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magistralur navTobsadenebze avariis Sedegad 

mdinaris estuarebSi SesaZlo ekologiuri stresebis 

prognozireba 
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ganxilulia magistralur navTobsadenebze avariis Sedegad mdinaris estuarebSi SesaZlo 

ekologiuri stresebis prognozirebis sakiTxebi, kerZod estuarSi CaRvrili navTobis 
Wavlis traeqtoriis gansazRvra. estuarSi, romelic warmoadgens mdinaris erTtotian, 
zRvis mimarTulebiT gafarTovebad SesarTavs, CaRvrili navTobis Wavlis traeqtoriis 
gansazRvris pirvel etapze gamoyenebulia mdinareSi siCqaris ganawilebis wrfivi 
idealizacia. am SemTxvevaSi Wavlis traeqtorias rTuli forma gaaCnia, igi jer Cadis 
qveviT, xolo Semdeg, rodesac aRwevs wertils, sadac nakadi icvlis mimarTulebas, icvleba 
Wavlis simrudis radiusi. Wavli akeTebs maryuJs da mxolod amis Semdeg amodis nakadis 
zedapirze. maTematikuri programa “Maple 95” ar iZleva cxad maTematikur amonaxsns, 
radganac Wavlis maryuJis arseboba qmnis garkveul ganuzRvrelobebs. am sirTulis Tavidan 
asacileblad daiwereba maTematikuri programa “Maple 95”-is modificirebuli qveprograma, 
romlis Tanaxmad Wavlis koordinatebis gaangariSeba warmoebs ubnebis mixedviT. kerZod, 
programa wyvets angariSs da iwyebs xelaxal gaangariSebas, rogorc ki Wavlis traeqtoria 
icvlis mimarTulebas. gansxvaveba miRebul Sedegebsa da naturul monacemebs Soris ar 
aRemateba 15-20%-s. amrigad, cxadia, rom winaswari sainJinro SefasebisaTvis, 
SemoTavazebuli meTodi savsebiT misaRebia. 

sakvanZo sityvebi: magistraluri navTobsadenebi, estuari, sistemuri midgoma, nakadis 
turbulentoba. 
 

rogorc cnobilia, navTobi warmoadgens blant zeTisebr siTxes, romelsac gaaCnia 

muqi yavisferi feri da susti fluorescencia. navTobi da navTobproduqtebi arian 

msoflio okeanis yvelaze gavrcelebuli damabinZurebeli nivTierebebi. wina saukunis 

80-ian wlebSi okeaneSi CaiRvreboda navTobis msoflio mopovebis 10,23%. yvelaze 

didi raodenobis navTobis daRvra dakavSirebulia mis transportirebasTan mopovebis 

regionidan. 

estuari (laTinuri uestuarium – mdinaris Setborili SesarTavi) – warmoadgens 

mdinaris erTtotian SesarTavs, romelic farTovdeba zRvis mimarTulebiT. estuaris 

warmoqmna xdeba maSin, rodesac mdinaris mier Camotanili natani waritaceba zRvis 

dinebiT an moqceviT, xolo SesarTavis mimdebare zRvis nawils gaaCnia didi 

siRrmeebi. am SemTxvevaSi natanis daleqva ar xdeba maTi zRvaSi did manZilze 

gatanis SemTxvevaSic ki. didi mdinareebis SesarTavebSi, moqceviTi dinebis siCqare 

ikribeba mdinaris nakadis siCqaresTan. amitom moqcevisas iqmneba mZlavri dineba 

mdinaridan zRvaSi. natani gaitaneba mdinaris SesarTavis farglebs gareT da 

moqcevebisas eqvemdebareba mZlavr warecxvas. evropis yvelaze did estuars 

(Jirondas) gaaCnia 75 km sigrZe. Jironda (safrangeTi) warmoadgens mdinareebis 

garonas da dordonis erTobliv SesarTavs, romelic uerTdeba biskais yures. misi 

umciresi siRrme farvaterze 8 m-ia. tipuri SesarTavebi estuarebis saxiT gaaCnia 

iseT mdinareebs, rogoricaa: enisei da amuri (ruseTi), temza (didi britaneTi), sena 

(safrangeTi), ianZi (CineTi). estuaris sawinaaRmdego tips warmoadgens delta – 

SesarTavi, romelic daSlilia ramdenime nakadad. klasikuri deltebi gaaCniaT iseT 

mdinareebs, rogoricaa: nilosi, amazoni, volga. estuarebis formirebisaTvis 

aucilebelia, rom zRvis ukuqcevis siCqare Warbobdes moqceviTs da, amasTanave, unda 
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arsebobdes SesarTavSi natanis deficiti. amis naTeli magaliTia CineTis ori didi 

mdinaris – ianZisa da xuanxes Sedareba. maTi Txevadi Camonadenebi Sesabamisad 126 da 

