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q. yaWiaSvili, d. nakani, v. xuWua 
 

fermeruli meurneobebis niadagebSi nitratebisa da fosfatebis 

Semcvelobebis droSi da sivrceSi arsebiTi cvalebadobis  

gamokvleva faqtoruli analizis meTodebiT 
 

reziume: samuSaoSi faqtoruli analizis meTodebis gamoyenebiT gamokvleulia ferme-
rebis nakveTebis niadagebSi nitratebisa da fosfatebis Semcvelobebis cvalebadobis 
xasiaTi. kerZod, gamokvleulia niadagebSi aRniSnuli parametrebis cvalebadoba drosa da 
sivrceSi gamowveulia mxolod SemTxveviTi xasiaTiT, Tu is dakavSirebulia garkveul 
araSemTxveviT faqtorebTan. magaliTad, SemodgomiT nitratebisa da fosfatebis Semcire-
basTan mcenareebis mier maTi moxmarebis gamo, niadagebidan naleqebiT maTi gamorecxviT, 
fermerebis mier sxvadasxva raodenobis sasuqebis SetaniT da a.S. gamokvleva Catarebuli 
iyo samegrelos regionis eqvs sxvadasxva sofelSi ganlagebuli Teqvsmeti fermeruli 
meurneobis niadagebSi nitratebisa da fosfatebis Semcvelobebis cvalebadobis analizis 
safuZvelze. am regionSi msoflio bankis finansuri mxardaWeriT xorcieldeba mowinave 
sasoflo-sameurneo teqnologiebis danergva fermerul meurneobebSi. gamokvleva Catarebu-
li Sesabamisi monacemebis safuZvelze.   

sakvanZo sityvebi: niadagi, dabinZureba, faqtoruli analizi, rangebi, fridmanis 
kriteriumi. 

1. Sesavali. cxrilebSi 1 da 2 mocemulia monitoringiT moculi fermerebis nakve-
Tebis niadagebis zedapirul fenebSi NO3 da PO4 ingredientebis 2003 wlis gazomvis 
Sedegebi1) da maTi rangebi, xolo nax. 1 da 2 - ze mocemulia aRniSnuli parametrebis 
cvalebadobis grafikebi TiToeuli fermeris nakveTSi 2003 wlis ivlisis, seqtembris, 
oqtombris, noembris Tveebis mixedviT, rodesac ganxorcielda gazomvebi. grafikebidan 
Cans, rom gansaxilveli ingredientebis koncentraciebi aRniSnul TveebSi nakveTebis 
umravlesobaSi mkveTrad ar icvleba da is SeiZleba gamowveulic iyos ara niadagSi 
ingredientis koncentraciis mniSvnelovani cvlilebiT, aramed SemTxveviTi faqtoriT. es 
ukanaskneli SeiZleba ganpirobebuli iyos qvemoT mokled mogvyavs gamokvlevis Sedegebi 
NO3 da PO4 ingredientebisaTvis. yvela gamokvleva Sesrulebulia winamdebare samuSaos 
Tanaavtoris (q. yaWiaSvilis) xelmZRvanelobiT damuSavebuli eqsperimentalur monacemTa 
damuSavebis gamoyenebiTi programuli paketis SDpro–s gamoyenebiT [2, 3, 4]. 

2. ZiriTadi nawili. gamovikvlieT monitoringiT mocul Teqvsmetive nakveTSi 2003 
wlis monitoringis ganxorcielebis TveebSi NO3 ingredientis cvalebadobis gamomwvevi 
mizezebis arsi. cxril 1 – Si mocemuli gazomvis SedegebiTa da maTi rangebiT 

gamoTvlili fridmanis kriteriumis mniSvneloba 15,21=∗S . Sesabamisi cxrilebidan [6] 
vpoulobT samis toli (radgan 2003 wels TiToeul nakveTSi gazomvebis ricxvi oTxis 

tolia) Tavisuflebis xarisxiani 
2χ - ganawilebis kanonis 05,0=α  - is toli kriteriumis 

