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რეზიუმე 

saqarTvelos mTagorian pirobebSi nebiT-amorCeviTi Wrebis 
pirvelxarisxovani mniSvnelobis amocanas warmoadgens aRmonacenis, 
mozardis, zezemdgomi xeebis da rac yvelaze mTavaria niadagis 
safaris dacva. 

xe-tyis damzadebis Tanamedrove teqnologia ganuwyvetliv 
ixveweba axali, mowinave teqnologiis danergvis da warmoebis 
yvela saSualebis gaumjobesebis gziT. iseTi teqnikuri 
gadawyvetilebebis damuSaveba, rogorebicaa ganivgadasatani 
sabagiro morsaTrevi danadgarebi, morsaTrevi TviTmtvirTavi 
agregatebi da xe-tyis pirdapiri gamozidvis sxva satransporto 
saSualebebi, xels Seuwyobs xe-tyis resursebis zrdas da 
satvirTo-gadasatani procesebis kompleqsuri meqanizaciis 
ganxorcielebas. 

arsebuli bunebrivi faqtorebis da xe-tyis mTagorian 
tyekafebze pirveladi transportirebis pirobebidan gamomdinare, 
tyis garemoze morTrevis xerxebis gavlenis gamokvlevebma 
cxadyves, rom muxluxa savali nawilis mqone traqtorebiT 
mTlianad datvirTul mdgomareobaSi xe-tyis morTreva ukve win 
gadadgmuli nabijia satyeo ekologiaSi, magram mainc, aRniSnulTan  
SedarebiT, ganivgadasatani sabagiro morsaTrevi danadgarebi 
gamoirCevian ufro maRali ekologiuri da teqnikur-ekonomikuri 
maCveneblebiT, radganac am SemTxvevaSi uaryofiTi zegavlena 
mozardze, niadagze da danaxarjebi 1 m3 xe-tyis damzadebaze 
ramodenimejer mcirdeba. 

aRniSnulTan dakavSirebiT, mTagorian tyekafebze, ferdobis 

20-ze meti daxrilobiT, nebiT-amorCeviTi Wrebis Casatareblad, 
stu-is merqnuli masalebis damzadeba-damuSavebis kaTedraze 
damuSavebulia kompleqsuri meqanizaciis axali teqnologiuri 
sqemebi da ganivgadasatani sabagiro morsaTrevi danadgarebi. 
aRniSnul sabagiro morsaTrev danadgarebSi teqnikuri Sedegi 
miiRweva imiT, rom xe-tyis morTreva xorcieldeba ori 
Serwymuli faziT da iTvaliswinebs erTi sawevi bagiriT morebis 
Tanmimdevrul, erTdroulad ormxriv uwyvet ganiv moTrevas da 
maT grZiv daSvebas zeda sawyobze. 

ganivgadasatani sabagiro-morsaTrevi danadgaris mzidi 
bagiris saangariSod disertaciaSi ganxilulia sxvadasxva 
simaRleze ganlagebul sayrdenebze dakiduli erTmaliani 
drekadi bagiri. damuSavebuli meTodikis safuZvelze SerCeulia 
drekadi bagiris angariSis fizikuri varianti da miRebulia 
bagiris sigrZis ganmsazRvreli gantoleba – jamis saxiT 
warmodgenili integraliT, romelSic maqsimaluri Cakiduloba, 
maqsimaluri daWimuloba da bagiris udidesi sigrZe miRebulia 
malis SuaSi tvirTis ganlagebiT, saidanac integralis 
mniSvnelobis gansazRvris Semdeg gamoyvanilia bagiris mTliani 
sigrZis saangariSo formula. 
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damuSavebuli meTodikis safuZvelze gaangariSebulia 
erTmaliani sabagiro danadgaris mzidi bagiris maqsimaluri Tg 
daWimuloba muSa mdgomareobaSi da samontaJo daWimuloba T0 _ 
kuburi gantolebis gamoyenebiT; maliszeda anZasTan gansazRvrulia 

maqsimaluri daWimuloba ATm  da mrRvevi Zalis mixedviT SerCeulia 

mzidi bagiris saWiro diametri – 27,5 mm. 
damuSavebulia ganivgadasatani sabagiro morsaTrevi 

danadgaris bagir-blokuri sqemebi da sawevi bagiris wevis Zalis 
gansazRvris meTodika; sawevi bagiris moZraobis sqemidan 
gamomdinare dadgenilia winaaRmdegobis Zalebis modebis 
wertilebi da miRebulia aRniSnuli winaaRmdegobis Zalebis 
saangariSo formulebi; winaaRmdegobis Zalebis TanmimdevrobiTi 
SejamebiT gansazRvrulia sawev bagirze maqsimaluri wevis Zala, 
romelic iTvaliswinebs yvela saxis winaaRmdegobis Zalebs 
moZraobis sawyisi wertilidan dolze bagiris miwydomis 
wertilamde. 

sabagiro morsaTrevi danadgaris bagir-blokuri sqemisaTvis 
Catarebulia sawevi bagiris angariSi, sadac morebis gadaadgileba 
warmoebs tyis gruntze specialuri orTvala urikis daxmarebiT 
– naxevrad datvirTul mdgomareobaSi, xolo bagirebi 
gadaadgildebian miwis zedapirze urikis blokSi gavlis Semdeg; 
jamuri winaaRmdegobis Zalebis maqsimaluri mniSvnelobis 
mixedviT gansazRvrulia jalambris el. Zravas simZlavre da 
sawevi bagiris diametri – 12,5 mm. 

samuSao ciklis eqvivalenturi simZlavridan gamomdinare, 
ciklis operaciebis Sesabamis periodebSi naangariSebia bagiris 
moZraobis winaaRmdegobis Zalebi da samuSao ciklis eqvivalenturi 
simZlavris mixedviT gansazRvrulia jalambris Zravas simZlavre. 

eqsperimentul nawilSi Catarebulia gamokvlevebi da 
dadgenilia specialuri orTvala urikis gorvis winaaRmdegobis 
koeficientis mniSvnelobebi morebis naxevrad datvirTul 
mdgomareobaSi, sxvadasxva saxeobis gruntebze morTrevis dros – 
0,11-0,35.  

kvlevis procesSi damuSavebulia ganivgadasatani sabagiro 
morsaTrevi danadgarebis meqanizmebis sruliad axali, 
originaluri sqemuri da konstruqciuli gadawyvetilebebi, 
romlebic daculia saavtoro mowmobebiT da patentebiT. 

SemoTavazebuli teqnologiuri procesi da sqemebi, agreTve 
maT gansaxorcieleblad Seqmnili ganivgadasatani sabagiro 
morsaTrevi danadgarebi axali etapia nebiT-amorCeviTi Wrebis 
warmoebis dros, merqnis morTrevis teqnologiisa da teqnikis 
ganviTarebis saqmeSi da uzrunvelyofs tyis garemos maqsimalur 
dacvas da gamoricxavs xe-tyis tyekafidan gamozidvis procesSi 
operaciebis mravalsafexurianobas, rac Zalze mniSvnelovania 
mTagorian tyekafebze eqstremalur pirobebSi muSaobis dros. 
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Abstract 

In Georgia mountainous conditions as the primary goal of shelter wood cutting 
is presented the protection of seedlings, regrowth, single trees, and that is most 
important, protection the soil cover. 

The modern logging technology is constantly being improved by 
implementation of new, advanced technologies and way to improve the all means of 
production. The development of technical solutions, such as transversal flying 
machines, self-loaded skidding aggregates and other vehicles for direct removal of 
logs, will promote the growth of forest resources and carrying out the complex 
mechanization of handling - transporting processes. 

Proceeding from existing natural factors and initial transportation conditions in 
forestry mountainous  woodcutting, the research of skidding methods impact on 
forestry environment makes clear that the skidding with caterpillar roadway tractor in 
fully loaded condition represents a step forward in forest ecology, but still, the 
comparison with transversal cable logging machine are outlined by higher ecological 
and technical - economic indicators, as in this case, the negative impact on regrowth, 
soil, and expenses of 1 m³ of logging will be decreased in several times. 

-In this regard, in mountainous woodcuttings, with slope inclination more than 
20°, at execution of selective shelterwood cutting, on the timber materials logging - 
processing department are developed complex technological schemes and transversal 
cable logging machines. in the mentioned skidding equipment the technical result is 
achieved by the fact that the timber logging is carried out by the two combined phase 
and provides by single main cable the logs consecutive, simultaneous bilateral 
continuous transversal skidding and their longitudinal lowering on upper stock. 

For the calculation of transversal cable logging machine main cable in the 
thesis is considered located on different height hanging on supports single-span elastic 
cable. Grounded on the proposed method is selected the physical variant of elastic 
cable calculation and is obtained the equation for cable length determination – 
presented as sum the integral, which the maximum deflection, maximum tension and a 
cable maximal length is obtained by load location at middle of span, where after 
integral value determination is developed the cablee whole length design formula. 

Grounded on the proposed methodology is calculated the single-span cable 
logging machine main cable maximal tension Tg in working condition and mounting 
tension T0 - using the cubic equation; at span upper tower is defined the maximum 
tension ATm and accordingly of breaking load is selected the cable required diameter - 

27.5 mm. 
Are developed the transversal cable logging machine’s cable-pulley schemes 

and main cable traction force determination methodology; proceeding from the main 
cable movement scheme are defined points of resistance forces application and are 
obtained calculating formulas for mentioned resistance forces, due the consecutive 
summation of resistance forces is defined maximal traction force of main cable, which 
includes all types of resistance forces from initial point of motion to cable breakaway 
on drum. 

For cable-pulley schemes of cable logging machine is conducted the main 
cable calculation, where the logs skidding on the forest ground is carried out by 
special two-wheeled carriage in semi-loaded condition, while the ropes are moving on 
the land surface after passing the cart pulley; accordingly of the maximum value of 
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total resistance forces is defined  the motor power of hoist and main cable diameter - 
12.5 mm. 

Proceeding from the equivalent power of operations cycle in the corresponding 
cycle operations periods is calculated cable motion resistance forces and accordingly 
of the working cycle equivalent power is defined the hoist motor power. 

In the experimental part are conducted studies and are defined values of 
special two-wheeled carriage’s rolling resistance coefficient in logs half-loaded state, 
with skidding on different types of grounds - 0,11-0,35.  

In the research process was developed fully new, original schematic and 
structural solutions of transversal cable logging machine’s mechanisms, which are 
protected by Authors Certificates and patents. 

The proposed technological process and schemes, as well as developed to it 
implementation of transversal cable logging machine represents a new stage at 
selective shelterwood cutting, timber logging technology and development of 
machinery and ensures the forest environment maximum protection and avoid at 
woodcutting multi stage logging operations that is very important at operation in 
extreme conditions of mountainous woodcutting. 
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შესავალი 
 

saqarTvelos tyeebi did erovnul simdidres warmoadgens. 

qveynis mTliani farTobi Seadgens 7330 aTas ha-s, maT Soris tyiT 

dafarulia 2924,2 aTasi ha, e.i. 39% da am maCvenebliT saqarTvelo 

win uswrebs iseT saxelmwifoebs, rogorebicaa ruseTi, safrangeTi, 

germania, italia, avstria da sxva. saqarTvelos tyeebis saerTo 

maragi Seadgens 400 milion m3, romelTagan 290 milioni m3 mwife 

da momwifaria (saerTo maragis 73%). sawarmoo mniSvnelobis mqone 

ZiriTadi jiSebia wifeli, saeqspluatacio maragi 52% da soWi 

25%. 1 ha tyiT dafarul farTobze wifelis maragi Seadgens 250-

450 m3, soWis – 600-800 m3. wifelis sawarmoo maragis ZiriTadi 

gavrcelebis zona zRvis donidan 800-1200 m, soWis – 1200-2000 m 

simaRleze [1-4]. 

Soltebis saSualo moculobaa 2,6-3,0 m3. zogierTi 

gadaberebuli soWis Solti aRwevs 30-35 m3. tyekafebi ZiriTadad 

ganlagebulia 1000-1500 m sigrZis ferdobebze. tyekafebis ganlageba 

sxvadasxva daxris ferdobebze Semdegnairia: 25-mde 20%; 25-40-mde 

65%; 40-ze meti 15%. yvela am sirTules Tu davamatebT imasac, 

rom ferdobze 25-dan 40-mde qanobiT daSvebulia mxolod nebiT 

– amorCeviTi Wrebi, aranakleb 0,5 sixSiris datovebiT, cxadi 

xdeba ramdenad Zneli da specifiuria saqarTveloSi da saerTod 

mTian pirobebSi tyekafiTi samuSaoebis Catareba [5-8]. 

am pirobebSi unda vifiqroT mowinave, yvelaze perspeqtiuli 

warmoebis xerxebis gamoyenebaze, romlebic mTlianad daeyrdnoba 

uaxlesi manqana-danadgarebis bazaze Seqmnil teqnologiur 

procesebs da sruliad daakmayofilebs mTiani tyeebis 

eqspluataciis moTxovnebs, rac Tavis mxriv xels Seuwyobs 

Sromis nayofierebis zrdas, Zvirfasi merqnis TviTRirebulebis 

Semcirebas da garemos ekologiuri usafrToebis dacvas. 

gamomdinare aqedan, saqarTvelos mTiani reliefis 

ekologiurad datvirTul tyeebSi, tyekafebis aTviseba, mxolod 
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xe-tyis damzadebis specialistebma unda ganaxorcielon, radganac 

tyidan merqniT sargebloba da masTan dakavSirebuli sameurneo 

saqmianoba uSualod kavSirSia teqnologiuri operaciebisa da 

Sesabamisi manqana-danadgarebis eqspluataciis Rrma codnasTan. 

saqarTvelos erovnuli meurneobis xe-tyis masalebiT 

dakmayofilebis amocana SeiZleba miRweuli iyos, mxolod xe-tyis 

damzadebis procesebis meqanizaciis da avtomatizaciis maRali 

xarisxianobis arsebobis SemTxvevaSi. am saqmeSi gansakuTrebiT 

didi roli ekuTvnis kompleqsur meqanizacias, romlis drosac 

tyekafiTi samuSaoebis yvela operacias asruleben manqanebi da 

meqanizmebi. 

kompleqsuri meqanizacia da avtomatizacia saWiro efeqts 

gvaZlevs mxolod kargad damuSavebuli, myari da saimedod 

momuSave Semsrulebeli manqana-danadgarebis, meqanizmebisa da 

mowyobilobebis SemTxvevaSi, romlebic aseve kargad arian 

Seguebuli garemo pirobebs. 

disertaciaSi gaanalizebulia saerTi Sexedulebebi xe-tyis 

damzadebis procesebze da tyekafiTi samuSaoebis warmoebaze. 

mocemulia tyekafiT samuSaoebze gamoyenebuli specialuri 

ganivgadasatani sabagiro morsaTrevi danadgarebis da sxva 

mowyobilobebis sqemebis da konstruqciebis aRwera da Teoriuli 

gaangariSebis safuZvlebi. 

disertaciaSi didi yuradReba aqvs daTmobili samTo 

pirobebSi tyekafiTi samuSaoebis ekologiurad uvnebeli 

teqnologiebis Ziebasa da damuSavebas. aqve ganxilulia 

tyekafiTi samuSao procesebis kompleqsuri meqanizaciis Zveli 

da damuSavebulia axali teqnologiuri sqemebi, romlebSic xe-

tyis damzadebis operaciebis Casatareblad gamoyenebulia stu-is 

merqnuli masalebis damzadeba-damuSavebis kaTedraze Seqmnili 

ormxrivi ganivgadasatani sabagiro morsaTrevi danadgarebi. 

Catarebulia aRniSnuli sabagiro morsaTrevi danadgarebis mzidi 

da sawevi bagirebis Teoriuli gamokvlevebi. mocemulia tyekafiTi 

samuSao procesis kompleqsuri meqanizaciis ekonomikuri angariSi 
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da eqsperimentuli gamokvlevebi morsaTrevi urikis gorvis 

winaaRmdegobis Zalisa da koeficientis dasadgenad [9-13]. 

Temis aqtualoba. saqarTvelos mTagorian pirobebSi tyis 

resursebis kvlavwarmoebis ZiriTadi faqtori bunebrivi ganaxlebaa 

da amasTan dakavSirebiT pirvelxarisxovani mniSvnelobis 

amocanas warmoadgens mozardis da niadagis safaris dacva da 

SenarCuneba. aRniSnulTan dakavSirebiT dadgenilia, rom xe-tyis 

morTreva muxluxa traqtorebiT mTlianad datvirTul, naxevrad 

datvirTul da miTumetes miwis zedapirze ver akmayofilebs 

metyeveobis mkacr moTxovnebs, romlebic moqmedeben saqarTvelos 

mTian pirobebSi SerCeviTi Wrebis ganxorcielebis dros. 

viTarebidan gamomdinare mizanSewonilia mTian pirobebSi 

morTreva vawarmooT sabagiro morsaTrevi danadgarebiT, magram 

am SemTxvevaSic movliTi Wrebis warmoebis dros arsebuli 

sabagiro morsaTrevi danadgarebic mTlianad ver uzrunvelyofen 

xe-tyis morTrevas trasamde da mis CamoSvebas zeda sawyobze. 

samuSaos mizani. samuSaos erT-erT da ZiriTad mizans 

ekologiuri TvalsazrisiT warmoadgens usafrTxo morTrevis 

uzrunvelyofa, rac Tavis mxriv dakavSirebulia kompleqsuri 

meqanizaciis procesebis da warmoebis yvela saSualebebis 

gaumjobesebasTan, axali mowinave teqnologiebis danergvasTan da 

maT gansaxorcieleblad saWiro axali teqnikis SeqmnasTan – 

ganivgadasatani sabagiro morsaTrevi danadgarebis da sxva 

morsaTrevi mowyobilobebis saxiT, romlebic uzrunvelyofen 

pirveladi satransporto tvirTsazidi samuSaoebis meqanizaciis 

ganxorcielebas saqarTvelos mTagoriani tyekafebis aTvisebis 

ekologiuri teqnologiis mTliani dacviT. 

samecniero siaxle. dasabuTebulia mTagorian tyekafebze 

xe-tyis morTrevis mizanSewoniloba ganivgadasatani sabagiro 

morsaTrevi danadgarebiT, romlebSic gamoyenebuli morTrevis 

xerxi iTvaliswinebs jalambris sawevi bagiriT morebis ganiv 

morTrevas naxevrad dakidul mdgomareobaSi da igive sawevi 

bagiriT maT daSvebas zeda sawyobze dakidul mdgomareobaSi. 
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damuSavebulia tyekafiTi samuSao procesebis kompleqsuri 

meqanizaciis axali teqnologiuri sqemebi da ganivgadasatani 

ormxrivi sabagiro morsaTrevi danadgarebis sqemuri da 

konstruqciuli gadawyvetilebebi: ori sawevi da erTi ukusvlis 

bagiriT da ori sawevi da ori ukusvlis bagiriT. 

sxvadasxva simaRleze  ganlagebul sayrdenebze dakiduli 

erTmaliani mzidi bagiris saangariSod, Cakidulobis mcire 

isrebiT, damuSavebuli meTodikis safuZvelze SerCeulia Runvadi 

bagiris angariSis fizikuri varianti da miRebulia gantoleba 

bagiris sigrZis gansazRvrisaTvis – masSi jamis saxiT Semavali 

integraliT, romlis mniSvnelobis gansazRvris Semdeg 

gamoyvanilia bagiris mTliani sigrZis saangariSo formula. 

damuSavebuli meTodikis safuZvelze gaangariSebulia 

erTmaliani morsaTrevi danadgaris mzidi bagiris maqsimaluri 

daWimuloba Tg muSa mdgomareobaSi da samontaJo daWimuloba T0 

kuburi gantolebis mixedviT; mzidi bagiris diametris SesarCevad  

gansazRvrulia maqsimaluri daWimuloba ATm  malis zeda anZasTan da 

mrRvevi Zalis mixedviT SerCeulia mzidi bagiris diametri – 27,5 mm. 

damuSavebulia ganivgadasatani sabagiro morsaTrevi 

danadgaris bagir-blokuri sqemebi da sawevi bagiris wevis Zalis 

gansazRvris meTodika; sawevi bagiris moZraobis sqemidan 

gamomdinare, dadgenilia winaaRmdegobis Zalebis modebis 

wertilebi da miRebulia saangariSo formulebi; winaaRmdegobis 

Zalebis TanmimdevrobiTi SejamebiT gansazRvrulia sawev bagirze 

maqsimaluri wevis Zala, romelic iTvaliswinebs yvela saxis 

winaaRmdegobis Zalebs moZraobis sawyisi wertilidan dolze 

bagiris miwydomis wertilamde. 

morsaTrevi danadgaris bagir-blokuri sqemisaTvis 

Catarebulia sawev bagirze wevis Zalis angariSi, sadac morebis 

gadaadgileba warmoebs tyis gruntze specialuri orTvala 

urikis gamoyenebiT – naxevrad datvirTul mdgomareobaSi, xolo 

bagirebi gadaadgildebian miwis zedapirze ZiriTadi urikis 

blokSi gavlis Semdeg; jamuri winaaRmdegobis Zalebis 



18 

maqsimaluri mniSvnelobis mixedviT gansazRvrulia jalambris 

el. Zravas simZlavre da sawevi bagiris diametri – 12,5 mm. 

damuSavebulia meTodika da samuSao ciklis eqvivalenturi 

simZlavridan gamomdinare, samuSao ciklis operaciebis Sesabamis 

periodebSi, naangariSebia bagiris moZraobis winaaRmdegobis 

Zalebi – sawyisi I wertilidan bagiris satvirTo dolze miwydomis 

XIII wertilamde; samuSao ciklis eqvivalenturi simZlavris 

mixedviT gansazRvrulia jalambris Zravas simZlavre. 

eqsperimentul nawilSi Catarebulia gamokvlevebi da 

dadgenilia ganivgadasatani sabagiro morsaTrevi danadgaris 

specialuri orTvala urikis gorvis winaaRmdegobis koeficientis 

mniSvnelobebi morebis naxevrad datvirTul mdgomareobaSi 

sxvadasxva saxeobis da mdgomareobis gruntebze morTrevis dros 

– 0,11-0,35. 

kvlevis procesSi damuSavebulia ganivgadasatani sabagiro 

morsaTrevi danadgarebis meqanizmebis sruliad axali, 

originaluri sqemuri da konstruqciuli gadawyvetilebebi, 

romlebic daculia saavtoro mowmobebiT da patentebiT. 

kvlevis meTodebi. sadisertacio naSromSi gamoyenebulia 

meqanikuri sistemebis, kerZod sabagiro morsaTrevi danadgarebis 

bagir-blokuri sqemebis mzidi da sawevi bagirebis gaangariSebis, 

mecnierulad dasabuTebuli cnobili Teoriuli kvlevebis agebis 

meTodebi da meTodikebi. amasTan ganivgadasatani sabagiro 

morsaTrevi danadgaris, bagir-blokuri sqemebis Seqmnis da 

kvlevis sakiTxebi da sadisertacio naSromis sxva debulebebi 

dafuZnebulia samecniero da teqnikuri literaturis analizisa 

da ganzogadoebis principebze. 

kvlevis praqtikuli Rirebuleba da Sedegebis realizacia. 

Seqmnilia ganivgadasatani sabagiro morsaTrevi danadgarebi 

bagir-blokuri sistemebiT da masTan dakavSirebuli meqanizmebi 

da mowyobilobebi. damuSavebulia originaluri meTodebi da 

meTodikebi aRniSnuli danadgarebis mzidi da sawevi bagirebis 

diametrebisa da jalambaris Zravas simZlavris dasadgenad. 
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ekologiuri da ekonomikuri TvalsazrisiT dadgenilia 

ganivgadasatani sabagiro morsaTrevi danadgarebis upiratesoba 

mTagorian tyekafebze gamoyenebuli yvela saxis sxva morsaTrevi 

manqanebisa da danadgarebTan SedarebiT. 

damuSavebulia tyekafiTi samuSao procesebis axali 

teqnologiuri sqemebi da Seqmnilia ganivgadasatani sabagiro 

morsaTrevi danadgarebi, romlebic Semowmebulia sawarmoo 

pirobebSi da miRebulia dadebiTi Sedegebi. 

samuSaos aprobacia. samuSaos ZiriTadi Sedegebi 

moxsenebulia da ganxilulia: stu-is 76-e samecniero teqnikur 

konferenciaze, Tezisebis krebuli, Tbilisi, 2008 w.; stu-is 

samecniero teqnikur konferenciaze, Tbilisi, 2009 w. da stu-is 

saerTaSoriso samecniero teqnikur konferenciaze, Tbilisi, 2012 w.  

struqtura da samuSaos moculoba. sadisertacio naSromi 

moicavs Sesavals, ZiriTadi nawils – warmodgenils literaturis 

mimoxilviT, SedegebiT da maTi gansjiT, eqsperimentuli nawiliT, 

da daskvniT. naSromi warmodgenilia nabeWdi teqstiT 142 

gverdze, romelic Seicavs 32 naxazs da grafiks, 5 cxrils da 67 

dasaxelebis gamoyenebuli literaturis CamonaTvals.  
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1. ლიტერატურის მიმოხილვა 
 

1. disertaciaSi dasmuli problemis momdinareoba ZiriTadad 

dakavSirebulia tyis racionalur-efeqtur gamoyenebasTan da 

mTiani tyekafebis aTvisebis TaviseburebebTan: maRali 

Sromatevadoba tyis Wraze da merqnis morTreva-transportirebaze, 

amas emateba tyekafebze gamoyenebuli arsebuli morsaTrevi 

teqnikis ekologiur pirobebTan SeuTavsebloba, rac qmnis samanqano 

danadgarebis moqmedebis sferodan mniSvnelovani saeqspluatacio 

tyis farTobebis amovardnis saSiSroebas da ukavSirdeba xeliT 

Sromis gamoyenebis aucileblobas. 

aRniSnuli problemebis momdinareobidan disertaciaSi 

dasmulia Semdegi sakiTxebis gadawyvetis moTxovnebi: xe-tyis 

pirveladi transportirebis teqnologiis sferoSi arsebuli 

Teoriuli kvlevebis, praqtikuli gamocdilebis da saqarTvelos 

mTian regionebSi tyekafebze sawarmoo procesebis meqanizaciisaTvis 

gamoyenebuli, kerZod sabagiro morsaTrevi danadgarebis da sxva 

teqnikuri saSualebebis analizi da kritikuli Sefaseba; xe-tyis 

transportirebis SidatyekafiTi kompleqsuri meqanizaciis 

satransporto-teqnologiuri procesebis formireba; samTo 

pirobebSi moqmedi sabagiro morsaTrevi danadgarebis sawarmoo 

teqnologiuri parametrebis gamokvleva; xe-tyis pirveladi 

transportirebis teqnologiuri procesebis gansaxorcieleblad 

gamoyenebuli bagir-blokuri sistemiT aRWurvili sabagiro kiduli 

morsaTrevi danadgarebis mzidi da sawevi bagirebis angariSi. 

2. dasmuli problemebis Sesaxeb, cnobilia saqarTvelos 

mTagoriani pirobebisaTvis xe-tyis SidatyekafiTi procesebis 

kompleqsuri meqanizaciis rva ZiriTadi teqnologiuri sqema, 

romelTagan eqvsSi xe-tyis zeda sawyobze CamosaSvebad 

gamoyenebulia sabagiro morsaTrevi danadgarebi, maT Soris 

calmxrivi ganivgadasatani morsaTrevi danadgari. 

dasmul problemasTan dakavSirebiT, Teoriuli kvlevebidan 

zogadad cnobilia meqanikuri sistemebis morsaTrevi sabagiro 
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danadgarebis ZiriTadi parametrebis gaangariSebis agebis 

meTodebi da meTodikebi, kerZod, mzidi bagiris Cakidulobis da 

daWimulobis gansazRvris jaWvuri xazis rTuli da zusti, 

agreTve, ufro martivi da miaxloebiTi parabolas meTodebi. 

Tanabrad ganawilebuli tvirTis da Cawertebuli datvirTvis 

zemoqmedebiT, mzidi bagiris daWimulobis gansazRvrisaTvis, 

cnobilia misi saerTo mdgomareobis gantoleba, romelSic 

bagiris geometriuli sigrZis cvladoba tolia drekadi da 

temperaturuli deformaciebis jamisa. mzidi bagiris daWimulobis 

dasadgenad, agreTve cnobilia – profesorebis: a. dukelskis, 

g.Jiordanos, d. abramovis, i. molodcovis meTodebi da meTodikebi. 

amasTan, cnobilia sabagiro morsaTrevi danadgaris mzidi 

bagiris gaangariSebis axali, Cakidulobis isris optimaluri 

sididis gansazRvris ubralo da martivad gamosayenebeli, 

grafoanalizuri da nomografiuli meTodebi. 

