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რეზიუმე

samecniero-teqnikuri progresis Semdgomi ganviTareba mWidrod 
aris dakavSirebuli warmoebis srulyofasTan, dafuZnebuli 
efeqturi teqnologiebis, Sromatevadi sawarmoo procesebis meq a-
nizaciisa da avtomatizaciisaTvis maRalmwarmoebluri manqana -
danadgarebis SeqmnasTan da danergvasTan. am saqmeSi gansakuTr e-
biT didi roli eniWeba kompleqsur meqanizacias, romlis drosac 
teqnologiuri procesis yvela operacias asruleben manqanebi.

mTagoriani reliefis pirobebS i, xe-tyis damzadebis teqn o-
logiuri procesis sirTulidan gamomdinare, yvelaze Sromatevad 
fazad iTvleba morTreva jirkidan zeda sawyobamde. cnobilia, 
rom saqarTvelos mTebze ganlagebuli tyesakafebi Seadgens tyiT 
dafaruli farTobis 97% -s. cnobilia isic, rom tyis moxmarebis 
ganuwyveteli zrda iwvevs garemos balansis darRvevas, rac a u-
cilebels xdis xe -tyis damzadebis da transportirebis sakiTxis
wina planze dayenebas, tyidan uwyveti, Tanabari sargeblobis 
principis gansaxorcieleblad.

garda zemoT aRniSnuli problemebisa, mTagorian tyesakafebze 
xe-tyis damzadebis ZiriTad problemas warmoadgens mo sarTrevi 
teqnikis ekologiur pirobebTan SeuTavsebloba, rac Tavis mxriv 
qmnis samanqano agregatebis moqmedebis sferodan mniSvnelovani 
saeqspluatacio farTobebis amovardnis saSiSroebas.

samTo pirobebSi dReisaTvis damuSavebulia kompleqsuri 
meqanizaciis teqnologiuri sqemebi, romlebSic gamoyenebulia 
specializebuli morsaTrevi traqtori TT-4 da morsaTrevi
TviTmtvirTavi agregati ( mTa). amasTan, specializebuli mors a-
Trevi traqtori TT-4 Soltebis da morebis morTrevas axorcie-
lebs mxolod naxevrad datvirTul mdgomareobaSi, xolo mors a-
Trevi TviTmtvirTavi agregati, aRWurvili Zara -isris saxsrul -
berketuli meqanizmiT, morTrevas axorcielebs naxevrad datvi r-
Tul da mTlianad datvirTul mdgomareobaSi.

aRsaniSnavia, r om mTa da gansakuTrebiT specializebuli 
morsaTrevi traqtori TT-4, Tavisi Semsrulebeli meqanizmebiT da 
mowyobilobebiT, ver uzrunvelyofen teqnologiuri procesis 
yvela operaciis Sesrulebas meqanizebuli wesiT.

winamdebare sadisertacio naSromSi, Seqmnilia morsaTr evi 
TviTmtvirTavi agregati aRWurvili sruliad axali Zara -isris 
saxsrul-berketul-kbilanuri meqanizmiT, romelsac cnobili 
morsaTrevi TviTm tvirTavi agregatisagan gansxvavebiT SeuZlia 
avtomatur reJimSi, meqanizebuli wesiT, ganaxorcielos tye -
sakafze xe-tyis morTrevis teqnologiuri procesis yvela oper a-
cia, maT Soris Sekrulas Zaraze dafiqsireba-dabma.

naSromi meoTxe jgufis cvalebadi daxrilobis tyesakaf e-
bisaTvis damuSavebulia kompleqsuri meqanizaciis ekologiurad 
uvnebeli # 9 teqnologiuri sqema.

sadisertacio  naSromSi didi  yuradReba aqvs daTmobili 
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mTa-is moZraobis ganivi mdgradobis gamokvlevas, risTvisac d a-
muSavebuli meTodikebis safuZvelze Catarebuli Teoriuli g a-
mokvlevebidan dadgenilia: dautvirTavi da datvirTuli mTa-is 
vakeze minimaluri radiusiT mobrunebis dros moZr aobis krit i-

kuli siCqaris mniSvnelobebi, Sesabamisad 7,3=k1V m/wm da 6,3=3V

m/wm; dautvirTavi da datvirTuli mTa-is ferdobze ganivi mimar-
TulebiT aRmarTis mxares minimaluri radiusiT mobrunebis 
drois moZraobis kritikuli siCqari s mniSvnelobebi, Sesabamisad

28,2=k2V m/wm da 32,2=k4V m/wm; amasTan dasabuTebulia, rom pirvel 

SemTxvevaSi agregatis maqsimaluri siCqariT 84,2=V m/wm mTa

mdgradia, xolo meore SemTxvevaSi igive pirobebSi – aramdgradi.
naSromSi, agreTve gansazRvrulia: maqsimaluri siCqariT 

84,2=V m/wm moZraobis dros, ferdobis daxris kuTxis zRvruli 
mniSvnelobebi, agregatis minimaluri radiusiT aRmarTis 
mxares mobrunebis dros dautvirTav da datvirTul mdgomare o-
baSi, Sesaba misad 9312 ¢°=D z1a da 711 ¢°=D z2a , aseve gansazRvr u-

lia t drois xangrZli voba agregatis gadabrunebis dawyebidan 
gadabrunebis gardauval mdgomareobamde, dautvirTavi da 
datvirTuli agregatis vakeze da ferdobze minimaluri radiusiT 
mobrunebis dros. miRebuli t drois maqsimaluri mniSvneloba 
tolia 0,72wm, rac imas niSnavs, rom agregatis gadabruneba xdeba 
myisierad.

teqnologiuri da teqnikuri parametrebis dasadgenad 
Catarebulia sawev -saeqspluatacio gaangariSebebi da mTa-is 
eqstremalur pirobebSi a RmarTze da daRmarTze mTlianad 
datvirTul, naxevrad datvirTul da xe -tyis mTlianad miwaze 
morTrevis mdgomareobaSi muSaobis dros.

damuSavebuli meTodikebis safuZvelze Catarebuli 
eqsperimentuli gamokvlevebidan dadgenilia, mTa-is qanobis 
daxris kritikuli kuTxis m niSvnelobebi Camocurebaze: zamTarSi 
15°_25° da zafxulSi 20 °_37°; Sesabamisad, muxluxas niadagTan 
CaWidebis koeficientis mniSvnelobebia 5,03,0 -=j da 8,04,0 -=j . 
aseve gansazRvrulia muxluxas niadagSi CaRrmavebis da Subla 
winaaRmdegobis mniSvnelobebi.

Teoriuli da eqsperimentuli kvlevebis safuZvelze 
naSromSi gadawyvetilia, mniSvnelovani samecniero -teqnikuri 
problema, romelic dakavSirebulia, mTagorian tyesakafebze xe -
tyis urTulesi teqnologiuri procesis ganxorcielebis 
srulyofasTan.
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Abstract

The following development of scientific -technical progress is tightly associated  
with the perfectness of the production, founded to the creation and the  implementation  
of machines -installations having high productivity for effective technologie s, lab o-
rious enterprise process for the mechanization and automation. In this affair especially
the complex mechanization has the great role, in time of which the machines accom-
plish all operations of  the technological process. 

In conditions of mountain ous relief, following from difficulty of the technolog i-
cal process of wood manufacturing, the most consuming phase is considered the 
bringing from the wood top till upper warehouse. It is known, that the forest clea r-
ances disposed on the mountains of Georgia make up 97% of the area covered with 
the forest. It is also known, that the uninterrupted d increasing of forest  consumption 
provokes the infraction of balance of the forest, which  makes  necessary  the taking 
on anterior stage of wood manufacturing a nd transportation, for the realization of  the 
principle of uninterrupted, equal profit from the forest.                

Besides above mentioned problems, on mountainous clearances, the incompat i-
bility of log techniques with the ecological conditions prese nts the main problem of 
wood- forest, which from its side creates the danger of  the falling out of important 
exploitation areas from the filed of the action of machines aggregates. 

In mountain conditions for today it is elaborated the technological schem as of 
the complex mechanization, in which is used the specialized  tractor of log dragging  
TT-4 and self loader aggregate of log dragging (SLALD). This time the specialized 
log dragging  tractor TT - 4 realizes the dragging of the scourge and logs only in half 
charged situation, but self loader aggregate of log dragging, equipped with joint -lever   
mechanism of body-arrow, realizes the dragging of the log in half charged and totally 
charged situation. 

It is noticeable, that self loader aggregate e of log d ragging and especially the 
specialized log dragging tractor TT -4, with acted mechanisms and arrangements, do 
not ensure the accomplishment of all the operations of the technological process with 
mechanized rule. 

In above mentioned thesis workshop, it is created the self loader aggregate of log 
dragging is completely equipped with joint -lever-tooth gear of new body -arrow, 
which from the difference of self loader aggregate of log dragging can realize all the 
operations of the technological process of log dra gging of wood -forest on wood -
clearance with mechanized rule in automatic regime, among them the knot the fixing-
fixation on the body. 

Then workshop for forest clearances of the changeable inclination of  the fourth 
group is elaborated the technological schema N 9 environmentally safely of the co m-
plex mechanization.  

In the thesis workshop the research of transverse sustainability of the movement  
of self loader aggregate of log dragging has the great attention, for which on basis of 
elaborated methodic from the theoretical researches realized it is established: in time
of turn with the minimal radius on platform of self loader aggregate of log dragging  
the importance of critical speed of  the movement, conformably  V k1= 3, 7 m/second  
and VK3= 3, 6 m/ second; on plateau of chargeable and non chargeabl e of self loader 
aggregate of log dragging with transverse direction on side of the ascent in time of 
turn with the minimal radius the importance of critic speed of the movement, co n-
formably  VK2= 2, 28 m/ second and V K4 = 2,32,m/second; this time it is argumented, 
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that in first case with the maximal speed of the aggregate V = 2,84 m/second self 
loader aggregate of log dragging is stable, but in other case in the same conditions -
unsustainable. 

In the workshop, also it is defined: in time of the movement with the maximal 
speed V = 2,84 m/second, the defined importance of the corner of the plateau inclina-
tion, with minimal radius of the aggregate in time of turn ascent side in un chargeable
and  chargeable  s ituation, conformably, conformably 1zaD = 12 °39¢ and 2zaD = 

11°7¢; - also it is defined t time duration from the turn beginning of the aggregate till 
intransitive situation, on plateau of un chargeable and chargeable aggregate and on the 
plateau in time of turn with minimal radius on the plateau. The maximal importance of 
t time is equal to 0,72 second, which means, that  the turn of the aggregate suddenly 
becomes.

For the establishment of technological and technical parameters is realized the 
calculations of tracking -exploitation and in extreme conditions of self loader aggr e-
gate of log dragging on ascent and on descent totally in time of working in log dra g-
ging situation on the ground totally of charged, half charged and  wood-forest. 

On basis of elaborated methodic from the realized experimental researches it is 
established, that the meanings of the critical corner of the inclination of self loader 
aggregate of log dragging on sliding: in winter 15°-25° and in summer 20°-37°; con-
formably caterpillar the meanings of the coefficient of the grasp with the soil are = 
0,3 – 0,5 and  =j 0,4 – 0,8. Also it is defined in the soil of the caterpillar the mea n-
ings of depth and frontal contrariety.  

On basis of theoretical and experimental researches in the workshop it is d e-
cided, the important scientific -technical problem, which it is associated, that on forest 
clearances of mountain with the complete realization of the most difficult  technologi-
cal  process.
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შესავალი

tye, rogorc sawarmoo saqmianobis obieqti, SesaZleblobas 

iZleva miviRoT sxvadasxva produqcia. Tavisi bunebidan 

gamomdinare, mas aqvs uamravi miznobriv i daniSnuleba. vinaidan, 

SesaZlebelia tyis resursebis aRdgena, amitom tyiT racionaluri 

sargebloba aucileblad unda iTvaliswinebdes mis kvlavwarmoebas. 

amasTan, tyis fondis teritoria yovelTvis dinamikaSia, ris 

gamoc ganicdis gansazRvrul cvlilebebs [1, 2].

msoflio ekonomikis ganviTareba Tanamedrove etapze 

moiTxovs farTo masStabebiT bunebrivi resursebis aTvisebas, maT 

Soris tyes da mis resursebs erT -erTi mniSvnelovani adgili 

ukavia, romlis saerTo maragi saqarTveloSi Seadgens 400 mln m3. 

miuxedavad imisa, rom T anamedrove msoflioSi mniSvnelovani 

miRwevebia xelovnur -merqnuli masalebis warmoebaSi, mainc 

naturalur xe -tyeze moTxovnileba sul ufro matulobs. 

radganac tyeebis da maT Soris saqarTvelos tyeebis bunebrivi 

kvlavwarmoeba-ganaxleba SezRudulia, xolo moTxovnileba

dRiTidRe ganuwyvetliv matulobs, dRis wesrigSi dgeba tyis 

resursebis efeqturad gamoyenebis sakiTxebi.

cnobilia, rom merqani strategiuli nedleulia, amitom 

misi yoveli kuburi metri unda iyos aRricxuli, rogorc 

damzadebis, ise gadamuSavebisas. mxolod aseTi midgoma mogvcems 

saSualebas saqarTveloSi wesrigi davamyaroT xe -tyiT 

sargeblobaSi. Tu gaviTvaliswinebT yovelwliur namats – 3,83 

mln.m3, maSin yovelwliurad 600 -800 aTasi m 3-is Wra yvela 

saxeobisaTvis (rogorc saqmiani ise SeSisaTvis), ar warmoadgens 

saSiSroebas, tyesakafSi Wris yvela wesis mkacrad dacvis 

SemTxvevaSi [3, 4].

saqarTvelos samTo tyis meurneobis pirobebSi, sadac 

tyeebi merqniT sargeblobasTan erTad ud ides ekologiur 

funqciebs asruleben, maTSi meurneobis warmoeba da kerZod, 

tyesakafebis samuSaoTa teqnolo gia dafuZnebuli unda iyos am 
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dargSi dagrovili msoflios mowinave qveynebis gamocdilebaze. 

am saqmeSi gansakuTrebiT didi roli ekuTvnis kompleqsur 

meqanizacias, romlis drosac yvela operacias manqanebi 

asruleben. kompleqsur meqanizaciaze gadasvlas movyevarT ax ali 

manqanebisa da meqanizmebis Seqmnis aucileblobamde [5, 8].

disertaciaSi didi yuradReba aqvs daTmobili samTo 

pirobebSi tyesakafi samuSaoebis ekologiurad uvnebeli 

teqnologiebis Ziebasa da damuSavebas. ganxilulia tyesakafi 

samuSao procesebis kompleqsuri m eqanizaciis Zveli da 

damuSavebulia axali teqnologiuri sqemebi, romlebic xe -tyis 

damzadebis operaciebis Casatareblad Seqmnilia axali teqnika: 

morsaTrevi TviTmtvirTavi agregatebis da ganivgadasatani 

morsaTrevi sabagiro danadgarebis saxiT.

Temis aqtualobasTan dakavSirebuli mTavari problema 

mdgomareobs imaSi, rom arsebuli manqana -danadgarebi srulad 

ver akmayofileben teqnikur da ekologiur moTxovnebs, 

gansakuTrebiT pirveli jgufis tyesakafebSi muSaobis dros; amas 

isic emateba, rom mTagoriani tyesakafebis aTvisebis erT-erT 

ZiriTad problemas warmoadgens maRali Sromatevadoba merqnis 

Wraze da gansakuTrebiT morTreva -transportirebaze, rac Tavis 

mxriv ukavSirdeba saqarTvelos rTul reliefur pirobebs [9-15].

Temis aqtualoba ganpirobebulia imiTac, rom dReisaTvis 

arsebuli spec ializebuli m orsaTrevi traqtori TT-4 da 

mosaTrevi TviTmtvirTavi agregati Tavisi meqanizmebiT da 

mowyobilobebiT ver uzrunvelyofen mTagorian tyesakafze xe -

tyis morTrevis teqnologiuri procesis yvela operaciis 

Sesrulebas meqanizebuli wesiT; amasTan, ar aris dam uSavebuli 

meoTxe jgufis tyesakafebisaTvis kompleqsuri meqanizaciis 

teqnologiuri sqema. teqnologiuri procesis da maT 

gansaxorcieleblad Seqmnili manqana -danadgarebis kvlevis 

meTodebi da meTodikebi ar Seesabameba axlad Seqmnili mTa-is 

kvlevis amocanebs.

samuSaos mizani da amocanebi. samuSaos mizania merqnis 

nedleulis racionalurad gamoyenebis mecnierulad dasabuTebuli 
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midgomis ganxorcieleba da tyeebis gegmazomieri kvlavwarmoebis 

uzrunvelyofa; axali teqnologiuri sqemebis damuSaveba, romlebic 

dakavSirebulia mTagor ian tyesakafebze xe -tyis morTrevis 

samuSaoebis mTlianad meqanizebuli wesiT ganxorcielebasTan.

aRniSnuli amocanebis gadasawyvetad, tyis garemos 

maqsimaluri SenarCunebis gaTvaliswinebiT, mTagorian tyesakafebze 

xe-tyis morTrevisaTvis saWiroa Seiqmnas mobiluri morsaTrevi-

TviTmtvirTavi agregati Zara -anZis axali meqanizmiT, xeliT 

Sromis gamoyenebis gareSe.

samecniero siaxle . naSrom Si Seqmnilia morsaTrevi 

TviTmtvirTavi agregati aRWurvili sruliad axali Zara -isris 

saxsrul-berketul-kbilanuri meqanizmiT, romelsac cnob ili 

morsaTrevi TviTmtvirTavi agregatisagan gansxvavebiT SeuZlia, 

avtomatur reJimSi meqanizebuli wesiT, ganaxorcielostyesakafze 

xe-tyis morTrevis teqnologiuri procesis yvela operacia, maT 

Soris Sekrulas Zaraze dafiqsireba-dabma.

naSromSi, meoTxe jgufis cva lebadi daxrilobis 

tyesakafebisaTvis damuSavebulia, kompleqsuri meqanizaciis 

ekologiurad uvnebeli # 9 teqnologiuri sqema.

sadisertacio naSromSi mTa-is moZraobis ganivi mdgradobis  

Sesaswavlad damuSavebuli meTodikebis safuZvelze Catarebuli 

Teoriuli kvlevebiT dadgenilia:

- dautvirTavi da datvirTuli mTa-is vakeze minimaluri 

radiusiT mobrunebis dros moZraobis kritikuli Vk1 da Vk3

siCqareebis mniSvnelobebi;

- dautvirTavi da datvirTuli mTa-is ferdobze ganivi 

mimarTulebiT aRmarTis mxares minimaluri radiusiT mobrunebis 

dros moZraobis kritikuli Vk2 da Vk4 siCqareebis mniSvnelobebi;

- agregatis maqsimaluri V siCqariT moZraobis dros, ganivi 

mdgradobis transcendentuli gantolebid an gansazRv rulia, 

ferdobis daxris kuTxis zR vruli mniSvnelobebi minimaluri 

radiusiT aRmarTis mxares m obrunebis dros, dautvirTav da 

datvirTul mdgomareobaSi Daz1 da Daz2;
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- t drois xangrZlioba agregatis gadabrunebis dawyebidan 

gadabrunebis gardauval mdgomareobamde, dautvirTavi da 

datvirTuli agregatis vakeze da ferdobze minimaluri 

radiusiT mobrunebis dros.

Catarebulia modernizebuli mTa-is sawev -saeqspluatacio 

gaangariSebebi, ZiriTadi parametrebis dasadgenad.

damuSavebuli meTodikis safuZvelze Catarebuli 

eqsperimentuli kvlevebidan, dadgenilia, mTa-is qanobis daxris 

kritikuli kuTxis mniSvnelobebi Camocurebaze.

kvlevis meTodebi . naSromSi gamoyenebuli meTodebi 

dayrdnobilia im samecniero -teqnikuri literaturis Seswavlaze 

da analizze, romlebic moicaven morsaTrevi agregatebis 

moZraobis ganivi mdgradobis, maTi Zara -isris meqanizmebis agebis 

da struqturuli kvlevis, sawev -saeqspluatacio gaangariSebebis, 

eqsperimentul da sxva sakiTxebTan dakavSirebul kvlevebs.

manqanebis mdgradobasTan dakavSirebiT damuSavebuli 

meTodebi da meTodikebi eyrdnoba, meqanikuri sistemebis, kerZod, 

mobiluri morsaTrevi agregatebis moZraobis ganivi mdg radobis 

farTod cnobil, mecnierulad dasabuTebul Teoriul kvlevebs.

naSromSi didi yuradReba eTmoba tyesakafi samuSaoebis 

kompleqsuri meqanizaciis ekologiurad uvnebeli teqnologiuri 

sqemebis kvlevis meTodikebs.  

gamokvlevebis praqtikuli Rirebuleba da Sedegebis

realizacia. Seqmnilia morsaTrevi TviTmtvirTavi agregati Zara -

isris sruliad axali saxsrul -berketul-kbilanuri meqanizmiT, 

romliTac tye sakafebze xorcieldeba morTrevis teqnologiuri 

procesis yvela operacia meqanizebuli wesiT, maT Soris Zaraze 

Sekrulas dafiqsir eba-dabma. damuSavebulia axali meTodikebi 

mTa-is moZraobis ganivi mdgradobis da eqsperimentuli kvlevebis 

Casatareblad. kvlevebis safuZvelze naSromSi gadawyvetilia 

mniSvnelovani samecniero -teqnikuri problema, romelic 

dakavSirebulia mTagorian tyesakafebze xe -tyis urTulesi 

teqnologiuri procesis ganxorcielebis srulyofasTan. dadgenilia, 
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rom mTagorian tyesakafebze aucilebelia gamoyenebuli iyos 

modernizebuli mTa, romelic axali teqnologiuri aRWurvilobiT  

uzrunvelyofs xe -tyis morTrevas Zaraze mTlianad datvirTul 

mdgomareobaSi,

Catarebuli samecniero kvlevebi, damuSavebuli axali 

teqnologiuri sqemebi da teqnikuri gadawyvetilebebi 

rekomendebulia farTo danergvisaTvis.

samuSaos aprobacia . samuSaos ZiriTadi Sedegebi 

moxsenebulia da ganxilulia:

84-e studentTa Ria saerTaSoriso samecniero konferenciaze, 

Tbilisi,  10. 06. 2016 weli.

gamoqveyneba: sadisertacio Temis irgvliv gamoqveynebulia 

nabeWdi Sromebis saxiT: 17 samecniero statia, 3 gamogoneba-

patenti.

struqtura da samuSaos moculoba . sadisertacio Sroma 

Sedgeba Sesavali nawili s, literaturis mimoxilvis, gansjis,

daskvnebis da bibliografiuli maCveneblisagan, romelic Seicavs 

43 dasaxelebas. teqsti gadmocemulia kompiuterze nabeWd 161 

gverdze, axsnili 45 naxaziT da 3 cxriliT.
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1. ლიტერატურის მიმოხილვა

saidan momdinareobs disertaciaSi dasmuli problema . 

samTo-satraqtoro morTrevis sirT uleebiT ganpirobebuli 

problemebis momdinareoba dakavSirebulia ZiriTad ad garemos 

winaaRmdegobebTan, rac gamowveulia pirvel rigSi reliefis, 

Semdeg niadagis da klimatis rTuli bunebrivi pirobebiT. 

aRniSnuli Tavis mxriv pirdapir kavSirSia satraqtoro morTrevis 

pirobebis gauaresebasTan da ekologiuri moTxovnebis 

SeusruleblobasTan.

mTagorian pirobebSi satraqtoro morTrevis dros yvelaze 

didi mniSvneloba eniWeba tyesakafi samuSaoebis kompleqsuri 

meqanizaciis ekologiurad uvnebeli teqnologiebis, teqnologiuri 

sqemebis da maT gansaxorcieleblad saWiro manqana -danadgarebis 

SerCevas. amasTan, satraqtoro morTrevis saxeobebidan, 

ekologiuri TvalsazrisiT, yvelaze usafrTxo aris xe -tyis 

morTreva agregatis Zaraze mTlianad datvirTul mdg omareobaSi. 

am teqnologiis gamoyenebis SemTxvevaSi naxevrad datvirTulTan 

SedarebiT garemoze zemoqmedeba da kerZod, uaryofiTi gavlena

mozardze mcirdeba 5-jer, xolo niadagze 3,5-jer; rac Seexeba xe-

tyis transportirebas miwa ze TreviT mTlianad datvirTulTan 

SedarebiT, igive maCveneblebi Sesabamisad mcirdeba 9 -jer da 5 -

jer [16-20].

aRsaniSnavia isic, rom samTo morTrevis yvelaze mTavari 

problemis momdinareobas warmoadgens arsebuli teqnikis 

ekologiur moTxovnebTan SeuTavsebloba.

2. ra aris cnobili disertaciaSi dasmu li problemis 

Sesaxeb. disertaciaSi dasmuli problemidan gamomdinare, 

cnobilia, mTagorian tyesakafebze xe -tyis damzadebis samuSao 

procesebis kompleqsuri meqanizaciis rva teqnologiuri sqema. 

teqnologiuri sqemebis mixedviT, cnobilia, morTrevis procesis 

gansaxorcieleb-lad saWiro operaciebis raodenoba da am 

operaciebis Semsrulebeli manqana-danadgarebi. aRniSnuli manqana-
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danadgarebidan pirvel rigSi unda davasaxeloT specializebuli 

morsaTrevi traqtori TT-4, morsaTrevi TviTmtvirTavi agregati 

(mTa) da ganiv-gadasatani sabagiro morsaTrevi danadgari.

cnobilia, agreTve mTa-is: statikuri da dinamikuri ganivi 

da grZivi mdgradobis Teoriuli kvlevis agebis meTodebi da 

meTodikebi; eqsperimentuli kvlevis da teqnologiuri sqemebis 

mixedviT tyesakafi samuSao procesebis ekonomikuri gaangariSebis 

meTodikebi.

3. ra naklovanebebi aqvs morTrevis samuSao procesis 

cnobil teqnologiur sqemebs, morsaTrev agregatebs da maTi 

kvlevis meTodikebs. cnobili rva teqnologiuri sqemidan arc 

erTi ar iTvaliswinebs meoTxe jgufis erTmaneTze mibmul i

tyesakafebis aTvisebas, xolo morsaTrev agregatebs ar SeuZliaT 

satraqtoro morTrevis yvela operacia Seasrulon meqanizebuli 

wesiT avtomatur reJimSi. rac Seexeba mTa-is moZraobis ganivi 

mdgradobis kvlevis meTodikebs, isini ar iZlevian yvela 

parametris gansazRvris saSualebas. igive SeiZleba iTqvas mTa-is 

eqsperimentuli kvlevis da teqnologiuri sqemebis mixedviT 

ekonomikuri angariSis meTodikebze, rac dakavSirebuliaraionebis  

tyesakafebis reliefis, niadagis da klimatis sruliad 

gansxvavebul bunebriv pirobebTan.

4. ra aris gakeTebuli naSromSi cnobili naklovanebebis 

aRmosafxvrelad. cnobili naklovanebebis aRmofxvris mizniT, 

damuSavebulia tyesakafi samuSaoebis kompleqsuri meqanizaciis 

# 9 teqnologiuri sqema, romelic iTvaliswinebs meoTxe jgufis 

tyesakafebis aTvisebas.

Seqmnilia mTa, axali sruliad gansxvavebuli Zara -isris 

saxsrul-berketul-kbilanuri meqanizmiT, romelic iTvaliswinebs 

tyesakafze morTrevis yvela operaciis meqanizebuli wesiT 

Sesrulebas.  

damuSavebulia axali meTodebi da meTodikebi, mTa-is 

moZraobis ganivi mdgradobis d a eqsperimentuli kvlevebis 

Casatareblad, romlebic iZlevian aRniSnul sakiTxebTan 

dakavSirebiT yvela parametris gansazRvris saSualebas.
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damuSavebulia, # 9 teqnologiuri sqemisaTvis ekonomikuri 

gaangariSebis meTodika, romelic iZleva saSualebas davadginoT 

1m3 satraqtoro morTreviT damzadebuli xe-tyis TviTRirebuleba.

1.1. tyesakafi samuSao procesebis kompleqsuri
meqanizaciis teqnologiuri sqemebi

tyesakafi samuSaoebis Casatareblad gamoiyeneba kompleqsuri 

meqanizaciis teqnologiuri sqemebi, romlebic aioleben adamianis 

Sromas.

tyesakafebi, romlebzedac xorcieldeba Sidatyesakafi 

samuSaoebi teqnologiuri sqemebis mixedviT klasificirdeba 

sami ZiriTadi maCvenebliT: reliefiT, daxrilobiT da 

saavtomobilo gzebTan mibmiT [5 -7].

Sidatyesakaf teqnologiur procesebze arsebiT gavlen as 

axdenen iseTi par ametrebi, rogorebicaa: ferdobis sigrZe; misi 

daxrilobis kuTxe; Soltebisa da sortimentebis moculobiTi 

da woniTi maCveneblebi; tyiT sargeblobis intensiuroba; 

tyesakafebis geometriuli zomebi; morsaTrevi gzebis sigrZe; 

sabagiro danadgarebsa da magistralur satraqtoro gzebs 

Soris manZili [20-23].

xe-tyis Sidatyesakafi procesebis kompleqsuri meqanizaciis 

teqnologiuri sqemebi saqarTvelos mTagoriani pirobebisaTvis 

warmodgenilia oTxi ZiriTadi teqnologiuri sqemis saxiT. 

teqnologiuri sqema # 1 (nax. 1) misaRebia im SemTxvevaSi, 

roca tyesakafis ferdobis daxriloba araumetes 20 °-ia da 

uSualod erTvis avtotyesazid gzas. tyesakafis siRrme, anu 

magistraluri satransporti gzis sigrZe, romelic tye sakafs 

Suaze yofs 1000m -ia. xis waqcevis adgilidan, e.i. jirkid an, xe -

tyis morTrevas awarmoebs morsaTrevi TviTmtvirTavi agregati, 

romelic gadaadgildeba mTel tyesakafze. 

# 1 teqnologiuri sqemis upiratesobad SeiZleba CaiTvalos

aRmonacenis usafrTxoebis saTanado dacva, romelsac 

uzrunvelyofs TviTmtvirTavi agregati Tavisi muSaobis 

principidan gamomdinare.



23

teqnologiuri sqema #3        teqnologiuri sqema #4

nax. 1. tyesakafi samuSao procesebis kompleqsuri meqanizaciis
# 1, # 2, # 3 da # 4 teqnologiuri sqemebi

teqnologiuri sqema # 2 (nax. 1) iTvaliswinebs, traqtorebiT

zeda baqnamde morTreuli xe -tyis CamoSvebas sabagiro 

morsaTrevi danadgariT. am SemTxvevisaTvis tyesakafi warmoadgens 

10°-dan 15 °-mde daxrilobis platos 1000 m -mde siRrmiT, romelic 

ar erTvis saavtomobilo gzas da gamoyofilia misgan xeviT an 

40°-ze meti daxrilobis ferdobiT. 
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mTa-is saSualebiT xe -tye miewodeba sabagiro sahaero 

morsaTrev danadgars, romel ic dauSveb s morebs avtotyesazid 

gzasTan ganlagebul zeda sawyobze. 

teqnologiuri sqema # 3 (nax. 1) iTvaliswinebs traqtoriT 

gverdidan morTreuli xe -tyis CamoSvebas sabagiro danadgariT. 

20°-ze meti daxrilobis tyesakafze waqceuli xe (Solti) gamoiTreva, 

sakabdo Stoze daimoreba da morsaTrevi TviTmtvirTavi 

satransporto agregatiT miewodeba sabagiro danadgaris trasis 

mTel sigrZeze. am SemTxvevaSi tyesakafi erTvis avtotyesa zid 

gzas da 1000m sigrZisaa. sabagiro danadgaris trasa kveTs mas 

mTel siRrmeze. satraqtoro sakabdoebi ganlagebulia ferdobis 

ganivad, sabagiro danadgaris zeda sawyobamde, anu avtotyesazidi 

gzis dasatvirT baqnamde.

teqnologiuri sqema # 4 -is (nax. 1) daniSnu lebaa zeda 

dasatvirT baqnamde da agreTve gverdidan sakabdoebze 

traqtorebiT morTreuli xe-tyis CamoSveba sabagiro danadgariT. 

es teqnologiuri sqema meore da mesame sqemebis kombinaciasqmnis.

qveda tyesakafze xe -tye miewodeba sabagiro danadgars 

gverdebidan mTa-iT datvirTul mdgomareobaSi. zeda tyesakafze 

xe-tye mTa-iT miewodeba sabagiro danadgars magistralur 

satraqtoro sakabdo gziT danadgaris zeda baqnamde.

1.2. tyesakafi samuSaoebis teqnologia da manqana-
danadgarebi mTian pirobebSi

mTagoriani tyesakafebis asaTviseblad, arsebobs ekologiurad 

uvnebeli teqnologiebi da maT gansaxorcieleblad, saWiro axali 

teqnika, manqana-danadgarebis da mowyobilobebis saxiT.

20°-mde daxrilobis tyesakafebze ZiriTad manqana-meqanizmebad, 

romlebic awarmoeben xe-tyis morTreva-transportirebis operaciebs, 

miCneulia specializebuli morsaTrevi traqtor TT-4-is bazaze 

stu-is satyeo teqnikur departamentSi Seqmnili morsaTrevi 

TviTmtvirTavi agregati ( mTa), teqnologiuri aRWurvilobiT.

amasTan, 20°-ze meti daxrilobis tyesakafebze xe -tyis morTreva -
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transportirebis operaciebs awarmoeben sabagiro morsaTrevi

danadgarebiT. am SemTxvevaSi, sabagiro danadgaris trasis 

gaswvriv mTel sigrZeze ganivi mimarTulebiT Soltebis da 

morebis morTreva xorcieldeba mTa-iT. Tu mTa-is muSaoba

ferdobis daxris kuTxis gazrdis gamo saxifaToa, maSin 

aucilebelia, sahaero sabagiro morsaTrevis danadgaris 

trasamde Soltebis da morebis morTreva vawarmooT stu-is

satyeo teqnikur departamentSi Seqmnili ganivgadasatani 

sabagiro morsaTrevi danadgariT.

mTa-iT xe -tyis morTreva -transportireba xorcieldeba 

morebis mTlianad datvirTul mdgomareobaSi. mTagorian pirobebSi 

xe-tyis damzadebaze mTa-is gamoyeneba ekologiuri pirobebis 

gaumjobesebasTan erTad wyvets or mniSvnelovan amocanas: 

uzrunvelyofs tyesakafidan narCenebis maqsimalurad gamozidvas 

da gamoiyeneba cicabo ferdobebis tyiT ganaxlebisaTvis [24-32].

mTa-is erT -erT ZiriTad kvanZs warmoadgen s Zara -isris 

meqanizmi, romelic monawileobs moWrili xeebis Zaramde 

moTrevis, morebis TviTdatvirTvis da TviTgadmotvirTvis 

operaciebis SesrulebaSi. Tavdapirvela d damuSavebuli iyo mTa

Zara-isris saxsrul-berketuli meqanizmiT (nax. 2, 3, 4).

mTa-is damtvirTavi mowyobiloba Zara -isris meqanizmis 

saxiT  Seicavs:  jalambars  1  sawevi  bagiriT 2,  romelzedac 

damagrebulia sabjeni 3 da kauWi 4; mxreula 5, romelic 

saxsrulad  aris  mierTebuli  traqtoris  lonJeronis 7 ukana

kronSteinze 6; barbacas 8, romelic erTi boloTi saxsrulad 

aris mierTebuli mxreulasTan 5, xolo meoreTi ZarasTan 9. es 

ukanaskneli dayenebulia sayrdenebze 10 traqtoris lonJeronebis 

7  paralelurad -gorgolaWebTan 11 SexebiT. Zara Sesrulebulia 

brtyeli, myari SeduRebuli konstruqciis saxiT, gverdiTi 

bortebiT 12. Zaras wina bortze 13, xistad damagrebulia 

kronSteini 14 da masze dakidebuli mimmarTveli bloki 15, 

romlis gorgolaWSi 16 gatarebulia sawevi bagiri. gorgolaWi 

16  dayenebulia  kronSteinze  17,  romelic Tavis mxriv xistad 
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nax. 2. traqtor TT-4-is bazaze Seqmnili morsaTrevi
TviTmtvirTavi agregati isris muSa mdgomareobaSi

aris damagrebuli zeda naxevarCarCos 19 kadonze 18. zeda 

naxevarCarCo 19 Ria saxsrebiT 20 dakavSirebulia qveda naxevar -

CarCosTan 21. zeda naxevarCarCos dgarebze 22 dayenebuliacociebi 

23 da sabjenebi 24. cociebTan saxsrulad aris mierTebuli 

Wokebi 25, romlebic meore mxridan aseve saxsrulad 

ukavSirdebian qveda naxevarCar Cos dgarebs 26. cociebi da zeda 

naxevarCarCoebis dgarebi Sesrulebulia naxvretebiT, maTi 

erTmaneTTan TiTebiT 27, dasafiqsireblad. saxsrebi 20 

Sesrulebulia RruebiT, maTi milsayebTan 29 TiTebiT 28, 

dasafiqsireblad. milsayebi 29 xistad arian damagrebuli Zaras 

bortebTan 12. Zaras wina mxares xistad aris damagrebuli 

sayrdenebi 30. 

poWoWikebi 31 kronSteiniT 32 ideba budeSi da magrdeba 

traqtoris lonJeronebze 7. Casaketad kronSteinebs aqvT 

mosabrunebeli berketebi 33. Zaras ukana orive mxares 

damagrebulia damWeri go rgolaWebi 34. qveda naxevarCarCo Sua 
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nawilSi mxrebiT 35 saxsrulad uerTdeba kronSteins 36. es 

ukanaskneli, Tavis mxriv xistad magrdeba traqtoris 

lonJeronebze da ukavSirdeba hidrocilindris 38 Woks 37. 

hidrocilindris 38 korpusi saxrulad ukavSirdeba traqtoris 

lonJerons. sortimentebis CaWera warmoebs CokerebiT 39.

mowyobilobis muSaoba xorcieldeba Semdegnairad: traqtori 

midis tyesakafze, amasTan teqnologiuri mowyobiloba imyofeba 

satransporto mdgomareobaSi (nax. 3), anu Zara 9 ganlagebulia 

traqtoris lonJeronebis 7 paralelurad, dafiqsirebulia 

maTTan sayrdenebiT 30 da berketebiT 33. damtvirTavi mowyobilobis 

naxevarCarCoebi 19 da 21 Caketilia da fiqsirebulia  milsayebSi 

29 TiTebiT 28, Zaras gverdiT bortebze 12. satransporto 

mowyobilobis samuSao mdgomareobaSi mosayvan ad, jirkidan 

xeebis mosaTrevad, aucilebelia miwaze davayiravoT Zara (nax. 4), 

risTvisac is mosabrunebeli berketebiT 33 Tavisufldeba 

traqtoris lonJeronebisagan. irTveba hidrocilindri 38, Zara 

da isari erTad gadadian miwaze dayiravebul mdgomareobaSi. 

