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jer kidev uxsovari droidan bunebis mkvle-
varebi interesdebodnen maTi garemomcveli 
fizikuri samyaroTi, kerZod, adamianisa da 
garemos urTierTqmedebiT. bunebis dacvisa da 
gajansaRebis, misi resursebis racionalurad 
gamoyenebis mecnierul RonisZiebaTa SemuSaveba 
Tanamedroveobis erT-erTi umniSvnelovanesi 
amocanaa. Tanamedrove etapze sityva ekologia 
gaxda popularuli, esaa mecniereba, romelic 
swavlobs cocxali organizmebisa da bunebis 
urTierTkavSirebs. /1/ 

ekologiis problemaSi moiazreba bunebriv 
mecnieruli da socialuri problemebis kavSire-
bi. mecnierebis amocanaa – Seiswavlos es kav-
Sirebi realur sinamdvileSi. �����������������Aamitomaa, ekolo-
giuri problematika ase saintereso CvenTvis da 
eqsperimentebisa da sistemuri profesionaliz-
mis gareSe misi gadawyveta SeuZlebelia.

garemos problemebis gageba gvarwmunebs, rom 
adamianTa sazogadoebis ganviTarebis tradici-
uli mimdinareoba winaaRmdegobaSi modis bune-
baSi mimdinare cvlilebebTan. ekologiuri kvle-
vebis ZiriTadi amocana mdgomareobs cocxal 
organizmebsa da garemos urTierTobebis ra-
odenobriv maxasiaTeblebis Sesaxeb informa-
ciis SegrovebaSi, sistematizaciasa da analiz-
Si. misi mizania iseTi Sedegebis miReba, ro-
goricaa ekosistemebis xarisxis Seswavla 
(maTi adamianis mier gamoyenebis SesaZleblobis 
TvalsazrisiT), masze uaryofiTad moqmedi faq-
torebis gamovlena, ekosistemis mdgradobis 
da garemos cvlilebebisa da masze datvirTvis 
SesaZleblobebis prognozi.

am statiaSi gadmocemulia maTematikosebis 
midgoma ekologiis mimarT, mis problemebze, 
maT unarze – gamoiyenon codna am problemebis 
gadasaWrelad. Tumca, unda aRiniSnos, rom 
marto maTematikuri codna sakmarisi ar aris 
garemos dacvis ama Tu im amocanis gadasawyvetad. 
saWiroa agreTve amosavali amocanis gadayvana 
maTematikur enaze. swored amaSia maTemetikuri 
modelis xelovnebis dauflebis problema.

maTematikuri modelis agebis zogadi wesebi 
mdgomareobs SemdegSi. /2/

praqtikaSi amosaval punqtad gvevlineba 
romeliRac empiriuli situacia, romelic 
mkvlevarebis winaSe ayenebs ,,amocanas”, romelzec 
saWiroa ,,pasuxis” povna, pirvel rigSi saWiroa 
garkveva  Tu raSi mdgomareobs es ,,amocana”. es 
SeniSvna dakavSirebulia imasTan, rom realuri 
situaciebi iSviaTad arian gamokveTilni, xolo 
rTuli urTierTobebi garemosTan ganapiro-
bebs situaciebis zusti aRwerilobis sirTu-
les. ,,amocanis” dasmis procesi, xSirad xan-
grZlivvadiania da moiTxovs bevr iseT codnas, 
romelTac kavSiri ara aqvT maTematikasTan 
(magaliTad, saubrebi am sferoSi momuSave ko-
legebTan, ekologiis garSemo literaturis 
kiTxva, romlebic maTematikuri modelirebis 
mniSvnelovan elementad gvevlineba.)

xSirad amocanis dasmis stadiis paralelurad 
mimdinareobs movlenaTa ZiriTadi da arsebiTi 
Taviseburebebis gamovlenis procesi. kerZod, 
ekologiuri movlenebisaTvis idealizaciis es 
procesi gadamwyvet rols asrulebs, ramdenadac 
realur movlenebSi monawileobs ukiduresad 
rTuli, mravali procesi.

mas Semdeg, rac arsebiTi faqtorebi gamov-
lenilia, Semdegi nabijia am faqtebis gadayvana 
maTematikur enaze. rogorc wesi, es maTematikuri 
modelirebis procesis yvelaze Zneli stadiaa.

modelis agebis Semdeg igi unda Semowmdes; 
modelSi formulirebuli tolobebi an sxva 
maTematikuri fardobebi, mudmivad unda Sepi-
rapirdes amosaval situaciebTan.