3. dasmuli problemis gadasaWrelad Seqmnilia xe-tyis 

sahaero morTrevis xerxi da mowyobiloba mis gansaxorcieleblad; 

damuSavebulia ormxrivi ganivgadasatani sabagiro morsaTrevi 

danadgaris sqemebi da konstruqciebi: ori sawevi da erTi 

dasabrunebeli, da agreTve, ori sawevi da ori dasabrunebeli 

bagirebiT, romelTa gansaxorcieleblad gamoyenebulia ordoliani 

da oTxdoliani jalambrebi. 

dasmuli problemis gadasaWrelad ganivgadasatani sabagiro 

danadgaris mzidi bagiris saangariSod damuSavebulia meTodika, 

romelic eyrdnoba eqsperimentuli kvlevisa da praqtikuli 

gamocdilebiT miRebul Sedegebs, romlis mixedviT sabagiro 

danadgaris normaluri muSaobisaTvis mzidi bagiris Cakidulobis 

isari ar unda aRematebodes malis qordis sigrZis 6% da 

rekomendebulia miviRoT malis sigrZis 0,03-0,06 farglebSi. 

dasmuli problemis gadasaWrelad ganivgadasatani sabagiro 

danadgaris axali sqemisaTvis, sawevi bagiris saangariSod 

damuSavebuli meTodikis safuZvelze, bagirSi maqsimaluri wevis 

Zalis gansazRvrisaTvis Sedgenilia bagiris moZraobis sqema, 
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dadgenilia winaaRmdegobis Zalebis modebis wertilebi da 

winaaRmdegobis Zalebis SekrebiT, sawyisi wertilidan dolze 

bagiris miwydomis wertilamde, gansazRvrulia saangariSo wevis 

Zala. 

4. cnobili meTodebis da meTodikebis naklovanebebidan 

aRsaniSnavia mzidi da sawevi bagirebis angariSebis SeuTavsebloba, 

rac Cven SemTxvevaSi, dakavSirebulia ZiriTadi da sawevi bagiriT 

Soltebis gverdidan morTrevis aucileblobasTan, es ki Tavis 

mxriv ukavSirdeba mzid da sawev bagirebze datvirTvebis 

intensiur cvladobas – zrdas. aRniSnulidan gamomdinare, mzidi 

da sawevi bagirebis angariSis dros saWiroa sruliad axali 

meTodebis da meTodikebis damuSaveba, romlebic Seesabameba axal 

ganivgadasatan sabagiro morsaTrev danadgarebTan dakavSirebul 

teqnologiur process. 

naklovanebebidan aRsaniSnavia, agreTve arsebuli sabagiro 

morsaTrevi danadgaris uaryofiTi mxare – SeuZlebelia trasis 

orive mxridan Soltebis erTdrouli morTreva. 

5. winamdebare sadisertacio naSromSi aRniSnuli naklova-

nebebis aRmosafxvrelad, Seqmnilia ormxrivi ganivgadasatani 

sabagiro morsaTrevi danadgarebis sqemebi da damuSavebulia maTi 

konstruqciuli gadawyvetilebebi. axlad Seqmnili ormxrivi 

ganivgadasatani sabagiro morsaTrevi danadgaris muSaunarianobis 

asamaRleblad da teqnologiuri procesis gasamartiveblad 

damuSavebulia mTeli rigi meqanizmebi da mowyobilobebi: kerZod, 

gegmaSi trasaze mosaxvevi danadgaris gamartivebuli urika, 

buniki da sxva. mTlianad aris damuSavebuli mokle distanciuri 

TviTmavali mobiluri sabagiro kiduli danadgari, romelic 

Seqmnilia traqtor TT-4-is bazaze da gamoiyeneba cicabo 

ferdobebis tyiT gasaaxleblad. 

calmxrivi da ormxrivi ganivgadasatani sabagiro morsaTrevi 

danadgarebis teqnologiuri sqemebisaTvis mzidi da sawevi 

bagirebis saangariSod, damuSavebulia axali meTodebi da 

meTodikebi. am meTodebiTa da meTodikebiT, cnobili sidideebis 
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mixedviT ganisazRvreba maqsimaluri daWimuloba tvirTis qveS, 

dgindeba bagiris samontaJo da muSa daWimulobebis faqtorebis 

mniSvnelobebi; kuburi gantolebis meSveobiT sabolood miiReba 

samontaJo daWimulobis namdvili sidide, romelic uzrunvelyofs 

Cakidulobis isris maqsimalur sidides saangariSo malis Sua 

wertilSi. damuSavebuli meTodikis safuZvelze, mzidi bagiris 

saWiro diametris SesarCevad, zeda anZasTan ganisazRvreba 

maqsimaluri daWimulobis Zalis sidide da mdgradobis maragis 

statikuri koeficientidan gamomdinare iangariSeba gamgleji 

Zala da bagiris diametri. 

damuSavebulia sawev bagirSi wevis Zalis gansazRvris 

meTodika sabagiro danadgaris zeda da qveda StoebisaTvis. 

aRniSnul StoebSi Sedgenilia deformaciis urTierTmoqmedi 

Zalebis da statikis gantoleba, saidanac miRebulia gantolebaTa  

sistema, romlis saSualebiTac tvirTis daZvrisa da damyarebuli 

moZraobis dros ganisazRvreba sabagiro danadgaris saWiro 

parametrebi. 

damuSavebulia sawevi bagiris angariSis meTodikebi, xe-tyis 

naxevrad dakidul da dakidul mdgomareobaSi morTrevis dros, 

roca saWiroa urikis moZraobis winaaRmdegobis dasaZlevad 

ganisazRvros jalambris sawev bagirSi maqsimaluri saangariSo 

wevis Zala. 

 

1.1. sabagiro sistemebi 
 

1.1.1. sabagiro sistemebis elementebi 
 

mTis tyekafebis aTvisebis dros, miuxedavad gamoyenebuli 

sabagiro sistemebis moCvenebiTi mravalferovnebisa, isini 

ZiriTadad Sedgebian Semdegi elementebisagan. bagirebi, romlebic 

iyofa: 

1. mzidi bagirebi mudmivi samontaJo daWimulobiT da xistad 

Camagrebuli boloebiT; 
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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 bagiri emsaxureba urikis gadaadgilebas tvirTis 

Casabmel adgilamde; 

6. damxmare bagiri emsaxureba sxvadasxva damxmare operaciebis 

Sesrulebas tvirTis transportirebis dros. 

bagirebis dasamagreblad sayrdenebi: 

1. saTavo; 

2. sazurge; 

3. Sualeduri; 

4. saWimarebis gareSe momuSave anZebi. 

jalambrebi, romlebic iyofian: 

1. stacionaluri; 

2. TviTmavali; 

3. erTdoliani; 

4. mravaldoliani; 

5. Sigawvis ZravaTi; 

6. eleqtro ZravaTi. 

urikebi, romlebic iyofian: 

1. satransporto; 

2. morsaTrevi; 

3. tyismWreli; 

4. tyismWrel-morsaTrevi; 

5. damxmare; 

6. damtvirTavi; 

7. naxevradavtomaturi; 

8. avtomaturi. 

damxmare aRWurviloba: 
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1. samontaJo samuSaoebisaTvis; 

2. ZiriTadi warmoebisaTvis. 

 

1.1.2. sabagiro sistemebis Teoriuli sqemebi 
 

sabagiro danadgarebis saerTo Teoriuli sqema (nax. 1) 

Seicavs Semdeg sistemeb [14-39]s: 

 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; 

 morTrevis naxevrad dakiduli sistema; 

 kabel-amwe. 

 

1.2. sabagiro sistemebis angariSi. mzidi bagiris 
angariSi Cakidulobis mcire isrebiT 

 

mzidi bagiri, rogorc kiduli gza, romelic gansazRvravs 

tvirTebis moZraobis mimarTulebas, warmoadgens sakidi 

danadgarebis mTavar muSa elements. is zidavs did grZiv da ganiv 

datvirTvebs, midrekilia Zabvebis, Runvis da kontaqtis cvalebadi 

zemoqmedebisadmi. 

am Zabvebis sidideze da SeuRlebaze damokidebulia bagiris 

muSaobis xangrZlivoba. amitom TiToeuli faqtoris gamovlenas, 

romlebic gansazRvraven bagiris muSaunarianobas didi mniSvneloba 

aqvs. 

tyis satransporto danadgarebis eqspluataciis gamocdilebam 

aCvena,  rom  mzidi  bagirebi,  rogorc wesi muSaoben oris toli 

simtkicis maragiT; amasTan, zogierT danadgarze SeiniSneba didi, 

zogierTze   ki   bagiris  naklebi  cveTa.  bagiris   Secvlamde  
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nax. 1. 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 naxevrad dakiduli sistema; T – kabel-amwe 

  
transportirebuli merqnis raodenoba meryeobs did zRvrebSi 4,5-

dan 20 aT. m3-mde. Sesrulebuli samuSao moculobis aseTi didi 

gansxvaveba ganpirobebulia mzidi bagiris teqnikurad dasabuTebuli 

rekomendaciebis da wunis dadgenis miTiTebis ar arsebobiT. 

tyis satransporto sabagiro sakidi danadgarebi Tavisi 

daniSnulebiT warmoadgenen Semsubuqebul droebiT satransporto  

a 

e 

b 

g 

v 

z 

d 

T 
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mowyobilobebs. maTi gamoyenebis ekonomikuri mizanSewoniloba 

miT ufro metia, rac ufro msubuqi da martivia maTi 

konstruqcia, rac naklebad Sromatevadia montaJi amitom aseTi 

danadgarebis mzidi bagirebi boloebiT xistad magrdebian, xolo 

Sualeduri sayrdenebis saxiT maTTvis gamoiyeneba bagirebi, 

romlebic dakidulia mzard xeebze. 

sakidi danadgarebis muSaobis saimedoobis uzrunvelyofa 

aseT pirobebSi SesaZlebelia mxolod bagirebis angariSis 

utyuari meTodebis safuZvelze. udidesi xarisxiT misi muSaobis 

iseTi specifikuri Taviseburebebis arekvla, rogoric aris 

Sualeduri sayrdeni anZebis wveroebis Zvradoba, bagirebis 

ankeruli damagrebis damyoloba, xis anZebis moqnilobis gavlena, 

romlebsac uWiravT mzidi bagiri da sxva. 

ganvixiloT erTmaliani moqnili Zafi damagrebuli boloebiT, 

dakiduli sxvadsxva doneze ganlagebul sayrdenebze. aRvniSnoT 

Zafis sawyisi samontaJo daWimuloba T0, Zafis Cakidulobis isari 

Tavisi wonisagan f0, Zafis sigrZe datvirTvamde L0. Zafis 

datvirTvis Semdeg misi daWimuloba da Cakiduloba izrdeba T-

mde da f-mde, Sesabamisad icvleba Zafis sigrZe L sididemde (nax. 

2,a) [39]. 

saWiroa ganisazRvros T, f da L sidideebis mniSvnelobebi. 

amocana statikurad gaurkvevelia da misi amoxsnisaTvis 

aucilebelia SevadginoT damatebiTi gantoleba dafuZnebuli 

Zafis deformaciaze. 

ganxiluli amocanis gansxvaveba msgavsi amocanebisagan 

mdgomareobs imaSi, rom masalaTa gamZleobaSi ganixileba 

fizikuri sxeulis drekadi deformaciebi, xolo moqnili Zafis 

gaangariSebis dros – Zafis  Cakidulobis  formis  geometriuli 

cvalebadoba. masalaTa gamZleobaSi deformaciebis  SeTavsebuli 

damatebiTi gantolebebis Sedgenis dros zogierTi gadaadgilebebi 

utoldeba nuls, xolo moqnili Zafis SemTxvevaSi nuls utoldeba 

drekadi Zafis sigrZis cvalebadoba. amasTan mxedvelobaSia 

misaRebi is garemoeba, rom moqnili Zafis sigrZis cvalebadobaze  
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nax. 2. saangariSo sqemebi: a – moqnili Zafi datvirTuli sakuTari 
         woniT da Cawertebuli Q tvirTiT; b – koWi or sayrdenze  
         maliT, romelic tolia Zafis malisa da datvirTulia iseve,  
         rogorc Zafi 
 

did gavlenas axdenen drekadi deformaciebi. gamokvlevebiT 

miRebulia, rom drekadi deformaciebis gaTvaliswineba erTmaliani 

daqanebuli Zafebis angariSis dros iwvevs 35-40% Secdomebs, xolo 

mravalmalian ZafebSi Secdomebis sidide kidev ufro izrdeba. 

lqQ 1

l

QB  

l

QB  

l

Q0  

l

Q0  

a 

b 

x2 

Q 

VA 
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vivaraudoT, rom Cakidulobis mcire isrebiani ZafisaTvis 

drekadi deformacia warmoiqmneba mTel sigrZeze Tanabrad da 

tolia: 

cos

)( 0

FE

lTT
L

K


 .                         (1) 

vadgenT damatebiT gantolebas, vTvliT rom Zafis sigrZe L 

gare datvirTvis modebis Semdeg toli iqneba misi pirvandeli 

sigrZis L0 da drekadi dagrZelebis L jamisa 

LLL  0 ,                           (2) 

saidanac 

LLL 0 .                           (3) 

(3) gamosaxulebaSi Semavali Zafis sigrZe L ganisazRvreba 

adre gamoyvanili geometriuli damokidebulebis safuZvelze 

Zafis datvirTvis  cvalebadobis sqemis mixedviT.  

rogorc zemoT iyo aRniSnuli, daWimuloba T ar aris 

mudmivi da icvleba Zafis sigrZis cvalebadobis mixedviT 

sakuTari wonis gavleniT.  

ganxilvad sqemaSi daWimulobis minimalur mniSvnelobas 

adgili aqvs A sayrdenTan, xolo maqsimalurs _ B sayrdenTan.  

daWimulobis saSuali mniSvneloba miaxloebiT SeiZleba 

ganisazRvros rogorc TA da TB daWimulobebis naxevarjami, e.i. 

2
BA TT

T


saS .                            (4) 

imis safuZvelze, rom parabolas malis SuaSi mxebi 

paraleluria malis qordisa (nax. 2, a), SeiZleba davweroT: 

cosTH  ,                              (5) 

maSin Zafis T daWimuloba gamoisaxeba Semdegnairad: 





  f
h

qTT A 2
,                            (6) 





  f
h

qTT B 2
.                            (7) 

naxevarjamis gamosaxulebebidan (6) da (7) T-s gansazRvriT 

miviRebT 
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qfTqf
TT

T BA 


 saS2
,                       (8) 

saidanac, T-s mniSvnelobis CasmiT (5) formulaSi, miviRebT 

cos)( qfTH  saS .                             (9) 

saST  mniSvnelobasTan SedarebiT qf namravli umniSvneloa, 

amitom miaxloebiT, praqtikisTvis sakmarisi sizustiT, SeiZleba 

CaiTvalos 

 coscos TTH  saS .                         (10) 

maSin (10) gamosaxulebis safuZvelze SeiZleba Caiweros gantoleba 

Zafis sigrZis gansazRvrisaTvis misi datvirTvis Semdeg 


l

dxQ
T

l
L

0

2
122 cos2

1

cos 
.                     (11) 

Q1 sidide saerTo saxiT warmoadgens or sayrdenze mdebare 

martivi koWis kveTSi ganiv Zalas, datvirTuls, rogorc Zafi, 

Tanabrad ganawilebuli datvirTviT q1 da tvirTiT Q nebismierad 

ganlagebuli l malSi (nax. 2, b). 

gamomdinare, integralis mniSvneloba 
l

dxQ
0

2
1  SeiZleba 

warmovadginoT jamis saxiT 

        



 



 

lll

dx
l

Qa
xq

lq
dx

l

Qb
xq

lq
dxQ

0

2

2

21
1

0

1

2

11
1

0

2
1 22

 

l

abQ
Qabq

lq 2

1

32
1

12
 .                                  (12) 

es integrali agreTve SeiZleba ganisazRvros vereSCaginis 

meTodiT ganivi Zalebis Semadgeneli epiurebis Sesabamisi 

gadamravlebis gziT. 

maqsimaluri Cakiduloba, maqsimaluri daWimuloba da Zafis 

udidesi sigrZe deformaciis Semdeg SeiniSneba Q tvirTis malis 

SuaSi ganlagebis dros 

2

l
ba  .                             (13) 

 am SemTxvevaSi, Casmis Semdeg gveqneba 

cos1

q
q  ,                             (14) 
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integralis mniSvneloba iqneba 

4cos4cos12

22

2

32

0

2
1

lQqQllq
dxQ

l

 
,                  (15) 

maSin Zafis mTliani sigrZe toli iqneba: 











4cos4cos12cos2

1

cos

22

2

32

22

lQqQllq

T

l
L


.           (16) 

(3) gamosaxulebaSi Sesabamisi mniSvnelobebi L0, L da L 

Setanisa da msgavsi wevrebis dayvaniT miviRebT tolobas 





l

K FE

lTT
dxQ

Tl

f

0

02
122

32
0

cos

)(

cos2

1cos

3

8




.           (17) 

(17) gantolebis marcxena nawilSi 0f -is mniSvnelobis 

2
0

2

0 cos8T

ql
f  .                       (18) 

CasmiT da Sesabamisi gardaqmnebiT miviRebT-gantolebas: 

0cos
cos3cos824

2
22

22
0

22

0
23 

















 qQlQ

lqFE

T

FlEq
TTT KK 


.      (19) 

(19) gamosaxuleba aerTianebs moqnili Zafebis angariSis 

Teoriis amocanis yvela sam mxares da warmoadgens saerTo 

mdgomareobis kubur gantolebas erTmaliani danadgarebisaTvis, 

ganmsazRvreli bagiris sawyis samontaJo daWimulobas T0 da 

bolo daWimulobas T Soris damokidebulebas tvirTis Q yvelaze 

ufro arasasurvel mdgomareobaSi fiqsirebis dros – saangariSo 

malis l SuaSi. 

maqsimaluri daWimuloba Tmax bagiris sakuTari wonis 

gavlenis gaTvaliswinebiT SeiniSneba kveTSi, misi dakidebis 

yvelaze maRal wertilSi, e.i. B sayrdenTan 

2max

h
qTT  ,                          (20) 

sadac h – zeda sayrdenis simaRlis sxvaoba qvedasTan SedarebiT. 

Zafis Cakidulobis fx gansazRvrisaTvis nebismier kveTSi, 

sakuTari wonis q da Tavmoyrili Cawertebuli wonis Q moqmedebiT 

ganvixiloT Zafis marcxena nawilis wonasworobis piroba (nax. 3), 

masze moqmedi marjvena nawilis Tc ZaliT SecvliT.  
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nax. 3. moqnili Zafis nebismier kveTSi Cakidulobis 
Zalis gansazRvris saangariSo sqema 

 

davuSvaT tvirTi Q mdebareobs C wertilSi x manZilze 

marcxena sayrdenidan A. amasTan Zafis reaqciis vertikaluri 

mdgenelebi tolia  




Htg
l

xlQql
VA 




)(

cos2
,                   (21) 




Htg
l

Qxql
VB 

cos2
.                       (22) 

C wertilSi Zafis Cakiduloba ganisazRvreba yvela Zalebis 

momentebis jamis nulTan gatolebis pirobidan 

0
cos2

2




qx
HyxVM Ac .                       (23) 

(23) tolobaSi VA,  mniSvnelobis SetaniT da Sesabamisi 

gardaqmnebis Semdeg miviRebT: 

Hl

xlQx

H

xlqx
xtgy

)(

cos2

)( 






 .                   (24) 

nax. 3-dan 

xfxtgy   ,                           (25) 

gamomdinare 

Tc 

C 

Q 

fx 
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Hl

xlQx

H

xlqx
f x

)(

cos2

)( 






.                        (26) 

bolo tolobis pirveli Sesakrebi warmoadgens Zafis 

Cakidulobas Tavis wonisagan q, xolo meore Zafis Cakidulobas 

Q tvirTisagan, e.i. Zafis Cakiduloba nebismier kveTSi fx tolia 

Cakidulobebis jamisa gamowveuli sakuTari woniT da tvirTiT: 

Qqx fff  .                           (27) 

kveTis gansazRvrisaTvis, romelSic Cakiduloba iqneba 

maqsimaluri, (26) tolobis pirvel warmoebuls vutolebT nuls: 

0
)2(

cos2

)2(








Hl

xlQ

H

xlq

d

df

x

x


,                    (28) 

saidanac: 

2

l
x  .                             (29) 

maSasadame Zafis maqsimaluri Cakiduloba 
2

l
x  , toli iqneba: 

H

Ql

H

ql
f

4cos8

2

max 


.                        (30) 

formulis safuZvelze SeiZleba CavweroT, rom 

H

M

H

M
f




cosmax ,                         (31) 

sadac 
8

2ql
M maqsimaluri mRunavi momenti martivi koWis kveTSi 

gamowveuli Tavisive woniT; 

        M igive gamowveuli Tavmoyrili tvirTiT. 

(30) formulaSi H sididis SecvliT misi mniSvnelobiT 

cosTH  , miviRebT moqnili Zafis maqsimaluri Cakidulobis 

ganmsazRvrel gamosaxulebas T daWimulobisagan damokidebulebiT 

 cos4cos8 2

2

max T

Ql

T

ql
f  .                      (32) 

 Zafis Cakidulobis fx mrudis ordinatas gamoTvlisaTvis 

nebismier x kveTSi, proeqtirebis dros, vsargeblobT 

damokidebulebiT 

)( maxfff x  .                             (33) 
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amisaTvis warmovadginoT (26) gamosaxuleba Semdegi saxiT 





 




l

Qq

H

xlx
f x

2

cos2

)(


,                     (34) 

xolo gamosaxuleba (31), roca 
2

l
x   Semdegi saxiT 





 

l

Qq

H

l
f

2

cos8

2

max 
,                       (35) 

miviRebT CaRunvebis fardobas 





 







l

x

l

x

l

xlx

l

H

H

xlx

f

f x 14
)(

4
8

2

)(
22

max

,            (36) 

romlidanac, Tu profilis pirobebis mixedviT mocemulia 

maqsimaluri dasaSvebi CaRunvis fx mniSvneloba, SeiZleba 

gamoiTvalos CaRunvis sidide saangariSo kveTSi 
l

x
 nebismieri 

mniSvnelobisaTvis. 

proeqtirebis dros moqnili Zafis Cakidulobis mrudis 

ordinatebi moxerxebulia gamovTvaloT cxrili 1-is gamoyenebiT. 

cxrili 1 

moqnili Zafis Cakidulobis ordinatebi 

l

x  
maxf

f x
 l

x
 

maxf

f x
 l

x
 

maxf

f x
 l

x
 

maxf

f x
 l

x
 

maxf

f x
 

0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.10 

0.0360 
0.0785 
0.115 
0.154 
0.190 
0.226 
0.260 
0.294 
0.327 
0.360 

0.11 
0.12 
0.13 
0.14 
0.15 
0.16 
0.17 
0.18 
0.19 
0.20 

0.391 
0.423 
0.452 
0.481 
0.510 
0.537 
0.564 
0.580 
0.615 
0.640 

0.21 
0.22 
0.23 
0.24 
0.25 
0.26 
0.27 
0.28 
0.29 
0.30 

0.664 
0.685 
0.707 
0.729 
0.750 
0.770 
0.788 
0.806 
0.824 
0.840 

0.31 
0.32 
0.33 
0.34 
0.35 
0.36 
0.37 
0.38 
0.39 
0.40 

0.856 
0.870 
0.885 
0.898 
0.910 
0.922 
0.932 
0.942 
0.951 
0.960 

0.41 
0.42 
0.43 
0.44 
0.45 
0.46 
0.47 
0.48 
0.49 
0.50 

0.967 
0.975 
0.980 
0.9858 
0.990 
0.994 
0.996 
0.998 
0.999 
1.000 

 
 

1.3. sabagiro morsaTrevi danadgarebis mzidi  
bagiris Cakiduloba 

 
mzidi bagiris daWimulobis gaangariSebis analitikuri 

xerxebi sakmaod rTulia da srulad ar akmayofileben maTdami 

wayenebul moTxovnebs [12, 19, 39]: 
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1) Sualeduri sayrdenebis minimaluri raodenoba; 

2) mzidi bagiris diametris optimaluri variantis SerCeva, rac 

uzrunvelyofs: danadgaris mwarmoeblur muSaobas, montaJisa 

da demontaJis dros gaweuli SromiTi danaxarjebis minimumamde 

dayvanas, momsaxure personalis usafrTxoebas; 

3) danadgaris mTel trasaze tvirTebis Tavisufali moZraoba; 

4) danadgaris eqspluataciis dros mzidi bagiris realuri 

daWimulobis gansazRvra. 

aRniSnuli moTxovnebi uzrunvelyofili iqneba, Tu SevirCevT 

mzidi bagiris Cakidulobis isris optimalur sidides, risTvisac 

pirvel rigSi aucilebelia Catardes trasis gamokvleva busolis, 

eklimetris da sazomi lentis saSualebiT. 

gamokvleva iwyeba tyekafis daTvalierebiT da im adgilis 

dadgeniT, sadac Tavs moiyris morTrevis Sedegad gamotanili xe-

tye. am adgilidan saavtomobilo tyesazid gzamde SeirCeva 

umoklesi manZili, romelic iqneba sabagiro danadgaris trasa. 

sabagiro danadgaris dasaproeqteblad da Semdgom damontaJebisaTvis 

igeba trasis grZivi profili, risTvisac pirvel rigSi dgindeba 

trasis daxriloba, misi sigrZe da mimarTuleba. 

trasis gamokvlevas vaxdenT umartivesi xerxiT. mkvlevarTa 

jgufi 3-4 kacis SemadgenlobiT iwyebs moZraobas qvevidan, 

samanqano magistraluri gzidan anu sabagiro danadgaris qveda 

gansatvirTi baqnidan zeviT. zeda baqnamde busoliT dadgenili 

mimarTulebiT. 

trasis nulovan wertilze dgeba mkvlevari eklimertiT 

xelSi da aT-aTi metris manZilze trasis gaswvriv ukve 

eklimetriT dadgenil adgilebze arWobs ormetrian sarebs. 

CarWobili sarebis proeqcia swori xazia. sarTan mdgomi piri da 

eklimetris mqone damkvirvebeli unda iyvnen daaxloebiT erTi 

simaRlis – SedarebiTi zusti maCveneblis misaRebad. Tu trasaze 

Segvxvda mozardi an buqCebi, maT Cexaven najaxiT. ase grZeldeba 

sabagiro danadgaris zeda baqnamde anu trasis bolo wertilamde. 

yoveli 10 metris da saTanado kuTxis maCveneblebi iwereba 
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sapiketo JurnalSi (pik. 0,0+10_20, 0+60_30 da a.S.). 100 m-is Semdeg 

iwyeba 1 piketi (pik. 1+10_25 da a.S.). 

sapiketo  Jurnalis  monacemebis  mixedviT milimetrulaze  

masStabSi ixazeba sabagiro danadgaris grZivi profili. 

sabagiro  danadgaris jalambris dolis bagirtevadobidan  

gamomdinare sasurvelia, rom trasis sigrZe ar aRematebodes 1000 

metrs. 

grZiv profilze SeirCeva is adgilebi, sadac unda 

damontaJdes Sualeduri sayrdenebi mzidi bagiris dasaWerad im 

angariSiT, rom moZrav urikaze Camokidebuli mori ar moedos 

miwas. amisaTvis saWiroa gamovTvaloT mzidi bagiris maqsimaluri 

CaRunvis isari maxf , romelic damokidebulia bagiris samontaJo 

daWimulobaze – 0T , e.i. saWiroa mzidi bagiris Semdegi parametrebis 

dadgena: maxf , 0T  da maxT . 

dauSvebelia, rogorc Cveulebrivi gadasatani, aseve 

ganivgadasatani morsaTrevi sabagiro danadgaris montaJi da 

eqspluatacia winaswari gaangariSebisa da proeqtirebis gareSe, 

radganac es gamoiwvevs mzidi bagiris gawyvetas an kidev mis 

zedmet xarjs, Tu diametri ar iqneba sworad SerCeulia. 

 

1.3.1. mzidi bagiris Cakiduloba sakuTari 
wonis moqmedebiT 

 

sabagiro danadgarebis gaangariSeba iwyeba imiT, rom trasis 

grZivi profilis monacemebis gaTvaliswinebiT dgindeba 

danadgaris ZiriTadi parametrebi [12, 13, 30, 39]. 

rogorc wesi, satyeo mrewvelobaSi gamosayenebeli sabagiro 

morsaTrevi danadgarebi droebiTia da gadasatani, romelTaTvisac 

liandad gamoyenebulia Runvadi, dawnuli foladis mzidi 

bagirebi. 

mzidi bagirebis gaangariSeba aucilebelia danadgaris 

usafrTxo da mwarmoebluri muSaobisaTvis. misi Sedegebi 

damokidebulia iseT faqtorebze, rogoricaa malis sigrZe, bagiris  
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Cakidulobis isari, trasis daxriloba, Cawertebuli tvirTis 

wona da a.S. 

mzidi bagirebis Cakidulobis da daWimulobis gaangariSebisas 

SeiZleba gamoyenebuli iyos jaWvuri xazis rTuli da zusti 

meTodi, agreTve ufro miaxloebiTi da martivi parabolis meTodi. 

arsebobs Runvadi bagirebis angariSis Semdegi sami 

varianti: statikuri, romelic gansazRvravs bagirze moqmed 

Zalebs Soris damokidebulebas; geometriuli, romelic 

gansazRvravs bagiris sigrZis cvlas da misi Cakidulobis 

formas; fizikuri, romelic adgens damokidebulebas Zalebs da 

deformaciebs Soris. 

qvemoT moyvanilia aRniSnuli damokidebulebebi: 

statikuri 

cos8

2

f

ql
H  ;                           (37) 

geometriuli 

l

l
L




3cos

3

8

cos
 ;                       (38) 

fizikuri 

cos

)(

KK

xm

FE

lTT
l


 .                          (39) 

es variantebi yvela im sakiTxis safuZvelia, romlebic 

damokidebulia bagiris daWimulobisa da maTi Cakidulobis 

sidideze. 

