
i 
 

saqarTvelos teqnikuri universiteti 

         

xelnaweris uflebiT 

 

elguja kurcxalia 

 

 

`makrosistemebis mdgradoba, struqturuli cvlilebebi da qaosi 

urbanuli sistemebis magaliTze~ 

 

 

 

 

doqtoris akademiuri xarisxis mosapoveblad 

wardgenili disertaciis 

 

a v t o r e f e r a t i 

 

 

 

sadoqtoro programa „informatika“    Sifri  0401 

 

 

 

 

 

Tbilisi 

2016 weli 

 

 

 



ii 
 

samuSao Sesrulebulia saqarTvelos teqnikuri universitetSi 

informatikisa da marTvis sistemebis  fakulteti 

interdisciplinuri informatikis departamenti 

 

 

 xelmZRvaneli: prof. merab axobaZe 

 

recenzentebi:       --------------------------------------------- 

                     --------------------------------------------- 

 

 

dacva Sedgeba ---------- wlis ”------” ----------------, --------- saaTze 

saqarTvelos teqnikuri universitetis ----------------------- 

------------------------------------ fakultetis sadisertacio sabWos kolegiis  

sxdomaze, korpusi ----------------, auditoria ------------ 

misamarTi: 0175, Tbilisi, kostavas 77. 

 

 

 

disertaciis gacnoba SeiZleba stu-s biblioTekaSi, 

xolo  avtoreferatisa - fakultetis  vebgverdze 

 

 

 

sadisertacio sabWos mdivani  prof. TinaTin kaiSauri  

 

 

 

 

 



3 
 

naSromis zogadi daxasiaTeba  

Temis aqtualuroba da gamoyenebis sfero: axla mecnierebaSi 

SeimCneva mravali gansxvavebuli samecniero disciplinebis 

integrireba, raTa mTeli rigi movlenebi, Tu obieqtebi 

Seswavlilni iqnan rogorc erTiani sistemebi, radganac, 

yvelaferi urTierTkavSirSi da urTierT damokidebulebaSia, 

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. 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 sistemaSi mimdinare procesebis 

amsaxveli maTematikuri modeli  miekuTvneba stoqastikur-

determinirebul sistemaTa klass da misi  Seswavla  unda moxdes 

Sesabamisi maTematikuri aparatis gamoyenebiT. 

samuSaos mizani, kvlevis obieqti da meTodebi, ZiriTadi Sedegebi 

da mecnieruli siaxle: naSromis mizania urbanuli sistemis, 

rogorc makrosistemis funqcionirebis sistemuri maTematikuri 

modelis Seqmna da misi gamoyeneba urbanuli sistmis 

funqcionalur-sivrculi ganviTarebis procesis marTvisa da 

analizisaTvis, regionSi sainvesticio politikis SemuSaveba. 

urbanuli sistemis, rogorc kvlevis obieqtis  funqcionireba 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.  

urbanul sistemaSi mimdinare procesebis modelirebis, 

funqcionalur-sivrculi ganviTarebis SefasebisaAda marTvis 

kvlevis meTodebi ZiriTadad eyrdnoba makrosistemur midgomas, 

kerZod entropiis maqsimumis princips da  algebruli 

topologiis Q -analizis meTods. 

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. 

amavdroulad, urbanuli sistemis, rogorc rTuli sistemis 

mdgomareoba ar unda SevafasoT mxolod erTi kriteriumiT, 

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. 

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.  

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 
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aris damoukidebeli, SemTxveviTi. miuxedavad imisa, rom 

TiToeuli moqalaqis qceva aris SemTxveviTi, zogadad, mainc, 

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, kerZod algebruli 

topologiis meTodebis gamoyenebis gareSe. 

naSromis mecnieruli siaxle: dadgenili iqna, rom urbanuli 

sistema miekuTvneba makrosistemaTa klass. Semotanili iqna 

mosaxleobis interesebis dakmayofilebis parametri, romelmac 

saSualeba mogvca entropiis maqsimizaciis principis safuZvelze 

gangvesazRvra mosaxleobis dinamika, urbanuli sistemis 

ganaSenianebis strategia da misi ganxorcielebis Tanmimdevroba. 

dadgenili iqna urbanuli sistemis ganviTarebis mdgradi areebi 

sainvesticio politikis SemuSavebisaTvis. 

