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reziume 

 

axla mecnierebaSi SeimCneva mravali gansxvavebuli samecniero 

disciplinebis integrireba, raTa mTeli rigi movlenebi, Tu obieqtebi 

Seswavlilni iqnan rogorc erTiani sistemebi, radganac yvelaferi 

urTierTkavSirSi da urTierTdamokidebulebaSia, amasTanave, 

yvelaferi konfliqturia. mdgradi struqturebis Seqmna ki 

SesaZlebelia, mxolod urTierTdapirispirebuli elementebis 

erTianobiT, maTi erToblivi qmedebiT.  

aqedan gamomdinare fundamenturi, Tu praqtikuli problemis 

gadaWrisas, gadawyvetilebis miRebisas, aucilebelia vicodeT 

gansaxilveli movlenis Tu obieqtis maTematikuri modeli, miTumetes, 

rodesac saqme gvaqvs iseT situaciasTan, rodesac sakvlevi sistema, 

rogorc erTiani, miekuTvneba determinirebul sistemaTa klass, maSin 

roca misi Semadgeneli nawilebis qceva SemTxveviT xasiaTs atarebs. 

aseT sistemebs makrosistemas vuwodebT.  

urbanuli sistemis modelirebisas, misi struqturuli da 

sistemuri  analizis dros,  saqme gvaqvs erTdroulad mimdinare 

procesebTan, rogorc stoqastikur (urbanuli sistemis Semadgenel 

TiToeuli elementisaTvis damaxasiaTebeli) aseve, agregirebul,  

determinirebul (romelic Sedegia stoqastikuri qmedebebis 

erTobliobisa) procesebTan. 

urbanuli sistemebis  funqcionirebisa da ganviTarebis sirTule, 

misi mravalfaqtorianoba, Txoulobs mTeli rigi konkretuli 

problemebis erTdroul gadawyvetas iseTi gansxvavebuli 

sferoebidan, rogoricaa ekonomika, demografia, socialuri 

ganviTareba, garemos dacva da sxva. am dros gaTvaliswinebuli unda 

iqnas sxvadasxva kategoriebiT moazrovne da sxvadasxva `enaze” 

molaparake mravali mimarTulebis specialistebis (sociologebis, 

ekologebis, iuristebis, demografebis, ekonomistebis da sxva) 

rekomendaciebi, rCevebi, azrebi da SeniSvnebi. sxvadasxva `enaze” 

moazrovne specialistebis erT enaze dayvana ki SesaZlebelia mxolod 

maTematikis safuZvelze.  

Cveni midgoma, urbanul sistemaSi mimdinare procesebis 

modelirebisa eyrdnoba makrosistemur midgomas, kerZod entropiis 

maqsimizaciis princips da  algebruli topologiis Q -analizis 

meTodebs. 

makrosistemebSi mikro doneze elementebis SemTxveviTi qceva 

transformirdeba mdored mimdinare procesebad, romelsac 

makromdgomareoba hqvia. principialuri Tviseba makrosistemebisa 

mdgomareobs imaSi, rom relaqsaciis dro mikro da makro doneebze 

mniSvnelovnad gansxvavdebian erTmaneTisagan.  
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makrosistemebis am Tvisebam saSualeba mogvca gamogveyenebina 

lokaluri wonasworobis principi, romelsac adgili aqvs 

TermodinamikaSi. es saSualebas gvaZlevs ganvixiloT urbanuli 

sistemebis sivrcul-droiTi evolucia, rogorc lokalur-

stacionalur mdgomareobaTa Tanmimdevroba, sadac, yoveli 

mdgomareoba xasiaTdeba pirobiTi entropiis maqsimumiT. 

makrosistemebi zogadad warmoadgenen arawrfiv sistemebs, sadac 

parametrebis garkveuli mniSvnelobebis dros sistemaSi  Cndeba 

bifurkaciis wertilebi da iwyeba qaosi.    

qaosis Teoriis Tanaxmad, Cvens mier daSvebul patara Secdomas, 

SeiZleba SemdegSi moyves gamousworebeli Sedegebi. aqedan gamomdinare, 

mdgradi ganviTarebis principi gvavaldebulebs SevqmnaT iseTi 

eqspertuli sistemebi, romlebic saSualebas mogvcemen SevafasoT 

daproeqtebis dros miRebuli yoveli Cveni gadawyvetileba, raTa 

daSvebuli ar iqnas iseTi Secdomebi, romelic Semdgom katastrofamde 

migviyvans. 

urbanuli sistemis gegmarebiTi procesis organizaciis  aSkara 

CamorCenis fonze, satransporto problemebis gadaWra dRiTidRe met 

aqtualobas iZens. iseTi sakiTxebis Seswavla  rogorebicaa, 

satransporto qselis optimaluri topologia,  kompleqsuri, 

inteleqtualuri satransporto sistemis Seqmna da sxva SeuZlebelia 

maTematikuri aparatis, meTodebis da `fizikuri koncefciebis” 

gamoyenebis gareSe. 

Cvens mier SemoTavazebuli rTuli sistemebis struqturuli 

analizisa da marTvis algebruli topologiis meTodebi da miRebuli 

Sedegebi, saSualebas gvaZleven  ganvaxorcieloT  arsebuli 

satransporto nakadis optimaluri marTva da  mivawodoT 

rekomendaciebi axali satransporto qselis dagegmarebisa da Zvelis  

rekonstruqciisaTvis.   

Cvens mier Seqmnilma urbanuli sistemis imitaciurma modelma, 

marTvis meTodebma da algoriTmebma saSualeba mogvca Segveqmna 

urbanuli sistemis funqciur-sivrculi ganviTarebis Sefasebis 

ekspertuli sistemis maketi,   romelic saSualebas gvaZlevs, ara 

marto operatiulad SevafasoT qalaqSi mimdinare procesebi, aramed 

ganvsazRvroT qalaqis strategiuli marTvis politika da droulad 

movaxdinoT reagireba warmoqmnil situaciaze, mizandasaxulad, 

sistemuri midgomis safuZvelze, Cvens mier arCeuli kriteriumis 

mixedviT, prognozireba gavukeToT urbanuli sistemis maxasiaTebel 

makroparametrebs  da vmarToT socialuri, ekonomikuri, 

demografiuli da sxva procesebi. 
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Abstract 

Nowadays many different scientific disciplines are observed to be integrated to study a 

number of events and the objects as a single system since they are all interconnected and 

interdependent and conflicting as well. Sustainable structures may be developed by the 

unity of opposing elements and their joint action. 

Therefore, for the fundamental or practical problem solving and decision-making process 

require knowledge of mathematical model related to the considered phenomenon or the 

object, especially when dealing with such a situation, when research system as a whole 

system belongs to the determined system class while the behavior of its constructs are of 

sporadic character. These systems are called as macrosystems. 

Within urban system modeling, its structural and systematic analysis we are dealing with 

the simultaneously existing processes including stochastic (typical for each element of 

urban system) as well as aggregated, determined processes (resulted from the stochastic 

actions combination). 

The complexity of urban system functioning and its development, its multifunctionality 

require simultaneous solution of various areas, such as economics, demographics, social 

development, environmental protection, etc. Within this process should be taken into 

account the recommendations of experts and specialists of different fields (such as 

sociologists, ecologists, lawyers, demographers, economists, etc.), their considerations and 

observations. Finally these various  conclusions may be considered on the mathematical 

basis.  

Our approach of the modeling of urban system processes is based on microsystem 

approach, in particular on the methods of entropy maximization principle and algebraic 

topology analysis.  

Casual behavior of element on micro level in macrosystems is transformed as flowing 

processes called as macrostate and its specific feature lies in the fact that the relaxation 

time of the micro and macro levels significantly differs. 

This feature of microsystems enables us to use thermodynamics local equilibrium principle 

thus considering the spatial-time evolution of the system as a sequence of local-stationary 

states where each state is characterized by conditional maximum entropy. 

Generally macrosystems represent nonlinear systems, where bifurcation points are 

occurred at the certain values of parameters and the chaos begins. 

According to the chaos theory, a small error in the former will produce an enormous error 

in the latter. Therefore due to the sustainable development principle we should develop 

expert systems enabling evaluation of each our decision made during the design process to 

avoid further disastrous results.  
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Solving of transportation problem is quite actual in light of existing urban system planning 

process delays. Study of optimal topology of transportation network, development of 

comlex, intelligent transportation systems and etc. are impossible without appropriate 

mathematical apparatus, methods and “physical concepts”.  

Proposed structural analysis of complex systems  and algebraic topological methods in 

management together with obtained results enable to maintain optimal control for traffic 

flow and to provide relevant recommendations to design new transportation network and 

update old one. 

Developed urban system simulation models, control methods and algorithms made 

possible to create expert system model for assessment of urban system functional and 

spatial development thus enabling not only to promptly evaluate ongoing processes in the 

city, but also to define the strategic management policy and to timely respond to emerging 

situations. Herewith on the basis of systematic approach and due to selected criteria this 

model will provide prediction of urban system’s characteristic parameters and manage the 

social, economic, demographic and other processes. 
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Sesavali 

 

axla mecnierebaSi SeimCneva mravali gansxvavebuli samecniero 

disciplinebis integrireba, raTa mTeli rigi movlenebi, Tu 

obieqtebi Seswavlilni iqnan rogorc erTiani sistemebi, 

radganac, yvelaferi urTierTkavSirSi da urTierTdamokidebulebaSia, 

amasTanave, yvelaferi konfliqturia. mdgradi struqturebis 

Seqmna ki SesaZlebelia, mxolod urTierTdapirispirebuli 

elementebis erTianobiT, maTi erToblivi qmedebiT.  

aqedan gamomdinare fundamenturi, Tu praqtikuli problemis 

gadaWrisas, gadawyvetilebis miRebisas, aucilebelia vicodeT 

gansaxilveli movlenis Tu obieqtis maTematikuri modeli, 

miTumetes, rodesac saqme gvaqvs iseT situaciasTan, rodesac 

sistema, rogorc erTiani avlens sxva bunebasa da Tvisebebs, 

vidre misi Semadgeneli nawilebi. xSirad sakvlevi sistema, 

rogorc erTiani, miekuTvneba determinirebul sistemaTa klass, 

maSin roca misi Semadgeneli nawilebis qceva SemTxveviT 

xasiaTs atarebs. aseT sistemebs makrosistemas vuwodebT [1]. 

magaliTad, daxurul WurWelSi moTavsebuli gazis molekulebi 

qaosurad moZraoben, magram Sedegad gazs aqvs gansazRvruli 

wneva, moculoba da temperatura. analogiurad, urbanul 

sistemaSi calkeuli individis gadaadgileba SeiZleba 

ganxiluli iqnas rogorc SemTxveviTi procesi, xolo Sedegi – 

momsaxurebis centrebis ganlageba, satrnsporto komunikaciebi, 

transportis nakadi da sxva warmovadginoT determinirebuli 

parametrebis saxiT.  

urbanuli sistemis modelirebisas, misi struqturuli da 

sistemuri  analizis dros,  saqme gvaqvs erTdroulad mimdinare 

procesebTan, rogorc stoqastikur (urbanuli sistemis 

Semadgenel TiToeuli elementisaTvis damaxasiaTebeli) aseve, 

agregirebul,  determinirebul (romelic Sedegia stoqastikuri 

qmedebebis erTobliobisa) procesebTan. 
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aqedan gamomdinare urbanuli sistema miekuTvneba stoqastikur-

determinirebul sistemaTa klass da misi  Seswavla  unda 

moxdes Sesabamisi maTematikuri aparatis gamoyenebiT. 

urbanuli sistemebis  funqcionirebisa da ganviTarebis 

sirTule, misi mravalfaqtorianoba, Txoulobs mTeli rigi 

konkretuli problemebis erTdroul gadawyvetas iseTi 

gansxvavebuli sferoebidan, rogoricaa ekonomika, demografia, 

socialuri ganviTareba, garemos dacva da sxva. am dros 

gaTvaliswinebuli unda iqnas sxvadasxva kategoriebiT 

moazrovne da sxvadasxva `enaze” molaparake mravali 

mimarTulebis specialistebis (sociologebis, ekologebis, 

iuristebis, demografebis, ekonomistebis da sxva) 

rekomendaciebi, rCevebi, azrebi da SeniSvnebi. sxvadasxva `enaze” 

moazrovne specialistebis erT enaze dayvana ki SesaZlebelia 

mxolod maTematikis safuZvelze.  

Cveni midgoma, urbanul sistemaSi mimdinare procesebis 

modelirebis, funqcionalur-sivrculi ganviTarebis SefasebisaAda 

marTvisaTvis, eyrdnoba makrosistemur midgomas [1], kerZod 

entropiis maqsimozaciis princips da  algebruli topologiis 

Q -analizis meTodebs [2-4]. 

makrosistemebSi mikro doneze elementebis SemTxveviTi qceva 

transformirdeba mdored mimdinare procesebad, romelsac 

makromdgomareoba hqvia. principialuri Tviseba makrosistemebisa 

mdgomareobs imaSi, rom relaqsaciis dro mikro da makro 

doneebze mniSvnelovnad gansxvavdebian erTmaneTisagan.  

makrosistemebis am Tvisebam saSualeba mogvca gamogveyenebina 

lokaluri wonasworobis principi, romelsac adgili aqvs 

TermodinamikaSi. es saSualebas gvaZlevs ganvixiloT urbanuli 

sistemebis sivrcul-droiTi evolucia, rogorc lokalur-

stacionalur mdgomareobaTa Tanmimdevroba, sadac, yoveli 

mdgomareoba xasiaTdeba pirobiTi entropiis maqsimumiT. 

amavdroulad, urbanuli sistemis, rogorc rTuli sistemis 

mdgomareoba ar unda SevafasoT mxolod erTi kriteriumiT, 
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radganac sistemis mdgomareobis maxasiaTebeli parametris (an 

parametrebis) gaumjobesebas erTi romeliRac kriteriumiT, 

xSirad mivyevarT mis gauaresebamde sxva kriteriumis mixedviT. 

aucilebelia ganzogadoebuli kriteriumis formireba,  

romelic mniSvnelovnad damokidebulia makrosistemis 

dagegmarebis konkretul amocanaze. mravalfaqtoriani 

kriteriumis mixedviT gadawyvetilebis miReba ki SeuZlebelia 

Tanamedrove marTvis Teoriisa da informaciuli teqnologiebis 

gamoyenebis gareSe [5]. 

metad mniSvnelovani faqtoria, is, rom makrosistemebi 

zogadad warmoadgenen arawrfiv sistemebs, sadac parametrebis 

garkveuli mniSvnelobebis dros sistemaSi  Cndeba bifurkaciis 

wertilebi da iwyeba qaosi.  

qaosis Teoriis Tanaxmad, Cvens mier daSvebul patara 

Secdomas, SeiZleba SemdegSi moyves gamousworebeli Sedegebi. 

aqedan gamomdinare, mdgradi ganviTarebis principi 

gvavaldebulebs SevqmnaT iseTi eqspertuli sistemebi, romlebic 

saSualebas mogvcemen SevafasoT daproeqtebis dros miRebuli 

yoveli Cveni gadawyvetileba, raTa daSvebuli ar iqnas iseTi 

Secdomebi, romelic Semdgom katastrofamde migviyvans, 

mniSvnelovania dadgenili iqnas urbanuli sistemis ganviTarebis 

mdgradobis areebi da bifurkaciis wertilebi [6]. 

makrosistemis ganviTarebis, rekonstruqciis dros icvleba 

makrosistemis struqtura. am dros mniSvnelovania arsebuli 

resursebis pirobebSi moZebnili iqnas makrosistemis 

struqturis cvlilebis optimaluri gza. 

urbanuli sistemis formireba, funqcionalur-sivrculi 

struqturis Camoyalibeba da ganviTareba mniSvnelovanwilad 

ganisazRvreba mosaxleobis interesebiT da qmedebiT. Cvens mier 

Seqmnili maTematikuri modelic efuZneba da gamomdinareobs  

mosaxleobis interesebisa da qcevisagan. models safuZvlad 

udevs is hipoteza, rom TiToeuli moqalaqis esa Tu is arCevani 

aris damoukidebeli, SemTxveviTi. miuxedavad imisa, rom 
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TiToeuli moqalaqis qceva aris SemTxveviTi, zogadad 

gansazRvrulia maTi interesebi da midrekilebebi. magaliTad, 

sociologiuri gamokiTxvis Sedegad yovelTvis gvaqvs 

informacia mosaxleobis TiToeuli fenis interesebis Taobaze.  

urbanuli sistemis gegmarebiTi procesis organizaciis  

aSkara CamorCenis fonze, satransporto problemebis gadaWra 

dRiTidRe met aqtualobas iZens. iseTi sakiTxebis Seswavla  

rogorebicaa, satransporto qselis optimaluri topologia,  

kompleqsuri, inteleqtualuri satransporto sistemis Seqmna da 

sxva SeuZlebelia maTematikuri aparatis, meTodebis da 

`fizikuri koncefciebis” gamoyenebis gareSe. 

Cvens mier SemoTavazebuli rTuli sistemebis struqturuli 

analizisa da marTvis algebruli topologiis meTodebi da 

miRebuli Sedegebi, saSualebas gvaZleven  ganvaxorcieloT  

satransporto nakadis optimaluri marTva arsebuli 

satransporto qselis rekonstruqciis gareSe da  mivawodoT 

rekomendaciebi axali  satransporto qselis dagegmarebisa da 

Zvelis  rekonstruqciisaTvis.   

Cvens mier Seqmnilma urbanuli sistemis imitaciurma modelma, 

marTvis meTodebma da algoriTmebma saSualeba mogvca Segveqmna 

urbanuli sistemis funqciur-sivrculi ganviTarebis Sefasebis 

ekspertuli sistemis maketi, romelic saSualebas gvaZlevs, ara 

marto operatiulad SevafasoT urbanul sistemaSi mimdinare 

procesebi, aramed ganvsazRvroT urbanul sistemis strategiuli 

marTvis politika da droulad movaxdinoT reagireba 

warmoqmnil situaciaze, mizandasaxulad, sistemuri midgomis 

safuZvelze, Cvens mier arCeuli kriteriumis mixedviT, 

prognozireba gavukeToT urbanuli sistemis maxasiaTebel 

makroparametrebs  da vmarToT socialuri, ekonomikuri, 

demografiuli da sxva procesebi. 
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Tavi 1 

makrosistemebis maTematikuri modelirebis zogadi 

principebi 

 

1.1 literaturis mimoxilva 

 rogorc SesavalSi aRvniSneT, Cveni midgoma, urbanul sistemaSi 

mimdinare procesebis modelirebis, funqcionalur-sivrculi 

ganviTarebis SefasebisaAda marTvisaTvis, ZiriTadad eyrdnoba 

makrosistemur midgomas, kerZod entropiis maqsimozaciis 

princips da  algebruli topologiis Q -analizis meTods. 

entropiis maqsimozaciis principi pirvelad gamoyenebuli iqna 

vilsonis mier qalaqis satransporto nakadis modelirebisaTvis 

[1]. aqve unda aRiniSnos, rom makrosistemebis modelirebisa da 

marTvis Teoriuli bazis formirebas axla eyreba safuZveli. am 

mimarTulebiT aRsaniSnavia moskovis sistemuri kvlevis 

institutis mecnierTa Sromebi, ruseTis mecnierebaTa akademiis 

wevr-korespodentis i. s. popkovis xelmZRvanelobiT. maT mier 

ZiriTadad Camoyalibebuli iqna makrosistemebis maTematikuri 

modelirebis principebi garkveuli SezRudvebis dros da 

miRebuli Sedegebi gavrcobili iqna urbanuli sistemebis 

maTematikuri modelirebisa da marTvisaTvis problemebis 

gadasaWrelad [7,8]. am meTodis ZiriTadi nakli iyo is, rom 

modelSi ar monawileobdnen parametrebi, romlebic 

gansazRvravdnen sistemaSi mimdinare yvela dinamikuri procesebis 

mimdinareobas. Cvens mier Semotanili iqna mosaxleobis 

interesebis dakmayofilebis parametri, romelmac aRniSnuli 

xarvezi gamoaswora. miRebuli Sedegi moxsenebuli iqna moskovis 

sistemuri kvlevis institutis seminarze da gamoqveynda statiis 

saxiT amave institutis SromaTa krebulSi [9]. 

  aseve unda aRiniSnos, rom aRniSnuli modelebis kvleva ar 

mimdinareobda katastrofebisa da qaosis Teoriis safuZvelze. 

DCvens mier Semotanili mosaxleobis dinamikis parametrebma 
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saSualeba mogvca Segveqmna gamoyenebiTi algoriTmebi urbanuli 

sistemis funqcionalur-sivrculi ganviTarebis Sefasebisa da 

marTvisaTvis da qaosis Teoriis safuZvelze Segveswavla 

urbanuli sistemis raodenobriv-Tvisobrivi Tanafardobis 

gansakuTrebuli wertilebi. 

makrosistemebis maTematikuri modelirebis meTodebi daedo 

safuZvlad saqarTvelos politeqnikuri universitetis 

arqiteqturis fakultetze Seqmnil imitaciuri modelirebisa da 

marTvis laboratoriis kvlevebis mimarTulebas. kerZod, 

laboratoriis ZiriTadi Tematika iyo urbanuli sistemebis 

maTematikuri modelirebisa da marTvis sakixebi. aRniSnul 

laboratoriaSi Seqmnili kvlevebi gamoqveynda statiebisa da 

monografiebi saxiT [6], [10-15]. amave laboratoriaSi Sesrulda q. 

Tbilisis meriisaTvis qalaqgegmarebiTi proeqtebis Sefasebis 

samuSaoebi.   

aqve unda SevniSnoT, rom zemoT moyvanili mecnierTa Sromebi da  

kvlevebi ZiriTadad eyrdnoboda sivrce-droiTi aresaTvis 

damaxasiaTebeli uwyveti maTematikis principebs (diferencialuri 

da integraluri gantolebebi). rac, rig SemTxvevaSi arasakmarisi 

iyo makrosistemaSi mimdinare inteleqtualuri procesebis 

modelirebisa da marTvisaTvis da moiTxovda algebruli da 

topologiuri meTodebis gamoyenebas. Cven kvlevebSi orive 

mimarTuleba  iqna gamoyenebuli: uwyveti da diskretuli -  

algebruli topologiisa da simravleTa meseris Teoriebi. 

simravleTa meseris Teoria, romelsac Cven viyenebT, 

ZiriTadad eyrdnoba mecnierTa jgufis (makarovi i.m., axremi a.a., 

raxmankulovi v.z.) Sromebs [16]. am meTodis gamoyenebam 

saSualeba mogvca gagvezarda urbanuli sistemebis 

identifikaciis sizuste da parametris Zebnis siswrafe.  

kvlevis arsebuli meTodebi ar exeboda makrosistemebis 

struqturul analizs, rac aucilebelia urbanuli sistemebis 

analizis da marTvisaTvis, satransporto qselis 

modelirebisaTvis, satransporto nakadis marTvisaTvis. 
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algebruli topologii meTodebi, romelsac Cven viyenebT, 

eyrdnoba ingliseli mecnieris etkinis Sromebs [2-4]. mis mier 

Semotanili iqna Q analizis meTodi, romelic saSualebas 

gvaZlevs SeviswavloT makrosistemebis struqturis mdgradoba 

masze moqmedi SeSfoTebebis mimarT, kerZod mis mier Semotanili 

winaaRmdegobis veqtorisa da eqscentrisitetis saSualebiT. am 

ideologiaze dayrdnobiT Cvens mier Seqmnili iqna algoriTmi 

struqturis veqtoris gaumjobesebis optimaluri gzis 

ZebnisaTvis, kerZod dadgenili iqna ori aucilebeli piroba, 

romelTa gaTvaliswinebiTac SesaZlebelia mniSvnelovnad 

SevamciroT makrosistemis struqturis gaumjobesebis 

optimizaciisaTvis saWiro gamoTvlebis raodenoba. aRniSnuli 

meTodebis safuZvelze Cvens mier SemoTavazebuli rTuli 

sistemebis struqturuli analizisa da marTvis algebruli 

topologiis meTodebi da miRebuli Sedegebi saSualebas 

gvaZleven  ganvaxorcieloT  satransporto nakadis optimaluri 

marTva arsebuli satransporto qselis rekonstruqciis gareSe 

da mivawodoT rekomendaciebi axali  satransporto qselis 

dagegmarebisa da Zvelis  rekonstruqciisaTvis.   

Seqmnilma urbanuli sistemis imitaciurma modelma, marTvis 

meTodebma da algoriTmebma saSualeba mogvca Segveqmna 

urbanuli sistemis funqciur-sivrculi ganviTarebis Sefasebis 

eqspertuli sistemis maketi, romelic saSualebas gvaZlevs, ara 

marto operatiulad SevafasoT urbanul sistemaSi mimdinare 

procesebi, aramed ganvsazRvroT urbanul sistemis strategiuli 

marTvis politika da droulad movaxdinoT reagireba 

warmoqmnil situaciaze, mizandasaxulad, sistemuri midgomis 

safuZvelze, Cven mier arCeuli kriteriumis mixedviT, 

prognozireba gavukeToT urbanuli sistemis maxasiaTebel 

makroparametrebs da vmarToT socialuri, ekonomikuri, 

demografiuli da sxva procesebi. 
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1.1 a). makrosistemebis modelireba funqcionaluri 

mwkrivebis saSualebiT 

makrosistemebis maTematikuri modelirebis (identifikaciis) 

amocana zogadad SesaZlebelia CamovayaliboT Semdegnairad: 

vipovoT F operatori, romelic amyarebs kavSirs sakvlev 

obieqtze  tx  zemoqmedebasa da am zemoqmedebaze obieqtis  ty  

reaqcias Soris:     tFxty  . 

   ganvixilavT SemTxvevas, roca F  operatori miekuTvneba 

uwyvet operatorTa klass da    dtty
t

0

2 . am SemTxvevaSi F

operatoris warmodgena SeiZleba volteras mwkrivis 

saSualebiT, romelsac stacionaluri arawrfivi obieqtis 

SemTxvevisas aqvs Semdegi saxe [18]: 

i

i

k
k

i

t t

i
i dtdttxttttgtFx ...)((),...,(...)( 1

110 0

1
)(

 






              (1) 

identifikaciis amocanas Seadgens, gavigoT impulsuri 

  i
i ttg ,,1 K  funqciebi  T;0  segmentze uwyveti  tx  da  ty

funqciebis saSualebiT. 

vTqvaT, N  fiqsirebuli ricxvia da NTh / . SemovitanoT 

mravali cvladis maxasiaTebeli funqcia Semdegi saxiT: 

 
       
       









hmhmhmhmtt

hmhmhmhmtt
tt

iii

iii

iimm
;1;1,,,0

;1;1,,,1
,,

111

111

11 LK

LK
KK

 roca 

 roca 
 

Tu SemovitanT aRniSvnas: 

 

 

  
 





hm

hm

ii
i

hm

hm
i

i
mm

i

j

i
dtdtttg

h
g

1

11

1

1

1

1

1
LKL

L
, 

maSin   i
i ttg K1  funqciisaTvis SeiZleba daiweros Semdegi 

aproqsimaciuli toloba: 

      imm

N

m

N

m

i
mmi

i ttgttg
i

i
i

KLK LL
,,, 1

1 1
1 1

1
1

  
 

       (2) 
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identifikaciis amocanis amoxsnis algoriTmis TvalsaCinod 

CvenebisaTvis (1) tolobis marjvena mxareSi aviRoT mxolod ori 

Sesakrebi [10]. 

Canaweris gamartivebis mizniT yvelgan miviRoT, rom     tgtg 1 , 

xolo     2121 ,,2 ttGttg  . zemoaRniSnulidan gamomdinare, (1) 

gamosaxuleba miiRebs Semdeg saxes: 

             
t tt

dtdttxtxttttGdttxttgty
0 0

212121

0

111 ,         (3) 

yoveli NP ,1 -Tvis   phhp ;1  Sualedi (roca 1p , maSin  h;0  

Sualedi) davyoT 1p tol nawilad da ganvixiloT 

    














 h

p

q
hph

p

q
hp

1
1;

1

1
1   Sualedis maxasiaTebeli funqcia: 

 
 
 














,;,0

;;,1

1

1

pqpq

pqpq

pq
ttt

ttt
t

  roca 

  roca 
                  (4) 

sadac   .
1

1 h
p

q
hpt pq


  

cxadia Semdegi tolobis marTebuloba: 

     tt
m

r
mrm 






1

1

 . 

SemoviRoT aRniSvnebi: 

 

  .1,1,1;
1

;1,1,1;
1

1

1



















pqNpdtty
h

p
y

pqNpdttx
h

p
x

pqt

pqt

pq

pqt

pqt

pq

         

           

              (5) 

Tu gaviTvaliswinebT (4) da (5) tolobebs, maSin gveqneba 

Semdegi aproqsimaciuli tolobebi: 

   

   .

;

1

1

1

1

1

1

tyty

txtx

pq

N

p

p

q
pq

pq

N

p

p

q
pq
























                       (6) 
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Cveni amocanis gadasawyvetad dagvWirdeba mrpq   funqciaTa 

naxvevis povna: 

            ddtdtt
mrtt

mrtt

pq

mrt

mrt

pq

t

mrpqmrpq 





1

10

. 

radgan pqmrmrpq   , amitom zogadobis SeuzRudavad 

SegviZlia vigulisxmoT, rom mp   da naxvevi CavweroT ufro 

moxerxebuli formiT: 

 

 

















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

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






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.                           ,0

;           ,

;                    ,
1
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1

11

11111
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mrpq
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mrpq

ttt

tttttttt

ttttt
m

h

tttttttt

ttt

t

 roca

 roca

 roca

 roca

 roca

 (7) 

Tu gaviTvaliswinebT (2) da (6) tolobebs, maSin (3) 

gamosaxuleba Caiwereba Semdegi saxiT: 

     

       

     
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mmpqpq
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txGtxg

dtdttxtxttttG

dxtgty









    (8) 

aviRoT ijtt   da SemoviRoT aRniSvna 

    


 






1

1 1

1

1

m

r

N

p
ijmrpq

P

q
pq

m
ij txA  , 

maSin (8) tolobidan gveqneba: 

     k
ij

m
ij

N

km
mk

N

m

m
ijmij AAGAgy  

 1,1

                (9) 

vTqvaT, ,1 im  maSin: 
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amitom (7)-is ZaliT    ,0 ijpqmr t  roca ,1 im  es ki niSnavs, 

rom   ,0m

ijA  roca 1 im . am SeniSvnis gaTvaliswinebiT (9)-dan 

gveqneba: 

    
    

               
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





 

gantolebaTa pirveli wyvilidan vpoulobT 1g -s da 11G -s. 

