
1 
 

 

mamuka gaCeCilaZe 

 

 

 

 

 

 

 

mcire fermeruli meurneobisaTvis 

sakvebwarmoebis  `SefuTuli~ senaJis 

teqnologiisa da teqnikuri saSualebebis 

damuSaveba 

 

 

 

 

 

 

 

 

 

 

 

 

gamomcemloba `qarTuli wigni~ 

Tbilisi  

 2012 



2 
 

UDC (uak)  631.5 
                      q-453 
 
 
monografiaSi ganxilulia sxvadasxva saxis mwvane masebidan 

“SefuTuli senaJis” damzadebis resursdamzogi samanqano teqnologia 
da teqnikuri saSualebebi. dasabuTebulia maTi teqnikuri, saeqs-
pluatacio da teqnologiuri parametrebi. am mizniT monografiaSi 
warmodgenilia Catarebuli Teoriuli da eqsperimentuli, agreTve 
energetikuli da ekonomikuri kvlevis masalebi, romlis Sedegad 
dadgenilia `SefuTuli~ senaJis damzadebis teqnologiis efeqturoba, 
manqanis damzadebis danaxarjebi, TviTRirebuleba da efeqtianoba. 
monografiaSi warmodgenili masalebi da teqnikur saSualebaze 
miRebuli patenti gamogonebaze SesaZlebelia gamoyenebuli iqnes 
mecxoveleobis fermebSi da soflis meurneobis sxva dargebis dasaq-
mebuli fermerebis da sxva muSakebis, mecnierebis, konstruqtorebis, 
agraruli dargis magistrebis da doqtorantebis mier, romlebic 
muSaoben mecxoveleobis sakvebi bazis meqanizaciis da avtomatizaciis 
sakiTxebze. 

 

 
redaqtorebi:  

revaz maxarobliZe - saqarTvelos soflis meurneobis mecnierebaTa 

akademiis namdvili wevri,  teqnikis mecnierebaTa doqtori, sruli 

profesori; 

omar TedoraZe - teqnikis mecnierebaTa doqtori. 

 

recenzentebi: 

elguja SafaqiZe - saqarTvelos soflis meurneobis mecnierebaTa 

akademiis wevr-korespondenti,  teqnikis mecnierebaTa doqtori, sruli 

profesori; 

zaza maxarobliZe - teqnikis mecnierebaTa doqtori; 

mamuka benaSvili – teqnikis mecnierebaTa kandidati, asocirebuli 

profesori. 

 

 

c  gamomcemloba `qarTuli wigni~ 

Tbilisi, maCabelis 15, tel.: + 995 2-931-737 

ISBN 978-9941-9250 -0-9 
 

 



3 
 

sarCevi 

 

Sesavali - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - 5 

Tavi I. senaJis damzadebis teqnologiebis da teqnikuri    

saSualebebis mimoxilva; kvlevis miznebi da amocanebi - - - - - - -10 

1.1 senaJi, rogorc sakvebi da misi mniSvneloba pirutyvTa 

racionSi- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 10 

1.2 bunebrivi balaxebi, kulturuli mcenareebi da maTi nare-

vebi, romlebic gamoiyeneba senaJis dasamzadeblad- - - - - - 15 

1.3. senaJis damzadeba konservantebis gamoyenebiT- - - - - - 16 

1.4. senaJis damzadebis tradiciuli teqnologiebi- - - - - 19 

1.5. sasenaJe nagebobebi da maTi saxeebi- - - -  - - - - - - - 22 

1.6. `SefuTuli~ senaJis damzadebis teqnilogiebis da 

teqnikuri saSualebebis mokle mimoxilva --- - - - - 26 

1.7. `SefuTuli~ senaJis  bardanebis raodenobis, moculo-

bisa da tenianobis gansazRvra- - - - - - - - - - - - - - - - - - - - - 35 

1.8. kvlevis miznebi da amocanebi - - - - - - - - - - - - -36 

 

Tavi II. `SefuTuli~ senaJis damamzadebeli manqanis 

konstruqciis  damuSaveba - - - - - - - - - - - - - - - - - - - - -  39 

2.1. sxvadasxva saxis mwvane masebidan senaJis damzadebisa da 

darigebis nakaduri xazebis SesaZlo variantebi- - -- - - - - 37 

     2.2. sasenaJe masis tomrebSi SemfuTavi manqanis konstruqciis 

aRwera - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 41 

     2.3. sasenaJe masis tomrebSi SemfuTavi manqanis samuSao 

procesis aRwera- - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -44 

     2.4 NsenaJis tomrebSi SesafuTi manqanis Snekuri samuSao 

organo da misi srulyofis SesaZlo variantebi- - - - - - - - - - - - 46         

2.5. Snekuri wnex_safuTavi manqanis samuSao organos muSaobis 

aRwera- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 51 

 

Tavi III. Snekuri wnex_SemfuTavis samuSao procesis 

Teoriuli analizi  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 53 

3.1. sasenaJe masis dawnexvis procesze moqmedi faqtorebi 

da maTi mokle analizi - - - - - - - - - -- - - - - - - - - - - - - 53 



4 
 

3.2. Snekur wnex_SemfuTavSi sasenaJe masis nawilakebze 

moqmedi ZalTa sistema- - - - - - - - - - -- - - - - - - - - - - - 55 

3.3. mcenareuli masis dawnexvis (gamkvrivebis) Teoria 

reologiis meTodebis gamoyenebiT - - - - - - - - - - - - - - - - 58 

3.4. `SefuTuli~ senaJis dasamzadebeli Snekuri tipis 

sawnexi kameris ZiriTadi parametrebis dasabuTeba- - - - - - 64 

 

Tavi IV. `SefuTuli~ senaJis damamzadebeli manqanis kvleva 

mravalfaqtoriani eqsperimentebis dagegmvis meTodiT- - - - 72 

4.1. Snekuri tipis kameraSi senaJis dawnexvis eqsperimen-

tuli kvleva- - - - - -  - - - - - - -  - - - - - - - - - - - - - - 72 

4.2. `SefuTuli~ senaJis sawnex_SesafuTi danadgaris 

eqsperimentuli kvlevis Sedegebi- - - - - - - - - - - - - - - - 76 

4.3. kvlevis Sedegebis analizi- - - - - - -- - - - - - - - - 80 

      

Tavi V. `SefuTuli~ senaJis sawnex_safuTavi danadgaris 

energetikuli da ekonomikuri Sefaseba.- - - - - - - - - - - - - 81 

5.1. energetikuli kvlevis teoriuli safuZvlebi- - - - -81 

5.2. eqsperimentuli kvlevis Sedegebi - - - - -- - - - - - - - 83 

5.3. `SefuTuli~ senaJis damzadebis teqnologiis efeqtu-

robis dasabuTeba  .- - - - - - - - - - - - - - - - - - - - - - - -  87 

5.4. `SefuTuli~ senaJis damzadebis danaxarjebi, TviTRi-

rebuleba da efeqtianoba - - - - - - - - - - - - - - - - - - - - - - 91 

ZiriTadi daskvnebi da rekomendaciebi.- - -- - - - - - - - 95 

gamoyenebuli literatura .- - - - - -- - - - - - - - - - - 98 

danarTi - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 104 

 

 

 

 

 

 

 

 



5 
 

 

 

Sesavali 

 adamianis arseboba, misi ganviTareba, Sromisunarianoba da 

cxovrebis done damokidebulia xarisxian sakveb bazaze, romlis sam 

meoTxeds [59] warmoadgens mcenareuli da cxoveluri sakvebi, maT 

Soris mecxoveleobis produqtebi: xorci da rZe gamoirCeva maRali 

biologiuri srulfasovnebiT da warmoadgens adamianis sicocxli-

saTvis aucilebel sakveb produqtebs. 

Tanamedrove msoflioSi dRiTidRe ganuwyvetliv izrdeba mosax-

leobis raodenoba, rac ganapirobebs sasoflo-sameurneo produqtebis 

warmoebis gazrdas, maT Soris mecxoveleobis produqtebis warmoebis 

gazrdas, rac TavisTavad moiTxovs mecxoveleobis ganviTarebas, mis 

gadasvlas Tanamedrove industriul relsebze. 

mecxoveleobis ganviTareba damokidebulia mdgradi sakvebi bazis 

Seqmnaze [25,47,53,56,57,] rac moiTxovs sakvebwarmoebisaTvis saWiro 

manqanebis srulyofas maT Soris teqnologiur kavSiris daxvewili 

formebis damuSavebas da saTanado manqanaTa sistemis Seqmnas [58,52,50,]      

sakvebwarmoebis manqanebi msoflio bazarze konstruqciis mixed-

viT Zalze mravalferovania [61,87,85], rac aixsneba samuSao organoebis 

mravalferovnebiT, agregatebis saxeebis simravliTa da erTmaneTi-

sagan gansxvavebuli teqnologiuri da konstruqciuli maxasiaTeble-

biT. amasTan sakvebis amRebi manqanebis funqcionalur Tvisebebs zrdis 

sacvleli mowyobilobebi [87], romlebic SesaZlebels xdis davamza-

doT erTmaneTisagan sruliad gansxvavebuli sakvebis saxeebi. 

Cveni Qqveyana odiTgan misdevda soflis meurneobas, romlis 

erT-erTi wamyvani dargia mecxoveleoba. saqarTvelos bunebriv-klima-

turi pirobebi udides SesaZleblobas iZleva mecxoveleobis maRalxa-

risxovani produqtebis warmoebisaTvis. Cveni qveynis mTiani mxareebi-

saTvis (kuTxeebisaTvis) mecxoveleoba erT-erTi ZiriTadi dargia, 

zogi raionisaTvis ki erTaderTi. amiT unda avxsnaT saqarTvelos 

mosaxleobis gansakuTrebuli damokidebuleba mecxoveleobisadmi. 
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saqarTvelos bunebrivi da naTesi savargulebi saukeTeso safuZ-

vels warmoadgens imisaTvis, rom vawarmooT mecxoveleobis ganviTare-

bisaTvis saWiro mdgradi da maRalxarisxovani sakvebi, maT Soris 

senaJi. amisaTvis saWiroa, cal-calke sxvadasxva amocanebis gadawyve-

ta: 1. gaumjobesdes da gaizardos bunebrivi saZovrebis mosavlianoba, 

rac Tavismxriv moiTxovs erTis mxriv balaxeuli kulturebis daTes-

vas, xolo meores mxriv saWiroa ganvaxorcieloT maTi gamokveba, nia-

dagebis mixedviT, saWiro mineraluri sasuqebiT; 2. fermerebi aRiWur-

vos Tanamedrove sakveb-damamzadebeli manqanebiT da mza sakvebis Sesa-

naxi saTavsoebiT.  

sabazro urTierTobebis pirobebSi, rom awarmoo konkurent-

unariani da dabali TviTRirebulebis produqtebi, upirveles yovlisa 

saWiroa Tanamedrove samecniero-teqnikuri progresis drouli daner-

gva soflis meurneobaSi. dReisaTvis saqarTvelos soflis meurneoba 

ganicdis struqturul cvlilebebs, romelSic mkvidrdeba meurneob-

riobis mravali forma, igi moiTxovs teqnikur gadaiaraRebas.  

saqarTvelos teritoriis mravalferovneba, kerZod mTian regio-

nebSi, saxnav-saTesi miwebis simcirisa, misi mcirekonturianobisa, rTu-

li konturianobisada arakanonzomierad cvladi reliefis gamo, 

SezRudulia miwaTmoqmedebis ganviTareba, romelime damaxasiaTebeli 

kulturis kompleqsuri meqanizacia, amitom aseT raionebSi ufro far-

Tod, mxolod mecxoveleobis ganviTarebis SesaZleblobaa.  

qveynis klimaturi pirobebi regioebis mixedviT Zalze mravalfe-

rovania, ramac TavisTavad gamoiwvia soflis meurneobis mravaldar-

gobrioba, dawyebuli citrusis warmoebidan damTavrebuli mecxove-

leobis produqtebis warmoebiT. aseve gansxvavebulia pirutyvis sakve-

bi bazac. rogorc avtorebi [32, 33] miuTiTeben, im zonebSi (I, II, III), 

sadac farTobebis umetesi nawili saxnav-saTesia, bunebrivi saZovrebi 

Semcirebulia da pirutyvs zafxulis periodSic ki danamatis saxiT 

eZleva koncentrirebuli sakvebi, xolo iq sadac mcirea saxnav-saTesi 

farTobebi, didia bunebrivi saTib-saZovrebis wili; aseTia IV, V, VI 

da VII zonaSi ganlagebuli raionebis miwis fondi, romelic  ZiriTa-
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dad mTagoriania, sadac jiSian msxvilfexa-rqosan pirutyvs (mrp) 

moZraoba uWirs.   

saqarTvelos mTagoriani vel-mindvrebi zafxulobiT ifareba 

mravalferovni sakvebi balaxebiT, romlebic saukeTeso sazafxulo 

saZovrebs da saTibebs warmoadgenen, gansakuTrebiT IV, V, VI da VII 

zonaSi ganlagebul raionebSi, sadac zafxulis periodSi mimdina-

reobs pirutyvis sazafxulo banakuri Senaxva da sazamTrod Tivis 

damzadeba.  

balaxeul kulturebs, romelic cxovelisaTvis warmoadgens sau-

keTeso sakvebs, yofen sam jgufad: sarwyavi, mdelos da naTes balaxe-

bad [15,23,47,55]. maTi sixSire 1m 2 -ze cvalebadobs sakmaod did zRvreb-

Si 2000-20000mde. isini yvavilobis procesSi Seicaven maqsimaluri 

raodenobis sakveb da aromatul nivTierebebs. balaxeuli kulture-

bidan SeiZleba davamzadoT Tiva, senaJi da silosi. 

senaJi miiReba balaxeuli kulturebidan, romlis tenianoba 50-

55%  da dakonservebulia, e. i. aseT masas vinaxavT anaerobul pirobeb-

Si. sasenaJe masis dakonserveba mimdinareobs fiziologiurad mSral 

garemoSi. 50-55%-mde tenianobis mcenareul ujredebSi iqmneba piroba, 

romelic aRemateba mravali baqteriebis Semwov Zalas. aseT tenia-

nobis masaSi sidamplisa da zeTovanmJava baqteriebi cudad mrav-

ldebian. 

Cvens qveyanaSi momxdarma sakuTrebis reformam gamoiwvia arsebu-

li msxvili mecxoveleobis fermebis da kompleqsebis gauqmeba-daSla 

da maT nacvled Camoyalibda mcire glexuri fermeruli meurneobebi, 

magram maTTan erTad arsebobs saSualo 100, 200 da 400 suliani mrp-s 

fermebi. 

saxelmwifo qonebis reformam qveyanaSi gamoiwvia mrp raode-

nobis gazrda, rac gamowveulia qarTveli glexis ganTavisuflebiT im 

saxelmwifo SezRudvebisagan, rac axasiaTebda sabWour komunistur 

sistemas. magram masve mohyva mrp jiSebis gauareseba (degradacia), ris 

mizezicaa ukontrolo, ujiSo da mcire asakis mqone buRa-mwarmoeb-

lebis (mozvrebis) mier furebis ganayofiereba. amitom saxelmwifom 

Tavis Tavze aiRo sazRvargareTidan erTis mxriv grZelvadiani da 
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dabalprocentuli ganakveTiT sesxebis gacema maRalmwarmoebluri 

furebis Cvens qveyanaSi SemoyvanisaTvis, xolo meores mxriv 

sazRvargareTidan jiSiani buRamwarmoebelis spermis Semotana da am 

spermiT adgilobrivi jiSebis SerCeviTi ganayofiereba. 

gaizarda mrp produqtebis warmoeba, magram amasTan erTad 

gaCnda axali problemebi, moiSala fermebSi arsebuli sakvebis saam-

qroebi da Sesabamisad Sewyda sakvebis kvebiswina Semzadeba, rac 

TavisTavad arasasurvel pirobebs qmnis cxovelTa gamokvebisaTvis. 

amasTan gaizarda erTeuli warmoebuli produqciisaTvis saWiro 

Sromis xarji, radgan TiTqmis yvela samuSao sruldeba xeliT. amas-

Tan mcire fermeruli meurneobis pirobebSi SeuZlebelia pirutyvis 

produqtiulobis zrda, piriqiT uaresdeba misi jiSobrivi Tvisebebi 

da Sesabamisad mcirdeba misi produqtiulobac. aseve SeuZlebelia da 

ara rentabeluria yvela saWiro samuSao procesebis sruli meqaniza-

cia da miTumetes avtomatizacia, romelic moiTxovs didi raodenobis 

kapital dabandebas, gansakuTrebiT Tanamedrove teqnikisa da teqno-

logiebis gamoyenebisas, mcire fermerul meurneobis pirobebSi. 

Tanamedrove msoflioSi nebismieri dargis ganviTareba dakavSi-

rebulia samecniero-teqnikur progresTan da saxalxo meurneobaSi maT 

droul danergvasTan [3,11,15]. yovelwliurad izrdeba da kidev ufro 

metad gaizrdeba adamianis teqnikuri da energetikuli aRWurviloba. 

produqciis warmoebis ciklSi intensiurad inergeba iseTi teqnolo-

giebi, sadac operaciebi mimdinareobs Tanamedrove kompiuteruli sis-

temebis gamoyenebiT, romlis ganxorcieleba SesaZlebelia mxolod 

did fermebsa da kompleqsebis pirobebSi, sadac SesaZlebelia maqsima-

lurad gamoviyenoT Tanamedrove samanqano teqnologiebi da maTi 

mwarmoebloba. yovelive es SesaZlebels xdis kidev ufro metad gav-

zardoT mecxoveleobis produqtebis warmoeba da SevamciroT erTeul 

warmoebul produqciaze sakvebisa da SromiTi danaxarjebi, rac Tavis 

mxriv Seamcirebs produqciis TviTRirebulebas. 

imisaTvis rom Cveni qveynis mosaxleoba uzrunvelyofili iyos 

maRali xarisxisxorcisa da rZis produqtebiT da amasTan movaxdinoT 

misi eqsporti, saWiroa mexorculi da merZeuli mimarTulebis msxvil-
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fexa pirutyvisaTvis, qveyanaSi Seiqmnas myari sakvebi baza, rac moi-

Txovs sakvebis damzadebisaTvis axali teqnologiebis da teqnikuri 

saSualebebis danergvas, romelic SesaZlebels gaxdis  mewveli da 

mexorculi mimarTulebis saqonlisaTvis damzaddes senaJi da silosi, 

maT Soris `SefuTuli senaJi~ axali teqnologiiT sazRvargareTidan 

Semotanili manqanaTa sistemis gamoyenebiT. amasTan unda aRiniSnos, 

rom saqarTveloSi mecxoveleobisaTvis sakvebis damzadeba xdeba 

mcire konturian, ferdobze ganlagebul, gzispira da tyispira 

nakveTebze, sadac sazRvargareTidan Semotanili seriuli manqanebis 

gamoyeneba SeuZlebelia. aseT pirobebSi mizanSewonilia damuSavdes 

Sesabamisi mcire meqanizaciis teqnikuri saSualebebi. 
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Tavi I. senaJis damzadebis teqnologiebis da teqnikuri 

saSualebebis mimoxilva; kvlevis miznebi da amocanebi. 

 
1.1. senaJi, rogorc sakvebi da misi mniSvneloba 

pirutyvTa racionSi 

 
mecxoveleobis produqtebis warmoeba da misi TviTRirebu-leba 

ZiriTadad damokidebulia sakvebze [19,20,21]. zogadad cnobilia, rom 

mecxoveleobis produqtebis warmoebisas gaweuli danaxarjebi, fula-

di saxiT, 45–55% modis sakvebze. mrp-is, rogorc mcoxnelis, racionSi 

udidesi adgili ukavia Rerovan sakvebs [18], romlis xarisxze didadaa 

damokidebuli pirutyvis sakvebis kvebiTi Rirebuleba. tradiciulad 

zamTris periodisaTvis mewveli pirutyvis sakvebs warmoadgens Tiva 

da silosi, romlebic xasiaTdebian dabali kvebiTi RirebulebiT, rac 

mecxoveles aiZulebs zamTris periodSi racioni gaamdidros koncen-

trirebuli sakvebiT.  

am sakvebTa alternativas warmoadgens senaJi [14,15,16], romelsac 

srulad SeuZlia Secvalos Tiva da silosi. es aris zamTris sakvebis 

erT-erTi saxeoba, romelic maqsimalurad inaxavs sakvebis kvebiT 

Rirebulebas. magaliTad 100kg senaJi Seicavs 35_45kg. sakveb erTeuls, 

450_460g kalciums, 200–220 g fosfors, 3000 _4000mg karotins. dabali 

43–52 % tenianobis gamo ar iyineba.  

msoflioSi bolo 30 wlis manZilze yovelwliurad izrdeba se-

naJis warmoeba, romelic SeiZleba iyos sxvadasxva saxis marcvleuli 

kulturebis da parkosani kulturebis damoukidebeli dakonservebuli 

masis an narevis saxiT. aseTi masis damzadebisas sasenaJe masis daquc-

maceba mimdinareobs pastis miRebamde, romelic Semdeg saukeTeso da-

namats warmoadgens sakvebis momzadebisas. dReisaTvis moculobiT 

sakvebSi igi 50% Seadgens [16]. 

senaJis damzadebisas teqnologiis dacva, SesaZlebels xdis ra-

cionSi SevamciroT koncetrirebuli sakvebi. mewveli pirutyvis kvebi-
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sas xarisxiani senaJi SeiZleba gamoyenebuli iyos rogorc erTaderTi 

moculobiTi sakvebi [21,53].  

sakvebis xarisxis gazrda warmoadgens erT-erT realur da Se-

samCnev rezervs mtkice sakvebi bazis Sesaqmnelad [53]. sakvebis xaris-

xis gaumjobesebis problema aris kompleqsuri, romelic gaTvaliswi-

nebuli unda iyos sakvebi nedleulis warmoebis dros; aseve mxedve-

lobaSi unda iqnes miRebuli sasenaJe masis Casadeb sacavSi Cadebis 

mimarT wayenebuli moTxovnebi da ekologiuri usafrTxoeba. analizis 

Sedegad dadgenili silosis qimiuri Semadgenloba moyvanilia 

cxrilSi 1.1. 

sawyisi masis qimiuri Semadgenloba da mza silosis biologiuri 

da qimiuri konservantebi (g|kg) naturalul sakvebSi. 

cxrili 1.1. 

