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რეზიუმე 

miwebis melioracia sasoflo-sameurneo produqciis 
warmoebis zrdis arsebiT da gadamwyvet faqtors warmoadgens. 
wyalmoxmarebis srulyofa damokidebulia rogorc sarwyavi 
miwaTmoqmedebis sakiTxebis gadawyvetaze, aseve maTi marTvis 
meTodebze. 

sarwyavi sistemebis eqspluataciis dros erT-erT 
umniSvnelovanes amocanas warmoadgens wylis resursebis 
ganawilebis optimaluri organizeba, gansakuTrebiT maTi 
deficitis dros. aseTi marTva SesaZlebelia ganxorcieldes 
mxolod wyalganawilebis marTvis avtomatizebuli sistemebis 
Seqmnis gziT. 

naSromi `wylis resursebis ganawileba da marTva sarwyav 
sistemebSi~ eZRvneba problemas, romlis aqtualobac izrdeba 
yovelwliurad qveyanaSi melioraciis gansaviTareblad, 
saxelmwifos mier Cadebuli kapitaldabandebebis efeqtianad 
gamoyenebis yovelmxrivi amaRlebis aucileblobis, aseve wylis 
da miwis resursis ufro metad racionalurad gamoyenebis 
aucileblobis gamo. 

am sakiTxis Sesaxeb arsebuli da damuSavebuli masalebis 
Rrma ganxilvis, maTi moxerxebuli misadagebiTa da SeTanawyobiT 
sakuTari kvlevis SedegebTan, vsvamT amocanas da gTavazobT misi 
gadaWris gzebs sarwyav sistemebSi wyalganawilebis optimaluri 
marTvis algoriTmebis agebis SeqmniT, misi mWidro kavSiriT 
saboloo produqtTan _ sasoflo-sameurneo kulturebis 
mosavlianobasTan. 

sarwyavi sistemis funqcionirebis mizans warmoadgens 
dasaSvebi xarisxis sarwyavi wylis miwodeba saWiro dros, 
saWiro adgilze da saWiro raodenobiT, teqnologiuri 
procesebis efeqtiani mimdinareobis uzrunvelsayofad, anu 
mosarwyav mindorze sasoflo-sameurneo kulturebis mosavlis 
formirebisaTvis. 

aqedan gamomdinare, samelioracio sarwyav sistemebSi 
SesaZlebelia sxvadasxva funqciebis Semsrulebeli materialuri 
obieqtebis ori jgufis gamoyofa: mosarwyavi mindvrebi arsebuli 
naTesebiTurT, Sesabamisi sarwyavi teqnikiT da sarwyavi qseli 
Sesabamisi hidroteqnikuri mowyobilobebiT, romlebic 
aucilebelia wylis aRebis, transportirebis, ganawilebisa da 
gazomvisaTvis. sarwyavi qseli, rogorc wesi, Tavis TavSi moicavs 
mTavar (magistralur) arxs, meurneobaTaSoris sxvadasxva rigis 
gamanawileblebis sistemas, sameurneo sistemas da Sidasameurneo 
arxebs. 

naSromSi SemoTavazebulia sakiTxis mimarT principulad 
axali midgoma, romelic iTvaliswinebs wyalganawilebis marTvis 
sistemis mravaldonian struqturas calkeul qvesistemebTan 
urTierTkavSiriT da ekonomikur safuZvelze dayrdnobiT. 
ekonomikuri urTierTkavSirebi SesaZlebelia ganxorcieldes 
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mxolod mkacri angariSsworebis pirobebSi da wylis miwodebis 
regulirebuli fasebis gamoyenebiT, rac kidevac aris 
gaTvaliswinebuli sarwyavi sistemis marTvis da meurneobebs 
Soris wyalganawilebis struqturis ganxorcielebisas, romlebic 
rogorc sarwyavi wylis momxmareblebs, aseve sasoflo-sameurneo 
produqciis mwarmoeblebs warmoadgenen. naSromis es nawili aris 
siaxle optimaluri wyalganawilebis problemis gadawyvetis 
midgomis TvalsazrisiT. 

naSromi aseve eZRvneba agrobiocenozis mosavlis formirebas, 
romelic ganixileba rogorc marTvis obieqti. sasoflo-
sameurneo kulturebis mosavalis formirebis modelis agebisas 
gaviTvaliswineT agrobiocenozis modelirebis ZiriTadi 
mdgomareoba. models gaaCnia blokuri struqtura, romlis 
blokebic niadagis sistemaSi  mimdinare ZiriTad procesebs 
Seesabameba (mcenare, zedapiruli atmosferuli fenebi).  

ZiriTadi dayofa or superblokad moxda, esenia: biotiuri da 
abiotiuri procesebi. biotiuri blokebis jgufi moicavs zrdis 
models da sasoflo-sameurneo kulturis naTesis ganviTarebas, 
rogorc agrobiocenozis umniSvnelovanes elements. amas garda, 
biotiuri blokebis ricxvs miekuTvneba niadagSi 
mikroorganizmebis gavlenis qveS myofi sxvadasxva organuli da 
araorganuli nivTierebebis transformaciis aRmweri modelebi, 
aseve TviT mokroorganizmebis cxovelmyofeloba. biotiuri 
procesebis Semadgenel nawils warmoadgenen iseTi procesebic, 
romlebic dakavSirebulia kulturuli mcenareebisaTvis 
usargeblo organizmebTan, rogoricaa: mavneblebi, daavadebebi, 
sarevelebi da sxva. 

abiotiuri blokebi moicaven mTeli rigi geofizikuri 
procesebis aRmwer modelebs, romelTa maxasiaTeblebi 
aucilebelia biotiuri procesebis funqcionirebisaTvis. esenia: 
Tburi da niadagis wylis reJimebis, haeris dabali fenebis 
formireba, aseve biogenuri da toqsikuri marilebis 
koncentracia da gadaadgileba, pesticidebis daSlis Sedegad 
sxvadasxva narCenebis, zrdisaTvis aucilebeli nivTierebebis da 
niadagSi metabolitebis, naTesSi CO2-is koncentraciis da sxvaTa 
arseboba. 

modelebSi biotiuri da abiotiuri blokebi 
mniSvnelovanwilad unda iyos urTierTSerwymuli. dResReobiT 
arsebobs abiotiuri procesebis modelebi, magram isini mciredad 
iTvaliswineben biotiur procesebs. mocemul naSromSi 
ganxilulia abiotiuri blokebis analizi biotiuri procesebis 
gaTvaliswinebiT.  

naSromSi mosavlis formirebis modelis agebis procesi 
Semdegi etapebisagan Sedgeba: 

1. aprioruli, biologiuri informaciis safuZvelze aigo 
erTwliani sasoflo-sameurneo kulturis zrdis procesebis 
amsaxveli ZiriTadi damokidebulebebi, sizustiT funqciamde 
an parametrebamde. gamoikveTa garemos wamyvani faqtorebi, 
romlebic gavlenas axdenen am procesebze; 
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2. ganisazRvra modelSi Semavali funqciis saxeobebi da 
parametrebis sidideebi; 
3. moxda modelis identifikacia; 
4. moxda modelis verifikacia, anu samodelo obieqtTan 
misi Sesabamisobis dadgena. 
mcenaris zrdis modelSi SesaZlebelia ori blokis 

gamoyofa, romlebic aucileblad unda iyos mocemuli yvela 
dinamiur modelSi, esenia: dagrovebis bloki an biomasis nazrdi, 
romelic biomasis zrdas aRwers haeris naxSirJangis asimilaciis 
da niadagidan mineraluri kvebis elementebis miRebis xarjze da 
am nivTierebebis mcenareTa organoebSi dinamiuri gantolebebis 
sistemis saxiT gadanawilebis aRmweri bloki. swored es blokebi 
Seadgenen mosavlis formirebis modelis safuZvels. 
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Abstract 

Land reclamation alongside with mechanization and chemicalization is a 
determinative of essential increase in manufacturing of agricultural production.  

Perfection of water use in an irrigation should concern as development of 
irrigated agriculture as  methods of management.  

One of the major problems at operation of irrigating systems is the organization 
of optimum control by distribution of water resources at their deficiency. Such 
management can be carried out at creation of the automated control systems by water-
distribution. 

Research in `Distribution and management of water resources in irrigating 
systems” is devoted to a problem, which increases urgently every year in connection 
with necessity of all-round increase of efficiency of capital investments, that are put 
by the state for development of land improvements in the country, and also matters of 
more rational use of water and ground resources. 

Certainly, current research has big practical and theoretical value about increase 
of efficiency of each irrigated hectare and each cubic meter of irrigating water.  

According to deep review of development available on this issue concerning 
skilful refraction and a combination, the results of researches show a problem. Our 
research offers the ways of solutions by creating schemes and algorithms of optimum 
control of water-distribution to irrigating systems, closely coordinating it with an end-
product - a crop of agricultural crops. 

The purpose of functioning of irrigating system is submission during essential 
time, place and quantity of irrigating water of admissible quality to provide effective 
course of technological process, That is formation of a crop of an agricultural crop on 
an irrigated floor. 

Proceeding from meliorative irrigating system, it is possible to allocate two 
groups of the material objects, which are carrying out various function: irrigated fields 
with crops available on them and corresponding irrigation techniques and an irrigating 
network with the corresponding hydraulic engineering constructions necessary for a 
fence, transportation, distribution and measurement of water. Presence of one or 
several sources of water resources, that is supposed also. 

In the research, there is offered essentially new approach providing multilevel 
structure of a control system by water-distribution with interaction of separate 
subsystems on an economic basis. 

These economic interrelations are possible in conditions of strict self-financing 
and application of a controlled price of water-submission, as it is provided at 
realization of structure of water-distribution between management of irrigating system 
and the facilities, being consumers of irrigating water and manufacturers of 
agricultural production. This part of work is new under the approaches to the decision 
of a problem of optimum water-distribution. 

Work also is devoted to modeling of formation of a crop agrobiocenoz, 
considered as object of management. For construction of model agricultural crops, we 
start with substantive provisions of modeling agrobiocenoz. 

Models have block structures, which correspond with the basic processes 
proceeding in system ground - A plant - Ground layers of an atmosphere. 

The basic division is accepted on two super blocks under the scheme: biotic 
processes and abiotic processes. The group biotic blocks includes model of growth 
and development of crop of an agricultural crop, as major element agrobiocenoz. 
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Besides the number biotic blocks includes the models describing transformation of 
various organic and inorganic substances in ground under influence of 
microorganisms, and also ability to live of microorganisms. Large component biotic 
processes are the processes connected with ability to live of organisms harmful to 
cultural plants: wreckers, illnesses, weeds and other organisms connected with them. 

Abiotic blocks include the models describing a number of geophysical processes 
which characteristics are necessary for functioning biotic processes: formation of a 
thermal, water mode of ground and ground layers of air, concentration and movement 
of biogenic and toxic salts, the various rests of disintegration of pesticides, Growths 
substances and metabolits in ground, concentration CO2  in crop, etc. 

Most parts of biotic and abiotic blocks should be beat substantially bound. 
Already there are many models abiotic processes, but they while consider biotic 
processes a little. In the given work abiotic blocks will be considered. Process of 
construction of model of formation of a crop, consists of following stages: 

1. On the basis of the aprioristic biological information the basic dependences, 
reflecting processes of growth of an annual agricultural crop to within 
function or parameters are under construction, and the leading factors of an 
environment influencing these processes are allocated; 

2. It is spent definitions of kinds of function and sizes of the parameters 
entering into model; 

3. Identification of model is spent. The method of configurations and a method 
of rotating coordinates are used; 

4. Verification of model is spent  that is An establishment of its conformity to 
modelled object. 

In model of growth of plants it is possible to allocate two blocks which should 
be present at all dynamic models: the block of accumulation or growths biomass 
which describes increase in a biomass due to assimilation of carbonic acid of air and 
due to receipt of elements of a mineral feed from ground; the block describing in the 
form of system of the dynamic equations redistribution of these substances on bodies. 
These blocks make a basis of model of formation of a crop. 
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შესავალი 

 
naSromi `morwyvis dros wylis resursebis operatiuli 

ganawilebis optimizacia~ eZRvneba problemas, romlis 
aqtualuroba yovelwliurad matulobs, radgan qveyanaSi 
aucilebeli xdeba melioraciis ganviTarebis efeqturobis 
amaRleba, iseve rogorc  wylis da miwis resursebis ufro 
racionaluri gamoyeneba. naSroms aqvs didi praqtikuli da 
Teoriuli mniSvneloba, romelic mdgomareobs TiToeuli 
mosarwyavi heqtris da TiToeuli kuburi metri sarwyavi wylis 
produqtiulobis amaRlebaSi. rac Catarebuli samuSaos mTavar 
faseulobas warmoadgens. naSromSi dasmulia amocana da 
mocemulia misi gadaWris gzebi sarwyav sistemebis 
wyalganawilebis optimaluri marTvis mWidro kavSiriT saboloo 
produqtTan _ sasoflo-sameurneo kulturebis mosavalTan 
mimarTebaSi. 

saqarTvelos gvalviani raionis, kerZod aRmosavleT 
saqarTvelos specifika mdgomareoba imaSi, rom aq gadamwyvet 
mniSvnelobas iZens ara marto naleqebis raodenoba, aramed maTi 
ganawilebac wlis ganmavlobaSi, roca mcenareTa vegetaciis 
periodSi mcenareTa aucilebeli wyalmoTxovnilebis fazebs ar 
emTxveva naleqebis mosvlis intervalebi. Sedegad saxeze gvaqvs 
gvalviani wlebi, roca mcenareTa mosavlianoba ara marto Zlier 
klebulobs, aramed SeiZleba mTlianad ganadgurdes. swored es 
sakiTxebia ganxiluli naSromis pirvel TavSi. aqve aseve 
ganxilulia sakiTxi imis Sesaxeb, rom gvalvis uaryofiTi 
gavlenis gasaneitraleblad upirveles da radikalur 
RonisZiebad unda CaiTvalos naleqebis naklebobis Sevseba 
xelovnurad, morwyvis saSualebiT. gasagebia, rom sarwyavi wylis 
wyarod, pirvel rigSi, gamoyenebuli unda iyos gvalvian 
raionebSi arsebuli bunebrivi wylis resursebi. unda aRiniSnos, 
rom gvalvian raionebSi arsebul mdinareebisa da tbebis 
wyalSemkreb auzebSi, TviT bunebrivi wylebis siuxvesa Tu 
naklebobasac igive meteorologiuri faqtorebis wlidan wlamde 
sasurveli Tu arasasurveli SeTanawyoba ganapirobebs. aqedan 
gamomdinare gasagebia, rom bunebrivi wylis resursebi gvalvian 
raionebSi, saSualo da wyalmcire wlebSi, ver daakmayofilebs 
mcenareTa srul wyalmoTxovnilebas da aRmosavleT 
saqarTveloSi xSirad eqneba adgili sarwyavi wylis deficits, 
rac sinamdvileSi xdeba kidec. miT umetes, rom dReisaTvis 
saqarTvelos gvalvian raionebSi sarwyavi sistemebi ZiriTadad 
TviTdinebiT zedapiruli morwyvis wesebzea gankuTvnili, am 
wesebisaTvis damaxasiaTebeli mTeli rigi uaryofiTi movlenebiT 
da pirvel rigSi, wylis didi danakargebiT. amitom am gvalviani 
regionis mdinareTa SesaZlo irigaciuli wyaluzrunvelyofis 
Sefaseba uaRresad aqtualuria. dasaxuli amocanis gadasawyvetad 
moZiebul da Sekrebil iqna mniSvnelovani meteorologiuri 
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(ZiriTadad naleqebze monacemebi) da hidrologiur-
melioraciuli masala. kerZod mdinareuli Camonadenis 
mravalwliuri monacemebi Tveebis mixedviT da wliuri monacemebi 
2015 wlis perspeqtiuli donisaTvis dasaxuli sarwyavi 
sistemebis Sesaxeb, maTze daqvemdebarebuli sarwyavi farTobebiT, 
dasaxuli sasoflo-sameurneo kulturebiT da maTi ganawilebiT 
am farTobebis mixedviT soflis meurneobis perspeqtiuli 
specializaciisa da reliefis vertikaluri zonalobis 
TaviseburebaTa safuZvelze. 

naSromis meore Tavi eZRvneba morwyvis dros 
wyalganawilebis dagegmarebis amocanis formalizaciis 
sakiTxebs. aq SemoTavazebulia sakiTxis mimarT principulad 
axali midgoma, romelic iTvaliswinebs wyalganawilebis marTvis 
sistemis mravaldonian struqturas calkeul qvesistemebTan 
urTierTkavSiriT da ekonomiur safuZvelze dayrdnobiT. 
ekonomiuri urTierTkavSirebi SesaZlebelia ganxorcieldes 
mxolod mkacri angariSsworebis pirobebSi da wylis miwodebis 
regulirebuli fasebis gamoyenebiT, rac kidevac aris 
gaTvaliswinebuli sarwyavi sistemis marTvebs da meurneobebs 
Soris wyalganawilebis struqturis ganxorcielebisas, romlebic 
rogorc sarwyavi wylis momxmareblebs aseve sasoflo-sameurneo 
produqciis mwarmoeblebs warmoadgenen. naSromis es nawili aris 
siaxle optimaluri wyalganawilebis problemis gadawyvetis 
midgomis TvalsazrisiT. 

naSromis mesame TavSi agrobiocenozis mosavlis formirebis 
modelirebis sakiTxebi ganxilulia rogorc marTvis obieqti. 
mocemulia mosavlis modelis agebis sxvadasxva midgomis 
ganxilva rogorc garemo faqtorebis zemoqmedebis 
gaTvaliswinebiT aseve mcenaris ganviTarebis biologiuri 
procesis detalizaciis sxvadasxva doneze. aRwerilia mcenaris 
zrda-ganviTarebis modelis agebis procesi, romlis 
originaluroba mdgomareobs imaSi, rom is Sedgeba calkeuli 
blokebisagan, romelTa Soris TiToeuli, mcenaris (kulturis) 
urTierTqmedebis Sesaxeb garemo faqtorebTan eqsperimentuli 
monacemebis dagrovebis SesaZleblobis farglebSi, SesaZlebelia 
daixvewos modelis saerTo struqturis darRvevis gareSe. 
SemoTavazebuli modeli identificirebuli da verificirebulia. 
naSromis es nawili Zalzed sayuradReboa, radgan modelis 
agebis meToduri midgoma SesaZloa gamoyenebul iqnas 
praqtikulad nebismieri sasoflo-sameurneo kulturisaTvis. 

naSromis meoTxe TavSi morwyvis dros wyalganawilebis 
algoriTmizaciis gziT, mocemulia amocanis analizi da misi 
gadaWris gzebi sasoflo-sameurneo kulturebis mosavlis 
formirebis SemoTavazebuli modelis safuZvelze morwyvis 
pirobebSi garemo faqtorebis urTierTqmedebis gaTvaliswinebiT. 
wyalganawilebis dagegmarebis optimizaciis amocana daiyvaneba 
arawrfivi maTematikuri daprogramebis amocanamde, arawrfivi 
separabeluri miznis funqciiT. 
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Tavi 1. saqarTvelos wylis resursebi da maTi 

racionalurad gamoyenebis problemebi 

 

1.1 mdinareTa irogaciuli SesaZleblobebi 
 

saqarTvelos teritoriaze wylis resursebis ZiriTad 

wyaroebs mdinareebi, gruntis wylebi, myinvarebi, Waobebi, tbebi 

da wyalsacavebi warmoadgenen. maT Soris mniSvnelovania pirveli 

sami saxis wylis obieqti, romlebic gansazRvraven wylis 

resursebTan dakavSirebul yvela movlenas, process, maT 

msvlelobasa da gavlenas garemoze [41]. 

wylis obieqtebs Soris wamyvani adgili ukavia mdinareebs, 

romliTac mdidaria saqarTvelo. aRricxulia 25075 mdinare, 

romelTa saerTo sigrZe Seadgens 54768km-s, xolo mdinareTa 

qselis saSualo simWidrove–0,85 km/km2-s. amiT igi TiTqmis 3-jer 

uswrebs mezobel azerbaijans. saqarTvelos teritoriaze 

mdinareTa hidrografiuli qseli araTanabradaa ganawilebuli. 

dasavleT saqarTveloSi iricxeba 18100 mdinare, saerTo sigrZiT 

– 35 aTasi km, rac Seadgens saerTo raodenobisa da sigrZis 69 da 

Sesabamisad 58%-s. is aseve gamoirCeva mdinareTa qselis didi 

simWidroviT – 1.07km/km2. aRmosavleT saqarTveloSi mdinareTa 

qseli Sedgeba TiTqmis 8 aTasi (31%) mdinarisagan, romelTa 

saerTo sigrZe 25 aTas km-s (41%) Seadgens, qselis simWidrove – 

0.68 km/km2. saqarTvelos mdinareebi ekuTvnian Savi (das. 

saqarTveloSi) da kaspiis (aRm. saqarTveloSi) zRvebis auzebs.  

aRmosavleT saqarTvelos TiTqmis yvela mdinare qmnis 

mtkvris erTian sistemas da Caedineba kaspiis zRvaSi, das. 

saqarTvelos mdinareebi ki damoukideblad erTvian Sav zRvas. 

saqarTvelos (aseve amierkavkasiis) udidesi mdinarea mtkvari. 

saqarTvelos teritoriazea mxolod misi Suaweli (400km 

farglebSi). saTave TurqeTSi aqvs, kaspiis zRvas erTvis 

azerbaijanis teritoriaze. mTavari Senakadebia focxoviswyali, 

liaxvi, qsani, aragvi, faravani, algeTi, qcia-xrami. mingeCauris 
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wyalsacavis Seqmnamde mtkvris udidesi Senakadi iyo alazani 

ivriT, amJamad isini mingeCauris wyalsacavs erTvian. kaspiis 

zRvis auzs ekuTvnis agreTve mdinareebi Tergi (saqarTvelos 

farglebSi 85km-ze miedineba) da andis yoisus mdgenelebi – 

piriqiTi alazani da TuSeTis alazani. saqarTvelos mdinareebi 

sazrdoobs myinvaris, Tovlis, wvimisa da miwisqveSa wylebiT 

(danarTi 3. suraTi 3.1, 3.2, 3.3). 

mdinareTa qselis ZiriTad nawils warmoadgenen sruliad 

patara da Zalian patara klasis mdinareebi, romelTa sigrZe <10 

km-ze. maT wilze modis 25 aTasi (97%) mdinare, saerTo sigrZiT – 

43 aTasi km (72%). aseve bevria patara klasis mdinare, romelTa 

sigrZe 10-100 km-s Seadgens. maT wilze modis 690 (2.6%) mdinare, 

saerTo sigrZiT 13 aTasi km (22%). Zalian umniSvneloa saSualo 

klasis mdinareTa raodenoba, romelTa sigrZe Seadgens 101-500 km-

s. aseTi mdinare sul 14-ia (0.027%). isini gamoirCevian Senakadebis 

didi raodenobiT. pirvel adgilzea md. mtkvari, romlis auzSi 

iricxeba 6434 (24.7%) mdinare, saerTo sigrZiT 13656km (22.9%). 

mdinareebi, romelTa qseli Sedgeba 1000-3000 Senakadisagan, 6-ia: 

yvirila (3320 mdinare, 6112km saerTo sigrZiT), qcia-xrami (2260 

mdinare da 6717km), alazani (1796 mdinare da 6845km), aWariswyali 

(1511 mdinare da 2115km), xobiswyali (1038 mdinare da 1635km), 

kodori (1307 mdinare da 2121km) [16].  

mdinareebi ganirCevian wyalSemkrebi auzis farTobebiT; igi 

did gavlenas axdens mdinaris wylianobaze da farTo gamoyeneba 

aqvs hidrologiur da hidrografiul gaangariSebebSi. mdinare 

mtkvris auzi – 188000km2 (saqarTvelos farglebSi 19050km2), 

Woroxi – 22100km2 (saqarTvelos farglebSi 1600 km2), rioni – 

13400km2, alazani – 10800km2 (saqarTvelos farglebSi – 5943km2), 

qcia-xrami – 8340km2 (saqarTvelos farglebSi 4600km2), iori – 

4650km2 (saqarTvelos farglebSi 4190km2), enguri – 4060km2 da sxva. 

saerTod Warboben mdinareebi, romelTa wyalSemkrebi auzis 

farTobi <500km2, maT wilze modis mdinareebis saerTo 

raodenobis 99.8%. saqarTvelos wylis jamuri resursebi 100km3-s 
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aRwevs. aqedan, mdinareebis wilad modis 65km3, myinvarebis – 30km3, 

tbebis–0.72km3, wyalsacavebis – 3.32km3, Waobebis – 1.9km3 moculobis 

wyali. maT Soris daaxloebiT 35km3 moculobis wyali, romelic 

Tavmoyrilia myinvarebSi, tbebSi, wyalsacavebsa da WaobebSi, 

wylis saukunovan marags warmoadgens da wylis wrebrunvaSi 

nakleb monawileobas iRebs. 65km3 moculobis mdinaris 

Camonadenidan 56.5km3 formirdeba saqarTvelos teritoriaze, rac 

mTeli Camonadenis 86%-s Seadgens. danarCeni 8.74km3 (14%) Semodis 

mis gareT mdebare teritoriebidan (somxeTidan da TurqeTidan). 

saqarTvelos teritoriaze wylis es resursebi araTanabradaa 

ganawilebuli, rac kargad Cans cxrili 1-dan. 

 

ცხრილი 1.  წყლის რესურსების განაწილება რეგიონების  

მიხედვით 1980 წ. დონეზე  (ჩამონადენი კმ3–ში) 
 

regioni adgilobrivi 
mezobeli qveynidan 

Semosuli 
jami 

dasavleT saqarTvelo 43.8 6.62 50.4 

aRmosavleT saqarTvelo 12.7 2.12 14.8 

sul 56.5 8.74 65.2 

 

regionebSi Camonadeni kidev ufro araTanabradaa 

ganawilebuli. mis naTel suraTs iZleva Camonadenis ganawileba 

administraciuli raionebis mixedviT. didi CamonadeniT (3.0km3 da 

meti) gamoirCevian gudauTis, soxumis, gulrifSis da oCamCiris 

raionebi. aseve SedarebiT didi (1.5-2.0km3) CamonadeniT gamoirCevian 

isev dasavleT saqarTvelos sxva administraciuli raionebi. 

gansakuTrebiT dabali Camonadeni (0.1-0.2km3-ze naklebi) gvaqvs 

aRmosavleT saqarTvelos aRmosavleT da samxreT raionebSi. 

danarCen raionebSi es Camonadeni meryeobs 0.2-1.0km3 farglebSi 

[34]. 

gamoyenebuli wylis resursebidan mdinareebs ubrundeba 

mxolod 20-25% wyali, danarCeni ixarjeba mcenareebis 

vegetaciaze, aorTqlebaze, niadagSi CaJonvaze da sxva. amasTan, 
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sayuradReboa, rom ganaxlebadi wylis resursebis wylebis 

sarwyav teritoriaze misayvanad gayvanilia 10 aTasi km sigrZis 

arxebi (dasaSrobi arxebis CaTvliT), rac mdinareebis saerTo 

sigrZis 40%-s Seadgens. es cxadia, zrdis wylis danakargebs. 

sasoflo-sameurneo kulturebis wyaluzrunvelyofis 

yvelaze ufro daZabuli periodi, cxadia, iqneba maSin, roca 

irigaciuli wyalmoxmarebis maqsimumi daemTxveva sarwyavi wylis 

wyaroSi wyalmcirobis periods. 

aRmosavleT saqarTveloSi sarwyavi wylis wyarod 

miRebulia 17 ZiriTadi mdinare maTze mimagrebuli arsebuli da 

perspeqtiuli sarwyavi farTobebiT. es mdinareebi saangariSo 

kveTiT da maTze mimagrebuli sarwyavi farTobebiT Semdegia: 

focxovi – SesarTavi, 7.1 aTasi ha; faravani – SesarTavi, 12.8 

aTasi ha; bugdaSeni – SesarTavi, 18.2 aTasi ha; yarabulaxi – 

SesarTavi, 10.2 aTasi ha; maSavera – SesarTavi, 8.9 aTasi ha; 

aslanka – SesarTavi, 4.3 aTasi ha; algeTi – SesarTavi, 14.5 aTasi 

ha; qcia-xrami – s. dageTxaCini, 67.1 aTasi ha; debeda – s. sadaxlo, 

14.0 aTasi ha; TeZami – SesarTavi, 6.2 aTasi ha; qsani – s. korinTa, 

4.5 aTasi ha; aragvi – s. Jinvali, 21.5 aTasi ha; mtkvari – q. 

rusTavi, 96.1 aTasi ha; iori – kazanianis mTasTan, 136.3 aTasi ha; 

alazani – qvemo alaznis arxis saTavesTan, 262.4 aTasi ha. 

sarwyavi wylis wyarod dasaxul mdinareTa irigaciuli 

SesaZleblobebis Sefasebis mTeli rigi meTodebia SemuSavebuli. 

ase magaliTad, m. n. bolSakovis  mier SemoTavazebul iqna 

Sefasebis miseuli sqema, romlis mixedviTac mxedvelobaSi unda 

iqnas miRebuli sarwyavi sistemis wyalmoTxovnilebis ori 

damaxasiaTebeli norma: optimaluri da kritikuli 

wyalmoTxovnileba. dauregulirebeli mdinareuli Camonadenis 

morwyvis unarianobis gansazRvris sakiTxs eZRvneba v. v. 

trofimovis naSromi, romelSic miTiTebulia, rom garkveuli 

uzrunvelyofis uwyveti rwyvis gazomva SeiZleba sarwyavi 

farTobiT da garkveuli uzrunvelyofis saangariSo xarjiT (95-

97%-ianiT) [30, 73]. 
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mogvianebiT mdinareTa morwyvis unarianobis heqtrebSi 

Sefasebis analogiur principze dafuZnebuli gaTvlis modeli da 

sqema warmoadgina k. a. papeliSvilma [60]. 

aRsaniSnavia, agreTve meore jgufi Sromebisa, romlebic 

eZRvneba wyalsameurneo, maT Soris mdinareuli wylis nakadis 

optimaluri morwyvis unarianobis gaangariSebis meTodebs, 

romlebsac maTematikuri da albaTobriv-statistikuri meTodebi 

udevs safuZvlad eleqtro-gamomTvleli  manqanebis gamoyenebiT. 

am mxriv garkveul interess warmoadgens b. a. gleizeris naSromi, 

romelSic sarwyavi sistemebis ZiriTadi parametrebis Sefaseba 

warmoebs teqniko-ekonomikuri optimizaciis wesiT. sarwyavi 

sistemebis ZiriTadi parametrebis Sefasebis avtoriseul 

meTodologiaSi dayenebuli da gadawyvetilia ori amocana: roca 

gamoyenebuli wylis wyaro xasiaTdeba arasakmarisi wylis 

resursebiT (mcire mdinareebi, tbebi) da roca wylis wyaros 

resursebi sakmarisia. amasTan, mcenareebisaTvis mTliani 

wyalmoTxovnilebis gansazRvras avtori a. m. da s. m. 

alpatievebis mier damuSavebuli bioklimaturi meTodebis 

saSualebiT gvTavazobs, xolo dasaxuli amocanebis 

gadasawyvetad qmnis modelirebadi procesebis kanonzomierebaTa 

Sesabamis xelovnur rigebs monte-karlos meTodiT [40].  

 

 

1.2. mdinareTa SesaZlo irigaciuli wyaluzrunvelyofis 

Sefaseba 

 

iseT gvalvian raionSi, rogoricaa aRmosavleT saqarTvelo, 

sarwyavi wylis wyarod miCneul mdinareTa auzebSi ganlagebuli 

sasoflo-sameurneo savargulebis qveS arsebuli farTobebis 

sarwyavi wyliT uzrunvelyofa damokidebulia TviT am mdinareTa 

irigaciul SesaZleblobebze. magram sarwyavi miwaTmoqmedebis 

arsebulma praqtikam aCvena, rom saqarTvelos aRmosavleT 

raionebi sarwyavi wylis mniSvnelovan deficits ganicdian, 
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gansakuTrebiT im wyalmcire mdinareTa auzebSi, romelTa 

umravlesobac md. mtkvris Senakads warmoadgens. aRniSnul 

garemoebas gansakuTrebiT xels uwyobs aRmosavleT saqarTvelos 

bunebrivi pirobebis specifiuroba, roca xSirad vegetaciis 

periodSi mdinareuli Camonadenis moculobebi da mosuli 

atmosferuli naleqebi ver akmayofilebs am periodSi sasoflo-

sameurneo kulturaTa gazrdil wyalmoTxovnilebas. amitom 

sarwyavad gamosadegi miwebis wyliT uzrunvelyofis sakiTxis 

sworad gadasawyvetad pirvel rigSi aucilebelia sarwyavi wylis 

wyarod dasaxul mdinareTa SesaZlo irigaciuli 

wyaluzrunvelyofis Sefaseba. am mxriv bolo 50 wlis 

ganmavlobaSi mdinareTa irigaciuli SesaZleblobebis Sefasebis 

mTeli rigi meTodebi iqna damuSavebuli [18, 40, 60, 64, 66, 75, 80 

81]. 

dasaxelebul meTodebs erTi saerTo momenti gaaCniaT, 

saxeldobr is, rom yvela SemTxvevaSi rwyvadi an momavalSi 

mosarwyavad dasaxuli farTobebis mdinareebidan SesaZlebeli 

wyaluzrunvelyofis Sefaseba warmoebs wylis Camonadenisa da 

wyalmoxmarebis saangariSo reJimebis urTierT Sedarebis gziT, 

rac uaRresad mniSvnelovania. xolo Semdeg ukve mdinareTa 

irigaciuli SesaZleblobebis saangariSo mniSvnelobebis 

gansazRvrisaTvis TviToeuli avtori ama Tu im meTodis SerCevas 

axdens. 

sarwyavi wylis irigaciuli SesaZleblobebis Sesafaseblad 

misi Camonadenisa da wyalmoxmarebis reJimis urTierT Sedareba 

vfiqrobT yvelaze ufro damajerebeli da misaRebia. amitom 

winamdebare naSromSi mdinaris irigaciuli SesaZleblobebis 

Sefasebis kriteriumad miRebulia masze daqvemdebarebuli 

farTobebis mosarwyavad saWiro wylis raodenobis (farTobis 

sidide wyalmoTxovnilebis moculobaSia gamosaxuli) vegetaciis 

periodSi mdinareuli Camonadenis wylis reJimTan urTierT 

Sedareba. amasTan gansakuTrebuli yuradReba eqceva im 

garemoebas, emTxveva Tu ara vegetaciis periodSi mdinaris 
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Camonadenis reJimi imave periodis wyalmoTxovnilebis reJims. 

sasoflo - sameurneo kulturebis wyaluzrunvelyofis yvelaze 

ufro daZabuli periodi iqneba maSin, roca irigaciuli 

wyalmoxmarebis maqsimumi daemTxveva sarwyavi wylis wyaroSi 

wyalmcirobis periods. 

irigaciuli wylis resursebi, anu wyaluzrunvelyofis 

sidideebis rogorc wliuri ise Sidawliuri ganawilebis 

normebis ricxobrivi maCveneblebi, aRebul iqna Sromebidan [21, 18, 

80, 81]. 

mosuli da mosaxmarebeli wylis moculobebis Sedareba 

Sesrulebulia cxrilis saxiT (danarTi 1. cx. 1.1). sarwyavi wylis 

wyarod miRebuli TiToeuli mdinarisaTvis xdeba saangariSo 

kveTSi “mosuli” wylis yovelTviuri moculobis (mln.m3-Si) 

Sedareba yovelTviuri wyalmoTxovnilebis (“dasaxarji”) 

moculobasTan (mln.m3) imave mdinaris auzebis mixedviT, 

mdinareuli Camonadenis da auzis teritoriis naleqebiT 50, 75 da 

95%-ani uzrunvelyofis sami gradaciis SemTxvevaSi. aqve xdeba 

wylis mosuli da moxmarebisaTvis gankuTvnili moculobebis 

“sxvaobis” dadgena, romlis moxedviTac SeiZleba Sefasdes 

mdinareuli nakadis SesaZlebloba, kerZod uzrunvelyofs 

mosuli wyali Sesabamis moTxovnilebas (rac cxrilSi “+” niSniT 

aRiniSna) Tu sarwyavi wylis deficitia mosalodneli (rac “-” 

niSniT aRiniSna). aqvea naCvenebi sarwyavad faqtobrivad 

“daxarjuli” wylis da Semdeg “darCenili” Camonadenis SesaZlo 

moculoba danabruni wylis gareSe. aqve unda aRiniSnos, rom 

irigaciis Sedegad darCenili danabruni wylis moculoba 

ganisazRvreba sarwyav sistemebSi danakargebis 50%-s odenobiT, 

rogorc es rekomendirebulia wyalsameurneo balansis Sedgenis 

saerTaSoriso saxelmZRvanelos mier (“Руководство по составлению 

водохозяйственных балансов”. Нью-Йорк, Изд. ООН, 1974. 88с.) [56]. 

amgvarad, sarwyavi wylis wyarod gamoyenebul mdinareTa 

irigaciuli SesaZleblobebis Sefaseba Sesrulebulia 

mosarwyavad pirobiTad 2015 wlis doneze dasaxuli da arsebuli 
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sarwyavi farTobebis mimarT, e.i. SeZlebs Tu ara esa Tu is 

mdinare masze mimagrebuli ama Tu im sididis sasoflo-sameurneo 

savargulebis sarwyavi wyliT uzrunvelyofas. 

cxrilis mixedviT (danarTi 1. cx. 1.1) mdinareTa auzebSi mkveTrad 

gamoiyofa ori periodi: pirveli – intensiuri wyalmoxmarebisa 

da sarwyavi wylis deficitis periodi, romelic ZiriTadad 

vegetaciis sezons emTxveva (IV-X), gansakuTrebiT IV-VI, VII, VIII 

TveebSi, miT umetes, rom VII da VIII Tveebi mdinareebSi 

wyalmcirobis sezons emTxveva, da meore – X-XI, I-III Tveebis 

periodi, roca Camonadenis garkveuli mateba da minimumamde 

dasuli wyalmoxmareba wylis sakmaod didi maragis dagrovebis 

saSualebas ganapirobebs.  

sakvlevi teritoria, ukiduresi Crdilo-aRmosavleTi 

nawilis gamoklebiT, TiTqmis mTlianad mdinare mtkvris auzSi 

mdebareobs. am mdgomareobam SesaZlebloba mogvca ufro advilad 

agvericxa irigaciuli wylis resursebi md. mtkvarze (ivrisa da 

alaznis garda) rogorc saqarTvelo-azerbaijanis saxelmwifo 

sazRvarTan daniSnul Seuswavlel kveTSi, ise q. rusTavTan da q. 

TbilisTan arsebul Seswavlil uaxloes kveTSi, xolo 

mdinareebze iorsa da alazanze irigaciuli wylis resursebi 

aRricxul iqna maTTvis miRebul saangariSo kveTebSi. amrigad, 

saaRricxvo teritoria, masze irigaciuli wylis resursebis 

aRricxvisaTvis, miRebul iqna aRmosavleT saqarTvelos 

farglebSi moqceuli md. mtkvris auzis wyalgamyofi xaziT 

Semofargluli teritoria, mdinareebis ivrisa da alaznis 

wyalSemkreb auzebTan erTad. miRebuli teritoria dayofil iqna 

calkeul xuT saaRricxvo irigaciul zonad, sazRvrebis 

dadgeniT arsebuli rekomendaciebis  Sesabamisad. Cvens mier 

gamoyofili irigaciuli zonebi Seesabameba “saqwyalproeqtis” 

mier aRmosavleT saqarTvelos teritoriis zonebad dayofas 

(cxrili 2; danarTi 1. cx. 1.2, 1.3; danarTi 3. sur. 3.6) [64, 24, 72, 47, 

48, 49]. 
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1.3. optimaluri wyalmoTxovnileba 

 

melioraciis erT-erT ZiriTad amocanas Seadgens niadagSi 

wylisa da haeris reJimis regulireba mcenaris moTxovnilebis 

dasakmayofileblad. rogorc cnobilia, niadagSi tenisa da 

haeris iseT Tanafardobas, romelic saukeTesoa mcenaris zrdisa 

da ganviTarebisaTvis, optimalurs uwodeben. niadagSi 

optimaluri tenis Semcvelobas Tavisi garkveuli sazRvrebi 

gaaCnia: zeda da qveda. amitom morwyvis reJimi ise unda iyos 

dadgenili, rom mcenaris vegetaciis mTeli periodis 

ganmavlobaSi niadagSi tenianobis Semcveloba SenarCunebul iqnas 

am or sazRvars Soris. niadagis optimaluri tenianobis zeda 

sazRvrad yvela niadagisa da mcenarisaTvis miCneulia tenianobis 

sidide, romelic niadagSi zRvruli wyaltevadobis tolia, anu 

wylis im maqsimaluri raodenobis romelsac niadagi statikur, 

uZrav mdgomareobaSi daakavebs da romelic ar Caedineba Rrma 

fenebSi. zRvrul wyaltevadobaze meti raodenobiT miwodebuli 

wyali ukve ar Cerdeba mocemul fenebSi da Tavisi simZimis Zalis 

zegavleniT qvemoT Caedineba. mas didi mniSvneloba aqvs 

samelioracio gaangariSebebisaTvis. igi safuZvlad udevs rwyvis 

reJimis regulirebas. niadagis zRvruli wyaltevadoba, anu 

optimaluri tenis zeda sazRvari sakmaod stabiluri sididea 

qveda sazRvarTan SedarebiT, romelic garkveuli cvalebadobiT 

xasiaTdeba. misi mniSvneloba damokidebulia niadagis meqanikur 

Semadgenlobaze, mis simkvriveze, struqturaze, niadagSi 

marilebisa da humusis raodenobaze da a.S. [16, 22, 24, 51, 76, 49, 86]. 

niadagis optimaluri tenianobis qveda sazRvris sidide 

damokidebulia iseT faqtorebze, rogoricaa mcenaris saxeoba, 

misi vegetaciis fazTaSoris periodebi, niadagis fizikuri da 

wyluri Tvisebebi da a.S. es sidide SeiZleba dadgenil iqnas 

rogorc Teoriuli, ise eqsperimentaluri gziT, Tumca meore gza 

sakmaod Sromatevadia, ZviradRirebuli da 2-3 wlis eqsperiments 

moiTxovs. aRmosavleT saqarTvelos pirobebSi, moxsenebuli 
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ცხრილი  2.   perspeqtivaSi mosarwyavad dasaxuli miwebis ganawileba  

irigaciuli zonebisa da kulturebis mixedviT (ha) 
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kulturebisaTvis Cvens mier naSromSi gamoyenebul iqna adre 

miRebuli Sedegebi, mas safuZvlad daedo a. r. konstantinovis 

meTodi, romelic saSualebas iZleva agebul iqnas mcenaris 

wyalmoTxovnilebis mrudebi, romlebic erTmaneTTan akavSirebs 

niadagis zedapiridan jamuri aorTqlebis sidides da niadagis 

tenianobas mocemuli aorTqlebadobis SemTxvevaSi. 

wyalmoTxovnilebis mrudebi gviCveneben mcenaris 

wyalmoTxovnilebis cvlilebas misi zrdisa da ganviTarebis 

sxvadasxva fazTaSoriso periodebSi. damtkicebulia, rom 

mxolod maqsimaluri wyalmoTxovnilebis dros miiReba 

maqsimaluri mosavali, radgan maqsimaluri wyalmoTxovnileba 

niadagSi optimaluri tenianobis pirobebs uzrunvelyofs. 

wyalmoTxovnilebis mrudebis analizma gviCvena, rom nebismieri 

sasoflo-sameurneo kulturiT dakavebuli farTobidan jamuri 

aorTqlebis sidide maqsimalur mniSvnelobas aRwevs ara niadagis 

zRvruli wyaltevadobisas, aramed maSin, roca niadagis 

tenianobis sidide zRvruli wyaltevadobis 93-97%-s Seadgens. 

rogorc Cans, niadagis zRvruli wyaltevadobis dros 

mcenarisaTvis myardeba tenis siWarbe, ris gamoc mcenare 

Sewuxebulia, es ki iwvevs transpiraciis Semcirebas, ris 

xarjzec mcirdeba jamuri aorTqleba. aRniSnulis safuZvelze 

aRmosavleT saqarTvelos pirobebSi nebismieri sasoflo-

sameurneo kulturisaTvis optimaluri tenianobis zeda zRvrad 

aRebul iqna niadagis tenianobis sidide, romelic tolia 

zRvruli wyaltevadobis 95%-sa [49, 60, 82, 83].  

sarwyavi normebisa da optimaluri wyalmoTxovnilebis 

dasadgenad gamoyenebul iqna morwyvis normebis sidideebi, 

romlebic miRebulia Catarebuli gamokvlevebis safuZvelze 

savegetacio TveebSi 19 sasoflo-sameurneo kulturisaTvis 

aRmosavleT saqarTvelos 17 mdinaris auzisaTvis [21, 60, 27, 64]. 

vegetaciis periodis yovelTviuri da mTliani 

wyalmoTxovnileba “neto” _ optimaluris miRebuli monacemebi 

mln.m3-Si mdinareTa auzebis mixedviT, naleqebiT 50, 75 da 95%-iani 
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uzrunvelyofis dros, moyvanilia cxrilSi (danarTi 1. cxr. 1. 4). 

imisaTvis, rom mdinareTa auzebis mixedviT miviRoT mTliani 

wyalmoTxovnileba “bruto” (mln.m3), unda vicodeT TviToeuli 

auzisaTvis damaxasiaTebeli margi qmedebis koeficientebis (m.q.k.) 

sidideebi. sarwyavi sistemebis proeqtirebis normebisa da axlo 

perspeqtivaSi (pirobiTad 2015 wlisaTvis) dasaxul sarwyav 

sistemaSi Cadebuli m.q.k.-ebis sidideTa safuZvelze  mdinareTa 

auzebisaTvis dadgenil iqna m.q.k.-ebis Sewonili sidideebi, 

romlebic aseve moyvanilia cxrilSi (danarTi 1. cxr. 1.4). aqve 

unda aRiniSnos, rom mTliani wyalmoTxovnilebis sidideebis 

dasadgenad es koeficientebi gamoyenebulia mxolod TviTdinebiT 

zedapiruli morwyvis wesis SemTxvevaSi. amave cxrilSia 

moyvanili auzebis mixedviT sarwyavi farTobebis sidideebi 

(aTasi ha) perspeqtiuli donisaTvis [21, 60, 47, 70, 71, 72]. 

amrigad, Catarebulma gamokvlevebma saSualeba mogvca 

dagvedgina wyalmoTxovnilebis sidideebi 1-ha-ze “neto” da 

“bruto” (m3) da vegetaciis periodis mTliani da yovelTviuri 

wyalmoTxovnileba “bruto” (mln.m3) mdinareTa auzebis mixedviT 

naleqebiT 50, 75, 95%-ani uzrunvelyofis dros. miRebuli 

Sedegebi moyvanilia cxrilSi (danarTi 1. cxr. 1.5).  

