , in i N∈ K

 

 

 

 

 

 

     kA  

    

      

     

 

 

 

 

     iA  

  

    

    

            

  

 

 

 

      

 4A            

 

 

 

 

2A  
   

 

 

 

 

 

          

    

    1A  

    

 

    3A   

a) 
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                                                      K1           K2         K3 

                     A1 

                                           A2 

                                       A3                                      

0 0 0 

1 1 0 

1 1 0 

                                       A4  

                                                                b) 

0 0 0 

aq iA  - obieqtebia, iK  - komunikaciebi. 

nax.1.5. teritoriis ganaSenianebis da komunikaciebis 

sailustracio magaliTebi. 

vgulisxmobT, rom TiToeuli nakveTis aTvisebas aqvs SemTxveviTi 

xasiaTi im gagebiT, rom ar arsebobs ganaSenianebis gegma. am 

dros metad mniSvnelovania, ganaSenianebis socialuri 

“mdgradobisaTvis” arsebobdes “gza”, romelic aerTebs 

ganaSenianebis ganapira zolebs erTmaneTTan. “gza” am SemTxvevaSi 

gaigeba, rogorc komunikaciebi nakveTebs Soris, rogoricaa 

misasvleli, satransporto gzebi, sayofacxovrebo daniSnulebis 

komunikaciebi: gazis, wylis, eleqtroobis, kavSirgabmulobis. 

aRniSnuli tipis sistemaTa funqcionirebisas, maTi geometriuli 

struqturis mniSvnelobas pirvelad miaqcia yuradReba r. etkinma 

[18]. irkveva, rom sistemis funqcionirebis xarisxi garda 

obieqtebis socialuri parametrebisa, ganisazRvreba agreTve mis 

calkeul nawilTa “bmulobiTac” da kombinatoruli topologiis 

aparatze dayrdnobiT mogvca e.w. Q  - dayofis Teoria, romelic 

mdgomareobs SemdegSi [18]. 

vTqvaT,  evklides -ganzomilebiani sivrcis 

wertilebia. amasTan, sistema 

0 1, , , ka a aK n

a a0 1 2 0, , , ka a a a0− − K −  wrfivad 

damoukidebelia. nR  sivrcis im x  wertilTa A simravles, 

romelTaTvisac 
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0 0 1 1 k kx a a aλ λ= + + +L λ ,                                                      (1.3.1) 

sadac 0 1, , , kλ λ K

0 11, , , k

λ

k

 iseTi namdvili ricxvebia, rom 

0 1 , 0λ λ λ λ λ+ + + ≥Kλ=L  ewodeba  - ganzomilebiani 

simpleqsi, romelsac aRvniSnavT 

k

[ ], ka0 1, ,a a K  simboloTi.  

wertilebs ewodebaT 

0 1, , , ka a aK

A simpleqsis wveroebi, xolo { }0 1, , , ka a aK  

simravlis nebismieri 1s +  elementiani qvesimravlis mier 

gansazRvrul simpleqss ewodeba A simpleqsis s  - 

ganzomilebiani waxnagi. 0 - ganzomilebiani simpleqsia wertili, 

1 - ganzomilebiani simpleqsi warmoadgens monakveTs, 2 - 

ganzomilebiani simpleqsi - samkuTxeds da 3 - ganzomilebiani 

simpleqsi - tetraedrs. 

ori simpleqsi wesieradaa ganlagebuli, Tu isini ar 

gadaikveTebian, an maTi gadakveTa orives waxnags warmoadgens. 

nR  sivrcis simpleqsebis raime K  aracariel simravles 

ewodeba geometriuli simplicialuri kompleqsi, Tu sruldeba 

pirobebi: 

1) Tu A K∈  da 'A  aris A -s waxnagi, maSin 'A K∈ . 

2) Tu ,A B K∈ , maSin isini wesieradaa ganlagebulni. 

K -Si Semavali simpleqsebis ganzomilebebs Soris udidess 

ewodeba K -s ganzomileba. K -s 0-ganzomilebian simpleqsebs 

ewodeba K -s wveroebi. nax.1.6-ze gamosaxulia 3R -Si 3-

ganzomilebiani kompleqsis magaliTi. 

                                                        6a
                                                                                                                                             3a

                                                                 a  4a 5

                                           a        0a 2

                                    1a
                                    

nax.1.6. 3 - ganzomilebiani kompleqsi.  
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es kompleqsebi Sesdgeba 7 wverosagan:  aTi 

1-ganzomilebiani simpleqsisagan:  

0 1 2 3 4 5 6, , , , , ,     a a a a a a a ;

[ ] [ ] [ ] [ ] [ ] [ ] [ ]0 1 0 2 0 3 1 2 1 3 2 3 2 4, , , , , , , , , , , , ,      a a a a a a a a a a a a a a

[ ] [ ] [ ]4 5 4 6 5 6, , , , , ;  a a a a a a

[ ] [ ] [ ]

,  

 xuTi 2-ganzomilebiani simpleqsisagan: 

[ ] [ ]0 1 2 0 1 3 0 2 3 1 2 3 4 5 6, , , , , , , , , , , , , ,    a a a a a a a a a a a a a a a

]0 1 2 3, , ,a a a a

 da erTi 3-

ganzomilebiani [  simpleqsisagan. 

advili dasanaxia, rom yoveli geometriuli simplicialuri 

komopleqsi moicema Tavisi wveroebiT da wveroebis 

erTobliobebis garkveuli simravliT. aqedan gamomdinare, yovel 

geometriul simplicialur kompleqss Seesabameba 

simplicialuri (zogjer amboben abstraqtuli simplicialuri) 

kompleqsi, romelic ganisazRvreba Semdegnairad. 

simplicialuri kompleqsi aris wyvili ( ),X K , sadac  aris 

raime sasruli simravle, xolo 

X

K , -is qvesimravleebis 

simravle da sruldeba pirobebi: 

X

1) -is yoveli erTelementiani simravle Sedis X K -Si. 

2) Tu Kσ ∈  da σ σ′ ⊂ , maSin Kσ ′∈ . 

X -is elementebs ewodeba kompleqsis wveroebi, xolo K -s 

elementebs - simpleqsebi. Tu σ  simpleqsia da ,σ σ′ ⊂  maSin 'σ -s 

ewodeba σ -is waxnagi, xolo Tu σ -Si Semavali elementebis 

raodenobaa , maSin - r ( )1r −  - ganzomilebiani simpleqsi. K -Si 

Semavali simpleqsebis ganzomilebebs Soris udidess 

simplicialuri kompleqsis ganzomileba ewodeba. 

rogorc aRvniSneT, yovel geometriul -ganzomilebian m K  

kompleqss Seesabameba -ganzomilebiani m K  abstraqtuli 

simplicialuri kompleqsi. aseT dros amboben, rom K  aris K -is 
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geometriuli realizacia. mtkicdeba, rom yovel -

ganzomilebian abstraqtul simplicialur kompleqss aqvs 

geometriuli realizacia 

m

2 1mR +  sivrceSi. qvemoT yvelgan vixmarT 

termins “simplicialuri kompleqsi” da konteqstidan gasagebi 

iqneba geometriul, Tu abstraqtul simplicialur kompleqszea 

saubari.  

vTqvaT, ,K m  - ganzomilebiani simplicialuri kompleqsia da 

. SemoviRoT 0 q m≤ ≤ K -s im simpleqsebis qK  simravleze, romelTa 

ganzomileba ar aris -ze naklebi, q q~  ekvivalenturobis 

mimarTeba Semdegnairad: vityviT, rom σ  da ,σ  simpleqsebi 

ekvivalenturia, Tu arsebobs simpleqsebis iseTi 

1 2, , , sσ σ K

, s

σ                                                              (1.3.2) 

mimdevroba, rom  

                                        1σ σ σ σ ′= =  

da 

( ) ( )1dim , 1,2, , 1 . i i q i sσ σ∩ ≥ = −K                                         +

cxadia, gansazRvruli mimarTeba marTlac ekvivalenturobis 

mimarTebaa. q�  ekvivalenturobis klasebis raodenoba aRvniSnoT 

-Ti. qQ

veqtors ( )0 1, , , mQ Q QK  ewodeba K -s struqturuli veqtori, 

xolo TviT  ricxvebis povnis proceduras - kompleqsis Q  

analizi. magaliTad, nax.1-ze gamosaxuli kompleqsis 

struqturuli veqtoria 

qQ

( )1 1, 3, 2, . am kompleqsSi, rom ar 

Sesuliyo erTaderTi 3-ganzomilebiani simpleqsi, maSin 

struqturuli veqtori iqneboda ( ) 51, 3, .  
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0~ -s ekvivalenturobis klasebs ewodebaT bmulobis 

komponentebi. amrigad,  aris bmulobis komponentebis 

raodenoba. 

0Q

X  da  simravleebs Soris yovel mimarTebas Y X Yρ ⊂ ×  

SevusabamoT Semdegi Kρ  simplicialuri kompleqsi. Kρ –s 

wveroebia -is elementebi, xolo  aris simpleqsi maSin da 

mxolod maSin, roca arsebobs iseTi 

X X

y Y∈ , rom yoveli x ’∈ X ’-

saTvis ( ), ;x y ρ∈ . yoveli -saTvis y Kρ –s simpleqss:  

( ){ };x x y ρ∈  

vuwodebT -simpleqss. y

axla davubrundeT isev sistemebs da SevTanxmdeT, rom 

sistemis qveS Cven vgulisxmobT oTxeuls 

( ); ; ;X Y ρ π ,                                                            (1.3.3) 

sadac  da Y  simravleebia, X X Yρ ⊂ × , xolo π  asaxvaa  

                                              : K Rρπ →  

e.i. Sesabamisoba, romlis drosac yovel simpleqss Seesabameba 

namdvili ricxvi. π –s ewodeba modeli Kρ  simplicialur 

kompleqsze. 

Q  veqtoris koordinatebi sasurvelia iyos mcire, winaaRmdeg 

SemTxvevaSi K  kompleqsis geometriuli struqtura SezRudavs 

K -s nebismieri π  modelis cvlilebis SesaZleblobas.  

amasTan, geometriis TvalsazrisiT idealuria iseTi mimarTeba 

 da Y  simravleTa Soris, roca yoveli X , ix λ  mimarTebaSia 

yovel jy -Tan, magram aseT SemTxvevaSi mosalodnelia sistemis 

zogierTi maxasiaTeblis gauareseba (“gauareseba” aq upirveles 

yovlisa igulisxmeba sistemaze danaxarjebi, magaliTad, 
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bunebrivia, rac meti da ganieria gza miT ukeTesia, magram 

yovelive es Zviri jdeba). garda amisa, aseTi sistemis 

praqtikuli realizacia araa mizanSewonili. [19,20]-Si naCvenebia 

aRwerili geometriuli meTodis iseTi modifikacia, romelic 

saSualebas gvaZlevs avirCioT ori savaraudo λ  da 1λ  

mimarTebebidan erT-erTi gansazRvruli ω  kriteriumis mixedviT.  

                                             ( ) { }, :x y Rω λ →  

  sadac { }λ  aRniSnavs  da  simravleebs Soris X Y λ  

mimarTebaTa simravles.  

[19,20] naSromebSi naCvenebia algoriTmebi, romlebic 

saSualebas gvaZleven vipovoT iseTi  mimarTeba (mocemuli  

da  simravleebisaTvis), romelzec 

X X

Y ω  funqcia aRwevs maqsimums. 

naCvenebia, Tu rogor xdeba urTierTqmedebaTa gavrceleba 

regionis obieqtebs Soris, romlebic SegviZlia ganvixiloT, 

rogorc mravali rgolisagan Semdgari grZeli jaWvi.  

davuSvaT, rom TiToeul nakveTze ganTavsebul obieqtebs 

Soris garkveuli p  - albaTobiT gaiyvaneba komunikaciebi. cxadia 

komunikaciis, kavSiris ar arseboba nakveTebze moTavsebul 

obieqtebs Soris toli iqneba 1 p− . [21]-Si, naCvenebia, rom uwyveti 

gza nebismier obieqts Soris arsebobs im SemTxvevaSi, rodesac 

. ganxiluli amocanis maTematikuri modelirebisaTvis 

da marTvisaTvis SesaZlebelia gamoyenebuli iyos qaosis Teoria, 

rameTu zemoT ganxiluli amocana e.w. uwyveti gzis dadgena, 

rodesac nakveTebs Soris komunikaciebis gayvanas aqvs 

SemTxveviTi xasiaTi miekuTvneba fraqtalebis klass [21].  

0.5cp p= =

fraqtalebis daxasiaTebisaTvis SemoaqvT hausdorfis zoma HD , 

romelic ganisazRvreba Semdegnairad: 
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rogorc cnobilia, wesieri (gluvi) mrudis miaxloebuli 

sigrZe ( )L z N=

0

0→z

z , sadac  aris im monakveTis sigrZe, romliTac 

vaxdenT mrudis aproqsimacias.  ki aris ricxvi, ramdenjerac 

eteva  sigrZis monakveTi am mrudSi. cxadia, roca , maSin 

, sadac  garkveuli ricxvia. fraqtalebis SemTxvevaSi 

ki roca , 

z

N

z

N

0→z

( )zL → 0N

∞→0N . -is miswrafeba usasrulobisaken 

xorcieldeba garkveuli kanonzomierebiT . arsebobs -is 

raRac kritikuli maCvenebeli , romlis drosac 

0N

HDz HD

1>HD HDNz  aris 

sasrulo. roca -ze naklebia xarisxis maCvenebeli maSin HD

∞→HDNz , xolo roca xarisxis maCvenebeli metia , maSin HD

0→HDNz . swored am kritikul maCvenebels uwodeben hausdorfis 

zomas [22]. 

( )0

ln
ln 1/H z

ND l im
z→

= .                           (1.3.4) 

ungrelma maTematikosma a. reniem Semoitana albaTobaTa 

ganawilebis entropiis ganzogadoebuli saxe [23]: 

1

1 ln
1

N
q

q
i

S
q =

=
− ip∑ ,                                (1.3.5) 

romelic, rogorc vxedavT efuZneba ip  albaTobaTa  xarisxis 

momentebs. aq  SeiZleba iyos ara mTeli ricxvi. roca , 

maSin (1.3.5) mivdivarT entropiis cnobil gamosaxulebamde [21]:  

q

q 1q →

1
1

ln
N

i
i

S p
=

= −∑ ip .                               (1.3.6) 

analogiurad SegviZlia miviRoT hausdorfis ganzogadoebuli 

zoma: 

1
0

ln
1lim .

1 ln

N
q
i

i
q z

p
D

q z
=

→
=

−

∑
,                              (1.3.7) 
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ipsadac  - nakveTebs Soris komunikaciebis gayvanis 

albaTobebia ji kp p= , - komunikaz  ciebis sigrZea. parametri q  

iRebs mniSvnelobas ( ),−∞ ∞ . aRsaniSnavia, rom TviTmsgavsi 

fraqtalisaTvis, romlisTvisac i 1/p N=  gamosaxuleba (1.3.7) 

miiRebs saxes: 
( )

( )
ln1 ln.q

ND = = , romelic damokidebuli 
1/

1 ln
N N

q z ln 1/

n

z−

ar aris -ze. cxadia, rom roca q 0q = , gamosaxuleba (1.3.7) igivea, 

zrac hausdorfis oma HD . aqed

magaliTisaTvis, rodesac vikvlevT regionSi ubnebs Soris 

kavSirs, misi Semdgomi marTvisaTvis ganzogadoebul entropias 

an gamomdinare Cveni 

aqvs metad didi gamoyeneba. 

roca 1q →  (1.3.7) – dan vRebulobT 1
1 0

lim
lnz

SD
z→

= , sadac 1S  aris ip  

albaTobaTa entropia, romel 1D  - ic gamoisaxeba (1.3.6) formuliT, 

uw ac mric

Senonis mier Semotanil informaciuli entropiis gamosaxulebas. 

odeben ormaciul zomas, radgan   inf xveli warmoadgens

1D  - iT izomeba informaciis is danakargi, romelic qaosuri 

sistemeb luciis Sedegad warmoiSveba. roca is evo 2q = , (1.3.7) 

gamosaxuleba gvaZlevs ukve korelaciur zomas 

2

1
2

ln

ln

N

i

0
mli

z
i

p
D

z
=

→
=

∑
, 

romelsac Cveni amocanisaTvis aqvs metad didi mniSvneloba, 

martivia. garda amisa, 

rameTu misi gamoyeneba praqtikuli amocanebis  aTvis metad

2D  zoma uSualod  

fraqtaluri simravliT, “korelaciuri funqciis” meSveobiT. 

rogorc vxedavT korelaciuri zomis gamoTvla dadis martiv 

 ganisazRvreba

gaTvlebamde.  
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vnaxoT ra saxes miiRebs hausdorfis zoma, rodesac nakveTebs 

Soris komunikaciebis gayvanas aqvs fermis statistikis saxe.  

eba 

im

a

- isaTvis 

gv

elementi

fermis statistikis SemTxvevaSi yovel nS  simravlis 

(komunikaciebis) yvela mdgomareobidan erT-erTSi SeiZl

yofebodes ara umetes erTi elementisa, albaTobiT na . 

amasTanave, TiToeuli elementis arCevani damoukidebelia meore 

elementis arCevanisagan. amasTanave, aprioruli albaToba -  

yvela mdgomareobebisa, nS  qvesimravleSi, erTnairia.  

vTvliT, rom nS  qvesimravlis tevadoba nG  apriori mocemuli . 

cxadia, TiToeul mdgomareobaSi elementebis nN  

na

eqneba 0 n nN G≤ ≤ . fermis statistikis SemTxvevaSi elementebis 

maqsimaluri raodenoba, romlebic SeiZleba moxvdnen nS  

qvesimrav  tolia. albaToba imisa, S  - Si iqneba N  leSi, 

, tolia 

nG n n

( )1 n nn
G NN −− 4=n na a . magaliTa , d, roca nG 2nN =  

gvaqvs Semdegi konfiguraciebi: (1,2), (1,3), (1,4), (2,3), (2,4), (3,4), sul 

nqcias 6 konfiguracia. fu

( ) ( ) ( )
1

m
nln lnF n n n n n
nn

NH N N G N G N
a∑ %

, 

sadac 

=

= − + − −%

1
n

n
n

aa
a

=
−

%  

uwodeben fermi-dirakis ganzogadoebul informaciul entropias 

[20] mocemuli erTgvarovani sistemisaTvis. Sesabamisad fermi-

dirakis statistikisaTvis informaciul zomas eqneba saxe:   

( ) ( )
0

1lim

N
n

n n n n n
n n

N
aD ==
%

, 1 0

ln ln

lnF z

N G N G N

z→

− − + +∑
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2D  xolo korelaciuri zoma gamoisaxeba Semdegi formulis 

saSualebiT:    

0
2

1
2 0

ln
lim

ln

N
nN⎛ ⎞

⎜ ⎟∑
n n

F z

a
D

z
=

→

⎝ ⎠=
%

. 

im SemTxvevaSi, rodesac TiToeul nakveTze Sendeba 

mravalfunqciuri obieqtebi, maSin SeiZleba gvqondes sistemebi 

ainStain-bolcmanis statistikiT. aseTi klasis makrosistemebSi 

yovel mdgomareobaSi (nakveTSi) SeiZleba imyofebodes 

elementebis (komunikaciebis) nebismieri raodenoba. es imas 

niSnavs, rom qvesimravleSi, tevadobiT , SeiZleba iyos 

nebismieri elementi. magaliTad, yvela elementi 

mdgoma

ainStainis statistikis makrosistemebis ganzogadoebul 

informaciul entropias aqvs saxe:   

nS  

N G≤

obe

nG

i),

qvesimravlisa iqnebian carielebi [17]. 

n n n

SeiZleba iyos pirvel mdgomareobaSi (nakveTS  xolo danarCeni 

1n  n

( )

 

re bi

N  

G −  S  

( ) ( )ln lnn
0

1

N

E n n n n n
n n

NH N N G N G N
a

= − − + +∑% . 
=

Sesabamisad, informaciul zomas da korelaciur zomebs 

eqnebaT Semdegi saxe: 

( )
1 0

lim
ln
E

E z

H N%
D

z→
= , 

0
2

1
2 0

ln
lim

ln

N
n

n n
E z

N
a

D
z

=

→

⎛ ⎞
⎜ ⎟
⎝ ⎠=

∑
. 

bolcmanis statistikis SemTxvevaSi, makrosistemebi bolcmanis 

statistikiT warmoadgens fermis da ainStainis makrosistemebis 

zRvrul sistemebs, anu rodesac qvesimravlis (nakveTis) nS  nG  
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tevadoba gacilebiT didia maTSi elementebis SesaZlo nN  

raodenobis sidideze. bolcmanis statistikisaTvis ganzoga-

doebul informaciul entropias eqneba saxe:  

( )
0

1
ln

N
n

n n n

NH N N
a G e=

= −∑% . 

Sesabamiasad, informaciul zomas da korela

B n

ciur zomas eqn  

saxe: 

eba

( )
1 0 lnz

lim B
B

H N
D =

%
, 

z→

0

1
2 0

ln
lim

ln

N
n

n n n
B z

N
a G eD
z

=

→
=

∑
. 

qvemoT zogadobis SeuzRudavad, Cven ganvixilavT erTgvarovan 

makrosistemebs, anu sistemebs romelTa elementebi miekuTvnebian 

mxolod mdgomareobaTa erT klass. aseT sistemebs gaaCniaT 

mdgomareobis erTi simravle S , romlis qvesimravleebi 

mSSS ,,, 21 K  iseTebia rom maTi gaerTianeba emTxveva S , xolo 

nebismieri wyvilis TanakveTa carieli simravlea.  