maCvenebe-  

li 

sawyisi 

masa 

ukonservan

to 

kontroli 

senaJi 

bioto 

foTiT 

senaJi 

biotalom

iT 

senaJ

i АИВ-
200 

3l|t 

senaJ

i АИВ-
200 

4l|t 

2 3 4 5 6 7 8 

teni 523,4 557,2 542,9 539,8 534,4 530,5 

mSrali 

nivTiereba 

476,6 442,8 457,1 460,2 465,7 469,5 

organuli 

nivTiereba 

435,4 404,3 413,4 419,8 426,7 430,8 

proteini 61,8 58,4 58,1 56,9 64,5 63,1 

cximi 17,0 19,6 19,4 17,8 19,0 18,8 

Uujredo-

vana 

136,3 152,9 147,5 150,5 146,4 141,8 

БЭВ 220,3 173,4 188,4 194,6 196,8 207,1 

karotini 34 22 25 27 29 31 

 

senaJi tradiciulad warmoadgens rTul sakvebs, amitom mkacrad 

unda iyos daculi misi damzadebis teqnologia. xarisxobrivi da 

raodenobrivi danakargebi mimdinareobs misi damzadebis yvela etapze: 

mindorSi Srobisas, ara sakmarisi gamkvrivebisas (dawnexva), arasruli 

hermetulobisas, sasenaJedan amoRebisas da darigebisas. avtori [57] 

miuTiTebs, rom damzadebuli senaJis jamuri danakargi 20-25%-

sSeadgens.  
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senaJSi, silosTan SedarebiT, mcired mimdinareobs rZemJava baq-

teriebiT gamowveuli duRili. amitom aseTi sakvebi mcired mJavdeba, 

vidre silosi da igi naklebad gansxvavdeba axlad moTibuli bala-

xisagan. mxolod obis warmomqmnel sokovan baqteriebs, aqvT Seda-

rebiT didi Sewovis Zala, vidre sxva baqteriebs, amitom sokovan baq-

teriebs SeuZliaT ganviTardnen 50-55% tenianobis balaxebSi. sokovani 

baqteriebis ganviTarebis SeCereba SesaZlebelia mxolod sasenaJe ma-

sis haerisagan sruli izolaciiT (hermetulobiT). silosTan Sedare-

biT senaJSi metad inaxeba Saqari da naklebad grovdeba mJaveebi.  

sxvadasxva qveynebis: aRmosavleT da dasavleT evropis, ukrainis, 

belorusiis, yazaxeTis, ruseTis, uzbekeTis da sxva qveynebis ferme-

ruli meurneobebis monacemebis SedarebiTi analizis safuZvelze, 

praqtikulad Sefasebulia `SefuTuli~ senaJis gamoyenebis saerTo 

efeqtianoba[50]. 

literaturaSi cnobilia [50,58], rom Catarebuli kvlevebiT, rom-

lis mizani iyo senaJis gamoyenebis efeqturoba, dadginda, rom senaJi 

amcirebs sakvebis xarjs erTeul warmoebul produqciaze. kerZod, Tu 

4,5kg Tivas da 7,0kg Warxals SevcvliT 9,0kg senaJiT, wveladoba 

gaizrdeba 0,9%_iT; Semcirdeba sakvebi erTeulis danaxarji 0,08%_iT, 

romelic Rirebulebis saxiT iqneba 25,7%. 

mewveli pirutyvis racionSi senaJis gazrda 9_10kg-dan 20kg-mde,  

10kg silosis da 14kg sakvebi Warxalis nacvlad, wveladobas zrdis 

5,7%_iT, xolo yovel 1 l mowvelil rZeze danaxarji sakvebis  saxiT 

mcirdeba 0,13 sakvebi erTeuliT.  

senaJis mJavianoba (pH), imis mixedviT Tu romeli saxis balaxia 

gamoyenebuli, cvalebadobs zRvrebSi 4,4-5,5 [58]. senaJis damzadebis 

teqnologiis dacvisas, sakvebi nivTierebebis saerTo danakargi 

senaJSi, balaxTan SedarebiT Seadgens 15%-s. e.i. samyura timofeevkas 

masisagan damzadebuli senaJis kvebiTi Rirebuleba icvleba 1-dan_ 

0,67mde, imis mixedviT Tu romel fazaSi movaxdenT sasenaJe masis 

gaTibvas. amasTan 1kg balaxisgan SeiZleba miviRoT 0,2kg Tiva, romlis 

kvebiTi Rirebuleba 0,24 sakvebi erTeulis tolia, maSin roca imave 
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masis gaTibuli balaxisgan, senaJis damzadebisas miviRebT 0,526 sakveb 

erTeuls, rac 10-jer da metad aRemateba Tivis kvebiT Rirebulebas.  

senaJis kvebiTi Rirebuleba damokidebulia balaxis vegetaciis 

fazaze da sasenaJe masis-balaxis sawyis tenianobaze [58,59,60,61]. sxva-

dasxva fazaSi damzadebuli, balaxis senaJis kvebiTi Rirebuleba sxva-

dasxvaa. igi rom iyos maRali kvebiTi Rirebulebis unda Seesaba-

mebodes cxrilebSi 1.2, 1.3 mocemul sidideebs (monacemebi aRebulia 

samecniero kvleviTi institutis _ ВНИИкорм mier). 

balaxis senaJis kvebiTi Rirebuleba 

cxrili 1.2. 

 

balaxis 

saxe 

 

aRebis faza 

1 kg sakvebSi arsebuli 

MmSrali nivTierebebi 

sakvebi erTeulebi monelebadi 

proteini, gr 

2 4 5 6 

samyura 

timofeevka 

daRerovneba 1,0 138 

Kkokrianoba 0,87 85 

yvavilioba 0,67 62 

ionja Kkokrianoba 0,85 140 

yvavilioba 0,81 116 

 

samyura 

kokrobis 

dasawyisi 

0,93 142 

Kkokrianoba 0,86 123 

Yyvaviloba 0,76 102 

 
senaJis masis kvebiTi Rirebuleba tenianobis mixedviT 

(monacemebi miRebulia mecxoveleobis institutis da latviis 

mecxoveleobis samecniero-kvleviTi institutis mier) 

cxrili 1.3. 

balaxi Mmasis % 

tenianoba 

100kg. senaJSi aris 

sakvebi 

erTeuli

monelebadi 

proteini, 

kg. 

kalciumi 

gr. 

fosfori 

gr. 

karotini 

gr. 

2 3 4 5 6 7 8 

samyura 60-mde 30-35 3,5-4,5 380-450 90-100 3,3 

samyura 50-mde 38-42 4,5-5,5 500-520 100-20 4,1 

cereco

-qeriT 

50 30 2,9 380 100 4,4 
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cereco

-qeriT 

60 36 3,3 470 130 5,0 

 

mewveli pirutyvis zamTris sakveb racionSi udidesi adgili 

ukavia senaJs, romlis normebi saqarTvelos pirobebisaTvis wliur 

sakveb racionSi % - lad motanilia cxrilSi 1.4. 

 

senaJis klasis da xarisxis dadgenis normebi 

cxrili 1.4. 

# 

 

maCeneblebis dasaxeleba senaJis klasi 

1 2 3 

1 2 3 4 5 

1 mSrali nivTierebebis masuri nawili @%-

Si 

40-60 40-60 40-60 

2. 
enaJSi proteinis masuri nawili  

              %-Si balaxeuli kulturebis mixedviT ara umcires: 

2.1 parkosani kulturebi (garda samyuris) 16 14 12 

2.2 samyura 15 13 11 

2.3 marcvleuli – parkosani balaxebi 13 11 3 

2.4 marcvleuli balaxebi 12 10 8 

3. 
enaJSi proteinis masuri nawili @%-Si balaxeuli kulturebis mixedviT 

ara umetes: 

3.1 mSral nivTierebaSi ujredovana 30 33 35 

3.2 mSral nivTierebaSi zeTovani mJavebi - 0,3 0,6 

3.3 mSral nivTierebaSi zeTebi 10 11 13 

 

saqarTvelos pirobebSi sakvebis sanimuSo normebi pirutyvis 

wveladobis mixedviT 

cxrilSi  1.5. 

furis 

wveladoba

wliuri sakvebi racionis, % struqtura 

TivasenaJi Cala silosi Zirxvenebi Mwvane 

sakvebi 

koncentrati sul

2 3 4 5 6 7 8 9 10 

2500 9 8 - 17 2 50 14 100

3000 8 8 - 17 4 48 15 100
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3500 7 7 - 16 3 47 20 100

4000 8 7 - 14 3 45 23 100

4500 8 6 - 12 3 43 28 100

1.2. bunebrivi balaxebi, kulturuli mcenareebi, da maTi narevebi, 
romlebic gamoiyeneba senaJis dasamzadeblad 

 

     imisaTvis rom damzadebuli senaJi pasuxobdes wayenebul moTxov-

nebs, saWiroa mis dasamzadeblad gamoviyenoT mravalwliani parkosani 

kulturebi [ 1,17,47], rogoricaa samyura, ionja, eqsparseti da maTi na-

revi mdelos marcvlovan balaxebTan. parkosan mcenareebs Tibaven kok-

robis periodis dasawyisSi; marcvlovan balaxebs ki Tibaven, roca mi-

si nayofi Sedis simwifis fazaSi, ara ugvianes misi daTavTavebis 

periodSi.  

senaJis damzadebisaTvis yvelaze ukeTesia balaxis moTibva vawar-

mooT nayofis-marcvlis cvilisebri (rZisebri) simwifis periodSi, 

radgan am dros mcenareSi aris maqsimalurad dagrovili sakvebi niv-

Tierebebi; amitom aseTi sakvebi warmoadgens maRali kvebiTi Rirebu-

lebis sakvebs. 

xarisxiani senaJis damzadebisaTvis saWiroa, rom asakrefi mwvane 

masis tenianoba iyos 50-55%-is. zogierTi avtori ki miuTiTebs, rom 

senaJis dasamzadeblad SeiZleba gamoviyenoT 45-60% tenianobis masa  

[62], zogi ufro dabali 40-55% tenianobis masasac miuTiTebs [61].  

bolo periodSi [64] senaJis dasamzadeblad erTwlian marcvlo-

van da parkosan balaxeul kulturebTan erTad, gamoiyeneba safuraJe 

marcvleuli kulturebi, romelTa moTibva mimdinareobs cvilisebr 

simwifis periodSi, amitom mas uwodeben `marcvalsenaJs~ e.i. `monosak-

vebs~. aRniSnuli sakvebi mzaddeba mravalwliani da erTwliani bala-

xebisgan, romelTa aReba mimdinareobs gacilebiT adreul periodSi, 

am periodSi marcvali jer kidev araa Sesuli cvilisebr simwifeSi. 

marcvalsenaJi mzaddeba imave teqnologiiT da principiT, ra saxiTac 

mzaddeba Cveulebrivi senaJi [65].  

sakvebSi, romelic mzaddeba mxolod marcvleuli (qeri, Svria) 

kulturebisgan, monelebadi proteini erT kg sakveb erTeulSi aris 
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mxolod 60-65 gr [66]. parkosan kulturebSi (cercvela, ionja, barda), 

SesaZlebelia  dakonservebul sakvebSi mivaRwioT erTi sakvebi erTeu-

lis zooteqnikur normebs (100-105 gr). marcvleuli sakvebis cvili-

sebr simwifeSi aRebisas igi Seicavs 30-35%-iT met sakveb erTeulebs, 

vidre rZisebr simwifeSi, 20-25%-iT mets vidre marcvlis sruli sim-

wifisas, amitom senaJis dasamzadeblad gamoiyeneba mwvane simindi [65], 

romlis kvebiTi Rirebuleba mocemulia cxrilSi #1.6.  

 

simindis masisgan damzadebuli sakvebis kvebiTi Rirebulebebi 

cxrili 1.6. 

# ganviTarebis 

faza 

erT kg. mSral nivTierebaSi Sedis 

Св % Сз % СП 

% 

Ск 

% 

Ое 

мдж. 

СА  

g. 

р 

g. 

Mg.

g. 

Na.

გ. 
1 2 3 4 5 6 7 8 9 10 11 

1 

taros 

Camoyalibebis 

dasawyisi 

17 71 90 277 9,6 4,6 3,0 1,6 0,9 

2 
სიმწიფის 

dasawyisi 
22 59 91 233 10,1 3,9 2,6 2,3 0,4 

3 
ცვილისებრ 

სიმწიფეში 
27 52 89 212 10,5 2,8 2,2 2,0 0 

4 

ცვილისებრ 

სიმწიფეში,ტაროს 

მასსაM=50%-ს 

32 48 90 185 11,1 2,8 2,2 2,0 0 

 

1.3. senaJis damzadeba konservantebis gamoyenebiT 

 

literaturuli wyaroebis analiziT [17,18,21] irkveva, rom sena-

Jis damzadebis ori ZiriTadi xerxia cnobili: 
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1. sasenaJe 50_55% tenianobis mwvane SemWknari masis bunebrivi 

dakonserveba. am dros 20_30mm_is sigrZeze daqucmacebuli 

sasilose masa, specialur sacavSi gamkvrivdeba 300_400 

kg/m3_mde da hermetulad gadaixureba polieTilenis afskiT, 

romelsac zemodan gadaefareba Tbosaizolacio masala 

(miwa, Tiva, uxeSi sakvebi, Cala da a. S.); 

2. sasenaJe igive saxis masa konservantebTan erTad Caideba 

imave saxiT, rogorc bunebrivi dakonservebisas. 

sakvebis dakonservebisaTvis aucilebelia duRilis procesi, 

romlis drosac sakvebSi grovdeba imdeni mJavebi, ramdenic saWiroa 

sakvebis dakonservebisaTvis. am dros 20_30%_mde ikargeba sakvebSi 

arsebuli bioqimiuri nivTierebebi [60], maT Soris pirvel 7 dRes 10%.  

imisaTvis, rom miiRon maRalxarisxovani sakvebi, iyeneben konservan-

tebs, amiT SesaZlebeli xdeba sakvebSi miviRoT optimaluri mJavianoba 

(pH=4,2_4,5) da SevinarCunoT sakvebis bioqimiuri Semadgenloba.  

rogorc zemoT aRwerilidan Cans, sasenaJe masis bunebrivi da 

xelovnuri dakonserveba erTnairia, gansxvavebaa mxolod gamoyenebul 

konservantebSi. dReisaTvis grZeldeba kvlevebi, dasakonservebeli 

sasilose masis konservantebiT duRilis Sesaxeb 5_30dRe_Ramis gamnav-

lobaSi, romlis monacemebi motanilia cxrilSi 1.7.  

 

senaJis masaSi naxSirorJangis gamoyofis dinamika 

cxrilSi 1.7. 

# 
 

senaJi 5 dRe_Ramis 
Semdeg 

15 dRe_Ramis 
Semdeg 

30 dRe_Ramis 
Semdeg 

1 2 3 4 5 

1 sakontrolo 
konservantebis gareSe 

   

2 biotrofiT  
3 biotaliT  
4 АИВ-2000 plius 3  

litri/t-ze 
   

5 АИВ-2000 plius  4 
litri/t-ze 
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literaturuli masalebidan [18] cnobilia, rom gazrdili 4 

litri raodenobiT konservantis `АИВ-2000 plius~ Setanisas duRilis 

intensivoba mcirdeba 14,2%_iT, xolo biologiuri konservantebis ga-

moyenebis SemTxvevaSi, bioqimiuri procesebi mcirdeba 1,3_1,6 jer, 

vidre sakontroloSi, magram 1,5_2,3 jer metad vidre qimiuri kon-

servantebis SemTxvevaSi. 

sayuradReboa, rom naxSirorJangiT dakonservebisas pirvel 5 

dRe-RameSi saerTo masidan gamoiyofa 78_84% rZemJava, roca sakon-

troloSia mxolod 45%. es gamowveulia biokonservantis CaTesili 

mikroorganizmebis aqtiuri muSaobiT.  

imave literaturidan, erTi Tvis Semdeg masaSi organoleptikuri 

SefasebiT, romelic mimdinareobda Cadebidan yovel Tve, aCvena, rom 

senaJi qimiuri konservantebiT xasiaTdebodnen dabali simJavis suniT, 

im dros roca, yvela danarCens hqonda xilis simJave. gadamwyvet piro-

bas, romelic gansazRvravs sakvebis xarisxs, warmoadgens nivTiere-

baTa mJave reaqcia, romelic mimdinareobs organoleptikuri mJavebiT, 

gansakuTrebiT rZemJava, ZmarmJava da sakvebSi arsebuli SaqrebiT. 

cdebis dros, rogorc miuTiTebs avtori [18], sakontrolosTan 

SedarebiT, SeimCneoda ufro dabali simJavis pH = 4,50_4,72 reaqciebi, 

nacvlad pH =4,91. cdebis Sedegebi mocemulia cxrilSi 1.8. 

 
sxvadasxva konservantebiT dakonservebis efeqturobis maCveneblebi 

cxrili 1.8. 

# senaJi pH amiakis 
Semcveloba, 

% 

mSrali 
nivTierebebis 
danakargi, % 

1 2 3 4 5 
1 sakontrolo konservantebis gareSe 4,91 0,128 16,8 
2 biotrofiT 4,68 0,113 14,2 
3 biotaliT 4,50 0,108 13,7 
4 АИВ-2000 plius  3 litri/ t-ze 7,72 0,090 12,9 

5 АИВ-2000 plius  4 litri/ t-ze 4,64 0,086 12,8 

 

rogorc miRebuli Sedegebidan Cans, umjobesia senaJi vawarmooT 

konservantebis gamoyenebiT, Tumca misi gamoyeneba TavisTavad zrdis 
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warmoebuli senaJis Sromatevadobas da TviTRirebulebas, amitom 

winaswar unda ganxorcieldes gaTvla da ise vawarmooT senaJis sxva-

dasxva saxiT damzadeba.  

1.4. senaJis damzadebis tradiciuli teqnologiebi 

 
mrp-is zamTris sezonSi gamosakvebad SeiZleba gamoviyenebuli 

iqnes sxvadasxva saxis da urTierT gansxvavebuli teqnologiiT Sena-

xuli sakvebi, rogoricaa silosi da senaJi. amaTgan maRali kvebiTi 

RirebulebiT xasiaTdeba senaJi. 

senaJis damzadeba naklebadaa damokidebuli klimatur piro-

bebze, vidre Tivis damzadeba. sasenaJed moTibuli masa sasurvel 

tenianobamde 45-55%-mde, rom davides, imis mixedviT, Tu rogoria 

moTibvis procesSi mwvane masis tenianoba,  karg amindSi sakmarisia 2-4 

saaTi, zogierTi maRalteniani balaxis SemTxvevaSi 4-7 saaTi, xolo 

Rrublian amindSi ki es dro sakmaod didia 1-2 dRe [14,15,16]. cvladi 

amindis pirobebi balaxeuli kulturebis sasenaJed aRebisas SesaZleb-

lobas iZleva gavzardoT aRebis tempi, amasTan izrdeba masaSi sakvebi 

nivTierebebis raodenoba da umjobesdeba maTi moneleba, amasTan rac 

ufro mcirea masis daWknobis da sasenaJe masis Cadebis dro, miT 

maRalia miRebuli sakvebis kvebiTi Rirebuleba  [16]  

senaJis damzadebisas balaxis aReba warmoadgens meorad faqtors 

da nakleb gavlenas axdens damzadebuli sakvebis xarisxze, sakvebSi 

monelebadi proteinis raodenobaze, ujredovanas vitaminebis da sxva 

sakveb elementebis raodenobaze.  

senaJis damzadebis teqnologiis dacvisas kvebiTi Rirebulebebis 

danakargi aris SedarebiT mcire, vidre Tivisa da silosis damza-

debisas. 

SromiTi danaxarjebi senaJis damzadebisas SedarebiT mcirea, 

vidre sxva saxis sakvebis damzadebisas [16]. yovel erTi sakvebi 

erTeulis Tivis dasamzadeblad ixarjeba 2,4 kac.sT; silosis dros 

1,1, xolo senaJis damzadebisas 0,8kac.sT. es ganpirobebulia ZiriTadad 

imiT, rom senaJis kvebiTi Rirebuleba gacilebiT didia, vidre silo-

sis. amasTan senaJis yoveli sakvebi erTeulis damzadeba moiTxovs 
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SedarebiT nakleb kapitalur danaxarjebs, Sesanaxi saTavsoebis 

mosawyobad.     

maRalxarisxiani senaJis damzadebaSi, didi mniSvneloba aqvs, 

mwvane masis moTibvis simaRles. balaxis moWris yvelaze optimaluri 

simaRlea 5-7sm. moWris simaRlis gazrda iwvevs mosavlianobis 

Semcirebas, xolo moWris simaRlis Semcireba iwvevs daWuWyianebas da 

balaxis Zirebis dazianebas, rac Semdgomi moTibvisaTvis amcirebs 

mosavlianobas. moTibuli masis swrafad da Tanabari daWknobisaTvis, 

sasurvelia moTibvis procesTan erTad vawarmooT gaTibuli masis 

datyleJva, amis Sedegad gaWknobis procesi 1,5-2–jer Cqardeba. amisaT-

vis gamoiyeneba TviTmavali saTib-saqucmacebeli manqanebi. 

damWknar mwvane masas, balaxs akrefis procesSive aqucmaceben 60-

80mm-is sigrZeze, am dros sakvebi nivTierebebis danakargi minimaluria, 

xolo senaJis xarisxi maRali. mravali mkvlevaris dakvirveba gviCve-

nebs mwvane damWknari masis daWris optimaluri sigrZea 30mm, romelTa 

raodenoba mTlian masaSi unda iyos 75%. tranSeiSi damzadebisas misi 

sigrZe SeiZleba gaizardos 50mm-mde. es gamowveulia imiT, rom mcire 

nawilebad daqucmaceba SesaZlebels xdis datkepnisas gavzardoT 

masis simkvrive. 

imisaTvis, rom vakontroloT, sworad mimdinareobs Tu ara sena-

Jis damzadeba, unda vakontrolod masis temperatura. igi ar unda 

aRematebodes 308-3100K  (35-370C)  gamWknari mwvane masis Cadebisas masaSi 

warmoiqmneba SedarebiT meti siTbo vidre silosSi. koSkSi CatvirTvis 

dro ar unda aRematebodes 5 dRes, xolo tranSeiSi 3 dRes. aqedan 

gamomdinare senaJis damzadebisas udidesi mniSvneloba aqvs silosis 

damzadebisaTvis gankuTvnili nagebobis formas da zomebs.AkoSkSi 

senaJis CatvirTvisas masis tenianoba unda iyos 45-55% xolo tranSei-

Si 55-60%. tenianobis qveda done gansazRvrulia masaSi temperaturis 

aweviT – rac warmarTavs   mikrobiologiur procesebs.  

tranSeiSi CatvirTvisas Znelia srulad gamovdevnoT haeri, ami-

saTvis dasaSvebia daqucmacebuli masa iyos 60%-ani. aseT sakvebSi 

SesaZlebelia rZemJava duRili mimdinareobdes ara intensiurad, 
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magram misi roli gansazRvrulia da sakvebi ganicdis daobebas mSra-

li nivTierebebis didi Semcvelobis gamo.  

