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რეზიუმე

sadisetacio naSromSi dasmuli problema dakavSirebulia, 
saqarTvelos mTagorian tyesakafebze xe -tyis damzadebis 
teqnologiuri procesis sirTules Tan. aRniSnuli proble ma ar 
aris erTaderTi da moicavs ekologiurad uvnebel teqnologiebTan 
da morsaTrev teqnik asTan dakavSirebul sakiTxebs, romlebic  
saWiroeben Teoriuli da eqsperimentuli kvlevebis Catarebas 
mowinave teqnologiebis da morsaTrevi teqnikis dasamuSaveblad 
da Sesaqmnelad.

Tanamedrove analizis safuZvelze, dasabuTebelia mTagorian 
tyesakafebze, xe-tyis damzadebis warmoebaSi morTrevis procesis 
mizanSewoniloba, ganivgadasatani sabagiro morsaTrevi 
danadgarebis gamoyenebiT.

arsebuli teqnologiebis, teqnologiuri sqemebis da 
morsaTrevi manqana -danadgarebis kvlevis meTodebisa da 
meTodikebis analizis safuZvelze, da muSavebulia Teoriuli da 
eqsperimentuli kvlevebis agebis axali originaluri meTodebi 
da meTodikebi, mowinave teqnologiebis, teqnologiuri sqemebis 
dasamuSaveblad da modernizebuli, axali ganivgadasatani 
sabagiro morsaTrevi danadgarebis Sesaqmnelad.

damuSavebulia, m Tian tyesakafze morTrevis samuSao 
procesis kompleqsuri meqanizaciis ekologiurad uvnebeli #7a 
teqnologiuri sqema, romelic iTvaliswinebs sxvadasxva 
daxrilobis rTuli tyesaka febis aTvisebis sirTulesTan 
dakavSirebul Taviseburebebs, SerCeulia manqana -danadgarebi da 
gadawyvetilia morTrevis teqnologiuri procesis operaciebis 
dasabuTebuli Tanmimdevroba.

Seqmnilia a xali ganivgadasatani sabagiro m orsaTrevi 
danadgari Caketilkonturiani moZravi mzidi bagiriT.

morTrevis teqnologiuri procesis TiToeuli ZiriTadi 
operaciisaTvis kvlevis meTodikis safuZvelze, sawev b agirSi 
wevis Zalis gansazRvris mizniT, Sedgenilia, trasebze bagirebis 
moZraobis sqemebi da dadgenilia winaaRmdegobis Zalebis aR Zvris 
wertilebi; winaaRmdegobis Zalebis TanmimdevrobiTi Se krebiT 
miRebulia sawev bagirebSi TiToeuli operaciisaTvis maqsimaluri  
saangariSo jamuri wevis Zalis sidide, rogorc inerciis Zalebis 
gaTvaliswinebiT, agreTve maT gareSe;
- teqnologiuri procesis pirveli operaciis, moWrili xis 

ferdobze qvevidan zeviT Tanabari siCqariT morTrevis dros I 
wertilidan dolze miwydomis XII wertilamde wevis Zalis  
maqsimaluri sidide sawev bagirSi tolia 3567 kg, xolo 
inerciis Zalebis gaTvaliswinebiT 367 5 kg; cxrilebidan orive 
SemTxvevisaTvis, SerCeulia 11 mm kveTis diametris sawevi bagiri 
da jalambris el. Zrava 11 kvt simZlavriT;

- pirveli damxmare operacia iTvaliswinebs Sekrulas gadayvanas 
naxevraddakidebul mdgomareobaSi, romlis ganxo rcielebis 
drosac saWiroa 2057 k g, xolo meore ZiriTadi o peraciis 
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ganxorcielebis dros – 1041 kg inerciis Zalebis gaTvaliswinebiT; 
am SemTxvevaSi, SerCeulia 8 mm kveTis diametris sawevi bagiri 
da 7,5 kvt simZlavris jalambris el.Zrava;

- mesame damxmare operaciis, kerZod, Sekrulas asawevad da 
dakidebul mdgomareobaSi gadasayvanad maqsimaluri wevis 
Zala tolia 4104 kg, xolo ZiriTadi operaciis dros – 2052 kg; 
rasac Seesabameba 11mm kveTis sawevi bagiri da 11 kvt simZlavris 
jalambris el.Zrava.   

maSasadame 35°-iT daxril ferdobze morTrevis teqnologiuri 
procesis ganxorcielebi s dros. samive ZiriTadi operaci is 
kvlevebidan irkveva, rom maqsimaluri wevis Zala morTrevaze 
viTardeba pirveli ZiriTadi operaciis 3675 kg da mesame damxmare 
operaciis 4104 kg ganxorcielebis dros; aqedan gamomdinare, 
sabagiro danadgari aR Wurvilia 11 mm kveTis diametris sawevi 
bagiriT, 8 mm kveTis ukusvlis bagiriT, 13 mm kveTis mzidi bagiriT 
da 11 kvt simZlavris jalambris el.ZravaTi – 1500 br/wT-Si.

eqsperimentuli kvlevebidan dadgenilia: 
- 13 mm kveTis diametris Caketilkonturiani mzidi bagirisaTvis, 

maqsimaluri sigrZis malebisa da datvirTvebis SemTxvevaSi, 
morTrevis procesi, Cakidulobis isris gazrdasTan dakavSirebiT, 
SeuZlebelia; aRniSnulis aRmosafxvrelad, rekomendebulia 
15mm da zogjer 16,5mm kveTis diametris mzidi bagiris 
gamoyenebis aucilebloba; 

- dadgenilia, rom eqsperimentebiT miRebuli Cakidulobis isris 
sidideebi, matebis Tvalsazrisi T, gansxvavdeba parabolis 
meTodiT miRebuli igive sidideebisagan, ganpirobebuli 
Caketilkonturiani mzidi bagiris ormagi sigrZiT, rac ar 
aris gaTvaliswinebuli parabolis meTodiT kvlevis dros;

- damuSavebulia, ganivgadasatani sabagiro morsaTrevi danadgaris 
Caketilkonturiani moZravi mzidi bagiris parametrebis 
gansazRvris meTodika; dadgenilia, rom mzidi bagiris 
Cakidulobis isris sidideebis mniSvnelobebi ar unda 
aRematebodes malis  l sigrZis 0,02-0,03-s.

naSromSi Teoriuli da eqsperimentuli kvlevebis safuZvelze 
dasabuTebulia maRalmTian tyesakafebze Caketilkonturiani 
mzidi bagiriT aRWurvili ganivgadasatani sabagiro morsaTrevi 
danadgarebis upiratesoba sxva sabagiro danadgarebTan da 
morsaTrev agregatebTan SedarebiT; gadawyvetilia mniSvnelovani 
teqnikuri problema da rekome ndirebulia aRniSnuli morsaTrevi 
danadgarebis warmoebaSi farTod danergvis aucilebloba. 
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Abstract

The problem, discussed in the thesis is associated to the difficulties of 
technological process of lumber processing on Georgian hilly cutting areas. This 
mentioned problem is not an only one and includes the questions regarding the 
ecologically safe technologies and log -pulling technique requiring theoretical and 
experimental researches for processing and creating the modern technologies and log -
pulling technique. 

On the basis of the modern analysis one has justifies expediency of log -pulling 
process in lumber processing on hilly cutting areas, using the wide -carrying cableway 
log-pulling adjustments. 

On the basis of analyzing research methods of existing tec hnologies, 
technological schedules and log -pulling machineries one has elaborated new original 
methods of constructing the theoretical and experimental research for processing the 
advanced technologies, technological schedules and for creating the moderniz ed, new 
wide-carrying cableway log-pulling adjustments. 

One has elaborated N7a ecologically safe technological scheme of complex 
mechanization of log -pulling working process on hilly cutting area, providing 
characteristics regarding the challenges of diff icult cutting area of different 
inclination, one has selected he machineries and decided the documented sequence of 
log-pulling technological process.

One has created new side -carrying cableway log -pulling adjustment with 
closed-contour movable haul rope.

On the basis of the research method for each main operation of log -pulling 
technological process, with the purpose of determining the traction power in haul 
rope, one has done the schedules of cable moving on traces and established the points 
of raising th e resistance forces; by sequence gathering the resistance powers, we get 
the intensity of maximal accounting total traction for each operation in traction cables, 
foreseeing the inertia forces as well without them;

During the first operation of technologic al process as well during log -pulling 
on the cut tree plain from the bottom towards the top with equal speed, from I point up 
to XII one, maximal volume of traction power in traction cable is equal to 3567 kg, 
and foreseeing the inertia powers – 3675 kg; f or both cases from the schedules is 
selected the traction cable of 11 mm cut diameter and electric motor of the winch with 
11 kw.
- The first supporting operation foresees moving the knots in semi-hanging position, 

during implementation of which it is necess ary 2057 kg and during implementing 
the second main operation - 1041 kg inertia forces; in such case one has selected 8 
mm diameter traction cable and 7,5 kw winch electric motor;

- Maximal traction power for holding the third additional operation, lifting th e knots 
and taking into the hanging position is equal to 4101 kg, and during the main 
operation – 2052 kg, corresponding to 11mm traction cable and 11 kw winch 
electric motor.

Therefore, during determining the log -pulling technological process on 25 ᵒ
inclined plain, from three main operation researches it becomes clear that maximal 
traction power on log -pulling has been developing during the first operation 3672 kg 
and during implementing the third additional operation 4104 kg; Following from here 
the cable way adjustment is equipped with 11 mm diameter traction rope, 8 mm 
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backsliding cable, 13 mm haul rope and 11 kw winch electric motor – 1500 rotation in 
a minute.

From the experimental researches one has established:
- For 13 mm diameter closed -contour haul r ope, in case of vertebras of maximal 

longitude and loading, log -pulling process, regarding increasing the hanging 
arrow, is impossible; For eradicating the above -mentioned, it is recommended 
necessity of using 15 mm and sometimes 16,5 mm diameter haul rope;

- It is established, that volumes of hanging arrow, gained from the experiment, by 
the view of increasing, differs from the same volumes gained by the parabola 
method, caused by double longitude of closed -contour haul rope, what is not 
foreseen during researching by parabola method;

- One has elaborated the methodic of determining the parameters of closed -contour 
moving haul rope of the wide -carrying cable log -pulling adjustment; it is 
established that values of the hanging arrows of the haul rope must not ex ceed 
0,02-0,03 of vertebra longitude. 

In the work on the basis of theoretical and experimental researches one has 
certified the advantage of wide -carrying cable log -pulling adjustments equipped with 
closed-contour haul rope on high-mountain cutting areas comparing to other cableway 
adjustments and log -pulling aggregations; an important technical problem is decided 
and necessity of wide -spreading of the above -mentioned log -pulling adjustments is 
recommended.
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შესავალი

saqarTvelos mTavari simdidre misi strategiuli 

masalebidan aris tyeebi. isini faraven qveynis teritoriis 

mesameds. reliefis, niadagis da klimaturi Taviseburebebidan 

gamomdinare gamoiyofa wiw vovani da foTlovani tyeebi. xe-tyis 

damzadebis da transportirebis teqnologiur procesze, sxva 

TaviseburebebTan erTad yvelaze  mniSvnelovani aris reliefi, 

radganac mTagoriani reliefi arsebiT gavlenas axdens warmoebis 

perspeqtiuli xerxebis gamoyenebaze, romlebic mTlianad arian 

dayrdnobili uaxlesi manqana -danadgarebis bazaze Seqmnil 

teqnologiur procesebTan da mTlianad akmayofileben mTagoriani 

tyesakafebis eqspluataciis ekologiur da sxva moTxovnebs [1-4]. 

saqarTvelos samTo tyis meurneobis pirobebSi, sadac 

tyeebi merqniT sargeblobasTan er Tad udides ekologiur 

funqcias asruleben, maTSi meurneobis warmoeba da kerZod, 

tyesakafis samuSaoTa teqnologia unda iTvaliswinebdes da 

eyrdnobodes am dargSi dagrovil mowinave qveynebis gamocdilebas. 

vinaidan tye resursTa im kategorias miekuTvneba, romelic 

aRdgenas eqvemdebareba, masSi meurneobis gonivrulad da 

profesionalurad warmarTvas uaRresad didi mniSvneloba eniWeba, 

rac Tavis mxriv mecnierulad dasabuTebuli meTodebis da 

wesebis gamoyenebas gulisxmobs. 

mTagoriani tyesakafebis aTviseba, vakeze ganlagebuli 

tyesakafebisagan gansxvavebiT, dakavSirebulia gacilebiT rTul 

da Sromatevad procesebTan da operaciebTan. aqedan gamomdinare, 

saWiroa damuSavdes tyesakafi samuSaoebis kompleqsuri meqanizaciis 

ekologiurad uvnebeli teqnologiuri sqemebi, romlebic 

aadvileben ada mianis Sromas. amasTan, aRniSnuli teqnologiuri 

sqemebis gansaxorcieleblad saWiroa damuSavdes specializebuli 

manqana-danadgarebi, romlebic ekologiuri moTxovnebis 

gaTvaliswinebiT uzrunvelyofen mTagorian tyesakafebze xe -tyis 

morTrevas.
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disertaciaSi mocemulia tyesakaf samuSaoebze gamoyenebuli 

specialuri teqnikis aRweriloba da muSaobis principi. 

gaanalizebulia saerTo Sexedulebebi xe -tyis damzadebis  

procesebze da tyesakafi samuSaoebis warmoebaze. literaturis 

mimoxilvaSi, agreTve didi yuradReba aqvs daTmobili sah aero  

sabagiro morsaTrevi danadgarebis, maT Soris ganivgadasatani 

sabagiro morsaTrevi danadgarebis sqemebis ganxilvas da maTze 

Catarebul Teoriul gamokvlevebs, romlebic dakavSirebulia 

danadgaris  ZiriTadi parametrebis gansazRvrasTan [5-8]. 

Temis aqtualoba . saqarTvelos mTagorian pirobebSi tyis 

resursebis kvlavwarmoebis ZiriTadi faqtoria bunebrivi ganaxleba. 

amasTan, nebiT-amorCeviTi Wrebis pirvelxarisxovani mniSvnelobis 

amocanas warmoadgens aRmonacenis, mozardis zeze mdgomi xeebis 

da rac  yvelaze mTavaria, eroziisagan dacva da SenarCuneba.

zemoTqmulidan gamomdinare, sadisertacio naSromis Temis  

aqtualoba, ganpirobebulia, mTagoriani tyesakafebis aTvisebis 

sirTuleebiT da dakavSirebulia mkacr ekologiur moTxovnebTan;  

aRniSnuli sakiTxi Tavis mxriv moiTxovs axali teqnologiebis, 

teqnologiuri sqemebis da maT gansaxorcieleblad saWiro axali 

specializebuli teqnikis damuSavebas da Seqmnas, rac Tavis mxriv 

dakavSirebulia Teoriuli da eqsperimentuli gamokvlevebis 

maRal mecnierul doneze Catarebis aucileblobasTan.

samuSao mi zani. samuSaos ZiriTad mizans warmoadgens 

mTagoriani tyesakafebis aTvisebis teqnologiur procesTan da 

morsaTrev teqnikasTan dakavSirebuli sakiTxebi, romlebic 

pirvel rigSi usafrTxo morTrevis gansaxorcieleblad, 

saWiroeben Teoriuli da eqsperimentuli kvlevebis Catarebas; 

aRniSnuli Tavis mxriv, dakavSirebulia, kompleqsuri meqanizaciis 

da avtomatizaciis procesebis gaumjobesebasTan, mowinave 

teqnologiebis, teqnologiuri sqemebis danergvasTan da maT 

gansaxorcieleblad saWiro axali teqnikis SeqmnasTan – sabagiro 

morsaTrevi danadgarebis saxiT.
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samecniero siaxle. damuSavebuli da Seqmnilia originaluri 

ganivgadasatani sabagiro morsaTrevi danadgari Caketil -

konturiani moZravi mzidi bagiriT;

- ferdobis sxvadasxva daxrilobis t yesakafebisaTvis, 

damuSavebulia # 7a teqnologiuri sqem a, romelic miRebulia 

# 7 da # 3 teqnologiuri sqemebis SerwymiT;

- morTrevis teqnologiuri procesis sami ZiriTadi operaciisaTvis, 

winaswar damuSavebuli kvlevis agebis  meTodikis safuZvelze, 

Sedgenilia, sawevi bagirebis trasebze moZraobis sqemebi; 

dadgenilia, t rasebze winaaRmdegobis Zalebis aRZvris 

wertilebi; miRebuli winaaRmdegobis Zalebis TanmimdevrobiTi 

SekrebiT, TiToeuli sawevi bagirisaTvis miRebulia saangariSo 

maqsimaluri wevis Zala, muSa da uqmi svlis dros, rogorc  

inerciis Zalebis gaTvaliswinebiT, agreTve maT gareSe;

- Seqmnilia ganivgadasatani sabagiro morsaTrevi danadgaris 

modeli, Caketilkonturiani moZravi mzidi bagiriT da 

damuSavebuli meTodikis safuZvelze, Catarebulia, eqsperi -

mentuli kvlevisa da parametrebis gansazRvris meTodika; 

dadgenilia, rom Cakidulo bis isris sidide ar unda 

aRematebodes malis l sigrZis 0,02 -0,03; aqedan ganisazRvreba  

maqsimaluri daWimuloba Tm da kuburi gantolebis gamoyenebiT 

samontaJo daWimuloba T0;

- damuSavebuli meTodikis da #7a teqnologiuri sqemis mixedviT, 

Catarebulia, morTrevis sa muSao procesi s kompleqsuri 

meqanizaciis ekonomikuri angariSi, dadgenilia 1m3 morTreuli 

xe-tyis TviTRirebuleba _ 42,80 lari.

kvlevis meTodebi . sadisertacio naSromSi meqanikuri 

sistemebis, kerZod, ganivgadasatani bagir -blokuri sabagiro 

morsaTrevi danadgareb is gaangariSebis farTod cnobili, 

mecnierulad dasabuTebuli, Teoriuli da eqsperimentuli 

kvlevebis agebis meTodebis da meTodikebis safuZvelze 

damuSavebulia, Caketilkonturiani moZravi mzidi bagiriT 

aRWurvili ganivgadasatani sabagiro morsaTrevi danadgaris 
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zogadi Teoriuli da eqsperimentuli kvlevis meTodebi da 

meTodikebi.

kvlevebis praqtikuli Rirebuleba da Sedegebis realizacia.

damuSavebulia, sruliad axali ganivgadastani bagir -blokuri 

sabagiro morsaTrevi danadgaris sqema;

Seqmnilia, modelirebuli Caketilkonturiani mzidi bagiriT 

aRWurvili sabagiro morsaTrevi danadgari da damuSavebuli 

meTodikebis safuZvelze, Catarebulia Teoriuli da eqsperimentuli 

kvlevebi;

gaangariSebulia, morTrevis teqnologiuri procesis sami 

ZiriTadi operaciisaTvis sawevi da ukusvlis bagirebze mosuli

wevis Zalis maqsimaluri mniSvnelobebi, SerCeulia bagirebis 

kveTis diametri da jalambris el. Zravas simZlavre.

Catarebuli Teoriuli da eqsperimentuli kvlevebi, 

damuSavebuli axali teqnologiuri sqema da ganivgadasatani 

sabagiro morsaTrevi danadgari, razedac m iRebuli patenti 

gamogonebaze uflebas gvaZlevs aRniSnuli samuSaoebi warvadginoT 

warmoebaSi dasanergad.

samuSaos aprobaciasamuSaos 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 20 samecniero statia, 1 gamogoneba –

patenti.

struqtura  da samuSao moculoba . sadisertacio naSromi 

Sedgeba: Sesavali, literaturis mimoxilvis, gansjis, 

eqsperimentuli nawi lis, daskvnebis da bibliografiuli 

maCveneblisagan, romelic Seicavs 66 dasaxelebas, ZiriTadi 

teqsti gadmocemulia kompiuterze na beWdi 166 gverdze axsnili 

29 naxaziT.
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1. ლიტერატურის მიმოხილვა

1.1. mTagoriani tyesakafebis aTvisebis problemebi

1. saidan momdinareobs disertaciaSi dasmuli problema. 

disertaciaSi dasmuli problema dakavSirebulia xe -tyis 

damzadebis teqnologiuri procesis sirTulesTan, rac 

ganpirobebulia metyeveobis mkacri moTxovnebiT, romlebic 

moqmedeben saqarTvelos mTian pirobebSi SerCeviTi Wrebis 

ganxorcielebis dros. amasTan, aRniSnuli problema ar aris  

erTaderTi, moicavs mTagoriani tyesakafebis samuSao procesis 

ekologiurad uvnebel teqnologiebTan da morsaTrev teqn ikasTan 

dakavSirebul sakiTxebs, romlebic saWiroeben Teoriuli da 

eqsperimentuli kvlevebis Catarebas. mowinave teqnologiebis da 

morsaTrevi teqnikis dasamuSaveblad da Sesaqmnelad.

mTagorian tyesakafebze xe -tyis damzadebis ZiriTad 

problemad SeiZleba miviCnioT morsaTrevi teqnikis ekologiur 

moTxovnebTan SeuTavsebloba, rac Tavis mxriv qmnis samanqano 

moqmedebis sferodan mniSvnelovani saeqspluatacio farTobebis  

amovardnis saSiSroebas. igive SeiZleba iTqvas mTiani tyesakafebis 

samuSao procesis ekologiurad uvnebeli t eqnologiis da 

kompleqsuri meqanizaciis teqnologiuri sqemebis ukmarisobaze 

da bunebriv pirobebTan SeuTavseblobaze. amasTan, cnobili 

teqnoligiuri sqemebi yovelTvis sworad ver gansazRvraven 

tyesakafis asaTviseblad saWiro manqana -danadgarebis SerCevas, 

teqnologiuri procesis operaciebis raodenobas da Tanmimdevrobis 

optimalur variants [1-9]. 

2. ra aris cnobili disertaciaSi dasmuli problemis 

Sesaxeb. dReisaTvis cnobilia mTagorian tyesakafebze xe -tyis 

morTrevis teqnologiuri procesis calkeuli operaciebis 

Semsrulebeli specializebuli manqana -danadgarebi, romlebic 

axorcieleben xe -tyis morTrevas, garkveulwilad ekologiuri 

moTxovnebis dacviT. amasTan erTad, damuSavebulia tyesakafi 

procesis kompleqsuri meqanizaciis teqnologiuri sqemebi.
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specializebuli morsaTrevi traqtoris TT-4-is da mis 

bazaze agebuli morsaTrevi TviTmtvirTavi agregatis garda, 

cnobilia agreTve sahaero sabagiro da ganivgadasatani sabagiro 

morsaTrevi danadgarebi, romelTagan pirveliT morTreva 

xorcieldeba mTlianad dakidebul mdgomareobaSi zevidan qveviT, 

xolo meoreTi, jer ganivi mimarTulebiT trasis orive mxridan 

trasamde naxevraddakidebul mdgomareobaSi, Semdgom maTi 

CamoSvebiT zeda sawyobze mTlianad dakidebul mdgomareobaSi.

cnobilia meqanikuri sistemebis, kerZod, morsaTrevi 

agregatebis mdgradobis da morsaTrevi sab agiro danadgarebis 

mzidi da sawevi bagirebis gaangariSebis Teoriuli kvlevebis 

agebis meTodebi da meTodikebi. didi gamocdilebaa dagrovili 

aRniSnuli manqana-danadgarebis meqanizmebis sqemebis Seqmnis, maTi 

struqturuli da sxva kvlevebis sakiTxebze.

cnobilia a greTve, ganivgadasatani morsaTrevi danadgari, 

romelSic morTrevis xerxi iTvaliswinebs jalambris sawevi 

bagiriT morebis ganiv morTrevas da igive sawevi bagiriT zeda 

sawyobamde maT CamoSvebas. alternatiuli meTodis  safuZvelze 

gaangariSebulia erTmaliani morsaT revi danadgaris mzidi 

bagiris samontaJo da maqsimaluri daWimuloba muSa mdgomareobaSi. 

cnobili ganivgadasatani sabagiro danadgaris bagir -

blokuri sqemebisaTvis, damuSavebulia, sawevi bagiris wevis 

Zalis gansazRvris meTodika; sawevi bagiris moZraobis  sqemid an 

gamomdinare, dadgenilia winaaRmdegobis Zalebis modebis  

wertilebi; winaaRmdegobis Zalebis TanmimdevrobiT SejamebiT 

gansazRvrulia sawev bagirze maqsimaluri wevis Zala; jamuri 

winaaRmdegobis Zalebis maqsimaluri mniSvnelobis mixedviT 

gansazRvrulia jalambri s Zravas simZlavre da sawevi bagiris 

diametri.

damuSavebulia, agreTve meTodika da samuSao ciklis 

ekvivalenturi simZlavridan gamomdinare, samuSao ciklis 

operaciebis Sesabamis periodebSi, naangariSebi a bagiris 

moZraobis winaaRmdegobis Zalebi. samuSao ciklis ekvivalenturi 

simZlavris mixedviT gansazRvrulia Zravis simZlavre. 
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cnobili meTodikebis safuZvelze arsebuli ganivgadasatani 

sabagiro danadgaris  bagir -blokuri sqemisaTvis eqsperimentuli 

wesiT gansazRvrulia sawev bagirze mosuli wevis Zalis 

maqsimaluri mniSvneloba. 

3. ra naklovanebebi aqvT cnobil morsaTrev manqana -

danadgarebs  da maTi kvlevis meTodikebs. mTagorian tyesakafebze 

xe-tyis morsaTrevi manqana-danadgarebis naklovanebas warmoadgens 

maTi sqemuri da konstruqciuli gadawyvelitebebis sirTule, 

agreTve morTrevis teqnologiuri procesis yvela  da calkeuli 

operaciebis Sesrulebis  aradamakmayofilebeli xarisxi. kerZod,  

disertaciaSi dasmuli problemebidan gamomdinare, cnobili 

ganivgadasatani sabagiro morsaTrevi danadgarebis sirTule, 

dakavSirebulia tyesakafze maTi g adaadgilebis, montaJis da 

demontaJis  mravaljeradad Catarebis aucileblobasTan, rac 

mniSvnelovnad amcirebs samuS ao drois  gamoyenebis koeficint s 

da zrdis 1m 3 morTreuli xe -tyis TviTRirebulebas. amas isic 

emateba, rom axali manqanebis da danadgarebis gasaumjo beseblad 

ar arsebobs daxvewili da praqtikuli mniSvnelobis matarebeli 

Teoriuli da eqsperimentuli kvlevebis meTodikebi, romlebic 

uzrunvelyofen Tanamedrove morsaTrevi danadgarebis damuSavebas 

da Seqmnas.

4. ra aris gakeTebuli naSromSi cnobili naklovanebebis 

aRmosafxvrelad. pirvel rigSi damuSavebuli da Seqmnilia 

sruliad axali, principulad gansxvavebuli ganivgadasatani 

bagir-blokuri morsaTrevi sabagiro danadgari, sadac damxmare 

mzidi bagirebi da urikebi Secvlilia moZravi mzidi bagiriT, 

damuSavebulia axali # 7a t eqnologiuri sqema, romelSic 

gaTvaliswinebulia ferdobis daxris kuTxis mkveTrad 

gansxvavebuli tyesakafis aTviseba modernizebuli mTa-iT da 

ganivgadasatani ormxrivi sabagiro morsaTrevi danadgariT. 

amasTan, damuSavebulia meTodikebi ganivgadasatani sabagiro 

morsaTrevi danadgaris Teoriuli da eqsperimentuli kvlevebis 

Casatareblad. aRniSnuli meTodikebis safuZvelze, Catarebuli 

Teoriuli da eqsperimentuli kvlevebis Sedegad gansazRvrulia 

ganivgadasatani sabagiro danadgaris mzidi bagiris Cakidulobis 
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isris da sawevi bagir ebis wevis Zalis maqsimaluri 

mniSvnelobebi. 

naSromSi, agreTve, Catarebulia tyesakafi samuSao procesis 

ekonomikuri angariSi # 7a teqnologiuri sqemis mixedviT, sadac 

morTreva xorcieldeba ganivgadasatani sabagiro danadgaris da 

morsaTrevi TviTmtvirTavi agrega tis gamoyenebiT. miRebulia 1 m 3

morTreuli xe-tyis TviTRirebuleba.

1.2. tyesakafi samuSao procesebis teqnologiuri sqemebi 
da morsaTrevi manqana-danadgarebi

1.2.1. tyesakafi samuSao procesebis teqnologiuri 
sqemebis mimoxilva

tyesakafi samuSaoebis Casatareblad gamoiyeneba teqnologiuri 

sqemebi, romlebic saqarTvelos mTagoriani pirobebisaTvis 

warmodgenilia rva ZiriTadi sqemis saxiT. literaturis 

mimoxilvaSi ganxilulia # 2, # 3 da # 4 teqnologiuri sqemebi, 

romlebSic xe -tyis morTreva xorcieldeba sabagiro -morsaTrevi

danadgarebis gamoyenebiT [5-11].

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

zeda baqnamde morTreuli xe-tyis CamoSvebas sabagiro morsaTrevi

danadgariT.

am SemTxvevisaTvis tyesakaf i warmoadgens 10 °-dan 15 °-mde 

daxrilobis platos 1000 m -mde siRrmiT, romelic ar erTvis 

saavtomobilo gzas da gamoyofilia misgan xeviT , an 40 °-mde 

daxrilobis ferdobiT. xe-tyis morTreva tyesakafidan traqtoramde 

warmoebs 90 m manZilze – qvevidan zeviT, rac ganpirobebulia 

traqtoris jalambris dolis bagirtevadobiT. am dros traqtori 

dgas sakabdoze. moTreuli Solti iWreba sortimentebad da mTa-is 

saSualebiT xe -tye miewodeba sabagiro morsaTrev danadgars, 

romelic morebs dauSvebs avtotyesazid gzasTan ganlagebul 

zeda sawyobze, saidanac miewodeba momxmarebels , anu qveda 

sawyobs misi Semdgomi transportirebisaTvis.



22

teqnologiuri sqema # 2 teqnologiuri sqema # 3

teqnologiuri sqema # 4

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

teqnologiuri sqema # 3 (nax. 1 ) iTvaliswinebs, traq toriT 

gverdidan morTreuli xe -tyis CamoSvebas sabagiro danadgariT. 

20°-ze meti daxrilobis tyesakafze waqceuli xe (Solti)
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gamoiTreva, sakabdo Stoze daimoreba da morsaTrevi TviTmtvirTavi 

agregatiT miewodeba sabagiro danadgaris trasis mTel 

sigrZeze. am SemTxv evaSi tyesakafi erTvis avtotyesazid gzas da 

1000 m sigrZisaa. sabagiro danadgaris trasa kveTs mas mTel 

siRrmeze. satraqtoro sakabdoebi ganlagebulia ferdobisganivad, 

sabagiro danadgaris zeda sawyobamde, anu avtotyesazidi gzis 

dasatvirT baqnamde.

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

dasatvirT baqnamde da gverdidan sakabdoebze traqtorebiT 

morTreuli xe -tyis CamoSveba sabagiro danadgariT. es sqema 

meore da mesame sqemebis kombinacias qmnis. praqtikulad gvaqvs 

ori erTmaneTze mibmuli tyesakafi. er Ti, avtotyesazid gzaze 

gamosvliT 20 °-ze meti daxrilobiT, meore ki, rogorc pirvelis 

gagrZeleba 20°-ze naklebi da aiTviseba traqtorebiT.

tyesakafis saerTo siRrme 2000 m -ia. sabagiro danadgari 

kveTs pirvel e.i. qveda tyesakafs. 1000 m sigrZiT, danarCeni 

nawili, e.i. zeda tyesakafi gadakveTilia magistraluri 

satransporto sakabdoTi.

qveda tyesakafze xe -tye miewodeba sabagiro danadgars 

gverdebidan mTa-iT datvirTul mdgomareobaSi, zeda tyesakafze 

– magistraluri satraqtoro sakabdo gziT danadgaris zeda

baqnamde.

warmodgenilia agreTve sami axlad damuSavebuli 

teqnologiuri sqema: # 5, #4a da # 7 (nax. 2).

teqnologiuri sqema # 5 (nax. 2 ) iTvaliswinebs xe -tyis 

TviTmoTrevas gadasatani ganivi mzidi bagiriT da mis CamoSvebas 

sabagiro danadgariT. tye sakafis siRrmea 1000 m, daxr iloba 20 °-

ze meti. igi erTvis avtotyesazid gzas da sabagiro danadgari 

kveTs mas mTel siRrmeze. CamoSvebuli xe-tye gamodis avtogzaze

[1-8].

gadasatani ganivi mzidi bagiri montaJdeba ganivi 

mimarTulebiT ZiriTadi mzidi bagiris qveS, im varaudiT, rom 

damxmare urikam tvirTianad imoZraos aRmarTisaken. waqceuli 
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teqnologiuri sqema # 5 teqnologiuri sqema # 4a

teqnologiuri sqema # 7

nax. 2. tyesakafi samuSao procesebis axali teqnologiuri sqemebi:
# 5, # 4a da # 7

xeebi adgilze imoreba sortiment ebad. damxmare urika moZraobs 

ganivgadasatan mzid bagirze ukusvlis bagiris saSualebiT. 

ZiriTadi urika Cerdeba aRniSnul adgilze -gadasatani mzidi 

bagiris zeviT; satvirTo kakvi eSveba miwaze, ebmeba damxmare 

urikas da masTan erTad ukusvlis bagiris meSveobiT 

gadaadgildeba gamzadebuli sortimentisaken. sortimentisatvirTo 

kakvTan Cabmis Se mdeg, damxmare urikaze naxevrad dakidebul 

mdgomareobaSi gadaadgildeba satvirTo bagiris saSualebiT 
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sabagiro trasisaken. ZiriTadi mzidi bagiris qveS satvirTo kakvi

Tavisufldeba dam xmare urikisagan da sortimentTan erTad 

aizideba ZiriTadi urikisaken, fiqsirdeba masSi da satvirTo 

bagiriT samuxruWe re JimSi gadaadgildeba qveviT, avtot yesazid 

gzasTan ganlagebul zeda sawyobTan. aq tvirTi exsneba kakvs da 

ZiriTadi urika sawevi bagiriT brund eba ukan tyesakafisaken. 

Semdgom cikli meordeba.

teqnologiuri sqema # 4ªa (nax. 2). am SemTxvevaSi faqtiurad 

gvaqvs ori erTmaneTze mibmuli gansxvavebuli daxrilobis 

tyesakafi. pirveli, anu qveda tyesakafi dakavSirebuli 

avtotyesazid gzasTan aris 35 °-ze meti daxrilobis da misi 

aTviseba xdeba ganivgadasatani ormxrivi sabagiro morsaTrevi

danadgariT.

meore, anu zeda tyesakafi, rogorc pirvelis gagrZeleba 20°-

ze naklebi daxrilobisaa da misi aTviseba warmoebs morsaTrevi

TviTmtvirTavi agregatiT baqnamde -Semdgom saba giro danadgariT 

morebis CamoSvebiT zeda sawyobze.

TiToeuli tyesakafi siRrmeSi cal -calke 1000 m sigrZisaa 

da aTvisebis gansxvavebul xedvas saWiroebs.

teqnologiuri sqema # 7 (nax. 2). es sqema gamoiyeneba im 

SemTxvevaSi, roca tyesakafis ferdobis daxriloba ic vleba 20 °-

dan 35 °-mde da iTvaliswinebs xe -tyis moTrevas ganivgadasatani 

mzidi bagirebiT trasis orive mxridan da mis CamoSvebas 

sabagiro danadgariT. tyesakafis siRrmea 1000 m, erTvis 

avtotyesazid gzas da sabagiro danadgari kveTs mas mTel 

siRrmeze. CamoSvebu li xe -tye gamodis avtogzaze ganlagebul 

zeda sawyobze.