 

1.3.2. entropiis maqsimizaciis principi 

 

ganvmartoT makrosistemis mdgomareobis cneba, rogorc zemoT 

avRniSneT makr xveviT  

erTmaneTisagan damoukideblad moxvdnen nebisimier 

md

 

osistemis elementebi SeiZleba SemT da

gomareobaSi mSSS ,,, 21 K  qvesimravleebidan. aRvniSnoT na -iT 

sistemis elementis moxvedris aprioruli albaToba fiqsirebul 

nS  qvesimravleSi. amasTanave SevniSnoT, rom aprioruli 

albaTobebi axasiaTeben carieli mSSS ,,, 21  naaa ,,, 21 K K
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qvesimravleebs (qvesimravleebiT gansazRvrul mdgomareobebSi ar 

i  elementebi). vgulisxmobT, rom  

1
1

=∑
=

m

n
a . 

ar an

makrosistemis mdgomareobis qveS igulisxmeba sistemis 

elementebis ganlageba qvesimravleebiT gansazRvrul 

mdgomareobebSi. radgan , rom makrosistemis elementebi 

er

n

mSSS ,,, 21 K  

ac vTvliT

elementi; 

TmaneTisagan ganurCevelia, maSin yvela is makromdgomareobebi 

romlebTac aqvT 1S -Si 1N  2S  -Si - 2N  elementi, mS  -Si - mN  

elementi, aseve arian ganurCevelni. 

makrosistema xasiaTdeba ( )mNNN ,,, 21 K , Sesabamisad mSSS ,,, 21 K  

qvesiravleebSi ganTavsebuli eleme ebis r odenobis am xvel nt

ricxvTa erTobliobiT. advilad SevamCnevT, rom sistemas gaaCnia 

(iseve ro

a

mr gorc mikromdgomar

sa

eoba).avali makromdgomareoba  

wonasworul mdgomareobas ki Seesabameba erTaderTi 

makromdgomareoba, ( )000
1 ,, mNNN K= , romelsac sxvagvarad uwodeben 

realizebad makromdgomareobas. praqtikulad, yvela 

SemxTvevisaTvis makrosistemis elementebis ganawileba mSSS ,,, 21 K  

qvesimravleebSi xorcieldeba garkveuli SezRudvebis dros, 

romlebic asaxaven 00
1 ,, mNN K  komponentebs Soris arsebul 

balansur Tanafardobas da Sida resursebs. 

balansuri SezRudvis yvelaze klasikuri magaliTia sistemis 

elementTa raodenob u mivoba NN
m

n
i =∑ . resursis is m d

SezRudulobis tipiuri magaliTebia: Termodinamikur sistemebSi 

elementebis jamuri energiis SezRuduloba; transportis 

=1

sistemebSi mgzavrobis saSualo Rirebuleba da sxva. 
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sistemis elementebis ganlagebas mSSS ,,, 21 K  qvesimravleebSi, 

rogorc zemoT avRniSneT, aqvs SemTxveviTi xasiaTi, yoveli 

aseTi ganlageba makrosistemis SesaZ dgomareobaTa lebel m N  

simravles gansazRvravs, romlebic xasiaTdebian veqtoriT 

{ }mNNN ,,1 K= . 

N  simravlis TvisebaTa daxasiaTebisaTvis saWiroa 

SeviswavloT misi albaTuri maxasiaTeblebi, xSirad amisaTvis 

iyeneben albaTobaTa ganawilebis funqcias ( )NP , sadac NN ∈  

[17]. 

zemoT aRwerili sistemis elementebis Tvis an gamomd  

SeiZl

ebid inare

eba davweroT, rom  

sadac 

∏=
m

NPNP )()( , 
=i

ii
1

∑
=

=
N

NN
m

m

NNP
1,...,

1
1

1),...,( , 

( )nNNN ,,1 K= . 

albaToba imisa, rom qvesimravleSi, romlis tevadobaa  

aR

nS  

elementi tolia 

nG

nN  ( )nn NP -moCndeba is. 

rogorc zemoT avRniSneT ricxvTa ( )NN ,,K  erToblioba ar  

SemTxveviTi. im SezRudvebis 

n1 is

 dros, romlebic SemovitaneT 

ma TiToeukrosistemis elementebisaTvis, li SesaZlebel 

mdgomareobaTa realizaciis albaToba gamoisaxeba formuliT: 

N
m mNN

NNP
!!...

!)(
1

= . 

am gamosaxulebis mixedviT Teoriulad yvela makromdgomareoba 

realizebadia. magram, roca  { }00
2

0
1 ,,, mNNN K  0NN = da elementebis 

raodenoba sakmarisad didia, ( )NP -s aqvs mkveTri maqsimumi. es 

niSnavs imas, rom praqtikula eT adava erTaderT d as i sistema g
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makromdgomareobaSi. Cveule

makromdgomareobis gansasazRvravad iyeneben ara ( )NP   funqcias, 

aramed mis entropias: 

brivad, yvelaze albaTuri 

PCS ln= . 

didi N -is SemTxvevaSi CNNS ii +−= ∑ ln . aqedan gamomdinare, yvela 

SesaZlebeli makromdgomareobida

s ia maqsimalur

 araumut entisa, 

al

cx s gveqneba  

n sistemaSi realizebadia is, 

s erTi elem

saTvi

romli  drosac entrop ia. am hipotezas uwodeben 

entropiis maqsimizaciis princips. 

fermis statistikis SemTxvevaSi yovel nS  mdgomareobebidan 

erT-erTSi SeiZleba imyofebodes e

elbaTobiT na . amasTanave TiTeuli ementis arCevani 

damoukidebelia meore elementis arCevanisagan. amasTanave, 

aprioruli albaToba na  yvela mdgomareobebisa, nS   

qvesimravleSi, erTnairia. aqedan gamomdinare xdomileba - 

`elementis moxvedra nS  qvesimravleSi~ da `elementis moxvedra 

nS  qvesimrvaleebidan erT-erTSi~ eqvivalenturia. 

vTvliT, rom nS  qvesimravlis tevadoba nG  apriori mocemulia. 

adia TiTeul mdgomareobaSi elementebis nN -i

nn GN ≤≤ . fer s statistikis SemT evaSi elementebis 

maqsimaluri raodenoba, romlebic SeiZleba moxvdnen nS  

leSi tolia nG . davafiqsiroT elementebis raRac 

raodenoba nN . albaToba imisa nS -Si iqneba nN  elementi tolia  

nnn NG
n

N
n aa −− )1( . magaliTad, roca 4

0

qvesimrav

mi xv

=nG , 2=nN  gvaqvs Semdegi 

konfiguraciebi. (1,2), (1,3), (1 ), (2,3), (2 ), (3,4), sul 6 

ia. zogadad k gu is albaToba 

,4 ,4

konfigurac onfi racieb
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ganisazRvreba jufebiT ( )nG NC
n

nN
nn aN

. albaToba  ganisazRvreba 

gamosaxulebiT 

( nn NP )

nn

n

NG
nGnn aCNP −−= ))( ,                                             (1.3.8) 1()(

                               nnn NG
n

N
n

nn

n

NG
G
− )!(
!

) ga

n
nn aa

N
NP −−= )1(

!
)(

Ta

. 

rogorc vxedavT albaTobaTa ganawilebis funqcia warmoadgens 

binomalur ganawilebas (anu bernulis ganawilebas). 

rogorc vxedavT P nisazRvreba ori parametriT nG  da na , 

nac 

( nn N

( ) nn
n aGNM = ;   ( )[ ] ( )nnn NMN =− 2

n aaG −1M ,           (1.3.9) 

sadac M - maTematikuri molodinis operatoria. 

( ) =•
N

M ( ) ( )∑
=

•
n

n

G

nn NP
1

. 

radganac makrosistemebisaTvis  da  sakmaod didi 

sidideebia, aucilebelia ganvsazRvroT  ganawilebis 

asimptoturi mniSvneloba. magaliTad, roca  da 

nG nS

( )nn NP

∞→G ∞→nnaG . 

(1.3.8) - dan gveqneba 

2

2

2
)(

2
1)( n

nn NN

n

nn e
G

NP σ

π

−
−

⇒ , 

sadac 

nnn aGN = ; nnnn Gaa )1( −=σ . 

rogorc vxedavT asimptotikaSi (1.3.8) miiswrafis normaluri 

ganawilebisaken. -is zrdasTan erTad izrdeba am moculobebis 

Sevsebis saSualo ricxvis 

nG

nN -sidide ise, rom constaGN nnn ==/ . im 

SemTxvevisaTvis, rodesac ∞→G , xolo 0/ →nn GN , maSin gveqneba 

puasonis ganawileba: 
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n

n

e
N

NP
n

N
n

Nn
λλ −⇒

!
)( . 

sabolood, SesaZlebel izolirebul makrosisitemebisaTvis 

albaTobaTa ganawilebis funqcias fermis statistikisaTvis 

eqneba saxe: 

∏
=

−
−

=
m

n

G
n

N

n

nnn

n
F

n

n

aa
NGN

GNP
1

~

)1(
)!(!

!)( , 

sadac   
n

n
n

a
aa
−

=
1

~

. 

amasTanave  fermis statistikisaTvis makrosistemis 

elementebis maqsimaluri sidide tolia:  

YN
m

n
n =∑

=1

0
1

m

n
n

G Y
=

=∑ . 

rogorc zemoT avRniSneT, makrosistemebis kvlevisaTvis 

mniSvnelovan rols asrulebs fizikuri entropia: 

( ) ( ) ( )NAPKNKNE lnln =ΔΓ= ,                (1.3.10) 

sadac   A -manormirebeli mudmivaa. 

   es gamosaxuleba ufro xSirad iwereba Semdegi saxiT: 

                                                         ( ) ( )NPKENE ln0 += ,   

sadac , AKE ln0 = K  - parametria, romelic axasiaTebs entropiis 

ganzomilebaTa erTeulebs (Termodinamikuri sistemebisaTvis mas 

uwodeben bolcmanis mudmivas). 

makrosistemebisaTvis fermis statistikis SemTxvevaSi fizikuri 

entropia:  

( ) ( ) ( )( )∑
=

+−−−−++=
m

n
nnnnnnnn ENGNaGaNGKNE

1
0!ln!ln1ln~ln!ln . 

Tu Cven miviRebT, rom  da didi ricxvebia da gamoviyenebT 

stirlingis formulas [24]  gveqneba: 

nG nN  
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∑
=

−−+−=
n

n

NGNG
a

NKCNE
1

))ln()(ln()( , 
m

nnnn
n

nF

N
~

sadac    . 

funqcias 

∑
=

+−+=
m

n
nnn EaGGKC

1
0))1ln((ln

)ln()_(ln)( ~
1

~

nnnn

n

n
m

n
nF NGNG

a

NNNH −+−= ∑
=

,                               (1.3.11) 

uwodeben fermi-dirakis ganzogadebul informaciul entropias 

[17], mocemuli erTgvarovani sistemisaTvis.  

 raodenoba. es imas 

ni

eq isa fermis statistikiT 

r

aseTi klasis makrosistemebSi yovel mdgomareobaSi (ujredSi) 

SeiZleba imyofebodes elementebis nebismieri

Snavs, rom nS  qvesimravleSi, tevadobiT nG , SeiZleba iyos nN  -  

elementi. magaliTad, yvela nN  elementi SeiZleba iyos pirvel 

mdgomareobaSi (ujredSi), xolo danarCeni 1−nG  mdgomareobebi 

nS  qvesimravlisa iqnebian carielebi [17]. 

nN  elementebis ganTavseba nS  qvesimravleSi tevadobiT nG , 

vivalenturia nN  elementebis ganTavseb

 

omeliRac damxmare nS  qvesi avleSi, roca misi tevadob  

1−+= nnn GNR . 

makrosistemis elem tis nS  qvesimravleSi moxvedris 

rm aa

en

aprioruli albaToba - igivea, rogorc fermis statistikis 

Se

na  

mTxvevaSi elementis moxvedris  a nS  qvesimravleSi. alabaToba 

imisa, rom nN    elementi eba iqn nS  qvesimravleSi xolo nn NR −  ki 

nS -is gareT tolia: 
1)1( −− nn G

n
N
n aa .                                        (1.3.12) 

albaToba imisa, nSrom  qvesimravleSi iqneba  elementi  

tolia  (1.3.12) albaTobaTa jam  an

nN

is u 
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1)1(
)!1

)( −−
)!1(!

(
−
−+

= nn GN

nn

nn aa
N

NP .             (1.3.13) nnnn GN
G

 SeiZleba advilad vaCvenoT, rom  

                    2)1(
}{

n

n
nn a

aGNM
−

= , 

2

2
2

)1(
M                                      )}({

n

n
nn a

aGNMN
−

=− . 

fizikur entropias (1.3.10) gamosaxulebis Tanaxmad eqneba 

Semdegi saxe: 

                       )ln()(ln)( nnnn
n

m

nE NGNGNNKCNE ++−−= ∑ , 
1 nn a=

sadac 

. 

ainStain-bozes statistikis makrosistemis ganzogadebul 

informaciul entropias eqneba saxe: 

∑
=

+−−=
m

n
nn EGaGKC

1
0)ln)1(ln(

)ln()(ln)(
1

~

nnnn

m

n n

n
nE NGNGNNNH ++−−= ∑ . 

a=

makrosistemebi bolcmanis statistikiT warmoadgenen fermis da 

ainStainis makrosistemebis zRvrul sistemebs, an  rodesac  

qv

u nS

esimravlis tevadoba nG  gacilebiT didia maTSi elementebis 

SesaZlo raodenobis nN  sidideze. 

davuSvaT nn GN <<  da na constnG = , maSin 

nNn G
G

≈
!

, nNG − )!(
( ) ( ) nnn G

n
NG

n aa −≈− 1−1  

da 

  

( )
( )

nN
n

n

nn G
G

NG
≈

−
−+
!1

!1

  
( ) ( ) nn G

n
G

n aa −≈− − 11 1
. 
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( )NP F
n  da ( )NP E

naqedan gamomdinare  funqciebi erTnairi arian 

da miiReben saxes, romelsac bolcmanis ganawileba ewodeba 

n

n
G

n
n

nnn N
G

!
( N

nnB aaANP )1())( −= , 

sadac  - manormirebeli koeficientia, romelic ganisazRvreba 

pirobiT 

mocemuli SemTxvevisaTvis 

nA

1)( =∑
∞

B NP  
0=nN

nn

( ) 1
!

1
0

=− ∑
∞

=n

n
n

N n

N
nG

nn N
qaA   nnn Gaq = , 

radganac qX

N n

N
n e

N
q

n

n

=∑
∞

=0 !
, roca 1=x . maSin 

( ) n

nn

G

eA
n

Ga

n a−
=

−

1
. 

da maSin SesaZlebel makromdg mareobaTa albaTobaTa 

ganawilebis funqcia miiRebs saxes: 

o

!
)( N

nnGa
n

B
n

Ga
nn−)(

nN
eNP = . 

sabolood makrosistemis albaTobaTa ganawilebis funqciisaTvis 

gveqneba: 

!
)( N

nnGa Ga n

nn
∞

−)(
1 nn

n N
eNP ∏

=

= . 

entropiis gamosaxulebas ainStain-bozes statistikisaTvis eqneba 

saxe: 

eGa
Nn

m

−= NKCNE
nnn

nB ln)(
1
∑
=

, 

sadac 

 ∑
=

+−=
m

n
nn EaGKC

1
0 .
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bolcmanis ganzogadebul informaciul entropias ki eqneba 

saxe: 

∑
=

−=
m N~

n nn

n
nB

eGa
NNH

1
ln)( . 

statistikur TermodinamikaSi gamoye ebul sqemebSi [17] 

igulisxmeba, rom makrosistemis elementebis ujredebSi (

qvesimravleebSi) moxvdera aris TanabaralbaTuri. 

zemoTmoyvanili gamosaxulebebi, kerZod albaTobaTa ganawi

 

1.4. erTgvarovani makrosistemebis struqturul mdgomareobaTa 

gaTvlis meTodebi 

 

erTgvarovani Mmakrosistemebis elementTa yovelgvari 

gomareobaTa simravleSi daka-

vSirebulia garkveuli resursebis

mdgomareobaTa - 

n

n

da informaciuli entropiis funqciebi miiReben 

`Termodinamikur~ saxes, Tu CavTvliT, rom  aprioruli 

albaTobebi   erTnairia yvela S -saTvis. 

S -

lebis 

n

ganlageba SesaZlebel md

 xarjvasTan. cxadia, rom Tu 

resursebi SezRudulia maSin SeiZleba, rom SesaZlebel 

N  simravlidan mxolod N N⊂  mdgomareoba  

ganxorcieldes. magaliTad, satransporto sistemis [16] 

Zlebel mdg mravle aris SemTxvevaSi, S  - Sesa omareobaTa si i  da n

j  raionebs Soris arsebuli komunikaciebi. makrosistema ki 

xasiaTdeba matriciT [ ]mjniNN ji , ,1;,1 ∈∈= .  Cvens mier mi  

daSvebebis Sedegad, 

Rebuli

( )ij  komunikaciebSi elementTa (r a 

raodenoba mudmivia) ganawileba dakavSirebulia garkveul 

gadaadgilebis safasu

omelT

danaxarjebTan (mag. ri). Cveulebrivad 
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SemoaqvT erTi mgzavris gadaadgilebis xvedriTi safasuri ijC , 

romliTac Sesafasebelia sxvadasxva faqtorebi. magaliTad: 

mgzavrobis dro, komfortabeluroba da a.S. ( ijC  SeiZleba iy  

mgzavrTa raodenobis funqcia). mgzavrTa gadaadgilebaTa jamuri 

Rirebulebaa ∑ NC  

os

ijij ( ){ }∑ == TNCNN SesaZlebel 

zogadad m a ebis dros 

SesaZlebel mdgomare

ijijijij

mdgomareobaT

akrosistemebSi elementTa gad wil

obaTa qvesimravleSi, SeiZleb  

mo

, 

an

a simravle. 

a

nawileobdes r  - sxvadasxva tipis resursebi. TiToeulis 

sidide avRniSnoT ( )rkqk ,1∈ -iT. )(Nkϕ  - avRniSnoT moxmarebul K  

- resursebis raodenoba. im SemTxvevaSi Tu - funqcia aris wrfivi 

maSin Cven saqme gvaqvs makro masTan, resursebis wrfi  

moxmarebis funqciiT. amasTanave 

siste vi

K  - resursi SeiZleba gaixarjos 

mTlianad an nawilobriv. 

zogadad, rodesac resursebis moxma eb sr i  )(Nϕ  funqcia aris 

wrfivi SeiZleba davweroT 

,
1

m

n
qNt =∑

=

  knkn rk ,1∈ .                                     (1.4.1)           

1

m

n
knt∑

=

,kn qN ≤ rk ,1∈  .                                               (1.4.2) 

Sesabami is moxmareba aris sruli d  

arasruli. resursTa wrfivi moxmarebis funqciis 

sad, rodesac resurseb

kn

a

SemTxvevisaTvis resursTa sruli, arasruli da Sereuli 

moxmarebaTa SemTxvevebisaTvis, eqnebaT Semdegi saxe: 

m

n
qyt =∑

=1
,   k rk ,1∈ .                                                  (1.4.3) 

kn

m

n
kn qyt ≤∑

=1
,  rk ,1∈ .                                                  (1.4.4) 
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1

1

m

kn n
n

m

kn n
n

t y q

t y q

=

=

⎧ =⎪
⎨
⎪ ≤
⎩

∑

∑
 

,k 1, .p
            

1, .r,k

k

k p

∈

∈ +
                                           (1.4.5) 

 

aq ;
k

k
k G

Ny =  10 ≤ky  m ma Sevsebadobis fardobiTi ≤ ikromdgo reobis 

el mdgomareobaTa simravles - 

 (1.4.5) SemTxvevisaTvis eqneba Semdegi saxe: 

ricxvia. makrosistemebis SesaZleb

D

⎭
⎬
⎫+=≤∈=∑ ∑

m m

rpkqytpkqyty ,1,;,1, .                    (1.4.6) 

SemovitanoT aRniSvnebi: 

m m

⎩
⎨
⎧=

= =n n
knknknknN

1 1

;               (1.4.7) 

                

∑
=

=
n

njnj yayl
1

)( ∑
=

=
n

njnj ybyh
1

)(  

pj −∈ 2,1   pj ,1∈  

                nprjjn ta ,−+=  jn jb t n=  

, . prqa ij −+= jj qb = ρ  da π  avRniSno esabT S amisad T  da T ′  

matricis rangebi 

[ ]kntT rk ,1 mjn ,∈= ∈, ; ,  

[ ]′= knt , ′T pk ,1∈ ; mn ,1∈ . 

aseT aRniSvnebSi D  simravle ganisazRvreba Semdegi sistemis 

saxiT: 

0)( ≤− jj ayl ; prj −∈ ,1 , 

            0)( ≤− jj by ; h pj ,1∈ .                       (1.4.8) 

zemoT Cven moviyvaneT, makrosistemebis maTematikuri 

modelirebis principebi. avRniSneT, rom makrosistemis 

elementebi erTmaneTisagan damoukideblad, aprioruli 

albaTobebiT  nawildebian SesaZlebel mdgomareobaTa na
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si

aras  

md

mravleSi. cxadia yovelive es Sesabamisi resursebis 

xarjvasTan aris dakavSirebuli. Sedegad, garkveuli drois 

Semdeg makrosistema aRwevs stacoinalur mdgomareobas - mSS ,,1 K  

qvesimravleSi ganTavsdeba **
1 ,, mNN K  elementebi. 

stacionaluri mdgomareobis povnis konstruqciuli gza 

ganisazRvreba Termodinamikis meore kanonis mixedviT, romelic 

axasiaTebs makrosistemis evolucias droSi [25]. kerZo  

sistema drois romeliRac momentSi 

d, Tu

tacionalur

gomareobaSi  imyofeba, maSin didi albaTobiT, drois momdevno 

momentebSi sistemaSi moxdeba entropiis monotonuri zrda. es 

niSnavs imas, rom Tu sistema imyofeba iseT makromdgomareobaSi, 

romlis drosac entropia maqsimaluria, maSin igi darCeba am 

mdgomareobaSi drois momdevno momentebSic da mas uwodeben 

realizebad stacionalur mdgomareobas *N . es warmoadgens 

faqtiurad variaciuli principis formulirebas, romelic 

safuZvlad daedo erTgvarovani makrosistemebis stacionalur 

mdgomareobaTa povnis algoriTmebs [26] Aanu: 

)(max* arg NP
NN ∈Ν= ,                      (1.4.9) 

sadac N N⊂% ; N  - makrosistemis SesaZlebel mdgomareobaTa 

raodenobaa, SeuzRudavi resursebis dros; N~  - makrosistemis 

SesaZlebel mdgomareobaTa raodenobaa, SezRuduli res  

dros. 

ursebis

qvemoT yvelgan makrosistemebis stacionaluri mdgomareobis 

gansazRvrisaTvis da analizisaTvis,   gamovyenebT  informaciul  

entropias (1.3.11).   
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mR  sivrceSi gamovyoT D~  - simravle, romelic ganisazRvreba 

(1.4.1) pirobaTa  jgufidan, da romelsac SemdegSi vuwodebT 

resursTa simravles. 

gan mazogadoebuli infor ciuli entropiis gamosaxulebebidan 

Cans, rom maT gansazRvris ares warmoadgens, romliRac simravle 

mR  - sivrceSi. 

funqcia )(~ NH F  gansazRvrulia nn GN ≤≤0 , mn ,1∈ ; )(~ NH E  da 

)(~ NH  - roca 0≥N  B n mn ,1∈ . is simravle romelzedac 

gansazRvrulia Sesabamisi ga

(

nzogadoebuli informaciuli 

entropia )~ NH  avRniSnoT Z~ . maSin SesaZlebeli 

makromdgomareobebi ( )mN,,1 KNN =  ekuTvnian N~  - simravles: 

ZDN ~~~ ∩= .                          (1.4.10) 

uZvneba vari c leba 

warmodgenili iyos Semdegi saxiT: 

SemoRebuli aRniSvnebis Tanaxmad stacionalur mdgomareobaTa 

modeli, romelic ef aciul prin ips (1.4.10) SeiZ

max~ →H ,                    (1.4.11) 

NN ~∈ .                             (1.4.12) 

makrosistemebis stacionalur mdgomareobaTa modelebi 

miekuTnebian maTematikuri programirebis amocanas, sadac 

miznobrivi funqcia warmoad s engen tropias. 

davuSvaT, rom vagebT models im procesisaTvis romelic 

miekuTvneba fermis statistikas. maSin zemoT Semotanili 

aRniSvnebis Tanaxmad )(~)( NHNH PN =  - warmoadgens 

ga

udvebis dro

nzogadoebul informaciul entropias. Sesabamis stacionalur  

mdgomareobaTa models vuwodebT F  - models. 

resursebze arawrfivi SezR s F  - models eqneba 

Semdegi saxe: 
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( ) ( ) ( )
1

ln ln max
m

n

n n

NH N N G N G N
a=

= − + − − →∑%
%F n n n n ,        (1.4.13) 

sadac NN ~∈ . 

