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Sesavali 

 

Cveni qveynis sasursaTo problemis gadawyveta 

mniSvnelovnad aris damokidebuli marcvleulis warmoebaze, 

vinaidan igi adamianTa arsebobis safuZvelia [20]. 

sasoflo-sameurneo warmoebis ganviTarebisaTvis erT-erTi 

udidesi mniSvneloba eniWeba marcvleulis warmoebis gadidebas. 

marcvleulis kulturebi warmoadgenen memcenareobisa da 

mTlianad sasoflo-sameurneo warmoebis ganviTarebis ZiriTad 

safuZvels, romelic ganpirobebulia marcvleulis warmoebis 

mravalmxrivi kavSirebiT soflis meurneobisa da mrewvelobis 

sxvadasxva dargebTan [1, 8]. 

marcvleuli kulturebis warmoebis saqmeSi didi 

mniSvneloba eniWeba meurneobriobis mravalformianobisa da 

sabazro urTierTobebis damkvidrebas, am etapze mniSvnelovan 

sakiTxs warmoadgens agrosamrewvelo kompleqsis sainJinro 

sferoSi mecnierul-teqnikuri progresis swori mimarTulebis 

gansazRvra [17, 36, 38]. 

msoflios mraval qveyanaSi marcvleulis mosavlianobis 

gazrdis erT-erT realur gzad miCneulia resursdamzogi 

samanqano teqnologiebis damuSaveba, romlis mecnierul 

safuZvels warmoadgens niadagis, sxva sasoflo-sameurneo 

garemos da masalebis gamZleoba, romlis srulyofilad 

CamoyalibebisaTvis aucilebelia gafarTovdes fundamenturi 

kvleva maTi reologiuri Tvisebebisa da sxvadasxva saxis 

datvirTvebis miyenebis dros daZabul-deformirebuli 

mdgomareobis Sesaswavlad. garda aseTi samanqano teqnologiebis 

damuSavebisa, es saSualebas mogvcems davasabuToT 
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teqnologiuri procesebis minimaluri Teoriuli xvedriTi 

energotevadobani, ganvsazRvroT arsebuli manqanebisa da muSa 

organoebis teqnologiuri margi qmedebis koeficientebi, 

meqanizaciis saSualebebisa da teqnologiebis 

urTierTSesabamisobis xarisxi, maTi srulyofis done da 

Semdgomi gaumjobesebis gzebi. 

sasoflo-sameurneo kulturebis movla-moyvanis mTel 

teqnologiur ciklSi niadagis damuSaveba warmoadgens yvelaze 

ufro energotevad operacias, romelzedac ixarjeba sawvavis 50-

60%. niadagis damuSavebam unda Seqmnas xelsayreli pirobebi 

mcenaris zrda-ganviTarebisaTvis, e.i. unda uzrunvelyos niadagSi 

yvelaze ufro xelsayreli siTbos, wylis, haeris, biologiuri 

da kvebiTi reJimebi mcenaris ganviTarebisaTvis. aqedan 

gamomdinare cxadia, rom respublikis yvela regionisaTvis ar 

SeiZleba arsebobdes niadagis damuSavebis erTnairi sistema da 

misi warmoeba diferencirebul zonalur midgomas moiTxovs. 

mxedvelobaSia misaRebi bunebriv-klimaturi pirobebi, reliefi, 

niadagis tipi da meqanikuri Semadgenloba, naleqebis raodenoba 

da misi ganawilebis siTanabre, vegetaciuri periodis 

xangrZlivoba, temperaturuli da qarismieri reJimi, aseve 

TeslbrunvaSi kulturebis saxeoba da monacvleoba. 

gasaTvaliswinebelia meurneobriobis axali formebis 

damkvidrebis pirobebSi is cvlilebebic, romlebic xdeba 

sawarmoo Zalebis ganviTrebaSi. 

bolo dros niadagis  intensiuri damuSaveba iwvevs 

ekonomikuri da ekologiuri xasiaTis uaryofiT Sedegebs. 

dadgenilia, rom mindorze satransporto tvirTbrunvis gazrdis 

CaTvliT, wlis ganmavlobaSi mindvris 50-80% ifareba teqnikis 
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savali sistemis nakvaleviT. niadagis datkepnis siRrme aRwevs 

erT metramde. amitom mimdinareobs niadagdamcavi iseTi 

teqnologiebisa da teqnikuri saSualebebis Zieba, romlebic 

uzrunvelyofen ara marto qarismieri da wylismieri eroziis 

Semcirebas, aramed niadagis efeqtur gamoyenebas da darRveuli 

ekologiuri wonasworobis aRdgenas [13, 14, 17]. 

rogorc CvenSi, ise sazRvargareT Seswavlis procesSia 

sakiTxi niadagis meqanikuri damuSavebis Semcirebis Sesaxeb. 

iqmneba axali ufro progresuli teqnologiebi da 

teqnikuri saSualebebi niadagis damuSavebisaTvis kombinirebuli 

manqanebis gamoyenebiT. pirveli cdebi kombinirebuli tipis muSa 

organoebis gamoyenebiT niadagis damuSavebisaTvis Catarebuli 

iqna jer kidev XX saukunis dasawyisSi. 

niadagis minimaluri damuSavebis teqnologiis gamoyenebiT 

SesaZlebelia mivaRwioT srul momzadebas kulturuli mcenaris 

TesvisaTvis, risi miRwevac SesaZlebelia agregatis erTi 

gavliT, aRniSnuli teqnologiis gamoyeneba efeqturia agreTve 

sasoflo-sameurneo kulturebis movliTi samuSaoebis Catarebis 

dros [32, 40, 41, 89]. 

bevri samecniero-kvleviTi instituti da mowinave 

sawarmoebi muSaoben niadagis damuSavebisas teqnologiuri 

operaciebis SeTavsebaze kombinirebuli muSa organoebisa da 

manqanebis gamoyenebiT. warmodgenili monografia ZiriTadSi 

eZRvneba aRniSnuli sakiTxebis damuSaveba-srulyofas.  
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Tavi I. sakiTxis dayeneba, kvlevis mizani da amocanebi 

 

1.1 saqarTveloSi mcire fermeruli meurneobebis daxasiaTeba 

 

saqarTveloSi soflis meurneobis sabazro urTierTobebze 

gadasvlam da miwis privatizaciam, soflad Camoayaliba 

mewarmeTa axali fena _ wvrili fermeri, romelmac Seadgina 

soflis macxovrebelTa TiTqmis 70%. Sesabamisad gaCnda wvrili 

fermeruli meurneobebi, romlebic iZlevian soflad warmoebuli 

sasoflo-sameurneo produqciis TiTqmis 85%. 

mcire sasoflo-sameurneo warmoebis maRal efeqturobas 

adasturebs msoflio gamocdilebac. CineTSi sakvebis warmoebis 

problema gadaiWra 0,53 _ 0,6 ha farTobis mqone glexuri 

meurneobebis xarjze. iaponia 1 ha-ze naklebi farTobis mqone 

fermeruli meurneobebis (saerTo farTobi 5,7 mln. ha) xarjze 

uzrunvelyofs sakvebi produqtebiT 120 mln. macxovrebels. 

amasTan fermerul meurneobebSi mosavlianoba mniSvnelovnad 

aRemateba industriuli warmoebis maCvenebels. germaniis 

federaciuli respublikis soflis meurneobis safuZvels 

warmoadgens tipiuri fermeruli meurneoba, sakuTari an arendiT 

aRebuli miwis savargulebiT. sxva maRalganviTarebul qveynebTan 

SedarebiT, misi sasoflo-sameurneo warmoeba iTvleba mcired. 

soflis meurneobaSi gamoyenebul 11,9 mln. ha. savargulebze 

ganTavsebulia 665 aTasi fermeruli meurneoba. erTi meurneobis 

mier dakavebuli savargulebis saSualo farTobia 17,7 ha. am 

pirobebSi qveynis mosaxleoba mTlianad uzrunvelyofilia 

sakvebi produqtebiT [15]. 
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saqarTvelo ZiriTadad agraruli qveyanaa, sadac 656 aTasi 

fermeruli meurneobaa, romelTa saSualo farTobi Seadgens 1,48 

heqtars, rac, savaraudod 1,70 heqtaramde gaizrdeba 

privatizaciis dasrulebis Semdeg, aqedan 4 ha-ze didi ferma ki 

daaxloebiT 26 aTasia. im fermerTa raodenoba, romelTa 

meurneobis farTobic 4 heqtars aRemateba, Seadgens 16 aTass. 

gasaTvaliswinebelia, rom aseTi meurneobebis saerTo farTobi 

kerZo sakuTrebaSi arsebuli miwebis (kerZo an ijariT aRebuli) 

saerTo farTobis 40%-s Seadgens. soflis meurneobaSi 

dasaqmebulia Sromisunariani mosaxleobis daaxloebiT 52%. 

igive maCvenebeli 1990 wels mxolod 25%-s Seadgenda. fermeruli 

Semosavali Semosavlebis erovnuli maCveneblis daaxloebiT 30%-

s Seadgens. 

dReisaTvis mcire fermeruli meurneobebi sasoflo-

sameurneo produqciis ZiriTad mwarmoeblebs warmoadgenen, 

miuxedavad imisa rom, soflis mosaxleobas warmoebis aseTi 

saxiT mowyobis gamocdileba ar hqonda. privatizaciis Sedegad 

pirad sakuTrebaSi miRebulma sasoflo-sameurneo savargulebma 

da qveyanaSi sabazro ekonomikis damkvidrebam qarTveli glexi 

aiZula mTeli mondomebiT moekida xeli warmoebis am 

meTodisaTvis. miuxedavad imisa, rom mcire fermerul 

meurneobaSi mosavlianoba sazogadoebriv sawarmoebTan 

SedarebiT maRalia, mainc kulturebis potencialuri 

SesaZleblobebis realizaciamde jer kidev Sorsaa, rasac Tavisi 

obieqturi da subieqturi mizezebi aqvs [11, 12, 13]. 

upirveles yovlisa unda aRvniSnoT, rom saqarTveloSi 

mcire fermeruli meurneoba sazogadoebrivi meurneobis damxmare 

warmoebas warmoadgenda. aqedan gamomdinare mis teqnologiur da 
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teqnikur srulyofaze aravin fiqrobda, maSin rodesac 

meurneobriobis aseTi forma sazRvargareT sasoflo-sameurneo 

produqciis warmoebis ZiriTad meTods warmoadgens, xolo 

CineTsa da iaponiaSi mTel mosaxleobas uzrunvelyofs 

ekologiurad sufTa kvebis produqtebiT. am mimarTulebiT 

mniSvnelovani winsvla SeimCneva ruseTis federaciaSic, sadac 

mecnierebis mier Ria gruntSi miRebulia daxurul gruntze 

maRali mosavali. saqarTveloSi ki mcire fermerul 

meurneobebSi warmoeba jer kidev eqstensiuri teqnologiiT 

warmoebs ararentabeluri teqnikisa da xeliT Sromis 

gamoyenebiT, rac mniSvnelovnad amcirebs mosavlianobas da 

zrdis produqciis TviTRirebulebas. 

mcire fermeruli meurneobis warmoebis rentabelobis 

miRwevisaTvis saWiroa samecniero kvlevis gafarToeba misi 

teqnologiuri da teqnikuri srulyofisaTvis. 

 

 

 

 

 

 

1.2. marcvleuli kulturebis warmoebis ZiriTadi maCveneblebi 

saqarTveloSi 

 

agrarul seqtors tradiciulad mniSvnelovani adgili 

uWiravs saqarTvelos ekonomikaSi. soflis meurneobis xvedriTi 

wili qveynis mTlian Sida produqtSi 2010 wels Seadgenda 30%-s, 

masze modioda qveyanaSi dasaqmebulTa naxevarze meti. 
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sabazro ekonomikis pirobebSi soflis meurneobis 

mdgomareobis maCvenebelTa Sefasebis sistema mniSvnelovani 

instrumentia, rogorc qveyanaSi soflis meurneobis 

ganviTarebisaTvis prioritetuli mimarTulebis 

Camosayalibeblad, aseve sasursaTo usafrTxoebis strategiis 

SesamuSaveblad. 

agraruli politikis koncefciaSi aRniSnulia, rom 

saqarTvelos ukavia 69,7 aTasi kv.km. anu daaxloebiT 7,0 milioni 

ha farTobi; aqedan dablobze modis 13% anu 910 aTasi ha, mTis 

wina zolze – 33,4% anu 2 ml 338 aTasi ha, mTaze – 53,6% anu 3 ml 

752 aTasi ha. amrigad saqarTvelos mTliani farTobis 46,4% anu 3 

ml 248 aTasi ha gamoiyeneba soflis meurneobis produqciis 

warmoebisaTvis,  saidanac 0,8 milioni ha aris saxnavi. 

saqarTvelos mosaxleoba, rom mTlianad dakmayofildes 

Tavisi marcvleuliT, saWiroa 1 ml 400 aTasi tona marcvalis 

warmoeba, mzesumzira _ 500 aTasi tona, Warxali – 450 aTasi 

tona, bostneuli – 950 aTasi tona, kartofili – 630 aTasi tona, 

yurZeni – 700 aTasi tona, Cais foToli – 300 aTasi tona, 

citrusi – 200 aTasi tona, Tambaqo – 20 aTasi tona da a.S. [37]. 

Tu zemoT aRniSnul statistikas daveyrdnobiT, saqarTvelos 

mosaxleobis sakuTari sursaTiT momaragebis SemTxvevaSi 

kulturuli mcenareebis movla-moyvanis arsebuli  

teqnologiebis gamoyenebiT saWiroa saxnavi gaizardos 

marcvleuli kulturebisaTvis 1 ml 558000 ha-mde, WarxalisaTvis 

– 225000 ha-mde, bostneulisaTvis – 31500 ha-mde, yurZenisaTvis – 

87500 ha-mde, CaisaTvis – 15000 ha-mde, citrusebisaTvis 6600 ha-mde 

da a.S. sul saWiro gaxdeba arsebuli teqnologiebis SemTxvevaSi 

saxnavis farTobi gaizardos 2 ml 120 aTas ha-mde, e.i. 2,6 jer. 
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saxnavi farTobis gazrdisaTvis ki saWiro gaxdeba sarwyavi 

miwebis farTobi gaizaros 500000 ha-mde, ris gamoc dasaSrobia 

400000 ha farTobi.  

sainteresoa soflis meurneobis is statistikuri masalebi, 

romelic gamoaqveyna saqarTvelos statistikis erovnulma 

samsaxurma 2010 wels [24]: 

_ 2010 wlis monacemebiT sagazafxulo da saSemodgomo 

naTesi farTobebis raodenoba Seadgens 275,3 aTas ha-s; maT 

Soris: marcvlovani – 191,4 aTasi ha, sakvebi kulturebi – 8,5 

aTasi ha, kartofili da bostneuli – 48,3 aTasi ha da sxva 

kulturebi 27,1 aTasi ha; 

_ 2010 wels miRebulia mosavali: xorbali – 48,4 aTasi tona, 

qeri – 23,3 aTasi tona, simindis marcvali – 141,1 aTasi tona, 

lobio – 5,8 aTasi tona, kartofili – 228,8 aTasi tona da sxva; 

_ 2010 wlis monacemebiT saheqtaro mosavlianoba Seadgenda: 

xorbali – 1,0 t/ha; qeri – 1,1 t/ha; simindi – 1,4 t/ha; lobio – 0,6 

t/ha; kartofili – 11,1 t/ha da sxva; 

_ 2010 wlis dasawyisSi saqarTveloSi xorblis maragi iyo 35 

aTasi tona, m.S. adgilobrivi warmoebis 48 aTasi tona, importi 

797 aTasi tona. am raodenobidan sasursaTo miznebisaTvis 

gamoiyeneba 661 aTasi tona, mecxoveleobaSi sakvebad – 68 aTasi 

tona, saTesled – 14 aTasi tona, samrewvelo moxmarebisaTvis 

(spirti da sxva) – 4 aTasi tona, eqsportad gadis 36 aTasi tona 

da danakargebi 12 aTasi tona; 

_ 2010 wlis dasawyisSi saqarTveloSi simindis maragi iyo 46 

aTasi tona, m.S. adgilobrivi warmoebis 141 aTasi tona, importi 

16 aTasi tona. am raodenobidan sasursaTo miznebisaTvis 

gamoiyeneba 88 aTasi tona, mecxoveleobaSi sakvebad – 70 aTasi 
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tona, saTesled – 4 aTasi tona, eqsportad gadis 10 aTasi tona 

da danakargebi 5 aTasi tona. 

qveynis sabazro ekonomikaze gadasvlasTan dakavSirebiT 

dRis wesrigSi dadga soflis meurneobaSi reformebis 

ganxorcielebis aucilebloba, ris Sedegadac saxnavi miwis 

farTobebis umetesoba gadaeca kerZo sakuTrebaSi. 

sasoflo-sameurneo farTobebis aTvisebis garda 

paralelurad unda Catardes samuSaoebi kulturuli mcenareebis 

movla-moyvanis Tanamedrove, resursdamzogi teqnologiebis 

ganxorcielebisaken. 

statistikuri masalebidan kargad Cans, rom soflis 

meurneobis dRevandeli mdgomareoba ver akmayofilebs im  

gazrdil sasursaTo moTxovnebs, romelic saWiroa qveynis 

aRmavlobis, ekonomikuri da socialuri pirobebis 

gaumjobesebisaTvis. amis mizezi aris sasoflo-sameurneo 

produqciis warmoebasa da gadamuSavebaSi Tanamedrove 

teqnologiebisa da teqnikuri saSualebebis arasakmarisi done 

[24, 25, 27, 37]. 

aRniSnuli problemis gadaWrisaTvis saWiroa, rom 

saqarTveloSi damuSavdes msoflios ganviTarebul qveynebSi 

aprobirebuli da danergili teqnologiebi, romlebic 

uzrunvelyofen garantirebul maRal mosavals. aucilebelia 

damuSavdes iseTi samanqano resursdamzogi teqnologiebi, 

romlebic uzrunvelyofen sacvlel muSa organoebiani 

kombinirebuli manqanebis gamoyenebas, romlis drosac 

SesaZlebelia ramodenime teqnologiuri procesis agregatis 

erTi gavliT Sesruleba, sadac amis saSualebas agroteqnikuri 

moTxovnebi iZleva.   
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aRsaniSnavia, rom kombinirebuli manqanebis gamoyenebas 

arsebul teqnologiebTan SedarebiT aqvs rigi upiratesobani: 

dadgenilia, rom izrdeba teqnologiuri procesis xarisxobrivi 

maCveneblebi, mcirdeba Sesrulebuli samuSaos energetikuli da 

saeqspluatacio danaxarjebi, saboloo jamSi aRniSnuli 

samanqano teqnologiis danergva uzrunvelyofs garantirebulad 

maRali da xarisxiani mosavlis miRebas niadagis da agrofonis 

SenarCunebiT. 