1.2.2. ganivgadasatani sabagiro morsaTrevi 
danadgarebis daxasiaTeba

cnobilia ganivgadasatani sabagiro morsaTrevi danadgari

erTi sawevi da erTi ukusvlis bagiriT (nax. 3), romelSic 
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teqnikuri Sedegi mii Rweva imiT, rom xe -tyis sahaero morTreva 

xorcieldeba ori Serwymuli faziT, romelic iTvaliswinebs 

morebis Tanmimdevrul, erTdroulad ormxriv uwyvet ganiv 

moTrevas da maT grZiv daSvebas; mowyobiloba damatebiT Seicavs 

meore ganiv gadasatan mzid bagirs, romelzeda c Camokidebulia 

meore damxmare urika, romelic pirvelTan dakavSirebulia 

damxmare bagiriT; amasTan, meore damxmare urikaSi gatarebulia 

dasatvirTad gamoyenebuli ordoliani jalambris ukusvlis 

bagiri, meore damxmare urikis mzidi bagiri aRWurvilia 

gadasatani msde qiT, urikebis daniSnulebis adgilze 

dasafiqsireblad, xolo orive damxmare urika aRWurvilia 

sakidi kakvebis damWeriT ukusvlisa da sawevi bagirebis 

datvirTul mdgomareobaSi dasafiqsireblad.

nax. 3. ganivgadasatani ormxrivi sabagiro morsaTrevi
danadgaris sqema erTi sawevi da erTi ukusvlis

bagiriT

sahaero morsaTrevi mowyobiloba (nax. 3) Sedgeba ordoliani

jalambrisagan 1 dolebiT 2,3; zeze mdgom xeebze damagrebul i

mTavari mzidi bagirisagan 4, masze moZravi avtomatur -muxruWiani 

urikiT 5, romelSic gatarebulia ordoliani jalambris sawevi 

bagiri 6; es ukanaskneli Cadebulia miwis zedapirTan axlos 
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damagrebul TviTxsnad blokSi 7 da pirvel damxmare urikaSi 8, 

romelsac gaaCnia gasaxsneli bloki 9 kakvis damWeriT; sawevi 

bagiri 6 bolovdeba kakviT 10, romelzedac Camokidebu lia 

sortimenti 11; jalambris 1 dolidan 3 gamomavali ordolia ni 

jalambris ukusvlis bagiri 12 mimarTulebis Sesacvlelad 

gatarebulia blokSi 13 da meore damxmare urikaSi 14, romelic 

aRWurvilia kakvis damWeriT, ukusvlis bagiri 12 bolovdeba 

kakviT 15, romelzedac d akidebulia sortimenti 16; damxmare 

urikebi 8 da 14 dakidebulia mTavari mzidi bagiris 4 qveS 

gamaval ganiv gadasatan mzid bagirebze 17, 18. damxmare urikebi 

8 da 14 erTmaneTTan dakavSirebulia damxmare bagiriT 19, 

romelic mobrunebis mizniT gatarebulia Zirs d amagrebul 

blokSi 20; mTavar da ganivad gadasatan mzid bagirebs 4, 17, 18 

gaaCnia dasaWimi polispastebi 21; amasTan meore ganivad

gadasatan mzid bagirze 18 damagrebulia gadasatani msdeqi 22.

sahaero morsaTrevi sabagiro mowyobiloba (nax. 3 ) muSaobs 

Semdegnairad: sabagiro danadgarisaTvis gakafuli trasis zeda 

da qveda baqanze SerCeul xeebze, mTavari mzidi bagiris 4 

daWimvis Semdeg sabagiro danadgaris qvemoT zeze mdgom xeebze, 

trasis marcxniv da marjvniv xdeba ganiv ad gadasatani mzidi 

bagirebis 17, 18 daWimva, ma sze Camokideben damxmare urikebs 8, 14, 

romlebic erTmaneTTan dakavSirebulia damxmare bagiriT 19. 

am dros, urikebi imyofebian mTavari sabagiro da nadgaris 

trasasTan. amis Semdeg mejalambre CarTavs jalambris 1 dols 3 

da daiwyebs ukusvlis bagiris 12 daxvevas. bagiris 12 kakviani 

bolo 15 miebjineba urikas 14 da mas gadaadgilebs tyesakafisaken, 

vinaidan urikebi 8, 14 erTmaneTTanaa dakavSirebuli, isini 

Tanabrad iwyeben moZraobas tyesakafisaken, urikebis 8, 14 saTanado 

adgilze dafiqsireba xorcieldeba msdeqis 22 sa SualebiT, urika 

14 daejaxeba msdeqs 22 da Camketi meqanizmiT fiqsirdebaadgilze. 

Semdgom mejalambre orive bagirs 6, 12 kakviani boloebiT 

10, 15 dauSvebs dabla. Cambmelebi Cokerebis saSualebiT 

sortimentebs 11, 16 Caabamen kakvebze 10, 15, mejalambre aswevs
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orive bagirs 6, 12 zemoT da kakviani boloebi 10, 15 urikebSi 8, 

14 dafiqsirdeba kakvis sakidSi. amis Semdeg mimbmelebi gaxsnian 

msdeqis 22 Camket meqanizms da urikebi 8, 14 Tavisufldeba. 

Semdeg mejalambres jalambris 1 doli 3 gadahyavs Tavisufal 

svlaze da rTavs dols 2 da iwyebs bagiris 6 daxvevas, ris 

Sedegadac urika 8 mihyavs sabagiro danadgaris trasasTan, 

imavdroulad, meore urika 14 damxmare bagiris 19 meSveobiT 

gadaadgildeba trasisaken. rodesac orive urika 8, 14 sabagiro 

danadgaris qvemoT aRmoCndeba, mej alambre aCerebs maT da 

kakvebis 10, 15 sakididan advilad gaTavisuflebis mizniT orive 

tvirTs 11, 16 aswevs odnav maRla (datvirTvis qveS myofi kakvis 

sakidis gaxsna did sirTules ar warmoadgens), gaTavisuflebis 

Semdeg kakvebs 10, 15 sortimentTan erTad dauSveb en dabla. 

berketis dartymiT gaxsnian urikis 8 TviTxsnad bloks 9 da 

bagiri 6 gadmovardeba urikidan 8. mejalambre agrZelebs dolze 

2 bagiris 6 daxvevas, ris Sedegadac kakviani bolo 10 daejaxeba 

TviTxsnad bloks 7 da xsnis mas. meore urikidan 14 sortiments 

16 Caxsnian kakvidan 15 da Cokerebis saSualebiT Caabamen kakvebze 

10. mejalambre aswevs sortiments 11, 16 zemoT satvirTo bagiriT 

6 da kakviani bolo 10 dafiqsirdeba mTavari sabagiro danadgaris 

urikaSi 5. ris Semdegac mejalambres doli 2 gadahyavs 

samuxruWe reJim Si. anTavisuflebs mTavar urikas 5 muxruWisagan 

da urika iwyebs moZraobas mTavar mzid bagirze 4 qveda 

baqnisaken. sortimentis Camoxsnis Semdeg cikli meordeba.

nax. 4 -ze mocemuli sabagiro danadgari Seicavs mTavar 

mzid bagirs, masze moZravi ZiriTadi satvirTo urikiT, ormxriv 

ganivad gadasatan mzid bagirebs, maTze moZravi damxmare 

satvirTo urikebiT, romlebic erTmaneT Tan dakavSirebulia 

damxmare bagiriT, da erT -erT damxmare urikaSi gatarebuli 

dasatvirTad gamoyenebuli ordoliani jalambris ukusvlis 

bagiri, amasTan, o rdoliani jalambari aRWurvilia ori sawevi 

bagiriT, romlebic gatarebulia ZiriTadi satvirTo urikis 

orRarian blokSi da damxmare urikebis TviTxsnad blokebSi 
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cal-calke. jalambris sawevi bagirebis doli Sesrulebulia 

ori seqciisagan, TiToeulze cal -calke daxveuli or i sawevi 

bagiriT. 

xe-tyis ormxrivi sabagiro morsaTrevi danadgari (nax. 4) 

Seicavs ordolian jalambaris 1 , romlis sawev -satvirTo 

bagirebis doli 2 Sesrulebulia ori seqciisagan 3, TiToeulze 

cal-calke daxveuli sawevi bagiriT 4 da 5, zezemdgom xeebze 

damagrebul mTavar mzid bagirs 6, masze moZravi avtomatur -

muxruWiani urikiT 7, romlis orRarian satvirTo blokSi 8 

gatarebulia sawevi bagir ebi 4 da 5. es ukanasknelebi Cadebulia 

miwis zedapirTan axlos damagrebul TviTxsnad blok ebSi 9, 10

da ZiriTadi urikis 7 orive mxare s ganlagebul damxmare 

urikebSi 11 da 12, rom lebsac aqvs TviTxnadi blokebi 13 da 14 

kakvis damWerebiT. sawevi bagir ebi 4 da 5 bolovdeba kakv ebiT 15 

da 16, rom lebzedac Camokidebulia sortiment ebi 17, 18.

jalambris 1 ukusvlis dolidan 19 gamomavali ukusvlis ba giri 

20 mimarTulebis Sesacvlelad gatarebulia blokSi 21 da erT-

erT damxmare urikaSi , magaliTad, 12 -Si, romelic aRWurvilia 

kakvis damWer ebiT. damxmare urikebi 11, 12 dakidebulia mTavari 

mzidi bagiris 6 qveS gamaval ganiv ad gadasatan mzid bagirebze 

22, 23 . damxmare urikebi 11, 12 erTmaneTTan dakavSirebulia 

damxmare bagiriT 24 , romelic mobrunebis mizniT gatar ebulia 

Zirs damagrebul blokSi 25. mTavar 6 da ganivad gadasatan mzid 

bagirebs 22 da 23 aqvs dasaWimi polispast ebi 26, 27 da 28. 

amasTan, meore ganivad gadasatan mzid bagirze 23 damagrebulia 

gadasatani msdeqi 29 .

xe-tyis ormxrivi sabagiro morsaTrevi danadgari (nax. 4 )

muSaobs Semdegnairad: sabagiro danadgarisaTvis ga kafuli 

trasis zeda da qveda baq nebze SerCeul xeebze mTavari mzidi 

bagiris 6 daWimvis Semdeg , sabagiro danadgaris mzidi bagiris 

qveS, zezemdgom xeebze, trasis marjvniv da marcxniv xdeba 

ganivad gadasatani mzidi b agirebis 22, 23 daWimva, ris Semdegac 

masze Camokideben damxmare urikebs 11 da 12 , romlebic 
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erTmaneTTan da kavSirebulia damxmare bagiriT 24 . am dros, 

damxmare urikebi 11, 12 imyofeba sabagiro danadgaris trasasTan. 

amis Semdeg mejalambre CarTavs jalambris 1 ukusvlis dols 19

da daiwyebs ukusvlis bagiris 20 daxvevas. bagiris 20 kakviani 

bolo 22 miebjineba urikas 12 da mas gadaadgilebs tyesakafisaken. 

vinaidan urikebi 11, 12 erTmaneTTanaa dakavSirebuli damxmare 

bagiriT, meore urikac 11 iwyebs Tanabar moZraobas tyesakafisaken. 

urikebis 11, 12 saTanado adgilze dafiqsireba xorcieldeba meore 

gadasatan mzid bagirze 23 damagrebuli gadasatani msdeqis 29

saSualebiT, urika 12 daejaxeba msdeqs 29 da Camketi meqanizmiT 

fiqsirdeba adgilze. 

nax. 4. ganivgadasatani ormxrivi sabagiro morsaTrevi
danadgaris sqema ori sawevi da erTi ukusvlis

bagiriT

Semdgom mejalambre orive sawev bagirs 4, 5 Tavisi kakviani 

boloebiT dauSvebs dabla. Cambmelebi Coke rebis saSualebiT 

sortimentebs 17, 18 Caabamen kakvebze 15, 16 , mejalambre aswevs 

orive bagiris 4, 5 zemoT da kakviani boloebi 15, 16 urikebSi 11, 

12 dafiqsirdeba kakv ebis sakid ebSi. amis Semdeg Cambmelebi 

gaxsnian msdeqis 29 Camket meqanizms da urikebi 11, 12

Tavisufldeba. mejalambres jalambris ukusvlis doli 19
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gadahyavs Tavisufal svlaze , rTavs dols 2 da iwyebs sawevi 

bagirebis 4, 5 daxvevas, ris Se mdegac urikebi 11, 12 mihyavs 

sabagiro danadgaris trasasTan. rodesac orive urika 11, 12

aRmoCndeba sabagiro danadgaris qveS mejalambre aCerebs dols 

2. kakvebis 15, 16 sakidebidan advilad gaTavisuflebis mizniT , 

orive tvirTs 17, 18 aswevs odnav maRla, gaTavisuflebis Semdeg 

kakvebs 15, 16 sortimentebTan 17, 18 erTad dauSveb s dabla,

Semdeg berketis dartymiT xsnian urikebis 11, 12 TviTxsnad 

blokebs 13, 14 da bagir ebi gadmovardeba urik ebidan 11, 12. 

mejalambre agrZelebs dolis 2 seqciebze 3 bagirebis 4, 5

daxvevas, ris Sedegadac kakviani bolo ebi 15, 16 daejaxeba 

Sesabamisad TiTo euli damatebiTi urikisaTvis 11, 12 miwis 

zedapirTan axlos damagrebul TviTxsnad blok ebs 9, 10 da 

xsnis maT . mejalambre aswevs orive satvirTo bagirze 4, 5 

daCokerebul sortimentebs 17, 18 maRla da orive damatebiTi

urikis mier motanili tvirTi dafiqsirdeba danadgaris mTavar 

urikaSi 7. amis Semdeg mejalambres doli 2 seqciebiT 3 gadahyavs 

samuxruWe r eJimSi. aTavisuflebs mTavar urikas 7 muxruWisagan 

da urika iwyebs moZraobas mTavar mzid bagirze 6 qveda 

baqnisaken (zeda sawyobi) . sortimentebis Camoxsnis Semdeg cikli

meordeba.

nax. 5-ze mocemuli sabagiro morsaTrevi danadgari Seicavs 

mTavar mzid bagirs, masze moZravi ZiriTadi satvirTo urikiT, 

ormxriv ganivad gadasatan mzid bagirebs, maTze moZravi damxmare 

urikebiT, jalambaris sawevi da ukusvlis bagirebiT, amasTan 

jalambars  aqvs meore sawevi da meore ukusvlis bagiri, xolo 

sawev-satvirTo bagirebi ZiriTadi da damxmare urikebisaTvis 

gatarebulia ori ganmxoloebuli erTRariani blokisagan Semdgar 

ZiriTadi urikis satvirTo blokSi da damxmare urikebis 

TviTxsnad blokebSi, ukusvlis bagirebi ki blokebis saSualebiT 

cal-calke dakavSirebulia sabagiro trasis sxvadasxva mxares 

damontaJebul damxmare urikebTan.
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nax. 5. ganivgadasatani ormxrivi sabagiro morsaTrevi
danadgaris sqema ori sawevi da ori ukusvlis

bagiriT

nax. 5-ze mocemuli sahaero sabagiro morsaTrevi danadgari  

Seicavs oTxdolian jalambar s 1 , romlis sawev -satvirTo 

bagirebis 2, 3 doli 4 da ukusvlis bagirebis 5, 6 doli 7  

Sesrulebulia or -ori seqciisagan, Sesabamisad, sawev -satvirTo 

bagirebis doli 4, 8 da 9 seqciebisagan da uku svlis bagirebis 

doli 7, 10 da 11 seqciebisagan, TiToeuli individualuri 

amZraviT; zezemdgom xeebze an specialur anZebze damagrebul 

ZiriTad  mzid bagirs 12, masze moZravi avtomatur -muxruWiani 

urikiT  13,   romlis orRarian,  ori  cal-calke damzadebuli

gorgolaWisagan 14, 15 Semdgar satvirTo blokSi 16 gatarebulia

sawevi bagir ebi 2 da 3, romlebic Semdgom Cadebulia miwis 

zedapirTan axlos damagrebul TviTxsnad blok ebSi 17, 18 da 

ZiriTadi trasis orive mxares ganlagebuli damxmare urikebis 

19 da 20 TviTxsnad blokebSi 21 da 22, romlebic, Tavis mxriv, 

aRWurvilia kakvis damWerebiT. sawevi bagirebi 2 da 3 bolovdeba 

kakvebiT 23 da 24, rom lebzedac da kidebulia sortiment ebi 25, 

26; jalambris 1 ukusvlis dolis 7 seqciebidan 10 da 11

gamomavali ukusvlis bagirebi 5 da 6, saWir o raodenobis 
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damatebiTi blokebis 27, 28 saSualebiT cal -calke ukavSirdeba 

Sesabamisad, Tav -Tavis damatebiT damxmare urikebs 19, 20. 

damxmare urikebi 19, 20 dakidebulia mTavari mzidi bagiris 12

qveS gamaval ganiv ad gadasatan mzid bagirebze 29, 30 . mTavari 

mzidi bagiris 12 da ganivad gadasatan mzid bagirebs 29, 30 aqvs

dasaWimi polispastebi 31, 32, 33 da gadasatani msdeqebi 34 da 35 .

xe-tyis ormxrivi sahaero sabagiro morsaTrevi danadgari 

muSaobs Semdegnairad: 

dasawyisSi damxmare urikebi 19, 20 imyofeba sabagiro 

danadgaris trasasTan. mejalambre CarTavs jalambris 1 ukusvlis 

dolis 7 seqciebs 10 da 11 da iwyeba ukusvlis bagirebis 5, 6 

daxveva dolis 7 seqciebze 10 da 11, ris Sedegadac xdeba 

damatebiTi damxmare urikebis 19 da 20 gayvana ZiriTadi sabag iro 

trasidan t yesakafis orive mxares, erTdroulad. imisda 

mixedviT Tu sabagiro trasis romel mxares ra manZilze aris 

urika gasaCerebeli tyesakafSi, mejalambre Sesabamisi signalis 

Semdeg TiSavs ukusvlis dolis 7 erT -erT seqcias 10 an 11. aseve 

xdeba meore urikis tyesakafis meore mxares dafiqsireba. amis

Semdeg damxmare urikebi 19, 20 gadasatani msdeqebiT 34 da 35 

fiqsirdeba ganiv gadasatan mzid bagirebze 29, 30 . 

amis Semdeg, mejalambre orive sawev bagirs 2, 3 Tavisi

kakviani boloebiT 23 da 24 dauSvebs dabla. Cambmelebi 

Cokerebis saSualebiT Caabamen sortimentebs 25, 26 kakvebze 23, 

24, mejalambre aswevs orive sawevi bagiris 2, 3 da kakviani 

boloebi 23, 24 dafiqsirdeba damxmare urikebis 19, 20 kakvebis 

sakidebSi. Cambmelebi xsnian damxmare urikebis msdeqebis 34, 35 

Camket meqanizmebs.

mejalambres Tavisufal svlaze gadayavs jalambris 

ukusvlis doli 7, seqciebiT 10, 11, ris Semdegac rTavs sawevi 

bagirebis dols 4 seqciebiT 8, 9. iwyeba sawevi bagirebis 2, 3 

daxveva dolebze 8 da 9. damxmare urikebi 19, 20 gadaadgildeba 

ZiriTadi saba giro trasisaken, rodesac orive damxmare urika 

aRmoCndeba ZiriTadi sabagiro danadgaris trasis qveS, berketis 
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dartymiT xsnian damxmare urikebis 19, 20 TviTxsnad blok ebs 21, 

22 da sawevi bagirebi 2, 3 gadmovardeba damxmare urikebidan 19, 

20. mejalambre agrZel ebs dolis 4 seqciebze 8 da 9 bagirebis 2, 

3 daxvevas, ris Sedegadac bagirebis kakviani bolo ebi 23, 24

daejaxeba, Sesabamisad, TiToeuli damxmare urikisaTvis 19, 20 

miwis zedapirTan axlos damagrebul TviTxsnad blok ebs 17, 18 

da xsnis maT . mejalambre aswevs orive satvirTo bagirze 5, 6 

daCokerebul sortimentebs 25, 26 maRla da orive damatebiTi

urikis mier motanili tvirTi dafiqsirdeba danadgaris mTavar 

urikaSi 13, ris Semdegac mejalambres doli 4 seqciebiT 8 da 9 

gadahyavs samuxruWe r eJimSi, aTavisuflebs mTavar uri kas 13

muxruWisagan da urika iwyebs moZraobas mTavar mzid bagirze 12

qveda baqnisaken (zeda sawyobi) . sortimentis Camoxsnis Semdeg 

cikli meordeba.

1.3. sabagiro sistemebis elementebi

mTis tyesakafebis aTvisebis dros, miuxedavad gamoyenebuli 

sabagiro sist emebis moCvenebiTi mravalferovnebisa, isini 

ZiriTadad Sedgebian Semdegi elementebisagan. bagirebi, romlebic 

iyofa:

1. mzidi bagirebi mudmivi samontaJo daWimulobiT da xistad 

Camagrebuli boloebiT;

2. mzidi bagirebi Cakidulobis didi isrebiT da cvalebadi 

daWimulobiT;

3. sawev-mzidi bagirebi, romelTa erTi Sto warmoadgens mzids, 

xolo meore – sawevs. bagiris mzid Stoze, rogorc wesi 

eyrdnobian sagoravebi, urikebi;

4. sawevi bagirebi emsaxurebian xeebis Sekrulas awevas an 

Segrovebas maTi Semdgomi transportirebisaTvis;

5. uqmi bagi ri emsaxureba urikis gadaadgilebas tvirTis 

Casabmel adgilamde;

6. damxmare bagiri emsaxureba sxvadasxva damxmare operaciebis 

Sesrulebas tvirTis transportirebis dros.
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bagirebis dasamagreblad sayrdenebi:

1. saTavo;

2. sazurge;

3. Sualeduri;

4. saWimarebis gareSe momuSave anZebi.

jalambrebi, romlebic iyofian:

1. stacionaruli;

2. TviTmavali;

3. erTdoliani;

4. mravaldoliani;

5. Sigawvis ZravaTi;

6. eleqtro ZravaTi.

urikebi, romlebic iyofian:

1. satransporto;

2. morsaTrevi;

3. tyis saWreli;

4. tyis saWrel-morsaTrevi;

5. damxmare;

6. damtvirTavi;

7. naxevradavtomaturi;

8. avtomaturi.

damxmare aRWurviloba:

1. samontaJo samuSaoebisaTvis;

2. ZiriTadi warmoebisaTvis.

arsebobs sabagiro danadgarebis saerTo Teoriuli sqema 

(nax. 6), romelic Seicavs Semdeg sistemebs:

- kiduli bagiri;

- qanqarisebri sabagiro gza;

- wriuli sabagiro gza;

- kabel-amwe, jalambari dadgmulia mTis wverze;

- kabel-amwe, jalambari dadgmulia xeobaSi;

- morTrevis sistema Sesustebuli bagiriT, jalambari 

dadgmulia mTis wverze;
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- morTrevis naxevraddakidebuli sistema;

- kabel-amwe.

nax. 6. sabagiro sistemebis Teoriuli sqemebi:
a – kiduli bagiri `SK~ _ mzidi bagiri; `C~ _ urika; b – qanqarisebri  
sabagiro gza: `Hau~ _ uqmi bagiri; g – wriuli sabagiro danadgari:
`HO~ _ satvirTo bagiri; `M~ _ sawevi bagiri; d – kabel-amwe, 
jalambari dadgmulia mTis wverze; `WD~ _ jalambari; e – kabel-amwe, 
jalambari dadgmulia xeobaSi; v – morTrevis sistema Sesustebuli 
bagiriT; z – morTrevis naxevraddakidebuli sistema; T – kabel-amwe

a

e

b

g

v

z

d

T
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1.4. mzidi bagiris gaangariSeba Cakidulobis
didi isrebiT

morsaTrev-TviTmtvirTavi danadgaris КПУ-2-is mzidi bagiri, 

muSaobs kabel amweebis mzidi bagirebis msgavsad, aseve _ ВТУ-3,  

TПУ-7, TПУ-M da sxva sabagiro danadgarebis a. BTУ-3, TПУ-7 

kabeluri amweebis bagirebi gamoiyeneba maTze urikebis grZivi 

gadaadgilebisaTvis, xolo КППУ danadgarisaTvis mzidi bagiri -

ferdobze merqnis morTrevis dros dabla dasaSvebad, rac 

miiRweva mzidi bagiris sigrZis cvlilebiT. am sabagiro 

danadgarebSi mzidi bagiris Cakidulobis isari icvleba farTo 

zRvrebSi 5 -dan 25% -mde, maSin roca sxva tipis danadgarebSi, 

romlebSic mzidi bagiris boloebi Camagrebulia uZravad, es 

zRvrebi Seadgens 3-5% ( 05,003,0 -=lf ) [12-39].

amrigad, КПУ-2 danadgaris muSaobis dros mzidi bagiri 

Zlierad Caekideba datvirTuli urikis qveS, rac ar iZleva 

saSualebas gamoviyenoT gaangariSebisaTvis Cveulebrivi 

formulebi, romlebic gamoyvanilia mcire CakidulobebisaTvis.

formulebis gamoyenebis zRvari gamoyvanili drekadi 

ZafebisaTvis mcire isrebiT, bagirebTan Cakidulobis didi 

isrebiT damokidebulia mraval faqtorze: datvirTvis xasiaTze 

da sidide ze, masalis da muSaobis pirobebze, agreTve 

moTxovnili angariSebis sizusteze.

Cveulebrivad ganmsazRvrel niSnad, romlis mixedviTac 

ganasxvaveben Zafebs mcire da didi isrebiT, warmoadgenen 

Semdegs: Tu Cakidulobis mrudis gantoleba angariSis dros 

mniSvnelovani cdomilebebis gareSe SeiZleba Seicvalos 

parabolaTi, maSin Tvlian, rom am Zafs aqvs Cakidulobis mcire 

isari. Tu aseTi Secvla SeuZlebelia da angariSi unda 

vawarmooT jaWvuri xazis mixedviT, maSin Tvlian rom Zafs aq vs 

didi Cakidulobis isari.

mzidi bagirisaTvis didi Cakidulobis isriT, rogorc 

woniani  moqnili  ZafisaTvis,  datvirTuli  Cawertebuli ZaliT,
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nax. 7. bagiris Cakiduloba ori urTierTgadamkveTi
parabolaTi

jaWvuri xazis gantolebis gamoyenebiT. miR ebuli amoxsna _ 

gadawyvetileba warmoadgens ufro zusts da SeiZleba gamoyenebuli 

iyos kriteriumad miaxloebiTi meTodebiT angariSis Sefasebis 

dros. ase magaliTad, parabolis meTodiT angariSis Catarebis 

dros advilad davrwmundebiT, rom cdomilebis sidide ganxilvadi 

SemTxvevisaTvis Zalian mniSvnelovania. namdvilad parabolis 

meTodis mixedviT Zafis daWimulobis sidide A sayrdenTan 

SeiZleba gaangariSdes cnobili formuliT:

22
A

n
A VHT += ,                          (1)

sadac

f

Ql

f

ql
H

D
+=

bcos8
;                (2)

b
b

Htg
Qql

V -+=
2cos2

.                      (3)

miRebul formulaSi sawyisi monacemebis SetaniT vpoulobT 

daWimulobas A sayrdenTan

1359=AT kg.
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zusti meTodiTa da miaxloebiTi meTodiT miRebul 

Sedegebs Soris gansxvaveba Seadgens:

%8,27%100
1881

13591881
%100 =

-
=

¢-

A

AA

T

TT
.           (4)

amrigad, moqnili Zafis didi isriT parabolis meTodiT 

angariSis dros iZleva cdomilebas, romelic gamodis dasaSvebi 

zRvrebidan. amasTan cnobilia, rom Cakidulobis mcire isrebisa 

da Tanabradganawilebuli datvirTvis dros aseTi Secvla ar 

iwvevs did cdomilebas.

amis gaTvaliswinebiT, drekadi Zafi didi isriT, datvirTuli 

Cawertebuli ZaliT, SeiZleba ganvixiloT rogorc ori 

gadamkveTi parabola AD da DB mcire isrebiT, datvirTuli 

mxolod Tanabrad ganawilebuli tvirTiT (nax. 7).

moxerxebulobisaTvis ganvixiloT koordinatebis dasawyisi 

Cawertebuli tvirTis modebis wertilSi , maSin AD parabolis

nebismieri wertilis ordinata M1 SeiZleba gamovsaxoT

gantolebiT

1111 fxtgxy -W×= ,          (5)

sadac 11 Mx - wertilis abscisa;

AD-W qordis daxris kuTxe horizontalTan;

11 Mfx - wertilSi Cakidulobis isari.

Cakidulobis isari D wertilidan x1 manZilze parabolis

meTodiT tolia

1

11

1

11
1 cos2

)(

cos2

)(

W
-

=÷÷
ø

ö
çç
è

æ
W

-
=

H

xxqxq

H

xxx
fx ,                 (6)

sadac Ax - sayrdenTan M1 wertilamde manZili.

DAKD-dan vpoulobT

x

xtgf
tg

b-
=W1 ,                          (7)

sadac f _ Cakidulobis isari Cawertebuli tvirTis modebis 

wertilSi. 

maSin
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1

11
1 cos2

)(

W
-

-
-

=
H

xxqx
x

x

xtgf
y

b
.                      (8)

pirveli warmoebuli
1

1

dx

dy
warmoadgens mxebis daxris kuTxis

tangenss AC parabolis nebismier 1x wertilSi

11

1
1 cos2

)2(

W
-

-
-

=¢
H

xxq

x

xtgf
y

b
,    (9)

sadac ADH -1 mrudisaTvis ganbjenis sidide;

-= 01x saTvis, e.i. Cawertebuli Zalis modebis wertilSi, 

kuTxe daWimulobis mimarTulebasa da D wertilidan 

marcxniv horizontalTan, Seadgens:

11
1 cos2 W

-
-

=
H

qx

x

xtgf
tg

ba .                    (10)

DB parabolis nebismieri M2 wertilis ordinata (nax. 7) 

SeiZleba gamovsaxoT gantolebiT:

2222 fxtgxy -W×= ,   (11)

sadac 22 Mx - wertilis abscisa, koordinatebis dasawyisis D

wertilSi ganlagebis dros;

DB-W qordis daxris kuTxe horizontalTan;

-2fx Cakidulobis isari 2M wertilSi.

(6) formulis analogiurad 

[ ]
2

22

cos2

)(
2 W

×
--

=
q

H

xxlx
f x .                    (12)

DBDD1-dan vpoulobT, rom

xl

tgxlf
tg

-
-+

=W
b)(

2 ,                        (13)

maSin

21

22
22 cos2

])[()(

W
-

-
-
-+

=
H

xxlqx
x

xl

tgxlf
y

b
.                  (14)

pirveli warmoebuli

2

2
2 cos2

]2)[()(

W
--

-
-

-
=¢

H

xxlq

xl

tgxlf
y

b
.                     (15)
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-= 02x saTvis kuTxe daWimulobis mimarTulebasa da horizontals 

Soris D wertilidan Seadgens

22
2 cos2

)()(

W
-

-
-
-+

=
H

xlq

xl

tgxlf
tg

ba ,                      (16)

sadac -2H DB mrudisaTvis ganbjenis sidide.

1cosW da 2cosW SevcvliT Sesabamisi kuTxeebis tangensebiT, 

miviRebT:

2

1
1 1

2
÷
ø
ö

ç
è
æ -

+-
-

=
x

xtgf

H

qx

x

xtgf
tg

bba ,                   (17)

2

2
2

)(
1

2

)()1(
úû
ù

êë
é

-
-+

+
-

-
-
-+

=
xl

tgxlf

H

xlq

xl

tgxf
tg

bba .         (18)

nax. 7-is gamoyenebiT, vpoulobT

,cos

,cos

22

11

a
a

D

D

TH

TH

=
=

(19)

sadac -DT bagiris daWimulobis sidide Cawertebuli Zalis

miyenebis wertilSi.

damokidebulebis (19) kuTxeebis kosinusebi gamovsaxoT maTi 

tangensebiT da Sevita noT 1atg da 2atg gantolebebidan (17) da 

(18), miviRebT

2
2

2
1

1

1
2

1
ú
ú
û

ù

ê
ê
ë

é
÷
ø
ö

ç
è
æ -

+-
-

+

=

x

xtgf

H

qx

x

xtgf

T
H D

bb

,                (20)

.

)(

])([
1

2

)()(
1

2

2
2

2

þ
ý
ü

î
í
ì

-
-+

+
-

-
-
-+

+

=

xl

tgxlf

H

xlq

xl

tgxlf

T
H D

bb
(21)

algebruli   gardaqmnebisa  da  ormagi   radikalebisagan 

ganTavisuflebis Semdeg d amokidebulebebi (20) da (21 ) miiReben 

Semdeg saxes

0
4

11

)( 22

2

2

21
2

1 =

ú
ú
ú
ú

û

ù

ê
ê
ê
ê

ë

é

-

÷
ø
ö

ç
è
æ -

+

-

÷
ø
ö

ç
è
æ -

+

-
=

xq

x

xtgf

T

x

xtgf

xtgfq
HH D

bb

b
,         (22)
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0
4

)(

)(
1)(

1

)])([ 22

2

2

22
2
2 =

ï
ï
þ

ï
ï
ý

ü

ï
ï
î

ï
ï
í

ì

-
-

÷
ø
ö

ç
è
æ

-
-+

+

-

÷
ø
ö

ç
è
æ

-
-+

+

-+
=

xlq

xl

tgxlf

T

xl

tgxlf

tgxlfq
HH D

bb

b
. (23)

Secvlisa da Casmebis Semdeg, saboloo saxiT miviRebT:

22

22

1
)(

)(
1

)(

)(

)(
12

)(

12

÷
ø
ö

ç
è
æ -

+

-
+

÷÷
ø

ö
çç
è

æ
-
-+

+-

-+

÷÷
ø

ö
çç
è

æ
-
-+

+

-
+

÷
ø
ö

ç
è
æ -

++

=

x

xtgf
x

xtgf

xl

tgxlf
xl

tgxlf

xl

tgxlf

xlq

x

xtgf
Q

qx

TD

b

b

b

b

bb

.            (24)

sadac -DT bagiris daWimu loba Cawertebuli Zalis modebis 

wertilSi.

moxerxebulobisTvis aRvniSnoT, rom

A
x

tgxlf
=

-+ b)(
,                           (25)

B
x

xtgf
=

- b
.                               (26)

(24) gamosaxuleba CavweroT Semdegnairad

( )22

2222

112

1
2

)(
1

2
)1)(1(2

ABBA

B
xlq

A
qx

BAQ
TD

+++

+
-

+++++
= . (27)

malis Sua nawilisaTvis daWimulobis sidide Zalis modebis 

wertilSi Seadgens:

( )
( )2

11
2

11

2
1

2
1

2
1

2
1

2/1
114

11)1)(1(4

ABBA

BAqlBAQ
T

+-+

++++++
= ,          (28)

sadac

btg
t

f
A += 21 ,                               (29)

btg
t

f
B -= 21 .                               (30)
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1.5. sawev-mzidi bagiris angariSi

sawev-mzidi bagiri (smb) mTlianobaSi TviTmavali jalambriT 

warmoadgens mobilur sabagiro danadgars mTiani tyesakafebidan 

xeebis morTrevisa da transportirebisaTvis. sawev-mzidi bagiri –

es aris Caketili maryuJi, gamavali saTavo da sawevi anZebis 

blokebSi, romelic magrdeba TviTmavali jalambris dolebze an 

bagirmimwodebel Skivze. smb -ze ikideba morsaTrevi an 

satransporto urikebi, romelTa daxmarebiT xorcieldeba merqnis 

gadaadgileba tyis Wris adgilidan dasatvirT moednamde. amasTan, 

is asrulebs mzidisa da sawevi bagiris rols, ukusvlis 

bagirebis, ris saSualebiTac 2 -3-jer SeiZleba Semcirdes 

bagirebis moTxovnileba, samontaJo da desamontaJo samuSaoebi 10-

12-jer [30-39].

ЛЛ-20 sabagiro danadgari aRWurvilia sawev-mzidi bagiriT.

danadgari muSaobs `daRmarTze~, xolo TviTmavali 

jalambari ganlagebulia ferdobis safexurebTan. xis smb -iT 

dakidebuli transportirebis dros Cakidulobis isari ar aris 

didi da Tanafardoba malis sigrZesTan imyofeba zRvrebSi

10

1

20

1
¸=

l

f
,                          (31)

sadac f _ smb -is Cakidulobis isari, m; l _ sabagiro danadgaris

malis qordis sigrZe.

smb-Si aRZruli Zalebis gansazRvrisaTvis visargebloT 

mzidi bagiris gaangariSebis meTodikiT Cakidulo bis mcire 

isrebiT. smb -is zeda da qveda StoebisaTvis Sevad ginoT 

deformaciebis gantolebebi: gantolebebi zeda da qveda Stoebis 

2 urTierTqmedebis Zalebisa da statistikis gantolebebi; 

miviRebT gantolebaTa sistemas, romelic uzrunvelyofs 

ganvsazRvroT aucilebeli parametrebi tvirTis damyarebuli 

moZraobis dros. gantolebebis gamoyvanisaTvis viRebT saangariSo 

sqemas (nax. 8), amasTan vRebulobT yvela daSvebas drekadi Zafis 

saangariSod mcire isrebiT, garda amisa, smb -s Stoebi 
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ganlagebulia paralelurad, xolo maTi sayrdene bi imyofebian 

sxvadasxva doneze.

nax. 8. sawev-mzidi bagiris saangariSo sqema tvirTis
dakiduli transportirebis dros

deformaciis gantoleba bagirebis zeda da qveda 

StoebisaTvis dakidul mdgomareobaSi transportirebis dros 

Caiwereba Semdegi saxiT

0
2

cos

2

cos 2
2

2

1
2

12
1

2
2

2
3

2 =-÷÷
ø

ö
çç
è

æ
-+ òò dxR

l

EF
TdxQ

lT

EF
TT

aa
,          (32)

+
ú
ú
û

ù

ê
ê
ë

é
÷÷
ø

ö
çç
è

æ
-+ òò dxQ

T
dxQ

Ta

EF
TT B)(12

1

2
02

0

2
2

2
3

2

11

2

cos a

( ) 0
2

cos1 2
)(1

2

01 =--+ ò dxQ
a

EF
aTbT

a H

a
,                      (33)

sadac -0T bagirebis daWimuloba sakuTari wonidan `g~, kn;

-1T bagirebis daWimuloba sakuTari woniT da tvirTiT P, kn;

-2T daWimuloba g-dan, P-dan da K-Zalidan, kn;

E _ drekadobis moduli;

Q2

Q1
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F _ bagiris kveTis farTobi, m2;

Q _ transportirebadi tvirTis masis vertikaluri 

mdgeneli, kg;

K _ jalambris muSa dolis wevis Zala, kn;

X _ mimdinare ordinata, m;

-xf smb-is Cakidulobis isari nebismier wertilSi, m;

a _ malis qordis daxris kuTxe, gradusi;

a _ saTavo anZidan tvirTamde manZili, m;

b _ sazurge anZidan tvirTamde manZili, m;

g _ 1 kg m bagiris Tanabrad ganawilebili datvirTva, kg.