{ }mnGNNZ nn ,1,0:~ ∈≤≤ ,                           (1.4.14) =

( ) ( ){ kNkkNk qNpkqNND
mm
≤∈== ,.....,1,.....,1

~;,1,~:~ ϕϕ ,                 (1.4.15) 

2,1+∈ pk . 
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Tavi 2 

makrosistemuri midgoma regionaTaSorisi gzavnilebis 

modelirebisaTvis 

 

2.1. sasamarTloebs Soris gzavnilebis procesis maTematikuri 

modelireba  

cnobilia, rom sasamarTloSi gansaxilvelad Semodis 

gar

aucilebelia saTanado d magaliTad: eqspertizis 

daskvna, dazaralebulTa, gansasjelTa, samoqalaqo mosarCeleTa 

da

 

kveuli raodenobis saqme. TiToeuli saqmis ganxilvisaTvis 

okumentebi, 

 mopasuxeTa gamoZaxeba, aseve prokurorebis da advokatebis 

mowveva, erTi sasamarTlodan meoreSi saqmeebis gadatana da sxva 

uwyebaSi mitana da a.S. yovelive zemoCamoTvlils vuwodoT 

TiToeuli saqmis warmoebisaTvis saWiro dokumentebis tipebi da 

maTi raodenoba aRvniSnoT r-iT, xolo dokumentebis raodenoba, 

romlebsac uSualod gamoiyeneben sasamarTloebi, aRvniSnoT s -

iT. 

ganvixiloT raime R  teritoria, romelic dayofilia iR  

raionebad ise, rom RR
n

i
=

=
U

1
, sadac n  raionebis raodenobaa. 

mocemul teri

i

toriaze ganlagebulia sasamarTloebi.  

 

 

 

 

 

 

 

R -teritoria 

 - raionis 

iR - raioni 

sasamarTlo 

i
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i

,..(

tipebi - 

R  sasamarTloSi warmoebuli dokumentebis tipebi aRvniSnoT: 

-iT, xolo moxmarebuli (gamoyenebuli) dokumentebis 

-iT, sadac  warmoebuli da gamoyenebuli 

dokumentebis tipebis raodenobaa. 

 Sesabamisad, da 

)(.,1 ikk
il

1s

)i

)(),...,( isi
iq ii ql ,

)()( , isik
i YP υμ

i μ  )(ik ( )s iυ

i ra

 tipis warmoebuli da 

ga i dokumenteb l odenobaa.  raionSi 

a li da g moyenebuli 

dokumentebis raodenoba sxvadasxva iyos - 

moyenebul

zogjer Ses

is sru

Zlebelia warmoebu

i

( )

R

a

( )iikμ ≠ sν , xolo 

 ki - erTi da igive, anu zogjer ))(iμ (isυk = .   

yvela -Tvis ∑ ∑rk ,1∈μ
∈ ∈μ μk kIi Jj

k
j

k
i

 
μkI da 

μkJ  raionebis indeqsebis krebulia, sadac iwarmoeba da 

gamoiyeneba μk  tipis dokumenti.  

(2.1.1) toloba aRniSnavs, ro bs 

= μμ YP .                   (2.1.1) 

m raione Soris dokumentebis 

gacvlis si alansstema b deba.  

k  tipis dokumentis gamoyenebaSi vgulisxmobT: 1. mis 

ga ebas

mo rmoebisaTvis; 3. mis gamoyenebas 

sx

Seesabameba Semdegi maTematikuri 

mo

mo

de

yen  sasamarTlo procesebisaTvis; 2. sxva tipis 

dokumentis grovebisaTvis an wa

va miznebisaTvis (ara uSualod, sasamarTlo procesebisaTvis 

moxmareba). aRweril process 

li, sadac ksP  aris s -uri dokumentis SeqmnisaTvis 

gamoyenebuli k -uri dokumentis aRmniSvneli simbolo:     

                   ∑
=

∈+=
r

s

kksk rYPP
1

,1k , .                       (2.1.2) 

SemovitanoT aRniSvna: 

                  ,sksks PaP =                                 (2.1.3)  

 83



sa  dac,  aRniSnavsksa s -uri tipis dokumentis warmoebisaTvis 

(SeqmnisaTvis) gamoyenebuli k -ur dokumentSi mocemuli 

informaciis wils. 

ksa  koeficientebs vuwodoT kavSiris koeficientebi, radganac 

k  tipis dokumentis s  tipis dokumentTan kavSiris 

maxasiaTebelia. gamoTvlebis gam rtivebis mizniT vuSvebT, rom 

ksa  koeficientebi 

a

mudmiv  maSin (2.1.2) toloba SeiZleba 

warmo

                  

ia.

vadginoT Semdegi saxiT:     

1=

r

s

ksk

ac 

,,1k ,∑ ∈+= ks rYPaP                     (2.1.4) 

sad ksaA =  kavSiris koeficientebis matricaa; { }rPPP ,,1 K=  - 

dokumentebis sruli raodenobis { }rY,K  - arasYY ,1=veqtori; a-

samarTlo procesebisaTvis moxmarebuli d

(2.1.4) gantoleba asaxavs kavSirebs warmoebul da moxmarebul 

l) dokum

sebulebebs

a 

sa

timaluri, dokumentbrunvis 

na

okumentebis veqtori. 

(gamoyenebu entebs Soris.   

raionebs (sasamarTloebs da sxva dawe ) Soris, 

dokumentebis daniSnulebis adgilze mitana xorcieldeb

kuriero samsaxuris mier satransporto qselis saSualebiT. 

ekonomikurad dasabuTebuli, op

kadis gamoTvlisaTvis dokumentebi SevafasoT TanxebiT 

(romelic ixarjeba mis Seqmnaze) an informaciis sididiT, 

romelic SeiZleba gansazRvros eqspertebma. 

dokumentebis gacvlis sistemis (nakadis) mdgomareoba 

davaxasiaToT dokumentebis nakadis matricebiT 

[ ] ,,1k     , rxX kk ∈= μ
μμ   

μk

ij

sadac  aris  dokumentis raodenoba  raionSi.  ij μ i jx k R ,R
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satransporto qseliT gzavnilebis gadaadgileba 

dakavSirebulia danaxarjebTan (avtomanqanis, benzinis xarjebi, 

mZRolis xelfasi, kurieris xelfasi da a.S), romlebic 

damokidebulia, rogorc  raionebs Soris manZilze, aseve 

mizniT, danaxarjebis damokidebuleba gadasatani dokumentebis 

raodenobaze CavTvalo ivad. maSin danaxarjebi  

am SemTxvevaSi - uri dokumentis transportirebaze sistemaSi 

ulia 

i jR

dokumentis tipze da mis raodenobaze. gaTvlebis gamartivebis 

dokumentebis nakadis realizaciaze SeiZleba Sefasdes ijc ijx  

sididiT, sadac μk
ijc  erTi μk - uri tipis dokumentis iR -dan jR -  

transportirebaze kuTri danaxarjia.   

saerTo danaxarjebi 
ij

ijij -is tolia. es sidideebi Sejereb

R ,

T wrf μk
ijx

μk

Si

μk

μk

∑ kk xc μμ

( 1, ) 
k k rμ

μ ∈  sae To danaxarjebis dasaSveb sidideebTan, 

romlebic ganisazRvreba biujetiT.  

C

raionebs Soris dokumentebis nakadis maTematikuri modeli 

eyrdnoba varauds, rom erTi tipis dokumentis moZraoba 

damoukidebelia sxva tipis dokumentebisagan da maTi nakadebi, 

romlebic akavSirebs raionebs erTmaneTTan, atarebs SemTxveviTi 

procesis saxes da misi aprioruli albaToba cnobilia. 

qvemoT ganxiluli dokumentbrunvis procesis prognozirebis 

entropiis maqsimumis princips. es meTodi saSualebas gvaZlevs 

dokumentebis nakadebis ganawilebis prognozi gavakeToT 

aRiniSnos isic, rom es meTodi saSualebas iZleva SevafasoT, Tu 

ramdenad kmayofildeba raionis interesebi drois mocemul 

r

maTematikuri modeli emyareba makrosistemur midgomas, 

TiToeuli raionis interesebis gaTvaliswinebiT. aqve unda 
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momentSi, radganac gansazRvrulia funqciuri kavSiri raionis 

informaciulobis realur mdgomareobasa da mis interesebs 

(informaciisadmi moTxovnilebebs) Soris. es aris safuZveli 

bolcmanis tipis stacionaruli mdgomareobis modelis 

gamoyenebisaTvis [20]:        

max,ln)(
1,

→−= ∑
=

n
ijx

                    
ji ij

ij p
xXH                  (2.1.5) 

                   

⎪
⎪
⎭

⎪⎪
⎬

⎫

==

==

∑

∑

=

=

n

j
iij

n

jij

niPx

njYx

1

1i
,

,,1 ,

 ,,1 
,                         (2.1.6)  

                                      .                                (2.1.7) 

(2.1.6) sistema axasiaTebs dokumentebis gamoyenebisa da warmo-

ebis b 2.1.7) - do

da

∑
=

=
n

i
ijij Cxc

1

alanss, xolo ( kumentebis gadazidvebis saerTo 

naxarjebs.  

am modelis CnjiPY ij   ),1,( , , ∈  parametrebi da ),( ji  komunikaciaSi 

dokumentebis moxvedris ijp  aprioruli albaTobebi 

Ses kuri s safuZv

va

uli (droSi mcired cvalebadi) maxasiaTeblis povnaze 

[27

 

aZlebelia statisti  monacemebi elze 

ganisazRvros. amasTan, ijp -is gamoTvlis erT-erTi gza naCvenebia 

[20]-Si.  

meore midgoma daiy neba satransporto procesis raime 

invariant

].   
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2.2. regionaluri sistemis, rogorc erTiani ekosistemis 

maTematikuri modelire isa da marTvisaTvis 

naSromSi sistemis 

maTematikuri modelirebis da 

Se i

 imitaciur modelirebas.  

zs, 

re

b

 

 [28], SemoTavazebulia regionaluri 

misi ganaSenianebis proeqtis 

fasebis kr teriumi, romelic saSualebas gvaZlevs vmarToT 

igi, rogorc erTiani ekosistema. 

regionaluri sistemebis marTvis problemebis gadasaWrelad 

gansakuTrebuli yuradReba eTmoba

regionaluri sistemebis daproeqtebisas gansakuTrebuli 

yuradReba unda daeTmos demografiuli procesebis progno

gionis faunisa da floris swor politikas. amisaTvis 

aucilebelia, rom regionaluri sistemis optimaluri 

marTvisaTvis is ganxilul iyos, rogorc erTiani ekosistema. 

davuSvaT, gansaxilveli regioni dayofilia N  raionad, sadac 

cxovrobs mosaxleobis K  erTgvarovani jgufi (jgufis 

adamianebs aqvT erTnairi interesebi). aRvn noT iS A -iT am 

jgufebis interesebis simravle, xolo lσ -iT - l  jgufebis 

interesebis simravle.  

SemovitanoT, abstraqtuli kompleqsis cneba da kompleqsi A 

simravleze Semdegi saxiT ganvsazRvroT. 

A simravlis romeliRac qvesimravle iTvleba simpleqsa  

maSin da mxolod maSin, roca mas aqvs er

d

Ti elementi lσ -dan an 

misi qvesimravle.  

mA -iT aRvniSnoT interesebis simravle, r mlebic 

kmayofildeba m 

o

raionSi. mA -ze ganvsazRvroT kompleqsi, 

rogorc A kompleqsis mA  simravleze “proeqcia”. sxva sityvebiT, 
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rom vTqvaT, simpleqsebs vuwodebT mllm A∩=σσ  - lσ  simpleqsis 

waxnags da lmσ  simpleqsis waxnagebs. 

vgulisxmobT, rom l  jgufis adamianTa yvela interesi 

ar ,aTanabar mniSvnelovan a  amitom TiToeul interess mivaniWoT 

Tavisi wona ∑

i

∈

=≥
ll

l
l

l
l bb )1(  0 . maSin lm

l σA

σ  waxnagebis wona   

∑
∈

=
lml

lA σ

llm bμ . l

l
msa - l - uri jgufebis emigrantebis svTqvaT,  raionis amorCevis 

al

               (2.2.1) 

baTobaa omlebic cxovrobs m raionSi. es albaTobebi unda 

iyos SerCeuli ise, rom Sesruldes Semdegi piroba:  

                                                   ∑ =
μ

1la .                                        

, r

=1s
ms

( l
mma  aRniSnavs l -uri jgufis adamianebis TavianT regionSi 

darCenis albaTobas).  

CavTvaloT, rom adamianebi  raionidan  moaxdenen emigrirebas m

s  raionSi, Tu lmls μμ > . amitom albaTobebs amovTvliT 

emdegnairad: 

g

S

1

1

max{ },

max{ }

 

  ,

lm ls

s

ls

s

μ

μ

1,   roca    

0,   roca   lm

μ μ

μ μ
≤ ≤

≤ ≤

≥

<

⎧⎪
⎨
⎪⎩

 =l
mma

=l
msa

, ,

ca    .

ls lm

ls lm

   roca    

0,         ro

lR lm

ls

lR

μ μ

μ μ μ
μ

μ μ

>

≤

 
>

⎧
⎪⎪
⎨
⎪
⎪⎩

∑

naTelia, rom am dros sruldeba (2.2.1) piroba. 

davuSvaT, )(tx k
i  aRniSnavs K  jgufis adam Ta ricxvs, 

romlebic drois 

ian

t  momentisaTv cxovroben m raionSi; k
mis α  aris 

m raionSi K  jgufis aRwarmoebis koeficienti. K  jgufis im 
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ad camianTa ri xvi, romlebic drois t  momentSi s cxovreblad 

gadadian 

a

s  raionSi, aRvniSnoT )(ty l
ms . 

ganvixilavT migraciis mimarT gare Ria regions. regionis gare 

are CavTvaloT nulovani nomris mqone raionad. mosaxleobis 

struqturis dinamikis dasaxasiaTeblad gveqneba diferencialur 

gantolebaTa Semdegi sistema [20]:     

k + ,     ∑
=s

k
smy

1

N

(
N

_
0

y
s

k
ms∑

=

)t)(tx k
m = mα )(tx k

m Nm ,1∈ . 

vipivoT,  sididis stacionaruli mniSvneloba [16]. 

vi T

)(ty l
ms

, ensargeblo tropiis maqsimizaciis principiT. bolcmanis 

tipis entropiis makrosistemebis modelis mixedviT, yvelaze 

didi albaToba eqneba )(ty l
ms  sididis iseT mniSvnelobas, romlis 

drosac 

∑
≠
=

−=
sm

sm

l
ms

l tyyS
1,

()( ) ln
l
ms

l
ms

a
y t)

0

(
                                            (2.2.2) 

funqcia aRwevs maqsimums. Tu =l
msa

bami

lic 

,  maSin miviCnevT, rom 

ma, rome dgeba 

,0)( =ty l
ms  da (2.2.2)-s jamSi Sesa  Sesakrebebi ar Seva. 

ebi, romlebsac unda akmayofilebdes )(ty l
ms , 

gansazRvrulia [20].  

ganvixiloT siste

s

Se

i

SezRudv

N  individisagan 

(individi SeiZleba iyos adamiani, sawarmo, raioni, qalaqi da 

a.S.), ubeduri SemTxvevebis tipebis raodenobaa M , xolo 

SesaZlo movlenebisa - L . am movlenebis xdomilobebis 

albaTobebia - LPPP ,,, 21 L .  

ganvixiloT SemTxveva, roca  rac niSnavs, rom 

SeuZlebe a moxdes sxva movl moT dasaxelebuli 

,1
1

=∑
=

L

i

en

iP

a zeli L 
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movlenis garda. { }ijki xX =  Li ,1= , Mj ,1= , Nk ,1=  aris ubeduri 

SemTxvevebis ma  elementebi miiReba Semdegnairad 

, Tu 

trica, romlis

 movlenis dros 1ijkX = i j  ubeduri SemTxveviT dazianda K  

individi da eg SemTxvevaSi. ganxilul  

SeiZleba SeemTxves erTi da 

a.  

tanoT 

0ijk =  wi

 erTi ubeduri SemTxv

{

X

SemTxveva, roca erT individs 

naaRmd

ev

ia

mxolod

Semovi }jkQ q=  Mj , Nk ,1=1= ,  matrica, ro  

ebi miiReba Sem egnairad:  

mlis

element d

ijki xp , 
L

=

=
i

jkq ∑ j = M Nk ,1= .,1                 , 
1

               (2.2.3) 

jkq  aris albaToba imisa, rom k  ind jivids SeemTxveva  “ubeduri” 

eva. s v sk aprio

tanoT e. s funqciebi: mravalSemTxvevian  

sargeblianobis funqcia (romelic dazianebul individTa jamur 

rTlianoba 

SemTxv

Semovi

(sa

Q - uwodo  ri

w. sargeb

T s ruli matrica.  i

lianobi i

raodenobas gansazRvravs), aposteriuli sama

marTlianoba individebis azriT) da aprioruli 

samarTlianoba (samarTlianoba obieqturi piris azriT). 

ubeduri SemTxvevebis raodenobaa 2≥M , radgan arsebobs 

ubeduri SemTxvevebis ori varianti mainc. Rw -mravalSemTxveviani 

sargeblianobis, w -aposteriuli samarTlianobis p da aw -

aprioruli samarTlianobis funqciebisaTvis SemovitanoT M  

 veqtorebis 

ti gansazRvrav  I ubeduri SemTxvevis wonas Sesaba  

ganzomilebiani wonis veqtorebi. Rw , pw  da wa i

funqciisaTvis. davalagoT veqtorebi misi komponenteb  

klebadobis mixedviT.  

zemoT Tqmulidan gamomdinare, samive wonis veqtorma unda 

-uri 

misi

is

komponen s

daakmayofilos Semdegi pirobebi:   
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               0
10

= 1=≤≤
=≤≤= RIRM

W
WW K

PIPM WK

10 =≤≤= aIaM WW K

cxadia, gansaxilvel movlenaze

                         (2.2.4) 

 SeiZleba iyos sxvadasxva 

Sexedulebebi: mosaxleobis, damproeqteblis da eqspertis. aqedan 

gamo itanoT Sesabamismdinare, Semov i M  ganzomilebiani wonis 

Rμ , Pμ , aμ   

0 1

veqtorebi 

kRμ< < , 0 1
kPμ< < , 0 1

kaμ< < , NK ,1=                        (2.2.5) 

∑
N

K
Rk

S
N

aRvniSnoT: 

, ,                   (2.2.6) 

SemovitanoT 

=

=R
1
μ ∑

=

=
K

PP k
S

1
μ ∑

=

=
N

K
aa k

S
1
μ

{ }
ijPP yY = , { }

ijRR yY = , { }
ijaa yY = , Mj ,1=,   Li ,1=  

matricebi, romelTa elementebi Semdegnairad miiReba: 

= , = ,   
ijPy = 

K
P

=1
ijk

N

x
k∑μ , 

ijRy ijk

N

K
R x

k∑
=1
μ

ijay ijk

N

K
a x

k∑
=1
μ Li ,1= , Mj ,1=           (2.2.7) 

da  aris im individTa raodenoba, r mlebic daziandnen 
ijPy ,

ijRy
ijay o

i  movlenis dros j  “ubeduri” SemTxveviT. es sidideebi 

damproe eblisT is individ bi  da o eqturi damk lis 

SexedulebebiT iqneba sxvadasxva.  

vw T 

c d a

mdinare, 

qt v , e sa bi virveb

Ca ero sargeblianobis veqtorebi yoveli movlenisTvis. 