Semdeg sami gantolebidan vpoulobT 2g -s, 2G -s da  2112 GG  -s, 

Semdeg ganvixilavT oTxi gantolebisagan Sedgenil sistemas da 

a.S. 

axla ganvixiloT Caketili marTvis sistema (ix. nax. 1): 

   

x(t)+                E(t)                                          y(t) 

- 

 

 

 

nax. 1 

 

sadac F  funqcionali  warmoadgens arawrfivi, stacionaruli 

obieqtis Tvisebebs.  tx  da  ty  Sesabamisad Semavali da 

gamomavali signalebia,  tf  ukukavSiris wredis impulsuri 

gardamavali funqciaa. ganvixilavT SemTxvevas, roca F  

F 

f(t) 
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operatori miekuTvneba uwyvet operatorTa klass da    dtty
t

0

2 . 

am SemTxvevaSi adgili aqvs tolobas: 

           i
i

t t i

k

kt

nki
i dtdtdytftxttttgty LKL 1

1 0 0 1 0

1 ,,   


 













        (10) 

Caketili marTvis sistemis SemTxvevaSi ganvsazRvroT 

impulsuri   i
i ttg K,1  funqciebi  T,0  segmentze uwyveti 

     tftytx ,,  funqciebis  saSualebiT [11]. 

zogadobis SeuzRudavad (10) tolobis marjvena mxareSi aviRoT 

mxolod ori Sesakrebi da am SemTxvevisaTvis vaCvenoT 

identifikaciis miRebuli algoriTmebi [12]. 

SemoviRoT aRniSvna: 

        
t

dytftxtE
0

                       (11) 

(11) aRniSvnis gaTvaliswinebiT (10) tolobidan miviRebT:  
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SemoRebuli aRniSvnebisgaTvaliswinebiTSegviZlia CavweroT: 
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sadac: 
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 (13) 

ijE -s gamosaTvlel formulaSi Seva is Sesakrebebi, romlebic 

akmayofileben pirobas imp   an 1 imp .  
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Tu 
ijtt   da SemoviRebT aRniSvnas:     ijmr
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maSin gveqneba: 

     k

ij

m

ij

N

km

mk

N

m

m

ijmij AAGAgy  
 1,1

                 (14) 

vTqvaT, ,1 im  maSin: 
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amitom (13) tolobis ZaliT    ,0 ijmrpq t  roca ,1 im  es ki 

niSnavs, rom   ,0m

ijA  roca 1 im . am SeniSvnis gaTvaliswinebiT 

(14)-dan gveqneba: 
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pirveli ori gantolebiT Sedgenili sistemidan vpoulobT 1g -s 

da 11G -s, Semdegi sami gantolebiT Sedgenili sistemidan 

vpoulobT 2g -s,  2112 GG  -s, 22G -s da Semdeg ganvixilavT oTxi 

gantolebisagan Sedgenil sistemas da a.S. 

miRebuli gamosaxulebebi saSualebas iZleva movaxdinoT 

makrosistemebis identifikacia mravali cvladis maxasiaTebeli 

funqciis saSualebiT Caketili sistemis SemTxvevaSi, rac 

saSualebas gvaZlevs avagoT adapturi marTvis sistemebi. 

 

 

1.1 b). makrosistemebis identifikacia entropiis maqsimizaciis 

principis safuZvelze 

rogorc zemoT aRvniSneT, makrosistemas vuwodebT iseT 

sistemebs, romlebic, rogorc erTiani, avlenen gansxvavebul 

bunebasa da Tvisebebs, vidre maTi Semadgeneli nawilebi. 
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umeteswilad makrosistema, rogorc erTiani, ganekuTvneba 

determinirebul sistemaTa klass, maSin, rodesac misi 

Semadgeneli nawilebis qceva stoqastikuria. 

zogadad makrosistema aRiwereba Semdegi gantolebis 

saSualebiT:      ytxftx  , sadac  tx  aris makrosistemis 

maxasiaTebeli parametri, xolo y  ki aris stoxastikuri 

mdgeneli. 

makrosistemebSi mikro doneze elementebis SemTxveviTi qceva  

( y ) transformirdeba mdored mimdinare procesad, romelsac 

makromdgomareobas  )(tx  vuwodebT. makrosistemebis es Tviseba 

saSualebas gvaZlevs makrosistemebis modelirebisas 

gamoviyenoT entropiis maqsimizaciis principi [8].  

aRniSnul mimarTulebas safuZveli Cauyara l. bolcmanma da  

igi mdgomareobs SemdegSi.  

vTqvaT sistema moicavs N erTgvarovan nawilaks. ganvixiloT 

6-ganzomilebiani L  sivrce. yoveli ί-urinawilakis mdgomareoba 

am sivrceSi xasiaTdeba 6 ganzomilebiani veqtoriT:

 321321 ;;;;; pppqqqxi  , sadac );;( 321 qqqq  da );;( 321 pppp 

Sesabamisad nawilakis sivrculi kordinatebisa da impulsebis 

veqtorebia. es wertilebi (nawilakebi) warmoqmnian S(t) 

simravles, romelic Seicavs N  fazur wertils. TiToeuli 

wertili ki,Eesaa veqtori     tptq ; . 

drois fiqsirebuli t momentisaTvis  tS  simravle SeiZleba 

davaxasiaToT  tpqf ;;  ganawilebis simkvrivis funqciiT. j. 

maqsvelma daamtkica, rom garkveuli drois Semdeg fazuri 

wertilebis ganawileba  tpqf ;; L sivrceSi miiswrafis 

stacionaruli ganawilebisaken. aqedan gamomdinare,  pqf ;o  

ganawileba warmoadgens ganxiluli sistemis makro 

maxasiaTebels.  

l.Bbolcmans ekuTvnis ganawilebis  tpqf ;; funqciis 

evoluciis aRmweri kinetikuri gantoleba. am gantolebis 
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amoxsnaTa Tvisebebis kvlevisaTvis ki, gamoyenebul iqna 

entropia  tH , romelic aRniSnul terminebSi gamoisaxeba 

Semdegi saxiT: 

  dpdqtpqftpqftH ),,(ln),,()( . 

aRmoCnda, rom bolcmanis kinetikuri gantolebis amoxsnaTa 

simravleze    0/ dttdH da   0/ dttdH , rodesac f(q,p,t) = f°(q,p) 

- fazuri wertilebis ganawileba miiswrafis stacionaruli 

 pqf ;o  ganawilebisaken da am dros entropia aris udidesi. 

vTqvaT  MSSS ,...,, 21 makrosistemis elementTa SesaZlo 

mdgomareobebis simravlea. na -iT aRvniSnoT albaToba imisa, rom 

elementi imyofeba nS  mdgomareobaSi 











1
1

M

n
na . nN -iT aRvniSnoT 

im elementTa raodenoba, romlebic imyofebian nS  

mdgomareobaSi.  

makrosistemebi sxvadasxva statistikiT. I) makrosistemebi 

fermis statistikiT. fermis statistikis SemTxvevaSi yoveli nS

mdgomareobis TiToeul ujredSi SeiZleba imyofebodes 

araumutes erTi elementisa.  amasTanave TiToeuli elementis 

arCevani damoukidebelia meore elementis arCevanisagan. yoveli 

Mn ;1 -saTvis makrosistemis elementis nS mdgomareobis 

romelime ujredSi moxvedris albaToba erTnairia yoveli 

ujredisaTvis [19]. 

vTvliT, rom nS  qvesimravlis tevadoba nG  apriori mocemulia. 

cxadia, rom nn GN 0  - fermis statistikis SemTxvevaSi 

elementebis maqsimaluri raodenoba, romlebic SeiZleba 

moxvdnen nS  qvesimravleSi tolia nG . davafiqsiroT 

elementebis raRac raodenoba nN . albaToba imisa nS -Si iqneba 

nN  elementi tolia:  

nNnG
n

nN
nnnGnF aaNCNP


 )1()()(  
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rogorc vxedavT albaTobaTa ganawilebis funqcia 

warmoadgens binomialur ganawilebas (anu bernulis 

ganawilebas). 

izolirebul makrosisitemebisaTvis albaTobaTa ganawilebis 

funqcias fermis statistikisaTvis aqvs saxe: 








m

n

nG
n

nN

n

nnn

n
F aa

NGN

G
NP

1

~

)1(
)!(!

!
)(  

sadac   a
a

a
n

n

n

~


1

, amasTanave 



M

n
n NN

1

.  

makrosistemebis kvlevisaTvis mniSvnelovan rols asrulebs 

fizikuri entropia: E(N)=KlnAP(N), sadac A manormirebeli 

mudmivaa. 

es gamosaxuleba ufro xSirad iwereba Semdegi saxiT: 

E(N)=E0+KlnP(N) 

sadac  E0=KlnA, K - parametria, romelic axasiaTebs entropiis 

ganzomilebaTa erTeulebs (Termodinamikuri sistemebisaTvis mas 

uwodeben bolcmanis mudmivas). 

makrosistemebisaTvis fermis statistikis SemTxvevaSi 

fizikuri entropia: 

0
1

~

))!ln(!ln)1ln(ln!(ln)( ENGNaGaNGKNE
M

n
nnnnnnnnF  
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radgan realuri makrosistemebis SemTxvevaSi nG  da nN  

sidideebi didi ricxvebia, amitom Tu visargeblebT stirlingis 

miaxloebiTi tolobiT, entropiis gamosaTvlelad gveqneba 

Semdegi formula: 
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uwodeben fermi-dirakis ganzogadebul informaciul 

entropias mocemuli erTgvarovani sistemisaTvis. 

II) makrosistemebi ainStaini-bozes statistikiT. aseTi klasis 

makrosistemebSi yovel ujredSi SeiZleba imyofebodes 

elementebis nebismieri raodenoba. es imas niSnavs, rom nS

qvesimravleSi, tevadobiT nG , SeiZleba iyos nN   elementi, 

amasTan yvela nN  elementi SeiZleba iyos pirvel ujredSi, 

xolo danarCeni 1nG  ujredebi nS  qvesimravlisa iqnebian 

carielebi. 

nN  elementebis ganTavseba nS  qvesimravleSi tevadobiT nG , 

eqvivalenturia Nnelementebis ganTavsebisa fermis statistikiT 

romeliRac damxmare Sn qvesirmavleSi, roca misi tevadobaa 

1 nnn GNR . 

albaToba imisa, rom Sn qvesimravleSi iqneba nN  elementi  

tolia: 
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yovelive amis gaTvaliswinebiT vRebulobT izolirebuli 

Caketili makrosistemis SesaZlebel makromdgomareobaTa 

albaTobis ganawilebis funqcias: 
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fizikur entropias gamosaxulebas eqneba Semdegi saxe 
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ainStain-bozes statistikis makrositemis ganzogadebul 

informaciul entropias eqneba saxe: 
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III) makrosistemebi bolcmanis statistikiT. makrosistemebi 

bolcmanis statistikiT warmoadgenen fermis da ainStainis 

makrosistemebis zRvrul sistemebs, anu rodesac Sn 

qvesimravlis tevadoba Gn gacilebiT didia maTSi elementebis 

SesaZlo raodenobis  Nn sidideze. 

davuSvaT  Nn<<Gn  da  anGn=const, maSin: 
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aqedan gamomdinare )( nF NP   da  )( nE NP  funqciebi erTnairi 
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Tu SemovitanT aRniSvnas nnn Gaq  , maSin mocemuli 
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sabolood makrosistemis albaTobaTa ganawilebis 
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entropiis gamosaxulebas bolcmanis statistikisaTvis eqneba 

saxe: 

eGa
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NKCNE

nn

n
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sadac 0
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bolcmanis ganzogadebul informaciul entropias ki eqneba 

saxe: 
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statistikur TermodinamikaSi gamoyenebul sqemebSi [19] 

igulisxmeba, rom makrosistemis elementebis sxvadasxva 

mdgomareobebSi ( nS  qvesimravleebSi) moxvdera aris Tanabar 

albaTuri. zemoTmoyvanili gamosaxulebebi, kerZod albaTobaTa 

ganawilebis da informaciuli entropiis funqciebi miiReben 

`Termodinamikur~ saxes, Tu CavTvliT, rom  aprioruli 

albaTobebi   erTnairia yvela  Sn-saTvis. 

SemdegSi yvelgan vigulisxmebT, saqme gvaqvs makrosistemebTan 

fermis statistikiT. 

 

 

1.2. urbanuli sistema, rogorc makrosistema 

urbanuli sistema, warmoadgens sazogadoebrivi ganviTa-rebis 

yvela sferos materialur asaxvas, romlis formireba 

mimdinareobs xangrZlivi drois ganmavlobaSi. 

urbanuli sistema warmoadgens cocxal organizms, igi moicavs  

da aerTianebs: proeqtebs, ideebs, stiqiur movlenebs, SemTxveviT 

da dagegmil procesebs. igi moixmars materialur, finansur, 

inteleqtualur da sxva resursebs, „icilebs“  mis mierve  

gadamuSavebul materialur resursebs, gamoyenebul produqtebs. 

Tanamedrove arqiteqtura  socialuri problemebis gadaWrazea 

orientirebuli, amitom urbanuli sistemis ganviTarebis, 
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rekonstruqciis proeqtebis Seqmnisas arqiteqtorebs da 

urbanistebs evalebaT gaiTvaliswinon da ganaxorcielon 

sxvadasxva kategoriebiT moazrovne da sxvadasxva enaze  

molaparake mravali mimarTulebis specialistebis 

(sociologebis, ekologebis, iuristebis, demografebis, 

ekonomistebis da sxva) rekomendaciebi, rCevebi, azrebi da 

SeniSvnebi. arqiteqtorebma da urbanistebma unda ganWvriton, Tu 

rogori iqneba sazogadoeba mravali wlis Semdeg, rogori iqneba: 

ekonomika, politika, kultura  da a.S. sxva. 

urbanuli sistemis ganviTarebis koncefcia erTdroulad unda 

moicavdes rogorc konservatul, aseve axal, dinamikur 

faqtorebs. TiToeuli saxlis, kvartlis aSeneba, rekonstruqcia 

unda iwyebodes miznis CamoyalibebiT, xolo mizani unda iZendes 

Sesabamis formas.  

miuxedavad imisa, rom gegmarebiT gadawyvetilebebs xSirad 

garkveuli donis subieqtivizmi axasiaTebs, urbanuli sistemis 

damproeqteblebis mier aucileblad aris gasaTvaliswinebeli 

zogadsistemuri kanonzomirebani, kerZod is, rom urbanuli 

sistema, rogorc samyaros ganuyofeli nawili, erTi mTliani, 

dauyofeli dinamiuri erTobaa. masSi yvelaferi urTierTkavSirSi 

da urTierTdamokidebulebaSia, amasTanave yvelaferi 

konfliqturia. adamianis arsebobisaTvis komfortuli, 

dabalansebuli,  mdgradi struqturebis Seqmna ki SesaZlebelia 

mxolod urTieTdapirispirebulTa erTianobiT, maTi erToblivi 

qmedebiT [20].  

Tanamedrove mecnieruli mimarTulebis qaosis Teoriis 

Tanaxmad, Cvens mier daSvebul patara Secdomas, SeiZleba 

SemdegSi moyves gamousworebeli Sedegebi. aqedan gamomdinare, 

mdgradi ganviTarebis principi gvavaldebulebs SevqmnaT iseTi 

eqspertuli sistemebi, romlebic saSualebas mogvcemen SevafasoT 

daproeqtebis dros miRebuli yoveli Cveni gadawyvetileba, raTa 

daSvebuli ar iqnas iseTi Secdomebi, romelic Semdgom 

katastrofamde migviyvans [21]. 
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rogorc cnobilia, urbanuli sistemis formireba, 

funqcionalur-sivrculi struqturis Camoyalibeba da 

ganviTareba mniSvnelovanwilad ganisazRvreba mosaxleobis 

interesebiT da qmedebiT. Cvens mier gamoyenebuli da Seqmnili 

meTodologiac efuZneba da gamomdinareobs  mosaxleobis 

interesebisa da qcevisagan [9]. models safuZvlad udevs is 

hipoteza, rom TiToeuli individis esa Tu is arCevani aris 

damoukidebeli, SemTxveviTi. miuxedavad imisa, rom TiToeuli 

individis qceva aris SemTxveviTi, zogadad gansazRvrulia maTi 

interesebi da midrekilebebi. magaliTad, sociologiuri 

gamokiTxvis Sedegad yovelTvis gvaqvs aprioruli informacia 

mosaxleobis TiToeuli fenis interesebis Taobaze. aRniSnuli 

faqtorebi, mniSvnelovanwilad gansazRvraven funqcionalur-

sivrculi modelis da funqcionalur-sivrculi struqturis 

realuri da formirebuli suraTis urTierT adekvaturobis xarisxs. 

urbanuli sistemis modelirebisas, misi struqturuli da 

sistemuri  analizis dros,  saqme gvaqvs erTdroulad mimdinare 

procesebTan, rogorc stoqastikur (qalaqis Semadgenel 

TiToeuli elementisaTvis damaxasiaTebeli) aseve, agregirebul,  

determinirebul (romelic Sedegia stoqastikuri qmedebebis 

erTobliobisa) procesebTan. 

 

 

 

 

 

 

 

 

 

 

 

nax. 2 
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urbanuli sistema stoqastikur-determinirebuli sistemaa (nax. 2). 

mikro doneze operirebs mravalricxovani elementebi: 

macxovreblebi, transportis saSualebebi da sxva. xolo makro 

doneze gvaqvs SedarebiT mcire raodenobis parametrebi, 

romlebic asaxaven mikrodonis elementebis agregirebul 

(integrirebul) maxasiaTeblebs: mosaxleobis ganawileba 

sistemaSi, satransporto qseli da sxva. mikro donis elemtebis 

qceva aradeterminirebulia stoqastikuria da aRiwereba 𝑆 

blokiT. mikro donis elementebis mravalricxovani 

urTierTqmedebebiT miRebuli agrerirebuli maxasiaTeblebi 

aRiwereba 𝐴 blokiT. koleqtiur qcevas aqvs deterministuli 

xasiaTi.  𝐷 blokSi xorcieldeba agrerirebuli maxasiaTeblebis 

warmodgena urbanuli sistemis qcevis amsaxvel cV  da dV  

parametrebad. 

urbanuli sistemis maTematikuri modelis struqturul sqemas 

aqvs saxe (nax. 3): 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3 

 

punqtirebiT naCvenebia is kavSirebi, romlebic urbanuli sistemis 

mmarTvelebis mier ganisazRvreba. 

Vc 

Sesasvleli gare 

zemoqmedeba 

urbanuli garemos 

aramkafio sazRvari 

urbanuli 

sistema 

 

ganviTarebis 

programis 

Sesasvleli 

Vd 

sistemis 

mdgomareobis 

maxasiaTebeli 

parametrebi 

ganviTarebis 

programebis 

sinTezi 

E gamosasvleli 
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radganac urbanuli sistema miekuTvneba stoqastikur-

determinirebul sistemaTa klass da aqedan gamomdinare misi  

Seswavla aucileblad unda moxdes Sesabamisi maTematikuri 

aparatis gamoyenebiT. 

Cveni midgoma, urbanuli sistemaSi mimdinare procesebis 

modelirebisa da funqcionalur sivrculi struqturis agebisa, 

eyrdnoba makrosistemur midgomas. urbanuli sistema, rogorc 

makrosistema ganxilulia, rogorc qvesistemebis (regionebis, 

raionebis) erToblioba, romelTa Soris mimdinareobs resursebis 

gacvla garkveuli SezRudvebis dros. 

urbanul sistemaSi macxovrebeli adamianebis (sistemis 

elementebi) mier momsaxurebis obieqtebis arCevaTa simravle  

qmnis mikrodones. makrodonis formireba ki xorcieldeba 

eTgvarovani funqcionaluri qvesistemebis formirebiT, romelTa 

mdgomareoba xasiaTdeba determinirebuli parametrebiT (samuSao 

adgilebis raodenoba, sacxovrisis moculoba, demografiuli 

parametrebi da sxva). 

  makrosistemebi zogadad warmoadgenen arawrfiv sistemebs, 

sadac prametrebis garkveuli mniSvnelobebis dros sistemaSi  

Cndeba bifurkaciis wertilebi da   iwyeba qaosi. 

makrosistemebSi mikro doneze elementebis SemTxveviTi qceva 

transformirdeba mdored mimdinare procesebad, romelsac 

makromdgomareoba hqvia. principialuri Tviseba makrosistemebisa 

mdgomareobs imaSi, rom relaqsaciis dro mikro da makro 

doneebze mniSvnelovnad gansxvavdebian erTmaneTisagan.  

makrosistemebis am Tvisebam saSualeba mogvca gamogveyenebina 

lokaluri wonasworobis principi, romelsac adgili aqvs 

TermodinamikaSi. es saSualebas gvaZlevs ganvixiloT urbanuli 

sistemebis sivrcul-droiTi evolucia, rogorc lokalur-

stacionalur mdgomareobaTa Tanmimdevroba, sadac, yoveli 

mdgomareoba xasiaTdeba pirobiTi entropiis maqsimumiT. 

urbanuli sistemis funqcionirebis imitaciuri modeli 

saSualebas gvaZlevs, ara marto operatiulad SevafasoT 
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urbanul sistemaSi mimdinare procesebi, aramed ganvsazRvroT 

urbanuli sistemebis strategiuli marTvis politika da 

droulad movaxdinoT reagireba warmoqmnil situaciaze. 

mizandasaxulad, sistemuri midgomis safuZvelze, Cvens mier 

arCeuli kriteriumis mixedviT, vmarToT socialuri, ekonomikuri, 

demografiuli da sxva procesebi. 

Cvens mier Seqmnili urbanuli sistemebis funqcionalur-

sivrculi maTematikuri modeli, romelic warmoadgens 

eqspertuli sistemis baziss dinamikuri sistemuri modelia. masSi 

asaxulia urbanul sistemaSi mimdinare socialuri, ekonomikuri, 

ekologiuri, demografiuli da sxva faqtorebi. aqve aucilebelia 

SevniSnoT, rom eqspertuli sistema operirebs im informaciasTan, 

romliTac xelmZRvanelobs urbanisti, romelic muSaobs 

urbanuli sistemis generaluri gegmze, an regionis Tu raionis 

rekonstruqciaze. maTematikuri modeli saSualebas gvaZlevs 

movaxdinoT e.w. rezonansuli marTva, rac gulisxmobs umciresi 

danaxarjebiT mivaRwioT Cvens mizans. 

 

 

 

1.3 masobrivi momsaxurebis procesebis maTematikuri 

modelirebisaTvis 

masobrivi momsaxurebis obieqtebis ganTavseba urbanul sistemaSi. 

urbanul sistemaSi masobrivi momsaxurebis obieqtebis 

modelirebisas Cven veyrdnobiT makrosistemur modelirebis 

koncefcias. TiToeuli momsaxurebis obieqtebs ganvixilavT 

erTmaneTisgan damoukideblad, radganac vTvliT, rom TiToeuli 

jgufis TiToeuli adamianis arCevani damoukidebelia.  

davuSvaT momsaxurebis obieqtebi unda gadanawildes 𝑖 = 1,2…𝑛 

raionebSi, romlebic unda moemsaxuros 𝑙 sxvadasxva jgufis 

adamianebs. (nax. 4). 
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aq 𝑖 = 1,2…𝑛 raionebia, sadac ganTavsebulia sayofacxovrebo 

momsaxurebis obieqtebi. xolo mosaxleobis sxvadasxva jgufebi 𝑡 

drois garkveuli momentisaTvis imyofebian amaTuim momsaxurebis 

centrSi. 

makrosistemebSi masobrivi momsaxurebis procesebis 

maTematikuri modelebi ZiriTadad gamoisaxeba integralur 

gantolebaTa sistemebis saSualebiT, romelTa zusti 

amonaxsnebis povna did sirTuleebTanaa dakavSirebuli [22, 23].  

qvemoT moyvanilia aRniSnuli tipis  integraluri gantolebis 

amoxsnis Cvens mier Seqmnili algoriTmi [24], kerZod, 

orcvladiani erTgvarovani integraluri gantolebis amonaxsni 

moZebnilia mwkrivis saxiT. informatikis Tanamedrove teqnikuri 

saSualebani da  gamoyenebiTi programuli sistemebi, saSualebas 

gvaZleven davadginoT yoveli konkretuli SemTxvevisaTvis 

mwkrivis krebadoba da sakmarisi wevrTa raodenoba.   

rogorc cnobilia [25], volteras meore gvaris erTcvladian 

gantolebas  

1 

1 

𝑙 
j 

1 

𝑙 

1 

𝑙 

n 

nax.4 
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𝜑(𝑥) = 𝜆∫ℜ(𝑥, 𝑦)𝜑(𝑦)𝑑𝑦 + 𝑓(𝑥)

𝑥

0

                                (15) 

aqvs erTaderTi amonaxsni (aq ℜ uwyveti funqciaa 0 ≤ 𝑦 ≤ 𝑥 ≤ 𝑎 

samkuTxedze, 𝑎 ∈ ℛ, 𝜆 ∈ ℂ), romelic moicema e.w. neimanis mwkrivis 

saxiT: 

𝜑(𝑥) = ∑𝜆𝑘(𝐾𝑘𝑓)(𝑥)

∞

𝑘=0

 

 

sadac 𝐾 operatori moicema Semdegi formuliT: 

(𝐾𝑓)(𝑥) = ∫ℜ(𝑥, 𝑦)𝑓(𝑦)𝑑𝑦

𝑥

0

 

Cven ganvixilavT sakiTxs Semdegi orcvladiani erTgvarovani 

integraluri gantolebis 

𝜑(𝑡, 𝑥) = 𝜆∫∫ℜ1(𝑥, 𝑦, 𝜏)𝜑(𝜏, 𝑦)𝑑𝑦𝑑𝜏 + ℜ2(𝑡)∫𝜑(𝜏, 𝑥)𝑑𝜏

𝑡

0

𝑥

0

𝑡

0

             (16) 

aratrivialuri amonaxsnebis arsebobis Sesaxeb. 

ganvixiloT masobrivi momsaxurebis raime sistemaze Semomavali 

ordinaruli nakadi ukuqmedebis gareSe [23]. es kerZod niSnavs 

imas, rom yoveli 𝑘 > 1-saTvis gvaqvs: 

𝑃>1(𝑡, 𝑡 +△ 𝑡) = 𝑜̅(△ 𝑡)(17) 

sadac 𝑃>1(𝑡1, 𝑡2) aRniSnavs albaTobas imisa, rom drois [𝑡1, 𝑡2] 

SualedSi Semova erTze meti moTxovna. davuSvaT, rom TiTo 

moTxovnis momsaxureobis dro warmoadgens SemTxveviT sidides 

𝒬(𝑥) ganawilebiT. davuSvaT, rom არსებობს ზღვრები: 

lim
   △𝑡→0

𝑃0(𝑡, 𝑡 +△ 𝑡) − 1

△ 𝑡
= ℜ2(𝑡)                                                    (18) 

𝒬′(𝑥 − 𝑦) lim
△𝑡→0

𝑃1(𝑡, 𝑡 +△ 𝑡)

△ 𝑡
= −𝜆ℜ1(𝑥, 𝑦, 𝑡)                                      (19) 

sadac 𝑃𝑘(𝑡1, 𝑡2) aRniSnavs albaTobas imisa, rom drois [𝑡1, 𝑡2] 

SualedSi sistemaSi Semova zustad 𝑘 moTxovna. 

