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reziume

naSromSi warmodgenili ekologiuri pro-
cesebis modelebi gaanalizebulia sinergetiku-
li midgomis TvalsazrisiT, romelic emyareba 
mnivnelovan praqtikul Sedegebs da axal xed-
vas. ekologiuri procesebis  marTvis mizniT 
ekologiuri problemebi ganxilulia  axali me-
Todologiuri poziciidan. naCvenebia, Tu rogor 
gardaiqmneba erTi tipis bifurkacia meoreSi Sesa
bamisi mmarTveli zemoqmedebis SemotaniT. ekolo-
giuri procesis mmarTveli parametrebis SerCevis 
gziT mdgomareobis sivrceSi SesaZlebelia sasur-
vel atraqtorze gasvla da uzrunvelyofil iqnes  
TviTorganizeba – mizidva invariantul mraval-
saxeobisaken (atraqtorisaken) nebismieri sawyisi 
mdgomareobis dros.

sakvanZo sityvebi: arawrfivi sistemebi, siste-
mebis marTva, ekologiuri procesi, sinergetika.
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Summary

The models of ecological processes offered by authors 
rely on representations of synergetrics which give important 
practical applications, and a new view. The generalizations 
offered in article create a basis for approach to the solution 
of environmental problems. From uniform methodological 
positions of nonlinear dynamics it is possible to analyse the 
wide range of the phenomena covering various environmental 
problems which lean on the principles of integrity and nonlin-
earity. By the choice of the operating parameters of ecological 
processes the exit to a desirable attractor and self-organization 
of system is carried out.
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sinergetika adgens saerTo kanonzomierebebs 
da qmnis Teoriul models evoluciis, TviTorgan-
izaciis, fizikur-qimiuri, biologiuri, ekologi-
uri, socialuri da gamoTvliTi sistemebisaTvis.

sinergetika disciplinaTa Sorisi mimarTule-
baa mecnierebaSi, romelic Seiswavlis rTuli sis-
temebis TviTorganizebisa da evoluciis saerTo 
kanonzomierebebs. Sinergetikis zogadsasistemo 

kanonzomierebaTa dadgenam naTelyo cocxali da 
aracocxali bunebis sistemaTa mowyobis erTiani–
sayovelTao suraTi.

marTvis sinergetikuli Teoria gvaZlevs saSu-
alebas axleburad daisvas da Semdeg efeqturad 
amoixsnas arawrfivi sistemebis marTvis iseTi 
amocanebi, romelTa amoxsnac ver xerxdeba marTvis 
Teoriis klasikuri meTodebiT. rogorc cnobilia, 
dinamikuri sistemis funqcionirebis procesSi misi 
wonasworuli mdgomareobebi sistemis parametre-
bis cvlilebis gamo xSirad kargaven mdgradobas, 
ris Sedegadac sistemaSi warmoiSobian miulevadi, 
mcire amplitudis mqone perioduli rxevebi. para-
metrebis aseT mniSvnelobas uwodeben sistemis 
bifurkaciis wertilebs. bifurkaciis momentSi 
sistema xdeba struqturulad aramdgradi, rac 
dakavSirebulia misi fazuri portretis cvlile-
basTan. e.i. struqturulad aramdgradi sistemebi 
mgrZnobiareni arian mcire gareSe zemoqmedebazec 
ki. amisaTvis mniSvnelovani xdeba sxvadasxva buneb-
is mqone obieqtebis marTva araZalismieri marT-
vis Tanamedrove SesaZleblobebis gamoyenebiT. 
bifurkaciis wertilebis amocanebs vxvdebiT 
marTvis TeoriaSi, meqanikaSi, biologiaSi da a.S. 
,[1,2].

statiaSi warmodgenilia arawrfivi dinami-
kuri obieqtebis marTvis efeqturi kanoneb-
is sinTezis sinergetikuli meTodi, romelic 
warmatebiT SeiZleba gamoviyenoT ekologiuri 
sistemis marTvis amocanebis gadawyvetisas, 
romlebSic SesaZloa warmoiqmnes bifurkacii-
sa da qaosis movlenebi. aqve ganxilulia mar-
Tvis Teoriis meTodebis gamoyenebis magaliTi 
martivi arawrfivi obieqtisaTvis, romelSic 
marTvis funqcionirebis gareSe warmoiqmneba 
katastrofuli movlenebi.	