Semdeg sawevi bagiri 2 xeliT gadaitaneba waqceul xemde (ara 

umetes 50 m) da Cokerdeba xis Ziris nawilTan. CairTveba 

jalambari 1 muSa svlaze, bagiri exveva dolze da xe moiTreva 

agregatTan (nax. 4). 5 -6 m 3 xeebis traqtorTan  moTrevis Semdeg, 

xeebi damuSavdeba sortimentebad 4 m sigrZeze, xolo saSeSe – 1 m 

sigrZeze. iwyeba datvirTva, risTvisac dayiravebuli Zara 

hidrocilindris saSualebiT, brundeba satransporto horizon -

talur mdgomareobaSi da magrdeba traqtoris lonJeronebze 7, 

mosabrunebeli berketebiT 33. naxevarCarCoeb i 19 da 21 

Tavisufldeba  Zarasagan  TiTis  28 moxsniT. hidrocilindri 38 

gorviT ukan gadaadgilebs naxevar CarCoebs damWer gorgolaWze 

34, cociebis 23 sabjenebTan 24 Sexebamde da cociaze naxvretis 

zeda naxevarCarCos dgaraze naxvretTan damTxvevamde. naxevar -

CarCoebi fiqsirdebian TiTebiT 27 da iqmneba isris mTliani 

xisti konstruqcia, romelsac muSaobis dros SeuZlia nebismieri 

mdgomareobis dakaveba-vertikaluridan horizontaluramde. sawevi 
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nax. 3. mTa satransporto mdgomareobaSi

nax. 4. mTa morebis moTrevis muSa mdgomareobaSi

bagiri 2, am dros gadadebulia zeda naxevarCarCos blokze 16. 

bagiris kakvze 4 ekideba damtvirTavi Cokeri 39 (nax. 2). 

momzadebuli sortimentis dasaCokereblad. hidrocilindri 

gadadis mcurav mdgomareobaSi da irTveba jalambari tvirTis 

asawevad. tvirTis awevis Semdeg jalambari gamoirTveba da 

muxruWdeba, xolo hidrocilindri iketeba. es gaCereba saWiroa 

sortimentis Zaras gaswvriv mdgomareobaSi mosabruneblad. 

SemdgomSi sortimentebis mdgomareobis koreqtireba Zaras zemoT 

xorcieldeba h idrocilindriT (naxazebze naCvenebi ar aris), 

ris Semdegac isev CairTveba jalambari da sortimenti eSveba 
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Zaras Zirze. Caexsneba Cokeri 39 da isari brundeba qveda ganapira

horizontalur mdgomareobaSi. sortimentebis datvirTvis cikli 

meordeba sazidaris Segroveb amde, ris Semdegac sortimentebi 

Seikvreba sawevi bagiriT. cociebi Tavisufldebian TiTebisagan 

da naxevarCarCoebi 19 da 21 hidrocilindris saSualebiT

brundebian satransporto mdgomareobaSi. saSeSe produqciis 

morTreva tyesakafidan zemo sawyobamde xorcieldeba

sortimentebis analogiurad, amasTan SeSa SekvraSi Seikvreba 

winaswar cnobili xerxiT.

mTa-is TviTmtvirTavi saxsrul -berketuli meqanizmi 

morsaTrev, damtvirTav da satransporto operaciebis Sesrulebis 

dros, anu agregatis erTi mdgomareobidan meoreSi da mesameSi 

gadasayvanad, Semdeg pirvandel poziciaSi dasabruneblad 

sxvadasxva raodenobis rgolebiTa da saxeobis (brunviTi, 

winsvliTi da umaRlesi klasis) kinematikuri wyvilebiT, 

gardaiqmneba sam sxvadasxva funqciis matarebel saxsrul -

berketul brtyel meqanizmad:

I – Zara-isris meqanizms erTdroulad gadayavs Zara da 

isari satransportodan miwaze dayiravebul mdgomareobaSi (nax. 

3 da 4). meqanizmi Seicavs cxra moZrav rgols, Tormet udables 

V klasis kinematikur wyvils da or umaRles IV klasis 

kinematikur wyvils; maSin meqanizmis Tavi suflebis xarisxi 

CebiSevis formuliT toliaL

121229323 45 =-×-×=--= PPnW .

II – Zaras meqanizms isris gareSe, Zara gadayavs satrans -

portodan moTrevis dayiravebul mdgomareobaSi da piriqiT. 

meqanizmi Sedgeba Svidi rgolisagan: rva V klasis kinematikuri 

wyvilisagan d a erTi umaRlesi IV klasis kinematikuri 

wyvilisagan, maSin meqanizmis Tavisuflebis xarisxi tolia:

118263 =-×-×=W .

III – isris meqanizmi muSaobs or reJimSi:

1. roca mTa-is satransporto mdgomareobidan saWiroa 

isris gaSla. am SemTxvevaSi, isari gancal kevebulia Zarasagan, 
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moqmedebaSia eqvsrgola meqanizmi: rva V klasisa da erTi uma R-

lesi IV klasis kinematikuri wyvilebiT. meqanizmis Tavisufl e-

bis xarisxi tolia: 

118263 =-×-×=W

2. isris meore meqanizmi moqmedebas iwyebs agregatis s a-

transporto mdgoma reobaSi, roca isris naxevarCarCoebi fi q-

sirdebian TiTebiT 27 da qmnian isris erT mTlian xist ko n-

struqcias. am SemTxvevaSi, meqanizmis moZravi rgolebia sami: 37, 

38 da  21,  19,  25, 23 rgolebisagan erT rgolad erTmaneTTan 

xistad dakavSirebuli rgoli – TaRovani isari.

meqanizmis Tavisuflebis xarisxi tolia:

14233 =×-×=W .

ganxiluli mTa-is Zara -isris meqanizmze Catarebuli 

struqturuli kvlevebis Sedegad, dadginda, rom Zaras da isris 

gadayvana satransporto, morsaTrev da dasatvirT mdgomareobaSi 

da piriqiT, xdeba meqanizmis garkveulwilad montaJisa da d e-

montaJis Sedegad, rac rasakvirvelia dakavSirebulia zedmeti 

drois xarjvasTan da agregatis mwarmoeblurobisSemcirebasTan.

aRniSnulTan dakavSirebiT, stu-is satyeo teqnikur depar-

tamentSi damuSavda Zara -isris saxsr ul-berketil-kbilanuri m e-

qanizmi, romlis Sedegia morsaTrevi agregati, romelic saSu a-

lebas gvaZlevs avtomatur reJimSi operatoris kabinidan gad m-

ousvlelad, aRniSnuli meqanizmis yovelgvari demontaJisa da 

montaJis gareSe gadaiyvanos agregati morsaTrev, morebis d asat-

virT, satransporto mdgomareobaSi da piriqiT.

1.3. manqanebis moZraobis mdgradoba

xe-tyis satransporto manqanebis moZraoba warmoebs mudmivad 

cvalebadi traeqtoriiT. moZraoba ar iTvleba mrudwirulad, Tu 

misi traeqtoriis simrude tolia nulisa. is ganisazRv reba s a-

transporto sistemis grZivi da vertikaluri RerZebis mdgom a-

reobis uwyveti cvalebadobiT da axasiaTebs Tvliani da mu x-

luxa manqanebis iseT mniSvnelovan saeqspluatacio Tvisebebs, 
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rogorebicaa marTva, grZivi da ganivi mdgradoba. es ori cneba 

erTmaneTTan ari s dakavSirebuli da ZiriTadad damokidebulia 

SeTanwyobili parametrebis fardobaze, dakidebis parametrebze 

da marTvis sistemaze. amasTan, mdgradobisagan gansxvavebiT, 

marTvis cneba yovelTvis dakavSirebulia moZraobis mocemuli 

traeqtoriis uzrunvelyofasTan – mZRolis zemoqmedebis dros. 

SeiZleba am or Tvisebas mivceT Semdegi saerTo gansazRvreba.

marTva – satransporto sistemis Tvisebebis erToblioba, 

SenarCundes mocemuli mimarTulebiT moZraoba an Seicvalos is, 

marTvis organoebze Sesabamisi zemoqmedebiT.

moZraobis mdgr adoba – satransporto sistemis Tviseba, 

SenarCundes mocemuli mimarTulebiT moZraoba gare Zalebis 

moqmedebis dros (mZRolis mier Secvlili marTvisagan gansxv a-

vebiT), romlebic miiswrafian gadaxaron is am mimarTulebidan 

[33-43].

nebismierma satransporto sistemam, garkveul pirobebSi 

SeiZleba dakargos wonasworobis an moZraobis mdgradoba. 

mdgradi wonasworobis SemTxvevaSi satransporto sistema, r o-

melmac gareSe Zalis moqmedebiT miiRo sawyisi gadaxra, brunde-

ba sawyis mdgomareobaSi. aramdgradi sistemebis SemTxvevaSi w o-

nasworoba ar aRdgeba, xolo gadaxrebi, rac unda mcire iyos 

isini, izrdeba. moZraobis mdgradoba aris wonasworobis mdgr a-

dobis ganzogadoebuli gageba.

ganasxvaveben manqanebis mdgradobas gadayiravebaze, moZraobis 

mimarTulebis SenarCunebis unaris mixedviT (sakurso mdgradoba), 

gverdiT gadaxraze (gverdiTi mdgradoba). gadayiravebaze mdgr a-

doba iyofa grZiv da ganiv mdgradobebad da mniSvnelovan -wilad 

damokidebulia manqanis sayrdeni konturis konfiguraciaze, r o-

melic Seqmnilia misi grZivi da ganivi gadayiravebis RerZebiT, 

amasTan sayrdeni konturi SeiZleba iyos cvalebadi, rac dam o-

kidebulia savali sistemis kinematikur da konstruqciul par a-

metrebze. manqanebs, romlebsac aqvT sayrdeni konturis cval e-

badi konfiguracia, pirvel rigSi ekuTvnis Tvliani manqanebi 

saxsrulad-SeuRlebuli Car CoTi da sawevarebi xisti CarCoTi, 
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mxolod SeuRlebulebi naxevarmisabmelTan sayrden-gadasabmeli 

mowyobilobiT. sayrdeni konturis cvalebadi konfiguracia aqvT 

agreTve Tvlian da muxluxa sawevarebs savali organoebis balan-

sirebuli sakidariT. nax. 5 -ze mocemulia manqanis Semadgeneli 

seqciebis sayrdeni konturebis balansirebuli (БГС samkuTxedi) da 

arabalansirebuli ( BAO3 samkuTxedi) sqema. es – pirveladi ko n-

turebia. mdgradobis darRvevis dros seqciebis SeerTebebSi, 

saxsrebis an balansirebuli mowyobilobebis xidebis blokir e-

bis Semdeg warmoiqmneba meoradi sayrdeni konturi da gadayir a-

vebis RerZebi gaivlian seqciebis wina da ukana kontaqtis baqn e-

bis (moednebis) centrebSi. gadayiravebis RerZebis mdgomareoba 

yvela konkretul SemTxvevaSi iwarmoeba savali nawilis ko n-

struqciuli Taviseburebebis muSaobis dros, manqanis kritikuli

da satvirTo mdgomareobis da tvirTTan mierTebis -dakavSirebis 

Taviseburebis gaTvaliswinebiT.

nax. 5. manqanis sayrdeni konturebis sqema saxsrulad-
SeuRlebuli CarCoTi

mTian tyesakafebze momuSa ve tyis saWreli manqanebisaTvis 

mxedvelobaSia misaRebi, is, rom garda manqanis mier dabrkol e-
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bebis gadalaxvisa, aucilebelia, dabrkolebebze gadatanili i q-

nas tvirTi, xeebis an Soltebis saxiT.

mTian ferdobze manqana tvirTiT gansakuTrebiT kargavs 

mdgradobas, rogorc ganivs, aseve grZivs. tyis saWreli manqan ebis 

mdgradi da usafrTxo muSaobis uzrunvelsayofad, misi saWreli 

organoebi unda iyos gaTvlili aucilebel gadamyiravebel m o-

mentze, romelic saWiroa moedos xes: misi masis, qarebis, manq a-

nis masis, adgilis daxrilobi s da a.S. gaTvaliswinebiT. specia-

lur literaturaSi ar aris erTiani kriteriumi, romelic 

SeiZleba gamoyenebuli iyos sxvadasxva konstruqciis da daniS-

nulebis tyis saWreli manqanebis mdgradobis  Sesafaseb lad, n e-

bismier pirobebSi eqspluataciis dros.

praqtikaSi manqanebis mdgradobis Sesafaseblad gamoiyeneba 

mdgradobis koeficienti, romlis sidide ganisazRvreba aRmdgeni 

da gadamyiravebeli momentebis sxvadasxva SefardebebiT.

amweebis da mtvirTavebis (amwe mowyobilobebiT) mdgradobis 

SefasebisaTvis, rekomendebulia gamoviyenoT satvirTo mdgradobis

koeficienti K1 da sakuTari mdgradobis koeficienti K2:

t

ga

M

MM
K

-
=1 ;  

g

a

M

M
K =2 ,                      (1)

sadac Ma – aRmdgeni momenti, nm; Mg – gadamyiravebeli momenti 

tvirTis moqmedebis aRricxvis gareSe, n m; Mt – momenti Seqmnili 

muSa tvirTiT, nm.

satvirTo mdgradobis koeficienti K1 ganisazRvreba yvela 

Zalebis gaTvaliswinebiT, romlebic moqmedeben amweze: inerciis 

Zalebi, aRZruli tvirTis damuxruWebis dros; centridanuli 

Zalebi, aRZruli amwes -tvirTis, isris, w onwinaRebis, sabruni 

baqnis mobrunebis dros; agreTve kabinis saqare farTobze, 

isarze, tvirTze da a.S. qarebis dawolis Zalebi. amasTan, K1

koeficientis sidide rekomendebulia miviRoT 1,15-1,4-is farglebSi.

sakuTari mdgradobis koeficienti K2 ganisazRvreba qar is, 

Tovlis, agreTve aRmarTze da daRmarTze moZraobis dros a R-
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Zruli inerciis Zalebis momentebis gaTvaliswinebiT. K2

koeficientis sidide unda iyos ara naklebi 1,15 -isa.

xe-tyis damamzadebeli manqanebisaTvis rekomendebulia

ganisazRvros mdgradobis koeficienti wr iuli moqmedebis tyis 

saWreli mapaketebeli manqanisaTvis (ЛП-19Б tipis) K1 koeficientis 

mixedviT, flanguri tyis saWreli morsaTrevi manqanebisaTvis K2

koeficientiT. manqanebis mdgradoba agreTve xasiaTdeb a ganivi 

da grZivi qanobebis kuT xeebiT, romelTa gadaWar bebas mivyevarT 

manqanis gadayiravebamde.

ganvixiloT ЛП-49, ВМ-4А tipis tyis saWreli, tyis saWrel-

morsaTrevi manqanebis mdgradobis parametrebis Sefasebis 

gansazRvris Taviseburebebi. tyis saWrel morsaTrevi manqanebis 

mdgradobis SefasebisaTvis, aucilebelia vicodeT, manqanis 

simZimis centris koordinatebi. amisaTvis, manqanis kvanZebi 

iyofa or jgufad: uZravi, romlebic muSaobis dros ar icvlian 

Tavis mdgomareobas manqanis CarCos mimarT; moZravi (isari, 

saxeluri, satac-saWreli mowyobiloba).

masebis centris koordinatebis gansazRvrisaTvis gvaqvs:

ï
ï
ï
ï

þ

ïï
ï
ï

ý

ü

+
=

+
=

+
=

,

;

;

m

m.k.m.k.u.k.u.k.

m

m

m.k.m.k.u.k.u.k.

m

m

m.k.m.k.u.k.u.k.

m

M

mzmz
Z

M

mymy
Y

M

mxmx
X

(2)

sadac mX , mY , mZ _ manqanis masebis centris koordinatebi; u.k.x , 

u.k.y , -u.k.z uZravi kvanZebis masebis centris koordinatebi; m.k.x , 

m.k.y , -m.k.z moZravi kvanZebis masebis centris koordinatebi; -u.k.m

uZravi kvanZebis masa; -m.k.m moZravi kvanZebis masa; -m.M manqanis 

masa. 

tyis saWreli morsaTrevi manqanebis moZravi kvanZebis masa 

m.k.m , Seicavs isris masas, saxeluris asawevi da sabrunavi 
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hidrocilindrebiT im , saxeluris masas sakidaris hidrocilindriT

sm da satac-gadamWreli mowyobilobis masas sakidariT sgmm , e.i. 

SeiZleba davweroT:

sgmsim.k. mmmm ++= .                         (3)

manqanis moZravi kvanZebis masebis centris koordinate bi 

miiReba, Semdegi gamosaxulebebidan:

m.k

m.k. m

xm
X iiå

= ; 
m.k

m.k. m

ym
Y iiå

= ; 
m.k

m.k. m

zm
Z iiå

= ,                (4)

sadac -å ii xm manipulatoris calkeuli moZravi rgolebis 

masebis namravlis jami, maTi masebis centris koordinat ebze.

1.4. manqanebis ganivi mdgradoba

ganivi mdgradoba gansazRvras manqanis unars SeinarCunos 

mocemuli moZraoba gadayiravebis, Camocurebis, mrudeebze 

gverdmoqnevis moZraobis dros, agreTve qanobebze gverduli 

gadaadgilebis da srialis gareSe. ufro saSiSia manqanis 

mdgradobis dakargva ganivi mimarTulebiT, radganac traqtorebis 

da avtomanqanebis umravlesobas liandis sigane aqvT, sayrdeni 

zedapiris sigrZeze naklebi. Tvliani an muxluxiani tyis 

manqanebis ganivi mdgradobis Sefaseba SeiZleba warmoebdes ganivi 

qanobis zedapiris statikuri zRvruli kuTxis nb sididiT, 

romelzedac is dgas gverdze gadayiravebis an Camocurebis 

gareSe [33-37].

satransporto sistemaze moqmedi Zalebis sqema ganiv 

qanobze moyvanilia nax. 6 -ze. manqanis simZimis Zalis G garda, 

romelic modebulia simZimis centrSi _ O1 wertilSi, O2 wertilSi 

modebulia xeebis Sekrulas datvirTva N.

ganivi qanobis statikuri zRvruli kuTxe bn ganvsazRvroT 

yvela Zalebis momentebis gantolebidan, gadayiravebis wertilis 

A mimarT:

0sincos
2

sincos
2

=-+-+ bbbb Nh
B

NGh
B

GBZ kn ,
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nax. 6. ganiv qanobze satransporto sistemaze moqmedi
Zalebis sqema

saidanac 0=nZ pirobis dros gveqneba:

)(2

)(

NhGh

NGB
tg

k
n +

+
=b .                          (5)

N Zalis nulTan tolobis dros (carieli manqana) 

mdgradobis piroba Rebulobs saxes:

k
n h

B
tg 5,0£b .                              (6)

muxluxa traqtorebis gadayiraveba xdeba RerZis garSemo, 

romelic iqmneba muxluxas rgolebis gare gverdiTi wiboebis 

mier, e.i. ganivi qanobis zRvrul kuTxes gansazRvraven

k
n h

bB
tg

)(5,0 +
£b ,

sadac B – liandis sigane; b – muxluxas sigane. maSasadame, rac 

metia B da b da naklebia hk, imdenad mdgradia manqana.

saxsrulad SeerTebuli konstruqciis manqanebis statikuri 

ganivi mdgradobis ganxilvis dros, ganivi qanobis zRvruli

kuTxe ganisazRvreba mobrunebis dros sayrdeni konturis 

mdebareobis gaTvaliswinebiT. qanobze manqanis ganivi dacurebis 

SesaZleblobis Sefasebis dros gamoiyeneba saangariSo sqema 

G

A B

O2

O1

Б

b
Zл

Zп

Pп

Pл

N

h

hk
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(nax. 6). pirobis dros, roca Camocurebas ewinaaRmdegeba CaWidebis 

Zala jbj GCW tvirTis gareSe umartives SemTxvevaSi CWjbj =tg , 

sadac -jb statikuri zRvruli kuTxe, romlis drosac 

SesaZlebelia manqanis Camocureba.

tyis satransporto sistemebisaTvis, gansakuTrebiT maRla 

ganlagebuli simZimis c entriT, statikuri ganivi mdgradobis 

Sefasebas Semoaqvs mniSvnelovani cdomilebebi, radganac ganivi 

daxris dros xdeba Seresorebuli masebis simZimis centris 

damatebiTi gadaadgileba, warmoiqmneba damatebiTi daxra 

resorebis da salteebis deformaciis xarjze, agreTve araTanabari 

gzis monakveTze moZraobis Sedegad. amasTan, Seresorebuli 

masebi da tvirTi axdenen ganiv -kuTxur rxevebs, romlebic 

SeiZleba iyos mniSvnelovani. dinamikuri daxris sidide 

damokidebulia ganiv -kuTxuri rxevebis intensiurobaze da aqvs 

pirdapiri kav Siri moZraobis siCqaresTan, gzis an sakabdos 

xarisxTan, manqanebis parametrebTan da upirvelesad sakidarTan.

ganvixiloT morsaTrevi traqtoris ganiv mdgradobaze 

sakabdos araswori ubnebis gavlena xeebis naxevrad datvirTul 

mdgomareobaSi morTrevis dros h¢ simaRlis sinusoidaluri 

formis uTanabrobaze marjvena bortiT gadavlis dros (nax. 7). 

traqtoris Seresorebuli korpusi resorebis deformaciis 

xarjze miiRebs j kuTxiT gverdul damatebiT daxras. miviRoT, 

rom Seresorebuli masis rxevebi. xdeba daxris O1 RerZis 

garSemo, amasTan sakidars ara aqvs SemzRudavebi, xolo 

traqtors amortizatorebi da resorebis maxasiaTebeli wrfivia.

sistema iqneba wonasworobaSi, Semdegi pirobis dros

0=--+ MMMI Bnj&& ,                        (7)

sadac I – sistemis inerciis mo menti grZiv RerZTan SefardebiT 

gamaval O1 wertilze; MB – traqtoris da xeebis Sekrulas 

wonis ZalebiT Seqmnili momenti, sistemis j kuTxiT daxris 

dros jj nnB HGHGM += ; M – SemaSfoTebeli momenti uTanabro -
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bisagan; Mn – drekadi elementebis winaaRmdegobis momenti. 

momentebi Mn da M tolia:

jx
2

2
1lGM pn = ; 1alCM p= ,

nax. 7. morsaTrevi traqtoris ganiv-kuTxuri rxevebis
sqema uTanabrobaze gadavlis dros

sadac Cp – resoris vertikaluri sixiste; x _ RerZebis ricxvi; 

l1 – resorebs Soris manZili.

resorebis deformaciebis sxvaoba uTabanrobaze gadavlis 

dros SeiZleba gamoisaxos Semdegnairad:

2

)sin( dwa +
=

tb
a H ,

sadac w _SeSfoTebis sixSire, 
HL

vpw 2
= ( -HL uTanabrobis sigrZe); 

t – dro; d _ SemaSfoTebeli Zalis faza.

gantolebaSi (7) MB, Mn da M gamosaxulebebis CasmiT 

miviRebT sistemis ganiv -kuTxuri rxevebis diferencialur 

gantolebas parametrul formaSi

)sin(2 dwjj +=+ tqp&& ,                      (8)
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G

B

O2

O1H
п

Gп

H

aH

j

O3

l1

h¢×sinw t
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sadac

I

lC
q pH

2

2
1a

= ; 
I

HQGH
l

C
p

np 1

2
1

2 2
--

=
x

(8) gantolebis zogadad cnobili amoxsnis Tanaxmad, 

sistemis rezonansSi Sesvlis dros )( w=p gaqanebis kuTxis 

maqsimaluri sidide iqneba

÷÷
ø

ö
çç
è

æ
--

=

np

pn

HQGH
l

C

lC

1

2
1

2
1

max

2
4 x

pa
j .                     (9)

rezonansuli rxevebis gaTvaliswinebiT pf = moZraobis 

rezonansuli siCqare vrez Seadgens

.fLv n=rez (10)

gamoviyenebT, ra analogiur midgomas, SeiZleba amoixsnas 

tyesazidi saavtomobilo an satraqtoro avtomatareblis 

dinamikuri ganivi mdgradobis amocana. Se iZleba visargeblo T

Seresorebis speqtruli TeoriiT, statikuri dinamikis meTodebis 

gamoyenebiT.

gzisagan zemoqmedeba ganixileba, rogorc SemTxveviTi 

funqcia da fasdeba ganiv sibrtyeSi moqmedebis speqtruli 

simkvriviT )(wnF , xolo dinamikuri sis temis Tviseba fasdeba 

amplitudur-sixSiruli maxasiaTebliTY )( wj iW , romelic miiReba 

diferencialuri gantolebis analogiuri laplasisa da furies 

gantolebis (8) gardaqmniT.

sistemis reaqcia ganiv sibrtyeSi moqmedebaze fasdeba 

manqanis korpusis gan iv-kuTxuri gadaadgilebebis speqtruli 

simkvriviT )(wjS :

)()()(
2

www jj niWS F= .                      (11)

avtomatareblebis ganivi mdgradoba unda ganisaRvros maT 

rgolebs Soris kavSiris gaTvaliswinebiT. tyesazidi sawevara 

da misabmeli SeiZl eba ganvixiloT, rogorc sistema, romelsac 

aqvs drekadi kavSiri Soltebis Sekrulas xarjze da muSaobs 
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grexvaze. Sekrulas grexvis garda, SeiZleba Sekrulas qveda 

sibrtyis garkveuli gadaadgileba kexis sayrden zedapirebze da 

xeebis grZivi gadaadgileba Sekrulas Sig niT. miTiTebuli 

gadaadgilebebi xaxunis Zalebis sididis gamo umniSvneloa, 

xolo Sekrulas sixiste grexvaze didia. amitom winaswari 

gaangariSebisas tyesazidi manqana -misabmeliT da Soltebis 

SekrulaTi, ganivi mdgradobis ganxilvis dros, miiReba rogorc 

xisti sistema (grexvaze), mxolod sakidaris kuTxuri drekadobis 

gaTvaliswinebiT.

manqanis mrudwiruli moZraobis dros ganiv mdgradobaze 

mniSvnelovan zegavlenas axdens aRZruli inerciis Zalebi. 

magaliTad, Tvliani traqtoris horizontalur ubanzedamyarebuli 

siCqariT moZraobis dros, O centris garSemo mudmivi radiusiT 

brunvisas, aRiZvreba rezultirebuli centridanuli Zala Pц, 

modebuli traqtoris simZimis centrSi da mimarTuli radiusze 

mobrunebis centridan:

gRGPц ¢= 2w ,

sadac w _manqanis brunvis kuTxuri siCqare mobrunebis centris 

irgvliv; -¢R traqtoris simZimis centris mobrunebis radiusi.

Pц Zalis daSliT or mdgenelad, miviRebT, rom erTi 

maTgani moqmedebs manqanis grZiv zedapirze цP ¢¢ da iwvevs 

normaluri datvirTvebis gadanawilebas wina da ukana Tvlebs 

Soris. meore mdgeneli, moqmedebs manqanis ganiv sibrtyeSi цP¢ , 

miiswrafis gadaabrunos manqana gverdze. centridanuli Zalis 

цP mdgeneli цP¢ tolia

( ) ( )( )RVgGgRGRgGPP cpцццц
222 coscos ==¢==¢ wgwg ,

sadac gц – jamuri centridanuli Zalis daxris kuTxe ganiv 

sibtyesTan; Vcp – manqanis saSualo siCqare mosaxvevSi; R –

mobrunebis radiusi.

formulis analizi gviCvenebs, rom moZraobis siCqaris 

gazrdiT da mobrunebis radiusis SemcirebiT centridanuli 

Zala mkveTrad izrdeba. t raqtorebisa da tyesazidi 
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manqanebisaTvis, romlebic moZraoben SedarebiT dabali siCqariT, 

xifaTi manqanis gadavardnaze цP¢ -s zemoqmedebiT mcirea, magram 

manqanis moZraobis dros 40 km/sT da meti siCqariT, did 

radiusebze mobrunebis drosac ki, aucilebelia gaTvaliswinebuli 

iyos centridanuli Zalis moqmedeba. manqanis mosaxvevSi Sesvlis 

dros centridanuli Zalis garda, aRiZvrebian sxva inerciis 

Zalebic, romlebic gamowveulia moZraobis mimarTu lebis da 

mobrunebis centris mdebareobis SecvliT, agreTve mobrunebis 

radiusisa da Sesabamisad, mobrunebis kuTxuri siCqaris w

SecvliT. manqanis simZimis centris fardobiTi brunva icvleba 

tangencialuri aCqarebiT dtadw , sadac a – simZimis centris grZivi 

koordinata (fardobiTi brunvis radiusi); -dtdw mobrunebis 

kuTxuri siCqaris w cvlileba. amis Sedegad aRiZvreba inerciis 

tangencialuri Zala ( )gG dtadw modebuli manqanis simZimis 

centrSi. misi sidide da mimarTuleba bevrad aris damokidebuli 

aCqarebaze dtdw . mkveTrma moxvevam, gansakuTrebiT maRalsiCqareze 

SeiZleba migviyvanos jamuri ganivi Zalis ( ) dtadgGPц w+¢

gazrdamde, romelic miiswrafis daarRvios manqanis mdgradoba. 

mosaxvevidan gamosvlasTan erTad moxvevis radiusi TandaTanobiT 

izrdeba, aCqarebis dtdw mimarTuleba icvleba da inerciis 

tangencialuri Zala ( ) dtadgG w aucilebelia gamoakldes цP¢ .

1.5. specializebuli traqtor TT-4-is da morsaTrevi
TviTmtvirTavi agregatis (mTa ) statikuri ganivi
mdgradobis gamokvleva datvirTul da dautvirTav
mdgomareobaSi

gamokvlevebi Catarebulia traqtor TT-4-is da mTa-is 

mdgradobis, kerZod statikuri ganivi mdgradobis zRvruli 

mniSvnelobis dasadgenad [33 -43].

mTis ferdobebze ganivi mimar TulebiT moZraobis dros 

gamavlobaze metad, traqtor TT-4-isa da mTa-saTvis saSiSia 

ganivi mdgradobis dakargva.
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nax. 8 -ze mocemulia traqtor TT-4-ze da mTa-ze Zalebis 

moqmedebis sqema. sworxazovani Tanabari moZraobis dros 

morebis mTlianad datvirTul mdgomareoba Si, maTze moqmedeben 

Semdegi Zalebi:

- traqtor TT-4-is an mTa-is wona, Sesabamisad G1 da G4, 

modebuli simZimis centrSi S1 da S4 muxluxas sayrdeni 

zedapiridan 11,11 =h m da 133,14 =h m simaRleze;

- niadagis zedapiris reaqciebi, moqm edi muxluxas sibrtyeSi: Y2

da Y1 da A-A sibrteSi: Z2 da Z1.

traqtor TT-4-is da mTa-is mdgradoba ganpirobebulia maTi 

gadayiravebis dawyebiT, savali nawilis sayrdeni zedapiris 

qveda wibosTan axlos.

nax. 8. traqtor TT-4-ze da mTa-ze Zalebis moqmedebis
sqema mTlianad datvirTul mdgomareobaSi erTi

simZimis centriT

praqtikulad muxluxa traqtorebis maZravebSi SesaZlebelia 

sayrdeni sagoravebis dayeneba, muxluxa lentis centralur 

nawilze dawoliT, amitom mdgradobis piroba unda ganisazRvros 

A

b
Zл

jb

a

G4

S1

G1

h1

B

Z1

Y1

S4

Y2

Z2

G4sina
G1sina

G1cosa
G4cosa



43

muxluxas Sua qveda nawilis sayrdeni zedapiris mimarT 

TanafardobaSi.

traqtor TT-4-ze moqmedi yvela Zalebis momentebis 

gantolebas, Y2 reaqciis modebis wertilis mimarT TanafardobaSi 

tvirTis gareSe, aqvs Semdegi saxe (nax. 8):

aa sincos
2 1111 hGBY
B

G += ,           (12)

sadac B – traqtoris muxluxa jaWvis liandi, 2 m;

a _ gzis awevis kuTxe.

formulidan (12) niadagis reaqcia Y1 tolia:

B

hG
GY

a
a

sin
cos5,0 11

11 -= .                     (13)

ricxviTi mniSvnelobebis CasmiT miviRebT:

0
2

42sin11,1136
42cos1365,01 =

°×
-°×=Y .

traqtoris gadayiravebis pirobidan gamomdinare, 01 £Y , 

Cven SemTxvevaSi, traqtor TT-4-is mdgradoba dairRveva da 

daiwyeba misi gadayiraveba ferdobis daxris zRvruli kuTxis 

42°-is gazrdis Semdeg.

traqtor TT-4-is statikuri ganivi mdgradobis dasa dgenad, 

farze pirobiTad mTlianad datvirTul mdgomareobaSi, 

vsargeblobT formuliT (nax. 9):

aaaa sinsincos
2

cos
2 3111111 hQhGBY

B
Q

B
G ++=+ ,           (14)

B

hQhG
QGY

a
a

sin)(
cos)(5,0 3111

111

+
-+= ,              (15)

sadac Q1 – farze pirobiTad datvirTuli Soltebis an morebis 

wona, 50 kn;

h3 _ tvirTis simZimis centris S3 vertikaluri koordinata, 

1,77 m.  

ricxviTi mniSvnelobebis CasmiT (15) formulaSi miviRebT:

=
×+×

-+=
2

sin)77,15011,1136(
cos)50136(5,01

aaY

73,00337sin1200337cos93 =¢°-¢°= kn.
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nax. 9. traqtor TT-4-ze da mTa-ze Zalebis moqmedebis sqema
mTlianad datvirTul mdgomareobaSi TT-4-is S1, agregatis

S4 da tvirTis S3 simZimis centrebis mixedviT

traqtor TT-4-s ara aqvs saSualeba awarmoos xe -tyis 

morTreva mTlianad datvirTul mdgomareobaSi da savaraudo 

angariSi Catarebulia mTa-Tan SedarebisaTvis. datvirTuli TT-

4-is ferdobis daxris zRvruli kuTxe tolia 37 °30¢.

mTa-is statikuri ganivi mdgradoba saWiroa davadginoT, 

rogorc tvirTiT da utvirTod, aseve erTi S4 (agregatis) da 

ori S1 (traqtoris) da S2 (Zara-isris meqanizmis) simZimis 

centrebis mixedviT.

mTa-ze moqmedi yvela Zalebis momentebis gantolebas, 

sayrdeni niadagis Y2 reaqciis modebis wertilis mimarT 

TanafardobaSi, eqneba Semdegi saxe (traqtorisa da Zala -isris 

meqanizmis erTi saerTo simZimis centriT S4, utvirTod):

aa sincos
2 4414 hGBY
B

G += , (16)

B

hG
GY

a
a

sin
cos5,0 44

41 -= ,                        (17)

b

a

Q1

S1

G1

h
1

B

Z1

Y2

S4

S3

Z2

G1sina

G1cosa

h
2
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sadac G4 – mTa-is wona axali teqnologiuri aRWurvilobiT, 

156kn;

h4 _ mTa-is Zara -isris meqanizmis, simZimis centris 

vertikaluri koordinata, 1,133 m.

formula (17) ricx viTi mniSvnelobebis Casmis Sedegad 

gveqneba:

=
×

-×=
2

sin133,1156
cos1565,01

aaY

16,00341sin4,880341cos78 -=¢°-¢°×= kn.

dautvirTavi mTa-is erTi simZimis centriT statikuri 

ganivi mdgradobis zRvruli kuTxe tolia 41 °30¢.

ori simZimis centris S1 da S2-is mixedvi T, mTa-is 

statikuri ganivi mdgradobis gantolebas aqvs Semdegi saxe:

aaaa sinsincos
2

cos
2 2211121 hGhGBY

B
G

B
G ++=+ ,           (18)

saidanac

B

hGhG
GGY

a
a

sin)(
cos)(5,0 2211

211

+
-+= ;                  (19)

(19) formulaSi ricxviTi mniSvnelobebis CasmiT miviRebT:

16,0
2

41sin)45,12011,1136(
41cos)20136(5,01 -=

°×+×
-°+=Y kn.

mTa-is st atikur ganiv mdgradobaze Catarebulma 

gaangariSebebma dagvanaxa, rom agregatis mdgradobis zRvruli 

kuTxis mniSvnelobebi erTi simZimis centris mixedviT aris 

0341 ¢° , ori simZimis centris – °41 , rac mxolod 0,5°-iT gansxvavdeba 

erTmaneTisagan. es adasturebs mTa-is saerTo simZimis centris 

gaangariSebis, anu gamoyenebuli grafo -analizuri meTodis 

siswores.

datvirTuli mTa-is statikuri ganivi mdgradobis zRvr uli 

kuTxis dasadgenad vsargeblobT mTa-ze moqmedi yvela Zalebis 

momentebis gantolebiT (ori simZimis centriT S4, S3):

aaaa sinsincos
2

cos
2 3144114 hQhGBY

B
Q

B
G ++=+ ,           (20)

B

hQhG
QGY

a
a

sin)(
cos)(5,0 3144

141

+
-+= ,                   (21)
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ricxviTi mniSvnelobebis CasmiT miviRebT:

49,0
2

38sin)77,150133,1156(
38cos)50156(5,01 -=

°×+×
-°+=Y kn.

datvirTuli mTa-is statikuri ganivi mdgradobis zRvruli 

kuTxe ori simZimis centriT: S4 (agregatis) da S3 (tvirTis) 

tolia 38°.

viangariSoT datvirTuli mTa-saTvis ferdobis daxris 

statikuri zRvruli kuTxe mdgradobaze simZimis centris S5

mixedviT:

aa sincos
2

55
15 B

hG
BY

B
G += ,                   (22)

aa sincos5,0 55
51 B

hG
GY -= ,    (23)

sadac G5 – mTa-is wona datvirTul mdgomareobaSi, 206 kn;

h5 – datvirTuli mTa-is simZimis centris S5 vertikaluri 

koordinata, 1,24 m.