 

 

 

 

 

 

1.3. niadagis damuSavebis teqnologiebis srulyofis 

sakiTxebisaTvis 

 

adamiani niadags amuSavebs mravali aTasi wlis 

ganmavlobaSi. miwaTmoqmedeba viTardeboda TanmimdevrobiT da 

ganviTarebis am procesSi iyo warmatebebi da Cavardnebi, 

aRmoCenebebi da gamogonebebi. aRsaniSnavia, rom ganviTarebis es 

procesi emorCileba garkveul kanonzomierebas, romelsac 

“aRmasvla – daRmasvlis” mrudis kanonzomiereba ewodeba [35, 45]. 
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sur. 1.1. sistemis sirTulis cvlilebis “aRmasvla-daRmasvlis” mrudi 

 

“aRmasvla-daRmasvlis” mrudis “aRmasvlis” monakveTi 

gamoirCeva sistemis elementebis raodenobis zrdiT (teqnikur 

mowyobilobaSi detalebis an teqnologiebSi operaciebis 

raodenobis zrda) – es aris mrudis rTuli monakveTi. mrudis 

“daRmasvlis” monakveTze xdeba sistemis elementebis gaerTianeba 

an ramodenime teqnologiuri operaciis erT operaciaSi 

Tavmoyra, ris gamoc mrudis es monakveTi SedarebiT martivia. 

niadagis damuSavebis teqnologiebis analizi saSualebas 

mogvcems avagoT “aRmasvla-daRmasvlis” mrudi da gamovyoT 

niadagis damuSavebis ZiriTadi etapebi. 

me-XX saukunis Sua wlebSi “aRmasvla – daRmasvlis” mrudis 

mixedviT gamoiyeneboda Semdegi operaciebi: xvna, ramodenime 

kultivacia, dafarcxva, niadagis Tesviswina mosworeba, Tesva, 

Tesvis Semdgom niadagis datkepna. traqtorebis simZlavre, 

damuSavebis siRrme da modebis gani ganuwyvetliv izrdeboda. 

guTnebi ganicdidnen konstruqciul gaumjobesebas, gamoCndnen 

gluvi xvnis guTnebi, romlebic ar tovebdnen nazurg beltebs.  
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erTi SexedviT TiTqos moxda bunebaze gamarjveba, magram 

aman uku reaqcia gamoiwvia – ixarjeboda udidesi energetikuli 

resursebi [75], pirvel rigSi navTobi, katastrofulad gaizarda 

SromiTi danaxarjebi. Sedegad niadagis zeda fenebi Zalze 

gafxvierda, xolo saxnavi fenis  qveda nawilSi niadagi Zalian 

gamkvrivda traqtoris savali nawilis moZraobis Sedegad (sur. 

1.2.). 

 1

2
3

4

 

sur. 1.2. guTnis zemoqmedebiT niadagis struqturis daSlis sqema: 

1-humusiani fena; 2-saxnavi fenis Ziri; 3-saxnavi fena; 4-Tesli. 

 

niadagis zeda fenebis gafxvierebuli da swori zedapiri 

qaris eroziis Sedegad unayofo xdeboda, Sedegad msoflios 

saxnavi farTobebis milionobiT heqtari erozias ganicdis – 

humusis Semcveloba 10-12%-dan daeca 5-6%-mde.  

niadagis saxnavi fena Sedgeba ramodenime Srisagan, sadac 

zeda SreebSi imyofebian baqteriebi, romlebic sunTqaven 

naxSirbadiT, maT ewodebaT aerobuli baqteriebi; siRrmeSi – 

qveda SreebSi, cxovroben baqteriebi, romlebic haerTan kavSirSi 

momentalurad iRupebian, maT eZaxian anaerobulebs. beltis 

gadabrunebis dros zeda SreebSi myofi baqteriebi, moeqcevian ra 
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qveviT, iRupebian. aseve iRupeba qvevidan zeviT amosuli 

baqteriebic. Sedegad vRebulobT, rom humusis nayofiereba 

mkveTrad mcirdeba [77]. 

niadagis xvnis dros meore problemas warmoadgens saxnavi 

fenis Ziris warmoqmna, e.i. gadametebuli simkvrivis fenis 20-25 sm 

siRrmeze Seqmna, romelic xels uSlis kapilarebSi wylis 

gadaadgilebas da saerTod Cerdeba tenis bunebrivi cirkulacia. 

aRniSnuli problemis gamo mimdinareobs beltis gadabrunebis 

gareSe teqnologiuri procesis danergvis samuSaoebi. msoflios 

bevr qveynebSi aprobirebulia niadagis gafxviereba 10-15 sm 

siRrmeze farTo modebis brtyladmWreli TaTebis an viwro 

dgarebiani Cizeluri gamafxviereblebis saSualebiT.  

niadagis damuSavebis teqnologiebis evoluciis kuTxiT 

daiwyo niadagis damuSavebis teqnologiis “daRmasvla”. 

teqnologiidan gamoricxuli iqna metad energotevadi operacia 

– niadagis beltis gadabruneba. aRniSnuli teqnologiis pirveli 

mimdevari iyo rusi mecnieri t. malcevi [62], romelic 

upiratesobas aniWebda niadagis xvnas ufrTo guTnebiT (sur. 1.3.), 

e.i. beltis gadabrunebis gareSe niadagis damuSavebas. wlebis 

ganmavlobaSi aRniSnuli teqnologiis gaumjobesebis Sedegad 

miRweuli iqna sarevela mcenareebis niadagSi Caxvnis gareSe 

ganadgureba herbicidebis gamoyenebis Sedegad, romlebic 

garkveuli periodis Semdeg iSlebian garemosTvis uvnebel 

mdgenelebad. 
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sur. 1.3. ufrTo guTani beltis gadabrunebis gareSe xvnisaTvis 

                                                    

niadagis beltis gadabrunebis gareSe damuSaveba swrafad 

gavrcelda msoflios mraval qveyanaSi, gansakuTrebiT aSS da 

samxreT amerikis qveynebSi – meqsikaSi, braziliaSi da a.S. Sedegi 

– mcenaris zrda-ganviTarebisaTvis ukeTesi pirobebi da sawvavis 

ekonomia. 

niadagis damuSavebis “daRmasvlis” mrudze momdevno nabijia 

niadagis minimaluri damuSaveba, romlis dros niadagis 

damuSavebis siRrme tolia Teslis CaTesvis siRrmis, e.i. 

gacilebiT naklebi, vidre frTiani guTnebiT xvnis dros. 

aRniSnuli teqnologiis ZiriTadi debulebebi damuSavebuli iqna 

me-XIX saukunis meore naxevarSi ukraineli mecnieris ivane 

ovsinskis mier [74]. miuxedavad didi winaaRmdegobisa, man Seqmna 

specialuri iaraRi niadagis mcire siRrmeze dasamuSaveblad da 

warmatebiT iyenebda mas Tavis meurneobaSi. SemdgomSi niadagis 

damuSavebis axali teqnologiis danergvis Sedegad gadawyda 

rigi amocanebisa, rogoricaa: niadagis nayofierebis SenarCuneba, 
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gvalvis winaaRmdeg RonisZiebebis gatareba, mavneblebisagan da 

sarevelebisagan nakveTebis ganTavisufleba [68]. 

nulovani damuSavebis teqnologia – aris niadagis 

optimaluri struqturis SeqmnisaTvis kompleqsuri pirobebis 

Seqmna, e.i. iqmneba situacia, rodesac damuSaveba ar aris, magram 

misi funqcia sruldeba. nulovani damuSavebis dros ar xdeba 

meqanikuri zemoqmedeba niadagze, magram miuxedavad amisa niadagi 

aris mdgomareobaSi, romelic saWiroa mcenaris zrda-

ganviTarebisaTvis [5, 6, 7]. dReisaTvis “nulovani” teqnologia – 

es aris niadagi meqanikuri damuSavebis gareSe (aq ar igulisxmeva 

saTesi manqanis zemoqmedeba niadagze) (sur. 1.4) [61, 69, 75]. 

 

 

sur. 1.4. nawveralze pirdapiri Tesva (nulovani damuSavebis teqnologia) 

 

 

niadagis damuSavebis teqnologiis srulyofa grafikulad 

gamosaxulia sqemaze (sur. 1.5.). niadagis damuSavebis teqnologiis 

evoluciis Sedegad “aRmasvla-daRmasvlis” mrudi gviCvenebs, rom 

mrudis sawyisi da saboloo wertilebi, anu teqnologiebi 

erTnairia, e.i. isev davubrundiT miwaTmoqmedebaSi kacobriobis 
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pirvel nabijebs; magram isini erTmaneTs ar gvanan, vinaidan 

Zalze didi sxvaobaa teqnikur saSualebebSi, rodesac erTmaneTs 

upirispirdeba primitiuli da Tanamedrove sasoflo-sameurneo 

manqanebi. 

 

sur. 1.5. niadagis damuSavebis teqnologiis “aRmasvla-daRmasvlis” mrudi 

 

 

amrigad, sistemis “aRmasvla-daRmasvlis” mrudis Teoria 

niadagis damuSavebis teqnologiebis srulyofis mimarTulebiT 

absoluturad logikuria, rac dasturdeba msoflio 

miwaTmoqmedebis tendenciebiT [39]. 
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           1.4. kvlevis mizani da amocanebi 

 

samecniero-kvleviT samuSaoTa mizans warmoadgens niadagis 

damuSavebis resursdamzogi samanqano teqnologiis dasabuTeba 

martvilis municipalitetis mcire konturiani nakveTebisaTvis, 

raionis niadagobrivi da bunebriv-klimaturi pirobebis 

gaTvaliswinebiT.  

samuSaos miznis ganxorcielebisaTvis monografiaSi 

dasaxulia kvlevis Semdegi amocanebi: 

• niadagis damuSavebis resursdamzogi teqnologiis 

gansaxorcieleblad mcire konturiani nakveTebisaTvis 

damuSavdes niadagdamamuSavebeli kombinirebuli manqanis 

principuli da konstruqciuli sqema; 

• Catardes niadagis minimaluri damuSavebisaTvis 

niadagdamamuSavebeli kombinirebuli manqanis muSaobis 

procesis kvleva; 

• kvlevis Tanamedrove meTodebis gamoyenebiT ganisazRvros 

eqsperimentuli niadagdamamuSavebeli kombinirebuli 

manqanis saeqspluatacio maCveneblebi; 

•  ganisazRvros niadagis minimaluri damuSavebisaTvis 

eqsperimentuli niadagdamamuSavebeli kombinirebuli 

manqanis ekonomikuri efeqturobis maCveneblebi. 
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Tavi II. niadagdamamuSavebeli kombinirebuli manqanis 

principuli sqemis SerCeva-dasabuTeba 

 

2.1. sasoflo-sameurneo kulturebis movla-moyvanis samanqano 

teqnologiebis analizi 

  

marcvleuli kulturebis movla-moyvanis mTel 

teqnologiur ciklSi yvelaze ufro energotevad process 

warmoadgens niadagis damuSaveba, niadagis pirvelma damuSavebam 

unda Seqmnas xelsayreli pirobebi mcenaris zrda-

ganviTarebisaTvis, e.i. unda uzrunvelyos niadagSi yvelaze 

ufro xelsayreli siTbos, wylis, haeris, biologiuri da 

kvebiTi reJimebi mcenaris ganviTarebisaTvis. aqedan cxadia, rom 

qveynis yvela regionisaTvis ar SeiZleba arsebobdes niadagis 

damuSavebis erTnairi sistema da misi warmoeba diferencirebul 

zonalur midgomas moiTxovs. mxedvelobaSia misaRebi bunebriv-

klimaturi pirobebi, reliefi, niadagis tipi da meqanikuri 

Semadgenloba, naleqebis raodenoba da misi ganawilebis 

siTanabre, mcenaris vegetaciuri periodis xangrZlivoba, 

temperaturuli da qarismieri reJimi, aseve TeslbrunvaSi 

kulturebis saxeoba da monacvleoba.  

bolo wlebSi msoflio praqtikaSi gamoiyeneba niadagis 

damuSavebis Semdegi teqnologiebi: tradiciuli, intensiuri, 

niadagdamcavi, minimaluri, nulovani, damulCvis, alternatiuli, 

dabazoebis da zusti miwaTmoqmedebis. saqarTvelos pirobebSiac 

zonebis mixedviT niadagis damuSavebis optimaluri teqnologia 

aRniSnul teqnologiebSi an maT racionalur SeTavsebaSi unda 

moinaxos [13]. 
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ganvixiloT aRniSnuli teqnologiebis Taviseburebani, maTi 

dadebiTi da uaryofiTi mxareebi: 

tradiciuli teqnologia gulisxmobs niadagis ZiriTad 

damuSavebas-xvnas frTiani guTniT, misi gamoyeneba yvelaze ufro 

efeqturia im regionebSi, sadac naleqebis wliuri raodenoba 

aRemateba 300-400mm. garda amisa, xvna frTiani guTniT efeqturia 

nasveni da yamiri miwebis dasamuSaveblad, sideratebisa da 

sarevelebis Casaxnavad. igi daikavebs Tavis adgils niadagis 

damuSavebis sxva sistemaSic. garda imisa, rom xvnis dros xdeba 

beltis gadabruneba, niadagis daqucmaceba da areva, am dros 

xdeba wvimis Sedegad saxnavi fenis qveda nawilSi Catanili 

yuaTiani wvrili koloiduri nawilebis zedapirze amotana, 

xolo zeda ustruqturo mtveriani fenis maT adgilze Catana. 

aseTi adgilmonacvleobiT xdeba niadagis struqturis aRdgena. 

niadagis damuSavebis tradiciuli teqnologia kidev didxans 

iqneba gamoyenebuli, amitom xvnis teqnologia da guTnis 

konstruqcia Semdgom srulyofas moiTxovs. nawveralisa da 

sarevelebis Teslis Rrmad Casaxvnelad ufro moxerxebulia or 

iarusiani guTani. saxnavi fenis gamkvrivebuli Ziris 

likvidaciisa da mcenaris fesvebis gansaviTarebeli fenis 

gasadideblad guTnis konstruqciam unda uzrunvelyos rogorc 

moxvna, aseve niadagis daRrmaveba. 

aRsaniSnavia, rom CvenSi miRebuli niadagis `totaluri~ 

xvna yvela regionSi ar uwyobs xels niadagis nayofierebis 

SenarCunebas da gaumjobesebas, radgan saxnavi fenis xSiri 

gadabruneba da gafxviereba iwvevs mis degradacias, humusis 

mineralizacias, xolo ferdobis pirobebSi gadidebul erozias. 
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sasoflo-sameurneo kulturebis movla-moyvanis intensiuri 

teqnologia, garda tradiciuli wesiT moxvnisa, gulisxmobs 

niadagis Tesviswina specialur damuSavebas ise, rom zedapiri 

iyos wvrilkoStovani da kargad mosworebuli. aRniSnuli 

teqnologiiT niadagis damuSaveba xels uwyobs herbicidebis, 

pesticidebis da kulturebis Teslis Tanabar ganawilebas, aseve 

mzis radiaciis STanTqmis siTanabres. niadagis Tesviswina 

momzadeba warmoebs ZiriTadad zedapiruli damuSavebis 

manqanebis saSualebiT. amasTan vegetaciis periodSi saWiro 

xdeba sasuqebis Setana, risTvisac saWiroa iseTi muSa organoebi, 

romlebic imuSaveben sxvadasxva agroteqnikur periodSi. 

niadagis damuSavebis intensiuri teqnologia tradiciuli 

teqnologiis naklovanebebs kidev ufro aRrmavebs, 

gansakuTrebiT saxnavis qveda fenis datkepnis TvalsazrisiT. 

dadgenilia, rom mindorze satransporto tvirTbrunvis gazrdis 

CaTvliT, wlis ganmavlobaSi mindvris 50-80% ifareba teqnikis 

savali sistemis nakvaleviT. niadagis datkepnis siRrme aRwevs 

erT metramde. amitom mimdinareobs niadagdamcavi iseTi 

teqnologiebisa da teqnikuri saSualebebis Zieba, romlebic 

uzrunvelyofen ara marto qarismieri da wylismieri eroziis 

Semcirebas, aramed niadagis efeqtur gamoyenebas da darRveuli 

ekologiuri wonasworobis aRdgenas.  

niadagdamcav teqnologiaSi mniSvnelovania is, rom 

yuradReba eqceva datkepnili fenis periodul gafxvierebas. 

niadagis dacva gamoqrevisa da gamorecxvisagan xdeba sasoflo-

sameurneo kulturebis movla-moyvanis zoluri, xolo ferdobze 

konturuli miwaTmoqmedebiT. niadagis datkepnis Semcirebis 

mizniT farTod gamoiyeneba damuSavebis ramdenime teqnologiuri 
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operaciis SeerTeba da farTe modebis agregatebi, romlebic 

gadaadgildebian mudmiv teqnologiur nakvalevze. 

amJamad miCneulia, rom ferdobze wylismieri eroziis 

winaaRmdeg brZola sxvadasxva usworobebis gamoyenebiT mcire 

efeqturia. ufro efeqtur saSualebad iTvleba zoluri 

damuSaveba da daRarva vertikaluri mulCirebiT, roca niadagSi 

gaWrili xvreli ivseba sxvadasxva organuli masalebiT 

(nawverali Tiva, foTlebi, torfi da a.S.). ase damuSavebuli 

ferdobis zedapiri didxans inarCunebs wylis STanTqmis unars. 

niadagis minimaluri damuSavebis teqnologia faqtiurad 

aris niadagdamcavi teqnologiis erT-erTi kerZo saxe. Tavis 

mxriv niadagis minimaluri damuSaveba aris sasoflo-sameurneo 

kulturebis movla-moyvanis teqnologiuri operaciebis 

kompleqsi, romelic uzrunvelyofs energetikuli, SromiTi da 

materialuri danaxarjebis Semcirebas da niadagis nayofierebasa 

da fizikur Tvisebebze uaryofiTi zemoqmedebis Semcirebas.  