donis mniSvnelobis procentul wertils, romelic tolia 
815,72

95.0;3 =χ
 - is. radgan 

                                                        
1 1) gamoyenebulia Sps “gamas” mier ganxorcielebuli gazomvebis Sedegebi. 
niadagis araerTgvarovnebiT gansaxilveli nakveTis farglebSi, gazomvis SemTxveviTi 
cdomilebebiT da a.S. imave grafikebidan kargad Cans, rom zogierTi ingredientis 
koncentraciis mniSvneloba erTi nakveTis farglebSic ki mniSvnelovnad icvleba 
gansaxilvel TveebSi, rom araferi vTqvaT sxvadasxva soflebSi ganlagebuli nakveTebisaT-
vis gansxvavebaze. magaliTad, NO3 ingredientis koncentracia mkveTrad icvleba rogorc 
Tveebis mixedviT, aseve sivrceSi, mkveTrad gansxvavdeba misi Semcveloba danarCeni nakveTe-
bisagan sofel gaRma sajijaoSi ganlagebul # 14, # 15 da # 16 nakveTebSi. ivlisis TveSi 
mkverad gansxvavdeba koncentracia rogorc danarCeni Tveebisagan, aseve sxva nakveTebisagan 
sofel II WoRaSi ganlagebul # 1 da # 4 nakveTebSi. PO4 ingredientisaTvis analogiuri 
mdgomareoba gvaqvs sofel II WoRaSi ganlagebul # 1 da # 2 nakveTebSi, aseve sofel 
biaSi # 13 da sofel gaRma sajijaoSi ganlagebul # 14 nakveTebSi. imisaTvis, rom dava-
dginoT ingredientebis aRniSnuli cvalebadobis mizezis arsi, anu SemTxveviTi Tu sxva 
faqtorebiT aris ganpirobebuli es movlena da agreTve gamovikvlioT gansxvavdeba Tu ara 
sxvadasxva soflebSi ganlagebul nakveTebSi aRniSnuli procesebi, gazomvis Sedegebi 
gamovikvlioT faqtoruli analizis fridmanis araparametruli meTodiT [1, 2].   
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adgili aqvs pirobas 15,21=∗S >
815,72

95.0;3 =χ
 hipoTeza imis Sesaxeb, rom fermerebis 

nakveTebis niadagebSi NO3 – is gansxvaveba gansaxilvel TveebSi (ivlisi, seqtemberi, 
oqtomberi, noemberi) gamowveulia mxolod SemTxveviTi faqtoriT ar SeiZleba iyos 
miRebuli. anu am gansxvavebis gamomwvevi mizezi aRniSnul TveebSi nakveTebis niadagebSi 
NO3 – is gansxvavebuli koncentraciebis Semcvelobaa. amasTan aRsaniSnavia is garemoeba, 
rom sofel gaRma sajijaoSi ganlagebuli fermerebis # 14 # 15 da № 16  nakveTebis 
niadagebSi NO3 – is Semcveloba yvelaze meti da daaxloebiT erTnairia ivlisSi da 
oqtomberSi. yvelaze cotaa seqtemberSi, xolo noemberSi seqtemberze metia da ivlisze da 
oqtomberze naklebi. nakveTSi # 15 noemberSi NO3 – is Semcveloba ivlisis Semcvelobasac 
ki aRemateba. naTqvamidan gamomdinareobs daskvna, rom aRniSnul nakveTebSi seqtembris 
monitoringis, anu niadagis sinjebis aRebis Semdeg fermerebma niadagSi Seitanes 
azotovani sasuqi.  

gamovikvlieT aRniSnul nakveTebSi NO3 – is Semcvelobis araerTgvarovneba 
gamowveulia Tu ara ivlisidan noembrisaken koncentraciis ara zrdis gamo. anu adgili 
aqvs Tu ara im faqts, rom noemberSi NO3 – is koncentracia ar aRemateba oqtomrisas, 
oqtombrisa ar aRemateba seqtembrisas, xolo seqtembrisa ar aRemateba ivlisisas. 
gadawyvetilebis misaRebad gamoviyenoT aseTi amocanis gadasawyvetad damuSavebuli 
fridman – peijis Sesabamisi kriteriumi [2].  