(23) formulaSi ricxviTi mniSvnelobebis CasmiT miviRebT:

33,039sin
2

24,1206
39cos2065,01 -=°

×
-°×=Y kn.

specializebuli morsaTrevi traqtor TT-4-is da mTa-is 

statikur ganiv mdgradobaze Catarebulma gamokvlevebma gviCvena, 

rom mTa 0,5 gradusiT ufro naklebad mdgradia traqtor TT-4-

Tan SedarebiT, rac gamowveulia masze axali teqnologiuri 

aRWurvilobis damatebiT Zara -isris meqanizmis saxiT. amasTan, 0,5 

gradusi sxvaoba statikuri ganivi mdgradobisaTvis didi ar 

aris, miTumetes, rom mTa-s aRniSnuli Zara -isris meqanizmiT, 

gansxvavebiT traqtorY TT-4-gan, SeuZlia Zaraze morebis 

datvirTva, gadmotvirTva da rac yvelaze mTavaria morebis 

transportireba mTlianad datvirTul mdgomareobaSi.
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1.6. morsaTrevi TviTmtvirTavi agregatis dinamikuri
ganivi mdgradobis gamokvleva

xe-tyis satransporto sistemebisaTvis, gansakuTrebiT si m-

Zimis centris maRali ganlagebiT, ganivi mdgradobis statikur 

Sefasebas Semoaqvs mniSvnelovani cdomilebebi, vinaidan gverdiTi 

daxris dros xdeba Seresorebuli masebis simZimis centris d a-

matebiTi gadaadgileba, Cndeba damatebiTi daxra -dagverdeba r e-

sorebisa da salteebis deformaciis xarjze, agreTve araswori 

gzis monakveTebze moZraobis dros. amasTan, Seresorebuli mas e-

bi da tvirTi asrulebs ganiv -kuTxur rxevebs, rac mniSvnelov a-

nia satransporto sistemis maRali siCqariT moZraobis dros. 

dinamikuri daxris sidide damokidebulia ganiv-kuTxuri rxevebis 

intensiurobaze da aqvs pirdapiri kavSiri moZ raobis siCqare s-

Tan, gzis an sakabdos xarisxTan, manqanis parametrebTan da yv e-

laze ufro metad sakid sistemasTan.

ganivi mdgradoba gansazRvravs manqanis unars SeinarCunos 

mocemuli moZraoba: gadayiravebisa da dacurebis gareSe, moqn e-

visagan mrudwiruli moZraobi s, agreTve gverdiTi gadaadgil e-

bis da ferdobze dacurebis dros. amasTan, ufro saSiSia manq a-

nis mdgradobis dakargva ganivi mimarTulebiT, radganac metw i-

lad traqtorebis da manqanebis liandis sigane naklebia, say r-

deni zedapiris sigrZeze.

1.6.1. morsaTrevi TviTmtvirTavi agregatis dinamikuri

ganivi mdgradobis gamokvleva a kuTxiT daxril
ferdobze daZvrisa da gaqanebis dros

a kuTxis daxril ferdobze mTa-is daZvris, gaqanebis da 

damuxruWebis SemTxvevebSi ganivi mimarTulebiT aRiZvreba Zrav a-

si da gadacemis mbrunavi nawilebis inerciis mxebi Zalebis m o-

menti Mj, romelic moqmedebs traqtoris ganiv sibrtyeSi da 

miiswrafis misi ganivi mdgradobis Semcirebisaken (nax. 10).
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nax. 10. mTa-ze Zalebis moqmedebis sqema, dinamikuri
ganivi mdgradobis gamosakvlevad

am S emTxvevaSi, mTa-ze moqmedi yvela Zalebis momentebis 

gantolebas sayrdeni niadagis Y2 reaqciis modebis wertilis 

mimarT TanafardobaSi eqneba Semdegi saxe:

jMhGBY
B

G ++= aa sincos
2 414 4. ,                 (24 )

saidanac 

B

M

B

hG
GY j--=

a
a

sin
cos5,0 44

41 ,                  (25 )

sadac Mj – Zravasi da gadacemis mbrunavi nawilebis inerciis 

mxebi Zalebis jamuri momenti, knm.

mTa-is moZraobis dasawyisSi da misi gaqanebis dros Mj

momentis saSualo mniSvneloba ganisazRvreba formuliT:

2550)15,1()1( =-=-= nMM j b knm,              (26)

sadac -nM Zravas nominaluri mbrunavi momenti, 50 knm;

b _quros m.q.k, 1,5.

(25) formulaSi ricxviTi mniSvnelobebis  CasmiT miviRebT:

7,0
2

25

2

35sin133,1156
35cos1565,01 =-

°××
-°××=Y kn.

h4

Mj Y

N1

Z1

Gsina

G

Gcosa

Z2

B

B

N1

a

Pc
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dautvirTavi mTa-is daZvrisa da gaqanebis dros, dinam ikuri 

ganivi mdgradobis zRv ruli kuTxe °= 35za , 0,5 gradusiT 

naklebia, agregatis statikur ganiv mdgradobasTan SedarebiT.

mTa-Tvis tvirTiT igive pirobebSi gveqneba:

jMhGBY
B

G ++= aa sincos
2 515 5 ,    (27)

B

M

B

hG
GY j--=

a
a

sin
cos5,0 55

51 .                 (28 )

ricxviTi mniSvnelobebis CasmiT miviRebT:

05,0
2

25

2

0334sin24,1206
0334cos2065,01 =-

¢°×
-¢°××=Y kn.

a kuTxiT daxril ferdobze mTa-is daZvris da gaqanebis 

dros tvirTiT dinamikuri ganivi mdgradobis zRvruli kuTxe 

tolia 34°30¢.

SedarebisaTvis viangariSoT pirobiTad datvirTulitraqtor 

TT-4-is dinamikuri gan ivi mdgradoba analogiur pirobebSi. am 

SemTxvevaSi, traqtor TT-4-ze moqmedi yvela Zalebis momentebis 

gantolebas aqvs Semdegi saxe:

jMhGBY
B

G ++= aa sincos
2 111 1. ,                 (29 )

B

M

B

hG
GY j--=

a
a

sin
cos5,0 11

11 ,                  (30 )

97,0
2

25

2

0335sin11,1136
0335cos1365,01 -=-

¢°××
-¢°××=Y kn.

mTa-is dinamikuri ganivi mdgr adoba, kerZod ferdobis 

daxris zRvruli kuTxe daZvris, gaqanebis da damuxruWebis 

dros mniSvnelovnad mcirea, statikuri ganivi mdgradobis 

zRvrul kuTxesTan SedarebiT: dautvirTavi statikuri _ 41 °30¢, 

datvirTuli – 38°; dautvirTavi dinamiku ri _ 35 °, datvirTuli _ 

34°30¢. pirobiTad datvirTuli traqtor TT-4-is dinamikuri ganivi 

mdgradobis zRvruli kuTxis 35°30¢ gansxvaveba, mTa-is mdgradobis 

zRvrul kuTxesTan SedarebiT _ 34 °30¢, gamowveulia mTa-ze Zara-

isris meqanizmis damatebiT da simZimis centri s gadaadgilebiT.
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1.6.2. morsaTrevi TviTmtvirTavi agregatis dinamikuri
ganivi mdgradobis gamokvleva mrudwiruli

moZraobis dros

mTa-is mrudwiruli moZraobis dros, ganiv mdgradobaze 

arsebiT gavlenas axdens aRZruli inerciis Zalebi. horizonta -

luri gzis monakveT ze damyarebuli siCqariT moZraobis da O

centris garSemo mudmivi radiusiT mobrunebis dros aRiZvreba 

rezultirebuli centridanuli Zala Pc, modebuli mTa-is simZi-

mis centrSi da mimarTuli brunvis centridan radiusze (nax. 11):

g

R
GmaP 02w==c ,             (31)

sadac m _ mTa-is masa;

a _ mTa-is aCqareba;

w _ mTa-is brunvis kuTxuri siCqare mobrunebis centris 

garSemo;

R0 _ mTa-is simZimis centris mobrunebis radiusi;

g _ simZimis Zalis aCqareba.  

centridanuli Zalis cP or mdgenelad daSliT miviRebT, 

rom erT -erTi maTgani moqmedebs agregatis ganiv sibrtyeSi cP ¢¢

(nax. 11) da axdens wina da ukana balansiris poWoWikebis RerZebze 

normaluri datvirTvebis gadanawilebas. meore mdgeneli cP¢ moq-

medebs agregatis ganiv sibrtyeSi da miiswrafis gadaayiraos 

agregati gverdze; centridanuli Zalis mdgeneli ¢
cP tolia 

(nax. 11).

R

V

g

G
R

g

G
R

g

G
PP

2
saS

cc ×====¢ 2
0

2 coscos wgwg ,            (32)

sadac g _jamuri centridanuli Zalis ganiv si brtyesTan daxris 

kuTxe; 

-saSV agregatis saSualo siCqare mobruneb is dros;

R – mTa-is mobrunebis radiusi. 
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nax. 11. centridanuli Zalis saangariSo sqema mTa-is
mrudwiruli moZraobis dros

1. mTa-ze mosaxvevSi va ke adgilze moZraobis dros, masze 

moqmedi yvela Zalebis momentebis gantolebas y2 reaqciis 

modebis wertilTan fardobaSi eqneba saxe:

jMhPBY
B

G +¢+= 5c15 2
.                      (33)

datvirTuli mTa horizontaluri gzis monakveTze Tanabari 

siCqariT moZraobis dr os, 2 metriani radiusiT moxvevis –

mobrunebis SemTxvevaSi, ganiv mdgradobas dakargavs Semdeg 

siCqareze:

515 2
hPBY

B
G c

¢+= ,                          (34)

saidanac

gRB

hVG
GY 555,0

2
saS

51 -= .                         (35 )

ricxviTi mniSvnelobebis CasmiT, m iviRebT:

12,0
2281,9

24,198,3206
2065,0

2

-=
××
××

-×=1Y kn.

datvirTuli _ 98,3=saSV m/wm = 14,3 km/sT.

igive pirobebSi dautvirTavi mTa mdgradobas dakargavs 

Semdeg siCqareze:

b

g

R0

B

Pc

S

O

a

R

P¢c

P²c

g
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43,0
2281,9

133,115,4156
1565,05,0

2
44 =

××
××

-×=-=
gRB

hVG
GY

2
saS

41 kn.

dautvirTavi _ 15,4=saSV m/wm = 14,9 km/sT.

mTa datvirTul mdgomareobaSi horizontaluri gzis m o-

nakveTze 2 metriani radiusiT mobrunebis SemTxvevaSi, dakargavs 

mdgradobas 14,3 km/sT siCqariT moZraobis dros, xolo dautvi r-

Tavi, igive pirobebSi – 14,9 km/sT [37 -38].

2. Teoriulad, mTian tyesakafebze mTa-s datvirTul mdgo-

mareobaSi 2,8 m/wm siCqariT, horizontaluri gzis monakveTze m o-

Zraobis dros, umaRles me -8-e gadacemaze gveqneba:

B

M

gRB

hVG
GY j--= 558

1 5,0
2
saS

5 .                      (36)

ricxviTi mniSvnelobebis CasmiT miviRebT:

5,39
2

25

2281,9

24,18,2206
2065,0

2
8

1 =-
××
××

-×=Y kn.

2,8 m/wm anu 10,05 km/ sT Tanabari siCqariT moZraobis dros, 

mTa myarad inarCunebs mdgradobas 2 metriani radiusiT 

mobrunebis SemTxvevaSi.

3. gamovikvlioT mTa-is dinamikuri ganivi mdgradoba 

ferdobze ganivi mimarTulebiT gadaadgilebis dros, datvirTul 

da dautvirTav mdgomareobaSi 2 m radiusiT aRmarTis mxares 

mobrunebis SemTxvevaSi. am SemTxvevaSi mTa -ze moqmedi yvela 

Zalebis gantolebas eqneba Semdegi saxe:

jMhPhGBY
B

G +¢++= 5caa sincos
2 5515 ,               (37)

B

M

B

hP

B

hG
GY j-

¢
--= 5ca

a
sin

cos5,0 55
51 .               (38 )

vangariSobT centridanuli Zalis mdgenel s cP¢ . miviRoT 

siCqareebi: umaRles me -8-e gadacemaze 8,2=saSV m/wm da pirvel 

gadacemaze 63,0=saSV m/wm.

datvirTul mdgomareobaSi gveqneba:

3,82
2

8.2

81,9

206 2
5 =×=×=¢

R

V

g

G
P saS8
c8 kn,                  (39)
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2,4
2

63,0

81,9

206 2

=×=¢
c1P kn.                           (40)

(38) formulis Tanaxmad a kuTxiT daxril ferdobze m o-

Zraobis dros me-8-e siCqareze gveqneba:

28,0
2

25

2

24,13,82

2

16sin24,1206
16cos2065,08

1 =-
×

-
°××

-°××=Y kn.

°= 16za .

pirvel siCqareze:

3,0
2

25

2

24,12,4

2

0333sin24,1206
0333cos2065,01

1 =-
×

-
¢°××

-¢°××=Y kn.

0333 ¢°=za .

mTa-s dau tvirTav mdgomareobaSi a kuTxiT daxril fe r-

dobze mobrunebis dros gveqneba:

62
2

8,2

81,9

156 22
4 =×=×=¢

R

V

g

G
P saS8
c8 kn,

2,3
2

63,0

81,9

156 2

=×=¢
c1P kn.

=-
¢

--=
222

sin
cos5,0 44

1
jMPhG

GY
c8

4
8 a

a

2,0
2

25

2

133,162

2

0317sin133,1156
0317cos1565,0 =-

×
-

¢°××
-¢°××= kn.

0317 ¢°=za .

pirvel siCqareze dautvirTav mdgomareobaSi:

94,0
2

25

2

133,12,3

2

34sin133,1156
34cos1565,01 =-

×
-

°××
-°××=¢Y kn,

°= 34za .

SedarebisaTvis viangariSoT traqtor TT-4-is ganivi 

mdgradobis zRvruli kuTxe ferdobze moxvevis dros, dautvi r-

Tav mdgomareobaSi umaRles me -8-e siCqareze:

B

M

B

hP

B

hG
GY j-

¢
--= 1ca

a
sin

cos5,0 11
1

8
1 ,               (41)

traqtor TT-4-is centridanuli Zalis mdgeneli cP¢

umaRles me-8-e siCqareze tolia:
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3,54
2

8,2

81,9

136 2

=×=¢
c8P kn.

formulaSi (41) mniSvnelobebis CasmiT miviRebT:

32,0
2

25

2

11,13,54

2

17sin11,1136
17cos1365,01 =-

×
-

°××
-°××=Y kn.

°= 17za .

dautvirTavi traqtori TT-4 umaRles me -8-e siCqareze mo x-

vevis dros wonasworobas dakargavs ferdobis daxris kuTxis 

°= 17za dros.

1.7. manqanis grZivi mdgradoba

grZivi mdgradoba xasiaTdeba manqanis unariT imoZraos 

qanobze wina an ukana Tvlebis sayrden wertilebSi gam avali 

RerZebis an muxluxa maZravis wina an ukana sayrdeni sagoravis 

imave RerZebis garSemo gadayiravebis gareSe, Semdgom sawevi an 

damWimi varskvlavas garSemo gadayiravebiT. grZivi mdgradoba 

irRveva, roca gareSe Zalebis da momentebis moqmedebiT wina an 

ukana Tvlebi mTlianad ganitvirTebian da iwyeben gruntisagan 

mowyvetas, amasTan gruntis moqmedi normaluri  reaqcia Z1 =0 an 

Z2 =0 (nax. 12 ). Tvliani traqtoris gaCerebis da Z1 =0-is dros, 

mTeli datvirTva miiReba ukana TvlebiT da maTze moqmedebs 

gruntis normalu ri reaqcia acos2 GZ = . simZimis Zalis grZivi 

mdgeneli asinG miiswrafis daagoros traqtori qvemoT. amas 

ewinaaRmdegeba ukana Tvlebze modebuli samuxruWe Zala Pw da 

ukana Tvlebis gorvis winaaRmdegobis momenti Mfg. winaaRmdegobis

momentis sidide umniSvneloa da angariSebis dros, SeiZleba ar 

gaviTvaliswinoT [33].

parametris saxiT, romelic axasiaTebs manqanis an traqtoris 

grZiv mdgradobas, miiReba Cveulebrivad statikuri awevis

kritikuli kuTxe aa. amasTan, satransporto sistema iqneba

wonasworobis aramdgrad mdgomareobaSi, Tu simZimis Zalis 

veqtori gadis SesaZlo gadayiravebis Q2 wertilze. wonasworobis 
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piroba sistemis am wertilTan TanafardobaSi, romelic naCvenebia 

nax. 12 -ze, roca manqanasa da xeebis Sekrulas Soris Zalebis 

urTierTqmedeba ar arsebobs (T =0, N =0) iqneba:

0sincos =- hGbG aa aa ,

saidanac vRebulobT grZivi mdgradobis pirobas 
h

b
tg =aa . Tu 

h

b
tg >aa , maSin manqanis grZivi mdgradoba irRveva.

nax. 12. Tvlian traqtorze Zalebis moqmedebis sqema 
qanobze gadaadgilebis dros

morsaTrevi traqtoris moZraobis dros, misi grZivi 

mdgradoba qveiTdeba xeebis Sekrulaze modebuli gorvis 

winaaRmdegobis Zalisa da wevaze datvirTvis zemoqmedebiT, magram 

am SemTxvevaSi, gadayiravebas win uswrebs man qanis marTulobis 

darRveva wina RerZis gantvirTvis Sedegad. morsaTrevi manqanis an 

traqtoris moZraobaSi grZivi mdgradobis Sefasebis dros, 

saWiroa ganisazRvros teqnologiuri Zalebi T da N, xolo 

gadayiravebis RerZad saWiroa miviRoT ukana Tvlebis RerZi. 

carieli tyesazidi sawevaras grZivi mdgradobis Sefaseba warmoebs 

analogiurad, xolo tvirTiT moZraobis dros, angariSSi miiReba 

h

G

Z1

Z2

b

a

O2

N

T

a
Pw

Mfg
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xeebis Sekrulas kexze datvirTva da kakvis Zala. Tvliani 

manqanebis grZivi mdgradoba aRmarTebze an qanobebze (daRmarTebze) 

gaCerebebis dros, SeiZleba dairRves Tvlebis sayrden zedapirTan 

arasakmarisi CaWidebis da Camocurebis gamo.

Tvliani traqtorebisaTvis tvirTis gareSe ukana RerZis 

Tvlebze muxruWebis arsebobis dros, awevis kritikuli kuTxe ja

gamoisaxeba Semdegnairad:

hL

bL
tg

CW

CW

j

j
aj -

-
=

)(
.                          (42)

aRmarTze Tanabari moZraobis dros kakvze wevis Zalis 

gareSe, gzaze gorvis mcire winaaRmdegobis koeficientiT, 

satransporto sistemis gadaadgilebis erTaderT Semaferxebel 

Zalas warmoadgens aRmarTze asvlis winaaR mdegoba. pirobas, 

romelic gamoxatavs manqanis gadayiravebis SeuZleblobas Tavisi 

sawevi TvisebebiT, aqvs Semdegi saxe:

asinmax GP <m ,                         (43) 

sadac maxmP _ maqsimaluri mxebi wevis Zala CaWidebis pirobebis 

mixedviT. 

Tu asinmax GP <m , maSin SeiZleba adgili hqondes grZivi 

mdgradobis dakargvas, kritikul kuTxeebze naklebi aRmarTebis 

SemTxvevaSi. kritikulTan axlo kuTxeebis dros xdeba 

marTulobis darRveva.

moklebaziani manqanebis gadayiravebis seriozul safr Txes 

SeiZleba adgili hqondes wamyvani Tvlebis CaWedvis dros. am 

SemTxvevisaTvis, wonasworobis pirobas eqneba Semdegi saxe (nax.13)

1max lGM sZ= ,                          (44)

sadac -sZG manqanis simZimis Zala, wamyvani Tvlebis simZimis Zalis 

gamoklebiT;  -maxM wamyvan  Tvlebze mbrunavi momentis SesaZlo 

kritikuli mniSvneloba. radganac

aa sin)(cos1 rhGGbGllG --==sZ ,
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nax. 13. Tvlian traqtorze Zalebis moqmedebis sqema 
Tvlebis CaWedvis dros

maSin Tvliani t raqtoris sadgaris CaWedili Tvlebis RerZis 

garSemo mobrunebis SeuZleblobis piroba, SeiZleba daiweros 

Semdegi saxiT:

[ ] trtrhbaa iMrhbG e>-- sin)(cos ,               (45)

sadac -eM Zravas nominaluri mbrunavi momenti; b _ quros m.q.k.;

-tri transmisiis gadacemis ricxvi; -trh transmisiis m.q.k.

muxluxa traqtorebis grZivi mdgradoba xasiaTdebadawolis 

centris mdebareobiT, romelic aRmarTze gadainacvlebs muxluxas 

zedapiris ukana wiboze, xolo daRmarTze – wina wiboze. 

kritikuli kuTxeebi aa muxluxa traqtorebisaTvis ganisazRvrebian 

ganxiluli SemTxvevebis analogiurad da damokidebulni arian

muxluxebis sayrdeni zedapirebis sigrZeze, simZimis centris 

koordinatebze, muxluxebis dawolis centrebze, manqanis sxva 

parametrebze, xolo xeebis SekrulaTi moZraobis SemTxvevaSi,

teqnologiuri Zalebis gaTvaliswinebiT, ganisazRvrebian  

saangariSo sqemebisa da saerTo dinamikis gantolebis 

safuZvelze. Tu awevis da daxris statikuri kuTxeebi metia 

formulebiT gansazRvrul mniSvnelobebebze, maSin muxlux a 

traqtoris avariuli gadayiravebis momenti jer kidev ar damdgara.

l1

O

h

Gld

b

a

r

G

Mmax

l
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traqtori ` dajdeba~ muxluxas ukana an wina daxril 

ganStoebaze da misi Semdgomi Semobruneba SeiZleba moxdes, 

mimmarTveli an wamyvani Tvlebis gruntTan Sexebis wertilebis 

mimarT.

orsayrdeniani, balansirebuli, dakidebis sistemiani 

traqtorebis grZivi mdgradoba irRveva, dawolis centris 

muxluxas sayrdeni zedapirebis Suadan im manZilze gadaadgilebiT, 

romelic sayrdeni urikebis grZivi bazis naxevris tolia, e.i. 

traqtoris sadgaris gadayiraveba moxdeba Se sabamisi sayrdeni 

urikis RerZis garSemo.

muxluxa traqtorebi Tvlianebze gacilebiT mdgradia da 

maTi grZivi gadayiravebis saSiSroeba mcirea. muxluxa traqtorebis 

gruntTan maRali CaWidebis Tvisebebis gamo, maTi grZivi mdgradoba 

Camocurebis winaaRmdeg, gadayirav ebasTan SedarebiT ar aris 

dabali.

1.8. manqanebi mTian tyesakafebze

mTiani tyesakafebis asaTviseblad, xe -tyis sxvadasxva 

satransporto alternatiuli saSualebebisagan gansxvavebiT, 

xelsayrelia gamoyenebuli iyos specializebuli muxluxa da 

Tvliani morsaTrevi traqtorebi da agregatebi, romlebic ar 

Txouloben damatebiT xarjeb s samontaJo da mosamzadebel 

samuSaoebze, agreTve sabagiro morsaTrevi danadgarebi.

muxluxa da Tvliani manqanebi s tyesakafis zedapirze 

moZraobis Seswavlis dros, dabrkolebebi ar SeiZleba 

ganxiluli iyos manqanis konfiguraciis, maxasiaTeblis da misi 

maZravis sawev -CaWidebis xarisxisagan calke, radganac erTi da 

igive uTanabro zedapirebi axdenen sxvadasxva moqmedebas mcire 

da didi manqanebis gamavlobaze.

geometriuli zedapirebi . zedapiris geometria ar 

warmoadgens erTaderT moqmed faqtors manqanis gamavlobaze; 

meore faqtori zedapiris fizikuri mdgomareobaa. mcire Tvliani 

traqtorisaTvis Tvliani baziT 1270mm daxrili zedapiri 
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sigrZiT 2500mm warmoadgens `ferdobs~, maSin roca didi 

traqtorisaTvis 5 -jer ufro meti Tvliani baziT, vidre mcire 

traqtoris, igive uTanabroba iqneba `kuzi~. garda amisa, 

dabrkolebebis gadalaxvis xerxebi ori manqanisaTvis SeiZleba 

iyos gansxvavebuli, Tumca am dabrkolebebis geometria igivea; 

mcire traqtorma CaWideba SeiZleba dakargos aRmarTze, didma –

gamavloba `kuzze~ - dasakeci CarCos dakidebis gamo. vinaidan, 

CaWideba SeiZleba dairRves gruntis fizikuri mdgomareobis 

gauaresebiT, gamowveuli wvimebiT an sxva faqtorebiT, maSin 

manqanis gamavlobas SeiZleba hqondes SemTxveviTi damokidebuleba 

dabrkolebis zedapirTan. didi traqtoris dakideba `kuzze~ 

yovelTvis dakavSirebulia dabrkolebis geometriul zedapirTan. 

amrigad, dabrkolebis geometriuli maxasiaTebeli warmoadgens 

erT-erT mniSvnelovans da ar aris damokidebuli fizikur 

pirobebze da zedapiris bunebaze. am mizeziT daRaruli adgilis 

geometriuli Taviseburebebis nebismieri aRweriloba, formasTan 

damoukideblad, zomebiT da manqanis maxasiaTebliT, naklebad 

praqtikuli mniSvnelobisaa; amitom. zedapiruli dabrkolebebis 

aRwera, dafuZnebuli geomorfologiaze da geologiurad 

erTnairi teritoriebis identifikaciis axsnaze poulobs 

umniSvnelo gamoyenebas manqanebis gamavlobis TeoriaSi. zustad 

aseve, organuli warmoSobis gruntebis zedapirebis botanikuri 

da ekologiuri aRwera ar SeiZleba gamoyenebuli iyos sust 

gruntebze manqanebis modelirebaSi.

inJinruli TvalsazrisiT, zedapiris geometriuli Sefaseba 

unda mimdinareobdes Semdegi kriteriumebiT:

1. dabrkolebis gadalaxva;

2. manqaniT marTuloba;

3. sagzao komforti.

pirveli kriteriumi efuZneba koncefciebs `manqana gadis~ 

da `manqana ver gadis~; `manqana gadis~ SemTxvevaSi, dabrkolebebis 

gamavlobis raodenobrivi Sefaseba, SeiZleba gamoisaxos 

simZlavris xarjiT an aucilebeli mbrunavi momentiT. manqanis 
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marTuloba Cveulebrivad fasdeba droTi, roca Tvlebi an 

muxluxebi wydebian zedapiridan da imyofebian haerS i, e.i. 

xdebian aramarTvadi. da bolos, saboloo kriteriumi sagzao 

komforti, dafuZnebulia sxvadasxva faqtorebze, rxevebisa da 

vibraciebis gamomwvev dabrkolebebze manqanis svlis dros.

amrigad, rom SevafasoT zedapiris uTanabroba, am 

kriteriumis TvalsazrisiT, aucilebelia ganvsazRvroT zedapiris  

realuri profili SezRudvebiT, moZraobis mimarTulebiT 

gamowveuli manqanis geometriuli maxasiaTeblebiT.

mxolod aseTi midgomiT SeiZleba Seiqmnas manqanis savali 

organoebis zedapirTan urTierTqmedebis maTematikuri modeli, 

winaaRmdegobis gadalaxvis dinamikis, manqanis da sagzao 

komfortis marTulobis gamosavlenad, profilis geometriuli 

maxasiaTeblebis, anu profilis talRis amplitudis, misi 

sigrZis da sixSiris gaTvaliswinebiT.

gamavlobis sruli an arasruli danakargi SeiZleba 

gamowveuli iyos ori mizeziT. pirveli – manqanis nebismieri 

nawilis gamodeba (Tvlebisa da muxluxas garda) calkeul 

dabrkolebebze arasakmarisi klirensis, Setevis kuTxis da a.S. 

gamavlobis aseTi danakargi aRvniSnoT SemoklebiT gdk 

(gamavlobis danakargi klirensis, Setevis kuTxis, acdena kuTxis 

da a.S.).

meore mizezi – xSirad ganmeorebadi dabrkolebebi, manqanaSi 

rxevis procesis gamomwvevi, rasac mivyevarT moZraobis siCqaris 

SecvlasTan an mTlian gaCerebasTan da mdgomareobis 

gauaresebasTan. gamavlobis aseTi danakargi SemoklebiT aRvniSnoT 

gdv (gamavlobis dakargva vibraciisa da rxevebis xarjze).

cxadia, rom gdk-s dros gadailaxeba erTeuli dabrkolebebi, 

gdv-s dros ki – perioduli. Sesabamisad uTanabrobebis 

gaanalizeba xdeba ori meTodiT: pirveli meTodi iyenebs 

dabrkolebebis jgufis d iskretuli sidideebis ganawilebas da 

ekuTvnis gdk -s, meore meTodi iyenebs harmoniul analizs da 

miekuTvneba gdv-s.
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aseTi midgoma gveCveneba yvelaze ufro praqtikulad, 

Tumca iyo mcdelobebi gdv -s SefasebaSi, harmoniuli analizis 

meTodis gamoyenebiT.

ferdobebze m anqanebis gamavloba gaanalizdeba calkeul 

magaliTebze statikuri an dinamikuri kriteriumebis gamoyenebiT.

dabrkolebebis zomebi da forma, romlebic iwveven manqanis 

gamavlobis dakargvas, mravalferovania. magram DSeiZleba 

Semoifarglos mxolod ramdenime tipiuri d abrkolebebis 

ganxilviT. amitom maTi geometriis mixedviT, yvela dabrkolebis  

dajgufebis da klasifikaciis magivrad, ganvsazRvravT mxolod 

uTanabrobis ZiriTad elementebs, romlebic iwveven gdv tipis 

gamavlobis dakargvas. gvaqvs gamavlobis dakargvis ori 

ZiriTadi saxe: manqanis Cakideba dabrkolebebze arasakmarisi 

klirensis gamo (nax. 14) da manqanis cxviris mibjena dabrkolebaze 

arasakmarisi Setevis kuTxis gamo. orive SemTxveva SeiZleba iyos 

gamoburculi an SeRunuli, profilebis dros Seqmnili ori 

gadamkveTi sibrtyiT.

nax. 14. manqanis gamavlobis dakargvis ori saxe, gamowveuli
oTxi saxeobis dabrkolebebiT: dabrkolebebis profilebi
warmoqmnili ori gadakveTadi sibrtyiT: a – dabrkolebaze
mibjeniT; b – dabrkolebaze CakidebiT

a) b)
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dabrkolebebi aRwerili a mTlianad, Tu moyvanilia 

profilis yvela zomebi, rogorc es naCvenebia me -15 nax-ze.

sidideebi  W, h da  b Cveulebrivad  lagdebian   Zalian 

farTo, magram SezRudul rigSi; profilis rTuli forma 

naCvenebi me -15 nax -ze, gvxvdeba ukiduresad iSviaTad, rac 

amartivebs problemas.

nax. 15. rTuli dabrkoleba, warmoqmnili ori sibrtyis
gadakveTis seriiT

dabrkolebebis formebis Semdgomi gamartiveba warmodgenilia 

me-16 nax-ze da dayvanilia amoburcul da Cazneqil kombinaciasTan, 

anu TxrilTan an nayarTan. yvela danarCeni p rofilebis uTana-

brobebis formebi SeiZleba dayvanili iyos amukanasknelTan. 

nax. 16. Tanafardoba ZiriTadi konfiguraciebis zedapirul
uTanabrobebs Soris

ASveri ASverili

ATxrili Anayari
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amgvari aproqsimacia sasargebloa, kerZod, manqanis gama v-

lobis Sefasebis dros. ucnob t yesakafze xSirad gvxvdeba, mx o-

lod ori saxis dabrkoleba nax. 17 , a, b. am dabrkolebebad 

SeiZleba iyos marTkuTxa Txrili da xevi. cxadia, rom dabrko-

lebaze gamavloba manqanis Cakidebis gamo, dakavSirebulia  

agreTve ferdobebze manqanis ganiv da grZiv mdgradobas Tan (nax. 