niadagis minimaluri damuSavebis teqnologia iTvaliswinebs 

ZiriTadi damuSavebis Secvlas mcire siRrmeze niadagis 

damuSavebiT; ZiriTadi, Tesviswina, rigTaSorisebis damuSavebis 

ricxvis Semcirebas, sarevela mcenareebis winaaRmdeg brZolis 

qimiur meTodebTan SexamebiT; aRniSnuli teqnologia 

iTvaliswinebs ramodenime teqnologiuri procesis SeerTebas 

erT samuSao procesSi kombinirebuli manqanebisa da agregatebis 

gamoyenebis gziT: e.i. mindvris mxolod im mwkrivebis damuSaveba, 

sadac xdeba Tesva rigTaSorisebis damuSavebis gareSe. 

minimaluri damuSavebis teqnologiaSi didi adgili uWiravs 

sasuqebis gamoyenebas da kulturebis mosavlis 20-60% maTze 

modis, xolo 10-30% niadagis damuSavebaze. amitom izrdeba 
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niadagis danagvianeba rogorc Sxam-qimikatebiT, ise 

mravalwliani sarevelebiT. zedapiris xSirad damuSavebas Tan 

axlavs xnulis qveda fenis gamkvriveba da misi wyal da 

haergamtarobis Tvisebebis Semcireba, amitom saWiroa niadagis 

brtyladmWrelebiT, Rrmad gamafxviereblebiT da diskoebiani 

manqanebiT damuSavebis Sexameba xvnasTan. 

niadagis minimaluri damuSavebis nairsaxeobas warmoadgens 

niadagis damulCviT damuSavebis teqnologia, romelic 

gulisxmobs nawveralis da sxva mcenareuli narCenebis 

gamoyenebas tenis dagrovebis da SenaxvisaTvis, xolo 

kokispiruli wvimis dros niadagis dacvas Camorecxvisa da 

zedmetad danestianiebisagan. igi amcirebs niadagis gayinvis 

siRrmes zamTrobiT da icavs gadaxurebisagan zafxulis 

papanaqeba sicxeebis dros, xels uwyobs niadagis mkvrivi 

wvrilkoStovani struqturis warmoqmnas da icavs mas 

damsxvrevisagan, yovelive es zrdis sasoflo-sameurneo 

kulturebis mosavlianobas. miuxedavad imisa, rom am 

mimarTulebiT respublikaSi garkveuli samuSaoebia Catarebuli, 

damulCvis teqnologiam saqarTveloSi ver hpova masiuri 

gavrceleba Sesabamisi teqnikuri saSualebebis uqonlobis gamo.  

niadagis damuSavebis nulovan teqnologias meorenairad 

“qimiur” teqnologias uwodeben, radgan am dros xdeba naTesebis 

mxolod 25% damuSaveba, xolo sarevelebi ispoba qimiuri 

meTodebis gamoyenebiT. herbicidebis didi dozebis gamoyeneba 

iwvevs niadagis gaWuWyianebas da zogierTi sarevela egueba 

herbicidis zemoqmedebas. 

sasuqebis, herbicidebis, pesticidebis da sxva qimiuri 

saSualebebis fasebis zrdis pirobebSi gansakuTrebiT 
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mniSvnelovania sasoflo-sameurneo kulturebis movla-moyvanis 

alternatiuli (uherbicido) teqnologia. igi ara marto 

gamoricxavs sasuqebisa da pesticidebis gamoyenebas, aramed 

gulisxmobs iseTi pirobebis Seqmnas, romlis drosac maTi 

gamoyeneba saWiro ar iqneba. cnobilia, rom tradiciul 

miwaTmoqmedebaSi energiis saerTo danaxarjebis 25,5% modis 

sasuqebisa da pesticidebis gamoyenebaze. uherbicido 

teqnologiaSi es danaxarjebi gamoiricxeba, magram mosavlianoba 

mcirdeba 9-36%, xolo Sromis danaxarjebi izrdeba 25-35%. 

mosavlis Semcireba rom ar moxdes, garda organuli sasuqebis 

gamoyenebis gadidebisa, unda gafarTovdes parkosani kulturebis 

warmoeba 30-40%, Tu saTesi farTobebis aseTi proporciiT 

Secvla SesaZlebelia. aseT teqnologiaSi didi mniSvneloba 

eniWeba sarevelebis winaaRmdeg brZolis meqanikur meTodebs. 

sarevelebis ganadgureba iwyeba mosavlis aRebisTanave 

nawveralis aCeCviT, roca xdeba maTi amosvlis provocireba, 

xolo Semdeg saoSebiTa da kultivatorebiT ganadgureba. 

saqarTvelos pirobebSi kartofilis, simindis, parkosnebis 

da bostneuli kulturebis moyvana nawilobriv ukve xdeba 

bazoebze da kvlebze, e.i. dabazoebisa da dakvalvis 

teqnologiiT. es gansakuTrebiT moxerxebulia rogorc zedmetad 

danestianebuli, ise sarwyavi zonebisaTvis. bazoebs Soris 

moTavsebuli kvlebi warmoadgenen karg wyalgamtarebs zedmeti 

wvimis dros, xolo morwyvis dros wyalmimRebebs. masiuri da 

maRali bazoebi naklebad gamoSrebian gvalvian amindSi da ukeT 

xdeba maTi aeracia zedmeti teninobis pirobebSi. bazoebze 

daTesili da darguli mcenareebis fesvTa sistema an Zirxvena-

tuberebi ar ziandebian traqtoris Tvlebisagan. bazoebi 
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saSualebas gvaZleven SedarebiT gavaioloT Zirxvenebisa da 

tuberebis meqanizebuli aRebis pirobebi, radgan bazoebidan 

kombainis transpotiorebze 30-40%-iT naklebi miwa moxvdeba [13, 

17]. 

amrigad, niadagis damuSavebisa da sasoflo-sameurneo 

kulturebis movla-moyvanis amJamad miRebuli samanqano 

teqnologiebis ganxilvis dros aRsaniSnavia, rom mosavlis 

zrdis 30-60% miiRweva meqanizebuli samuSaoebis intensifikaciis 

Sedegad, Tumca niadagis gamtverianeba da gamkvriveba amcirebs am 

efeqts 10-20%-iT, amitom problemis optimaluri gadawyvetis 

Zieba xdeba intensiuri niadagdamcavi TiTqosda SeuTavsebeli 

teqnologiebis dadebiTi Tvisebebis SeTavsebis gziT. amis 

saSualebas iZleva ramodenime teqnologiuri procesis manqanis 

erTi gavliT Sesruleba kombinirebuli muSa organoebiT (sur. 

2.1.) (roca agroteqnikiT aseTi SeerTeba dasaSvebia) da farTo 

modebis ganis mqone agregatebis gamoyeneba, roca agregatis 

savali Tvlebi gadaadgildeba mudmiv teqnologiur nakvalevze. 
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sur. 2.1 ramodenime teqnologiuri procesis SeerTebis SesaZlo variantebi 

 

amasTan mecnierulad dasabuTebuli unda iqnes 

teqnologiuri procesis intensifikaciis done garkveuli 

kriteriumis mixedviT. aseTi kriteriumia bioenergetikuli 

efeqtianobis maCvenebeli, romelic warmoadgens Tanafardobas 

2

1

E
E

=e  

sadac E1 aris srul teqnologiur ciklSi sistemidan miRebuli 

energiis raodenoba; 

     E2 _ sistemis mimarTulebiT wasuli energiis raodenoba. 

es maxasiaTebeli sruliad axasiaTebs intensiuri 

teqnologiisa da Sesabamisi teqnikuri saSualebis 

konstruqciul srulyofas. am koeficientis mricxveli 

faqtiurad aris mcenaris mier fotosinTezis procesSi 

dagrovili mzis energia, xolo mniSvneli am mcenaris movla-

moyvanaze da aRebaze daxarjuli energia. Teoriulad miCneulia, 

rom intensifikaciis optimaluri done  e = 6 [13, 17]. 
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2.2. Tanamedrove niadagdamamuSavebeli kombinirebuli 

manqanebis mokle mimoxilva 

 

bolo periodSi msoflios mraval qveyanaSi (aSS, laTinuri 

amerikis qveynebi, inglisi, kanada, italia, germania) warmatebiT 

inergeba niadagis minimaluri damuSavebis teqnologia, 

risTvisac gamoiyeneba sxvadasxva tipis da konstruqciebis 

kombinirebuli manqanebi, romlebic uzrunvelyofen 

SemWidroebul agroteqnikur vadebSi niadagis srulfasovan 

damuSavebas da momzadebas TesvisaTvis [71, 73, 76, 81, 91, 92, 93, 94, 

95, 96, 97, 98, 99, 100, 101]. 

sazRvargareTuli warmoebis manqanebidan aRsaniSnavia John 

Deere 726 (aSS) markis nawveralis dasamuSavebeli kultivatori 

(sur. 2.2.), romelsac gaaCnia Semdegi saxis samuSao organoebi: 

diskoebiani batarea, kultivatoris TaTebi, kbilebiani farcxi 

da horizontaluri frezi. misi parametrebia: modebis gani 5,5 m, 

batareaSi diskoebis raodenoba 30 cali. 

manqana erTi gavliT axdens niadagis srulfasovan 

damuSavebas da momzadebas sasoflo-sameurneo kulturebis 

dasaTesad. manqana kombinirebuli tipisaa, radganac masSi 

gaerTianebulia ramodenime muSa organo. nawveralis damuSaveba 

iwyeba diskoebiani batareas saSualebiT, romlis Semdegac xdeba 

kultivatoris universaluri TaTebiT niadagis zedapiris 

gafxviereba, ris Semdegac kbilebiani farcxis TiTebi axdens 

wvrilkoSrovani struqturis warmoqmnas, xolo niadagis 

zedapiris saboloo damuSavebas axdens horizontalur RerZiani 

rotori, romlis danebic aqucmaceben da afxviereben niadagis 
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zedapirs, riTac faqtiurad miiRweva niadagis srulfasovani 

momzadeba TesvisaTvis [102].  

 
sur. 2.2. nawveralis dasamuSavebeli kombinirebuli kultivatori  

John Deere 726 (aSS) 

 

kultivatori John Deere  2210 (aSS) (sur. 2.3.) gamoiyeneba 

niadagis mTliani damuSavebisaTvis, gansakuTrebiT misi 

gamoyeneba efeqturia mcenareuli narCenebis pirobebSi samuSaod. 

araswori reliefis pirobebSi merxevi tipis sayrdeni Tvlebi 

uzrunvelyofen niadagis damuSavebis siRrmis siTanabres. 

teqnologiuri procesis Sesasruleblad saWiro simZlavre 

Seadgens 13-25 cx.Z, samuSao siCqarea 8-13 km/sT, kultivatoris 

seqciis boloSi damagrebulia sakidi tipis farcxi [103]. 

 

sur. 2.3. mTliani damuSavebis kultivatori John Deere 2210 (aSS) 
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universaluri agregati Lemken Smaragd (gfr) (sur. 2.4.) 

gamoiyeneba niadagis Tesviswina damuSavebisaTvis, niadagis 

damuSavebis siRrme  cvalebadobs 5-25 sm-is zRvrebSi, diskoebi 

da sagoravebi damagrebulia paralelogramis tipis CarCoze, 

niadagis intensiuri damuSavebis pirobebSi iqmneba saukeTeso 

pirobebi darCenili marcvlebis aRmocenebisaTvis, kultivatoris 

konstruqcia da muSa organoebis ganlageba uzrunvelyofs 

niadagis damuSavebis siRrmis siTanabres. manqana aRWurvilia 

sxvadasxva formis sagoravebiT, rac iZleva saSualebas, rom man  

imuSaos sxvadasxva niadagobriv pirobebSi [103]. 

 

sur. 2.4. kultivatori Lemken Smaragd (gfr) 

 

kultivatoris Lemken Carat (gfr) (sur. 2.5.) gamoyeneba 

efeqturia saSualo da mZime niadagebSi, niadagis did siRrmeze 

damuSavebis drosac, roca kargad xdeba fenobrivi gadaadgileba 

da srulyofili gafxviereba. manqana agregatirdeba 110 kvt. wevis 

Zalis traqtorze [103]. 
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sur. 2.5. kultivatori Lemken Carat (gfr) 

 

saxnisebiani saoSebi Farmet (CexeTi) (sur. 2.6.) gankuTvnilia  

yvela saxis mosavlis aRebis Semdeg niadagis asaoSad, agreTve 

mcenareuli narCenebis niadagSi Casaxnavad. manqanis samuSao 

siCqare 12 km/sT uzrunvelyofs maqsimalur mwarmoeblurobas. 

isriseburi saxnisebis meSveobiT xdeba niadagis fenobrivi 

gadaadgileba, niadagi mcired aris damuSavebuli da  

datkepnili, rac xels uwyobs sarevela mcenareebis aRmocenebas, 

aseTi tipis manqanebis gamoyeneba xels uwyobs niadagSi tenis 

SenarCunebis process. Sesabamis pirobebSi SesaZlebelia, rom 

danaxarjebis Semcirebis pirobebSi naidagis aoSvam Secvalos 

sakmaod mZime xvnis procesi [104]. 

 
sur. 2.6. saxnisebiani saoSebi Farmet (CexeTi) 
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saxnisebiani kultivatori Hurikаn (CexeTi) (sur. 2.7.) 

gankuTvnilia mosavlis aRebis Semdeg niadagis srulfasovnad 

dasamuSaveblad, rodesac aucilebelia ara marto struqturis 

darRveva, aramed amis safuZvelze niadagis tenis SenarCuneba. 

upirvelesad unda Seiqmnas xelsareli pirobebi sarevelebis 

aRmocenebisaTvis. saxnisebiani kultivatori Hurikаn gamoyenebas 

poulobs xvnis Semdeg, gansakuTrebiT mZime niadagebSi pirveladi 

damuSavebisaTvis. misi ZiriTadi dadebiTi mxareebia: mocemul 

siRrmemde niadagis gafxviereba; mTel modebis ganze niadagis 

damuSaveba brtyladmWrelebiT; niadagis zedapiris mitkepna; 

farcxva; mcenareuli narCenebis Tanabari ganawileba [105]. 

     

sur. 2.7. saxnisebiani kombinirebuli kultivatori Hurikаn (CexeTi) 

 

 

diskoebiani  saoSi "DISKER" (CexeTi) (sur. 2.8.) gankuTvnilia  

sasoflo-sameurneo kulturebis aRebis Semdeg niadagis 

aoSvisaTvis, agreTve Tesvis win niadagis gasafxviereblad. 

kbilebiani diskebi damagrebulia damoukideblad merxev  

sibrtyeze. maRali samuSao siCqaris gamo arsebul  saoSebTan  

SedarebiT misi mwarmoebluroba 30-50%-iT maRalia. manqana erTi 

gavliT asrulebs ramodenime operacias [106]. 
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sur. 2.8. diskoebiani saoSebi "DISKER" (CexeTi) 

  

niadagis minimaluri damuSavebis manqana АКМ-4 (ruseTi) 

(sur. 2.9.) gankuTvnilia gakulturebuli niadagis minimaluri 

damuSavebis teqnologiiT dasamuSaveblad [107]. 

 

sur. 2.9. niadagis minimaluri damuSavebis manqana АКМ-4 (ruseTi) 

niadagdamamuSavebeli kombinirebuli manqana АКШ-9 (ruseTi) 

(sur. 2.10.) gankuTvnilia yvela tipis mineraluri niadagebis 

dasamuSaveblad sasoflo-sameurneo kulturebis movla-

moyvanisaTvis. manqana erTi gavliT axdens niadagis gafxvierebas, 
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zedapiris mosworebas da mitkepnas, riTac iqmneba xelsayreli 

pirobebi TesvisaTvis [107]. 

 

sur. 2.10. niadagdamamuSavebeli kombinirebuli manqana АКШ-9 (ruseTi) 

 

 

 

2.3. niadagdamamuSavebeli kombinirebuli manqanis sqemis 

SerCeva-dasabuTeba 

cnobilia, rom niadagdamamuSavebeli kombinirebuli 

manqanebis samuSao organoebis SeTanawyobis sxvadasxva sqemebi 

arsebobs, romelTa mizans warmoadgens, rom agregatis erTi 

gavliT moxdes niadagis srulfasovnad damuSaveba kulturuli 

mcenaris Teslis dasaTesad. mniSvnelovania, rom am dros 

Seiqmnas mcenaris zrda-ganviTarebisaTvis iseTi xelsayreli 

pirobebi rodesac SesaZlebeli iqneba mosavlis maqsimaluri 

raodenobis miReba minimaluri xarjebis pirobebSi.  

dasaxuli miznebis Sesabamisad damuSavebulia 

kombinirebuli manqanis sqema, sadac ramodenime samuSao organos 

gamoyenebiT agregatis erTi gavliT SesaZlebelia niadagis 
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srulfasovani gafxvierebis miRweva, anu momzaddeba niadagi 

sasoflo-sameurneo kulturebis dasaTesad. rogorc cnobilia, 

Tesvis dros erT-erT ZiriTad moTxovnas warmoadgens naTesis 

optimaluri sixSiris miRweva, romlis drosac daculi unda 

iyos rogorc mwkrivTaSoris, aseve mwkrivSi mcenareTa Soris 

manZili da miRweul unda iyos CaTesvis siRrmis siTanabre. 

aRniSnuli sakiTxis miRweva SesaZlebelia niadagis 

srulfasovani momzadebiT TesvisaTvis. 

monografiaSi damuSavebulia mcire konturiani 

nakveTebisaTvis eqsperimentuli tipis niadagdamamuSavebeli 

kombinirebuli manqanis sqema da konstruqcia, romelic 

agregatis erTi gavliT uzrunvelyofs niadagis Rrmad 

gafxvierebas, zedaprul damuSavebas, mosworebas da dasaTesad 

momzadebas (sur. 2.11.). 

a3

a 1

l!1 l1 l2
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sur. 2.11. niadagdamamuSavebeli kombinirebuli manqanis principuli sqema: 

1-traqtori; 2-centraluri weva; 3-gverdiTi weva; 4-manqanis CarCo; 5-

dazambarebuli TiTi; 6-diskoebiani seqcia; 7-Rrmad gamafxvierebeli TaTebi; 

8-sayrdeni Tvali. 
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niadagdamamuSavebeli kobinirebuli manqana (sur. 2.11.) sakidi 

tipisaa da agregatirdeba 9 da 14 kn. wevis Zalis traqtorebze 

(New Holland T4020V, New Holland T6010, Beloruss МТЗ-80, МТЗ-82, CLAAS 

CERES 336) (1); niadagis damuSavebis siRrmis regulireba xdeba 

traqtoris universaluri sakidi sistemisa (2, 3) da manqanis 

sayrdeni Tvlebis saSualebiT (8); Rrmad gamafxvierebeli 

TaTebiT (7) niadagis damuSaveba SesaZlebelia 0,35-0,45 m-is 

siRrmeze, ris Semdegac didi zomis beltebis daSla-gafxviereba 

xdeba diskoebiani farcxis seqciis (6) gamoyenebiT 0,1-0,15 m-is 

siRrmeze; niadagis saboloo mosworeba, moSandakeba da 

dasaTesad momzadeba swarmoebs dazambarebuli TiTebis (5) 

saSualebiT (danarTi 1; 2; 3; 4). 
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Tavi III. niadagdamamuSavebeli kombinirebuli manqanis 

samuSao organoebis gaangariSebis Teoriuli 

safuZvlebi 

 

3.1. niadagdamamuSavebeli kombinirebuli manqanis 

gamafxvierebeli TaTis geometriuli parametrebis 

dasabuTeba 

 

sasoflo-sameurneo produqciis warmoebis Tanamedrove 

teqnologiebidan, msoflio ekonomikuri krizisis elementebis 

gaTvaliswinebiT, yvelaze perspeqtiuli resursdamzogi 

teqnologiebia; resursdamzogi teqnologia niSnavs erTi manqanis 

mier erTi gavliT ramodenime operaciis Sesrulebas, riTac 

umjobesdeba TviT teqnologiuri procesis xarisxobrivi 

maCveneblebi da ekonomia ukeTdeba sxva faqtorebTan erTad 

sawvavs, am yvelaze ufro Zvirfas produqts sasoflo-sameurneo 

teqnologiebis Sesrulebis dros [61, 66, 70, 75, 80]. 