maTematikosebis Sroma ar mTavrdeba  im momen-
tSi, rodesac mravalricxovani maTematikuri 
manipulaciebiT miiReba an formula an sxva Se-
degi. maT mouwevT am Sedegebis ukugadayvana 
maTematikuri enidan amosavali amocanis formu-
lirebis enaze.

axla ganvixiloT modelirebis gamoyenebis maga-
liTi garemos dacvis sakiTxTan dakavSirebiT.

garemos dacvis problema mkvlevarebisagan 
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moiTxovs ekosistemebis  Seswavlas. ekosisteme-
bis Seswavlis amocana ganixileba rogorc 
erTiani mTlianisa, rac damaxasiaTebelia e.w. 
sistemuri midgomisaTvis. /3/

am midgomis arsi gulisxmobs sistemis 
saerTo struqturis gansazRvras am sistemis 
elementebs Soris da TviT sistemis garemosTan 
urTierTqmedebis organizacias.

garemos sistemuri analizis nebismieri meTo-
dis dros gamoiyeneba garemos maTematikuri 
aRweriloba.

maTematikuri modelis ageba centraluri eta-
pia garemos kvlevaSi (an daproeqtebaSi). mode-
lis xarisxze damokidebulia mTeli Semdgomi 
analizis bedi.

ganvixiloT ekologiuri sistemis formali-
zaciis maTematikuri sqema, romelic mdgomareobs 
SemdegSi. 

ekologiuri sistemis funqcionirebis pro-
cesis Seswavlis safuZvelze warmoebs misi, 
rogorc marTvis obieqtis aRwera. sistemis 
qcevis modelirebisaTvis SeiZleba SevarCioT 
iseTi parametrebi, rogoricaa: x(t)-gamomavali 
sidideebi (marTuli parametrebi); u(t)-mmarTveli 
parametrebi (Cvens mier SerCeuli zemoqmedeba 
procesebze); q(t) –procesze SemaSfoTeblad 
moqmedi sidideebi (Cvengan damoukidebeli). mmar-
Tveli da SemaSfoTebeli zemoqmedeba miekuT-
vneba Semaval sidideebs.

ekosistemis marTvis mizania rogorc garemos 
saTanado xarisxis uzrunvelyofa da mosaxleo-
bis cxovrebis donis amaRleba, aseve biujetis 
Semosavlebis formireba. amitom, bunebrivia, rom 
modelirebis dros es parametrebi ganixileba 
rogorc gamomavali parametrebi.

ekosistemis marTva xorcieldeba rogorc mis 
sanedleulo bazaze, aseve Sida da gare investi-
ciebze dayrdnobiT. Tu gaviTvaliswinebT, rom 
saqarTvelo jerjerobiTYekonomikur krizisSi 
imyofeba, marTvisas SeiZleba SemovifargloT 
mxolod investiciebiT. (qveynis sanedleulo 
baza mainc damakmayofilebelia. zogierTi eq-
spertis SefasebiT misi sabazro Rirebuleba 90 
mlrd aSS dolars aWarbebs).

garemoze moqmedi SeSfoTebebi iyofa buneb-
riv da anTropogenurad. bunebrivs miekuTvneba 
yvela is zemoqmedeba, rac gamowveulia ara 
adamianis saqmianobiT (miwisZvrebi, xanZrebi, 
Weqa-quxilisagan, vulkanebis amofrqvevebi da 

a.S.).OanTropogenuri (teqnogenuri) zemoqmede-
bebi iyofa winaswarganzraxul (teqnologiiT 
gaTvaliswinebuli-moxmareba da gamotyorcnebi) 
da arawinaswarganzraxul sawarmoTa zemoqmede-
bis Sedegad.

sabolood, ismis kiTxva Semavlebisa da ga-
momavlebis maTematikuri damokidebulebis, ro-
gorc operatoris, ФÎ{ u (t) × q(t)® x(t)} Se-
saxeb,  romelic xSirad gvevlineba diferen-
cialur operatorad. Cveulebrivad operator 
Ф-s uwodeben maTematikur models.

miRebuli daSvebisas ekonomikuri sistema 
aRiwereba diferencialuri gantolebiT

dx
dt

=    f [t,x(t),u(t) q(t) ]                                 (1)

sadac t - aris dro, x(t), u(t) da  q(t) – Sesabamisad 
sam – erT da k-ganzomilebiani veqtorebi; k 
– SemaSfoTebeli zemoqmedebis ricxovnoba; f – 
namdvili veqtoruli funqcia.

modeli (1)-is gamoyeneba ekologiuri siste-
mis usafrTxoebasTan dakavSirebuli praqtikuli 
amocanebis gadasawyvetad. imis gamo, rom formula 
(1)-is marjvena nawilSi Sedis SeSfoTebebi, x(t)-
SemTxveviTi sididea. amitom marTvis amocana 
wydeba misi dayofiT or amocanad: SeSfoTebis 
Sefasebis amocanad (parametruli identifikacia) 
da ekologiuri sistemis optimaluri marTvis 
amocanad.

aseTi dayofa xarisxobrivad gasagebia, ramde-
nadac Tavidan saWiroa ganisazRvros sistemis 
moqmedeba, am moqmedebis Semcvleli mmarTve-
lobiTi zemoqmedebis gamoTvlamde. 