(32) da (33 ) gantolebebSi ucnob sidideebs warmoadgenen 1T

da 2T , am gantolebebis amoxsna warmoadgens gansazRvrul 

sirTules, amitom simartivisaTvis SemovitanoT statikis ori 

gantoleba da bagiris Stoebis Zal ebis urTierTqmedebis 

gantoleba.

nax. 8-dan CavwerT:

÷
ø
ö

ç
è
æ +

-
==

l

Pg

f

xlx

f

M
T B

xx

b 2

coscos2

)(
1 aa

,                     (34)

÷÷
ø

ö
çç
è

æ
-

××
+

-
+

-
=

)(

cos2)(2

coscos2

)(
2 xll

fK

l

PPg

f

xlx
T bxB

x

ha
aa

,      (35)

)1(

)cos(

b

bx
B x

KfPx
P

h
ha

+
-

= ,         (36)

sadac -bM blokuri momenti;

-bh blokis m.q.k.

(32), (33), (34), (35), (36) gantolebebis sistemis amoxsniT 

SeiZleba ganisazRvros Zalebi, romlebic aRiZvrebian Caketili 

sawev-mzidi bagiris zeda da qveda Stoebs Soris dakidebuli 

tvirTis damyarebuli moZraobis dros zeda sayrdenidan qveda 

sayrdenamde, sabagiro danadgaris tvirTamweoba, bagiris 

Cakidulobis isris nebismier WrilSi, e.i. tvirTis moZraobis 

traeqtoria.
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nax. 9. sawev-mzidi bagiris saangariSo sqema tvirTis
naxevraddakiduli transportirebis dros

ganvixiloT tvirTis transportirebis SemTxveva sawev -mzid 

bagirze. smb-is parametrebis gaangariSebis dros naxevraddakiduli 

tvirTiT vRebulobT yvela win miRebul daSvebebs, magram 

angariSis ganmasxvavebel Taviseburebas warmoadgens is, rom am 

SemTxvevaSi bagirebi zeda sayrdenTan muSaoben mcire 

Cakidulobis isrebiT, xolo tvirTis gadaadgilebis dros Sua 

da qveda sayrdenebTan bagirebi muSaoben didi Cakidulobis 

isrebiT, sadac mcire Cakidulo bis isrebiT gaangariSebis 

meTodika iZleva did cdomilebas. mainc es meTodika misaRebia, 

Tu bagiris sakuTari woniT ` g~ ganawilebul datvirTvas sworad 

aRvricxavT. amasTan dakavSirebiT SemoTavazebulia: pirvel rigSi 
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integralSi ò dxQ2 smb-is Stoe bis deformaciebis gantolebebi, 

jaWvur xazze SevitaniT koreqtirebuli ` g~ datvirTva, xolo 

sayrdeni datvirTvisagan ganvsazRvroT parabolis gantolebiT: 

вaxY += 2 , sadac a da в_koeficientebi jaWvuri xazisagan 

miRebulia umciresi kvadratebis meTodiT. meore rigSi drekadi 

Zafis statikis gantolebebis Sedgenis dros, ganvixilavT, 

rogorc or gadamkveT parabolas. nax. 9 -ze moyvanilia smb -s 

saangariSo sqema tvirTis naxevraddatvirTul mdgomareobaSi 

transportirebis dros.

CavweroTY zeda da qveda Stoebis deformaciis gantolebebi:
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(37) da (38) gantolebebSi ucnob sidideebs warmoadgenen 1H

da 2H , maTi amoxsnis gasaadvileblad SemovitanoT statikis ori 

gantoleba, sawev -mzidi bagiris Stoebis urTierTqmedebis Zalis 

gantoleba. nax. 8-dan zeda StosaTvis:
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qveda StosaTvis
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)1(

)cos(

6
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h
ha

+
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=
x

fxKPx
PB ,                 (41)

acos)(
1

)(
1 KHH BH += ,                            (42)

sadac TH -0 -s horizontaluri mdgeneli bagiris sakuTari 

wonidan q;

TH -1 -s horizontaluri mdgeneli bagiris sakuTari q da 

tvirTis wonebidan P;

TH -2 -s horizontaluri mdgeneli bagiris sakuTari 

wonisagan q, tvirTis wonidan P da da wevis 

Zalisagan K.

miRebuli gantolebaTa sistema (37), (38), (39), (40), (41), (42) 

saSualebas gvaZlevs CavataroT sawev -mzidi bagiris gaangariSeba 

Cakidulobis isrebis malis sigrZesTan Semdegi 
4

1

20

1
¸=

l

fx

Tanafardobis dros bagiris deformaciisa da tvirTis 

naxevraddakiduli transportirebis dros, bagiris sakuTari 

wonis koreqtirebuli datvirTvis gaTvaliswinebiT.

1.6. sabagiro morsaTrevi danadgaris mzidi 
bagiris saangariSo kuburi gantoleba

saangariSo sqemis (nax. 10 ) aRniSvnebis mixedviT vpoulobT 

bagiris sayrdenebis vertikaluri reaqciebis gamosaxulebebs VA

da VB. Tu aRvniS navT tv
BM da tv

AM momentebs verti kaluri 

datvirTvebisagan B da A sayrdenebis mimarT, maSin bagiris 

wonasworobis pirobidan gamomdinare SeiZleba Caiweros

0=å AM ;  0=-- HhlVM BA
tv ; 0=å BM ;

0=-+- HhlVM AB
tv , (43)
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nax. 10. bagiris datvirTvis sqema

saidanac, imis mxedvelobaSi miRebiT, rom 
l

h
tg =a da sidideebi 

l

M A
tv

da 
l

M B
tv

warmoadgenen or sayrdenze koWis reaqciebs saerTo 

saxiT miviRebT

aHtgVV ±= k , (44)

sadac V _ bagiris reaqcia;

-kV or sayrdenze koWis reaqcia, romelic datvirTulia 

bagiris msgavsad, amasTan (+) Seesabameba malis zeda, xolo (_) –

qveda sayrdens [30, 39].

fx Cakidulobis gansazRvrisaTvis nebismier C wertilSi 

gavkveToT bagiri am wertilSi da marjvena mxaris gadagdebiT 

SevcvaloT is bagiris T daWimulobiT, maSin bagiris AC

monakveTis wonasworobis pirobidan gveqneba

0=å CM ;  0)( =-+- tv
AxA MxtgfHxV a ,

sadac ACM B -tv monakveTze yvela Zalebis momenti C wertilis 

mimarT.

(44) tolobidan aHtgVV ±= k mniSvnelobis CasmiT vpoulobT

H

M

H

MxV
f xcA

x =
-

=
tvk

,                     (45)

radganac am gamosaxulebis mricxveli warmoadgens xM mRunav 

moments or sayrdenze koWisaTvis, romelic datvirTulia bagiris 

analogiurad.
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Sesabamisad, bagiris Cakiduloba tolia or sayrdenze 

koWis mRunavi momentisa gayofili bagiris daWimulobis 

horizontalur mdgenelze. H sidide bagiris vertikalurad 

datvirTvis pirobis dros yvela mis kveTSi iqneba erTnairi.

(45) gamosaxulebidan SeiZleba gakeTdes Semdegi daskvnebi:L

1) bagiris Cakidulobis mrudi Seesabameba or sayrdenze 

koWis mRunav momentebs 1/H masStabSi;

2) bagiris mrudis sigrZe tolia koWis mRunavi momen tebis 

epiurebis perimetris sigrZisa.

maSasadame, bagiris Cakidulobis sididis gansazRvrisaTvis 

SeiZleba gamoyenebuli iqnas yvela formulebi, cxrilebi da 

meTodebi, romlebic ekuTvnis or sayrdenze koWis mRunavi 

momentebis sidideebis Ziebas.

bagiris mrudis Cakid ulobis gantoleba, romelic ekuTvnis 

koordinatebis dasawyiss zeda A sayrdenTan (nax. 11), aqvs Semdegi 

saxe

H

M
xtgfxtgy x

x +=+= aa ,

nax. 11. bagiris Cakidulobis mrudi parabolas mixedviT

saidanac mrudTan mxebis daxris kuTxe horizontalTan toli 

iqneba

H

V
tg

dx

dM

H
tg

dx

dy
tg x g+=+== aab 1

,               (46)
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sadac -gV or sayrdenze koWis gadamWreli Zala.

bagiris Cakidulobebsa da koWis mRunav momentebs Soris 

miRebuli analogia (45) gamoviyenoT bagiris saerTo mdgomareobis  

kubur tolobaSi da gveqneba

aa
a

cos

)(

cos2

1cos

3

8 0

0

2
122

32
0

FE

lTT
dxQ

Tl

f

k

l -
-= ò ,           (47)

miRebul gantolebaSi Semavali f0 sididis sapovnelad, bagiris 

sakuTari wonis moqmedebiT Cakidulobis SemTxvevisaTvis, roca 

es wona datvirTvis saxiT ganawilebulia malis qordaze q

intensivobiT 

acos2

)(
0 H

xlqx
f

-
= , (48)

amasTan, maqsimaluri Cakiduloba iqneba malis SuaSi, roca 
2

l
x = , 

anu

acos8

2

2(max)0 H

ql
ff l == ,                      (49)

Tu gaviTvaliswinebT, rom acosTH » , miviRebT

a2
0

2

0 cos8T

ql
f = .       (50)

(47) tolobis marcxena nawilSi f0-is misi mniSvnelobiT

SecvliT formulidan (50) da Sesabamisi gardaqmnebis Semdeg 

miviRebT
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formulaSi (51) L0-is mniSvnelobis SetaniT gveqneba
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Semdeg vadgenT samontaJo daWimulobis A0 da muSa 

daWimulobis A satvirTo faqtorebis mniSvnelobebs.

samontaJo daWimulobis satvirTo faqtori iangariSeba 

datvirTvis saxis mixedviT (nax. 12, I SemTxveva)
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2

0
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A = , acos
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lG
A = ,   (53)



52

sadac G _ bagiris wona malSi

acos

ql
G = , (54)

maSin
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cos24cos24
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cos
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lqllq
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A == . (55)

muSa daWimulobis satvirTo faqtoric iangariSeba 

datvirTvis saxis mixedviT (nax. 12, II SemTxveva)
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++= ,                  (56)

sadac Q _ tvirTis wona;

-=
2

l
x malis naxevari manZili.

maSin

I SemTxveva                                II SemTxveva

nax. 12. bagiris mdgomareobis sqemebi, samontaJo A0 da muSa
A daWimulobebis satvirTo faqtoris dasadgenad
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formulaSi (52) A0 da A mniSvnelobebis CasmiT miviRebT 

bagiris saerTo mdgomareobis gamosaxulebas, romelic akavSirebs

a
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bagiris daWimulobebs Tm da T0, datvirTvebis nebismieri 

cvlilebebis dros
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gamosaxuleba (58) aerTianebs Runvadi bagirebis angariSis 

Teoriis yvela sami mxris amocanas da warmoadgens erTmaliani 

danadgaris bagiris saerTo mdgomareobis kubur gantolebas, 

romelic gansazRvravs damokidebulebas bagiris sawyis samontaJo 

daWimulobas T0 da saboloo muSa daWimulobas Tm Soris tvirTis

Q yvelaze ufro araxelsayrel saangariSo malis l Sua 

mdgomareobaSi ganlagebis dros.

1.7. bagiris Cakiduloba sakuTari wonis da Cawertebuli
(Tavmoyrili) wonebis moqmedebiT

bagiris jamuri Cakiduloba tolia

xxx fff ¢¢+¢= ,

sadac -¢xf Cakiduloba bagiris sakuTari wonis moqmedebiT;

-¢¢xf damatebiTi Cakiduloba Cawertebuli (Tavmoyrili) 

wonis moqmedebiT

H

M
f x

x

¢¢
=¢¢ ,                            (59)

sadac -¢¢xM or sayrdenze koWis mRunavi momenti Cawertebuli 

(Tavmoyrili) datvirTvebis moqmedebiT.

Tu bagiris daWimuloba icvleba datvirTvebis cvalebadobiT 

(bagiri Camagrebuli boloebiT), maSin jamuri Cakidulobis 

angariSis dros -¢¢xf is mniSvneloba ganisazRvreba bagiris 



54

daWimulobis horizontaluri mdgeneliT _ H, romelic Seesabameba  

morebiT datvirTul bagirs [30, 39].

Cakidulobis mrudi mRunavi momentebis epiuris analogiurad  

warmodgenili iqneba rigi gadakveTili parabolebis saxiT 

tvirTis ganlagebis punqtebSi gadakveTis adgilebiT.

am SemTxvevaSi (nax. 13) erTi tvirTiT Q gamowveuli 

Cakiduloba mRunavi momentisaTvis toli iqneba

Q
Hl

xlx
f x

)( -
=¢¢ .                            (60)

nax. 13. bagiris Cakiduloba Tavisi sakuTari woniT da
tvirTiT

jamuri Cakiduloba C wertilSi tvirTis qveS xf ¢ -is 

mniSvnelobis gaTvaliswinebiT tolobis 

bcos8
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xolo maqsimaluri Cakiduloba, roca lx 5,0= tolia

TA VA

H
A
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Cakidulobis mrudi warmoadgens or gadamkveT parabolas. 

tvirTis moZraobis traeqtoria

)(xf x j=

aris parabola constH = -is dros (bagiri damWimi tvirTiT). mxebis 

daxris kuTxe horizontalis traeqtoriasTan Seadgens

÷÷
ø

ö
çç
è

æ
+

-
+==

l

Qq

H

xl
tg

dx

dy
tg 2

cos2

2

b
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gvaqvs mxedvelobaSi, rom moZraobis traeqtoris sakoordinato 

RerZebze X, Y (nax. 13) aiwereba tolobiT xfxtgy += b .

0=x dros (t virTi aris zeda sayrdenTan) (62 )-is 

gaTvaliswinebiT miviRebT

l

f
tgtg max

max 4+= be .

bagiris damagrebuli boloebiT tvirTis moZraobis 

traeqtoria iqneba umaRlesi rigis parabola, radganac bagiris 

daWimuloba cvalebadia. miaxloebiT i angariSi saTvis SeiZleba 

visargebloT gantolebiT

0
max

14 R
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f

f x ÷
ø
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æ -= ,

amasTan ganivi koeficienti 0R tolia

220
)1(1

1
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x

T

T
R ,

sadac 
mT

T0=e _daWimulobis fardoba -samontaJo ( 00 =- xT -is dros) 

da tvirTis ganlagebis dros malis SuaSi ( mT ).

sidides 
2

2 12 ÷
ø
ö

ç
è
æ -=

l

xx aqvs Semdegi mniSvnelobebi
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lx .............. 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,5

2x ................ 0,81 0,64 0,49 0,36 0,25 0,16 0,09 0,04 0,0

tvirTis ganapira mdgomareobaSi e=0R 0=x -is dros da 

10 =R lx 5,0= -is dros. Tu 1=e (bagiri damWimi tvirTiT), maSin 

10 =R , xolo 0=e (uwonadi uWimari bagiri) 0R -is sidide icvleba 

elifsis kanoniT.

daskvna literaturis mimoxilvaze

sadisertacio naSromis literaturis mimoxilvaSi ganxilulia 

mTagoriani tyesakafebis aTvisebasTan dakavSirebu li sakiTxebi. 

gaanalizebulia aRniSnul pirobebSi xe -tyis damzadebis 

teqnologiuri procesis sirTule, ganpirobebuli metyeveobis 

mkacri, pirvel rigSi ekologiuri da sxva moTxovnebiT. 

ganxilulia tyesakafi samuSao procesebis teqnologiuri sqemebi 

da specializebuli morsaTrevi manqana-danadgarebi. gansakuTrebuli 

yuradReba aqvs daTmobili ganivgadasatani bagir -blokuri 

morsaTrevi danadgarebis sqemuri da konstruqciuli 

gadawyvetilebebis analizs dadebiTi da uaryofiTi Tvisebebis 

dasadgenad.

literaturis mimoxilvaSi mocemuli a sabagiro sistemebi 

da maTi gaangariSebis meTodikebi. aRniSnuli meTodikebis 

mixedviT ganxilulia mcire isrebiT Cakidebuli mzidi bagiris, 

sawev-mzidi da sawevi bagir ebis angariSi-bagirebis da morTrevis 

teqnologiur procesTan dakavSirebuli calkeuli elementebis

teqnikuri da teqnologiuri parametrebis dasad genad. naSromSi

dasaxulia amocanebi ganivgadasatani bagir -blokuri sabagiro 

morsaTrevi danadgarebis axali sqemebis Sesaqmnelad da 

kvlevebis Casatareblad.
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2. შედეგები და მათი განსჯა

2.1. maRalmTiani tyesakafebis aTvisebis rTuli
teqnologiuri procesis daxasiaTeba

da morsaTrevi teqnikis Zieba 

saqarTvelos mTagorian tyeebs ZiriTadad gaaCniaT

niadagdamcavi, wyaldamcavi da sakurorto mniSvneloba, amitom 

dauSvebelia x e-tyis damzadebis farTo samuSaoebi. aRniSnuli 

tyeebis mxolod mcire nawili SeiZleba gamoyenebuli iyos xe -

tyis dasamzadeblad Wris adgilebze tyis Semdgomi aRdgeniT.

mTavari ekologiuri problema atmosferos dabinZurebaa, 

rac iwvevs saSiSroebas da tyis niadagebis eroziamde miyvanas [5-8].

Sedegebis SejamebiT SeiZleba imis konstantireba, rom 

qveynis tyeebis saerTo farTobi daaxloebiT Seadgens 2360 aT. ha-s. 

tyis fondSi Warboben magarfoTlovani nargavebi, romlebic tyiT 

dafaruli farTobis 72,5 % Seadgens. wiwviani narga vebi Seadgenen 

21% da rbilfoTlovanebi 6,5%. merqnis jiSebidan Warbobs 

wifeli, romelsac ukavia tyiT dafaruli farTobis 50%. 

saqarTvelos tyeebi gavrcelebulia ZiriTadad mTian da 

nawilobriv mTiswina zonebSi (97%). am garemoebam tyis fondis 

gamoyofasTan sawarmoseqsploataciaSi ganapiroba didi siZneleebi. 

mTis pirobebSi tyis damzadeba specifikuri da rTulia. 

adgilmdebareobis mkveTrad gadakveTili reliefi, tyesakafebis 

cicabo ferdobebi, transportirebis aTvisebis sirTule, 

zomamsxvili koromebi, SerCeviTi Wris sistema, mkacri satyeo -

sameurneo da ekologiuri SezRudvebi (mozardis SenarCuneba, xis 

fesvebze SemorCenili norCi tye da mTis tyeebSi niadagis 

Zvirfasi safari) saWiroebs specialuri teqnikis da mocemuli 

konkretuli bunebriv -sawarmoo pirobebisaTvis teqnologiebis 

gamoyenebas.

rogorc cnobilia yvelaze mZime da Srometevad fazas xe -

tyis damzadebis procesSi mTian pirobebSi warmoadgens xe -tyis 

morTreva, e.i. merqnis mizidva jirkidan zeda sawyobamde. tyis 
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transportirebis es procesi saqarTvelos pirobebSi 

mravalsafexuriania da Sed geba calkeuli sami damoukidebeli 

operaciisagan: 

1. jirkidan mizidva xe -tyis punqtis trasasTan an morsaTrev 

gzamde; 

2. mTidan CamoSveba;

3. zeda sawyobTan mizidva, e.i. xe -tyis sazid saavtomobilo 

gzamde;

tyesakafi samuSaoebis damuSavebis safuZvelSi Cadeb ulia 

Semdegi pirobebi:

- tyesazidi gzebis qseli unda iyos optimalurad xSiri;

- satraqtoro morTreva unda warmoebdes mxolod uaxloesi 

horizotaluri morsaTrevebiT, tyesakafze jirkTan miusvlelad;

- 35°-ze met cicabo daRmarTze ikrZaleba satraqtoro morTreva 

da icvleba sahaero morTreviT.

maRalmTiani tyesakafebis aTvisebis teqnologiuri 

procesis gansaxocieleblad saWiro morsaTrevi manqana -

danadgarebis Seqmnis sirTule dakavSirebulia moTxovnebTan:

- tyis bunebrivi ganaxlebis uzrunvelyofa;

- niadagis eroziisagan dacva;

- tyesakafze arsebuli mozardis SenarCuneba.

aRniSnuli moTxovnebis dakmayofilebis sirTule, mTagorian 

tyesakafebze xe -tyis damzadebis teqnologiuri procesis 

gansaxorcieleblad saWiro operaciebidan, yvelaze metad 

ukavSirdeba morTrevas, rac ZiriTadad ganpirobebulia araswori 

da ekologiurad gaumarTlebeli morsaTrevi manqana-danadgarebis 

SerCeviT. udavoa, rom specializebul traqtor TT-4-iT 

naxevraddatvirTul da morsaTrevi TviTmtvirTavi agregatiT 

mTlianad datvirTul mdgomareobaSi, morTreva win gadadgmuli 

nabijia satyeo ekologiaSi. magram isini c srulad ver 

akmayofileben ekologiur moTxovnebs, romlebic amJamad 

moqmedeben saqarTvelos mTian pirobebSi SerCeviTi Wrebis 

ganxorcielebis dros.
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ekologiuri TvalsazrisiT, yvelaze misaRebia sahaero 

morsaTrevi danadgaris gamoyeneba, romliTac morTreva 

xorcieldeba tyis niadagT anAda mozardTan kontaqtis gareSe, am 

SemTxvevaSi, sirTules warmoadgens is, rom danadgaris 

damontaJeba tyesakafze dakavSirebulia did xarjebTan. amas 

emateba isic, rom danadgaris erTjeradi damontaJebis Semdeg 

xdeba tyesakafis erTi viwro zolis a Tviseba, ris Semdegac 

saWiroa misi gadatana da tyesakafis axal trasaze  damontaJeba. 

sabagiro danadgaris mravaljeradi gadatana erTi tyesakafis 

asaTviseblad ki, ukve mniSvnelovnad zrdis damzadebuli xe -tyis 

TviTRirebulebas.

naSromSi dasmuli problema ganpirob ebulia imiTac, rom 

ar aris damuSavebuli axali mowinave teqnologia da 

teqnologiuri sqemebi. aqedan gamomdinare, arsebuli teqnika 

manqana-danadgarebisa da sxvadasxva mowyobilobebis saxiT, 

ZiriTadad SeuTavsebelia mTiani tyesakafebis bunebriv pirobebTan 

da ver akmayofilebs ara marto ekologiur, aramed teqnikur da 

ekonomikur moTxovnebsac. aRsaniSnavia isic, rom cnobili 

meTodebis da meTodikebis naklovanebebi dakavSirebulia arsebul 

da axal ganivgadasatan sabagiro morsaTrev danadgarebs Soris 

principul gansxvavebasTa n. axal sqemaSi xistad Camagrebuli 

mzidi bagiris da masze dayenebuli damxmare urikebis Secvla 

Caketilkonturiani moZravi mzidi bagiriT mniSvnelovnad cvlis 

mzidi bagiris gaangariSebis meTodikas. amasTan, cnobili 

ganivgadasatani bagir -blokuri morsaTrevi danad garis sawevi 

bagiris wevis Zalis gansazRvrisaTvis damuSavebuli meTodika 

miuRebelia, axali ganivgadasatani bagir -blokuri sabagiro 

morsaTrevi danadgarisaTvis, radganac sawevi bagirebis moZraobis 

sqemebidan gamomdinare, dadgenili winaaRmdegobis Zalebi, maTi 

modebis wertilebi da winaaRmdegobis Zalebis saangariSo 

formulebi, bagirebis moZraobis sawyisi wertilebidan dolze 

miwydomis wertilamde mkveTrad gansxvavebulia. igive SeiZleba 

iTqvas cnobili da axali ganivgadasatani sabagiro morsaTrevi 
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danadgarebis erTmaliani mzidi bagiris kvlevis meTodikebze, 

vinaidan cnobil sqemaSi gvaqvs anZebze or wertilSi xistad 

Camagrebuli mzidi bagiri, xolo axal sqemaSi blok ebze 

Semovlebuli Caketilkonturiani moZravi mzidi bagiri.

aRniSnulidan gamomdinare, saWiroa xe -tyis pirveladi 

transportirebis teqnologiis sferoSi gamoyenebuli Teoriuli 

kvlevebis, manqana -danadgarebis, maT Soris sahaero sabagiro da 

ganivgadasatani bagir-blokuri sabagiro morsaTrevi danadgarebis, 

agreTve morsaTrevi agregatebis da sxva teqnikuri saSualebebis  

kritikuli Sef aseba da analizi. saWiroa axali meTodikebis  

safuZvelze Catardes Teoriuli kvlevebi, damuSavdes  

teqnologiuri sqemebi da Seiqmnas ufro mowinave, saqarTvelos 

mTian pirobebTan Tavsebadi saimedo Semsrulebeli meqanizmebiT 

aRWurvili morsaTrevi teqnika.

aRniSnuli naklovanebebis aRmosafxvrelad naSromSi 

damuSavebulia tyesakafi samuSaoebis kompleqsuri meqanizaciis 

axali #7a teqnologiuri sqema, romelic warmoadgens #3 da #7 

teqnologiuri sqemebis Serwymas.

naSromSi didi yeradReba aqvs daTmobili ganiv gadasatani 

sabagiro morsaTrevi danadgarebis Ziebas, damuSavebas da 

kvlevas.

damuSavebuli da Seqmnilia axali originaluri ganiv -

gadasatani sabagiro morsaTrevi danadgaris sqema mniSvnelovnad 

gamartivebuli marTvis procesiT, danadgaris kvanZebis axleburad 

gadawyvetis gziT.

sadisertacio naSrom Si damuSavebulia ganivgadasatani 

sabagiro morsaTrevi danadgaris Teoriuli kvlevis agebis 

meTodebi da meTodikebi, romlebic iZlevian saSualebas 

ganvsazRvroT danadgaris teqnikuri parametrebi: mzidi bagiris 

Cakidulobis isris, samontaJo da muSa daWimulobebis maqsimaluri 

mniSvnelobebi, sawevi bagiris wevis Zalis maqsimaluri sidide, 

mzidi da sawevi bagirebis kveTis diametrebi da jalambaris 

Zravis simZlavre. O 
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damuSavebulia meTodika da Catarebulia ganivgadasatani 

sabagiro danadgaris eqsperimentuli kvlev a. dinamometris 

saSualebiT dadgenilia, mzidi bagiris Cakidulobis isris 

samontaJo da muSa daWimulobebis maqsimaluri mniSvnelobebi 

sxvadasxva sigrZis malebis  SemTxvevaSi.

Catarebulia tyesakafi samuSao procesis ekonomikuri 

angariSi #7a teqnologiuri sqemis mi xedviT da dadgenilia 1m 3

morTreuli xe-tyis TviTRirebuleba.

2.2. tyesakafi samuSao procesebis kompleqsuri
meqanizaciis ekologiurad uvnebeli teqnologiuri
sqemebis daxasiaTeba da axali #7a teqnologiuri

sqemis damuSaveba

mTagoriani tyesakafebis aTviseba rTulia da dakavSirebulia 

sakmaod Sromatevad procesebTan. amasTan aRsaniSnavia, rom 

saqarTvelos tyeebiT dafaruli farTobebidan 97-98% ganlagebulia 

mTebze. kerZod, tyesakafebis ganlageba sxvadasxva daxrilobis 

ferdobebze Semdegnairia: 25°-mde – 20%; 25°-dan 40°-mde – 65%; 40°-ze 

meti – 15%. aRniSnul sirTuleebs Tu davamatebT imasac, rom 

ferdobebze 25 °-dan 40 °-mde qanobiT daSvebulia mxolod nebiT 

amorCeviTi Wrebi. aranakleb 0,5 sixSiris datovebiT, cxadi xdeba 

raoden rTuli da specifiuria mTian pirobebSi tyesakafi 

samuSaoebis Catareba. aseT rTul pirobebSi unda vifiqroT 

mowinave yvelaze perspeqtiuli meTodebis da xerxebis gamoyenebaze, 

romlebic mTlianad daeyrdnoba uaxlesi teqnikis bazaze Seqmnil 

teqnologiur procesebs, rac srulad daakmayofilebs mTiani 

tyesakafebis eqspluataciis moTxovnebs, es ki Tavis mxriv xels 

Seuwyobs Sromis nayofierebis zrdas, Zvirfasi merqnis 

TviTRirebulebis da garemos ekologiuri usafrTxoebis dacvas 

[3-7]. 

cnobilia Sidatyesakafi samuSao procesebis kompleqsuri 

meqanizaciis ekologiurad uvnebeli 9 teqnolo giuri sqema. 

miuxedavad teqnologiuri sqemebis simravlisa, arsebobs iseTi 
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tyesakafebi, romelTa asaTviseblad misaRebi teqnologiuri sqema, 

masSi gamoyenebuli manqana -danadgarebiT da morTrevis procesis 

operaciebis TanmimdevrobiT, mxolod nawilobriv miesadageba 

cnobil teqnologiur sqemebSi gamoyenebul manqana -danadgarebsa 

da morTrevis procesis operaciebis Tanmimdevrobas.

axali #7a teqnologiuri sqema (nax. 14) faqtobrivad 

warmoadgens #3 da #7 teqnologiuri sqemebis Serwymas, romelSic 

ganivgadasatani sabagiro morsaTr evi danadgariT da morsaTrevi 

TviTmtvirTavi agregatiT, teqnologiuri procesis operaciebis 

fazebSi acdeniT erTdroulad xdeba tyesakafis orive zonidan 

xe-tyis zeda sawyobze CamoSveba. amasTan, axali #7a 

teqnologiuri sqema gansazRvravs saWiro manqana -danadgarebis 

saxeobebs, raodenobas da teqnologiuri procesis operaciebis 

ganxorcielebis  Tanmimdevrobas.

teqnologiuri sqema #3 iTvaliswinebs 20 °-dan 30 °-mde 

daxrilobis tyesakafebze mTa -iT trasis orive mxridan ganivi 

mimarTulebiT trasamde morTreuli xe -tyis sabagiro danadgariT 

zeda sawyobze CamoSvebas.

teqnologiuri sqema #7 gamoiyeneba im SemTxvevaSi,  roca 

ferdobis daxriloba 30 °-ze metia da icvleba 40 °-mde. aRniSnuli 

sqema iTvaliswinebs ganivgadasatani morsaT revi danadgariT xe -

tyis morTreva s ganivi mimarTulebiT trasis o rive mxridan 

naxevraddakidebul mdgomareobaSi trasamde, Semdgom morebis  

igive sabagiro danadgariT zeda sawyobzeACamoSvebas mTlianad 

dakidebul mdgomareobaSi.

teqnologiuri sqema #7a damuSavebuli da Seqmnilia 

mTagoriani tyesakafebisaTvis, roca tyesakafze ferd obis 

daxriloba mkveTrad cvalebadia da meryeobs 20 °-dan 40 -45°-mde 

farglebSi. am SemTxvevaSi, saWiroa morsaTrev TviTmtvirTav 

agregatTan erTad morTrevaze gamoviyenoT ganivgadasatani 

sabagiro morsaTrevi danadgari. sahaero sabagiro morsaTrevi 

danadgariT xdeba morsaTrevi TviTmtvirTavi agregatiTtyesakafis 

II zonidan trasamde morTreuli xe -tyis da ganivgadasatani 



63

sabagiro morsaTrevi danadgariT tyesakafis I zonidan trasamde 

morTreuli xe-tyis zeda sawyobze CamoSveba.

nax. 14. # 7a teqnologiuri sqema: I – tyesakafis zeda zona

30°-ze meti daxrilobis ferdobiT; II – tyesakafis

qveda zona 30°-mde daxrilobis ferdobiT

teqnologiuri sqema (nax. 14) #7a Seicavs: jalambars 1; 

ganivi mimarTulebiT tvirTis gadasaadgilebel satvirTo da 
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ukusvlis sawev bagir ebs 2 da 3; urikis sawev bagirs 4; ZiriTad 

mzid bagirs 5; msdeqs 6; Caketilkonturian moZrav mzid bagirs 7; 

blokebs 8; Caketilkonturian mzidi bagiris CamWers 9; morebs  10; 

urikas 11; mTa-s 12; zeda sawyobs 13; avtotyesazid gzas 14.

teqnologiuri sqema #7a g aTvaliswinebulia orsafexuriani 

mTagoriani tyesakafebis asaTviseblad da originaluria imiT, 

rom masSi morTrevis teqnologiuri procesis gansaxorcieleblad 

gamoyenebulia axali teqnika: modernizebuli morsaTrevi 

TviTmtvirTavi agregatis da axali ganivgadasatani sab agiro  

morsaTrevi danadgaris saxiT. amasTan modernizebuli morsaTrevi 

TviTmtvirTavi  agregati iZleva saSualebas morTreva vawarmooT 

Zaraze morebis mTlianad datvirTul da saimedod dafiqsirebul 

mdgomareobaSi. amave dros ganivgadasatani sabagiro  morsaTrevi 

danadgariT xdeba ganivi mimarTulebiT trasis erTi mxridan 

trasamde morTreva, Semdgom sahaero sabagiro danadgariT    

morebis CamoSveba zeda sawyobamde.

#7a teqnologiuri sqemis mixedviT, xe -tyis morTrevis 

mTlianad meqanizebuli da ekologiurad uvnebeli teqnologiuri

procesi, modernizebuli morsaTrevi TviTmtvirTavi agregatis da 

axali ganivgadasatani sabagiro morsaTrevi danadgaris gamoyenebiT, 

moicavs Semdeg operaciebs: 

_ morsaTrevi agregati uqmi svliT gadaadgildeba 

avtotyesazidi gzidan sakabdoebiT moWril xesTan, amave dros, 

erT-erTi gverdiTi sawevi bagiriT xdeba ganivgadasatani 

sabagiro danadgaris Caketilkonturiani moZravi mzidi bagiris 

kakviani CamWeris gayvana ganivi mimarTulebiT trasis romelime 

mxares; 

_ morsaTrevi agregatis Zaris daSveba;

_ morsaTrevi agregatis da sabagiro danadgaris kakviani 

bagirebis gaTreva moWril xeebTan da Cokerebis Cabma;

_ xeebis moTreva morsaTrevi agregatis Zaramde da 

Caketilkonturiani moZravi mzidi bagiris CamWeramde, Sesabamisad 

agregatis da sabagiro danadgaris jalambriT;
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_ agregatis Zara -isris meqanizmiT moTreuli moWrili xis 

mTlianad an naxevraddatvirTul mdgomareobaSi gadayvana; aseve 

sabagiro danadgaris Caketilkonturian mzid bagirTan moTreuli 

moWrili xis naxevraddakidebul mdgomareobaSi gadayvana;

_ sabagiro danadgaris trasamde moWrili xe ebis naxevrad -

datvirTul da naxevraddakidebul mdgomareobaSi morTreva, 

Sesabamisad agregatiT da ganivgadasatani sabagiro danadgariT 

da damorva;

_ morebis Cabma sahaero morsaTrevi danadgaris kakvze 

CokeriT da CamoSveba zeda sawyobze mTlianad dakidebul 

mdgomareobaSi, jer II zonidan, Semdeg ki I-dan;

_ agregatis da ganivgadasatani sabagiro danadgaris 

Caketilkonturiani mzidi bagiris blokiani CamWeris ukan 

tyesakafze dabruneba morigi moWrili xeebis mosaTrevad.

amrigad, teqnologiuri sqema #7a da mis gansaxorcielebl ad 

SerCeuli axali teqnika modernizebuli morsaTrevi TviTmtvirTavi 

agregatis da ganivgadasatani sahaero sabagiro morsaTrevi 

danadgaris saxiT, xe-tyis damzadebis, anu morTrevis teqnologiuri 

procesis operaciebis Tanmimdevrobis optimalurad dagegmvis  

SemTxvevaSi, gvaZlevs imis saSualebas, rom agregatiT da 

sabagiro danadgariT gverdebidan trasamde, Sesabamisad 

naxevraddatvirTul da naxevraddakidebul mdgomareobaSi morebis 

morTreva da igive sabagiro danadgariT zeda sawyobze CamoSveba 

vawarmooT erTdroulad, fazaSi damTxvevis aucileblobisgareSe.