𝐵(𝑡) simboloTi aRvniSnoT jami yvela im moTxovnebis 

momsaxurebisaTvis aucilebeli droebisa, romlebic Semova 
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sistemaSi drois 𝑡 momentamde (𝑡 momentis CaTvliT), ხოლო𝜑(𝑡, 𝑥) 

simboloTi aRvniSnoT albaToba imisa, rom 𝐵(𝑡) < 𝑥. yoveli 𝑥, 𝑡,

△ 𝑡 > 0-saTvis adgili aqvs tolobas: 

𝜑(𝑡 +△ 𝑡, 𝑥) = 𝜑(𝑡, 𝑥)𝑃0(𝑡, 𝑡 +△ 𝑡) + 𝑃(𝑡, 𝑡 +△ 𝑡)𝑃>0(𝑡, 𝑡 +△ 𝑡), 

sadac 𝑃(𝑡, 𝑡 +△ 𝑡) aris albaToba imisa, rom [𝑡, 𝑡 +△ 𝑡] drois 

SualedSi Semosuli saqmeebis momsaxureobisaTvis aucilebeli 

droisa da 𝐵(𝑡)-s jami ar aRemateba 𝑥-s. radganac 𝑃(𝑡, 𝑡 +△ 𝑡) 

SemosazRvruli funqciaa, amitom (3)-s gaTvaliswinebiT 

vRebulobT: 

𝜑(𝑡 + ∆𝑡, 𝑥) − 𝜑(𝑡, 𝑥)

∆𝑡
= 

= 𝜑(𝑡, 𝑥)
𝑃0(𝑡, 𝑡 + ∆𝑡) − 1

∆𝑡
+
𝑃(𝐵(𝑡) + 𝐵1 < 𝑥)𝑃1(𝑡, 𝑡 + ∆𝑡)

∆𝑡
+
𝑜̅(∆𝑡)

∆𝑡
. 

roca ∆𝑡 → 0 zRvarze gadasvliT da (1.18)-s gaTvaliswinebiT 

vRebulobT: 

𝜕𝜑(𝑡, 𝑥)

𝜕𝑡
= 𝜑(𝑡, 𝑥)ℜ2(𝑡) + 𝑃(𝐵(𝑡) + 𝐵1 < 𝑥) lim

△𝑡→0

𝑃1(𝑡, 𝑡 +△ 𝑡)

△ 𝑡
 

rogorc cnobilia [22]: 

𝑃(𝐵(𝑡) + 𝐵1 < 𝑥) = ∫𝑃(𝐵(𝑡) < 𝑥 − 𝑦)𝒬
′(𝑦)𝑑𝑦

𝑥

0

= ∫𝜑(𝑡, 𝑥 − 𝑦)

𝑥

0

𝒬′(𝑦)𝑑𝑦

= −∫𝜑(𝑡, 𝑦

𝑥

0

)𝒬′(𝑥 − 𝑦)𝑑𝑦, 

saidanac: 

𝜕𝜑(𝑡, 𝑥)

𝜕𝑡
= 𝜑(𝑡, 𝑥)ℜ2(𝑡) − ∫𝜑(𝑡, 𝑦

𝑥

0

)𝒬′(𝑥 − 𝑦)𝑑𝑦 lim
△𝑡→0

𝑃1(𝑡, 𝑡 +△ 𝑡)

△ 𝑡
 

Tu mxedvelobaSi miviRebT (19)-s, davaskvniT, rom adgili aqvs 

tolobas: 

 

𝜕𝜑(𝑡, 𝑥)

𝜕𝑡
= 𝜑(𝑡, 𝑥)ℜ2(𝑡) + 𝜆∫𝜑(𝑡, 𝑦)ℜ1(𝑥, 𝑦, 𝑡)𝑑𝑦,

𝑥

0
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romlis integrirebiTac vRebulobT (16) tolobas. amrigad 𝜑 

akmayofilebs (16) tolobas da amasTan, cxadia, ar aris 

trivialuri. 

imisaTvis, rom vipovoT 𝜑 funqcia, SevniSnoT, rom 

𝜑(𝑡, 𝑥) = 𝑃0(0, 𝑡) +∑𝑃(𝐵1 + 𝐵2 +⋯+ 𝐵𝑘 < 𝑥)𝑃𝑘(0, 𝑡)                      (20)

∞

𝑘=1

 

sadac 𝐵𝑖 aris is dro, romelic aucilebelia Semosuli 𝑖-uri 

moTxovnis momsaxureobisaTvis. SemoviRoT Semdegi funqciuri 

operatori: 

𝐾𝑄(𝑓)(𝑥) = ∫𝑄(𝑥 − 𝑦)𝑓
′(𝑦)𝑑𝑦

𝑥

0

 

maSin, rogorc es advili dasanaxia 

𝑃(𝐵1 + 𝐵2 +⋯+ 𝐵𝑘 < 𝑥) = 𝐾𝑄
𝑘−1(𝑄)(𝑥) 

yoveli 𝑘 > 1-saTvis. amitom (20) Rebulobs saxes: 

                            𝜑(𝑡, 𝑥) = 𝑃0(0, 𝑡) +∑𝐾𝑄
𝑘−1(𝑄)(𝑥)𝑃𝑘(0, 𝑡)                                (21)

∞

𝑘=1

 

moTxovnaTa nakadis da moTxovnaTa momsaxureobisaTvis 

aucielebeli drois ganawilebis kanonis varirebiT miviRebT 

sxvadasxva (16) gantolebebs da Sesabamisad (21) kerZo amonaxsns. 

magaliTad, Tu aviRebT umartives nakads: 

𝑃𝑘(𝑡, 𝑡 + ∆𝑡) =
(𝜇∆𝑡)𝑘

𝑘!
𝑒−𝜇∆𝑡 

maSin ℜ2(𝑡) = −𝜇 da ℜ1(𝑡) =
𝜇

𝜆
𝑄′(𝑥 − 𝑦),gantoleba (16) miiRebs Semdeg 

saxes: 

     𝜑(𝑡, 𝑥) = 𝜇∫∫𝑄′
𝑥

0

(𝑥 − 𝑦)𝜑(𝜏, 𝑦)𝑑𝑦𝑑𝜏 − 𝜇∫𝜑(𝜏, 𝑥)𝑑𝜏                      (22)

𝑡

0

𝑡

0

 

xolo (21) formula miiRebs saxes: 

        𝜑(𝑡, 𝑥) = 𝑒−𝜇𝑡 (1 +∑
(𝜇𝑡)𝑘

𝑘!
𝐾𝑄
𝑘−1(𝑄)(𝑥)

∞

𝑘=1

)                              (23) 

kerZod miviReT, rom (23) warmoadgens (22)-is amonaxsns yoveli 

iseTi 𝑄 funqciisaTvis, romelic warmoadgens raime SemTxveviTi 
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sididis ganawilebis funqcias. miRebuli Sedegi saSualebas 

gvaZlevs maTematikuri modelirebis programuli sistemebis 

gamoyenebiT, yoveli konkretuli procesisaTvis,  davadginoT (23) 

Semavali mwkrivis krebadoba da ganvsazRvroT moTxovnili 

sizustis misaRwevad saWiro mwkrivis wevrTa raodenoba.  

 

 

pirveli Tavis Sedegebi 

1. miRebulia algoriTmi, romelic saSualebas iZleva 

movaxdinoT impulsuri 
  i
i ttg ;...;1  funqciebis aproqsimacia 

mravali cvladis maxasiaTebeli funqciebis saSualebiT Ria 

sistemis SemTxvevaSi.  

2. miRebulia algoriTmi, romelic saSualebas iZleva 

movaxdinoT impulsuri 
  i
i ttg ;...;1  funqciebis aproqsimacia 

mravali cvladis maxasiaTebeli funqciebis saSualebiT 

Caketili sistemis SemTxvevaSi.  

3. sxvadasxva statistikebis SemTxvevebSi (fermis statistika, 

ainStaini-bozes statistika, bolcmanis statistika) miRebulia 

entropiisa da SesaZlebel mdgomareobaTa ganawilebis 

albaTobebis gamosaTvleli formulebi. 

4. Seqmnili meTodi, romelic saSualebas gvaZlevs 

orcvladiani erTgvarovani integraluri gantolebis amonaxsni 

Caiweros formaluri mwkrivis saxiT, rac saSualebas iZleva 

informatikis Tanamedrove teqnikuri miRwevebisa da  

programuli sistemebi saSualebiT  movaxdinoT identifikacia 

realur processa da Sesabamis maTematikur models Soris. 
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Tavi 2 

urbanul sistemaSi mimdinare sivrculi ekonomikuri 

da demografiuli procesebis maTematikuri 

modelireba entropiis maqsimumis principis 

safuZvelze da marTva  

2.1 a). sivrculi ekonomikuri procesebis analizi sainvesticio 

politikis gansazRvrisaTvis.  

Tanamedrove ekonomika – sivrculi ekonomikaa. tradiciul 

ekonomikaSi ekonomikuri procesis analizi daiyvaneba 

wonasworuli mdgomareobebis povnaze. rodesac garemo pirobebis 

cvlileba ekonomikur procesze umniSvneloa, rodesac 

ekonomikuri sistema mcired gadaixreba wonasworuli 

mdgomareobidan, mis mdgradobas uzrunvelyofen sabazro 

meqanizmebi. sivrculi ekonomikis dros ki gvaqvs 

urTierTdamokidebuli da urTierTmoqmedi dinamikuri 

ekonomikuri procesebi, romlebic mimdinareoben drois 

sxvadasxva masStabebSi. am procesebis aRmoCena da maTze 

dakvirveba SeuZlebelia rogorc wonasworul mdgomareobaSi, 

aseve megasistemasTan urTierTobisas.  rodesac garemo pirobebi 

mniSvnelovnad icvleba, xSirad sabazro meqanizmebi uZlurebi 

arian SeinarCunon ekonomikuri sistemis wonasworoba @`Zveli~ 

mdgomareobis an `axlis~ mimarT. 

Cvens mier zemoT ganxiluli meTodebi saSualebas gvaZleven 

vipovoT regionSi investiciebis ganxorcielebis mdgradobis 

areebi, rac aucilebelia urbanul sistemaSi mdgradi 

sainvesticio politikis ganxorcielebisaTvis. 

ganvixiloT ekonomikuri sivrce romeli Sedgeba N  

qvesistemisagan (raionisagan). davuSvaT, gansaxilvel ekonomikur 

sivrceSi awarmoeben garkveuli tipis produqts. vgulisxmobT, 

rom m  qvesistemis SesaZleblobani aRniSnuli  tipis produqciis 

warmoebisaTvis damokidebulia yvela danarCeni qvesistemis 

ekonomikur maCveneblebze. 
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ganvixiloT investirebis procesi. TiToeuli m  qvesistema drois 

mocemul t momentisaTvis davaxasiToT im investiciebiT )(tIm , 

romlebic ideba am qvesistemaSi. investiciebis qveS vgulisxmobT 

nakadur cvlads, anu, drois erTeulSi ganxorcielebul 

investiciebis moculobas. )(tIm  investiciebis nakadi TiToeul 

qvesistemaSi ganvsazRvroT Semdegi diferencialuri  gantolebis  

saSualebiT: 

 txtI
dt

tdI
mmm

m  )(
)(

                                    (24) 

sadac mx  investiciis jamuri nakadia m qvesistemaSi, 

);( yxmm    ori cvladis funqciaa, romelic zrdadia pirveli 

cvladis (magaliTad, Semosavlebis) mimarT da klebadi meore 

cvladis (danaxarjebi, amortizacia) mimarT. ganvixilavT 

SemTxvevas, roca m  qvesistemidan sxva qvesistemaSi 

ganxorcielebuli jamuri investicia proporciulia )(tIm -si:  

)()( tIhtx m
ms

mms 


                                                (25) 

sadac smx  investiciis nakadia ganxorcielebuli s qvesistemidan  

m qvesistemaSi, );(  mm ch   aris ori cvladis funqcia, romelic 

klebadia pirveli cvladis da zrdadia meore cvladis mimarT. 

mc  aris   m  qvesistemis maxasiaTebeli parametri (rac ufro 

ukeTesi sainvesticio pirobebia m  qvesistemaSi, miT ufro didia 

mc ).  sistemuri parametria (saerTo yvela qvesistemisaTvis), 

romelic axasiaTebs qvesistemebs Soris ekonomikur 

urTierTkavSirs 10    (rodesac  qvesistemebs Soris ar 

arsebobs urTieTkavSiri, maSin 0 ; roca yvela qvesistema 

erTmaneTTanaa dakavSirebuli, maSin 1 ). 

fermas tipis modelis Tanaxmad ualbaTesi iqneba )(txsm  

sidideebis iseTi mniSvneloba,  romlis drosac funqcia 

)(

)(
)())((

1 0 t

tx
LntxtxS

s

sm
N

m

N

s
sm



 

  
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aRwevs maqsimums, amasTan 0)( txsm  da )(txsm  sidideebma unda 

daakmayofilos (25) piroba.     tIStIt mkms )(  mizidvis 

logistikuri funqciaa. 

mravali cvladis funqciis pirobiTi eqstremumis povnis 

lagranJis meTodis Tanaxmad miviRebT: 

Nsm   ,tIh

t

t
tx ssN

k
k

m
sm ,1,)(

)(

)(
)(

0









. 

amitom (24) gantoleba SeiZleba Caiweros Semdegi saxiT: 

 
 
   









1

1

)(
)()(

)()(
)(

)(

k
kk

k
kkk

mkm
mmm

m tIh
tIStI

tIStI
tIh

dt

tdI
 .          (26) 

 

 

2.2 b). urbanuli sistemis demoresursebis dinamikis modeli 

mosaxleobis jgufebis interesebis gaTvaliswinebiT 

davuSvaT  gansaxilveli  urbanuli sistema  dayofilia N

raionad, xolo mosaxleoba dayofilia P  jgufad maTi 

interesebis Sesabamisad (erT jgufSi Semaval adamianebs aqvT 

erTnairi  interesebi) [9]. vTqvaT pA  aRniSnavs p  jgufis 

adamianTa yvela interesebis simravles, xolo mA  ki aRniSnavs 

im interesebis simravles, romelTa dakmayofileba SesaZlebelia 

m  raionSi. p
mA -Ti avRniSnoT p jgufis adamianTa im interesebis 

simravle,  romelTa dakmayofileba SesaZlebelia m  raionSi:

p
m

p
m AAA  , p

im -Ti  avRniSnoT  pp
i Aa    interesis  wona 
















 pp
i Aa

p
im 1 . p

im -Ti aRvniSnoT m  raionSi p  jgufis adamianebis 

p
ia  interesis dakmayofilebis parametri. sidideebs 





p
m

p
i Aa

p
i

p
im

p
m m  vuwodoT m  raionis maxasiaTebeli parametri p  

jgufisaTvis. 
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davuSvaT  tx p
m  aRniSnavs p  jgufis im adamianTa ricxvs, 

romlebic drois t  momentisaTvis cxovroben m  raionSi; p
m  -- 

m  raionSi p  jgufis adamianTa aRwarmoebis koeficienti. p  

jgufis im  adamianTa  ricxvi,  romlebic  drois t  momentSi m  

raionidan sacxovreblad gadadian s  raionSi, aRvniSnoT  )(ty p
ms -

Ti. ganvixilavT migraciis mimarT Ria regions.  regionis gare 

are CavTvaloT nulovani nomris mqone raionad. mosaxleobis 

struqturis dinamikis dasaxasiaTeblad gveqneba diferencialur 

gantolebaTa Semdegi sistema [26]: 

 




N

s

p
ms

N

s

p
sm

p
m

p
m

p
m tytytx
dt

tdx

01

)()()( .  m N1, ;  ,1 Qq        (27) 

SevafasoT )(ty p
ms   sidideebi. ganvixiloT SemTxveva, rodesac 

raionis  mizidvis  funqcia  warmoadgens  logistikur  

funqcias:  

))(()()( txVtxt p
mm

p
m

p
m

p
m   ,m N1, ;              (28) 

2
0 V
p
 ,      Pp ,1 . 

sadac  Vm aRniSnavs m  raionis tevadobas.   

visargebloT entropiis maqsimumis principiT. fermas tipis 

modelis Tanaxmad ualbaTesi iqneba )(ty p
ms  sidideebis iseTi 

mniSvneloba,  romlis drosac funqcia: 

)(

)(
)())((

1 0 t

ty
LntytyS

p
s

p
ms

N

m

N

s

p
ms

p


 
 

      (29) 

aRwevs maqsimums, amasTan )(ty p
ms  sidideebma unda daakmayofilos 

pirobebi: 

)()
}{max

1()(

0
0

txty p
mp

s
Ns

p
m

N

s

p
ms








                     (30) 





N

m

p
s

p
ms tBty

1

)()(                            (31) 

)(ty p
ms 0                                (32) 



47 

 

samarTliania Semdegi Teorema [14]: 

Teorema: arsebobs  )(ty p
ms   cvladebis  erTaderTi  

mniSvneloba,  romlebic  akmayofileben  (30)-(32) pirobebs da 

romlebzedac ))(( tyS p  funqcia aRnevs  maqsimums. 

damtkiceba: vTqvaT, pL  aRniSnavs im )(ty p
ms -ebis simravles, 

romlebic akmayofileben (30)-(32) pirobebs. cxadia, rom pL  

Caketili simravlea. (31) da (32) pirobebis ZaliT yoveli  

Nsm ,1,  -Tvis )}({max)(
0

tBty p
s

Ns

p
ms


 , amitom pL  aris Caketili, 

SemosazRvruli simravle. vaierSstrasis Teoremis ZaliT 

Caketil, SemosazRvrul simravleze gansazRvruli uwyveti 

funqcia am simravleze aRnevs Tavis maqsimums da minimums, e.i. 

(29)-(32) amocanas gaaCnia amonaxsni. 

vaCvenoT amonaxsnis erTaderToba. amisaTvis ganvixiloT 

funqcia: 





n

i
iii axLnxxf

1

)/()( , 0ia . 

vTqvaT   nyyyy ...;; 21  aranulovani veqtoria (arsebobs 

erTi mainc ni ,1  iseTi, rom 0iy ). 

  





















n

i
i

i

i
ii y

x

y
Lnyxyxfxfyxf

1

1)(),()()(            (33)        

radgan funqcia 
a

x
Lnxxg )(  aris mkacrad amozneqili funqcia  

(   0
1'' 
x

xg , roca 0x ), amitom 0iy -is Sesabamisi Sesakrebi 

(33) tolobis marjvena mxareSi metia 0-ze. es ki niSnavs, rom

 xf  funqcia aris mkacrad  amozneqili. 

(30)-(32) pirobebiT gansazRvruli pL  simravle aris 

amozneqili, radgan amozneqil  simravleze mkacrad  amozneqil 

funqcias gaaCnia ara umetes  erTisa  minimumis  wertili, 

amitom (29)-(32) amocanas  aqvs  erTaderTi  amonaxsni.  Teorema  
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damtkicebulia. 

vipovoT (29)-(32) amocanis erTaderTi amonaxsni. Caweris 

gamartivebis mizniT SemoviRoT aRniSvna: 

)()(
}{max

1

0

tCtx p
m

p
mp

s
Ns

p
m 










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




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
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ganvixiloT  lagranJiani: 
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
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NNp
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m

N

m

p
m

N

s

p
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sm

N

s

N

m
s

p
s

p
msp

s

p
msp

ms

p

Ey

EUEy

EtCtytBty
t

ty
Lnty

tyUL

roca

roca




 

radgan pL amozneqili simravlea, xolo (30)-(32) pirobebiT 

gansazRvruli  funqciebi amozneqilia pL -ze, amasTanave (29)-(32) 

amocanis amonaxsnTa simravle  aracarielia,  amitom arsebobs 

erTi mainc  **
2

*
1

**
1

*
0

* ;;;;...;; NNU   kun-takeris veqtori. 

Tu )(ty p  warmoadgens (29)-(32) amocanis amoxsnas, maSin, wertili 

( ))(  ,( * tyU p  aris lagraJianis unagira wertili; 

))(  ,(sup(inf))( ,(sup))(  ,(inf
)(

*

)(
tyuLtyuLtyUL p

uty

p

u

p

ty pq
  

ganvixiloT  funqcia: 

))}(  ,({inf)(
)(

tyuLug p

tyq
                        (34) 

  tyuL p; Lfunqcia amozneqilia rogorc  ty p -s  funqcia,  

amitom  ty p  aris  minimunis  wertili  maSin  da  mxolod  

maSin,  roca 0))(   ,(  tyuL p

y p . 

msp
s

p
ms

p
ms t

ty
Ln

ty

L







)(

)(
1

)(
. 

mss
p
ms etty   1)()(     (35). 

 

(29)-is  ZaliT: 
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

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






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p
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N

s
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p
s
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EutCtBe
ug

ms  

 

vipovoT,   ug   funqciis  maqsimumi E+
2m+1 simravleze. 

vTqvaT, u(0) aris raime  dasaSvebi  mniSvneloba E+
2m+1 

simravleze.  u*-is  sapovnelad  visargebloT  gradientis 

proeqciis meTodiT. 

))(( )()()1(
12

k
k

k

E

k uguPu m  


   

sadac 0k , 


0k
k . u  veqtoris  u   proeqcia  12 


mE  

ortantze  gamoiTvleba  Semdegnairad; 

}0 ,max{ kk uu   

vipoviT ra am meTodiT u*-s, (32)-dan  miviRebT  )(ty p
ms   

sidideebis saZebn  mniSvnelobebs [15]. 

ganvixiloT SemTxveva, roca (30) da (31) pirobebis  nacvlad 

)(ty p
ms   sidideebi  akmayofileben  pirobas: 


 


N

s

p
m

p
s

Ns

p
m

p
ms Nmtxty

0 0
,1               , )(}){max/()(                (36) 

sadac  klebadi  funqciaa, romelic  Rebulobs  mniSvnelobebs  

(0.1) simravlidan. ( p
0  sidides - regionis gare ares   

maxasiaTebel parametrs - vafasebT statistikuri  monacemebis  

safuZvelze). (36) piroba  niSnavs, rom yoveli raionisaTvis 

migraciis  procesSi monawileobs raionis mosaxleobis  

fiqsirebuli  nawili. am  nawilis  sidide  damokidebulia 

imaze, Tu ra  pirobebia  mocemul  raionSi  da  regionSi  

mTlianad. 

Tu visargeblebT mravali cvladis funqciis pirobiTi 

eqstremumis povnis lagranJis meTodiT, miviRebT, rom (29), (36)  

amocanis  amonaxnia: 
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 Nsmtxh
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t
ty p

m
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mN
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p
k

p
sp

ms ,1,  , )(
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
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


                (37) 

sadac 







}{max/

0

p
s

Ns

p
m

p
mh   mobilurobis koeficientia. (28) da 

(37) tolobebis  gaTvalisninebiT  (27)-dan  gveqneba: 
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p
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p
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p
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m txh
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


     (38) 

Cveni  mizania  yoveli  Pp ,1   jgufisaTvis SeviswavloT 

regionSi wonasworobis  mdgomareoba. Tu arsebobs   

iseTi, rom  p
m

p
m h , maSin m -uri  raionis p  jgufis 

mosaxleoba  usasrulod  izrdeba. Tu p
m

p
m h  maSin m -uri 

raionis p  jgufis mosaxleoba izrdeba manam, sanam m
p
m Vx  . 

amitom CvenTvis  sainteresoa iseTi  SemTxveva,  roca  

sruldeba  piroba: 

p
m

p
m h ,  

SevniSnoT  rom,  Tu  romelime  0t  momentisaTvis  m
p
m Vtx  )(0 0 , 

maSin  (38) pirobis ZaliT gveqneba, rom nebismieri 0tt  -Tvis 

m
p
m Vtx  )(0 0 . 

regionSi  wonasworobis  pirobas  aqvs  saxe: 
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
m N1,             (39) 

gantolebaTa (39) sistemas gaaCnia  nulovani  amonaxsni: 0p
mx , 

. (39) sistemis iseT amonaxns, romlis arc erთi 

koordinati araa uaryofiTi da erTi mainc koordinati aris 

dadebiTi, vunodoT  dadebiTi wonasworoba.  Cveni mizania  

swored aseTi  amonaxsnebis  povna. 

martivi  gardaqmnebis  Semdeg (39)-dan  miviRebT: 

m N1,

m N1,

m N1,
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sadac   
V

V
e m
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p
m

p
m

p
mm

p
mp

m
hV

xV
U








 . 

Tu (40) gantolebas aqvs amonaxsni, maSin es amonaxsni dadebiTia. 

SevniSnoT, rom SeiZleba (40) gantolebas  gaaCndes amonaxsni, 

magram Sesabamisi p
mx  iyos aradadebiTi. amitom, (40)-is 

diskriminantis arauaryofiTobas SeiZleba vunodoT dadebiTi 

wonasworobis arsebobis aucilebeli  piroba. radgan (40) 

gantolebis koeficientebi araa damokidebuli m -ze (m N1, ), 

amitom adgili  aqvs  Semdeg  Teoremas: 

Teorema:  Tu  romelime  -Tvis sruldeba dadebiTi 

wonasworobis arsebobis aucilebeli piroba, maSin igive piroba 

Sesruldeba   nebismieri  -Tvis. 

imisdamixedviT, Tu rogoria (38)-Si Semavali  gantolebaTa 

koeficientebi, gvaqvs erTi (nulovani), ori, an sami wonasworobis 

mdgomareoba. Cven gvinteresebs pasuxi Semdeg kiTxvebze: 1) Tu parametrebis 

( p
m  da mV  parametrebis, m N1, , Pp ,1 ) romeliRac  mniSvnelobebisaTvis 

raionSi arsebobs wowasnorobis ramdenime mdgomareoba, am 

mdgomareobebidan romelSi aRmoCndeba sistema? 2) ra SemTxvevaSi iwvevs 

parametrebis ( p
m  `da mV  parametrebis) `umniSvnelo" cvlileba sistemis 

wonasworobis mdgomareobis m̀kveTr" cvlilebas? 3) SesaZlebelia Tu ara 

mocemuli mdgomareobidan  axal  mdgomarebaSi  gadasvla  katastrofis  

(mdgomareobis mkveTri  cvlilebis)  gareSe? 

am kiTxvebze pasuxis gasacemad vsargeblebT tomis 

saklasifikacio TeoremiT [27] (analogiurad sivrculi ekonomikuri 

procesebis maTematikuri modelis SemTxvevaSi [28]). Tu SemoviRebT 

saTanado aRniSvnebs, miviRebT, rom adgili aqvs tolobas [14]: 

    ,032

2

1

3


p
m

p
m

p
m

p
m

p
m

p
m CuCuCu m N1,           (41) 

tomis saklasifikacio Teoremis ZaliT arsebobs koordinatTa 

m N0 1 ,

m N1,
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sistemis iseTi gluvi gardaqmna, romlis Sedegadac SesaZlebelia 

(41)-is warmodgena  elementaruli katastrofebis Svidi modelidan 

erT-erTis saSualebiT [14].  

  0
3

 p
m

p
m

p
m

p
m btat                       (42) 

maSasadame  gvaqvs  "წyobis"  tipis  katastrofa. 

p
m  da mM sidideebis  cvlilebiT (42) zedapirze miiReba raRac  

წiri.  imisdamixedviT, hkveTs Tu ara  p
m

p
m ba ,  sibrtyeze miRebuli 

Sesabamisi წiri ares, romelic SemosazRvrulia     02716
23
 p

m
p
m ba  

წiriT (nax. 5), SegviZlia vupasuxoT kiTxvebs: 1) SeiZleba Tu ara 

wonasworobis erTi mdgomareobidan meore mdgomareobaSi gadasvla 

katastrofis gareSe?   

2) Tuki  aseTi gadasvla SesaZlebelia, maSin  rogor vcvaloT p
m  

da me  sidideebi  aRniSnuli  gadasvlis  gansaxorcieleblad? 

 

 

nax. 5 

 

 

 

2.2 arauaryofiTi wonasworobis mdgomareobebis povna. 

mdgradobis areebi 

TvalsaCinod CvenebisaTvis ganvixilavT SemTxvevas, roca 

2N  da 1P . am SemTxvevaSi diferencialur gantolebaTa (38) 
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sistema (analogiurad (26) sistema ekonomikuri procesebis 

modelirebisas) miiRebs saxes: 
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  (43) 

am gamosaxulebaSi ,
~

,
~

,~
iiiiiiiii hhh    

iii VVV 
~

 sidideebi warmoadgenen statistikuri kvlevis 

Sedegad miRebul monacemebs, romlebic yovelTvis moicaven 

garkveul cdomilebebs. aqedan gamomdinare makrosistemebis 

modelirebisas da marTvisas gaTvaliswinebuli unda iqnas 

aRniSnuli cdomilebebi.  

Cvens mier SemoTavazebuli meTodis sailustraciod, 

zogadobis SeuzRudavad, vTvliT, rom cdomileba 0-is tolia da 

vsazRvravT bifurkaciis wirebs da mdgradobis areebs.  

Semdeg, praqtikuli, konkretuli amocanis gadawyvetisas, 

sawyisi monacemebis analizis mixedviT, moxdeba miRebuli 

Sedegebis damatebiTi koreqcia (Sedegebi iqneba ara l  wiris 

wertilebi, aramed wertilebi l  wiris midamoSi - nax 6-ze /l da 

//l  wirebiT SemosazRvruli are). 

 

nax. 6 

qvemoT naCvenebia parametrebis koreqciis meTodi informaciis 

entropiuli analizis (simravleTa meseris Teoriis gamoyenebiT) 

rodesac sistemaSi Semovida damatebiTi informacia amocanis 
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sawyisi parametrebis Sesaxeb [16]. im SemTxvevaSi, rodesac 

cdomileba gamowveulia gamoTvlebisas miRebuli ricxvebis 

damrgvalebiT, SesaZlebelia gamoyenebuli iqnas Cvens mier 

miRebuli Sedegebi [29].  

[30]  naCvenebia, rom diferencialur gantolebaTa (43) sistemas 

zRvruli ciklebi ar gaaCnia da misi amonaxsnebi miiswrafvian 

mudmivi mniSvnelobisaken – wonasworobis mdgomareobisaken. 

sistemis arauaryofiTi wonasworobis mdgomareobebis 

povnisaTvis saWiroa vipovoT yvela amonaxsni Semdegi 

gantolebaTa sistemisa:  
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  (44) 

I) 1  da 2  parametrebis nebismieri mniSvnelobisaTvis 

gantolebaTa (44) sistemas gaaCnia trivialuri amonaxsni:  

0,0 21  xx . 

II) davadginoT ra pirobebs unda akmayofilebdnen 1  da 2  

parametrebi imisaTvis, rom gantolebaTa (44) sistemas gaaCndes 

0,0 21  xx  saxis amonaxsni. (44)-is meore gantolebidan: 
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
h

xVxV

xVxh
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Tu SemoviRebT aRniSvnas: 

11111 )( uxVx       (45), 

maSin miRebuli gantoleba ase gadaiwereba:  

  1
2

1111 uVhuh    

saidanac vRebulobT: 

 

1

2
11

1


 Vh
u


 . 