Catarebuli cdebis Sedegebi [25] metyvelebs, rom mwvane masis 

daWris sigrZe aseve moqmedebs sakvebis bioqimiur Semadgenlobaze. am 

daskvnas adasturebs SavWreli jiSis mrp-s mozardis gamokvebis 

Sedegebi. cdebi tardeboda sqemiT: 26 dRe momzadebis periodi da 90 

dRe ZiriTadi; ZiriTadi dro gayofili iyo senaJiT kvebis sam 

qveperiodebad; pirutyvis dRe-Ramuri racioni Seadgenda: mdelos Tiva 

1kg, sarwyavi xorblis namja 1kg, senaJi 18kg, mineraluri danamatebi da 

koncentrirebuli sakvebi icvleboda normis zrdidan gamomdinare 

pirutyvis namati iyo intensiuri I-Si 21,8kg, II-Si 22,2kg. amave periodSi 

minimaluri iyo III-Si 18,4kg. senaJis sxvadasxva xarisxis mixedviT. 

amasTan igi aisaxa organizmSi nivTierebaTa mimocvlis procesze, me-

same periodSi arasrulad mimdinareobda racionSi arsebuli sakvebi 

nivTierebebis gamoyeneba.    

sasenaJe ormos (tranSeis) mwvane damWknari masiT drouli gav-

sebis mizniT, mcire sisqiT moafenen axlad moTibul masas. amisaTvis 

iyeneben parkosan da marcvleul kulturebs, radgan damWknari sam-

yura cudad konservirdeba. 

masas tkepnian 450-500kg|m3 simkvrivemde traqtorebiT, upira-

tesobas aniWeben muxluxa traqtorebs. Sevsebis Semdeg hermetulad 

xuraven polieTilenis apskiT, romelic winaswar kontroldeba, rad-

gan haeris mciredi raodenobis moxvedriTac ki senaJi obdeba, romlis 

drosac ikargeba didi raodenobiT sakvebi. imisaTvis, rom kargad 

gaekras sakvebs, polieTilenis apkze ayrian 10-15 sm-is sisqis miwas, 

torfs an alageben Calis bardanebs. 

balaxis senaJis kvebiTi Rirebuleba Zalze maRalia [ცხ .1.6], 53,5%-

is tenianobis nedleulSi 100kg Seicavs 35 sakveb erTeuls da 3,4kg 

monelebad proteins; 50% tenianobisas Sesabamisad 37,8 da 3,7, xolo 

45%-is SemTxvevaSi 45,3 sakveb erTeuls da 4,4kg monelebad proteins.  

senaJis damzadebisaTvis winaswar unda SevadginoT sasenaJe masis 

gaTibvisa da senaJis Cadebis-damzadebis gegma-grafiki [14], romelSic 

miTiTebuli iqneba saTibelebis raodenoba, maTi modebis gani, mwar-
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moebluroba, saTibi mindvris mosavlianoba, e.i, gaTibuli masis mwar-

moebluroba. misi dayvana saTanado tenianobamde, TviTeuli sasenaJe 

saTavsos tevadoba da maTi Sevsebis periodi, SesaZleblobas mogvcems 

zustad davicvaT senaJis damzadebis teqnologia da Sedegad miviRoT 

maRalxarisxiani da maRali kvebiTi Rirebulebis sakvebi. 

 

 

1.5. sasenaJe nagebobebi da maTi saxeebi 

 

senaJis damzadebis teqnologiidan gamomdinare, sasenaJe masa, 

romelic moTibvis Semdeg SeWkna ise, rom misi tenianoba davida 50-

55%_mde [17,214,48], senaJad rom iqces, saWiroa aseTi masa 450-500 kg/m3–

mde gamkvrivdes da hermetulad SevinaxoT, gril sakvebis Sesanax 

saTavსოში. senaJis sacavi SeiZleba iyos kapitaluri an droebiTi 

nagebobis saxiT [იხ.სურ. 1.1, 1.2]. senaJisa da silosis damzadebis 

sawyis periodSi, ZiriTadad gavrceleba hpova senaJisa da silosis 

Sesanaxma kapitalurma nagebobebma [სურ. 1.2].  

silosisa da senaJis Sesanaxad gamoyenebuli kapitaluri nagebo-

ba gvxvdeba Semdegi saxis: 

I. cilindruli formis miwiszeda da miwaSi ganlagebuli ormo 

(sur. 1.1 ); daqucmacebuli sasenaJe masis Cadeba mimdinareobs 

 

sur. 1.1.   sasenaJe koSkebis bloki 
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1- sasenaJe koSki, 2 - pnevmatikuri gadasaadgilebeli CamtvirTi,            

3 - gadmomtvirTi, 4-5 - lenturi stacionaluri transportiori,            

6 -sakvebSemamzadebeli. 

 

pnevmotransportioriT, romelic sasenaJe masas gadaadgilebs koSkis 

zeda mxares, saidanac Tanabrad nawildeba sasenaJe koSkSi. Tu koSkis 

simaRlea 16m da meti, masSi yoveldRiurad sasenaJe masa unda Caidos 

ara nakleb 5m simaRleze. sruli Sevsebis maqsimaluri droa 4 dRe. 

koSkis Sevsebidan 15-18 dReSi sasenaJe masa ganicdis koSkis simaRlis 

1/3-1/4-mde dajdomas, amitom 18 dRis Semdeg koSki unda Seivsos. koS-

kebSi, romelTa simaRlea 10-12m, saWiroeben masSi silosis Cadebisas 

meqanikur gamkvrivebas (datkepvnas). 

koSkis mwvane SemWknari masiT Sevsebis Semdeg, saWiroa Tavze 25-

30sm-is simaRleze daeyaros axlad moTibuli daqucmacebuli balaxi 

da maSinve gadaixuros polieTilenis afskiT. 

Tu dairRva koSkSi senaJis Cadebis teqnologia, maSin masaSi 

aiwevs temperatura da SeiZleba man miaRwios 450C da mets, rac gamoiw-

vevs kvebiTi Rirebulebisa da monelebadi proteinis Semcirebas. 

2. Tanabargverdebiani trapeciis formis miwaSi (sur. 1.2 a, b da g; 

sur. 1.3) an miwiszeda (sur. 1.4) ganTavsebuli tranSei (ormo). sasilose 

tranSeiSi (ormoSi) senaJis Cadebisas sasenaJe masas ganuwyvetliv 

amkvriveben (tkepnian) muxluxa an mZime maRali klasis Tvliani 

traqtorebiT, yoveldRiurad gamkvrivebuli fenis sisqe unda iyos ara 

umcires 1-1,2 m sisqis am pirobebis dacvis SemTxvevaSi masis tempe-

ratura ar aRemateba 35-370C [18]. sasenaJe tranSeis Sevsebis (3–4 dRis) 

Semdeg mas gadaxuraven polieTilenis ori fenis abskiT, romelsac 

zemodan ayrian 5–8sm sisqiT miwas an torfs da 20–25sm sisqis bur-

buSelas. imisaTvis, rom davicvaT sasilose masa moyinvebisagan tran-

Seize alageben 50sm sisqiT Calas an namjas. 
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sur. 1.2. tranSea miwaSi. 

1 - senaJi miwaSi Seqmnil tranSeaSi, 2 - axlad moTibuli mwvane masa; 

3 - polieTilenis afski; 4 - Termoizolacia (miwa, torfi, namja, 

burbuSela). 

 

sur. 1.3. senaJis Cadeba miwaSi Seqmnil tranSeaSi. 

aRniSnuli kapitaluri saTavsoebis ageba mimdinareobs sxvada-

sxva saSeni masalebiT, rogoricaa: 

1. rkinabetonis: filebi, rgolebi dabetonis kedlebi;  

 

b2 

b1 

h

h

1 

4 3 2 
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2. uJangavi masaliT dafaruliliTonis konstruqciebiT, 

3. samSeneblo masalebiT (riyis qviT, namtvrevi kldiT, aguriT) 

agebuli, Signidan cementis xsnariT, galesili sasenaJe ormo an 

tranSei.  

 

   
[a]                                  [b] 

                            

                 

 

                                [g]                                     

 
                         [d]             
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sur. 1.4. senaJis Cadeba miwiszeda sxvadasxva formis sasenaJeebSi: 

a - sasenaJe masis mozidva; b - gverdiTi kedlebis gareSe sasenaJe 

farTobze, sasenaJe masis fenobrivi gamkvriveba; g - sasenaJe miwiszeda 

sacavSi sasenaJe masis fenobrivi gamkvriveba; d - miwiszeda sasilose 

gadaxdil mdgomareobaSi (roca xdeba senaJis aReba). 

 

 

 

1.6. SefuTuli senaJis damzadebis teqnologiebis da teqnikuri 

saSualebebis mokle mimoxilva 

  

teqnikurma progresma, romelmac garkveuli roli Seasrula  

polieTilenis afskis warmoebaSi, romlis Sedegadac miviReT am 

xelovnuri masalis warmoebis Zalze didi mravalferovneba, rogorc 

feriT ise misi TvisebebiT, ramac axali teqnologiuri mimarTule-

bebi warmoSva saxalxo meurneobis mraval dargSi, rogoricaa sxvada-

sxva saxis mineraluri wylebi, limonaTi da sxva gamagrilebeli 

sasmelebi da a. S; sasmelebis Camosxma da SefuTva – sakvebi produq-

tebis dafasoebasa da SenaxvaSi – xorci, mwvanili da a. S. analogiu-

ri masalebi gamoiyeneba zamTris sezonisaTvis cxovelTa sakvebis 

dakonservebuli saxiT Senaxvisas. dakonservebuli sakvebi mzaddeba 

mravalwliani da erTwliani balaxebis narevisagan, romelSic Sedis 

parkosani, erTwliani da mravalwliani naTesi da bunebrivi saZovre-

bis balaxebi, parkosani kulturebi: ionja, samyura, cercvela da 

sxva; marcvlovani kulturebi: Svria, qeri, xorbali da sxva. aseve 

mwvane masis dakonservebisaTvis gamoiyeneba simindi taros gareSe da 

tarod; kombinirebuli silosis dakonservebisaTvis agreTve gamoiye-

neba baRCeuli kulturebi: daumwifebeli sazamTro, nesvi, gogra da 

a.S. 

dReisaTvis msoflios mraval qveyanaSi inaxaven polieTilenis 

afskSi cxovelTaTvis dakonservebul sakvebs, romelTa formebi da 

damzadebis teqnologiebi erTmaneTisagan gansxvavebulia, magram amave 

dros maT axasiaTebT metnaklebad dasakonservebeli masis erTnairi 
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sawyisi tenianoba, romelic icvleba 45-55%-mde, dasakonserveblad 

Cadebuli masis simkvrive 360-400kg/m3, polieTilenis afskSi masis 

Cadebis xangrZlivoba da a.S. mwvane masis dakonservebis sxvadasxva 

xerxia cnobili:  

polieTilenis afskis mqone ramodenime aTeuli metris sig-rZis 

tomrebSi, mimdinareobs dasakonservebeli masis Cadeba (sur. 1.5, 1.6.)  

[16; 25; 28]. amisaTvis gamoiyeneba specialuri manqanebi; 

SefuTuli saxiT senaJis Senaxva, tradiciul Senaxvis procesTan 

SedarebiT xasiaTdeba rigi upiratesobebiT:  

1. amindis cudi pirobebis SemTxvevaSic ki, sakvebis garanti-

rebuli damzadeba; 

2. damzadebuli sakvebis maRali xarisxi, romlis drosac 

kargad inaxeba iseTi  nivTierebebi, rogoricaa: Saqari da 

proteini. amasTan senaJis xangrZlivi Senaxvisas maRalia misi 

kvebiTi Rirebuleba; 

3. izrdeba msxvilfexa – rqosani pirutyvis produqtiuloba 

(maT Soris wonamati, mowvelili rZis raodenoba da masSi Sema-

vali cilebis raodenoba) da cxovelis jamrTelobis SenarCu-

nebis SesaZleblobebi; 

4. SesaZlebelia senaJis damzadebis sruli meqanizacia, 

moTibvidan dawyebuli sakvebis darigebamde; 

5. 40%-iT mcirdeba sawvavis danaxarjebi; 

6. SemWidrovebul vadebSi davamzadoT maRalxarisxovani 

pirveliklasis sakvebi; 

7. SesaZleblobas iZleva gavzardoT, saTib mindorze, 

damzadebuli sakvebis raodenoba, ramodenimejer moTibviT; 

8. Cadebuli kapitaldabandebis amogeba xorcieldeba 1–2 

weliwadSi. 
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polieTilenis afskSi SefuTuli senaJis damzadebis teqnologia 

cxrili 1.9. 

teqnologiuri 

operacia 

manqanebi da agregatebi, 

saxarji masalebi da 

xelsawyoebi 

1500t-is 

dasamzadeblad 

minimaluri 

manqanebi 

2 3 4 

balaxis gaTibva saTib - satyleJela 1 

naTibis gadabruneba 

aCeCva 

aCeCva 1 

Rvareulad mofocxva Tvlian-TiTebiani an 

rotoruli focxi  

1 

Rvareulis akrefa da 

didi simkvrivis 

bardanebad dawnexva 

wnex-amkrefi 

tenis sazomi 

xezi 

 

1 

bardanebis datvirTva 

satransporto 

saSualebaSi 

damtvirTi ПКУ-0.8 

damWeri TaTebiT 

1 

SefuTvis adgilze 

bardanebis gadazidva 

satransporto saSualeba raodenoba 

damokidebulia 

manZilze 

polieTilenis afskSi 

bardanis SefuTva 

bardanebis SemfuTi 1 

SefuTuli bardanebis 

dasawyobeba 

damtvirTi ПКУ-0.8 

damWeri TaTebiT 

1 

sakvebis daWra da 

sakveburSi darigeba  

Bbardanebis damWrel-

damrigebeli ИРК-01,1 ИРК-01 

1 

 

im SemTxvevaSi, Tu yoveldRiurad vamzadebT 80–120t SefuTul 

senaJs, miuTiTebs avtori [17], sakmarisia TiTo–TiTo teqnikuri saSua-

leba yovel operaciaze. satransporto saSualebebis raodenoba damo-
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kidebulia im manZilis sidideze, Tu ra manZilzea gadasatani bar-

danebi (mindorze Tu sawyobSi). 

senaJis damzadeba SefuTvis sxvadasxva teqnologiiTa da teqni-

kuri saSualebebiT mimdinareobs: 

1. sasenaJe masisa dawnexva cilindruli an marTkuTxa paralele-

pipedis saxiT mindorze, misi gadazidva SefuTvis adgilze (min-

dorSi _ mindvris periferiaze), an fermis maxloblad sasawyobo 

meurneobaSi, dawnexili bardanebis polieTilenis afskSi Se-

fuTva ramodenime aTeuli metris sigrZis saxiT (sur. 1.5), ro-

melTaganac sakvebi aiReba kvebis win da daurigdeba cxovels 

sakveburebSi daqucmacebuli saxiT [95]. 

 

 

sur. 1.5. marTkuTxa paralelopipedis formis mqone 

sasenaJe masis SefuTva polieTilenis afskSi. 

1 - polieTilenis afski, 2 - mobiluri SemfuTavi manqana, 

3 - bardanebi. 

2. moTibuli da senaJisaTvis mza SemWknari balaxi ikrifeba 

amkref damqucmacebliT, daqucmacebuli sakvebi miewodeba specialur 

SemfuT manqanas, romlis sawneo kameraze, wamocmulia ramodenime 

aTeuli metris sigrZis tomara. tomaraSi  ganTavsebulia 

polieTilenis afskis aseTive tomara. SemfuTavi manqana mis mimReb 

kameraze, romelic warmoadgens garkveuli sigrZis Zaras, romlis 

fskerze ganTavsebulia lenturi transportiori.  

2 

3 
1 
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sur. 1.6. a) silosisa da senaJis Cadeba polieTileniani afskis 

aTeuli metris sigrZis tomaraSi, b) tomara savse sasenaJe masiT. 

1-traqtori, 2 - senaJis Camdebi manqana; 3 - sasenaJe masis Casadebi 

polieTilenis afskiani tomara; 4 - sasenaJe da sasilose koSki. 

 

am ukanaskneliT daqucmacebuli sasenaJe masa miewodeba damwnex 

mowyobilobas (garkveuli kuTxuri sixSiriT mbrunav specialur 

danebian damwnex mowyobilobas), romelic daqucmacebul masas tenis 

hermetul tomaraSi (sur. 1.6. a, b) [ 13.14,24]. 

3. moTibuli da SemWknari sasilose masa romlisganac Seqmnilia 

Rvareuli, ikrifeba sxvadasxva saxis wnex amkrefiT, romlisganac 

miiReba marTkuTxa paralelopipedis an cilindruli formis, 

sxvadasxva zomebisa da wonis bardanebi, romlebic wnex   - amkrefidan 

gamosvlis Semdeg iyreba mindorze (sur. 1.7) [16]. 

 

 

 

sur. 1.7. wnex _ amkrefidan bardanis gamosvlis procesi. 

4

3

2

1

3 

2 

1 

1 3 2
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1 – traqtori;  2 - misabmeli wnex _ amkrefi; 3 – cilindruli 

bardana. 

 

mindorSi modis specialuri bardanebis polieTilenis afskSi 

SemfuTavi misabmeli manqana, iRebs bardanas mindvridan (sur. 1.8 a), 

fuTavs mas polieTilenis afskSi (sur. 1.8. b) da SefuTuli saxiT 

tovebs mindorSi (sur. 1.9.) [16; 25]. 

          

 

sur. 1.8. a) bardanis aReba SemfuTavi manqaniT; b) polieTilenis 

afskSi cilindruli bardanebis SefuTvis procesi 

1 - cilindruli bardana, 2 - SemfuTavi manqana; 3 -polieTilenis 

afski; 4 - misabmeli meqanizmi; 5 - traqtori. 

        

sur. 1.9. SefuTuli bardana mindorSi 

1 - polieTilenis afskis ruloni;  2 - maRali da dabali 

wnevis welamilebi; 3 - polieTilenis afski;  5 - SefuTuli 

bardana; 6 - SemfuTavi manqana. 

4

3

2

1
6

5 

1 2 3 4 5 

1 

3 

2 
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cnobilia iseTi manqanebic, romlebic asruleben, Rvareulis 

akrefas, bardanebad dawnexvas da SefuTvas. aseTi manqanis principuli 

muSaobis sqema warmodgenilia qvemoT (nax.1.10) da (sur.1.11), romelzec 

naCvenebia manqana R500 COMBI_is muSaoba, xolo cxrilSi 1.10 

mocemulia msgavsi manqanebis teqnikuri maxasiaTeblebi [58]. 

 

 

 

 

 

 

 

 

 

 

 

nax. 1.10. SefuTuli senaJis damzadebis teqnologiuri sqema. 

1. misabmeli, 2. amkrefi mowyobiloba, 3. transportiori, 4. 

damwoli transportiori, 5. bardanis warmomqmneli - mimmarTveli 

transportiori, 6-8. cilindruli bardana, 7. polieTilenis afskis 

xvia, 9. polieTilenis afski, 10. uZravi CarCo, 11. Tarazulad mbrunavi 

CarCo, 12. Amkref-damwnexis CarCo. 

 

 

 

sur. 1.11. wnex _ amkref _ SemfuTi samuSao procesSi. 

11

2

3

4

5
6 

7

8

9 
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1.SemfuTi meqanizmis mbrunavi CarCo; 2. Bbardana; 3. polieTilenis 

afskis ruloni; 4. polieTilenis afski, 5. SemfuTi meqanizmis mzidi 

kvanZi; 6. savali Tvali, 7. Rvareuli, 8. Rvareulis amkrefi, 9. sawnexi 

kamera. 

 

amkref _ damwnex _ SemfuTavebis teqnikuri maxasiaTeblebi 

cxrili 1.10. 

modeli 

 

maCveneblebi 

Reliant 255 

RC 

LINJWRAP 

Kombi 

Presse 

678 

MP 135 

Bale Pack 

548 

Combi 

Combi 

Pack 

1250 

damamzadebeli 

forma 

Claas John 

Deere 

Deutz Fahr New 

Holland 

Krone 

amkrefis modebis 

gani, m. 

2,1 2,0 2,1 2,0 1,95 

rulonis 

diametric, m. 

1,25 1,25 1,25 1,25 1,25 

rulonis sigane, m. 1,20 1,17 1,22 1,20 1,20 

damqucmaceblis 

danebis raodenoba 

14 14 14 15 17 

  

bardanebi, romlebic SefuTuli saxiT ganTavsebulia mindorSi, 

aiReba specialuri damtvirTi manqaniT (sur. 1.8), bardanebi itvirTeba 

satransporto saSualebaze (sur. 1.12) [29,42].  

 

sur. 1.12. SefuTuli bardanebis gazidva mindvridan. 
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Mmanqanas gaaqvs mindvridan, mindvris periferiaze an sasawyobo 

meurneobaSi da iq kvlav imave damtvirTiT ewyoba igi (sur. 1.13. a,b 

da g) zvinebad [47,52,56]. 

 

 

 

sur.1.12. a) SefuTuli cilindruli bardana;  

b) SefuTuli bardana; g) SefuTuli bardanebis zvini. 

 

4.sasenaJe damWknari da daqucmacebuli balaxi xelis iaraRebiT 

Caiyreba da itkepneba plastmasis an uJangavi masaliT dafarul 

kasrSi, (es procesi mimdinareobs TandaTanobiT, kerZod kasrSi 

Caiyreba garkveuli raodenobis daqucmacebuli balaxi, igi 

daitkepneba saTanado donemde da mxolod amis Semdeg CaitvirTeba 

kasrSi axali porcia, romelic aseve itkepneba da a.S. kasris 

avsebamde); avsebis Semdeg kasris Tavi hermetulad ifuTeba 

polieTilenis afskiT. Amis Semdeg dakonservebuli sakvebi inaxeba 

zamTris sezonisaTvis (nax. 1.13). 

 

 

 

 

 

 

 

 

 

 

5
3 

4 

4 
1
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nax. 1.13. senaJis xeliT kasrSi Cadeba 

1.kasri, 2. senaJis kasrSi gasamkvrivebeli, 3. adamiani, 4. fiwali, 5. 

sasenaJe daqucmacebuli masa. 

 

1.7. `SefuTuli senaJis~ bardanebis raodenobis, moculobisa da 

tenianobis gansazRvra  

xarisxiani senaJis damzadebisaTvis aucilebelia davicvaT 

mwvane SemWknari sasilose masis tenianoba, romelic, rogorc zemoT 

aRvniSneT, ar unda iyos 45_55%. sasenaJe balaxis tenianobis dasad-

genad iReben balaxis sinjs, mas swrafad aqucmaceben 200_300gr  rao-

denobiT da gamoaSroben saSrob karadaSi 1050 C_ze; gaSrobamde da 

gaSrobis Semdeg miRebuli masebis sxvaobiT ganisazRvreba balaxis 

sawyisi tenianoba. Tu viciT axlad moTibuli balaxis tenianoba, 

maSin SegviZlia saoriantaciod ganvsazRvroT SemWknari balaxis 

tenianoba. amisaTvis mindorSi deben CarCos, romelzec gadaWimulia 

marla, masze yrian 10kg balaxs, imave sisqiT, ra sisqiTac aris day-

rili mindorze balaxi, amis Semdeg periodulad wonian mas da 

akvirdebian masis Semcirebas. SemWknari balaxis tenianobas sazRvraven 

tolobiT: 

,               (1.1) 

sadac: m1 _ aris balaxis masa, kg; 

C – balaxSi mSrali nivTierebebi, %_Si; 

 _ SemWknari balaxis masa, kg. 

Tu Cven viciT  fermaSi mrp–is suladoba da pirutyvis dRe-

Ramur racionSi senaJis raodenoba, SegviZlia gaviangariSoT senaJis  

moculoba da masa, ramdenic saWiro iqneba, pirutyvis senaJiT 

kvebisaTvis zamTris mocemuli sezonisaTvis [50]. 

 m3;     kg;          (1.2) 

sadac: V _ aris fermisaTvis zamTris sezonisaTvis saWiro  

senaJis jamuri moculoba, m3; 

 _ fermaSi senaJis maragis koeficienti;  



36 
 

                               

 _ wlis ganmavlobaSi mocemul regionSi zamTris  

dReebis raodenoba (pirutyvis bagaze senaJiT kvebis  

dReebis raodenoba), dRe; 

 _ fermaSi pirutyvis raodenoba; 

_ erTi suli pirutyvis dRe_Ramis racionSi Semavali senaJis 

raodenoba, kg; 

 _ senaJis simkvrive, kg/m3; 

 _ zamTris sezonisaTvis fermisaTvis saWiro sakvebis  

raodenoba, t/sezonze. 

Tu senaJs vinaxavT, metnaklebad Tanabari zomis mqone, 

cilindruli formis SefuTuli masis saxiT, maSin SegviZlia 

davadginoT aseTi SefuTuli cilindrebis raodenoba tolobiT [ 52}   

_1, an  2 -1,      (1.3) 

sadac:  _ aris SefuTuli senaJis bardanis saSualo  

diametri, m; 

 _ SefuTuli bardanis sigrZe, m. 