Tanamedrove sasoflo-sameurneo manqanaTmSenebloba 

iTvaliswinebs msoflios dRevandel moTxovnebs da amzadebs 

iseT manqanebs, sadac sxvadasxva tipis samuSao organoebia 

damontaJebuli, romelTa saSualebiTac ramodenime 

teqnologiuri operacia sruldeba. am tipis resursdamzog 

teqnologiur operaciebs miekuTvnebian niadagis minimaluri da 

nulovani damuSaveba, sadac erTi manqanis mier sruldeba 

niadagis Tesviswina damuSavebis yvela operacia da rig 

SemTxvevebSi _ Tesvac. samuSao organoebis tipebidan am saxis 

manqanebSi gamoirCevian pasiuri da aqtiuri samuSao organoebis 

SeTanawyoba an kombinirebuli samuSao organoebi, rogoricaa 
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Rrmad gamafxvierebeli TaTebi, diskoebiani samuSao organoebi 

an frezebi (vertikalur an horizontalur RerZiani), farcxebi, 

satkepnebi da a.S. aRniSnuli samuSao organoebis SeTanawyobili 

muSaobis dros niadagis damuSavebis xarisxi da am procesze 

daxarjuli energiis gansazRvra aris erT-erTi mTavari faqtori 

samuSao organoebis parametrebis gaangariSebis dros [18, 19]. 

v.p. goriaCkini aRniSnavda, rom “sasoflo-sameurneo 

iaraRebi, maTi gansakuTrebuli sxvadasxva zomebi da 

parametrebi, iaraRis forma, romlebic gamoiyenebian niadagis 

dasamuSaveblad daiyvaneba ubralo solis muSaobis principze” 

[51]. 

niadagis damuSaveba – es aris niadagis rRvevis procesi, 

romelsac SemdgomSi didi mniSvneloba eniWeba kulturuli 

mcenareebis zrda-ganviTarebaSi. rRvevisaTvis yvelaze misaRebi 

iaraRia soli _ brtyeli an mrudwiruli. amitom rRvevis 

procesis Seswavlis dros mniSvnelovania solis muSaobis 

Seswavlac [51] (sur. 3.1.). 

a

b

c d

α
ψ

f

 

sur. 3.1. martivi soliT niadagis rRvevis procesis sawyisi faza 

 

fazis dasawyisSi soli iRebs cbd monakveTs da warmoqmnis 

Tavis d wverosTan niadagSi bzars df daxris kuTxiT ψ, sadac: 
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32

!ϕϕαπψ ++
−=  (3.1) 

sadac α aris solis daxris kuTxe; 

       ϕ _ niadagis gare xaxunis kuTxe (ϕ = 40−500); 

       ϕ! _ Siga xaxunis kuTxe (ψ = 40−450). 

solis Semdgomi gadaadgilebis dros momdevno fazaSi 

bzaris sigane izrdeba da niadagis garkveuli ulufa 

gadaadgildeba solis zedapirze, warmoiqmneba niadagis 

damoukidebeli monaWeri abdf, romlis zomebi damokidebulia ψ 

Siga xaxunis kuTxis sidideze, damuSavebis siRrmeze, solis 

mWreli piris siganeze da solis gadaadgilebis siCqareze [47, 55, 

56, 57, 84]. 

niadagis rRvevis meqanizmis ganxilva SesaZlebelia im 

SemTxvevaSi, rodesac es procesi sruldeba pasiuri an aqtiuri 

samuSao organoebiT. zemoT aRniSnuli resursdamzogi 

teqnologiebis ganxorcielebisas gamoyenebuli kombinirebuli 

manqanebi aRWurvilia rogorc pasiuri, aseve aqtiuri samuSao 

organoebiT, raTa manqanam Seasrulos Teslis CasaTesad 

agroteqnikiT gaTvaliswinebuli yvela operacia. 

ganvixiloT kombinirebuli manqanis (sur. 3.2.) muSaobis 

procesi da masSi gaerTianebuli samuSao organoebis mier 

Sesrulebuli teqnologiuri operaciebi cal-calke da 

davadginoT manqanis CarCoze samuSao organoebis racionaluri 

ganlageba. 
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H

a1

l1 l2 l3
h

h
1

1 2 3 4

 
 

sur. 3.2. kombinirebuli manqanis samuSao organoebis CarCoze ganlagebis 

sqema: 

1-Rrmad gamafxvirebeli TaTi; 2-diskoebiani farcxis batarea; 3-kbilebiani 

farcxis seqcia; 4-mimtkepni sagoravi. 

 

 

niadagis rRvevis meqanizmi pasiuri (gamafxvirebeli) samuSao 

organoebis mier mocemulia sur. 3.3.-ze. 

P

L L L L

αψ

a

 
sur. 3.3. niadagis rRvevis meqanizmi pasiuri samuSao organoebis mier 

  

 

pasiuri samuSao organoebis mier niadagis rRvevis meqanizmi 

(Cvens SemTxvevaSi Rrmad gamafxvirebeli TaTis mier, romelic 

Sedgeba dgarasa da sabruni gamafxvirebeli TaTisgan) SeiZleba 

warmovidginoT Semdegnairad: soli cvalebadi P ZaliT 
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gadaadgildeba win niadagSi  (damuSavebis a siRrmiT) [52, 64, 66]. 

dasawyisSi es dawneva nulis tolia, xolo Semdeg igi TandaTan 

matulobs. gamafxvirebeli TaTis niadagSi garkveuli a siRrmiT 

CaRrmavebis da win gadaadgilebis dros xdeba niadagis axleCva 

kuTxiT ψ. axleCvis Semdeg es elementi iwyebs srials axleCvis 

da solis samuSao zedapirebze. Semdeg es procesi meordeba da 

warmoiqmneba erTmaneTis mimarT daZruli goroxebi. 

kombinirebul manqanebSi es goroxebi ganicdian damatebiT 

damuSavebas sxvadasxva samuSao organoebiT, raTa miRebuli iqnes 

agroteqnikiT dasaSvebi niadagis damuSavebis xarisxi. 

tradiciuli teqnologiis dros TiToeuli es operacia 

sruldeba calke, xolo resursdamzogi teqnologiis dros ki _ 

erTdroulad [42, 43, 51, 85]. 

gamafxvierebeli TaTebis mier niadagis Wris procesi 

ganvixiloT, rogorc brtyeli solis niadagze moqmedeba, 

romlis Wris kuTxea α da ukana kuTxe γ, rac gamoricxavs TaTis 

ukana wibos niadagTan xaxuns [64]. niadagis Wris dros brtyel 

solze moqmedebs Semdegi Zalebi: normaluri Zalebis mdgeneli 

N da xaxunis Zala F=tgϕN (sur. 3.4.). 

T
N

αγ

tgϕΝ  

 
sur. 3.4. brtyel solze moqmedi Zalebis sqema 
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Zalebi N da F SeiZleba dayvanili iqnen erT jamur Zalaze 

ϕcos
NP =Σ , romelic gadaxrilia solis samuSao zedapirze moqmedi 

normaluri Zalidan ϕ xaxunis kuTxiT (sur. 3.5.). 

solis samuSao 
zedapiri

Z

N

X

tgϕΝ  

PZ

α+ϕ
ϕ

cos
N

P =
Σ

ϕ

 

sur. 3.5. brtyeli solis muSaobis dros Zalebis urTierTqmedebis sqema 

 

 

PZ Zalis x da z RerZebze dagegmarebis Sedegad miviRebT 

niadagis Wris horizontalur da vertikalur Zalebs: 

 )sin(
cos

)sin( ϕα
ϕ

ϕα +=+= Σ
NPPX  (3.2) 

 )cos(
cos

)cos( ϕα
ϕ

ϕα +=+= Σ
NPPz  (3.3) 

Zala PX aris niadagis WrisaTvis saWiro wevis Zala da 

TPX = ; mas xSirad Wris Zalas uwodeben. vertikaluri PZ Zala 

damokidebulia Wris kuTxeze α, xaxunis kuTxeze ϕ da 

gamafxvierebeli TaTis mWreli piris dablagvebis sidideze. am 

ori PX da PZ Zalebis fardoba )( ϕα += ctg
P
P

X

Z  gviCvenebs Wris 

kuTxesTan mis funqcionalur damokidebulebas, e.i. )(αf
P
P

X

Z = . Tu 
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ϕα −< 90 , maSin vertikaluri mdgeneli PX mimarTulia qveviT da 

xdeba gamafxvierebeli TaTis daRrmaveba, xolo Tu ϕα −> 90 , 

maSin PX mimarTulia zeviT da xdeba TaTis amoRrmaveba. 

niadagis rRvevis meqanizmis (sur. 3.6.) ganxilvis Sedegad 

SeiZleba vivaraudoT, rom gamafxvierebeli TaTebis win niadagis 

dagrovebis Tavidan asacileblad saWiroa daculi iqnes piroba: 

 SR
B

⋅= σmax  (3.4) 

sadac σB ris kumSvis dros niadagis droebiTi winaaRmdegobis 

sidide, n; 

    S _ niadagis beltis ganivi kveTis farTobi, m2. 

niadagis dagroveba TaTis win ar moxdeba, Tu daculi 

iqneba piroba: 

 
S

R
B

max≥σ  (3.5) 

 

a

X

Z

O

T

GN
VV f

Vagr

Rmax

α
ψ

α L

900−ϕ

Νtgϕ ϕ

 

 

sur. 3.6. gamafxvierebeli TaTis samuSao organoebze moqmedi Zalebis sqema 

 

      aradeformirebuli niadagis reaqcia Rmax ganisazRvreba 

tolobiT: 
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 0)sin()90sin()sin( 0
max =++Ψ−−+Ψ−=Σ ϕβρ TNRX  (3.6) 

 0)cos()90cos()cos( 0
max =++−Ψ−−+Ψ−=Σ ϕβρ TGNRZ  (3.7) 

(3.6) tolobidan movnaxoT T: 

 
)sin(

cos)sin(max

ϕβ
ϕρ

+
Ψ++Ψ⋅

=
NtgRT  (3.8) 

miRebuli (3.8) toloba CavsvaT (3.7) tolobaSi, miviRebT: 

 
[ ]

)()sin()cos(
)(cossin

max ϕβρρ
ϕβϕ

++Ψ++Ψ
++Ψ−Ψ

=
ctg

GctgNtgR  (3.9) 

moZraobis raodenobis cvlilebis Teoremis [49] saSualebiT 

ganvsazRvroT NtgF ϕ=  da G sidideebi: 

 )( 0VVdmdtF −=⋅  (3.10) 

00 =V ; maSin dmVdtF =⋅  an 

 Ψ⋅= cosagrV
dt
dmF  (3.11)  

sadac: 
dt
dm  _ aris niadagis masa, romelsac amuSavebs 

gamafxvierebeli samuSao organoebi drois erTeulSi. 

gamovsaxoT beltis (goroxis) masa misi moculobiT, maSin: 

constV =agr
: 

 agrVS
dt
dm

⋅⋅= γ  (3.12) 

sadac γ aris niadagis moculobiTi wona, n; 

maSin niadagis xaxunis Zala iangariSeba tolobiT: 

 Ψ⋅⋅⋅= cos2
agrVSF γ  (3.13) 

beltis (goroxis) simZimis Zala: 

 glSmgG ⋅⋅⋅== γ  (3.14)  

sadac l aris solis sigrZe, m. 



47 
 

CavsvaT (3.13) da (3.14) formulebi (3.9) tolobaSi, Semdeg 

miRebuli mniSvnelobebi (3.5) formulaSi da zogierTi 

gardaqmnebis Semdeg miviRebT: 

 
[ ]

)()sin()cos(

)(cossincos

ϕβρρ
γϕβγ

σ
++Ψ++Ψ

⋅⋅++Ψ−ΨΨ⋅⋅
≥

ctg
glctgV 2

agr  (3.15)  

sadac β aris niadagis gafxvierebis kuTxe; 

      Ψ Zvris kuTxea da igi ganisazRvreba formuliT [51]: 

 
2

900 ρϕβ ++
−=Ψ  (3.16) 

(3.16) formula miRebulia moris simtkicis Teoriidan 

gamomdinare [50, 53], romlis mixedviT beltis daSla 

mimdinareobs sibrtyeSi, sadac normaluri da mxebi Zalebis 

Sedegad iqmneba Zabva, romelic sufTa Zvris tolia, e.i. 

yovelTvis Zvris kuTxe iseTi sididea, rodesac Wris Zala iqneba 

minimaluri. 

(3.16) toloba SevitanoT (3.15) utolobaSi, movaxdinoT 

ramodenime gardaqmna, miviRebT: 

 
)(

2
3

cos
2

3
sin

)(
2

sin
2

)sin( 2

ϕβρϕβρϕβ

γϕβρϕβρϕβγ
σ

+





 ++

+





 ++

⋅⋅+







+






 ++

−
++

⋅
≥

ctg

glctgV

b

2
agr

 (3.17) 

utoloba (3.17) gansazRvravs pirobebs, romlis drosac ar 

xdeba niadagis dagroveba samuSao organoebis win. gamosaxulebis 

analizidan SeiZleba davaskvnaT, rom samuSao organos win 

niadagis dagrovebis albaToba izrdeba gamafxvierebeli TaTis 

mWreli piris sigrZis, niadagis simkvrivis, agregatis 

gadaadgilebis siCqaris gazrdis dros; damokidebulia niadagis 

fizikur-meqanikur Tvisebebze da gafxvierebis kuTxeze, magram ar 

aris damokidebuli goroxis (beltis) anu Txemianobis ganiv 

kveTze [48, 49]. 
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miRebuli (3.17) formulis daxmarebiT SesaZlebelia 

ganisazRvros gafxvierebis β kuTxe da satexis sigrZe l , 

romelTa dros gafxvierebis procesi naklebad Sromatevadia, e.i. 

rodesac ar xdeba niadagis dagroveba gamafxvierebeli TaTis 

win, magram ar aris SesaZlebeli gamafxvierebeli TaTebis 

konstruqciuli parametrebis gaangariSeba. 