 
1.3.2. analogia bagiris Cakidulobis mrudsa da or 
   sayrdenze mdebare koWis mRunavi momentebis  

epiuras Soris 
 

Tu warmovidgenT, rom bagirs aqvs nebismieri vertikaluri, 

ganawilebuli da Cawertebuli (Tavmoyrili) datvirTvebi, am 

SemTxvevaSi bagiris Cakidulobis mrudsa da or sayrdenze 

mdebare koWis mRunavi momentebis epiuras Soris SeiZleba 

dadgindes analogiuroba, romelsac arsebiTi gamoyenebiTi 

mniSvneloba aqvs [30]. 
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visargebloT saangariSo sqemis (nax. 4) aRniSvnebiT da 

pirvel rigSi vipovoT bagiris AV  da BV  sayrdenebis vertikaluri 

reaqciebi. Tu aRvniSnavT momentebs vertikaluri datvirTvebisagan 

B da A sayrdenebis mimarT tv
BM  da tv

AM , maSin bagiris 

wonasworobis pirobidan gamomdinare SeiZleba davweroT: 

                       

 

 

 

 

 

 

 

 

 

 

nax. 4. mzidi bagiris datvirTvis sqema 
 

                         0AM ;  0 HhlVM BA
tv ; 

                         0BM ;  0 HhlVM AB
tv , 

saidanac, Tu mxedvelobaSi miviRebT imas, rom 

l

h
tg  , 

da sidideebi lM A
tv  da lM B

tv  warmoadgenen or sayrdenze mdebare 

koWis reaqciebs, saerTo saxiT miviRebT: 

HtgVV  k ,                        (40) 

sadac V _bagiris reaqcia; 

       kV or sayrdenze mdebare koWis reaqcia, datvirTuli 

bagiris analogiurad. amasTan (+) Seesabameba malis 

zeda, xolo (_) qveda sayrdens. 

Cakidulobis fx gansazRvrisaTvis nebismier C wertilSi 

gavkveToT bagiri, movaSoroT mas marjvena nawili da SevcvaloT 

TA VA 

H 
A 

VB TB 

H 
B 



xtg

fx 

h 

x l – x  

l   

C 
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igi bagiris daWimulobiT T. maSin bagiris AC nawilis 

wonasworobis pirobidan gamomdinare gveqneba: 

  0CM ; 0)(  tv
CxA MxtgfHxV  , 

sadac tv
CM momenti yvela Zalebisagan AC ubanze C wertilTan 

fardobiT. 

HtgVV AA  k  (40) tolobidan CasmiT vpoulobT 

H

M

H

MxV
f xCA

x 



tvk

,                      (41) 

radganac am gamosaxulebis mricxveli warmoadgens mRunav 

moments or sayrdenze mdebare xM  koWisaTvis – datvirTuli 

bagiris analogiurad. 

maSasadame, bagiris Cakiduloba tolia or sayrdenze 

mdebare koWis mRunavi momentisa, gayofili bagiris daWimulobis 

horizontalur mdgenelze. H sidide bagiris vertikaluri 

datvirTvis pirobebis dros iqneba erTnairi mis yvela kveTSi. 

(41) gamosaxulebidan SeiZleba gavakeToT Semdegi daskvnebi: 

1) bagiris Cakidulobis mrudi Seesabameba or sayrdenze 

mdebare koWis mRunavi momentebis epiuras 1/H masStabSi; 

2) bagiris mrudis sigrZe tolia koWis mRunavi momentebis 

epiuris perimetris sigrZisa. 

amrigad, bagiris Cakidulobebis gansazRvrisaTvis SeiZleba 

gamoyenebuli iyos yvela formula, cxrili da meTodi, romlebic 

ekuTvnis or sayrdenze mdebare koWis mRunavi momentebis 

sidideebis povnas. 

bagiris Cakidulobis mrudis gantolebas, gankuTvnils 

koordinatas sawyisis zeda A sayrdenTan (nax. 4), aqvs Semdegi saxe 

H

M
xtgfxtgy x

x   , 

saidanac mrudis mxebis horizontalTan daxris kuTxe toli iqneba 

H

V
tg

dx

dM

H
tg

dx

dy
tg x g  1

,               (42) 

sadac gV or sayrdenze mdebare koWis gadamWreli Zala. 
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Cakidulobebis da moqnili Zafis moxazulobis gansazRvra, 

masze modebuli nebismieri vertikaluri (ganawilebuli an 

Tavmoyrili) datvirTvisaTvis )(xq   moqmedebiT SeiZleba agreTve 

iyos warmoebuli Zafis wonasworobis diferencialuri gantolebis 

daxmarebiT 

)(
2

2

x
dx

yd
H  . 

amasTan datvirTvis wyvetili funqcia (ganawilebuli da 

Tavmoyrili) furies mwkrivebis gamoyenebiT SeiZleba warmovadginoT 

trigonometriuli rigis saxiT – moqmedi Zalis mTeli sigrZisaTvis. 

 
1.3.3. jaWvuri xazis meTodi 

 

bagiri sakuTari wonis moqmedebiT, romelic warmoadgens 

moqnil mZime Zafs grZivi woniT q, Caikideba or sayrdens Soris 

mrudiT, romelsac jaWvuri xazis forma aqvs (nax. 5). ganvixiloT 

bagiris usasrulod mcire monakveTi sigrZiT ds, romelic 

datvirTulia sakuTari wonis moqmedebiT _ qds da daWimulobebiT 

_ T da dTTT  . isini mimarTulia bagiris Cakidulobis mrudis 

mxebebad da adgenen erTmaneTis mimarT usasrulod mcire kuTxes 

d [30]. 

nax. 5. bagiris Cakidulobis mrudi jaWvuri xaziT 
 

avagoT ZalTa mravalkuTxedi, dawyebuli O wertilidan – 

mrudis wvero, sadac bagiris daWimuloba horizontaluria da 

H=qc 

 

qs
 

qd
s 
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tolia H-is. gadavzomavT ra mrudis monakveTebis wonebs qs da 

qds, miviRebT daWimulobebis T da T  sidideebs da mimarTulebebs. 

abc samkuTxedidan gvaqvs 

sinqdsdT  . 

formulaSi CavsvaT sin-s mniSvneloba 
ds

dy
sin , 

integrirebiT miviRebT 

AqyT  . 

mrudis wveroSi 0x , cy  , HT  , gveqneba 

qcHA  . 

amrigad davniSnoT koordinatebis dasawyisi iseTnairad, 

rom 0A , e.i. SevarCioT 

q

H
c  , 

sabolood miviRebT 
qyT  ,                             (43) 

amasTan daWimulobebis horizontaluri mdgeneli malis 

farglebSi bagiris yvela wertilisaTvis rCeba ucvleli   

constqcH  . 

maSasadame, Tavisi sakuTari wonis moqmedebiT daWimuloba 

bagirSi icvleba bagiris Cakidulobis mrudis ordinatas 

proporciulad, amasTan icvleba mxolod daWimulobis 

vertikaluri mdgeneli. 

(43) tolobis safuZvelze SeiZleba daiweros bagiris 

nebismieri ori wertilisaTvis 

AA qyT   da BB qyT  . 

Sedegad daWimulobis sxvaoba nebismier or wertilSi h 

simaRleebis gansxvavebiT tolia 

qhyyqTTT BABA  )( .                   (44) 

rogorc cnobilia jaWvuri xazis gantolebas aqvs Semdegi 

saxe: 

c

x
cchee

c
y c

x

c

x













2
.                       (45) 
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mrudTan mxebis daxris kuTxe 

c

x
sh

dx

dy
tg  . 

mrudis sigrZe misi wveros CaTvliT  

c

x
cshctgS   .                        (46) 

simrudis radiusi 




2cos

c

d

ds
 ,                        (47) 

xolo mrudis wverosaTvis, roca 0  

c .                              (48) 

malis  daxrilobis sididisa da bagiris daWimulobaze 

damokidebulebiT jaWvuri xazis wvero SeiZleba iyos malis 

sayrdenebs Soris an mis farglebs gareT. orive SemTxvevaSi 

SeiZleba daiweros (nax. 6) 

BA yyh  ;   BA xxl  , 

(+) niSani Seesabameba mrudis wveros malis sayrdenebs Soris 

mdebareobas, (_) niSani – malis farglebs gareT wveros 

mdebareobas. 

 
nax. 6. jaWvuri xazis wveros mdebareoba 

 

jaWvuri xazis amoxsnis dros mocemuli ZalisaTvis 

cnobilia malis sidide l, simaRleebs Soris sxvaoba _ h, bagiris 

daWimuloba erT-erT sayrdenTan ( AT  an )BT , romlebic 

dakavSirebulia erTmaneTTan damokidebulebiT; qhTT BA  . 
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DSedegad gvaqvs ori gantoleba 

,

;

c

x
chc

q

T
y

c

x
chc

q

T
y

BB
B

AA
A




                         (49) 

maTi amoxsnisaTvis saWiroa sinjebis rigiT SeirCes jaWvuri 

xazis parametris c iseTi mniSvneloba, roca Ax -s da Bx -s 

miRebuli mniSvnelobebi daakmayofileben pirobas lxx BA  . c-s 

SerCevisas xelmZRvaneloben Semdegi pirobiT Byc  . 

hiperboluri funqciebis cxrilebis gamoyenebis dros 

saWiroa mxedvelobaSi gvqondes, rom yvela jaWvuri xazi 

erTmaneTis msgavsia. SeiZleba daiweros jaWvuri xazis gantoleba 

(45) Semdegi saxiT: 

c

x
ch

c

y
 ; 

c

x
ch

c

y

2

2

2

2
  da a.S. 

gantolebidan Cans, rom mrudis wertilebis koordinatebi 

icvleba mrudis parametrebis cvlilebebis proporciulad. 

mas Semdeg, roca vipovniT c parametris sidides da mrudis 

wveros mdebareobas zeda sayrdenis – Ax -s mimarT, Cakidulobis f 

sidide – aTvlili malis qordidan – mrudis nebismier D wertilSi 

ganisazRvreba martivi geometriuli damokidebulebis safuZvelze 

nax. 7-ze gamosaxuli sqemis mixedviT 

l

d
hyyf A  )( ; 

sadac 

c

dx
chcy A  . 

radganac bagiris Cakidulobs sidide ganisazRvreba 

rogorc jaWvuri xazis ordinatebis erTob didi mniSvnelobis 

sxvaoba (Cveulebriv 30001500y  m), amitom saWiroa angariSebi 

Catardes Zalian didi sizustiT. winaaRmdeg SemTxvevaSi cdomileba 

SeiZleba iyos Zalian mniSvnelovani da gadaaWarbos im angariSis 

sizustes, romelic miRebuli iqneba parabolas miaxloebiTi 

meTodiT gaangariSebis dros. 
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nax. 7. bagiris Cakidulobis gansazRvra jaWvuri xazis 
mixedviT 

 

gaangariSebis didi moculobis gamo praqtikaSi iSviaTad 

iyeneben jaWvuri xazis meTods da mas cvlian parabolas meTodiT, 

romelic iZleva Cakidulobis iseT sidideebs, romlebic sakmarisi 

sizustiT emTxvevian jaWvuri xaziT miRebul mniSvnelobebs. am 

dros gakeTebuli daSvebis fizikuri arsi mdgomareobs imaSi, 

rom bagiris grZivi metris wona q iTvleba malis qordaze 

Tanabrad ganawilebulad da ara bagiris mrudis sigrZeze (nax. 8). 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 8. bagiris datvirTvis sqema jaWvuri xaziT angariSis 
dros (a) da parabolaTi (b) 

a) 

b) 

q 

q 

l 
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maTematikurad jaWvuri xazis Secvla parabolaTi gamodis 

funqciis 
!4!2

1
4

4

2

2

c

x

c

x

c

x
ch  mwkrivSi gaSliT mesamedan 

dawyebuli wevrebis gamoklebiT. es ufro pasuxobs bagiris 

grZivi wonis ganawilebas Tanabari ZaliT horizontalur 

proeqciaze da ara malis qordaze, rac Cveulebriv naklebad 

zustia. pirvel SemTxvevaSi parabolas aqvs parametri cp  , 

meoreSi _ coscp   [30]. 

 

1.3.4. parabolas meTodi 
 

vinaidan gadasatani morsaTrevi danadgarebisaTvis jaWvuri 

xaziT mzidi bagiris angariSi rTulia, mas praqtikaSi cvlian 

parabolas meTodiT, romelic ufro martivia, xolo miRebuli 

Sedegebi sakmarisi sizustiT emTxveva jaWvuri xazis meTodiT 

miRebul parametrebs [30]. 

nax. 9. bagiris Cakidulobis mrudi parabolaze 
 

miRebuli analogiis gamoyenebiT bagiris Cakidulobis 

SemTxvevisaTvis Tavisi wonis moqmedebiT, romelic ganawilebulia 

TA VA 

H A 

VB TB 

H 
B 





f x
 

1/2 

x l – x  

l   

q 



Y 

c

f m
ax
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malis qordaze q intensiurobis datvirTvis saxiT, sqemis (nax. 9) 

Tanaxmad miviRebT 

cos2

)(

H

xlqx

H

M
ff x

xx





 ,                       (50) 

sadac xM or sayrdenze mdebare koWisaTvis mRunavi momenti, 

romelic datvirTulia bagiris analogiurad. amasTan maqsimaluri 

Cakiduloba iqneba malis SuaSi  2
lx dros, e.i. 

cos8

2

2
max H

ql
ff l  .                        (51) 

radganac, rogorc cnobilia mRunavi momentebis epiura xM  

Tanabrad ganawilebuli datvirTvebisagan aris parabola, aqedan 

gamomdinare bagiris Cakidulobis mrudic Tavisi wonis 

moqmedebiT iqneba parabola. am parabolas p parametrs vipoviT 

Tu SevadarebT (51) gantolebas parabolas CaRunvis isris cnobil 

gamosaxulebas 

p

l
f

8

2

max  , 

saidanac 

 coscos c
q

H
p  ,                        (52) 

sadac 
q

H
c jaWvuri xazis Sesabamisi parametri. 

gantolebebis (50) da (51) safuZvelze SeiZleba davweroT 

Cakidulobebs Soris damokidebuleba: 







 

l

x

l

x

f

f x 14
max

,                         (53) 

romelic warmodgenilia cxrilSi 1. 

mxebi kuTxe mrudTan (42) gantolebis Tanaxmad tolia: 




cos2

)2(

H

qxl
tg

dx

dy
tg


 ,                      (54) 

xolo malis SuaSi lx 5,0 -is dros  tgtg  . 

mrudis wveros mdebareoba SeiZleba ganisazRvros pirobidan 

– 0tg . 
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bagiris daWimulobis horizontaluri mdgenelis 

gansazRvrisaTvis, nax. 10-is aRniSvnebis Tanaxmad gvaqvs 

cosDTH  . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 10. bagiris daWimulobis horizontaluri mdgeneli 
 

Tu visargeblebT moqnili Zafis ZiriTadi kanonis gantolebiT 

(43) bagiris daWimuloba DT  SeiZleba gamoisaxos sayrdenebTan AT  

da BT  daWimulobebidan gamomdinare. parabolas mixedviT 

angariSis dros, rodesac AV  da BV  sayrdenebze vertikaluri 

dawnexvebi ganisazRvreba (40) gamosaxulebiT, saWiroa CavTvaloT 

qhVHVHTTT BBBA  2222 , radgan moqnili Zafis mTavari 

kanoni qhT   pasuxobs mis Cakidulobas jaWvuri xazis mixedviT 

AV -s da BV -s sxva mniSvnelobebiT. am SemTxvevaSi sxvaoba Zalze 

mcirea da praqtikuli miznebisaTvis umniSvneloa. 

qfhTT AD )5.0( max  

da 

qfhTT BD )5.0( max . 

TA VA 

H 
A 

VB 
TB 

H B 


 

TD 

l/2 

l   

h 

fmax 

H 
H 

l/2 

h/2 
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 am gamosaxulebebis SekrebiT miviRebT: 

maxmax2
qfTqf

TT
T BA

D 


 saS , 

sadac  )(5.0 BA TTTsaS malSi bagiris saSualo daWimuloba. 

H-is gamosaxulebaSi DT -s mniSvnelobis CasmiT gveqneba: 

cos)( maxqfTH  saS .                       (55) 

Tu H-is am mniSvnelobas CavsvamT Cakidulobis 

gamosaxulebaSi, maSin miviRebT kvadratul gantolebas, romlis 

mixedviTac gamoTvlebiT miRebuli Sedegebi praqtikuli 

samuSaoebisaTvis Zalian didia. 

umravles SemTxvevaSi sakmarisia visargebloT H-is 

miaxloebiTi mniSvnelobiT _ qfmax wevris ugulebelyofiT, romlis 

mniSvneloba SedarebiT mcirea 

cossaSTH  .                            (56) 

im SemTxvevaSi, roca gvxvdeba aucilebloba ganvsazRvroT 

Cakidulobis zusti mniSvneloba parabolaze (magaliTad didi 

malebisa da Seviwroebuli profilis dros), es yvelaze advili 

misaRwevia TanmimdevrobiTi angariSis gziT. ase magaliTad: 

ganvsazRvroT carieli mzidi bagiris maqsimaluri Cakiduloba 

1000l m malSi, sayrdenebis simaRleebs Soris 500h m gansxvavebiT;  

bagiri daxuruli konstruqciisaa grZivi metris 6,80 q  kg woniT; 

gamgleji ZaliT 120000gamT  kg. aqvs zeda sayrdenze daWimuloba 

30000AT  kg; malis daxris kuTxe 5,0tg ; 895,0cos  . 

bagiris daWimuloba qveda sayrdenTan 

                 257005006.8300000  hqTT AB  kg; 

                 27850
2

2570030000

2






 BA TT

TsaS  kg. 

daWimulobis horizontaluri mdgeneli (56) formulis 

mixedviT: 

25000895.027850cos  saSTH  kg. 

Cakidulobis sidide (51) tolobis mixedviT 
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48
895.0250008

10006.8

cos8

22
0

max 





H

lq
f  m. 

H sididis dazustebuli mniSvneloba (55) tolobis mixedviT 

24550895.0)486.827850(cos)( max0  fqTH saS  kg. 

Cakidulobis dazustebuli mniSvneloba 

49
24550

25000
48maxmax 




H

H
ff m. 

gansxvavebuloba %2100
49

4849



. 

Cakidulobis Semdgomi dazusteba SeiZleba miviRoT, Tu 

ganawilebuli datvirTvis intensiurobas CavTvliT malis 

sigrZeze cvalebadad anu cosq  ( cosq -s nacvlad), sadac  

aris mxebis daxris kuTxe. (54) gantolebis mixedviT miviRoT 




tgtg 5,011
cos

1 2  , 

Sesabamisad koWis xM   momentis gansazRvriT miviRebT 

R
H

xlqx
f x cos2

)( 
 , 

sadac R – Semasworebeli koeficienti 


















 

tgxl
l

lxx
pp

R )2(2
2

1cos
1

2
2

2

, 

sadac  cos
q

H
p parabolas parametri. 

yvelaze arasasurvel pirobebSi ( 2000l  m, 4,0tg , 4000c  m) 

03.1985.0 R ; amasTan 1R  qveda da 1R  zeda ubnebisaTvis. 

unda viqonioT mxedvelobaSi is, rom Cakidulobebi 

parabolaze miiReba ramdenadme mcire, vidre jaWvur xazze, 

amasTan gansxvavebuloba izrdeba malis sigrZisa da daxris 

kuTxis gazrdiT da bagiris daWimulobis xarisxis SemcirebiT. 

mzidi bagirebisaTvis gaTvlebis uzustoba ar aRemateba 2-3%-s 

parabolas meTodiT Cakidulobis zusti gansazRvris dros da, 

Sesabamisad, 4-5%-s miaxloebiTi (56) gantolebis mixedviT 

angariSis dros – 1000 metriani malis SemTxvevaSi da 50%-iani 
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daxrilobiT. amitom praqtikuli miznebisaTvis sruliad 

sakmarisia ganisazRvros mzidi bagiris Cakidulobebi parabolas 

mixedviT sawevi bagirebisaTvis, romlebsac aqvT SedarebiT mcire 

daWimulobebis xarisxi. Cakidulobebs Soris gansxvavebebma didi 

malebis SemTxvevaSi jaWvuri xaziT da parabolas mixedviT zusti 

gaTvlebiT SeiZleba miaRwios 5-7%-s, xolo miaxloebiTi gaTvlebiT 

parabolas meTodiT – 15%-s. Tu aseT uzustobas sawevi bagirebis 

Cakidulobebis gansazRvris dros – adgilmdebareobis pirobebidan 

gamomdinare – ara aqvs mniSvneloba, maSin parabolas gantolebis 

gamoyeneba yovelnairad gamarTlebulia. 

bagiris Cakidulobebis sidide damokidebulia qT  fardobaze, 

romelic SeiZleba gamoisaxos gamgleji sigrZis mixedviT 

q

T
Rp

gam  simtkicis maragiT gaWimvaze n 

n

R

qn

T

q

T p gam
. 

miRebuli gamosaxulebidan gamodis, rom: 

1) bagirebi, romlebsac aqvT erTnairi gamgleji sigrZe da 

daWimulobebi – xasiaTdebian gaWimvaze erTnairi simtkicis 

maragiT, Caikidebian erTi da igive mrudiT: bagiris 

daWimulobis, diametris da misi wonisagan damoukideblad; 

2) sxvadasxva gamgleji sigrZis mqone bagirebi, magram daWimuli 

iseTi simtkicis maragebiT gaWimvaze, rom fardoba nRp  orive 

SemTxvevaSi erTnairia, Caekidebian erTi da igive mrudiT, 

bagiris daWimulobis, diametris da misi wonis sididisagan 

damoukideblad. 

Tu mzidi bagirebi gzis uqmi da satvirTo xazebze 

akmayofileben am pirobebs, maSin Cawertebuli tvirTis ar 

arsebobis SemTxvevaSi, Cakidulobebi da kuTxeebi sayrdenebze 

orive bagirisaTvis iqneba erTnairi. 

bagiris mrudis CaRunvis radiusi, parabolas gamosaxulebis 

Tanaxmad, p parametris CasmiT (52) gantolebidan, miviRebT 

Semdegs: 
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mrudis wverosaTvis, roca 0 , gveqneba 

 coscos c
q

H
R  , 

malis Sua nawilisaTvis, roca    dros 

 223 coscos

1

cos

c

q

Hp
R  .                     (58) 

 
 
1.3.5. bagiris Cakiduloba sakuTari wonis da Cawertebuli 

(Tavmoyrili) wonebis moqmedebiT 

 

jamuri Cakiduloba 

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 

daWimulobis horizontaluri mdgeneliT _ H, romelic Seesabameba  

morebiT datvirTul bagirs [12, 13, 30]. 

Cakidulobis mrudi mRunavi momentebis epiuris analogiurad  

warmodgenili iqneba rigi gadakveTili parabolebis saxiT 

tvirTis ganlagebis punqtebSi gadakveTis adgilebiT. 

am SemTxvevaSi (nax. 11) erTi tvirTiT Q gamowveuli 

Cakiduloba mRunavi momentisaTvis toli iqneba 

Q
Hl

xlx
f x

)( 
 .                            (60) 
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nax. 11. bagiris Cakiduloba Tavisi sakuTari woniT da 
tvirTiT 

 

jamuri Cakiduloba C wertilSi tvirTis qveS xf  -is 

mniSvnelobis gaTvaliswinebiT (51) tolobis mixedviT Seadgens 
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xolo maqsimaluri Cakiduloba, roca lx 5,0  tolia 
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Cakidulobis mrudi warmoadgens or gadamkveT parabolas. 

tvirTis moZraobis traeqtoria 

)(xf x   

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

daxris kuTxe horizontalis traeqtoriasTan Seadgens 
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gvaqvs mxedvelobaSi, rom moZraobis traeqtoris sakoordinato 

RerZebze X, Y (nax. 11) aiwereba tolobiT xfxtgy   . 

0x  dros (tvirTi aris zeda sayrdenTan) (62)-is 

gaTvaliswinebiT miviRebT 

l

f
tgtg max

max 4  . 

bagirSi damagrebuli boloebiT tvirTis moZraobis 

traeqtoria iqneba umaRlesi rigis parabola, radganac bagiris 

daWimuloba cvalebadia. miaxloebiTi angariSisaTvis SeiZleba 

visargebloT (53) gantolebis analogiuri damokidebulebiT 

0
max

14 R
l

x

l

x

f

f x 





  , 

amasTan ganivi koeficienti 0R  tolia 

220
)1(1

1




m

x

T

T
R ,                      (64) 

sadac 
mT

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

da tvirTis ganlagebis dros malis SuaSi ( mT ). 

sidides 
2

2 12 





 

l

x  aqvs Semdegi mniSvnelobebi 

lx  .............. 0,05 0,1 0,15 0,2 0,25 0,3  0,35 0,4 0,5 

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

tvirTis ganapira mdgomareobaSi 0R  0x -is dros da 

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

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

elifsis kanoniT. 
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1.4. kompleqsuri meqanizaciis teqnologiuri sqemebi da 
sabagiro morsaTrevi danadgarebi 

 
1.4.1. tyekafiTi samuSao procesebis kompleqsuri 

meqanizaciis teqnologiuri sqemebi 
 

tyekafebis aTviseba rTuli da sakmaod Sromatevad 

procesebTan aris dakavSirebuli, rac ganpirobebulia saqarTvelos 

rTuli reliefiT [40-67]. 

tyekafiTi samuSaoebis Casatareblad gamoiyeneba kompleqsuri 

meqanizaciis 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. 

teqnologiuri sqema # 2 (nax. 12) iTvaliswinebs, 

traqtorebiT zeda baqnamde morTreuli xe-tyis CamoSvebas 

sabagiro morsaTrevi danadgariT. 

am SemTxvevisaTvis tyekafi warmoadgens 10-dan 15-mde 

daxrilobis platos 1000 m-mde siRrmiT, romelic ar erTvis 

saavtomobilo gzas da gamoyofilia misgan xeviT an 40-ze meti 

daxrilobis ferdobiT. xe-tyis morTreva tyekafidan 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. 

teqnologiuri sqema # 3 (nax. 12) iTvaliswinebs, traqtoriT 

gverdidan morTreuli xe-tyis CamoSvebas sabagiro danadgariT. 

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

sakabdo Stoze daimoreba da morsaTrevi TviTmtvirTavi 

satransporto agregatiT miewodeba sabagiro danadgaris  trasis 
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  teqnologiuri sqema # 2               teqnologiuri sqema # 3 

 

teqnologiuri sqema # 4 

nax. 12. tyekafiTi samuSao procesebis kompleqsuri 
meqanizaciis teqnologiuri sqemebi:  

# 2, # 3 da # 4 

 
mTel sigrZeze. am SemTxvevaSi tyekafi erTvis avtotyesazid gzas 

da 1000 m sigrZisaa. sabagiro danadgaris trasa kveTs mas mTel 

siRrmeze. satraqtoro sakabdoebi ganlagebulia ferdobis ganivad,  



56 

sabagiro danadgaris zeda sawyobamde anu avtotyesazidi gzis 

dasatvirT baqnamde. 

teqnologiuri sqema #4-is (nax. 12) 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 tyekafi. erTi, avtotyesazid gzaze 

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

gagrZeleba 20-ze naklebi da aiTviseba traqtorebiT. 

tyekafis saerTo siRrme 2000 m-ia. sabagiro danadgari kveTs 

pirvel e.i. qveda tyekafs. 1000 m sigrZiT, danarCeni nawili e.i. 

zeda tyekafi gadakveTilia magistraluri satransporto 

sakabdoTi. 

qveda tyekafze xe-tye miewodeba sabagiro danadgars 

gverdebidan mTa-iT datvirTul mdgomareobaSi, zeda tyekafze – 

magistraluri satraqtoro sakabdo gziT danadgaris zeda baqnamde. 