(45)-is Tanaxmad: 
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xVx  (46) 

radgan Cven ganvixilavT SemTxvevas, roca 011 h , amitom 

Tu (46) gantolebas gaaCnia amonaxsni, is aucileblad dadebiTi 

ricxvia. aqedan gamomdinare, imisaTvis, rom (46) gantolebas 

gaaCndes dadebiTi amonaxsni, aucilebeli da sakmarisia misi 

diskriminanti iyos arauaryofiTi:  
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(47)-dan vRebulobT, rom regionSi arsebobs 0,0 21  xx  saxis 

wonasworobis mdgomareoba maSin da mxolod maSin, roca 
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maSin (48) piroba ase 

Caiwereba: 
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(wirs, romlis wertilebi akmayofileben pirobebs
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,  davarqvaT 𝑙1 wiri). 

maSasadame, Tu sruldeba (49) piroba, maSin regionSi gvaqvs








 
0;1x  saxis wonasworobis mdgomareoba, sadac: 
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K
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(nax 7-ze wertilebi, romlebTaTvisac regionSi arsebobs 








 
0;1x  saxis wonasworobis mdgomareoba, mdebareoben 𝑙1 wiris 

marjvniv). 
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analogiurad miviRebT, rom Tu sruldeba piroba: 
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(nax 7-ze wertilebi, romlebTaTvisac regionSi arsebobs 





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

 

2;0 x  saxis wonasworobis mdgomareoba, mdebareoben 2l  wiris 

zemoT). 

 

nax. 7 

 

III) veZebT regionSi dadebiTi wonasworobis mdgomareobebs: ra 

pirobebi unda daakmayofilos 1  da 2  parametrebma, rom 

regionSi arsebobdes 0,0 21  xx  saxis wonasworobis 

mdgomareoba. aseT SemTxvevaSi (44)-dan miviRebT: 
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(51) sistemis pirveli gantoleba ase gadavweroT: 
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rogorc (51)-dan Cans, adgili aqvs tolobas: 
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Tu SemovitanT kidev erT aRniSvnas: 

Aee  2211        (53) 

maSin (52) gadaiwereba Semdegnairad: 
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imisaTvis, rom (54) gantolebas hqondes amonaxsni, saWiroa 

misi diskriminanti iyos arauaryofiTi: 
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tolobiT mocemulia hiperbolis zeviT (wirs, romlis 

wertilebi akmayofileben (56) pirobas, davarqvaT 3l  wiri – nax. 
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nax. 8 

 

Tu sruldeba (55) piroba, maSin (54) gantolebis amonaxsni 

moicema tolobiT: 
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SevniSnoT, rom (55) piroba aris aucilebeli, magram ara 

sakmarisi imisaTvis, rom regionSi arsebobdes dadebiTi 

wonasworobis mdgomareoba. vnaxoT damatebiT kidev ra pirobebi 

unda daakmayofilos 1  da 2  parametrebma imisaTvis, rom 

01 x , 02 x , 01 x , 02 x . 

ganvixiloT SemTxveva, roca 2211 ee   . vnaxoT am SemTxvevaSi 

garda (55) pirobisa kidev ra pirobebs unda akmayofilebdnen 1  

da 2  parametrebi imisaTvis, rom 
1x  iyos dadebiTi. 
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radgan 2211 ee   , amitom (58) utoloba tolfasia utolobis: 
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  









 Aee

K

Ae

K

1122

2

11

1 4
;

2


. 

miviReT, roca 2211 ee   , maSin 
1x -is dadebiTobisaTvis 

aucilebelia rom  21;   wertili ekuTvnodes (nax. 9)-ze 

daStrixul ares. 

 

nax. 9 

 

vnaxoT kidev ra piroba unda daakmayofilon  21;   

parametrebma imisaTvis, rom Sesruldes (59) piroba, anu 

imisaTvis rom 
1x  iyos dadebiTi. 

(59)-dan vRebulobT: 
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             
   

     

 
   

 
22

1

2
2122

2
2

12
1

2
2

2
1

2
1

21

1

22211

21

1

2
2

1
2

12
2

2
2

2
2

2
22211

2
2

2
1

2
1

4
444

4
2

















K
K

A
K

Ke

K

Kee

K

Ke
eeee





 

          
2

211
2

1
2

2
2

2122111
2

1
2

1 42  KAeeee  

   
   

     

 
  0

4
4

44 3
12

1

2
2

2
1

2
1

212
2

1

1

222112
1

1

2
2

1
2

1 











 









K

Ke
K

K

Kee

K

Ke

        

     

 
  0

3
12

1

2
2

2
1

2
1

2112211
2

1
2

1

1

122
2112211













K

Ke

Keee
K

K
Kee

      (61) 

radgan Cven ganvixilavT 1 -s im mniSvnelobebs, romlebic 

metia an toli 
Ae

K

11

12


-ze, amitom:  

01
22 2211

1
22

11

11

1
2211112211 







 











A

ee
K

A

e
KK

Ae

K
eeKee






 

01
22 2211

1
22

11

11

1
2211112211 







 











A

ee
K

A

e
KK

Ae

K
eeKee






(62) 

es ki niSnavs, rom (61) aris kvadratuli utoloba 1 -s mimarT. 

Tu amovxsniT (61) utolobis Sesabamis kvadratul gantolebas, 

vnaxavT, rom misi fesvebia: 

 
 1122111

1

2

2
2
11

2

2
1

12
2

;
KK

K

K

K

ee

e







   

amitom (38) utoloba tolfasia Semdegi utolobis: 

     
 

0
1122111

1

2

2
2

11

2

2

1

12
2 



























KK

Ke

K

K

ee 





     (63) 

radgan 0
4

1

12
2 

K

K 
 , amitom (2.40) tolfasia utolobis: 

     
 1122111

1

2

2
2

11

2

2
KK

Ke

ee 





                                          (64) 

SeviswavloT wiri: 
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     
 1122111

1

2

2
2

11

2

2
KK

Ke

ee 





                                            (65) 

(davarqvaT (65) tolobiT mocemul wirs 4l  wiri). 

misi vertikaluri asimptotia 
ee

K

2211

1
1


  . radgan Cven 

vixilavT SemTxvevas ee 2211   , amitom 

        eeee 2211
2

2

2
2

2

1

2
1 2    da 

        2211

1

2211
2

2

2
2

2

1

2
1

1

2

1

2

44

e

K

e

K

A

K

eeee 



 . 

es ki niSnavs, rom 4l  wiris vertikaluri asimptoti mdebareobs 

3l  wiris vertikaluri asimptotis zemoT. 

vipovoT daxrili asimptoti: 

   
  122

211

1122111

12
2

11

2

1

lim
K

K

KK

Ke
k

e

e

ee 














 

     

 





















1

122

211

1122111

2
12

2
11

2

1

lim 







 K

K

KK

Ke
b

e

e

ee
 

   
     22

2
2

2

22112211

11
2

12211
2

12211

1

211

1

lim
e

K

K

K

K

K

eee

eeeee





























 

maSasadame daxrili asimptotia: 

   22
2

2

2
1

122

211
2

e

K

K

K

e

e







       (66) 

advili Sesamowmebelia, rom, roca
ee

K

2211

1
1


  , maSin (65) wiri 

mdebareobs (66) asimptotis zemoT. 

vipovoT (65) zrdadobisa da klebadobis Sualedebi da 

eqstremumi: 

 
 

 2112211

1112211

1

211/
2

2

K

K

K

K

ee

eee









 . 
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radgan 01  , amitom 
     
 1122111

1

2

2
2

11

2

2
KK

Ke

ee 





  funqcia zrdadia, 

roca 
ee

K

2211

1
1

2


   da klebadia, roca 

ee

K

2211

1
1

2


  ; 

ee

K

2211

12


 

aris funqciis minimumis wertili da es minimumi tolia: 

     
           222

2

2

1
2

22

22
11

2

1

2

1

2
2

11

2
414

e

K

KeeK

Ke K




 . 

es niSnavs, rom (65) wiri exeba 
   22

2
2

2
2

4

e

K







  wrfes – 2l  wirs. 

vnaxoT kveTs Tu ara erTmaneTs 04
2

2

1

12 










KK
A  ( 3l  wiri) da 

     
 1122111

1

2

2
2

11

2

2
KK

Ke

ee 





  ( 4l  wiri) wirebi  sakoordinato sibrtyis 

pirvel meoTxedSi.  

(56)-dan: 
11

2

12
2

4

4

KA

K







 , 

     
 1122111

1

2

2
2

11

2

11
2

12

4

4

KK

Ke

KA

K

ee 


 

  . 

martivi gardaqmnebis Semdeg miviRebT: 

        044
2

111111

22
11

22  KAKeA e             (67) 

anu   02 1111  KA e  . 

es ki niSnavs, rom (56)  da (65) wirebi erTmaneTs exebian 

wertilSi: 

  








 Aee

K

Ae

K

1122

2

11

1 4
;

2


 

მაშასადამე, (56)  da (65) wirebi erTmaneTs exebian wertilSi, 

romelSic 3l  wiri da 
  1

11122

211
2

2







Kee

Ke


  wrfe erTmanTs hkveTen.  

yovelive zemoTqmulis gaTvaliswinebiT miviRebT, rom roca

2211 ee   , maSin 
1x dadebiTia nax. 10-ze daStrixul simravleze. 
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nax. 10 

 

axla vnaxoT, ra pirobebs unda  akmayofilebdes 1  da 2  

parametrebs imisaTvis, rom 
2x  iyos dadebiTi (igulisxmeba, rom 

2211 ee   ): 

 
















2

2

1

1
2

2222

2





KK

DA
hVVx                    (68) 

Tu CavatarebT imis analogiur gardaqmnebs, rac CavatareT 
1x -

is dadebiTobis aris dasadgenad miviRebT, rom (68) tolfasia 

utolobis: 

  D
K

Ke
ee 12

2

122
11122

2



                    (69) 

radgan Cven ganvixilavT Semdxvevas, roca 2211 ee   , amitom (69) 

utoldeba marcxena mxare  21; sakoordinato sibrtyis pirvel 

meoTxedSi Rebulobs mxolod dadebiT mniSvnelobebs da (69) 

tolfasia utolobis: 
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   
 

     

 
    )70(

4

4

2
1

2
22

2

2
1

2
2

2
2

21

2

11122222
1

2
2211

D
K

Ke

K

Keee
ee
















 

        

     

 
  )71(0

3
22

2

2
1

2
2

2
2

1222211
2

2
2

2

2

212
1222211













K

Ke

Keee
K

K
Kee

 

Tu  21 -is koeficienti aris 0-is toli, anu Tu
2211

2
2

ee

K


  , 

maSin aseTi 2 -Tvis: 

          02

11

22
2

2211

2
2211

2
2

2
2222211

2
2

2
2  K

e

e
K

ee

K
eeeKeee








 

amitom (71) utoloba sruldeba yoveli dadebiTi 1 -Tvis. es 

niSnavs, rom Tu 
2211

2
2

ee

K


  , maSin 

2x  dadebiTia (56) pirobiT 

gansazRvruli aris yovel Sesabamis wertilze. 

Tu 
2211

2
2

ee

K


   da CavatarebT imis analogiur gardaqmnas, 

rac CavatareT (61) utolobis amoxsnisas, miviRebT, rom (71) 

utoloba tolfasia Semdegi utolobis: 

 
     
 

0
2222112

2

2

1
2

22

2

1222211 

















KK

Ke
K

ee
ee




   (72) 

Tu 
ee

K

2211

2
2


  , maSin (72) utoloba sruldeba yoveli 

dadebiTi 1 -Tvis, amitom aseTi 2 -Tvis 
2x  dadebiTia (56) 

pirobiT gansazRvruli aris yovel Sesabamis wertilze; Tu 

ee

K

2211

2
2


  , maSin (72) utoloba sruldeba maSin da mxolod 

maSin, roca 
     
 2222112

2

2

1
2

22

2

1
KK

Ke

ee 



  . 

SeviswavloT wiri: 
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     
 2222112

2

2

1
2

22

2

1
KK

Ke

ee 





                     (73) 

(wirs 
     
 2222112

2

2

1
2

22

2

1
KK

Ke

ee 





  davarqvaT 5l  wiri). (73) wiris 

horizontaluri asimptotia 
ee

K

2211

2
2


   wrfe ( 5l  wiris 

horizontaluri asimptoti mdebareobs 3l  wiris horizontaluri 

asimptotis zemoT), xolo daxrili asimptotia wrfe:  

   21
2

1

1
2

211

122
1

e

K

K

K

e

e







  . 

 21;  sakoordinato sibrtyis pirvel meoTxedSi (73) 

funqciis minimumis wertilia: 
    














ee

K

e

K

2211

2

2
11

2

1 2
;

4


. 

vnaxoT aqvT Tu ara (56) da (73) wirebs saerTo wertili  21;

sakoordinato sibrtyis pirvel meoTxedSi: 

(56)-dan: 
22

2

21
1

4

4

KA

K







 , 

     
 2222112

2

2

1
2

22

2

22
2

21

4

4

KK

Ke

KA

K

ee 


 

  . 

martivi gardaqmnis Semdeg miviRebT: 

02 2222  KAe  . 

es niSnavs, rom (56) da (73) wirebis saerTo wertilia 

  








 Ae

K

eeA

K

22

2

2211

1 2
;

4


 

radgan Cven ganvixilavT SemTxvevas, roca 2211 ee   , amitom 

(56) da (73) wirebs  21; sakoordinato sibrtyis pirvel 

meoTxedSi saerTo wertili ar aqvT. 

yovelive zemoTqmulis gaTvaliswinebiT miviRebT, rom 
2x  

dadebiTia  21; sakoordinato sibrtyis pirvel meoTxedSi im 

wertilebze, romlebic daStrixulia nax. 11-ze. 
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nax. 11 

 

maSasadame, 
1x  da 

2x  sidideebi orive erTad dadebiTia nax. 12-

ze daStrixul areSi. 

 

nax. 12 

axla vnaxoT ra pirobebs unda akmayofilebdnen  21;

parametrebi imisaTvis, rom 
1x  iyos dadebiTi (igulisxmeba, rom 

ganvixilavT SemTxvevas, roca 2211 ee   ): 
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  
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


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





 0
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111
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KK
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hVV

   
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radgan 2211 ee   , amitom (74) utoloba sruldeba  21;

sakoordinato sibrtyis pirveli meoTxedis yovel wertilze. 

maSasadame, Tu 2211 ee   , maSin 
1x  da 

2x  sidideebi orive 

erTad arauaryofiTia nax. 13-ze daStrixul areSi: 

 

nax. 13 

 

Tu Cven 1-s CavwerT im areSi, romelSic arsebobs 

wonasworobis (0;0) mdgomareoba, 2-s CavwerT im areSi, 

romelSic arsebobs  0;1x wonasworobis mdgomareoba, 3-s 
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CavwerT im areSi, romelSic arsebobs wonsasworobis 
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21 ;xx  mdgomareoba, maSin, roca 2211 ee   , 

miviRebT nax. 14-ze mocemul suraTs: 
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radgan  2211 ee   , amitom (75) utolobis marcxeba mxareSi 

mdgari gamosaxuleba  21; sakoordinato sibrtyis pirvel 
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meoTxedSi Rebulobs dadebiT mniSvnelobas da (75) utoloba 
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rom (77) sruldeba nax. 15-ze mocemul daStrixul areSi: 
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nax.15 

 

Tu gavixsebenT, rom 
1x -is dadebiTobisaTvis aucilebelia 

Sesruldes (56) piroba da amasTan 0;0 21   , miviRebT, rom 

01 x roca  21;  ekuTvnis nax. 16-ze daStrixul ares. 

 

nax. 16 

axla vnaxoT, Tu ra simravlezea dadebiTi 
2x  im SemTxvevaSi, 

roca 𝛼1𝑒1 > 𝛼2𝑒2 - amovxsnaT (69) utoloba im SemTxvevaSi, roca 

𝛼1𝑒1 > 𝛼2𝑒2. am SemTxvevaSi (69) tolfasia utolobaTa sistemis: 
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axla vnaxo, ra pirobebi unda daakmayofilon  21;  
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2

22

2

1

2

22112

122
1

21

2

22112

122
1

2

2

0,0

2

KK

Ke

K

K

K

K

ee

ee

e

ee

e




















 

maSasadame, Tu 𝛼1𝑒1 > 𝛼2𝑒2, maSin 


1x  da 


2x  sidideebi orive 

erTad dadebiTia nax. 20-ze daStrixulareze. 

 

nax. 20 

 

Tu gamoviyenebT imave aRniSvnebs, romlebic gamoviyeneT 

 21;  sakoordinato sibrtyis pirveli meoTxedis areebSi 

wonasworobis mdgomareobis aRsaniSnavad im SemTxvevaSi, roca 
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𝛼1𝑒1 < 𝛼2𝑒2, maSin 𝛼1𝑒1 > 𝛼2𝑒2 SemTxvevaSi gveqneba nax. 21-ze 

mocemuli suraTi: 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 21 

ganvixiloT SemTxveva, roca 𝛼1𝑒1 = 𝛼2𝑒2. amovxsnaT 01 


x  

utoloba am SemTxvevaSi. 

  












 0

2
2

2

1

1
1

111





KK

DA
hVV    D

K

Ke
Ae 21

1

211
211

2
2 


  

 

   D
K

Ke
ee 21

1

211
22211

2



  D

K

Ke
21

1

2112



 

     

 
       212

2
211

2
2

23
12

1

2
2

2
1

2
1 44

4



KKA

K

Ke
 

  
     

 
  0

4
44

3
12

1

2
2

2
1

2
1

212
2

211
2  




K

Ke
KKA        (83) 

(55) pirobis ZaliT, imisaTvis, rom arsebobdes 


1x

aucilebelia, rom 
2

1
1

4

A

K
  (ix. nax. 6), amitom 04 11

2  KA   da 
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(83) aris kvadratuli utoloba 2 -s mimarT. (83) utolobis 

Sesabamisi kvadratuli gantolebis fesvebia: 

     
    11

2

1

2
11

1

2

2
2

11

2

2

1

12
2 ;

KK

Ke

K

K

e 










 . 

amitom (83) utoloba tolfasia utolobis: 

          
    


























 044

11
2

11

2

1

1

2

2
2

11

2

2

1

12
211

2
11

2

KeK

Ke

K

K
Ke










  

   
     
    11

2
11

2

1

1

2

2
2

11

2

2
KeK

Ke









     (84) 

SeviswavloT wiri: 

     
    11

2
11

2

1

1

2

2
2

11

2

2
KeK

Ke









                     (85) 

misi vertikaluri asimptotia: 
   211

2

1
1

e

K


  . 

rogorc vxedavT, roca 𝛼1𝑒1 = 𝛼2𝑒2, maSin (85) wiris 

vertikaluri asimptoti igivea, rac (56) wiris vertikaluri 

asimptoti. 

vipovoT daxrili asimptoti: 

   

     1

2

11
2

11

2

1

12
2

11

2

1

2

11

limlim
K

K

KeK

Ke
k 




 












 

 
     

    





















1

1

2

11
2

11

2

1

2
12

2
11

2

12
11

limlim 








 K

K

KeK

Ke
kb  

           

       21
2

1

2

11
2

11

2

11
2

1
2

11

22
1

2
11

2

1

2

1

lim
e

K

Ke

Kee

K

K
































    

maSasadame, (85) wiris daxrili asimptotia: 
   22

2
2

2
1

1

2
2

e

K

K

K


  . 

vipovoT (85) wiris zrdadobisa da klebadobis Sualedebi da 

maqsimumisa da minimumis wertilebi: 

 
        

    211
2

11

2

111
2

11

2

1

2
2

11

2

/
2

2

Ke

Ke

K

Ke













  
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radgan 01  , amitom 
     
    11

2
11

2

1

1

2

2
2

11

2

2
KeK

Ke









  funqcia zrdadia, 

roca 
   211

2

1
1

2

e

K


   da klebadia, roca 

   211

2

1
1

2

e

K


  ; 

   211

2

12

e

K


 

aris funqciis minimumis wertili da es minimumia 
   222

2

2
2

4

e

K


  . 

es niSnavs, rom (85) wiri exeba 
   22

2
2

2
2

4

e

K







  wrfes (𝑙1 wiri). 

vnaxoT, roca 𝛼1𝑒1 = 𝛼2𝑒2, maSin aqvT Tu ara saerTo wertili 

 21;  sakoordinato sibrtyis pirvel meoTxedSi (56) da (85) 

wirebs. (56)-dan: 

   





11
2

1

2

12
2

1
Ke

K






    

     
    11

2
1

2

1

2

2
2

1

2

11
2

1

2

12

1

11

1
KeK

Ke

Ke

K




 








 

radgan Cven ganvixilavT SemTxvevas, roca 01   da 02  ,  

amitom (56) da (85) wirebs saerTo wertilebi ar gaaCniaT. 

yovelive zemoTqmulis gaTvaliswinebiT miviRebT, rom roca 

𝛼1𝑒1 = 𝛼2𝑒2, maSin 


1x  dadebiTia nax. 22-ze daStrixul 

simravleze. 

 

nax. 22 
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zustad iseve, rogorc davadgineT 
1x -s dadebiTobis are, 

SegviZlia davadginoT, rom 
2x -is dadebiTobis area nax. 23-ze 

mocemuli daStrixuli simravle. 

 

nax. 23 

 

maSasadame, Tu 𝛼1𝑒1 = 𝛼2𝑒2, maSin 


1x  da 


2x  sidideebi orive 

erTad dadebiTia nax. 24-ze daStrixul simravleze: 

 

 

nax. 24 

 

Tu 𝛼1𝑒1 = 𝛼2𝑒2, maSin 01 


x  utoloba tolfasia utolobis:  
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D
K

Ke
ji

i

jii





2
. 

(aq Tu 𝑖 = 1, maSin 𝑗 = 2; Tu 𝑖 = 2, maSin 𝑗 = 1) 

es ukanaskneli piroba sruldeba  21;  sakoordinato 

sibrtyis pirveli meoTxedis yovel wertilze, anu Tu  21;  

wertili ekuTvnis (56) pirobiT gansazRvrul ares, maSin 

aucileblad 0,0 21 


xx . maSasadame, roca 𝛼1𝑒1 = 𝛼2𝑒2, maSin 

gvaqvs nax. 25-ze mocemuli suraTi: 

 

nax. 25 

 

miviReT, rom, imisdamixedviT, Tu ra mniSvnelobebs Rebuloben 

1  da 2  parametrebi, regionSi arsebobs sxvadasxva saxis 

wonasworobis mdgomareobebi: I) nulovani wonasworobis 

mdgomareoba; II.1 ) 






 
0;

1
x  saxis wonasworobis mdgomareoba; II.2) 








 

2;0 x  saxis wonasworobis mdgomareoba; III.1)  
21 ; xx saxis 

wonasworobis mdgomareoba da III.2)  
21 ; xx saxis wonasworobis 

mdgomareoba. 
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2.3Bbifurkaciis wirebi 

0ix , ix


, ix


, 
ix  da 

ix  funqciebis grafikebi aRvniSnoT 

Sesabamisasd 


iiiii IIII ,,,,0 . TiToeuli funqcia gansazRvrulia 

 21;  sakoordinato sibrtyis pirveli meoTxedis garkveul 

areSi. 𝜋𝑝(𝐴)-Ti aRvniSnoT 𝐴 simravlis proeqcia  21;  

sibrtyeze. vTvliT, rom makrosistema erTi saxis wonasworobis 

mdgomareobidan gadava meore saxis wonasworobis mdgomareobaSi 

mxolod im SemTxvevaSi, roca a) parametrebis axali (Secvlili) 

mniSvnelobebisaTvis ar arsebobs sawyisi saxis wonasworobis 

mdgomareoba, an b)  21; parametrebis romeliRac 

mniSvnelobebisTvis gansxvavebuli saxis wonasworobis 

mdgomareobebi Rebuloben erTsa da imave mniSvnelobebs. yoveli 

amis gamo CvenTvis mniSvnelovania vipovoT Semdegi proeqciebi: 

    ,,0,0,0,0 
































iiiiiiiiii IIIIII 

 














































 iiiiiiiiii IIIIIIIIII  ,,,, . 

sxva sityvebiT rom vTqvaT, Cveni mizania  21;  sakoordinato 

sibrtyis pirvel meoTxedSi movZebnoT  21;  parametrebis is 

mniSvnelobebi, romlebisTvisac sruldeba erT-erTi mainc 

Semdegi tolobebidan: 

0


ix , 0


ix , 0
ix , 0

ix , 


 ii xx ,  




 ii xx ,   




 ii xx ,  




 ii xx , 




 ii xx , 


 ii xx . 

1. 0


ix  

  0
4

22
0

22




i

i

i

i
i

KVV
x ei 

     (86) 

marcxena mxareSi mdgomi pirveli Sesakrebi dadebiTia, meore ki 

arauaryofiTi, amitom (86) gantolebas amonaxsni ara aqvs.  
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2.     0
4

22
0

22




i

i
ii

i

i
i

KV
x e

V


                             (87) 

   
   

0
4

1
22

4

22 22

22


iii

iii

i

i
ii

i

i

e

V
e

V KVKV

 
  

amitom (87) gantolebas amonaxsni ar aqvs: 













ii I0  

3.   












 0

2

0

2

2

1 



KK

DA
Vx

i
i

iiii hV                        (88) 

  D
K

Ke
ee ji

i

jii

jjjii 


 
2

            (89) 

3.1 2211 ee   . Tu gavyvebiT 01 x  da 02 x  utolobebis 

amoxsnis gzas, vnaxavT, rom 01 x  toloba sruldeba 4l  wiris 

im wertilebze, romelTa 1  koordinati akmayofilebs pirobas: 

Ae

K

ii

i
i




2
 , xolo 02 x  toloba sruldeba 5l  wiris yvela 

wertilze. 

3.2 2211 ee   . am SemTxvevaSi 01 x  toloba sruldeba 4l  wiris 

yvela wertilze, xolo 02 x  piroba ki 5l  wiris im 

wertilebze, romelTa 2  koordinati akmayofilebs pirobas: 

Ae

K

22

2
2

2


  . 

3.3 2211 ee   . am SemTxvevaSi 01 x  toloba sruldeba 4l  wiris 

yvela wertilze, xolo 02 x  piroba ki 5l  wiris yvela 

wertilze. 

radgan  21;  sakoordinato sibrtyis pirvel meoTxedSi 4l  

da 5l  wirebi ar TanaikveTebian, amitom ar arsebobs 1 da 2

parametrebis iseTi dadebiTi mniSvneloba, romlisTvisac 














0

0

2

1

x

x
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4. 














0

0

2

1

x

x
                                                       (90) 

 21;  sakoordinato sibrtyis pirveli meoTxedis im 

wertilebze, romlebic akmayofileben (55) pirobas,   ii xx . 

radgan ar arsebobs  wertili, romelzedac sruldeba orive 

piroba:  














0

0

2

1

x

x
, amitom miT ufro ar iarsebebs wertili romel 

wertilzedac Sesruldeba (90) piroba. 

5.      
i

i
ii

i

i

i

i
ii

i

i
ii

KVKV
xx e

V
e

V



4

22

4

22

2222




 

es utoloba sruldeba maSin da mxolod maSin, roca 

    0
422


i

i
ii

K
e


 , anu roca 

   ii

i
i

e

K
22

4


  . 

6. 




 ii
xx  

amovxsnaT es gantoleba im SemTxvevaSi, roca 𝑖 = 1 (analogiurad 

amoixsneba gantoleba im SemTxvevaSi, roca 2i ): 

      














2

2

1

1
1

111
1

1
1

2

1

2

1

1

2

4

22







KK

DA
V

KV
hVe

V  

    














2

2

1

1
1

111

1

1
1

2

1

2 4








KK

DA
Ke

K
e  

     
 







1221

21
1111111

2

1

2

1

2
4






KK

DA
KeKe  
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aviyvanoT (91) tolobis orive mxare kvadratSi: 
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aviyvanoT (92) tolobis orive mxare kvadratSi: 
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miviReT CvenTvis nacnobi 𝑙5 wiris gantoleba. 

𝑙5 wiris gantoleba Cven miviReT (91) tolobis orive mxares 

kvadratSi ayvanis Sedegad, amitom saWiroa vipovoT 𝑙5 wiris is 

wertilebi, romlebic araa gareSe fesvi (91) gantolebisaTvis. 

amisaTvis sakmarisia vipovoT 𝑙5 wiris is wertilebi, 

romlebisTvisac (91) da (92) gantolebis marcxena mxare aris 

arauaryofiTi. jer vaCvenoT, rom 𝑙5 wiris yvela wertilze (91) 

tolobis marcxena mxare aris arauaryofiTi: 
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. es ki niSnavs, rom 𝑙5 wrfis yovel wertilze 

(91) utolobis marcxena mxare aris dadebiTi da (91)( 92). 

axla vipovoT 𝑙5 wiris is wertilebi, romel wertilebzec (92) 

utolobis marcxena mxare aris arauaryofiTi: 
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Tu 𝛼1𝑒1 > 𝛼2𝑒2, maSin Cven gvainteresebs 𝑙5 wiris is wertilebi, 

romlebisTvisac 
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exeba 𝑙3 wirs). aseTi 2 -Tvis (93)-is meore Tanamamravli aris 

dadebiTi. 

maSasadame, (92) gantolebis amonaxsnia 𝑙5 wiris is wertilebi, 
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analogiurad amoixsneba gantoleba 


 22
xx  da miiReba, rom am 

gantolebas akmayofileben 𝑙4 wiris is wertilebi, 

romlebisTvisac 02 x  da romlebic mdebareoben 
ee

K
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wrfis marcxniv. 