Rrmad gamafxviereblis samuSao organoebi afxviereben 

niadags gamafxvierebeli TaTis mier Seqmnil WrilSi, romelic 

izrdeba gasafxvierebeli niadagis gakordebuli nawilisaken. 

kuTxe ω axasiaTebs niadagis deformaciis xarisxs 

gamafxviereblis orive mxares niadagis ganiv WrilSi (sur. 3.7.). 

aa h
h 0

ω ω ω

b b bb1 b1

B1 B1

Bk

 

sur. 3.7. kombinirebuli manqanis gamafxvierebeli samuSao organoebis 

parametrebis gansazRvris sqema 

 

niadagis Rrmad damuSavebis manqanebis damaxasiaTebeli 

Tvisebebia modebis ganis mimarTulebiT niadagis damuSavebisas 

fskeridan dauSleli Txemebis warmoqmna, romelTa zeviT fenebi 

aris gafxvierebuli. Txemebis sidideebi damokidebulia samuSao 

organoebis modebis ganze da gamafxvierebel TaTebs Soris 

manZilze ganivi mimarTulebiT. 
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agroteqnikur moTxovnebSi ar aris miTiTebuli niadagis 

gafxvierebis dros Tu ramdeni daumuSavebeli farTia dasaSvebi. 

xSirad moTxovnebSi gafxvierebis dros aRniSnulia niadagis 

Txemianobis sidide, magram ar miuTiTeben daumuSavebel da 

dasamuSavebeli farTebis sidideebs, vinaidan igulisxmeba 

damuSavebis siRrmeSi niadagis Siga deformaciebi. 

literaturidan [64] cnobilia, rom Rrmad gafxvierebis dros 

damuSavebuli farTi ar unda iyos naklebi 60%-isa. amitom Rrmad 

gamafxviereblis samuSao organoebs Soris manZilis B1 

gansazRvrisaTvis (sur. 3.7.) Sefasebis kriteriumad 

mizanSewonilia miRebuli iqnes niadagis gafxvierebis xarisxi Θ, 

romelic toli iqneba: 

 %60%100 ≥⋅=Θ
ΣF

F
 (3.18) 

sadac F aris goroxis gafxvierebuli nawilis farTi ganiv 

WrilSi, m2; 

   ΣF  _ goroxis ganivi Wrilis saerTo farTi, m2. 

beltis gafxvierebuli nawilis farTi ganiv WrilSi 

iangariSeba formuliT: 

 1FFF −= Σ  (3.19)       

sadac F1 aris daumuSavebeli (daurRvevli) Txemebis ganivi 

Wrilis farTobi, romelTa simaRlea h+h0  da sigane b1, m2; 

formulis (3.19) gaTvaliswinebiT formula (3.20) miiRebs 

Semdeg saxes: 

 %60%1001%60%100 11 ≥⋅







−=≥⋅

−
=Θ

ΣΣ

Σ

F
F

F
FF

 (3.20)  

daumuSavebeli Txemebis farTobi iangariSeba tolobiT: 

 ))(1(1 gadT FFnF +−=  (3.21)   



50 
 

sadac n aris samuSao organoebis ricxvi; 

  FT _ Txemebis samkuTxa kveTis farTobi, m2; 

    Fgad _ Txemebis sworkuTxa kveTis farTobi, m2; 

Txemis farTobebis gaangariSebis gaTvaliswinebiT formula 

(3.21) miiRebs Semdeg saxes: 

 







−+

−
−= 01

2
1

1 )(
24

)(
)1( hbBctgbBnF ω

 (3.22) 

goroxis ganivi kveTis saerTo farTi iangariSeba 

formuliT: 

 aBF ⋅=Σ k  (3.23) 

sadac Bk aris gamafxvierebeli manqanis konstruqciuli modebis 

gani, m; 

   a _ beltis gafxvierebis siRrme, m. 

konstruqciuli modebis gani: 

 bBnB +−= 1)1(k  (3.24) 

maSin goroxis ganivi kveTis saerTo farTi tolia: 

 [ ]abBnF +−=Σ 1)1(  (3.25) 

SevitanoT formulebi (3.25) da (3.22) formulaSi (3.20), 

miviRebT niadagis gafxvierebis xarisxis mniSvnelobas: 

 [ ] %60%100
)1(

)(
24

)(
)1(

1
1

01

2
1

≥⋅





















+−









−+

−
−

−=Θ
abBn

hbBctg
bB

n ω

 (3.26) 

 miRebuli (3.26) formula asaxavs niadagis gafxvierebis 

xarisxs. miRebuli gamosaxulebis saSualebiT SesaZlebelia 

gamafxviereblis samuSao organoebs Soris manZilis gansazRvra, 

romelic uzrunvelyofs niadagis xarisxobriv damuSavebas 

%).60( ≥Θ  
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 formula (3.26) gviCvenebs, rom gamafxviereblis siganis b 

SemcirebiT mcirdeba samuSao organoebs Soris manZili B1. 

kuTxis ω cvlileba ar axdens gavlenas samuSao organoebs 

Soris manZilis sidideze. 

 simaRlis h0=0 mniSvnelobis dros Txemis forma aris 

trapeciuli. sididis h0 SemcirebiT, manZili samuSao organoebs 

Soris B1 _ mcirdeba. 

 damuSavebis siRrme a gavlenas axdens samuSao organoebs 

Soris manZilze B1; rac metia a, miT meti SeiZleba iyos B1. 

 amrigad, miRebuli formulebis (3.24, 3.25, 3.26) saSualebiT 

SesaZlebelia kombinirebuli manqanis gamafxvierebeli samuSao 

organoebis parametrebis dasabuTeba da gaangariSeba niadagis 

damuSavebis siRrmis (a) da damuSavebis xarisxis maCveneblis (Θ) 

gaTvaliswinebiT [44]. 

 

 

 

 

 

3.2. niadagdamamuSavebeli kombinirebuli manqanis 

gamafxvierebeli TaTebis muSaobis Teoriuli analizi 

 

niadagis minimaluri damuSavebis kombinirebuli manqanis 

erT-erT ZiriTad samuSao organos warmoadgenen gamafxvierebeli 

TaTebi, romlebic daniSnulebisa da konstruqciis mixedviT 

iyofian: sabrun, satexisebur da Subisebur TaTebad. 

kombinirebul manqanebSi ZiriTadad gamoiyenebian samive tipis 

TaTebi, magram upiratesoba konstruqciis simartivis gamo 
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eniWeba satexisebur da Semdeg sabrun TaTebs. isini gamoiyenebian 

msubuqi da saSualo simkvrivis niadagebSi, ZiriTadi (Rrmad 

gafxviereba) da Tesviswina damuSavebisaTvis. am tipis TaTebs 

niadagis intensiuri gafxvierebisaTvis gaaCniaT gafxvierebis 

cvalebadi kuTxe α, magram dasarevnialebul niadagebSi isini 

advilad iWedebian mcenareuli narCenebiT, ris gamoc izrdeba 

manqanis wevis winaRoba [4, 37, 58]. 

gamafxvierebeli TaTis (satexis) martivi formaa sworkuTxa 

formis soli, romelic horizontTan garkveul kuTxes adgens. 

damuSavebis procesSi niadagis kvalis ganiv Wrils aqvs 

trapeciis forma, romlis mcire gverdi eyrdnoba kvalis fskers 

da misi sigane tolia satexis sigrZis, xolo gverdiTi mxareebi 

qmnian horizontTan kuTxes, romlis mniSvnelobaa θ =400_600. 

aRniSnuli kuTxis sidide damokidebulia niadagis meqanikur 

Semadgenlobaze da tenianobaze. 

brtyeli solis win dagrovili niadagis daZabuli 

mdgomareoba damokidebulia niadagis gafxvierebis α da  xaxunis 

ϕ kuTxeebze. rodesac α<(200−400), solis samuSao wibo afxvierebs 

zeda fenebs, rac xels uwyobs niadagis rRvevas da deformacias 

niadagis fenis amotexvis gziT. rodesac α>(600−900) da α+ϕ>900, 

samuSao wibo kumSavs niadags satexis win, rac sagrZnoblad 

zrdis satexis wevis winaRobas RX da amcirebs vertikaluri 

mdgenelis RZ-is mniSvnelobas. gamafxvierebeli satexebis, 

romlebic muSaoben α<15 sm siRrmeze, gafxvierebis kargi 

xarisxis gamo da mcenareuli narCenebiT gamoWedvis Tavidan 

asacileblad simrudis radiusi aris mcire sididis, vidre 

damuSavebis α>15 sm siRrmeze, sadac simrudis radiusi 
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damuSavebis siRrmis proporciulia. amrigad gamafxvierebeli 

TaTebis da maTi dgarebis gabarituli parametrebis Semcirebis 

mizniT maTi forma aris mrudwiruli, rodesac gafxvierebis 

kuTxe α aris minimaluri satexis wverosTan (α=300) da igi 

TandaTan izrdeba α=900-mde. am SemTxvevaSi ar izrdeba TaTis 

wevis winaRoba, vinaidan dgaris simrudesa da vertikals Soris 

manZilis gamo TaTi ukve muSaobs gafxvierebuli niadagis fenaSi 

[82]. 

solis zemoqmedebis Sedegad niadagis deformaciis da 

rRvevis xasiaTi damokidebulia gafxvierebis kuTxeze α da 

niadagis Tvisebebze. soflis meurneobaSi gamoyenebuli niadagis 

deformaciis ZiriTad saxes warmoadgens solis zemoqmedebis 

Sedegad niadagis fenis axleCva masividan. dabali tenianobis da 

gafxvierebis kuTxis α didi mniSvnelobis dros Tixnar 

niadagebSi solis mier xdeba uformo fenis axleCva, xolo didi 

tenianobis da patara sididis gafxvierebis kuTxis α  SemTxvevaSi 

ki _ fenas aqvs uwyveti lentis saxe. 

gamafxvierebeli satexis qveda nawils warmoadgens martivi 

soli. ganvixiloT, Tu rogor moqmedeben solis wevis winaRobis 

sidideze niadagis fenis masa da xaxunis Zala, romlebic 

warmoiSvebian solze fenis srialis dros. 

miviRoT, rom niadagis fena ar ewinaaRmdegeba Runvis 

deformacias da moZraobs AB samuSao zedapirze sigrZis 

sididis ucvlelad da am SemTxvevaSi a = a1 (sur. 3.8). 



54 
 

AX

a

G

B

h

Y

O

R
G

GQ

ϕ

i

a
1

γ

α

 
sur. 3.8. solis niadagSi moZraobis sqema 

 

niadagis fenaze moqmedebs aradeformirebuli niadagis 

reaqciis Zala QG, fenis wona G da niadagis winaRobis R da 

solis samuSao zedapirze moqmedi xaxunis Zalis F jamuri Zala 

RG. Tavis mxriv aRniSnuli Zalebi SeiZleba ganisazRvros maTi 

OX koordinatTa RerZebze dagegmarebiT. miviRebT: 

 ( )ϕα +⋅= sinGG RQ  (3.27) 

 ( )ϕα +⋅= cosGRG  (3.28) 

(27) da (28) tolobis RG-ze gayofiT da SemdgomSi tolobis 

mcire gardaqmnebiT miviRebT: 

 ( )ϕα += GtgQG  (3.29)  

RG Zalis XOY koordinatTa RerZebze dagegmarebis Semdeg 

vRebulobT: 

 ( )
XGG RR =+⋅ ϕαsin  (3.30)  

xolo niadagis fenis wona ki iqneba: 

 mocγ⋅⋅⋅= lbaG  (3.31) 

sadac a aris damuSavebis siRrme, m; 

    b _ niadagis fenis sigane, m; 
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    l _ samuSao zedapiris sigrZe, m; 

    γmoc _ niadagis moculobiTi masa, n. 

(3.29) formulaSi (3.31) tolobis SetaniT vRebulobT: 

 ( )ϕαγ += tgablQG moc  (3.32) 

magram 
XGG RQ = maSin: 

 ( )ϕαγ += tgablR
XG moc  (3.33) 

(3.33) gamosaxulebiT SesaZlebelia dadgindes gafxvierebis 

kuTxis α optimaluri mniSvneloba xaxunis kuTxis cnobili ϕ da 

niadagis  mdgomareobis sxvadasxva mniSvnelobebis dros, agreTve 

niadagis fenis h simaRleze asawevad gamoiyeneba gafxvierebis 

kuTxis α cvalebadi mniSvnelobebi [60, 83]. 

gamokvlevebiT dadgenilia, rom xaxunis kuTxis TiToeul 

mniSvnelobas Seesabameba gafxvierebis kuTxis optimaluri 

mniSvneloba, romlis drosac solis weviTi winaRobis 

horizontaluri mdgeneli 
XGR  miiRebs umcires mniSvnelobas [63]. 

gafxvierebis dros solis simZlavris 60% ixarjeba xaxunis 

Zalebis gadalaxvaze, xolo am xarjebis Sesamcireblad 

mizanSewonilia gamafxvierebeli  TaTis (satexis) qveda nawili 

Sesruldes solis saxiT, minimaluri sigrZiT, garkveuli 

simrudis radiusiT da optimaluri gafxvierebis kuTxiT. 

aRsaniSnavia agreTve, rom gafxvierebis kuTxis mcire sidideebis 

dros (α=100_200) warmoiqmneba niadagis uwyveti fena, xolo didi 

sidideebis dros (α=300_450) ki _ warmoiqmneba axleCili tipiuri 

fena (goroxebi). Tu kuTxe α<250, maSin solis mWreli piri 

Sesrulebulia zeda alesviT, solis ukana kuTxe δ ar unda iyos 

naklebi 100, vinaidan misi didi mniSvnelobebis dros 

gamafxvierebeli TaTis svlis siRrme araTanabaria siRrmis 
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cvalebadobis mixedviT. mWreli piris mdgradobis 

SesanarCuneblad solis wamaxvilebis kuTxe unda iyos 

sazRvrebSi i=100-200, xolo TaTis modebis gani unda iyos 

minimaluri (2,5 - 5,5 sm). gamafxvierebeli TaTebis gabarituli 

zomebis Semcirebis mizniT maTi mWreli piri da zog SemTxvevaSi 

dgarebic ki unda iyos mrudwiruli formis [33]. 
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Tavi IV. niadagdamamuSavebeli kombinirebuli manqanis 

muSaobis procesis kvleva 

 

4.1. niadagdamamuSavebeli kombinirebuli manqanis 

eqperimentuli kvlevis programa da meTodika 

 

niadagis damuSavebis procesis gaumjobeseba emyareba TviT 

procesis principul cvlilebas, manqanis muSa organoebis 

parametrebisa da SeTanawyobis sqemis srulyofas, romlis 

drosac SesaZlebeli xdeba niadagdamamuSavebeli kombinirebuli 

manqanis erTi gavliT niadagis momzadeba (srulfasovani 

damuSaveba) sasoflo-sameurneo kulturebis dasaTesad [78, 87]. 

niadagdamamuSavebeli agregatebis ZiriTad saeqspluatacio 

maxasiaTebels warmoadgens wevis winaRoba, romelic 

warmoiqmneba samuSao organoebis dasamuSavebel obieqtTan 

Sexebis dros gare faqtorebis zemoqmedebiT. 

niadagdamamuSavebeli kombinirebuli manqanis wevis 

winaRobis Zalis mniSvneloba damokidebulia rig faqtorebze: 

manqanis samuSao organos formasa da konstruqciaze; 

dasamuSavebuli niadagis fizikur-meqanikur Tvisebebze; niadagis 

reliefze; manqanis saeqspluatacio reJimze; samuSao organoebis 

ganlagebaze da maT regulirebaze; agregatis gadaadgilebis 

samuSao siCqareze. zemoT aRniSnuli yvela es maCvenebeli 

ganapirobebs Sesrulebuli teqnologiuri procesis rogorc 

xarisxobriv, aseve energetikul maCveneblebs. 

niadagis srulfasovnad damuSaveba warmoadgens ZiriTad 

safuZvels mcenaris normaluri zrda-ganviTarebisaTvis. niadagis 

ZiriTadi damuSavebis process Tan axlavs didi zomis beltebis 
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warmoqmna, rac iwvevs niadagis zedapiris momzadebis 

aucileblobas kulturuli mcenaris TesvisaTvis. niadagis 

Tesviswina damuSavebis ZiriTad amocanas warmoadgens misi 

struqturis SenarCunebis pirobebSi miRweuli iqnas niadagis 

damuSavebis maRali xarisxi mcire energodanaxarjebiT. 

aRniSnulis gaTvaliswinebiT niadagis srulfasovani momzadeba 

dasaTesad SesaZlebelia niadagdamamuSavebeli kombinirebuli 

manqanebis gamoyenebiT. Cvens SemTxvevaSi gamoyenebuli iqna 

sxvadasxva tipis niadagdamamuSavebeli manqanebis samuSao 

organoebis SeTanawyobis arsebuli principebi, romlis drosac 

SesaZlebelia agragatis erTi gavliT niadagis damuSavebis 

maRali xarisxis miRweva. 

kvlevis obieqtia niadagdamamuSavebeli kombinirebuli 

manqana, romlis saSualebiT SesaZlebelia 0,45 metris siRrmeze 

niadagis Rrmad gafxviereba gamafxvierebeli TaTebis 

gamoyenebiT, xolo beltebis daSla swarmoebs diskoebiani 

farcxis seqciebis meSveobiT. niadagis zedapiris mosworeba-

moSandakeba da nawilobrivi gafxviereba SesaZlebelia 

gazambarebuli TiTebis gamoyenebiT. 

eqsperimentuli kvlebi tardeboda aip saqarTvelos 

agraruli universitetis saswavlo-sacdeli meurneobis sacdel 

nakveTze, sadac ZiriTadad gavrcelebulia mdelos yavisferi 

niadagebi [26]. Seswavlili iqna konkretuli pirobebisaTvis 

niadagis fizikur-meqanikuri Tvisebebi; ganisazRvra niadagis 

fardobiTi tenianoba, romelic eqsperimentuli kvlevebis dros 

Seadgenda 24-26%. aRniSnuli tenianobis pirobebSi aRebuli 

sinjebisaTvis ganisazRvra niadagis simkvrive, romlis 

mniSvnelobac Seadgenda 1,7-1,9 gr/sm3. 
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niadagdamamuSavebeli kombinirebuli manqanis muSaobis 

procesis kvlevis mizans warmoadgens Sesrulebuli 

teqnologiuri procesis saeqspluatacio da xarisxobrivi 

maCveneblebis Seswavla da dadgena; aseTi sakiTxebis 

kvlevisaTvis Zalze mniSvnelovani da efeqturia 

mravalfaqtoriani eqsperimentebis dagegmvis maTematikuri 

meTodebi [16, 34, 67, 72, 88]. 

eqsperimentebis dagegmvis Teoria saSualebas iZleva 

Tavidanve ganvsazRvroT kvlevis strategia da taqtika, 

gavadginoT teqnologiuri procesis maTematikuri modeli, 

movaxdinoT kvlevebis dagegmva minimaluri raodenobis cdebiT, 

miviRoT Sedegebi sakmao sizustiT da vmarToT eqsperimenti. 

eqsperimentuli kvlevis mizans warmoadgens teqnologiuri 

procesis Sesrulebisas masze moqmedi marTvadi faqtorebis 

optimizacia. am dros saWiroa moiZebnos niadagdamamuSavebeli 

kombinirebuli manqanis mier Sesrulebuli teqnologiuri 

procesis aRmweri gamosaxuleba da dadgenili iqnas 

eqsperimentuli manqanis saeqspluatacio parametrebis 

optimaluri mniSvnelobebi. saWiroa davadginoT moqmed 

faqtorTa is sistema, romelic gansazRvravs sakvlevi sakiTxis 

maxasiaTebel parametrs [46, 59]. 

kombinirebuli manqaniT niadagis damuSavebis procesze 

moqmedi faqtorebis ranJirebisa da calkeul apriorul 

monacemTa safuZvelze dadgenili iqna is ZiriTadi faqtorebi, 

romelTa mixedviTac daigegma 23 tipis srulfaqtoriani 

eqsperimenti, romlis mixedviTac sakvlev parametrs warmoadgens 

niadagdamamuSavebeli kombinirebuli manqanis wevis winaRobis 

Zala (R, n), amasTan saWiroa miviRoT niadagis gafxvierebis 
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maRali xarisxi, anu momzaddes niadagi srulfasovani 

TesvisaTvis. 

niadagdamamuSavebeli kombinirebuli manqanis sakvlevi 

parametris - wevis winaRobis Zalis (R, n) Seswavlas vaxdenT 

iseTi saeqspluatacio faqtorebisgan damokidebulebiT, 

rogoricaa Rrmad gamafxvierebliT niadagis damuSavebis siRrme 

a1 (x1) m, diskoebiani farcxiT niadagis damuSavebis siRrme a2 (x2) m, 

manqanis gadaadgilebis samuSao siCqare Vsam (x3) m/wm. 

cxrili 4.1-Si mocemulia niadagdamamuSavebeli 

kombinirebuli manqanis wevis winaRobis Zalaze moqmedi 

faqtorebi da maTi doneebi [34].  