 

                  

1.8. kvlevis  miznebi  da  amocanebi. 

 

Kkvlevis mizania  satransporto  saSualebaze (traqtorze) misab-

meli  gadasatani senaJis wnex_SemfuTavi manqanis damuSaveba  da  Seqmna, 

romelic erTdrulad ganaxorcielebs sasenaJe masis dawnexvas, mwvane 

SemWknari masalis sasenaJed dakoservebisaTvis saWiro  simkvrivemde 

da  SesaZlebels gaxdis dawnexili masis polieTilenis afskiT herme-

tulad SefuTva  minimaluri danaxarjiT. amisaTvis saWiroa  Semdegi 

amocanebis gadawyveta: 

1) Seiqmnas samuSao  organo, romelic sasenaJe mwvane SemWknar 

masas moTxovnil simkvrivemde gaamkvrivebs;  
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2) damuSavdes sawnexi kameris konstruqcia, romelic SesaZ-

lebels gaxdis minimaluri danaxarjebiT polieTilenis afskSi izo-

lirebulad SefuTos dawnexili sasenaJe masa; 

rogorc samecniero, sagamomgoneblo  da  sxva  saxis literatu-

rul wyaroebSi moZiebuli masalebis analiziT irkveva, aRniSnuli 

miznis miRweva  moiTxovs damuSavdes SemWknari masis wnexis axali 

principuli sqema, konstruqcia  da  dawnexili masis SemfuTavi manqana. 

amisaTvis saWiroa  Seswavlili da  gamokvleuli iyos Semdegi 

sakiTxebi: 

1. damuSavdes da  damzaddes axali principuli sqemis  gadasa-

tani tipis damwnex-SemfuTavi, romelic mwvane SemWknar masas gaamkvri-

vebs sawneo  kameraSi, sasenaJe  masis dakonservebis moTxovnebidan 

gamomdinare  simkvrivemde; 

2. damuSavdes da  Seiqmnas axali principuli sqemis sawnexi kame-

ra, romelic SesaZlebels gaxdis, erTis mxriv kameraSi ganxorcieldes 

mwvane SemWknari masis gamkvriveba, xolo  meores mxriv SesaZlebeli 

iyos dawnexili masis polieTilenis afskSi SefuTva  da  SefuTuli 

bardanis amoReba  sawneo  kameridan; 

3. Catardes axali principuli sqemis damwnexi samuSao  organos 

muSaobis Teoriuli gamokvleva  statikaSi da  dinamikaSi; 

4.ganisazRvros manqanis samuSao organoze moqmedi faqtorebi da 

maT Soris damokidebuleba; 

5. dadgindes damwnexi samuSao organos konstruqciul da teqno-

logiur parameterebs Soris kavSiri; 

6. Teoriulad ganisazRvros sawnex kameraSi sasenaJe masis 

gamkvrivebasa da misi daregulirebis faqtorebs Soris kavSiri; 

zemoT miTiTebuli miznis srulfasovnad ganxorcielebisa   da  

Sedegebis dazustebisaTvis saWiroa  eqsperimentuli kvlevebis Cata-

reba, kerZod: 

1. laboratoriul pirobebSi unda ganisazRvros:  

a). dasawnex mwvane SemWknar masasa da foladis zedapirs Soris 

xaxunis koeficienti; 
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b). dasawnex mwvane SemWknar masasa da polieTilenis afsks Soris 

xaxunis koeficienti; 

g). Snekuri wnex-SemfuTav manqanaSi moZravi sawneo kameris 

damuxruWebis sidide, n; 

     d). ganisazRvros Snekuri wnex-SemfuTav manqanis moZrav sawneo 

kameraSi sasenaJe mwvane SemWknari daqucmacebuli balaxis dawnexvis 

(gamkvrivebis) sidide (wnevebi), n/m2; 

    xolo savele pirobebSi Catarebuli eqsperimentebiT dadgindes:

a). Snekuri wnex-SemfTavi manqanis mwarmoebluroba, t/sT; 

b). Mmanqanis energetikuli da ekonomikuri maCveneblebi. 
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Tavi II. `SefuTuli~ senaJis damamzadebeli manqanis 
konstruqciis damuSaveba 

 

2.1. sxvadasxva saxis mwvane masebidan senaJis damzadebis da 

darigebis nakaduri xazebis SesaZlo variantebi  

 

literaturuli wyaroebis mimoxilvis Sedegad moZiebuli masa-

lebis analiziT irkveva, rom SefuTuli senaJis damzadebisTvis saWi-

ro samuSaoebis Catareba garkveuli TanamimdevrobiT mimdinareobs, 

rac kargad Cans qvemoT moyvanili Sesasrulebeli operaciebis Tana-

mimdevrobidan (sur. 2.1).   

sur. 2.1-is sqemidan naTlad Cans, rom SefuTuli saxiT sakvebis 

damzadebis, kvebisaTvis Semzadebis da darigebis samuSaoebi SesaZle-

belia ganxorcieldes meqanizaciis teqnikuri saSualebebis 100%_iani 

gamoyenebiT. magram aseTi teqnologiebis da misi Sesabamisi manqanaTa 

sistemebis gamoyeneba SesaZlebelia mxolod didi da metnaklebad 

swori farTobebis mqone saTibebis SemTxvevaSi, xolo mcirekonturian 

saTibebze aseTi teqnologiis gamoyeneba ararentabeluri da mouxer-

xebelia, amasTan am manqanebis gamoyenebisas mobrunebis zolebSi didi 

raodenobiT darCeba gauTibavi miwis nakveTi, rac TavisTavad Seam-

cirebs mis mosavlianobas da Seamcirebs arsebuli manqanebis ren-

tabelobas.  

amisaTvis mcirekonturian da rTuli konturis mqone saTibebze 

sakvebis damzadeba, miTumetes SefuTuli senaJis damzadeba, moiTxovs 

axal midgomas. kerZod saWiroa Seiqmnas mcire zomis SefuTuli sena-

Jis damamzadebeli stacionaluri manqana, romelic ganaxorcielebs 

mwvane gaTibuli da SemWknari naTesi an bunebrivi balaxebis dawnexvas 

da SefuTvas. 
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sur. 2.1. SefuTuli senaJis damzadebis da darigebisaTvis saWiro 

operaciebis Tanamimdevroba. 

 

rogorc sqemidan (sur. 2.1) Cans, maRalxarisxiani silosis an 

senaJis miReba, e.i. sasenaJe masis optimalur pirobebSi duRili, 

energoSemcvelobis maRali doniT da srulfasovani proteinis 

SemcvelobiT, maRali xarisxiT, higienurad, garkveuli struqturiT, 

maRali xarisxis SeWmadobiT da produqtiulobiT _ es aris 

RonisZiebaTa mTeli sistema, sadac yoveli rgoli TamaSobs 

gadamwyvet rols. 

 

 

 

senaJis damzadebis teqnologia 

naTesi da bunebrivi 

balaxebisgaTibva

simindis aReba _ daqucmaceba da 

satransporto saSualebaSi 

CatvirTva 

mofocxva Rvareulis 

warmoqmna

 Rvareulis 

gadabruneba aCeCva

daqucmacebuli masis 

transportireba

DsasenaJe 

tomaraSi Cadeba

sasenaJe koSkSi 

CatvirTva

DsenaJe tranSeiSi  

CatvirTva datkepvna 

senaJis daqucmaceba  

sakvebsarigebelSi 

CatvirTva 

Dsakvebis 

narevis 

momzadeba 

sasenaJis 

gadmotvirTva

senaJis 

gadmotvirTva

Dsakvebis 

darigeba

 Rvareulis 

akrefa, dawnexva 

 Rvareulis akrefa, 

bardanebad dawnexva, 

SefuTva

bardanebis 

akrefa SefuTva

bardanebis 

datvirTva

bardanebis aReba daWra da sakvebsarigebelSi 

an SemrevSi CatvirTva

bardanebis transportireba 

dazvinva an SefuTva da dazvinva 

senaJis CatvirTva 

sakvebsarigebelSi 
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2.2. sasenaJe masis tomrebSi SemfuTavi 

manqanis konstruqciis aRwera  

 

senaJis damzadebis Tanamedrove teqnologiaSi, rogorc I Tavi-

dan Cans, msoflioSi farTod gamoiyeneba sxvadasxva konstruqciis da 

principuli sqemis senaJis SesafuTi manqanebi, romlebic ZiriTadad 

satraqtoro misabmelebs warmoadgenen da sakmaod didi mwarmoeblu-

robis arian, amitom maTi gamoyeneba mcirekonturian saTibebSi ara 

rentabeluria. 

 aseve cnobilia pnevmosatransporto danadgaris Snekuri mkvebavi, 

romelic aseve rTuli reliefis saTibebidan Tivis miliT transpor-

tirebisTvisaa gankuTvnili. pnevmotransportiori Seicavs mkvebav 

bunkers, cilindrul garsacms, masSi moTavsebul amZravTan dakavSi-

rebul Sneks. am ukanasknelis daniSnulebaa Tivisagan specialur 

kameraSi Camoayalibos garkveuli simkvrivisa da zomis Tivis sacobi, 

romelic SekumSuli haeriT transportirdeba elastiur (tilos) 

welamilSi. 

 cnobili senaJis SesafuTi mowyobilobebis naklia: 

1. rTuli konstruqciuli da principuli Sesruleba; 

2. didi liTontevadoba; 

3. SesafuTi masalis didi xarji: 

4. SefuTvis proceszesaWiro didi kuTri energiis xarji; 

5. umetesi SefuTuli bardanebis transportireba moiTxovs 

specialur damtvirT da satransporto manqanebs. 

xolo pnevmotransportioris naklia teqnologiuri SesaZleblo-

bebis SezRuduloba, rogoricaa:  

1. sxvadasxva masisagan, magaliTad balaxisagan, garkveuli 

simkvrivis da sididis sasenaJe masis bardanebis Camoya-

libeba; 

2. bardanebis SefuTva. 

cnobili konstruqciebis CamoTvlili naklovanebaTa aRmo-

fxvris mizniT Cvens mier damuSavebulia da dapatentebulaa SefuTvis 

sruliad axali principi da manqanis konstruqcia [40].  



42 
 

    Snekuri safuTavi mowyobiloba Seicavs CarCos 1 (sur. 2.2, 2.3, 2.4, 

2.5), romelzec damagrebulia reduqtori 2 elamZraviT 3, reduqtoris 

2 gamomaval lilvTan gadabmulobis quroTi 4 dakavSirebulia, sase-

naJe masis gasasvlelisken TandaTan Semcirebadi bijis mqone,  cilin-

druli Snekis xviis 5 lilvi 6. Sneki 5-6 ganTavsebulia bunkeris 7 

Zroze 8 (sur. 2.2) da sawneo milSi 9. bunkeris 7 Zro 8 Sesrulebulia 

Snekis xviaze 5 mm meti radiusis mqone naxevar wriuli formiT (sur. 

2.3), romelic dasrulebulia sawneo miliT 9. sawneo milis 9 gaswvriv 

ganlagebulia ori naxevari wriuli formis Rarebi 10-11, romelTa 

dasasruls mierTebulia zolovani foladebi 12. zolovan foladebze 

damagrebulia erT mxares  samagrebi 12, xolo meore mxares saketebi 

13, ris Sedegadac, Tu daxurulia viRebT Sekrul cilindrul 

garsacms 14. es ukanaskneli gorgolaWebiT 15 ganTavsebulia sarben 

bilikebze 16, romlebic CarCozea 1 damagrebuli. Snekis lilvis 6 

paralelurad cilindruli garsacmis 14 meore boloze, TiToeul 

naxevarwriul Rarze 10-11 miduRebulia naxevarwriuli diskoebi 17-18 

(sur. 2.4), samuxruWe meqanizmi 20 kronSteinebiT 21 damagrebulia 

CarCoze 1 (sur. 2.5). kronSteinebze 21 uZravad damagrebulia vertika-

luri Zeli 22, romlis Sua adgilas Seqmnilia mimmarTvelebi 23, 

romelTa Soris moTavsebulia grZivi samuxruWe Zeli 19, romelic 

ganlagebulia Snekis lilvis paralelurad. vertikalur ZelSi 22 

Seqmnil xvretSi 24 gayrilia specWanWiki 25, romelzec wamocmulia 

meore vertikaluri Zeli 26, saxsariT 27 damagrebuli kronSteinze 21. 

specialur spec-WanWikze 25 wamocmulia cilindruli zambara 28, 

romelic specqanCiT 29 ikumSeba. 
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senaJis SesafuTi manqanis konstruqciuli sqema. 

1. CarCo, 2. elamZravi, 3. reduqtori, 4. gadabmulobis quro, 5. Snekis 
xvia (lenta) 6. Snekis lilvi, 7. mkvebavi bunkeri, 8. bunkeris Zro, 9. 

sawneo  (mimmarTveli)  kamera, 11. TviTmimmarTveli Tvali, 12. sayrdeni 
Tvali. 14. bardanisaTvis liTonis garsacmi, 15. gorgolaWebi, 16. 
Sarbeni biliki, 19. samuxruWe berketi, 20. samuxruWe meqanizmi, 21. 

avtomaturi amomrTveli. 
 
 
 

 

 

 

 

 

 

      

 

sur. 2.3. mkvebavi bunkeri SnekiT, (sqemis kveTa a-a da b-b) 

5. Snekis xvia (lenta), 6. Snekis lilvi, 7. Mkvebavi bunkeri, 
8. Mkvebavi bunkeris Zro-Snekis garsacmi, 9. mimmarTvelebi. 

 

 

 

 

 

 

 

 

 

 

sur. 2.4. garsacmi kveTa b-b 

10-11. naxevarwriuli formis Rarebi, 12. anjami, 13. zolovani 
foladebi, 14. saketi, 17-18. naxevarwriuli disko, 19 samuxruWe Zeli, 
 
amasTan qveda `uZrav~ naxevar diskoze 17 mimagrebulia grZivi Zeli 19, 

romelic moTavsebulia samuxruWe meqanizmSi 20.ver-tikalur Zelze 22 
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damagrebulia gorgolaWi 30 da specialuri formis zambara 31, 

romlis bolo midebulia vertikalur berketze 26. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 2.5. samuxruWe meqanizmi (kveTa g-g) 

 

1. CarCo, 19. სამუხრუჭე ძელი, 21. kronSteini, 22. vertikaluri Zeli, 23. 

mimmarTvelebi, 24. xvreti. 25. specWanჭიკი, 26. ვერტიკალური ძელი, 27. 
სახსარი, 28. ცილინდრული ზამბარა, 29. სპეცqanCi, 30. გორგოლაჭი, 31. 

სპეციალური ზამბარა. 
 

 

 

2.3. sasenaJe masis tomrebSi SemfuTavi 

manqanis samuSao procesiss aRwera 

 

sasenaJe masis wnex-SesafuTi manqanis Zravas gaSvebamde, sawneo 

kameras winaswar  wamoacvamen garkveuli sisqis da sigrZis polieTi-

lenis afskis tomaras (sur. 2.6). Semdeg liTonis garsacms 3 momsaxure 

personali saxeluriT 4 gaagorebs sagoravebis 8 sarben bilikze 
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sur. 2.6. SesafuTi manqanis momzadeba samuSaod 

1. sawneo kamera, 2. polieTilenis tomara, 3. liTonis garsacmi, 4. 

saxeluri, 5. saketebi, 6. samuxruWe Zeli, 7. samuxruWe sistema, 8. 

gorgolaWebi, 9. sarbeni biliki. 

 

9 ise, rom liTonis garsacmi 3 wamoecvas polieTilenis afskian 2 

sawneo kameras 1. amis Semdeg garkveuli ZaliT samuxruWe meqanizmis 

(specqanCis 29 sur. 2.5) saSualebiT (CaxraxvniT) vertikaluri ZelebiT 

22-26 daamuxruWeben liTonis garsacmis 3, e. i. SezRudaven liTonis 

garsacmis 3 Tavisufal moZraobualebas, rac saSualebas iZleva 

polieTilenis tomaraSi da liTonis garsacmSi Seiqmnas mwvane sasi-

lose masis sasurveli simkvrive kg/m3 polieTilenis 

tomaraSi mwvane daqucmacebuli masa ganvaTavsoT ise, rom masSi 

haeris raodenoba iyos minimaluri. amis Semdeg CarTaven amZravs 2 

(sur. 2.2) da Sneki 5-6 mova brunviT moZraobaSi, ris Semdeg mkvebavi 

bunkeridan 7 (sur. 2.2)  miawvdian 30-40mm-ze daqucmacebul mwvane 

sasenaJe masas, romelic Snekis 5 saSualebiT TandaTan miewodeba saw-

neo kameris 1 (sur. 2.6) gavliT polieTilenis afskis tomaras 2, 

ganTavsebuls liTonis garsacmSi. es ukanaskneli TandaTan Sevsebas-

Tan erTad, roca masSi Seiqmneba iseTi dawolis P Zala, romelic 

aRemateba samuxruWe sistemis 20 (nax. 2.2) mier Seqmnil R Zalas, maSin 

igi aiZulebs liTonis garsacms 3, masSi moTavsebuli polieTilenis 

tomarasTan 2 erTad, TandaTan gadaadgildes manqanis grZivi RerZis 

gaswvriv. 
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     rodesac liTonis garsacmi 3 miaRwevs kidura mdgomareobas, 

avtomaturad amomrTveliT 21 (sur. 2.2) amoirTveba elamZravi 2. amis 

Semdeg momsaxure personali xeliT mouSvebs specqanCs 29 (nax. 2.6)  

(gaaTavisuflebs samuxruWe sistemas 20) (sur.2.2) da xeliT gaagorebs 

liTonis garsacms 3. saketebis 5 (sur. 2.6) saSualebiT gaanTavisuf-

leben liTonis garsacmis saxuravs 3 zeda naxevars saxeluriT 4 

gaxsnian liTonis garsacms, amoiReben polieTilenis afskis tomaras, 

romelSic sakmaod mkvrivadaa gatenili mwvane daqucmacebuli sasi-

lose masiT, hermetulad mohkraven pirs ise, rom masSi rac SeiZleba 

minimaluri raodenobiT darCes haeri. amis Semdeg sakvebi mzad aris 

hermetulad SevinaxoT fardulSi CvenTvis sasurveli vadiT.  

amis Semdeg igive procesi avtomaturad meordeba. 

 

 
2.4 NsenaJis tomrebSi SesafuTi manqanis Snekuri 

samuSao organo da misi srulyofis SesaZlo variantebi 
 

 

wina paragrafebSi aRwerilia Snekuri  wnex-safuTavi manqanis 

muSaobis procesi, romlis winaswari gamocdis Catarebisas gamovlin-

da rom, sawnex kameraSi da polieTilenis tomaraSi SefuTuli masa 

araTanabari simkvrivis miiReba, bardanis radialuri mimarTulebiT. es 

nakli gamowveulia imiT, rom ZiriTadi samuSao organos (lenturi 

xviis) samuSao zedapiri, erTdroulad daxrilia, rogorc grZiv ver-

tikalur sibrtyis mimarT, ise ganivi kveTis marTobi sibrtyis mimarT. 

Snekis aseTi konstruqciuli Sesruleba, iwvevs sasenaJe masis gadaad-

gilebas Snekis radialuri mimarTulebiT da es procesi intensiurad 

mimdinareobs Snekis grZivi RerZis maxloblad, rac gamowveulia 

Snekis xviis awevis didi kuTxiT, amitom rac mcirea Snekis xviis 

radiusi, miT ufro metad ubiZgebs Snekis xvia dasawnex masas Snekis 

radialuri mimarTulebiT da dasawnexi masa, manqanis grZiv mimarTu-

lebasTan erTad, gadaadgildeba ganivad _ radialurad.  
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gamovlenili naklis gamosworebis mizniT Cvens mier 

damuSavebulia Snekuri wnex_safuTavi manqanis axali samuSao 

organoebis sxvadasxva variantebi. 

I _NSnekuri wnex_safuTavi manqanis Sneki Sesrulebulia ise, 

rom, mis lentur xviaze  (nax. 2.7), samuSao zedapiris mxares, da am 

zedapiris marTobad da Snekis lilvis koncentriulad mimagrebulia 

(miduRebulia) wriuli formis zolovani masala, romelTa raodenoba, 

masis gasasvleli fanjrisaken, izrdeba (nax. 2.7. 2.8). 

 

 

 

 

 

 

 

 

 

 

nax. 2.7. Snekuri wnex_safuTavi manqana winxedSi; 

1. Zrav _ reduqtori, 2. lilvi, 3. lenturi xvia, 4. lentur xviaze 
arqimedes spiralis saxiT damagrebuli Sverilebi, Sesrulebuli 

garkveuli sisqis da siganis zolovani masalisagan, 5. Snekis 
garsacmi, 6. mkvebavi bunkeri, 7. sawnexi kamera. 

 

 

 

 

 

 

 

 

 

 

nax. 2.8 Snekuri wnex_safuTavis kveTa a _ a  da b _ b adgilebSi. 
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Snekuri wnex_safuTavi muSaobs Semdegnairad: CarTaven amZravs, 

roca Snekis brunTa ricxvi miaRwevs normalur brunTa ricxvs, amis 

Semdeg mkvebavi bunkeridan miewodeba dasawnexi masa _ mwvane SemWknari 

balaxi, romelic Snekis xviiT TandaTan gadaadgildeba garsacmSi, 

Snekis grZivi RerZis gaswvriv gasasvlelisaken. am ukanasknelSi 

dasawnexi masa gadis TandaTan gazrdili wneviT, rac gamowveulia 

erTis mxriv Snekis xviis bijis TandaTanobiTi SemcirebiT, xolo 

meores mxriv dasawnexi masis, Snekis garsacmSi da sawneo kameraSi 

gadaadgilebis winaaRmdegobis TandaTanobiTi zrdiT. Snekis xviis 

moqmedebiT (misi kon-struqciidan gamomdinare) dasawnexi masa Snekis 

grZivi RerZis gaswvriv gadaadgilebasTan erTad, cdilobs gadaad-

gildes Snekis radialuri mimarTulebiT, radgan Snekis erTsadaimave 

bijis dros, Snekis awevis kuTxe misi xviis diamertis ukupropir-

ciulia, (e. i.Snekis is xvia, romelic naklebadaa dacilebuli Snekis 

centidan misi awevis kuTxe didia). amitom Snekis xviis centrarul 

nawilSi warmoqmnili Zalebi cdiloben dasawnexi masa gadaadgilon 

periferiisaken, rasac winaaRmdegobas uweven Snekis xviis samuSao 

zedapirze eqcentriulad damagrebuli Sverilebi. amiT iqmneba piroba, 

rom dasawnexi masa dawnexvis procesSi gadaadgildes mxolod Snekis 

grZivi RerZis gaswvriv. amiT metnaklebad iqmneba imis piroba, rom 

Camoyalibebuli bardanis centrSi SevinarCunoT bardanis sasurveli 

simkvrive. 