 

 

1.4. saqarTvelos gvalvian raionebSi Tanamedrove morwyvis 

wesebis danergvis hidrologiuri da irigaciuli efeqtis 

Sefaseba 

 

sarwyav miwaTmoqmedebas saqarTvelos sasoflo-sameurneo 

warmoebis praqtikaSi sakmaod didi adgili ekava, gansakuTrebiT 

XX saukunis 20-iani wlebidan dawyebuli. farTod gamoyenebul 

TviTdinebiT zedapirul morwyvasTan erTad viTardeboda wylis 

meqanikuri aweviTa da xelovnuri dawvimebiT morwyvis saxeebi.  
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dReisaTvis msoflio irigaciul praqtikaSi arsebuli 

morwyvis wesebi mravalnairia, magram maT Soris ramdenime 

ZiriTadi wesi gamoirCeva. esenia: 

• TviTdinebiT zedapiruli rwyva; 

• xelovnuri dawvimebiT rwyva; 

• adre gazafxulze zedapiruli CamonadeniT anu limanuri 

rwyva; 

• qveniadagidan rwyva; 

• wveTovani rwyva. 

saqarTveloSi ZiriTadad gamoiyeneba TviTdinebiT 

zedapiruli rwyvebi. magram saqarTveloSi wveTovani morwyvis 

wesis danergva uaRresad mizanSewonilad unda CaiTvalos. 

morwyvis aRniSnuli wesi sakmaod perspeqtiulia da, SeiZleba, 

arc ise Zviri dajdes, rogorc TviTdinebiT zedapiruli da 

miTumetes, xelovnuri dawvimebis sarwyavi sistemebi, an maTi 

aRdgena – rekonstruqcia. SeiZleba bevrad ufro iafic dajdes, 

Tu TviTdinebiT zedapiruli morwyvis arsebuli mudmivi qseli 

iqneba gamoyenebuli sarwyav farTobebamde wylis misayvanad im 

miwebze, romelTa qanobebi 3%-s ar aRemateba. aseTi morwyvis 

mTliani farTobi aRmosavleT saqarTvelos pirobebSi 415.7 aTas 

ha Seadgens [17, 19, 20]. 

marTalia am SemTxvevaSi SeiZleba ramodenimed Semcirdes 

sistemis m.q.k. savaraudod 0.85-mde, magram vegetaciis periodSi 

wylis mosalodneli danakargebis kompensireba SeiZleba samarago 

wyalsacavebis mowyobiT. xolo rac Seexeba 3%-dan 40%-mde 

qanobian miwebze arsebul sarwyav farTobebs (712.3 aTasi ha), maT 

asaTviseblad wveTovani morwyvis sistema idealurad unda 

CaiTvalos, gansakuTrebiT 10-dan 40%-mde qanobian miwebze (334.46 

aTasi ha). 

gansakuTrebiT unda aRiniSnos, rom wveTovani morwyvis wesi, 

romelic israelSi ganviTarda, dReisaTvis TiTqmis mTel 

msoflioSi gavrcelda. didi xania rac patara qveyanaSi 

wveTovani morwvis sarwyavi sistemebi arsebul bunebriv 
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pirobebTan kargad Serwymul TviTmarTav avtomatizirebul 

sistemebs warmoadgenen.  

dReisaTvis msoflio irigaciul praqtikaSi upiratesad sami 

ZiriTadi wesi gamoiyeneba: TviTdinebiT zedapiruli, xelovnuri 

dawvimebiT da wveTovani morwyva. maTgan yvelaze uZvelesia 

TviTdinebiT zedapiruli morwyvis wesi. dawvimebiT morwyvas 

mxolod erTi saukunis istoria Tu aqvs, xolo wveTovani 

morwyvis wesi dRevandeli saxiT mxolod or-sam aTeul wels 

iTvlis. 

morwyvis ama Tu im wesis danergvisas, albaT, gadamwyveti 

mniSvneloba unda mieniWos qveynis, mxaris, raionis swored iseT 

specifiur pirobebs, rogoric aris reliefisa da klimatis 

Taviseburebani da wylis resursebis mdgomareoba, am pirobebSi 

ganxorcielebuli sarwyavi sistemis rentabeloba da sasoflo-

sameurneo kulturebis maqsimaluri mosavlis miReba, rasac 

ganapirobebs stabiluri morwyvis Catareba. 

sarwyavi miwaTmoqmedeba garkveul moTxovnilebebs uyenebs 

morwyvis Catarebas sasoflo-sameurneo savargulebis 

damuSavebisa da kulturebis movlis TvalsazrisiT. morwyvis 

wesebi, morwyvis teqnika, aucileblad unda akmayofilebdes 

Semdeg pirobebs: 

1. unda uzrunvelyofdes niadagSi fesvTa sistemis 

ganviTarebis ZiriTadi fenis Tanabar gatenianebas da 

mosarwyavi nakveTis mTel farTobze sarwyavi wylis Tanabar 

ganawilebas, iseTnairad, rom ar iqnas daSvebuli farTobze 

zedapiruli narCeni wylis warmoSoba, an siRrmeSi CaJonvaze 

wylis danakargebi; 

2. ar unda axdendes saxnavi fenis gamkvrivebas, niadagis 

struqturis daSlas da niadagis eroziis xelSemwyobi 

pirobebis warmoqmnas; 

3. ar unda qmnides ZiriTadi savele samuSaoebis (xvna, 

vegetaciis periodSi rigTaSoriso da jvaredini damuSaveba, 
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sasuqebis Setana, mosavlis aReba) meqanizaciis xelSemSlel 

pirobebs; 

4. ar unda iwvevdes niadagis aqtiuri fenidan sasuqebis 

ufro Rrma fenebSi Carecxvas an maT Semdgom gamorecxvas da 

niadaguri xsnarebis koncentraciis dawevas; 

5. ar unda iwvevdes mcenareTa normaluri zrda-

ganviTarebisaTvis xelis SemSleli pirobebis Seqmnas; 

6. unda iZleodes rwyvis mcire normebis gamoyenebis 

SesaZleblobas; 

7. unda iZleodes bunebrivii naleqebis yvelaze ufro 

sruli gamoyenebis SesaZleblobas; 

8. unda uzrunvelyofdes Sromis maRalwarmoeblobas da 

uwyveti da drouli dReRamuri rwyvebis Catarebas; 

9. unda uzrunvelyofdes energiis da saSeni masalebis 

(sawvavi, eleqtroenergia, liToni, cementi, xe-tye da sxva.) 

saWiro minimalur danakargebs. 

aRniSnuli morwyvis ZiriTadi wesebi CamoTvlil pirobebs, 

rasakvirvelia, sxvadasxvanairad pasuxoben. TviTdinebiT 

zedapiruli morwyvis wesebs mTeli rigi uaryofiTi Tvisebebi 

gaaCniaT, rac gansakuTrebiT mas Semdeg gamomJRavnda, roca am 

wesebs gauCnda morwyvis alternatiuli, ufro progresuli 

wesebi, rogoric aris xelovnuri dawvimebiT morwyva, xolo 

SedarebiT mogvianebiT – wveTovani morwyva.  

xelovnuri dawvimebiT morwyvis sistemis ganviTareba 

gansakuTrebiT swrafi tempiT wavida meore msoflio omis Semdeg. 

am mxriv saintereso samuSaoebi tardeboda aSS-Si, germaniaSi, 

avstraliaSi, indoeTSi, israelSi da agreTve saqarTveloSic. 

dawvimebiT morwyvis sistemis ganviTareba umTavresad ama Tu im 

qveynis bunebrivi pirobebis specifikasTan dakavSirebiT 

mimdinareobda. pirvel rigSi angariSi eweoda gvalvianobis 

simZafres da mis ganmeoradobas, arsebuli da miwisqveSa wylebis 

moculobasa da maTi gamoyenebis SesaZleblobas, naleqebis 

raodenobas, sasoflo-sameurneo kulturebis mosavlis 
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albaTobas da teritoriul ganawilebas, reliefur pirobebs. 

amasTan msoflio irigaciul praqtikaSi mkveTrad gamoisaxa 

dawvimebiT morwyvis avtomaturi sistemebis Seqmnis tendencia. 

bevr qveyanaSi Seiqmna avtomaturad momuSave dasawvimebeli 

manqanebis mTeli rigi sqemebisa, romelTa saSualebiTac xdeba 

morwyvisas wylis miwodebis regulireba. inergeba satumbo 

aRWurvilobis muSaobis da sarwyav teritoriaze wylis 

ganawilebis avtomatizacia. SemuSavebulia agreTve eleqtronul 

programul mowyobilobaze dafuZnebuli distanciuri marTvis 

sqemebi. rig qveynebSi karga xania ukve muSaoben morwyvis 

distanciurad samarTavi stacionaluri dasawvimebeli 

danadgarebi, romlebic saSualebas iZleva dawvimebasTan erTad 

erTdroulad Catarebul iqnas gamanoyierebeli morwyvebi wyalSi 

gaxsnili sasuqebiT, kontrolis qveS iyos wylis  xarjva misi 

ufro ekonomiurad gamoyenebis mizniT, acilebul iqnas niadagis 

Warbi gatenianeba.  

xelovnur dawvimebasTan dakavSirebiT unda aRiniSnos erTi 

sakiTxi. g. v. lebedevs miaCnia, rom gvalvian raionebSi wylis 

resursebis mkacri ekonomiis dros sasoflo-sameurneo 

kulturebisaTvis maqsimaluri mosavlianobis misaRebad ar aris 

sakmarisi mxolod niadagis teniT uzrunvelyofa optimalur 

farglebSi, aramed aucilebelia mcenareTa zrda-ganviTarebis 

aris mikroklimatis regulirebac.  

xelovnuri dawvimebis sistema, misi sxva uaryofiTi 

mxareebis garda pirvel rigSi, sakmaod ZviradRirebuli sistemaa. 

amitom ZiriTadi yuradReba maxvildeba wveTovani morwyvis wesze.  

rasakvirvelia, dawvimebiT morwyva im saxiT, rogoriTac igi 

dRes Tavisi konstruqciuli gadawyvetiT da teqnikuri 

aRWurvilobiT gamoiyeneba, kerZod, saqarTveloSi da Tundac 

ruseTSi, ukrainaSi, Sua aziis, amierkavkasiis da zogierT sxva 

qveynebSi, sarwyav farTobebze wylis TviTdinebiT zedapirul 

mowodebasTan SedarebiT morwyvis ufro srulyofil, 

Tanamedrove wess warmoadgens, magram sarwyavi wylis didi 
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deficitis mqone mTel rig raionebSi dRevandeli moTxovnilebis 

dones veRar akmayofilebs. israelSi, didi xania ukve, rac 

irigaciuli sistemebi sarwyav farTobebze mcenareebisaTvis 

wylisa da wyalSi gaxsnili sasuqebis kompleqsuri miwodebis 

TviTmmarTav avtomatizirebul sistemebs warmoadgenen da 

“wveTovani morwyvis” saxeliT cnobili es sarwyavi sistemebi 

msoflios mraval qveyanaSia aRiarebuli [19, 95].  

amasTan morwyvis wveTovani sistemebi sagrZnoblad zrdian 

mcenareTa mosavlianobas da gamoirCevian rogorc wylis 

uaRresad racionaluri gamoyenebiT, ise TviT sarwyavi sistemis 

uaRresad maRali margi qmedebis koeficientiT, romelic 0.95 da 1. 

00 Soris meryeobs. 

wveTovani morwyva, nawilobriv xelovnuri dawvimebiT 

morwyvis wess ganekuTvneba, radgan, marTalia, wyali niadagis 

zedapirze wveTebis saxiT miewodeba, magram farTobze wylis 

miwodebis wesiT wveTovani morwyva or nawilad SeiZleba gaiyos. 

erT SemTxvevaSi wylis miwodeba farTobze sawveTebis niadagis 

zedapirTan Sexebis saSualebiT xdeba, roca sawveTebi awyvia 

niadagis zeedapirze da wyali uSualod niadagis zedapirze 

gadis calkeuli wveTebis saxiT wveT-wveTad, wveTebis zemodan 

vardnis gareSe. meore SemTxvevaSi wylis miwodeba farTobze 

sxvadasxva tipis wylis gamafrqvevel gamasxureblebiT warmoebs, 

roca wyali wvrili wvimis wveTebis msgavsad maRlidan, magram 

mcire simaRlidan, ecema mcenareebsa da niadagis zedapirs. 

saerTod xelovnuri dawvimebisa da wveTovani morwyvis 

wesebi yvelaze ufro srulyofil Tanamedrove wesebs 

warmoadgenen. xelovnuri dawvimebis dros farTobs wyali unda 

miewodos im raodenobiT, rac Seesabameba niadagis wyalgaJonvis 

unars da ar sWarbobs mas. amasTan sworad Catarebuli dawvimebis 

dros sarwyavi wylis xarjva 30-60%-iT mcirdeba TviTdinebiT 

zedapirul morwyvasTan SedarebiT, xolo wveTovani morwyvis 

dros sarwyavi wylis xarjva kidev ufro naklebia.  
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xelovnuri dawvimebis dros umniSvnelovanesia sakiTxi 

niadagis struqturisa da dawvimebis intensivobis Sesaxeb. 

dawvimebis intensivoba da wveTebis sidide iseTnairad unda iyos 

SerCeuli, rom ar dairRves mosarwyavi niadagis struqtura, ar 

gaCndes zedapirze wylis gubeebi da Camonadeni, ar daziandes 

mcenareTa nazi nawilebi _ yvavilebi, naskvebi, foTlebi. rac 

ufro didia intensivoba da msxvilia wvimis wveTebi, miT ufro 

mcirdeba dawvimebis dadebiTi gavlena da, gansakuTrebiT, 

mcirdeba gatenianebis siRrme. 

rogorc a. n. kostiakovi aRniSnavs, niadagis struqturisa da 

aeraciis SenarCunebis uzrunvelsayofad wvimis yvelaze ufro 

saukeTeso intensivobas warmoadgens 0,10-0,15 mm/wuTSi. yovel 

SemTxvevaSi igi unda iyos ara umetes 0,1-0,2 mm/wuTSi – mZime 

niadagebis dros, 0,2-0,3 mm/wuTSi – saSualo niadagebis dros da 

ara umetes 0,5-0,8 mm/wuTSi – msubuqi niadagebis dros. am mxriv 

yvelaze ufro xelsayrelia wveTovani morwyvis gamoyeneba 

sarwyavi wylis miwodebiT farTobze rogorc sawveTebiT ise 

gamafrqvevel-gamasxureblebiT.  

 hidrologiur efeqtSi igulisxmeba sarwyavi wylis 

mniSvnelovani ekonomiis miReba. TavisTavad cxadia, rom 

hidrologiuri efeqti dawvimebiT morwyvis gamoyenebisas sxva 

iqneba, xolo wveTovani morwyvis wesis danergvisas sxva.  

cnobilia is garemoeba, rom dawvimebis sxvadasxva wesis 

gamoyenebis dros sarwyavi norma, Cveulebriv, SedarebiT 

naklebia, vidre TviTdinebiT zedapiruli wesiT morwyvisas. 

sxvadasxva avtori dawvimebis wesiT morwyvisas TviTdinebiT 

zedapirul morwyvis wesTan SedarebiT sarwyavi normis 

Semcirebis sxvadasxva sidides iZleva. a. a. Cerkasovs miaCnia, rom 

gvalvian raionebSi zedapirul morwyvasTan SedarebiT dawvimebis 

sarwyavi norma SeiZleba Semcirdes 50%-mde, xolo zomierad 

tenian havaSi – 57-58%-mdec. v. a. Saumianis  azriT aseTi Semcireba 

SeiZleba moxdes 37-67%-mde. xolo Tu calkeul kulturebs 

aviRebT, marcvlovanebisaTvis dawvimebis sarwyavi norma SeiZleba 
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Semcirdes 44-58%-mde, naTesi balaxebisaTvis 45-65%-mde, 

bambisaTvis 37-57%-mde kulturaTa sxvadasxva fazebisa da 

niadagis Sedgenilobis mixedviT. i. a. Cxenkels miaCnia, rom aseTi 

Semcireba ar umda aRematebodes 33-37% da xazs usvams, rom 

dawvimebis sarwyavi normis iseT minimumamde dayvana, rac 

zogierT literaturul wyaroSia miTiTebuli, yovlad 

dauSvebelia. a. n. kostiakovis  azriT, dawvimebiT morwyvis 

sarwyavi normebi SeiZleba Semcirebul iqnas 20-30% da metiT. e. a 

sladkovi Tvlis, rom dawvimebis sarwyavi normebi SeiZleba 

Semcirdes bambisa da Saqris Warxlis rwyvisas 20-30%-iT, 

bostneuli da baRCeuli kulturebisaTvis 20-25%, marcvlovani 

kulturebisaTvis 10-15%-iT. mis mier rekomendirebuli aseTi 

Semcireba 20%-iT axlos aris a. n. kostiakovisa da i. a. Cxenkelis 

rekomendaciebTan. dawvimebiT morwyvis SemTxvevaSi, sarwyavi 

normis Semcireba aRmosavleT saqarTvelos pirobebSi miRebulia 

20%-is odenobiT.. 

rac Seexeba sarwyavi sistemis saerTo margi qmedebis 

koeficients, misi sidide miRebulia: TviTdinebiT zedapiruli 

wesiT morwyvisas – 0.5 (ηs.zed.), dawvimebiT morwyvisas dawvimebis 

gadaadgilebadi sistemis gamoyenebis SemTxvevaSi – 0.572 

(ηs.dawv.gad.), dawvimebiT morwyvisas naxevrad-stacionaluri 

sistemis SemTxvevaSi – 0.617 (ηs.dawv.n.st.), TviTdawneviani dawvimebis 

sistemisaTvis– 0.70 (ηs.Tv.dawn.), impulsuri dawvimebis sistemisaTvis 

– 0.70 (ηs.imp.dawv.) da wveTovani morwyvis sistemisaTvis [81]. 

irigaciuli efeqti, gulisxmobs ufro Tanamedrove da 

srulyofili morwyvis wesebis gamoyenebis Sedegad miRebuli 

sarwyavi wylis ekonomiis xarjze damatebiTi farTobebis 

morwyvas, im farTobebTan SedarebiT, romelTa morwyvac 

SesaZlebelia TviTdinebiT zedapiruli morwyvis wesiT. 

irigaciuli efeqtis miRweva SesaZlebeli xdeba imis gamo, rom 

dawvimebisa da wveTovani morwyvis wesebis gamoyenebis dros 

sagrZnoblad izrdeba sarwyavi sistemis m.q.k., rac Tavis mxriv 
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iwvevs sarwyavi wylis danakargebis mniSvnelovan Semcirebas. 

amitom maRali m.q.k.-iT rwyvas udidesi mniSvneloba aqvs, radgan 

wylis resursebis racionaluri gamoyenebisa da misi deficitis 

Semcirebis saSualebas da sarwyavi miwebis Semdgom gafarToeba – 

matebis SesaZleblobas iZleva. 

amgvarad, Tu aRmosavleT saqarTveloSi arsebul 

TviTdinebiT zedapiruli rwyvis sistemebs gadaviyvanT sxvadasxva 

tipis dawvimebis morwyvis sistemebze, amis Sedegad miRebuli 

sarwyavi wylis ekonomiis xarjze sarwyavi farTobebi SeiZleba 

gazrdil iqnas TviTdinebiT morwyul farTobebTan SedarebiT 

dawvimebis gadaadgilebadi sistemis gamoyenebis SemTxvevaSi - 1.43-

jer, naxevradstacionaluri sistemebis gamoyenebis dros – 1.54-

jer, TviTdawneviani da impulsuri sistemebis gamoyenebis 

SemTxvevaSi - 1.75-jer, xolo Tu davnergavT wveTovani morwyvis 

sistemas, maSin ama Tu im mdinaris auzSi arsebuli wylis 

resursebiT SeiZleba 3.06-jer ufro meti farTobi moirwyas, 

vidre es SesaZlebeli aris TviTdinebiT zedapiruli morwyvisas.  

 

 

1.5. mdinareTa wylianoba savegetacio periodSi da misi 

prognozireba mTavari sarwyavi sistemebis momsaxurebisaTvis  

 

savegetacio periodi–aprilidan seqtembramde dasavleT 

saqarTvelos mTis mdinareTa auzebSi emTxveva wyaldidobis 

periods, roca gaedineba wliuri Camonadenis 65-80%. amitom, am 

dros ar dgas wylis deficitis problema. aRmosavleT 

saqarTveloSi savegetacio periodi iyofa or nawilad: 

wyaldidobis periodi – aprili – ivnisi, roca gaedineba mTeli 

Camonadenis 40-65% da zafxulis meJeni – ivlisi – seqtemberi, 

roca gaedineba wliuri Camonadenis mxolod 10-25%. 

savegetacio periodis Camonadenis cvalebadoba wlidan 

wlamde sxvadasxva mdinareeze gansxvavebulia. variaciis 

koeficienti (Cv) icvleba saSualod 0,18-dan 0,64-mde. gazafxulis 
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periodSi Cv=0,17-0,58, zafxulSi ki Cv=0,23-1,0. maTi mniSvneloba 

mcirdeba mdinareTa auzis saSualo simaRlis matebasTan erTad, 

rac gamowveulia maRalmTian zonaSi Camonadenis maregulirebeli 

Tovl-yinulis safaris mdgradobis zrdiT [5 ÷ 11]. 

mdinaris Camonadeni ganpirobebulia mravali faqtoriT da 

rTul dinamiur process warmoadgens. magram, mis saprognozod 

realurad SeiZleba gaTvaliswinebul iqnes mxolod zogierTi 

maTgani, romelnic standartul daqvemdebarebas eqvemdebarebian 

da prognozis gacemis dros (martSi) arsebobs maTze informacia. 

prognozebis sizuste damokidebulia ganxilul elementebze 

dakvirvebis punqtebis raodenobaze, maT ganlagebaze, dakvirvebis 

rigebze da maT xarisxze. am mxriv saqarTvelos rTuli 

reliefuri pirobebis gamo, gansakuTrebiT mdinareTa Camonadenis 

formirebis maRalmTian zonebSi, informacia moqmed faqtorebze 

metad SezRudulia. xolo sidideebis umravlesoba ar izomeba da, 

amitom, saprognozod gamoyenebuli iqna SezRuduli informaciis 

pirobebisaTvis Sedgenili saprognozo statistikuri modeli 

romelic, grZelvadiani prognozebis zogad saxes warmoadgens. 

konkretulad savegetacio periodisaTvis arsebuli monacemebidan, 

korelaciuri analiziT vlindeba yvelaze efeqturad moqmedi 

maxasiaTeblebi da dgeba mravalfaqtoriani saprognozo modeli. 

saprognozo modelSi bevri cvladis arseboba iwvevs 

gantolebis mdgradobis Semcirebas da, amitom garkveuli 

maTematikuri kriteriumebiT da “mravalbijiani gacxrilvis” 

meTodiT xdeba modelis koreqtireba principiT: minimaluri 

prediqtorebis gamoyenebiT maqsimaluri sizustis miReba. ase 

dgindeba optimaluri saprognozo modeli 3 - 4 da iSviaTad 

maqsimum ufro xSirad 5 prediqtoriT. 

saprognozo damokidebulebaTa yvela SesaZlebeli 

variantebis gamosakvlevad, optimaluri modelis ricxobrivi 

xarisxis dadgenis dros, roca ganixileba gantolebaTa ori 

sistema calkeuli prediktorebis damatebiT, xdeba 

mravalfaqtorian gantolebaTa pirdapiri da Sebrunebuli gaSla. 
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es saSualebas iZleva erTdroulad gadavwyvitoT prediqtorebis 

Semcirebis, saprognozo droulobis gazrdisa da saprognozo 

periodSi moqmedi faqtorebis gamoricxvis amocanebi. amis 

Sedegad miiReba sxvadasxva saprognozo gantolebebi, 

gansxvavebuli informaciuli uzrunvelyofiT, sizustiTa da 

droulobiT. 

saprognozo gantolebaTa mravalferovneba saSualebas 

iZleva operatiuli prognozebis Sedgenis dros SeirCes 

saprognozo modeli arsebuli informaciis, saWiro droulobisa 

sizustis mixedviT. garda amisa, ganisazRvreba Camonadenis 

mosalodneli ryevis intervali da xdeba miRebuli Sedegebis 

urTierTkontroli [87 ÷ 93]. 

aRmosavleT saqarTvelos sarwyavi miwaTmoqmedebisa da sxva 

sameurneo obieqtebis ukeT momsaxurebis mizniT, agreTve 

arsebuli wylis resursebis racionalurad gamoyenebis 

dagegmarebisaTvis, garda savegetacio periodis saSualo wylis 

xarjebisa, SemuSavebulia, agreTve, am periodis kvartaluri (II da 

III), Tviuri (IV, V, VI, VII, VIII, IX) da dekaduri (1.IV – 3.IX) wylis 

xarjebis prognozebi. 

aRsaniSnavia, rom kvlevis Sedegad miRebulia gantolebebi, 

romelTa safuZvelze prognozis Sedgena SeiZleba ara mxolod 

Cveulebrivi, aramed agreTve albaTuri formiT, 5%-dan 95%-mde 

uzrunvelyofiT. amiT momxmarebels saSualeba eZleva advilad 

gadawyvitos praqtikuli amocanebi. prognozebis aseTi 

mravalmxrivi warmodgeniT SeiZleba gaizardos momxmarebelTa 

interesi da moTxovnileba hidrologiuri prognozebisadmi. 

SemuSavebuli prognozebis gamoyenebiT miRebuli ekonomikuri 

efeqti 10-35%-iT aWarbebs saprognozo xarjis normis gamoyenebiT 

miRebul efeqts, amitom, SeiZleba iTqvas, rom maTi gamoyeneba 

praqtikaSi, sarwyavi sistemebisa da arxebis momsaxurebis mizniT, 

iZleva saSualebas wylis arsebuli resursebis racionalurad 

xarjvisa agreTve, wylis resursebis safuZvliani dagegmareba – 

daregulirebiT SeiZleba sagrZnoblad gaizardos mosavali. 



39 

Tavi 2. sarwyavi sistema rogorc rTuli sistema 

 

2.1. sarwyavi sistemebis zogierTi Tvisebebi 

 

sarwyavi sistemis funqcionirebis mizans warmoadgens 

dasaSvebi xarisxis sarwyavi wylis miwodeba saWiro dros, 

saWiro adgilze da saWiro raodenobiT, teqnologiuri 

procesebis efeqturi mimdinareobis uzrunvelsayofad anu 

mosarwyav mindorze sasoflo-sameurneo kulturebis mosavlis 

formirebisaTvis [14, 15]. 

aqedan gamomdinare samelioracio sarwyav sistemebSi 

SesaZlebelia sxvadasxva funqciebis Semsrulebeli materialuri 

obieqtebis ori jgufis gamoyofa: mosarwyavi mindvrebi (mm) 

arsebuli naTesebiTurT, Sesabamisi sarwyavi teqnikiT da sarwyavi 

qseli (sq) Sesabamisi hidroteqnikuri mowyobilobebiT, romlebic 

aucilebelia wylis aRebis, transportirebis, ganawilebisa da 

gazomvisaTvis. gaTvaliswinebulia agreTve erTi an ramodenime  

wylis resursis wyaros arseboba. sq, rogorc wesi Tavis TavSi 

moicavs mTavar (magistralur) arxs, sameurneobaTaSoriso 

sxvadasxva rigis gamanawileblebis sistemas, sameurneo sistemas 

da Sidasameurneo arxebs. 

samelioracio sistemebSi wyalganawilebis marTvis 

procesebis ganxorcieleba saWiroebs ori amocanis gadaWras:  

1. dinebis sididis gansazRvras, romelic gamoedineba sq-is 

kvanZebidan da maT ganawilebas mTel mm-ze drois nebismieri 

monakveTisaTvis; 

2. sarwyavi qselebis kvanZebSi Semsrulebeli 

mowyobilebebiT operatiul marTvas.  

pirvels vuwodoT wyalganawilebis operatiuli dagegmarebis 

amocana, xolo meores wyalganawilebis marTvis operatiuli 

amocana.  

pirvel da meore amocanebs Soris arsebiTi gansxvaveba 

imaSia, rom pirveli amocanis gadawyveta gvaZlevs informacias, 



40 

xolo meore amocanis gadawyvetis Sedegs marTvis tipis SerCeva 

warmoadgens.  

Cveulebriv aseTi tipis sistemebi rTuli sistemebis 

kategorias miekuTvneba. CavTvaloT, rom wylis ganawilebis 

sistema morwyvis dros SesaZlebelia ganxiluli iqnas rogorc 

rTuli sistema, vinaidan mas axasiaTebs Semdegi niSnebi [33]: 

_ urTierTdakavSirebuli da urTierTmoqmedi elementebis 

didi raodenoba. magaliTad, mosarwyavi nakveTebi, sarwyavi 

arxebi, qselze hidroteqnikuri nagebobebi, informaciis 

damamuSavebeli saSualebebi, xalxis koleqtivebi da sxva;  

_ sistemebis mier Sesrulebuli funqciis sirTule 

mimarTulia funqcionirebis mocemuli miznis misaRwevad. 

funqciis sirTule ganisazRvreba warmoebis procesebSi monawile 

elementebis da maT Soris kavSirebis mravalferovnebiT, agreTve 

warmoebaSi monawile sxva funqcionalur qvesistemebTan 

(qvesistemebi – sawarmoo teqnikis marTvis ganawilebis kuTxiT, 

sasuqebi, SromiTi resursebi da sxva) urTierTkavSiriT. 

_  sistemis qvesistemebad dayofis SesaZlebloba, romelTa 

funqcionirebis mizani eqvemdebareba mTeli sistemis 

funqcionirebis saerTo mizans. mocemul SemTxvevaSi 

SesaZlebelia qvesistemebis ori jgufis gamoyofa.  erTis mxriv – 

es sawarmoo koleqtivia: sxvadasxva rigis sarwyavi sistemebis 

marTva (ssm), raionebi, ubnebi, arxebis marTva, wyalsacavebis 

marTva da sxva, da meores mxriv – materialuri obieqtebi: 

sxvadasxva rigis arxebi, wyalsacavebi, sarwyavi qselis 

hidroteqnikuri nagebobebi; 

_ ganStoebuli informaciuli qselis marTva da informaciis 

intensiuri nakadebi. melioraciul sistemebSi marTva 

aucileblobas warmoadgens, radgan xorcieldeba wylis dayofa 

SekveTebis – wyalmomxmareblebis mxridan Semosuli informaciis 

safuZvelze. bunebrivia, rom struqturis ierarqiuloba da 

operatiuli informaciis didi moculobis gadacemis 
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aucilebloba, aseve misi gadamuSaveba, moiTxovs ganStoebuli 

informaciuli qselis Seqmnas; 

_ urTierTqmedeba arsebul gare samyarosTan da 

ganusazRvrel zemoqmedebaTa pirobebSi funqcionireba, maT Soris 

SemTxveviTi faqtorebis. Semomavali informaciis gamomuSaveba 

(SekveTa wylis resursze) da mmarTvel zemoqmedebaTa miReba 

damokidebulia aradeterminirebul Semomaval zemoqmedebaTa 

bunebaze (mzis radiacia, naleqebi, temperatura, wyaroebSi 

arsebuli wylis resursebi) da Sida sistemaSi arsebuli 

SeSfoTebebi. 

nebismieri sistema xasiaTdeba struqturis arsebobiT, Tanac 

ukanaskneli warmoadgens arsebiTs, Tumca ara erTaderTi 

sistemis niSan-Tvisebas, romelic moqmedebs algoriTmze da 

optimaluri marTvis ganxorcielebis gzebis moZebnis Sedegebze.  

aRvweroT Tanamedrove warmodgena marTvis sistemebis 

struqturaze da ganvixiloT wyalganawilebis marTvis sistemebis 

ZiriTadi struqturuli niSan-Tvisebebi [23, 29, 46, 50, 52].  

wyalganawilebis dagegmvis amocanis amoxsna SesaZlebelia 

vcadoT misi rogorc centralizirebuli sistemis ganxilviT, 

roca mmarTveli zemoqmedebis Uk sididis amonaxsni, romelic 

miewodeba saboloo farTobs (mindori) k∈K, informaciis 

safuZvelze miiReba marTvis centralur punqtSi, uSualod 

TiToeuli k-uri punqtidan. centralizebuli struqturis 

topologiuri grafi naCvenebia naxazze 1.  

aseTi sistemis struqtura xasiaTdeba imiT, rom misi yvela 

operatori realizdeba marTvis centralur punqtSi. am 

SemTxvevis dros magistralur arxSi wylis xarjis miwodebisas 

ukve cnobilia, ra raodenobis wyali mova TiToeul saboloo k 

punqtze. aseTi midgoma, wyalganawilebis dagegmarebis amocanis 

amosaxsnelad, gamoyenebulia morenkovisa da kovalenkos, aseve 

voropaevis mier.  idealur pirobebSi mTeli melioraciuli 

sistemebis marTvis warmodgena rogorc or donianis, roca 
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arsebobs centridan TiToeuli mindvris morwyvis marTvis 

SesaZlebloba, albaT warmoadgens saukeTesos, vinaidan iZleva 

 

ნახაზი 1.  centralizebuli struqtura, marTvis centralur  

punqtTan uSualo daqvemdebarebiT 

 

erTi wertilidan mTeli sistemis ganxilvis saSualebas. Tumca 

realurad aseTi centralizebuli dagegmareba aris an 

araefeqturi an teqnikurad araSesrulebadi [38, 58]. 

Tanamedrove melioraciuli sistemaTa umetesoba aTobiT da 

xSirad asobiT aTas heqtar sasoflo-sameurneo sarwyav farTobs 

moicavs. s/s warmoebis aradeterminirebulobasTan dakavSirebuli 

operatiuli marTvis dagegmareba moiTxovs mcenaris savegetacio 

periodis ganmavlobaSi wyalganawilebis xSir koreqtirebas, rac 

TiToeuli mosarwyavi mindvridan miRebuli informaciis 

Segroveba, gadacemasa da damuSavebasTanaa dakavSirebuli. Cveni 

azriT saukeTeso iqneba sistemis ierarqiuli struqtura, 

Tanmimdevruli aRmavali da daRmavali kavSiris xazebiT. aseTi 

sistemis struqturuli grafi naCvenebia naxaz 2-ze, xolo misi 

elementi naxaz 3-ze. ierarqiul sistemaSi algoriTmebis 

realizacia ganawilebulia erTmaneTTan daqvemdebarebaSi myof 

organoebs Soris, erTdrouli marTvis centralizaciis 

principebis dacviT.  
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ნახაზი 2.   აღმავალი და დაღმავალი ხაზებით მიმდევრობითი კავშირების  

მქონე იერარქიული სტრუქტურა 

 

 
 

 

ნახაზი 3.  იერარქიული სისტემის l – ური რანგის მართვის ფუნქციონალური  

სქემა მიმდევრობითი კავშირებით. 

 

 

l-uri rangis mmarTveli centri (nax. .3) miiRebs Ui
(l)  mmarTvel 

zemoqmedebas (l+1) rangis organodan da gamoimuSavebs Ui
(l-1) 

marTvel zemoqmedebas (l-1)-uri rangis organoze. miiRebs Xi
(l-1) 

informacias (l-1) rangis qvesistemis mdgomareobaze da Tavis 

mdgomareobaze gadascems Xi
(l) informacias zemdgom qvesistemas. 
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mravaldoniani marTvis upiratesoba centralizebul 

midgomasTan ganpirobebulia mravali teqnikuri, ekonomikuri da 

eqspluataciuri mizezebiT [36, 44, 55].  

sistemis dayofa qvesistemebad nakarnaxevia meurneobis 

struqturiT, roca saqme exeba wyalganawilebis dagegmarebas 

sarwyav sistemebSi mxedvelobaSi unda miviRoT avtonomiuri 

qvesistemebi. aseTi qvesistemebia sasoflo-sameurneo sawarmoebi 

(firmebi, fermeruli meurneobebi). aqedan gamomdinare 

wyalganawilebis dagegmarebis sistemaSi unda gamovyoT 

qvesistemis ori jgufi: sasoflo-sameurneo da wyalsameurneo. 

roca sarwyavi sistemiT dakavebulia didi farTobebi, sistemis 

wyalsameurneo nawili SesaZloa daiyos ramodenime doned. 

magaliTad, raionuli sarwyavi sistemebis marTva (ssm), 

regionaluri ssm, mdinaris auzis ssm da a.S. 

principSi nebismieri sarwyavi sistemis wyalganawilebis 

sistema SeiZleba warmovadginoT rogorc ordoniani: ssm _ 

marTvis centraluri da regionaluri punqtebi _ avtonomiuri 

qvesistemebi. morwyvaSi maT akisriaT sxvadasxva funqcia: ssm-is 

funqciaa wylis miwodeba sarwyavi sistemis gamtari qseliT 

sameurneo wyalgamomyof wertilebisaTvis, xolo regionaluri _ 

sarwyavi wylis miyvana mindvrebamde, raTa gadaiqces is niadagur 

tenad da gaizardos Sesabamisi sasoflo-sameurneo kultura. 

ssm-as ar aris aucilebeli hqondes uSualo kontaqti 

meurneobebTan, maT Soris SesaZloa idges erTi-ori an meti 

ierarqiuli done.  

 

 

2.2. operatiul wyalganawilebis amocanebSi informaciis 

SemuSavebis problemis ganxilva 

 

melioraciul sistemebSi, deficituri wylis resursebis 

ekonomikur-optimaluri ganawileba SesaZlebelia ganxorcieldes 

mxolod informaciul-mmarTveli sistemis ukukavSiris pirobebSi, 
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anu zemdgomi (erTi safexuriT) mmarTvel centrs unda gaaCndes 

informacia mis daqvemdebarebaSi myofi qvesistemis mdgomareobis 

Sesaxeb. aqedan gamomdinare, vidre SevudgebiT mmarTveli 

zemoqmedebebis gamomuSavebas anu mis daqvemdebarebaSi myofi 

wylis resursebis ganawilebas, mmarTvelma centrma unda miiRos 

informacia TiToeul qvesistemaSi saWiro wylis raodenobaze. 

amavdroulad, unda iyos gadacemuli informacia qvesistemis 

danakargebze an rac igivea, ekonomikur efeqtze, romelic 

SesaZlebelia miiRos wyalmomxmarebelma misTvis gamoyofili 

wylis sxvadasxva moculobis Sesaxeb. 

aseTi ( )sjVΨ funqciebi, sadac sjV  – wylis moculobaa, 

gamoyofili j-ur qvesistemaSi s qvesistemidan garkveul T drois 

SualedSi, romelic unda iyos gadacemuli Sesabamis s 

qvesistemaSi Semdegi donidan. 

operatiuli wyalganawilebis dagegmarebis sistemis yvelaze 

martivi struqtura sarwyav sistemebSi SeiZleba iyos ordoniani 

ierarqiuli sistema, romlis grafic naCvenebia naxaz 4-ze. sadac 

qveda donis rols TamaSoben sasoflo-sameurneo sawarmoebi, 

zeda donis rols – mmarTveli centris _ ki (ssm) sarwyavi 

sistemis marTva. meurneoba gascems SekveTas wylis resursze 

( )j jVΨ  funqciis saxiT, xolo marTveli centri Tavisi miznis 

funqciis Sesabamisad Rebulobs gadawyvetilebas arsebuli 

resursis ganawilebis Sesaxeb [4]. 