xa ia, rac ufro n klebi “ubeduri” SemTxveva SeemTxveva 

individs, miT ufro meti unda iyos sargeblianobis funqciis 

mniSvneloba. zemoTqmulidan gamo i movlenis dros 

sa

(2.2.8) 

rgeblianobis veqtors eqneba Semdegi saxe: 

1 1 1
, ,...,

i

M M M

j j j
U w x w x w xμ μ μ

= = =

⎛ ⎞= − − −∑ ∑ ∑
⎝ ⎠

,                             1 1 2 2R Rj ij Rj ij N Rj ijN⎜ ⎟
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xolo i movlenisaTvis sargeblianobis funqcia ganvsazRvroT 

Semdegi saxiT:  

1

/
i

M

/R Rk Rk ijk R Rj Rij R
j

U w x S w yμ
=

= = −∑ .S              

 

, rom   

                      

                              (2.2.9) 

(2.2.9)-Si RS  Semotanilia normirebis mizniT. (2.2.8)-(2.2.9) 

pirobebidan Cans

10 −≥≥ RiU .        

sargeblianobis funqcia yvela movlenisaTvis, romelsac Cven 

muliT: 

                      .                            (2.2.11) 

 individTa saerTo raodenobas 

dazianebis xarisxebis gaTvaliswinebiT. igi Rebulobs 

mniSvnelobebs  segmentidan da 

                     (2.2.10) 

vuwodebT mravalSemTxvevianobis sargeblianobis funqcias, 

gamoiTvleba Semdegi for

∑=
L

RiiR UPU
=i 1

mravalSemTxvevianobis sargeblianobis funqcia gvaZlevs 

“ubedur” SemTxvevebSi dazianebul

[ ]0,1− 0=RU  Seesabameba im 

md

varCio so. 

a misi 

ga

gomareobas, roca arc erTi individi ar dazianebula.  

aposteriuli da aprioruli samarTlianobis formulebi 

saSualebas gvaZlevs SevadaroT gansaxilveli proeqtebis 

variantebi da a T maT Soris saukeTe

regionaluri sistemis maTematikuri modelirebis d

naSenianebis proeqtis Sefasebis kriteriumi saSualebas 

gvaZlevs vmarToT igi, rogorc erTiani ekosistema. 
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2.3. sasamarTloebs Soris informaciuli nakadis maTematikuri 

modelireba, saerTo sasamarTloebis biujetis formirebisaTvis 

en ia 

sasamarTloebs Soris dokumentbrunvis imitaciuri modeli, 

romelic momavalSi mogvcems s as SevimuSaoT safosto 

gz

kveul mosamarTles, 

ro

 

2.3.1. sasamarTloebs Soris dokumentebis gacvla, rogorc 

kvlevis obieqti 

 

tropiis maqsimizaciis principis safuZvelze agebul

aSualeb

avnilebTan dakavSirebuli xarjebis minimizaciis algoriTmi, 

romelic Tavis mxriv saSualebas mogvcems, ganvsazRvroT 

sasamarTloebs Soris informaciuli nakadis formirebisaTvis 

aucilebeli sabiujeto fondis sidide [29]. 

rogorc cnobilia, sasamarTloSi Semosuli saqmis 

ganxilvisaTvis aucilebelia Sesruldes mosamzadebeli samuSao, 

pirvel rigSi saqmes miamagreben gar

melic Seiswavlis saqmes, Semdeg dainiSneba sasamarTlo 

procesi, romlisTvisac Sesabamisi droisTvis gamoiyofa 

sasamarTlo darbazi [30]. amasTanave, sasamarTlo procesis 

CatarebisaTvis saWiroa garkveuli xarjebis gaweva (nax.2.1). 

sasamarTlos xarjebi biujetiT aris gansazRvruli. 

sasamarTlos administratori yovelwliurad saerTo 

sasamarTloebis departaments warudgens sasamarTlos 

funqcionirebisaTvis aucilebel xarjebs, moxdeba TiToeuli 

sasamarTlos mier warmodgenili xarjebis gaTvla-dazusteba, 

rac saboloo jamSi gamoixateba saerTo sasamarTloebis 

biujetis formirebaSi. bunebrivia sasamarTloebis biujetis 
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gaTvlisaTvis aucilebelia gaTvaliswinebuli iqnas safosto 

xarjebi, romelic warmoadgens biujetis Semadgenel nawils.  

                      sasamarTloSi Semosuli saqmeebi 

mosamarTleebi 

sabiujeto fondi 

sasamarTlo darbaze i b

 
nax.2.1. sasamarTlo sistema rogorc sam-faziani ukukavSiris 

sistema. 
 
q s 

maTematikuri modelirebis erT-erT meTods, romelic efuZneba 

en

uli, 5 saqalaqo, 2 saolqo 

sa

e, sasamarTlo darbazebis 

ra

vemoT Cven ganvixilavT sasamarTlo gzavnilebis xarjvi

tropiis maqsimizaciis princips. 

1998 - 2003 wlebis monacemebiT saqarTveloSi sul 78 

sasamarTlo iyo. aqedan 71 raion

samarTlo da erTi uzenaesi sasamarTlo. zogjer saWiroa 

erTi sasamarTlodan meoreSi saqmeebis da masTan dakavSirebuli 

masalebis gadatana, magaliTad, raionuli da saqalaqo 

sasamarTlodan saolqo sasamarTloSi, saolqo sasamarTlodan 

uzenaes sasamarTloSi da a.S. amitom saWiroa arsebobdes 

sakuriero samsaxuri.  

sasamarTlo procesebis Catarebis xarisxobrivi maCveneblebi 

damokidebulia saqmeebis raodenobaz

odenobaze, mosamarTleebis raodenobaze, sabiujeto fondis 

sidideze da a.S. aRniSnuli maCveneblebis erToblioba 

axasiaTebs sasamarTlo sistemis mdgomareobas, xolo maTi 

cvlileba drois mixedviT ki mis gaviTarebas. zogadad yovelive 

es SeiZleba gamoisaxos sqemiT. 
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saqmiswarmoebis procesi pirobiTad davyoT Siga da gare aris 

procesebad. Siga procesebi ganpirobebulia, gzavnilebis 

ga

nax.2.2. sasamarTlo procesisaTvis saWiro elementebis    

Sesabamisi qvesistemebis funqcionaluri sqema. 

pirveli m lo 

procesisaTvis saWiro masalebis mopoveba, aerTianebs yvela im 

pi

tebis gacvla dakavSirebulia 

sx

cvlis periodSi ekonomikur kavSirebSi Cabmuli elementebis 

urTierTmoqmedebiT. es elementebi SeiZleba gavaerTianoT 

qvesistemebSi. qvesistemebis formirebisas visargebloT 

funqcionaluri principiT (konkretuli saqmisaTvis saWiro 

informaciis mopoveba - mopovebuli informaciis daniSnulebis 

adgilze mitana - sasamarTlo procesisaTvis am informaciis 

gamoyeneba). miiReba sami ZiriTadi qvesistema (nax. 2.2).  

 

 
safosto informaciis 

mopoveba momsaxureba 

sasamarTlo 
procesisaTvis 

gamoyeneba 

 

 

aTgani - informaciis mopoveba, sasamarT

 

rs, romelic dakavSirebulia konkretul sasamarTlo 

procesTan. maT mier miRebuli informaciis safuZvelze 

gaimarTeba sasamarTlo procesi. am qvesistemebs Soris erT-erT 

gansakuTrebul adgils ikavebs safosto samsaxuri, romelic 

uzrunvelyofs sasamarTlo procesisaTvis saWiro dokumentebis 

mitanas daniSnulebis adgilze.  

safosto samsaxuris mier sasamarTloebs da sxva 

dawesebulebebs Soris dokumen

vadasxva xarjebTan. aRniSnuli danaxarjebis da satransporto 

daZabulobis Semcirebis mizniT saWiroa moxdes safosto 

kavSirebis analizi, raTa is gaxdes ufro racionaluri. 
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amasTan dakavSirebiT, iqmneba dokumentbrunvis procesis 

funqcionirebis Seswavlis aucilebloba. aseTi kvlevisaTvis 

mi

os funqcionireba warmodgenilia, 

ro

ris sidide (meore qvesistema, ix. nax.2.1), romlis 

Se

zanSewonilia Sesabamisi procesis imitaciuri modelis 

gamoyeneba, romelic saSualebas gvaZlevs prognozireba 

gavukeToT mocemuli sawyisi, konkretuli pirobebis dros ra 

xarjebTan gveqneba saqme.  

sasamarTlos funqcionirebis imitaciuri modeli moyvanilia 

[30] naSromSi. sasamarTl

gorc masobrivi momsaxurebis samfaziani sistema ukukavSiriT 

(nax. nax.2.1), romelSic pirveli faza (qvesistema) asaxavs 

mosamarTlis muSaobas, meore - biujetidan Tanxebis gamoyofas, 

xolo mesame - sasamarTlo darbazebis funqcionirebas. 

ukukavSiris arseboba ganpirobebulia im garemoebiT, rom 

mosamarTles SeuZlia axali saqmis Seswavlis dawyeba ara maSin, 

roca daasrulebs rigiT, aramed mis paralelurad. aRniSnuli 

modeli saSualebas gvaZlevs, ganvsazRvroT sasamarTlos 

saqmeTa “gamtarunarianoba”, konkretuli sasamarTlos 

materialur-teqnikuri bazis mixedviT. biujetidan 

sasamarTlosaTvis gamoyofili Tanxebis mixedviT vipovoT 

mosamarTleebis da sasamarTlo darbazebis optimaluri 

raodenobebi, agreTve biujetis (dafinansebis) aucilebeli 

sidide. 

Cveni kvlevis sagans aseve warmoadgens sabiujeto fondis 

gansazRv

madgeneli nawilia is danaxarjebi, romlebic aucilebelia 

sasamarTloebs Soris informaciuli nakadis formirebisaTvis. 

naSromSi [30], moyvanilia sasamarTloebis biujetis formirebis 

da marTvis maTematikuri modeli. 
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aucilebelia SevniSnoT, rom biujetis formirebisas 

savaraudo dafinansebis wyaroebs axasiaTebT, rogorc 

sa

aRvniSnavT 

imedoobis sxvadasxva xarisxi, aseve maTi fuladi sididis 

cvalebadoba raime intervalSi. aqedan gamomdinare, dafinansebis 

wyaros dasaxasiaTeblad aRniSnul modelSi gamoyenebulia 

aramkafio simravleebi, rogorc Sesaswavli procesis yvelaze 

adekvaturi (moxerxebuli) saSualeba. kerZod, Tu dafinansebis 

wyaros warmoadgens saerTaSoriso organizaciebi, maSin maTi 

saimedoba eWvs ar iwvevs da mis Sesabamis aramkafio simravles 

[ ][ ]1,0,0: →∞aδ  simboloTi, sadac ( )
⎩

⎧
=⎨
≠

=
at
at

 

 

,1
,0

δ ta  ki ,1= , 

wina wlebis realuri dafinansebis mixedviT agebulia Sesabamisi 

aramkafio simravleebi. 

viciT, ra xarjviT nawilSi sasamarTlos aqvs aucilebeli 

moTxovnebi (δ  tipis funqciebi), romlebic realurad SeiZleba 

Sesruldes met-naklebi sizustiT, maTi prioritetulobis 

gaTvaliswinebiT. es moTxovnebi 
imiY δ=  (agreTve δ  funqciebia), 

im  aRniSnavs i -uri problemis gadawyvetisaTvis saWiro 

aucilebel minimum fulad ekvivalent aSromSi moyvanilia 

nkretuli magaliTi biujetis gansazRvrisa da marTvisaTvis. 

damuSavebulia sasamarTloebs Soris dokumentbrunvis procesis 

makrosistemuri modeli. [31]-Si mocemuli amocana dayvanilia 

bolcmanis tipis stacionaluri modelis gamoyenebamde. 

miRebulia algoriTmebi, romlebic saSualebas iZlevian 

Sefasdes  sasamarTloebs  Soris dokumentbrunvis  

ekonomikurad dasabuTebuli nakadi. am modelis parametrebi 

SeiZleba ganisazRvros, rogorc statistikuri  monacemebis  

s. [30] n

ko
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safuZvelze, aseve satransporto procesis raime invariantuli 

maxasiaTeblis povnaze.   

erT-erT aseT invariantul maxasiaTebels warmoadgens, gada-

satani manZilis mixedviT gzavnilebis ganawilebis funqcia )(lF . 

is gansazRvravs l≤τ  manZilze gadasatani dokumentis fardobiT 

(gadazidvebis saerTo moculobasTan %-Si) raodenobas (gana-

wilebis integraluri funqcia).  

am midgomis realizacia efuZne

0
2
4
6
8

14

10 km 14 km 18 km 22 km 25 km 25 km 30 km

l

F(
l 10

12

)%

16
18

ba, saqarTvelos uzenaesi sasa-

ma

o 

u

    2 

 

nax.2.3. sasamarTlo uwyebebis ganawilebis grafiki. 

rTlos saerTo sasamarTloebis departamentis sakuriero sa-

msaxuris mier 1998-2003 wlebis periodSi gadatanili doku-

mentebis realuri gacvlis analizs. damuSavebulia da Sekrebi-

lia monacemebi, gadazidvebis moculobebis Sesaxeb siSoris sa-

rtyelis mixedviT, dokumentebis Semdegi jgufebisaTvis: 1. sasa-

marTlo uwyebebi; 2. Setyobinebebi; 3. mowmeTa Cvenebebi; 4. saqme-

ebi; 5. eqspetrizis daskvna; 6. gadawyvetilebebi; 7. ganCinebebi. 

nax.2.3-ze mocemulia siSoris sartyelis mixedviT sasamarTl

wyebebis ganawilebis grafiki (Cvens SemTxvevaSi n=300 000 cali).  

 
 
                                                                
     1 
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nax.2.3-z ilad 

iT

omelime raionul sasamarTloSi Semodis saqme, misi 

ga

e Cven vgulisxmobT, rom manZilis aTvlis wert

vleba sasamarTlo, praqtikulad raionis, qalaqis centri, 

rameTu sasamarTlo yovelTvis raionis centrSia ganlagebuli, 

ise rogorc fosta. 1 mrudi Seesabameba administraciul da samo-

qalaqo saqmeebTan dakavSirebul gzavnilebs, xolo 2 mrudi - 

sisxlis samarTlis saqmeebTan dakavSirebul gzavnilebs. 

rogorc 1 mrudidan Cans samoqalaqo da administraciul saqme-

ebze dava aris ufro raionis centrSi, radganac aq mosaxleoba 

ufro mWidrodaa dasaxlebuli, radganac aq bevri savaWro, 

momsa-xurebis obieqtebia da a.S. xolo 2 mrudidan Cans, rom xSir 

Se-mTxvevaSi sisxlis samarTlis danaSauli ufro metad xdeba 

raionis gareubnebSi, rameTu iq samarTaldamcavi organoebi iSvi-

aTad aris. 

rodesac r

nxilvis Semdeg, Tu erT-erTma mxarem aRniSnuli sasamarTlos 

mier miRebuli gadawyvetileba gaasaCivra, aRniSnuli saqme gada-

ecema saolqo sasamarTlos, Tu saolqo sasamarTlos mier miRe-

buli gadawyvetilebac gasaCivrda, maSin saqme gadaecema uzenaes 

sasamarTlos, amitom mniSvnelovan interess warmoadgens miRebu-

li ganawilebis mdgradobis kvleva da maTi invariantulobis 

analizi. mocemuli gzavnilebis ),1( kkk ∈Δ   siSoris sartyelSi 

moxvedrili erTeulovani dokumentis wils ganvixilavT Se-

mTxveviTi sididis saxiT. amasTanave interpretacias vaZlevT 

siSoris sartyelis mixedviT gzavnilebis ganawilebis retro-

speqtul monacemebs, rogorc amonarCevi saerTo erTobliobidan, 

amasTan 1Δ SeimCneva 1 - jer,n  2Δ _ jer, −2n  kΔ _ jer, −kn  da 

∑ = nn  yoveli a  cu n .3 enebi 
k

k - monarCevis mo lobaa. ax.2 -ze naCv
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ganawil

xilveli periodis (1998-2003 w.) mixedviT. 

gzavnilebis ganawilebis invariantulobis kvlevis dros siSo-

ris sartyelis mixedviT, yoveli dokumentisaTvis, satransporto 

daZabulobis mixedviT Sesrulda statistikuri analizi, 

romelTa Sedegebi warmodgenilia cxr.2.1-Si. Semdeg yvela 

retrospeqtuli periodis Sesabamisi amonarCevisaTvis (5 weli) 

agebuli iqna normirebuli korelaciuri matricebi. maTma 

analizma aCvena, rom gzavnilebis ganawileba siSoris sartyelis 

mixedviT, TiTqmis invariantulia sasamarTloebis mier 

ganxiluli saqmeebis raodenobis cvlilebebis mimarT da mcired 

icvlebian droSi. maSasadame, SeiZleba movaxdinoT am 

ganawilebebis zusti prognozireba, sakmarisi praqtikuli 

miznebisaTvis, rac perspeqtiulad aqtualuria dokumentbrunvis  

modelirebis amocanebis amoxsnisas.   

cxrili #2.1. 

ebebi aris amonarCevis statistikuri ganawilebebi gansa-

# Ddasaxeleba 
saSualo 

manZili (km)

gadazidvebis 

saSualo moculoba 

(%) 800 km-ze naklebi 

manZilisaTvis 

1. 

2. 

sasamarTlo uwyebebi 

Setyobinebebi 

ilebebi 

145 

294 

3.2 

3. 

4. 

5. 

6. 

7. 

8. 

mowmeTa Cvenebebi 

saqmeebi 

eqspetrizis daskvna 

gadawyvet

ganCinebebi 

sxva saxis gzavnilebi 

152 

133 

303 

335 

389 

400 

9.1 

16.7 

12 

13 

20 

15 

11 
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amgvarad, sasamarTloSi Semosuli yoveli saqmis ganxilvi-

sa

asa

l

am baTobebi, 

ro

Tvis arsebobs gzavnilebis ganawilebis funqcia ( )F l  gadazi-

dvebis siSoris mixedviT. es funqcia warmoadgens s marTlos 

funqcionirebisaTvis saWiro elementebis mdgrad maxasiaTebels.  

aseTi mdgradi maxasiaTeblis arseboba gviCvenebs, rom manZi-

is faqtori arsebiTia, “momxmarebeli-mompovebeli” (anu igive 

( , )i j  komunikaciebi) wyvilis SemTxveviTi arCevis dros. 

itom (2.1.5)-(2.1.7) modelebSi ijp  aprioruli al

mlebic axasiaTeben am arCevas mizanSewonilia davakavSiroT 

manZilTan, amave dros gaiTvaliswineba gzavnilebis ganawileba 

siSoris sartyelis mixedviT da safosto qselis realuri maxa-

siaTeblebi. vTvliT, rom ),1( niRi ∈  regionebSi ganlagebul sasa-

marTloebs Soris dokume anawileba da gacvla, xorci-

eldeba umoklesi gziT (kavSirebiT). yvela raions Soris, umo-

klesi manZilis matrica avRniSnoT 

ntebis g

{ }njilL ij ,1,; ∈=  -iT. am matricis 

da )(lF  aprioruli ganawilebis arseboba, gvTavazobs ijp  para-

metr s gansazRvris Semdeg xerxebs. vTqvaT, )(ebi lF  funqcia gansa-

zRvrulia ),( maxmin ll -intervalze. davSaloT gadazidvebis siSoris 

RerZi minl d  ris maxl a So K - raodenobiT, romlebic erTi meoreze 

mierTeb -monakveTebiT, ulia kΔ Kk ,1∈  da romelTa SigniT l  

sigrZeebs miv vT ganusxvaveb , 

Cvens SemTxvevaSi (cxrili #1-is mixedviT) k

iCne la  (Smuliani, imelbaevi 1978)d

Δ =133km. SemovitanoT 

Δ  monakveTis indikatoruli funqciebi:  

1, Tu ;kl∈Δ⎧ ⎫
( ) 1. .