18, a, b).

nax. 17. erTi kriteriumTagani ucnob tyesakafze manqanis
moZraobis SefasebisaTvis: a – dabrkolebis

tipi; b – morTrevis xerxebi

nax. 18. ferdobebze manqanis mdgradobis saxeebi:
a – ganivi; b – grZivi

a) b)
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daskvna literaturis mimoxilvaze

literaturis mimoxilvaSi ganxilulia mTagorian tyesakafebze 

xe-tyis damzadebis problemebis mimdinareobis sakiTxi, romelic 

pirvel rigSi dakavSirebulia saqarTvelos reliefis bunebriv 

pirobebTan. mocemulia tyesakafi samuSao procesebis kompleqsuri 

meqanizaciis teqnologiuri sqemebis da maT gansaxorcieleblad 

saWiro arsebuli Zara -isris saxsrul -berketuli meqanizmebiT 

aRWurvili agregatis sqemuri da konstruqciuli gadawyvetilebebi; 

ganxilulia arsebuli teqnikis ekologiur moTxovnebTan 

SeuTavseblobis da mTa-is ganivi mdgradobis Teoriuli 

kvlevebis Catarebis aucileblobis sakiTxebi.

literaturis mimoxilvaSi Catarebuli analizidan 

gamomdinare, mTiani tye sakafebis asaTviseblad, ekologiuri 

TvalsazrisiT, upiratesoba eniWeba muxluxa traqtorebs da  

sabagiro morsaTrev danadgarebs.

ganxilulia morsaTrevi TviTmtvirTavi agregatisaTvis 

Zara-isris axali saxsrul-berketul-kbilanuri meqanizmis Seqmnis 

aucileblobis sakiTxi, romliTac ganxorcieldeba morTrevis 

teqnologiuri procesis yvela operacia meqanizebuli wesiT.

dasmuli problemis gadasaWrelad SemoTavazebulia stu -is 

satyeo departamentSi Seqmnili modernizebuli morsaTrevi 

TviTmtvirTavi agregati, romliTac morTreva ganxorcieldeba 

Zaraze mTlianad datvirTul mdgomareobaSi.
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2. შედეგები და მათი განსჯა

2.1. mTagorian tyesakafebze xe-tyis morTrevis
problemebi da maTi gadaWris gzebis Zieba

literaturis mimoxilvaSi dasmuli problemebis sirTule 

pirvel rigSi ganpirobebulia metyeveobis mkacri moTxovnebiT, 

romlebic moqmedeben saqarTvelos mTian pirobebSi SerCeviTi 

Wrebis ganxorcielebis dros da gansazRvraven, warmoebaSi iseTi 

perspeqtiuli teqnologiebis da teqnikis danergvis aucileblobas, 

rac iqneba axali sityva mTian tyesakafebze xe -tyis damzadebis 

ekologiuri teqnologiebis moTxovnebis problemebis gadawyvetaSi. 

aRniSnulTan dakavSirebiT, cnobilia, rom tye resursTa im 

kategorias ekuTvnis, romelic aRdgenas eqvemdebareba da sameurneo 

RonisZiebaTa Sedegebis efeqturobas 100 welze meti dro 

sWirdeba. aqedan gamomdinare , aucilebelia, mecnierulad 

dasabuTebuli meTodebis da wesebis gamoyeneba, risi gaTvlac 

mxolod profesional specialistebs SeuZliaT. amasTan, 

saqarTvelos tyeebSi, rogorc mTiani reliefis ekologiuri 

daniSnulebis tyeebSi, erTi xis moWrac ki unda ganxorcieldes 

mxolod xe-tyis damzadebis specialistis nebarTviT.

mTagoriani reliefis pirobebSi, xe-tyis damzadebis procesis 

sirTulidan gamomdinare, yvelaze Sromatevad fazad iTvleba 

morTreva, e.i. moWrili xe -tyis transportireba jirkidan zeda 

sawyobamde. garda aRniSnulisa, mTis tyesakafebis (saqarTveloSi 

mTebze ganlagebuli tyesakafebi Sead gens tyiT dafaruli mTeli 

farTobis 97% -s) auTvisebloba garemoze axdens ukiduresad 

uaryofiT zegavlenas, radganac darCenili mosaWrelad vargisi 

xeebi lpeba, vrceldeba mavneblebi, rasac moaqvs didi 

ekologiuri ziani. amas ematebamTiani tyesakafebis auTviseblobiT 

gamowveuli xe-tyis didi raodenobis danakargebi.

cnobilia isic, rom tyis moxmarebis ganuwyveteli zrda 

iwvevs garemos balansis darRvevas, rac aucilebels xdis xe-tyis 

damzadebis da transportirebis sakiTxis wina planze dayene bas, 
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tyidan uwyveti, Tanabari sargeblobis principis gansaxorcie -

leblad.

garda, zemoT aRniSnuli problemebisa, mTagorian 

tyesakafebze xe-tyis damzadebis ZiriTad problemas warmoadgens 

morsaTrevi teqnikis ekologiur pirobebTan SeuTavsebloba, rac 

Tavis mxriv qmn is samanqano agregatebis moqmedebis sferodan 

mniSvnelovani saeqspluatacio farTobebis amovardnis saSiSroebas.

aRniSnulTan dakavSirebiT, arsebobs mTagorian tyesakafebze 

sawarmoo faqtorebis, kerZod, xe -tyis morTrevis teqnologiuri 

sqemebis da maT gansaxorciele blad saWiro manqana -danadgarebis 

sistemuri kvlevis cnobili meTodikebi.

samTo pirobebSi dReisaTvis damuSavebulia Sidatyesakafi 

samuSao procesebis kompleqsuri meqanizaciis rva teqnologiuri 

sqema, romlebSic gamoyenebulia specializebuli morsaTrevi 

traqtori TT-4, morsaTrevi TviTmtvirTavi agregatebi ( mTa) da 

ganivgadasatani morsaTrevi sabagiro danadgarebi. amasTan, 

specializebuli morsaTrevi traqtori TT-4 Soltebis da morebis 

morTrevas axorcielebs, mxolod naxevrad datvirTul 

mdgomareobaSi, xolo morsaTrevi TviTmtvirT avi agregati, 

aRWurvili Zara -isris saxsrul-berketuli meqanizmiT, morTrevas 

axorcielebs naxevrad datvirTul da mTlianad datvirTul 

mdgomareobaSi.

arsebobs morsaTrevi agrega tebis statikuri da dinamikuri 

ganivi da grZivi mdgradobis dasadgenad gamoyenebuli Teori uli 

kvlevebis agebis meTodebi da meTodikebi.

damuSavebulia mTa-is eqsperimentuli kvlevis meTodikebi, 

romlebic saSualebas iZlevian dadgindes agregatis teqnologiuri 

da teqnikuri parametrebi.

damuSavebulia, agreTve tyesakafi samuSao procesebis 

ekonomikuri gaa ngariSebis meTodika # 1 teqnologiuri sqemis 

mixedviT, sadac morTrevis procesis TiTqmis yvela operacias 

asrulebs mTa.
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aucilebelia aRiniSnos, rom mTagorian tyesakafebze xe -

tyis morTrevis procesis teqnologiuri sqemebis da maT 

gansaxorcieleblad saWiro manqana -danadgarebis kvlevisaTvis, 

damuSavebuli meTodebi da meTodikebi mwiria da naklebad 

miesadageba Cvens mier Seqmnili teqnologiuri sqemis da mTa-is 

kvlevis amocanebs. aRsaniSnavia isic, rom mTa da gansakuTrebiT 

specializebuli morsaTrevi traqtori TT-4, Tavisi Semsrulebeli 

meqanizmebiT da mowyobilobebiT, ver uzrunvelyofen 

teqnologiuri procesis yvela operaciis Sesrulebas meqanizebuli 

wesiT, rac Tavis mxriv dakavSirebulia xeliT Sromis 

aucileblobasTan, agreTve samuSao drois gamoyenebis koeficientis 

da mwarmoeblurobis SemcirebasTan.

Sidatyesakafi samuSaoebis kompleqsuri meqanizaciis 

teqnologiuri sqemebis naklia is, rom damuSavebuli rva 

sqemidan, arcerTi ar iTvaliswinebs, meoTxe jgufis erTmaneTze 

mibmuli tyesakafebis aTvisebas. aRniSnuli tyesakafi moiTxovs 

manqana-danadgarebis saxeobebis da teqnologiuri procesis 

operaciebis Tanmimdevrobis SerCevis sruliad gansxvavebul 

midgomas.

aRsaniSnavia isic, rom morsaTrevi agregatebis moZraobis 

ganivi mdgradobis dasadgenad, gamoyenebuli Teoriuli kvlevebis 

agebis meTodebi da meTodikebi, ar iZlevian agregatis mdgradobis 

yvela parametris gansazRvris saSualebas.

gasaTvaliswinebelia isic , rom mTa-is eqsperimentuli 

gamokvlevebis cnobili meTodikebi ar Seesabameba realobas, 

radganac siRnaRis raionis dedofliswyaros vaSlovanis tyis 

nakrZalis tyesakafSi aRniSnuli meTodikebiT miRebuli 

teqnologiuri da teqnikuri parametrebi ar aris Sesatyvisi 

ambrolauris satyeo ubnis nikorwmindis satyeo tyesakafSi, igive 

meTodikebiT miRebul analogiur parametrebTan – tyesakafebis 

sruliad gansxvavebuli reliefis, nia dagis da klimatis 

bunebrivi pirobebis gamo.
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rac Seexeba, teqnologiuri sqemebis mixedviT Catarebul 

ekonomikuri angariSis meTodikebs, isini naklebad gamosadegia 

naSromSi damuSavebuli #9 teqnologiuri sqemis mixedviT 

Casatarebeli ekonomikuri angariSisaTvis – sqemebs Soris 

gansxvavebuli bunebrivi pirobebidan gamomdinare.

winamdebare sadisertacio naSromSi, aRniSnuli naklovanebebis 

aRmosafxvrelad, Seqmnilia morsaTrevi TviTmtvirTavi agregati 

aRWurvili sruliad axali Zara -isris saxsrul -berketul-

kbilanuri meqanizmiT, romelsac arsebuli morsaTrevi 

TviTmtvirTavi agregatisagan gansxvavebiT, SeuZlia avtomatur 

reJimSi meqanizebuli wesiT, ganaxorcielos tyesakafze xe -tyis 

morTrevis teqnologiuri procesis yvela operacia (damorvis 

garda), maT Soris Sekrulas an moris Zaraze dafiqsireba-dabma.

damuSavebulia, Sidatyesakafi samuSaoebis kompleqsuri 

meqanizaciis, ekologiurad uvnebeli axali teqnologiuri sqema, 

romelic iTvaliswinebs meoTxe jgufis erTmaneTze mibmuli 

tyesakafebis aTvisebas, im SemTxvevaSiac, roca TiToeul tyesakafze 

ferdobis daxris kuTxe cvalebadia. amasTan, teqnologiuri sqema 

gansazRvravs saWiro manqana -danadgarebis saxeobebis da 

teqnologiuri procesis operaciebis ganxorcielebis 

Tanmimdevrobas.

sadisertacio naSromSi damuSavebulia, modernizebuli 

mTa-is moZraobis ganivi mdgrado bis Teoriuli kvlevebis agebis 

meTodebi da meTodikebi, romlebic iZlevian saSualebas 

ganvsazRvroT, mTa-is moZraobis zRvruli siCqare minimaluri 

radiusiT mobrunebis dros; t drois xangrZlioba agregatis 

gadabrunebis dawyebidan gadabrunebis gardauval mdgomareobamde; 

ferdobis daxris kritikuli kuTxis mniSvneloba.

damuSavebulia, axali meTodika da Catarebulia mTa-is 

eqsperimentuli kvlevebi. gansazRvrulia: traqtoris niadagTan 

CaWidebis koeficienti; morsaTrevi TviTmtvirTavi agregatis 

qanobis daxris kuTxis kritikuli mniS vnelobebi; muxluxas 

niadagSi CaRrmavebis sidide da Subla winaaRmdegobis Zalebi da 
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sxva parametrebi ambrolauris satyeo ubnis nikorwmindis 

satyeoSi tyesakafebis reliefis, niadagis da klimatis bunebriv 

pirobebSi.

winamdebare sadisertacio naSromSi Catarebulia agreTve, 

tyesakafi samuSao procesebis kompleqsuri meqanizaciis 

ekonomikuri angariSi axali # 9 teqnologiuri sqemis mixedviT. 

dadgenilia, tyesakafidan zeda sawyobze satraqtoro morTreviT 

damzadebuli 1 m3 xe-tyis TviTRirebuleba.

yovelive zemoTqmulidan gamomdin are, mTagorian pirobebSi 

xe-tyis damzadebis procesebis meqanizaciisa da avtomatizaciis 

Tanamedrove mdgomareobis analizis safuZvelze, saWiroadainergos 

teqnikuri da teqnologiuri gamocdilebebi da sakuTari ZalebiT 

damuSavdes specializebuli manqanebi da saimed o Semsrulebeli 

meqanizmebi, romlebic uzrunvelyofen mTagorian tyesakafebze 

aRniSnuli manqanebis Seuferxebel muSaobas.

2.2. mTagorian pirobebSi tyesakafi samuSao procesebis
kompleqsuri meqanizaciis axali teqnologia,
teqnologiuri sqemebi da manqana-danadgarebi

2.2.1. tyesakafi samuSaoebis axali teqnologia
da teqnologiuri sqemebi

saqarTvelos reliefuri pirobebidan gamomdinare, mTagoriani 

tyesakafebis aTviseba sakmaod Sromatevad teqnologiur 

procesebTan aris dakavSirebuli, rac ganpirobebulia 

gansaxorcielebeli operaciebis sirTuliT [5-6].

mTagoriani tyesakafis asaTviseblad pirvel rigSi dgeba 

teqnologiuri ruka, romelic iTvaliswinebs: tyesakafis 

geografiul adgilmdebareobas, farTobs, reliefs, niadagis 

formas; agreTve Wris, morTrevis da tyesakafidan narCenebis 

gamotanis saxeebs; tyesakafze ganlagebul zeda sawyobis da 

dasatvirTi moednis adgils; xe -tyis magistraluri sakabdoebis, 

sahaero morsaTrevi danadgaris trasebis usafrTxoebis zonebis 

ganlagebas da usafrTxoebis moTxovnebs.

tyesakafebi, romlebzedac mimdinareobs xe -tyis damzadeba 

da sxva Sidatyesakafi samuSaoebi teqnologiuri sqemebis 
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mixedviT klasificirdeba sami ZiriTadi maCvenebliT: reliefiT, 

ferdobis daxrilobiT da saavtomobilo magistralur gzasTan 

mibmiT. aRniSnuli maCveneblebis mixedviT saqarTvelos 

mTagoriani tyesakafebi dayofilia oTx ZiriTad jgufad:

_ pirvel jgufs miekuTvneba tyesazid gzasTan mibmuli 

tyesakafi 20°-mde ferdobis daxrilobiT;

_ meore jgufs miekuTvneba tyesazidi magistraluri gzidan 

mocilebuli da maTgan cicabo ferdobiT an xeobiT gamoyofili 

tyesakafi, romlis daxriloba 20°-mdea;

_ mesame jgufs miekuTvneba avtosazid magistralur gzasTan 

mobmuli tyesakafi 20°-ze meti daxrilobiT;

_ meoTxe jgufs miekuTvneba erTmaneTze mibmuli ori 

tyesakafi: pirveli qvemoT avtotyesazid gzasTan 20 °-ze meti 

daxrilobiT da meore, maRla platoze 15°-mde daxrilobis.

stu-is satyeo -teqnikuri departamentis mecnier -TanamSrom-

lebis mier damuSavebuli da Seqmnilia tyesakafi samuSao 

procesebis kompleqsuri meqanizaciis ekologiurad uvnebeli rva 

teqnologiuri sqema, romlebSic uzrunvelyofilia Cvens mier 

dasaxelebuli oTxive jgufis tyesakafebis asaTviseblad saWiro 

operaciebis ganxorcieleba meqanizebuli wesiT.

miuxedavad aRniSnulisa, saqarTvelos mTagorian pirobebSi 

arsebobs oTxive jgufisagan gansxvavebuli tyesakafebi, 

romlebisTvisac saWiroa tyesakafi samuSao procesebis 

kompleqsuri meqanizaciis ekologiurad uvnebeli axali 

teqnologiuri sqemis damuSaveba.

ganvixiloT meoTxe jgufis ori erTmaneTze mibmuli 

tyesakafi, romlis mTliani siRrme Seadgens 2000 m -s, sahaero 

sabagiro morsaTrevi danadgari kveTs pirvels, e.i. qveda tyesakafs 

mTel 1000 m sigrZeze, xolo meore tyesakafs, romlis siRrme 

aseve 1000 m -ia mTel sigrZeze Suaze yofs magistraluri sakabdo. 

amasTan, pirveli da meore tyesakafebi ferdobis daxris kuTxis 

monacemebiT ar akmayofileben meoTxe jgufis tyesakafebis 

maCveneblebs, radganac platoze ganlagebuli meore tyesakafis 
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zeda naxevari realurad 15 °-ze meti daxrilobisaa, xolo 

pirveli tyesakafis Zeda naxevari 20 0-ze meti daxrilobisaa 

imdenad, rom sabagiro morsaTrevi danadgaris trasamde muxluxa 

traqtorebiT morTrevis ganxorcieleba ganivi mimarTulebiTac ki 

SeuZlebelia. maSasadame, Cvens mier ganxiluli meoTxe jgufis 

tyesakafi, romelic Sedgeba erTmaneTze mibmuli ori 

tyesakafisagan, ferdobis daxris kuTxis mixedviT, moicavs oTxi 

kategoriis tyesakafs: 20 °-ze meti daxrilobis gzasTa n mibmul 

tyesakafs, romlis zeda meore naxevris ferdobis daxris kuTxe 

icvleba 35°-is farglebSi da saWiroeba ganivgadasatani sabagiro 

morsaTrevi danadgariT aTvisebas, meore qveda naxevari SeiZleba 

aTvisebuli iyos muxluxa morsaTrevi traqtorebiT, sahaero 

morsaTrevi danadgaris trasamde ferdobis ganivi mimarTulebiT 

morebis morTreviT da sabagiro danadgariT zeda sawyobze 

CamoSvebiT. platoze ganlagebuli tyesakafis aTviseba 

xorcieldeba muxluxa morsaTrevi traqtorebis gamoyenebiT, 

gvaqvs ori kategoriis tyesakafi: pirve li qveda 15 °-ze naklebi 

daxrilobisaa da misi aTviseba mTel farTobze SesaZlebelia 

ganxorcieldes muxluxa morsaTrevi traqtorebiT sahaero 

morsaTrevi danadgaris zeda baqnamde morebis naxevrad 

datvirTul mdgomareobaSi morTreviT. platoze ganlagebuli 

tyesakafis zed a meore naxevari 15 °-ze meti daxrilobisaa; misi 

aTviseba xorcieldeba muxluxa morsaTrevi traqtorebiT 

mxolod ganivi mimarTulebiT magistralur sakabdomde da aqedan, 

sahaero morsaTrevi danadgaris zeda baqnamde morebis naxevrad 

datvirTul mdgomareobaSi morTreviT, saidanac sabagiro 

morsaTrevi danadgariT xdeba maTi CamoSveba zeda sawyobze 

mTlianad dakidebul mdgomareobaSi.

zemoTqmulidan gamomdinare, aRniSnuli meoTxe jgufis 

tyesakafisaTvis damuSavebulia Sidatyesakafi samuSao procesebis 

kompleqsuri meqanizaciis ekologi urad uvnebeli teqnologiuri 

sqema # 9.
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nax. 19 -ze mocemulia tyesakafi samuSao procesebis # 9 

teqnologiuri sqema, romelic moicavs: 1 – avtotyesazid gzas; 2 

– zeda sawyobs; 3 – ZiriTad mzid bagirs; 4 – satvirTo urikas; 5 

– msdeqs; 6 – damxmare sawev bagirs; 7 – mors; 8 – sawev-mzidi 

bagiris SemaerTebel kvanZs; 9 – ukusvlis bagirs; 10 – ganivgada-

nax. 19. teqnologiuri sqema # 9
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satan sawev -mzid bagirs; 11 – bloks; 12 – jalambars; 13 – sawev 

bagirs; 14 – zeda baqans; 15 – mTa-s; 16 – zezemdgom xes; 17 –

kunZs; 18 – magistralur sakabdos; I, II, III, IV – pirobiT tyesakaf 

zonebs. 

pirveli tyesakafi Tavis mxriv moicavs:

I zonas – 20°-ze meti daxrilobis tyesakafiT;

II zonas – 35°-mde daxrilobis tyesakafiT.

meore tyesakafi moicavs:

III zonas _ 15°-ze naklebi daxrilobis tyesakafiT;

IV zonas _ 15°-20°-mde daxrilobis tyesakafiT.

meoTxe jgufis magistralur saavtomobilo gzasTan 

ganlagebuli 20 °-ze meti daxrilobis tye sakafis I da II zonebis 

aTviseba igive warmatebiT SeiZleba ganxorcieldes # 7 

teqnologiuri sqemis mixedviT (nax. 20).

nax. 20. teqnologiuri sqema # 7.

teqnologiuri sqema # 7 gamoiyeneba im SemTxvevaSi, roca

tyesakafis ferdobis daxriloba 20°-dan icvleba 35 °-mde da 

iTvaliswinebs, xe -tyis morTrevas ormxrivi ganivgadasatani  

sabagiro morsaTrevi danadg ariT. aRniSnuli sqema moicavs: 1 –

jalambars; 2 – urikas; 3 – damatebiTi urikas; 4 – mzid bagirs; 5 

– damatebiT ganiv mzid bagirs; 6 – sawev bagirs; 7 – Solts; 8 –

damatebiT bagirs; 9 – ukusvlis bagirs.

9

4

6

2

5

8

5

3

3

1
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tyesakafis siRrmea 1000 m sabagiro danadgaris trasa k veTs 

mas mTel siRrmeze. CamoSvebuli xe -tye gamodis avtotyesazid 

gzasTan ganlagebul zeda sawyobze.

naSromSi damuSavebulia, axali # 9 teqnologiuri sqema, 

romelic iZleva meoTxe jgufis erTmaneTze mibmuli, oTxi 

sxvadasxva daxrilobis zonebisagan Semdgari urTules i 

tyesakafebis aTvisebis saSualebas.

2.2.2. tyesakafi samuSaoebis axali manqana-danadgarebi

mTagorian pirobebSi xe -tyis damzadebis meqanizaciisa da 

avtomatizaciis intensifikaciisaTvis aucilebelia, damuSavdes 

da Seiqmnas iseTi manqana -danadgarebi, romlebi c tyesakaf 

samuSaoebze gamoricxaven xeliT Sromas. amasTan, gasaTvaliswine -

belia is garemoeba, rom traqtorebiT morTrevisas Soltebisa da 

sortimentebis zemoqmedebiT didi ziani adgeba tyeebs – ziandeba 

niadagi, nadgurdeba aRmonaceni da mozardi. am movlenis Tav idan 

asacileblad saWiroa, arsebuli teqnikis modernizacia da iseTi 

teqnologiis da teqnikis SemuSaveba, romelic uzrunvelyofs 

tyis garemos uvneblobas. garda aRniSnulisa, tyesakafi 

samuSaoebisaTvis, mTagorian pirobebSi aucileblobas warmoadgens 

Seiqmnas xe -tyis damamzadebeli mravaloperaciuli Tanamedrove 

manqana-danadgarebi, romlebic meqanizebuli wesiT, uzrunvelyofen 

xe-tyis morTrevis teqnologiuri procesis yvela operaciis 

Sesrulebas [7-10].

naSromSi Seqmnilia avtomatizebuli morsaTrevi TviTmtvir -

Tavi agregati patenti P 6403 aRWurvili Zara -isris saxsrul -

berketuli da saxsrul -berketul-kbilanuri meqanizmebiT, 

romelic saSualebas gvaZlevs avtomatur reJimSi, agregatis 

operatoris kabinidan SevZloT Sekruls saimedo dafiqsireba 

satvirTo Zaraze. aRniSnuli Sedegi miiRweva imiT, rom 

traqtoris Sasize, saxsrul -berketuli meqanizmis gamoyenebiT 

damagrebul Zaraze, saxsrulad aris damontaJebuli isris 

saxsrul-berketul-kbilanuri meqanizmi, romelic Sedgeba Zaraze 
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saxsrulad dasmuli qveda П-sebri da masze saxsrulad mierTebul 

zeda П-sebri CarCoebisagan, romlebic Tavis mxriv amZravi 

hidrocilindrebiT da cilindruli kbilanuri gadacemiT 

dakavSirebulia erTmaneTTan da qveda П-sebr CarCosTan. amasTan, 

qveda П-sebri da zeda П-sebri CarCoebi erTmaneTTan damakavSirebel 

hidrocilindrebTan erTad, erT sibrtyeSi ganlagebul 

mdgomareobaSi qmnian isars erTi mTliani CarCos saxiT.

agregati Seicavs: (nax. 21 -24) muxluxa traqtors 1, SasiT 2, 

Zaras saxsrul -berketul meqanizms; ZariT 3, barbaciT 4, 

mxreulebiT 5, 6 da hidrocilindrs 7 WokiT 8; isris saxsrul -

kbilanur meqanizms; isris qveda П-sebr CarCos 9 SverebiT 10, 11, 

12, hidrocilindrs 13 WokiT 14, isris zeda П-sebr CarCos 15 

kbilanebiT 16, meore zeda П-sebr CarCos 17 kbilanebiT 18 da 

SverebiT 19, hidrocilindrebs 20 WokebiT 21, Zarisa da isris

blokebs 22, 23, traqtoris jalambars 24 sawev i bagiriT 25, 

Sasize damagrebul gorgolaWs 26, Sekrulas 27.

nax. 21. mTa-is gverdxedi Zaris da isris meqanizmebis
dakecil satransporto mdgomareobaSi

avtomatizebuli morsaTrev i TviTmtvirTavi agregati m u-

Saobs Semdegnairad: agregati tyesakafze midis satransp orto 

mdgomareobaSi (nax. 21). pirveli operacia, romelsac igi asrulebs, 

aris waqceuli xeebis morTreva, amisTvis pirvel rigSi isari 

isris saxsrul-berketuli meqanizmisa da amZravi hidrocilindris 

13, 14 saSualebiT gadadis vertikalur mdgomareobaSi, amis Semdeg,
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Zara 3 Zaris saxrul -berketuli meqanizmis da amZravi hidroc i-

lindris 7, 8 saSualebiT gadadis miwaze daSvebul mdgomareob a-

Si (nax. 22), amave dros, traqtoris jalambris 24 sawev bagirs 25, 

romelic gatarebulia Zarisa da isris blokebSi 22, 23 xeliT 

gaitanen tyesakafze da jalambris 24 saSualebiT xdeba moWrili 

xeebis da morebis moTreva agregatamde. saWiro raodenobis xe -

tyis moTrevisa da Sekrulas formirebis Semdeg sawev bagirs 25 

Caabamen Sekrulas 27 da jalambris 24 saSua lebiT aacureben Z a-

raze 3. Zara 3 SekrulasTan 27 erTad gadadis horizontalur 

mdgomareobaSi, xolo isari rCeba vertikalur mdgomareobaSi. 

amis Semdeg, Sekrulas Zaraze saimedod dasafiqsireblad moqm e-

debaSi modi an isris hidrocilindrebi 20, romelTa Wokebi 21 

saxsrulad arian mierTebulni isris zeda П-sebri CarCos 17 Sv e-

rebTan 19 da brunviT moZraobaSi mohyavT isris zeda П-sebri 

CarCo 17 masze xistad dasmuli kbilanebiT 18, romlebic Tavis 

mxriv modebaSi arian isri s meore zeda П-sebr CarCoze 15 xistad 

damagrebul kbilanebTan 16. erTdroulad iwyeba orive zeda П-

sebri C arCos 15, 17 brunva urTierTsawinaaRmdego mimarTulebiT 

SekrulasTan Sexebamde, riTac xdeba Sekrulas saimedod dafi q-

sireba Zaraze 3 (nax. 23).

agregati datvirTul mdgomareobaSi miemarTeba zeda sawy o-

bisken, sadac isris zeda П-sebri CarCoebi 15, 17 gadadian vert i-

kalur mdgomareobaSi, Zarisa da isris saxsrul -berketuli meqa-

nizmis saSualebiT xdeba Sekrulas Zaridan gadmotvirTva. ga d-

motvirTvis Semdeg isari gadadis dakecil -horizontalur mdgo-

mareobaSi (nax. 21), carieli agregati satransporto mdgomareob a-

Si brundeba tyesakafze da cikli meordeba.

agregatis avtomatizebuli Zara-isris meqanizmi struqturu -

lad Sedgeba Zaris saxsrul -berketuli da isris saxsrul -

berketuli da saxsrul-berketul-kbilanuri meqanizmebisagan. imis 

mixedviT, Tu xe-tyis damzadeba – transportirebis teqnologiuri 

procesis romeli operacia sruldeba. SesaZlebel ia avtomatur 

reJimSi moqmedebaSi  moviyvanoT,  rogorc  Zara-isris  saxsrul-
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nax. 22. mTa-is gverdxedi Zaris da isris meqanizmebis
morsaTrev-dasatvirT mdgomareobaSi

nax. 23. mTa-is gverdxedi isris meqanizmiT Zaraze Sekrulas
dafiqsirebul mdgomareobaSi

berketul an saxsrul-berketul-kbilanuri meqanizmi erTdroulad, 

aseve Zaris saxsrul -berketuli an isris saxsrul -berketuli da 

saxsrul-berketul-kbilanuri meqanizmebi cal -calke. Zara -isris 

saxsrul berketuli meqanizmi, am SemTxvevaSi, struqturulad 

sxvadasxva raodenobis rgolebiT da sxvadasxva saxeobisa da 

raodenobis kinematikuri wyvilebiT struqturulad gardaiqmneba 
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sxvadasxva funqciis matarebel saxsrul -berketul da saxsrul -

berketul-kbilanur meqanizmebad (nax. 21-24).

nax. 24. mTa-is zedxedi isris meqanizmiT Zaraze Sekrulas
dafiqsirebul mdgomareobaSi

saWiroebis SemTxvevaSi SesaZlebelia moqmedebaSi moviyvanoT 

Zaris 6 rgola – 7, 8, 5, 3, 6, 4 saxsrul –berketuli, isris 3 

rgola – 9, 13, 14 qveda saxsrul -berketuli da isris zeda 4 

rgola – 20, 18, 15, 17 saxsrul-berketul-kbilanuri meqanizmebisagan 

Semdgari 13 rgola Zara -isris saxsrul-berketul-kbilanuri meqa-

nizmi, romlis Tavisuflebis xarisxi tolia:

3217213323 45 =-×-×=--= PPnW ,

sadac n – moZravi rgolebis ricxvi;

-5P V klasis dabali kinematikuri wyvilebis ricxvi;

-4P IV klasis umaRlesi kinematikuri wyvilebis ricxvi.

SeiZleba moqmedebaSi iyos Zaris 6 rgola da isris 3 rg o-

la saxsrul -berketuli meqanizmebisagan Semdgari Zara -isris 9 

rgola – 7, 8, 5, 3, 6, 4, 9, 13, 14 saxsrul-berketuli meqanizmi:

2112293 =-×-×=W .

aseve SeiZleba moviyvanoT Zaris 6 rgola da isris 4 rgola 

meqanizmebisagan Semdgari 10 rgola – 7, 8, 5, 3, 6, 4 Zara -isris 

saxsrul-berketul-kbilanuri meqanizmi:

22132103 =-×-×=W .
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SeiZleba moqmedebdes mxolod isris qveda 3 rgola saxsrul -

berketuli da isris zeda saxsrul-berketul-kbilanuri meqani z-

mebisagan Semdgari isris 7 rgola – 9, 13, 14, 20, 18, 15, 17 sax-

srul-berketul-kbilanuri meqanizmi

219273 =-×-×=W .

tyesakafze xe -tyis damzadebis da transportirebis teqn o-

logiuri procesis ganxorcielebis dros saWiroebis SemTxvevaSi 

SeiZleba moqmedebdes mxolod Zaris 6 rgola – 7, 8, 5, 3, 4, 6 sax-

srul-berketuli meqanizmi:

118263 =-×-×=W ,

isris qveda 3 rgola – 9, 13, 14 saxsrul-berketuli meqanizmi:

14233 =×-×=W

da isris qveda 4 rgola – 20, 18, 15, 17 saxsrul-berketul-

kbilanuri meqanizmi:

115243 =-×-×=W .

naSromSi damuSavebulia morsaTrevi TviTmtvirTavi agreg a-

tis Zara -isris saxsrul -berketuli da saxsrul-berketul-

kbilanuri meqanizmebis sruliad axali sqemebi da konstruqciuli 

gadawyvetilebebi. aRniSnuli meqanizmebis saSualebiT SesaZlebeli 

xdeba, avtomatur reJimSi ganvaxorcieloT xe -tyis damzadebis da 

transportirebis teqnologiuri procesis yvela operacia (m o-

Wris da dam orvis garda) Sekrulas agregatis Zaraze saimedo 

dabma – dafiqsirebasTan erTad, rac umniSvnelovanesia mTagorian 

tyesakafebze eqstremalur pirobebSi muSaobis dros. amasTan, 

Catarebulia, rogorc Zara-isris, aseve Zarisa da isris meqanizm e-

bis struqturuli kvleva d a dadgenilia, maTi Tavisuflebis x a-

risxi.

axlad Seqmnili morsaTrevi TviTmtvirTavi agregatis 

areali aris 20°-mde daxrilobis ferdobebze ganlagebuli tyes a-

kafebi, sadac agregats SeuZlia morTreva awarmoos yvela mima r-

TulebiT. 20 °-ze meti daxrilobis ferdobze ganla gebul tyes a-

kafebze daaxloebiT 25°-28°-mde mTa-s SeuZlia morTreva ganaxo r-

cielos mxolod ganivi mimarTulebiT. amis Semdeg, 35 -40°-mde da-
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xrilobis ferdobebze ganlagebuli tyesakafebis aTviseba, sa-

traqtoro morTreviT, SeuZlebelia avariuli situaciis Seqmnis 

gamo. aq ukve aucilebelia 35°-40°-mde tyesakafebis aTviseba vawar-

mooT mxolod da mxolod sahaero morsaTrevi danadgarebis g a-

moyenebiT, maT Soris ganivgadasatani sabagiro morsaTrevi da-

nadgarebiT. Tumca saqarTveloSi maTi maRal doneze gavrc eleba 

ver moxerxda -mTian adgi lebSi mosaWreli xeebis gafantulobis 

da saTanado teqnikuri aRWurvilobis uqonlobis gamo. amasTan, 

tyis eqspluatacia mTagorian pirobebSi gviCvenebs, rac SeiZleba 

martivi da msubuqi konstruqciis sabagiro danadgarebis gamoy e-

nebis aucileblobas. imis gaTvaliswine biT, rom maTi damzadeba 

da Semdgomi gamoyeneba maqsimalurad iyos advili.

imasTan dakavSirebiT, rom sabagiro kiduli danadgarebidan 

verc erTi calke ver akmayofilebs morTrevis mTel kompleqss, 

e.i. trasaze gverdebidan morTrevas, mTidan daSvebas, moZrav S e-

madgenlobasTan mitanas da datvirTvas, saWiro gaxda axali g a-

niv-gadasatani sabagiro morsaTrevi danadgarebis damuSaveba da 

Seqmna.

aRniSnuli uaryofiTi mxareebis gaTvaliswinebiT, stu-is 

satyeo-teqnikur departamentSi damuSavebuli da Seqmnilia axali 

ganivgadasatani sabagiro morsaTrevi danadgari , romlis teqn i-

kuri Sedegi miiRweva bagir -blokuri sabagiro morsaTrevi danad-

gariT, romelic Seicavs mTavar mzid bagirs, masze moZravi Zir i-

Tadi satvirTo urikiT, ormxriv ganivad gadasatan mzid bagirebs 

– maTze moZravi damxmare urike biT da jalambars – sami sawevi 

da ori ukusvlis bagiriT. amasTan, sawevi bagirebi damxmare ur i-

kebisaTvis gatarebulia or ganmxoloebul erTRarian blokisagan 

Semdgar msdeqis satvirTo blokSi, xolo ukusvlis bagirebi 

blokebis saSualebiT cal -calke dakavSirebulia sa bagiro tr a-

sis sxvadasxva mxares mzid bagirebze dakidebul bagirebze dak i-

debul damxmare urikebTan.
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msdeqze damagrebuli ZiriTadi sawevi bagiris bloki d a-

montaJebulia zeda, xolo damxmare sawevi bagirebis bloki qveda 

poziciaSi. 

bagir-blokuri sabagiro morsaTrevi danadgari Seicavs 

(nax. 25, 26) xuTdolian jalambars 1, romlis ZiriTadi sawevi b a-

giris 2 doli 3, damxmare sawevi bagirebis 4 da 5 dolebi 6 da 7 

da ukusvlis bagirebis 8 da 9 dolebi 10 da 11 Sesrulebulia 

cal-calke, TiToeuli individualuri amZraviT, zezemdgom xeebze 

an specialur anZebze damagrebul ZiriTad mzid bagirs 12, masze 

moZravi erTRariani satvirTo blokiT 13 aRWurvili urikiT 14, 

msdeqs 15, romlis erTRarian blokSi 16 gatarebulia ZiriTadi 

sawevi bagiri 2, xolo orRarian, ori cal -calke damzadebuli 

gamxoloebuli blokisagan 17, 18 Semdgar satvirTo blokSi 19 

gatarebulia damxmare sawevi bagirebi 4 da 5, romlebic Semdeg 

gatarebulni arian miwis zedapirTan axlos damagrebul 

TviTxsnad blokebSi 20, 21 da ZiriTadi trasis orive mxares 

ganlagebul damxmare uri kebis 22 da 23 TviTxsnad blokebSi 24, 

25. bagirebi 2, 4 da 5 bolovdeba kakvebiT 26, 27, 28, romelzec d a-

kidebulia sortimentebi 29, 30, 31. jalambris 1 ukusvlis dol e-

bidan 10 da 11 gamomavali ukusvlis bagirebis 8 da 9 saWiro 

raodenobis damatebiTi blokebis 32, 33 saSualebiT cal-calke 

ukavSirdebian Sesabamisad Tav -TavianT damxmare urikebs 22, 23. 

damxmare urikebi 22, 33 dakidebulni arian mTavari mzidi bagiris 

12 qveS gamaval ganivad gadasatan mzid bagirebze 34, 35. mTavari 

mzid bagirs 12 da ganivad gadasatan mzid bagirebs 34, 35 aqvT 

dasaWimi polispastebi 36, 37, 38 da gadasatani msdeqebi 39 da 40.

bagir-blokuri sabagiro morsaTrevi danadgari muSaobs 

Semdegnairad: sabagiro danadgarebisaTvis gakafuli trasis zeda 

da qveda baqnebze SerCeul xeebze mTavari mzidi bagiris 12 d a-

Wimvis S emdeg, sabagiro danadgaris mzidi bagiris qveS zeze 

mdgom xeebze, trasis orive mxares – marjvniv da marcxniv, gaiWi-

meba ganivi gadasatani mzidi bagirebi 34, 35, ris Semdegac maTze 

Camokideben damxmare urikebs 22, 23.
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nax. 25. ganivgadasatani bagir-blokuri sabagiro morsaTrevi
danadgaris sqema

nax. 26. ganivgadasatani bagir-blokuri sabagiro morsaTrevi
danadgaris msdeqi (saCeri)
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am dros damxmare urikebi 22, 23 imyofeba sabagiro danadgaris 

trasasTan. amis Semdeg, mejalambre CarTavs jalambris 1 uku s-

vlis doleb s 10 da 11. iwyeba ukusvlis bagirebis 8, 9 daxveva 

dolebze 10, 11, ris Sedegadac xdeba damatebiTi damxmare urik e-

bis 22 da 23 gayvana ZiriTadi sabagiro trasidan tyesakafis 

orive mxares erTdroulad. am dros damxmare urikebTan 22, 23 

dakavSirebuli sawevi bagir ebi 4 da 5, romlebic gatarebulni 

arian msdeqze 15 damontaJebul ori ganmxoloebuli blokisagan 

Semdgar satvirTo blokSi 19, aseve miwis zedapirTan mdebare 

TviTxsnad blokebSi 20, 21 gadmoixveva satvirTo dolebidan 6 da 

7.

imisda mixedviT, Tu sabagiro trasis rome l mxares, ra ma n-

Zilze aris urika gasaCerebeli tyesakafSi, mejalambre Sesabam i-

si signalis Semdeg TiSavs ukusvlis erT -erT dols 10 an 11. 

aseve xdeba meore urikis tyesakafis trasidan meore mxares d a-

fiqsireba. amis Semdeg, damxmare urikebi 22, 23 gadasatani ms deqe-

biT 39 da 40 fiqsirdeba ganiv gadasatan mzid bagorebze 34, 35. 

mejalambre orive damxmare sawev bagirs 4, 5 Tavisi kakviani b o-

loebiT 27 da 28 dauSvebs dabla. Cambmelebi Cokerebis saSuale-

biT Caabamen sortimentebs 30, 31 kakvebze 27, 28, mejalambre aswevs

orive sawev bagirs 4, 5 da kakviani boloebi 27, 28 dafiqsirdeba 

damxmare urikebis 22, 23 kakvebis sakidebSi. Cambmelebi xsnian 

damxmare urikebis msdeqebis 39, 40 Camket meqanizmebs. damxmare 

urikebi Tavisufldebian da mzad arian mTavari trasisaken 

transportirebisaTvis.

mejalambres Tavisufal svlaze gadahyavs jalambris uku s-

vlis dolebi 10, 11, ris Semdegac rTavs sawevi bagirebis dolebs 

6, 7 iwyeba sawevi bagirebis 4, 5 daxveva dolebze 6 da 7, damxmare 

urikebi 22, 23 gadaadgildeba ZiriTadi sabagiro trasisken, r o-

desac orive damxmare urika aRmoCndeba ZiriTadi sabagiro d a-

nadgaris trasis qveS, mejalambre aCerebs maT da kakvebis 27, 28 

sakidebidan advilad ganTavisuflebis mizniT, orive tvirTs 30, 

31 aswevs odnav maRla,  ganTavisuflebis Semdeg 
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ki kakvebs 27, 28 dauSvebs dabla sortimentebTan 30, 31 erTad.

amis  Semdeg,  muSebi  gaaTavisufleben sortimentebs 30, 31 

kakvebisagan 27, 28 da Caaba men maT ZiriTadi sawevi bagiris 2 sa t-

virTo kakvze 26. ZiriTadi satvirTo doliT 3 iwyeba ZiriTadi 

satvirTo bagiris 2 daxveva manam, sanam satvirTo kakvi 26 ar 

miebjineba ZiriTad urikas 14 da ar dafiqsirdeba masSi. muSebi 

gaaTavisfleben ZiriTad satvirTo urikas 14 msdeqisagan 15, Zir i-

Tadi satvirTo doli 3 gadadis samuxruWe reJimSi da urika 14 

tvirTiT 29 iwyebs moZraobas ferdobis grZivi mi marTulebiT qve-

moT – zeda sawyobamde. tvirTis 29 Camoxsnis Semdeg ZiriTadi 

urika 14 kvlav brundeba tyesakafze Semdegi tvirTis transpo r-

tirebisaTvis.

drois im monakveTSi, romelSic ZiriTadi urika 14 axo r-

cielebs tvirTis 29 Camotanas zeda sawyobamde da uqmi svli T 

tyesakafze dabrunebas, damxmare urikebi 22, 23 awarmoeben sort i-

mentebis mozidvas gverdiTi mxridan SeuCereblad, rac xels 

uwyobs morTrevis procesis uwyvetobas.

axali ganivgadasatani bagir -blokuri sabagiro morsaTrevi 

danadgaris gamoyeneba saSualebas gvaZlevs gavzardoT danadgaris 

mwarmoebluroba da eqspluataciis xarisxi – teqnologiuri 

procesebis calkeul operaciebze samuSao drois maqsimaluri 

gamoyenebis gziT.         