Cvens mier SemoTavazebuli rTuli sistemebis struqturuli 

analizisa da marTvis algebruli topologiis Q  analizis 

meTodi da miRebuli algoriTmebi saSualebas gvaZleven 

ganvsazRvroT urbanuli sistemis struqturuli mdgradoba 

garkveul SeSfoTebebze. SemoTavazebulia algoriTmi, romelic 

saSualebas gvaZlevs davadginoT ra qmedebebia Casatarebeli 

imisaTvis, rom sistemis struqtura gaxdes mdgradi SeSfoTebebis 

mimarT. aRniSnuli meTodi saSualebas gvaZlevs ganvaxorcieloT  

satransporto nakadis marTva arsebuli satransporto qselis 

pirobebSi da  mivawodoT rekomendaciebi axali satransporto 

qselis dagegmarebisa da Zvelis  rekonstruqciisaTvis.   
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Cvens mier 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 urbanuli 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. 

naSromis aprobacia: naSromSi warmodgenili miRebuli Sedegebi 

da algoriTmebi ganxiluli iqna saerTaSoriso da adgilobriv 

konferenciebze, gamoqveynebuli iqna sazRvargareTisa da 

adgilobriv samecniero JurnalebSi, gamoica wignebis saxiT, 

romelTa nusxac Tan erTvis avtoreferats. disertaciaSi 

ganxiluli sakiTxebi moxsenebuli iyo saqarTvelos teqnikuri 

universitetis informatikisa da marTvis sistemebis, 

arqiteqturis, urbanistikasa da dizainis da satransporto da 

manqanaTmSeneblobis fakultetebis erTobliv samecniero 

seminarebze. 

garda amisa, sadoqtoro programis gegmis Sesabamisad, momzadda 

da Catarda Tematuri seminarebi disertaciis ZiriTadi Sedegebis 

Sesaxeb. 

moculobisa da struqturis Sesaxeb: disertacia moicavs 

reziumes qarTul da inglisur enaze, შesavals,  sam Tavs 

Sesabamisi daskvnebiT da gamoyenebuli literaturis nusxas (34 

dasaxeleba). disertaciis moculoba Seadgens 161 gverds. 
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disertaciis Sinaarsi 

pirvel TavSi ganxilulia makrosistemebis maTematikuri 

modelirebis zogadi principebi. 

makrosistemebis maTematikuri modelirebis (identifikaciis) 

amocana mdgomareobs SemdegSi: vipovoT operatori, romelic 

amyarebs kavSirs sakvlev obieqtze  Sesasvlel  tx  signalsa da 

am obieqtis gamosasvlel  ty  signals Soris. Cvens mier 

warmodgenilia maTematikuri modelirebis ori meTodi: 

1. funqcionalis warmodgena volteras mwkrivis saSualebiT. 

rodesac sakvlevi sistema warmoadgens funqcionals   tEF  0 ,  

ganvixilavT SemTxvevas, roca F  funqcionali miekuTvneba 

arawrfiv, uwyvet operatorTa klass da    dtty
t

0

2 . am SemTxvevaSi 

F  funqcionalis warmodgena SeiZleba volteras mwkrivis 

saSualebiT:  

i

i

k
k

i

t t

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

110 0

1
)(

 






    

. 

naSromSi warmodgenilia identifikaciis algoriTmebi, romlebic 

saSualebas gvaZlevs movaxdinoT   i
i ttg ;...;1  funqciebis 

aproqsimacia mravali cvladis maxasiaTebeli funqciebis 

saSualebiT rogorc Ria, aseve Caketili sistemis SemTxvevaSi.  

im SemTxvevaSi, roca  tx  aris SemTxveviTi procesi, impulsuri 

gardamavali funqciebi moiZebneba SemTxveviTi  tX  da  tY  

procesebis statistikuri maxasiaTeblebis – maTematikur lodinisa 

da korelaciuri funqciebis saSualebiT. 

miRebuli algoriTmebi saSualebas gvaZleven avagoT adapturi 

marTvis sistemebi. 