,
, 

0, Tu k
k

l k K
l

λ = ∈⎨ ⎬∉Δ⎩ ⎭
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realuri safosto qselis gamoyenebiT SeiZleba ganvsazRvroT 

kavSirebis ricxvi kijk ln Δ∈ , - mniSvnelobebiT: 

∑
Ω∈

∈=
kji

ijkk Kklln
,

,,1),()(  λ  

sadac 

{ } .,1,:),( Kklji kijk ∈Δ∈=Ω   

siSoris intervalebis (sartyelebis) kΔ  mixedviT, gzavnilebis 

moculobis  Sesaxeb, aprioruli informaciis arseboba, saSu-

alebas iZleva gamoiTvalos aprioruli albaTobebi: 

kF

,),(, k
k

ij ji
N
Fp Ω∈=   

sadac N - gzavnilebis saerTo moculobaa. 

savaraudoa, rom Ω qvesimravlis SigniT dokumentebis “wona” 

erTi da igivea, sabolood vRebulobT kavSiris fardobiT 

tevadobas: 

 
k

k
ij Nn

Fp = .                                (2.3.1) 

miRebuli toloba (2.1.5)-(2.1.7) modelebSi axasiaTebs aprioruli 

albaTobebis damokidebulebas komunikaciis “safosto” maxasiaTe-

blebze. magram komunikaciis maxasiaTeblebi ar warmoadgens 

erTaderT parametrebs, romlebic gavlenas axdens regionebs So-

ris kavSirze. sasamarTloebs Soris gacvlis mastimulirebeli 

faqtorebis meore mniSvnelovan jgufs warmoadgens sasamarTlo-

ebis datvirTuloba. misi daxasiaTebisaTvis arsebobs sxvadasxva 

parametrebi, magaliTad, mocemul sasamarTloSi saWiro doku-

mentebis raodenoba. es maxasiaTebeli avRniSnoT iω -iT. maSin 

aprioruli albaTobebi  SeiZleba warmovadginoT ori Tanama-

mravlis mamravlis saxiT, erT-erTi maTgani aRwers komunikaciis 

ijp
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“safosto” maxasiaTeblis gavlenas, xolo meore sasamarTloSi 

saqmis ganxilvisaTvis saWiro dokumentebis raodenobas: 

∑⎟
⎟
⎠

⎞
⎜⎜
⎝

⎛
=

j
j

j

k

k
ij Nn

Fp
ω
ω

. 

sasamarTloebs Soris dokumentbrunvis procesis Sesabamisi ma-

Tematikuri modeli, misi marTvis algoriTmi da dokumentebis sa-

fosto gzavnilebTan dakavSirebuli danaxarjebis Sefasebis 

kriteriumi, saSualebas gvaZlevs, saerTo sasamarTloebis biuje-

tis is nawili, romelic ganekuTvneba safosto xarjebs, iyos 

racionaluri. 
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Tavi 3 

biujetis formireba da marTva dawesebulebis imitaciuri 

modelis bazaze 

 

3.1. sasamarTloebis funqcionirebis imitaciuri modeli 

 

rogorc cnobilia, sasamarTloSi Semosuli saqmis ganxilvas 

win uZRvis mosamzadebeli samuSaoebi. Tu mosamarTleebis an 

sasamarTlo darbazebis raodenobaa mcire, an sasamarTlos sabi-

ujeto fondi ar aris sakmarisi, maSin iqmneba Semosuli saqmebis 

rigi, ris gamoc saqmis sasamarTloSi Semosvlis momentidan mis 

ganxilvamde gadis sakmao dro (nax.2.2). meore mxriv, kanonis Sesa-

bamisad yoveli konkretuli saqmis ganxilva unda moxdes misi 

sasamarTloSi Semosvlidan garkveuli periodis ganmavlobaSi. 

axali sasamarTlos dagegmarebis da, agreTve, arsebuli sasama-

rTlos funqcionirebis procesSi sasurvelia winaswar imis 

codna, Tu ramdenad mosalodnelia sasamarTloSi Semosuli 

saqmis mier rigSi lodinis drom gadaaWarbos aRniSnul vadas, 

mosamarTleebis da darbazebis raodenobebis da, agreTve, biuje-

tis yoveli fiqsirebuli mniSvnelobebisaTvis. 

mocemul paragrafSi Cven vagebT sasamarTlos funqcionirebis 

maTematikur models zemoaRniSnuli faqtorebis gaTvaliswine-

biT. kerZod, Cven warmovadgenT sasamarTlos, rogorc masobrivi 

momsaxurebis samfazian sistemas ukukavSiriT, romelSic pirveli 

faza (qvesistema) Seesabameba mosamarTleebis muSaobas, meore – 

biujetidan Tanxebis gamoyofas, xolo mesame - sasamarTlo 

darbazebis funqcionirebas. am sistemis zusti aRwera da anali-

zi mocemulia qvemoT. aq, ki SevniSnoT mxolod is, rom ukuka-
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vSiris arseboba ganpirobebulia im garemoebiT, rom mosama-

rTles SeuZlia axali saqmis Seswavlis dawyeba ara maSin, roca 

daasrulebs rigiTi saqmis Seswavlas, aramed maSin, roca dasru-

ldeba aRniSnuli saqmis momsaxureba mesame qvesistemiT.  

sasamarTlo sistemis aRniSnuli modelis safuZvelze vpoulo-

bT albaTobas imisa, rom saqmis sasamarTloSi Semosvlis mome-

ntidan mis ganxilvamde gava ara umetes iurdiuli normativebiT 

dadgenili droisa. es, Tavis mxriv, mogvcems imis saSualebas, 

rom SevafasoT sasamarTlo sistemis gamtarunarianoba, Tanxebis 

SezRudulobis pirobebSi vipovoT mosamarTleebis da sasama-

rTlo darbazebis optimaluri raodenobebi da, agreTve, biuje-

tis optimaluri raodenoba.                   

am momentidan Cven aRar visaubrebT sasamarTloze da sasama-

rTloSi Semosul saqmeebze, aramed vixmarT masobrivi momsaxu-

rebis Teoriis terminologias. 

Tu α  da β  damoukidebeli SemTxveviTi sidideebia    

 ganawilebis funqciebiT, maSin ( ), P x ( )Q x α β+  SemTxveviTi sidi-

dis ganawilebis funqcia moicema formuliT: 

                                           .                    (3.1.1)        ( ) ( ) ( ) ( ) (∫ ∫ −=−=
x

o

x

o

ydQyxPydPyxQxF )

Tuki (3.1.1)-Si aRniSnuli gamosaxulebebi arsebobs. aqedan, 

advilad gamomdinareobs, rom, Tu kααα K,, 21  ( 2≥k ) maCvenebliani 

SemTxveviTi sidideebia erTi da igive μ  parametriT, maSin 

kααα +++ K21  SemTxveviTi sididis ganawilebis funqciisaTvis 

gvaqvs: 

( ) ( ) ( )( ) ( )1 1
1

1
1

1 2 ...
( ) 1 exp

1 !

k k k
k m

m
m

k k k mxF x x x
k
μ μ

μ μ

− −
− −

+
=

− − −⎛ ⎞
= − − × +⎜ ⎟− ⎝ ⎠

∑         (3.1.2) 
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radgan TiTo mosamarTles SeiZleba mimagrebuli hqondes ara 

erTi saqme, aramed sazogadod  saqme , amitom pirvel qve-

sistemaSi gvaqvs momsaxurebis ara 

c )1( ≥c 

j , aramed cjm =  arxi, sadac 

j  aris mosamarTleebis raodenoba. vgulisxmobT, rom es arxebi 

erTnairia da maTze Semodis ganacxadebis λ  intensivobis uma-

rtivesi nakadi, rac niSnavs, rom drois t  sigrZis SualedSi 

zustad k  ganacxadis Semosvlis albaToba iqneba: 

( ) ).exp(
!
)( t

k
ttp

k

k λλ
−=  

TiToeuli ganacxadi SeiZleba momsaxurdes mxolod erTi 

arxiT da yoveli arxi drois yovel momentSi SeiZleba emsaxu-

rebodes mxolod erT ganacxads. TiToeuli ganacxadis momsaxu-

rebis α  dro aris SemTxveviTi sidide, cnobili ganawilebis 

funqciiT. Tu yvela arxi dakavebulia, maSin sistemaSi Semosuli 

ganacxadi dgeba rigSi. rodesac arxi amTavrebs rigiTi ganacxa-

dis momsaxurebas, is maSinve ar iwyebs axali ganacxadis momsa-

xurebas, aramed icdis β  dros. β  aris zustad is dro, rome-

lic sWirdeba aRniSnuli arxidan gamomaval ganacxads meore da 

mesame qvesistemebis mier momsaxurebis dasrulebisaTvis. momava-

lSi vigulisxmebT, rom βα +  aris maCvenebliani SemTxveviTi 

sidide, e.i.  

              ).exp(1)( xxp μβα −−=<+  

μ  parameters Cven vipoviT qvemoT.  

Tu SemovifarglebiT pirveli qvesistemiT da ar 

gaviTvaliswinebT mis zemoqmedebas meore da mesame 

qvesistemebze, maSin, rogorc es advili dasanaxia, igi identuri 

iqneba masobrivi momsaxurebis TeoriaSi yvelaze kargad 

Seswavlili mMM  sistemisa [32].  
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vTqvaT,  aRniSnavs sistemis iseT mdgomareobas, roca masSi 

imyofeba zustad 

kE

k  ganacxadi, xolo tξ _mis mdgomareobas drois 

 momentSi. maSin, rogorc cnobilia [32], t )()( ktk EPtf == ξ  funqci-

ebi akmayofilebs diferencialur gantolebaTa Semdeg sistemas:    

        ,                                                                                               (3.1.3) ( ) 1
0

=∑
∞

=

tf k
k

( ) ( ) ( ) ( ) ( ) ( )tfktftfktf kkkk 11 1 +− ++++−=′ μλμλ         Tu  ,1 mk <≤          (3.1.4) 

      ( ) ( ) ( ) ( ) ( )tfmtftfmtf kkkk 11 +− +++−=′ μλμλ                Tu  mk ≥ .             (3.1.5)          

am sistemis zusti amoxsna did sirTuleebTan aris dakavSire-

buli. miuxedavad amisa, momavalSi vigulisxmebT, rom  fu-

nqciebi cnobilia (Cven SegviZlia, magaliTad, vigulisxmoT, rom 

Zalian didi 

)(tf k

κ -saTvis 0)( =tf k  da miRebuli sistema amovxsnaT 

ricxviTi meTodebiT; aq sawyis pirobebs aqvs saxe 1)0( =if , Tu 

sawyis momentSi sistemaSi imyofeba zustad i  ganacxadi, da 

, Tu ( ) 00 =jf ij ≠ ). drois t  momentSi Semosuli ganacxadis mier am 

sistemiT momsaxureobis dawyebis lodinis dro )(1 tγ  SemTxveviTi 

sididea da, rogorc cnobilia, 

( )( ) ( ) ( ) ( )
∑ ∑
∞

=

−

=

−=>
mk

mk

n

n

k n
mtfxmxtp

0
1 !

exp μμγ . 

kargad cnobilia, agreTve sxva midgoma )(1 tγ  ganawilebis fu-

nqciis povnisaTvis, romelic gamogvadgeba, agreTve, mesame qvesi-

stemis SeswavlisaTvis. amis Tanaxmad, )) xp(( 1 tP γ  sididis povnisa-

Tvis viyenebT tolobas 

( )( ) ( ) ( )∑
∞

=
⎟
⎠
⎞⎜

⎝
⎛

=
<=<

0

1
1

n nt
n E

xtptfxtp ξ
γγ .                                     (3.1.6) 

SevniSnoT, rom, roca mn <  da , maSin  0>x

 1)(1 =⎟
⎠
⎞⎜

⎝
⎛

=
<

nt E
xtp ξ

γ .        (3.1.7) 
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vTqvaT,  da sistemaSi drois mn ≥ t  momentSi imyofeba zustad 

 ganacxadi. vTqvaT, n i1α  )1( mi ≤≤  aris -uri arxis mier momsa-

xurebis dasrulebamde darCenili dro. cxadia, 

i

i1α  maCvenebliani 

SemTxveviTi sididea μ  parametriT. ),,min( 1111 m,12 αααβ L=  drois 

Semdeg ganTavisufleba erT-erTi arxi da maSinve daiwyebs rigSi 

mdgomi pirvelive ganacxadis momsaxureobas. vTqvaT, drois 1β+t  

momentSi -uri  arxis mier momsaxurebis dasrulebamde 

darCenili dro aris 

i )m1( i ≤≤

i2α . drois 21 ββ ++t  momentSi, sadac 

),, 2m,, 22min( 212 αααβ L=  ganTavisufldeba erT-erTi arxi da daiwye-

bs axali ganacxadis momsaxurebas. Tu gavagrZelebT aseT msje-

lobas, miviRebT, rom drois t  momentSi Semosuli ganacxadis mo-

msaxureoba daiwyeba 

( ) 1211 ++++= nnt ββββγ L                                                          (3.1.8) 

droSi.                                                                  

 rogorc cnobilia [33], TiToeuli iβ  maCvenebliani SemTxveviTi 

sididea, magram misi parametria μm

( 1

. axla (3.1.2), (3.1.6) da (3.1.7)-is 

gamoyenebiT SegviZlia vipovoT )x)(t <Ρ γ  albaToba, rac, Tavis 

mxriv, mogvcems drois t  momentSi ganxilul mMM  sistemaSi 

(da, maSasadame, sasamarTlo sistemis pirvel qvesistemaSi) Semo-

suli ganacxadis sistemaSi yofnis )()(1 tt)(1 t αγδ +=  drois ganawi-

lebis funqciis povnis saSualebas. 

pirveli qvesistemis mier momsaxurebul ganacxadTa nakadi wa-

rmoadgens Semaval nakads meore qvesistemisaTvis. SevTanxmdeT, 

rom aRniSnuli nakadi, agreTve umartivesia (isev λ  parametriT). 

aRniSnuli (meore) qvesistema Sedgeba erTi arxisagan, romelic 

regularulad, drois yovel Δ  SualedSi erTxel ivseba B  si-

didis TanxiT (an raime saxis produqtiT). Cven vgulisxmobT, rom 
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Ν∈B  ganacxadis momsaxureba niSnavs misTvis garkveuli Tanxis 

gamoyofas, Tuki arxSi gvaqvs sakmarisi Tanxa (arxs momavalSi 

sabiujeto fondi vuwodoT). Tu sabiujeto fondi arasakmarisia 

ganacxadis sruli dakmayofilebisTvis, maSin ganacxadi kmayo-

fildeba nawilobriv, ramdenadac sabiujeto fondi iZleva amis 

saSualebas da amis Semdeg elodeba fondis Semdgom Sevsebas sa-

kmaris donemde. gancxadebis momsaxureba warmoebs qvesistemaSi 

maTi Semosvlis rigiTobis mixedviT. vigulisxmoT, rom erTi ga-

nacxadisaTvis aucilebeli Tanxa θ  SemTxveviTi sididea, rome-

lic Rebulobs mxolod mTel mniSvnelobebs da romlis gana-

wilebis kanoni cnobilia. TiToeuli ganacxadisTvis  Tanxis ga-

moyofa xdeba drois imdenad mcire SualedSi, rom Cven ugule-

belvyofT mas da vgulisxmobT, rom momsaxureba xdeba myisierad, 

rogorc ki dadgeba misi momsaxurebis rigi da sabiujeto fo-

ndSi gveqneba sakmarisi Tanxa. 

vipovoT drois t  momentSi qvesistemaSi Semosuli ganacxadis 

rigSi dgomis )(2 tγ  drois ganawilebis kanoni. amisTvis jer ga-

nvixiloT jami (t)σ  yvela im ganacxadis dakmayofilebisTvis 

aucilebeli Tanxebisa, romlebic Semova drois t  momentamde ( t  

momentis CaTvliT). maSin gveqneba 

( )( )
( ) ( ) ( )

⎪⎩

⎪
⎨
⎧

≥Β

<Β<+++++
=<

∑
∞

=

,0

,
1

21θ

x

xtpxBptp
xtp k

kko

  Tu                                 

 Tu θθ
σ

K
 

sadac Β  aris sabiujeto fondis sidide drois sawyis momentSi, 

xolo ),2,1( K=ii θ  - drois [ ]t,0  monakveTSi Semosuli i -uri gana-

cxadisaTvis aucilebeli Tanxa.  
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cxadia, )(2 tγ  Rebulobs mxolod 0 da ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Δ+−Δ⎟

⎠

⎞
⎜
⎝

⎛
+⎥⎦

⎤
⎢⎣
⎡
Δ

ktt 1  

( ),2,1,0 K=k  mniSvnelobebs Semdegi albaTobebiT (cxrili 3.1): 

         cxrili 3.1 

0 ( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎥⎦

⎤
⎢⎣
⎡
Δ

≤ 1tBtp σ  

tt
−Δ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎥⎦

⎤
⎢⎣
⎡
Δ

1  ( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎥⎦

⎤
⎢⎣
⎡
Δ

≤<⎟⎟
⎠

⎞
+⎜⎜

⎝

⎛
⎥⎦
⎤

⎢⎣
⎡
Δ

21 tBttBp σ  

Δ+−Δ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎥⎦

⎤
⎢⎣
⎡
Δ

ktt 1 ,   1≥k ( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++⎥⎦

⎤
⎢⎣
⎡
Δ

≤<⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++⎥⎦

⎤
⎢⎣
⎡
Δ

21 ktBtktBp σ  

 

sanam gadavidodeT mesame qvesistemis Seswavlaze, vnaxoT 

rogoria meore qvesistemis SesaZlo mdgomareobebi. cxadia, es 

mdgomareobebi ganisazRvreba imiT, Tu ramdeni ganacxadi dgas 

rigSi da, agreTve, imiT, Tu ra sididisaa sabiujeto fondi. 

amasTan, cxadia, Tu rigSi dgas erTi mainc ganacxadi, maSin sabi-

ujeto fondi carielia (winaaRmdeg SemTxvevaSi, rigSi mdgomi 

ganacxadic dakmayofildeboda). aqedan gamomdinare, SemoviRoT 

aRniSvnebi: yoveli { }0∪∈Nk - saTvis,  aRniSnavs qvesistemis 

mdgomareobas, roca rigSi dgas zustad 

)( 1okE

k  ganacxadi da sabi-

ujeto fondi carielia, xolo  aRniSnavs qvesistemis iseT 

mdgomareobas, roca rigSi arc erTi ganacxadi ar dgas da sabi-

ujeto fondis sididea

),0( kE

k . aRvniSnoT tη  simboloTi qvesistemis 

mdgomareoba drois t  momentSi. 

...,, 2ΔΔ ηηηo  mimdevroba qmnis markovis jaWvs da gadasvlis  alba-

TobebisaTvis gvaqvs 
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( )

( )( ( ) )

( 1) ( ,0)

( ,0) max(0, )

1 2 1 2 1

1 2 1 2 1
max(0, )

( )

,

( ) 1 ,

i m
n

i k n m k

k n m k n m

n k n m k n m
n m k

Ep pE

p B B

p p B p B

η
η

θ θ θ θ θ θ

θ θ θ θ θ θ
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     simboloTi aRvniSnoT xdomiloba, romelic mdgomareobs ΔiA
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imaSi, rom drois  momentSi sabiujeto fondi ar Seivseba 

Cveuli 

Δi

B  sididiT. gvaqvs: 
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       (3.1.9.)          

meore qvesistemidan gamomavali nakadi F  warmoadgens Semaval 

nakads mesame qvesistemisaTvis, romelic vgulisxmobT, rom hMF  

tipisaa. cxadia, Tu meore qvesistema drois Δi  momentSi imyofeba 

 mdgomareobaSi, maSin drois )0,(kE [ )Δ+Δ )1(, ii   SualedSi 0=F  da 

mesame qvesistema hM0  tipisaa.  simboloTi aRvniSnoT 

albaToba imisa, rom 

)(tgk

hM0  sistemaSi drois t  momentSi imyofeba 

zustad k  ganacxadi. SeiZleba Semowmdes, rom  albaTobebi 

akmayofilebs Semdeg diferencialur gantolebebs: 

)(tgk

 ,                                                                                                                              (3.1.10) zA

 ( ) ( ,10 tgtg )ν=′                                                                                   (3.1.11) 

 ( ) ( ) ( ) ( ) ,11 1 hktgktgktg kkk <≤++−=′
+  Tu              νν   (3.1.12) 
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 ( ) ( ) ( )( ) hktgtghtg kkk ≥+=′
+  Tu                    1ν ,     (3.1.13) 

sadac ν  aris erTi ganacxadis momsaxurebis maCvenebliani drois 

parametri. iseve rogorc (3.1.3) - (3.1.5) sistemisaTvis, aqac vgu-

lisxmobT, rom (3.1.10) – (3.1.13) sistemis amonaxsni cnobilia, Tuki 

mocemulia sawyisi albaTobebi . )0(kg

vTqvaT, drois  momentSi meore qvesistema imyofeba  

mdgomareobaSi. 

Δi ),0( kE

iτ  simboloTi aRvniSnoT drois is momenti, roca 

sabiujeto fondi dacarieldeba, Tuki am faqts marTlac eqneba 

adgili drois [ )Δ+ )1,Δi (i  SualedSi, xolo iτ  iyos ∞ , Tu drois 

aRniSnul SualedSi sabiujeto fondi ar carieldeba. Seva-

mCnevT, rom  

( ) ( )

( ) (∑

∑
∞
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⎠
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kppEp
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)
 

yoveli ))1(,[ Δ+Δ∈ iix  -saTvis. momavalSi vigulisxmebT, rom iτ  Re-

bulobs mxolod mTel mniSvnelobebs )1, +ΔΔ i(i  , 

),1)1((, −Δ),2( ++Δi iK  an mniSvnelobas ∞ . 

drois  momentSi meore qvesistemidan mesameSi SeiZleba Sevi-

des ramdenime ganacxadi. drois (

Δi

Δi , iτ ] SualedSi nakadi  aris 

umartivesi da aqvs 

F

λ  intensivoba, xolo ( )( )Δ+1, iiτ  SualedSi ga-

momavali nakadi udris 0-s (nax.3.1). 

mesame qvesistemis iseTi mdgomareoba, roca masSi zustad k  ga-

nacxadia (momsaxurebis procesSi myof ganacxadTa CaTvliT) 

aRvniSnoT  simboloTi, xolo kE tζ -Ti - am qvesistemis mdgoma-

reoba drois t  momentSi. 
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k 

 

nax.3.1. damokidebuleba sabiujeto fondi – dro da ganacxadebis 

nakadi F.F 

 
albaTobebi ( kt Ep = )ζ  vipovoT Semdegi TanamimdevrobiT: jer vi-

povoT aRniSnuli albaTobebi ),0[ Δ∈t -saTvis, Semdeg vipovoT 

⎟
⎠
⎞⎜

⎝
⎛ =

Δ

Δ

A
EP kζ , ris safuZvelzec vipoviT ( kEp =Δ )ζ -s. Semdeg 

-saTvis vipovoT ( ΔΔ∈ 2,t ) ( )kt Ep =ζ , Semdeg _ ⎟
⎠
⎞⎜

⎝
⎛ =Δ2

A
Ep k

Δ2

ζ , ris sa-

fuZvelzec vipoviT ( )kEp =Δ2ζ  da a.S.  

davuSvaT, rom, roca ),)1[( ΔΔ−∈ iit , albaToba ( kt Ep = )ζ  cnobilia 

da, agreTve, cnobilia ⎟
⎠
⎞⎜

⎝
⎛ =

Δ

Δ

i

ki
A

Ep ζ  yvela 0≥k -saTvis. vipovoT 

( ki Ep =Δ )ζ  gvaqvs: 
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gavixsenoT, rom ⎟
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Ep )0,η  moicema (3.1.9) formuliT. 

vTqvaT, ).)1(,[ Δ+Δ∈ iit  advilad SeiniSneba, rom aseTi t -saTvis 

adgili aqvs Semdeg tolobas: 
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         (3.1.14) 

sadac  aris (3.1.3)–(3.1.5) sistemis amonaxsni, sawyisi piro-

bebiT, sadac m -is magivrad unda vigulisxmoT h , xolo da 

)(tf k

μ -s 

magivrad - ν  Semdegi sawyisi pirobebiT: 

 ( ) ( ) ( )00 ≥== Δ nEpf nin     ,ζ .   (3.1.15) 

)(tg k  warmoadgens (3.1.10) - (3.1.13) sistemebis amonaxsns Semdegi 

sawyisi pirobebiT: 

 ( ) ( ) ( )00 ≥Δ−= nixfg nn        ,                                               (3.1.16) 

xolo )(tg k  warmoadgens (3.1.10) – (3.1.13) sistemis amonaxsns Se-

mdegi sawyisi pirobebiT: 

( ) ( )nin Epg == Δζ0      ( )0≥n                                                      (3.1.17) 

⎟
⎠
⎞

⎜
⎝
⎛ =

Δ+

Δ+

)1(

)1(

i

ki

A
Ep ζ  albaToba moicema (3.1.14) formulis marjvena 

mxares myofi gamosaxulebiT, roca Δ+= )1(it , xolo sawyisi piro-

bebi  ( ),0kf ( )0kg  da ( )0kg  - saTvis rCeba isev (3.1.15)_(3.1.17), zustad 
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imave indeqsebiT. amrigad, ( )kt Ep =ζ  gansazRvrulia nebismieri 

0≥t  da 0≥k -saTvis. 

amis Semdeg SegviZlia gamovTvaloT mesame qvesistemaSi drois 

t  momentSi Semosuli ganacxadis lodinis ( )t3γ  drois ganawile-

bis funqcia imis msgavsad, Tu rogor gavakeTeT es pirveli qve-

sistemisaTvis (ix. (3.1.6)_(3.1.8)), ris safuZvelzec vipoviT aseTi ga-

nacxadis mesame qvesistemaSi yofnis 3( )tδ  drois ganawilebis fu-

nqcias. dabolos, SevniSnoT, rom zemoT miRebuli SeTanxmebis 

Tanaxmad, ( ) ( ) ( ( ))t2tt 32t γκ δγα +++=  SemTxveviT sidides aqvs eqspo-

nencialuri ganawileba. misi parametris mosaZebnad SegviZlia ga-

moviyenoT qvemoT ganxiluli msjeloba da umcires kvadratTa 

meTodi. 