fridman – peijis kriteriumis Sesabamisi statistika 3464,0=∗L , xolo 0,05 – is to-

li mniSvnelobis doniani kriteriumis kvantilis mniSvneloba 
65,105,0 =z

. radgan adgili 

aqvs pirobas 
65,13464,0 05,0 =<=∗ zL

 miiReba hipoTeza, rom ivlisidan noembrisaken 
gansaxilveli nakveTebis niadagebSi adgili ara aqvs NO3 – is koncentraciis zrdis 
tendencias. gadawyvetilebis ndobis albaToba tolia 0,95 – is. 

analogiuri gamokvlevebi CavatareT erTi soflis farglebSi moqceuli nakveTe-
bisaTvis erTmaneTisagan damoukideblad. Catarebuli kvlevis da calkeuli daskvnebis 
safuZvelze SeiZleba mokled CamovayaliboT gansaxilvel nakveTebis niadagebSi 2003 wels 
NO3 ingredientis cvalebadobis kanonzomierebis Sesaxeb daskvna (ix. cxrili 3): calkeuli 
soflebis farglebSi ganTavsebul nakveTebSi (sofel sajijaos garda), monitoringis 
Sedegebis safuZvelze, NO3 – is koncentraciis cvalebadoba SeiZleba CaiTvalos 
ganpirobebulad SemTxveviTi faqtoris gamo. amasTan am soflebSi ivlisidan noembrisaken 
adgili ara aqvs NO3 – is koncentraciis zrdis tendencias. gamonakliss warmoadgens 
sofeli sajijao sadac, jer erTi, NO3 – is koncentraciis cvalebadoba ar SeiZleba 
CaiTvalos ganpirobebulad SemTxveviTi faqtoriT da, meores mxriv, 0,95 – ze naklebi 
ndobis albaTobiT SeiZleba miviRoT gadawyvetileba ivlisidan noembrisaken NO3 – is 
koncentraciis ara klebis tendenciis Sesaxeb. sxvadasxva soflebSi ganlagebuli 
nakveTebis erTad ganxilvisas NO3 – is koncentraciis cvalebadoba ar SeiZleba CaiTvalos 
SemTxveviTi faqtoriT ganpirobebulad. amasTan sajijaos gamoklebiT darCenili soflebis 
nakveTebis ganxilvisas miiReba daskvna, rom am soflebSi zogadad adgili ara aqvs 
ivlisidan noembrisaken NO3 – is koncentraciis klebas. es imas niSnavs, rom erTi soflis 
farglebSi ganTavsebuli sasoflo – sameurneo nakveTebi NO3 – is Semcvelobisa da 
cvalebadobis mixedviT SeiZleba CaiTvalos erTgvarovnad (garda sofeli sajijaosi), rac 
arasamarTliania sxvadasxva soflebSi ganTavsebuli nakveTebisaTvis.           