2. makrosistemebis identifikacia entropiis maqsimizaciis 

principis safuZvelze. makrosistemebSi mikro doneze  elementebis 

SemTxveviTi qceva transformirdeba mdored mimdinare procesad, 

romelsac makromdgomareobas vuwodebT. makrosistemebis es 
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Tviseba saSualebas gvaZlevs makrosistemebis modelirebisas 

gamoviyenoT entropiis maqsimumis principi.  

aRniSnul mimarTulebas safuZveli Cauyara l. bolcmanma da 

mdgomareobs SemdegSi. vTqvaT sistema moicavs N  erTgvarovan 

nawilaks. drois fiqsirebuli t momentisaTvis nawilakebis 

ganawileba SeiZleba davaxasiaToT f(q,p,t) ganawilebis simkvrivis 

funqciiT, sadac ),,( 321 qqqq   da ),,( 321 pppp   Sesabamisad 

nawilakis sivrculi kordinatebisa da impulsebis veqtorebia. j. 

maqsvelma daamtkica, rom garkveuli drois Semdeg fazuri 

wertilebis ganawileba f(q,p,t) miiswrafis stacionaruli f°(q,p) 

ganawilebisaken. l.Bbolcmans ekuTvnis ganawilebis f(q,p,t) 

funqciis evoluciis aRmweri kinetikuri gantoleba. am 

gantolebis amoxsnaTa Tvisebebis kvlevisaTvis ki, gamoyenebul 

iqna entropia  tH , romelic aRniSnul terminebSi gamoisaxeba 

Semdegi saxiT: 

  dpdqtpqftpqftH ),,(ln),,()( .  

bolcmanis kinetikuri gantolebis amoxsnaTa simravleze  dH / dt 

> 0 da dH / dt =0, rodesac f(q,p,t) = f°(q,p) - fazuri wertilebis 

ganawileba miiswrafis stacionaruli f°(q,p) 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 

nS  mdgomareobaSi myofi elementebis raodenoba. vTvliT, rom nS  

qvesimravlis tevadoba nG  apriori mocemulia. qvemoT moyvanilia 

sxvadasxva statistikebi, romlebic gvxvdeba makrosistemebis 

funqcionirebis dros: 

 makrosistemebi fermis statistikiT. fermis statistikis 

SemTxvevaSi yoveli nS  mdgomareobis TiToeul ujredSi SeiZleba 

imyofebodes araumetes erTi elementisa.  amasTanave TiToeuli 
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elementis arCevani damoukidebelia meore elementis 

arCevanisagan.  

izolirebul makrosistemebisaTvis fermis statistikis 

SemTxvevaSi fizikuri entropia gamoiTvleba formuliT: 





M

n
nnnn

n

n
nF NGNG

a

N
NKCNE

1
~

))ln()(ln()( , 

sadac 



M

n
nnn EaGGKC

1
0))1ln((ln , K bolcmanis mudmivaa, 

a
a

a
n

n

n

~


1

. 

makrosistemebi ainStaini-bozes statistikiT. aseTi klasis 

makrosistemebSi yovel ujredSi SeiZleba imyofebodes 

elementebis nebismieri raodenoba.  

izolirebul makrosisitemebisaTvis ainStaini-bozes statistikis 

SemTxvevaSi fizikuri entropiis gamosaxulebas aqvs Semdegi saxe: 

)ln()(ln)(
1

nnnn

n

n
M

n
nE NGNG

a

N
NKCNE  



, 

sadac     



M

n
nnn EGaGKC

1
01ln)1ln(1 . 

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. 

bolcmanis statistikis SemTxvevaSi sistemis entropia 

gamoiTvleba formuliT: 

eGa

N
NKCNE

nn

n
M

n
nnB ln)(

1




 , 

sadac 0
1

EGaKC
M

n
nn  



. 

Cvens mier ganxiluli sistemebi miekuTvnebian makrosistemebs 

fermas statistikiT.  
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urbanuli sistema, rogorc makrosistema. Tanamedrove 

arqiteqtura  socialuri problemebis gadaWrazea 

orientirebuli, amitom urbanuli sistemis ganviTarebis, 

rekonstruqciis proeqtebis Seqmnisas arqiteqtorebs, urbanistebs 

evalebaT gaiTvaliswinon da ganaxorcielon sxvadasxva 

kategoriebiT moazrovne da sxvadasxva enaze  molaparake mravali 

mimarTulebis specialistebis rekomendaciebi, rCevebi, azrebi da 

SeniSvnebi. sxvadasxva `enaze” moazrovne specialistebis erT 

enaze dayvana ki SesaZlebelia mxolod maTematikis safuZvelze.   