Tumca, saWiroa mxedvelobaSi miRebul iqnes ori garemoeba: 

1. ssm unda iyos dainteresebuli, rom sistemaSi wylis 

resursebi gamoyenebuli iyos saukeTeso saxiT; 

2. qvesistemam unda gasces utyuari informacia, winaaRmdeg 

SemTxvevaSi resursebis ganawileba, mmarTveli centris 

TvalsazrisiT ar iqneba optimaluri.  

utyuari informaciis gasacemad ki aucilebelia ori 

faqtoris arseboba: 
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ნახაზი 4.  წყალგანაწილების შესახებ გადაწყვეტილების მიმღები  

ფუნქციონალური სისტემის ორდონიანი struqtura. 

 

pirveli – aseTi informaciis mopovebis codna, anu ( )j jVΨ  

funqciebis agebis codna; meore – zusti informaciis gacemis 

survili. 

am sakiTxebis gadawyveta dakavSirebulia uamrav 

sirTulesTan da mis erTaderT garants warmoadgens ekonomiuri 

sanqciebis Semotana. jarimis optimaluri funqciis gansazRvra 

warmoadgens damoukidebel amocanas, romelsac qvemoT 

ganvixilavT. 

mTel rig naSromebSi, romlebic mieZRvna melioraciaSi 

wylis resursebis optimalurad gamoyenebis kvlevebs bolo 

wlebSi  sasoflo-sameurneo kulturebis mosavlianobasa da 

sarwyavi normis damokidebulebaze zusti informaciis ar 

arsebobis gamo, igi aproqsimirda wrfiv funqciad. meCitovma 

saerTod uaryo uwyveti funqciiT am damokidebulebebis 

aproqsimacia da sarwmunod CaTvala mxolod misi ori 

diskretuli mniSvneloba: arasarwyavi pirobebisaTvis da 

pirobebisaTvis, roca naTesebi srulad uzrunvelyofilia wyliT 

[37, 42, 43, 65, 68, 84 da sxva]. 

naTelia, rom orwertilovani aproqsimaciis dros mosavlis 

damokidebuleba wylis sarwyav normaze, gamoyofili mocemuli 

sasoflo-sameurneo kulturis mosarwyavad, raodenobrivad 

arasakmarisia naTesebis mTeli farTobis wyliT srulad 
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uzrunvelsayofad. rac SesaZlebelia erTmniSvnelovnad 

gamoviyenoT ase: naTesis nawili iqneba morwyuli sruli normiT, 

meore nawili darCeba morwyvis gareSe. sxvagvarad rom vTqvaT, 

Tu k–ur sarwyav mindors aqvs kω  saTesi farTobi da erTeuli 

farTobis sarwyavi wyliT sruli uzrunvelyofisaTvis saWiroa 

0
kΦ  sarwyavi norma, maSin k-uri mindvris mosarwyavad gamoyofili 

0
k kV V<  wylis moculobis SemTxvevaSi, sadac 0 0

k k kV ω= Φ , rwyva 

xorcieldeba Semdegnairad: mindvris farTobis nawili 

(1) 0/k k kVω = Φ  irwyveba srulad, xolo mindvris meore nawili 

(2) (1)
k k kω ω ω= −  ar irwyveba saerTod. amasTan, jamuri saerTo 

mosavali Seadgens (1) (2)
k k kY Y Y= + , sadac (1) (1) (1)

k k kY y ω=  ( (1)
ky  _ morwyuli 

mindvris erTeuli farTobidan aRebuli mosavalia), (2) (2) (2)
k k kY y ω=  

( (2)
ky  _ mosavali mourwyveli mindvris erTeuli farTobidan).  

( )k ky Φ  funqciis wrfivi aproqsimaciis SemTxvevaSi Cndeba 

sarwyavi wylis gamoyenebis alternatiuli SesaZlebloba, 

saxeldobr morwyva mTel kω  farTobze xorcieldeba erTnairi 

sarwyavi /k k kV ωΦ =  normiT, 0
k kΦ <Φ . magram SeiZleba morwyva 

vawarmooT iseve, rogorc orwertilovani aproqsimaciis dros. 

saangariSo saerTo mosavali orive SemTxvevaSi erTnairi 

aRmoCndeba, rac gamomdinareobs ( )k ky Φ  wrfivi funqciidan. 

Tumca arc erTi da arc meore aproqsimacia ar warmoadgens 

damakmayofilebels, radgan funqcia ( )k ky Φ  umetes SemTxvevaSi 

arawrfivia. funqciis arawrfivoba iwvevs imas, rom wylis 

ganawilebis sxvadasxva xerxebi misi deficitis pirobebSi erT 

mindorzec ki araerTgvarovan Sedegs iZleva.  

am monacemebidan SesaZlebelia erTmniSvnelovani daskvnis 

gakeTeba, rom arsebobs SemTxvevebi, roca momgebiania mindvris 

mTeli farTobis morwyva Semcirebuli kΦ  normiT, vidre misi 

nawili movrwyaT sruli 0
kΦ  normiT, xolo meore nawili 

saerTod ar moirwyas. aqedan gamomdinareobs, rom Semcirebuli 
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sarwyavi normis dros yoveli wylis erTeuli moculoba 

produqciis didi raodenobiT gamoisyideba, vidre sruli rwyvis 

normis dros. 

sayovelTaod cnobilia, rom mcenare funqcionirebisaTvis 

saWiroebs garemo pirobebis mTel rig Seucvlel faqtorebs, 

iseTebs, rogoricaa mzis radiacia, atmosferuli naxSirJangi, 

niadagSi mineraluri kvebis elementebi, wyali da Jangbadi. garda 

amisa, mcenaris zrda-ganviTareba SeiZleba mimdinareobdes 

mxolod atmosferos da niadagis gaTbobis gansazRvruli donis 

SenarCunebis gziT. Tumca arsebobs iseTi faqtorebi, romlebic 

ar aris aucilebeli mcenaris sicocxlisaTvis, piriqiT isini 

mcenarisaTvis momakvdinebel zemoqmedebas axdenen. maT ricxvs 

ekuTvnis niadagis sxvadasxva saxis damarilianeba da gruntis 

wylebis momatebuli mJavianoba an niadagis tute garemo, 

mavneblebi da sarevelebi. 

nebismieri cocxali organizmi, maT Soris mcenareebic 

imyofebian garemo pirobebSi, romelic icvleba rogorc wlidan 

wlamde, aseve vegetaciuri periodis SigniTac. imisaTvis, rom 

iarsebon aseT pirobebSi mcenareebs gamoumuSavdaT sxvadasxva 

meqanizmebi, romelic maT garemos cvlad pirobebSi adaptaciaSi 

exmareba. Tumca adaptaciis SesaZleblobebi ar aris usazRvro. 

amaze metyvelebs TiToeuli ekofaqtoris eqsperimentuli 

dakvirvebis Sedegis mniSvnelobebi, romlis drosac mcenaris 

cxovelmyofeloba Cerdeba da zogjer mcenareebi kvdebian.  

ekofaqtoris ricxviTi mniSvnelobebis diapazoni mdebare am 

kritikul wertilebs Soris, axasiaTebs faqtoris dasaSvebi 

mniSvnelobebis ares. amavdroulad mcenarisaTvis ar aris 

sulerTi romel dasaSveb intervalSi icvleba TiToeuli 

ekofaqtoris mniSvneloba, radgan am mniSvnelobebis sidideebzea 

damokidebuli cxovelmyofelobis intensivoba, an sxvagvarad rom 

vTqvaT,  mcenaris produqtiuloba. 
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2.3. mravalproduqtiuli modelisaTvis ekonomiuri 

stimulirebis meqanizmebis ganzogadeba 

 

ganvixiloT sarwyav miwebze sasoflo-sameurneo sawarmoebis 

mier ramdenime kulturis warmoebis determinirebuli modeli – 

mravalproduqtiuli modeli. am SemTxvevaSi, mTeli sistemis 

saerTo mizans warmoadgens TiToeuli, garkveuli raodenobis 

kulturis sasoflo-sameurneo produqciis gamoSveba minimaluri 

moculobis sarwyavi wylis arsebobis SemTxvevaSi. kriteriumi, 

romelic emTxveva centris miznis funqcias unda pasuxobdes 

saxalxo sameurneo moTxovnebs yvela saxis produqciaze:  

 0 min, 1, , 1,ij
ij

V V i N j m= → = =∑  (2.1) 

SezRudvebis dros 

 00, , 0ij ij j ij
i

V Y Y Y≥ ≥ ≥∑  (2.2) 

sadac ijY  _ i-uri sawarmos mier gamoSvebuli  j-uri kulturis 

produqciis moculobaa. ijV  – i-uri sawarmosaTvis j-uri 

kulturisaTvis aucilebeli wylis resursis saerTo moculoba; 

0
jY  _ j-uri kulturis gamoSvebis optimaluri gegma. 

aRsaniSnavia, rom  SesaZlebelia centris sxva miznis 

funqciis ganxilvac, romelic formulirdeba rogorc Tioeuli 

kulturisaTvis mocemuli proporciiT gamoSvebuli produqciis 

maqsimumi. proporciebi ganisazRvreba s/s produqciis TiToeuli 

saxeobis saxalxo sameurneo moTxovnebis mixedviT: 

 0 min max, 1,j

j
j

Y
Y j m

α
= → =  '(2.1 )  

SezRudvis dros 

 0 , 0, 0, 1,ij j ij
ij

V V V i Nα≤ > ≥ =∑  '(2.2 )  

sadac jα  _ 0
jY  optimaluri gegmis Sesabamisi koeficientia. 
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(2.11)_(2.21) warmoadgens (2.1)_(2.2) _ Tan urTierTkavSirSi  myof 

amocanas da optimalur wertilSi maTi amoxsna Tanxvedrilia 

[26]. 

dagegmili produqciis moculoba ganisazRvreba TiToeuli 

kulturis sameurneo sawarmoo funqciiT 

( )ij ij ijY Y V=  

CavTvaloT, rom TiToeuli ijω  kulturisaTvis saTesi 

farTobebi fiqsirebulia. (2.1)_(2.2) amocanebis amonaxsns 

warmoadgens 0
ijY ganawileba da 0

i ij
i

V V=∑  _ meurneobaSi mocemuli 

saxis produqciis warmoebis optimaluri gegma da TiToeuli 

meurneobisaTvis wylis resursis optimaluri ganawilebaa. aqve 

unda aRiniSnos, rom meurneobis ekonomiuri interesebi 

gamoixateba mogebis maqsimizaciiT [12, 13, 35]. 

ganvixiloT modeli, romelSic monawileobs mxolod erTi 

sasoflo-sameurneo dawesebuleba, romelic m kulturas 

awarmoebs. igive modeli aRwers situacias, roca yvela N 

meurneobas aqvs TiTqmis erTnairi sawarmoo funqciebi. 

am SemTxvevaSi meurneobis sawarmoo funqcias aqvs saxe: 

 ( ) max, 1,i j j j j i
j j

D c Y a dV R j m= − + − → =∑ ∑  (2.3)  

j  indeqsi Seesabameba sasoflo-sameurneo kulturis nomers. 

maqsimumis pirobis Sesabamisad gvaqvs gamosaxuleba 

 0/ /
j j

j j j jV V
dY dV d c μ

=
= =  (2.4)  

mniSvneloba jμ  (2.1)_(2.2) _ amocanaSi eqstremumis miRwevis 

pirobidan ganisazRvreba. naTelia, rom  warmoebulis 

mniSvneloba jμ  optimalur wertilSi TiToeuli kulturisaTvis 

gansxvavebulia, magram wylis miwodebis fasi d  unda iyos yvela 

kulturisaTvis erTnairi da Tanac sarwyavi sistemis marTvis -

ssm ( d ssm ) tarifis toli, amitom piroba (2.4) erTmniSvnelovnad 

gansazRvravs fass produqciaze. 
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 0 /j jc d μ=  (2.5)  

mogebidan fiqsirebuli anaricxebis dros 

 ( )0 0 0
i j j

j

R Y c c= −∑ TviTR.  (2.6)  

sadac 

0

0 ,j j j j
j j

jj

d V b
c b B

Y
α ω

ω
+ +

= =∑
ssm

TviTR.  

(2.4) pirobis azri mdgomareobs imaSi, rom wylis damatebiTi 

moculoba )0( →Δ jv  optimalur wertilSi yvela kulturisaTvis 

mogebaze erTnair danamats iZleva. 

Tu anaricxis funqcia SeiZleba iyos damokidebuli 

meurneobaSi faqtobrivi produqciis gamoSvebaze, maSin SeiZleba 

Sesasyid fasebze SemovitanoT damatebiTi SezRudvebi: 

 j jc c=  (2.7)  

am SemTxvevaSi anaricxis funqcia Caiwereba Semdegi saxiT: 

 0( )i j i j j
j

R Y R K Y= +∑  (2.8)  

sadac jK  warmoadgens meurneobis kompensacias jj cc >0  dros da 

damatebiT gamoricxebs jj cc <0  dros,  

0 /j j j j jK c c c d μ= − = − ssm  

xolo 0
jR  ganisazRvreba (2.6) gamosaxulebiT. 

mravalproduqtiuli determinirebuli modelis SemTxvevaSi 

meurneobis miznis funqcias aqvs Semdegi saxe: 

 ( ) maxi ij ij ij ij i
j j

D c Y dV Rα= − + − →∑ ∑  (2.9)  

maqsimumis piroba (2.9) mocemulia Semdegi damokidebulebiT: 

 0/ /
ij ij

ij ij ij jV V
dY dV d c μ

=
= =  (2.10)   

warmoebuli optimalur wertilSi  sasoflo-sameurneo 

kulturebis mixedviT sxvadasxvaa, magram yvela meurneobisaTvis 

tolia TiToeuli kulturis saxeobis mixedviT. (2.10) 

gamosaxulebis azri mdgomareobs imaSi, rom optimalur 
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wertilSi damatebiTi wylis moculoba ( 0)VΔ →  gvaZlevs 

erTnair namats mogebaze yvela meurneobisaTvis, xolo 

meurneobaSi – nebismier kulturaze. 

CavweroT gamosaxuleba anaricxis funqciisaTvis mogebidan 

fiqsirebuli fasebis dros: 

, j jd d c c= =ssm  

gamoricxis funqcia unda TamaSobdes ormag rols: pirveli –

daabalansos ekonomikuri pirobebi da meore – iyos stimulirebis 

meqanizmi: 

 0 0 0 0( ) ( ) ( )i ij ij ij j j ij j ij
j j j

R R Y Y c c Y c c= = − + −∑ ∑ ∑  (2.11)  

 
0

0
0

ij ij ij ij
ij

ij

d V b
c

Y
α ω+ +

=
ssm

 (2.12)  

 0
0 /

ij ij

ij
j V V

ij

dY
c d

dV =
= ssm  (2.13)  

amrigad, determinirebuli modelis CarCoebSi agebuli 

gamoricxvis meqanizmi )( iji YR  mogebidan, asrulebs upirveles 

yovlisa mTeli sistemis (centris) ekonomikuri interesebis 

SeTanxmebis amocanas sawarmoebis sameurneo angariSebis 

interesebTan, aseve abalansebs ekonomiur pirobebs  da xels 

uwyobs wylis resursebis  optimaluri gamoyenebis stimulirebas. 

 

 

 

2.4. wyalganawilebis operatiuli dagegmarebis 

amocanis formalizacia 

 

wyalganawilebis operatiuli dagegmareba xorcieldeba 

optimaluri wyalganawilebis da wyalmoxmarebis stimulirebis 

meqanizmebis moqmedebis pirobebSi. 

wyalganawilebis procesis marTvis aRwerili mravaldoniani 

ierarqiuli sistemis formalizeba xorcieldeba xisebri grafiT 
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( )NΩ , sadac N mwvervalebis (qvesistemebis) simravlea. sistemas 

gadawyvetilebis miRebis ierarqiuli struqtura aqvs. 

, 1,iM N i v⊂ = , sadac Mi _ i-uri donis mwvervalTa simravlea. v _ 

ierarqiis doneTa ricxvi. is Sedgeba mmarTveli centris 

(mwvervalebi 0 Nε ∈ ), Sualedur centrebad wodebuli 

qvesistemebis erTobliobis ( iM N⊂ simravlis 2, 1i v= −  

mwvervalebi, rogorc Semavali aseve gamomavali wiboebis mqone) 

da sarwyavi mindvrebis Tanabaruflebiani rgolebisagan (mxolod 

Semavali wibos mqone mwvervalebis simravle 1M N⊂ ). aq wibo (s, j) 

gaigivebulia daqvemdebarebasTan, amasTan Vsj _ wylis moculobaa 

gamoyofili j qvesistemisaTvis s qvesistemis mier ( ,j s N∈ ). 

wyalganawilebis operatiuli marTvis dagegmarebis procesi 

iwyeba sawarmoo funqciis agebiT TiToeuli k-uri mosarwyavi 

mindvrisaTvis. 

TiToeuli 1k M∈  mosarwyavi mindvris «interesebi»1 aRvweroT 

funqciiT 

 k k k k kD c y Gω= −  (2.14)  

sadac Dk _ k-ur mindorze miRebuli sufTa mogebaa; ck _ k-ur 

mindorze moyvanili erTeuli produqciis fasia; kω  _ k-uri 

mindvris farTobia; yk _ k-uri mindvris erTeul farTobze 

miRebuli produqciis raodenobaa; Gk _ k-ur mindorze 

produqciis warmoebis danaxarjebia, damokidebuli _ samuSao 

drois danaxarjebis sidideze, sasuqis Rirebulebaze, 

miwodebuli wylis moculobaze, teqnikaze da a.S. Tu yvela 

arguments, romlebic ar arian damokidebulni miwodebuli wylis 

Vqk moculobaze, CavTvliT mudmivad, maSin misi damokidebuleba 

ukanasknelze warmoCindeba monotonur zrdad funqciad 

( )k k qkG G V= , sadac / 0k qkG V∂ ∂ > .  aq qk k kV ω= Φ , kΦ  _ k-uri mindvris 

sarwyavi normaa. 

                                                 
1 igulisxmeva mepatroneebi  
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bunebrivia, rom mogeba, romelic SesaZloa miRebuli iqnes k-

ur mindorze ganxorcielebuli teqnologiuri procesebis 

xarjze, warmoadgens mindvrisaTvis gamoyofili sarwyavi wylis 

Vqk moculobis funqcias, vinaidan swored maszea damokidebuli 

mosavali mindvris erTeul farTobze da Gk xarjebi produqciis 

warmoebaze. mosavali erTmniSvnelovnad aris damokidebuli 

sarwyav normaze mxolod konkretuli wlis da konkretuli 

mindvris pirobebSi. garda amisa, k-uri mindvridan miRebuli 

( )k qkD V  Semosavali, misTvis wylis Vqk moculobiT gamoyofis 

dros, iqneba maqsimaluri, Tu wyals racionalurad gamoviyenebT 

anu Tu moxdeba morwyvis reJimis optimizacia. morwyvis reJimi 

optimaluri unda iyos nebismieri Vqk dros [53, 54, 69]. 

k-uri mindvrisaTvis, sarwyavi wylis Vqk sxvadasxva 

moculobis SemTxvevaSi morwyvis reJimis optimizaciis amocanis 

mravaljeradi amoxsniT, SesaZlebelia ganisazRvros ( )k ky Φ  

funqcia, da maSasadame ( )k qkD V  funqciac. TiToeuli k-uri 

mindvrisaTvis am proceduris CatarebiT vRebulobT monacemebs 

an SekveTebis funqcias, romlebic TiToeul mindorze sarwyavi 

wylis gamoyenebis efeqturobas gviCveneben. 

bunebrivia Tu sawarmoos mepatroneebs (meore done) ara aqvs 

saSualeba sarwyavi wyliT daakmayofilos TiToeuli mindvris Vqk 

moTxovnaTa umetesoba, anu Tu 

0 0

( )
[ ] ( )iq qk qk

k A q

V V V i B q
∈

< + Δ ∈∑  

sadac 0
qkVΔ  _ wylis moculobis danakargebia 2q M N∈ ⊂  

qvesistemidan misi gadacemis dros 1k M N∈ ⊂  qvesistemaSi, maSin 

dgeba sakiTxi mepatronis mier mindvrebs Soris wylis ufro 

mizanSewonili ganawilebis Sesaxeb.  

miznis funqcia Dq meore donis (mepatroneebi) 

qvesistemisaTvis 2q M∈  aRiwereba Semdegi saxiT: 

 
( )

[ ]q k k k k q q
k A q

D c y G G Rω
∈

= − − −∑  (2.15)  
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sadac Gq _ damatebiTi jamuri danaxarjebia, dakavSirebuli 

ierarqiis meore donis 2q M∈  obieqtis funqcionirebasTan, 

romlebic ar warmoadgenen k-ur mindorze sawarmoo qmedebebis 

pirdapir Sedegs. xolo qR  _ sawarmoo brigadisaTvis 

stimulirebis mizniT gamoyofili kompensacia.  

optimizaciis kriteriumis arseboba saSualebas gvaZlevs 

wylis moculobis , ( )iqV i B q∈  SezRudva TiToeuli hipotezuri 

sididisaTvis, romelic SesaZloa miiRos mepatronem vegetaciuri 

periodis ganmavlobaSi, vipovoT wylis ganawilebis optimaluri 

strategia mindvrebis M1 simravles Soris. sxvadasxva Viq-Tvis am 

amocanis mravaljeradi amoxsniT, vRebulobT sarwyav wyalze 

2q M∈  elementis funqcia-SekveTas ierarqiis meore doneze ( )q iqD V , 

romelic Seesabameba wylis nebismieri raodenobis optimalur 

gamoyenebas 00 iq iqV V≤ ≤ . 

maTematikuri TvalsazrisiT ierarqiis meore doneze 

wyalganawilebis dagegmarebis optimizaciis amocana daiyvaneba 

arawrfivi maTematikuri daprogramebis amocanamde, arawrfivi 

separabeluri miznis funqciiT (2.15), anu aucilebelia 

ganisazRvros 0, ( )m
qkV k A q≥ ∈  iseTi mniSvnelobebi, romlisTvisac  

 
( )

[ ] maxq k k k k q q
k A q

D c y G G Rω
∈

≡ − − − →∑  (2.16)  

da Sesruldes SezRudva 

 2
( )

[ ] , , ( )m m
qk qk iq

k A q

V V V q M i B q
∈

+ Δ ≤ ∈ ∈∑  (2.17)  

gasanawilebeli wylis Viq moculobis mixedviT. m
qkV  aris wylis 

jamuri moculoba, romelic eqvemdebareba ganawilebas 1k M∈  

mosarwyav mindorze savegetacio periodis ganmavlobaSi, an misi 

nawili 0 0,k k kτ τ τ τ τ− ≤ ≤ , sadac kτ  _ 1k M∈  mindvris Tesvis 

momentia, kτ  _ mosavlis aRebis momenti, 0τ  _ angariSsworebis 

momenti; , ( )iqV i B q∈ _ wylis moculobaa, gamoyofili 2q M∈  

mepatronisaTvis, romelic eqvemdebareba ganawilebas A(q) 
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simravleTa daqvemdebarebul mindvrebs Soris mTeli an 

nawilobrivi savegetacio periodis ganmavlobaSi 

0 0( )( ) ( )
max , min maxqk kq kqk A qk A q k A q

τ τ τ τ τ
∈∈ ∈

− ≤ ≤  

sadac, 
( )

min kqk A q
τ

∈
 yvelaze adreuli kulturis Tesvis momentia, 

xolo 
( )

max kqk A q
τ

∈
 _ yvelaze gviani kulturis aRebis momenti. 

 (2.16) _ (2.17) amocanebis amoxsnis Sedegad TiToeuli 2q M∈  

mepatronis ( )k A q∈  mindvrisaTvis drois gasaTvleli periodis 

ganmavlobaSi q mepatronisTvis gamoyofili iqV  wylis 

moculebaze damokidebulebiT ganisazRvreba mcenareTa zrda-

ganviTarebisaTvis aucilebeli optimaluri sarwyavi normebi 

/m m
qk qk kV ωΦ = .  

 max( ), 0m m
qk qk iq iq iqV V VΦ = Φ ≤ ≤  (2.18)  

aqedan gamomdinare, ierarqiis qveda donis Sesabamisi 

(sarwyavi mindvrebi) optimaluri sarwyavi reJimebia 1( ),m
k k Mϕ τ ∈ . 

aq max
iqV  _ iqV -s mniSvnelobaa, romlisTvisac (2.17) arealis 

sazRvarze miiRweva miznis funqciis absoluturi maqsimumi.  

aRmosavleT saqarTveloSi ZiriTadi sasoflo-sameurneo 

kulturebia: saSemodgomo xorbali, qeri, vazi, xexili, Warxali, 

kartofili, mzesumzira, Tambaqo, bostneuli da baRCeuli, 

eTerzeTovani, sasilosed daTesili kulturebi da erTwliani da 

mravalwliani balaxebi. sakvlev teritoriaze ganlagebul 

agrometeosadgurebze ar arsebobs saTanado monacemebi, 

romlebic saSualebas mogvcemda dagvedgina morwyvis normebi 

eTerzeTovani, bostneuli da baRCeuli kulturebisaTvis. amitom, 

maTi morwyvis normebis dasadgenad literaturaSi arsebuli da 

saproeqto monacemebiT visargebleT (danarTi 1. cx. 1.6 ÷ 1.14)  [80, 

82]. 
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Tavi 3. agrobiocenozis mosavlis formirebis 

maTematikuri modelis damuSaveba 

 

3.1 zrdis dinamiuri gantolebis gamoyvana 

 

imis gaTvaliswinebiT, rom sasoflo-sameurneo mindvrebSi 

zrdis mizans warmoadgens erTi an ramodenime mcenaris organos 

garkveuli raodenobis biomasis miReba, mosavlis formirebis 

modelSi zrdis procesebis aRwera umniSvnelovanes Semadgenel 

nawils warmoadgens [39]. 

ganvixiloT mcenaris biomasis dagrovebis procesi an rac 

ufro mosaxerxebelia mindvris erTeul farTobze mcenaris 

naTesis biomasa. amav droulad SemovitanoT mSrali biomasis 

cneba (anu naTesSi organuli nivTierebebis raodenoba), 

romelSic mcenaris SemadgenlobaSi Sesuli wylis raodenoba ar 

gaiTvaliswineba, ar Sesuli qimiurad organuli nivTierebebis 

SemadgenlobaSi. es ra Tqma unda pirobiTi sididea, radgan 

aranairi bioqimiuri procesebi ar mimdinareobs wylis ar 

arsebobis dros, Tumca wylis Semcveloba mcenareSi ar aris 

stabiluri da erTmniSvnelovnad ar aris damokidebuli biomasis 

wonaze. amasTan, mocemuli sasoflo-sameurneo kulturis naTesis 

mosavlis SemadgenlobaSi arsebuli mSrali biomasis wonis 

gamoTvlis Semdeg, is unda dayvanil iqnes standartuli 

tenianobis Sesabamis wonaze (magaliTad, marcvleuli 

kulturebisaTvis standartulad iTvleba marcvlis wona, 

romelic Seicavs 14% tens). 

biomasis dagrovebis siCqare ar aris mudmivi, is icvleba 

vegetaciis periodis ganmavlobaSi. es cvlileba rogorc 

genetikur faqtorebTan, aseve aRmocenebis cvlad pirobebTanaa 

dakavSirebuli. 

martivad, mTeli naTesis biomasis dagrovebis procesi 

SesaZlebelia Caiweros Semdegi saxiT: 

 / ( , , )p qdM d k v xτ τ=  (3.1)  
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sadac M – mcenaris naTesis mSrali biomasaa; k - biomasis 

dagrovebis siCqare; τ  - dro; pv - mcenaris biologiuri 

Tvisebebis veqtori, momqmedi biomasis dagrovebis siCqareze; qx  - 

garemo faqtorebis veqtori, momqmedi biomasis dagrovebis 

siCqareze. 

gantoleba (3.1) principSi aRwers CvenTvis saintereso 

process, Tumca is Zalian ganzogadoebulia da misi am saxiT 

gamoyeneba gamoTvlebSi ar aris sasurveli.  

Cveni mizania ( , , )p qk v xτ  ganisazRvros rogorc funqcia, 

damokidebuli mcenaris biologiur Tvisebebze da garemo 

faqtorebze, xolo Semdeg erTic da meorec – rogorc drois 

funqcia. 

biomasis dagrovebis procesTan erTad, vegetaciis periodSi 

biomasis nawili kvdeba da mcenares gamoeyofa (Camoscviva), 

amitom misi gaTvaliswineba drois nebismier momentSi mSrali 

biomasis gazomvisas ar SeiZleba. balansis TvalsazrisiT naTesis 

biomasis mSrali wona mindvris erTeul farTobze drois  

( )τ τ+ Δ  momentSi SeiZleba Caiweros Semdegi saxiT: 

 ( ) ( )M Mτ τ τ μ+ Δ = + Δ −ΔΩ  (3.2)  

sadac μΔ  – axlad Seqmnili biomasis mSrali wonaa τΔ  

droSi; ΔΩ - Camocvenili biomasis mSrali wona  τΔ  droSi. 

bunebrivia, rom (3.2) gantolebaSi marjvena mxares 

moTavsebuli meore wevri – axali biomasis formirebis siCqare _  

umniSvnelovanes komponents warmoadgens, radgan gantolebis 

marjvena nawilis mesame wevri – biomasis cvena – nazrdTan 

SedarebiT mcirea, xolo vegetaciis periodis pirvel naxevarSi 

praqtikulad saerTod ar arsebobs. 

axali biomasis warmoqmna, ZiriTadad warmoebs fotoqimiuri 

procesebis xarjze, romelic mcenaris mwvane organoebSi 

mimdinareobs. amasTan, fotosinTezis procesis mimdinareoba 

mindvris erTeul farTobze arsebiTad aris damokidebuli 
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mcenaris mwvane organoebis zedapiris farTobze da garemos 

pirobebze, romelSic es procesi mimdinareobs anu 

 ( ( ), ( ))qm L xμ τ τ τΔ = Δ  (3.3) 

sadac m – mSrali biomasis nazrdia erTeul droSi; ( )L τ  - 

mcenaris asimilaciuri aparatis zedapiris farTobi mindvris 

erTeul farTobze τ  drois nebismier momentSi; qx  - igivea, rac 

iyo (3.1)-Si.  

rac Seexeba Camoyril biomasas, misi gamosaxva 

mosaxerxebelia ω  funqciis namravlis saxiT – Camoyris siCqaris 

mimarT – biomasis mSral wonaze. bunebrivia, rom ω  warmoadgens 

drois funqcias, is damokidebulia mcenaris wlovanebaze da 

garemo pirobebze. ω  funqcia unda ganisazRvros 

eqsperimentulad da SesaZlebelia davuSvaT, rom is sakmarisad 

stabiluria mcenaris yvela saxisa da xarisxisaTvis. maSin 

 1( / )
M

M
ω τ

ω τ −

ΔΩ = Δ

= ΔΩ Δ
 (3.4)  

(3.3) _ (3.4) gamosaxulebebis gaTvaliswinebiT, gantoleba (3.2) 

CavweroT Semdegi saxiT 

 ( ) ( ) [ ( ( ), ( )) ( , ( )) ( )]q qM M m L x x Mτ τ τ τ τ ω τ τ τ τ+ Δ = + − Δ  (3.5) 

(3.5) gantolebis struqturidan gamomdinareobs, rom mis 

amosaxsnelad aucilebelia ω  funqciis codna, qx  garemos 

faqtorebi da aseve L asimilaciuri aparatis farTobi, romelzec 

damokidebulia m funqciis gamoTvla. 

asimilaciuri aparatis farTobis cvla aseve warmoadgens 

ori urTierTsawinaaRmdego procesis – axali asimilaciuri 

aparatis warmoqmnis da ukve arsebulis raRac nawilis kvdomis 

Sekrebis Sedegs: 

 ( ) ( )L L Gτ τ τ+ Δ = + ΔΛ −Δ  (3.6)  

aq ΔΛ  – mindvris erTeul farTobze kvlav warmoqmnili 

asimilaciuri aparatis farTobia τΔ  droSi; GΔ  - gayviTlebuli 

asimilaciuri aparatis farTobis namatia, romelsac dakarguli 

aqvs naxSirJangis asimilirebis unari τΔ  drois ganmavlobaSi. 
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axlad Seqmnili asimilaciuri aparatis farTobis gazrda 

warmoebs mSrali nivTierebis warmoqmnis siCqaris proporciulad, 

amitom 

 mβ μ β τΔΛ = Δ = Δ  (3.7)  

sadac /β μ= ΔΛ Δ  – asimilaciuri aparatis warmoqmnis 

koeficientia; β  warmoadgens drois funqcias da damokidebulia 

mcenaris garemo pirobebze,  ( , ( ))qxβ β τ τ= . 

asimilaciuri aparatis gayviTlebis siCqare SesaZlebelia 

warmovadginoT g – proporciulobis koeficientis namravlis 

saxiT – asimilaciuri aparatis kvdomis siCqaresTan mimarTebaSi 

– τ  momentSi arsebuli asimilaciuri aparatis farTobze: 

 1, ( , ( )), ( / )qG gL g g x g G Lτ τ τ τ −Δ = Δ = = Δ Δ  (3.8) 

(3.7) da (3.8) gantolebebis gaTvaliswinebiT gantoleba (3.6) 

SeiZleba Caiweros Semdegi saxiT: 

 ( ) ( ) [ ( )]L L m gLτ τ τ β τ τ+ Δ = + − Δ  (3.9)  

 (3.5) da (3.9) gantolebaTa sistema iZleva saSualebas, 

gamoiTvalos vegetaciis nebismier momentSi zogierTi sasoflo-

sameurneo kulturis naTesis biomasis saerTo mSrali wona da 

saboloo biologiuri mosavali, Tuki cnobilia droSi 

produqtiulobis parametrebis , , gβ ω  cvlilebi da arsebobs 

modeli, romelic esadageba m biomasis nazardis gamoTvlas. 

gantolebebs (3.5) da (3.9) SesaZlebelia hqondeT praqtikuli 

mniSvneloba magaliTad, sasilose simindis mosavlis 

gamosaTvlelad (saerTo biomasidan aucilebelia mxolod 

fesvebis wonis gamokleba). es damokidebulia imaze, rom simindSi 

fotosinTezirebas praqtikulad mxolod foTlebi ganicdian da 

aqedan gamomdinare gantoleba (3.9) aRwers foTlebis farTobis 

zrdis siCqares. 

im kulturebisaTvis, romelTa biomasis SeqmnaSi 

monawileobas iRebs ara marto foTlebi, aramed mcenaris sxva 

organoebic, erTi gantolebiT asimilaciuri aparatis Seqmnis 

siCqaris aRwera ar xerxdeba, radgan sxvadasxva organoebs 
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sxvadasxva saxis funqciebi unda gaaCndes, romlebic aRweren 

produqtiulobis β  da g parametrebs. mTeli mcenarisaTvis am 

parametrebis gaerTianebis mcdeloba, maT damokidebulebas 

droze Zalian rTuls da araerTmniSvnelovans xdis. amitom 

gantoleba (3.9) aseTi mcenareebisaTvis unda Caiweros cal-calke 

TiToeuli fotosinTezirebadi organosaTvis: 

 ( ) ( ) [ ( )] , 1,j j j j jL L m g L j lτ τ τ β τ τ+ Δ = + − Δ =  (3.10)  

unda aRiniSnos, rom mcenaris ramodenime organos 

asimilaciaSi monawileobis dros asimilaciis siCqare 

gamoixateba yvela l organos asimilaciebis siCqaris jamiT: 

 
1

, 1,
l

j
j

m m j l
=

= =∑  (3.11)  

yvela fotosinTezirebadi J organos simravle simZlavriT 

J l=  warmoadgens mcenaris I yvela organos simravlis 

qvesimravles simZlavriT , .I n J I= ⊂  

umravles SemTxvevaSi sasoflo-sameurneo kulturis mizans 

misi erTi organos gazrda warmoadgens: marcvali, fesv-nayofi da 

sxva. amitom warmoiqmneba sameurneo-sasargeblo organos biomasis 

cvlilebisaTvis gantolebis Caweris aucilebloba, romelic 

iqmneba axlad warmoqmnili asimilatorebis, aseve sxva 

organoebidan adreve momaragebuli nivTierebebis gadmodinebis 

xarjze: 

 ( ) ( )M M Bτ τ τ μ∗ ∗ ∗ ∗+ Δ = + Δ + Δ  (3.12)  

sadac M ∗ - sameurneo-sasargeblo organos biomasis mSrali 

wonaa; μ∗Δ  - sameurneo-sasargeblo organoSi xelaxla Seqmnili 

asimilatorebis SenaerTi; B∗Δ  - sameurneo-sasargeblo organoSi, 

mcenaris sxva organoebSi adreve momaragebuli, asimilatorebis 

SenaerTi; μ∗Δ  _ wonis proporciuli τΔ  droSi 

fotosinTezirebuli biomasebi mTels ( μΔ ) mcenareSi: 

 mμ α μ α τ∗ ∗ ∗Δ = Δ = Δ  (3.13)  
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sadac /α μ μ∗ ∗= Δ Δ  - produqtiulobis parametria, romelic 

axasiaTebs kvlav Seqmnili asimilatorebis ganawilebas 

organoebs Soris.  

mcenaris sameurneo-sasrgeblo organos wonis zrda adre 

dagrovili nivTierebebis xarjze organoebis, romelTaganac es 

nivTierebebi Camoedineba, jamuri wonis Semcirebis tolia: 

 
1

1
, ,

n

i
i

B B i I I n
−

∗

=

Δ = Δ ∈ =∑  (3.14)  

sadac iBΔ  - τΔ  drois ganmavlobaSi i-uri organodan masSi 

adreve dagrovili asimilatebis Camonadenia. da Tu CavTvliT, 

rom is am organos cocxali nawilis wonis proporciulia (rac 

bunebrivia), maSin 

 ˆ
i i iB b M τΔ = Δ  (3.15) 

sadac 1ˆ( / )i i ib B Mτ −= Δ Δ  _ produqtiulobis parametria, 

romelic axasiaTebs adreve dagrovili asimilatebis gadadinebas; 

ˆ
iM - cocxali biomasis i-uri organos mSrali  wonaa. 

amrigad (3.13) – (3.15) gamosaxulebebis gaTvaliswinebiT 

gantoleba (3.12) Rebulobs saxes: 

 
1

1

ˆ( ) ( ) [ ( )] , ,
n

i i
i

M M m b M i I I nτ τ τ α τ τ
−

∗ ∗ ∗

=

+ Δ = + + Δ ∈ =∑  (3.16)  

gantoleba (3.16)-Si Semavali mcenaris i-uri organos cocxali 

biomasis mSrali wona SeiZleba ganisazRvros gantolebidan 

 ˆ ˆ( ) ( ) , ,i i i i iM M B V i I I nτ τ τ μ+ Δ = + Δ −Δ −Δ ∈ =  (3.17)  

aq iVΔ  _ τΔ  drois ganmavlobaSi i -uri organos mkvdari 

nawilebis mSrali wonaa. 

adre Semotanili damokidebulebebis (3.13) da (3.4) 

analogiurad CavweroT 

 i i imμ α μ α τΔ = Δ = Δ  (3.18) 

Tu CavTvliT, rom i-uri organos biomasis kvdoma 

proporciulia amave organos cocxali biomasis mSrali wonis 

 ˆ
i i iV v M τΔ = Δ  (3.19)  
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maSin,  

 ˆ ˆ ˆ( ) ( ) [ ( ) ( )] ,i i i i i iM M m b v M i Iτ τ τ α τ τ+ Δ = + − + Δ ∈  (3.20)  

mcenaris i-uri organos mTeli biomasis mSrali wonis 

gamoTvla SesaZlebelia ganxorcieldes gantolebiT 

 ˆ( ) ( )i i i i iM M M Vτ τ τ+ Δ = + Δ + Δ −ΔΩ  (3.21)  

sadac (3.4)-is analogiurad ,i i iMω τΔΩ = Δ  an (3.19) da (3.20)-is 

gaTvaliswinebiT miviRebT 

 ˆ( ) ( ) [ ( ) ( )] ,i i i i i i iM M m b M M i Iτ τ τ α τ ω τ τ+ Δ = + − − Δ ∈  (3.22)  

 aRsaniSnavia, rom Semotanili yvela produqtiulobis 

parametri , , , , , ,i i i i i iv b gα α ω β∗  warmoadgens droiT funqciebs. 

ganvixiloT zemoT miRebuli, biomasis dagrovebis procesis 

aRmweri gantolebebis gamoyenebasTan dakavSirebuli erTi 

mniSvnelovani aspeqti. es aspeqti droiTi masStabis amorCevas 

exeba. 

Cveulebriv, balaxovani sasoflo-sameurneo mcenareebis 

vegetaciis periodis xangrZlivoba 70-120 dRe-Ramea, romlis 

ganmavlobaSic xorcieldeba biomasis dagrovebis da mosavlis 

formirebis TandaTanobiTi monotonuri procesi, rac organoebis 

warmoqmnasTan asimilatebis Seqmnasa da ganawilebasTanaa 

dakavSirebuli. Tumca am process SeiZleba daerqvas monotonuri 

mxolod pirobiTad, radgan procesis sezonuri mimdinareoba 

emTxveva cikluri dReRamuri fotosinTezis process, da 

romelic mxolod dRisiT mimdinareobs. xolo asimilatebis 

ganawileba, rogorc wesi RamiT mimdinareobs. dRe-Ramis 

ganmavlobaSi cikli ZiriTadad sruldeba. amitom mosaxerxebelia 

diskretul drod avirCioT dRe-Ramuri 1τΔ =  biji. aseve, 

aucilebelia gaviTvaliswinoT, rom axali asimilatebis nazrdis 

dRe-Ramuri sidide warmoadgens mcenaris mwvane organoebis mier 

Seqmnili asimilatebis jams: 

 
1

; 1, ; ;
l

j
j

m m j l j J J l
=

= = ∈ =∑  (3.23)  
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sadac jm  –  j-uri mwvane organos mier kvlav asimilirebuli 

biomasis mSrali wonis dRe-Ramuri nazrdia. 

droiTi ( 1)τΔ =  masStabis mimarT zemoTmoyvanili mosazrebis 

da (3.11), (3.23) gamosaxulebebis gaTvaliswinebiT, gantolebebi 

(3.10) (3.16), (3.20), (3.22) SeiZleba Caiweros sistemis saxiT:  

 

1

1 1

1

1

1

ˆ( 1) ( ) ( )

ˆ ˆ( 1) (1 ) ( )

ˆ( 1) (1 ) ( ) ( )

( 1) (1 ) ( )

l n

j i i
j i
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gantoleba (3.24) sawyis pirobebTan erTad warmoadgens 

Caketil sistemas, romelic principSi iZleva saSualebas 

vegetaciis nebismier momentSi gamoiTvalos naTesSi mcenaris 

TiToeuli organos mSrali wona.  