690 km3-ia weliwadSi, xolo myari – 1887 da 501 mln. t. amitom ianZis SesarTavSi 

warmoiqmneba disproporcia myar da Txevad Camonadenebs Soris da formirdeba 

estuari, xolo xuanxes SesarTavSi daimzireba natanis siWarbe, romelic formirdeba 

deltiT.  

estuarSi mtknari da zRvis wylebis urTierTqmedebisas, moqcevis rolis 

Sesafaseblad, mokled ganvixiloT estuaruli cirkulaciis sxvadasxva tipi da 

faqtori, romlebic yvelaze mniSvnelovania mis formirebaSi. hidrodinamikis 

TvalsazrisiT, estuarebis klasifikacia, romelic gansazRvravs estuarul 

cirkulacias da axdens moqmedi Zalebisa da procesebis didi nawilis 

identifikacias, Seicavs uamrav parametrs, romelTagan umravlesi – ucnobia. 

gamoyenebiTi TvalsazrisiT, ufro martivia estuarebis empiriuli klasifikacia, 

romelic emyareba mxolod erT, V/R  uganzomilebo parametrs, sadac R  da V  

Sesabamisad aris mtknari wylis da moqcevis dros estuarSi Semavali zRvis wylis 

moculobebi [1,2]. 

V/R  Sefardebis sididis mixedviT, yvela estuari SesaZlebelia daiyos oTx 

tipad (cxr. 1). Tu moqcevis moculoba V  mcirea mtknari wylis moculobasTan 

SedarebiT, e.i. 1V/R > , maSin mtknari wyali icuravebs ufro mkvrivi mariliani 

wylis zedapirze mniSvnelovani Serevis gareSe da formirdeba estuari mariliani 

soliT. igi Sedgeba wylis ori fenisagan: mtknari zedapirze da mariliani qveda 

fenaSi. wylis marilianoba daaxloebiT erTnairia estuaris mTeli sigrZis gaswvriv. 

gacvla fenebs Soris SemosazRvrulia fenebs Soris frontaluri zoniT, romelSic 

mTavar rols asrulebs turbulentobis intensivoba. Tu moqcevis moculoba tolia 

an meti mdinaris Camonadenze, maSin Sefardeba 0,11,0V/R −≡  da estuari gardaiqmneba 

Zlierad stratificirebul an nawilobriv Sereul estuarad. Zlieri moqceviTi 

dinebis zeda fenaSi mtknari wylis moZraoba qmnis wanacvlebas gamyof zedapirze, 

rac aRagznebs arastabilurobas, periodulad warmoqmnili da ngrevadi Sida 

talRebis saxiT. ngrevadi talRebis qimebi cildebian gamyof zedapirs da gadaaqvT 

mariliani wyali zeviT, watacebis saxiT. rodesac 1,0005,0V/R −≡ , maSin estuari 

gadaiqceva sustad stratificirebul estuarad, romelsac xSirad uwodeben 

nawilobriv Sereul estuars. moqceviTi dineba am dros imdenad Zlieria, rom wylis 

mTliani masis moZraoba xdeba turbulenturi. amis Sedegad, zeda da qveda fenebs 

Soris xdeba masisa da marilis cvla, orive mimarTulebiT. rodesac moqceviTi 

moculoba izrdeba da Sefardeba 005,0V/R < , maSin turbulenturi Sereva imdenad 

intensiuri xdeba, rom qreba gansxvaveba zeda da qveda fenebis marilianobas Soris 

da estuari gardaiqmneba vertikalurad Sereul estuarad [2].  

          cxrili 1 

tipi   V/R  cirkulacia stratifikacia 

1   1≥  susti mariliani soli 

2 0,1 – 1,0 nawilobriv Sereuli estuari, marilis 

watacebiT wylis fskeruli fenidan 

zedapirulSi 

Zlieri 

3 0,005 – 0,1 nawilobriv Sereuli estuari susti 

4  005,0≤  vertikalurad Sereuli estuari ara 
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mdinareTa moqceviT SesarTavebSi, natanis koncentraciis ganawilebis regulirebis 

umTavres meqanizms warmoadgens estuaruli cirkulacia [3]. igi iqmneba wylis 

simkvrivis vertikaluri da horizontaluri sakmaod didi gradientebis SemTxvevaSi. 