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. 

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 Cvens mier miRebuli gadawyvetilebebi, raTa 

daSvebuli ar iqnas iseTi Secdomebi, romelic Semdgom 

katastrofamde migviyvans. 

urbanuli sistema stoqastikur-determinirebuli sistemaa. 

radganac, sistemis mikro doneze operirebs mravalricxovani 

elementebi, xolo makro doneze gvaqvs SedarebiT mcire 

raodenobis parametrebi, romlebic asaxaven mikrodonis 

elementebis agregirebul (integrirebul) maxasiaTeblebs. mikro 
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donis elemtebis qceva aradeterminirebulia, stoqastikuria da 

aRiwereba  blokiT (nax.1). mikro donis elementebis 

mravalricxovani urTierTqmedebebiT miRebuli agrerirebuli 

maxasiaTeblebi aRiwereba   blokiT. koleqtiur qcevas aqvs 

deterministuli xasiaTi.   blokSi xorcieldeba agrerirebuli 

maxasiaTeblebis warmodgena urbanuli sistemis qcevis amsaxvel 

parametrebad. cV   da dV  urbanul sistemaze momqmedი Sesavlelი 

zemoqmedebebia. magaliTad: urbanuli sistemis ganviTarebis 

programa, garemos zemoqmedეbebi da sxva. 

 

 

   

 

 

 

 

 

nax. 1 

Cvens mier warmodgenili urbanuli sistemebis funqcionalur-

sivrculi ganviTarebis maTematikuri modeli, romelic 

warmoadgens eqspertuli sistemis baziss, dinamikuri sistemuri 

modelia. masSi asaxulia urbanul sistemaSi mimdinare 

socialuri, ekonomikuri, ekologiuri, demografiuli da sxva 

faqtorebi. maTematikuri modeli saSualebas gvaZlevs ara marto 

operatiulad SevafasoT urbanul sistemaSi mimdinare procesebi, 

aramed ganvsazRvroT urbanuli 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 

A 

D 

S 

E 

Vc 

Vd 

makrodone 

mikrodone 
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vmarToT socialuri, ekonomikuri, demografiuli da sxva 

procesebi. 

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.  

Cvens mier ganxiluli masobrivi momsaxurebis obieqtebis 

maTematikuri modelebi warmoadgenen diferencialur da 

integralur gantolebaTa sistemebs, romelTa zusti amonaxsnebis 

povna xSir SemTxvevaSi did sirTuleebTanaa dakavSirebuli.  

naSromSi warmodgenilia Cvens mier Seqmnili algoriTmi, romelic 

saSualebas gvaZlevs orcvladiani erTgvarovani integraluri 

gantolebis amonaxsni Caiweros mwkrivis saxiT, rac saSualeba 

iZleva informatikis Tanamedrove teqnikuri miRwevebisa da  

programuli sistemebi saSualebiT  movaxdinoT sakvlevi sistemis 

identifikacia. 

pirveli Tavis Sedegebi 

1. miRebulia algoriTmi, romelic saSualebas iZleva 

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

mravali cvladis maxasiaTebeli funqciebis saSualebiT rogorc 

Ria, aseve Caketili sistemis SemTxvevaSi.  

2. sxvadasxva statistikebis SemTxvevebSi (fermis statistika, 

ainStaini-bozes statistika, bolcmanis statistika) 

warmodgenilia entropiisa da SesaZlebel mdgomareobaTa 

ganawilebis albaTobebis gamosaTvleli formulebi.  

3.  Camoyalibebulia makrosistemebis identifikaciis 

fenomenelogiuri sqema entropiis maqsimumis principis 

safuZvelze.  