Tu ganacxadi sistemaSi Semovida drois t  momentSi, maSin misi 

sistemaSi yofnis dro aris 

  ( ) ( ) ( ( )) ( ( ) ( )( ))tttttt 121121 tt 3T δδ δγδγδ ++++++= .         (3.1.18) 

am momentidan vigulisxmoT, rom dro Rebulobs mxolod 

diskretul mniSvnelobebs 0,1,2,... (rac savsebiT eTanxmeba 112 gv-ze 

mocemul SeTanxmebas) ase rom, yvela SemTxveviTi sidide (3.1.18)-

Si aris diskretuli. amasTan, Tu romelime maTgani ω  aqamde ga-

nixileboda, rogorc uwyveti SemTxveviTi sidide  ganawile-

bis funqciiT, axla miviRebT, rom 

( )F x

      ( ) ( ) ( ).1 kFkFkp −+==ω  

{ }0∪∈Nt

( )
-saTvis ganvixiloT yoveli 

( ) ( )( ) ( ( ))( )t1( t2 )ttt 132 ,t1t1 , δδ γ γδδδ +++

Φ

+  SemTxveviTi veqtoris ganawi-

lebis  kanoni. yoveli  da -saTvis gvaqvs  03 > k,1 kk 02 ≥
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amasTan, 
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( ) ( )( 212
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212 kktpkt
kttp =+=⎟
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⎝
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= )=+ γδ
δγ             (3.1.20) 

da 
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  (3.1.21) 

(3.1.9)_(3.1.21) _ is gamoyenebiT advilad vpoulobT saZiebel alba-

Tobas: 

( )( )

( )( ) ( )( ) ((∑ ) )

∑
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Tkkk

Tkkk

kkktpkktpktp
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321

δγδ
              (3.1.22) 

(3.1.22)-is gaTvaliswinebiT SegviZlia vipovoT sasamarTlos, 

rogorc sistemis gamtarunarianoba, e.i. λ -s iseTi udidesi mni-

Svneloba, romlisTvisac 

( )( )∑
=

≥<
V

t
VpTtTp

0
, 

mocemuli V , p  da T -saTvis. aseve SeiZleba daisvas amocana mosa-

marTleebis j  da sasamarTlo darbazebis  iseTi raodenobebis 

povnis Sesaxeb, rodesac jami  udidesia biujetis 

h

)( )(∑
=

<
V

t
TtTp

0
B  

mniSvnelobisTvis. 
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3.2. sabiujeto dawesebulebebis samsaxurebis, organizaciuli 

struqturis srulyofa, gadawyvetilebis miRebis srulyofili 

procesis formirebisaTvis 

 
dawesebulebis marTvis procesSi xelmZRvanel muSaks uxdeba 

mTeli rigi sakadro sakiTxebis gadaWra, rogorebicaa, magali-

Tad, saqmeebis muSakebze ganawileba, muSakebis saqmianobis Sefa-

seba, muSakebis dawinaureba da a.S. aRniSnuli sakiTxi ganvixi-

loT saerTo sasamarTloebis departamentis magaliTze. 

saerTo sasamarTloebis departamentis struqturuli qvedana-

yofebia: 1. ekonomikuri analizisa da safinanso-sagegmo samma-

rTvelo; 2. samSeneblo-saproeqto samuSaoTa organizaciis samma-

rTvelo; 3. sabuRaltro aRricxva-angariSgebis sammarTvelo; 4. 

informatizaciis sammarTvelo; 5. normatiuli uzrunvelyofis 

sammarTvelo; 6. monitoringisa da teqnikuri zedamxedvelobis 

ganyofileba; 7. kadrebis samsaxuri; 8. saqmeTa mmarTveloba;  9. 

Tavmjdomaris biuro; 10. departamentSi iqmneba: a) aWaris avto-

nomiuri respublikis saerTo sasamarTloebis materialur-

teqnikuri uzrunvelyofis sammarTvelo; b) afxazeTis avtono-

miuri respublikis saerTo sasamarTloebis materialur-

teqnikuri uzrunvelyofis sammarTvelo; 

TiToeul struqturul erTeuls aqvs Tavisi funqcia. magali-

Tad, ekonomikuri analizisa da safinanso-sagegmo sammarTvelos 

funqciebia: saerTo sasamarTloebis biujetis Sedgena, im stati-

stikur masalebze dayrdnobiT, romelic aris Segdenili wina 

wels, TiToeul sasamarTloze Tu rogori iyo wylis, eleqtro 

energiis, sawvavis, safosto gzavnilebis, gazis, SeSis xarjebi, 

sameurneo xarjebi, mosaxurebis xelSekrulebiT Catarebuli 
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samuSaoebis Rirebuleba da a.S. aseve mosamarTleTa da momsa-

xure personalis xelfasis Sedgena da sxva. departamentSi Se-

dgenili biujeti gadaecema iusticiis umaRles sabWos, romelic 

ganixilavs mas da gadascems parlaments dasamtkiceblad. 

samSeneblo-saproeqto samuSaoTa organizaciis sammarTvelos 

funqciebia: sasamarTlo Senobebis wesrigSi moyvana, saremonto 

samuSaoebis warmoeba, xolo samodelo sasamarTloebSi mSe-

neblobis koordinacia. sabuRaltro aRricxva-angariSgebis samma-

rTvelos funqciebia: sabuRaltro aRricxvis warmoeba, Tana-

mSromlebis xelfasebis gacema, xazinasTan da bankTan sabu-

Raltro urTierTobis warmoeba. informatizaciis sammarTvelos 

funqcieba: sasamarTloebs Soris kompiuteruli qselis proeqtis 

momzadeba da danergva, sisxlis da samoqalaqo samarTlis pro-

gramebis Sedgena, sasamarTloebSi kompiuteruli qselis damo-

ntaJeba da misi muSaobis koordinacia, sasamarTlo perso-

nalisaTvis kompiuteruli programebis swavleba da a.S. norma-

tiuli uzrunvelyofis sammarTvelos funqciebia: departamentisa 

da saerTo sasamarTloebis iuridiuli momsaxureba, saerTo sa-

samarTloebis informireba normatiuli aqtebiT, sasamarTloebSi 

Semosuli baJebis aRricxva, mosamarTleTa konferenciis ko-

ordinacia da a.S. monitoringisa da teqnikuri zedamxedvelobis 

ganyofilebis funqciebia: sasamarTloebSi damontaJebuli te-

qnikis (qseroqsi, kompiuteri, generatori) teqnikuri zeda-

mxedvelobis uzrunvelyofa, sasamarTloebSi el. gayvanilobis 

gamarTva, gaTbobis sistemis gamarTva da a.S. kadrebis samsaxuris 

funqciebia: kadrebis SerCeva, xelSekrulebebis gaformeba Tana-

mSromlebTan da a.S. Tavmjdomaris biuro uSualod Tana-

mSromlobs departamentis TavmjdomaresTan. departamentSi 
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Seqmnili afxazeTisa da aWaris avtonomiuri respublikebis 

saerTo sasamarTloebis materialur-teqnikuri uzrunvelyofis 

sammarTvelo uzrunvelyofs Sesabamisad afxazeTisa da aWaris 

saerTo sasamarTloebis biujetis Sedgenas, maT teqnikur 

aRWurvilobas, sasamarTlo Senobebis gamarTulobas da a.S. 

aRniSnuli sakiTxebisadmi sistemuri midgomis gamoyenebisas, 

bevr sxva faqtorTan erTad gaTviTvaliswinebT agreTve, bmulo-

bis faqtors, romlis gansakuTrebul mniSvnelobas socialuri 

sistemebisaTvis xazi gausva ingliselma mecnierma r. etkinma [34-

36] naSromebSi.  

moviyvanoT saWiro gansazRvrebebi da faqtebi [35]-dan. 

SevniSnoT, rom masSi gamoyenebulia kombinatoruli topologiis 

terminologia. Cveni miznebisaTvis ar aris aucilebeli am maTe-

matikuri disciplinis aparatis gamoyeneba. amitomac, gadmocemis 

simartivisaTvis, visargeblebT mxolod simravlur-Teoriuli 

aparatiT. 

socialuri sistema mosaxerxebelia aRiweros rogorc same-

uli1 ( )λ,,YX , sadac  da X Y  sasruli simravleebia, xolo λ  

aris mimarTeba X  da Y  simravleebs Soris, e.i. .YX ×⊂λ  swored 

aseT sistemebTan aqvs saqme dawesebulebis xelmZRvanels, rode-

sac is ama Tu im davalebebis muSakebze ganawilebis sakiTxze 

muSaobs. yovel aseT ganawilebas Seesabameba sameuli ( )λ,,YX , 

sadac  aris muSakebis simravle, X Y  davalebebis simravle, 

xolo ( ) λ∈yx,  maSin da mxolod maSin, roca x  muSaks (da, sazo-

                                                           
1 ufro mizanSewonili iqneboda, rom gangvexila oTxeulebi ( )IiiIYX ∈)(,,, λ , sadac  

sasruli simravleebia, xolo yoveli 

IYX  da ,

iλ  aris mimarTeba X  da Y  simravleebs Soris. mocemul 

naSromSi Cven vifarglebiT mxolod im SemTxveviT, roca I  erTelementiani simravlea. 
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gadod, ara mxolod mas) eZleva  davaleba (sazogadod, sxva 

davalebebTan erTad).   

y

vTqvaT, ( )λ,,YXS =  sistemaa, .1, −≥∈∈ nZnXx  da   x -s ewodeba 

-jeradi, Tu n Y  simravleSi arsebobs )1( +n  cali mainc elementi 

 iseTi, rom ( )y λ∈yx, . 

vTqvaT, Zm∈  da  vTqvaT, garda amisa, .nm ≤ x  da x′ aris X -is 

-jeradi elementebi. vityviT, rom n x  aris -bmuli m x′ -Tan, Tu 

arsebobs iseTi xxx kxx ′== ,, 2

(
,1 K

)11

 elementebi  simravleSi da 

yoveli -saTvis 

X

i −≤≤ ki  ( )1+m  cali elementi  ijy ( )11 +≤≤ mj  

Y  simravleSi, rom yoveli .),1(),( λλ ∈∈− + ijixiji y  yx j da saTvis  

advili dasanaxia, rom X -is -jerad elementTa simravleze mi-

marTeba “

n

x  iyos Tan-bmuli-m  x′ ” aris ekvivalentobis mimarTeba 

da, maSasadame, iwvevs am simravlis daSlas wyvilwyvilad Tana-

ukveT klasebad. am klasebis raodenoba aRvniSnoT  simbo-

loTi. ricxvi Q  gamoxatavs 

mQ

m S -is -bmulobis xarisxs. cxadia, 

 veqtors , sadac 

m

.11 =−Q ( NQQ ,, 10 K )Q, N  aris udidesi mTeli 

ricxvi, romlisTvisac arsebobs X -is erTi mainc N -jeradi ele-

menti, ewodeba S -is struqturuli veqtori. 

 [36] ZiriTadi Sedegi mdgomareobs imaSi, rom sistema S  miT 

ufro moqnilia, rac ufro mcirea struqturuli veqtoris  ko-

mponentebi da, maSasadame, rac ufro bmulia sistema. Cveni azriT, 

es faqti unda iyos gaTvaliswinebuli xelmZRvanelobis mier da-

valebebis muSakebze ganawilebis dros. 

iQ

moviyvanoT kidev erTi magaliTi imisa, Tu rogor axdens bmu-

lobis faqtori gavlenas gadawyvetilebis miRebaze sakadro sa-

kiTxebSi. ganvixiloT saerTo sasamarTloebis departamentis 

TanamSromlebis premirebis sakiTxi.  
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 vTqvaT, Sesasrulebelia raime saqme, romelic Sedgeba n  dava-

lebebisagan ( )Nn∈

xx ,, 21

, romlebic, Tavis mxriv, davalebuli aqvT Se-

sasruleblad  muSakebs.  nx,K

amasTan, xelmZRvaneli winaswar adgens gegmas, romlis mixe-

dviTac zustad aris gansazRvruli i -uri davalebis Sesrulebis 

dawyebis iτ  da damTavrebis  momentebi (nax.3.2). vTqvaT, garda 

amisa, davalebebis droze Sesrulebis SemTxvevisaTvis gamoyofi-

lia premirebis  Tanxebi Sesabamisad pirveli, 

meore -uri davalebebisaTvis.   

it

nMMM ,,, 21 K

n,,K

  
T
an
am
S
r
o
ml

eb
i  

  

 

 

 

 

 

 

 
nax.3.2. TanamSromlebze davalebaTa Sesrulebis da ganawilebis 

grafiki.  
 

SevniSnoT, rom, sazogadod, TavianTi davalebebis droze Se-

srulebis TvalsazrisiT muSakebi ar arian erTmaneTisagan damo-

ukidebelni, radganac erTi muSakis mier Tavisi davalebis Se-

srulebis dagvianebam SesaZloa Seaferxos meore muSakis mier 

Tavisi davalebis droze dawyeba da Sesabamisad, droze da-

mTavrebac. garda amisa, erTi muSakis dagvianeba SeiZleba kompe-

nsirebuli iqnes meore muSakis mier Tavisi davalebis swrafi Se-

srulebiT. aqedan gamomdinare, ismis kiTxva, Tu rogor unda ga-

davalebis Sesrulebis dro  21 τ=t  32 τ=t 3t0 

3x
x

 

2  

1x  
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vanawiloT TanamSromlebze mTliani saqmisaTvis gamoyofili 

premirebis  Tanxa, Tuki zogierTi TanamSromlis mxri-

dan adgili eqneba zemoaRniSnul dagvianebebs da zogierTi Tana-

mSromlis mxridan ki davalebebis swraf Sesrulebas. 

∑
=

=
n

i
iMM

1

ganvixiloT is SemTxveva, roca gegma iseTnairadaa Sedgenili, 

rom jer unda Sesruldes pirveli davaleba, romlis damTavre-

bisTanave unda daiwyos meore davalebis Sesruleba, meore dava-

lebis dasrulebisTanave unda daiwyos mesame davalebis Sesru-

leba da a.S. gasagebia, rom minimaluri moTxovna, rac SeiZleba 

wauyenoT  muSaks, aris is, rom man unda Seasrulos Tavisi da-

valeba (
ix

i )it τ−  droSi (miuxedavad imisa, Tu rodis dasruldeba me-

 davalebis Sesruleba), xolo maqsimaluri moTxovna mdgo-

mareobs imaSi, rom man unda daakompensiros yvela is dagvianeba, 

rac dauSves  muSakebma. Tu  muSaki minimalur mo-

Txovnasac ver asrulebs, maSin mas premiidan unda daeqviTos ga-

rkveuli Tanxa, romelic ganawildeba  muSakebze, -

uri davalebis Sesrulebisas daSvebuli dagvianebis kompensi-

rebaSi maTi wvlilis mixedviT. 

( 1−i )

)1(21 ,,, −ixxx K ix

i )1( + ni xxx ,,, )2( K+ i

moyvanil msjelobaSi Cven arsebiTad visargebleT im faqtiT, 

rom gegmas hqonda Semdegi martivi saxe: 

n→→→ L21 . 

zogadad, gegmis struqtura SeiZleba iyos bevrad rTuli. 

kerZod, romelime davalebis dawyeba SeuZlebeli iyos manam, 

sanam ar damTavrdeba ramdenime paralelurad Sesasrulebeli 

davaleba. aseve, SesaZlebelia, rom raime davalebis dasrulebis 

gareSe SeuZlebeli iyos ramdenime paralelurad Sesasrulebeli 

davalebis dawyeba. imisaTvis, rom CamovayaliboT premiis 
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ganawilebis algoriTmi zogadi SemTxvevisaTvis, moviyvanoT Se-

mdegi gansazRvrebebi. 

vTqvaT, Y  aris davalebebis simravle. Y -ze SemoviRoT bi-

naruli ρ  mimarTeba Semdegnairad: yoveli  da _saTvis y y′ Y  si-

mravlidan, vityviT, rom ρ∈′),( yy  (da CavwerT ), Tu y yρ ′ y′ da-

valebis dawyebisaTvis aucilebelia (Tumca SesaZloa, rom ar 

iyos sakmarisi)  davalebis dasruleba. y

cxadia, ρ  aris tranzituli mimarTeba, e.i. Tu y zρ  da z sρ , 

maSin y sρ . garda amisa, Tu gegma sworad aris Sedgenili, ρ  aris 

antisimetriulic, radganac SeuZlebelia, rom raime  da  -

saTvis sruldebodes 

y z

y zρ  da z yρ . 

 Y -ze SemoviRoT, agreTve, sxva < mimarTeba, romelsac ga-

nvsazRvravT Semdegnairad: vityviT, rom < , Tu y z y zρ  da ar arse-

bobs iseTi Ys∈ , rom y sρ  da s zρ ; aseT SemTxvevaSi vityviT, rom 

 aris -is wina, xolo  aris -is momdevno elementi (dava-

leba). 

y z z y

cxadia, < aris antisimetriuli mimarTeba, Tumca ar aris tra-

nzituli. garda amisa, raime davalebas SeiZleba hqondes ramode-

nime wina da ramdenime momdevno elementi (nax.3.3). 

 

 1          6     

 2     4             

 3         7     9    
     5  
         8  

( , )Y <   
 

nax.3.3. davalebaTa Sesrulebis etapebi TanamSromlebs Soris. 
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Y  sasruli simravlea. amitom mas aucileblad aqvs erTi mainc 

minimaluri elementi, e.i. iseTi, romelsac ara aqvs wina ele-

menti.  

SevniSnoT, rom minimaluri moTxovna, rac SeiZleba wavuyenoT 

raime  davalebis Semsrulebels aseTia: man unda Seasrulos  

davaleba 

y y

)( yyt τ−

y

 droSi (miuxedavad imisa, Tu rodis da-

sruldeba -is yvela wina davalebis Sesruleba), xolo maqsi-

maluri moTxovna mdgomareobs imaSi, rom man unda daasrulos  

davalebis Sesruleba drois  momentisaTvis (risTvisac mas, ra 

Tqma unda, mouwevs gegmiT gaTvaliswinebulze ufro swrafi 

tempiT muSaoba, Tu misi romelime wina davaleba agvianebs da-

srulebas) da, maSasadame, Tavisi davaleba Seasrulos 

y

yt

)zmax
yzy tt

<
( −  

droSi, sadac zt  aris  davalebis dasrulebis momenti. Tu  

davalebis Semsrulebelma minimaluri moTxovnac ar daakma-

yofila, maSin misTvis Tavdapirvelad gankuTvnili  premiidan 

eqviTeba 

z y

yM

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
y 1

−

−
−

yy

yy

t
t

M
τ
τ

 Tanxa, romelic nawildeba mis momdevno im 

 davalebebs Soris, romelTaTvisac z zzs zsz ttt τ−− <
<

max . Tu aRni-

Snuli davalebebidan  TiToeulis Semsrulebelma Tavisi swrafi 

muSaobiT -is dagvianeba mTlianad daakompensira, maSin es Tanxa 

nawildeba am muSakebs Soris Semdegi ricxvebis proporciulad  

y

szszz

zz
zz ttt

tMb
<

−
−

=
max),max(

τ
,                            (3.2.1) 

romlebic gamoxatavs  davalebebis mimarT miyenebuli maqsima-

luri moTxovnis sirTulis xarisxs. Tu es kompensireba mxolod 

nawilobrivia raime -is SemTxvevaSi, maSin -s eZleva aRwerili 

z

z z
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gziT miRebuli Tanxis mxolod 
szsz

szs

tt

tt

<

<

−

−

max

max
 nawili, xolo darCeni-

li Tanxa -is momdevno elementebs Soris nawildeba zemoT 

aRwerili gziT. 

z

moyvanili mosazrebebis Semdeg gasagebi xdeba, Tu rogori 

unda iyos saZiebeli algoriTmi. is iTvlis premiis P  sidides 

jer yvela minimaluri elementisaTvis (davalebisaTvis), Semdeg 

minimaluri elementebis momdevno elementebisaTvis, Semdeg am 

elementebis momdevno elementebisaTvis da a.S. amasTan, algo-

riTmi iTvlis damxmare  sidideebsac yA ( )Yy∈ , romlebic Se-

iZleba interpretirebul iqnes, rogorc dagrovili Tavisufali 

Tanxebi. algoriTmis muSaobis principi Semdegia: 

1) vTqvaT,  aris y Y -is minimaluri elementi. Tu yy tt ≤ , maSin 

 da . yy MP = 0=yA

Tu yy tt > , maSin  

yy

yy
yy t

t
MP

τ
τ

−

−
=                                  (3.2.2) 

da                            ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

−
−=

yy

yy
yy t

t
MA

τ
τ

1 . 