3. daskvna. analogiuri gamokvlevebi CavatareT dabinZurebus PO4 parametrisaTvis. mi-
Rebuli Sedegebis safuZvelze vaskvniT (ix. cxrili 3): praqtikulad mxolod soflebis 
meore da pirveli WoRas da saCinos farglebSi ganTavsebul nakveTebSi (erTmaneTisagan 
damoukideblad ganxilvisas) PO4 – is koncentraciis cvalebadoba SeiZleba CaiTvalos 
ganpirobebulad SemTxveviTi faqtorT. amasTan am soflebSi ivlisidan noembrisaken 
adgili ara aqvs PO4 – is koncentraciis zrdis tendencias 0,95 – is toli ndobis 
albaTobiT. xolo SedarebiT dabali ndobis albaTobiT PO4 – is koncentraciis zrdis 
tendencias adgili aqvs. sxvadasxva soflebSi ganlagebuli nakveTebis erTad ganxilvisas 
PO4 – is koncentraciis cvalebadoba ar SeiZleba CaiTvalos SemTxveviTi faqtoriT 
ganpirobebulad. amasTan rogorc calkeuli soflebis nakveTebis erTmaneTisagan 
damoukideblad, aseve sxvadasxva soflebis nakveTebis erToblivi ganxilvisas miiReba 
daskvna, rom ganxiluli nakveTebidan zogSi adgili aqvs ivlisidan noembrisaken PO4 – is 
koncentraciis matebas.  masTan erTi soflis farglebSi ganTavsebuli sasoflo – 
sameurneo nakveTebis damoukidebeli ganxilvisas gadawyvetilebis miRebis ndobis 
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albaToba 0,95 – Tan SedarebiT dabalia, xolo sxvadasxva soflis nakveTebis erToblivi 
ganxilvisas ndobis albaToba 0,95 da ufro meticaa. es SeiZleba aixsnas im garemoebiT, 
rom TiToeul soflSi ganlagebuli nakveTebis ricxvi Zalze mcirea, ris gamoc 
gadawyvetilebis miRebis kriteriumis simZlavre SedarebiT dabalia vidre nakveTebis meti 
raodenobis erToblivi ganxilvisas.  

gamotanili daskvnebis meti sandoobisaTvis, garda moyvanili gamokvlevisa, 
movaxdineT gansaxilvel Teqvsmetive nakveTSi NO3 da PO4 ingredientebis cvalebadobaze ara 
marto am nakveTebis geografiuli mdebareobis gavlenis arsebiTobis, aramed droiTi 
faqtoris gavlenis arsebiTobis gamokvleva. gamokvleva CavatareT orfaqtoruli 
dispersiuli analizis meTodiT [8], winaswar SevamowmeT ra gansaxilveli nakveTebis 
niadagebSi Sesabamisi ingredientebis Semcvelobebis gazomvis Sedegebis albaTobebis 
ganawilebis normaluroba. miRebuli Sedegebi mdgomareoben SemdegSi: nakveTebSi NO3 
ingredientis cvalebadoba droSi ganpirobebulia ara SemTxveviTi faqtoriT 
(gadawyvetilebis ndobis albaToba tolia 0,999 – is), anu wlis ganmavlobaSi sasoflo – 
sameurneo nakveTebis niadagebSi NO3 icvleba ara SemTxveviTad. cvalebadoba sivrcaSi, anu 
geografiuli mdebareobis mixedviT, maRali 0,95 – is toli ndobis albaTobiT, 
ganpirobebulia SemTxveviTi faqtoriT,  Tumca ndobis SedarebiT dabali 0,88 – is toli 
albaTobiT cvalebadoba ganpirobebulia ara SemTxveviTi faqtoriT aramed geografiuli 
mdebareobiT. nakveTebSi PO4 ingredientebis cvalebadoba rogorc droSi (anu wlis 
ganmavlobaSi), aseve sivrceSi (anu geografiuli mdebareobis mixedviT) ganpirobebulia 
araSemTxveviTi faqtoriT. gadawyvetilebis ndobis albaToba orive SemTxvevaSi tolia 
0,999 – is. miRebuli Sedegebi mTlianad emTxveva zemoT moyvanil gamokvlevis Sedegebs.  

NO3 parametris sivrceSi, anu geografiuli mdebareobis mixedviT SedarebiT 
umniSvnelo cvalebadoba SeiZleba axsnili iqnas imiT, rom praqtikulad yvela fermers 
Seaqvs nakveTebSi mniSvnelovani raodenobebiT azotovani sasuqebi ZiriTadad msxvilfexa 
pirutyvis nakelis saxiT, maSin rodesac fosforovani sasuqebis SetanaSi aRiniSneba 
arsebiTi gansxvaveba, radgan fermers uxdeba misi SeZena anu dakavSirebulia fermeris 
ekonomikur SesaZleblobebze, rac saqarTveloSi sakmaod diferencirebulia.   