 (3.24) sistemaSi Semavali zrdis gantolebaTa ricxvi 

damokidebulia mcenaris saxeobaze da mis Taviseburebebze. 

magaliTad, Saqris WarxlisaTvis sistema iqneba xuT 

gantolebiani: erTi M* – fesvnayofisaTvis, ori Mi – foTlebisa 

da fesvisaTvis, erTi ˆ
iM  – foTlebisaTvis (fesvebisaTvis viRebT 

ˆ
i iM M= , radgan ara aqvs azri miviRoT mxedvelobaSi fesvebis 

kvdoma, samuSaos Sromatevadobisa  da mcire sizustis gamo), 

erTi Lj – foTlebisaTvis. TavTaviani marcvleuli 

kulturebisaTvis aucilebelia Caiweros 11 gantoleba, 

simindisaTvis – 9 da a.S. 

im SemTxvevaSi, Tu produqtiulobis parametrebis Sesaxeb 

monacemebi ar gvaqvs an es procesebi ar aris arsebiTi, magram 

cnobilia kvlav Seqmnili biomasis ia  da *a  ganawilebis 
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parametrebis monacemebi, aseve gardaqmnisa da asimilaciuri 

aparatis jβ  da jg  kvdomis farTobis parametrebi, maSin calke 

cocxali biomasis aRmweri gantolebis aucilebloba aRar aris 

saWiro da gantoleba *( )M τ -saTvis xdeba iseTi, rogorc ( )iM τ -

Tvis. am SemTxvevaSi (3.24) gantolebaTa sistema gardaiqmneba 

Semdegi saxis gantolebaTa sistemad: 
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Semdgomi gamartivebis gziT SesaZloa miviRoT Semdegi saxis 

gantolebaTa sistema: 

 0 0 0

1 1 1

( 1) ( ) ( )
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 (3.26)  

sadac 
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masSi gamoyenebuli aRniSvnebi Seesabameba (3.25) sistemas: 0M y= , 

1L y= , 0
1

( , , , , , , ) 0
l

j i j i i j i
j

m m y b v gα α β ω∗

=

= = Δ ≥∑ , 1m yβ = Δ , 0g = . 

Cveni aRniSvnebis mixedviT sistemas (3.26) aqvs Semdeg saxe: 
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 (3.27)  
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3.2. mcenaris zrda-ganviTarebis modelis identifikacia. 

 

rogorc cnobilia, nebismieri produqtiulobis procesis 

maTematikuri modeli Seicavs ucnobi ricxviTi sidideebis ama Tu 

im raodenobas, romlebsac modelis parametrebi ewodebaT. maT 

SerCevazea damokidebuli misi muSaobis xarisxi anu sizuste, 

romelsac gamoTvlili fazuri traeqtoriebi emTxveva. 

modelis parametrebis Sesaxeb SesaZlebelia gamoiTqvas 

sxvadasxva mosazreba: maTi sidideebis Sesaxeb SeiZleba araferi 

iyos cnobili, SeiZleba iyos cnobili sazRvrebi, romelSic unda 

iyos moTavsebuli modelis parametrebi da bolos, roca 

cnobilia parametrebis zusti mniSvnelobebi. naTelia, rom 

ukanasknel SemTxvevaSi identifikaciis amocanis amoxsna saWiro 

ar aris. yvelaze xSirad adgili meore SemTxvevas aqvs, roca 

modelis parametrebi cnobilia ganusazRvrelobis raRac 

nawiliT, anu maTi sidideebis Sesaxeb SeiZleba iTqvas, rom isini 

raRac intervalis  SigniT mdebareoben _ [ , ]ib A B∈ . 

sirTulis, Sesrulebis xangrZlivobisa da eqsperimentuli 

samuSaoebis siZviris gamo, sruli saxiT mosavlis formirebis 

procesis statistikuri maxasiaTeblebis Seswavla rTulia. 

aqedan gamomdinare, modelis kriteriumis sizustis Sefasebis 

erT-erT misaReb meTods warmoadgens umciresi kvadratebis 

meTodi, romelic produqtiulobis procesis fazuri 

traeqtoriis gazomvis saqmeSi Secdomebis ganawilebis Sesaxeb ar 

saWiroebs aranair apriorul informacias. am SemTxvevaSi 

xarisxis kriteriumi warmoadgens fazuri traeqtoriis veqtoris 

yvela komponentis erTobliv dispersias 

 { }
2

1 1

( ) ( ) min
iTN

ij ij
i j

b X b X
= =

Φ = − →∑∑ e  (3.28) 

sadac ( )ijX b  _ modelis parametrebis veqtoris romelime 

mniSvnelobis dros gamoTvlili Teoriuli, modeluri fazuri 

traeqtoriaa; ijX e  _ empiriuli fazuri traeqtoria; iT  _ 
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eqsperimentis i-ur variantSi, eqsperimentuli fazuri 

traeqtoriis fiqsaciis wertilebis raodenobaa; N _ 

produqtiulobis procesis realizaciis ricxvi. 

arawrfivi damokidebulebis dros Teoriuli fazuri 

traeqtoriis parametrebis veqtoridan erTi gamoTvliT 

minimizaciis iteraciuli algoriTmebis gamoyenebis gareSe 

SeuZlebelia vipovoT saZiebeli sidideebi. amasTan, arsebobs 

Ziebis algoriTmebis pirobiTi dayofis SesaZlebloba did, 

pirdapir da irib klasebad. 

pirdapir meTods miekuTneba is algoriTmebi, romlebic 

dafuZnebulia funqcionalis (3.28) mniSvnelobebis gamoTvlaze 

parametrebis sivrcis romelime wertilSi da aseve mis garSemo. 

am ojaxidan umartivess warmoadgens SemTxveviTi Ziebis 

algoriTmebis jgufi. am jgufis bazuri algoriTmi agebulia 

Semdeg winapirobebze dayrdnobiT: 

1. eqstremumis , 1,ib i N∗ =  wertils gaaCnia N-ganzomilebian 

paralelepipedSi [ , ], 1,i iA B i N=  Tanabari ganawileba. 

2. gamosacdel serias, miRebuls [A, B] SemTxveviT ricxvebze 

Tanabrad ganawilebuli generatorisagan, gaaCnia eqstremumis 

ZiebisaTvis mocemuli sizustis misaRwevad sakmarisi sigrZe. am 

meTodis naTel upiratesobas warmoadgens misi simartive. 

algoriTmi Seicavs Semdeg bijebs: 1. ib -uri parametrebis 

SemTxveviTi i-uri veqtoris formireba; 2. (3.28) modelis xarisxis 

kriteriumis gamoTvla; 3. kriteriumis sididis Sedareba miRebul 

umcires sididesTan; 4. punqt 1-ze gadasvla. 

am meTodis uamravi modifikacia arsebobs, magram maT 

gaaCniaT arsebiTi nakli, rac maT gamoyenebas naklebad efeqturs 

xdis. is mdgomareobs eqstremumis Ziebis SemTxveviTi ricxvebis 

seriebis Zalian grZeli gamocdis gamoyenebis aucileblobaSi. es 

maT gamoyenebas rTuli dinamiuri modelebis identifikaciis 

dros SeuZlebels xdis. 
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mxolod xarisxxis modelis kriteriumis mniSvnelobebis 

gamoTvlebze dafuZnebul eqstremumis Ziebis Semdeg 

algoriTmebis jgufs warmoadgens koordinatuli daSvebis 

algoriTmebis jgufi. meTodi SemdegSi mdgomareobs: 1. 

gamoiTvleba fazuri traeqtoria da maSasadame, xarisxis 

kriteriumebi parametrebis sivrcis raRac ib  wertilSi; 2. moicema 

parametrebis veqtoris j-uri koordinatebis nazrdi  bΔ  sidideze 

da isev gamoiTvleba kriteriumebi; 3. Tu kriteriumebis axali 

mniSvnelobebi naklebia winaze, maSin gadasvla xdeba j 1+  

koordinataze da sruldeba meore punqti; winaaRmdeg SemTxvevaSi 

j-ur koordinats zrdian bΔ  sididemde da axdenen Semowmebas 

punqti 3-is Sesabamisad; 4. Tu axali Sedegi winamorbedze 

ukeTesia, maSin gadadian j+1 koordinataze; winaaRmdeg 

SemTxvevaSi j-ur koordinats miewereba wina mniSvneloba da 

gadadian j+1 koordinataze. 

N raodenobis cdebis Catarebis Sedegad, xorcieldeba wina 

parametrebis veqtoris axal mniSvnelobaze gadasvla, ukeTesi 

(mcire) xarisxis kriteriumis miRebamde. eqstremumis Zebnis 

procesSi bijis sididis SerCevaze dafuZnebuli meTodis mravali 

modifikacia arsebobs. SedarebiT efeqturia meTodi, sadac bijis 

sidide SeirCeva lokaluri eqstremumis miRwevis pirobidan, 

bijis zomis varirebisas nulidan raRac cnobil sididemde. 

efeqturi algoriTmebi miiReba aseve im SemTxvevebSi, roca 

parametrebis sivrceSi gamoiyeneba ori saxis biji: sacdeli biji 

axali wertilis sapovnelad zemoT aRwerili sqemis mixedviT da 

biji mimarTulebisken, Zveli da axali wertilebis SemaerTebeli. 

am bijis sidide aseve SeirCeva an am mimarTulebiT lokaluri 

eqstremumis miRwevis pirobidan, an romelime saxis evristikuli 

kanonis gamoyenebis dros. 

eqstremumis Ziebis kidev erT pirdapir meTods warmoadgens 

meTodi romelic cnobilia simpleqs-meTodis saxeliT. is 
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warmatebiT gamoiyeneba maTematikuri daprogramebis farTo wris 

amocanebis gadaWrisas. 

igi iTvaliswinebs (3.28) funqcionalis mniSvnelobis 

gamoTvlas simpleqsis swori mravalkuTxedis mwvervalebSi, aseve 

mis centrSi. am moqmedebebis Sedegad miiReba informacia 

moZraobis perspeqtiuli mimarTulebis parametrebis sivrceSi. 

kriteriumis minimizaciis TvalsazrisiT miRebuli yvelaze cudi 

simpleqsis mwvervalis ugulvelyofa xdeba, xolo  

funqcionalis (3.28) axali mniSvneloba gamoiTvleba axlad 

warmoqmnili centris mimarT simetriulad asaxul simpleqs 

mwvervalze. 

am meTodis mraval variantSi gaTvaliswinebulia 

eqstremumTan SeerTebis siCqaris zrdis zomebi, gansazRvruli 

kanoniT simpleqsis gverdis bijis zrdis gziT; aseve miiReba 

eqstremumis midamoebSi simpleqsis moculobis Semcirebis zomebi. 

simpleqs-meTodis gamoyenebis SedarebiT bunebriv ares 

warmoadgens didi zomis maTematikuri daprogramebis amocanebis 

miaxloebiTi amoxsna.  

mokled SevCerdeT eqstremumebis Ziebis meTodebze, romlebic 

eyrdnoba pirveli da meore xarisxis warmoebulebis gamoTvlas.  

modelis gawrfivebis process saZiebel parametrebTan 

mimarTebaSi mivyavarT gauss-zeidelis kargad cnobil 

algoriTmTan. erTjeradi traeqtoriis zogierTi parametrebis 

sawyisi veqtoris mimarT teiloris mwkrivad gardaqmniTa da 

mxolod wrfivi wevrebis SenarCunebiT, (3.28)-Si Casmis Semdeg 

miviRebT gantolebaTa wrfiv sistemas. am sistemis amoxsna, Tuki 

is arsebobs, gansazRvravs modelis parametrebis nazrdis 

veqtors. 

parametrebis axali veqtoris gamosaTvlelad gamoiyeneba 

Semdegi saxis gamosaxuleba 

 
1

arg min ( )
j j j

j j

b b b

b b

θ

θ θ
+ = + Δ

= Φ + Δ
 (3.29)  
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sadac  jbΔ  _ parametrebis veqtoris nazardia j-ur 

iteraciaze; θ  - damaCqarebeli mamravli, gansazRvruli 

erTganzomilebiani minimizaciis  procesSi jbΔ  mimarTulebiT 

iteraciuli proceduris TiToeul bijze. 

( )bΦ  minimumis gansazRvris sxva xerxi mdgomareobs TviTon 

kriteriumis gawrfivebaSi. es procedura iZleva saSualebas 

gamoiTvalos uswrafesi daSvebis mimarTuleba gamoxmaurebis 

zedapirze (3.28), romelsac veqtor-gradientis mimarTuleba 

Seesabameba. gradientis mimarTulebiT moZraobis da (3.29)-is 

Sesabamisad bijis SerCevis Semdeg miviRebT uCqaresi daSvebis 

meTodis variants. 

arsebobs agreTve mraval cvladiani funqciis minimizaciis 

sakmaod saintereso meTodi, romelSic Serwymulia orive zemoT 

aRwerili algoriTmis Rirsebebi. masalaSi SemoTavazebulia 

gaus-zeidelis wrfivi gantolebaTa sistemis matricis Sevseba 

diagonaluri erTeuli matriciT, gamravlebuli zogierT 

skalarul parametrze. am parametris amorCeviT diapazonSi 

nulidan usasrulobamde SesaZlebelia eqstremumis Ziebis 

strategiis cvla, gradientuli meTodis upiratesobis (procesis 

sawyis etapze damTxvevis are didia) da saboloo etapze gaus-

zeidelis damTxvevis kvadratuli siCqaris meTodis gamoyenebiT 

[77]. 

kidev erTi algoriTmi, romelic moiTxovs parametrebis 

veqtorze mxolod kriteriumis gradientis gamoTvlas, magram 

mniSvnelovnad maRali Tanxvedris mqone, cnobilia SeuRlebuli 

gradientebis meTodis saxeliT. kvadratul zedapirebze, sawyisi 

wertilisagan damoukideblad, meTodi uzrunvelyofs bijTa 

ricxvTan Tanxvedras, romelic Teoriulad ar aRemateba 

gamoxmaurebis zedapiris zomas. meTodis safuZvels Seadgens 

iteraciuli procesi: 
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⎪= Φ + ⎭

 (3.30)  

sadac j∇Φ  _ (3.28)-is gradientia, gamoTvlili  j-ur 

iteraciaze; jd  _ SeuRlebuli gradientis veqtori. 

meTodi, romelic iyenebs informacias gamoxmaurebis 

zedapiris simrudeze da ara mxolod misi cvlilebis siCqareze, 

saWiroebs meore warmoebulebis matricis gamoTvlas da 

cnobilia rogorc niutonis meTodi. algoriTmebs, romelic 

agebulia niutonis sqemis mixedviT, gaaCnia Zalian maRali 

Tanxvedra, Tumca modelis parametrebis cvlilebis SezRudul 

areSi. iteraciuli procesi, romelic warmoqmnis niutonis 

meTods, gamoiyureba Semdegnairad: 
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1

1

[ ]

arg min ( ), 0 1

j
j j bb j

j

b b

b

θ

θ θ

−
+

+

= − Φ ∇Φ

= Φ ≤ ≤
 (3.31)  

sadac,  1[ ]j
bb

−Φ  _ meore warmoebulebis piruku matricaa.  

eqstremumis Ziebis arsebul meTodebze Catarebuli analizi 

misi arasrulobis miuxedavad saSualebas iZleva saorientaciod 

amovirCioT algoriTmebis jgufi, ase Tu ise misaRebi iqneba 

sasoflo-sameurneo kulturebis mosavlis formirebis 

saidentifikacio modelis amocanis amosaxsnelad. upirveles 

yovlisa, saWiroa gamovricxoT meTodebi dafuZnebuli pirvel da 

meore xarisxis warmoebulebis gamoTvlaze, radgan dinamiuri 

sistemebis sxvadasxva nawilebi gansazRvrulia araTanxvedril 

droiT intervalebze. rasac mivyavarT kriteriumis uwyvetobis 

(3.28) darRvevamde mcenaris axali organoebis warmoqmnis 

wertilebSi. garda amisa, dro, saWiro erTi iteraciis 

gasaTvlelad iqneba Zalian didi. 

pirdapiri meTodebidan met interess iwvevs relaqsaciuri 

tipis algoriTmebi. aseTs miekuTvneba konfiguraciis meTodi da 
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aseve brunviTi koordinatebis meTodi. swored es meTodebi iqna 

gamoyenebuli modelis parametrebis identifikaciis amocanis 

amosaxsnelad [94, 96].  

konfiguraciis meTodis algoriTmi warmodgenilia blok-

sqemaze (nax. 5). am meTodis safuZvels warmoadgens sacdeli 

bijebis seria, romelic xorcieldeba koordinatis klebadobis 

sqemiT. amasTan, parametrebis sivrceSi ZiriTadi biji 

xorcieldeba bi-is gverdis avliT SemaerTebeli bi-1 da bi+1 

wertilebis mimarTulebiT. bijis sidide am wertilebs Soris 

ormagi manZilis tolia. garda amisa algoriTmi iTvaliswinebs 

sacdeli bijebis Semcirebas eqstremumis midamoSi, rac zrdis 

misi gansazRvris sizustes. 

mbrunavi koordinatebis meTodi warmoadgens koordinatis 

klebadobis sqemiT meTodis saxesxvaobas, Ziebis bijis povniT 

kriteriumis minimizaciis pirobidan, mocemuli mimarTulebiT. 

meTodis Taviseburebas warmoadgens masSi koordinatebis 

RerZebis Semobrunebis procedurebis CarTvas iseTi saxiT, rom 

isini ganTavsdnen xarisxis minimaluri da maqsimaluri 

kriteriumis cvlilebis mimarTulebiT. rac gvaZlevs efeqtur 

algoriTms, romelsac SeuZlia zedapirze eqstremumis 

wertilebis povna.  
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ნახაზი 5.  კონფიგურაციის მეთოდით ექსტრემუმის ძიების  

ალგორითმის ბლოკ–სქემა 
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3.3 fenologiuri ganviTarebis procesebis modelireba 

 

mcenaris ganviTarebis ontogenetikuri mimdinareoba – 

asakobrivi da morfofiziologiuri etapebis Tanmimdevroba – 

warmoadgens genetikur dnk molekulebis struqturebSi 

kodirebul STamomavlobiT niSans. amitom, onTogenezis saerTo 

mimdinareoba ganixileba rogorc TviT mcenaris ujredebSi 

arsebuli, ganviTarebis STamomavlobiTi programis gaSla. 

mcenareebs, rogorc erTian organizmebs axasiaTebT organoebs 

Soris korelaciuri urTierTkavSiri da nivTierebaTa cvlaze 

dafuZnebuli polaruloba, romelTa Sorisac gansakuTrebul 

rols biologiurad aqtiuri nivTierebebi TamaSoben. 

dResdReobiT aRiarebulad SeiZleba CaiTvalos is, rom 

mcenaris individualuri ganviTareba fotohormonebiT 

regulirdeba  specialuri aqtiuri nivTierebebiT, romelTa 

gavlena onTogenezis calkeuli etapebis mimdinareobaze 

gamoixateba informaciis gadacemiT Semdegi etapis dasawyebad. 

mcenaris iuveniluri mdgomareobidan yvavilobaze gadasvlis 

ZiriTadi principebi, romlis arsi imaSia, rom vegetaciur fazaSi 

mcenaris foTlebSi grovdeba specifiuri nivTiereba – 

florigeni, gadaecema generatiul organoebs, romelic axdens 

inicirebas mcenaris ayvavebaSi. amasTan, garkveulia rom 

hormonaluri regulatorebi warmoadgenen fotosinTezis da 

mcenaris sunTqvis saboloo produqts da maTi dagrovebis 

siCqare damokidebulia garemo pirobebze [78, 79]. 

amrigad, mcenaris individualuri ganviTareba ganisazRvreba 

genetikuri da garemo pirobebis faqtorebis urTierTkavSiriT. 

garemo pirobebs (ganaTebis intensivoba, temperatura, mineraluri 

kvebis pirobebi da a.S.) SeuZliaT arsebiTad Secvalon 

mcenareuli organizmis ama Tu im etapis onTogenezis 

xangrZlivoba. sxvagvarad rom vTqvaT, Tu mcenaris ganviTarebis 

etapebis Tanmimdevroba ganisazRvreba genetikuri programiT, 

romelic realizebulia biologiurad aqtiuri nivTierebebis 
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sinTezis wyalobiT saerTo metabolizmis procesSi, maSin 

TiToeuli etapis xangrZlivoba ganisazRvreba konkretulad 

aRmocenebis mimdinare pirobebiT. es faqti ganpirobebulia 

mcenaris metabolizmis fiziologiur-bioqimiuri bunebiT, 

bioqimiuri reaqciis siCqariT, romelic didad ganisazRvreba 

garemo pirobebis faqtorebiT. 

jer kidev 1735 wels m. reomiurma gamoTvala saSualo 

dReRamuri temperaturis jami 1734-1735 ww. vegetaciis periodis 

ganmavlobaSi da axsna 1 TviT mosavlis aRebis dagvianeba civ 

1735w.. am droidan moyolebuli es meTodi, dafuZnebuli 

mosazrebaze, rom saSualo dReRamuri temperaturis jami, 

aucilebeli ama Tu im fenofazis mimdinareobisaTvis, sxvadasxva 

garemo faqtorebis Serwymis dros rCeba mudmivi, misma sxvadasxva 

modifikaciebma hpova farTo gavrceleba. gansakuTrebiT farToa 

misi gamoyeneba soflis meurneobaSi [27]. 

saSualo dReRamuri temperaturis jamis mudmivoba 

ganviTarebis garkveuli fazis mimdinareobisaTvis SeiZleba iyos 

gamoxatuli Semdegi saxiT:  

 
1

( ) /
jN

j jN t tτ
τ =

= ∑  (3.32)  

sadac jt  _ periodis ganmavlobaSi haeris saSualo 

dReRamuri temperaturaa; jN  _ dReebis ricxvi; tτ∑  _ saSualo 

dReRamuri temperaturis jami, aucilebeli mcenaris ganviTarebis 

mocemuli fazis mimdinareobisaTvis. 

ganviTarebis fazis xangrZlivobis prognozirebis meTodis 

srulyofa haeris temperaturis jamis mixedviT, mimdinareobs 

(3.32) gantolebaSi mcenaris ganviTarebisaTvis temperaturebis 

jamis amsaxveli usargeblo wevris Seyvanis gziT: 

1

jN

j jt A BNτ
τ =

= +∑  
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sadac jN  _ ganviTarebis fazis xangrZlivobaa; B _ mocemuli 

saxeobis mcenaris ganviTarebis qveda temperaturuli zRvari; A _ 

efeqturi temperaturebis jami. 

ganviTarebis fazis xangrZlivobisaTvis am gamosaxulebis 

gardaqmnis Semdeg miRebul iqna Semdegi saxis gamosaxuleba: 

 /( )j j jN A t B= −  (3.33) 

anu 

 [ ( ) ] /j j jN A k t B tα
τ= − −  (3.34)  

sadac  ,k α  _ empiriuli koeficientebia. 

mcenaris ganviTarebis fiziologiur-bioqimiuri safuZvlis 

gaTvaliswinebiT, mosalodnelia organogenezis etapebis 

xangrZlivobis mWidro kavSiri garemos realur temperaturebTan, 

da ara maT jamebTan, radgan arsebiTad swored realuri 

temperatura moqmedebs bioqimiuri reaqciebis siCqareze. es faqti 

gaTvaliswinebulia fazebs Soris intervalebis xangrZlivobis 

kavSiris Ziebis dros mocemul periodSi haeris saSualo 

temperaturebTan. 

analitikuri gamosaxuleba warmodgenilia Semdegi saxiT: 

 
2

0
t btY Y eααβγ −=  (3.35) 

sadac Y – 1000-jer gadidebuli ganviTarebis xangrZlivobis 

fazis Sebrunebuli sididea; αβγ  – dRis xangrZlivobis gavlenis 

xarisxis, haeris tenianobis da niadagis tenianobis 

gamTvaliswinebeli parametrebi ganviTarebis fazis 

xangrZlivobaze; 0Y  _ Y -is sawyisi mniSvnelobaa; t  – periodis 

ganmavlobaSi saSualo temperatura; a,b _ empiriuli parametrebi. 

rogorc mosalodneli iyo, mcenaris ganviTarebaze ZiriTad 

gavlenas axdens naTesSi haeris temperatura da niadagis 

fesvmyofi fenis tenianoba.  

eqsperimentuli masalebis damuSavebis Sedegad dadginda, 

ganviTarebis yvela fazis xangrZlivobis damokidebuleba garemo 

faqtorebze. fenologiuri fazebisaTvis, romelTa xangrZlivobac 
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damokidebulia mxolod temperaturaze, ganisazRvra periodis 

mimdinareobisaTvis aucilebeli temperatura. 

sxva fenologiuri fazebisaTvis ki gamoiyeneba Semdegi xerxi. 

ganviTarebis fazis j-uri xangrZlivoba jN  dReRamuri ricxvis 

tolia, romelic damokidebulia ( )sx τ  garemo faqtorebis 

veqtoris mniSvnelobaze (s _ garemo faqtorebis indeqsia). Tu 

miviRebT j-uri fenologiuri fazis xangrZlivobas 1-is tolad, 

maSin TiToeuli dRe-Ramis wili Seadgens ( ) 1j sF x < . j fenofazis 

mimdinareobisaTvis ki aucilebelia dRe-Ramis raodenoba, 

romelic SeiZleba ganisazRvros damokidebulebidan 

 
1

[ ( )] 1, 1,2, 1,
jN

j s jF x s N
τ

τ τ
=

= = =∑  (3.36)  

amocana mdgomareobs imaSi, rom SeirCes ( )j sF x  

damokidebulebis forma TiToeuli j-uri fenologiuri 

fazisaTvis, xolo Semdeg umciresi kvadratebis meTodiT 

Sefasdes arCeuli analitikuri gamosaxulebis parametrebi:  

 

2

1 1
[ ( )] 1 min

j jn N

j s
k

F x
τ

τ
= =

⎧ ⎫⎪ ⎪− →⎨ ⎬
⎪ ⎪⎩ ⎭

∑ ∑  (3.37)  

sadac jn  _ cdis variantebis raodenobaa. 

 

 

3.4. biomasis nazrdis modelis identifikacia 

 

biomasis nazrdis modelSi xiluli fotosinTezis 

intensivobis parametrebis gansazRvris mizniT SevarCioT 

kriteriumi, romlis daxmarebiTac mizanSewonilia saZiebeli 

parametrebis gamoTvla.  

aseT kriteriumad SeiZleba kvadratuli funqcionalis 

gamoyeneba 

 { }2

1 2 3( , , , , )t t
t

S m k k k mλ λ
λ

α γ= −∑ e  (3.38) 



78 

sadac tλ  – drois momentebia, romlisTvisac gvaqvs gazomili 

biomasebi; tm λ  _ Teoriuli mniSvnelobebia mSrali biomasis 

dReRamuri nazrdidan mindvris erTeul farTobze; tm λe  _ mSrali 

biomasis dReRamuri nazrdis eqsperimentuli mniSvnelobebi 

erTeul mindvris farTobze. 

(3.38) formiT vegetaciuri zrdis procesis Teoriuli da 

eqsperimentaluri biomasis nazrdis siaxlovis xarisxis 

Semfasebeli kriteriumis amorCeva ganisazRvreba modelis agebis 

saboloo miznebiT – wyalganawilebis dagegmarebis dros misi 

gamoyenebiT mmarTveli strategiebis formirebisaTvis. am 

amocanis gadasaWrelad ar aris sakmarisi modelis da obieqtis 

siaxlovis moTxovna calkeul (magaliTad, saboloo) drois 

momentSi. ufro upriania siaxlovis miRweva saSualod, rac 

uzrunvelyofs kriteriumis (3.38) minimizacias.  

unda iTqvas, rom ufro metad mosaxerxebelia saqme gvqondes 

TviT biomasis da ara misi nazrdis mniSvnelobebTan. maSin 

 { }
1

2

( ) ( ) min
Nt

t t
S M t M tλ λ

λ=

= − →∑ e  (3.39)  

sadac ( )M tλe  – mindvris erTeul farTobze naTesis saerTo 

mSrali biomasis empiriuli mniSvnelobebia dakvirvebis tλ  

momentSi; N _ dakvirvebis ricxvi. 

modelis eqspluataciis procesSi morwyvis marTvis 

operatiuli koreqtirebis dros gaangariSebis Semdeg etapze 

sawyis pirobebad gamoyenebuli iqneba dasakvirvebeli fazuri 

cvladebi organoebis mixedviT. rac saukeTesoa miaxloebis 

misaRwevad da mizanSewonils xdis ara marto jamur biomasebTan, 

aramed calkeuli organoebis biomasebTanac. maSin biomasis 

nazrdis modelis parametrebis gansazRvris mizniT kriteriumi 

SeiZleba warmovadginoT Semdegi saxiT: 

 { }
1

24

1
( ) ( ) min

Nt

i i
i t t

S M t M t
λ

λ λ
= =

= − →∑∑ e  (3.40)  
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sadac i – mcenaris organoebis indeqsia: 1 – foTlebi, 2 – 

Rero, 3 – TavTavi, 4 – fesvebi. es gamosaxuleba gamoiyeneba 

biomasis nazrdis ucnobi parametrebis saZieblad. eqstremumis 

saZieblad ki gamoviyenoT pirdapiri Ziebis meTodi, romelic 

cnobilia rogorc xuk-jivsis algoriTmi [94]. 

unda iTqvas, rom modelSi ar aris gaTvaliswinebuli 

asimilaciuri aparatis daberebis procesi, anu ar aris 

gaTvaliswinebuli is rom droTa ganmavlobaSi asimilaciuri 

aparatis erTeuli farTobi imave garemo pirobebis dros iwyebs 

fotosinTezirebas naklebi intensivobiT, rac gaTvaliswinebulia  

formulaSi  

{ }0
ˆ ˆ ( ) ( , ), max ( , ) 1j jF F Q u t w u t w= =  

daberebis funqciis saxiT Sesworebis Setanis gziT: 

 0
ˆ ˆ ( ) ( , ) ( )j j jF F Q u t w f τ=  (3.41)  

sadac ( )jf τ  j-uri organos asimilaciuri aparatis daberebis 

funqciaa. 

 ( ) 1/[1 exp( 12)]j
j j

j

f a
τ τ

τ
τ τ

−
= + −

−rcs

 (3.42)  

sadac jτ  _ j-uri organos aRmocenebis droa, 1, 3j = ; τrcs  _ 

rZian_cvilovani simwifis dadgomis dro; ja  _ koeficientebi. 

ricxvi 12 eqsponenturi xarisxis maCvenebelSi, arCeulia im 

mosazrebiT, rom momentSi roca 0, exp( ) 0 ( ) 1j jfτ τ τ τ− = → →da  . 

 

 

3.5. garemo faqtorebi da maTi roli mosavlis  

formirebis modelSi 

 

cnobilia, rom sasoflo-sameurneo mcenareebis zrdisa da 

ganviTarebis procesi damokidebulia garemos sakmaod 

mniSvnelovan faqtorebze. rTuli bunebrivi procesebis 

kompleqsis modelirebis dawyebamde unda gaviTvaliswinoT, rom 
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bunebaSi arsebuli realuri kavSirebis mravalferovnebis 

mxedvelobaSi srulad miReba ar aris saWiro, modelSi saWiroa 

mxolod umniSvnelovanesi, Seucvleli garemo faqtorebis 

gaTvaliswineba, romlebic axdenen yvelaze arsebiT gavlenas 

modelis fazuri koordinatebis cvlilebebze. 

mosavlis formirebis modelis damuSavebis mizans 

warmoadgens misi gamoyeneba wylis resursebis optimaluri 

moxmarebis amocanebis gadasaWrelad. aqedan gamomdinare, 

mocemul etapze aucilebelia gaTvaliswinebuli iyos 

produqtiulobis procesze oTxi umniSvnelovanesi _ radiaciuli, 

temperaturuli, wylis da mineraluri kvebis reJimebis faqtoris 

gavlena. pirveli ori warmoadgens praqtikulad umarTav, ufro 

sworad pasiurad marTvad faqtors.Mmcenaris mineraluri kveba da 

maTi wyalmomarageba – marTvadi faqtorebia. 

mineraluri kveba ZiriTadad, fesvTa sistemasa da mcenaris 

miwiszeda nawils Soris asimilatorebis gadanawilebis procesze 

axdens gavlenas. aqedan gamomdinare is bevrad gansazRvravs 

asimilaciuri aparatis farTobs – biomasis nazrdis 

ganmsazRvrel eqstensiur faqtors. radiaciuli, wylis da 

temperaturuli reJimebi uSualo gavlenas axdenen airgacvlis 

intensivobaze, riTac aseve gansazRvraven mcenaris zrdis 

siCqares. wylisa da temperaturis reJimebi axdenen gavlenas 

mcenaris ganviTarebis periodis mimdinareobis xangrZlivobaze. 

garda amisa, wylis reJimebi, mineraluri kvebis reJimebTan erTad, 

gansazRvravs mcenaris miwiszeda da miwisqveSa nawilebs Soris 

asimilatorebis ganawilebis proporciebs. 

mosavlis formirebis modelis dinamiuri xasiaTis 

miuxedavad, dinamiur formaSi ver xerxdeba mineraluri kvebis 

gavlenis gaTvaliswineba, radgan jer kidev naklebad aris 

damuSavebuli niadagSi biogenuri elementebis transformaciis 

modelebi da SeuZlebelia maTi balansis saWiro sizustiT 

gamoTvla. 
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amitom sakvebi nivTierebebi fasdeba niadagis bunebrivi 

nayofierebisa da mis zrdaze mineraluri sasuqebis gavleniT. 

danarCeni faqtorebi gaTvaliswinebulia dinamiuri saxiT. 

 

 

3. 6 naTesSi haeris temperaturis gamoTvla 

 

modelSi naTesis temperaturuli reJimis maxasiaTeblis 

maCveneblad, naTesis SigniT miRebulia haeris saSualo 

dReRamuri temperatura. misi gavlena biomasis dagrovebis 

procesze gaTvaliswinebulia damokidebulebiT 

 

0

0

0

0

1
0 0

0
2

0 0

( )

( )

t t
t t

w w
w w

t t t tu t
t t t t

w ww wu w
w w w w

αα

γγ

−
−

−

−
−

−

⎫
⎛ ⎞⎛ ⎞− − ⎪= ⎜ ⎟⎜ ⎟ ⎪− −⎝ ⎠ ⎝ ⎠ ⎪

⎬
⎪⎛ ⎞⎛ ⎞ −− ⎪= ⎜ ⎟⎜ ⎟ ⎪− −⎝ ⎠ ⎝ ⎠ ⎭

 (3.43)  

 haeris saSualo dReRamuri temperatura gacilebiT 

ukeTesad, vidre haeris temperatura meteojixuris standartul 

simaRleze – 2m, korelirebs mcenaris temperaturasTan, rasac 

modelSi Secdomebis klebasTan mivyevarT. Tumca, 2m simaRleze 

arsebuli temperaturisagan gansxvavebiT, is ar aRiniSneba 

meteorologiur sadgurebze da ar aris prognozirebadi. amitom 

aucilebeli xdeba naTesSi haeris saSualo dReRamuri 

temperaturis dakavSireba dReRamur haeris saSualo 

temperaturasTan 2m-is simaRleze. 

aseTi kavSiris gansazRvris dros aucilebelia mxedvelobaSi 

miviRoT, rom mosarwyav miwebze SeiniSneba egreT wodebuli 

oazisuri efeqti, romlis azri mdgomareobs naTesis SigniT  

mikroklimatis SeqmnaSi [3]. 

naTesSi t haeris temperaturis gadaxris sidide 

meteojixurSi arsebuli tm haeris temperaturidan damokidebulia 

rogorc TviT tm temperaturaze, aseve w  mosarwyavi miwebis 

niadagis tenianobaze. 



82 

am efeqtis gamosaTvlelad SemovitanoT temperaturuli 

Sesworeba, meteojixurSi saSualo dReRamuri haeris 

temperaturis mniSvnelobebis mimarT: 

 ( , )t t w t− = Δm m  (3.44)  

sadac ( , )w tΔ m  – temperaturuli Sesworebaa, damokidebuli 

sarwyavi mindvrebis w  niadagis tenianobaze da 2m-is simaRleze 

moTavsebul meteojixurSi saSualo dReRamuri haeris 

temperaturaze. 

 

 

3. 7. naTesis zedapirze fotosinTezurad mzis aqtiuri 

radiaciis intensivobis wilis gamoTvla. 

 

Cvens mier zemoT gamoTqmuli iyo fotosinTezurad aqtiuri 

radiaciis gavlenis gaTvlis meTodis Sesaxeb fotosinTezis 

intensivobaze, xolo Semdeg dReRamis naTel droSi jamur 

fotosinTezze. ganusazRvreli dagvrCa sami sidide: far 

(fotosinTezurad aqtiuri radiacia) intensivoba - Q, mzis 

amosvlis dro - θa  da mzis Casvlis dro - θ C . es sidideebi 

astronomiul maxasiaTeblebs warmoadgenen da damokidebulni 

arian adgilis ganedsa da TariRze, xolo Q - dReRamur droze 

da Rrublianobaze [45]. 

far Q intesivoba SeiZleba gamovTvaloT formuliT: 

 
0 sin

(1 )
1 / sin
c S h

Q cN
hψ

∗

∗= −
+
f

 (3.45) 

sadac 0S  – mzis mudmivaa toli 1,19 kal/(sm2.wT); cf  _ far 

koeficienti, romelic ricxobrivad jamuri radiaciis saerTo 

nakadSi far-is wilis tolia, 0,5c =f ; ψ  _ wlis droze, adgilis 

ganedze da dafenili zedapiris Tvisebebze damokidebuli 

koeficienti; N _ Rrubliani safaris dRis saSualo Sefaseba 
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(bali); c _ adgilis ganedze damokidebuli empiriuli 

koeficienti; h* _ mzis simaRle. 

am gamosaxulebaSi Semavali h* sidide SesaZlebelia 

gamoiTvalis damokidebulebidan  

 sin sin sin cos cos cosh ϕ δ ϕ δ θ∗ = +  (3.46)  

sadac ϕ  _ adgilis ganedia; δ  _ mzis daxra; θ  – mzis 

saaTobrivi kuTxe. 

mzis daxra Tavis mxriv damokidebulia kalendarul TariRze 

da SesaZlebelia gamoiTvalos astronomiuli cxrilebis 

aproqsimaciis gziT miRebuli formuliT: 

 0,408sin[( 21) / 57,4]xδ = −  (3.47)  

aq x – mocemul weliwadSi saangariSo dRis rigiTi nomeria, 

daTvlili 1 martidan, roca x=1. 

xiluli fotosinTezis dReRamuri sidide SesaZloa 

gamoiTvalos Semdegnairad: 

 0oj jF F d
θ

θ

θ= ∫
C

a

 (3.48) 

sadac ojF _ j-uri organos xiluli fotosinTezis myisieri 

mniSvnelobaa mindvris erTeul farTobze; θ _mzis saaTis kuTxe; 

θa da θC _Sesabamisad mzis amosvlisa da Casvlis momenti. 

imisaTvis, rom am gantolebis integrireba movaxdinoT 

aucilebelia vicodeT mzis amosvlis da Casvlis dro TiToeuli 

TariRisaTvis. maTi gansazRvris mizniT saWiroa (3.46) formulaSi 

davuSvaT, rom 0h∗ = , maSin 

 cos tg tgθ ϕ δ=  (3.49)  

am gantolebis ori fesvi saZiebel sidideebs iZleva. 
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3.8. niadagis fesvTsamyofi fenis tenianobis gaTvla 

 

dResdReobiT sasoflo-sameurneo kulturiT dakavebuli 

mindvris niadagSi, tenis gadaadgileba aRiwereba gantolebiT: 

 
2

2( )P P PK K g f
x x x

ϕ ρ α
τ τ

−∂ ∂ ∂ ∂
= − − −

∂ ∂ ∂ ∂ ∂
 (3.50)  

sadac P _ niadagis tenianobis wnevaa; ρ  _ wylis simkvrive; g 

–simZimis Zalis aCqareba; /w Pϕ = ∂ ∂ ; w  _ niadagis moculobiTi 

tenianoba; K _ hidravlikuli gamtarianoba; 2α−  _ koeficienti, 

romelic iTvaliswinebs horizontaluri kapilarebis gavlenas 

vertikalur tengamtarianobaze; f  _ mcenaris fesviani sistemis 

mier wylis STanTqmis gamTvaliswinebeli wevri [57, 59]. 

gantolebaSi Semavali koeficientebi niadagis tenianobis 

funqciebs warmoadgenen anu  2 2( ) , ( ), ( )w K K w wϕ ϕ α α− −= = = . garda 

amisa, P niadaguri tenianobis wneva aseve damokidebulia niadagis 

tenianobaze, ( )P P w= . 