2.3. ganivgadasatani sabagiro morsaTrevi danadgarebis
axali sqemebis Zieba da damuSaveba

literaturis mimoxilvaSi ganxiluli ganivgadasatani 

sabagiro morsaTrevi danadgaris sqemebis analizidan gamomdinare, 

Seqmnilia ganivgadasata ni ormxrivi sabagiro morsaTrevi 

danadgaris axali sqema (nax. 15), romelic Seicavs mTavar mzid 

bagirs, masze moZravi ZiriTadi satvirTo urikiT, ormxriv, 
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ganivad gadasatan mzid bagirebs maTze moZravi damxmare urikebiT 

da oTxdolian jalambars – ori sawevi da ori ukusvlis bagiriT. 

nax. 15. ganivgadasatani ormxrivi bagir-blokuri sabagiro 
danadgaris sqema

cnobili sahaero sabagiro morsaTrevi danadgaris uaryofiTi 

mxare aris is, rom xe -tyis gverdidan moTrevis da ZiriTad 

urikaSi dafiqsirebis Semdeg orive sawevi ba giri monawileobs 

xe-tyis zeda sawyobamde CamoSvebis da ZiriTadi urikis 

tyesakafze uqmi svliT dabrunebis procesSi, xolo damxmare 

urikebi am drois ganmavlobaSi dafiqsirebulni arian ZiriTad 

trasasTan, rac dakavSirebulia samuSao drois gacdenasTan da 

danadgaris mwarmoeblurobis SemcirebasTan.

gamogonebis teqnikuri Sedegia mwarmoeblurobis gazrda da 

danadgaris eqspluataciis xarisxis amaRleba – teqnologiuri 

procesebis calkeul operaciebze samuSao drois maqsimaluri 

gamoyenebis gziT.

teqnikuri Sedegi miiRweva bagir -blokuri sabagiro 

morsaTrevi danadgariT, romelic Seicavs mTavar mzid bagirs, 

masze moZravi ZiriTadi satvirTo urikiT, ormxriv ganivad 
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gadasatan mzid bagirebs – maTze moZravi damxmare urikebiT da 

jalambars – sami sawevi da ori ukusvlis bagiriT. amasTan, 

sawevi b agirebi damxmare urikebisaTvis gatarebulia or i

ganmxoloebuli erTRariani blokisagan Semdgar msdeqis satvirTo

blokSi, xolo ukusvlis bagirebi blokebis saSualebiT cal -

calke dakavSirebulia sabagiro trasis sxvadasxva mxares 

dakidebul damxmare urikebTan.

msdeqze damagrebuli ZiriTadi sawevi bagiris bloki 

damontaJebulia zeda, xolo damxmare sawevi bagirebis bloki 

qveda poziciaSi.

bagir-blokuri sabagiro morsaTrevi danadgari Seicavs 

xuTdolian jalambars 1, romlis ZiriTadi sawevi bagiris 2 

doli 3, damxmare sawevi bagireb is 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 uri kiT 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 

gatarebulia miwis zedapirTan axlos damagrebul TviTxsnad 

blokebSi 20, 21 da ZiriTadi trasis orive mxares ganlagebul 

damxmare urikebis 22 da 23 TviTxsnad blokebSi 24, 25. bagirebi 2, 

4 da 5 bolovdeba kakvebiT 26, 27, 28, romelzec dakidebulia 

sortimentebi 29, 30, 31. jalambris 1 ukusvlis dolebidan 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 da 23 dakidebulni arian mTavari m zidi bagiris 12 qveS 

gamaval ganivad gadasatan mzid bagirebze 34, 35. mTavar mzid 

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

polispastebi 36, 37, 38 da gadasatani msdeqebi 39 da 40.
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nax. 16. ganivgadasatani ormxrivi bagir-blokuri sabagiro 
danadgaris sqema 

bagir-blokuri sabagiro morsaTrevi danadgari muSaobs 

Semdegnairad: sabagiro danadgarebisaTvis gakafuli trasis zeda 

da qveda baqnebze SerCeul xeebze mTavari mzidi bagiris 12 

daWimvis Semdeg, sabagiro danadgaris mzidi bagiris qveS 

zezemdgom xeebze, trasis orive mxares – marjvnis da marcxniv, 

gaiWimeba ganivi gadasatani mzidi bagirebi 34, 35, ris Semdegac 

maTze Camokideben damxmare urikebs 22, 23, romlebic imyofeba 

sabagiro danadgaris trasasTan. amis Semdeg, mejalambre CarTavs 

jalambris 1 ukusvlis dolebs 10 da 11. iwyeba ukusvlis 

bagirebis 8, 9 daxveva dolebze 10, 11, ris Sedegadac xdeba 

damatebiTi damxmare urikebis 22 da 23 gayvana ZiriTadi sabagiro 

trasidan tyesakafis orive mxares erTdroulad. am dros, 

damxmare urikebTan 22, 23 dakav Sirebuli sawevi bagirebi 4 da 5, 

romlebic gatarebulia msdeqze 15 damontaJebul ori 
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ganmxoloebuli blokisagan Semdgar satvirTo blokSi 19, aseve 

miwis zedapirTan mdebare TviTxsnad blokebSi 20, 21 gadmoixveva 

satvirTo dolebidan 6 da 7.

imisda mixedviT, Tu sabag iro trasis romel mxares ra 

manZilze aris urika gasaCerebeli tyesakafSi, mejalambre 

Sesabamisi signalis Semdeg TiSavs ukusvlis erT-erT dols 10 an 

11. aseve xdeba meore urikis tyesakafis trasidan meore mxares 

dafiqsireba. amis Semdeg, damxmare urikebi 22, 23 gadasatani 

msdeqebiT 39 da 40 fiqsirdeba ganiv gadasatan mzid bagirebze 34, 

35. mejalambre orive damxmare sawev bagirs 4, 5 Tavisi kakviani 

boloebiT 27 da 28 dauSvebs dabla. Cambmelebi Cokerebis 

saSualebiT 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 

ukusvlis 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 sabagir o 

trasisken, rodesac orive damxmare urika aRmoCndeba ZiriTadi 

sabagiro danadgaris trasis qveS, mejalambre aCerebs maT da 

kakvebis 27, 28 sakidebidan advilad ganTavisuflebis mizniT, 

orive tvirTs 30, 31 aswevs odnav maRla, ris Semdegac kakvebs 27, 

28 dauSvebs dabla sortimentebTan 30, 31 erTad.

amis  Semdeg,  muSebi  gaaTavisufleben sortimentebs 30, 31 

kakvebisagan 27, 28 da Caabamen maT ZiriTadi sawevi bagiris 2 

satvirTo kakvze 26. ZiriTadi satvirTo doliT 3 iwyeba ZiriTadi 

satvirTo bagiris 2 daxveva manam, sa nam satvirTo kakvi 26 ar 

miebjineba ZiriTad urikas 14 da ar dafiqsirdeba masSi. muSebi 

gaaTavisufleben ZiriTad satvirTo urikas 14 msdeqisagan 15, 

ZiriTadi satvirTo doli 3 gadadis samuxruWe reJimSi da urika 
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14 tvirTiT 29 iwyebs moZraobas ferdobis grZivi mim arTulebiT 

qvemoT – zeda sawyobamde. tvirTis 29 Camoxsnis Semdeg ZiriTadi 

urika 14 kvlav brundeba tyesakafze Semdegi tvirTis 

transportirebisaTvis.

drois im monakveTSi, romelSic ZiriTadi urika 14 

axorcielebs tvirTis 29 Camotanas zeda sawyobamde da uqmi 

svliT tyesakafze dabrunebas, damxmare urikebi 22, 23 awarmoeben 

sortimentebis mozidvas gverdiTi mxridan SeuCereblad, rac 

xels uwyobs warmoebis procesis uwyvetobas [5-8].

Cvens mier damuSavebuli axal i ganivgadasatani sabagiro 

morsaTrevi danadgaris da literaturaSi ganxiluli ganivgasatani 

sabagiro morsaTrevi danadgarebis uaryofiTi mxare aris sqemuri 

da konstruqciuli gadawyvetilebebis sirTule, dakavSirebuli 

damxmare ganivi mzidi bagirebis, damxmare urikebis, sawevi da 

ukusvlis bagirebis simravlesTan da marTvis sirTulesTan.

aRniSnulidan gamomdinare, Seiqmna sruliad gansxvavebuli 

ganivgadasatani sabagiro morsaTrevi danadgaris sqema, romelic 

principulad gansxvavdeba ganxiluli sabagiro morsaTrevi 

danadgarebis sqemebisagan. axali sqemis mixedviT damuSavebulia 

ganivgadasatani sabagiro morsaTrevi danadgari sqemaSi CarTuli 

Caketilkonturiani moZravi mzidi bagiriT. danadgari Seicavs: 

mTavar mzid bagirs, masze moZravi ZiriTadi satvirTo urikiT, 

trasis ganivi mimarTulebiT orive mxares damontaJebul blokebs, 

maTze vertikalur sibrtye Si Semovlebul ganivgadasatan 

Caketilkonturian mzid bagirs, romlis Tavisufali boloebi 

konturis qveda mxares moqceulia satvirTo blokiT aRWurvil 

CamWerSi ise, rom iqmneba mzidi bagiris erTi mTliani Caketili 

konturi, amasTan, CamWeri erTi mxridan xistad aris dakavSirebuli 

jalambris erT -erT sawev bagirTan, xolo meore mxridan 

satvirTo kakviT aRWurvili meore sawevi bagiri gatarebulia 

CamWeris blokSi, amasTan, sawevi bagirebi ganlagebulni arian 

mzidi bagiris konturis paralelurad – vertikalur sibrtyeSi 

da monacvleob iT asruleben sawevi da ukusvlis bagirebis 

funqciebs; Caketilkonturiani mzidi bagiris damWimi mowyobiloba 
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aRWurvilia xraxnuli meqanizmiT, CamWeri Sedgeba metalis ori 

firfitisagan bagirebis Casadebi RarebiT.

ganivgasatani ormxrivi sabagiro morsaTrevi danadga ri 

Caketilkonturiani  mzidi  bagiriT  (nax. 17)  Seicavs: samdolian 

nax. 17. ganivgadasatani ormxrivi sabagiro morsaTrevi
danadgari Caketilkonturiani mzidi bagiriT

jalambars 1, romlis ZiriTadi sawevi bagiris 2 doli 3 da 

damxmare saw evi bagirebis 4, 5 dolebi 6, 7 Sesrulebulia cal -

calke, TiToeuli individualuri amZraviT, zezemdgom xeebze an 

specialur anZebze damagrebul ZiriTad mzid bagirs 8, masze 

moZravi erTRariani satvirTo blokiT 9 aRWurvili urikiT 10, 
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saCers 11, romlis erTRarian blok Si 12 gatarebulia ZiriTadi 

sawevi bagiri 2, xolo ori ganmxoloebuli blokisagan 13, 14 

Semdgar blokSi 15 gatarebulia damxmare sawevi bagirebi 4 da 5, 

romlebic Semdeg gatarebulni arian mimmarTvel blokebSi 16, 17, 

ZiriTadi mzidi bagiris 8 qveS, trasis ganivi mimarTulebiT miwis 

zedapiridan ori metris simaRleze damontaJebul xraxnuli 

meqanizmiT 18 aRWurvil blokebs 19, maTze vertikalur sibrtyeSi 

Semovlebul Caketilkonturian mzid bagirs 20, misi Tavisufali 

boloebis SemaerTebel, satvirTo blokiT 21 aRWurvil CamWers 

22, romelsac cali mxridan xistad ukavSirdeba erT -erTi 

damxmare sawevi bagiri 4, xolo meore mxridan meore damxmare 

sawevi bagiri 5 gatarebulia satvirTo blokSi 21, sawevi bagirebi 

2 da 5 bolovdeba kakvebiT 23, 24.  

ganivgasatani ormxrivi sabagiro morsaTrevi da nadgari 

Caketilkonturiani mzidi bagiriT muSaobs Semdegnairad: sabagiro 

danadgarisaTvis gakafuli ZiriTadi trasis zeda da qveda 

baqnebze SerCeul xeebze (an specialur anZebze) mTavari mzidi 

bagiris 8 daWimvisa da masze ZiriTadi urikis 10 da saCeris 11 

dakidvis Semdeg, sabagiro danadgaris mzidi bagiris qveS, ganivi 

mimarTulebiT nebismier manZilebze trasis orive mxares, miwis 

zedapiridan ori metris simaRleze, zezemdgom xeebze 

daamontaJeben xraxnuli meqanizmiT 18 aRWurvil blokebs 19, 

romlebzedac vertikalur sibrtyeSi Semoavleben Caketilkonturian 

mzid bagirs 20, ise rom mis Tavisufal boloebs moaqceven 

konturis qvemoT da Caamagreben  satvirTo blokiT 21 aRWurvil 

CamWerSi 22, Semdeg xraxnuli meqanizmis saSualebiT daWimaven 

Caketilkonturian mzid bagirs 20 Cakidulobis is ris minimumamde 

Sesamcireblad; amis Semdeg, saCeris 11 erTRarian blokSi 12 

gatarebul ZiriTad sawev bagirs 2 gaatareben ZiriTadi urikis 10 

satvirTo blokSi 9, xolo damxmare sawev bagirebs 4, 5 saCeris 11 

ori ganmxoloebuli erTRariani blokebisagan 13. 14 Semdg ar 

blokSi 15 gatarebis Semdeg, gaatareben jer miwis zedapirTan 

axlos mdebare mim marTvel blokebSi 16, xolo Semdeg xraxnuli 
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meqanizmiT 18 aRWurvili blokebis 19 qvemoT damagrebul 

mimmarTvel blokebSi 17, damxmare sawev bagirs 4 Caabamen CamWers 

22 xistad, xolo satvirTo kakviT 24 aRWurvili meore damxmare 

sawev bagirs 5 gaatareben CamWeris 22 satvirTo blokSi 21. 

danadgari mzad aris eqspluataciisaTvis. amis Semdeg, mejalambres 

eZleva signali, is CarTavs jalambris 1 dols 6, xolo dols 7 

gadaiyvans Tavisufal svlaze. doli 6 -is saSualebiT daiwyeba 

damxmare sawevi bagiris 4 daxveva, ris Sedegadac CamWeri 22 da 

satvirTo kakviT 24 dabolovebuli damxmare sawevi bagiri 5 gava 

tyesakafze – ferdobis ganivi mimarTulebiT. CamWeris da 

Sesabamisad damxmare sawevi bagiris 5 kakviani bolos 24 sasurvel 

manZilze gayvanis Semdeg mejalambres eZleva signali da is 

amuxruWebs dols 6, muSebi gaxsnian CamWeris 22 sakets da 

damxmare sawev bagirs 5 kakvianad 24 gaaTreven tyesakafze qvemoT 

– ferdobis grZivi mimarTulebiT da Caabamen moWril xes an 

sortiments, amis Semdeg eZleva signali mejalambres, is CarTavs 

jalambris 1 dols 7 da daaxvevs bagirs 5 dolze 7, manam sanam 

kakvi 24 tvirTTan erTad ar miebjineba CamWers 22 da ar 

dafiqsirdeba masSi, ris Semdegac kvlav eZleva signali 

mejalambres da mas gada hyavs doli 6 samuxruWe reJimidan 

Tavidufal reJimSi, xolo doli 7 agrZelebs brunvas da 

gadaadgilebs CamWers da masTan erTad mors naxevraddakidebul 

mdgomareobaSi ferdobis ganivi mimarTulebiT sabagiro danadgaris 

ZiriTad trasamde. aq mejalambre aCerebs dolebs 6 , 7 da mas 

Semdeg, rac muSebi gaaTavisufleben kakvs 24 CamWeris 24 

saketisagan – dauSvebs tvirTs miwaze. amis Semdeg, muSebi 

gaaTavisufleben tvirTs damxmare sawevi bagiris 5 kakvisagan 24 

da Caabamen mas ZiriTadi sawevi bagiris 2 satvirTo kakvs 23.

ZiriTadi satvirTo doliT 3 iwyeb a ZiriTadi sawevi bagiris 2 

daxveva manam, sanam satvirTo kakvi 23 ar miebjineba ZiriTad 

urikas 10 da ar dafiqsirdeba masSi. muSebi gaaTavisufleben 

ZiriTad satvirTo urikas 10 saCerisagan 11, ZiriTadi satvirTo 

doli 3 gadadis samuxruW e reJimSi da urika 10 tvirTiT iwyebs 
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moZraobas ferdobis grZivi mimarTulebiT qvemoT – zeda 

sawyobamde. tvirTis Camoxsnis Semdeg ZiriTadi urika 10 kvlav 

brundeba tyesakafze Semdgomi tvirTis transportirebisaTvis.

drois im monakveTSi, romelSic ZiriTadi urika 1 0 

axorcielebs tvirTis 26 Camotanas zeda sawyobamde da uqmi 

svliT ukan tyesakafze dabrunebas, CamWeri 22 damxmare sawevi 

bagiris 5 saSualebiT gahyavT tyesakafze ZiriTadi trasis meore 

mxares – iq damzadebuli sortimentis mosaTrevad. am SemTxvevaSi 

sortimentis Cabma, moTreva da Caxsna xorcieldeba pirveli 

SemTxvevis analogiurad, gansxvavebas warmoadgens is, rom meore 

SemTxvevaSi damxmare sawevi bagiri 5 asrulebs uqmi svlis 

bagiris funqcias. 

2.4. ganivgadasatani sabagiro morsaTevi danadgaris
kvleva

2.4.1. maRalmTiani tyesakafebis aTvisebis axali
teqnologiis da Caketilkonturiani mzidi bagiriT

aRWurvili sabagiro morsaTrevi danadgaris 
samuSao procesis daxasiaTeba

xe-tyis damzadebis samuSao procesis kompleqsuri 

meqanizaciis ekologiurad uvnebeli teqnologiuri sqema #7a 

(nax. 14) gaTvaliswinebulia rTuli orsafexuriani tyesakafebis 

asaTviseblad. am sqemis mixedviT tyesakafis I zeda zonaSi xe -

tyis damzadebis samuSao procesis gansaxorcieleblad, 

ganivgadasatani sabagiro morsaTrevi danadgariT warmoebis 

morTrevis sami ZiriTadi operacia:

_ sabagiro danadgaris Caketilkonturiani mzidi bagiris 

CamWeris blokSi gatarebuli kakviani sawevi bagiriT ferdobze 

qvevidan zeviT moWrili xis morTreva kakvis sakidSi 

dafiqsirebamde; am dros, meore sawevi bagiri, romelic xistad 

aris dakavSirebul i mzidi bagiris CamWerTan imyofeba 

damuxruWebul mdgomareobaSi;



75

_ Caketilkonturiani mzidi bagiri masze ganivi sawevi 

bagiris kakvze jambariT dakidebul morTan erTad gadaadgildeba 

sabagiro danadgaris ZiriTad trasamde, riTac xorcieldeba 

morTreva  moris an Sekrulas naxevraddakidebul mdgomareobaSi;

_ sabagiro danadgaris ZiriTad trasamde morTreuli moris 

an Sekrulas CamoSveba zeda sawyobze.

ZiriTadi operaciebis garda, mTagorian tyesak afebze xe -

tyis morTrevis teqnologiuri procesi #7a teqnologiuri sqemis 

mixedviT, mo icavs damxmare operaciebsac: ZiriTadi urikis 

daniSnulebis adgilze miyvana da msdeqTan dakavSireba; 

Caketilkonturiani moZravi ganivi mzidi bagiris CamWeris da mis 

blokSi gatarebuli kakviani sawevi bagiris gatana tyesakafze 

ganivi mimarTulebiT daniSnulebis a dgilze; kakviani sawevi 

bagiris ferdobze qveviT, moWril xesTan Catana (sruldeba 

xeliT); moWrili xis Cabma (xeliT); ferdobidan amoTreuli xis 

damorva (xeliT); mTavar trasasTan morTreuli moris  Caxsna da 

mTavari sawevi bagiris kakvze Cabma (xeliT) da a.S.

maSasadame, rogorc xe -tyis morTrevis #7a teqnologiuri 

sqemidan Cans, Caketilkonturiani ganivgadasatani sabagiro 

morsaTrevi danadgaris sawevi bagirebi muSaoben sam reJimSi:

- moWrili xis mTlianad miwaze morTrevis reJimi (ferdobze  

qvevidan zeviT moWrili xis morTrevis procesi);

- moris an Sekrulas naxevraddakidebul mdgomareobaSi miwaze 

morTrevis reJimi (moris an Sekrulas ganivi mimarTulebiT 

sabagiro danadgaris trasamde morTrevis procesi);

- moris an Sekrulas mTlianad dakidebul mdgomareobaSi 

morTrevis reJimi (mTavari s awevi bagiriT moris an Sekrulas 

zeda sawyobze CamoSvebis an atanis procesi) [5-8].

zemoTqmulidan gamomdinare, ganivgadasatani Caketil -

konturiani sabagiro morsaTrevi danadgaris ZiriTadi  

parametrebis dasadgenad, kerZod bagirebze modebuli wevis 

Zalisa da Caketilkonturiani moZravi mzidi bagiris Cakidebulobis 

da daWimulobis sidideebis gansazRvris mizniT, Catarebulia  
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Teoriuli gamokvlebi , risTvisac  damuSavebulia kvlevis axali 

meTodikebi. 

axali meTodikebis safuZvelze sabagiro danadgaris 

jalambris sawevi bagireb isaTvis  maqsimaluri saangariSo wevis 

Zalis gansazRvris mizniT Sedgenilia moZraobis sqemebi. TiToeul 

sqemaSi dadgenilia modebis wertilebi, sadac aRiZvreba  

winaaRmdegobis Zalebi. TiToeul sawev bagirze modebuli 

winaaRmdegobis Zalis gansazRvris Semdeg, maTi TanmimdevrobiTi 

SejamebiT miiReba sawev bagirebze modebuli maqsimaluri wevis 

Zalis sidideebis mniSvnelobebi, moZraobis sawyisi wertilidan 

dolze miwydomis wertilamde. amasTan, unda aRiniSnos, rom wevis 

Zalis sidide TiToeuli sawevi bagirisaTvis, damokidebuli a 

bagiris sawyis mdgomareobaSi dabrunebis xerxze. ganasxvaveben 

sawevi bagiris sawyis mdgomareobaSi dabrunebis or xerxs: 

meqanizebuli wesiT, anu meore sawevi bagiriT, an ukusvlis 

bagiriT da meore xerxi -sawevi bagiris dabruneba sawyis 

mdgomareobaSi xeliT.

2.4.2. ganivgadasatani sabagiro morsaTrevi danadgaris
jalambris wevis Zalis gansazRvra ferdobze
qvevidan zeviT ganiv trasamde moWrili xis

morTrevis dros

mTagorian pirobebSi # 7a teqnologiuri sqemis mixedviT 

xe-tyis damzadebis teqnologiuri procesis operaci ebis 

Tanmimdevrobidan gamomdinare, pirveli ZiriTadi operacia aris 

ferdobze qvevidan zeviT moWrili xis amozidva ganiv trasamde, 

rac pirveli reJimis Tanaxmad xorcieldeba mTlianad miwaze 

morTreviT (nax. 18) [5-6].

nax. 18 -ze mocemuli ganivggadasatani Caketilk onturiani 

bagir-blokuri sabagiro morsaTrevi danadgaris sqema moicavs: 1 

– jalambari; 2, 3, 4 – sawevi da ukusvlis bagirebis dolebi; 5, 6, 

7 – sawevi da ukusvlis bagirebi; 8 – ZiriTadi mzidi bagiri; 9 –

urika; 10 – msdeqi; 11 – urikis ZiriTadi sawevi bagiris bloki; 12, 
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nax. 18. ganivgadasatani Caketilkonturiani bagir-blokuri
sabagiro morsaTrevi danadgaris kvlevis saerTo sqema

13 – msdeqis sawevi da ukusvlis bagirebis blokebi; 14 –

ganivgadasatani Caketil-konturiani moZravi mzidi bagiri; 15, 16 –

Caketilkonturiani moZravi mzidi bagiris blokebi; 17 –

Caketilkonturiani moZravi mzidi bagiris konturis Semkvreli 

CamWeri; 19 – CamWeris sawevi bagiris bloki; 20, 21 – anZebze 

damagrebuli sawevi da ukusvlis bagirebis blokebi; 22, 23 –

jirkebze damagrebuli blokeb i; 24, 25 – Caketilkonturiani 

moZravi mzidi bagiris anZebze damagrebuli sawevi da ukusvlis 

bagirebis blokebi; 26 – msdeqis ZiriTadi sawevi bagiris bloki; 



78

27 – kakvi sawevi bagiriT; 28 – Cokeri-jambara; 29 – moWrili xe; 

30 – ZiriTadi sawevi bagiris kakvi; 31 –jambara torsuli kakvebiT; 

32 – mori; 33 – zeda sawyobi; 34 – avtotyesazidi magistraluri 

gza.

moWrili xe ferdobze gadaadgildeba qvevidan zeviT 

kakviani ganivi sawevi bagiriT, xolo meore ganivi sawevi bagiri, 

romelic xistad aris dakavSirebuli ganivgadasat ani mzidi 

bagiris CamWerTan, imyofeba damuxruWebuli mdgomareobaSi da 

asrulebs uZravi sayrdenis movaleobas. am SemTxvevaSi, jalambris  

erT RerZze dasmuli ganivi sawevi da ukusvlis bagirebis 

dolebi eleqtro quros saSualebiT erTmaneTisagan aris 

gaTiSuli.

ganivgadasatani mzidi bagiris trasamde moWrili xis miwaze 

TreviT amozidvis Semdeg, morTrevis teqnologiuri procesi 

SeiZleba gagrZeldes sawevi bagiris kakvis blokis CamWerSi 

dafiqsirebis Semdeg, anu ganxorc ieldes moWrili xi s morTreva 

sabagiro morsaTrevi danadgari s ZiriTad trasamde naxevrad -

dakidebul mdgomareobaSi. am SemTxvevaSi, ganivi sawevi bagiris 

dolebi gadabmulia erTmaneTTan eleqtro quroTi da 

erTdroulad asruleben brunviT moZraobas; im gansxvavebiT, rom 

kakviani ganivi sawevi bagiri exveva dolze, xolo 

Caketilkonturiani mzidi bagiris CamWerTan xistad dakavSirebuli  

CamWeris da Caketilkonturiani mzidi bagiris ukan dasabrunebeli 

sawevi bagiri gadmoexveva dolidan. sabagiro danadgaris ZiriTad 

trasamde moWrili xis gadaadgilebis Semdeg xdeba misi Caxsna 

ganivi sawev i bagiris kakvidan da ganivgadasatani mzidi bagiri 

CamWerTan da kakvian sawev bagirTan erTad meore ganivi sawevi 

bagiriT brundeba ukan tyesakafze. am SemTxvevaSi, ganivi sawevi 

bagiris dolebi brunaven sawinaaRmdego mimarTulebiT, rac 

ganxorcielebulia reversuli el. ZraviT.

meore variantis ganxorcielebis dros, ferdobze qvevidan 

zeviT ganivgadasatani mzidi bagiris trasamde moWrili xis 

amozidvis Semdeg, xdeba misi Caxsna ganivi sawevi bagiris 
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kakvisagan da damorva, sabagiro danadgaris ZiriTad trasamde 

gadasaadgileblad. gaTavisuflebuli kakviani ganivi sawevi 

bagiri brundeba xeliT ferdobze Semdegi moWrili xis 

amosazidad da procesi meordeba.

ganivgadasatani Caketilkonturiani bagir-blokuri sabagiro 

morsaTrevi danadgariT (nax. 18) mTagorian tyesakafze xe -tyis 

damzadebis teqnologiuri procesis morTrevis operaciis 

ganxorcielebis dros, rogorc ukve iyo aRniSnuli Zalebis 

modebis wertilebSi aRiZvreba winaaRmdegobebi, romlebic unda 

gadailaxos danadgaris jalambris sawevi bagirebiT [30, 39].

zogadad, romelime saxis zedapirze, ma T Soris tyis 

gruntze, tvirTis, Cven SemTxvevaSi, moWrili xis Soltis an 

moris gadaadgilebis dros, xaxuniT gamowveuli winaaRmdegoba 

ganisazRvreba formulebiT: 

horizontalur zedapirze 

wQW =1 ;                              (64)
daxril zedapirze zeviT

)cos(sin1 awa += QW ;                      (65)
daxril zedapirze qveviT

)sincos(1 aaw -= QW ,                      (66)

sadac Q _ gadasaadgilebeli tvirTis wona, 2000 kg;

a _ ferdobis awevis kuTxe, 35°;

w _ tyis gruntze xe -tyis ga daadgilebis winaaRmdegobis 

koeficienti, saSualod miiReba 0,6-is toli.

tyis gruntze xe -tyis morTrevis dros, saWiroa 

gaviTvaliswinoT w-s cvalebadoba wlis drosTan da sawev 

bagirze tvirTis Cabmis xerxTan damokidebulebaSi. saqarTvelos 

sxvadasxva raionebSi Catar ebuli eqsperimentuli gamokvlevebis 

safuZvelze w-s mniSvneloba SeiZleba miviRoT: zamTarSi –

Tovlze 0,35-0,45 da zafxulSi – 0,7-0,8.

(64), (65) da (66) formulebis Tanaxmad, tyis gruntze xe -tyis 

morTrevis winaaRmdegobis koeficientis gaTvaliswinebiT,miviRebT:

vakeze – )1600700(1 -=W kg;
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ferdobze zeviT _ )24571720(1 -=W kg;

ferdobze qveviT 5731 -=W kg-dan 163 kg-mde.

maSasadame, 35 °-iT daxril ferdobze ganivgadasatani 

sabagiro danadgaris sawev bagirze winaaRmdegobis Zalis 

maqsimaluri mniSvneloba moWrili xis an Soltis qvevidan zeviT 

miwaze TreviT amosazidad tolia 2457 kg-isa.

sabagiro morsaTrevi danadgari, romelic aRWurvilia 

Caketilkonturiani ganivgadasatani (nax. 19) moWrili xis an 

Soltis qvevidan zeviT ferdobze morTrevis dros, winaaRmdegobis 

Zala gadaadgilebaze SeiZleba ganisazRvros, agreTve morsaTrevi 

danadgaris jalambris wevis Zalis saangariSo formuliT, 

romelsac saerTo zogadi SemTxvevisaTvis Semdegi saxe aqvs:

)sin()()cos()1(

sincos

2121

1

1 ajmmajmm

aam

--+-+

++
=

g

a

QW ,              (67)

sadac 1m da 2m Sesabamisad uZravi da moZravi sayrdenebis 

tvirTTan xaxunis koeficientebi;

a _ tvirTis aCqareba, m/wm2;

g _ simZimis Zalis aCqareba, m/wm2;

j _ kuTxe, bagiris moZraobis mimarTulebasa da 

horizontals Soris, grad.

Cven SemTxvevaSi, satvirTo -sawevi bagiris moZraobis 

mimarTuleba ar emTxveva tvirTis gadaadgilebis m imarTulebas 

(nax. 19) da xaxuni moZrav sayrdensa, anu bagirsa da tvirTs 

Soris ar arsebobs. tvirTis simZimis centrSi modebuli Zalebia: 

tvirTis wona Q; moZravi sayrdenis reaqciis Zala, anu wevis Zala 

W1; tvirTis moZraobis dros uZrav sayrdenTan aRZruli xaxunis 

Zala F0 da tvirTis inerciis Zala Pi. am SemTxvevaSi, wevis Zala 

W1, rogorc moZravi sayrdenis reaqcia ganisazRvreba formuliT

)sin()cos(

sincos

1

1

1 ajmaj

aam

-+-

++
=

g

a

QW . (68)
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nax. 19. moWrili xis qvevidan zeviT ferdobze morTrevis
saangariSo sqema

sawevi bagiris Tanabari siCqariT moZraobis dros, ajj -=0

mcire kuTxeebisaTvis tvirTis aCqareba umniSvneloa da SegviZlia 

ugulebelvyoT, maSin tvirTis inerciis Pi Zala iqneba nulis 

toli. am SemTxvevaSi, formula (68) miiRebs Semdeg saxes

)sin()cos(

sincos

1

1
1 ajmaj

aam
-+-

+
= QW .                  (69)

im SemTxvevaSi, roca ferdobis daxris kuTxe 0=a da 

0>-aj , miviRebT

jmj

m

sincos 1

1

1 +

+
=

g

a

QW .                     (70)

Caketilkonturiani mzidi bagiris trasasTan, ufro sworad 

bagiris CamWerTan tvirTis miaxloebasTan erTad izrdeba, 
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rogorc j kuTxe (nax. 19), aseve tvirTis gadaadgilebis siCqare; 

maSasadame, tvirTi moZraobs araTanabari siCqariT, anu 

aCqarebulad, romelic iangariSeba formuliT

0
2

2
2

2

)( jaj tg
X

V
tg

X

V
a =-= ,                  (71)

xolo siCqare

0cos)cos( jaj
VV

V =
-

=t ,                      (72)

sadac -X koordinata,

15,657358,00,20,535sin0,20,5sin11 =×+=°+=+= aHXX m;

-1X koordinata, manZili tvirTidan Caketilkonturiani 

mzidi bagiris trasamde, 5,0 m (nax. 19).

j kuTxis mniSvnelobis dasadgenad vipovoT manZili 

niadagis safaris zedapiridan horizontalamde.

niadagis zedapiridan CamWeris dacilebis manZili, rogorc 

viciT tolia 0,21 =H m. mis gagrZelebaze manZili horizontalamde

9,257358,00,535sin0,5sin12 =×=°== aXH m,

maSin mTliani manZili CamWeridan horizontalamde tolia 

9,49,20,221 =+=+= HHH m.

nax. 19-dan kuTxe j tolia

195,1
1,4

9,4

2

===
X

H
tgj ;  °= 50j ;

1,481915,00,535cos0,5cos12 =×=°×== aXX m,

Tu miviRebT, rom satvirTo bagiris siCqare tolia 1,0 m/wm, 

maSin (71) da (72) formulebis Tanaxmad

04,1
96593,0

0,1

15cos

0,1

)3550cos(

0,1
==

°
=

°-°
=tV m/wm;

0117,026795,0
15,6

0,1
15

15,6

0,1 2
2

2
2

0
2

2

=×=°== tgtg
X

V
a j m/wm2.

formulebidan (69) da (70) Semavali sidideebis maqsimaluri 

mniSvnelobebisaTvis moWrili xis an Soltis Caketilkonturiani 
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mzidi bagiris trasamde. ferdobze qvevidan zeviT amosazidad 

saWiro maqsimaluri wevis Zala toli iqneba

=
°-°+°-°

°+°
×=

)3550sin(6,0)3550cos(

35sin35cos6,0
20001W

1900
121,1

065,12000

25882,06,096593,0

57358,081915,06,0
2000 =

×
=

×+
+×

×= kg;

1091
76604,06,064279,0

0012,06,0
2000

50sin6,050cos
81,9

0117,0
6,0

20001 =
×+

+
=

°+°

+
=W kg.

tvirTis aCqarebis gaTvaliswinebiT ferdobze qvevidan 

zeviT morTrevis dros (68) formulis Tanaxmad gveqneba

=
°-°+°-°

+°+°
×=

)3550sin(6,0)3550cos(

)81,9:0117,0(35sin35cos6,0
20001W

1902
121,1

0663,1
2000

25882,06,096593,0

0012,057358,081915,06,0
2000 ==

×+
++×

×= kg.

angariSidan Cans, rom sawevi bagiris 1,0 m/wm siCqariT 

moZraobis SemTxvevaSi, tvirTis gadaadgilebis aCqareba 0117,0=a

m/wm2 umniSvneloa da sabagiro danadgaris jalambris wevis Zalis 

angariSis dros, roca tvirTi gadaadgildeba 35 °-iT daxril 

ferdobze qvevidan zeviT, SeiZleba ugulebelvyoT.

miviReT, rom 35 °-iT daxril tyesakafze ganivgadasatani 

Caketilkonturiani sawevi bagiriT aRWurvili morsaTrevi 

danadgariT morTrevis teqnologiuri procesis yvela rTuli 

operaciis _ ferdobze qvevidan zeviT moWrili xis mTlianad 

miwaze TreviT gadaadgilebis dros, Caketilkonturiani mz idi 

bagiris CamWeris blokis damafiqsirebel mowyobilobamde, 

maqsimaluri wevis Zalis sidide tolia 2457 kg, rac miRebulia 

tyis gruntze xe-tyis gadaadgilebis winaaRmdegobis koeficientis 

w-s gaTvaliswinebiT. wevis Zalis saangariSo formuliT (68), 

roca 0>-aj miRebulia, rom 19001 =W kg-s. gansxvaveba wevis 

Zalis mniSvnelobebs Soris ganpirobebulia tyis gruntze xe-tyis 

gadaadgilebis winaaRmdegobis w koeficientis did zRvrebSi 
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cvalebadobiT, rac dakavSirebulia wlis drois da sawevi 

bagiris tvirTTan Cabmis xerxTan _ 8,035,0 -=w .