nakadis zeda nawilSi, wylis dadebiTi zedapiruli qanobis SemTxvevaSi, dineba 

mimarTulia zRvisaken. nakadis qveda nawilSi, dinebas ganapirobebs simkvrivis ganivi 

gradientebi da nakadi miemarTeba mdinarisaken. stratificirebul nakadSi estuaruli 

cirkulaciis warmoqmnis aucilebeli pirobaa, zRvis mimarTulebiT sxvadasxva 

simkvriviani wylebis gamyofi sazRvris - zRvis mimarTulebiT daxra. moqcevis fazis 

mixedviT, mdinaris da zRvis wylebis urTierTqmedebis zona, wainacvlebs kalapotis 

gaswvriv. dinebis da marilianobis ganawilebis gasaSualoebis Sedegia (moqcevis 

ciklis ganmavlobaSi) – narCeni estuaruli cirkulacia. aseT SesarTavebSi, mdinaris 

kalapotSi fskerTan, yovelTvis arsebobs pirobiTi “nulovani” wertili, romelSic 

dineba ar gvaqvs. am wertilis zeviT dineba mimarTulia zRvisken, xolo qveviT – 

gvaqvs Sebrunebuli, mdinarisaken mimarTuli dineba. “nulovani” wertilis 

gasaSualoebuli mdgomareoba, rogorc wesi, Seesabameba simkvrivis gradientebis 

gavrcelebis zRvars mdinaris mimarTulebiT. igi ganacalkevebs natanis fskerul 

nakads, mimarTuls am wertilidan zeviTa da qveviT sawinaaRmdego mimarTulebebiT.  

fskerTan, mdinaris mimarTulebiT marezultirebeli moZraoba, moqceviTi dinebis 

maRali siCqareebi da Zlieri turbulentoba iwvevs maqsimaluri simRvrivis zonis 

formirebas “nulovani” wertilis raionSi, romlis farglebSi xSirad iqmneba 

fskeruli natanis maRali koncentracia – e.w. “lamis sacobi” an “simRvrivis 

sacobi”.  

gansakuTrebul interess warmoadgens SemTxveva, rodesac koordinatTa saTavidan 

marcxniv gvaqvs ufro mkvrivi siTxe, vidre marjvniv. aseTi SemTxveva gvaqvs 

estuarebSi [4-6] da igi damaxasiaTebelia damarilianebisaTvis (marilis SeRweva). 

iseT estuarSi, romlis zRvis napiri moTavsebulia kveTSi koordinatiT 0x = , 

siCqare rU  Seesabameba stacionarul mdinaris nakads, romelSic mtknari wyalia. Tu 

mtknari wylis xarji estuarSi mudmivia da aseve mudmivia moqcevis talRis 

amplituda zRvis mxridan, maSin damkvirveblisaTvis, romelic moZraobs perioduli 

moqcevis siCqariT, arsebobs damarilianebis stacionaruli ganawileba. amgvarad, 

idealizirebuli estuarisaTvis, marilianobis stacionarul ganawilebaze gavlenas 

axdens Semdegi faqtorebi: 

• gamarilianebis ares SigniT turbulentobis intensivoba [7]; 

• mtknari wylis xarji; 

• estuaris SesasvlelSi mtknari da zRvis wylis simkvriveebs Soris 

sxvaoba. 

damarilianebis stacionaruli ganawileba idealizirebuli estuarisaTvis moicema 

Semdegi damokidebulebiT [7-10]: 

                                ,e
C
C

t

r

D
xU

0

−

=         (1) 

sadac tD  turbulenturi difuziis koeficientia, romelic moqcevis talRis 

sixSireze da amplitudazea damokidebuli (kerZod, igi izrdeba am sidideebis 

gazrdisas) [11-13]. 
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sainteresoa [14,15]-Si moyvanili eqsperimentuli kvlevis Sedegebi, romlebic 

Catarda TeTri zRvis sanapiros mdinareebis kereti da kemis realur estuarebze. aq 

Seswavlilia iseTi procesebi, rogoricaa: marilianobis formireba; wylis 

gamtknarebis formireba; Sewonili natanis Semadgenlobis cvlileba vertikalze da 

a.S. aqve damtkicebulia, rom faqtobrivad estuarebi warmoadgenen marginaluri 

filtrebis moqmedebis zonas da aq mdinaris da zRvis wylebis Serevis Sedegad xdeba 

wyalSi Sewonili TiTqmis yvela natanis moSoreba. 

adamianisa da garemos urTierTqmedebidan gamomdinare, interesi estuarebis 

mimarT, im SemTxvevaSi, rodesac xdeba reJimis cvlileba, ZiriTadad gamoixateboda 

Semdegi sami poziciidan: 1. kalapotis kveTis cvlileba da fskeris CaRrmaveba, 

ekonomikurobis amaRlebis mizniT. 2. estuarebis gamoyeneba sawarmoo- da 

sayofacxovrebo narCenebis mocilebisaTvis. 3. mtknari Camonadenis kontroli da 

cvlileba moqcevad estuarebSi. bolo dros isaxeba meoTxe, estuarebis zogadi 

dabinZurebis problema, romelic SesaZlebelia gamowveuli iyos navTobis avariuli 

CaRvriT estuarSi. 