7. 


 ii xx  

amovxsnaT es gantoleba 𝑖 = 1-Tvis: 
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Tu CavatarebT imis analogiur gardaqmnebs, rac CavatareT 




 ii xx gantolebis amoxsnisas, miviRebT, rom (94) tolfasia 

Semdegi gantolebis: 
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(95) 

tolobis orive mxaris kvadratSi ayvaniT da Semdgomi 

gamartivebiT (iseve, rogorc (91) gantolebis SemTxvevaSi) 

miviRebT: 
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 (96) 

(96) tolobis orive mxaris kvadratSi ayvaniT da Semdgomi 

gamartivebiT (iseve, rogorc (92) gantolebis SemTxvevaSi) 

miviRebT, rom (96) gantolebis amonaxsnia 𝑙5 wiris wertilebi: 
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vipovoT 𝑙5 wiris is wertilebi, romlebic araa gareSe fesvi 

(95) gantolebisaTvis. amisaTvis sakmarisia, rom vipovoT 𝑙5 wiris 

is wertilebi, romlebisTvisac sruldeba Semdegi ori piroba: 
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(II)              
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tolobis orive mxareSi idges erTnairi niSnis 

gamosaxulebebi. 

rogorc zemoT vnaxeT (rodesac vaCveneT, rom (91) tolobis 

marcxena mxare aris dadebiTi), 𝑙5 wiris wertilebisTvis 

021221211   KeKe , amitom (I) pirobas akmayofilebs 𝑙5 wiris 

yoveli wertili, xolo (II) tolobis marjvena mxareSi mdgomi 

gamosaxuleba aris dadebiTi. dagvrCa vipovoT 𝑙5 wiris is 

wertilebi, romlebisTvisac (II) tolobis marcxena mxare aris 

dadebiTi: 
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asimptoti. es niSnavs, rom Tu 𝛼1𝑒1 ≤ 𝛼2𝑒2, maSin 𝑙5 wiris arc 

erTi wertili ar akmayofilebs (97) pirobas da amitom tolobas
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adgili aqvs 𝑙4 wiris im nawilze, romelic mdebareobs 𝑙4 da 𝑙3 

wirebis Sexebis wertilis marcxniv. 
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1221211121221211 4   KKKDKKeKe e 

iseve, rogorc wina SemTxvevaSi, am tolobis kvadratSi ayvaniT da 

miRebuli tolobis gamartivebis Semdeg kidev erTxel kvadratSi 

ayvaniT miviRebT, rom  tolobas adgili aqvs 𝑙5 wirze. 

9. 


 ii xx  

amovxsnaT gantoleba, roca 𝑖 = 1. 

          111

2

1

2

1

2

1221211121221211 4   KKKDKKeKe e   

rogorc vnaxeT 𝑙5 wiris wertilebisaTvis tolobis marcxena 

mxare aris dadebiTi, xolo majvena mxare ki uaryofiTi, amitom 




 11 xx gantolebis amonaxsnTa simravle aris carieli simravle. 

analogiurad SeiZleba vaCvenoT, rom 


 22 xx gantolebis 

amonaxsnTa simravle carieli simravlea.  

10.   ii xx . 

am tolobas adgili aqvs maSin, roca 𝐷 = 0, anu tolobas 

adgili aqvs 𝑙3 wirze. 

 

 

2.4  bifurkaciebi da qaosi arawrfiv sistemebSi 

Cven ganvixilavT dinamikur sistemebs. dinamikuri sistema esaa 

struqtura,  romelic droSi icvleba. TvalsaCinoebisaTvis Cven 

ganvixilavT dinamikur sistemebs, romelTa daxasiaTeba, 

modelireba SeiZleba erTi cvladis f funqciis saSualebiT [31]. 
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vTqvaT 0x raime fiqsirebuli ricxvia. 0x  wertilis orbita 

ewodeba mimdevrobas, romelic ganisazRvreba tolobiT: 

     1 0

n

n nx f x f x 
 

rogorc viciT, Tu f aris kumSviTi asaxva, maSin 
1nnx mimdevroba 

yovelTvis krebadia f  funqciis uZravi a wertilisaken (   aaf  ) 

da zRvaris mniSvneloba araa damokidebuli sawyisi wertilis 

arCevaze. es niSnavs, rom Tu dinamikuri sistema aRiwereba 

kumSviTi asaxvis saSualebiT, maSin es sistema yovelTvis 

miiswrafvis erTi da igive mdgomareobisaken. Cven ganvixilavT 

iseT dinamikur sistemebs, romelTa maxasiaTebeli funqciebi ar 

warmoadgenen kumSviT asaxvebs. cxadia imisaTvis, rom funqcias 

hqondes uZravi wertili, araa aucilebeli, rom es funqcia iyos 

kumSviTi. sakmarisia, rom gantolebas   xxf   hqondes amonaxsni. 

vTqvaT a  aris  xf  funqciis uZravi wertili. vityviT, rom 

uZravi wertili aris mizidvis wertili Tu arsebobs a  

wertilis iseTi midamo, rom am midamodan aRebuli nebismieri 

wertilis orbita krebadia a -ken. 

vityviT, rom uZravi a wertili aris ganmzidavi, Tu arsebobs a

wertilis iseTi midamo, rom am midamodan aRebuli nebismieri 

wertilis orbita a -s Sordeba. mtkicdeba, rom I) Tu a  aris f

funqciis uZravi wertili, f funqciis warmoebuli uwyvetia da

  1af , maSin a  mizidvis wertilia;  II) Tu a  aris f funqciis 

uZravi wertili, f  funqciis warmoebuli uwyvetia da   1af , 

maSin uZravi a  wertili iqneba ganmzidavi [31]. 

SeniSvna: ganmzidavi wertilis ganmartebisas vTqviT, rom 

arsebobs iseTi  aB  midamo, rom am midamodan yoveli wertilis 

orbita Sordeba a -s. `Sordeba” ase unda gavigoT: Tu  aBxn  , 

maSin axax nn 1 . magram es sulac ar niSnavs, rom nebismieri

n -Tvis axax nn 1 . SeiZleba orbitis romelime wertili
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 aBxn  , magram  aBxn 1 . e.i. wertilis orbita Sordeba a  

wertils  aB  midamos SigniT. 

Tu   1af , maSin a  wertili SeiZleba iyos mizidvis, 

ganmzidveli, an arc erTi da arc meore. 

vityviT, rom 0x  wertilis orbita periodulia p  periodiT, 

Tu arsebobs iseTi Np , rom ...,2,1,0,  nxx npn . cxadia, rom Tu

p  aris orbitis periodi, maSin yovelი Nk -Tvis, periodi iqneba

kp -c. SemdegSi, yovelTvis periodis qveS vigulisxmebT umciress 

periodebs Soris. 

Tu tolobas npn xx   adgili aqvs maSin, roca 00  nn , maSin 

vityviT, rom orbita aris saboloo jamSi perioduli. 

Cvens mier Seswavlil maTematikur modelebSi mizidvis 

funqciebi logistikuri funqciebia, amitom ganvixiloT SemTxveva, 

roca dinamikuri sistema aRiwereba logistikuri funqciis 

saSualebiT:    xcxxf  1  (miuxedavad am funqciis martivi saxisa, 

mravali dinamikuri sistema SeiZleba aRiweros am funqciiT, an 

funqciiT romelsac `aqvs msgavsi Tvisebebi”). 

   xcxxf  1  funqciis uZravi wertilebia 0  da 
c

c 1


wertilebi. Tu  1;1c , maSin 0  aris mizidvis wertili, 

xolo 
c

c 1
  ki ganzidvis wertili. Tu 31  c , maSin piriqiT: 

0  aris ganzidvis wertili, xolo 
c

c 1
  ki mizidvis 

wertili. maSasadame, 10 c -Tvis sistema ganicdis Tvisobriv 

cvlilebas: mizidvis wertili gardaiqmneba ganzidvis wertilad, 

xolo ganzidvis wertili ki mizidvis wertilad. c -s zrdasTan 

erTad  f   izrdeba da Semdegi Tvisobrivi cvlileba xdeba 

31 c  wertilze: roca 3c , maSin   1 f  da   xdeba ganmzidavi 

wertili, amave dros Cndeba      xffxf 2  funqciis 2 axali 
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mimzidavi uZravi wertili: 
  

c

ccc

2

131 
 da 

  
c

ccc

2

131 
 

(cxadia, rom am wertilebis orbitebi arian perioduli orbitebi 

periodiT 2). aseT dros amboben, rom f funqcia ganicdis 

periodis gaormagebis bifurkacias, roca  c  gadaivlis 31 c  

wertilze. periodis gaormagebis es procesi grZeldeba c -s 

Semdegi mniSvnelobebisaTvisac, vRebulobT 4, 8, 16, 32,... periodul 

wertilebs, romelTa orbitebis periodia Sesabamisad 8; 16; 32; . . .  

feigenbaumis mier damtkicebuli iqna, rom funqciaTa sakmaod 

farTe klasisTvis es procesi (periodis gaormageba bifurkaciis 

wertilebSi) grZeldeba usasrulod [30] da Tu 𝑐𝑛−iT aRvniSnavT 

2𝑛 periodis Sesabamis bifurkaciis wertilebs, maSin arsebobs 

zRvari lim
𝑛→∞

𝑐𝑛 = 𝑐∞. 

𝑐∞-s zogjer feigenbaumis ricxvs uwodeben. simravles c-ebisa, 

romlebic akmayofileben pirobas c >𝑐∞ , qaosis are ewodeba. 

Tu ordinatTa RerZze gadavzomavT c -s mniSvnelobebs, xolo 

abscisaTa RerZze ki perioduli orbitis mqone wertilebs, 

miviRebT Semdeg suraTs (nax 26): 

 

 

nax. 26 
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Sedegi, romelic miiRo feigenbaumma, mdgomareobs 

SemdegSi: arsebobs zRvari: 

𝑑 = lim
𝑛→∞

𝐶𝑛−𝐶𝑛−1

𝐶𝑛+1−𝐶𝑛
. 

d –s mniSvneloba funqciaTa sakmaod farTe klasisaTvis 

erTi da igivea da tolia ...669162,4 . amitom d –s uwodeben 

feigenbaumis universalur mudmivas. d -s mniSvneloba 

gamoiyeneba qaosis dadgomis winaswarmetyvelebisaTvis.  

vTqvaT cc nnn 1
 . radgan 




1

lim



n

n

n

d .  amitom SegviZlia 

davweroT Semdegi miaxloebiTi tolobebi: 
dn

n
n

d 1

11 ...


 


 . 


 1121

1
11 n

n
nnnnnnn

d
c

d
ccc





  

1120112

1
...

11
1...

11
 


















 nnn
ddd

c
dd

c  

Tu gadavalT zRvarze, roca n→ ∞, miviRebT: 10
1





d

d
cc  

qaosi urbanul sistemaSi. urbanuli sistemis ganviTarebis 

dinamikis obieqturi da kompleqsuri SeswavlisaTvis, misi 

adekvaturi interpretaciisaTvis aucilebelia davadginoT 

kavSiri urbanuli sistemis “ raodenobriv” cvlilebasa da 

mis “Tvisobriobas” Soris. miTumetes, rodesac kavSiri maT 

Soris arawrfivia. am dros raodenobrivi parametrebis, 

magaliTad satransporto magistralebis cvlilebisas, an 

sxvadasxva obieqtebis mSeneblobisas SesaZlebelia moxdes 

urbanuli sistemis Tvisobrivi maxasiaTeblis mkveTri 

cvlileba, adgili hqondes bifurkaciebsa  da qaoss . 

urbanuli sistemis erTi Tvisobrivi mdgomareobidan 

meoreSi gadasvla xorcieldeba arawrfivi kanonis saxiT. 

„Tvisobriobasa“ da „raodenobriobas“  da droiT kavSirs 

aqvs spiralis xasiTi (nax 27). 
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socialuri sistemebis sxvadasxva nawilebis urTierTqmedebaTa 

kanonebis arawrfivoba warmoadgens TviTorganizaciis erT-erT 

umniSnvelovanes pirobas drosa da sivrceSi. raodenobrivi 

cvlilebis gadasvla TvisobrivSi da piriqiT efuZneba 

dialeqtikis kanons. cnobilia, rom Tvisobrivi maxasiaTeblis 

erTi donidan meoreze gadasvla xdeba arawrfivi kanonis 

Sesabamisad. analogiuri kanonzomierebaa droSic (nax. 28), 

romelsac aqvs `lojistikuri” funqciis saxe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 28 

Tvisebriobis pirveli done 

Tvisebriobis meore  
done 

Tvisebrioba 

 

a) ganxorcielebuli 

proeqtebis  
raodenoba 

b) dro t 

 K0
1 

 
 K0

2 

 

nax. 27 

Tvisoobrioba 

raodenobrioba 

t 

Tvisobriobis 

spirali 
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moyvanili kanonzomierebani mniSnvelovania urbanuli 

sistemebis ganviTarebis Seswavlisas. 

 

aK  `Tvisobriobasa” da oK  `raodenobriobas”  Soris 

damokidebulebas aqvs lojistikuri funqciis saxe: 

01
cKa

be

k
K




  

sadac k gajerebis sididea, c  konstantaa. aK -s sawyisi 

mniSvnelobaa 
b

k
K a




1
, roca 0oK . 

 `raodenobriobis” ( oK ) cvlileba droSi SeiZleba aRvweroT 

modificirebuli eqsponentiT:  

nt
o aeRK   

sadac R gajerebis sididea, n mudmivi sididea. oK -is sawyisi 

mniSvnelobaa aRKo  . 

oK -is gamosaTvleli formulebis gaTvaliswinebiT miviRebT: 

 bee

ke
K

ocKntcae

cR

a



 . 

es damokidebuleba “raodenobriobasa” da “Tvisobriobas” Soris 

saSualebas gvaZlevs kompleqsurad da obieqturad SeviswavloT 

urbanuli sistemis ganviTarebis dinamika. 
1

oK  da 
2

oK  raodenobrivi 

cvlilebis dros, SesaZlebelia urbanulma sistemam “SeiZinos” 

iseTi funqcia, romelic adre mas ar gaaCnda. an warmoiSvas iseTi 

procesi, romlis marTva SeuZlebelia, arsebuli mmarTvelobiTi 

sistemis dros. aqedan gamomdinare aucilebelia Tvali mivadevnoT 

urbanul sistemaSi mimdinare procesebis raodenobriv 

maxasiaTeblebs, raTa 
1

oK  da 
2

oK  areSi `SeWrisas” an miaxloebisas 

miviRoT Sesabamisi zomebi, raTa safuZveli ar daedos iseT 

movlenebs. romlebic Semdgom katastroful Sedegebamde migviyvans. 

eqspertuli sistema saSualebas gvaZlevs prognozireba gavukeToT 
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aRniSnuli parametrebis sidideebs da gvaZlevs rekomendaciebs im 

qmedebaTa Taobaze, romelTa ganxorcielebis SemTxvevaSi avicilebT 

yovelgvar kataklizmebs.    

 

 

2.5 rekonstruqciis gegmis ganxorcielebisas mosalodneli  

riskebis Sefaseba 

regionSi ganxorcielebuli cvlilebis Sedegad 1  da 2  

parametrebis Sesabamisi wertili moZraobs raRac wiris gaswvriv. 

advili dasanaxia, rom imis gasarkvevad, moxdeba Tu ara 

katastrofa, mniSvneloba aqvs ara wiris formas, aramed imas, Tu 

areebis ra Tanmimdevrobas da ori mezobeli ares saerTo sazRvris 

romel wertils gaivlis wiri.   

SeiZleba aRmoCndes, rom sawyis momentSi sistema imyofeboda 

wonasworobis romeliRac mdgomareobaSi (vTqvaT 1  da 2  

parametrebis Sesabamisi wertili ekuTvnis C ares da sistema 

imyofeba  
21 ; xx  saxis wonasworobis mdgomareobaSi) (nax. 29). ori 

ares gamyof sazRvarze  (C  da B  ares gamyof sazRvarze) 

wonasworobis mocemuli saxis mdgomareobis mniSvneloba emTxveva 

sxva saxis wonasworobis mniSvnelobas (magaliTad   ii xx ). 

mezobel areSi (B  areSi) arsebobs wonasworobis orive saxis 

mdgomareoba. am SemTxvevaSi Cven calsaxad ver vityviT, Tu am 

oridan romel mdgomareobaSi aRmoCndeba sistema. cvlilebebis 

gagrZelebis Sedegad wiri SeiZleba gadavides iseT areSi (L  

areSi), romelSic arsebobs am oridan erT-erTi saxis (magaliTad 

 
21 ; xx  saxis) wonasworobis mdgomareoba, magram ar arsebobdes 

meore saxis (magaliTad  
21 ; xx  saxis) wonasworobis mdgomareoba, 

amasTan am ori ares gamyof sazRvarze ( I  da L  ares gamyof 

sazRvarze) meore saxis wonasworobis mdgomareobis mniSvneloba 

ar emTxveodes wonasworobis mdgomareobis arc erT sxva 

mniSvnelobas (magaliTad  
21 ; xx  ar emTxveva arc erTi sxva saxis 
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wonasworobis mdgomareobas). Tu meore areSi gadasvlisas sistema 

darCeboda wonasworobis pirveli saxis mdgomareobaSi (  
21 ; xx  

saxis wonasworobis mdgomareobaSi), maSin L  areSi gadasvlisas 

katastrofas adgili ar eqneba, xolo Tu meore areSi gadasvlisas 

sistema gadavidoda wonasworobis meore saxis mdgomareobaSi (

 
21 ; xx  saxis wonasworobis mdgomareobaSi), maSin L  areSi 

gadasvlisas adgili eqneba katastrofas (nax. 29). 

 

nax. 29 

maSasadame, zogjer SeuZlebelia calsaxa pasuxis gacema 

kiTxvaze: rodesac sistemaSi ganxorcielebuli cvlilebebis 

Sedegad adgili eqneba Tu ara katastrofas? amitom 

mniSvnelovania vicodeT Sesabamisi xdomilobis albaToba.  

unda aRiniSnos, rom regionis demografiul mdgomareobaze 

gavlenas axdens ara marto is, Tu ra samuSaoebi Sesruldeba 

regionSi, aramed am samuSaoebis Sesrulebis Tanmimdevrobac. 

magaliTad, ganvixiloT regioni, romelic Sedgeba ori 

raionisagan, romelTagan erTi gaTvaliswinebulia30 aTas 

mcxovrebze, meore ki 27 aTasze. vTqvaT, rom mosaxleobis 

migraciisaTvis arsebiTia oTxi interesi, romelTa wonebia 

Sesabamisad: 5,01 m , 2,02 m , 2,03 m  da 1,04 m . 
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im -iT aRvniSnoT m  raionSi ia  interesis dakmayofilebis 

parametri. pirvel rigSi aRvweroT, Tu rogor SeiZleba 

daviTvaloT m  raionSi raime ia  intresis dakmayofilebis 

parametris mniSvneloba. vTqvaT mK  aris m  raionis obieqtebis 

simravle. yoveli mKk   obieqtisaTvis k
i  simboloTi 

aRvniSnoT k  obieqtis simZlavre i  interesis mimarT (magaliTad 

skolisaTvis simZlavre SeiZleba iyos ricxvi, romelic 

gviCvenebs, Tu ramden moswavlezea es skola gaTvlili, xolo 

maRaziisaTvis - savaWro farTobi). yoveli i  interesisaTvis 

ganvixiloT sidide: 



mKk

k
iimr    

 igive sidide raime `normaluri~ raionisaTvis (e.i. 

iseTisaTvis, romelic akmayofilebs yvela arqiteqturul 

normas) aRvniSnoT /
ir  simboloTi. vTqvaT 30 aTas mcxovrebze 

gaTvaliswinebuli `normaluri~ raionisaTvis /
1r =25 000, /

2r =3 150,

/
3r =3 250,  /

4r =1 475. 

im  parametri gamovTvaloT formuliT 













/

;1max
i

im
im

r

r
 , 

regionis maxasiaTebeli parametri gamovTvaloT formuliT:  





4

1i
iimm m . 

davuSvaT, rom 1,01  ,  3,01 h ,  11,02  , 35,02 h , 9600V . 

sawyis momentSi 8,01  , 42,02   da mimdinare wonasworobis 

mdgomareoba aris `7~,. 

davuSvaT, rom regionis rekonstruqciisaTvis saWiroa I) 

garkveuli obieqtebis dangreva ise, rom 450
2

1
2  

 m mKk

k  , 

300
2

1 /
3  

 m Kk

k  , sadac mK   aris dasangrevi obieqtebis simravle m

raionSi; II) asaSenebelia sxvadasxva simZlavreebis 6 obieqti: 

2001
1  , 1502

2  , 3002
4  , 3003

3  , 3504
1  , 1005

4  , 1206
2  . 
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ganvixiloT am samuSaoebis Catarebis ori gegma. vTqvaT, 

pirveli gegmaa: I) drois 1t  momentSi pirvel raionSi 

daingres 2001
2 
k  obieqti, xolo meore raionSi aSendes 

1502
2  , 3002

4  obieqti; II) drois 2t  momentSi pirvel 

raionSi daingres 1002
3 
k  obieqti, xolo meore raionSi 

aSendes 2001
1   obieqti; III) drois 3t  momentSi pirvel 

raionSi daingres 1003
2 
k

  obieqti, aSendes 1005
4  obieqti, 

xolo meore raionSi aSendes 3504
1   obieqti; IV) drois 4t  

momentSi pirvel raionSi daingres 2004
3 
k  obieqti, xolo 

meore raionSi aSendes 3003
3   obieqti; V) drois 5t  momentSi 

pirvel raionSi daingres 1505
2 
k

  obieqti; VI) meore raionSi 

aSendes 1206
2   obieqti. 

am gegmis Catarebis procesSi 1  da 2 parametrebis mier 

miRebuli mniSvnelobebi Seesabameba 610 ,...,, LLL wertilebis 

mimdevrobas   21;   sibrtyeze (nax. 30): 

 

 

nax. 30 
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radgan 𝑙1 wirze `7~ saxis wonasworobis mdgomareoba ar emTxveva 

arc erTi sxva saxis wonasworobis mdgomareobas da I  areSi 

arsebobs `7~ saxis wonasworobis mdgomareoba, amitom am gegmis 

ganxorcielebis dros adgili ar eqneba demografiul afeTqebas. 

 vTqvaT, rom meore gegma miiReba pirveli gegmisagan raionebis 

gadanacvlebiT. am gegmis ganxorcielebis Sedegad 1  da 2  

parametrebis mier miRebuli mniSvnelobebi Seesabameba 610 ,...,, LLL  

wertilebis mimdevrobas   21;   sibrtyeze (nax. 31).   

 

 

nax. 31 

 

3l  wirze `7~ saxis wonasworobis mdgomareoba emTxveva 

mxolod `6~ saxis wonasworobis mdgomareobas, magram I  areSi 

ar arsebobs arc `6~ da arc  `7~ saxis wonasworobis 

mdgomareoba, amitom am gegmis ganxorcielebis dros adgili 

eqneba demografiul afeTqebas. 
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2.6. sawyisi monacemebis (informaciis) analizi entropiuli 

meTodiT. 

makrosistemebis modelirebisas Cven veyrdnobiT garkveul  

sawyis informacias gansaxilveli sistemis  Sesaxeb. xSir 

SemTxvevaSi es informacia arasakmarisia (an Seicavs 

xelSeSlebs). cxadia,  damatebiTi, axali informaciis 

miRebisas, Tavdapirvelad  unda moxdes am informaciis 

analizi, misi Sedareba ukve arsebul informaciasTan da 

saWiroebis SemTxvevaSi unda  moxdes misi gamoyeneba. aseTi 

kvlevis mniSvneloba gansakuTrebiT maSin dgeba, rodesac 

makrosistemis maxasiaTebeli parametrebis mniSvnelobebi  

uaxlovdebian bifurkaciis wertilebs. 

Cvens mier SemuSavebuli meTodi eyrdnoba e.w. meseruli 

simravleebis Teorias [16, 17]. ganvixiloT meseruli simravleebis  

Teoriis ZiriTadi elementebi. vTqvaT X  raime simravlea. X  

simravlis qvesimravleTa A  simravles ewodeba X  simravlis 

meseri Tu sruldeba Semdegi oTxi piroba. 

1) AX   ,   A  

2) Tu Aa   da Ab  maSin Aba  . 

3) Tu Aa   da Ab  maSin Aba  . 

4) Tu Aa   da Ab  maSin Aba  . 

vityviT, rom  A  meseris 1a  da 2a  elementebi arian 

diziunqciurebi, Tu   21 aa . 

vTqvaT A  aris X   simravlis meseri. Aa   elements 

ewodeba A   meseris atomi, Tu a  da A -Si  ar arsebobs 

iseTi b  elementi, rom  ab   da ab . 

vTqvaT A  aris X  simravlis meseri. X  simravlis 

qvesimravleTa B  simravles ewodeba A  meseris Skala, Tu  A  

meseris yoveli elementi SeiZleba gamoisaxos B  simravlis 

elementebis gaerTianebis, TanakveTis da sxvaobis 

saSualeebiT. 
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A  meseris B  Skalas ewodeba sabazo, Tu  B -s arc erTi 

elementi ar SeiZleba  gamoisaxos  B  simravlis sxva 

elementebis gaerTianebis, TanakveTis da sxvaobis saSualebiT.  

A  meseris B  Skalas ewodeba atomuri Skala, Tu misi 

yoveli elementi aris atomi. 

vTqvaT X  elementTa (informaciaTa)  nebismieri simravlea, 

A   aris X –is meseri, BS  ki A  meseris atomuri Skala: 

 KkbBS k  , , sadac K  aris sasruli an Tvladi simravle. 

davuSvaT, rom yoveli Xx 0  elementisaTvis mocemulia  

sandoobis diskretuli ganawileba BS  Skalaze, e.i. mocemulia 

arauaryofiTi ricxviTi funqcia  0; xbp k ,   0; 0 xbp k , amasTan 

sruldeba normirebis piroba: 

  1; 0 
BSkb

k xbp . 

mocemul sandoobis diskretul ganawilebas ewodeba Xx 0

elementis sandoobis sawyisi ganawileba A  meseris mimarT 

(radgan yovel mesers aqvs erTaderTi atomuri Skala, amitom 

es ganmarteba aris koreqtuli). 

yoveli A  simravlisaTvis sidides:  
kb

k xbp 0;  ewodeba 

sandooba (albaToba) faqtisa, rom   0x .  

radgan   0; 0 xbp k   yoveli BSbk  -Tvis, da   1; 0 
BSkb

k xbp , 

amitom cxadia, rom 10  p . 1p  SeiZleba gavigoT rogorc 

aucilebeli xdomiloba faqtisa 0x , xoloP 0p  ki rogorc 

SeuZlebeli xdomiloba faqtisa 0x . 

vTqvaT Xx 0  wertilisaTvis cnobilia sandoobis sawyisi 

ganawileba. 0x  wertilis Sesaxeb yoveli   Bx 0  

informaciisaTvis ganvmartoT 0x  wertilis sandoobis meoradi 

ganawileba baiesis formulis saSualebiT: 
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   
 






















 k

ib
i

k

k

k b
xbp

xbp

b

xbp Tu

Tu

,
;

;

;0

;
0

0
0  

0x  wertilis sandoobis sawyisi ganawilebis Sesabamisi 

entropia gamoiTvleba formuliT: 

      0200 ;log; xbpxbpxXH kk

Xbk

 


 

xolo 0x  wertilis sandoobis meoradi ganawilebis 

Sesabamisi entropia ki gamoiTvleba formuliT:  

      0200 ;log; xbpxbpxH kk

bk





  


 

sawyisi da meoradi ganawilebis Sesabamisi entropiebis 

sxvaobas ewodeba   simravlis mier motanili informaciis 

raodenoba. 

SevniSnoT, rom es sxvaoba SesaZlebelia iyos rogorc 

dadebiTi aseve 0, an uaryofiTi.   simravlis mier motanili 

informaciis raodenoba (entropiebis sxvaoba) aris uaryofiTi 

niSnavs, rom    konfliqtSia sawyis ganawilebasTan. 

moviyvanoT magaliTi zemoT moyvanili meTodis 

sailustraciod. vTqvaT gadawyvetilia sxvadasxva obieqtebis 

aSeneba 1021 ...;; bbb  TiToeuli 10;1, kbk  obieqtisaTvis cnobilia 

misi realizaciis albaToba: 

 









10;7,

6;1,

2

1

kc

kc
bp k

Tu

Tu
 

normirebis pirobis ZaliT  146 21  cc . 

gamovTvaloT sawyisi ganawilebis Sesabamisi entropia: 

      2221212

10

1

log4log6log ccccbpbpXH kk

k

 


. 

vTqvaT, CvenTvis cnobili gaxda raRac   informacia, 

romlis gamo gadavwyviteT, raom investicia CavdoT 

654321 ;;;;; bbbbbb obieqtebidan erT-erTSi.  informaciis 

Sesabamisi sandoobis meoradi ganawileba moicema formuliT: 
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 












10;7,0

6;1,
6

1

k

k
bp k

Tu

Tu
  

meoradi ganawilebis Sesabamisi entropiaa: 

      6loglog 22

10

1

 


kk

k

bpbpH  . 

  cnobis mier motanili informaciis raodenobaa: 

  6loglog4log6 2222121  ccccI  . 

I) Tu  1,021  cc   (Tu sawyisi ganawileba aris Tanabari 

ganawileba), maSin  

 
3

5
log6log10log 222 I  . 

II)  Tu  
6

1
1 c , 02 c , maSin   06log6log 22 I  -   cnoba 

araviTar axal informacias ar gvawvdis; 

III) Tu 
4

1
;0 21  cc , maSin   0

5

4
log5log4log 222 I -   cnoba 

konfliqtSia sawyis ganawilebasTan. 

urbanuli sistemis gengegmis Sesaxeb axli informaciis 

analizis Sedegad zustdeba mosaxleobis interesebis 

dakmayofilebis parametris mniSvneloba, rac saboloo jamSi 

saSualebas iZleva gavakeToT swori prognozi mosaxleobis 

struqturis cvlilebis Taobaze. 

  

 

meore Tavis Sedegebi 

1. entropiis maqsimizaciis principis safuZvelze agebulia 

urbanuli sistemis demoresursebis dinamikis maTematikuri 

modeli, sadac Cvens mier Semotanilia mosaxleobis 

interesebis dakmayofilebis parametri, romelic gansazRvravs 

mosaxleobis dinamikas. 

2. damtkicebulia, rom arsebuli SezRudvebis pirobebSi 

amocanas gaaCnia amonaxsni da is erTaderTia.  
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3. damtkicebulia Teorema: Tu arsebobs erTi mainc raioni, 

romlisTvisac sruldeba dadebiTi wonasworobis aucilebeli 

piroba, maSin es piroba Sesruldeba nebismieri sxva 

raionisTvisac. 