4. Seqmnilia algoriTmi, romelic saSualebas gvaZlevs 

orcvladiani erTgvarovani integraluri gantolebis amonaxsni 

Caiweros mwkrivis saxiT.  
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meore TavSi entropiis maqsimumis principis safuZvelze 

Seqmnilia urbanul sistemaSi mimdinare sivrculi ekonomikuri 

procesebisa da demografiuli procesis maTematikuri modeli, 

damtkicebulia Teoremebi migraciuli nakadis wonasworuli 

ganawilebis Sesaxeb da regionSi mimdinare procesebis lokaluri 

wonasworobis Sesaxeb, dadgenilia mdgradobis areebi da 

bifurkaciis wirebi mdgradi sainvesticio politikis 

SemuSavebisaTvis. 

radganac urbanuli sistemis dinamikas gansazRvravs mosaxleobis 

interesebi, Cvens mier Semotanili iqna mosaxleobis interesebis 

dakmayofilebis parametrebi, rac mdgomareobs SemdegSi.  

urbanuli sistema  dayofilia N  regionad (raionad), xolo 

mosaxleoba dayofilia jgufebad, maTi interesebis mixedviT. 

vTqvaT pA  aRniSnavs p  jgufis adamianTa yvela interesebis 

simravles, xolo mA  ki im interesebis simravles, romelTa 

dakmayofileba SesaZlebelia m  regionSi (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  regionSi (raionSi) p  jgufis adamianebis p
ia  

interesis dakmayofilebis parametri. sidideebi 



p
m

p
i Aa

p
i

p
im

p
m m  

warmoadgens p  jgufis mosaxleobis interesebis dakmayofilebis 

parametris sidides m  regionSi (raionSi).  

Cvens mier damtkicebulia Semdegi Teorema:  

Teorema (migraciuli nakadis wonasworuli ganawilebis Sesaxeb): 

arsebobs migraciuli nakadis erTaderTi mniSvneloba,  romlis 

drosac sistemis entropia aRwevs maqsimums. 

Seswavlilia regionSi wonasworobis  mdgomareobis arsebobis 

pirobebi yoveli  Pp ,1 -Tvis. Tu urbanul sistemaSi arsebobs 

iseTi wonasworobis mdgomareoba, romlis erTi koordinati mainc 

aris dadebiTi, aseT wonasworobas vuwodebT  dadebiT 

wonasworobas.  damtkicebulia Semdegi Teorema: 
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Teorema (regionSi mimdinare procesebis lokaluri 

wonasworobis Sesaxeb): Tu romelime  -Tvis sruldeba 

dadebiTi wonasworobis arsebobis aucilebeli piroba, maSin 

igive piroba Sesruldeba   nebismieri  -Tvis. 

naSromSi gamokvleulia gansaxilvel regionSi wonasworobis 

pirobebi, maxasiaTebeli parametrebis sxvadasxva mniSvnelobebis 

dros.  Cven gvainteresebs pasuxi Semdeg kiTxvebze: 1) Tu p
m  da 

mV  parametrebis romeliRac  mniSvnelobebisaTvis regionSi 

(raionSi) arsebobs wowasworobis ramdenime mdgomareoba, am 

mdgomareobebidan romelSi aRmoCndeba sistema? 2) ra SemTxvevaSi 

iwvevs parametrebis ( p
m  da mV  parametrebis) `umniSvnelo" 

cvlileba sistemis wonasworobis mdgomareobis `mkveTr" 

cvlilebas? 3) ra TanmimdevrobiT unda ganxorcieldes 

cvlilebebi urbanul sistemaSi imisaTvis, rom mocemuli 

wonasworobis mdgomareobidan  urbanuli sistema gadavides 

katastrofis  (mdgomareobis mkveTri  cvlilebis)  gareSe axal 

wonasworobis mdgomarebaSi? 

davadgineT, rom, tomis saklasifikacio Teoremis Tanaxmad, 

demografiuli procesis ganviTarebis dros SeiZleba adgili 

hqondes `წyobis" tipis katastrofas, rac saSualebas gvaZlevs 

davadginoT urbanuli sistemis rekonstruqciis gza, romlis 

drosac gamoricxuli iqneba mosaxleobis raodenobis mkveTri 

cvlileba. im SemTxvevaSi Tu urbanuli sistema sawyis momentSi 

imyofeba  p
m

p
m ba ,  sibrtyis A  wertilSi, maSin katastrofis gareSe 

B  wertilSi gadasvlisaTvis saWiroa rekonstruqciis Sesabamisi 

wiri ( ACB wiri nax. 2-ze) ar hkveTdes      02716
23
 p

m
p
m ba  წiriT 

(`mercxlis kudi~) SemosazRvrul ares. 