SevCerdeT fesvebis mier STanTqmuli wylis dinebis gaTvlis 

xerxze. dResdReobiT ar arsebobs fesvebis mier fiziologiur 

monacemebze dafuZnebuli da wylis STanTqmis formalizebuli 

modelebi, romlebic am movlenas damakmayofileblad aRwers. 

amitom modelis ageba gvixdeba evristikuli principebidan 

gamomdinare, romlis fuZed aRebulia simarTlis msgavsi sistemis 

qceva. aseTi hipotezebidan erT-erTi SemoTavazebulia g. i. 

afanasikis mier. romlis mixedviTac drois erTeulSi mTeli X  

fesviani fenis ε  transpiracia tolia 

 
0

( , )
X

f x dε τ τ= ∫  (3.51)  

maSin, erTeuli fesvTsamyofi fenidan, erTeul droSi xarji 

transpiraciaze iqneba: 

 ( , ) ( , ) /f x x xτ ε τ= ∂ ∂  (3.52)  

logikuria vifiqroT, rom TiToeuli elementaluri niadagis 

fenis Senatani transpiraciaSi proporciulia dx  fenidan wylis 
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STanTqmaSi monawile η  fesvebis wilis X  fenaSi maTi saerTo 

wonidan (zedapiris farTobidan), am fenis K gamtarianobis 

koeficientis da misi dx  sisqis. aqedan gamomdinare  

 
0

( ) ( , ) ( , )
X

x K x dxε τ λ η τ τ= ∫  (3.53)  

sadac λ  _ proporciulobis koeficientia;  

 ( , ) / ( , ) ( , )f x x x K xτ ε λη τ τ= ∂ ∂ =  (3.54)  

(3.53)-dan gvaqvs  

 

0

( )

( , ) ( , )
X

x K x dx

ε τλ
η τ τ

=

∫
 (3.55) 

(3.55) gamosaxulebis (3.54) gamosaxulebaSi CasmiT miviRebT 

gantoleba (3.50)-Si Sida dinebebis sidideebis gamosaTvlel 

formulas: 

 

0

( ) ( , ) ( , )( , )
( , ) ( , )

X
x K xf x

x K x dx

ε τ η τ ττ
η τ τ

=

∫
 (3.56)  

am formulis praqtikuli gamoyenebis dros metnakleb 

sirTules ( , )xη τ  funqciis miReba warmoadgens. mis asagebad 

saWiroa iseTi fesvTa sistemis zrdis modelis Seqmna, romelic 

praqtikas daakmayofilebda rac jer-jerobiT ver moxerxda, 

Tumca samuSaoebi am mimarTulebiT tardeba [3]. 

amasTan dakavSirebiT visargebloT martivi hipoTeziT, sadac 

niadagSi fesvTa sistemis ganawileba ar aris gaTvaliswinebuli 

da fesvebis mier STanTqmuli wylis Camonadeni, niadagis 

tenianobis proporciulia 

 

0

( ) ( , )( , )
( , )

X
G xf x

G x dx

ε τ ττ
τ

=

∫
 (3.57)  

sadac  

 [ ( , ) ] /( )G w x w w wτ= − −  (3.58) 

w  – Wknobis (moculobiTi) tenianobaa; w  _ moculobiTi 

forianoba; w  _ niadagis moculobiTi tenianoba. 
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gamtarianobis koeficientis damokidebuleba niadagis 

tenianobaze s. f. averianovis Tanaxmad SesaZlebelia Caiweros 

Semdegi saxiT [25]: 

 

3,5
w wK K
w w

∗

Φ ∗

⎛ ⎞−
= ⎜ ⎟−⎝ ⎠

 (3.59)  

aq w∗ _ kapiliarebis wyvetis tenianobaa; KΦ  _ filtraciis 

koeficienti. 

im SemTxvevisaTvis, roca tenianobam SeiZleba miaRwios w∗ -ze 

mcire  sidides, navaraudevia Semdegi damokidebulebis gamoyeneba 

 

5
w wK K
w wΦ

⎛ ⎞−
= ⎜ ⎟−⎝ ⎠

m

m

 (3.60)  

sadac wm  – maqsimaluri gigroskopiulobis Sesabamisi 

moculobiTi tenianobaa. 

niadagis tenianobasa da kapilarul potencials Soris 

kavSiri SeiZleba aRiweros, magaliTad nawilobrivi funqciiT: 

 

exp ( ) ,

,

n

K

K

w w Pv w w w
w w P
w w P P w w w
w w P P

∗
∗

∗

∗
∗

⎫⎡ ⎤−
= − ≤ ≤ ⎪⎢ ⎥− ⎪⎣ ⎦ ⎬

− − ⎪= ≤ ≤ ⎪− − ⎭
m m

m

m m

 (3.61)  

aq v – empiriuli koeficientia. mineraluri gruntebisaTvis 

v=2.7; PK _ tenianobis potencialia, romelic w* kapilarebis 

wyvetis tenianobas Seesabameba; n _ empiriuli koeficientia. 

makavSirebeli mineraluri gruntebisaTvis n=3,0; Pm – tenianobis 

potenciali, Sesabamisi wm  maqsimaluri gigroskopiulobis. 

tengacvlis modeli aRwerilia (3.57), (3.60), (3.61) 

gantolebebiT. amasTan miRebul iqna Semdegi samxareo pirobebi: 

0 , ( )P P xτ τ= =  [25]. 

aeraciis zonaSi tengacvlis gaangariSebis aRwerili 

meTodis praqtikaSi gamoyenebis mizniT aucilebelia ε  

transpiraciis intensivobis da niadagis zedapiridan qa  

aorTqlebis gaangariSebis meTodebis qona. 
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qε + a  sidides Cveulebriv E jamur aorTqlebas eZaxian, 

romelsac umetes SemTxvevaSi aqvs Semdegi saxe: 

 ( ), 1,iE x i vξχψ= =  (3.62)  

sadac ψ  _ funqciaa, mindvris erTeul farTobidan erTeul 

droSi maqsimalurad SesaZlebeli jamuri aorTqlebis 

proporciuli, niadagis sakmarisi tenianobis dros da ix  

meteorologiuri faqtorebis aorTqlebis ganmsazRvreli 

sididis; ξ  _ koeficienti, teniani niadagis dros jamuri 

aorTqlebis xarisxis Semcirebis maxasiaTebeli; χ  _ empiriuli 

(e.w. bioklimaturi) koeficientia, mcenaris ganviTarebis mocemul 

periodSi maqsimaluridan SesaZlo aorTqlebis wilis 

maCvenebeli; v _ meteorologiuri faqtorebis ricxvi, 

romlidanac ψ  funqcia aigeba.  

meteorologiuri faqtorebis ix  aorTqlebis  intensivobis 

ganmsazRvrel Tvisebad, sxvadasxva avtorebi sxvadasxva 

maCvenebels iyeneben. i. a. Sarovis da g. k. lgovis mixedviT 

ix t
τ

= ∑ , sadac t _ saSualo dReRamuri temperaturebia 

gaangariSebis T periodSi; a. m. da s. m. alpatievebis mixedviT 

ix d
τ

= ∑ , sadac d _ haeris tenianobis saSualo dReRamuri 

deficitia; n. n. ivanovis da n. v. danilCenkos mixedviT { },ix t a= , 

sadac t da a _ Sesabamisad saSualo Tviuri temperatura da 

haeris absoluturi tenianobaa. s. i. xarCenkos mixedviT { },ix R B= , 

sadac R _ radiaciuli balansia,  B _ niadagSi siTbos nakadi da 

sxva. 

(3.62)-is tipis yvela formula empiriuls warmoadgens. am 

midgomis farglebSi ver xerxdeba calkeulad ganisazRvros ε  

transpiracia da qa  _ niadagis zedapiridan fizikuri aorTqleba. 

aseTi gancalkeveba SesaZlebelia ganxorcieldes 

fenomenologiuri modelebis gamoyenebis dros, romelic 

budagovskim daamuSava [31, 32]. 
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sakmarisi tenianobis pirobebSi (roca niadagis tenianoba ar 

warmoadgens SemzRudvel faqtors) transpiraciis intensivoba 0ε  

da niadagis fizikuri aorTqleba 0qa  SeiZleba aRiweros Semdegi 

saxis gamosaxulebiT 

 0 1 2 3d R Bε = Φ +Φ −Φ  (3.63)  

 0
1 2 3q d R B∗ ∗ ∗= Φ +Φ −Φa    (3.64)  

sadac d – haeris tenianobis deficitia; R _ naTesis 

zedapirze radiaciuli balansi; B _ niadagSi siTbos nakadi; 

{ }2

( ), ( ), 1, 3

, , ,
i i j i i j

j

x x i

x L u s t

∗ ∗Φ = Φ Φ = Φ =

=
 

aq L _ foTlovani indeqsia (mindvris erTeul farTobze 

foTlebis farTobi); u2 _ qaris siCqare niadagis zedapiridan 2m 

simaRleze; s _ naTesis H1 simaRlis mixedviT foTlebis 

farTobis ganawileba; 

1

0

H

L sdh= ∫  

t _ haeris temperatura 2m simaRleze. funqciebi iΦ  da i
∗Φ  

tabulirebuli. 

cnobilia, rom niadagis tenianobis Semcireba iwvevs rogorc 

transpiraciis, aseve niadagidan fizikuri aorTqlebis 

intensiobis Semcirebas. 

fizikuri aorTqlebis damokidebuleba niadagis tenianobaze 

tolia  

 
0 01 ( 1) qq w e q
θ

γ
−⎡ ⎤

= + −⎢ ⎥
⎢ ⎥⎣ ⎦

a

a a  (3.65) 

sadac γ  _ empiriuli koeficientia; θ  _ gamosaTvlel 

periodSi mosuli naleqebis raodenoba. 

niadagis tenianobis gavlena transpiraciaze aseve 

SesaZlebelia gaviTvaliswinoT eqsponencialuri tipis 

funqciebiT. 
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 dResdReobiT niadagis tenianobis gaangariSeba Cveulebrivi 

diferencialuri an  sxvaobiTi gantolebebis gamoyenebiT xdeba: 

 ( 1) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )H BW W u c E q qϕ ϕτ τ αθ τ ϕ τ τ τ τ τ τ+ = + + − − − − +  (3.66)  

es aris niadagis fesvTsamyofi fenis wylis balansis 

gantoleba. sadac W _ tenis maragia, gasaangariSebel niadagis 

fenaSi sisqiT H. is dakavSirebulia niadagis moculobiT 

tenianobasTan w damokidebulebiT W=wH; θ  _ atmosferuli 

naleqebia; α  _ atmosferuli naleqebis gamoyenebis koeficienti; 

ϕ  _ sarwyavi norma dReRamis ganmavlobaSi an misi nawili; uϕ  – 

morwyvis periodSi sarwyavi wylis aorTqleba; cϕ  _ mosarwyavi 

monakveTis farglebs gareT sarwyavi wylis zedapiruli 

gadmogdeba; E _ morwyvaTa Soris periodSi mindvridan jamuri 

aorTqleba; Hq  _ sarwyavi wylis vertikaluri gadmogdeba 

niadagis gasaTvleli fenis qveda sazRvridan; Bq  _ niadagis 

gasaTvlel fenaSi gruntis wylebidan wylis miReba qveda 

sazRvris meSveobiT. 

niadagis W gasaTvlel fenaSi tenmaragi τ  dReSi  SeiZleba 

iyos an gazomili – gaangariSebis dasawyisSi, an daangariSebuli 

(3.66) gantolebiT – yvela Semdgom dReebSi. 

procesisaTvis naleqebi gare Semomaval informacias 

warmoadegenen da unda iyvnen gaangariSebis mTeli periodisaTvis 

cnobilni determinirebuli an sToqasturi saxiT. 

naleqebis gamoyenebis koeficienti α  warmoadgens 

maxasiaTebels, romelic damokidebulia naleqebis intensivobaze 

da moculobaze, aseve niadagis Tvisebebze da mindvris 

zedapirze, romelzec isini modian: daxraze, mikroreliefze, 

simkvriveze, meqanikur Semadgenlobaze da niadagis tenianobaze. 

sarwyavi norma ϕ  warmoadgens marTvad parametrs da 

daangariSebisas moicema apriorulad. 

morwyvis uϕ  periodSi sarwyavi wylis aorTqleba SeiZleba 

warmoadgendes arsebiT sidides dawvimebiT morwyvis dros. 
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cdebma uCvena rom is SeiZleba Seadgendes morwyvis manqanis mier 

gadmogdebuli wylis xarjidan 5% (RamiT) – 35% (cxel dRis 

saaTebSi). am sakiTxebis Seswavlas ara erTi samuSao mieZRvna, 

romlebSic gamoikveTa ZiriTadi faqtorebi, romlebic gavlenas 

axdenen xelovnuri dawvimebis dros aorTqlebis sidideze. 

magaliTad, dawvimebisas wylis aorTqleba damokidebulia Semdeg 

faqtorebze: wylis da haeris temperaturaze, haeris tenianobaze, 

qaris siCqareze, wylis wveTis zomaze, dawvimebis intensivobaze, 

wveTebis vardnis simaRlesa da siCqareze [80].  
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Tavi 4. morwyvis dros wylis resursebis ganawilebis 

procesebis algoriTmizacia  

 

4.1 sasoflo-sameurneo kulturebis morwyvis reJimebis  

optimizacia. morwyvis reJimis gavlena mosavalze wylis 

resursebis deficitis pirobebSi. 

 

 

sawarmoo funqcia, romelic asaxavs damokidebulebas 

sasoflo-sameurneo kulturebis mosavlis sididesa da mis 

mosarwyavad gamoyofil wylis moculobas Soris, icvleba 

wlidan wlamde da mindvridan mindvramde, vinaidan is 

dakavSirebulia niadagis nayofierebaze da meteorologiur 

pirobebze. garda amisa, Tundac winaswar fiqsirebul garemo 

pirobebis da wylis resursebis deficitis pirobebSi mosavalze 

arsebiT gavlenas axdens morwyvis reJimi, anu rwyvis vadebi da 

normebi, rac iwvevs wylis resursebis deficitis dros morwyvis 

reJimis optimizaciis amocanis dasmisa da gadawyvetis 

aucileblobas (danarTi 3. suraTi 3. 7). 

analizis TvalsaCinoebis mizniT moviyvanoT ricxviTi 

eqsperimentis magaliTi. Sedarebuli iqna sarwyavi normiT 250 mm 

morwyvis reJimis sami varianti: sami morwyva normiT 83,3 mm, xuTi 

morwyva 50 mm da aTi morwyva 25 mm. morwyvaTa Soris intervalebi 

TiToeuli variantisaTvis iyo ucvleli. gaangariSebis Sedegebma 

uCvena, rom morwyva mcire normebiT SedarebiT efeqturia. 

mosavali morwyvis aTi da sami variantebis mixedviT 2,5-jer 

gansxvavdeba. calkeuli morwyvis arasrulfasovneba, maTi 

efeqturobis damokidebuleba morwyvis drosTan gamokvleul iqna 

sadac, morwyvis reJimi Sedgeboda erTi morwyvisagan romlis 

TariRic icvleboda, xolo morwyvis norma 50 mm-is tolad iqna 

miRebuli. ramac gviCvena, rom biomasis mosavlis damokidebuleba 

morwyvis fardobiT drosTan aris /Tτ , sadac T – vegetaciis 
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periodis xangrZlivobaa, xolo τ  _ dRe-RameTa ricxvi, 

vegetaciis dasawyisidan morwyvis dromde. 

SevadaroT erTmaneTs wylis deficitis pirobebSi morwyvis 

ori reJimi: morwyvis Semcirebuli ricxvis da Semcirebuli 

sarwyavi normebis SemTxvevebi. fuZed aviRoT morwyvis reJimi 

roca xorcieldeba 5 morwyva 50 mm – udeficitoT. sarwyavi 

wylis moculobis Semcirebisas 50 mm-ze da 20%-iani deficitis  

modelirebiT, SevadaroT rwyvis ori reJimi: 4 morwyva 50 mm-iT 

da 5 morwyva 40 mm-iT. pirvel SemTxvevaSi morwyvis grafikidan 

unda gamoiricxos SedarebiT efeqturi morwyva, winaswari 

gaangariSebiT – bolo. cxrilSi mocemulia biomasis mosavlis 

angariSis Sedegebi morwyvis reJimidan morwyvis erTi n nomeris 

gamoricxvis dros. 

gamoricxuli morwyvis nomeri   1       2       3       4        5 

M biomasa, kg/m2                 0,975    1,862    1,885    1,922    1,964 

saidanac kidev erTxel Cans, rom bolo morwyva SedarebiT 

efeqturia da Sedegi 2-jer metia. mosavlis angariSma morwyvis 

meore reJimisaTvis (5х40mm) mogvca M=2,21 kg/m2, rac 12,7%-jer 

metia, vidre saukeTeso Sedegi wylis ganawilebis pirvel 

variantSi. 

moyvanili masalis mizani iyo gveCvenebina, rom erTnairi 

moculobis sarwyavi wylis gamoyenebis dros morwyvis reJimi 

arsebiT gavlenas axdens wylis resursebis gamoyenebis 

efeqturobaze da Sesabamisad morwyvis reJimis optimaluri 

SerCevis amocanis gadaWra saWiroa TiToeuli konkretuli 

SemTxvevisaTvis. 

 

 

4. 2 morwyvis reJimis optimizaciis amocanis dasma da ganxilva. 

 

sasoflo-sameurneo kultura da ekologiuri garemo, 

romelSic is imyofeba, agrobiocenozi – marTvis obieqtis saxiT 

gvevlineba. marTvis obieqtis – sasoflo-sameurneo kulturis 
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naTesebis (agrobiocenozi), qceva dakavSirebuli mosavlis 

formirebasTan, aRiwereba misi maTematikuri modeliT. Cvens 

amocanas warmoadgens iseTi modelis SerCeva romelic metad 

Seesabameba dasaxul mizans. sasoflo-sameurneo naTesis biomasis 

dagrovebis procesi aRiwereba diskretul droSi sxvaobaTa 

sistemis (3.24) gantolebiT. amasTan, cnobilia gantolebaSi 

Semavali koeficientebi – produqtiulobis parametrebi, 

romlebic droiT funqciebs warmoadgenen da garemo pirobebi. 

rogorc zemoT iTqva, produqtiulobis parametrebs 

( , , , , , , )i j i i jS b v gα α β ρ= ∗  drois SezRudul intervalSi aqvT 

nulisagan gansxvavebuli mniSvnelobebi: 

 
( )

0,

,
i i

i i

S
S τ

τ τ τ τ

τ τ τ

≤ ≥⎧⎪= ⎨ < <⎪⎩

da
 (4.1)  

sadac drois momentebi iτ  da iτ  Seesabamebian i-uri organos 

zrdis dasawyissa da dasasruls da ganisazRvrebian ganviTarebis 

modelis daxmarebiT. (3.24) gantolebaSi Semavali jm  parametrebi  

(naTesis biomasis dReRamuri nazrdi) gansazRvrulia zemoT 

aRwerili modeliT. 

modelis yvela biologiuri bloki iTvaliswinebs naTesebSi 

biomasis dagrovebis procesis damokidebulebas garemo 

faqtorebze. am faqtorebs Sorisaa naTesis zedapirze mosuli 

fotosinTezurad aqtiuri radiacia (far) Q, naTesSi haeris 

saSualo dReRamuri temperatura t, niadagis fesvTsamyofi Sris 

sinotive ω, niadagis nayofiereba ηn, sasuqis Setanis xarjze 

damatebiTi η nayofiereba. 

gantolebaTa sistemis Sekvris mizniT saWiroa amoiweros 

garemo pirobebis yvela faqtoris cvalebadobebisaTvis 

damaxasiaTebeli damokidebulebebi savegetacio periodis 

ganmavlobaSi da sawyisi pirobebi.  

formalurad morwyvis reJimis optimizaciis amocana erTi 

mmarTveli parametris arsebobis dros – sarwyav ubanze 
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miwodebuli wylis dReRamuri moculobiT ϕ , SesaZlebelia 

Semdegnairad iyos formulirebuli: 

ganisazRvros determinirebuli diskretuli funqcia 

( ), [ , ]ϕ τ τ τ τ∈ , romelic akmayofilebs SezRudvas 

 0( ) , 0 ( )
τ

τ

ϕ τ ϕ τ ϕ≤ Φ ≤ ≤∑  (4.2)  

imgvarad, rom  

{ }*
1 1 1

ˆ ˆ( ) ( ); ( ),..., ( ); ( ),..., ( ); ( ),..., ( ); ( )n n nx M M M M M L L wτ τ τ τ τ τ τ τ τ=  

amoxsnis dros, (3.24) gantolebaTa sistemebi da geofizikuri 

blokebis modelebi, romlebic Seesabamebian sawyis pirobebs  

 ( )x xτ =  (4.3)  

sameurneo-sasargeblo organos biomasis ( )M τ∗  maTematikuri 

molodini [ ( )]R M τ∗  vegetaciis periodis τ τ=  bolos iyos 

maqsimaluri, anu  

 *[ ( )] maxR M τ →  (4.4)  

Φ _sarwyavi normis sididea, / ,V VωΦ = _wylis jamuri moculoba, 

romlis miwodebac mosarwyav mindorze aucilebelia drois τ τ−  

SualedSi; ω_sarwyavi mindvris farTobi; 0ϕ _mindorze 

miwodebuli wylis maqsimaluri dReRamuri moculoba; τ _Tesvis 

momenti. 

efeqturobis kriteriumis Canaweri (4.4) gulisxmobs, rom 

optimaluri strategiis (morwyvis optimaluri reJimis) 

ganmsazRvrel amocanaSi yvela arakontrolirebad faqtorebs 

gaaCniaT sToqasturi buneba. pirvel rigSi es aris jamuri 

radiacia ( )Q τ , haeris temperatura ( )t τ , jamuri aorTqleba ( )E τ , 

atmosferuli naleqebi ( )θ τ , modelirebuli diskretuli 

SemTxveviTi procesebiT; xolo meore rigSi es aris x veqtoris 

marTvis obieqtis sawyisi pirobebis mdgomareobis 

ganusazRvreloba. 

garemo pirobebis faqtorebis Sesaxeb informaciis 

warmodgena SesaZlebelia orgvarad: erTi – determinirebuli 
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formiT – SemTxveviTi procesebis realizaciis saxiT; meore – 

sToqasturi formiT – ganawilebis kanonebiT mocemuli 

SemTxveviTi procesebis saxiT. 

imis gamo, rom Semomavali informacia xSirad mniSvnelovani 

Secdomebis wyaroa, Cndeba aucilebloba axali Semomavali 

informaciis miRebisas sistematurad moxdes gegmis koreqtireba, 

sxvagvarad rom vTqvaT, ganxorcieldes morwyvis reJimis 

operatiuli dagegmareba. 

morwyvis reJimis operatiuli dagegmareba 0 0,τ τ τ τ τ= ≤ <  

drois momentSi warmoadgens (4.2) – (4.4) morwyvis reJimis 

optimizaciis amocanis amonaxsns, Sesabamiss sawyis pirobebTan 

 0 0( )x xτ =  (4.4)  

drois 0τ τ=  momentSi 0x  veqtoris komponentebis gazomva 

Sromatevad amocanas warmoadgens. rogorc wesi aseTi gazomvis 

sizuste ar aris maRali, rac iZulebuls gvxdis 0x  ganvixiloT 

rogorc SemTxveviTi veqtori gausis ganawilebiT. gazomvebis 

procesis gamartivebis mizniT, misi avtomatizaciis nawilSi, 

sainteresoa ganisazRvros mcenaris da garemos msubuqad 

gasazomi parametrebi, da moxdes maTi funqcionaluri 

dakavSireba (dasaSvebia sToqasturad) fazur koordinatebTan 

imisaTvis, rom am parametrebis gazomilma mniSvnelobebma, 

miRebuli τ  drois momentSi, mogvces drois τ  momentSi fazuri 

x koordinatis veqtoris mniSvnelobebis kargi Sefasebis 

formulirebis saSualeba [85]. 

dakvirvebis zemoT naxsenebi amocanebis dasma da gadaWra, 

morwyvis programis filtracia da optimizacia saSualebas 

iZleva avagoT morwyvis sakuTari optimaluri reJimi 

0( ),ϕ τ τ τ τΦ ≤ <  da damokidebuleba 

 *max [ ( )] ( )y R M yτ= = Φ  (4.6)  

Φ  sarwyavi normis sidididan, 0 ≤ Φ < ∞  da ( )ϕ τΦ  morwyvis 

sakuTari optimaluri reJimi, romelic Seesabameba gamoyofil 
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mindorze 0τ τ−  periodisaTvis Φ  parametris fiqsirebul 

mniSvnelobas. 

sidideebi y  da Φ  warmoadgenen kuTr maxasiaTeblebs 

mosarwyavi mindvris erTeuli farTobis mimarT (rogorc wesi 1 

ha). 0τ  momentisaTvis maTi garkveuli raodenobis wyvilis 

mniSvnelobis 0( ) yτΦ →  gansazRvris Semdeg, SeiZleba aigos 

mTeli 0ω  farTobis mqone sarwyavi mindvrebidan, 0τ τ÷  periodis 

ganmavlobaSi miwodebuli wylis 0( )V τ  moculobiT, Y produqciis 

saerTo Segrovebis funqcia: 

 0[ ( )]Y Y V τ=  (4.7)  

amasTan 

 0Y yω=  (4.8)  

 0 0 0( ) ( )V τ τ ω= Φ  (4.9)  

 

funqcia (4.7) fiqsirebuli 0τ -sTvis da bunebrivi tenianobis 

wyaroebis ar arsebobis dros warmoadgens 00 V V≤ <  intervalSi 

gansazRvrul Cazneqil-amozneqil mruds. es mrudi SesaZlebelia 

iyos orgvari saxis, rac damokidebulia imaze Tu romeli 

produqti warmoadgens mocemuli kulturis moyvanis mizans. 

mcenareebi, romelTa mosavals marcvleuli, Zirxvenebi an bolqvi 

warmoadgens, xasiaTdeba imiT, rom mosavali SesaZlebelia 

mxolod sarwyavi wylis moculobis arsebobis pirobebSi iqnes 

miRebuli metiT min 0Φ >  vidre zogierTi minimaluri mniSvneloba. 

sxva kulturebisaTvis ki, romelTa mosavals mTeli biomasa an 

mTeli miwiszeda biomasa warmoadgens, damaxasiaTebelia, rom 

min 0Φ = . 

( )Y Y V=  funqcias, im zonaze damokidebulebiT romelSic 

sasoflo-sameurneo kultura mogvyavs da Sesabamisad bunebrivi 

datenianebis xarisxze damokidebulebiT, SeuZlia 

transformireba. SemovitanoT axali funqcia 
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 /Y Vψ =  (4.10)  

romelic sarwyav mindorze miwodebuli erTeuli wylis 

moculobis efeqtur gamoyenebas axasiaTebs. 

(4.7) funqciis arawrfivobis gamo ψ  iqneba mzardi V -s 

Semcirebis dros, dawyebuli 0V -dan da V -s zrdisas, dawyebuli 

minV -dan, anu funqcias (4.10) aqvs maqsimumi, romelic miiRweva 

Sexebis wertilSi ( , )Y VS S  koordinatTa saTavidan ( 0, 0)Y V= =  

gatarebuli mxebiT.  

 ' /Y Y V= S S  (4.11)  

es wertili (4.7) funqcias or nawilad hyofs. Sexebis 

wertilis marjvniv mdebareobs zona, romelic  xasiaTdeba wylis 

resursebis SedarebiTi siWarbiT da miwebis deficitiT. am 

zonaSi V V> S  dros warmoebs mTeli 0ω  farTobis morwyva 

0/V ωΦ =  sarwyavi normiT. VS wertilis marcxniv anu V<VS dros 

SesaZlebelia ori gadawyvetilebis miReba: an irwyveba mTeli 0ω  

farTobi 0/V ωΦ =  sarwyavi normiT, maSin aRebuli saerTo 

mosavali Seadgens 0Y yω=  an irwyveba farTobis nawili /Vω = Φ  

naklebad efeqturi ΦS  sarwyavi normiT. meore strategia 

prioretitulia, radgan V V< S  dros 0ω ωΦ > ΦS , anu meore 

strategiis arCevis SemTxvevaSi mTeli aRebuli mosavali 

erTnairi sarwyavi wylis moculobis SemTxvevaSi iqneba meti, 

vidre pirveli strategiis dros.  

V V< S  dros, V ω= ΦS  marTvis amorCevis paralelurad 

xorcieldeba ( )Y Y V=  funqciis amozneqa, romelic xdeba 

nawilobrivi: 

 
0

,
,

V V
Y

V V
ω
ω

Φ ≤⎧
= ⎨Φ ≥⎩

S S

S

 (4.12)  

es funqcia ganisazRvreba 0τ  gaangariSebis TiToeuli 

momentisaTvis da iZleva sarwyav sistemebSi wylis resursebis 
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ganawilebis optimizaciis amocanis gadawyvetis meTodebis 

SemoTavazebis saSualebas. 

imis gaTvaliswinebiT, rom sistema romliTac mosavlis 

formirebis procesi aRiwereba warmoadgens dinamiurs, misTvis 

optimaluri marTvis povna sakmaod rTul amocanas warmoadgens. 

rac aucilebels xdis misi amoxsnis mizniT Sefasdes arsebuli 

midgomebi da SeirCes metnaklebad misaRebi.  

 

 

4.3. dinamiuri sistemebis qcevis optimizaciis Teoriuli  

safuZvlebi. amoxsnis meTodis SerCeva 

 

marTvis optimaluri sistemebis Seqmnis dros gamoyenebul 

erT-erT mniSvnelovan ideas, marTvis mravalganzomilebian 

sivrceSi marTvis optimaluri strategiis Ziebis idea 

warmoadgens. am ideis gamoyenebas mivyavarT imasTan, rom 

optimaluri marTvis povna ganixileba rogorc gadawyvetilebis 

miRebis mravalbijuri procesi. dasawyisisaTvis ganvixiloT 

erTbijiani procesi. vTqvaT x aRniSnavs sistemis mdgomareobis 

veqtors. Cvens SemTxvevaSi 

 { }, ,x M L w=  (4.13)  

x veqtori warmoadgens droiTi da fazuri koordinatebis 

funqcias. drois diskretul , 1τ τ +  momentebSi is eqvemdebareba 

gardasaxvas (3.24) da (3.66) Sesabamisad. simbolurad es SeiZleba 

Caiweros Semdegnairad 

 (2) (1)
1( , )x g x ϕ=  (4.14)  

sadac ( , )g x ϕ  _ operatoria, romelic asrulebs 1 2x x→  

gardaqmnas (cifrebi zeda doneze Tanmimdevruli gardaqmnis 

indeqsebia). 

ϕ parametri, mocemul SemTxvevaSi skalarulia, warmoadgens 

marTvas, romelic SeiZleba pirvelive etapze SeirCes Cveni 

Sexedulebisamebr. vTqvaT 1
1( , )J x ϕ  _ sistemis 1x  mdgomareobidan 
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2x _Si gadayvanidan miRebuli mogebaa. maSin optimaluri iqneba ϕ -

s iseTi mniSvneloba, romelic ganaxorcielebs gardaqmnas 1 2x x→  

da amavdroulad 1
1( , )J x ϕ  sididis maqsimizirebas moaxdens, anu  

 
1

1 1
1 1 1( ) max ( , )f x J x

ϕ
ϕ=  (4.15)  

exla ganvixiloT orbijiani procesi. vTqvaT sistema 

gardaqmniT  

 2 1
1( , )x g x ϕ=  (4.16)  

gadadis 1x  mdgomareobidan 2x  mdgomareobaSi, Semdeg ki 

gardaqmniT 

 3 2
2( , )x g x ϕ=  (4.17)  

gadadis 2x  mdgomareobidan 3x -Si. es Tanmimdevroba nebismieri 

mniSvnelobebis dros gvaZlevs srul mogebas, romelic tolia  

 1 2
1 1 2 2( , ) ( , )J x J xϕ ϕ+  (4.18)  

amocana mdgomareobs imaSi, rom amoirCes dasaSvebi 1ϕ  da 2ϕ  

marTvebis Tanmimdevroba, romelic mogvcems maqsimalur srul 

mogebas. 1ϕ  da 2ϕ  Tanmimdevrobas orbijian strategias uwodeben.  

maqsimaluri mogeba SesaZlebelia ganisazRvros formuliT 

 { }
1, 2

1 1 2
2 1 1 2 2( ) max ( , ) ( , )f x J x J x

ϕ ϕ
ϕ ϕ= +  (4.19)  

sadac maqsimizacia yvela dasaSvebi { }1 2,ϕ ϕ  kombinaciiT 

warmoebs. naTelia, rom am strategiis gansazRvra pirvelTan 

SedarebiT ufro rTulia. siZnele da sirTule izrdeba amoxsnis 

procesSi bijebis raodenobis zrdis mixedviT. problema N _ 

bijuri { }1,..., Nϕ ϕ strategiis SerCevaSia, romelic axdens sruli 

mogebis maqsimizacias da tolia  

 
1

( , )
N

i
i i

i
J x ϕ

=
∑  (4.20)  

am SemTxvevaSi sistema Tanmimdevrulad gadadis 1x  

mdgomareobidan Nx -Si, xolo maqsimaluri mogeba moicema 

formuliT 
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{ }

1

1

( ) max ( , )
i

N
i

N i i
i

f x J x
ϕ

ϕ
=

= ∑  (4.21)  

{ }iϕ  strategia, romelic 1( )Nf x -s gansazRvravs aris sistemis 

marTvis optimaluri politika anu optimaluri strategia. 

(4.21) gamosaxulebis maqsimizacias cnobili meTodebis 

gamoyenebiT, romlebic dafuZnebulia cvladebis N funqciis 

aucilebeli pirobebis eqstremumze, mivyevarT N transcendenturi 

gantolebebis amoxsnamde. didi raodenobis bijebis arsebobis 

SemTxvevaSi maqsimizaciis problemis aseTi gziT gadawyveta 

aradamakmayofilebelia. amasTan dakavSirebiT, sistematuri 

amoxsnis mizniT, saWiro gaxda proceduris damuSaveba, romelic 

iTvaliswinebs sistemis evoluciis dinamiuri mravalbijiani 

procesebis specifikas. es procedura SesaZlebelia dafuZnebuli 

iyos dinamiuri daprogramebis fundamentur principebze – kerZod 

belmanis optimalobis principze, romelic formulirdeba 

Semdegnairad: optimalur strategias gaaCnia is Tvisebebi, rom 

rogoric ar unda iyos pirveladi mdgomareoba da pirveladi 

amonaxsni, Semdegma amonaxsnma unda gansazRvros optimaluri 

strategia pirveladi amoxsnis SedegiT miRebul mdgomareobasTan 

mimarTebaSi [28, 29]. 

optimaluri strategiis umniSvnelovanesi Tvisebebis aRmweri 

optimalobis principi, safuZvlad iyenebs invariantuli Cadebis 

koncefcias, romlis Tanaxmadac sawyisi, rTuli amocanis amoxsna 

icvleba garkveuli raodenobis analogiuri, magram gacilebiT 

naklebad problematuri amocaniT. es principi mravalbijiani 

procesebis SemTxvevaSi gvaZlevs saSualebas sawyisi amocana 

SevcvaloT erTbijiani procesebis optimizaciis amoxsnis  

TanmimdevrobiT. 

optimalobis principis gamoyenebiT, Cvens SemTxvevaSi 

SeiZleba Caiweros, rom maqsimaluri mogeba tolia 

 { }1 1 1
1 1 1( ) max ( , ) [ ( , )]

N
N N Nf x J x f g x

ϕ
ϕ ϕ−= +  (4.22)  
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es gantoleba marTebulia 2N ≥ -saTvis, xolo N=1 

SemTxvevaSi maqsimaluri mogeba aris erTbijiani strategiis 

Sedegi, anu  

 { }
1

1 1
1 1 1( ) max ( , )f x J x

ϕ
ϕ=  (4.23)  

amrigad, yovel bijze optimalobis principis sistematuri 

gamoyeneba saSualebas gvaZlevs gamoviyenoT erTi da igive  

rekurentuli (4.22) Tanafardoba. mmarTveli zemoqmedebis 

gazomvis intervali damokidebulia imaze, aris Tu ara SezRudva 

marTvaze. ase magaliTad, Cvens SemTxvevaSi (4.22) maqsimizacia 

mimdinareobs [0, ( )]ϕ τ  intervalSi. 

(4.22) amoxsnis Sedegad ganisazRvreba optimaluri mmarTveli 

strategia da optimaluri kerZo mogebis 1( )if x  Tanmimdevroba 

rogorc 1x  sawyisi mdgomareobis veqtoris funqciebi. amrigad, 

miiReba optimaluri amonaxsnis garkveuli simravle, 

romelTaganac Semdgom 1x -is fiqsaciiT moxdeba konkretuli 

simravlis gamoyofa. meTodis aseTi Tviseba mas xdis Zalian 

perspeqtiuls uku kavSirebiT marTvis optimaluri sistemebis 

asagebad. naSromSi dinamiuri daprogrameba gamoiyeneba sarwyavi 

mindvrebis, meurneobebis da a.S. Soris wylis resursebis 

ganawilebis amocanis gadasawyvetad. 

am meTodebis gamoyenebis ZiriTad moTxovnas Zalian didi 

moculobis mexsierebis mqone gamoTvliTi sistemis qonis 

aucilebloba warmoadgens. amasTan dakavSirebiT ganvixiloT 

meTodi, romelic moklebulia aseT nakls.  

es meTodi pontriaginis “maqsimumis principis” saxels 

atarebs da iZleva saZiebeli marTvis optimalurobis aucilebel 

pirobebs.  

ganvixiloT mmarTveli funqciebis Semcveli diferencialuri 

gantolebebis sistema, romelTa amorCevazec damokidebulia 

sistemis qceva (traeqtoria)  

 0/ ( , ), (0)dx d f x x xτ ϕ= =  (4.24)  

da integraluri saxiT mocemuli marTvis xarisxis kriteriumebi 
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0

( , )
T

J R x dϕ τ= ∫  (4.25)  

sadac, T procesis (igulisxmeva mocemuli) damTavrebis momentia; 

x  _ fazuri koordinatebis veqtori; ϕ  _ mmarTveli zemoqmedebis 

veqtori. 

kriteriumis ZiriTad sistemasTan mierTebisas, amocanis 

zomis invariantuli gadidebis principis gamoyenebiT, miviRebT 

 1 / ( , )ndx d R xτ ϕ+ =  (4.26)  

ganxilvaSi SemovitanoT hamiltonis funqcia, romelic 

gansazRvrebis Tanaxmad tolia 

 
1

( , , ) ( , ) ( , )
N

i i
i

H x f x R xψ ϕ ψ ϕ ϕ
=

= +∑  (4.27)  

sadac ( )iψ τ  _ (4.24) gantolebaTa  sistemis mimarT 

SeuRlebuli jer ganusazRvreli amonaxsnia. 

( )iψ τ  funqciis gansazRvris mizniT visargebloT hamiltonis 

kanonikuri gantolebebiT: 

 
/ /

/ /
i i

i i

d d H x
dx d H
ψ τ

τ ψ
= −∂ ∂ ⎫

⎬= ∂ ∂ ⎭
 (4.28)  

maqsimumis principi amtkicebs, rom Tu 0 ( )ϕ τ -s marTva 

kriteriumis (4.25) maqsimums aRwevs, maSin hamiltonis funqcia 

masSi drois yovel momentSi aRwevs Tavis zeda zRvars, anu 

adgili aqvs 

 0( , , ) max ( , , )H x H x
ϕ

ψ ϕ ψ ϕ=  (4.29)  

is 0 ( )ϕ τ  funqcia, romelic axdens (4.29)-is maqsimizirebas 

warmoadgens saZiebel optimalur marTvas. 0 ( )ϕ τ  mimarT (4.29)-is 

amoxsniT miviRebT Semdegi saxis gamosaxulebas 

 0 0[ ( ), ( )]xϕ ϕ ψ τ τ=  (4.30)  

anu optimaluri marTva warmodgenilia fazuri cvladebis 

veqtorsa da SeuRlebuli gantolebaTa sistemis veqtorze 

damokidebulebis formiT da rogorc (4.28)-dan gamomdinareobs, es 

ori veqtori erTmaneTTan gantolebaTa sistemiT aris 
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dakavSirebuli. amrigad, vidre CavatarebT proceduras (4.29) da 

vipoviT 0 ( )ϕ τ , Cven unda gvqondes SemuSavebuli (4.28) gantolebaTa 

sistemis amoxsnis xerxi. 

unda aRiniSnos, rom (4.28) Tanafardoba qmnis maTematikaSi 

cnobil orwertilovan zRvrul amocanas, radgan fazuri 

cvladebis veqtoris sawyisi mniSvnelobebi mocemulia marcxena 

boloSi, anu 0τ = -is dros, xolo SeuRlebuli cvladebis 

veqtoris sawyisi mniSvnelobebi _ marjvena boloSi, anu Tτ =  

dros. es faqti warmoqmnis sakmaod rTul gamoTvliT 

problemebs, radgan amocanis analitikuri amoxsna mxolod 

martiv SemTxvevebSia SesaZlebeli. 

ganvixiloT maqsimumis principis gamoyenebiT optimaluri 

marTvis amocanis amoxsnis ZiriTadi etapebi. mxedvelobaSi 

miviRoT terminaluri kriteriumis maqsimizaciis amocana, anu 

( )ϕ τ  marTvis xarisxis Sefaseba, romelsac azri mxolod mTeli 

procesis dasrulebis Semdeg aqvs. garda amisa, davuSvaT, rom 

mmarTvel funqciaze dadebulia tolobis tipis integraluri 

SezRudva. am amocanis amoxsnis ZiriTadi etapebia: 

1. zomaTa eqvivalenturi zrdis principis safuZvelze xdeba 

xarisxis kriteriumis modificireba. amasTan SesaZlebelia 

Semdegi SezRudvis gaTvaliswineba 

 1 / ( , ) ( )ndx d F xτ ϕ λϕ τ+ = −  (4.31)  

sadac ( , )F x ϕ  _ iseTi funqciaa, romlisTvisac marTebulia  

0

( , ) ( )
T

F x d J Tϕ τ =∫  

aq λ  _ lagranJis ganusazRvreli mamravlia. gamosaxuleba (4.31) 

Seesabameba kriteriums  

 *

0

( ) ( ) ( )
T

J T J T dλ ϕ τ τ
⎧ ⎫⎪ ⎪= − −Φ⎨ ⎬
⎪ ⎪⎩ ⎭
∫  (4.32)  

romlis meore nawili “jarimaa”, Seusrulebeli pirobebis gamo 

 
0

( )
T

dϕ τ τ = Φ∫  (4.33)  
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2. ganixileba gantolebis gafarToebuli sistema: 

mdgomareobis n marTva da n+1 gantoleba – modificirebuli 

xarisxis kriteriumiT. hamiltonis funqciis Sedgena 

xorcieldeba Semdegi wesiT 

 
1 .

1
( , , , )

n

i i
i

H x xψ ϕ λ ϕ
+

=

=∑  (4.34)  

sadac, 
.

/i ix dx dτ= . 

3. moiZebneba iseTi 0 ( )ϕ τ  marTva, rom Sesruldes piroba 

 0( , , , ) max ( , , , )H x H x
ϕ

ψ ϕ λ ψ ϕ λ=  (4.35)  

4. SeuRlebuli ( )iψ τ  cvladebi ganisazRvreba (4.28) zRvrul 

pirobebiani, orwertilovani zRvruli amocanis amoxsniT:  

 
0

1

(0) , 1, 1

( ) 0, 1, , ( ) 1
i i

i n

x x i n

T i n Tψ ψ +

⎫= = + ⎪
⎬

= = = ⎪⎭
 (4.36)  

amasTan unda gaviTvaliswinoT, rom gverdiTa pirobebi (4.36) 

saxiT marTebulia im SemTxvevaSi Tu ar arsebobs SezRudva 

fazuri traeqtoriis marjvena boloSi, xolo drois bolo 

momentisaTvis kriteriumad erT-erTi koordinata gvevlineba. 