4. Seqmnilia algoriTmi, romelic saSualebas iZleva 

gamovyoT makrosistemis mdgradobis areebi da bifurkaciis 

wirebi. 

5. dadgenilia bifurkaciis wirebze is monakveTebi, romel 

monakveTebzedac sxvadasxva saxis wonasworobaTa 

mniSvnelobebi erTmaneTs emTxvevian.  

6. Seqmnilia meTodi, romelic saSualebas iZleva 

SevafasoT rekonstruqciis gegmis ganxorcielebisas 

mosalodneli  riskebi.  

7. ganxilulia meTodi, romelic, meseruli simravleebis 

Teoriis gamoyenebiT, saSualebas gvaZlevs SevafasoT 

makrosistemis Sesaxeb axali cnobis informaciuloba sawyis, 

sabazo informaciebTan mimarTebaSi. 
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                             Tavi 3 

Mmakrosistemebis struqturuli analizi Q  analizis 

meTodis gamoiyenebiT 

 

3.1 Q  analizis meTodi 

makrosistema warmoadgens garkveuli mizniT 

urTieTdakavSirebul elementTa erTobliobas. sistemis, 

rogorc erTianis, gansazRvrulis, ZiriTadi maxasiaTeblebi 

ganisazRvreba misi struqturiT - misi Semadgeneli nawilebis, 

elementebis urTierTkavSiriT. 

makrosistemebis struqturis,  Sesaswavlad viyenebT Q -

analizis meTods. kvlevis aRniSnuli meTodi pirvelad 

gamoyenebuli iqna ingliseli maTematikosis, etkinis mier [2-4]. 

vTqvaT X da Y  sasruli simravleebia da YX   aris X  da 

Y  simravleebs Soris raime mimarTeba. am mimarTebis Sesabamisi 

incidenturobis matricia  ij  matrici, sadac: 

 
 















ji

ji

ij
yx

yx

;,0

;,1

 Tu

 Tu
 

yoveli aseTi   mimarTeba warmoqmnis simplicialur );( XKY   

kompleqss. aRniSnuli kompleqsSi p  ganzomilebiani p  

simpleqsi davarqvaT X  simravlis iseT  121 ;;...;; pp xxxx  

qvesimravles, romlisTvisac arsebobs erTi mainc Yy j   iseTi, 

rom   ji yx ;  yoveli i -Tvis, 1;1  pi .  121 ;;...;; pp xxxx  

simravlis nebismier qvesimravles ewodeba simpleqsis waxnagi. 

vityviT, rom ori p  da k  simpleqsi aris q  bmuli, Tu 

arsebobs r  ;...;; 21  simpleqsebis iseTi mimdevroba, rom 

Sesrulebulia Semdegi pirobebi; 

I) 1  aris p  simpleqsis waxnagi; 

II) r  aris k  simpleqsis waxnagi; 
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III)  yovel ori mezobeli i  da 1i  simpleqsis saerTo 

waxnagis ganzomileba araa naklebi q -ze. 

simpleqsebs Soris aRniSnuli mimarTeba ( q  bmulobis 

mimarTeba) aris eqvivalentobis mimarTeba, amitom );( XKY   

kompleqsis im simpleqsebis simravle, romelTa ganzomileba 

araa naklebi q -ze, daiyofa eqvivalentobis klasebad. vTqvaT qQ  

aRniSnavs eqvivalentobis klasebis raodenobas.  

veqtors  NQQQQ ;...;; 10 ewodeba );( XKY   kompleqsis 

struqturis veqtori, xolo );( XKY   kompleqsis analizs Q

veqtoris koordinatebis moZebnis gziT, ewodeba Q  analizi. Q  

veqtori gviCvenebs, Tu ramdenad kargad arian simpleqsebi 

erTmaneTTan bmulni sxvadasxva doneze (sxvadasxva q -Tvis).  

Q  analizi gamoiyeneba, socialuri, ekonomikuri, 

sagadasaxado, saarCevno, teqnikuri da a.S. sistemebis da 

procesebis analizisaTvis, maTematikuri modelirebisa da 

marTvisaTvis. 

Q  analizis saSualebiT sistemis kvlevisas erT-erTi 

mniSvnelovani cnebaa simpleqsis eqscentrisitetis cneba, 

romelic gviCvenebs, Tu ramdenad gansxvavdeba mocemuli 

simpleqsi danarCeni simpleqsebisgan. eqscentrisiteti gviCvenebs 

ara marto imas, Tu ramdenad mniSvnelovania mocemuli 

simpleqsi mTliani kompleqsisaTvis (romelic gamoixateba misi 

ganzomilebiT), aramed imasac, Tu ramdenad mniSvnelovania es 

simpleqsi kompleqsis bmulobisaTvis (es gamoixateba im 

wveroebis maqsimaluri raodenobiT, romlebic saerToa agreTve 

sxva simpleqsebisTvisac). rac ufro did ricxvs warmoadgens 

simpleqsis eqscentrisiteti, miT ufro `ucnauria” es simpleqsi. 

eqscentrisiteti saSualebas gvaZlevs davadginoT sistemis 

`anomaluri” elementebi, migvaniSnebs ra mimarTulebiT unda 

vikvlioT sistema da ra zemoqmedeba unda movaxdinoT masze, 

rom gaumjobesdes misi maxasiaTeblebi - pirvel rigSi misi 

mdgradoba gare zemoqmedebebis da SeSfoTebebis mimarT. 
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simpleqsis eqscentrisiteti gamoiTvleba Semdegi formulis 

saSualebiT: 

 
1








q

qq
ecc   

sadac 


q  aris   simpleqsis ganzomileba, xolo 


q  ki aris 

udidesi ricxvi iseT q  ricxvebs Soris, romlebisTvisac 

moiZebneba kompleqsis erTi mainc /  simpleqsi iseTi, rom   da 

/  simpleqsebi arian q  bmulni.   

 

 

3.2 sistemis struqturis gaumjobesebis optimaluri gzis 

povna 𝑄 analizis meTodis gamoyenebiT 

rac ufro didia Q  veqtoris koordinatebi, miT ufro 

metadaa “daSorebulni” simpleqsebi erTmaneTs, miT ufro 

rTulia raime cvlilebis gatareba sistemaSi. 𝑄-analizis 

TvalsazrisiT idealuria SemTxveva roca yoveli ix  aris 𝜆 

mimarTebaSi yovel 𝒚𝒋–Tan - yoveli q -Tvis, 1qQ , Nq ;1 , magram 

am SemTxvevaSi mosalodnelia sistemis zogierTi maxasiaTebeli 

parametris gauareseba (magaliTad Tu 𝑡𝑖𝑗 aRniSnavs (𝑥𝑖, 𝒚𝒋) 

kavSiris ganxorcielebisaTvis saWiro xarjebs, maSin 

mosalodnelia am xarjebis uzomod  gazrda, rac araa 

mizanSewonili). amitom dRis wesrigSi dgeba Semdegi amocana: 

yvela SesaZlo cvlilebaTa Soris (cvlilebis qveS 

vgulisxmobT romelime simpleqsisaTvis im wveros mierTebas, 

romelic mas ar  ekuTvnoda) romelia is cvlileba, romlis 

Sedegad miRebuli  𝑄 veqtori  danarCenebze `ukeTesia~. davuSvaT 

q aris umciresi indeqsi, romlisTvisac qQ >1. im simpleqsebis 

simravledan, romelTa ganzomileba araa naklebi q -ze, avirCioT 

romelime ori [𝑦𝑚] da [𝑦𝑛], romlebic  ar arian q  bmulni (aseTi 

simpleqsebi aucileblad arsebobs, radgan 1qQ ) da gavxadoT 
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isini q  bmuli erT-erTi simpleqsis, magaliTad [𝑦𝑚]-is SecvliT 

iseTi simpleqsiT, romelic miiReba misTvis [𝑦𝑛] simpleqsis im 

wveros mierTebiT, romelic mas ar  ekuTvnoda. cxadia, rom 

aseTi mierTebis Sedegad qQ -s  mniSvneloba ar gaizrdeba. 

ganvixilavT yvela SesaZlo aseT cvlilebas da maT Soris 

avirCevT iseTs, romlis Sesabamisi struqturis veqtoris q  

koordinati iqneba umciresi (cxadia, rom 110 ;...;; qQQQ  

koordinatebi isev 1-is toli iqnebian). Tu aseTi cvlileba aris 

ramdenime, maSin maT Soris avirCioT iseTi, romlis Sesabamisi 

struqturis veqtoris  1q  koordinati aris umciresi da a.S.  

TvalsaCinoebisaTvis ganvixiloT martivi magaliTi. vTqvaT 

gansaxilveli sistemis incidenturobis matricia:  



















11100

01110

00011

. 























21

120

01

IT . 

[𝑦2] da [𝑦3] arian udidesi ganzomilebis mqone, simpleqsebi da 

maT ganzomileba 2-is tolia. 𝑄 - analizis Sedegad miviRebT:  

𝑞 = 2,  𝑄2 = 2, kerZod {[𝑦2]}, {[𝑦3]}; 

𝑞 = 1, 𝑄1 = 2, kerZod {[𝑦1]}, {[𝑦2], [𝑦3]}; 

𝑞 = 0, 𝑄0 = 1, kerZod {[𝑦1], [𝑦2], [𝑦3]}. 

maSasadame mocemuli kompleqsis struqturis veqtoria:  

𝑄(1,2,2). 

umciresi q  indeqsi, romlisTvisac 1qQ , aris 1q . 

ganvixiloT simpleqsebisaTvis iseTi wveris mierTebas yvela 

SesaZlo varianti, romelic mas ar ekuTvnoda. 

1) [𝑦1] simpleqss mivuerToT 𝑥3 wvero. Sesabamisi 

incidenturobis matrici aRvniSnoT Λ(1,3)–iT: 
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Λ(1,3)=(
1   1   1   0   0   
0   1   1   1   0   
0   0   1   1   1   

). 

 

    


















211

121

112
3:13:1 I

T
. 

𝑞 = 2, 𝑄2 = 3, kerZod {𝑦1}, {𝑦2}, {𝑦3}; 

𝑞 = 1,  𝑄1 = 1,  kerZod {[𝑦1], [𝑦2], [𝑦3]}; 

𝑞 = 0, 𝑄0 = 1,  kerZod {[𝑦1], [𝑦2], [𝑦3]}. 

miRebuli kompleqsis  struqturis  veqtoria 𝑄(1,3)(1,1,3). 

2) [𝑦1] simpleqss mivuerToT 𝑥4 wveri. Sesabamisi 

incidenturobis matrici aRvniSnoT Λ(1,4)-iT. 

Λ(1,4)=(
1   1   0   1   0   
0   1   1   1   0   
0   0   1   1   1   

). 

 

    


















211

121

112
4:14:1 I

T
. 

miviReT iseTive matrici, rogoric Λ(1,3)-is SemTxvevaSi, amitom 

𝑄(1,4)(1,1,3). 

3) [𝑦1] simpleqss mivuerToT 𝑥5 wveri. Sesabamisi 

incidenturobis matrici aRvniSnoT Λ(1,5)-iT. 

Λ(1,5) = (
1   1   0   0   1   
0   1   1   1   0   
0   0   1   1   1   

). 

 

Λ(1,5) ∙ (Λ(1,5))T − I = (
2   0   0   
0   2   1   
0   1   2   

) 

𝑞 = 2,  𝑄2 = 3, kerZod {[𝑦1]}, {𝑦2}, {𝑦3}; 

𝑞 = 1, 𝑄1 = 2, kerZod {[𝑦1]}, {[𝑦2]; [𝑦3]}; 

𝑞 = 0, 𝑄0 = 1,  kerZod {[𝑦1], [𝑦2], [𝑦3]}. 

miRebuli kompleqsis struqturis veqtoria 𝑄(1,5)(1,2,3). 
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4) [𝑦2] simpleqss mivuerToT 𝑥1 wveri. Sesabamisi 

incidenturobis matrici aRvniSnoT Λ(2,1)-iT. 

Λ(2,1) = (
1   1   0   0   0   
1   1   1   1   0   
0   0   1   1   1   

). 

 

Λ(2,1) ∙ (Λ(2,1))T − I = (
1   1  −   
1   3   1   
−   1   2   

). 

𝑞 = 3:𝑄3 = 1,  kerZod {[𝑦2]}; 

𝑞 = 2: 𝑄2 = 2, kerZod {[𝑦2]}, {[𝑦3]}; 

𝑞 = 1: 𝑄1 = 1, kerZod {[𝑦1], [𝑦2], [𝑦3]}; 

𝑞 = 0, 𝑄0 = 1, kerZod {[𝑦1], [𝑦2], [𝑦3]}. 

miRebuli kompleqsis  struqturis veqtoria Q(2,1)(1,1,2,1). 

5) [𝑦2] simpleqss mivuerToT 𝑥5 wvero. Sesabamisi 

incidenturobis matrici aRvniSnoT Λ(2,5)-iT. 

Λ(2,5)=(
1   1   0   0   0   
0   1   1   1   1   
0  0   1   1   1  

). 

 

Λ(2,5) ∙ (λ(2,5))T − I = (
1   0  −   
0   3   2   
−   2   2   

). 

𝑞 = 3:𝑄3 = 1,  kerZod {[𝑦2]}; 

𝑞 = 2: 𝑄2 = 1, kerZod {[𝑦2],[𝑦3]}; 

𝑞 = 1, 𝑄1 = 2, kerZod {[𝑦1],[𝑦2], [𝑦3]}; 

𝑞 = 0, 𝑄0 = 1, kerZod {[𝑦1],[𝑦2], [𝑦3]}. 

miRebuli kompleqsis  struqturis  veqtoria Q(2,5)(1,2,1,1). 

6) [𝑦3] simpleqss mivuerToT 𝑥1 wvero. Sesabamisi 

incidenturobis matrici aRvniSnoT Λ(3,1)-iT. 

Λ(3,1)=(
1    1   0   0   0   
0   1   1   1   0   
1   0   1   1   1   

). 

 

Λ(3,1) ∙ (λ(3,1))T − I=(
1   0   0   
0   2   1   
0   2   3   

). 
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𝑞 = 3:𝑄3 = 1,  kerZod {[𝑦3]}; 

𝑞 = 2: 𝑄2 = 2, kerZod {[𝑦2]}, {[𝑦3]}; 

𝑞 = 1, 𝑄1 = 2, kerZod {𝑦1},{[𝑦2], [𝑦3]}; 

𝑞 = 0: 𝑄0 = 1, kerZod {[𝑦1], [𝑦2], [𝑦3]}. 

miRebuli kompleqsis  struqturis  veqtoria Q(3,1)(1,2,2,1). 

7)  [𝑦3] simpleqss mivuerToT 𝑥2 wveri. Sesabamisi 

incidenturobis matrici aRvniSnoT Λ(3,2)-iT. 

Λ(3,2)=(
1    1   0   0   0   
0   1   1   1   0   
0   1   1   1   1   

). 

 

Λ(3,2) ∙ λ(3,2)
T
− I=(

1   0   0   
0   2   2   
0   2   3   

). 

𝑞 = 3:𝑄3 = 1,  kerZod {[𝑦3]}; 

𝑞 = 2: 𝑄2 = 2, kerZod {[𝑦2]}, {[𝑦3]}; 

𝑞 = 1, 𝑄1 = 2, kerZod {𝑦1},{[𝑦2], [𝑦3]}; 

𝑞 = 0: 𝑄0 = 1, kerZod {[𝑦1], [𝑦2], [𝑦3]}. 

miRebuli kompleqsis  struqturis  veqtoria Q(3,2)(1,2,1,1). 

yvela ganxilul SemTxvevaSi 𝑄0 = 1.  mxolod  pirvel ([𝑦1] −s 

mivuerTebT 𝑥3 wveri), meore ([𝑦1] −s mivuerTebT 𝑥4 wveri) da 

meoTxe SemTxvevaSi ([𝑦2] −s mivuerTebT 𝑥1 wveri) 𝑄1 = 1. 

Sesabamisi struqturis veqtoria Q(1,3)(1,1,3), Q(1,4)(1,1,3), Q(2,1)(1,1,2,1). 

maT Soris umciresi 𝑄2 koordinati aqvs Q(2,1) veqtors.  

maSasadame sxva moTxovnebis (damatebiTi pirobebis) ar 

arsebobis SemTxvevaSi struqturis  veqtoris gasaumjobeseblad 

optimaluri variantia 4) varianti - roca [𝑦3] simpleqss 

mivuerTebT 𝑥1 wveros. 

rogorc vxedavT struqturis veqtoris gaumjobesebis 

optimaluri variantis moZebna am martiv SemTxvevaSic ki sakmaod 

Sromatevadi procesia, amitom Cven unda vecadoT es procesi 

rogorme gavamartivoT.  
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vTqvaT q  aris umciresi indeqsi, romlisTvisac 1qQ . vTqvaT 

q  bmulobis mimarTebis Sesabamisi eqvivalentobis klasebia: 

𝐴1 ={[𝑦11], [𝑦12], … [𝑦1𝑖1]} 

𝐴2 ={[𝑦21], [𝑦22], … [𝑦2𝑖2]} 

. . . . . . . . . . . . . . . . . . 

𝐴𝑄𝑖 ={[𝑦𝑄𝑖1] , [𝑦𝑄𝑖2] , … [𝑦𝑄𝑖𝑘]} 

a) Tu 𝐴𝑚 eqvivalentobis klasis romelime [𝑦𝑚𝑗] elementi 

iseTia, rom yoveli 𝑛 ≠ 𝑚 – Tvis  da yoveli 𝑟 ∈ [1, 𝑛𝑖𝑛̅̅ ̅̅ ̅̅ ̅] – Tvis 

dim([𝑌𝑚𝑗] ∩ [𝑌𝑛𝑟]) < 𝑖 − 1, maSin aseTi [𝑌𝑚𝑗] simpleqsisaTvis erTi 

damatebiTi wveris mierTebiT qQ -s mniSvneloba ar Seicvleba.  

marTlac, [𝑌𝑚𝑗] simpleqsisaTvis romelime wveros mierTebiT 

miRebuli [𝑌𝑚𝑗̅̅ ̅̅̅] simpleqsisa da [𝑌𝑛𝑟] simpleqsis (𝑛 ≠ 𝑚, 𝑟 ∈ [1,̅ 𝑛𝑖𝑛
̅̅ ̅̅ ̅̅ ̅]) 

saerTo waxnagis ganzomileba ar aRemateba (𝑖 − 1)-s. es ki 

niSnavs, rom ar iarsebebs 𝑖  jaWvi, romelic [𝑌𝑚𝑗̅̅ ̅̅̅] simpleqss 

daakavSirebs 𝐴𝑛( 𝑛 ≠ 𝑚) simravlis romelime simpleqsTan, anu 

[𝑌𝑚𝑗] simpleqsisaTvis erTi damatebiTi wveros mierTebiT 𝑄𝑖-s 

mniSvneloba ar Seicvleba, amitom Cven SegviZlia aseTi 

SemTxveva ar ganvixiloT (es niSnavs, rom Cvens mier moyvanil 

magaliTSi, SegveZlo 6) da 7) SemTxvevebi ar  gangvexila).   

b) Tu [𝑌𝑚𝑗] sipleqss mivuerTebT iseT 𝑥𝑝 wveros, romlis 

Sesabamis svetSi nuli weria yvelgan, garda SesaZlo 𝐴𝑚 

simravlis elementebis Sesabamisi striqonebisa da garda iseTi 

[𝑌𝑛𝑟]-ebis ( 𝑛 ≠ 𝑚, 𝑟 ∈ [1,̅ 𝑛𝑖𝑛
̅̅ ̅̅ ̅̅ ̅]) Sesabamisi striqonebisa, 

romelTaTvisac dim([𝑌𝑚𝑗] ∩ [𝑌𝑛𝑟]) < 𝑖 − 1, maSin am SemTxvevaSi 𝑄𝑖-s 

mniSvneloba ar Seicvleba (es niSnavs, rom Cvens mier moyvanil 

magaliTSi, 3) da 5) SemTxvevebi SegveZlo ar gangvexila). 

vTqvaT pAX   mosaxleobis jgufebis simravlea, xolo 

 PY ;...;2;1  ki maTi interesebis simravle.   






interesi  aqvs ar adamians jgufis  Tu

interesi  aqvs adamians jgufis  Tu

ij

ij
ij

,0

,1
  
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aRniSnuli mimarTebis Sesabamisi simplicialuri kompleqsis 

struqturis veqtori -  NQQQQ ;...;; 10  gviCvenebs, Tu rogoria 

mosaxleobis sxvadasxva jgufebs Soris bmuloba (kavSiri) im 

pirobebSi, roca yoveli jgufis yoveli interesi aris 

dakmayofilebuli. 

axla ganvixilavT SemTxvevas, roca p
mAX  ,  PY ;...;2;1 , 






raionSi kmayof.  ar interesi  adamianis jgufis  Tu

raionSi  bakmayofilde interesi  adamianis jgufis  Tu

mij

mij
m
ij

,0

,1


(aq SesaZlebelia kveTis Semotana: Tu m  raionSi romelime 

interesis dakmayofilebis parametri ar aRemateba winaswar 

SeTanxmebul ricxvs, maSin CavTvliT, rom es interesi mocemul 

raionSi ar kmayofildeba). vTqvaT  m
N

mmm

m
QQQQ ;...;; 10  aris 

Sesabamisi struqturis veqtori.  NQQQQ ;...;; 10  da 

 m
N

mmm

m
QQQQ ;...;; 10  veqtorebis koordinatebis Sedareba 

saSualebas gvaZlevs SevafasoT ramdenad kargi (ramdenad cudi) 

viTarebaa mocemul raionSi mosaxleobis jgufebis struqturis 

TvalsazrisiT, rogor Seicvleba mosaxleobis struqtura 

raionSi ganxorcielebuli ama Tu im cvlilebis gamo. zemoT 

moyvanili algoriTmis daxmarebiT SesaZlebelia moiZebnos is 

cvlileba (cvlilebebi), romeli cvlilebac (cvlilebebic) 

raionis mosaxleobis struqturas yvelaze metad gaaumjobesebs. 

 

 

3.3 𝑄 analizis meTodis praqtikuli gamoyenebis magaliTebi 

magaliTi 1. transportis nakadis marTvis algoriTmi 𝑄 

analizis meTodis gamoyenebiT. im SemTxvevaSi, roca romelime 

damakavSirebeli monakveTis gamtarunarianoba naklebia, vidre 

nakadis sidide am monakveTze, gzagvaredinze warmoiqmneba e.w 

sacobebi.sacobebis Tavis asarideblad  xSirad mimarTaven 

romelime (erT an ramdenime) marSrutis gadaketvis xerxs.Cven 

SevecdebiT 𝑄 analizis daxmarebiT pasuxi gavceT kiTxvas: 
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arsebuli marSutidan romeli marSutis SezRudva (gadaketva) 

SeuSlis yvelaze metad xels sacobebis warmoqmnas [32]. 

Tu Cven ganvixilavT Semdegi tipis gzajvaredins: 

 

      c   b  

 

  

 

 

 

(gvaqvs 12 gansxvavebuli marSuti) da davuSvebT, rom yvela 

marSuti erTnairad mniSvnelovania, maSin am SemTxvevaSi Cven ver 

avirCevT im erTaderT marSuts, romli SezRudvac mogvcems 

yvelaze karg efeqts. 

Aamitom 𝑄 analizis meTodis sailustraciod umjobesia 

ganvixiloT Semdegi tipis gzajvaredini: 

 

 

 

 

 

 

 

 

 

Ggzajvaredini Sedgeba oTxi damakavSirebeli monakveTisagan: 

𝐿1;  𝐿2;   𝐿3;   𝐿4. Aarsebobs gzajvaredinis gadakveTis eqvsi marSuti 

abR 1 , adR 2 , cdR 3 ,  cfR 4 , efR 5 , ebR 6 . 

𝐿 = {𝐿1 ,𝐿2 ; 𝐿3 ; 𝐿4} simravlidan 𝑅 = {𝑅1  ; 𝑅2 ; 𝑅3 ; 𝑅4 ; 𝑅5 ; 𝑅6} simravleSi 

𝜆 mimarTeba ganvsazRvroT Semdegi wesiT: (𝐿𝑖 ; 𝑅𝑗)𝜖𝜆 maSin da mxolod 

maSin, roca 𝑅𝑗 marSuti gadis 𝐿𝑖 damakavSirebel monakveTze. am 

mimarTebis Sesabamisad incidentobis matricas aqvs saxe: 

d    

e 

a 

h 

f g 

b 

c 

L2 L1 

L3 L4 

a 

f 

d e 
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







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




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1000

1100

0100
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0011

 

K𝐾𝑅(𝐿; 𝜆) da 𝐾𝐿(𝑅; 𝜆
−1) kompleqsebis 𝑄 analizisaTvis 

ganvixiloT matricebi Λ Λ𝑇 da  Λ𝑇Λ: 

Λ  ∙ Λ𝑇 =

(

  
 

2 2 0 0 0 2
2 3 1 1 1 2
0 1 1 1 0 0
0 1 1 2 1 1
0 1 0 1 1 1
2 2 0 1 1 3)

  
 

𝑅1
𝑅2
𝑅3
𝑅4
𝑅5
𝑅6

 Λ𝑇  ∙ Λ=(

3 3 1 1
3 3 1 1
1 1 3 1
1 1 1 3

)

𝐿1
𝐿2
𝐿3
𝐿4

 

𝐾𝑅(𝐿; 𝜆)  kompleqsis 𝑄 analizis Sedegad vRebulobT, rom esaa 

organzomilebiani kompleqsi, romlis struqturis veqtoria 

 ;3,2,1Q  𝑅2 da 𝑅6 arian organzomilebiani simpleqsebi, magram 

isini ar arian bmuli am doneze, amitom 𝑄2 = 2, 

𝑞 = 1–Tvis Q 21 Q , kerZod {𝑅1 𝑅2 𝑅6},       {𝑅4}. Aam doneze 𝑅4 

marSuti gancalkavebulia danarCeni erTganzomilebiani 

marSutisagan.xom ar niSnavs es, rom yvelaze ufro xelsayreli 

iqneba swored 𝑅4 marSutis SezRudva? aRniSnul kiTxvaze pasuxis 

gacemaSi dagvexmareba 𝐾2(𝑅, 𝜆
−1) kompleqsis 𝑄 analizi. 

 

nax. 32 

yovel  damakavSirebel monakveTze (ix T  matrici) gadis sami 

marSuti, magram 𝐿3 da 𝐿4 damakavSirebel monakveTebze gadian 

urTierTmarTobuli marSutebi, amitom yvelaze metad sacobi 
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SesaZlebelia gaCndes am ori damakavSirebeli monakveTis 

gamo.erT-erTi marSuti, romelic gadis orive 𝐿3 da 𝐿4 

monakveTebze, aris 𝑅4 marSuti, amitom  yvelaze ufro 

mosaxerxebeli iqneba sworad 𝑅4 marSutis SezRudva. 

 cxadia, rom rac ufro mcire raodenobis damakavSirebel 

monakveTebisagan Sedgeba gzajvaredini da rac ufro mcire 

marSutebi gadakveTaven am gzajvaredins, miT ufro martivia im 

marSutis dadgena, romlis SezRudvac mogvcems yvelaze met 

efeqts. ganvixiloT Semdegi tipis gzajvaredini: 

 

 

 

 

 

 

 

nax. 33 

gzajvaredini Sedgeba sami damakavSirebeli monakveTisgan: 𝐿1, 

𝐿2 da 𝐿3. arsebobs gzajvaredinis gadakveTis oTxi marSruti: 𝑅1 −

𝑎𝑏, 𝑅2 − 𝑐𝑓, 𝑅3 − 𝑑𝑏, 𝑅4 − 𝑒𝑓. 

 𝐿1 𝐿2 𝐿3 

𝑅1 1 0 0 

𝑅2 0 1 1 

𝑅3 1 1 0 

𝑅4 0 0 1 

rogorc incidentobis matricidan Cans, yvelaze did 

winaaRmdegobas qmnian 𝑅2 da 𝑅3 marSutebi. isini erTmaneTs 

HhkveTen 𝐿2 damakavSirebel monakveTze, amitom sacobis Tavidan 

asacileblad umjobesi iqneba 𝑅2 da 𝑅3 marSrutis gadaketva. Tu 

am ori marSrutis Sesaxeb CvenTvis damatebiT araferia cnobili, 

maSin mniSvneloba ar aqvs imas, Tu romels gadavketavT, magram 

Tu Cven „moviZiebT” informaciis mezobeli gzajvaredinis Sesaxeb, 

b 

c 

 L1 

L3 L3 

a 

f 

d e 
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maSin am informaciis safuZvelze Cven SeiZleba upiratesoba 

mivceT romelime marSruts. magaliTad, vTqvaT „ufro vrceli” 

suraTi aseTia (nax. 34): 

 

 

 

 

 

 

 

nax. 34 

Aarsebobs eqvsi gansxvavebuli marSuti: 

𝑅1 − 𝑎𝑔, 𝑅2 − 𝑎𝑗, 𝑅3 − ℎ𝑖, 𝑅4 − ℎ𝑓, 𝑅5 − 𝑑𝑔,  𝑅6 − 𝑒𝑓. 