m N0 1 ,

m N1,
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nax. 2 

mdgradobis areebi. Cvens mier Seqmnilia algoriTmi, romelic 

saSualebas gvaZlevs vipovoT regionSi investiciebis 

ganxorcielebis mdgradobis areebi, Segveqmna mdgradi 

sainvesticio politikis ganxorcielebis meTodi, romelic 

mdgomareobs SemdegSi. davuSvaT, gansaxilvel  regionSi iwarmoeba 

garkveuli tipis  erTgvarovani produqti. vgulisxmobT, rom m  

raionis SesaZleblobani aRniSnuli  tipis produqciis 

warmoebisaTvis damokidebulia danarCen yvela raionis ekonomikur 

maCveneblebze. 

investiciebis qveS vgulisxmobT nakadur cvlads, anu, drois 

erTeulSi ganxorcielebul investiciebis moculobas. )(tIm

investiciebis nakadi m qvesistemaSi ganisazRvroT Semdegi 

diferencialuri  gantolebis  saSualebiT: 

 

sadac  txsm  investiciis nakadia  ganxorcielebuli s  

qvesistemidan  m  qvesistemaSi, );( yxmm   - ori cvladis funqciaa, 

romelic zrdadia pirveli cvladis (mgaliTad, Semosavlebis) 

mimarT da klebadi meore cvladis (danaxarjebi, amortizacia) 

mimarT. 

განxilulia SemTxveva, roca m  qvesistemidan sxva qvesistemebSi 

ganxorcielebuli jamuri investicia )(tIm -s proporciulia:  

 
 


1 1

)()()(
)(

s s
mssmmm

m txtxtI
dt

tdI
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)(),()( tIctx mm
ms

ms 


  

  sistemuri parametria, saerTo yvela qvesistemisaTvis 

(raionisaTvis), romelic axasiaTebs qvesistemebs Soris ekonomikur 

urTierTkavSirs. 10     (rodesac qvesistemebs Soris ar 

arsebobs urTieTkavSiri, maSin 0 ; roca yvela qvesistema 

erTmaneTTanaa dakavSirebuli, maSin  1 ).  

entropiis maqsimizaciis principis Tanaxmad, investiciis nakadis 

ualbaTesi mniSvneloba ganisazRvreba formuliT:  

)(),(
)(

)(
)(

1

tIc
t

t
tx mm

k
k

s
ms 








 

naCvenebia, rom investiciebis ganawilebis dinamikis maxasiaTebel 

diferencialur gantolebaTa sistemas zRvruli ciklebi ar 

gaaCnia da misi amonaxsnebi miiswrafvian mudmivi mniSvnelobisaken 

– wonasworobis mdgomareobisaken. imisdamixedviT, Tu ra 

mniSvnelobebs iRebs mosaxleobis interesebis dakmayofilebis 1  

da 2  parametrebi, romlebic gansazRvraven  regionis 

maxasiaTebeli ekonomikur parametrebis 
1  da 

2  mniSvnelobebs, 

bifurkaciis wirebiT gamoiyofa mdgradobis A, B, C . . . areebi 

 21;  sakoordinato sibrtyis pirvel meoTxedSi (nax. 3). 

 

nax 3  
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bifurkaciis wirebi. Cven SemTxvevaSi makrosistema erTi saxis 

wonasworobis mdgomareobidan gadava meore saxis wonasworobis 

mdgomareobaSi mxolod im SemTxvevaSi, roca a) regionis 

maxasiaTebeli parametrebis axali (Secvlili) 

mniSvnelobebisaTvis ar arsebobs sawyisi saxis wonasworobis 

mdgomareoba, an b) regionis maxasiaTebeli parametrebis 

romeliRac mniSvnelobebisTvis gansxvavebuli saxis 

wonasworobis mdgomareobebi Rebuloben erTsa da imave 

mniSvnelobebs. yoveli amis gamo mniSvnelovania imis dadgena, Tu 

romeli saxis wonasworobis wertilebi emTxvevian erTmaneTs 

bifurkaciis wirebis ama Tu im monakveTze. Cvens mier napovnia  

regionis maxasiaTebeli parametrebis is mniSvnelobebi 

(bifurkaciis wirebis is wertilebi sakoordinato sibrtyis 

pirvel meoTxedSi), romeli mniSvnelobebisTvisac ori mainc 

gansxvavebuli saxis wonasworobis mdgomareobaTa mniSvnelobebi 

erTmaneTs emTxveva.  