5. ucnobi λ mamravli ganisazRvreba pirobidan (4.32). amoxsnis 

Sedegad napovni iqneba ara marto )(0 τϕ optimaluri marTva, aramed 

misi Sesabamisi )(τx  traeqtoria, aseve damxmare cvladebi )(τψ  da 

mamravli λ. saerTo SemTxvevaSi arc erTi am sidideebidan ar 

SeiZleba iyos napovni sxvebisgan damoukideblad. swored amaSi 

mdgomareobs pontriaginis maqsimumis principis praqtikuli 

realizaciis ZiriTadi sirTule. 

  aRweril meTodebs aqvT rogorc dadebiTi aseve uaryofiTi 

mxareebi. rogorc ukve avRniSneT dinamiuri daprogrameba 

mosaxerxebelia imiT, rom saSualebas iZleva marTva samarTavi 

sistemis fazuri koordinatebidan ganisazRvros rogorc 

funqcia, rac Zalze mniSvnelovania mis asagebad. am 

damokidebulebis povna moiTxovs manqanuri mexsierebis did 
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moculobas, Tumca mas mivyavarT martiv gamoTvliT 

procedurebamde. 

maqsimumis principi Tavisi realizaciisaTvis gamoTvliTi 

mowyobilobebs gadaWarbebul moTxovnebs ar uyenebs, Tumca mas 

mivyevarT orwertilovani zRvruli amocanis amoxsnamde, rac 

gamoTvliTi procesis sirTuleebTanaa dakavSirebuli. garda 

amisa, napovni mmarTveli funqcia aris mxolod droiTi funqcia, 

rac samarTavi sistemis agebis dros arTulebs mis gamoyenebas. 

maqsimumis principis erT-erT upiratesobas warmoadgens jer 

kidev ricxviTi realizaciis stadiamde optimaluri marTvis 

xasiaTis Sesaxeb mniSvnelovani analitikuri daskvnebis miRebis 

SesaZlebloba. 

imis gaTvaliswinebiT, rom morwyvis reJimis optimizaciis 

amocanis gadawyveta xdeba operatiul reJimSi da misi mizania 

erTjeradi konkretuli marTvisaTvis gadawyvetilebis miReba, 

miRebuli gadawyvetilebis mxolod droze, aSkara 

damokidebuleba, savsebiT sakmarisia. rac maqsimumis meTodis  

morwyvis reJimis optimizaciis amocanis safuZvlad miRebis 

uflebas iZleva. 

 

 

4.4. sarwyavi wylis deficitis pirobebSi morwyvis reJimis 

optimizaciis amocanis gadaWra 

 

dinamiuri sistemebis optimizaciis safuZvlebis gadmocemis 

Semdeg droa SevudgeT morwyvis optimaluri reJimis povnis 

amocanis ganxilvas, wylis resursebis deficitis pirobebSi. 

amocanis amoxsnis meTodi ganvixiloT simindis morwyvis 

reJimis optimizaciis magaliTze, romelic mwvane biomasis 

sasilosed misaRebad aris moyvanili. garemo pirobebi 

( ), ( ), ( )Q tτ τ θ τ  mocemulia determinirebuli formiT, rogorc 

SemTxveviTi procesis konkretuli realizacia [67]. 
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aq sameurneo-sasargeblo organod warmodgenilia mTeli 

miwiszeda biomasa. gamoiTvleba mxolod sakuTriv biologiuri 

nivTierebebi, e. w. mSrali biomasa, romelTaganac nedli (mwvane) 

biomasis povna SeiZleba 3,5_4 tol koeficientze gamravlebis 

gziT. 

simindis miwiszeda biomasis dagrovebis procesis aRmwer 

gantolebaTa sistemas, aqvs Semdegi saxe: 

 

0

0

0 0

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

(0) , (0) , (0) , [0, ]

M M a u w t m L Q
L L u w t m L Q
w w E w q
M M w w L L T

τ τ τ
τ τ β τ
τ τ θ τ ϕ τ τ τ

τ

+ = + ⎫
⎪+ = + ⎬
⎪+ = + + − ± ⎭

= = = ∈

mz mz

mz mz0

mz

 (4.37)  

sadac ( )M τmz  _ simindis miwiszeda biomasaa mindvris erTeul 

farTobze; )(τL  _ simindis foTlovani indeqsi; ( )α τmz _ miwiszeda 

biomasis zrdadobis funqcia; )(τβ  _ foTolT warmoqmnis 

koeficienti; ),(0 QLm  _ mSrali nivTierebis dReRamuri nazrdi; 

),( twu  _ nazrdis Semcirebis gamTvaliswinebeli funqcia, naTesSi 

w nestis maragis da t haeris temperaturis biologiuri 

optimumidan gadaxris dros. 

sistemis mesame gantoleba warmoadgens wylis balansis 

gantolebas fesvTsamyof fenaSi, romelSic ( )θ τ , τ  – dReRameSi 

mosuli naleqebis raodenobaa; )(τq  _ gasaTvleli fenis qveda 

sazRvarze wyalcvlis dReRamuri sidide; )(τE  – jamuri 

aorTqlebis dReRamuri sidide; )(τϕ  _ mindorze dRe-RameSi 

miwodebuli sarwyavi wylis moculoba. CavTvaloT, rom gruntis 

wylebi Zalian Rrmad aris da maTi mxridan wylis miwodeba 

niadagis  fesvTsayof zonaSi q=0. 

morwyvis optimaluri reJimebis sapovnelad mosarwyavad 

gamoyofili mocemuli sezonuri wylis moculobis dros, 

visargebloT pontriaginis  formis optimalobis aucilebeli 

pirobebiT. optimalobis kriteriumad aviRoT mSrali, miwiszeda 

biomasis sidide mosavlis aRebis T momentSi anu 
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 1 0
1

( ) ( , , ) ( , ) ( , )
T

M T a V w m L Q u w t M
τ

τ
=

= +∑mz mz mz0  (4.38)  

sadac 1V  _ mcenaris mier niadagidan STanTqmuli azotis 

raodenobaa; Q – fotosinTezurad aqtiuri radiaciis (far) 

intensivoba [61].  

amasTan, unda Sesruldes SezRudvebi 

 
1

( )
T

τ

ϕ τ
=

Φ =∑  (4.39)  

da 

 0 ( )ϕ τ ϕ≤ ≤  (4.40)  

sadac Φ  _ mosarwyavad saWiro wylis moculobaa, mTeli 

savegetacio periodis ganmavlobaSi mindvris erTeul farTobze 

(mm); ϕ  _ sarwyavi teqnikis zRvruli warmarTuloba (mm/dR.). 

amrigad, miRebuli amocanis klasifikacia SeiZleba rogorc 

terminaluri marTvis amocanis marjvena Tavisufali boloTi, 

izoparametruli SezRudviT (4.39) da amplitudaze mmarTveli 

zemoqmedebebis SezRudviT (4.40). 

(4.37) _ (4.40) amocanebis amosaxsnelad visargebloT 

pontriaginis maqsimumebis meTodiT. gardavqmnaT (4.38) miznis 

funqcia masTan gamosaxulebis mierTebis gziT, romelic 

iTvaliswinebs (4.39) pirobas, gamravlebuls langraJis λ 

ganusazRvrel mamravlze: 

 0 0
1 1

( ) ( ( ) )
T T

J T a m u M
τ τ

λ ϕ τ
= =

= + − −Φ∑ ∑mz  (4.41)  

Canaweris Semoklebis mizniT (4.41)–Si Semavali funqciis 

argumentebi gamotovebulia.  

sxvaobis operatoris misadagebiT (4.41)–Tan, vRebulobT 

 0( 1) ( ) ( )J J a m uτ τ λϕ τ+ = + −mz  (4.42)  

sxvaobiani gantolebebis sistema (4.37) kidev erTi (4.42)-iT 

SevavsoT. es xerxi optimaluri marTvis TeoriaSi cnobilia, 

rogorc amocanis zomebis eqvivalenturi gadidebis principi.  



108 

gansaxilvelad SemovitanoT SeuRlebuli cvladebis veqtori 

)(τψ  da misi daxmarebiT SevqmnaT hamiltonis funqcia, romelic 

gansazRvris Tanaxmad tolia 

 1 0 2 0 3 4 0( ) ( )H a m u m u E q a m uψ ψ β ψ θ ϕ ψ λϕ= + + + − ± + −mz mz  (4.43)  

cnobilia, rom Tu sarwyavi reJimi )(τϕ  optimaluria, maSin 

man hamiltonis funqciaSi unda miaRwios maqsimums drois 

nebismier momentSi. (4.43)-is gaanalizebiT SevniSnavT, rom is 

wrfivadaa damokidebuli morwyvis reJimze. garda amisa, 

cnobilia, rom sarwyavi norma SezRudulia da [0, ϕ ] sazRvrebSi 

SeirCeva. bolo ori faqti iZleva mniSvnelovani daskvnis 

gakeTebis saSualebas: morwyvis optimaluri reJimi, Tuki is 

arsebobs, warmoadgens calkeuli morwyvebis Tanmimdevrobas, 

morwyvebs Soris monacvle periodebiT, amasTan morwyvebi 

maqsimaluri ϕ  sarwyavi normiT xorcieldeba.  

marTlac, ϕ -is mixedviT (4.43)-is wrfivobidan gamomdinareobs, 

rom hamiltonis funqciam SesaZlebelia maqsimums miaRwios [0, ϕ ] 

intervalis mxolod zeda an qveda sazRvarze. intervalis 

romelime bolos amorCeva damokidebulia λτψ −)(3  sxvaobis 

niSanze. Sesabamisad, morwyvis optimaluri reJimi SeiZleba iyos 

Cawerili Semdegi saxiT: 

 3
0

3

( ), ( ) 0
( )

0, ( ) 0
ϕ τ ψ τ λ

ϕ τ
ψ τ λ

⎧ − >⎪= ⎨
− <⎪⎩

 (4.44)  

gavaanalizoT (4.44) gamosaxuleba. Tu τ  drois romelime 

momentSi aRmoCndeba, rom sidide ,0)(3 >− λτψ  maSin (4.41) 

gamosaxulebis maqsimizaciisaTvis, naTelia )(τϕ  unda amoirCes 

SesaZleblad didi, magram vinaidan pirobis mixedviT ϕτϕ =)(max , 

Cven unda miviRoT .)( ϕτϕ =  Tu ki 0)(3 <− λτψ , maSin (4.41) 

maqsimizaciisaTvis )(τϕ  unda SevarCioT SeZlebisdagvarad mcire, 

magram radgan 0)(min =τϕ , maSin dasaSvebia miviRoT 0)( =τϕ . 

funqcia λτψτρ −= )()( 3  iZleva gadarTvis kanons morwyvebis, 

morwyvis Sua periodebisagan gancalkevebiT, anu aformirebs 
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morwyvis optimalur reJims. mis sapovnelad saWiroa vicodeT 

misi Semadgeneli elementebi, anu  )(3 τψ da λ. 

)(3 τψ  funqcia SesaZlebelia napovni iyos orwertilovani 

zRvruli amocanis amoxsnis gziT. λ sidide uSvebs saintereso da 

ubralo interpretacias. λ mamravlis zomis analizi miuTiTebs, 

rom morwyvis optimaluri reJimis dros azrobrivad is 

warmoadgens warmoebuls saboloo biomasidan sarwyav normamde. 

e.i. raRac donemde axasiaTebs kulturis efeqtur zrdas rwyvis 

normaze damokidebulebiT. cnobilia, rom sruli 

wyaluzrunvelyofis dros miiReba mosavlis maqsimumi, rasac λ=0 

iZleva. λ zeda zRvari damokidebulia kulturis 

“gamoxmaurebaze” rwyvis normis cvlis mimarT da am ukanasknelis 

sidideze. aqedan gamomdinare, is ar SeiZleba iyos TviTneburad 

didi.  

SeuRlebuli veqtoris komponentebis gansazRvris mizniT 

gamoviyenoT hamiltonis kanonikuri sistema (4.28), romelsac Cveni 

amocanisaTvis eqneba Semdegi saxe: 

 
1 1

2 2 2 0 4 0

3 3 2 0 3 4 0

( 1) ( ) 0
( 1) ( ) ( ) ( ) / ( ) /
( 1) ( ) ( ) ( ) / ( ) / ( ) /

udm dL udm dL
m du dw dE dw m du dw

ψ τ ψ τ
ψ τ ψ τ ψ τ β τ ψ τ
ψ τ ψ τ ψ τ β τ ψ τ ψ τ

+ − = ⎫
⎪+ − = − ⎬
⎪+ − = − + − ⎭

(4.45)  

rogorc avRniSneT, (4.45) sistemisTvis mosazRvre pirobebi 

mocemulia marjvena boloSi anu T=τ  dros. saboloo biomasis 

maqsimizaciis amocanisaTvis e.i. SemTxvevisaTvis, roca sistemis 

traeqtoriis [sidideebi MH(T), L(T), ω(T)] marjvena boloSi 

aranairi zRvari ar aris dadebuli, marTebulia Semdegi: 

 4( ) 0, 1, 3; ( ) 1i T i Tψ ψ= = =  (4.46)  

rasac mivyevarT iqamde, rom mTel [0, T] intervalze  1( ) 0ψ τ = . 

(4.45) analizidan gamomdinareobs, rom morwyvis optimaluri 

reJimi, miRebuli (4.44) Sesabamisad, warmoadgens agrocenozSi 

mimdinare procesebis didi ricxvis Sedegs. morwyvis vadebis da 

normebis formirebaze zemoqmedebas axdens rogorc TviT 

mcenaris parametrebi, dakavSirebuli mis saxeobisa da jiSis 
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Taviseburebebze, aseve modelSi gasaTvaliswinebeli garemo 

pirobebis faqtorebis jgufi. aqedan gamomdinare SesaZlebelia 

mniSvnelovani daskvnis gakeTeba _ sasoflo-sameurneo 

kulturebis morwyvis reJimebis dagegmarebis dros mxolod 

wylis balansis gantolebis gaTvlis arasakmarisobis Sesaxeb.  

marTlac, vTqvaT λ=0. es SemTxveva rogorc ukve iTqva, 

Seesabameba sarwyavi wylis deficitis ararsebobas da aqedan 

gamomdinare uSvebs wylis balansis meTodis gamoyenebas [1, 2]. 

(danarTi 2. cx. 2.1 ÷ 2.5. sur. 2.1 ÷ 2.3). 

SevadaroT gaangariSebis ori meTodi. morwyvis daniSnulebis 

pirobas wyalbalansebis gaangariSebebSi warmoadgens toloba 

 ( ) ( ) 0w wτ τ− =  (4.47)  

sadac ( )w τ  _ niadagis saangariSo fenaSi minimalurad dasaSvebi 

tenis maragia.  

morwyvis optimaluri reJimis dros ki, deficitis ar 

arsebobis pirobebSi gvaqvs analogiuri piroba Semdegi formiT 

 3 ( ) 0ψ τ >  (4.48)  

amrigad, sruli wyaluzrunvelyofis dros orive midgoma 

araeqvivalenturia da adekvaturi maTematikuri modelis dros 

mosavlis formirebisaTvis morwyvis optimaluri reJimi miRebuli 

(4.48)-is Sesabamisad,  unda uzrunvelyofdes did biomasas. 

warmovidginoT, rom wylis balansis meTodiT miRebuli 

morwyvis reJimis modificireba, sruli wyaluzrunvelyofis 

dros, xdeba deficitur pirobebSi morwyvis normebis Semcirebis 

gziT morwyvebis TariRis gaTvaliswinebiT. rac Tanamedrove 

praqtikaSi gamoyenebad proporciuli wyalganawilebis 

proceduras warmoadgens. optimalur wyalganawilebas, wylis 

deficitis gaangariSebis sxva sqemasTan – morwyvebis TariRebis 

Secvlisa da sarwyavi normebis SenarCunebiT maTi ricxvis 

Semcirebis gzasTan mivyavarT. 

 

 



111 

4.5. wyalmomxmareblebs Soris wylis resursebis  

ganawilebis procesebis algoriTmizacia. 

 

sarwyav sistemaSi wylis resursebis ganawilebis optimaluri 

operatiuli gegmis SedgenaSi amocanis formalizaciis Sedegad 

naCvenebia, rom dagegmarebis procesis realizireba SesaZlebelia 

mravalfenian sistemaSi dinamiuri daprogramebis erTparametriani 

amocanebis gadawyvetis meSveobiT. amasTan, TiToeuli mosarwyavi 

mindvrisaTvis unda amoixsnas morwyvis reJimis optimizaciis 

amocana. ufro zustad, TiToeul 1k M∈  mwvervals Seesabameba 

Tavisufal parametriani optimaluri marTvis amocana – qkV  

moculobiT, ( )q B k∈  gamoyofili sarwyavi mindrisTvis 1k M∈  

wylis resursiT, dagegmvis drois monakveTSi. TiToeul 

mwvervals 2k M∈  Seesabameba dinamiuri daprogramebis amocana 

( 2q M∈  resursis ganawileba daqvemdebarebuli mindvrebis 

( )A q simravleTa Soris) Tavisufali parametriT _ moculobiT 

pqV , ( )p B q∈  gamoyofili Sualeduri centrisaTvis 2q M∈  wylis 

resursiT dagegmvis drois monakveTisTvis da bolos, TiToeul 

mwverval , 2js M j∈ >  Seesabameba dinamiuri daprogramebis 

amocana Tavisufali parametriT – , ( )isV i B s∈  moculobiT 

gamoyofili qvesistemaSi js M∈  wylis resursiT dagegmvis drois 

monakveTSi. 

sarwyav sistemebSi wylis resursebis ganawilebis 

dagegmarebis msgavsi saxiT formulirebuli amocanis 

gansakuTrbulobas warmoadgens is, rom dagegmarebis procedura 

aucilebelia daiwyos ierarqiis yvelaze dabali donis amocanis 

gadawyvetidan, Tanmimdevruli gadasvliT maRla mdgomi fenebis 

amocanis amoxsnaze, ris Sedegadac ganisazRvreba yvela 

optimaluri strategiebi. amis Semdeg, gvaqvs ra resursis 

fiqsirebuli moculoba , ( )vsV s A v∈  ierarqiis yvelaze maRal 

doneze, aucilebelia uku mimarTulebiT moZraoba da amasTan, 
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unda ganxorcieldes TiToeul qvesistemaSi Semavali 

, , 2is jV i M j v∈ ≤ ≤  parametrebis mniSvnelobebis Tanmimdevruli 

konkretizireba, sadac v  – ierarqiis doneTa ricxvia; ( )s A i∈ , 

rac Tavis mxriv, icis ra qvesistemis optimaluri strategiebi 

ji M∈ , iZleva saSualebas ganisazRvros gamomavali parametrebi 

, ( )spV p A s∈ , romlebic qvemdgomi donis amocanis Semaval 

parametrebs warmoadgenen. msgavsi procedura saSualebas iZleva 

ganisazRvros isV  resursis moculobis yvela saWiro gegmiuri 

mniSvnelobebi, gamoyofili gansaxilveli marTvis mravaldoniani 

ierarqiuli sistemis TiToeuli qvesistemidan da yvela 

qvesistemebis lokaluri efeqturobis kriteriumebis maTTvis 

Sesabamisi mniSvnelobebi. 

sarwyav sistemaSi wylis resursebis ganawilebis 

dagegmarebis zemoT ganxiluli meTodi daiyvaneba ierarqiuli 

saxiT organizebuli ori klasis simravlis parametruli 

amocanebis Tanmimdevrul amoxsnamde. pirvel klass ekuTvnis 

sxvaobiani gantolebaTa sistemis optimaluri marTvis amocanebi 

stoqasturi SesasvlelebiT, xolo meore klass – dinamiuri 

daprogramebis parametruli amocanebis simravle. vinaidan 

morwyvis reJimis optimizaciis amocanebi (I klasis amocanebi) 

ukve ganxiluli gvaqvs, SegviZlia aRvweroT dinamiuri 

daprogramebis parametruli amocanis amoxsnis algoriTmi, 

romelic miesadageba ierarqiis meore dones (2.16) – (2.17), 

romelzec yvela maRla aRwerili meore klasis amocana 

daiyvaneba [62, 63]. 

maqsimizaciis piroba (2.16) da SezRudva (2.17) Semdegi saxiT 

CavweroT: 

 
( )

[ ( ) ( )] ( ) max
q

q k k k qk k qk q iq q
k A

D c y G V G V Rω
∈

≡ Φ − − − →∑  (4.49)  

 
( )

2, , ( )
q

qk qk iq
k A

a V V q M i B q
∈

≤ ∈ ∈∑  (4.50)  

 ( ) 0, 0, /k k qk qk k k ky y Yω ωΦ ≥ Φ ≥ =  (4.51)  
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sadac, qka  _ gansaxilveli qvesistemebis daqvemdebarebaSi myofi 

sarwyavi sistemis SemadgenlobaSi myofi arxebis sasargeblo 

qmedebis koeficientebze damokidebuli parametrebia. qka  

sidideebi ganisazRvrebian Tanmimdevrulad yvela ierarqiis 

donisaTvis dawyebuli pirvelidan, radgan qveda donis TiToeul 

qvesistemis nebismieri resursis moculobas erTmniSvnelovnad 

Seesabameba morwyvis optimaluri reJimi. danakargis ar arsebobis 

SemTxvevaSi 1qka = .  

damokidebuleba 

 ( )y y= Φ  (4.52)  

ganisazRvreba gansaxilveli sarwyavi mindvrebisaTvis morwyvis 

optimizaciis programis erTparametriani amocanis gadawyvetidan 

da warmoadgens arauaryofiT, araklebad funqcias 0Φ ≥   

mniSvnelobisaTvis. max( )Φ = Φ  wertilSi ( )y Φ  aRwevs Tavis 

maqsimalur mniSvnelobas 
maxmax ( )y y Φ= , Tanac 

max

(0) 0, ( ) ( )y y y Φ≥ Φ = ,  

maxΦ ≥ Φ -saTvis. 

intervalSi max(0, )Φ , rogorc avRniSneT arsebobs erTi 

saxasiaTo wertili  Φ , romelic ganisazRvreba gantolebidan 

 ' /Y Y= Φ  (4.53)  

sadac funqcia /Yψ = Φ  _ wylis gamoyenebis efeqturoba – Tavis 

maqsimums aRwevs (anu Tu Φ = Φ , maSin gamoyenebuli wylis 

moculobis erTeulze produqciis gamosavlianoba maqsimaluria). 

rogorc aRwerili (4.52) funqciis Tvisebebidan 

gamomdinareobs, (4.51) gantolebas intervalebSi  max0 qk qk≤ Φ ≤ Φ  aqvs 

erTi amonaxsni 0
qkΦ , amasTan SeiZleba adgili hqondes samidan 

erT SemTxvevas: 

 0
qkqkΦ = Φ  (4.54)  

 0
qkqkΦ > Φ  (4.55)  

 0
qkqkΦ < Φ  (4.56)  
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SemTxveva (4.54) Seesabameba arsebuli wylis resursebis 

metnaklebad efeqtur gamoyenebas mTels ( )k qk k qkVω ω= Φ  sarwyav 

farTobze. meore SemTxvevisaTvis limitirebul faqtorad kω  

mindvris farTobi gvevlineba, radgan misi gadidebiT sarwyavi 

wylis ufro produqtiuli gamoyeneba SeiZleba. da boloos, 

mesame SemTxvevaSi sarwyavi wylis ufro produqtiuli 

gamoyenebisaTvis sarwyavi ubnis kω  farTi aucilebelia 

SevamciroT 0( / )qkk qk kω ω= Φ Φ  sididemde, radgan am SemTxvevaSi 

produqciis jamuri gamosavali iqneba maRali, vidre kω  farTze. 

amrigad, dinamiuri daprogramebis (4.49) – (4.51) amocanis (4.51) 

SezRudvebi SesaZlebelia Seicvalos Semdegi SezRudviT 

 0
2, , ( )qk qk q M k A qΦ = Φ ∈ ∈  (4.57)  

zedmdebi qkΦ  argumentebis mniSvnelobaze. amasTan Tu Tundac 

erTi 1k M∈ -Tvis eqneba adgili (4.56) SemTxvevas, maSin nakleb ω  

farTze gadasvliT SesaZlebeli iqneba yvela kky ω  funqciebi 

(4.49)-Si iyos amozneqili. amisaTvis (4.49)-Si aucilebelia 

Sesabamisi  ky  Seicvalos funqciebiT: 

 
( ),

( ),

qk qkk qk

qkk qk qk

y

y

⎫Φ ≤ Φ ≤ Φ ⎪
⎬

Φ Φ ≥ Φ ⎪⎭

Tu 0

Tu
 (4.58)  

wrfivebi qkqk≤ Φ ≤ Φ0  intervalSi. amasTan, wrfivobis intervalSi 

kω  farTobis mudmivi sidide aucilebelia Seicvalos cvladiT 

 ( )/ qkk qk kω ω= Φ Φ  (4.59)  

(4.49) – (4.51) amocana (4.58)-is gaTvaliswinebiT daviyvanoT 

dinamiuri daprogramebis standartul parametrul amocanamde 

 
( )

[ ( ) ( )] ( ) maxq k k k qk qk k qk q iq q
k A q

D c y a V G V G V Rω
∈

≡ − − − →∑  (4.60)  

 2
( )

, , ( ), 0qk qk iq qk
k A q

a V V q M i B q V
∈

≤ ∈ ∈ ≥∑  (4.61)  

erTaderTi (4.61) wrfivi SezRudviT [74]. 
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naTelia, rom (4.60) – (4.61) warmoadgens momxmareblebs Soris 

wylis resursebis ganawilebis optimizaciis amocanas. 

aRniSvnebis gamartivebis mizniT simravlis elementebi 

gadavnomroT naturaluri ricxvebiT 1-dan n-mde, maSin (4.60) – 

(4.61) amocana gadaiwereba Semdegi saxiT: 

 
1

( ) ( ) max
n

q k qk q iq q
k

D D V G V R
=

≡ − − →∑  (4.62)  

 
1

, 0
n

qk qk iq qk
k

a V V V
=

≤ ≥∑  (4.63)  

sadac, ( )k qkD V  – ( )k A q∈  elementis “mogeba” – warmoadgens (4.60) 

pirobis kvadratul frCxilian gamosaxulebas 

( )

( ) ( )q iq q qk qk
k A q

G V G a V
∈

= ∑  

(4.62) – (4.63) amocanis amoxsnis qveS igulisxmeva optimaluri 

Dopt  mogebis mniSvneloba da optimaluri , 1,qkV k n=opt   

strategia damokidebuli iqV  Tavisufal parametrze. ukanaskneli 

icvleba max0 iq iqV V≤ ≤  sazRvrebSi, sadac max
iqV  – maqsimaluria iqV  

mniSvnelobebidan, da romlisTvisac miiRweva qD  miznis funqciis 

absoluturi maqsimumi (4.63) SezRudvis dros. 

formulirebuli (4.62) – (4.63) amocanis amoxsnis mizniT 

ganvsazRvroT ( )q
k ξΛ  funqciis Tanmimdevroba 

 
1 ,..., 1

( ) max ( ) ( )
q qk

k
q
k j qj q iq qv v j

D V G V Rξ
=

⎡ ⎤
Λ = − −⎢ ⎥

⎣ ⎦
∑  (4.64)  

sadac, maqsimumis aReba xorcieldeba yvela arauaryofiTi qjV -

saTvis, romelic akmayofilebs pirobas 

 
1

k

qj qj
j

a V ξ
=

≤∑  (4.65)  

maSin 

 
1 1

1 1 1 10 /
( ) max [ ( ) ( )( / ) ]

q q

q
q q iq q iq qv a

D V G V V V R
ξ

ξ
≤ ≤

Λ = − −  (4.66)  

xolo ( )q
k ξΛ , 2,k n= _Tvis adgili aqvs rekurentul SeTanawyobas 
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 1( ) max[ ( ) ( )( / ) ( )], 2,q q
k k qk q iq qk iq q k qk qkD V G V V V R a V k nξ ξ−Λ = − − +Λ − =  (4.67)  

(4.66)–(4.67) damokidebulebebi or Tanmimdevrobas gansazRvraven 

 { } { }( ) , ( )q
qk kV ξ ξΛ  (4.68)  

 optimaluri qDopt  mniSvneloba da optimaluri strategia am 

Tanmimdevrobidan Semdegnairad gamoisaxeba: 

 max( ), ( ), 0q
q k iq qk qk iq iq iqD V V V V V V= Λ = ≤ ≤opt opt  (4.69)  

gansaxilveli mravalfeniani sistemis qveda zRvarze 

gadawyvetilebis miReba morwyvis optimaluri reJimis da (4.52) 

damokidebulebis agebis mizniT moiTxovs Sesabamisi ricxviTi 

meTodebis gamoyenebas, rac Tavis mxriv gansazRvravs ricxviTi 

meTodebis gamoyenebis aucileblobas dinamiuri daprogramebis 

amocanebis amosaxsnelad zemdgom fenebSi. Tumca aseT midgomas 

mosdevs garTulebebi, radgan saWiro xdeba resursebis didi 

odenobiT ganawilebis – (sistemaSi sarwyavi mindvrebis 

raodenobis toli) praqtikulad erTdoniani amocanis gadaWra. 

ufro metad mosaxerxebelia ierarqiis TiToeul doneze, M1 

simravlis elementebidan dawyebuli, ricxviTi amonaxsnis 

gansazRvris Semdeg vipovoT analitikuri damokidebulebebi, 

miRebuli cxrilebis aproqsimaciiT. magaliTad, algebruli an 

ganzogadebuli polinomebiT. es iZleva saSualebas Semdeg Sreze, 

cnobili procedurebis gamoyenebiT, amovxsnaT dinamiuri 

daprogramebis standartuli amocanebi da kvlav (4.69) 

damokidebulebis analitikuri gansazRvriT gadavideT zemdgom 

Sreebze. 

dinamiuri daprogramebis parametruli amocanebis ricxviTi 

amoxsnis procedurebi, dawyebuli meore Sridan [amocanebi (4.49) – 

(4.51)] msubuqdeba im faqtiT, rom funqcia ( )k ky Φ , rogorc zemoT 

iyo naCvenebi, Cazneqilia (amozneqilobis SesaZlo ubanze xdeba 

(4.58)-is Tanaxmad funqciis gasworeba). davuSvaT, rom Gk – 

produqciis warmoebaze gaweuli xarji k-ur mindorze da funqcia 

Gq, ( 2q M∈ ),  Cazneqili funqciebia, maSin mivalT iqamde, rom 
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saWiro gaxdeba TiToeul Sreze amoixsnas dinamiuri 

daprogramebis mravali parametruli amocana Cazneqili miznis 

funqciiT, radgan dinamiuri daprogramebis Sesabamisi amocanebis 

miznis funqciis optimaluri mniSvnelobebi aseve Cazneqilia. 

ukanaskneli garemoeba mniSvnelovnad aadvilebs eqstremaluri 

amocanebis ricxviTi amoxsnis povnis proceduras, romelic ( )NΩ  

struqturuli grafis yoveli mwvervalis Sesabamisia. 

0 0,τ τ τ τ τ− ≤ ≤  periodSi yoveli k–uri mindvrisaTvis 

gamoyofili 0
qkΦ  sarwyavi normis sididis an misi nawilis 

gansazRvris Semdeg, ganvsazRvravT misTvis Sesabamis morwyvis 

reJims, Sesasruleblad viyenebT mxolod mis nawils drois 

monakveTSi 0 1( , )τ τ , or vadas Soris wyalganawilebis operatiuli 

gegmis Sesadgenad. yovel k–ur mindorze morwyvis reJimis 

ganxorcielebis mizniT ganvsazRvravT wylis xarjs (danarTi 2. 

cx. 2.6 ÷ 2.15; danarTi 3. suraTi 3.4, 3.5) da misi miwodebis dros 

qkQ .  
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დასკვნა 

qveynis suverenitetis pirobebSi, anu socialuri da 
ekonomikuri politikis axali formebis pirobebSi wyalmeurneoba 
wamyvan rols iZens saxelmwifos ekonomikis formirebaSi. wyals, 
rogorc produqts, aseve mis warmoebuls (eleqtroenergia, 
soflis meurneobis produqcia da mrewveloba) saerTaSoriso 
bazarze mniSvnelovani fasi gaaCnia, gansakuTrebiT im pirobebSi, 
roca fulis masa unda iyos uzrunvelyofili realuri 
nedleuliT da saqonlis raodenobiT. es mdgomareoba gvibiZgebs 
gamokvlevis aqtualobisken respublikis wyalmeurneobis 
Sefasebis Tanamedrove mdgomareobisa da ganviTarebis 
perspeqtivebis Sefasebis sferoSi. miTumetes, rom wylis 
resursebis ganawilebis pirobebi teritoriaze da droSi 
damaxasiaTebeli mTiani regionebisaTvis arTuleben maT 
moxmarebas mdinaris wylis reJimebis aseve wyalmoxmarebisa da 
wyalmomsaxurebis reJimebis SeuTavseblobis gamo.  

dasaxuli amocanis gadasawyvetad moZiebul da Sekrebil iqna 
mniSvnelovani meteorologiuri (ZiriTadad statistikuri 
monacemebi naleqebze) da hidrologiur-melioraciuli masala. 
kerZod mdinareuli Camonadenis mravalwliuri monacemebi Tveebis 
mixedviT da wliuri monacemebi 2015 wlis perspeqtiuli 
donisaTvis dasaxuli sarwyavi sistemebis Sesaxeb, maTze 
daqvemdebarebuli sarwyavi farTobebiT, warmoebisaTvis dasaxuli 
sasoflo-sameurneo kulturebiT da maTi ganawilebiT am 
farTobebis mixedviT soflis meurneobis perspeqtiuli 
specializaciisa da reliefis vertikaluri zonalobis 
TaviseburebaTa safuZvelze. 

aRmosavleT saqarTvelos ZiriTad mdinareTa irigaciuli 
wyaluzrunvelyofis gamovlenili SesaZleblobani da arsebul 
perspeqtiul sarwyav sistemebze sarwyavi wylis deficitis 
mosalodneli sidideebi kvlevis pirvel etaps warmoadgens. 
kvlevis Semdgomi etapi, rogorc saqarTvelos sarwyavi 
miwaTmoqmedebis aRdgena-aRorZinebis aucileblobebidan 
gamomdinare, aRmosavleT saqarTvelos gvalviani raionebis 
pirobebSi wylis irigaciuli resursebis ufro racionalurad 
gamoyenebis da mdinareTa auzebSi arsebuli sarwyavi wylis 
deficitis Tavidan acilebis RonisZiebaTa SemuSavebaa.  

naSromSi miRebulia axali samecniero Sedegebi, romlebic 
mdgomareobs SemdegSi: 

     _ Seswavlil iqna soflis meurneobaSi wylis resursebis 
optimaluri gamoyenebisa da saqarTvelos sarwyavi sistemebis 
optimaluri marTvis sakiTxebi; 
     _ Camoyalibebul iqna wyalmoxmarebis dagegmvisa da 
wyalTa meurneobis dargis Tanamedrove problemebi; 
     _ Seswavlil iqna wyalsameurneo sistemebis marTvis 
amocanebis modelebi; 
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     _ Camoyalibebul iqna sarwyavi sistemebis eqspluataciis 
dros wylis resursebis optimaluri ganawilebis principebi 
da meTodebi. momxmareblebs Soris wylis resursebis 
ganawilebis amocana gadaiWra dinamiuri daprogramebis 
meTodebis gamoyenebiT; 
     _ aRwerilia sarwyav sistemebSi informaciis miRebisa da 
gadamuSavebis meTodebi; 
     _ ganxorcielda perspeqtivaSi dasaxuli miwebis 
optimaluri ganawileba mdinareTa auzebisa da kulturebis 
mixedviT. 
     _ SemuSavda morwyvis dros wyalganawilebis operatiuli 
dagegmarebis modelis agebis sakiTxebi da agebul iqna misi 
ierarqiuli struqtura; 
     _  SemuSavda da wyalganawilebis gegmis fuZed iqna 
aRebuli sawarmoo funqciebi, romlebic asaxaven ekonomikuri 
maCveneblebis damokidebulebas sasoflo-sameurneo da 
wyalsameurneo sawarmoebis mier gamoyenebuli wylis 
resursebis raodebobaze;   
     _ damuSavda mosavlis formirebis, rogorc marTvis 
obieqtis,  maTematikuri modeli; 
     _ irigaciis procesSi wyalganawilebis algoriTmizaciis 
gziT Camoyalibda sasoflo-sameurneo kulturebis mosavlis 
formirebis sakiTxebi, garemo faqtorebis, aseve mcenaris 
jiSisa da saxeobis genetikuri Tvisebebis gaTvaliswinebiT;    
    _ Sedga saqarTvelos wyalganawilebis sistemebSi adre 
arsebuli modelebisagan sruliad gansxvavebuli, marTvis 
maTematikuri modeli, aseve sawarmoo funqciis agebis 
algoriTmebi ierarqiis sxvadasxva doneze; 

       _ MS Excel-Si Seiqmna da damuSavda aRmosavleT 
saqarTveloSi 2015 w. doneze dasaxuli sarwyavi sistemebis 
pirobebSi mdinareTa irigaciuli SesaZleblobebis monacemTa 
baza wyaluzrunvelyofisa da wyalmoTxovnilebis 
urTierTSedarebis meTodiT, moxda perspeqtivaSi mosarwyavad 
dasaxuli miwebis ganawileba mdinareTa auzebisa da 
kulturebis mixedviT, dadgenil iqna morwyvis normebi, 
romelic damokidebulia sasoflo-sameurneo kulturis 
saxeobaze, niadagis meqanikur Semadgenlobaze, misi aqtiuri 
fenis sisqeze da a.S. gamoTvlil iqna wylis balansi, wylis 
saSualo xarji mdinareebis mtkvrisa da aragvisaTvis;  
   _ Seiqmna programa HTML enaze, romlis daxmarebiTac 
SesaZlebelia saqarTvelos wylis resursebis internetuli 
warmodgena farTo sazogadoebisaTvis.   
amrigad, wylis resursebis optimaluri ganawilebis 

sakiTxebi Sesrulebulia Tanamedrove doneze, romelic Cveni 
azriT, saintereso iqneba rogorc samecniero sferoSi, aseve 
praqtikulad momuSave adamianebisaTvis. 

naSromSi gamoyenebulia meTodi, romelic pontriaginis 
“maqsimumis principis” saxels atarebs da iZleva saZiebeli 
marTvis optimalurobis aucilebel pirobebs. amasTan, lagranJis 
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mamravlis da hamiltonis funqciis gamoyenebis Semdeg SegviZlia 
mniSvnelovani daskvnis gakeTeba: morwyvis optimaluri reJimi 
warmoadgens calkeuli morwyvebis Tanmimdevrobas, morwyvebs 
Soris monacvle periodebiT, Tanac maqsimaluri sarwyavi normiT. 

sarwyav sistemaSi wylis resursebis ganawilebis 
dagegmarebis zemoT ganxiluli meTodi daiyvaneba ierarqiuli 
saxiT organizebuli ori klasis simravlis parametruli 
amocanebis Tanmimdevrul amoxsnamde. pirvel klass ekuTvnis 
sxvaobiani gantolebaTa sistemis optimaluri marTvis amocanebi 
sToqasturi SesasvlelebiT, xolo meore klass – dinamiuri 
daprogramebis parametruli amocanebis simravle. 
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danarTi 1 

cxrili 1.1. 
 

aRmosavleT saqarTveloSi 2015 w. doneze dasaxuli sarwyavi sistemebis 
pirobebSi mdinareTa irigaciuli SesaZleblobis Sefaseba 

wyaluzrunvelyofisa da wyalmoTxovnilebis urTierTSedarebis meTodiT 
 
 

Tveebi/wyali III IV V VI VII VIII IX X 
1 2 3 4 5 6 7 8 9 

1. focxovi – SesarTavi 
50%-ani uzrunvelyofa 

mosuli 35.36 138.93 200.34 90.20 36.69 22.23 23.48 36.16 
dasaxarji - 7.46 1.38 2.59 6.70 4.87 1.84 - 
sxvaoba - +131.47 +198.96 +87.61 +29.99 +17.36 +21.64 - 
daxarjuli - 7.46 1.38 2.59 6.70 4.87 1.84 - 
darCenili 35.36 131.47 198.96 87.61 29.99 17.36 21.64 36.16 

75%-ani uzrunvelyofa 

mosuli 31.07 122.60 175.70 81.13 28.12 16.87 20.37 31.07 
dasaxarji - 7.46 1.38 4.86 6.93 7.86 1.26 - 
sxvaoba - +115.14 +174.32 +76.26 +21.19 +9.01 +19.11 - 
daxarjuli - 7.46 1.38 4.86 6.93 7.86 1.26 - 
darCenili 31.07 115.14 174.32 76.26 21.19 9.01 19.11 31.07 

95%-ani uzrunvelyofa 

mosuli 24.80 99.27 144.90 69.47 20.36 13.47 16.07 24.24 
dasaxarji - 9.05 4.99 7.51 6.93 7.68 4.57 - 
sxvaoba - +90.22 +139.91 +61.96 +13.43 +5.79 +11.50 - 
daxarjuli - 9.05 4.99 7.51 6.93 7.68 4.57 - 
darCenili 24.80 90.22 139.91 61.96 13.43 5.79 11.50 24.24 

2. faravani – SesarTavi 
    50%-ani uzrunvelyofa 

mosuli 43.12 84.76 112.99 62.99 41.51 34.28 33.96 35.09 
dasaxarji - 15.79 - 8.35 13.45 2.23 0.10 - 
sxvaoba - +68.97 +112.99 +54.63 +28.07 +32.05 +33.86 - 
daxarjuli - 15.79 - 8.35 13.45 2.23 0.10 - 
darCenili 43.12 68.97 112.99 54.63 28.07 32.05 33.86 35.09 

75%-ani uzrunvelyofa 

mosuli 37.50 73.86 101.24 57.02 33.21 27.59 28.41 32.14 
dasaxarji - 16.06 1.49 8.33 15.07 10.44 3.01 - 
sxvaoba - +57.80 +99.75 +48.70 +18.14 +17.15 +25.41 - 
daxarjuli - 16.06 1.49 8.33 15.07 10.44 3.01 - 
darCenili 37.50 57.80 99.76 48.70 18.14 17.15 25.41 32.14 

95%-ani uzrunvelyofa 

mosuli 31.87 61.13 87.85 46.66 23.97 19.77 22.89 25.79 
dasaxarji - 16.06 10.23 14.63 15.07 11.24 2.32 - 
sxvaoba - +45.11 +77.62 +32.02 +8.90 +8.53 +20.57 - 
daxarjuli - 16.06 10.23 14.63 15.07 11.24 2.32 - 
darCenili 31.87 45.11 77.62 32.02 8.90 8.53 20.57 25.79 

3. bugdaSeni – SesarTavi 
50%-ani uzrunvelyofa 

mosuli 1.69 12.60 19.58 7.75 3.64 3.16 2.46 2.92 
dasaxarji - 21.03 0.01 2.73 20.70 0.32 0.01 - 
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1 2 3 4 5 6 7 8 9 

sxvaoba - -8.44 +19.57 +5.02 -17.06 +2.84 +2.46 - 
daxarjuli - 12.60 0.01 2.73 3.64 0.32 0.01 - 
darCenili 1.69 - 19.57 5.02 - 2.84 2.46 2.92 

75%-ani uzrunvelyofa 

mosuli 1.50 10.99 17.44 6.64 2.62 2.25 2.10 2.49 
dasaxarji - 21.03 0.07 3.04 20.76 3.12 9.39 - 
sxvaoba - -10.04 +17.37 +3.60 -18.14 -0.87 -7.29 - 
daxarjuli - 10.99 0.07 3.04 2.62 2.25 2.10 - 
darCenili 1.50 - 17.37 3.60 - - - 2.49 