2.3. morsaTrevi TviTmtvirTavi agregatis moZraobis
ganivi mdgradobis gamokvleva

2.3.1. dautvirTavi mTa-is moZraobis ganivi mdgradobis 
kvleva vakeze mrudwiruli moZraobis dros

mTagorian tyesakafebze eqstremalur pirobebSi xe -tyis 

morTrevis teqnologiuri procesis sirTulidan gamomdinare, 

aucileblobas warmoadgens, morsaTrevi TviTmtvirTavi agregatis 

(mTa) moZraobis ganivi mdgradobis kvleva da masTan dakavSirebuli 

parametrebis zRvruli mniSvnelobebis dadgena [33].
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aRniSnuli sakiTxis Sesaswavlad, pirvel rigSi saWiroa, 

mTa-is sabazo traqtori TT-4-is da masze damontaJebuli Zara -

isris saxsrul-berketul-kbilanuri meqanizmis simZimis centrebis 

S1 da S2 koordinatebis l1, h1 da l2, h2 mixedviT, ganisazRvros mTa-

is simZimis centris S4 koordinatebi l4 da h4. amisaTvis. grafo -

analizuri meTodis safuZvelze miRebuli formulebiT 

gansazRvreba aRniSnu li l4 da h4 koordinatebis mniSvnelobebi 

(nax. 27):

nax. 27. mTa-is simZimis centrebis koordinatebis 
saangariSo sqema

21

2211
4 GG

GlGl
l

+
+

= ,                             (46)

21

212
14

)(

GG

hhG
hl

+
+

+= .                          (47)

dautvirTavi mTa-is S4 simZimis centris l4 da h4

koordinatebis sidideebis dasadgenad cnobilia: 23701 =l mm; 

10101 =h mm; 15502 =l mm da 16502 =h mm. formulebSi (46) da (47) 

ricxviTi mniSvnelobebis CasmiT miviRebTL 23504 =l mm; 14504 =h mm.

A

h
2

S3

G2

O3

O

D

l¢1

l

c

B

l1

h
1 +

l¢2

l¢

l4

h¢
5

l5

l3

l2
l7 l6

S4

S5

S1

h¢
4 h
5

h
4

h
3

h
2 
–

h
1

S2

G5

G4
G1
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mTa-is ganivi mdgradobis gamosakvlevad vadgenT agregatze 

moqmedi yvela Zalebis momentebis balansis gantolebas

traqtoris muxluxa jaWvis sayrdeni zedapiris wiboze gamavali 

x0x0 RerZis mimarT, rac agre gatis mrudwiruli gadaadgilebis 

dros, gadayiravebis dawyebis momentidan, warmoadgens agregatis 

moZraobis ganivi mdgradobis diferencialur gantolebas (nax. 

28, 29).

nax. 28. dautvirTavi mTa-is inerciis momentebis saangariSo sqema

dautvirTavi agregatisaTvis gveqneba

4140441401414 )cos()sin(
00

rGramI xx jjjjj D+-D+=D && ,          (48)

sadac -
004 xxI dautvirTavi mTa-is inerciis momenti brunvis 00 xx

RerZis mimarT, kgm 2;

-D 1j&& dautvirTavi mTa-is 00 xx RerZis garSemo vakeze 4r

radiusiT brunvis kuTxuri aCqareba. 1/wm 2;

-4m dautvirTavi agregatis masa, kg;

-1a dautvirTavi mTa-is centridanuli aCqareba vakeze 

minimaluri R radiusiT mobrunebis dros, m/wm 2;

-40j dautvirTavi mTa-is vakeze sawyis mdgomareobaSi 4r

radiusis daxris kuTxe horizontalTan, grad;
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-D 1j dautvirTavi mTa-is vakeze sawyisi mdgomareobidan 

00 xx RerZis garSemo 4r radiusiT brunvis kuTxe, gadabrunebis 

gardauval mdgomareobamde, grad;

nax. 29. dautvirTav mTa-ze moqmedi Zalebis 00 xx RerZis
mimarT momentebis saangariSo sqema vakeze mrudwiruli

moZraobis dros

-4r dautvirTavi mTa-is simZimis 4S centris 00 xx RerZis 

garSemo brunvis radiusi, m;

-4G dautvirTavi mTa-is wona, n.

2
4444 4400

rmII xxxx += ,                             (4 9)

sadac -
444 xxI dautvirTavi mTa-is inerciis momenti simZimis 4S

centrSi, 00 xx RerZis paralelurad gamavali 44 xx RerZis mimarT, 

kgm2.

444 xxI inerciis momentis gansazRvrisaTvis dautvirTavi mTa

CavTvaloT samganzomilebiani a0, b, c prizmatul metalis 

sxeulad da visargebloT formuliT
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÷÷
ø

ö
çç
è

æ
+=¢

2
0

2
3
0

1
4 1

1244 a

b
bca

g
I xx

g
,                        (50)

sadac -¢
444 xxI dautvirTavi mTa-is geometriuli zomebidan 

gamomdinare, rogorc metalis mTliani prizmatuli sxeulis 

inerciis momenti, kgm 2;

-1g mTa-is, rogorc metalis sxeulis simkvrive 0,0079 

kg/sm3;

2700 =a sm, 250=b sm da 600=c sm – Sesabamisad mTa-is: simaRle, 

sigane da sigrZe, m;

g _ simZimis Zalis aCqarebam 981 sm/wm 2.

ricxviTi mniSvnelobebis CasmiT (50) formulaSi miviRebT

3679350
270

250
1600250270

98112

0079,0
2

2
3

4 44
=÷÷

ø

ö
çç
è

æ
+××××

×
=¢ xxI kgsmwm2= 367935 kgm2.

mTa-is inerciis momentis 
444 xxI realuri sididis mniSvnelobis 

dasadgenad, saWiroa inerciis momenti 
444 xxI ¢ , mTa-is gabarituli 

zomebidan gamomdinare, gavamravloT moculobis Sevsebis 1K

koeficientze. 1K koeficienti tolia 

0425,0
9,70,65,27,2

6,13

10

4
1 =

×××
==

gbca

m
K ,              (51)

1K -is gaTvaliswinebiT gveqneba:

156370425,0367935144 4444
=×=×¢= KII xxxx kgm2.          (52)

formuliT (49) vsazRvravT 
004 xxI inerciis moments

5776476,11360015637 2
4 00

=×+=xxI kgm2.

kuTxis 40j da radiusis 4r sididebis mniSvnelobebi 

ganisazRvreba S4 simZimis ce ntris koordinatebis 0,1=OA m; 

45,14 =AS m sidideebis mixedviT (nax. 29).

naxazidan 425540 ¢°=j ; 76,14 =r m.

dautvirTavi mTa-is vakeze moZraobis dros, minimaluri 

radiusiT 2=R , mobrun ebis momentSi, centridanuli aCqareba a1

ganisazRvreba moZraobis ganivi mdgradobis pirobidan
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0cossin 440444014 =- rGram jj ,                   (53)

saidanac

9,6
82314,013600

56784,0136000

4255sin13600

4255cos136000

sin

cos

404

404
1 =

×
×

=
¢°×
¢°×

==
j
j

m

G
a m/wm2.      (54)

viciT ra centridanuli aCqarebisa1 mniSvneloba dautvirTavi

mTa-is vakeze minimaluri radiusiT mobrunebis dros, roca 

agregati iwyebs gadabrunebas, vpoulobT moZraobis kritikul 

siCqares (nax. 29)

7,30,29,61 =×== RaVk1 m/wm.                  (55)

1jD kuTxis maqsimalur mniSvnelobas vpoulobT pirobidan, 

roca agregatis woniT gamowveuli gamawonasworebeli momenti 

gautoldeba nuls

0)cos( 4max1404 =D+ rG jj .                      (56)

miRebuli transcendentuli gantoleba (56) amoxsnis mizn iT 

gadagvyavs gawrfivebul modelSi, risTvisac cos-is funqcias 

vixilavT nazrdebSi

0)sinsincos(cos 4max140max1404 =D-D rG jjjj ,           (57)

max14044max14044 sinsincoscos jjjj D=D rGrG ,            (58)

saidanac

68985,0
82314,0

56784,0

4255sin

4255cos

sin

cos

40

40
max1 ==

¢°
¢°

==D
j
j

jtg ,          (59)

6334max1 ¢°=Dj .

axali meTodikis mixedviT, romelic dakavSirebulia mTa-is 

moZraobis ganiv mdgradobasTan, didi mniSvneloba e niWeba t1

drois gansazRvras, rac Seesabameba vakeze agregatis mrudwiruli

moZraobis dros gadabrunebis dawyebis momentidan gadabrunebis 

gardauval mdgomareobamde. t1 mniSvnelobis sapovnelad pirvel 

rigSi (48) gantolebidan vsazRvravT 1j&&D kuTxur aCqarebas

( ) ( )[ ]4max14044max14014
4

1 cossin
1

00

rGram
I xx

jjjjj D+-D+=D && ,         (60)

radganac 
2

2
11

max1

tj
j

&&D
=D , miviRebT
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( ) ( )[ ]4max14044max14014
4

2
1

max1 cossin
12

00

rGram
It xx

jjjj
j

D+-D+=
D

,       (61)

saidanac

( ) ( )[ ]
2

cossin
1 2

1
4max14044max14014

4
max1

00

t
rGram

I xx

jjjjj D+-D+=D ,   (62)

( ) ( ) 4max14044max14014

4max1
1 cossin

2
00

rGram

I
t xx

jjjj
j

D+-D+

×D
= .             (63)

SevitanoT ricxviTi mniSvnelobebi da miviRe bT

=
×¢°+¢°×-×¢°+¢°××

×¢°×
=

76,1)63344255cos(13600076,1)63344255sin(9,613600

5776463342
1t

65,0
90cos23936090sin165158

57764604,02
=

°×-°×
××

= wm.

miRebuli Sedegebidan irkveva, rom mTa-is vakeze minimaluri 

radiusiT mobrunebis dros moZraobis ganivi mdgradoba ar 

dairRveva, radganac maqsimaluri siCqare, romelic SeiZleba 

ganaviTaros agregatma aris 2,84 m/wm, rac akmayofilebs agregatis 

mdgradobis pirobas

84,2=V m/wm 7,3=< k1V m/wm.

2.3.2. dautvirTavi mTa-is moZraobis ganivi mdgradobis
kvleva ferdobze ganivi mimarTulebiT mrudwiruli

moZraobis dros

mTa-is moZraobis gan ivi mdgradobis gamosakvlevad 

ferdobze aRmarTis mxares minimaluri radiusiT mobrunebis 

dros, saWiroa SevadginoT agregatze moqmedi yvela Zalebis 

momentebis balansis gantoleba (nax. 28, 30) [35 -37].

4240442402424 )cos()sin(
00

rGramI xx jjjjj D+¢-D+=D && ,        (64)

sadac aj -D 2&& kuTxiT daxril ferdobze dautvirTavi mTa-is

00 xx RerZis garSemo brunvis kuTxuri aCqareba, 1/wm 2;

-2a dautvirTavi mTa-is a kuTxiT daxril ferdobze 

aRmarTis mxares minimaluri radiusiT mobrunebis dros 

centridanuli aCqareba, m/wm2;
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nax. 30. dautvirTav mTa -ze moqmedi Zalebis 00 xx RerZis mimarT
momentebis saangariSo sqema ferdobze ganivi mimarTulebiT

mrudwiruli moZraobis dros

aj -D 2 kuTxiT daxril ferdobze dautvirTavi mTa-is 00 xx

RerZis garSemo brunvis kuTxe, gadabrunebis dawyebidan 

gadabrunebis gardauval mdgomareobamde, grad;

aj -¢40 kuTxiT daxril ferdobze mTa-is sawyis mdgomareobaSi 

r4 radiusis daxris kuTxe horizont alTan, grad.

42752042554040 ¢°=°+¢°=+=¢ ajj ;

sadac -a ferdobis daxris kuTxe, 20 °.

a kuTxiT daxril ferdobze dautvirTavi mTa-is moZraobis 

ganivi mdgradobis ZiriTadi parametrebi ganisazRvreba 

formulebiT:

0cossin 440444024 =¢- rGram jj ,                   (65)

saidanac
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6,2
13161

34282

96771,013600

25207,0136000

4255sin13600

4275cos136000

sin

cos

404

404
2 ==

×
×

=
¢°×
¢°×

=
¢

=
j
j

m

G
a m/wm2. (66)

am SemTxvevaSi kritikuli siCqare, roca agregati iwyebs 

gadabrunebas tolia

28,20,26,22 =×== RaVk2 m/wm.                (67)

max2jD kuTxis maqsimalur mniSvnelobas vpoulobT 

tolobidan 

0)cos( 4max2404 =D+¢ rG jj .                  (68)

transcendentuli gantoleba (68) gawrfivebul modelSi 

gadayvanis Semdeg miiRebs saxes

0)sinsincos(cos 4max240max2404 =D¢-D¢ rG jjjj ,         (69)

saidanac

26048,0
96771,0

25207,0

4275sin

4275cos

sin

cos

40

40
max2 ==

¢°
¢°

=
¢
¢

=D
j
j

jtg ,          (70)

6314max2 ¢°=Dj .

t2-is sapovnelad gantolebidan (64) vsazRvravT 2j&&D kuTxur 

aCqarebas

( ) ( )[ ]42404424024
4

2 cossin
1

00

rGram
I xx

jjjjj D+¢-D+=D && ,         (71)

saidanac 

( ) ( )[ ]
2

cossin
1 2

2
4max24044max24024

4
max2

00

t
rGram

I xx

jjjjj D+¢-D+=D ,   (72)

( ) ( ) 4max24044max24024

4max2
2 cossin

2
00

rGram

I
t xx

jjjj
j

D+¢-D+

×D
= .             (73)  

gantolebaSi (73) ricxviTi mniSvnelobebis CasmiT miviRebT

=
×¢°+¢°×-×¢°+¢°××

××
=

76,1)63144275cos(13600076,1)63144255sin(6,213600

57764259,02
2t

72,0
93969,062234

29922

70sin62234

29922
=

×
=

°×
= wm.

maSasadame, ferdobze minimaluri radiusiT aRmarTis

mxares dautvirTavi mTa-is mobrunebis dros kritikuli siCqare 
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28,2=k2V m/wm-s, rac naklebia agregatis maqsimalur siCqareze 

84,2=V m/wm-ze. am SemTxvevaSi, agregati SeiZleba gaxdes aramdgradi,

Tu V gaxdeba 2,28 m/wm -ze meti. amasTan, dro t2 gadabrunebis 

dawyebidan gadabrunebis gardauval mdgomareobamde tolia 0,72 

wm-isa, rac imas niSnavs, rom drois simciris gamo gadabruneba 

gardauvalia.

2.3.3. ferdobis daxris zRvruli kuTxis gansazRvra
dautvirTavi mTa-is maqsimaluri siCqariT aRmarTis
mxares minimaluri radiusiT mobrunebis dros

mTa-is moZraobis ganivi mdgradobis kvlevis erT -erT 

mTavar amocanas warmoadgens ferdobis daxris zRvruli ku Txis 

gansazRvra maqsimaluri siCqariT aRmarTis mxares minimaluri 

radiusiT mobrunebis dros. amisaTvis vadgenT agregatis 

moZraobis ganivi mdgradobis diferencialur gantolebas (nax. 

29, 30) [33].

414044140414 )cos()sin(
00

rGramI xx zz ajaja D+-D+=D && ,      (74)

sadac a _ mTa-is centridanuli aCqareba maqsimaluri siCqariT 

84,2=V m/wm ferdobze aRmarTis mxares mi nimaluri radiusiT 

mobrunebis dros, m/wm2.

03,4
2

84,2 22

===
R

V
a m/wm2,

-D 1a&& ferdobze dautvirTavi mTa-is 00 xx RerZis garSemo r4

radiusiT brunvis dawyebis momentSi kuTxuri aCqareba, 1/wm 2; 

-D 1za ferdobis daxris zRvruli kuTxe, roca dautvirTavi 

mTa iwyebs 00 xx RerZis garSemo 4r radiusiT brunvas-gadabrunebas, 

grad.

ferdobze aRmarTis mxares dautvirTavi agregatis 

maqsimaluri siCqariT 84,2=V m/wm mobrunebis dros, ferdobis 

daxris zRvruli kuTxis 1za mniSvnelobas, roca agregati iwyebs 
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gadabrunebas, vpoulobT agregatis moZraobis ganivi mdgradobis 

pirobidan

4140441404 )cos()sin( rGram zz ajaj D+=D+ .              (75)

transcendentuli gantoleba (75) gadagvyavs gawrfivebul 

modelSi, risTvisac sin da cos funqciebs vixilavT nazrdebSi

=D-D )sincoscos(sin 1401404 zz ajajam

)sinsincos(cos 1401404 zz ajaj D-D= G ,                  (76)

saidanac

404404

404404

sincos

sincos

jj
jj

a
Gam

amG
tg

+
-

=D z1 .                    (77)

formulaSi (77) ricxviTi mniSvnelobebis Casmis Sedegad 

miviRebT

=
¢°×+¢°××
¢°××-¢°×

=D
4255sin1360004255cos03,413600

4255sin03,4136004255cos136000
z1atg

22444,0
143069

32112

82314,013600056784,054808

82314,05480856784,0136000
==

×+×
×-×

= ,

93121 ¢°=D za .

dautvirTavi mTa-is maqsimaluri siCqariT 84,2=V m/wm 

moZraobis dros, minimaluri radiusiT mobrunebis SemTxvevaSi, 

roca agregati iwyebs gadabrunebas, ferdobis daxris zRvruli 

kuTxe tolia 12°39¢.

3t drois sapovnelad viyenebT dautvirTavimTa-is moZraobis 

ganivi mdgradobis diferencialur gantoleb as ferdobze ganivi 

mimarTulebiT mrudwiruli gadaadgilebis dros

434044340434 )cos()sin(
00

rGramI xx jjjjj D+¢¢-D+=D && ,       (78)

sadac z1aj D-D 3&& kuTxiT daxril ferdobze dautvirTavi mTa-is

00 xx RerZis garSemo brunvis kuTxuri aCqareba, 1/wm 2; 

z1aj D-¢¢40 kuTxiT daxril ferdobze mTa-is sawyis i

mdgomareobidan brunvis r4 radiusis daxris kuTxe horizontalTan, 

grad.

368931242554040 ¢°=¢°+¢°=D+=¢¢
z1ajj ;
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z1aj D-D 3 kuTxiT daxril ferdobze dautvirTavi mTa-is

00 xx RerZis garSemo brunvis kuTxe gadabrunebis dawyebidan 

gadabrunebis gardauval mdgomareobamde, grad.

3jD kuTxis maqsimalur mniSvnelobas vpoulobT pirobidan

0)cos( 4max3404 =D+¢¢ rG jj .                     (79)

transcendentuli gantolebis (79) gawrfivebul modelSi 

gadayvanis Semdeg miviRebT

0)sinsincos(cos max340max3404 =D¢¢-D¢¢ jjjjG ,           (80)

saidanac

40301,0
92751,0

37380,0

368sin

368cos

sin

cos

40

40
max3 ==

¢°
¢°

=
¢¢
¢¢

=D
j
j

jtg ,

7521max3 ¢°=Dj .

t3 drois sapovnelad (78) gantolebidan vwerT

( ) ( )[ ]4340443404
4

3 cossin
1

00

rGram
I xx

jjjjj D+¢¢-D+=D && ,         (81)

saidanac SegviZlia davweroT

( ) ( )[ ]4max34044max3404
4

2
3

max3 cossin
12

00

rGram
It xx

jjjj
j

D+¢¢-D+=
D

,

saidanac

( ) ( )[ ]
2

cossin
1 2

3
4max34044max3404

4
max3

00

t
rGram

I xx

jjjjj D+¢¢-D+=D ,   (82)

( ) ( ) 4max34044max3404

4max3
3 cossin

2
00

rGram

I
t xx

jjjj
j

D+¢¢-D+

×D
= .             (83)  

=
×¢°+¢°×-×¢°+¢°××

×¢°×
=

76,1)7521368cos(13600076,1)75214255sin(03,413600

5776475212
3t

69,0
94121

44363

97573,096462

44363

90cos2393601277sin96462

57764384,02
==

×
=

°×-¢°×
××

= wm.

dautvirTavi mTa-is ganivi mimarTulebiT maqsimaluri 

siCqariT 84,2=V m/wm ferdobze aRmarTis mxares minimaluri 

radiusiT mobrunebis dros zRvruli kuTxe, romelzedac agregati 

iwyebs gadabrunebas tolia 12 °39¢. am SemTxvevaSi, 3t dro 
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gadabrunebis dawyebidan gadabrunebis gardauval mdgomareobamde 

tolia 0,69wm-isa.

2.3.4. datvirTuli mTa-is moZraobis ganivi mdgradobis
kvleva vakeze mrudwiruli moZraobis dros

datvirTuli mTa-is vakeze moZraobis ganivi mdgradobis 

gamosakvlevad, vadgenT agregatze moqmedi yvela Zalebis 

momentebis balansis gantolebas 00 xx RerZis mimarT (na x. 31, 32), 

rac agregatis mrudwiruli gadaadgilebis dros, gadayirav ebis 

dawyebis momentidan, warmoadgens agregatis moZraobis 

diferencialur gantolebas [38, 39].

-D++D+=Då 343033444034400 )sin()sin( ramramxxI jjjjj&&

3430344404 )cos()cos( rGrG jjjj D+-D+- ,            (84)

sadac -å 00xx
I datvirTuli mTa-is jamuri inerciis momenti 00 xx

RerZis mimarT, kgm 2;

-D 4j&& datviruli mTa-is 00 xx RerZis garSemo brunvis 

kuTxuri aCqareba, 1/wm 2;

-3a datvirTuli mTa-is centridanuli aCqareba vakeze 

minimaluri radiusiT mobrunebis dros, m/wm 2;

-D 4j datvirTuli mTa-is 00 xx RerZis garSemo vakeze 

brunvis kuTxe sawyisi mdgomareobidan gadabrunebis gardauval 

mdgomareobamde, grad;

-3m mTa-is Zaraze datvirTuli Sekrulas masa, kg;

-30j datvirTuli mTa-is sawyis mdgomareobaSi, vakeze 3r

radiusis daxris kuTxe horizontalTan, grad;

-3r mTa-is Zaraze datvirTuli Sekrulas 3S simZimis 

centris 00 xx RerZis garSemo brunvis radiusi, m;

-3G mTa-is Zaraze datvirTuli Sekrulas wona, n.  
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nax. 31. datvirTuli mTa-is inerciis momentebis 
saangariSo sqema

nax. 32. datvirTul mTa-ze moqmedi Zalebis 00 xx RerZis mimarT
momentebis saangariSo sqema vakeze mrudwiruli 

moZraobis dros

j30

X3

X4

j40

X0

Dj3

0

X3

0

j4

X4

X0

S3

S4

r4

r 3

AO

O

S4

G¢3

P¢3

Dj30

0

B

j40

S3

r4

r 3

A

G²4

P3

G²3

G3

P¢3

P¢4
P4

P²4
G¢4G4
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000000 34 xxxxxx III +=å ,                         (85)

sadac -
004 xxI agregatis inerciis momenti 00 xx RerZis mimarT 

cnobilia da tolia

57764
004 =xxI kgm2;

-
003 xxI mTa-is Zaraze datvirTuli Sekrulas inerciis 

momenti 00 xx RerZis mimarT, kgm 2

2
3333 3300

rmII xxxx += ,                        (86)

sadac -
333 xxI mTa-is Zaraze datvirTuli Sekrulas inerciis 

momenti 3S simZimis centrSi gamavali, 00 xx RerZis paraleluri 

33 xx RerZis mimarT, kgm 2.

333 xxI Sekrulas inerciis momen ti, rogorc merqnis (kerZod 

muxis) garkveuli sigrZis cilindruli sxeulis inerciis 

momenti iangariSeba formuliT

Ld
g

I xx
4
3

2
3 3233

gp
= ,                            (87)

sadac -2g merqnis, kerZod muxis simkvrive:

15%-iani tenianobis – 740 kg/m3;

22%-iani tenianobis – 770 kg/m3;

naxevrad mSrali    _ 800 kg/m 3;

nedli _ 1010 kg/m 3;

-3d Sekrulas an moris diametri, m;

L _ Sekrulas an moris sigrZe, m. 

formulebSi (87), (86), (85) ricxviTi mniSvnelobebis CasmiT 

miviRebT

96985600200
981

00101,0

32

14,3 4
3 33

=×××=xxI kgsm3wm2 =9698,5 kgm2;

3030303,250005,9698 2
3 00

=×+=xxI kgm2;

880673030357764
00

=+=å xxI kgm2.

nax. 32-is mixedviT 3r radiusi da 30j kuTxe iangariSeba

03,277,10,1 222
3

2
3 =+=+= ASOAr m,
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77,1
0,1

77,13
30 ===

OA

AS
tgj ; 436030 ¢°=j .

datvirTuli mTa-is vakeze minimaluri radiusiT mobrunebis 

dros centridanuli aCqareba iangariSeba agregatis moZraobis 

ganivi mdgradobis pirobidan 

330344043303344034 coscossinsin rGrGramram jjjj +=+ ,          (88)

saidanac

33034404

33034404
3 sinsin

coscos

rmrm

rGrG
a

jj
jj

+
+

= ;                       (89)

=
×¢°+×¢°×

×¢°+×¢°×
=

03,24360sin500076,14255sin13600

03,24360cos5000076,14255cos136000
3a

5,6
03,287093,0500076,182314,013600

03,249141,05000076,156784,0136000
=

××+××
××+××

= m/wm2,

maSin mTa-is vakeze minimaluri radiusiT mobrunebis dros, 

moZraobis ganivi mdgradobis kritikuli siCqare tolia

6,30,25,63 =×== RaVkv m/wm.

4jD kuTxis maqsimalur mniSvnelobas vpoulobT pirobidan, 

roca ferdobze ganivi mimarTulebiT moZravi datvirTuli mTa-is 

da tvirTis wonebiT gamowveuli gamawonasworebeli momenti 

gautoldeba nuls

0)cos()cos( 3max43034max4404 =D++D+ rGrG jjjj .            (90)

transcendentuli ga ntolebis (90) gawrfivebul modelSi 

gadayvaniT miviRebT

+- 4max440max4404 )sinsincos(cos rG jjjj

0)sinsincos(cos 3max430max4303 =D-+ rG jjjj .               (91)

saidanac

33034404

33034404
4max sinsin

coscos

rGrG

rGrG
tg

jj
jj

j
+
+

=D .                   (92)

=
×¢°+×¢°×
×¢°+×¢°×

=D
03,24360sin5000076,14255sin136000

03,24360cos5000076,14255cos136000
max4jtg

=
××+××
××+××

=
03,287093,05000076,182314,0136000

03,249141,05000076,156784,0136000
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6509,0
285426

185796

88399197027

49878135918
==

+
+

= ,

6509,0max4 =Djtg ;  433max4 ¢°=Dj .

4t drois saangariSod, romelic Seesabameba periods 

datvirTuli mTa-is 00 xx RerZis garSemo gadabrunebis dawyebidan 

gadabrunebis gardauval md gomareobamde, vakeze minimaluri 

radiusiT mobrunebis SemTxvevaSi, gantolebidan (84) vsazRvravT 

4j&&D kuTxur aCqarebas

[ -D++D+=D
å

343033444034
00

4 )sin()sin(
1

ramram
xxI

jjjjj&&

]3430344404 )cos()cos( rGrG jjjj D+-D+- .

radganac 

2

2
44

max4

tj
j

&&D
=D ,                  (93)  

gveqneba   

[ -D++D+=D
å

3max430334max44034
00

max4 )sin()sin(
1

ramram
xxI

jjjjj

]
2

)cos()cos(
2
4

3max43034max4404

t
rGrG jjjj D+-D+- ,               (94)

saidanac

( ) ( ) -D++D+

×D
= å

3max430334max44034

max4
4 sinsin

2
00

ramram

I
t xx

jjjj
j

3max43034max4404 )cos()cos( rGrG jjjj D+-D+-
.                             (95)

ricxviTi mniSvnelobebis Setanis Semdeg miviRebT

-×¢°+¢°×+×¢°+¢°××
×¢°×

=
03,2)4334360sin(5,6500076,1)4334255sin(5,613600

880674332
4t

=
¢°+¢°×-×¢°+¢°×- 03,2)4334360cos(5000076,1)4334255cos(136000

=
¢°--¢°×-¢°×+¢°×

××
=

)833sin(1015008288cos239360833cos659758288sin155584

88067579,02
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=
×+×-×+×

=
06337,010150002676,023936099799,06597599964,0155684

101982

68,0461,0
221397

101982

6432640565842155528

101982
===

+-+
= wm.

aRniSnuli gamokvlevidan miviReT, rom vakeze minimaluri 

radiusiT mobrunebis dros, datvirTuli mTa-is moZraobis 

ganivi mdgradobis kritik uli siCqare kvV tolia 3,6 m/wm, rac 

metia agregatis maqsimalur siCqareze 84,2=V m/wm. gamomdinare 

aqedan, agregati myarad inarCunebs ganiv mdgradobas maqsimaluri 

siCqariT moZraobis dros.

2.3.5. datvirTuli mTa-is moZraobis ganivi mdgradobis
kvleva ferdobze ganivi mimarTulebiT mrudwiruli

moZraobis dros

datvirTuli mTa-is moZraobis ganivi mdgradobis 

gamosakvlevad, ferdobze aRmarTis mxares minimaluri radiusiT 

mobrunebis dros, amisaTvis vadgenT agregatis moZraobis 

mdgradobis diferencialur gantolebas (nax. 31, 33) [40].

-D++D+=Då 353043454044500 )sin()sin( ramramxxI jjjjj&&

3530345404 )cos()cos( rGrG jjjj D+¢-D+¢- ,                      (96)

sadac -D 5j&& datvirTuli mTa-is 00 xx RerZis garSemo brunvis 

kuTxuri aCqareba, 1/wm 2;

-4a datvirTuli mTa-is centridanuli aCqareba ferdobze 

minimaluri radiusiT aRmarTis mxares mobrunebis dros, m/wm 2; 

-D 5j datvirTuli mTa-is 00 xx RerZis garSemo brunvis 

kuTxe sawyisi mdgomareobidan gadabrunebis ga rdauval 

mdgomareobamde, grad;

-¢30j °= 20a kuTxiT daxril ferdobze mTa-is Zaraze 

datvirTuli Sekrulas sawyisi mdgomareobidan 00 xx RerZis 

garSemo brunvis kuTxe horizontalTan, grad.
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nax. 33. datvirTul mTa-ze moqmedi Zalebis 00 xx RerZis mimarT
momentebis saangariSo sqema ferdobze ganivi mimarTulebiT

mrudwiruli moZraobis dros

5jD kuTxis maqsimalur mniSvnelobas vpoulobT pirobidan

0)()cos( 3max53034max5404 =D+¢+D+¢ rGrG jjjj .          (97)

gantoleba (97) gawrfivebul modelSi gadayvanis Semdeg 

miiRebs saxes

+D¢-D¢ 4max540max5404 )sinsincos(cos rG jjjj

0)sinsincos(cos 3max530max5303 =D¢-D¢+ rG jjjj ,           (98)

saidanac

33034404

33034404
5max sinsin

coscos

rGrG

rGrG
tg

jj
jj

j
¢+¢
¢+¢

=D ,                (99)

=
×¢°+×¢°×
×¢°+×¢°×

=D
03,24380sin5000076,14275sin136000

03,24380cos5000076,14275cos136000
max5jtg

=
××+××
××+××

=
03,298648,05000076,196771,0136000

03,216390,05000076,125207,0136000

a
j30

O

S1

G¢3

P¢03

j40

S3

r 3

r 1

A

G²1

P03

G²3 G3

P²03

P¢01

P01

P²01

G¢1
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23201,0
331759

76971

100128231631

1663660335
==

+
+

= ,

23201,0max5 =Djtg ;  413max5 ¢°=Dj .

datvirTuli mTa-is ferdobze aRmarTis mxares minimaluri 

radiusiT mobrunebis dros, centridanuli aCqareba iangariSeba 

agregatis moZraobis ganivi mdgr adobis pirobidan

330344043304344044 coscossinsin rGrGramram jjjj ¢+¢=+ ,         (100)

saidanac

33034404

33034404
4 sinsin

coscos

rmrm

rGrG
a

jj
jj

+
¢+¢

= .                  (101)

ricxviTi mniSvnelobebis Casmis Semdeg miviRebT

=
×¢°+×¢°×

×¢°+×¢°×
=

03,24360sin500076,14255sin13600

03,24380cos5000076,14275cos136000
4a

=
××+××

××+××
=

03,287093,0500076,182314,013600

03,216390,05000076,125207,0136000

7,2
28543

76971

884019703

1663660335
==

+
+

= m/wm2.

am SemTxvevaSi, ferdobze mTa-is ganivi mimarTulebiT 

moZraobis kritikuli siCqare toli iqneba

32,20,27,24 =×== RaVk4 m/wm.