 

1.4.2. sabagiro morsaTrevi danadgarebi 
 

merqnis pirveladi transportireba anu misi gadaadgileba 

tyekafebze, e.i. morTreva jirkidan zeda sawyobamde iyofa 

ramodenime operaciad: 

1. moTreva-Soltis an sortimentis gadaadgileba xis moWris 

adgilidan romelime morsaSvebis gzamde an trasamde; 

2. mTidan daSveba – xe-tyis gadaadgileba zevidan qveviT, 

mTis Ziramde; 

3. mozidva – xe-tyis gadaadgileba sawyobamde – samanqano 

tyesazid gzamde. 

saqarTveloSi aRniSnuli operaciebi xorcieldeba ZiriTadad  

cocxali ZaliT an muxluxa traqtorebiT: T-80, T-100 da 

specializebuli morsaTrevi traqtoriT TT-4. xe-tyis pirveladi 

transportirebisaTvis farTod gamoiyeneba sabagiro-kiduli 

morsaTrevi danadgarebi. sabagiro danadgarebis gamoyenebiT 
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minimumamde mcirdeba ziani niadagze, aRmonacenze da mozardze, 

traqtorebiT morTrevasTan SedarebiT. amasTan, aRniSnuli 

danadgarebi gamoirCevian maRali teqnikur-ekonomikuri maCveneblebiT. 

interess warmoadgens xe-tyis pirveladi transportirebis 

sakiTxebi mTian pirobebSi da Tanac amorCeviTi Wrebis gamoyenebiT, 

rodesac aucilebelia aRmonacenis, mozardis da niadagis 

maqsimalurad SenarCuneba. pirvel rigSi ganvixiloT sabagiro 

morsaTrevi danadgarebi, romlebic xe-tyes gadaadgileben 

dakidul mdgomareobaSi. 

bagir-blokuri sistemis ZiriTadi Tvisebebis mixedviT 

sabagiro morsaTrevi danadgarebi iyofa sam jgufad: 

 erTbagiriani msubuqi sakidi danadgarebi; 

 sabagiro-kiduli danadgarebi erTi mzidi da erTi sawevi 

bagiriT; 

 sabagiro-kiduli danadgarebi ori mzidi bagiriT. 

amZravis muSaobis reJimis mixedviT sabagiro-morsaTrevi 

danadgarebi iyofa or qvejgufad: 

 danadgarebi amZravis muSaobis Zalovani reJimiT; 

 danadgarebi amZravis muSaobis samuxruWe reJimiT. 

erTi mzidi da erTi sawevi bagiris mqone danadgarebs 

miekuTvneba `vissenis~ tipis danadgari da smd-3. 

ori mzidi bagiris danadgarebidan yvelaze metad 

gavrcelebulia gravitaciuli qanqarisebri tipis tyesaSvebebi 

moZravi Semadgenlobis reversiuli ukuqceviT-winsvliTi moZraobiT. 

es danadgarebi gadaadgileben xe-tyes dakidebul mdgomareobaSi   

simZimis Zalis gavleniT amZravis samuxruWo reJimSi. ferdobis 

daxra unda aRematebodes 20-s. xe-tye eSveba zeda dasatvirT 

baqnidan qveda gansatvirT baqnamde. CamoSvebis optimaluri 

manZilia 1000 m. zeda dasatvirT baqnamde xe-tye miewodeba 

traqtorebiT da cocxali gamwevi Zalis meSveobiT. 

sabagiro-morsaTrevi danadgarebi gamoirCeva maRali 

mwarmoeblobiT. xuT kacian momsaxure personals SeuZlia 
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CamouSvas cvlaSi 80m3 xe-tye. danadgaris principuli sqema 

mocemulia nax. 13-ze. gravitaciuli sabagiro morsaSvebi 

danadgarebis ZiriTad upiratesobas warmoadgens konstruqciis 

simartive, amZravis uqonloba da maRali mwarmoebloba; ZiriTad 

naklad miCneulia moZrav Semadgenlobaze morebis xeliT 

datvirTva. 

 
        nax. 13. gravitaciuli sabagiro danadgaris sqema: 
 1 – samuxruWo jalambari; 2 – urika; 3 – kronSteini; 
 4 – buferi; 5 – polispasti; 6 – mzidi bagiri; 
 7 – sawevi bagiri; 8 – quro; 9 – kontrtvirTi 
 

smd-3 danadgarisaTvis trasis maqsimaluri daxra tolia 

40-isa, minimaluri _ 15. 15-ze naklebi daxris SemTxvevaSi urikas 

ar SeuZlia sayrden bunikze gadasvla qveda baqnisaken 

dasagoreblad. smd-3-is teqnikuri maxasiaTeblebi ixile cxr. 2-Si. 

cxrili 2 

smd-3-is teqnikuri maxasiaTeblebi 

tvirTamweoba ................................................................................................................ 3000 kg; 
CamoSvebis manZili ................................................................................................. 1000 m; 
gverdidan morTrevis manZili ................................................................... 20 m; 
trasis gadaRunvis kuTxe horizontalur sibrtyeSi ....... 5-7; 
trasis gadaRunvis kuTxe vertikalur sibrtyeSi ............... 10-12; 
danadgaris amZravia ordoliani jalambari .............................. 2Л-70; 
Zrava ..................................................................................................................................... ГАЗ-51. 

 

 
1.4.3. sabagiro kiduli danadgari gamartivebuli  

urikiT da msdeqiT 
 

mTian pirobebSi 20-ze meti daxrilobis ferdobebze xe-

tyis gverdidan morTreva ganivi mimarTulebiT SezRuduli da 
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garTulebulia, ris gamoc saWiro gaxda ganivgadasatani sabagiro 

morsaTrevi danadgaris Seqmna (nax. 14). 

 
nax. 14. sabagiro kiduli danadgaris sqema ganivgadasatani 

            mzidi bagiriT: 1 – ordoliani jalambari; 2 – ZiriTadi 
            urika; 3 – ZiriTadi mzidi bagiri; 4 – sawevi bagiri; 
     5 – damxmare mzidi bagiri; 6 – damxmare urika;  

      7 – ukusvlis bagiri; 8 – polispasti; 9 – xelis  
      jalambari; 10, 11 – TviTxsnadi blokebi 

 

ganivgadasatani sabagiro morsaTrevi mowyobilobis 

kompleqtSi Sedis: 

 ganivi bagiris urika; 

 damWeri buniki; 

 TviTxsnadi bloki (WoWonaqi); 

 xelis jalambari polispastiT; 

22 mm diametris 150 m sigrZis ganivgadasatani bagiri. 

ganivgadasatani sabagiro morsaTrevi danadgaris (nax. 14, 15) 

mowyobilobis konstruqcia damuSavebulia imis gaTvaliswinebiT, 

rom maTi damzadeba da Semdgom ki marTva maqsimalurad advili 

iyos. aseTi danadgaris konstruqciis damuSavebis dros saWiro 

gaxda misi dakompleqteba arsebuli danadgarebis detalebiT da 

kvanZebiT. danadgaris sqema gamartivebuli urikiT da msdeqiT 

(nax. 16) Sedgeba sami ZiriTadi kvanZisagan: savali nawili 1, 

saxsrovani sakidi 2 da satvirTo kakvi 3, an mcuravi bloki 4.  

urikis savali nawili da saxsrovani sakidis Stanga 

iseTivea, rogoric seriuli danadgarebisa, im gansxvavebiT, rom 
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sakidis qveda nawilSi gorgolaWiani garsakris magivrad 

miduRebulia jvaredi 5, gorgolaWebiT 6 da 7, satvirTo CangliT 

8 da buferiT 9. Cangali ebjineba uZrav bufers zambaris 

meSveobiT. danadgaris kompleqtSi Sedis msdeqi 10, romelic 

gadis sabjen bunikebSi da magrdeba mzid bagirze trasis 

nebismier wertilSi. msdeqis korpusi 10 savali gorgolaWebiT da 

ormxriani kakviT, eqscentriuli zambariani fiqsatoriT 12, 

urikis gamSvebi 13 da damWeri 14 bagirebiTaa aRWurvili. 

 

nax. 15. martivi konstruqciis sabagiro-kiduli  
morsaTrevi danadgari 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

nax. 16. sabagiro kiduli morsaTrevi danadgaris sqema 
gamartivebuli urikiT da msdeqiT 
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danadgaris muSaobis principi mdebareobs SemdegSi: uqmi 

svliT  urika  moZraobs  qvevidan  zeviT.  jalambris  satvirTo 

dolidan sawevi bagiri gadis gorgolaWSi 6 da magrdeba kakvze 3. 

jalambris saSualebiT kakvi moZraobs urikisaken da rodesac 

qvevidan TefSisebri SemzRudveliT miebjineba satvirTo Cangals, 

urikidan iwyebs moZraobas zeda baqnisaken. 

msdeqTan miaxloebisas ormxrivi kakvi 11 fiqsirdeba mis 

TiTa RerZze, romelic gamoSverilia urikis wina savali 

gorgolaWidan. urika miebjineba msdeqs da seqtoruli 

eqscentrikuli fiqsatoriT 12 CaeWideba mzid bagirze. fiqsatori 

exeba mzid bagirs daWimuli zambariT.  

urikis fiqcirebis Semdeg moeSveba sawev-satvirTo bagirebi, 

kakvi eSveba miwaze da mimbmeli gaitans mas sortimentTan 

Casabmelad. kakvis saCokero tvirTdamWeri fiqsirdeba moris 

torsebze; tvirTs asweven urikisaken winaswar moxsnili 

TefSisebri SemzRudveliT 15; kakvis Tavi gaswevs satvirTo 

Cangals gverdze, kakvi Sedis CangalSi da tvirTi fiqsirdeba 

urikaSi. amis Semdeg mimbmeli bagiriT 13 aTavisuflebs ormxriv 

kakvs damWerisagan da urika tvirTiT moZraobs. qveviT 

gravitaciulad samuxruWe reJimSi. rodesac tvirTi miebjineba 

miwas, Camxsneli aTavisuflebs sortimentis torsebidan saCokero 

tvirTdamWers, amoiRebs kakvs satvirTo Canglidan, Camoacmevs 

kakvs TefSisebr SemzRudvels da cikli meordeba. Tu saWiroa 

msdeqi davwioT qveviT, axal poziciaSi, vaTavisuflebT damWer 

bagirs da urika msdeqTan erTad gravitaciuli moZraobs qveviT. 

seqtoruli fiqsatori 12 gadis bunikze da saWiro wertilSi 

urika muxruWdeba sawev-satvirTo bagiriT. msdeqi damWeri bagiris 

saSualebiT magrdeba jirkze da cikli meordeba axali 

poziciidan. 

sabagiro kiduli danadgaris warmodgenili varianti 

SeiZleba gamoyenebuli iyos TviTmoTrevisaTvis, gadasatani ganivi 

mzidi bagiris saSualebiT. 
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daskvna literaturis mimoxilvaze 

 

gaanalizebulia saerTo Sexedulebebi xe-tyis damzadebis 

procesebze da tyekafiTi samuSaoebis warmoebaze; mocemulia 

tyekafiT samuSaoebze gamoyenebuli sabagiro morsaTrevi 

danadgarebis, meqanizmebis sqemebis da konstruqciebis aRwera, 

maTi muSaobis damaxasiaTebeli Tvisebebi da Teoriuli 

gaangariSebis safuZvlebi. 

ganxilulia sabagiro sistemebis Teoriuli sqemebi da maTi 

elementebi. Catarebulia sabagiro sistemebis angariSi.  

literaturis mimoxilvaSi ganxiluli, xe-tyis SidatyekafiTi 

samuSao procesebis kompleqsuri meqanizaciis, teqnologiuri 

sqemebis da maT gansaxorcieleblad gamoyenebuli sabagiro 

morsaTrevi danadgarebis analizi ver akmayofilebs moqmed 

sawarmoo pirobebs. 

aRniSnulidan gamomdinare, saWiroa Seiqmnas axali 

teqnologiuri sqemebi da Teoriuli kvlevebis safuZvelze, 

damuSavdes meTodebi da meTodikebi sabagiro morsaTrevi 

danadgarebis mzidi da sawevi bagirebis, agreTve sxva 

konstruqciuli elementebis axal doneze gaangariSebis 

Casatareblad. Sedegad, ganivgadasatani sabagiro morsaTrevi 

danadgarebis da maTi mowyobilobebis saxiT gveqneba, Tanamedrove, 

martivi, ekologiurad usafrTxo da ekonomikurad gamarTlebuli 

axali teqnikis Seqmnis saSualeba. 
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2. შედეგები და მათი განსჯა 
 

2.1. tyekafiTi samuSao procesebis axali teqnologiuri 
sqemebi da ganivgadasatani sabagiro morsaTrevi 

danadgarebi 
 

saqarTvelos mTagorian pirobebSi tyekafiTi samuSaoebis 

Catareba rTul da sakmaod Sromatevad procesebTan aris 

dakavSirebuli. xe-tyis damzadebis operaciebis Sesasruleblad 

damuSavebulia axali teqnologiuri sqemebi, romlebSic 

gamoyenebulia stu-is merqnuli masalebis damzadeba-damuSavebis 

kaTedraze Seqmnili ganivgadasatani calmxrivi da ormxrivi 

sabagiro morsaTrevi danadgarebi, romelTa saerTo ganmasxvavebel 

niSans warmoadgens is, rom yvela gadasatania, inventarulia da 

maTi eqsploataciis vada erT gansazRvrul ubanze umniSvneloa 

[12, 13]. 

warmodgenilia sami axlad damuSavebuli teqnologiuri 

sqema: # 5, #4a da # 7 (nax. 17). 

teqnologiuri sqema # 5 (nax. 17) iTvaliswinebs xe-tyis 

TviTmoTrevas ganivi gadasatani mzidi bagiriT da mis CamoSvebas 

sabagiro danadgariT. tyekafis siRrmea 1000 m, daxriloba 20-ze 

meti. igi erTvis avtotyesazid gzas da sabagiro danadgari kveTs 

mas mTel siRrmeze. CamoSvebuli xe-tye gamodis avtogzaze. 

gadasatani ganivi mzidi bagiri montaJdeba ganivi 

mimarTulebiT ZiriTadi mzidi bagiris qveS, im varaudiT, rom 

damxmare urikam tvirTianad imoZraos aRmarTisaken. waqceuli 

xeebi adgilze imoreba sortimentebad. 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. sortimenti, satvirTo 

kakvTan Cabmis Semdeg, damxmare urikaze naxevrad dakidul 

mdgomareobaSi  gadaadgildeba  satvirTo  bagiris   saSualebiT  
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teqnologiuri sqema # 5              teqnologiuri sqema # 4a 

 
teqnologiuri sqema # 7 

nax. 17. tyekafiTi samuSao procesebis kompleqsuri 
     meqanizaciis axali teqnologiuri sqemebi: 

# 5, # 4a da # 7 
 

sabagiro trasisaken. ZiriTadi mzidi bagiris qveS satvirTo kakvi 

Tavisufldeba damxmare urikisagan da sortimentTan erTad 

aizideba ZiriTadi urikisaken, fiqsirdeba masSi da satvirTo 

bagiriT samuxruWe reJimSi gadaadgildeba qveviT avtotyesazid 

gzasTan ganlagebul zeda sawyobTan. aq tvirTi exsneba kakvs da 

ZiriTadi urika sawevi bagiriT brundeba ukan tyekafisaken. 

Semdgom cikli meordeba. 

teqnologiuri sqema # 4ªa (nax. 17). am SemTxvevaSi faqtiurad  
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gvaqvs ori erTmaneTze mibmuli gansxvavebuli daxrilobis 

tyekafi. pirveli anu qveda tyekafi dakavSirebuli avtotyesazid 

gzasTan aris 35-ze meti daxrilobis da misi aTviseba xdeba 

ganivgadasatani ormxrivi sabagiro morsaTrevi danadgariT. 

meore anu zeda tyekafi, rogorc pirvelis gagrZeleba 20-ze  

naklebi daxrilobisaa da misi aTviseba warmoebs morsaTrevi 

TviTmtvirTavi agregatiT baqnamde-Semdgom sabagiro danadgariT 

morebis CamoSvebiT zeda sawyobze. 

TiToeuli tyekafi siRrmeSi cal-calke 1000 m sigrZisaa da 

aTvisebis gansxvavebul xedvas saWiroebs. 

teqnologiuri sqema # 7 (nax. 17). es sqema gamoiyeneba im 

SemTxvevaSi, roca tyekafis ferdobis daxriloba icvleba 20-dan 

35-mde da iTvaliswinebs xe-tyis moTrevas ganivgadasatani mzidi 

bagirebiT trasis orive mxridan da mis CamoSvebas sabagiro 

danadgariT. tyekafis siRrmea 1000 m, erTvis avtotyesazid gzas 

da sabagiro danadgari kveTs mas mTel siRrmeze. CamoSvebuli xe-

tye gamodis avtogzaze ganlagebul zeda sawyobze. 

 

2.2. sabagiro kiduli danadgari gegmaSi  
trasis moxveviT 

 

am tipis sabagiro danadgaris Seqmnis aucilebloba 

gamowveulia imiT, rom yovelwliurad tyekafebi miiweven maRla 

mTebSi, romelTa reliefi ufro damreci da gadaserilia. amitom 

sabagiro danadgarebis montaJi sworxazovani trasiT Sesacvlelia 

texiliT, romelic Caewereba rTul reliefSi [9, 12, 13]. 

danadgari, romelic uzrunvelyofs trasis gadatexas gegmaSi 

45-iT, Seqmnilia da mis SemadgenlobaSi Sedis universaluri 

resoruli tipis buniki da 3,2t tvirTamweobis urika saxsrovani 

savali nawiliT. danadgari martivi konstruqciisa da saimedoa 

eqspluataciaSi. 

mosaxvevi buniki (nax. 18) CarCoiani konstruqciisaa 1, 

romelic Camokidebulia drekadi weviT da aRWurvilia sayrdeni 
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kronSteiniT 2, TviTmRunavi resoruli tipis dgariT 3, mzidi 

bagiris dasakaveblad da mdovred mosaRunad. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 18. gegmaSi trasis mosaxvevi danadgaris buniki 

 

mosaxvevi bunikis korpusSi, urikis mosaxvevebSi gavlis 

dros sawevi bagiris dasakaveblad da mosaqcevad mzidi bagiris 

sibrtyeSi, CamontaJebulia mowyobiloba 4. 

am danadgaris urika (nax. 19) Tavisi konstruqciuli 

TaviseburebebiT principulad gansxvavdeba arsebuli Cveulebrivi 

urikebisagan. is Sedgeba savali urikebisagan 1 da saSualo 3 da 

qvemo 4 sakidebisagan, kakviani mcuravi blokiT. axali 

konstruqciis urika uzrunvelyofs mis moZraobas trasis mrud 

monakveTebSi.  

trasis mrud monakveTebSi saWiroa jalambris dolis 

SemuxruWeba im varaudiT, rom urikis bunikze gadasvlisas 

Sesruldes misi rbilad moxveva. am dros misi savali nawili 

gadaadgildeba TviTmosabrunebeli sabjenis qimze. urikis 
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Semdgomi gadaadgilebisas qveviT, sawevi bagiri miyveba mas da 

xvdeba mimmarTvel TiTs, ris Sedegadac jdeba damrec gorgolaWis 

RarSi da fiqsirdeba masSi bolomde. amis Sedegad sawevi bagiri 

ar gamodis mzidi bagiris vertikaluri sibrtyidan. 

 

nax. 19. gegmaSi trasis mosaxvevi danadgaris urika 
 

urikis qvevidan zeviT gadaadgilebisas, e.i. uqmi svlisas, 

romelic xorcieldeba sawevi bagiriT sruldeba muSa svlis 

yvela operacia. urika Seuferxeblad gadadis mosaxvev bunikze 

da rbilad ewereba trasis gadatexis kuTxeSi. 

sabagiro kiduli danadgaris trasis gegmaSi moxvevis 

mowyobilobis ZiriTadi kvanZebia: resoruli tipis mosaxvevi 

buniki, satvirTi urika universaluri savali nawiliT da 

bunikebze gamavali msdeqi. sabagiro danadgari konstruqciulad 

martivia da SeiZleba damzaddes nebismier meqanikur saamqroSi. 

ganxiluli morsaTrevi sabagiro kiduli danadgarebis 

teqnologiur TaviseburebaTa Sefaseba gvaZlevs SesaZleblobas 

CamovayaliboT Semdegi ZiriTadi sakiTxebi: 

 samTi pirobebSi xe-tyis pirveladi transportirebis sakiTxis 

gadawyvetiT yvelaze perspeqtiul da teqnologiurad 

Tanamedrove meqanizaciis saSualebad migvaCnia morsaTrevi 

sabagiro kiduli danadgarebi; 
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 am danadgaris ganmasxvavebeli maxasiaTebelia konstruqciis 

simartive, mobiluroba da erT gansazRvrul adgilze 

eqspluataciis mokle vada; 

 morsaTrevi sabagiro kiduli danadgarebis saerTo naklad 

iTvleba is, rom arc erTi maTgani cal-calke ar asrulebs 

morsaTrevi samuSaoebis mTlian kompleqss. maT SeuZliaT 

mxolod trasasTan miwodebuli xe-tyis transportireba; 

 ama Tu im tyekafisaTvis SerCeuli danadgaris efeqturoba 

damokidebulia pirvel rigSi bunebriv da sawarmoo faqtorebze 

da amave dros mis teqnikur-ekonomikur maCveneblebze, e.i. 

ufro efeqturad CaiTvleba is sabagiro danadgari, 

romlisTvisac samSeneblo da saeqspluatacio xarjebis jami 

minimaluri iqneba; 

 morsaTrev sabagiro kidul danadgarebSi Sromis meqanizaciis 

done umniSvneloa, vinaidan didia xeliT Sromis wili, 

romelic ganisazRvreba kakvis gverdze xeliT gataniT, misi 

CabmiT sortimentze (daCokereba), tvirTis ganTavisuflebiT da 

a.S., rac aucilebelia tvirTis formirebis dros. 

 smd-3-is muSaobisas meqanizaciis done Seadgens 12%-dan 40%-mde,  

saSualod 26% da kabelamwisaTvis – 37%-dan 74%-mde, 

saSualod 55%. rac TiTqmis orjer metia, vidre smd-3-isaTvis. 

es aixsneba imiT, rom kabelamwe TviTmtvirTavia da awyobs 

gadatanil xe-tyes Stabelebad. 

aseTia daskvnebi, romlebic miRebulia morsaTrevi sabagiro 

kiduli danadgarebis teqnologiuri maxasiaTeblebis analizis 

Sedegad, romlebze dayrdnobiTac SeiZleba sakmarisi sizustiT 

SeirCes sabagiro danadgari garkveuli sawarmoo pirobebisaTvis 

arCeul teqnologiur procesSi CasarTavad. 
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2.3. mokledistanciuri TviTmavali mobiluri 
sabagiro kiduli danadgari 

 

es danadgari muSaobs erTmalian mokledistanciuri mobiluri 

sabagiro danadgarebis reJimSi [12]. 

danadgari gaTvaliswinebulia xe-tyis dasaSvebad an 

amosatanad 300-400 m manZilze da igi aseve SeiZleba gamoviyenoT 

cicabo kldovani ferdobebis gasatyeveblad. danadgaris sabazo 

meqanizmia morsaTrevi TviTmtvirTavi agregati, romelzedac 

damontaJebulia jalambari. am jalambris dolze daxveulia 

saWiro tvirTamweobis 8-12,5 mm diametris sawev-satvirTo bagiri. 

mTa agreTve aRWurvilia doliT, romelzedac exveva 15-dan 18 mm-

mde diametris mzidi bagiri. 

aseTi danadgari muSaobs Semdegnairad (nax. 20): 

 

       nax. 20. mokledistanciuri TviTmavali mobiluri  
sabagiro danadgari:  

           1 – sabazo agregati mTa; 2 – traqtoris jalambari;  
           3 – damatebiTi jalambari; 4 – dasakeci sayrdeni anZa;  
           5 – satvirTo urika; 6 – mzidi bagiri; 7 – satvirTo  
           bagiri; 8 – qveda ankeri 

 

sawev-satvirTo bagiris 7 meSveobiT mzid bagirze 6, 

romelic magrdeba qveviT ankerze 8, gadaadgildeba tvirTiani 

urika 5. Semdeg is muxruWdeba doliT 3 da mzidi bagiri 

traqtoris 1 jalambris 2 da anZis 4 blokze gavliT dauSvebs 

tvirTs saWiro adgilze. carieli urika isev aiweva mzidi 

bagiris saSualebiT da sawev-satvirTo bagiriT gadaadgildeba 

datvirTvis adgilze. amis Semdeg cikli meordeba. 
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Tu urikaze davkidebT greifers, igive operaciebis 

saSualebiT kldovan ferdobze amoRebuli ormoebisaTvis 

SeiZleba mivawodoT miwa da nergebi. 

mobiluri sabagiro kiduli danadgaris demontaJi, 

gadaadgileba Semdeg poziciaSi da montaJi grZeldeba araumetes 

erTi saaTisa, danadgaris mwarmoebloba cvlaSi 50 m3-ia. 

 

2.4. ganivgadasatani ormxrivi sabagiro 
morsaTrevi danadgarebi 

 

damuSavebulia sabagiro morsaTrevi danadgarebis sqemebi 

ganivgadasatani ormxrivi mzidi bagirebiT: erTi sawevi da erTi 

ukusvlis; ori sawevi da erTi ukusvlis da ori sawevi da ori 

ukusvlis bagiriT. axali sabagiro morsaTrevi danadgaris (nax. 21) 

teqnikuri Sedegia ori Serwymuli fazisagan Semdgari morTreva, 

romliTac gaTvaliswinebulia morebis Tanmimdevrulad, 

erTdroulad ormxrivi uwyveti ganivi moTreva da maTi grZivi 

daSveba, agreTve ordoliani jalambris ukusvlis bagiris 

gamoyeneba, mowyobilobis mwarmoeblobis gazrda [40, 67]. 

teqnikuri Sedegi miiRweva 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, 

romelzedac 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 msdeqiT, urikebis 

daniSnulebis adgilze dasafiqsireblad, xolo orive damxmare 

urika aRWurvilia sakidi kakvebis damWeriT ukusvlisa da sawevi 

bagirebis datvirTul mdgomareobaSi dasafiqsireblad. 

sahaero morsaTrevi mowyobiloba (nax. 21) Sedgeba ordoliani 
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nax. 21. ganivgadasatani ormxrivi sabagiro morsaTrevi 
      danadgaris sqema erTi sawevi da erTi ukusvlis 

bagiriT 
 

jalambrisagan 1 dolebiT 2,3; zezemdgom xeebze damagrebuli 

mTavari mzidi bagirisagan 4, masze moZravi avtomatur-muxruWiani 

urikiT 5, romelSic gatarebulia ordoliani jalambris sawevi 

bagiri 6; es ukanaskneli Cadebulia miwis zedapirTan axlos 

damagrebul TviTxsnad blokSi 7 da pirvel damxmare urikaSi 8, 

romelsac gaaCnia gasaxsneli bloki 9 kakvis damWeriT; sawevi 

bagiri 6 bolovdeba kakviT 10, romelzedac Camokidebulia 

sortimenti 11; jalambris 1 dolidan 3 gamomavali ordoliani 

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 dakidebulia 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 damagrebul 

blokSi 20; mTavar da ganivad gadasatan mzid bagirebs 4, 17, 18 
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gaaCnia dasaWimi polispastebi 21; amasTan meore ganivad 

gadasatan mzid bagirze 18 damagrebulia gadasatani msdeqi 22. 

sahaero morsaTrevi sabagiro mowyobiloba (nax. 21) muSaobs 

Semdegnairad: sabagiro danadgarisaTvis gakafuli trasis zeda 

da qveda baqanze SerCeul xeebze, mTavari mzidi bagiris 4 

daWimvis Semdeg sabagiro danadgaris qvemoT zezemdgom xeebze, 

trasis marcxniv da marjvniv xdeba ganivad gadasatani mzidi 

bagirebis 17, 18 daWimva, masze Camokideben damxmare urikebs 8, 14, 

romlebic erTmaneTTan dakavSirebulia damxmare bagiriT 19.  

am dros, urikebi imyofebian mTavari sabagiro danadgaris 

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 tyekafisaken, 

vinaidan urikebi 8, 14 erTmaneTTanaa dakavSirebuli, isini 

Tanabrad iwyeben moZraobas tyekafisaken, urikebis 8, 14 saTanado 

adgilze dafiqsireba xorcieldeba msdeqis 22 saSualebiT, urika 

14 daejaxeba msdeqs 22 da Camketi meqanizmiT fiqsirdeba adgilze.  