 𝐿1 𝐿2 𝐿3 𝐿4 𝐿5 𝐿6 

𝑅1 1 0 0 1 0 0 

𝑅2 1 0 0 1 0 1 

𝑅3 0 0 0 0 1 0 

𝑅4 0 1 1 0 1 1 

𝑅5 1 1 0 1 0 0 

𝑅6 0 0 1 0 0 0 

 

rogorc am matricidan vxedvT, yvelaze did winaaRmdegobas 

qmnis  𝑅4 marSuti. is gadis oTx damakavSirebel monakveTze, 

amasTn 𝑅2 marSuts 𝐿6 monakveTze, xolo 𝑅5 marSuts 𝐿2 

monakveTze hkveTs marTi kuTxiT, amitom, bunebrivia, yvelaze 

ufro xelsayrelia 𝑅4  marSrutis SezRudva. 

magaliTi 2. dasasvenebeli parkebi da 𝑸-analizi. vTqvaT 𝑋 

aRniSnavs Tbilisis dasasvenebeli parkebis simravles, xolo 

𝑌Yki raionebis simravles. 𝑋 da 𝑌 simravleebs Soris mimarTeba 

mocemulia Semdegi wesiT [32]: 𝑥𝑖 parki mimarTebaSia 𝑦𝑗 raionTan, 

Tu 𝑦𝑗 raionis mosaxleoba sargeblobs 𝑥𝑖 parkiT. vTqvaT am 

mimarTebis Sesabamisi incidenturobis matricaa: 

g

b 
h

c 

𝐿4  

L5 L6 

b 

c 

i j 

L1 

L2 L3 

a 

 

 

e d 
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SevadginoT Λ ∙ Λ𝑇 matrici: 
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Λ ∙ Λ𝑇 − 𝐼 =

ვაკე
საბურთალო

დიდუბე
ჩუღურეთი

ისანი
სამგორი

მთაწმინდა
გლდანი

ნაძალადევი (

 
 
 
 
 
 

4 4 −
4 4 −
− − 1
− − 0
− − −
− − −
− − −
− − 0

− − −

− − −
− − −
0 − −
5 1 −
1 1 −
− − −
3 1 −
− − −

1 − −

− − −
− − −
− 0 −
3 − 1
1 − −
− − −
3 − −
− 1 0

− 0 1)

 
 
 
 
 
 

 

rogorc vxedavT, udidesi ganzomilebis simpleqsia `CuRureTi”, 

misi ganzomilebaa 5. cxadia, rom is araa 𝑞 = 5 bmulobis 

komponentSi arcerT sxva raionTan: 𝑄5 = 1. 

𝑞 = 4. 4 da met ganzomilebiani simpleqsebia `vake”, 

`saburTalo” da `CuRureTi”. `vake” da `saburTalo” arian 

erTmaneTTan 4-ad bmuli, magram isini ar arian 4-ad bmuli 

`CuRureTTan”. 

Tu am process gavagrZelebT 𝑞 = 3, 𝑞 = 2, 𝑞 = 1, 𝑞 = 0-Tvis, 

miviRebT, rom mocemuli incidenturobis matricis Sesabamisi 

struqturis veqtors aqvs saxe: 

𝑞 = 5;   𝑄5 = 1  kerZod {`CuRureTi”}; 

𝑞 = 4;   𝑄4 = 2  kerZod {`vake”, `saburTalo”}, {`CuRureTi”}; 

𝑞 = 3;   𝑄3 = 2  kerZod {`vake”, `saburTalo”}, {`CuRureTi”, 

`mTawminda”}; 

𝑞 = 2;   𝑄2 = 2  kerZod {`vake”, `saburTalo”}, {`CuRureTi”, 

`mTawminda”}; 

𝑞 = 1;   𝑄1 = 4  kerZod {`vake”, `saburTalo”}, {`didube”}, 

{`CuRureTi”, `isani”, `mTawminda”, `naZaladevi”}, {`gldani”}; 

𝑞 = 0;   𝑄0 = 2  kerZod {`vake”, `saburTalo”}, {`CuRureTi”, `isani”, 

`mTawminda”, `naZaladevi”, `gldani”, `didube”}; 

rogorc vxedavT, Tbilisis raionebi dasasvenebeli parkebis 

momsaxurebis mixedviT sakmaod gansxvavdebian erTmaneTisgan, 

winaaRmdegobis veqtors yvelaze didi koordinati aqvs 𝑞 = 1-Tvis: 

𝑄1 = 3 - is rva raioni, romlebsac aqvT ori mainc dasasvenebeli 

parki, iyofa 4 jgufad. es niSnavs, rom yvelaze rTuli 

gasatarebeli iqneba reforma, romelic mizans isaxavs es 
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raionebi erTmaneTs davukavSiroT 𝑞 = 1 doneze – yoveli ori 

raioni erTmaneTs daukavSirdes `orparkiani jaWviT”. 

gamovTvaloT eqscentrisitetis sidide TiToeuli raionisTvis, 

𝑒𝑐𝑐(`ვაკე") =
4 − 4

4 + 1
= 0; 

𝑒𝑐𝑐("საბურთალო") =
4 − 4

4 + 1
= 0; 

𝑒𝑐𝑐("დიდუბე") =
1 − 0

0 + 1
= 1; 

𝑒𝑐𝑐("ჩუღურეთი") =
5 + 3

3 + 1
=
1

2
; 

𝑒𝑐𝑐("ისანი") =
1 − 1

1 + 1
= 0; 

𝑒𝑐𝑐("სამგორი") =
−1 + 1

−1 + 1
− განუსაზღვრელია; 

𝑒𝑐𝑐("მთაწმინდა") =
3 − 3

3 + 1
= 0; 

𝑒𝑐𝑐("გლდანი") =
1 − 0

0 + 1
= 1; 

𝑒𝑐𝑐("ნაძალადევი") =
1 − 1

1 + 1
= 0; 

rogorc vxedavT vake, saburTalo, isani, mTawminda da 

naZaladevis raionebis eqscentrisitetebi tolia nulis. es 

niSnavs, rom aRniSnuli raionebi sxva raionebis mimarT 

`keTilganwyobili” raionebia – yvela parki, romelic emsaxureba 

am raionebs, emsaxureba kidev erT mainc sxva raions. rac Seexeba 

samgoris raions, misi eqscentrisiteti saerTod ganusazRvrelia. 

es niSnavs, rom pirvel rigSi unda aSendes parki, romelic 

moemsaxureba samgoris raions. kargi iqneba, Tu es parki aSendeba 

ise, rom is moemsaxureba kidev erT raions mainc. amiT samgoris 

raioni 0 doneze maic SeuerTdeba sxva raionebs. 

rac Seexeba vakisa da saburTalos raionebs, es raionebi 

gansakuTrebiT `keTilganwyobilni” arian erTmaneTis mimarT, maT 

erTmaneTisgan gansxvavebuli interesebi ar gaaCniaT, magram isini 

`izolirebuli” arian sxva raionebisgan, rac 

gasaTvaliswinebelia momavalSi (daproeqtebisas). 
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magaliTi 3. optimaluri kavSirebis moZebnis algoriTmi 

sistemis qselis zedmetad datvirTvis SemTxvevaSi. 

ganvixiloTurbanuli sistema,romelic dayofilia 2 raionad, 

sadac funqcionirebs 5 sawarmo, romelTac hyavT 7 nedleulis 

momwodebeli [34]. momwodeblebsa da sawarmoebs Soris 

incidenturobis matricas aqvs saxe: 

Ω =

(

 
 

1  1  0  1  0  0  1 
1  0  0  1  1  1  0 
1  1  1  0  1  0  0 
1  0  1  1  0  0  0 
1  0  1  0  1  1  1 )

 
 
 

ganvixiloT matrici: 

𝐶 =  Ω ∙ ΩT =

(

 
 

4  2  2  2  2 
2  4  2  2  3 
2  2  4  2  3 
2  2  2  3  2 
2  3  3  2  5 )

 
 
 

𝐶 matricis 𝐶𝑠𝑚 elementi (𝑠 ≠ 𝑚) gviCvenebs ramdeni saerTo 

momwodebeli hyavs 𝑠 da 𝑚 sawarmos. smd -iT aRvniSnoT𝑠 da 𝑚 

sawarmoebis momwodebelTa ricxvs Soris udidesi (magaliTad  

𝑑15 = 𝑚𝑎𝑥{4; 5} = 5; 𝑑23 = 𝑚𝑎𝑥{4; 4} = 4. 𝑝𝑠𝑚 =
𝐶𝑠𝑚

𝑑𝑠𝑚
. gamoviTvaloT 

regionis maxasiaTebeli parametri: 
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sawarmoebis mogebis koeficientebi wlebis mixedviT mocemulia 

danarTSi, cxrili 1-Si, gadaiaraRebis koeficientebi wlebis 

mixedviT mocemulia danarTSi, cxrili 2-Si, mosaxleobis 

calkeuli jgufebisTvis raionebis maxasiaTebeli parametrebi 

mocemulia danarTSi, cxrili 3-Si, informacia imis Sesaxeb, Tu 

ra moculobis investiciis  aTviseba SeuZlia mocemul sawarmos 

(informacia sawarmos tevadobis Sesaxeb) mocemulia danarTSi, 

cxrili 4-Si.  
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𝜎𝑠𝑚-iT aRvniSnavT 𝑞-s mniSvnelobas romlisTvisac 𝑠 da 𝑚 

sawarmos arian bmulni. 𝜎𝑠𝑚-is mniSvneloba mocemulia Semdegi 

matriciT: 

𝜎 =

(

 
 

3  1  1  1  1 
1  3  2  1  2 
1  2  3  1  2 
1  1  1  2  1 
1  2  2  1  4 )

 
 
 

𝑑𝑖𝑚𝑅𝑚-iT aRvniSnoT 𝑚-ur sawarmos (simpleqsis) ganzomileba. 

Cvens SemTxvevaSi sawarmos ganzomilebaTa veqtors aqvs saxe:  

(3, 3, 3, 2, 4). 

gamovTvaloT mizidvis funqciis koeficienti: 

𝛿𝑠𝑚 = (∑ 𝜆𝑘
(𝑝)𝜂(𝑃) + ∑ 𝛽𝑚

(𝑖)𝛾𝑚
(𝑖) +∑ 𝛼𝑚

(𝑖)𝐼
𝑖=1 𝜔(𝑖)𝐼

𝑖=1
𝑝
𝑝=1 )

𝜎𝑠𝑚

𝑑𝑖𝑚𝑅𝑚
. 

(aq  K aRniSnavs im raionis nomers, romlesac ekuTvis m-uri 

sawarmo) 

mizidvis koeficientebi moicema Semdegi matriciT: 

𝛿 =

(

 
 

0,404   0,1417   0,1373   0,2215   0,2255 
0,1347   0,425   0,2746   0,2215   0,1126 
0,1347   0,2834   0,412   0,2215   0,2255 
0,1347   0,1417   0,1373   0,443   0,1126 
0,1347   0,2834   0,2746   0,2215   0,451 )

 
 
 

𝑋𝑠𝑚(𝑡) aRniSnavs investiciis sidides, romelic drois T 

momentisaTvis S sawarmodan ideba m sawarmoSi. es sidideebi 

akmayofileben pirobas: 

   tIhtx mm

M

s
sm 

1

, 𝑚 ∈ [1,𝑀]̅̅ ̅̅ ̅̅ ̅̅  

ℎ𝑚 proporciulobis koeficientebi mocemulia veqtoris 

saxiT: 

ℎ (0,82; 0,74; 0,62; 0,71; 0,68) 

Tu Caweris gamartivebis mizniT 𝛼𝑚
(𝑖)-is nacvlad davwerT 𝛼𝑚-

s, maSin investiciis sidideebis gamosaTvlelad gveqneba 

diferencialuri gantolebebis Semdegi sistema 

𝑑𝐼𝑚(𝑡)

𝑑𝑡
= (𝛼𝑚 − 𝜇ℎ𝑚)𝐼𝑚(𝑡) + 𝜇∑

𝜈𝑠𝑚(𝑡)

∑ 𝜈𝑠𝑚(𝑡
𝑀
𝑘=0 )

ℎ𝑠𝐼𝑠(𝑡)

𝑀

𝑠=0
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sadac 𝜈𝑠𝑚 aris mizisdvis funqcia, romelic moicema 

formuliT: 

𝜈𝑠𝑚(𝑡) = 𝛿𝑠𝑚𝐼𝑚(𝑡)(𝑉𝑚 − 𝐼𝑚(𝑡)) 

yoveli 𝑚 ∈ [1,𝑀]̅̅ ̅̅ ̅̅ ̅̅ -sTvis (Cvens SemTxvevaSi 𝑀 = 5) vpoulobT 

𝐼𝑚(𝑡)-s (m–ur sawarmoSi Cadebuli jamuri investiciis sidide 

drois tmomentisaTvis).  

sawarmoebs Soris kavSiris gaumjobesebis optimaluri gzis 

sapovnelad vpoulobT momwodeblebsa da sawarmoebs Soris 

kavSiris amsaxveli incidenturobas  Ω matricis struqturis 

veqtors. amisaTvis vpoulobT matricas: 

 Ω ∙ ΩT − I =

(

 
 

3  1  1  1  1 
1  3  1  1  2 
1  1  3  1  2 
1  1  1  2  1 
1  2  2  1  4 )

 
 
 

sadac I aris matrici, romlis yoveli elementi 1-is tolia. 

vpoulobT Sesabamis struqturis veqtoris koordinatebs: 

roca 𝑞 = 4, 𝑄4 = 1 

roca 𝑞 = 3,  𝑄3 = 4 

roca 𝑞 = 2, 𝑄2 = 3 

roca  𝑞 = 1, 𝑄1 = 1 

roca 𝑞 = 0, 𝑄0 = 1 

struqturis veqtoria (1; 4; 3; 1; 1). Tu erTmaneTTan 

davakavSirebT #3 momwodebelsa da i.s. `bregvaZes~, maSin 

Sesabamisi struqturis veqtori iqneba (2,4,1,1,1) da es kavSiri 

aris optimaluri. 

regionSi ganxorcielebuli yoveli cvlileba iwvevs sawyisi 

parametrebis cvlilebas, rac Tavis mxriv cvlis 𝐼𝑚 funqcias. 

ganixileba regionis rekonstruqciis  ori gegma. TiToeuli 

gegmis SemTxvevaSi viTvliT investiciis mosalodnel sidides, 

vafasebT obieqtebis datvirTulobas (maT Soris 

momwodeblebisa da  gasaRebis obieqtebis datvirTulobas), 

veZebT optimalur kavSirebs im SemTxvevaSi, Tu sistema ver 

uZlebs SeSfoTebas [34]. 
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imisaTvis, rom pasuxi gavceT kiTxvas, gauZlebs Tu ara 

momwodeblebsa da sawarmoebs Soris kavSiris qseli datvirTvas 

ama Tu im gegmis SemTxvevaSi, gvWirdeba vicodeT Tu maqsimum ra 

moculobis nedleulis mowodeba SeuZlia amaTa Tu im 

momwodebels; ra moculobis nedleulia saWiro ama Tu im 

sawarmosaTvis; rogoria TiToeuli sawarmos wili momwodeblis 

mier mowodebul nedleulis saerTo raodenobaSi; rogoria 

TiToeuli momwodeblis wili sawarmos mier moxmarebuli 

nedleulis raodenobaSi. 

informacia momwodeblebis datvirTulobis Sesaxeb mocemulia 

danarTSi, cxrili 5-Si, informacia gasaRebis bazris 

datvirTulobis Sesaxeb mocemulia danarTSi, cxrili 6-Si. 

eqscentrisitetis gamosaTvlelad vsargeblobT formuliT:  

𝐸𝑐𝑐𝑚 =
𝑑𝑖𝑚𝑅𝑚 − 𝑞̌

𝑞̌ + 1
 

sadac 𝑞̌ aRniSnavs 𝑞-s udides mniSvnelobas, romlisTvisac m–

uri sawarmo 𝑞 bmulia yvela danarCen sawarmosTan. amitom 

momwodeblebTan arsebuli kavSirebis SemTxvevaSi sawarmoebis 

eqscentrisiteti iqneba: 

sawarmos dasaxeleba 
eqscentrisitetis 

mniSvneloba 

S.p.s.  `muxa~ 1,00 

S.p.s.  `alfa~ 1,00 

i.s.   `nadibaiZe~ 1,00 

i.s.   `bregvaZe~ 0,50 

asociacia  

`kompleqsi~ 
1,50 

 

 gegma 1-is SemTxvevaSi sawarmoTa eqscentrisiteti ar 

icvleba. 

gegma 2-is SemTxvevaSi arsebuli qseli datvirTvas ver 

gauZlebs. saWiroa S.p.s. `muxa~ momaragdes #5 momwodebliTac, 
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xolo asociacia `kompleqsi~ _ #4 momwodebliTac.  am 

SemTxvvevaSi incidenturobis matricas eqneba saxe: 

Ω =

(

 
 

1  1  0  1  0  1  1 
1  0  0  1  1  1  0 
1  1  1  0  1  0  0 
1  0  1  1  0  0  0 
1  0  1  1  1  1  1 )

 
 
 

Ω ∙ ΩT − I =

(

 
 

4  2  1  1  3 
2  3  2  1  3 
1  2  3  1  2 
1  1  1  2  2 
3  3  2  2  5 )

 
 
 

Sesabamisi struqturis veqtoris koordinatebia 

roca 𝑞 = 5𝑄5 = 1        {#5} 

roca 𝑞 = 4𝑄4 = 4        {#1}, {#5} 

roca 𝑞 = 3𝑄3 = 3        {#1; #2; #5}  {#3} 

roca  𝑞 = 2𝑄2 = 1        {#1; #2; #3; #4; #5} 

roca 𝑞 = 1𝑄1 = 1        {#1; #2; #3, #4, #5} 

roca 𝑞 = 0𝑄0 = 1        {#1; #2; #3; #4; #5} 

sawarmoTa eqscentrisitetebia: 

sawarmos dasaxeleba 
eqscentrisitetis 

mniSvneloba 

S.p.s.  `muxa~ 0.67 

S.p.s.  `alfa~ 0.33 

i.s.   `nadibaiZe~ 0.33 

i.s.   `bregvaZe~ 0 

asociacia  `kompleqsi~ 1.00 

 

𝜋 modeli da modelis nazrdi sxvadasxva gegmis SemTxvevaSi 

mocemulia danarTSi, cxrili 7-Si 
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3.4 eqspertuli sistemis agebis principebi da algoriTmi 

sainvesticio politikis SemuSavebisaTvis. 

 

urbanuli sistemis funqcionalur-sivrculi struqturis  

realizacia mimdinareobs drois or masStabSi – operatiuli 

(marTva) da strategiuli (regulireba). 

dinamikuri sistemuri analizis proceduris ZiriTadi 

mdgenelebia [33]: 

1. urbanuli sistemis funqcionalur-sivrculi procesebis 

sistemuri modelireba, imitaciuri modelis Seqmna. 

2. realur urbanulsistemaSi mimdinare procesebis kontroli 

da analizi. 

3. urbanuli sistemis ganviTarebis sistemuri proeqtis 

(gengegmis) SemuSaveba. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 35 

 

4. konkretuli gadawyvetilebis miReba gengegmis 

aRsrulebisaTvis da aRsrulebis gegmis SemuSaveba (regulireba, 

marTva), rac gulisxmobs mmarTveli da maregulirebeli 

urbanuli 

sistemis 
ganviTarebis 

proeqtis 

SemuSaveba 

(gengegma) 

marTva 

regulireba 

sistemuri 

maregulireblebis 

formireba 

ganviTarebis 

programis formireba 

mimdinare 

maxasiaTebl

ebis SerCeva-

daxarisxeba 

urbanuli sistemis 
funqcionalur-

sivrculi imitaciuri 

modeli 

urbanuli 

sistemis 

ganviTarebis 

marTvis done 

(II) 

urbanuli 

sistemis 

mimdinare 

done (I) 

garemos zemoqmedeba 
 

saproeqto-

samSeneblo 

kompleqsi 

realuri 

efeqturobis Sefaseba 

realuri 

urbanuli 

sistema 
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zemoqmedebebis sinTezs da urbanuli sistemis imitaciuri 

modelis saSualebiT maTi efeqturobis Sefasebas.  

procedura or doniania. misi birTvia Tavad urbanuli sistema 

(I done), romelic xasiaTdeba garkveuli, mxolod misTvis 

damaxasiaTebeli, parametrebis jgufiT. am parametrebis droSi 

cvlileba – aris urbanuli sistemis ganviTarebis programebis 

realizaciis da realur urbanul sistemaSi moqmedi gare 

faqtorebis zemoqmedebis Sedegi, romelTa didi nawilis 

kontrolireba SeuZlebelia. 

urbanul sistemaSi mimdinare procesebis maxasiaTebel 

parametrebze dakvirveba da analizi xorcieldeba realuri 

efeqturobis Sefasebis-monitoringis blokSi, romelic 

saSualebas gvaZlevs  formalizeba gavukeToT im kriteriumebis 

erTobliobas, romlis farglebSi fasdeba urbanuli sistemis 

ganviTarebis programebi. 

dinamikuri sistemuri analizis proceduris meore done - esaa 

urbanuli sistemis funqcionalur-sivrculi ganviTarebis 

operatiuli da strategiuli marTva. mis birTvs warmoadgens 

urbanulisistemis funqcionalur-sivrculi modeli. is 

saSualebas gvaZlevs movaxdinoT urbanuli sistemis   reaqciis 

imitireba misi ganviTarebis SesaZlo proeqtebze da 

viwinaswarmetyveloT yoveli gadawyvetilebis mosalodneli 

Sedegi. funqcionalur-sivrculi modeli - dinamikuri sistemuri 

modelia im gagebiT, rom masSi gaTvaliswinebulia sxvadasxva 

faqtorebi (socialuri, ekonomikuri, ekologiuri, resursebTan 

dakavSirebuli, demografiuli da sxv.), romlebic ZiriTadad 

gansazRvraven urbanuli sistemis funqcionalur-sivrcul 

ganviTarebas. 

am doneze erT-erTi umniSvnelovanesia ganviTarebis programis 

formirebis  da sistemuri regulirebis formirebis blokebi. 

urbanuli sistemis funqcionalur-sivrculi ganviTarebis 

programa – esaa dagegmili parametrebi naturalur 
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gamosaxulebaSi da  finansuri resursebi, is, rac sWirdeba maT 

Sesrulebas. 

ganviTarebis programa Sedgeba mmarTveli da regulirebadi 

nawilebisagan. pirveli Seicavs marTvel zemoqmedebas. kerZod, im 

materialuri da finansuri nakadebis ganawilebas, romlebic 

miecema saproeqto-samSeneblo kompleqss. 

marTva - esaa realuri materialuri, finansuri nakadi - 

rogorc centraluri saxelmwifoebrivi wyaroebidan, aseve kerZo 

investorebidan. 

meore nawili moicavs maregulirebel zemoqmedebas, romelic  

gulisxmobs, rogorc “TamaSis wesebis” SemuSavebas urbanuli 

sistemis ganviTarebis procesSi. aseve, im makro parametrebis 

dawesebas, romlebic damaxasiaTebelia konkretuli urbanuli 

sistemisaTvis da aucilebelia Sesasruleblad yvelasaTvis vinc 

urbanul sistemze raime “zemoqmedebas” axorcielebs. maTi 

agregireba SeiZleba, ZiriTadad, xuT klasad: administraciul-

normatiuli, miwis (sakadastro), sabiujeto-sagadasaxado, 

organizaciul-samarTlebrivi, xelSekrulebiTi, istoriuli 

faseulobebis, socialuri struqturis mixedviT da sxva. 

aRniSnuli proceduris erT-erT umniSvnelovanes bloks 

warmoadgens funqcionalur-sivrciTi modelis parametrebis 

daxarisxebis, SerCevis bloki. 

funqciur-sivrciTi ganviTarebis modelis parametrebis 

perioduli daxarisxeba, SerCeva aucilebelia imisaTvis, rom ama 

Tu im programis ganxorcielebis dros urbanulma sistemam 

SeiZleba miiRos sul sxva iseTi Tvisebebi, romlis imitireba 

ukve SeuZlebelia modelis arsebuli parametrebiT. 

urbanul sistemis rogorc rTuli sistemis mdgomareoba ar 

unda SevafasoT mxolod erTi kriteriumiT. radganac, garemos 

gaumjobesebas erTi romeliRac kriteriumiT, xSirad mivyevarT 

mis gauaresebamde sxva kriteriumis mixedviT. amisaTvis 

aucilebelia ganzogadoebuli kriteriumis formireba,  romelic 
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mniSvnelovnad damokidebulia urbanuli sistemis dagegmarebis 

konkretul amocanaze. 

mravalfaqtoriani kriteriumis mixedviT gadawyvetilebis 

miReba ki SeuZlebelia Tanamedrove marTvis Teoriisa da 

informaciuli teqnologiebis gamoyenebis gareSe. 

zemoT mocemuli monacemebisaTvis moviyvanoT Cvens mier 

Seqmnili algoriTmebisa da meTodebis sailustracio magaliTi:  

programis CarTvisas ekranze gamodis Semdegi fanjara 

menius CanarTi `zogadi informacia~: 

 

 

CanarTi moicavs sxvadasxva  monacemebs regionis Sesaxeb. 

magaliTad, regionSi raionebis raodenoba, raionebSi 

mosaxleobis raodenoba, raionebis maxasiaTebeli parametrebi, 

regionSi sawarmoebis raodenoba, regionis maxasiaTebeli 

parametris mniSvneloba, momwodeblebsa da sawarmoebs Soris, 

aseve sawarmoebsa da warmoebuli produqciis gasaRebis 

obieqtebs Soris kavSiris Sesabamisi incidenturobis matrici. 
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menius CanarTi „informacia calkeul sawarmosSesaxeb“:

 

CanarTi „informacia calkeul sawarmos Sesaxeb“ gvawvdis 

sxvadasxva informacias Cvens mier arCeuli sawarmos Sesaxeb, 

magaliTad, informacias sawarmos tevadobis Sesaxeb, wina 

wlebSi ganxorcielebuli investiciebis Sesaxeb, wlebis 

mixedviT sawarmos mogebis sididisa da mogebis koeficientebis 

Sesaxeb, wlebis mixedviT gadaiaraRebis koeficienTebis sididis 

Sesaxeb, sawarmos eqscentrisitetis Sesaxeb. 

fanjaraze „informacia momwodeblebis Sesaxeb “ dawkapunebis 

Semdeg ekranze gamodis Semdegi suraTi: 
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masze mocemulia informacia imis Sesaxeb, Tu romeli 

momwodebeli ra moculobis nedleuls awvdis sawarmos, 

rogoria calkeuli momwodeblis mier sawarmosTvis 

mowodebuli nedleulis wili momwodeblis mier gacemuli 

nedleulis mTlian moculobaSi da rogoria momwodeblis 

nedleulis wili  sawarmosTvis saWiro nedleulis mTlian 

moculobaSi. 

fanjaraze „informacia gasaRebis bazris Sesaxeb “ 

dawkapunebis Semdeg ekranze gamodis Semdegi suraTi:

 

 

masze mocemulia informacia imis Sesaxeb, Tu mocemuli 

sawarmos mier warmoebuli saqonlis ra raodenoba da ra 

nawilis realizacia xdeba moceul obieqtze, aseve informacia 

imis Sesaxeb, Tu obieqtis mier realizebuli mTliani saqonlis 

produqtis ra nawils Seadgens mocemuli sawarmos mier mier 

mowodebuli saqoneli.  

menius CanarTi „calkeuli sawarmos mosalodneli 

mdgomareoba“: 

menius CanarTi „calkeuli sawarmos mosalodneli 

mdgomareoba“ gvawvdis informacias calkeul sawarmoSi 

ganxorcielebuli investiciebis, warmoebuli produqciisa da 

mogebis mosalodneli sididis Sesaxeb sxvadasxva gegmis 
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SemTxvevaSi, rac saSualebas gvaZlevs imitaciurad 

ganvaxorcieloT  ramodenime gengegma.   

menius CanarTi „grafikebi“: 

programa saSualebas iZleva ganxorcielebuli gegmis 

Sesabamisi informacia gamosaxos grafikulad. 

 

 

tardeba Qanalizi. Qanalizi asaxavs obieqtebis 

damokidebulebas erTmaneTTan.  programa saSualebas iZleva 

vipovoT optimaluri kavSiri struqturis veqtoris 

gasaumjobeseblad. 
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menius CanarTi „momwodeblebisa da gasaRebis obieqtebis 

datvirTuloba“: 

 

 

im SemTxvevaSi, Tu romelime obieqtis datvirTva gadaaWarbebs 

normas, CanarTi gvawvdis informacias datvirTvis gadanawilebis 

optimaluri variantis Sesaxeb. 
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menius CanarTi „Π modeli“: 

 

 

menius CanarTi „Π modeli“ gvawvdis informacias modelisa da 

modelis nazrdis Sesaxeb sxvadasxva gegmis SemTxvevaSi. 