cxrili 1. 
soflis 
saxeli 

 
 

fer-
mis 
nome-
ri 
 
 

drois faqtori 

ivnisi seqtemberi oqtomberi noemberi 

 gazom-
vis 

Sede-
gebi 

rangi  gazo-
mvis 
Sede-
gebi 

rangi gazom-
vis 

Sedege
bi 

rangi gazom-
vis 

Sedege
bi 

rangi 

WoRa II 1 343,61 4 20,3 1 38,5 3 30,2 2 

2 34,54 3 15,5 1 40 4 25,2 2 
3 121,78 4 17 1 30,2 2 30,5 3 
4 306,42 4 17 3 15,5 2 12,8 1 

5 13,19 1 13,2 2 22,5 3 25,5 4 
WoRa I 6 34,54 4 15,5 1 27,4 3 24,3 2 

7 34,54 4 13,2 1 22,7 2 25,2 3 
8 43,39 4 15,2 2 20,5 3 12,5 1 

9 11,64 2 11,6 1 19,5 3 21,3 4 
saCino 10 19,48 1 20 2 20,5 3 22,2 4 

11 54,46 4 13,95 1 27,6 3 25,7 2 

obuji 12 96,97 4 16,8 1 30,5 3 28,7 2 

bia 13 136,8 4 15,2 1 34,5 3 25,2 2 
saji-
jao 

14 121,77 3 15,6 1 153,6 4 17 2 
15 136,82 2 20,3 1 160,2 4 150 3 
16 108,93 3 20 1 136,8 4 100 2 

jamuri rangi  

jR
 

=1R 51 =2R 21 =3R
49 

=4R 39 
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cxrili 2. 
soflis 
saxeli 

 
 

fermis 
nomeri 

 
 

drois faqtori 

ivnisi seqtemberi oqtomberi noemberi 

 gazom-
vis 

Sedegebi 

rangi  gazom-
vis 

Sedegebi 

rangi  gazom-
vis 

Sedegebi 

rangi  gazom-
vis 

Sedegebi 

rangi 

WoRa II 1 1071 4 200 1 642 3 471 2 

2 183,6 2 100 1 580,2 4 200 3 
3 104 4 70 1 100,2 2,5 102,2 2,5 
4 91,8 2 190 4 104 3 60,5 1 

5 318 4 183 3 70 1,5 70 1,5 
WoRa I 6 269 4 189 3 55 2 40 1 

7 171 4 61 1 70,2 2 80,2 3 
8 104 4 30 1 90,3 3 70,2 2 

9 122 3 30,6 1 147 4 100 2 
saCino 10 318 4 120 2 147 3 90,8 1 

11 91,8 1 257 4 120,8 3 100,2 2 

obuji 12 355 4 30,5 1 200 3 170,5 2 

bia 13 844 4 35 1 514 3 305 2 
sajijao 14 336 2 53 1 924 4 800 3 

15 226 4 52 1 200 3 170 2 
    16 330 4 52 1 134 3 120 2 

jamuri rangi 

jR
 

=1R 54 =2R 27 =3R
47 

=4R 32 

 
 

niadagis zedapirul fenaSi NO3 parametris cvalebadoba 2003 wels
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nax. 1. niadagis zedapirul fenaSi NO3 parametris cvalebadoba 2003 wels 
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cxrili 3. 
analiziT 

moculi 

fermebi  

fermebis 
raodenoba  
 

NO3 PO4 

cvlileba 
gamowveuli 
iyo mxolod 
SemTxveviTi 
faqtoriT  

fermebSi 
adgili ar 
hqonda 
koncentraciis 
zrdas 
ivnisidan 
noembrisaken    

cvlileba 
gamowveuli 
iyo mxolod 
SemTxveviTi 
faqtoriT  

fermebSi 
adgili ar 
hqonda 
koncentraciis 
zrdas 
ivnisidan 
noembrisaken    

monitoringiT 
moculi yvela 
ferma  

16 ara ar hqonda 

adgili 

ara hqonda adgili 

WoRa II – Si 
ganlagebuli 
fermebi 

5 ki ar hqonda 

adgili 

ki ar hqonda adgili  
(SedarebiT dabali 
ndobis albaTobiT 
– hqonda adgili) 