miRebuli wevis Zalis mniSvnelobebi iTvaliswinebs im 

SemTxvevas, roca modebis wertili imyofeba tvirTTan uSualo 

siaxloveze. ganivgadasatani bagir -blokuri sabagiro morsaTrevi 

danadgaris jalambris dolze modebuli wevis Zalis maqsimaluri 

mniSvnelobis dasadgenad. rogorc es ukve iyo aRniSnuli, 

saWiroa agreTve gaviTvaliswinoT tvirTsa da dols Soris 

aRZruli winaaRmdegobebi: satvirTo bagiris tyis gruntze 

gadaadgilebis, blokebis brunvis da a.S. [40-47].

sawevi bagiris tyis gruntze gadaadgilebis winaaRmdegoba:

horizontalur sibrtyeze

1112 wLGW = ;                            (73)

daxril sibrtyeze:

zeviT

)cos(sin 1112 awa += LGW ,                   (74)

qveviT

)sincos( 1112 aaw -= LGW ,                    (75)

sadac -1G 1 grZ.m 11 mm-iani kveTis diametris sawevi bagiris wona, 

0,45 kg;

-1L sawevi bagiris Tavisufali sigrZe, m;

-1w tyis gruntze foladis bagiris gadaadgilebis 

winaaRmdegobis koeficienti, 0,2.

sawevi bagiris Tavisufali sigrZe, ganivgadasatani bagir -

blokuri sabagiro danadgariT ferdobze qvevidan zeviT moWrili 

zis an Soltis gadaadgi lebis manZili tyis gruntze miviRoT 

70I =L m.

formulebiT (73), (74) da (75) 11 mm -iani kveTis d iametris 

sawevi bagiris gadaadgilebis winaaRmdegobis Zala Sesabamisad 

tolia

3,62,07045,02 =××=W kg;

ferdobze zeviT
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3,23)81915,02,057358,0(7045,0)35cos2,035(sin7045,02 =×+×=°×+°×=W kg;

ferdobze qveviT

9,12)57358,081915,02,0(7045,0)35sin35cos2,0(7045,02 -=-××=°-°××=W kg.

maqsimaluri wevis Zala, romelic saWiroa 11 mm -iani kveTis 

diametris bagiris ferdobze qvevidan zeviT tyis gruntze 

gadasaadgileblad tolia 23,3 kg-isa.

mimmarTvel blokebze bagiris Semovlebis winaaRmdegoba

23 wmimSW = ,                            (76)

sadac -mimS bagiris mocemul StoSi blokze mimwyvdomi Zala, kg;

-2w brunvis winaaRmdegobis koeficienti blokSi, gamowveuli 

bagiris sixistiT da xaxuniT blokis sayrdenebSi, 

srialis xaxunis dros 1,02 =w .

tvirTis inerciiT gamowveuli winaaRmdegoba, aRZruli 

adgilidan daZvris momentSi 

t

V

g

Q
maW ×==4 ,                         (77)

sadac m _ moris an Sekrulas masa, kg.wm2/m;

V _ moris an Sekrulas gadaadgilebis siCqare, m/wm, am 

SemTxvevaSi miRebulia 25,0=V m/wm;

t _ drois periodi, roca mori an Sekrula daiwyebs bagiris 

saboloo siCqariT gadaadgilebas, miiReba 3-4 wm;

moris an Sekrulas gadaadgilebis siCqare SeiZleba 

viangariSoT formuliT 

sawsab VVV -= ,                           (78)

sadac sawV da -sabV moris an Sekrulas sawyisi da saboloo 

siCqareebi, roca 0=sawV , gveqneba

6817
381,9

)0,125,0(2000
4 ¸=

×
¸

=
×

×
=

tg

VQ
W sab kg.               (79)

im SemTxvevaSi, Tu tvirTi waitaceba bagiris moZraobis 

saboloo siCqariT, maSin dro, rom lis ganmavlobaSic tvirTi

iZens bagiris siCqares iqneba Zalian mcire da 4W inerciis Zalis 

mniSvnelobac miaRwevs Tavis maqsimums. 
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ganivgadasatani Caketilkonturiani bagir-blokuri sabagiro 

morsaTrevi danadgariT 35 °-iT daxril ferdobze morTrevis 

teqnologiuri proce sis pirveli, yvelaze rTuli operacia, 

sawevi bagiriT moWrili xis qvevidan zeviT gadaadgilebis 

Semdeg, iTvaliswinebs CamWeri kakvis da jambaris, anu Cokeris 

morig moWril xesTan xeliT dabrunebas. 

am SemTxvevaSi, moWrili xidan sawev dolamde winaaRmdegobis 

Zalebis modebis wertilebi (nax. 20) ganlagebulia pirveltrasaze

nax. 20. a, b – ganivgadasatani sabagiro morsaTrevi danadgaris
kvlevis sqema:

a – moWrili xis qvevidan zeviT ferdobze morTrevis trasa;
b – trasaze ganlagebuli winaaRmdegobis Zalebis I-XII
modebis wertilebi.

a)

b)
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I-XII, e.i. sul 12 wertilSi. amasTan, ukusvlis trasa, romelzedac 

sawevi bagiris dabruneba morig moWril xesTan sruldeba xeliT, 

moicavs winaaRmdegobis Zalebis modebis 11 wertils, I-XI (nax. 21).

winaaRmdegobis Zala ImaxS I wertilSi (nax. 20) moWrili xis 

an Soltis daumyarebeli, araTanabari siCqariT daZvris momentSi 

ferdobze qvevidan zeviT gadaadgilebis dros (65) da (79) 

formulebis Tanaxmad tolia

gt

QV
QWWS sab++=+=- )cos(sinI 411max awa ;             (80)

SevitanoT ricxviTi mniSvnelobebi da miviRebT

=+°×+°= 68)35cos8,035(sin20001S

252668)81915,08,057358,0(2000 =+×+= kg.

moWrili xis an Soltis damyarebuli, Tanabari siCqariT 

gadaadgilebis dros , winaaRmdegob is nominaluri Zalebi 

wertilebSi I_XII iangariSeba formulebiT:

ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï

þ

ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï
ï

ý

ü

°==
-+=+=-

+=+=+=-
°==

++=+=-
+=+=+=-

°==
++=+=-
+=+=+=-

°==
-+=+=-

+=+=+=-
°==

++=+=-
+=+=+=-

=°====
++=+=-

°===
+==-

;30   ;20    

);sincos(XII

);1(XI

;35    ;250     

);cos(sinX
;)1(IX

;90  ;10     

);cos(sinVIII

)1(VII

;2   ;100     

);sincos(VI

);1(V

   100     

);sincos(IV

);1(III

;1,0  ;50  ;70  ;45,0     

);cos(sin II

;35   ;6,02000     

;cossinI

2VI1XI6.2IXII

2X2XX5.3XXI

V

2V1IX5.2IXX

2VIII2VIIIVIII4.3VIIIIX

IV

2IV1VII4.2VIIVIII

2VI2VIVI3.3VIVII

III

2III1V3.2VVI

2IV2IVIV2.3IVV

II

2II1III2.2IIIIV

2II2IIII1.3IIIII

2I1

2I1I1.2III

1I

a
aaw

ww
a

awa
ww

a
awa

ww
a

aaw
ww

a
aaw

ww
wja

awa
aw
awa

m

m

m

m

;0m;

mkg

  kg;

VIL

LGSWSS

SSSWSS

L

LGSWSS

SSSWSS

L

LGSWSS

SSSWSS

L

LGSWSS

SSSWSS

L

LGSWSS

SSSWSS

LG

LGSWSS

Q

QWS

(81)
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sadac  IL , IIL , IIIL , IVL , VL , -VIL manZilebi winaaRmdegobis Zalebis 

modebis wertilebs Soris, m. 

formulebSi (81) ricxviTi mniSvnelobebis CasmiT miviRebT

=°×+°=+== )35cos6,035(sin2000)cos(sin1I awaQWS

2130)81915,06,057358,0(2000 =×+= kg;                   (82)

SII = =++=+ )cos(sin 2I1I1.2I awaLGSWS

=°×+°×+= )50cos1,050(sin7045,02130

2156262130)64279,01,076604,0(7045,02130 =+=×+×+= kg; (83)

muSa svlis dros II wertilSi sa wevi bagiri gadaadgildeba 

CamWeris blokze dakidebul mdgomareobaSi.

=+=+= 2IIII1.3IIIII wSSWSS 237221621561,021562156 =+=×+ kg; (84)

=++=+= )sincos( 2II1III2.2IIIIV aawLGSWSS

=+=°+°+= 2II1III2II1III )0sin0cos( ww LGSLGS

5,23765,423721,010045,02372 =+=××+= kg; (85)

muSa svlis dros IV wertilSi sawevi bagiri gadaadgildeba 

blokebze dakidebul mdgomareobaSi, radganac 

)sincos( 2II1III aaw +> LGS ; amasTan, Cakiduloba umniSvneloa da 

mxedvelobaSi ar miiReba.

26152385,23761,05,23765,2376ω2IVIV2.3IVV =+=×+=+=+= SSWSS kg; (86)

=-+=+= )sincos( 2III1V3.2VVI aawLGSWSS

=°-°××+= )2sin2cos1,0(10045,02615

261893,22615)0349,099939,01,0(10045,02615 =+=-××+= kg;      (87)

am SemTxvevaSiac, muSa svlis dros VI wertilSi sawevi 

bagiri gadaadgildeba blokebze dakidebul mdgomareobaSi, 

radganac )sincos( 2III1V aaw -> LGS . amasTan, Cakiduloba umniSvneloa 

da mxedvelobaSi ar miiReba

288026226181,026182618ω2VIVI3.3VIVII =+=×+=+=+= SSWSS kg;   (88)

=++=+= )cos(sin 2IV1VII4.2VIIVIII awaLGSWSS

=°×+°×+= )90cos1,090(sin1045,02880

5,28845,428801045,02880 =+=×+= kg;                       (89)
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muSa svlis dros VIII wertilSi sawevi bagiri gadaadgildeba 

vertikalurad blokebze dakidebul mdgomareobaSi.

=×+=+=+= 1,05,28845,28842VIIIVIII4.3VIIIIX wSSWSS

31735,2885,2884 =+= kg; (90)

=++=+= )cos(sin 2V1IX5.2IXX awaLGSWSS

=°×+°×+= )35cos1,035(sin25045,03173

=×+××+= )81915,01,057358,0(25045,03173

32477,733173 =+= kg; (91)

muSa svlis dros X wertilSi sawevi bagiri g adaadgildeba 

blokebze dakidebul mdgomareobaSi, radganac +> a(sinV1IX LGS

)cos2 aw+ , Cakiduloba mxedvelobaSi ar miiReba.

=×+=+=+= 1,0324732472XX5.3XXI wGSWSS

35723253247 =+= kg;  (92)

=-+=+= )sincos( 2VII1XI6.2XIXII aawLGSWSS

=°-°××+= )30sin30cos1,0(2045,03572

356872,33572)5,086603,01,0(2045,03572 =-=-××+= kg; (93)

XII wertilSi sawevi bagiri gadaadgildeba blokze 

dakidebul mdgomareobaSi. Cakiduloba, am SemTxvevaSic 

umniSvneloa da mxedvelobaSi ar miiReba.

moWrili xis an Soltis damyarebuli, Tanabari siCqariT 

gadaadgilebis dros I wertilidan, e.i. jirkidan sawevi bagiris 

dolze miwydomis XII wertilamde winaaRmdegobia Zalebia:

+++++++++= 4.34.23.33.22.32.21.31.21XII WWWWWWWWWS

++++++=+++ 93,22385,42162621306.25.35.2 WWW

356772,33257,735,2885,4262 =-+++++ kg.

am SemTxvevaSi, morTrevis teqnologiuri procesis 

ganxorcielebis dros, roca sruldeba moWrili xis amozidva 

ferdobze qvevidan zeviT, maqsimaluri Zala, romelicwarmoadgens 

I-XII wertilebSi modebuli Zalebis jams I wertilidan XII 

wertilis CaTvliT tolia 3567XII =S kg.
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Tu mdgradobis maragis statikur koeficients miviRebT 

2=n , maSin gamgleji Zala gXIIS toli iqneba:

7134235672XIIXII =×=×= SS g kg.

miRebuli gamgleji Zalidan gamomdinare, winaswari 

gaangariSebiT SerCeuli sawevi bagiris kveTis diametri 111 =d mm 

sworea, radganac miRebuli 7134XII =gS kg gamgleji Zala 

Seesabameba ISO 2408 standartis cxrili 1-is monacemebs: satvirTo 

bagiris kveTis diametria 11 mm organuli gulariT, romlis 

droebiTi winaaRmdegoba tolia 157 kg/mm 2, xolo gamgleji Zala 

7310 kg.

axali sqemiT damuSavebuli ganivgadasatani sabagiro 

danadgaris jalambris Zravas simZlavre, meqanikuri gadacemebis 

m.q.k. gaTvaliswinebiT iangariSeba formuliT

14
85,075

25,03567

75
XII =

×
×

=
×

=
h
VS

N cx.Z. = 10,3 kvt.

197523-74 standartis mixedviT virCevT asinqronul el. 

Zravas 5А132МУ3, romlis simZlavre 11=N kvt, brunTa ricxviT 

1500=n br/wT.

gaangariSebis monacemebidan gamomdinare, teqnologiuri 

procesis pirveli ZiriTadi operaciis ganxorcielebis dros, 

tvirTis Tanabari siCqariT gadaadgilebis SemT xvevaSi, sawev 

bagirze mosuli winaaRmdegobis Zalebis jami I -XII wertilis 

CaTvliT tolia 3567kg, romelsac Seesabameba 11 mm -iani kveTis 

sawevi bagiri da sabagiro danadgaris jalambris el. Zrava 

11=N kvt; 1500=n br/wT.

ganivgadasatani Caketilkonturiani sabag iro danadgaris 

sqemaSi kakviani bagiris dabr uneba tyesakafze, anu uqmi svla

ferdobze qvevidan zeviT moWrili xis gadasaadgileblad –

amosazidad xorcieldeba xeliT (nax. 21). tyesakafze kakviani 

sawevi bagiris xeliT dasabrunebl ad saWiro Zala aris 

winaaRmdegobebis Zalebis jami sawevi dolidan, anu I wertilidan 

muSaze miwydobis XI wertilamde. am SemTxvevaSi, sawevi doli el.
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foladis konstruqciis bagiri ISO 2408

sawevi bagirebi sakidi gzebisaTvis 6´19(1+9+9)+7´7(1+6)

cxrili 1

foladis bagirebis 
organuli gulariT markirebis jgufi, s/mm2

bagiris 
diametri, 

mm

1000 m 
SezeTili 
bagiris 

saorientacio 
masa, kg

1570 1770

gamgleji Zala, s, ara naklebi
bagirSi 
yvela 

mavTulis 
jamuri

minima-
luri

bagirSi 
yvela 

mavTulis 
jamuri

minima-
luri

1 2 3 4 5 6
5,0

6,0
7,0

8,0

9,0
10,0

11,0

12,0
13,0

14,0

15,0
16,0

17,0

18,0
19,0

20,0
22,0

24,0

26,0
28,0

32,0

36,0
40,0

44,0

48,0
50,0

93,1

134,0
183,0

238,0

302,0
373,0

451,0

537,0
630,0

730,0

838,0
954,0

1080,9

1210,0
1350,0

1490,0
1800,0

2150,0

2520,0
2920,0

3820,0

4830,0
5959,0

7210,0

8581,0
9310,0

_

_
29600

38700

48900
60400

73100

87000
102000

118000

136000
155000

175000

196000
218000

242000
292000

348000

408000
464000

619000

783000
966200

1169200

1391400
1509800

_

_
25500

33300

42100
51900

61900

74800
87700

101000

117000
133000

150000

169000
187000

208000
251000

299000

351000
408000

532000

673000
831000

1005500

1196600
1298400

17000

24500
33400

43600

55200
68100

82400

98100
115000

134000

153000
174000

197000

221000
246000

272000
330000

392000

460000
534000

698000

838000
1089300

1318100

1568600
1702100

14600

21100
28700

37500

47400
58600

70900

84300
99000

115000

132000
150000

169000

190000
211000

234000
283000

337000

396000
459000

600000

759000
936800

1133600

1349000
1463800

quros saSualebiT gaTiSulia meqanikuri gadacemebidan da RerZze 

dasmulia Tavisufali brunvis saSualebiT. winaaRmdegobebis, anu 

wevis Zalis maqsimaluri mniSvneloba I wertilidan XI wertilis 

CaTvliT ganisazRvreba yvela wertilSi modebuli winaaRmdegobis 

Zalebis SejamebiT, romlebic iangariSeba formulebiT:
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);1(XI

;0    ;100     

);cos(sinX
;)1(IX

;2  ;100     

);cos(sinVIII
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ss
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s
s

tyesakafze kakviani sawevi bagiris xeliT dabrunebis 

SemTxvevaSi, rasac asrulebs muSa, pirvel rigSi unda gadailaxos

sawevi bagirdaxveuli dolis brunvis winaaRmdegoba I wertilSi 

(nax. 21)

3,7
33,0

05,0
15,032001I =×===

s

s
s D

d
fjGWS kg;              (95)

sadac j _ friqciul quroze da jalambris muxruWze SemuxruWebis 

gamaTvaliswinebeli koeficienti, lenturi friqciuli qurosaTvis 

3,1=j ; konusurisaTvis _ 1,2; am SemTxvevaSi, roca tyesakafze 

kakviani sawevi bagiris dabruneba xdeba xeliT 0,1=j ;

-0f dolis sayrdenebze xaxunis koeficienti, 0,15;

-sd satvirTo dolis RerZis diametri, 0,05 m;

-sG satvirTo dolis wona masze daxveuli bagiriT, 320 kg;

-sD satvirTo dolis diametri bagiris daxvevis saSualo 

Sris mixedviT, 0,33 m.

(94)
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nax. 21. a, b – ganivgadasatani Caketilkonturiani bagir-blokuri
sabagiro morsaTrevi danadgaris kvlevis sqema:

a – kakviani sawevi bagiris tyesakafze xeliT ukan dabrunebis
trasa; b – trasaze ganlagebuli winaaRmdegobis Zalebis

I-XI modebis wertilebi

sawevi bagiris bagirdaxveuli dolis saSualo diametri 

iangariSeba formuliT:

33,0011,01022,00 =×+=¢+¢= 1ss dnDD m,

sadac sD¢ _sawevi bagiris dolis diametri bagiris gareSe, 0,22 m; 

-¢0n sawev dolze daxveuli bagiris rigebis maqsimaluri 

raodenoba 500 m -iani sigrZis sawevi bagirisaTvis 

viRebT, 10;

a)

b)
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-1d sawevi bagiris diametri, 0,011 m.

=++=== )cos(sin 2I1I1.2III awaVLGSWSS

=°+°×+= )30cos1,030(sin20045,03,7

6,123,53,7)86603,01,05,0(2045,03,7 =+=×+×+= kg; (96)

=×+=+=+= 1,06,126,122IIII1.3IIIII wSSWSS 143,16,12 =+ kg; (97)

=-+=+= )sincos( 1V1III2.2IIIIV aawLGSWSS

=°-°×+= )35sin35cos2,0(25045,014

324614)57358,081915,02,0(25045,014 -=-=-××+= kg;  

ras imas niSnavs, rom IV wertilSi sawevi bagiri, romelic 

250 m -iani malis mTel sigrZeze imyofeba blokebze daki debul 

mdgomareobaSi, sakuTari wo nis gavleniT daeSveba tyis gruntze 

da 35 °-iT daxril ferdobze wona Zalis mdgenelis moqme debis 

xarjze eSveba dabla msdeqis mimarTulebiT.

am SemTxvevaSi, muS am IV wertilSi unda gadalaxos 

winaaRmdegoba, romelic tolia 10 m sigrZis bagiris vertikalurad

msdeqis blokze Semosavleblad.

=++=+= )cos(sin 2V1III2.2IIIIV awaLGSWSS

5,45,401045,00 =+=×+= kg;                           (98)

10V =L m; °= 90a ; 0III =S ;

SIII gaxda nuli imitom, rom I, II da III wertilebis 

winaaRmdegoba daZlia IV wertilSi ganviTarebulma bagiris wona 

Zalam. 

55,05,41,05,45,4ω2IVIV2.3IVV =+=×+=+=+= SSWSS kg; (99)

=-+=+= )sincos( 2IV1V3.2VVI aawLGSWSS

5,05,451045,05sinIV1V =-=×--×-= aLGS kg; (100)

10IV =L m;  °= 90a ;

=×+=+=+= 1,05,05,02VIVI3.3VIVII wSSWSS

55,005,05,0 =+= kg;            (101)

)cos(sin 2III1VII4.2VIIVIII awa ++=+= LGSWSS .

VIII  wertilSi  sawevi  bagiris  daeSveba tyis gruntze da 
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formula miiRebs Semdeg saxes

=++=+= )cos(sin 2III1VII4.2VIIVIII awaLGSWSS

6,9955,02,010045,055,01III1VII =+=××+=+= wLGS kg;       (102)

100III =L m;  °= 0a ;

=×+=+=+= 1,06,96,92VIIIVIII4.3VIIIIX wSSWSS 6,1096,06,9 =+ kg;  (103)

)cos(sin 2II1IX5.2IXX awa ++=+= LGSWSS .

X wertilSi 100 m -ian horizontalurad ganlagebul malis 

blokebze dakidebuli sawevi bagiri Caekideba da daefineba tyis 

gruntze. am SemTxvevaSi, formula miiRebs Semdeg saxes:

=××+=+=+= 2,010045,06,101II1IX5.2IXX wLGSWSS

6,1996,10 =+= kg;                            (104)

6,2126,191,06,196,192XX5.3XXI =+=×+=+=+= wSSWSS kg»22 kg. (105)

jamuri winaaRmdegobis angariSis dros monawileobas 

Rebuloben wertilebi UIV, V, VI, VII, VIII, IX, X da XI.

=+++++++= 5.35.24.34.23.33.22.32.2XI WWWWWWWWS

51,212996,0905,05,45,05,4 =+++++-+= kg»22kg.

miviRebT, rom tyesakafze moWril xesTan sawevi bagiris 

dasabruneblad dasawyisSi muSam unda daZlios 22 kg 

winaaRmdegoba, rac sruliad realuria.

tyesakafze moWrili xis an Soltis morTrevis teqnologiuri

procesis pirveli operaciis, kerZod, ferdobze qvevidan zeviT 

amozidvis dros aRZruli winaaRmdegobis jamuri Zalis, anu wevis 

Zalis gaangariSeba Catarebulia inerciis Zalis gauTvaliswineblad. 

mxedvelobaSia misaRebi moWrili xis adgilidan daZvris momentSi 

aRZruli inerciis Zala. pirveli ZiriTadi operaciis Sesrulebis 

dros, roca kakvi ani sawevi bagiris dabruneba ty esakafze 

xorcieldeba xeliT. agreTve, sawevi da ukusvlis dolebis, aseve 

moWrili xis brunvis inerciis Zale bis gaTvaliswineba, roca 

sawevi bagiris tyesakafze dabrundeba sruldeba ukusvlis 

dolis gamoyenebiT. agreTve, sawevi da ukusvlis dolebis 

brunvis dawyebis da moWrili xis daZvris inerciis Zalebis 
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gaTvaliswineba, teqnologiuri procesis meore ZiriTadi muSa da 

ukusvlis operaciebis Sesrulebis dros.

viangariSoT teqnologiuri procesis pirveli operaciis 

Sesrulebis dros winaaRmdegobis Zalebis jamuri mniSvneloba. I 

wertilidan XII wertilis CaTvliT. I wertilSi moWrili xis 

adgilidan daZvris inerciis Zalis gaTvaliswinebiT, ro ca tyis 

gruntze xe -tyis gadaadgilebis winaaRmdegobis koeficienti 

6,0=w da gadaadgilebis siCqaris mniSvnelobad miRebulia 

0,1=sabV m/wm iangariSeba (80) formuliT

I_ =++=+=
gt

QV
QWWS sab)cos(sin41I awa

=
×
×

=°+°=
381,9

0,12000
)35cos6,035(sin2000

219868213068)81915,06,057358,0(2000 =+-=×+= kg;     (106)

danarCen II-XII wertilebSi gveqneba:

II_ =++=+= )cos(sin 2I1I1.2III awaLGSWSS

=°×+°×+= )50cos1,050(sin7045,02198

2224262198)64279,01,076604,0(7045,02198 =+=×+×+= kg; (107)

III =×+=+=+=- 1,0222422242IIII1.3IIIII wSSWSS

24462222224 =+= kg; (108)

IV =++=+=- )sincos( 2I1III2.2IIIIV aawLGSWSS

=+=°+°+= 2111 )0sin0cos( ww IIIIIIIIII LGSLGS

24515,424461,010045,02446 =+=××+= kg;     (109)

am SemTxvevaSiac, muSa svlis dros IV wertilSi, sawevi 

bagiri gadaadgildeba blokebze dakidebul mdgobareobaSi, 

radganac 2II1III wLGS > , amasTan miRebulia, rom bagiris Cakiduloba 

umniSvneloa da mxedvelobaSi ar miiReba.

V =+=+=- 2IVIV2.3IVV ωSSWSS

269624524511,024512451 =+=×+= kg;               (110)

VI )sincos( 2II1VI3.2VVI aaw -+=+=- ILGSWSS

=°-°×+= )2sin2cos1,0(10045,02696
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=-××+= )0349,099939,01,0(10045,02696

269932696065,010045,02696 =+=××+= kg; (111)

VII =+=+=- 1XUVI3.3VIVII wSSWSS

296927026991,026992699 =+=×+= kg;                  (112)

VIII =++=+=- )cos(sin 2IV1VII4.2VIIVIII awaLGSWSS ,  

29745,429691045,02969 =+=×+= kg;                   (113)

IX =+=+=- 2VIIIVIII4.3VIIIIX wSSWSS

327129729741,029742974 =+=×+= kg; (114)

X =++=+=- )cos(sin 2V1IX5.2IXX awaLGSWSS

=°+°×+= )35cos35(sin25045,03271 2w

3345743271)81915,01,057358,0(25045,03271 =+=×+×+= kg; (115)

am SemTxvevaSic 250 m sigrZis sawevi bagiri gadaadgileba 

blokebze dakidebul mdgomareobaSi. bagiris Cakiduloba 

mxedvelobaSi ar miiReba. 

XI =×+=+=+=- 1,05,33433451XX5.3XXI wSSWSS

36803353345 =+= kg;          (116)

XII )sincos( 2VI1XI6.2XIXII aaw -+=+=- LGSWSS

=°-°×+= )30sin30cos1,0(2045,03680

3676)4(3680)5,086603,01,0(2045,03680 =-+=-××+= kg.     (117)

moWrili xis an Soltis araTanabari siCqariT gadaadgilebis 

dros – adgilidan daZvris momentSi, I wertilidan X II 

wertilamde inerciis Zalebis gaTvaliswineb iT winaaRmdegobis 

Zalebia: 

+++++++++= 4.23.33.22.32.21.31.241XII WWWWWWWWWS

++++++=++++ 2455,4222266821306.25.35.24.3 WWWW

36754335742975,42703 =-++++++ kg.

miviReT, rom winaaRmdegobebis jamur Zalebs Soris 

ferdobze qvevidan zeviT moWrili xis gadaadgilebaze inerciis 

Zalebis gauTvaliswineblad 3567XII =S kg, gaTvaliswinebiT 3675kg, 

gansxvaveba umniSvneloa da tolia 108 kg. aqedan gamomdinare, 

gamgleji Zala tolia 7350kg. sawevi bagiris kveTis diametri 
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darCeba 111 =d mm. miTumetes, rom moWrili xis uZraobis i nerciis 

Zala daZvris momentSi miRebulia 68 kg, maqsimaluri siCqaris 

1=sabV m./wm mixedviT, roca aRniSnuli siCqare icvleba zRvrebSi 

0,25 m/wm-dan 1 m/wm-mde.

inerciis Zalebis gaTvaliswinebiT vangariSobT el. Zravas 

simZlavres

4,14
85,075

25,03675
=

×
×

=N cx.Z. = 10,6 kvt.

miRebuli gansxvaveba umniSvneloa da am SemTxvevaSic, 

vtovebT el. Zravas igive monacemebiT: N =11 kvt, 1500=n br/wT.

tyesakafze kakviani sawevi bagiris xeliT ukan dabrunebis 

SemTxvevaSi, wevis Zalis gansazRvris dros, inerciis Zala sawevi 

dolis daZvris momentSi, bagiris xeliT gadaadgilebis siCqaris 

simciris gamo ar aris gaTvaliswinebuli.

miviReT, rom naSromSi ganxiluli morTrevis teqnologiuri 

procesis pirve li ZiriTadi operaciis, anu jirk idan sabagiro 

danadgaris trasis gverdidan morsaTrev trasamde moWrili xis 

ferdobze qvevidan zeviT sawevi bagiriT amozidvis dros, I -XII 

wertilebSi winaaRmdegobebis jamuri Zala XII wertilSi, 

inerciis Zalebis gaTvaliswinebis gareSe tolia 3567 kg , xolo –

gaTvaliswinebiT 3 675 kg. kakviani sawevi bagiris tyesakafze ukan 

dabrunebis dros, I -XI wertilebSi winaaRmdegobebis jamuri Zala 

XI wertilSi tolia 22 kg, rac Tavisuflad SeuZlia muSam xeliT 

gadalaxos. muSa svlis dros winaaRmdegobebis jamuri Zala, 

inerciis Zalebis gaTvaliswine biT da mis gareSe, mcire sididiT 

gansxvavebis gamo – 108 kg, orive SemTxvevisaTvis cxrilebidan 

SerCeulia 11 mm kveTis diametris sawevi bagiri da 11=N kvt 

simZlavris el. Zrava.
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2.4.3. ganivgadasatani sabagiro morsaTrevi danadgaris
jalambris wevis Zalis gansazRvra ganivi

mimarTulebiT trasamde morebis naxevraddakidebul
mdgomareobaSi morTrevis dros

mTagorian tyesakafze xe -tyis damzadebis teqnologiuri 

procesis meore ZiriTad operacias warmoadgens Caketilkonturian 

mzid bagirze n axevraddakidebul mdgomareobaSi ganivi 

mimarTulebiT morebis sabagiro danadgaris trasamde morTreva 

(nax. 22). a m Sem TxvevaSi, ferdobze qvevidan zeviT amotanili 

moWrili xe an Solti jambarasTan erTad Tavisufldeba sawevi 

bagiris kakvisagan da imoreba. amis Semd eg ki jambaraTi ekideba 

sawevi bagiris kakvze, erTi boloTi aiweva maRla Caketilkontu-

riani mzidi bagiris Ca mWeris blokSi dafiqsirebamde; irTv eba 

kakviani sawevi bagiris doli, xolo ukusvlis doli Tavisufldeba

muxruWisagan. Sekrula naxevraddakidebul mdgomareobaSi ganivi 

mimarTulebiT gadaadgildeba sabagiro danadgaris ZiriTad 

trasamde. amave dros, igive sawevi bagiriT moZraobaSi modis 

Caketil-konturiani mzidi bagiri, romelic Semovlebulia da 

gaWimulia ZiriTadi trasis orive mxares, nebismier manZilebze 

zezemdgom xeebze damontaJebul blokebze, rac ZiriTadi trasis 

orive mxares ganivi mimarTulebiT qmnis morebis morsaTrev trasas 

[30_39].

Cvens mier ganxiluli ganivgadasatani sabagiro morsaTrevi 

danadgaris saerTo sqemaSi (nax. 18) samive ZiriTadi operaciis 

(nax. 20, 21, 2 3, 24, 26, 27) ganxorcielebis dros: muSa svlaze (nax. 

20, 23, 26), uku svlaze (nax. 21, 24, 27), aseve damxmare operaciebis 

dros (nax. 22, 25), sawevi da uku svlis bagirebi gadaadgildeba 

tyis gruntze da blokebze dakidebul mdgomareobaSi 

horizontalur, vertikalur da daxril sibrtyeebSi.

meore ZiriT adi operaciis dawyebamde (nax. 23 ), rac 

dakavSirebulia moris ganivi mimar TulebiT ZiriTad trasamde 

morTrevasTan saWiroa ganv ixiloT damxmare operacia (nax. 22 ), 

rac Tavis mxriv iTvaliswinebs sawevi bagiris kakvze jambariT
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Cabmuli moris awevas da gadayvanas naxevraddakidebul 

mdgomareobaSi. aRniSnuli damxmare operaciis dros trasaze (nax. 

22) unda gadailaxos winaaRmdegobebi I wertilidan, anu moridan 

XI wertilis CaTvliT, sawevi bagiris dolze miwydomis 

wertilamde.

nax. 22. a, b _ ganivgadasatani Caketilkonturiani bagir-blokuri
sabagiro morsaTrevi danadgaris kvlevis sqema:
a – sawevi bagiris moZraobis trasa moris naxevrad-
dakidebul mdgomareobaSi gadayvanis dros; b – trasaze
ganlagebuli winaaRmdegobis Zalebis I-XI modebis
wertilebi

a

b
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formulebSi (118) SevitanoT ricxviTi mniSvnelobebi da 

miviRebT

=++=+=
gt

VQn
QnWWS sab1

211.41.6I )cos(sin awa

=
×

××
+°+°×=

381,9

5,06,02000
)90cos1,090(sin6,02000

1220201200 =+= kg;                                     (119)

134212212201,01220122021I1.3III =+=×+=+=+= wSSWSS kg;    (120)

=++=+= )cos(sin 2II1II1.2IIIII awaLGSWSS

5,13465,413421,010045,01342 =+=××+= kg; (121)

=×+=+=+= 1,05,13465,13462IIIIII2.3IIIIV wSSWSS

14817,1345,1346 =+= kg;                                (122)

=-+=+= )sincos( 212.2 aawIIIIVIVV LGSWSS

=°-°×+= )2sin2cos1,0(10045,01481

148493,21481)0349,099939,01,0(10045,01481 =+=-×××+= kg;   (123)

(118)
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=×+=+=+= 1,014841484ω2VV3.3VVI SSWSS

16324,1481484 =+= kg;                              (124)

=++=+= )cos(sin 2IV1VI3.2VIVII awaLGSWSS

5,16365,416321045,01632 =+=×+= kg;   (125)

=×+=+=+= 1,05,16365,16362VIIVII4.3VIIVIII wSSWSS

18007,1631636 =+= kg;                              (126)

=++=+= )cos(sin 2V1VIII4.2VIIIIX awaLGSWSS

=°+°×+= )35cos1,035(sin25045,01800

=×+×+= )81915,01,057358,0(25045,01800

18747,731800 =+= kg;                  (127)                           

=×+=+=+= 1,0187418742IXIX5.3IXX wSSWSS

20611871874 =+= kg;                                (128)

=-+=+= )sincos( 2VI1X5.2XXI aawLGSWSS

=°-°××+= )30sin30cos1,0(2045,02061

205742061)5,086603,01,0(2045,02061 =-=-××+= kg.    (129)

I wertilidan sawevi bagiris dolze miwydomis XI wertilamde 

winaaRmdegobis Zalebia:

+++++++++= 4.33.23.32.22.31.21.31.41.6XI WWWWWWWWWS

+++++++=+++ 4,14893,27,1345,41222012005.25.34.2 WWW

205741877,737,1635,4 =-++++ kg.

damxmare operaciis ganxorcielebis dros, trasaze sawevi 

bagiris kakvze, jambariT C abmuli moris aweva da gadayvana 

naxevraddakidebul mdgomareobaSi I wertilidan XI wertilis 

CaTvliT, sawevi bagiris dolze miwydomis wertilamde, 

winaaRmdegobis jamuri Zalaa 2057XI =S kg, xolo gamglej Zalas, 

Sesabamisad miviRebT 2057×2=4114 kg. 

aRniSnulidan gamomdinare, ISO 2408 standartis monacemebiT 

viRebT 8 mm kveTis diametris sawev bagirs organuli gulariT, 

romlis droebiTi winaaRmdegoba tolia 177 kg/mm 2, xolo 

winaaRmdegoba gaglejaze – 4360 kg.

jalambris Zravas simZlavre gveqneba:
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8
85,075

25,02057

75
XI =

×
×

=
×

×
=

h
sabVS

N cx.Z. = 5,9 kvt.

amitomac, 19523 -74 standartis mixedviT virCevT el. Zravas, 

romlis simZlavre 5,7=N kvt, xolo brunTa ricxvi 1500=n

br/wT.

winaaRmdegobis Zalebi I -XXIII wertilebSi (nax. 23 ) meore 

ZiriTad trasaze moris an Sekrulas Tanabari siCqariT 

moZraobis dros iangariSeba formulebiT:
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am SemTxvevaSi, rogorc ukve iyo aRniSnuli, xe -tyis 

damzadebis teqnologiuri procesis meore ZiriTadi operaciis 

ganxorcielebis dros, kakviani sawevi bagiris dabruneba 

tyesakafze sruldeba meqanikuri wesiT; aqedan gamomdinare, 

Sekrulas an Soltis moWimvisa da daZvris momentSi, saWiroa 

gadailaxos ukusvlis bagi rdaxveuli dolis daZvrisa da 

dasabrunebeli bagiris gadaadgilebis w inaaRmdegobis Zalebi 

blokebze dakidebul mdgomareobaSi:

5555 WWWW ¢¢¢+¢¢+¢= ,                          (131)

sadac -¢5W dasabrunebeli bagirdaxveuli dolis brunvis 

winaaRmdegobis Zala, kg;

-¢¢W dasabrunebeli dolis da masze daxveuli bagiris 

inerciis Zala daZvris momentSi, kg;

-¢¢¢5W dasabrunebeli bagiris Tavisufali nawilis usayrdenod 

gadaadgilebis winaaRmdegobis Zala, kg.