 

II _ cnobilia  [68,70], rom Snekis mwarmoebluroba pirdapirpro-

porciul damokidebulebaSia Snekis parametrebze: Snekis xviis gareTa 

diametris kvadratze da Snekis bijze, xolo ukuproporciul damoki-

debulebaSia Snekis xviis Siga diametrze. amitom, bardanis centra-

lur nawilSi, misi simkvrive dabalia.  

am naklis gamosworebis mizniT Cvens mier damuSavda Snekuri 

samuSao organos meore varianti (sur. 2.10), romelSic Snekis xviis 

samuSao zedapirze da mis marTobad damagrebulia Sverilebi, analo-

giurad sur 2.7-isa, mxolod im gansxvavebiT, rom Sverilebi Sesrule-

bulia arqimedes spiralis saxiT (sur. 2.10).  
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       sur. 2.10.  Snekuri wnex_safuTavis Snekis kveTis sqema. 

 

NSnekuri wnex_safuTavi manqanis (sur.2.7) Sneki Sesrulebulia 

ise, rom mis lentur xviaze  (nax. 2.10), samuSao zedapiris mxares, da 

am zedapiris marTobad arqimedes spiralis saxiT Sesrulebuli 

zolovani masala mimagrebulia (miduRebulia) masis gasasvleli 

fanjrisaken mzardi raodenobiT.  

Snekuri wnex-safuTavi muSaobs Semdegnairad: gauSveben amZrav 

sadgurs; roca Snekis brunTa ricxvi miaRwevs normalur brunTa 

ricxvs, amis Semdeg mkvebavi bunkeridan miewodeba dasawnexi masa _ 

mwvane SemWknari balaxi, romelic Snekis xviiT TandaTan gadaadgil-

deba garsacmSi Snekis grZivi RerZis gaswvriv gasasvlelisaken. am 

ukanasknelSi dasawnexi masa gadis gazrdili wneviT, rac gamowveu-

lia, erTis mxriv, Snekis xviis bijis TandaTanobiTi SemcirebiT, 

xolo, meores mxriv, dasawnexi masis, Snekis garsacmSi da sawneo 

kameraSi gadaadgilebis winaaRmdegobis TandaTanobiTi zrdiT. Snekis 

xviis moqmedebiT (misi konstruqciidan gamomdinare) dasawnexi masa 

Snekis grZivi RerZis gaswvriv gadaadgilebasTan erTad, cdilobs 

gadaadgildes Snekis radialuri mimarTulebiT, xolo Snekis xviaze 

damagrebuli arqimedes spiralis saxiT Sesrulebuli Sverilebi 

dasawnex masas gadaadgilebs Snekis centrisaken, riTac sawneo 

5 
2 

4 
3 

xedi a 

5 

xedi b _ 

2 

3 
4 
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kameraSi miiReba metnaklebad erTgvarovnad dawnexili masa, rac 

saSualebas iZleva gavzardoT tomrebSi damzadebuli senaJis 

raodenoba da xarisxi. 

 

III Snekuri samuSao organos lenturi xvia SeiZleba lilvze 

davamagroT ise, rom misi samuSao zedapiri daxrili iyos RerZis 

mimarT, dasawnexi masis moZraobis mimarTulebiT garkveuli  kuTxiT 

(nax. 2.11), romlis drosac dakmayofilebulia piroba
090 , am 

kuTxis mniSvneloba unda dadgindes eqsperimentulad sxvadasxva 

tenianobisa da dasawnexi masis mixedviT. 

 

 

 

 

 

 

 

nax. 2.11. Snekuri samuSao organo. 

1. Snekis RerZi, 2. Snekis lenturi xvia. 

 

aseTi saxiT Sesrulebuli samuSao organoSi imis gamo, rom 

090 -ze, dasawnexi masa, Snekis xviis samuSao zedapiris zemoqme-

debiT, erTdroulad cdilobs gadaadgildes, Snekuri samuSao orga-

nos, rogorc grZivi mimarTulebiT, dawnexili masis gasasvlelisaken, 

ise Snekis centrisaken, ris Sedegadac Camoyalibebuli bardanas 

simkvrive iqneba Tanabari da mogvcems saSualebas erTidaigive zomis 

polieTilenis afskis tomaraSi davamzadoT ufro meti da maRalxa-

risxovani sakvebi (senaJi).   

Snekuri samuSao organos Sesrulebis warmodgenili saxesxvao-

bebze, rogorc savaraudo gamogonebaze, gaformebuli iqna ganacxadi 

da winadadeba Setanili iqna `saqpatentSi~ [24,40]. 

01800180



21
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2.5. Snekuri wnex-safuTavi manqanis  
samuSao organos muSaobis aRwera 

 
Snekuri wnex_safuTavis axali konstruqciis samuSao organoTi 

muSaobs Semdegnairad: gauSveben amZrav sadgurs 1, rodesac samuSao 

organo _ damwnexi Snekis brunTa ricxvi miaRwevs optimalur mniSvne-

lobas, amis Semdeg mkvebavi bunkeridan 6 miewodeba dasawnexi masa 

(mwvane SemWknari balaxi), romelic Snekis xviiT 4 TandaTan 

gadaadgildeba garsacmSi 6, Snekis grZivi RerZis gaswvriv dawnexili 

masis gasasvlelisaken _ sawneo kamerisaken, romelSic ganTavsebulia 

bardanis SesafuTi polieTilenis afski. am ukanasknelSi sasenaJe masa 

Seexeba ra moZrav sawneo kameris 1 (nax. 2.12) Zros 4, igi imoqmedebs 

masze garkveuli ZaliT, romelic aiZulebs moZrav sawneokameras 

gadaadgildes manqanis grZivi mimarTulebiT. amave kameras samuxruWe 

Zeli 5 damuxruWebis ZaliT akavebs, magram, roca dakmayofildeba 

piroba , maSin moZravi sawneo kamera 1 gadaadgildeba manqanis 

grZivi mimarTulebiT da moZrav kameraSi Camoyalibebas daiwyebs 

bardana. 

  2 

 

 

 

 

 

 

 

 

nax. 2.12. moZravi sawneo kamera 

1.sawneo cilindruli kamera; 2. polieTilenis afskis tomara; 

3. cilindruli sasenaJe bardana; 4.sawneo cilindruli kameris Zro; 5. 

samuxruWe berketi; 6. sawneo cilindruli kameris sagoravebi; 7. 

anjami. 

 

7 

3 

4 

2 1 

5 

6 
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imis gamo, rom samuSao organo _ Snekis xviis awevis kuTxe 

TandaTan izrdeba Snekis radiusis SemcirebasTan erTad, amitom 

sasenaJe masaze moqmedi jamuri Zalis radialuri mdgeneli cdilobs 

sasenaJe masa gadaadgilos Snekis xviaze radialurad, magram masze 

radialurad damagrebuli zolovani foladi akavebs mas da ar aZleva 

saSualebas gadaadgildes radialuri mimarTulebiT, amis gamo sase-

naJe masa Snekis zemoqmedebiT gadaadgildeba mxolod manqanis grZivi 

RerZis mimarTulebiT, rac TavisTavad Camoyalibebul bardanaSi 

iwvevs sasenaJe masis Tanabar simkvrivesac, rac mocemul SemTxvevaSi 

Cvens mizans warmoadgenda. 
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Tavi III. Snekuri wnex-SemfuTavis samuSao Aprocesis Teoriuli 

analizi  

 

3.1. sasenaJe masis dawnexvis procesze moqmedi 

faqtorebi da maTi mokle analizi 

 

Cvens mier damuSavebul Snekuri tipis wnex_SemfuTavis sawnex 

kameraSi 9 (sur. 2.2), 1 (sur. 2.6) da 7 (sur. 2.7), sasenaJe mwvane Sem-

Wknari balaxis masis normalurad senaJad dakonservebisaTvis aucile-

belia balaxis masa daiwnexos ise, rom misma simkvrivem miaRwios 

360_450kg/m 3_de. 

sasenaJe masis gamkvrivebis sidide damokidebulia mraval faq-

torze, rogoricaa: dasawnexi mcenareuli masalis botanikuri saxe 

(mcenaris Reros simsxo da mis foTlianoba), mis tenianoba (mwvane 

damWknar masaSi wylis raodenoba, romelic senaJis rulonebad damza-

debis teqnologiidan [26,29 30] gamomdinare unda cvalebadobdes 

45_55%_mde. cnobilia, rom axlad moTibuli mwvane masis tenianoba 

cvalebadobs 75–85%_mde. imis mixedviT, Tu rogoria im niadagis tenia-

noba romelzec xdeba mwvane masis gaTibva da romelia is gasaTibi ba-

laxeuli kulturis umravlesoba, romelic gavrcelebulia (domini-

rebs) mocemul nakveTze; mcenaris daqucmacebis Semdeg miRebuli 

Reros da foTlis nawilakis zomebze, misifiziko_meqanikur Tvisebebi 

(Reros da foTlis drekadobis modulze, sixisteze, simkvriveze da 

a.S., danadgaris konstruqciul da teqnologiur parametrebze. am 

msjelobidan gamomdinare cilindruli bardanis Camoyalibebaze 

moqmedi faqtorebi SeiZleba iyos: 

1. dasawnexi sasenaJe mwvane SemWknari masis sawyisi simkvrive 

, kg/m3; 

2. dasawnex masaSi daWrili nawilakebis saSualo sigrZe , m; 

3. dawnexili mwvane SemWknari sasenaJe masis bardanis sigrZe  

L,m; 

4. Snekis brunvis kuTxuri siCqare  , rad/wm;. 
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5. Snekis xviis gareTa diametri, DH m; 

6. sawneo kameris diametri, Dk m; 

7. Snekis lilvis diametri, DB m; 

8. Snekis xviis awevis kuTxe,  rad; 

9. dasawnex masasa da Snekis garsacms Soris xaxunis 

koeficienti,  ; 

10. dasawnex masasa da Snekis xviis zedapirs Soris xaxunis 

koeficienti, ; 

11. dasawnex masasa da polieTilenis afsks Soris xaxunis 

koeficienti, . 

12. samuxruWe meqanizmis mier Seqmnili sawneo kameris 

gadagorebis winaRobis Zala , n. 

CamoTvlili faqtorebidan nakleb mniSvnelovania iseTi faqto-

rebi, rogorebicaa dasawnex masasa da Snekis garsacms Soris xaxunis 

koeficienti , dasawnex masasa da Snekis xviis zedapirs Soris xaxu-

nis koeficienti , dasawnex masasa da polieTilenis afsks Soris 

xaxunis koeficienti . 

am faqtorebis mwvane SemWknari daqucmacebuli balaxis da-

wnexvis procesze umniSvnelo zegavlena gamowveulia imiT, rom xa-

xunis koeficientebi: ,  da  Zalze umniSvnelo sidideebia, 

radgan TviT mwvane masis xaxunis kuTxeebi: ,  da , romlebic 

Sesabamisad warmoadgenen, mwvane SemWknari masis liTonze da 

polieTilenis afskze xaxunis kuTxeebs, Zalze mcire sidideebia da 

radgan ,  da . amitom ,  da 

koeficientebic umniSvnelo sidideebia. Snekis brunvis kuTxuri siC-

qaris  cvalebadoba _ gazrda an Semcireba, moiTxovs reduqtoris 

Secvlas, an jaWvur gadacemas ramodenime jaWviT, rac erTis mxriv 

aseve did xarjebTanaa dakavSirebuli, xolo meores mxriv misi 

Secvla araviTar zegavlenas ar axdens optimizaciis  parametrze. 
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iseTi faqtorebi, rogoricaa , da  aris Snekuri 

wnex_safuTavi manqanis konstruqciuli parametrebi, romelTa cvale-

badoba moiTxovs, gansxvavebuli geometriuli parametrebiT, axali 

Snekuri wnex_safuTavi manqanebis damzadebas da gamocdas. amitom 

aRniSnuli parametrebi sasurvelia SeirCes dasamzadebeli bardanis 

teqnologiuri moTxovnebidan da sxva Teoriuli mosazrebebidan 

gamomdinare.  

aqve unda aRiniSnos, rom Snekis awevis kuTxe , Cvens mier 

damzadebul Snekur samuSao organoSi mcirdeba dasawnexi masis 

moZraobis mimarTulebiT, rac saSualebas iZleva teqnologiuri 

procesis dros gavzardoT Snekis Sevsebis koeficienti da sawneo 

kameraSi dawnexilo masis simkvrive. 

iseTi faqtori, rogoricaa mwvane masis daWris  sigrZe, es faq-

tori zooteqnikuradaa gansazRvruli da misi cvalebadoba dasaSveb 

zRvrebSi zegavlenas ver moaxdens optimizaciis parametris  mniSvne-

lobaze. 

 

3.2. Snekur wnex_SemfuTavSi sasenaJi masis nawilakze moqmedi 

ZalTa sistema. 

Snekur wnex_SemfuTav manqanaSi (nax. 3.1) aqtiur samuSao organos 

warmoadgens Snekis xvia 5 Tavisi lilviT 3, romelic anxorcielebs 

sasenaJe SemWknari mwvane masis gadaadgilebas sawnexi kamerisaken da 

am ukanasknelSi mwvane SemWknar masas gaamkvrivebs senaJis damzadebis 

zooteqnikuri moTxovnilebis Sesabamis simkvrivemde 360 – 450kg/m3. 

 

 

 
 
 
 
 
 
 

 

           nax. 3.1. senaJis SesafuTi manqanis principuli sqema. 

3

8

4
65

2
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1. elamZravi, 2. reduqtori, 3. Snekis lilvi, 4. mkvebavi bunkeri, 5. 
damwnexi Sneki, 6. polieTilenis afskisagan damzadebuli tomara, 

7. sawnexi kamera, 8. samuxruWe meqanizmi, 9. CarCo. 
 

rogorc (2.3.) paragrafidan Cans Snekuri wnex_SemfuTavi manqanis 

muSaobisaTvis CarTaven amZravs 1 da rodesac Zravas (Snekis lilvi 3) 

brunTa ricxvi miaRwevs nominalur mniSvnelobas, Semdeg mkvebavi 

bunkeridan 4 Sneks miewodeba sasenaJe mwvane SemWknari da 

daqucmacebuli mwvane masa, romelic Snekis xviis zemoqmedebiT 

gadaadgildeba dasawnexi kamerisaken 7. 

Snekis brunvisas misi xviis samuSao zedapiris zemoqmedebiT, 

mwvane SemWknari masis wertilovan nawilakze, romelic devs Snekis 

xviis samuSao sibrtyeze, moqmedebs ZalTa sistema, romelic 

sqematurad (Snekuri samuSao orgamos fragmentis moqmedebT) SeiZleba 

warmovadginoT Semdegi saxiT (sur. 3.2).  

 

nax. 3.2. sasenaJe masis dawnexvisas  nawilakze 
moqmed ZalTa sqema 

 

1. _ da --dasawnexi mwvane SemWknari balaxis  nawilakis simZimis 

Zala, n; 

2. Sneki wnexis xviaze dasawnexi nawilakis xaxunis winaRobis Zala, 

n; 

 

5

1

3

2

4
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3.  nawilakze moqmedi radialuri Zala, n; 

4.  Snekis xviaze  nawilakis normaluri reaqciis Zala, n; 

5. Snekis xviis zemoqmedebiT  nawilakze moqmedi Zala, 

romelic iwvevs  nawilakis gadaadgilebas  RerZis 

gaswvvriv, n; 

6.  nawilakis liTonze xaxunis koeficientia; 

7.  nawilakis farTi, romliTac igi mocemul momentSi 

ganTavsebulia Snekis xviis samuSao zedapirze, m2; 

am ZalTa sistemaSi ZiriTad Zalas warmoadgens Zala, rome-

lic ganaxorcielebs mwvane SemWknari masis gadaadgilebas sawnexi 

kamerisaken. unda aRiniSnos, rom am Zalis sidide, rogorc am proce-

sis sxva maxasiaTeblebi, araerTgvarovania (araa mudmivi sidideebi) 

Snekis xviis mTel sigrZeze. imis gamo, rom ZiriTadi samuSao organos 

_ Snekis xvia, rogorc sibrtye, erTdroulad daxrilia  

sibrtyis da  RerZis mimarT, amitom misi brunvisas warmoqmnili 

Zalebi erTdrouled cdiloben  wertilovani nawilaki gadaaadgi-

los, rogorc  sibrtyeSi, ise  RerZis gaswvriv.  werti-

lovani nawilakis mier ganvlili manZili  sibrtyeSi da  

RerZis gaswvriv, damokidebulia imaze, Tu ra sididis kuTxiTaa is 

zedapiri daxrili  sibrtyisa da  RerZis mimarT, romel-

zec devs   wertilovani nawilaki.  

imis gamo, rom mkvebav bunkerTan  wertilovani nawilaki 

SedarebiT naklebadaa kontaqtSi sxva mwvane sasenaJe nawilakebTan, 

amitom igi ufro metad eqvemdebareba Snekis samuSao zedapiris mier 

ganviTarebul Zalebs. Roca  wertilovani nawilaki axlosaa an 

ganTavsebulia sawneo kameraSi, maSin masze moqmedebs damatebiT sxva 

nawilakebic, rac TavisTavad cvlis  wertilovani nawilakis 

moZraobis traeqtorias.  

Tu gamovricxavT dasawnexi nawilakebis urTierTqmedebas, maSin 

miviRebT, rom Snekis xviis zemoqmedebiT N wertilovani nawilaki 

ufro meti sididiT gadaadgildeba im mimarTulebiT, saiTac meti 
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kuTxiTaa , Tu  daxrili wertilovani nawilakis 

ganlagebis sibrtye,  sibrtyis da  RerZis mimarT. Tu 

, maSin wertilovani nawilaki gadaadgildeba orive 

mimarTulebiT Tanabari sididiT.   

amasTan im Zalis sidide, romelmac unda gamoiwvios wer-

tilovani nawilakis gadaadgileba ama Tu im mimarTulebiT, uku-

proporciulia  da  kuTxeebis mniSvnelobebisa.  

 

 

3.3. mcenareuli masis dawnexvis (gamkvrivebis)  

Teoria reologiis meTodebis gamoyenebiT 

 

Tivis da Calis dawnexvis sakiTxs XX saukunis 20-iani wlebidan 

mravali kvleva mieZRvna. erT-erTi mniSvnelovani kvleva, rogorc 

Teoriuli, aseve eqsperimentuli, Catarebuli aqvs akad. r. maxarob-

liZes, romlis kvlevidan irkveva [78], rom SemWdirovebis dros 

pirvel rigSi masSi grovdeba drekadi deformaciis energia da bolo 

dawnevis moxsnis Semdeg xdeba misi drekaduli gafarToeba. dawnexili 

masalis gafarToebaze gavlenas axdens is dro, romlis ganmavlo-

baSic is imyofeba dawnevis qveS. rac naklebia dro, miT naklebi masa 

gafarTovdeba datvirTvis Semdgom. bardanebis an briketebis wnevis 

qveS gaCerebis dros, masSi dagrovili drekadi energia gaiSleba, e.i. 

mcenareul masas aqvs moqmedebis iseTi Tviseba, rasac hqvia 

relaqsacia (daZabulobis cvlileba droSi), roca SenarCunebulia 

mudmivi deformacia da cocva (deformaciis cvlileba droSi, mudmivi 

daZabulobis SenarCunebiT). 

qvemoT ganxilulia akad. maxarobliZis meTodologiiT Cata-

rebuli Teoriuli gamokvleva, roca dawnexva mimdinareobs Snekuri 

sawnexi samuSao organoTi [45,46]. 

mcenareuli masis simkvrivis da datvirTvis kinematikuri,  

dinamiuri da fiziko-meqanikur Tvisebebs Soris damokidebulebis 

dasadgenad, ganvixilod dawnexvis procesi daxurul L sigrZis 
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kameraSi, romlis ganikveTia F. davuSvaT, rom kameris mTeli 

moculoba Sevsebulia M masis mqone masaliT, maSin mcenareuli masis 

sawyisi simkvrivea: 

LF

M
0                   (3.1) 

samuSao organos gadaadgilebis mixedviT mcenareuli masa 

ikumSeba (deformirdeba), misi simkvrive izrdeba da samuSao orga-nos 

U sididiT gadaadgilebisas (masalis absoluturi deformacia), misi 

mniSvneloba iqneba: 

         














1)1()(

0

L

U
FL

M

ULF

M
                (3.2)  

sadac   _ masalis absoluturi deformaciaa. 

Aabsolituri deformaciis ( ) gansazRvrisaTvis pirvel rigSi 

unda vicodeT masalis deformaciis kanoni;  reologiaSi cnobilia 

[46 ] drekadi, blanti da sxva elementebis Tvisebebis fizikuri axsna 

da maTi urTierT kombinaciis Sedegad SesaZlebelia sakmarisad 

zustad aRvweroT nebismieri masalis meqanikuri Tvisebebi. 

Ddrekadi masala warmodgenilia zambaris saxiT, romlis de-

formacia emorCileba hukis kanons, xolo blanti elementi _ es aris 

cilindri, romelic savsea Txevadi nivTierebiT, romlis deformacia 

aisaxeba niutonis kanoniT. am elementebis paralelurad an 

mimdevrobiT SeerTebiT SeiZleba avagoT dasawnexi masalis modeli. 

kvlevaSi [38,39 ] damtkicebulia, rom Tivis an Calis magvari masalis 

deformacia ar SeiZleba warmovidginoT zemoT aRniSnuli elementebis 

martivi SeerTebiT _ paralelurad (foigtis modeli) an mimdevrobiTi 

SeerTebiT (maqsvelis modeli); amitom viRebT ori drekadi elementis 

SeerTebis sxvanair sqemas (sur. 3.1): 
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sur. 3.1. macenareuli masis dawnexvis dros deformaciis kanonis 

eqvivalenturi saangariSo sqema 

 

aseTi modeli ufro realurad asaxavs blanti Tvisebebis mqone 

masalis drekadul Tvisebebs (relaksacia), SemWidroebis dros. 

swrafi SekumSvis dros sruli deformacia ZiriTadad ganisazRvreba 

E1 zambaris SekumviT. Tu amis Semdeg modelis Tavisufal bolos 

davafiqsirebT, maSin zambara moqmedebs dguSze 2  da aiZulebs mas 

gadaadgildes, ris gamoc zambara gaiWimeba da modelis daZabuloba 

Semcirdeba (daZabulobis relaksacia) Tu models davumatebT 

datvirTvas, maSin pirvel rigSi moxdeba zambaris myisieri SekumSva 

E1; SemdgomSi zambaris TandaTanobiT SekumSvisas E2, SekumSvis 

moxsnis dros, zambara myisierad gaiSleba. Zambara E2 dguSis 2  

moqmedebis gamo SedarebiT nela gaiSleba (cocvis procesi). 

datvirTvis moxsnis dros dguSi 3  ar icvlis Tavis mdgomareobas 

e.i. rCeba daZrul mdgomareobaSi (narCeni deformacia). 

reologiur modelebis daxmarebiT Catarebul kvlevebSi [43,42] 

gamoyvanilia damokidebulebani daZabuloba  -s fardobiT 

deformacias  -s Soris, romelsac aqvs Semdegi saxe: 

      
dt

d
E

dt

dE

dt

d

E

E

dt

d

E



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
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


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


         (3.3) 
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sadac: E1,E2 _ zambarebis drekadobis modulia n/m2;  

2 , 3 _ siblantis koeficienti n.wm./m2;  

t -  dro, wm. 

xolo xvedriTi dawneva masalis simkvrivisagan aris Semdeg 

damokidebulebaSi: 

-1]                   (3.4) 

 

sadac:  da  - sawyisi da saboloo simkvrivea, kg/m3; 

da _ eqsperimentebiT miRebuli ganzomilebiani 

koeficientebia, n/m2, m3/n. 

Snekis xviaze wertilis RerZuli siCqare (m/wm): 

                        (3.5) 

sadac:    _ masalis ReZuli gadaadgileba, m; 

 _ xvias biji, m; 

_ Snekis kuTxuri siCqare, 1/wm; 

 _ sawnexi kameris sigrZe Snekis bolos, m. 