 

cxrili 4.1. 

Semavali faqtorebis variirebis doneebi da intervalebi 

# maCveneblebis dasaxeleba 
Semavali faqtorebi 

a1 metri a2 metri V m/wm 

1 2 3 4 5 

1 qveda done 0,35 0,10 1,14 

2 zeda done 0,45 0,14 1,86 

3 saSualo done 0,4 0,12 1,5 

4 variirebis intervali 0,05 0,02 0,36 

 

 

maTematikuri modeli SevirCieT Semdegi saxis funqciis 

mixedviT: 

 ),( 21 nxxxy ϕ=  (4.1) 

romelsac gamoZaxilis funqcias uwodeben, igi sakvlev 

parametrs - niadagdamamuSavebeli kombinirebuli manqanis wevis 

winaRobis Zalas R akavSirebs faqtorebTan _ Rrmad 
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gamafxvierebliT niadagis damuSavebis siRrme a1 (x1) m, 

diskoebiani farcxiT niadagis damuSavebis siRrme a2 (x2) m, 

manqanis gadaadgilebis samuSao siCqare Vsam (x3) m/wm). 

eqsperimentuli monacemebis safuZvelze dgindeba am funqciis 

mudmivebis (koeficientebis) mniSvnelobebi. 

gamoZaxilis funqciis aRwerisaTvis virCevT Semdegi saxis 

regresiul gantolebas [79]: 

 jixxbxbby
n

ji
jiij

n

i
ii ≤+++= ∑∑

==


1,1

0  (4.2) 

sadac  xi, xj aris faqtorebis mniSvnelobebi; 

       b0 _ Tavisufali wevria, romelic cdis Sedegebis 

saSualo arTmetikulis tolia; 

       bi _ Sesabamisi faqtorebis regresiis koeficientebi, 

romlebic uCveneben ama Tu im faqtoris zemoqmedebis dones 

sakvlev procesze (parametrze); 

            bij _ ormagi urTierTqmedebis faqtorebis regresiis 

koeficientebi da a.S. 

23 saxis eqsperimentis dros regresiul gantolebas aqvs 

Semdegi saxe: 

      3211233223311321123322110 xxxbxxbxxbxxbxbxbxbby +++++++=    (4.3) 

aprioruli monacemebis safuZvelze davadgineT faqtorebis 

variirebis doneebi da intervalebi (cxrili 4.1); rogorc 

cnobilia, mravalfaqtorian eqsperimentebSi faqtorebis or _ 

zeda da qveda doneze xdeba Sesabamisi koduri aRniSvna (+1 da -

1). gardaqmna movaxdineT cnobili gamosaxulebiT [16]: 

 
i

ii
I
XX

i
0−=x  (4.4) 

sadac Xi aris faqtoris koduri mniSvneloba; 

    Xi _ faqtoris naturaluri mniSvneloba; 
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 Xi0 _ ZiriTadi donis naturaluri mniSvneloba; 

 Ii _ variirebis intervali; 

 i _ faqtoris nomeri. 

faqtorebis n ricxvis dros cdaTa raodenoba ganisazRvreba 

N=Zn maCvenebliani funqciiT, sadac Z doneTa ricxvia. ordoniani 

variirebis dros cdaTa variantebis saWiro raodenoba 

davadgineT N=2n funqciis mixedviT. 

2n tipis eqsperimentis kombinaciebi gamosaxulia cxrilebis 

saxiT, romelTac ewodeba dagegmvis matricebi. 

cdebis ZiriTadi da randomizebuli (SemTxveviTi) rigi, 

dagegmvis matrica da eqsperimentebis Catarebis realuri gegma 

mocemulia cxrilSi 4.2. 

 

cxrili 4.2. 

   dagegmvis matrica da eqsperimentis Catarebis realuri gegma 

 

cdis 

# 

 

SemTxveviTi 

(randomizebuli) 

rigi 

Semavali faqtorebi  

gamomavali 

parametri 
kodirebuli 

mniSvneloba 

naturaluri mniSvneloba 

x1 x2 x3 a1 metri a2 metri V m/wm R n 

1 2 3 4 5 6 7 8 9 10 11 

1 3 6 2 - - - 0,35 0,10 1,14 4866 

2 5 4 6 - - + 0,35 0,10 1,86 7575 

3 7 3 7 - + - 0,35 0,14 1,14 5670 

4 2 5 8 - + + 0,35 0,14 1,86 8305 

5 4 7 5 + - - 0,45 0,10 1,14 6540 

6 8 1 3 + - + 0,45 0,10 1,86 9276 

7 6 2 1 + + - 0,45 0,14 1,14 7346 

8 1 8 4 + + + 0,45 0,14 1,86 10053 
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4.2. niadagdamamuSavebeli kombinirebuli manqanis wevis 

winaRobis Zalis (R) gansazRvra 

 

niadagdamamuSavebeli kombinirebuli manqanis wevis 

winaRobis Zalis gansazRvra swarmoebs teqnologiuri procesis 

Sesrulebis dros. 

eqsperimentuli kvlevebi Catarda winaswar Sedgenili gegmis 

mixedviT (cxrili 4.1. da 4.2.). manqana agregatirdeba CLAAS CERES 

336 - markis traqtorze. niadagdamamuSavebeli kombinirebuli 

manqanis sqema, romlis saSualebiTac tardeba eqsperimentuli 

kvlevebi, mocemulia sur. 4.1.-ze. 

 

a3

a 1

l!1 l1 l2
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sur. 4.1. niadagdamamuSavebeli kombinirebuli manqanis wevis winaRobis 

Zalis gansazRvris principuli sqema: 

1-traqtori; 2-centraluri weva; 3-dinamometri 4-manqanis CarCo; 5-

gazambarebuli TiTi; 6-diskoebiani seqcia; 7-Rrmad gamafxvierebeli TaTebi; 

8-sayrdeni Tvali. 
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eqsperimentuli kvlevis dros agregatis gadaadgilebis 

samuSao siCqare, Rrmad gamafxvierebeli TaTebiT niadagis 

damuSavebis siRrme da diskoebiani samuSao organos mier 

niadagis gafxvierebis siRrme regulirdeba winaswar Sedgenili 

meTodikis mixedviT. niadagdamamuSavebeli kombinirebuli 

manqanis wevis winaRobis Zalis (R) gansazRvrisaTvis sistemaSi 

CarTulia  ДР-3 markis dinamometri.  eqsperimentuli kvlevebis 

dros dinamometris saSualebiT xdeba wevis winaRobis Zalis 

mniSvnelobis aTvla. kvlevis dros winaRobis Zalis saboloo 

mniSvneloba fiqsirdeba samjeradi ganmeorebis Sedegad da 

Semdeg viRebT miRebuli sidideebis saSualo ariTmetikul 

mniSvnelobas. rogorc kvlevebiT iqna dadasturebuli, Semavali 

faqtorebis doneebis gaTvaliswinebiT, wevis winaRobis Zalis 

mniSvneloba ZiriTadad cvalebadobs 4800-10050 niutonis 

zRvrebSi (danarTi 5.). 

 

 

 

4.3. damuSavebuli niadagis zedapiris Txemianobis gansazRvra 

 

niadagdamuSavebeli kombinirebuli manqanis gavlis Semdeg 

ganisazRvreba damuSavebuli zolis zedapiris Txemianoba. 

Txemebis simaRlis gansazRvra SesaZlebelia saxazavis 

saSualebiT. 

agregatis gavlis Semdeg 1 metri sigrZis ficari Tavsdeba 

niadagis zedapirze horizontalurad da yoveli 0,1 metris 

intervaliT izomeba Txemebis simaRle 01,0±  m-is sizustiT. 

saSualo mniSvneloba miiReba oTxjeradi ganmeorebis Semdeg. 
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Txemebis simaRle izomeba CvenTvis saintereso faqtorebis 

variirebis Semdeg, romlebic moqmedeben da faqtiurad 

gansazRvraven Txemianobis simaRles; gazomvebi tardeba winaswar 

Sedgenili meTodikis (cxrili 4.2.) mixedviT da bolo 

mniSvnelobad fiqsirdeba Txemianobis saSualo maCvenebeli. 

 

 

 

 

4.4. eqsperimentuli kvlevis Sedegebi 

 

cdebis ZiriTadi da randomizebuli (SemTxveviTi) rigi, 

dagegmvis matrica, faqtorebis doneebi da variirebis 

intervalebi, cdis Sedegebi, agreTve am monacemTa dispersiuli 

da regresiuli analizis Sedegebi mocemulia 23 eqsperimentis 

algoriTmSi (cxrili 4.3). paraleluri cdebis raodenoba m=3 

dadgenil iqna mocemuli sando albaTobis γ=0,9 da zRvruli 

cdomilebis 3±ε  n mixedviT. 

paraleluri cdebis mixedviT Sefasda SemTxveviTi 

Secdomebi, risTvisac pirvel rigSi ganvsazRvreT saSualo 

ariTmetikuli mniSvnelobebi sami ganmeorebiTi cdidan: 

 
3

3

1
∑

== i
iy

y  (4.5) 

cvlileba,
 

y-
i

y  Sefasebul iqna parametris saSualo 

mniSvnelobidan gadaxris kvadratis saSualo mniSvnelobiT: 

 
( )

1

3

1

2

−

−
=

∑
=

=

m

yy
S

m

i
i

j  (4.6) 
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sadac m-1 aris Tavisuflebis xarisxi, romelic tolia erTiT 

Semcirebuli ganmeorebiTi cdebis raodenobis (erTi 

Tavisuflebis xarisxi gamoyenebulia saSualo mniSvnelobis 

gamoTvlisas). 

cdis Secdoma warmoadgens jamur sidides, sxvadasxva 

Secdomebis (sistematurisa da SemTxveviTis) Sedegs. 

uxeSi Secdomebi ganisazRvreba da gamoiricxeba stiudentis 

kriteriumis saSualebiT: 

 t≤
{y}S

y-
i

y
 (4.7)

 
 

cdis Sedegebis Tanabari sizuste Sefasebuli iqna gegmis 

calkeul wertilebSi cdaTa dispersiebis SedarebiT, risTvisac 

pirvel rigSi ganvsazRvreT paraleluri cdebis dispersiebi 2
jS  

Semdeg ganvsazRvreT erTeuli ganazomis dispersia, romelic 

cdebis Secdomas axasiaTebs: 

 
N

S
S

N

j
j

y

∑
== 1

2

2
}{  (4.8) 

sadac N aris eqsperimentis gegmis wertilebis ricxvi. 

koxrenis  kriteriumiT SevamowmeT cdebis Tanabari sizuste: 

 

∑
=

= N

j
j

j

S

S
G

1

2

2
maqs

cd  (4.9) 

sadac 2
maqsjS  aris udidesi pwkaruli dispersia; 

  ∑
=

N

j
jS

1

2 _ pwkaruli dispersiebis jami. 

cdebis Tanabar sizustes adasturebs piroba: 

Gcd<Gcxr 
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eqsperimentebis Sedegebis safuZvelze ganvsazRvreT (4.3) 

gantolebis koeficientebi Sedegebi gamosaxulebiT: 

 

∑

∑

=

== N

j
ij

N

j
iji

i

x

xy
b

1

2

1  (4.10) 

sadac i=0, 1, 2, ... n aris faqtoris nomeri. nuli Cawerilia b0 

koeficientis gamosaTvlelad. 

regresiis koeficientis mniSvneloba misaRebia, Tu misi 

absoluturi sidide metia sando intervalis absolutur 

mniSvnelobaze, romelic ganisazRvreba damokidebulebidan: 

 }{bi Stb ⋅±=∆  (4.11) 

sadac t aris stiudentis kriteriumis cxriluri mniSvnloba, 

Tavisuflebis xarisxis im mniSvnelobisaTvis, romlis drosac 

ganisazRvreba 2
}{yS  da im SerCeuli donisaTvis (0,1), romlis 

mixedviTac xdeba mniSvnelobis Sefaseba. 

S{b} regresiis koeficientis dispersia iangariSeba 

formuliT: 

 
N

S
S y

b

2
}{

}{ =  (4.12) 

am gamosaxulebidan Cans, rom yvela koeficientis dispersia 

erTmaneTis tolia da isini damokidebulia mxolod cdis 

Secdomasa da cdaTa ricxvze. 

stiudentis t kriteriumis mixedviT regresiis koeficientebi  

Semowmda mniSvnelovnebaze: 

  
}{ ib

i
i S

b
t =  (4.13) 

koeficientebis mniSvnelobaze Semowmebam cxadyo, rom 

samive koeficienti mniSvnelovan gavlenas axdens gamomaval 
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paratametrze, kodirebul cvladebSi regresiul gantolebas (4.3) 

aqvs Semdegi saxe: 

 321 3,13313,3768,8638,7458ŷ xxx +++=  (4.14) 

miRebuli gantolebis adekvaturobaze (srul 

Sesatyvisobaze) SemowmebisaTvis ganvsazRvreT narCeni dispersia 

anu adekvaturobis dispersia Semdegi gamosaxulebiT: 

f
SS R=2

ad  

sadac ∑
=

−=
N

j
R yyS

1

2)ˆ( _ aris kvadratebis narCeni jami; 

   ( )1+−= nNf  _ Tavisuflebis xarisxi; 

   2)ŷ  ,y( _ i-ur cdaze funqciis eqsperimentuli da formuliT 

naangariSevi mniSvnebebi; 

 N _ cdebis ricxvi dagegmvis matricaSi; 

     n  _ regresiis koeficientebis ricxvi. 

adekvaturobis dispersiis Sad SefardebiT parametris 

dispersiasTan 2
}{yS  ganvsazRvreT fiSeris F kriteriumis 

mniSvneloba, romlis saSualebiT Semowmda mocemuli xarisxis 

(arasruli kvadratuli) polinomiT eqsperimentuli kvlevis 

Sedegebis warmodgenis (reproduqciis aRwarmoebis) 

adekvaturobis hipoTeza; F kriteriumis naangariSevi mniSvneloba 

ar aWarbebs cxrilurs. 

praqtikuli gamoyenebis TvalsazrisiT mizanSewonilia, rom 

(4.14) gantoleba warmodgenili iqnes cvladebis naturaluri 

mniSvnelobebiT. Sesabamisi CasmebiT da gardaqmnebiT aRniSuli 

gantoleba Rebulobs Semdeg saxes [54, 59, 65, 86]: 

 samVaaR 102919500170002,7263 21 +++−=  (4.15) 
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(4.14.) gantolebis safuZvelze movaxdineT Catarebuli 

kvlevis Sedgebis interpretacia. gantolebis mixedviT Cans, rom 

niadagdamamuSavebeli kombinirebuli manqanis wevis winaRobis 

Zalaze (R) yvelaze met gavlenas axdens agregatis 

gadaadgilebis samuSao siCqare Vsam (b3=1331,3), mis Semdeg 

sakvlev parametrze gavlenas axdens Rrmad gamafxvierebeli 

TaTiT niadagis damuSavebis siRrme a1 (b1=863,8). mesame da pirvel 

faqtorTan SedarebiT sakvlev parametrze nakleb gavlenas 

axdens meore faqtori _ diskoebiani farcxis seqciiT niadagis 

damuSavebis siRrme a2 (b2=376,3). 

naturalur cvladebSi gamosaxuli gantolebis (4.15) 

saSualebiT SesaZlebelia kombinirebuli manqanis wevis 

winaRobis Zalis optimaluri mniSvnelobis gansazRvra niadagis 

gafxvierebis xarisxis SenarCunebiT [34]. 

sakontrolo cdebis mixedviT gamomavali parametris 

optimums R=7346 n Seesabameba faqtorebis Semdegi mniSvnelobebi: 

a1=0,45 m,                  a2=0,14 m,              Vsam=1,14 m/wm. 
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cxrili 4.3. 

23 eqsperimentis algoriTmi 
cdis 
# 

SemTxveviTi 
(randomizebuli) 

rigi 

0 1 2 3  
y1 

 
y2 

 
y3 

 
y  

 
2
yS
 

 

ŷ  
 

2)ŷ-y(  x0 x1 x2 x3 

1 3 6 2 + - - - 4500 5200 4900 4866 15416 4866 0 
2 5 4 6 + - - + 7510 7605 7610 7575 397 7562 169 
3 7 3 7 + - + - 5625 5695 5690 5670 190 5646 576 
4 2 5 8 + - + + 8270 8320 8325 8305 116 8342 1369 
5 4 7 5 + + - - 6600 6500 6520 6540 350 6566 676 
6 8 1 3 + + - + 9180 9360 9290 9276 1029 9262 196 
7 6 2 1 + + + - 7440 7270 7330 7346 929 7346 0 
8 1 8 4 + + + + 10000 10120 10040 10053 467 10042 121 

∑
=

N

1j
jjyix
 

 
59631 

 
6799 

 
3117 

 
10787 3107

N

1j

2
jj

N

1j

2
y )ŷ-y(18896S

j ∑∑
==

==
 

bi 7454 850 390 1348 
koeficientebis mniSvnelobebis Semowmeba 

tcxr=1,98 qmn=5% fmn=N(m-1)=16 2362S2
{y} =

 
ti 438 50 23 79 295S2

}{ =
ib  

1,17S }{ =
ib

 
faqtorebis aRniSvna faqtorebis doneebi variirebis 

intervali, I f i z i k u r i qveda (-1) ZiriTadi 
(0) 

zeda (+1) 

Rrmad gamafxvierebliT niadagis damuSavebis siRrme, a1 
(x1) metri 

0,35 0,4 0,45 0,05 

diskoebiani farcxiT niadagis damuSavebis siRrme, a2 (x2) 
metri 

0,10 0,12 0,14 0,02 

gadaadgilebis samuSao siCqare V(x3) m/wm 1,14 1,5 1,86 0,36 

dispersiebis erTgvarovnebis Semowmeba adekvaturobis Semowmeba 

2362S2
y

maxj
=

 
f1=m-1=2 777S2 =ad  

f1ad=N-(n+1)=4 

Gcd=0,76 f2=N=8 Fang=0,33 f2ad=N(m-1)=16 
qeg=5% Gcxr=0,8412 qad=5% Fcxr=3,0 

Gcd<Gcxr _ dispersiebi erTgvarovania Fang<Fcxr _ Sedegi adekvaturia 
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Tavi V. niadagdamamuSavebeli kombinirebuli manqanis 

saeqspluatacio da ekonomikuri maCveneblebis 

gansazRvra 

 

5.1. niadagdamamuSavebeli kombinirebuli manqanis 

saeqspluatacio maCveneblebis albaTur-statistikuri 

analizi 

 

niadagdamamuSavebeli manqanebis muSaobis procesze 

moqmedebs sxvadasxva faqtorebi, romelTa ricxvs miekuTvneba: 

nakveTis daxris kuTxe, reliefis uswormasworoba, niadagis 

fizikur-meqanikuri Tvisebebi da sxva. es faqtorebi gavlenas 

axdenen Sesrulebuli teqnologiuri procesis xarisxobriv, 

agreTve manqanebis saeqspluatacio  maCveneblebze. am faqtorebis 

ZiriTad Taviseburebas warmoadgens maTi albaTuri xasiaTi, 

romlis gansazRvrac SesaZlebelia mxolod eqsperimentuli 

gziT. 

sasoflo-sameurneo manqanebis saeqspluatacio 

maCveneblebze moqmedi faqtorebi SeiZleba pirobiTad daiyos sam 

jgufad: SemTxveviTi sidideebi, SemTxveviT sidideTa sistemebi 

da SemTxveviTi funqciebi [90]. 

kombinirebuli manqanebiT niadagis damuSavebisas SemTxveviT 

sidideebs warmoadgens niadagis damuSavebis siRrme, agregatis 

moZraobis siCqare da sxva myisieri mniSvnelobebi, aqedan 

gamomdinare SemTxveviT sidideebs warmoadgens is 

saeqspluatacio maCveneblebi, sadac aRniSnuli SemTxveviTi 

sidideebi Sedian, kerZod manqanis mwarmoebluroba, 

energetikuli danaxarjebi da sxva. 
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X SemTxveviTi sididis ZiriTad maxasiaTebels warmoadgens 

misi ganawileba, e.i. damokidebuleba, romelic kavSirs amyarebs 

SemTxveviTi sididis xi realizaciasa da misi gamovlenis 

albaTobebs Soris. SemTxveviTi sidideebis ganawilebis 

kanonebis gansazRvrisaTvis cdebis monacemebis safuZvelze, 

aucilebelia garkveuli raodenobis statistikuri monacemebi. 