5W ¢ , 5W ¢¢ da 5W ¢¢¢ winaaRmdegobebis Zalebi iangariSeba 

formulebiT:

u

u

u D

d
fjGW 05 =¢ ; (132)
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nax. 23. a, b – ganivgadasatani Caketilkonturiani bagir-blokuri
sabagiro morsaTrevi danadgaris kvlevis sqema: 
a – Caketilkonturian mzid bagirze naxevraddakidebul
mdgomareobaSi ganivi mimarTulebiT morebis morTrevis
trasa; b – trasaze ganlagebuli winaaRmdegobis Zalebis
I_XXIII modebis wertilebi

sadac j _ friqciuli quros da jalambris muxruWis SemuxruWebis 

gamaTvaliswinebeli koeficienti, kakviani bagiris tyesakafze 

meqanikuri wesiT dabrunebis dros, 1,2-1,3;

Gu _ ukusvlis dolis wona masze daxveuli bagiriT, 250 kg;

du _ ukusvlis dolis RerZis diametri, 0,04 m;

a

b
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Du _ ukusvlis dolis diametri bagiris daxvevis saSualo 

Sris mixedviT, 

2859151502 =×+=¢+¢= dnDD uuu mm,

sadac -¢
uD ukusvlis dolis diametri bagiris gareSe, bagiris 

diametris mixedviT miviRoT 150=¢
uD mm;

-¢
un ukusvlis dolze daxveuli bagiris ricxvebis 

maqsimaluri raodenoba, 15;

-2d ukusvlis bagiris kveTis diametri, 9 mm;

-un ukusvlis dolis brunTa ricxvi, br/wT;

-u.saSR ukusvlis dolis radiusi bagiris daxvevis saSualo 

Sris mixedviT, 0,1425 m;

t _ ukusvlis dolis gaqanebis dro, romelic tolia 

sawevi bagiris siCqarisa (saSualod 3_4 wm);

G2 _ 1 grZ.m ukusvlis bagiris wona 0,3 kg;

L _ u kusvlis bagiris Sesabamis wertilebs Soris 

Tavisufali nawilis sigrZe, m. 

dasabrunebeli bagiris blokebze horizontalur mdgoma -

reobaSi gadaadgilebis dros Cakidulobis gauTvaliswineblad 

winaaRmdegobis Zala gadaadgilebaze iangariSeba formuliT:

225 wLGW =¢¢¢ ;                            L(134)

qvevidan zeviT gadaadgilebis dros

)cos(sin 225 awa +=¢¢¢ LGW ;                     (135)

zevidan qveviT gadaadgilebis dros

)sincos( 225 aaw -=¢¢¢ LGW ; (136)

tyis grunze ukusvlis bagiris horizontalurad 

gadaadgilebis dros gveqneba

125 wLGW =¢¢¢ ;                            L(137)

ferdobze qvevidan zeviT gadaadgilebis dros

)cos(sin 125 awa +=¢¢¢ LGW ;                     (138)

ferdobze zevidan qveviT gadaadgilebis dros 

)sincos( 125 aaw -=¢¢¢ LGW .       (139)
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formulebis (130) Tanaxmad vangariSobT winaaRmdegobis 

Zalebis mniSvnelobebs TanmimdevrobiT – ukusvlis bagiris 

dolidan, anu CaSvebis I wertilidan sawev bagirze XXIIImiwydomis 

wertilamde.

formulebSi (130) ricxviTi mniSvnelobebis CasmiT Sekrulas 

damyarebuli siCqariT moZraobis dros miviRebT:

3,6
285

40
15,02502,105I =××==¢=

u

u

u D

d
fjGWS kg;                 (140)

=++=+= )cos(sin 2VI1I1.2III awaLGSWSS

=°×+°×+= )30cos1,030(sin203,03,6

8,95,33,6)86603,01,05,0(203,03,6 =+=×+×+= kg;   (141)

8,1098,08,91,08,98,92IIII1.3IIIII =+=×+=+=+= wSSWSS kg; (142)

)sincos( 1V2III2.2IIIIV aaw -+=+= LCSWSS .

am SemTxvevaSi, anZasa da msdeqs Soris blokebze dakidebuli 

ukusvlis bagiri, romlis doli gaTiSulia meqanikuri 

gadacemebisagan, Tavisi woniT daeSveba tyis gruntze. bagiris 

gadaadgilebis winaaRmdegobis Zalis angariSi unda vawarmo oT, 

rogorc tyis gruntze ganlagebuli bagirisaTvis da gveqneba

=-+=+= )sincos( 122.2 aawVIIIIIIIV LGSWSS

=°-°××+= )35sin35cos2,0(2503,08,10

20)7,30(8,10)57358,081915,02,0(2503,08,10 -=-+=-××+= kg.
maSasadame, IV wertilSi ukusvlis bagiri, romelic 

Cakidebulia blokebs Soris 250 m sigrZeze, ey rdnoba tyis 

grunts da Tavisi wona Zalis moqmedebiT gadaadgildeba 35 °-iT 

daxril ferdobze msdeqamde. aqedan gamomdinare, winaaRmdegobis 

jamuri Zala SIII daiZleva IV wertilSi mis sawinaaRmdegod 

moqmedi ukusvlis bagiris wona ZaliT.

=°-°××=- )35sin35cos1,0(2503,0)sincos( 2V2 aawLG

37)57358,081915,01,0(2503,0 =-×××= kg.

miviReT, 378,10III <=S , rac imas niSnavs. rom ukusvlis bagiri

gadalaxavs SIII jamur winaaRmdegobis Zalas da daeSveba tyis 

gruntze.
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IV wertilSi winaaRmdegobis Zalas realurad qmnis msdeqis 

ZirSi, tyis gruntze miwydomili, blo kze vertikalurad 

dakidebuli 10 m sigrZis ukusvlis bagiri. am SemTxvevaSi 

10IVV == LL m; °= 90a .

=++=+= )cos(sin 222.2 awaIVIIIIIIIV LGSWSS

33090sin103,00 =+=°××+= kg; (143)

3,33,031,0332IVIV2.3IVV =+=×+=+=+= wSSWSS kg; (144)

=-+=+= )sincos(ω1IV2V3.2VVI aaLGSWSS

3,033,390sin103,03,3sinIV2V =-=°××-=-= aLGS kg; (145)

=×+=+=+= 1,03,03,02VIVI3.3VIVII wSSWSS 33,003,03,0 =+ kg; (146)

)cos(sin 2III2VII4.2VIIVIII awa ++=+= LGSWSS ;

VIII wertilSi , radganac )cos(sin 2III2VII awa +< LGS ukusvlis 

bagiri daeSveba tyis gruntze da winaaRmdegobis koeficienti 2w

icvleba 1w -iT,

=++=+= )cos(sin 1III2VII4.2VIIVIII awaLGSWSS

=×+°×+= )cos2,02(sin1003,033,0 a

4,704,733,0)99939,02,00349,0(1003,033,0 =+=×+×+= kg;  (147)

=×+=+= 2VIIIVIII4.3VIIIIX wSSWSS 874,04,71,04,74,7 =+=×+ kg; (148)  

2II2IX2II2IX5.2IXX )cos(sin wawa LGSLGSWSS +=++=+= ,

radganac 2II2IX 8 wLGS >= anu 8>3 -ze, amitom ukusvlis bagiri ar 

CaeSveba tyis gruntze da gadaadgildeba blokebze dakidebul 

mdgomareobaSi.

11381,01003,082II2IX5.2IXX =+=××+=+=+= wLGSWSS kg;       (149)

=+++=++= 313VII3X2.66.2XXI )cos(sin wawa QnLGSWWSS

261252,21101,06,0200001,040063,011 =++=××+××+= kg; (150)

sadac -3G 1 grZ.m 13 mm kveTis diametris Caketilkonturiani mzidi 

bagiris wona, 0,63 kg;

-1n kakvze dakidebuli moris wonis nawilis ganmsazRvreli 

koeficienti, 0,6;
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-3w Caketilkonturiani mzidi bagiris gorvis sakisrebze 

dasmuli blokebis brunvis winaaRmdegobis koeficienti, 0,01.

=++=++= 3XII3XIXI1.75.3XIXII ww TSSWWSS

775126,02601,0510001,02626 =++=×+×+= kg,             (151)

sadac XIIXII -T wertilSi Caketilkonturiani mzidi bagiris 

daWimulobis Zala 13 mm kveTis diametris sawevi bagirisaTvis 

miRebulia 5100 kg, rac Seadgens bagiris maqsimaluri gamgleji 

Zalis 50%-s.

=++=++= 3XII3XIIXII1.76.3XIIXIII ww TSSWWSS

1295177,07701,0510001,07777 =++=×+×+= kg. (152)

=+=+= w2XIII3.6XIIIXIV QnSWSS

6094801296,04,02000129 =+=××+= kg; (153)

sadac -2n tyis gruntze mosuli moris wonis ganmsazRvreli 

koeficienti, 0,4:

=++=+= )cos(sin 2II1XIV7.2XIVXV awaLGSWSS

=××+= 1,010045,0609 5,6135,4609 =+ kg; (154) 

am SemTxvevaSi, sawevi bagiri gadaadgildeba blokebze 

dakidebul mdgomareoabSi; bagiris Cakiduloba umniSvneloa da 

mxedvelobaSi ar miiReba.

=×+=+=+= 1,05,6135,61327.3 wXVXVXVXVI SSWSS

6754,61613 =+= kg;  (155)

=-+=+= )sincos( 2III1XVI8.2XVIXVII aawLGSWSS

=°-°××+= )2sin2cos1,0(10045,0675

67893,2675)0349,099939,01,0(10045,0675 =+=-××+= kg;    (156)

=×+=+=+= 1,06786782XVIIXVII8.3XVIIXVIII wSSWSS

74668678 =+= kg;  (157)

=++=+= )cos(sin 2IV1XVIII9.2XVIIIXIX awaLGSWSS

5,7505,4745)90cos1,090(sin1045,0746 =+=°+°×+= kg;    (158)

=+=+= 2XIXXIX9.3XIXXX wSSWSS

82605,755,7501,05,7505,750 =+=×+= kg;  (159)
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=++=+= )cos(sin 2V1XX10.2XXXXI awaLGSWSS

=°+°×+= )35cos1,035(sin25045,0826

9007,73826)81915,01,057358,0(25045,0826 =+=×+×+= kg. (160)

am SemTxvevaSiac, sawevi bagiri gadaad gildeba blokebze

dakidebul mdgomareobaSi, amasTan Cakiduloba mxedvelobaSi ar 

miiReba.

=+=+= 2XXIXXI10.3XXIXXII wSSWSS

990909001,0900900 =+=×+= kg;                        (161)

=-+=+= )sincos( 2VI1XXII11.2XXIIXXIII aawLGSWSS

=°-°××+= )30sin30cos1,0(2045,0990

986)72,3(990)5,00866031,0(2045,0990 =-+=-××+= kg;   (162)

I wertilidan satvirTo dolze sawevi bagiris miwy domis 

XXIII wertilamde tvirTis Tanabari siCqariT moZraobis dros 

winaaRmdegobis Zalebia:

++++++++++¢= 5.24.34.23.33.22.32.21.31.25XXIII WWWWWWWWWWS

+++++++++++ 8.27.37.23.61.76.31.75.32.66.2 WWWWWWWWWW

-++++=++++++ 3,0398,05,33,611.210.310.29.39.28.3 WWWWWW

+++++++++++- 5177,05126,01252,2374,004,703,03

99672,3907,7305,755,46893,24,615,4480 =-+++++++++ kg.

miviReT, rom teqnologiuri procesis meore ZiriTadi 

operaciis, kerZod moris an Sekrulas ganivgadasatan mzid

bagirze naxevraddakidebul mdgomareobaSi sabagiro danadgaris 

ZiriTad trasamde morTrevis dros saw ev dolze miwydomis XXIII 

wertilSi jamuri winaaRmdegobis Zala 996XIII =S kg. gamgleji 

Zala mdgradobis maragis statikuri koeficientis 2=n mixedviT

mixedviT 

19922996XXIIIXXIII =×=×= nSS kg.

am SemTxvevaSi, ISO 2408 standartis mixedviT cxrilidan 1 

virCevT 6 mm-ian kveTis diametris sawev bagirs , romlis 

winaaRmdegoba gaglejaze tolia 2110 kg, xolo bagiris droebiTi

winaaRmdegoba – 177 kg/mm2.
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SXXIII winaaRmdegobis jamuri Zalis mixedviT vangariSobT 

danadgaris jalambris Zravas simZlavre s, r oca moris an 

Sekrulas gadaadgilebis siCqare V naxevraddakidebul 

mdgomareobaSi morTrevis dros tolia 0,5 m/wm

8,7
85,075

5,0996

75
XXIII =

×
×

=
×

×
=

h
VS

N cx.Z. = 5,74 kvt.

danadgaris jalambrisaTvis standartis 19523-74-is mixedviT 

virCevT asinqronul el. Zravas 4A132S4У3, romlis simZlavre 

tolia 7,5 kvt da brunTa ricxvi 1500=n br/wT.

maqsimaluri winaaRmdegobis Zal is, anu wevis Zalis 

saangariSod saWiroa gaviTvaliswinoT inerciis Zalebi I, XI da 

XIV wertilebSi da daWimulobis Zalebi XII da XIII wertilebSi; 

amasTan, XII da XIII wertilebSi daWimulobis Zalebis SesaZlo 

did mniSvnelobebTan dakavSirebiT ganivi mimarTulebis trasis 

Caketilkonturian bagiris blokebSi gaTvaliswinebulia gorvis 

sakisrebi, brunvis winaaRmdegobis koeficientiT 01,03 =w .

aRniSnulis gaTvaliswinebiT meore ZiriTadi operaciis 

jamuri winaaRmdegobis Zalebis saangariSo formulebi miiReben 
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winaaRmdegobebis jamuri Zalis, anu wevis Zalis maqsimaluri 

mniSvnelobis misaRebad t eqnologiuri procesis meore ZiriTadi 

operaciis ganxorcielebis dros, rac dakavSirebulia moris 

ganivi mimarTulebiT Caketilkonturian mzid bagirze naxevrad -

dakidebul mdgomareobaSi sabagiro danadgaris ZiriTad trasamde 

gadaadgilebasTan, inerciis Zalebis da Caketilkonturiani mzidi 

bagiris daWimulobis gaTvaliswinebiT, formulebSi (163) 

SevitanoT ricxviTi mniSvnelobebi da miviRebT:
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=
××××
××××

+××=
33081,941425,0

5,3314,3285,02507,0

285,0

04,0
15,025025,1

2

6,997,26,6 =+= kg;                                        (164)

ukusvlis dolis brunTa ricxvi daxveuli bagiris saSualo 

Sris mixedviT iangariSeba formuliT:

5,33
1425,014,3

5,03030
=

×
×

=
×
×

=
u.saS

sab
u R

V
n

p
br/wT.                     (165)

=++=+= )cos(sin 2II2I1.2III awaLGSWSS

=°×+°×+= )30cos1,030(sin203,06,9

1,135,36,9)86603,01,05,0(203,06,9 =+=×+×+= kg;  (166)

4,1431,11,131,01,131,132IIII1.3IIIII =+=×+=+=+= wSSWSS kg; (167)

=-+=+= )sincos( 2V2III2.2IIIIV aawLGSWSS

=°-°××+= )35sin35cos1,0(2503,04,14

17)4,31(4,14)5,081915,01,0(2503,04,14 -=-+=-××+= kg;   

am SemTxvevaSi IV wertilSi SIII winaaRmdegobis jamuri Zala 

naangariSebia ukusvlis dolis daZvris mome ntSi inerciis Zalis 

gaTvaliswinebiT, iseve rogorc Tanabari – damyarebuli siCqariT 

tvirTis gadaadgilebis SemTxvevaSi daZleulia 250 m sigrZis 

ukusvlis bagiris wona ZaliT, romelic blokebze dakidebuli 

mdgomareobidan eSveba tyis gruntze da Camocurdeba 35 °-iT 

daxril ferdobze zevidan qveviT msdeqisaken.

aqedan gamomdinare, V wertilidan X wertilis CaTvliT 

winaaRmdegobis Zalebi iangariSeba analogiurad, rogorc wina 

SemTxvevaSi. tvirTis Tanabari siCqariT gadaadgilebis dros, 

sadac X wertilSi winaaRmdegobis Zalebis jamu ri mniSvneloba 

11X =S kg-s, maSin XI wertilSi bagiris da tvirTis inerciis 

Zalebis gaTvaliswinebiT winaaRmdegobis Zala iangariSeba 

Semdegi formuliT:

=
+

+++=+++=
gt

VQnLG
QnLGSWWWSS sab)( 1VII3

313VII3X1.42.66.2XXI ww

=
×

×+×
+××+××+=

381,9

5,0)6,0200040063,0(
01,06,0200001,040063,011
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507,241252,211 =+++= kg;      (168)

=++=++= 3XII3XIXI1.75.3XIXII ww TSSWWSS

5,101515,05001,0510001,05050 =++=×+×+= kg;            (169)

=++=++= 3XII3XIIXII1.76.3XIIXIII ww TSSWWSS

5,1535102,15,10101,0510001,05,1015,101 =++=×+×+= kg; (170)

=++=++=
gt

VQn
QnSWWSS sab2

2XIII2.43.6XIIIXIV w

5,647144805,153
381,9

5,04,02000
6,04,020005,153 =++=

×
××

+××+= kg; (171)

=+=++=+= 2II1XIV2II1XIV7.2XIVXV )cos(sin wawa LGSLGSWSS

6525,45,6471,010045,05,647 =+=××+= kg;                  (172)

XV wertilSi sawevi bagiri gadaadgildeba blokebze 

dakidebul mdgomareobaSi. am SemTxvevaSi Cakiduloba umniSvneloa.

=×+=+=+= 1,0652652ω2XVXV7.3XVXVI SSWSS 7172,65652 =+ kg; (173)

=-+=+= )sincos( 218.2 aawIIIXVIXVIXVII LGSWSS

=°-°×+= )2sin2cos1,0(10045,0717

72093,2717)0349,099939,01,0(10045,0717 =+=-×××+= kg;   (174)

XVII wertilSi sawevi bagiri gadaadgildeba blokebze 

dakidebul mdgomareobaSi, Cakiduloba umniSvneloa da 

mxedvelobaSi ar miiReba.

=×+=+=+= 1,07207202XVIIXVII8.3XVIIXVIII wSSWSS

79272720 =+= kg;  (175)

=++=+= )cos(sin 2IV1XVIII9.2XVIIIXIX awaLGSWSS

5,7965,47921045,079290sinIV1XVIII =+=×+=°+= LGS kg. (176)                           

XIX wertilSi sawevi bagiri gadaadgildeba msdeqis blokze 

dakidebul vertikalur mdgomareobaSi

=×+=+=+= 1,05,7965,7962XIXXIX9.3XIXXX wSSWSS

8766,795,796 =+= kg;    (177)

=++=+= )cos(sin 2V1XX10.2XXXXI awaLGSWSS

=°×+°×+= )35cos1,035(sin25045,0876
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95074876)81915,01,057358,0(25045,0876 =-=×+×+= kg.    (178)

XXI wertilidan sawevi bagiri gadaad gildeba blokebze

dakidebul mdgomareobaSi, miuxedavad malis sigrZisa Cakiduloba 

mxedvelobaSi ar miiReba.

=×+=+=+= 1,09509502XXIXXI10.3XXIXXII wSSWSS

104595950 =+= kg;                                    (179)

=-+=+= )sincos( 2VI1XXII11.2XXIIXXIII aawLGSWSS

=°-°××+= )30sin30cos1,0(2045,01045

104141045)5,086603,01,0(2045,01045 =-=-××+= kg.       (180)

IV wertilidan sawevi bagiris dolze miwydomis XXIII 

wertilamde inerciis Zalebis da Caketilkonturiani mzidi 

bagiris daWimulobis gaTvaliswinebiT winaaRmdegobis Zalebia

+++++++++= 2.66.25.24.34.23.33.22.32.2XXIII WWWWWWWWWS

+++++++++++ 8.27.37.22.43.61.76.31.75.31.4 WWWWWWWWWW

++-+=++++++ 03,033,0311.210.310.29.39.28.3 WWWWWW

++++++++++++ 4805102,1515,07,241252,2374,004,7

1041495746,795,47293,22,655,414 =-+++++++++ kg.

miviReT, rom Cvens mier ganxilul tyesakafze xe -tyis 

morTrevis teqnologiuri procesis meore ZiriTad i operaciis,

kerZod moris an Sekrulas ganivi mimarTulebiT Caketilkonturian 

mzid bagirze naxevraddakidebul mdgomareobaSi sabagiro 

danadgaris ZiriTad trasamde gadaadgilebis dros winaaRmdegobis 

Zalis mniSvneloba IV wertilidan X XIII wertilis CaTvliT

bagiris da tvirTis inerciis Zalebis gaTvaliswinebiT Seadgens

1041XXIII =S kg, xolo maT gareSe tvirTis Tanabari siCqariT 

gadaadgilebis dros 996XXIII =S kg, gansxvaveba maT Soris 

umniSvneloa da Seadgens 45 kg-s.

gamglej Zalas mdgradobis maragis statikuri koeficientis 

mixedviT miviRebT:

2082210412XXIIIXXIII =×=×= SS kg.



116

aRniSnulidan gamomdinare, ISO 2408 standartis monacemebiT 

vtovebT 6 mm kveTis diametris sawev bagirs organuli gulariT, 

romlis droebiTi winaaRmdegoba tolia 177 kg/mm 2, xo lo 

winaaRmdegoba gaglejaze – 2110 kg, rac Seexeba jalambris Zravas 

simZlavres inerciis Zalebis gaTvaliswinebiT, wevis Zalis 

mniSvnelobidan gamomdinare tolia

16,8
85,075

5,01041

75
XXIII =

×
×

=
×
×

=
h

sabVS
N cx.Z. = 6 kvt.

amitomac, 19523 -74 standartis mix edviT vtoveb T adre 

SerCeul el. Zravas, romlis s imZlavre 7=N ,5 kvt, brunTa 

ricxviT 1500=n br/wT.

igive meTodikis safuZvelze vatarebT gamokvlevas, 

aRniSnuli teqnologiuri procesis meore ZiriTadi operaciis 

meore fazis ukusvlis, anu kakviani sawevi bagiris tyesakafze 

dabrunebis dros, trasaze ganlagebuli winaaRmdegobebis jamuri 

Zalis gansazRvris mizniT. aRniSnulis gansaxorcieleblad 

sqemaze (nax. 24, a, b ) gamosaxuli ukusvlis trasis mixedviT 

vsazRvravT winaaRmdegobebis Zaleb s I wertilidan, anu sawevi 

dolidan ukusvlis dolze miwydomis XXII wertilis CaTvliT.

winaaRmdegobis jamuri Zalis maqsimaluri mniSvnelobis 

misaRebad, am SemTxvevaSi, saWiroa gaviTvaliswinoT inerciis 

Zalebi I da XI wertilebSi, sadac daZvris momentSi sakmaod didi 

wonis masebi gvaqvs I da XI wertilebSi, Sesabam isad sawevi 

dolis 400 m bagiris Caketilkonturiani moZravi mzidi bagiris 

saxiT.

kakviani sawevi bagiris tyesakafze ukan dabruneba, rogorc 

ukve iyo aRniSnuli, xorcieldeba ukusvlis dolis daxmarebiT. 

am SemTxvevaSi, sawevi doli gaTiSulia eleqtro quroTi 

meqanikuri gadacemebisagan da Tavisuflad brunavs RerZze. 

pirvel rigSi unda gadailaxos sawevi bagirdaxveuli dolis 

brunvis winaaRmdegoba I wertilSi.
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nax. 24. a, b – ganivgadasatani Caketilkonturiani bagir-blokuri
sabagiro morsaTrevi danadgaris kvlevis sqema: a – kakviani
sawevi bagiris ukusvlis bagiriT tyesakafze dabrunebis
trasa; b – trasaze ganlagebuli winaaRmdegobis Zalebis
I-XXII modebis wertilebi

ï
ï
ï
ï
ï
ï

þ

ï
ï
ï
ï
ï
ï

ý

ü

°==
-+=+=-

+=+=+=-

=°===
++=+=-

==

====

+=¢¢+¢=-

;35 250                                         

);sincos(IV

);1(III

;1,0  ;30   ; 20  ;45,0       

),cos(sinII

;3  ;15,0                                            

 ;05,0   ;330,0  ;320  ;25,1        

  ;
304

7,0
I

V

2V1III2.2IIIIV

2II2IIII1.3IIIII

2VI

2VI1I1.2III

0

2

055I

a
aaw

ww
wa
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p

 m; 
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wm 

m m kg 

1

sss

s.saS

sss

s

s
s

L
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LGSWSS
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dDGj
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D

d
fjGWWS

(181)
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sawevi bagiri daeSveba tyis grunt ze da formula miiRebs Semdeg 

saxes

ï
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;90     ;sin        

)cos(sinXVIII

);1(XVII

;2            

);sincos(XVI

);1(XV

;  3,0   ;1,0 ;  100   ;0          

);cos(sinXIV

;)(        

XIII

; 5100  ;)(       

XII

  ;01,0  0,5 ;0  ;  400  ;  63,0           

;

)cos(sinXI

;  100  ;0  ,     

)cos(sinX

);cos(sinX

);1(IX

;2,0  ;0                            

);cos(sinVIII

;2  ;  100                            

);cos(sinVIII

);1(VII

;90           ;sin     

)sincos(VI

);1(V

;90 10                             

;sinIV

IV2XVIIIV2XVII

2IV2XVII9.2XVIIXVIII

2XVI2XVIXVI8.3XVIXVII

2II2XV8.2XVXVI

2XIV2XIVXIV7.3XIVXV

22II

2II2XIII7.2XIIIXIV

3XIIXIIXII

3XII3XIIXII1.76.3XIIXIII

XII3XIIXIXI

3XII3XIXI1.75.3XIXII

3VII3
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3VII3X
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3VII3X3.46.2XXI

II1II1IX

1II1IX5.2IXX
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2VIII2VIIIVIII4.3VIIIIX
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IV1III2.2IIIIV

aa
awa

ww
a

aaw
ww

wa
awa

w
ww

w
ww

wa

w

awa
aw

awa

awa
ww

wa
awa

a
awa

ww
aa

aaw
ww

a
a

LGSLGS
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VLG

gt
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LGSWSS
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LGSWSS

SSSWSS

L

LGSWSS
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 ;m/wm'mkg

m
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da gruntze tyis daeSveba bagiri sawevi iacSemTxvevaS am

saxes Semdeg

miiRebs formula da gruntze tyis daeSveba bagiri sawevi

m

 m; 

sab

sabsab

(181)
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.30  ;  20            

 );sincos(XXII

);1(XXI

;35  ; 250          

);cos(sinXX

);1(XIX

VI

2VI2XXI11.2XXIXXII

2XX2XXXX10.3XXXXI
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2V2XIX10.2XIXXX

2XVIII2XVIIIXVIII9.3XVIIIXIX
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(181)

teqnologiuri procesis meore ZiriTadi operaciis uqmi 

svlis, anu kakviani sawevi b agiris tyesakafze dabrunebis dros, 

rac sruldeba meqanikuri wesiT ukusvlis do lisa da bagiris 

daxmarebiT, ukusvlis trasaze I -XXII wertilebSi winaaRmdegobis 

Zalebis gansazRvras vaxdenT (181) formulebiT:

=
×

+=¢¢+¢=
tgR

nDG

D

d
fjGWWS

304

7,0 2

055I
s.saS.

sss

s

s
s

p

7,1661,709,9
33081,94165,0

9,5714,333,03207,0

33,0

05,0
15,032025,1

2

=+=
××××
××××

+××= kg, (182)

sadac -s.saS.R sawevi dolis radiusi diametris saSua lo Sris 

mixedviT, 0,165 m;

-sn sawevi dolis brunTa ricxvi iangariSeba sawevi bagiris 

moZraobis siCqaridan gamomdinare, rac bagiris ukusvlis 

reJimisaTvis miiReba 1,0 m/wm, saidanac gamomdinare

9,57
165,014,3

0,13030
=

×
×

=
×
×

=
s.saS

sab
s R

V
n

p
br/wT.

=++=+= )cos(sin 211.2 awaVIIIII LGSWSS

=°+°×+= )30cos1,030(sin2045,07,16

223,57,16)86603,01,05,0(2045,07,16 =+=×+×+= kg. (183)

sawevi bagiri gadaadgildeba blokebze dakidebul daxril 

mdgomareobaSi.

2,242,2221,022222IIII1.3IIIII =+=×+=+=+= wSSWSS kg;       (184)

=-+=+= )sincos( 212.2 aawVIIIIIIIV LGSWSS

=°-°×+= )35sin35cos1,0(25045,02,24

31)3,55(2,24)57358,081915,01,0(25045,02,24 -=-+=-××+= kg.

IV wertilSi, radganac )sincos( 2V1III aaw -< LGS sawevi bagiri
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Tavisi wona ZaliT daeSveba tyis gruntze da 35 ° daxril 

ferdobze Camosrialdeba msdeqisaken. aqedan gamomdinare, IV 

wertilSi winaaRmdego bis Zalas bagiris gadaadgilebaze qmnis 

10m sigrZis msdeqis blokze vertikalurad dakidebuli sawevi 

bagiri. formula miiRebs Semdeg saxes:

=°+=++=+= 90sin)cos(sin IV1III2IV1III2.2IIIIV LGSLGSWSS awa

5,45,401045,00IV1III =+=×+=+= LGS kg;                  (185)

10IV =L m; °= 90a .

SIII jamuri winaaRmdegobis Zala gaxda nulis toli, 

radganac 2,24III =S kg daZlia sawinaaRmdegod moqmedma sawevi 

bagiris wona Zalam 

5,11225045,0V1 =×=LG kg.

545,05,41,05,45,422.3 =+=×+=+=+= wIVIVIVV SSWSS kg; (186)

=-+=+= )sincos( 2IV1V3.2VVI aawLGSWSS

5,05,451045,05sinIV1V =-=×-=-= aLGS kg; °= 90a ;   (187)

VI wertilSi sawevi bagiri gadaadgildeba vertikalurad

msdeqis blokze dakidebul mdgomareobaSi: 

55,005,05,01,05,05,02VIVI3.3VIVII =+=×+=+=+= wSSWSS kg;    (188)

)cos(sin 2III1VII4.2VIIVIII awa ++=+= LGSWSS .

am SemTxvevaSi, radganac )cos(sin 2III1VII awa +< LGS sawevi 

bagiri daeSveba tyis gruntze da formula miiRebs Semdeg saxes

=++=+= )cos(sin 1III1VII4.2VIIVIII awaLGSWSS

=°×+°×+= )2cos2,02(sin10045,055,0

12,1157,1055,0)99939,02,00349,0(10045,055,0 =+=×+×+= kg.  (189)

=×+=+=+= 1,012,1112,112VIIIVIII4.3VIIIIX wSSWSS

23,1211,112,11 =+= kg;         (190)

)cos(sin 2II1IX5.2IXX awa ++=+= LGSWSS .

am SemTxvevaSic, radganac, )cos(sin 2II1IX awa +< LGS sawevi 

bagiri daeSveba tyis gruntze da formula miiRebs Semdeg saxes

=++=+= )cos(sin 1II1IX5.2IXX awaLGSWSS
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23,21923,122,010045,023,121III1IX =+=××+=+= wLGS kg;      (191)

°= 0a ; 100II =L m;

+++=++= )cos(sin 3VII3X3.46.2XXI awaLGSWWSS

=
×

××
+°×+°×+=+

381,9

5,040063,0
)0cos01,00(sin40063,023,21VII3

gt

VLG sab

2828,452,223,21 =++= kg; (192)

=++=++= 3XII3XIXI1.75.3XIXII ww TSSWWSS

28,795128,02801,0510001,02828 =++=×+×+= kg;          (193)

=++=++= 3XII3XIIXII1.76.3XIIXIII ww TSSWWSS

07,1315179,028,7901,0510001,028,7928,79 =++=×+×+= kg; (194)

=++=+= )cos(sin 2II2XIII7.2XIIIXIV awaLGSWSS

07,134307,1311,01003,007,131 =+=××+= kg;                 (195)

°= 0a ; 100II =L m.

am SemTxvevaSi, ukusvlis bagiri gadaadgildeba blokebze 

dakidebul mdgomareobaSi.

=×+=+=+= 1,007,13407,134ω2XIVXIV7.3XIVXV SSWSS

48,14741,1307,134 =+= kg;                               (196)

=-+=+= )sincos( 228.2 aawIIXVXVXVI LGSWSS

=°-°×+= )2sin2cos1,0(1003,048,147

43,14995,148,147)0349,099939,01,0(1003,048,147 =+=-××+= kg. (197)                 

bagiri gadaadgildeba blokebze dakidebul mdgomareobaSi, 

radganac )sincos( 22 aaw -> IIXV LGS : 

=×+=+=+= 1,043,14943,1492XVIXVI8.3XVIXVII wSSWSS

37,16494,1443,149 =+= kg;        (198)

=++=+= )cos(sin 2IV2XVII9.2XVIIXVIII awaLGSWSS

37,167337,164103,037,164sinIV2XVII =+=×+=+= aLGS kg; (199) 

10=IVL m;  °= 90a ;

ukusvlis bagiri gadaadgildeba msdeqis blokze dakidebul 

vertikalur mdgomareobaSi     

=×+=+=+= 1,037,16737,1672XVIIIXVIII9.3XVIIIXIX wSSWSS
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11,18474,1637,167 =+= kg;     (200)

=++=+= )cos(sin 2V2XIX10.2XIXXX awaLGSWSS

=°×+°×+= )35cos1,035(sin2503,011,184

=×+×+= )81915,01,057358,0(2503,011,184

27,23316,4911,184 =+= kg.    (201)

=×+=+=+= 1,027,23327,2332XXXX10.3XXXXI wSSWSS

6,25633,2327,233 =+= kg;  (202)

=-+=+= )sincos( 2VI2XXI11.2XXIXXII aawLGSWSS

=°-°××+= )30sin30cos1,0(203,06,256

1,25448,26,256)5,086603,01,0(203,06,256 =-=-××+= kg.     (203)

miviReT, rom tyesakafze morTrevis teqnologiuri proc esis 

meore ZiriTadi operaciis, kerZod kakviani sawevi bagiris ukan

dabrunebis, anu uqmi svlis ganxorcielebis dros, rac sruldeba 

meqanizebuli wesiT ukusvlis dolis gamoyenebiT IV wertilidan 

XXII wertilis, anu ukusvlis dolze miwydomis wertilamde

winaaRmdegobis Zalebia:

+++++++++= 3.46.25.24.34.23.33.22.32.2XXII WWWWWWWWWS

++++++++++ 9.28.38.27.37.21.76.31.75.3 WWWWWWWWW

++-+=++++ 05,05,445,05,411.210.310.29.3 WWWW

+++++++++++ 35179,05128,028,452,2911,157,10

1,25448,233,2316,4974,16394,1495,141,13 =-+++++++ kg.

morTrevis teqnologiuri procesis meore ZiriTadi operaciis 

ganxorcielebis dros, kakviani sawevi bagiris tyesakafze 

dabruneba sruld eba manqanuri wesiT jalambris ukusvlis 

dolis daxmarebiT. rogorc angariSidan Cans, winaaRmdegobis 

wertilebSi I -XXII jamuri Zala XXII wertilSi, inerciis Zalis 

gaTvaliswinebiT umniSvnelia 254 kg. aqedan gamomdinare, sawevi 

bagiris diametri rCeba damxmare oper aciis SemTxvevaSi 8 mm, 

xolo Zrava 7,5 kvt.



123

2.4.4. ganivgadasatani sabagiro morsaTrevi danadgaris
jalambris wevis Zalis gansazRvra trasamde,
gverdebidan morTreuli xe-tyis zeda sawyobze

CamoSvebis an azidvis dros

# 7ª teqnologiuri sqemidan gamomdinare maRalmTian 

tyesakafze teqnologiuri procesis mesame ZiriTad operacias 

warmoadgens trasamde gverdebidan morTreuli moris an Sekrulas

zeda sawyobze CamoSveba an azidva. es operacia sruldeba tvirTis 

mTlianad urikaze dakidebul mdgomareobaSi. aRniSnuli ZiriTadi 

operaciis Sesrulebamde saWiroa tvirTis, moris an Sekrulas 

saxiT vertikalurad aweva kakviani sawevi bagiris urikis blokis 

CamWerSi dafiqsirebamde [30, 39].

teqnologiuri procesis damxmare operaciis sqemidan (nax. 