Tanaxmad  (3.3)  , sawyisi reulogiuri gantoleba (3.1) 

Rebulobs saxes: 

             (3.6) 

imisaTvis, rom vipovoT masalis simkvrivis cvalebadoba droSi 

da misi damokidebuleba moqmed faqtorebTan, saWiroa (3.6) 

diferencialuri gantolebidan vipovoT Zabvis mniSvneloba da Semdeg 

misi daxmarebiT ganvsazRvroT simkvrive (3.4) formuliT. 

amovxsnaT (3.6) diferencialuri gantoleba operatoruli 

aRricxvis maTematikuri aparatis gamoyenebiT [69,70], amisaTvis 

warmovadginoT igi operatoruli formiT: 
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Aaqedan: 

 

 

warmovadginoT (3.8) aseTi saxiT: 

 

 

SemoviRoT aRniSvnebi: 

 

;       (3.10) 

 

amis Semdeg, operatoruli gantoleba (3.9) warmovadginoT 

gardaqmnili saxiT: 

        (3.11) 

 

(3.9) da (3.11) gantolebani erTmaneTis eqvivalenturia, Tumca 

gardaqmnis Semdeg (3.9) gantoleba miyvanilia operatorul formaze, 

romlis originalebi mocmulia cxrilebSi [83,84]. 

gvaqvs amoxsnis sami SemTxveva:  

1. roca  

 

    (3.12) 

 

2. roca  
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      (3.13) 

 

3. roca   

 

               (3.14) 

 

dawnexvis kameraSi, misi gavsebis Semdeg, morigi porciis 

miwodebis kvalobaze, xdeba sakvebi balaxeuli masis deformacia da 

Zabvis gadideba, zemoT miRebuli kanonebis Sesabamisad. bardanis 

maqsimaluri simkvrivis misaRebad dawnexvis kameraSi, miRebuli 

formulebiT unda ganisazRvros maqsimaluri Zabvis (dawnevis) 

mniSvneloba. samive SemTxvevaSi maqsimaluri Zabva ganisazRvreba 

gamosaxulebiT: 

                (3.15) 

sadac:  _ aris gamkvrivebuli masalis relaqsaciis dro, wm. 

Tu gamoviyenebT Zabvasa da simkvrives Soris  funqcionaluri 

damokidebulebis formulas (3.2), miviRebT Snekis bolos moTavsebul 

dawnexvis kameraSi, bardanis maqsimaluri simkvrivis mniSvnelobasA 

Semdegi saxiT: 

 

magaliTi: vTqvaT Snekis brunvaTa ricxvi  br/wT; sawnexi 

kameris sigrZe =0,4m; relaqsaciis dro =6,6c; xvias biji S=0,65; 

drekadobis moduli =0,85 105 n/m2; 2 10-3 m3/kg; sawyisi simkvrive 

50 kg/m3; =5,95 105 n/m2, miviRebT: 

kg/m3 
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simkvrivis miRebuli mniSvneloba aris `SefuTuli~ senaJis 

teqnologiiT dawnexili bardanisaTvis rekomendebuli simkvrivis 

zRvrebSi.         

 

 

 

3.4. `SefuTuli~ senaJis dasamzadeblad Snekuri tipis sawnexi kameris 

ZiriTadi parametrebis dasabuTeba 

 

praqtikaSi gamoyenebuli damwnexi samuSao organoebi SeiZleba 

davyoTYSvid ZiriTad saxeobad: dguSisebri, rulonisebri, satrans-

porto, Snekuri, Stempeluri, lilvakebiani da rgoluri. miuxedavad 

imisa rom Snekuri tipis sawnexi organoebi moiTxoven did energias, 

maTi gamoyeneba stacionalur danadgarebSi efeqturia ori garemoebis 

gamo: konstruqciuli simartive da ori operaciis dawnexva da SefuT-

vis erTdrouli Sesruleba. 

Cvens mier gamogonebis doneze damuSavebulia da damzadebulia 

sawnex-SemfuTavi danadgari. suraTze 3.2. warmodgenilia am danadgaris 

damwnexi kvanZis principuli sqema. 

 

 

 

 

 

suraTi 3.4.1. Snekuri aparatis sawnexi kvanZis sqema 

 

sur. 3.2. Snekuri aparatis damwnexi kvanZis principuli sqema. 

 

uZrav kameraSi masalis SemWidrovebis dros moqmedi Zalebis 

ganawilebis sqemebi warmodgenilia suraT 3.3. da 3.4.–ze. 
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dawnexvis sawyis fazaSi Sneki 1 masas awvdis Snekis garsacmis 

sawnex kameraSi 2, romlis sigrZea L0. Snekis garsacmis gamosasvleli 

fanjara daxurulia moZravi fariT 3.  

 

 

 

 

 

 

 

 

 

  

sur. 3.3. .uZrav kameraSi masalis SemWidrovebis dros  moqmedi 

Zalebis ganawilebis sqema 

 

 

 

 

 

 

 

 

 

 

sur. 3.4.  moZrav kameraSi masalis SemWidrovebis dros  moqmedi 

Zalebis ganawileba 

 

 dawnexvis dawyebis win Snekis bolo nawilze wamoecmeva specia-

lurad damzadebuli SesafuTi tomara (sqemaze ar aris naCvenebi), 

romelic dawnexvis procesis dros ivseba senaJiT da gadadgildeba 

sawnexi kameris moZrav nawilTan erTad. 
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sawnexi kameris daxuruli (uZravi) da moZravi nawilebis gas-

wvriv moqmedi Zalebis ganawilebis gansazRvrisaTvis viyenebT [39] 

kvlevaSi moyvanil Teoriul analizs. Snekis mier sasenaJe masis 

miwodebis dros pirvel etapze gaivseba (gaiteneba) Snekis garsacmis 

sawnexi kamera. wnevis moqmedebis Sedegad warmoiqmneba Zala, romelic 

Snekis Reros paraleluria, masala iwnexeba da cdilobs gafar-

Tovdes kumSvis mimarTulebis perpendikularulad. kameris kedlebi 

ewinaaRmdegebian gafarToebas, ris gamoc kedlebze warmoiqmneba gver-

diTi wnevebi. 

gverdiTi wnevas q RerZul wnevasTan p aqvs Semdegi damoki-

debuleba [39]: 

                     q p ,          (3.16) 

sadac:  , -gverdiTi wneva datvirTvis dros.  

imis gamo, rom warmoiqmneba gverdiTi wnevebi, Snekuri samuSao 

organo gadalaxavs ara marto kumSvis winaRobas, aramed dasawnexi 

masalis dawnexvis kameris kedlebze xaxunis winaRobas. imisaTvis, rom 

davadginoT wnevebis ganawileba kameris uZrav seqciaSi, sanam  moZravi 

nawili (3) Sekavebulia samuxruWe ZaliT TP , gamovyoT wnexis bolo 

wertilidan x  manZilze dasawnexi masalis elementaruli fena dx 

(sur. 3.3).  

masze marcxnidan moqmedebs wneva xP , marjvnidan _ xP + xdP , xolo 

perimetrze xq  wneva, amitom am fenis X  RerZze wonasworobis 

gantolebas eqneba saxe:  

 

           (3.17.) 

sadac:  – kameris ganikveTis perimetri, m;  

F  -  kameris uZravi nawilis ganikveTis farTi, m2; 

f  -  masalis kameris kedlebze xaxunis koeficienti.  

gantoleba (3.1) gaTvaliswinebiT: 

                                 (3.18) 

aqedan gamodis, rom      

( ) 0,x x x xP F P dP F fq dx   
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x xdP F f P dx   , 

an      

x

x

dP
fdx

P F
 


.                                                                       (3.19) 

 

zRvrebSi integrirebis Semdeg  

0
x

b

P x
x PnP fx

F
 




g  , 

 

    
x

b

P
n fx

P F
  




g
.                         (3.20)  

aqedan sabolood gvaqvs, rom wneva xmanZilTan damokide-bulebiT 

icvleba Semdegi kanoniT: 

     expx bP P fx
F
   

 


g .                             (3.21) 

(3.21) gantolebis gamoyenebiT SeiZleba ganvsazRvroT wneva xP  

Snekis napira (bolo) wertilidan  nebismier x manZilze.  

sawnexi kameris moZravi nawilis fuZeze mosuli 1P  wnevis  

gansazRvrisaTvis (3.21) formulaSi x  sididis nacvlad CavsvaT L0, 

romelic Snekis saboloo wertils da fuZes Soris manZilis tolia:  

    1 0expbP P fL
F
   

 


g .               (3.22) 

uZravi kameris kedlebze masis xaxunis Zala fP
 
ganisazRvreba 

rogorc Snekis da fuZis moZravi Zalebis sxvaoba:  

 

 1 01 expf f b bP FP F P P FP fL
F
           


g 1 g  

              
01 expf bP FP fL

F
        


g .           (3.23) 
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miRebuli gantolebidan Cans, rom xaxunis Zala, garda masalis 

fiziko-meqanikuri  ,f 
 
sidideebisa, aseve damokidebulia sawnexi kame-

ris ganivkveTis da misi farTobis Sefardebaze  / F . Uufro raciona-

luria, rodesac ganivkveTi wriulia, radgan amdros  /f F
 
damokide-

buleba mocemuli farTobisaTvis minimaluria. xaxunis gadalaxva 

zeenergiis xarjis TvalsazrisiT, ufro mizanSewonilia didi kveTis 

kamerebi. Sawnexi kameris uZrav nawilSi simkvrivis zrdasTan erTad 

grovdeba ufro metida meti senaJis dawnexvis potenciuri energia 

2
0

2

V

E


, romelic gadadis sawnexi kameris moZravi nawilis kinetikur 

energiaSi, dagadaaadgilebs mas 1xL  manZilze. agrovili potenciuri 

energia ixarjeba: samuxruWe 1,T xP L  Zalis, moZravi kameris gorgola-

Webze moZraobis xaxunis 1пк xG L   Zalis da dasawnexi masalis kameris 

kedlebze xaxunis 1f xP L Zalis mier Sesrulebul samuSaoze. 

gamomdinare aqedan miviRebT gantolebas:  

     
2

1 0
1.2 T пк f x

P V
P G P L

E
              (3.24) 

aqedan moZravi kameris gadaadgilebis sidide:                                            

     
2

1 0
1

2
x

T пк f

P V
L

E P G P
 

 
                            (3.25) 

sadac: 1P   - fuZeze wneva (moZravi kameris Zirze); 

0V   - sawnexi uZravi kameris moculoba; 

E  - dawnexili senaJis drekadobis moduli; 

TP  - samuxruWe Zala; 

пкG  - moZravi sawnexi kameris wona; 

 - gorvis xaxunis koeficienti; 

fP - dawnexili masalis kameris kedlebze xaxunis  Zala. 

 sawnexi kameris moZravi nawilis 1xL manZilze gadaadgilebis 

dros xdeba dawnexili masis gafarToeba da Sesabamisad mcirdeba misi 

simkvrive. sasenaJe masalis SnekiT Semdgomi miwodebisas masa xelaxla 
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mWidrovdeba manamde, sanam moZravi kameris Zirze RerZuli datvirTva 

ar gaxdeba meti vidre samuxruWe Zala. meore da Semdgomi dawnexvisas 

gverdiTi wnevebi ganisazRvreba formuliT [76]: 

   0 ,iq q p                       (3.26) 

sadac: 0q   - dawnexili masalis gafarToebis Semdeg kameraSi 

narCeni gverdiTi wneva.  

Fena dx  -is wonasworobis gantoleba sur. 3.3 –ze gamoisaxeba 

formula (3.17)-iT, romlis toloba (3.26)-Si Casmis Semdeg miiRebs 

saxes: 

 0( ) 0x x x i xP F P dP F q P f dx     .  (3.27) 

ramodenime gardaqmnis Semdeg viRebT: 

 
0

.x
x

i x

dP
f d

P q F
 




               (3.28) 

(3.28) tolobis P 0-dan xP -mde da 0 -dan x -mde zRvrebSi 

gaintegrirebis Semdeg viRebT: 

    
0

0

.i x
i

i

q P
n f x

q P F

 



 




  

an Tu am gantolebas amovxsniT xp   mimarT miviRebT,  

   0 0expx i
i i

q q
P P f

F


 
          

  


         (3.29) 

Ggantolebidan  (3.29) xP  mniSvnelobis (3.26)  gantolebaSi CasmiT, 

Sesabamisi gardaqmnebis Semdeg miviRebT sawnexi kameris moZravi 

nawilis pirveli gadaadgilebis Semdeg gverdiTi Zalebis ganawilebis 

kanonzomierebas:  

         
0( ) expx i iq P q f x

F
     

 


                     (3.30) 

sayrdeni wnevis 2P  gansazRvrisaTvis gantolebaSi (3.30) x-is 

nacvlad CavsvaT 0 1xL L sidide, romelic Snekis bolo wertilisa da 

moZravi kameris sayrdenis Soris manZilis tolia, miviRebT: 
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   0 0
2 0 1exp i x

i i

q q
P P f L L

F


 
             


                    (3.31) 

 

aqedan gamomdinareobs, rom dasawnexi porciis sigrZis 

0 1xL L zrdiT moZravi sawnexi kameris sayrdenis wneva mcirdeba. Sesaba-

misad sayrdenis mimarTulebiT mcirdeba masalis simkvrivec.roca 

masalis simkvrivis zrdis mimarTulebiT Zala 2P F  gaxdeba meti vidre 

samuxruWe Zala TP , iwyeba moZravi kameris Semdegi gadaadgileba 2xL  

sidideze da a.S. manamde, sanam kamera ar daeja-xeba uZrav winaRobas.  

kameris kedlebze masalis xaxunis Zala 2fP
 
ganisazRvreba (3.23) 

gamosaxulebis anologiurad da imis gaTvaliswinebiT, rom P Pgв  

viRebT:  

   0
2 2 0 11f i x

i

q
P F P P F P f L L

F



              


gв gв       (3.32) 

gadavweroT (3.32) gamosaxuleba Semdegi saxiT : 

 

    0
2 0 1 0 11 1f i x i x

i

q
P FP f L L F f L L

F F
 


               

 
gв               (3.33) 

 

am gamosaxulebis pirveli Sesakrebi warmoadgens xaxunis Zalas, 

romelic warmoqmnilia RerZula datvirTviT, xolo meore – xaxunis 

Zalas, romelic warmoqmnilia SekumSuli sasenaJe masalis drekaduli 

gafarToebis Sedegad. 

moZravi kameris safexurebiani gadaadgileba Sewydeba imis 

Semdeg, roca misi fskeri (Ziri) daejaxeba uZrav winaRobas. 

sawyisi (3.29) formulis Tanaxmad, kameraSi dawnexili senaJis 

bardanis saboloo formirebis Semdeg, sayrdenis wneva 0P  

ganisazRvreba gamosaxulebiT: 
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 0 0
0 0

0 0

exp i

q q
P P f L L

F


 
             


gв         (3.34) 

 

kameris kedlebze masalis xaxunis Zala 0fP gamoiyvaneba (3.33) 

gamosaxulebis anologiurad da ganisazRvreba Semdegnairad:  

 

   0
0 0 0 0

0

1f

q
P F P P F P f L L

F



              


gв gв                            (3.35) 

 

realuri sainJinro gaangariSebisaTvis koeficientebis 

mniSvnelobebi moyvanilia literaturaSi [83]. 

zemoT moyvanili Teoriuli analizis Sedegad dgindeba daw-

nexili senaJis simkvrivisa, zomebsa da uZravi kameris samuxruWe 

Zalas Soris kavSiri.  

Teoriuli analizi saSualebas gvaZlevs davaskvnaT, rom xaxunis 

Zalebis sidide damokidebulia sawnexi kameris ganivkveTis paramet-

rebsa da farTobs Soris fardobaze. 

energiis danaxarjidan gamomdinare, dawnexvis dros warmoSobili 

xaxunis dasaZlevad mizanSewonilia didi ganikveTis mqone sawnexi 

kamera.   
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Tavi IV. `SefuTuli senaJis~ damamzadebeli manqanis 

kvleva mravalfaqtoriani eqsperimentebis dagegmvis 

meTodiT 

 

4.1. Snekuri tipis kameraSi senaJis dawnexvis eqsperimentuli kvleva 

  

balaxeuli mcenareebis dawnexisaTvis mobilur manqanebSi gamoiyeneba 

dguSiseburi, rulonuri, transportioruli, Stempeluri, valcisebu-

ri, rgoliseburi, Snekuri da a.S. muSa organoebi. miuxedavad imisa, 

rom Snekuri tipis wnexebi SedarebiT met energias moiTxoven, maTi 

gamoyeneba stacionarul danadgarSi mainc momgebiania simartivisa da 

imis gamo, rom bardanebis SefuTvisas ar moiTxoveba damatebiTi 

danadgaris damzadeba, radgan masze konstruqciulad gaadvilebulia 

sasenaJe masalis dawnexvisa da SefuTvis operaciebis SeTavseba.  

am mizniT Cvens mier gamogonebis doneze [24] damuSavebuli da 

damzadebulia balaxeuli mcenareebis, rogorc sasenaJe masalis 

cilindruli formis bardanebad sawnexi da polieTilenis masaliT 

safuTavi danadgari. Mmesame TavSi sur. 3.2 –ze mocemulia aRniSnuli 

danadgaris sawnexi kvanZis principuli sqema. dawnexvis procesis 

sawyis fazaSi Sneki 1 sasenaJe masalas miawvdis cilindruli formis 

uZrav sawnex kameras, romelic Snekis garsacmSia moTavsebuli da 

romlis sigrZea L0. Snekis garsacmze uZravi kameris mxridan wamoc-

mulia moZravi sawnexi kamera 3, romlis Ziri dawnexvis sawyis etapze 

warmoadgens uZravi kameris Zirsac. cilindruli moZravi kameris 

garsacmi mierTebulia WokTan 4, romelic gadaadgildeba samuxruWe 

mowyobilobis xvrelSi. samuxruWe mowyobilobis WanWikiT 7 da 

zambariT 6 regulirdeba Wokze dawola da Sesabamisad, samuxruWe 

Zala TP . uZrav kameraze wamocmuli moZravi kameris SigniT moTavsebu-

lia specialurad damzadebuli SesafuTi masala – polieTilebis 

afski, romelic moZravi kameris gadaadgilebis kvalobaze ivseba 

dawnexili sasenaJe masaliT. moZravi kamera gadaadgilebas iwyebs 

maSin, roca uZrav kameraSi senaJis dawnexvis Sedegad kameris fskerze 
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ganviTarebuli wnevebiT warmoqmnili RerZuli Zala gadaaWarbebs 

samuxruWe Zalas. moZravi kameris garkveul manZilze gadaadgilebis 

Semdeg kameraSi wneva da Sesabamisad, RerZuli Zalac mcirdeba da igi 

samuxruWe Zalaze ufro mcire xdeba. amitom moZravi kameris gadaad-

gileba iqneba wyvetili _ garkveuli SeCerebebiT. bolo SeCerebaze 

moZravi kamera miebjineba zRudes da amiT dawnexvis operacia 

dasruldeba. operaciis dasrulebis Semdeg SefuTuli senaJi, romel-

sac aqvs cilindruli bardanis forma, amoiReba moZravi kameridan 

SefuTuli saxiT.  

kvlevis mizania – daamyaros damokidebuleba dawnexili senaJis 

simkvrives  da iseT moqmed faqtorebs Soris, rogoricaa uZravi 

kameris sawyisi sigrZe L0 da samuxruWe Zala TP . 

amocanis gadawyvetisaTvis gamoyenebulia mravalfaqtoriani 

eqsperimentebis dagegmvis meTodi [81]. dagegmvis matrica, faqtorebi, 

varirebis intervali, doneebi da cdis Sedegebi mocemulia cxrilSi 

4.1.  

dawnexvis teqnologiuri procesis aRwerisaTvis gamoviyeneT 

Semdegi regresiuli gantoleba:  

 

,211222110 xxbxbxbby             (4.1.) 

 

sadac: b0 – Tavisufali wevria;  

b1 da b2 – wrfivi koeficientebia;  
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eqsperimentebis dagegmvis matrica 

cxrili 4.1. 

 faqtorebi parametri 

uZravi kameris 

sigrZe L0, m 

samuxruWe Zala 

TP , n. 

sasenaJe masalis 

simkvrive  , kg/m3 

aRniSvnebi 
1x  2x  1y  2y  y  

varirebis 

intervali   

0,085 500    

doneebi 

+ 

0 

_ 

 

0,215 

0,13 

0,045 

 

4000 

3500 

3000 

   

cdebi 

1 

2 

3 

4 

 

- 

+ 

- 

+ 

 

- 

- 

+ 

+ 

 

241 

284,5 

318,9 

344,8 

 

296,6 

310,9 

327,6 

356,9 

 

268,8 

297,7 

323,25 

350,85 

 

b12 – faqtorebis urTierTqmedebis efeqtia. 

vRebulobT koeficientebis Semdeg mniSvnelobebs:  

 

;15,310
4

85,35025,3237,2978,268

4
4321

0 






yyyy

b  

b0=310,15; 

;125,14
4

85,35025,3237,2978,268

4
4321

1 






yyyy

b  

b1=14,125; 

;9,26
4

85,35025,3237,2978,268

4
4321

2 






yyyy

b  

b2=26,9; 
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1 2 3 4
12

268,8 297,7 323,25 350,85
0,325;

4 4

y y y y
b

     
     

b12= -0,325. 

miviReT, rom kodirebul cvladebSi regresiul gantolebas 

eqneba Semdegi saxe:  

 

2121 325,09,26125,1415,310 xxxxy  .    (4..2) 

cnobili meTodebiT [78,81,77] adeqvaturobis dispersiis S2
adeqv. 

daoptimizaciis parametris dispersiis 2
}{yS
 

gansazRvrisDSemdeg, 

fiSeris kriteriumiT F Semowmebam gviCvena, rom maTematikuri modeli 

2 adeqvaturia, xolo urTierTmoqmedebis koeficienti b12 umniSvneloa.  

 amrigad, kodirebul cvladebSi sabolood vRebulobT:  

 

21 9,26125,1415,310 xxy  .         (4.3) 

  

aqedan Cans, rom sasenaJe masalis simkvriveze ufro meti gavlena aqvs 

moZravi sawnexi kameris samuxruWe Zalas, vidre uZravi kameris sawyis 

sigrZes.  

Tu gamoviyenebT kodirebis formulebs:  

085,0

13,0000
1







L

I

LL
x ; 

0
2

3500

500
T T TP P P

x
I

 
  . 

da CavsvamT maT mniSvnelobebs (4.3) tolobaSi, miviRebT rom 

naturalur cvladebSi dawnexili senaJis simkvrive iangariSeba 

formuliT:  

1 0100,26 166,174 0,054 TL P                 (4.4) 

magaliTad, roca 215,00 L m da 4000TP  n, formuliT (4.4) vRebulobT 

19,351 kg/m3, rac faqtiurad emTxveva eqsperimentiT miRebuls.  
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4.2 `SefuTuli senaJis~ sawnex-safuTavi danadgariseqsperimentuli 
kvlevisSedegebis analizi 

 
 

,,SefuTuli senaJis’’ Snekuri tipis sawnex-safuTavi danadgaris  

(sur. 4.1) sawnex kameraSi mcenareuli masalis teqnologiuri 

moTxovnebiT dadgenil 360...400 kg/m³ simkvrivemde dawnexa, ZiriTadad 

damokidebulia dasawnexi mcenareuli masalis botanikur saxeze, 

mdgomareobaze, fizikur-meqanikur Tvisebebze, dandgaris 

konstruqciul parametrebze da a.S.  