Semdgom mejalambre orive bagirs 6, 12 kakviani boloebiT 

10, 15 dauSvebs dabla. Cambmelebi Cokerebis saSualebiT 

sortimentebs 11, 16 Caabamen kakvebze 10, 15, mejalambre aswevs 

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, mejalambre 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 dauSveben dabla. 
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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 reJimSi. anTavisuflebs mTavar urikas 5 muxruWisagan 

da urika iwyebs moZraobas mTavar mzid bagirze 4 qveda 

baqnisaken. sortimentis Camoxsnis Semdeg cikli meordeba. 

nax. 22-ze mocemuli sabagiro danadgaris teqnikuri Sedegia 

mwarmoeblobis gazrda da eqspluataciis xarisxis amaRleba, 

rac miiRweva xe-tyis ormxrivi sabagiro morsaTrevi danadgariT, 

romelic Seicavs mTavar mzid bagirs, masze moZravi ZiriTadi 

satvirTo urikiT, ormxriv ganivad gadasatan mzid bagirebs, 

maTze moZravi damxmare satvirTo urikebiT, romlebic erTmaneTTan 

dakavSirebulia damxmare bagiriT, da erT-erT damxmare urikaSi 

gatarebuli dasatvirTad gamoyenebuli ordoliani jalambris 

ukusvlis bagiri, amasTan ordoliani jalambari aRWurvilia 

ori sawevi bagiriT, romlebic gatarebulia ZiriTadi satvirTo 

urikis orRarian blokSi da damxmare urikebis TviTxsnad  

blokebSi cal-calke. jalambris sawevi bagirebis doli 

Sesrulebulia ori seqciisagan, TiToeulze cal-calke daxveuli 

ori sawevi bagiriT.  

xe-tyis ormxrivi sabagiro morsaTrevi danadgari (nax. 32) 

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 bagirebi 4 da 5. es ukanasknelebi Cadebulia 

miwis zedapirTan axlos damagrebul TviTxsnad blokebSi 9, 10 
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da ZiriTadi urikis 7 orive mxares ganlagebul damxmare 

urikebSi 11 da 12, romlebsac aqvs TviTxnadi blokebi 13 da 14  

kakvis damWerebiT. sawevi bagirebi 4 da 5 bolovdeba kakvebiT 15 

da 16, romlebzedac Camokidebulia sortimentebi 17, 18. 

jalambris 1 ukusvlis dolidan 19 gamomavali ukusvlis bagiri 

20 mimarTulebis Sesacvlelad gatarebulia blokSi 21 da erT-

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

kakvis damWerebiT. damxmare urikebi 11, 12 dakidebulia mTavari 

mzidi bagiris 6 qveS gamaval ganivad gadasatan mzid bagirebze 

22, 23. damxmare urikebi 11, 12 erTmaneTTan dakavSirebulia 

damxmare bagiriT 24, romelic mobrunebis mizniT gatarebulia 

Zirs damagrebul blokSi 25. mTavar 6 da ganivad gadasatan mzid 

bagirebs 22 da 23 aqvs dasaWimi polispastebi 26, 27 da 28. 

amasTan, meore ganivad gadasatan mzid bagirze 23 damagrebulia 

gadasatani msdeqi 29. 

 
nax. 22. ganivgadasatani ormxrivi sabagiro morsaTrevi 
        danadgaris sqema ori sawevi da erTi ukusvlis 

bagiriT 
 

xe-tyis ormxrivi sabagiro morsaTrevi danadgari (nax. 22) 

muSaobs Semdegnairad: sabagiro danadgarisaTvis gakafuli 

trasis zeda da qveda baqnebze SerCeul xeebze mTavari mzidi 
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bagiris 6 daWimvis Semdeg, sabagiro danadgaris mzidi bagiris 

qveS, zezemdgom xeebze, trasis marjvniv da marcxniv xdeba 

ganivad gadasatani mzidi bagirebis 22, 23 daWimva, ris Semdegac 

masze Camokideben damxmare urikebs 11 da 12, romlebic 

erTmaneTTan dakavSirebulia 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 tyekafisaken. 

vinaidan urikebi 11, 12 erTmaneTTanaa dakavSirebuli damxmare 

bagiriT, meore urikac 11 iwyebs Tanabar moZraobas tyekafisaken. 

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.  

Semdgom mejalambre orive sawev bagirs 4, 5 Tavisi kakviani 

boloebiT dauSvebs dabla. Cambmelebi Cokerebis saSualebiT 

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

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

12 dafiqsirdeba kakvebis sakidebSi. amis Semdeg Cambmelebi 

gaxsnian msdeqis 29 Camket meqanizms da urikebi 11, 12 

Tavisufldeba. mejalambres jalambris ukusvlis doli 19 

gadahyavs Tavisufal svlaze, rTavs dols 2 da iwyebs sawevi 

bagirebis 4, 5 daxvevas, ris Semdegac 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 dauSvebs dabla, 

Semdeg berketis dartymiT xsnian urikebis 11, 12 TviTxsnad 

blokebs 13, 14 da bagirebi gadmovardeba urikebidan 11, 12. 

mejalambre agrZelebs dolis 2 seqciebze 3 bagirebis 4, 5 

daxvevas, ris Sedegadac kakviani boloebi 15, 16 daejaxeba 
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Sesabamisad TiToeuli damatebiTi urikisaTvis 11, 12 miwis 

zedapirTan axlos damagrebul TviTxsnad blokebs 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 reJimSi. aTavisuflebs mTavar urikas 7 muxruWisagan 

da urika iwyebs moZraobas mTavar mzid bagirze 6 qveda 

baqnisaken (zeda sawyobi). sortimentebis Camoxsnis Semdeg cikli 

meordeba. 

nax. 23-ze mocemuli sabagiro morsaTrevi danadgaris 

teqnikuri Sedegia mwarmoeblobis gazrda da danadgaris 

eqspluataciis xarisxis amaRleba, rac miiRweva xe-tyis ormxrivi 

sabagiro morsaTrevi danadgariT, romelic 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. 

xe-tyis ormxrivi sahaero sabagiro morsaTrevi danadgari  

Seicavs oTxdolian jalambars 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 ukusvlis 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 
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nax. 23. ganivgadasatani ormxrivi sabagiro morsaTrevi 
      danadgaris sqema ori sawevi da ori ukusvlis 

bagiriT 

 

gorgolaWisagan 14, 15 Semdgar satvirTo blokSi 16 gatarebulia 

sawevi bagirebi 2 da 3, romlebic Semdgom Cadebulia miwis 

zedapirTan axlos damagrebul TviTxsnad blokebSi 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, romlebzedac dakidebulia sortimentebi 25, 

26; jalambris 1 ukusvlis dolis 7 seqciebidan 10 da 11 

gamomavali ukusvlis bagirebi 5 da 6, saWiro raodenobis 

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 ganivad 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:  
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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 

sabagiro trasidan tyekafis orive mxares, erTdroulad. imisda 

mixedviT Tu sabagiro trasis romel mxares ra manZilze aris 

urika gasaCerebeli tyekafSi, mejalambre Sesabamisi signalis 

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

xdeba meore urikis tyekafis 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 gadahyavs 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 sabagiro trasisaken, rodesac orive damxmare urika 

aRmoCndeba ZiriTadi sabagiro danadgaris trasis qveS, berketis 

dartymiT xsnian damxmare urikebis 19, 20 TviTxsnad blokebs 21, 

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

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

3 daxvevas, ris Sedegadac bagirebis kakviani boloebi 23, 24 

daejaxeba, Sesabamisad, TiToeuli damxmare urikisaTvis 19, 20 

miwis zedapirTan axlos damagrebul TviTxsnad blokebs 17, 18 

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

daCokerebul sortimentebs 25, 26 maRla da orive damatebiTi 
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urikis mier motanili tvirTi dafiqsirdeba danadgaris mTavar 

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

gadahyavs samuxruWe reJimSi, aTavisuflebs mTavar urikas 13 

muxruWisagan da urika iwyebs moZraobas mTavar mzid bagirze 12 

qveda baqnisaken (zeda sawyobi). sortimentis Camoxsnis Semdeg 

cikli meordeba. 

 

2.5. ganivgadasatani sabagiro morsaTrevi  
  danadgaris mzidi bagiris angariSi 

 

ganivgadasatani sabagiro morsaTrevi danadgaris mzidi 

bagirebis (ZiriTadi trasis da ganivgadasatani) gaangariSebis 

aucilebloba dakavSirebulia maTi muSaobis arastandartuli 

eqspluataciis pirobebTan, radganac, rogorc ZiriTadi  trasis 

mzidi bagiri, agreTve ganivgadasatani mzidi bagirebi ganicdian 

cvalebad da mzardi saxis datvirTvebs. aRniSnuli gamowveulia 

imiT, rom trasis gverdebidan Soltebis morTrevis dros, mzid 

bagirze dayenebuli urikis blokSi gatarebuli sawevi 

bagirisaTvis sayrdens warmoadgens ZiriTadi trasis mzidi 

bagiri, miTumetes, rom gverdebidan ganivgadasatan mzid 

bagirebze dayenebuli urikebiT morTreva xorcieldeba naxevrad 

datvirTul mdgomareobaSi – rig SemTxvevaSi ki mTlianad miwis 

zedapirze, rac dakavSirebulia wevis Zalis mniSvnelovan 

cvalebadobasTan – zrdasTan, saidanac gamomdinare mzidi 

bagirebi, wevis Zalis zrdasTan erTad, ganicdian cvalebad da 

gazrdil datvirTvebs [12, 13, 30]. 

ganivgadasatani sakidi sabagiro morsaTrevi danadgarebi 

Tavisi daniSnulebiT warmoadgenen droebiT Semsubuqebul 

satransporto mowyobilobebs. maTi gamoyenebis ekonomikuri 

mizandasaxuloba miT metia, rac msubuqi da martivia maTi 

konstruqcia da naklebia maTi montaJis Sromatevadoba. amitom 

aseTi danadgarebis mzidi bagirebi xistad magrdebian boloebiT 

da Sualeduri sayrdenebis saxiT (mravalmaliani sabagiro 

danadgarebisaTvis) gamoiyeneba mzard xeebze dakiduli bagirebi. 
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tyis satransporto danadgarebis eqspluataciis gamocdilebam 

gvaCvena, rom mzidi bagirebi, rogorc wesi, muSaoben oris toli 

simtkicis maragiT. amasTan zogierT danadgarebze SeiniSneba 

bagiris cveTis didi, xolo zogierTze naklebi xarisxi. 

aRniSnulis garda, transportirebuli merqnis raodenoba mzidi 

bagiris Secvlamde meryeobs did zRvrebSi – 4,5-dan 20 aTas 

kubur metramde. Sesrulebuli samuSaos aseTi mniSvnelovani 

gansxvaveba adasturebs mzidi bagirebis teqnikurad dasabuTebuli 

rekomendaciebis upirobo dacvisa da agreTve maTi wunis 

maCveneblebis gamoricxvis aucileblobas. 

aseTi pirobebSi sakidi sabagiro morsaTrevi danadgarebis 

saimedoobis uzrunvelyofa SesaZlebelia mxolod bagirebis 

angariSis utyuari meTodis safuZvelze, sadac maRal xarisxSi 

iqneba asaxuli misi muSaobis iseTi specifikuri Taviseburebebi, 

rogoricaa Sualeduri anZebis wveroebis moZraoba, bagirebis 

ankeruli damagrebis damyoloba, mzidi bagiris damWeri xis 

anZebis moqnilobis zegavlena da sxva. 

Runvadi bagirebis angariSis dros fizikuri tanis drekadi 

deformaciebi ganixileba bagiris Cakidulobis formis 

geometriuli cvalebadobiT. 

 

2.5.1. ganivgadasatani sabagiro morsaTrevi danadgaris 
mzidi bagiris mTliani sigrZis gansazRvra 

datvirTul mdgomareobaSi 
 

Runvadi bagiris Tavsebadobis damatebiTi gantolebebis 

Sedgenis dros nuls utoldeba Runvadi bagiris sigrZis 

cvalebadoba. amasTan mxedvelobaSi miiReba is garemoeba, rom 

Runvadi bagiris sigrZis cvalebadobaze did gavlenas axdenen 

drekadi deformaciebi. ase magaliTad erTmaliani daqanebuli 

bagirebis angariSis dros drekadi deformaciebi iwvevs 35-40% 

cdomilebas, xolo mravalmalianSi es sidide kidev ufro izrdeba.  

sabagiro morsaTrevi danadgarebis gaangariSeba iwyeba imiT, 

rom trasis grZivi profilis monacemebis gaTvaliswinebiT 
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dgindeba danadgaris ZiriTadi parametrebi. sabagiro morsaTrev 

danadgarebSi liandad gamoiyeneba Runvadi dawnuli foladis 

mzidi bagirebi. mzidi bagiris gaangariSebis Sedegebi agreTve 

damokidebulia iseT faqtorebze, rogorebicaa: malis sigrZe, 

bagiris Cakidulobis isari, trasis daxriloba, Cawertebuli 

tvirTis wina da a.S. [12, 13, 30, 39]. 

mzidi bagiris Cakidulobis da daWimulobis gaangariSebis 

dros SeiZleba gamoyenebuli iqnes Wajvuri xazis (nax. 7) rTuli 

da zusti da agreTve ufro miaxloebiTi parabolas (nax. 24) 

meTodi. 

nax. 24. mzidi bagiris parabolas meTodiT  
gaangariSebis sqema 

 

arsebobs Runvadi bagirebis angariSis sami varianti: 

_ statikuri 

cos8

2

f

ql
H  ,                           (65) 

romelic gansazRvravs bagirze moqmed Zalebs Soris 

damokidebulebas 

_ geometriuli 

l

l
L




3cos

3

8

cos
 ,                       (66) 

y 

x 

H 

B 

xtg 

Vt Tt 

TA 

H 

VA 

h  

 

fx y 

Tc 

C H 

O 

x l – x 

Q l
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romelic gansazRvravs bagiris sigrZis cvlas da misi 

Cakidulobis formas. da Cveni SemTxvevisaTvis, Cakidulobis 

mcire isrebiT, Runvadi mzidi bagiris saangariSod SerCeulia 

fizikuri mesame varianti, romelic adgens damokidebulebas 

Zalebsa da deformaciebs Soris, roca drekadi deformacia 

warmoebs bagiris mTel sigrZeze Tanabrad    

cos

)( 0

FE

lTT
L

K


 ,                          (67) 

sadac H _ mzidi bagiris daWimulobis horizontaluri mdgeneli; 

       f _ mzidi bagiris Cakidulobis isari; 

             L _ datvirTuli mzidi bagiris sigrZe; 

      q _ erTi grZivi metri bagiris wona; 

      L _ drekadi dagrZeleba; 

      l _ malis qordis sigrZis horizontaluri mdgeneli; 

      KE bagiris drekadobis moduli; 

      F _ bagiris metalis ganivkveTi; 

       _ malis qordis daxrilobis kuTxe horizontalTan; 

      0T mzidi bagiris samontaJo daWimuloba; 

      T _ datvirTuli mzidi bagiris daWimuloba. 

ganvixiloT sxvadasxva simaRleze ganlagebul sayrdenebze 

dakiduli erTmaliani drekadi bagiri damagrebuli boloebiT. 

aRvniSnoT bagiris sawyisi samontaJo daWimuloba T0-iT, sakuTari 

woniT gamowveuli Cakidulobis isari f0-iT, bagiris sigrZe 

datvirTvamde L0-iT. bagiris datvirTvis Semdeg misi daWimuloba 

da Cakiduloba gaizrdeba T-mde da f-mde, Sesabamisad gaizrdeba 

bagiris sigrZec L sididemde (nax. 2). T, f da L gansazRvris  

amocana statikurad ganusazRvrelia da amitom mis amosaxsnelad 

saWiroa SevadginoT damatebiTi gantoleba, dafuZnebuli bagiris 

deformaciaze, imis gaTvaliswinebiT, rom bagiris sigrZe L, gare 

Zalis miyenebis Semdeg toli iqneba misi pirvandeli sigrZis L0 

da drekadi dagrZelebis L jamisa 

LLL  0 ,                           (68) 
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saidanac 

LLL 0 .                          (69) 

(69) gamosaxulebaSi Semavali bagiris sigrZe L SeiZleba 

gamovsaxoT misi sawyisi sigrZis cos0 lL   da malis SuaSi 

maqsimaluri Cakidulobis fnax saSualebiT 




3
2

max cos
3

8

cos l

fl
L  .                      (70) 

rogorc zemoT iyo aRniSnuli T daWimuloba ar aris 

mudmivi da icvleba bagiris sigrZis mixedviT, sakuTari wonis 

zemoqmedebiT. 

ganxilvad sqemaSi bagiris daWimulobis minimalur 

mniSvnelobas adgili aqvs A sayrdenTan, xolo maqsimalurs _ B 

sayrdenTan (nax. 24). 

daWimulobis saSualo sidide miaxloebiT SeiZleba 

ganisazRvros, rogorc TA da TB daWimulobebis jamis naxevari anu 

2
BA TT

T


saS .                           (71) 

imis safuZvelze, rom malis SuaSi parabolas mxebi malis 

qordis paraleluria (nax. 2, a) SeiZleba Caiweros, rom 

cosTH  ,                           (72) 

xolo bagiris daWimulobis mniSvneloba am SemTxvevaSi, Caiwereba 

Semdegnairad 





  f
h

qTT A 2
,                        (73) 







  f

h
qTT B 2

,                        (74) 

sadac h – A da B sayrdenebs Soris simaRleSi sxvaoba. 

(73) da (74) gamosaxulebebis naxevarjamidan ganvsazRvroT T 

da miviRebT 

qf
TT

qf
h

qTqf
h

qTT BA
BA 




222
.             (75) 

(73) tolobis gaTvaliswinebiT gveqneba 

qfTT  saS .                            (76) 
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(74) gamosaxulebaSi (76) gamosaxulebis mniSvnelobis SetaniT 

miviRebT 

cos)( qfTH  saS .                         (77) 

qf namravli saST -Tan SedarebiT arsebiTad mcirea, amitom 

miaxlovebiTi – praqtikuli gaangariSebebis dros sakmaris 

sizusted SeiZleba CaiTvalos 

 coscos TTH  saS ,                      (78) 

maSin (66) gamosaxulebis safuZvelze SeiZleba CavweroT gantoleba 

bagiris sigrZis gansazRvrisaTvis misi datvirTvis Semdeg 


l

dxQ
T

l
L

0

2
122 cos2

1

cos 
.                  (79) 

Q1 sidide saerTo saxiT warmoadgens ganiv Zalas martivi 

koWis kveTSi or sayrdenze, datvirTuli iseve rogorc bagiri, 

Tanabradganawilebuli q1 datvirTviT da l malSi nebismierad 

ganawilebuli Q tvirTiT (nax. 2, b) Sedegad 
l

dxQ
0

2
1  integrali 

SeiZleba warmodgenili iqnas jamis saxiT 
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dx
l

Qa
xq

lq
dx

l

Qb
Qq

lq
dxQ

0
2

2

21
1

0
1

2

11
1

0

2
1 22

 

l

abQ
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1

3
1

12
 .                                    (80) 

maqsimaluri Cakiduloba, maqsimaluri daWimuloba da 

bagiris udidesi sigrZe, deformaciis Semdeg, SeiniSneba tvirTis 

Q malis SuaSi ganlagebis dros, roca  

2

l
ba  .                             (81) 

am SemTxvevaSi, Casmis Semdeg gveqneba 

cos1

q
q  ,                             (82) 

da integralis mniSvneloba iqneba 

,
4cos4cos12
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2
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2
1

lQqQllq
dxQ

l

 
                (83) 

maSin bagiris mTliani sigrZe tolia  
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.           (84) 

(69) gamosaxulebaSi Sesabamisi mniSvnelobebis L0, L da L 

Setanis da msgavsi wevrebis dayvaniT miviRebT tolobas 




cos

)(

cos2

1cos

3

8 0

0

2
122

32
0

FE

lTT
dxQ

Tl

f

k

l 
  ,          (85) 

romelSiac f0-is mniSvnelobis CasmiT da Sesabamisi gardaqmnebis 

Semdeg miiReba bagiris saerTo mdgomareobis kuburi gantoleba. 

 

2.5.2. sabagiro morsaTrevi danadgaris mzidi  
    bagiris saangariSo kuburi gantoleba 

 
saangariSo sqemis (nax. 25) aRniSvnebis mixedviT vpoulobT 

bagiris sayrdenebis vertikaluri reaqciebis gamosaxulebebs VA 

da VB. Tu aRvniSvnavT tv
BM  da tv

AM  momentebs vertikaluri 

datvirTvebisagan B da A sayrdenebis mimarT, maSin bagiris 

wonasworobis pirobidan gamomdinare SeiZleba Caiweros 

             0 AM ;  0 HhlVM BA
tv ; 0 BM ; 

             0 HhlVM AB
tv , 

 

nax. 25. bagiris datvirTvis sqema 
 

saidanac, imis mxedvelobaSi miRebiT, rom 
l

h
tg   da sidideebi 

l

M A
tv

 da 
l

M B
tv

 warmoadgenen or sayrdenze koWis reaqciebs saerTo 

saxiT miviRebT 
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HtgVV  k ,                         (86) 

sadac V _ bagiris reaqcia; 

       kV or sayrdenze koWis reaqcia, romelic datvirTulia 

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

qveda sayrdens [30]. 

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 CM ;  0)(  tv
AxA MxtgfHxV  , 

sadac ACM B tv  monakveTze yvela Zalebis momenti C wertilis 

mimarT. 

(86) tolobidan HtgVV  k  mniSvnelobis CasmiT vpoulobT 

H

M

H

MxV
f xcA

x 



tvk

,                     (87) 

radganac am gamosaxulebis mricxveli warmoadgens xM  mRunav 

moments or sayrdenze koWisaTvis, romelic datvirTulia bagiris 

analogiurad. 

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. 

(87) 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 momentebis 

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. 
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bagiris mrudis Cakidulobis gantoleba, romelic ekuTvnis 

koordinatebis dasawyiss zeda A sayrdenTan (nax. 26), aqvs Semdegi 

saxe 

H

M
xtgfxtgy x

x   , 

saidanac mrudTan mxebis daxris kuTxe horizontalTan toli 

iqneba 

H

V
tg

dx

dM

H
tg

dx

dy
tg x g  1

,               (88) 

sadac gV or sayrdenze koWis gadamWreli Zala. 

 

 

 

 

 

 

 

 
 
 

nax. 26. bagiris Cakidulobis mrudi parabolas mixedviT 
 

bagiris Cakidulobebsa da koWis mRunav momentebs Soris 

miRebuli analogia (87) gamoviyenoT (85) tolobaSi da gveqneba 




cos

)(

cos2

1cos

3

8 0

0

2
122

32
0

FE

lTT
dxQ

Tl

f

k

l 
  , 

miRebul gantolebaSi Semavali f0 sididis sapovnelad, bagiris 

sakuTari wonis moqmedebiT Cakidulobis SemTxvevisaTvis, roca 

es wona datvirTvis saxiT ganawilebulia malis qordaze q 

intensivobiT  

cos2

)(
0 H

xlqx
f


 ,                         (89) 

amasTan maqsimaluri Cakiduloba iqneba malis SuaSi, roca 
2

l
x   

anu 



88 

cos8

2

2(max)0 H

ql
ff l  ,                      (90) 

Tu gaviTvaliswinebT, rom cosTH  , miviRebT 

2
0

2

0 cos8T

ql
f  .                            (91) 

(85) tolobis marcxena nawilSi f0-is misi mniSvnelobiT 

SecvliT formulidan (91) da Sesabamisi gardaqmnebis Semdeg 

miviRebT 


















 QqlQ

lq

L

FE

T

lq

L

FE
TTT KK 


cos

cos38

1

cos24
2

22

0
2

0

32

0
0

2
m

3
m .      (92) 

formulaSi (92) L0-is mniSvnelobis SetaniT gveqneba 


















 QqlQ

lql

l

FElq

lT

FE
TTT KK 







cos
cos38

cos

cos24

cos 2
2232

2
0

0
2
m

3
m . (93) 

Semdeg vadgenT samontaJo daWimulobis A0 da muSa 

daWimulobis A satvirTo faqtorebis mniSvnelobebs. 

samontaJo daWimulobis satvirTo faqtori iangariSeba 

datvirTvis saxis mixedviT (nax. 27, I SemTxveva) 

24

2

0

lG
A  , cos

24

2

0

lG
A  ,                       (94) 

sadac G _ bagiris wona malSi 

cos

ql
G  ,                               (95) 

maSin 




cos24cos24

cos
cos

24
cos

32

2

222

22

0

lqllq
l

lq

A  .                (96) 

muSa daWimulobis satvirTo faqtoric iangariSeba 

datvirTvis saxis mixedviT (nax. 27, II SemTxveva) 

cos
2

)(
)(0 l

xlx
GQQAA


 ,                  (97) 

sadac Q _ tvirTis wona; 

       
2

l
x malis naxevari manZili. 

maSin 
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          I SemTxveva                                II SemTxveva 

     nax. 27. bagiris mdgomareobis sqemebi, samontaJo A0 da muSa 
     A daWimulobebis satvirTo faqtoris dasadgenad 

 

    






 







 




 cos24
cos

2
22

coscos24

3232 lq

l

l
l

l
ql

QQ
lq

A  
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cos

cos248

cos

cos

2232 QqllQlqlql
QQ







 









 QqlQ

lql 


cos
cos38

2
22

.                                   (98) 

formulaSi (93) A0 da A mniSvnelobebis CasmiT miviRebT 

bagiris saerTo mdgomareobis gamosaxulebas, romelic akavSirebs 

bagiris daWimulobebs Tm da T0, datvirTvebis nebismieri 

cvlilebebis dros 

          A
l

FE

T

A

l

FE
TTT KK  coscos

2
0

0
0 








 2

m
3
m ,  

          
2

0

0
0

coscos

T

A

l

FE
TA

l

FE
TTT KK  2

m
2
m

3
m  , 

da bolos 











2
0

0
0

cos

T

A
TA

l

FE
TTT K 2

m
2
m

3
m


.                 (99) 

gamosaxuleba (99) aerTianebs Runvadi bagirebis angariSis 

Teoriis yvela sami mxris amocanas da warmoadgens erTmaliani 

danadgaris bagiris saerTo mdgomareobis kubur gantolebas, 

romelic gansazRvravs damokidebulebas bagiris sawyis samontaJo 

 


q Q 

l l 

x

cos

ql
G   
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daWimulobas T0 da saboloo muSa daWimulobas Tm Soris tvirTis 

Q yvelaze ufro araxelsayrel saangariSo malis l Sua 

mdgomareobaSi ganlagebis dros. 