Tumca TiToeuli zemoCamoTvlili mimarTuleba SeiZleba ganvixiloT rogorc 

reJimis cvlilebis damoukidebeli mizezebi, maTTan dakavSirebuli efeqtebi 

erTmaneTisagan izolirebuli ar arian da ganxiluli unda iyvnen sistemuri 

midgomiT [16-18]. 

estuarSi CaRvrili navTobis Wavlis traeqtoriis gansazRvris pirvel etapze 

gamoviyenoT wrfivi idealizacia. maSin adgilobrivi siCqaris ganawileba vertikalze 

moicema Semdegi gamosaxulebiT: 

                          ( )211x uu
H
zuV ++= ,                (2) 

sadac 1u  da 2u  aris, Sesabamisad, zedapiruli da fskeruli adgilobrivi siCqareebi 

(nax.1). 

 

 
 

nax. 1. estuarSi CaRvrili Wavlis traeqtoriis gansazRvris sqema, Tu nakadis siCqare 

ganawilebulia wrfivad 
 

cxadia, rom siRrme ∗z , romelzedac nakadi icvlis mimarTulebas, SeiZleba 

vipovoT pirobidan 0Vz =  da gveqneba 
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estuarSi saSualo siCqaris mniSvneloba miiReba Semdegi pirobidan: 
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sadac V  nakadis saSualo siCqarea. amitom (3) gantolebidan miviRebT: 
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cxadia, rom am SemTxvevaSi Wavlis traeqtorias rTuli forma gaaCnia. Wavli jer 

Cadis qveviT, Semdeg, rodesac is aRwevs wertils sadac nakadi icvlis 

mimarTulebas, icvleba Wavlis simrudis radiusi, igi akeTebs maryuJs da mxolod 

amis Semdeg amodis nakadis zedapirze. 

Wavlis traeqtoriis gansazRvra estuaris SemTxvevaSi warmoebs imave 

TanmimdevrobiT, rac gvqonda erTi mimarTulebis mqone nakadisaTvis. am dros iqmneba 

sirTuleebi, romlebic ar gvqonda wina SemTxvevaSi, kerZod: 1. maTematikuri 

programa “Mample 95” ar iZleva cxad maTematikur amonaxsns. 2. maryuJis arseboba 

qmnis garkveul ganuzRvrelobebs (kerZod, amonaxsni cxadia, rom monotonuria 

movlenis dinamikidan gamomdinare, magram igi ara calsaxaa). maTematikuri programa 

“Mample 95” ar aRiqvams Wavlis maryuJs da mis amonaxsnebs kompleqsur ricxvebad 

Tvlis. 

am sirTulis Tavidan asacileblad daiwera qveprograma, romlis Tanaxmad Wavlis 

koordinatebis gaangariSeba warmoebs ubnebis mixedviT. kerZod, programa wyvets 

angariSs da iwyebs xelaxal gaangariSebas, rogorc ki Wavlis traeqtoria icvlis 

mimarTulebas. 

magaliTisaTvis ganxiluli iqna xuTi ricxviTi testi Semdegi parametrebisaTvis: 

1. =1u  4 m/wm; =2u  4 m/wm. 2. =1u  5 m/wm; =2u  3 m/wm. 3. =1u  3 m/wm; =2u  5 m/wm. 

4. =1u  2 m/wm; =2u  6 m/wm. 5. =1u  6 m/wm; =2u  2 m/wm. sxva parametrebi Semdegia: 

=0V 5 m/wm; =H 10 m. 
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nax. 2. estuarSi CaRvrili Wavlis traeqtoriebi, agebuli maTematikuri programa “Mample 
95”-is mier,  Tu: 1 - =1u  4 m/wm; =2u  4 m/wm; 2 - =1u  6 m/wm; =2u  2 m/wm 

  

nax.3. estuarSi CaRvrili Wavlis traeqtoriebi: 1 - realuri traeqtoria agebuli 

maTematikuri programa “Mample 95”-is mier; 2 - traeqtoria agebuli siCqareTa samkuTxa 

ganawilebisaTvis) da naturuli monacemebi 
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modificirebuli maTematikuri programa “Mample 95”-is saSualebiT realizebuli 