qaosi urbanul sistemebSi. urbanuli sistemis erTi Tvisobrivi 

mdgomareobidan meoreSi gadasvla xorcieldeba arawrfivi kanonis 

saxiT. „Tvisobriobasa“ da „raodenobriobas“  da droiT kavSirs 

aqvs spiralis xasiaTi (nax. 4): 

 

 

 

 

 

 

 

 

 

 

 

nax. 4 

Tvisobrioba 

raodenobrioba 

t 

Tvisobriobis 
spirali 
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urbanuli sistemis marTvisas aucilebelia dadgindes im 

Tanafardobis areebi sadac adgili eqneba bifurkacias urbanul 

sistemaSi. naCvenebia, rom am kavSirs aqvs logistikuri funqciis 

saxe da dagenilia parametrebis is mniSvnelobebi, romlis drosac 

adgili aqvs qaosis warmoqmnas  urbanuli sistemaSi (nax. 5). 

damokidebuleba “raodenobriobasa” da “Tvisobriobas” Soris 

saSualebas gvaZlevs kompleqsurad da obieqturad SeviswavloT 

urbanuli sistemis ganviTarebis dinamika. 
1

oK  da 
2

oK  raodenobrivi 

mniSvnelobebis 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 - urbanuli sistemis mkveTr Tvisobriv 

cvlilebebs, romlebic Semdgom katastroful Sedegebamde 

migviyvans.  

 

 

 

 

 

 

 

 

 

 

 

 

nax. 5 

Tvisebriobis pirveli done 

Tvisebriobis meore  
done 

Tvisebrioba 

 

ganxorcielebu
li proeqtebis  
raodenoba  

 

 K0
1 

 
 K0

2 
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rekonstruqciis gegmis ganxorcielebisas mosalodneli  riskebis 

Sefaseba. 1  da 2  maxasiaTebeli parametrebis SemoRebam 

saSualeba mogvca davadginoT rogor icvleba mosaxleobis 

interesebis dakmayofilebis parametrebi sistemaSi 

ganxorcielebuli rekonstruqciis Sedegad. dadgenilia, rom 

katastrofis moxdena-armoxdena damokidebulia ara 

rekonstruqciis Sesabamisi wiris formaze, aramed imaze, Tu 

mdgradobis areebis ra Tanmimdevrobas da saerTo sazRvris 

romel wertils gaivlis rekonstruqciis maxasiaTebeli wiri.  

SeiZleba aRmoCndes, rom sawyis momentSi sistema imyofeboda 

wonasworobis romeliRac mdgomareobaSi (vTqvaT 1  da 2  

parametrebis Sesabamisi wertili ekuTvnis C  ares da sistema 

imyofeba erTi saxis wonasworobis mdgomareobaSi (nax. 6). 

 

nax. 6 

zogjer SeuZlebelia calsaxa pasuxis gacema kiTxvaze: sistemaSi 

ganxorcielebuli cvlilebebis Sedegad adgili eqneba Tu ara 

katastrofas? amitom mniSvnelovania vicodeT Sesabamisi 

xdomilobis albaToba. naSromSi warmodgenilia meTodi, 

romelic saSualebas gvaZlevs ganvsazRvroT albaTobebi 

sistemis yoveli SesaZlebeli evoluciisa arsebuli 

mdgomareobidan. 
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analogiuri suraTi da algoriTmi miiReba gansaxilvel regionSi 

sainvesticio politikis ganxorcielebisaTvis. 

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. 

 informaciis analizis Cvens mier SemuSavebuli meTodi eyrdnoba 

e.w. meseruli simravleebis Teorias.  

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. 

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.  
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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. 

mesame TavSi algebruli topologiis meTodis safuZvelze 

Seqmnilia urbanuli sistemebis struqturuli mdgradobis 

analizis algoriTmi, damuSavebulia eqspertuli sistemis agebis 

principebi, moyvanilia  analizis meTodis praqtikuli 

gamoyenebis magaliTebi. struqturis veqtoris povnis algoriTmis 

safuZvelze Seqmnilia  veqtoris koordinatebisa da 

eqscentrisitetis gamoTvlis programa. 

sistemis struqturis gaumjobesebis optimaluri gzis povna  

analizis meTodis safuZvelze. 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 algebruli 

topologiis Q -analizis meTods.  