 

 

 

3.5 programa sistemis struqturis veqtoris koordinatebisa da  

eqscentrisitetis gamosaangariSeblad 

programa dawerilia javascript-ze. programis gaSvebis Semdeg 

ekranze Cndeba sarkmeli, romelic iTxovs incidenturobis 

matricis ganzomilebebis Setanas. ganzomilebebis Setanis Semdeg 

ekranze Cndeba Sesabamisi marTkuTxa cxrili – Sesavsebi 

incidenturobis matrici. vavsebT incidenturobis matrics da 

vawvebiT Rilaks `gagrZeleba~. amis Semdeg programa ekranze 

gamoitans struqturis veqtoris koordinatebs da 

eqscentrisitetebis mniSvnelobebs. miRebuli mniSvnelobebi 

moicema svetovani diagramis saxiTac. q-s yoveli 

mniSvnelobisTvis moicema eqvivalentobis klasebi (ekranze 

gamodis informacia romeli simpleqsi romel eqvivalentobis 

klasSia).  
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function makeMatrixButtonDown() 

    var input1Val = $('#input1').val(); 

    var input2Val = $('#input2').val(); 

 

    document.body.innerHTML = ''; 

 

    drawInputs(input1Val, input2Val); 

} 

 

window.onresize = function () { 

    centerInputs(); 

 

    var marginLeft = window.innerWidth / 2 - (vertical1 * 75 - 5) / 2; 

    marginLeft = marginLeft.toString() + "px"; 

    console.log(marginLeft) 

    $('.matrixInputs').css('margin-left', marginLeft); 

 

    var left = (window.innerWidth / 2 - 75).toString() + "px"; 

    $('#fillMatrix').css('left', left); 

} 

 

var vertical1; 

//მატრიცის შესავსები input-ების დახატვა 

function drawInputs(horrizontal, vertical) { 

    vertical1 = vertical; 

 

    for (var i = 0; i < horrizontal; i++) 

        for (var j = 0; j < vertical; j++) { 
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            var left = (j * 75).toString() + "px"; 

            var top = (i * 45).toString() + "px"; 

 

            $(document.body).append("<input class='matrixInputs'  maxlength='1' 

id='" + (i * vertical + j).toString() + "' style='left:" + left + "; top:" + top + "'/>") 

        }; 

 

    var marginLeft = window.innerWidth / 2 - (vertical * 75 - 5) / 2; 

    marginLeft = marginLeft.toString() + "px"; 

    $('.matrixInputs').css('margin-left', marginLeft); 

 

    $(document.body).append("<button id='fillMatrix'>მატრიცის 

შევსება</button>"); 

    var left = (window.innerWidth / 2 - 75).toString() + "px"; 

    $('#fillMatrix').css('left', left); 

 

    //მატრიცის შევსების შემდეგ რაც უნდა გააკეთოს 

    document.getElementById('fillMatrix').addEventListener('click', function () { 

        Matrices.fillMatrices(horrizontal, vertical); 

        Qs.findQs(); 

        Diagrams.DrawQsDiagram(); 

        Diagrams.DrawSecondDiagram(); 

        Diagrams.DrawYs(); 

    }); 

} 

 

var Matrices = { 

    firstMatrix: [], 

    transformMatrix: [], 
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    finalMatrix: [], 

 

    //თავდაპირველი მატრიცის შევსება input-ების მიხედვით 

    fillMatrices: function (horrizontal, vertical) { 

        for (var i = 0; i < horrizontal; i++) 

            for (var j = 0; j < vertical; j++) { 

 

                var value = $('#' + (i * vertical + j).toString()).val(); 

 

                if (value == "" || value != 0 && value != 1) { 

                    var errorMessage = "რომელიღაც ველ(ებ)ი შეუვსებელია ან 

განსხვავებულია 0-სგან და 1-სგან !"; 

                    alert(errorMessage); 

                    throw "ERROR: " + errorMessage; 

 

                    this.firstMatrix = []; 

                    return; 

                } 

 

                if (this.firstMatrix[i] == undefined) 

                    this.firstMatrix[i] = []; 

 

                this.firstMatrix[i][j] = value; 

                this.transformMatrix = this.findTransformMatrix(this.firstMatrix); 

                this.finalMatrix = this.multiplyMatrices(this.firstMatrix, 

this.transformMatrix); 

            } 

    }, 
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    //მატრიცის ტრანსფორმირებულის პოვნა 

    findTransformMatrix: function (array1) { 

        array2 = []; 

        for (var i = 0; i < array1.length; i++) 

            for (var j = 0; j < array1[i].length; j++) { 

                if (array2[j] == undefined) 

                    array2[j] = []; 

 

                array2[j][i] = array1[i][j]; 

            } 

        return array2; 

    }, 

 

    //ორი მატრიცის გადამრავლების ფუნქცია 

    multiplyMatrices: function (array1, array2) { 

        var result = []; 

 

        for (var i = 0; i < array1.length; i++) { 

 

            for (var k = 0; k < array2[0].length; k++) { 

                var elem = 0; 

 

                for (var j = 0; j < array1[i].length; j++) 

                    elem += array1[i][j] * array2[j][k]; 

 

                if (result[i] == undefined) 

                    result[i] = []; 

                result[i].push(elem - 1); 

            } 
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        } 

 

        return result; 

    } 

} 

 

var Qs = { 

    q: 0, 

    Qarr: [], 

    findQs: function () { 

 

        //პირველად უნდა განვიხილოთ შემთხვევა, როცა q მაქსიმალურია 

        var maxElem = Matrices.finalMatrix[0][0]; 

        for (var i = 0; i < Matrices.finalMatrix.length; i++) 

            for (var j = 0; j < Matrices.finalMatrix[i].length; j++) { 

 

                if (Matrices.finalMatrix[i][j] > maxElem) 

                    maxElem = Matrices.finalMatrix[i][j]; 

 

            } 

 

        this.q = maxElem; 

 

        while (this.q >= 0) { 

            var arr = []; 

 

            for (var i = 0; i < Matrices.finalMatrix.length; i++) 

                for (var j = 0; j < Matrices.finalMatrix[i].length; j++) { 

                    if (Matrices.finalMatrix[i][j] >= this.q && arr.indexOf(i) == -1) 



143 

 

                        arr.push(i); 

                } 

 

            var index = 0; 

            var yArrays = []; 

 

            for (var k = 0; k < arr.length; k++) { 

                if (this.notContains(yArrays, arr[k])) { 

 

                    yArrays[index] = []; 

                    for (var j = 0; j < Matrices.finalMatrix[arr[k]].length; j++) { 

                        if (Matrices.finalMatrix[arr[k]][j] >= this.q && 

this.notContains(yArrays, j) && arr.indexOf(j) != -1) 

                            yArrays[index].push(j); 

                    } 

 

                    //თითოეული Y(i)-სთვის შევამოწმოთ შესაბამისი სტრიქონი 

                    var currentArr = yArrays[index]; 

 

                    for (var i = 1; i < currentArr.length; i++) { 

                        for (var j = 0; j < Matrices.finalMatrix[currentArr[i]].length; j++) 

                            if (Matrices.finalMatrix[currentArr[i]][j] >= this.q && 

currentArr.indexOf(j) == -1) 

                                currentArr.push(j); 

                    } 

 

                    yArrays[index] = currentArr; 

 

                    index++; 
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                } 

            } 

 

            this.q--; 

 

            this.Qarr.push(yArrays); 

        } 

 

    }, 

    notContains: function (array, element) { 

        for (var qq = 0; qq < array.length; qq++) 

            if (array[qq].indexOf(element) != -1) 

                return false; 

 

        return true; 

    } 

} 

 

var Diagrams = { 

    canvas: undefined, 

    context: undefined, 

 

    _canvas: undefined, 

    _context: undefined, 

 

    //კანვასის შექმნა Q-ების დიაგრამისთვის 

    InitializeQsCanvas: function () { 

        document.body.innerHTML = ''; 

        $(document.body).append("<div id='QsCanvas' class='canvasDiv'></div>"); 
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        $('#QsCanvas').append("<canvas id='canvas1' class='canvas'></canvas>"); 

 

        this.canvas = document.getElementById("canvas1"); 

        this.context = this.canvas.getContext("2d"); 

    }, 

 

    //კანვასის შექმნა Q-ების დიაგრამისთვის 

    InitializeSecondCanvas: function () { 

        $(document.body).append("<div id='secondCanvas' 

class='canvasDiv'></div>"); 

        $('#secondCanvas').append("<canvas id='canvas2' 

class='canvas'></canvas>"); 

 

        this._canvas = document.getElementById("canvas2"); 

        this._context = this._canvas.getContext("2d"); 

    }, 

 

    //მართკუთხედების ხატვის ფუნქცია დიაგრამაში გამოსაყენებლად 

    DrawRectangle: function (context, left, height, maxHeight) { 

        var width = (this.canvas.width - 40) / (context == this.context ? 

Qs.Qarr.length : Matrices.finalMatrix.length); 

 

        height = (this.canvas.height - 7) * height / maxHeight; 

        var top = this.canvas.height - height + 5; 

 

        context.save(); 

        context.beginPath(); 

        context.rect(left, top, width, height); 
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        var grd = this.context.createLinearGradient(0, 0, this.canvas.width, 

this.canvas.height); 

        grd.addColorStop(0, '#8ED6FF'); 

        grd.addColorStop(1, '#004CB3'); 

 

        context.fillStyle = grd; 

        context.fill(); 

 

        context.lineWidth = 0.6; 

        context.stroke(); 

        context.restore(); 

    }, 

    //x და y ღერძების ხატვა 

    DrawLines: function (context) { 

        context.save(); 

 

        context.beginPath(); 

        context.moveTo(0, 0); 

        context.lineTo(0, this.canvas.height); 

        context.lineWidth = 2.1; 

        context.strokeStyle = "#382527"; 

        context.stroke(); 

 

        context.beginPath(); 

        context.moveTo(0, this.canvas.height); 

        context.lineTo(this.canvas.width, this.canvas.height); 

        context.lineWidth = 2.1; 

        context.strokeStyle = "#382527"; 

        context.stroke(); 
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        context.restore(); 

    }, 

 

    //Q-ების დიაგრამის დახატვა 

    DrawQsDiagram: function () { 

        this.InitializeQsCanvas(); 

 

        //მაქსიმალური სიმაღლის გამოთვლა ზომების პროპორციულად 

ასაღებად 

        var maxHeight = 0; 

        for (var i = 0; i < Qs.Qarr.length; i++) 

            if (Qs.Qarr[i].length > maxHeight) 

                maxHeight = Qs.Qarr[i].length; 

 

        //Q-ების შესაბამისი მართკუთხედების დახატვა დიაგრამაზე 

        for (var i = Qs.Qarr.length - 1; i >= 0; i--) { 

            var left = 10 + (Qs.Qarr.length - 1 - i) * ((this.canvas.width - 20 - 

Qs.Qarr.length * 9) / Qs.Qarr.length + 9); 

            this.DrawRectangle(this.context, left, Qs.Qarr[i].length, maxHeight); 

 

            this.context.save(); 

            this.context.lineWidth = 1; 

            this.context.font = '9pt Calibri'; 

            this.context.fillStyle = '#1E0202'; 

            this.context.fillText("Q" + (Qs.Qarr.length - 1 - i).toString() + "=" + 

Qs.Qarr[i].length.toString(), left + ((this.canvas.width - 40) / Qs.Qarr.length) / 2 - 

15, this.canvas.height - 4.5); 

            this.context.restore(); 
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        } 

        this.DrawLines(this.context); 

    }, 

    //თითოეული q-სთვის Y-ების სიმრავლეების ჩვენება 

    DrawYs: function () { 

        for (var i = Qs.Qarr.length - 1; i >= 0; i--) { 

            var id = i.toString(); 

 

            $(document.body).append("<h2 id=" + i + " class='Ys'></h2>"); 

 

            $(document.getElementById(i)).append("<span >როცა q უდრის " + 

(Qs.Qarr.length - 1 - i) + "-ს: </span>"); 

 

            for (var j = 0; j < Qs.Qarr[i].length; j++) { 

                $(document.getElementById(i)).append("<span>{"); 

 

                var sortedArray = Qs.Qarr[i][j].sort(function (a, b) { return a - b }); 

 

                for (var k = 0; k < Qs.Qarr[i][j].length; k++) 

                    $(document.getElementById(i)).append("<span>Y" + sortedArray[k] 

+ (k != Qs.Qarr[i][j].length - 1 ? ", " : "") + "</span>"); 

 

                $(document.getElementById(i)).append("<span>}"); 

            } 

        } 

    }, 

    DrawSecondDiagram: function () { 

        this.InitializeSecondCanvas(); 
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        var resultArr = []; 

 

        for (var i = 0; i < Matrices.finalMatrix.length; i++) { 

            var left = 10 + (Qs.Qarr.length - 1 - i) * ((this.canvas.width - 20 - 

Matrices.finalMatrix.length * 9) / Matrices.finalMatrix.length + 9); 

 

            var maxInLine = Matrices.finalMatrix[i][0]; 

            var maxJ = 0; 

            for (var j = 0; j < Matrices.finalMatrix[i].length; j++) 

                if (Matrices.finalMatrix[i][j] > maxInLine) { 

                    maxInLine = Matrices.finalMatrix[i][j]; 

                    maxJ = j; 

                } 

 

            var secondMaxInLine = -100; 

            for (var j = 0; j < Matrices.finalMatrix[i].length; j++) 

                if (Matrices.finalMatrix[i][j] > secondMaxInLine && j != maxJ) { 

                    secondMaxInLine = Matrices.finalMatrix[i][j]; 

                } 

            var result = (maxInLine - secondMaxInLine) / (secondMaxInLine + 1); 

 

            resultArr.push(result); 

        } 

        //დიაგრამის სვეტების და შესაბამისი რიცხვების ხატვა 

        for (var i = 0; i < Matrices.finalMatrix.length; i++) { 

            var left = 10 + i * ((this.canvas.width - 20 - Matrices.finalMatrix.length * 

9) / Matrices.finalMatrix.length + 9); 

            var height = resultArr[i]; 

            var maxHeight = resultArr[0]; 
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            for (var k = 0; k < resultArr.length; k++) 

                if (resultArr[k] > maxHeight) 

                    maxHeight = resultArr[k]; 

 

            this.DrawRectangle(this._context, left, height, maxHeight); 

 

            this._context.save(); 

            this._context.lineWidth = 1; 

            this._context.font = '9pt Calibri'; 

            this._context.fillStyle = '#1E0202'; 

            //თუ ათწილადში მძიმის შემდეგ სამ ციფრზე მეტია, ჩამოვაჭრათ 

ამ 3 ციფრის შემდეგი ციფრები 

            var resultString = resultArr[i].toString(); 

            var bool = resultArr[i] % 1 != 0 && 

resultString.substr(resultString.indexOf(".") + 1).length > 3; 

            var resultNum = bool ? resultArr[i].toFixed(3).toString() : 

resultArr[i].toString(); 

 

            this._context.fillText(resultNum, left + ((this.canvas.width - 40) / 

Matrices.finalMatrix.length) / 2 - 8, this.canvas.height - 4.5); 

            this._context.restore(); 

        } 

 

        this.DrawLines(this._context); 

    } 

} 
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mesame Tavis Sedegebi 

1.  analizis meTodis gamoyenebiT Seqmnilia sistemis 

struqturis gaumjobesebis optimaluri gzis moZebnis 

algoriTmi. 

2. dadgenilia ori aucilebeli piroba, romelTa 

gaTvaliswinebiTac SesaZlebelia mniSvnelovnad SevamciroT 

makrosistemis struqturis gaumjobesebisaTvis optimaluri 

cvlilebis mosaZebnad saWiro gamoTvlebis raodenoba.  

3. Seqmnilia transportis nakadis marTvis algoriTmi  

analizis meTodis safuZvelze.  

4. moyvanilia  analizis meTodis praqtikuli gamoyenebis 

ramdenime magaliTi. 

5. struqturis veqtoris povnis algoriTmis safuZvelze 

Seqmnilia  veqtoris koordinatebisa da eqscentrisitetis 

gamoTvlis programa. 
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ZiriTadi daskvnebi 

 

1. Seqmnilia arawrfivi obieqtebis da makrosistemebis 

maTematikuri modelirebisa (identifikaciis) da marTvis 

meTodebi da algoriTmebi. im SemTxvevaSi, rodesac ucnobia 

kvlevis obieqtis struqtura misi identifikaciisaTvis 

gamoiyeneba funqcionaluri mwkrivebi. naSromSi, mravali 

cvladis maxasiaTebeli funqciis gamoyenebiT Seqmnilia 

iteraciuli algoriTmi  impulsuri gardamavali funqciebis 

mniSvnelobebis povnisaTvis drois diskretuli momentebisaTvis.  

2. rodesac makrosistemis struqtura cnobilia, Sesabamisi 

maTematikuri  modeli Caiwereba diferencialuri gantolebis 

saxiT, misi erTerTi mdgeneli  SemTxveviTi funqcionalia. 

naSromSi makrosistemebis identifikaciisa da marTvisaTvis    

Seqmnilia algoriTmebi entropiis maqsimumis principis 

safuZvelze. 

3. katastrofebis Teoriis safuZvelze gamokvleulia 

urbanul sistemaSi  wonasworobis pirobis amsaxveli gantoleba. 

dadgenilia, rom adgili aqvs wyobis tipis katastrofas. 

4. xSir SemTxvevaSi, urbanul sistemaSi masobrivi 

momsaxurebis obieqtebis ganTavsebisa da datvirTulobis 

maTematikuri modeli warmoadgens integralur gantolebas, 

romlis zusti amonaxsnis povna did sirTuleebTanaa 

dakavirebuli. naSromSi integraluri gantolebis amonaxsni 

moZebnilia funqcionaluri mwkrivis saxiT.  

5. Seqmnilia makrosistemebis mdgradobis areebis povnis 

algoriTmi. bifurkaciis wirebis gantolebebi gansazRvrulia 

cxadi saxiT. 

6. Cvens mier Semotanilia mosaxleobis interesebis 

dakmayofilebis parametri, ramac saSualeba mogvca Segveqmna 

urbanuli sistemis funqcionalur-sivrculi mdgradi  

ganviTarebis algoriTmi.  
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7. damtkicebulia Teoremebi, romlebic gansazRvraven 

regionSi mosaxleobis raodenobis mdgradobis pirobebs. 

naCvenebia, rom fermis statistikis SemTxvevSi migraciuli 

nakadis wonasworuli mdgomareoba erTaderTia.  

8. Seqmnilia urbanuli sistemis funqcionalur-sivrculi 

ganviTarebis procesis  Sefasebis eqspertuli sistemis agebis 

principebi, romlis safuZvels warmoadgens Cvens mier 

SemuSavebuli urbanuli sistemis sistemuri maTematikuri 

modeli. 

9. dadgenilia da gamokvleulia kavSiri urbanuli sistemis 

ganviTarebis “raodenobriv” da “Tvisobriv” maxasiaTeblebs 

Soris.  dadgenilia urbanul sistemis ganviTarebis bifurkaciis 

wertilebi, rodesac kavSiri “raodenobriv” da “Tvisobriv” 

maxasiaTeblebs Soris warmoadgens logistikur funqcias. 

10. informaciis analizis entropiuli meTodis safuZvelze 

mocemulia algoriTmi, romelic axali informaciis analizze 

dayrdnobiT zrdis identifikaciis sizustes. 

11. algebruli topologiis Q analizis meTodis safuZvelze 

Seqmnilia algoriTmi, romelic saSualebas iZleva CavataroT 

makrosistemis struqturuli analizi da ganvsazRvroT misi 

mdgradoba sxvadasxva SeSfoTebebis dros.  

12. Q analizis meTodis safuZvelze SemuSavebulia urbanuli  

sistemis satransporto qselis analizis meTodi da 

satransporto nakadis parametrebis gaumjobesebis algoriTmebi,  

rac saSualebas gvaZlevs eqspertiza Cautardes axali raionebis 

ganaSenianebis proeqtebs.  

13. Cvens mier Seqmnili  meTodebisa da algoriTmebis 

mixedviT warmodgenelia q. Tbilisis dasasvenebeli parkebis 

teritoriuli ganawilebis  analizi da rekomendaciebi 

aRniSnuli  qselis optimizaciisaTvis 
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danarTi 

 

cxrili 1 

sawarmos 

dasaxeleba 

mogebis koeficienti wina wlis mogebis koeficienti 2 wlis win 

mniSvneloba wona mniSvneloba wona 

aRniSvna sidide aRniSvna sidide aRniSvna sidide aRniSvna sidide 

S.p.s. `muxa~ 𝛼1
(1) 0,164 𝜔1

(1) 0,22 𝛼1
(2) 0,171 𝜔1

(2) 0,21 

S.p.s. `alfa~ 𝛼2
(1) 0,183 𝜔2

(1) 0,21 𝛼2
(2) 0,173 𝜔2

(2) 0,21 

i.s. 

`nadibaiZe~ 
𝛼3
(1) 0,175 𝜔3

(1) 0,21 𝛼3
(2) 0,162 𝜔3

(2) 0,20 

i.s. 

`bregvaZe~ 
𝛼4
(1) 0,172 𝜔4

(1) 0,23 𝛼4
(2) 0,170 𝜔4

(2) 0,22 

asociacia 

`kompleqsi~ 
𝛼5
(1) 

0,14

0 
𝜔5

(1) 0,20 𝛼5
(2) 0,135 𝜔5

(1) 0,19 

 

 

 

cxrili 2 

sawarmos 

dasaxeleba 

gadaiaraRebis koeficienti wina wlis gadaiaraRebis koeficienti 2wlis win 

mniSvneloba wona mniSvneloba wona 

aRniSvna sidide aRniSvna sidide aRniSvna sidide aRniSvna sidide 

S.p.s. `muxa~ 𝛽1
(1) 0,081 𝛾1

(1) 0,12 𝛽1
(2) 0,079 𝛾1

(2) 0,07 

S.p.s. `alfa~ 𝛽2
(1) 0,078 𝛾2

(1) 0,11 𝛽2
(2) 0,082 𝛾2

(2) 0,08 

i.s. 

`nadibaiZe~ 
𝛽3
(1) 0,093 𝛾3

(1) 0,13 𝛽3
(2) 0,087 𝛾3

(2) 0,06 

i.s. `bregvaZe~ 𝛽4
(1) 0,092 𝛾4

(1) 0,12 𝛽4
(2) 0,102 𝛾4

(2) 0,07 

asociacia 

`kompleqsi~ 
𝛽5
(1) 0,095 𝛾5

(1) 0,10 𝛽5
(2) 0,073 𝛾5

(2) 0,09 
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cxrili 3 

sawarmos 

dasaxeleba 

I raioni II raioni 

mniSvneloba wona mniSvneloba wona 

aRniSvna sidide aRniSvna sidide aRniSvna sidide aRniSvna sidide 

#1 𝜆1
(1) 0,87 𝜂(1) 0,061 𝜆2

(1) 0,79 𝜂(1) 0,058 

#2 𝜆1
(2) 0,83 𝜂(2) 0,068 𝜆2

(2) 0,85 𝜂(2) 0,070 

#3 𝜆1
(3) 0,76 𝜂(3) 0,062 𝜆2

(3) 0,81 𝜂(3) 0,063 

#4 𝜆1
(4) 0,72 𝜂(4) 0,092 𝜆2

(4) 0,82 𝜂(4) 0,094 

#5 𝜆1
(5) 0,71 𝜂(5) 0,076 𝜆2

(5) 0,72 𝜂(5) 0,078 

#6 𝜆1
(6) 0,85 𝜂(6) 0,071 𝜆2

(6) 0,80 𝜂(6) 0,067 

 

 

cxrili 4 

sawarmos dasaxeleba aRniS

vna 

tevadoba 

S.p.s. `muxa~ 𝑉1 2.500.000 

S.p.s. `alfa~ 𝑉2 1.800.000 

i.s. `nadibaiZe~ 𝑉3 2.200.000 

i.s. `bregvaZe~ 𝑉4 1.750.000 

asociacia 

`kompleqsi~ 

𝑉5 2.500.000 

gare are 𝑉0 3.500.000 
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cxrili 5 

ne
d
l
eu

l
is

 m
o
mw

o
d
eb

el
i 

sul ra 

raodenobis 

nedleulis 

miwodebaa 

SesaZlebeli 

 

S.p.s. `muxa~ 

𝑭𝟏=2.542.000 

 

S.p.s. `alfa~ 

𝑭𝟐=1.074.000 

 

i.s. `nadibaiZe~ 

𝑭𝟑=1.732.500 

i.s. `bregvaZe~ 

𝑭𝟒=1.242.000 

asociacia 

`kompleqsi~ 

𝑭𝟓=1.000.000 

aR
ni

S
vn
a 

(l
ar

i)
 

r
ao

d
en
o
b
a 

T
an
x
a 

(l
ar

i)
 

aR
ni

S
vn
a 

 
mo

mw
o
d
eb

l
i

s
 w

il
i 

r
ao

d
en
o

b
a 

T
an
x
a 

aR
ni

S
vn
a 

 mo
mw

o
d
e

b
l
is

 w
il

i 

r
ao

d
en
o

b
a 

T
an
x
a 

aR
ni

S
vn
a 

 mo
mw

o
d
e

b
l
is

 w
il

i 

r
ao

d
en
o

b
a 

T
an
x
a 

aR
ni

S
vn
a 

 mo
mw

o
d
e

b
l
is

 w
il

i 

r
ao

d
en
o

b
a 

T
an
x
a 

aR
ni

S
vn
a 

 mo
mw

o
d
e

b
l
is

 w
il

i 

r
ao

d
en
o

b
a 

T
an
x
a 

#1 𝑀1 10.000 1.500.000 𝑦11 0.047 800 120.000 𝑦12 0.335 2.400 360.000 𝑦13 0.069 800 120.000 𝑦14 0.087 720 108.000 𝑦15 0.492 3280 492.000 

#2 𝑀2 8.000 1.200.000 𝑦21 0.177 3.000 450.000 𝑦22 0 0 0 𝑦23 0.030 3.500 52.500 𝑦24 0 0 0 𝑦25 0 0 0 

#3 𝑀3 15.000 2.250.000 𝑦31 0 0 0 𝑦32 0 0 0 𝑦33 0.485 5.600 840.000 𝑦34 0.599 4960 744.00 𝑦35 0.216 1440 216.000 

#4 𝑀4 8.000 1.200.000 𝑦41 0.118 2.000 300.000 𝑦42 0.196 1.400 210.000 𝑦43 0 0 0 𝑦44 0.314 2.600 390.000 𝑦45 0 0 0 

#5 𝑀5 3.000 450.000 𝑦51 0 0 0 𝑦52 0.112 800 120.000 𝑦53 0.416 480 72.000 𝑦54 0 0 0 𝑦55 0.108 720 108.000 

#6 𝑀6 4.000 600.000 𝑦61 0 0 0 𝑦62 0.357 2.560 384.000 𝑦63 0 0 0 𝑦64 0 0 0 𝑦65 0.096 640 96.000 

#7 𝑀7 15.000 2.250.000 𝑦71 0.658 11.147 1.672.000 𝑦72 0 0 0 𝑦73 0 0 0 𝑦74 0 0 0 𝑦75 0.088 587 
88.

000 
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 cxrili 6 

g
as

aR
eb

is
 o

b
ie
qt

i 

sul ra 

moculobis 

saqonlis gasaRebaa 

SesaZlebeli 

 

S.p.s. `muxa~ 

𝑬𝟏=3.668.000 

 

S.p.s. `alfa~ 

𝑬𝟐=1.720.000 

 

i.s. `nadibaiZe~ 

𝑬𝟑=2.685.000 

i.s. `bregvaZe~ 

𝑬𝟒=1.987.000 

asociacia 

`kompleqsi~ 

𝑬𝟓=1.710.000 

aR
ni

S
vn
a 

 r
ao

d
en
o

b
a 

T
an
x
a 

 

aR
ni

S
vn
a 

 g
as

aR
eb

i

s
 

o
b
ie
qt

is
 

w
il

i r
ao

d
en
o

b
a 

T
an
x
a 

aR
ni

S
vn
a 

 g
as

aR
eb

i

s
 

o
b
ie
qt

is
 

w
il

i r
ao

d
en
o

b
a 

T
an
x
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aR
ni

S
vn
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 g
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eb

i

s
 

o
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qt

is
 

w
il

i r
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o

b
a 

T
an
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ni

S
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 g
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o
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qt

is
 

w
il
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o

b
a 

T
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aR
ni

S
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 g
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aR
eb

i

s
 

o
b
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qt

is
 

w
il

i r
ao

d
en
o

b
a 

T
an
x
a 

#1 𝐺1 6.000 2.400.000 𝑍11 0.404 3700 1.480.000 𝑍12 0.116 500 200.000 𝑍13 0.045 300 120.000 𝑍14 0 0 0 𝑍15 0.117 500 200.000 

#2 𝐺2 5.000 2.000.000 𝑍21 0.282 2590 1.036.000 𝑍22 0 0 0 𝑍23 0.032 2125 85.000 𝑍24 0.144 7175 287.000 𝑍25 0.112 480 195.000 

#3 𝐺3 4.000 1.600.000 𝑍31 0.162 930 372.000 𝑍32 0.070 300 120.000 𝑍33 0 0 0 𝑍34 0.252 1250 500.000 𝑍35 0.145 620 248.000 

#4 𝐺4 2.500 1.000.000 𝑍41 0.016 150 60.000 𝑍42 0.291 1250 500.000 𝑍43 0.037 250 100.000 𝑍44 0.050 250 100.000 𝑍45 0.023 100 40.000 

#5 𝐺5 2.500 1.000.000 𝑍51 0.034 310 124.000 𝑍52 0.291 1250 500.000 𝑍53 0.042 280 112.000 𝑍54 0 0 0 𝑍55 0.038 160 64.000 

#6 𝐺6 4.500 1.800.000 𝑍61 0 0 0 𝑍62 0 0 0 𝑍63 0.067 450 180.000 𝑍64 0.554 2925 1.100.000 𝑍65 0.263 1125 450.000 

#7 𝐺7 3.000 1.200.000 𝑍71 0.162 1490 596.000 𝑍72 0.232 1000 400.000 𝑍73 0 0 0 𝑍74 0 0 0 𝑍75 0.119 510 204.000 

#8 𝐺8 6.000 2.400.000 𝑍81 0 0 0 𝑍82 0 0 0 𝑍83 0.777 5200 
2.088.00

0 
𝑍84 0 0 0 𝑍85 0.183 780 312.000 
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cxrili7 

 modeli 
S.p.s.  

`muxa~ 

S.p.s.  

`alfa~ 

i.s.   

`nadibaiZe~ 

i.s.   

`bregvaZe~ 

asociacia  

`kompleqsi~ 
sul 

arsebul 

pirobebSi 
𝜋 3.668.000 1.740.000 2.700.000 2.050.000 1.800.000 11.958.000 

gegma 1 

𝜋1 3.820.000 1.770.000 2.685.000 2.125.000 1.850.000 12.250.000 

𝛿𝜋1 152.000 30.000 -15.000 75.000 50.000 292.000 

gegma 2 

𝜋2 3.770.000 1.810.000 2.720.000 2.140.000 1.900.000 12.340.000 

𝛿𝜋2 102.000 70.000 20.000 90.000 100.000 382.000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