95%-ani uzrunvelyofa 
mosuli 1.18 8.92 13.66 5.47 1.93 1.45 1.66 1.96 
dasaxarji - 21.03 3.26 20.69 20.76 3.12 9.39 - 
sxvaoba - -12.12 +10.40 -15.22 -18.83 -1.67 -7.73 - 
daxarjuli - 8.92 3.26 5.47 1.93 1.45 1.66 - 
darCenili 1.18 - 10.40 - - - - 1.96 

4. yarabulaxi – SesarTavi 
    50%-ani uzrunvelyofa 

mosuli 7.26 24.29 18.45 12.42 8.68 6.86 8.76 7.85 
dasaxarji - 11.65 0.32 10.49 1.60 0.82 0.19 0.43 
sxvaoba - +12.64 +18.13 +1.93 +0.07 +6.03 +8.57 +7.41 
daxarjuli - 11.65 0.32 10.49 1.60 0.82 0.19 0.43 
darCenili 7.26 12.64 18.13 1.93 7.07 6.03 8.57 7.41 

75%-ani uzrunvelyofa 

mosuli 6.19 22.48 16.07 10.60 6.16 4.90 7.46 6.70 
dasaxarji - 11.65 0.400 1.60 11.19 1.68 5.24 0.61 
sxvaoba - +10.83 +15.67 +9.00 -5.03 +3.22 +2.23 +6.08 
daxarjuli - 11.65 0.400 1.60 6.16 1.68 5.24 0.61 
darCenili 6.19 10.83 15.67 9.00 - 3.22 2.23 6.08 

95%-ani uzrunvelyofa 
mosuli 4.87 19.26 13.39 8.32 3.48 2.89 5.86 4.64 
dasaxarji - 11.65 1.98 11.43 11.19 1.72 5.24 0.43 
sxvaoba - +7.61 +11.41 -3.11 -7.71 +1.17 +0.62 +4.21 
daxarjuli - 11.65 1.98 8.32 3.48 1.72 5.24 0.43 
darCenili 4.87 7.61 11.41 - - 1.17 0.62 4.21 

5. maSavera - SesarTavi 
50%-ani uzrunvelyofa 

mosuli 12.67 24.88 57.32 41.47 16.23 12.59 12.99 13.23 
dasaxarji - 11.11 1.52 4.72 8.64 3.42 0.89 1.90 
sxvaoba - +13.77 +55.80 +36.75 +7.59 +9.17 +12.09 +11.33 
daxarjuli - 11.11 1.52 4.72 8.64 3.42 0.89 1.90 
darCenili 12.67 13.77 55.80 36.75 7.59 9.17 12.09 11.33 

75%-ani uzrunvelyofa 
mosuli 9.92 18.84 43.93 32.14 12.03 8.95 9.85 10.02 
dasaxarji - 11.11 1.67 8.87 9.19 8.36 0.78 1.90 
sxvaoba - +7.73 +42.26 +23.27 +2.83 +0.59 +9.06 8.11 
daxarjuli - 11.11 1.67 8.87 9.19 8.36 0.78 1.90 

darCenili 9.92 7.73 42.26 23.27 2.83 0.59 9.06 8.11 
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1 2 3 4 5 6 7 8 9 

95%-ani uzrunvelyofa 
mosuli 6.08 12.31 29.19 19.18 8.73 6.08 6.43 6.54 
dasaxarji 3.35 8.20 9.45 9.79 9.19 8.63 2.10 1.90 
sxvaoba +2.73 +4.11 +19.75 +9.39 -0.46 -2.55 +4.33 +4.63 
daxarjuli 3.35 8.20 9.45 9.79 8.73 6.08 2.10 1.90 
darCenili 2.73 4.11 19.75 9.39 - - 4.33 4.63 

6. aslanka – SesarTavi 
    50%-ani uzrunvelyofa 

mosuli 1.61 4.02 6.83 2.59 0.80 0.67 0.98 1.47 
dasaxarji - 10.23 1.36 3.91 8.14 3.07 0.78 1.71 
sxvaoba - -6.22 +5.47 -1.32 -7.34 -2.40 +0.21 -0.23 
daxarjuli - 4.02 1.36 2.59 0.80 0.67 0.78 1.47 
darCenili 1.61 - 5.47 - - - 0.21 - 

75%-ani uzrunvelyofa 
mosuli 1.26 3.19 5.84 2.10 0.37 0.29 0.80 1.18 
dasaxarji - 10.23 1.24 10.92 9.10 7.49 0.82 1.71 
sxvaoba - -7.04 +4.60 -8.82 -8.73 -7.20 -0.02 -0.53 
daxarjuli - 3.19 1.24 2.10 0.37 0.29 0.80 1.18 
darCenili 1.26 - 4.60 - - - - - 

95%-ani uzrunvelyofa 
mosuli 0.88 2.23 4.29 1.45 0.19 0.08 0.56 0.83 
dasaxarji 3.00 7.36 8.26 8.50 8.25 7.77 1.63 1.71 
sxvaoba -2.12 -5.13 -3.98 -7.05 -8.06 -7.69 -1.07 -0.88 
daxarjuli 0.88 2.23 4.29 1.45 0.19 0.08 0.56 0.83 
darCenili - - - - - - - - 

7. algeTi – SesarTavi 
50%-ani uzrunvelyofa 

mosuli 4.39 7.50 20.62 32.66 4.15 2.33 3.96 4.98 
dasaxarji - 15.81 3.75 10.41 6.27 10.27 2.58 1.48 
sxvaoba - -8.21 +16.87 +22.25 -2.12 -7.94 +1.39 +3.50 
daxarjuli - 7.59 3.75 10.41 4.15 2.33 2.58 1.48 
darCenili 4.39 - 16.87 22.25 - - 1.39 3.50 

75%-ani uzrunvelyofa 
mosuli 3.21 5.55 15.08 23.98 1.85 0.83 2.77 3.51 
dasaxarji - 15.81 3.75 13.57 13.49 15.10 2.58 1.48 
sxvaoba - -10.26 +11.33 +10.41 -11.64 -14.27 +0.20 +2.02 
daxarjuli - 5.55 3.75 13.57 1.85 0.83 2.58 1.48 
darCenili 3.21 - 11.33 10.41 - - 0.20 2.02 

95%-ani uzrunvelyofa 

mosuli 1.82 3.16 8.57 13.63 0.75 0.32 1.56 1.96 

dasaxarji - 15.78 14.59 15.67 13.50 15.43 3.39 1.48 

sxvaoba - -12.62 -6.01 -2.03 -12.75 -15.11 -1.84 0.47 

daxarjuli - 3.16 8.57 13.63 0.75 0.32 1.59 1.48 

darCenili 1.82 - - - - - - 0.47 

8. qcia-xrami – s. dageTxaCini 
50%-ani uzrunvelyofa 

mosuli 43.39 73.09 107.14 64.80 34.55 35.36 42.77 43.39 
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1 2 3 4 5 6 7 8 9 
dasaxarji - 104.5 30.83 45.54 49.24 33.56 10.31 8.38 
sxvaoba - -31.4 +76.30 +19.26 -14.69 +1.80 +32.5 +35.01 
daxarjuli - 73.09 30.83 45.54 34.55 33.56 10.31 8.38 
darCenili 43.39 - 76.30 19.26 - 1.8 32.46 35.01 

75%-ani uzrunvelyofa 
mosuli 34.82 62.73 95.08 56.51 29.19 31.34 34.21 37.23 
dasaxarji - 104.5 49.85 31.31 68.88 57.60 18.86 8.38 
sxvaoba - -41.81 +45.23 +25.20 -39.69 -26.27 +15.4 +28.85 
daxarjuli - 62.73 49.85 31.31 29.19 31.34 18.86 8.38 
darCenili 34.82 - 45.23 25.20 - - 15.36 28.85 

95%-ani uzrunvelyofa 
mosuli 27.59 49.51 75.26 46.14 22.23 25.71 26.96 28.93 
dasaxarji - 104.54 83.50 78.24 74.90 65.03 18.86 8.38 
sxvaoba - -55.0 -8.23 -32.10 -52.67 -39.32 +8.10 +20.55 
daxarjuli - 49.51 75.26 46.14 22.23 25.71 18.86 8.38 
darCenili 27.59 - - - - - 8.10 20.55 

9. debeda – s. sadaxlo 
50%-ani uzrunvelyofa 

mosuli 72.05 125.5 198.20 160.70 57.32 35.89 43.29 41.78 
dasaxarji - 15.16 2.73 11.20 7.81 9.66 2.77 1.82 
sxvaoba - +110.30 +195.47 +149.51 +49.51 +26.22 +40.52 +39.97 
daxarjuli - 15.16 2.73 11.20 7.81 9.66 2.77 1.82 
darCenili 72.05 110.3 195.47 149.51 49.51 26.22 40.52 39.97 

75%-ani uzrunvelyofa 
mosuli 53.84 99.53 151.60 146.71 44.73 24.940 28.23 28.39 
dasaxarji - 15.15 7.76 9.15 15.06 14.57 2.77 1.82 
sxvaoba - +84.4 +143.84 +137.6 +29.67 +10.37 +25.5 +26.58 
daxarjuli - 15.15 7.76 9.15 15.06 14.57 2.77 1.82 
darCenili 53.84 84.38 143.84 137.56 29.67 10.37 25.46 26.58 

95%-ani uzrunvelyofa 
mosuli 38.03 74.65 102.85 127.01 30.53 17.01 14.75 14.09 
dasaxarji - 15.16 14.90 14.39 15.06 15.95 2.77 1081 
sxvaoba - +59.5 +87.95 +112.6 +15.48 +1.06 +11.9 +12.27 
daxarjuli - 15.16 14.90 14.39 15.06 15.95 2.77 1.81 
darCenili 38.03 59.49 87.95 112.62 15.48 1.06 11.98 12.27 

10. d. liaxvi – q. cxinvali 
50%-ani uzrunvelyofa 

mosuli 39.10 105.2 186.95 139.45 100.71 64.55 45.10 51.69 
dasaxarji - 83.32 5.78 11.28 64.84 50.10 2.06 6.88 
sxvaoba - +21.9 +181.18 +128.2 +38.87 +14.45 +43.0 +44.82 
daxarjuli -39.10 83.32 5.78 11.28 61.84 50.10 2.06 6.88 
darCenili  21.92 181.18 128.17 38.87 14.45 43.04 44.82 

75%-ani uzrunvelyofa 
mosuli 34.55 95.90 175.17 128.56 76.87 50.09 39.92 45.80 
dasaxarji - 90.19 5.78 16.65 63.10 77.64 2.06 6.88 
sxvaoba - +5.71 +169.39 +111.92 +13.77 -27.55 +37.86 +38.93 
daxarjuli - 90.19 5.78 16.65 63.10 50.09 2.06 6.88 
darCenili 34.55 5.71 169.39 111.92 13.77 - 37.86 38.93 
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1 2 3 4 5 6 7 8 9 
95%-ani uzrunvelyofa 

mosuli 28.66 82.68 148.12 113.79 54.37 39.10 33.18 38.03 
dasaxarji - 96.85 16.34 69.23 63.10 76.95 46.57 6.87 
sxvaoba - -14.16 +131.78 +44.56 -8.73 -37.85 -13.40 +31.16 
daxarjuli - 82.68 16.34 69.23 54.37 39.10 33.18 6.87 
darCenili 28.66 - +131.78 44.56 - - - 31.16 

11. p. liaxvi – s. vanaTi 
50%-ani uzrunvelyofa 

mosuli 16.93 38.88 64.55 55.99 29.20 9.03 12.21 12.96 
dasaxarji - 31.86 0.07 1.05 6.48 1.13 5.00 0.09 
sxvaoba - +7.02 +64.48 +54.94 +22.72 +7.89 +7.20 +12.88 
daxarjuli - 31.86 0.07 1.05 6.48 1.13 5.00 0.09 
darCenili 16.93 7.02 64.48 54.94 22.72 7.89 7.20 12.88 

75%-ani uzrunvelyofa 
mosuli 11.28 32.66 55.18 49.25 16.07 7.42 9.74 10.30 
dasaxarji - 32.68 0.72 1.16 6.98 7.75 0.25 0.09 
sxvaoba - -0.02 +54.46 +48.09 +9.09 -0.33 +9.50 +10.23 
daxarjuli - 32.66 0.72 1.16 6.98 7.42 0.25 0.09 
darCenili 11.28 - 54.46 48.09 9.09 - 9.50 10.23 

95%-ani uzrunvelyofa 

mosuli 8.60 28.25 35.62 38.88 7.15 4.02 6.87 7.29 
dasaxarji - 32.76 24.93 7.00 6.96 8.29 4.91 0.24 
sxvaoba - -4.50 +10.69 +31.88 +0.19 -4.27 +1.96 +7.05 
daxarjuli - 28.25 24.93 7.00 6.96 4.02 4.91 0.24 
darCenili 8.60 - 10.69 31.88 0.19 - 1.96 7.05 

12. TeZami – SesarTavi 
50%-ani uzrunvelyofa 

mosuli 4.29 12.67 16.47 10.39 4.98 3.24 3.52 3.43 
dasaxarji - 1.78 0.24 4.86 3.96 7.84 0.24 0.37 
sxvaoba - +10.9 +16.23 +5.53 +1.02 -4.60 +3.28 +3.06 
daxarjuli - 1.78 0.24 4.86 3.96 3.24 0.24 0.37 
darCenili 4.29 10.90 16.23 5.53 1.02 - 3.28 3.06 

75%-ani uzrunvelyofa 

mosuli 3.27 9.64 12.45 6.97 3.21 2.54 2.51 2.49 
dasaxarji - 9.78 0.67 5.98 4.04 4.45 0.42 0.37 
sxvaoba - -0.14 +11.78 +0.99 -0.83 -1.90 +2.09 +2.12 
daxarjuli - 9.64 0.67 5.98 3.21 2.54 0.42 0.37 
darCenili 3.27 - 11.78 0.99 - - 2.09 2.12 

95%-ani uzrunvelyofa 

mosuli 1.87 5.88 7.74 4.56 1.53 1.39 1.56 1.50 
dasaxarji - 10.04 7.58 6.08 4.13 6.94 1.17 0.37 
sxvaoba - -4.12 +0.16 -1.52 -2.61 -5.55 -0.38 +1.13 
daxarjuli - 5.88 7.58 4.56 1.53 1.39 1.56 0.37 
darCenili 1.87 - 0.16 - - - - 1.13 

13. qsani – s. korinTa 
50%-ani uzrunvelyofa 

mosuli 18.29 40.18 67.50 49.77 29.46 18.13 14.83 13.45 

dasaxarji - 1.67 - 3.78 5.76 5.86 0.21 0.24 
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1 2 3 4 5 6 7 8 9 

sxvaoba - +38.5 +67.50 +45.99 +23.70 +12.27 +14.6 +13.20 

daxarjuli - 1.67 - 3.78 5.76 5.86 0.21 0.24 

darCenili 18.29 38.50 67.50 45.99 23.70 12.27 14.61 13.20 

75%-ani uzrunvelyofa 
mosuli 13.44 34.21 61.07 42.51 23.03 15.59 10.94 9.61 
dasaxarji - 7.64 0.42 4.78 5.70 3.56 0.26 0.24 
sxvaoba - +26.6 +60.65 +37.73 +17.34 +12.03 +10.7 +9.37 
daxarjuli - 7.64 0.42 4.78 5.70 3.56 0.26 0.24 
darCenili 13.44 26.57 60.65 37.73 17.34 12.03 10.68 9.37 

95%-ani uzrunvelyofa 
mosuli 10.66 29.96 50.35 34.42 13.26 9.96 8.60 5.17 
dasaxarji - 8.23 5.91 4.83 5.90 7.44 - 0.24 
sxvaoba - +21.7 +44.44 +29.60 +7.36 +2.53 +8.60 +4.93 
daxarjuli - 8.23 5.91 4.83 5.90 7.44 - 0.24 
darCenili 10.66 21.73 44.44 29.60 7.36 2.53 8.60 4.93 

14. aragvi – s. Jinvali 
   50%-ani uzrunvelyofa 

mosuli 72.32 158.1 273.20 215.91 147.85 99.10 87.09 84.37 
dasaxarji - 16.89 5.79 10.49 12.39 19.15 1.22 2.69 
sxvaoba - +141 +267.4 +205.4 +135.46 +79.95 +85.9 +81.68 
daxarjuli - 16.89 5.79 10.49 12.39 19.15 1.22 2.69 
darCenili 72.32 141.2 267.40 205.42 135.46 79.95 85.87 81.68 

75%-ani uzrunvelyofa 
mosuli 66.69 142.8 240.25 192.84 115.97 83.83 75.09 73.39 
dasaxarji - 26.33 2.69 14.21 18.23 8.79 3.62 2.69 
sxvaoba - +116.49 +237.57 +178.63 +97.75 +75.04 +71.47 +70.70 

daxarjuli - 26.33 2.69 14.21 18.23 8.79 3.62 2.69 
darCenili 66.69 116.5 237.57 178.63 97.75 75.04 71.47 70.70 

95%-ani uzrunvelyofa 
mosuli 58.39 118.7 199.81 160.70 83.03 63.75 60.65 58.92 
dasaxarji - 29.02 7.97 16.96 10.98 23.72 10.50 2.69 
sxvaoba - +89.7 +191.84 +143.74 +72.05 +40.03 +50.2 +56.24 
daxarjuli - 29.02 7.97 16.96 10.98 23.72 10.50 2.69 
darCenili 58.39 89.70 191.84 143.74 72.05 40.03 50.15 56.24 

15. mtkvari – q. rusTavi 
50%-ani uzrunvelyofa 

mosuli 479.43 1252 1716.85 983.12 452.65 259.80 279.9 321.41 
dasaxarji 83.51 50.31 6.68 88.04 92.60 42.58 6.67 18.86 
sxvaoba +395.93 +1201.6 +1710.18 +895.08 +360.05 +217.23 +273.27 +302.55 

daxarjuli 83.51 50.31 6.68 88.04 92.60 42.58 6.67 18.86 
darCenili 395.93 1202 1710.18 895.08 360.05 217.23 273.3 302.55 

75%-ani uzrunvelyofa 
mosuli 415.15 1099 1510.62 832.03 324.09 194.72 240 275.88 
dasaxarji 83.50 62.92 24.09 96.89 106.44 77.62 9.94 18.76 
sxvaoba +331.65 +1036.08 +1486.54 +735.14 +217.65 +117.10 +230.08 +257.12 

daxarjuli 83.50 62.92 24.09 96.89 106.44 77.62 9.94 18.76 
darCenili 331.65 1036.08 1486.52 735.14 217.65 117.10 230.08 257.12 

95%-ani uzrunvelyofa 
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1 2 3 4 5 6 7 8 9 

mosuli 366.44 907.2 1213.32 668.74 203.56 136.60 189.48 219.09 
dasaxarji 83.51 65.71 104.96 109.11 108.18 94.43 17.15 18.76 
sxvaoba +282.93 +841.49 +1108.36 +559.62 +95.38 +42.17 +172.23 +200.33 

daxarjuli 83.51 65.71 104.96 109.11 108.18 94.43 17.15 18.76 
darCenili 282.93 841.49 1108.36 559.62 95.38 42.17 172.23 200.33 

16. iori – kazanianis mTasTan 
50%-ani uzrunvelyofa 

mosuli 44.52 68.43 118.39 79.57 41.51 28.66 24.62 32.94 
dasaxarji 33.32 58.40 4.50 74.80 66.41 115.17 4.50 25.42 
sxvaoba +8.20 +10.02 +113.89 +4.78 -24.90 -86.51 +20.13 +7.52 

daxarjuli 33.32 58.40 4.50 74.80 41.51 28.66 4.50 25.42 
darCenili 8.20 10.02 113.89 4.78 - - 20.13 7.52 

75%-ani uzrunvelyofa 
mosuli 35.36 59.10 105.80 67.91 30.26 23.84 21.02 28.12 
dasaxarji 33.32 35.87 109.97 105.75 71.45 119.44 4.50 25.42 
sxvaoba +2.04 +23.23 -4.18 -37.84 -41.19 -95.61 +16.52 +2.70 

daxarjuli 33.32 35.87 105.80 67.91 30.26 23.84 4.50 25.42 
darCenili 2.04 23.23 - - - - 16.52 2.70 

95%-ani uzrunvelyofa 
mosuli 28.66 48.47 84.64 58.84 17.95 15.35 16.59 21.67 
dasaxarji 33.32 122.77 134.35 147.23 136.05 120.91 47.86 25.42 
sxvaoba -4.66 -74.30 -49.71 -88.39 -118.10 -105.56 -31.27 -3.75 

daxarjuli 28.66 48.47 84.64 58.84 17.95 15.35 16.59 21.67 
darCenili - - - - - - - - 

17. alazani – qvemo alaznis sarwy. arxis saTavesTan 
50%-ani uzrunvelyofa 

mosuli 111.96 232.76 334.80 274.75 163.38 110.08 129.60 135.80 

dasaxarji 147.45 159.79 5.70 19.05 152.89 190.30 5.70 50.61 
sxvaoba -35.49 +73.00 +329.10 +255.70 +10.49 -80.22 +123.90 +85.19 

daxarjuli 111.96 159.79 5.70 19.05 152.89 110.08 5.70 50.61 
darCenili - 73.00 329.10 255.70 10.49 - 123.90 85.19 

75%-ani uzrunvelyofa 
mosuli 98.03 199.58 294.62 244.94 124.55 82.49 110.16 115.17 
dasaxarji 147.45 161.88 8.30 336.65 236.05 225.47 21.91 51.38 
sxvaoba -49.42 +37.7 +286.3 -91.71 -111.50 -142.98 +88.3 +63.79 
daxarjuli 98.03 161.88 8.30 244.94 124.55 82.49 21.91 51.38 
darCenili - 37.70 286.32 - - - +88.3 +63.79 

95%-ani uzrunvelyofa 
mosuli 79.82 163.29 243.73 198.03 83.57 54.10 86.83 91.07 
dasaxarji 147.45 109.12 312.87 347.72 237.16 206.87 20.21 51.38 
sxvaoba -67.63 +54.17 69.14 -149.69 -155.59 -152.77 +66.62 +39.69 
daxarjuli 79.82 109.12 243.73 198.03 83.57 54.10 20.21 51.38 
darCenili - 54.17 - - - - 66.62 39.69 
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cxrili 1.2. 
 

perspeqtivaSi mosarwyavad dasaxuli miwebis ganawileba mdinareTa 
auzebisa da kulturebis mixedviT (ha)  
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cxrili 1.3. 
 
perspeqtivaSi mosarwyavad dasaxuli miwebis procentuli ganawileba 

mdinareTa wyalSemkrebi auzebisa da s/s kulturebis mixedviT 
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cxrili 1.4. 
 

vegetaciis periodis yovelTviuri da mTliani wyalmoTxovnileba 
`neto~ mln.m3 mdinareTa auzebis mixedviT, naleqebiT 50, 75 da 95%-ani 

uzrunvelyofis dros 
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cxrili 1.5. 
 

wyalmoTxovnilebis sidideebi 1ha-ze `neto~ da `bruto~ (m3) da 
vegetaciis periodis mTliani da yovelTviuri wyalmoTxovnileba 

`bruto~ (mln.m3) mdinareTa auzebis mixedviT naleqebiT 50, 75 da 95%-
ani uzrunvelyofis dros. 
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ცხრილი 1.6.    

morwyvis normebi (mm) saSemodgomo xorblis (qeris) SemTxvevaSi  

niadagis 0-70 sm sisqis fenisaTvis 

 

Tve 
# punqti 

X XI III IV V VI 

1 marneuli 24/79 24/79 56 45 45 25 

2 lagodexi 17/57 17/57 57 46 57 80 

3 dedofliswyaro 18/64 18/64 64 51 64 77 

4 Siraqi 18/64 18/64 64 51 64 89 

5 gori 56/93 56/93 80 53 67 67 

6 samgori 20/72 20/72 60 48 60 60 

7 diRomi 24/76 24/76 64 51 51 76 

8 Telavi 19/51 19/51 51 41 51 62 

9 xaSuri 36/112 36/112 87 70 87 122 

10 skra 24/85 24/85 85 49 61 73 

11 duSeTi 27/82 27/82 82 68 68 82 

12 gardabani 33/113 33/113 113 97 81 81 

13 yvareli 22/81 22/81 69 46 46 69 

14 muxrani 28/98 28/98 98 66 82 98 

15 alazani  27/83 27/83 69 55 69 83 

 

 

 

 

ცხრილი 1.7. 

  vazis morwyvis normebi (mm) niadagis 0-100 sm sisqis fenisaTvis 

 

Tve 
# punqti 

III IV V VI VII VIII IX 

1 samgori 88 88 66 66 88 88 98 

2 muxrani 120 120 80 60 80 100 100 

3 diRomi 15 96 57 77 77 96 96 

4 Telavi 104 69 69 69 69 104 121 

5 alazani 97 78 59 78 78 97 107 

6 bolnisi 130 112 74 74 93 112 130 

7 gurjaani 18 99 79 79 79 118 138 

8 yvareli 19 85 85 85 102 102 119 

9 sagarejo 95 74 59 95 95 114 114 

10 wnori  23 105 63 84 84 105 123 

 

 



135 

ცხრილი 1.8.   

xilis morwyvis normebi (mm) niadagis 0-100 sm sisqis fenisaTvis   

Tve 
# punqti 

III IV V VI VII VIII IX 
1 skra 144 124 82 82 103 103 103 
2 gori 128 111 73 73 73 91 91 
3 muxrani 126 105 63 63 105 105 105 
4 samgori 12 93 74 74 93 93 93 
5 duSeTi 16 96 77 77 77 96 96 
6 yvareli 10 62 62 62 78 78 94 

7 
TeTri 
wyaro 

21 103 62 82 82 103 124 

8 cxinvali _ 128 107 86 86 107 128 

  

ცხრილი 1.9. 

   simindis morwyvis normebi (mm) niadagis 0-100 sm sisqis fenisaTvis 

Tve 
# punqti 

IV V VI VII VIII IX 
1 muxrani 39/112 79 79 79 95 95 
2 marneuli 21/75 64 51 64 76 76 
3 gardabani 34/114 82 82 82 98 114 
4 Telavi 22/88 63 63 76 76 88 
5 sagarejo 17/70 40 40 49 59 70 
6 Siraqi  21/88 52 52 65 65 91 

 

ცხრილი 1.10. 

  Saqris Warxlis morwyvis normebi (mm) niadagis 0-70 sm sisqis fenisaTvis 

Tve 
# punqti 

IV V VI VII VIII 

1 xaSuri 83 49 49 66 83 

2 skra 63 51 51 63 89 

3 gori 69 55 55 69 83 

4 cxinvali 91 61 61 76 76 

 

ცხრილი 1.11. 

  kartofilis morwyvis normebi (mm) niadagis 0-50 sm  

sisqis fenisaTvis 

Tve 
# punqti 

IV V VI VII VIII 
1 axalcixe 72 81 41 41 61 

2 TeTri wyaro 77 64 51 51 64 

3 marneuli 75 54 43 43 54 
4 skra 60 43 34 34 60 
5 bakuriani 72 72 48 48 60 



136 

ცხრილი 1.12. 

   Tambaqos morwyvis normebi (mm) niadagis 0-50 sm  

sisqis fenisaTvis 

 
Tve 

# punqti 
III IV V VI VII VIII 

1 marneuli 63 63 53 42 42 58 

2 lagodexi 51 51 41 41 41 62 

 

 

ცხრილი 1.13. 

 mzesumziris morwyvis normebi (mm) niadagis 0-70 sm sisqis fenisaTvis 

 
Tve     

# 
punqti 

IV V VI VII VIII 

1 Siraqi 83 69 69 55 97 

2 dedofli wyaro 107 92 76 61 107 

3 sagarejo 96 82 68 54 96 
4 alazani 86 64 51 51 8 
5 bakuriani 72 72 48 48 60 

 

 

ცხრილი 1.14. 

   bostneuli kulturebis morwyvis normebi (mm) niadagis  

0-50 sm sisqis fenisaTvis 

 
Tve         

# 
punqti 

V VI VII VIII 

1 gardabani 62 50 50 62 

2 bolnisi 67 45 56 56 

3 gori 48 38 38 48 

4 xaSuri 70 58 46 70 

5 cxinvali 72 52 41 52 
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danarTi 2 
 

ცხრილი 2.1.   წყლის არათანაბარი მოხმარების კოეფიციენტები 
 თვეების მიხედვით 

   

I II III IV V VI VII VIII IX X XI XII

# 1 0,6 0,8 1,1 1,2 1,0 1,3 0,9 0,8 1,5 0,9 1 0,6

# 2 0,5 0,7 0,9 1,0 1,2 1,1 0,8 2,0 0,6 1,2 0,2 0,3

# 3 0,3 0,2 0,4 0,6 0,7 0,9 1,0 1,2 1,1 1,3 1,2 1,7

araTanabari moxmarebis koeficientebi

momxmareblebi

 
 

 
 
 

ნახაზი  2.1.   წყლის  არათანაბარი  მოხმარების კოეფიციენტები თვეების მიხედვით 
   

0

0,5

1

1,5

2

2,5

I II III IV V VI VII VIII IX X XI XII

araTanabari moxmarebis koeficientebi

# 1

# 2

# 3

 
 
 
 

 
ცხრილი 2.2.   წყლის არათანაბარი მოხმარების კოეფიციენტი (მაქსიმუმით) 

 და მისი შეფასების ზედა ზღვარი 
 

Tveebi 
momxmareblebi 

I II III IV V VI VII VIII IX X XI XII 

# 1 0,19 0,26 0,35 0,38 0,32 0,42 0,29 0,26 0,48 0,29 0,32 0,19 
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# 2 0,11 0,15 0,20 0,22 0,26 0,24 0,18 0,44 0,13 0,26 0,04 0,07 

# 3 0,14 0,09 0,18 0,28 0,32 0,41 0,46 0,55 0,51 0,60 0,55 0,78 

  
0,44 0,50 0,73 0,88 0,91 1,07 0,92 1,25 1,12 1,15 0,92 1,04 

 

 

 

ნახაზი  2.2.   წყლის არათანაბარი მოხმარების კოეფიციენტის 

ამსახველი გრაფიკი 

 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

I II III IV V VI VII VIII IX X XI XII

Tveebi

# 1

# 2

# 3

Sxij di

 

 
 

 

ცხრილი 2.3.    არათანაბარი ჩამონადენის კოეფიციენტი (მინიმუმით) 
მ. მტკვარი – ს. ხერთვისი 

 
 

 
 

ij i
i

x δ∑
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ცხრილი 2.4.    წყლის ხარჯი 
 

 

 

 

 

 

 

ნახაზი  2.3.   წყლის ხარჯების ამსახველი გრაფიკი 
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ცხრილი 2.5.    წყლის წლიური ხარჯი 
 
 

 

     wlebi 

 

Sedegi 

1974 1975 

 

1976

 

 

1978

 

 

1979

 

 

1980

 

 

1981

 

 

1982

 

 

1983

 

 

1984

 

 

1985

 

 

1986

 

min
ijj

Q  6.35 7.14 8.82 9.12 11.6 10.9 11.5 11.2 

  

11.1 

  

10.0 9.72 10.2 

12

1

1
12 ij

j
Q

=
∑  25.0 29.0 44.8 40.6 32.4 30.4 27.0 31.0 22.4 34.2 24.0 31.4 

12

1

min

1
12

ijj
i

ij
j

Q

Q
x

=

=

∑
 0,25 0.25 0.20 0.22 0.36 0.36 0.43 0.36 0.50 0.29 0.41 0.32 

 
 
 
 

 
 

ცხრილი 2.6.   მ. მტკვარი – ს. მინაძე 
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ცხრილი 2.7.   მ. მტკვარი – ჭითახევი ჰეს-ის კაშხალის ზემოთ 
 

 
 

 
 

ცხრილი 2.8.   მ. მტკვარი – ჭითახევი ჰეს-ი 
 

 
 

 
 

ცხრილი 2.9.   მ. მტკვარი – ს. ლიკანი 
 

 
 
 



142 

ცხრილი 1.10.   მ. მტკვარი – ს. გრაკალი 
 
 

 
 
 
 

ცხრილი 2.11.   მ. მტკვარი – ზაჰესი 
 

  
 

 
 

ცხრილი 2.12.   მ. მტკვარი – ს. ძეგვი 
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ცხრილი 2.13.   მ. მტკვარი – ქ.  თბილისი 
 

 
 

 
 

ცხრილი 2.14.   მ. მტკვარი – ხულუფი 
 

 
 
 

 
ცხრილი 2.15.   მ. მტკვარი – ს. ყირზანი 
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danarTi 3 
 

1. satitulo gverdi 
 

<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 
<html> 
<head> 
<title>resursebi</title> 
<META HTTP-EQUIV="Content-Type" CONTENT="text/html; charset=charset=UTF-8"> 
<style type="text/css"> 
body 
 { 
background-color: #295079; 
font-family: AcadMtavr; 
font-size: 30px; 
margin:0; 
padding: 0; 
font-weight: bold;  
} 
div#body 
 { 
 border: 2px solid black; 
 height: 550px; 
 width: 800px; 
 position: absolute; 
 background-color:#ff8000; 
                      top:50%; 
         left: 50%; 
         margin-left: -400px; 
         margin-top: -275px; 
 } 
 div#banner 
 { 
 border: 2px solid black; 
 width: 800px; 
 height: 100px; 
 position: absolute; 
 top: 0px; 
 left: 0px; 
          } 
 div#menu 
 { 
              border-right: 2px solid black; 
 width: 250px; 
 height: 450px; 
 top: 100px; 
 left: 0px; 
 position: absolute; 
  
              font-size:18px; 
 text-align:center; 
} 
a.a1:hover 
 { 
 border:6px red; 
 color: white; 
 background-color: black; 
} 
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a.a1 
 { 
 width: 180px; 
 border: 2px solid white; 
 display: block; 
 font-size: 18px; 
 margin: 50px auto; 
 padding: 6px; 
 text-decoration: none;  
} 
iframe#frame{ 
  position:absolute; 
  height: 200px; 
  width: 599px; 
  background: white; 
  right: 0px; 
  bottom: 0px; 
  margin: 0px; 
  padding: 0px; 
 }  
div#satauri 
 { 
text-align: center; 
margin: 20px; 
} 
div#avtori { 
  font-family:"AcadMtavr"; 
                             position:absolute; 
  text-align:absolute; 
  margin:-220px auto; 
                             margin-left:280px;  
 } 
span.k{ 
  font-family: Times New Roman; 
  } 
</style> 
</head> 
<body> 
<div id="body"> 
<div id="banner"> 
<div id="satauri"> 
wylis resursebi 
 saqarTveloSi</div> 
</div> 
<div id="menu"> 
<a href="mtkvari.html" class="a1">mtkvari</a> 
<a href="aragvi.html" class="a1">aragvi</a> 
<a href="zonebi.html" class="a1">zonebi</a> 
<a href="normebi.html" class="a1">normebi</a> 
<div id=avtori> 
elisabed asabaSvili <div id="span.k"></div> 
<div id="p">tel:</div> 
<div id="o">saxli 96-77-67 mobiluri (899) 17 45 17</div>  
<div id="u"><span class=k>e-mail : zizi-55@mail.ru</span></div> 
</div> 
</body> 
</html> 
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ნახაზი  3.1.   ვებ–საიტი „წყლის რესურსები საქართველოში“ - სატიტულო გვერდი 
 

 
 

 
2. programa RilakisaTvis `mtkvari~. 

 
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 
<html> 
<head> 
<title>mtkvari</title> 
<META HTTP-EQUIV="Content-Type" CONTENT="text/html; charset=charset=UTF-8"> 
<style type="text/css"> 
                         body { 
   background:#c8e8f8; 
   font-family: AcadNusx; 
   font-size: 20px; 
   margin: 0px; 
   padding: 0px; 
   } 
    div#text2{ 
                         font-size: 14px; 
                                      left: 55px; 
            position: absolute; 
            height: 580px; 
            width: 780px; 
            overflow: auto; 
            text-align: justify; 
            padding: 0px; 
            text-indent: 30px; 
            font-size: 14px;} 
    img#pic1{ 
              position: absolute; 
              left:0px; 
              top:0px; 
              padding:0px 0px 0px 0px; 
  } 
   img#k1{ 
   position: absolute; 
   left:0px; 
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   top:360px; 
   padding: 0px 0px 0px 0px; 
  } 
  img#k2{ 
  position: absolute; 
  left:0px; 
  top:470px; 
  padding: 0px 0px 0px 0px; 
  } 
  img#k3{ 
  position: absolute; 
  left:0px; 
  top:580px; 
  padding: 0px 0px 0px 0px; 
  } 
  div#text3{ 
  font-size: 14px; 
  position: absolute; 
  width:500px; 
  right: 25px; 
  padding:10px; 
  }  
  div#head{ 
  font-size: 36px; 
  text-align: center; 
  padding:20px; 
 } 
</style> 
</head> 
<body> 
<div id=text2> 
<img src="pic1.jpg" id="pic1" name="pic1" width="240" height="350" alt="" /> 
<img src="pic1.jpg" id="k1" name="m1" width="240" height="100" alt=""  /> 
<img src="pic2.jpg" width="240" height="100" alt="" id="k2" /> 
<img src="pic3.jpg" id="k3" name="m3" width="240" height="100" alt="" /> 
<div id="text3"> 
<div id="head">mtkvari</div> 
aRmosavleT saqarTvelos TiTqmis yvela mdinare qmnis mtkvris erTian sistemas da Caedineba kaspiis 
zRvaSi, dasavleT saqarTvelos mdinareebi ki damoukideblad erTvian Sav zRvas. mtkvari saqarTvelos 
(aseve amierkavkasiis) udidesi mdinarea. saqarTvelos teritoriazea mxolod misi Suaweli (400 km 
farglebSi). saTave TurqeTSi aqvs, kaspiis zRvas erTvis azerbaijanis teritoriaze. mTavari Senakadebia 
focxoviswyali, liaxvi, qsani, aragvi, faravani, algeTi, qcia-xrami. mingeCauris wyalsacavis Seqmnamde 
mtkvris udidesi Senakadi iyo alazani ivriT, amJamad isini mingeCauris wyalsacavs erTvian. kaspiis 
zRvis auzs ekuTvnis agreTve mdinareebi Tergi (saqarTvelos farglebSi 85 km-ze miedineba) da andis 
yoisus mdgenelebi - piriqiTi alazani da TuSeTis alazani. saqarTvelos mdinareebi sazrdoobs myinvaris, 
Tovlis, wvimisa da miwisqveSa wylebiT.mdinareTa qselis ZiriTad nawils warmoadgenen sruliad patara 
da Zalian patara klasis mdinareebi, romelTa sigrZe <10 km-ze. maT wilze modis 25 aTasi (97%) 
mdinare, saerTo sigrZiT - 43 aTasi km (72%). aseve bevria patara klasis mdinare, romelTa sigrZe 10-
100 km-s Seadgens. maT wilze modis 690 (2.6%) mdinare, saerTo sigrZiT 13 aTasi km (22%). Zalian 
umniSvneloa saSualo klasis mdinareTa raodenoba, romelTa sigrZe Seadgens 101-500 km-s. aseTi 
mdinare sul 14-ia (0.027%). isini gamoirCevian Senakadebis didi raodenobiT. pirvel adgilzea md. 
mtkvari, romlis auzSi iricxeba 6434 (24.7%) mdinare, saerTo sigrZiT 13656 km (22.9%). md. mtkvari 
s. xerTvisi; wylis saSualo xarji, m3/wm: 1974  minimaluri  6,35 - 8 Tve; 1975 minimaluri  7,14 - 1 Tve; 
1976 minimaluri  8,82 - 1 Tve; 1978 minimaluri  9,12 - 12 Tve; 1979 minimaluri  11,6 - 9 Tve; 1980 
minimaluri  10,9 - 9 Tve; 1981 minimaluri  11,5 - 1 Tve; 1982 minimaluri  11,2 - 9 Tve; 1983 
minimaluri  11,1 - 2 Tve; 1984 minimaluri  10,0 - 12 Tve; 1985 minimaluri  9,72 - 9 Tve; 1986 
minimaluri  10,2 - 9 Tve.weliwadSi (jami/12): 25,0; 29,0; 44,8; 40,6; 32,4; 30,4; 27,0; 31,0; 22,4; 34,2; 
24,0; 31,4. md. mtkvari - s. minaZe: 1974 - 23,4 - 8 Tve; 1975 - 24,4 - 8 Tve; 1976 - 24,8 - 1 Tve; 1978 
- 24,2 - 9 Tve; 1979 - 23,5 - 9 Tve; 1980 - 24,7 - 9 Tve; 1981 - 26,0 - 9 Tve; 1982 - 24,2 - 8 Tve; 1983 - 
22,1 - 8 Tve; 1984 - 23,3 - 10 Tve; 1985 - 23,0 - 8 Tve; 1986 - 26,7 - 9 Tve.weliwadSi (jami/12): 47,7; 
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51,5; 66,3; 61,3; 56,5; 52,6; 48,2; 52,0; 42,7; 61,0; 47,3; 55,1.md. mtkvari - WiTaxevi hes-is kaSxalis 
zemoT:  
1974 - 30,0 - 12 Tve; 1975 - 30,0 - 1 Tve; 1976 - 30,0 - 1 Tve; 1978 - 27,7 - 1 Tve; 1979 - 29,7 - 1 Tve; 
1980 - 30,8 - 1 Tve; 1981 - 31,7 - 9 Tve; 1982 - 30,8 - 8 Tve; 1983 - 28,8 - 8 Tve; 1984 - 32,2 - 12 Tve; 
1985 - 27,4 - 8 Tve; 1986 - 27,5 - 2 Tve. weliwadSi (jami/12): 65,6; 72,6; 86,4; 86,0; 83,2; 66,5; 68,1; 
75,9; 68,1; 82,1; 66,1; 71,1. md. mtkvari - WiTaxevi hes-i. 1974 - 27,8 - 1 Tve; 1975 - 27,0 - 9 Tve; 
1976 - 28,4 - 2 Tve; 1978 - 30,9 - 1 Tve; 1979 - 29,9 - 9 Tve; 1980 - 26,6 - 7 Tve; 1981 - 29,6 - 1 Tve; 
1982 - 27,7 - 12 Tve; 1983 - 25,6 - 1 Tve; 1984 - 26,5 - 12 Tve; 1985 - 25,9 - 8 Tve; 1986 - 28,7 - 1 
Tve. weliwadSi (jami/12) 54,6; 60,8; 73,7; 76,5; 70,4; 60,9; 53,4; 67,0; 58,8; 70,0; 60,7; 62,1. 
 md. mtkvari - sadguri likani: 1974 - 27,9 - 8 Tve; 1975 - 26,8 - 8 Tve; 1976 - 32,0 - 9 Tve; 1978 - 30,6 
- 9 Tve; 1979 - 30,4 - 9 Tve; 1980 - 30,4 - 7 Tve; 1981 - 32,5 - 1 Tve; 1982 - 32,8 - 2 Tve; 1983 - 30,8 - 
8 Tve; 1984 - 33,1 - 10 Tve; 1985 - 30,0 - 8 Tve; 1986 - 33,8 - 9 Tve. weliwadSi (jami/12) 
64,5; 75,0; 94,9; 98,5; 90,6; 78,5; 77,8; 90,6; 75,6; 92,5; 75,3; 80,0. md. mtkvari - s. grakali: 
1974 - 37,5 - 8 Tve; 1975 - 33,9 - 8 Tve; 1976 - 47,3 - 1 Tve; 1978 - 50,4 - 9 Tve; 1979 - 47,2 - 9 Tve; 
1980 - 38,3 - 7 Tve; 1981 - 43,3 - 8 Tve; 1982 - 50,9 - 1 Tve; 1983 - 45,1 - 8 Tve;  1984 - 40,6 - 9 Tve; 
1985 - 39,2 - 8 Tve; 1986 - 41,1 - 8 Tve; weliwadSi (jami/12)  88,5; 118; 154; 168; 129; 110; 102; 128; 
116; 130; 106; 110. md. mtkvari - zahesi: 1974 - 51,2 - 8 Tve;  1975 - 41,3 - 8 Tve;  1976 - 60,4 - 1 
Tve; 1978 - 66,2 - 9 Tve; 1979 - 44,6 - 9 Tve; 1980 - 44,9 - 9 Tve; 1981 - 59,0 - 1 Tve; 1982 - 56,0 - 12 
Tve; 1983 - 52,5 - 1 Tve; 1984 - 55,0 - 12 Tve; 1985 - 25,5 - 9 Tve; 1986 - 39,3 - 8 Tve. weliwadSi 
(jami/12) 
137; 163; 227; 217; 171; 150; 138; 108; 148; 187; 127; 125. md. mtkvari s. Zegvi: 1974 - 61,4 – 8 1975 
- 44,4 - 8 Tve; 1976 - 66,5 - 8 Tve;  1978 - 72,2 - 9 Tve; 1979 - 62,0 - 9 Tve; 1980 - 77,5 - 7 Tve; 1981 
- 65,0 - 8 Tve; 1982 - 71,8 - 1 Tve; 1983 - 64,5 - 8 Tve; 1984 - 60,9 - 9 Tve. weliwadSi (jami/12): 139; 
177; 216; 229; 192; 170; 136; 177; 143; 171. md. mtkvari q. Tbilisi: 1974 - 74,0 - 8 Tve; 1975 - 58,3 - 8 
Tve; 1976 - 93,8 - 1 Tve; 1978 - 76,4 - 9 Tve; 1979 - 61,2 - 9 Tve; 1980 - 78,8 - 9 Tve; 1981 - 78,3 - 10 
Tve; 1982 - 77,8 - 12 Tve; 1983 - 72,3 - 1 Tve; 1984 - 68,1 - 10 Tve; 1985 - 45,2 - 8 Tve; 1986 - 62,5 - 
9 Tve. weliwadSi (jami/12): 175; 206; 276; 256; 198; 194; 160; 197; 176; 193; 139; 154. xulufi: 
1974 - 110 - 8 Tve; 1975 - 67,8 - 8 Tve; 1976 - 116 - 8 Tve; 1979 - 83,7 - 9 Tve; 1980 - 78,4 - 9 Tve. 
weliwadSi (jami/12): 245; 267; 370; 249; 232. md. mtkvari - s. yirzani: 1979 - 90,9 - 9 Tve; 1980 - 78,4 
- 9 Tve. weliwadSi (jami/12): 241; 233. 
</div> 
</body> 
</html> 
 
 

ნახაზი  3.2. ვებ–გვერდი „მტკვარი“ 
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3. programa RilakisaTvis `aragvi~. 