 

c 

 

 

 

 

 

 

 

 

 

 

sur. 4.1. `SefuTuli senaJis~ sawnexi eqsperimentuli danadgari. 

1 - mimRebi bunkeri; 2 - Sneki; 3 - sawnexi kamera; 4 - samuxruWe 

Zeli; 5 - samuxruWe mowyobiloba; 6 - eleqtroamZravi. 

 

Sapatento Ziebisa da samecniero literaturis safuZvelze Cvens 

mier Catarebuli danadgaris winaswari eqsperimentuli kvlevis 

Sedegebis analiziT dadginda, rom danadgaris sawnex kameraSi 

mcenareuli masalis dawnexis simkvrives ganapirobebs Semdegi 

faqtorebi: mcenareuli masalis sawyisi simkvrive 0 kg/m³ da tenianoba 

 %, uZravi da moZravi kamerebis  m da L m sigrZe, muSa organos - 

Snekis kuTxuri siCqare   wm
-¹, Snekis xraxnis gare diametri DH m, 
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Snekis garsacmis Siga diametri DK m, Snekis sigrZe L0 m, Snekis lilvis 

diametri  DB  m, Snekis xraxnis biji t m, xraxnis asvlis kuTxe   grad 

da moZrav kameraze modebuli samuxruWe Zala PT  n. 

aqedan gamomdinare, saWiroa dadgindes funqcionaluri 

damokidebuleba sawnex kameraSi miRebul simkvrivesa da aRniSnul 

faqtorebs Soris, ris safuZvlzec SesaZlebeli gaxdeba danadgaris 

konstruqciuli parametrebis mniSvnelobebis koreqtirebiT, mcena-

reuli masalis teqnologiuri moTxovnebiT gaTvaliswinebuli 

dawnexis simkvrivis miReba da Sesabamisad sawnex-safuTavi danadgaris 

konstruqciis srulyofa.  

mcenareuli masalis teqnologiiT moTxovnili dawnexis ρ sim-

kvrivesa da maszed moqmed 0 ,  ,   , L,  , DH,, Dk,,L0, D, t,  , PTFfaqtorebs 

Soris funqcionaluri damokdebuleba SesaZlebelia warmovadginoT 

zogadi saxiT: 

                          
 0 0, , , , , , , , , , ,H k B Tf L D D L D t P      .       (4.5)                  

msgavsebisa da ganzomilebaTa Teoriis [ ], kerZod π Teoremis 

gamoyenebiT gamosaxulebis faqtorebidan 
3

0 ML    , 1T    ,  L L
 

ZiriTadi sidideebis SerCevis Semdeg, cnobili maTematikuri 

gardaqmnebiT gansasazRvravi 0/   kriteriumisaTvis miviRebT 

zogadi saxis kriterialur gantolebas. 

  
0

2 4
0 0

, , , , , , , ,kH B TD LD D Pt

L L L L L L L

   
  

 
  

 


.         (4.6) 

imis gamo, rom dawnexis procesis eqsperimentuli kvlevisas  , 

DH,, L0, DB,, Dk,, t,  faqtorebis sawyisi mniSvnelobebi TiTqmis ar 

icvleba, amitom  kriteriumebi  

                               

0, , , , , ,kH BD LD D t

L L L L L
             ( 4.7) 

kvlevis sawyis etapze SeiZleba ugulvebelvyoT.  

Ggamosaxulebidan (4.6)  miviRebT Semdegi saxis kriterialur 

gantolebas: 
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2 4
0 0

, TP
F

L L


  

 
  

 


        (4.8) 

Ggamosaxulebidan (4.8)  regresiuli gantolebis misaRebad 

viyenebT mravalfaqtoriani eqsperimentebis dagegmvis meTods [41]. 

ZiriTadi 0 = 70 kg/m³,   L =0.4 m,  =5,76wm-1 da cvladi  =0,045…0,215m, 

PT=3000…4000 n. faqtorebisaTvis eqsperimentebis dagegmvis matrica, 

varirebis intervali, doneebi da eqsperimentuli kvlevis Sedegebi 

warmodgenilia cxrilSi 4.2. 

 

 

eqsperimentuli kvlevis Sedegebi 

cxrili 4.2. 

dawnexis procesis aRwerisaTvis virCevT arasruli kvadratuli 

saxis maTematikur models  

0 1 1 2 2 12 1 2Y b b X b X b X X    .       (4.9) 

gamosaxulebis (4.9)  b0 Tavisufali wevris, x1 da x2 faqtorebis b1, 

b2 wrfivi da b12 urTierTqmedebis koeficientebis mniSvnelobebis 

gamoTvliT [  ] miviRebT: b0= 4,43; b1= 0,20 ; b2= 0,385; b12 = - 0,005. miRebuli 
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mniSvnelobebis (4.9) gamosaxulebaSi SetaniT miviRebT regresiul 

gantolebas kodirebul cvladebSi: 

1 2 1 24,43 0,20 0,385 0,005Y X X X X    . (4.10) 

statistikuri analizis safuZvelze dadginda, rom miRebuli 

regresiuli gantoleba dawnexis process aRwers adekvaturad 

(sandoobis 95% albaTobiT), xolo koeficientebidan b12umniSvneloa, 

amitom gamosaxuleba (4.10)  miiRebs wrfivi regresiuli gantolebis 

saxes: 

1 24,43 0,20 0,385Y X X   .              (4.11) 

(4.11) gamosaxulebidan Cans, rom x faqtoris gavlena x1-Tan 

SedarebiT mniSvnelovania. 

(4.11) gamosaxulebis faqtorebis kodirebuli mniSvnelobebidan 

naturalurze gadasvlisaTvis viyenebT kodirebis formulebs: 

 
202 4 2 410

0 0
1 2

1 2

58,90,325
;

0, 215 8,5

T TP P
XX L LL LX X

J J

   
  

   

 

.    (4.12) 

romelTa gamosaxulebaSi (4.11) SetaniT miiReba regresiuli 

gantoleba naturalur cvladebSi: 

 2 4
0 0

1,47 0,93 0,045 TP

L L


  

  


,                            (4.13) 

romlis gardaqmnis Semdeg miviRebT gamosaxulebas, romelic 

amyarebs kavSirs mcenareuli masalis dawnexis simkvrivesa da am 

procesze moqmed faqtorebs Soris: 

0 2 4
1, 47 0,93 0,045 TP

L L
 


    
 


 .                                                   (4.14) 

(4.13) gamosaxulebis sandoobis SemowmebisaTvis, msgavsebis 

kriteriumebis 0,54
L




 
da 

2 4
0

67, 4TP

L 


 
mniSvnelobebisaTvis 

ganvixiloT magaliTi: 

                            0

1, 47 0,93 0,045 67, 4 5,005



     . 

    
   

 

 

 

  



80 
 

gansxvaveba eqsperimentiT miRebul SedegTan SedarebiT ar 

aRemateba 0,1%-s, mcenareuli masalis dawnexis simkvrive am 

SemTxvevaSi  =350,35 kg/m³-s, rac optimaluris zRvrebSia. 

 

 

4.3. kvlevis Sedegebis analizi 

G 

amosaxulebis (4.14) analizidan Cans, rom danadgaris sawnex 

kameraSi eqsperimentuli kvleviT miRebuli simkvrivis  =350 kg/m³-is 

gazrda SesaZlebelia dawnexis procesze moqmedi faqtorebis Semdegi 

mimarTulebiT SecvliT: 

max

max

max min

min

max

o

T

L

P








 






    (4.15) 

magram, amave dros aucilebelia gaviTvaliswinoT, rom moZravi 

kameris L sigrZisa da Snekis   kuTxuri siCqaris Semcireba amcirebs 

danadgaris mwarmoeblobas, uZravi kameris  sigrZis gazrda arTulebs 

sawnexi kameris konstruqciis koreqtirebas. amdenad, sawnex-safuTavi 

danadgaris konstruqciuli srulyofis am etapze, mizanSewonilad 

migvaCnia PT samuxruWe Zalis gazrda, risTvisac, aucilebelia 

samuxruWe meqanizmis konstruqciis srulyofa.  

PT samuxruWe Zalis cvlilebis zeda zRvaris (4000 n) 5000 n-mde 

gazrdisas, (4.10) gamosaxulebiT SesaZlebelia mcenareuli masalis 

dawnexis  simkvrivis savaraudo mniSvnelobis dadgena.  

magaliTi. faqtorebis Semdegi mniSvnelobebisaTvis:  

      PT = 5000 n, 0 = 70 kg/m³;  = 0,215 m, L = 0,4 m;   = 5,76 wm-1, 

vRebulobT: 

2 4

0, 215 5000
1,47 0,93 70 0,045 402,8

0,4 5,76 0,4
        

kg/m3 

rac simkvrivis optimaluri mniSvnelobis zeda zRvaria. 
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Tavi V. ,,SefuTuli~ senaJis’ sawnex-safuTavi danadgaris 

energetikuli da ekonomiuri  Sefaseba 

 

5.1. energetikuli kvlevis Teoriuli safuZvlebi 

 

kvlevis mizans Seadgens ,,SefuTuli~ senaJis’ damzadebis opera-

ciebis - sasenaJe masis CartvirTvis, dawnexisa da SefuTvis energe-

tikuli danaxarjebis gansazRvra, rac Sesrulebulia memcenareobis 

warmoebisa da meqanizaciis energetikuli Sefasebis meTodikiT [49].  

,,SefuTuli~ senaJis’ teqnologiuri procesebis Sesrulebaze 

daxarjuli energia iangariSeba tolobiT: 

           Eop = Eteq + Esr + Eel                  (5.1) 

sadac:  Eteq _ energiis xarjia teqnikis damzadebaze, Senaxvaze, 

remontsa da teqnikis momsaxurebaze, mgj/t; 

ESr _ teqnologiuri procesis Sesrulebaze momsaxure 

personalis mier daxarjuli energia, mgj/t; 

Eel _ teqnologiur procesze daxarjuli eletqroenergiis 

xarji, mgj/t. 

energiis xarjis xvedriTi wili teqnikis damzadebaze, Sena-xvaze, 

remontsa da teqmomsaxurebaze ganisazRvreba gamosaxu-lebiT: 

 GK
=  

W

e   
 
 
 

teq

dan dan dan dan

.
dan

E
T   (5.2) 

sadac:  K – nagebobis Senaxvasa da aRWurvilobaze daxarjuli 

energiis maCvenebelia; 

W _ agregatis mwarmoebluroba, t/sT; 

G-dan _ danadgaris masa, kg.; 

αdan _ danadgaris amortizaciis koeficienti; 

ηdan. _ danadgaris kapitalur da mimdinare remontze, 

teqmomsaxurebasa da Senaxvaze daxarjuli energiis maCveneblis 

koeficienti; 
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edan. _ energiis danaxarji 1 kg masis teqnikis damzadebaze, mgj/t; 

Tdan. _ danadgaris wliuri datvirTva, sT. 

operaciis Sesrulebaze daxarjuli momsaxure personalis 

energiis danaxarji iangariSeba formuliT: 

E eSr. Sr.

n

w      (5.3) 

sadac: n– muSaxelis raodenobaa; 

                    eSr- momsaxure personalis energetikuli eqvivalenti, 

mgj/kacsT. 

,,SefuTuli~ senaJis’ sawnex-safuTavi danadgaris muSaobisas 

daxarjuli eleqtroenergiis raodenoba gamoiTvleba formuliT:        

   E  Zr. el. el.

el.

N K e

w                                
(5.4) 

sadac:  NZr – eleqtroZravas simZlavre, kvt; 

Kel – eleqtroZravas simZlavris gamoyenebis koeficienti; 

eel – eleqtroenergiis energetikuli eqvivalenti, mgj/kvt.sT. 

teqnologiur procesze daxarjuli energiis praqtikuli 

gaangariSebis magaliTi: 

sawyisi monacemebi 

Gdan. = 450 kg; 

NZr. = 5,5 kvt; 

edan. = 104 mgj/kg; 

Kel. = 0,8; 

w = 0,2 t/sT; 

αdan. = 0,14; 

K =1.2; 

eel=3.6 mgj/kvt.sT; 

Tdan.=250sT; 

ηdan.=0.10; 

eSr.=1.26mgj/kac.sT; 

n =2; 

 

energiis xarji teqnikis damzadebaze, Senaxvasa da 

teqmomsaxurebaze iangariSeba (5.2) gamosaxulebiT: 

 1, 2
= = 269,6

0, 2

 
 
 

teq .
E

450×104 0,14 + 0,10
0mgj/t

250
danadgaris 

bunkerSi sasenaJe masis CatvirTvaze, danadgaris marTvaze da 
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dawnexili bardanis hermetulad SefuTvaze energiis danaxarji 

gamoiTvleba (5.3) gamosaxulebiT.  

2
= 1, 26 = 12,6

0, 2Sr .E mgj/t . 

danadgaris muSaobaze daxarjuli eleqtroenergia iangariSeba (5.4) 

gamosaxulebiT: 

                    
55 0,8 3,6

= = 79,2
0,2

 
Sr .

E mgj/t  

 
5.2. eqspermentuli kvlevis Sedegebi 

 
rogorc Teoriuli da eqsperimentuli kvlevebiT dadginda, sase-

naJe masis saWiro simkvrivemde dasawnexad rekomendebulia Snekuri 

samuSao organoiani wnexi, romelic sxva saxis wnexebTan SedarebiT 

xasiaTdeba Semdegi dadebiTi TvisebebiT: dawnexva mimdinareobs uwyvet 

nakadad, ris gamoc SesaZlebelia cilindruli dawnexili masis 

sigrZis da simkvrivis farTo zRvrebSi regulireba. igi gamoirCeva 

konstruqciis simartiviT da muSaobis saimedoobiT. yovelive zemoaR-

niSnuli upiratesobebidan gamomdinare SeirCa `SefuTuli~ senaJis da-

sawnexi danadgaris kinematikuri sqema mocemulia sur. 5.1          

 

sur. 5.1. `SefuTuli~ senaJis sawnexi danadgaris kinematikuri 

sqema. 

danadgari Sedgeba sasenaJe masis misaRebi bunkeris 1, korpusis 2, 

mimmarTvelis 3 da cilindris Snekisagan 4. Snekis aZvra xdeba 

elamZraviT 5, korpusis torsul nawilSi magrdeba sawyisi kamera, 

romelic sam variantadaa warmodgenili (cxrili 5.1). I varianti _ 
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cilindruli formis misadgmelSi 6 _ Sneki 4 ar Sedis; II da III 

variantebi: konusuri formis misadgmelebi 7 da 8, romelTagan 7 _ 

Sneki ar Sedis, 8 Sedis 80mm siRrmeze. 

warmodgenili sqemis safuZvelze winaswari saZiebo da kvleviTi 

samuSaos Catarebis Semdeg Snekuri sawnexi muSa organo aRebuli iqna 

Tivis pnevmaturi transportirebis danadgaridan 6. sawnex kameraSi ga-

Wedvis Tavidan acilebis mizniT dasawnexi sasenaJe masa winaswar unda 

daikuwos 5-7sm-is sigrZeze, risTvisac SerCeuli iqna amkref saqucma-

cebeli manqana _ kuf-1,8. rac Seexeba dasawnexi sasenaJe masis polie-

Tilenis afskiT meqanizebuli wesiT SefuTvas, eqsperimentebis pirvel 

etapze xarjebis Semcirebis mizniT (saboloo Sedegebis miRebamde) 

sruldeba xeliT. zemoaRniSnulis gaTvaliswinebiT saqsmmeski-is 

mecxoveleobis eleqtromeqanizaciisa da avtomatizaciis laborato-

riaSi 2008 wels damzadda `SefuTuli senaJis” sawnexi danadgari 

(sur. 4.1) 

cxrili 5.1. 

# dasaxeleba ganzomileba sidi-

deebi

 

1. 

2. 

3. 

4. 

5. 

Sneki 

Ddiametri 

Bbiji 

sigrZe 

simZlavre 

brunTa ricxvi 

 

Mmm 

Mmm 

 mm 

 kvt 

 br/wT 

 

200 

220 

1300 

5 

70 

 

1. 

2. 

variantiI. cilindruli misadgmeli kamera 

diametri 

sigrZe 

 

mm 

mm 

 

200 

250 

 

1. 

2. 

3. 

 

varianti II konusuri misadgmeli kamera 

didi diametric 

patara diametric 

sigrZe 

 

mm 

mm 

mm 

 

 

240 

200 

150 
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1. 

2. 

3. 

4. 

varianti III konusuri misadgmeli kamera 

Snekis bolo nawilis kameraSi Sesvlis sidide 

didi diametric 

patara diametric 

sigrZe 

 

mm 

mm 

mm 

mm 

 

80 

240 

200 

150 

 

Eeqsperimenti Catarda Snekis sawnexi kameris SerCeuli sqemis 

mixedviT. axali teqnologiis moTxovnebs pasuxobs III varianti. 

sur. 5.2. dawnexili balaxis simkvrivis cvla sawnexi kameridan gamos-

vlamde da gamosvlis Semdeg masalis tenianobisgan damokidebulebiT. 

 

sawnexi kameridan gamosuli dawnexili balaxis zomebis Secvlis 

Tavidan acilebis mizniT, gamoyenebuli iqna e.w. `SemzRudveli masra~, 

romelic afiqsirebs dawnexili masis diametrsa da sigrZes. 

dadginda, rom Snekis optimaluri diametria 400 mm, romlis 

drosac [12] cilindruli formis dawnexili balaxis sigrZis (600, 800, 

1000 mm) cvliT meurnes SeuZlia `SefuTuli senaJis~ masa saWiroebis 

mixedviT Secvalos 25-60 kg-is farglebSi. 

2009 wels axali teqnologiiT damzadebuli polieTilenis 

afskiT SefuTul bardanebSi xeliT `SefuTuli~ senaJis gamokvlevis 

safuZvelze saqmmeski-is mecxoveleobis eleqtromeqanizaciisa da 

avtomatizaciis laboratoriaSi damuSavda meqanizebuli safuTavi 
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mowyobilobis proeqti  da gadaeca institutis eqsperimentul-

meqanikur qarxanas dasamzadeblad. 

Aaseve adgilobrivi pirobebis gaTvaliswinebiT SesaZlebelia 

sawnexi danadgaris bunkerSi CatvirTvis meqanizaciac, rac sabolood 

mcire gabarituli zomisa da masis `SefuTuli senaJi” damzadebis 

sruli meqanizaciis saSualebas mogvcems. 

Catarebuli kvlevebis safuZvelze “SefuTuli senaJis” axali 

teqnologiiT damzadebisaTvis saWiro manqanaTa sistema (dRevandeli 

mdgomareobiT) da misi ekonomikur-energetikuli maxasiaTeblebi 

SeiZleba CamovayaliboT cxrili 5.2-is saxiT. 

 

`SefuTuli~ senaJis axali teqnologiiT damzadebis manqanaTa sistema     
cxrili5.2. 

 

 

 

# 

 

 

 

samuSaos dasaxeleba 

g
an
z
o
mi
l
eb

a 

Aagregatis 

Semadgenloba 

mw
ar

mo
eb

l
o
b
a 

x
ve
d
r
iT

i 
s
ae
qs

pl
o
at

ac
io

 

d
an
ax

ar
j
eb

i 
l
/t
 

En
er

g
et

ik
u
l
i 

d
an
ax

ar
j
eb

i 

mg
j
/t
 

Ee
ne
r
g
et

ik
u
l
i 

s
aS

u
al

eb
a 

 s
as

o
f
l
o
-s
am
eu

r
ne
o
 

ma
nq
an
a 

1. 

2. 

 

3. 

 

4. 

 

5. 

 

6. 

 

 

MmoTibva 

mofocxva da Rvareulebad 

dalageba 

akrefa-daqucmaceba, 

datvirTva, transportireba 

CatvirTva sawnexi 

 

danadgaris bunkerSi 

dawnexva 

bardanebis SefuTva 

ha/sT 

ha/sT 

t/sT 

t/sT 

t/sT 

t/sT 

T-25 

T-25 

 

T3-25 

 

MT3-25 

 

xeliT 

eqsp.sawne

-xi 

dadgari 

KCГ-2.1 

ГГП-6.0 

КУФ-1.8 

2ПТС- 

4М-785А 

1,2 

3,6 

 

16,2 

 

3,5 

 

0,25 

 

1,6 

 

2,33 

0,94 

 

1,82 

 

9,6 

 

8 

 

2,6 

53,9 

21,3 

 

49,5 

 

213 

 

5,04 

 

44 
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5.3.  `SefuTuli senaJis~ damzadebis teqnologis efeqtianobis 
dasabuTeba 

 
saerTod cnobilia, rom senaJi cxovelTa sakvebia, romelic 

mzaddeba vegetaciis adreul fazaSi aRebuli daWknobili balaxis 

mwvane masisagan, roca misi tenianoba 45-55 %-ia. igi inaxeba anaerobul 

garemoSi. senaJis konservireba miiRweva imiT, rom masSi arasakmarisa-

daa teni da baqteriebs saSualeba ara aqvT intensiurad ganviTardnen. 

es miiRweva e.w. fiziologiurad mSral garemoSi. aRniSnulis gamo, 

senaJSi mJavebis warmoqmna SezRudulia, sustad viTardeba sidamplis 

da zeTovan-mJaviani baqteriebi, rac saSualebas iZleva kargad Seina-

xos sakvebi nivTierebebi, gansakuTrebiT Saqari. Saqris SenarCuneba 

senaJSi uzrunvelyofs cxovelTaTvis Saqar-proteinis Tanafardobas.  

sasenaJe masaSi kargad viTardeba sxvadasxva saxis sokoebi. maTi 

ganviTareba SeiZleba SevaferxoT mas Semdeg, rac sasenaJe masas 

vamyofebT haerTan mkacrad izolirebul garemoSi. rodesac haeri ar 

exeba sasenaJe masas, wydeba mcenareuli ujredebis sunTqva, riTac 

wydeba Termofiluri baqteriebis ganviTarebis SesaZlebloba, rac 

Tavis mxriv, iwvevs masis Zlier gaxurebas. 

senaJis warmoebis teqnologias samarTlianad miakuTvneben Seda-

rebiT progresul meTods. senaJirebis dros ikargeba mcire raodeno-

biT mSrali nivTiereba, vidre Tivis an silosis damzadebis dros. 

sworad damzadebuli senaJi, Tavisi kvebiTi da biologiuri Tvisebe-

biT, uaxlovdeba axlad moTibuli balaxis Tvisebebs. senaJis Semad-

genloba, kvebiTi nivTierebebis mixedviT, Tu is damzadebulia 

tradiciuli teqnologiebis mkacri dacviT, uzrunvelyofs mis Senax-

vas 80-84%-iT.  

senaJis damzadeba „SefuTuli~ senaJis teqnologiiT, arsebiTad 

gansxvavdeba tradiciuli teqnologiisgan da aqvs mravalmxrivi 

upiratesoba, kerZod, naklebad Sromatevadia da moiTxovs mcire ener-

godanaxarjebs. magaliTad, tradiciulad damzadebis teqnologiasTan 

SedarebiT „SefuTuli~ senaJis damzadebis dros, energodanaxarjebi 

1t senaJis dasamzadeblad 55-60kvt/sT-iT naklebia.  
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rogorc gamocdileba gviCvenebs, moTibuli balaxis mindorSi 

gaSroba 17-18% tenianobamde iTvleba yvelaze araracionalur teqno-

logiad, radgan am dros adgili aqvs sakvebi nivTierebebis did 

danakargebs – 33-38%-iT, (magaliTad, karotini ikargeba 90%-mde), ris 

gamoc mkveTrad ecema damzadebuli sakvebis xarisxi; magaliTad, 1kg 

mSral nivTierebaSi gacvliTi energia mcirdeba 8-8,7mj-mde, e.i. 0,55-0,57 

sakvebi erTeuliT, roca Semcveloba proteinisa aris 10,4-10,8%-mde.  

moTibuli masis moculobiTi danakargi aRwevs 16%-s da mets. 