2) vTqvaT, -is yvela wina  elementisaTvis ukve daTvlilia 

 da  sidideebi. Tu 

y z

zP zA yyzt
yzy tt τ−≤

<
max , maSin  −

∑∑
>

<

+=

zs
s

y

yz
zyyy b

b
AcMP , 

( )
s

s

1 y
y y z

z y
z

b
A c A

b<
>

= − ∑ ∑
, 
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sadac ,,
max

max
min ⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛

−

−
=

<

<
1 

qyqy

qyqy

y tt

tt
c  xolo  moicema (3.2.1)-iT. Tu yb

yyzyzy ttt τ−>−
<

max , maSin  moicema (3.2.2)-iT, xolo -saTvis gvaqvs    yP yA

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

−
−+= ∑ ∑<

>
yy

yy
y

yz
k

y
zy t

t
M

b
b

AA
τ
τ

1
s

s

. 

dabolos, SevniSnoT, rom moyvanili algoriTmis Tanaxmad, im 

Tanxis odenoba, romelsac miiRebs  muSaki, damokidebulia ara 

mxolod mis muSaobaze, aramed yvela im  muSakze, romelTa-

Tvisac  bmulia -Tan. amasTan, es damokidebuleba miT ufro 

Zlieria, rac ufro didia bmulobis xarisxi. 

yx

zx

z y

 

3.3. biujetis formirebis da marTvis maTematikuri modeli 

 
aRniSnuli sakiTxi ganxilulia [37,38]-Si. biujetis  formire-

bisas savaraudo dafinansebis wyaroebs axasiaTebs rogorc saime-

dobis sxvadasxva xarisxi, aseve maTi fuladi sididis cvale-

badoba raime intervalSi. yovelive  amis gaTvaliswinebiT, dafi-

nansebis wyaros dasaxasiaTeblad erT_erTi yvelaze moxe-

rxebuli saSualebaa aramkafio simravleTa Teoriis gamoyeneba. 

saxeldobr, TiToeuli dafinansebis wyaros aRvwerT garkveuli 

aramkafio sididiT, romelic asaxavs rogorc mis saimedobas, 

aseve Semosasvleli Tanxis uzustobas.  

biujetis formirebis dros safinanso organizacias aqvs 

Semdegi informacia: 

1) maT ician zusti Semosavlis wyaroebi (magaliTad, aseT wya-

roebad SeiZleba CavTvaloT msoflio bankis an sxva saerTa-

Soriso safinanso organizaciebis kreditebi da sxv.). Tu aRni-
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Snuli tipis wyarodan Semomavali Tanxa aris  lari, maSin 

Sesabamis aramkafio simravles aRvniSnavT 

m

),∞ ]1,0[0[: →aδ  simbo-

loTi, sadac 
⎩
⎨
⎧

=
≠

=
at
at

ta ,1
,0

)(δ . aseTi tipis yvela wyaros aRvniSnavT 

iaδ  simboloebiT, sadac .,1 ki =  

2) wina wlebis statistikur monacemebze dayrdnobiT, finansists 

SeuZlia aagos sxva Semosavlis wyaroebis Sesabamisi aramkafio 

simravleebi. maT aRvniSnavT  simboloebiT, sadac iX .,1 ni =  

3) xarjviT nawilSi finansur organizacias aqvs aucilebeli 

moTxovnebi (δ  tipis funqciebi), maT aRvniSnavT 
imδ  simboloebiT, 

sadac .,1 pi =  aRniSnul nawilSi calke jgufad gamovyoT moTxo-

vnebi, romlebic dasaSvebia Sesruldes met-naklebi sizustiT 

maTi prioritetulobis gaTvaliswinebiT. es moTxovnebi (romle-

bic agreTve warmoadgens δ  tipis funqciebs), aRvniSnoT 
imiY ~δ=  

simboloTi, sadac .,1 qi =  maTi manormirebeli wonebi 

(prioritetebi) iyos )1,0(∈iα  ricxvebi, sadac . ∑
=

q

i 1
1=iα im -iT aRvni-

SnoT i -uri dargis arsebobisaTvis saWiro aucilebeli minimumis 

fuladi ekvivalenti, ..1 qi =   

vTqvaT, X  aramkafio sididea. davafiqsiroT ]1,0(∈β  ricxvi da 

ganvixiloT am ukanasknelis β  donis simravlis warmodgena bmu-

li intervalebis saxiT , sadac U
(

1

βn

i=

)
ββ
iX Δ= β

iΔ -ebi bmulobis kompo-

nentebia, xolo ),)( Zn (0Hdim X ββ =  bmulobis komponentebis 

ricxvi. ganvsazRvroT ( )X∗
βm  ricxvi Semdegi formuliT: 
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⎪
⎪
⎩

⎪⎪
⎨

⎧

≡−

≡−
=

++

∗

,2mod0)(),(
2
1

,2mod1)(),(
2
1

)(

2
)(

2
)(

2
1)(

2
1)(

β

β

ββ

ββ

β

nab

nab
Xm

nn

nn

      

  

 Tu

 Tu

                                      (3.3.1) 

sadac  da  Sesabamisad aRniSnavs ib ia β
iΔ  intervalebis marjvena 

da marcxena sazRvris wertilebs. ( )Xm∗
β  ricxvs vuwodoT β  do-

nis ualbaTesi ricxvi  aramkafio simravlisaTvis. iq, sadac 

naTelia, Tu romel aramkafio simravlezea saubari, aRniSnul 

simboloSi ar mivuTiTebT mas. SeviswavloT  asaxvis 

(romelic ganmartebulia 

X

RmX →• ]1,0(:

)(X∗)( mmX
• = αα  tolobiT) zogierTi Tvi-

seba. realuri situaciidan gamomdinare, ganvixilavT iseT ara-

mkafio sidideebs, romelTa mikuTvnebis funqciebi uwyvetia yve-

lgan, garda SesaZloa sasruli raodenoba wertilebisa, romle-

bSic moviTxovT, rom calmxrivi zRvrebi arsebobdes.  

XΣ -iT aRvniSnoT  funqciis kritikul mniSvnelobaTa simra-

vle. advili SesamCnevia, rom 

X

Nn →]1,0(:

X

 funqcia lokalurad 

mudmivia [0,1]\  simravleze, e.i. XΣ Σ  warmoadgens n  funqciis 

bifurkaciul simravles. magaliTad, Tu X  aramkafio simravle 

mocemulia Semdegnairad (nax.3.4),  

                                                          

                     

                                                                                    

 

 

t 

X 

0t

 
B 
C 
D 
E 
1 

A

nax.3.4. dafinansebis wyaroTa jamuri aramkafio simravle. 
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maSin 

{ , , , , , }X A B C D E F=∑ , xolo 

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

≤<

≤<

≤<

≤<

≤<

≤

=

.1,1
;,2
;,3

;,1
;,2

;,1

)(

β
β
β
β
β

β

β

E
ED
DC

CB
BA

A

n

  
 
 

  
  

Tu

 Tu

 Tu

Tu

Tu

 Tu 

 

Teorema 1.  funqciis wyvetis wertilTa simravle Sedis ∗m XΣ -

Si.  

damtkiceba. vTqvaT,  funqcia wyvetas ganicdis  wer-

tilSi. es niSnavs, rom  wertilis ragind mcire 

∗m ]1,0(0 ∈t

0t δ  midamo-

saTvis arsebobs  ricxvebi 21 tt < ]1,0(),( 00 ∩+− δδ tt

0t

 midamodan, rom 

 da  simravleebs aqvs bmulobis komponentebis sxvadasxva 

raodeoba. Tu  simravlis komponentebis ricxvi naklebia  

simravlis komponentebis ricxvze, maSin  warmoadgens 

1tX 2tX
1tX 2tX

X  

funqciis lokaluri minimumis wertils. winaaRmdeg SemTxvevaSi 

– lokaluri maqsimumis wertils. 

Teorema damtkicebulia. 

Teorema 2. marTebulia Semdegi toloba 

∗∗

→
= 11

lim mmββ
.                              (3.3.2) 

damtkiceba. radgan Cven SevTanxmdiT, rom ganvixilavdiT 

mxolod ara umetes sasruli raodenobis wyvetis wertilTa 

mqone aramkafio sidideebs, amitom arsebobs iseTi 0>δ  ricxvi, 

rom, Tu ]1,1( δ−∈t , maSin )1()( ntn = . cxadia,  simravle ])1,([1 tX −
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warmoadgens mrudwirul trapeciaTa diziunqciur gaerTianebebs, 

romelTa qveda da zeda boloebs Sesabamisad qmnis  da  si-

mravleTa bmulobis komponentebi. radgan TiToeuli trapecia wa-

rmoadgens qveda da zeda fuZeebs Soris uwyveti homotopiis rea-

lizacias, amitom (3.3.2) toloba marTebulia. 

tX 1X

Teorema damtkicebulia. 

axla SevudgebiT ZiriTadi Teoremis Camoyalibebas. 

vTqvaT, mocemuli gvaqvs →Ω:iX [0,1] aramkafio intervalebi, 

ni ,1= , ( R⊂Ω ). X -iT da Y -iT Sesabamisad aRvniSnoT maTi jami da 

namravli ( ( ) ( ) )( ( ){ }RuuQ QQQ ∈−=⊕ ωωμωμ μ
21

,minsup
21

, 

( )
( ) ( )( ) { }{ }

( ) ( )( )⎩
⎨
⎧

=

≠∈
=

max

sup
⊗ 0,0

/,

2

1

21 μ 0

0,

ω,
2

0\min

1
μ

ωωμμ
ωμ

Q

QQ

QQ

uu

n

i
XY ⊗

=
=

1

 Tu

 Tu 
i

n

i
X⊕

=
=

1               

Ru

Q

, e.i.  da 

. marTebulia Semdegi Teorema 

X

i

Teorema 3.  

a) , ;             αα
i

n

i
XX ⊕

=
⊃

1

αα
i

n

i
XY Π

=
⊃

1

b) , ; sadac 
αα

i

n

i
XX
oo

⊕
=

=
1

αα

i

n

i
XY
oo

Π
=

=
1

αo

A  ganisazRvreba  

tolobiT. 

{ }αω >= )(A
α

A
o

g) Tu  funqciebi uwyvetia yvelgan, garda SesaZloa sasruli 

raodenoba wertilebisa, romlebSic funqciebi naxevrad uwyvetia 

zemodan, maSin , . 

iX

αα
i

n

i
XX ⊕

=
=

1

αα
i

n

i
XY Π

=
=

1

SeniSvna: aRniSnul punqtebSi ricxviTi simravleebis jamsa da 

namravlSi qveS gvesmis, maTi rogorc R -is qvesimravleTa algeb-

ruli jamebi da namravlebi. 
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damtkiceba. Tavdapirvelad SevniSnavT, rom damtkiceba sakmari-

sia CavataroT mxolod  simravlisaTvis, radgan X Y  simravli-

sTvisac analogiuri msjeloba iqneba marTebuli (aRniSnul dam-

tkicebaSi arsebiTad gamoiyeneba is faqti, rom R  da }0{\R  si-

mravleebi Sesabamisad warmoadgens aditiur da multiplikato-

rul lis jgufebs). 

ganvixiloT  nn
t R⊂Ω⊂Δ )1( −n -ganzomilebiani simpleqsi 

{ }tti

n

i
=Σ

=1
|ttt n

nt Ω∈=Δ 21 ),...,,( . masze ganvsazRvroT   funq-

cia Semdegnairad:  

]1,0[: →Δ ttf

{ })(),...,(),(min),...,,( 221121 nnnt tXtXtXtttf = . 

maSin ganmartebis Tanaxmad, 
t

tftX
Δ

= sup)( .  

a) punqtis damtkiceba. vTqvaT, , maSin arsebobs 

 namdvil ricxvTa -euli, rom , sadac 

α
i

n

i
Xt ⊕

=
∈

1

n),...,,( 21
ααα

nttt ∑
=

=
n

i
itt

1

α αα
ii Xt ∈ . 

radgan ααα ≥),...,, 2 nttα( 1t tf , amitom α≥)(tX , anu αXt ∈ . a) punqti 

damtkicebulia. 

b) punqtis damtkiceba. vTqvaT, , e.i. sup
αo

Xt ∈
t

tf α
Δ

> . maSin arse-

bobs  wertili, rodesac ),...,,( 21
ααα

nttt tΔ∈ αα >)ntαα ,...,,( 21t ttf , rac, 

Tavis mxriv, niSnavs, rom αα >)( ii tX , ni = ,1 . amitom . 

e.i. . 

∑
=

n

i
it

1

α ∈=t
αo

i
i

X⊕
=1

αα

i

n

i
X
o

⊕
=

⊂
1

X
o

b) punqti damtkicebulia. 
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g) punqtis damtkiceba. a)-s gaTvaliswinebiT dasamtkicebelia 

 CarTva.  αα
i

n

i
XX ⊕

=
⊂

1

vTqvaT, αXt∈ . Tu α>)(tX , maSin b)-s ZaliT . 

amitom arsebiTia 

αα oo

XXt
n

i
i

n

i
⊕⊕
==

⊂∈
11

α=)(tX  SemTxveva. radgan α=
Δ

if
i

sup , amitom nebi-

smieri naturaluri k  ricxvisaTvis arsebobs t t
k
n

kk tttk Δ∈= ),...,,( 21  

wertili, rodesac ktf k
t )( >≥ 1−αα , e.i. t , 

k

iX
/1−αo

k
i ∈ ni ,1= . amrigad, 

 simpleqsSi gaCnda  veqtorTa mimdevroba, romlidanac ga-

moiyofa 

tΔ 1)( ≥k
kt

1)( ≥l

l
t  krebadi qvemimdevroba, sadac ),...,,( 21

l
n

lll
= tttt . ∗t -iT 

aRvniSnoT am mimdevrobis zRvari, cxadia, is warmoadgens simp-

leqsis wertils (Caketilobis gamo).  

ltX
l
ii /1)( −> α                                      (3.3.3) 

Tu (3.3.3) utolobaSi gadavalT zRvarze, vRebulobT 

(uwyvetobis gamo)  

α≥∗ )( ii tX ,                                          (3.3.4) 

anu . rac, Tavis mxriv, niSnavs, rom . axla 

ganvixiloT zogadi SemTxveva, e.i. vuSvebT, rom SesaZlebelia 

aramkafio sidideebs hqondeT wyvetis wertilebi, romlebSic 

isini naxevrad uwyvetni arian zemodan. SevniSnoT, rom Cven uwy-

vetoba gamoviyeneT bolo etapze, rodesac (3.3.3) utolobaSi gad-

avediT zRvarze. davuSvaT,  funqciisaTvis  wyvetis werti-

lia. maSin SesaZlebelia Semdegi sami SemTxvevidan erT-erTi: a) 

; b) lim

α
ii Xt ∈∗

0
)( =

t
i tX

∑ ⊕
= =

∗ ∈=
n

i

n
i

n

i
i Xtt

1 1

∗

0i
t

lim
0

)
+∗→

0i
X

lim
0 +→ ∗

itt
lim

0
+∗→t

)()(
000

∗< iii tXtX
0

−∗→ itt
0
( <

tt

)(
0

≤i XtXi tX )(
00

∗
ii t ; g) 
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lim
0

+∗→ itt
lim

0

0
)(

−∗→

<
tt

i tX )()(
000

∗≤ iii tXtX . advili Sesamowmebelia, rom TiToeu-

li am SemTxvevisaTvis marTebulia ( ) ( )
1

1 1
k k

k k k
σ δσ

δ σ
−

− −
∈

= ∑ σ , (miuxeda-

vad imisa, Tu rogoraa ganlagebuli α  wertili , , 

 wertilebis mimarT). amiT Teorema srulad aris 

damtkicebuli. 

lim
0

−∗→ itt

)(
0

tX i lim
0

+∗→ itt

)
0

∗(
0 ii tX

Sedegi: Tu mocemuli gvaqvs aramkafio simravleebis sasruli 

ojaxi, romlebic warmoidgineba aramkafio simravleebis sasruli 

gaerTianebebis saxiT, e.i. niAA
q

j
i

i

,1
1

==∪
=

ji ,, , maSin, Tu  

simravleebi akmayofilebs Teoremis g) punqtis pirobebs, 

marTebulia Semdegi tolobebi: 

jiA ,

)( ),(
1,1,

α
σ

σ

α

i
iin

ji

n

iqj
A⊕∪

=∈Λ∈

=)(
1

i

n

i
A⊕

=
, )()( ),(

1,1, in j
∪

∈1

α
σ

σ

α

i
i

ji

n

iq
i

n

i
AA ΠΠ

=Λ∈=
= ,                     (3.3.5) 

sadac -iT aRniSnulia  elementiani simravlis gadanacv-

lebaTa jgufi.  

nnΛ

praqtikuli mosazrebebiT yvelaze mosaxerxebelia iseTi 

SemTxvevebis ganxilva, rodesac  aramkafio simravleebi warm-

oadgens trapeciis tipis simravleebs. maT Cven aRvniSnavT 

(

jiA ,

ijijijijij mm , h,,, δγ ) xuTeuliT, sadac    
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( ijijijijij hmm ,,,, δγ )( t )=

⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪

⎨

⎧

+∞+∈

+∈
−+

∈

−∈
+−

∈

−−∞∈

).,(,0

];,(,
)(

];,[,

);,[,
)(
);,(,0

ijij

ijijij

ij

ijijij

ijijij

ijijij

ij

ijijij

ijij

mt

mmt
tmh

mmth

mmt
mth

t

mt

γ

γ
δ
δ

γ
γ

γ

γ

 

xolo ijm  da ijm  warmoadgens Sesabamisad qveda da zeda 

modalur mniSvnelobebs. ijγ  da ijδ  aramkafiobis marcxena da ma-

rjvena koeficientebia,  - aramkafio intervalis simaRle. im 

kerZo SemTxvevaSi, roca 

ijh

ijij mm =  da 0== ijij δγ  vRebulobT δ  ti-

pis aramkafio intervals.  

axla ukve gvaqvs yvela aucilebeli teqnikuri saSualeba, raTa 

bolomde miviyvanoT am paragrafis dasawyisSi wamowyebuli bi-

ujetis formirebis maTematikuri modelis aRwera. 

m -iT aRvniSnoT aucilebeli jamuri xarji ∑
=

=
pi

imm
,1

, I -Ti 

aRvniSnoT aucilebeli jamuri Semosavali ∑
=

=
ki

iaI
,1

, xolo X -iT 

aRvniSnoT jamuri aramkafio Semosavlis funqcia, e.i. . 

cxadia vgulisxmobT, rom aRniSnuli aramkafio funqciebi tra-

peciis tipis funqciaTa sasruli gaerTianebebiT gamoisaxeba.  

iXX
n

i 1=
⊕=

biujetis SedgenisaTvis pirvel aucilebel moTxovnas warmo-

adgens, rom 1infˆ Xamm ≤−= .  aris is aucilebeli xarji rome-

lic gaweuli unda iqnes 

m̂

X  Semosavlidan. cxadia, , 

sadac tolobas adgili aqvs mxolod da mxolod maSin, roca 

mXm ˆinf 1
1 ≥≥∗

X  

aris δ  tipis funqcia. me-2 Teoremis Tanaxmad, arsebobs iseTi 
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0>δ  ricxvi, rom, roca ]1.1( δβ −∈ , maSin . radgan aRwerili 

aramkafio simravleebi kompaqtursayrdenianebia, amitom jamuri 

 simravlec kompaqtursayrdeniania, romelsac tradi-ciulad 

aRvniSnavT 

mm ˆ>∗
β

X

pXsup  simboloTi. am simravleze arsebuli 

kanonikuri borealis zomis normirebiT vRebulobT aramkafio 

zomas (ufro metic, albaTur zomas) (ix. ( ) ( ) ( )∑
⊄

⊄Φ∉

−=+
AE

AEE
i

i

ii

EBAB
,,

1AB ).      

1( ]1.β ∈ −δdavafiqsiroT  ricxvi, iseTi, rom . am uka-

nasknel SezRudvas viRebT imitom, rom  simravle ar iyos me-

tismetad didi (zomis TvalsazrisiT) da maSasadame, saboloo 

Sedegi iyos ufro zusti. -Ti aRvniSnoT 

∫≥
pX

xX
 sup

μβ o

βX

βM mm ˆ−∗
β

iY

 

(nax.3.4). aRniSnuli Tanxa unda gadanawildes proporciulad  

moTxovnebze, iα  wonebis (`prioritetebis~) gaTvaliswinebiT 

qi ,1= , amasTanave saWiroa sruldebodes Semdegi utoloba (mas 

SesaZloa vuwodoT β  sizustis biujetis regularobis piroba): 

∑
=

≥
q

i
imM

1
β .                               (3.3.6) 

cxadia, Tu darRveulia (3.3.6) utoloba, maSin safinanso orga-

nizacia dgeba strategiuli mniSvnelobis (kritikuli) gadaw-

yvetilebis winaSe, radgan ukve winaswar aris cnobili, rom erT-

erTi dargi darCeba aucilebeli minimumis gareSe. qvemoT Cven vi-

gulisxmebT, rom biujetis regularobis piroba daculia (es ra-

sakvirvelia ar warmoadgens zogadobis SezRudvas, radgan auci-

leblobis SemTxvevaSi (3.3.6) utoloba daculi iqneba deforma-
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ciis Semdeg). SevadginoT jami . -Ti aRvniSnoT ∑
=

⋅=
q

i
ii mm

1

~~ α βk

m

mM
q

i
i

~
1
∑
=

−β

 fardoba. maSin marTebulia Semdegi toloba:  

∑
=

⋅⋅+=
q

i
iii mkmM

1
)~( αββ .                      (3.3.7) 

aRniSnuli toloba gviCvenebs, rom  moTxovna iY β  sizustis bi-

ujetis agebis dros Cven SegviZlia davakmayofiloT 

iiii mkmm ~⋅⋅+= αβ

)
 TanxiT. aRniSnul ganawilebas vuwodoT β  sizu-

stis biujeti. mas aRvniSnavT  simboloTi, e.i. βB β  sizustis bi-

ujeti aris asaxva 

+→ RYYYGGGB qp },...,,,,...,,{: 2121β ,                (3.3.8) 

romelic moicema Semdegi tolobiT: 

⎪⎩

⎪
⎨
⎧

==

==
=

qiYtm

piGtm
tB

ii

ii

,1,,

,1,,
)( )β  .                        (3.3.9) 

 me-2 Teoremis Tanaxmad, β  sizustis biujetis zRvari, roca 

1→β , tolia  biujetis, e.i. 1B 1
1

lim BB =
→

β
β

. 