X SemTxveviTi sididis Seswavlisas, roca ar aris cnobili 

winaswar ganawilebis kanoni tardeba n raodenobis cdebi [9,10]. 

X SemTxveviTi sidide yoveli cdisas Rebulobs garkveul 

mniSvnelobas. rogorc cdebis masalebi gviCvenebs SemTxveviTi 

sididis mniSvnelobebis sxvadasxva areebis gamovlena ar aris 

erTnairad SesaZlebeli. amitom albaTobaTa uwyveti ganawilebis 

daxasiaTebisaTvis umjobesia X<x movlenis albaTobis 

gamoyeneba, sadac x aris muSa cvladi, aseTi movlenis albaToba 

aris X-is funqcia. am funqcias ewodeba X SemTxveviTi sididis 

ganawilebis funqcia da aRiniSneba F(x)-iT. 

 F(x)=P(X < x) 

F(x) ganawilebis funqcia uganzomileboa da aqvs Semdegi 

Tvisebebi: 

1. F(x) ganawilebis funqcia araklebadia, e.i. roca x2 > x1,  

 F(x2)≥ F(x1); 

2. roca x = -∞, maSin ganawilebis funqcia nulis tolia 

 F(-∞)=0; 

3. roca x = +∞, maSin ganawilebis funqcia erTis tolia 

 F(+∞)=1. 

F(x) ganawilebis funqciis mniSvneloba SeiZleba miRebuli 

iqnas rogorc Teoriuli, aseve eqsperimentuli kvlevebis 
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monacemebis safuZvelze. sasoflo-sameurneo manqanebis 

saeqspluatacio maCveneblebis Seswavlisas SemTxveviTi 

sidideebis ganawilebis funqciebi miiReba cdebis monacemebis 

damuSavebis gziT. 

ganawilebis funqciis ageba eqsperimentuli masalebis 

aRweris amocanas wyvets srulad, magram is mouxerxebelia 

cdebis didi raodenobiT monacemebis damuSavebisas. praqtikuli 

TvalsazrisiT mizanSewonilia statistikuri ganawilebis im 

maxasiaTeblebiT sargebloba, romelsac F(x) funqciis 

ganawilebis simkvrive ewodeba. ganawilebis simkvrive Teoriulad 

aris F(x) funqciis warmoebuli x-iT: 

 )(
)F()F(-)F(

0

xf
dx

xd
x

xxxlim
x

==
∆
∆+

→∆

 (5.1) 

X SemTxveviT sidideze dakvirvebis diapazoni iyofa 

intervalebad, anu e.w. Tanrigebad i,(i=1…k), ris Semdegac 

gamoiTvleba SemTxveviTi sididis gamovlenili mi mniSvneloba, 

romelic i TanrigSi moxvdeba. am ricxvis gayofiT dakvirvebaTa 

saerTo n ricxvze ganisazRvreba simkvrive, romelic Seesabameba 

mocemul Tanrigs: 

 
n

mi
i =P  (5.2) 

yvela Tanrigis simkvriveTa jami unda iyos erTis toli. 

avagoT F(x) funqciis ganawilebis simkvrivis statistikuri 

cxrili (cxrili #5.1), romelSic mocemulia Tanrigebi maTi 

abscisTa RerZze ganlagebis mixedviT da Sesabamisi sixSireebi. 
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cxrili #5.1 

F(x) funqciis ganawilebis simkvrivis statistikuri cxrili 

Ii x1 x2 x2 x3 … xixi+1 … xkxk+1 

Pi P1 P2 … Pi … Pk 

 

sadac Ii aris i-uri Tanrigi; 

    xixi+1 _ i-uri Tanrigis zRvrebi; 

    Pi _ Tanrigis Sesabamisi sixSire; 

    k _ Tanrigebis saerTo raodenoba. 

statistikuri cxrilebis gamoyenebiT igeba e.w. histogramebi 

aseTi TanmimdevrobiT: abscisTa RerZze gadaizomeba Tanrigebi, 

xolo yovel Tanrigze, rogorc fuZeze, igeba marTkuTxedi, 

romlis farTobi warmoadgens mocemuli Tanrigis sixSires. 

amisaTvis yoveli Tanrigis sixSire unda gavyoT Tanrigis 

sigrZeze da miRebuli mniSvneloba unda iqnes aRebuli 

marTkuTxedis simaRled. cxadia, rom cdebis ricxvis gazrdiT 

miiReba misi ufro da ufro mcire Tanrigebi, histograma 

TandaTan dauaxlovdeba raRac wirs, romelic SemosazRvravs 

erTeuli zomis farTobs. es mrudi warmoadgens albaTobaTa 

sixSires, e.i. ganawilebis simkvrive aris histogramis zRvari, 

roca Tanrigebis sigrZe miiswrafis nulisaken. 

praqtikulad mosaxerxebelia, rom X SemTxveviTi sididis 

ganawilebis funqcia aigos ramodenime wertilis gamoyenebiT. am 

wertilebad unda aviRoT x1 x2 … xk sazRvrebi, romlebic 

figurireben statistikur cxrilSi. maSin  

 F(x1)=0; 

 F(x2)=P1; 

 F(x3)=P2; 
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 - - - - - - - 

 ;P)F(
1-k

1
k ∑

=

=
i

ix  (5.3) 

 1P)F(
1-k

1
1k == ∑

=
+

i
ix  

aRniSnuli wertilebis SeerTebiT miviRebT texils, anu Tu 

gadavalT zRvarze mrud wirs, romelic warmoadgens 

statistikuri funqciis miaxloebiT grafiks. marTlac (5.3) 

formulidan gveqneba: 

 ∫
∞−

=
x

dxxfx )()F(  (5.4) 

agreTve f(x) mrudis qveS moTavsebuli farTobi: 

 1)F( =∫
+∞

∞−

dxx  (5.5) 

(5.5) tolobidan Cans, rom X SemTxveviTi sididis |ab| 

intervalSi (an TanrigSi) moxvedris albaToba f(x) mrudis qveS 

moTavsebuli farTobis tolia am intervalSi: 

 ∫=<<
b

a

dxxfbxa )()P(  (5.6) 

xSir SemTxvevaSi sasoflo-sameurneo manqanebis 

saeqspluatacio maCveneblebis gansazRvrisas sakmarisia 

SemTxveviTi sidideebis mxolod ricxobrivi maxasiaTeblebiT 

Semofargvla. aseT zogad ricxviT maxasiaTeblebs miekuTvneba 

simkvriveTa ganawilebis sawyisi da centraluri momentebi. 

X SemTxveviTi sididis k xarisxis sawyisi momenti ewodeba 

ricxvs, romelic ganisazRvreba gamosaxulebiT: 

 ∫
+∞

∞−

= dxxfxm )(k
k  (5.7) 
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sadac f(x) aris SemTxveviTi sididis ganawilebis simkvrive; 

roca k=1 miviRebT pirveli rigis moments: 

 ∫
+∞

∞

==
-

x dxxfxmm )(1  (5.8) 

romelsac SemTxveviTi sididis maTematikur lodins an mis 

saSualo mniSvnelobas uwodeben. 

Tu SemTxveviTi sididis SesaZlebeli mniSvnelobebi 

moTavsebulia (ab) intervalSi, maSin 

 ∫=
a

b
x dxxfxm )(  (5.9) 

praqtikuli gazomvebis Sedegad miRebuli monacemebis 

saSualo mniSvnelobis gamoTvla mosaxerxebelia dajgufebuli 

monacemebis mixedviT: 

 ∑= jjk
1 nxmsaS  (5.10) 

sadac xj aris SerCeul intervalSi x-is mniSvnelobaTa simravlis 

saSualo mniSvneloba;  

     k _ intervalTa ricxvi;  

     nj – xj mniSvnelobaTa ricxvi, romelic mocemul 

intervalSi xvdeba. 

N gazomvaTa ricxvis usasrulod zrdisas SemTxveviTi 

sididis saSualo mniSvneloba miiswrafis maTematikuri 

lodinisaken _ mx. albaTobis TeoriaSi damtkicebulia, rom msaS 

emTxveva mx-s gazomvaTa didi ricxvis SemTxvevaSi, swored es 

aris did ricxvTa kanonis arsi. amitom im SemTxvevaSi, roca 

gazomvaTa ricxvi sakmarisad didia, SeiZleba Caiweros, rom msaS 

= mx. 
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X SemTxveviTi sididis gadaxras misi saSualo 

mniSvnelobidan ewodeba centrirebuli SemTxveviTi sidide X0. 

 X0=x-mx                            (5.11) 

centrirebuli SemTxveviTi sidideebisaTvis k rigis Mk 

momentebi ganisazRvreba gamosaxulebiT: 

 ∫∫ −==
∞

∞−

dxxfmxdxxfx x )()()(M kk
0k  (5.12) 

praqtikuli gamoTvlebis SemTxvevaSi: 

 
n

mx
x x∑ −

=
k)(

)M(  (5.13) 

maT ewodebaT centraluri momentebi. 

pirveli rigis centraluri momenti M1 nulis tolia, xolo 

meore rigis centraluri momenti iangariSeba formuliT: 

 xdxxfmxx D)()()(M k
2 =−= ∫

∞

∞−

 (5.14) 

da mas ewodeba SemTxveviTi sididis dispersia. is axasiaTebs 

maTematikuri lodinidan SemTxveviTi sididis mniSvnelobaTa 

SesaZlebel gadaxrebs. 

praqtikulad dispersia gamoiTvleba formuliT: 

 
n

mx x
x

∑ −
=

2
j )(

D  (5.15) 

sidides 

 xx D=σ  (5.16) 

ewodeba SemTxveviTi sididis saSualo kvadratuli gadaxra, anu 

standarti. 

SemTxveviTi sididis saSualo mniSvnelobidan fardobiTi 

gadaxris dasaxasiaTeblad SemoRebulia variaciis koeficienti 

v, romelic gamoiTvleba formuliT: 



78 
 

 
x

x

m
σ

=v  (5.17) 

SemTxveviT sidideTa ganawilebis SefasebisaTvis praqtikaSi 

agreTve gamoiyeneba kidev ori centraluri momenti, mesame da 

meoTxe. mesame centraluri momenti praqtikulad gamoiTvleba 

formuliT: 

 
n

mx x
x

∑=
3

j )-(
M  (5.18) 

 ∫
∞

∞−

= dxxfmxx x )()-()(M 3
3  (5.19) 

mesame centraluri momenti M3 gansazRvravs SemTxveviTi 

sididis asimetriulobas, romlis maCvenebelia asimetrulobis 

koeficienti: 

 
3
3M

A
σ

=  (5.20) 

meoTxe centraluri momenti E axasiaTebs grafikis maxvil, 

an blagvTavianobas (simaRles), romlis maxasiaTebeli aris 

eqscesis koeficienti: 

 3-
M

E
4
4

σ
=  (5.21) 

eqscesis koeficienti warmoadgens ganawilebis mrudis 

abscisTa RerZis mimarT daxris zomas. 

praqtikaSi yvelaze xSirad gvxvdeba ganawilebis erT-erTi 

saxe, romelsac normaluri ganawileba ewodeba. normalur 

ganawilebasTan axlos aris teqnologiuri procesebis 

agroteqnikuri maCveneblebis ganawileba. kerZod, niadagis 

damuSaveba kombinirebuli wesiT, romlis drosac xdeba niadagis 

Rrmad gafxviereba da misi zedapiruli damuSaveba. 

X SemTxveviTi sididis normaluri ganawilebis albaTobaTa 

simkvrive ganisazRvreba formuliT: 
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 







=

2

2

2

)-(
exp

2

1
)(

x

x

x

mx
xf

σπσ
 (5.22) 

sadac mx da σx aris Sesabamisad SemTxveviTi sididis 

maTematikuri lodini da saSualo kvadratuli gadaxra. 

normaluri ganawilebis SemTxvevaSi zemoT moyvanili 

formulebis Sesabamisad sawyisi da centraluri momentebi 

tolia: 

 m1= mx;   M1=0;   2
2M xσ= ;  M3=0;  M4=3σ4;          (5.23) 

vinaidan normaluri ganawileba simetriulia, yvela misi 

kenti momenti nulis tolia, aseve nulis tolia eqscesis 

koeficienti: 

 03-
3

E  0;A
4

=== 4σ
σ

 (5.24) 

aqedan gamomdinare, raime ganawilebisaTvis asimetriis da 

eqscesis koeficientis nulisagan gansxvavebulobas afaseben 

rogorc normaluri ganawilebisgan gadaxras. 

 

 

5.2. niadagdamamuSavebeli kombinirebuli manqanis 

saeqspluatacio maCveneblebis albaTur-statistikuri 

analizis Sedegebi 

 

sawarmoo pirobebSi Catarebuli iqna niadagdamamuSavebeli 

kombinirebuli manqaniT damuSavebuli niadagis Txemebis 

simaRleTa gazomvebi da qronometraJuli masalebis mixedviT 

Sedgenili iqna statistikuri cxrilebi. aRniSnuli cxrilebis 

damuSaveba moxda mocemuli meTodikis safuZvelze da agebul 

iqna Cvens mier dagegmarebuli kombinirebuli manqaniT 

gafxvierebuli niadagis Txemebis simaRleTa gazomvebi, rogorc 
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SemTxveviTi sidideebis ganawilebis simkvrivis grafikebi (sur. 

5.1) da gansazRvruli iqna maTi albaTur-statistikuri 

maxasiaTeblebi. 

t

n

V=0,19
A=0,031
E=0,008

0
1
2
3
4
5
6
7
8
9

10
11
12

20 22 24 26 28 30 32 34 36 38 40
 

sur. 5.1. damuSavebuli niadagis Txemianobis simaRleebs Soris manZilebis 

ganawilebis simkvrivis grafiki 

 

miRebuli Sedegebis analizi gviCvenebs, rom kombinirebuli 

manqaniT niadagis damuSavebisas Txemianobis simaRleebs Soris 

manZilebis ganawilebis simkvrive xasiaTdeba SedarebiT maRali 

variaciis koeficientiT (v=0,19) da nulTan axlos myofi 

asimetriiT da eqscesiT (A=0,031; E=0,008). es niSnavs, rom Cvens 

mier dagegmarebuli kombinirebuli manqaniT niadagis 

damuSavebisas Txemianobis simaRleebs Soris manZili 

praqtikulad emorCileba normaluri ganawilebis kanons [9, 10]. 
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5.3. niadagdamamuSavebeli kombinirebuli manqanis teqnikur-

ekonomikuri maCveneblebis gansazRvra 

 

teqnologiuri manqanis saeqspluatacio danaxarjebi 

warmoadgens memcenareobis produqtebis TviTRirebulebis erT-

erT mTavar mdgenels. saeqspluatacio danaxarjebi weliwadSi 

Sesrulebuli meqanizebuli samuSaoebis saxisa da moculobis 

mixedviT e.i. wliuri datvirTvis mixedviT iyofa mudmiv da 

cvlad danaxarjebad. mudmiv danaxarjebs miekuTvneba 

danaxarjebi, romlebic ar aris damokidebuli meqanizebuli 

samuSaoebis moculobis Secvlaze (wliur datvirTvaze), maT 

ekuTvnis: saamortizacio danaricxebi, danaxarjebi Senobis 

Senaxvaze, dazRvevaze, gadasaxadebze da sxv. xolo cvlad 

danaxarjebs ki danaxarjebi, romlebic icvleba samuSaos 

moculobis pirdapirproporciulad (wliuri datvirTvis 

mixedviT), aseTebia danaxarjebi teqnikur momsaxurebaze da 

remontze, saTbobze da energiaze, damxmare masalebze da Sromis 

anazRaurebaze, danaricxebi socialur saWiroebebze da a.S. 