25) irkveva, rom Sekrulas vertikalurad awevis dros gvaqvs 

winaaRmdegobis Zalebis eqvsi wertili. I wertilSi xdeba 

Sekrulas adgilidan daZvra da vertikalurad aweva urikis 

mimarTulebiT. am operaciis ganxorcielebis dros, winaaRmdegobis 

jamur Zalas vsazRvravT inerciis Zalis gaTv aliswinebiT, rac 

dakavSirebulia Sekrulas adgilidan daZvrasTan. I-VI wertilebSi 

winaaRmdegobis Zalebis saangariSo formulebia:
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ï
ï
ï
ï
ï

þ

ï
ï
ï
ï
ï
ï
ï
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ü

=°=
-+=+=-

+=+=+=-
==°=

++=+=-
+=+=+=-
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   20     

);sincos(VI

);1(V

 ;1,0   ;250    ;35     

);cos(sinIV

);1(III

);1( II

;3  ;6,0  ;25,0  ;90; 3000

;)cos(sinI

VI

2VI1V2.2VVI

2IV2IVIV3.3IVV

2V

2V1III1.2IIIIV

2II2IIII2.3IIIII

2I2II1.3III

1

1
14.45.6I

m. ;30

m

wm m/wm kg sab

sab

L

LGSWSS

SSSWSS

L

LGSWSS

SSSWSS

SSSWSS

tVQ

gt

VQ
QWWS

a
aaw

ww
wa

awa
ww

ww
wa

awa

(204)

formulebSi (204) ricxviTi mniSvnelobebis CasmiT, miviRebT 

I-VI wertilebSi winaaRmdegobis Zal ebs, VI wertil Si ki 

winaaRmdegobis jamuri Zalis mniSvnelobas.
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nax. 25. a, b – ganivgadasatani sabagiro morsaTrevi danadgaris
kvlevis sqema: a – urikis blokis CamWerSi dasafiqsireblad
Sekrulas vertikalurad gadaadgilebis trasa; b – trasaze
ganlagebuli winaaRmdegobis Zalebis I-VI modebis wertilebi

=++=+=
gt

VQ
QWWS sab1

14.45.6I )cos(sin awa

=
×

×
+°+°=

381,9

25,03000
)90cos6,090(sin3000

5,30255,253000
381,9

25,03000
3000 =+=

×
×

+= kg;                   (205)

-1Q tvirTis wona Sekrulas sax iT jalambris tvirTamweobidan 

gamomdinare, 3000 kg;

a)

b)
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-°= 90a tvirTi gadaadgileba vertikalurad;

=×+=+=+= 1,05,30255,30252II1.3III wSSWSS

33286,3025,3025 =+= kg; (206)

=×+=+=+= 1,0332833282IIII2.3IIIII wSSWSS

36613333328 =+= kg; (207)

=++=+= )cos(sin 2V1III1.2IIIIV awaLGSWSS

=°+°×+= )35cos1,035(sin25045,03661

=×+×+= )81915,01,057358,0(25045,03661

37357,733661 =+= kg;      (208)

=×+=+=+= 1,037353735ω2IVIV3.3IVV SSWSS 41083733735 =+ kg;                                   

=-+=+= )sincos( 2I1V2.2VVI aawVLGSWSS

=°-°×+= )30sin30cos1,0(2045,04108

410444108)5,086603,01,0(2045,04108 =-=-××+= kg;        (209)

tvirTis vertikalurad gadaadgilebis dros, trasaze I -VI 

wertilebSi winaaRmdegobis Zalebia:

=++++++= 2.23.31.22.31.34.45.6VI WWWWWWWS

410443737,733336,3025,253000 =-+++++= kg.

miviReT, rom damxmare operaciis Sesrulebis dros, kerZod, 

sabagiro danadgaris ZiriTad trasamde, gverdebidan morTreuli 

Sekrulas asawevad da sawevi bagiris kakvis urikis blokSi 

dasafiqsireblad, winaaRmdegobis Zalis jamuri sidide VI 

wertilSi, sawevi bagiris 25,0=V m/wm siCqariT moZraobis dros 

aris 4104 kg. mdgradobis maragis statikuri koeficientis 2=n

gaTvaliswinebiT, gamgleji Zala tolia 8208 kg. ISO 2408 

standartis monacemebiT miRebul gamglej Zalas Seesaba meba 11 

mm-iani kveTis sawevi bagiri organuli gulariT, romlis 

droebiTi winaaRmdegoba tolia 177 kg/mm2, xolo gamgleji Zala –

8240 kg-isa. aRsaniSnavia, rom morTrevis teqnologiuri procesis 

pirveli ZiriTadi operaciis Sesrulebis dros, kerZod, ferdobze 

moWrili xis zeviT amozidvis SemTxvevaSi jamuri winaaRmdegoba 

XII wertilSi 3567 kg SerCeulia igive 11 mm kveTis diametris 
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bagiriT, mxolod 157 kg/mm 3 droebiTi winaaRmdegobiT. amitom, 

jalambari aRWurvili iqneb a 11 mm kveTis diametris sawevi 

bagiriT, romlis droebiTi winaaRmdegoba aris 177 kg/mm 2, xolo 

gamgleji Zala 8240 kg. 

amasTan, aRniSnuli damxmare operaciis Sesrulebis dros 

jalambris Zravas simZlavre toli iqneba

1,16
85,075

25,04104

75
VI =

×
×

=
×

×
=

h
sabVS

N cx.Z. = 11,8 kvt.

vinaidan, morTrevis teqnologiuri procesis damxmare 

operaciis, kerZod, Sekrulas vertika lurad awevis da kakviani 

sawevi bagiris urikis blokis CamWerSi dafiqsirebis xangrZlioba 

mcirea da amave dros, aRniSnuli trasis I -VI wertilebidan III 

wertilSi blokis datvirTva minimaluria, vtovebT pirveli 

ZiriTadi operaciisaTvis SerCeul el. Zravas 11 kvt simZlavriT 

da 1500 br/wT.

naxazze 26, a, b warmodgenilia morTrevis teqnologiuri 

procesis mesame ZiriTadi operacia, kerZod, urikis blokis 

CamWerSi dafiqsirebuli Sekrulas gadaadgi leba, 35 °-iT daxril 

mzid bagirze qvevidan zeviT, platoze ganlagebuli zeda 

sawyobisaken, sadac gadis avtotyesazidi magistraluri gza [48-66].

gamovikvlioT da ganvsazRvroT winaaRmdegobis Zalebi I-IV 

wertilebSi da winaaRmdegobis jamuri Zalis mniSvneloba IV 

wertilSi.

I wertilSi winaaRmdegobas qmnis urika, sawevi bagiriT 

dakidebuli SekrulaTi
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ï
ï
ï
ï

þ
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ï
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m/wmg sab

sab
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  0,1;  20     

);sincos(IV

);1(III

;35    ;250  ;45,0    

);cos(sin II

 ;5,0  ;01,0  ;35  ;3000    

 ;)cos(sinI

2VI

2VI1III2.2IIIIV

2II2IIII1.3IIIII

V1

2VII1.2III
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1
315.41.8I

L

LGSWSS

SSSWSS

LG

LGSWSS

VQ

gt

VQ
QWWS

(210)
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nax. 26. a, b – ganivgadasatani sabagiro morsaTrevi danadgaris
kvlevis sqema: a – datvirTuli urikis qvevidan zeviT 
gadaadgilebis trasa; b – trasaze ganlagebuli 
winaaRmdegobis Zalebis I-IV modebis wertilebi

viangariSoT I-IV wertilebSi winaaRmdegobis Zalebi:

=++=+=
gt

VQ
QWWS sab1

315.41.8I )cos(sin awa

=
×
×

+°+°=
381,9

5,03000
)35cos01,035(sin3000

1796511745
381,9

5,03000
)81915,001,057358,0(3000 =+=

×
×

+×+= kg;         (211)

=++=+= )cos(sin 2V1I1.2III awaLGSWSS

=°×+°×+= )35cos1,035(sin25045,01796

a)

b)
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18707,731796)81915,01,057358,0(25045,01796 =+=×+×+= kg; (212)

=×+=+=+= 1,0187018702IIII1.3IIIII wSSWSS 20571871870 =+ kg; (213)

=-+=+= )sincos( 2VI1III2.2IIIIV aawLGSWSS

=°-°×+= )35sin35cos1,0(2045,02057

20524,42057)57358,081915,01,0(2045,02057 =-=-××+= kg;       (214) 

miviReT, rom teqnologiuri procesis mesame ZiriTadi 

operaciis, kerZod SekrulaTi datvirTuli urikis mzid bagirze 

qvevidan zeviT gadaadgilebis dros moqmedi winaaRmdegobis 

Zalebia:

20524,41877,735117452.21.31.25.41.8IV =-+++=++++= WWWWWS kg.

mesame ZiriTadi operaciis ganxorcielebis dros, 

winaaRmdegobis jamuri Zala IV wertilSi tolia 2052 kg. 

gamgleji Zalis mixedviT 410422052 =× kg. ISO 2408 standartis 

cxrilidan 2 virCevT 8 mm kveTis diametris sawev bagirs metalis 

gulariT, romlis droebiTi winaaRmdegoba tolia 177 kg/mm 2,

xolo gamgleji Zala ara naklebi 5060 kg. am SemTxvevaSi 

jalambris Zravas simZlavre tvirTis 5,0=V m/wm siCqariT 

gadaadgilebis dros tolia

1,16
85,075

5,02052

75
IV =

×
×

=
×
×

=
h
VS

N cx.Z. = 11,8 kvt.

teqnologiuri procesis mesame ZiriTadi ( sawevi bagi ris 

siCqare 0,5 m/wm) da damxmare (sawevi bagiris siCqare 0,25 m/wm) 

operaciebis dros jalambris Zravas simZlavre erTnairia, 

11=N kvt, brunTa ricxviT 1500=n br/wT.

sainteresoa agreTve tvirTis CamoSvebis procesi, roca 

urika SekrulaTi zevidan qveviT gadaadgildeba Tavi si wona 

Zalis moqmedebis xarjze. am SemTxvevaSi, tvirTis zevidan qveviT 

gadaadgilebis dros (nax. 27, a, b) gvaqvs xuTi winaaRmdegobis 

wertili da Svidi winaaRmdegobis Zala, romelTagan mxolod 

ori aris uaryofiTi da tvirTis gadaadgildebas ki ar 

ewinaaRmdegeba, aramed qmnis Sekrulas zevidan qveviT CamosaSveb 

Zalas, rac SesaZlebelia ferdobis  daxris  kuTxis  garkveuli 
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foladis konstruqciis bagiri ISO 2408

sawevi bagirebi sakidi gzebisaTvis 6´19(1+9+9)+7´7(1+6)

cxrili 2

foladis bagirebi metalis 
gulariT markirebis jgufi, s/mm2

bagiris 
diametri, 

mm

1000 m 
SezeTili 
bagiris 

saorientacio 
masa, kg

1570 1770

gamgleji Zala, s, ara naklebi
bagirSi 
yvela 

mavTulis 
jamuri

minima-
luri

bagirSi 
yvela 

mavTulis 
jamuri

minima-
luri

1 2 3 4 5 6
5,0
6,0
7,0
8,0
9,0
10,0
11,0
12,0
13,0
14,0
15,0
16,0
17,0
18,0
19,0
20,0
22,0
24,0
26,0
28,0
32,0
36,0
40,0
44,0
48,0
50,0

130,0
147,0
202,0
262,0
332,0
410,0
496,0
590,0
693,0
803,0
922,0
1050,0
1190,0
1330,0
1490,0
1640,0
1980,0
2370,0
2770,0
3210,0
4200,0
5310,0
6554,0
7931,0
9438,0
10241,0

_
_

34300
44900
56800
70100
84800
101000
118000
137000
158000
179000
203000
227000
253000
280000
339000
404000
474000
550000
718000
908000
1120800
1345200
1614000
1751300

_
_

27500
35900
45500
56100
67900
80800
94800
110000
126000
144000
162000
182000
203000
224000
272000
323000
379000
440000
575000
727000
897500
1085900
1292300
1402300

19700
28400
38700
50600
64000
79000
95600
114000
134000
155000
178000
202000
228000
256000
285000
316000
382000
455000
534000
620000
809000
1020000
1263600
1529000
1819600
1974400

15800
22800
31000
40500
51200
63300
76500
91100
107000
124000
142000
162000
183000
205000
228000
253000
306000
364000
428000
496000
648000
820000
1011800
1224300
1457000
1580900

mniSvnelobis dr os. am SemTxvevaSi, Cveni amocana aris vipovoT 

ferdobis daxris kuTxis is mniSvneloba, roca tvirTis woniT 

gamowveuli mamoZravebeli Zalebi metia winaaRmdegobis Zalebze 

da urika SekrulaTi iwyebs gadaadgilebas zevidan qveviT. 

pirvel rigSi vipovoT aRniSnul tr asaze winaaRmdegobis 

Zalebi modebis wertilebSi:
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nax. 27. a, b – ganivgadasatani sabagiro morsaTrevi danadgaris
kvlevis sqema: a – urikis blokis CamWerSi dafiqsirebuli
Sekrulas gadaadgilebis trasa zevidan qveviT: b – trasaze 
ganlagebuli winaaRmdegobis Zalebis I-V modebis wertilebi
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(215)

SevitanoT ricxviTi mniSvnelobebi da viangariSoT 

winaaRmdegobis Zalebi

a)

b)
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=
×

+=¢¢+¢=
tgR

nDG

D

d
fjGWWS

304

7,0
055I

saS s

s
2
ss

s

s
s

p

=
××××
××××

+××=
63081,94165,0

9,5714,333,03207,0

33,0

05,0
15,032025,1

2

9,1281,309,9 =+ kg; (216)

t _ dro, am SemTxvevaSi miRebulia 6 wm.

=++=+= )cos(sin 2VI1I1.2III awaLGSWSS

=°×+°×+= )35cos1,035(sin2045,09,12

8,189,59,12)81915,01,057358,0(2045,09,12 =+=×+×+= kg;         (217)

7,209,18,181,08,188,182IIII1.3IIIII =+=×+=+=+= wSSWSS kg; (218)

=-+=+= )sincos( 2V1III2.2IIIIV aawLGSWSS

=°-°××+= )35sin35cos1,0(25045,07,20

6,343,557,20)57358,081915,01,0(25045,07,20 -=-=-××+= kg;    (219)

=-+=-+= aa sinωcos 131IV2.61.6IVV QQSWWSS

=°-×°+-= 35sin300001,035cos30006,34

=×-××+-= 57358,0300001,081915,030006,34

17317,17206,246,34 -=-+-= kg;       (220)

teqnologiuri procesis mesame ZiriTadi operaciis 

ganxorcielebis dros I wertilidan, anu sawevi dolidan V 

wertilamde – tvirTze miwydomis wertilamde moqmedi Zalebia:

=+++++¢¢+¢= 2.61.62.21.31.255V WWWWWWWS

17317,17206,243,559,19,581,309,9 -=-+-+++= kg.

rac imas niSnavs, rom 1731 kg Zala moqmedebs urikaze da 

winaaRmdegobebis gadalaxvis Semdeg aRn iSnuli ZaliT agrZelebs 

moqmedebas urikis gadaadgilebis mimarTulebiT.

am SemTxvevaSi vtovebT sawevi bagiris da el. Zravas 

parametrebs, romlebic SerCeulia tvirTis trasaze zeviT 

gadaadgilebis dros. amasTan, ukanaskneli formulidan (220) 

SeiZleba ganvsazRvroT f erdobis daxris kuTxis is zRvruli 

mniSvneloba, roca urika tvirTiT Tavisi wonis moqmedebiT ver 

gadalaxavs winaaRmdegobebs:
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+++
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s
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ss

s

s
s

0sincos)sincos( 1312V1 =-+-+ aawaaw QQLG ;                  (221)

formulaSi (221) ricxviTi mniSvnelobebis CasmiT miviRebT:

+
××××
××××

+××
63081,94165,0

9,5714,333,03207,0

33,0

05,0
15,032025,1

2

êë

é +××++×+
33,0

05,0
15,032025,1)cos1,0(sin2045,0 aa

+ú
û

ù
+×+

××××
×××

+ 1,0)cos1,0(sin2045,0
63081,94165,0

14,333,03207,0 2

aa

0sin300001,0cos3000)sincos1,0(25045,0 =-×+-×+ aaaa .

++++++++ 1,0)]cos1,0(sin981,309,9[)cos1,0(sin981,309,9 aaaa

0sin3000cos30)sincos1,0(5,112 =-+-+ aaaa ;

+-++++++ aaa tgtgtg 5,11225,1109,09,029,19,099,12

0300030 =-+ atg ;

030005,1129,943,56 =--+ aaa tgtgtg ;

aaa tgtgtg 9,930005,11243,56 -+= ;

0182,0
3103

43,56
==atg ;   31 ¢°=a .

miviReT, rom ferdobis daxris kuTxe, roca urika 3000 kg 

wonis SekrulaTi datvirTuli, gadalaxavs trasaze (nax. 27) 

wertilebSi Seqmnil winaaRmdegobebs da iwyebs daSvebas, 2 °-ze 

naklebia. rac gamowveulia imiT, rom ganxiluli ganivgadasatani 

sabagiro danadgaris sqemaSi jalambars aqvs sami doli sawevi 

bagirebiT (mzidi bagiris Cakiduloba mxedvelobaSi ar miiReba ), 

romelTagan tvirTs gadasaadgileblad ZiriTad trasaze qveviT 

da zeviT emsaxureba er T-erTi maTgani, romelic avtonomiurad 

asrulebs aRniSnul mesame ZiriTad operacias, e.i. gadaadgilebs 

urikas SekrulaTi da ar monawileobs bagir -blokur trasaze 

aRZruli winaaRmdegobebis gadalaxvaSi, romelic Tavis mxriv 
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aRWurvilia Caketilkonturiani mzidi bagiriT da tvirTTan 

erTad qmnis sawevi da ukusvlis bagirebisaTvis ZiriTad 

winaaRmdegobebs.

aRniSnulidan gamomdinare, mesame ZiriTadi operaciis 

kvlevis Sedegad mxedvelobaSia misaRebi sawevi bagiris kveTis 

diametris da jalambris el. Zravas simZlavris mniSvnelobebi 

urikis qvevidan zeviT tvirTiT gadaadgilebis dros.

kvlevis Sedegebidan gamomdinare, SeiZleba davadginoT, rom 

ganivgadasatani sabagiro morsaTrevi danadgarebis gamoyeneba 

unda iwyebodes 20 °-ze meti daxrilobis ferdobebidan, ufro 

swori iqneboda im daxrilobis fer dobebidan, sadac morsaTrevi 

agregatebis gamoyeneba usaf rTxoebis pirobebidan gamomdinare 

SeuZlebelia.
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2.5. ექსპერიმენტული ნაწილი

2.5.1. sabagiro morsaTrevi danadgarebis mzidi
bagiris parametrebis gansazRvris eqsperimentuli
da Teoriuli kvlevis meTodikebis analizi

sabagiro morsaTrevi danadgaris dasaproeqteblad da 

dasamontaJeblad saWiroa aigo s trasis grZivi profili, xolo 

ganivgadasatani sqemis mixedviT Seqmnili sabagiro morsaTrevi 

danadgarisaTvis, tyesakafis mTel sigrZeze, ZiriTadi trasis 

orive mxares aucilebelia damatebiT ganivi trasebis profilis 

ageba. garda aRniSnulisa, bagir -blokuri sqemis sabagiro 

danadgarisaTvis, agreTve aucilebelia dadgindes sawevi da 

ukusvlis bagirebis trasebis ganlagebac. amasTan, eqsperimentuli 

kvlevebis Casatareblad, roca ar aris saSualeba Seiqmnas 

mTliani sabagiro danadg ari, maSin SeiZleba eqsperiment uli

kvlevebi Catardes fragmentulad, dan adgaris calkeul 

elementebze [30-39].

ZiriTadi trasis mzidi bagirisaTvis, saWiroa vicodeT 

maqsimaluri Cakiduloba, dadgenili Teoriuli da eqsperimentuli 

kvlevebiT. am SemTxvevaSi, morTreva xorcieldeba mTlianad 

dakidebul mdgomareobaSi d a urikaze dakidebuli mori ar unda 

exebodes tyis grunts da arc zeze mdgom xeebs. ganivi 

mimarTulebiT trasamde morTreva xorcieldeba naxevraddakidebul 

mdgomareobaSi da saWiroa moris an Sekrulas erTi bolos aweva 

miwis zedapiridan 0,5 -1,0 m simaRleze. am SemTxve vaSiac, saWiroa 

vicodeT Caketilkonturiani mzidi bagiris CaRun vis isris 

maqsimaluri mniSvneloba [50-55].

arsebobs Runvadi bagirebis parametrebis dasadgeni sami 

varianti:

_ statikuri, romelic gansazRvravs bagirze moqmed Zalebs 

Soris damokidebulebas

bcos8

2

f

ql
H = , (222)
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_ geometriuli, romelic gansazRvravs sigrZis cvlas da 

misi Cakidulobis formas

l

l
L

3

cos8

cos

3 b
b

+= ,                        (223)

_ fizikuri, romelic adgens damokidebulebas Zalebs da 

deformaciebs Soris

bcos

)(

KK

xm

FE

lTT
l

-
=D .                          (224)

aRniSnuli variantebi saSualebas iZlevian ganvsazRvroT 

bagiris daWimulobis da Cakidulobis mniSvnelobebi.

ganivgadasatani sabagiro morsaTrevi danadgarebisaTvis 

aRniSnuli parametrebis mniSvnelobebis dasadgenad, vsargeblobT 

parabolis meTodiT (nax. 11), radganac jaWvuri xazis meTodi 

rTulia (nax. 28), sizustidan gamomdinare, gansxvaveba umniSvneloa, 

miTumetes ganivgadasatani sabagiro morsaTrevi danadgarebis 

kvlevis dros. mzidi bagiris parabolis meTodiT kvlevis dr os 

daSvebulia, rom bagiris mrudis sigrZe _ S or A da B anZebs 

Soris (nax. 11 ) mcirediT gansxvavdeba AB qordis sigrZisagan, 

romelic tolia bcosl da malSi bagiris wonis zusti 

maCveneblis qS-is magivrd miRebulia ql. imisaTvis, rom ganvsazRvroT 

mzidi bagiris daWimuloba Tanabrad ganawilebuli bagiris wonisa 

da Cawertebuli tvirTis zemoqmedebiT, gamoiyeneba bagiris 

saerTo mdgomareobis gantoleba, sadac misi geometriuli 

sigrZis cvlileba tolia drekadi da tem peraturuli 

deformaciebis jamisa

)(
coscos

)( 00
xmK

KK

xm
xm tt

l
E

FE

lTT
SS -+

-
=-

bb
,                (225)

sadac -mS malis mrudis sigrZe bagiris maqsimaluri datvirTvis 

dros, m;

-xS malis mrudis sigrZe tvirTis sayrdenidan x manZilze 

ganlagebis dros, m;

-mT maqsimalurad datvirTuli bagiris daWimuloba, kg;
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-xT bagiris daWimuloba tvirTis sayrdenidan x manZilze 

ganlagebis dros, kg;

-KE bagiris normaluri drekadobis moduli, kg/sm3;

-KF bagiris ganivkveTis farTobi, sm2;

-b malis qordis daxris kuTxe horizontalTan, grad.

nax. 28. mzidi bagiris jaWvuri xazis meTodiT
gaangariSebis sqema

Cawertebuli tvirTiT malSi warmoiqmneba ori mrudi 1S da 

2S ; bagiris sigrZe S ganisazRvreba, rogorc am mrudebis jami

Semdegi gantolebiT

÷÷
ø

ö
çç
è

æ
+

-
+++=

bb cos2

)(

cos242 222

322 ql
QQ

lH

xlx

H

lq

l

h
lS .            (226)

gantolebis pirveli sami wevri gansazRvravs mrudis 

sigrZes Tanabrad ganawilebuli tvirTis SemTxvevaSi, xolo 

bolo wevri gansazRvravs bagiris sigrZis namats gamowveuls 

Cawertebuli Q tvirTisagan. Tu (225 ) gantolebas gamovaklebT 

temperaturul faqtors, miviRebT

bcos

)(

KK

xm
xm FE

lTT
SS

-
=- .                       (227)

(226) gantolebis gamoyenebiT , roca bcosTH = , mS -is da xS -

is gantolebebi Caiwereba Semdegnairad

W
2

U2 U2

l

h
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)(
8242 2

22

mmm
m

m
m GQQ

H

l

H

lG

l

h
lS ++++= ,             (228)

sadac 
bcos

lq
G m

m = ; 
bcos

lq
G x

x = .

CavsvaT (227 ) gantolebaSi mS -is da xS -is mniSvnelobebi , 

saidanac saTanado gardaqmnebis Semdeg miviRebT mzidi bagiris 

daWimulobis ganmsazRvrel kubur gantolebas:

0
24

])(3[
24

2
02

2
2

0
3

0 =-
þ
ý
ü

î
í
ì

-+++ KK
mmmmm

m

KK FEG
TGGQQ

T

FE
TT ,        (229)

sadac -= 0GGm mzidi bagiris saerTo wona, kg.

bagiris mrudis sigrZis gansazRvris dros , rodesac is 

damokidebulia mxolod bagiris wonaze, jaWvuri xazisgantolebis 

Secvla parabolis gantolebiT TiTqmis ar moqmedebs gaangariSebis 

sizusteze.

mzidi bagiris Cakidulobis isris mniSvnelobis dadgenis 

dros, jaWv uri xazis (nax. 28) da parabolis (nax. 11) meTodiT 

gaangariSebis sxvaoba ar scildeba gazomviT miRebuls da 

sizustis zRvrebSia.

sxvadasxva mecnierebis mier Catarebuli Teoriuli da 

eqsperimentuli kvlevebidan dadgenilia, rom cdomileba mzidi 

bagiris gaangariSebi s dros jaWvuri xazis meTodiT da 

parabolis meTodiT (sakmaod didi malis SemTxvevaSiac 1000 m-mde 

sigrZis 25-30°-iT daxrili ferdobebisaTvis) icvleba 1,75%-dan 5%-

mde. amasTan, dadgenilia, rom aRniSnuli kvlevebis dros 

gamoyenebuli empiriuli formulebi iZlevian mzidi bagirebis 

diametris gazrdil sidideebs. garda aRniSnulisa empiriuli 

formulebiT ver dadgindeba sabagiro danadgaris iseTi 

parametrebis mniSvnelobebi, rogorebicaa samontaJo daWimuloba 

da Cakidulobis isari.
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2.5.2. ganivgadasatani sabagiro morsaTrevi danadgaris
Caketilkonturiani moZravi mzidi bagiris
Cakidulobis isris gansazRvra eqsperimentiT

da parabolis meTodiT

ganivgadasatani sabagiro morsaTrevi danadgaris Caketil -

konturiani moZravi mzidi bagiris Cakidulobis isris gansazRvris 

mizniT Catarebulia eqsperimentuli kvlevebi ambrolauris 

satyeo ubnis nikorwmindis satyeoSi. specialurad damzadebuli 

blokebis, bagiris damWimi xraxnuli meqanizmebis da bagiris 

CamWeris saSualebiT, Seqmnilia mzidi bagiris Caketili konturis 

modeli, ro melic Cvens mier Seqmnili ganivgadasatani sabagiro 

morsaTrevi danadgaris Caketilkonturiani m zidi bagiris 

identuria. amasTan, eqsperimentuli kvlevisaTvis mzidi bagiris 

Caketili konturis sigrZe vertikaluri dgarebiT icvleba 50, 60, 

75 da 100 m -is farglebSi, x olo Cawertebuli tvirTi icvleba 

1000, 1500 da 2000 kg -is farglebSi; Teoriuli kvlevebidan 

gamomdinare, mzidi bagiris diametri 13 mm da misi parametrebi 

aRebulia cxrilidan 3.

eqsperimentebis Casatareblad zezemdgom xeebze, dgarebiT 

bagiris Semosavlebi blokebis damagrebis Semdeg, d amWimi 

xraxnuli meqanizmebiT xdeba bagiris daWimva 5000, 7500, 10000kg -is 

farglebSi. daWimulobis Zala izomeba dinamometriT.

winaswar momzadebul 1000, 1500 an 2000 kg -ian wonis mors 

jambariT hkideben Caketilkonturian mzid bagirze malis SuaSi 

naxevraddakidebul mdgomareobaSi; aqedan gamomdinare, mzid 

bagirze dakidebul mdgomareobaSi aRmoCndeba 600, 900 an 1200kg 

moris wonis nawili.

Caketilkonturiani mzidi bagiri ganlagebulia tyis 

gruntidan 2 -3 m -is simaRleze horizontalur mdgomareobaSi. 

Cakidulobis isris sididis gazomva xorcieldeba specialurad 

damzadebuli 3 m sigrZis saxazav iT, romelzedac mTel sigrZeze 

datanilia simaRlis maCvenebeli horizontaluri xazebi 1 sm -dan 

300 sm-mde 0,5 sm-is sizustiT.
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cxrili 3

foladis satvirTo bagirebi markirebis jgufi, n/mm2

1570 (160)

bagiris 
diametri, mm

yvela 
mavTulis 
saangariSo 
farTobi, mm2

1000 m 
dazeTili 
bagiris 

saorientacio 
masa, kg

gamgleji Zala, n
ara naklebi

bagirSi 
yvela 

mavTulebis 
jamuri

bagirisa 
mTlianad

4,6 7,94 77,8 _ _
5,1 9,79 95,9 _ _
5,7 12,88 126,0 _ _
6,4 15,63 153,0 _ _
7,8 22,47 220,5 35200 29900
8,8 29,92 293,6 46900 39800
10,5 39,54 387,5 61950 52650
11,5 49,67 487,0 77850 66150
12,0 54,07 530,0 84750 72000
13,0 60,94 597,3 95550 81100
14,0 73,36 719,0 115000 97750
15,0 86,95 852,5 136000 115500
16,5 101,68 996,5 159000 135000
17,5 116,58 1155,0 184000 156000
19,5 139,69 1370,0 219000 183000
20,5 158,19 1550,0 248000 210500
22,0 177,85 1745,0 278500 236500
23,0 198,67 1950,0 311500 264500
25,5 243,76 2390,0 382000 324500
28,0 293,48 2880,0 460000 391000
30,5 347,82 3410,0 545000 464500
32,5 406,76 3990,0 6375000 541500
35,0 470,34 4610,0 737000 626500
37,0 513,49 5035,0 805000 684000
39,0 558,74 5475,0 876000 744000
40,0 595,18 5830,0 933000 752500
41,0 632,78 6200,0 992000 843000
43,5 711,42 6975,0 1115000 948000
45,0 752,48 7370,0 1175000 999500
46,0 794,70 7790,0 1245000 1055000

eqsperimentuli gamokvlevebi cdebis saxiT mimdinareobs 

Semdegnairad: cdebi iwyeba – 50 m sigrZis malisaTvis, roca 

daWimuloba – 5000 k g-ia: cdebi tardeba 600, 900 da 1200 kg 

datvirTvaze, TiToeuli datvirTvis dros saxazaviT izomeba 

bagiris Cakidulobis sidideebi da Setanilia cxrilSi 4. 60, 75 

da 100 m -is sigrZis malebisaTvis Catarebuli analogiuri 

eqsperimentebis Sedegebi Setanilia cxrilebSi 5 da 6. analogiuri 
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cdebi Catarebulia 7500 kg da 10000 kg ZaliT mzidi bagiris 

daWimulobis dros.

cxrili 4

mzidi bagiris Cakidulobis isris sididis gansazRvra
parabolis Teoriuli da eqsperimentuli kvlevis meTodebiT 

mzidi bagiris daWimuloba H = 5000 kg

# l, m
Qn1,
kg

q, kg Tm,
kg b°

fmax, m
parabolis 
meTodi

eqsperimentis 
Sedegebi

1
2
3
1
2
3
1
2
3
1
2
3

100
100
100
75
75
75
60
60
60
50
50
50

1200
900
600
1200
900
600
1200
900
600
1200
900
600

1,
1

50
00 0°

6,28
4,78
3,28
4,65
3,53
2,40
3,70
2,80
1,90
3,07
2,32
1,57

_
_
3,37
_
3,75
2,58
3,87
2,82
2,1
3,17
2,42
1,73

cdebi Catarebulia 13 mm kveTis diametris mzid bagirze; 3,0 

m-ze meti CaRunvis isris gazomva praqtikulad rTulia da 

cxrilebSi ar aris Setanili.

cxrili 5

mzidi bagiris Cakidulobis isris sididis gansazRvra
parabolis Teoriuli da eqsperimentuli kvlevis meTodebiT 

mzidi bagiris daWimuloba H = 7500 kg

# l, m
Qn1,
kg

q, kg Tm,
kg b°

fmax, m
parabolis 
meTodi

eqsperimentis 
Sedegebi

1
2
3
1
2
3
1
2
3
1
2
3

100
100
100
75
75
75
60
60
60
50
50
50

1200
900
600
1200
900
600
1200
900
600
1200
900
600

1,
1(
1,
3 
eq
s
pe
r
im
en
t
u
l
i 

kv
l
ev
a 

d=
 1
5 
mm
)

75
00 0°

4,18
3,18
2,18
3,10
2,35
1,60
2,47
1,87
1,27
2,05
1,55
1,05

_
2,90
1,85
2,85
2,15
1,47
2,36
1,73
1,09
1,91
1,42
0,95

eqsperimentuli gamokvlevebi Catarebulia 1 5 mm kveTis 

diametris mzidi bagirze q = 1,3 kg, Tm = 13200 kg.
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cxrili 6

mzidi bagiris Cakidulobis isris sididis gansazRvra
parabolis Teoriuli da eqsperimentuli kvlevis meTodebiT 

mzidi bagiris daWimuloba H = 10000 kg

# l, m
Qn1,
kg

q, kg tm,
kg b°

fmax, m
parabolis 
meTodi

eqsperimentis 
Sedegebi

1
2
3
1
2
3
1
2
3
1
2
3

100
100
100
75
75
75
60
60
60
50
50
50

1200
900
600
1200
900
600
1200
900
600
1200
900
600

1,
1(
1,
5 
eq
s
pe
r
im
en
t
u
l
i 

kv
l
ev
a 

d=
 1
6,
5
mm
)

10
00
0

0°

3,14
2,39
1,64
2,33
1,76
1,20
1,85
1,40
0,95
1,53
1,16
0,78

2,9
2,09
1,43
2,12
1,58
1,05
1,64
1,21
0,79
1,37
1,52
0,61

eqsperimentuli kvlevebi Catarebulia 16,5 mm kveTis 

diametris bagirze q = 1,5 kg, Tm = 16150 kg.

eqsperimentuli kvlevebisaTvis 7500 kg da 10000 kg 

daWimulobis dros cxrilebidan 7, 8 SerCeulia Sesabamisad 15 da 

16,5 mm kveTis diametris mzidi bagirebi.

eqsperimentuli kvlevebis adekvaturobis dasadastureblad, 

naSromSi Catarebulia Teoriuli gamokvlevebi mzidi bagirisaTvis 

parabolis meTodiT (nax. 29 ) Cakidulobis isris mniSvnelobebis 

dasadgenad.

mzidi bagiris Cakidulobis isris gaangariSeba, roca is 

datvirTulia sakuTari woniT da Cawertebuli tvirTiT SeiZleba 

vawarmooT Semdegnairad: gvaqvs trasis Semdegi maxasiaTebeli 

parametrebi: trasis sigrZe horizontalze l; maqsimalurad 

dasaSvebi Cakidulob is isari fmax, roca tvirTi Seuferxeblad 

gaivlis mTel trasaze; viciT Cawertebuli tvirTis wona Q, 

cxrilebidan 3, 7, 8 vadgenT erTi grZivi metri bagiris wonas q, 

ganivkveTs Fk, gamglej daWimulobas Tg da bagiris drekadobis 

moduls 6106,1 ×=kE kg/sm2.
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viciT ra gamgleji Zalis mniSvneloba:

13 mm – Tg = 8110 kg;

15 mm – Tg = 13200 kg;

16,5 mm – Tg = 16150 kg.

nax. 29. ganivgadasatani sabagiro mosaTrevi danadgaris
Caketilkonturiani moZravi mzidi bagiris

parabolis meTodiT saangariSo sqema

vpoulobT bagiris saangariSo dasaSveb maqsimalur 

daWimulobas mdgradobis maragis statikuri koeficientis 2=n

gaTvaliswinebiT:

miviRebT 13 mm kveTis diametrisaTvis Tm = 4055 kg;

15 mm _ 6600 kg;  16,5 kg = 8075 kg.

amis Semdeg, TiToeuli bagirisaTvis vangariSobT Cakidulobis 

isris maqsimalur sidides datvirTvis qveS, formuliT

H

Ql

H

ql
f

4cos8

2

max +=
b

;                       (230)

sadac bcosmTH = da °= 0b , maSin 

mm T

Ql

T

ql
f

48

2

max += .             (231)

Tm

Tm Tm

y

Tm =5000, 7500, 10000kg

l =50, 60, 75, 100 m

Q =1000, 1500, 2000 kg

1nQ =600, 900, 1200 kg

A B

x

x 1x

1
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parabolis meTodiT naangariSebi CaRunvis isris fmax

mniSvnelobebi Segvaqvs cxrilebSi 4, 5 da 6.

rogorc cxrilebidan Cans eqsperimentebiT miRebuli 

Cakidulobis isris fmax sidideebis mniSvnelobebi sakmaod 

gansxvavdeba parabolis Teoriuli meTo diT miRebuli 

mniSvnelobebisagan, rac ZiriTadad gamowveulia ganivgadasatani 

sabagiro morsaTrevi danadgaris ganivi mimarTulebis trasis 

mzidi bagiris sqemuri da konstruqciuli gadawyvetilebis 

TaviseburebiT, kerZod Caketilkonturiani mzidi bagiris ormagi 

sigrZiT, rac iwvevs zemoT aRniSnul gansxvavebas, parabolis 

meTodiT da eqsperimentulad miRebul Cakidulobis isris 

sidideebis mniSvnelobebs Soris.