SeniSvna 1.  Tu β  sakmaod axlosaa 1-Tan, maSin  biujets is 

upiratesoba aqvs  biujetTan SedarebiT, rom sakmaod didi si-

zustiT SesaZlebelia SevadginoT ufro ~mdidari~ biujeti (es 

moxdeba maSin, Tu ). 

βB

1B

m ∗> 1mβ
∗

SeniSvna 2. Tu  ricxvebis nacvlad wina msjelobaSi ga-

nvixilavT 

β
β Xm ∈∗

βXinfβm =  an β
β Xm sup=  ricxvebs, maSin avagebT  βB  

da βB  biujetebs, maT SesaZloa vuwodoT Sesabamisad ~saarsebo 
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minimumis~ da ~optimisturi~ β  biujetebi. pirveli maTgani miza-

nSewonilia ekonomikurad ganviTarebadi qveynebisaTvis, radgan am 

dros naklebia sabiujeto krizisis albaToba, xolo meore ma-

Tgani ufro Sesrulebadia ekonomikurad ganviTarebuli qveynebi-

saTvis, am dros cxadia, naklebia daugegmavi Semosavlebis alba-

Toba. 

qvemoT sademonstraciod ganvixilavT or magaliTs. pirvelSi 

 ricxvebs gamovTvliT ∗
βm β -s zogierTi mniSvnelobisaTvis, 

xolo meoreSi aRniSnuli Teoriis safuZvelze SevecdebiT mosa-

lodneli biujetis prognozirebas. 

 

3.4. sabiujeto dawesebulebis biujetis formirebis da marTvis 

magaliTi oTxi tipis Semosavlebis dros 

 

magaliTi 1. vTqvaT, mocemuli gvaqvs dafinansebis oTxi  wyaro: 

1. A dafinansebis wyaro - sandoa da zustia, Seadgens 100 000 

lars; 

2. B  dafinansebis wyaro - dafinanseba uzrunvlyofilia da 

meryeobs 40_100 aTas laramde, magram ufro mosalodnelia 

Tanxis Semosvla 50_70 aTas laramde; 

3. C  dafinansebis wyaro - savaraudoa, rom dafinanseba iqneba 

100_110 aTas laramde, (Tu gadawyvetileba jer miRebuli ar 

aris, ar SeiZleba mTlianad gamovricxoT uaris 

SesaZlebloba); 

4. D  dafinansebis wyaro - Zalian arasaimedoa, mosalodnelia 

Tanxis Semosvla 20 aTas larze meti, magram araviTar 

SemTxvevaSi ar gadaaWarbebs 30 aTas lars; 
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sxvadasxva saimedobis xarisxis mqone dafinansebis wyaroebi 

SeiZleba gamovsaxoT aramkafio simravleTa mikuTvnebis 

funqciebis saxiT, romlebic moyvanilia nax. 3.5-ze: 

                   
                                         wyaro А                                                                    wyaro B                                     
         μ                                                                    μ              
           1                                                                     1 
 
         
                   
     
          0                    100       aTasi lari             0      40  50  70   100   aTasi lari        
  
         μ                                   wyaro C                              μ                               wyaro D 
                                                           
             1                                                                       1 
                                                                                0.8 
       0.5                                                    
  
    
            0                    100     110    aTasi lari      0  20   30                 aTasi lari        

 
nax.3.5. sxvadasxva saimedobis xarisxis mqone dafinansebis 

wyaroebis gamosaxvis magaliTi, aramkafio simravleTa 
mikuTvnebis funqciebis saxiT. 

 

TiToeuli aramkafio sidide ganixileba, rogorc trapeciis 

tipis da ara aucileblad normaluri aramkafio intervalebis 

gaerTianebis saxiT. yoveli aramkafio intervali  warmoidgi-

neba xuTeuliT: 

iM

( ),,,,, iiiiii hmmM βα=  

sadac im  da im  aris  aramkafio intervalis modaluri mniSv-

nelobebi; 

iM

iα  da iβ  - aramkafiobis marcxena da marjvena koefici-

entebi, xolo  - aramkafio intervalis simaRle. ih

am aRniSvnebis gaTvaliswinebiT, sxvadasxva dafinansebis wyar-

oebTan dakavSirebul aramkafio sidideebs aqvT Semdegi saxe: 
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( )100;100;0;0;1A =   
( )50;70;10;30;1B =  

( ) ( )1 2 0;0;0;0;0,5 100;110;0;0;1C C C= =U U  
( ) ( )1 2 0;0;0;0;1 20;20;0;10;0,8D D D= =U U  

aramkafio intervalTa Sekrebis wesebis gamoyenebiT gveqneba, 

rom, Tu ( )iiiiii hmmM ,,,, βα=  da ( )jjjjjj hmmM ,,,, βα=  trapeciis tipis ar-

amkafio intervalebia, maSin ji MM ⊕  agreTve iqneba trapeciis 

tipis aramkafio intervali ( )hm ,,,, βαm , ( )ji hhh ,min=  (kveTis efeq-

ti), (nax.3.6): 

 
μ  
                                             
 
                                                                                                 
                                                                                                                     jM
                                                                                                                                                                         
                                                                           
                                                                           iM jα   jm                 jm  jβ  

                                                                                               
321         

i

321         321         321         
876

321         321         321         
876

321         

jmim 0                     α   im              iβ                          jm                            aTasi lari        jα jβ
 

nax.3.6. aramkafio sidideebis Sefaseba aramkafio intervalTa 
gamoyenebiT. 

 

,⎟⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

j

j

i

i

hh
h

ααα ,⎟⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

j

j

i

i

hh
h

βββ  

,ααα +−−+= jiji mmm  .βββ −+++= jiji mmm  

DCBAS ⊕⊕⊕=  jami miiReba aramkafio intervalebis gaerTian-

ebebiT. Cven SemTxvevaSi, gveqneba: 

( ) ( ) ( ) ( )250;280;10;30;1 145;185;5,15;0,5 165;209;5;21;0,5 268;306;8;34;0,8S = ∪ ∪ ∪
rac grafikulad gamosaxulia nax.3.7-ze.    
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maSasadame, miRebuli Sedegis Tanaxmad, yvelaze metad mosal-

odneli dafinansebis Sualedia 250÷280 aTasi lari; naklebad mo-

salodnelia, rom dafinansebam gadaaWarbos 280 aTasi lari (0.8 

done) da, agreTve, naklebad mosalodnelia, rom dafinanseba ar 

gadaaWarbebs 150÷200 aTas lars (0.5 done). 

 
 μ  

 
       1 
           
   0.8 
     

 
   0.5 
      

 
 
 

 
       100  140  150  200 209     230  240  250             280       306               340      aTasi lari        

 

nax.3.7. mikuTvnebaTa jamuri aramkafio simravlis magaliTi. 
 

nebismier SemTxvevaSi, rogorc vxedavT, dafinanseba ar iqneba 140 

aTas larze naklebi da ar gadaaWarbebs 340 aTas lars. C  da  

wyaroebis aRwerisas 0.5 da 0.8 doneebi miuTiTebs, rom ufro mo-

salodnelia miviRoT 20 aTasi lari  wyarodan, vidre araferi 

miviRoT 

D

D

C  wyarodan. es informacia ar ikargeba da Tavs iCens 

saboloo SedegSi. aRniSnuli magaliTisaTvis =∗
1m 265000, 

278000, 179500. =∗
8.0m =∗

5.0m

magaliTi 2. axla Cven gasuli wlebis statistikur monacemebze 

dayrdnobiT SevadgenT aramkafio simravleebs (maT adgens eqspe-

rti) da maTze zemoT aRwerili aramkafio analizis safuZvelze 

davadgenT Semosavlebis savaraudo diapazons ( 1=β  sizustiT). 

demonstrirebas movaxdenT Tbilisis erT-erTi safinanso organi-

zaciis magaliTze (1998 wlis monacemebi). qvemoT yvelgan Ω si-
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mravle warmoadgens [0,100] segments (procentul segments). Sesaba-

mis aramkafio simravleebs Cven aRvniSnavT Tavze swori xaziT, 

xolo maTgan nawarmoeb (erTaderTi gziT) -ze gansazRvr-

ul aramkafio simravleebs - imave simboloebiT oRond Tavze xa-

zis gareSe.  

),0[ +∞

mgegmiT damtkicebuli biujeti aRvniSnoT -iT. sul safinanso 

organizaciis xarjviTi nawili Sedgeba 5 muxlisagan: 1) muSa-

mosamsaxuris xelfasi, Sesabamisi damtkicebuli Tanxa aRvniSnoT 

-iT, is qmnis aramkafio simravles -is mimarT (gamosaxuli 

procentobiT), mas aRvniSnavT 

1m m

1Y -iT. am muxlis sakaso xarji, Ta-

vis mxriv, qmnis 100δ  tipis aramkafio simravles -is mimarT (ga-

mosaxuli procentobiT, radgan is warmoadgens dacul muxls), 

mas aRvniSnavT 

1m

1X -iT; 2) damqiravlebidan anaricxebi. aqac Semovi-

tanT Sesabamis sidideebs , 2m 2Y , 2X  ( 2X  warmoadgens 100δ  tipis 

aramkafio simravles). analogiur aRniSvnebs SemovitanT Semdegi 

muxlebisTvisac: 3) mivlinebebi, 4) sxva saqoneli da momsaxureba, 

5) kapitaluri xarjebi. SevniSnoT, rom -Si gaTvaliswinebulia 

msoflio bankis mier sasamarTlo reformisaTvis gamoyofili 

krediti, romelic 

m

100δ -is tolia. misi ricxviTi mniSvneloba -

iT aRvniSnoT. 

∗m

∑ -Ti aRvniSnoT saerTo sakaso xarjis mier war-

moqmnili aramkafio simravle −− m ∗m−= mmm 1 2 -is mimarT. cxadia, 

rom marTebulia Semdegi formula:  

5

3

1 (
100

i i
i

X Y
=

=∑ ⊕ )⊗ .                                                                 (3.4.1) 

maSin β  sizustiT prognozirebuli realuri sakaso xarji moTa-

vsebuli iqneba Semdeg segmentSi: 
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)]sup(),inf(01.0[ 2121

αα
Σ+++Σ⋅⋅+++ ∗∗ mmmmmmm .                (3.4.2) 

Cven mier agebul aramkafio simravleebs aqvs saxe: 

1103151 δ=X , 233012 δ=X , )6.0;0;0;11;8()1;0;6;8;6(3 ∪=X , 

)7.0;0;0;5;8;4(3 =Y 10;8()1;0; ∪ , )1;3;0;5;0(4 =X , )1;10;2;25;20(4 =Y , 

, )5.0;0;0;300;3;0(5 =X ;25()1;0; ∪ )1;0;6.16;18;15(5 =Y . (3.3.9) formulis gamo-

yenebiT vRebulobT [ ]0.24;2.43 . 
1
=∑  (3.4.1)-is ZaliT vRebulobT 1 

sizustiT prognozirebuli sakaso xarjis segments [134528;142850]. 

aRniSnuli wlis realuri sakaso xarji iyo 134442. rogorc vxe-

davT, gansxvaveba sakmad mcirea.  

rogorc zemoT aRvniSneT, biujetis koreqtulad formirebisa-

Tvis saWiroa daculi iyos regularobis (3.3.6) utoloba. am para-

grafSi ganvixilavT im SemTxvevas, rodesac aRniSnuli utoloba 

darRveulia, e.i. yvela dargis minimalurad uzrunvelyofisa-

Tvis finansur organizacias aklia 
1

q

i
i

D m Mβ β
=

= −∑  lari (aq cxa-

dia vgulisxmobT, rom biujets vadgenT β  sizustiT). Cven Seve-

cdebiT aRvweroT procedura, romelic saSualebas mogvcems amo-

varCioT dasafinansebeli dargebi (mas vuwodebT qirurgiis pro-

ceduras).   

SemovitanoT zogierTi aucilebeli aRniSvna. vTqvaT, sabiuje-

to organizaciebis mier nawarmoebi produqciis nawili urTier-

TSoris gadanawildeba. kerZod, i -uri dargis mier nawarmoebi 

produqciis  nawils moixmars ijx j -uri dargi (  ,0>ijx
1,

1
j q

ij
j j i

x
=

= ≠

<∑ ). 

garda amisa, vTqvaT, , ]1,0[: →+Rfi qi = ,1  funqciebi aRniSnavs dasa-

finansebeli organizaciebis aramkafio Semosavlis funqciebs 

(maT agebs eqsperti). 
qjiijkK

,1,
)(

=
= -Ti aRvniSnoT gansaxilvel da-
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rgebs Soris incidenturobis matrica, e.i.  . maSin 

cxadia,  -uri dargis mogebis funqcias  aqvs Semdegi 

saxe: 

⎩
⎨
⎧

=

>
=

0,0
0,1

ij

ij

ij x
x

k

++ → RRi Ii :

1, ,

( )i
j q j i

ijI t t t x
= ≠

= − ⋅∑ .                                                           (3.4.3) 

 Tu -Ti aRvniSnavT mogebis aramkafio simravleebs, maSin 

gvaqvs Tanafardoba 

iF

( )i ijF t t x f t− ⋅ = ( )i∑ , anu  

i iF I f=o i , 1,i = q

ij

.                               (3.4.4) 

(3.4.4) gantolebebidan naTelia, rom  funqciebis amoxsnisa-

Tvis saWiroa  funqciebis bieqciuroba. aRniSnuli tolobidan 

vRebulobT, rom 

iF

iI

( ) 1 0i
j i

I t x
≠

′ = − >∑ , e.i.  funqciebi zrdadia, 

amitom arsebobs maTi Seqceuli funqciebi  da marTebulia Se-

mdegi tolobebi  

iI

−
iI 1

                , 1−= iii IfF o .,1 qi =  

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
=

∑
≠= ijqj

ij
ii x

tftF
,,1

1
)( .                             (3.4.5) 

K  -Ti aRvniSnoT K  matricis Sesabamisi binaruli mimarTebiT 

gansazRvruli simpleqsuri kompleqsi, romlis wveroebi aRWurvi-

lia  funqciebiT. cxadia, sazogadod aRniSnuli kompleqsi ar 

aris bmuli (es moxdeba maSin, rodesac dasafinansebel organiza-

ciebs Soris arian ekonomikurad izolirebuli jgufebi, e.i. 

iseTi jgufebi, romlebsac urTierTSoris ara aqvT sameurneo 

urTierTobebi). 

iF

K  kompleqsis bmulobis komponentebi aRvniSnoT 

 144



,iK  li ,0= . aRniSnul bmulobis komponentebs Cven SevusabamebT 

maT wveroebTan mdgari  funqciebis aramkafio jams  iF

Kj i∈ ji Fg ⊕= .                                   (3.4.6) 

aRniSnuli funqciebi warmoadgens i -uri finansuri jgufis moge-

bis aramkafio simravleebs, li ,0= . 

axla ganvixiloT l -ganzomilebiani simpleqsi, romlis wvero-

ebi aRWurvilia namdvili ricxvebiT da aramkafio simravleebiT, 

kerZod,  wveros SevusabamebT ia ∑
∈

=
iKj

ji
mm  ricxvs da  aramkafio 

simravles, 

ig

li ,1= .  simpleqsis lΔ >=<Δ
ss iiiiii aaa ,...,

1010 ,,...,,  waxnags Sevu-

sabamoT  funqcia, romelic gansazRvrulia Se-

mdegi tolobiT: 

]

si,...,

1:,...,, 10 +R
siii ,0[→G

ji

s

jii gG
0, 10 =
⊕= .                               (3.4.7) 

~K
lΔ

)( lΔ -iT aRvniSnoT simpleqsuri kompleqsi, romelic Sedgeba 

 simpleqsis im  waxnagebisagan, romlebic akmayofilebs iii ,...,, 10
Δ

βM
i j
<

( lK Δ%

s

m
s

j
∑
=0

 pirobas, sadac  (3.3.6) pirobiT gansazRvruli sidi-

dea. -Si SemovitanoT nawilobiTi dalagebis mimarTeba, 

romelic inducirebulia Cadgmis mimarTebiT. 

βM

)

ganvixiloT zemoT aRwerili nawilobriv dalagebuli )(~ lK Δ  

simravlis maqsimaluri elementebi. maTi erToblioba aRvniSnoT 

 simboloTi. ganvixiloT Semdegi asaxva:  ℑ

+→ℑ RT :α ,                               (3.4.8) 

romelic ganisazRvreba =Δ )( ,...,, 10 siiiT α )( ,...,, 10 siiiGm•
α  tolobiT, sadac 

]1,0(∈α .  
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vipovoT  asaxvis maqsimumis wertili. Tu aseTi wertili 

erTze metia, maSin maT Soris raime mosazrebiT gamovyoT erTi 

wertili, vTqvaT, iseTi wertili, romlis wveroebSi moTavsebu-

li sameurneo dargebis prioritetebis jami iyos maqsimaluri. 

amrigad, Cven aRvwereT procedura, romelic saSualebas gva-

Zlevs regularulobis pirobis darRvevis SemTxvevaSi dasafina-

nsebeli dargebis erTobliobidan mogebis TvalsazrisiT gamo-

vyoT ufro prioritetuli dargebi. aRniSnul proceduras vuwo-

debT 

αT

α -“qirurgias”. 

amrigad, aRniSnuli proceduris Semdeg arCeuli gvaqvs is da-

rgebi, romelTa dakmayofileba aris SesaZlebeli (arsebobs maT-

Tvis aucilebeli minimumis Sesabamisi Tanxebi) da romlebic maq-

simalur mogebas mogvcems sxva dargebTan SedarebiT. amis Se-

mdeg, cxadia, saWiroa prioritetebis gadanawileba darCenil da-

rgebs Soris. kerZod, Tu dasafinansebeli dargebia , 

sadac 

pii YY ,,
1
K

qp ≤ , romelTa sawyisi prioritetebi iyo a , maSin 

maTi axali (gadanawilebuli) prioritetebi iqneba: 

1
, ,i K pi

a

∑
=

=′ p

l
i

i
i

l

k

k

a

a
a

1

, pk ,1= . 

amis Semdeg yvelaferi mimdinareobs ise, rogorc zemoTaa 

aRwerili.  

naSromSi damuSavebuli algoriTmebis da maTematikuri mode-

lebis safuZvelze Seqmnilia muSa programebi [39], romlebic da-

nergili iqna saerTo sasamarTloebis departamentSi. agreTve mo-

cemulia saerTo sasamarTloebis departamentis angariSi [40]. 
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d a s k v n a 

 

1. Seswavlili da gaanalizebulia regionaTaSorisi obieqtebis 

samrewvelo, samSeneblo, sasamarTlo sistemebis da sxva 

urTierTkavSiriT ganpirobebuli procesis formirebis 

xasiaTi da suraTi, romelic gamoixateba regionaTaSorisi 

sagzao, sarkinigzo, energetikuli, sainformacio, 

ekonomikuri nakadebis formirebaSi. 

2. Semotanilia regionaTaSorisi produqtcvlis sistemis 

mdgomareobis damaxasiaTebeli parametrebi. makrosistemuri 

midgomis safuZvelze Seqmnilia regionaTaSorisi 

produqtTcvlis sistemis maTematikuri modeli. 

3. ganxilulia makrosistemebis maTematikuri modelirebis 

SedarebiTi analizi, Seqmnilia regionSi obieqtTaSorisi 

komunikaciebis struqturis, rogorc fraqtalebis marTvisa 

da analizis maTematikuri modelebi. 

4. Seqmnilia saerTo sasamarTloebaTaSorisi materialur-

teqnikuri resursebis da informaciuli nakadebis 

imitaciuri modelebi. Sesabamisi maTematikuri modelebis 

parametrebis gamoTvlisaTvis, damuSavebulia algoriTmebi 

entropiis maqsimizaciis principis gamoyenebiT.   

5. Seqmnilia regionaluri sistemis, rogorc erTiani 

ekosistemis maTematikuri modeli. romlis safuZvelze 

SesaZlebelia regionebis daproeqtebisa da obieqtebis 

mSeneblobis dros miRebul iqnas optimaluri 

gadawyvetileba sistemuri midgomis safuZvelze. 
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6. Seqmnilia sabiujeto organizaciis (sasamarTlos tipis) 

funqcionirebis maTematikuri modeli, romelic saSualebas 

gvaZlevs ganvaxorcieloT obieqtis homeostatikuri marTva. 

7. Seqmnilia sabiujeto organizaciis biujetis formirebis da 

marTvis matematikuri modeli, aramkafio simravleTa 

Teoriis safuZvelze. 

8. Seqmnilia biujetis SemosavliTi nawilis warmodgenis 

meTodika aramkafio simravleebis saSualebiT. 

9. Seqmnilia sabiujeto dawesebulebis samsaxurebis 

organizaciuli struqturis srulyofis da marTvis 

algoriTmi, romelic saSualebas gvaZlevs miviRoT 

samarTliani gadawyvetileba davalebaTa ganawilebis, 

Sesrulebisa da Sesabamisad TanamSromelTa premirebisaTvis. 

10. moyvanilia sanimuSo magaliTi sabiujeto organizaciis 

biujetis xarjviTi nawilis marTvisa, rodesac gvaqvs oTxi 

tipis biujetis Semosavlebi. 
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