ganvixiloT romelime biologiuri popu-
laciis optimalur doneze SenarCunebis amoca-
na, romelic sakvebis mopovebis konkurenciis 
gaTvaliswinebiT aRiwereba Semdegi saxis gan-
tolebiT [1,3]:

( ) µβα −−= 2xxtx  ,                                  (1)

sadac: x -populaciis konkretul saxeobaSi 

warmomadgenelTa raodenobaa; βα , -dadebiTi 

ricxvebia; µ -mmarTveli parametria. (1) gan-
tolebiT SeiZleba, kerZod, aRvweroT TevzWe

ris modeli. µ -am SemTxvevisaTvis warmoadgens 
TevzWeris kvotas. Tavdapirvelad davuSvaT, 



biznes-inJineringi #3. 2016  

308

rom 0µµ =
- winaswar mocemuli sididea. mov-

ZebnoT TevzWeris SesaZlo maqsimaluri kvota. 
amisaTvis (1) gantolebis marjvena mxare gava-
warmooT x - is mixedviT da Sedegi gavutoloT 
nuls, miviRebT:

β
α
2max =x    da  

β
αµ
4

2

0 =  .                              (2)

gamovikvlioT (1) gantoleba Tvisobrivad. 
amisaTvis Tavdapirvelad SeviswavloT misi sta-
cionaluri mdgomareoba: 

02 =−− µβα ss xx .                                     (3)

(3)-dan ganvsazRvroT damokidebuleba ( )µsx : 

β
βµαα

2
42 −±

=sx
 ,                                  (4)

romlis grafikuli saxec 1== βα  pirobis  
SemTxvevaSi warmodgenilia nax. 1-ze.

( )µsx
 damokidebulebis grafiks gaaCnia ori 

toti, romlebic erTmaneTs erwymebian µ  da 

sx
 im mniSvnelobebisaTvis, romlebic gansaz-

Rvruli arian (2) pirobiT. am movlenas uwode-
ben bifurkaciuls da @wertils, romlis koor-
dinatebic gamoiTvlebian (2) gamosaxulebiT, 
uwodeben sistemis bifurkaciul wertils.

nax.1
gamovikvlioT sistema am wertilis midamo-

Si. amisaTvis SemoviRoT gadaxra 0qxy −=
 da 

CavsvaT potencialuri funqciis gamosaxuleba
Si, romelsac Cveni SemTxvevisaTvis aqvs saxe:

42

4
1

2
1 xxV

β
µ

+
−

=
 .                                  (5) 

martivi gardaqmnebis Semdeg miviRebT moZ-
raobis gantolebas:

( ) ( ) µββαβα −−−+−= 2
0

2
00 2 yyqqqty

                        
(6)

sadac: 0q
-wertilis koordinataa. 

ukanaskneli gantolebis Tviseba damokide-

bulia µ  mmarTvel parametris mniSvnelobaze. 

SevirCioT optimaluri mniSvneloba 0µµ =
 da 

max0 xq =
, romlebic uzrunvelyofen TevzW-

eris maqsimalur kvotas. Sedegad miviRebT gan-
tolebas

( ) 2
0qty β−=
,                                           (7)

romlis amonaxsnsac aqvs saxe:

( )
12

0

0

+
=

tq
y

ty
β  .                                       (8)

(8) gamosaxulebidan Cans, rom (7) gantoleb-

is amonaxsni mdgradia (roca 0=y ) sawyisi 

pirobebisaTvis 
0max00 >−= xxy

, da aram-

dgradia (roca 0→y ) pirobebisaTvis 
00 <y

. aqedan gamomdinareobs mniSvnelovani daskvna: 
(7) sawyisi gantolebis amonaxsni, romelic aR
wers populaciis mdgomareobas mdgradia, roca 

β
α
2max =x

 mxolod im sawyisi pirobebisaTvis, 

romlebic akmayofileben pirobas max0 xx >
, da 

aramdgradia, roca max0 xx <
.

amrigad, TevzWeris kvotis optimizacias 

constu == 0µ  xisti marTvis SemTxvevaSi mivy-
avarT damyarebuli mdgomareobis aramdgra-
dobamde, rac mcire fluqtuaciebis arsebobis 
SemTxvevaSi iwvevs populaciis ganadgurebas, 
katastrofas. es ki Sedegia bifurkaciis wer-
tiliT gamowveuli movlenisa, romelic Seesa-
bameba TevzWeris maqsimalur xist gegmas. aRw-
erili movlena Seiswavleba Tanamedrove araw-
rfivi sistemebis dinamikasa da sinergetikaSi [1].