Q  analizis erT-erTi mniSvnelovani cnebaa simpleqsis 

eqscentrisitetis cneba, romelic gviCvenebs garkveuli 

simpleqsis gancalkavebis xarisxs danarCeni simpleqsebisgan. 

eqscentrisiteti gviCvenebs ara marto imas, Tu ramdenad 

mniSvnelovania mocemuli simpleqsi mTliani kompleqsisaTvis, 

aramed imasac, Tu ramdenad mniSvnelovania es simpleqsi 

kompleqsis bmulobisaTvis.  

naSromSi moyvanilia realuri sistemebis Qanalizi, 

algoriTmebi da rekomendaciebi  sistemis struqturis da 

maxasiaTeblebis   gaumjobesebisaTvis.   
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satransporto qselis struqturuli cvlileba  analizis 

meTodis gamoyenebiT. satransporto qselis struqtura da 

konfiguracia gansazRvravs satransporto nakadis maCveneblebs. 

im SemTxvevaSi, rodesac sagzao monakveTis gamtarunarianoba 

naklebia vidre nakadis sidide, warmoiqmneba e.w sacobebi. 

sacobebis Tavis asarideblad  xSirad mimarTaven erT an 

ramdenime marSrutis gadaketvis xerxs.  naSromSi  analizis 

safuZvelze Seqmnilia satransporto qselis struqturis 

cvlilebis meTodi, romlis drosac, arsebuli biujetis 

farglebSi umjobesdeba satransporto nakadis maCveneblebi. 

ganvixiloT Semdegi tipis gzajvaredini: 

 

 

 

 

 

 

G 

gzajvaredini Sedgeba oTxi damakavSirebeli monakveTisagan: 

. Aarsebobs gzajvaredinis gadakveTis eqvsi marSuti 

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

 simravlidan  simravleSi 

 mimarTeba ganvsazRvroT Semdegi wesiT:  maSin da 

mxolod maSin, roca  marSuti gadis  damakavSirebel 

monakveTze. am mimarTebis Sesabamisi incidenturobis matricia:  





























1011

1000

1100

0100
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  kompleqsis  analizis Sedegad vRebulobT, rom esaa 

organzomilebiani kompleqsi, romlis struqturis veqtoria 

b 

c 

L2 L 1 

L3 L4 

a 

f 

d e 
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 2,2,1Q . naSromSi mocemulia struqturis gaumjobesebis 

algoriTmi mocemuli biujetis farglebSi. 

dasasvenebeli parkebi da -analizi. vTqvaT  aRniSnavs Tbilisis 

dasasvenebeli parkebis simravles, xolo Yki raionebis simravles. 

 da  simravleebs Soris mimarTeba mocemulia Semdegi wesiT:  

parki mimarTebaSia  raionTan, Tu  raionis mosaxleoba 

sargeblobs  parkiT (rac niSnavs imas aRniSnuli i raionis 

mcxovrebi j parkSi misasvlelad saWiro dro naklebia 30 wuTze). 

vTqvaT am mimarTebis Sesabamisi incidenturobis matricas aqvs 

Semdegi saxe:  
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rogorc vxedavT, vake, saburTalo, isani, mTawminda da naZaladevis 

raionebi sxva raionebis mimarT “keTilganwyobili” raionebia – 

yvela parki, romelic emsaxureba am raionebs, emsaxureba kidev erT 

mainc sxva raions, Q  analizis enaze es niSnavs, imas, rom am 

raionebis eqscentrisitetebi 0-is tolia. 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 mainc SeuerTdeba sxva raionebs. 

vakisa da saburTalos raionebi gansakuTrebul `keTilganwyobas” 

avlenen erTmaneTis mimarT, maT erTmaneTisgan gansxvavebuli 

interesebi ar gaaCniaT, magram isini am doneze izolirebulni 

arian sxva raionebisgan, rac gasaTvaliswinebelia qalaqis 

gengegmis SemuSavebis dros.  

 

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.  

7. damtkicebulia Teoremebi, romlebic gansazRvraven 

regionSi mosaxleobis raodenobis mdgradobis pirobebs. 
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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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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. 
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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.  

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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