SemTxvevebi, romlebic Seesabamebian zeviT ganxiluli magaliTis pirvel da mexuTe 

SemTxvevebs, naCvenebia nax.2-ze (SedarebisaTvis orive traeqtoria erT naxazzea 

datanili). 

nax.3-ze naCvenebia maTematikuri programa “Mample 95”-is saSualebiT agebuli 

Wavlis traeqtoria da [13]-Si moyvanili naturuli monacemebi. gansxvaveba Cvens mier 

miRebul Sedegebsa da naturul monacemebs Soris ar aRemateba 15-20%-s. amrigad, 

cxadia, rom winaswari sainJinro SefasebisaTvis Cvens mier SemoTavazebuli meTodi 

savsebiT misaRebia. 

aRniSnuli proeqti ganxorcielda ssip "SoTa rusTavelis" erovnuli samecniero 

fondis finansuri xelSewyobiT (granti #GNSF/ST09-380-7-109). 
 

l i t e r a t u r a 

1. Долгополова Е.Н., Юсупова М.В. Классификация эстуариев по гидродинамическим 
процессам//Водные ресурсы. 2009. Т. 36. 

2. Tomczak M., Godfrey J.S. Regional Oceanography: an Introduction. 2nd improved edition. Delhi: 
Daya Publishing House. 2003. 

3. Михайлова М.В., Исупова М.В. Водный и ледотермический режим арктических 
устьев разного типа/Тр. Всероссийской конференции @"Ледовые и термические 
процессы на водных объектах России". Архангельск 2007.  

4. Harleman D. Stratified Flow. Handbook of Fluid Dynamics. Ch. 26. McGraw-Hill. New York. 
1961. 

5. Harleman D. and all. The Diffusion of Two Fluids of Different Density in a Homogenous 
Turbulent Field. Technikal report, No. 31. M.I.T. Hydrodynamics Laboratory. Feb. 1959.  

6.Ippen A., Harleman D. One-Dimensional Analysis of Salinity Intrusion in Estuaries. Technikal 
Bulletin. No.5 Committee on Tidal Hydraulics Corps of Engineers. Vicksburg., Miss., June. 
1961. pp 44-57 

7.Leenderste I.J. A Water Quality Simulation Model for Well Mixed Estuaries and Coastal seas. 
1970-1978. Vols. 1 to 9. Rand Corporatrion. Santa Monica. California. 

8.Ogata A., Banks R.B. A Solution of the Differential Equation of Longitudinal Dispersion in Prous 
Media. Proffesssional Paper. 411-9. US Geological Surway. Washington, D.C. 1961. 

9.Orlob G.T. Models for stratified impoundments in Models for Water quality Management. a.K. 
Biswas (ed). VcGraw-Hill. New York. 1981. 

10.Peyton R.I., Schroeder P.R. Field verification of HELP model for landfills. ASCE J. Environ. 
Engng. 1988. 114 (2). April 

11. Harleman D. and all. An Analysis of One-Dimensional Convective Diffusion Phenomena in an 
Idealized Estuary. Technikal report, No.42. M.I.T. hydrodynamics Laboratory. Jan. 1961. 

12. Harleman D., Ippen A.,The Turbulent Diffusion and Gravitacional Convection of Saline Water 
in an Idealized Estuary. Publ., No.51. Intl. Assoc. for Sci. Hydrology. IUGG. Helsinki. August. 
1960.  

13. Ippen A., Harleman D., Lin J. Turbulent Diffusion and Gravitacional Convection in an 
Idealized Estuary. Technikal report, No.38. M.I.T. Hydrodynamics Laboratory. March.  1960. 

14. Долотов Ю.С., Филатов Н.Н., Шевченко В.П. и др. Некоторые особенности физических, 
химических и геологических процессов в эстуариях Белого моря. Проблемы изучения, 
рационального использования и охраны ресурсов Белого моря/IX международная 
конференция. 2004 г. Петрозаводск. Карелия. Россия.  

15. Лисицын А.П. Маргинальный фильтр оценок// Океанология. т.34.№5.  



d.namgalaZe,...                                           Energyonline #1(4), 2011 

 8

16. Иппен Ф.Т. Гидродинамика береговой зоны и эстуариев. Л.: Гидрометеоиздат. 1970.  
17. Lamb H. Hydrodinamics. Cambridge University Press. 1932. Dover Publications. New York. 

1945. 
18. Proudman J. Dynamikal Okeanography. Methuen and Co. Ltd. London. 1963. 
 