axla vaCvenoT, Tu rogor SeiZleba marTvis 
Teoriis gamoyenebiT Tavidan aviciloT popu-
laciis katastrofuli ganadgureba, romelic 
gamowveuli iyo TevzWeris maqsimalurad xisti 

gegmiT. gamoviyenoT (6) gantoleba da µ  mmarT-

veli parametri ganvixiloT rogorc y -is fun-

qcia. e.i. xisti gegma 0µµ =
 SevcvaloT ukukav-

SiriT:

( ) µγβαµ −+−= 2
00 qqy

.                               (9)
ukanaskneli gamosaxulebis gaTvaliswinebiT 
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(6) gantoleba miiRebs saxes:

( ) ( ) 2
02 yyqty βµβα −−−=

 .                             (10)

Tu SemovitanT aRniSvnas 
µβαη −−= 02 q

, 
maSin (10) gantoleba Caiwereba Semdegnairad:

( ) 2yyty βη −= ,                                   (11)
romlis amonaxsnicaa:

( ) ( )10

0

−−
= −− tt eye

y
ty ηη βη

η

 .                               (12)

	 Tu SevirCevT 0<η , e.i. 02 qβαγ −>
, 

maSin (12) gamosaxulebidan miviRebT, rom roca 

∞→t , maSin gadaxra 0→y . es ki niSnavs rom 

(12) gamosaxuleba asimptoturad mdgradia 0=y

-is mimarT. aqedan gamomdinareobs, rom ( )yµ  
marTva uzrunvelyofs populaciis mocemul 

0q
 doneze SenarCunebas. amasTan es mniSvnelo-

ba SeiZleba iyos optimaluric β
α
2max0 == xq

. 
( )yµ -is gaTvaliswinebiT (1) gantoleba ( )tx saw-

yisi cvladis mimarT SeiZleba Caiweros Semdegi 
saxiT: 

( ) ( )
β

α
β
µεβα

22

2
2 −+−−= xxytx

            (!3)

Tu davuSvebT, rom 20
αβγ == q

, maSin (!3) 
gantoleba miiRebs saxes: 

( ) xxtx 





 −= βα

2


,                                      (14)
romelic aRwers kritikul bifurkacias da 

warmoadgens cnobil logistikur gantolebas 
[2]. am gantolebis amonaxsns aqvs saxe:

( )
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igi asimptoturad mdgradia

 β
α
2

=sx
 

atraqtoris mimarT da Seesabameba TevzWeris 
optimalur kvotas. nebismieri sawyisi pirobebis 
SemTxvevaSi sinTezirebuli sistema yovelTvis 
gamodis am mdgomareobaze, rac mtkicdeba nax. 
2-ze warmodgenili mrudebiT, romlebic miRe-
buli arian sistemis modelirebis Sedegad.

nax. 2

amrigad, ( )xγ  ukukavSiris SemotaniT marT-
vis kanonma saSualeba mogvca gadavsuliyaviT 
bifurkaciidan (romelic momavalSi gamoiwvev-
da katastrofas) logistikur gantolebaze, 
romelsac gaaCnia TviTorganizebis Tviseba. 
amasTan, SesaZlebelia ganvaxorcieloT WevzW-
eris mocemuli kvota, romelic SesaZlebelia 

iyos  maqsimaluric. ukukavSirSi γ koeficien-
tis mcire gadaxra gamoiwvevs mwarmoeblurobis 
mcire dawevas da ara katastrofas, xisti gegmis 

constu == 0µ arCevis SemTxvevaSi.
miuxedavad imisa, rom warmodgenili faqti 

gamovlenili iqna TevzWeris martiv magaliTze, 
igi warmatebiT SeiZleba gamoviyenoT yvela 
iseTi arawrfivi sistemis marTvis amocanebis 
gadawyvetisas, romlebSic SesaZloa warmoiqmnes 
bifurkaciisa da qaosis movlenebi. cxadia, rom 
( )µ mmarTveli parametris SerCevis gziT Se
saZlebelia sistema nebismieri sawyisi pirobe-
bidan gaviyvanoT misi mdgomareobaTa sivrcis 
sasurvel atraqtorze da vuzrunvelyoT mima-
rTuli TviTorganizeba-mizidva invariantuli 
mravalsaxeobisaken (atraqtorisaken).
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