(danakargebi – 2%, danakargebis akrefis dros – 4%, bululebis 

akrefis dros – 10%; amas emateba danakargebi Tivis masis fermasTan 

an Senaxvis adgilze transportirebis dros). amrigad, mTliani 

danakargebi moTibuli masisa adgilze mitanamde 50 %-mdea.  

senaJis damzadebis arsebuli teqnologia moicavs Semdeg opera-

ciebs: balaxebisa da parkosani kulturebis moTibva-datyleJva, min-

dorSi moTibuli masis gaSroba optimalur tenianobamde, akrefva 

erTdrouli daqucmacebiT, ormoSi (koSkSi) CatvirTva, datkepvna da 

hermetuli daxurva. 

imis gamo, rom mraval SemTxvevaSi irRveva teqnologiuri 

procesi, an igi arasrulyofilia, miiReba dabalxarisxiani senaJi. amis 

ZiriTadi mizezia is, rom xSir SemTxvevaSi fermerebs da fermerul 

meurneobebs ar aqvT saSualeba moawyon (aaSenon) Sesabamisi sasenaJe 

ormo an koSki, rac Zviri jdeba da uzrunvelyofs masis karg izo-

lacias da icavs danagvianebisgan. 

senaJis damzadebis mowinave teqnologia – „SefuTuli senaJi“ – 

mniSvnelovnad gansxvavdeba tradiciuli teqnologiisagan ara marto 

damzadebis mxriv, aramed, senaJis kvebiTi Rirebulebis, nivTierebaTa 

Semcvelobis, TviTRirebulebisa da SromiTi danaxarjebis mxriv.  

„SefuTuli~ senaJis teqnologiuri cikli sruldeba eqvsi erTma-

neTTan dakavSirebuli manqanaTa kompleqsiT: 

 moTibva erTdrouli datyleJviT specialuri rezinis 

lilvakebiT;  

 moTibuli masis afueba - gadabruneba;  

 Rvareulebis warmoqmna; 
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 Rvareulebidan akrefa da dawnexva maRalsimkvrivian 

rulonebad; 

 rulonebis SefuTva specialuri polieTilenis afskiT; 

 damzadebuli senaJis daqucmaceba-darigeba cxovelTaTvis. 

magaliTad, Tu vamzadebT 1500-2000t senaJs, saWiroa specialuri 

22,3kg-iani SesafuTi tilo, 500kg xezi. mowinave fermerTa gamocdileba 

gviCvenebs, rom axali teqnologiis gamoyenebiT 7-saaTian samuSao 

dReSi SeiZleba damzaddes 60-80tona „SefuTuli senaJi“. 

aseve, gamocdileba gviCvenebs,rom sakvebi balaxis mosavliano-

basTan damokidebulebiT, gamoyenebuli teqnikis mwarmoebloba Sead-

gens: 

- saTib-satleJeli    2,5-3 ha/sT; 

- amrev-gadambrunebeli    5-6 ha/sT; 

- focxi-Rvareulwarmomqmneli  3,5-4ha/sT; 

- wnex-amkrefi     200-250-bardana 10 sT-Si; 

-rulonebisSemfuTavi    20-25 ruloni/sT; 

-rulonebis damWrel-damrigebeli       600-700 kg 

- senaJis dasamzadebeli balaxis saSualo tenianoba 40-55%. 

 

senaJis da Tivis xarisxi da Senaxva 

 

senaJis da Tivis xarisxi mniSvnelovnad izrdeba, xolo 

danakargebi mcirdeba, rodesac mimdinareobs moTibuli balaxis 

intensiuri Sroba romelic ZiriTadad miiRweva Semdegio peraciebis 

ganxorcielebiT – datyleJva, aCeCva-gadabruneba da swrafad SrobiT 

Rvareulebis warmoqmna. Am operaciebis CarTva sakvebis damzadebis 

progresul teqnologiebSi sagrZnoblad amaRlebs Tivisa da senaJis 

xarisxs, rac Tavis mxriv,  mniSvnelovnad zrdis mecxoveleobis 

produqtebis warmoebas. 

senaJis d Tivis  damzadebis arsebuli tradiciuli teqnolo-

giebi, romelic sruldeba arsebulimoZvelebuli teqnikis gamoyenebiT, 

aseve, sakvebis Ria moednebzeSenaxva tranSeebSi da sasilose koSkebis 

gamoyenebiT, saboloo SedegiT mniSvnelovnad Camouvardeba axali 
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teqnologiiT `SefuTul~ senaJs, romelic sruldeba Tanamedrove 

teqnikiT damzadebuli sakvebis xarisxobriv maCveneblebs. Amis dasa-

dastureblad cxrilSi 5.3. moyvanilia lucernis Tivis kvebiTi 

maCveneblebi da SedarebiTi maxasiaTeblebi. 

 

cxrili 5.3 

# 

 
 
# 

maCveneblebi pirveligaT

ibva 

lucernis 

mwvanemasa

naSali

Tiva 

Tivaruloneb

Si 

ПРП-1,6 

`senaJi

Sefu- 

Tuli~

1 

 

mwvanemasismoculoba, t/ha 120 - - - 

2 

 

mSralimasisSegroveba,t/ha 24 12 14,4 21,84 

3 

 
 

danakargebi:damzadebisdros,S

enaxvisas,kvebis% 

- 50 40 9 

4 

 

erTi kg. 

mSralimasiskvebiTiunari: 

- - - - 

 

5 

sakvebierTeulisSemcveloba 1 0,55 0,58 0,78 

 

6 

moculobiTienergiisSemcvel

oba,mj/kg.m.m. 

10 8,4 9,1 9,81 

 

7 

sveliproteinisSemcveloba,% 24 12 14 20,5 

 

8 

karotinisSemcveloba % 220 8 12 62 

 

9 

sakvebierTeulisSegroveba,l/

ha;  l/t 

24 6,6 8,35 16,6 

 

10 

TivisTviTRirebuleba,l/t - 90 70 100,6 

 

11 

sakvebierTeulisTviTRirebu

leba,l/t 

 162 122 131 
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Lliteraturuli monacemebiT 18], “SefuTuli~ senaJis Senaxvis 

procesis dros xdeba sakvebis xarisxis mcireodeni Semcireba: 

_ kvebiTi Rirebulebis mniSvnelovani Semcireba xdeba mindorSi 

Srobis dros saSualod 0,75mj/kg dRe-RameSi. 

_karotinis Semcveloba 5 Tvis ganmavlobaSi Semcirda 25-30%-iT, 

rac kargi maCvenebelia. 

_ nedli proteinis Semcveloba Semcirda 1,0-2,0%-iT, mineraluri 

Semcveloba ar mcirdeba. 

Mmeurneobis gamocdileba gviCvenebs, rom Zveli tradiciuli 

meTodiT TiToeuli heqtridan damatebiT Rebuloben 300-400 sakveb 

erTeuls, xolo Tivis damzadebis dros damatebiT Rebuloben 800-1000 

sakveb erTeuls. saerTo maCveneblebis Sedarebisas irkveva, rom 

danakargebi tradiciuli teqnologiiT silosis da senaJis damzadebis 

dros Seadgens 10%-s, xolo Tivis zvinebad Senaxvis dros ki – sakvebi 

erTeulis danakargi 38%-ia .TivasTan SedarebiT `SefuTul~ senaJSi 

karotinis Semcveloba 2-jer metia. 

Aaxali teqnologiis gamoyenebiT danakargebi damzadebisa da 

Senaxvis dros ar aRemateba 3%-s (roca Zveli teqnologiis dros 16%-

mdea) .aseve, mcirea danakargebi xarisxobriv maCveneblebSi da ar 

aRwevs (0-dan - 0,78m g.j/kg 10Tvis Senaxvi sdros). 

 

 

5.4„SefuTuli senaJis“ damzadebis danaxarjebi, TviTRirebuleba 

da efeqtianoba 

 

mecxoveleebis ganviTarebaze da mis ekonomikaze did gavlenas 

axdens sakvebis faqtori, radgan mecxoveleobis produqtebis TviT-

RirebulebaSi danaxarjebi sakvebis warmoebaze Seadgens 50-60%-s. 

sabazro ekonomikis pirobebSi cxovelTa sakvebis damzadebisa da 

gamokvebis efeqturoba pirvel adgils ikavebs.  

cxovelTa daubalansebel gamokvebas mivyavarT sakvebis did 

xarjebTan, rac sagrZnoblad amaRlebs saboloo produqciis TviTRi-
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rebulebas da arakonkurentunarians xdis mas gasaRebis bazarze. 

saboloo jamSi warmoeba xdeba wamgebiani.  

dadgenilia, rom danaxarjebi senaJis damzadebaze mniSvnelovnad 

mcirea, vidre sxva sakvebis damzadebaze, radgan arsebuli teqnolo-

giiT sakvebis damzadebis dros, miRebulia, rom 1 sakveb erTeulze 

Sromis xarji Seadgens: Tivaze – 2,4 kac.sT, silosze – 1,1 kac.sT, 

senaJze – 0,8 kac.sT. tradiciuli teqnologiiT senaJis damzadebaze 

igi 3-jer mcirea, vidre Tivis damzadebaze da 1,38-jer naklebi, vidre 

silosis damzadebaze. 

„SefuTuli~ senaJis damzadebis teqnologiis gamoyenebis dros, 

Sromis danaxarjebi mniSvnelovnad mcirea, saSualod 66%-iT naklebi, 

vidre tradiciuli teqnologiis gamoyenebiT.  

sxvadasxva meurneobis SefasebiT da gaTvlebiT, wlis sezonze, 

sadac gamoyenebul iqna axali teqnologia, sakvebis damzadebis TviT-

Rirebuleba damokidebulia mraval faqtorze – damzadebis moculo-

baze, specialur teqnikaze, kadrebis momzadebis doneze, gadazidvis 

manZilsa da saSualebebze, Senaxvis meTodsa da nagebobebze da sxva 

saorganizacio da teqnikur maCveneblebze.  

sakvebis gamoyenebis efeqturoba damokidebulia mis xarisxsa da 

kvebiT Rirebulebaze.  

sxvadasxva meurneobebis gamocdilebis Seswavlam da analizma 

gviCvena, rom tradiciuli teqnologiiT damzadebis dros, sakvebis 

danaxarjebi saqonlis xorcis warmoebaze Seadgens 17,8 centner sakveb 

erTeuls 1c-ze, rZeze – 1,86 centner sakveb erTeuls, rac 1,5-2-jer 

metia, vidre mecnierulad dasabuTebuli norma.  

gaangariSeba gviCvenebs, rom roca izrdeba energetikuli da 

proteinuli Semcveloba sakveb erTeulSi (mag., 20%-iT), es iwvevs 

mewveli Zroxis produqtiulobis orjer gazrdas, mcirdeba 

danaxarjebi sakvebis damzadebaze, rac Sesabamisad, amcirebs rZis 

Rirebulebas erTi mesamediT, 25%-iT mcirdeba sakvebis damzadebis 

farTobi.  

zogierTi meurneobis mcdeloba, mcoxnavi pirutyvis produq-

tiuloba gaizardos dabalxarisxiani, didmoculobiani sakvebis 
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gamoyenebiT da koncentratebis gadaxarjviT, ar gamarTlda arc 

biologiuri da arc ekonomikuri TvalsazrisiT (ix. cxrili. 5.4).  

mTlianad, aRniSnuli faqtorebi uaryofiTad moqmedeben ara mar-

to produqciis TviTRirebulebaze, aramed 2-2,5-jer mcirdeba cxovel-

Ta produqtiulobis xangrZlivobac. am situaciidan gamosavalia cxo-

velTa sakvebis xarisxis gazrda, danakargebis da danaxarjebis mini-

mumamde Semcireba. 

 

rZis warmoebis efeqtianoba, tradiciuli teqnologiiT  

damzadebuli sakvebiT gamokvebis dros 

 cxrili 5.4. 

vegetaciis  

fazebi 

koncentracia  
wveladoba 

kg/dRe-

RameSi 

danaxarjebi, 

(mSrali niv-

Tierebebis) 

kg/kg rZeze 

saSuale-

baTa da-

naxarjebi 

%  

gacvliTi 

energia, 

mg.jouli 

nedli 

prote-

ini, % 

butonizacia 11 16-18 14-1 0,7 100 

yvavilobis 

dawyebis 

periodi 

10 14-16 9-11 1,0 120 

masiuri 

yvavilobis 

periodi  

9 10-12 7-8 1,4 140 

yvavilobis 

damTavrebis 

periodi  

8 8-10 3-4 3,3 260 

 

imis mixedviT, rogor mcirdeba mSral nivTierebaSi gacvliTi 

energiis koncentracia, nedli proteini, danaxarjebi erTeul roduq-

ciaze Sesabamisad izrdeba. `SefuTuli~ senaJis teqnologiis da Sesa-

bamisi sakvebis dasamzadebeli kompleqsis gamoyenebis efeqtianobis 

saerTo Sefaseba, sxvadasxva qveynebis ramdenime fermeruli meurneo-

bis monacemebis safuZvelze. aRmosavleT da dasavleT evropis, agreT-

ve ukrainis, belorusiis, yazaxeTis, ruseTis, uzbekeTis da sxva 
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qveynebis fermeruli meur-neobebis monacemebis da SedarebiTi 

analizis safuZvelze, praqtikulad Sefasebulia `SefuTuli senaJis~ 

gamoyenebis saerToefeqtianoba. 

1. senaJis kvebiTi unari damokidebulia damzadebis  droze da 

balaxis Semadgenlobaze. magaliTad, roca senaJi damzadebulia 55%-

iani tenianobiT, saSualod Seicavs 0,61-0,78 sakveb erTeuls, 12-16% 

nedl proteins 1kg mSral nivTierebaSi. 

2. sakvebis maRali kvebiTiunarianobis gamo msxvilfexa saqonlis 

wona namati izrdeba 10-13%-iT, saSualo dReRamuri wvelis raodenoba 

izrdeba 6-10%-iT, xolo cximianoba izrdeba 0,2-0,3%-iT.  

3. axali teqnologiiT damzadebuli sakvebis gamoyenebiT 2-jer 

mcirdeba koncentrirebuli sakvebis gamoyeneba tradiciul teqnolo-

giasTan SedarebiT (sakvebis TviTRirebuleba 17,5%).  

4. SromiTi danaxarjebi sakvebis warmoebaze mcirdeba 50-60%-iT. 

Sromis mwarmoebluroba izrdeba 80%-iT. (magaliTi: fermerul 

meurneobaSi erTi sakvebdamamzadebeli kompleqsuri brigadis mier, 

romlis SemadgenlobaSi iyo: 7 meqanizatori, 7 traqtori, 2-3 damxmare 

muSa, 2-3 satransporto saSualeba, damzadebul iqna 1500-2000t. 

`SefuTuli senaJi~ – 15-17 dReSi, roca senaJi dasawyobda fermasTan 

axlos. borbalTiTebiani focxebis RCS-8, V10-4GW da V14-4GW 

gamoyenebam gazarda mwarmoebluroba da ekonomikuri efeqtianoba 

saSualod 1,3-1,5-jer).  

5. sawvavis xarjva Semcirda 5,7%-iT da Seadgina 1,7 l/t.  

6. dawnexili bardanebis maRali simkvrive saSualebas iZleva 

racionalurad gamoviyenoT satransporto saSualebaTa tvirTamweoba 

3-4-jer; gavzardoT Sesanaxi moednebis farTobi da ekonomikurad 

gamoviyenoT SesafuTi lenti. 

7. `SefuTuli~ senaJis rulonebis fermasTan axlos dasawyobeba 

saSualebas iZleva, gamovricxoT zamTris pirobebSi fermasTan 

rulonebis mitanaze saWiro xarjebi. 

8. danakargebma sakvebis damzadebaze, Senaxvaze da cxovelTa 

gamokvebaze Seadgina ara umetes 3%-isa. 
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9. saerTod gamoiricxa sasilose ormoebis, koSkebis, Sesanaxi 

moculobebis da aseve, saSrobebis mSenebloba. 

10. danaxarjebis Semcirebis gamo mTliani kompleqsis Rirebulebis 

saSualebebze danaxarjebis ekonomiam Seadgina 30-40%, rac saSualebas 

iZleva, mTliani sakvebdamamzadebeli kompleqsis Rirebuleba gamosyi-

dul iqnas 2-3 sezonis muSaobis Semdeg. 

11.  miiRweva samuSaoTa maqsimaluri meqanizacia da sakvebis dari-

gebis minimaluri dro, rac aucilebelia cxovelTa dabmuli Senaxvis 

dros. 

12. mniSvnelovnad izrdeba (aranakleb 85%-isa) miwis gamoyenebis 

efeqti. 

 

 

ZiriTadi daskvnebi da rekomendaciebi 

 

1. cxovelTa sxvadasxva sakvebis saxeobebis SedarebiTi 

analizi gviCvenebs, rom `SefuTuli~ senaJi sxva sakvebTan SedarebiT 

xasiaTdeba maRali kvebiTi RirebulebebiT, misi gamoyenebis dros 

msxvilfexa saqonlis wona-namati izrdeba 50-130kg-iT, wvelis 

raodenoba 6-10%-iT, xolo rZis cximianoba 0,2-0,3%.  

2. senaJis damzadebis arsebuli teqnologiebis analizis sa-

fuZvelze damuSavebuli iqna mcire konturiani, rTuli reliefis 

mqone saTibebze `SefuTuli~ senaJis damzadebis axali efeqturi teq-

nologia. rac gulisxmobs uSualod nakveTSi gadasatani danadgaris 

gamoyenebiT `SefuTuli~ senaJis damzadebas. aseTi teqnologia mcire 

fermeruli meurneobisaTvis metad momgebiania, mcirdeba SromiTi 

danaxarjebi 50-60%-iT, sawvavis xarjva 5,7%-iT da Seadgens 1,7 

l/tonaze. saerTod gamoricxavs kapitalur dabandebebs sasenaJe or-

moebisa da nagebobebis asagebad, 80-90%-iT izrdeba warmoebis meqa-

nizacia, xels uwyobs iseTi bunebrivi saTibebis aTvisebas, rogoricaa 

tyispira zolebi, qarsafari zolebs Soris saTibebi da sxva. 
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3. damuSavebulia gadasatani tipis Snekur samuSao organoia-

ni sawnexi SemfuTavi danadgaris principuli sqema da masze miRebu-

lia patenti GE P 2009 4870 B. 

4. SemuSavebuli principuli sqemis safuZvelze agebuli iqna 

axali sawnex-SesafuTi danadgaris moqmedi sacdeli modeli, romelic 

Semowmebuli iqna laboratoriul da savele pirobebSi. Sedegebma aCve-

nes, rom manqana sruliad akmayofilebs masze wayenebul moTxovnebs. 

5. aseve SemuSavebulia sawnex-SemfuTavi manqanis Snekuri 

sawnexi organos axali varianti, romelic SesaZlebels xdis srul-

vyoT dawnexvis procesi da miviRoT dawnexili masis Tanabari simkvri-

ve bardanis mTel sigrZeze  km/m3-is sazRvrebSi.  

6. Dawnexvis procesis sruli analizis mizniT Sedgenili iqna 

bardanis dawnexvis reulogiuri modeli, romelic saSualebs iZleva 

ganisazRvros damokidebuleba  daZabulobis da fardobiT 

deformacias Soris sam sxvadasxva variantSi. miRebuli 

damokidebulebebi saSualebas iZleva ganisazRvros (rodesac Snekis 

brunTa ricxvi br/wT) sawnexi kameris sigrZe L=0,4m relaq-

saciis dros 6,6wm, Snekis xviis biji S=0,65, drekadobis moduli  

E1=0.85*105n/m2; 3*10-3m3/kg, simkvrive P0=50km/m
3; C=5.05*105 n/m2; Sesaba-

misad P=373,85 kg/m3, rac Tavsdeba rekomendebul zRvrebSi. 

7. aseve Teoriuli kvlevis Sedegebis safuZvelze miRebuli 

saangariSo formulebi saSualebas gvaZlevs viangariSoT: dawnexvis 

maqsimaluri sidide km/m3 konkretuli dasawnexi masisaTvis, aseve 

wnexis kameris sigrZe Lm;  kveTis zomebi (a X b) da Snekis brunTa 

ricxvi br/wT.  

8. mravalfaqtoriani eqsperimentis dagegmvis da Catarebis 

Tanamedrove meTodebis gamoyenebiT miRebul iqna regresiuli 

gantoleba, rogorc kodirebuli, ise naturalur cvladebSi, romelic 

dawnexili senaJis simkvrives akavSirebs uZrav kameris sawyis sigrZes-

Tan da moZravi  kameris samuxruWe ZalasTan, saidanac dadgenil iqna, 
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rom  sawnexi kameris optimaluri sigrZea L0=0,215m. dawnexvisaTvis 

saWiro Zala PT = 4000 n, xolo bardanis simkvrive  kg/m3.  

9. Catarebulma energetikulma gamokvlevam gviCvena rom ener-

giis xarjis xvedriTi wili teqnikis damzadebaze, Senaxvaze, remontsa 

da teqmomsaxureobaze Seadgens 269,6mgj/n, daxarjuli eleqtroener-

giis raodenoba _ 79,2 mgj/t. mTlianobaSi 1 tona senaJis damzadebaze 

ixarjeba 361,4 mgj/t. 

10. rogorc ekonomikuri efeqtianobis gaangariSebam gviCvena 

`SefuTuli~ senaJis axali teqnologia da gadasatani damwnex-Sesa-

fuTi danadgari saSualebas iZleva 7 saaTian samuSao dReSi 

davamzadoT 60-80 tona `SefuTuli~ senaJi 20-25kg-iani masis barda-

nebad. danakargebi Zvel teqnologiasTan SedarebiT mcirdeba 16%-

dan_3%-mde. aseve danakargebi 10 Tvian Senaxvaze mcirdeba 10%-dan_2%-

mde, faqtiurad gamoricxulia danakargebi kapital dabandebaze, aseve 

mniSvnelovnad mcirdeba gadazidvebis xarjebi, agreTve, angariSma 

gviCvena, rom `SefuTuli~ senaJis damzadebis dros sakvebi erTeulis 

TviTRirebuleba Seadgens 131 l/ha-ze, Sesabamisad 30-40 l/t-ze, rac 2-

2,5-jer mcirea tradiciuli teqnologiis da teqnikis gamoyenebis 

dros. 

11. mcire fermerul meurneobas 100-150 suli msxvilfexa 

pirutyvisaTvis sWirdeba 1300-1500 tona senaJi, axali teqnologiiT mis 

damzadebaze miRebuli ekonomia mTlianobaSi Seadgens 54000 lars 

weliwadSi. 
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simindis masisagan damzadebuli sakvebis kvebiTi 
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sasoflo meurneobis sargeblobaSi arsebuli sasoflo-sameurneo 

savargulebis gamoyeneba regionebis mixedviT (aTasi heqtari) 
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