saeqspluatacio danaxarjebs meqanizebuli samuSaos 

Sesrulebaze angariSoben manqana-traqtorTa agregatisaTvis da 

manqanaTa sistemisaTvis. amisaTvis gansazRvraven sawyis 

danaxarjebs yoveli manqanis eqspluataciaze, romelic 

agregatSi Sedis (traqtori, gadabmula, teqnologiuri manqana) 

da Semdgom maT ajameben. Semdgom danaxarjebis angariSs 

atareben meqanizebuli samuSaoebis erTeulze: manqana _ sT, 

fizikuri an etalonuri heqtari, aRebuli mosavali _ tona, 

damzadebuli an gadaziduli produqcia, warmoebuli produqciis 

fizikuri erTeuli [22, 28]. 
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satraqtoro agregatebis muSaobisas fuladi saxsrebis 

xvedriTi saeqspluatacio danaxarjebi gamoiTvleba formuliT 

[90]: 

 Sxved=Sam+Ssawv.saz+SSr.an                  (5.25) 

sadac Sam, Ssawv.saz da SSr.an aris fuladi saxsrebis 

saeqspluatacio danaxarjebi Sesabamisad agregatis 

amortizaciaze, sawvav-sazeT masalebze da operatoris Sromis 

anazRaurebaze. 

agregatis amortizaciaze saeqspluatacio danaxarjebi Sam 

ganisazRvreba Semdegi formuliT: 

 
sTmanq

manqmanq

sTtr

trtr

am WT100

B

WT100

B
S

⋅⋅

⋅
+

⋅⋅

⋅
=

aa
 (5.26) 

sadac Btr da Bmanq aris traqtoris da manqanis sabalanso 

Rirebuleba, lari; 

 atr da amanq _ koeficientebi, romlebic iTvaliswineben 

traqtoris da manqanis cveTaze, teqnikur momsaxurebaze da 

remontze wliur saamortizacio danaricxebs maTi sabalanso 

Rirebulebidan, procentebSi; 

 Ttr da Tmanq _ traqtorisa da manqanis normatiuli 

wliuri datvirTva, Zr.sT; 

 WsT _ agregatis saaTuri mwarmoebluroba, ha/sT. 

sawvav-sazeT masalebze danaxarjebi Ssawv.saz ganisazRvreba 

Semdegi formuliT: 

 
sT

sawvZr

sawv.saz W

CKgeNe
S

⋅⋅⋅
=  (5.27)  

sadac Ne aris Zravis nominaluri efeqturi simZlavre, kvt; 

 ge _ sawvavis xarjis indikatoruli norma gr/kvtsT; 
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 KZr _ Zravis datvirTvis xarisxi; 

 Csaw _ sawvavis kompleqsuri sabazro Rirebuleba, lari.  

danaxarjebi operatoris Sromis anazRaurebaze SSr.an 

ganisazRvreba Semdegi formuliT: 

 
sT

damsirmeq

Sr.an W

kk
S

nf ⋅+⋅
=  (5.28) 

sadac fmeq aris meqanizatoris saxelSekrulebo satarifo 

ganakveTi, lari/sT; 

      ksir _ samuSaos sirTulis koeficienti; 

      kdam _ muSebis damatebiTi anazRaurebis zoma (premiis 

saxiT daZabul periodSi Sesrulebuli samuSaos mixedviT), %. 

      n _ momsaxure personalis raodenoba. 

teqnikis dazRvevaze saerTo danaxarjebi wlis ganmavlobaSi 

iangariSeba formuliT: 

 
100

B
C dazR

dazR

h⋅
=  (5.29) 

sadac B aris teqnikis sabalanso Rirebuleba, lari; 

    hdazR _ dazRvevis norma weliwadSi, %. 

xvedriTi mogeba ganisazRvreba formuliT: 

 Pxv = Ssab – Skomb                         (5.30) 

sadac Ssab aris sabazo manqanebis erToblivi muSaobisas fuladi 

saxsrebis xvedriTi danaxarjebi niadagis damuSavebaze lari/ha; 

    Skomb _ fuladi saxsrebis xvedriTi danaxarjebi 

kombinirebuli manqaniT niadagis damuSavebaze lari/ha. 

mogebis norma ganisazRvreba formuliT: 

 100
S
P

H =  (5.31) 
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miRebuli sididis mniSvneloba ar unda iyos 

kapitaldabandebis efeqturobis koeficientze dabali, romelsac 

adgens saqarTvelos erovnuli banki, sadac asaxulia dawesebuli 

saprocento ganakveTi. mogeba da Sesabamisad danaxarjebi 

(kapitaldabandeba da sabrunavi saSualebebi) ganisazRvreba 

rogorc saerTod soflis meurneobisaTvis, aseve calkeuli 

dargebisaTvis, regionebisaTvis da calkeuli meurneobebisaTvis 

axal teqnikaze moTxovnebis moculobis gaTvaliswinebiT [23]. 

wminda mogeba warmoadgens absoluturi mogebis nawils, 

romelsac akldeba sxvadasxva sabiujeto gadasaxadebi da 

romlebic ar Sedis produqciis TviTRirebulebaSi: 

 Pwm=Pabs – (Cdaz+Cdam)                    (5.32) 

sadac Cdam aris sxvadasxva saxis arasawarmoo sabiujeto 

gadasaxadebis jami, teqnikis dazRvevisa da socialuri 

saWiroebis gadasaxadis garda. 

axali teqnikis danergvis Sedegad miRebuli damatebiTi 

kapitaldabandebis amogebis vada: 

 
saerTP

T 0
0 ∆

∆Κ
=  (5.33) 

sadac ∆K0 aris damatebiTi kapitaldabandeba, lari;  

  ∆PsaerT _ wliuri saerTo mogebis nazrdi, romelic 

miRebulia axali teqnikis gamoyenebis Sedegad, lari/weli [2, 3, 

21]. 

arsebuli meTodikiT [29, 30, 31] gaangariSebuli iqna 

kombinirebuli niadagdamamuSavebeli manqanis ZiriTadi 

saeqspluatacio da teqnikur-ekonomikuri maCveneblebi, romlebic 

mocemulia cxrili 5.2.-Si [22]. 
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cxrili 5.2. 

niadagdamamuSavebeli kombinirebuli manqanis ZiriTadi saeqspluatacio da 

teqnikur-ekonomikuri maCveneblebi 

 

# 
manqanis saeqspluatacio da teqnikur-

ekonomikuri maCveneblebis dasaxeleba 

niadagdamamuSavebeli 

kombinirebuli          

manqanis maCveneblebi 

1. saaTuri mwarmoebluroba, ha/sT 0,7 

2. sawvavis xvedriTi xarji, kg/ha 36,2 

3. Sromis xvedriTi xarji, kac.sT/ha 2,3 

4. traqtoris Rirebuleba, lari 65000 

5. manqanebis Rirebuleba, lari 3450 

6. saamortizacio danaxarjebi, l/ha 11,2 

7. xarjebi Sromis anazRaurebaze, l/ha 7,0 

8. danaxarjebi sawvav-sazeT masalebze, l/ha 44,4 

9. xvedriTi saeqspluatacio danaxarjebi, l/ha 62,6 

10. xvedriTi sawarmoo danaxarjebi, l/ha 62,6 

 

arsebuli (tradiciuli) teqnologiiT niadagis ZiriTadi 

damuSavebis Semdeg tardeba xnulis farcxva da kultivacia, 

raTa niadagi momzaddes dasaTesad, xolo Cvens mier 

damuSavebuli teqnologiiT ori operacia icvleba niadagis 

Rrmad gafxvierebiT, rac uzrunvelyofs niadagis srulfasovan 

momzadebas TesvisaTvis, amitom damuSavebuli manqanis 

ekonomikuri maCveneblebis gansazRvrisas sabazo variants 

warmoadgens farcxva da kultivacia. 

mocemuli meTodikiT gaangariSebuli iqna fuladi 

saxsrebis xvedriTi sawarmoo danaxarjebi arsebuli 

teqnologiiT niadagis Rrmad gafxvierebisas, romelmac  

Sesabamisad Seadgina: 

 SRrmad gafx. = 42,4 l/ha 
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fuladi saxsrebis xvedriTi saeqspluatacio danaxarjebi 

niadagis dafarcxvasa da kultivaciaze Seadgens: 

 Sfarcx. = 19,3 l/ha            Skult. = 27,6 l/ha 

gaangariSebuli iqna niadagdamamuSavebeli kombinirebuli 

agregatis xvedriTi saeqspluatacio danaxarjebi, romelic 

tolia: 

 Skomb = 62,6 lari/ha 

eqsperimentuli manqanis danergviT miRebuli ekonomikuri 

efeqti 1 ha-ze tolia: 

 Peqsp=(SRrmad gafx. + Sfarcx + Skult – Skomb) = 26,7  lari/ha 

niadagdamamuSavebeli kombinirebuli agregatiT niadagis 

damuSavebis Sedegad simindisaTvis mosavlianoba gaizarda 11%-

iT (Cvens SemTxvevaSi angariSi Catarebulia simindis 

kulturisaTvis) da Seadgina: 

 Uax = Usab+∆U=2,34+0,25=2,59 t/ha 

aqedan gamomdinare mosavlianobis zrdiT miRebulma mogebam 

simindis kulturisaTvis Seadgina 86 l/ha. 

axali teqnologiuri manqanis gamoyenebis SemTxvevaSi 

simindis kulturisaTvis xvedriTi mogebis nazrdi Seadgens: 

 ∆Psim = 86 + 26,7= 112,7 l/ha 

simindis moyvanisaTvis saWiro xvedriTi sawarmoo 

danaxarjebi Semcirda da is Sesabamisad Seadgens: 

 ∆Sax(sim) = 920 – 26,7 =  893,3 l/ha 

ganisazRvra teqnikis dazRvevaze saerTo danaxarjebi wlis 

ganmavlobaSi, romelmac Seadgina: 

 
138

100
43450

C =
•

=daz
 lari 
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saxelfaso da sapensio fondis, aseve sxva damatebiTi 

gadasaxadebis jami amJamad Seadgens daaxloebiT mogebis 12%-s. 

wliuri mogeba dazRvevis da damatebiTi gadasaxadebis 

gaTvaliswinebis gareSe Seadgens: 

  7840 = 0,7100112 =WT P =P ••∆ wlsimsimwl  lari 

  941=0,128407C •=dam  lari  

wliuri  wminda mogeba dazRvevis da damatebiTi 

gadasaxadebis gaTvaliswinebiT Seadgens: 

 Pwm=Peqs – (Cdaz+Cdam) = 6761 lari  

eqsperimentuli manqanis danergvis Sedegad miRebuli 

damatebiTi kapitaldabandebis amogebis vada Sesabamisad tolia: 

 
weli     0,51

6761
3450

T ==  

sabazo da damuSavebuli manqanebis ekonomikuri maCveneblebi 

mocemulia cxrili 5.3-Si. 

cxrili # 5.3. 

sabazo da damuSavebuli manqanebis ekonomikuri maCveneblebi 

 
# 

 
maCveneblebis dasaxeleba 

mniSvneloba 
sabazo 

manqanisTvis 

mniSvneloba 
damuSavebuli 
manqanisTvis 

gansxvaveba 

1. xvedriTi saeqspluatacio 

danaxarjebi, l/ha 

89,3 

 

62,6 - 26,7 

2. xvedriTi sawarmoo 

danaxarjebi, l/ha 

89,3 62,6 - 26,7 

3. absoluturi mogeba, lari 5670 7840 + 2170 

4. arasawarmoo gadasaxadebis 

jami, l/w 

1265 1079 - 186 

5. wminda mogeba, l/w 2354 6761 + 4407 

6. kapitaldabandebis amogebis 

vada, w 

1,72 0,51 -1,21 
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ZiriTadi daskvnebi da rekomendaciebi 

     

1. dadgenilia rogorc saqarTveloSi, ise sazRvargareT 

Catarebuli kvlevebis safuZvelze, rom saToxni kulturebis 

movla-moyvanis saqmeSi mniSvnelovani adgili ukavia niadagis 

minimaluri damuSavebis teqnologias, romelic agregatis erTi 

gavliT uzrunvelyofs niadagis srulfasovan momzadebas 

kulturuli mcenaris dasaTesad; 

 

2. literaturuli wyaroebis analizis safuZvelze dadgenilia, 

rom niadagis minimaluri damuSavebis teqnologiis gamoyeneba 

uzrunvelyofs ekologiurad sufTa produqciis warmoebas 

niadagis tipis, Teslbrunvis, farTobebis sididis da sxva 

faqtorebis gaTvaliswinebiT, energiis, masalebis da SromiTi 

resursebis minimaluri danaxarjebis pirobebSi; 

 

3. damuSavebulia saqarTvelos pirobebSi martvilis 

municipalitetis fermeruli meurneobebis magaliTze saToxni 

kulturebisaTvis niadagis kombinirebulad damuSavebis samanqano 

teqnologia, rodesac agregatis erTi gavliT SesaZlebelia 

niadagis srulfasovnad momzadeba kulturuli mcenaris 

dasaTesad; 

 

4. damuSavebulia da damzadebulia niadagdamamuSavebeli 

kombinirebuli manqanis  eqsperimentuli nimuSis konstruqcia, 

romelic erTi gavliT uzrunvelyofs niadagis Rrmad 

gafxvierebas, beltis daSlas da niadagis zedapiris momzadebas 

kulturuli mcenaris TesvisaTvis; 
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5. niadagis gafxvierebis xarisxis miRebuli gamosaxulebis 

safuZvelze gansazRvrulia kombinirebuli manqanis 

gamafxvierebeli samuSao organoebs Soris manZili, romelic 

uzrunvelyofs niadagis xarisxobriv damuSavebas %)60( ≥Θ ; 

 

6. Teoriuli gaangariSebis safuZvelze dadgenilia, rom 

gamafxviereblis siganis b SemcirebiT mcirdeba samuSao 

organoebs Soris manZili B1; kuTxis ω cvlileba ar axdens 

gavlenas samuSao organoebs Soris manZilis sidideze; simaRle 

h0=0 mniSvnelobis dros Txemis forma aris trapeciuli; h0 

SemcirebiT manZili samuSao organoebs Soris B1 mcirdeba; 

damuSavebis siRrme a gavlenas axdens samuSao organoebs Soris 

manZilze B1 (rac metia a, miT meti SeiZleba iyos B1); 

 

7. Teoriuli gaangariSebis safuZvelze dasabuTebulia 

kombinirebuli manqanis gamafxvierebeli samuSao organoebis 

parametrebis sidideebi niadagis damuSavebis siRrmis a da 

damuSavebis xarisxis maCveneblebis Θ gaTvaliswinebiT; 

 

8. niadagdamamuSavebeli kombinirebuli manqanis samuSao organos 

muSaobis analizis safuZvelze dadgenilia is parametrebi, 

romlebic saSualebas iZlevian Semcirdes maTi wevis winaRobebi; 

 

9. eqsperimentebis dagegmvis Teoriis gamoyenebiT Sedgenilia 

regresiuli gantoleba da dadgenilia, rom gamomavali 

parametris (niadagdamamuSavebeli kombinirebuli manqanis wevis 
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winaRobis Zala R=7346 n) optimalur sidides Seesabameba 

Semavali faqtorebis Semdegi mniSvnelobebi: 

_ Rrmad gamafxvierebliT niadagis damuSavebis siRrme 

a1=0,45 m,                 

_ diskoebiani farcxiT niadagis damuSavebis siRrme a2=0,14 m,          

_ manqanis gadaadgilebis samuSao siCqare  Vsam=1,14 m/wm; 

 

10. sawarmoo pirobebSi Catarebuli gafxvierebuli niadagis 

zedapiris Txemianobis sididis gazomvebis Sedegad Sedgenilia 

statistikuri cxrili  da  agebulia gafxvierebuli niadagis 

zedapiris Txemianobis, rogorc SemTxveviTi sidideebis 

ganawilebis simkvrivis grafikebi; gansazRvrulia maTi albaTur-

statistikuri maxasiaTeblebi. dadgenilia, rom miRebuli 

Sedegebis mixedviT variaciis V, asimetriis A da eqscesis E 

koeficientebs aqvT Semdegi mniSvnelobebi: V=0,19; A=0,031; E=0,008. 

rac imas niSnavs, rom dagegmarebuli niadagdamamuSavebeli 

kombinirebuli manqaniT niadagis damuSavebisas zedapiris 

Txemianobis simkvrive sakmarisi sizustiT emorCileba 

normaluri ganawilebis kanons; 

 

11. dadgenilia, rom eqsperimentuli niadagdamamuSavebeli 

kombinirebuli manqanis xvedriTi saeqspluatacio danaxarjebi 

tolia 62,6 lari/ha-ze, xolo misi danergviT miRebuli 

ekonomikuri efeqti 1 ha-ze tolia 26,7 lari/ha-ze; 

 

12. dadgenilia, rom niadagdamamuSavebeli agregatiT niadagis 

damuSavebis Sedegad mosavlianobis 11%-iT gazrdis SemTxvevaSi 

mosavlianobis zrdiT miRebulma mogebam simindis 
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kulturisaTvis Seadgina 86 l/ha; gansazRvrulia, rom 

niadagdamamuSavebeli kombinirebuli manqanis damatebiTi 

kapitaldabandebis amogebis vadaa 0,51 weli, xolo wminda mogeba 

simindis kulturisaTvis ki Seadgens 6761 lars. 
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satransporto mdgomareobaSi 

 

  

sur. 2d. niadagdamamuSavebeli kombinirebuli manqana muSaobis 

dros 
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sur. 3d.  niadagdamamuSavebeli kombinirebuli manqanis ukana 

xedi 

 

 

sur. 4d.  niadagdamamuSavebeli kombinirebuli manqanis 
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sur. 5d.  niadagdamamuSavebeli kombinirebuli manqana 

eqsperimentuli kvlevis dros 

 


	saqarTvelo ZiriTadad agraruli qveyanaa, sadac 656 aTasi fermeruli meurneobaa, romelTa saSualo farTobi Seadgens 1,48 heqtars, rac, savaraudod 1,70 heqtaramde gaizrdeba privatizaciis dasrulebis Semdeg, aqedan 4 ha-ze didi ferma ki daaxloebiT 26 aTasia. ...
	mcire fermeruli meurneobis warmoebis rentabelobis miRwevisaTvis saWiroa samecniero kvlevis gafarToeba misi teqnologiuri da teqnikuri srulyofisaTvis.
	sur. 2.6. saxnisebiani saoSebi Farmet (CexeTi)
	saxnisebiani kultivatori Hurikаn (CexeTi) (sur. 2.7.) gankuTvnilia mosavlis aRebis Semdeg niadagis srulfasovnad dasamuSaveblad, rodesac aucilebelia ara marto struqturis darRveva, aramed amis safuZvelze niadagis tenis SenarCuneba. upirvelesad unda Seiq...