WoRa I – Si 
ganlagebuli 
fermebi 

4 ki ar hqonda 

adgili 

ki ar hqonda adgili 
(SedarebiT dabali 
ndobis albaTobiT 
– hqonda adgili) 

sajijaoSi 
ganlagebuli 
fermebi 
 

3 ara ar hqonda adgili  
(SedarebiT 

dabali ndobis 
albaTobiT – 

hqonda adgili) 

ki 
(ndobis 
albaTo-
biT 

925,0≤   
- ara ) 

ar hqonda adgili 
(SedarebiT dabali 
ndobis albaTobiT 
– hqonda adgili) 

saCinoSi 

ganlagebuli 
fermebi  
 

2 ki ar hqonda 

adgili 

ki ar hqonda adgili 
(SedarebiT dabali 
ndobis albaTobiT 
– hqonda adgili) 

yvela ferma 

sajijaos garda  

13 ara  hqonda 
adgili 

ara hqonda adgili 

yvela ferma 
sajijaos, obujisa 
da bias  garda 

11 ara ar hqonda 
adgili 

ara hqonda adgili 

yvela ferma 
saCinos, obujisa 
da bias  garda  

12 ara ar hqonda 
adgili 

ara ar hqonda adgili 
(SedarebiT dabali 
ndobis albaTobiT 
– hqonda adgili) 

yvela ferma obuji 
da bias  garda  

14 ara ar hqonda 
adgili 

ara hqonda adgili 

niadagis zedapirul fenaSi PO4 parametris cvalebadoba 2003 wels
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nax. 2. niadagis zedapirul fenaSi PO4 parametris cvalebadoba 2003 wels  
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ИССЛЕДОВАНИЕ ЗНАЧИМОГО ИЗМЕНЕНИЯ ВО ВРЕМЕНИ И В ПРОСТРАНСТВЕ 
СОДЕРЖАНИЯ НИТРАТОВ И ФОСФАТОВ В ПОЧВАХ ФЕРМЕРСКИХ УЧАСТКОВ 

МЕТОДАМИ ФАКТОРНОГО АНАЛИЗА 
Резюме 

 
   В предлагаемой работе рассматриваются результаты исследования характера изменения содер-
жания нитратов и фосфатов в почвах фермерских земелных участков с помощью методов факторного 
анализа. В частности исследуется изменение содержания нитратов и фосфатов в почвах во времени и 
в пространстве носит случайный характер или оно связано с определенными неслучайными 
факторами, например, с уменьшением содержания нитратов и фосфатов в почве осенью за счёт их 
потребления растениями, вымиванием из почв осадками, внесением фермерами в почве разных 
количеств удобрений и т.д. Исследование было проведено по данним измерения содержания 
нитратов и фосфатов в почвах шестнадцати фермерских участков рассположенных в шести соседных 
селениях региона менгрелии (западная Грузия), где по финансовой поддержке всемирного банка 
осуществляются ряд проектов по внедрению на фермерских хозяйствах передовых сельско-
хозяйственных технологий. 
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NITRATES AND PHOSPHATES IN SOILS OF FARMER FIELDS BY METHODS OF THE 
FACTORIAL ANALYSIS 

Summary 
 
   In the offered work are considered results of research of character of change of nitrates and phosphates 
contents in soils farmer fields by the help of methods of the factorial analysis. In particular is investigated the 
change of nitrates and phosphates contents in soils in time and in space has a casual character or it is 
connected with certain not casual factors, for example, with reduction of nitrates and phosphates contents in 
soils in the autumn due to their consumption by plants, of their wash out from soils by sediments, entering by 
farmers in soils of different quantities of fertilizers, etc. The research has been carried out by the 
measurement data of the contents of nitrates and phosphates in soils of sixteen farmer fields placed in six 
neighbouring villages of region Mangrelia of the western Georgia, where by the financial support of the 
World Bank carry out a number of projects on introduction on the farmer economies of advanced agricultural 
technologies. 
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