 
   2.5.3. ganivgadasatani sabagiro morsaTrevi danadgaris 
        mzidi bagiris muSa da samontaJo daWimulobebis 
        gansazRvra maqsimaluri Cakidulobis saSualo 

mniSvnelobis mixedviT 
 

maqsimaluri daWimuloba Tmax bagiris sakuTari wonis 

zegavlenis gaTvaliswinebiT iqneba misi dakidebis yvelaze maRal 

wertilSi (kveTi, nax. 3) anu B sayrdenTan 

2

h
qTTnax  m .                           (100) 

aRsaniSnavia is faqti, rom mzidi bagiris daWimulobis 

gaangariSebis analitikuri xerxebi sakmaod rTulia, amasTan 

sruliad ar akmayofileben maTdami wayenebul moTxovnebs [12, 13, 

30, 39]: 

1. Sualeduri sayrdenebis minimaluri raodenoba; 

2. mzidi bagiris diametris optimaluri variantis SerCeva, 

rac uzrunvelyofs danadgaris mwarmoeblur muSaobas, montaJis 

da demontaJis dros gaweuli SromiTi danaxarjebis minimums, 

momsaxure personalis usafrTxoeba; 

3. danadgaris mTel trasaze tvirTebis Tavisufali moZraoba;  

4. danadgaris eqspluataciis dros mzidi bagiris realuri 

daWimulobis gansazRvra. 

aRniSnuli moTxovnebi uzrunvelyofili iqneba, Tu SevirCevT 

mzidi bagiris Cakidulobis isris optimalur sidides, risTvisac 

pirvel rigSi aucilebelia Catardes trasis umartivesi gamokvleva 

busolis, eklimetris da sazomi lentis saSualebiT. 

aRsaniSnavia, rom Cakidulobis isari aris is parametri, 

romelic uzrunvelyofs tvirTis gavlas mTel trasaze da 

gansazRvravs Sualeduri sayrdenebis raodenobas. aqedan 

gamomdinare, bagiris Cakidulobis isaria sidide, romlis 

saSualebiTac xdeba mzidi bagiris daWimulobis gansazRvra. 
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bagiris nebismier kveTSi Cakidulobis isris fx gansazRvri-

saTvis, romelic gamowveulia misi sakuTari woniT q da 

Cawertebuli-Tavmoyrili tvirTiT Q, ganvixiloT bagiris 

marcxena nawilis wonasworobis piroba, risTvisac ukugdebuli 

marjvena nawilis moqmedeba SevcvaloT Tc ZaliT (nax. 25).  

davuSvaT tvirTi Q ganlagebulia C wertilSi marcxena A 

sayrdenidan x manZilze (nax. 3). amasTan bagiris reaqciis 

vertikaluri mdgenelebi sayrdenebTan tolia 




Htg
l

xlQql
VA 




)(

cos2
,                   (101) 




Htg
l

Qxql
VB 

cos2
.                       (102) 

bagiris Cakiduloba fx c wertilSi ganisazRvreba marcxena 

nawilze moqmedi yvela Zalebis momentebis jamis nulTan 

tolobis pirobidan 

0
cos2

2




qx
HyxVM Ac .                    (103) 

tolobaSi (103) VA mniSvnelobis SetaniT da Sesabamisi 

gardaqmnebis Semdeg miviRebT  

Hl

xlQx

H

xlqx
xtgy

)(

cos2

)( 






 .                 (104) 

naxazidan 3 gvaqvs 

xfxtgy   ,                          (105) 

Sesabamisad 

Hl

xlQx

H

xlqx
f x

)(

cos2

)( 






.                    (106) 

gantolebis (106) pirveli Sesakrebi warmoadgens bagiris 

Cakidulobas sakuTari wonisagan q, xolo meore – bagiris 

Cakidulobas tvirTisagan Q, e.i. bagiris Cakiduloba fx nebismier 

kveTSi tolia sakuTari woniT da tvirTiT gamowveuli 

Cakidulobebis jamisa 

Qqx fff  .                           (107) 
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kveTis gansazRvrisaTvis, romelSiac bagiris Cakiduloba 

iqneba maqsimaluri, (106) gantolebis pirveli rigis warmoebuls 

utolebT nuls 

0
)2(

cos2

)2(








Hl

xlQ

H

xlq

dx

df x


,                  (108) 

saidanac miviRebT 

2

l
x  .                                (109) 

gamomdinare, bagiris maqsimaluri Cakiduloba kveTSi 
2

l
x   

toli iqneba 

H

Ql

H

ql
f

4cos8

2

max 


.                         (110) 

miRebuli formulis safuZvelze SegviZlia davweroT  

H

M

H

M
f




cosmax ,                          (111) 

sadac 
8

2ql
M maqsimaluri mRunavi momenti martivi koWis kveTSi 

sakuTari wonisagan; 

       
4

Ql
M igive gamowveuli Cawertebuli tvirTisagan. 

formulaSi (110) SevcvaloT H misi mniSvnelobiT cosTH   

da miviRebT T daWimulobisagan Runvadi bagiris maqsimaluri 

Cakidulobis saangariSo gamosaxulebas 

 cos4cos8 2

2

max T

Ql

T

ql
f  .                     (112) 

proeqtirebis dros bagiris Cakidulobis fx mrudis ordinatas 

gamosaTvlelad nebismier x kveTSi xelsayrelia visargebloT 

damokidebulebiT 

)( maxfff x  .                          (113) 

amisaTvis fx-is da fmax-is gamosaxulebebi (106) da (112) 

warmovadginoT Semdegi saxiT 





 




l

Qq

H

xlx
f x

2

cos2

)(


.                   (114) 

roca 
2

l
x   
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l

Qq

H

l
f

2

cos8

2

max 
,                     (115) 

vRebulobT CaRunvebis fardobas 





 







l

x

l

x

l

xlx

l

H

H

xlx

f

f x 14
)(

4
8

2

)(
22

max

,            (116) 

saidanac, Tu profilis pirobis mixedviT mocemulia maqsimaluri 

dasaSvebi CaRunvis maxf  mniSvneloba, SesaZlebelia gamovTvaloT 

CaRunva nebismier kveTSi _ 
l

x
 fardobis nebismieri mniSvnelobi-

saTvis. 

 proeqtirebis dros Runvadi bagiris mrudis Cakidulobis 

ordinatebi xelsayrelia gamovTvaloT cxril 1-is gamoyenebiT. 

praqtikuli gamocdilebidan gamomdinare, SegviZlia 

davaskvnaT, rom gadasatani sabagiro danadgarebis datvirTuli 

mzidi bagiris Cakidulobis isari ar unda aRematebodes malis 

qordis sigrZis 6%-s da rekomendebulia malis qordis sigrZis 

06,003,0 l  farglebSi. 

sabagiro morsaTrevi danadgarebisaTvis profesor a. 

dukelskis SemoTavazebiT SesaZlebelia Zlierad daiWimos mzidi 

bagiri, vinaidan simtkicis maragis 2-mde SemcirebiT misi muSaobis 

xangrZlivoba ar mcirdeba, xolo amave dros samontaJo 

daWimulobis zrda anu mzidi bagiris Cakidulobis isris 

Semcireba iwvevs mzidi bagiris maqsimaluri muSa daWimulobis 

zrdas, rac dakavSirebulia meti diametris bagiris SerCevis 

aucileblobasTan. meti diametris mzidi bagiri ki ufro mZimea, 

rac montaJis dros met siZneleebs iwvevs. aRniSnulTan dakavSirebiT 

Catarebulia kvlevebi da gamoTvlilia, rom Tu malis sigrZe 

aris 580 m, tyekafis daxriloba 30 da Cakidulobis isari tolia 

l03,0 -sa, maSin maqsimaluri muSa daWimuloba udris 31 tonas, 

xolo roca isari tolia l06,0 -sa, maSin 9,15max T  tonas, e.i. 

orjer naklebi. orive SemTxvevaSi tvirTis wona 0,3Q  t. 

erTi da igive pirobebSi, roca bagiris simtkicis maragis 

statikuri koeficienti 2n , pirvel variantSi gveqneba 37 mm 
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diametris bagiri, romlis erTi grZivi metris wona tolia 4,9 kg, 

xolo meore variantSi bagiris diametri tolia 28 mm-sa da erTi 

grZivi metris wona, Sesabamisad, tolia 2,74 kg. 

aRniSnuli Sedegebidan gamomdinare miRebulia, rom 

gaangariSebebis dros mzidi bagiris maqsimaluri Cakidulobis 

isari, morsaTrevi sabagiro danadgarebisaTvis SeiZleba miviRoT 

l
l

f 


 045,0
2

)06,003,0(
max .                   (117) 

Cvens mier damuSavebuli meTodikis safuZvelze vangariSobT 

erTmaliani morsaTrevi sabagiro danadgaris mzidi bagiris 

maqsimalur daWimulobas Tm muSa mdgomareobaSi (tvirTis qveS) da 

Semdgom ki mis samontaJo daWimulobas T0, roca cnobilia 

Semdegi sididebi: 

 _malis qordis daxris kuTxe horizontalTan, 30; 

l _ malis udidesi sigrZe horizontaliT, 500 m; 

maxf mzidi bagiris maqsimaluri Cakidulobis isari, roca tvirTi 

imyofeba malis Sua wertilSi 

26
86603,0

500
045,0

cos
45,0045,0 0max 


l

Lf  m; 

Q _ urikis da tvirTis wona – 3,0 t; 

q _ erTi grZivi metri bagiris wona, 2,7 kg; 

Ek _ bagiris drekadobis moduli, 1600 t/sm2; 

F _ bagiris metalis kveTi, 0,000275 m2; 

l malis qordis sigrZe, m. 

formulaSi (112) CavsvaT maxf -is mniSvneloba (117) formulidan 

 cos4cos8
045,0

2

2

mm T

Ql

T

ql
l  .                    (118) 

SevitanoT l-is magivrad misi mniSvneloba 

577
86603,0

500

cos



l

l  m                   (119) 

da miviRebT 







cos4

cos

cos8

cos)(
045,0

2

22

mm T

lQ

T

lq
l





 ,                (120) 
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saidanac 

21
36,0

325770027,0

36,0

20 






QqL

Tm  t.             (121) 

samontaJo daWimulobis saangariSo kubur gantolebas (99) 

eqneba Semdegi saxe 











20

cos

m

2
0m

2
0

3
0 T

A
TA

l

FE
TTT K 

.               (122)  

(96) da (98) formulebiT vangariSobT samontaJo A0 da muSa 

A daWimulobebis satvirTo faqtorebis mniSvnelobebs: 

           43
87,024

5000027,0

cos24

3232

0 






lq
A  t2/m, 

           







 QqlQ

lql
A 


cos

cos38
2

22

 

           












 5000027,0387,03
87,03

5000027,0

8

500 2
22

 

           7886,125,62)05,487,769,0(5,62   t2/m.  

SevitanoT A0 da A  mniSvnelobebi (122) gantolebaSi da 

viangariSoT samontaJo daWimuloba 

            





 




2
2

0

6
2

0
3

0 21

788
43

500

87,0000275,01016
21 TTT ; 

             2
0

2
0

3
0 79,1437,721 TTT  ; 

            2
0

2
0

3
0 8,1333121 TTT  ; 

             03312,7 2
0

3
0  TT ; 

             2,100 T t. 

amrigad, miviReT samontaJo daWimulobis namdvili sidide  

2,100 T t, romlis mixedviTac unda daiWimos mzidi bagiri, raTa 

uzrunvelyofili iyos Cakidulobis isris maqsimaluri sidide 

malis saangariSo nawilSi. 

mzidi bagiris saWiro diametris SesarCevad unda 

ganisazRvros malis zeda anZasTan maqsimaluri daWimuloba A
mT . 

Tu visargeblebT Runvadi bagiris ZiriTadi kanoniT, A
mT  SeiZleba 

gamovsaxoT Semdegi damokidebulebiT 
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qf
h

TT m
A

m 





  max2

. 

SevcvaloT h Tavisi mniSvnelobiT, romelic tolia sinl  

max2

sin
qf

lq
TT m

A
m 





,                    (123) 

CavsvaT ricxobrivi mniSvnelobebi da miviRebT 

5,211,04,021260027,0
2

5,05770027,0
21 


A

mT  t. 

Tu mdgradobis maragis statikuri koeficienti 2n , maSin 

gamgleji daWimulobis Zala tolia 

4325,212  A
mTTg  t. 

miRebuli sididis 43gT  t mixedviT cxrilidan virCevT 

bagiris diametrs 27,5 an 30,5 mm, Sesabamisad mavTulebis simtkicis 

zRvris 180-150 kg/mm2 mixedviT. 

 

2.6. ganivgadasatani sabagiro morsaTrevi danadgaris 
bagir-blokuri sqemis damuSaveba da kvleva 

 

ganivgadasatani sabagiro morsaTrevi danadgaris sawevi 

bagiri SeiZleba muSaobdes Semdeg reJimebSi (nax. 28, a, b, g) [39]: 

a – xe-tyis mTlianad miwiszeda morTrevis reJimSi;  

b – xe-tyis naxevrad datvirTul mdgomareobaSi miwiszeda 

morTrevis reJimSi;  

g – xe-tyis naxevrad dakidul mdgomareobaSi morTrevis reJimSi. 

wevis Zalis sidide wertilebSi damokidebulia bagiris 

sawyis mdebareobaSi dabrunebis xerxze. xe-tyis morTrevis dros 

satvirTo bagiri tyekafze SeiZleba davabrunoT, rogorc xeliT, 

aseve specialuri jalambariT an sawevi jalambaris meore dolis 

daxmarebiT. 

sawevi jalambaris bagirSi maqsimaluri saangariSo wevis 

Zalis gansazRvris dros saWiroa Sedges bagiris moZraobis sqema, 

dadgindes adgilebi, sadac aRiZvreba winaaRmdegobebi da maTi 

TanmimdevrobiTi SejamebiT gamoiTvalos maqsimaluri wevis Zala, 
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moZraobis sawyisi wertilidan dolze bagiris miwydomis 

wertilamde. 

 
2.6.1. ganivgadasatani sabagiro morsaTrevi danadgaris 

      sawev bagirSi saangariSo wevis Zalis gansazRvris 
meTodika 

 
nax. 28-ze moyvanilia tyekafze sawevi jalambariT xe-tyis 

morTrevis SesaZlo sqemebi: a – miwiszeda; b – miwiszeda naxevrad 

datvirTul mdgomareobaSi specialuri orTvliani urikiT; g – 

naxevrad dakidul mdgomareobaSi ganivgadasatan mzid bagirze 

dayenebuli damatebiTi – damxmare urikiT, romelSic satvirTo 

bagiris ukan tyekafze dabruneba warmoebs jalambaris meore 

doliT [12, 13, 39]. 

Soltis an moris saxiT moWrili xe gadaadgildeba sawevi 

bagiriT, romelic exveva ZiriTad dolze, xolo tvirTze an 

urikaze Cabmuli dasabrunebeli bagiri gadmoixveva dasabrunebeli 

dolidan. sabagiro trasis mzid bagiramde Soltis mitanis 

Semdeg urika Tavisufldeba tvirTisagan da satvirTo urika 

dasabrunebeli dolis da bagiris daxmarebiT brundeba sawyis 

mdgomareobaSi.  

ganivgadasatani sabagiro morsaTrevi danadgaris SemTxvevaSi 

(nax. 28. a, b, g) aRiZvreba winaaRmdegobebi, romlebic unda 

gadailaxos jalambaris sawevi bagiriT. 

horizontalur zedapirze tvirTis gadaadgilebis 

winaaRmdegoba: 

QW 1 ;                              (124) 
daxril sibrtyeze: 

zeviT 

)cos(sin1   QW ;                      (125) 
qveviT 

)sincos(1   QW .                      (126) 

sawevi bagiris sibrtyeze gadaadgilebis winaaRmdegoba: 

horizontalur sibrtyeze 

1112 LGW  ;                               (127) 



98 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 28. a, b, g. ganivgadasatani sabagiro morsaTrevi danadgaris sqemebi: 
    a – xe-tyis miwiszeda morTrevis reJimi; b – xe-tyis naxevrad  
   datvirTul mdgomareobaSi miwiszeda morTrevis reJimi, specialuri 
   urikis gamoyenebiT; g – xe-tyis naxevrad dakidul mdgomareobaSi 
   morTrevis reJimi, ganivgadasatani mzidi bagiris da damxmare urikis 
   gamoyenebiT. 1 – satvirTo doli; 2 – satvirTo bagiri; 3 – ZiriTad  
   urikaze dasmuli bloki; 4 – miwiszeda bloki; 5 – orTvala urika;  
   6 – orTvala urikis dasatvirTi fari; 7 – damxmare urikis bloki; 
   8 – mori; 9 – dasabrunebeli bagiri; 10 – bloki; 11 – ormagi bloki; 
   12 – dasabrunebeli doli; 13 – mTavari mzidi bagiri; 14 – damxmare 
   ganivgadasatani mzidi bagiri; 15 – damatebiTi urikis sawevi bagiris  
   bloki; 16 – ZiriTadi urika; 17 – damxmare urika; I-XIII wertilebi,  
   romlebSic ganisazRvreba winaaRmdegobis Zalebi 
 

 

a 

b 
9 3 

1 

16 

11 

IV 

2 

12 I 

V 

9 

XIII 

8 

VI 
4 

2 15 

9 

8 VII 

XII 

3 

 6 

5 

VIII 

2 
XI 

4 

II 

11 
III 

13 X 

IX 

g 

9 

2 

14 

9 

16 

1

8 
7 

1

Vs



Vd 
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daxril sibrtyeze: 
zeviT 

)cos(sin 1112   LGW ,                   (128) 
qveviT 

)sincos( 1112   LGW .                   (129) 

sadac Q _ gadasaadgilebeli tvirTis wona, kg; 

        gadaadgilebis sibrtyis daxris kuTxe, 35; 

        _tyis gruntze xe-tyis gadaadgilebis winaaRmdegobis 

koeficienti, 0,6; 

       1L sawevi bagiris maqsimaluri Tavisufali sigrZe, m; 

       1 tyis gruntze bagiris gadaadgilebis winaaRmdegobis 

koeficienti, 0,2.  

       1G 1 grZ.m sawevi bagiris wona, 0,53 kg; 

tyis gruntze xe-tyis morTrevis dros saWiroa 

gaviTvaliswinoT -s cvlileba wlis drosTan da sawev bagirze 

tvirTis Cabmis xerxTan damokidebulebaSi. -s mniSvneloba 

SeiZleba miviRoT: zamTarSi – Tovlze 0,35-0,45 da zafxulSi tyis 

gruntze – 0,7-0,8. foladis bagiris gadaadgilebis winaaRmdegobis 

koeficienti tyis gruntze 2,01  . 

mimmarTvel blokebze bagiris Semovlebis winaaRmdegoba: 

23 mimSW  ,                            (130) 

sadac mimS bagiris StoSi blokze mimwydomi Zala, kg; 

       2 winaaRmdegobis koeficienti blokSi, gamowveuli 

bagiris sixistiT da xaxuniT blokis sayrdenebSi, 

srialis xaxunis dros sayrdenebSi 1,02  . 

tvirTis inerciiT gamowveuli winaaRmdegoba, aRZruli misi 

adgilidan daZvris momentSi  

t

V

g

Q
maW 4 ,                         (131) 

sadac m _ tvirTis masa, kg.wm2/m; 

       a _ tvirTis aCqareba, m/wm2; 

       V _ tvirTis moZraobis siCqare,  1.0 m/wm; 
       t _ periodi, romlis drosac tvirTi miiRebs sawevi 

bagiris saboloo siCqares, 3-4 wm; 
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       g _ simZimis Zalis aCqareba, m/wm2. 

amasTan 

sawsab VVV  ,                           (132) 

sadac sabV  da sawV tvirTis saboloo da sawyisi siCqareebi. 

Tu 0sawV , maSin 

gt

QV
W sab4 .                             (133) 

Tu tvirTi waitaceba bagiris moZraobis saboloo siCqariT, 

maSin dro, romelsac tvirTi iZens SeiZleba iyos Zalze mcire; am 

SemTxvevaSi 4W -is mniSvnelobam SeiZleba miaRwios did sidides. 

sawyis mdgomareobaSi bagiris meqanikurad dabrunebis sqemebSi 

tvirTis moWimvis dros, saWiroa gadailaxos dolidan bagiris 

dasabrunebeli Stos gaSlisa da sibrtyeze misi gadaadgilebis 

winaaRmdegoba, romelic SeiZleba ganisazRvros formuliT: 

5555 WWWW  ,                       (134) 

sadac 5W dasabrunebeli bagirdaxveuli dolis brunvis 

winaaRmdegoba, kg;  

       5W dasabrunebeli dolis da masze daxveuli bagiris 

inerciiT aRZruli winaaRmdegoba, kg; 

     5W dasabrunebeli bagiris gadaadgilebis winaaRmdegoba, kg. 

aRniSnuli sidideebis saangariSo formulebia: 

d

d

d D

d
fGjW 05  ;                              (135) 

tgR

nDG
W

304

7,0 2

5
saS

ddd 
 .                            (136) 

dasabrunebeli bagiris horizontalur sibrtyeze 

gadaadgilebis winaaRmdegoba tolia: 

1225 LGW  ;                               (137) 

daxril sibrtyeze: 

zeviT 

)cos(sin 1225   LGW ;                     (138) 
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qveviT 

)sincos( 1225   LGW ,                     (139) 

sadac j friqciul quroze da jalambaris muxruWze SemuxruWebis 

gamaTvaliswinebeli koeficienti; lenturi friqciuli 

quros dros _ 3,1j , konusuris _ 2,1j ; 

      dG dasabrunebeli dolis wona masze daxveuli bagiriT, 

355 kg; 

      0f dolis sayrdenebSi xaxunis koeficienti, 0,15; 

      dd dasabrunebeli dolis RerZis diametri, 0.05 m; 

      dD dasabrunebeli dolis diametri bagiris daxvevis 

saSualo Sris mixedviT, 0,3085 m; 

      dn dasabrunebeli dolis brunTa ricxvi, br/wT;  

     saSR dasabrunebeli dolis radiusi bagiris daxvevis 

saSualo Sris mixedviT, 0,1543 m; 

      t _ dasabrunebeli dolis gaqanebis dro siCqaremde, romelic 

tolia sawevi bagiris siCqarisa, (saSualod 3-4 wm), 3 wm; 

     2G 1 grZ.m dasabrunebeli bagiris wona, 0,33 kg; 

     2L dasabrunebeli bagiris Tavisufali nawilis sigrZe, m. 

ganivgadasatani sabagiro morsaTrevi danadgaris bagir-

blokuri sqemebis (nax. 28, a, b, g) samive SemTxvevaSi sawevi da 

dasabrunebeli bagirebi ganlagebulia tyis gruntze, rogorc 

horizontalur da daxril, aseve sayrdenis gareSe vertikalur 

da daxril sibrtyeebSi – sawevi bagiris ZiriTadi urikis blokSi 

gavlis Semdeg. jalambaris sawev bagirSi saangariSo Zalas 

gansazRvraven TanmimdevrobiT I wertilidan anu CaSvebis 

adgilidan – dasabrunebeli bagiris dolidan, muSa dolze 

sawevi bagiris miwydomis XIII wertilamde. 

Zala IS  I wertilSi (nax. 28, b) tvirTis daumyarebeli – 

araTanabari moZraobis dros tolia 

tgR

nDG

D

d
fGjWWS

304

7,0 2

055I
saS

ddd

d

d

d


 ,              (140) 
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xolo VIII wertilSi tvirTis daumyarebeli moZraobis dros gvaqvs 

gt

QV
QSWWSS s VI46VIVIII . 

dasabrunebeli dolis brunTa ricxvi iangariSeba sawevi 

bagiris saSualo siCqaridan gamomdinare, dasabrunebeli 

bagirdaxveuli dolis 0n  rigisaTvis 

31
3085,014,3

5,06060










d

s.saS
d D

V
n


 br/wT, 

sadac s.saSV sawevi bagiris saSualo siCqare, 0,5 m/wm. 

dasabrunebeli bagirdaxveuli dolis saSualo diametri 

iangariSeba formuliT: 

5,3089,9151600  dd dnDD  mm, 

sadac D _dasabrunebeli dolis diametri bagiris gareSe, 

5,14816  dd dD  mm;  

       dd dasabrunebeli bagiris kveTis diametri, 9,9 mm;  

       0n dasabrunebel dolze daxveuli bagiris rigebis 

maqsimaluri raodenoba, 15. 

damyarebuli Tanabari moZraobis dros I_XIII wertilebSi 

winaaRmdegobebis Zalebi iangariSeba formulebiT: 

      





























































,35  ,0  ),sin(        

)sincos(XIII

);1(XII

;90   ;0  ;XI

);1(X

;IX

;VIII

;VI

);1(V

);(IV

);1(III

);sincos( II

;I

1XIII-XII1

1XIIIXII1XII3.2XIIXIII

2XI2XIXI4.3XIXII

1XIX1X2.2XXI

2IX2IXIX3.3IXX

1IXVIII1VIII1.2VIIIIX

VI46VIVIII

1VIV2V3.5VVI

2IV2.3IVV

1IVIII2III2.5IIIIV

2II2IIII1.3IIIII

1III2I1.5III

05I




















LGS

LGSWSS

SSSWSS

LGSWSS

SSSWSS

LGSWSS

QSWWSS

LGSWSS

SWSS

LGSWSS

SSSWSS

LGSWSS

D

d
fGjWS

XII

d

d

d

  

(141) 
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sadac  IIIL , IVIIIL , VIVL , IXVIIIL , XIXL , XIIIXIIL manZilebi Sesabamis 

wertilebs Soris, m.  

Zala XIIIS  meore sqemis (nax. 28, b) mixedviT iangariSeba igive 

formulebiT. aRniSnuli sqemisaTvis gansxvaveba iqneba imaSi, rom 

VII wertilSi winaaRmdegobis Zala VIIS , xe-tyis 1Qn  masis 

naxevrad datvirTul mdgomareobaSi tyis gruntze specialuri 

urikis gamoyenebiT morTrevis dros tolia 

VII_
gt

VQn
QnSWWSS VI

s1
11.41.6VIVII   ,               (142) 

xolo urikaze datvirTuli xe-tyis 2Qn  nawilis morTrevaze VIII 

wertilSi Zala tolia 

VIII
gt

VQ

nbcD

Q
QSWWSS nn

n
s

u

 3

3
2VII2.42.6VIIVIII 86,0 ,        (143) 

sadac 1n tyis gruntze morTreuli tvirTis nawilis 

ganmsazRvreli koeficienti, 0,4; 

       2n urikaze datvirTuli xe-tyis nawilis ganmsazRvreli 

koeficienti, 0,6; 

       nQ urikis da urikaze datvirTuli tvirTis nawilis wona, 

           950506,015002  uGQnQn  kg;                

       uG urikis wona, 50 kg; 

       3n Tvlebis raodenoba urikaze, 2; 

       b _ urikis foladis Tvalis sigane, 10 sm; 

       c _ niadagis simyaris koeficienti, 0,2 kg/sm3; 

       uD urikis Tvlis diametri, 60 sm. 

       sV sawevi bagiris siCqare, 1,0 m/wm. 

Zala VIIIS  mesame sqemis (nax. 28, g) mixedviT iangariSeba igive 

formulebiT. gansxvaveba meore sqemisagan mdgomareobs imaSi, rom 

VIII wertilSi ganivgadasatani mzidi bagiris da damatebiTi 

urikis SemTxvevaSi Zala VIIIS  tolia: 

VIII_
gt

VQ
QSWWSS n

n
1s 


cos

coscos 13VII2.412.6VIIIVIII


 ,   (144) 
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sadac nQ  ganivgadasatan mzid bagirze dadgmuli damatebiTi 

urikis da masze mosuli tvirTis nawilis wona, 

940406,015002  uGQnQn  kg; 

        3 mzid bagirze damatebiTi urikis gadaadgilebis 

winaaRmdegobis koeficienti, 1,5; 

  uG damatebiTi urikis wona, 40 kg; 

  1 bagiris daxris kuTxe ganiv sibrtyeSi, 30. 

mesame sqemis mixedviT VIS  da IXS  Zalebis mniSvnelobebi 

iangariSeba Semdegi formulebiT: 

             VI 1VIV2V1
1

VIV
2V4.2VVI sin

cos



tgLGS

L
GSWSS 

  ;  

01  ,  30max1 ;       (145) 

     IX )()sin(
cos 1IXVIII2VIII1

1

IXVIII
1VIII5.2VIIIIX 


tgLGS

L
GSWSS  

 ;  

01  ,  30max1 .           (146) 

Zala XIII wertilSi aris is maqsimaluri Zala XIIIS , romlis 

mixedviTac iangariSeba sawevi bagiris diametri da ganisazRvreba 

sabagiro danadgaris jalambaris Zravas simZlavre. 

jalambaris rgolebSi danakargebis gaTvaliswinebiT 

(dolidan Zravamde) Zravas maqsimaluri simZlavre iqneba: 

max

XIII

75 
 sVS

N ,                          (147) 

sadac max dolidan Zravamde tvirTis gadacemis yvela 

rgolebis m.q.k. 0,85; 

maqsimaluri wevis Zala dasabrunebel bagirze ganisazRvreba 

uku rigiT. am SemTxvevaSi sawyiss warmoadgens satvirTo 

dolidan sawevi bagiris gaSlis winaaRmdegobis Zala XIII 

wertilSi. winaaRmdegobis Zala XIII wertilSi samive sqemis (nax. 

28, b, g) mixedviT iangariSeba formuliT: 

tgR

nDG

D

d
fGjS

304

7,0 2

0XIII
saS

sss

s

s
s 




,                     (148) 

sadac sG satvirTo dolis wona masze daxveuli bagiriT, 570 kg; 

       sd satvirTo dolis RerZis diametri, 0,07 m; 
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       sD satvirTo dolis diametri bagiris daxvevis saSualo 

Sris mixedviT, 0,3975 m; 

       sn satvirTo dolis brunTa ricxvi, 36 br/wT; 

       
saSR satvirTo dolis radiusi bagiris daxvevis saSualo 

Sris mixediT, 0,1987 m; 

       t _ satvirTo dolis gaqanebis dro siCqaremde, romelic 

tolia dasabrunebeli bagiris siCqarisa (3-4) wm. 

sawevi dolis brunTa ricxvi iangariSeba dasabrunebeli 

bagiris saSualo siCqaridan gamomdinare, bagirdaxveuli sawevi 

dolis 0n  rigisaTvis 

  36
3975,014,3

75,06060











s

d.saS

s D

V
n


 br/wT. 

sawevi bagiris bagirdaxveuli dolis diametri iangariSeba 

formuliT: 

3975,05,12152100  ss dnDD  m, 

sadac D _sawevi dolis diametri bagiris gareSe, 210 mm;  

       0n sawev dolze daxveuli bagiris rigebis maqsimaluri 

raodenoba, viRebT 150 n ; 

       sd sawevi bagiris diametri, 12,5 mm. 

Zala wertilebSi dasabrunebeli bagiris damyarebuli 

moZraobis dros tolia: 

      





































 



















).cos(sinI

);1(II

;III

);1(IV

;
22

V

);1(IX

;90   ;0  ;X

);1(XI

;0  ,35  ),sin(XII

;XIII

1III2II5.2III

2III2IIIIII4.3IIIII

1IIIIV2IV4.2IVIII

2V2VV3.3VIV

1VIX
12

IX3.2IXV

2X2XX2.3XIX

1XXI1XI2.2XIX

2XII2XIIXII1.3XIIXI

1XIIXIII1XIII1.2XIIIXII

0XIII















LGSWSS

SSSWSS

LGSWSS

SSSWSS

L
GG

SWSS

SSSWSS

LGSWSS

SSSWSS

LGSWSS

D

d
fGjS

s

s
s

    (149)            
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Zalebi meore sqemis mixedviT (nax. 28, b) dasabrunebel 

bagirze wertilebSi I-XIII iangariSeba igive formulebiT im 

gansxvavebiT, rom meore sqemis dros xdeba orTvliani urikis 

dabruneba sawyis mdgomareobaSi, saidanac gamomdinare VIII, VII da 

V wertilebSi wevis Zalis saangariSo formulebi miiReben 

Semdeg saxes: 

  VIII 1VIIIIX1IX4.2IXVIII  LGSWSS ;                  (150) 

VII
gt

VG

nbcD

G
GSS

du

u

u

u  3

3
2VIIIVII 85,0 ;                 (151) 

V VVII2VII6.2VIIV  LGSWSS .                       (152) 

igive pirobebSi Zalebi mesame sqemis mixedviT (nax. 28, g) 

wertilebSi I-XIII iangariSeba igive formulebiT, im gansxvavebiT, 

rom urika ukusvlis dros gadaadgildeba ara gruntze, aramed 

ganivgadasatan mzid bagirze, saidanac gamomdinare VIII, VII da V 

wertilebSi wevis Zalis saangariSo formulebi, dasabrunebel 

bagirze miiReben Semdeg saxes: 

   VIII )()sin(
cos 1VIIIIX1VIII1

1

VIIIIX
1IX6.2IXVIII 


tgLGS

L
GSWSS  

 ;  

01  ,  30max1 ;              (153) 

 VII_
gt

VG
GSWSS

1du

u




cos
cos 13VIII1.6VIIIVII  ;               (154)     

    V 1VVII2VII1
1

VVII
2VII7.2VIIV sin

cos



tgLGS

L
GSWSS 

  ;  

01  ,  30max1 .              (155)            

jalambaris Zravas simZlavre satvirTo da dasabrunebeli 

bagirebis ukusvlis dros, margi datvirTvis gareSe tolia 

max

I

75 
 dVS

N , 

sadac dV dasabrunebeli bagiris siCqare, m/wm. 

amrigad, Cvens mier damuSavebuli meTodikis safuZvelze 

miRebulia formulebi sawev bagirSi winaaRmdegobis Zalebis 

saangariSod I wertilidan XIII wertilis CaTvliT da Sesabamisad, 
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dasabrunebel bagirSi wevis Zalis saangariSod XIII wertilidan 

I wertilis CaTvliT, ris safuZvelzedac SesaZlebelia sabagiro 

morsaTrevi danadgaris bagir-blokuri sqemisaTvis viangariSoT 

sawevi da dasabrunebeli bagirebis diametrebi da ganvsazRvroT 

Zravas simZlavre. 