 
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 
<html> 
<head> 
<title>resursebi</title> 
<META HTTP-EQUIV="Content-Type" CONTENT="text/html; charset=charset=UTF-8"> 
<style type="text/css"> 
   body { 
    background: #96BA4E; 
    font-family: AcadMtavr; 
    font-size: 28px; 
    margin:150px; 
    padding: 0px; 
   } 
   div#text3{ 
    left: 180px; 
    position:absolute; 
    height:480px; 
    width:620px; 
    overflow: auto; 
    text-align: Left; 
    padding: 20px; 
    text-indent:120px; 
    font-size: 14px; 
   } 
   a.k1{ 
   display: block; 
   border: 2px solid white; 
   display: block; 
   color: white; 
   font-size:20px; 
   margin: 20px; 
   padding: 50px 0px; 
                              text-decoration: none; 
   } 
    a.k1:hover { 
 border: 2px solid red; 
  color: black; 
  background:#2B5B2C; 
 } 
 div#aragvi { 
 font-size:36px; 
 text-align:justify; 
 padding: 20px; 
  }              
</style> 
</head> 
<body> 
<div id=text3> 
<a id="a1" name="a1" href="soflebi Jinvali da fasanauri.html" target="frame" class="k1">soflebi 
Jinvali da fasanauri</a> 
<a id="a1" name="a1" href="SesarTavTan da maRaroskari.html" target="frame" 
class="k1">SesarTavTan da maRaroskari</a> 
</div> 
</body> 
</html> 
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ნახაზი  3.3.   ვებ–გვერდი  `არაგვი~ 
 

 
 
 
 

4. programa RilakisaTvis `soflebi Jinvali da fasanauri~ 
 
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 
 
<html> 
<head> 
<title>resursebi</title> 
<META HTTP-EQUIV="Content-Type" CONTENT="text/html; charset=charset=UTF-8"> 
<style type="text/css"> 
    body { 
     background: #96BA4E; 
     font-family: AcadNusx; 
     font-size: 20px; 
     margin:0px; 
     padding:0px; 
    } 
    div#text1{ 
                                                                       font-family:AcadNusx; 
     left: 10px; 
     position:absolute; 
     height: 580px; 
     width: 630px; 
     overflow: auto; 
     text-align:justify; 
     padding:20px; 
     text-indent:20px; 
     font-size:14px; 
     } 
    div#head1{ 
     font-size:24px; 
     text-align:center; 
     padding:20px; 
                                                                       text-indent:20px; 
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    } 
 
                                                                       div#head2{ 
     font-size:18px; 
     text-align:Left; 
     padding:20px; 
                                                                                                    text-indent:20px; 
    } 
     
                                                                              div#head3{ 
     font-size:18px; 
     text-align:Left; 
     padding:20px; 
                                                                                                    text-indent:20px; 
    } 
                                                                             div#head4{ 
     font-size:18px; 
     text-align:Left; 
     padding:20px; 
                                                                                                    text-indent:20px; 
    } 
                                                                              div#head5{ 
     font-size:18px; 
     text-align:Left; 
     padding:20px; 
                                                                                                    text-indent:20px; 
    } 
 
</style> 
</head> 
<body> 
<div id=text1> 
<div id="head1">wylis maqsimaluri  da minimaluri xarji</div> 
  <div id="head2">s. Jinvali:</div> 
1970 weli maqsimaluri xarji - 98,2; minimaluri - 22,3; 1971 weli maqsimaluri xarji - 152.0; minimaluri 
- 19.8; 1972 weli maqsimaluri xarji - 91.8; minimaluri - 11.8; 1973 weli maqsimaluri xarji - 96.5;  
minimaluri - 18.2; 1974 weli maqsimaluri xarji - 131.0; minimaluri - 17.1; 1976 weli maqsimaluri xarji 
- 175.0; minimaluri - 29.5; 1977 weli maqsimaluri xarji - 190.0; minimaluri - 13,3; 1978 weli 
maqsimaluri xarji - 138.0; minimaluri - 26.6; 1979 weli maqsimaluri xarji - 123.0; minimaluri - 16.7; 
1980 weli maqsimaluri xarji - 186.0; minimaluri - 20.3; 1981 weli maqsimaluri xarji - 112.0; 
minimaluri - 10.7; 1982 weli maqsimaluri xarji - 228.0; minimaluri - 26.7; 1983 weli maqsimaluri xarji 
- 106.0; minimaluri - 12.4; 1984 weli maqsimaluri xarji - 174.0; minimaluri - 20.4; 1985 weli 
maqsimaluri xarji - 63.0; minimaluri - 12.2; 1986 weli maqsimaluri xarji - 51.4; minimaluri - 0.38; 
1990 weli maqsimaluri xarji - 114.0; minimaluri - 28.0; 
 
 <div id="head4">grafiki</div> 
 
<img src="graf1.jpg"  
                                      position:Left; 
                                      width="400"  
                                      height="250" 
                                      alt= "  "/> 
  
<div id="head3">s. fasanauri:</div> 
  
1970 weli maqsimaluri xarji - 24,6; minimaluri - 6,94; 1971 weli maqsimaluri xarji - 49,9; minimaluri - 
6,25; 1972 weli maqsimaluri xarji - 17,8; minimaluri - 6,5; 1973 weli maqsimaluri xarji - 20,2; 
minimaluri - 6,77; 1974 weli maqsimaluri xarji - 31,2; minimaluri - 2,76; 1975 weli maqsimaluri xarji - 
30,2; minimaluri - 6,5; 1976 weli maqsimaluri xarji - 37,9; minimaluri - 5,5; 1977 weli maqsimaluri 
xarji - 55,6; minimaluri - 7,28; 1978 weli maqsimaluri xarji - 41,8; minimaluri - 6,9; 1979 weli 
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maqsimaluri xarji - 27,1; minimaluri - 6,62; 1980 weli maqsimaluri xarji - 29,4; minimaluri - 6,24; 
1981 weli maqsimaluri xarji - 19,0; minimaluri - 5,67; 1982 weli maqsimaluri xarji - 26,0; minimaluri - 
8,85; 1983 weli maqsimaluri xarji - 19,2; minimaluri - 6,54; 1984 weli maqsimaluri xarji - 31,6; 
minimaluri - 7,34; 1985 weli maqsimaluri xarji - 21,8; minimaluri - 5,7; 1986 weli maqsimaluri xarji - 
25,9; minimaluri - 4,4; 1987 weli maqsimaluri xarji - 83,6; minimaluri - 4,25; 1988 weli maqsimaluri 
xarji - 37,8; minimaluri - 6,67; 1989 weli maqsimaluri xarji - 27,3; minimaluri - 9,28; 1990 weli 
maqsimaluri xarji - 21,2; minimaluri - 7,61; 
 
<div id="head5">grafiki</div> 
  <img src="graf2.jpg"  
                                      position:Left;  
                                      width="400"  
                                      height="250" 
                                      alt= " "/> 
</div> 
</body> 
</html> 
 
 

ნახაზი  3.4.   ვებ–გვერდი „წყლის მაქსიმალური და მინიმალური ხარჯები სოფელ 

ჟინვალსა და ფასანაურთან“ 
 

 
 
 
 

5. programa RilakisaTvis `SesarTavTan da s. maRaroskari~ 
 
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 
 
<html> 
<head> 
<title>resursebi</title> 
<META HTTP-EQUIV="Content-Type" CONTENT="text/html; charset=charset=UTF-8"> 
<style type="text/css"> 
                                      body { 
                background: #96BA4E; 
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   font-family: AcadNusx; 
   font-size: 20px; 
   margin:0px; 
   padding:0px; 
  } 
   div#text1 { 
   font-family: AcadNusx; 
   left:10px; 
   position:absolute; 
   height:580px; 
   width:630px; 
   overflow: auto; 
   text-align: Justify; 
   padding:20px; 
   text-indent:20px; 
   font-size: 14px; 
  } 
   div#head1 { 
   font-size:24px; 
   text-align:center; 
   padding:20px; 
                                           text-indent:20px; 
   } 
                                           div#head2{ 
   font-size:18px; 
   text-align:Left; 
   padding:20px; 
                                           text-indent:20px; 
   } 
                                           div#head3{ 
   font-size:18px; 
   text-align:Left; 
   padding:20px; 
                                           text-indent:20px; 
   } 
                                           div#head4{ 
   font-size:18px; 
   text-align:Left; 
   padding:20px; 
                                           text-indent:20px; 
   } 
                                           div#head5{ 
   font-size:18px; 
   text-align:Left; 
   padding:20px; 
                                           text-indent:20px; 
   } 
</style> 
</head> 
<body> 
<div id=text1>  
<div id="head1">wylis maqsimaluri  da minimaluri xarji</div> 
<div id="head2">SesarTavTan:</div> 
1970 weli maqsimaluri xarji - 23,9; minimaluri - 6,95; 1971 weli maqsimaluri xarji - 34,8; minimaluri - 
4,42; 1972 weli maqsimaluri xarji - 20,9; minimaluri - 6,14; 1973 weli maqsimaluri xarji - 21,3; 
minimaluri - 4,9; 1974 weli maqsimaluri xarji - 31,2; minimaluri - 3,93; 1975 weli maqsimaluri xarji - 
33,6; minimaluri - 3,02; 1976 weli maqsimaluri xarji - 24,1; minimaluri - 3,32; 1977 weli maqsimaluri 
xarji - 22,1; minimaluri - 3,2; 1978 weli maqsimaluri xarji - 27,0; minimaluri - 3,14; 1979 weli 
maqsimaluri xarji - 18,8; minimaluri - 3,09; 1980 weli maqsimaluri xarji - 19,7; minimaluri - 3,71; 
1981 weli maqsimaluri xarji - 15,8; minimaluri - 3,76; 1982 weli maqsimaluri xarji - 25,7; minimaluri - 
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4,81; 1983 weli maqsimaluri xarji - 16,6; minimaluri - 3,07; 1984 weli maqsimaluri xarji - 22,8; 
minimaluri - 3,75; 1985 weli maqsimaluri xarji - 19,9; minimaluri - 2,98; 1986 weli maqsimaluri xarji - 
22,8; minimaluri - 3,24; 1987 weli maqsimaluri xarji - 41,6; minimaluri - 4,78; 1988 weli maqsimaluri 
xarji - 24,7; minimaluri - 5,47; 1989 weli maqsimaluri xarji - 17,3; minimaluri - 3,96; 1990 weli 
maqsimaluri xarji - 23,1; minimaluri - 5,19; 
<div id="head4">grafiki</div> 
<img src="graf3.jpg"  
                                     position:Left; 
                                      width="400"  
                                      height="250" 
                                      alt= "  "/> 
<div id="head3">s. maRaroskari:</div> 
1970 weli maqsimaluri xarji - 31,0; minimaluri xarji  - 10,6; 1971 weli maqsimaluri xarji - 67,9; 
minimaluri - 11,4; 1972 weli maqsimaluri xarji - 39,0; minimaluri - 10,8; 1973 weli maqsimaluri xarji - 
42,6; minimaluri - 9,94; 1974 weli maqsimaluri xarji - 58,2; minimaluri - 8,38; 1975 weli maqsimaluri 
xarji - 48,7; minimaluri - 8,44; 1976 weli maqsimaluri xarji - 77,0; minimaluri - 13,7; 1977 weli 
maqsimaluri xarji - 105,0; minimaluri - 10,1; 1978 weli maqsimaluri xarji - 73,0; minimaluri - 10,6; 
1979 weli maqsimaluri xarji - 54,7; minimaluri - 12,5; 1980 weli maqsimaluri xarji - 92,7; minimaluri - 
8,33; 1981 weli maqsimaluri xarji - 43,4; minimaluri - 7,07; 1982 weli maqsimaluri xarji - 66,8; 
minimaluri - 14,6; 1983 weli maqsimaluri xarji - 43,0; minimaluri - 13,4; 1984 weli maqsimaluri xarji - 
60,8; minimaluri - 12,2; 1985 weli maqsimaluri xarji - 47,3; minimaluri - 10,3; 1986 weli maqsimaluri 
xarji - 49,8; minimaluri - 12,2; 1987 weli maqsimaluri xarji - 91,6; minimaluri - 17,2; 1988 weli 
maqsimaluri xarji - 71,6; minimaluri - 10,9; 1989 weli maqsimaluri xarji - 44,6;  minimaluri - 10,2; 
1990 weli maqsimaluri xarji - 58,6; minimaluri - 18,0. 
<div id="head5">grafiki</div>   <img src="graf4.jpg"  
                                      position:Left;  
                                      width="400"  
                                      height="250" 
                                      alt= " "/> 
</div> 
</body> 
</html> 
 
 

ნახაზი  3.5. ვებ–გვერდი  „წყლის მაქსიმალური და მინიმალური ხარჯები  
შესართავთან და მაღაროსკართან“  
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6. programa RilakisaTvis `zonebi~ 
 
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 
<html> 
<head> 
<title>resursebi</title> 
<META HTTP-EQUIV="Content-Type" CONTENT="text/html; charset=charset=UTF-8"> 
<style type="text/css"> 
   body { 
    background: #c8e8f8; 
    font-family: AcadNusx; 
    font-size: 20px; 
    margin:0px; 
                       padding:0px; 
   } 
   div#text { 
    left: 0px; 
    position: absolute; 
    height: 460px; 
    width: 710px; 
    overflow: auto; 
    text-align: justify; 
    padding:30px; 
    text-indent: 30px; 
    font-size: 14px; 
    
   } 
   div.satauri { 
    text-align: center; 
    font-size: 18px; 
                                                         padding:25px; 
                                            font-weight: bold; 
   } 
 
</style> 
</head> 
 
<body> 
<div id=text> 
<div class="satauri">sarwyavi miwebis ganawileba zonebis, mdinareTa auzebisa da kulturebis 
mixedviT</div> 
 
   sakvlevi teritoria, ukiduresi Crdilo-aRmosavleTi nawilis gamoklebiT, TiTqmis mTlianad mdinare 
mtkvris auzSi mdebareobs. am mdgomareobam SesaZlebloba mogvca ufro advilad agvericxa irigaciuli 
wylis resursebi md. mtkvarze (ivrisa da alaznis garda) rogorc saqarTvelo-azerbaijanis saxelmwifo 
sazRvarTan daniSnul Seuswavlel kveTSi, ise q. rusTavTan da q. TbilisTan arsebul Seswavlil uaxloes 
kveTSi, xolo mdinareebze iorsa da alazanze irigaciuli wylis resursebi aRricxul iqna maTTvis miRebul  
saangariSo kveTebSi. amrigad, saaRricxvo teritoria, masze irigaciuli wylis resursebis aRricxvisaTvis, 
miRebul iqna aRmosavleT saqarTvelos farglebSi moqceuli md. mtkvris auzis wyalgamyofi xaziT 
Semofargluli teritoria, mdinareebis ivrisa da alaznis wyalSemkreb auzebTan erTad. miRebuli teritoria 
dayofil iqna calkeul xuT saaRricxvo irigaciul zonad, sazRvrebis dadgeniT arsebuli rekomendaciebis 
Sesabamisad. Cvens mier gamoyofili irigaciuli zonebi kargad Seesabameba "saqwyalproeqTi"-s mier 
aRmosavleT saqarTvelos teritoriis zonebad dayofas: I. mesxeT- javaxeTi; II. Sida qarTli-TrialeTi; III. 
Tbilisis zona; IV. qvemo qarTli; V. kaxeTi. 
 
<div class="satauri">administraciuli raionebi</div> 
 <ol> 
  <li>.  I zona moicavs 6 administraciul raions: 1. adigenis, 2. axalcixis, 3. aspinZis, 4. 
axalqalaqis, 5. ninowmindis, 6. borjomis;</li> 
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  <li>.  II zona moicavs 8 raions: 1. kaspis, 2. goris, 3. qarelis, 4. xaSuris, 5. znauris, 6. 
cxinvalis, 7. javisa  
da 8. didgoris; </li> 
  <li>.  III  zona moicavs 3 raions: 1. duSeTis, 2. mcxeTis, 3. gardabnis (umetes nawils);</li> 
  <li>.  IV  zona moicavs 5 raions: 1. walkis, 2. dmanisis, 3. TeTriwyaros, 4. bolnisis, 5. 
marneulis;</li> 
  <li>.  V zona moicavs 9 raions: 1. TianeTis, 2. lagodexis, 3. yvarelis, 4. axmetis, 5. Telavis, 6. 
gurjaanis,  7. siRnaRis, 8. sagarejos,  9. dedoflis wyaros da gardabnis raionis nawils (35.6 aTasi 
ha).</li> 
 </ol> 
<div class="satauri">niadagur-klimaturi zonebi</div> 
optimaluri wyalmoTxovnilebis dasadgenad saWiro ramdenime ZiriTad faqtorTa Soris aucilebelia 
sakvlev teritoriaze soflis meurneobis specializaciis, mis safuZvelze sasoflo-sameurneo kulturebis 
Semadgenlobisa da maTi ganawilebis, sarwyavi farTobebis, maTi sidideebis da sarwyav sistemebsa da 
sarwyavi wylis wyaroebze maTi ganawilebis codna. mxedvelobaSi unda iqnas miRebuli agreTve is 
garemoebac, rom saqarTvelos, kerZod, aRmosavleT saqarTvelos, pirobebSi vertikaluri niadagur-
klimaturi zonaloba gadamwyvet rols TamaSobs. aRniSnulis gaTvaliswinebiT  aRmosavleT 
saqarTveloSi oTx niadagur-klimatur zonas gamoyofen. es zonebia: 1. Tbili, mSrali subtropikuli; 2. 
zomierad Tbili-mTa-tyis; 3. zomierad Tbili-mTa stepis; 4. zomierad civi - mTa mdelosi.  
 
   <div class="satauri">sawarmoo specializaciis zonebi</div> 
                                      
soflis meurneobis ekonomikisa da organizaciis samecniero-kvleviTi institutis mier Catarebuli kvleviTi 
samuSaoebis Sedegad aRmosavleT saqarTvelos teritoriaze gamoyofilia soflis meurneobis sawarmoo 
specializaciis Svidi zona: I - samrewvelo mevenaxeobis zona meTambaqoeobiT, II - sagareubno soflis 
meurneobis zona, III - aRmosavleT kavkasionis samTo mecxoveleobis zona, IV - samrewvelo 
mexileobis zona Warxlis moyvaniT, V - mexileobisa da samTo mecxoveleobis zona, VI - javaxeTis 
zeganis mecxoveleobisa da mekartofileobis zona, VII - samcxe-TrialeTis mecxoveleobisa da 
mexileobis zona. 
 
    <div class="satauri">sarwyavi wylis ZiriTadi wyaro 
 
                                     <img src="pic4.jpg"   
                                      width="150"  
                                      height="100" 
                                      alt= ""/></div> 
 
arsebuli da dasaxuli perspeqtiuli sarwyavi sistemebis mixedviT dadgenili da miRebulia 17 ZiriTadi 
mdinare: focxovi, faravani, bugdaSeni, yarabulaxi, maSavera, aslanka, algeTi, qcia-xrami, debeda, didi 
liaxvi, patara liaxvi, TeZami, qsani, aragvi, mtkvari, iori da alazani.  
 
<div class="satauri">farTobebis ganawileba sarwyavi sistemebis mixedviT:</div> 
soflis meurneobis arsebuli da perspeqtiuli specializaciis gaTvaliswinebiT dadgenil iqna sarwyavi 
sasoflo-sameurneo kulturebi, am kulturebis qveS saWiro farTobebi da maTi ganawileba arsebuli da 
perspeqtiuli sarwyavi sistemebis mixedviT. dadgenil iqna agreTve am kulturebis procentuli 
Tanafardoba sarwyavi sistemebis farTobebis mimarT. Catarebuli samuSaoebis safuZvelze miRebulia 
Sedegebi perspeqtivaSi mosarwyavad dasaxuli miwebis ganawilebis Sesaxeb miRebuli irigaciuli 
zonebisa da dadgenili kulturebis mixedviT, heqtrebSi da procentebSi.  
 
<div class="satauri">mosarwyavad dasaxuli miwebis ganawileba</div> 
rac Seexeba mosarwyavad dasaxuli miwebis ganawilebas mdinareTa wyalSemkrebi auzebisa da 
sasoflo-sameurneo kulturebis mixedviT (heqtrebSi), aseve miwebis procentuli ganawileba moyvanilia 
Sesabamis cxrilebSi. aRniSnuli cxrilebis monacemebi Semdeg suraTs iZleva. md. focxovis auzSi 
mosarwyavad dasaxuli miwebis didi nawili, TiTqmis 2/3-ze meti (4918 ha), ukavia xexilis baRebs, 
kartofils da mravalwlian balaxebs, rac focxovis auzSi moqceuli mTeli sarwyavi farTobis 69.2% 
Seadgens.md. faravnis auzSi xexilis baRebisa da kartofilis xvedriTi wili SedarebiT naklebia. 
samagierod didi farTobia moqceuli balaxebis, sxva sakvebi kulturebis da saZovrebis qveS (73.7%). 
md. bugdaSenis auzSi mravalwlian balaxebs da saZovrebs mTeli sarwyavi farTobis (18.2 aTasi ha) 
91.0% ukavia. TiTqmis aseTive suraTia md. yarabulaxis auzSi, sadac saZovrebze modis mTeli 
sarwyavi farTobis 80.4%.aRniSnuli oTxi? mdinaris auzSi sarwyavi balaxebisa da saZovrebis didi 
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xvedriTi wili ganpirobebulia sakvlevi teritoriis am regionSi soflis meurneobis specializaciis 
TaviseburebebiT, radgan aq sasoflo-sameurneo warmoebis prioritetul mimarTulebas mecxoveleobis 
ganviTareba warmoadgens. 
md. maSaveras auzSi mniSvnelovani adgili ukavia sarwyavi mevenaxeobis, marcvlovani kulturebisa da 
mekartofileobis ganviTarebas. aq maTi xvedriTi wili mTeli sarwyavi farTobis 62.3%-s Seadgens. 
Tumca aq mniSvnelovani wili ukavia sarwyav balaxebsac -20.0%-mde.md. aslankas auzSi sagrZnoblad 
aris gazrdili baR-venaxebis xvedriTi wili: maTze mTeli sarwyavi farTobis 29% modis, xil marcvlovan 
kulturebze - 27.0%-mde.md. algeTis auzSic mniSvnelovani farTobebi ukavia sarwyav baR-venaxebs 
32.0%-mde, xolo marcvlovan kulturebze mTeli sarwyavi farTobis 27.0-mde modis.md. qcia-xramze 
daqvemdebarebuli 67.1 aTasi ha sarwyavi farTobidan baR-venaxebze modis 22.0%-mde, marcvlovan  
kulturebze - 21.5%-mde, xolo mravalwlian balaxebsa da saZovrebze 31.5%-mde.md. debedas auzSi 
sarwyavi farTobis naxevari ukavia baR-venaxebs (28.5%) da marcvlovanebs (32.0%), danarCeni - 
kartofils, bostneul-baRCeuls da sxva kulturebs. xolo md. didi liaxvis auzSi mTeli sarwyavi farTobis 
(57.0 aTasi ha) naxevarze meti - 58.4%-i xexilis baRebze modis. aseve didia xexilis baRebis xvedriTi 
wili md. patara liaxvis auzSi - 59.7%.md. TeZamis auzSi mTeli sarwyavi farTobis naxevarze meti 
(68.8%) baR-venaxebs ukavia. aseve didia baR-venaxebis xvedriTi wili mdinareebis qsnis, aragvis da 
mtkvris auzebSi - Sesabamisad 65.3%, 47.8% da 44.0%.md. ivris auzSi didi farTobi ukavia venaxebs - 
sul 18.5 aTas ha-mde, rac mTeli sarwyavi farTobis 13.6% Seadgens, 10.4%-mde modis saSemodgomo 
xorbalze, xolo uaRresad didia saZovrebis xvedriTi wili - 40.2% mde, rac zamTris saZovrebisaTvis aq  
gamoyofili vrceli farTobebiT aris ganpirobebuli.md. alaznis auzze modis venaxebis yvelaze didi 
farTobebi 74.4 aTas ha-ze meti, rac auzis mTeli sarwyavi farTobis 28.2%-s Seadgens. didia agreTve 
saSemodgomo xorblis xvedriTi wili mTeli - sarwyavi farTis 17.0%-mde.aqac mniSvnelovani farTobebi 
ukavia zamTris sarwyav saZovrebs-50.0 aTas ha-ze meti, rac mTeli sarwyavi farTis 19.1%-s Seadgens. 
 
</div> 
</body> 
</html> 
 
 

ნახაზი  3.6.   ვებ–გვერდი „სარწყავი მიწების განაწილება ზონების,  მდინარეთა   
აუზების და კულტურების მიხედვით“ 
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7. programa RilakisaTvis `normebi~ 
 
<!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN" 
"http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd"> 
<html> 
<head> 
<title>resursebi</title> 
<META HTTP-EQUIV="Content-Type" CONTENT="text/html; charset=charset=UTF-8"> 
<style type="text/css"> 
   body { 
    background:#c8e8f8; 
    font-family: AcadNusx; 
    font-size: 20px; 
    margin:0px; 
                       padding:0px; 
   } 
   div#text { 
    left: 0px; 
    position: absolute; 
    height: 460px; 
    width: 675px; 
    overflow: auto; 
    text-align: justify; 
    padding:30px; 
    text-indent: 30px; 
    font-size: 14px; 
    
   } 
   div.satauri { 
    text-align: center; 
    font-size: 18px; 
                                                         padding:25px; 
                                            font-weight: bold; 
   } 
 
</style> 
</head> 
<body> 
<div id=text> 
<div class="satauri">morwyvis normebi</div> 
morwyvis mizania sasoflo-sameurneo kulturebs mocemul klimatur pirobebSi, niadagSi SevuqmnaT 
tenianobis iseTi reJimi, romelic mcenaris zrda-ganviTarebisaTvis saukeTeso iqneba. am miznis 
misaRwevad aucilebelia damuSavebul iqnas meTodika, romelic saSualebas mogvcems ganvsazRvroT 
is, Tu ra raodenobis wyalia saWiro (morwyvis norma) da rodis unda mivawodoT igi niadags. morwyvis 
normas uwodeben wylis im raodenobas, romelic erTma heqtarma farTobma erTi morwyvis dros unda 
miiRos. cxadia, morwyvis norma mudmiv sidides ar warmoadgens. igi erTi da igive kulturisaTvis  
misi zrda-ganviTarebis fazebis mixedviT icvleba savegetacio periodis ganmavlobaSi. mcenaris 
ganviTarebis dasawyisidanve TandaTanobiT izrdeba wyalze moTxovnilebac, rac Tavis maqsimums 
aRwevs vegetaciis sawyisi periodis miwuruls, ris Semdeg iwyebs Semcirebas da vegetaciis bolos 
TiTqmis qreba. morwyvis norma aseve damokidebulia sasoflo-sameurneo kulturis saxeze, niadagis 
meqanikur Semadgenlobaze, misi aqtiuri fenis sisqeze da a.S. miuxedavad imisa, rom sarwyavi 
normebis dadgenasa da morwyvis vadebis gansazRvras, anu rwyvis reJimis Seswavlas, mecnierebma 
sakmaod adreuli droidan miaqcies yuradReba, sakiTxi dReisaTvis sabolood gadawyvetili ar aris. 
swored amis gamoa, rom sarwyav raionebSi rwyva saWiro efeqts ver axdens. ufro metic, zogjer 
araswori rwyvis reJimis SemTxvevaSi (rwyva gadidebuli morwyvis normebiTa da vadebis darRveviT) 
teritoriaze myardeba wylis arasasurveli balansi. matulobs gruntis wylebis done, rasac mosdevs niadagis 
daWaobeba da meoradi damlaSeba. cxrilSi moyvanilia saSemodgomo xorblis (qeris) morwyvis 
normebi mm-Si savegetacio TveebSi niadagis 70sm-ani fenisaTvis. sakvlev teritoriaze am kulturis 
Tesva oqtomberSi warmoebs: dablob raionebSi Tvis dasawyisSi, xolo maRlobSi -Tvis bolos. Tavisi  
aRmocenebisa da normaluri zrda-ganviTarebisaTvis es kultura daTesvisTanave wylis sakmao marags 
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saWiroebs. gansakuTrebiT didi moTxovnilebas uyenebs igi saxnav fenas. Tu am fenaSi wylis maragi 
20 mm-ze naklebia, misi aRmoceneba da Semdgomi zrda-ganviTareba sagrZnoblad ferxdeba. 
aRmosavleT saqarTvelos teritoriaze arsebuli agrometeosadgurebis mier niadagis tenianobaze 
warmoebuli dakvirvebis masalebis analizma aCvena, rom garda md. alaznismarcxena sanapiros 
raionebisa, niadagis tenianoba saxnav fenaSi, iSviaTi gamonaklisis garda, 20 mm-ze naklebia. amitom, 
saSemodgomo xorblis (qeris) rwyva daTesvisTanavea saWiro. gamatenianebeli morwyva SeiZleba 
vawarmooT mxolod saxnav an mTlian aqtiur fenaSi (0-70sm). Sesabamisad, Semodgomis TveebSi 
(oqtomberi, noemberi) morwyvis ori normaa moyvanili: mricxvelSi - saxnavi, xolo mniSvnelSi - 
mTliani aqtiur fenisaTvis. morwyvis norma sakvlev raionebSi sakmaod did farglebSi icvleba. saxnav 
fenaSi igi icvleba 17 mm-dan 33 mm-mde da misi sidide ZiriTadad ganpirobebulia niadagis meqanikuri 
SemadgenlobiT. mZime meqanikuri Semadgenlobis niadagebSi igi 30 mm-is, xolo mCateSi - 20 mm-is 
farglebSi. vegetaciis ganaxlebis Semdeg mcenaris moTxovnileba wyalze izrdeba. niadagi wyliT 
uzrunvelyofili unda iyos gansakuTrebiT Reros gamoRebis, daTavTavebis da Teslis formirebis dros. am 
fazTaSoris periodSi niadagis optimaluri tenianobis qveda sazRvari maRalia, amitomac morwyvis 
norma mZime meqanikuri Semadgenlobis niadagebisaTvis saSualod 85 mm-is farglebSia, xolo mCate 
meqanikuri Semadgenlobis niadagebisaTvis 60-67 mm-s aRwevs. bolo rwyva unda Catardes rZiseburi 
simwifis dawyebamde,radgan am fazTaSoriso periodSi morwyvam SeiZleba mcenaris Cawola da 
Sesabamisad, mosavlis Semcireba gamoiwvios.cxrilSi moyvanilia morwyvis normebi (mm) vazisaTvis 
savegetacio TveebSi. es normebi gaTvlilia niadagis 0-100 sm-iani fenisaTvis. rogorc cxrilidan Cans, 
morwyvis norma vegetaciis ganaxlebisas mZime meqanikuri Semadgenlobis niadagebisaTvis 100mm-
is farglebSia. agrometeorologiuri monacemebis analizma aCvena, rom vazis yvavilobis dasawyisisTvis 
niadagis tenianoba sakmaod xSirad, xuTidan sam SemTxvevaSi mainc, optimaluri tenianobis sazRvris 
maxloblobaSia. gamonakliss isev md. alaznis marcxena sanapiro warmoadgens. amitom yvavilobis 
dawyebamde niadagi erT morwyvas mainc saWiroebs. yvavilobis damTavrebis Semdeg, 
meteorologiuri pirobebis mixedviT, rwyvis raodenoba erTidan samamde meryeobs. bolos morwyva, 
rogorc mecnierebi aRniSnaven, unda Catardes simwifis dasawyisamde, radgan am periodSi niadagSi 
Warbi teni mosavlis xarisxis dawevas iwvevs. vegetaciis Sua periodSi morwyvis norma dasawyisTan 
SedarebiT 20-35 mm-iT mcirdeba sakvlev teritoriaze xexilis baRebis gavrcelebis zona sakmaod didia. 
cxadia, rom ganviTarebis fazebic yvela raionSi sxvadasxva dros iwyeba da vadebs Soris sxvaobac 
zogjer erT Tves aRwevs. magram, agrometeosadgurebis monacemebis analizma aCvena, rom TiTqmis 
yvelgan vegetaciis dasawyisisaTvis niadagi ar aris uzrunvelyofili sakmarisi raodenobis teniT da  
yvavilobis dasawyisamde xexilis erTi morwyva mainc aucilebelia. rwyvis norma am periodSi 110-
144mm farglebSi meryeobs.  
yvavilobis Semdeg meteorologiuri pirobebis mixedviT rwyvis saWiro raodenoba samamde izrdeba. 
morwyvis norma am periodSi 62-86 mm-mde mcirdeba. simindis, iseve rogorc saSemodgomo xorblisa 
da sxva erTwliani sasoflo-sameurneo kulturebis, aRmoceneba da  Semdgomi zrda-ganviTareba saxnav 
fenaSi wylis raodenobazea damokidebuli. aprilSi ki, roca siminds Tesaven, saxnavi fena sakmaod 
gamomSralia. amitom, daTesvisTanave rwyva aucilebel RonisZiebad unda CaiTvalos. es xels 
Seuwyobs  
mcenaris droul aRmocenebas da misi wyliT momaragebas zrda-ganviTarebis sawyis etapze. 
damatenianebeli morwyva SeiZleba Catardes rogorc saxnavi fenisaTvis, aseve mTeli aqtiuri fenisaTvis 
(0-70 sm). magram, Tu gaviTvaliswinebT, rom sakvlev teritoriaze iSviaTad modis didi naleqebi 
umjobesi iqneba, rom morwyva mTeli aqtiuri fenisaTvis Catardes. cxrilSi moyvanilia savegitacio 
Tveebis morwyvis normebi (mm) simindisaTvis. aprilis Tvis svetSi mricxvelSi moyvanilia morwyvis  
normebi saxnavi fenisaTvis. xolo mniSvnelSi - mTeli aqtiuri fenisaTvis. rogorc cxrilidan Cans, saxnavi 
fenisTvis morwyvis norma 17-34 mm-ia, xolo mTeli aqtiuri fenisaTvis 70-114 mm. gansakuTrebiT 
didia simindis moTxovnileba wyalze yvavilobis dawyebidan taros gamosaxvamde. am dros 
fazTaSoriso periodSi morwyvis norma 59-95 mm-is farglebSia da niadagi or-sam morwyvas 
saWiroebs. vegetaciis bolos mcenaris moTxovnileba wyalze klebulobs.  Sida qarTlSi Saqris Warxali 
erT-erTi wamyvani kulturaa. misi mosavlianoba didad aris damokidebuli niadagis tenianobaze. 
savegetacio periodis dasawyisidan gansakuTrebiT foTlebis zrda mimdinareobs, rac ivlisis 
dasawyisamde grZeldeba.  
Semdeg, agvistos Sua ricxvebamde swrafad iwyeba Zirebis intensiuri zrda. agvistos Sua ricxvebidan 
Zirebis zrdis intensivoba klebulobs da gansakuTrebiT drois am monakveTSi Saqris dagrovebas aqvs 
adgili. bunebrivia, rom Saqris Warxali gacilebiT met wyals moiTxovs agvistos Sua ricxvebamde, 
sanam mcenaris zrda mimdinareobs. morwyvis normebi 63-91 mm-is farglebSia. zafxulSi morwyvis 
normebi SedarebiT mcire - 49-76 mm-is farglebSia, rac imiTaa gamowveuli, rom niadagis optimaluri 
tenianobis qveda sazRvari vegetaciis im periodSi SedarebiT maRalia. 
kartofili saqarTveloSi, ZiriTadad SedarebiT maRal raionebSi mohyavT. vegetaciis dasawyisSi 
kartofilis morwyvis norma 43-77 mm-is farglebSi meryeobs da mcire atmosferuli naleqebis gamo es 
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kultura morwyvas dargvisTanave saWiroebs. kartofils gansakuTrebiT didi moTxovna aqvs wyalze 
ivnis-ivlisSi, radgan am Tveebs emTxveva fazTaSoriso periodi - sayvavilis warmoqmna-yvaviloba. 
masiuri yvavilobis damTavrebisTanave misi moTxovnileba wyalze mcirdeba. amis garda, unda 
gaviTvaliswinoT, rom rwyvis Sedegad niadagis simkvrive matulobs, rac xels uSlis tuberebis 
ganviTarebas. amitom, morwyvis aucileblobis SemTxvevaSi cxrilSi mocemuli morwyvis normebi unda 
Semcirdes 30-40 procentiT, raTa ar moxdes wylis gadaxarjva da datuberebis ganviTarebis SeCereba. 
Tambaqo wyals didi raodenobiT saWiroebs rgvis periodSi, rac gamoiyeneba misi fesvTa sistemis 
gansaviTareblad. aseve didi moTxovnileba aqvs mas wyalze yvavilobis dros. danarCen periodSi igi 
kargad itans simSrales. rgvis periodSi Tambaqos morwyvis norma niadagis 0-50 sm sisqis fenisaTvis 
51-63 mm-is farglebSia. aseve moyvanilia mzesumziris morwyvis normebi (mm) niadagis 70sm sisqis 
fenisaTvis. mzesumzira gansakuTrebiT gavrcelda siRnaRis, gurjaanis da dedofliswyaros raionebSi. es 
raionebi mcire naleqiania da amitom, aq saWiroa TesvisTanave rwyva. morwyvis norma mCate 
meqanikuri Semadgenlobis niadagebisaTvis 85 mm-mde aRwevs, xolo mZime meqanikuri 
Semadgenlobis niadagebisaTvis 110 mm-mdea. yvavilobis dasawyisisaTvis mcenaris wyalze  
moTxovnileba izrdeba da radganac niadagis optimaluri tenianobis qveda sazRvaris ricxviTi 
mniSvnelobac izrdeba morwyvis norma am periodSi 75mm-s ar unda aWarbebdes. saWiroebis 
SemTxvevaSi mesame morwyva agvistos dasawyisamde unda Catardes, raTa Semdeg niadagis zedmeti 
tenianobis gamo mcenare, romlis simZimis centri yvaviledSia gadasuli, ar Cawves.bostneulis kulturebs, 
sxva sasoflo-sameurneo kulturebTan SedarebiT, nakleb siRrmeze ganviTarebuli fesvTa sistema aqvT. 
amitom, cxrilSi moyvanili morwyvis normebi niadagis 0-50 sm-saTvis aris gankuTvnili. zemoT 
Tqmulis gamo es kulturebi saWiroeben xSir morwyvas (TveSi 2-3-jer): pirvel morwyvas saWiroeben 
dargvisTanave, Semdeg ki klimaturi pirobebisda mixedviT TveSi orjer an samjer. samwuxarod, 
monacemebis simciris gamo bostneuli kulturebisaTvis aRniSnuli sakiTxis ufro dawvrilebiT Seswavla 
ar moxerxda. bolos unda aRiniSnos, rom moyvanil cxrilebSi morwyvis normebi mocemulia 
savegetacio periodis yvela TveebisaTvis, rac ar niSnavs imas, rom es kulturebi yovelTviurad morwyvas 
saWiroeben. TiToeul wels morwyvis vadebi icvleba da morwyvis Catarebis vadas gansazRvravs rogorc 
vegetaciis periodis dawyebis dro, aseve am periodSi klimaturi pirobebi. am mizeziT morwyvis normebi 
mocemulia savegetacio periodis yvela TvisaTvis. 
 
</div> 
</body> 
</html> 
 

ნახაზი  3.7.   ვებ–გვერდი „მორწყვის ნორმები“ 
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