SemaSfoTebeli zemoqmedebis Sefasebis meTo-
dika ganusazRvrelobebis pirobebSi ganxilu-
lia /4/-Si. SemoTavazebuli meTodi saSualebas 
iZleva miviRoT adaptirebuli algoriTmebi 
SemaSfoTebeli zemoqmedebis Sesafaseblad, ro-
melzec informacia mTlianad an nawilobriv 
ar arsebobs. amasTan, Sefasebebi warmoebs di-
namikuri maxasiaTeblebis – maTematikuri mo-
lodinis da dispersiis mixedviT. 

es maxasiaTeblebi saSualebas iZleva Sevar-
CioT yvelaze efeqturi gza ekologiuri sis-
temis samarTavad. identifikaciis amocanis 
gadawyvetisas miRebuli Sefasebebi Seiyvaneba 
marTvis algoriTmSi marTvis strategiis Camo-
sayalibeblad Siga da gare aRSfoTebebis kom-
pensaciis mizniT. amrigad, mmarTvadi sistema 
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sagadasaxado, auditisa da aRricxvis teqnologiebi

SeiZleba vaiZuloT imoqmedos sasurveli saxiT.
gamovsaxoT es konkretuli magaliTiT. si-

martivisaTvis davuSvaT, rom ekosistema damo-
kidebulia mxolod erT SemaSfoTebelze, romlis 
dinamikuri maxasiaTeblebi (drois momentSi tnºn) 
aRvniSnoT m(n)-iT da D(n)-iT davuSvaT, rom 
regulirebadi koordinata aRvniSnoT x2

*(n)-iT 
(mosaxleobis sicocxlis xangrZlivoba).

tnºn drois momentSi warmoqmnili danaxarje-
bi mocemulia funqciiT  

  g [σ(n), u(n)]=M {[x2 (n)- x2
*
 (n)]2/ σ (n) },            

  sadac  σn= (m(n),D(n))    aq    M -aris maTema-
tikuri molodinis simbolo. Tumca, ramdenadac 
g(σn,un) (arauaryofiTi) funqciaa, misi minimu-
mis sapovnelad sakmarisia Sesruldes piroba 

, saidanac martivi gardaqmnebiT 
vRebulobT

  
2 * ( )

( )
( ) ( ) ( )

x nu n
a n b n m n

=
+

sadac a(n) da b(n) –aris proporciulobis 
koeficientebi. 

marTvis miRebuli algoriTmi uzrunvel-yofs 
ekosistemis usafrTxo funqcionirebas.

amrigad, mocemul statiaSi ganxilulia ma-
Tematikis SesaZleblobebi moaxdinon gavlena 
ekologiur procesebze. amasTan erTad, naSromis 
mizani mTlianad iqneba gamarTlebuli, Tu 
ekonomikis sxvadasxva dargis specialistebi, 
romlebic mowodebulni arian gadawyviton ga-
remos dacvis amocanebi, SeZleben ukeT gaigon 
adamianebis zemoqmedebis meqanizmi garemoze da 
gaiTvaliswinon igi TavianT praqtikul saq-
mianobaSi.
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About  use of mathematical modeling in  
environmental protection

Summary

It is shown in this work the discussion of 
mathematicians about description and analysis the 
real ecological problems and the using methods 
of mathematical modeling for resolving practical 
problems, connecting to environmental protection.

In order to use modeling methods in ecology 
it is necessary at first create the model and after-
the corresponding apparatus, which will help us 
to analyze process, see outcomes (results) of the 
decision, evaluate our possibility with the different 
alternatives and only on the basis of such analysis 
form the object.

The ecological model has the face of the 
nonrectilineal differential equation of the first line.

The object of managing of ecosystem is to provide 
the corresponding environmental quality and increase 
the living standard of Georgian population as well as 
to form the budget incomes. That is why these factors 
in modeling must be considered as exit parameters. 

Simultaneously it is taken into consideration that 
the ecological process is affected by  antropogenous 
as well as different not controlled troubles.

On the concrete example it is considered the 
practical use of the model for solving the object of the 
ecosystem’s management.