 

2.6.2. ganivgadasatani sabagiro morsaTrevi danadgaris 
    sawev bagirSi maqsimaluri wevis Zalis angariSi 

 

ganivgadasatani sabagiro morsaTrevi danadgaris bagir-

blokuri sqemis (nax. 28, b) mixedviT tvirTi gadaadgildeba 

naxevrad datvirTul mdgomareobaSi damxmare urikiT, romelic 

aRWurvilia morebis dasatvirTi daxrili fariT. sawevi da 

dasabrunebeli bagirebi ganlagebulia tyis gruntze, rogorc 

horizontalur da daxril, aseve sayrdenis gareSe vertikalur 

da daxril sibrtyeebSi – sabagiro danadgaris urikis blokSi 

gavlis Semdeg. jalambaris sawev bagirSi saangariSo Zalas 

gansazRvraven TanmimdevrobiT I wertilidan anu CaSvebis 

adgilidan – dasabrunebeli bagiris dolidan. muSa dolze 

sawevi bagiris miwydomis XIII wertilamde [39]. 

I wertilidan satvirTo dolze sawevi bagiris miwydomis 

XIII wertilamde winaaRmdegobis Zalebia 

      2.42.61.41.63.52.32.51.31.555XIII WWWWWWWWWWWS   

        3.24.32.23.31.2 WWWWW  . 

daumyarebeli moZraobis dros I wertilidan XIII wertilis 

CaTvliT winaaRmdegobis Zalebi iangariSeba (140) da (141) 

formulebiT: 

I 




33081,941543,0

3114,33085,03557,0

3085,0

05,0
15,03553,1

2

55I WWS , 

4,152,42,11  kg. 

       4,15I S  kg. 

      II_   )sincos( 1III2I1.5III LGSWSS  

         )35sin35cos2,0(100033,04,15  
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        8,119)57358,081915,02,0(3304,15   kg;  

       8,119II S  kg. 

sadac IIIL I da II wertilebs Soris manZili, 1000 m. 

      III  2IIII1.3IIIII SSWSS                          

         8,107128,1191,08,1198,119   kg; 

         8,107III S  kg. 

      IV   1IVIII22.5IIIIV LGSWSS III 2,1012,010033,08,107  kg;             

         2,101IV S  kg. 

sadac IVIIIL III da IV wertilebs Soris manZili, 100 m; 

V 1,911,02,1012,101ω2IVIV2.3IVV  SSWSS kg; 

         1,91V S  kg. 

VI 8,872,05033,01,911VIV2V3.5VVI   LGSWSS  kg; 

         8,87VI S  kg, 

sadac VIVL V da VI wertilebs Soris manZili, 50 m; 

VII 1.41VI1.41.6VIVII WQnSWWSS   ,  

sadac  4,20
381,9

0,14,015001
1.4 








gt

VnQ
W s  kg,  

ricxviTi mniSvnelobebis CasmiT miviRebT: 

      VII– 6,2924,203608,874,206,04,015008,87VII S  kg. 

          6,292VII S  kg. 

VIII 2.42.6VIIVIII WWSS  ,                              

(143) formulis mixedviT vangariSobT 2.6W  da 2.4W  sidideebs: 

      8,326
2602,010

950
95086,0 3

22.6 


W  kg; 

3,32
381,9

0,1950
2.4 





gt

VQ
W n sab  kg. 

vangariSobT winaaRmdegobis Zalas VIII wertilSi  

VIII_ 7,6513,328,3266,292VIII S kg. 

     7,651VIII S kg; 
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IX 6572,05053,07,6511IXVIII1VIII1.2VIIIIX   LGSWSS  kg; 

sadac IXVIIIL VIII da IX wertilebs Soris manZili, 50 m; 

657IXS kg. 

X 7,722)1,01(657)1( 2IX2IXIX3.3IXX   SSSWSS kg;  

7,722X S  kg. 

X wertilidan XI wertilamde sawevi bagiri gadaadgildeba 

sayrdenis gareSe ZiriTadi urikis blokis mimarTulebiT; am 

SemTxvevaSi 

            XI 2.2XXI WSS  ,                             

sadac  

                 )cos(sin 1XIX22.2   LGW ,  

radganac  90  da 01  , gveqneba 

                3,51053,0XIX12.2  LGW  kg, 

sadac XIXL maqsimaluri manZili tyis gruntze ganlagebuli 

blokidan ZiriTad urikaze damagrebul blokamde 

miviRoT 10 m (gamomdinare iqidan, rom SesaZlebeli 

iyos morebis pirdapiri datvirTva tyesazid 

transportze); 

  XI _ 7283,57,7222.2XXI  WSS  kg; 

       728XI S  kg. 

  XII 8,800)1,01(728)1( 2XI2XIXI4.3XIXII   SSSWSS  kg; 

       8,800XII S  kg. 

XII wertilidan XIII wertilamde sawevi bagiri 

gadaadgildeba 35-iani daxris kuTxiT 

      XIII 8,11043048,8003.2XIIXIII  WSS  kg, 

sadac 

      30457358,053035sin100053,0sinXIIIXII13.2   LGW  kg; 

      8,1104XIII S  kg, 

sadac XIIIXIIL XII da XIII wertilebs Soris manZili, 1000 m. 

XIII wertilSi iqneba maqsimaluri saangariSo Zala, romlis 

mixedviTac ganisazRvreba satvirTo bagiris diametri da 

jalambaris Zravas simZlavre. 
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jalambaris amZravis rgolebSi danakargebis gaTvaliswinebiT 

(dolidan Zravamde) Zravas maqsimaluri simZlavre iqneba: 

3,17
85,075

0,18,1104

75 max

XIII 









sVS

N  cx.Z. = 12,7 kvt, 

N-is mixedviT virCevT eleqtro Zravas 4A160S2Y3, romlis ZrN =15 

kvt, 3000n br/wT. 

satvirTo bagiris saangariSod miviRoT mdgradobis maragis 

statikuri koeficienti 2n  da gveqneba: 

6,220928,1104XIII  nSTg  kg, 

sadac gT gamgleji Zala. 

miRebuli sididis gT -is mixedviT bagiris diametri 

SegviZlia miviRoT 12,5 mm, romlis droebiTi winaaRmdegoba 

tolia 160 kg/mm2. 

damyarebuli moZraobis dros I wertilidan XIII wertilis 

CaTvliT winaaRmdegobis Zalebia:  

      1.22.61.63.52.32.51.31.55XIII WWWWWWWWWS   

         3.24.32.23.3 WWWW  , 

romlebic, dolis da tvirTis inerciiT gamowveuli Zalebis 

gamoklebiT, iangariSeba Semdegi formulebiT: 

I 2,115I  WS  kg; 

II_   )sincos( 1III25551.5III LGWWWWSS  

    )35sin35cos2,0(100033,02,11  

   124)57358,081915,02,0(3302,11   kg; 

III 6,1111,01241241.3IIIII  WSS  kg; 

IV 1052,010033,06,1111IVIII2III2.5IIIIV   LGSWSS  kg; 

V 5,941,01051052IVIV2.3IVV  SSWSS kg; 

VI 2,912,05033,05,941VIV2V3.5VVI   LGSWSS  kg; 

VII 8,2686,04,015002,911VI1.6VIVII  QnSWSS kg; 

VIII 6,5958,3268,2682.6VIIVIII  WSS  kg; 

IX 9,6002,05053,06,5951IXVIII1VIII1.2VIIIIX   LGSWSS  kg; 
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X 661)1,01(9,600)1( 2IX2IXIX3.3IXX   SSSWSS  kg; 

XI 3,6663,56612.2XXI  WSS  kg; 

XII 9,732)1,01(3,666)1( 2XI2XIXI4.3XIXII   SSSWSS  kg; 

XIII 9,10363049,7323.2XIIXIII  WSS  kg. 

              3,16
85,075

0,19,1036

75 max

XIII 









sVS

N  cx.Z = 12,0 kvt.    

rogorc angariSebidan Cans, winaaRmdegobis Zalebis 

mniSvnelobebi daumyarebeli moZraobis dros aris 1104,8 kg, xolo 

damyarebuli moZraobis dros igive Zalis mniSvneloba tolia 

1036,9 kg. maT Soris gansxvaveba umniSvneloa, saidanac el. Zravas 

simZlavris angariSis dros, pirvel SemTxvevaSi miRebulia 

7,12N  kvt, xolo meore SemTxvevaSi 12 kvt. aqedan gamomdinare, 

el. Zrava aRebuli gvaqvs 15ZrN  kvt, xolo pirveli 

SemTxvevidan gamomdinare sawevi bagiris diametri rCeba 12,5 mm. 

 
2.6.3. ganivgadasatani sabagiro morsaTrevi danadgaris 
      jalambris Zravas simZlavris gansazRvra samuSao 

ciklis eqvivalenturi simZlavris mixedviT 
 

bagir-blokur sqemebSi (nax. 28, b) dasabrunebeli bagiriT, 

romelic gadaadgildeba sawevi jalambris meore doliT, 

jalambris Zravas simZlavre ganisazRvreba misi samuSao ciklis 

ekvivalenturi simZlavridan gamomdinare [12, 13, 39]. 

jalambris samuSao ciklis xangrZlivoba wamebSi 

ganisazRvreba Semdegnairad: 

654321 ttttttT  ,                        (156) 

sadac 1t tvirTis adgilidan daZvris dro, 30 wm; 

       2t tvirTis gadaadgilebis dro, 230 wm; 

       3t tvirTis CaxsnisaTvis saWiro dro (dolebi gamorTulia, 

Zravas simZlavre ixarjeba amZravis gadacemebis uqm 

brunvaze), 120 wm; 

       4t ukusvlis bagiriT sawevi bagiris gadaadgilebis dro, 

30 wm; 
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       5t tvirTis Cabmis dro (satvirTo da ukusvlis bagiris 

dolebi gamorTulia, Zravas simZlavre ixarjeba orive 

dolis amZravis gadacemebis uqm brunvaze), 120 wm; 

      6t satvirTo bagiris moSvebulobis amokrefis dro, 20 wm. 

1t , 2t , 3t , 4t , 5t  da 6t drois mniSvnelobebi dadgenilia, 

Teoriuli gaangariSebebis da praqtikuli gamocdilebidan 

gamomdinare, sabagiro danadgaris monacemebisa da teqnologiuri 

procesis gaTvaliswinebiT. 

Zravas ekvivalenturi simZlavre iangariSeba Semdegi 

formuliT 

654321

6
2
65

2
54

2
43

2
32

2
21

2
1

tttttt

tNtNtNtNtNtN
N




Zr ,            (157) 

sadac 1N , 2N , 3N , 4N , 5N , 6N Zravebis simZlavreebi Sesabamis 

periodebSi. 

eleqtro Zrava SeirCeva gamoangariSebuli ZrN  simZlavris 

mixedviT. 

sqemis (nax. 28, b) mixedviT t1 dros Sesabamisi winaaRmdegobis 

jamuri Zalis mniSvneloba tvirTis daZvris momentSi, rogorc 

paragraf 6.2-is angariSidan Cans 8,1104XIII S  kg. Sesabamisi Zravas 

simZlavriT 17,3 cx.Z. anu 12,7 kvt, xolo tvirTis damyarebuli – 

Tanabari siCqariT gadaadgilebis procesSi 2t  drois ganmavlobaSi 

9,1036XIII S  kg, Sesabamisi Zravis simZlavriT 16,3 cx.Z. anu 12 kvt. 

Zravebis N3 da N5 simZlavreebi, romlebic Seesabameba 

tvirTis Caxsnisa t3 da Cabmis t5 periodebs, gadacemebis yvela 

rgolebis mqk-is jalambaris teqnikuri monacemebis da samuSao 

pirobebis gaTvaliswinebiT, eqsperimentuli da Teoriuli 

kvlevebidan gamomdinare, SeiZleba miviRoT 0,5 cx.Z toli 

5,053  NN  cx.Z.                          (158) 

jalambaris Zravas simZlavre N4, sawevi bagiris 

dasabruneblad margi datvirTvis gareSe ukusvlis t4 periodSi 

tolia 
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max

IV

4 75 


 dVS

N ,                             (159) 

sadac dV dasabrunebeli bagiris siCqare, 1,5 m/wm. 

maqsimalur wevis Zala IVS  , dasabrunebel bagirSi 

ganisazRvreba Seqceuli rigiT. am SemTxvevaSi amosavals 

warmoadgens muSa dolidan bagiris gaSlis winaaRmdegoba anu 

Zala XIII wertilSi iangariSeba (148) formuliT. ricxviTi 

mniSvnelobebis CasmiT miviRebT: 

8,292,106,19
33081,941987,0

3614,33975,05707,0

3975,0

07,0
15,05703,1

2

XIII 



S  kg. 

4t  periodSi winaaRmdegobis IVS   Zalis saangariSod nax. 28, b 

sqemis mixedviT, roca sruldeba sawevi bagiris gadaadgileba 

dasabrunebeli bagiriT anu sawevi bagiris dabruneba muSa 

mdgomareobaSi, sasargeblo datvirTvis gareSe, saWiroa 

Seikribos XIII-I wertilebSi aRZruli winaaRmdegobis Zalebi:  

  3.43.61.52.34.21.33.21.51.5IV WWWWWWWWWS   

4.54.33.53.32.5 WWWWW  ;                                  (160) 

      6,191.5 W  kg;  2,101.5 W  kg;  

  XIII 8,292,106,1955  WWS XIII  kg; 

  XII   )sincos( 1XIIXIII1XIII3.2XIIIXII LGSWSS  

     2,2743048,29)57358,0(5308,29)35sin(100053,08,29   kg; 

  XI  )1,02,274(2,2742XIIXII1.3XIIXI SSWSS   

8,2464,272,274  kg; 

  X   )90sin(1053,08,246)sincos( 1XXI1XI4.2XIX LGSWSS  

      1,2523,58,246)1(1053,08,246,0  ; 0 ,  90 ; 

  IX 9,2262,251,2521,01,2521,2522XX2.3XIX  SSWSS  kg; 

  VIII   2,05053,09,2261VIIIIX1IX1.5IXVIII LGSWSS  

 6,2213,59,226  kg; 
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VII  3

3
23.6VIIIVII 86,06,221
nbcD

G
GWSS

u

u

u   

    


 3
2 2602,010

50
5086,06,221  

    1,2155,66,22115,0436,2210034,0436,221 3  kg; 

VII 4,2137,11,215
381,9

0,150
1,215VII3.4VIIVII 








gt

VG
SWSS

sabu
 kg; 

 V   2,05033,04,2131VVIII2VII2.5VIIV LGSWSS   

     1,2103,34,213  kg; 

 IV 1,189211,2101,01,2101,2102VV3.3VIV  SSWSS  kg; 

 III   2,010033,01,1891IIIIV2IV3.5IVIII LGSWSS   

     5,1826,61,189  kg; 

 II 2,1643,185,1821,05,1825,1822IIIIII4.3IIIII  SSWSS  kg; 

 I   )cos(sin100033,02,164 11III2II4.5III LGSWSS   

     1,793,2432,164)81915,02,057358,0(3302,164  kg. 

(160) formulis Tanaxmad 

 3,37,15,63,52,253,54,273042,106,19IVS  

    1,793,2433,186,621   kg. 

(159) formulidan  

9,1
85,075

5,11,79
4 




N  cx.Z = 1,4 kvt. 

damyarebuli moZraobis dros 

2,677,12,101,793.45II  WWSS  kg. 

6,1
85,075

5,12,67
4 




N  cx.Z = 1,2 kvt. 

6t  periodSi winaaRmdegobis VIS   Zalis saangariSod (nax. 28, b), 

roca sawevi doliT xorcieldeba sawevi bagiris moSvebulobis 

amokreba I wertilidan VIII wertilamde, ris Semdegac wevis Zala 

moedeba datvirTul urikas da iwyeba sawevi dolis sasargeblo 

datvirTva; saWiroa Seikribos I-XIII wertilebSi aRZruli 

winaaRmdegobis Zalebi:   
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3.52.32.51.31.555VI WWWWWWWS  .                            (161) 

 8,292,106,1955XIII  WWS  kg. 

 XII   35sin100053,08,29)cos(sin 1III1XIII1.5XIIIXII LGSWSS   

8,3333048,2957358,05308,29  kg,  01  . 

 XI 2,3674,338,3331,08,3338,3332XIXII1.3XIIXI  SSWSS  kg. 

 X   35sin1053,02,367)cos(sin 1XIX1XI2.5XIX LGSWSS   

2,3700,32,36757358,03,52,367   kg, 01  . 

 IX 407373701,03703702IXIX2.3IXIX  SSWSS  kg. 

 VIII   2,010053,04071VIIIIX1IX3.5IXVIII LGSWSS   

    6,4176,10407  kg. 

(161) formulaSi mniSvnelobebis CasmiT miviRebT: 

8,4176,103734,333048,29VI S kg. 

jalambris Zravas simZlavre, romelic saWiroa sawevi 

bagiris moSvebulobis amosakrefad tolia 

6,6
85,075

108,417

75 max

VI
6 











sabVS
N  cx.Z=4,9 kvt. 

formuliT (157) vangariSobT Zravas ekvivalentur simZlavres 

   
201203012023030

206,61205,0309,11205,02303,16303,17 222222




ZrN  

       



550

5.71127

550

2,871303,10830611098979
 

       4,113,129   cx.Z. = 8,4 kvt. 

maSasadame, bagir-blokuri sabagiro morsaTrevi danadgaris 

(nax. 28, b) jalambris Zravas simZlavre gansazRvruli jalambris 

samuSao ciklis ekvivalenturi simZlavridan gamomdinare tolia 

11,4 cx.Z. anu 8,4 kvt. simZlavris mixedviT virCevT eleqtro Zravas 

11ZrN  kvt, Zravis tipi 4A132M2Y3, 3000n  br/wT. 
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daskvna gansjaze 

 
damuSavebulia axali teqnologiuri sqemebi, romelTa 

gansaxorcieleblad Seqmnilia ganivgadasatani sabagiro 

morsaTrevi danadgarebi da mowyobilobebi. sxvadasxva simaRleze 

ganlagebul sayrdenebze dakiduli erTmaliani Runvadi bagiris 

saangariSod, Cakidulobis mcire isrebiT, SerCeulia fizikuri 

varianti da miRebulia gantoleba bagiris sigrZis 

gansazRvrisaTvis, sadac maqsimaluri Cakiduloba, maqsimaluri 

daWimuloba da bagiris udidesi sigrZe miRebulia tvirTis malis 

SuaSi ganlagebis dros. damuSavebuli meTodikis safuZvelze 

gansazRvrulia mzidi bagiris maqsimaluri daWimuloba muSa da 

samontaJo mdgomareobaSi. SerCeulia mzidi bagiris diametri. 

sawev bagirSi maqsimaluri saangariSo wevis Zalis gansazRvris 

dros, bagiris moZraobis sqemis da winaaRmdegobebis modebis 

wertilebis mixedviT, Sekrebilia winaaRmdegobis Zalebi sawyisi 

wertilidan dolze bagiris miwydomis wertilamde, romlis 

mixedviTac iangariSeba jalambris Zravas simZlavre da sawevi 

bagiris diametri. 
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2.7. ექსპერიმენტული ნაწილი 

       morsaTrevi urikis Tvlebis Tanabari gorvis 
         winaaRmdegobis Zalis da koeficientis  

eqsperimentuli kvleva 
 

2.7.1. morsaTrev urikaze moqmedi gare Zalebi 
 

ganivgadasatani morsaTrevi danadgaris, sqemisaTvis (nax. 28, b), 

gansakuTrebiT mniSvnelovania urikiT Soltebis naxevrad 

datvirTul mdgomareobaSi miwaze morsaTrevi dros urikis 

Tvlebis Tanabari gorvis winaaRmdegobis Zalis da koeficientis 

eqsperimentuli kvleva da maTi sidideebis dadgena-regionSi 

gavrcelebuli niadagobrivi da reliefuri pirobebisaTvis. 

aRniSnulTan dakavSirebiT, aucilebelia vicodeT morsaTrev 

urikaze moqmedi winaaRmdegobis Zalebis cvalebadobis xasiaTi 

da maTi mniSvnelobebi. es Zalebia: Pf, awevis Pi, inerciis Pj, 

haeris Pw da morTreuli Soltebis an morebis gadaadgilebaze 

winaaRmdegobis Zala Pkak [18]. 

gorvis winaaRmdegobis Zala aRiZvreba urikis Tvalis gzis 

vakisis zedapirTan kontaqtiT. xisti Tvalis deformirebul 

gruntze Tavisufali gorvis martiv SemTxvevaSi mis RerZze 

moqmedebs vertikaluri Zala Gk – warmodgenili urikis wonis 

nawiliT, TvalTan moyvanili mbrunavi momentiT (nax. 29, a). 

gorvis procesSi Tvali Tavis qveS tkepnis grunts da mis 

ukan rCeba kvali – liandi. ramdenadac fersos AB ubani ar exeba 

grunts, gruntis Z tolqmedi gadaweulia vertikalur RerZze da 

gatanilia win romelime a manZilze. C wertili, sadac tolqmedi 

Z modebulia Tvalze, Seesabameba Tvalis gruntze dawolis 

myisier centrs. C wertilis mimarT moqmedi gare Zalebis 

momentebis jamis nulTan tolobis pirobidan 

0 aGMM kkc .                       (162) 

Sedegidan gamomdinare, mbrunavi momenti Mk gawonaswore-

bulia gorvis winaaRmdegobis momentiT aGM kf  . Tu gavyofT Mf 
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winaaRmdegobis moments Tvalis radiusze r, ganvsazRvravT 

gorvis winaaRmdegobis Zalas 

r

a
GP kf  .                          (163) 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
     nax. 29. urikis Tvalis gorvis sqema: a – xisti Tvalis 
        gorva Tavisufal reJimSi; b – liandis warmoqmna; 
        g – xisti Tvalis gorva amyol reJimSi, aq G aris Gk. 

 

Pf da G Zalebs Soris proporciulobis koeficients 

ewodeba gorvis winaaRmdegobis koeficienti 

r

a

G

P
f

k

f  ,                            (164) 

sadac a gruntis normaluri reaqciis nariyis mxaria.  

tyekafebze, sadac Tvali warmoqmnis Rrma liands, 

gorvisaTvis aucilebeli energia ixarjeba gruntis deformaciaze. 

Tvalis 0  kuTxiT mobrunebis dros (nax. 29, b), romelic 

axasiaTebs fersos gruntTan kontaqtis ST sigrZes, gorvis 

winaaRmdegobis daZlevaze daxarjuli energia toli iqneba 

Tffff SPrPMA  00  .                    (165) 

0  kuTxiT mobrunebis ganmavlobaSi Tvali win gadaadgildeba 

romelime SD manZilze, romelic rogorc cdebi gviCveneben, ar 

a) b) 

g)
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Seesabameba ST (Teoriuli gadaadgilebis) sigrZes. gruntis 

vertikaluri deformaciis muSaoba SD gzaze gamoiTvleba 

formuliT 


kh

Dnp qdhbSA
0

,                          (166) 

sadac b – Tvalis sigane; q – dawola; hk – gruntis maqsimaluri 

deformacia (liandis siRrme); h – deformacia. gruntis 

deformaciis xvedriTi muSaoba 
kh

qdh
0

 warmovadginoT 

saSualo integraluri dawolis qc namravlis saxiT, 

liandis siRrmeze hk da miviRebT 

kcDnp hqbSA  .                            (167)   

amasTan qc dawola aris gruntis deformaciis gamomwvevi Gk 

Zala miyvanili Semkvrivebuli gruntis zedapirTan, e.i. 

D

k
c bS

G
q  .                              (168) 

amitom gruntis vertikaluri deformaciis muSaoba SD gzaze 

tolia 

kknp hGA  .                             (169) 

energetikuli balansis gantolebidan npf AA  , vpoulobT 

kkTf hGSP  , 

saidanac  

1S

h

G

P
f k

k

f  .                          (170) 

(170) gantolebis analizi gviCvenebs, rom gorvis 

winaaRmdegobis koeficienti warmoadgens deformaciis hk fardobas  

deformirebuli zedapiris sigrZesTan. 

Tvalis gorva amyol reJimSi xdeba mbiZgavi Zalis P-s 

moqmedebiT (nax. 29, g). gare Zalebis tolqmedi PGR k   

modebuli gruntTan dawolis myisier centrSi c. gare Zalebis 

momentebis jamis nulTan gatolebis pirobidan gamomdinare, 

romlebic moqmedeben c wertilis mimarT, gveqneba: 
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0Pr  aGM kDc ,                      (171) 

saidanac vpoulobT, rom Tvalis mamoZravebeli Zala 

D
k r

a
GP  ,                          (172) 

sadac Dr  Tvalis dinamiuri radiusia. 

amyoli Tvalis gorvis fizikuri arsi mdgomareobs SemdegSi. 

Zala P, romelic ubiZgebs Tvalis RerZs, cdilobs daZras is win. 

amas ewinaaRmdegeba gruntis horizontaluri reaqcia X, xolo 

momentis PrD moqmedebiT xdeba Tvalis Tanabari gorva. amasTan 

mgoravi Tvali, liandis warmoqmnis procesSi tkepnis Tavis qveS 

grunts, ris Sedegadac gruntis vertikaluri deformacia 

xorcieldeba Gk wonis, xolo horizontaluri deformacia – 

mbiZgavi Zalis P-s moqmedebiT. gruntis horizontaluri 

deformaciis Sedegad amyoli Tvalis gza, erTi brunvis Sedegad 

aRmoCndeba meti, vidre fersos wrexazis sigrZe. 

radganac gorvis dinamikuri radiusi rD mcired gansxvavdeba 

urikis Tvalis fizikuri radiusisagan r, uSveben, rom es 

radiusebi erTmaneTis tolia da SemoaqvT gorvis winaaRmdegobis 

pirobiTi Zalis cneba, romelic Seesabameba mbiZgav Zalas da 

saWiroa amyoli Tvalis moZraobisaTvis. amrigad 

D
kf r

a
GPP  .                        (173) 

amasTan ar aris saWiro SeurioT Tavisufali gorvis 

winaaRmdegobis Zala gruntis horizontalur reaqciasTan X. 

Tavisufali gorvis reJimSi gruntis reaqciis tolqmedi Z 

mimarTulia vertikalurad da misi Tarazuli proeqcia 0X . 

amis miuxedavad Tvali Tavisufali gorvis reJimSi gadalaxavs 

winaaRmdegobis Pf Zalas. 
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2.7.2. Soltebis naxevrad datvirTul mdgomareobaSi  
     miwaze urikiT gorvis winaaRmdegobis Zalis da  

koeficientis gansazRvra 
 

tyekafze Soltebis urikiT naxevrad datvirTul mdgoma-

reobaSi morTrevis dros winaaRmdegobis Zala gadaadgilebaze 

SeiZleba viangariSoT formuliT: 

2.61.66 WWW  ,                      (174) 

sadac 1.6W miwis zedapirze morTreuli Soltebis nawilis 

gadaadgilebis winaaRmdegobis Zala: 

11.6 QnW  , kg,                       (175) 

sadac Q _ Soltebis Sekrulas wona; 

       n1 – Sekrulas miwaze morTreuli nawilis ganmsazRvreli 

koeficienti, 0,4; 

        _ Sekrulas miwis zedapirze gadaadgilebis winaaRmde-

gobis koeficienti, 0,6. 

       2.6W urikaze datvirTuli Soltebis nawilis gadaadgilebis 

winaaRmdegobis Zala. 