5t drois sapovnelad vsargeblobT (96) gantolebiT, 

saidanac

[ -D++D+=D
å

353043454044
00

5 )sin()sin(
1

ramram
xxI

jjjjj&&

]3530345404 )cos()cos( rGrG jjjj D+¢-D+¢- ;                    (102)

[ -D++D+=D
å

3max530434max54044
00

max5 )sin()sin(
1

ramram
xxI

jjjjj

]
2

)cos()cos(
2
5

3max53034max5404

t
rGrG jjjj D+¢-D+¢- ;               (103)

saidanac

( ) ( ) -D++D+

×D
= å

3max530434max54044

max5
5 sinsin

2
00

ramram

I
t xx

jjjj
j

.             
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3max53034max5404 )()cos( rGrG jjjj D+¢-D+¢-
,                       (104)

-×¢°+¢°×+×¢°+¢°××
×

=
03,2)4134360sin(7,2500076,1)4134255sin(7,213600

228,02
5t

=
¢°+¢°×-×¢°+¢°×- 03,2)4134380cos(5000076,1)4134275cos(136000

88067

=
¢°--¢°×-¢°×+¢°×

=
)833sin(1015008288cos2393608373sin274058268sin64627

40159

=
×+×-×+×

=
06337,010150002676,023936095948,02740593020,064627

40159

68,0465,0
86438

40159

643264052629560116

40159
===

+-+
= wm.

maSasadame, ferdobze minimaluri radiusiT aRmarTis mxares 

mobrunebis dros, datvirTuli mTa-is moZraobis ganivi 

mdgradobis kritikuli siCqare 32,2=k4V m/wm-s, rac nak lebia 

agregatis maqsimalur siCqareze 84,2=V m/wm-ze. am SemTxvevaSi, 

agregati veRar inarCunebs ganiv mdgradobas da iwyebs 

gadabrunebas, rasac gadabrunebis gardauval mdgomareobamde 

moandomebs 68,05 =t wm-s.

2.3.6. ferdobis daxris zRvruli kuTxis gansazRvra
datvirTuli mTa-is maqsimaluri siCqariT aRmarTis
mxares minimaluri radiusiT mobrunebis dros

ferdobis daxris zRvruli kuTxis gansazRvris mizniT, 

roca datvirTuli mTa aRmarTis mxares maqsimaluri siCqariT 

asrulebs manevrs, amisaTvis vadgenT agregatis moZraobis ganivi 

mdgradobis diferencialur gantolebas (nax. 31, 33) [33].

-D++D+=Då 32303424042 )sin()sin(
00

ramramI xx zz ajaja&&

330342404 )cos()cos( rGrG z2z ajaj D+-D+- ,               (105)

sadac -D 2a&& ferdobze datvirTuli mTa-is 00 xx RerZis garSemo 

brunvis kuTxuri aCqareba. 1/wm 2;
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-D 2za ferdobis daxris zRvruli kuTxe, roca datvirTuli 

mTa iwyebs 00 xx RerZis garSemo gadabrunebas, grad.

2zaD kuTxis maqsimaluri mniSvn elobis sapovnelad 

datvirTuli mTa-is moZraobis ganivi mdgradobis pirobidan 

gvaqvs: 

-D+-D++D+ 44043230342404 )cos()sin()sin( rGramram z2zz ajajaj

0)cos( 32303 =D+- rG zaj .                                   (106)

transcendentuli gantolebis (106) gawrfivebul modelSi 

gadayvaniT miviRebT

+D+D+D 230342402404 cos(sin)sincoscos(sin zzz ajajaj amram

-D-D-D+ 4404043230 )sinsincos(cos)sincos rGr z2z2z ajajaj

0)sinsincos(cos 32302303 =D-D- rG zz ajaj ,                     (107)

saidanac 

3303440433034404

3303440433034404

sinsincoscos

sinsincoscos

rGrGramram

ramramrGrG
tg

jjjj
jjjj

a
+++

--+
=D z2 ,           (108)

+×¢°×+×¢°×
-×¢°+×¢°×

=D
03,24360cos03,4500076,14255cos03,413600

03,24360cos5000076,14255cos136000
z2atg

=
×¢°×+×¢°×+

×¢°××-×¢°××-
03,24360sin5000076,14255sin136000

03,24360sin03,4500076,14255sin03,413600

=
×+×+×+×
×-×-×+×

=
87093,010150082314,023936049141,04090556784,096462

87093,04090582314,09646349141,010150056784,0239360

19641,0
360302

70768

883991970272010154775

356257940349878135918
==

+++
--+

= ,

19641,0=D z2atg ;  711 ¢°=D z2a .

miviReT, rom datvirTuli mTa-is, ferdobze ganivi 

mimarTulebiT maqsimaluri siCqariT 84,2=V m/wm, mobrunebis 

SemTxvevaSi, roca agregati iwyebs gadabrunebas ferdobis 

daxris zRvruli kuTxe tolia 11°7¢.

6t drois sapovnelad, viyenebT datvirTuli mTa-is moZraobis 

ganivi mdgradobis diferencialur gantolebas ferdobze ganivi 

mimarTulebiT mrudwiruli gadaadgilebis dros

+D++D+=Då 36303464046 )sin()sin(
00

ramramI xx jjjjj&&
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3630346404 )cos()"'cos( rGrG jjjj D+¢¢-D+- ,    (109)

sadac 6j&&D _ 2zaD kuTxiT daxril ferdobze datvirTuli mTa-is

00 xx RerZis garSemo brunvis kuTxuri aCqareba, 1/wm 2;

-¢¢¢40j 2zaD kuTxiT daxril ferdobze mTa-is sawyisi 

mdgomareobidan 00 xx RerZis garSemo brunvis radiusis daxris 

kuTxe horizontalTan, grad;

1366711425524040 ¢°=¢°+¢°=D+=¢¢¢
zajj ;

6jD _ 2zaD kuTxiT daxril ferdobze datvirTuli mTa-is

00 xx RerZis garSemo b runvis kuTxe gadabrunebis d awyebidan 

gadabrunebis gardauval mdgomareobamde, grad;

-¢¢30j 2zaD kuTxiT daxril ferdobze mTa-is Zaraze 

datvirTuli Sekrulas sawyisi mdgomareobidan 00 xx RerZis

garSemo brunvis radiusis daxris kuTxe horizontalTan, grad;

1471711436023030 ¢°=¢°+¢°=D+=¢¢
zajj .

max6jD kuTxis maqsimalur mniSvnelobas vpoulobT pirobidan

0)cos()cos( 3max63034max6404 =D+¢¢+D+¢¢¢ rGrG jjjj .           (110)

transcendentuli gantolebis (110) gawrfivebul modelSi 

gadayvanis Semdeg gveqneba

+D¢¢¢-D¢¢¢ 4max640max6404 )sinsincos(cos rG jjjj

0)sinsincos(cos 3max630max6303 =D¢¢-D¢¢+ rG jjjj ,             (111)

saidanac

33034404

33034404
6max sinsin

coscos

rGrG

rGrG
tg

jj
jj

j
¢¢+¢¢¢
¢¢+¢¢¢

=D .                 (112)

SevitanoT ricxviTi mniSvnelobebi da miviRebT

=
×¢°+×¢°×
×¢°+×¢°×

=D
03,21471sin5000076,11366sin136000

03,21471cos5000076,11366cos136000
max6jtg

40291,0
315893

127278

94933,010150091718,0239360

31427,010150039848,0239360
==

×+×
×+×

= .

40291,0max6 =Djtg ;  7521max6 ¢°=Dj ..

gantolebidan (109) SegviZlia davweroT 
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[ -D++D+=D
å

3630346404
00

6 )sin()sin(
1

ramram
xxI

jjjjj&&

]3630346404 )cos()cos( rGrG jjjj D+¢¢-D+¢¢¢- ,

saidanac 

[ -D++D+=D
å

3max63034max6404
00

max6 )sin()sin(
1

ramram
xxI

jjjjj&&

]
2

)cos()cos(
2
6

3max63034max6404

t
rGrG jjjj D+¢¢-D+¢¢¢- ,

saidanac

( ) ( ) -D++D+

×D
= å

3max63034max6404

max6
6 sinsin

2
00

ramram

I
t xx

jjjj
j

.             

3max63034max6404 )cos()cos( rGrG jjjj D+¢¢-D+¢¢¢-
,                      (113)

ricxviTi mniSvnelobebis CasmiT gantolebaSi (113) miviRebT

-×¢°+¢°×+×¢°+¢°××
¢°×

=
03,2)75214360sin(03,4500076,1)75214255sin(03,413600

75212
6t

=
×¢°+¢°×-×¢°+¢°×- 03,2)75211471cos(5000076,1)75211366cos(136000

88067

=
¢°--¢°×-¢°×+¢°×

××
=

)833sin(1015008288cos2393601382sin409051277sin96462

88067384,02

=
×+×-×+×

=
06337,010150002676,023936099148,04090597573,096462

67635

71,0502,0
134704

67635

643264054055694121

67635
===

+-+
= wm.

71,06 =t wm.

amrigad, mTa-is ganivi mimarTulebiT maqsimaluri 

siCqariT 84,2=V m/wm aRmarTis mxares minimaluri radiusiT 

mobrunebis dros ferdobis daxris zRvruli kuTxe, romelzedac 

agregati iwyebs gadabrunebas tol ia 11 °7¢. am SemTxvevaSi, 6t dro 

gadabrunebis dawyebi s momentidan  gadabrunebis gardauval 

mdgomareobamde tolia 0,71 wm -isa. aRsaniSnavia, rom igive 
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pirobebSi dautvirTavi mTa-is ganivi mdgradobis zRvruli 

kuTxe 9312 ¢°=D z1a , ra c umniSvnelod – 1°32¢ gansxvavdeba 

datvirTuli mTa-is ganivi mdgradobis zRvruli kuTxisagan.

2.4. morsaTrevi TviTmtvirTavi agregatis sawev-
-saeqspluatacio gaangariSeba

2.4.1. morsaTrevi TviTmtvirTavi agregatis jalambris
wevis Zalis da simZlavris gansazRvra

morsaTrevi TviTmtvirTavi agregatiT ( mTa) mTagorian tye-

sakafebze xe-tyis morTrevis -transportirebis meqanizebuli 

teqnologiuri procesis operaciidan erT -erTi rTuli operacia 

aris agregatis Zara -isris meqanizmis da jalambris gamoyenebiT 

moWrili xis Zaramde moT reva, traqtorisaTvis miudgomeli 

adgilebidan [5-11].

mTa-is jalambriT morTrevis procesis gansaxorcieleblad 

pirvel rigSi Zara gadayavT miwaze daSvebul mdgomareobaSi. 

amis Semdeg, jalambris sawevi bagiriT xorcieldeba moWrili 

xis agregatamde moTreva, ferdobis daxril sibrtyeze qvevidan 

zeviT 90 m -is manZilze, rac ganpirobebulia agregatis 

jalambris dolis bagirtevadobiT.

mTa-is jalambriT morTrevis operaciis gansaxorcieleblad

saWiro wevis Zalis gansazRvrisaTvis ganvixiloT saerTo –

zogadi SemTxveva, roca satvirTo ba giris moZraobis 

mimarTuleba ar emTxveva tvirTis gadaadgilebis mimarTulebiT 

(nax. 34). miviRoT, rom tvirTi gadaadgildeba horizontalTan a

kuTxiT daxril sibrtyeze, amasTan, satvirTo bagiri moZraobs 

mudmivi siCqariT da kuTxe bagiris moZraobis mimarTulebas da 

tvirTis gadaadgilebis mimarTulebas Soris ajj -=0 .

mTa-is jalambriT moris moTrevis dros tvirTis simZimis 

centrSi modebuli moqmedi Zalebia: tvirTis wona Q; sayrdenis 

reaqcia Na sayrdenze tvirTis moZraobiT gamowveuli xaxunis 

Zala F; tvirTis inerciis Zala Pj da wevis Zala T. am SemTxvevaSi 



109

wevis Zala T SeiZleba ganvixiloT, rogorc moZravi sayrdenis 

reaqciis Zala da wevis Zalis gansazRvrisaTvis visargebloT 

formuliT:

)sin()cos(

sincos

ajmaj

aam

-+-

++
=

g

a

QT ,                 (114)

sadac m _ tvirTis uZrav sayrdenTan xaxunis koeficienti;

a _ tvirTis moZraobis aCqareba;

g _ simZimis Zalis aCqareba;

Q _ tvirTis – moWrili xis wona;

a _ ferdobis daxris, anu gzis awevis kuTxe;

j _ kuTxe, romelsac bagiris moZraobis mimarTuleba 

adgens horizontalTan.

nax. 34. mTa-is jalambris satvirTo bagiris wevis Zalis
saangariSo sqema

ajj -=0 mcire kuTxeebisaTvis bagiris Tanabari siCqariT 

moZraobis dros, tvirTis aCqareba a umniSvneloa da inerciis 

Zala Pj SegviZlia ugulebelvyoT, e.i. miviR oT 0=a , maSin 

formula (114) miiRebs Semdeg saxes:

)sin()cos(

sincos

ajmaj
aam

-+-
+

= QT .                     (115)

j

y

a

j0

O

Pj

y

T

Tx

x

x

Qy

Qx

R

Ty

Na

Fa
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formulaSi (115) Semavali sidideebis maqsimaluri 

mniSvnelobebisaTvis moWrili xis an Soltis ag regatamde 

mosaTrevad saWiro wevis Zala toli iqneba:

2343
42262,06,090631,0

34202,093969,06,0
3000

)2045sin(6,0)2045cos(

20sin20cos6.0
3000 =

×+
+×

=
°-°+°-°

°+°
=T kg.

Tu bagiris da tvirTis moZraobis mimarTuleba 

Tanxvedrilia, e.i. aj = , gveqneba:

2718)34202,093969,06,0(3000)sincos( =+×=+= aamQT kg.      (116)

im SemTxvevaSi, roca ferdobis daxris kuTxe 0=a da 

0>-aj , miviRebT:

jmj

m

sincos +

+
=

g

a

QT .                        (117)

agregatis anZasTan tvirTis miaxloebasTan erTad izrdeba, 

rogorc 0j kuTxe (nax. 35) aseve tvirTis gadaadgilebis siCqare; 

maSasadame, tvirTi moZraobs cvalebadi siC qariT – aCqarebiT, 

romelic tolia:

dt

dV
a

t= .                             (118)

tvirTis siCqaris Vt gansazRvris dros saWiroa 

gaviTvaliswinoT rom, Tu agregatis jalambris bagiris moZraobis 

mimarTuleba da tvirTis gadaadgilebis mimarTuleba Seadge ns 

0j kuTxes, maSin tvirTis gadaadgilebis siCqare ar iqneba toli 

agregatis jalambris satvirTo bagiris moZraobis siCqarisa.

davuSvaT, rom manZili agregatis anZis wverze blokis 

dakidebis A wertilsa da tvirTis moZraobis mimarTulebas 

Soris aris H, xolo manZili O¢ da M wertilebs Soris – X (nax. 

35), maSin AO¢M samkuTxedidan gveqneba:

X

H
tg =0j .                              (119)  

vinaidan, miRebul tolobaSi X sidide cvalebadia, xolo 
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nax. 35. mTa-is jalambris satvirTo bagiriT morTreuli tvirTis
siCqaris Vt da aCqarebis a – saangariSo sqema

H mudmivi, amitom 0j kuTxec iqneba cvalebadi. dauSvaT, rom 

agregatis jalambris sawevi bagiris siCqare V mudmivia, maSin 

Zalian mcire drois Dt monakveTSi tvirTi gaivlis Dx manZils, 

xolo bagiri – Dl-s, amasTan ACAMl -=D , xolo 1AMAC @ ; 

erTdroulad 0j kuTxe gaizrdeba jD kuTxiT 00 jjj -¢=D .  

vinaidan kuTxe 0j Zalian mcirea, SeiZleba miviRoT, rom 

CM1 perpendikularulia AM-isa, maSin MCM1 marTkuTxa 

samkuTxedidan gveqneba:

0cosjxl D=D .

gavyoT miRebuli tolobis orive nawili Dt.

0cosj
t

x

t

l

D
D

=
D
D

,                        (120)

sadac Dt tvirTis M wertilidan 1M wertilSi gadaadgilebis 

droa; 

Dt-s nulTan miaxloebis zRvarze gveqneba:

V
t

l
=

D
D

;  tV
t

x
=

D
D

,

sadac V bagiris siCqarea, xolo -tV tvirTis siCqare.

M1

H

a

j¢0

O

A

CH
a

O¢

Mx0

x1

x

j 0
j

Dj

Dx

Dl
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(120) tolobis Tanaxmad, gveqneba

0cosjtVV = , saidanac 
0cosj

V
V =t .                  (121)

yvela SemTxvevaSi, roca 0>H -ze da 0>j -ze, tvirT is 

gadaadgilebis siCqare metia bagiris moZraobis siCqareze.

vinaidan ajj -=0 gveqneba:

)cos( aj -
=

V
Vt .                          (122)

Tu mTa-is jalambris sawevi bagiris moZraobis maqsimaluri 

siCqaris mniSvneloba tolia 1,0 m/wm, maSin:

103,1
90631,0

0,1

)2045cos(

0,1
==

°-°
=tV m/wm.

tvirTis gadaadgilebis saSualo siCqares miviRebT, Tu 

formulaSi (122) SevitanT 0cosj -is mniSvnelobas. naxazidan 35 

gveqneba:

12

2
1

22
2

2

1
0cos

XX

XHXH

x

l

MM

MC

-
+-+

=
D
D

==j ,

sadac 121 XXMM -= ; ACAMlMC -=D= ;

2
2

2 XHAM += ; 2
1

2
1 XHAMAC +== ;

e.i.  2
1

22
2

2 XHXHMC +-+= .

amrigad

2
1

22
2

2

12

0

)(

cos XHXH

VXXV
V

+-+

-
==

jt.saS .             (123)

sadac 1X da 2X tvirTis moZraobis dawyebis da damTavrebis 

koordinatebia.

daxril sibrtyeze tvirTis gadaadgilebis dros

23,420cos5,4cos =°×== aaHH m.

sadac Ha anZis simaRlea.

formulis (123) mixedviT gveqneba:

wm

m
t.saS 02,1

523,49023,4

0,1)590(
2222

=
+-+

-
=V .
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tvirTis aCqarebis saangariSo formula miiRebs Semdegsaxes:

÷÷
ø

ö
çç
è

æ
=

0cos

1

jdt

d
Va .                          (124)

mocemuli sqemis mixedviT (nax. 35) 
AM

X
=0cosj

2

2

2
222 11 ÷

ø
ö

ç
è
æ+=÷÷

ø

ö
çç
è

æ
+=+=

X

H
X

X

H
XHxAM ;

2

2

0

1

1
1

cos

1
÷
ø
ö

ç
è
æ+=

÷
ø
ö

ç
è
æ+

===
X

H

X

X

H
X

X

AM

AM

Xj
.

miRebulidan gamomdinare:

dt
X

H
d

X

H

X

H

X

H

dt

d

dt

d úû
ù

êë
é

ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ+×=÷

ø
ö

ç
è
æ+=÷÷

ø

ö
çç
è

æ
- 2122

0

11
cos

1

j
.

Tu tvirTis moZraoba daiwyo agregatis anZidan romeliRac 

C wertilze, maSin tVCX t-= da tV
dt

dx
-= .

am pirobis gaTvaliswinebiT gveqneba:

0
22 cosjX

HV
V

X

H

dt
X

H
d

==
÷
ø
ö

ç
è
æ

t .

aCqarebis formulaSi (124) mniSvnelobebis SetaniT miviRebT:

=
ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ+×=

ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ+×=÷÷

ø

ö
çç
è

æ
=

--

0
2

212212

0 cos
11

cos

1

jj X

HV

X

H

X

H
V

dt
X

H
d

X

H

X

H
V

dt

d
Va

2122

0
2

2
212

0
2

22

1
cos

1
1

cos

--

ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ+=

ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ+=

X

H

X

V

X

H

X

H

X

VH

jj
.

radganac

X

H
tg =0j da 

2

0

1
cos

1
÷
ø
ö

ç
è
æ+=

X

H

j
,

gveqneba
2122

0
2

2

11

-

ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ+÷

ø
ö

ç
è
æ+=

X

H

X

H
tg

X

V
a j .               (125)
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sabolood tvirTis gadaadgilebis aCqareba SeiZleba 

gamovsaxoT formuliT:

0
2

2

jtg
X

V
a = .                            (126)

formulaSi (126) Tu SevitanT sidideebis mniSvnelobebs 

0,1=V m/wm, °= 250j da 

54,620sin5,45sin0 =°+=+= aaHXX m,

maSin

033,046631,0
54.6

1 2 ==a m/wm2.

angariSiT miRebuli tvirTis gadaadgilebis aCqarebis sidide 

0,033 m/wm 2 umniSvneloa da agregatis jalambris wevis Zalis 

gansazRvris dros SesaZlebelia ugulebelvyoT.

aRniSnulidan gamomdinare, im SemTxvevaSi, roca ferdobis 

daxris kuTxe 0=a da 0>-aj , agregatis jalambris satvirTo 

bagiris wevis Zala tvirTis uZrav sayrdenTan srialis xaxunis 

koeficientis 6,0=m maqsimaluri m niSvnelobis gaTvaliswinebiT 

iangariSeba formuliT (117):

1599
45sin6,045cos

)81,9:033,0(6,0
3000 =

°+°
+

=T kg.

im SemTxvevaSi, roca 0=a da bagiri mimarTulia 

horizontalurad, e.i. 0=j , maSin 18003006,0 =×== QT m kg, xolo 

tvirTis vertikalurad ma Rla awevis dros, e.i. roca ja =°= 90 , 

gveqneba 3000== QT kg.

maSasadame, formulas (114) aqvs saerTo daniSnuleba da 

gamoiyeneba agregatis jalambris satvirTo bagiris wevis Zalis 

saangariSod, rogorc tvirTis romelime saxis sayrdenze 

gadaadgilebis dros, aseve tvirTis vertikalurad awevis 

SemTxvevaSic.

Cvens mier ganxilul yvela SemTxvevaSi, agregatis jalambris 

wevis Zalis saangariSo formulebSi wevis Zalis miyenebis 

wertili miRebulia tvirTTan uSualo siaxloveze. mTa-is

jalambris dolze modebuli wevis Zalis misaRebad, aucilebelia 
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gaviTvaliswinoT, tvirTsa da dols Soris ganlagebuli blokebis 

winaaRmdegobebi. TiToeuli blokis margi qmedebis koeficienti 

aris bh , xolo maTi ricxvi 2=n -s, maSin wevis Zala dolze

toli iqneba:

n

T
T

b

d h
= .                           (127)

mTa-is jalambriT muSaobis dros (nax. 35) satvirTo 

bagiri gadaadgilebs ara marto tvirTs, aramed gadalaxavs 

bagiris sayrdenze srialis xaxunis winaaRmdegobis bP Zalas.

8,463,1909,0 =××== bbb LqP m kg,                (128)

sadac -bm bagiris sayrdenze srialis xaxunis koeficienti, 0,3 -0,4; 

L _ bagiris sigrZe sayrdenTan SexebaSi; -bq erTi grZivi metri 

sawevi bagiris wona 1.3 kg.

yvela saxis winaaRmdegobis gaTvaliswinebiT mTa-is

jalambris dolze mosuli wevis Zala tolia:

3063
95,0

8,462718
2

=
+

=
+

=
n

PT
T

h
b

d kg.

mTa-is jalambris dolze modebuli wevis Zalis mixedviT, 

romelic saWiroa satvirTo bagiris moZraobaSi mosayvanad 

ganisazRvreba amZravis simZlavre.

8,40
75

0,1
3063

75
===

V
TN d cx/Z,

sadac h - gadamcemi meqanizmebis m.q.k . dolis m.q.k. -s CaTvliT.

mTa-is jalambris sawev-saeqspluatacio parametrebis 

dasadgenad Catarebuli Teoriuli gamokvlevebidan irkveva, rom 

sawevi bagiriT moTreuli moWrili xis an Soltis moZraobis 

siCqare da aCqareba, agrega tis isarTan miaxloebis dros 

umniSvnelod icvleba da wevis Zalis sidideze arsebiT gavlenas 

ar axdens.

gansazRvrulia jalambris sawev bagirze modebuli wevis 

Zalis mniSvneloba, rogorc dolamde arsebuli winaaRmdegobebis 

gaTvaliswinebis gareSe, aseve maTTan erTad. angariSiT miRe buli 
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wevis Zalis maqsimaluri mniSvnelobis mixedviT gansazRvrulia 

jalambris amZravis simZlavre.

2.4.2. morsaTrevi TviTmtvirTavi agregatis sawev -
-saeqspluatacio gaangariSebis meTodika morTrevis

sxvadasxva xerxis gamoyenebis dros

tyesakafze, reliefuri pirobebidan gamomdinare, ganasxvaveben

agregatebiT da sxva satransporto manqana -danadgarebiT tyis 

tvirTebis morTrev is sam ZiriTad xerxs (nax. 36 -39): pirveli 

xerxis gamoyenebis SemTxvevaSi (nax. 36) tvirTi mTl ianad 

ganlagebulia satransporto mowyobilobis Zaraze; meore xerxis 

gamoyenebis SemTxvevaSi (nax. 37, 38) ganasxvaveben: a) tvirTi erTi 

boloTi devs satransport o mowyobilobis Zaraze, meoreTi –

misabmelze; b) erTi boloTi devs satransporto mowyobilobis 

Zaraze, meoreTi – mieTreva miwaze; g) erTi boloTi dakide bulia 

satransporto mowyobilobis anZaze, meoreTi – mieTreva miwaze 

da bolos mesame xerxis gamoyenebis dros (nax. 39): a) tvirTi 

mTlianad mibmulia drekadi misabmeliT satransport o 

mowyobilobis kakvze da mieTrev a miwaze; b) tvirTi mTlianad 

devs satransporto mowyobilobis misabmelze; g) tvirTi erTi 

boloTi devs satransporto mowyobilobis misabmelze da 

meoreTi mieTreva miwaze.

saqarTvelos mTagorian pirobebSi tyesakafebze ZiriTadad 

gamoiyeneba muxluxa traqtorebis morTreva naxevrad datvirTul, 

naxevrad dakidebul da agregatis Zaraze mTlianad datvirTul 

mdgomareobaSi.

pirveli xerxiT xe -tyis morTrevis dros Zaraze mosuli 

tvirTis nawilis ganmsazRvreli koeficienti 1=n (nax. 36), 

meore xerxis gamoyenebis dros 10 << n (nax. 37, 38), xolo mesame 

xerxis gamoyenebis SemTxvevaSi 0=n (nax. 39).

wamyvani savali Tvlebis da muxluxa traqtoris wamyvani 

varskvlavis   fersoebze   modebulia  0T wevis Zala ixarjeba 
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nax. 36. mTa-iT xe-tyis morTreva Zaraze mTlianad
datvirTul mdgomareobaSi

nax. 37. mTa-iT xe-tyis morTreva Zaraze naxevrad
datvirTul mdgomareobaSi

agregatis TviTgadaadgilebebis winaaRmdegobis da tvirTis 

gadaadgilebis winaaRmdegobis daZleva -gadalaxvaze. ama sTan, T0

Zalis sidide damokidebulia wamyvani Tvlebis fersoebis da 

muxluxebis sayrdenTan CaWidebis PC Zalaze, romelic naxevrad 

datvirTul mdgomareobaSi morTrevis dros tolia:

)8,02,0)(80006,013600()( ¸×+=+= CaC wnQGP , (129)

saidanac 3680min =CP kg, 14720max =CP kg,

sadac -aG agregatiT CamWidi wona mosuli muxluxebze, 13600 kg;

Q _agregatiT gadasaadgilebeli tvirTis saerTo wona, 

8000kg;

y

x
x

QnQ

TB

N

S

a

b
C

y

(1 – n)Q
a

b



118

n_agregatis Zaraze dadebuli tvirTis nawilis 

ganmsazRvreli koeficienti 0,6;

-Cw agregatis gruntTan CaWidebis koeficienti; muxluxa 

traqtorebisaTvis zafxulSi 0,5 ¸0,8, zamTarSi 0,2 ¸0,4; Tvliani 

traqtorebisaTvis zafxulSi 0,3¸0,6, zamTarSi 0,3.

nax. 38. mTa-is xe-tyis morTreva isarze naxevrad 
dakidebul mdgomareobaSi

nax. 39. mTa-iT xe-tyis morTreva miwaze morTrevis
mdgomareobaSi

mTa-is mTlianad datvirTul mdgomareobaSi morTrevis 

dros gveqneba

)8,02,0)(500013600()( ¸+=¢+= CaC wQGP ,

saidanac 3720min =CP kg,  14880max =CP kg,

sadac Q _mTa-is Zaraze datvirTuli tvirTis wona, agregatis 

mTlianad datvirTul mdgomareobaSi, 5000kg.

mTa-iT xe-tyis mTlianad miwaze morTrevis dros CaWidebis 

Zala tolia

)8,02,0(13600 ¸== CaC wGP ,
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sadac 2720min =CP kg,  10880max =CP kg.

normalur pirobebSi muSaobisaTvis aucilebelia Sesruldes 

pirobaL

0C TP > .                            (130)

0T wevis Zala, romelic warmoadgens gadasaadgilebeli 

tvirTis wonis ganmsazRvrel sawyis sidides, iangariSeba fo r-

muliT:

14820
625,0

5,123750750
0 =

×
=

×
=

V

N
T n,  (131)

sadac N – muxluxebis wamyvan varskvlavebze modebuli simZlavre

5,12395,0130 =×=×= hZrNN cx.Z (132)

sadac -ZrN Zravis efeqturi simZlavre, 130 cx.Z.;

h _gadamcemi meqanizmebis m.q.k. 0,95;

V _ agregatis moZraobis siCqare, 2,25_9,75km/sT, 0,625_2,17m/wm.

amrigad, naSromSi damuSavebulia meTodikebi modernizebuli

morsaTrevi TviTmtvirTavi agregatis sawev -saeqsploatacio 

gaangariSebisaTvis.

2.4.3. morsaTrevi TviTmtvirTavi agregatis sawev-
-saeqspluatacio parametrebis gansazRvra

mTa-is ferdobis daxril sibrtyeze moZraobis dros, roca 

aj = da 0=a , winaaRmdegobis Zala agregatis gadaadgilebaze 

ganisazRvreba formuliT:

=°±°=±= )20sin20cos2.0(13600)sincos( aawaaa GP

)34202,093969,02,0(13600 ±´= ,         (133)

sadac 7027max =aP kg,  2096min -=aP kg.

sadac j _kuTxe agregatis moZraobis mimarTulebasa da 

horizontals Soris;

a _gzis awevis kuTxe, 20°;

a _ agregatis moZraobis aCqareba; 

-aP agregatis winaaRmdegobis Zala moZraobaze.
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-aw sakabdoze agregatis moZraobis winaaRmdegobis koeficienti, 

icvleba 0,08-dan 0,26-mde weliwadis droze, gzebis mdgomareobaze 

da kidev ramdenime sxva faqtorze damokidebulebiT.

daxril sibrty eze tvirTis TreviT gadaadgilebis dros 

gveqneba:

)20sin20cos6.0(8000)sincos( °±°=±= aawtt QP ,           (134)

sadac -tw sakabdoze tvirTis moZraobis winaaRmdegobis

koeficienti meryeobs did zRvrebSi: 0,25-dan 0,9-mde. rekomendebulia 

zafxulSi miviRoT 0,45 ¸0,6, zamTarSi 0,3¸0,35, xolo arasasurvel 

pirobebSi (Rrma fxvieri Tovli, rbili mwebvare grunti) 0,8 ¸0,9. 

miviRoT tvirTis moZraobis winaaRmdegobis koeficienti 6,0=tw .

rogorc urelso -magistraluri, aseve relsuri transpor -

tisaTvis didi awevis kuTxeeb i dauSvebelia da kuTxis mcire 

mniSvnelobisaTvis SeiZleba miviRoT 1cos =a , maSin gveqneba 

aa sin=tg . SevcvaloT atg i-Ti da miviRebTL

)36397,02,0(13600)202.0(13600)()( ±°±=±=±= tgiGtgGP aaaaa waw , (135)

saidanac 7670max =aP kg,  2230min -=aP kg.

)206,0(8000)( °±=±= tgiQP tt w ,                 (136)

saidanac 7712max =tP kg,  1888min =tP kg.

roca 0=a

27202,013600 =×== aaa wGP kg,                 (137)

48006,08000 =×== tt wQP kg.                (138)

Zala agregatis kakvze, romelic gadaecema tvirTs tolia:

121002,013600148200 =×-=-= aak wGTT kg.           (139)

mTa-is muxluxas wamyvani varskvlavebis fersoebze 

modebuli moZraobis aP winaRobis gansazRvrisaTvis ganvixiloT 

saerTo SemTxveva (nax. 37), roca tvirTis nQ nawili devs mTa-is 

Zaraze an dakidebulia anZaze, xolo meore Qn)1( - mieTreva 

miwaze.
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davuSvaT, rom Sekrula gzis zedapirTan, romelzedac 

gadaadgildeba mTa adgens b kuTxes (nax. 37). mTa-ze vertikalur 

sibrtyeSi moqme deben nQ da bT Zalebi, romelTagan meore 

ganisazRvreba formuliT:

3960
0211sin6,00211cos

20sin20cos6.0
80006,0

sincos

sincos
=

¢°+¢°
°+°

×=
+

+
=

bwb

aaw
b

t

t
nQT kg. (140)

mTa-is sayrdenze nQ tvirTiT ganviTarebuli dawolis bN

Zala ganisazRvreba formuliT (nax. 37).

52890211sin396020cos80006,0sincos =¢°+°××=+= ba bb TnQN kg. (141)

tvirTze gadacemuli-modebuli Zala, anu tvirTis moZraobaSi 

mosayvanad saWiro wevis Zala, romelic gzis zedapiris 

paraleluria, tolia:

1642388320sin80006,00211cos3960sin ±=°××±¢°×=±= ab nQTS ,  (142)

saidanac

5525max =S kg,  2241min =S kg.

tvirTis mTa-iT gadaadg ilebaze saWiro wevis Zala iang a-

riSeba formuliT

SNP += tt wb kg, (143)

869855256,05989max =+×=tP kg,                

541422416,05289min =+×=tP kg.

tvirTis Pt da agregatis Pa moZraobis jamuri winaaRmdegobis 

Zala tolia:

)( iGSNPPP ±++=+= aatat wwb kg.            (144)

formulaSi (144) bN da S mniSvnelobebis Setanis Semdeg, 

romlebic gamosaxulia bT -Ti, roca 1cos =a , muxluxebis wamyvani 

varskvlavebis fersoebze modebuli tvirTis da agregatis 

gadaadgilebaze jamuri winaaRmdegobis Zalis saangariSo 

formula miiRebs Semdeg saxes:

=±+±++= )(sincos)sincos( iGnQTTnQP aaa wabwba bb
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+
+

+
+= t

t

t

a bw
bwb

aaw
aw sin

sincos

sincos
cos QnQ

=±+±
+

+
+ )(sincos

sincos

sincos
iGnQQ aa

t

t wab
bwb

aaw

+
++

+
+= a

t

t

a bw
bwb

w
w sin

sincos

i
QnQ

iGGnQi
i

Q aaaa

t

t ++±
++

+
+ wbw

bwb

w
cos

sincos
.                 (145)

maTematikuri gardaqmnebis Semdeg miviRebT:

=÷
÷
ø

ö
ç
ç
è

æ

++
+

+
×+-+±+=

bwwb
w

ww
ctgctg

iQninQGP
tt

a
taa 1

1
)()1())((

´°+´-+°±×+= )206,0(8000)6,01()202,0)(80006,013600( tgtg

=÷÷
ø

ö
çç
è

æ
°°++

+
+°°

´
20116,01

1

6,02011

2,0

ctgctg

6,0)36397,06,0(3200)36397,02,0(18400 ×+×+±×= ,

saidanac

12229max =P kg,  1167min -=P kg,

miaxloebiTi angariSis dros SeiZleba miviRoT:

1
1

1
=

++
+

+ bwwb
w

tgctg tt

a ,                  (146)

maSin mTa-is moZraobis winaaRmdegobis Zala naxevrad datvirTul 

mdgomareobaSi (nax. 37) toli iqneba:

+°±×+=+-+±++= )202,0)(80006,013600()()1()()( tgiQninQGP taa ww

)206,0(8000)6,01( °+××-+ tg ,                                   (147) 

saidanac

13463max =P kg,  67min -=P kg.

naxevrad dakid ebul mdgomareobaSi (nax. 38) tvirTisa da 

mTa-is winaaRmdegobis Zala SeiZleba viangariSoT naxevrad 

datvirTul mdgomareobaSi tvirTisa da mTa-is moZraobis 

winaaRmdegobis daZlevaze saWiro Zalis (147) formuliT.

mTa-is   mTlianad  datvirTul  mdgomareobaSi moZraobis 
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winaaRmdegobis Zalis saangariSo formulas (nax. 36), roca 1=n , 

eqneba Semdegi saxe :

)36397,02.0(18600))(( ±=±+= iQGP aa w ,         (148)

saidanac

10490max =P kg,  3050min -=P kg.