2.5.3. ganivgadasatani sabagiro morsaTrevi
danadgaris Caketilkonturiani mzidi bagiris
gaangariSebis meTodikis damuSaveba eqsperimentuli
kvlevis Sedegebis monacemebis gaTvaliswinebiT

ganivgadasatani sabagiro morsaTrevi danadgaris Caketil -

konturiani mzidi bagiris parametrebis dasadgenad damuSavda 

kvlevis meTodika, romlis safuZvels warmoadgens aRniSnuli 

danadgaris eqsperimentuli kvlevebisa da eqspluataciis 

praqtikuli gamocdilebis monacemebi da Sedegebi. aRniSnulidan 

gamomdinare, dadgenilia, rom Caketilkonturiani mzidi bagiris 

Cakidulobis isris sidide sabagiro danadgaris nor maluri 

funqcionirebisaTvis, unda m eryeobdes malis qordis 2 -4%-is 

farglebSi da ar unda aRematebodes (0,02_0,03)l-s.

damuSavebuli meTodikis safuZvelze, mzidi bagiris 

ZiriTadi parametrebis dasadgenad, cnobilia: b _ malis qordis 

daxris kuTxe horizontalTan 0 °; l _ malis sigrZe 50 m; fmax _

bagiris Cakidulobis isari 1,0 m, roca tvirTi ganlagebulia 

malis SuaSi; Q _ tvirTis wona 1000 kg, saidanac mzid bagirze 

modis 600 kg; q _ erTi grZivi metri mzidi bagiris wonebi 



144

aRebulia cxrilebidan 3, 7, 8 . unda ganisazRvros bagiris 

maqsimaluri daWimuloba datvirTvis qveS da samontaJo daWimuloba.

cxrili 7

foladis satvirTo bagirebi markirebis jgufi, n/mm2

(kg/mm2) 1860 (190)

bagiris 
diametri, mm

yvela 
mavTulis 
saangariSo 
farTobi, mm2

1000 m 
dazeTili 
bagiris 

saorientacio 
masa, kg

gamgleji Zala, n
ara naklebi

bagirSi 
yvela 

mavTulebis 
jamuri

bagirisa 
mTlianad

4,6 7,94 77,8 14750 12050

5,1 9,79 95,9 18200 14900

5,7 12,88 126,0 23950 19600

6,4 15,63 153,0 29100 23800

7,8 22,47 220,5 41800 34250

8,8 29,92 293,6 557000 45550

10,5 39,54 387,5 73600 60300

11,5 49,67 487,0 92460 75800

12,0 54,07 530,0 100500 82350

13,0 60,94 597,3 113000 92800

14,0 73,36 719,0 136500 111000

15,0 86,95 852,5 161500 132000

16,5 101,68 996,5 189000 154500

17,5 117,58 1155,0 218500 178500

19,5 139,69 1370,0 260000 212500

20,5 158,19 1550,0 294500 241500

22,0 177,85 1745,0 331000 270500

23,0 198,67 1950,0 369500 302500

25,5 243,76 2390,0 453500 371500

28,0 293,48 2880,0 546000 447500

30,5 347,82 3410,0 647500 530500

32,5 406,76 3990,0 757000 620000

35,0 470,34 4610,0 875500 717500

37,0 513,49 5035,0 956000 783500

39,0 558,74 5475,0 1040000 851500

40,0 595,18 5830,0 _ _

41,0 632,78 6200,0 _ _

43,5 711,42 6975,0 _ _

45,0 752,48 7370,0 _ _

46,0 794,70 7790,0 _ _
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cxrili 8

foladis satvirTo bagirebi markirebis jgufi, n/mm2

(kg/mm2) 1960 (200)

bagiris 
diametri, mm

yvela 
mavTulis 
saangariSo 
farTobi, mm2

1000 m 
dazeTili 
bagiris 

saorientacio 
masa, kg

gamgleji Zala, n
ara naklebi

bagirSi 
yvela 

mavTulebis 
jamuri

bagirisa 
mTlianad

4,6 7,94 77,8 15550 12800

5,1 9,79 95,9 19150 15850

5,7 12,88 126,0 25200 20900

6,4 15,63 153,0 30600 25050

7,8 22,47 220,5 44000 35750

8,8 29,92 293,6 58600 47600

10,5 39,54 387,5 77450 62950

11,5 49,67 487,0 97350 79050

12,0 54,07 530,0 105500 86050

13,0 60,94 597,3 119000 96800

14,0 73,36 719,0 143500 116500

15,0 86,95 852,5 170000 138000

16,5 101,68 996,5 199000 161500

17,5 117,58 1155,0 230000 187000

19,5 139,69 1370,0 273500 221500

20,5 158,19 1550,0 310000 251500

22,0 177,85 1745,0 384500 283000

23,0 198,67 1950,0 389000 316000

25,5 243,76 2390,0 477500 388000

28,0 293,48 2880,0 575000 466500

30,5 347,82 3410,0 681500 553500

32,5 406,76 3990,0 797000 657000

35,0 470,34 4610,0 921500 748500

37,0 513,49 5035,0 1005000 815000

39,0 558,74 5475,0 1095000 886500

40,0 595,18 5830,0 _ _

41,0 632,78 6200,0 _ _

43,5 711,42 6975,0 _ _

45,0 752,48 7370,0 _ _

46,0 794,70 7790,0 _ _

formulaSi (231) CavsvaT fmax

mm TT 4

50600

8

503,1
0,1

2 ×
+

×
= ,
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saidanac 7906=mT kg 

angariSiT miRebuli maqsimaluri daWimuloba 7 906 kg meti a 

SerCeuli bagiris 15 mm diametris dasaSveb maqsimalur 

daWimulobaze

6600
2

1300
===

n

T
Tm

g
kg,

amitom gadavdivarT 16,5 mm -ian bagirze, romlis 1 gr Zivi metris 

wona 4,1=q kg da Tavidan vatarebT bagiris maqsimaluri 

daWimulobis gaangariSebas

mm TT 4

50600

7

504,1
1

2 ×
+

×
= ,

saidanac 7938=mT kg.

16,5 mm bagirisaTvis angariSiT miRebuli maqsimaluri wevis 

Zalis 7938 kg mniSvneloba misaRebia, radganac naklebia 16,5 mm -

iani bagiris dasaSveb maqsimalur daWimulobaze

79388075
2

16150

2
>=== gT

Tm .

samontaJo daWimulobis dasadgenad, ukve 16,5 mm -iani mzidi 

bagirisaTvis, pirvel rigSi vangariSobT samontaJo daWimulobis 

satvirTo faqtors

1010208
24

504,1

24

3232

0 ==
×

==
lq

A t2/m

da muSa daWimulobis satvirTo faqtors

=×++=++= )504,1600(600
8

50
10208)(

80 qlQQ
l

AA 412 t2/m.

amis Semdeg kuburi gantol ebis (229) gamoyenebiT vpoulobT 

samontaJo daWimulobas

÷÷
ø

ö
çç
è

æ
-=-

2
2

00
2

0
3

0
m

kk
m T

A
TA

l

FE
TTT ;

÷
ø
ö

ç
è
æ -

××
=-

2
2

0

6
2

0
3

0 10

412
10

50

00016,0106,1
9,7 TTT ;

)1,410(1,59,7 2
0

2
0

3
0 TTT ×-=- ;

2
0

2
0

3
0 211,59,7 TTT -=- ;
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01,51,13 2
0

3
0 =-+ TT ;

85,10 =T t.

Caketilkonturiani mzidi bagirisaTvis malis sigrZis 50 m-is 

SemTxvevaSi, roca datvirTva mzid bagirze aris 600 kg, xolo 

mzidi bagiris Cakiduloba miRebulia 15002,002,0max =×=×= lf m. 

maqsimaluri daWimuloba 7,9 t, xolo samontaJo daWimuloba 

85,10 =T t.

eqsperimentuli kvlevis pirvel paragrafSi moy vanilia 

Runvadi bagirebis parametrebis dasadgeni variantebi, romlebic 

iZlevian saSualebas ganvsazRvroT bagirebis daWimulobis 

rogorc samontaJo, aseve muSa datvirTul mdgomareobaSi da 

Cakidulobis sidideebis mniSvnelobebi.

analizis  safuZvelze  dadgenilia,  rom   ganivgadasatani 

bagir-blokuri sabagiro danadgaris ganiv Caketilkonturiani 

mzidi bagiris parametrebis dasadgenad, SeiZleba gamoyenebuli 

iyos parabolis Teoriuli kvlevis meTodi, radganac jaWvuri 

xazis meTodi rTulia da Cveni SemTxvevisaTvis, am or meTods 

Soris ar aris arsebiTi gansxvaveba.

amasTan, unda aRiniSnos. rom miRebuli Cakidulobis isris 

maqsimaluri mniSvnelobebi misaRebia ganivgadasatani sabagiro 

danadgaris normaluri funqcionirebisaTvis.

eqsperimentuli kvlevebidan gamomdinare, dadgenilia, rom 

Caketilkonturiani mzidi bagiris Cakidulobis isris dasaSvebi 

mniSvnelobis sidide SeiZleba miviRoT malis l sigrZis 0,02 -0,03 

farglebSi.

naSromis eqsperimentul nawilSi damuSavebulia ganivgada -

satani sabagiro danadgarebis kvlevis meTodika da dasaSvebi 

Cakidulobis i sris mixedviT naangariSebia Caketilkonturiani 

mzidi bagiris maqsimaluri muSa daWimulobisa da samontaJo 

daWimulobebis mniSvnelobebi.
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2.6. xe-tyis damzadebis samuSao procesis
ekonomikuri angariSi # 7a teqnologiuri

sqemis mixedviT

# 7aªteqnologiuri sqema (nax. 14) damuSavebulia ori 

zonisagan Semdgari tyesakafisaTvis. I zona, romelic 

ganlagebulia avtotyesazidi magistraluri gzis gaswvriv 30 °-mde 

daxrilobisaa da misi aTviseba, SesaZlebelia # 3 teqnologiuri 

sqemis gamoyenebiT, xolo II zona, I -is gagrZelebaze 35°

daxrilobis ferdobiT SeiZleba aTvisebuli iyos mxolod # 7 

teqnologiuri sqemis mixedviT. gamomdinare aqedan, I zonis 

asaTviseblad, saWiroa gamoviyenoT specializebuli morsaTrevi 

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

ganivi mimarTulebiT morsaTrevad sabagiro danadgaris trasamde. 

ganivgadasatani morsaTrevi danadgari damontaJebulia 35 °-ian 

daxrilobis II zonisaTvis da emsaxureba orive zonas.

ekonomikuri angariSis dros, danaxarjebi ganivgadasatani 

sabagiro danadgaris montaJze da demontaJze gaT valiswinebulia 

II zonisaTvis, xolo I zonis angariSSi Setanilia jalambris 

samanqano cvlis TviTRirebuleba muSebis xelfasis CaTvliT [5-10].

tyesakafis zeda II zonis ekonomikuri angariSi
# 7a teqnologiuri sqemis mixedviT

viangariSoT 1m3 xe-tyis trasamde morTrevis TviTRirebuleba 

ganivi mimarTulebiT 

g2g1g KKK += ,

sadac -g1K 1 m 3 xe-tyis morTrevaze kuTri danaxarjebi mosuli 

ganivgadasatani Caketilkonturiani moZravi mzidi 

bagiris montaJze da demontaJze, lari;

-g2K 1 m 3 xe-tyis ganivi mimarTulebiT morTrevaze mosuli 

saeqspluatacio danaxarjebi, lari.

g1K da g2K iangariSeba formulebiT
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Vll

C
K

x 

2 g1

g1 = ;  
j)420(2 1

2

mos

g2

g2 tq

lAC
K

x

-
= ,

sadac -g1C ganivgadasatani Caketilkonturiani moZravi mzidi 

bagiris mon taJis da demontaJ is TviTRirebuleba, 60 

lari;

l _ sabagiro danadgaris trasebs Soris manZili, m;

-xl gadasatan Caketilkonturiani mzidi bagiris trasamde 

moWris xis qvevidan ze viT ferdobze morTrevis 

manZili, m;

V _ asaTvisebeli tyesakafis erTeul farTobze xe -tyis 

moculobiTi raodenoba 0,0025 m3/m2, 25 m3/ha.

-g2C jalambaris samanqano cvlis TviTRirebuleba, 

xelfasis CaTvliT, trasis erTi mxrisaTvis, 130 lari;

A2 _ gamartivebis koeficienti, 0,053;

-1q ganivi mimarTulebiT trasamde erTi mxridan morTreuli 

xe-tyis moculoba, 1,5, m3;

-most mosamzadebel-daskvniTi dro, 30 wT;

-j samuSao drois gamoyenebis koeficienti, 0,8;

-420 samuSao cvlis dro, wT.

SevitanoT g1K da g2K formulaSi da miviRebT

j)420(2

2

1

2

mos

g2g1

g tq

lAC

Vll

C
K

x

x -
+= .

sabagiro danadgari s trasebs Soris l manZili iangariSeba 

formuliT:

=
××××

-××
=

-
=

053,012020025,01000

)30420(8,033000
2

)420(
2

23 ALVC

tCq
l mosj

5942972 =× m,

sadac -C ganivgadasatani sabagiro danadgaris montaJisa da 

demontaJis xarjebi, 3000 lari;

-q ganivi mimarTulebiT orive mxridan morTreul i xe-

tyis moculoba, 3, m3;

L _sabagiro danadgaris ZiriTadi trasis sigrZe, 1000 m;
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-3C jalambaris samanqano cvlis TviTRirebuleba, xelfasis 

CaTvliT moTrevaze da morTrevaze trasis orive 

mxridan, 120 lari

053,0
3050

3050
2 =

×
+

=
+

=
tvgug

tvgug

UU

UU
A ,

sadac -u.gU mzidi bagiris ukusvlis siCqare ganivi mimarTulebiT, 

50 m/wT;

-gtv,U mzidi bagiris siCqare tvirTiT ganivi mimarTulebiT , 

30 m/wT;

xl -is gansazRvrisaTvis aviRoT Kg-is warmoebuli xl -iT da 

gautoloT nuls, miviRebT 

65
075,05,01200025,0594

)30420(8,05,160)420(

33

1 =
××××

-××
=

-
=

AlVC

tqC
lx

mosg1 j
m,

sadac -1q ganivi mimarTulebiT erTi mxridan morTreuli xe -tyis 

moculoba, 1,5, m3;

A3 – gamartivebis koeficienti

075,0
2430

2430
3 =

×
+

=
+

=
tv.3u.x

tv.3u.x

UU

UU
A ,

sadac -u.xU ganivgadasatan Caketilkonturian mzid i bagiridan 

kakviani sawevi mzidi bagiris moWril xesTan xeliT 

Catanis siCqare, 30 m/wT;

-tv,3U ganiv Caketilkonturian mzidi bagiris trasamde 

moWrili xis qvevidan zeviT moTrevis siCqare, 24 m/wT.

72,148,024,1
8,0)30420(5,12

65053,0130

0025,065594

602
=+=

-××
××

+
××

×
=gK lari.

miviReT, rom gverdidan ZiriTad trasamde Caketilkonturiani 

mzidi bagiriT 1 m 3 morTreuli xe -tyis TviTRirebuleba udris 

1,72 lars. aqedan gamomdinare, rom ganivi trasis gadatana 500 m 

manZilze (ZiriTadi trasis naxevari 3 5°-mde daxrilobis 

tyesakafze) saWiroa 8-jer, radganac ganiv trasamde moWrili xis 

amotana ferdobze qvevidan zeviT xdeba 65 m manZilidan, maSin 
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ganivgadasatani sabagiro danadgariT asaTvisebel mTel 

farTobze Kg.8 toli iqneba

76,13872,18 =×=×= gg8 KK lari.

sabagiro danadgaris cvluri mwarmoebluroba iangariSeba 

formuliT

54
6

4

594
053,0

2

1000
007,0

8,05,12)30420(

42

2)420(

21

1 =
++

×××-
=

++

-
=P

t
l

A
L

A

qt jmos
cv m3,

sadac A1 – 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.

sabagiro danadgariT 1m3 xe-tyis CamoSvebis TviTRirebuleba

46,644,402,221 =+=+=¢ KKK lari,

sadac -1K 1 m 3 xe-tyeze kuTri danaxar jebi mosuli sabagiro 

danadgaris montaJze da demontaJze, lari;

-2K 1 m3 xe-tyeze kuTri danaxarjebi mosuli ganivi mzidi 

bagirebiT morTrevaze da mis CamoSvebaze, lari.

02,2
0025,05941000

3000
1 =

××
=

××
=

VlL

C
K lari,

44,4
54

12022
2 =

×
=

P
=

cv

vC
K lari.

viciT ra, sabagiro danadgarebis trasebs Soris optimaluri 

manZili 594=l m, damxmare urikebiT morTrevis optimaluri 

manZili iqneba 5,148
4

594

4
==

l
m.

vinaidan, tyesakafis siRrme aris 1000 m da sigane 594 m, 

ganivgadasatani ormxrivi danadgaris SemTxvevaSi, roca 5,148
4

=
l

m, 

saWiroa sabagiro morsaTrevi danadgaris trasis orjer 
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damontaJeba, e.i. gamoyofili tyesakafis asaTviseblad pirveladi 

damontaJebis Semdeg, moxdeba erTxel gadatana da axal adgilze 

damontaJeba 2=n .

aqedan gamomdinare, sabagiro danadgariT 1 m 3 se-tyis 

CamoSvebis TviTRirebuleba K gaizrdeba orjer

92,12246,62 =×=×¢= KK lari.

sabagiro danadgaris mier aTvisebuli farTi tolia

297000594
2

1000

2
=×=×= l

L
W m2= 29,7 ha.

sabagiro danadgaris tras asTan mosazidi xe -tyis 

salikvidacio moculoba

5,742257,29 =×=×= VWQ m3.

1 m 3 xe-tyis transportirebis jamuri TviTRirebuleba 

tyesakafze tolia

68,2676,1392,12 =+=+=¢
g.8ja, KKK lari.

# 7a 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 # 7a teqnologiuri 

sqemis dros, sawvav -sacxebi masalebisa da ZiriTadi sawarmoo 

fondebis TviTRirebulebis gaTvaliswinebiT.

ZiriTadi sawarmoo fondis TviTRirebuleba:

1. ZiriTadi danadgari 37000 lari.

2. benzoZraviani xerxi 3 c 700×3= 2100 lari.

3. hidrodomkrati      2 c 450×2= 900 lari

sul jami 40000 lari

amortizaciis wliuri norma 20%, ZiriTadi sawarmoo fondi 

gveqneba

8000%2040000 =- lari.
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cvluri mwarmoebl urobidan gamomdinare, vangariSobT 

samuSao dReebis raodenobas, romelic tolia:

75,1354:5,742: ==PcvQ dRe,

viRebT 14 samuSao dRes.

ZiriTadi sawarmoo amortizaciidan daxarjuli dRiuri Tanxa

92,21365:8000 = lari.

14 samuSao dRisa gveqneba

88,3061492,21 =´ lari.

1 m 3 damzadebul xe -tyeze sawarmoo fondis TviTRirebu -

lebidan miviRebT

41,0742:88,306 ==s.fK lari.

salikvido maragze gamoyofili sawvav-sacxebi masalebi:

1. benzinze momuSave 50 cx.Z. simZlavris sabagiro danadgari, 

sawvavis xarjiT

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

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

14 dRis ganmavlobaSi benzinis xarji gveqneba 24´14=336 litri; 

2. benzoZraviani xerxi – 2 c

8 saaTis ganmavlobaSi benzinis xarji    2´10=20 litri;

14 dRis ganmavlobaSi benzinis xarji

gveqneba      14´20=280 litri;

zeTis xarji 0,5×2=1 litri;

14 dRis ganmavlobaSi zeTis xarji gveqneba

14×1=14 litri.

sawvav-sacxeb masalebze saorientacio Ri rebuleba 2017 wlis 

ianvris Tvis sabazro fasebiT: (benzini 2 l, zeTi 4 l).

1. benzini (336+280) ×2 =1232 lari;

2. zeTi 14×4=56 lari.

sul sawvav -sacxebi masalebis Rirebuleba Seadgens 1288 laris, 

1m3 xe-tyeze gveqneba

73,15,742:1288 = lari.
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maSasadame, Ziri Tadi sawarmoo fondis da sawvav -sacxebi 

masalebis TviTRirebulebis gaTvaliswinebiT, zeda sawyobze 1 m 3

xe-tyis transportirebis jamuri TviTRirebuleba gveqneba:

82,2873,141,068,26 =++=++¢=¢
s.ss.fjamgan KKKK lari.

tyesakafis qveda zonaSi, sadac ferdobis daxriloba 30 °-

mdea, xe -tyis m orTreva warmoebs morsaTrevi TviTmtvirTavi 

agregatebiT, naxevraddatvirTul, naxevraddakidebul an mTlianad 

datvirTul mdgomareobaSi, mxolod ganivi mimarTulebiT 

damxmare sakabdoebiT, morsaTrevi danadgaris ZiriTad trasamde 

# 3 teqnologiuri sqemis mixedviT.

# 3 teqnologiuri sqemis mixedviT agregatis mwarmoebluroba 

ZiriTad trasamde morTrevaze erTi mxridan iangariSeba 

formuliT

70
15297

2530

2530
8,08)30420()420(

=
+×

×
+

××-
=

+×
×

+
-

=P
tl

UU

UU
qt

saS

tvu

tvu

mos
mor

j
m3,

sadac q _agregatis datvirTva gzobaze 8 m3, SoltebiT;

-saSl morTrevis saSualo manZili, 297 m;

t _tvirTis Cabmaze da Camoxsnaze saWiro dro, 15 wT;

-uU agregatis sakabdoze moZraobis siCqare uqmi svlis 

mimarTulebiT, 30 m/wT;

-tvU igive, satvirTo mimarTulebiT, 25 m/wT.

morTrevis jamuri TviTRirebuleba gveqneba:

90,3771,119,36 =+=+=¢
danmTrjam KKK lari.

sakabdo Stoebze agregatiT xe -tyis mo Trevis TviTRirebu -

leba sabagiro danadgaris trasamde jamdeba Semdegi danaxarjebiT:

19,361007,1712,9 =++=++¢= 321mTr KKKK lari.

sadac -1K 1 m 3 xe-tyeze mosuli kuTri danaxar jebia satvirTo 

baqnebis mSeneblobaze da Senaxvaze.

14,1
0025,065594

110
1 =

××
=

×
=

Vll

C
K

x

lari.
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sabagiro danadgaris trasaze damxmare sakabdoebis 

raodenoba wina gaangariSebis Tanaxmad udris 8-s, e.i. 8=n .

satvirTo baqnebis mSeneblobis da Senaxvis Rirebu leba 

110=C lars (igulisxmeba erTi baqani). 8 baqnisaTvis gveqneba

12,9814,11 =×=¢K lari;

-1K 1 m 3 xe-tyeze mosuli kuTri danaxarjebi sakabdoebis 

Stoebis mSeneblobasa da Senaxvaze:

07,17
655940025,0500

)65594(1250

2

)(1
2 =

×××
+×

=
×××

+
=

x

x

llV
L

llC
K lari,

sadac -1C 1 km sakabdoebis Stoebis mSeneblobis da Senaxvis 

Rirebuleba – 1250 lari.

-3K 1m3 xe-tyeze mosuli kuTri danaxarjebi, traqtorebiT 

morTrevaze, roca manqana-cvlis Rirebuleba Seadgens 7002 =C lars

10
70

7002
3 ==

P
=

mor

C
K lari.

sabagiro danadgariT CamoSvebuli xe -tyis TviTRirebuleba 

Seadgens

2KKK += 1dan ,

sadac 12 -K m3 CamoSvebul xe -tyeze kuTri danaxarjebi, mosuli 

jalambris manqana-cvlis Rirebulebidan, lari.

-1K 1m3 xe-tyeze kuTri danaxarjebia, mosuli 1 km sigrZi s 

sabagiro danadgaris mSenebloba sa da Senaxvaze (saeqspluatacio 

xarjebi), gaTvaliswinebulia zeda zonis 1 m 3 CamoSvebuli xe-tyis 

TviTRirebulebaSi, amitom agregatebiT morTrevis dros 

gaangariSebaSi ar aris Setanili

71,1
70

1203
2 ==

P
=

dan

C
K lari.

agregatiT trasamde morTreuli xe -tyis 1 m 3 CamoSvebis 

TviTRirebuleba Seadgens

71,1== 2dan KK lari.
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# 3 teqnologiuri sqemis mixedviT 30 °-mde daxril 

ferdobze qveda zonaSi gamoyenebulia 

1. mTa 2

2. buldozeri 1

3. benzoZraviani xerxi 3

4. hidrodomkrati 2

asaTvisebeli xe -tyis moculoba Seadgens 742,5 m 3, xolo 

cvlis mwarmoebluroba 70 m 3. am raodenobis xe -tyis 

damzadebisaTvis saWiroa

116,1070:5,741 »= dRe.

sawvav-sacxebi masalebis TviTRirebulebis gaangariSeba, 

sapasporto monacemebis Tanaxmad mTa-is traqtoris TT-is Zravas 

dizelis sawvavis xarji 1 cx. Zalaze saaTSi Seadgens 180 grams. 

Zravas simZlavre 110 cx.Z., Sesabamisad  gveqneba 19,8 litri.

8 saaTian sawarmoo ciklze ori agregatisaTvis

8,316288,19 =×× litri.

Sesabamisad 11 dRian ciklze gveqneba dizelis raodenoba 

8,3484118,316 =× litri.

amas emateba dizelis sawvavis xarji buldozerisaTvis da 

gveqneba

176011160 =× litri,

benzoZraviani sami xerxisaTvis benzinis xarji 11 dRia n 

sawarmoo ciklze gveqneba

33011310 =×× litri.

zeTis danaxarji 11 dRian sawarmoo ciklze sami xerxisaTvis 

Seadgens

5,161135,0 =×× litri.

mTlianad dizelis Rirebuleba 2017 wlis monacemebiT, 1 l 

dizelis fasi Seadgens 2,0 lars.

104902)17608,3484( =×+ lari.

benzinis Rirebuleba aRebulia 2,0 lari, sami xerxisaTvis 

gveqneba 330×2=660 lari.



157

zeTis Rirebulebidan gamomdinare gveqneba

16,5×4 = 66 lari.

amrigad, 1 m 3 xe-tyis damzadebaze daxarjuli sawvav -sacxebi 

masalebis TviTRirebuleba salikvido maragze toli iqneba

11,155,742:)6666010490( =++=ss,K lari.

ZiriTadi sawarmoo fondebis TviTRirebulebis 

saorientacio angariSi

1. mTa-is Rirebuleba  2 ×150000 = 300000 lari  

2. buldozeris 160000 lari

3. benzoZraviani xerxi 3 × 700 = 2100 lari

4. hidrodomkrati 2 × 450 = 900 lari

sul  jami 463000 lari

amortizaciis wliuri norma Seadgens 20% 

92600%20463000 =× lari.

aqedan gamomdinare, vinaidan gvaqvs muSaobis 11 dRe, gveqneba

7,27901170,253365:92600 =×= lari.

1 m3 xe-tyeze gveqneba

76,35,742:7,2790 = lari.

am monacemebis dajamebiT miviRebT 1 m 3 xe-tyis 

TviTRirebulebas, agregatebiT trasamde morTrevaze da sabagiro 

danadgariT CamoSvebaze

77,5676,311,1571,119,36 =+++=+++=¢
as.sdanmTrjam KKKKK lari.

# 7a teqnologiuri sqemiT zeda da qveda zonebidan, zeda 

sawyobze morTreuli 1 m3 xe-tyis saSualo Rirebuleba iqneba

80,42
77,5682,28

=
+

=
+¢

=
22

jamgan KK
K lari.

ekonomikuri gaangariSeba realur pirobebSi moiTxovs 

arsebuli normebis, sataqsacio monacemebis, sawvav-sacxen masalebze 

fasebis, axali teqnikis gamoyenebiT miRebuli ekonomiis da sxva

maCveneblebis dazustebas.
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3. დასკვნა

1. damuSavebulia mTian pirobebSi tyesakafi samuSaoebis 

kompleqsuri meqanizaciis ekologiurad uvnebeli #7a 

teqnologiuri sqema, romelic warmoadgens # 3 da # 7 

teqnologiuri sqemebis Serwymas; axal teqnologiur sqemaSi 

gaTvaliswinebulia sxvadasxva daxrilobis rTuli tyesakafebis 

aTvisebis sirTuleebTan dakavSirebuli Taviseburebebi, SerCeulia 

bunebrivi pirobebisaTvis Sesatyvisi manqana -danadgarebi da 

gadawyvetilia morTrevis teqnologiuri procesis operaciebis 

dasabuTebuli Tanmimdevr oba, rac Tavis mxriv warmoadgens 

mTliani samuSao ciklis optimalur variants.

2. Seqmnilia sruliad axali, originaluri ganivgadasatani 

ormxrivi sabagiro morsaTrevi danadgari Caketilk onturiani 

moZravi mzidi bagiriT.

3. Caketilkonturiani moZravi mzidi bagiriT aRWurvili 

ganivgadasatani sabagiro morsaTrevi danadgaris parametrebis 

dasadgenad, morTrevis teqnologiuri procesis TiToeuli 

ZiriTadi operaciisaTvis damuSavebuli kvlevis meTodikis 

safuZvelze, sawev bagirSi wevis Zalis gansazRvris mizniT, 

Sedgenilia sawevi ba girebis trasebze moZraobis sqemebi. 

dadgenilia, trasebze winaaRmdegobis Zalebis aRZvris wertilebi 

da maTi saxeebi, sawyisi wertilidan bagiris dolze miwydomis 

bolo wertilamde; winaaRmdegobis Zalebis TanmimdevrobiTi 

SekrebiT, TiToeuli sawevi bagirisaTvis miR ebulia maqsimaluri 

saangariSo wevis Zalis mniSvneloba muSa da uqmi svlebis dros, 

rogorc inerciis Zalebis gaTvaliswinebiT, aseve maT gareSe.

4. damuSavebuli meTodikis safuZvelze, Catarebuli Teoriuli 

kvlevebidan miRebulia rom teqnologiuri procesis pirveli 

ZiriTadi operaciis ganxorcielebis dros – 35°-iT daxril

ferdobze, moWrili xis qvevidan zeviT Tanabari siCqariT 

morTrevisas, winaaRmdegobis jamuri Zala sawev bagirze I 

wertilidan dolze miwydomis XII wertilis CaTvliT tolia 
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3567kg, rasac Seesabameba 11 mm kveTis diametris sawevi bagiri da 

jalambris el. Zrava 11 kvt simZlavriT; ukusvlis procesis 

gansaxorcieleblad, anu kakviani sawevi bagiris tyesakafze 

dasabruneblad, rac am SemTxvevaSi sruldeba xeliT, jamuri 

winaaRmdegobis Zala tolia 22 kg -isa, risi daZlevac muSis aTvis 

sirTules ar warmoadgens.

5. morTrevis teqnologiuri procesis meore ZiriTadi 

operaciis kvlevebidan miviReT, rom maqsimaluri wevis Zala sawev 

bagirze viTardeba, moris naxevraddakidebul mdgomareobaSi 

gadayvanis dros – 2057 kg, xolo moris trasamde morTrev is 

dros – 1041 kg inerciis Zalebis gaTvaliswinebiT; maqsimaluri 

wevis Zalis mniSvnelobidan gamomdinare SerCeulia sawevi bagiri 

8 mm kveTis diametriT da el. Zrava 7,5 kvt simZlavriT. 

6. morTrevis teqnologiuri procesis mesame ZiriTadi 

operaciis kvlevis Sede gad miviReT, rom maqsimaluri wevis Zala 

viTardeba 3000 kg wonis Sekrulas dakidebul mdgomareobaSi 

gadayvanis dros – 4104 kg, amasTan , sawevi bagiris siCqare tolia 

0,25 m/wm, xolo urikiT Sekrulas mTlianad dakidebul 

mdgomareobaSi 0,5 m/wm siCqariT sabagiro tr asaze zeviT 

gadaadgilebis dros wevis Zalis maqsimaluri mniSvneloba tolia 

2052 kg; damxmare da ZiriTadi operaciebis kvlevis Sedegebis 

gaTvaliswinebiT cxrilebidan SerCeulia 11 mm kveTis diametris 

sawevi bagiri da 11 kvt simZlavris el. Zrava; 

samive ZiriTadioperaciis kvlevis Sedegebis gaTvaliswinebiT 

morsaTrevi danadgari unda aRiWurvos samdoliani jalambriT, 11 

kvt simZlavris el. ZravaTi 1500 brunTa ricxviT wuTSi da 8,11 da 

13mm kveTis diametris sawevi da mzidi bagirebiT.

7. damuSavebuli kvlevis meTodikis safuZvelze, Catarebulia 

eqsperimentuli gamokvlevebi mzidi bagiris Cakidulobis isris 

mniSvnelobebis dasadgenad, mzidi bagiris malis sigrZis, 

Cawertebuli tvirTis da mzidi bagiris daWimulobis sxvadasxva 

mniSvnelobebis dros, Sesabamisad 13,15 da 16 mm kveTis diam etris 

bagirebisaTvis;
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miRebuli Sedegebidan irkveva, rom 13 mm kveTis diametris 

Caketilkonturiani mzidi bagirisaTvis, maqsimaluri sigrZis 

malebisa da datvirTvebis SemTxvevaSi morTrevis procesi 

Cakidulobis isris mniSvnelovnad gazrdasTan dakavSirebiT, 

SeuZlebelia; aRniSnulis aRmosafxvrelad, rekomendebulia 15 mm 

da zogjer 16 mm kveTis diametris mzidi bagiris gamoyenebis 

aucilebloba.

8. Catarebuli eqsperimentuli kvlevebis adekvaturobis 

dasadastureblad, analogiuri kvlevebi Catarebulia mzidi 

bagiris igive pirobebi saTvis, Cakidulobis isris mniSvnelobebis 

dasadgenad parabolis kvlevis meTodiT, saidanac irkveva, rom 

eqsperimentebiT miRebuli Cakidulobis isris sidideebi, matebis 

TvalsazrisiT, gansxvavdeba parabolis meTodiT miR ebuli igive 

sidideebisagan, rac ZiriTadad gan pirobebulia Caketilkon -

turiani moZravi mzidi bagiris sqemuri da konstruqciuli 

TaviseburebebiT, kerZod, mzidi bagiris ormagi sigrZiT, rac ar 

aris gaTvaliswinebuli parabolis meTodiT kvlevebis dros;

9. eqsperimentuli da parabolis meTodiT kvlevebis Sedegebis 

monacemebis mixedviT naSromSi damuSavebulia, ganivgadasatani 

sabagiro morsaTrevi danadgaris Caketilkonturiani moZravi 

mzidi bagiris parametrebis gansazRvris meTodika, sadac agreTve 

gamoyenebulia zogadad cnobili sabagiro morsaTrevi danadgarebis 

mzidi bagireb is muSaobis praqtikuli gamocdilebis Sedegebi; 

dadgenilia, rom Caketilkonturiani mzidi bagiris Cakidulobis 

isris sidideebis mniSvnelobebi ar unda aRematebodes malis l

sigrZis 0,02 -0,03-s; viciT ra, Cakidulobis isris dasaSvebi 

sididis mniSvneloba, vangariSob T Caketilkonturiani mzidi 

bagiris daWimulobis Tm maqsimalur mniSvnelobas da kuburi 

gantolebis gamoyenebiT vsazRvravT samontaJo daWimulobas T0-s.

10. # 7a teqnologiuri sqemis mixedviT Catarebuli 

teqnologiuri procesis kompleqsuri meqanizaciis ekonomikuri 

angariSis safuZvelze; dadgenilia 1 m 3 damzadebuli xe -tyis 

Rirebuleba 42,80 lari.
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11. amrigad, naSromSi Teoriuli da eqsperimentuli kvlevebis 

safuZvelze dasabuTebulia maRalmTian tyesakafebze Caketilkon -

turiani mzidi bagiriT aRWurvili ganivgadasatani sabagiro 

morsaTrevi danadgaris upiratesoba sxva danadgarebTan 

SedarebiT; rekomendebulia aRniSnuli sabagiro morsaTrevi 

danadgarebis warmoebaSi danergva. 
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