Soltebis miwaze urikiT gadaadgilebis Zalebis 

wonasworobis pirobidan gamomdinare (nax. 30) sakisrebSi xaxunis 

Mr momenti ugulebelyofilia:L 

,

;        ,

nnjnnn

nnnnn

aYMrX

jmWXQY




                   (176) 

sadac Qn – datvirTva Tvlebze; 

       Xn da Yn – gruntis reaqciebi; 

       Mjn – urikis Tvlebis inerciis Zalis winaaRmdegobis momenti; 

       Wn – mbiZgavi anu moZraobis winaaRmdegobis Zala; 

        ncnn MaY urikis Tvlebis gorvis winaaRmdegobis momenti; 

       na urikis Tvlebis xaxunis koeficienti; 

       mn da j – urikis Tvalis winsvliTi moZraobis masa da 

aCqareba.  

liandis siRrmis h da mbiZgavi Zalis 2.6W  gansazRvris 

dros, Tvalis fersos niadagTan xaxunis Zalebis ugulebelyofis 
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SemTxvevaSi, miRebulia, rom gruntis daZabuloba  liandis 

CaZirvis siRrmis proporciulia (nax. 31): 

  dxyhbcdbQ sn )(cos ;                (177) 

32

3

2
hDbcQn  ,                             (178) 

saidanac 

23
5,1









Dbc

Q
h n ,                         (179) 

sadac b _ Tvalis fersos sigane; 

       sd fersos rkalis elementi. 

 

 

 

 

 

 

 nax. 30. morsaTrevi urikis mimmarTvel   nax. 31. liandis siRrmis da 
   Tvlebze moqmedigare Zalebi defor-     mbiZgavi Zalis ganmsazRv- 
   mirebul gruntze gadaadgilebis        reli sqema 

    dros 

 
liandis siRrme h damokidebulia: Tvalis datvirTvaze, 

Tvalis ZiriTad konstruqciuli zomebze da niadagis meqanikur 

Tvisebebze, romlebic xasiaTdebian proporciulobis c 

koeficientiT. 

yvela Zalebis horizontalur RerZze daproeqtebiT miviRebT 

   3

3
2

2

0
2.6 86,0

2
)(sin

nbcD

Q
Q

bch
dyyhbcdbW n

n

h

s    ,       (180) 

sadac Qn – urikis da Soltis urikaze datvirTuli nawilis wona 

uGQnQn  2 ,                        (181) 

sadac n2 – urikaze datvirTuli Soltis nawilis ganmsazRvreli 

koeficienti, 0,6; 
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      uG urikis wona. 

mbiZgavi Zalis W6 fardobas Qn datvirTvasTan, urikis 

Tvalis horizontalze Tanabari gadaadgilebis dros ewodeba 

gorvis winaaRmdegobis koeficienti f  

3

3
2

2.6 86,0
nbcD

Q

Q

W
f n

n

 ,                     (182) 

sadac b – urikis foladis Tvalis sigane, 10 sm; 

       c – niadagis simyaris koeficienti 0,2 kg/sm3; 

       D – urikis Tvalis diametri, 60 sm; 

       n3 _ urikis Tvlebis raodenoba, 2. 

tyekafze realur pirobebSi urikis gadaadgilebis dros 

deformirdeba grunti da mimdinareobs rTuli procesi, romelic 

eqvemdebareba rTul maTematikur aRweras. amitom weviTi 

angariSebis Casatareblad SeiZleba visargebloT gorvis 

winaaRmdegobis koeficientebis eqsperimentuli gansazRvris 

SedegebiT, romlebic miRebulia tyekafebSi gavrcelebul 

damaxasiaTebel pirobebSi specialurad Seqmnili, dasatvirTi 

fariT aRWurvili, orTvala urikiT Soltebis naxevrad 

datvirTul mdgomareobaSi morTrevis dros. 

regionSi gavrcelebuli – damaxasiaTebel pirobebSi xdeboda 

urikiT naxevrad datvirTuli Soltebis morTreva jalambris 

gamoyenebiT. dinamometris saSualebiT warmoebda sawev bagirze 

ganviTarebuli wevis Zalis cvalebadobis dafiqsireba da 

cxrilebSi Setana tyekafis sxvadasxva saxis gruntebze urikis 

muSaobis dros. Soltebis urikaze da miwaze mosuli nawilebis 

wonebis gansazRvra, Soltebis saerTo wonidan gamomdinare 

warmoebda Sesabamisi koeficientebis daxmarebiT: 0,4 – miwaze, 0,6 – 

urikaze. dinamometriT miRebuli saerTo wevis Zalis mniSvneloba 

W6, iTvaliswinebs miwaze morTrevis W6.1 da urikis gorvis 

winaaRmdegobis W6.2 Zalebs. gansazRvrulia winaaRmdegoba 

datvirTuli urikis gorvaze 

4,061.662.6  QWWWW , 
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sadac W6 – dinamometriT miRebuli wevis Zala. 

naxevrad datvirTul mdgomareobaSi Soltebis urikiT 

morTrevaze gorvis winaaRmdegobis koeficientebis mniSvnelobebi 

iangariSeba (182) formuliT. 

cxril 3-Si mocemulia  gorvis winaaRmdegobis koeficient 

f-is mniSvnelobebi. 

cxrili 3  

morsaTrevi urikis foladis gluvi Tvlebis 
      gruntze gorvis winaaRmdegobis koeficienti 

grunti 
nQWf 2.6  

Tixnari mSrali mkvrivi 
Tixnari mSrali saSualo 
qviSnari mSrali saSualo 
qviSnari mSrali msubuqi 
Tixnari teniani 
Tixnari blanti 
qviSnari fxvieri 
tyekafi mkvriv niadagebze 
tyekafi mkvriv saSualoze 
tyekafi mkvriv rbilze 
tyekafi darbilebuli wvimiT 
tyekafi aCeCili 
tyekafi moxnuli 
tyekafi kultivirebuli 

0,11 
0,13 
0,15 
0,18 
0,22 
0,26 
0,25 
0,18 
0,20 
0,22 

0,21-0,27 
0,21-0,23 
0,25-0,29 
0,28-0,35 

 
 

rogorc Teoriuli gaangariSebebi da eqsperimentuli 

kvlevebi gviCveneben, Cvens mier damuSavebuli da Seqmnili 

orTvala urikis gorvis winaaRmdegobis koeficienti Soltebis 

naxevrad datvirTul mdgomareobaSi morTrevis dros, sxvadasxva 

saxeobis gruntebze icvleba sakmaod intensiurad da meryeobs 

zRvrebSi 0,11-0,35-mde. 

 

 

 

 

 

 

 



125 

2.8. tyekafiTi samuSao procesebis ekonomikuri  
   angariSi # 7 teqnologiuri sqemis mixedviT 

 

tyekafiTi samuSao procesebis ekonomikuri angariSi # 7 

teqnologiuri sqemis mixedviT (nax. 17) Catarebuli stu-s merqnuli  

masalebis damzadeba-damuSavebis kaTedraze Seqmnili ganivgada-

satani ormxrivi sabagiro morsaTrevi danadgaris (nax. 23) 

gamoyenebiT, radganac 30-ze meti daxrilobis ferdobebis 

aTviseba SesaZlebelia mxolod sabagiro morsaTrevi danadgarebiT 

[12, 13].  

# 7 teqnologiuri sqemis ekonomikuri gaangariSebis dros 

gasaTvaliswinebelia ori momenti: 

_ xe-tyis morTreva warmoebs sabagiro danadgaris trasis 

orive mxridan ganivgadasatan mzid bagirebze; 

_ xe-tyis CamoSvebas awarmoebs igive danadgari ZiriTadi 

mzidi da sawevi bagirebis saSualebiT. 

ekonomikur angariSSi gamoyenebuli pirobiTi tyekafis 

saorientacio sataqsacio monacemebi da TviT tyekafis daxasiaTeba 

mocemulia cxr. 4 da cxr. 5-Si. 

cxrili 4  

sataqsacio monacemebi 

ubnis saerTo saorientacio farTi 
saSualo maragi heqtarze 
saeqspluatacio maragi 
salikvidacio maragi 

63 ha, 630000 m2 
250 m3 
10000 m3 
1575 m3 

 

ganvsazRvroT 1 m3 xe-tyis morTrevis TviTRirebuleba 

ganivgadasatan mzid bagirebze dayenebuli urikiT miwaze TreviT 

2g1ggan KKK  , 

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

ganivi mzidi bagirebis montaJze da demontaJze, lari; 

       2gK 1 m3 xe-tyeze mosuli kuTri danaxarjebi, mosuli 

ganivgadasatani mzidi bagirebis saeqspluatacio 

xarjebze, lari; 
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cxrili 5  
tyekafis daxasiaTeba 

tyekafis jgufi 
koromis Semadgenloba 
saSualo sixSire 
saeqspluatacio maragebidan sixSireebis mixedviT 
                            SeiZleba moiWras 
Wris sistema 
              mosaWreli xeebis 
saSualo diametri 
moculoba 
simaRle 
              maT Soris 
samasale, saxerxi xe-tye 
SeSa teqnologiuri 
SeSa sawvavi 
narCenebi 

I 
9 wiw. 
0,7 
 

0,6-0,7-12% 
nebiT amorCeviTi 

 
45 sm 
2,5-3 m3 
28 m 
 

70% 
15% 
5% 
10% 

 

Vll

C
K

x 

2 g

1g  ;   
)420(2

2

1

23

mos

2g tq

l
AC

K

x


 ; 

sadac gC ganivgadasatani mzidi bagiris montaJis da demontaJis 

Rirebuleba, 25 lari. 

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

miviRebT gadasatan ganiv bagirebTan xe-tyis miwaze moTrevis 

manZilis ganmsazRvrel formulas (nax. 32) 

          








075,05,05,570025,0628

)30420(8,0225

5,0

)420(

33

1

AlVC

tqC
lx

mosg 
 

            684588
4,3

15600
  m, 

sadac 1q sabagiro trasis erTi mxridan ganivgagasatan mzid-

bagirze damxmare urikiT morTreuli morebis 

moculoba, 2,0, m3; 

         samuSao cvlis dros gamoyenebis koeficienti, 0,8; 

        most mosamzadebel-daskvniTi dro, 30 wT; 

        420 samuSao cvlis dro wT. 

         l _ sabagiro danadgarebs Soris optimaluri manZili 

     








053,05,5720025,01000

)30420(8,0221200
2

)420(
2

23 ACLV

tCq
l mos
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      6283142985262
2,15

149600
2

053,01150025,01000

3908,041200
2 




 m, 

sadac L _sabagiro trasis sigrZe, 1000 m; 

       V _erTdrouli tvirTsargebloba farTis erTeulidan, 

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

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

nax. 32. TviTmoTrevis optimaluri manZilis saangariSo sqema 
 

      3C jalambaris samanqano cvlis TviTRirebuleba, xelfasis 

CaTvliT moTrevaze da morTrevaze trasis orive 

mxarisaTvis, 115 lari; 

      A2 – gamartivebis koeficienti 

053,0
3050

3050
2 








tvgug

tvgug

UU

UU
A , 

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

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

0753,0
2430

2430
3 








tvgxugx

tvgxugx

UU

UU
A , 

l

l/2 

l/4 l/4
L

 

l x
 

t
r
as
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 R
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r
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 R
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Zi
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II 

III 

IV 

V 
VI 

XII 

XIII 

XIV 

XV 
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sadac ugxU ganivi mzidi bagiridan xeliT kakvis qveviT sortimen-

tamde gaTrevis siCqare, 30 m/wT; 

       tvgU jalambriT ganivgadasatan mzid bagirTan sortimentis 

moTrevis siCqare, 24 m/wT. 

64,017,047,0
8,0)30420(22

2

68
053,05,572

0025,068628

252










ganK  lari. 

miviReT ganK  mniSvneloba ganivgadasatani bagiris axal 

sakaf zolze erTxel gadatanis SemTxvevaSi, radganac aRniSnuli 

bagiris gadatana xdeba 15-jer, gveqneba 

6,91564,015  gangan15 KK  lari. 

imisaTvis, rom ganvsazRvroT sabagiro danadgarebs Soris 

optimaluri manZili vadgenT gantolebas 

21 KKK  , 

sadac K _ sabagiro danadgariT 1 m3 xe-tyis CamoSvebis TviTRire-

buleba, lari; 

      
2

l
ganiv mzid bagirebze morTrevis optimaluri manZili, 

314m; 

      
4

l
 ganiv mzid bagirebze morTrevis saSualo manZili, 157 m; 

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

bagirebiT morTrevaze da mis daSvebaze. 

8,0
0025,06281000

1200

  1 



VlL

C
K  lari, 

7,1
70

5,5722 3
2 








cv

C
K  lari, 

sadac C – sabagiro danadgaris montaJis da demontaJis xarjebi, 

1200 lari; 

       cv sabagiro danadgaris cvluri mwarmoebloba xe-tyis 

moTrevaze da CamoSvebaze; 

       










6
4

628
053,0

2

1000
007,0

8,022)30420(

42

2)420(

21

1

t
l

A
L

A

qt mos
cv  
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           70
8,17

1248

63,85,3

1248



  m3, 

sadac 1A gamartivebis koeficienti 

007,0
240360

240360
1 








tvu

tvu

UU

UU
A , 

sadac uU urikis siCqare mzid bagirze ukusvlis dros, 240 m/wT; 

       tvU urikis siCqare datvirTul mdgomareobaSi, 240 m/wT; 

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

miviRebT, rom 

5,27,18,021  KKK lari. 

l-is saangariSo formulis misaRebad viRebT warmoebuls 

kuTri danaxarjebidan K sabagiro danadgarebs Soris l manZiliT 

da utolebT nuls 

0
)420(  

23 



qt

AC

VlL

C

dl

dK

mos

, 

saidanac 
23

)420(
2

ACLV

tCq
l




 mos
. 

viciT ra, sabagiro danadgarebs Soris optimaluri manZili, 

ganvsazRvroT gadasatan mzid bagirebze damxmare urikebiT 

morTrevis optimaluri manZili 157
4


l
m. 

vinaidan, sabagiro danadgaris trasis sigrZe aris 1000 m, 

ganivi bagirebis gadatanis ricxvi masTan Soltebisa da morebis 

moTrevis manZilis SemTxvevaSi 68xl  m, tolia 

7,14
68

1000


xl

L
n ;  miviRoT  15n . 

mocemulobidan viciT, rom tyekafis ubnis saorientacio 

farTi tolia 63 ha anu 630000 m2, radganac tyekafis siRrme aris 

1000 m, sigane toli iqneba: 

630
1000

630000630000


L
l  m. 

vinaidan tyekafis siRrme aris 1000 m da sigane 630 m, 

ganivgadasatani ormxrivi danadgaris SemTxvevaSi, roca 1574 l  m 
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saWiroa sabagiro morsaTrevi danadgaris trasis orjer 

damontaJeba. e.i. gamoyofili tyekafis 63 ha asaTviseblad 

pirveladi damontaJebis Semdeg, moxdeba erTxel gadatana da 

axal adgilze damontaJeba 21 n . 

aqedan gamomdinare sabagiro danadgariT 1 m3 xe-tyis 

CamoSvebis TviTRirebuleba K gaizrdeba orjer  

525,211  nKK  lari. 

sabagiro danadgaris mier aTvisebuli farTi tolia: 

6280006281000  lLW  m2  63 ha. 

sabagiro danadgaris trasasTan mosazidi xe-tyis 

salikvidacio moculoba 

15752563  VWQ  m3. 

mocemuli sqemisaTvis morTrevis saSualo manZili iqneba 

84834314500
2

68

2

628

2

1000

222
 xllL

LsaS  m. 

1 m3 xe-tyis transportirebis jamuri TviTRirebuleba 

tyekafze tolia 

6,146,951  gan15jam KKK  lari. 

# 7 teqnologiuri sqemis mixedviT gamoyenebuli ZiriTadi 

manqana-danadgarebi: 

1. ganivgadasatani sabagiro danadgari 1 c. 

2. benzoZraviani xerxi 3 c (erTi saTadarigo). 

3. hidrodomkrati – 2 c. 

viangariSoT 1 m3 xe-tyis TviTRirebuleba # 7 teqnologiuri 

sqemis dros, sawvav-sacxebi masalebisa da ZiriTadi sawarmoo 

fondebis TviTRirebulebis gaTvaliswinebiT. 

ZiriTadi sawarmoo fondis TviTRirebuleba: 

1. ZiriTadi danadgari     25000 lari. 

2. benzoZraviani xerxi 3 c    3000 lari. 

3. hidrodomkrati      2 c    1000 lari 

        29000 lari 

amortizaciis wliuri norma 20% ZiriTadi sawarmoo fondi 

iqneba 
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5800%2029000   lari. 

vangariSobT samuSao dReebs cvluri mwarmoeblobidan 

gamomdinare, erTi dRis ganmavlobaSi cvluri mwarmoeblobidan 

gamomdinare samuSao dReebis raodenoba tolia: 

5,2270:1575: cvQ  dRe, 

miviRoT 23 samuSao dRe. 

dRiuri daxarjuli Tanxa ZiriTadi sawarmoo amortizaciidan 

aris 

9,15365:5800   lari. 

23 samuSao dReSi gveqneba 

5,365239,15   lari. 

1 m3 damzadebul xe-tyeze sawarmoo fondis TviTRirebu-

lebidan gveqneba 23,01575:5,365   lari. 

 

sawvav-sacxebi masalebi gamoyofil 
salikvido maragze 

 

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

60 g/cx.Z. saaTSi  6050=3000 gr,  3 litri;  

8 saaTis ganmavlobaSi benzinis xarji  38=24 litri; 

23 dRis ganmavlobaSi benzinis xarji 2423=552 litri;  

2. benzoZraviani xerxi – 2 c 

8 saaTis ganmavlobaSi benzinis xarji    210,5=21 litri; 

23 dRis ganmavlobaSi benzinis xarji     2321=483 litri; 

zeTis xarji          0,52=1 litri; 

23 dRis ganmavlobaSi zeTis xarji      123=23 litri. 

sawvav-sacxebi masalebis saorientacio Rirebuleba 2012.  

wlis martis Tvis sabazro fasebiT: 

1. benzini (552+483) 2,35 =2432 lari; 

2. zeTi 234=92 lari.  

sul sawvav-sacxebi masalebis Rirebuleba Seadgens 2524 lari. 

6,11575:2524   lari. 



132 

maSasadame, ZiriTadi sawarmoo fondis da sawvav-sacxebi 

masalebis TviTRirebulebis gaTvaliswinebiT, sabolood 1 m3 xe-

tyis zeda sawyobze transportirebis jamuri TviTRirebuleba 

iqneba: 

5,166,124,06,14 
jamK  lari. 

ekonomikuri gaangariSeba praqtikul-realur pirobebSi 

moiTxovs arsebuli normebis, sataqsacio monacemebis, sawvav-

sacxeb masalebze fasebis, axali teqnikis gamoyenebiT miRebuli 

ekonomiis da sxva maCveneblebis dazustebas. 
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დასკვნა 
 

1. saqarTvelos mTiani reliefis ekologiurad datvirTul 

tyeebSi, ferdobebze 25-dan 40-mde qanobiT daSvebulia mxolod 

nebiT-amorCeviTi Wrebi, aranakleb 0,5 sixSiris datovebiT; nebiT 

amorCeviTi Wrebis pirvelxarisxovan amocanas warmoadgens 

aRmonacenis, mozardis, zezemdgomi xeebis da, rac yvelaze mTavaria,  

niadagis safaris dacva da SenarCuneba; amasTan dakavSirebiT, 

mTagorian tyekafebze xe-tyis morTreva yvelaze Sromatevad da 

rTul operaciaTa kategorias miekuTvneba, rac reliefis 

sirTulis da aRniSnuli specifikuri pirobebis garda kidev 

mraval faqtorTanaa dakavSirebuli; am SemTxvevaSi optimaluri 

teqnologiuri procesis da SedarebiT efeqturi morsaTrevi 

satransporto saSualebaTa SerCevis mizniT aucilebelia, samuSao 

pirobebis klasifikacia, rac ganapirobebs gamoyenebuli 

teqnologiuri sqemebis da teqnikis mravalsaxeobis da raodenobis 

optimizacias. 

zemoTqmulidan gamomdinare, xe-tyis damzadebis procesebis 

meqanizaciis da avtomatizaciis Tanamedrove analizis safuZvelze  

dadgenilia, mTagorian tyekafebze gamoyenebuli teqnologiebis 

da momuSave morsaTrevi teqnikis ekologiur pirobebTan 

SeuTavsebloba da dasabuTebulia xe-tyis damzadebis warmoebaSi 

tyekafze moWrili xeebis, Soltebisa da morebis morTrevis 

mizanSewoniloba sabagiro morsaTrevi danadgarebis gamoyenebiT, 

risTvisac stu-is merqnuli masalebis damzadeba-damuSavebis 

mimarTulebaze damuSavebulia, axali teqnologiuri sqemebi da 

Seqmnilia, ganivgadasatani sabagiro morsaTrevi danadgarebi, 

romlebSic gamoyenebuli morTrevis axali xerxi iTvaliswinebs, 

jalambris sawevi bagiriT Soltebis da morebis ganiv morTrevas 

naxevrad dakidul mdgomareobaSi da igive sawevi bagiriT maT 

daSvebas dakidul mdgomareobaSi. 

2. morTrevis axali originaluri xerxis gaTvaliswinebiT 

tyekafiTi samuSao procesebis kompleqsuri meqanizaciis 
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teqnologiuri sqemebis ganxorcielebis mizniT Seqmnilia, 

ganivgadasatani ormxrivi sabagiro morsaTrevi danadgarebi: 

pirveli-ori sawevi da erTi ukusvlis bagiriT, sadac sawevi 

bagirebi gatarebulia ZiriTadi satvirTo urikis orRarian 

blokSi da erTmaneTTan bagiriT dakavSirebuli damxmare urikebis 

TviTxsnad blokebSi cal-calke, xolo ukusvlis bagiri mibmulia 

erT-erT damxmare urikasTan; meore – ori sawevi da ori 

ukusvlis bagiriT, sadac sawevi bagirebi gatarebulia ZiriTadi 

urikis ori ganmxoloebuli erTRariani blokisagan Semdgar 

satvirTo blokSi da damxmare urikebis TviTxsnad blokebSi, 

xolo ukusvlis bagirebi blokebis saSualebiT cal-calke 

mibmulia sabagiro trasis sxvadasxva mxares mzid bagirebze 

dayenebul damxmare urikebTan. 

3. ganxilulia sxvadasxva simaRleze ganlagebul sayrdenebze 

dakiduli erTmaliani drekadi mzidi bagiri – Cakidulobis mcire 

isrebiT da xistad damagrebuli boloebiT; bagiris saangariSod 

SerCeulia fizikuri varianti, romelic adgens damokidebulebas 

masze moqmed Zalebsa da deformaciebs Soris, romlis drosac 

drekadi deformacia vrceldeba bagiris mTel sigrZeze Tanabrad; 

bagiris sigrZis gansazRvrisaTvis muSa mdgomareobaSi miRebulia 

gantoleba, romelSic Semavali integrali warmodgenilia jamis 

saxiT, sadac maqsimaluri Cakiduloba da bagiris udidesi sigrZe 

fiqsirdeba malis SuaSi tvirTis ganlagebis dros; integralis 

mniSvnelobis gansazRvris Semdeg miRebulia, datvirTuli mzidi 

bagiris mTliani sigrZis saangariSo formula. 

4. mzidi bagiris sawyisi samontaJo T0 da saboloo Tg 

daWimulobas Soris damokidebulebis gansazRvris mizniT, 

damuSavebuli meTodikis safuZvelze gamoyvanilia mzidi bagiris 

saangariSo kuburi gantoleba, sadac bagiris Cakidulobebsa da 

koWis mRunav momentebs Soris analogia gamoyenebulia maqsimaluri 

Cakidulobis (max)0f  sididis sapovnelad, roca bagiris sakuTari 

wona datvirTvis saxiT ganawilebulia qordaze q intensivobiT, 

xolo Q tvirTi ganlagebulia malis Sua wertilSi. 
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5. damuSavebuli meTodikis safuZvelze sabagiro morsaTrevi 

danadgaris mzidi bagiris Cakidulobis praqtikuli gamocdilebiT 

dadgenili mniSvnelobis mixedviT, romlis sidide ar unda 

aRematebodes malis qordis sigrZis 6%-s da rekomendebulia 

l 06,003,0 -is farglebSi, gansazRvrulia mzidi bagiris maqsimaluri 

daWimuloba 21mT  t – muSa mdgomareobaSi, samontaJo T0, 

maqsimaluri daWimuloba ATm malis zeda anZasTan A wertilSi da 

gamgleji Zala 42gT  t, romlis mixedviTac cxrilebidan 

SerCeulia mzidi bagiris diametri – 5,27d  mm. 

6. ganivgadasatani sabagiro morsaTrevi danadgaris 

jalambris sawev bagirSi maqsimaluri saangariSo wevis Zalis 

gansazRvrisaTvis Sedgenilia, sawevi bagiris moZraobis sqema da 

dadgenilia, winaaRmdegobis saxeebi da maTi aRZvris  adgilebi – 

wertilebi; damuSavebuli meTodikis safuZvelze, sawev bagirSi 

maqsimaluri saangariSo wevis Zalis gansazRvris dros, bagiris 

moZraobis sqemis da winaaRmdegobis modebis wertilebis 

mixedviT, TanmimdevrobiT Sekrebilia winaaRmdegobis Zalebi 

sawyisi I wertilidan dolze bagiris miwydomis XIII wertilamde; 

winaaRmdegobebis jamuri Zalis 8,1104XIII S  kg mixedviT 

gansazRvrulia jalambris Zravas simZlavre: daZvris momentSi _ 

7,12ZrN  kvt da damyarebuli – Tanabari moZraobis dros _ 

9,1036XIII S  kg _ 12ZrN  kvt; SerCeulia eleqtro Zrava 4A160S2УЗ 

_ 15ZrN  kvt, 3000n  br/wT; maqsimaluri jamuri winaaRmdegobis 

Zalis XIIIS -is mixedviT SerCeulia sawevi bagiris diametri _ 

5,12d  mm. 

7. samuSao ciklis eqvivalenturi simZlavridan gamomdinare, 

ganivgadasatani sabagiro morsaTrevi danadgaris bagir-blokuri 

sqemisaTvis jalambris Zravas simZlavris saangariSod damuSave-

bulia meTodika da dadgenilia, jalambris samuSao ciklis 

drois mTliani xangrZlivoba wamebSi, romelic warmoadgens 

ciklis yvela operaciis Sesrulebaze daxarjuli drois periodebis 



136 

jams; gansazRvrulia Zravas simZlavreebis mniSvnelobebi ciklis 

operaciebis Sesabamis periodebSi da jamuri simZlavris mixedviT 

gansazRvrulia jalambris Zravas simZlavre – 8,4 kvt. 

8. Catarebulia eqsperimentuli gamokvlevebi da dadgenilia, 

ganivgadasatani sabagiro morsaTrevi danadgaris specialuri 

orTvala urikis gorvis winaaRmdegobis koeficientis 

mniSvnelobebi – morebis naxevrad datvirTul mdgomareobaSi 

sxvadasxva saxeobis gruntebze morTrevis dros: 0,11-0,35. 

9. # 7 teqnologiuri sqemis mixedviT Catarebulia 

ekonomikuri angariSi da miRebulia, 1 m3 xe-tyis morTrevis 

jamuri TviTRirebuleba – 16,5 lari, rac praqtikul-realur 

pirobebSi moiTxovs arsebuli normebis, sataqsacio monacemebis, 

sawvav-sacxeb masalebze fasebis, axali teqnikis gamoyenebiT 

miRebuli ekonomiis da sxva maCveneblebis dazustebas. 

10 dadgenilia, ganivgadasatani sabagiro morsaTrevi 

danadgarebis upiratesoba mTagorian tyekafebze xe-tyis 

transportirebaze gamoyenebuli yvela sxva saxis morsaTrev 

manqanebTan da danadgarebTan SedarebiT, rogorc ekologiuri, 

aseve ekonomikuri TvalsazrisiT; Seqmnilia, axali teqnologiuri 

sqemebi da ganivgadasatani sabagiro morsaTrevi danadgarebi, 

damuSavebulia originaluri meTodebi da meTodikebi aRniSnuli 

danadgarebis mzidi da sawevi bagirebis diametrebis saangariSod 

da jalambris Zravas simZlavris dasadgenad; damuSavebuli da 

Seqmnilia, ganivgadasatani sabagiro morsaTrevi danadgarebis 

sruliad axali sqemebi, romlebic daculia patentebiT da 

saavtoro mowmobebiT. 

11. Catarebulma gamokvlevebma gviCvena, rom mTagorian 

pirobebSi xe-tyis damzadebis erT-erT efeqtur da ekologiurad 

gamarTlebul teqnologiur procesad SeiZleba miviRoT xe-tyis 

pirdapiri, usafexuro gamozidva xis waqcevis adgilidan zeda 

sawyobamde ganivgadasatani sabagiro morsaTrevi danadgarebis 

gamoyenebiT; amasTan ganivgadasatani sabagiro danadgarebis 

muSaoba axali teqnologiuri aRWurvilobiT saimedoa saqarTvelos 
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mTagorian pirobebSi nebiT-amorCeviTi Wrebis gansaxorcieleblad 

da ganapirobebs warmoebaSi maTi farTod danergvis 

aucileblobas. 
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