Tu mTa-iT tvirTi gadaadgildeba mTlianad miwaze TreviT 

(nax. 39), e.i. 0=n , gveqneba:

)206,0(8000)202.0(13600)()( °±+°±=++±= tgtgiQiGP taa ww , (149)

saidanac

15382max =P kg,  5482min -=P kg.

Tu tvirTis nawili devs misabmelze da ar eTreva miwaze, 

maSin kuTxe 0=b da misabmelis wonis Gm da moZraobis 

winaaRmdegobis koeficienti wm gaTvaliswinebiT (147) formula 

miiRebs Semdeg saxes:

=±+-+±+= )]()1[())(( iGQninQGP mmaa ww

)36397,01,0](5008000)6,01[()36397,02,0)(80006.013600( ±+-+±×+= , (150)

saidanac

12095464,03700564,018400max =×+×=P kg,  

3995)264.0(3700)164,0(18400min -=-+-=P kg,

sadac Gm _ misabmelis wona, 500 kg;

wm _ misabmelis moZraobaze winaaRmdegobis koeficienti 

miviRoT 0,1.

tvirTis mTlianad m isabmelze gadatanis SemTxvevaSi 

gveqneba: 

=±++±= ))(()( 1 iQGiGP mmaa ww

)201,0)(2000500()202,0(13600 °±++°±= tgtg , (151)

saidanac:

8830464,02500564,013600max =×+×=P kg,  

2890)264.0(2500)164,0(13600min -=-+-=P kg.

amasTan, tvirTis gadaadgilebis uzrunvelyofis 

dasakmayofileblad gveqne ba, PTP >> 0C .
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Tu miviRebT, rom PT =0 , maSin formulebidan SeiZleba 

vipovoT tvirTis dasaSvebi wonis mniSvnelobebi, mTa-iT xe-tyis 

sxvadasxva xerxiT morTrevis dros, romlebic saWiroa mTa-is 

mwarmoeblurobis gansazRvrisaTvis.

agregatis mwarmoeblurobis gansazRvrisaTvis saWiro 

tvirTis wonis mosaZebnad naxevrad datvirTul da naxevrad 

dakidebul mdgomareobaSi xe -tyis morTrevis dros visargebloT 

formuliT:

)()1())(( 20 iQninQGT +-+±+= taa ww ,

saidanac 

)206,0)(6,01()202,0(6,0

)202,0(1360014820

))(1()(

)(0
2 °+-+°+

°±-
=

+-++
±-

=
tgtg

tg

inin

iGT
Q

aa

aa

ww
w

,  (152)

saidanac:

10005max =2Q kg,  9876min =2Q kg.

mTa-iT tvirTis mTlianad TreviT gadaadgilebis dros 

(149) formulidan gvaqvs:

)1()( 30 ++±= taa ww QiGT ,

saidanac

7504
206,0

)202,0(1360014820)(0
3 =

°+
°±-

=
+

±-
=

tg

tg

i

iGT
Q

t

aa

w
w

kg,      (153)

saidanac:

17687max =3Q kg,  7417min =3Q kg.

mTlianad datvirTul mdgomareobaSi gvaqvs:

))(( 40 iQGT ±+= aa w ;

)()( 40 iQiGT +=+- aaa ww .

saidanac

12864
56,0

56,01360014820)(0
4 =

×-
=

+
+-

=
i

iT
Q

a

a

w
w

kg.          (154)

aucilebelia mxedvelobaSi miviRoT is garemoeba, rom 0T

da Q-s gansazRvris dros agregatis daZvris momentSi moZraobaze 

winaaRmdegoba 1,5¸2,5-jer metia, vidre mudmivi siCqariT moZraobis 

dros.



125

modernizebuli morsaTrevi TviTmtvirTavi agregatis 

mwarmoeblurobis gansazRvris mizniT, dadgenilia, agregatiT 

gadasatani tvirTis maqsimaluri wona, risTvisac morTrevis 

samive xerxisaTvis gansazRvrulia agregatis gadaadgilebaze 

winaaRmdegobis Zalebi.

2.5. eqsperimentuli nawili

2.5.1. garemoze manqana-danadgarebiT xe-tyis morTrevis 
uaryofiTi zegavlenis kvleva

tyis resursebis kvlavwarmoebis ZiriTadi faqtori , mTiani 

reliefis Taviseburebebis gaTvaliswinebiT, tyis bunebrivi 

ganaxlebaa. nebiT -amorCeviTi Wrebis mniSvnelovan amocanas 

warmoadgens: aRmonacenis, mozardis, zezemdgomi xeebis , niadagis 

safaris dacva da SenarCuneba. am T valsazrisiT ambrolauris 

satyeo ubnis nikorwmindis satyeoSi tyeebis ekologiuri 

mdgomareobis optimaluri SefasebisaTvis, gamokvleuli iqna 

wina wlebis Wragavlili tyesakafebi, sadac xe-tyis transportireba 

xorcieldeboda: miwaze TreviT, naxevrad datvirTul da 

mTlianad datvirTul mdgomareobaSi.am miznebisaTvis gamoyenebuli

iyo morsaTrevi traqtori TТ-4 da Tvliani traqtori T-157 [5-20]. 

gamokvleuli iqna Zveli arsebuli satraqtoro morsaTrevi,

mouxreSavi satraqtoro gzebi da sabagiro morsaTrevi 

danadgarebis trasebi Semdegi TanmimdevrobiT:

- obieqtebis vizualuri gamokvleva da aRwera;

- ferdobis daxrilobis gazomva eklimetriT;

- eroziisagan dazianebuli farTobebis gazomva;

- morsaTrev gzebze da sabagiro trasebze mozardis aRricxva 

(cali/m2);

- jiSTa Semadgenloba tyis ganaxlebisas (jiSTa cvla).

Wragavlili farTobebis gamokvlevis Sedegad SegviZlia 

gavakeToT Semdegi daskvne bi:
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_ satraqtoro morsaTrevi gzebi aRmoCnda arasaimedo 

mdgomareobaSi, romlebzedac morTreva xorcieldeboda miwaze 

TreviT TТ-4 traqtoris saSualebiT. am SemTxvevaSi , Soltis 

torsi xnavs niadags da aSkarad qmnis eroziis gamomwvev kerebs;

_ naklebad ziandeba satraqtoro gza, rodesac morTreva 

xorcieldeba naxevrad datvirTul mdgomareobaSi traqtoriT 

TТ-4, Tumca es xerxic ar aris srulyo fili ekologiuri 

TvalsazrisiT, vinaidan kawravs zezemdgom xeebs da nawilobriv 

spobs aRmonacens da mozards.

aRniSnulTan dakavSirebiT, angariSiT dadgenilia satraqtoro 

gzis yoveli kilometri, rogorc daxramv isa da eroziis kera, 

saSualod 4100 m3 gruntis gamotanasTan aris dakavSirebuli.

tyesakafebze gamoyofil specialur sacdel farTobebze, 

sadac Soltebis morTreva Tvliani traqtoris da traqtor TТ-4-is 

jalambriT xdeboda, aRricxuli iqna dazianebuli aRmonacenis, 

mozardis da zezemdgomi xeebis Semdegi raodenoba (vizualuri 

dakvirvebiT) 1 00 m -is sigrZeze, Sesabamisad 35, 22, 10 Ziri da 

agreTve niadagis safaris SesamCnevi dazianeba.

gamokvlevam gviCvena, rom jalambariT Soltebis morTreva 

ekologiuri TvalsazrisiT did zians ayenebs tyis namats.

gzis zedapiris dazianeba dakvalviT mowmdeboda 

Semdegnairad: trasis 6 sapiketaJo wertilSi gazomili iqna da 

dadginda, kvlebis saSualo CaRrmaveba mSrali amindis dros da 

wvimebis Semdeg, muxluxa TТ-4-is da Tvliani T-157 traqtorebis 

nakvalevze (cxrili 1 ).

cxrili 1

nakvalevis saSualo CaRrmavebis mniSvnelobebi
mSral amindSi da wvimis Semdeg

satransporto 
saSualeba

nakvalevis 
siRrme 
mSral 

amindSi, sm

nakvalevis 
siRrme wvi-
mis Semdeg, 

sm

Soltis morTrevisas 
gamowveuli nakvalevis 

siRrme
mSral 

amindSi, sm
wvimis 

Semdeg, sm

T-157 7,7 21 9,5 22

TT-4 8,5 23 10,0 25
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garda amisa, vizualurad dadgenilia, rom morsaTrev

gzaze, sadac moZraobda Tvliani traqtori wvimis Semdeg 

warmoiSva sami Rrma kvali, ori Tvle bisagan da erTi maT SuaSi 

Soltisagan, xolo muxluxebiani traqtoris moZraobis dros 

erTi Rrma kvali Soltisagan.

Tvlebisagan warmoqmnili ori kvali xels uwyobs 

eroziuli procesebis warmoqmnas, rac damokidebulia niadagis 

iseT maCveneblebze, rogoricaa maTi granulo metruli 

Semadgenloba, tenianoba, plastikuroba, simkvrive da a.S.

amasTan, morsaTrevi gzis eqspluataciis SemTxvevaSi, 

mkveTrad ixateba garkveuli kanonzomiereba -tenianobis matebisas 

gruntis simkvrive klebulobs, e.i. zedmeti wyali wvimebis saxiT 

xels uwyobs gzebze eroziuli procesebis ganviTarebas 

Soltebis morTrevis dros.

amrigad, naTelia, rom muxluxa traqtoriT xe -tyis 

datvirTul mdgomareobaSi transportirebis dros morsaTrevi 

gzis, anu sakabdos dakvalva, Semdgomi eroziuli procesebis 

ganviTarebiT praqtikulad gamo ricxulia.

morTrevis gamokvlevam or sxvadasxva variantSi datvirTul 

mdgomareobaSi: muxluxa traqtoriT da Tvlebiani traqtoriT 

gviCvena, rom pirvel variantSi kvalwarmoqmna TiTqmis 

gamoricxulia, Tu ar CavTvliT umniSvnelo kvals wvimian 

amindSi, xolo meore SemTxve vaSi rCeba ori kvali , Tvlebisagan 

wyalgamtarobis gauaresebuli maCveneblebiT. maSasadame, iqmneba 

niadagis eroziuli procesis xelSemwyobi pirobebi.

Cvens mier Catarebuli kvlevebidan gamomdinare, 

Camoyalibebuli azri imis Sesaxeb, rom muxluxa traqtorebiT 

morTrevis warmoeba ekologiurad ar aris gamarTlebuli, 

mcdaria. aseve, ekologiurad ar aris gamarTlebuli morebisa 

da Soltebis morTreva miwis zedapirze, iqneba es muxluxa Tu 

Tvliani traqtorebiT ganxorcielebuli, radganac Tvliani 

traqtorebiT xe-tyis miwaze Trevis ziani ormagia – borblebiT 

da SoltebiT.
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kvlevebma migviyvana aRniSnuli sakiTxis ax leburad 

ganxilvis aucileblob amde, rac imas niSnavs, rom samTo 

pirobebSi tye sakafze xe -tyis morTreva unda xorcieldebodes 

muxluxa traqtorebiT mTlianad datvirTul mdgomareobaSi.

ekologiuri TvalsazrisiT, Cvens mier Catarebuli 

kvlevebi da dakvirvebebi, agreTve praqtikuli gamocdileba 

gvaZlevs imis uflebas, rom gavakeToT Semdegi daskvnebi da 

warmovadginoT rekomendaciebi:

_ muxluxa traqtorebiT xe -tyis morTreva az ianebs tyis 

garemos, moWrili xeebis, Soltebis da morebis miwis zedapirze

morTrevis dros;

_ naxevrad datvirTul mdgomareobaSi xe -tyis morTreva 

ukeTesia vawarmooT muxluxa traqtorebis gamoyenebiT. am 

SemTxvevaSi, rogorc dakvirvebebma da Catarebulma kvlevebma 

gviCvena, kvalwarmoqmnis al baToba da eroziis dawyeba, yvela 

sxva saxeobis morTrevasTan SedarebiT, minimum orjer mcirdeba;

_ xe -tyis morTrevis optimaluri varianti, ekologiuri 

TvalsazrisiT, aris muxluxa traqtorebiT morTreva mTlianad 

datvirTul mdgomareobaSi, agreTve Cveulebrivi sabagir o 

danadgarebis da gansakuTrebiT ganivgadasatani morsaTrevi 

sabagiro danadgarebis gamoyenebiT.

2.5.2. modernizebuli mTa-is Camocurebaze ferdobis
kritikuli kuTxis, niadagis simkvrivis koeficientis da
gadaadgilebaze Subla winaaRmdegobis gansazRvra

saqarTvelos tyis farTobebis 50% -ze meti dafarulia 

gruntebiT, rom lebic arasasurvelia xe -tyis damamzadebeli 

TviTmavali teqnikis gadasaadgileblad. aqedan gamomdinare, 

tyesazidi gzebis mSenebloba da tyis saWreli, morsaTrevi da 

xe-tyis satransporto manqanebis maRali gamavloba , agreTve

mdgradoba Camocurebaze, maTi grZiv da ganiv mdgradobasTan 

erTad, warmoadgens erT -erT ZiriTad winapirobas xe -tyis 

damzadebis teqnologiuri procesis u safrTxod warmoebisaTvis .
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mTa-is ganivi (gverdiTi) Camocureba niadagze ganisazRvreba

masze moqmedi yvela Zalebis tolobidan, romlebic gegmildebian 

savali gzis paralelur RerZze (nax. 40).

21sin ZZPC +=¢+ cd a ,                     (155 )

sadac -dG mTa-is saeqspluatacio masa;

-¢
cP rezultirebuli cen tridanuli Zalis cP horizontaluri 

mdgeneli

aa coscos
g

j
GPP dcc ==¢ ,                    (156)

sadac j _agregatis aCqareba, m/wm2;

g _simZimis Zalis aCqareba, m/wm2;

a _ ferdobis awevis kuTxe, gradusi;

1Z da -2Z mTa-is saval nawilze moqmedi niadagis reaqciebi 

mimarTuli qanobis zedapiris paralelurad, kn.

nax. 40. traqtoris saval nawilze (muxluxaze) moqmedi
Zalebis sqema

mTa-is qanobze CamocurebasTan dakavSire biT, sainteresoa 

misi ganivi mimarTulebiT Camocurebis mdgradobaze statikuri 

kritikuli kuTxis gansazRvra. mTa-ze moqmedi Zalebis tolobas ,

am SemTxvevaSi aqvs Semdegi saxe:

Gsina

Gcosa

Pc

G

N2

a

Z2

Mjм

Z1

h

B

N2

B
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21sin ZZG +=ad .                       (157)

niadagis 1Z da 2Z reaqciebi ganisazRvreba formuliT

aj cos)( max21 dGZZ =+ ,                     (158)

sadac j _ mTa-is savali nawilis niadagTan CaWidebiskoeficienti.

(157) formulaSi mniSvnelobebis SetaniT, miviRebT

aja cossin dd GG £ ,

anu

ja £tg .     (159)

maSasadame, mTa-is statikuri mdgradoba Camocurebis 

winaaRmdeg damokidebulia muxluxas niadagTan CaWidebaze da 

misi mdgradobisaTvis saWiroa qanobis daxris kuTxis tangesi 

naklebi iyos CaWidebis j koeficientze.

moZraobis mdgradobis Camocurebis pirobas (155 ) 

formulidan gamomdinare , eqneba Semdegi saxe

aaja coscossin gjGGG ddd -£ ,

anu

gjtg -£ ja .

CaWidebis koeficientis j da Camocurebis mdgradobaze 

ferdobis daxris kritikuli kuTxis dasadgenad, ambrolauris 

satyeoSi Catarebuli eqsperimentuli kvlevis safuZvelze, 

eklimetris gamoyenebiT (izomeboda qanobis daxris kuTxe), 

zamTrisa da zafxulis periodebSi (qanobis daxris kuTxis 

SerCeviT TandaTanobiTi matebis gziT, sanam muxluxebi daiwy eben 

srials) dadgeni li iqna muxluxa mTa-is qanobis daxris 

kritikuli kuTxis mniSvnelobebi Camocurebaze zamTarSi: °-° 2515

da zafxulSi °-° 3720 . Sesabamisad muxluxas niadagTan CaWidebis 

koeficientis mniSvnelobebi iqneba: 5,03,0 -=j da 8,04,0 -=j .

gamocdileba da eqsperimentuli gamokvlevebi gviCveneben, 

rom liandis siRrme damokidebulia gruntis fiziko -meqanikur 

Tvisebebze, sayrdeni masivis morfologiur Taviseburebebze, 

savali aparatis zomebze da konstruqciaze, gruntis damtvirTa vi 

gare Zalebis sidideze da agreTve mraval sxva faqtorze. 
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erTdroulad gare faqtorebis didi raodenobiT zegavlena 

arTulebs liandis warmoqmnis maTematikuri analizis safuZvelze 

aRweris saSualebas da gvaiZulebs ganvixiloT es procesi 

ubralo savali aparatis gruntT an urTierTqmedebis magaliTze, 

romelsac warmoadgens muxluxa traqtoris mr avalsagoraviani 

maZravi (nax. 41).

wamyvani Tvlis mier ST sigrZis muxluxa lentis ubnis 

gadaxvevis dros manqana win gadaadgildeba Sm manZilze da 

warmoqmnis h siRrmis liands. Sд manZilze gruntis vertikaluri 

deformaciis muSaoba gamoiTvleba formuliT

ò=
h

D qdhbSA
0

.

nax. 41. muxluxa traqtoriT liandis warmoqmnis sqema

muSaoba A tolia brtyeli tvifariT gruntis deformaciis 

muSaobisa, romlis siganea b, sigrZe Sд, r omelic Caiwnexeba 

gruntSi h0 siRrmeze.

mTliani tanebisagan gansxvavebiT iseTi dispersiuli 

masalebi, rogoricaa gruntebi da Tovli, Sedgebian calkeuli 

myari nawilakebisagan, erTmaneTTan dakavSirebuli xaxunis, 

molekularuli mizidulobis da sxva ZalebiT. erTmaneT Tan 

dakavSirebuli nawilakebis gadalaxva Seadgens gruntis ConCxs.

Vm

ST

Sд

h

G
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mcire nawilakebis dros, sanam lokaluri daZabulobebi  

aWarbeben kavSirebis simtkicis zRvars myari nawilakebis 

SezRuduli ricxvis kontaqtebis adgilebSi, gruntis ConCxi 

praqtikulad ar irRveva da misi deformacia dasaSvebia 

aRvweroT xazovani gantolebiT

qah B= ,

sadac -Ba gruntis xazovani deformaciis koeficienti.

gruntebis meqanikaSi aRniSnulia, rom gruntis xazovani 

deformaciis koeficienti damokidebulia gruntis defo rmaciis 

pirobebze. gruntis Txeli fenebis SekumSvis dros nawilakebis 

daZvris deformaciebi gverdiTi mxareebisaken Zalian mcirea da 

grunti ganicdis yovelmxriv kumSvas. Semkvrivebis deformaciis 

xazovan mdgenels axasiaTebs koeficienti

E

H
a y b= ,  (160)

sadac H _ SesakumSi fenis sisqe; E _ deformaciis moduli; b _ 

koeficienti, damokidebuli gruntis grZivi gafarToebis 

modulze m

m
mb
-

-=
1

2
1

2

.

SekumSvis pirobebSi yvela mxridan dawolis gazrdiT 

deformacia miiswrafis zRvri saken

Hh e=max ,

sadac e _ gruntis kumSvadobis koeficienti.

traqtoris sakabdoze moZraobis dros misi masis zewoliT 

xdeba gzis deformireba. mocemul SemTxvevaSi igulisxmeba, rom 

yvela sayrden sagoravze datvirTva nawildeba Tanabrad , winas

garda, romelic datvirTvas iRebs muxluxa jaWvis daxrili 

Stosagan, romlis gavleniT xdeba niadagis zedapiris 

vertikaluri deformacia, ris gamoc warmoiqmneba muxluxaTi 

datkepnili umniSvnelo kvali.

muxluxa jaWvebis Zalebis moqmedebiT warmoiqmneba 

Tanabradmoqmedi normal i reaqciebi N (nax. 42 ), romlebic 
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warmodgenilia vertikalur Z1 da horizontalur PS mdgenelebis 

saxiT.

Tanabradmoqmedi normali reaqciis N horizontaluri 

mdgeneli Subla winaaRmdegoba PS modebulia orive muxluxa 

jaWvis rgolze da mimarTulia sayrdeni zedapiris norm alad, 

mTa-is moZraobis sawinaaRmdego mimarTulebiT.

nax. 42. muxluxebis niadagze moqmedebiT warmoqmnili
normali reaqciis Zalebis ganmsazRvreli sqema

Subla winaaRmdegobis Zala damokidebulia warmoqmnili 

kvalis siRrmeze h0, niadagis simyaris koeficientze C, muxluxa 

jaWvis siganeze b, datvirTuli an dautvirTavi agregatis masaze 

G da sayrdeni zedapiris sigrZeze l6.

kvalis, anu liandis siRrme  h0 ZiriTadad damokidebulia 

traqtoris savali nawilis konstruqciaze da niadagis meqa nikur 

Tvisebebze.

mTa-is masisagan gamowveuli dawola muxluxas sayrden 

zedapirze miiReba Tanabari, xolo niadagis daZabulobis s

sidide SeiZleba miRebuli iqnas muxluxas niadagSi CaRrmavebis 

j3

Z1

h
0

N

O

PS A

lrg
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h0-is proporciulad. aRniSnuli daSvebebis gaTvaliswinebiT, 

SeiZleba davweroT Semdegi Tanafardoba gantolebis saxiT:

606 22 blChblG == s ,                        (161 )

sadac erT-erTi daSvebis mixedviT

0Ch=s ,  (162)

sadac C _ niadagis simyaris koeficienti, kg/sm3;  

h0 – niadagSi muxluxas CaRrmaveba, mm;

b – muxluxa jaWvis sigane, 50 sm;

l6 – muxluxas sayrdeni zedapiris sigrZe 237,2 sm;    

G _ datvirTuli an dautvirTavi mTa-is wona, Sesabamisad 

18600 kg da 13600 kg. 

(161) formulidan

602 blh

G
C = . (163)

niadagis simyaris C koeficientis eqsperimentuli wesiT 

dasadgenad, ambrolauris satyeo ubnis nikorwmindis satyeoSi 

Catarda cdebi, romlis drosac xdeboda mTa-is liandis siRrmis  

h0 gazomva tyis sxvadasxva farTobebze da sakabdo gzebze mSral 

amindSi.

cdebis dros gazomvebiT da angariSiT miRebul i Sedegebi 

Setanilia cxrilSi 2.

Catarebuli eqsperimentuli cd ebiT miRebuli Sedegebis 

(cxr. 2) safuZvelze, agebulia liandis CaRrmavebis h0-is mixedviT 

niadagis simyaris koeficientis cvalebad obis diagramebi , mTa-is 

datvirTul da dautvirTav mdgomareobaSi, rogorc gaukvalavi 

tyis niadagis zedapirze, aseve sakabdoze erTjeradi gavl is 

dros – mSral amindSi (nax. 43 ).

niadagis simyaris C koeficientis mixedviT ,DSegviZlia 

viangariSoT Tanabradmoqmedi normali N reaqciis horizontaluri 

mdgeneli Subla winaaRmdegobis Zala PS morsaTrevi TviTmtvirTavi 

agregatis dinamikuri grZivi mdgradobis gamosakvlevad, 

ferdobis daxris kritikuli kuTxis mixedviT
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cxrili 2
muxluxas dawoliT warmoqmnili liandis CaRrmavebis

h0 da niadagis simyaris koeficientis mniSvnelobebi, mTa-is
datvirTul da dautvirTav mdgomareobaSi

#
dautvirTavi datvirTuli

h0, mm C, kg/sm3 h0, mm C, kg/sm3

1 15,2 0,04 18,7 0,041
2 10,7 0,05 14,5 0,054
3 7,6 0,08 10,3 0,076
4 5,0 0,11 6,8 0,115
5 4,5 0,12 6,1 0,128
6 4,1 0,13 5,4 0,145
7 3,8 0,15 5,1 0,154
8 3,6 0,16 4,8 0,163
9 3.2 0,18 4,3 0,182
10 2,7 0,21 3,6 0,217
11 2,5 0,23 3,3 0,237
12 2,1 0,27 2,8 0,28
13 1.8 0,31 2,4 0.326

nax. 43. niadagis simyaris koeficientis
cvalebadobis diagrama

Subla winaaRmdegobis Zala muxluxebisaTvis ganisazRvreba 

formuliT

2
0sin5,02 bchblP =××= as rgS ,                  (164)

1,2

0

573,0

h
C =

h0

C
Akg/sm3

sm

_ dautvirTavi

_ datvirTuli

1,1

1,0

0,9

1,0

0,8

0,7

0,6

0,5

0,4

0,3

0,2

0,1

3,0 5,0 7,0 9,0 11,0 13,0 15,0

0

784,0

h
C =
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sadac -rgl jaWvis erTi rgolis sigrZe, 150 mm.

formulaSi (1 64) h0-is mniSvnelobis
6

0 2bcl

G
h = , SetaniT 

sabolood miviRebT Subla winaaRmdegobis ganmsazRvrel formulas

2
6

2

4bcl

G
P =S .                           (165 )

datvirTul mdgomareobaSi mTa-is Subla winaaRmdegobis 

Zala ( ambrolauris satyeo ubnis nikorwmindis satyeoSi 

Catarebuli cdebis safuZve lze, gavrcelebuli niadagis 

simyaris koeficientis mniSvnelobisaTvis 154,0=C kg/sm3) tolia

99,1
2,237154,0504

18600
2

2

=
××××

=SP kn.

Subla winaaRmdegobis sxva mniSvnelobebi, 04,0=C -dan 

31,0=C kg/sm3-mde mniSvnelobebisaTvis Setanilia cxrilSi 3 da 

agebulia Subla winaaRmdegobis Zali s cvalebadobis diagrama 

(nax. 44).

cxrili 3

Subla winaaRmdegobis Zalis PS mniSvnelobebi
simyaris C koeficientTan damokidebulebaSi

#
dautvirTavi datvirTuli

C, kg/sm3 PS, kg C, kg/sm3 PS, kg
1 0,04 410,8 0,041 749,8
2 0,05 328,6 0,054 569,3
3 0,08 205,8 0,076 404,5
4 0,11 149,4 0,115 267,3
5 0,12 136,9 0,128 240,2
6 0,13 126,4 0,145 212,0
7 0.15 109,5 0,154 199,6
8 0,16 102,7 0,163 188,6
9 0,18 91,3 0,182 168,9
10 0,21 78,2 0,217 141,7
11 0,23 71,4 0,237 129,7
12 0,27 60,9 0,280 109,8
13 0,31 53,0 0,326 94,3

rogorc ukve aRvniSneT, nakvalevis , anu liandis h0 

siRrmis xasiaTis da sididis gansazRvra SesaZlebelia 

gamokvlevebis Sedegebidan, romelic dakavSirebulia gruntis 
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fiziko-meqanikur TvisebebTan, sayrdeni masivis morfologiur 

TaviseburebebTan, savali aparatis zomebTan da 

konstruqciasTan, gruntis damtvirTav gare Zalebis si didesTan 

da sxva mraval faqtor Tan. cnobilia, rom erTgvarovani gruntis 

masivis deformaciis SemTxvevaSi nawilakebis gve rdiT mxareebze 

Zvrebis dros xazovani deformaciis koeficients kargad aRwers 

gantoleba

385,0
21

1,1 bx
E

ac

m-
= ,                     (166 )

sadac x _ deformatoris sigrZis fardoba mis siganesTan )( blx = .

nax. 44. Tanabradmoqmedi normali reaqciis N horizontaluri 
mdgenelis Subla winaaRmdegobis Zalis PS cvalebadobis 
diagrama niadagis simyaris C koeficientTan damokidebulebaSi

gruntze gare dawolis gazrdas mivye varT gruntis ConCxis 

rRvevamde, deformacia aRar eqvemdebareba x azovan kanons. 

dawolam, romelic Seesabameba deformac iis mruds, xazovani 

ubnis bolos miiRo gruntis zidvis unaris saxeli.

dawolis dros, romlebic aWarbeben gruntis zidvis unars, 

sayrden masivSi mimdinareobs rTuli procesebi. deformatoris 

h0,

C,Akg/sm3

tvirTiT

kg

utvirTod

PS

360

1,2 1,0 0,40,8 0,20,60,52

270

210

150

90

30

mm0,64 0,96 1,4 2,8 11,53
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ZirTan a xlos xaxunis Z alebi gruntis nawi lakebs Soris 

aRmoCndebian imdenad didebi, rom ewinaaRmdegebian maT gverdiTi 

mxareebisaken gamowevas. Zvrebis ar arseboba iwvevs imas, rom 

deformatoris Ziris qveS SezRuduli moculobiT, romelic 

WrilSi gvaxsenebs sols, xdeba gruntis mxolod Se mkvriveba. 

gare Zalebis moqmedebiT es tvifarqveSa soli, sxvagvari tanis 

msgavsad, Cainergeba sayrden masivSi da gverdebze arsebul 

grunts swevs gverdiTi mxareebisaken. gansazRvruli dawolis qC

dros, romelsac ewodeba gruntis zidvis unaris zRvari, 

sayrdeni mas ivi aCqarebs winaaRmdegobas deformaciaze da 

tvifarqveSa soli agrZelebs gruntSi CaRrmavebas, damatebiTi 

datvirTvis gagrZelebis gareSe.

analogiuri procesi viTardeba gruntze ubralo savali 

aparatis zemoqmedebiT, Tvlebis da muxluxas aqtiuri sayrdeni 

ubnis saxiT, nakvalevis h siRrmis xasiaTi, romelic damokidebulia 

masivis erTgvarovan gruntze savali aparatis maqsimaluri 

dawolisagan m ocemulia mrudis 1 saxiT (nax. 45 ). cdebis 

monacemebiT, dawolebis dros, romlebic aWarbeben gruntis 

mzidi Tvisebebis unars qH, progres iulad izrdeba nakvalevis 

anu liandis sigrZe, winaaRmdegoba gorvaze da maZravebis 

buqsaoba. amitom dawola, romelic Seesabameba gruntis mzidi 

Tvisebebis unars, iTvleba zRvrul -dasaSvebad. ramdenadac 

gruntis xazovani deformaciis pirobebSi maqsimaluri dawola 

orjer aWarbebs saSualo (xvedriT ) dawolas qC, dasaSvebi 

dawola

HC qq 5,0< . (167)

xe-tyis morsaTrevi manqanebis gadamZimebam teqnologiuri 

mowyobilobebiT da xe -tyis damzadebis ubnebis TandaTanobiTma 

gadaadgilebam, sadac W arbobs susti gruntebi, migviyvana (167) 

pirobis da rRvevamde da xe -tyis damamzadebeli manqanebis 

gamavlobis gauaresebamde. rig SemTxvevaSi savali nawilis 

gruntze dawolis gazrdiT , liandis siRrmis gazrdis 

intensiuroba klebulobs (nax. 45 ), rasac adgili aqvs, m aSin 
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roca gruntis masivSi, mcire siRrmeze, ganlagebulia myari 

safuZveli, romelic iwyeb s datvirTvis Tavis Tavze aRebas

tvifarqveSa solis masze dayrdnobis Semdeg .

ramdenadac erTgvarovani gruntis masivSi Semkvrivebisa da 

Zvris deformaciebi mimdinareobs erTdro ulad, amdenad maT 

xazovan mdgenelebs axasiaTebs erTi da igive koeficienti 

cyB aaa == . amitom tolobebis (160) da (166 ) amoxsna gvaZlevs 

saSualebas ganvsazRvroT tvifarqveSa solis simaRle

385,0
2

21

1
1,1 bxH k m

m
-
-

= .                       (168 )

nax. 45. liandis siRrmis damokidebuleba gruntze
maZravis maqsimaluri dawolisagan

cdebis monacemebiT, pirveli datvirTvis dros Semkvrivebuli 

gruntis moculoba myarad CaiWedeba sayrden masivSi da 

praqtikulad aRar Rrmavdeba masSi ganmeorebiT er Tnairi 

datvirTvis miyenebis SemTxvevaSi. amitom liandis siRrme, 

manqanebis Tavis kvalSi mravaljeradi gavlis procesSi, 

ZiriTadad izrdeba gruntis tvifarqveSa solis moculobis 

damatebiTi Semkvrivebis xarjze.

gamokvlevebis Sedegebidan dadgenilia, rom mraval -

sagoraviani traqtoris muxluxas mier liandis warmoqmnis 

process kargad aRwers gantoleba

l
ia
nd

is
 s

iR
r
me
, 

h

hmax

H
q Cq

1
2
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÷÷
ø

ö
çç
è

æ
-

+
+

-
=

qq

q

qnE

nE
qbx

E
h

Cbe
em 385,0

21
1,1 ,              (169 )

sadac q – maZravis gruntze maqsimaluri dawola;

n – maZravis liandze gavlebis ricxvi.

toloba (169) adgens: gruntis fiziko -meqanikuri Tvisebebis, 

maZravis sayrdeni zedapiris absoluturi zomebis da misi 

dawolis gavlenas liandis siRrmeze, amitom is SeiZleba 

gamoyenebuli iyos muxluxa savali sistemebis gamavlobis da 

mdgradobis gamokvlevis Sefasebis dros.

eqsperimentuli gazomvebis safuZvelze ambrolauris satyeo 

ubnis nikorwmindis satyeoSi Catarebulia gamokvleva muxluxas 

liandis siRrmis h0-is cvalebadobis dasadgenad ; niadagis 

simyaris koeficientis C da Subla winaaRmdegobis PS Sesabamisi 

mniSvnelobebis saangariSod Sedgenilia cxrilebi da agebulia 

diagramebi, romlebic asaxaven niadagis simyaris koeficientis 

da Subla winaaRmdegobis cvalebadobas liandis CaRrmavebisagan 

damokidebulebiT, traqtoris datvirTul da dautvirTav 

mdgomareobaSi, rogorc tyis yamiri niadagis, aseve sakabdo 

gzebis pirobebSi.

2.6. xe-tyis damzadebis samuSao procesebis ekonomikuri
angariSi # 4a teqnologiuri sqemis mixedviT

# 4 aªteqnologiuri sqema damuSavebulia IV jgufis 

tyesakafebisaTvis da warmoadgens # 7 da # 1 teqnologiuri 

sqemebis Serwymas (nax. 19 – warmodgenilia # 4a-s analogiuri #9 

teqnologiuri sqemiT), sadac 30 °-ze meti daxrilobis tyesakafze 

xe-tyis morTreva zeda sawyobze CamoSvebiT warmoebs ormxrivi 

ganivgadasatani sabagiro morsaTrevi danadgariT, xolo platoze 

ganlagebul tyesakafze, romlis daxriloba 15 °-mdea, sabagiro

danadgaris zeda baqnamde morTreva xdeba modernizebuli mTa-iT, 

Semdgom sabagiro danadgariT zeda sawyobamde morebis 

CamoSvebiT [5, 6].
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ekonomikur angariSSi gamoyenebulia IV jgufis ori 

tyesakafisagan Semdgari pirobiTi tyesakafi saorientacio 

sataqsacio monacemebiT:

tyesakafis farTi 62,4 + 64,4=126,8ha;

saSualo maragi ha-ze 250m3;

salikvidacio maragi 1560 + 1610=3170m3.

xe-tyis morTrevis samuSao procesis ekonomikuri angariSi 

# 7 teqnologiuri sqemis mixedviT.

ganvsazRvroT 1 m 3 xe-tyis ganivi mimar TulebiT trasamde

morTrevis TviTRirebuleba 

2g1ggan KKK += lari,

sadac -1gK 1 m3 xe-tyeze kuTri danaxarjebi, mosuli ganivgadasatani 

mzidi bagirebis montaJze da demontaJze, lari;

-2gK 1 m 3 xe-tyeze mosuli saeqspluatacio xarjebi ganivi 

mimarTulebiT morTrevaze, lari;

Vll

C
K

x 

2 g

1g = ;   
j)420(2

2

1

23

mos

2g tq

l
AC

K

x

-
= ;

sadac -gC ganivgadasatani mzidi bagiris mont aJis da demontaJis 

Rirebuleba, 50 lari.

Tu aviRebT warmoebuls ganK -s xl -iT da gautolebT nuls, 

miviRebT 

60
075,05,01500025,0624

)30420(8,0250

5,0

)420(

33

1 ==
××××

-××
=

-
=

AlVC

tqC
lx

mosg j
m,

sadac -1q sabagiro trasis erTi mxridan morTreuli xe -tyis 

moculoba, 2,0, m3;

-j samuSao drois gamoyenebis koeficienti, 0,8;

-most mosamzadebel-daskvniTi dro, 30 wT;

-420 samuSao cvlis dro wT.

l _ sabagiro danadgarebs Soris optimaluri manZili
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6243122
053,015020025,01000

)30420(8,043100
2

)420(
2

23

=×=
××××

-××
=

-
=

ALVC

tCq
l mosj

m,

sadac V _ erTeul tyiT dafarul farT obze xe -tyis raodenoba, 

0,0025 m3/m2, 25 m3/ha;

q _ trasis orive mxridan morTreuli morebis moculoba, 4 m3.

-3C jalambaris samanqano cvlis TviTRirebuleba, xelfasis 

CaTvliT moTrevaze da morTrevaze trasis orive 

mxarisaTvis, 300 lari;

A2 – gamartivebis koeficienti

053,0
3050

3050
2 =

×
+

=
+

=
tvgug

tvgug

UU

UU
A ,

sadac -ugU damxmare-gverdiTi urikis ukusvlis siCqare, 50 m/wT;

-tvgU damxmare-gverdiTi urikis siCqare tvirTiT, 30 m/wT;

-3A gamartivebis koeficienti

075,0
2430

2430
3 =

×
+

=
+

=
tvgsugs

tvg.sugs

UU

UU
A ,

sadac -ugsU ganivi mzidi bagiridan xeliT kakvis qveviT 

sortimentamde gaTrevis siCqare, 30 m/wT;

-tvgU jalambriT ganivgadasatan mzid bagirTan sortimentis 

morTrevis siCqare, 24 m/wT

45,138,007,1
8,0)30420(22

2

60
053,01502

0025,060624

502
=+=

-××

×××
+

××
×

=ganK lari.

miviReT ganK mniSvneloba ganivgadasatani bagiris axal 

sakaf zolze erTxel gadatanis SemTxvevaSi, radganac aRn iSnuli 

bagiris gadatana xdeba 17-jer, gveqneba

65,241745,117 =×=×= gangan17 KK lari.

imisaTvis, rom ganvsazRvroT sabagiro danadgarebs Soris 

optimaluri manZili vadgenT gantolebas

21 KKK += ,
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sadac K _ sabagiro danadgariT 1 m 3 xe-tyis CamoSvebis TviTRire-

buleba, lari;

-
2

l
ganiv mzid bagirebze m orTrevis opti maluri manZili, 

312m;

-
4

l
ganiv mzid bagirebze morTrevis saSualo manZili, 156 m;

-1K 1 m 3 xe-tyeze mosuli kuTri danaxarjebi ganivi mzidi 

bagirebiT morTrevaze da mis daSvebaze.

99,1
0025,06241000

3100

  1 =
××

==
VlL

C
K lari,

29,4
70

15022 3
2 =

×
=

P
×

=
cv

C
K lari,

sadac C – sabagiro danadgaris mo ntaJis da demontaJis xarjebi, 

3100 lari;

-Pcv sabagiro danadgaris cvluri mwarmoebluroba xe-tyis 

moTrevaze da CamoSvebaze;

70
6

4

624
053,0

2

1000
007,0

8,022)30420(

42

2)420(

21

1 =
++

××-
=

++

-
=P

t
l

A
L

A

qt jmos
cv m3,

sadac -1A gamartivebis koeficienti

007,0
240360

240360
1 =

×
+

=
+

=
tvu

tvu

UU

UU
A ,

sadac -uU urikis siCqare mzid bagirze ukusvlis dros, 360 m/wT;

-tvU urikis siCqare datvirTul mdgomareobaSi, 240 m/wT;

t – morebis Cabmaze da Caxsnaze daxarjuli dro, 6 wT.

miviRebT, rom

28,629,499,121 =+=+= KKK lari.

viciT ra, sabagiro danadgarebs Soris optimaluri manZili,

ganvsazRvroT gadasatan mzid bagirebze damxmare urikebiT 

morTrevis optimaluri manZili 156
4

=
l

m.
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vinaidan, sabagiro danadgaris trasis sigrZe aris 1000 m, 

ganivi bagirebis gadatanis ricxvi masTan Soltebisa da morebis 

moTrevis manZilis SemTxvevaSi 60=xl m, tolia

7,16
60

1000
===

xl

L
n ;  miviRoT  171 =n .

vinaidan t yesakafis siRrme aris 1000 m da sigane 624 m, 

ganivgadasatani ormxrivi danadgaris SemTxvevaSi, roca 1564 =l m,

saWiroa sabagiro morsaTrevi danadgaris trasis orjer 

damontaJeba. e.i. gamoyofili tye sakafis asaTviseblad pirveladi 

damontaJebis Semdeg, moxdeba erTxel gadatana da axal adgilze 

damontaJeba 21 =n .

aqedan gamomdinare , sabagiro danadgariT 1 m 3 xe-tyis 

CamoSvebis TviTRirebuleba K gaizrdeba orjer 

56,12228,611 =×=×= nKK lari.

sabagiro danadgaris mier aTvisebuli farTi tolia:

6240006241000 =×=×= lLW m2 » 62,4 ha.

sabagiro danadgaris trasasTan mosazidi xe -tyis 

salikvidacio moculoba

1560254,62 =×=×= VWQ m3.

mocemuli sqemisaTvis morTrevis saSualo manZili iqneba

84230312500
2

60

2

624

2

1000

222
=++=++=++= xllL

LsaS m.

1 m 3 xe-tyis transportirebis jamuri TviTRirebuleba 

tyesakafze tolia

21,3765,2456,121 =+=+= gan17jam KKK lari.

# 7 teqnologiuri sqemis mixedviT gamoyenebuli ZiriTadi 

manqana-danadgarebi:

1. ganivgadasatani sabagiro danadgari 1 c.

2. benzoZraviani xerxi 3 c (erTi saTadarigo).

3. hidrodomkrati – 2 c.

viangariSoT 1 m3 xe-tyis TviTRirebuleba # 7 teqnologiuri 

sqemis dros, sawvav -sacxebi masalebisa da ZiriTadi sawarmoo 

fondebis TviTRirebulebis gaTvaliswinebiT.
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ZiriTadi sawarmoo fondis TviTRirebuleba:

1. ZiriTadi danadgari 45000 lari.

2. benzoZraviani xerxi 3 c 3000 lari.
(erTi sarezervo)

3. hidrodomkrati      2 c 1000 lari

49000 lari

amortizaciis wliuri norma 20% ZiriTadi sawarmoo fondi 

iqneba

9800%2049000 -- lari.

vangariSobT samuSao dReebs cvluri mwarmoeblobidan 

gamomdinare, samuSao dReebis raodenobas tolia:

3,2270:1560: ==PcvQ dRe,

miviRoT 23 samuSao dRe.

dRiuri daxarjuli Tanxa ZiriTadi sawarmoo amortizaciidan 

aris

85,26365:9800 = lari.

23 samuSao dReSi gveqneba

55,6172385,26 =´ lari.

1 m 3 damzadebul xe -tyeze sa warmoo fondis TviTRirebu -

lebidan gveqneba 40,01560:55,617 = lari.

sawvav-sacxebi masalebi gamoyofil
salikvido maragze

1. sabagiro danadgari – 1 c simZlavre 50 cx.Z., sawvavi, benzini

60 g/cx.Z. saaTSi  60´50=3000 gr,  3 litri; 

8 saaTis ganmavlobaSi benzinis xarji  3´8=24 litri;

23 dRis ganmavlobaSi benzinis xarji 24´23=552 litri; 

2. benzoZraviani xerxi – 2 c

23 dRis ganmavlobaSi benzinis xarji     10,5´2´23=483 litri;

23 dRis ganmavlobaSi zeTis xarji 0,5´2´23=23 litri.

sawvav-sacxebi masalebis saor ientacio Rirebuleba 2017 wlis 

ianvris Tvis sabazro fasebiT:
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1. benzini (552+483) ´2 =2070 lari;

2. zeTi 23´4=92 lari.

sul sawvav-sacxebi masalebis Rirebuleba Seadgens 2672 lari.

39,11560:2162 = lari.

maSasadame, ZiriTadi sawarmoo fondis da sawvav -sacxebi 

masalebis TviTRirebulebis gaTvaliswinebiT, sabolood 1 m 3 xe-

tyis zeda sawyobze transportirebis jamuri TviTRirebuleba 

iqneba:

0,3939,140,021,37 =++=¢
ganK lari.

xe-tyis morTrevis samuSao procesis ekonomikuri angariSi 

# 1 teqnologiuri sqemis mixedviT , xe -tyis zeda sawyobze 

CamoSvebiT. mTa-iT xe-tyis morTrevisas teqnologiuri parametrebis 

saangariSod vRebulobT Semdeg aRniSvnebs :

lmTr – satraqtoro magistraluri sakabdos sigrZe, m;

l – magistralur sakabdoebs Soris manZili, m;

l/2 – sakabdo totis (ganStoebis) maqsimal uri sigrZe, m;

l1 – Soltis moTrevis manZili sakabdo totTan, m;

L – sakabdo gzebis saerTo sigrZe, m.

l-is saangariSod vadgenT Semdeg gantolebas:

321 KKKK ++= ,

sadac K _ 1 m3 xe-tyis morTrevis TviTRirebuleba, lari;

K1 –1 m 3 xe-tyeze mosuli kuTri danaxarjebi, satvirTo 

baqnis mSeneblobis da Senaxvis Rirebulebidan, lari;

K2 –1 m 3 xe-tyeze mosuli kuTri danaxarjebi, satraqtoro

sakabdoebis mSeneblobis da Senaxvis Rirebulebidan, 

lari;

K3 – 1 m 3 xe-tyeze mosuli kuTri danaxarjebi mTa-iT 

morTrevis Rirebulebidan, lari.

18,1
3220025,01000

950
1 =

××
==

LVl

c
K lari,

sadac c _ erTi satvirTo baqnis mSeneblobis Rirebuleba, lari;
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V _ salikvido xeebis moculoba farTobis erTeulze, 

m3/ha.

33,21
903220025,01000

)90322(3750

1

11
2 =

×××
+×

=
+

×=
l

ll

LVl

C
K lari,

sadac -1C 1 km s atraqtoro sakabdos mSeneblobis da Senaxvis 

Rirebuleba, lari;

-
+

1

1

l

ll
sakabdo gzebis saSualo sigrZe, m,

85,23
8,08)30420(2

302)3221000(12,0750

)420(2

2)(2
3 =

×-
×++×

=
-

++
=

jqt

tlLAC
K

mos

mTr lari.

1 m 3 xe-tyis TviTRirebuleba mTa-iT morTrevis dros , 

rodesac 25=V m3/ha-ze, gveqneba;

36,4685,2333,2118,1
)420(2

2)()( 2

1

11 =++=
-

++
+

×
+

+=
jqt

tlLAc

lLVl

llc

LVl

c
K

mos

mTr lari.

xe-tyis mor Trevis optimaluri manZilebis saa ngariSo 

parametrebis maCveneblebi da saerTo TviTRirebuleba, aRebulia 

morTrevis meqanizmebis teqnikur -ekonomikuri maCveneblebis 

safuZvelze:

_ reisze mTa-is saSualo datvirTva 8=q m3; 

_ mTa-is samanqano cvlis Rirebuleba (mZRolis da 

damxmaris (mimbmelis)) xelfasis CaTvliT, c2 =750 lari;

_ Soltis moTrevis manZili tyekafidan sakabdomde 

jalambaris  dolis bagirtevadobidan  gamomdinare,  Seadgens  

l1 = 90 m;

_ satvirTo  baq nis mSeneblobis da Senaxvis  Rirebuleba

c = 950 lari;

_ 1 km  magistraluri  sakabdos mSeneblobis Rirebuleba

c1 =3750 lari;

_ uqmi svliT mTa-is moZraobis siCqare sakabdoze, Vu = 20 

m/wT;

_ sakabdoze mTa-is moZraobis siCqare datvirTul mdgoma -

reobaSi, Vtv = 15 m/wT;

am maCveneblebis formulaSi CasmiT miviRebT:
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322
01,0100010035

8,08)10003750950)(30420(2))(420(2

2

1 =
×××

××+-
=

×
+-

=
VLCA

qLCCt
l

mTr

mTrmos j
m.

morsaTrevi gzebis saerTo sigrZe, roca l =322 m, iqneba

4578
90

)90322(1000)(

1

1 =
+

=
+

=
l

llL
L mTr m.

saTrevebis (sakabdoebis) ganStoebis raodenobas miviRebT 

Semdegi formuliT:

EBl

L
n

++
=

1

mTr ,

sadac B – xis saSualo simaRle, romelic sataqsaciomaCveneblebis

mixedviT, momwifare da mwife koromebSi 100 sm 

diametris mqone wifelis xisaTvis 30 m -ia;

E – manZili waqceuli xis Zirsa da kunZs Soris (waqceuli 

xe Camocurdeba ferdobze), romlis sidide 2-5 m -is 

farglebSi meryeobs.

amrigad, saTrevi Stoebis raodenoba iqneba:

8
53090

1000
=

++
=n .

aTvisebuli farTi tolia 4,64=×= lLW ha xe-tyis moculoba 

iqneba:

1610254,64 =×=×= VWQ m3.

mTa-is cvluri mwarmoebluroba ganisazRvreba formuliT:

36
32

2

901000

1520

1520
8,08)30420(

2
2

)420(

1

=
×+

+
×

×
+

×-
=

+
+

×
×

+
-

=P
t

lL

VV

VV
qt

mTr

tvu

tvu

mos
cvl

j
m3.

# 1 teqnologiuri sqemis mixedviT gamoyenebuli ZiriTadi 

manqana-danadgarebi:

1. mTa 3 

2. buldozeri 1 

3. benzoZraviani xerxi 4
(erTi saTadarigo)

4. hidrodomkrati 2

profesiebis mixedviT brigadis optimaluri Semadgenloba

iqneba:



149

tyis mWreli damxmareebiT 4

mTa-is mZRoli damxmareebiT (meCokereebiT) 6

dammoravebi 2

sagzao mSeneblobaze da tye sakafis gawmendaze 
damxmare muSa 2

mebuldozere damxmare muSiT 2

sul 16

amrigad, gamomuSavebis kompleqsuri norma cvlaSi Seadgens:

108336 =´=×P=P ncv.cv.br m3.

gamomuSavebis kompleqsuri norma erT muSaze cvlaSiiqneba:

75,6
16

108
==

P
=

n

k P
H m3.

Cvens SemTxvevaSi asaTviseb eli xe -tyis moculoba Seadgens 

1610 m 3, xolo cvlis mwarmoebluroba 108 m3. am raodenobis xe-

tyis damzadebisaTvis brigadas dasWirdeba:

1610 : 108 = 15 dRe.

muSaTa saxelfaso fondis angariSi . 2017 wlis ianvris 

mdgomareobiT satyeo samuSaoebze dakavebu li muSis dRiuri 

sargo Seadgens 8 0 lars. iqidan gamomdinare, rom brigadaSi 

dakavebulia 16 muSa, xolo amaTgan 8 muSis xelfasi Sesulia K-s 

angariSSi, vangariSobT danarCeni 8 muSis dRiur xelfass:

8 ´ 40 = 320 lari.

saxelfaso fondSi gaTvaliswinebulia 20% saSemosavlo 

gadasaxadic.

muSebis Sromis sargo, romelic dRiurad ganisazRvreba 

640 lariT, 15 dRian sawarmoo ciklze iqneba:

620 ´ 15 = 9600 lari.

zemoT gaangariSebul 1 m 3 xe-tyis TviTRirebulebis 

maCvenebels K-s (46,36 lari), unda daematos danaxarjebi muSaTa 

saxelfaso fondis sawvav -sacxebi masalebis da a.S.

60,74639161036,46 =´=mTlK lari.

sawvav-sacxebi masalebis TviTRirebulebis gaangariSeba . 

sapasporto monacemebis Tanaxmad mTa-is traqtoris TT-4-is 
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Zravas dizelis sawvavis xarji  erT cx. Zalaze saaTSi Seadgens 

180 grams. Zravas simZlavrea 110 cx. Z. Sesabamisad gveqneba 19,8 

litri.

8 saaTiani sawarmoo ciklze sami a gregatisaTvis:

19,8 ´ 8 ´ 3 = 475,2 litri,

Sesabamisad 15 dRian ciklze 

475,2 ´ 15 = 7128 litri.

amas emateba dizelis sawvavis xarji buldozerisaTvis da 

miviRebT:

160 ´ 15 = 2400 litri.

mTlianad dizelis xarji iqneba:

14256 + 4800 = 19056 litri.

2017 wlis mo nacemebiT saqarTveloSi 1 litri dizelis 

Rirebuleba Seadgens 2, 0 lars.

mTlianad dizelis Rirebuleba gveqneba 

(7128+2400) ´ 2,0 = 19056 lari.

benzoZraviani sami xerxisaTvis benzinis xarji 15 dRian 

sawarmoo ciklze gveqneba 

10,5 ´ 3 ´ 15 = 472,5 litri.

benzinis Rirebuleba saSualod aRebulia 2,0 l. sami 

xerxisaTvis gveqneba

472,5 ´ 2,0 = 945 lari.

aseve, zeTis danaxarji 15 dRian sawarmoo ciklze Seadgens 

sami xerxisaTvis

0,5 ´ 3 ´ 15 = 22,5 litri.

zeTis Rirebuleba gveqneba 

22,5 ´ 4 = 90 lari.

amrigad, 1 m3 xe-tyis damzadebaze daxarjuli sawvav -sacxebi 

masalebis TviTRirebuleba salikvido maragze tolia 12,48 lari

19056 + 945 + 90 = 20091,

aqedan gveqneba

29001 : 1610 = 12,48 lari.
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ZiriTadi sawarmoo fondebis TviTRirebulebissaorientacio 

(miaxloebiTi) angariSi. 

1. mTa-is Rirebuleba 3´140000 = 426000 lari

2. buldozeris 150000 lari

3. benzoZraviani xerxi 4´1000 =   4000 lari

4. hidrodomkrati 2´500 =    1000 lari

sul 581000 lari.

amortizaciis wliuri norma Seadgen s 20%

581000 ´ 20% = 116200 lari.

aqedan gamomdinare, vinaidan gvaqvs muSaobis 15 dRe, 

gveqneba 

116200 : 265 ´ 15 = 4775,34 lari.

1 m3 xe-tyeze gveqneba

4775,34 : 1610 = 2,97 lari.

am monacemebis dajamebiT miviRebT savaraudo danaxarjs 

xe-tyis morTrevaze:

muSaTa xelfasi + dizelis Rirebuleba + benzinis Rire-

buleba + zeTis Rirebuleba + saamortizacio anaricxebi + KmTl.

9600 + 19056 + 945 + 90 + 4775,34 + 7 4639,60 = 109105,94 lari.

miRebuli mniSvnelobis gayofiT dasamzadebeli xe -tyis 

saerTo moculobaze, miviRebT 1 m3 xe-tyis morTrevis danaxarjs:

=4K 109105,94 : 1610 = 67,77 lari.

mTa-iT morTreuli 1 m 3 xe-tyis TviTRirebuleba sabagiro 

danadgaris baqnamde 77,674 =K lars, xolo sabagiro danadgaris 

baqnidan zeda sawyobze CamoSvebuli 1 m 3 xe-tyis TviTRirebuleba  

toli iqneba

14,2
70

1503
5 ==

P
=

cv

c
K lari,

sadac -3c jalambaris manqana cvlis Senaxvis TviTRirebuleba, 

mejalambris da muSis xelfasis CaTvliT, lari.

maSasadame, platoze 1 m 3 xe-tyis morTrevaze da mis 

CamoSvebaze zeda sawyobamde, gveqneba:
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91,6914,277,6754 =+=+=¢¢ KKKjam lari.

#4a teqnologiuri sqemis mixedviT orive tyesakafidan 

zeda sawyobze morTreuli 1m3 xe-tyis TviTRirebuleba saSualod 

tolia

46,54
2

91,690,39

26 =
+

=
¢¢+¢

= jamjam KK
K lari.

miviReT: avtotyesazid gzasTan ganlagebul tyesakafidan 

zeda sawyobamde morTreuli 1m 3 xe-tyis TviTRirebuleba 39,0

laria. 

platoze ganlagebulia tyesakafidan sabagiro danadgaris 

baqnamde 1 m3 xe-tyis morTrevis TviTRirebuleba 69,91 lari. 

orive tyesakafidan zeda sawyobamde 1m 3 xe-tyis morTrevis 

saSualo TviTRirebuleb a Seadgens 54,46 lars.

ekonomikuri gaangariSeba praqtikul -realur pirobebSi 

moiTxovs arsebuli normebis, sataqs acio monacemebis, sawvav -

sacxeb masalebze fasebis, axali teqnikis gamoyenebiT miRebuli

ekonomiis da sxva maCveneblebis dazustebas .

daskvna gansjaze

damuSavebulia da Seqmnilia modernizebuli morsaTrevi 

TviTmtvirTavi agregati aRWurvili Zara -isris axali saxsrul-

berketul-kbilanuri meqanizmiT, romelic uzrunvelyofs 

mTagorian tyesakafebze morTrevis teqnologiuri procesis 

yvela operaciis ganxorcie lebas meqanizebuli wesiT. 

Catarebulia Zara -isris saxsrul -berketul-kbilanuri meqanizmis 

struqturuli kvleva.

meoTxe jgufis tyesakafebis aTvis damuSavebulia tyesakafi 

samuSaoebis kompleqsuri meqanizaciis ekologiurad uvnebeli #9 

teqnologiuri sqema.

damuSavebulia meTodika da Catarebulia mTa-is jalambris 

sawev-saeqspluatacio gaangarSeba, dadgenilia wevis Zalis da 

amZravis simZlavris maqsimaluri mniSvnelobebi.
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Catarebulia gamokvlevebi modernizebuli mTa-is sawev -

saeqspluatacio parametrebis dasadgenad: mTlianad datvirTul, 

naxevrad datvirTul da xe -tyis mTlianad miwaze morTrevis 

mdgomareobaSi, gansazRvrulia datvirTuli da dautvirTavi 

agregatis niadag Tan CaWidebis koeficientebis, wevis Zalis da 

gadasaadgilebeli tvirTis wonebis mniSvnelobebi.

mTa-is moZraobis ganivi mdgradobis gamokv levebidan 

dadgenilia:

_ vakeze minimaluri radiusiT mobrunebis dros mTa

mdgradia, radganac VV >k1 -ze dautvirTav mdgomareobaSi da 

VV <k1 -ze  datvirTul mdgomareobaSi;

_ 20 °-iT daxril ferdobze mTa-is aRmarTis mxares 

minimaluri radiusiT mobrunebis dros mdgradoba dairRveva, 

radganac VV <k2 -ze dautvirTav mdgomareobaS i da VV <k4 -ze 

datvirTul mdgomareobaSi;

_ gansa zRvrulia ferdobis daxris zRvruli kuTxis 

mniSvnelobebi. mTa-is maqsimaluri siCqariT min imaluri 

radiusiT mobrunebis dros: dautvirTavi 9312 ¢°=D z1a da

datvirTul 712 ¢°=D z2a . 

gansazRvrulia t drois xangrZlioba mTa-is gadabrunebis 

dawyebidan gadabrunebis gardauval mdgomareobamde vakeze da 

ferdobze, minimaluri radiusiT mobr unebis dros: 68,0=mint wm; 

72,0=maqt wm.

damuSavebuli meTodikis safuZvelze Catarebulia mTa-is 

eqsperimentuli gamokvlevebi, dadgenilia ZiriTadi teqnikuri da 

saeqspluatacio parametrebi. Catarebulia, agreTve, samuSao 

procesis ekonom ikuri gaangariSeba # 4a teqnologiuri sqemis 

mixedviT. miRebulia zeda sawyobze morTreuli 1 m 3 xe-tyis 

TviTRirebuleba 54,46 lari.
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3. დასკვნა

1. mTagorian tyesakafebze xe-tyis damzadebis meqanizebuli 

teqnologiuri procesi rTulia da dakavSirebulia metyeveobis 

mkacr ekologiur moTxovnebTan, romlebic moqmedeben saqarTve-

loSi SerCeviTi Wrebis ganxorcielebis dros; aRniSnuli ekolo-

giuri moTxovnebi SeuTavsebelia, rogorc xe -tyis damzadebis ar-

sebul teqnologiasTan, aseve tyesakafi samuSao procesebis ko m-

pleqsuri meqanizaciis teqnologiur sqemebTan da morsaTrev teq-

nikasTan, rac Tavis mxriv qmnis samanqano agregatebis moqmedebis 

sferodan tyis mniSvnelovan i saeqspluatacio farTobebis am o-

vardnis saSiSroebas; amasTan, arsebuli teqnologiuri sqemebi ar 

iTvaliswineben meoTxe jgufis erTmaneTze mibmuli tyesakafebis 

aTvisebas, romlebic moiTxoven xe-tyis damzadebis teqnologiuri 

procesis opera ciebis Tanmimdevrobas da manqana-danadgarebis 

SerCevis sruliad gansxvavebul midgomas; amave dros traqtor 

TT-4-is bazaze Seqmnil morsaTrev agregats, romelic aRWurvilia 

Zara-isris TviTmtvirTavi meqanizmiT, aqvs uaryofiTi mxare – ar 

SeuZlia tyesakafze morTrevis teqnologiuri procesis erTi 

operaciidan meore ze meqanizebuli wesiT gadasvla, rac Tavis 

mxriv dakavSirebulia samuSao drois zedmet xarjvasTan da 

mwarmoeblurobis SemcirebasTan.

sadisertacio naSromSi gaTvaliswinebulia morsaTrevi

TviTmtvirTavi agregatis moZraobis ganivi mdgradobis, sawev-

saeqspluatacio gaangari Sebis da eqsperimentuli kvlevebis m e-

Todikebis damuSaveba, ZiriTadi parametrebis gansazRvris mizniT.

2. meoTxe jgufis cvalebadi daxrilobis tyesakafebisaTvis 

damuSavebulia kompleqsuri meqanizaciis ekologiurad uvnebeli 

#9 teqnologiuri sqema, sadac gadawyvetilia aRniSnul pirobebSi 

xe-tyis morTrevis teqnologiuri procesebis operaciebis ganxor-

cielebis dasabuTebuli Tanmimdevroba, gamoyenebuli manqana-

danadgarebis tipebi da muSaobis teqnologiurad, teqnikurad da 

ekonomikurad gamarTlebuli optimaluri varianti.
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3. Seqmnilia modernizebuli morsaTrevi TviTmtvirTavi 

agregati sruliad axali Zara -isris meqanizmiT, romelic stru q-

turulad Sedgeba Zaris saxsrul -berketuli da isris saxsrul -

berketuli da saxsrul -berketul-kbilanuri meqanizmebisagan; 

amasTan, morTrevis teqnologiuri procesis operaciis mixedviT 

moqmedebaSi modis: Zara -isris saxsrul-berketul-kbilanuri meq a-

nizmi mTlianad; an Zaris saxsrul -berketuli meqanizmi; an isris, 

Sesabamisad, saxsrul-berketuli da saxsrul-berketul-kbilanuri 

meqanizmebi cal -calke; e.i. Zara -isris cametrgola saxsrul-

berketul-kbilanuri meqanizmi, sxvadasxva raodenobis rgolebiTa 

da saxeobis kinematikuri wyvilebiT , struqturulad gardaiqmneba 

sxvadasxva funqciis matarebel Zarisa da isris erT da or Tav i-

suflebis xarisxian saxsrul -berketul da saxsrul -berketul-

kbilanur meqanizmebad, rac saSualebas gvaZlevs meqanizebuli we-

siT vawarmooT morTrevis teqnologiuri procesis yvela oper a-

cia, maT Soris Zaraze Sekrulas dabma-dafiqsireba, xeliT Sromis 

gareSe.

4. damuSavebulia meTodika da modernizebuli mTa-is mo-

Zraobis ganivi mdgradobis gamosakvlevad gansazRvrulia ine r-

ciis momentebis mniSvnelobebi: -
004 xxI dautvirTavi mTa-is ine r-

ciis momenti 00 xx RerZis mimarT; -
444 xxI dautvirTavi mTa-is iner-

ciis momenti s imZimis S4 centrSi gamavali 00 xx RerZis parale-

luri 44 xx RerZis mimarT; -
003 xxI mTa-is Zaraze datvirTuli S e-

krulas inerciis momenti 00 xx RerZis mimarT; -
333 xxI mTa-is Zaraze 

datvirTuli Sekrulas inerciis momenti Sekrulas S3 simZimis 

centrSi gamavali, 00 xx RerZis paraleluri, 33 xx RerZis mimarT 

da bolos -å 00xxI mTa-is jamuri inerciis momenti 00 xx RerZis mi-

marT;

5. mTa-is moZraobis ganivi mdgradobis parametreb is dasad-

genad, damuSavebuli meTodikis safuZvelze, Catarebulia Semdegi 

Teoriuli da eqsperimentuli kvlevebi:

_ Sedgenilia agregatze moqmedi yvela Zalebis momentebis 

balansis gantoleba, traqtoris muxluxa jaWvis sayrdeni zed a-
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piris wiboze gamavali 00 xx RerZis mimarT, rac agregatis mru d-

wiruli gadaadgilebis dros gadayiravebis dawyebis momentidan 

warmoadgens agregatis moZraobis ganivi mdgradobis difere n-

cialur gantolebas;

_ morsaTrevi TviTmtvirTavi agregatis vakeze mrudwiruli 

moZraobis dros ganivi mdgradobis pirobidan gamomdinare, ga n-

sazRvrulia centridanuli aCqarebis da siCqaris kritikuli 

mniSvnelobebi: dautvirTavi 9,61 =a m/wm2; 7,3=k1V m/wm da datvirTul 

5,63 =a m/wm2; 6,3=k3V m/wm mdgomareobaSi; am SemTxvevaSi mTa-is gani-

vi mdgradoba ar dairRveva, radganac agregatis maqsimaluri si C-

qare naklebia Teoriuli kvlevebiT miRebul kritikul siCqareebze: 

dautvirTav 84,2=V m/wm 7,3=< k1V m/wm da datvirTul 

84,2=V m/wm 6,3=< k3V m/wm mdgomareobaSi. 

_ mTa-is moZraobis ganivi mdgradobis pirobidan gamomd i-

nare, ferdobze aRmarTis mxares minimaluri radiusiT mobrun e-

bis dros, gansazRvrulia centridanul i aCqarebis da s iCqaris 

kritikuli mniSvnelobebi: dautvirTav 6,22 =a m/wm2; 28,2=k2V m/wm da 

datvirTul 7,24 =a m/wm2; 38,2=k4V m/wm mdgomareobaSi. am SemTxvevaSi 

ganivi mdgradoba dairRveva, radganac agregatis maqsimaluri siC-

qare metia Teoriuli kvlevebiT miRebul kritikul siCqareebze:

dautvirTav 84,2=V m/wm 28,2=> k2V m/wm da

datvirTul 84,2=V m/wm 32,2=> k4V m/wm mdgomareobaSi;

_ mTa-is moZraobis ganivi mdgradobis pirobidan gamomdinare, 

ferdobze aRmarTis mxares maqsimaluri siCqariT 84,2=V m/wm 

mobrunebis dros, roca agregati iwyebs gadabrunebas, 

gansazRvrulia ferdobis daxris zRvruli kuTxis mniSvnelobebi: 

9312 ¢°=z1a , 711 ¢°=z2a Sesabamisad agregatis dautvirTav da 

datvirTul mdgomareobaSi; amasTan, mTa-is ganivi mdgradobis 

pirobis transcendentuli gantoleba, amoxsnis mizniT, 

gadayvanilia gawrfivebul modelSi, sadac sin da cos funqciebi 

ganxilulia nazrdebSi;
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_ mTa-is moZraobis ganivi mdgradobis diferencialuri 

gantolebidan gansazRvrulia t dro, romelic Seesabameba periods. 

gadabrunebis dawyebidan gadabrunebis gardauval mdgomareobamde; 

miRebulia, rom mTa-is kritikuli siCqariT mrudwirulimoZraobis 

dros, maqsimaluri t dro g adabrunebis da wyebis momentidan 

gadabrunebis g ardauval mdgomareobamde tolia 0,72 wm -isa; 

gamomdinare aqedan, eqstremalur pirobebSi kritikuli siCqariT 

moZraobis dros traqtoristi, drois simciris gamo vermoaswrebs 

reagirebas da agregati gadayiravdeba.

6. Cat arebulia kvlevebi mTa-is jalambris sawev -

saeqspluatacio parametrebis dasadgenad, kerZod, gansazRvrulia 

jalambris sawev bagirze modebuli wevis Zalis mniSvneloba, ro-

gorc dolamde arsebuli winaaRmdegobebis gaTvaliswinebis g a-

reSe, aseve aRniSnul winaaRmdegobebT an erTad; angariSiT miR e-

buli wevis Zalis maqsimaluri mniSvnelobis mixedviT, ga n-

sazRvrulia jalambris amZravis simZlavre; amasTan, Teoriuli 

kvleviT dasabuTebulia, rom sawevi bagiriT morTreuli moWrili 

xis an Soltis moZraobis siCqare da aCqareba, agregatis isa rTan 

miaxloebis dros umniSvnelod icvleba da wevis Zalis sidideze 

gavlenas ar axdens.

7. Catarebulia kvlevebi modernizebuli mTa-is sawev -

saeqspluatacio parametrebis dasadgenad. eqstremalur pirobebSi 

aRmarTze da daRmarTze mTlianad datvirTul, naxevrad datvir-

Tul da xe -tyis mTlianad miwaze morTrevis mdgomareobaSi; gan-

sazRvrulia, datvirTuli da dautvirTavi agregatis CaWidebis 

koeficientebis da Sesabamisad wevis Zalis mniSvnelobebi; mo r-

Trevis aRniSnuli xerxebis gamoyenebis SemTxvevebisaTvis gan-

sazRvrulia agregatiT gadaadgilebuli tvirTebis maqsima luri 

wonebi.

8. damuSavebuli meTodikis safuZvelze Catarebuli eqsper i-

mentuli kvlevebidan da vizualuri dakvirvebebidan dadgenilia, 

rom samTo pirobebSi tyesakafze xe -tyis morTreva, aucilebelia 

xorcieldebodes muxluxa traqtorebiT, maT Soris mTa-iT Z a-

raze mTlianad datvirTul mdgomareobaSi.
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aRniSnulTan dakavSirebiT, ambrolauris satyeo ubnis n i-

korwmindis satyeoSi Catarebuli eqsperimentuli kvlevis safu Z-

velze, zamTrisa da zafxulis periodebSi, dadgenilia, mTa-is

qanobis daxris kritikuli kuTxis mniSvnelobebi Camocure baze:

zamTarSi °-° 2515 da zafxulSi 2 0°–37°; Sesabamisad, muxluxas 

niadagTan CaWid ebis koeficientis mniSvnelobebia 5,03,0 -=j da 

8,04,0 -=j .

igive pirobebSi, traqtoris datvirTul da dautv irTav 

mdgomareobaSi, rogorc tyis yamiri niadag ebis, aseve sakabdo 

gzebisTvis Seswavlilia liandis warmoqmnis procesi da ga n-

sazRvrulia muxluxas niadagSi CaRrmavebis da Subla winaaRmd e-

gobis mniSvnelobebi; Sedgenilia cxrilebi da agebulia diagr a-

mebi, romlebic a saxaven niadagis simyaris koeficientis da Sub-

la winaaRmdegobis cvalebadobas liandis CaRrmavebasTan dam o-

kidebulebaSi.

9. naSromSi Catarebulia tyesakafi samuSao procesis ek o-

nomikuri angariSi axali # 4a teqnologiuri sqemis mixedviT, 

romelic iTvaliswinebs cval ebadi daxrilobis ferdobebis 

Semcveli meoTxe jgufis tyesakafebis aTvisebas, sadac morTreva 

saWiroa vawarmooT sxvadasxva saxis manqana -danadgarebiT; ekono-

mikuri angariSidan gamomdinare, ZiriTadi sawarmoo fondeb is da 

sawvav-sacxebi masalebis TviTRirebulebis g aTvaliswinebiT 1 m 3

xe-tyis morTrevaze danaxarjebi Seadgens 54,46 lars.

10. Teoriuli da eqsperimentuli kvlevebis safuZvelze n a-

SromSi gadawyvetilia mniSvnelovani samecniero -teqnikuri pro b-

lema, dakavSirebuli mTagorian tyesakafebze xe -tyis morTrevi s 

rTuli teqnologiuri procesis srulyofasTan; amasTan, Seqmn i-

lia modernizebuli morsaTrevi TviTmtvirTavi agregati, rome l-

ic uzrunvelyofs morTrevas avtomatur reJimSi mTlianad meq a-

nizebuli wesiT.
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